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$PUXWD�6DQJWDQL

'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH
$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ

3XQH��0DKDUDVKWUD��,QGLD�$FDGHPLF�<HDU������±�����(PDLO��DPUXWD�VDQJWDQL#G\SLF�LQ

3URI��3RRMD�'HKDQNDU

'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH
$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ

3XQH��0DKDUDVKWUD��,QGLD�(PDLO��SRRMDGHKDQNDU#G\SLF�LQ

'U��9LVKDO�3XUDQLN

7HFKQLFDO�6HPLQDU�&RRUGLQDWRU�(PDLO��YLVKDOSXUD#JPDLO�FRP

$EVWUDFW

%HIRUH�D�EXJ�UHSRUW�FDQ�EH�DVVLJQHG�WR�DQ\RQH��VRPHERG\�KDV�WR�GHFLGH�ZKDW�NLQG�RI�SUREOHP�LW�GHVFULEHV��
KRZ�VHULRXV�LW�LV��KRZ�VRRQ�LW�QHHGV�DWWHQWLRQ�DQG�ZKLFK�FRPSRQHQW�LW�WRXFKHV��,Q�EXV\�SURMHFWV�WKLV�WULDJH�
ZRUN�SLOHV�XS��DQG�WZR�SHRSOH�UHDGLQJ�WKH�VDPH�UHSRUW�RIWHQ�GLVDJUHH��/DUJH�/DQJXDJH�0RGHOV��//0V��
FODVVLI\�WH[W�ZHOO��EXW�WKH\�DUH�FRVWO\�WR�UXQ�DQG�DZNZDUG�WR�GHSOR\�IRU�HYHU\GD\ WULDJH� 6PDOO /DQJXDJH
0RGHOV �6/0V� QHHG IDU OHVV KDUGZDUH� \HW QRERG\ KDV VKRZQ WKDW�WKH\ FRSHZLWK WKH QRLV\� FRGH�ILOOHG WH[W
RI UHDO EXJ UHSRUWV� 7KLV SDSHU UHYLHZV WHQ UHFHQW VWXGLHV DQG�SURSRVHV�D�GHVLJQ�LQ�ZKLFK�DQ�6/0�VXJJHVWV�
ODEHOV�DQG�D�VKRUW�VXPPDU\��D�UXOH�EDVHG�OD\HU�FKHFNV�WKHP��DQG�UHSRUWV WKH�PRGHO�LV�XQVXUH�DERXW�JR�WR�D�
KXPDQ�WULDJHU��:H�DOVR�VHW�RXW�KRZ�WKH�GHVLJQ�VKRXOG EH HYDOXDWHG� 1RWKLQJ KDV EHHQ LPSOHPHQWHG� VR WKH
SDSHU PDNHV QR FODLP DERXW DFFXUDF\ RU�VSHHG�

.H\ZRUGV� 6PDOO /DQJXDJH 0RGHOV� %XJ 5HSRUW &ODVVLILFDWLRQ� 6RIWZDUH 0DLQWHQDQFH� %XJ 7ULDJH��%XJ�
5HSRUW�6XPPDUL]DWLRQ��=HUR�6KRW�&ODVVLILFDWLRQ��.QRZOHGJH�'LVWLOODWLRQ��/DUJH�/DQJXDJH�0RGHOV�

,QWURGXFWLRQ

:KHUHYHU VRIWZDUH KDV XVHUV� EXJ UHSRUWV IROORZ� $ W\SLFDO UHSRUW FDUULHV D WLWOH� D GHVFULSWLRQ� VWHSV WR�
UHSURGXFH� SHUKDSV D ORJ RU VWDFN WUDFH� DQG VRPH PHWDGDWD� %HIRUH ZRUN FDQ EHJLQ� D WULDJHU UHDGV LW�DQG
DQVZHUV D IHZ TXHVWLRQV� LV WKLV D UHDO GHIHFW RU D IHDWXUH UHTXHVW� KRZ VHYHUH LV LW� KRZ XUJHQW� DQG�ZKLFK
FRPSRQHQW GRHV LW DIIHFW" 7KLV VRUWLQJ LV FDOOHG EXJ UHSRUW FODVVLILFDWLRQ DQG LV RQH SDUW RI EXJ�WULDJH��$V�WKH�
QXPEHU� RI� UHSRUWV� JURZV�� LW� EHFRPHV� D� ERWWOHQHFN�� DQG� WKH� ODEHO� D� UHSRUW� UHFHLYHV� FDQ� GHSHQG RQ ZKR
KDSSHQHG WR UHDG LW� (DUOLHU DXWRPDWLRQ UHOLHG RQ FODVVLFDO PDFKLQH OHDUQLQJ DQG GHHS�OHDUQLQJ� IRU H[DPSOH
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&11� /670 DQG N11 PRGHOV WUDLQHG RQ SURMHFWV VXFK DV (FOLSVH DQG 0R]LOOD�>�@��0RUH�UHFHQWO\�//0V�
KDYH� EHHQ� WULHG� RQ� EXJ� UHSRUWV� >�@�� >�@�� EXW� WKH\� DUH� H[SHQVLYH� DQG� XVXDOO\� UHDFKHG� WKURXJK� ODUJH�
LQIUDVWUXFWXUH��6PDOO�/DQJXDJH�0RGHOV�ORRN�OLNH�D�SRVVLEOH�PLGGOH�SDWK��EHFDXVH VWXGLHV RXWVLGH WKH EXJ
UHSRUW GRPDLQ VD\ WKH\ FDQ PDWFK RU FRPH FORVH WR ODUJHU PRGHOV RQ� FODVVLILFDWLRQ ZKLOH XVLQJ IHZHU
UHVRXUFHV >�@� >�@� %XJ UHSRUWV DUH VKRUW� LQIRUPDO� WHFKQLFDO DQG RIWHQ�PL[HG�ZLWK�FRGH��VR�ZKHWKHU�WKDW�UHVXOW�
FDUULHV�RYHU�LV�VWLOO�RSHQ�

6PDOO�/DQJXDJH�0RGHOV��/DQJXDJH�PRGHOV�EXLOW� RQ� WKH� WUDQVIRUPHU� DUFKLWHFWXUH� OHDUQ� IURP� ODUJH� WH[W�
FRUSRUD��+HUH��D�VPDOO�PRGHO�PHDQV�RQH�ZLWK�URXJKO\�D�KXQGUHG�PLOOLRQ�WR�D�IHZ�ELOOLRQ�SDUDPHWHUV� RQH
HPSLULFDO VWXG\ RI ]HUR�VKRW FODVVLILFDWLRQ WDNHV ��0 WR �% SDUDPHWHUV DV LWV GHILQLWLRQ RI VPDOO >�@�
6XFKPRGHOV QHHG OHVV PHPRU\ DQG FRPSXWDWLRQ� VR WKH\ FDQ UXQ RQ FRQVXPHU�JUDGH�KDUGZDUH�>�@�DQG��ZLWK�
VXLWDEOH WHFKQLTXHV��RQ�GHYLFHV�>��@�

3UREOHP�DQG�0RWLYDWLRQ��&ODVVLI\LQJ�D�EXJ�UHSRUW�PHDQV�PDNLQJ�VHYHUDO�OLQNHG�GHFLVLRQV��W\SH��VHYHULW\��
SULRULW\�DQG�FRPSRQHQW��IURP�WH[W�WKDW�LV�QRLV\�DQG�XQHYHQO\�ZULWWHQ��:H�GR�QRW�ZDQW�WR�UHPRYH�WKH�WULDJHU��
7KH�JRDO�LV�WR KDQG�WKHP�D�TXLFN�ILUVW�ODEHO�IURP�D�PRGHO�VPDOO�HQRXJK�WR�UXQ�ORFDOO\�RU�RQ�SUHPLVHV��DQG�
WR�FKHFN�WKDW�ODEHO�DJDLQVW�H[SOLFLW�UXOHV�EHIRUH�DQ\RQH�VHHV�LW�

7KLV� SDSHU� PDNHV� IRXU� FRQWULEXWLRQV�� )LUVW�� LW� UHYLHZV� UHFHQW� ZRUN� RQ� 6/0V�� //0V� DQG� EXJ� UHSRUW�
DQDO\VLV�6HFRQG��LW�SURSRVHV�D�VWUXFWXUHG�ZD\�WR�FODVVLI\�DQG�VXPPDUL]H�EXJ�UHSRUWV�ZLWK�DQ�6/0��7KLUG��
LW� DGGV� UXOH�EDVHG�YDOLGDWLRQ�DQG�KXPDQ� UHYLHZ�DURXQG� WKH�PRGHO�RXWSXW��)RXUWK�� LW� GHILQHV� HYDOXDWLRQ
FULWHULD DQG GLVFXVVHV OLPLWDWLRQV DQG IXWXUH ZRUN� 7KH SDSHU LV RUJDQL]HG DV IROORZV� 7KH�/LWHUDWXUH�5HYLHZ�
JLYHV� WKH� WKHRUHWLFDO� EDFNJURXQG� DQG� 5HODWHG� :RUN� VXUYH\V� WHQ� VWXGLHV�� 7KH� 3UREOHP� 6WDWHPHQW� DQG�
5HVHDUFK�2EMHFWLYHV�IROORZ��WKHQ�WKH�3URSRVHG�6\VWHP�$UFKLWHFWXUH�DQG�WKH�0HWKRGRORJ\� 7KH (YDOXDWLRQ
)UDPHZRUN� ([SHFWHG 2XWFRPHV DQG 'LVFXVVLRQ� DQG /LPLWDWLRQV DQG�)XWXUH�:RUN�FRPH�QH[W�� DQG� WKH�
&RQFOXVLRQ�FORVHV�WKH�SDSHU�

/LWHUDWXUH 5HYLHZ

%XJ� UHSRUWV� DQG� FODVVLILFDWLRQ�� $� EXJ� UHSRUW� LV� D� QDWXUDO�ODQJXDJH� UHFRUG� RI� XQH[SHFWHG� VRIWZDUH�
EHKDYLRXU��7KH�XVXDO�FODVVLILFDWLRQ�WDUJHWV�DUH�WKH�UHSRUW�W\SH��EXJ��IHDWXUH�UHTXHVW��TXHVWLRQ���WKH�VHYHULW\�
�KRZ�PXFK�WKH�IDLOXUH�KDUPV�WKH�XVHU���WKH�SULRULW\��KRZ�VRRQ�LW�VKRXOG�EH�IL[HG��DQG�WKH�FRPSRQHQW��WKH�
SDUW�RI�WKH�V\VWHP�LQYROYHG���6XUYH\V�ILQG�WKDW�FDWHJRUL]DWLRQ�LV�WKH�PRVW�FRPPRQ�WDVN�LQ�OHDUQLQJ�EDVHG�
EXJ� UHSRUW� DQDO\VLV�� IROORZHG� E\� EXJ� ORFDOL]DWLRQ� DQG� VHYHULW\� SUHGLFWLRQ� >�@�� 5HODWHG YDULDQWV LQFOXGH
FRQILJXUDWLRQ EXJ FODVVLILFDWLRQ >�@ DQG VWUXFWXUHG EXJ UHSRUW JHQHUDWLRQ >�@��$GDSWDWLRQ RI 6/0V� )RXU
URXWHV DUH FRPPRQ� ,Q ]HUR�VKRW SURPSWLQJ WKH PRGHO VHHV WKH UHSRUW DQG�D�GHVFULSWLRQ�RI�WKH�ODEHOV��ZLWK�QR�
WUDLQLQJ�H[DPSOHV�>�@��>�@��,Q�IHZ�VKRW�SURPSWLQJ�D�KDQGIXO�RI�ODEHOOHG H[DPSOHV DUH DGGHG WR WKH SURPSW�
,Q ILQH�WXQLQJ WKH ZHLJKWV DUH XSGDWHG RQ ODEHOOHG UHSRUWV�IURP�WKH�WDUJHW�GRPDLQ��ZKLFK�FDQ�UDLVH�DFFXUDF\�
EXW�FRVWV�GDWD�DQG�HIIRUW�>�@��,Q�NQRZOHGJH�GLVWLOODWLRQ D VPDOOHU VWXGHQW PRGHO LV WUDLQHG WR LPLWDWH D ODUJHU
WHDFKHU >�@� DOWKRXJK VRPH UHDVRQLQJ�DELOLW\�FDQ�EH�ORVW�DORQJ�WKH�ZD\�

&ODVVLILFDWLRQ IRUPXODWLRQ� /HW [ EH WKH SURFHVVHG WH[W RI D EXJ UHSRUW DQG ^F�� «� F.` D VHW RI ODEHOV��
7KHPRGHO�JLYHV�D�VFRUH�]N IRU�HYHU\�ODEHO��DQG�WKH�SUREDELOLW\�RI�ODEHO�FN LV
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)RU�JHQHUDWLYH�6/0V�WKH�VFRUHV�FDQ�FRPH�IURP�WKH�OLNHOLKRRG�RI�WKH�ODEHO�WRNHQV�JLYHQ�D�SURPSW��ZKLFK�LV�
KRZ�VFRULQJ�IXQFWLRQV�DUH�FRPSDUHG�LQ�]HUR�VKRW�VWXGLHV�>�@�

'HWHUPLQLVWLF�YDOLGDWLRQ��9DOLGDWLRQ�DSSOLHV�H[SOLFLW�UXOHV�WKDW�DOZD\V�JLYH�WKH�VDPH�UHVXOW�IRU�WKH�VDPH�
LQSXW��)RU�FODVVLILFDWLRQ�� WKH�UXOHV�FDQ�FKHFN� WKDW� WKH�RXWSXW� LV�RQH�RI� WKH�DOORZHG� ODEHOV�� WKDW� ODEHOV IRU
GLIIHUHQW ILHOGV DJUHH ZLWK HDFK RWKHU� DQG WKDW WKH UHTXLUHG ILHOGV ZHUH SUHVHQW LQ WKH UHSRUW��6XFK�FKHFNV�
FDQQRW�WHOO�ZKHWKHU�D�VHYHULW\�OHYHO�LV�ULJKW�IRU�WKH�EXVLQHVV�

5HODWHG :RUN

:H UHYLHZHG WHQ SDSHUV RQ EXJ UHSRUW FODVVLILFDWLRQ DQG JHQHUDWLRQ� VPDOO ODQJXDJH PRGHO HYDOXDWLRQ��
PXOWLOLQJXDO�DQG�HIILFLHQW�PRGHOV��DQG�VXUYH\V�RI�ODQJXDJH�PRGHOV�LQ�VRIWZDUH�HQJLQHHULQJ��7DEOH���JLYHV�
WKH�PHWKRGRORJ\��ILQGLQJV�DQG�OLPLWDWLRQV�RI�HDFK�

/DQJXDJH 0RGHOV IRU %XJ 5HSRUW $QDO\VLV

$FKDU\D�VWXGLHV�EXJ�UHSRUWV�ZLWK�JUDSK�QHXUDO�QHWZRUNV�DQG�LQVWUXFWLRQ�ILQH�WXQHG�//0V��FRYHULQJ�VHYHULW\
SUHGLFWLRQ DQG WKH JHQHUDWLRQ RI VWUXFWXUHG UHSRUWV >�@� 7KH VWXG\ VKRZV WKDW ODQJXDJH PRGHOV�FDQ�EH�XVHIXO�
RQ�EXJ�UHSRUWV��EXW�LW�GHSHQGV�RQ�ODUJH�PRGHOV�DQG�D�KLJK�FRPSXWDWLRQDO�FRVW��/RSH]�'XUDQ HW DO� FRPELQH
//0V DQG HQFRGHUV IRU FRQILJXUDWLRQ EXJ FODVVLILFDWLRQ >�@� /RQJ HW DO� UHYLHZ�PDFKLQH OHDUQLQJ DQG GHHS
OHDUQLQJ DSSURDFKHV WR EXJ UHSRUW DQDO\VLV DQG LGHQWLI\ WUHQGV� GDWDVHWV DQG�FKDOOHQJHV >�@� WKH\ DOVR SRLQW RXW
WKDW KHDYLHU PRGHOV VXFK DV %(57 ZHUH XQGHUXVHG EHFDXVH RI WKHLU�FRPSOH[LW\�

6PDOO /DQJXDJH 0RGHOV IRU =HUR�6KRW &ODVVLILFDWLRQ

/HSDJQRO HW DO� FRPSDUH VPDOO DQG ODUJH PRGHOV IRU ]HUR�VKRW FODVVLILFDWLRQ DFURVV PDQ\ GDWDVHWV DQG�ILQG
WKH VPDOO RQHV RQ SDU ZLWK� RU EHWWHU WKDQ� ODUJHU RQHV LQ VHYHUDO FDVHV >�@� 7KH GDWDVHWV DUH JHQHUDO� WH[W
FODVVLILFDWLRQ GDWDVHWV� QRW EXJ UHSRUWV� ZKLFK LV ZK\ WKH UHVXOW QHHGV WR EH FKHFNHG RQ EXJ UHSRUW�WH[W�

&RPSDULQJ /DUJH DQG 6PDOO /DQJXDJH 0RGHOV <X HW DO� FRPSDUH //0V DQG 6/0V DQG UHSRUW ORZHU
LQIHUHQFH FRVW ZLWK FRPSHWLWLYH DFFXUDF\� DW WKH�SULFH�RI�GRPDLQ�VSHFLILF�ILQH�WXQLQJ�>�@��7KLV�LV�WKH�FHQWUDO�
WUDGH�RII�IRU�WULDJH��D�FKHDSHU�PRGHO�LV�DWWUDFWLYH�RQO\�LI�WKH�HIIRUW�RI�DGDSWLQJ�LW�VWD\V�PDQDJHDEOH�

0XOWLOLQJXDO 3URPSWLQJ

%DQHUMHH�HW�DO��XVH�PXOWLOLQJXDO�SURPSWLQJ�ZLWK�6/0V�IRU�TXHU\�FODVVLILFDWLRQ�>�@��3URMHFWV�ZLWK�D�JOREDO�
XVHU�EDVH�RIWHQ UHFHLYH� UHSRUWV� LQ�PRUH� WKDQ�RQH� ODQJXDJH�� VR� WKLV�PDWWHUV�� DOWKRXJK� WKH�ZRUN�ZDV�QRW�
HYDOXDWHG�RQ�EXJ�UHSRUWV�

.QRZOHGJH 'LVWLOODWLRQ

:DQJ HW DO� GLVWLO NQRZOHGJH IURP //0V LQWR 6/0V IRU VXPPDUL]DWLRQ DQG QRWH WKDW VRPH UHDVRQLQJ�DELOLW\
LV ORVW >�@� 7KDW ORVV LV D FRQFHUQ IRU VHYHULW\ DQG SULRULW\ GHFLVLRQV� ZKLFK GHSHQG RQ UHDVRQLQJ�DERXW�LPSDFW�

6/0V LQ 6RIWZDUH (QJLQHHULQJ DQG 2Q�'HYLFH (IILFLHQF\
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*KH\L HW DO� DSSO\ 6/0V WR GHWHFW UHIDFWRULQJ EXJV DW ORZHU FRPSXWDWLRQDO FRVW� EXW YDOLGDWLRQ DFURVV�SURMHFWV
LV OLPLWHG >�@� =KDQJ HW DO� VXUYH\ ODQJXDJH PRGHOV IRU VRIWZDUH HQJLQHHULQJ� LQFOXGLQJ FRGH�XQGHUVWDQGLQJ�
EXJ GHWHFWLRQ DQG PDLQWHQDQFH >�@� DQG ;LD HW DO� GLVFXVV HIILFLHQW RQ�GHYLFH ODQJXDJH�PRGHOV�>��@�

/LWHUDWXUH 6XUYH\

7DEOH �� 6HOHFWHG /LWHUDWXUH 5HYLHZ

$XWKRU � <HDU 0HWKRGRORJ\ 8VHG .H\�)LQGLQJV /LPLWDWLRQV

$FKDU\D
������

>�@

*UDSK�1HXUDO�1HWZRUNV�
�*UDSK6$*(��*$7��DQG�
LQVWUXFWLRQ ILQH�WXQHG
//0V

,PSURYHG EXJ VHYHULW\
SUHGLFWLRQ DQG�JHQHUDWHG�
VWUXFWXUHG�EXJ�UHSRUWV�

+LJK FRPSXWDWLRQDO FRVW�
IRFXVHV�RQ�//0V�UDWKHU�
WKDQ�OLJKWZHLJKW�6/0V�

/HSDJQRO HW DO��
�������>�@

=HUR�VKRW FODVVLILFDWLRQ
XVLQJ�6PDOO�/DQJXDJH�
0RGHOV

6/0V�DFKLHYHG�SHUIRUPDQFH�
FRPSDUDEOH WR ODUJHU PRGHOV
ZLWK�IHZHU�UHVRXUFHV�

(YDOXDWHG RQ JHQHUDO WH[W�
FODVVLILFDWLRQ�GDWDVHWV�

<X HW DO�
�������>�@

&RPSDUDWLYH HYDOXDWLRQ
RI�//0V�DQG�6/0V

6/0V UHGXFHG LQIHUHQFH FRVW
ZKLOH�PDLQWDLQLQJ�FRPSHWLWLYH�
DFFXUDF\�

5HTXLUHV GRPDLQ�VSHFLILF
ILQH�WXQLQJ�

%DQHUMHH HW DO��
�������>�@

0XOWLOLQJXDO SURPSWLQJ
ZLWK�6/0V

,PSURYHG PXOWLOLQJXDO TXHU\�
FODVVLILFDWLRQ�DFFXUDF\�

1RW HYDOXDWHG RQ VRIWZDUH
EXJ�UHSRUWV�

:DQJ HW DO��
�������>�@

.QRZOHGJH GLVWLOODWLRQ
IURP�//0V�WR�6/0V

(QKDQFHG VXPPDUL]DWLRQ XVLQJ�
OLJKWZHLJKW�PRGHOV�

6RPH UHDVRQLQJ FDSDELOLW\
ORVW�

$XWKRU �
<HDU

0HWKRGRORJ\ 8VHG .H\�)LQGLQJV /LPLWDWLRQV

*KH\L HW
DO���������
>�@

6/0V IRU VRIWZDUH
UHIDFWRULQJ�EXJ�
GHWHFWLRQ

(IILFLHQW GHWHFWLRQ ZLWK
ORZHU�FRPSXWDWLRQDO�
FRVW�

/LPLWHG YDOLGDWLRQ
DFURVV�SURMHFWV�

=KDQJ HW
DO���������
>�@

6XUYH\ RI ODQJXDJH
PRGHOV IRU�VRIWZDUH�
HQJLQHHULQJ

5HYLHZHG FRGH
XQGHUVWDQGLQJ� EXJ�
GHWHFWLRQ�DQG�
PDLQWHQDQFH�

6XUYH\ RQO\� QR
LPSOHPHQWDWLRQ�

/RQJ HW DO�
�������>�@

6\VWHPDWLF UHYLHZ RI
0/�'/�DSSURDFKHV

GHQWLILHG WUHQGV� GDWDVHWV
DQG�FKDOOHQJHV�

/LPLWHG IRFXV RQ
OLJKWZHLJKW�6/0V�

/RSH]�
'XUDQ HW�
DO���������
>�@

//0V�DQG�HQFRGHUV�
IRU�FRQILJXUDWLRQ EXJ
FODVVLILFDWLRQ

,PSURYHG FRQILJXUDWLRQ
EXJ�FODVVLILFDWLRQ�

&RQILJXUDWLRQ�VSHFLILF
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>��@ WHFKQLTXHV GHSOR\PHQW� UHSRUWV�

&RPSDULVRQ RI 5HVHDUFK 'LUHFWLRQV
7DEOH � VHWV WKH UHVHDUFK GLUHFWLRQV VLGH E\ VLGH DQG QRWHV ZKDW HDFK PHDQV IRU WKH IUDPHZRUN� ,W GRHV�QRW�

UDQN�WKHP�E\�HIIHFWLYHQHVV�
7DEOH �� 4XDOLWDWLYH &RPSDULVRQ RI 5HVHDUFK 'LUHFWLRQV

'LUHFWLRQ )RFXV &RQVLGHUDWLRQ IRU
)UDPHZRUN

//0�EDVHG EXJ
DQDO\VLV >�@� >�@

6HYHULW\ SUHGLFWLRQ� VWUXFWXUHG
UHSRUWV��FRQILJXUDWLRQ�EXJV

6KRZV YDOXH RI ODQJXDJH
PRGHOV� FRVW LV KLJK�

6/0 ]HUR�VKRW
FODVVLILFDWLRQ >�@��>�@

6PDOO PRGHOV XVHG ZLWK SURPSWV RQO\ /RZ�FRVW EDVHOLQH� FKHFN
RQ EXJ WH[W�

//0 YV� 6/0
FRPSDULVRQ >�@

$FFXUDF\ DJDLQVW LQIHUHQFH FRVW 5HSRUW DFFXUDF\ DQG FRVW
WRJHWKHU�

0XOWLOLQJXDO SURPSWLQJ
>�@

4XHU\ FODVVLILFDWLRQ LQ VHYHUDO
ODQJXDJHV

+DQGOH QRQ�(QJOLVK UHSRUWV�

.QRZOHGJH GLVWLOODWLRQ
>�@

7UDQVIHU IURP ODUJH WR VPDOO PRGHOV 3RVVLEOH URXWH WR D VWURQJHU
6/0�

2Q�GHYLFH HIILFLHQF\
>��@

(IILFLHQW PRGHOV IRU GHSOR\PHQW 6XSSRUWV ORFDO� SULYDWH WULDJH�

6XUYH\V DQG UHYLHZV >�@� >�@ 7UHQGV� GDWDVHWV��FKDOOHQJHV 6RXUFH RI GDWDVHWV DQG
PHWULFV�

6\QWKHVLV��6PDOO�PRGHOV�DUH�VKRZQ�WR�EH�HIILFLHQW�RQ�JHQHUDO�FODVVLILFDWLRQ�>�@��>�@��DQG�ODQJXDJH�PRGHOV�
DUH�VKRZQ�WR�KHOS�ZLWK�EXJ�UHSRUWV�>�@��>�@��EXW�WKH�WZR�OLQHV�RI�ZRUN�KDYH�UDUHO\�PHW��7KH�VXUYH\V�>�@��>�@�
GHVFULEH�EXJ�UHSRUW�DQDO\VLV�EURDGO\��DQG�WKH�6/0�VWXGLHV�>�@��>�@��>�@��>��@�DUH�QRW�FHQWUHG�RQ�EXJ�UHSRUWV��
7KH�IUDPHZRUN�SURSRVHG�KHUH�WKHUHIRUH�VWXGLHV�OLJKWZHLJKW�6/0V�RQ�EXJ�UHSRUW FODVVLILFDWLRQ GLUHFWO\ DQG
ZUDSV WKHLU RXWSXW LQ YDOLGDWLRQ DQG KXPDQ UHYLHZ� ,W LV QRW PHDQW WR�UHSODFH�LVVXH�WUDFNHUV�RU�H[LVWLQJ�WULDJH�
WRROV��:KDW�VHWV�LW�DSDUW�LV�WKDW�WKH�6/0�ODEHO�LV�WUHDWHG�DV�D�VXJJHVWLRQ� FKHFNHG ILUVW E\ UXOHV DQG WKHQ E\
D SHUVRQ� :KHWKHU WKLV LPSURYHV FODVVLILFDWLRQ TXDOLW\�ZKLOH�ORZHULQJ�FRVW�VWLOO�KDV�WR�EH�YHULILHG�

5HVHDUFK *DSV

/LPLWHG HYLGHQFH IRU 6/0V RQ EXJ UHSRUWV� H[LVWLQJ 6/0 VWXGLHV FRYHU JHQHUDO WH[W FODVVLILFDWLRQ

>�@ RU RWKHU VRIWZDUH WDVNV >�@� QRW EXJ UHSRUW FODVVLILFDWLRQ�

'RPDLQ DGDSWDWLRQ FRVW� ILQH�WXQLQJ LV RIWHQ QHHGHG WR NHHS DFFXUDF\ >�@� DQG ODEHOOHG EXJ GDWD PD\�QRW�
H[LVW�IRU�HYHU\�SURMHFW�

5HDVRQLQJ ORVV� GLVWLOOHG RU YHU\ VPDOOPRGHOVPD\ ORVH VRPH UHDVRQLQJ DELOLW\ >�@� ZKLFK FDQ DIIHFW�VHYHULW\�
DQG�SULRULW\�GHFLVLRQV�

0XOWLOLQJXDO DQG QRLV\ WH[W� PXOWLOLQJXDO SURPSWLQJ >�@ KDV QRW EHHQ WHVWHG RQ EXJ UHSRUWV WKDW�FRQWDLQ�
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FRGH��ORJV�DQG�PL[HG�ODQJXDJHV�

1DUURZ�VFRSH�RI�H[LVWLQJ�VWXGLHV��ZRUN�RQ�FRQILJXUDWLRQ�EXJV�>�@�RU�UHIDFWRULQJ�EXJV�>�@�GRHV�QRW�VKRZ�
ZKHWKHU�UHVXOWV�JHQHUDOL]H�DFURVV�SURMHFWV�

(YDOXDWLRQ SUDFWLFH� VXUYH\V QRWH PLVVLQJ VWDWLVWLFDO WHVWV DQG IHZ OLJKWZHLJKW�PRGHO VWXGLHV >�@� DQG�WKH�
UHYLHZHG�SDSHUV�RIIHU�QR�FRPPRQ�EHQFKPDUN�WKDW�FRPSDUHV�DFFXUDF\�DQG�FRVW�RQ�EXJ�UHSRUWV�

3UREOHP 6WDWHPHQW DQG 5HVHDUFK 2EMHFWLYHV

&ODVVLI\LQJ� D� EXJ� UHSRUW� PHDQV� PDNLQJ� VHYHUDO� OLQNHG� GHFLVLRQV�� QDPHO\� W\SH�� VHYHULW\�� SULRULW\� DQG�
FRPSRQHQW� IURP WH[W WKDW LV QRLV\ DQG XQHYHQO\ ZULWWHQ� ,Q EXV\ SURMHFWV WKLV WULDJH ZRUN SLOHV XS� DQG�WKH�
ODEHO�D�UHSRUW�UHFHLYHV�FDQ�GHSHQG�RQ�ZKR�KDSSHQHG�WR�UHDG�LW��//0V�DUH�FRVWO\�WR�UXQ�DQG�DZNZDUG WR
GHSOR\ IRU HYHU\GD\ WULDJH� ZKLOH 6/0V KDYH QRW EHHQ VKRZQ WR FRSH ZLWK WKH FRGH�ILOOHG�WH[W RI UHDO EXJ
UHSRUWV� 7KH SURSRVHG V\VWHP� ³6PDOO /DQJXDJH0RGHOV IRU $XWRPDWHG 6RIWZDUH %XJ�5HSRUW�&ODVVLILFDWLRQ�
DQG�6XPPDUL]DWLRQ´��DGGUHVVHV�WKLV�JDS�WKURXJK�WKH�IROORZLQJ�REMHFWLYHV�

/LWHUDWXUH 5HYLHZ� 5HYLHZ WKH OLWHUDWXUH RQ 6/0V IRU WH[W FODVVLILFDWLRQ DQG IRU EXJ DQDO\VLV�

)UDPHZRUN )RUPXODWLRQ� )RUPXODWH DQ 6/0�EDVHG FODVVLILFDWLRQ DQG VXPPDUL]DWLRQ IUDPHZRUN�IRU�EXJ�
UHSRUWV�

9DOLGDWLRQ DQG +XPDQ 5HYLHZ� ,QWHJUDWH UXOH�EDVHG YDOLGDWLRQ DQG KXPDQ UHYLHZ LQWR WKH�IUDPHZRUN�

(YDOXDWLRQ�&ULWHULD� )RUPXODWH�FULWHULD�IRU�MXGJLQJ�WKH�DFFXUDF\��HIILFLHQF\�DQG�UHOLDELOLW\�RI 6/0�EDVHG�
FODVVLILFDWLRQ�

/LPLWDWLRQV� 6WDWH WKH OLPLWDWLRQV RI WKH DSSURDFK DQG WKH ZRUN QHHGHG EHIRUH GHSOR\PHQW�

7KHVH REMHFWLYHV DUH H[SORUHG WKURXJK IRXU UHVHDUFK TXHVWLRQV� 54�� +RZ FDQ VPDOO ODQJXDJH PRGHOV�
FODVVLI\�EXJ�UHSRUWV�E\� W\SH��VHYHULW\��SULRULW\�DQG�FRPSRQHQW��DQG�VXPPDUL]H� WKHP�IRU� WULDJHUV"�54���
:KLFK�DGDSWDWLRQ�PHWKRGV��]HUR�VKRW�SURPSWLQJ��ILQH�WXQLQJ��NQRZOHGJH�GLVWLOODWLRQ��VXLW�6/0V�EHVW�RQ�
EXJ�UHSRUW�WH[W"�54���:KLFK�PHWULFV�VKRXOG�GHFLGH�WKH�DFFXUDF\��HIILFLHQF\�DQG�UHOLDELOLW\�RI�6/0�EDVHG�
FODVVLILFDWLRQ"�54���:KDW�OLPLWDWLRQV�PXVW�EH�RYHUFRPH�EHIRUH�WKH�DSSURDFK�LV�GHSOR\HG"

6FRSH� 7KH ZRUN FRYHUV WKH FODVVLILFDWLRQ DQG VXPPDUL]DWLRQ VWDJHV RI EXJ WULDJH� ,W PDNHV QR FODLP�DERXW�
DFFXUDF\�RQ�D�GHSOR\HG�V\VWHP��LW�RIIHUV�WKH�FRQFHSW��D�OLWHUDWXUH�UHYLHZ�DQG�DQ�HYDOXDWLRQ�IUDPHZRUN�

3URSRVHG 6\VWHP $UFKLWHFWXUH

$UFKLWHFWXUH 2YHUYLHZ

7KH�SURSRVHG�V\VWHP�NHHSV� LQSXW��6/0�LQIHUHQFH��YDOLGDWLRQ��RXWSXW�� UHYLHZ�DQG�VWRUDJH�VHSDUDWH��7KLV�
PDNHV�HYHU\�VWDJH�HDV\�WR�WHVW�DQG�VKRZV�KRZ�HDFK�SDUW�RI�WKH�UHSRUW�HQGV�XS�LQ�WKH�ILQDO�ODEHO��)LJ����VKRZV�
WKH�VL[�OD\HUV�DQG�WKH�IHHGEDFN�ORRS�IURP�UHYLHZ�EDFN�WR�WKH�LQSXW�DQG�VWRUDJH�OD\HUV�
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)LJ� �� 3URSRVHG�6/0�EDVHG EXJ�UHSRUW FODVVLILFDWLRQ�DQG VXPPDUL]DWLRQ�IUDPHZRUN�

,QSXW�/D\HU

7KH LQSXW OD\HU FROOHFWV UHSRUWV DQG PHWDGDWD IURP WKH WUDFNHU LQ D VWUXFWXUHG IRUP� WRJHWKHU ZLWK WKH�ODEHO�
VFKHPD�

6/0 3URFHVVLQJ /D\HU

7KLV�OD\HU�UXQV�SUHSURFHVVLQJ��EXLOGV�WKH�SURPSW�DQG�FDOOV�WKH�6/0�LQ�]HUR�VKRW��IHZ�VKRW�RU�ILQH�WXQHG�
PRGH��,WV�RXWSXW�LV�VWRUHG�DSDUW�IURP�KXPDQ�DVVLJQHG�ODEHOV�

&ODVVLILFDWLRQ DQG 9DOLGDWLRQ /D\HU

7KLV OD\HU DSSOLHV WKH UXOH FKHFNV DQG WKH FRQILGHQFH WKUHVKROG� $ IDLOXUH SURGXFHV D ZDUQLQJ WKDW VD\V�ZKDW�
ZHQW�ZURQJ��IRU�H[DPSOH�QDPLQJ�WKH�ILHOG�ZKRVH�ODEHO�LV�QRW�LQ�WKH�VFKHPD�

2XWSXW� ,QWHUIDFH DQG 5HYLHZ /D\HUV

7KH�RXWSXW� OD\HU�SUHVHQWV� WKH�VXJJHVWHG�ODEHOV�� WKHLU�SUREDELOLWLHV�� WKH�VKRUW�VXPPDU\�DQG� WKH�YDOLGDWLRQ
VWDWXV� ZLWK ORZ�FRQILGHQFH UHSRUWV PDUNHG IRU UHYLHZ� 7KH LQWHUIDFH DQG UHYLHZ OD\HU OHWV�WKH WULDJHU YLHZ�
FRUUHFW DQG DSSURYH ODEHOV� DQG NHHSV D KLVWRU\ VR WKDW VXJJHVWHG DQG DSSURYHG ODEHOV�FDQ�EH�FRPSDUHG�

'DWD 6WRUDJH /D\HU DQG :RUNIORZ

7KH GDWD VWRUDJH OD\HU KROGV UHSRUWV� DSSURYHG ODEHOV� FRUUHFWLRQV� PRGHO YHUVLRQV DQG SURPSWV XQGHU�DFFHVV�
FRQWURO��&RUUHFWHG�ODEHOV�DUH�WKH�PDLQ�VRXUFH�RI�GDWD�IRU�ODWHU�ILQH�WXQLQJ��$V�)LJ����VKRZV��D�UHSRUW�SDVVHV�
IURP�LQSXW�WKURXJK�6/0�SURFHVVLQJ��YDOLGDWLRQ�DQG�RXWSXW�WR�WKH�UHYLHZ�OD\HU��FRUUHFWLRQV�IORZ�EDFN�WR�WKH�
LQSXW�DQG�VWRUDJH�OD\HUV�
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0HWKRGRORJ\

7KH�PHWKRG� WXUQV� D� UDZ� EXJ� UHSRUW� LQWR� D� VXJJHVWHG� FODVVLILFDWLRQ� LQ� IRXU� VWHSV�� SUHSURFHVVLQJ�� 6/0�
LQIHUHQFH��YDOLGDWLRQ�DQG�UHYLHZ��)LJ����VKRZV�WKH�HLJKW�VWDJHV�LQ�GHWDLO��DQG�WKH�VXEVHFWLRQV�EHORZ�GHVFULEH�
HDFK�RI�WKHP�

,QSXW�&ROOHFWLRQ

5HSRUWV� DUH� SXOOHG� IURP� D� WUDFNHU� VXFK� DV� %XJ]LOOD�� *LW+XE� RU� -LUD�� )URP� HDFK� RQH�ZH� WDNH� WKH� WLWOH��
GHVFULSWLRQ� VWHSV WR UHSURGXFH� ORJV� SURGXFW� FRPSRQHQW DQG DQ\ H[LVWLQJ ODEHOV� (FOLSVH DQG0R]LOOD�DUH�WKH�
SURMHFWV�XVHG�PRVW�RIWHQ�LQ�WKH�OLWHUDWXUH�>�@��VR�WKH\�DUH�QDWXUDO�VRXUFHV�RI�ODEHOOHG�GDWD��$�PLVVLQJ�ILHOG�LV�
UHFRUGHG�DV�PLVVLQJ�DQG�QHYHU�ILOOHG�ZLWK�D�GHIDXOW�YDOXH�

3UHSURFHVVLQJ

7KH�WH[W�LV�FOHDQHG�DQG�QRUPDOL]HG��6WDFN�WUDFHV�DQG�FRGH�VQLSSHWV�DUH�NHSW�DSDUW�IURP�WKH�SURVH�EHFDXVH
WKH\ FDUU\ GLIIHUHQW LQIRUPDWLRQ� DQG YHU\ ORQJ ORJV DUH WUXQFDWHG ZLWK D QRWH� 'XSOLFDWH DQG�QHDU�GXSOLFDWH�
UHSRUWV�DUH�IODJJHG��DQG�WKH�ODQJXDJH�RI�HDFK�UHSRUW�LV�GHWHFWHG�VR�WKDW�QRQ�(QJOLVK�UHSRUWV�FDQ�EH�KDQGOHG�
RQ�SXUSRVH�>�@�

/DEHO 6FKHPD

7KH�VFKHPD�OLVWV�WKH�DOORZHG�YDOXHV�IRU�HDFK�WDUJHW��UHSRUW�W\SH��VHYHULW\��SULRULW\�DQG�FRPSRQHQW��%HFDXVH�
WKH�VFKHPD�LV�H[SOLFLW��WKH�YDOLGDWLRQ�OD\HU�FDQ�UHMHFW�DQ\�RXWSXW�WKDW�LV�QRW�D�YDOLG�ODEHO�
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)LJ� �� $UFKLWHFWXUH RI WKH SURSRVHG 6/0�EDVHG EXJ UHSRUW FODVVLILFDWLRQ DQG VXPPDUL]DWLRQ V\VWHP�

6/0 6HOHFWLRQ DQG $GDSWDWLRQ

2QH RU PRUH 6/0V DUH FKRVHQ DFFRUGLQJ WR VL]H� OLFHQFH DQG KDUGZDUH OLPLWV� 7KUHH DGDSWDWLRQ PRGHV�DUH
FRPSDUHG� ]HUR�VKRW SURPSWLQJ >�@� IHZ�VKRW SURPSWLQJ� DQG ILQH�WXQLQJ RQ ODEHOOHG UHSRUWV >�@�

'LVWLOODWLRQ IURP D ODUJHU WHDFKHU VWD\V DV DQ RSWLRQDO URXWH >�@� 3URPSWV� PRGHO YHUVLRQV DQG VHWWLQJV�DUH�DOO�
UHFRUGHG�VR�WKDW�H[SHULPHQWV�FDQ�EH�UHSHDWHG�

&ODVVLILFDWLRQ DQG &RQILGHQFH

)RU HDFK WDUJHW WKH 6/0 UHWXUQV D ODEHO DQG D SUREDELOLW\ FRPSXWHG DV LQ (T� ���� $ UHSRUW LV DFFHSWHG�
DXWRPDWLFDOO\�RQO\�ZKHQ�LWV�KLJKHVW�SUREDELOLW\�UHDFKHV�D�WKUHVKROG�Ĳ�
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7KH YDOXH RI Ĳ LV FKRVHQ RQ D YDOLGDWLRQ VHW DQG WUDGHV DXWRPDWLRQ DJDLQVW HUURU�

6XPPDUL]DWLRQ

7KH�VDPH�6/0�LV�DVNHG�IRU�D�VKRUW�VXPPDU\�FRYHULQJ�WKH�V\PSWRP��WKH�FRQGLWLRQV�XQGHU�ZKLFK�LW�RFFXUV�
DQG�WKH�NH\�ORJ�OLQHV��VR�WKDW�D�WULDJHU�FDQ�JUDVS�WKH�FDVH�TXLFNO\��6XPPDUL]DWLRQ�ZLWK�OLJKWZHLJKW�PRGHOV�
KDV�EHHQ�H[SORUHG�WKURXJK�GLVWLOODWLRQ�>�@��DQG�WKH�TXDOLW\�DQG�VWUXFWXUH�RI�EXJ�UHSRUWV�KDYH�EHHQ�VWXGLHG�
ZLWK�ODQJXDJH�PRGHOV�>�@��7KH�SURPSW�WHOOV�WKH�PRGHO�WR�XVH�RQO\�LQIRUPDWLRQ�WKDW�LV�LQ�WKH�UHSRUW�

9DOLGDWLRQ DQG 5HYLHZ

%HIRUH D ODEHO RU VXPPDU\ LV VKRZQ� WKH YDOLGDWLRQ OD\HU FKHFNV IRXU WKLQJV� WKH ODEHO LV LQ WKH VFKHPD��W\SH�
VHYHULW\ DQG SULRULW\ DJUHH ZLWK HDFK RWKHU �D IHDWXUH UHTXHVW VKRXOG QRW FDUU\ D FUDVK VHYHULW\���WKH�UHSRUW�
KDG�HQRXJK�WH[W�WR�FODVVLI\��DQG�WKH�VXPPDU\�GRHV�QRW�EULQJ�LQ�FRPSRQHQW�QDPHV�RU�HUURU�WHUPV WKDW WKH
UHSRUW ODFNV� 7KH WULDJHU WKHQ DFFHSWV� HGLWV RU UHMHFWV WKH VXJJHVWLRQ� DQG DQ\ FRUUHFWLRQ�LV VWRUHG�IRU�ODWHU�
UHWUDLQLQJ��5HYLHZ VWD\V LQ�WKH ORRS�EHFDXVH UXOHV FDQQRW MXGJH KRZ PXFK�D GHIHFW�PDWWHUV�WR�WKH�EXVLQHVV�

7ULDJH :RUNIORZ $OJRULWKP

$OJRULWKP � VXPPDUL]HV WKHZRUNIORZ� DQG )LJ� � JLYHV DQ LOOXVWUDWLYH H[DPSOH RI RQH UHSRUW SDVVLQJ�WKURXJK�
LW�

$OJRULWKP �� 6/0�%DVHG %XJ 5HSRUW 7ULDJH :RUNIORZ
,QSXW� %XJ UHSRUW 5� ODEHO VFKHPD 6� 6/0 0� SURPSW WHPSODWH 7� FRQILGHQFH WKUHVKROG Ĳ�

�� �ILHOGV ĸ &ROOHFW5HSRUW�5��� PLVVLQJ ILHOGV DUH PDUNHG DV PLVVLQJ� QHYHU GHIDXOWHG
�� �WH[W ĸ &OHDQ$QG1RUPDOL]H�ILHOGV��
�� �SURVH� WUDFHV ĸ 6HSDUDWH7UDFHV$QG&RGH�WH[W��� YHU\ ORQJ ORJV DUH WUXQFDWHG ZLWK D QRWH
�� �GXS� ODQJ�ĸ�)ODJ'XSOLFDWHV�WH[W���'HWHFW/DQJXDJH�WH[W��
�� �SURPSW ĸ %XLOG3URPSW�7� 6� SURVH� WUDFHV��
�� IRU HDFK WDUJHW W LQ ^W\SH� VHYHULW\� SULRULW\� FRPSRQHQW`� �] ĸ 6FRUH�0� SURPSW� 6>W@��� �S ĸ
6RIWPD[�]��� �ODEHO>W@ ĸ DUJPD[ S�

�� �VXPPDU\ ĸ 6XPPDUL]H�0� SURVH� WUDFHV��� XVLQJ RQO\ LQIRUPDWLRQ WKDW LV LQ WKH UHSRUW
�� �FKHFNV ĸ /DEHO,Q6FKHPD ר )LHOGV&RQVLVWHQW ר (QRXJK7H[W ר 6XPPDU\)DLWKIXO�
�� �URXWHĸ DFFHSW� LI �FKHFNV� KROGV DQG WKH KLJKHVW SUREDELOLW\ UHDFKHV Ĳ� RWKHUZLVH �URXWHĸ KXPDQ
UHYLHZ�

��� �3UHVHQW6XJJHVWLRQ�ODEHOV��SUREDELOLWLHV��VXPPDU\��FKHFNV��URXWH��
��� �GHFLVLRQ�ĸ�7ULDJHU$FFHSW(GLW2U5HMHFW�VXJJHVWLRQ��
��� �6WRUH&RUUHFWLRQ�GHFLVLRQ� PRGHO YHUVLRQ� SURPSW� Ĳ�� IRU ODWHU UHWUDLQLQJ
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)LJ� �� ,OOXVWUDWLYH H[DPSOH RI FODVVLI\LQJ D EXJ UHSRUW �ODEHOV DUH IRU LOOXVWUDWLRQ RQO\��

3URSRVHG (YDOXDWLRQ )UDPHZRUN

7KH�IUDPHZRUN�QHHGV�HPSLULFDO�HYDOXDWLRQ��DQG�WKH�FULWHULD�EHORZ�DUH�RIIHUHG�IRU�IXWXUH�ZRUN��)RU�D�VLQJOH�
FODVV��OHW�73��)3�DQG�)1�EH�WKH�QXPEHUV�RI�WUXH�SRVLWLYHV��IDOVH�SRVLWLYHV�DQG�IDOVH�QHJDWLYHV�

&ODVVLILFDWLRQ0HWULFV

$FFXUDF\ LV WKH IUDFWLRQ RI UHSRUWV ODEHOOHG FRUUHFWO\ RXW RI 1 UHSRUWV LQ WRWDO�

3UHFLVLRQ DQG UHFDOO IRU D FODVV DUH

7KH )��VFRUH FRPELQHV WKHP�

%HFDXVH EXJ FODVVHV DUH RIWHQ LPEDODQFHG� PDFUR�DYHUDJHG )� RYHU . FODVVHV LV UHSRUWHG WRR�

(IILFLHQF\� $XWRPDWLRQ DQG 6XPPDU\ 4XDOLW\
(IILFLHQF\ LV PHDVXUHG E\ WKH PHDQ LQIHUHQFH ODWHQF\ RYHU 1 UHSRUWV�
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WRJHWKHU�ZLWK�PHPRU\�XVH��KDUGZDUH�XVHG�DQG�FRVW�SHU�WKRXVDQG�UHSRUWV��7KH�DXWRPDWLRQ�UDWH�LV�WKH�VKDUH�
RI�UHSRUWV�DFFHSWHG�ZLWKRXW�UHYLHZ�XQGHU�(T�������UHSRUWHG�ZLWK�WKH�HUURU�UDWH�DPRQJ�DFFHSWHG�UHSRUWV��7KH�
YDOLGDWLRQ�SDVV�UDWH�LV�WKH�SURSRUWLRQ�RI�RXWSXWV�WKDW�VDWLVI\�WKH�VFKHPD�DQG�FRQVLVWHQF\�UXOHV� 6XPPDU\
TXDOLW\ LV MXGJHG E\ UHYLHZHUV IRU IDLWKIXOQHVV WR WKH UHSRUW DQG FRPSOHWHQHVV RI NH\�GHWDLOV��DQG�FDQ�EH�
VXSSRUWHG� E\� RYHUODS� PHWULFV� VXFK� DV� 528*(� DJDLQVW� UHIHUHQFH� VXPPDULHV�� $FFXUDF\ ILJXUHV VKRXOG
DOZD\V EH UHDG QH[W WR WKH FRVW ILJXUHV� VLQFH D FKHDS PRGHO LV RQO\ XVHIXO LI�LWV�HUURUV�DUH�DFFHSWDEOH�

([SHULPHQWDO 'HVLJQ

)XWXUH�ZRUN�FRXOG�FRPSDUH�����D�FODVVLFDO�0/�RU�GHHS�OHDUQLQJ�EDVHOLQH������RQH�RU�PRUH�6/0V�LQ�]HUR�
VKRW�DQG�IHZ�VKRW�PRGHV������ILQH�WXQHG�6/0V��DQG�����D�ODUJHU�//0�DV�D�UHIHUHQFH��DOO�RQ�WKH�VDPH�ODEHOOHG�
UHSRUWV�IURP�SURMHFWV�VXFK�DV�(FOLSVH�DQG�0R]LOOD��ZLWK�WKH�VDPH�WUDLQ�WHVW�VSOLW�DQG�PHWULFV� &URVV�SURMHFW
WHVWLQJ VKRXOG EH LQFOXGHG� DQG D VWDWLVWLFDO WHVW VKRXOG DFFRPSDQ\ WKH UHVXOWV��VLQFH PDQ\ VWXGLHV ODFN RQH
>�@� 0RGHO YHUVLRQV� SURPSWV� KDUGZDUH DQG WKUHVKROGV PXVW EH UHFRUGHG��7KH�SDSHU�GRHV�QRW� FODLP�DQ\�
LPSURYHPHQW�LQ�SHUIRUPDQFH��EHFDXVH�WKH�IUDPHZRUN�KDV�QRW�EHHQ�WHVWHG�

([SHFWHG 2XWFRPHV DQG 'LVFXVVLRQ

7KH�IUDPHZRUN�LV�H[SHFWHG�WR�JLYH�WULDJHUV D�TXLFN�ILUVW�ODEHO�DQG�D�VKRUW�VXPPDU\�IRU�HDFK�UHSRUW��ZLWK�
HYHU\� VXJJHVWLRQ� FKHFNHG� E\� UXOHV� DQG� E\� D� SHUVRQ��:KHWKHU� LW� LPSURYHV� FODVVLILFDWLRQ� TXDOLW\� ZKLOH
ORZHULQJ FRVW KDV WR EH VKRZQ E\ H[SHULPHQWV� 7KH IROORZLQJ FXUUHQW WUHQGV PDNH WKH TXHVWLRQ�ZRUWK�WHVWLQJ�

/LJKWZHLJKW DQG RQ�GHYLFH PRGHOV� :RUN RQ HIILFLHQW DQG RQ�GHYLFH ODQJXDJH PRGHOV >��@ PDNHV LW�
UHDOLVWLF�WR�FODVVLI\�UHSRUWV�LQVLGH�DQ�RUJDQL]DWLRQ��ZLWKRXW�VHQGLQJ�WKHP��DQG�DQ\�SULYDWH�GDWD�WKH\�KROG��WR�
DQ�RXWVLGH�VHUYLFH�

6PDOO YHUVXV ODUJH PRGHOV� (YLGHQFH WKDW VPDOO PRGHOV DUH FRPSHWLWLYH RQ FODVVLILFDWLRQ >�@� >�@ LV D�UHDVRQ�
WR�WHVW�WKHP�RQ�EXJ�UHSRUWV��ZKHUH�WKH�FRVW�RI�FODVVLI\LQJ�HYHU\�LQFRPLQJ�UHSRUW�DGGV�XS�

0XOWLOLQJXDO�SURMHFWV��2SHQ�VRXUFH�DQG�JOREDO�WHDPV�JHW�UHSRUWV LQ�VHYHUDO�ODQJXDJHV��DQG�PXOWLOLQJXDO�
SURPSWLQJ�>�@�LV�RQH�ZD\�WR�FRSH�

'LVWLOODWLRQ��3DVVLQJ�NQRZOHGJH�IURP�ODUJH�WR�VPDOO�PRGHOV�>�@�PD\�LPSURYH�6/0�TXDOLW\��EXW�WKH�ORVV�RI�
VRPH�UHDVRQLQJ�DELOLW\�KDV�WR�EH�PHDVXUHG�

+XPDQ±$, FROODERUDWLRQ� 7KH PRGHO VXJJHVWV DQG WKH WULDJHU GHFLGHV� VR DFFRXQWDELOLW\ VWD\V ZLWK�SHRSOH�

/LPLWDWLRQV� (WKLFDO &RQVLGHUDWLRQV DQG )XWXUH :RUN

+XPDQ2YHUVLJKW�7KH6/0 ODEHO LV D VXJJHVWLRQ� QHYHU D ILQDO GHFLVLRQ� 7KH WULDJHU DFFHSWV� HGLWV RU�UHMHFWV�
LW��EHFDXVH�UXOHV�FDQQRW�MXGJH�KRZ�PXFK�D�GHIHFW�PDWWHUV�WR�WKH�EXVLQHVV�

'DWD3ULYDF\�5XQQLQJ D VPDOOPRGHO ORFDOO\ RU RQ�SUHPLVHV DYRLGV VHQGLQJ EXJ UHSRUWV� ZKLFKPD\�FRQWDLQ
SULYDWH GDWD� WR DQ RXWVLGH VHUYLFH� 5HSRUWV� FRUUHFWLRQV� PRGHO YHUVLRQV DQG SURPSWV DUH KHOG�XQGHU�DFFHVV�
FRQWURO�

/LPLWDWLRQV� 7KH RXWSXW FDQ RQO\ EH DV JRRG DV WKH UHSRUW� YDJXH RU YHU\ VKRUW UHSRUWV JLYH XQFHUWDLQ�ODEHOV�
6/0V PD\ PDNH PLVWDNHV WKDW YDOLGDWLRQ FDQQRW IXOO\ FDWFK� DQG ODEHOV LQ SXEOLF WUDFNHUV FDQ�WKHPVHOYHV
EH LQFRQVLVWHQW� 7KH OLWHUDWXUH GHDOV ZLWK ODQJXDJH PRGHOV LQ VRIWZDUH HQJLQHHULQJ EURDGO\�UDWKHU�WKDQ�ZLWK�
6/0V�RQ�EXJ�UHSRUWV�GLUHFWO\��DQG�WKH�IUDPHZRUN�LWVHOI�LV�XQWHVWHG��VR�QR�JDLQ�LQ�DFFXUDF\��VSHHG�RU�FRVW�
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KDV�EHHQ�HVWDEOLVKHG�

)XWXUH:RUN� 7KH QH[W VWHS LV D SURWRW\SH WKDW MRLQV DQ 6/0ZLWK D ODEHO VFKHPD� D YDOLGDWLRQ HQJLQH�DQG�D�
UHYLHZ�LQWHUIDFH��HYDOXDWHG�RQ�SXEOLF�EXJ�GDWDVHWV��)XUWKHU�GLUHFWLRQV�LQFOXGH�ILQH�WXQLQJ�RQ�FRUUHFWLRQV�
VWRUHG� IURP� WULDJHUV�� GLVWLOODWLRQ� IURP� D� ODUJHU� WHDFKHU� >�@�� PXOWLOLQJXDO� HYDOXDWLRQ� >�@�� H[WHQGLQJ WKH
IUDPHZRUN WR VHYHULW\ DQG SULRULW\ SUHGLFWLRQ� GXSOLFDWH GHWHFWLRQ DQG VWUXFWXUHG UHSRUW�JHQHUDWLRQ >�@� DQG
WHVWLQJ RQ UHDO SURMHFWV ZLWK UHSURGXFLEOH SURPSWV DQG KRQHVW UHSRUWLQJ RI IDLOXUHV�

&RQFOXVLRQ

6PDOO�/DQJXDJH�0RGHOV�DUH�D�SURPLVLQJ�OLJKWZHLJKW�RSWLRQ�IRU�FODVVLI\LQJ�EXJ�UHSRUWV��EXW�D�PRGHO�WKDW�LV�
HIILFLHQW�RQ�JHQHUDO�WH[W�LV�QRW�DXWRPDWLFDOO\�UHOLDEOH�RQ�EXJ�UHSRUWV��7KLV�SDSHU�VXJJHVWV�D�IUDPHZRUN LQ
ZKLFK DQ 6/0 SURSRVHV ODEHOV� D YDOLGDWLRQ OD\HU FKHFNV WKHP DQG D KXPDQ WULDJHU DSSURYHV WKHP� 7HQ
SXEOLFDWLRQV ZHUH UHYLHZHG� UHVHDUFK GLUHFWLRQV ZHUH FRPSDUHG DQG DQ HYDOXDWLRQ�DSSURDFK ZDV RXWOLQHG�
7KH FHQWUDO LGHD LV WR SDLU WKH HIILFLHQF\ RI VPDOO PRGHOV ZLWK H[SOLFLW FKHFNV�� WUDFHDELOLW\� DQG� KXPDQ�
MXGJHPHQW��:KHWKHU�WKH�DSSURDFK�LV�XVHIXO�LQ�SUDFWLFH�KDV�WR�EH�VKRZQ�E\�H[SHULPHQWV�

5HIHUHQFHV

�� -� $FKDU\D DQG *� *LQGH� ³&DQZH HQKDQFH EXJ UHSRUW TXDOLW\ XVLQJ //0V" $Q HPSLULFDO VWXG\�RI�//0�
EDVHG�EXJ�UHSRUW�JHQHUDWLRQ�´�DU;LY�SUHSULQW�DU;LY������������������

�� 3� /HSDJQRO� 7� *HUDOG� 6� *KDQQD\� &� 6HUYDQ� DQG 6� 5RVVHW� ³6PDOO ODQJXDJH PRGHOV DUH JRRG�WRR��$Q�
HPSLULFDO�VWXG\�RI�]HUR�VKRW�FODVVLILFDWLRQ�´� LQ�3URF��/5(&�&2/,1*�������7RULQR�� ,WDO\��������SS��
�����±������

�� +� <X HW DO�� ³&RPSDUDWLYH HYDOXDWLRQ RI ODUJH DQG VPDOO ODQJXDJHPRGHOV�´ �����
�� 3� %DQHUMHH�HW�DO���³0XOWLOLQJXDO�SURPSWLQJ�ZLWK�VPDOO�ODQJXDJH�PRGHOV�IRU�TXHU\�FODVVLILFDWLRQ�´������
�� /��:DQJ�HW�DO���³.QRZOHGJH�GLVWLOODWLRQ�IURP�ODUJH�WR�VPDOO�ODQJXDJH�PRGHOV�IRU�VXPPDUL]DWLRQ�´������
�� 5�*KH\L�0�5LEHLUR� DQG -�2OLYHLUD� ³(YDOXDWLQJ WKH HIIHFWLYHQHVV RI VPDOO ODQJXDJHPRGHOV LQ�GHWHFWLQJ�

UHIDFWRULQJ�EXJV�´�DU;LY�SUHSULQW�DU;LY������������������
�� =��=KDQJ�HW�DO���³8QLI\LQJ�WKH�SHUVSHFWLYHV�RI�1/3�DQG�VRIWZDUH�HQJLQHHULQJ��$�VXUYH\�RQ�ODQJXDJH�

PRGHOV�IRU�FRGH�´�DU;LY�SUHSULQW DU;LY������������������
�� /RQJ� -� *RQJ� +� )DQJ� DQG 7� &KHQ� ³/HDUQLQJ VRIWZDUH EXJ UHSRUWV� $ V\VWHPDWLF OLWHUDWXUH�UHYLHZ�´�

DU;LY�SUHSULQW�DU;LY������������������
�� 1��/RSH]�'XUDQ��'��5��2UJDQYtGH]��)��&UX]��DQG�'��%HQDYLGHV��³&RQILJXUDWLRQ�EXJV�FODVVLILFDWLRQ�XVLQJ�

//0V�DQG�HQFRGHUV�´�LQ�3URF����WK�$&0�,QW��6\VWHPV�DQG�6RIWZDUH�3URGXFW�/LQH�&RQI���63/&���YRO��
$��������SS�����±�����GRL��������������������������

��� ;LD HW DO�� ³(IILFLHQW RQ�GHYLFH ODQJXDJH PRGHO WHFKQLTXHV�´ �����


