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'DWD 3UHSDUDWLRQ� 5HGXFWLRQ DQG 3UHGLFWLRQ

LQ WKH &RQWH[W RI 'DWD 0LQLQJ� $ &DVH 6WXG\

ZLWK ,QVXUDQFH 3ROLFLHVe

0DULD &DUROLQD 0RQDUG�,/7&

&KDQGOHU :HOOLQJWRQ &DXONLQV

-RVuH $XJXVWR %DUDQDXVNDV

5REVRQ %XWDFD 7� GH 2OLYHLUD

6RODQJH 2OLYHLUD 5H]HQGH

8QLYHUVLGDGH GH 6aDR 3DXOR
,QVWLWXWR GH &LAHQFLDV 0DWHPuDWLFDV H GH &RPSXWDzFaDR

'HSDUWDPHQWR GH &LAHQFLDV GH &RPSXWDzFaDR H (VWDWurVWLFD
&DL[D 3RVWDO ���� ��������� � 6aDR &DUORV� 63� %UDVLO

H�PDLO� IPFPRQDUG� FKDQGOHU� MDXJXVWR� EXWDFD� VRODQJHJ#LFPF�VF�XVS�EU

$EVWUDFW

$OWKRXJK GDWD SUHSDUDWLRQ DQG WUDQVIRUPDWLRQ DUH FULWLFDO IRU 'DWD 0LQLQJ�
WKH\ RIWHQ GR QRW UHFHLYH HQRXJK DWWHQWLRQ LQ WKH UHVHDUFK OLWHUDWXUH� ,Q WKLV

ZRUN ZH GHVFULEH VRPH SUHSURFHVVLQJ VWHSV ZH KDYH XVHG RYHU D UHDO GDWD VHW
WR PDNH LW SRVVLEOH WR DSSO\ VXSHUYLVHG SURSRVLWLRQDO DQG UHODWLRQDO FRQFHSW

OHDUQLQJ DOJRULWKPV WR H[WUDFW NQRZOHGJH IURP WKDW GDWD VHW� 7KH 0DFKLQH /H�
DUQLQJ DOJRULWKPV XVHG DUH &1�� &��� DQG &����UXOHV ZKLFK OHDUQ SURSRVLWLRQDO

UXOHV� DQG *2/(0 ZKLFK OHDUQV nUVW�RUGHU UXOHV�

1RYHPEHU ����

e:RUN SDUWLDOO\ VXSSRUWHG E\ 1DWLRQDO 5HVHDUFK &RXQFLOV _ &13T DQG ),1(3� %UDVLO
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&RQWHQWV

� ,QWURGXFWLRQ �

� 2ULJLQDO 'DWD 6HW 'HVFULSWLRQ �

��� )LOH 2YHUYLHZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� *HQHUDO 6FKHPD ([SODQDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 7DVND 'HVFULSWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 2ULJLQDO 'DWD 6HW 6XPPDU\ �

� ,QLWLDO 5HOHYDQW 'DWD IRU 7DVN �

��� 6WHS � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 6WHS � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� &OHDQ�XS 6XPPDU\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 3URSRVLWLRQDO $SSURDFK ��

��� $WWULEXWH�9DOXH )RUPDW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6SHFLDO &DUH IRU 5HPRYLQJ 5HODWLRQVKLSV � � � � � � � � � � � � � � � � � � � � ��

��� /LQNLQJ ,QGLYLGXDO 'DWDVHWV WR 7KHLU &ODVV � � � � � � � � � � � � � � � � � � ��

��� $GGLWLRQDO &OHDQ�8S � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ,QGXFHUV 	 3UHOLPLQDU\ $FFXUDFLHV � � � � � � � � � � � � � � � � � � � � � � � ��

��� 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $QDO\VLV RI WKH 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 5HODWLRQDO $SSURDFK ��

��� 7KH *2/(0 ,QGXFHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $QDO\VLV RI WKH 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� &RQFOXVLRQ ��

� $SSHQGL[ , � 6FKHPD 'HVFULSWLRQ ��
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/LVW RI )LJXUHV

� 2ULJLQDO 6FKHPD 2YHUYLHZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 5HGXFHG 6FKHPD � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� $Q ([DPSOH RI 5HPRYLQJ D 5HODWLRQVKLS � � � � � � � � � � � � � � � � � � � � ��

� 'DWD )LOHV 8VHG E\ *2/(0 � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

/LVW RI 7DEOHV

� 'DWD )LOHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 'DWD )LOHV 'HVFULSWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� ;L�M 1RWDWLRQ IRU 2ULJLQDO 'DWD 6HW � � � � � � � � � � � � � � � � � � � � � � � �

� 1XPEHU RI 0LVVLQJ 9DOXHV IRU HDFK $WWULEXWH � � � � � � � � � � � � � � � � � �

� 'DWD )LOH 'HVFULSWLRQ $IWHU 6WHS � � � � � � � � � � � � � � � � � � � � � � � � �

� 1XPEHU RI 0LVVLQJ 9DOXHV IRU HDFK $WWULEXWH $IWHU 6WHS � � � � � � � � � � � �

� $WWULEXWH�9DOXH )RUPDW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� ,QLWLDO $WWULEXWH�9DOXH 7DEOHV 'HVFULSWLRQ � � � � � � � � � � � � � � � � � � � ��

� )LQDO $WWULEXWH�9DOXH 7DEOHV 'HVFULSWLRQ � � � � � � � � � � � � � � � � � � � � ��

�� &ODVV 'LVWULEXWLRQ DQG $FFXUDFLHV XVLQJ ���IROG 6WUDWLnHG &URVV 9DOLGDWLRQ ��

�� 1XPEHU RI /HDYHV DQG 5XOHV *HQHUDWHG � � � � � � � � � � � � � � � � � � � � ��

�� 6RPH RI WKH 5XOHV /HDUQHG IRU SDGU�FODVV � � � � � � � � � � � � � � � � � � � ��

�� 6RPH RI WKH /HDUQHG 5XOHV IRU SDUW�FODVV � � � � � � � � � � � � � � � � � � � ��

�� 6RPH RI WKH 5XOHV /HDUQHG IRU SDUURO�FODVV � � � � � � � � � � � � � � � � � � ��

�� 6\QWD[ RI $WRPV DQG 5XOHV LQ *2/(0 � � � � � � � � � � � � � � � � � � � � ��

�� 7\SHV RI 'DWD )LOHV XVHG E\ *2/(0 � � � � � � � � � � � � � � � � � � � � � � ��

�� *ROHP 6\VWHP 6HWWLQJV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 1HJDWLYH DQG 3RVLWLYH &RYHU 9DU\LQJ %DFNJURXQG .QRZOHGJH DQG 1RLVH�
DORQJ ZLWK 6XSSRUW DQG &RQnGHQFH 0HDVXUHV � � � � � � � � � � � � � � � � � ��

�� 5XOHV *HQHUDWHG ZLWK 'LmHUHQW 6HWV RI %DFNJURXQG .QRZOHGJH � � � � � � � ��
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� ,QWURGXFWLRQ

3UHGLFWLYH 'DWD 0LQLQJ ^ '0 ^ FDQ EH GHFRPSRVHG LQWR IRXU PDMRU WDVNV>�� ��@

�� 'DWD 3UHSDUDWLRQ

�� 'DWD 5HGXFWLRQ

�� 'DWD 0RGHOOLQJ DQG 3UHGLFWLRQ

�� $QDO\VLV RI 6ROXWLRQV

$OWKRXJK GDWD SUHSDUDWLRQ DQG WUDQVIRUPDWLRQ DUH FULWLFDO IRU '0� WKH\ RIWHQ GR QRW
UHFHLYH HQRXJK DWWHQWLRQ LQ WKH UHVHDUFK OLWHUDWXUH� ,Q WKLV ZRUN ZH GHVFULEH VRPH SUHSUR�

FHVVLQJ VWHSV ZH KDYH XVHG RYHU D UHDO GDWD VHW WR PDNH LW SRVVLEOH WR DSSO\ VXSHUYLVHG
FRQFHSW OHDUQLQJ DOJRULWKPV WR WKH RULJLQDO GDWD VHW�

2QFH WKH GDWD KDV EHHQ SUHSDUHG� VRPH VRUW RI PHWKRG VKRXOG EH XVHG WR H[WUDFW NQR�
ZOHGJH IURP WKH GDWD� ,Q WKLV ZRUN ZH GHFLGHG WR XVH IRXU 0DFKLQH /HDUQLQJ DOJRULWKPV�

&1�� &���� &����UXOHV DQG *2/(0� $OO RI WKHP DUH DEOH WR OHDUQ K\SRWKHVHV �FRQFHSW
GHVFULSWLRQV� LQ D KXPDQ UHDGDEOH UHSUHVHQWDWLRQ DV D VHW RI LI�WKHQ UXOHV� JLYHQ D VHW RI

H[DPSOHV�

&1�� &��� DQG &����UXOHV OHDUQ SURSRVLWLRQDO UXOHV �LQ IDFW� &��� OHDUQV GHFLVLRQ WUHHV
ZKLFK FDQ EH WUDQVIRUPHG LQ GHFLVLRQ UXOHV�� ,Q SURSRVLWLRQDO UXOHV WKHUH DUH QR YDULDEOHV

RU TXDQWLnHUV� DQG QR UHODWLRQV DPRQJ H[DPSOH FRPSRQHQWV� 2Q WKH RWKHU KDQG� WKH UH�
ODWLRQDO DOJRULWKP *2/(0 OHDUQV VHWV RI nUVW�RUGHU UXOHV WKDW FRQWDLQ YDULDEOHV� ZKLFK
DUH PRUH H[SUHVVLYH WKDQ SURSRVLWLRQDO UXOHV� ,W VKRXOG EH REVHUYHG WKDW UHODWLRQDO OH�

DUQLQJ DOJRULWKPV FDQ EH HDVLO\ DSSOLHG WR UHODWLRQDO GDWDEDVHV� WDNLQJ DGYDQWDJH RI WKH
UHSUHVHQWDWLRQ WR nQG QHZ UHODWLRQV�

7KLV ZRUN LV RUJDQL]HG DV IROORZV� ,Q 6HFWLRQ � D FRQFLVH GHVFULSWLRQ LV PDGH RI WKH UHDO

GDWDVHW XVHG LQ WKLV ZRUN� 7KLV GDWD LV VXPPDUL]HG ZLWK D IHZ WDEOHV LQ 6HFWLRQ �� 7KH
DFWXDO WDVN WR EH SHUIRUPHG E\ WKH 0DFKLQH /HDUQLQJ DOJRULWKPV LV GHWDLOHG LQ 6HFWLRQ

�� DORQJ ZLWK WKH SUHSURFHVVLQJ VWHSV WDNHQ WR DFFRPSOLVK WKLV WDVN� +DYLQJ VKRZQ WKLV�
WKH DOJRULWKPV DSSOLHG WR WKH GDWDVHW DUH GHVFULEHG� LQ 6HFWLRQV � DQG �� DV ZHOO DV WKH
DGGLWLRQDO SURFHVVLQJ VWHSV QHHGHG WR DGDSW WKH GDWD WR WKH SURSRVLWLRQDO DQG UHODWLRQDO

DSSURDFKHV� )LQDOO\� LQ 6HFWLRQ �� VRPH FRQFOXVLRQV DUH SUHVHQWHG�

� 2ULJLQDO 'DWD 6HW 'HVFULSWLRQ

7KH .'' 6LV\SKXV , GDWD VHW LV DQ H[FHUSW IURP D GDWD ZDUHKRXVH V\VWHP FDOOHG 0$6<

ZKLFK LV HPSOR\HG WR FROOHFW DQG DQDO\VH GDWD IURP WKH SULYDWH OLIH LQVXUDQFH EXVLQHVV
DW 6ZLVV /LIH� 6ZLVV /LIH LV WKH PDUNHW OHDGHU IRU OLIH LQVXUDQFHV DQG SHQVLRQ VFKHPHV LQ

6ZLW]HUODQG DQG RQH RI WKH OHDGLQJ FRPSDQLHV LQ WKHVH DUHDV LQ (XURSH�

�



7KH GDWD VHW ZDV SUHSDUHG E\ WKH 6ZLVV /LIH ,QIRUPDWLRQ 6\VWHPV 5HVHDUFK JURXS ^ 6/,65�

&RPPHQWV� TXHVWLRQV DQG FULWLFLVPV VKRXOG EH GLUHFWHG WR 'U� -RHUJ�8ZH .LHW] RU 'U�
0DUWLQ 6WDXGW H�PDLO� ^8ZH�.LHW]�0DUWLQ�6WDXGW`#VZLVVOLIH�FK�

��� )LOH 2YHUYLHZ

7KH .'' 6LV\SKXV , GDWD VHW FRQVLVWV RI VHYHUDO GDWD nOHV� 7DEOH � VKRZV RQO\ WKH RULJLQDO

GDWD nOHV XVHG LQ WKLV ZRUN WR WDFNOH WDVND�

� HDGU�GDW GDWD nOH IRU UHODWLRQ HDGU
� SDGU�GDW GDWD nOH IRU UHODWLRQ SDGU
� SDUURO�GDW GDWD nOH IRU UHODWLRQ SDUURO
� SDUW�GDW GDWD nOH IRU UHODWLRQ SDUW
� WINRPS�GDW GDWD nOH IRU UHODWLRQ WINRPS
� WIURO�GDW GDWD nOH IRU UHODWLRQ WIURO
� YYHUW�GDW GDWD nOH IRU UHODWLRQ YYHUW

WDVND�GDW GDWD nOH IRU WDVN $

7DEOH �� 'DWD )LOHV

(DFK GDWD nOH FRQWDLQV UHFRUGV LQ 3URORJ�OLNH VW\OH� RQH WXSOH SHU OLQH

�UHOQDPH!�FRPSB�������FRPSBQ��

7DEOH � GHVFULEHV WKH FRQWHQWV RI WKH RULJLQDO GDWD nOHV� ,W VKRXOG EH REVHUYHG WKDW WKH

LWHP 0LVVLQJ 9DOXHV �\�Q� UHIHUV WR D nOH ZKLFK KDV DW OHDVW RQH PLVVLQJ DWWULEXWH YDOXH
�YDOXH �QXOO� LQ WKH RULJLQDO GDWD nOHV�� 7KH QXPEHU RI PLVVLQJ DWWULEXWH YDOXHV FDQ EH

VHHQ LQ 7DEOH �� $OWKRXJK WKH QDPH RI WKH UHODWLRQ LV LQ IDFW GLmHUHQW WKDQ WKH nOH QDPH�
IURP QRZ RQ ZH VKDOO UHIHU WR WKH nOH QDPH LQ SODFH RI WKH DFWXDO UHODWLRQ QDPH�

'DWD )LOH 5HODWLRQ�$ULW\ 1R� RI 5HFRUGV 0LVVLQJ 9DOXHV 'HVFULSWLRQ
���HDGU R UHO�R�� ��� Q (OHFWURQLFDO $GGUHVV
���SDGU R UHO�R�� ����� \ 3RVWDO $GGUHVV
���SDUURO R UHO�R�� ������ Q 3DUWQHU 5ROHV
���SDUW R UHO��R�� ����� \ 3DUWQHUV ,QYROYHG

LQ ,QVXUDQFH &RQWUDFWV
���WINRPS R UHO�R��� ����� \ 7DULm &RPSRQHQWV
���WIURO R UHO�R�� ����� \ 7DULm 5ROHV
���YYHUW R UHO�R��� ����� \ /LIH ,QVXUDQFH 3ROLF\

WDVND R UHO��R�� ����� Q
7RWDO ������

7DEOH �� 'DWD )LOHV 'HVFULSWLRQ

�



��� *HQHUDO 6FKHPD ([SODQDWLRQ

7KH RULJLQDO 6/,65 UHODWLRQ VFKHPD� XVHG LQ WKLV ZRUN WR WDFNOH WDVND� FRQVLVWV RI � UHODWLRQV

��� LQFOXGLQJ UHODWLRQ WDVND� GHVFULELQJ WKH UHODWLRQVKLS EHWZHHQ 6ZLVV /LIH SDUWQHUV �L�H�
SDUWLFXODU FXVWRPHUV�� LQVXUDQFH FRQWUDFWV DQG FRPSRQHQWV RI LQVXUDQFH WDULmV�

7KH UHODWLRQ SDUW�� FRQWDLQV DOO SDUWQHUV� 7KH UHODWLRQV HDGU�� DQG SDGU�� UHODWH

WKHP WR WKHLU HOHFWURQLFDO DQG SRVWDO DGGUHVVHV� UHVSHFWLYHO\� (DFK SDUWQHU FDQ SOD\ UROHV
LQ FHUWDLQ LQVXUDQFH SROLFLHV� RU FRQWUDFWV� �UHODWLRQ YYHUW���� ZKLFK LV VKRZQ E\ WKH

UHODWLRQ SDUURO��� ,I D SDUWQHU LV WKH LQVXUHG SHUVRQ RI WKH FRQWUDFW WKHQ WDULm UROH
UHFRUGV �UHODWLRQ WIURO��� VSHFLI\ FHUWDLQ IXUWKHU SURSHUWLHV� $Q LQVXUDQFH FRQWUDFW FDQ
KDYH VHYHUDO FRPSRQHQWV �H�J� WKH PDLQ FRQWUDFW SDUW SOXV D FRPSRQHQW IRU LQVXULQJ WKH

FDVH RI WKH LQVXUHG SHUVRQ EHFRPLQJ LQYDOLG� HDFK RI ZKLFK �UHFRUGV LQ WINRPS���� LV
UHODWHG ZLWK D WDULm UROH RI WKH UHVSHFWLYH SDUWQHUV� ,Q $SSHQGL[ , SJ� �� WKHUH LV D

GHVFULSWLRQ RI HDFK UHODWLRQ DQG LWV DUJXPHQWV LQ WKH RULJLQDO 6/,65 GDWD VHW� 7KH GDWD
W\SH IRU HDFK DUJXPHQW LV HLWKHU 180%(5��1� RU 675,1*��6�� ,W VKRXOG EH REVHUYHG WKDW

RQO\ RQH DUJXPHQW� NDQWRQ� IURP UHODWLRQ SDGU LV RI W\SH 675,1*� $ JUDSKLFDO RYHUYLHZ
RI WKH RULJLQDO 6/,65 VFKHPD XVHG WR WDFNOH WDVND� DV ZHOO DV WKH NH\ DWWULEXWHV XVHG WR

OLQN WKH UHODWLRQV� DUH VKRZQ LQ )LJXUH �� (DFK DUURZ LQGLFDWHV WKDW WKH UHODWLRQ ZKLFK LV
SRLQWHG WR UHIHUHQFHV DQ DWWULEXWH ZKLFK LV FRQWDLQHG LQ WKH UHODWLRQ IURP ZKLFK WKH DUURZ

RULJLQDWHG�

)LJXUH �� 2ULJLQDO 6FKHPD 2YHUYLHZ

�



��� 7DVND 'HVFULSWLRQ

7KH PDLQ REMHFWLYH RI WKLV ZRUN LV UHODWHG WR VXSHUYLVHG FRQFHSW OHDUQLQJ WDFNOHG ZLWK

DUELWUDU\ 'DWD 0LQLQJ� 6WDWLVWLFV RU 0DFKLQH /HDUQLQJ DOJRULWKPV DSSOLHG WR WKH GDWD
VHW� 7KH PDLQ IRFXV OLHV RQ WKH SUHSURFHVVLQJ VWHSV ZKLFK PDNH WKH DOJRULWKPV DSSOLFDEOH

UDWKHU WKDQ RQ DFKLHYLQJ KLJK�SUHFLVLRQ PLQLQJ UHVXOWV� 6SHFLnFDOO\ ZH WDFNOH WDVND ZKLFK
DLPV WR nQG FRQFHSW GHVFULSWLRQV IRU VXEVHWV RI SDUWQHUV� 'DWD VHW WDVND _ 7DEOH � SJ� � _

UHODWHV WKH UHVSHFWLYH LGHQWLnHUV SWLG \ ZLWK D YDOXH LQGLFDWLQJ FRQFHSW PHPEHUVKLS�

5HODWLRQ WDVND�� JLYHV FODVV PHPEHUVKLS ZUW� FRQFHSW� ,W UHODWHV SDUWQHU LGHQWLnHU �SWLG�
ZLWK FODVV PHPEHUVKLS � � 1R� � � <HV� 7KH PDLQ REMHFWLYH LV WR WU\ WR nQG D FRQFHSW
GHVFULSWLRQ IRU WKRVH SDUWQHUV ZKR KDYH YDOXH � IRU DWWULEXWH FODVV�

� 2ULJLQDO 'DWD 6HW 6XPPDU\

,Q $SSHQGL[ , SJ� �� WKH RULJLQDO GDWD VHW VXSSOLHG E\ 6/,65 LV GHVFULEHG LQ VRPH GHWDLO�

)LUVW RI DOO DQG EHIRUH GRLQJ DQ\ SUHSURFHVVLQJ� WKH QRWDWLRQ ;L�M � PHDQLQJ DWWULEXWH M RI
UHODWLRQ L� IRU UHODWLRQV DQG DWWULEXWHV LQ WKH RULJLQDO GDWD VHW� ZDV GHnQHG DV VKRZQ LQ

7DEOH ��

$WWULEXWH � � � � � � �
HDGU�� SDGU�� SDUURO�� SDUW�� WINRPS��� WIURO�� YYHUW���

1�SWLG ;��� ;��� ;��� ;���

1�D]DUW ;��� ;���

1�HDW\S ;���

6�NDQWRQ ;���

1�JEHDGPJHE ;���

1�SULG ;��� ;���

1�YYLG ;��� ;��� ;���

1�SUW\S ;���

1�SUW\SQU ;���

1�KKLG ;���

1�HSEHUXI ;���

1�HSHUZHDUW ;���

1�HSJHEXGDW ;���

1�HSVWD ;���

1�HSOQDPHFG ;���

1�HSVH[FG ;���

1�HS]LYVWG ;���

1�WNLG ;��� ;���

1�WNQU ;���

1�WnG ;���

1�WNEHJ ;���

1�WNHQG ;���

1�WNH[N]ZHL ;���

1�WNVWDFG ;���

1�WNOHLVW ;���

1�WNLQNSUO ;����

1�WNLQNSUH ;����

1�WNWDUSUD ;����

1�WNXHEYZV\VS ;����

1�WNXHEYZV\VO ;����

FRQWLQXHG RQ QH[W SDJH

\1RWH WKDW WKH RULJLQDO GDWD VHWV LQFOXGH DQ LGHQWLnHU � KKLG � ZKLFK LV LPPDWHULDO IRU WDVND�

�



FRQWLQXHG IURP SUHYLRXV SDJH
1�WNSUnQ ;����

1�WNG\QFG ;����

1�WNDXVEFG ;����

1�WNUDXY ;����

1�WNVPHG ;����

1�WNUL]XFG ;����

1�WNOoHLVW ;����

1�WNWRGOHLVWD ;����

1�WNHUOOHLVWD ;����

1�WNUHQOHLVWD ;����

1�WNHXOHLVWD ;����

1�WNXQoHLVWD ;����

1�WULG ;���

1�WUWHFHLQDO ;���

1�WUXQWFG ;���

1�WUNODXVFG ;���

1�WUVWDIFG ;���

1�WUULFG ;���

1�SGLG ;���

1�YYVWDFG ;���

1�YYLQN]ZHL ;���

1�YYEHJ ;���

1�YYHQG ;���

1�YYLQNSUO ;���

1�YYLQNSUH ;���

1�YYZDH ;���

1�YYYHUVDUW ;����

1�YYDHQGDUW ;����

1�YYDHQGDW ;����

1�YYDEYE ;����

1�YYDEJD ;����

1�YYVWLIFG ;����

1�YYYRUVFG ;����

1�YYEYJFG ;����

1�YYHXFG ;����

7DEOH �� ;L�M 1RWDWLRQ IRU 2ULJLQDO 'DWD 6HW

)RU H[DPSOH ;��� VWDQGV IRU WKH VHFRQG DWWULEXWH �DWWULEXWH QDPH YYLG� RI UHODWLRQ �
�WINRPS���� ZKLOH ;��� VWDQGV IRU WKH nUVW DWWULEXWH �DWWULEXWH QDPH YYLG� RI UHODWLRQ

� �YYHUW����� 7KXV� DWWULEXWHV WKDW DUH FRPPRQ WR WZR RU PRUH UHODWLRQV FDQ EH FOHDUO\
QRWLFHG DQG LQLWLDO OLQNV FDQ EH PDGH EHWZHHQ WKH UHODWLRQV� ,Q GRLQJ WKLV� LQIRUPDWLRQ FDQ

EH TXLFNO\ EDFN UHIHUHQFHG WR WKH RULJLQDO GDWD VHW UHODWLRQV�DWWULEXWHV� 5HVXOWV REWDLQHG
XVLQJ GLmHUHQW WHFKQLTXHV FDQ HDVLO\ EH FRPSDUHG DQG DQDO\VHG� DOORZLQJ GHFLVLRQV WR EH
TXLFNO\ PDGH DV WR KRZ WR FRQWLQXH DWWDFNLQJ WKH SUREOHP�

$V VKRZQ LQ 7DEOH � SJ� � WKHUH DUH PLVVLQJ DWWULEXWH YDOXHV LQ WKH GDWD VHW� 7DEOH �

VKRZV� IRU HDFK DWWULEXWH� WKH WRWDO QXPEHU RI PLVVLQJ DWWULEXWH YDOXHV� ,Q JHQHUDO� LW ZDV
REVHUYHG WKDW PLVVLQJ YDOXHV DUH FOXVWHUHG LQ WKH VDPH UHFRUG�

$WWULEXWH � � � � � � �
HDGU�� SDGU�� SDUURO�� SDUW�� WINRPS��� WIURO�� YYHUW���

1�SWLG � ���� � ���� � ���� � ���� � � �
1�D]DUW � ���� � ���� � � � � �
1�HDW\S � ���� � � � � � �
6�NDQWRQ � ���� ����� � � � � �
1�JEHDGPJHE � ���� ����� � � � � �

FRQWLQXHG RQ QH[W SDJH
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FRQWLQXHG IURP SUHYLRXV SDJH
1�SULG � � � ���� � � � ���� �
1�YYLG � � � ���� � � ���� � � ����
1�SUW\S � � � ���� � � � �
1�SUW\SQU � � � ���� � � � �
1�KKLG � � � ���� ����� � � �
1�HSEHUXI � � � ��� ���� � � �
1�HSHUZHDUW � � � ��� ���� � � �
1�HSJHEXGDW � � � ��� ���� � � �
1�HSVWD � � � ��� ���� � � �
1�HSOQDPHFG � � � ��� ���� � � �
1�HSVH[FG � � � ��� ���� � � �
1�HS]LYVWG � � � ��� ���� � � �
1�WNLG � � � � � ���� � ���� �
1�WNQU � � � � � ���� � �
1�WnG � � � � � ���� � �
1�WNEHJ � � � � � ���� � �
1�WNHQG � � � � ���� ���� � �
1�WNH[N]ZHL � � � � ����� ����� � �
1�WNVWDFG � � � � ����� ����� � �
1�WNOHLVW � � � � � ���� � �
1�WNLQNSUO � � � � � ���� � �
1�WNLQNSUH � � � � ����� ����� � �
1�WNWDUSUD � � � � ����� ����� � �
1�WNXHEYZV\VS � � � � � ���� � �
1�WNXHEYZV\VO � � � � � ���� � �
1�WNSUnQ � � � � � ���� � �
1�WNG\QFG � � � � � ���� � �
1�WNDXVEFG � � � � ����� ����� � �
1�WNUDXY � � � � ����� ����� � �
1�WNVPHG � � � � ����� ����� � �
1�WNUL]XFG � � � � � ���� � �
1�WNOoHLVW � � � � ���������� � �
1�WNWRGOHLVWD � � � � � ���� � �
1�WNHUOOHLVWD � � � � � ���� � �
1�WNUHQOHLVWD � � � � ����� ����� � �
1�WNHXOHLVWD � � � � � ���� � �
1�WNXQoHLVWD � � � � � ���� � �
1�WULG � � � � � � ���� �
1�WUWHFHLQDO � � � � � � ���� �
1�WUXQWFG � � � � � � ���� �
1�WUNODXVFG � � � � � � ���� �
1�WUVWDIFG � � � � � ����� ����� �
1�WUULFG � � � � � � ���� �
1�SGLG � � � � � � ��� ����
1�YYVWDFG � � � � � � � ����
1�YYLQN]ZHL � � � � � � � ����
1�YYEHJ � � � � � � ��� ����
1�YYHQG � � � � � � ��� ����
1�YYLQNSUO � � � � � � � ����
1�YYLQNSUH � � � � � � ��� ����
1�YYZDH � � � � � � � ����
1�YYYHUVDUW � � � � � � � ����
1�YYDHQGDUW � � � � � � � ����
1�YYDHQGDW � � � � � � ��� ����
1�YYDEYE � � � � � � ����� �����
1�YYDEJD � � � � � � �� ����
1�YYVWLIFG � � � � � � � ����
1�YYYRUVFG � � � � � � � ����
1�YYEYJFG � � � � � � � ����
1�YYHXFG � � � � � � � ����

7DEOH �� 1XPEHU RI 0LVVLQJ 9DOXHV IRU HDFK $WWULEXWH
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� ,QLWLDO 5HOHYDQW 'DWD IRU 7DVN

$V GHVFULEHG LQ 6HFWLRQ ��� SJ �� WDVND LV UHODWHG WR nQG D FRQFHSW GHVFULSWLRQ IRU WKRVH

SDUWQHUV ZKR KDYH YDOXH � IRU WKH DWWULEXWH FODVV� +RZHYHU� WKH RULJLQDO GDWD DOUHDG\
GHVFULEHG LV D VXEVHW RI D PRUH JHQHUDO VFKHPH IURP WKH GDWD ZDUHKRXVH� )RU WKLV UHDVRQ�
UHODWLRQ WDVND�� DOVR FRQWDLQV LQVWDQFHV ZKHUH LWV VHFRQG DUJXPHQW LV LQVWDQWLDWHG ZLWK ��

PHDQLQJ QRW DSSOLFDEOH� 7KHVH FDVHV KDYH QR PHDQLQJ IRU WDVND FODVV PHPEHUVKLS� ZKHUH
RQO\ FODVV YDOXHV ��QR DQG ��\HV DUH UHOHYDQW� ,Q RUGHU WR UHGXFH WKH TXDQWLW\ RI LQIRUPDWLRQ

VHDUFKHG IRU� DV ZHOO DV FOHDU RXW WKH XQZDQWHG GDWD� WKH GDWDEDVH ZDV SUH�SURFHVVHG� :H
VKDOO UHIHU WR WKLV SUH�SURFHVVLQJ DV VWHSV � DQG �� 7KH nUVW VWHS UHIHUV WR WKH FOHDQLQJ RI

ZKROH UHFRUGV ZKLOH WKH VHFRQG UHIHUV WR UHGXFLQJ WKH QXPEHU RI DWWULEXWHV LQ WKH UHFRUGV�

��� 6WHS �

)LUVW WKH UHODWLRQ WDVND�� ZDV FOHDQHG RI LWV UHFRUGV ZKLFK FRQWDLQHG WKH DWWULEXWH FODVV  
� DV ZHOO DV WKH RQHV UHODWHG WR WKHP�

7KH UHODWLRQ SDGU�� ZDV DOVR FOHDQHG RI DOO LWV UHFRUGV LQ ZKLFK WKH DWWULEXWHV NDQWRQ DQG

JEHDGPJHE ERWK FRQWDLQHG WKH YDOXH �QXOO�� %RWK UHODWLRQV KDYH DQ DWWULEXWH SWLG� ZKLFK
OLQNV WKHP WR D FRUUHVSRQGLQJ UHFRUG LQ WKH UHODWLRQ SDUW��� ,W VKRXOG EH REVHUYHG WKDW

WKHUH LV D FRUUHVSRQGLQJ UHFRUG LQ WDVND�� DQG SDGU�� IRU HYHU\ GLVWLQFW SWLG LQ SDUW�
)RU HDFK SWLG HOLPLQDWHG IURP WKH WZR UHODWLRQV PHQWLRQHG DERYH� D FRUUHVSRQGLQJ UHFRUG

ZDV HOLPLQDWHG IURP SDUW��� 7KLV FDXVHG D UHGXFWLRQ RI FORVH WR ��� LQ WKH QXPEHU RI
SDUWQHUV WR VWXG\�

(YHU\ SDUWQHU FDQ SOD\ D QXPEHU RI UROHV LQ D FRQWUDFW� WKLV UHODWLRQVKLS LV VKRZQ LQ WKH
UHODWLRQ SDUURO��� 7KH UROHV UHODWHG WR WKH HOLPLQDWHG SDUWQHUV ZHUH DOVR GRQH DZD\ ZLWK

DV WKH\ RQO\ KDG WR GR ZLWK WKRVH SDUWLFXODU SDUWQHUV� 7KLV FDXVHG VRPH FRQWUDFWV WR QR
ORQJHU EH QHFHVVDU\� 7KHVH UHFRUGV LQ WKH UHODWLRQ YYHUW��� ZHUH DOVR FOHDQHG VR DV WR

PDLQWDLQ RQO\ WKH LQIRUPDWLRQ SHUWLQHQW WR WKH SDUWQHUV EHLQJ VWXGLHG� 7DULm FRPSRQHQWV
FDQ EHORQJ WR FHUWDLQ FRQWUDFWV DQG DUH UHSUHVHQWHG LQ UHODWLRQ WINRPS���� :LWK WKH

HOLPLQDWLRQ RI WKHLU FRUUHVSRQGLQJ FRQWUDFWV� UHFRUGV IRU FRPSRQHQWV ZHUH HUDVHG� PDNLQJ
LW QHFHVVDU\ WR FOHDQ WKH UHODWLRQ IRU WDULm UROHV� WIURO��� 7KH UROHV FRQWDLQLQJ D WNLG
�LGHQWLnHU RI WKH FRUUHVSRQGLQJ FRPSRQHQW� ZHUH GHOHWHG� 7KHVH UROHV DOVR KDYH WR GR ZLWK

WKH SDUWQHU UROHV LQ SDUURO� WKXV IRU HDFK SDUWQHU UROH GHOHWHG� WKH FRUUHVSRQGLQJ WDULm UROH
ZDV DOVR HOLPLQDWHG� 7KLV FDXVHG RQO\ D IHZ PRUH UHFRUGV WR EH FOHDQHG IURP WIURO��� DV

WKHUH ZDV DOUHDG\ DQ LQGLUHFW FRQQHFWLRQ EHWZHHQ WKH WZR UHODWLRQV WKURXJK WKH UHODWLRQV
YYHUW��� DQG WINRPS��� �VHH )LJXUH � SJ ���

)LQDOO\� UHODWLRQ HDGU�� ZDV OHIW RXW VLQFH LW GRHV QRW KROG LQWHUHVWLQJ LQIRUPDWLRQ DV ZHOO

DV KDYLQJ YHU\ IHZ UHFRUGV UHODWHG WR WKH SUREOHP DW KDQG� 7DEOH � GHVFULEHV WKH QXPEHU
RI UHFRUGV OHIW LQ HDFK UHODWLRQ DIWHU KDYLQJ SHUIRUPHG WKLV ?FOHDQLQJ� RI WKH RULJLQDO GDWD
VHW _ VWHS ��

�



'DWD )LOH 1R� RI 5HFRUGV 0LVVLQJ 9DOXHV 'HVFULSWLRQ
���HDGU 1$ 1$ (OHFWURQLFDO $GGUHVV
���SDGU ���� \ 3RVWDO $GGUHVV
���SDUURO ����� Q 3DUWQHU 5ROHV
���SDUW ���� \ 3DUWQHUV ,QYROYHG

LQ ,QVXUDQFH &RQWUDFWV
���WINRPS ����� \ 7DULm &RPSRQHQWV
���WIURO ����� \ 7DULm 5ROHV
���YYHUW ����� \ /LIH ,QVXUDQFH 3ROLF\

WDVND ���� Q
7RWDO ������

7DEOH �� 'DWD )LOH 'HVFULSWLRQ $IWHU 6WHS �

��� 6WHS �

7KH QH[W VWHS IRU ?FOHDQLQJ� WKH GDWDEDVH ZDV DQ DQDO\VLV RI WKH DWWULEXWHV ZKLFK KDG
D ODUJH QXPEHU RI PLVVLQJ YDOXHV� UHSUHVHQWHG E\ �QXOO� LQ WKH GDWDVHW� 7KH QXPEHU RI

PLVVLQJ YDOXHV IRU HDFK DWWULEXWH DIWHU VWHS � �VHH 7DEOH �� DUH VKRZQ LQ 7DEOH �

$WWULEXWH � � � � � � �
HDGU�� SDGU�� SDUURO�� SDUW�� WINRPS��� WIURO�� YYHUW���

1�SWLG � ���� � ���� � ���� � ���� � � �
1�D]DUW � ���� � ���� � � � � �
1�HDW\S � ���� � � � � � �
6�NDQWRQ � ��� ���� � � � � �
1�JEHDGPJHE � � ���� � � � � �
1�SULG � � � ���� � � � ���� �
1�YYLG � � � ���� � � ���� � � ����
1�SUW\S � � � ���� � � � �
1�SUW\SQU � � � ���� � � � �
1�KKLG � � � 1$ � � �
1�HSEHUXI � � � ��� ���� � � �
1�HSHUZHDUW � � � ��� ���� � � �
1�HSJHEXGDW � � � ��� ���� � � �
1�HSVWD � � � ��� ���� � � �
1�HSOQDPHFG � � � ��� ���� � � �
1�HSVH[FG � � � ��� ���� � � �
1�HS]LYVWG � � � ��� ���� � � �
1�WNLG � � � � � ���� � ���� �
1�WNQU � � � � � ���� � �
1�WnG � � � � � ���� � �
1�WNEHJ � � � � � ���� � �
1�WNHQG � � � � ��� ���� � �
1�WNH[N]ZHL � � � � ����� ����� � �
1�WNVWDFG � � � � ����� ����� � �
1�WNOHLVW � � � � � ���� � �
1�WNLQNSUO � � � � � ���� � �
1�WNLQNSUH � � � � ����� ����� � �
1�WNWDUSUD � � � � ����� ����� � �
1�WNXHEYZV\VS � � � � � ���� � �
1�WNXHEYZV\VO � � � � � ���� � �
1�WNSUnQ � � � � � ���� � �
1�WNG\QFG � � � � � ���� � �
1�WNDXVEFG � � � � ����� ����� � �
1�WNUDXY � � � � ����� ����� � �
1�WNVPHG � � � � ����� ����� � �

FRQWLQXHG RQ QH[W SDJH
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FRQWLQXHG IURP SUHYLRXV SDJH
1�WNUL]XFG � � � � � ���� � �
1�WNOoHLVW � � � � ����������� � �
1�WNWRGOHLVWD � � � � � ���� � �
1�WNHUOOHLVWD � � � � � ���� � �
1�WNUHQOHLVWD � � � � ����� ����� � �
1�WNHXOHLVWD � � � � � ���� � �
1�WNXQoHLVWD � � � � � ���� � �
1�WULG � � � � � � ���� �
1�WUWHFHLQDO � � � � � � ���� �
1�WUXQWFG � � � � � � ���� �
1�WUNODXVFG � � � � � � ���� �
1�WUVWDIFG � � � � � ����� ����� �
1�WUULFG � � � � � � ���� �
1�SGLG � � � � � � 1$
1�YYVWDFG � � � � � � � ����
1�YYLQN]ZHL � � � � � � � ����
1�YYEHJ � � � � � � ��� ����
1�YYHQG � � � � � � ��� ����
1�YYLQNSUO � � � � � � � ����
1�YYLQNSUH � � � � � � ��� ����
1�YYZDH � � � � � � � ����
1�YYYHUVDUW � � � � � � � ����
1�YYDHQGDUW � � � � � � � ����
1�YYDHQGDW � � � � � � ��� ����
1�YYDEYE � � � � � � ���� �����
1�YYDEJD � � � � � � �� ����
1�YYVWLIFG � � � � � � � ����
1�YYYRUVFG � � � � � � � ����
1�YYEYJFG � � � � � � � ����
1�YYHXFG � � � � � � � ����

7DEOH �� 1XPEHU RI 0LVVLQJ 9DOXHV IRU HDFK $WWULEXWH $IWHU 6WHS �

7KH DWWULEXWHV WNUDXY� WNVPHG DQG WNOIHLVW RI UHODWLRQ WINRPS ZHUH HOLPLQDWHG DV WKHUH
ZHUH DOPRVW QR YDOXHV OHIW DIWHU VWHS ��������� PLVVLQJ�� 7KH DWWULEXWHV WNH[N]ZHL� WNV�

WDFG� WNLQNSUH� WNWDUSUD DQG WNUHQOHLVWD� IURP UHODWLRQ WINRPS DV ZHOO DV WKH DWWULEXWH
WUVWDIFG IURP WIURO� ZHUH DOVR JRWWHQ ULG RI DV WKH\ KDG PRUH WKDQ ��� RI WKHLU YDOXHV

PLVVLQJ� %HVLGHV WKHVH DWWULEXWHV� WKUHH RWKHUV ZHUH H[FOXGHG DV WKH\ UHODWHG WDEOHV ZKLFK
ZHUH QRW WR EH FRQVLGHUHG RU ZHUH QRW VXSSOLHG E\ 6/,65� 7KH\ DUH

q KKLG� IURP SDUW� ZKLFK UHIHUV WR DQRWKHU UHODWLRQ KKROG QRW FRQVLGHUHG IRU WDVND

q WnG� IURP D UHODWLRQ WDULm QRW XVHG E\ WDVND EXW UHIHUHQFHG LQ WINRPS� DQG

q SGLG IURP WKH UHODWLRQ SURG �UHIHUHQFHG LQ YYHUW��

,W VKRXOG EH REVHUYHG WKDW UHODWLRQV WDULm DQG SURG ZHUH QRW PDGH DYDLODEOH E\ WKH

LQVXUDQFH FRPSDQ\�

��� &OHDQ�XS 6XPPDU\

6XPPDUL]LQJ WKH UHVXOWV RI WKLV FOHDQ�XS�

q WDVND KDG RQH DWWULEXWH UHPRYHG �FODVV�

�



q SDUW KDG RQH RQH DWWULEXWH UHPRYHG �KKLG�

q YYHUW KDG RQH DWWULEXWH UHPRYHG �SGLG�

q WIURO KDG RQH DWWULEXWH UHPRYHG �WUVWDIFG�

q WINRPS KDG HLJKW DWWULEXWHV UHPRYHG �WNUDXY� WNVPHG� WNOIHLVW� WNH[N]ZHL� WNVWDFG�
WNLQNSUH� WNWDUSUD DQG WNUHQOHLVWD�

7KH nQDO UHGXFHG VFKHPH ZLWK WKH QHZ QXPEHU RI DWWULEXWHV IRU HDFK UHODWLRQ LV VKRZQ LQ
)LJXUH ��

)LJXUH �� 5HGXFHG 6FKHPD

)URP WKLV SRLQW RQ ZH GHFLGHG WR WU\ WR H[WUDFW NQRZOHGJH IURP WKLV GDWD XVLQJ WZR

GLmHUHQW DSSURDFKHV

�� 3URSRVLWLRQDO $SSURDFK� XVLQJ &���� &����5XOHV DQG &1� DV LQGXFHUV

�� 5HODWLRQDO $SSURDFK� XVLQJ WKH ,/3 V\VWHP *2/(0 DV WKH LQGXFHU

7KH IROORZLQJ VHFWLRQV GHVFULEH WKH DFWLRQV WDNHQ LQ HDFK RI WKHVH DSSURDFKHV�

� 3URSRVLWLRQDO $SSURDFK

2QFH WKH GDWD ZDV SUHSDUHG DV GHVFULEHG LQ WKH SUHYLRXV VHFWLRQV� WKUHH SURSRVLWLRQDO
0DFKLQH /HDUQLQJ _ 0/ _ DOJRULWKPV &1� >�@� &��� DQG &����UXOHV >��@ ZHUH XVHG LQ

RUGHU WR WU\ WR H[WUDFW VRPH NQRZOHGJH IURP WKH GDWD�

7KHVH DOJRULWKPV DUH QRQ�LQFUHPHQWDO DQG VWDUW ZLWK ODUJH VHWV RI FDVHV EHORQJLQJ WR NQRZQ
FODVVHV� L�H� VXSHUYLVHG OHDUQLQJ� 7KH FDVHV� ZKLFK FDQ EH GHVFULEHG E\ DQ\ PL[WXUH RI

��



QRPLQDO DQG QXPHULF DWWULEXWHV� DUH VFUXWLQL]HG IRU SDWWHUQV WKDW DOORZ WKH FODVVHV WR EH

UHOLDEO\ GLVFULPLQDWHG� 7KHVH SDWWHUQV DUH WKHQ H[SUHVVHG DV PRGHOV� LQ WKH IRUP RI GHFLVLRQ
WUHHV �&���� RU VHWV RI LI�WKHQ UXOHV �&1� DQG &����UXOHV�� WKDW FDQ EH XVHG WR FODVVLI\

QHZ FDVHV� ZLWK HPSKDVLV RQ PDNLQJ WKH PRGHOV XQGHUVWDQGDEOH DV ZHOO DV DFFXUDWH�

7KHVH DOJRULWKPV OHDUQ SURSRVLWLRQDO UXOHV �&��� OHDUQV GHFLVLRQ WUHHV ZKLFK FDQ EH WUDQV�

IRUPHG LQWR GHFLVLRQ UXOHV�� ,Q SURSRVLWLRQDO UXOHV WKHUH DUH QR YDULDEOHV RU TXDQWLnHUV�
DQG QR UHODWLRQV DPRQJ H[DPSOH FRPSRQHQWV�

��� $WWULEXWH�9DOXH )RUPDW

3URSRVLWLRQDO LQGXFHUV PD\ GLmHU JUHDWO\� EXW WKH\ VKDUH D FRPPRQ IRUPDW WR GHVFULEH

WKH FDVHV� 7KH FRPPRQ IRUPDW LV WKH DWWULEXWH�YDOXH �RU VSUHDGVKHHW� IRUPDW� 7DEOH �
LOOXVWUDWHV WKLV RUJDQL]DWLRQ ZKHUH D URZ L UHIHUV WR WKH L�WK H[DPSOH RU FDVH DQG FROXPQ
HQWULHV YLM UHIHU WR WKH YDOXH RI WKH M�WK IHDWXUH IM RI H[DPSOH L� 7KH FROXPQ ODEHOOHG FODVV

UHIHUV WR WKH ODEHO RU FODVVLnFDWLRQ RI WKDW H[DPSOH�

I� I� � � � IN FODVV

Y�� Y�� � � � Y�N F�
Y�� Y�� � � � Y�N F�
� � � � � � � � � � � � � � �

YQ� YQ� � � � YQN FQ

7DEOH �� $WWULEXWH�9DOXH )RUPDW

��� 6SHFLDO &DUH IRU 5HPRYLQJ 5HODWLRQVKLSV

,Q RUGHU WR DSSO\ SURSRVLWLRQDO LQGXFHUV IRU WDVND LW LV nUVW QHFHVVDU\ WR WUDQVIRUP WKH
GDWD WR WKH DWWULEXWH�YDOXH IRUPDW� 6SHFLDO FDUH VKRXOG EH WDNHQ GXULQJ WKLV SURFHVV�

'HSHQGLQJ RQ WKH GDWD� LW LV QRW DOZD\V ?IDLU� WR OLQN DOO GDWDVHWV WRJHWKHU WR REWDLQ
RQH KXJH DWWULEXWH�YDOXH IRUPDW GDWDVHW WR IHHG D SURSRVLWLRQDO OHDUQLQJ DOJRULWKP� 7KLV

SUREOHP DSSHDUV ZKHQ WKHUH DUH UHODWLRQVKLSV 1�WR�0 � ZLWK 1 ! � DQG 0 ! ��

7KH H[DPSOH LQ )LJXUH � LOOXVWUDWHV WKLV SRLQW� &RQVLGHULQJ WZR UHODWLRQV _ UHODWLRQ���

DQG UHODWLRQ��� _ ZKHUH WKH nUVW FROXPQ RI UHODWLRQ��� UHIHUV WR WKH SULPDU\ NH\ DQG
WKH ODVW RQH WR LWV FODVV� WKHQ LI ZH WUDQVIRUP WKDW GDWD WR WKH DWWULEXWH�YDOXH IRUPDW �L�H�

OLQNLQJ UHODWLRQ��� DQG UHODWLRQ��� WKURXJK WKH SULPDU\ NH\�� ZH REWDLQ UHODWLRQ�����

6HYHUDO LVVXHV VKRXOG EH FRQVLGHUHG� )LUVW RI DOO

ZKDW LV WKH PHDQLQJ RI LQH[LVWHQW YDOXHV VKRZQ DV e"

0DFKLQH /HDUQLQJ DOJRULWKPV VKRXOG EH DEOH WR SURFHVV QRW RQO\ NQRZQ YDOXHV EXW DOVR
WKH\ VKRXOG KDQGOH YDOXHV VXFK DV�

q XQNQRZQ�

��



x1 y1 z1 Y

x2 y2 z2 Y

x3 y3 z3 Y

x4 y4 z4 N

x5 y5 z5 N

A

B

C

D

E

w1 v1

w2 v2

w3 v3

w4 v4

w5 v5

A

A

C

C

E

x1 y1 z1 Y

x1 y1 z1 Y

x2 y2 z2 Y

x3 y3 z3 Y

x3 y3 z3 Y

A

A

B

C

C

x4 y4 z4 N

x5 y5 z5 N

D

E

w1 v1

w2 v2

* *

w3 v3

w4 v4

* *

w5 v5

relation1/5 relation2/3

relation12/7

)LJXUH �� $Q ([DPSOH RI 5HPRYLQJ D 5HODWLRQVKLS

q GRQ
W FDUH DQG

q QRW DSSOLFDEOH

DOO RI WKHP KDYLQJ D GLmHUHQW PHDQLQJ� ,Q WKH H[DPSOH VKRZQ LQ )LJXUH � ZKDW PHDQLQJ

VKRXOG EH JLYHQ WR YDOXHV ZLWK DQ e" ,Q JHQHUDO� WKH DQVZHU LV GRPDLQ GHSHQGHQW�

$QRWKHU SUREOHP LV UHODWHG ZLWK WKH GLVWULEXWLRQ RI WKH H[DPSOHV E\ DWWULEXWH DV ZHOO DV
FODVV� 2EVHUYH WKDW WKH FODVV GLVWULEXWLRQ LQ UHODWLRQ��� LV ��� IRU FODVV < DQG ��� IRU

FODVV 1� EXW WKLV SURSRUWLRQ _ DV ZHOO DV WKH DWWULEXWH GLVWULEXWLRQ _ LV QRW WKH VDPH LQ
UHODWLRQ����� 8QOHVV WKH FDUGLQDOLW\ IURP UHODWLRQ��� WR UHODWLRQ��� LV ��WR�1 IRU D

n[HG 1 DQG DOO UHFRUGV LQ UHODWLRQ��� DOVR DSSHDU LQ UHODWLRQ��� LQ HTXDO TXDQWLWLHV� ZH
VKDOO KDYH WKLV VRUW RI SUREOHPV� ,W FDQ EH VHHQ WKDW D VWUDLJKWIRUZDUG WUDQVIRUPDWLRQ WR
WKH DWWULEXWH�YDOXH IRUPDW GRHV QRW DOZD\V SUHVHUYH _ IURP WKH SRLQW RI YLHZ RI WKH ELDV

RI WKH SURSRVLWLRQDO OHDUQLQJ DOJRULWKP _ WKH VDPH NQRZOHGJH DV WKDW ZKLFK LV FRQWDLQHG
LQ WKH RULJLQDO GDWDVHWV�

)RU WKHVH UHDVRQV� LQ WKH H[SORUDWRU\ VWHSV GHVFULEHG LQ WKH QH[W VHFWLRQ� ZH RQO\ FRQVLGHU

LQGLYLGXDO GDWDVHWV KDYLQJ UHODWLRQVKLSV ZLWK FDUGLQDOLW\ ��WR��� LQ RUGHU WR H[WUDFW VRPH
SURSRVLWLRQDO NQRZOHGJH IURP WKH GDWD�

��� /LQNLQJ ,QGLYLGXDO 'DWDVHWV WR 7KHLU &ODVV

$V ZH PHQWLRQHG HDUOLHU� LQ WKLV FDVH GDWDVHWV DUH FRQVLGHUHG LQGHSHQGHQWO\ IURP HDFK

RWKHU� 5HODWLRQV SDGU��� SDUW��� SDUURO�� DQG WIURO��� ZHUH FRQVLGHUHG VHSDUDWHO\�
XVLQJ DOO IHDWXUHV� 7KH DWWULEXWH YDOXH UHODWHG WR SWLG �UHVSRQVLEOH WR OLQN WDVND WR RWKHU

��



UHODWLRQV� DOORZV WR XQLTXHO\ GHnQH WKH FODVV RI HDFK UHFRUG LQ WKHVH UHODWLRQV� 7KH RWKHU

UHODWLRQV ZHUH QRW XVHG�

5HODWLRQ �,QVWDQFHV )HDWXUH �'LVWLQFW 9DOXHV &ODVV � &ODVV �

SDGU�FODVV ���� D]DUW � GLVFUHWH ������ ������
NDQWRQ �� GLVFUHWH
JEHDGPJHE ��� GLVFUHWH

SDUW�FODVV ���� HSEHUXI �� GLVFUHWH ������ ������
HSHUZHDUW � GLVFUHWH
HSJHEXGDW �� FRQWLQXRXV
HSVWD � GLVFUHWH
HSOQDPHFG � GLVFUHWH
HSVH[FG � GLVFUHWH
HS]LYVWG � GLVFUHWH

SDUURO�FODVV ����� SUW\S � GLVFUHWH ����� ������
SUW\SQU � GLVFUHWH

WIURO�FODVV ����� WUWHFHLQDO �� FRQWLQXRXV ����� ������
WUXQWFG � GLVFUHWH
WUNODXVFG � GLVFUHWH
WUVWDWIFG � GLVFUHWH
WUULFG � GLVFUHWH

7DEOH �� ,QLWLDO $WWULEXWH�9DOXH 7DEOHV 'HVFULSWLRQ

,W FDQ EH REVHUYHG WKDW WKH QXPEHU RI LQVWDQFHV �RU UHFRUGV� LQ UHODWLRQV WIURO ������� DQG
WIURO�FODVV ������� DUH GLmHUHQW� 7KLV LV EHFDXVH WKH OLQNLQJ RI WIURO WR FODVV ZDV GRQH

LQGLUHFWO\ WKURXJK WKH UHODWLRQ SDUURO� 7DEOH � VXPPDUL]HV WKH QXPEHU RI DWWULEXWHV LQ
HDFK RI WKHVH QHZO\ FRQVWUXFWHG DWWULEXWH�YDOXH WDEOHV� QXPEHU RI H[DPSOHV ��,QVWDQFHV��
IHDWXUHV XVHG� DV ZHOO DV WKH GLVWULEXWLRQ RI FODVVHV � DQG ��

��� $GGLWLRQDO &OHDQ�8S

)URP 7DEOH � LW LV SRVVLEOH WR REVHUYH WKH IROORZLQJ�

�� 7KH GLVFUHWH IHDWXUH JEHDGPJHE IURP WDEOH SDGU�FODVV KDV D KLJK QXPEHU RI GLVWLQFW

YDOXHV ������ 7KH PHDQLQJ RI IHDWXUH JEHDGPJHE _ VHH $SSHQGL[ ,� SJ� �� _ LV
UHODWHG WR D SRVWDO DGGUHVV UHJLRQ LQ 6ZLW]HUODQG� 7KLV VRUW RI LQIRUPDWLRQ FDQ EH

FRQVLGHUHG DV WRR VSHFLnF �TXLWH W\SLFDO LQ UHDO GDWD EDVHV�� VLQFH WKH GLVFUHWH IHDWXUH
NDQWRQ IURP WKH VDPH UHODWLRQ� KDYLQJ �� GLVWLQFW YDOXHV� UHIHUV WR WKH GLVWULFW LQVLGH

6ZLW]HUODQG� :LWK WKLV LQ PLQG� IHDWXUH JEHDGPJHE ZDV QRW FRQVLGHUHG IXUWKHU�

�� 7KH GLVFUHWH IHDWXUH HSEHUXI IURP WDEOH SDUW�FODVV KDV DOVR D KLJK QXPEHU RI GLVWLQFW

YDOXHV ����� 7KH PHDQLQJ RI WKLV IHDWXUH LV UHODWHG WR SURIHVVLRQ FRGH� ,Q IDFW� LI
WKH PHDQLQJ RI HDFK RI WKRVH FRGHV ZHUH NQRZQ� LW ZRXOG EH SRVVLEOH WR JURXS WKHP

VHPDQWLFDO\ DW D KLJKHU OHYHO� $V QRWKLQJ LV NQRZQ DERXW WKHP� ZH GHFLGHG WR GURS
IHDWXUH HSEHUXI DOWKRXJK WKLV LQIRUPDWLRQ� DOEHLW DW D KLJKHU OHYHO RI DEVWUDFWLRQ�

FRXOG EH LPSRUWDQW�

��



�� $WWULEXWH�9DOXH WDEOH WIURO�FODVV FRQVLVWV PDLQO\ RI SRVLWLYH H[DPSOHV VLQFH WKHUH

DUH YHU\ IHZ FODVV � LQVWDQFHV �OHVV WKDQ ������ $V OHDUQLQJ LQ WKH SUHVHQFH RI RQO\
RQH FODVV LV QRW SUDFWLFDOO\ SRVVLEOH WKH HQWLUH WDEOH WIURO�FODVV ZDV QRW FRQVLGHUHG

IXUWKHU�

$IWHU WKHVH PRGLnFDWLRQV� WKH LQLWLDO DWWULEXWH�YDOXH WDEOHV UHGXFH WR WKH RQHV VKRZQ LQ

7DEOH ��

5HODWLRQ �,QVWDQFHV )HDWXUH �'LVWLQFW 9DOXHV &ODVV � &ODVV �
SDGU�FODVV ���� D]DUW � GLVFUHWH ������ ������

NDQWRQ �� GLVFUHWH
SDUW�FODVV ���� HSHUZHDUW � GLVFUHWH ������ ������

HSJHEXGDW �� FRQWLQXRXV
HSVWD � GLVFUHWH
HSOQDPHFG � GLVFUHWH
HSVH[FG � GLVFUHWH
HS]LYVWG � GLVFUHWH

SDUURO�FODVV ����� SUW\S � GLVFUHWH ����� ������
SUW\SQU � GLVFUHWH

7DEOH �� )LQDO $WWULEXWH�9DOXH 7DEOHV 'HVFULSWLRQ

��� ,QGXFHUV 	 3UHOLPLQDU\ $FFXUDFLHV

$V VWDWHG HDUOLHU� LQ WKH SURSRVLWLRQDO DSSURDFK WKH &���� &����UXOHV >��@ DQG &1� >�@

LQGXFWLYH DOJRULWKPV ZHUH XVHG� 7KH DOJRULWKPV ZHUH H[HFXWHG XVLQJ 0/&�� �0DFKLQH
/HDUQLQJ /LEUDU\ LQ &��� >�� �@ D VRIWZDUH SDFNDJH GHYHORSHG DW 6WDQIRUG 8QLYHUVLW\

ZKLFK FRQWDLQV YDULRXV PDFKLQH OHDUQLQJ DOJRULWKPV� RmHULQJ WKH DGYDQWDJH RI QRW KDYLQJ
WR FKDQJH WKH IRUPDW RI WKH LQSXW GDWD ZKHQ XVLQJ DQRWKHU DOJRULWKP� ,W DOVR SURYLGHV

VWDQGDUGL]HG PHWKRGV IRU UXQQLQJ H[SHULPHQWV XVLQJ WKHVH DOJRULWKPV�

$OO WKUHH DOJRULWKPV ZHUH DSSOLHG WR WKH WKUHH VHWV RI H[DPSOHV GHVFULEHG LQ 7DEOH �� 6LQFH�
DW 6WHS �� WKH ?QRW DSSOLFDEOH� YDOXHV ZHUH UHPRYHG DQG WKHUH LV QR DGGLWLRQDO LQIRUPDWLRQ
DERXW WKH QDWXUH RI �QXOO�� VSHFLDO FDUH ZDV WDNHQ WR UHSODFH WKHVH YDOXHV LQ WKH RULJLQDO

GDWDVHWV ZLWK "� D VSHFLDO YDOXH WKDW PHDQV ?XQNQRZQ� WR WKH SURSRVLWLRQDO 0/ DOJRULWKPV
XVHG LQ WKLV ZRUN�

$FFXUDFLHV REWDLQHG XVLQJ ���IROG VWUDWLnHG FURVV YDOLGDWLRQ IRU HDFK DWWULEXWH�YDOXH WDEOH

DQG LQGXFHU DUH VKRZQ LQ 7DEOH ��� DORQJ ZLWK WKH VWDQGDUG GHYLDWLRQ� ,W FDQ EH REVHU�
YHG WKDW IRU DOO LQGXFHUV DFFXUDF\ LV JUHDWHU WKDQ WKH PDMRULW\ FODVV� PHDQLQJ WKDW VRPH
OHDUQLQJ KDV WDNHQ SODFH� )XUWKHUPRUH� DV H[SHFWHG� WKH DFFXUDF\ REWDLQHG E\ &����UXOHV

LV HTXLYDOHQW RU JUHDWHU WKDQ WKH RQH REWDLQHG E\ &����

��� 5HVXOWV

7DEOH �� VKRZV WKH WRWDO QXPEHU RI OHDYHV �RU QXPEHU RI GLVMXQFW GHFLVLRQ UXOHV� IRU &���
DV ZHOO DV WKH QXPEHU RI UXOHV JHQHUDWHG E\ &����UXOHV DQG &1�� ,W VKRXOG EH REVHUYHG

��



5HODWLRQ &ODVV � &ODVV � &��� &����UXOHV &1�

SDGU�FODVV ������ ������ ������h����� ������h����� ������h�����
SDUW�FODVV ������ ������ ������h����� ������h����� ������h�����
SDUURO�FODVV ����� ������ ������h����� ������h����� ������h�����

7DEOH ��� &ODVV 'LVWULEXWLRQ DQG $FFXUDFLHV XVLQJ ���IROG 6WUDWLnHG &URVV 9DOLGDWLRQ

WKDW UXOHV JHQHUDWHG E\ &����UXOHV DQG &1� DUH QRW QHFHVVDULO\ GLVMXQFW UXOHV�

5HODWLRQ &��� &����UXOHV &1�

SDGU�FODVV � � ��
SDUW�FODVV �� �� ���
SDUURO�FODVV � � ��

7DEOH ��� 1XPEHU RI /HDYHV DQG 5XOHV *HQHUDWHG

$V H[SHFWHG� WKH QXPEHU RI UXOHV JHQHUDWHG E\ &����UXOHV LV OHVV WKDQ WKH RQHV UHSUHVHQWLQJ
WKH &��� GHFLVLRQ WUHH� 7KLV LV GXH WR WKH IDFW WKDW &����UXOHV XVHV D YDULDQW RI WKH UXOH
SRVW�SUXQLQJ PHWKRG RQ WKH GHFLVLRQ WUHH JHQHUDWHG E\ &��� IRU nQGLQJ KLJK DFFXUDF\

K\SRWKHVHV� 7KLV PHDQV WKDW LQ WKH ZRUVW FDVH� LI QR SUXQQLQJ LV SRVVLEOH� WKH QXPEHU RI
UXOHV JHQHUDWHG E\ ERWK DOJRULWKPV ZRXOG EH HTXDO�

7DEOHV ��� �� DQG �� VKRZ VRPH LQLWLDO UHVXOWV IRU HDFK RQH RI WKH WKUHH UHODWLRQV FRQVLGHUHG�

ZKHUH RQO\ VLPSOH DQG VLJQLnFDQW UXOHV DUH SUHVHQWHG� 7KH &RYHUDJH FROXPQ LQGLFDWHV WKH
QXPEHU RI LQVWDQFHV FRYHUHG IRU >FODVV �� FODVV �@� ,W VKRXOG EH REVHUYHG WKDW QRQ LQWHJHU

UHVXOWV UHODWHG WR UXOH FRYHUDJH LQGLFDWH WKH SUHVHQFH RI XQNQRZQ YDOXHV� 7KXV� IRU LQVWDQFH�
WKH nUVW &��� UXOH LQ 7DEOH ��

LI D]DUW LQ I�� �� �J WKHQ FODVV  �

FRUUHFWO\ ?FODVVLnHV� ����� LQVWDQFHV DV FODVV � DQG ?PLVFODVVLnHV� ��� LQVWDQFHV DV FODVV ��
2Q WKH RWKHU KDQG� WKH ODVW &1� UXOH LQ 7DEOH ��

LI D]DUW  � DQG NDQWRQ  %( WKHQ FODVV  �

?PLVFODVVLnHV� ����� LQVWDQFHV DV FODVV � DQG FRUUHFWO\ ?FODVVLnHV� ������ LQVWDQFHV DV

FODVV ��

%HVLGHV LQGLYLGXDO UXOH FRYHUDJH� WZR DGGLWLRQDO XVHIXO PHDVXUHV �6XSSRUW DQG &RQnGHQFH�
DUH DOVR VKRZQ LQ WKH WDEOHV �LQWHUPHGLDWH UHVXOWV DUH DOVR VKRZQ IRU EHWWHU XQGHUVWDQGLQJ��

,Q UXOHV OLNH

LI ; WKHQ < ZKHUH ; ? <  �

6XSSRUW DQG &RQnGHQFH FDQ EH FDOFXODWHG DV LQGLFDWHG LQ (TXDWLRQV � DQG ��

6XSSRUW  
�,QVWDQFHV ZLWK ; DQG <

7RWDO �,QVWDQFHV
���

��



DQG

&RQnGHQFH  
�,QVWDQFHV ZLWK ; DQG <

�,QVWDQFHV ZLWK ;
���

7KHVH WZR PHDVXUHV DOORZ D EHWWHU XQGHUVWDQGLQJ RI JHQHUDWHG UXOHV� PDLQO\ WR WKH nQDO
XVHU� )RU LQVWDQFH� LW FDQ EH REVHUYHG IURP 7DEOH �� WKDW� DOWKRXJK WKH nUVW &��� UXOH

KDV &RQnGHQFH  ������� PHDQLQJ WKDW WKH SURSRUWLRQ RI HUURQHRXVO\ FRYHUHG H[DPSOHV
E\ WKLV UXOH LV YHU\ ORZ� LWV 6XSSRUW LV SRRU �������� PHDQLQJ WKDW D VPDOO SURSRUWLRQ RI
WKH FRPSOHWH GDWD EDVH LV FRUUHFWO\ FRYHUHG E\ WKLV UXOH� 2Q WKH RWKHU KDQG� WKH VHFRQG

&��� UXOH KDV &RQnGHQFH  ������ EXW 6XSSRUW  ������ ZKLFK� JHQHUDOO\� VHHPV WR EH
D EHWWHU RU PRUH LQWHUHVWLQJ UXOH WKDQ WKH nUVW RQH�

,QGXFHU 5XOH &RYHUDJH 6XSSRUW &RQnGHQFH
&��� LI D]DUW LQ I�� �� �J >���������@ ���������� ���������

WKHQ FODVV  � ����� ������
&��� LI D]DUW LQ I�� �J >�����������@ ��������� �����������

WKHQ FODVV  � ������ ������

&����UXOHV LI D]DUW  � >�����@ �������� �������
WKHQ FODVV  � ����� ����

&1� LI D]DUW  � >������������@ ����������� �������������
DQG NDQWRQ  =+ ������ ������
WKHQ FODVV  �

&1� LI D]DUW  � >������������@ ����������� �������������
DQG NDQWRQ  %( ������ ������
WKHQ FODVV  �

7DEOH ��� 6RPH RI WKH 5XOHV /HDUQHG IRU SDGU�FODVV

$QRWKHU SRLQW WR FRQVLGHU ZKHQ DQDO\]LQJ DQG LQWHUSUHWLQJ WKHVH UXOHV LQGLYLGXDO\� LV KRZ

WKH H[DPSOHV DUH FRYHUHG E\ WKHP� )RU H[DPSOH� &��� JHQHUDWHV D GHFLVLRQ WUHH� VR UXOHV
WKDW UHSUHVHQW WKDW NQRZOHGJH DUH GLVMXQFW� 5XOHV JHQHUDWHG E\ &1� DUH XQRUGHUHG DQG

QRW GLVMXQFW� 7KLV PHDQV WKDW WZR �RU PRUH� GLmHUHQW UXOHV PD\ FRYHU WKH VDPH H[DPSOH�
2Q WKH RWKHU KDQG� UXOHV JHQHUDWHG E\ &����UXOHV DUH XQRUGHUHG LQVLGH LWV FODVV VXEVHW EXW
DUH RUGHUHG IRU HDFK �RXWVLGH� FODVV VXEVHW�

,QGXFHU 5XOH &RYHUDJH 6XSSRUW &RQnGHQFH

&��� LI HSJHEXGDW ! ���� >����������@ ����������� �������������
DQG HSHUZHDUW LQ I�� �J ������ ������
WKHQ FODVV  �

&��� LI HSJHEXGDW � ���� >��������@ �������� ���������
DQG HSOQDPHFG  � ����� ������
DQG HS]LYVWG LQ I�� �� �� �J
DQG HSHUZHDUW  �
WKHQ FODVV  �

&��� LI HSJHEXGDW � ���� >������������@ ����������� �������������
DQG HSOQDPHFG LQ I�� �J ������ ������
DQG HSHUZHDUW LQ I�� �� �J
WKHQ FODVV  �

FRQWLQXHG RQ QH[W SDJH

��



FRQWLQXHG IURP SUHYLRXV SDJH

&��� LI HSJHEXGDW � ���� >����������@ ���������� �����������
DQG HSOQDPHFG LQ I�� �J ����� ������
DQG HSHUZHDUW  �
DQG HSVH[FG  �
WKHQ FODVV  �

&����UXOHV LI HSJHEXGDW ! ���� >������@ ��������� ���������
WKHQ FODVV  � ������ ������

&1� LI HSHUZHDUW  � >��������@ ����������� �������������
DQG HSJHEXGDW ! ������ ������ �������
WKHQ FODVV  �

&1� LI HSHUZHDUW  � >������ �@ ���������� �����������
DQG HSJHEXGDW ! ������ ����� �������
DQG HS]LYVWG  �
WKHQ FODVV  �

&1� LI HSJHEXGDW ! ������ >������ �@ ���������� �����������
DQG HSVH[FG  � ����� �������
WKHQ FODVV  �

&1� LI HSJHEXGDW ! ������ >������@ ��������� ���������
WKHQ FODVV  � ������ ������

&1� LI HSHUZHDUW  � >�����@ �������� �������
DQG ������ � HSJHEXGDW � ������ ����� ������
DQG HSVH[FG  �
DQG HS]LYVWG  �
WKHQ FODVV  �

7DEOH ��� 6RPH RI WKH /HDUQHG 5XOHV IRU SDUW�FODVV

��� $QDO\VLV RI WKH 5HVXOWV

q 5HVXOWV LQ 7DEOH �� _ SDGU�FODVV _ VKRZV WKDW IRU WKLV FDVH LW ZDV QRW SRVVLEOH WR

GLVFRYHU JRRG UXOHV IRU DQ\ RI WKH DOJRULWKPV� ,W FDQ DOVR EH REVHUYHG IURP 7DEOH ��
SJ� �� WKDW WKH OHDUQLQJ DFFXUDF\ LV WKH ORZHVW IRU WKLV UHODWLRQ� EHLQJ RQO\ DERXW ��

KLJKHU WKDQ WKH PDMRULW\ FODVV�

q $QDO\]LQJ 7DEOH �� _ SDUW�FODVV_ LW FDQ EH VHHQ WKDW DWWULEXWHV HSJHEXGDW �\HDU
RI ELUWK� DQG HSHUZHDUW �SURIHVVLRQDO VWDWXV� DUH JRRG GLVFULPLQDQWV� )XUWKHUPRUH�
\RXQJ SHRSOH �L�H� ERUQ DUURXQG RU DIWHU ����� VHHP WR EH FODVVLnHG DV FODVV  ��

7KHUH LV DOVR D &��� UXOH WKDW FRYHUV PRUH WKDQ ���� H[DPSOHV �WKH WKLUG &��� UXOH
RQ 7DEOH ���� 6WLOO� LW LV KDUG WR LQWHUSUHW VLQFH ZH GR QRW NQRZ WKH PHDQLQJ RI WKH

SRVVLEOH YDOXHV IRU WKH DWWULEXWHV HSOQDPHFG DQG HSHUZHDUW�

q )URP 7DEOH �� _ SDUURO�FODVV _ LW FDQ EH VHHQ WKDW WKHUH DUH VRPH LQWHUHVWLQJ
UXOHV� )RU H[DPSOH� WKH WKLUG &��� UXOH� ZKLFK FRYHUV WKH PDMRULW\ RI H[DPSOHV ZLWK

DQ HUURU RI ������ $OVR� WKH WKLUG UXOH JHQHUDWHG E\ &1� ZKLFK FRYHUV ������ RI
WKH H[DPSOHV VKRZV WKH YDOXH RI SUW\S  �� LV D JRRG GLVFULPLQDQW IRU FODVV  ��

��



,QGXFHU 5XOH &RYHUDJH 6XSSRUW &RQnGHQFH

&��� LI SUW\SQU LQ I�� �J >������@ ��������� �������
DQG SUW\S LQ I�� ��� ��� ��� ��J ����� ������
WKHQ FODVV  �

&��� LI SUW\SQU LQ I�� �� �J >�������@ ���������� ���������
DQG SUW\S  �� ����� ������
WKHQ FODVV  �

&��� LI SUW\SQU LQ I�� �J >���������@ ����������� �����������
DQG SUW\S LQ I�� ��� ��� ��J ������ ������
WKHQ FODVV  �

&����UXOHV LI SUW\S  �� >�������@ ����������� �����������
WKHQ FODVV  � ������ �������

&����UXOHV LI SUW\S LQ I�� ��� ��� ��J >���������@ ����������� �����������
DQG SUW\SQU LQ I�� �J ������ ������
WKHQ FODVV  �

&1� LI SUW\S  �� >�����@ ��������� �������
WKHQ FODVV  � ����� ������

&1� LI SUW\S  �� >�������@ ���������� ���������
DQG SUW\SQU  � ����� ������
WKHQ FODVV  �

&1� LI SUW\S  �� >�������@ ����������� �����������
WKHQ FODVV  � ������ �������

&1� LI SUW\S  � >���������@ ����������� �����������
WKHQ FODVV  � ������ ������

&1� LI SUW\SQU  � >���������@ ����������� �����������
WKHQ FODVV  � ������ ������

7DEOH ��� 6RPH RI WKH 5XOHV /HDUQHG IRU SDUURO�FODVV

� 5HODWLRQDO $SSURDFK

6WDQGDUG 0DFKLQH /HDUQLQJ DOJRULWKPV XVLQJ SURSRVLWLRQDO ORJLF UHSUHVHQWDWLRQ IRUPDOLVP
FDQ EH GLUHFWO\ XVHG LQ UDUH FDVHV� L�H� ZKHQ WKH GDWD LV VWRUHG LQ D VLQJOH UHODWLRQ WDEOH�

:KHQ WKH GDWD LV GHVFULEHG XVLQJ VHYHUDO LQWHUUHODWHG WDEOHV� DV LQ WKLV ZRUN� LW VHHPV WKDW
WKH 'DWD 0LQLQJ SURFHVV ZRXOG EHQHnW IURP V\VWHPV XVLQJ WKH nUVW�RUGHU ORJLF UHSUHVHQ�

WDWLRQ IRUPDOLVP� ,QGXFWLYH /RJLF 3URJUDPPLQJ _ ,/3 _ D UHFHQWO\ HPHUJHG VXEnHOG RI
0/ LV DSSURSULDWH IRU WKLV WDVN >��@� ,/3 LQWHJUDWHV WKH WHFKQLTXHV DOUHDG\ DYDLODEOH DQG

HVWDEOLVKHG IRU ORJLF SURJUDPPLQJ LQ D IUDPHZRUN RI OHDUQLQJ� DLPLQJ WR LQGXFH nUVW�RUGHU
ORJLF SURJUDPV IURP H[DPSOHV� XVLQJ EDFNJURXQG NQRZOHGJH >�� �� �� �� �@�

,Q JHQHUDO� ,/3 DOJRULWKPV FDQ H[SORLW WKH GDWD GLUHFWO\� RU DIWHU YHU\ IHZ DMXVWPHQWV� DV
LW FRPHV IURP WKH GDWDEDVH� 6WLOO� LW VKRXOG EH NHSW LQ PLQG WKDW WKLV JUHDWHU oH[LELOLW\

FRPHV DW D SULFH� /HDUQLQJ ZLWKLQ WKH nUVW�RUGHU IUDPHZRUN LV PXFK KDUGHU WKDQ OHDUQLQJ
LQ WKH SURSRVLWLRQDO IUDPHZRUN� :LWKLQ WKH nUVW�RUGHU IUDPHZRUN WKH VHDUFK VSDFH LV

LQnQLWHO\ ODUJHU DQG WKH XQGHUO\LQJ LQIHUHQFH PHFKDQLVP LV PXFK PRUH FRPSOH[ WKDQ LQ
WKH SURSRVLWLRQDO IUDPHZRUN� 6RPHWLPHV� GXH WR WKLV IDFW� ,/3 DOJRULWKPV PD\ SHUIRUP

ZRUVH RQ OHDUQLQJ WDVNV ZKHUH WKH OHDUQHG FRQFHSW FDQ EH FRQYHQLHQWO\ H[SUHVVHG XVLQJ D
SURSRVLWLRQDO GHVFULSWLRQ�

,Q VKRUW� ,/3 DOJRULWKPV VKRXOG EH XVHG ZKHQ WKH FRQFHSW WKDW LV EHLQJ OHDUQHG FDQ EH

��



FRQYHQLHQWO\ H[SUHVVHG XVLQJ D nUVW�RUGHU ORJLF UHSUHVHQWDWLRQ� DQG DOVR LV YHU\ GLpFXOW WR

GHVFULEH XVLQJ D SURSRVLWLRQDO UHSUHVHQWDWLRQ�

,Q RXU UHODWLRQDO DSSURDFK IRU H[WUDFWLQJ NQRZOHGJH IURP WKH GDWD EDVH� ZH XVH WKH LQ�
GXFWLYH ORJLF SURJUDPPLQJ V\VWHP *2/(0 ZKLFK UHVWULFWV WKH PRGHO RI WKH EDFNJURXQG
NQRZOHGJH DV ZHOO DV WKH K\SRWKHVHV ODQJXDJH WR +RUQ FODXVH ORJLF SURJUDPPLQJ� VXFK DV

3URORJ�

��� 7KH *2/(0 ,QGXFHU

*2/(0 FRQVWUXFWV ORJLF SURJUDPV _ UHVWULFWHG WR +RUQ FODXVHV _ IURP SRVLWLYH DQG
QHJDWLYH H[DPSOHV XVLQJ LQIRUPDWLRQ JLYHQ E\ WKH EDFNJURXQG NQRZOHGJH� ,Q *2/(0�

H[DPSOHV DQG EDFNJURXQG NQRZOHGJH DUH UHSUHVHQWHG DV JURXQG DWRPLF IDFWV� 7KH DOJR�
ULWKP KDV D JRRG OHYHO RI HpFLHQF\ DQG LV DEOH WR OHDUQ SUHGLFDWHV �UXOHV� VXFK DV OLVW

UHYHUVH� TXLFNVRUW� PHPEHU� LQWHJHU PXOWLSO\ DQG RWKHU UHDO�ZRUOG DSSOLFDWLRQV� 5XOHV FDQ
EH XVHG WR FODVVLI\ QHZ H[DPSOHV� 7KH V\QWD[ RI DWRPV DQG UXOHV �RU FODXVHV� _ VHH 7DEOH
�� _ IROORZV WKDW RI (GLQEXUJK 3URORJ �ZLWKRXW RSHUDWRU GHnQLWLRQ DQG TXHULHV� >��@�

VWUXFWXUH IRUPDW FRPPHQWV

JURXQG DWRP SUHGLFDWH�DUJ�� DUJ�� � � � � DUJQ�� DUJ�� DUJ�� � � � � DUJQ DUH WHUPV�
SRVVLEO\ ZLWK IXQFWLRQ V\PEROV
DQG QR YDULDEOHV

FODXVH +HDG � b$��$�� � � � �$Q +HDG� $�� $�� � � � � $Q DUH DOVR
�RU UXOH� DWRPV� EXW FRQWDLQLQJ DW OHDVW

RQH YDULDEOH

7DEOH ��� 6\QWD[ RI $WRPV DQG 5XOHV LQ *2/(0

*2/(0 QHHGV WKUHH W\SHV RI LQSXW GDWD nOHV DQG SURGXFHV �GHSHQGLQJ RQ WKH FKRLFH RI
WKH XVHU� DQ RXWSXW nOH DV VKRZQ LQ )LJXUH �� 7KH W\SH DQG H[WHQVLRQ RI WKH QHFHVVDU\

nOH�I

nOH�E

nOH�Q












*2/(0


 nOH�U

)LJXUH �� 'DWD )LOHV 8VHG E\ *2/(0

nOHV� DV ZHOO DV WKHLU FRQWHQWV DUH GHVFULEHG LQ 7DEOH ���

��



W\SH H[WHQWLRQ FRPPHQWV

IRUHJURXQG �I VHW RI SRVLWLYHV H[DPSOHV� (DFK HOHPHQW LV D
JURXQG DWRP LPSOLHG E\ WKH WDUJHW SUHGLFDWH

EDFNJURXQG �E VHW RI H[DPSOHV ZKLFK DUH EHOLHYHG WR EH
UHOHYDQW WR WKH H[DPSOH LQ WKH IRUHJURXQG VHW
,W DOVR FRQWDLQV WKH GHFODUDWLRQV SDUW
ZKLFK GHnQHV WKH PRGHV DQG GHWHUPLQDWLRQV
RI HDFK SUHGLFDWH

QHJDWLYH �Q VHW RI JURXQG DWRPV WKDW VKDUH WKH VDPH
SUHGLFDWH V\PERO DV WKH HOHPHQWV RI WKH
IRUHJURXQG VHW� EXW DUH IDOVH ZLWK UHVSHFW
WR WKH WDUJHW SUHGLFDWH

UXOHV �U VHW RI LQSXW �RSWLRQDO� RU RXWSXW UXOHV

7DEOH ��� 7\SHV RI 'DWD )LOHV XVHG E\ *2/(0

*2/(0 FDQ EH XVHG LQ WZR GLmHUHQW PRGHV RI RSHUDWLRQ� EDWFK DQG LQWHUDFWLYH� ,W DOVR
SURYLGHV FRPPDQGV ZKLFK FDQ EH XVHG IRU VHWWLQJ V\VWHP SDUDPHWHUV WR FRQWURO WKH OHDUQLQJ
SURFHVV� 7KHVH SDUDPHWHUV� WRJHWKHU ZLWK WKHLU GHIDXOW YDOXHV DUH GHVFULEHG LQ 7DEOH ���

,Q WKLV ZRUN ZH KDYH XVHG GLmHUHQW YDOXHV IRU QRLVH DQG GLmHUHQW FRPELQDWLRQV RI UHODWLRQV
DV EDFNJURXQG NQRZOHGJH�

VHWWLQJV GHIDXOW YDOXH GHVFULSWLRQ

L � L b GHWHUPLQDF\

M � M b GHWHUPLQDF\

QRLVH � OLPLW RI WKH SHUPLVVLEOH QXPEHU RI QHJDWLYH

H[DPSOHV EHLQJ PLVFODVVLnHG E\ HDFK UXOH

UOJJVDPSOH � OLPLW RI D VDPSOH RI H[DPSOH SDLUV XVHG WR

FRQVWUXFW FODXVHV

WHVWVDPSOH ��� OLPLWH RI D VDPSOH RI QHJDWLYH H[DPSOHV XVHG

WR WHVW FODXVHV

7DEOH ��� *ROHP 6\VWHP 6HWWLQJV

��� 5HVXOWV

7KH H[SHULPHQWV PDGH XVLQJ WKH UHODWLRQDO DSSURDFK FRQFHQWUDWH RQ OHDUQLQJ WKH FRQFHSW

WDVND� XVLQJ DV EDFNJURXQG NQRZOHGJH WKH UHODWLRQV GLUHFWO\ UHODWHG WR LW WKURXJK WKH
DWWULEXWH SWLG� 7KHVH UHODWLRQV DUH� SDUW� SDGU DQG SDUURO� 7KH RWKHU UHODWLRQV QRW

KDYLQJ D GLUHFW UHODWLRQVKLS ZLWK WDVND ZHUH QRW FRQVLGHUHG� VLQFH WKH FKRVHQ DOJRULWKP
FRXOG QRW KDQGOH WKH PHPRU\ UHTXLUHPHQWV� ,Q RWKHU ZRUGV� WR OLQN WKH RWKHU UHODWLRQV

ZLWK WDVND� LW ZRXOG KDYH EHHQ QHFHVVDU\ WR LQFOXGH RQH RU PRUH RI WKH UHODWLRQV WKDW ZHUH

��



GLUHFWO\ UHODWHG WR LW LQ WKH EDFNJURXQG� LPSO\LQJ PHPRU\ UHTXLUHPHQWV QRW KDYH DYDLODEOH

DW WKH WLPH RI WKH H[SHULPHQWV� $FFRUGLQJ WR WKH QRWDWLRQ XVHG WR GHVFULEH WKH RULJLQDO
GDWDVHW _ VHH 7DEOH � SJ� � _ WKH UHODWLRQV WKDW ZHUH XVHG KDYH WKH IROORZLQJ DWWULEXWHV�

SDGU �SWLG � ;���� D]DUW � ;���� NDQWRQ � ;����

SDUW �SWLG � ;���� HSHUZHDUW � ;���� HSJHEXGDW � ;���� HSVWD � ;����
HSOQDPHFG � ;���� HSVH[FG � ;���� HSYL]VWG � ;����

SDUURO �SULG � ;���� SWLG � ;���� YYLG � ;���� SUW\S � ;���� SUW\SQU � ;����

7KH UHODWLRQ WDVND KDV WZR DWWULEXWHV� SWLG DQG FODVV� ,W VKRXOG EH REVHUYHG WKDW WKH

UHODWLRQV SDUW DQG SDGU KDYH� GXH WR WKH FOHDQLQJ SURFHVV� GLmHUHQW DULW\ WKDQ LQ WKH
RULJLQDO GDWDVHW�

*2/(0 ZDV UXQ ZLWK VHWWLQJV UOJJVDPSOH  �� DQG WHVWVDPSOH  ����� 5HFDOO WKDW WKH
WRWDO QXPEHU RI H[DPSOHV LQ WDVND LV ���� _ VHH 7DEOH � SJ� � _ ZKHUH ���� DUH SRVLWLYH

DQG ���� DUH QHJDWLYH� 7KH QRLVH OHYHO ZDV LQLWLDOO\ n[HG DW ��� �DSSUR[LPDWHO\ ��� RI
WKH WRWDO DPRXQW RI QHJDWLYH H[DPSOHV�� :KHQ WKH DOJRULWKP ZDV QRW DEOH WR nQG DQ\

UXOHV DW WKLV QRLVH OHYHO� WKH DPRXQW RI QRLVH ZDV UDLVHG HLWKHU XQWLO WKH QXPEHU UHDFKHG
��� ���� H[DPSOHV� RI WKH QHJDWLYH VHW RU XQWLO UXOHV ZHUH IRXQG�

7KH DOJRULWKP ZDV UXQ ZLWK D VHULHV RI FRPELQDWLRQV RI WKH UHODWLRQV DV EDFNJURXQG NQR�
ZOHGJH� 7KH QHJDWLYH DQG SRVLWLYH FRYHU REWDLQHG E\ WKH LQGXFHG ORJLF SURJUDPV� DUH

VKRZQ LQ 7DEOH ��� 6XSSRUW DQG FRQnGHQFH PHDVXUHV IRU HDFK UXOH VHW DUH DOVR JLYHQ EDVHG
RQ (TXDWLRQV � DQG � SUHVHQWHG LQ 6HFWLRQ ��� SJ� �� 7KH FRPELQDWLRQ SDGU � SDUW

� SDUURO DV EDFNJURXQG NQRZOHGJH� ZDV QRW FRQVLGHUHG VLQFH WKH GHIDXOW L�GHWHUPLQDF\�
ZKLFK LV VHW DW � LQ *2/(0� ZDV XVHG�

%DFNJURXQG .QRZOHGJH 1RLVH 1HJDWLYH &RYHU 3RVLWLYH &RYHU 6XSSRUW &RQnGHQFH

SDUURO ��� � � � �
SDGU ��� ��� ���� ����� �����

SDGU � SDUURO ��� ��� ���� ����� �����
SDGU � SDUW ��� ��� ���� ����� �����

SDUW ��� ��� ���� ����� �����
SDUW � SDUURO ��� ��� ���� ����� �����

7DEOH ��� 1HJDWLYH DQG 3RVLWLYH &RYHU 9DU\LQJ %DFNJURXQG .QRZOHGJH DQG 1RLVH� DORQJ

ZLWK 6XSSRUW DQG &RQnGHQFH 0HDVXUHV

$V FDQ EH VHHQ� QR UXOHV ZHUH IRXQG ZKHQ XVLQJ RQO\ SDUURO DV EDFNJURXQG NQRZOHGJH�
:KHQ XVLQJ RQO\ SDGU DV EDFNJURXQG NQRZOHGJH LW ZDV QHFHVVDU\ WR LQFUHDVH WKH QRLVH

OHYHO XQWLO LW UHDFKHG ��� IRU *2/(0 WR SURGXFH VRPH UXOHV� 7KH UXOHV JHQHUDWHG LQ HDFK
FDVH DUH VKRZQ LQ 7DEOH ���

%DFNJURXQG .� 5XOH 3URSRVLWLRQDO )RUP

SDGU WDVND�$� �� SDGU�$�
�
�
%(
�� LI D]DUW  
�
DQG NDQWRQ  
%(

WKHQ FODVV  �

WDVND�$� �� SDGU�$�
�
�
$*
�� LI D]DUW  
�
DQG NDQWRQ  
$*

WKHQ FODVV  �

WDVND�$� �� SDGU�$�
�
�
=+
�� LI D]DUW  
�
DQG NDQWRQ  
=+

WKHQ FODVV  �

FRQWLQXHG RQ QH[W SDJH

��



FRQWLQXHG IURP SUHYLRXV SDJH

SDGU � SDUURO WDVND�$� �� SDGU�$�
�
�
%(
�� LI D]DUW  
�
DQG NDQWRQ  
%(

WKHQ FODVV  �

SDGU � SDUW WDVND�$� �� SDUW�$�
�
�%�
�
�&�'�(�� LI HSHUZHDUW  
�
DQG HSVWD  
�

WKHQ FODVV  �

WDVND�$� �� SDUW�$�
�
�%�
�
�
�
�&�'�� LI HSHUZHDUW  
�
DQG HSVWD  
�

DQG HSOQDPHFG  
�


WKHQ FODVV  �
WDVND�$� �� SDGU�$�
�
�%�� SDUW�$�
�
�&�
�
�
�
�'�(��
WDVND�$� �� SDGU�$�
�
�%�� SDUW�$�
�
�&�
�
�'�(�)��
WDVND�$� �� SDGU�$�
�
�%�� SDUW�$�
�
�&�
�
�
�
�
�
�'��
WDVND�$� �� SDGU�$�
�
�%�� SDUW�$�&�'�
�
�
�
�
�
�
�
��
WDVND�$� �� SDGU�$�
�
�%�� SDUW�$�&�'�
�
�
�
�&�(��
WDVND�$� �� SDGU�$�
�
�%�� SDUW�$�&�'�
�
�
�
�(�)��

SDUW�*�+�'�
�
�,�-�
�
��

SDUW WDVND�$� �� SDUW�$�
�
�%�
�
�
�
�&�'�� LI HSHUZHDUW  
�
DQG HSVWD  
�

DQG HSOQDPHFG  
�


WKHQ FODVV  �
WDVND�$� �� SDUW�$�
�
�%�
�
�&�'�(�� LI HSHUZHDUW  
�
DQG HSVWD  
�


WKHQ FODVV  �
WDVND�$� �� SDUW�$�
�
�%�
�
�
�
�&�'�� LI HSHUZHDUW  
�
DQG HSVWD  
�


DQG HSOQDPHFG  
�

WKHQ FODVV  �

WDVND�$� �� SDUW�$�
�
�%�
�
�
�
�
�
�
�
�� LI HSHUZHDUW  
�
DQG HSVWD  
�

DQG HSOQDPHFG  
�

DQG HSVH[FG  
�

DQG HSYL]VWG  
�


WKHQ FODVV  �
WDVND�$� �� SDUW�$�
�
�%�
�
�
�
�&�'�� LI HSHUZHDUW  
�
DQG HSVWD  
�


DQG HSOQDPHFG  
�

WKHQ FODVV  �

WDVND�$� �� SDUW�$�%�&�
�
�
�
�
�
�
�
�� LI HSVWD  
�
DQG HSOQDPHFG  
�

DQG HSVH[FG  
�

DQG HSYL]VWG  
�


WKHQ FODVV  �

SDUW � SDUURO WDVND�$� �� SDUW�$�
�
�%�
�
�&�'�(�� LI HSHUZHDUW  
�
DQG HSVWD  
�

WKHQ FODVV  �

WDVND�$� �� SDUW�$�
�
�%�
�
�
�
�
�
�&�� LI HSHUZHDUW  
�
DQG HSVWD  
�

DQG HSOQDPHFG  
�

DQG HSVH[FG  
�


WKHQ FODVV  �
WDVND�$� �� SDUW�$�
�
�%�
�
�
�
�&�'�� LI HSHUZHDUW  
�
DQG HSVWD  
�


DQG HSOQDPHFG  
�

WKHQ FODVV  �

WDVND�$� �� SDUW�$�%�&�
�
�
�
�
�
�
�
�� LI HSVWD  
�
DQG HSOQDPHFG  
�

DQG HSVH[FG  
�
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�
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�
DQG HSVH[FG  
�


DQG HSYL]VWG  
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WKHQ FODVV  �

WDVND�$� �� SDUW�$�%�&�
�
�'�%�(��
WDVND�$� �� SDUURO�%�$�&�
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�
�
�� LI SUW\S  
��
DQG SUW\SQU  
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WDVND�$� �� SDUURO�%�$�&�
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�
�� LI SUW\S  
�
 DQG SUW\SQU  
�


WKHQ FODVV  �

7DEOH ��� 5XOHV *HQHUDWHG ZLWK 'LmHUHQW 6HWV RI %DFNJURXQG .QRZOHGJH

��



0DQ\ RI WKH UXOHV JHQHUDWHG E\ *2/(0 DUH VLPSO\ SURSRVLWLRQDO UXOHV� )RU WKRVH UXOHV

WKH HTXLYDOHQW SURSRVLWLRQDO IRUP LV DOVR VKRZQ VR DV WR FRPSDUH WKHP ZLWK WKH UHVXOWV
IURP WKH SURSRVLWLRQDO DSSURDFK DQG DQDO\]H WKHLU VLPLODULWLHV�

��� $QDO\VLV RI WKH 5HVXOWV

&RQVLGHULQJ WKH SRVLWLYH FRYHUDJH RI HDFK UXQ _ VHH 7DEOH �� _ LW FDQ EH VHHQ WKDW WKH

UXOHV JHQHUDWHG XVLQJ SDGU DV ZHOO DV SDGU � SDUURO DV EDFNJURXQG NQRZOHGJH FRYHU
IHZ SRVLWLYH H[DPSOHV� 2Q WKH RWKHU KDQG� ZKHQ XVLQJ SDUW � SDUURO DV EDFNJURXQG

NQRZOHGJH� WKH EHVW FRYHU ZDV REWDLQHG� ,Q IDFW RQO\ � SRVLWLYH H[DPSOHV ZHUH QRW FRYHUHG�
7KLV FRXOG SUREDEO\ EH UHnQHG XVLQJ PDQXDO WHFKQLTXHV RU RWKHU WRROV WR REWDLQ RWKHU UXOHV

IRU WKH XQFRYHUHG H[DPSOHV�

7KH QXPEHUV IRU VXSSRUW DQG FRQnGHQFH VHHP WR FRQnUP WKH REVHUYDWLRQV EDVHG RQ FR�
YHUDJH� 7KH UXOHV REWDLQHG ZKHQ XVLQJ SDGU � SDUURO RU MXVW SDGU DV EDFNJURXQG
NQRZOHGJH KDYH FRQVLGHUDEO\ ORZHU SHUFHQWDJHV WKDQ WKRVH RI WKH RWKHU H[SHULPHQWV�

,Q WKH FDVH RI DOO UXOHV JHQHUDWHG ZKHQ XVLQJ SDUW DV EDFNJURXQG NQRZOHGJH �HLWKHU E\

LWVHOI RU LQ FRQMXQFWLRQ ZLWK DQRWKHU UHODWLRQ�� WKHUH LV D ODUJH RFFXUUHQFH RI HYLGHQFH IRU
PDUULHG SHRSOH �HSYL]VWG  
�
�� 7KHVH UXOHV DOVR KDYH WKH EHVW FRYHUDJHV� LQ FRPSDULVRQ

ZLWK SDGU DQG SDUURO E\ WKHPVHOYHV� IRU H[DPSOH� /RRNLQJ DW WKH VXSSRUW DQG FRQnGHQFH
PHDVXUHV IRU WKH UXOH VHWV� WKHUH LV VWURQJ HYLGHQFH WR EHOLHYH WKDW SDUW LV D JRRG VRXUFH

RI EDFNJURXQG NQRZOHGJH� %RWK PHDVXUHV DUH UHODWLYHO\ KLJK ZKHQ SDUW LV XVHG LQ WKH
EDFNJURXQG� 7KLV VKRXOG EH UHODWLYHO\ REYLRXV DV SWLG LV WKH PDLQ LGHQWLnHU IRU SDUW� EXW
PD\EH LW FDQ DOVR LQGLFDWH D VWDUWLQJ SRLQW IRU REWDLQLQJ PRUH PHDQLQJIXO UXOHV�

7KH ODVW UXOH REWDLQHG ZKHQ XVLQJ SDGU � SDUW DV EDFNJURXQG SUHVHQWV DQ LQWHUHVWLQJ

UHODWLRQVKLS EHWZHHQ LQVWDQFHV RU UHFRUGV RI WKH UHODWLRQ SDUW� $SSDUHQWO\� D SDUWQHU ZKR
LV D PHPEHU RI WDVND FDQ DOVR EH UHODWHG WR VRPH RWKHU SDUWQHU ZKR KDV WKH VDPH \HDU

RI ELUWK �WKLUG DWWULEXWH LQ WKH UHODWLRQ� DQG ZKRVH PDULWDO VWDWXV LV 
VHSDUDWHG
 �YDOXH 
�

IRU DWWULEXWH HS]LYVWG�� DPRQJ RWKHU WKLQJV�

:KHQ SDGU LV XVHG LQ WKH EDFNJURXQG� WKH UXOHV JHQHUDWHG DOZD\V KDYH WKH DWWULEXWH
D]DUW  �� $SSDUHQWO\ WKLV NLQG RI DGGUHVV �D]DUW LV WKH DWWULEXWH LQGLFDWLQJ WKH W\SH

RI WKH DGGUHVV� RFFXUV PRVW RIWHQ� 7KLV FRXOG EH D FOXH DV WR ZKHUH WKH PDMRULW\ RI WKH
FRQWUDFWV DUH PDGH� VD\ LQ D EXVLQHVV� IRU H[DPSOH� ,I ZH KDG DFFHVV WR DQ H[SHUW� PRUH

LQWHUHVWLQJ FRQFOXVLRQV PLJKW DSSHDU�

� &RQFOXVLRQ

)RU UHDOLVWLF GDWD PLQLQJ� WKH VWXG\ RI UHDO�ZRUOG GDWD LV HVVHQWLDO� 7KLV NLQG RI GDWD KDV

VHYHUDO SHFXOLDULWLHV ZKLFK PDNH LW QHFHVVDU\ WR FRQVLGHU GHWDLOV QRW RWKHUZLVH QRWLFHG�
,Q WKLV ZRUN ZH KDYH FDUULHG RXW D JHQHUDO UHYLHZ RI WKH VWUXFWXUH RI WKH GDWD� VRPH
PHDVXULQJ RI LWV TXDOLW\ DQG LGHQWLnHG VRPH LQYDOLG DQG PLVVLQJ YDOXHV� $IWHUZDUGV WKH

GDWD ZDV IXUWKHU UHnQHG WR VXLW WKH LQSXW IRUPDW UHTXLUHPHQWV RI WKH SURSRVLWLRQDO DQG
UHODWLRQDO 0DFKLQH /HDUQLQJ DOJRULWKPV XVHG WR H[WUDFW NQRZOHGJH�

��



,Q DOO WKH VWHSV GHVFULEHG LQ WKH SUHYLRXV VHFWLRQV ZH KDYH WR IDFH WKH SUREOHP RI RXU SRRU

LQVLJKW LQWR WKH XQGHUO\LQJ GDWD FRQWHQW� 1RW RQO\ SUHSDULQJ WKH GDWD� EXW DOVR DQDO\]LQJ
WKH UHVXOWV� DUH YHU\ LPSRUWDQW VWHSV RI WKH ZKROH SURFHVV� :LWKRXW WKH DLG RI DQ H[SHUW

WR JR RYHU WKH UHVXOWV DQG VXSSO\ EDFNJURXQG DQG FRPPRQVHQVH NQRZOHGJH� WKH ZKROH
SURFHVV FDQ EHFRPH DOPRVW LPSRVVLEOH�

,W VKRXOG EH VWUHVVHG WKDW VHYHUDO RI WKH UHGXFWLRQV WKDW ZH KDYH PDGH RQ WKH RULJLQDO
GDWDEDVHV FDQ EH TXDOLI\ DV EHLQJ EDVHG RQ VRPH VXSHUnFLDO FRQVLGHUDWLRQV� 7KH PDLQ

UHDVRQ EHLQJ QRW KDYLQJ DQ H[SHUW WR JLYH D TXDOLnHG RSLQLRQ DQG VHPDQWLF LQIRUPDWLRQ
UHODWHG WR WKH GDWD� 1RW RQO\ GRHV WKH GDWD HQG XS KDYLQJ OLWWOH UHDO YDOXH� EXW LW LV DOVR

QRW SRVVLEOH� DIWHU H[WUDFWLQJ VRPH UXOHV� WR DQVZHU WKH LPSRUWDQW TXHVWLRQ

+DYH ZH IRXQG VRPHWKLQJ WKDW LV LQWHUHVWLQJ DQG YDOLG"

6WLOO� LQ WKLV FDVH VWXG\� RQH LQWHUHVWLQJ SRLQW WR QRWLFH LV WKDW VRPH RI WKH UXOHV JHQHUDWHG E\

WKH GLmHUHQW DOJRULWKPV XVHG RYHUODS� L�H� VRPH RI WKH UXOHV IRXQG E\ *2/(0 DUH WKH VDPH
DV VRPH IRXQG E\ WKH SURSRVLWLRQDO DOJRULWKPV� 6LQFH WKH ELDV RI WKH 0DFKLQH /HDUQLQJ
DOJRULWKPV XVHG LQ WKLV ZRUN DUH TXLWH GLmHUHQW� WKLV VRUW RI UXOH VKRXOG EH DQDO\]HG IXUWKHU

ZLWK WKH DLG RI D GRPDLQ H[SHUW�

)RU H[DPSOH� WKH VHFRQG DQG WKLUG UXOHV IRXQG ZLWK SDGU DV EDFNJURXQG NQRZOHGJH IRU
*2/(0 DUH WKH VDPH DV WKRVH IRXQG E\ &1� ZLWK SDGU�FODVV DV EDFNJURXQG� ,Q IDFW�

PDQ\ RI WKH UXOHV IURP WKH UHODWLRQDO DSSURDFK FDQ EH UH�ZULWWHQ DV SURSRVLWLRQDO UXOHV�
VLPSO\ E\ FRQFHQWUDWLQJ RQ WKH YDULDEOHV WKDW DUH LQVWDQWLDWHG ZLWK VRPH YDOXH�

2WKHU UXOHV FDQ EH VHHQ DV VSHFLDOL]DWLRQV RI WKH SURSRVLWLRQDO UXOHV� :KHQ XVLQJ SDUW DQG
SDUURO DV EDFNJURXQG NQRZOHGJH� WZR UHODWLRQDO UXOHV ZHUH IRXQG ZLWK RQO\ LQIRUPDWLRQ

DERXW SDUURO LQ WKH FRQGLWLRQV� 7KHVH FRUUHVSRQG WR VSHFLDOL]DWLRQV RI UXOHV IRXQG E\ DOO
WKUHH SURSRVLWLRQDO DOJRULWKPV XVLQJ SDUURO�FODVV DV EDFNJURXQG� VSHFLnFDOO\ WKRVH WKDW

FRQVLGHU RQO\ SUW\S DV D FODVVLnHU IRU FODVV ��

7KLV ZRUN FRXOG EH FRQWLQXHG DORQJ PDQ\ GLmHUHQW OLQHV VXFK DV� YDU\LQJ WKH SDUDPHWHUV
RI HDFK DOJRULWKP WR REWDLQ UXOHV WKDW DUH ERWK PRUH FRQFLVH DQG SRVVLEO\ LQWHUHVWLQJ WR
WKH H[SHUWV� UHGXFLQJ WKH GDWDEDVH DW GLmHUHQW SRLQWV WR VHH WKH HmHFWV RI WKHVH UHGXFWLRQV

RQ WKH NQRZOHGJH WKDW LV REWDLQHG DQG RWKHUV� 6WLOO� WR GR WKDW� ZH FRQVLGHU LW ZLOO EH
QHFHVVDU\ WR KDYH D GRPDLQ H[SHUW LQYROYHG�

5HIHUHQFHV

>�@ &DEHQD� 3�� +DGMLQLDQ� 3�� 6WDGOHU� 5�� 9HUKHHV� -�� =DQDVL� $� 'LVFRYHULQJ 'DWD

0LQLQJ� )URP &RQFHSWV WR ,PSOHPHQWDWLRQ� 3UHQWLFH +DOO� �����

>�@ &ODUN� 3�� 1LEOHWW� 7� 7KH &1� ,QGXFWLRQ $OJRULWKP� 0DFKLQH /HDUQLQJ� 9RO� �� �����

SS� ��������

>�@ )uHOL[� /�&�0�� 2OLYHLUD� 5�6�� 'RL� &�<�� 'H 3DXOD� 0�)�� 5RPDQDWR� 0�-� 0/&���

%LEOLRWHFD GH $SUHQGL]DGR GH 0uDTXLQD HP &��� 7HFKQLFDO 5HSRUW ��� ,661������
����� ,&0&� 863� 6aDR 3DXOR� %UD]LO� ����� �� SJ�

��



>�@ .RKDYL� 5�� -RKQ� *�� /RQJ� 5�� 0DQOH\� '�� 3oHJHU� .� 0/&��� $ 0DFKLQH /HDU�

QLQJ /LEUDU\ LQ &��� ,Q� 7RRO ZLWK $UWLnFLDO ,QWHOOLJHQFH� ,((( &RPSXWHU 6RFLHW\
3UHVV� ����� SS� ��������

>�@ /DYUD�F� 1�� '�]HURVNL� 6� ,QGXFWLYH /RJLF 3URJUDPPLQJ� 7HFKQLTXHV DQG $SSOLFDWLRQV�

(OOLV +RUZRRG� �����

>�@ 0XJJOHWRQ� 6�+� ,QGXFWLYH $FTXLVLWLRQ RI ([SHUW .QRZOHGJH� 7XULQJ ,QVWLWXWH 3UHVV�

*ODVJRZ� �����

>�@ 0XJJOHWRQ� 6�+�� )HQJ� &� (pFLHQW ,QGXFWLRQ RI /RJLF 3URJUDPV� 7,50�������� 7X�
ULQJ ,QVWLWXWH 3UHVV� *ODVJRZ� 2FWREHU �����

>�@ 0XJJOHWRQ� 6�+� ,QGXFWLYH /RJLF 3URJUDPPLQJ� 1HZ *HQHUDWLRQ &RPSXWLQJ� 9RO� ��
����� SS ��������

>�@ 0XJJOHWRQ� 6�+� ,QGXFWLYH /RJLF 3URJUDPPLQJ� 'HULYDWLRQV� 6XFFHVVHV DQG 6KRUWFR�

PLQJV� 3�%� %UDG]LO �HG��� /HFWXUH 1RWHV LQ $UWLnFLDO ,QWHOOLJHQFH ���� �����

>��@ 1LFROHWWL� 0�&�� 0RQDUG� 0�&� /HDUQLQJ +RUQ &ODXVHV 8VLQJ WKH ,/3 6\VWHP *2�

/(0� 1RWDV GR ,&0&� 6uHULH &RPSXWDFaDR� 1R� �� ,661����������� 1RYHPEUR �����
�� SJ�

>��@ 3RPSH� 8�� .RQRQHQNR� ,� (pFLHQW ,QGXFWLRQ DQG (mHFWLYH XVH RI )LUVW�2UGHU .QR�

ZOHGJH� $SSOLHG $UWLnFLDO ,QWHOOLJHQFH� ����� SS ��������

>��@ 4XLQODQ� -�5� &��� 3URJUDPV IRU 0DFKLQH /HDUQLQJ� 0RUJDQ .DXIPDQQ 3XEOLVKHUV�

6DQ 0DWHR� &DOLIRUQLD� �����

>��@ :HLVV� 6�0�� ,QGXUNK\D� 1� 3UHGLFWLYH 'DWD 0LQLQJ� $ 3UDFWLFDO *XLGH� 0RUJDQ
.DXIPDQQ 3XEOLVKHUV� �����

��



� $SSHQGL[ , � 6FKHPD 'HVFULSWLRQ

$ GHVFULSWLRQ RI HDFK UHODWLRQ DQG LWV DUJXPHQWV LQ WKH RULJLQDO 6/,65 GDWD VHW LV SUHVHQWHG

KHUH�

��HDGU�� (OHFWURQLFDO $GGUHVV

�� �1� SWLG� SDUWQHU LGHQWLnHU �VHH DWWULEXWH SWLG RI UHODWLRQ SDUW���

�� �1� D]DUW� W\SH RI DGGUHVV XVDJH �H�J� SULYDWH� EXVLQHVV�

�� �1� HDW\S� W\SH RI DGGUHVV �H�J� )D[� 3KRQH HWF��

��SDGU�� 3RVWDO $GGUHVV

�� �1� SWLG� SDUWQHU LGHQWLnHU �VHH DWWULEXWH SWLG RI UHODWLRQ SDUW���

�� �1� D]DUW� W\SH RI DGGUHVV XVDJH �H�J� SULYDWH� EXVLQHVV�

�� �6� NDQWRQ� GLVWULFW �LQVLGH 6ZLW]HUODQG�

�� �1� JEHDGPJHE� UHJLRQ

��SDUURO�� 3DUWQHU 5ROHV

�� �1� SULG� UROH LGHQWLnHU

�� �1� SWLG� SDUWQHU LGHQWLnHU� UHIHUV WR DWWULEXWH SWLG RI UHODWLRQ SDUW��

�� �1� YYLG� LGHQWLnHU RI WKH LQVXUDQFH FRQWUDFW ZKHUH WKH SDUWQHU SWLG SOD\V WKH UROH
SULG

�� �1� SUW\S� W\SH RI UROH� L�H�

� VSHFLDO DJHQW

� SUHPLXP SD\HU
�� SHQVLRQ UHFHLYHU

�� LQVXUDQFH KROGHU
�� LQVXUHG SHUVRQ

�� SOHGJHH
�� VZLVV UHSUHVHQWDWLYH
�� OHJDO UHSUHVHQWDWLYH

�� JXDUGLDQ

�� �1� SUW\SQU� UROH QXPEHU ZUW� W\SH DQG FRQWUDFW�

��SDUW�� 3DUWQHUV ,QYROYHG LQ ,QVXUDQFH &RQWUDFWV

��



�� �1� SWLG� SDUWQHU LGHQWLnHU

�� �1� KKLG� KRXVHKROG LGHQWLnHU �LQ IDFW WKLV DWULEXWH LV D NH\ UHODWHG WR D UHODWLRQ QRW

FRQVLGHUHG E\ WDVND�

�� �1� HSEHUXI� SURIHVVLRQ FRGH

�� �1� HSHUZHDUW� SURIHVVLRQDO VWDWXV �LQGHSHQGHQW RU HPSOR\HG�

�� �1� HSJHEXGDW� \HDU RI ELUWK

�� �1� HSVWD� SHUVRQDO VWDWH

� QRWKLQJ VSHFLDO
� GHDG

� PLVVHG
� XQGHU UHYLVLRQ DV GLVDEOHG SHUVRQ

� GLVDEOHG SHUVRQ

�� �1� HSOQDPHFG� QDPH FRGH IRU PDUULHG SHUVRQV

�� �1� HSVH[FG� VH[� � � PDOH� � � IHPDOH

�� �1� HS]LYVWG� PDULWDO VWDWXV

� XQNQRZQ
� VLQJOH

� PDUULHG
� ZLGRZHG
� GLYRUFHG

� VHSDUDWHG

��WINRPS��� 7DULm &RPSRQHQWV

�� �1� WNLG� FRPSRQHQW LGHQWLnHU

�� �1� YYLG� LQVXUDQFH FRQWUDFW QXPEHU WKH FRPSRQHQW EHORQJV WR �VHH DWWULEXWH YYLG

RI UHODWLRQ YYHUW����

�� �1� WNQU� �UXQQLQJ� FRPSRQHQW QXPEHU ZUW� FRQWUDFW

�� �1� WnG� QXPEHU RI WDULm WKH FRPSRQHQW LV ERXQG WR �WKLV DWULEXWH LV UHODWHG WR D

UHODWLRQ QRW FRQVLGHUHG E\ WDVND�

�� �1� WNEHJ� VWDUWLQJ GDWH RI WDULm FRPSRQHQW

�� �1� WNHQG� HQG GDWH RI WDULm FRPSRQHQW

�� �1� WNH[N]ZHL� SD\PHQW PRGH �SD\PHQWV SHU \HDU LQ SDUWLFXODU IRU SHQVLRQ LQVXUDQ�

FHV�

��



�� �1� WNVWDFG� VWDWXV RI WKH FRPSRQHQW �� �UHJXODU SUHPLXP� � � VLQJOH SUHPLXP�

�� �1� WNOHLVW� LQVXUHG EHQHnWV RI WKH FRPSRQHQW

��� �1� WNLQNSUO� UHJXODU SUHPLXP IRU WKH FRPSRQHQW

��� �1� WNLQNSUH� VLQJOH SUHPLXP IRU WKH FRPSRQHQW

��� �1� WNWDUSUD� FDOFXODWHG �LQWHUQDO� SUHPLXP

��� �1� WNXHEYZV\VS� W\SH RI SURnW VSHQGLQJ IRU UXQQLQJ FRQWUDFWV

��� �1� WNXHEYZV\VO� W\SH RI SURnW VSHQGLQJ GXULQJ SHQVLRQ SD\PHQW SHULRG

��� �1� WNSUnQ� FXUUHQW FRPSRQHQW VWDWH ZUW� SUHPLXP� UHTXLUHG RU QRW

��� �1� WNG\QFG� VWDWHV ZKHWKHU WDULm FRPSRQHQW LV G\QDPLF L�H� UHJXODU DGDSWLRQ RI

SUHPLXP GHSHQGHQW RQ LQoDWLRQDU\ UDWH� � � QR� � � \HV� � � QRW DSSOLFDEOH RU
XQNQRZQ

��� �1� WNDXVEFG� VWDWHV ZKHWKHU H[WHQVLRQ JXDUDQWHH �KLJKHU LQVXUHG VXP ZLWKRXW DG�
GLWLRQDO ULVN FKHFN� ZDV FODLPHG IRU WDULm FRPSRQHQW � � QR� � � \HV� � � QRW DSSOLFDEOH

RU XQNQRZQ

��� �1� WNUDXY� W\SH LQIRUPDWLRQ IRU WKH VSHFLDO FDVH RI ULVN H[WHQVLRQ DQG H[FKDQJH

LQVXUDQFHV

��� �1� WNVPHG� VWDWHV VSHFLDO PHGLFDO �ULVN� FDVHV

��� �1� WNUL]XFG� H[WUD SUHPLXP FKDUJH IRU FHUWDLQ ULVN FDVHV � � QR� � � \HV� � � QRW

DSSOLFDEOH RU XQNQRZQ

��� �1� WNOoHLVW� �UHJXODU� FXUUHQW SD\PHQW �G\QDPLFDOO\ LQFUHDVLQJ�

��� �1� WNWRGOHLVWD� SD\PHQW IRU GHDWK RI LQVXUHG SHUVRQ

��� �1� WNHUOOHLVWD� �LQLWLDO� SD\PHQW IRU UHJXODU FRQWUDFW WHUPLQDWLRQ

��� �1� WNUHQOHLVWD� �LQLWLDO� SD\PHQW RI SHQVLRQ

��� �1� WNHXOHLVWD� �LQLWLDO� SD\PHQW IRU WKH FDVH RI GLVDEOHPHQW

��� �1� WNXQoHLVWD� �LQLWLDO� SD\PHQW IRU WKH FDVH RI DFFLGHQW

��WIURO�� � 7DULm 5ROHV

�� �1� WULG� WDULm UROH LGHQWLnHU

�� �1� SULG� SDUWQHU LGHQWLnHU �VHH UHODWLRQ SDUW���

�� �1� WNLG� OLQN WR WDULm FRPSRQHQW �VHH DWWULEXWH WNLG RI UHODWLRQ WIURO���

�� �1� WUWHFHLQDO� �WHFKQLFDO� DJH RI LQVXUHG SHUVRQ DW FRQWUDFW DJUHHPHQW

��



�� �1� WUXQWFG� VWDWHV ZKHWKHU PHGLFDO ULVN FKHFN ZDV QHFHVVDU\ � � QR� � � \HV� � � QRW

DSSOLFDEOH RU XQNQRZQ

�� �1� WUNODXVFG� VWDWHV ZKHWKHU VSHFLDO FRQWUDFW FODXVH ZDV QHJRWLDWHG � � QR� � � \HV�

� � QRW DSSOLFDEOH RU XQNQRZQ

�� �1� WUVWDIFG� VWDWHV ZKHWKHU VWDJJHUHG SD\PHQW ZDV QHJRWLDWHG � � QR� � � \HV� � �

QRW DSSOLFDEOH RU XQNQRZQ

�� �1� WUULFG� VWDWHV WKDW SUHPLXP VXUFKDUJH IRU KLJKHU ULVNV ZDV VHW � � QR� � � \HV� �

� QRW DSSOLFDEOH RU XQNQRZQ

��YYHUW��� � /LIH ,QVXUDQFH 3ROLF\

�� �1� YYLG� LQVXUDQFH SROLF\ QXPEHU

�� �1� SGLG� LGHQWLnHU RI WKH SURGXFW WKH LQVXUDQFH FRQWUDFW LV ERXQG WR

�� �1� YYVWDFG� VWDWXV FRGH RI WKH FRQWUDFW

�� �1� YYLQN]ZHL� PRGXV RI SD\PHQW IRU SUHPLXP UDWHV

�� �1� YYEHJ� \HDU RI FRQWUDFW VWDUW L�H� HDUOLHVW VWDUW GDWH DPRQJ DOO WDULm FRPSRQHQWV

�VHH DWWULEXWH WNEHJ RI UHODWLRQ WINRPS����

�� �1� YYHQG� \HDU RI FRQWUDFW HQG �ODVW GDWH DPRQJ DOO WDULm FRPSRQHQWV�

�� �1� YYLQNSUO� \HDUO\ RYHUDOO SUHPLXP WR EH SD\HG E\ WKH SROLF\ KROGHU VXP RYHU DOO

WDULm FRPSRQHQWV �VHH DWWULEXWH WNLQNSUO RI UHODWLRQ WINRPS����

�� �1� YYLQNSUH� VLQJOH SUHPLXP WR EH SD\HG DW FRQWUDFW VWDUW VXP RYHU DOO WDULm

FRPSRQHQWV �VHH DWWULEXWH WNLQNSUH RI UHODWLRQ WINRPS����

�� �1� YYZDH� FXUUHQF\ IRU SD\PHQWV

��� �1� YYYHUVDUW� W\SH RI LQVXUDQFH FRQWUDFW� H�J� FDSLWDO LQVXUDQFH� SHQVLRQ LQVXUDQFH

��� �1� YYDHQGDUW� W\SH RI ODVW PRGLnFDWLRQ

��� �1� YYDHQGDW� \HDU RI ODVW PRGLnFDWLRQ

��� �1� YYDEYE� UHVSRQVLEOH DJHQW

��� �1� YYDEJD� UHVSRQVLEOH JHQHUDO DJHQF\

��� �1� YYVWLIFG� SODFH ZKHUH SROLF\ LV OHIW� PRVW �RZQ� HPSOR\HH
V FRQWUDFWV DUH NHSW LQ
D FROOHFWLYH GHSRW

��� �1� YYYRUVFG� W\SH RI �RpFLDO 6ZLVV� SUHFDXWLRQ W\SH RI WKH FRQWUDFW

��� �1� YYEYJFG� VORW IRU VWRULQJ ZKHWKHU WKH LQVXUHG SHUVRQ SDUWLFLSDWHV LQ D FRPSDQ\V
SHQVLRQ LQVXUDQFH VFKHPH

��� �1� YYHXFG� FRGH IRU LQFOXGHG GLVDEOHPHQW LQVXUDQFH� GHSHQGV RQ UHVSHFWLYH WDULm
FRPSRQHQWV

��


