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&RQWHQWV

3DJH
&RPPLWWHHV UHVSRQVLEOH ,QVLGH IURQW FRYHU
)RUHZRUG LL
� 6FRSH �
� 1RUPDWLYH UHIHUHQFHV �
� 7HUPV� GHILQLWLRQV DQG V\PEROV �
� 4XDOLWDWLYH GDWD IXQGDPHQWDOV �
� /LPLWDWLRQV RI VWDQGDUG FRQWURO FKDUW OLPLWV� DSSURSULDWH

FRXQWHU�PHDVXUHV �
� 6SHFLDOL]HG GHVLJQ FRQWURO FKDUWV ��
� $WWULEXWH FKDUWV IRU PHDVXUHG GDWD VLWXDWLRQV ��
$QQH[ $ �QRUPDWLYH� 3RLVVRQ DQG ELQRPLDO WHVWV ��
$QQH[ % �QRUPDWLYH� 3RLVVRQ�EDVHG FRQWURO FKDUW OLPLWV ��
%LEOLRJUDSK\ ��
)LJXUH � ¦ ,OOXVWUDWLRQ RI WKH YDULDWLRQ LQ GLVWULEXWLRQ VKDSH ZLWK FKDQJHV
LQ WKH PHDQ �
)LJXUH � ¦ &RXQW GDWD FRQWURO OLPLW VHOHFWLRQ IORZ FKDUW �
)LJXUH � ¦ §F¨ FKDUW IRU DFFLGHQWV �
)LJXUH � ¦ §F¨ FKDUW IRU RUGHUV SHU GD\ �
)LJXUH � ¦ +LVWRJUDP RI DGMXVWPHQW GDWD ��
)LJXUH � ¦ 1RUPDO SUREDELOLW\ SORW RI DGMXVWPHQW GDWD ��
)LJXUH � ¦ &RQWURO FKDUW IRU QXPEHU RI DGMXVWPHQWV SHU XQLW ��
)LJXUH � ¦ +LVWRJUDP RI IDEULF IDXOW GDWD ��
)LJXUH � ¦ 5XQ FKDUW RI IDEULF IDXOWV LQGLFDWLQJ VLJQLILFDQW LPSURYHPHQW
LQ SHUIRUPDQFH ��
)LJXUH �� ¦ &RQWURO FKDUW IRU QXPEHU RI IDXOWV SHU UROO ��
)LJXUH �� ¦ &KDQJH LQ VKDSH RI WKH ELQRPLDO GLVWULEXWLRQ ZLWK GLIIHUHQW
PHDQV ��
)LJXUH �� ¦ &ODVVLILHG GDWD GLVWULEXWLRQ VHOHFWLRQ IORZ FKDUW ��
)LJXUH �� ¦ &RQWURO FKDUW IRU QRQ�FRQIRUPLQJ ZHOG GDWD ��
)LJXUH �� ¦ 8QLYHUVDO §X¨ FKDUW IRU VWXG WKUHDGV ��
)LJXUH �� ¦ +RZ WR VHOHFW WKH DSSURSULDWH FRQWURO FKDUW IRU PHDVXUDEOH
GDWD ��
)LJXUH ��D� ¦ 7ZR�ZD\ DWWULEXWH FRQWURO FKDUW ��
)LJXUH ��E� ¦ ,OOXVWUDWLRQ RI SURFHVV GLDJQRVLV XVLQJ WZR�ZD\ FRQWURO
FKDUWV ��
7DEOH � ¦ (IIHFW RI PHWKRG RI FDOFXODWLRQ RI DFWLRQ FRQWURO OLPLWV LQ WHUPV RI 
YDOXH RI WKH PHDQ �
7DEOH � ¦ ([DPSOH RI GLIIHUHQFH EHWZHHQ FRQYHQWLRQDO DQG 3RLVVRQ�EDVHG
FRQWURO OLPLWV �
7DEOH � ¦ &RQYHQWLRQDO Y 3RLVVRQ FRQWURO OLPLWV �
7DEOH � ¦ %LQRPLDO SUREDELOLWLHV IRU Q   ���� S   ����� � ��
7DEOH � ¦ 3ORWWLQJ GDWD IRU VWDQGDUGL]HG FRQWURO FKDUWV ��
7DEOH � ¦ ([DPSOH RI WDEXODWLRQ IRU VHWWLQJ XS D XQLYHUVDO §X¨ FKDUW ��
7DEOH � ¦ )RUPXODH IRU VHWWLQJ XS D GHPHULWV DWWULEXWH FKDUW ��
7DEOH � ¦ 5HVXOWV RI WZHQW\ FRQVHFXWLYH DXGLWV LQ PXOWLSOH FKDUDFWHULVWLF
FRQWURO FKDUW IRUPDW ��
7DEOH $�� ¦ &ULWLFDO YDOXHV RI YDULDQFH UDWLR IRU WHVWLQJ ELQRPLDO RU 3RLVVRQ 
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7DEOH %�� ¦ 3RLVVRQ�EDVHG XSSHU DFWLRQ FRQWURO OLPLWV �VHW DW ����� ��
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7DEOH %�� ¦ 3RLVVRQ�EDVHG ORZHU DFWLRQ FRQWURO OLPLWV �VHW DW ����� ��
SUREDELOLW\� ��
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LL � %6, �� 2FWREHU ����

)RUHZRUG

%6 ����������� SDUWLDOO\ VXSHUVHGHV %6 ��������� DQG %6 ��������� DQG DOO
IRXU SDUWV RI %6 ���� WRJHWKHU VXSHUVHGH %6 ��������� DQG %6 ���������� ZKLFK
DUH ZLWKGUDZQ�

4XDOLWDWLYH GDWD FDQ UDQJH IURP RYHUDOO EXVLQHVV ILJXUHV VXFK DV SHUFHQWDJH 
SURILW WR GHWDLOHG RSHUDWLRQDO GDWD� VXFK DV SHUFHQWDJH DEVHQWHHLVP� LQGLYLGXDO
SURFHVV SDUDPHWHUV DQG SURGXFW�VHUYLFH IHDWXUHV� 7KH GDWD FDQ HLWKHU EH
H[SUHVVHG VHTXHQWLDOO\ LQ \HV�QR� JRRG�EDG� SUHVHQW�DEVHQW� VXFFHVV�IDLOXUH
IRUPDW� RU DV VXPPDU\ PHDVXUHV �H�J� FRXQWV RI HYHQWV DQG SURSRUWLRQV�� )RU
PHDVXUHG GDWD FRQWURO FKDUWLQJ UHIHU WR %6 ������� 7KH IRFXV WKURXJKRXW WKH
%6 ���� IDPLO\ RI VWDQGDUGV LV RQ WKH DSSOLFDWLRQ RI DWWULEXWH FRQWURO FKDUWV WR
PRQLWRULQJ� FRQWURO DQG LPSURYHPHQW� 7KH UROHV RI DVVRFLDWHG� PDLQO\ SLFWRULDO�
GLDJQRVWLF� SUHVHQWDWLRQ DQG SHUIRUPDQFH LPSURYHPHQW WRROV� VXFK DV SULRULW\
�3DUHWR� GLDJUDPV� FDXVH DQG HIIHFW GLDJUDPV DQG IORZ FKDUWV DUH DOVR LQGLFDWHG�

7KLV DLP RI %6 ���� LV WR EH UHDGLO\ FRPSUHKHQVLEOH WR WKH YHU\ H[WHQVLYH UDQJH
RI SURVSHFWLYH XVHUV DQG VR IDFLOLWDWH ZLGHVSUHDG FRPPXQLFDWLRQ� DQG 
XQGHUVWDQGLQJ� RI WKH PHWKRG� $V VXFK� LW IRFXVHV WR WKH JUHDWHVW H[WHQW SRVVLEOH
RQ D SUDFWLFDO QRQ�VWDWLVWLFDO WUHDWPHQW RI WKH JDWKHULQJ DQG FKDUWLQJ RI
TXDOLWDWLYH GDWD�

%6 ������ GHPRQVWUDWHV WKH EXVLQHVV EHQHILWV� DQG WKH YHUVDWLOLW\ DQG XVHIXOQHVV
RI D YHU\ VLPSOH� \HW SRZHUIXO� SLFWRULDO FRQWURO FKDUW PHWKRG IRU PRQLWRULQJ DQG
LQWHUSUHWLQJ TXDOLWDWLYH GDWD� ,Q %6 ������� WKH WUHDWPHQW RI FKDUWLQJ RI
TXDOLWDWLYH GDWD LV HVVHQWLDOO\ DW DSSUHFLDWLRQ OHYHO� +RZHYHU� LW LV LQWHQGHG WR
SURYLGH DGHTXDWH LQIRUPDWLRQ IRU D JDLQIXO ILUVW DSSOLFDWLRQ� E\ D W\SLFDO OHVV
VWDWLVWLFDOO\ LQFOLQHG XVHU� LQ PDQ\ HYHU\GD\ VLWXDWLRQV� 

%6 ������ FRQWLQXHV WR IRFXV RQ WKH DSSOLFDWLRQ RI VWDQGDUG DWWULEXWH FKDUWV WR WKH 
PRQLWRULQJ� FRQWURO DQG LPSURYHPHQW RI EXVLQHVV SURFHVVHV� 7KLV LV GRQH DW D
WHFKQLFDO OHYHO PRUH VXLWDEOH IRU SUDFWLWLRQHUV�

%6 ������ FRQFHQWUDWHV RQ WKH VWDWLVWLFDO EDVLV RI� DQG WHFKQLFDO UDWLRQDOH IRU� 
DWWULEXWH FRQWURO FKDUWLQJ� ,W DOVR JLYHV JXLGDQFH RQ GHDOLQJ ZLWK VSHFLDO 
VLWXDWLRQV�

%6 ������ GHDOV ZLWK PHDVXULQJ DQG LPSURYLQJ WKH TXDOLW\ RI GHFLVLRQ PDNLQJ LQ
WKH FODVVLILFDWLRQ SURFHVV LWVHOI�

$ %ULWLVK 6WDQGDUG GRHV QRW SXUSRUW WR LQFOXGH DOO WKH QHFHVVDU\ SURYLVLRQV RI D 
FRQWUDFW� 8VHUV RI %ULWLVK 6WDQGDUGV DUH UHVSRQVLEOH IRU WKHLU FRUUHFW DSSOLFDWLRQ�

&RPSOLDQFH ZLWK D %ULWLVK 6WDQGDUG GRHV QRW RI LWVHOI FRQIHU LPPXQLW\
IURP OHJDO REOLJDWLRQV�

6XPPDU\ RI SDJHV

7KLV GRFXPHQW FRPSULVHV D IURQW FRYHU� DQ LQVLGH IURQW FRYHU� SDJHV L DQG LL� 
SDJHV � WR �� DQG D EDFN FRYHU�

7KH %6, FRS\ULJKW QRWLFH GLVSOD\HG LQ WKLV GRFXPHQW LQGLFDWHV ZKHQ WKH 
GRFXPHQW ZDV ODVW LVVXHG�
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� 6FRSH

%6 ������ GHVFULEHV WKH WHFKQLFDO DQG VWDWLVWLFDO IRXQGDWLRQV RI DWWULEXWH FRQWURO FKDUWLQJ� ,W DOVR JLYHV
JXLGDQFH RQ GHDOLQJ ZLWK VSHFLDO VLWXDWLRQV�

� 1RUPDWLYH UHIHUHQFHV
7KH IROORZLQJ UHIHUHQFHG GRFXPHQWV DUH LQGLVSHQVDEOH IRU WKH DSSOLFDWLRQ RI WKLV GRFXPHQW� )RU GDWHG
UHIHUHQFHV� RQO\ WKH HGLWLRQ FLWHG DSSOLHV� )RU XQGDWHG UHIHUHQFHV� WKH ODWHVW HGLWLRQ RI WKH UHIHUHQFHG 
GRFXPHQW �LQFOXGLQJ DQ\ DPHQGPHQWV� DSSOLHV�

%6 (1 ,62 ���������� 4XDOLW\ PDQDJHPHQW V\VWHPV ¦ )XQGDPHQWDOV DQG YRFDEXODU\�

%6 ,62 ������� 6WDWLVWLFV ¦ 9RFDEXODU\ DQG V\PEROV ¦ 3DUW �� 3UREDELOLW\ DQG JHQHUDO VWDWLVWLFDO WHUPV�

%6 ,62 ������� 6WDWLVWLFV ¦ 9RFDEXODU\ DQG V\PEROV ¦ 3DUW �� $SSOLHG VWDWLVWLFV�

� 7HUPV� GHILQLWLRQV DQG V\PEROV

)RU WKH SXUSRVHV RI WKLV SDUW RI %6 ����� WKH WHUPV� GHILQLWLRQV DQG V\PEROV JLYHQ LQ %6 ,62 ������� 
%6 ,62 ������ DQG %6 (1 ,62 ���������� &ODXVH � DSSO\ ZLWK RQH H[FHSWLRQ� 

7KH H[FHSWLRQ LV LQWHQGHG IRU SXUSRVHV RI VLPSOLFLW\� ,W UHODWHV WR WKH V\PEROV IRU SRSXODWLRQ SDUDPHWHUV� 
VDPSOH VWDWLVWLFV DQG WKHLU UHDOL]HG YDOXHV� ,W LV VWDQGDUG VWDWLVWLFDO SUDFWLFH IRU SRSXODWLRQ SDUDPHWHUV WR 
EH V\PEROL]HG E\ ORZHU FDVH *UHHN OHWWHUV LQ LWDOLFV� )RU H[DPSOH� PHDQ DQG VWDQGDUG GHYLDWLRQ DUH GHQRWHG
E\ DQG � $ SRSXODWLRQ SDUDPHWHU LV D VXPPDU\ PHDVXUH RI WKH YDOXH RI VRPH FKDUDFWHULVWLF RI D
SRSXODWLRQ�

$ VDPSOH VWDWLVWLF LV D VXPPDU\ PHDVXUH RI VRPH REVHUYHG YDOXH RI D VDPSOH� 6DPSOH VWDWLVWLFV DUH
V\PEROL]HG E\ XSSHU FDVH /DWLQ OHWWHUV LQ LWDOLFV� )RU H[DPSOH� PHDQ DQG VWDQGDUG GHYLDWLRQ DUH GHQRWHG
E\ DQG �

5HDOL]HG YDOXHV RI VDPSOH VWDWLVWLFV WR EH V\PEROL]HG E\ ORZHU FDVH /DWLQ OHWWHUV LQ LWDOLFV� )RU H[DPSOH�
PHDQ DQG GHYLDWLRQ DUH GHQRWHG E\ DQG �

8SSHU FDVH /DWLQ OHWWHUV LQ LWDOLFV DUH XVHG LQ $QQH[ $ DQG LWV DSSOLFDWLRQV�

� 4XDOLWDWLYH GDWD IXQGDPHQWDOV

��� *HQHUDO

7ZR JHQHUDO FODVVLILFDWLRQV RI GDWD DUH TXDQWLWDWLYH GDWD DQG TXDOLWDWLYH GDWD� 7KLV VWDQGDUG IRFXVHV RQ
TXDOLWDWLYH GDWD� 4XDOLWDWLYH GDWD DUH GLYLGHG IRU FRQYHQLHQFH� LQWR WZR FDWHJRULHV� FODVVLILHG GDWD DQG FRXQW
GDWD�

��� &ODVVLILHG GDWD DQG WKH ELQRPLDO GLVWULEXWLRQ

:LWK FODVVLILHG GDWD� HDFK LWHP RI GDWD LV FODVVLILHG DV EHLQJ RQH RI D QXPEHU RI FDWHJRULHV� )UHTXHQWO\ WKH
QXPEHU RI FDWHJRULHV LV WZR� L�H� D ELQDU\ VLWXDWLRQ ZKHUH� IRU LQVWDQFH� UHVXOWV DUH XVXDOO\ H[SUHVVHG 
DV � DQG �� RU DV� JRRG�EDG� VXFFHVV�IDLOXUH� SURILW�ORVV� LQ�RXW� RU SUHVHQFH�DEVHQFH RI D SDUWLFXODU 
FKDUDFWHULVWLF�

'DWD KDYLQJ WZR FODVVHV LV WHUPHG §ELQRPLDO¨ �ELQRPLDO   §WZR QDPHV¨� GDWD� $ PHDVXUH FDQ EH LQKHUHQWO\
ELQRPLDO� H�J� ZKHUH D SURILW RU ORVV LV PDGH� RU RI VRPHRQH LV LQ RU RXW� 6RPHWLPHV LW LV DUULYHG DW LQGLUHFWO\
E\ FDWHJRUL]LQJ VRPH RWKHU QXPHULFDO PHDVXUH� 7DNH� IRU LQVWDQFH� D FDVH ZKHUH WHOHSKRQH FDOOV DUH 
FODVVLILHG RQ ZKHWKHU RU QRW WKH\ ODVW PRUH WKDQ �� PLQ RU� SHUKDSV� ZKHWKHU RU QRW WKH\ DUH DQVZHUHG
ZLWKLQ VL[ ULQJV�

7KH ELQRPLDO GLVWULEXWLRQ LV D VWDWLVWLFDO GLVWULEXWLRQ JLYLQJ WKH SUREDELOLW\ RI REWDLQLQJ D VSHFLILHG QXPEHU 
RI SDUWLFXODU RXWFRPHV �H�J� VXFFHVVHV� LQ D VSHFLILHG QXPEHU RI LQGHSHQGHQW WULDOV ZLWK D FRQVWDQW
SUREDELOLW\ RI VXFFHVV LQ HDFK�
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7KH FRQGLWLRQV WKDW QHHG WR EH VDWLVILHG IRU D ELQRPLDO GLVWULEXWLRQ DUH�

D� WKHUH LV D IL[HG QXPEHU RI WULDOV� Q�

E� RQO\ WZR SRVVLEOH RXWFRPHV DUH SRVVLEOH DW HDFK WULDO�

F� WKH WULDOV DUH LQGHSHQGHQW�

G� WKHUH LV D FRQVWDQW SUREDELOLW\ RI D SDUWLFXODU RXWFRPH H�J� VXFFHVV� §S¨� LQ HDFK WULDO�

H� WKH YDULDEOH LV WKH WRWDO QXPEHU RI VXFFHVVHV LQ Q WULDOV�

7KH ELQRPLDO GLVWULEXWLRQ LV YHU\ FXPEHUVRPH WR FDOFXODWH� :KHQ GHDOLQJ ZLWK FRQWURO OLPLWV RWKHU 
GLVWULEXWLRQV FDQ EH XVHG DV DSSUR[LPDWLRQV WR WKH ELQRPLDO� )RU H[DPSOH� LI S LV VPDOO� LQ (TXDWLRQ ��
�� ¥ S� DSSURDFKHV � DQG WKH VWDQGDUG GHYLDWLRQ RI WKH ELQRPLDO GLVWULEXWLRQ DSSUR[LPDWHV WR WKH VTXDUH 
URRW RI LWV PHDQ� (TXDWLRQV ��� DQG ��� WKHQ EHFRPH LGHQWLFDO WR HTXDWLRQV ��� DQG ��� RI WKH 3RLVVRQ 
GLVWULEXWLRQ�

,Q VWDQGDUG VWDWLVWLFDO SURFHVV FRQWURO PHWKRGRORJ\� ELQRPLDO GDWD LV PRQLWRUHG XVLQJ�

L� §S¨ FKDUWV IRU SURSRUWLRQV� SDUWLFXODUO\ ZKHQ WKH VDPSOH VL]H LV YDULDEOH� DQG

LL� §QS¨ FKDUWV IRU QXPEHUV IURP VDPSOHV RI FRQVWDQW VL]H�

��� &RXQW GDWD DQG WKH 3RLVVRQ GLVWULEXWLRQ

&RXQW GDWD UHODWHV WR FRXQWV RI HYHQWV ZKHUH HDFK LWHP RI GDWD LV WKH FRXQW RI WKH QXPEHU RI SDUWLFXODU 
HYHQWV SHU JLYHQ SHULRG RI WLPH RU TXDQWLW\ RI SURGXFW� ,QVWDQFHV DUH� QXPEHU RI DFFLGHQWV RU DEVHQWHHV SHU 
PRQWK� QXPEHU RI RSHUDWLRQV RU VRUWLHV SHU GD\� QXPEHU RI LQFRPLQJ WHOHSKRQH FDOOV SHU PLQXWH� RU QXPEHU
RI QRQ�FRQIRUPLWLHV SHU XQLW RU EDWFK�

7KH 3RLVVRQ GLVWULEXWLRQ KDV WZR SULQFLSDO SDUWV WR SOD\ LQ WKLV VWDQGDUG�

L� DV DQ DSSUR[LPDWLRQ WR WKH PRUH FXPEHUVRPH ELQRPLDO ZKHQ�

LL� DV D GLVWULEXWLRQ LQ LWV RZQ ULJKW� 7KH ELQRPLDO GLVWULEXWLRQ DSSOLHV WR WKH VLWXDWLRQ ZKHUH DQ LWHP� 
VD\� LV FODVVLILHG DV FRQIRUPLQJ RU QRQ�FRQIRUPLQJ� +HUH RQH FDQ FRXQW HLWKHU WKH QXPEHU RI LWHPV
QRQ�FRQIRUPLQJ RU WKH QXPEHU RI LWHPV FRQIRUPLQJ� 3RLVVRQ GDWD DULVHV ZKHQ RQH FDQ FRXQW RQO\� VD\� 
WKH QXPEHU RI IDXOWV LQ DQ LWHP QRW WKH QXPEHU RI QRQ�IDXOWV� 7KH FRQGLWLRQV WKDW QHHG WR EH VDWLVILHG IRU
D 3RLVVRQ GLVWULEXWLRQ DUH WKDW HYHQWV RFFXU UDQGRPO\� VLQJO\� XQLIRUPO\ DQG LQGHSHQGHQWO\�

7KH YDOLGLW\ RI WKH 3RLVVRQ PRGHO KLQJHV RQ WKH LQGHSHQGHQFH RI HYHQWV DQG WKHLU RFFXUUHQFH DW DQ DYHUDJH 
UDWH WKDW LV DVVXPHG WR EH VWDEOH �LQ WKH DEVHQFH RI VSHFLDO FDXVHV��

7ZR IXQGDPHQWDO IHDWXUHV RI WKH 3RLVVRQ GLVWULEXWLRQ DUH�

D� WKH FRQQHFWLRQ EHWZHHQ LWV VWDQGDUG GHYLDWLRQ DQG PHDQ� DQG

E� WKH UHVXOWV RI VXPPDWLRQ RI WZR LQGHSHQGHQW 3RLVVRQ YDULDEOHV�

5HJDUGLQJ D�� WKH PHDQ DQG VWDQGDUG GHYLDWLRQ RI D 3RLVVRQ GLVWULEXWLRQ DUH JLYHQ E\�

7KLV UHODWLRQVKLS LV XVHIXO IRU HVWDEOLVKLQJ WKH YDOLGLW\ RI WKH 3RLVVRQ PRGHO IRU D SDUWLFXODU VHW RI GDWD�
:KLOVW PDQ\ UHDO OLIH VLWXDWLRQV FDQ VXJJHVW WKDW 3RLVVRQ LV D UHDVRQDEOH XQGHUO\LQJ PRGHO LW ZRXOG EH 
XQZLVH WR WDNH WKLV IRU JUDQWHG� 6RPHWLPHV D GHJUHH RI FOXVWHULQJ RI HYHQWV LV SUHVHQW� IRU H[DPSOH� RI 
DFFLGHQWV DQG IDXOWV� 7KLV KDV WKH HIIHFW RI LQFUHDVLQJ WKH VSUHDG EH\RQG WKDW RI WKH 3RLVVRQ GLVWULEXWLRQ�
7KLV ZLGHU VSUHDG� WHUPHG RYHU�GLVSHUVLRQ� FDQ JLYHV ULVH WR D KLJKHU IDOVH DODUP UDWH ZKHQ PRQLWRULQJ
XVLQJ FRQWURO FKDUWV�

7R UHGXFH WKH ULVN RI DVVXPLQJ DQ LQFRUUHFW PRGHO D VLPSOH §GLVSHUVLRQ¨ WHVW LV RIWHQ UHFRPPHQGHG
�VHH $QQH[ $�� 7KLV LQYROYHV FRPSDULQJ WKH VDPSOH YDULDQFH RI WKH GDWD ZLWK WKH PHDQ�

PHDQ  QS ���

VWDQGDUG GHYLDWLRQ  ���

Q LV ODUJH DQG S LV VPDOO� VD\� Q ! �� DQG S ��� �L�H� �� ���

PHDQ  P ���

VWDQGDUG GHYLDWLRQ  ���

QS � S±

P
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(TXDWLRQ ��� LQGLFDWHV WKDW WKH YDULDQFH �WKH VTXDUH RI WKH VWDQGDUG YDULDWLRQ� LV HTXDO WR WKH PHDQ IRU D 
3RLVVRQ GLVWULEXWLRQ� +HQFH LI�

D� VDPSOH YDULDQFH HTXDOV WKH PHDQ� WKH 3RLVVRQ PRGHO LV SODXVLEOH�

E� VDPSOH YDULDQFH LV §PXFK JUHDWHU RU VPDOOHU WKDQ¨ WKH PHDQ� WKH 3RLVVRQ PRGHO LV LPSODXVLEOH�

7KLV YDULDQFH FRPSDULVRQ FDQ EH VXSSRUWHG E\ RWKHU PHWKRGV VXFK DV D JUDSKLFDO HYDOXDWLRQ RI WKH GDWD
DQG E\ JRRGQHVV RI ILW WHVWV VXFK DV WKH FKL�VTXDUHG WHVW IRU GLIIHUHQFHV EHWZHHQ H[SHFWHG DQG REVHUYHG 
IUHTXHQFLHV�

5HJDUGLQJ E�� GLVWULEXWLRQ RI WKH VXP RI LQGHSHQGHQW 3RLVVRQ YDULDEOHV LV VWLOO 3RLVVRQ� )RU H[DPSOH�

§LI WZR VHWV RI 3RLVVRQ GDWD DUH LQGHSHQGHQW ZLWK VHSDUDWH PHDQV P� DQG P�� WKHLU VXP LV DOVR 3RLVVRQ
ZLWK PHDQ� �P� � P��¨�

7KLV IDFW KDV FRQVLGHUDEOH LPSDFW RQ FRXQWV ZKHUH PXOWLSOH FKDUDFWHULVWLFV DUH LQYROYHG� ,QVWDQFHV DUH
DGGLQJ WRJHWKHU GLIIHUHQW W\SHV RI IODZV� DEVHQWHHLVP IRU GLIIHUHQW UHDVRQV DQG LQMXULHV RI GLIIHUHQW NLQGV�
$QRWKHU DSSOLFDWLRQ LV ZKHUH HYHQWV RI D SDUWLFXODU NLQG KDYH D YHU\ VPDOO PHDQ VR WKDW FRXQWV DUH
IUHTXHQWO\ ]HUR� 7KLV HQDEOHV RQH WR LQFUHDVH WKH QXPEHU RI VDPSOHG LWHPV �H�J� FRXQWV SHU PRQWK UDWKHU 
WKDQ SHU GD\ RU ZHHN��

,Q VWDQGDUG VWDWLVWLFDO SURFHVV FRQWURO� 3RLVVRQ GDWD LV PRQLWRUHG XVLQJ�

�� §F¨ FKDUWV IRU QXPEHUV �FRXQWV RI HYHQWV� IURP VDPSOHV RI FRQVWDQW VL]H� DQG

�� §X¨ FKDUWV IRU SURSRUWLRQV �QXPEHU RI HYHQWV SHU VDPSOH�� SDUWLFXODUO\ ZKHQ WKH VDPSOH VL]H LV YDULDEOH�

� /LPLWDWLRQV RI VWDQGDUG FRQWURO FKDUW OLPLWV� DSSURSULDWH FRXQWHU�PHDVXUHV

��� %DVHV IRU VHOHFWLRQ RI FRQWURO FKDUW OLPLWV IRU FRXQW GDWD

����� ,QWURGXFWLRQ

,W LV FRPPRQ SUDFWLFH WKURXJKRXW WKH ZRUOG WR EDVH VWDQGDUG FRQWURO FKDUW OLPLWV RQ WKH DVVXPSWLRQ RI
QRUPDOLW\ RI GDWD� &RQWURO OLPLWV DUH WKHQ FDOFXODWHG WKXV�

D� DFWLRQ FRQWURO OLPLWV   PHDQ � � VWDQGDUG GHYLDWLRQV� RI WKH SORWWHG VWDWLVWLF�

E� ZDUQLQJ FRQWURO OLPLWV   PHDQ � � VWDQGDUG GHYLDWLRQV� RI WKH SORWWHG VWDWLVWLF�

,Q WHUPV RI FRXQW GDWD XVLQJ D §F¨ FKDUW� WKHVH HTXDWLRQV EHFRPH�

+RZHYHU� LW VKRXOG EH DSSUHFLDWHG WKDW WKH §QRUPDO¨ GLVWULEXWLRQ LV V\PPHWULFDO DQG EHOO VKDSHG ZKHUHDV
WKH DFWXDO §3RLVVRQ¨ GLVWULEXWLRQ� UHSUHVHQWDWLYH RI FRXQW GDWD� LV IUHTXHQWO\ QRW VR� 

'RHV WKLV UHDOO\ PDWWHU" 

7KHUH DUH WKRVH ZKR ZRXOG DUJXH WKDW LW GRHVQªW UHDOO\ PDWWHU YHU\ PXFK� DV FRQWURO FKDUW OLPLWV DUH EDVHG
RQ TXLWH DUELWUDU\ FRQVLGHUDWLRQV DQ\ZD\� $Q\KRZ� HYHQ LI LW GRHV PDWWHU VRPHZKDW� WDNLQJ LW LQWR DFFRXQW 
ZRXOG PDNH WKLQJV PRUH GLIILFXOW DQG LV OLNHO\ WR SXW D ORW RI SHRSOH RII XVLQJ D YHU\ VLPSOH DQG XVHIXO WRRO� 

2WKHUV ZRXOG DUJXH WKDW LW LV SXUHO\ D PDWWHU RI WKH PHWKRG RI HVWDEOLVKLQJ FRQWURO OLPLWV DQG GRHV QRW DGG 
DQ\ FRPSOH[LW\ WR WKH DSSOLFDWLRQ RI D FRQWURO FKDUW E\ WKH XVHUV� 7R HQVXUH WKH YDOLGLW\� FUHGLELOLW\ DQG 
PD[LPXP HIIHFWLYHQHVV RI FRQWURO FKDUWV� WKHUH LV D QHHG WR NQRZ ERWK WKH FRQVHTXHQFHV RI WKH FKRLFH RI
FRQWURO OLPLWV� DQG WKH DSSURSULDWH FRXQWHUPHDVXUHV WKDW FDQ EH WDNHQ� E\ SHRSOH WHFKQLFDOO\ UHVSRQVLEOH
IRU WKHP�

7KLV VWDQGDUG WDNHV WKH YLHZ WKDW SHRSOH WHFKQLFDOO\ UHVSRQVLEOH IRU FRQWURO FKDUWV QHHG WR EH DZDUH RI WKH 
FRQVHTXHQFHV RI� DQG WKH PHDVXUHV UHTXLUHG WR FRUUHFW IRU� DQ\ HUURUV DULVLQJ IURP WKH XVH RI VWDQGDUG 
FRQWURO FKDUW OLPLWV IRU FRXQW GDWD� 7KLV HQDEOHV MXGJHPHQWV WR EH PDGH RQ WKH SURSHU FRXUVH RI DFWLRQ WR
WDNH LQ SDUWLFXODU FLUFXPVWDQFHV�

DFWLRQ FRQWURO OLPLWV  ���

ZDUQLQJ FRQWURO OLPLWV  ���

F � F

F � F
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����� &RQVHTXHQFHV

)LJXUH � FRPSDUHV WKH VKDSH RI WKH §3RLVVRQ¨ GLVWULEXWLRQ IRU YDULRXV YDOXHV RI WKH GDWD PHDQ�

7KH ILJXUH VKRZV WKDW VWDQGDUG FRQYHQWLRQDO FRQWURO OLPLWV� EDVHG RQ V\PPHWU\ DERXW WKH PHDQ� DUH
VRPHWLPHV QRW D JRRG UHIOHFWLRQ RI WKH DFWXDO VLWXDWLRQ� %RWK WKH XSSHU DQG ORZHU FRQWURO OLPLWV DUH
DGYHUVHO\ DIIHFWHG� 7KH FRQVHTXHQFHV RI WKLV DUH PDQLIROG� :LWK UHVSHFW WR WKH DSSOLFDWLRQ RI WKH 
DSSURSULDWH 3RLVVRQ GLVWULEXWLRQ� WKH V\PPHWULFDO GLVWULEXWLRQ XVHG IRU VWDQGDUG FRQYHQWLRQDO FRQWURO
FKDUW OLPLWV� WKH PRVW JHQHUDOO\ XVHG� JLYHV�

D� WLJKWHU XSSHU FRQWURO OLPLWV� SURJUHVVLYHO\ VR ZLWK ORZHU YDOXHV RI WKH PHDQ�

E� VODFNHU ORZHU FRQWURO OLPLWV� SURJUHVVLYHO\ VR ZLWK ORZHU YDOXHV RI WKH PHDQ�

F� LPSRVVLEOH QHJDWLYH YDOXHV IRU ORZ PHDQV�

$Q H[DPSOH RI D VLWXDWLRQ ZKHUH VWDQGDUG OLPLWV DUH QRW HIIHFWLYH LV WKH FDOLEUDWLRQ RI D SDUWLFXODU PHWHU 
WKDW LV SURQH WR §VWLFNLQJ¨ WR JLYH WKH RFFDVLRQDO ]HUR UHDGLQJ� ,W LV ORRNHG XSRQ� HUURQHRXVO\� DV §LQ FRQWURO¨
LQ WHUPV RI WKH VWDQGDUG ORZHU FRQWURO OLPLW� DV ]HUR LV DVVXPHG EHFDXVH LW FDOFXODWHV DV QHJDWLYH ZLWK WKH 
ORZ YDOXHV RI WKH PHDQ H[SHULHQFHG� 8VH RI WKH 3RLVVRQ�EDVHG FRQWURO OLPLW PHWKRG SURYLGHV FRUUHFW ORZHU
FRQWURO OLPLWV WR LQGLFDWH DQ §RXW RI FRQWURO¨ VLWXDWLRQ�

7KHVH GLIIHUHQFHV LQ 3RLVVRQ GLVWULEXWLRQ SDWWHUQV DIIHFW WKH ULVN SUREDELOLWLHV DVVRFLDWHG ZLWK FRQWURO OLPLWV 
DW WKH PHDQ �� VWDQGDUG GHYLDWLRQV� :KHQ WKH GLVWULEXWLRQ LV QRW QHDU QRUPDO� DV LV IUHTXHQWO\ WKH FDVH
ZLWK DWWULEXWH GDWD� WKHVH SUREDELOLWLHV ZLOO YDU\ IURP WKRVH FDOFXODWHG XVLQJ VWDQGDUG FRQYHQWLRQDO 
SUDFWLFH EDVHG RQ QRUPDOLW\ RI GDWD� )RU GLIIHUHQW YDOXHV RI SURFHVV PHDQ WKH ULVN DVVRFLDWHG ZLWK D GHFLVLRQ
FRQFHUQLQJ FRQWURO RI WKH SURFHVV ZLOO FKDQJH�

&RQVWDQF\ RI ULVN� DW WKH OHYHO REWDLQHG ZLWK VWDQGDUG 6KHZKDUW�W\SH FRQWURO OLPLWV IRU PHDVXUHG GDWD� FDQ 
XVXDOO\ UHDGLO\ EH DFKLHYHG XVLQJ 3RLVVRQ�EDVHG FRQWURO OLPLWV UDWKHU WKDQ WKH FRQYHQWLRQDO OLPLWV PRUH 
JHQHUDOO\ XVHG� 7KHVH 3RLVVRQ�EDVHG FRQWURO OLPLWV DUH VHW RXW IRU YDULRXV PHDQV LQ $QQH[ %�

)LJXUH � VKRZV WKDW IRU�

D� PHDQ  �� WKH SDWWHUQ LV GHFLGHGO\ QRQ�V\PPHWULFDO�

E� PHDQ  �� WKHUH LV D WHQGHQF\ WRZDUGV VNHZQHVV WR WKH ULJKW�

F� PHDQ  ��� WKH VNHZQHVV LV OHVV SURQRXQFHG WKDQ DW D PHDQ  ��

G� PHDQ  ��� D QHDU V\PPHWULFDO QRUPDO SDWWHUQ HPHUJHV�

7KH YDULDWLRQ LQ WKH YDOXH RI FRQWURO FKDUW OLPLWV EHWZHHQ WKH FRQYHQWLRQDO DQG 3RLVVRQ PHWKRGV RI
FDOFXODWLRQ �VHH $QQH[ %� LV VKRZQ LQ 7DEOH ��

7DEOH � FRQILUPV WKDW WKH XVH RI FRQYHQWLRQDO FRQWURO OLPLWV� UDWKHU WKDQ WKH PRUH DSSURSULDWH 3RLVVRQ
OLPLWV� FDQ JLYH ULVH WR D IDLU DPRXQW RI HUURU DQG� LQ IDFW� LQ VRPH FDVHV� JLYH LPSRVVLEOH QHJDWLYH YDOXHV�

7DEOH � ¦ (IIHFW RI PHWKRG RI FDOFXODWLRQ RI DFWLRQ FRQWURO OLPLWV LQ WHUPV RI YDOXH RI WKH PHDQ

7\SH RI FRQWURO OLPLW 0HDQ   &RQWURO OLPLW YDOXHV

&RQYHQWLRQDO 3RLVVRQ

8SSHU DFWLRQ � ��� ���
� ���� ����

�� ���� ����
�� ���� ����

/RZHU DFWLRQ � QHJDWLYH �
� QHJDWLYH �

�� ��� ���
�� ��� ���

127( &RQYHQWLRQDO DFWLRQ FRQWURO OLPLWV DUH EDVHG RQ WKH VWDQGDUG IRUPXOD 

F

F � F

F � F
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)LJXUH � ¦  ,OOXVWUDWLRQ RI WKH YDULDWLRQ LQ GLVWULEXWLRQ VKDSH ZLWK FKDQJHV LQ WKH PHDQ
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����� &RXQWHUPHDVXUHV

7KH UDWLRQDO DSSURDFK WR WKH VHWWLQJ RI FRQWURO OLPLWV IRU FRXQW GDWD LV LQGLFDWHG LQ WKH IORZ FKDUW RI )LJXUH ��

7KH IORZ FKDUW RI )LJXUH � LV XVHG WR FRQVWUXFW GDWD�EDVHG FRQWURO FKDUW OLPLWV IRU FRXQW GDWD� 6WDJHV DUH DV
IROORZV�

�� $SSO\ 3RLVVRQ YDULDQFH UDWLR WHVW WR WKH FRXQW GDWD� 8VH $QQH[ $� 6WHSV � WR �� �6HH ([DPSOH ���

�� ,I WKH WHVW LQGLFDWHV WKDW WKH GDWD�

D� DSSHDUV WR FRQILUP D 3RLVVRQ GLVWULEXWLRQ JR WR 6WDJH ��

E� LI QRW JR WR 6WDJH ��

�� ,I WKH GDWD PHDQ LV OHVV WKDQ ��� VHOHFW 3RLVVRQ�EDVHG FRQWURO OLPLWV XVLQJ $QQH[ % �VHH ([DPSOH �� DV
FRQYHQWLRQDO FRQWURO OLPLWV JLYH ULVH WR D PDUJLQ RI HUURU�

�� ,I WKH GDWD PHDQ LV RI WKH RUGHU RI �� RU PRUH� DQ DSSURSULDWH DSSUR[LPDWLRQ LV WR VHOHFW FRQYHQWLRQDO
FRQWURO OLPLWV XVLQJ VWDQGDUG IRUPXODH� �6HH ([DPSOH ���

�� &RPSDUH WKH GDWD GLVWULEXWLRQ ZLWK WKH QRUPDO GLVWULEXWLRQ�

D� ,I WKH FRPSDULVRQ LV JRRG VHOHFW QRUPDO GDWD�EDVHG FRQWURO OLPLWV� XVLQJ WKH REVHUYHG UDWKHU WKDQ 
WKHRUHWLFDO 3RLVVRQ�EDVHG VWDQGDUG GHYLDWLRQ� ,W LV DGYLVDEOH DOVR WR LQYHVWLJDWH WKH SRVVLEOH FDXVHV IRU
WKH XQH[SHFWHG QRQ�3RLVVRQ W\SH GLVWULEXWLRQ XVLQJ WKH PHWKRGV RI �E�� �6HH H[DPSOH ���

E� ,I QRW� GLDJQRVH WKH UHDVRQV IRU DEQRUPDOLW\ XVLQJ $QQH[ $� 6WHSV � DQG �� �6HH ([DPSOH ���

(;$03/( � 3RLVVRQ YDULDQFH UDWLR WHVW

3URMHFW

7KH QXPEHU RI DFFLGHQWV� SHU IRXU�ZHHN SHULRG� LQ D SDUWLFXODU RUJDQL]DWLRQ� DUH VKRZQ IRU �� FRQVHFXWLYH 
WLPH SHULRGV�

�� � � �� � � �� � � � � �� � � �� � �� � � � �� �� � � �

$SSO\ WKH 3RLVVRQ YDULDQFH UDWLR WHVW DV VKRZQ LQ $QQH[ $�

)LJXUH � ¦ &RXQW GDWD FRQWURO OLPLW VHOHFWLRQ IORZ FKDUW
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6ROXWLRQ

)URP 7DEOH $��� IRU QXPEHU RI VDPSOHV   J   ��� FULWLFDO YDOXHV DUH� ���� WR ���� DW WKH � � OHYHO RI
VLJQLILFDQFH� 9  ���� LV ZLWKLQ WKLV UDQJH WKHUHIRUH WKHUH LV QR UHDVRQ WR VXSSRVH WKH GLVWULEXWLRQ RI WKH
GDWD LV RWKHU WKDQ 3RLVVRQ�

(;$03/( � 3RLVVRQ�EDVHG FRQWURO OLPLWV

3URMHFW

(VWDEOLVK D FRQWURO FKDUW� ZLWK DFWLRQ OLPLWV� IRU WKH GDWD RI ([DPSOH ��

6ROXWLRQ

7KH VROXWLRQ WR ([DPSOH � LQGLFDWHV WKDW WKHUH LV QR UHDVRQ WR VXSSRVH WKH GLVWULEXWLRQ RI WKH GDWD LV RWKHU
WKDQ 3RLVVRQ� $ UXQ FKDUW RI WKH GDWD LQGLFDWHV WKDW WKH GDWD DSSHDUV UHDVRQDEO\ VWDEOH�

7KH PHDQ  ����� 7KLV YDOXH LV OHVV WKDQ �� WKHUHIRUH WKH 3RLVVRQ GLVWULEXWLRQ LV XVHG WR FDOFXODWH FRQWURO 
OLPLWV� 5HDGLQJ IURP WKH WDEOHV LQ $QQH[ %� WKH DSSURSULDWH 3RLVVRQ FRQWURO OLPLWV DUH DV VKRZQ LQ 7DEOH ��
7KH FRUUHVSRQGLQJ FRQWURO OLPLWV IRU WKH LQDSSURSULDWH FRQYHQWLRQDO PHWKRG DUH DOVR JLYHQ IRU FRPSDULVRQ
WR LQGLFDWH WKH GHJUHH RI HUURU LQYROYHG�

7DEOH � ¦ ([DPSOH RI GLIIHUHQFH EHWZHHQ FRQYHQWLRQDO DQG 3RLVVRQ�EDVHG FRQWURO OLPLWV

2EVHUYHG PHDQ RI GDWD    �RU XVH D FDOFXODWRU� �ZKHUH J   QXPEHU RI VDPSOHV�

2EVHUYHG YDULDQFH RI GDWD    �RU XVH D FDOFXODWRU DQG VTXDUH WKH UHDGRXW IURP 

WKH Q ¥ � NH\��

(VWLPDWHG WKHRUHWLFDO YDULDQFH RI GDWD �EDVHG RQ 3RLVVRQ GLVWULEXWLRQ�  VDPSOH PHDQ  ���� 

7\SH RI FRQWURO OLPLW &RQWURO OLPLW YDOXHV IRU PHDQ   ����
3RLVVRQ�EDVHG �DSSURSULDWH� &RQYHQWLRQDO �DSSURSULDWH�D

8SSHU DFWLRQ ���� ����
/RZHU DFWLRQ ��� 1HJDWLYH
8SSHU ZDUQLQJ ���� ����
/RZHU ZDUQLQJ ��� ���
D FDOFXODWHG IURP WKH FRQYHQWLRQDO IRUPXODH�

DFWLRQ FRQWURO OLPLWV   � RI WKH SORWWHG VWDWLVWLF   

ZDUQLQJ FRQWURO OLPLWV   � RI WKH SORWWHG VWDWLVWLF   

)LJXUH � ¦ §F¨ FKDUW IRU DFFLGHQWV

; �
J
��� ; ����  

�
J �±
������������ ; ;± �

���� 

9 REVHUYHG YDULDQFH
HVWLPDWHG WKHRUHWLFDO YDULDQFH
������������������������������������������������������������������������������������ 6�
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