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$EVWUDFW

7RGD\��WKHUH�LV�DQ�DEXQGDQFH�RI�RSLQLRQV�UHJDUGLQJ�SURGXFWV��VHUYLFHV��LQVWLWXWLRQV��DQG�SXEOLF�HYHQWV�RQ�
RQOLQH�SODWIRUPV�WKDW�FDQQRW�EH�DQDO\]HG�E\�DQ\�WHDP�RI�UHDGHUV��6HQWLPHQW�DQDO\VLV�VROYHV�WKLV�SUREOHP�
E\�FODVVLI\LQJ�D�JLYHQ�SLHFH�RI�WH[W�DV�SRVLWLYH��QHJDWLYH��RU�QHXWUDO��0DFKLQH�OHDUQLQJ�DOJRULWKPV�DUH�
XVHG� IRU�FUHDWLQJ�VXFK�FODVVLILFDWLRQ�PRGHOV��7KLV�SDSHU� LV� D� WKHRUHWLFDO� OLWHUDWXUH� UHYLHZ�RI�PDFKLQH�
OHDUQLQJ�DSSOLFDWLRQV�WR�VHQWLPHQW�DQDO\VLV�RI�WH[W��,W�GHVFULEHV�WKH�VWDQGDUG�SURFHVV�RI�WH[W�SUHSURFHVVLQJ�
�WRNHQL]DWLRQ��VWRS�ZRUG�UHPRYDO��VWHPPLQJ��OHPPDWL]DWLRQ��%DJ�RI�:RUGV�DQG�7)�,')���DQG�JLYHV�WKH�
PDWKHPDWLFDO� IRXQGDWLRQ�RI� IRXU�SRSXODU� WH[W� FODVVLILHUV��1DLYH�%D\HV��/RJLVWLF�5HJUHVVLRQ��6XSSRUW�
9HFWRU�0DFKLQH�DQG�5DQGRP�)RUHVW��7KH�UHYLHZHG�VWXGLHV�DUH�FRQWUDVWHG�DFFRUGLQJ�WR�WKH�UHSUHVHQWDWLRQ�
RI�WH[W��WKH�FODVVLILHU�XVHG��DQG�WKH�OLPLWDWLRQV�PHQWLRQHG��7KH�WUHQG�WR�XVH�GHHS�OHDUQLQJ�DQG�SUH�WUDLQHG�
WUDQVIRUPHUV� LV� GHVFULEHG�� 7KH� HYLGHQFH� IURP� VRFLDO� PHGLD�� H�FRPPHUFH�� DQG� FXVWRPHU� VXSSRUW� LV�
VXPPDUL]HG� ZLWK� LWV� OLPLWDWLRQV�� )RXU� SHUVLVWHQW� FKDOOHQJHV� RI� VHQWLPHQW� DQDO\VLV� DUH� GLVFXVVHG��
GHSHQGHQF\�RQ�FRQWH[W��VDUFDVP�DQG�ILJXUDWLYH�ODQJXDJH��PXOWLOLQJXDO�DQG�FRGH�PL[HG�WH[WV��DQG�QRLV\�
XQVWUXFWXUHG�WH[W��1R�PDFKLQH�OHDUQLQJ�PRGHO�ZDV�FUHDWHG��DQG�QR�H[SHULPHQW�ZDV�FRQGXFWHG��WKXV��QR�
SHUIRUPDQFH�UHVXOWV�DUH�JLYHQ� 7KH�UHYLHZ�FRQFOXGHV�WKDW�FODVVLFDO�PRGHOV�VWLOO�KROG�WKHLU�JURXQG�DV�FRVW�
HIIHFWLYH�EDVHOLQHV� IRU� ODUJH�DQG�ZHOO�IRUPHG�FRUSRUD�� WKDW� WUDQVIRUPHUV�GHDO�EHWWHU�ZLWK�FRQWH[W�DW�D�
KLJKHU�FRPSXWDWLRQDO�FRVW��DQG�WKDW�WKHUH�LV�QR�VROXWLRQ�WKDW�ZRUNV�ZHOO�LQ�DOO�IRXU�FDVHV�
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.H\ZRUGV��6HQWLPHQW�$QDO\VLV��0DFKLQH�/HDUQLQJ��1DWXUDO�/DQJXDJH�3URFHVVLQJ��7H[W�&ODVVLILFDWLRQ��
2SLQLRQ�0LQLQJ��7)�,')��1DLYH�%D\HV��6XSSRUW�9HFWRU�0DFKLQH��6RFLDO�0HGLD�$QDO\WLFV�

,QWURGXFWLRQ

2QOLQH�ZULWLQJ�DERXW�RQH
V�SHUVRQDO�H[SHULHQFH�LV�D�URXWLQH�SUDFWLFH��3URGXFW�UHYLHZV��EORJ�HQWULHV��IRUXP�
GLVFXVVLRQV��VXSSRUW�WLFNHWV�DQG�VXUYH\V�DOO�FRPSULVH�FRQWLQXRXV�ZULWWHQ�H[SUHVVLRQ�RI�RSLQLRQ��DQG�DQ\�
RUJDQL]DWLRQ�ZRXOG�ZDQW�WR�XQGHUVWDQG�ZKDW� WKH�VWUHDP�LV�VD\LQJ�DERXW� WKHP��+XPDQ�DQDO\VLV� LV�QRW
SRVVLEOH�IRU�VXFK�ODUJH�DPRXQWV�RI�GDWD��6HQWLPHQW�DQDO\VLV�RU�RSLQLRQ�PLQLQJ�LV�WKH�EUDQFK�RI�QDWXUDO�
ODQJXDJH�SURFHVVLQJ�WKDW�DGGUHVVHV�WKH�LVVXH�E\�WUHDWLQJ�WKH�HYDOXDWLYH�FRQWHQW�RI�D�WH[W�DV�PHDVXUDEOH�
TXDQWLW\�>�@��>�@��$W�LWV�VLPSOHVW��WKH�WDVN�FRQVLVWV�LQ�GHWHUPLQLQJ�WKH�VHQWLPHQW�H[SUHVVHG�LQ�D�WH[W�DV�
SRVLWLYH��QHJDWLYH�RU�QHXWUDO�

7KH�ILUVW�DXWRPDWLFDOO\�EXLOW�V\VWHPV�ZHUH�EDVHG�RQ�GLFWLRQDULHV�RI�ZRUGV�DQG�PDQXDOO\�ZULWWHQ�UXOHV��
2QH� LPSRUWDQW�PLOHVWRQH�ZDV� UHDFKHG�ZKHQ�3DQJ�HW� DO�� DSSOLHG�VWDQGDUG�FODVVLILFDWLRQ�DOJRULWKPV� WR�
PDQXDOO\�ODEHOOHG�PRYLH�UHYLHZV�DQG�UHDOL]HG�WKDW�WKH�FODVVLILHU�FRXOG�EHWWHU�HYDOXDWH�SUHYLRXVO\�XQVHHQ�
UHYLHZV�WKDQ�KXPDQ�FRPSRVHG�ZRUG�OLVWV�>�@��6XSHUYLVHG�PDFKLQH�OHDUQLQJ�WRRN�RYHU�VLQFH�WKHQ��DQG�
WKH� UDQJH� RI�PHWKRGV� XVHG� HYROYHG� IURP� WKH� OLQHDU� FODVVLILHUV� RYHU� EDJ�RI�ZRUGV� IHDWXUHV� WR� QHXUDO�
QHWZRUNV�DQG�SUHWUDLQHG�WUDQVIRUPHUV�>�@��>�@��7KH�HYROXWLRQ�KDV�FRPSOLFDWHG�WKLQJV�IXUWKHU��6WXGLHV�YDU\�
LQ�WKHLU�GDWDVHWV��ODEHO�VHWV��DQG�HYDOXDWLRQ�PHWULFV�XVHG��VR�RQH�FDQQRW�REMHFWLYHO\�FRPSDUH�GLIIHUHQW�
VWDWHPHQWV�RI�WKLV�NLQG�>�@�

7KLV� PHDQV� WKDW� WKH� LVVXH� DW� KDQG� LQYROYHV� DQ� DQDO\VLV� RI� FXUUHQW� PDFKLQH� OHDUQLQJ� DSSURDFKHV� WR�
VHQWLPHQW�DQDO\VLV�RI�WH[W��DQG�VSHFLILFDOO\�KRZ�WKH\�FODVVLI\�RSLQLRQV�LQWR�SRODULW\�FODVVHV��KRZ�WKH\�
GHDO�ZLWK�ODUJH�DPRXQWV�RI�XQVWUXFWXUHG�WH[W��DQG�KRZ�WKH\�IDLO�ZKHQ�LW�FRPHV�WR�FRPSOH[�ODQJXDJH��
VODQJ��VDUFDVP��DQG�FRQWH[W��7KH�IRXU�PDLQ�FKDOOHQJHV�WKDW�KDYH�EHHQ�KLJKOLJKWHG�LQ�WKH�VHPLQDU�V\QRSVLV�
WKDW�OHG�WR�WKH�ZULWLQJ�RI�WKLV�SDSHU�DUH��FRQWH[W��VDUFDVP�DQG�ILJXUDWLYH�ODQJXDJH��PXOWLOLQJXDO�DQG�FRGH�
VZLWFKHG�WH[W��DQG�QRLV\�XQVWUXFWXUHG�GDWD��7KHVH�ZLOO�EH�GLVFXVVHG�RQH�E\�RQH�EHORZ�

7KLV�SDSHU�LV�WKHRUHWLFDO�LQ�QDWXUH��7KH�SDSHU�GRHV�QRW�GHVLJQ�DQ\�V\VWHPV��FROOHFW�DQ\�GDWD��FRQGXFW�DQ\�
H[SHULPHQWV�DQG�GRHV�QRW�SURYLGH�DQ\�QHZ�ILJXUHV�RI�DFFXUDF\��7KH�FRQWULEXWLRQV�DUH���L��D�FRQFLVH�IRUPDO�
PRGHO� RI� WKH� FRQYHQWLRQDO� DSSURDFK� WR� VHQWLPHQW� DQDO\VLV�� �LL�� FRPSDUDWLYH� VWXG\� RI� SUHSURFHVVLQJ�
PHWKRGV��IHDWXUH�H[WUDFWLRQ�DQG�FODVVLILHUV���LLL��D�V\QRSVLV�RI�OLWHUDWXUH�DYDLODEOH�RQ�VRFLDO�QHWZRUNLQJ��
H�FRPPHUFH��FXVWRPHU�VXSSRUW���LY��FULWLFDO�DQDO\VLV�RI�RSHQ�LVVXHV�DQG�IXWXUH�UHVHDUFK�GLUHFWLRQV��DQG�
�Y��D�OLVW�RI����UHIHUHQFHV�

7KHUH� DUH� IRXU� UHVHDUFK� TXHVWLRQV� WKDW� OHDG� WKH� LQYHVWLJDWLRQ�� 54��� KRZ� GRHV� WKH� VHOHFWLRQ� RI�
SUHSURFHVVRUV� DQG� IHDWXUHV� DIIHFW� WKH� SHUIRUPDQFH� RI�PDFKLQH� OHDUQLQJ� FODVVLILFDWLRQ� DOJRULWKPV� IRU�
VHQWLPHQW� DQDO\VLV"�54�� KRZ� GR� WKH�1DwYH�%D\HV� DOJRULWKP�� /RJLVWLF� 5HJUHVVLRQ�� 6XSSRUW�9HFWRU�
0DFKLQH�� DQG� 5DQGRP� )RUHVW� FRPSDUH� ZLWK� HDFK� RWKHU� DQG� ZLWK� 'HHS� /HDUQLQJ� DQG� 7UDQVIRUPHU�
0RGHOV"�54�� KRZ�LV�VHQWLPHQW�DQDO\VLV�XVHG��DQG�ZKDW�LV�WKH�VWUHQJWK�RI�HYLGHQFH�LQ�HDFK�DUHD"�54��
ZKDW�DUH�WKH�H[LVWLQJ�FKDOOHQJHV�DQG�UHVHDUFK�JDSV"

5HYLHZ�$SSURDFK�DQG�6FRSH

7KLV�LV�D�QDUUDWLYH�FULWLFDO�UHYLHZ��QRW�D�V\VWHPDWLF�RQH��DQG�QR�UHYLHZ�SURWRFRO�ZDV�UHJLVWHUHG��7KH�EDVH�
RI�UHIHUHQFHV�FRPSULVHV�WKH�HLJKW�VRXUFHV�FLWHG�LQ�WKH�V\QRSVLV��VXUYH\V�DQG�DSSOLFDWLRQ�VWXGLHV��IURP�
����� WR��������DV�ZHOO�DV�DGGLWLRQDO� VRXUFHV�RQO\�ZKHQ� LW�ZDV� UHTXLUHG�E\� WKH�DQDO\VLV�� WKH�RULJLQDO�
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PDFKLQH� OHDUQLQJ� SDSHUV� RQ� VHQWLPHQW� FODVVLILFDWLRQ�� WKH� GHVFULSWLRQ� RI� WKH� DOJRULWKPV� DQG� WKH� WHUP�
ZHLJKWLQJ�DSSURDFK�DQDO\]HG��SRSXODU�EHQFKPDUNV��DQG�UHODWHG�WRSLFV�VXFK�DV�VDUFDVP��FRGH�PL[HG�WH[W�
DQG� SUH�WUDLQHG� ODQJXDJH� PRGHOV�� 5HFHQW� VRXUFHV� DUH� SUHGRPLQDQWO\� VXUYH\V� DQG� WKHUHIRUH� WKHLU�
FRQFOXVLRQV� GR� QRW� SUHVHQW� FRQWUROOHG� H[SHULPHQWV� EXW� UDWKHU� FKDUDFWHUL]H� WKH� VWDWH� RI� WKH� DUW�� WKH\�
FRQVWLWXWH� VHFRQGDU\� OLWHUDWXUH�� 7KH� DVSHFW�EDVHG� DSSURDFKHV� HPRWLRQ� UHFRJQLWLRQ�� DQG� PXOWLPRGDO�
VHQWLPHQW�DQDO\VLV�DUH�RXW�RI�WKH�VFRSH�RI�WKH�SDSHU��5HIHUHQFH�QXPEHUV�DUH�DFFRUGLQJ�WR�WKH�,(((�VW\OH�
DQG�DUH�DVVLJQHG�LQ�WKH�RUGHU�RI�DSSHDUDQFH�

%DFNJURXQG�DQG�)XQGDPHQWDOV

7DVN�'HILQLWLRQ�DQG�/HYHOV�RI�$QDO\VLV

'HQRWH�E\�[�WKH�WH[W�DQG�<�D�ODEHO�VHW��ZKLFK�LV�XVXDOO\�^SRVLWLYH��QHJDWLYH��QHXWUDO`��7KH�FODVVLILHU�LV�
WUDLQHG�RQ�D�ODEHOHG�GDWDVHW�'� �^�[L��\L�`�DQG�SUHGLFWV�D�ODEHO�ZLWK�WKH�KLJKHVW�HVWLPDWHG�SUREDELOLW\�IRU�
WKH�XQVHHQ�WH[W�DV�IROORZV�

ǔ  �DUJPD[\�3>א�\ _�[� ���

7KH�SURFHVV�FDQ�EH�SHUIRUPHG�RQ�WKH�ZKROH�GRFXPHQW��RQ�LQGLYLGXDO�VHQWHQFHV�RU�RQ�WKH�DVSHFW�OHYHO��
ZKHQ�WKH�RSLQLRQ�LV�DWWULEXWHG�WR�D�FHUWDLQ�FKDUDFWHULVWLF�RI�WKH�SURGXFW��OLNH�WKH�EDWWHU\�RI�D�PRELOH�SKRQH�
>�@��$SSURDFKHV�DUH�XVXDOO\�FODVVLILHG�LQWR�OH[LFRQ�EDVHG��PDFKLQH�OHDUQLQJ�DQG�K\EULG�WHFKQLTXHV�>�@��
>�@��/H[LFRQ�EDVHG�WHFKQLTXHV�DJJUHJDWH�SRODULW\�VFRUHV�RI�WKH�ZRUGV�LQ�WKH�GLFWLRQDU\�DQG�FRUUHFW�WKHP�
IRU�QHJDWLRQV�DQG�LQWHQVLILHUV�>�@��ZKLOH�UXOH�EDVHG�DSSURDFKHV��LQFOXGLQJ�9$'(5��DUH DGDSWHG�WR�WKH�
LQIRUPDO�WRQH�RI�VRFLDO�PHGLD�>��@��0DFKLQH�OHDUQLQJ�WHFKQLTXHV�WUDLQ�WKH�PDSSLQJ�IURP�ODEHOHG�GDWD��
DQG�WKH\�DUH�WKH�PDLQ�IRFXV�RI�WKLV�SDSHU�

7KH�6WDQGDUG�3LSHOLQH

$�VWDQGDUG�PDFKLQH�OHDUQLQJ�SURFHVV�FRQVLVWV�RI�ILYH�VWHSV��)LJXUH�����7KH�WH[W�LV�FROOHFWHG��FOHDQHG��DQG�
WRNHQL]HG��WUDQVIRUPHG�LQWR�QXPHULF�IHDWXUHV��LQSXW�LQWR�D�FODVVLILHU�WUDLQHG�RQ�ODEHOHG�GDWD��DQG�ILQDOO\�
HYDOXDWHG�RQ�KHOG�RXW�GDWD��(DFK�VWHS�LV�DVVRFLDWHG�ZLWK�D�FKRLFH�ZKLFK�ZLOO�DIIHFW�WKH�UHVXOW��DQG�D�EDG�
FKRLFH�DW�DQ�HDUO\�VWDJH��IRU�H[DPSOH�GURSSLQJ�D�QHJDWLRQ�ZRUG��FDQ�QHYHU�EH�XQGRQH�
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)LJ�� ��� &RQFHSWXDO� SLSHOLQH� IRU� PDFKLQH� OHDUQLQJ� EDVHG� VHQWLPHQW� DQDO\VLV�� 7KLV� LV� DQ� H[SODQDWRU\�
LOOXVWUDWLRQ�SUHSDUHG�E\�WKH�DXWKRU�DQG�GRHV�QRW�GHSLFW�DQ�LPSOHPHQWHG�RU�WHVWHG�V\VWHP�

7H[W�3UHSURFHVVLQJ

7RNHQLVDWLRQ�LV�WKH�SURFHVV�RI�EUHDNLQJ�GRZQ�WKH�WH[W�LQWR�ZRUGV�RU�VXE�ZRUGV��1RUPDOLVDWLRQ�HQWDLOV�
FRQYHUWLQJ�WKH�WH[W�LQWR�ORZHUFDVH�DQG�VRPHWLPHV�UHSODFLQJ�XVHU�PHQWLRQV��OLQNV�DQG�FKDUDFWHU�UHSHWLWLRQV�
ZLWK�SODFHKROGHUV��6WRS�ZRUG�UHPRYDO�HQWDLOV�UHPRYLQJ�IXQFWLRQ�ZRUGV�WKDW�RFFXU�IUHTXHQWO\�ZLWK�WKH�
DLP�RI�UHGXFLQJ� WKH�IHDWXUH�VSDFH��+RZHYHU�� LW� VKRXOG�EH�QRWHG� WKDW�VWDQGDUG�VWRS�ZRUG� OLVWV�FRQWDLQ�
ZRUGV�VXFK�DV��QRW��DQG��QR��ZKLFK�EHDU�SRODULW\��KHQFH�WKH�QHHG�IRU�FDUHIXO�LQVSHFWLRQ�RI�D�VWRS�ZRUG�
OLVW�EHIRUH�LWV�LPSOHPHQWDWLRQ��6WHPPLQJ�LQYROYHV�UHGXFWLRQ�RI�D�ZRUG�WR�LWV�URRW�WKURXJK�WKH�UHPRYDO�RI�
VXIIL[HV�XVLQJ�DOJRULWKPV� VXFK�DV�3RUWHU
V� >��@��ZKLOH� OHPPDWLVDWLRQ� LQYROYHV�PDSSLQJ�D�ZRUG� WR� LWV�
OHPPD��7ZR�WKLQJV�VKRXOG�EH�ERUQH�LQ�PLQG�LQ�UHODWLRQ�WR�VHQWLPHQW��HPRWLFRQV�HPRMLV�PD\�EH�XVHIXO�
SRODULW\�LQGLFDWRUV�DQG�KHQFH�VKRXOG�QRW�EH�HOLPLQDWHG�EOLQGO\��DQG�QHJDWLRQV�KDYH�WR�EH�WDNHQ�FDUH�RI�
H[SOLFLWO\�

)HDWXUH�([WUDFWLRQ

7KH�FODVVLFDO�FODVVLILHUV�UHTXLUH�IL[HG�OHQJWK�YHFWRUV�RI�QXPEHUV�DV�LQSXW�GDWD��:LWK�WKH�%DJ�RI�:RUGV�
UHSUHVHQWDWLRQ��DOO�GRFXPHQWV�KDYH�YHFWRUV�EDVHG�RQ�WKH�YRFDEXODU\�WKDW�FRQWDLQ�IUHTXHQFLHV�RI�WHUPV�RU�
MXVW�SUHVHQFH�RI�D�SDUWLFXODU�WHUP��DV�ZDV�IRXQG�RXW�E\�3DQJ�HW�DO��>�@�ZLWK�UHVSHFW�WR�PRYLH�UHYLHZV�ZKHQ�
SUHVHQFH�RI�D�WHUP�SHUIRUPHG�HTXDOO\�ZHOO�DV�IUHTXHQF\��7KH�Q�JUDP�DSSURDFK�H[WHQGV�WKH�YRFDEXODU\�
ZLWK�FRPELQDWLRQV�RI�VHYHUDO�WHUPV�LQ�RUGHU�WR�DFFRXQW�IRU�WKH�VLPSOH�QHJDWLRQ�OLNH��QRW�JRRG��DQG�LW�
ZDV�XVHG�VXFFHVVIXOO\�LQ�FODVVLI\LQJ�VHQWLPHQWV�>��@��7KH�7)�,')�PHDVXUH�DFFRXQWV�IRU >��@�

WI�LGI�W��G�� �WI�W��G��î�ORJ��1 ��GI�W��� ���

,Q�WKH�IRUPXOD�DERYH��WI�W��G��UHSUHVHQWV�WKH�IUHTXHQF\�RI�RFFXUUHQFH�RI�ZRUG�W�LQ�GRFXPHQW�G��1�LV�WKH�
WRWDO� QXPEHU� RI� GRFXPHQWV� DQG� GI�W�� GHQRWHV� WKH� QXPEHU� RI� GRFXPHQWV� LQ� ZKLFK� W� RFFXUV��:RUGV�
RFFXUULQJ�LQ�PRVW�GRFXPHQWV�KDYH�YHU\�VPDOO�ZHLJKWV��$OO�WKH�WKUHH�UHSUHVHQWDWLRQV�DUH�VSDUVH�DQG�LJQRUH�
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ZRUG�RUGHU�H[FHSW�ZLWKLQ�WKH�Q�JUDP�FRQWH[W�ZLQGRZ��:RUG�HPEHGGLQJV�OLNH�ZRUG�YHF�PDS�ZRUGV�WR�D�
GHQVH�VSDFH��ZKHUH�VLPLODU�ZRUGV�DSSHDU�FORVH�E\�>��@�

&ODVVLILFDWLRQ�$OJRULWKPV

7KH�1DLYH�%D\HV PRGHO�ZRUNV�EDVHG�RQ�%D\HV�UXOH�ZKLOH�DVVXPLQJ� WKDW� WKH�ZRUGV� LQ�D� WH[W�EHFRPH�
LQGHSHQGHQW�RI�HDFK�RWKHU�DIWHU�FRQGLWLRQLQJ�WKH�FODVV�DV�IROORZV�>��@�

ן��]�_�\�3 3�\���L�3�ZL�_�\� ���

8VLQJ�WKH�PXOWLQRPLDO�IRUPXODWLRQ�RI�QDLYH�ED\HV��WKH�ZRUG�SUREDELOLWLHV�JHW�HVWLPDWHG�EDVHG�RQ�FRXQWV�
GXULQJ�WKH�WUDLQLQJ�SKDVH�XVLQJ�DGGLWLYH�VPRRWKLQJ�

3�Z�_�\�� ���QZ�\���Į�������Q\���Į_9_�� ���

:KHUH�QZ�\�UHIHUV�WR�WKH�RFFXUUHQFH�FRXQW�RI�ZRUG�Z�LQ�FODVV�\��Q\ UHSUHVHQWV�WKH�RFFXUUHQFH�FRXQW�RI�
DOO�WKH�ZRUGV�LQ�WKDW�SDUWLFXODU�FODVV��$OVR��9�VWDQGV�IRU�YRFDEXODU\�DQG�Į�FRUUHVSRQGV�WR�WKH�DGGLWLYH�
VPRRWKLQJ�FRQVWDQW��7KH�WUDLQLQJ�SURFHVV�LV�LQH[SHQVLYH�KHQFH�LWV�SRSXODULW\�DV�D�EHQFKPDUN�WHFKQLTXH�

$�ORJLVWLF�UHJUHVVLRQ�DSSURDFK�LV�WDNHQ�VXFK�WKDW�WKH�SUREDELOLW\�RI�SRVLWLYH�FODVV�JHWV�GHWHUPLQHG�EDVHG�
RQ�WKH�VLJPRLG�RI�D�OLQHDU�IXQFWLRQ�

3�\� ���_�[�� �����������H[S��í�Z7[���E����� ���

7KH�OLQHDU�SDUDPHWHUV��Z��JHW�GHWHUPLQHG�WKURXJK�PLQLPL]DWLRQ�RI�FURVV�HQWURS\�ORVV�LQ�PRVW�FDVHV�

$ 6XSSRUW�9HFWRU�0DFKLQH��690� DWWHPSWV�WR�ILQG�WKH�VHSDUDWLQJ�K\SHUSODQH�ZLWK�PD[LPXP�PDUJLQ�>��@��
,Q�LWV�VRIW�PDUJLQ�IRUPXODWLRQ��LW�VROYHV

PLQ�òۅZۅð���&�ȈL�ȟL��V�W���\L�Zā[L���E������í�ȟL��ȟL���� ���

ZKHUH�&� FRQWUROV� WKH� SHQDOW\� IRU�PDUJLQ� YLRODWLRQV� DQG� ȟL� DUH� VODFN� YDULDEOHV�� 690V� DUH� VXLWHG� IRU�
KDQGOLQJ�WKH�YHU\�ODUJH�QXPEHUV�RI�VSDUVH�IHDWXUHV�IRXQG�LQ�WH[W�>��@�

5DQGRP�)RUHVW EXLOGV�PDQ\�GHFLVLRQ�WUHHV��HDFK�EXLOW�RQ�D�ERRWVWUDS�VDPSOH�RI�WKH�WUDLQLQJ�VHW�DQG�D�
UDQGRP�VXEVHW�RI IHDWXUHV�FRQVLGHUHG�DW�HDFK�VSOLW��DQG�PDNHV�SUHGLFWLRQV�XVLQJ�PDMRULW\�YRWLQJ�>��@�

ǔ  �PRGH^�K��[���K��[��������K7�[��` ���

ZKHUH�KW�LV�WKH�W�WK�WUHH�DQG�7�LV�WKH�QXPEHU�RI�WUHHV�

/LWHUDWXUH 5HYLHZ�DQG�5HODWHG�:RUN

7KH�UHYLHZHG�VWXGLHV�IDOO�LQWR�IRXU�JURXSV��GLVFXVVHG�LQ�WXUQ�EHORZ��DQG�7DEOH�� OLVWV�WKHP�LQ�RUGHU�RI�
SXEOLFDWLRQ�

)RXQGDWLRQV�RI�0DFKLQH�/HDUQLQJ�IRU�6HQWLPHQW

7KH�3DQJ�DQG�/HH�VXUYH\�GHILQHG�PXFK�RI�WKH�WHUPLQRORJ\�WKDW�KDV�EHHQ�XVHG�VLQFH��LQFOXGLQJ�GRFXPHQW�
OHYHO� FODVVLILFDWLRQ�� VXEMHFWLYLW\��DQG� WKH�XWLOLW\�RI�RSLQLRQ�EDVHG�DSSOLFDWLRQV� >�@�� ,Q� WKH�H[SHULPHQWV�
FRQGXFWHG�E\�3DQJ�HW�DO���1DLYH�%D\HV��PD[LPXP�HQWURS\��DQG�690�FODVVLILHUV�ZHUH�FRPSDUHG�RQ�PRYLH�
UHYLHZV��7KH�690�FODVVLILHU�SHUIRUPHG�EHVW��DFKLHYLQJ�DERXW�����DFFXUDF\��ZKLOH�LW�ZDV�REVHUYHG�WKDW�
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VHQWLPHQW�FODVVLILFDWLRQ�LV�PRUH�GLIILFXOW�WKDQ�WRSLF�FODVVLILFDWLRQ�EHFDXVH�RSLQLRQV�DUH�RIWHQ�H[SUHVVHG�
LQ�DQ�LQGLUHFW�ZD\�>�@��:DQJ�DQG�0DQQLQJ�IRXQG�WKDW�WKH�UDQNLQJ�RI�VLPSOH�PRGHOV�LV�GHSHQGHQW�RQ�WKH�
GDWDVHW��ZKHUH�1DLYH�%D\HV�ZRUNHG�ZHOO�RQ�VKRUW�WH[WV��690V�RQ�ORQJ�WH[WV��DQG�1%690�ZRUNHG�ZHOO�
RQ�DOO�GDWDVHWV�>��@�

5HFHQW�6XUYH\V�DQG�$SSOLFDWLRQ�6WXGLHV

$FFRUGLQJ�WR�.DYLWKD�HW�DO���WKHUH�LV�DQ�H[DPSOH�RI�WKH�XVH�RI�1/3�SUHSURFHVVLQJ�WHFKQLTXHV�DQG�PDFKLQH
OHDUQLQJ� LQ� VHQWLPHQW� DQDO\VLV� RI� VRFLDO� PHGLD� WH[WV�� EXW� FRQWH[W�GHSHQGHQW� DQG� LQIRUPDO� ODQJXDJH�
UHGXFHV�UHOLDELOLW\�>��@��3DODQLYLQD\DJDP�HW�DO��DQDO\]HG�����SDSHUV�RQ�WH[W�FODVVLILFDWLRQ�XVLQJ�PDFKLQH�
OHDUQLQJ�WHFKQLTXHV�DQG�IRXQG�WKH�PRVW�SRSXODU�PRGHOV��GDWDVHWV�DQG�PHWULFV�IRU�WKLV�WDVN��EXW�VLQFH�HDFK�
VWXG\�GLIIHUV�LQ�DOO�WKUHH��FRPSDULVRQV�EHFRPH�GLIILFXOW�>�@��.KDQ�HW�DO��XVH�690�DQG�5DQGRP�)RUHVW�
FODVVLILHUV� IRU� VHQWLPHQW� DIWHU� SUHSURFHVVLQJ� DQG� IHDWXUH� H[WUDFWLRQ�� EXW� WUDGLWLRQDO�PDFKLQH� OHDUQLQJ�
PRGHOV�PD\�KDYH�GLIILFXOWLHV�ZLWK�SURFHVVLQJ�FRPSOH[�FRQWH[W�GHSHQGHQW�ODQJXDJH�>��@��6XU\DZDQVKL�
GLVFXVVHV� WKH� HYROXWLRQ�RI�PRGHOV� IURP� WUDGLWLRQDO� OHDUQHUV� WR� UHFXUUHQW� QHXUDO� QHWZRUNV�DQG� WKHQ� WR�
WUDQVIRUPHUV�DQG�QRWLFHV�WKDW�WKH�ODWWHU�QHHG�PRUH�FRPSXWDWLRQDO�UHVRXUFHV�DQG�EHWWHU�WUDLQLQJ�GDWD�>��@��
0DR� HW� DO�� JHQHUDOL]H� WR� ODUJH� ODQJXDJH�PRGHOV� DQG� SUH�WUDLQHG�PRGHOV� DQG� LGHQWLI\� RSHQ� LVVXHV� LQ�
GDWDVHWV�� SUHSURFHVVLQJ�� PRGHOV� DQG� HYDOXDWLRQ� >��@�� 0HWKRGV� OLNH� 690�� GHFLVLRQ� WUHHV�� DQG� ZRUG�
HPEHGGLQJV�LQ�VRFLDO�PHGLD�DQG�H�FRPPHUFH�DUH�GLVFXVVHG�E\�1DZURFND�HW�DO���ZKHUH�QRLV\�GDWD�DQG�
GRPDLQ�VSHFLILF�ODQJXDJH�SHUVLVW�DV�PDMRU�LVVXHV�>��@��,Q�JHQHUDO�WHUPV��0XD]�HW�DO��GHVFULEH�WKH�H[LVWLQJ�
VXUYH\V�DQG� LGHQWLI\� WKH�PDMRU� WUHQGV��DSSOLFDWLRQV��FKDOOHQJHV��DQG�UHVHDUFK�DUHDV� >��@��7KH�7ZLWWHU�
EDVHG�FODVVLILFDWLRQ�IURP������UHYHDOV�WKH�SUDFWLFDO�VLGH�RI�WKLQJV��&ODVVLILFDWLRQ�ZDV�GRQH�ZLWK�1DLYH�
%D\HV� XVLQJ� %DJ�RI�:RUGV� DQG� 7)�,')� IHDWXUHV� VXFFHVVIXOO\�� KRZHYHU�� VODQJ�� DEEUHYLDWLRQV�� DQG�
PLVVSHOOLQJV�DIIHFWHG�DFFXUDF\�>��@�

'HHS�/HDUQLQJ�DQG�7UDQVIRUPHUV

7KH�XVH�RI�QHXUDO�PRGHOV�FKDQJHG� WKH�SDUDGLJP�IURP�IHDWXUH�HQJLQHHULQJ� WR� UHSUHVHQWDWLRQ� OHDUQLQJ��
$SSO\LQJ�FRQYROXWLRQDO�QHWZRUNV�WR�ZRUG�HPEHGGLQJV�\LHOGHG�JRRG�SHUIRUPDQFH�DW�WKH�VHQWHQFH�OHYHO��
ZLWKRXW�DQ\�IXUWKHU�WXQLQJ�>��@��ZKLOH�/670�QHWZRUNV�KDQGOH�ZRUG�RUGHULQJ�WKURXJK�JDWLQJ�UHFXUUHQW�
PHPRU\�>��@��6WDQIRUG�6HQWLPHQW�7UHHEDQN�DQG�LWV�DFFRPSDQ\LQJ�UHFXUVLYH�QHXUDO�QHWZRUN�DOORZHG�IRU�
WKH�LQYHVWLJDWLRQ�RI�SKHQRPHQD�OLNH�QHJDWLRQ�DW�WKH�SKUDVH�OHYHO�>��@��7KH�WUDQVIRUPHU�DUFKLWHFWXUH�ODWHU�
VXSHUVHGHG�UHFXUUHQFH�ZLWK�VHOI�DWWHQWLRQ�>��@��DQG�SUH�WUDLQHG�PRGHOV�OLNH�%(57�DOORZ�ILQH�WXQLQJ�IRU�
VHQWLPHQW�DQDO\VLV�XVLQJ�D�VPDOO�DPRXQW�RI�ODEHOHG�GDWD�>�@��5HYLHZV�RQ�WKH�VDPH�OLQH�RI�UHVHDUFK�FRQFXU�
WKDW� WKH�SURJUHVV� LQ�FRQWH[WXDO�PRGHOLQJ�FRPHV�ZLWK� LQFUHDVHG�FRPSXWDWLRQDO�DQG�GDWD�GHPDQGV� >�@��
>��@�

(YROXWLRQ�RI�WKH�$SSURDFKHV

)LJXUH� �� PDSV� RXW� WKH� PDMRU� PHWKRGV� ZLWKLQ� D� WLPHOLQH� IUDPHZRUN�� ,Q� IDFW�� HDFK� QHZ� VWHS� LQ� WKH�
GHYHORSPHQW�ZDV�EXLOW�XSRQ�WKH�SUHYLRXV�RQH��OH[LFDO�DSSURDFKHV�DUH�DSSOLFDEOH�LQ�DEVHQFH�RI�ODEHOOHG�
GDWD�VHWV��ZKLOH�FODVVLFDO�PHWKRGV�SURYH�KLJKO\�FRPSHWLWLYH�RQ�ELJ�ZHOO�FRQVWUXFWHG�FRUSXV VDPSOHV�
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)LJ�� ��� &RQFHSWXDO� HYROXWLRQ� RI� VHQWLPHQW� DQDO\VLV� DSSURDFKHV�� 7KLV� LV� DQ� H[SODQDWRU\� LOOXVWUDWLRQ�
SUHSDUHG�E\�WKH�DXWKRU�

7DEOH ���/LWHUDWXUH�PDWUL[�RI�WKH�UHYLHZHG�VWXGLHV��ROGHVW�WR�QHZHVW�

6WXG\ 0HWKRG���IRFXV )LQGLQJ��DV�UHSRUWHG� /LPLWDWLRQ

3DQJ�HW�DO� �������>�@ 1%��PD[LPXP�
HQWURS\�DQG�690�RQ�
PRYLH�UHYLHZV

/HDUQHG�FODVVLILHUV�EHDW�
KXPDQ�FKRVHQ�ZRUG�
OLVWV��690�EHVW��
SUHVHQFH�DW�OHDVW�DV�
JRRG�DV�IUHTXHQF\

6LQJOH�GRPDLQ��PRGHVW�
FRUSXV

:DQJ�DQG�0DQQLQJ��������
>��@

1%��690�DQG�
1%690�ZLWK�
XQLJUDP�DQG�ELJUDP�
IHDWXUHV

1%�VWURQJHU�RQ�VKRUW�
WH[W��690�RQ�ORQJ�WH[W��
ELJUDPV�KHOS�VHQWLPHQW

/LQHDU�PRGHOV��OLPLWHG�
FRQWH[W

'HYOLQ�HW�DO� �������>�@ 3UH�WUDLQHG�
ELGLUHFWLRQDO�
WUDQVIRUPHU��ILQH�
WXQHG

3UH�WUDLQLQJ�SOXV�ILQH�
WXQLQJ�JLYHV�FRQWH[WXDO�
UHSUHVHQWDWLRQV�IRU�WH[W�
FODVVLILFDWLRQ

+LJK�FRPSXWH��QHHGV�
ILQH�WXQLQJ�ODEHOV

.DYLWKD�HW�DO� �������>��@ 1/3�SUHSURFHVVLQJ�
DQG�0/�RQ�VRFLDO�
PHGLD�WH[W

6KRZV�KRZ�1/3�DQG�
0/�H[WUDFW�VHQWLPHQW�
IURP�VRFLDO�PHGLD

,QIRUPDO��FRQWH[W�
GHSHQGHQW�ODQJXDJH�
ORZHUV�UHOLDELOLW\

3DODQLYLQD\DJDP�HW�DO�
�������>�@

6\VWHPDWLF�UHYLHZ�RI�
����0/�WH[W�
FODVVLILFDWLRQ�SDSHUV

0DSV�FRPPRQ�PRGHOV��
GDWDVHWV�DQG�HYDOXDWLRQ�
PHWULFV

'LIIHUHQW�GDWDVHWV�DQG�
PHWULFV�EORFN�GLUHFW�
FRPSDULVRQ
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6WXG\ 0HWKRG���IRFXV )LQGLQJ��DV�UHSRUWHG� /LPLWDWLRQ

.KDQ�HW�DO� �������>��@ 690�DQG�5DQGRP�
)RUHVW�ZLWK�
SUHSURFHVVLQJ�DQG�
IHDWXUH�H[WUDFWLRQ

7UDGLWLRQDO�OHDUQHUV�FDQ�
FODVVLI\�VHQWLPHQW�IURP�
WH[W

0D\�VWUXJJOH�ZLWK�
FRPSOH[�FRQWH[W

6XU\DZDQVKL��������>��@ 6XUYH\��WUDGLWLRQDO�
0/��511V��
WUDQVIRUPHUV

7UDFHV�WKH�SURJUHVVLRQ�
DQG�FRPSDUHV�
DSSOLFDWLRQV�DW�GLIIHUHQW�
WH[W�OHYHOV

$GYDQFHG�PRGHOV�QHHG�
PRUH�FRPSXWH�DQG�
JRRG�GDWD

0DR�HW�DO� �������>��@ 5HYLHZ�RI�0/��GHHS�
OHDUQLQJ��//0V�DQG�
SUH�WUDLQHG�PRGHOV

&KDUWV�WKH�HYROXWLRQ��
QDPHV�FKDOOHQJHV�LQ�
GDWD��SUHSURFHVVLQJ��
PRGHOV��HYDOXDWLRQ

&RQWH[W��PXOWLOLQJXDO�
GDWD�DQG�//0V�UHPDLQ�
RSHQ

1DZURFND�HW�DO� �������
>��@

5HYLHZ�RI�690��
GHFLVLRQ�WUHHV��
HPEHGGLQJV

([DPLQHV�XVHV�LQ�VRFLDO�
PHGLD�DQG�H�FRPPHUFH

1RLV\�GDWD��ODQJXDJH�
GLIIHUV�E\�SODWIRUP

0XD]�HW�DO� �������>��@ 6XUYH\�RI�VXUYH\V�RQ�
0/�EDVHG�VHQWLPHQW�
DQDO\VLV

0DSV�WUHQGV��
DSSOLFDWLRQV��
FKDOOHQJHV��
RSSRUWXQLWLHV

%URDG��PHWKRGV�QRW�
WHVWHG�H[SHULPHQWDOO\

7ZLWWHU�VWXG\��������>��@ 1DLYH�%D\HV�ZLWK�
%R:�DQG�7)�,')

(IIHFWLYH�RQ�ODUJH�VFDOH�
WZHHW�FODVVLILFDWLRQ

6ODQJ��DEEUHYLDWLRQV��
PLVVSHOOLQJV�UHGXFH�
DFFXUDF\

&RPSDUDWLYH�$QDO\VLV

3UHSURFHVVLQJ�DQG�)HDWXUH�&KRLFHV

7KH�FRPSDULVRQ�EHWZHHQ�WKH�PHWKRGV�GLVFXVVHG�LQ�6HFWLRQ�,,�LV�SURYLGHG�LQ�7DEOH����$V�IDU�DV�VHQWLPHQW�
LV�FRQFHUQHG��WKHUH�LV�QR�VXFK�WKLQJ�DV�QHXWUDOLW\�EHFDXVH�SUHSURFHVVLQJ�RSHUDWLRQV�WKDW�DUH�JRRG�IRU�WRSLF�
FODVVLILFDWLRQ�FDQ�DFWXDOO\�GHVWUR\�WKH�WHUPV�ZKLFK�DUH�XVHG�WR�GHWHFW�VHQWLPHQW�>�@��>�@��%DVHG�RQ�WKH�
DQDO\VLV�RI�WKH�OLWHUDWXUH�RQ�WKH�VXEMHFW�PDWWHU��VHYHUDO�UXOHV�FDQ�EH�IRUPXODWHG��,W�VHHPV�UHDVRQDEOH�WR�
FKRRVH�SUHVHQFH�EDVHG�RU�7)�,')�IHDWXUHV�IRU�XQLJUDPV�DQG ELJUDPV�DV�DQ�HIIHFWLYH�ZD\�WR�VWDUW�>�@��
>��@��3UHSURFHVVLQJ�QHHGV�WR�GHSHQG�RQ�WKH�SODWIRUP�VLQFH�VRFLDO�PHGLD�DUH�OHVV�IRUPDO�WKDQ�WKH�UHYLHZV�
>��@��>��@�
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7DEOH ���&RPSDULVRQ�RI�SUHSURFHVVLQJ�DQG�IHDWXUH�WHFKQLTXHV

7HFKQLTXH :KDW�LW�GRHV %HQHILW 5LVN�IRU�VHQWLPHQW

7RNHQLVDWLRQ 6SOLWV�WH[W�LQWR�XQLWV 5HTXLUHG�ILUVW�VWHS 1DLYH�UXOHV�VSOLW�
HPRWLFRQV��KDVKWDJV�
DQG�FRQWUDFWLRQV�EDGO\

6WRS�ZRUG�UHPRYDO 'URSV�YHU\�IUHTXHQW�
ZRUGV

6PDOOHU�IHDWXUH�VSDFH /LVWV�PD\�FRQWDLQ�
QHJDWLRQV�WKDW�IOLS�
SRODULW\

6WHPPLQJ�>��@ 6WULSV�VXIIL[HV�E\�UXOHV 0HUJHV�ZRUG�YDULDQWV�
FKHDSO\

2YHU�VWHPPLQJ�MRLQV�
XQUHODWHG�ZRUGV

/HPPDWLVDWLRQ 0DSV�WR�GLFWLRQDU\�IRUP 0RUH�DFFXUDWH�WKDQ�
VWHPPLQJ

6ORZHU��QHHGV�
ODQJXDJH�UHVRXUFHV

%DJ�RI�:RUGV &RXQWV�RU�SUHVHQFH�RI�
ZRUGV

6LPSOH�DQG�HIIHFWLYH�>�@ :RUG�RUGHU�DQG�
FRQWH[W�ORVW

1�JUDPV $GGV�ZRUG�VHTXHQFHV &DSWXUHV�VKRUW�QHJDWLRQ�>��@ )HDWXUH�FRXQW�JURZV�
TXLFNO\

7)�,')�>��@ 'RZQ�ZHLJKWV�FRPPRQ�
WHUPV

+LJKOLJKWV�GLVFULPLQDWLYH�
ZRUGV

6SDUVH��FDUULHV�QR�
ZRUG�PHDQLQJ

(PEHGGLQJV�>��@ 'HQVH�ZRUG�YHFWRUV 5HODWHG�ZRUGV�OLH�FORVH 2QH�YHFWRU�SHU�ZRUG��
UHJDUGOHVV�RI�FRQWH[W

&ODVVLILHUV

&RPSDULVRQ�RI�WKH�IRXU�FODVVLILHUV�LV�JLYHQ�LQ�7DEOH����6RXUFHV�WKDW�ZHUH�DQDO\]HG LQ�WKLV�SDSHU�GLG�QRW�
GHFODUH�DQ\�ZLQQHUV�DPRQJ�WKHP��690V�ZHUH�WKH�WRS�FODVVLILHU�GXULQJ�WKH�LQLWLDO�FRPSDULVRQ�>�@�DQG�
ZRUN�ZHOO�ZLWK�VSDUVH�WH[WV�>��@��ZKLOH�1DLYH�%D\HV�FODVVLILHU�ZDV�EHWWHU�DW�DQDO\]LQJ�VKRUW�WH[WV�>��@�
DQG��EHLQJ�LQWHJUDWHG�ZLWK�7)�,')�IHDWXUH�VHW��FDQ�VWLOO�EH�DSSOLHG�HIILFLHQWO\�WR�D�VWUHDP�RI�WZHHWV�>��@��
$FFRUGLQJ�WR�.KDQ�HW�DO���690�DQG�5DQGRP�)RUHVW�DUH�FRPSOLPHQWDU\�FODVVLILHUV�>��@��&KRLFH�RI�WKH�
EHVW�FODVVLILHU�UHOLHV�RQ�WKH�WH[W�VL]H�DQG�WKH�DPRXQW�RI�GDWD�DYDLODEOH��DPRQJ�RWKHU�IDFWRUV�

7DEOH ���&RPSDULVRQ�RI�FODVVLFDO�FODVVLILHUV�IRU�VHQWLPHQW

$OJRULWKP %DVLF�LGHD 6WUHQJWKV :HDNQHVVHV

1DLYH�%D\HV�>��@ %D\HV
�UXOH�ZLWK�ZRUG�
LQGHSHQGHQFH

9HU\�IDVW��ZRUNV�ZLWK�
OLWWOH�GDWD��JRRG�RQ�
VKRUW�WH[W�>��@

,QGHSHQGHQFH�DVVXPSWLRQ�
LJQRUHV�ZRUG�LQWHUDFWLRQV

/RJLVWLF�5HJUHVVLRQ /LQHDU�VFRUH�SDVVHG�
WKURXJK�D�VLJPRLG

3UREDELOLVWLF�RXWSXW��
LQVSHFWDEOH ZHLJKWV

/LQHDU�ERXQGDU\��UHOLHV�RQ�
JRRG�IHDWXUHV

690�>��@ 0D[LPXP�PDUJLQ�
K\SHUSODQH

6WURQJ�RQ�KLJK�
GLPHQVLRQDO�VSDUVH�WH[W�
>��@��EHVW�RI�WKUHH�LQ�>�@

6HQVLWLYH�WR�& DQG�NHUQHO��
QR�GLUHFW�SUREDELOLWLHV
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$OJRULWKP %DVLF�LGHD 6WUHQJWKV :HDNQHVVHV

5DQGRP�)RUHVW�>��@ 0DQ\�WUHHV��PDMRULW\�YRWH &DSWXUHV�QRQ�OLQHDU�
SDWWHUQV��UHVLVWV�
RYHUILWWLQJ

/HVV�HIILFLHQW�RQ�YHU\�
VSDUVH��KLJK�GLPHQVLRQDO�
WH[W��ODUJHU�PRGHOV

&ODVVLFDO�DQG�7UDQVIRUPHU�%DVHG�0RGHOV

7DEOH� � SURYLGHV� D� TXDOLWDWLYH� DVVHVVPHQW� RI� WKH� GLIIHUHQFHV�� 7UDQVIRUPHU� DUFKLWHFWXUHV�PDQDJH� WKH�
SUREOHP�RI�FRQWH[W�DQG�ZRUG�RUGHULQJ�PRUH�HIIHFWLYHO\�EXW�UHTXLUH�JUHDWHU�DPRXQWV�RI�FRPSXWDWLRQDO�
UHVRXUFHV�DQG�ODEHOHG�GDWD�WR�ILQH�WXQH�>��@��>��@��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKLV�LV�TXDOLWDWLYH�DQDO\VLV��
QRW�TXDQWLWDWLYH��$�SURSHU�TXDQWLWDWLYH�FRPSDULVRQ�UHTXLUHV�VLPLODU�VHWWLQJV�DFURVV�UHYLHZHG�H[SHULPHQWV��
VRPHWKLQJ�WKDW�LV�UDUHO\�IRXQG�>�@�

7DEOH ���&ODVVLFDO�PDFKLQH�OHDUQLQJ�YHUVXV�WUDQVIRUPHU�PRGHOV

$VSHFW &ODVVLFDO�0/ 7UDQVIRUPHU�EDVHG

5HSUHVHQWDWLRQ 6SDUVH�FRXQWV�RU�7)�,')��ZRUG�RUGHU�
PRVWO\�LJQRUHG

&RQWH[WXDO�YHFWRUV��VHQVLWLYH�WR�
ZRUG�RUGHU

/DEHOOHG�GDWD :RUNV�ZLWK�PRGHVW�DPRXQWV 3UH�WUDLQLQJ�UHGXFHV�QHHG��EXW�ILQH�
WXQLQJ�VWLOO�QHHGV�ODEHOV

&RPSXWH /RZ��WUDLQV�RQ�D�&38 +LJK��*38V�IRU�WUDLQLQJ��FRVWO\�
LQIHUHQFH

,QWHUSUHWDELOLW\ )HDWXUH�ZHLJKWV�FDQ�EH�LQVSHFWHG�GLUHFWO\ +DUGHU�WR�H[SODLQ

&RQWH[W��QHJDWLRQ /RFDO�RQO\��WKURXJK�Q�JUDPV %HWWHU��DFFRUGLQJ�WR�WKH�VXUYH\V�
>��@��>��@

0DQ\�ODQJXDJHV 6HSDUDWH�UHVRXUFHV�SHU�ODQJXDJH 0XOWLOLQJXDO�HQFRGHUV�H[LVW�>��@

(YDOXDWLRQ�3UDFWLFHV

$FFXUDF\� LV� WKH� UDWLR� RI� FRUUHFW� SUHGLFWLRQV�� KRZHYHU�� DFFXUDF\� PLJKW� JLYH� D� PLVOHDGLQJ� UHVXOW� IRU�
LPEDODQFHG�GDWDVHWV�EHFDXVH�DQ�LQFRUUHFW�SUHGLFWLRQ�WKDW�DOZD\V�FODVVLILHV�WKH�PRVW�FRPPRQ�FODVV�FDQ�
VWLOO�\LHOG�D�KLJK�VFRUH��+HQFH��SUHFLVLRQ��UHFDOO��DQG�)��DUH�DOVR�SURYLGHG�IRU�HDFK�FODVV�

3  �73����73���)3� ���

5  �73����73���)1� ���

)�  ��35 ���3 ��5� ����

ZKHUH�73��)3� DQG�)1�DUH� WUXH� SRVLWLYHV�� IDOVH� SRVLWLYHV� DQG� IDOVH� QHJDWLYHV� UHVSHFWLYHO\��7DNLQJ� WKH�
DYHUDJH�RI�)��SHU�FODVV��PDFUR�)���SXWV�DOO�WKH�FODVVHV�RQ�DQ�HTXDO�IRRWLQJ��6RPH�H[DPSOHV�RI�EHQFKPDUN�
GDWD�VHWV�LQFOXGH�PRYLH�UHYLHZV�>��@��6WDQIRUG�6HQWLPHQW�7UHH�%DQN�>��@�DQG�WZHHWV�DQQRWDWHG�E\�GLVWDQW�
VXSHUYLVLRQ�WKURXJK�HPRWLFRQV�>��@��7KHVH�GDWD�VHWV�YDU\�ZLWK�UHVSHFW�WR�OHQJWK��GRPDLQ�DV�ZHOO�DV�WKH�
TXDOLW\�RI�ODEHOLQJ��VR�WKDW�D�SHUIRUPDQFH�PHDVXUH�LQ�RQH�GDWD�VHW�FDQQRW�EH�DSSOLHG�GLUHFWO\�WR�DQRWKHU��
DQG�GLYHUVLW\�RI�GDWD�VHWV�DQG�PHDVXUHV�LV�WKH�PDLQ�UHDVRQ�IRU�QRQ�FRPSDUDELOLW\�DPRQJ�UHVHDUFK�VWXGLHV�
>�@�
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$SSOLFDWLRQV

7KLV�SDUW�JLYHV�D�VXPPDU\�RI�ZKHUH�PDFKLQH�OHDUQLQJ�EDVHG�VHQWLPHQW�DQDO\VLV�FDQ�EH�DSSOLHG��DQG�7DEOH�
� JLYHV�D�FRPSDFW�IRUP�RI�WKRVH�PDMRU�DSSOLFDWLRQV�DUHDV��7KHUH�LV�QRW�PXFK�HYLGHQFH�LQ�WKH�VHOHFWHG�
DUWLFOHV�DERXW�WKH�UHVXOWV�RI�LPSOHPHQWDWLRQ�RI�WKH�SURSRVHG�V\VWHPV�

6RFLDO�0HGLD�$QDO\WLFV

3RVWV� DQG� FRPPHQWV� SURYLGH� DQ� H[WUHPHO\� ULFK� DQG� G\QDPLF� VRXUFH� RI� SXEOLF� RSLQLRQ�� 'LVWDQW�
VXSHUYLVLRQ�XVLQJ�HPRWLFRQV�HQDEOHG�WKH�FRQVWUXFWLRQ�RI�ODUJH�WZHHW�FRUSRUD�ZLWKRXW�ODEHOLQJ�>��@��ZKLOH�
FODVVLFDO�DSSURDFKHV�UHPDLQ�DSSOLFDEOH�IRU�WZHHW�FODVVLILFDWLRQ�RQ�D�ODUJH�VFDOH�>��@��7KH�UHYLHZV�DOVR�
KLJKOLJKW�WKH�IDFW�WKDW�ODQJXDJH�YDULHV�DFURVV�SODWIRUPV�DQG�HYROYHV�TXLFNO\�>��@��>��@�

(�&RPPHUFH�DQG�&XVWRPHU�([SHULHQFH

)�7KH�OLNHV�DQG�GLVOLNHV�RI�FRQVXPHUV�IRU�D�VSHFLILF�SURGXFW�RU�VHUYLFH�DUH�FDSWXUHG�YLD�WKHLU�UHYLHZV�DQG�
UDWLQJ�ZKLFK�KHOSV�EXVLQHVVHV�XQGHUVWDQG�UHFXUULQJ�SUREOHPV�ZLWK�ZKDW�WKH\�DUH�RIIHULQJ�DQG�WR�LPSURYH�
LW� >�@�� >��@��5HYLHZV�KDYH�PRUH�GHWDLO� WKDQ� WKH�FRQWHQW�RI�DQ\�VRFLDO�PHGLD�SRVW� VLQFH� WKHUH� LV�PRUH�
WKRXJKW�DQG�WLPH�LQYROYHG�ZKLOH�ZULWLQJ�>�@�

&RQYHUVDWLRQDO�$,�DQG�&XVWRPHU�6XSSRUW

)UXVWUDWLRQ�RU�GLVVDWLVIDFWLRQ�VLJQDOV�FDQ�EH�OLQNHG�WR�FKDWERWV�DV�ZHOO�DV�DQ\�VXSSRUW�WRRO��VR�WKH\�FDQ�
GHWHFW� SUREOHPV� DQG� SULRULWL]H� FDVHV� LPPHGLDWHO\��7KHUH� LV� QR� SURRI� IURP� VFLHQWLILF� UHVHDUFK� RI� WKH�
EHQHILWV�RI�XVLQJ�WKH�WRRO�VLQFH�LW�ZDV�RQO\�PHQWLRQHG�DV�DQ�LQQRYDWLYH�WUHQG�WKDW�VKRXOG�EH�XVHG�LQ�WKH�
IXWXUH��7KH� VPDOO� DPRXQW� RI� LQIRUPDWLRQ� LQFOXGHG� LQ� FKDWV� DQG� UHOLDQFH� RQ� SUHYLRXV� GLDORJXH�PDNH�
FRQWH[W�PDQDJHPHQW�FUXFLDOO\�LPSRUWDQW�

3XEOLF�2SLQLRQ��%UDQG�DQG�0DUNHW�0RQLWRULQJ

2UJDQLVDWLRQV�DUH�JXLGHG�E\�RSLQLRQV�RQ�EUDQGV��SROLFLHV��DQG�HYHQWV�E\�PHDQV�RI�WKH�QHZV��IRUXPV��DQG�
VRFLDO�PHGLD�>�@��>�@��7KH�SHRSOH�ZKR�SRVW�WKHLU�RSLQLRQV�RQ�VRFLDO�PHGLD�DUH�QRW�D�UDQGRP�VHOHFWLRQ�RI�
WKH�HQWLUH�SRSXODWLRQ��WKHUHIRUH��FRQFOXVLRQV�GUDZQ�IURP�WKHVH�UHVXOWV�DSSO\�RQO\�WR�WKH�VHOHFWHG�VDPSOH�

7DEOH ���6XPPDU\�RI�DSSOLFDWLRQ�VHWWLQJV

6HWWLQJ 7\SLFDO�WH[W 7\SLFDO�XVH &DYHDW

6RFLDO�PHGLD 7ZHHWV��FRPPHQWV 7UDFNLQJ�SXEOLF�RSLQLRQ�DQG�
WUHQGV�>��@��>��@

6ODQJ��QRLVH��SODWIRUP�
GULIW

(�FRPPHUFH 3URGXFW�UHYLHZV 6DWLVIDFWLRQ�DQG�UHFXUULQJ�
SUREOHPV�>��@

'RPDLQ�VSHFLILF�
YRFDEXODU\

&XVWRPHU�VXSSRUW &KDW�PHVVDJHV��
WLFNHWV

'HWHFWLQJ�IUXVWUDWLRQ��
SULRULWLVLQJ�FDVHV

/LWWOH�FRQWUROOHG�
HYLGHQFH�LQ�UHWDLQHG�
VRXUFHV

%UDQG�DQG�PDUNHW�
PRQLWRULQJ

1HZV��IRUXPV 5HSXWDWLRQ�DQG�RSLQLRQ�
WUDFNLQJ�>�@

6DPSOLQJ�ELDV
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&KDOOHQJHV�DQG�5HVHDUFK�*DSV

%HORZ�ZH�H[SORUH� WKH� IRXU� LVVXHV�SUHVHQWHG� LQ� WKH� V\QRSVLV� DERYH�DORQJ�ZLWK� WZR� DGGLWLRQDO� LVVXHV��
HYDOXDWLRQ��DQG�UHVRXUFH�FRVW��ZKLFK�ZHUH�GLVFRYHUHG�ZKLOH�UHYLHZLQJ�WKH�OLWHUDWXUH��,Q�HDFK�FDVH��WKH�
GLVFXVVLRQ�KLJKOLJKWV�ZKDW�LV�NQRZQ��ZKDW�LV�SDUWLDOO\�VROYHG��DQG�ZKDW�LV�VWLOO�DQ�RSHQ�LVVXH��7DEOH����

&RQWH[W�8QGHUVWDQGLQJ�

2QH�VDPH�ZRUG�PD\�KDYH�D�GLIIHUHQW�PHDQLQJ�DQG�VHQWLPHQW�LQ�GLIIHUHQW�FRQWH[WV�± �XQSUHGLFWDEOH��LV�
FRQVLGHUHG�SRVLWLYH�IRU�WKULOOHU�SORWV��EXW�QHJDWLYH�IRU�WKH�FDU
V�VWHHULQJ�DELOLW\��7KHUHIRUH��WKH�FODVVLILHUV�
DUH�GRPDLQ�VSHFLILF�>�@��>�@��7KH�%DJ�RI�:RUGV�PRGHOV�QHJOHFW�ZRUG�RUGHULQJ�DQG�Q�JUDP�PRGHOV�RQO\�
DFFRXQW�IRU�ORFDO�QHJDWLRQ�>��@��2Q�WKH�RWKHU�KDQG��FRQWH[WXDO�PRGHOV��OLNH�%(57��PDQDJH�PRVW�RI�WKLV�
SUREOHP�E\�HPEHGGLQJ�HYHU\�ZRUG� LQ� LWV� VHQWHQFH� >�@��KRZHYHU�� FRQWH[W�XQGHUVWDQGLQJ� LV� VWLOO� OLVWHG�
DPRQJ�XQVROYHG�LVVXHV��HVSHFLDOO\�LQ�PXOWLGRPDLQ�VFHQDULRV�DQG�ORQJ�GRFXPHQWV�>��@��>��@�

6DUFDVP�DQG�)LJXUDWLYH�/DQJXDJH

6DUFDVP�DQG�LURQ\�FRQWUDGLFW� WKH�DFWXDO�PHDQLQJ�RI�WKH�SKUDVH��DQG�KHQFH�� WKH�OLWHUDO�RSSRVLWH�RI�WKH�
ZRUGV�XVHG�EHFRPHV�PLVOHDGLQJ�WR�WKH�FODVVLILHU��,W�LV�QRWHG�LQ�D�VWXG\�RQ�DXWRPDWLF�VDUFDVP�GHWHFWLRQ�
WKDW�PRVW�RI�WKH�WHFKQLTXHV�UHO\�RQ�D�GLIIHUHQFH�EHWZHHQ�VHQWLPHQW�DQG�FRQWH[W��DQG�DOVR�UHTXLUH�H[WHUQDO�
FOXHV� EH\RQG� WKH� VHQWHQFH� >��@�� 8VDJH� RI� HPRMLV�� VODQJ�� DQG� K\SHUEROH� PDNHV� WKLQJV HYHQ� PRUH�
DPELJXRXV� >��@��:KDW� LV� ODFNLQJ� LV� UHOLDEOH� GHWHFWLRQ� XVLQJ� FRQWH[WXDO� NQRZOHGJH� DQG� ODEHOOHG� GDWD�
EHFDXVH�LW�LV�VXEMHFWLYH�WR�GHFLGH�ZKHWKHU�WKH�WH[W�LV�VDUFDVWLF�RU�QRW�

0XOWLOLQJXDO�DQG�&RGH�0L[HG�7H[W

0RVW� VHQWLPHQW� UHVRXUFHV� DQG� EHQFKPDUN� GDWDVHWV� DUH� LQ� (QJOLVK�� 8VHUV� RIWHQ� FRPELQH� PXOWLSOH�
ODQJXDJHV� LQWR� RQH� VHQWHQFH�� VXFK� DV� +LQGL� FRPELQHG� ZLWK� (QJOLVK� LQ� URPDQ� VFULSW�� ZKLFK� FDXVHV�
SUREOHPV�ZLWK�YRFDEXODU\�EDVHG�IHDWXUHV�DQG�VWDQGDUG�WRNHQL]HUV��&RGH�PL[HG�6HP(YDO������GDWDVHW�
ZDV� FUHDWHG� IRU� WKH� +LQGL�(QJOLVK� DQG� 6SDQLVK�(QJOLVK� WZHHW� FODVVLILFDWLRQ� FKDOOHQJH� WR� PRWLYDWH�
UHVHDUFK� LQ� WKLV� DUHD� >��@�� DQG� PXOWLOLQJXDO� HQFRGHUV� OLNH� ;/0�5� JHQHUDOL]H� DFURVV� RQH� KXQGUHG�
ODQJXDJHV�>��@��1RQHWKHOHVV��PXOWLOLQJXDO�GDWDVHWV�DUH�VWLOO�FLWHG�DV�RQH�RI�WKH�RSHQ�FKDOOHQJHV�E\�0DR�
HW�DO��>��@��7KH�SUREOHP�LV�UHOHYDQW�WR�PXOWLOLQJXDO�FRXQWULHV�OLNH�,QGLD��ZKHUH�FRGH�PL[LQJ�RI�ODQJXDJHV�
LV� FRPPRQSODFH�� DQG� GDWDVHWV� LQ� PDQ\� ODQJXDJH� SDLUV� DQG� YDULDWLRQV� RI� WUDQVOLWHUDWLRQ� VSHOOLQJ� DUH�
UHTXLUHG�

1RLV\�DQG�8QVWUXFWXUHG�'DWD

7KH�VRFLDO�PHGLD�WH[W�KDV�PLVVSHOOLQJV��DFURQ\PV��KDVKWDJV��HPRWLFRQV��HORQJDWHG�ZRUGV��DQG�VHQWHQFH�
IUDJPHQWV�� 7KH� UXOH�EDVHG� DSSURDFKHV� DUH� HTXLSSHG� WR� KDQGOH� VRPH� RI� WKHVH� LVVXHV� >��@�� ,QIRUPDO�
ODQJXDJH�XVH�LQ�VRFLDO�PHGLD�GDWD�KDV�EHHQ�VKRZQ�WR�UHGXFH�WKH�SHUIRUPDQFH�RI�FODVVLFDO�PRGHOV�>��@��
>��@�� >��@�� 7KH� QRUPDOLVDWLRQ� SURFHVV� LV� XVHIXO�� EXW� LW� UHPRYHV� LPSRUWDQW� LQIRUPDWLRQ� OLNH� OHWWHU�
UHSHWLWLRQV�RU�FDSLWDOL]DWLRQ�ZKLFK�VLJQLI\�VWUHQJWK�RI�IHHOLQJ�

(YDOXDWLRQ�DQG�5HSURGXFLELOLW\

6FRUHV�FDQQRW�HDVLO\�EH�FRPSDUHG�EHWZHHQ�GLIIHUHQW�ZRUNV�GXH�WR�XVLQJ�YDULRXV�FRUSRUD��VSOLWWLQJ�DQG�
PHWULFV�>�@��$�FRPPRQ�VHW�RI�EHQFKPDUNV�DQG�UHSRUWLQJ�RI�YDULDELOLW\�DFURVV�VHYHUDO�UXQV�DORQJ�ZLWK�
PDFUR�DYHUDJHG�PHWULFV�FRXOG�VROYH�WKLV�SUREOHP�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͑͏͑и�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib(ϙϙиϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͖͔͏

&RPSXWDWLRQDO�&RVWV�DQG�'DWD�5HTXLUHPHQWV

7KH�EHVW�FRQWH[W�VHQVLWLYH�DSSURDFKHV�DUH�FRPSXWDWLRQDOO\�FRVWO\�DQG�UHTXLUH�KLJK�TXDOLW\�WUDLQLQJ�GDWD�
>��@��7KLV�EHFRPHV�DQ�LVVXH�LQ�SUDFWLFH�ZKHQ�DSSO\LQJ�FRQWH[W�VHQVLWLYH�PRGHOV�LQ�VPDOO�RUJDQL]DWLRQV�
DQG�LQ�ORZ�UHVRXUFH�ODQJXDJHV�

7DEOH ���5HVHDUFK�JDSV��H[LVWLQJ�SURJUHVV�DQG�RSHQ�SUREOHPV

)XWXUH�'LUHFWLRQV

7KHVH�VKRUWFRPLQJV�SURYLGH�SRLQWHUV�LQ�D�IHZ�SRVVLEOH�IXWXUH�UHVHDUFK�GLUHFWLRQV��)LUVW��RQH�LV�PDNLQJ�
FRQWH[W�DZDUH� V\VWHPV�PRUH� FRVW�HIIHFWLYH�� LQ� RUGHU� WR� HQDEOH� VPDOOHU� RUJDQL]DWLRQV� DFKLHYH� FRQWH[W�
DZDUHQHVV�FRPSDUDEOH�WR�WUDQVIRUPHU�DUFKLWHFWXUHV�DW�UHGXFHG�FRPSXWDWLRQDO�H[SHQVHV�>��@��7KH�VHFRQG�
GLUHFWLRQ� LV� GRPDLQ� DGDSWDWLRQ�� ZKLFK� ZLOO� GHFUHDVH� WKH� QHHG� WR� UHODEHO� GDWDVHWV� LQ� FDVH� RI� QRYHO�
FDWHJRULHV�RI�SURGXFWV�RU�RWKHU�SODWIRUPV��7KH�WKLUG�LV�EHWWHU�SURFHVVLQJ�RI�VDUFDVP�WDNLQJ�DGYDQWDJH�RI�
FRQYHUVDWLRQ�OHYHO�FRQWH[W�>��@��DQG�WKH�IRXUWK�LV�FUHDWLRQ�RI�ODEHOHG�UHVRXUFHV�IRU�FRGH�PL[HG�DQG�XQGHU�
UHVRXUFHG� ODQJXDJHV� >��@�� 7ROHUDQW� SUH�SURFHVVLQJ� DEOH� WR� SUHVHUYH� LQWHQVLW\� PDUNHUV� >�@�� FRPPRQ�
EHQFKPDUNLQJ�IUDPHZRUN�DQG�UHSRUW�VWDQGDUGV�>�@��DV�ZHOO�DV�V\VWHPV�K\EULGL]LQJ�VHQWLPHQW�OH[LFRQV�
DQG�OHDUQHG�PHWKRGV�>�@��>�@�DUH�WKH�ODVW�WZR�LWHPV�RI�WKH�OLVW�

7KH�LVVXH�RI�UHVSRQVLEOH�XVH�FDQQRW�EH�RYHUORRNHG�HLWKHU��2QH�FDQ�DVVXPH�WKDW�WUDLQLQJ�GDWDVHWV�UHIOHFW�
FHUWDLQ�VRFLHWDO�ELDVHV�RI�WKH�FRPPXQLWLHV�RI�RULJLQ��DQG�SURFHVVLQJ�SHUVRQDOO\�LGHQWLILDEOH�SRVWV�JLYHV�
UDLVH�WR�SULYDF\�FRQFHUQV��6XFK�TXHVWLRQV�DUH�RXWVLGH�WKH�VFRSH�RI�WKH�UHWDLQHG�UHIHUHQFHV�EXW�PXVW�EH�
FRQVLGHUHG�LQ�SUDFWLFH�QHYHUWKHOHVV�

*DS (VWDEOLVKHG�RU�SDUWO\�
VROYHG

:KDW�UHPDLQV�RSHQ 'LUHFWLRQ

&RQWH[W /RFDO�QHJDWLRQ�YLD�Q�
JUDPV�>��@��FRQWH[WXDO�
HQFRGHUV�>�@

'RPDLQ�VKLIW��ORQJ�WH[WV�
>��@

'RPDLQ�DGDSWDWLRQ��
HIILFLHQW�ILQH�WXQLQJ

6DUFDVP 'HWHFWLRQ�DSSURDFKHV�
VXUYH\HG�>��@

1HHGV�FRQWH[W�EH\RQG�
WKH�VHQWHQFH

&RQYHUVDWLRQ�OHYHO�DQG�
ZRUOG�NQRZOHGJH�FXHV

0XOWLOLQJXDO��FRGH�
PL[HG

6KDUHG�WDVN�>��@��
PXOWLOLQJXDO�HQFRGHUV�
>��@

)HZ�ODEHOOHG�GDWDVHWV��
WUDQVOLWHUDWLRQ

1HZ�GDWDVHWV��UREXVW�
KDQGOLQJ�RI�PL[HG�
VFULSWV

1RLV\�WH[W 5XOH�EDVHG�WRROV�>��@��
QRUPDOLVDWLRQ

6SHOOLQJ�YDULDWLRQ��
HPRMLV��ORVV�RI�LQWHQVLW\�
FXHV

1RLVH�UREXVW�
SUHSURFHVVLQJ

(YDOXDWLRQ 0DQ\�EHQFKPDUNV�>��@��
>��@��>��@

1R�FRPPRQ�SURWRFRO�>�@ 6KDUHG�EHQFKPDUNV�DQG�
UHSRUWLQJ

5HVRXUFH�FRVW 6XUYH\V�RI�FRVWV�>��@ $IIRUGDEOH�FRQWH[W�
DZDUH�PRGHOV

/LJKWHU�PRGHOV
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&RQFOXVLRQ
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EXW�WKH\�UHTXLUH�PRUH�FRPSXWDWLRQDO�UHVRXUFHV�DQG�GDWD��)RXUWK��FRQWH[W��VDUFDVP��PXOWLOLQJXDO�DQG FRGH�
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