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� $ VLPSOH GHFLVLRQ WUHH IRU GLDJQRVLQJ D SDWLHQW � � � � � � � � � � � � � � � � � � � �
� $ ODUJHU WUHH LV nUVW JURZQ WKDW RYHUnWV WKH GDWD DQG WKHQ SUXQHG EDFN WR D

VPDOOHU �VLPSOHU� WUHH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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� 7KH &��� YR\DJH�GDWD nOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
� 7KH YR\DJH &��� FODVVLnHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
� &RQVXOWLQJ WKH YR\DJH &��� FODVVLnHU � � � � � � � � � � � � � � � � � � � � � � � � � ��
� 7KH YR\DJH &���UXOHV FODVVLnHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
� &RQVXOWLQJ WKH YR\DJH &���UXOHV FODVVLnHU � � � � � � � � � � � � � � � � � � � � � � � ��
� 7KH YR\DJH &��� WUHH FODVVLnHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� 7KH YR\DJH &��� UXOH FODVVLnHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� &RQVXOWLQJ WKH &��� YR\DJH GHFLVLRQ WUHH FODVVLnHU � � � � � � � � � � � � � � � � � � ��
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:H
UH DOO KXPDQ DQG ZH DOO JRRI� 'R WKLQJV WKDW PD\ EH ZURQJ� EXW

GR VRPHWKLQJ�

_1HZW *LQJULFK� 86 &RQJUHVVPDQ DQG +RXVH 6SHDNHU� ����

7KH PDLQ JRDO RI WKLV ZRUN FRQVLVWV LQ SURYLGLQJ VRPH EDFNJURXQG DERXW 0DFKLQH /HDUQLQJ
_ 0/ _ LQGXFHUV E\ GHVFULELQJ DOJRULWKPV WKDW OHDUQ FRQFHSWV UHSUHVHQWHG E\ SURSRVLWLRQDO
GHVFULSWLRQV� VSHFLnFDOO\ GHFLVLRQ WUHHV DQG UXOHV� :H KDYH WULHG WR XQLI\ WKH QRWDWLRQ XVHG LQ
ERWK FDVHV� DLPLQJ WR \LHOG D EHWWHU XQGHUVWDQGLQJ WR WKH UHDGHU� :H GLVFXVV VL[ RI WKLV VRUW RI
LQGXFHUV FRPPRQO\ XVHG E\ WKH 0/ FRPPXQLW\� &��� DQG 2&� IRU GHFLVLRQ WUHHV DQG &���UXOHV�
&1� DQG 5LSSHU IRU UXOHV DV ZHOO DV &��� IRU GHFLVLRQ WUHHV DQG UXOHV�

7KLV ZRUN ZDV PRWLYDWHG PDLQO\ E\ D ODFN RI DQ XQLnHG YLHZ LQ WKH OLWHUDWXUH IRU GHVFULELQJ
ZLGHO\ XVHG LQGXFHUV� )XUWKHUPRUH� JHWWLQJ EDFNJURXQG NQRZOHGJH RQ ZKDW HDFK LQGXFHU GRHV�
KRZ WKH\ ZRUN DQG KRZ WR XVH HDFK RI WKHP LV QRW D VLPSOH WDVN� %HVLGHV WKDW� H[LVWLQJ
GRFXPHQWDWLRQ DERXW WKRVH LQGXFHUV GRHV QRW QHFHVVDULO\ IROORZ D VWDQGDUG IRUP� ZKLFK PDNHV
PRUH GLpFXOW WKH XQGHUVWDQGLQJ IRU EHJLQQHUV LQ WKH DUHD RI 0/� +RZHYHU� WKLV ZRUN GRHV QRW
LQWHQG WR VXEVWLWXWH DQ\ RI WKH RULJLQDO SDSHUV� ,W VKRXOG EH REVHUYHG WKDW WKRVH SDSHUV DUH YHU\
UHOHYDQW DQG DQ\RQH LQWHUHVWHG LQ JDWKHULQJ D GHHSHU 0/ NQRZOHGJH DQG XQGHUVWDQGLQJ VKRXOG
UHDG WKH RULJLQDO SDSHUV DQG ERRNV OLVWHG LQ WKH UHIHUHQFHV�

7KLV ZRUN LV RUJDQL]HG DV IROORZV� 6HFWLRQ � EULHo\ GHVFULEHV LQGXFWLRQ RI GHFLVLRQ WUHHV DQG
6HFWLRQ � VKRZV WKH UXOH LQGXFWLRQ SURFHVV� 6HFWLRQV � WR � SUHVHQW FKDUDFWHULVWLFV RI HDFK LQGXFHU
WUHDWHG LQ WKLV ZRUN �&���� &���UXOHV� &���� 2&�� &1� DQG 5LSSHU� DV ZHOO DV D UXQQLQJ H[DPSOH
XVLQJ HDFK RI WKHP� $ EULHI VXPPDU\ RI LQGXFHUV FKDUDFWHULVWLFV LV SUHVHQWHG LQ 6HFWLRQ �� DQG�
nQDOO\� FRQFOXGLQJ UHPDUNV DUH JLYHQ LQ 6HFWLRQ ���

( %�� )��� ����� ��� �
 )������� %
���

6RPHZKHUH� VRPHWKLQJ LQFUHGLEOH LV ZDLWLQJ WR EH NQRZQ�

_&DUO 6DJDQ

:H VWDUW WKLV VHFWLRQ H[SODLQLQJ EDVLF FRQFHSWV DERXW LQGXFWLYH OHDUQLQJ ZKHQ DFTXLUHG NQRZO�
HGJH LV UHSUHVHQWHG DV D GHFLVLRQ WUHH� 7KLV VRUW RI DOJRULWKPV DUH PHPEHUV RI WKH 7RS 'RZQ
,QGXFWLRQ RI 'HFLVLRQ 7UHHV _ 7','7 _ IDPLO\�

$ 'HFLVLRQ 7UHH _ '7 _ LV D UHFXUVLYH GDWD VWUXFWXUH GHnQHG DV�

q D OHDI QRGH WKDW LQGLFDWHV D FODVV ODEHO� RU

q D GHFLVLRQ QRGH WKDW FRQWDLQV D WHVW RQ D IHDWXUH YDOXH� )RU HDFK RXWFRPH RI WKH WHVW WKHUH
DUH RQH EUDQFK DQG RQH VXEWUHH� (DFK VXEWUHH KDV WKH VDPH VWUXFWXUH DV WKH WUHH�

)LJXUH � VKRZV DQ LOOXVWUDWLYH H[DPSOH RI D GHFLVLRQ WUHH IRU GLDJQRVLQJ D SDWLHQW� ,Q WKLV nJXUH�
HDFK HOOLSVH LV D WHVW LQ RQH IHDWXUH IURP VRPH SDWLHQW GDWD� (DFK ER[ LV D FODVV ODEHO L�H�� WKH
GLDJQRVLV� 7R GLDJQRVH �FODVVLI\� D SDWLHQW ZH VWDUW DW WKH URRW MXVW IROORZLQJ HDFK WHVW GRZQ
WKH WUHH XQWLO D OHDI LV UHDFKHG�

�
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)LJXUH �� $ VLPSOH GHFLVLRQ WUHH IRU GLDJQRVLQJ D SDWLHQW

(*' !������� � )������� %
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7KH PHWKRG IRU FRQVWUXFWLQJ D GHFLVLRQ WUHH IURP D VHW 7 RI WUDLQLQJ LQVWDQFHV LV VXUSULVLQJO\
VLPSOH� /HW WKH FODVVHV EH GHQRWHG E\ I&�� &�� � � � � &NJ WKHQ WKH IROORZLQJ VWHSV VKRXOG EH
IROORZHG�

�� 7 FRQWDLQV RQH RU PRUH LQVWDQFHV� DOO EHORQJLQJ WR D VLQJOH FODVV &M� ,Q WKLV FDVH� WKH '7
IRU 7 LV D OHDI LGHQWLI\LQJ WKH FODVV &M �

�� 7 FRQWDLQV QR LQVWDQFHV� $JDLQ� LQ WKLV VLWXDWLRQ WKH '7 LV D OHDI EXW WKH FODVV DVVRFLDWHG
ZLWK WKH OHDI PXVW EH GHWHUPLQHG IURP LQIRUPDWLRQ RWKHU WKDQ 7 � )RU H[DPSOH� WKH PRVW
IUHTXHQW FODVV DW WKH SDUHQW RI WKLV QRGH FRXOG EH XVHG�

�� 7 FRQWDLQV LQVWDQFHV WKDW EHORQJ WR VHYHUDO FODVVHV� ,Q WKLV FDVH WKH LGHD LV WR UHnQH 7 LQWR
VXEVHWV RI LQVWDQFHV WKDW DUH �RU VHHP WR EH� VLQJOH�FODVV VHWV RI LQVWDQFHV� 1RUPDOO\� D WHVW
LV FKRVHQ� EDVHG RQ D VLQJOH IHDWXUH� WKDW KDV RQH RU PRUH PXWXDOO\ H[FOXVLYH RXWFRPHV
�LQ IDFW� HDFK LQGXFHU KDV LWV RZQ ZD\ WR FKRRVH WKH IHDWXUH WR WHVW�� /HW XV GHQRWH WKHVH
RXWFRPHV DV I2�� 2�� ���� 2UJ� 7 LV WKHQ SDUWLWLRQHG LQWR VXEVHWV 7�� 7�� ���� 7U� ZKHUH 7L

FRQWDLQV DOO FDVHV LQ 7 WKDW KDYH RXWFRPH 2L IRU WKH FKRVHQ WHVW� 7KH '7 IRU 7 FRQVLVWV
RI D LQWHUQDO GHFLVLRQ QRGH LGHQWLnHG E\ WKH FKRVHQ WHVW DQG RQH EUDQFK IRU HDFK SRVVLEOH
RXWFRPH�

�� 6WHSV ��� �� DQG �� DUH DSSOLHG UHFXUVLYHO\ WR HDFK VXEVHW RI WUDLQLQJ LQVWDQFHV VR WKDW WKH
L�WK EUDQFK OHDGV WR WKH '7 FRQVWUXFWHG IURP WKH VXEVHW 7L RI WUDLQLQJ LQVWDQFHV�

�� $IWHU EXLOGLQJ WKH '7� SUXQLQJ PD\ WDNH SODFH �VHH 6HFWLRQ �����

�



)LJXUH �� $ ODUJHU WUHH LV nUVW JURZQ WKDW RYHUnWV WKH GDWD DQG WKHQ SUXQHG EDFN WR D VPDOOHU
�VLPSOHU� WUHH
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7KH NH\ WR WKH VXFFHVV RI D '7 OHDUQLQJ DOJRULWKP GHSHQGV RQ WKH FULWHULRQ XVHG WR VHOHFW WKH
IHDWXUH IRU VSOLWWLQJ� 6RPH SRVVLELOLWLHV IRU VHOHFWLQJ WKLV IHDWXUH DUH UDQGRP ZKLFK VHOHFWV DQ\
IHDWXUH DW UDQGRP� OHDVW^YDOXHV ZKLFK FKRRVHV WKH IHDWXUH ZLWK WKH VPDOOHVW QXPEHU RI SRVVLEOH
YDOXHV� PRVW^YDOXHV ZKLFK FKRRVHV WKH IHDWXUH ZLWK WKH ODUJHVW QXPEHU RI SRVVLEOH YDOXHV� PD[�

JDLQ ZKLFK FKRRVHV WKH IHDWXUH WKDW KDV WKH ODUJHVW H[SHFWHG LQIRUPDWLRQ JDLQ� JLQL �%UHLPDQ
HW DO�� ������ JDLQ UDWLR �4XLQODQ� ������

(*+ %
�� ,
�����

$IWHU EXLOGLQJ WKH '7� LW LV SRVVLEOH WKDW WKH JHQHUDWHG FODVVLnHU WR EH YHU\ VSHFLnF IRU WKH
WUDLQLQJ GDWD� ,Q WKLV FDVH� ZH VD\ WKDW WKH FODVVLnHU RYHUnWV WKH WUDLQLQJ GDWD WRR ZHOO� ,Q RUGHU
WR WU\ QRW RYHUnWWLQJ WKH GDWD� VRPH LQGXFHUV SUXQH WKH '7 DIWHU LQGXFLQJ LW� 7KLV SURFHVV�
VKRZQ LQ )LJXUH �� UHGXFHV WKH QXPEHU RI LQWHUQDO WHVW QRGHV WKXV UHGXFLQJ WKH WUHH FRPSOH[LW\
ZKLOH JLYLQJ D EHWWHU SHUIRUPDQFH WKDQ WKH RULJLQDO WUHH� ,Q JHQHUDO� D '7 LQGXFHU VSOLWV E\
LWVHOI WKH GDWDVHW LQWR D WUDLQLQJ VHW �ZKLFK LV XVHG IRU EXLOGLQJ WKH '7� DQG D SUXQH VHW ZKLFK
LV DFWXDOO\ XVHG IRU SUXQLQJ�
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$ '7 FDQ EH XVHG WR FODVVLI\ QHZ LQVWDQFHV E\ VWDUWLQJ DW WKH URRW RI WKH WUHH DQG JRLQJ WKURXJK
HDFK GHFLVLRQ QRGH XQWLO D OHDI LV IRXQG� :KHQ D OHDI LV HQFRXQWHUHG� WKH FODVV ODEHO RI WKH QHZ
LQVWDQFH LV SUHGLFWHG DV WKDW RQH UHFRUGHG DW WKH OHDI�

$V WKHUH LV RQO\ RQH SDWK IURP WKH URRW WR WKH OHDI RI HYHU\ WUHH� HDFK SDWK IURP WKH URRW WR
HDFK OHDI FDQ EH FRQVLGHUHG DV D UXOH� ,Q WKLV FDVH� JLYHQ DQ LQVWDQFH LW FDQ EH FODVVLnHG RQO\ E\
RQH UXOH� RU LQ RWKHU ZRUGV� HDFK LQVWDQFH FODVVLnHG E\ RQH UXOH FDQ QRW EH FODVVLnHG E\ DQRWKHU
UXOH� ,W LV HDV\ WR VHH WKDW DOO UXOHV H[WUDFWHG IURP D GHFLVLRQ WUHH DUH DOZD\V GLVMXQFW�
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2QO\ WKH FXULRXV ZLOO OHDUQ DQG RQO\ WKH UHVROXWH RYHUFRPH WKH REVWDFOHV

WR OHDUQLQJ� 7KH TXHVW TXRWLHQW KDV DOZD\V H[FLWHG PH PRUH WKDQ WKH

LQWHOOLJHQFH TXRWLHQW�

_(XJHQH 6� :LOVRQ

,QGXFWLRQ RI GHFLVLRQ WUHHV LV RQH RI WKH PRVW ZLGHO\ XVHG OHDUQLQJ PHWKRGV LQ SUDFWLFH� ,W FDQ
RXWSHUIRUP KXPDQ H[SHUWV LQ PDQ\ GRPDLQV� 6RPH RI LW VWUHQJWKV LV GXH WR EH D IDVW PHWKRG
IRU OHDUQLQJ FRQFHSWV� LW LV VLPSOH WR LPSOHPHQW� LW FD KDQGOH QRLV\ GDWD� HWF� +RZHYHU ODUJHU
WUHHV DUH JHQHUDOO\ GLpFXOW WR UHDG� HYHQ DIWHU WUHH SUXQLQJ�

+ 0��� ����� ���

, WKLQN� DW D FKLOG
V ELUWK� LI D PRWKHU FRXOG DVN D IDLU\ JRGPRWKHU WR

HQGRZ LW ZLWK WKH PRVW XVHIXO JLIW� WKDW JLIW ZRXOG EH FXULRVLW\�

_(OHDQRU 5RRVHYHOW

$V GHVFULEHG LQ WKH SUHYLRXV VHFWLRQ� GHFLVLRQ WUHH LQGXFWLRQ GLYLGHV UHFXUVLYHO\ WKH GDWD LQWR
VPDOOHU VXEVHWV� WU\LQJ WR VHSDUDWH HDFK FODVV IURP RWKHUV� 5XOH LQGXFWLRQ� RQ WKH RWKHU KDQG�
LQGXFHV UXOHV GLUHFWO\� ,Q WKLV SURFHVV HDFK UXOH FRYHUV D VXEVHW RI LQVWDQFHV WKDW EHORQJV WR RQH
VSHFLnF FODVV�

$ UXOH DVVXPHV WKH IRUP

LI �FRPSOH[! WKHQ �FODVV  &L!

ZKHUH &L EHORQJV WR WKH VHW RI SRVVLEOH N FODVV YDOXHV DQG D �FRPSOH[! LV D GLVMXQFWLRQ RI
FRQMXQFWLRQV RI IHDWXUH WHVWV LQ WKH IRUP�

;L RS 9DOXH

ZKHUH ;L LV D IHDWXUH� RS LV DQ RSHUDWRU LQ WKH VHW I �� � ���� !�wJ DQG 9DOXH LV D YDOLG IHDWXUH
;L FRQVWDQW YDOXH�

,Q JHQHUDO� WKH 'LVMXQFWLYH 1RUPDO )RUP _ '1) _ LV WKH PRVW FRPPRQ UHSUHVHQWDWLRQ XVHG
E\ PDQ\ LQGXFHUV� 7KXV� D UXOH LV D GLVMXQFWLRQ RI FRQMXQFWLYH FRQGLWLRQV� %DVLFDOO\� WKHUH DUH
WZR VRUW RI UXOH LQGXFWLRQ� RUGHUHG DQG XQRUGHUHG ZKLFK DUH H[SODLQHG LQ WKH IROORZLQJ VHFWLRQV�

+*' �
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7KH LQGXFWLRQ RI RUGHUHG UXOHV ZRUNV LQ DQ LWHUDWLYH ZD\� HDFK LWHUDWLRQ VHDUFKLQJ IRU D�FRPSOH[!
ZKLFK FRYHUV D ODUJH QXPEHU RI LQVWDQFHV RI D VLQJOH FODVV &L DQG IHZ RI RWKHU FODVVHV &M � M � L�

+DYLQJ IRXQG D JRRG �FRPSOH[!� WKRVH FRYHUHG LQVWDQFHV WKDW EHORQJ WR WKH FODVV &L EHLQJ
OHDUQHG �DV ZHOO DV� HYHQWXDOO\� RWKHU IHZ LQVWDQFHV KDYLQJ FODVV &M� M � L DOVR FRYHUHG E\ WKH
VDPH �FRPSOH[!� DUH UHPRYHG IURP WKH WUDLQLQJ VHW DQG WKH UXOH ?LI �FRPSOH[! WKHQ FODVV
 &L� LV DGGHG WR WKH HQG RI WKH UXOH OLVW� 7KLV SURFHVV LWHUDWHV XQWLO QR PRUH FRPSOH[HV FDQ EH
IRXQG�

�
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7KH PDLQ PRGLnFDWLRQ WR WKH RUGHUHG DOJRULWKP LV WR LWHUDWH IRU HDFK FODVV LQ WXUQ� UHPRYLQJ
RQO\ FRYHUHG LQVWDQFHV RI WKDW FODVV ZKHQ D UXOH KDV EHHQ IRXQG� 7KXV� XQOLNH IRU RUGHUHG
UXOHV� WKH LQVWDQFHV IURP FODVVHV &M � M � L LQFRUUHFWO\ FRYHUHG E\ WKH FXUUHQW �FRPSOH[! VKRXOG
UHPDLQ EHFDXVH QRZ HDFK UXOH PXVW LQGHSHQGHQWO\ VWDQG DJDLQVW DOO LQFRUUHFWO\ FRYHUHG LQVWDQFHV�
&RYHUHG LQVWDQFHV KDYLQJ WKH FRUUHFW FODVV &L EHLQJ OHDUQHG PXVW EH UHPRYHG WR VWRS UHSHDWHGO\
nQGLQJ WKH VDPH UXOH�

+*+ �����
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3HUVRQDOO\� ,
P DOZD\V UHDG\ WR OHDUQ� DOWKRXJK , GR QRW DOZD\V OLNH

EHLQJ WDXJKW�

_:LQVWRQ &KXUFKLOO

7KH VWUHQJWKV RI UXOH LQGXFWLRQ LV FRPSUHKHQVLELOLW\ DQG ORZ VWRUDJH UHTXLUHPHQWV� +RZHYHU�
WKH SURFHVV RI LQGXFLQJ UXOHV LV D VORZHU SURFHVV WKDQ LQGXFLQJ GHFLVLRQ WUHHV DQG WKHUH DUH RIWHQ
PDQ\ YDULDEOHV WR WXQH�

,Q WKH IROORZLQJ VHFWLRQV VHYHUDO 0DFKLQH /HDUQLQJ DOJRULWKPV WKDW LQGXFH GHFLVLRQ WUHHV� DV ZHOO
DV RUGHUHG DQG XQRUGHUHG UXOHV� DUH GHVFULEHG LQ VRPH GHWDLO� &RPPDQGV� RSWLRQV DQG LQSXW
nOHV WR UXQ HDFK DOJRULWKP IROORZHG E\ D UXQQLQJ H[DPSOH RI HDFK DOJRULWKP DUH DOVR GHVFULEHG�

- ����

([SHULPHQWDWLRQ ZLWK YDULDQWV RI FXUUHQW OHDUQLQJ DOJRULWKPV� VSHFLDOO\

ZKHQ LW LV GLUHFWHG WRZDUGV SURELQJ WKHLU ZHDNQHVV� VKRXOG OHDG WR D

EHWWHU XQGHUVWDQGLQJ RI KRZ PHWKRGV UHODWH WR IDPLOLHV RI WDVNV� 7KLV

LV HVVHQWLDO LI ZH DUH WR GHVLJQ D QHZ JHQHUDWLRQ RI PRUH UREXVW DQG

HmHFWLYH OHDUQLQJ V\VWHPV�

_-RKQ 5RVV 4XLQODQ� �4XLQODQ� �����

&��� LV D PHPEHU RI WKH 7','7 IDPLO\ L�H�� &��� FUHDWHV GHFLVLRQ WUHHV WR UHSUHVHQW FODVVLnFDWLRQ
UXOHV �4XLQODQ� ������ $V VWDWHG HDUOLHU� D QRGH LQ D GHFLVLRQ WUHH UHSUHVHQWV D WHVW RQ D SDUWLFXODU
IHDWXUH�

6XSSRVH DQ REMHFW LV GHVFULEHG E\ LWV FRORU� VL]H DQG VKDSH LQ WKH IROORZLQJ ZD\�

q FRORUV PD\ KDYH YDOXHV ?UHG�� ?JUHHQ� RU ?EOXH��

q VL]H PD\ EH ?VPDOO�� ?PHGLXP� RU ?ODUJH��

q VKDSH PD\ EH ?FLUFOH� RU ?VTXDUH��

7KXV� LI WKH URRW QRGH RI WKH WUHH FRQWDLQV WKH FRORU IHDWXUH WKHQ LW PD\ KDYH WKUHH EUDQFKHV� RQH
IRU HDFK FRORU YDOXH� $V H[SODLQHG LQ 6HFWLRQ ��� �SDJH �� LI ZH ZLVK WR FODVVLI\ D QHZ XQODEHOHG
LQVWDQFH DQG LWV FRORU LV UHG� ZH KDYH WR GHVFHQG WKURXJK WKH UHG EUDQFK� $V OHDI QRGHV DUH
ODEHOHG ZLWK FODVV QDPHV ZKHQ D OHDI QRGH LV UHDFKHG� WKH QHZ LQVWDQFH ZLOO EH FODVVLnHG ZLWK
WKH QDPH RI WKH OHDI QRGH�

�
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%XLOGLQJ D GHFLVLRQ WUHH LQ &��� SURFHHGV DV IROORZV �4XLQODQ� ������ $OO H[DPSOHV DUH GLYLGHG
LQ WZR GLVMRLQW VXEVHWV� WKH WUDLQLQJ VHW DQG WKH SUXQH VHW� 8VLQJ WKH WUDLQLQJ VHW� D IHDWXUH
LV FKRVHQ WR VSOLW LW DFFRUGLQJ WR IHDWXUH YDOXHV� ,QGHHG� LI FRORU LV FKRVHQ WKHQ DOO UHG REMHFWV
GHVFHQG WKH UHG EUDQFK� DOO JUHHQ REMHFWV GHVFHQG WKH JUHHQ EUDQFK DQG VR RQ� $IWHU WKDW� WKH
RULJLQDO WUDLQLQJ VHW LV SDUWLWLRQHG E\ FRORU LQWR VPDOOHU VXEVHWV� )RU HDFK VXEVHW� DQRWKHU IHDWXUH
LV FKRVHQ IRU VSOLWWLQJ� 7KLV FRQWLQXHV DV ORQJ DV HDFK VXEVHW FRQWDLQV LQVWDQFHV EHORQJLQJ WR
GLmHUHQW FODVVHV� 2QFH D XQLIRUP VXEVHW _ L�H�� DOO LQVWDQFHV LQ WKDW VXEVHW EHORQJV WR WKH
VDPH FODVV _ KDV EHHQ REWDLQHG� D OHDI QRGH LV FUHDWHG DQG ODEHOHG ZLWK WKH VDPH QDPH RI WKH
UHVSHFWLYH FODVV�

,Q &��� HDFK OHDI QRGH DVVXPHV WKH IRUP�

�&L! �1� RU
�&L! �1 (�

ZKHUH &L LV RQH FODVV ODEHO DQG 1 LV WKH VXP RI WKH IUDFWLRQDO LQVWDQFHV WKDW UHDFK WKDW OHDI�
( LV WKH QXPEHU RI LQVWDQFHV WKDW EHORQJ WR FODVVHV RWKHU WKDQ FODVV &L IRU XQSUXQHG WUHHV�
)RU SUXQHG WUHHV� ( LV MXVW WKH QXPEHU RI SUHGLFWHG HUURUV LI D VHW RI 1 XQVHHQ LQVWDQFHV ZHUH
FODVVLnHG E\ WKH WUHH�

-*( #�������  �� !�� &�� �
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7KH NH\ WR WKH VXFFHVV RI D GHFLVLRQ WUHH OHDUQLQJ DOJRULWKP GHSHQGV RQ WKH FULWHULRQ XVHG WR
VHOHFW WKH IHDWXUH IRU VSOLWWLQJ� ,I D IHDWXUH LV D VWURQJ LQGLFDWRU RI DQ LQVWDQFH
V FODVV YDOXH� LW
VKRXOG DSSHDU DV HDUO\ LQ WKH WUHH DV SRVVLEOH _ QHDU WKH URRW�

0RVW GHFLVLRQ WUHH OHDUQLQJ DOJRULWKPV XVH D KHXULVWLF IRU HVWLPDWLQJ WKH EHVW IHDWXUH� &���
XVHV D PRGLnHG YHUVLRQ RI WKH HQWURS\ PHDVXUH IURP LQIRUPDWLRQ WKHRU\� )RU RXU SXUSRVHV� LW
LV VXpFLHQW WR VWDWH WKDW WKLV PHDVXUH \LHOGV D QXPEHU EHWZHHQ � DQG �� ZKHUH � LQGLFDWHV DQ
XQLIRUP VHW �RQO\ RQH FODVV YDOXH LV SUHVHQW IRU DOO LQVWDQFHV RI WKDW IHDWXUH� DQG � LQGLFDWHV D VHW
ZKHUH WKHUH LV HTXDO OLNHOLKRRG RI DOO FODVV YDOXHV EHLQJ SUHVHQW� 7KH VSOLWWLQJ FULWHULRQ VHDUFKV
IRU PLQLPL]LQJ WKH HQWURS\� 6SHFLnFDOO\� &��� XVHV WKH JDLQ UDWLRQ FULWHULRQ WR FKRRVH WKH EHVW
IHDWXUH WR VSOLW�
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&��� GHDOV ZLWK FRQWLQXRXV IHDWXUHV E\ GLYLGLQJ WKH UDQJH RI WKRVH IHDWXUHV LQWR GLVFUHWH VXE�
UDQJHV� 7HVWV RQ VXFK IHDWXUHV DVVXPH WKH IRUP�

;L RS 9DOXH

ZKHUH ;L LV D IHDWXUH� RS LV DQ RSHUDWRU LQ WKH VHW I���� !�wJ DQG 9DOXH LV D YDOLG IHDWXUH
;L FRQVWDQW YDOXH� 9DOXH LV IRXQG E\ VRUWLQJ DOO YDOXHV IRU IHDWXUH ;L IRU D GDWDVHW ZLWK Q
LQVWDQFHV� /HW XV GHQRWH WKH VRUWHG YDOXHV IRU IHDWXUH ;L DV I[�� [�� � � � � [QJ� DVVXPLQJ WKH
ZRUVW FDVH ZKHQ DOO LQVWDQFHV KDYH GLmHUHQW ;L YDOXHV� &RQVHTXHQWO\� DQ\ WKUHVKROG YDOXH O\LQJ
LQ WKH UDQJH I[M� [M��J ZLOO GLYLGH LQVWDQFHV LQWR WKRVH ZKRVH YDOXH RI IHDWXUH ;L OLHV EHWZHHQ

�
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2EVHUYH WKDW WKHUH DUH RQO\ �Q b �� SRVVLEOH VSOLWV RQ ;L� 6LQFH YDOXHV I[�� [�� � � � � [QJ DUH
VRUWHG� LW LV HDV\ WR XSGDWH WKH FODVV GLVWULEXWLRQ WR WKH OHIW DQG WR WKH ULJKW RI WKH WKUHVKROG�

,W LV XVXDO WR FKRRVH WKH PLGSRLQW RI HDFK LQWHUYDO I[M� [M��J JLYHQ E\

[M � [M��

�

DV WKH UHSUHVHQWDWLYH WKUHVKROG� +RZHYHU� &��� FKRRVHV WKH ODUJHVW YDOXH RI ;L LQ WKH HQWLUH
WUDLQLQJ VHW WKDW GRHV QRW H[FHHG WKH PLGSRLQW RI HDFK LQWHUYDO� UDWKHU WKDQ WKH PLGSRLQW LWVHOI�
HQVXULQJ WKDW DOO YDOXHV DSSHDULQJ LQ WKH WUHH DFWXDOO\ RFFXU LQ WKH GDWD�

$IWHUZDUGV� WKH YDOXHV RI JDLQ UDWLR IURP GLYLVLRQ EDVHG RQ WKH �Qb �� SRVVLEOH WKUHVKROGV DUH
FDOFXODWHG DQG WKH GLYLVLRQ WKDW JLYHV D JUHDWHU JDLQ UDWLR EHFRPHV WKH URRW RI WKH GHFLVLRQ WUHH
�RU WKH FXUUHQW VXEWUHH��

-*- 1������� ��"���� 2�����

7KH WUHDWPHQW RI PLVVLQJ IHDWXUH YDOXHV _ UHSUHVHQWHG DV C"
 _ LQ &��� IROORZV LQIRUPDWLRQ
WKHRU\ DV ZHOO� /HW 7 EH WKH WUDLQLQJ VHW DQG W�;L� D WHVW EDVHG RQ VRPH IHDWXUH ;L� 6XSSRVH
WKDW RQO\ D IUDFWLRQ ) RI IHDWXUH ;L
V YDOXH LV NQRZQ� ,Q WKLV FDVH &��� WDNHV WKLV LQWR DFFRXQW
ZKHQ FRPSXWLQJ WKH LQIRUPDWLRQ JDLQ� LW FRQVLGHUV RQO\ WKH IUDFWLRQ ) RI NQRZQ YDOXHV�

-*/ 1������� .���� ��� �����

$ IXUWKHU UHnQHPHQW LV UHTXLUHG WR KDQGOH QRLV\ GDWD� 5HDO GDWDVHWV RIWHQ FRQWDLQ LQVWDQFHV
WKDW DUH PLVFODVVLnHG RU ZKLFK KDYH LQFRUUHFW IHDWXUH YDOXHV RU HYHQ DUH LQFRQVLVWHQW� 6XSSRVH
WKDW _ LQ D WZR FODVV SUREOHP _ WKH GHFLVLRQ WUHH EXLOGLQJ KDV FRQVWUXFWHG D QRGH ZLWK ���
LQVWDQFHV IURP FODVV � DQG RQO\ RQH LQVWDQFH IURP FODVV �� $FFRUGLQJ WR WKH JHQHUDO 7','7
DOJRULWKP� D IXUWKHU VSOLW ZRXOG EH UHTXLUHG WR VHSDUDWH WKH ��� FODVV � LQVWDQFHV IURP MXVW RQH
LQVWDQFH LQ FODVV ��

+RZHYHU� WKH RQH H[FHSWLRQ PD\ EH PLVODEHOHG RU QRLVH� FDXVLQJ DQ XQQHFHVVDU\ VSOLW� 'HFLVLRQ
WUHH OHDUQLQJ DOJRULWKPV KDYH D YDULHW\ RI PHWKRGV IRU SUXQLQJ XQZDQWHG VXEWUHHV� &��� JURZV
D FRPSOHWH WUHH� LQFOXGLQJ QRGHV FUHDWHG DV UHVXOW RI QRLVH� )ROORZLQJ LQLWLDO WUHH EXLOGLQJ� WKH
DOJRULWKP SURFHHGV WR VHOHFW VXVSHFW VXEWUHHV DQG SUXQH WKHP� WHVWLQJ WKH QHZ WUHH RQ D GDWDVHW
ZKLFK LV VHSDUDWHG IURP WKH LQLWLDO WUDLQLQJ VHW L�H�� WKH SUXQH VHW� 3UXQLQJ FRQWLQXHV DV ORQJ DV
WKH SUXQHG WUHH \LHOGV PRUH DFFXUDWH FODVVLnFDWLRQV RQ WKH WHVW GDWD �4XLQODQ� ����E��
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:KHQ D QHZ LQVWDQFH VKRXOG EH FODVVLnHG� EHJLQQLQJ IURP WKH URRW RI WKH LQGXFHG WUHH� &���
WHVWV�DQG�EUDQFKHV HDFK QRGH ZLWK WKH UHVSHFWLYH IHDWXUH XQWLO LW UHDFKHV RQH OHDI� 7KH FODVV
SUHGLFWLRQ RI WKLV LQVWDQFH LV WKHQ DVVLJQHG DV WKH FODVV RI WKDW OHDI�

�
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F��� 7KLV FRPPDQG LQYRNHV GHFLVLRQ WUHH EXLOGLQJ �VHH 6HFWLRQ ��� IRU RSWLRQV RI WKLV FRPPDQG��

F���UXOHV 7KLV FRPPDQG LQYRNHV UXOH LQGXFWLRQ� ,W VKRXOG RQO\ EH XVHG DIWHU UXQQLQJ WKH GHFLVLRQ
WUHH F���� VLQFH LW UHDGV WKH �XQSUXQHG nOH FUHDWHG E\ WKLV SURJUDP�

FRQVXOW $IWHU LQGXFLQJ GHFLVLRQ WUHHV ZLWK F���� WKLV SURJUDP FDQ EH XVHG WR FRQVXOW WKH JHQ�
HUDWHG FODVVLnHU� 7KLV SURJUDP UHTXHVWV YDOXHV RI IHDWXUHV IURP WKH XVHU� )RU GLVFUHWH
IHDWXUHV� YDOLG XVHU DQVZHUV DUH�

q ?"� LQGLFDWLQJ XQNQRZQ IHDWXUH YDOXH�

q D VLQJOH YDOXH�

q D VHW RI SRVVLEOH YDOXHV LQ WKH IRUP [� � S�� [� � S�� ���� [U � SU ZKHUH [L DUH SRVVLEOH
YDOXHV DQG SL DUH WKH FRUUHVSRQGLQJ YDOXH SUREDELOLWLHV�

)RU UHDO YDOXHG IHDWXUHV� YDOLG XVHU DQVZHUV DUH�

q ?"� LQGLFDWLQJ XQNQRZQ IHDWXUH YDOXH�

q D VLQJOH QXPEHU�

q D UDQJH FRQVLVWLQJ RI WZR QXPEHUV VHSDUDWHG E\ D K\SKHQ� ,Q WKLV FDVH WKH IHDWXUH
YDOXH LV DVVXPHG DV EHLQJ XQLIRUPO\ GLVWULEXWHG LQ WKH UDQJH�

(DFK XVHU DQVZHU PXVW EH IROORZHG E\ D UHWXUQ� $IWHU UHTXHVWLQJ DOO QHHGHG GDWD WKH
FODVVLnFDWLRQ IRU WKDW SDUWLFXODUO\ LQVWDQFH LV VKRZHG�

FRQVXOWU 7KLV SURJUDP LV XVHG WR FRQVXOW UXOHV LQGXFHG E\ F���UXOHV� 9DOLG XVHU DQVZHUV DUH WKH
VDPH DV IRU FRQVXOW�

-*5 &����

$OO nOHV UHDG DQG ZULWWHQ E\ &��� DVVXPH WKH IRUP nOHVWHP�H[WHQVLRQ� ZKHUH H[WHQVLRQ FKDUDF�
WHUL]HV WKH W\SH RI GDWD LQYROYHG�

�QDPHV 7KLV WH[W nOH SURYLGHV QDPHV IRU FODVVHV� IHDWXUHV DQG HQXPHUDWHG SRVVLEOH IHDWXUH
YDOXHV� (DFK OLQH HQGLQJ ZLWK D SHULRG� %ODQN OLQHV� VSDFHV DQG WDEV FDQ EH XVHG IRU
FODULW\� $Q\WKLQJ IURP WKH YHUWLFDO EDU �_� WR WKH HQG RI OLQH LV LJQRUHG DQG FDQ EH XVHG
IRU FRPPHQWV�

7KH nUVW HQWU\ PXVW EH WKH FODVV YDOXHV� VHSDUDWHG E\ FRPPDV DQG WHUPLQDWLQJ ZLWK D
SHULRG� 7KHUH PXVW EH DW OHDVW WZR FODVV QDPHV� QR PDWWHU WKHLU RUGHU�

7KH UHPDLQLQJ HQWULHV FRQVLVW RI RQH OLQH IRU HDFK IHDWXUH� $ IHDWXUH GHVFULSWLRQ EHJLQV
ZLWK IHDWXUH QDPH �QR FRPPD� FRORQ� YHUWLFDO EDU DQG EODFNVODVK DUH DOORZHG LQ IHDWXUH
QDPHV� IROORZHG E\ D FRORQ DQG WKHQ SRVVLEOH YDOXHV WKH IHDWXUH FDQ WDNH �HQGHG ZLWK D
SHULRG�� 7KH SRVVLEOH YDOXHV DUH�

q LJQRUH FDXVLQJ WKH IHDWXUH WR EH FRPSOHWHO\ LJQRUHG�

q FRQWLQXRXV LQGLFDWLQJ LQWHJHU RU oRDWLQJ SRLQW YDOXHV�

�



q GLVFUHWH 1 ZKHUH 1 ! � LV DQ LQWHJHU VSHFLI\LQJ WKH IHDWXUH FDQ WDNH QR PRUH WKDQ
1 GLVFUHWH YDOXHV�

q D OLVW RI QDPHV VHSDUDWHG E\ FRPPDV� LQGLFDWLQJ WKH IHDWXUH FDQ WDNH GLVFUHWH YDOXHV�
)RU LQVWDQFH�

FRORU� UHG� JUHHQ� EOXH�

7KH GLmHUHQFH EHWZHHQ CGLVFUHWH 1 
 DQG D OLVW RI QDPHV LV WKDW LQ WKH nUVW FDVH� &���
FDQQRW FKHFN IHDWXUH YDOXHV VXSSOLHG LQ WKH �QDPHV nOH DJDLQVW WKH �GDWD nOH DV LW LV
GRQH ZKHQHYHU WKH OLVW RI YDOXHV LV XVHG� 7KHUHIRUH� LW LV UHFRPPHQGHG WR XVH D OLVW
RI YDOXHV LQVWHDG RI CGLVFUHWH 1 
 ZKHQHYHU SRVVLEOH�

,W VKRXOG EH REVHUYHG WKDW DOWKRXJK WKH RUGHU RI IHDWXUH GHFODUDWLRQ LV QRW UHOHYDQW� LW
PXVW IROORZ WKH H[DFW GDWD SRVLWLRQ LQ WKH �GDWD nOH� ,Q RWKHU ZRUGV� IHDWXUH GHFODUDWLRQ
GHnQHV WKH IHDWXUH YDOXH SRVLWLRQ LQ WKH �GDWD nOH�

�GDWD (DFK OLQH IURP WKLV WH[W nOH GHVFULEHV RQH LQVWDQFH� SURYLGLQJ YDOXHV IRU HDFK IHDWXUH�
(DFK YDOXH PXVW EH VHSDUDWHG E\ RWKHU XVLQJ FRPPDV DQG RSWLRQDOO\ WHUPLQDWHG E\ SHULRG�
7KH IHDWXUH YDOXHV PXVW DSSHDU H[DFWO\ LQ WKH VDPH RUGHU DV WKH\ DUH GHFODUHG LQ WKH
�QDPHV nOH� 8QNQRZQ YDOXHV FDQ EH VSHFLnHG E\ D TXHVWLRQ PDUN� 7KH RUGHU RI LQVWDQFHV
LV QRW UHOHYDQW� 7KLV nOH LV UHTXLUHG IRU UXQQLQJ F��� RU F���UXOHV�

2EVHUYH WKH FODVV ODEHO PXVW EH WKH ODVW FROXPQ� GHVSLWH LW LV GHFODUHG nUVW LQ WKH �QDPHV
nOH�

�WHVW 7KLV RSWLRQDO WH[W nOH DVVXPHV WKH VDPH IRUP RI WKH �GDWD nOH� ,W LV XVHG WR HYDOXDWH
DFFXUDF\ RI WKH JHQHUDWHG FODVVLnHU� 1RUPDOO\� WKLV nOH VKRXOG QRW FRQWDLQ DQ\ LQVWDQFH
SUHVHQW LQ WKH �GDWD nOH�

�XQSUXQHG 2XWSXW ELQDU\ nOH FRQWDLQLQJ XQSUXQHG WUHHV JHQHUDWHG E\ F���� 7KLV nOH LV XVHG
E\ F���UXOHV�

�WUHH 2XWSXW ELQDU\ nOH FRQWDLQLQJ WKH nQDO SUXQHG WUHH� ,I PRUH WKDQ RQH WUHH LV JHQHUDWHG
YLD ZLQGRZLQJ� WKH EHVW RQH LV FKRVHQ� 7KLV nOH LV XVHG E\ FRQVXOW�

�UXOHV 2XWSXW ELQDU\ nOH FRQWDLQLQJ WKH nQDO UXOH VHW JHQHUDWHG E\ F���UXOHV� ,W LV XVHG E\
FRQVXOWU�

-*6 ���� �� ����

7KLV VHFWLRQV GHVFULEHV &��� FRPPDQG OLQH RSWLRQV� )RU PRUH GHWDLOV� FRQVXOW �4XLQODQ� ������
)RU UXQQLQJ &���� WKH FRPPDQG OLQH DVVXPHV WKH IRUP�

F��� >RSWLRQV@

2SWLRQV FDQ DSSHDU LQ DQ\ RUGHU DQG WKH\ FDQ EH�

q �I nOHVWHP

6SHFLI\ WKH LQSXW GDWDVHW� 1R H[WHQVLRQ VKRXOG EH JLYHQ� ,I QR nOHVWHP LV JLYHQ� WKH GHIDXOW
YDOXH ') LV DVVXPHG �WKHUHIRUH� ')�QDPHV DQG ')�GDWD ZLOO EH VHDUFKHG LQ WKH FXUUHQW
SDWK��

�



q �X

7HOO &��� WR XVH D WHVW nOH ��WHVW�� 7KH GHIDXOW LV QRW WR XVH D WHVW nOH�

q �V

&DXVH JURXSLQJ RQ GLVFUHWH YDOXHV �LQ VHWV� IRU QRGH WHVWV� 7KH GHIDXOW LV QR JURXSLQJ�
FRQVHTXHQWO\ HDFK LQWHUQDO WUHH QRGH EUDQFKHV VHSDUDWHO\ IRU HYHU\ SRVVLEOH IHDWXUH YDOXH�

q �P ZHLJKW

*HQHUDOO\ XVHG IRU QRLV\ GDWD WR DYRLG WUHHV ZLWK OLWWOH SUHGLFWLYH SRZHU� ,W LQGLFDWHV
WKDW HDFK WHVW PXVW KDYH DW OHDVW ZHLJKW RXWFRPHV ZLWK D PLQLPXP QXPEHU RI LQVWDQFHV
�WKH VXP RI WKH ZHLJKWV RI WKH LQVWDQFHV IRU DW OHDVW WZR RI WKH VXEVHWV PXVW DWWDLQ VRPH
PLQLPXP�� +LJKHU YDOXHV PD\ EH LQWHUHVWLQJ IRU WDVNV ZLWK QRLV\ GDWD� 7KH GHIDXOW YDOXH
LV ��

q �F &)

7KH &) YDOXH DmHFWV WUHH SUXQLQJ� 6PDOO YDOXHV FDXVH PRUH KHDY\ SUXQLQJ WKDQ ODUJH
YDOXHV� 7KH GHIDXOW YDOXH LV ����

q �Y OHYHO

,QGLFDWH WKH YHUERVLW\ OHYHO WR EH XVHG� IURP � WR �� /HYHO � DQG DERYH JHQHUDWHV ORWV RI
DPRXQW RI RXWSXW� 7KH GHIDXOW YDOXH LV ��

q �W WUHHV

,QYRNH ZLQGRZLQJ� LQ ZKLFK WUHHV DUH JURZQ LWHUDWLYHO\� ,W VSHFLnHV WKH QXPEHU RI WUHHV WR
EH JURZQ EHIRUH RQH LV VHOHFWHG DV WKH EHVW RQH� 2QH RI WKH IROORZLQJ ZLQGRZLQJ RSWLRQV
VKRXOG EH XVHG RU WKH SURJUDP ZLOO JURZ D VLQJOH WUHH LQ WKH VWDQGDUG ZD\� 7KH GHIDXOW
YDOXH LV ���

q �Z VL]H

$FWLYDWH ZLQGRZLQJ DQG JLYH WKH QXPEHU RI LQVWDQFHV WKDW FDQ EH LQFOXGHG LQ WKH LQLWLDO
ZLQGRZ� 7KH GHIDXOW YDOXH LV PD[I���Q� �

S
QJ� ZKHUH Q LV WKH QXPEHU RI WUDLQLQJ LQVWDQFHV�

q �L LQFUHPHQW

$FWLYDWH ZLQGRZLQJ DQG JLYH WKH PD[LPXP QXPEHU RI LQVWDQFHV WKDW FDQ EH DGGHG WR
WKH ZLQGRZ DW HDFK LWHUDWLRQ� +RZHYHU� DW OHDVW KDOI RI WKH QXPEHU RI WUDLQLQJ LQVWDQFHV
PLVFODVVLnHG E\ WKH FXUUHQW UXOH DUH DGGHG WR WKH QH[W ZLQGRZ� QR PDWWHU WKH YDOXH RI
WKLV RSWLRQ� 7KH GHIDXOW YDOXH LV ��� RI WKH LQLWLDO ZLQGRZ VL]H�

q �J

&KDQJH WKH FKRLFH RI WKH EHVW IHDWXUH IURP JDLQ UDWLR WR WKH ROGHU JDLQ FULWHULRQ� 7KH
GHIDXOW YDOXH LV WKH PRVW UHFHQW JDLQ UDWLRQ FULWHULRQ�

q �S

(QDEOH VXEVLGLDU\ FXWSRLQWV �UDQJH� IRU WHVW RQ FRQWLQXRXV IHDWXUHV� 7KH GHIDXOW YDOXH LV
WR XVH KDUG WKUHVKROGV �RQH YDOXH��

-*'7 8������

7KLV VHFWLRQ VKRZV D UXQQLQJ H[DPSOH� DGDSWHG IURP �4XLQODQ� ������ IRU EHWWHU XQGHUVWDQGLQJ
KRZ &��� EXLOGV D '7� ,Q RUGHU WR FODULI\ WKH GLmHUHQFH DPRQJ WKH YDULRXV PDFKLQH OHDUQLQJ
DSSURDFKHV FRQVLGHUHG LQ WKLV ZRUN� WKH VDPH H[DPSOH ZLOO EH XVHG LQ WKH UHPDLQLQJ VHFWLRQV�

��



/HW XV VXSSRVH D GDWDVHW FRQWDLQLQJ GD\�E\�GD\ PHDVXUHV IURP ZHDWKHU FRQGLWLRQV ZKHUH HDFK
LQVWDQFH LV FRPSRVHG RI WKH IROORZLQJ IHDWXUHV�

q RXWORRN� DVVXPHV GLVFUHWH YDOXHV ?VXQQ\�� ?RYHUFDVW� RU ?UDLQ��

q WHPSHUDWXUH� D QXPHULF YDOXH LQGLFDWLQJ WKH WHPSHUDWXUH LQ &HOVLXV GHJUHHV�

q KXPLGLW\� DOVR D QXPHULF YDOXH LQGLFDWLQJ WKH SHUFHQWDJH RI KXPLGLW\�

q ZLQG\� DVVXPHV GLVFUHWH YDOXHV ?\HV� RU ?QR� LQGLFDWLQJ LI LW LV D ZLQG\ GD\�

,QVWDQFH 1R� 2XWORRN 7HPSHUDWXUH +XPLGLW\ :LQG\ 9R\DJH"

7� VXQQ\ �� �� \HV JR

7� VXQQ\ �� �� \HV GRQW JR

7� VXQQ\ �� �� QR JR

7� VXQQ\ �� �� QR GRQW JR

7� VXQQ\ �� �� QR GRQW JR

7� RYHUFDVW �� �� \HV JR

7� RYHUFDVW �� �� QR JR

7� RYHUFDVW �� �� \HV GRQW JR

7� RYHUFDVW �� �� QR JR

7�� RYHUFDVW �� �� \HV JR

7�� UDLQ �� �� QR JR

7�� UDLQ �� �� \HV GRQW JR

7�� UDLQ �� �� \HV GRQW JR

7�� UDLQ �� �� QR JR

7�� UDLQ �� �� QR JR

7DEOH �� 7KH YR\DJH GDWD

)XUWKHUPRUH� IRU HDFK GD\ �LQVWDQFH�� VRPHRQH KDV ODEHOHG HDFK GD\�E\�GD\ PHDVXUH DV ?JR� LI
ZHDWKHU ZDV QLFH HQRXJK IRU WDNLQJ D WULS WR WKH IDUP RU ?GRQW JR� LI WKLV LV QRW WKH FDVH� 7KH
GDWD FRXOG ORRN MXVW OLNH WKH RQH VKRZQ LQ 7DEOH �� $OWKRXJK WKLV H[DPSOH KDV RQO\ WZR SRVVLEOH
FODVV ODEHOV� LW LV LPSRUWDQW WR UHFDOO WKDW D &��� DQG RWKHU '7 LQGXFHUV� FDQ KDQGOH DQ\ QXPEHU
N RI FODVVHV I&�� &�� � � � � &NJ�

������ ,QSXW 'DWD

)LJXUHV � DQG � VKRZ WKH FRUUHVSRQGLQJ YR\DJH�QDPHV DQG YR\DJH�GDWD� UHVSHFWLYHO\� )RU WKLV
H[DPSOH� QR YR\DJH�WHVW nOH LV XVHG�

JR� GRQWBJR� _ &ODVVHV

_ )HDWXUHV

RXWORRN� VXQQ\� RYHUFDVW� UDLQ�

WHPSHUDWXUH� FRQWLQXRXV�

KXPLGLW\� FRQWLQXRXV�

ZLQG\� \HV� QR�

)LJXUH �� 7KH &��� YR\DJH�QDPHV nOH

��



VXQQ\� ������\HV�JR

VXQQ\� ������\HV�GRQWBJR

VXQQ\� ������QR� JR

VXQQ\� ������QR� GRQWBJR

VXQQ\� ������QR� GRQWBJR

RYHUFDVW�������\HV�JR

RYHUFDVW�������QR� JR

RYHUFDVW�������\HV�JR

RYHUFDVW�������QR� JR

RYHUFDVW�������\HV�GRQWBJR

UDLQ� ������QR� JR

UDLQ� ������\HV�GRQWBJR

UDLQ� ������\HV�GRQWBJR

UDLQ� ������QR� JR

UDLQ� ������QR� JR

)LJXUH �� 7KH &��� YR\DJH�GDWD nOH

������ 7KH &ODVVLnHU

)RU UXQQLQJ &��� ZLWK GHIDXOW RSWLRQV� ZH MXVW QHHG WR VSHFLI\ WKH nOHVWHP WR EH XVHG�

F��� �I YR\DJH

)LJXUH � VKRZV WKH RXWSXW JHQHUDWHG E\ &����

������ &RQVXOWLQJ WKH &ODVVLnHU

$IWHU LQGXFLQJ WKH GHFLVLRQ WUHH� ZH ZRXOG OLNH WR NQRZ� EDVHG RQ LQIRUPDWLRQ JDWKHUHG IURP
WRGD\ ZHDWKHU LI ZRXOG EH QLFH WR WDNH D WULS� 2XU GDWD DERXW WRGD\ FRXOG ORRN OLNH �RXWORRN�
WHPSHUDWXUH� KXPLGLW\� ZLQG\�  �VXQQ\� ��� ��� QR� DQG �"� ��� ��� \HV�� 1RWH WKDW WKHVH
LQVWDQFHV GR QRW H[LVW LQ WKH WUDLQLQJ VHW SUHVHQWHG WR WKH LQGXFHU� :H FDQ XVH�

FRQVXOW �I YR\DJH �Y

WR JHW WKH DQVZHU� 7KH �Y RSWLRQ LV XVHG MXVW IRU JHWWLQJ PRUH GHWDLOV DERXW WKH FRQVXOWLQJ
SURFHVV EXW LW LV QRW UHDOO\ QHHGHG� 7KH RXWSXW RI WKH FRQVXOW VHVVLRQ LV VKRZQ LQ )LJXUH ��

-*'' �0�

<RX FDQ nQG &��� LQ WKH 85/�

KWWS���ZZZ�FVH�XQVZ�HGX�DX�zTXLQODQ�

��



&��� >UHOHDVH �@ GHFLVLRQ WUHH JHQHUDWRU 7KX 2FW � �������� ����

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

2SWLRQV�

)LOH VWHP �YR\DJH!

5HDG �� FDVHV �� DWWULEXWHV� IURP YR\DJH�GDWD

'HFLVLRQ 7UHH�

RXWORRN  RYHUFDVW� JR ���������

RXWORRN  VXQQ\�

_ KXPLGLW\ � �� � JR �����

_ KXPLGLW\ ! �� � GRQWBJR �����

RXWORRN  UDLQ�

_ ZLQG\  \HV� GRQWBJR �����

_ ZLQG\  QR� JR �����

7UHH VDYHG

(YDOXDWLRQ RQ WUDLQLQJ GDWD ��� LWHPV��

%HIRUH 3UXQLQJ $IWHU 3UXQLQJ

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

6L]H (UURUV 6L]H (UURUV (VWLPDWH

� �� ����� � �� ����� ������� ��

)LJXUH �� 7KH YR\DJH &��� FODVVLnHU

��



&��� >UHOHDVH �@ GHFLVLRQ WUHH LQWHUSUHWHU 6XQ 2FW �� �������� ����

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

RXWORRN� VXQQ\

:HLJKW �� WHVW DWW RXWORRN �YDO VXQQ\  ��

KXPLGLW\� ��

:HLJKW �� WHVW DWW KXPLGLW\ �EUDQFK ZHLJKW ��

&ODVV JR ZHLJKW � FDVHV �

FODVV � ZHLJKW ����

FODVV � ZHLJKW ����

'HFLVLRQ�

JR &)  ���� > ���� � ���� @

5HWU\� QHZ FDVH RU TXLW >U�Q�T@� Q

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

RXWORRN� "

KXPLGLW\� ��

:HLJKW ��������� WHVW DWW KXPLGLW\ �EUDQFK ZHLJKW ��

&ODVV GRQWBJR ZHLJKW �������� FDVHV �

&ODVV JR ZHLJKW �������� FDVHV �

ZLQG\� \HV

:HLJKW ��������� WHVW DWW ZLQG\ �YDO \HV  ��

&ODVV GRQWBJR ZHLJKW �������� FDVHV �

FODVV � ZHLJKW ����

FODVV � ZHLJKW ����

'HFLVLRQ�

GRQWBJR &)  ���� > ���� � ���� @

5HWU\� QHZ FDVH RU TXLW >U�Q�T@� T

)LJXUH �� &RQVXOWLQJ WKH YR\DJH &��� FODVVLnHU

��



-*'( �����
�

7KLV LV D YHU\ ZHOO�ZULWWHQ ERRN� DQG DQ\ UHDGHU QRW IDPLOLDU ZLWK 4XLQ�

ODQ
V ZULWLQJV ZLOO TXLFNO\ GLVFRYHU WKDW 4XLQODQ
V VW\OH LV UHIUHVKLQJO\

FOHDU� 7KH H[DPSOHV DUH HVSHFLDOO\ KHOSIXO� DV WKH\ SURYLGH FRQFUHWH

LOOXVWUDWLRQV RI PDQ\ RI WKH DOJRULWKPLF GHWDLOV RI &���� ,Q SDUW EHFDXVH

WKH ZULWLQJ LV VR JRRG� LW ZRXOG KDYH EHHQ QLFH WR KDYH D ORQJHU ERRN

LQ ZKLFK KH VXUYH\HG VRPH RI WKH VXEVWDQWLDO ERG\ RI OLWHUDWXUH RQ

GHFLVLRQ WUHHV� VXFK DV SUXQLQJ PHWKRGV� DOWHUQDWLYH JRRGQHVV FULWHULD�

DQG H[SHULPHQWDO UHVXOWV�

_6WHYHQ /� 6DO]EHUJ� %RRN 5HYLHZ RI �4XLQODQ� �����

&��� LV RQH RI WKH PRVW �LI QRW WKH PRVW� IDPRXV LQGXFHU IRU GHFLVLRQ WUHHV� ,Q JHQHUDO� LWV FRGH
LV UREXVW HQRXJK IRU UXQQLQJ LQ VHYHUDO SODWIRUPV DQG LWV UHVWULFWLRQV DERXW QXPEHU RI LQVWDQFHV
DQG IHDWXUHV DUH RQO\ OLPLWHG E\ WKH RSHUDWLQJ V\VWHP�

,Q PDQ\ VLWXDWLRQV� &��� KDV EHHQ XVHG DV D EDVHOLQH LQGXFHU IRU FRPSDULVRQ ZLWK QHZ RQHV� ,Q
IDFW� LWV SHUIRUPDQFH LV JRRG HQRXJK LQ PRVW RI� EXW QRW DOO� GRPDLQV�

/ ���������

'LVFRYHU\ FRQVLVWV RI VHHLQJ ZKDW HYHU\ERG\ KDV VHHQ DQG WKLQNLQJ

ZKDW QRERG\ KDV WKRXJKW�

_$OEHUW YRQ 6]HQW�*\RHUJ\L

&���UXOHV LV D OHDUQLQJ DOJRULWKP WKDW FUHDWHV GHFLVLRQ UXOHV H[WUDFWHG IURP &��� GHFLVLRQ WUHH �4XLQ�
ODQ� ����D�� 7KHUHIRUH� EHIRUH UXQQLQJ &���UXOHV LW LV QHFHVVDU\ WR UXQ &����

7KH PRWLYDWLRQ IRU &���UXOHV LV WKDW ODUJH GHFLVLRQ WUHHV DUH GLpFXOW WR UHDG� 7KLV LV EHFDXVH
HDFK QRGH KDV D VSHFLnF FRQWH[W HVWDEOLVKHG E\ RXWFRPHV RI WHVWV DW SDUHQW QRGHV�

/*' �������� 0���� 

�� %
��

7KH SURFHVV RI H[WUDFWLQJ UXOHV IURP D WUHH FDQ EH DV VLPSOH DV JHQHUDWLQJ RQH UXOH IRU HDFK OHDI�
&���UXOHV GRHV D OLWWOH PRUH ZRUN WKDQ WKDW� IRU HDFK UXOH �H[WUDFWHG IURP WKH XQSUXQHG WUHH�
LW UHPRYHV RQH�E\�RQH LWV FRQGLWLRQV DQG LW HYDOXDWHV HDFK UHVXOWLQJ UXOH XVLQJ WKH SHVVLPLVWLF

HUURU �4XLQODQ� ������ 7KH EHVW FRQGLWLRQ WR EH UHPRYHG IURP UHVXOWLQJ UXOH LV WKH RQH ZLWK WKH
ORZHVW SHVVLPLVWLF HUURU� $IWHU WKDW� WKLV SURFHVV LV UHSHDWHG XQWLO LW LV QRW SRVVLEOH WR GHOHWH D
UXOH FRQGLWLRQ ZLWKRXW LQFUHDVLQJ LWV SHVVLPLVWLF HUURU� 7KHQ� IRU HDFK FODVV� DOO VLPSOLnHG UXOHV
DUH HYDOXDWHG LQ RUGHU WR UHPRYH UXOHV WKDW GR QRW FRQWULEXWH WR WKH DFFXUDF\ RI WKH ZKROH UXOH
VHW�

$IWHU LQGXFLQJ WKH ZKROH UXOH VHW� DOO UXOHV IRU D VLQJOH FODVV DSSHDU WRJHWKHU WU\LQJ WR PLQLPL]H
IDOVH SRVLWLYH HUURUV �%DUDQDXVNDV DQG 0RQDUG� ������ 7KLV PHDQV WKDW WKHUH LV QR RUGHU LQ
UXOHV SUHGLFWLQJ WKH VDPH FODVV� +RZHYHU� LQWUD�FODVV UXOHV PXVW REH\ WKH RULJLQDO RUGHU JLYHQ E\
&���UXOHV� ,Q RWKHU ZRUGV� UXOHV SUHGLFWLQJ WKH VDPH FODVV FDQ EH FRQVLGHUHG DV XQRUGHUHG ZKLOH
LQWUD�FODVV UXOHV FDQ EH VHHQ DV RUGHUHG� )LQDOO\� WKHUH LV D GHIDXOW UXOH ZKLFK LV RQO\ DFWLYDWHG LI
QRQH RI WKH RWKHU UXOHV LV VDWLVnHG� 7KH GHIDXOW UXOH GHnQHG E\ &���UXOHV DVVLJQV WKH FODVV ZKLFK
FRQWDLQV PRVW WUDLQLQJ LQVWDQFHV QRW FRYHUHG E\ DQ\ LQGXFHG UXOH�

��



,Q &���UXOHV HDFK UXOH DVVXPHV WKH IRUP�

�FRPSOH[! ^! �FODVV &L! >$�@

ZKLFK FDQ EH UHDG DV CLI �FRPSOH[! WKHQ �FODVV  &L! ZLWK DFFXUDF\ RI $�
�

/*( #�����
���� .�� ��� �����

:KHQ D QHZ LQVWDQFH VKRXOG EH FODVVLnHG XVLQJ WKH LQGXFHG UXOHV� &���UXOHV WULHV HDFK UXOH LQ
RUGHU XQWLO RQH LV IRXQG ZKRVH FRQGLWLRQV DUH VDWLVnHG E\ WKH QHZ LQVWDQFH EHLQJ FODVVLnHG� 7KH
UHVXOWLQJ FODVV SUHGLFWLRQ RI WKLV UXOH LV WKHQ DVVLJQHG DV WKH FODVV RI WKDW LQVWDQFH� ,I QR UXOH LV
VDWLVnHG WKHQ WKH FODVV RI WKH GHIDXOW UXOH LV DVVLJQHG WR WKH QHZ LQVWDQFH�

:KHQHYHU WKH XVHU GHFLGHV WR FODVVLI\ PDQXDOO\ D QHZ LQVWDQFH� LW LV YHU\ LPSRUWDQW WR UHPHPEHU
WKDW WKH RUGHU RI UXOHV LQ HDFK FODVV VKRXOG EH UHVSHFWHG�

/*+ ��������� �� ����

7KLV VHFWLRQ GHVFULEHV &���UXOHV FRPPDQG OLQH RSWLRQV� )RU UXQQLQJ &���UXOHV� WKH FRPPDQG
OLQH DVVXPHV WKH IRUP�

F���UXOHV >RSWLRQV@

2SWLRQV FDQ DSSHDU LQ DQ\ RUGHU� 7KH nUVW IRXU RSWLRQV KDYH WKH VDPH PHDQLQJ DV IRU &��� _ VHH
6HFWLRQ ���� SDJH ��

q �I nOHVWHP

q �X

q �Y OHYHO

q �F &)

7KH &) YDOXH LV XVHG WR SUXQH UXOHV LQVWHDG RI WUHHV�

q �) FRQnGHQFH

7KH �FRPSOH[! RI D UXOH LV FKHFNHG XVLQJ )LVKHU
V H[DFW WHVW� (DFK FRQGLWLRQ PXVW EH
VLJQLnFDQW DW WKH VSHFLnHG FRQnGHQFH OHYHO� ,Q JHQHUDO� WKLV SURGXFHV VKRUWHU �FRPSOH[!
WKDQ WKH VWDQGDUG SUXQLQJ PHWKRG L�H�� JHQHUDOL]LQJ WDVNV ZLWK OLWWOH GDWD�

q �U UHGXQGDQF\

$ UHGXQGDQF\ YDOXH RI � PHDQV WKHUH DUH � WLPHV PRUH IHDWXUHV WKDQ DUH OLNHO\ WR EH XVHIXO
IRU OHDUQLQJ FRQFHSWV� &RQVHTXHQWO\� WKLV RSWLRQ DOORZV WKH XVHU WR WHOO WKH LQGXFHU WKDW
WKHUH DUH PDQ\ UHGXQGDQW IHDWXUHV LQ WKH WUDLQLQJ VHW� ,W VKRXOG EH XVHG RQO\ LI WKH XVHU
NQRZV YHU\ ZHOO WKH GDWD� 7KH GHIDXOW YDOXH LV ����

/*- 8������

,Q ZKDW IROORZV WKH YR\DJH GDWD �6HFWLRQ ����� SDJH ��� ZLOO EH XVHG WR VKRZ D VLPSOH &���UXOHV
H[HFXWLRQ�

��



����� ,QSXW 'DWD

7KH LQSXW GDWD IRU &���UXOHV LV WKH VDPH XVHG IRU &��� _ VHH )LJXUHV � DQG �� SDJH ��� UHVSHF�
WLYHO\�

����� 7KH &ODVVLnHU

)RU UXQQLQJ &���UXOHV ZLWK GHIDXOW RSWLRQV� ZH MXVW QHHG WR VSHFLI\ WKH nOHVWHP WR EH XVHG�

F���UXOHV �I YR\DJH

)LJXUH � VKRZV WKH RXWSXW JHQHUDWHG E\ &���UXOHV� ,Q WKH nQDO UXOH VHW WKH SUHGLFWHG DFFXUDF\
RI HDFK UXOH LV VKRZQ LQ VTXDUH EUDFNHWV�

����� &RQVXOWLQJ WKH &ODVVLnHU

7KH VDPH WZR WHVW LQVWDQFHV XVHG IRU &��� ZLOO EH XVHG KHUH L�H�� �RXWORRN� WHPSHUDWXUH� KXPLGLW\�
ZLQG\�  �VXQQ\� ��� ��� QR� DQG �"� ��� ��� \HV� _ VHH 6HFWLRQ ������� SDJH ��� ,Q WKLV FDVH�
RQH FDQ XVH�

FRQVXOWU �I YR\DJH

7KH RXWSXW RI WKH FRQVXOWU VHVVLRQ LV VKRZQ LQ )LJXUH ��

/*/ �0�

<RX FDQ nQG &���UXOHV LQ WKH 85/�

KWWS���ZZZ�FVH�XQVZ�HGX�DX�zTXLQODQ�

/*3 �����
�

7KH PRVW EHDXWLIXO WKLQJ ZH FDQ H[SHULHQFH LV WKH P\VWHULRXV� ,W LV WKH

VRXUFH RI DOO WUXH DUW DQG 6FLHQFH�

_$OEHUW (LQVWHLQ

7KH EDVLF VWHSV WDNHQ E\ &���UXOHV DUH�

�� &���UXOHV VWDUWV H[WUDFWLQJ UXOHV IURP WKH XQSUXQHG WUHH JHQHUDWHG E\ &����

�� HDFK UXOH LV VLPSOLnHG E\ UHPRYLQJ HDFK FRQGLWLRQ WKDW GRHV QRW VHHP WR EH JRRG IRU
GLVFULPLQDWLQJ RQH FODVV IURP DQRWKHU XVLQJ D SHVVLPLVWLF HUURU UDWH�

�� IRU HDFK FODVV� DQ HYDOXDWLRQ IRU DOO VLPSOLnHG UXOHV IRU WKDW FODVV LV SHUIRUPHG WR UHPRYH
UXOHV WKDW GR QRW FRQWULEXWH WR DFFXUDF\ LQ WKH UHPDLQLQJ UXOH VHW�

��



&��� >UHOHDVH �@ UXOH JHQHUDWRU 6XQ 2FW �� �������� ����

�������������������������������

2SWLRQV�

)LOH VWHP �YR\DJH!

5HDG �� FDVHV �� DWWULEXWHV� IURP YR\DJH

������������������

3URFHVVLQJ WUHH �

)LQDO UXOHV IURP WUHH ��

5XOH ��

RXWORRN  VXQQ\

KXPLGLW\ ! ��

�! FODVV GRQWBJR >�����@

5XOH ��

RXWORRN  UDLQ

ZLQG\  \HV

�! FODVV GRQWBJR >�����@

5XOH ��

RXWORRN  UDLQ

ZLQG\  QR

�! FODVV JR >�����@

5XOH ��

KXPLGLW\ � ��

�! FODVV JR >�����@

'HIDXOW FODVV� JR

(YDOXDWLRQ RQ WUDLQLQJ GDWD ��� LWHPV��

5XOH 6L]H (UURU 8VHG :URQJ $GYDQWDJH

���� ���� ����� ���� ����� ���������

� � ����� � � ������ � ��_�� GRQWBJR

� � ����� � � ������ � ��_�� GRQWBJR

� � ����� � � ������ � ��_�� JR

� � ����� � � ������ � ��_�� JR

7HVWHG ��� HUURUV � ������ ��

�D� �E� ��FODVVLILHG DV

���� ����

� �D�� FODVV JR

� � �E�� FODVV GRQWBJR

)LJXUH �� 7KH YR\DJH &���UXOHV FODVVLnHU

��



&��� >UHOHDVH �@ SURGXFWLRQ UXOH LQWHUSUHWHU 6XQ 2FW �� �������� ����

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

5XOH ��

RXWORRN  VXQQ\

KXPLGLW\ ! ��

�! FODVV GRQWBJR >�����@

5XOH ��

RXWORRN  UDLQ

ZLQG\  \HV

�! FODVV GRQWBJR >�����@

5XOH ��

RXWORRN  UDLQ

ZLQG\  QR

�! FODVV JR >�����@

5XOH ��

KXPLGLW\ � ��

�! FODVV JR >�����@

RXWORRN� VXQQ\

KXPLGLW\� ��

'HFLVLRQ�

JR &)  ����

5HWU\� QHZ FDVH RU TXLW >U�Q�T@� Q

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

RXWORRN� "

KXPLGLW\� ��

'HFLVLRQ�

JR �GHIDXOW FODVV�

5HWU\� QHZ FDVH RU TXLW >U�Q�T@� T

)LJXUH �� &RQVXOWLQJ WKH YR\DJH &���UXOHV FODVVLnHU

��



�� WKH UXOH VHW IRU FODVVHV DUH RUGHUHG WR PLQLPL]H IDOVH SRVLWLYHV HUURUV�

�� D GHIDXOW FODVV LV FKRVHQ�

7KLV SURFHVV OHDGV WR D GHFLVLRQ UXOH FODVVLnHU WKDW LV JHQHUDOO\ DV DFFXUDWH DV WKH RULJLQDO SUXQHG
WUHH LQGXFHG E\ &��� EXW PRUH HDVLHU WR XQGHUVWDQG E\ KXPDQV�

3 ����

$V IDU DV WKH ODZV RI PDWKHPDWLFV UHIHU WR UHDOLW\� WKH\ DUH QRW FHUWDLQ�

DQG DV IDU DV WKH\ DUH FHUWDLQ� WKH\ GR QRW UHIHU WR UHDOLW\�

_$OEHUW (LQVWHLQ

&��� LV D FRPPHUFLDO YHUVLRQ RI &���� ,Q IDFW� WKHUH DUH WZR SURJUDPV� WKH &��� IRU 8QL[ SODWIRUPV
DQG WKH 6HH� IRU :LQGRZV70� ,Q WKLV ZRUN ZH ZLOO UHIHU WR &��� DOWKRXJK WKH VDPH IXQFWLRQDOLW\
LV HPEHGGHG LQ 6HH� XVLQJ :LQGRZV70 JUDSKLFDO FRPSRQHQWV� &��� ZRUNV DV LWV SUHGHFHVVRUV
&��� DQG &���UXOHV� EXW QRZ WKH\ DUH WRJHWKHU LQWR D VLQJOH SURJUDP� 7KHUHIRUH� ZH ZLOO RQO\
UHSRUW KHUH QHZ IHDWXUHV LQFRUSRUDWHG LQWR &��� VLQFH LWV SUHGHFHVVRUV &��� DQG &���UXOHV�

3*' ,
��
�� .����

F��� 7KLV FRPPDQG LQYRNHV GHFLVLRQ WUHH EXLOGLQJ RU UXOH LQGXFWLRQ� GHSHQGLQJ RQ WKH FRPPDQG
OLQH RSWLRQ XVHG �VHH 6HFWLRQ �����

SUHGLFW $IWHU LQGXFLQJ WUHHV RU UXOHV ZLWK F���� WKLV SURJUDP FDQ EH XVHG WR FRQVXOW WKH JHQHUDWHG
FODVVLnHUV� ,W UHSODFHV WKH FRQVXOW DQG FRQVXOWU WRROV XVHG SUHYLRXVO\ E\ &��� DQG &���UXOHV�
UHVSHFWLYHO\� 9DOLG FRPPDQG OLQH RSWLRQV DUH�

q �I nOHVWHP

6SHFLI\ WKH nOH WR EH UHDG�

q �S

3UHYLHZ WUHHV RU UXOHVHWV�

q �U

8VH UXOHVHWV UDWKHU WKDQ WUHHV�

q �K

3ULQW KHOS PHVVDJH�

3*( &����

$OO nOHV UHDG DQG ZULWWHQ E\ &��� DVVXPH WKH IRUP nOHVWHP�H[WHQVLRQ� ZKHUH H[WHQVLRQ FKDUDF�
WHUL]HV WKH W\SH RI GDWD LQYROYHG�

�QDPHV 7KLV WH[W nOH DVVXPHV EDVLFDOO\ WKH VDPH IRUPDW DV IRU &���� +RZHYHU� LW LV SRVVLEOH
WR FUHDWH GHULYHG IHDWXUHV IURP WKH RULJLQDO RQHV DV ZHOO DV RUGHULQJ RI QRPLQDO IHDWXUHV�
:KHQ GHFODULQJ D IHDWXUH� LW LV SRVVLEOH WR XVH�

��



q LJQRUH FDXVLQJ WKH IHDWXUH WR EH FRPSOHWHO\ LJQRUHG�

q ODEHO VHUYHV RQO\ WR LGHQWLI\ D SDUWLFXODU LQVWDQFH �EXW LW LV QRW FRQVLGHUHG ZKHQ
OHDUQLQJ FRQFHSWV�� ,W LV XVHG WR UHIHU WR LQGLYLGXDO LQVWDQFHV� ,I WKHUH DUH WZR RU
PRUH ODEHO IHDWXUHV� RQO\ WKH ODVW RQH LV XVHG� 2EVHUYH WKDW WKLV LV QRW WKH FODVV ODEHO
EXW SXUHO\ D PHDQ WR GLmHUHQWLDWH RQH LQVWDQFH IURP HDFK RWKHU�

q FRQWLQXRXV LQGLFDWLQJ LQWHJHU RU oRDWLQJ SRLQW YDOXHV�

q GLVFUHWH 1 ZKHUH 1 ! � LV DQ LQWHJHU VSHFLI\LQJ WKH IHDWXUH FDQ WDNH QR PRUH WKDQ
1 GLVFUHWH YDOXHV�

q GDWH VSHFLI\LQJ GDWHV LQ WKH IRUP <<<<�00�''� H�J� ����������� 9DOLG GDWHV UDQJH
IURP WKH \HDU ���� WR WKH \HDU �����

q D OLVW RI QDPHV VHSDUDWHG E\ FRPPDV� LQGLFDWLQJ WKDW WKH IHDWXUH FDQ WDNH GLVFUHWH
YDOXHV� 2QH GLmHUHQFH IURP &��� LV WKDW &��� YDOXHV PD\ EH SUHn[HG E\ >RUGHUHG@ WR
LQGLFDWH WKDW WKH\ DUH JLYHQ LQ D PHDQLQJIXO RUGHULQJ� RWKHUZLVH WKH\ ZLOO EH WDNHQ
DV XQRUGHUHG� )RU LQVWDQFH� WKH YDOXHV ORZ� PHGLXP DQG KLJK DUH JHQHUDOO\ RUGHUHG
�ZKLOH PDOH DQG IHPDOH DUH QRW�� 7KH IRUPHU FDQ EH GHFODUHG DV
WHPSHUDWXUH� >RUGHUHG@ ORZ� PHGLXP� KLJK�

q LW LV DOVR SRVVLEOH WR GHnQH DQ LPSOLFLWO\�GHnQHG IHDWXUH ZKLFK LV VSHFLnHG E\ D IRU�
PXOD� (DFK LPSOLFLWO\�GHnQHG IHDWXUH LV IROORZHG E\ C� 
 DQG D IRUPXOD GHnQLQJ WKH
IHDWXUH YDOXH� 7KH IRUPXOD LV ZULWWHQ XVLQJ SDUHQWKHVHV ZKHQ QHHGHG� DQG PD\ UHIHU
WR DQ\ IHDWXUH GHnQHG EHIRUH WKLV RQH� &RQVWDQWV LQ WKH IRUPXOD FDQ EH QXPEHUV
�ZULWWHQ LQ GHFLPDO QRWDWLRQ�� GDWHV� DQG GLVFUHWH IHDWXUH YDOXHV �HQFORVHG LQ VWULQJ
TXRWHV C�
�� 7KH RSHUDWRUV DQG IXQFWLRQV WKDW FDQ EH XVHG LQ WKH IRUPXOD DUH

��b� e�  �� �PRGXOXV�� 9 �PHDQLQJ CUDLVHG WR WKH SRZHU
�
!�! � ��� � � �! RU �  �ERWK PHDQLQJ CQRW HTXDO
�
DQG� RU �ORJLFDO RSHUDWRUV�
VLQ�;�� FRV�;�� WDQ�;�� ORJ�;�� H[S�;�� LQW�;� �PHDQLQJ WKH CLQWHJHU SDUW
RI ;
�

'DWH W\SH FDQ DOVR EH XVHG LQ D IRUPXOD� ,Q IDFW� WKLV W\SH RI GDWD LV VXFK WKDW HDFK
GDWH LV VWRUHG DV WKH QXPEHU RI GD\V VLQFH D SDUWLFXODU VWDUWLQJ GDWH� VSHFLnFDOO\ WKH
GDWH ����������� 7KXV� LW LV SRVVLEOH WR GR PHDQLQJIXO RSHUDWLRQV ZLWK GDWHV�

,I WKH YDOXH RI RQH IRUPXOD FDQQRW EH GHWHUPLQHG GXH WR RQH RU PRUH IHDWXUHV ZLWK
XQNQRZQ YDOXHV DSSHDULQJ LQ WKH IRUPXOD WKHQ WKH YDOXH RI WKH LPSOLFLWO\�GHnQHG
IHDWXUH LV DOVR XQNQRZQ�

7KH RUGHU RI IHDWXUHV GHFODUDWLRQ LV QRW UHOHYDQW� EXW LW PXVW IROORZ WKH H[DFW GDWD SRVLWLRQ
LQ WKH �GDWD nOH�

�GDWD 7KLV nOH DVVXPHV WKH VDPH IRUPDW DV &���� 2EVHUYH WKDW LPSOLFLWO\�GHnQHG IHDWXUHV PXVW
QRW EH SUHVHQW LQ WKLV nOH� VLQFH WKH\ DUH FDOFXODWHG E\ D IRUPXOD� 7KLV nOH LV UHTXLUHG IRU
UXQQLQJ F����

�WHVW 7KLV RSWLRQDO nOH DVVXPHV WKH VDPH IRUP RI WKH �GDWD nOH� ,W LV XVHG WR HYDOXDWH DFFXUDF\
RI WKH JHQHUDWHG FODVVLnHU�

�FDVHV 7KLV nOH LV RSWLRQDO DQG KDV H[DFWO\ WKH VDPH IRUPDW DV WKH �GDWD nOH� ,W GLmHUV IURP
WKH �WHVW nOH RQO\ LQ DOORZLQJ WKH LQVWDQFH FODVV ODEHOV WR EH XQNQRZQ�

��



�FRVWV 7KH FRVWV nOH LV DOVR RSWLRQDO DQG VHWV RXW GLmHUHQWLDO PLVFODVVLnFDWLRQ FRVWV� ,Q VRPH
DSSOLFDWLRQV WKHUH LV D PXFK KLJKHU SHQDOW\ IRU FHUWDLQ W\SHV RI PLVWDNHV� &��� DOORZV
GLmHUHQW PLVFODVVLnFDWLRQ FRVWV WR EH DVVRFLDWHG ZLWK HDFK FRPELQDWLRQ RI SUHGLFWHG FODVV
DQG WUXH FODVV� (DFK HQWU\ KDV WKH IRUP�

SUHGLFWHG�FODVV� WUXH�FODVV� FRVW

ZKHUH FRVW LV D QRQ�QHJDWLYH UHDO QXPEHU� 7KH nOH� ZKLFK LV DXWRPDWLFDOO\ UHDG LI SUHVHQW�
PD\ FRQWDLQ DQ\ QXPEHU RI HQWULHV� LI D SDUWLFXODU FRPELQDWLRQ LV QRW VSHFLnHG H[SOLFLWO\�
LWV FRVW LV WDNHQ WR EH � LI WKH SUHGLFWHG FODVV LV FRUUHFW DQG � RWKHUZLVH�

�WUHH 2XWSXW nOH FRQWDLQLQJ WKH nQDO SUXQHG WUHH� 7KLV nOH LV XVHG E\ SUHGLFW�

�UXOHV 2XWSXW nOH FRQWDLQLQJ WKH nQDO UXOH VHW JHQHUDWHG E\ F���� ,W LV DOVR XVHG E\ SUHGLFW�

3*+ ���� �� ����

7KLV VHFWLRQV GHVFULEHV &��� FRPPDQG OLQH RSWLRQV� 1RWH WKDW VRPH RSWLRQV KDYH TXLWH GLmHUHQW
PHDQLQJ WKDQ LQ &���� )RU UXQQLQJ &���� WKH FRPPDQG OLQH DVVXPHV WKH IRUP�

F��� >RSWLRQV@

2SWLRQV FDQ DSSHDU LQ DQ\ RUGHU DQG WKH\ FDQ EH�

q �I nOHVWHP

6SHFLI\ WKH LQSXW GDWDVHW� 1R H[WHQVLRQ VKRXOG EH JLYHQ� ,I QR nOHVWHP LV JLYHQ� WKH GHIDXOW
YDOXH ') LV DVVXPHG �VR� ')�QDPHV DQG ')�GDWD ZLOO EH ORRNHG LQ WKH FXUUHQW SDWK��

q �E

,QYRNH DGDSWLYH ERRVWLQJ� WKH LGHD LV WR JHQHUDWH VHYHUDO FODVVLnHUV UDWKHU WKDQ MXVW RQH�
:KHQ D QHZ FDVH LV WR EH FODVVLnHG� HDFK FODVVLnHU YRWHV IRU LWV SUHGLFWHG FODVV DQG WKH
YRWHV DUH FRXQWHG WR GHWHUPLQH WKH nQDO FODVV�

q �W Y

$OORZ WKH XVHU WR VHW WKH QXPEHU RI ERRVWLQJ WULDOV DV Y�

q �U

8VH WKLV RSWLRQ WR FUHDWH UXOHV LQVWHDG RI WUHHV�

q �X

2UGHU UXOHV E\ XWLOLW\ LQ EDQGV� :KHQ XVLQJ WKH �X RSWLRQ� E\ GHIDXOW� &��� RUGHUV UXOHV
E\ FODVV DQG VXE�RUGHUV E\ FRQnGHQFH� 7KH �X RSWLRQ FDQ EH VHOHFWHG DV DQ DOWHUQDWLYH
RUGHULQJ E\ FRQWULEXWLRQ WR SUHGLFWLYH DFFXUDF\� ,Q WKLV FDVH� WKH UXOH WKDW PRVW UHGXFHV
WKH HUURU UDWH DSSHDUV nUVW DQG WKH UXOH WKDW FRQWULEXWHV OHDVW DSSHDUV ODVW� %HVLGHV WKDW�
UHVXOWV DUH UHSRUWHG LQ D VHOHFWHG QXPEHU RI EDQGV VR WKDW WKH SUHGLFWLYH DFFXUDFLHV RI WKH
PRUH LPSRUWDQW VXEVHWV RI UXOHV DUH DOVR HVWLPDWHG�

q �S

8VH VRIW WKUHVKROGV� 7KLV RSWLRQ HQDEOHV VXEVLGLDU\ FXWSRLQWV �UDQJH� IRU WHVW RQ FRQWLQ�
XRXV IHDWXUHV� :KHQ WKLV RSWLRQ LV LQYRNHG� HDFK WKUHVKROG LV EURNHQ LQWR WKUHH UDQJHV� D

��



ORZHU ERXQG /� DQ XSSHU ERXQG 8 � DQG D FHQWUDO YDOXH 7 � ,I WKH DWWULEXWH YDOXH LQ TXHVWLRQ
LV EHORZ / RU DERYH 8 � FODVVLnFDWLRQ LV FDUULHG RXW XVLQJ WKH VLQJOH EUDQFK FRUUHVSRQGLQJ
WR WKH � RU ! UHVXOW UHVSHFWLYHO\� ,I WKH YDOXH OLHV EHWZHHQ / DQG 8 � ERWK EUDQFKHV RI
WKH WUHH DUH LQYHVWLJDWHG DQG WKH UHVXOWV DUH FRPELQHG SUREDELOLVWLFDOO\� 7KH YDOXHV RI /
DQG 8 DUH GHWHUPLQHG EDVHG RQ DQ DQDO\VLV RI WKH DSSDUHQW VHQVLWLYLW\ RI FODVVLnFDWLRQ WR
VPDOO FKDQJHV LQ WKH WKUHVKROG� 7KH\ DUH QRW QHFHVVDULO\ V\PPHWULF L�H�� D IX]]\ WKUHVKROG
FDQ EH UHODWLYHO\ KDUG LQ RQH GLUHFWLRQ� 7KH GHIDXOW YDOXH LV WR XVH KDUG WKUHVKROGV �RQH
YDOXH��

q �H

)RFXV RQ HUURUV LQVWHDG RI RQ PLVFODVVLnFDWLRQ FRVWV� LJQRULQJ WKH �FRVWV nOH�

q �V

&DXVH JURXSLQJ RQ GLVFUHWH YDOXHV �LQ VHWV� IRU QRGH WHVWV� 7KH GHIDXOW LV QR JURXSLQJ� VR
HDFK LQWHUQDO WUHH QRGH EUDQFKHV VHSDUDWHO\ IRU HYHU\ SRVVLEOH IHDWXUH YDOXH�

q �P ZHLJKW

*HQHUDOO\ XVHG IRU QRLV\ GDWD WR DYRLG WUHHV ZLWK OLWWOH SUHGLFWLYH SRZHU� ,W LQGLFDWHV
WKDW HDFK WHVW PXVW KDYH DW OHDVW ZHLJKW RXWFRPHV ZLWK D PLQLPXP QXPEHU RI LQVWDQFHV
�WKH VXP RI WKH ZHLJKWV RI WKH LQVWDQFHV IRU DW OHDVW WZR RI WKH VXEVHWV PXVW DWWDLQ VRPH
PLQLPXP�� +LJKHU YDOXHV PD\ EH LQWHUHVWLQJ IRU WDVNV ZLWK QRLV\ GDWD� 7KH GHIDXOW YDOXH
LV ��

q �F &)

7KH &) YDOXH DmHFWV WUHH SUXQLQJ� 6PDOO YDOXHV FDXVH PRUH KHDY\ SUXQLQJ WKDQ ODUJH
YDOXHV� 7KH GHIDXOW YDOXH LV ����

q �6 Y

,QGLFDWH WKH WUDLQLQJ VDPSOH SHUFHQWDJH WR EH XVHG�

q �, Y

$OORZ FKDQJLQJ WKH LQWHJHU UDQGRP VHHG WR Y�

q �K

3ULQW WKH KHOS PHVVDJH�

3*- 8������

,Q ZKDW IROORZV WKH YR\DJH GDWD �6HFWLRQ ����� SDJH ��� ZLOO EH XVHG WR VKRZ D VLPSOH &���
H[HFXWLRQ�

����� ,QSXW 'DWD

&��� FDQ KDQGOH &��� nOHV� VR WKH VDPH LQSXW nOHV XVHG IRU &��� DUH XVHG DOVR IRU &���� $JDLQ�
)LJXUHV � DQG �� SDJH �� VKRZ WKH FRUUHVSRQGLQJ YR\DJH�QDPHV DQG YR\DJH�GDWD� UHVSHFWLYHO\�

����� 7KH 7UHH &ODVVLnHU

)RU UXQQLQJ &��� ZLWK GHIDXOW RSWLRQV� RQH MXVW QHHG WR VSHFLI\ WKH nOHVWHP WR EH XVHG�

��



&��� >5HOHDVH ����@ 6XQ 2FW �� �������� ����

�������������������

2SWLRQV�

$SSOLFDWLRQ CYR\DJH


5HDG �� FDVHV �� DWWULEXWHV� IURP YR\DJH�GDWD

'HFLVLRQ WUHH�

RXWORRN  RYHUFDVW� JR �����

RXWORRN  VXQQ\�

����KXPLGLW\ � ��� JR ���

� KXPLGLW\ ! ��� GRQWBJR ���

RXWORRN  UDLQ�

����ZLQG\  \HV� GRQWBJR ���

ZLQG\  QR� JR ���

(YDOXDWLRQ RQ WUDLQLQJ GDWD ��� FDVHV��

'HFLVLRQ 7UHH

����������������

6L]H (UURUV

� �� ����� ��

�D� �E� ��FODVVLILHG DV

���� ����

� �D�� FODVV JR

� � �E�� FODVV GRQWBJR

7LPH� ��� VHFV

)LJXUH �� 7KH YR\DJH &��� WUHH FODVVLnHU

F��� �I YR\DJH

)LJXUH � VKRZV WKH RXWSXW JHQHUDWHG E\ &����

����� 7KH 5XOH &ODVVLnHU

)RU UXQQLQJ &��� WR LQGXFH UXOHV� EHVLGHV WKH nOHVWHP� RQH MXVW QHHG WR VSHFLI\ WKH �U RSWLRQ�

F��� �U �I YR\DJH

)LJXUH �� VKRZV WKH RXWSXW JHQHUDWHG E\ &���� (DFK UXOH FRQVLVWV RI�

q $Q DUELWUDU\ UXOH QXPEHU XVHG RQO\ WR LGHQWLI\ WKH UXOH�

q 6WDWLVWLFV �S� OLIW D� RU �S H� OLIW D� WKDW VXPPDUL]H WKH SHUIRUPDQFH RI WKH UXOH� ZKHUH S LV
WKH QXPEHU RI WUDLQLQJ LQVWDQFHV FRYHUHG E\ WKH UXOH� ,I H DSSHDUV� LW VKRZV KRZ PDQ\ RI

��



WKHP GR QRW EHORQJ WR WKH FODVV SUHGLFWHG E\ WKH UXOH� 7KH OLIW D LV WKH HVWLPDWHG DFFXUDF\
RI WKH UXOH GLYLGHG E\ WKH SULRU SUREDELOLW\ RI WKH SUHGLFWHG FODVV�

q 2QH RU PRUH FRQGLWLRQV WKDW PXVW EH VDWLVnHG LI WKH UXOH LV WR EH DSSOLFDEOH�

q $ FODVV SUHGLFWHG E\ WKH UXOH�

q $ YDOXH EHWZHHQ � DQG � WKDW LQGLFDWHV WKH FRQnGHQFH ZLWK ZKLFK WKLV SUHGLFWLRQ LV PDGH�
,I ERRVWLQJ LV XVHG� WKLV FRQnGHQFH LV PHDVXUHG XVLQJ DQ DUWLnFLDO ZHLJKWLQJ RI WKH WUDLQLQJ
FDVHV DQG WKHUHIRUH LW GRHV QRW UHoHFW WKH DFFXUDF\ RI WKH UXOH�

2QH LQWHUHVWLQJ SRLQW WR EH QRWLFHG DERXW &��� LV WKDW DOO UXOHV DUH HYDOXDWHG ZKHQ FODVVLI\LQJ
D QHZ LQVWDQFH� QRW MXVW WKH nUVW ZKLFK nUHV� (DFK nUHG UXOH YRWHV IRU LWV SUHGLFWHG FODVV ZLWK
D YRWLQJ ZHLJKW HTXDO WR LWV FRQnGHQFH YDOXH� WKH YRWHV DUH WRWWHG XS� DQG WKH FODVV ZLWK WKH
KLJKHVW WRWDO YRWH LV FKRVHQ DV WKH nQDO SUHGLFWLRQ� 7KHUH LV DOVR D GHIDXOW FODVV� WKDW LV XVHG
ZKHQ QRQH RI WKH UXOHV DSSO\�

����� &RQVXOWLQJ WKH &ODVVLnHU

7KH VDPH WZR WHVW LQVWDQFHV XVHG IRU &��� ZLOO EH XVHG KHUH L�H�� �RXWORRN� WHPSHUDWXUH� KXPLGLW\�
ZLQG\�  �VXQQ\� ��� ��� QR� DQG �"� ��� ��� \HV� _ VHH 6HFWLRQ ������� SDJH ��� ,Q WKLV FDVH�
RQH FDQ XVH�

SUHGLFW �I YR\DJH

WR JHW WKH DQVZHU� 7KH RXWSXW RI WKH SUHGLFW VHVVLRQ LV VKRZQ LQ )LJXUH ���

,Q RUGHU WR SUHGLFW XVLQJ UXOHV� RQH FDQ XVH�

SUHGLFW �U �I YR\DJH

WR JHW WKH DQVZHU� 7KH RXWSXW RI WKH SUHGLFW VHVVLRQ LV VKRZQ LQ )LJXUH ���

3*/ �0�

0RUH LQIRUPDWLRQ DERXW &��� FDQ EH IRXQG LQ WKH 85/�

KWWS���ZZZ�UXOHTXHVW�FRP�

3*3 �����
�

,QWHOOHFWXDOV VROYH SUREOHPV� JHQLXVHV SUHYHQW WKHP�

_$OEHUW (LQVWHLQ

&��� LV D FRPPHUFLDO SURGXFW ZKLFK ZDV HYROYHG IURP &���� ,W LV DEOH WR KDQGOH RUGHUHG QRPLQDO
IHDWXUHV� GDWH IHDWXUHV DV ZHOO DV LPSOLFLWO\�GHnQHG IHDWXUHV� &��� LV DOVR DEOH WR LQGXFH UXOH VHWV
IURP GHFLVLRQ WUHHV�

��



&��� >5HOHDVH ����@ 6XQ 2FW �� �������� ����

�������������������

2SWLRQV�

$SSOLFDWLRQ CYR\DJH


5XOH�EDVHG FODVVLILHUV

5HDG �� FDVHV �� DWWULEXWHV� IURP YR\DJH�GDWD

'HFLVLRQ WUHH�

RXWORRN  RYHUFDVW� JR �����

RXWORRN  VXQQ\�

����KXPLGLW\ � ��� JR ���

� KXPLGLW\ ! ��� GRQWBJR ���

RXWORRN  UDLQ�

����ZLQG\  \HV� GRQWBJR ���

ZLQG\  QR� JR ���

([WUDFWHG UXOHV�

5XOH �� ��� OLIW ����

RXWORRN  UDLQ

ZLQG\  QR

�! FODVV JR >�����@

5XOH �� ��� OLIW ����

RXWORRN  VXQQ\

KXPLGLW\ � ��

�! FODVV JR >�����@

5XOH �� ����� OLIW ����

RXWORRN  RYHUFDVW

�! FODVV JR >�����@

5XOH �� ��� OLIW ����

RXWORRN  VXQQ\

KXPLGLW\ ! ��

�! FODVV GRQWBJR >�����@

5XOH �� ��� OLIW ����

RXWORRN  UDLQ

ZLQG\  \HV

�! FODVV GRQWBJR >�����@

'HIDXOW FODVV� JR

(YDOXDWLRQ RQ WUDLQLQJ GDWD ��� FDVHV��

'HFLVLRQ 7UHH 5XOHV

���������������� ����������������

6L]H (UURUV 1R (UURUV

� �� ����� � �� ����� ��

�D� �E� ��FODVVLILHG DV

���� ����

� �D�� FODVV JR

� � �E�� FODVV GRQWBJR

7LPH� ��� VHFV

)LJXUH ��� 7KH YR\DJH &��� UXOH FODVVLnHU

��



&��� ,QWHUDFWLYH &ODVVLILHU >5HOHDVH ����@ 6XQ 2FW �� �������� ����

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

2SWLRQV�

$SSOLFDWLRQ CYR\DJH


RXWORRN� VXQQ\

KXPLGLW\� ��

�! JR >����@

5HWU\� QHZ FDVH RU TXLW >U�Q�T@� Q

RXWORRN� "

KXPLGLW\� ��

ZLQG\� \HV

�! JR >����@

5HWU\� QHZ FDVH RU TXLW >U�Q�T@� T

)LJXUH ��� &RQVXOWLQJ WKH &��� YR\DJH GHFLVLRQ WUHH FODVVLnHU

&��� ,QWHUDFWLYH &ODVVLILHU >5HOHDVH ����@ 6XQ 2FW �� �������� ����

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

2SWLRQV�

8VH UXOHVHWV

$SSOLFDWLRQ CYR\DJH


RXWORRN� VXQQ\

KXPLGLW\� ��

�! JR >����@

5HWU\� QHZ FDVH RU TXLW >U�Q�T@� Q

RXWORRN� "

�! JR >����@

5HWU\� QHZ FDVH RU TXLW >U�Q�T@� T

)LJXUH ��� &RQVXOWLQJ WKH &��� YR\DJH UXOH FODVVLnHU

��



:KHQ FODVVLI\LQJ D QHZ LQVWDQFH XVLQJ UXOH VHWV� DOO nUHG UXOHV DUH FRPELQHG WR SUHGLFW WKH FODVV�
$V DOUHDG\ PHQWLRQHG� UXOHV DUH JHQHUDOO\ PXFK VLPSOHU WR XQGHUVWDQG WKDQ WUHHV VLQFH HDFK UXOH
GHVFULEHV D VSHFLnF FRQWH[W DVVRFLDWHG ZLWK D FODVV� )XUWKHUPRUH� D UXOH VHW JHQHUDWHG IURP D
WUHH XVXDOO\ KDV IHZHU UXOHV WKDQ WKH WUHH KDV OHDYHV� LPSURYLQJ WKH FRPSUHKHQVLELOLW\� +RZHYHU�
IRU YHU\ ODUJH GDWDVHWV� JHQHUDWLQJ UXOHV ZLWK WKH UXOH VHW RSWLRQ FDQ UHTXLUH FRQVLGHUDEO\ PRUH
FRPSXWHU WLPH�

4 ���

,W ZRXOG KDYH EHHQ HVSHFLDOO\ LQWHUHVWLQJ WR UHDG ZKDW 4XLQODQ WKLQNV

RI WKH QXPHURXV H[SHULPHQWV FRPSDULQJ &��� DQG LWV SUHGHFHVVRUV

WR WKH RWKHU FODVVLnFDWLRQ DOJRULWKPV WKDW DUH FRPPRQO\ XVHG LQ WKH

UHVHDUFK FRPPXQLW\�

_6WHYHQ /� 6DO]EHUJ� %RRN 5HYLHZ RI �4XLQODQ� �����

2EOLTXH &ODVVLnHU � _ 2&� _ LV D GHFLVLRQ WUHH LQGXFWLRQ V\VWHP GHVLJQHG IRU DSSOLFDWLRQV
ZKHUH WKH LQVWDQFHV KDYH QXPHULF �FRQWLQXRXV� IHDWXUH YDOXHV �0XUWK\ HW DO�� ������ 2&� EXLOGV
GHFLVLRQ WUHHV WKDW FRQWDLQ OLQHDU FRPELQDWLRQV RI RQH RU PRUH DWWULEXWHV DW HDFK LQWHUQDO QRGH�
WKHVH WUHHV WKHQ SDUWLWLRQ WKH VSDFH RI LQVWDQFHV ZLWK ERWK REOLTXH DQG D[LV^SDUDOOHO K\SHU�
SODQHV� 2&� KDV EHHQ XVHG IRU FODVVLnFDWLRQ RI GDWD IURP GLYHUVH SUREOHP GRPDLQV� LQFOXGLQJ
DVWURQRP\ �6DO]EHUJ HW DO�� ����� DQG '1$ VHTXHQFH DQDO\VLV �6DO]EHUJ� ������

,QGXFHG WUHHV E\ 2&� DVVXPHV WKH IRUP VKRZQ LQ (TXDWLRQ ��

D� [>�@ � D� [>�@ � � � �� DP [>P@ � DP��  � ���

ZKHUH DL LV D FRQVWDQW DQG [>L@ LV D IHDWXUH ;L�

4*' �������� %
���

7KH DOJRULWKP IRU LQGXFLQJ D[LV^SDUDOOHO FRQVLGHUV DOO SRVVLEOH IHDWXUH VSOLWV DQG FKRRVHV WKH RQH
WKDW RSWLPL]HV D SUHGHnQHG JRRGQHVV PHDVXUH� 2EOLTXH GHFLVLRQ WUHH PHWKRGV FDQQRW FRQVLGHU
DOO WHVWV GXH WR WKH LQFUHDVHG FRPSXWDWLRQDO FRPSOH[LW\ ZKHQ FRPSDUHG WR WKH D[LVSDUDOOHO FDVH�

&RQVLGHULQJ WKH FRPSOH[LW\ RI VHOHFWLQJ DQ RSWLPDO K\SHUSODQH IRU D VLQJOH QRGH RI D '7� LQ D
GRPDLQ ZLWK Q WUDLQLQJ LQVWDQFHV GHVFULEHG E\ P UHDO�YDOXHG IHDWXUHV� WKHUH DUH QP GLVWLQFW
D[LV^SDUDOOHO VSOLWV ZKLOH WKHUH DUH DW PRVW �P

b
Q

P

c
REOLTXH VSOLWV� ,Q IDFW� WKH SUREOHP RI nQGLQJ

WKH EHVW REOLTXH VSOLW LV PXFK PRUH WKDQ WKDW RI VHDUFKLQJ WKH EHVW D[LV^SDUDOOHO VSOLW L�H�� WKH
SUREOHP LV 13�KDUG�

,Q RUGHU WR EH DW OHDVW DV SRZHUIXO DV VWDQGDUG '7 PHWKRGV� 2&� nUVW nQGV WKH EHVW D[LVSDUDOOHO
�XQLYDULDWH� VSOLW DW D QRGH EHIRUH ORRNLQJ IRU DQ REOLTXH VSOLW� &RQVHTXHQWO\� 2&� XVHV DQ
REOLTXH VSOLW RQO\ ZKHQ LW LPSURYHV RYHU WKH EHVW D[LVSDUDOOHO VSOLW�

��



4*( #�������  �� !�� &�� �
�  � ���� 

7R nQG WKH K\SHUSODQH WR VSOLW WKH WUDLQLQJ VHW 7 DW D QRGH RI WKH GHFLVLRQ WUHH� ZH FDQ ZULWH 7M  
�[M�� [M�� � � � � [MG� &M� IRU WKH M�WK LQVWDQFH IURP WKH WUDLQLQJ VHW 7 � $V GHnQHG LQ (TXDWLRQ �� WKH
HTXDWLRQ RI WKH FXUUHQW K\SHUSODQH + DW D QRGH RI WKH '7 LV ZULWWHQ DV

3P
L ��DL[L��DP��  ��

,I ZH VXEVWLWXWH DQ LQVWDQFH 7M LQWR WKH HTXDWLRQ IRU +� ZH JHW
3P

L ��DL[ML� � DP��  9M ZKHUH
WKH VLJQ RI 9M WHOOV ZKHWKHU WKH SRLQW 7M LV DERYH RU EHORZ WKH K\SHUSODQH +� ,I 9M ! �� WKHQ 7M LV
DERYH +� ,I + VSOLWV WKH WUDLQLQJ VHW 7 SHUIHFWO\� WKHQ DOO SRLQWV EHORQJLQJ WR WKH VDPH FDWHJRU\
ZLOO KDYH WKH VDPH VLJQ IRU 9M L�H�� VLJQ�9L�  VLJQ�9M� LI DQG RQO\ LI FODVV�7L�  FODVV�7M��

2&� DGMXVWV WKH FRHpFLHQWV RI + LQGLYLGXDOO\� nQGLQJ D ORFDOO\ RSWLPDO YDOXH IRU RQH FRHpFLHQW
DW D WLPH� HDFK FRHpFLHQW DL LV WUHDWHG DV D YDULDEOH� DQG DOO RWKHU FRHpFLHQWV DUH WUHDWHG DV
FRQVWDQWV� 7KHQ 9M FDQ EH YLHZHG DV D IXQFWLRQ RI DL� ,Q SDUWLFXODU� WKH FRQGLWLRQ WKDW 7M LV
DERYH + LV HTXLYDOHQW WR 9M ! � ZKLFK LV HTXLYDOHQW WR (TXDWLRQ ��

DL !
DL[ML b 9M

[ML
 8M ���

DVVXPLQJ WKDW [ML ! �� ZKLFK LV GRQH E\ QRUPDOL]DWLRQ� 8VLQJ WKH GHnQLWLRQ RI 8M� WKH LQVWDQFH
7M LV DERYH + LI DL ! 8M DQG EHORZ RWKHUZLVH� %\ SOXJJLQJ DOO WKH SRLQWV IURP 7 LQWR (TXDWLRQ ��
Q FRQVWUDLQWV DUH REWDLQHG RQ WKH YDOXH RI DL� 7KH SUREOHP WKHQ LV WR nQG D YDOXH IRU DL WKDW
VDWLVnHV DV PDQ\ RI WKHVH FRQVWUDLQWV DV SRVVLEOH� 7KLV SUREOHP LV HDV\ WR VROYH RSWLPDOO\ VRUWLQJ
DOO WKH YDOXHV 8M DQG FRQVLGHULQJ DP WKH PLGSRLQW EHWZHHQ HDFK SDLU RI GLmHUHQW YDOXHV�

4*+ 1������� ��"���� 2�����

8QNQRZQ YDOXHV DUH GHQRWHG DV D TXHVWLRQ PDUN� 2&� VLPSO\ nOOV DOO PLVVLQJ YDOXHV ZLWK WKH
PHDQ YDOXH RI WKH UHVSHFWLYH IHDWXUH�

4*- 1������� .���� ��� �����

$V PRVW RI WKH GHFLVLRQ WUHHV LQGXFWLRQ DOJRULWKPV� 2&� XVHV SUXQLQJ WR KDQGOH QRLVH� 6SHFLI�
LFDOO\� 2&� XVHV WKH &RVW &RPSOH[LW\ _ && _ SUXQLQJ PHWKRG GHVFULEHG LQ �%UHLPDQ HW DO��
������ 7KLV PHWKRG �DOVR NQRZQ DV HUURU FRPSOH[LW\ RU ZHDNHVW OLQN SUXQLQJ� UHTXLUHV D VHSDUDWH
SUXQLQJ VHW� 2&� UDQGRPO\ FKRRVHV ��� RI WKH WUDLQLQJ GDWD WR XVH IRU SUXQLQJ�

7KH EDVLF LGHD EHKLQG && SUXQLQJ LV WR FUHDWH D VHW RI WUHHV RI GHFUHDVLQJ VL]H IURP WKH RULJLQDO�
FRPSOHWH WUHH� $OO WKHVH WUHHV DUH XVHG WR FODVVLI\ WKH SUXQLQJ VHW� DQG DFFXUDF\ LV HVWLPDWHG
IURP WKRVH� && SUXQLQJ WKHQ FKRRVHV WKH VPDOOHVW WUHH ZKRVH DFFXUDF\ LV ZLWKLQ V VWDQGDUG
HUURUV VTXDUHG RI WKH EHVW DFFXUDF\ REWDLQHG� :KHQ WKH ��6( UXOH �V  �� LV XVHG� WKH WUHH ZLWK
KLJKHVW DFFXUDF\ RQ WKH SUXQLQJ VHW LV VHOHFWHG� :KHQ V ! �� VPDOOHU WUHH VL]H LV SUHIHUUHG RYHU
KLJKHU DFFXUDF\�

4*/ #�����
���� .�� ��� �����

$V DQ\ '7 DOJRULWKP 2&� EHJLQV IURP WKH URRW RI WKH LQGXFHG WUHH� WHVWV�DQG^EUDQFKHV HDFK
QRGH ZLWK WKH UHVSHFWLYH IHDWXUH XQWLO LW UHDFKHV RQH OHDI� 7KH FODVV SUHGLFWLRQ RI WKLV LQVWDQFH
LV WKHQ DVVLJQHG DV WKH FODVV RI WKDW OHDI�

��



4*3 &����

$OO nOHV UHDG DQG ZULWWHQ E\ 2&� DVVXPH WKH IRUP nOHVWHP�H[WHQVLRQ� ZKHUH H[WHQVLRQ FKDUDFWHU�
L]HV WKH W\SH RI GDWD LQYROYHG� 'LmHUHQWO\ RI WKH RWKHU LQGXFHUV� 2&� GRHV QRW UHTXLUH D �QDPHV
nOH VLQFH DOO IHDWXUHV PXVW EH FRQWLQXRXV� )HDWXUHV DUH VLPSO\ QDPHG DV [>�@� [>�@� � � � � [>P@
DFFRUGLQJ ZLWK WKH RUGHU WKH\ DSSHDU LQ WKH �GDWD nOH�

�GDWD (DFK OLQH IURP WKLV WH[W nOH GHVFULEHV RQH LQVWDQFH� SURYLGLQJ YDOXHV IRU HDFK IHDWXUH�
1XPHULF DWWULEXWHV DUH OLVWHG EHIRUH WKH LQWHJHU FODVV ODEHO DQG HDFK YDOXH FDQ EH VHSDUDWHG
E\ EODQN VSDFHV� WDEV RU FRPPDV� 8QNQRZQ YDOXHV FDQ EH VSHFLnHG E\ D TXHVWLRQ PDUN�

�WHVW 2SWLRQDO WH[W nOH ZKLFK DVVXPHV WKH VDPH IRUPDW RI WKH �GDWD nOH� ,W LV XVHG WR HYDOXDWH
DFFXUDF\ RI WKH JHQHUDWHG FODVVLnHU�

�GW 2XWSXW nOH FRQWDLQLQJ SUXQHG WUHHV JHQHUDWHG E\ 2&��

�XQSUXQHG 2XWSXW nOH FRQWDLQLQJ XQSUXQHG WUHHV JHQHUDWHG E\ 2&��

�FODVVLILHG 2XWSXW nOH ZKLFK LV FUHDWHG E\ 2&� ZKHQ FODVVLI\LQJ XQODEHOHG LQVWDQFHV �VHH �X
RSWLRQ LQ WKH QH[W VHFWLRQ��

�PLVFODVVLILHG 2XWSXW nOH ZKLFK LV FUHDWHG E\ 2&� ZKHQ FODVVLI\LQJ ODEHOHG LQVWDQFHV� 7KLV
nOH FRQWDLQV RQO\ WKRVH LQVWDQFHV WKDW DUH LQFRUUHFWO\ FODVVLnHG �VHH �0 RSWLRQ LQ WKH QH[W
VHFWLRQ��

4*4 ��� �� ����

)RU UXQQLQJ 2&�� WKH FRPPDQG OLQH DVVXPHV WKH IRUP�

PNWUHH >RSWLRQV@

2SWLRQV WR 2&� KDYH WKH IROORZLQJ PHDQLQJV�

q �D

&RQVLGHU RQO\ D[LV SDUDOOHO VSOLWV DW HDFK QRGH RI WKH '7� :LWK WKLV RSWLRQ� 2&� EXLOGV
WUHHV LQ WKH QRUPDO ZD\� 7KH PDLQ XVH RI WKLV RSWLRQ LV D IDVWHU FRQVWUXFWLRQ RI WKH '7�

q �$nOHVWHP

,QGLFDWH WKH nOH ZKHUH WR RXWSXW WKH DQLPDWLRQ LQIRUPDWLRQ� 7KH GHIDXOW LV QR RXWSXW� ,I
D nOH QDPH LV VSHFLnHG ZLWK WKLV RSWLRQ� DQG LI QR FURVV^YDOLGDWLRQ LV XVHG� DQG D WUDLQLQJ
VHW LV VSHFLnHG� 2&� RXWSXWV DOO K\SHUSODQH SHUWXUEDWLRQV FRQVWUXFWHG LQWR nOH nOHVWHP�
7KLV nOH FDQ EH XVHG ZLWK WKH �' RSWLRQ RI WKH GLVSOD\ WRRO WR SURGXFH D 3RVW6FULSW SVHXGR�
DQLPDWLRQ nOH�

q �EY

%LDV WRZDUGV D[LV SDUDOOHO VSOLWV LI Y w ���� 7KH GHIDXOW LV Y  ���� $W DQ\ QRGH RI WKH
GHFLVLRQ WUHH� DQ REOLTXH VSOLW LV SUHIHUUHG WR DQ D[LV^SDUDOOHO VSOLW RQO\ LI WKH UDWLR RI WKH
D[LV SDUDOOHO LPSXULW\ WR WKH REOLTXH LPSXULW\ LV JUHDWHU WKDQ Y�

��



q �%

&KDQJH WKH RUGHU RI FRHpFLHQWV SHUWXUEDWLRQ WR %HVW^)LUVW� $W HDFK QRGH RI WKH WUHH� 2&�
WULHV WR SHUWXUE �DGMXVW� WKH FRHpFLHQWV RI WKH K\SHUSODQH LW LV FRQVLGHULQJ DW RQH WLPH�
7KLV RSWLRQ WHOOV 2&� WR SHUWXUE nUVW WKH FRHpFLHQW WKDW JLYHV WKH JUHDWHVW LPSURYHPHQW
LQ WKH LPSXULW\ PHDVXUH� 7KH GHIDXOW LV WKH VHTXHQWLDO RUGHU ZKLFK PHDQV WKDW 2&� ZLOO
F\FOH WKURXJK DOO WKH FRHpFLHQWV RI D K\SHUSODQH LQ RUGHU� SHUWXUELQJ HDFK RQH WR WKH EHVW
YDOXH LW FDQ nQG IRU WKDW FRHpFLHQW�

q �FN

$OORZ GHnQLQJ WKH QXPEHU RI FODVVHV DV N� 7KH GHIDXOW LV WR FRPSXWH IURP GDWD RU GHFLVLRQ
WUHH� ,I D GHFLVLRQ WUHH LV SURYLGHG ZLWK WKH �' RSWLRQ� RU LI D WUDLQLQJ VHW LV VSHFLnHG ZLWK
WKH �W RSWLRQ� 2&� FRPSXWHV WKH QXPEHU RI FDWHJRULHV DQG WKH QXPEHU RI DWWULEXWHV
DXWRPDWLFDOO\� &ODVV ODEHOV KDYH WR EH LQWHJHUV�

q �GP

'HnQH WKH QXPEHU RI IHDWXUHV DV P� 7KH GHIDXOW LV WR FRPSXWH P IURP WKH GDWD RU WKH
GHFLVLRQ WUHH� ,I D GHFLVLRQ WUHH LV SURYLGHG ZLWK WKH �' RSWLRQ� RU LI D WUDLQLQJ VHW LV
VSHFLnHG ZLWK WKH �W RSWLRQ� 2&� FRPSXWHV WKH QXPEHU RI FDWHJRULHV DQG WKH QXPEHU RI
DWWULEXWHV DXWRPDWLFDOO\� 7KH GHIDXOW LV WKH QXPEHU RI ZKLWH�VSDFH RU FRPPD VHSDUDWHG
UHDO QXPEHUV LQ OLQH � RI WKH WUDLQLQJ GDWD nOH PLQXV �� 7KH ODVW nHOG LV DVVXPHG WR EH
WKH FDWHJRU\ RI WKH LQVWDQFH�

q �'nOHVWHP

'HnQH WKH GHFLVLRQ WUHH RXWSXW nOH� 7KH GHIDXOW LV nOHVWHP�GW� ,I D WUDLQLQJ VHW LV VSHFLnHG
ZLWK WKH �W RSWLRQ� WKHQ 2&� EXLOGV D WUHH DQG ZULWHV LW WR WKLV nOH� ,I QR WUDLQLQJ VHW
LV VSHFLnHG� WKHQ 2&� DVVXPHV XVLQJ DQ H[LVWLQJ WUHH WR FODVVLI\ RU HVWLPDWH WKH DFFXUDF\
RQ VRPH GDWD� DQG WKH GHFLVLRQ WUHH LV UHDG IURP WKLV nOH� 7KH RXWSXW nOH QDPHV DUH
nOHVWHP�GW IRU WKH SUXQHG WUHH DQG nOHVWHP�XQSUXQHG IRU WKH XQSUXQHG WUHH� ,I QR SUXQLQJ
LV FKRVHQ �ZLWK WKH �S� RSWLRQ�� RU LI QR SUXQLQJ LV SRVVLEOH RQ WKH LQGXFHG WUHH� WKH
XQSUXQHG WUHH LV ZULWWHQ WR nOHVWHP� ,I FURVV YDOLGDWLRQ LV FKRVHQ ��9 RSWLRQ�� WKH GHFLVLRQ
WUHH FRUUHVSRQGLQJ WR WKH nUVW IROG LV ZULWWHQ WR nOH�

q �LY RU �UY
'HnQH WKH QXPEHU RI UHVWDUWV�LWHUDWLRQV IRU WKH SHUWXUEDWLRQ DOJRULWKP� 7KH GHIDXOW LV
Y  �� ZKLFK PHDQV WKDW� DW HYHU\ QRGH RI WKH GHFLVLRQ WUHH� 2&� VWDUWV ZLWK WKH EHVW D[LV
SDUDOOHO VSOLW �LI �R RSWLRQ LV QRW FKRVHQ� DQG �Y b ��  �� GLmHUHQW UDQGRP K\SHUSODQHV�
SHUWXUE HDFK RQH RI WKHP WR WKH EHVW SRVLWLRQ SRVVLEOH� DQG FKRRVHV WKH EHVW RI WKH UHVXOWLQJ
Y  �� K\SHUSODQHV� &KRRVLQJ D ODUJHU YDOXH RI Y ZLOO VORZ GRZQ WKH SURJUDP� EXW FDQ
UHVXOW LQ EHWWHU WUHHV� VLQFH WKH SURJUDP VHDUFKHV PRUH DW HDFK QRGH IRU D JRRG K\SHUSODQH�

q �MY RU �PY
'HnQH WKH PD[LPXP QXPEHU RI UDQGRP MXPSV WULHG DW HDFK ORFDO PLQLPXP� 7KH GH�
IDXOW YDOXH LV Y  �� :KHQ 2&� FDQQRW LPSURYH DQ\ RI WKH FRHpFLHQWV RI D K\SHUSODQH
GHWHUPLQLVWLFDOO\� LW LV VWXFN LQ D ORFDO PLQLPXP� ,W WKHQ DWWHPSWV WR MXPS RXW RI WKLV
PLQLPXP E\ FKRRVLQJ D UDQGRP GLUHFWLRQ� DQG VOLGLQJ WKH K\SHUSODQH LQ WKDW GLUHFWLRQ�
6HWWLQJ Y  � PHDQV WKDW 2&� WULHV DW PRVW � WLPHV WR MXPS LQ D UDQGRP GLUHFWLRQ DQG
LW UHWXUQV WR WKH GHWHUPLQLVWLF SHUWXUEDWLRQ DOJRULWKP DV VRRQ DV LW nQGV DQ LPSURYHPHQW
LQ WKH LPSXULW\ PHDVXUH�

q �.

8VH &$57^OLQHDU FRPELQDWLRQV PRGH� ,I WKLV PRGH LV FKRVHQ� 2&� VXVSHQGV LWV RZQ FRHp�
FLHQW SHUWXUEDWLRQ DOJRULWKP� DQG H[HFXWHV &$57
V GHWHUPLQLVWLF SHUWXUEDWLRQ DOJRULWKP�

��



1RWH WKDW WKH &$57 PRGH GRHV QRW LQFOXGH EDFNZDUG IHDWXUH HOLPLQDWLRQ DQG QRUPDOL]D�
WLRQ �]HUR PHDQ� XQLW VWDQGDUG GHYLDWLRQ� DW HDFK WUHH QRGH� 7KLV PRGH LV LQWHQGHG RQO\
WR FRQWUDVW WKH FRHpFLHQW SHUWXUEDWLRQ PHWKRGV RI 2&� DQG &$57�/& L�H�� &$57 ZLWK
OLQHDU FRPELQDWLRQV �%UHLPDQ HW DO�� ����� &KDSWHU ���

q �OnOHVWHP

'HnQH WKH ORJ nOH� 7KH GHIDXOW LV RF��ORJ�

q �0nOHVWHP

'HnQH WKH nOH WR RXWSXW PLVFODVVLnHG LQVWDQFHV� 7KH GHIDXOW LV QR RXWSXW� 8VHUV PLJKW
ZDQW WR NQRZ ZKLFK LQVWDQFHV DUH PLVFODVVLnHG LQ DQ H[SHULPHQW� WR JDLQ LQVLJKWV LQWR� VD\�
WKH SDUWLFXODU DWWULEXWHV EHLQJ XVHG� ,I WKLV RSWLRQ LV VSHFLnHG� 2&� ZULWHV DOO PLVFODVVLnHG
LQVWDQFHV WR WKH VSHFLnHG nOH�

q �QY

'HnQH WKH QXPEHU Y RI WUDLQLQJ LQVWDQFHV� 7KH GHIDXOW LV DOO Q LQVWDQFHV LQ WKH WUDLQLQJ
nOH �JLYHQ ZLWK WKH �W RSWLRQ�� ,I WKLV QXPEHU LV OHVV WKDQ WKH WRWDO LQVWDQFHV Q LQ WKH nOH
VSHFLnHG ZLWK WKH �W RSWLRQ� WKHQ 2&� UDQGRPO\ FKRRVHV Y GDWD SRLQWV IRU WKH WUDLQLQJ
VHW DQG WKH UHVW RI WKH nOH IRU WKH WHVW VHW� ,I� KRZHYHU� �7 RSWLRQ LV FKRVHQ� DOO LQVWDQFHV
LQ WKH WUDLQLQJ nOH DUH XVHG IRU OHDUQLQJ�

q �1

7HOO 2&� QRW WR DSSO\ QRUPDOL]DWLRQ DW HDFK WUHH QRGH� 2&�
V KLOO�FOLPELQJ FRHpFLHQW
SHUWXUEDWLRQ DOJRULWKP UHTXLUHV WKDW DOO DWWULEXWH YDOXHV EH SRVLWLYH� 6R� DW HDFK WUHH QRGH�
GDWD LV WUDQVODWHG LQWR WKH SRVLWLYH TXDGUDQW DV D QRUPDOL]DWLRQ VWHS� DQG WKH K\SHUSODQH
LQGXFHG LV XQQRUPDOL]HG VXEVHTXHQWO\� 7KLV RSWLRQ HQDEOHV WKH XVHU WR VZLWFK Rm WKLV
QRUPDOL]DWLRQ�

q �R

)RUFH 2&� WR XVH RQO\ REOLTXH VSOLWV�

q �SY

'HnQH WKH SURSRUWLRQ RI WUDLQLQJ VHW WR EH XVHG LQ SUXQLQJ� 7KH GHIDXOW LV Y  ���� 2&�
DOZD\V SUXQHV GHFLVLRQ WUHHV E\ GHIDXOW� WR DYRLG WKH SUREOHP RI RYHUnWWLQJ� &XUUHQWO\� WKH
RQO\ SUXQLQJ PHWKRG LPSOHPHQWHG LV HUURU FRPSOH[LW\ SUXQLQJ XVLQJ D VHSDUDWH SUXQLQJ
VHW� 7KLV RSWLRQ VSHFLnHV WR XVH D UDQGRPO\ FKRVHQ VHW RI YQ �ZKHUH Q  WUDLQLQJ VHW VL]H�
SRLQWV IURP WKH WUDLQLQJ VHW H[FOXVLYHO\ IRU SUXQLQJ� ,I Y  �� QR SUXQLQJ LV GRQH�

q �5Y

6HW WKH RUGHU RI FRHpFLHQWV SHUWXUEDWLRQ WR UDQGRP DQG SHUWXUE Y WLPHV� 7KXV� LI �5��
LV FKRVHQ� 2&� ZLOO UHSHDW WKH IROORZLQJ ORRS �� WLPHV� SLFN D UDQGRP FRHpFLHQW DQG
DWWHPSW WR SHUWXUE LW� 7KHUH LV QR GHIDXOW YDOXH�

q �VY

6HW WKH LQWHJHU VHHG IRU WKH UDQGRP QXPEHU JHQHUDWRU WR Y� 7KH GHIDXOW LV WKH RSHUDWLQJ
V\VWHP VUDQG���� V\VWHP FDOO YDOXH�

q �WnOHVWHP

'HnQH WKH nOH FRQWDLQLQJ WUDLQLQJ LQVWDQFHV� 7KHUH LV QR GHIDXOW YDOXH� ,I QR nOH QDPH IRU
WHVW GDWD LV VSHFLnHG �ZLWK WKH �7 RSWLRQ�� DQG LI WKH QXPEHU RI WUDLQLQJ LQVWDQFHV JLYHQ
ZLWK WKH �Q RSWLRQ LV OHVV WKDQ WKH QXPEHU RI LQVWDQFHV LQ WKH DERYH nOH� WKHQ WHVW GDWD LV
DOVR UHDG IURP WKLV nOH�

��



q �7nOHVWHP

'HnQH WKH nOH FRQWDLQLQJ WHVW LQVWDQFHV� 7KHUH LV QR GHIDXOW YDOXH� 7KLV RSWLRQ RYHUULGHV
WKH �Q RSWLRQ DQG LW LV RYHUULGGHQ E\ WKH �9 RSWLRQ�

q �X

6SHFLI\ WKH WHVW GDWD LV XQODEHOHG DQG WKDW VKRXOG EH ODEHOHG E\ 2&�� 7KH GDWD LV FODVVLnHG
XVLQJ WKH GHFLVLRQ WUHH ZKLFK LV LQ WXUQ UHDG IURP D nOH RU LQGXFHG IURP WKH WUDLQLQJ GDWD�
7KH FODVVLnHG GDWD LV ZULWWHQ WR �FODVVLILHG nOH�

q �Y

6HW WKH YHUERVLW\ OHYHO LI VSHFLnHG RQFH DQG LQFUHDVHV WKLV OHYHO LI VSHFLnHG PRUH WKDQ RQFH�
7KH GHIDXOW LV QR YHUERVLW\�

q �9Y

'HnQH WKH QXPEHU RI SDUWLWLRQV IRU FURVV^YDOLGDWLRQ DV Y� 7KH GHIDXOW LV Y  � �QR FURVV�
YDOLGDWLRQ�� )RU Y  b� OHDYH^RQH^RXW LV SHUIRUPHG�

,I D QXPEHU Y LV VSHFLnHG� WKH GDWD DUH GLYLGHG UDQGRPO\ LQWR Y SDUWLWLRQV� ,I Y GRHV
QRW HYHQO\ GLYLGH WKH GDWD LQWR WKH QXPEHU RI LQVWDQFHV� WKHQ WKH H[WUD LQVWDQFHV DUH SXW
LQ WKH ODVW SDUWLWLRQ� (DFK SDUWLWLRQ LV XVHG RQFH DV D WHVW VHW IRU D WUHH EXLOW IURP WKH
UHPDLQLQJ LQVWDQFHV� /HDYH�RQH�RXW LV HTXLYDOHQW WR VHWWLQJ Y  WRWDO QXPEHU RI LQVWDQFHV�

4*5 8������

,Q ZKDW IROORZV WKH YR\DJH GDWD �6HFWLRQ ����� SDJH ��� ZLOO EH XVHG WR VKRZ D VLPSOH &���
H[HFXWLRQ�

����� ,QSXW 'DWD

)LJXUH �� VKRZV WKH FRUUHVSRQGLQJ YR\DJH�GDWD� 2EVHUYH WKDW� VLQFH 2&� LV QRW DEOH WR GHDO
ZLWK QRPLQDO IHDWXUHV WKH\ KDYH EHHQ WUDQVIRUPHG LQWR ELQDU\ YDOXHV _ VHH �:HLVV DQG ,Q�
GXUNK\D� ����� IRU PRUH GHWDLOV DERXW FRQYHUWLQJ IHDWXUHV� 7KH IHDWXUH RXWORRN ZDV WUDQVIRUPHG
LQWR � FROXPQV DVVXPLQJ ERROHDQ YDOXHV� WKH nUVW FROXPQ LV � IRU ?VXQQ\� DQG � RWKHUZLVH� 7KH
VHFRQG DVVXPHV � IRU ?RYHUFDVW� DQG � RWKHUZLVH DQG� nQDOO\� WKH WKLUG FROXPQ DVVXPHV � IRU
?UDLQ� DQG � RWKHUZLVH�

7KH IHDWXUH ZLQG �FROXPQ VL[� ZDV PDSSHG � IRU ?QR� DQG � IRU ?\HV�� 7KH FODVV ODEHO ZDV DOVR
PDSSHG � IRU ?GRQW JR� DQG � IRU ?JR� FODVV ODEHOV�

����� 7KH &ODVVLnHU

)RU UXQQLQJ 2&� ZLWK GHIDXOW RSWLRQV� ZH MXVW QHHG WR VSHFLI\ WKH nOHVWHP WR EH XVHG�

PNWUHH �WYR\DJH�GDWD

)LJXUH �� VKRZV WKH RXWSXW JHQHUDWHG E\ 2&�� 2EVHUYH WKDW WKH FODVV ODEHO ?�� ZDV UHPDSSHG
WR ?�� E\ 2&�� )LJXUH �� VKRZV WKH XQSUXQHG WUHH LQGXFHG E\ 2&��

��
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)LJXUH ��� 7KH 2&� YR\DJH�GDWD nOH

5HPDSSLQJ FODVV QXPEHUV�

� 7R �

3UXQHG GHFLVLRQ WUHH ZULWWHQ WR� YR\DJH�GW

8QSUXQHG GHFLVLRQ WUHH ZULWWHQ WR� YR\DJH�XQS

DFF� RQ WUDLQLQJ VHW  ����� �OHDYHV  � PD[ GHSWK  �

7UDLQLQJ VHW� YR\DJH�GDWD� 'LPHQVLRQV� �� &DWHJRULHV� �

5RRW +\SHUSODQH� /HIW  >���@� 5LJKW  >���@

��������� [>�@ � ��������� [>�@ � ��������� [>�@ � �������� [>�@ �

��������� [>�@ � �������� [>�@ � ��������  �

)LJXUH ��� 7KH YR\DJH 2&� FODVVLnHU

7UDLQLQJ VHW� YR\DJH�GDWD� 'LPHQVLRQV� �� &DWHJRULHV� �

5RRW +\SHUSODQH� /HIW  >���@� 5LJKW  >���@

��������� [>�@ � ��������� [>�@ � ��������� [>�@ � �������� [>�@ �

��������� [>�@ � �������� [>�@ � ��������  �

U +\SHUSODQH� /HIW  >���@� 5LJKW  >���@

�������� [>�@ � ���������  �

UU +\SHUSODQH� /HIW  >���@� 5LJKW  >���@

�������� [>�@ � ����������  �

)LJXUH ��� 7KH YR\DJH 2&� XQSUXQHG FODVVLnHU

��



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

7HVW LQVWDQFHV ZLWK ODEHOV ZULWWHQ WR YR\DJH�XQO�FODVVLILHG�

)LJXUH ��� &RQVXOWLQJ WKH 2&� YR\DJH FODVVLnHU

����� &RQVXOWLQJ WKH &ODVVLnHU

-XVW RQH RI WKH WZR WHVW LQVWDQFHV XVHG EHIRUH ZLOO EH XVHG KHUH L�H�� �RXWORRN� WHPSHUDWXUH�
KXPLGLW\� ZLQG\�  �VXQQ\� ��� ��� QR� _ VHH 6HFWLRQ ������� SDJH ��� 7KH RWKHU LQVWDQFH �"�
��� ��� \HV� ZDV QRW XVHG VLQFH LW FRQWDLQV PXOWLSOH XQNQRZQ YDOXHV WKDW DUH QRW WUHDWHG E\ 2&�
�� ,Q WKLV FDVH� WKH XQODEHOHG LQVWDQFH ZDV ZULWWHQ WR nOH YR\DJH�XQO ZLWKRXW WKH ODEHO LQ WKH
IRUP�

� � � �� �� �

)RU ODEHOLQJ GDWD� WKH IROORZLQJ FRPPDQG ZDV XVHG�

PNWUHH �'YR\DJH�GW �X7YR\DJH�XQO

1RWH WKDW LV QHFHVVDU\ WR VXSSO\ WKH GHFLVLRQ WUHH nOH WR EH XVHG� LQ WKLV FDVH YR\DJH�GW� 7KH
RXWSXW RI WKLV FRPPDQG LV VKRZQ LQ )LJXUH ��� )URP WKLV RXWSXW� WKH SUHGLFWHG ODEHO LV ?��
ZKLFK PHDQV ?GRQW JR� LQ WKH RULJLQDO GDWDVHW �UHPHPEHU DXWRPDWLF UHPDSSLQJ GRQH E\ 2&�
IURP ODEHO ?�� WR ?����

4*6 �0�

<RX FDQ nQG PRUH LQIRUPDWLRQ DERXW 2&� LQ WKH 85/�

KWWS���ZZZ�WLJU�RUJ�zVDO]EHUJ�DQQRXQFH�RF��KWPO

4*'7 �����
�

:KHQ \RX VWRS OHDUQLQJ� VWRS OLVWHQLQJ� VWRS ORRNLQJ DQG DVNLQJ

TXHVWLRQV� DOZD\V QHZ TXHVWLRQV� WKHQ LW LV WLPH WR GLH�

_/LOOLDQ 6PLWK

2&� LV ZULWWHQ LQ $16, &� DQG LQFRUSRUDWHV D QXPEHU RI IHDWXUHV LQWHQGHG WR VXSSRUW oH[LEOH
H[SHULPHQWDWLRQ RQ D YDULHW\ RI W\SHV RI GDWD� LQFOXGLQJ FURVV^YDOLGDWLRQ� JHQHUDWLRQ RI DUWLnFLDO
GDWD DV ZHOO DV JUDSKLFDO GLVSOD\ RI GDWD VHWV DQG GHFLVLRQ WUHHV� 7KH 2&� VRIWZDUH DOORZV
WKH XVHU WR FUHDWH ERWK VWDQGDUG� D[LV^SDUDOOHO GHFLVLRQ WUHHV DQG REOLTXH �PXOWLWKHWLF� WUHHV�
+RZHYHU� DOO IHDWXUHV PXVW EH FRQWLQXRXV VLQFH 2&� FDQQRW KDQGOH QRPLQDO RQHV UHVWULFWLQJ LWV
XVH LQ VRPH GRPDLQV LQ ZKLFK LW ZLOO EH UHTXLUHG VRPH SUH�SURFHVVLQJ LQ WKH GDWD WR PHHW WKLV
UHVWULFWLRQ�

�
�,Q WKH WHVWV SHUIRUPHG� 2&� DFFHSWV MXVW RQH XQNQRZQ YDOXH DW HDFK XQODEHOHG �QHZ� LQVWDQFH�

��



5 ���

,Q WKH PLGGOH RI GLpFXOW\ OLHV RSSRUWXQLW\�

_$OEHUW (LQVWHLQ

&1� LV D PDFKLQH OHDUQLQJ DOJRULWKP WKDW LQGXFHV CLI �FRPSOH[! WKHQ �FODVV!
 UXOHV LQ GRPDLQV
ZKHUH WKHUH PLJKW EH QRLVH� 7KH &1� DOJRULWKP FRQVLVWV RI WZR EDVLF SURFHGXUHV� D VHDUFK
PHFKDQLVP WKDW SHUIRUPV D EHDP VHDUFK IRU D JRRG UXOH DQG D FRQWURO PHFKDQLVP IRU UHSHDWHGO\
H[HFXWLQJ WKLV VHDUFK� &1� LV DEOH WR JHQHUDWH RUGHUHG RU XQRUGHUHG UXOHV� 7KH QH[W VHFWLRQV
VKRZ VRPH EDVLFV FKDUDFWHULVWLFV RI HDFK RQH�

5*' �
��
�� �� �

7KH RULJLQDO &1� DOJRULWKP LQGXFHV RUGHUHG UXOHV DQG LV IXOO\ GHVFULEHG LQ �&ODUN DQG 1LEOHWW�
������ 7KH UHPDLQLQJ VXEVHFWLRQV GHVFULEH WKH RUGHUHG &1�_ VHH $OJRULWKP �� 2EVHUYH WKDW
$OJRULWKP � �SDJH ��� LV XVHG IRU ERWK RUGHUHG DQG XQRUGHUHG UXOH LQGXFWLRQ�

����� ,QGXFLQJ 5XOHV

,Q WKH RULJLQDO YHUVLRQ RI &1�� DQ RUGHUHG OLVW RI FODVVLnFDWLRQ UXOHV LV LQGXFHG IURP LQVWDQFHV
XVLQJ HQWURS\ DV VHDUFK KHXULVWLF�

,Q WKH OHDUQLQJ VWHS� &1� ZRUNV LQ DQ LWHUDWLYH IDVKLRQ� HDFK LWHUDWLRQ VHDUFKHV IRU D �FRPSOH[!
FRYHULQJ D ODUJH QXPEHU RI LQVWDQFHV RI D VLQJOH �FODVV  &L! DQG IHZ RI RWKHU FODVVHV� 7KH
�FRPSOH[! LV ERWK SUHGLFWLYH DQG UHOLDEOH� DV GHWHUPLQHG E\ &1�
V HYDOXDWLRQ IXQFWLRQV� +DY�
LQJ IRXQG D JRRG �FRPSOH[!� DOO WKRVH LQVWDQFHV LW FRYHUV DUH UHPRYHG IURP WKH WUDLQLQJ VHW
DQG WKH UXOH

LI �FRPSOH[! WKHQ �FODVV  &L! >�&���&�� � � � � ���&L� �� � � � ��&N@

LV DGGHG WR WKH HQG RI WKH UXOH OLVW� 7KLV SURFHVV LWHUDWHV XQWLO QR PRUH VDWLVIDFWRU\ �FRPSOH[!
FDQ EH IRXQG� 1XPEHUV EHWZHHQ EUDFNHWV �&M LQGLFDWH WKH QXPEHU RI LQVWDQFHV FRYHUHG E\ WKH
UXOH IRU HDFK FODVV &M � &ODVV RUGHU LV WKH VDPH DV GHFODUHG LQ WKH �DWW nOH� ,Q IDFW� LI WKH LQGXFHG
UXOH MXVW FRYHUV ���� RI LQVWDQFHV IURP FODVV &L ZKLFK VDWLVnHV LWV �FRPSOH[!� LW ZRXOG ORRN
OLNH�

LI �FRPSOH[! WKHQ �FODVV  &L! >�� �� � � � � ���&L� �� � � � � �@

����� +DQGOLQJ &RQWLQXRXV 9DOXHV

&1� GHDOV ZLWK FRQWLQXRXV IHDWXUHV E\ GLYLGLQJ WKH UDQJH RI YDOXHV RI HDFK IHDWXUH LQWR GLVFUHWH
VXE�UDQJHV� 7HVWV RQ VXFK IHDWXUHV DVVXPH WKH IRUP�

;L RS 9DOXH

ZKHUH ;L LV D IHDWXUH� RS LV DQ RSHUDWRU LQ WKH VHW I���� !�wJ DQG 9DOXH LV D YDOLG YDOXH IRU
IHDWXUH ;L GHWHUPLQHG E\ &1��

��



$OJRULWKP � &1� 2UGHUHG UXOH LQGXFWLRQ

�� SURFHGXUH &1� RUGHUHG UXOHV�,QVWDQFHV�
�� 5XOHOLVW � IJ
�� UHSHDW

�� EHVW FRQMXQFW � nQG EHVW FRQMXQFWLRQ�,QVWDQFHV�
�� LI EHVW FRQMXQFW� IJ WKHQ
�� & � PRVW IUHTXHQW FODVV LQ ,QVWDQFHV VDWLVI\LQJ EHVW FRQMXQFW
�� 5XOH � ,) EHVW FRQMXQFW 7+(1 FODVV  &
�� 5XOHOLVW � 5XOHOLVW � I5XOHJ
�� ,QVWDQFHV � ,QVWDQFHV b I7 � 7 LQ ,QVWDQFHV DQG VDWLVnHV�7 �EHVW FRQMXQFW�J

��� HQG LI

��� XQWLO EHVW FRQMXQFW  IJ
��� UHWXUQ 5XOHOLVW

����� +DQGOLQJ 8QNQRZQ 9DOXHV

)RU XQNQRZQ IHDWXUH YDOXHV� &1� XVHV WKH PHWKRG RI VLPSO\ UHSODFLQJ XQNQRZQ YDOXHV ZLWK WKH
PRVW FRPPRQO\ RFFXUULQJ YDOXH LI WKH IHDWXUH LV QRPLQDO� )RU FRQWLQXRXV IHDWXUHV� WKH PLGYDOXH
RI WKH PRVW FRPPRQO\ RFFXUULQJ VXE�UDQJH UHSODFHV WKH XQNQRZQ YDOXH�

����� +DQGOLQJ 1RLV\ ,QVWDQFHV

&1� HPEHGV DQ HYDOXDWLRQ IXQFWLRQ WKDW WHVWV ZKHWKHU D �FRPSOH[! LV VLJQLnFDQW RU QRW GXH WR
QRLV\ GDWD� $ VLJQLnFDQW �FRPSOH[! ORFDWHV D UHJXODULW\ XQOLNHO\ WR KDYH RFFXUUHG E\ FKDQFH�
WKXV UHoHFWLQJ D JRRG FRUUHODWLRQ EHWZHHQ IHDWXUH YDOXHV DQG FODVVHV� 7R DVVHVV VLJQLnFDQFH� &1�
FRPSDUHV WKH REVHUYHG GLVWULEXWLRQ DPRQJ FODVVHV RI LQVWDQFHV VDWLVI\LQJ WKH �FRPSOH[! ZLWK
WKH H[SHFWHG GLVWULEXWLRQ WKDW ZRXOG UHVXOW LI WKH �FRPSOH[! VHOHFWV LQVWDQFHV UDQGRPO\� 6RPH
GLmHUHQFHV LQ WKHVH GLVWULEXWLRQV ZLOO UHVXOW IURP UDQGRP YDULDWLRQ� ,I WKH REVHUYHG GLmHUHQFHV
DUH WRR JUHDW WR EH DFFRXQWHG SXUHO\ E\ FKDQFH� &1� DVVXPHV WKDW WKH �FRPSOH[! UHoHFWV D
JRRG FRUUHODWLRQ EHWZHHQ IHDWXUHV DQG FODVVHV�

����� &ODVVLI\LQJ 1HZ ,QVWDQFHV

7R FODVVLI\ QHZ LQVWDQFHV� XVLQJ WKH LQGXFHG UXOHV� WKH RULJLQDO &1� DSSOLHV DQ LQWHUSUHWDWLRQ
LQ ZKLFK HDFK UXOH LV WULHG LQ RUGHU XQWLO LW LV IRXQG RQH ZKRVH FRQGLWLRQV DUH VDWLVnHG E\ WKH
QHZ LQVWDQFH EHLQJ FODVVLnHG� 7KH UHVXOWLQJ FODVV SUHGLFWLRQ RI WKLV UXOH LV WKHQ DVVLJQHG DV WKH
FODVV RI WKDW LQVWDQFH� 7KXV WKH RUGHU RI UXOHV LV LPSRUWDQW� ,I QR UXOH LV VDWLVnHG� WKH GHIDXOW
UXOH DVVLJQV WKH PRVW FRPPRQ FODVV LQ WKH WUDLQLQJ VHW WR WKH QHZ LQVWDQFH�

:LWK RUGHUHG &1� UXOHV D VLPLODU SROLF\ WR XQRUGHUHG UXOHV �VHH EHORZ� LV IROORZHG IRU KDQGOLQJ
XQNQRZQV� H[FHSW DIWHU D UXOH KDV nUHG DEVRUELQJ� VD\� � � RI WKH WHVWLQJ LQVWDQFH� RQO\ WKH
UHPDLQLQJ � � DUH VHQW GRZQ WKH UHPDLQGHU RI WKH UXOH OLVW� 7KH nUVW UXOH ZLOO FDXVH � �d FODVV
GLVWULEXWLRQ WR EH FROOHFWHG� EXW D VHFRQG VLPLODU UXOH ZLOO FDXVH � �d � �d FODVV GLVWULEXWLRQ
WR EH FROOHFWHG� 7KXV WKH CIUDFWLRQ
 RI WKH LQVWDQFH JHWV OHVV DQG OHVV DV LW SURJUHVVHV GRZQ WKH
UXOH OLVW�

��



5*( ���
��
�� ���

$Q LPSURYHG YHUVLRQ RI &1�� ZKLFK LQGXFHV XQRUGHUHG UXOHV� LV GHVFULEHG LQ �&ODUN DQG 1LEOHWW�
����� &ODUN DQG %RVZHOO� ������ 7KH UHPDLQLQJ VXEVHFWLRQV GHVFULEH WKH XQRUGHUHG &1�

$OJRULWKP � SUHVHQWV WKH &1� XQRUGHUHG DOJRULWKP DQG $OJRULWKP �� DV VWDWHG HDUOLHU� DOORZV
&1� nQGLQJ WKH EHVW FRQMXQFWLRQ DW HDFK VWHS IRU ERWK RUGHUHG DQG XQRUGHUHG UXOH LQGXFWLRQ�

����� ,QGXFLQJ 5XOHV

6RPH LPSURYHPHQWV LQ &1� DUH GHVFULEHG LQ �&ODUN DQG %RVZHOO� ����� ZKHUH WKH /DSODFLDQ
HUURU HVWLPDWH LV XVHG DV DQ DOWHUQDWLYH HYDOXDWLRQ IXQFWLRQ DQG _ EHVLGHV RUGHUHG UXOHV _ WKH
DOJRULWKP FDQ JHQHUDWH XQRUGHUHG UXOHV DV ZHOO�

7KH PDLQ PRGLnFDWLRQ WR WKH RULJLQDO DOJRULWKP _ LQ RUGHU WR JHQHUDWH XQRUGHUHG UXOHV _ LV
WR LWHUDWH WKH VHDUFK FODVV LQ WXUQ� UHPRYLQJ RQO\ WKH FRYHUHG LQVWDQFHV RI WKDW FODVV ZKHQ D
UXOH KDV EHHQ IRXQG� 8QOLNH WKH RUGHUHG UXOHV� WKH QHJDWLYH LQVWDQFHV UHPDLQ EHFDXVH QRZ HDFK
UXOH PXVW LQGHSHQGHQWO\ VWDQG DJDLQVW DOO QHJDWLYHV� 7KH FRYHUHG SRVLWLYHV LQVWDQFHV PXVW EH
UHPRYHG WR SUHYHQW &1� UHSHDWHGO\ nQGLQJ WKH VDPH UXOH�

����� &ODVVLI\LQJ 1HZ ,QVWDQFHV

7R FODVVLI\ D QHZ LQVWDQFH XVLQJ LQGXFHG XQRUGHUHG UXOHV� DOO UXOHV DUH WULHG DQG WKRVH ZKLFK
nUH DUH FROOHFWHG� ,I PRUH WKDQ RQH FODVV LV SUHGLFWHG E\ nUHG UXOHV� WKH PHWKRG XVHG LV WR
WDJ HDFK UXOH ZLWK WKH GLVWULEXWLRQ RI FRYHUHG LQVWDQFHV DPRQJ FODVVHV DQG WKHQ WR VXP WKHVH
GLVWULEXWLRQV WR nQG WKH PRVW SUREDEOH FODVV� )RU LQVWDQFH� FRQVLGHU WKH WKUHH UXOHV�

LI KHDG VTXDUH DQG KROG JXQ WKHQ FODVV HQHP\ FRYHUV >����@
LI VL]H WDOO DQG oLHV QR WKHQ FODVV IULHQG FRYHUV >����@
LI ORRN DQJU\ WKHQ FODVV HQHP\ FRYHUV >����@

+HUH WKH WZR FODVVHV DUH >HQHP\�IULHQG@ DQG >����@ GHQRWHV WKDW WKH UXOH FRYHUV �� WUDLQLQJ
LQVWDQFHV RI HQHP\ DQG � RI IULHQG� *LYHQ D QHZ LQVWDQFH RI D URERW ZKLFK KDV VTXDUH KHDG�
FDUULHV D JXQ� WDOO� QRQ�o\LQJ DQG DQJU\� DOO WKUHH UXOHV DUH nUHG� &1� UHVROYH WKLV FODVK E\
VXPPLQJ WKH FRYHUHG LQVWDQFHV >�����@ DQG WKHQ SUHGLFWLQJ WKH PRVW FRPPRQ FODVV LQ WKH VXP
_ HQHP\�

����� +DQGOLQJ 8QNQRZQ 9DOXHV

'XULQJ UXOH LQGXFWLRQ� XQNQRZQ YDOXHV DUH VSOLW LQWR IUDFWLRQDO LQVWDQFHV� ,Q WKLV FDVH� WKH FRXQWV
DWWDFKHG WR UXOHV ZKHQ ZULWLQJ WKH UXOHVHW VKRXOG EH WKRVH HQFRXQWHUHG GXULQJ UXOH JHQHUDWLRQ�
+RZHYHU� IRU XQRUGHUHG UXOHV� WKH FRXQWV WR DWWDFK DUH JHQHUDWHG DIWHU UXOH JHQHUDWLRQ LQ D
VHFRQG SDVV� IROORZLQJ WKH H[HFXWLRQ SROLF\ RI VSOLWWLQJ DQ LQVWDQFH ZLWK XQNQRZQ IHDWXUH YDOXH
LQWR HTXDO IUDFWLRQV IRU HDFK YDOXH� UDWKHU WKDQ WKH /DSODFH�HVWLPDWHG IUDFWLRQV XVHG GXULQJ UXOH
JHQHUDWLRQ�

��



$OJRULWKP � &1� 8QRUGHUHG UXOH LQGXFWLRQ

�� SURFHGXUH &1� XQRUGHUHG UXOHV�,QVWDQFHV�
�� 5XOHVHW � IJ
�� IRU DOO FODVV & LQ ,QVWDQFHV GR
�� 5XOHV IRU RQH FODVV � IJ
�� UHSHDW

�� EHVW FRQMXQFW � nQG EHVW FRQMXQFWLRQ�,QVWDQFHV�&�
�� LI EHVW FRQMXQFW� IJ WKHQ
�� 5XOHV IRU RQH FODVV � 5XOHV IRU RQH FODVV � I,) EHVW FRQMXQFW 7+(1 FODVV  &J
�� ,QVWDQFHV � ,QVWDQFHV b I7 � 7 LQ ,QVWDQFHV DQG VDWLVnHV�7 �EHVW FRQMXQFW DQG

FODVV &�J
��� HQG LI

��� XQWLO EHVW FRQMXQFW  IJ
��� 5XOHVHW � 5XOHVHW � 5XOHV IRU RQH FODVV
��� HQG IRU

��� UHWXUQ 5XOHVHW

����� +DQGOLQJ 1RLV\ ,QVWDQFHV

&1� XQRUGHUHG UXOHV WUHDWV QRLV\ GDWD MXVW OLNH &1� RUGHUHG UXOHV GRHV�

5*+ ,
��
�� .���

FQ 7KLV FRPPDQG LQYRNHV UXOH LQGXFWLRQ �VHH 6HFWLRQ ��� IRU RSWLRQV RI WKLV FRPPDQG��

5*- &����

$OO nOHV UHDG DQG ZULWWHQ E\ &1� DVVXPH WKH IRUP nOHVWHP�H[WHQVLRQ� +RZHYHU� XQOLNH RWKHU
V\VWHPV� H[WHQVLRQ PD\ EH DQ\ VWULQJ WKH XVHU FKRRVHV� ,Q JHQHUDO� SHRSOH ZRUNLQJ ZLWK &1�
IROORZ WKH QRPHQFODWXUH IRU QDPLQJ nOHV DV VXJJHVWHG E\ &1� DXWKRUV�

�DWW 7KLV WH[W nOH SURYLGHV QDPHV IRU FODVVHV� IHDWXUHV DQG HQXPHUDWHV SRVVLEOH IHDWXUH YDOXHV�
(DFK OLQH HQGLQJ ZLWK D VHPLFRORQ� %ODQN OLQHV� VSDFHV DQG WDEV FDQ EH XVHG IRU EHWWHU
FODULW\� $Q\WKLQJ IURP WKH SHUFHQW V\PERO � WR WKH HQG RI OLQH LV LJQRUHG DQG FDQ EH XVHG
IRU FRPPHQWV�

7KH nUVW OLQH PXVW EH WKH WRNHQ 

$775,%87( ),/(

� UHPDLQLQJ HQWULHV FRQVLVW RI RQH
OLQH IRU HDFK IHDWXUH� $ IHDWXUH GHVFULSWLRQ EHJLQV ZLWK WKH IHDWXUH QDPH �QR FRPPD�
FRORQ� YHUWLFDO EDU DQG EDFNVODVK DUH DOORZHG LQ IHDWXUH QDPHV� IROORZHG E\ D FRORQ DQG
WKHQ SRVVLEOH YDOXHV WKDW IHDWXUH FDQ WDNH�

q �,17� LQGLFDWLQJ LQWHJHU YDOXHV�

q �)/2$7� LQGLFDWLQJ oRDWLQJ SRLQW YDOXHV�

q D OLVW RI QDPHV VHSDUDWHG E\ VSDFHV RU WDEV� LQGLFDWLQJ WKDW WKH IHDWXUH FDQ WDNH
GLVFUHWH YDOXHV�

7KH RUGHU RI IHDWXUH GHFODUDWLRQ LV QRW UHOHYDQW� EXW LW PXVW IROORZ WKH H[DFW GDWD SRVLWLRQ
LQ WKH �H[V nOH�

��



$OJRULWKP � &1� )LQG EHVW FRQMXQFWLRQ

�� SURFHGXUH &1� nQG EHVW FRQMXQFWLRQ�,QVWDQFHV�>FODVV@�
�� PRVW JHQHUDO FRQGLWLRQ � WUXH
�� VWDU � IPRVW JHQHUDO FRQGLWLRQJ
�� EHVW FRQGLWLRQ � IJ
�� ZKLOH VWDU� IJ GR
�� QHZVWDU � IJ
�� IRU DOO FRQGLWLRQ LQ VWDU GR
�� IRU DOO SRVVLEOH IHDWXUH WHVW QRW DOUHDG\ WHVWHG RQ FRQGLWLRQ GR
�� FRQG � FRQGLWLRQ � IDQG WHVWJ

��� LI FRQG LV EHWWHU WKDQ EHVW FRQGLWLRQ DQG FRQG LV VWDWLVWLFDOO\ VLJQLnFDQW WKHQ
��� EHVW FRQGLWLRQ � FRQG
��� HQG LI

��� QHZVWDU � QHZVWDU � FRQG
��� LI VL]H�QHZVWDU� ! PD[VWDU WKHQ
��� QHZVWDU � QHZVWDU b IWKH ZRUVW FRQGLWLRQ LQ QHZVWDUJ
��� HQG LI

��� HQG IRU

��� HQG IRU

��� VWDU � QHZVWDU
��� HQG ZKLOH

��� UHWXUQ EHVW FRQGLWLRQ

7KH ODVW FROXPQ LQGLFDWHV WKH FODVV� &ODVV ODEHOV PXVW HQG ZLWK D VHPLFRORQ� 7KHUH PXVW
EH DW OHDVW WZR FODVV QDPHV� QR PDWWHU WKHLU RUGHU�

,W LV SRVVLEOH WR LPSRVH FRQVWUDLQWV RQ WKH RUGHU LQ ZKLFK IHDWXUHV DUH WHVWHG LQ UXOH
FRQGLWLRQV� 6XFK RUGHULQJ PD\ EH RSWLRQDOO\ LPSRVHG RQ &1� DIWHU IHDWXUH GHFODUDWLRQV�
$ IHDWXUH RUGHULQJ WDNHV WKH IRUP�

;L %()25( ;M�

ZKHUH ;L DQG ;M DUH IHDWXUHV� 0DQ\ VXFK GHFODUDWLRQV FDQ EH XVHG� 7KH RQO\ HmHFW RI
WKLV GHFODUDWLRQ� IRU LQVWDQFH� VH[ %()25( SUHJQDQF\ LV WR HQVXUH WKDW DQ\ UXOH FRQWDLQLQJ
D WHVW IRU SUHJQDQF\ DOVR FRQWDLQV D WHVW RI VH[�

�H[V 7KH nUVW HQWU\ PXVW EH WKH WRNHQ 

(;$03/( ),/(

� (DFK OLQH GHVFULEHV RQH LQVWDQFH�
SURYLGLQJ YDOXHV IRU HDFK IHDWXUH� (DFK YDOXH PXVW EH VHSDUDWHG E\ VSDFHV RU WDEV DQG
WHUPLQDWHG E\ D VHPLFRORQ� )HDWXUH YDOXHV PXVW DSSHDU H[DFWO\ LQ WKH VDPH RUGHU DV WKH\
DUH GHFODUHG LQ WKH �DWW nOH� 8QNQRZQ YDOXHV FDQ EH VSHFLnHG E\ D TXHVWLRQ PDUN �"��

,W LV SRVVLEOH WR DVVLJQ ZHLJKWV IRU LQVWDQFHV� ,Q WKLV FDVH� EHVLGHV IHDWXUH YDOXHV� HDFK
HQWU\ FDQ EH IROORZHG E\ D Z : ZKHUH : ! �� :KHQ QRW XVHU VXSSOLHG� &1� DVVXPHV
:  �� RWKHUZLVH : LQGLFDWHV KRZ PDQ\ WLPHV WKDW LQVWDQFH VKRXOG EH FRQVLGHUHG� )RU
H[DPSOH� DQ LQVWDQFH LQ WKLV nOH XVXDOO\ LV UHSUHVHQWHG DV�

VXQQ\ �� �� \HV JR�

ZKLFK LV HTXLYDOHQW WR�

VXQQ\ �� �� \HV JR Z ��

,I RQH ZLVKHV WR FRQVLGHUV WKLV VDPH LQVWDQFH � WLPHV� LW ZRXOG ORRN OLNH�

��



VXQQ\ �� �� \HV JR Z ��

�WVW 7KH nUVW OLQH RI WKLV nOH PXVW EH WKH WRNHQ 

(;$03/( ),/(

� 7KLV RSWLRQDO nOH DVVXPHV
WKH VDPH IRUP RI WKH �H[V nOH� ,W LV XVHG WR HYDOXDWH DFFXUDF\ RI WKH JHQHUDWHG FODVVLnHU�

�UXOHV 7KH nUVW OLQH LV WKH WRNHQ 

58/( ),/(

� 7KLV LV DQ RXWSXW nOH FRQWDLQLQJ WKH nQDO
UXOH VHW JHQHUDWHG E\ &1��

5*/ ��� �� ����

7KLV VHFWLRQ GHVFULEHV WKH &1� WRS OHYHO PHQX RSWLRQV� ,Q &1� HDFK FRPPDQG LV LQYRNHG E\
W\SLQJ LWV LQLWLDO OHWWHU �XSSHU RU ORZHU FDVH�� H[FHSW IRU H;HFXWH� ZKLFK LV LQYRNHG E\ [� 7KH
EHKDYLRXU RI &1� FDQ EH PRGLnHG E\ FKDQJLQJ YDULRXV RSWLRQV� +RZHYHU� DOO WKHVH SDUDPHWHUV
KDYH GHIDXOW YDOXHV VHW DW VWDUWXS� VR WKHUH LV QR QHHG WR VHW WKHP EHIRUH SURFHVVLQJ GDWD�

q 5HDG

5HDG D IHDWXUH �DWWULEXWH�� H[DPSOH �LQVWDQFH�� DWWULEXWH�DQG�H[DPSOH RU UXOH nOH� ,W LV
LPSRUWDQW WR NQRZ WKDW ZKHQ ORDGLQJ VHYHUDO nOHV LQ VXFFHVVLRQ� &1� FDQ RQO\ UHWDLQ LQ
PHPRU\ RQH VHW RI DWWULEXWHV� DQG RQH VHW RI H[DPSOHV� DW DQ\ RQH WLPH� 7KHUHIRUH�

�� LW LV QHFHVVDU\ WR ORDG WKH DSSURSULDWH IHDWXUH nOH EHIRUH ORDGLQJ DQ LQVWDQFH RU UXOH
nOH�

�� ORDGLQJ D nOH RI DQ\ W\SH RYHUZULWHV DQ\ GDWD RI WKDW W\SH ZKLFK PD\ KDYH EHHQ
ORDGHG SUHYLRXVO\� ,QGHHG� ORDGLQJ D VHW RI IHDWXUHV FDXVHV DQ\ SUHYLRXVO\ ORDGHG
LQVWDQFHV WR EH ORVW� HYHQ LI WKH ORDG IDLOV�

q ,QGXFH

5XQ &1� RQ WKH PRVW UHFHQWO\ UHDG VHW RI IHDWXUHV DQG LQVWDQFHV�

q :ULWH

$IWHU XVLQJ WKH ,QGXFH RSWLRQ� LW LV SRVVLEOH WR XVH WKLV RSWLRQ WR ZULWH WKH UXOH VHW WR D
nOH�

q &NUO

:ULWH GDWD LQ &.5/ IRUPDW� XVHG LQ WKH 7XULQJ ,QVWLWXWH� DW *ODVJRZ� (VFRFLD ZKHUH &1�
ZDV LPSOHPHQWHG�

q H;HFXWH

(QDEOH WKH HYDOXDWLRQ PRGH� 7KH SHUIRUPDQFH RI WKH FXUUHQW UXOHV PD\ EH DVVHVVHG ZLWK
UHVSHFW WR WKH FXUUHQW H[DPSOHV� ,Q WKLV PRGH� YDOLG RSWLRQV DUH�

�� $OO� (YDOXDWH WKH UXOH VHW DV D ZKROH�

�� ,QGLYLGXDO� (YDOXDWH UXOHV LQGLYLGXDOO\�

�� +HOS�"� 'LVSOD\ D PHQX RI FRPPDQGV�

�� �5(7!� 5HWXUQ WR WKH &1� SURPSW�

q $OJRULWKP

6SHFLI\ ZKHWKHU &1� LV WR SURGXFH RUGHUHG RU XQRUGHUHG VHWV RI UXOHV�

��



q (UURU HVWLPDWH

'HnQH ZKHWKHU &1� VKRXOG XVH WKH /DSODFLDQ RU WKH QD�rYH HVWLPDWH WR DVVHVV WKH DFFXUDF\
RI D UXOH�

q 6WDU VL]H

4XHU\ RU FKDQJH WKH VWDU VL]H�

q 7KUHVKROG

4XHU\ RU FKDQJH WKH VLJQLnFDQFH WKUHVKROG�

q 'LVSOD\

6HW WKH YHUERVLW\ OHYHO RI &1� DERXW WKH VHDUFK� %\ GHIDXOW� &1� MXVW GLVSOD\V HDFK UXOH
DV LW nQGV LW� EXW LI UHTXLUHG &1� FDQ LQGLFDWH ZKHQHYHU D QHZ EHVW QRGH LV IRXQG� RU
ZKLFK QRGH LV FXUUHQWO\ EHLQJ VSHFLDOL]HG� 7KLV RSWLRQ FDQ EH XVHG WR FODULI\ ZKDW &1�
LV GRLQJ� SDUWLFXODUO\ LI LW LV JHQHUDWLQJ XQH[SHFWHG DQVZHUV�

q +HOS�"

'LVSOD\ D PHQX RI FRPPDQGV�

q 4XLW

4XLW &1��

5*3 !� �� ����

,W LV SRVVLEOH WR UXQ &1� QRQLQWHUDFWLYHO\ E\ VXSSO\LQJ LW ZLWK D VHTXHQFH RI RSWLRQV LQ D nOH�
,Q WKLV FDVH� &1� ZLOO ZULWH D WUDFH RI LWV DFWLYLWLHV WR WKH VWDQGDUG RXWSXW� &RQVHTXHQWO\� LI
WKH XVHU ZDQWV WR UXQ LW LQ EDFNJURXQG� V�KH VKRXOG UHGLUHFW LWV RXWSXW WR D nOH�

&RPPDQGV VKRXOG EH SUHVHQW LQ WKH FRPPDQG nOH OLNH DV WKH\ ZRXOG EH W\SHG LQ WKH LQWHUDFWLYH
SURPSW� ,Q WKH FDVH RI VLQJOH�FKDUDFWHU FRPPDQGV� WKH FRPSOHWH FRPPDQG PD\ EH XVHG WR
PDNH WKH nOH PRUH UHDGDEOH� (DFK FRPPDQG VKRXOG EH VHSDUDWHG IURP WKH QH[W LWHP ZLWK VRPH
VSDFHV� )LOHQDPHV PXVW EH IROORZHG E\ D QHZOLQH� &KDUDFWHUV IURP C�
 WR WKH QH[W HQG�RI�OLQH
ZLOO EH UHJDUGHG DV FRPPHQWV DQG LJQRUHG� DV WKH\ QRUPDOO\ DUH LQ & VKHOO VFULSWV�

5*4 8������

,Q ZKDW IROORZV WKH YR\DJH GDWD �6HFWLRQ ����� SDJH ��� ZLOO EH XVHG WR VKRZ D VLPSOH &1�
H[HFXWLRQ�

����� ,QSXW 'DWD

)LJXUHV �� DQG �� VKRZ WKH FRUUHVSRQGLQJ YR\DJH�DWW DQG YR\DJH�H[V� UHVSHFWLYHO\� )RU WKLV
H[DPSOH� QR YR\DJH�WHVW nOH LV XVHG�

����� 7KH 2UGHUHG 5XOHV &ODVVLnHU

6LPLODUO\ WR XQRUGHUHG UXOHV� ZH UXQ &1� RUGHUHG UXOHV LQ EDWFK PRGH WKURXJK WKH EDWFK nOH
GHVFULEHG LQ )LJXUH ��� &1� LV WKHQ DFWLYDWHG E\ WKH IROORZLQJ FRPPDQG�

��





$775,%87( ),/(



� )HDWXUHV

RXWORRN� VXQQ\ RYHUFDVW UDLQ�

WHPSHUDWXUH� �,17�

KXPLGLW\� �)/2$7�

ZLQG\� \HV QR�

� &ODVV

FODVV� JR GRQWBJR�

)LJXUH ��� 7KH &1� YR\DJH�DWW nOH



(;$03/( ),/(



� ,QVWDQFHV

VXQQ\ �� �� \HV JR�

VXQQ\ �� �� \HV GRQWBJR�

VXQQ\ �� �� QR JR�

VXQQ\ �� �� QR GRQWBJR�

VXQQ\ �� �� QR GRQWBJR�

RYHUFDVW �� �� \HV JR�

RYHUFDVW �� �� QR JR�

RYHUFDVW �� �� \HV JR�

RYHUFDVW �� �� QR JR�

RYHUFDVW �� �� \HV GRQWBJR�

UDLQ �� �� QR JR�

UDLQ �� �� \HV GRQWBJR�

UDLQ �� �� \HV GRQWBJR�

UDLQ �� �� QR JR�

UDLQ �� �� QR JR�

)LJXUH ��� 7KH &1� YR\DJH�H[V nOH

FQ � YR\DJH�FQ��RUGHUHG�FRPPDQGV ! YR\DJH�FQ��RUGHUHG�UXQ�RXW

)LJXUH �� VKRZV WKH RXWSXW JHQHUDWHG E\ RUGHUHG &1��

����� 7KH 8QRUGHUHG 5XOHV &ODVVLnHU

2QH FDQ UXQ &1� ZLWK GHIDXOW RSWLRQV MXVW E\ W\SLQJ FRPPDQGV WR UHDG WKH IHDWXUH DQG LQVWDQFH

nOHV EHIRUH LQGXFLQJ UXOHV RU E\ XVLQJ WKH EDWFK PRGH� ,Q ZKDW IROORZV ZH XVH WKH EDWFK PRGH WR

UXQ &1� WKURXJK WKH EDWFK nOH GHVFULEHG LQ )LJXUH ��� &1� LV WKHQ DFWLYDWHG E\ WKH IROORZLQJ

FRPPDQG�

FQ � YR\DJH�FQ��XQRUGHUHG�FRPPDQGV ! YR\DJH�FQ��XQRUGHUHG�UXQ�RXW

)LJXUH �� VKRZV WKH RXWSXW JHQHUDWHG E\ &1��

��



5HDG DWWV YR\DJH�DWW

5HDG H[V YR\DJH�H[V

$OJRULWKP

2UGHUHG

,QGXFH

;HFXWH

$OO

4XLW

:ULWH

YR\DJH�FQ��RUGHUHG�UXOHV�RXW

4XLW

)LJXUH ��� 7KH YR\DJH�FQ��RUGHUHG�FRPPDQGV EDWFK nOH

����� &RQVXOWLQJ WKH &ODVVLnHU

7KH VDPH WZR WHVW LQVWDQFHV XVHG IRU &��� ZLOO EH XVHG KHUH L�H�� �RXWORRN� WHPSHUDWXUH� KXPLGLW\�
ZLQG\�  �VXQQ\� ��� ��� QR� DQG �"� ��� ��� \HV� _ VHH 6HFWLRQ ������� SDJH ���

6LQFH &1� GRHV QRW SURYLGH D WRRO IRU SUHGLFWLQJ WKH FODVV IRU XQODEHOHG LQVWDQFHV� RQH FDQ
RYHUULGH WKLV VLWXDWLRQ SXWWLQJ HDFK XQODEHOHG LQVWDQFH LQWR VHSDUDWHG nOHV DQG CJXHVVLQJ
 D ODEHO
IRU HDFK RQH� $IWHU WKDW� ZH FDQ FRPSDUH WKH SUHGLFWHG YHUVXV DFWXDO ODEHOV�

&RQVLGHULQJ WKH H[DPSOH DERYH� RQH LQVWDQFH ZDV ZULWWHQ LQ WKH YR\DJH�WVW� nOH LQ WKH IRUP�



(;$03/( ),/(



� ,QVWDQFH �

VXQQ\ �� �� QR GRQWBJR�

DQG WKH RWKHU LQVWDQFH LQ WKH YR\DJH�WVW� nOH�



(;$03/( ),/(



� ,QVWDQFH �

" �� �� \HV GRQWBJR�

ERWK ZLWK GRQW JR ODEHO� $IWHU WKDW� ZH UDQ &1� XVLQJ RUGHUHG DQG XQRUGHUHG UXOHV� DV VKRZQ
LQ )LJXUHV �� DQG ��� UHVSHFWLYHO\� 2EVHUYH LQ )LJXUH �� WKDW ERWK LQVWDQFHV ZHUH FODVVLnHG DV
JR� DV VKRZQ E\ HDFK FRQIXVLRQ PDWUL[� ,Q )LJXUH �� WKH nUVW LQVWDQFH ZDV FODVVLnHG DV JR DQG
WKH VHFRQG RQH ZDV FODVVLnHG DV GRQW JR�

5*5 �0�

2QH FDQ nQG PRUH LQIRUPDWLRQ DERXW &1� LQ WKH 85/�

KWWS���ZZZ�FV�XWH[DV�HGX�XVHUV�SFODUN�VRIWZDUH�KWPO

��
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&1! 5HDG

5($'! %RWK� $WWV� ([DPSOHV RU 5XOHV" $WWULEXWHV

5($'! )LOHQDPH" YR\DJH�DWW

5HDGLQJ DWWULEXWHV���

)LQLVKHG UHDGLQJ DWWULEXWH ILOH�

&1! 5HDG

5($'! %RWK� $WWV� ([DPSOHV RU 5XOHV" ([DPSOHV

5($'! )LOHQDPH" YR\DJH�H[V

5HDGLQJ H[DPSOHV���

�� H[DPSOHV�

)LQLVKHG UHDGLQJ H[DPSOH ILOH�

&1! $OJRULWKP

$OJRULWKP LV FXUUHQWO\ VHW WR 81B25'(5('

$/*25,7+0! 2UGHUHG

&1 ZLOO SURGXFH DQ RUGHUHG UXOH VHW

&1! ,QGXFH

5XQQLQJ &1 RQ FXUUHQW H[DPSOH VHW���


�����������������������


_ 25'(5(' 58/( /,67 _
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,) KXPLGLW\ � �����

$1' ZLQG\  QR

7+(1 FODVV  JR >� �@

(/6(

,) ����� � KXPLGLW\ � �����

7+(1 FODVV  GRQWBJR >� �@

(/6(

,) RXWORRN  RYHUFDVW

7+(1 FODVV  JR >� �@

(/6(

,) RXWORRN  VXQQ\

$1' KXPLGLW\ ! �����

7+(1 FODVV  GRQWBJR >� �@

(/6(

,) WHPSHUDWXUH ! �����

7+(1 FODVV  JR >� �@

(/6(

�'()$8/7� FODVV  GRQWBJR >� �@

&1! ([HFXWH

(9$/! DOO

([HFXWLQJ UXOHV���

35(',&7('

$&78$/ JR GRQWBJR $FFXUDF\

JR � � ����� �

GRQWBJR � � ����� �

2YHUDOO DFFXUDF\� ����� �

(9$/!

&1! :ULWH

:5,7(! )LOHQDPH" YR\DJH�FQ��RUGHUHG�UXOHV�RXW

:ULWLQJ FXUUHQW UXOHV WR

YR\DJH�FQ��RUGHUHG�UXOHV�RXW

&1! 4XLW

+DYH D QLFH GD\�

)LJXUH ��� 7KH YR\DJH &1� RUGHUHG UXOH FODVVLnHU RXWSXW

��



5HDG DWWV YR\DJH�DWW

5HDG H[V YR\DJH�H[V

,QGXFH

;HFXWH

$OO

4XLW

:ULWH

YR\DJH�FQ��XQRUGHUHG�UXOHV�RXW

4XLW

)LJXUH ��� 7KH YR\DJH�FQ��XQRUGHUHG�FRPPDQGV EDWFK nOH
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&1! 5HDG

5($'! %RWK� $WWV� ([DPSOHV RU 5XOHV" $WWULEXWHV

5($'! )LOHQDPH" YR\DJH�DWW

5HDGLQJ DWWULEXWHV���

)LQLVKHG UHDGLQJ DWWULEXWH ILOH�

&1! 5HDG

5($'! %RWK� $WWV� ([DPSOHV RU 5XOHV" ([DPSOHV

5($'! )LOHQDPH" YR\DJH�H[V

5HDGLQJ H[DPSOHV���

�� H[DPSOHV�

)LQLVKHG UHDGLQJ H[DPSOH ILOH�

&1! ,QGXFH

5XQQLQJ &1 RQ FXUUHQW H[DPSOH VHW���


������������������������
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,) KXPLGLW\ � �����

$1' ZLQG\  QR

7+(1 FODVV  JR >� �@

,) KXPLGLW\ � �����

7+(1 FODVV  JR >� �@

,) ����� � WHPSHUDWXUH � �����

7+(1 FODVV  JR >� �@

,) RXWORRN  UDLQ

$1' KXPLGLW\ ! �����

7+(1 FODVV  JR >� �@

,) RXWORRN  RYHUFDVW

$1' KXPLGLW\ ! �����

7+(1 FODVV  JR >� �@

,) RXWORRN  VXQQ\

$1' KXPLGLW\ ! �����

7+(1 FODVV  GRQWBJR >� �@

,) WHPSHUDWXUH � �����

$1' ����� � KXPLGLW\ � �����

$1' ZLQG\  \HV

7+(1 FODVV  GRQWBJR >� �@

�'()$8/7� FODVV  JR >� �@

&1! ([HFXWH

(9$/! DOO

([HFXWLQJ UXOHV���

35(',&7('

$&78$/ JR GRQWBJR $FFXUDF\

JR � � ����� �

GRQWBJR � � ����� �

2YHUDOO DFFXUDF\� ����� �

'HIDXOW DFFXUDF\� ���� �

(9$/!

&1! :ULWH

:5,7(! )LOHQDPH" YR\DJH�FQ��XQRUGHUHG�UXOHV�RXW

:ULWLQJ FXUUHQW UXOHV WR

YR\DJH�FQ��XQRUGHUHG�UXOHV�RXW

&1! 4XLW

+DYH D QLFH GD\�

)LJXUH ��� 7KH YR\DJH &1� XQRUGHUHG FODVVLnHU

��
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&1! 5HDG

5($'! %RWK� $WWV� ([DPSOHV RU 5XOHV" $WWULEXWHV

5($'! )LOHQDPH" YR\DJH�DWW

5HDGLQJ DWWULEXWHV���

)LQLVKHG UHDGLQJ DWWULEXWH ILOH�

&1! 5HDG

5($'! %RWK� $WWV� ([DPSOHV RU 5XOHV" 5XOHV

5($'! )LOHQDPH" YR\DJH�FQ��RUGHUHG�UXOHV�RXW

5HDGLQJ UXOHV���

)LQLVKHG UHDGLQJ UXOHV�

&1! 5HDG

5($'! %RWK� $WWV� ([DPSOHV RU 5XOHV" ([DPSOHV

5($'! )LOHQDPH" YR\DJH�WVW�

5HDGLQJ H[DPSOHV���

� H[DPSOHV�

)LQLVKHG UHDGLQJ H[DPSOH ILOH�

&1! ([HFXWH

(9$/! DOO

([HFXWLQJ UXOHV���

35(',&7('

$&78$/ JR GRQWBJR $FFXUDF\

JR � � ���

GRQWBJR � � ��� �

2YHUDOO DFFXUDF\� ��� �

(9$/!

&1! 5HDG

5($'! %RWK� $WWV� ([DPSOHV RU 5XOHV" ([DPSOHV

5($'! )LOHQDPH" YR\DJH�WVW�

5HDGLQJ H[DPSOHV���

� H[DPSOHV�

)LQLVKHG UHDGLQJ H[DPSOH ILOH�

&1! ([HFXWH

(9$/! DOO

([HFXWLQJ UXOHV���

35(',&7('

$&78$/ JR GRQWBJR $FFXUDF\

JR � � ���

GRQWBJR � � ��� �

2YHUDOO DFFXUDF\� ��� �

(9$/!

)LJXUH ��� &RQVXOWLQJ WKH YR\DJH &1� RUGHUHG FODVVLnHU

��
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&1! 5HDG

5($'! %RWK� $WWV� ([DPSOHV RU 5XOHV" $WWULEXWHV

5($'! )LOHQDPH" YR\DJH�DWW

5HDGLQJ DWWULEXWHV���

)LQLVKHG UHDGLQJ DWWULEXWH ILOH�

&1! 5HDG

5($'! %RWK� $WWV� ([DPSOHV RU 5XOHV" 5XOHV

5($'! )LOHQDPH" YR\DJH�FQ��XQRUGHUHG�UXOHV�RXW

5HDGLQJ UXOHV���

)LQLVKHG UHDGLQJ UXOHV�

&1! 5HDG

5($'! %RWK� $WWV� ([DPSOHV RU 5XOHV" ([DPSOHV

5($'! )LOHQDPH" YR\DJH�WVW�

5HDGLQJ H[DPSOHV���

� H[DPSOHV�

)LQLVKHG UHDGLQJ H[DPSOH ILOH�

&1! ([HFXWH

(9$/! DOO

([HFXWLQJ UXOHV���

35(',&7('

$&78$/ JR GRQWBJR $FFXUDF\

JR � � ���

GRQWBJR � � ��� �

2YHUDOO DFFXUDF\� ��� �

'HIDXOW DFFXUDF\� ��� �

(9$/!

&1! 5HDG

5($'! %RWK� $WWV� ([DPSOHV RU 5XOHV" ([DPSOHV

5($'! )LOHQDPH" YR\DJH�WVW�

5HDGLQJ H[DPSOHV���

� H[DPSOHV�

)LQLVKHG UHDGLQJ H[DPSOH ILOH�

&1! ([HFXWH

(9$/! DOO

([HFXWLQJ UXOHV���

35(',&7('

$&78$/ JR GRQWBJR $FFXUDF\

JR � � ���

GRQWBJR � � ����� �

2YHUDOO DFFXUDF\� ����� �

'HIDXOW DFFXUDF\� ��� �

(9$/!

)LJXUH ��� &RQVXOWLQJ WKH YR\DJH &1� XQRUGHUHG FODVVLnHU

��



5*6 �����
�

1HYHU OHW IRUPDO HGXFDWLRQ JHW LQ WKH ZD\ RI \RXU OHDUQLQJ�

_0DUN 7ZDLQ

$V FDQ EH VHHQ� WKH LQGXFWLYH ELDV RI &1� LV TXLWH GLmHUHQW WKDQ &���UXOHV� ,Q JHQHUDO� LQGXFLQJ
UXOHV LV D PRUH FRPSOH[ WDVN WKDQ LQGXFLQJ GHFLVLRQ WUHHV RU GHFLVLRQ UXOHV �ZKLFK DUH H[WUDFWHG
IURP GHFLVLRQ WUHHV�� $V LQ &���� &1� LPSOHPHQWV WZR DOJRULWKPV� RQH IRU LQGXFLQJ RUGHUHG
UXOHV �ZKLFK FDQ EH VHHQ DV D GHJHQHUDWH ELQDU\ WUHH� DQG RQH IRU LQGXFLQJ XQRUGHUHG UXOHV�

'LmHUHQWO\ IURP GHFLVLRQ WUHHV� WKH UXOHV JHQHUDWHG E\ &1� DUH QRW GLVMXQFW� PHDQLQJ WKDW WKH
VDPH LQVWDQFH FDQ EH FRYHUHG E\ GLmHUHQW UXOHV�

$V FDQ EH REVHUYHG� &1� GRHV QRW DOORZ WR FRQVXOW WKH H[WUDFWHG FODVVLnHU ZLWK XQODEHOHG
LQVWDQFHV� 7KH RQO\ SRVVLEOH ZD\ WR GR WKDW LV FUHDWLQJ RQH nOH FRQWDLQLQJ RQH LQVWDQFH WR EH
FODVVLnHG DV ZHOO DV D CJXHVVHG
 FODVV ODEHO� $IWHU LQGXFLQJ WKH FODVVLnHU �RU UHDGLQJ WKH UXOH
nOH� WKHQ LW LV QHFHVVDU\ WR ORDG WKLV RQH�LQVWDQFH nOH DQG WR DVN &1� WR HYDOXDWLQJ LW XVLQJ WKH
H;HFXWH RSWLRQ� ,I WKH SUHGLFWHG FODVV LV WKH VDPH DV WKH CJXHVVHG
 RQH� WKDQ WKH HUURU UDWH ZLOO
EH ]HUR� ,I QRW� WKH HUURU UDWH ZLOO EH QRQ ]HUR�

6 ������

$Q\RQH ZKR KDV QHYHU PDGH D PLVWDNH KDV QHYHU WULHG DQ\WKLQJ QHZ�

_$OEHUW (LQVWHLQ

5LSSHU _ 5HSHDWHG ,QFUHPHQWDO 3UXQLQJ WR 3URGXFH (UURU 5HGXFWLRQ _ LV D SURJUDP IRU
LQGXFLQJ FODVVLnFDWLRQ UXOHV IURP D VHW RI ODEHOHG LQVWDQFHV �&RKHQ� ������ $Q LQWHUHVWLQJ SRLQW
DERXW 5LSSHU LV WKDW LW DOORZV WKH XVHU WR VSHFLI\ FRQVWUDLQWV RQ WKH IRUPDW RI WKH OHDUQHG LI�WKHQ
UXOHV� ,I WKHUH LV VRPH SULRU EDFNJURXQG NQRZOHGJH DERXW WKH FRQFHSW WR EH OHDUQHG� WKHQ WKHVH
FRQVWUDLQWV FDQ RIWHQ OHDG WR PRUH DFFXUDWH K\SRWKHVHV�

$OVR� EHVLGHV DOORZLQJ QRPLQDO DQG FRQWLQXRXV IHDWXUHV� 5LSSHU GHDOV ZLWK ?VHW�YDOXHG� IHDWXUHV�
7KH YDOXH RI D VHW�YDOXHG IHDWXUH LV D VHW RI DWRPV� IRU H[DPSOH� D VHW�YDOXHG IHDWXUH FRXOG EH
XVHG WR HQFRGH WKH VHW RI ZRUGV WKDW DSSHDU LQ D GRFXPHQW� 5HFHQW YHUVLRQV RI 5LSSHU DOVR
VXSSRUW EDJ�YDOXHG� IHDWXUHV�

,QGXFHG UXOHV E\ 5LSSHU DVVXPHV WKH 3URORJ FODXVDO QRWDWLRQ�

&L �� ;U RSU 9DOXHU� ;V RSV 9DOXHV� � � � � ;W RSW 9DOXHW �3 1�

ZKLFK FDQ EH VHHQ DV

&L �� �FRPSOH[! �3 1�

ZKHUH ;L LV D IHDWXUH� RS LV DQ RSHUDWRU LQ WKH VHW I �� � ���� !�wJ DQG 9DOXH LV D YDOLG IHDWXUH
;L YDOXH� &RPPDV VHSDUDWLQJ HDFK WHVW VWDQG IRU ORJLFDO DQG� 1XPEHUV EHWZHHQ SDUHQWKHVLV

�$ EDJ LV D GDWD VWUXFWXUH VLPLODU WR D VHW EXW DOORZLQJ WKDW LWHPV LQ WKH EDJ DSSHDU PRUH WKDQ RQFH�

��



$OJRULWKP � ,5(3

�� SURFHGXUH ,5(3�3RV�1HJ�
�� 5XOHVHW � IJ
�� ZKLOH 3RV� IJ GR
�� 6SOLW �3RV�1HJ� LQWR �*URZ3RV�*URZ1HJ� DQG �3UXQH3RV�3UXQH1HJ�
�� 5XOH � *URZ5XOH�*URZ3RV�*URZ1HJ�
�� 5XOH � 3UXQH5XOH�5XOH�3UXQH3RV�3UXQH1HJ�
�� LI WKH HUURU UDWH RI 5XOH RQ �3UXQH3RV�3UXQH1HJ� H[FHHGV ��� WKHQ

�� UHWXUQ 5XOHVHW
�� HOVH

��� 5XOHVHW � 5XOHVHW � I5XOHJ
��� UHPRYH LQVWDQFHV FRYHUHG E\ 5XOH IURP �3RV�1HJ�
��� HQG LI

��� HQG ZKLOH

��� UHWXUQ 5XOHVHW

KDYH WKH IROORZLQJ PHDQLQJV� 3 LQGLFDWHV WKH QXPEHU RI FRYHUHG LQVWDQFHV WKDW VDWLVnHV UXOH
FRQGLWLRQV DQG EHORQJV WR FODVV &L� 1 LV WKH QXPEHU RI FRYHUHG LQVWDQFHV WKDW VDWLVnHV UXOH
FRQGLWLRQV DQG GRHV QRW EHORQJ WR FODVV &L�

6*' �������� 0����

$IWHU DUUDQJLQJ WKH FODVVHV �VHH �D2UGHULQJ RSWLRQ� 5LSSHU WULHV WR nQG D UXOH VHW WKDW VHSDUDWHV
FODVV &� IURP FODVVHV I&�� &�� � � � � &NJ� $IWHU WKDW� DOO LQVWDQFHV FRYHUHG E\ WKH OHDUQHG UXOH VHW
�LQFOXGLQJ WUXH DQG IDOVH SRVLWLYHV IRU FODVV &�� DUH UHPRYHG IURP WKH WUDLQLQJ VHW DQG 5LSSHU

UHSHDWV WKLV SURFHVV LQ RUGHU WR VHSDUDWH FODVV &� IURP FODVVHV I&�� &�� � � � � &NJ DQG WKH F\FOH LV
UHSHDWHG�

7KH nQDO FODVV &N ZLOO EHFRPH WKH GHIDXOW FODVV� 7KH nQDO UHVXOW LV WKDW UXOHV IRU D VLQJOH FODVV
ZLOO DOZD\V EH JURXSHG WRJHWKHU� EXW UXOHV IRU FODVV &L DUH SRVVLEO\ VLPSOLnHG� EHFDXVH WKH\ FDQ
DVVXPH WKDW WKH FODVV RI WKH LQVWDQFH LV RQH RI I&L� &L��� � � � � &NJ�

6*( 1������� #�� ������ 2�����

5LSSHU LV EDVHG RQ DQ LPSURYHG YHUVLRQ RI ,5(3 _ ,QFUHPHQWDO 5HGXFHG (UURU 3UXQLQJ _
RULJLQDOO\ SURSRVHG E\ �)�XUQNUDQ] DQG :LGPHU� ����� ZKLFK VXSSRUWV RQO\ WZR�FODVV SUREOHPV�
7KH LPSURYHG YHUVLRQ LV NQRZQ DV ,5(3
 DQG LQFRUSRUDWHV PRGLnFDWLRQV SURSRVHG LQ �&RKHQ�
������ 7KH ,5(3
 UXOH OHDUQLQJ DOJRULWKP VXSSRUWV XQNQRZQ YDOXHV� QXPHULFDO IHDWXUHV DQG
PXOWLSOH FODVVHV� $OJRULWKP � SUHVHQWV D WZR�FODVV YHUVLRQ RI ,5(3� $OJRULWKP � VKRZV WKH
5LSSHU LQGXFHU DV ZHOO DV LWV DVVRFLDWHG $OJRULWKP � IRU RSWLPL]LQJ WKH UXOHVHW DQG $OJRULWKP �
IRU EXLOGLQJ WKH UXOHVHW �&RKHQ� ����� 'LHWWHULFK� ������

6*+ 1������� ��"���� 2�����

0LVVLQJ YDOXHV DUH WUHDWHG LQ D PDQQHU VXFK WKDW DOO WHVWV LQYROYLQJ XQNQRZQ YDOXHV IRU D JLYHQ
IHDWXUH ;L DUH GHnQHG WR IDLO RQ WKRVH LQVWDQFHV IRU ZKLFK WKH YDOXH RI ;L LV PLVVLQJ� 7KLV LV GRQH

��



$OJRULWKP � 5LSSHU

�� SURFHGXUH 5LSSHU�3�1� N�
�� 5XOH6HW � %XLOG5XOH6HW�3�1�
�� IRU L � � WR N GR

�� 5XOH6HW � 2SWLPL]H5XOH6HW�5XOH6HW� 3 � 1�
�� HQG IRU

�� UHWXUQ 5XOHVHW

WR IRUFH WKH LQGXFHU WR VHSDUDWH RXW LQVWDQFHV WKDW EHORQJ WR FODVV &L IURP I&L��� &L��� � � � � &NJ

XVLQJ WHVWV WKDW DUH NQRZQ WR VXFFHHG�

6*- 1������� .���� ��� �����

7KH ,5(3 DOJRULWKP FDQ KDQGOH� LQ D OLPLWHG ZD\� QRLV\ LQVWDQFHV E\ SUXQLQJ RQO\ D VLQJOH nQDO
UXOH FRQGLWLRQ� 2Q WKH RWKHU KDQG� ,5(3
 FDQ KDQGOH HpFLHQWO\ QRLV\ LQVWDQFHV VLQFH LW FDQ
SUXQH DQ\ QXPEHU RI nQDO UXOH FRQGLWLRQV�

6*/ #�����
���� .�� ��� �����

*LYHQ D QHZ LQVWDQFH WR 5LSSHU� HDFK UXOH LV WULHG XQWLO RQH nUHV� ,I DQ LQVWDQFH LV FRYHUHG E\
UXOHV IURP WZR RU PRUH FODVVHV� WKHQ WKH nUVW UXOH WR nUH FODVVLnHV WKH QHZ LQVWDQFH�

$OJRULWKP � 5LSSHU 2SWLPL]H 5XOH 6HW

�� SURFHGXUH 2SWLPL]H5XOH6HW�5XOH6HW� 3 � 1�
�� IRU DOO UXOH 5 � 5XOH6HW GR
�� 5XOH6HW � 5XOH6HW b I5J
�� 83RV � LQVWDQFHV LQ 3 QRW FRYHUHG E\ 5XOH6HW
�� 81HJ � LQVWDQFHV LQ 1 QRW FRYHUHG E\ 5XOH6HW
�� VSOLW �83RV� 81HJ� LQWR �*URZ3RV� *URZ1HJ� DQG �3UXQH3RV� 3UXQH1HJ�
�� 5HS5XOH � *URZ5XOH�*URZ3RV� *URZ1HJ�
�� 5HS5XOH � 3UXQH5XOH�5HS5XOH� 3UXQH3RV� 3UXQH1HJ�
�� 5HY5XOH � *URZ5XOH�*URZ3RV� *URZ1HJ� 5�

��� 5HY5XOH � 3UXQH5XOH�5HY5XOH� 3UXQH3RV� 3UXQH1HJ�
��� %HWWHU5XOH � FKRRVH EHWWHU RI 5HS5XOH DQG 5HY5XOH
��� 5XOH6HW � 5XOHVHW � I%HWWHU5XOHJ
��� HQG IRU

��� UHWXUQ 5XOHVHW

6*3 ,
��
�� .����

ULSSHU 7KLV FRPPDQG LQYRNHV UXOH OHDUQLQJ �VHH 6HFWLRQ ��� IRU RSWLRQV RI WKLV FRPPDQG��

ERRVW /HDUQ D UXOHVHW IURP LQVWDQFHV XVLQJ ERRVWLQJ�

SUHGLFW 3UHGLFW FODVVHV RI QHZ LQVWDQFHV XVLQJ D UXOHVHW� 2XWSXW LV D CSUHGLFWLRQ nOH
 LQ ZKLFK
HDFK OLQH FRUUHVSRQGV WR DQ LQVWDQFH DQG FRQWDLQV�

SUHGLFWHG�FODVV 3 1 WUXH�FODVV�

��



$OJRULWKP � 5LSSHU %XLOG 5XOH 6HW

�� SURFHGXUH %XLOG5XOH6HW�3� 1�
�� 3 � SRVLWLYH LQVWDQFHV
�� 1 � QHJDWLYH LQVWDQFHV
�� 5XOH6HW � I J
�� '/ � 'HVFULSWLRQ/HQJWK�5XOH6HW� 3 � 1�
�� ZKLOH 3 � I J GR
�� �� *URZ DQG SUXQH D QHZ UXOH
�� VSOLW �3 � 1� LQWR �*URZ3RV� *URZ1HJ� DQG �3UXQH3RV� 3UXQH1HJ�
�� 5XOH � *URZ5XOH�*URZ3RV� *URZ1HJ�

��� 5XOH � 3UXQH5XOH�5XOH� 3UXQH3RV� 3UXQH1HJ�
��� 5XOH6HW � 5XOH6HW � I5XOHJ
��� LI 'HVFULSWLRQ/HQJWK�5XOH6HW� 3 � 1� ! '/ � �� WKHQ
��� �� 3UXQH WKH ZKROH UXOH VHW DQG H[LW
��� IRU DOO UXOH 5 � 5XOH6HW �FRQVLGHUHG LQ UHYHUVH RUGHU� GR
��� LI 'HVFULSWLRQ/HQJWK�5XOH6HW b I5J� 3 � 1� � '/ WKHQ

��� 5XOH6HW � 5XOH6HW b I5XOHJ
��� '/ � 'HVFULSWLRQ/HQJWK�5XOH6HW� 3 � 1�
��� HQG LI

��� HQG IRU

��� UHWXUQ 5XOHVHW
��� HQG LI

��� '/ � 'HVFULSWLRQ/HQJWK�5XOH6HW� 3 � 1�
��� 3 � 3 b DOO LQVWDQFHV FRYHUHG E\ 5XOH
��� 1 � 1 b DOO LQVWDQFHV FRYHUHG E\ 5XOH
��� HQG ZKLOH

��� UHWXUQ 5XOHVHW

FRUUXSW $GG FODVV QRLVH WR GDWD�

VXPPDUL]H 6XPPDUL]H D SUHGLFWLRQ nOH� VXFK DV WRWDO QXPEHU RI H[DPSOHV� HUURU UDWH� HUURU UDWH
LQ SHUFHQW� HWF�

YHULI\ 'R D FRQVLVWHQF\ FKHFN RQ D GDWDVHW�

SDUWLWLRQ &KRRVH D UDQGRP VXEVHW RI D GDWDVHW�

nOWHU�WH[W 5HPRYH ZRUGV IURP D VHW�YDOXHG nHOGV LQ D GDWDVHW�

SKUDVHV $GG SKUDVHV WR D VHW�YDOXHG nHOGV RI D GDWDVHW�

VHOHFW�FODVV &KDQJH FODVV RI H[DPSOHV RI DQ\WKLQJ RWKHU WKDQ D JLYHQ FODVV WR WKH GHIDXOW FODVV�

URFFKLR 8VH 5RFFKLR
V PHWKRG WR OHDUQ D FODVVLnHU�

SDLU 3HUIRUP D SDLUHG WHVW RQ WZR SUHGLFWLRQ nOHV�

HOLPLQDWH (OLPLQDWH UHGXQGDQW FRQGLWLRQV IURP D UXOHVHW�

WHVW�UXOHV 7HVW WKH UXOHVHW �K\S RQ WKH �WHVW nOH DQG FKDQJH WKH FRXQWV DVVRFLDWHG ZLWK HDFK
UXOH�

SSULQW�UXOHV 3ULQW D ULSSHU UXOHVHW�

��



FOHDQ�GDWD &OHDQ D GDWDVHW E\ UHPRYLQJ LQVWDQFHV ZLWK LQFRQVLVWHQW ODEHOV�

WUDQVIRUP 7UDQVIRUP D GDWDVHW IURP WKH VWDQGDUG UHSUHVHQWDWLRQ WR DQ LQGLFDWLRQ RI ZKLFK UXOHV
nUHG IRU ZKLFK H[DPSOHV XVLQJ UXOHV IURP D JLYHQ VHW RI K\SRWKHVHV�

GDWD�WH[W &RQYHUW ULSSHU GDWDVHW ��GDWD DQG �WHVW nOHV� WR WH[W�

6*4 &����

$OO nOHV UHDG DQG ZULWWHQ E\ 5LSSHU DVVXPH WKH IRUP nOHVWHP�H[WHQVLRQ� ZKHUH H[WHQVLRQ FKDU�
DFWHUL]HV WKH W\SH RI GDWD LQYROYHG� nOHVWHP LV WKH nUVW DQG RQO\ DUJXPHQW WR 5LSSHU� $Q\WKLQJ
IROORZLQJ D SHUFHQW VLJQ FKDUDFWHU XQWLO WKH HQG RI OLQH LV D FRPPHQW�

�QDPHV 7KLV nOH GHnQHV WKH QDPHV RI WKH FODVVHV DQG IHDWXUHV XVHG LQ WKH �GDWD nOH� ,I WKHUH LV
QR QDPHV nOH� 5LSSHU ZLOO DVVLJQ DUELWUDU\ QDPHV WR WKH IHDWXUHV DQG FODVVHV� DQG ZLOO WU\
WR nJXUH RXW WKH W\SHV RI WKH IHDWXUHV IURP WKH GDWD�

7KH �QDPHV nOH FRQWDLQV nUVW D OLVW RI DWRPV UHSUHVHQWLQJ WKH FODVVHV VHSDUDWHG E\ FRPPDV
DQG WHUPLQDWHG E\ D SHULRG� $Q DWRP FRQWDLQV RQO\ OHWWHUV� GLJLWV� DQG WKH XQGHUVFRUH
FKDUDFWHU� DQG PXVW EHJLQ ZLWK D OHWWHU� $OWHUQDWLYHO\� DQ DWRP LV DQ\ VHTXHQFH RI FKDUDF�
WHUV HQFORVHG LQ VLQJOH TXRWHV� 7KH OLVW RI FODVVHV LV IROORZHG E\ D OLVW RI IHDWXUH GHnQLWLRQV�
(DFK IHDWXUH GHnQLWLRQ FRQVLVWV RI WKH QDPH RI WKH IHDWXUH DQG D FRORQ IROORZHG E\�

q FRQWLQXRXV LI WKH IHDWXUH LV FRQWLQXRXV�

q VHW LI WKH IHDWXUH LV VHW�YDOXHG�

q EDJ LI WKH IHDWXUH LV EDJ�YDOXHG�

q V\PEROLF LI WKH IHDWXUH FDQ WDNH DQ\ V\PEROLF YDOXH�

q LJQRUH LI 5LSSHU VKRXOG FRPSOHWHO\ LJQRUH WKH IHDWXUH�

q VXSSUHVVHG LI WKH IHDWXUH VKRXOG EH VXSSUHVVHG� 7KLV IHDWXUH W\SH LV VLPLODU WR LJQRUH�
H[FHSW WKDW ZKLOH LW LV QRW XVHG LQ 5LSSHU
V K\SRWKHVHV� WKH QXPEHU RI YDOXHV RI WKH
IHDWXUH GRHV HmHFW 0'/�EDVHG SUXQLQJ� +HQFH� VXSSUHVVLQJ D IHDWXUH WKDW ZDV QRW
XVHG LQ D K\SRWKHVLV VKRXOG QRW FKDQJH 5LSSHU
V SHUIRUPDQFH LQ DQ\ ZD\�

q D FRPPD�VHSDUDWHG OLVW RI DWRPV UHSUHVHQWLQJ SRVVLEOH V\PEROLF YDOXHV RI WKH IHDWXUH�
LI WKH IHDWXUH LV QRPLQDO�

)LQDOO\� HYHU\ IHDWXUH GHnQLWLRQ PXVW EH WHUPLQDWHG E\ D SHULRG�

�GDWD 7KLV nOH FRQWDLQV WKH GDWD ZLWK VRPH SUHFODVVLnHG LQVWDQFHV� $Q LQVWDQFH IRU 5LSSHU LV
GHVFULEHG E\ D n[HG VHW RI IHDWXUHV� ,Q WKH GDWD nOH HDFK LQVWDQFH LV D FRPPD�VHSDUDWHG
OLVW RI IHDWXUH YDOXHV� IROORZHG E\ DQ DWRP LQGLFDWLQJ WKH FODVV RI WKH LQVWDQFH� IROORZHG E\
D SHULRG�

)HDWXUH YDOXHV� VHSDUDWHG E\ FRPPDV� DUH JLYHQ LQ WKH VDPH RUGHU WKDW IHDWXUHV DUH GHnQHG
LQ WKH QDPHV nOH� PRVW RI WKH XVXDO V\QWD[ IRU QXPEHUV DUH VXSSRUWHG� 6HW� DQG EDJ�YDOXHG
IHDWXUHV DUH VSHFLnHG E\ VLPSO\ HQXPHUDWLQJ WKH HOHPHQWV RI WKH VHW� VHSDUDWHG ZLWK ZKLWH
VSDFH� 8QNQRZQ IHDWXUHV DUH LQGLFDWHG ZLWK D TXHVWLRQ PDUN �"��

,QVWDQFHV FDQ DOVR EH JLYHQ D ZHLJKW� E\ LQVHUWLQJ �Z EHWZHHQ WKH FODVV QDPH DQG WKH
WHUPLQDWLQJ SHULRG� ZKHUH Z LV D UHDO QXPEHU� 7KH GHIDXOW YDOXH LV Z  ��

��



�WHVW 7KH �WHVW nOH FRQWDLQV VRPH DGGLWLRQDO SUHFODVVLnHG LQVWDQFHV WR EH XVHG DV WHVW FDVHV�
7KH WHVW nOH LV IRUPDWWHG LQ WKH VDPH ZD\ DV WKH GDWD nOH� ,I WKHUH LV QR WHVW nOH� 5LSSHU

ZLOO HLWKHU QRW WHVW WKH OHDUQHG UXOH VHW RU� LI WKH XVHU FKRRVHV WKH N RU \ RSWLRQV� 5LSSHU

ZLOO XVH FURVV�YDOLGDWLRQ WR WHVW WKH OHDUQHG UXOH VHW� $V FDQ EH VHHQ� WKH IRUPDW IRU WKHVH
WKUHH SUHYLRXV nOHV LV URXJKO\ WKH VDPH DV WKH RQH XVHG E\ &����

�K\S 7KLV nOH FRQWDLQV WKH OHDUQHG UXOHV�

�JUDP 7KH �JUDP nOH FRQWDLQV D GHVFULSWLRQ RI D JUDPPDU LQ %1) QRWDWLRQ� 7KH JUDPPDU
nOH LV RSWLRQDO IRU 5LSSHU� DQG PRVW XVHUV ZLOO SUREDEO\ QRW ZDQW WR FKDQJH WKH GHIDXOW
JUDPPDU GHVFULEHG EHORZ

7KLV nOH FRQWDLQV D JUDPPDU GHnQLQJ WKH UXOHV WKDW DUH DOORZHG WR EH XVHG LQ D K\SRWKHVLV�
7KH WHUPLQDO V\PEROV RI WKH JUDPPDU DUH WHVWV RQ WKH YDOXHV RI IHDWXUHV GHnQHG LQ WKH
�QDPHV nOH� (DFK VHQWHQFH JHQHUDWHG E\ WKH JUDPPDU LV WKXV D VHTXHQFH RI IHDWXUH YDOXH
WHVWV� 5LSSHU ZLOO UHDG LQ WKLV JUDPPDU DQG FRQVWUDLQ LWV OHDUQLQJ VR WKDW HYHU\ UXOH
JHQHUDWHG E\ ZLOO KDYH DV DQ DQWHFHGHQW D VHTXHQFH RI IHDWXUH YDOXH WHVWV WKDW LV D VHQWHQFH
RI WKH JUDPPDU� 7KXV� WKH JUDPPDU LV D ZD\ IRU WKH XVHU WR JXLGH 5LSSHU
V FKRLFH RI UXOHV�

0RUH VSHFLnFDOO\� WKH JUDPPDU nOH FRQWDLQV D VHULHV RI JUDPPDU UXOHV� (DFK JUDPPDU
UXOH FRQVLVWV RI DQ DWRPLF OHIW^KDQG VLGH IROORZHG E\ ��! IROORZHG E\ D FRPPD�VHSDUDWHG
OLVW RI JUDPPDU V\PEROV IROORZHG E\ D SHULRG� $ JUDPPDU V\PERO LV HLWKHU D QRQWHUPLQDO
V\PERO �ZKLFK LV VLPSO\ DQ DWRP WKDW DSSHDUV RQ WKH OHIW�KDQG VLGH RI VRPH JUDPPDU
UXOH� RU D WHUPLQDO V\PERO� $ WHUPLQDO V\PERO LV RI WKH IRUP

;L RS 9DOXH

ZKHUH ;L LV WKH QDPH RI D IHDWXUH DQG 9DOXH LV D YDOLG YDOXH IRU WKDW IHDWXUH� 7KH RSHUDWRU
RS PXVW EH RQH RI I � �  � ! � � �z� �J� 7HUPLQDO V\PEROV RI WKH IRUP

;L RS e

DUH DOVR DOORZHG� LQ ZKLFK FDVH DQ\ SRVVLEOH YDOXH� LQGLFDWHG E\ C

� LV OHJDO� ,Q JHQHUDO�
Iz� � zJ DUH XVHG LQ WKH IROORZLQJ VLWXDWLRQV�

q ;L z 9DOXH LV XVHG IRU VHW� DQG EDJ�YDOXHG IHDWXUHV� 7KLV FRQGLWLRQ LV WUXH LI ;L LV D
VHW�YDOXHG DQG 9DOXH LV FRQWDLQHG LQ WKH VHW� )RU EDJV� WKH FRQGLWLRQ ;L z 9DOXHZ LV
WUXH LI IHDWXUH FRQWDLQV DW OHDVW Z LQVWDQFHV RI 9DOXH�

q ;L �z 9DOXH LV DOVR XVHG IRU VHW� DQG EDJ�YDOXHG IHDWXUHV� 7KLV FRQGLWLRQ LV WUXH LI
9DOXH LV QRW SUHVHQW LQ WKH VHW�

)LQDOO\� SUHn[LQJ D JUDPPDU UXOH ZLWK DQ H[FODPDWLRQ SRLQW LQGLFDWHV WR 5LSSHU WKDW
VHQWHQFHV JHQHUDWHG XVLQJ WKDW JUDPPDU UXOH KDYH D ORZHU SULRULW\� LI SRVVLEOH� 5LSSHU

ZLOO EXLOG D K\SRWKHVLV ZLWKRXW XVLQJ ORZ SULRULW\ VHQWHQFHV� (YHQ ORZHU SULRULWLHV FDQ EH
DVVLJQHG E\ SUHn[LQJ JUDPPDU UXOHV ZLWK D VWULQJ RI WZR RU PRUH H[FODPDWLRQ SRLQWV�

:KHQ OHDUQLQJ UXOHV WR SUHGLFW WKH FODVV &L� 5LSSHU ZLOO H[SHFW WR nQG VRPH OHIW�KDQG VLGH
RI WKH IRUP ?ERG\ &L� WR XVH DV WKH VWDUW V\PERO RI WKH JUDPPDU� LI WKLV LV QRW SUHVHQW�
5LSSHU ZLOO XVH WKH DWRP ?ERG\� DV WKH VWDUW V\PERO� ,I WKLV LV QRW SUHVHQW� 5LSSHU ZLOO
FRQVWUXFW WKH IROORZLQJ GHIDXOW JUDPPDU�

��



ERG\ ��! ERG\ FRQGV�

ERG\ FRQGV ��! �

ERG\ FRQGV ��! FRQG� ERG\ FRQGV�

FRQG ��! IHDWXUH� FRQG�
���

FRQG ��! IHDWXUHN FRQG�

ZKHUH IHDWXUH�� � � � � IHDWXUHN DUH WKH QDPHV RI WKH IHDWXUHV GHnQHG LQ WKH �QDPHV nOH�
,I GLVFUHWL]DWLRQ LV XVHG� WKHQ IRU HDFK FRQWLQXRXV IHDWXUH FIHDWXUH� WKH GHIDXOW JUDPPDU
DOVR FRQWDLQV WKH UXOHV

FIHDWXUH FRQG ��! FIHDWXUH ! W��

FIHDWXUH FRQG ��! FIHDWXUH � W��
���

FIHDWXUH FRQG ��! FIHDWXUH ! WQ�

FIHDWXUH FRQG ��! FIHDWXUH � WQ�

ZKHUH W�� � � � � WQ DUH 5LSSHU
V GLVFUHWL]DWLRQ RI WKH WUDLQLQJ GDWD� 2WKHUZLVH� WKH JUDP�
PDU ZLOO FRQWDLQ WKH UXOHV

FIHDWXUH FRQG ��! FIHDWXUH ! 


�

FIHDWXUH FRQG ��! FIHDWXUH � 


�

)RU D QRPLQDO IHDWXUH QIHDWXUH WKH GHIDXOW JUDPPDU FRQWDLQV WKH UXOH

QIHDWXUH FRQG ��! QIHDWXUH  


�

)RU D VHW� RU EDJ�YDOXHG IHDWXUH VIHDWXUH WKH GHIDXOW JUDPPDU FRQWDLQV WKH UXOHV

VIHDWXUH FRQG ��! VIHDWXUH z 


�

VIHDWXUH FRQG ��! VIHDWXUH �z 


�

,I WKH JUDPPDU nOH LV PLVVLQJ RU HPSW\� WKHQ WKH GHIDXOW JUDPPDU ZLOO EH XVHG� ,I WKH
JUDPPDU FRQWDLQV GHnQLWLRQV RI VRPH EXW QRW DOO RI WKH QRQWHUPLQDO V\PEROV XVHG LQ WKH
GHIDXOW JUDPPDU� WKH\ ZLOO RYHUULGH WKH GHIDXOW GHnQLWLRQV�

6*5 ������ �� ����

)RU UXQQLQJ 5LSSHU� WKH FRPPDQG OLQH DVVXPHV WKH IRUP�

ULSSHU >RSWLRQV@ nOHVWHP

2SWLRQV RI 5LSSHU KDYH WKH IROORZLQJ PHDQLQJV�

q �F

,QIRUP 5LSSHU WKDW QRLVH�IUHH GDWD LV H[SHFWHG�

��



q �Q

,QIRUP 5LSSHU WKDW QRLV\ GDWD LV H[SHFWHG� 7KLV LV WKH GHIDXOW�

q �NY

'HnQH WKH QXPEHU RI SDUWLWLRQV IRU FURVV^YDOLGDWLRQ DV Y� 7KHUH LV QR GHIDXOW YDOXH�

q �O

'HnQH OHDYH�RQH�RXW IRU FURVV�YDOLGDWLRQ L�H�� Q�IROG FURVV�YDOLGDWLRQ ZKHUH Q LV WKH VL]H RI
WUDLQLQJ VHW�

q �Y/

6HW WKH YHUERVLW\ OHYHO WR /� ZKLFK FDQ WDNH YDOXHV �� �� �� RU �� 7KH GHIDXOW LV ��

q �D2UGHULQJ

%HIRUH OHDUQLQJ� 5LSSHU nUVW KHXULVWLFDOO\ RUGHUV WKH FODVVHV E\ RQH RI WKH IROORZLQJ PHWK�
RGV�

^ �IUHT� RUGHU E\ LQFUHDVLQJ IUHTXHQF\ �GHIDXOW��

^ bIUHT� RUGHU E\ GHFUHDVLQJ IUHTXHQF\�

^ JLYHQ� RUGHU FODVVHV DV LQ WKH �QDPHV nOH�

^ PGO� XVH KHXULVWLFV WR JXHVV DQ RSWLPDO RUGHULQJ�

^ XQRUGHUHG�

:LWK WKH C�D2UGHULQJ
 RSWLRQ� 5LSSHU ZLOO VHSDUDWH HDFK FODVV IURP WKH UHPDLQLQJ FODVVHV�
WKXV HQGLQJ XS ZLWK UXOHV IRU HYHU\ FODVV� &RQoLFWV DUH UHVROYHG E\ GHFLGLQJ LQ IDYRU RI
WKH UXOH ZLWK ORZHVW WUDLQLQJ VHW HUURU�

q �V

,QGLFDWH WKDW WKH WUDLQLQJ VHW VKRXOG EH UHDG IURP VWDQGDUG LQSXW� UDWKHU WKDQ IURP
nOHVWHP�GDWD�

q �J nOHVWHP

,QGLFDWH WKDW WKH JUDPPDU nOH nOHVWHP�JUDP VKRXOG EH XVHG�

q �I nOHVWHP

,QGLFDWH WKDW WKH QDPHV nOH nOHVWHP�QDPHV VKRXOG EH XVHG�

q �2Y

&RQWURO RSWLPL]DWLRQ RI UXOHV� 5LSSHU PDNHV Y RSWLPL]DWLRQ SDVVHV RYHU WKH UXOHV LW OHDUQV�
7KH GHIDXOW LV Y  �� )RU Y  �� 5LSSHU LV QDPHG 5LSSHU � DQG IRU Y  N� 5LSSHU N�

q �0Y

,QGLFDWH WKH XVH RI VWDWLVWLFV FROOHFWHG RQ D FODVV�VWUDWLnHG VXEVDPSOH RI Y LQVWDQFHV �LQ�
VWHDG RI WKH HQWLUH GDWDVHW� WR PDNH FHUWDLQ IUHTXHQWO\ UHSHDWHG GHFLVLRQV� )RU YHU\ ODUJH
GDWDVHWV� 5LSSHU XVLQJ VXEVDPSOHV RI D IHZ KXQGUHG RU D IHZ WKRXVDQG ZLOO W\SLFDOO\
SURGXFH D VOLJKWO\ LQIHULRU UXOHVHW� KRZHYHU� LW ZLOO UXQ PXFK PRUH TXLFNO\ WKDQ 5LSSHU

ZLWKRXW VXEVDPSOLQJ�

q �,Y

,QGLFDWH WR GLVFUHWL]H FRQWLQXRXV IHDWXUHV LQWR Y HTXDO IUHTXHQF\ VHJPHQWV� ,I Y  �� LW
GLVFUHWL]HV LQWR WKH PD[LPDO SRVVLEOH QXPEHU RI VHJPHQWV� 'HIDXOW LV WR QRW GLVFUHWL]H
FRQWLQXRXV YDOXHV� 'LVFUHWL]DWLRQ XVXDOO\ VSHHGV XS 5LSSHU RQ ODUJH GDWDVHWV ZLWK PDQ\
FRQWLQXRXV YDOXHV� EXW PD\ FRVW LQ DFFXUDF\�

��



q �*

3ULQW WKH JUDPPDU DQG H[LW� ,W LV XVHIXO WR PDNH D FKDQJH WR WKH GHIDXOW JUDPPDU�

q �1

7HOO 5LSSHU WR SULQW WKH �QDPHV nOH DQG H[LW� 7KLV LV VRPHWLPHV XVHIXO WR JHQHUDWH D
�QDPHV nOH WR EH XVHG E\ &���� 5LSSHU FDQ XVXDOO\ LQIHU WKH W\SHV RI D IHDWXUH IURP D
GDWDVHW� VR D �QDPHV nOH IRU 5LSSHU LV RSWLRQDO�

q �5

$OORZ WR UDQGRPL]H 5LSSHU
V RSHUDWLRQ� %\ GHIDXOW� D n[HG UDQGRP VHHG LV XVHG�

q �WVWULQJ

$OORZ RU GLVDOORZ QHJDWLYH WHVWV LQ UXOHV� ,I WKH VWULQJ FRQWDLQV D ?V�� WKHQ QHJDWLYH WHVWV
RI WKH IRUP ?;L �z 9DOXH� IRU VHW� DQG EDJ�YDOXHG IHDWXUHV ZLOO EH DOORZHG LQ UXOHV� 7KH
V\PERO �z VWDQGV IRU ?GRHV QRW FRQWDLQ�� ,I WKH VWULQJ FRQWDLQV DQ ?Q�� WKHQ QHJDWLYH WHVWV
RI WKH IRUP ?;L � 9DOXH� IRU QRPLQDO IHDWXUHV ZLOO EH DOORZHG LQ UXOHV�

q �'Y

&KDQJH WKH PD[LPXP GHFRPSUHVVLRQ�

q �6Y

6LPSOLI\ WKH K\SRWKHVLV PRUH �Y ! �� RU OHVV �Y � ���

q �/Y

&KDQJH WKH ORVV UDWLR L�H�� WKH UDWLR RI WKH FRVW RI D IDOVH QHJDWLYH WR WKH FRVW RI D IDOVH
SRVLWLYH� $ YDOXH RI Y ! � ZLOO XVXDOO\ LPSURYH UHFDOO RI WKH PLQRULW\ FODVVHV� DQG D YDOXH
RI Y � � ZLOO XVXDOO\ LPSURYH SUHFLVLRQ�

q �$

$GG UHGXQGDQW WHVWV WR UXOHV� 7KLV VRPHWLPHV LPSURYHV SUHFLVLRQ DQG UHDGDELOLW\� PDLQO\
IRU VHW� RU EDJ�YDOXHG IHDWXUHV�

q �)Y

)RUFH HDFK UXOH WR FRYHU DW OHDVW Y LQVWDQFHV�

6*6 8������

,Q ZKDW IROORZV WKH YR\DJH GDWD �6HFWLRQ ����� SDJH ��� ZLOO EH XVHG WR VKRZ D VLPSOH 5LSSHU

H[HFXWLRQ�

����� ,QSXW 'DWD

)LJXUHV �� DQG �� VKRZ WKH FRUUHVSRQGLQJ YR\DJH�QDPHV DQG YR\DJH�GDWD� UHVSHFWLYHO\� )RU
WKLV H[DPSOH� QR PRGLnFDWLRQV ZKHUH SHUIRUPHG LQ WKH VWDQGDUG YR\DJH�JUDP nOH �WKH GHIDXOW
RQH ZDV XVHG LQVWHDG��

����� 7KH &ODVVLnHU

5XQQLQJ 5LSSHU ZLWK GHIDXOW RSWLRQV LQ WKH YR\DJH H[DPSOH JLYHV MXVW WKH GHIDXOW UXOH IRU FODVV
JR� 6R� ZH KDYH XVHG WKH �F RSWLRQ WR LQIRUP 5LSSHU WKDW GDWD LV QRLV\ IUHH�

��



JR� GRQWBJR� � &ODVVHV

� )HDWXUHV

RXWORRN� VXQQ\� RYHUFDVW� UDLQ�

WHPSHUDWXUH� FRQWLQXRXV�

KXPLGLW\� FRQWLQXRXV�

ZLQG\� \HV� QR�

)LJXUH ��� 7KH 5LSSHU YR\DJH�QDPHV nOH

VXQQ\� ������\HV�JR�

VXQQ\� ������\HV�GRQWBJR�

VXQQ\� ������QR� JR�

VXQQ\� ������QR� GRQWBJR�

VXQQ\� ������QR� GRQWBJR�

RYHUFDVW�������\HV�JR�

RYHUFDVW�������QR� JR�

RYHUFDVW�������\HV�JR�

RYHUFDVW�������QR� JR�

RYHUFDVW�������\HV�GRQWBJR�

UDLQ� ������QR� JR�

UDLQ� ������\HV�GRQWBJR�

UDLQ� ������\HV�GRQWBJR�

UDLQ� ������QR� JR�

UDLQ� ������QR� JR�

)LJXUH ��� 7KH 5LSSHU YR\DJH�GDWD nOH

��



ULSSHU �F YR\DJH

)LJXUH �� VKRZV WKH RXWSXW JHQHUDWHG E\ 5LSSHU� )LJXUH �� VKRZV WKH JUDPPDU SURGXFHG E\
5LSSHU XVLQJ WKH �* RSWLRQ�

RSWLRQ� GDWD LV FOHDQ

)LQDO K\SRWKHVLV LV�

GRQWBJR �� KXPLGLW\! ��� RXWORRN VXQQ\ ������

GRQWBJR �� ZLQG\ \HV� RXWORRN UDLQ ������

GRQWBJR �� WHPSHUDWXUH� ��� WHPSHUDWXUH! �� ������

GHIDXOW JR ������

                               VXPPDU\                                

7UDLQ HUURU UDWH� ����� ��� ����� ��� GDWDSRLQWV� ��

+\SRWKHVLV VL]H� � UXOHV� � FRQGLWLRQV

/HDUQLQJ WLPH� ���� VHF

)LJXUH ��� 7KH YR\DJH 5LSSHU FODVVLnHU

����� &RQVXOWLQJ WKH &ODVVLnHU

7KH VDPH WZR WHVW LQVWDQFHV XVHG IRU &��� ZLOO EH XVHG KHUH L�H�� �RXWORRN� WHPSHUDWXUH� KXPLGLW\�
ZLQG\�  �VXQQ\� ��� ��� QR� DQG �"� ��� ��� \HV� _ VHH 6HFWLRQ ������� SDJH ���

)RU ODEHOLQJ GDWD� ERWK WHVW LQVWDQFHV ZHUH SODFHG LQWR WKH YR\DJH�WHVW nOH ZLWK D ?JXHVVHG�
FODVV ODEHO �GRQW JR� LQ WKLV IRUP�

VXQQ\�������QR �GRQWBJR�

"� ������\HV�GRQWBJR�

DQG WKH IROORZLQJ FRPPDQG ZDV XVHG�

SUHGLFW YR\DJH

7KH RXWSXW RI WKLV FRPPDQG DVVXPHV WKH IRUP SUHGLFWHG�FODVV 3 1 WUXH�FODVV �VHH SDJH ��� DQG
LW LV VKRZQ LQ )LJXUH �� ZKHUH� IRU ERWK LQVWDQFHV� WKH SUHGLFWHG FODVV ODEHO LV JR�

ERG\ ��! ERG\BFRQGV�

ERG\BFRQGV ��! �

ERG\BFRQGV ��! FRQG�ERG\BFRQGV�

FRQG ��! FRQGBRXWORRN�

FRQG ��! FRQGBWHPSHUDWXUH�

FRQG ��! FRQGBKXPLGLW\�

FRQG ��! FRQGBZLQG\�

FRQGBKXPLGLW\ ��! KXPLGLW\� 


�

FRQGBKXPLGLW\ ��! KXPLGLW\! 


�

FRQGBRXWORRN ��! RXWORRN 


�

FRQGBWHPSHUDWXUH ��! WHPSHUDWXUH� 


�

FRQGBWHPSHUDWXUH ��! WHPSHUDWXUH! 


�

FRQGBZLQG\ ��! ZLQG\ 


�

)LJXUH ��� 7KH YR\DJH JUDPPDU

��



JR � � GRQWBJR JR � � GRQWBJR

)LJXUH ��� &RQVXOWLQJ WKH 5LSSHU YR\DJH UXOH FODVVLnHU

6*'7 �0�

<RX FDQ nQG PRUH LQIRUPDWLRQ DERXW 5LSSHU LQ WKH 85/
KWWS���ZZZ�UHVHDUFK�DWW�FRP�zZFRKHQ�ULSSHUG�KWPO

6*'' �����
�

(YHU\ UHYROXWLRQDU\ LGHD VHHPV WR HYRNH WKUHH VWDJHV RI UHDFWLRQ� 7KH\
PD\ EH VXPPHG XS E\ WKH SKUDVHV� ��� ,W
V FRPSOHWHO\ LPSRVVLEOH� ���
,W
V SRVVLEOH� EXW LW
V QRW ZRUWK GRLQJ� ��� , VDLG LW ZDV D JRRG LGHD DOO
DORQJ�

_$UWKXU &� &ODUNH

7KH EDVLF VWUDWHJ\ XVHG E\ 5,33(5 N WR nQG D UXOH VHW WKDW PRGHOV WKH GDWD LV WR nUVW XVH ,5(3

WR nQG DQ LQLWLDO PRGHO� DQG WKHQ WR LWHUDWLYHO\ LPSURYH WKDW PRGHO� XVLQJ WKH ?RSWLPL]DWLRQ�
SURFHGXUH GHVFULEHG LQ �&RKHQ� ������ $FFRUGLQJ WR &RKHQ� WKLV SURFHVV VHHPV WR EH PRUH
HpFLHQW EHFDXVH ��� EXLOGLQJ WKH LQLWLDO PRGHO LV HpFLHQW� ��� WKH LQLWLDO PRGHO GRHV QRW WHQG WR
EH ODUJH UHODWLYH WR WKH WDUJHW FRQFHSW� DQG ��� WKH RSWLPL]DWLRQ VWHSV RQO\ UHTXLUH WLPH OLQHDU
LQ WKH QXPEHU RI H[DPSOHV DQG WKH VL]H RI WKH LQLWLDO PRGHO�

&���UXOHV DOVR FRQVWUXFWV DQ LQLWLDO PRGHO DQG WKHQ LWHUDWLYHO\ LPSURYHV LW� +RZHYHU� IRU &���UXOHV�
WKH LQLWLDO PRGHO LV D VXEVHW RI UXOHV H[WUDFWHG IURP DQ XQSUXQHG GHFLVLRQ WUHH� DQG WKH LPSURYH�
PHQW SURFHVV JUHHGLO\ GHOHWHV RU DGGV VLQJOH UXOHV LQ DQ HmRUW WR UHGXFH GHVFULSWLRQ OHQJWK�
&���UXOHV UHSHDWV WKLV SURFHVV IRU VHYHUDO GLmHUHQW�VL]HG VXEVHWV RI WKH WRWDO SRRO RI H[WUDFWHG
UXOHV DQG XVHV WKH EHVW UXOHVHW IRXQG DV LWV K\SRWKHVLV� WKH VXEVHWV LW XVHV DUH WKH HPSW\ UXOHVHW�
WKH FRPSOHWH UXOHVHW� DQG UDQGRPO\ FKRVHQ VXEVHWV RI ���� ���� � � � � DQG ��� RI WKH UXOHV�

+RZHYHU� IRU QRLV\ GDWDVHWV� WKH QXPEHU RI UXOHV H[WUDFWHG IURP WKH XQSUXQHG GHFLVLRQ WUHH
JURZV DV Q� WKH QXPEHU RI LQVWDQFHV� 7KLV PHDQV WKDW HDFK LQLWLDO PRGHO ZLOO DOVR EH RI VL]H
SURSRUWLRQDO WR Q� DQG KHQFH LI Q LV VXpFLHQWO\ ODUJH� DOO RI WKH LQLWLDO PRGHOV ZLOO EH PXFK
ODUJHU WKDQ WKH WDUJHW K\SRWKHVLV� 7KLV PHDQV WKDW WR EXLOG D WKHRU\ DERXW WKH VDPH VL]H DV
WKH WDUJHW FRQFHSW DOZD\V UHTXLUHV PDQ\ �2�Q�� FKDQJHV WR WKH LQLWLDO PRGHO� DQG DW HDFK VWHS
LQ WKH RSWLPL]DWLRQ� PDQ\ �DOVR 2�Q�� FKDQJHV DUH SRVVLEOH� 7KH LPSURYHPHQW SURFHVV LV WKXV
H[SHQVLYH� VLQFH LW LV D JUHHG\ VHDUFK� LW LV DOVR SRWHQWLDOO\ TXLWH XQOLNHO\ WR nQG WKH EHVW UXOHVHW�

&RKHQ DOVR FODLPV WKDW 5LSSHU LV DV\PSWRWLFDOO\ IDVWHU WKDQ RWKHU FRPSHWLWLYH UXOH OHDUQLQJ
DOJRULWKPV� WKLV PHDQV WKDW LW ZLOO EH PXFK IDVWHU RQ ODUJH GDWDVHWV DQG HVSHFLDOO\ RQ ODUJH QRLV\
GDWDVHWV� 0DQ\ H[LVWLQJ V\VWHPV OLNH &���UXOHV XVH SUXQLQJ DOJRULWKPV WKDW DUH DV\PSWRWLFDOO\
FXELF RU HYHQ ZRUVH� 5LSSHU LV DV\PSWRWLFDOO\ 2�Q ORJ��Q���

7KH UXOHV SURGXFHG E\ 5,33(5 WHQG WR EH FRPSDFW DQG XQGHUVWDQGDEOH� 2Q WKH WHVW VXLWH
SHUIRUPHG LQ �&RKHQ� ����� 5LSSHU
V UXOH VHWV ZHUH DOZD\V VPDOOHU WKDQ &���UXOHV _ RIWHQ E\ D
IDFWRU RI WZR RU PRUH�

��
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7KH WKLQJV ZKLFK KXUW� LQVWUXFW�

_%HQMDPLQ )UDQNOLQ

7DEOH � VKRZV D VXPPDU\ RI VRPH FKDUDFWHULVWLFV RI WKH LQGXFHUV GLVFXVVHG LQ WKLV ZRUN� ,Q WKLV
WDEOH Q LV WKH QXPEHU RI WUDLQLQJ LQVWDQFHV� P LV WKH QXPEHU RI IHDWXUHV� V LV WKH VWDU VL]H �IRU
WKH &1� LQGXFHU�� '7 VWDQGV IRU ?'HFLVLRQ 7UHH�� 5, VWDQGV IRU ?5XOH ,QGXFWLRQ� DQG 5'7
VWDQGV IRU ?5XOHV H[WUDFWHG IURP '7��

&RPSOH[LW\ DQDO\VLV IRU HDFK LQGXFHU ZHUH REWDLQHG IRU &��� DQG &��� IURP �0XUWK\ HW DO�� �����
DVVXPLQJ WKH ZRUVW�FDVH UXQQLQJ WLPH IRU LQGXFLQJ D[LV^SDUDOOHO WUHHV �LQ IDFW WKLV LV D JHQHUDO
DQDO\VLV IRU GHFLVLRQ WUHHV�� ,Q �&RKHQ� ����� WKH FRPSOH[LW\ DQDO\VLV IRU 5LSSHU FDQ EH IRXQG
DV ZHOO DV VRPH HYLGHQFHV DERXW WKH FXELF EHKDYLRXU RI &���UXOHV �ZKLFK GRHV QRW LQFOXGH WKH
WLPH IRU JHQHUDWLQJ WKH WUHH�� DOWKRXJK LQ D SHUVRQDO FRPPXQLFDWLRQ 3URI� 4XLQODQ KDV HQVXUHG
WKDW CWKHUH DUH QR VLPSOH WLPH FRPSOH[LWLHV� HLWKHU ZRUVW�FDVH RU DYHUDJH�FDVH� IRU &��� RU &���
�
7KH FRPSOH[LW\ DQDO\VLV IRU &1� FDQ EH IRXQG LQ �&ODUN DQG 1LEOHWW� ������

&KDUDFWHULVWLF &��� &���UXOHV &��� 2&� &1� 5LSSHU

FODVVLnHU W\SH '7 5'7 '7�5'7 '7 5, 5,
FXUUHQW UHOHDVH � � ���� ���
V\PEROLF XQRUGHUHG IHDWXUHV \HV \HV \HV \HV \HV
V\PEROLF RUGHUHG IHDWXUHV \HV
LQWHJHU IHDWXUHV \HV \HV \HV \HV \HV \HV
UHDO IHDWXUHV \HV \HV \HV \HV \HV \HV
VHW�YDOXHG IHDWXUHV \HV
EDJ�YDOXHG IHDWXUHV \HV
GDWH IHDWXUHV \HV
XVHU GHnQHG IHDWXUHV \HV
LJQRUH IHDWXUHV \HV \HV \HV \HV
XQNQRZQ YDOXH " " " " "
GRQ
W FDUH YDOXH �
ZHLJKW LQVWDQFH \HV \HV
QDPHV nOH \HV \HV \HV \HV \HV
GDWD nOH \HV \HV \HV \HV \HV \HV
WHVW nOH \HV \HV \HV \HV \HV \HV
FRVW nOH \HV
JUDPPDU nOH \HV
RUGHUHG UXOHV \HV \HV \HV
XQRUGHUHG UXOHV \HV \HV \HV \HV
FRPSOH[LW\ 2�PQ�� 2�Q�� 2�PQ�� 2�PQ� ORJ�Q�� 2�P�

Q
�
V� 2�Q ORJ��Q��

7DEOH �� ,QGXFHUV 6XPPDU\

'' #��������� 0���
"�

7KH EHVW ZD\ WR KDYH D JRRG LGHD LV WR KDYH D ORW RI LGHDV�

_/LQXV 3DXOLQJ

0DFKLQH /HDUQLQJ LV D SRZHUIXO WRRO IRU RYHUFRPLQJ WKH ERWWOHQHFN RI NQRZOHGJH DFTXLVLWLRQ�
DQG VHYHUDO DOJRULWKPV KDYH DOUHDG\ EHHQ LPSOHPHQWHG DQG QHZ RQHV ZLOO EH LPSOHPHQWHG LQ WKH

��



IXWXUH� 7KH YHU\ EDVLF �EXW VWLOO LPSRUWDQW� OHVVRQ WR EH OHDUQW LV WKDW WKHUH LV QR DOJRULWKP WKDW
GRPLQDWHV DOO RWKHUV IRU DOO SUREOHPV� 7KH EHVW ZH FDQ KRSH IRU LV WR XQGHUVWDQG WKH VWUHQJWKV
DQG OLPLWDWLRQV RI GLmHUHQW DOJRULWKPV� DQG EDVHG RQ EDFNJURXQG NQRZOHGJH IRU D JLYHQ GRPDLQ�
PDNH UHFRPPHQGDWLRQV DV WR ZKLFK DOJRULWKPV WR XVH�

,Q WKLV ZRUN ZH GLVFXVV WKH IDFLOLWLHV SURYLGHG E\ VL[ ZHOO NQRZQ LQGXFHUV ZKLFK H[SUHVV FRQFHSW
GHVFULSWLRQ LQ WKH IRUP RI GHFLVLRQ WUHHV DQG GHFLVLRQ UXOHV� &��� DQG 2&� IRU GHFLVLRQ WUHHV
DQG &���UXOHV� &1� DQG 5LSSHU IRU UXOHV DV ZHOO DV &��� IRU GHFLVLRQ WUHHV DQG UXOHV� 2XU
PDLQ REMHFWLYH LV WR GHVFULEH WKRVH LQGXFHUV XQGHU D FRPPRQ IUDPHZRUN� VXFK WKDW WKH PDLQ
GLmHUHQFHV DV ZHOO DV VLPLODULWLHV DPRQJ WKHP FDQ HDVLO\ EH REVHUYHG� )RU WKRVH VL[ LQGXFHU ZH
DOVR SUHVHQW D WKRURXJK GHVFULSWLRQ RI WKH QHFHVVDU\ FRPPDQGV IRU H[HFXWLQJ HDFK LQGXFHU� nOHV
XVHG� OLVW DQG PHDQLQJ RI DOO SRVVLEOH FRPPDQG OLQH RSWLRQV DV ZHOO DV DQ H[DPSOH RI H[HFXWLRQ�
$V WKLV VRUW RI LQIRUPDWLRQ� DOWKRXJK XVLQJ GLmHUHQW QRWDWLRQV� LV VSUHDG RXW LQ VHYHUDO SDSHUV
DQG PDQXDOV� ZH H[SHFW WR IDFLOLWDWH WKH LQLWLDO ZRUN RI XVHUV WKDW ZLVK WR H[SHULPHQW ZLWK WKRVH
LQGXFHUV�

$FNQRZOHGJPHQWV� :H DUH JUDWHIXO WR +XHL 'LDQD /HH DQG -DTXHOLQH %ULJODGRUL 3XJOLHVL IRU
KHOSIXO FRPPHQWV RQ D GUDIW RI WKLV UHSRUW�

0�
�
�����

%DUDQDXVNDV� -� $� DQG 0RQDUG� 0� &� ������� 5HYLHZLQJ VRPH PD�
FKLQH OHDUQLQJ FRQFHSWV DQG PHWKRGV� 7HFKQLFDO 5HSRUW ���� ,&0&�863�
IWS���IWS�LFPF�VF�XVS�EU�SXE�%,%/,27(&$�UHO WHF�5W ����SV�]LS�

%UHLPDQ� /�� )ULHGPDQ� -�� 2OVKHQ� 5�� DQG 6WRQH� &� ������� &ODVVLnFDWLRQ DQG 5HJUHVVLRQ

7UHHV� :DGVZRUWK 	 %RRNV� 3DFLnF *URYH� &$�

&ODUN� 3� DQG %RVZHOO� 5� ������� 5XOH LQGXFWLRQ ZLWK &1�� 6RPH UHFHQW LPSURYHPHQWV�
,Q .RGUDWRm� <�� HGLWRU� 3URFHHGLQJV RI WKH �WK (XURSHDQ &RQIHUHQFH �(:6/ ���� SDJHV
���^���� 6SULQJHU�9HUODJ�

&ODUN� 3� DQG 1LEOHWW� 7� ������� ,QGXFWLRQ LQ QRLVH GRPDLQV� ,Q %UDWNR� ,� DQG /DYUD�F� 1��
HGLWRUV� 3URFHHGLQJV RI WKH 6HFRQG (XURSHDQ :RUNLQJ 6HVVLRQ RQ /HDUQLQJ� SDJHV ��^���
:LOPVORZ� 8.� 6LJPD�

&ODUN� 3� DQG 1LEOHWW� 7� ������� 7KH &1� LQGXFWLRQ DOJRULWKP� 0DFKLQH /HDUQLQJ� ��������^
����

&RKHQ� :� :� ������� )DVW HmHFWLYH UXOH LQGXFWLRQ� ,Q 3URFHHGLQJV RI WKH 7ZHOIWK ,QWHUQDWLRQDO
&RQIHUHQFH RQ 0DFKLQH /HDUQLQJ� SDJHV ���^���� 6DQ )UDQFLVFR� &$� 0RUJDQ .DXIPDQQ�

'LHWWHULFK� 7� *� ������� 0DFKLQH OHDUQLQJ UHVHDUFK� )RXU FXUUHQW GLUHFWLRQV�
IWS���IWS�FV�RUVW�HGX�SXE�WJG�SDSHUV�

)�XUQNUDQ]� -� DQG :LGPHU� *� ������� ,QFUHPHQWDO UHGXFHG HUURU SUXQLQJ� ,Q &RKHQ� :� :�
DQG +LUVK� +�� HGLWRUV� 3URFHHGLQJV RI WKH (OHYHQWK ,QWHUQDWLRQDO &RQIHUHQFH RQ 0DFKLQH

/HDUQLQJ� SDJHV ��^��� 1HZ %UXQVZLFN� 1HZ -HUVH\� 0RUJDQ .DXIPDQQ�

0XUWK\� 6� .�� .DVLI� 6�� DQG 6DO]EHUJ� 6� /� ������� $ V\VWHP IRU LQGXFWLRQ
RI REOLTXH GHFLVLRQ WUHHV� -RXUQDO RI $UWLnFLDO ,QWHOOLJHQFH 5HVHDUFK� ������^���
KWWS���ZZZ�FV�MKX�HGX�zVDO]EHUJ�MDLU���SV�

3UDWL� 5� &�� %DUDQDXVNDV� -� $�� DQG 0RQDUG� 0� &� ������� %LE9LHZ� 8P VLVWHPD SDUD
DX[LOLDU D PDQXWHQzFaDR GH UHJLVWURV SDUD R %LE7(;� 7HFKQLFDO 5HSRUW ��� ,&0&�863�

��



IWS���IWS�LFPF�VF�XVS�EU�SXE�%,%/,27(&$�UHO WHF�5W ���SV�]LS�

4XLQODQ� -� 5� ������� ,QGXFWLRQ RI GHFLVLRQ WUHHV� 0DFKLQH /HDUQLQJ� ����^���� 5HSULQWHG LQ
6KDYOLN DQG 'LHWHULFK �HGV�� 5HDGLQJV LQ 0DFKLQH /HDUQLQJ�

4XLQODQ� -� 5� �����D�� *HQHUDWLQJ SURGXFWLRQ UXOHV IURP GHFLVLRQ WUHHV� ,Q 3URFHHGLQJV RI

WKH 7HQWK ,QWHUQDWLRQDO -RLQW &RQIHUHQFH RQ $UWLnFLDO ,QWHOOLJHQFH� SDJHV ���^���� ,WDO\�

4XLQODQ� -� 5� �����E�� 6LPSOLI\LQJ GHFLVLRQ WUHHV� ,QWHUQDWLRQDO -RXUQDO RI 0DQ�0DFKLQH

6WXGLHV� ������^����

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

6DO]EHUJ� 6� /� ������� /RFDWLQJ SURWHLQ FRGLQJ UHJLRQV LQ KXPDQ GQD XVLQJ D GHFLVLRQ WUHH
DOJRULWKP� -RXUQDO RI &RPSXWDWLRQDO %LRORJ\� ��������^����

6DO]EHUJ� 6� /�� &KDQGDU� 5�� )RUG� +�� 0XUWK\� 6�� DQG :KLWH� 5� ������� 'HFLVLRQ WUHHV IRU
DXWRPDWHG LGHQWLnFDWLRQ RI FRVPLF UD\ KLWV LQ +XEEOH VSDFH WHOHVFRSH LPDJHV� 3XEOLFDWLRQV
RI WKH $VWURQRPLFDO 6RFLHW\ RI WKH 3DFLnF� �����^���

:HLVV� 6� 0� DQG ,QGXUNK\D� 1� ������� 3UHGLFWLYH 'DWD 0LQLQJ� $ 3UDFWLFDO *XLGH� 0RUJDQ
.DXIPDQQ� 6DQ )UDQFLVFR� &$�

��


