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$EVWUDFW

$OWKRXJK�/DUJH�/DQJXDJH�0RGHOV��//0V��DUH�PRVWO\�HIIHFWLYH��WKH\�VRPHWLPHV�SURGXFH�RXWSXWV�WKDW�DUH�
QRW�QHFHVVDULO\�DFFXUDWH��DQG�5HWULHYDO�$XJPHQWHG�*HQHUDWLRQ��5$*��RIIHUV�D�VROXWLRQ�WR�WKH�SUREOHP�E\�
JHWWLQJ�WKH�PRGHO�WR�UHDG�VRPH�PDWHULDOV�EHIRUH�SURGXFLQJ�WKH�DQVZHU��EXW�5$*�PD\�QRW�EH�VXIILFLHQW�WR
UHVROYH�WKH�LVVXH�FRPSOHWHO\��7KH�UHWULHYHG�VRXUFHV�PD\�EH�DQ\WKLQJ�IURP�LUUHYHUHQW�DQG�FRQWUDGLFWRU\�WR�
REVROHWH�DQG�XQUHOLDEOH��$V�D�SDUW�RI�D�VWDQGDUG�5$*�V\VWHP��WKH�YHULW\�RI�WKH�UHWULHYHG�LQIRUPDWLRQ�LV�QRW�
FKHFNHG�EHIRUH�JLYLQJ�WKH�LQSXW�WR�WKH�ODQJXDJH�PRGHO��7KH�SUHVHQW�SDSHU�SUHVHQWV�WKH�UHVXOWV�RI�WHQ�VWXGLHV�
GHDOLQJ� ZLWK� PXOWL�DJHQW� DQG� PXOWL�OHYHO� YHULILFDWLRQ� RI� GDWD�� IDFWV� YHULILFDWLRQ� WKURXJK� KDOOXFLQDWLRQ�
GHWHFWLRQ��WKH�SURFHVV�RI�UHVSRQGLQJ�WR�WKH�GHEDWH��DJHQW�FRRUGLQDWLRQ��NQRZOHGJH�JUDSK�DQG�K\SHUJUDSK�
EDVHG� UHWULHYDO�� DQG� WKH� XVH� RI� 5$*�EDVHG� UHOLDEOH� V\VWHPV�� 7KH� PDMRU� LVVXHV� LQFOXGH� KLJK� FRVWV� RI�
LPSOHPHQWLQJ�WKH�PRVW�HIIHFWLYH�PHWKRG�DQG�WKH�IDFW�WKDW�LQ�PDQ\�FDVHV�YHULILFDWLRQ�LV�GRQH�SRVW�IDFWXP��
7R�VROYH�WKLV�SUREOHP��ZH�SURSRVHG D�VLPSOH�PRGHO�ZKHUH�RQO\�D�IHZ�VPDOO�DJHQWV�FKHFN�WKH�UHOHYDQFH��
UHOLDELOLW\��DQG�XS�WR�GDWHQHVV�RI�WKH�TXRWHG�VWDWHPHQWV�7KH�GHOLYHU\�RI�WKH�SDVVDJHV�RFFXUV�WKURXJK�D�RQH�
WLPH�VLQJOH�FDOO��ZKLOH�WKHUH�LV�QR�UHSO\�IURP�WKH�PRGHO� LQ�FDVH�DOO�SDVVDJHV�IDLOHG�WR�SDVV� WKH�WHVW��7KH�
SURMHFW� LV�PRUH� WKHRUHWLFDO� LQ� QDWXUH�� DV�ZH� SURYLGH� WKH� GHVFULSWLRQ� RI� WKH� DUFKLWHFWXUH�� VFRULQJ�PRGHO��
DOJRULWKP��DQG�HYDOXDWLRQ�SODQ��OHDYLQJ�WKH�SUDFWLFDO�SDUW�RI�WKH�SURMHFW�IRU�WKH�IXWXUH�

.H\ZRUGV� 5HWULHYDO�$XJPHQWHG�*HQHUDWLRQ��+DOOXFLQDWLRQ��0XOWL�$JHQW�6\VWHPV��(YLGHQFH�9HULILFDWLRQ��
7UXVWZRUWK\�$,��/DUJH�/DQJXDJH�0RGHOV
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7RROV�VXFK�DV�&KDW*37��*HPLQL�DQG�&ODXGH�UHVSRQG�WR�LQTXLULHV��VXPPDULVH�WH[WV�DQG�ZULWH�SURJUDPPHV�
LQ�D�QDWXUDO�PDQQHU��7KH\�KDYH�D�GLVDGYDQWDJH�NQRZQ�DV�WKH�SKHQRPHQRQ�RI�KDOOXFLQDWLRQ�ZKHUH�WKH�WRROV�
FDQ�SURYLGH�LQIRUPDWLRQ�WKDW�LV�LQFRUUHFW�EXW�SKUDVHG�FRQILGHQWO\��,Q�WKH�DUHD�RI�PHGLFLQH��HGXFDWLRQ��ILQDQFH�
DQG�ODZ��HYHQ�RQH�PLVOHDGLQJ�SLHFH�RI�LQIRUPDWLRQ�FDQ�OHDG�WR�D�QHJDWLYH�RXWFRPH��

5$*� WDFNOHV� WKLV� FKDOOHQJH� E\� DOORZLQJ� WKH� PRGHO� WR� FRQVXOW� ZLWK� WKH� UHWULHYHG� GRFXPHQWV� SULRU� WR�
SURGXFLQJ�DQ�DQVZHU��7KH�VKRUWFRPLQJ�RI�WKLV�VROXWLRQ�LV�WKDW�HYHQ�LI�WKH�UHOHYDQW�GRFXPHQWV�DUH�SUHVHQW�
DPRQJ�WKH�UHWULHYHG�RQHV��WKH�IDXOW\�RXWSXW�FDQ�VWLOO�RFFXU�EHFDXVH�WKH�LUUHOHYDQW�RU�FRQWUDGLFWRU\�GRFXPHQWV�
FDQ�EH�SURGXFHG�E\�WKH�UHWULHYHU��>�@�

3UREOHP� 7KH�FXUUHQW�5$*�DSSURDFKHV�IDLO�WR�DSSO\�DQ\�YHULILFDWLRQ�PHFKDQLVPV�SULRU�WR�SURGXFLQJ�WKH�
DQVZHU��7KLV�PHDQV� WKDW�ZKLOH� WKH� DOUHDG\� H[LVWLQJ� YHULILFDWLRQ�PHWKRGV� FDQ� JXDUDQWHH� WKH� DFFXUDF\� RI�
JHQHUDWHG�LQIRUPDWLRQ��WKH\�DUH�LQHIILFLHQW��H[SHQVLYH�DQG�ZRUN�RQO\�DIWHU�WKH�DQVZHU�KDV�EHHQ�SURGXFHG��
,Q�WKLV�FRQWH[W�� LW� LV� LPSRUWDQW� WR�FUHDWH�D�FKHDS�PHFKDQLVP�WKDW�FDQ�EH�DSSOLHG�EHIRUH�JHQHUDWLRQ�WDNHV�
SODFH�

2EMHFWLYHV� 7KH�REMHFWLYHV�RI�WKLV�ZRUN�DUH��L��WR�VWXG\�KDOOXFLQDWLRQ�DQG�OLPLWDWLRQV�RI�5$*���LL��WR�DQDO\]H�
WKH�PRVW�UHFHQW�PXOWL�DJHQW�YHULILFDWLRQ�VWXGLHV���LLL��WR�DQDO\]H�H[LVWLQJ�UHVHDUFK�ZRUN�GRQH�LQ�WKLV�ILHOG��
�LY��WR�SURSRVH�D�OLJKW�PXOWL�DJHQW�YHULILFDWLRQ�IUDPHZRUN��DQG��Y��WR�VSHFLI\�KRZ�WKLV�IUDPHZRUN�VKRXOG�
EH�HYDOXDWHG�

5HVHDUFK�4XHVWLRQV� 54���+RZ�FDQ�UHWULHYHG�HYLGHQFH�EH�YDOLGDWHG�EHIRUH�SURYLGLQJ�LW�WR�D�ODUJH�ODQJXDJH�
PRGHO"�54���$UH�VPDOO�DQG�VLPSOH�DJHQWV�FDSDEOH�RI�PDNLQJ�DQ�HIIHFWLYH�GHFLVLRQ�UHJDUGLQJ�UHOHYDQFH��
FRQVLVWHQF\�� IUHVKQHVV�� DQG� VRXUFH� UHOLDELOLW\�RI� WKH� LQIRUPDWLRQ" 54���:KLFK�PHWULFV� VKRXOG� VKRZ� WKH�
HIIHFW�RI�KDOOXFLQDWLRQ��DQG�ZKHWKHU�WKH�DQVZHUV�DUH�DFFXUDWH�DQG�HIIHFWLYH"�54���:KDW�OLPLWDWLRQV�VKRXOG�
EH�DGGUHVVHG�EHIRUH�LPSOHPHQWLQJ�WKH�IUDPHZRUN"

6FRSH� 7KH�SDSHU�UHYLHZV�WKH�OLWHUDWXUH�DQG�UHSUHVHQWV�WKH�FRQFHSWXDO�IUDPHZRUN�IRU�WKLV�VWXG\��1R�PRGHO�
ZDV�WUDLQHG�DQG�QR�H[SHULPHQWDO�UHVXOWV�ZHUH�UHSRUWHG�

,,��%$&.*5281'

+DOOXFLQDWLRQ�$Q�//0�FRPHV�XS�ZLWK�D�VHTXHQFH�RI�ZRUGV�E\�SUHGLFWLQJ�WKH�QH[W�SRVVLEOH�WRNHQ��$V�IDFWV�
DUH� QRW� FKHFNHG�� D� VHQWHQFH� FDQ� EH� JUDPPDWLFDO�ZLWK� QR� HYLGHQFH� WR� VXSSRUW� LW��+DOOXFLQDWLRQV� FDQ� JR�
XQGHWHFWHG��DV�WKH\�VRXQG�MXVW�DV�FRQYLQFLQJ�DV�WKH�ULJKW�DQVZHUV�ZRXOG�

5$*� $�5$*�V\VWHP�WDNHV�WKH�XVHU¶V�TXHU\�DQG�ILQGV�WKH�N�SDVVDJHV�IURP�WKH�GRFXPHQW�FROOHFWLRQ��7KH�
//0�XVHV�WKH�XVHU¶V�TXHVWLRQ�DQG�WKH�VHOHFWHG�WH[W�WRJHWKHU�WR�JHQHUDWH�WKH�DQVZHU��7KH�NQRZOHGJH�FDQ�EH�
HDVLO\�XSGDWHG�MXVW�E\�FKDQJLQJ�WKH�GRFXPHQW�FROOHFWLRQ�ZLWKRXW�UH�WUDLQLQJ�WKH�PRGHO�
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)LJ����$�VWDQGDUG�5$*�SLSHOLQH�DQG�WKH�SUREOHPV�WKDW�FDQ�RFFXU�LQ�WKH�UHWULHYHG�SDVVDJHV�

:KHUH�5$*�IDLOV� 7KHUH�DUH�IRXU�FRPPRQ�FDVHV��7KH�SDVVDJH�PLJKW�EH�LUUHOHYDQW��PLJKW�EH�FRQWUDGLFWRU\�
ZLWK�RWKHU�SDVVDJHV��PLJKW�EH�ROG��RU�PLJKW�FRPH�IURP�DQ�XQUHOLDEOH�VRXUFH��6WXGLHV�RQ�WUXVWZRUWK\�5$*�
FRQVLGHU�HDFK�RI�WKH�DVSHFWV�RI�UHOLDELOLW\�VHSDUDWHO\��UDWKHU�WKDQ�WUHDWLQJ�LW�DV�D�VLQJOH�SURSHUW\��>�@�

:D\V� RI�PLQLPL]LQJ� KDOOXFLQDWLRQV��5HVHDUFKHUV� KDYH� WULHG� YDULRXV� VROXWLRQV� VXFK� DV� EHWWHU� SURPSWV��
WUDLQLQJ�ZLWK�UHOLDEOH�GDWD��DQG�JURXQGLQJ�WKH�PRGHO�LQ�H[WHUQDO�NQRZOHGJH��DV�ZHOO�DV�GHWHFWLQJ IDOVH�FODLPV�
DIWHU� WKH�UHVSRQVH�KDV�EHHQ�JHQHUDWHG��7KH�DSSURDFKHV�PHQWLRQHG�DUH�YLDEOH��DQG�HDFK�RQH�KDV� LWV�FRVW��
7UDLQLQJ�UHTXLUHV�UHOLDEOH�WUDLQLQJ�GDWD�DQG�HIIRUW��ZKLOH�SRVW�KRF�GHWHFWLRQV�DUH�PDGH�RQO\�DIWHU�PLVWDNHV�
RFFXUUHG��3UH�HPSWLYH�FKHFNLQJ�RI�HYLGHQFH�KDV�EHHQ�OHVV�VWXGLHG�

0XOWL�DJHQW�V\VWHPV� ,Q�WKLV�FDVH��WKH�WDVNV�DUH�SHUIRUPHG�E\�PXOWLSOH�DJHQWV��HDFK�RI�ZKLFK�LV�UHVSRQVLEOH�
IRU�LWV�RZQ�WDVN��>�@��>�@��+DYLQJ�GLIIHUHQW�UROHV�LQFUHDVHV�WKH�UHOLDELOLW\�RI�WKH�V\VWHP�EXW�FUHDWHV�FHUWDLQ�
FRVWV�>�@�

,,,��/,7(5$785(�5(9,(:

:H� UHYLHZHG� WHQ� SDSHUV� UHOHDVHG� GXULQJ� WKH� \HDUV� ����� DQG�������7KH� SDSHUV�ZHUH� IRXQG� LQ� WKH�$&/�
$QWKRORJ\��$$$,��1HXU,36��6FLHQFH'LUHFW��0'3,��1DWXUH�&RPPXQLFDWLRQV�DQG�DU;LY�WKURXJK�NH\ZRUGV�
LQFOXGLQJ�KDOOXFLQDWLRQ��5$*��PXOWL�DJHQW�//0��NQRZOHGJH�JUDSK��HYLGHQFH�YHULILFDWLRQ�DQG�IDFW�FKHFNLQJ�
PHWKRGRORJ\��:H�VHOHFWHG�WKH�SDSHUV�WKDW�SUHVHQWHG�VRPH�FOHDU�PHWKRGRORJ\��7KH�RXWOLQH�RI�WKH�SDSHUV�LV�
VKRZQ�LQ�7DEOH�,��ZKLOH�WKH�UHVXOWV�DUH�SUHVHQWHG�LQ�GLIIHUHQW�WKHPHV�LQ�)LJ����
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)LJ���� *URXSLQJ�RI�WKH�WHQ�UHYLHZHG�SDSHUV�LQWR�ILYH�WKHPHV�

9HULILFDWLRQ� RI� JHQHUDWHG� DQVZHUV� 0$5&+� >�@� HPSOR\V� WKUHH� DJHQWV�� )LUVWO\�� WKHUH� LV� D� 6ROYHU�ZKR�
JHQHUDWHV�WKH�ILQDO�DQVZHU��WKH�3URSRVHU�ZKR�VHSDUDWHV�WKLV�VROXWLRQ�LQWR�VLPSOH�EUDFHG�FODLPV�WKDW�FDQ�EH�
YDOLGDWHG�DJDLQVW� WKH�HYLGHQFH��DQG�WKH�&KHFNHU�ZKR�YHULILHV� LI�HDFK�FODLP�LV� WUXH�RU�IDOVH�EDVHG�RQ�WKH�
HYLGHQFH�ZLWKRXW�KDYLQJ�DFFHVV�WR�WKH�RULJLQDO�DQVZHU��7KLV�DEVHQFH�RI�LQIRUPDWLRQ�LV�LQWHQWLRQDO�VR�DV�QRW�
WR�DOORZ�WKH�&KHFNHU�WR�PHUHO\�FRQILUP�WKH�SUHYLRXV�HUURU��$OO�WKUHH�FRPSRQHQWV�DUH�WDXJKW�YLD�PXOWL�DJHQW�
5/��DQG� LW�KDV�EHHQ�VKRZQ�WKDW�DQ���ELOOLRQ�SDUDPHWHU�0$5&+�PRGHO� LV�FRPSDUDEOH� WR�VHYHUDO� VWURQJ�
SURSULHWDU\�PRGHOV��7KHUH�LV�D�GRZQVLGH�WR�LW� WKH�HIIRUW�LQ�WUDLQLQJ��'DUZLVK�HW�DO��>�@�XVHV�D�FRPELQDWLRQ�
RI�//0�DQG�FXVWRP�UXOHV�SOXV�D�YHULILFDWLRQ�ORRS�LQ�RUGHU�WR�DFKLHYH�VWDEOH�UHVXOWV��DOWKRXJK�WKHLU�UXOHV�DUH�
GHGLFDWHG�WR�RQH�DSSOLFDWLRQ�RQO\�

7KH�DOLJQPHQW�RI�HYLGHQFH�DQG�RQJRLQJ�GHEDWHV� ($(9�>�@�LGHQWLILHV�KDOOXFLQDWHG�HQWLWLHV�EDVHG�RQ�KRZ�
DFFXUDWHO\�WKH�HYLGHQFH�FRUUHVSRQGV�WR�WKHP�LQ�WKUHH�ZD\V�DQG�KDV�LQFRUSRUDWHG�D�FRXQWHUIDFWXDO�VWDELOLW\�
WHVW��,W�LV�XVHIXO�LQ�VHYHUDO�5$*�EHQFKPDUNV�EXW�RQO\�HVWDEOLVKHV�WKH�SUHVHQFH�RI�HUURUV��2Q�WKH�RWKHU�KDQG��
)&�0$'�>�@�GRHV�QRW�QHHG�DQ\�WUDLQLQJ�DQG�IHDWXUHV�PDQ\�//0V�GHEDWLQJ�WKH�VWDWHPHQW��ZKLOH�D�VXPPDU\�
LV�FRQFLVH�VR�WKDW�D�MXGJH�FDQ�FRPH�XS�ZLWK�D�GHFLVLRQ�HDVLO\��,W�SDVVHV�D�UDQJH�RI�WHVWV�EXW�LQFUHDVHV�ODWHQF\�
LQ�WKH�SURFHVV��+RZHYHU��6LQJKDO�HW��DO��>�@�KDYH�GHYHORSHG�D�VROXWLRQ�IRU�SURGXFLQJ�WKH�WRS�WKUHH�GRFXPHQWV�
EDVHG�RQ�//0�SURGXFHG�4�$�LQ�RUGHU�WR�SURSHUO\�FODVVLI\�FODLPV�DQG�KDYH�UHDFKHG�D�VFRUH�RI������RQ�WKH�
$YHULWHF�GDWDVHW��ZKLFK�LV�D����SHUFHQW�DEVROXWH�OLIW�RYHU�D�VWDWHPHQW�

$JHQW�FRRUGLQDWLRQ�$JHQW�FRRUGLQDWLRQ��:KLOH�WKHVH�VWXGLHV�GR�QRW�UHDOO\�DGGUHVV�KDOOXFLQDWLRQ�LVVXH��WKH\�
VWLOO�SURYLGH�LQVLJKWV�UHODWHG�WR�WKH�FRQVWUXFWLRQ�RI�PXOWLVRXUFH�DJHQW�YHULILFDWLRQ�V\VWHPV��7KH�ZRUN�$�7R0�
>�@�GHPRQVWUDWHV�WKDW�FRRUGLQDWLRQ�OHYHO�PD\�GHWHULRUDWH�LI�WKHUH�DUH�DJHQWV�ZKR�UHDVRQ�DW�GLIIHUHQW�OHYHOV�
DERXW�WKHLU�SDUWQHUV��DQG�WKLV�SDSHU�DOVR�DWWHPSWV�WR�GHILQH�WKH�UHDVRQLQJ�OHYHO�RI�WKH�DJHQWV��7KH�V\VWHP�
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$JHQW1HW� >�@� UHPRYHV� WKH� UROH� RI� D� FHQWUDO� FRQWUROOHU� DQG� DOORZV� DJHQWV� WR� FRRUGLQDWH� WKHLU�ZRUN� LQ� D�
G\QDPLF�JUDSK ZLWK�UHSRVLWRU\�EDVHG�PHPRU\��WKXV�H[FHHGLQJ�WKH�HIILFDF\�OHYHO�RI�VLQJOH�DJHQW�V\VWHPV�
DQG�V\VWHPV�ZLWK�D�FHQWUDO�FRQWUROOHU��7KH�UHVXOWV�REWDLQHG�LQ�WKHVH�VWXGLHV�VSHDN�DERXW�WKH�LPSRUWDQFH�RI�
FRRUGLQDWLRQ�TXDOLW\�WKDW�LQFUHDVHV�ZLWK�WKH�JURZLQJ�QXPEHU�RI�DJHQWV�

.QRZOHGJH�WKDW�LV�V\VWHPDWLFDOO\�DUUDQJHG�DQG�UHWULHYHG� 7KH�GLVFXVVLRQ�RI�WKH�WZR�DUWLFOHV�KLJKOLJKWV�
WKH� HIILFLHQF\� RI� UHWULHYLQJ�ZLWK� WKH� KHOS� RI� VWUXFWXUHG� NQRZOHGJH� E\� DOVR� UHGXFLQJ� WKH� RFFXUUHQFH� RI�
KDOOXFLQDWLRQ��5$*�.*�,/�>�@� LV�D�PXOWL�DJHQW�K\EULG�V\VWHP�WKDW� LQFOXGHV�5$*�DQG�NQRZOHGJH�JUDSK�
FRPELQHG�ZLWK�LQFUHPHQWDO�OHDUQLQJ��VR�WKH�NQRZOHGJH�EDVH�GRHV�QRW�QHHG�WR�EH�UHWUDLQHG�LQ�WKH�IXWXUH��,W�
LV� UHSRUWHG� DERXW� ���� OHVV� KDOOXFLQDWLRQ� WKDQ� *37��R� LQ� D� KHDOWKFDUH� FDVH�� +\SHU�5$*� >��@� UHWDLQV�
UHODWLRQVKLSV� DPRQJ�GLIIHUHQW� HQWLWLHV� LQ� D�K\SHUJUDSK� UDWKHU� WKDQ� LQ�SDLUV��7KLV� WHFKQRORJ\�HQDEOHV� WKH�
DFFXUDF\�WR�EH�LPSURYHG�E\�������LQ�DYHUDJH�FRPSDUHG�WR�XVLQJ�GLUHFW�//0�DQG�UHPDLQV�VWDEOH�ZKHQ�WKH�
TXHVWLRQV�JHW�PRUH�FRPSOH[��7KH�KLJK�SULFH�RI�WKLV�WHFKQRORJ\�LV�WKH�RIIOLQH�WLPH�QHHGHG�IRU�WKH�NQRZOHGJH�
EDVH�WR�EH�EXLOW�WKURXJK�H[WUDFWLRQ��DQG�5$*�.*�,/�ZDV�RQO\�WHVWHG�RQ�D�VLQJOH�KHDOWKFDUH�FDVH�

&ULWLFDO� DQDO\VLV� 7KHUH� DUH� WKUHH� SRLQWV� WKDW� DULVH� IURP� D� FDUHIXO� H[DPLQDWLRQ� RI� WKH� SDSHUV�� )LUVW��
YHULILFDWLRQ�ZRUNV�VLQFH�PHWKRGV�YHULI\LQJ�FODLPV�DQG�RU�HYLGHQFH�SURYLGH�JUHDWHU�DFFXUDF\�LQ� WHUPV�RI�
IDFWXDOLW\�WKDQ�PHWKRGV�WKDW�GR�QRW�XVH�YHULILFDWLRQ�WHFKQLTXHV��6HFRQGO\��WKH�PDLQ�EHQHILWV�RI�YHULILFDWLRQ�
PHWKRGV� GLPLQLVK�ZKHQ� WKHLU� QHJDWLYHV� KDYH� EHHQ� WDNHQ� LQWR� DFFRXQW�� )RU� H[DPSOH��0$5&+� UHTXLUHV�
WUDLQLQJ� SRZHUHG� E\� UHLQIRUFHPHQW� OHDUQLQJ� >�@�� )&�0$'�XVHV�PXOWLSOH� URXQGV� RI� GLVFXVVLRQ� EHWZHHQ�
//0V�>�@��DQG�FRRUGLQDWLRQ�VWXGLHV�DIILUP�WKDW�WKH�PRUH�DJHQWV�DUH�LQYROYHG�LQ�PXOWLSOH�VWXGLHV��WKH�PRUH�
EXUGHQ� ZLOO� EH� RQ� WKHP� >�@�� >�@�� DQG� VWUXFWXUHG�NQRZOHGJH�PHWKRGV� QHFHVVLWDWH� FRQVWDQW� EXLOGLQJ� DQG�
XSGDWLQJ�NQRZOHGJH�EDVHV�>�@��>��@��7KLUGO\��WKH�PDMRULW\�RI�WKH�PHWKRGV DUH�GHVLJQHG�WR�YHULI\�WKH�DQVZHU�
DQG�QRW�WKH�HYLGHQFH�WKH�DQVZHU�LV�EDVHG�RQ��)RU�LQVWDQFH��($(9�XVHV�D�FRPSDULVRQ�RI�WKH�HQWLWLHV�LQ�WKH�
JHQHUDWHG�DQVZHU�DQG� LQ� WKH�HYLGHQFH�>�@�� ,W� LV� DQ�HIILFLHQW�YHULI\LQJ�PHFKDQLVP�EXW�RSHUDWHV�ZKHQ� WKH�
DQVZHU�LV�JHQHUDWHG��5$*�.*�,/�>�@�DQG�+\SHU�5$*�>��@�LPSOHPHQW�WKHLU�YHULILFDWLRQ�IXQFWLRQV�HDUOLHU��
EXW�LQVWHDG�RI�WKH�YHULILFDWLRQ�SHU�VH�WKH\�HQKDQFH�WKH�SURFHVV�RI�REWDLQLQJ�WKH�YHULILHG�LQIRUPDWLRQ�LQ�WKH�
NQRZOHGJH�VWRUDJH�>�@�

6XUYH\� 1L�HW�DO��>�@�GHVFULEHV�UHOLDEOH�5$*�WHFKQRORJ\�DQG�FDWHJRUL]HV�WKLV�DUHD�DFFRUGLQJ�WR�UHOLDELOLW\�
FULWHULD�EXW�GRHV�QRW�SURYLGH�WKH�DXWKRUV
�RZQ�IUDPHZRUN�

7$%/(�,

6800$5<�2)�7+(�5(9,(:('�/,7(5$785(��/$7(67�),567�

5HI� :RUN <HDU 0HWKRG 0DLQ�ILQGLQJ /LPLWDWLRQ

>�@ 0$5&+ ����
0XOWL�DJHQW�5/�DJHQWV��
6ROYHUV��3URSRVHUV�DQG�
&KHFNHUV

5HGXFHG�KDOOXFLQDWLRQ�LQ�
5$*�PLVVLRQV

+LJK�FRVW�RI�WUDLQLQJ�
DQG�FRPSXWLQJ

>�@ ($(9 ����
&RXQWHUIDFWXDO�VWDELOLW\�
ZLWK�HQWLW\�OHYHO�ZLWQHVV�
DOLJQPHQW

%HWWHU�KDOOXFLQDWLRQ�
GHWHFWLRQ�LQ�5$*�
DVVHVVPHQWV

'HWHFWV�RQO\



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͐͐͘ иϙ�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͔͑͗

5HI� :RUN <HDU 0HWKRG 0DLQ�ILQGLQJ /LPLWDWLRQ

>�@ )&�0$' ����
7UDLQLQJ�IUHH�PXOWL�DJHQW�
GLVFXVVLRQV�ZLWK�YRWH�
IURP�WKH�MXGJH

+LJK�UHOLDELOLW\�DQG�
H[SODLQDEOH�IDFW�
FKHFNLQJ

+LJK�UHOLDELOLW\�DQG�
H[SODLQDEOH�IDFW�
FKHFNLQJ

>�@ $�7R0 ����
$GDSWLYH�7KHRU\�RI�
0LQG�DJHQW�IRU�
FRRUGLQDWLRQ

)HZHU�FRRUGLQDWLRQ�
IDLOXUHV

1RW�GHVLJQHG�IRU�
KDOOXFLQDWLRQ

>��@ +\SHU�5$* ����

+\SHUJUDSK�GULYHQ�5$*�
HQDEOLQJ�FDSWXUH�RI�
PXOWLSOH�HQWLW\�
FRUUHODWLRQV

������KLJKHU�DFFXUDF\�
WKDQ�GLUHFW�XVH

//0�FROOHFWHG�
ZLWKRXW�RQ�OLQH�
NQRZOHGJH�EDVH

>�@ $JHQW1HW ����
'HFHQWUDOL]HG�DJHQWV�LQ�D�
G\QDPLF�JUDSK

$FFXUDF\�VXUSDVVHV�
VWDQGDUG�FHQWUDOL]HG�
VROXWLRQV

UHDWHU�FRVW�RI�
LPSOHPHQWDWLRQ�
GHSHQGLQJ�RQ�DJHQW�
QXPEHU

>�@
'DUZLVK�HW�
DO�

����
//0�FRPELQHG�ZLWK�
UXOH�EDVHG�ORJLF�DQG�
UHYLHZ�ORRS

0RUH�FRQVLVWHQW�RXWSXW
,W�UHOLHV�RQ�VSHFLDOL]HG�
UXOHV

>�@ 5$*�.*�,/ ����
0XOWL�DJHQW�5$*�ZLWK�
NQRZOHGJH�JUDSK�DQG�
LQFUHPHQWDO�OHDUQLQJ

DURXQG�����OHVVHU�
KDOOXFLQDWLRQV�DV�
FRPSDUHG�WR�*37��R

8VH�RI�RQH�KHDOWK�FDUH�
FDVH�VWXG\�IRU�WHVWLQJ

>�@
7UXVWZRUWK\�
5$*�VXUYH\

����
OLJKW�VXUYH\�DFFRUGLQJ�WR�
UHOLDELOLW\�DVSHFW

3URYLGHV�D�PDS�WR�
H[LVWLQJ�SUREOHPV�ZLWK�
UHJDUG�WR�5$*

1R�QHZ�PRGHO�
LQWURGXFHG

>�@ 6LQJKDO�HW�DO� ����
5$*�ZLWK�IHZ�VKRW�LQ�
FRQWH[W�OHDUQLQJ

)DFW�FKHFNLQJ�EDVHG�RQ�
VXSSRUWLQJ�HYLGHQFH�DQG�
YHU\�OLWWOH�WUDLQLQJ

/LPLWHG�E\�FRQWH[W�
ZLQGRZ

,9��5(6($5&+�*$3

5HYLHZLQJ�OLWHUDWXUH�JLYHV�VHYHUDO�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�SUHVHQWHG�EHORZ��

���0DQ\�PXOWL�DJHQW�WHFKQLTXHV�DUH�WRR�H[SHQVLYH��DV�WKH\�XVH�UHLQIRUFHPHQW�OHDUQLQJ��VHYHUDO�URXQGV�RI�
GLVFXVVLRQV��RU�QXPHURXV�DJHQWV�>�@��>�@��>�@��

���0RVW�DSSURDFKHV�GR�QRW�ZRUN�ZLWK�WKH�RULJLQDO�DQVZHU�LQ�WKH�VHQVH�WKDW�WKH\�DUH�DEOH�WR�QRWLFH�WKH�PLVWDNH�
EXW�FRUUHFW�LW�DIWHU�LW�KDV�DOUHDG\�KDSSHQHG�>�@��>�@��>�@��

���6RPH�VROXWLRQV�DUH�EDVHG�RQ�UXOHV�GHYHORSHG�IRU�D�VLQJOH�GRPDLQ�>�@��
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���7KHUH� LV�QR� IDVW� DQG�XQLYHUVDO� YHULILHU� WKDW� FDQ�FKHFN� UHWULHYHG�HYLGHQFH� >�@��.QRZOHGJH�JUDSKV�DQG�
K\SHUJUDSKV� FDQ� VWRUH� DQG� UHWULHYH� NQRZOHGJH� EHWWHU� >�@�� >��@�� EXW� WKH\� GR� QRW� FKHFN� ZKHWKHU� WKH�
LQIRUPDWLRQ�LV�DSSURSULDWH��UHFHQW��DQG�REWDLQHG�IURP�D�UHOLDEOH�VRXUFH�

7KH�0DLQ�GLIIHUHQFH�LV�SUHVHQWHG�LQ�)LJ�����7KH�YHULILHUV�GLVFXVVHG�LQ�WKLV�SDSHU�DUH�DSSOLHG�DIWHU�WKH�DQVZHU�
JHQHUDWLRQ� EXW� WKH� QHZ� YHULILHU� LV� XWLOL]HG� EHWZHHQ� UHWULHYDO� DQG� JHQHUDWLRQ�� 7DEOH� ,,� SUHVHQWV� WKH�
FRPSDULVRQ�

)LJ���� 3RVLWLRQ�RI�YHULILFDWLRQ�LQ��D��H[LVWLQJ�SLSHOLQHV�DQG��E��WKH�SURSRVHG�SLSHOLQH�

7$%/(�,,

&203$5,621�2)�$3352$&+(6

$SSURDFK 9HULILFDWLRQ�VWDJH 0DLQ�FRVW

0$5&+�>�@ $IWHU�JHQHUDWLRQ��FODLP�OHYHO
5HLQIRUFHPHQW�OHDUQLQJ�
WUDLQLQJ

($(9�>�@ $IWHU�JHQHUDWLRQ��HQWLW\�OHYHO ([WUD�HYLGHQFH�DOLJQPHQW�VWHS

)&�0$'�>�@ &ODLP�FKHFNLQJ�E\�GHEDWH 6HYHUDO�//0�FDOOV�DQG�WRNHQV

'DUZLVK�HW�DO��>�@ $IWHU�JHQHUDWLRQ��UHYLHZ�ORRS &XVWRP�UXOHV��UHYLHZ�URXQGV

6LQJKDO�HW�DO��>�@ (YLGHQFH�H[WUDFWLRQ��WKHQ�ODEHOOLQJ ([WUD�//0�FDOOV�IRU�HYLGHQFH

5$*�.*�,/�>�@
.QRZOHGJH�JUDSK�JURXQGLQJ�RI�
WKH�DQVZHU

*UDSK�EXLOGLQJ�DQG�XSGDWLQJ

+\SHU�5$*�>��@
+\SHUJUDSK�UHWULHYDO��QR�H[SOLFLW�
FKHFN

2IIOLQH�K\SHUJUDSK�
FRQVWUXFWLRQ
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$SSURDFK 9HULILFDWLRQ�VWDJH 0DLQ�FRVW

3URSRVHG %HIRUH�JHQHUDWLRQ 6PDOO�DJHQWV��RQH�//0�FDOO

9��352326('�0(7+2'2/2*<

7KH�FRQFHSW�LQYROYHV�LQWURGXFLQJ�D�PLQRU�YHULILFDWLRQ�OD\HU�EHWZHHQ�WKH�UHWULHYDO�DJHQW�DQG�WKH�JHQHUDWRU��
,QVWHDG�RI�KDYLQJ�D�VLQJOH�PDMRU�YHULILHU��LW�HPSOR\V�WKUHH�YHULILFDWLRQ�DJHQWV�WR�KDQGOH�GLIIHUHQW�UHWULHYHG�
SDVVDJHV�

7KH�DJHQWV�DUH�GLYLGHG�LQWR�WKUHH�FDWHJRULHV� 7KH�UHOHYDQFH�DJHQW�GHWHUPLQHV�KRZ�HIIHFWLYHO\�D�SDVVDJH�
DGGUHVVHV�WKH�TXHU\��7KH�FRQVLVWHQF\�DJHQW�WKLV�HYDOXDWHV�WKH�FRPSDWLELOLW\�RI�YDULRXV�SDVVDJHV�ZLWK�HDFK�
RWKHU� DQG� DVVLJQV� ORZHU� VFRUHV� WR� SDVVDJHV� ZKRVH� FRQWHQW� LV� FRXQWHUHG� E\� PDQ\� RWKHU� SDVVDJHV�� 7KH�
IUHVKQHVV�DQG�VRXUFH�DJHQW�XVHV�PHWDGDWD�OLNH�WKH�SXEOLFDWLRQ�GDWH�DQG�W\SH�RI�VRXUFH�WR�DSSO\�SHQDOWLHV�RQ�
ROGHU�SDVVDJHV�ZKLOH�UHZDUGLQJ�WUXVWZRUWK\�VRXUFHV�

:H�VWDUW�ZLWK�D�TXHU\�T�DQG�D�UHWULHYHG�VHW�FDOOHG�'� �^G��������GN`��7KH�REMHFWLYH�LV�WR�GHULYH�D�VXEVHW�FDOOHG�
(Y�IURP�'�VR�WKDW�WKH�SDVVDJHV�LQ�(Y�DUH�UHOHYDQW�WR�WKH�TXHU\�T��DUH�FRQVLVWHQW�DPRQJ�WKHPVHOYHV��DQG�DUH�
UHFHQW�HQRXJK�DQG�IURP�D�WUXVWZRUWK\�VRXUFH��7KH�//0�JHQHUDWHV�WKH�DQVZHU�D�VROHO\�RQ�WKH�EDVLV�RI�TXHU\�
T�DQG�(Y�

+RZ�HDFK�DJHQW�FDQ�EH�EXLOW� 7KH�UHOHYDQFH�DJHQW�DSSOLHV�D�VHQWHQFH�HPEHGGLQJ�PRGHO� WR�HQFRGH�WKH�
TXHU\�DV�ZHOO�DV�HDFK�SDVVDJH�DQG�XVH�FRVLQH�VLPLODULW\�IRU�VFRULQJ��7KH�FRQVLVWHQF\�DJHQW�UXQV�D�QDWXUDO�
ODQJXDJH LQIHUHQFH� PRGHO� WR� DVVHVV� ZKHWKHU� WKH� WZR� SDVVDJHV� FRQWUDGLFW� RU� QRW�� 7KH� IUHVKQHVV� DJHQW�
REVHUYHV�WKH�GDWH�RI�SXEOLVKLQJ�DQG�XVHV�DQ�H[SRQHQWLDO�GHFD\�WR�JLYH�WKH�SDVVDJH�D�GLPLQLVKLQJ�YDOXH�ZLWK�
WKH� WLPH�� 7KH� VRXUFH� DJHQW� DVVRFLDWHV� WKH� W\SH� RI� VRXUFH� ZLWK� D� FRUUHVSRQGLQJ� UHOLDELOLW\� GHJUHH�
SUHGHWHUPLQHG�E\�WKH�GHVLJQHU��1RWH�WKDW�QRQH�RI�WKHVH�DJHQWV�QHHGV�DQ\�VRSKLVWLFDWHG�//0�

6FRULQJ� *LYHQ�D�TXHU\�T�DQG�D�SDVVDJH�GL��ZKHUH�L� ���������N��HDFK�DJHQW�SURGXFHV�D�VFRUH�RI���RU���

UL  �VLP�T��GL�������

FL  ���í�����Ní����ȈM�L 3FRQWUD�GL��GM�������

IL  �H[S�íȜǻWL�������

ZKHUH�VLP�LV�WKH�QRUPDOL]HG�VLPLODULW\��3FRQWUD�LV�WKH�SUREDELOLW\�WKDW�WZR�SDVVDJHV�FRQWUDGLFW�HDFK�RWKHU��
ǻWL�LV�WKH�DJH�RI�WKH�SDVVDJH��DQG�Ȝ�GHWHUPLQHV�WKH�UDWH�RI�IUHVKQHVV�GHFD\��7KH�UHOLDELOLW\�VFRUH�V�RI�WKH�
VRXUFH�LV�LQ�WKH�UDQJH�IURP���WR���EDVHG�RQ�WKH�VRXUFH�W\SH��7KH�ILQDO�VFRUH�LV

6L  �ZUUL ��ZFFL ��ZIIL ��ZVVL��ZLWK�ȈZ  ��������

DQG�WKH�YHULILHG�HYLGHQFH�LV

(Y  �7RS�P ^�GL _�6L ��Ĳ�`������

ZKHUH�Ĳ�LV�WKH�WKUHVKROG�DQG�D�PD[LPXP�RI�P�SDVVDJHV�ZLOO�EH�NHSW�WR�VWD\�ZLWKLQ�WKH�FRQWH[W�ZLQGRZ��,Q�
)LJ�����WKH�IRXU�VFRUHV�RI�D�VLQJOH�SDVVDJH�DUH�XVHG�WR�PDNH�WKH�NHHS�GURS�GHFLVLRQ�
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)LJ���� 6FRULQJ�DQG�GHFLVLRQ�IRU�D�VLQJOH�UHWULHYHG�SDVVDJH�

$OJRULWKP�

�� 2EWDLQ�'�ĸ�2EWDLQ�T��N��
�� )RU�HDFK�GL LQ�'��H[HFXWH�WKH�WKUHH�DJHQWV�LQ�SDUDOOHO�WR�REWDLQ�UL��FL��IL DQG�VL�
�� &DOFXODWH�6L�DQG�FUHDWH�(Y��
�� ,I�(Y LV�YRLG��UHWXUQ�³QRW�HQRXJK�HYLGHQFH´
�� ,I�QRW��LQYRNH�//0�RQFH��D�ĸ�//0�T��(Y���DQG�UHWXUQ�D�DORQJ�ZLWK�(Y�

:DON�WKURXJK� 6XSSRVH��IRU�H[DPSOH��WKDW�D�XVHU�LQTXLUHV�DERXW�WKH�FXUUHQW�UHIXQG�UXOH�IRU�WKH�FRPSDQ\��
DQG�LQ�WKH�HQG�WKUHH�SDVVDJHV�DUH�UHWXUQHG��WKH�FXUUHQW�SROLF\�SDJH��WKH�ROG�YHUVLRQ�RI�WKH�SROLF\�IURP�WKH�
SDVW�\HDUV��DQG�WKH�JHQHUDO�)$4�HQWU\��7KH�UHOHYDQFH�DJHQW�JLYHV�KLJK�VFRUHV�WR�WKH�SROLF\�SDJH�DQG�)$4�
HQWU\�ZKLOH�WKH�VFRUH�IRU�WKH�ROG�YHUVLRQ�RI�WKH�SROLF\�LV�ORZHU�EHFDXVH�LW�WHOOV�DERXW�D�UXOH�WKDW�LV�QR�ORQJHU�
LQ�IRUFH��$W�WKH�VDPH�WLPH��WKH�FRQVLVWHQF\�DJHQW�QRWLFHV�WKDW�WKH�ROG�YHUVLRQ�LV�FRQWUDGLFWLQJ�WKH�RWKHU�WZR�
DQG�WKLV�LQIOXHQFHV�WKH�VFRUH�RI�WKH�ROG�SROLF\�QHJDWLYHO\��7KH�IUHVKQHVV�DJHQW�UHGXFHV�WKH�VFRUH�RI�WKH�ROG�
YHUVLRQ�EHFDXVH�RI�LWV�DJH��)LQDOO\��WKH�VRXUFH�DJHQW�JLYHV�WKH�KLJKHVW�UHOLDELOLW\�VFRUH�WR�WKH�SROLF\�SDJH��$V�
D�UHVXOW�RI�WKH�ZHLJKWLQJ�SURFHVV��WKH�ROG�YHUVLRQ�LV�EHLQJ�WKURZQ�DZD\�DV�LW�GRHV�QRW�DFFXPXODWH�HQRXJK�
SRLQWV�
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7$%/(�,,,

3$5$0(7(56�2)�7+(�)5$0(:25.

6\PERO 0HDQLQJ (IIHFW

N 1XPEHU�RI�SDVVDJHV�REWDLQHG�
8VH�RI�ODUJHU�N�LPSOLHV�LQFUHDVHG�UHWULHYDO�
EXW�DOVR�QHFHVVLWDWHV�D�ORQJHU�FKHFNLQJ�
WLPH�RI�WKH�SDVVDJHV�

Ĳ $FFHSWDQFH�WKUHVKROG *UHDWHU�OLPLW�LV�PRUH�H[DFWLQJ

P 0D[LPDO�QXPEHU�RI�SDVVDJHV�UHWDLQHG ,QGLFDWHV�WKH�OHQJWK�RI�WKH�FRQWH[W

Z $JHQW�ZHLJKWV
(VWDEOLVKHV�WKH�UHODWLYH�LPSRUWDQFH�RI�HDFK�
YHULILHU

Ȝ )UHVKQHVV�GHFD\�UDWH
0RUH�VLJQLILFDQW�LQGLFDWRU�OHDGV�WR�IDVWHU�
DJLQJ�RI�WKH�SDVVDJHV�

([DPSOH�:KHQ�ZH�FKRRVH�N� ���DQG�ZHLJKWV�RI�����������������������ZH�WDNH�Ĳ� ������/HW�WKH�VFRUHV�EH�������
���������������IRU�G������������������������IRU�G��DQG����������������������IRU�G���7KHUHIRUH�6�� �������6�� ������
DQG�6�� �������$V�D�UHVXOW��G��LV�GLVTXDOLILHG�DQG�RQO\�G��DQG�G��DUH�VHHQ�E\�//0��7KH�SURYLGHG�YDOXHV�DUH�
VXSSRVHG�WR�EH�GLVSOD\HG�RQ�)LJ����

)LJ���� ,OOXVWUDWLYH�HYLGHQFH�VFRUHV�RI�WKUHH�SDVVDJHV�DJDLQVW�WKH�WKUHVKROG�Ĳ� �����

([SHQVH� RI� WKH� FKHFNV� 5HOHYDQFH� FKHFNV� DQG� IUHVKQHVV� FKHFNV� HQWDLO� MXVW� RQH� FKHFN� SHU� SDVVDJH��
&RQVLVWHQF\�FKHFNLQJ�LQYROYHV�FRQVLGHUDWLRQ�RI�HYHU\�SRVVLEOH�SDLU�DQG�KHQFH�FRQVLVWV�RI�URXJKO\�N�Ní�����
FRPSDULVRQV��ZKLFK�UHPDLQV�VPDOO�VLQFH�N�LV�DURXQG�������7KH�FKHFNV�DUH�LQGHSHQGHQW�IURP�HDFK�RWKHU�DQG�
FDQ�WKHUHIRUH�SURFHHG�FRQFXUUHQWO\�
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9,��6<67(0�$5&+,7(&785(

$V�VKRZQ�LQ�)LJ�����WKH�IORZ�JRHV�DV�IROORZV��$�TXHU\�LV�VHQW�WR�WKH�UHWULHYHU��DQG�WKHQ�WKUHH�DJHQWV�DVVHVV�
WKH� UHWULHYHG�SDVVDJHV��RQO\� WKH�YDOLGDWHG�HYLGHQFH�EHLQJ�SDVVHG�RQWR� WKH�//0�IRU�SUHVHQWLQJ� WKH� ILQDO�
DQVZHU�WRJHWKHU�ZLWK�WKH�HYLGHQFH�

)LJ����$UFKLWHFWXUH�DQG�ZRUNIORZ�RI�WKH�SURSRVHG�OLJKWZHLJKW�PXOWL�DJHQW�YHULILFDWLRQ�IUDPHZRUN�

5HDVRQ�IRU�EHLQJ�OLJKWZHLJKW��9HULILFDWLRQ�RFFXUV�SULRU�WR�JHQHUDWLQJ��WKXV�HOLPLQDWLQJ�DQ\�UHSHWLWLRQ�RI�
GHEDWH�URXQGV��7KH�DJHQW�FRPSULVHV�OLWWOH�HOHPHQWV��VXFK�DV�WKH�VLPLODULW\�HPEHGGLQJ��FRPSDFW�LQIHUHQFH�
PRGHO��PHWDGDWD�UXOHV��HWF��DQG�GRHV�QRW�QHHG�WR�EH�D�IXOO�//0��DOORZLQJ�WKHP�WR�UXQ�LQ�SDUDOOHO��7KH�ODUJH�
//0�ZLOO�RQO\�EH�FDOOHG�RQFH��LQ�D�VXPPDUL]HG�DQG�VKRUWHQHG�FRQWH[W��,I�&DJ�LV�WKH�FRVW�RI�DJHQWV�DQG�Q�
&YHULI\�LV�WKH�FRVW�RI�Q�YHULILFDWLRQ�URXQGV�SRVW�JHQHUDWLRQ��WKH�YDOXH�ZH�DLP�WR�DFKLHYH�LV�&DJا� Q�&YHULI\�

3RVVLEOH�WRROV� 7KH�IUDPHZRUN�PD\�EH�HVWDEOLVKHG�XVLQJ�VHYHUDO�RSHQ�VRXUFH�FRPSRQHQWV��ZKLFK�DUH�OLVWHG�
LQ�7DEOH�,9�
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7$%/(�,9

&$1','$7(�722/6�)25�,03/(0(17$7,21

&RPSRQHQW 3RVVLEOH�FKRLFH

/DQJXDJH 3\WKRQ

5$*�IUDPHZRUN /DQJ&KDLQ�RU�/ODPD,QGH[

5HWULHYDO 6HQWHQFH�HPEHGGLQJV�ZLWK�)$,66�RU�&KURPD

&RQVLVWHQF\�FKHFN &RPSDFW�1/,�PRGHO��+XJJLQJ�)DFH�

*HQHUDWRU 2SHQ�VRXUFH�RU�$3,�EDVHG�//0

7HVW�GDWD )(9(5��+RWSRW4$��1DWXUDO�4XHVWLRQV��7UXWKIXO4$

9,,��5(/(9$1&(�72�&855(17�75(1'6

7KH�FRQFHSW�RI�KDOOXFLQDWLRQ�FRQWURO�LV�D�KRW�WRSLF��EHLQJ�GLVFXVVHG�LQ�FRQWH[WV�YHU\�IDU�DSDUW��UDQJLQJ�IURP�
FODLP�OHYHO� PXOWL�DJHQW� YHULILFDWLRQ� >�@�� HQWLW\�OHYHO� YHULILFDWLRQ� >�@�� H[SODLQDEOH� GLDORJXH� >�@� DJHQW�
FRRUGLQDWLRQ�>�@�� >�@��NQRZOHGJH�JUDSK�K\SHUJUDSK�VHDUFK� >�@�� >��@�%XVLQHVVHV�DUH�XVLQJ� ODUJH� ODQJXDJH�
PRGHO�DVVLVWDQWV�DV�ZHOO�WR�SURFHVV�WKHLU�LQWHUQDO�GRFXPHQWDWLRQ�DQG�VXSSRUW�GDWD��ZKHUH�HUURUV�OHDG�WR�ORVV�
RI�PRQH\�RU�WUXVW��7KLV�H[SODLQV�WKH�JURZLQJ�LQWHUHVW�LQ�VXFK�WUHQGLQJ�WRSLFV�DV�7UXVWZRUWK\�$,��H[SODQDWLRQ�
JHQHUDWLRQ��YHULILFDWLRQ�OD\HUV��WR�PHHW�WKH�QHHG�IRU�D�FKHDS�VROXWLRQ�

9,,,��$33/,&$7,216�$1'�$'9$17$*(6

7KH�YHULILFDWLRQ�OD\HU�IRU�5$*�KHOSV�LQ�DQVZHULQJ�TXHULHV�DFFXUDWHO\�LQ�GLIIHUHQW�ILHOGV��,Q�WKH�VSKHUH�RI�
PHGLFLQH��D�KHDOWKFDUH�YLUWXDO�DVVLVWDQW�DQVZHULQJ�SHU�FOLQLFDO�UXOHV�VKRXOG�XWLOL]H�WKH�ODWHVW�JXLGHOLQH��,Q�WKH�
VSKHUH�RI�HGXFDWLRQ��WXWRULQJ�VHUYLFHV�EDVHG�RQ�WKH�FRXUVH�FRQWHQW�KDYH�WR�SURYLGH�UHOHYDQW�DQVZHUV��,Q�WKH�
VSKHUHV�RI�ILQDQFH�DQG�ODZ��GXH�WR�IUHTXHQW�FKDQJHV�WR UHJXODWLRQV�DQG�FRQWUDGLFWLRQV�LQ�GRFXPHQWV�LW�LV�
LPSRUWDQW�WR�SHUIRUP�IUHVKQHVV�DQG�FRQVLVWHQF\�FKHFNV��(QWHUSULVH�FKDWERWV�DQG�FXVWRPHU�VXSSRUW�RSHUDWH�
ZLWK�YDULRXV�TXDOLW\�LQWHUQDO�GRFXPHQWV��)DFWV�YHULILFDWLRQ�V\VWHPV�FDQ�DOVR�XVH�WKH�RQO\�UHOHYDQW�HYLGHQFH�
>�@��>�@�

7$%/(�9

(;$03/(�$33/,&$7,21�$5($6

$UHD 0DLQ�ULVN 0RVW�XVHIXO�FKHFN

0HGLFDO�SURIHVVLRQ 2EVROHWH�UHFRPPHQGDWLRQV &XUUHQF\�DQG�RULJLQ�RI�LQIRUPDWLRQ

(GXFDWLRQ ,QFRUUHFW�HGXFDWLRQDO�FRQWHQW $SSOLFDELOLW\

)LQDQFH�DQG�ODZ $OWHUHG�RU�FRQWUDGLFWRU\�UXOHV 8QLIRUPLW\�DQG�WLPHOLQHVV

&XVWRPHU�VXSSRUW &RQWUDGLFWRU\�GRFXPHQW�TXDOLW\ 2ULJLQ�DQG�DSSOLFDELOLW\
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7KHUH� DUH� VHYHUDO� NH\� EHQHILWV�� )LUVW�� XQUHOLDEOH� FRQWHQW� LV� ILOWHUHG� RXW� DKHDG� RI� WLPH� DV� RSSRVHG� WR�
GRZQVWUHDP��7KH�DGGLWLRQDO�FRPSXWDWLRQDO�FRVW�UHPDLQV�ORZ��EHFDXVH�DJHQWV�DUH�OLJKW�DQG�//0�LV�FDOOHG�
RQO\�RQFH��7KH�DUFKLWHFWXUH�LV�PRGXODU�VR�WKDW�DQ�DJHQW�FDQ�EH�UHSODFHG�LQ�D�VSHFLILF�GRPDLQ��7KH�DQVZHU�LV�
DOZD\V�SURYLGHG�ZLWK�HYLGHQFH�

,;��(7+,&$/�$1'�62&,(7$/�&216,'(5$7,216

3UHVHQWLQJ�SURRI�IRU�DQ�DQVZHU�FRQWULEXWHV�WR�LQFUHDVLQJ�V\VWHP�WUDQVSDUHQF\��ZKLOH�UHPDLQLQJ�VLOHQW�ZKHQ�
WKH�SURRI�LV�LQDGHTXDWH�VHHPV�WR�EH�D�VDIHU�RSWLRQ�WKDQ�JLYLQJ�D�IDOVH�EXW�FRQYLQFLQJ�DQVZHU��7KH�VRXUFH�
UHOLDELOLW\�VFRUH�PD\�LQWURGXFH�ELDV ZKHQ�JHQXLQH�VRXUFHV�DOZD\V�UHFHLYH�ORZ�VFRUHV��PHDQLQJ�WKH�VFRULQJ�
V\VWHP�VKRXOG�EH� ILQH�WXQHG�DFFRUGLQJO\��.QRZOHGJH�VRXUFHV�PD\� LQFOXGH�VHQVLWLYH� LQIRUPDWLRQ��ZKLFK�
PHDQV�DFFHVV�SROLF\�LV�QHHGHG�WR�WUHDW�WKH�UHVXOWLQJ�WH[W�DV�XQUHOLDEOH�HYLGHQFH��$�WUXVWHG�DQVZHU�RU�D�YHULILHG�
RQH� FDQ� VWLOO� EH� LQFRUUHFW�� VR� XVHUV� VKRXOG� EH� GHSULYHG� RI� IDOVH� FRQILGHQFH� WKDW� WKH� DQVZHU� LV� FRUUHFW��
0RUHRYHU��WKH�OLJKW�GHVLJQ�FRQVXPHV�OHVV�SURFHVVLQJ�SRZHU�DQG�HQHUJ\�LQ�HDFK�FDVH�FRPSDUHG�WR�PXOWL�
URXQG�YHULILFDWLRQ�

;��352326('�(9$/8$7,21

&RPSDULVRQ�VKRXOG�RFFXU�EHWZHHQ�WKH�IUDPHZRUN��SODLQ�5$*��DQG��DW�OHDVW��RQH�SRVW�JHQHUDWLRQ�YHULILHU��
:H�SURSRVH�D�FRPSDULVRQ�EDVHG�RQ�WKH�IROORZLQJ�PHDVXUHV�

x )DFWXDO�DFFXUDF\�DQG�KDOOXFLQDWLRQ�UDWH��ZLWK�KDOOXFLQDWLRQ�UDWH�PHDQLQJ�WKH�SURSRUWLRQ�RI�DQVZHUV�WKDW�
FRQWDLQV�VRPH�XQVXSSRUWHG�FODLP�

x )DLWKIXOQHVV�RI�DQVZHU�ZLWK�UHVSHFW�WR�YHULILHG�HYLGHQFH�
x /DWHQF\�DQG�WRNHQ�FRQVXPSWLRQ�IRU�HDFK�TXHU\�
x $EVWHQWLRQ�UDWH��PHDQLQJ�WKH�SURSRUWLRQ�RI�HYLGHQFH�WKDW�ZDV�LPSDFWHG�E\�WKH�ILOWHU�DQG�KHQFH�ZRXOG�

QRW�EH�FRQVLGHUHG�DV�WRR�LQIRUPDWLYH��

7$%/(�9,

3/$11('�(9$/8$7,21�0($685(6

0HDVXUH :KDW�LW�VKRZV

5DWH�RI�KDOOXFLQDWLRQ 3URSRUWLRQ�RI�UHVSRQVHV�FRQWDLQLQJ�XQVXEVWDQWLDWHG�FODLPV

7UXVWZRUWKLQHVV 4XDOLW\�RI�UHVSRQVHV�EDVHG�RQ�HVWDEOLVKHG�HYLGHQFH

&RUUHFWQHVV�RI�UHVSRQVH $FFXUDF\�UDWH�LQ�UHODWLRQ�WR�UHIHUHQFH�DQVZHUV

6SHHG�RI�UHVSRQVH 7LPH�GHGLFDWHG�WR�HDFK�LQTXLU\

1XPEHU�RI�WRNHQV�XVHG 9ROXPH�RI�WRNHQ�WUDQVIHUUHG�LQ�DQG�RXW�RI�WKH�//0

5DWH�RI�QRQ�UHVSRQVH )UHTXHQF\�RI�UHMHFWLRQV�E\�WKH�V\VWHP

&RPSDULVRQ� ZLOO� QHHG� WR� FRYHU� WKUHH� FDVHV�� SXUH� 5$*�� 5$*�ZLWK� D� SRVW�JHQHUDWLRQ� YHULILHU�� DQG� WKH�
SURSRVHG�IUDPHZRUN��$EODWLRQ�H[SHULPHQWV�ZLWK�RQO\�RQH�DJHQW�UHPRYHG�ZLOO�TXDQWLI\�WKH�FRQWULEXWLRQ�RI�
LQGLYLGXDO�FKHFNV��ZKLOH�YDU\LQJ�N�DQG�Ĳ�ZLOO�KHOS�XQGHUVWDQG�VHQVLWLYLW\�RI�WKH�UHVXOWV��7KH�H[SHULPHQWV�
ZLOO�QHHG�WR�NHHS�UHWULHYHU��HPEHGGLQJ�PRGHO��DQG�//0�LGHQWLFDO�DFURVV�GLIIHUHQW�IUDPHZRUNV��VR�WKDW�RQO\�
YHULILFDWLRQ� VWDJH�ZLOO� GLIIHU�� (DFK� RI� WKH� H[SHULPHQWV�ZLOO� QHHG� WR� EH� UHSHDWHG�ZLWK� GLIIHUHQW� VHHGV� RU�
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VHWWLQJV�� DQG� UHVXOWV�ZLOO�EH� UHSRUWHG�ZLWK� WKHLU�GLVSHUVLRQ��7KH�GDWD� WR�XWLOL]H�ZLOO� LQFOXGH�)(9(5�OLNH�
IDFWXDO�FKHFNLQJ� VHWV��+RWSRW4$��1DWXUDO�4XHVWLRQV��7UXWKIXO4$�� DQG�RQH�PRUH� GDWDVHW� RI� WKH� VSHFLILF�
GRPDLQ�

;,��',6&866,21��/,0,7$7,216�$1'�)8785(�:25.

'LVFXVVLRQ� 7KH�DQDO\]HG VWXG\�VKRZV�D�EDODQFH�EHWZHHQ�YHULILFDWLRQ�VWUHQJWK�DQG�FRVW��7KH�PHWKRG�WKDW�
XWLOL]HV� D� IHZ� DJHQWV� RU� GLVFXVVLRQV�PD\�JLYH� DFFXUDWH� UHVXOWV�ZLWK� JRRG� WUDQVSDUHQF\�� EXW� LW� KDV� WR� EH�
SHUIRUPHG�LQ�D�FXPEHUVRPH�PDQQHU��7KH�SURSRVHG�PHWKRG�VDFULILFHV�SUHFLVLRQ�IRU�HIILFLHQF\�EXW�DOORZV�
FRQGXFWLQJ�YHULILFDWLRQ�DW�HDUO\�VWDJHV��,W�KDV�QRWKLQJ�WR�GR�ZLWK�SRVW�JHQHUDWLRQ�PHWKRGV�VXFK�DV�0$5&+�
RU�($(9�E\�PHDQV�RI�GRLQJ�LW�VLPXOWDQHRXVO\�ZLWK�WKHVH�PHWKRGV�VR�WKDW�HDUO\�YHULILFDWLRQ�LV�FDSDEOH�RI�
ILOWHULQJ�RXW�WKH�JURVV�PLVWDNHV��$OVR��WKH�PHWKRG�FDQ�EH�XVHG�EHIRUH�WKH�NQRZOHGJH�JUDSK�DQG�K\SHUJUDSK�
UHWULHYHUV�OLNH�5$*�.*�,/�>�@�DQG�+\SHU�5$*�>��@�VR�WKDW�WKH\�FDQ�UXQ�RQO\�YDOXDEOH�TXHULHV�DW�WKH�RXWVHW�

/LPLWDWLRQV� 7KH� IUDPHZRUN� GHYHORSHG� LV� WKHRUHWLFDO�� WKXV� KDVQ¶W� EHHQ� WULHG� LQ� SUDFWLFH�� ,W� UHOLHV� RQ�
UHWULHYDO��VR�WKH�YHULILFDWLRQ�FDQQRW�KHOS�LI�WKH�QHHGHG�SDVVDJLQJ�KDVQ¶W�EHHQ�UHWULHYHG��7KH�YDOXHV�RI�Ĳ��Ȝ��
DQG�WKH�ZHLJKWV�ZRXOG�UHTXLUH�WXQLQJ�DQG�GR�QRW�QHFHVVDULO\�WUDQVIHU�IURP�GRPDLQ�WR�GRPDLQ��7RR�VWULFW�
ILOWHULQJ�PD\�FXW�XVHIXO�HYLGHQFH��ZKLOH�DEVHQW�GDWHV�RU�VRXUFH�WDJV�GLPLQLVK�IUHVKQHVV�DQG�VRXUFH�DJHQW¶V�
HIILFLHQF\��/DVWO\��YDOLGDWLQJ�WKH�HYLGHQFH�SULRU�WR�JHQHUDWLRQ�GRHV�QRW�SUHYHQW�WKH�//0�IURP�PDNLQJ�DQ�
LQWHUQDO�KDOOXFLQDWLRQ�

)XWXUH� ZRUN� 7KH� SODQV� IRU� WKH� QH[W� VWHSV� LQFOXGH� EXLOGLQJ� WKH� SURWRW\SH�� OHDUQLQJ� WKH� ZHLJKWV� DQG�
WKUHVKROGV�LQVWHDG�RI�VHWWLQJ�WKHP�E\�KDQG��DFWLYDWLQJ�DGGLWLRQDO�DJHQWV�IRU�RQO\�KLJK�ULVN�UHTXHVWV��WHVWLQJ�
RQ�PHGLFDO��ODZ��DQG�HGXFDWLRQ�GDWD��DQG�LPSOHPHQWLQJ�OLJKW�FKHFNV�DIWHU JHQHUDWLRQ�IRU�DOO�WKH�UHPDLQLQJ�
FDVHV�

;,,��&21&/86,21

//0V�FDQQRW�EH�WUXVWHG�LQ�PRVW�VLJQLILFDQW�XVH�FDVHV�EHFDXVH�RI�KDOOXFLQDWLRQ��DQG�5$*�GRHV�QRW�HOLPLQDWH�
WKLV� SUREOHP� VLQFH� UHWULHYDO� LV� QRW� IRROSURRI� LQ� VHYHUDO� UHVSHFWV��7KH� SDSHUV�ZH� H[DPLQHG� LQGLFDWH� WKDW�
YDOLGDWLRQ�LV�HIIHFWLYH��EXW�DGYDQFHG�WHFKQLTXHV�DUH�H[SHQVLYH�DQG�PDLQO\�KDYH�DQ�HIIHFW�SRVW�JHQHUDWLRQ��
2Q�WKH�RWKHU�KDQG��ZH�SURSRVHG�D�FRVW�HIILFLHQW�PXOWL�DJHQW�IUDPHZRUN�WKDW�HYDOXDWHV�UHWULHYHG�GRFXPHQWV�
LQ� WHUPV�RI� UHOHYDQF\�� FRKHUHQFH�� IUHVKQHVV�� DQG� VRXUFH� WUXVWZRUWKLQHVV�SULRU� WR� WKH�JHQHUDWLRQ�SURFHVV��
UHWDLQLQJ�RQO\�WUXVWZRUWK\�SLHFHV�RI�HYLGHQFH�DQG�PDNLQJ�D�VLQJOH�SHWLWLRQ�WR�//0V�SRVW�HYDOXDWLRQ��7KLV�
VROXWLRQ�LV�DLPHG�DW�LQFUHDVLQJ�WUXVWZRUWKLQHVV�ZKLOH�KDYLQJ�OLWWOH�LPSDFW�RQ�WKH�EXGJHW�OHYHO�EXW�VWLOO�QHHGV�
WR�EH�YDOLGDWHG�LQ�SUDFWLFH�ZLWK�WKH�KHOS�RI�DSSURSULDWH�WHVWLQJ�DQG�DVVHVVPHQW��3URYLGHG�WKDW�WKH�LQLWLDO�ILOWHU�
ZRUNV�DV�SODQQHG��LW�FDQ�EH�LQWHJUDWHG�LQWR�WKH�DOUHDG\�H[LVWLQJ�5$*�VROXWLRQV�ZLWK�OLWWOH�HIIRUW�DQG�ODWHU�
FRPELQHG�ZLWK�SRVW�JHQHUDWLRQ�RSHUDWLRQDO�FKHFNV�IRU�VHQVLWLYH�DSSOLFDWLRQV�

5()(5(1&(6

>�@�%��1L�HW�DO���³7RZDUGV�WUXVWZRUWK\�UHWULHYDO�DXJPHQWHG�JHQHUDWLRQ�IRU�ODUJH�ODQJXDJH�PRGHOV��$�VXUYH\�´�
DU;LY�������������)HE�������

>�@�=��/L��<��=KDQJ��3��&KHQJ��-��6RQJ��0��=KRX��+��/L��6��+X��<��4LQ��(��=KDR��;��-LDQJ��DQG�*��-LDQJ��
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