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,QWHUDFWLYH�:RUG�$OLJQPHQW�IRU�&RUSXV�/LQJXLVWLFV�

0DJQXV�0HUNHO��0LFKDHO�3HWWHUVWHGW�	�/DUV�$KUHQEHUJ�
'HSDUWPHQW�RI�&RPSXWHU�DQG�,QIRUPDWLRQ�6FLHQFH��

/LQN|SLQJV�XQLYHUVLWHW��6��������/LQN|SLQJ��6:('(1�
7HO�������������������)D[������������������

^PPH�J�PLFSH�ODK`#LGD�OLX�VH�

�

$EVWUDFW�

,Q� WKLV� SDSHU� DQ� LQFUHPHQWDO� PHWKRG� DQG� DQ� LQWHUDFWLYH� WRRO� WR� LPSURYH� WKH� SHUIRUPDQFH� RI� ZRUG�
DOLJQPHQW�DUH�SUHVHQWHG��7KH�PRVW� LPSRUWDQW� IDFWRU� LQ�RXU�SURSRVDO� LV� WR�SXW�D�KXPDQ� LQ� WKH�DOLJQPHQW�
ORRS��7KLV�LV�DFKLHYHG�E\�XVLQJ� LQWHUDFWLYH�ZRUG�DOLJQPHQW�� L�H���D�ZRUG�DOLJQPHQW�V\VWHP�DQG�D�KXPDQ�
WKDW�DUH�FROODERUDWLQJ�LQ�RUGHU�WR�PDNH�ZRUG�DOLJQPHQW�DV�HIILFLHQW�DQG�DFFXUDWH�DV�SRVVLEOH��7KH�DLP�LV�
IXOO� FRYHUDJH� DOLJQPHQWV� ZLWK� KLJK� DFFXUDF\�� DV� WKH� TXDOLW\� RI� ZRUG� DOLJQPHQWV� LV� FUXFLDO� LQ� PDQ\�
DSSOLFDWLRQV�ZLWKLQ�FRUSXV�OLQJXLVWLFV��IRU�H[DPSOH��LQ�OH[LFRJUDSK\��FRQWUDVWLYH�OLQJXLVWLFV�DQG�WUDQVODWLRQ�
VWXGLHV��

�� ,QWURGXFWLRQ�

$XWRPDWLF�ZRUG�DOLJQPHQW�V\VWHPV�DUH�XVHG�LQ�YDULRXV�ODQJXDJH�DQG�1/3�WDVNV��VXFK�DV�ELOLQJXDO�OH[LFRQ�
H[WUDFWLRQ�IRU�OH[LFRJUDSK\��ELOLQJXDO�WHUPLQRORJ\�DQG�PDFKLQH�WUDQVODWLRQ��$OWKRXJK�ZRUG�DOLJQPHQW�KDV�
LPSURYHG���SUHFLVLRQ�ILJXUHV�DUH�RIWHQ�UHSRUWHG�UDQJLQJ�IURP����WR����SHU�FHQW���UHFDOO�LV�VWLOO�WRR�ORZ�IRU�
VRPH�PRUH� DGYDQFHG�DSSOLFDWLRQV��)XUWKHUPRUH�� UHOHYDQW�ZRUG� FRUUHVSRQGHQFHV�PD\�QRW�EH�GLVFRYHUHG�
IRU�UDUH�ZRUGV�VLQFH�PRVW�DXWRPDWLF�V\VWHPV�UHO\�RQ�FR�RFFXUUHQFH�PHDVXUHV��

$V� LQ� PRVW� DUHDV�� DOLJQPHQW� HUURUV� FDQ� KDYH� GLVFRXUDJLQJ� HIIHFWV� IRU� DSSOLFDWLRQV� LQ� FRUSXV�EDVHG�
WUDQVODWLRQ� VWXGLHV� RU� DQ\� IRUP� RI� FRUSXV�EDVHG� OLQJXLVWLFV�� )RU� FRUSXV�EDVHG� WUDQVODWLRQ� VWXGLHV� LW� LV�
LPSRUWDQW� WR�EH� DEOH� WR� LGHQWLI\� OH[LFDO� DGGLWLRQV� DQG�GHOHWLRQV� LQ� WKH� WDUJHW� WH[W�� EXW� FXUUHQW� DXWRPDWLF�
ZRUG� DOLJQPHQW� V\VWHPV� ODFN� WKH� FDSDFLW\� WR� GLVWLQJXLVK� VXFK� RSHUDWLRQV� IURP� FDVHV�ZKHQ� WKH� V\VWHPV�
VLPSO\�IDLO�WR�LGHQWLI\�OLNHO\�VRXUFH�DQG�WDUJHW�FRUUHVSRQGHQFHV��,Q�RWKHU�ZRUGV��D�GHOHWLRQ�LQ�WUDQVODWLRQ�
FDQQRW� EH� GLVWLQJXLVKHG� IURP� WKH� VLWXDWLRQ� ZKHUH� WKH� V\VWHP� VD\V� ³VRUU\�� FRXOGQ¶W� ILQG� D� SUREDEOH�
DOLJQPHQW´��,I�WKH�DOLJQPHQW�RI�D�ELWH[W�LV�FRPSOHWH��L�H��DOO�LQVWDQFHV�RI�WKH�SKHQRPHQD�RI�LQWHUHVW�KDYH�
EHHQ� IRXQG� DQG� FODVVLILHG�� ZH� ZRXOG� KDYH� EHWWHU� MXVWLILFDWLRQ� IRU� JHQHUDOLVDWLRQV� DQG� REVHUYDWLRQV�
FRQFHUQLQJ� ELOLQJXDO� GDWD�� $W� SUHVHQW� WKHUH� LV� QR� DXWRPDWLF� ZRUG� DOLJQPHQW� V\VWHP� QHDU� DFKLHYLQJ�
FRPSOHWH�UHFDOO��EXW�E\�DGGLQJ�D�KXPDQ�DQQRWDWRU�WKLV�ZRXOG�LQGHHG�EH�SRVVLEOH��LI�DSSURSULDWH�WRROV�ZHUH�
DYDLODEOH��

&RQFRUGDQFLQJ�WRROV�KDYH�EHHQ�DURXQG�D�ORQJ�WLPH��SULPDULO\�IRU�PRQROLQJXDO�WH[W��EXW�LQ�ODWHU�\HDUV�DOVR�
IRU�ELOLQJXDO�FRUSRUD��2QH�SUREOHP�ZLWK�WKH�FRQFRUGDQFLQJ�WRROV�KDYH�EHHQ�WKDW�DOWKRXJK�WKH\�DVVLVW�WKH�
FRUSXV�OLQJXLVW�LQ�ORFDWLQJ�VHQWHQFHV�RU�SDUDJUDSKV�FRQWDLQLQJ�WKH�OH[LFDO�LWHPV�RI�LQWHUHVW��WKHUH�LV�VWLOO�WKH�
WDVN�RI� ORFDWLQJ� WKH� H[DFW� OH[LFDO� HTXLYDOHQFH�SDLU� LQ� WKH� VRXUFH� DQG� WDUJHW� VHJPHQW�� ,I� D� OH[LFRJUDSKHU�
ZDQWV� WR� ILQG� RXW� KRZ� D� VRXUFH� OH[LFDO� LWHP� LV� UHQGHUHG� LQ� WKH� WDUJHW� WH[W�� WKH� FRQFRUGDQFLQJ� WRRO�ZLOO�
JXLGH�KHU�WR�WKH�VHQWHQFH�SDUDJUDSK�SDLUV��KLJKOLJKW�WKH�VRXUFH�LWHP��EXW�WKHQ�VKH�KDV�WR�SLQSRLQW�WKH�WDUJHW�
FRUUHVSRQGHQFH�PDQXDOO\��*LYHQ�ELWH[WV�ZLWK� FRUUHVSRQGHQFHV� DQQRWDWHG�EHORZ� WKH� VHQWHQFH� OHYHO�� L�H���
FRUUHVSRQGHQFHV�IRU�FODXVHV��SKUDVHV�DQG�ZRUGV��D�ZKROH�QHZ�UDQJH�RI�SRVVLELOLWLHV�IRU�WKH�FRUSXV�OLQJXLVW�
ZRXOG� EH� RSHQHG� XS�� 5HFHQW� FRUSXV� DSSOLFDWLRQV� IRU� PRQROLQJXDO� FRUSRUD�� VXFK� DV� :RUG� 6NHWFK�
�.LOJDUULII�	�7XJZHOO�������DQG�)UDPH1HW��)LOOPRUH�HW�DO���������KDYH�VKRZQ�ZKDW�FDQ�EH�GRQH�JLYHQ�
ULFKHU�OLQJXLVWLF�DQQRWDWLRQ�FRXSOHG�ZLWK�VHDUFK�DQG�DQDO\VLV�WRROV��+RZHYHU��WR�RXU�NQRZOHGJH�WKLV�NLQG�
RI� WRROV�KDV� VR� IDU�RQO\�EHHQ�FUHDWHG� IRU�PRQROLQJXDO�SXUSRVHV��2QH�DLP�RI�RXU� UHVHDUFK� LV� WR�DFW�DV�D�
VWDUWLQJ�SRLQW�IRU�FUHDWLQJ�EHWWHU�ELOLQJXDO�WRROV�IRU�FRUSXV�OLQJXLVWLF�DSSOLFDWLRQV���

,Q�WKLV�SDSHU�ZH�SURSRVH�DQ�LQFUHPHQWDO�PHWKRG�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�ZRUG�DOLJQPHQW��7KH�PRVW�
LPSRUWDQW� IDFWRU� LQ� RXU� SURSRVDO� LV� WR� SXW� D� KXPDQ� LQ� WKH� DOLJQPHQW� ORRS�� 7KLV� LV� DFKLHYHG� E\� XVLQJ�
LQWHUDFWLYH�ZRUG�DOLJQPHQW��L�H���D�ZRUG�DOLJQPHQW�V\VWHP�DQG�D�KXPDQ�WKDW�DUH�FROODERUDWLQJ�LQ�RUGHU�WR�
PDNH�ZRUG�DOLJQPHQW�DV�HIILFLHQW�DQG�DFFXUDWH�DV�SRVVLEOH��,Q�$KUHQEHUJ�HW�DO����������WKH�DGYDQWDJHV�RI�
LQWHUDFWLYH�ZRUG�DOLJQPHQW�IRU�PDFKLQH�WUDQVODWLRQ�V\VWHPV�DUH�GLVFXVVHG�LQ�PRUH�GHWDLO��
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$Q� LQWHUDFWLYH� DSSURDFK� WR� ZRUG� DOLJQPHQW� UHTXLUHV� DQ� HIILFLHQW� LQWHUIDFH� LQ� RUGHU� WR� PDQLSXODWH�
FRUUHVSRQGHQFHV�EHWZHHQ�ELOLQJXDO�VHJPHQWV��6XFK�DQ�HQYLURQPHQW�ZLOO�SURYLGH�ODQJXDJH�HQJLQHHUV�DQG�
FRUSXV�OLQJXLVWV�ZLWK�D�WRRO�WKDW�FDQ�KHOS�WKHP�WR�TXLFNO\�SURGXFH�UHIHUHQFH�GDWD��JROG�VWDQGDUGV��WKDW�FDQ�
EH�XVHG�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�WKHLU�DSSOLFDWLRQV��)XUWKHUPRUH��YDOLG�UHIHUHQFH�GDWD�ZLOO�LPSURYH�
WKH� HYDOXDWLRQ�SURFHVV�RI� DSSOLFDWLRQV� IRU� IXOO\� DXWRPDWLF�ZRUG� DOLJQPHQW�� ELOLQJXDO� OH[LFRQ�H[WUDFWLRQ��
GHWHFWLRQ�RI�RPLVVLRQV�LQ�WUDQVODWLRQV��HWF��

7KH�PDMRU�LQQRYDWLRQ�RI�WKH�WRRO�LQ�IRFXV��,/LQN��LV�WKDW�WKHUH�LV�UHDO�LQWHUDFWLRQ�EHWZHHQ�WKH�DOLJQPHQW�
V\VWHP�DQG�WKH�XVHU��,/LQN�ZLOO�SURSRVH�FRUUHVSRQGHQFH�FDQGLGDWHV��EDVHG�RQ�LQIRUPDWLRQ�IURP�ELOLQJXDO�
UHVRXUFHV� DQG� EXLOW�LQ� KHXULVWLFV�� 7KH� XVHU� FDQ� DFFHSW�� UHYLVH� RU� UHMHFW� WKHVH� SURSRVDOV� RQ� WKH� IO\��
)XUWKHUPRUH��,/LQN�VWRUHV�WKH�VWUDWHJLHV�LQKHUHQW�LQ�WKH�XVHU
V�FKRLFHV�DQG�DGDSWV�LWV�ZD\�RI�VXJJHVWLQJ�DV�
PRUH� DQG�PRUH�ZRUG� DOLJQPHQWV� DUH�PDGH��7KLV�KDV� WKH� HIIHFW� WKDW� WKH� DFFXUDF\�RI� WKH�SURSRVHG�ZRUG�
OLQNV�LV�FRQWLQXRXVO\�LPSURYHG�GXULQJ�DQG�DFURVV�ZRUG�DOLJQPHQW�VHVVLRQV��ZKLFK�LQ�WXUQ�PHDQV�LQFUHDVHG�
HIILFLHQF\��2QH�LPSRUWDQW�REVHUYDWLRQ�UHJDUGLQJ�LQWHUDFWLYH�ZRUG�DOLJQPHQW�LV�WR�DFNQRZOHGJH�WKDW�WKHUH�
FRXOG�EH� VHYHUDO� REMHFWLYHV� IRU�ZRUG� DOLJQPHQW��$� OH[LFRJUDSKHU�ZRXOG�QHHG�FRUUHVSRQGHQFH�GDWD�RI� D�
GLIIHUHQW�IRUP�WKDQ�D�ODQJXDJH�HQJLQHHU�LQYROYHG�LQ�GHYHORSLQJ�RU�WXQLQJ�D�GDWD�GULYHQ�07�V\VWHP��

,Q�WKH�SDSHU�SUHYLRXV�DSSURDFKHV�WR�DXWRPDWLF�DQG�PDQXDO�ZRUG�DOLJQPHQW�DUH�GHVFULEHG�DORQJ�ZLWK�VRPH�
UHVHDUFK�SUREOHPV��7KH�V\VWHP��,/LQN��LV�WKHQ�GHVFULEHG�LQ�PRUH�GHWDLO�� LQFOXGLQJ�WKH�DFWXDO�DOLJQPHQW�
SURFHVV�� WKH� UHVRXUFHV� XVHG� DV� ZHOO� DV� WKH� EXLOW�LQ� VHDUFK� DQG� LQVSHFWLRQ� WRROV�� 7KLV� LV� IROORZHG� E\� D�
VHFWLRQ� GHVFULELQJ� DSSOLFDWLRQV� ZLWKLQ� FRUSXV� OLQJXLVWLFV� IRU� SDUDOOHO� FRUSRUD� DQG�ZRUG� DOLJQPHQW�� 7KH�
SDSHU�HQGV�ZLWK�D�GLVFXVVLRQ�RI�KRZ�DQ� LQWHUDFWLYH�ZRUG�DOLJQPHQW� V\VWHP�FRXOG�EH�FRPELQHG�ZLWK�DQ�
DXWRPDWLF�V\VWHP�DQG�KRZ�VXFK�D�FRPELQHG�V\VWHP�FRXOG�EH�DSSOLHG�ZLWKLQ�FRUSXV�OLQJXLVWLFV��

�� $FFXUDWH�IXOO�FRYHUDJH�ZRUG�DOLJQPHQW�

/HW� XV� VD\� WKDW� D� ELWH[W� ZKHUH� DOO� VHQWHQFH� SDLUV� KDYH� EHHQ� DVVLJQHG� DQ� DOLJQPHQW� KDV� IXOO� FRYHUDJH��
$FFXUDWH�IXOO�FRYHUDJH�RI�D�ELWH[W�LV�FOHDUO\�EH\RQG�WKH�FDSDELOLWLHV�RI�FXUUHQW�DXWRPDWLF�ZRUG�DOLJQPHQW�
V\VWHPV��:KLOH�WKH�PHWKRGV�XVHG�IRU�JHQHUDWLQJ�SUREDELOLVWLF�OH[LFRQV�DQG�WUDQVODWLRQ�SUREDELOLWLHV�DW�WKH�
ZRUG�OHYHO�DUH�YHU\�XVHIXO��ZH�FRXOG�FOHDUO\�JHQHUDWH�GDWD�ZLWK�OHVV�QRLVH�IURP�DQ�DFFXUDWH�IXOO�FRYHUDJH�
ELWH[W��

$FFXUDF\�LQ�WKLV�FRQWH[W�PXVW�EH�XQGHUVWRRG�DV�UHODWLYH�WR�VRPH�VHW�RI�DVVXPSWLRQV�DQG�JXLGHOLQHV��2IWHQ��
DV�LQ�WKH�WZR�FRUUHVSRQGLQJ�KHDGLQJV�EHORZ��WKHUH�PD\�EH�GLIIHUHQFHV�LQ�RSLQLRQ�DV�WR�ZKDW�DQ�DFFXUDWH�
DOLJQPHQW�LV���

(1*/,6+��7KH\�ZDWFKHG�WKH�PRWKV�LQ�WKH�WREDFFR�IORZHUV��

6:(',6+��'H�I|OMGH�PHG�EOLFNHQ�IMlULODUQD�QHUH�EODQG�WREDNVEORPPRUQD��

�/LW��7KH\�IROORZHG�ZLWK�WKHBJD]H�WKHBPRWKV�GRZQ�DPRQJ�WKHBWREDFFRBIORZHUV���

)RU�H[DPSOH��RQH�VWUDWHJ\�FRXOG�EH�WR�XVH�D�FRQVWUXFWLRQ�RULHQWHG�DSSURDFK�DQG�DOLJQ�WKH�(QJOLVK�DUWLFOH�
WKH� DV� LQ� WKH� QRXQ� SKUDVH� DOLJQPHQWV� RI� ³WKH� PRWKV� ±� IMlULODUQD´� DQG� ³WKH� WREDFFR� IORZHUV� ±�
WREDNVEORPPRUQD´��$QRWKHU�VWUDWHJ\�FRXOG�LQVWHDG�OHDYH�RXW�WKH�GHILQLWH�DUWLFOHV�LQ�WKH�SUHYLRXV�H[DPSOH�
DQG�MXVW�FRXSOH�³PRWKV�±�IMlULODUQD´�DQG�³WREDFFR�IORZHUV�±�WREDNVEORPPRUQD´��LI�WKH�JRDO�LV�WR�FRPSLOH�
OH[LFRQ�OLNH�HQWULHV�� �,W�FRXOG�DOVR�EH�GLVFXVVHG�ZKHWKHU�WKH�YHUE�SKUDVH�³I|OMGH�PHG�EOLFNHQ´�VKRXOG�EH�
UHJDUGHG�DV�DQ�DOLJQPHQW�IRU�WKH�(QJOLVK�³ZDWFKHG´�DQG�ZKDW�WR�GR�ZLWK�WKH�XQXVXDO�WUDQVODWLRQ�RI�³LQ´�WR�
WKH�6ZHGLVK³QHUH�EODQG´���

(YHQ�LQ�VXFK�VLPSOH�FDVHV�OLNH�DQ�(QJOLVK�FRPSOH[�YHUE�IRUP�LV�ZRUNLQJ�DQG�WKH�FRUUHVSRQGLQJ�6ZHGLVK�
DUEHWDU��ZKHUH�WKH�IDFWV�DUH�KDUGO\�GLVSXWDEOH��RQH�KDV��DW�OHDVW��WZR�GLIIHUHQW�RSWLRQV��WKH�(QJOLVK�FRSXOD�
FRXOG� EH� UHJDUGHG� DV� EHLQJ� GHOHWHG� RU� DV� SDUW� RI� D� SHULSKUDVWLF� IRUP� WKDW� LV� DOLJQHG� DV� D� XQLW� ZLWK� WKH�
VLQJOH�IRUP�6ZHGLVK�YHUE��

,I� ERWK� WKH� VRXUFH� WH[W� DQG� WKH� WDUJHW� WH[W� RI� WKH� ELWH[W� KDYH� EHHQ� SDUVHG� DQG� DVVLJQHG� D� OLQJXLVWLF�
DQQRWDWLRQ�RI� VRPH� VRUW�� WKH� GDWD� WKDW� FDQ�EH� H[WUDFWHG�EHFRPH�HYHQ� ULFKHU� �WKRXJK�PRUH� FRPSOH[��� ,Q�
DGGLWLRQ�� DV� ZH� VKRZ� EHORZ�� WKH� HQULFKHG� OLQJXLVWLF� DQDO\VLV� ZLOO� PDNH� LW� SRVVLEOH� WR� LPSURYH� ZRUG�
DOLJQPHQW��,Q�RXU�RQ�JRLQJ�SURMHFW��ZRUNLQJ�ZLWK�(QJOLVK�6ZHGLVK�SDUDOOHO�WH[WV�ZH�XVH�&RQQH[RU¶V�)'*�
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SDUVHUV� �)XQFWLRQDO�'HSHQGHQF\�*UDPPDU�� IRU� SDUVLQJ� �7DSDQDLQHQ�	� -lUYLQHQ�� �������� 7KHVH� SDUVHUV�
SURYLGH�GDWD�RI�WKH�IROORZLQJ�NLQGV�IRU�HDFK�ZRUG�WRNHQ��

•� %DVH�IRUP�

•� 3DUW�RI�VSHHFK�DQG�PRUSKRORJLFDO�IHDWXUHV�

•� 6\QWDFWLF�IXQFWLRQ�

•� 'HSHQGHQF\�UHODWLRQ�

•� +HDG�RI�GHSHQGHQF\�UHODWLRQ�

7KH�)'*�SDUVHUV�KDYH�EHHQ�GHYHORSHG�SULPDULO\�ZLWK�PRQROLQJXDO�SDUVLQJ�LQ�PLQG��7KXV��WKHLU�WDJ�VHWV�
DUH� QRW� LQ� SHUIHFW� KDUPRQ\�� EXW� WKH� H[WUD� OLQJXLVWLF� NQRZOHGJH� SURYLGHG� IXUWKHUV� WKH� DFWXDO� DOLJQPHQW�
VWDJH�DV�ZHOO�DV�VHUYHV�DV�D�ULFK�UHVRXUFH�ZKHQ�IXUWKHU�DQDO\VLV�RI�WKH�ELWH[W�LV�EHLQJ�SHUIRUPHG���

5HWXUQLQJ�WR�WKH�SUHYLRXVO\�PHQWLRQHG�REMHFWLYH�RI�IXOO�FRYHUDJH�DFFXUDWH�ZRUG�DOLJQPHQW�WKHUH�DUH�FOHDU�
DGYDQWDJHV� IRU�DSSOLFDWLRQV�ZKHUH� WKH�ZRUG�OHYHO�FRUUHVSRQGHQFHV�DUH�DSSOLHG��DV� LQ� WUDQVODWLRQ�VWXGLHV��
FRQWUDVWLYH�OLQJXLVWLFV�DQG�OH[LFRJUDSK\���

•� 'HULYHG�OH[LFDO�GDWD�KDYH�D�KLJKHU�TXDOLW\��DQG�DUH�WKHUHIRUH�PRUH�UHOLDEOH��

•� :LWK�D�SDUVHG�ELWH[W�PRUH�JHQHUDO�DQG�DEVWUDFW�GDWD�FDQ�EH�GHULYHG�DW�ODWHU�VWDJHV�RI�DQDO\VLV��

,Q�WKH�IROORZLQJ�ZH�SUHVHQW�WKH�V\VWHP�DQG�LWV�PHWKRG�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�ZRUG�DOLJQPHQW���

�� ,/LQN�±�DQ�LQWHUDFWLYH�ZRUG�DOLJQPHQW�V\VWHP�

,W�KDV�EHHQ�SRLQWHG�RXW�EHIRUH� WKDW�DOLJQPHQW�EHDUV� UHVHPEODQFH� WR� WUDQVODWLRQ�DQG��DV�ZLWK� WUDQVODWLRQ��
V\VWHPV�FRXOG�LPSURYH�E\�OHDUQLQJ�IURP�KXPDQ�GHFLVLRQV��0DUWLQ�.D\¶V�DUJXPHQW�IRU�WKH�UROH�RI�KXPDQV�
LQ�WUDQVODWLRQ�KROGV�IRU�DOLJQPHQW�WRR��L�H���ZH�VKRXOG�³H[SHFW�EHWWHU�SHUIRUPDQFH�RI�D�V\VWHP�WKDW�DOORZV�
KXPDQ�LQWHUYHQWLRQ�DV�RSSRVHG�WR�RQH�WKDW�ZLOO�EURRN�QR�LQWHUIHUHQFH�XQWLO�DOO�WKH�GDPDJH�KDV�EHHQ�GRQH´�
�.D\�������S�������

,Q�RUGHU� WR�UHYLHZ��PRGLI\�DQG�FUHDWH�DOLJQPHQWV�ZLWK�KXPDQ�DVVLVWDQFH�ZH�QHHG�DQ�HIILFLHQW� LQWHUIDFH��
$Q\ERG\�ZKR�KDV� WULHG� WR�PDQXDOO\�FUHDWH� WDEOHV�RI�ZRUG�FRUUHVSRQGHQFHV� LQ�D�ZRUG�SURFHVVRU�RU� LQ�D�
VSUHDGVKHHW��RU� WR�GUDZ�OLQHV�EHWZHHQ�ZRUG� WRNHQV� LQ�ELWH[W�SULQWRXWV�ZRXOG�DJUHH��ZH� WKLQN��7KH�PDLQ�
IHDWXUHV�RI�RXU�V\VWHP�DUH�WKDW�LW�SURSRVHV�DOLJQPHQWV�WR�WKH�XVHU�RQ�WKH�EDVLV�RI�LWV�FRPELQHG�OLQJXLVWLF�
UHVRXUFHV� DQG� WKDW� LW� LV� DEOH� WR� LPSURYH� RQ� LWV� SHUIRUPDQFH� E\� OHDUQLQJ� IURP� WKH� XVHU� VHQWHQFH�E\�
VHQWHQFH�� )XUWKHUPRUH�� DQ\� HUURUV�PDGH� FDQ� EH� HDVLO\� FRUUHFWHG�� ERWK� RQ� WKH� IO\� DQG� LQ� SRVW�DOLJQPHQW�
VHVVLRQV��

���� 3UHYLRXV�ZRUN�

0RVW�ZRUG�DOLJQPHQW�V\VWHPV�WR�GDWH�KDYH�EHHQ�DXWRPDWLF��H[SORULQJ�WKH�FR�RFFXUUHQFHV�RI�WHUPV�LQ�ODUJH�
SDUDOOHO� FRUSRUD� WR�JHQHUDWH� WUDQVODWLRQDO� HTXLYDOHQFHV� DPRQJ�ZRUG� W\SHV�� ,Q� DGGLWLRQ� WR� FR�RFFXUUHQFH�
GDWD�� VRPH� V\VWHPV� XWLOLVH� OLQJXLVWLF� NQRZOHGJH� RQ� GLIIHUHQW� OHYHOV� RI� VRSKLVWLFDWLRQ� �0HODPHG� ������
$KUHQEHUJ�HW�DO�������E��*DXVVLHU�HW�DO��������7XILú��������+RZHYHU��WKH�LGHD�RI�LPSURYLQJ�WKH�RXWFRPH�
RI� DQ� DXWRPDWLF� V\VWHP�� WKRXJK� TXLWH� FRPPRQ� ZLWK� VHQWHQFH� DOLJQHUV� DQG� WKH� FUHDWLRQ� RI� WUHH�EDQNV�
�0DUFXV� HW� DO��� ������� VHHPV� QRW� WR� KDYH� EHHQ� DSSOLHG� V\VWHPDWLFDOO\� WR� ZRUG� DOLJQPHQW�� ,VDKDUD� DQG�
+DUXQR��������SUHVHQW�D�SRVW�HGLWLQJ�WRRO�IRU�VHQWHQFH�DOLJQPHQW�WKDW�KDV�EHHQ�H[WHQGHG�ZLWK�IXQFWLRQV�
IRU� DOLJQPHQW� RI� SKUDVHV� DQG� SURSHU� QRXQV�� ,Q� WKH� &DLUR� V\VWHP� �6PLWK� DQG� -DKU�� ������ D� XVHU� FDQ�
H[DPLQH�YLVXDOL]DWLRQV�RI� WKH�ZRUG�DOLJQPHQWV�SURGXFHG�E\�D�ZRUG�DOLJQHU��EXW� LV�QRW�DOORZHG�WR�PDNH�
FKDQJHV�WR�WKHP��

�����������������������������������������������������������
��7KHVH�SDUVHUV�DUH�QRZ�PDUNHWHG�DV�0DFKLQHVH�6\QWD[��6HH�KWWS���ZZZ�FRQQH[RU�FRP��IRU�IXUWKHU�LQIRUPDWLRQ��
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,Q�$KUHQEHUJ�HW�DO� �������DQ�HDUOLHU�YHUVLRQ�RI� WKH� LQWHUDFWLYH� OLQNHU�ZDV�SUHVHQWHG��7KLV�YHUVLRQ�KDG�D�
PRUH�SULPLWLYH�LQWHUIDFH�DQG�DOVR�ODFNHG�VHYHUDO�RI�WKH�UHVRXUFHV�DQG�OHDUQLQJ�FDSDELOLWLHV�LQFOXGHG�LQ�WKH�
FXUUHQW�YHUVLRQ���

7KH�FXUUHQW�YHUVLRQ�RI�,/LQN�VXSSRUWV�WKH�IROORZLQJ�WDVNV��

•� 0DQXDO�ZRUG�DOLJQPHQW��

•� $XWRPDWLF�SURSRVDOV�RI�WRNHQ�DOLJQPHQWV��

•� 5HYLHZLQJ�DQG�HGLWLQJ�DOLJQPHQW�SURSRVDOV�IURP�WKH�V\VWHP�LQ�DQ�RUGHUO\�IDVKLRQ��

•� &RQILJXULQJ�WKH�UHVRXUFHV�WR�EH�XVHG�E\�WKH�V\VWHP�LQ�D�ZRUN�VHVVLRQ��

•� &RPSLOLQJ�UHSRUWV�DQG�VWDWLVWLFV�IURP�DOLJQHG�ILOHV��

7KH� V\VWHP� KDV� D� JUDSKLFDO� LQWHUIDFH� WKDW� DOORZV� GLUHFW� PDQLSXODWLRQ� DQG� LQWHUDFWLRQ� ZLWK� VWDWLF� DQG�
G\QDPLF�UHVRXUFHV��

���� *UDSKLFDO�PRGXOHV�

7KH�JUDSKLFDO�LQWHUIDFH�LV�GLYLGHG�LQWR�IRXU�ZLQGRZV��WKH�/LQN�3DQHO��WKH�/LQN�7DEOH�3DQHO��WKH�5HVRXUFH�
3DQHO� DQG� WKH�6HWWLQJV�3DQHO�� ,Q� WKH�/LQN�3DQHO��ZKHUH� WKH�DOLJQPHQWV�RI� WKH�FXUUHQW� VHQWHQFH�SDLU�DUH�
SUHVHQWHG�� WKH�XVHU�FDQ�PDQXDOO\� VHOHFW�FRUUHVSRQGHQFHV��RU� LQWHUDFW�ZLWK� WKH�DXWRPDWLF�SURSRVDOV� IURP�
WKH�V\VWHP�ZKLFK�FDQ�EH�DFFHSWHG�RU�UHMHFWHG�DFFRUGLQJ�WR�WKH�XVHU
V�SUHIHUHQFHV���

$OO�DOLJQPHQWV�WKDW�DUH�FRQILUPHG�E\�WKH�DQQRWDWRU�ZLOO�EH�PDUNHG�LQ�FRUUHVSRQGLQJ�FRORXUV�LQ�WKH�/LQN�
3DQHO��)XUWKHUPRUH��WKH�DOLJQPHQWV�DUH�DOVR�YLVXDOL]HG�LQ�D�WDEOH�UHSUHVHQWDWLRQ�LQ�WKH�/LQN�7DEOH�3DQHO��
7KH�/LQN�3DQHO�LV�VKRZQ�LQ�)LJXUH���DQG�WKH�/LQN�7DEOH�LQ�)LJXUH����

�
)LJXUH����7KH�/LQN�3DQHO�IURP�,/LQN��7KH�EXWWRQV�LQ�WKH�ORZHU�ULJKW�FRUQHU�DOORZV�WKH�XVHU�WR�DFFHSW�RU�UHMHFW�

DOLJQPHQWV�SURSRVHG�IURP�WKH�V\VWHP��$OLJQPHQWV�DUH�VKRZQ�LQ�FRUUHVSRQGLQJ�FRORXUV��$GGLWLRQV�DQG�GHOHWLRQV�DUH�
YLVXDOL]HG�WKURXJK�VWULNH�WKURXJK�OLQHV�LQ�WKH�WDUJHW�DQG�VRXUFH�WH[WV��

�

$SDUW� IURP� DQQRWDWLQJ� VWUDLJKW�IRUZDUG� FRUUHVSRQGHQFHV�� LW� LV� SRVVLEOH� WR� UHSUHVHQW� GHOHWLRQV� DQG�
DGGLWLRQV��7KH�OLQJXLVWLF�LQIRUPDWLRQ�IRU�OH[LFDO�LWHPV�LQ�IRFXV�LV�YLVXDOLVHG�LQ�WKH�LQWHUIDFH��ERWK�LQ�SRS�
XS�ER[HV�DQG�GLUHFWO\�LQ�WKH�ORZHU�SDUW�RI�WKH�/LQN�3DQHO��
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)LJXUH����7KH�/LQN�7DEOH�VKRZLQJ�WKH�VDPH�DOLJQPHQWV�DV�WKH�/LQN�3DQHO�LQ�D�WDEOH�IRUPDW��

���� ,QSXW�DQG�5HVRXUFHV�

7KH�LQSXW�WR�,/LQN�FRQVLVWV�RI�SDUDOOHO�VRXUFH�DQG�WDUJHW�ILOHV�ZKLFK�KDYH�EHHQ�DOLJQHG�RQ�WKH�VHQWHQFH�
OHYHO� LQ� DGYDQFH�� ,QSXW� ILOHV� PD\� EH� OLQH� QXPEHUHG� WH[W� ILOHV� RU� DQQRWDWHG� ILOHV� LQ� ;0/� IRUPDW�� 7KH�
DQQRWDWLRQ� UHFRUGV� OLQJXLVWLF� LQIRUPDWLRQ� RQ� IRXU� OHYHOV�� ZRUG� IRUP�� EDVH� IRUP�� SDUW�RI�VSHHFK� ZLWK�
PRUSKRV\QWDFWLF�IHDWXUHV�DQG�GHSHQGHQF\�UHODWLRQV��VXFK�DV�VXEMHFW��REMHFW��DQG�DWWULEXWH��HWF���

7KH�5HVRXUFH�3DQHO� GLVSOD\V� WKH� FRQILJXUDWLRQ� RI� DFWLYH� UHVRXUFHV� IRU� DQ� DOLJQPHQW� SURMHFW��7KHUH� DUH�
EDVLFDOO\� WKUHH� W\SHV� RI� UHVRXUFHV� DYDLODEOH� LQ� WKH� FXUUHQW� YHUVLRQ� RI� ,/LQN�� QDPHO\�� VWDWLF� UHVRXUFHV��
G\QDPLF�UHVRXUFHV�DQG�SDWWHUQV��$OO� W\SHV�RI�UHVRXUFHV�FRXOG� LQ�SULQFLSOH�EH�XVHG�RQ� WKH�IRXU�GLIIHUHQW�
OHYHOV� RI� DEVWUDFWLRQ� VXSSRUWHG� E\� WKH� V\VWHP�� 6WDWLF� UHVRXUFHV� DUH� VHW� XS� DW� WKH� VWDUW� RI� WKH� DOLJQPHQW�
SURMHFW�DQG�GR�QRW�FKDQJH�GXULQJ�WKH�VHVVLRQ��7\SLFDO�H[DPSOHV�RI�VWDWLF�GDWD�DUH�ELOLQJXDO�WHUP�OLVWV�DQG�
FRUH�OH[LFRQV��5HFXUULQJ�326�FRUUHVSRQGHQFHV�FDQ�DOVR�EH�XVHG���

'\QDPLF�UHVRXUFHV�FKDQJH�GXULQJ�WKH�VHVVLRQ��:KHQ�WKH�DQQRWDWRU�DFFHSWV�RU�UHMHFWV�D�SURSRVDO�IURP�WKH�
V\VWHP��RU�GHILQHV�DQ�DOLJQPHQW�PDQXDOO\��WKH�DFWLRQ�LV�UHFRUGHG�LQ�WKH�G\QDPLF�UHVRXUFHV��IRU�H[DPSOH��
ERWK�DV�D�ZRUG�IRUP�DQG�D�EDVH�ZRUG�FRUUHVSRQGHQFH��DV�ZHOO�DV�GDWD�RQ�WKH�SDUWV�RI�VSHHFK�DQG�V\QWDFWLF�
IXQFWLRQ� FRUUHVSRQGHQFHV��� 7KH� G\QDPLF� UHVRXUFHV� ZLOO� WKHUHIRUH� FRQWDLQ� ERWK� SRVLWLYH� �DFFHSWHG� DQG�
PDQXDOO\�GHILQHG��GDWD�DQG�QHJDWLYH�GDWD��UHMHFWHG�SURSRVDOV���7KH�WKLUG�W\SH�RI�UHVRXUFH�XVHG�LQ�,/LQN�
DUH� SDWWHUQ� UHVRXUFHV�� ZKLFK� GHILQH� FRUUHVSRQGHQFHV� IRU� WRNHQV� VXFK� DV� FRJQDWHV�� QXPEHUV� DQG�
SXQFWXDWLRQ� FKDUDFWHUV�� $OO� UHVRXUFHV� KDYH� WKH� FDSDFLW\� WR� VWRUH� SRVLWLYH� DQG� QHJDWLYH� UHVRXUFHV�� $Q�
H[DPSOH�LV�VKRZQ�LQ�)LJXUH����

«�
IRUPHUO\�WLGLJ�����
IRU�H[DPSOH�H[HPSHOYLV�����
IRU�H[DPSOH�WLOO�H[HPSHO�����
IURP�IUnQ������
IURP�L�����
IURP�Sn�����
IURP�YLD�����
IURP��18//B/,1.!�����
IXWXUH�IUDPWLG�����
JDLQ��18//B/,1.!�����
JHQHUDWH�OlVD�DY�����
«�

)LJXUH����([DPSOH�RI�D�G\QDPLF�EDVH�IRUP�UHVRXUFH��7KH�ILUVW�ILHOG��EHIRUH������KROGV�WKH�VRXUFH�LWHP��WKH�VHFRQG�
ILHOG�FRQWDLQV�WKH�WDUJHW�LWHP��DQG�WKH�WKLUG�QXPEHU�RI�REVHUYHG�SRVLWLYH�LQVWDQFHV��DFFHSWDQFHV���)LQDOO\�WKH�QXPEHU�
RI�QHJDWLYH�REVHUYDWLRQV��UHMHFWLRQ�RI�V\VWHP�SURSRVDOV��LV�JLYHQ��,Q�WKH�JLYHQ�VDPSOH�WKH�SDLU�³IURP�±L´�KDV�EHHQ�

DFFHSWHG�WKUHH�WLPHV�DQG�UHMHFWHG�RQFH�ZKHUHDV�³JHQHUDWH�±�OlVD�DY´�KDV�QR�SRVLWLYH�REVHUYDWLRQV��RQO\�RQH�UHMHFWLRQ��
�

7KH�5HVRXUFH�3DQHO�XVHG�IRU�FRQWUROOLQJ�WKH�UHVRXUFHV�LQ�DQ�DOLJQPHQW�SURMHFW�LV�VKRZQ�LQ�)LJXUH���EHORZ���

�
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)LJXUH����7KH�5HVRXUFH�3DQHO��2Q�WKH�DFWLYH�ZRUG�IRUP�OHYHO�VL[�UHVRXUFHV�DUH�DFWLYH��RQH�G\QDPLF�UHVRXUFH��WZR�

VWDWLF�UHVRXUFHV�DQG�WKUHH�SDWWHUQ�UHVRXUFHV��7KH�ILJXUHV�RQ�WKH�ULJKW�KDQG�VLGH�GLVSOD\�WKH�QXPEHU�RI�FXUUHQW�PDWFKHV�
LQ�WKH�DFWLYH�ELWH[W�VHJPHQW�DV�ZHOO�DV�WKH�WRWDO�QXPEHU�RI�DFFHSWDQFHV�DQG�UHMHFWLRQV�PDGH�E\�WKH�DQQRWDWRU��

���� +HXULVWLFV�DQG�VHWWLQJV�

,/LQN�VXSSRUWV�GLIIHUHQW� VWUDWHJLHV� IRU�KRZ� WR� VHOHFW�DQG�SUHVHQW�DOLJQPHQW�SURSRVDOV� WR� WKH�DQQRWDWRU��
)RU�H[DPSOH��WKH�DQQRWDWRU�FDQ�GHFLGH�WKDW�DOLJQPHQWV�VKRXOG�EH�SUHVHQWHG�IURP�OHIW�WR�ULJKW�EDVHG�RQ�WKH�
VRXUFH�VHQWHQFH��RU�WKDW�SURSRVDOV�VKRXOG�EH�JLYHQ�LQ�WKH�RUGHU�WKDW�UHIOHFWV�WKH�RYHU�DOO�UDQNLQJ��PDGH�E\�
,/LQN��

���� ,QWHUDFWLYH�DOLJQPHQW�DQG�OHDUQLQJ�

7KH� OHDUQLQJ� DSSURDFK� WDNHQ� LQ� ,/LQN� LV� EDVHG� RQ� WKH� IDFW� WKDW� WKH� G\QDPLF� UHVRXUFHV� DUH� XSGDWHG�
LQFUHPHQWDOO\� GXULQJ� WKH� PDQXDO� UHYLVLRQ� VWDJH�� (DFK� WLPH� WKH� XVHU� FRQILUPV� D� SURSRVHG� OLQN� WKH�
LQIRUPDWLRQ� LQKHUHQW� LQ� WKH� OLQN� LV� VWRUHG� LQ� WKH�GLIIHUHQW�G\QDPLF� UHVRXUFHV��7KH� LQIOHFWHG�ZRUG� IRUPV�
ZLOO� EH� DGGHG� WR� WKH� ZRUG� IRUP� UHVRXUFHV� DQG� WKH� EDVH� IRUPV� WR� WKHLU� G\QDPLF� UHVRXUFHV�� $OVR�� QHZ�
LQIRUPDWLRQ�RQ�FRUUHVSRQGHQFHV�IRU�SDUWV�RI�VSHHFK�DQG�GHSHQGHQF\�UHODWLRQV�ZLOO�EH�SXW�LQ�WKH�G\QDPLF�
UHVRXUFHV��7KLV�DOVR�DSSOLHV�ZKHQ�WKH�XVHU�DGGV�QHZ�DOLJQPHQWV�PDQXDOO\�E\�VHOHFWLQJ�LWHPV�LQ�WKH�/LQN�
3DQHO��PDNLQJ�VXFK�DOLJQPHQWV� WR�EH�VWRUHG�DV�SRVLWLYH�GDWD��+RZHYHU�� LI� D� XVHU� UHMHFWV� D�SURSRVDO� WKLV�
LQIRUPDWLRQ�LV�VWRUHG�DV�QHJDWLYH�GDWD�LQ�WKH�G\QDPLF�UHVRXUFHV�RQ�DOO�DSSOLFDEOH�OHYHOV��7KH�XSGDWLQJ�RI�
WKH� G\QDPLF� UHVRXUFHV� LV� PDGH� LQFUHPHQWDOO\� ZKLFK� PHDQV� WKDW� WKH� QHZ� LQIRUPDWLRQ� LV� DYDLODEOH�
LPPHGLDWHO\�IRU�,/LQN�DQG�FDQ�EH�DSSOLHG�ZKHQ�QHZ�SURSRVDOV�DUH�PDGH�LQ�WKH�QH[W�VHQWHQFH�SDLU��,Q�RXU�
RZQ�WHVWV��WKH�LPSURYHPHQWV�IURP�WKH�OHDUQLQJ�VWUDWHJLHV�DUH�FOHDUO\�REVHUYDEOH�HYHQ�DIWHU�D�UDWKHU�OLPLWHG�
QXPEHU�RI�VHQWHQFH�UHYLVLRQV���

���� $QDO\VLV�DQG�UHSRUWV�

7R�EH�DEOH�WR�DQDO\VH�WKH�DOLJQPHQW�GDWD��,/LQN�FRQWDLQV�VRPH�DGGLWLRQDO�WRROV��2QH�VXFK�WRRO�LV�WKH�/LQN�
,QVSHFWRU�� ZKLFK� IXQFWLRQV� OLNH� D� ILQH�JUDLQHG� ELOLQJXDO� FRQFRUGDQFH� SURJUDP� LQ� WKDW� LW� LV� SRVVLEOH� WR�
GHILQH� VHDUFK� FULWHULD� RQ� DOO� FRPELQDWLRQV� RI� UHSUHVHQWDWLRQ� OHYHOV�� ZRUG� IRUP�� EDVH� IRUP�� 326� DQG�
IXQFWLRQ��7KLV�PHDQV��IRU�H[DPSOH��WKDW�RQH�FRXOG�LGHQWLI\�DOO�WKH�OLQNV�ZKHUH�D�VXEMHFW�QRXQ�FRUUHVSRQGV�
WR�DQ�REMHFW�QRXQ��DQ�DGMHFWLYDO�FRQVWUXFWLRQ�FRUUHVSRQGV�WR�D�YHUE�FRQVWUXFWLRQ��HWF���

7KHUH�DUH�DOVR�LQVSHFWRUV�IRU�YLHZLQJ��VHDUFKLQJ�DQG�HGLWLQJ�WKH�VWDWLF�DQG�G\QDPLF�UHVRXUFHV�DQG�D�/LQN�
5HSRUWHU� WKDW� FDQ� VXPPDUL]H� DQG� FRQILJXUH� WKH� LQIRUPDWLRQ� LQ� WKH� GDWDEDVH�� LQFOXGLQJ� FRPSLOLQJ� ILQH�
JUDLQHG�FRQFRUGDQFHV�DFFRUGLQJ� WR� WKH�XVHU
V�SUHIHUHQFHV��([DPSOHV�RI�KRZ�WKHVH� WRROV�FDQ�EH�XVHG�DUH�
VKRZQ�LQ�VHFWLRQ����

���� 3HUIRUPDQFH�

,Q� DQ� H[SHULPHQWDO� VHVVLRQ� ZH� PHDVXUHG� WKH� VSHHG� DQG� FRQVLVWHQF\� RI� IRXU� VXEMHFWV�� $� VPDOO� VHW� RI�
JXLGHOLQHV�ZDV�XVHG��$OO�VXEMHFWV�ZHUH�IDPLOLDU�ZLWK�WKH�V\VWHP��EXW�RQO\�WZR�RI�WKHP��$�DQG�&��ZLWK�WKH�
JXLGHOLQHV��7KH� JXLGHOLQHV� ZHUH� H[SODLQHG� DQG� GLVFXVVHG� LQ� D� SULRU� VHVVLRQ� ODVWLQJ� IRU� WZHQW\�PLQXWHV��
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(DFK�XVHU�DOLJQHG����VHQWHQFH�SDLUV�IURP�WKH�KHOS�ILOHV�RI�0LFURVRIW�$FFHVV������IRU�;3��7KH�UHVXOWV�DUH�
VKRZQ�LQ�7DEOHV���DQG����

7DEOH���VKRZV�UHVXOWV�IRU�LQGLYLGXDOV�DQG�VSHHG��7KH�GLIIHUHQFH�EHWZHHQ�VXEMHFW�%�DQG�WKH�RWKHU�VXEMHFWV�
FDQ�RQ�WKH�ZKROH�EH�DWWULEXWHG�WR�WKH�XVH�RI�D�GLIIHUHQW�FRPSXWHU��ZKHUH�WKHUH�LV�QR�GHOD\�LQ�JRLQJ�IURP�
RQH�VHQWHQFH�SDLU�WR�WKH�QH[W��2Q�WKH�RWKHU�PDFKLQHV�WKLV�GHOD\�YDULHV�EHWZHHQ������VHFRQGV�GHSHQGLQJ�RQ�
WKH�OHQJWK�RI�WKH�VHQWHQFHV�LQ�WKH�SDLU��

7DEOH����:RUNLQJ�VSHHG�ZLWK�,/LQN�IRU�IRXU�GLIIHUHQW�XVHUV�IDPLOLDU�ZLWK�WKH�V\VWHP��
,G� 1R��

6HQW��
3DLUV�

7RWDO�
1R��
/LQNV�

7LPH�
�PLQ���

/LQNV�
SHU�
PLQ��

0LQ��
SHU�
VHQW��

$� ��� ����� ���� ����� �����
%� ��� ����� ��� ����� �����
&� ��� ����� ���� ����� �����
'� ��� ����� ���� ����� �����
0HDQ� ��� ����� ���� ����� �����

�
7DEOH���VKRZV�DJUHHPHQW�LQ�ZRUG�DOLJQPHQW�EHWZHHQ�VXEMHFWV��$OO�VXEMHFWV�DJUHHG�RQ�������RI�WKH�OLQNV�
SURGXFHG�� DQG� LI� QXOO� OLQNV� ZHUH� UHPRYHG�� ZKHUH� DOLJQPHQW� VWUDWHJLHV� ZHUH� WKH� PRVW� YDULHG�� WKH�
SHUFHQWDJH�RI�DJUHHPHQW�LV�DV�KLJK�DV��������6XEMHFW�'�JHQHUDOO\�ZDV�OHVV�FRQVLVWHQW�ZLWK�WKH�RWKHUV��,I�D�
WUDLQLQJ�VHVVLRQ�LV�LQFOXGHG�VR�WKDW�VXEMHFWV�FDQ�GLVFXVV�GLVDJUHHPHQWV��DQG�JXLGHOLQHV�EH�PRUH�GHWDLOHG��LW�
LV�OLNHO\�WKDW�WKHVH�ILJXUHV�FDQ�EH�UDLVHG�VXEVWDQWLDOO\��

7DEOH����$JUHHPHQW�LQ�ZRUG�DOLJQPHQW�EHWZHHQ�VXEMHFWV��
&RPPRQ�/LQNV����� $%&'� $%&� %&�� $'�

,QFO��1XOO�OLQNV� ����� ����� ����� �����

([FO��QXOO�OLQNV� ����� ����� ����� �����

7KH�PHWKRG�WKDW�WKH�V\VWHP�XVHG�IRU�DOLJQPHQW�SURSRVDOV�LQ�WKLV�H[SHULPHQW�ZDV�³RQH�E\�RQH´��L�H���WKH�
VXEMHFWV�ZHUH�JLYHQ�RQH�VXJJHVWLRQ�DW�D�WLPH��DQG�ZDV�DVNHG�WR�JLYH�D�MXGJHPHQW�RI�WKLV�DV�³DFFHSW´��
³UHMHFW´�RU�DVN�IRU�D�QHZ�SURSRVDO��$Q�DOWHUQDWLYH�ZD\�RI�SUHVHQWDWLRQ�ZRXOG�EH�WR�DVN�WKH�V\VWHP�WR�VKRZ�
DOO�WKH�DOLJQPHQW�SURSRVDOV�IRU�D�VHQWHQFH�SDLU�LPPHGLDWHO\�DQG�OHW�WKH�XVHU�PRGLI\�WKH�RQHV�WKDW�DUH�
HUURQHRXV��:KHQ�VHQWHQFH�SDLUV�DUH�VKRUW�DQG�WKH�SURSRVHG�DOLJQPHQWV�KDYH�KLJK�DFFXUDF\��WKLV�PD\�
VSHHG�XS�WKH�LQWHUDFWLRQ�VXEVWDQWLDOO\��:H�KDYH�QRW�WHVWHG�WKH�V\VWHP�ZLWK�WKH�ODWWHU�PHWKRG�\HW��EXW�ZH�
SODQ�WR�GR�VR��

�� &RUSXV�/LQJXLVWLFV�DSSOLFDWLRQV�IRU�LQWHUDFWLYH�ZRUG�DOLJQPHQW�

$V�PHQWLRQHG� LQ� WKH� LQWURGXFWLRQ� WKHUH� DUH� LQWHUHVWLQJ� DSSOLFDWLRQV�JLYHQ� IXOO� FRYHUDJH�ZRUG� DOLJQPHQW�
ZLWK�KLJK�DFFXUDF\��)RU�H[DPSOH��IRU�FRPPHUFLDO�OH[LFRJUDSKLFDO�ZRUN��$WNLQV��������S������PDNHV�WKH�
IROORZLQJ�UHPDUN�FRQFHUQLQJ�ELOLQJXDO�FRQFRUGDQFLQJ�VRIWZDUH��´$�VPDUWHU�SURJUDP�ZKLFK�ZRXOG�WDLORU�
WKH�RXWSXW�RI�WKH�FRQFRUGDQFLQJ�SURJUDP�WR�RXU�QHHGV�PLJKW�SHUVXDGH�UHIHUHQFH�SXEOLVKHUV�WR�FKDQJH�WKHLU�
PLQGV�DERXW�WKH�XVH�RI�SDUDOOHO�FRUSRUD��«��/H[LFRJUDSKHUV�QHHG�VRPH�ELOLQJXDO�IRUP�RI�WKH�:RUG�6NHWFK�
WRRO� WR� KHOS� WKHP� XVH� SDUDOOHO� FRUSXV� GDWD� ZLWKLQ� WKH� WLPH� FRQVWUDLQWV� RI� FRPPHUFLDO� GLFWLRQDU\�
SURGXFWLRQ�´�$OWKRXJK�WKH�LQVSHFWLRQ�DQG�DQDO\VLV�WRROV�LQFOXGHG�LQ�,/LQN�DUH�UDWKHU�OLPLWHG��WKH\�DUH�VWLOO�
YHU\�SRZHUIXO�IRU�SURGXFLQJ�RYHUYLHZV�RI�OH[LFDO�FRUUHVSRQGHQFHV�LQ�SDUDOOHO�FRUSRUD��&RQVLGHU�WKH�EULHI�
H[DPSOHV�VKRZQ�LQ�7DEOH���DQG���EHORZ��+HUH�VHDUFKHV�KDYH�EHHQ�PDGH�IRU�WZR�NLQGV�RI�IXQFWLRQDO�VKLIWV�
LQ�DQ�(QJOLVK�6ZHGLVK�ELWH[W��QDPHO\�ZKHQ�VRXUFH�REMHFWV�KDYH�EHHQ�UHQGHUHG�DV�WDUJHW�VXEMHFWV�DQG�YLFH�
YHUVD��
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7DEOH����2XWSXW�IURP�/LQN�5HSRUWHU�RQ�REMHFW�WR�VXEMHFW�VKLIWV�
6RXUFH�
EDVH��

7DUJHW�
EDVH��

6RXUFH�H[DPSOH�� 7DUJHW�H[DPSOH�� &RXQW�
�6�����

PZHWD�� PZHWD�� ����RQH�VWDJH���IRU�JHWWLQJ�>0ZHWD@�
EDQLVKHG�WR�WKH�IDU�:HVWHUQ������

����VLQ�WLG�VW\UW�RP�DWW�>0ZHWD@�KDGH�
I|UYLVDWV�WLOO�HQ�DYNURN������

���

\RX�� GX�� �7KH\�H[SHFW�>\RX@�EDFN�����VKH�VDLG������ �'H�UlNQDU�PHG�DWW�>GX@�VND�NRPPD�
WLOOEDND���������� ��

�

7DEOH������2XWSXW�IURP�/LQN�5HSRUWHU�RQ�VXEMHFW�WR�REMHFW�VKLIWV�
6RXUFH�� 7DUJHW�

EDVH��
6RXUFH�H[DPSOH�� 7DUJHW�H[DPSOH�� &RXQW�

�6������

GHFLVLRQ�EHVOXW�� ����RI�SUDFWLFDO�PDWWHUV�E\�ZKLFK�
>GHFLVLRQ@�LV�EURNHQ�XS�LQWR�UHDOLW\������

����GH�SUDNWLVND�SUREOHP�VRP�I|UYDQGODU�
>EHVOXW@�WLOO�YHUNOLJKHW����

��

KH�� KDQ�� ����RI�GLOO�����7KHUH�>KH@�LV�����VKH�VDLG������ ��������'lU�KDU�YL�>KRQRP@�����VDGH�KRQ���� ��

LW�� GHQ�� ����FRGH�VR�GHHSO\�DFFHSWHG�WKDW�>LW@�KDG�
QHYHU�EHHQ�GLVFXVVHG���������

����DWW�GH�DOGULJ�KDGH�GLVNXWHUDW�>GHQ@��PDQ�
VWRG�WLOO�I|UIRJDQGH������

��

VKH�� KRQ�� %HFDXVH�>VKH@�ZDV�VXGGHQO\�UHDOL]LQJ�
WKDW�LW������

7\�GHW�VORJ�>KHQQH@�SO|WVOLJW�DWW�Vn�KDGH�GHW�
�����

��

WKDW�� VRP�� ����ERXJKW���ILOOHG�ZLWK�SRVVHVVLRQV�>WKDW@�
KDG�EHHQ�VWRUHG�DOO�WKH������

����N|SW�RFK�I\OOW�PHG�WLOOK|ULJKHWHU�>VRP@�GH�
KDIW�PDJDVLQHUDGH�XQGHU�DOOD������

��

WKDW�� VRP�� ����WUXH�VHQVH�RI�DIWHU�DOO�>WKDW@�KDG�JRQH�
EHIRUH���DQ������

������ERNVWDYOLJHQ���WURWV�DOOW�>VRP@�OLYHW�I|UW�
PHG�VLJ��������

��

�«�� � � � �

�

,I�WKH�OH[LFRJUDSKHU�ZDQWV�WR�ILQG�H[DPSOHV�RI�ZKHQ�VLQJOH�YHUEV�KDYH�EHHQ�WUDQVODWHG�ZLWK�PRUH�FRPSOH[�
YHUE�SKUDVHV��LW�LV�SRVVLEOH�WR�H[SUHVV�WKLV�LQ�WKH�VHDUFK�ZLQGRZ�DQG�HQG�XS�ZLWK�VRPHWKLQJ�VLPLODU�WR�WKH�
H[DPSOHV� LQ�7DEOH� ���+HUH� VLQJOH� YHUEV� LQ� WKH�(QJOLVK� VRXUFH� WH[W� KDYH� 6ZHGLVK� FRUUHVSRQGHQFHV� WKDW�
FRQVLVW�RI�PRUH�FRPSOH[�YHUE�SKUDVHV�LQ�WKH�IRUP�RI�YHUE�±�SUHSRVLWLRQ�±�QRXQ��

7DEOH�����2XWSXW�IURP�WKH�/LQN�5HSRUWHU�VKRZLQJ�VLQJOH�YHUEV��326 9��LQ�WKH�VRXUFH�WH[W�WKDW�FRUUHVSRQG�WR�FRPSOH[�
YHUE�SKUDVHV��9�35(3�1��LQ�WKH�WDUJHW��

6RXUFH�
EDVH��

7DUJHW�
EDVH��

6RXUFH�
326��

7DUJHW�
326��

6RXUFH�H[DPSOH�� 7DUJHW�H[DPSOH�� &RXQW�
�6�����

JDUGHQ�� SnWD�L�WUlG�
JnUG��

9�� 9�35(3�
1��

+H�DQG�2OLYLD�>JDUGHQHG@�
RQ�VXPPHU�HYHQLQJV���QRW�
�����

+DQ�RFK�2OLYLD�EUXNDGH�>SnWD�L�
WUlGJnUGHQ@�RP�VRPPDUNYlOODUQD���
LQWH�Sn������

��

PDNH�� J|UD�L�
RUGQLQJ��

9�� 9�35(3�
1��

6KH�XVHG�WR�>PDNH@�
SDFNDJHV�RI�VDQGZLFKHV�IRU�
0ZHWD������

+RQ�EUXNDGH�>J|UD�L�RUGQLQJ@�
VP|UJnVSDNHW�nW�0ZHWD�DWW�WD������

��

VHWWOH�� NRPPD�L�
RUGQLQJ��

(1�� 9�35(3�
1��

������\RX�
OO�EH�PRUH�RU�OHVV�
>VHWWOHG@�E\�WKH�WLPH�VKH�
DUULYHV������

����IDOO�KDU�GX�PHU�HOOHU�PLQGUH�KXQQLW�
>NRPPD�L�RUGQLQJ@�QlU�KRQ�NRPPHU�
QHU��������

��

�

$QRWKHU�DSSOLFDWLRQ�IRU�WKH�KLJK�TXDOLW\�ZRUG�DOLJQPHQW�WKDW�ZH�DUH�DLPLQJ�IRU�LV�WR�WU\�WR�GHULYH�ZRUGQHW�
UHODWLRQV� VXFK� DV� V\QRQ\P\� DQG� K\SRQ\P\� IURP� WUDQVODWLRQ� FRUSRUD� XVLQJ� WKH� FRQFHSW� RI� VHPDQWLF�
PLUURUV� VXJJHVWHG�E\�'\YLN���������7KH� LGHD� LV� WR�XVH�ZRUG�FRUUHVSRQGHQFHV�IURP�D�SDUDOOHO�FRUSXV� WR�
EXLOG�V\QRQ\P\�DQG�K\SRQ\P\�VHWV�YLD�WKH�ZRUG�DOLJQPHQWV�FUHDWHG�E\�D�WRRO�OLNH�,/LQN��7KLV�DSSURDFK�
UHTXLUHV�GDWD�ZLWK�KLJK�DFFXUDF\�DQG�FDQ�WKHUHIRUH�EH�VXLWHG�WR�WKH�LQWHUDFWLYH�ZRUG�DOLJQPHQW�DSSURDFK�
VXJJHVWHG�KHUH��7KH�UHVXOWLQJ�GDWD�VHWV�FRYHULQJ�V\QRQ\P\��K\SRQ\P\�DQG�VHPDQWLF�QHDUQHVV�FRXOG�DOVR�
VHUYH� DV� UHVRXUFHV� LQ� IXWXUH� YHUVLRQV� RI� ,/LQN�� DV� D� NLQG� RI� H[WHQGHG� VHPL�VHPDQWLF� OH[LFDO� UHVRXUFHV�
ZKLFK�FRXOG�LQFUHDVH�WKH�SHUIRUPDQFH�RI�ZRUG�DOLJQPHQW��
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�� ,QWHJUDWLQJ�DXWRPDWLF�DQG�LQWHUDFWLYH�DOLJQPHQW�

7KH�FXUUHQW�YHUVLRQ�RI�,/LQN� LV�D�VWDQG�DORQH�ZRUG�DOLJQPHQW� WRRO� WKDW�SURSRVHV� WRNHQ�DOLJQPHQWV�DQG�
LQWHUDFWV�ZLWK�WKH�XVHU��:H�DUH�FXUUHQWO\�DGGLQJ�D�IXOO\�DXWRPDWLF�PRGH�WR�WKH�V\VWHP�ZKHUH�,/LQN�DOLJQV�
WKH� ELWH[W� ZLWKRXW� LQWHUDFWLRQ� ZLWK� WKH� DQQRWDWRU�� 7KH� RXWSXW� IURP� WKH� DXWRPDWLF� DOLJQPHQW� LV� WKHQ�
UHYLHZHG�E\�WKH�XVHU��E\�DFFHSWLQJ��UHMHFWLQJ��DGGLQJ�DQG�PRGLI\LQJ�ZRUG�OLQNV���7KH�XVHU�ZLOO�JR�WKURXJK�
D� VXEVHW� RI� WKH� DXWRPDWLFDOO\� JHQHUDWHG� OLQNV� �IRU� H[DPSOH� WKH� ILUVW� ��� VHQWHQFH� SDLUV�� DQG� WKHQ� WKH�
DXWRPDWLF�FRPSRQHQW�ZLOO�WDNH�RYHU�DJDLQ�DQG�UH�DOLJQ�HYHU\WKLQJ�WKDW�KDV�QRW�EHHQ�YHULILHG�E\�WKH�XVHU��
ZLWK�WKH�DLG�RI�WKH�QHZ�LQIRUPDWLRQ�VWRUHG�LQ�WKH�G\QDPLF�UHVRXUFHV���

7KH� DXWRPDWLF� DOLJQPHQW� FRPSRQHQW� LV� VWLOO� DW� D� SUHOLPLQDU\� VWDJH�� EXW� WKH� JRDO� LV� WR�PDNH� XVH� RI� WKH�
UHVRXUFHV� DYDLODEOH� WR� ,/LQN�� WKDW� LV�� LQIRUPDWLRQ� RQ� ZRUG� IRUPV�� EDVH� IRUPV�� SDUWV�RI�VSHHFK� DQG�
V\QWDFWLF�IXQFWLRQV��,Q�DGGLWLRQ�WR�WKHVH��WKH�DXWRPDWLF�FRPSRQHQW�XWLOLVHV�LQIRUPDWLRQ�RQ�FR�RFFXUUHQFH�
VWDWLVWLFV�IRU�OH[LFDO�FRUUHVSRQGHQFHV�DORQJ�WKH�OLQHV�RI�RXU�SUHYLRXV�DXWRPDWLF�DOLJQHU��/LQN|SLQJ�:RUG�
$OLJQHU��/:$�� �$KUHQEHUJ� HW� DO�� �������7KH�PDLQ�GLIIHUHQFH�EHWZHHQ�/:$�DQG� WKH� FXUUHQW� DXWRPDWLF�
DOLJQHU� OLHV� LQ� WKH�SRVVLELOLW\� RI� H[SORLWLQJ�PRUH� OLQJXLVWLF� LQIRUPDWLRQ� DQG� WKH� DSSURDFK� WKDW� WKH� WRNHQ�
DOLJQPHQWV�DUH�LQ�IRFXV��WKDW�LV��DOO�SRVVLEOH�ZRUG�DOLJQPHQWV�LQ�RQH�VHQWHQFH�SDLU�LV�DOLJQHG�DW�D�WLPH��,Q�
HYDOXDWLRQV� RI� /:$� ZH� IRXQG� WKDW� LW� KDG� SUREOHPV� ZLWK� RYHU�JHQHUDOL]DWLRQV� RI� FHUWDLQ� DOLJQPHQWV�
�PRVWO\� KRPRJUDSKV�� VXFK� DV� DWW� ZKLFK� FDQ� IXQFWLRQ� ERWK� DV� D� VXEMXQFWLRQ� DQG� LQILQWLYH� PDUNHU� LQ�
6ZHGLVK���)XUWKHUPRUH��PXOWL�ZRUG�XQLWV� �0:8V��KDG�D�PXFK�KLJKHU�HUURU� UDWH� WKDQ� VLQJOH�ZRUG�XQLWV�
ZKLFK�ZDV�GXH�WR�WKH�EXLOW�LQ�DSSURDFK�LQ�/:$�WR�JHQHUDOL]H�W\SH�DOLJQPHQWV�WR�WRNHQ�DOLJQPHQWV��,Q�WKH�
QHZ� DSSURDFK�� WKH� G\QDPLF� DQG� VWDWLF� UHVRXUFHV� DUH� XVHG� DV� JOREDO� NQRZOHGJH� EDVHV� IRU� WKH� ZKROH�
DOLJQPHQW�SURFHVV��EXW�FRQWH[WXDO�IDFWRUV�SUHVHQW�LQ�VSHFLILF�VHQWHQFH�SDLUV�IXQFWLRQ�MRLQWO\�ZLWK�WKH�JOREDO�
UHVRXUFHV�LQ�D�ZD\�WKDW�VWHHUV�WKH�DOLJQPHQW�WR�EHWWHU�SHUIRUPDQFH���

�� )XWXUH�ZRUN�

$V�D� WRRO� IRU�FUHDWLQJ�DFFXUDWH� IXOO�FRYHUDJH�ZRUG�DOLJQPHQW�� WKH�FXUUHQW� YHUVLRQ�RI� ,/LQN�KDV�FHUWDLQ�
OLPLWDWLRQV�WKDW�ZH�LQWHQG�WR�RYHUFRPH�LQ�IXWXUH�YHUVLRQV��7KHVH�H[WHQVLRQV�ZLOO�LQFOXGH��

•� KDQGOLQJ�RI�GLVFRQWLQXRXV�PXOWL�ZRUG�XQLWV��

•� LQWHJUDWLRQ�EHWZHHQ�WKH�LQWHUDFWLYH�PRGH�RI�DOLJQPHQW�DQG�D�IXOO\�DXWRPDWLF�FRPSRQHQW��

•� VXSSRUW�IRU�RSWLRQDO�XVHU�DQQRWDWLRQV�RI�DOLJQPHQWV��

•� GDWDEDVH�FRQQHFWLRQV��

•� LQWHJUDWLRQ�RI�YDULRXV�VXSSRUW�WRROV�IRU�VHQWHQFH�DOLJQPHQW�WKDW�DGKHUH�WR�WKH�LQSXW�;0/�IRUPDWV��

•� LPSURYHG�VHDUFK�DQG�DQDO\VLV�WRROV��

•� VXSSRUW�IRU�PRUH�V\QWDFWLF�DQQRWDWLRQV��L�H���RWKHU�WDJJHUV��

�� &RQFOXGLQJ�UHPDUNV�

,Q� WKLV� SDSHU� ZH� KDYH� DUJXHG� WKDW� LQWHUDFWLYH� V\VWHPV� LV� WKH� EHVW� ZD\� WR� LPSURYH� ZRUG� DOLJQPHQW� IRU�
FRUSXV� OLQJXLVWLFV� DSSOLFDWLRQV� DQG� KDYH� SUHVHQWHG� WKH� ,/LQN� V\VWHP� DV� D� ILUVW� VWHS� IRUZDUG� LQ� WKLV�
GLUHFWLRQ��

,QIRUPDWLRQ�DERXW�,/LQN�LV�FRQWLQXRXVO\�EHLQJ�XSGDWHG�DW�KWWS���ZZZ�LGD�OLX�VH�aQOSODE�,/LQN���9HUVLRQV�
IRU�DFDGHPLF�XVH�FDQ�EH�GRZQORDGHG�IURP�WKLV�VLWH��
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5HIHUHQFHV�

�
$KUHQEHUJ��/�$QGHUVVRQ�0��	�0��0HUNHO��������$�NQRZOHGJH�OLWH�DSSURDFK� WR�ZRUG�DOLJQPHQW��� ,Q� -��

9pURQLV��HG������������������

$KUHQEHUJ�� /��� 0�� 0HUNHO�� 	� 0�� $QGHUVVRQ�� ������ $� 6\VWHP� IRU� ,QFUHPHQWDO� DQG� ,QWHUDFWLYH� :RUG�
/LQNLQJ��,Q�7KLUG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�/DQJXDJH�5HVRXUFHV�DQG�(YDOXDWLRQ��/DV�3DOPDV������
�����

$KUHQEHUJ��/���0��0HUNHO�	�0��3HWWHUVWHGW��������,QWHUDFWLYH�ZRUG�DOLJQPHQW�IRU�ODQJXDJH�HQJLQHHULQJ��
7R�EH�SXEOLVKHG�LQ�WKH�3URFHHGLQJV�RI�($&/�������%XGDSHVW��

$WNLQV�� 6XH�� ������ 7KHQ� DQG� 1RZ�� &RPSHWHQFH� DQG� 3HUIRUPDQFH� LQ� ��� <HDUV� RI� /H[LFRJUDSK\�� ,Q�
3URFHHGLQJV�RI�WKH�7HQWK�(85$/(;�,QWHUQDWLRQDO�&RQJUHVV��9ROXPH����������&RSHQKDJHQ��

'\YLN��+��������7UDQVODWLRQV�DV�VHPDQWLF�PLUURUV�� IURP�SDUDOOHO�FRUSRUD� WR�ZRUGQHW��3DSHU�SUHVHQWHG�DW�
7KH� ��UG� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� (QJOLVK� /DQJXDJH� 5HVHDUFK� RQ� &RPSXWHUL]HG� &RUSRUD� RI�
0RGHUQ� DQG� 0HGLHYDO� (QJOLVK� �,&$0(� ����� *RWKHQEXUJ�� ������ 0D\�� ������
KWWS���ZZZ�KI�XLE�QR�L�/L/L�6/)�DQV�'\YLN�,&$0(SDSHU�SGI��

)LOOPRUH�� &�-��� &�)�� %DNHU�� DQG� +�� 6DWR�� ������ 7KH� )UDPH1HW� 'DWDEDVH� DQG� 6RIWZDUH� 7RROV�� ,Q�
3URFHHGLQJV�RI� WKH�7KLUG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�/DQJXDJH�5HVRXUFHV�DQG�(YDOXDWLRQ� �/5(&���
/DV�3DOPDV�������������

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

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

.D\��0��������7KH�3URSHU�3ODFH�RI�0DQ�DQG�0DFKLQH�LQ�/DQJXDJH�7UDQVODWLRQ��,Q�0DFKLQH�7UDQVODWLRQ�
9ROXPH�����1RV�������������������UHSULQW�IURP��������

.LOJDUULII�$��	�'��7XJZHOO��������:RUG�6NHWFK��([WUDFWLRQ�DQG�'LVSOD\�RI�6LJQLILFDQW�&ROORFDWLRQV�IRU�
/H[LFRJUDSK\��$&/�:RUNVKRS�RQ�&ROORFDWLRQ��7RXORXVH��-XO\����������

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

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

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

7DSDQDLQHQ��3��DQG�7��-lUYLQHQ��������$�QRQ�SURMHFWLYH�GHSHQGHQF\�SDUVHU��3URFHHGLQJV��WK�&RQIHUHQFH�
RQ�$SSOLHG�1DWXUDO�/DQJXDJH�3URFHVVLQJ��$1/3
������������

7XILú��'DQ�� DQG�$��0��%DUEX��������/H[LFDO� WRNHQ�DOLJQPHQW�� H[SHULPHQWV�� UHVXOWV� DQG�DSSOLFDWLRQV�� ,Q�
7KLUG� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� /DQJXDJH� 5HVRXUFHV� DQG� (YDOXDWLRQ� �/5(&� ������� /DV� 3DOPDV��
���������

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


