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ï7ULYHQL *DLNZDG� ð3URI� 3RRQDP 3DZDU
ï6WXGHQW� 3URIHVVRU

'HSDUWPHQW RI $UWLILFLDO ,QWHOOLJHQFH 	 'DWD 6FLHQFH
$MHHQN\D '< 3DWLO 6FKRRO RI (QJLQHHULQJ� 3XQH� 0DKDUDVKWUD� ,QGLD

ïWULYHQLJDLNZDG��#JPDLO�FRP� ðSDZDU�SXQDP��#JPDLO�FRP

$EVWUDFW

&DUGLRYDVFXODU�GLVHDVHV�KDYH�EHFRPH�RQH�RI�WKH�PDMRU�VRXUFHV�RI�PRUELGLW\�LQ�WKH�ZRUOG��WKHUHIRUH�HDUO\�
GHWHFWLRQ�RI�WKH�SHRSOH�DW�ULVN�ZRXOG�DOORZ�PHGLFDO�SURIHVVLRQDOV�PRUH�WLPH�WR�DFW��2QH�RI�WKH�DSSURDFKHV�
WR�WKH�SUREOHP�WKURXJK�0/ LV�WKH�XVH�RI�WKH�LQIRUPDWLRQ�WKDW�LQFOXGHV�VXFK�YDULDEOHV�DV�DJH��EORRG�SUHVVXUH��
WRWDO�FKROHVWHURO��EORRG�JOXFRVH��KHDUW�UDWH��V\PSWRPV�RI�WKH�SDWLHQW��DQG�WHVW�UHVXOWV� ,Q WKLV SDSHU� ZH JLYH
D EULHI GHVFULSWLRQ RI WKHPRVW SRSXODU DOJRULWKPV IRU SUHGLFWLQJ WKH ULVN�RI�KHDUW�GLVHDVHV�XVLQJ�0/��/RJLVWLF�
5HJUHVVLRQ��6XSSRUW�9HFWRU�0DFKLQH��'HFLVLRQ�7UHH��5DQGRP�)RUHVW��1DwYH�%D\HV��.�1HDUHVW�1HLJKERUV��
DQG�1HXUDO�1HWZRUNV��'HHS�OHDUQLQJ��([SODLQDEOH�$,��;$,���VPDOO�GDWD��FODVV�LPEDODQFH��EDG�GDWD�TXDOLW\��
SULYDF\�� DQG� KRVSLWDO� YDOLGDWLRQ�ZLOO� DOVR� EH� GLVFXVVHG��7KLV� QDUUDWLYH� OLWHUDWXUH� UHYLHZ� LV� EDVHG� RQ� WKH�
V\QRSVLV�RI�WKH�SURMHFW��VRPH�SLHFHV�RI�OLWHUDWXUH� DQG GDWDVHW GRFXPHQWDWLRQ� 7KHUH ZDV QR WUDLQLQJ RI DQ\
0/ PRGHO QRU FRQGXFWLQJ RI DQ\�H[SHULPHQWV� $V LW IROORZV IURP WKH SDSHUV XQGHU VWXG\� 0/ DOORZV WR
VHSDUDWH SDWLHQWV LQWR ULVN\ DQG�QRQ�ULVN\ FDWHJRULHV� KRZHYHU� WKH UHVXOWV VWURQJO\ GHSHQG RQ WKH VHOHFWHG
GDWDVHW� JRDO RI SUHGLFWLRQ�� YDOLGDWLRQ PHWKRG� DQG SDWLHQWV WKHPVHOYHV� 5HVXOWV IURP VPDOO EHQFKPDUN
GDWDVHWV WHQG WR EH KLJKO\�RSWLPLVWLF�DQG�FDQQRW�EH�XVHG�WR�SUHGLFW�FOLQLFDO�UHOHYDQFH�RI�WKH�PRGHOV��:H�DOVR�
SUHVHQW�D�SURFHVV�IORZ�RI�KRZ�WKH�GDWD�VKRXOG�EH�SUHSDUHG��PRGHOHG��HYDOXDWHG��LQWHUSUHWHG�DQG�H[WHUQDOO\�
YDOLGDWHG�DQG�KRSH�WKDW�VXFK�PRGHOV�ZLOO�KHOS�SK\VLFLDQV�PRUH�WKDQ�UHSODFH�WKHP�

,QGH[�7HUPV��$UWLILFLDO�LQWHOOLJHQFH��KHDUW�GLVHDVH��SUHGLFWLRQ�RI�KHDUW�GLVHDVHV��PDFKLQH�OHDUQLQJ��GHHS�
OHDUQLQJ��H[SODLQDEOH�DUWLILFLDO�LQWHOOLJHQFH��FOLQLFDO�GHFLVLRQ�VXSSRUW��ULVN�DVVHVVPHQW�

,� ,1752'8&7,21

+HDUW GLVHDVHV FRQVWLWXWH D VHYHUH KHDOWK LVVXH WKDW FRQFHUQV D VLJQLILFDQW SDUW RI WKH SRSXODWLRQ� $JH��KLJK�
EORRG� SUHVVXUH�� FKROHVWHURO� OHYHOV�� GLDEHWHV�� VPRNLQJ�� OLIHVW\OH�� JHQHWLF� SUHGLVSRVLWLRQV�� V\PSWRPV� DQG�
UHVXOWV�RI GLDJQRVWLF�SURFHGXUHV�DUH DPRQJ�WKH�IDFWRUV�ZKLFK�DIIHFW�GHYHORSPHQW�DQG�SURJUHVVLRQ�RI�WKH�
GLVHDVH��,Q�FDVH�ZKHQ�SDWLHQWV�UHTXLULQJ�PRUH�DWWHQWLRQ�FDQ�EH�LGHQWLILHG�LQ�DGYDQFH��WKH\�FDQ�EH�H[DPLQHG�
DQG�WUHDWHG�E\�SK\VLFLDQV�DW�DQ�HDUOLHU�VWDJH��1HYHUWKHOHVV��D�KLJK�VFRUH GRHV QRW PHDQ WKDW WKH SHUVRQ
VXIIHUV IURP WKH GLVHDVH� ,Q RUGHU WR GLDJQRVH KHDUW GLVHDVH� D SDWLHQW� VKRXOG� XQGHUJR� D� SK\VLFDO�
H[DPLQDWLRQ��WHVWV��(&*�LPDJLQJ�RI�KLV�KHU�KHDUW�DQG�JHW�DQ�HYDOXDWLRQ�E\�D�SK\VLFLDQ�

5LVN VFRUH HVWLPDWLRQ PHWKRGV EDVHG RQ SDWLHQWV
 PHGLFDO KLVWRU\� FOLQLFDO JXLGHOLQHV� DQG WHVW UHVXOWV�KDYH�
DOZD\V�EHHQ�TXLWH�FRPPRQ��1HYHUWKHOHVV��KHDOWK�GDWD�FRQWDLQ�QXPHURXV�LQWHUUHODWHG�YDULDEOHV��DQG�WKHUH�
DUH�VRPH�FRPSOLFDWHG�UHODWLRQVKLSV�WKDW�FDQQRW�EH�HDVLO\�GHILQHG�E\�XVLQJ�UXOHV��7KH�DOJRULWKPV�IRU�PDFKLQH�
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OHDUQLQJ� XVH� WKH� GDWD� RI� SUHYLRXV� FDVHV� DQG� SUHGLFW� WKH� SUREDELOLW\� RI� DQ� RXWFRPH�� FRQVLGHULQJ� WKH�
LQWHUDFWLRQV�QRW�UHSUHVHQWHG LQ�UXOHV��6WLOO��WKHUH�DUH VRPH UHTXLUHPHQWV�IRU�PDNLQJ�SUHGLFWLRQV�SURSHUO\��
&DUGLRYDVFXODU� GLVHDVHV� ULVN� SUHGLFWLRQ� LV� JUDGXDOO\� VZLWFKLQJ� IURP� FODVVLF FODVVLILHUV WRZDUGV GHHS DQG
LQWHUSUHWDEOH PDFKLQH OHDUQLQJ DOJRULWKPV ZKLFK JLYH LQIRUPDWLRQ�DERXW WKH GHFLVLRQ SURFHVV� ,Q WKH UHFHQW
V\VWHPDWLF UHYLHZ RQ WKH VXEMHFW RI $,�EDVHG FDUGLRYDVFXODU�ULVN SUHGLFWLRQ PRGHOV� WKH QHHG�IRU YDOLGDWLRQ
RI WKH SHUIRUPDQFH RI VXFK�PRGHOV DQG SXEOLFDWLRQ RI�WKHLU UHVXOWV�LV�QRWHG >�@� $OVR��LQ�D V\VWHPDWLF UHYLHZ
DQG�PHWD�DQDO\VLV�RI PDFKLQH OHDUQLQJ PRGHOV�ZKLFK�XVHG�HOHFWURQLF�KHDOWK�UHFRUGV�GDWD��WKH�JRRG�SRROHG�
SHUIRUPDQFH�RI�VRPH�PDFKLQH�OHDUQLQJ�PRGHOV�ZDV�IRXQG�GHVSLWH�D�ORW�RI�YDULDQFH�EHWZHHQ�WKH�DQDO\VHG�
VWXGLHV�>�@�

,Q�WKLV�SDSHU��WKH�XVH�RI $,�IRU�WKH�HDUO\�GLDJQRVLV�RI�KHDUW�GLVHDVH�ZLOO�EH GLVFXVVHG� 7KH�DOJRULWKPV�DUH
UHYLHZHG� FKDOOHQJHV UHJDUGLQJ WKH GDWDVHWV DQG DVVHVVPHQW DUH KLJKOLJKWHG� FXUUHQW UHVHDUFK JDSV� DUH
LGHQWLILHG��DQG�D SRWHQWLDO�ZRUNIORZ LV�VXJJHVWHG� :KDW�LV�SURYLGHG�LV�D VWUXFWXUHG�DQDO\VLV�DQG�D�VXJJHVWHG
DSSURDFK WR WKH SUREOHP� WKHUH LV QR VROXWLRQ RU LPSOHPHQWDWLRQ SURYLGHG LQ WKLV VWXG\� 7KH�SDSHU�LV�MXVW�DQ�
DQDO\VLV�EDVHG�VROHO\�RQ�WKH�SURMHFW�V\QRSVLV��GDWDVHW�GRFXPHQWDWLRQ��DQG�OLWHUDWXUH�UHYLHZ�

7KH VWUXFWXUH RI WKH SDSHU FRQWLQXHV ZLWK WKH IROORZLQJ VHFWLRQV� 7KH REMHFWLYHV DQG VFRSH DUH RXWOLQHG�LQ�
6HFWLRQ�,,��&OLQLFDO�GDWD��PDFKLQH�OHDUQLQJ��DQG�H[SODLQDELOLW\ DUH�SUHVHQWHG�LQ�6HFWLRQ�,,,�DQG�6HFWLRQ�,9�
SURYLGHV�D�UHYLHZ�RI�WKH�DOJRULWKPV��IROORZHG�E\�WKHLU�FRPSDULVRQ�LQ�6HFWLRQ�9��7KH�ZRUNIORZ�WKDW�PD\�EH�
FRQVLGHUHG�LQ�WKH�IXWXUH�GHYHORSPHQW�LV�RXWOLQHG�LQ�6HFWLRQ 9,� 7KH�OLWHUDWXUH�UHYLHZ�DQG�UHVHDUFK�JDSV�DUH�
VXPPDUL]HG�LQ�6HFWLRQV�9,,�DQG�9,,,�

,,� 2%-(&7,9(6$1'5(9,(:6&23(

7KHUH DUH IRXU DLPV RI WKLV SDSHU DQG WKHVH DUH�

��� 7R DQDO\]H WKH XVH RI $, DQG 0DFKLQH /HDUQLQJ PHWKRGV IRU KHDUW GLVHDVH SUHGLFWLRQ�

��� 7R GLVFXVV GLIIHUHQW DOJRULWKPV DQG WKHLU ILW LQWR FOLQLFDO GDWDVHWV�

��� 7R VXJJHVW IXWXUH UHVHDUFK GLUHFWLRQV DQG GDWDVHWV�

��� 7R VWDWH WKH OLPLWDWLRQV DQG JDSV WKDW FDXVH OHVV DFFXUDF\ LQ HDUO\ GHWHFWLRQ�

:H DUH JRLQJ WR DQDO\]H VWUXFWXUHG GDWD FRQFHUQLQJ VXFK IHDWXUHV DV DJH� EORRG SUHVVXUH� FKROHVWHURO��KHDUW
UDWH� V\PSWRPV DQG RWKHU WHVW UHVXOWV� :H ZLOO XVH VXFK DOJRULWKPV DV /RJLVWLF 5HJUHVVLRQ� 690� 'HFLVLRQ
7UHH� 5DQGRP)RUHVW� 1DwYH%D\HV� .11 DQG1HXUDO 1HWZRUNV LQFOXGLQJ GHHS OHDUQLQJ DQG�;$,� 7KLV SDSHU
LV D QDUUDWLYH UHYLHZ DFFRUGLQJ WR WKH RXWOLQH DQG FKRVHQ SDSHUV� ,W LV QRW D V\VWHPDWLF�UHYLHZ�EHFDXVH�WKHUH�
ZDV�QR�VHDUFK�SURWRFRO�FUHDWHG�EHIRUH�

6LQFH WKLV SDSHU LV MXVW DQ DQDO\VLV RI SUHYLRXV UHVHDUFKHV� LW LV XVHIXO WR SUHVHQW WKH ERXQGDULHV RI WKLV�SDSHU��
7KH�IROORZLQJ�WDEOH�VKRZV�WKH�FRPSDULVRQ�RI�RXU�SDSHU�ZLWK�DQ�H[SHULPHQWDO�RQH�

7$%/( ,� &203$5,6212) 7+( 6&23( 2) 7+,6 3$3(5 72$1 (;3(5,0(17$/

$VSHFW /LWHUDWXUH 5HYLHZ ([SHULPHQWDO 6WXG\

0DLQ DFWLYLW\ 6\QWKHVL]HV H[LVWLQJ UHVHDUFK 7UDLQV DQG WHVWV PRGHOV

3DWLHQW GDWD 1RW XVHG 2EWDLQHG E\�UHVHDUFKHUV
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6RIWZDUH 1R FRGH H[HFXWHG &RGH GHYHORSHG DQG UXQ

5HVXOWV 1R QHZ SHUIRUPDQFH PHWULFV 5HSRUWV SHUIRUPDQFH PHWULFV

2XWFRPH 8QGHUVWDQGLQJ DQG SURSRVHG�
ZRUNIORZ

(YLGHQFH RI PRGHO�SHUIRUPDQFH

5(6($5&+

7KHUH�DUH�D�QXPEHU�RI�SUREOHPV�ZLWK�WKH�PHWKRGRORJ\��7R�EHJLQ�ZLWK��WKH�OLWHUDWXUH�ZDV�FROOHFWHG�PDQXDOO\�
DQG�QRW� WKURXJK�DQ\�V\VWHPDWLF� VHDUFK� $V�D� UHVXOW�� WKHUH� LV� D�SRVVLELOLW\� WKDW� VRPH�XVHIXO� VWXGLHV�ZHUH�
PLVVHG��)XUWKHUPRUH��WKH�GDWDVHWV�XVHG�LQ�HDFK�SDSHU�YDU\�LQ�QDWXUH��7KLV�PHDQV�WKDW�WKHLU�ILQGLQJV�FDQQRW�
EH�FRPSDUHG�DQG��DV�D�UHVXOW��WKH�DOJRULWKPV�DUH�QRW�UDQNHG�DFFRUGLQJ�WR�WKHLU�DFFXUDF\�

,,,� %$&.*5281'

$� &OLQLFDO 'DWD IRU 5LVN 3UHGLFWLRQ

3UHGLFWLYH�GDWDVHW� LQFOXGHV� LQSXW�DWWULEXWHV�DQG� WKH�RXWSXW�DWWULEXWH� �ODEHO��� ,QSXW�DWWULEXWHV�PD\� LQFOXGH�
GHPRJUDSKLFV�� FOLQLFDO� DWWULEXWHV�� V\PSWRPV�WHVW� FDWHJRULHV�� 7KH� ODEHOV� FRXOG� UHSUHVHQW� WKH� SUHVHQFH RU
DEVHQFH RI D FHUWDLQ GLVHDVH LQ TXHVWLRQ �DV LQ PRVW EHQFKPDUN GDWDVHWV� RU FDUGLRYDVFXODU� HYHQWV� LQ� WKH�
IXWXUH��+RZHYHU��WKHVH�WZR�WDVNV�DUH�GLIIHUHQW�EHFDXVH�WKH�SUHVHQFH�RI�H[LVWLQJ�GLVHDVH�DQG�SUHGLFWLQJ�WKH�
IXWXUH�HYHQWV�DUH� WZR�GLVWLQFW� WKLQJV�� WKHUHIRUH��HDFK� UHVHDUFK�VKRXOG�VWDWH�ZKDW� WKH\�DUH�SUHGLFWLQJ�DQG�
ZKHQ�ODEHOV�ZHUH�FUHDWHG�

8&,� +HDUW� 'LVHDVH� UHSRVLWRU\� LV� D� FRPPRQ� EHQFKPDUN� WKDW� FRPSULVHV� GDWDVHWV� IURP� IRXU� GLIIHUHQW�
GDWDEDVHV��6SHFLILFDOO\��WKH�&OHYHODQG�VXEVHW�FRQWDLQV�����REVHUYDWLRQV�DQG�LV�PRVWO\�FRQVLGHUHG�WRJHWKHU
ZLWK �� DWWULEXWHV� RQH RI ZKLFK VHUYHV DV WKH WDUJHW DWWULEXWH LQGLFDWLQJ WKH SUHVHQFH RI KHDUW GLVHDVH�>�@��,W�
LV�HDVLO\�DYDLODEOH�DQG�UHSURGXFLEOH��ZKLFK�PDNHV�LW�D�JRRG�FKRLFH�IRU�WUDLQLQJ�DQG�FRPSDULVRQV�RI�PHWKRGV��
1RQHWKHOHVV��WKH�GDWDVHW�LV�UDWKHU�VPDOO�DQG�LWV�GDWD�UHIOHFW�WKH�SUDFWLFHV�RI�PDQ\�\HDUV�DJR��WKXV��WKH�UHVXOWV�
EDVHG�RQ�WKLV�GDWDVHW�DUH�KDUGO\�JHQHUDOL]DEOH�

7DEOH ,, VKRZV ���DWWULEXWHV RI WKH &OHYHODQG VXEVHW DFFRUGLQJ WR WKH UHSRVLWRU\ GRFXPHQWDWLRQ�

7$%/( ,,�$775,%87(6 2) 7+( &/(9(/$1' 68%6(7 >�@

$WWULEXWH 'HVFULSWLRQ
DJH $JH LQ�\HDUV
VH[ 6H[ RI�WKH SDWLHQW
FS &KHVW SDLQ�W\SH
WUHVWESV 5HVWLQJ�EORRG�SUHVVXUH
FKRO 6HUXP FKROHVWHURO
IEV )DVWLQJ EORRG VXJDU�DERYH ��� PJ�GO��\HV RU�QR�
UHVWHFJ 5HVWLQJ HOHFWURFDUGLRJUDSKLF UHVXOW
WKDODFK 0D[LPXP KHDUW UDWH�DFKLHYHG
H[DQJ ([HUFLVH�LQGXFHG DQJLQD �\HV RU QR�
ROGSHDN 67 GHSUHVVLRQ LQGXFHG E\ H[HUFLVH UHODWLYH WR UHVW
VORSH 6ORSH RI WKH SHDN H[HUFLVH�67 VHJPHQW
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FD 1XPEHU RI PDMRU YHVVHOV ��±�� FRORUHG E\ IOXRURVFRS\
WKDO 7KDOOLXP VWUHVV�WHVW UHVXOW��QRUPDO� IL[HG GHIHFW� UHYHUVLEOH GHIHFW�
QXP 'LDJQRVLV RI�KHDUW GLVHDVH �WKH WDUJHW�

$OO� RI� WKHVH� FKDUDFWHULVWLFV� DUH� UHJXODU� QXPEHUV� RU� FDWHJRULFDO� FRGHV� DQG� KHQFH� WKH� GDWD� LV� FRQVLGHUHG�
VWUXFWXUHG�GDWD��(&*�ZDYHV�DQG�PHGLFDO� LPDJHV�GR�QRW� IDOO� LQ� WKLV�FDWHJRU\��7KH\�DUH�QRW� UHSUHVHQWHG� LQ�
FROXPQV�DQG�XVXDOO\�PDQDJHG�XVLQJ�VRPH�RWKHU�PRGHOV�

%� 0DFKLQH /HDUQLQJ DQG 'HHS /HDUQLQJ

7$%/( ,,,��'$7$7<3(6$1'02'(/ )$0,/,(6 2)7(1 &216,'(5('

'DWD W\SH ([DPSOHV 0RGHO IDPLOLHV

6WUXFWXUHG FOLQLFDO�
UHFRUGV

$JH� EORRG SUHVVXUH� FKROHVWHURO��
WHVW�UHVXOWV

/RJLVWLF 5HJUHVVLRQ� 690� WUHH�EDVHG�
PHWKRGV��1DwYH�%D\HV��.11

3K\VLRORJLFDO VLJQDOV (&* UHFRUGLQJV 'HHS�OHDUQLQJ��VXFK�DV�FRQYROXWLRQDO�RU�
UHFXUUHQW�QHWZRUNV

0HGLFDO LPDJHV (FKRFDUGLRJUDPV� &7 RU 05,�
VFDQV

'HHS� OHDUQLQJ�� VXFK� DV� FRQYROXWLRQDO�
QHWZRUNV

&RPELQHG GDWD 5HFRUGV WRJHWKHU ZLWK VLJQDOV RU�
LPDJHV

)XVLRQ RI VHYHUDO PRGHO W\SHV

7KLV LV PHUHO\ D JHQHUDO JXLGHOLQH EDVHG RQ EHVW SUDFWLFHV� 7KH XOWLPDWH GHFLVLRQ ZLOO KDYH WR EH PDGH�EDVHG�
RQ�WKH�GDWD�DW�KDQG�DQG�FRPSDULQJ�GLIIHUHQW�PRGHOV�

&� ([SODLQDEOH $,

([SODLQDEOH�$,�DLPV�DW�H[SODLQLQJ�WKH�IDFWRUV�UHVSRQVLEOH�IRU�JHQHUDWLQJ�WKH�RXWSXW�RI�WKH�PRGHO��6+$3
JLYHV�D�FRQWULEXWLRQ�YDOXH�WR�HDFK�IHDWXUH�LQ�D�VLQJOH�SUHGLFWLRQ�IURP�D�VLQJOH�IUDPHZRUN�>�@��/,0( FUHDWHV
D VLPSOLILHG PRGHO IRU RQH SDUWLFXODU SUHGLFWLRQ WR H[SODLQ KRZ WKH UHDO PRGHO EHKDYHV�LQ LWV YLFLQLW\ >�@�
%RWK WHFKQLTXHV KHOS LQ XQGHUVWDQGLQJ WKH UROH RI IHDWXUHV LQ JHWWLQJ HLWKHU D KLJKHU�RU ORZHU VFRUH LQ RQH
SDUWLFXODU FDVH� 1HYHUWKHOHVV� WKH H[SODQDWLRQ GRHV QRW H[SODLQ FDXVDOLW\ RU SURYH�WKH�FOLQLFDO�YDOLGLW\�RI�WKH�
PRGHO�

)RU�H[DPSOH��WKH�H[SODQDWLRQ�RI�D�KHDUW�GLVHDVH�PRGHO�PLJKW�WHOO�WKDW�D�KLJK�UHVWLQJ�EORRG�SUHVVXUH�UDLVHG�
WKH� ULVN� VFRUH�� ZKLOH� \RXWK� UHGXFHG� WKH� VFRUH�� $� GRFWRU� ZRXOG� FKHFN� LI� WKLV� LV� LQ� OLQH� ZLWK� PHGLFDO�
NQRZOHGJH�

'� 3UHGLFWLRQ 7DVNV LQ &DUGLRYDVFXODU &DUH

7KH QRWLRQ RI SUHGLFWLRQ FRPSULVHV D YDULHW\ RI DSSURDFKHV WR GDWD DQDO\VLV� \HW WKH H[LVWLQJ OLWHUDWXUH�GRHV
QRW GLVWLQJXLVK EHWZHHQ WKHP� 'LDJQRVLV LPSOLHV WKH LGHQWLILFDWLRQ RI WKH SUHVHQFH RU DEVHQFH RI� VRPH
SUREOHP DW WKH PRPHQW� ULVN VWUDWLILFDWLRQ ± WKH LGHQWLILFDWLRQ RI WKH SDWLHQWV ZKR DUH PRUH OLNHO\� WR�QHHG�
WUHDWPHQW�FRPSDUHG�WR�RWKHU�SDWLHQWV��DQG�SURJQRVLV�± WKH�SUHGLFWLRQ�RI�ZKDW�ZLOO�KDSSHQ�LQ�WKH IXWXUH GXULQJ
WKH VSHFLILHG SHULRG RI WLPH� (DFK DSSURDFK QHHGV GLIIHUHQW WHUPV� GLIIHUHQW VDPSOHV�RI�SDWLHQWV�DQG�FULWHULD�
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IRU�VXFFHVV�

'LIIHUHQW�OHYHOV�RI�VLJQLILFDQFH�QHHG�WR�EH�DVVLJQHG�WR�WKH�WZR�NLQGV�RI�HUURUV�GHSHQGLQJ�RQ�WKH�VSHFLILF
WDVN� ,Q VFUHHQLQJ� WKH FRVW RI WKH IDOVH�QHJDWLYH HUURU LV XVXDOO\ KLJKHU WKDQ WKDW RI WKH IDOVH�SRVLWLYH�RQH��
KHQFH��D�KLJKHU�OHYHO�RI�VHQVLWLYLW\�QHHGV�WR�EH�XVHG��,Q�FRQWUDVW��IRU�WKH�SXUSRVHV�RI�GLDJQRVWLF�FRQILUPDWLRQ��
KLJK�VSHFLILFLW\�LV�QHFHVVDU\��7KH�FRVWV�RI�WKH�WZR�NLQGV�RI�HUURUV�EHLQJ�FRQWH[W�GHSHQGHQW��WKH�HVWLPDWH�RI�
DFFXUDF\�LQ�VXFK�FRQGLWLRQV�WXUQV�RXW�WR�EH�PHDQLQJOHVV�

,9�5(9,(:2)&20021$/*25,7+06

$� /RJLVWLF 5HJUHVVLRQ

7KH /RJLVWLF 5HJUHVVLRQ PRGHO GHWHUPLQHV WKH SUREDELOLW\ RI ZKHWKHU WKH RXWSXW ZLOO EH <HV�1R EDVHG�RQ�
FDOFXODWLQJ� WKH� ZHLJKWHG� VXP� RI� WKH� LQSXW� YDULDEOHV� DQG� WKHQ� SDVVLQJ� WKH� RXWSXW� WKURXJK� WKH� VLJPRLG�
IXQFWLRQ��,W�PDNHV�IRU�D�JRRG�EDVHOLQH�PRGHO�VLQFH�WKH�FRHIILFLHQWV�RI�WKH�PRGHO�DUH�HDV\�WR�LQWHUSUHW��DQG�
WKH�SUHGLFWLRQV�FDQ�DOVR�EH�FDOLEUDWHG�HDVLO\��7KH�SUREOHP�ZLWK�LW�LV�WKDW�LW�IDLOV�ZLWK�QRQOLQHDU�UHODWLRQVKLSV�

6XSSRUW 9HFWRU 0DFKLQH

690 DOJRULWKP ORRNV IRU D PD[LPXP PDUJLQ ERXQGDU\ VHSDUDWRU DPRQJ FODVVHV DQG WKURXJK WKH XVH�RI�
NHUQHOV��LW�EHFRPHV�SRVVLEOH�IRU�WKH�DOJRULWKP�WR�FUHDWH�D�QRQ�OLQHDU�ERXQGDU\�>�@��,W�JHQHUDOO\�ZRUNV ZHOO
ZLWK SURSHUO\ VFDOHG IHDWXUHV� KRZHYHU� LWV HIILFLHQF\ GHSHQGV RQ FKRRVLQJ WKH ULJKW NHUQHO� DQG
K\SHUSDUDPHWHUV� 3UREDELOLW\ VFRUHV JHQHUDWHG E\ WKH DOJRULWKP QHHG WR EH FDOLEUDWHG WR LQWHUSUHW�WKHP�DV�
ULVNV�DQG�WKH�DOJRULWKP�LV�GLIILFXOW�WR�LQWHUSUHW�

%� 'HFLVLRQ 7UHH DQG 5DQGRP )RUHVW

7KH SUHGLFWLRQV RI WKH 'HFLVLRQ 7UHH DUH PDGH E\�SRVLQJ TXHVWLRQV DQG DQVZHULQJ WKHP DFFRUGLQJ WR�WKH
YDOXHV RI WKH YDULDEOHV� 7KLV KDV D VWUDLJKWIRUZDUG VWUXFWXUH ZKLFK PDNHV LW HDV\ WR H[DPLQH� 7KH�GUDZEDFN
RI D YHU\ GHHS 'HFLVLRQ 7UHH LV WKH SUREOHP RI RYHUILWWLQJ� 7KH 5DQGRP )RUHVW EXLOGV PDQ\�WUHHV EDVHG RQ
UDQGRPO\ VHOHFWHG YDULDEOHV DQG GDWD� DQGPDNHV D YRWH RI DOO RI WKHP >�@� 7KLV ORZHUV�WKH YDULDQFH� KRZHYHU�
WKLV PRGHO KDQGOHV QRQOLQHDU LQWHUDFWLRQV EXW LV KDUG WR LQWHUSUHW FRPSDUHG WR�WKH�'HFLVLRQ�7UHH�

&� 1DLYH %D\HV

1DwYH�%D\HV�IROORZV�WKH�%D\HV¶ WKHRUHP�DQG�DVVXPHV�WKDW�WKH�SUHGLFWRUV�DUH�LQGHSHQGHQW�JLYHQ�WKH�FODVV�
YDULDEOH��7KH�FODVVLILHU�LV�YHU\�IDVW�LQ�FRPSXWLQJ�WKH�VROXWLRQ�DQG�WKHUHIRUH�FDQ�EH�XVHG�DV�D�EHQFKPDUN IRU
FRPSDULVRQ� 3UHGLFWRUV DUH FRUUHODWHG LQ FOLQLFDO VHWWLQJV� DQG WKHUHIRUH WKLV DVVXPSWLRQ�PD\�QRW�QHFHVVDULO\�
DOZD\V�KROG�

'� .�1HDUHVW 1HLJKERUV

1HZ�GDWD�SRLQWV�DUH�FODVVLILHG�XVLQJ�WKH�ODEHOV�RI�WKH�FORVHVW�WUDLQLQJ�GDWD�SRLQWV��7KLV�FODVVLILHU�KDV�EHHQ�
LQYHVWLJDWHG�HDUOLHU�>�@��,W�LV�VLPSOH�WR�LPSOHPHQW�EXW�LV�VHQVLWLYH�WR�DWWULEXWH�VFDOLQJ��GLVWDQFH�PHWULF�DQG�
WKH�YDOXH�RI�.� 7KH�WLPH�WR�PDNH SUHGLFWLRQV�LQFUHDVHV�ZLWK�DQ�LQFUHDVH�LQ�WKH�VL]H�RI�WKH�GDWD�VHW��ZKLOH�WKH�
SUHVHQFH�RI�LUUHOHYDQW�DWWULEXWHV�LPSDFWV�LWV�SHUIRUPDQFH�QHJDWLYHO\�

(�1HXUDO 1HWZRUNV DQG 'HHS /HDUQLQJ

&RPSOH[�SDWWHUQV�FDQ�EH�FDSWXUHG�XVLQJ�WKH�OLQNV�EHWZHHQ�PXOWLSOH�XQLWV�LQ�QHXUDO�QHWZRUNV��7KH�DSSURDFK
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RI GHHS OHDUQLQJ FDQ EH XVHG ZKHQ GHDOLQJ ZLWK ELJ DPRXQWV RI GDWD� (&* VLJQDOV� PHGLFDO�LPDJLQJ�GDWD��RU�
WKH� FRPELQDWLRQ� RI� VWUXFWXUHG� DQG� XQVWUXFWXUHG� GDWD�� 7KH� GLVDGYDQWDJHV� DUH� LQ� WKH� QHHG� IRU� KDYLQJ� D�
VXIILFLHQW�DPRXQW�RI�GDWD�IRU�OHDUQLQJ��VXEVWDQWLDO�FRPSXWLQJ�SRZHU��DV�ZHOO�DV�WXQLQJ�DQG�WKH�DELOLW\�WR�
LQWHUSUHW� UHVXOWV��0RUH� FRPSOLFDWHG�PRGHOV� FDQ� EH� XVHG� RQO\�ZKHQ� WKH\�SURGXFH� EHWWHU� UHVXOWV� DQG� QRW�
EHFDXVH�LW�LV�DVVXPHG�WKDW�WKH\�ZLOO�EH�PRUH�DFFXUDWH�

3UHSURFHVVLQJ�WHFKQLTXHV�DOVR�GLIIHU�IRU�GLIIHUHQW�DOJRULWKPV��.11�DQG�690�GHSHQG�RQ�GLVWDQFH�YDOXHV�
DQG�PDUJLQV��UHVSHFWLYHO\��7KXV��WKH\�DUH�VHQVLWLYH�WR�IHDWXUH�VFDOLQJ��+RZHYHU��ORJLVWLF�UHJUHVVLRQ LV RIWHQ
VXEMHFW WR UHJXODUL]DWLRQ WR SUHYHQW RYHUILWWLQJ� 7UHH�EDVHG PHWKRGV DUH OHVV VHQVLWLYH WR�IHDWXUH VFDOLQJ��
,W LV�LPSRUWDQW�WR�FRQVLGHU WKH SUHSURFHVVLQJ�WHFKQLTXHV IRU HDFK�PHWKRG�ZKHQ�FRPSDULQJ�WKHP�

9� &203$5$7,9(9,(:

7KH�GLIIHUHQFH�GHSHQGV�XSRQ�WKH�GHJUHH�RI�LQWHUSUHWDELOLW\��FRPSXWDWLRQDO�SRZHU��DQG�QRQOLQHDULW\��1RQH�
RI�WKH�WHFKQLTXHV�LV�QHFHVVDULO\�EHWWHU�WKDQ�WKH�RWKHUV��7R�FRQGXFW�DQ�REMHFWLYH�FRPSDULVRQ�EHWZHHQ�WKHP��
WKH�DOJRULWKPV�PXVW�KDYH�WKH�VDPH�GDWD�SDUWLWLRQLQJ��WKH�VDPH�SUH�SURFHVVLQJ�RQ�WKH�EDVLV�RI�WKH�WUDLQLQJ�
GDWD�VHW�DORQH��WKH�VDPH�WDUJHW�GHILQLWLRQ��DQG�WKH�VDPH�HYDOXDWLRQ�SURFHVV�

7$%/( ,9� &203$5,6212) &20021$/*25,7+06

$OJRULWKP 3RWHQWLDO VWUHQJWKV .H\ FDXWLRQV
/RJLVWLF�5HJUHVVLRQ 5HDGDEOH EDVHOLQH� SUREDELOLW\�

PRGHOOLQJ
0D\ PLVV FRPSOH[ QRQOLQHDU�
SDWWHUQV

690 )OH[LEOH GHFLVLRQ ERXQGDULHV 6FDOLQJ DQG WXQLQJ� SUREDELOLW\�
FDOLEUDWLRQ

'HFLVLRQ 7UHH (DV\ WR YLVXDOL]H DQG H[SODLQ &DQ RYHUILW� XQVWDEOH VSOLWV
5DQGRP )RUHVW (QVHPEOH UREXVWQHVV� QRQOLQHDU�

SDWWHUQV
/HVV WUDQVSDUHQW� LPSRUWDQFH�
FDQ�PLVOHDG

1DwYH %D\HV )DVW DQG�VLPSOH�EDVHOLQH &RQGLWLRQDO�LQGHSHQGHQFH�
DVVXPSWLRQ

.11 6LPSOH� QRQ�SDUDPHWULF PHWKRG 6FDOLQJ� GLVWDQFH FKRLFH� VORZ�
LQIHUHQFH

1HXUDO 1HWZRUN � '/ &DQ OHDUQ FRPSOH[�
UHSUHVHQWDWLRQV

'DWD�KXQJU\� KDUGHU WR H[SODLQ�
DQG�YDOLGDWH

7DEOH�,9 LQFOXGHV�RQO\�WKRVH�VWUHQJWKV�DQG�SUHFDXWLRQV�WKDW�KDYH�EHHQ�PHQWLRQHG�LQ�OLWHUDWXUH��WKHUH�LV�QR�
UDQNLQJ�RI WKH�DFFXUDF\�RI WKH PHQWLRQHG�DOJRULWKPV� $Q LQWXLWLYH DSSURDFK�ZLOO�QHFHVVDULO\�EH�OHVV IOH[LEOH
WKDQ D YHU\ IOH[LEOH DSSURDFKZKLFK ZLOO QHFHVVDULO\ EH XQLQWXLWLYH� WKHUHIRUH� WKH EDODQFH GHSHQGV�RQ�WKH�XVH�
RI�WKH�DOJRULWKP�PRGHO��7KH�LQWHUSUHWDELOLW\�ZLOO�DOZD\V�EH�DV�VLJQLILFDQW�LQ�WKH�FOLQLFDO�VHWWLQJ�DV�WKH�VFRUH��
DV�WKH�SK\VLFLDQ�VKRXOG�FRQILUP�WKH�UHVXOW�

9,� 352326(' &21&(378$/:25.)/2:

,Q WKH OLJKW RI SDSHUV FRQVLGHUHG� WKH IROORZLQJ DSSURDFK FRXOG EH GHYHORSHG IRUZRUNIORZ� ,W LV UDWKHU�D�IXWXUH�
SURMHFW�WKDQ�VRPHWKLQJ�WKDW�ZH�KDYH�GRQH�DOUHDG\��)RU�H[DPSOH��WKHUH�LV�D�JXLGHOLQH�IRU�WKH�UHSRUWLQJ�RI�
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SUHGLFWLYH�PRGHOV�FDOOHG�75,32'�FKHFNOLVW�LQFOXGLQJ����LWHPV�>��@�

$� 'DWDVHW 6HOHFWLRQ DQG 7DUJHW 'HILQLWLRQ

7KLV ZLOO GHPDQG WKH GDWD VHW WR SRVVHVV TXDOLWLHV WKDW PDWFK WKH SDWLHQW SRSXODWLRQ� YDULDEOHV� DQG WKH�
RXWFRPH� $Q LOOXVWUDWLRQ RI D GDWD VHW VXLWDEOH IRU�D VLPSOH OHDUQLQJ DFWLYLW\ LV WKH 8&,�+HDUW 'LVHDVH�'DWD
VHW >�@� :KDWHYHU WKH FDVH� LW LV FUXFLDO WR NQRZ WKH VRXUFH RI WKH GDWD� WKH SRSXODWLRQ ZLWKLQ WKH�GDWD VHW�
ZKDW HDFK YDULDEOH PHDQV� KRZ WKH RXWFRPH LV FRGHG DQG WKH OLPLWDWLRQV RI WKH GDWD VHW� ,I LW� LQYROYHV�
SUHGLFWLRQ�RI�ULVNV�LQ�IXWXUH��WKH�GDWD�VHW�VKRXOG�SRVVHVV�WKH�UHTXLUHG�IROORZ�XS�SHULRG�EHFDXVH�GLDJQRVLV�RI�
D�GLVHDVH�FDQQRW�EH�FRQVLGHUHG�D�IXWXUH�HYHQW�

%� 'DWD 3UHSDUDWLRQ

)LUVW�RI�DOO��ZH�QHHG� WR� LGHQWLI\�PLVVLQJ�YDOXHV��GXSOLFDWLRQ�� LQFRQVLVWHQFLHV� LQ�XQLWV��RXWOLHUV�� DQG�FODVV
GLVWULEXWLRQV� 6HFRQGO\� ZH QHHG WR VHOHFW DQ HQFRGLQJ VFKHPH IRU WKH FDWHJRULFDO YDULDEOHV DQG�WKH�QHHG�IRU�
VFDOLQJ�RI�QXPHULF�YDULDEOHV��,PSXWDWLRQ��VFDOLQJ��IHDWXUH�VHOHFWLRQ��DQG�UHVDPSOLQJ�VKRXOG DOO EH GRQH RQ
WUDLQLQJ GDWD RQO\ ZLWKLQ HDFK FURVV�YDOLGDWLRQ IROG� +RZHYHU� LI ZH XVH WKH WHVW� GDWD� WKHQ WKHUH ZLOO EH
LQIRUPDWLRQ OHDNDJH WR WKH WUDLQLQJ GDWD DQG UHVXOWV ZLOO ORRN EHWWHU WKDQ ZKDW�WKH\�UHDOO\�DUH�

&� 0RGHO 7UDLQLQJ DQG &RPSDULVRQ

/RJLVWLF�5HJUHVVLRQ�LV�D�EDVH�DOJRULWKP�WKDW�QHHGV�WR�EH�EXLOW�EHIRUH�DOO�RWKHUV��2QH�PD\�FRPSDUH�LW�ZLWK
690� 'HFLVLRQ 7UHH� 5DQGRP )RUHVW� 1DwYH %D\HV� .11� DQG HYHQ ZLWK D QHXUDO QHWZRUN LI WKH�DPRXQW�RI�
GDWD�LV�HQRXJK��7KH�PHWKRG�RI�VWUDWLILHG�FURVV�YDOLGDWLRQ�ORRNV�WR�EH�WKH�ULJKW�RQH�WR�XVH�ZKHQ FKRRVLQJ D
PRGHO� ,W VKRXOG EH�FOHDU WKDW D�WHVW GDWDVHW VKRXOG�QRW EH WRXFKHG XQWLO WKH GHFLVLRQ ZLOO EH PDGH� ZKLOH WKH
WXQLQJ RI K\SHUSDUDPHWHUV VKRXOG EH GRQH RQO\ RQ WKH WUDLQLQJ DQG YDOLGDWLRQ�GDWDVHWV�

7KH EDVHOLQH LV D JRRG H[DPSOH RI KRZ PRUH FRPSOLFDWHG DOJRULWKPV JLYH DQ DGGLWLRQDO YDOXH� 6PDOO�YDOXH�
PHDQV�WKDW�WKH�PRGHO�LV�EHWWHU�WR�EH�VLPSOH�

'� (YDOXDWLRQ

1HYHUWKHOHVV� PHUH DFFXUDF\ LV QRW D SURSHU FULWHULRQ RI HYDOXDWLRQ� 5HFDOO �VHQVLWLYLW\ RI WKH SRVLWLYH�FODVV��
VWDQGV�IRU�WKH�VKDUH�RI�WUXH�SRVLWLYHV��ZKLOH�VSHFLILFLW\�GHQRWHV�WKH�VKDUH�RI�WUXH�QHJDWLYHV��3UHFLVLRQ� )��
VFRUH� 52&�$8&� DQG FRQIXVLRQ PDWUL[ SURYLGH FRPSOHWHO\ GLIIHUHQW LQIRUPDWLRQ� DQG�LW LV DOVR LPSRUWDQW
WR WHVW WKH FDOLEUDWLRQ LI WKHUH DUH SUREDELOLVWLF HVWLPDWLRQV JHQHUDWHG E\ WKHPRGHO��,W�LV�QRW�HTXDOO\�GDQJHURXV�
IRU�WKH�SDWLHQWV�DQG�SUDFWLWLRQHUV�WR�KDYH�D�PLVV�DQG�D�IDOVH�SRVLWLYH��DQG�WKH WKUHVKROG RI GHFLVLRQ PDNLQJ
VKRXOG EH FKRVHQ WRJHWKHU ZLWK�WKH H[SHUWV RI FOLQLFDO ILHOG� DV ZHOO�DV WR SURYLGH XQFHUWDLQW\ LQ WKH UHVXOWV
ZKHQ LW LV SRVVLEOH� 7DEOH 9 SURYLGHV WKH PDLQ PHWULFV� ZKHUH�73��71��)3��DQG�)1�VWDQG�IRU�WUXH�SRVLWLYHV��
WUXH�QHJDWLYHV��IDOVH�SRVLWLYHV��DQG�IDOVH�QHJDWLYHV��UHVSHFWLYHO\�

,W�LV�QHFHVVDU\�WR�SRLQW�RXW�WKDW�WKH�FRQIXVLRQ�PDWUL[�UHSUHVHQWV�WKH�IRXQGDWLRQ�IRU�WKH�PHQWLRQHG�PHWULFV�
EHFDXVH�LW�GHPRQVWUDWHV WKH TXDQWLW\�RI�FRUUHFW�DQG�LQFRUUHFW�SUHGLFWLRQV�IRU�HDFK�FODVV� 7KH�FKDQJH�LQ�WKH�
WKUHVKROG� RI� GHFLVLRQ�PDNLQJ� FKDQJHV� WKH� QXPEHUV� LQ� WKH�PDWUL[� FHOOV�� DQG� WKHUHIRUH� WKHUH� LV� QR� LGHDO�
WKUHVKROG�WR�FKRRVH�
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7$%/(9�&20021(9$/8$7,210($685(6

0HDVXUH 0HDQLQJ 'HILQLWLRQ
$FFXUDF\ 6KDUH RI DOO SUHGLFWLRQV WKDW DUH�

FRUUHFW
�73�71� � �73 �71 � )3� )1�

6HQVLWLYLW\��UHFDOO� 6KDUH RI DFWXDO SRVLWLYHV WKDW DUH�
GHWHFWHG

73 � �73 � )1�

6SHFLILFLW\ 6KDUH RI DFWXDO QHJDWLYHV FRUUHFWO\�
LGHQWLILHG

71 � �71 � )3�

3UHFLVLRQ 6KDUH� RI� SRVLWLYH� SUHGLFWLRQV� WKDW� DUH�
FRUUHFW

73 � �73 � )3�

)��VFRUH +DUPRQLF PHDQ RI SUHFLVLRQ DQG�
UHFDOO

�35 � �3 � 5�

52&�$8& $ELOLW\ WR UDQN SRVLWLYH FDVHV DERYH�
QHJDWLYH�RQHV

$UHD XQGHU�WKH 52&�FXUYH

&DOLEUDWLRQ $JUHHPHQW EHWZHHQ SUHGLFWHG DQG�
REVHUYHG�ULVN

$VVHVVHG ZLWK FDOLEUDWLRQ SORWV

([SODLQDELOLW\ DQG 9DOLGDWLRQ

7KH DFFXUDF\ ILJXUH ZRXOG EHPLVOHDGLQJ ZKHQ RQH FDWHJRU\ YDVWO\ RXWQXPEHUV WKH RWKHU EHFDXVH WKH�V\VWHP
ZLOO H[KLELW D KLJK GHJUHH RI DFFXUDF\ GHVSLWH QRW SUHGLFWLQJ WKH PLQRULW\ FDWHJRU\ PRVW RI WKH�WLPH� 7KLV
H[SODLQV ZK\ WKH VHQVLWLYLW\� VSHFLILFLW\� DQG DOO RWKHU ILJXUHV LQ 7DEOH 9PXVW EH SUHVHQWHG�

7$%/(9,� 6800$5<2) 7+( 352326(':25.)/2:

6WDJH 0DLQ DFWLYLW\ 5LVN WR DYRLG

$��'DWDVHW 6HOHFW GDWD DQG�GHILQH WKH WDUJHW 0LVPDWFK EHWZHHQ GDWD DQG WDVN

%��3UHSDUDWLRQ &OHDQ� HQFRGH� DQG VFDOH�WKH GDWD /HDNDJH IURP WHVW GDWD

&� 7UDLQLQJ &RPSDUH EDVHOLQH DQG FRPSOH[�
PRGHOV

7XQLQJ RQ WKH WHVW VHW

'��(YDOXDWLRQ 5HSRUW VHYHUDO PHDVXUHV 5HO\LQJ RQ DFFXUDF\ DORQH

(� ([SODQDWLRQ DQG�
YDOLGDWLRQ

6+$3�� /,0(�� H[WHUQDO� DQG� VXEJURXS�
WHVWLQJ

5HDGLQJ DWWULEXWLRQ DV FDXVDWLRQ��
VNLSSLQJ�H[WHUQDO�YDOLGDWLRQ



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

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

9,,� /,7(5$785( ,16,*+76

%DVHG�RQ�WKH�OLWHUDWXUH��WKH�IROORZLQJ�IHDWXUHV�DSSHDU�FOHDUO\��)LUVW�RI�DOO��0/�PHWKRGV�FDQ�ILQG�SDWWHUQV LQ
(+5V DQG FOLQLFDO YDULDEOHV� QHYHUWKHOHVV� WKH PRVW SURGXFWLYH DOJRULWKP GHSHQGV RQ FDVHV� DQG HYHQ
GHILQLWLRQV RI WKH LVVXH� $FFRUGLQJ WR WKH ILQGLQJV RI D V\VWHPDWLF UHYLHZ DQG PHWD�DQDO\VLV�LQ�������WKHUH�
ZDV�D�JRRG�SHUIRUPDQFH�UHVXOW�RI�VRPH�0/�DOJRULWKPV�ZLWK�GLIIHUHQW�UHVXOWV�RI�WKH�RWKHU VWXGLHV DW WKH VDPH
WLPH� 7KXV� DOWKRXJK WKH UHVXOWV RI SRROHG VWXGLHV DUH TXLWH LPSUHVVLYH� WKH\�GR�QRW�QHFHVVDULO\�JXDUDQWHH�D�
VLPLODU�UHVXOW�LQ�DQRWKHU�VDPSOH�>�@��5HJDUGLQJ�VXSHUYLVHG�PDFKLQH�OHDUQLQJ�WHFKQLTXHV��WKHUH�LV�HYLGHQFH�
RI�YDU\LQJ�UHVXOWV�EDVHG�RQ�GDWDVHWV�DQG�VWXGLHV�>��@�

)LUVW�RI�DOO��EHQFKPDUN�GDWDVHWV�SURYLGH�UHVHDUFKHUV�ZLWK�DQ�RSSRUWXQLW\�WR�UHSURGXFH�DQG�FRPSDUH�WKHLU
UHVXOWV� QHYHUWKHOHVV� LQ VRPH FDVHV� WKH\ PD\ EH WRR VPDOO RU ELDVHG WR PDNH FRQFOXVLRQV DERXW� WKH�
DSSOLFDELOLW\�RI�WKHVH�WHFKQLTXHV��)RU�H[DPSOH��&OHYHODQG
V�VXEVHW�RI�8&,�UHSRVLWRU\�GDWDVHW�FRQVLVWV�RI�RQO\�
����VDPSOHV�DQG�LV�H[WHQVLYHO\�XVHG�LQ�VFLHQWLILF�DQG�HGXFDWLRQDO�SXUSRVHV�>�@��$OWKRXJK LW LV YHU\ SRSXODU�
LWV SRSXODULW\ GRHV QRW LPSO\ UHSUHVHQWDWLYHQHVV IRU WKH ZKROH SRSXODWLRQ�� $Q\ 0/ PRGHO EXLOW RQ VXFK
GDWDVHW ZLOO GHWHFW RQO\ ORFDO GHSHQGHQFLHV DQG SHUIRUP EDGO\ RQ RWKHUV�

7KLUGO\��LQWHUSUHWDELOLW\�DQG�YDOLGDWLRQ�RI�WKH�PRGHOV�DUH�NH\�IDFWRUV�RI�HQVXULQJ�WKH�VDIHW\�RI�WKH�PRGHOV�
7RROV OLNH 6+$3 DQG /,0( FDQ EH XVHG WR LQWHUSUHW WKH PRGHO >�@� >�@� EXW WKH\ FDQQRW UHVROYH�SUREOHPV ZLWK
WKH SRRU TXDOLW\ RI WKH GDWDVHW� LQFRUUHFW ODEHOLQJ DQG ELDV DQG FKDQJH LQ WKH GLVWULEXWLRQ�RI GDWD WKURXJK WLPH�
$FFRUGLQJ WR &DL HW DO�� LW LV QHFHVVDU\ WR SD\ DWWHQWLRQ WR LQGHSHQGHQW YDOLGDWLRQ�DQG�UHSURGXFLELOLW\�RI�WKH�
UHSRUWV�IRU $,�FDUGLRYDVFXODU�SUHGLFWLRQ�PRGHOV�>�@�� ,Q�JHQHUDO�� OLWHUDWXUH�SURSRVHV�LPSURYLQJ�UHSRUWLQJ��
H[WHUQDO�YDOLGDWLRQ�DQG�LQYROYHPHQW�RI�WKH�FOLQLFLDQV��EXW�QRW�FRPSDULQJ�RI�WKH�PRGHOV�

7DEOH 9,, LOOXVWUDWHV WKH UROH RI HDFK VRXUFH LQ WKH SUHVHQW SDSHU�

7$%/(9,,� 6285&(6$1' 7+(,5 52/( ,1 7+,6 3$3(5

5HI� 7\SH 5ROH LQ WKLV SDSHU

>�@ 6\VWHPDWLF UHYLHZ ,QGHSHQGHQW YDOLGDWLRQ DQG WUDQVSDUHQW�UHSRUWLQJ

>�@ 6\VWHPDWLF UHYLHZ DQG PHWD�
DQDO\VLV

3RROHG GLVFULPLQDWLRQ DQG KHWHURJHQHLW\

>�@ 'DWDVHW GRFXPHQWDWLRQ %HQFKPDUN GDWD DQG LWV OLPLWV

>�@ 5HYLHZ DUWLFOH %DFNJURXQG RQ GHHS OHDUQLQJ

>�@ &RQIHUHQFH SDSHU 6+$3 H[SODQDWLRQV

>�@ &RQIHUHQFH SDSHU /,0( H[SODQDWLRQV

>�@ -RXUQDO DUWLFOH 6XSSRUW YHFWRU PDFKLQHV

>�@ -RXUQDO DUWLFOH 5DQGRP IRUHVWV

>�@ -RXUQDO DUWLFOH 1HDUHVW�QHLJKERU UXOH

>��@ 5HSRUWLQJ JXLGHOLQH 75,32' FKHFNOLVW
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>��@ 6\VWHPDWLF UHYLHZ 9DULDWLRQ DFURVV VWXGLHV DQG GDWDVHWV

7KH�VLPLODULW\�WKDW�FDQ�EH�QRWLFHG�LQ�WKH�VHOHFWHG�VRXUFHV�LV�WKH�RSLQLRQ�DERXW�WKH�IDFW�WKDW�JRRG�SHUIRUPDQFH
RQ D VSHFLILF GDWD VHW LV QRW D JRRG LQGLFDWRU DW DOO� 7KH W\SH RI GDWD� WKH WDUJHW XVHG� DQG�YDOLGDWLRQ�PHWKRG�
PXVW�EH�FRQVLGHUHG�EHIRUH�WKH�SDSHUV�DUH�HYDOXDWHG��VLQFH�DOO�WKHVH�DVSHFWV�IRUP�GLIIHUHQW�UHVXOWV�

7KH� TXDOLW\� RI� UHSRUWLQJ� LV� WKH� QH[W� SUREOHP� WKDW� QHHGV� WR� EH� KLJKOLJKWHG�� ,Q� FDVH� ZKHQ� WKHUH� LV� QR�
LQIRUPDWLRQ FRQFHUQLQJ WKH VRXUFH RI WKH GDWD� RXWFRPHV� WUHDWPHQW RI WKH PLVVLQJ YDOXHV DQG WKH
YDOLGDWLRQ PHWKRG XVHG� WKH UHVHDUFK FDQQRW EH UHSOLFDWHG DQG HYHQ DQDO\]HG LQ VSLWH RI JUHDW VWDWLVWLFV�
PHQWLRQHG�LQ�WKH�SDSHU�

9,,,� &+$//(1*(6$1'5(6($5&+*$36

7KHUH DUH D QXPEHU RI WKLQJV WKDW VKRXOG EH UHVROYHG SULRU WR LPSOHPHQWLQJ $, ULVN SUHGLFWLRQ PRGHOV�LQWR�
SUDFWLFH� 7KH IROORZLQJ�OLVW RI SUREOHPV�DQG�SRVVLEOH�ZD\V�WR�DGGUHVV�WKHP�LV�SURYLGHG�LQ 7DEOH�9,,,�

$YDLODELOLW\�DQG�TXDOLW\�RI�GDWD��FOLQLFDO�GDWD�FDQ�EH�LQFRPSOHWH��FRQWDLQ�HUURUV�DQG�LQDFFXUDFLHV��DV�ZHOO DV
GDWD FROOHFWHG IURP YDULRXV KRVSLWDOV FDQ GLIIHU LQ WHUPV RI HTXLSPHQW� XQLWV RI PHDVXUHPHQWV�� FRGLQJ�
VWDQGDUGV��DQG�SDWLHQW�VHOHFWLRQ�SURFHGXUHV�

,PEDODQFHG� GDWD�� VRPH� GDWDVHWV� ODFN� REVHUYDWLRQV� LQ� UHODWLRQ� WR� WKH� WDUJHW� YDULDEOH�� ZKLFK� FDQQRW� EH�
UHIOHFWHG�LQ�WKH�DFFXUDF\�PHDVXUHV�DQG�QHFHVVLWDWHV�WKH�LPSOHPHQWDWLRQ�RI�VXFK�WHFKQLTXHV�DV�UHVDPSOLQJ�
DQG�FODVV�ZHLJKWV��KRZHYHU��UHVDPSOLQJ�VKRXOG�QRW�KDSSHQ�ZLWKLQ�WKH�WUDLQ�IROGV�

*HQHUDOL]DELOLW\��VPDOO�VL]H�GDWD�FROOHFWHG�IURP�RQH�VLQJOH�VLWH�ZLWK�LQWHUQDO�YDOLGDWLRQ�GRHV�QRW�QHFHVVDULO\�
UHIOHFW�WKH�IXWXUH�SDWLHQW�SRSXODWLRQ��WKHUHIRUH��H[WHUQDO�YDOLGDWLRQ�LV�UHTXLUHG�

7UXVW DQG LQWHUSUHWDELOLW\� 7KH FOLQLFLDQV QHHG VRPHWKLQJ WKH\ FDQ WUXVW� +RZHYHU� IHDWXUH DWWULEXWLRQ�
WHFKQLTXHV DUH QRW UHOLDEOH DQG FDQ EH PLVLQWHUSUHWHG YHU\ HDVLO\� ,W LV QHFHVVDU\ WR WHVW LQWHUSUHWDELOLW\�
WHFKQLTXHV� ZLWK� WKH� HQG�XVHUV� DQG� LW� LV� QRW� DFFHSWDEOH� WR� XVH� IHDWXUH� DWWULEXWLRQ� WHFKQLTXHV� DV� WKH�
UHSODFHPHQW�IRU�WKH�FOLQLFDO�GHFLVLRQ�PDNLQJ�SURFHVV�

)DLUQHVV� SULYDF\� DQG VHFXULW\� 0RGHOV PLJKW KDYH D UHIOHFWLRQ RI DQ\ KLVWRULFDO ELDV SUHVHQW LQ GDWD��7KH
SHUVRQDO GDWD RI SDWLHQWV QHHGV WR EH PDQDJHG LQ WKH SURSHU ZD\� EH DYDLODEOH WR WKH ULJKW SHRSOH�� WR�EH�
SURWHFWHG DQG�VWRUHG�SURSHUO\�DFFRUGLQJ�WR�WKH�GDWD�SURWHFWLRQ�OHJLVODWLRQ�

&OLQLFDO�LQWHJUDWLRQ��D�PRGHO�ZKLFK�LV�YHU\�JRRG�LQ�WHUPV�RI�PHWULFV�ZLOO�QRW�KHOS�KHDOWKFDUH�WR�EH�LPSURYHG
LI LW LQWHUIHUHV ZLWK WKH ZRUNIORZ� FUHDWHV ORWV RI IDOVH DODUPV� RU GRHV QRW ILW WKH WDUJHW SRSXODWLRQ��
3URVSHFWLYH�HYDOXDWLRQ�DQG�PRQLWRULQJ�DIWHU�GHSOR\PHQW�DUH�FUXFLDO�DQG�WKH�PRGHOV�JHW�RXWGDWHG�TXLFNO\�

7$%/(9,,,� &+$//(1*(6$1' 3266,%/(0,7,*$7,216

&KDOOHQJH 3RVVLEOH 0LWLJDWLRQ

'DWD TXDOLW\ 6\VWHPDWLF FKHFNLQJ� GRFXPHQWDWLRQ� DQG FOHDQLQJ

&ODVV LPEDODQFH &ODVV ZHLJKWLQJ RU UHVDPSOLQJ LQVLGH WUDLQLQJ IROGV� ZLWK VXLWDEOH�
PHWULFV
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/LPLWHG JHQHUDOL]DELOLW\ ([WHUQDO YDOLGDWLRQ DFURVV VLWHV DQG SHULRGV

/RZ WUXVW ([SODQDWLRQV HYDOXDWHG WRJHWKHU ZLWK FOLQLFLDQV

%LDV DQG SULYDF\ 6XEJURXS DQDO\VLV� JRYHUQDQFH� DQG VHFXUH GDWD KDQGOLQJ

3RRU ZRUNIORZ ILW 3URVSHFWLYH HYDOXDWLRQ DQG PRQLWRULQJ DIWHU GHSOR\PHQW

8VHU�LV�DOVR�D�YLWDO�HQWLW\�WR�WKLQN�DERXW�LQ�WKLV�FDVH��$�FKDUDFWHULVWLF�ZKLFK�LV�YHU\�KHOSIXO�IRU�D�UHVHDUFKHU�
PLJKW�EH�QRW�VR�FRQYHQLHQW�IRU�D�FOLQLFLDQ��7KXV��WKH�LQWHUIDFH�GHVLJQ�DQG�XVHU�WUDLQLQJ�VKRXOG�EH�WDNHQ�LQWR�
DFFRXQW�IURP�WKH�YHU\�EHJLQQLQJ�DV�ZHOO�

$QRWKHU�LPSRUWDQW�LVVXH�KHUH�LV�WLPH��3DWLHQW�SRSXODWLRQ��FOLQLFDO�SDUDPHWHUV��DQG�JXLGHOLQHV�DOO�FKDQJH�LQ�
WLPH��WKXV��D�PRGHO�ZKLFK�ZDV�YDOLG�GXULQJ�LWV�GHYHORSPHQW�SURFHVV�PD\�EHFRPH�LQYDOLG�LQ�WKH�IXWXUH�

,;� )8785( 6&23(

)RU�IXWXUH�UHVHDUFK��RQH�PLJKW�WKLQN�DERXW�SHUIRUPLQJ�PXOWLSOH�DOJRULWKPV�FRPSDULVRQV�EDVHG�RQ�ELJJHU�
DQG� PRUH� GLYHUVH� FOLQLFDO� GDWD� VHWV� ZLWK� FOHDUO\� VWDWHG� RXWFRPH� FULWHULD� DQG� FOHDU� GDWD� SUH�SURFHVVLQJ
SURFHGXUH� 7KH IXWXUH UHVHDUFK KDV WR GHPRQVWUDWH GLVFULPLQDWLRQ� FDOLEUDWLRQ� VHQVLWLYLW\��VSHFLILFLW\��DQG�
VXEJURXS�DQDO\VLV�DORQJ�ZLWK�WKH�VLPSOH�DFFXUDF\�LQVWHDG�

$QRWKHU SRWHQWLDOO\ XVHIXO DSSURDFK LV FRPELQLQJ FOLQLFDO GDWDEDVHV ZLWK WKH (&* VLJQDO RU LPDJLQJ�GDWD��
EXW�WKLV�LV�FRQWLQJHQW�RQ�WKH�DYDLODELOLW\�RI�DSSURSULDWH�GDWD�DQG�FOLQLFDO�H[SHUWLVH��0DFKLQH�OHDUQLQJ�PRGHOV�
H[SODQDWLRQ�WHFKQLTXHV�QHHG�WR�EH�DVVHVVHG�LQ� WHUPV�RI�VWDELOLW\��YDOLGLW\��DQG�FRQFRUGDQFH�ZLWK�FOLQLFDO�
NQRZOHGJH�� ,W�PLJKW� EH�ZRUWK� H[SORULQJ� WKH� LGHD� RI� SULYDF\�SUHVHUYLQJ� IHGHUDWHG� OHDUQLQJ��ZKHUH� HDFK�
KRVSLWDO�ZLOO�WUDLQ�LWV�SLHFH�RI�D�VKDUHG�PRGHO�XVLQJ�LWV�RZQ�FOLQLFDO�GDWDEDVH��DOWKRXJK�WKHUH�ZLOO�EH�VRPH�
H[WUD�SUREOHPV�

,W�ZRXOG�LQFOXGH�DQ�DVVHVVPHQW�RI�WKH�ULVN�� WKH�GHVFULSWLRQ�RI� WKH�PDMRU�IDFWRUV�LQYROYHG��VRPH�IRUP�RI�
DFFRXQWLQJ�IRU�XQFHUWDLQW\��DQG� WKH�FODLP�WKDW� WKH�RXWSXW� LV�GHFLVLRQ�VXSSRUWLYH��7KH�HYDOXDWLRQ�ZLOO EH
GRQH E\ FOLQLFLDQV DQG LW ZLOO FHQWHU DURXQG LWV FRQWULEXWLRQ WR PDNLQJ WKH ULJKW GHFLVLRQV VDIHO\� 1R
SUHGLFWLYH�PRGHOV VKRXOG EH�HPSOR\HG� IRU WKH�SXUSRVHV�RI GLDJQRVLV RU WUHDWPHQW ZLWKRXW�YDOLG�FOLQLFDO�
HYLGHQFH�

7DEOH ,; LQFOXGHV WKH SURSRVHG UHFRPPHQGDWLRQV DQG MXVWLILFDWLRQV IRU HDFK RI WKHP�

7$%/( ,;� )8785( ',5(&7,216

'LUHFWLRQ 5HDVRQ
/DUJHU� PRUH GLYHUVH GDWDVHWV 5HGXFH GHSHQGHQFH RQ�VPDOO�EHQFKPDUNV
&OHDU RXWFRPHV DQG IROORZ�XS 6HSDUDWH SUHVHQW GLVHDVH�IURP IXWXUH HYHQWV

3ODQQHG H[WHUQDO YDOLGDWLRQ &KHFN SHUIRUPDQFH EH\RQG WKH GHYHORSPHQW VLWH
)XVLRQ�ZLWK�(&* RU LPDJLQJ 8VH LQIRUPDWLRQ�WKDW WDEOHV DORQH GR�QRW�KROG
)HGHUDWHG OHDUQLQJ &ROODERUDWLRQ ZLWKRXW VKDULQJ UDZ UHFRUGV
&OLQLFLDQ�LQYROYHG HYDOXDWLRQ 7HVW UHDO XVHIXOQHVV DQG VDIHW\

:KDW� FDQ� EH� QRWLFHG� LQ� WKHVH� UHFRPPHQGDWLRQV� LV� WKDW� WKHUH� LV� RQH� FRPPRQ� WKLQJ�� 7KH� SURRI� RI� WKH�
HIIHFWLYHQHVV�RI�DQ\�PHWKRG�PXVW�FRPH�RQO\�IURP�WHVWLQJ��DQG�QRW�IURP�DQ�H[WUHPHO\�KLJK�VFRUH� $�SHUVRQ
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ZKR LV LQWHUHVWHG LQ VWDUWLQJ KLV SUDFWLFH DIWHU FRQGXFWLQJ WKH UHVHDUFK FDQ DGRSW WKH SURFHGXUH�PHQWLRQHG�LQ�
VHFWLRQ�9,�DQG�ZDLW�IRU�LQGHSHQGHQW�YHULILFDWLRQ�RI�WKH�UHVXOWV�REWDLQHG�

;� &21&/86,21

0DFKLQH�OHDUQLQJ�DSSURDFKHV�WR�HDUO\�GHWHFWLRQ�RI�KHDUW�GLVHDVHV�KDYH�EHHQ�H[DPLQHG�LQ�WKLV�SDSHU��DQG�
WKH\� DUH� FRQQHFWHG� ZLWK� WKH� IROORZLQJ� DVSHFWV�� PRVW� ZLGHVSUHDG� PDFKLQH� OHDUQLQJ� DOJRULWKPV�� GHHS�
OHDUQLQJ�� H[SODLQDELOLW\�� GDWD�SUHSURFHVVLQJ�� HYDOXDWLRQ DQG�YDOLGDWLRQ��(YHU\�DSSURDFK�GHVFULEHG DERYH
�/RJLVWLF 5HJUHVVLRQ� 690� 'HFLVLRQ 7UHH� 5DQGRP )RUHVW� 1DwYH %D\HV� .11 DQG�1HXUDO 1HWZRUNV� KDV
ERWK SURV DQG FRQV� DQG VLQFH WKH HIILFLHQF\ RI DOO WKRVH DOJRULWKPV LV VWURQJO\�GHSHQGHQW RQ WKH GDWDVHW DQG
SDUWLFXODU WDVN� QRQH RI WKHP FDQ EH UHJDUGHG DV WKH EHVW� ([LVWLQJ VWXGLHV�SRLQW�RXW�WKH�SRWHQWLDO�RI�0/ IRU�
FDUGLRYDVFXODU�ULVNV�SUHGLFWLRQ��KRZHYHU��VXFK�LVVXHV�DV�VPDOO�VL]H�RI�WKH�GDWDVHWV��GLVFUHSDQFLHV�EHWZHHQ�
WKH�VWXGLHV��ODFN�RI�JHQHUDOL]DELOLW\��SRRU�LQWHUSUHWDELOLW\�DQG�FOLQLFDO YDOLGDWLRQ ZHUH DOVR SRLQWHG RXW� 7KH
ZRUNIORZ WKDW ZDV GHYHORSHG LQ WKLV SDSHU FDQ VHUYH DV�D IRXQGDWLRQ IRU�IXUWKHU UHVHDUFK DQG�FRPSDULVRQ�
6LQFH QR PRGHOV KDYH EHHQ WUDLQHG DQG QR FOLQLFDO H[SHULPHQWV FRQGXFWHG� QHZ ILQGLQJV UHJDUGLQJ WKH
HIIHFWLYHQHVV RI WKH DSSURDFK FDQQRW EH SURYLGHG�� 0DFKLQH� OHDUQLQJ� FDQ� EH� WUHDWHG� DV� DQ� DX[LOLDU\�
WHFKQRORJ\�IRU�KHDOWK�FDUH�VSHFLDOLVWV�

5()(5(1&(6

>�@ ³0DFKLQH� /HDUQLQJ� 7HFKQLTXHV� IRU� +HDUW� 'LVHDVH� 3UHGLFWLRQ� $ 6\VWHPDWLF� /LWHUDWXUH� 5HYLHZ�´�
6SULQJHU��������>2QOLQH@��$YDLODEOH��KWWSV���GRL�RUJ���������V�����������������

>�@ ³+HDUW�'LVHDVH�3UHGLFWLRQ�8VLQJ�0DFKLQH�/HDUQLQJ $OJRULWKPV� $�&RPSDUDWLYH�6WXG\�´�DU;LY��������
>2QOLQH@��$YDLODEOH��KWWSV���DU[LY�RUJ�DEV�����������

>�@ ³$UWLILFLDO� ,QWHOOLJHQFH�%DVHG� 0HWKRGV� IRU� &DUGLRYDVFXODU� 'LVHDVH� 'HWHFWLRQ� $ 5HYLHZ�´� ������
>2QOLQH@��$YDLODEOH��KWWSV���VFKRODU�JRRJOH�FRP

>�@ ³6\VWHPDWLF 5HYLHZ RI $,�%DVHG +HDUW 'LVHDVH 3UHGLFWLRQ 0RGHOV� &KDOOHQJHV DQG )XWXUH�
'LUHFWLRQV�´�������>2QOLQH@��$YDLODEOH��KWWSV���VFKRODU�JRRJOH�FRP

>�@ ³$UWLILFLDO� ,QWHOOLJHQFH� IRU� +HDUW� 'LVHDVH� 3UHGLFWLRQ�� $� 5HYLHZ� RI� 'HHS� /HDUQLQJ� DQG� +\EULG�
$SSURDFKHV�´� $UWLILFLDO� ,QWHOOLJHQFH� 5HYLHZ�� 6SULQJHU�� ������ >2QOLQH@�� $YDLODEOH��
KWWSV���GRL�RUJ���������V�����������������

>�@ ³+HDUW 'LVHDVH 3UHGLFWLRQ 8VLQJ 0DFKLQH /HDUQLQJ�� $� &RPSDUDWLYH� $QDO\VLV�´ DU;LY� ������
>2QOLQH@��$YDLODEOH��KWWSV���DU[LY�RUJ�DEV�����������

>�@ ³+HDUW� 'LVHDVH� 3UHGLFWLRQ� %DVHG� RQ� 0DFKLQH� /HDUQLQJ� 8VLQJ� +HDOWK� ,QGLFDWRUV�´� DU;LY�� ������
>2QOLQH@��$YDLODEOH��KWWSV���DU[LY�RUJ�DEV�����������

>�@ ³0DFKLQH /HDUQLQJ�%DVHG +HDUW 'LVHDVH 'LDJQRVLV��$�6\VWHPDWLF /LWHUDWXUH 5HYLHZ�´ DU;LY��������
>2QOLQH@��$YDLODEOH��KWWSV���DU[LY�RUJ�DEV�����������


