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&KDSWHU �

(67,0$7,21 2) /,1($5 (48$7,216

7KLV FKDSWHU GLVFXVVHV VHYHUDO VLPSOH VWDWLVWLFDO PRGHOV WKDW LQYROYH OLQHDU VWUXFWXUDO HTXDWLRQV� 7KH PRGHOV LQFOXGH�

GHVFULSWLYH XQLYDULDWH DQG ELYDULDWH VWDWLVWLFV �06'�� RUGLQDU\ OHDVW VTXDUHV �2/64�� WZR�VWDJH OHDVW VTXDUHV ��6/6��

OLPLWHG LQIRUPDWLRQ PD[LPXP OLNHOLKRRG �/,0/�� OHDVW VTXDUHV ZLWK FRUUHFWLRQ IRU VHULDO FRUUHODWLRQ �$5��� DQG OHDVW

DEVROXWH GHYLDWLRQV HVWLPDWLRQ �/$'��

,Q WKHVH SURFHGXUHV WKH HTXDWLRQ LV GHILQHG LPSOLFLWO\ E\ OLVWLQJ LWV YDULDEOHV� 7KH REVHUYDWLRQV XVHG IRU HVWLPDWLRQ DUH

GHILQHG E\ WKH FXUUHQW VDPSOH �WKH PRVW UHFHQW 603/� 6(/(&7� RU 603/,)�� $Q\ REVHUYDWLRQV FRQWDLQLQJ PLVVLQJ

YDOXHV DUH WHPSRUDULO\ GURSSHG IURP WKH VDPSOH IRU DOO SURFHGXUHV H[FHSW $5� ZLWK WKH 0/ RSWLRQ� 0RVW RI WKH PRGHOV

DOORZ WKH :(,*+7 RSWLRQ IRU JHQHUDO OHDVW VTXDUHV HVWLPDWHV� DQG WKH 52%867 RSWLRQ IRU VWDQGDUG HUURU FRPSXWDWLRQV

UREXVW WR KHWHURVNHGDVWLFLW\� 7KH\ DOVR DOORZ GLVWULEXWHG ODJ YDULDEOHV �SRO\QRPLDO� 6KLOOHU� RU XQFRQVWUDLQHG�� <RX FDQ

XVH 5(*237 �GHVFULEHG IXOO\ LQ WKH 5HIHUHQFH 0DQXDO� WR FRQWURO WKH FDOFXODWLRQ DQG SULQWLQJ RI QXPHURXV GLDJQRVWLF

VWDWLVWLFV�

&KDSWHU � GLVFXVVHV HVWLPDWLRQ ZLWK TXDOLWDWLYH GHSHQGHQW YDULDEOHV �352%,7� 72%,7� /2*,7� 6$036(/��

(VWLPDWLRQ PHWKRGV IRU QRQOLQHDU DQG VLPXOWDQHRXV HTXDWLRQ �OLQHDU DQG QRQOLQHDU� PRGHOV DUH FRYHUHG LQ &KDSWHU �

�/64� ),0/� *00� DQG LQ &KDSWHU � �0/�� &KDSWHU �� GHVFULEHV FRQVWUXFWLQJ K\SRWKHVHV WHVWV IRU OLQHDU DQG QRQOLQHDU

PRGHOV� &KDSWHU �� GLVFXVVHV HVWLPDWLRQ RI WLPH VHULHV PRGHOV �$5,0$ PRGHOV� 9$5 DQG *$5&+�0 HVWLPDWLRQ��

���� 'HVFULSWLYH 6WDWLVWLFV� 06'� &255

%HIRUH GRLQJ DQ\ UHJUHVVLRQV RU XVLQJ WKH PRUH H[SHQVLYH �LQ WHUPV RI FRPSXWHU WLPH� HVWLPDWLRQ SURFHGXUHV� FKHFN \RXU

LQSXW DQG WUDQVIRUPHG GDWD� \RX FDQ ORRN IRU EDG REVHUYDWLRQV RU RXWOLHUV LQWURGXFHG E\ GDWD HQWU\ HUURU DQG FKHFN WKDW

WKH GDWD WUDQVIRUPDWLRQV GLG ZKDW \RX H[SHFWHG� ,I \RX GRQ
W KDYH PXFK GDWD� \RX FDQ FKHFN LW E\ XVLQJ WKH 35,17

FRPPDQG� EXW WKLV PHWKRG PD\ EH RYHUZKHOPLQJ LI \RX KDYH VHYHUDO KXQGUHG REVHUYDWLRQV�

763 KDV VHYHUDO GHVFULSWLYH VWDWLVWLFV SURFHGXUHV WKDW FRQYHQLHQWO\ VXPPDUL]H ODUJH DPRXQWV RI GDWD IRU \RX� 06'

SULQWV D WDEOH RI XQLYDULDWH VWDWLVWLFV� 06' �&255� FRPSXWHV DQG SULQWV D FRUUHODWLRQ PDWUL[� 06'�&29$� SURGXFHV

D FRYDULDQFH PDWUL[� 020(17 FRPSXWHV DQ XQFHQWHUHG VXP RI VTXDUHV DQG FURVV SURGXFWV PDWUL[� 6HH &KDSWHU � IRU

D GHVFULSWLRQ RI WKH JUDSKLFV SURFHGXUHV� LQFOXGLQJ +,67� ZKLFK SULQWV IUHTXHQF\ EDU FKDUWV�

06' IROORZHG E\ D OLVW RI VHULHV ZLOO SURGXFH D WDEOH RI PHDQV� VWDQGDUG GHYLDWLRQV� VXPV� YDULDQFHV� VNHZQHVV� NXUWRVLV�

DQG PD[LPXP DQG PLQLPXP YDOXHV IRU DOO WKH VHULHV� ([DPSOH�

06' /6$/(6�/*13�

7KH &255� &29$� DQG 020(17 RSWLRQV ZRUN WKH VDPH ZD\� H[FHSW WKDW WKH\ SURGXFH D PDWUL[ IRU WKH OLVW RI VHULHV

SURYLGHG� 7KH PRPHQW RI WZR YDULDEOHV LV WKHLU XQFHQWHUHG FRYDULDQFH �� WKH VXP RI FURVV SURGXFWV GLYLGHG E\ WKH

QXPEHU RI REVHUYDWLRQV�

06'�&255� /6$/(6�/*13 �

ZRXOG VWRUH WKH �[� YHFWRUV #0($1� #67''(9� #0,1� #0$;� #680� #9$5� DQG WKH �[� PDWUL[ #&255�

�6HH VHFWLRQ ��� IRU PRUH LQIRUPDWLRQ DERXW XVLQJ # YDULDEOHV�� 7KH UHVXOWV FRPSXWHG E\ WKHVH FRPPDQGV DUH VWRUHG

IRU XVH LQ IXUWKHU DQDO\VLV�

<RX FDQ XVH WKH :(,*+7 RSWLRQ LQ 06' WR SURYLGH D ZHLJKWLQJ YDULDEOH IRU WKH FRPSXWDWLRQV� �6HH 6HFWLRQ �����

7R REWDLQ WKH PHGLDQ DQG LQWHUTXDUWLOH UDQJH RI WKH VHULHV XVH WKH $// RSWLRQ RI WKH 06' FRPPDQG�

06' �$//� /6$/(6 /*13 �
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0GVJQF QH GUVKOCVKQP  2TFKPCT[ /GCUV 6SWCTGU

'GRGPFGPV XCTKCDNG� &216
&WTTGPV UCORNG� ���� VQ ����
1WODGT QH QDUGTXCVKQPU� ��

0GCP QH FGR� XCT�  ������� /0 JGV� VGUV  ������� >����@
6VF� FGX� QH FGR� XCT�  ������� 'WTDKP�:CVUQP  ������� >���������@

6WO QH USWCTGF TGUKFWCNU  ������� -CTSWG�%GTC VGUV  ������� >����@
9CTKCPEG QH TGUKFWCNU  ������� 5COUG[
U 5(6(7�  ������� >����@

6VF� GTTQT QH TGITGUUKQP  ������� ) �\GTQ UNQRGU�  ������� >����@
5�USWCTGF  ������� 6EJYCT\ %�,�&�  �������

$FLWUVGF 5�USWCTGF  ������� /QI NKMGNKJQQF  ��������

(UVKOCVGF 6VCPFCTF
9CTKCDNG &QGHHKEKGPV (TTQT V�UVCVKUVKE 3�XCNWG
& �������� ������� �������� >����@
*13 ������� ������� ������� >����@

,' $&78$/�� ),77('��� 5(6,'8$/���
�
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(ZCORNG ���� 2TFKPCT[ /GCUV 6SWCTGU(ZCORNG ���� 2TFKPCT[ /GCUV 6SWCTGU

���� 2UGLQDU\ OHDVW VTXDUHV� 2/64

7KH ILUVW YDULDEOH VSHFLILHG LQ WKH 2/64 FRPPDQG LV WKH GHSHQGHQW YDULDEOH DQG WKH UHVW DUH WKH LQGHSHQGHQW YDULDEOHV�

5HFDOO� IRU H[DPSOH� WKH FRQVXPSWLRQ IXQFWLRQ LQ WKH LOOXVWUDWLYH PRGHO�

&216 $�%*13

$ LV D SDUDPHWHU WKDW PXOWLSOLHV DQ LPSOLHG YDULDEOH� WKH FRQVWDQW� ZKLFK DOZD\V KDV WKH YDOXH �� ,Q 763� WKH FRQVWDQW

KDV WKH VSHFLDO QDPH� & �RU &2167$17�� ,W PD\ EH XVHG LQ 2/64 RU HOVHZKHUH ZLWKRXW ORDGLQJ LW DV GDWD� 7KH 2/64

VWDWHPHQW IRU RXU FRQVXPSWLRQ IXQFWLRQ LV

2/64 &216 &�*13 �
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2/64 FRPSXWHV WKH OHDVW VTXDUHV UHJUHVVLRQ FRHIILFLHQWV DQG D YDULHW\ RI DVVRFLDWHG VWDWLVWLFV� 7KHVH VWDWLVWLFV LQFOXGH

WKH VWDQGDUG HUURU RI WKH UHVLGXDOV IURP WKH UHJUHVVLRQ� WKH 'XUELQ�:DWVRQ VWDWLVWLF� DQG WKH PHDQ DQG VWDQGDUG GHYLDWLRQ

RI WKH GHSHQGHQW YDULDEOH� 7KH 5�VTXDUHG� 5�EDU�VTXDUHG� DQG )�VWDWLVWLF IRU WKH K\SRWKHVLV WKDW DOO WKH FRHIILFLHQWV

H[FHSW WKH FRQVWDQW DUH ]HUR DUH DOVR SULQWHG�

<RX FDQ SORW WKH DFWXDO DQG ILWWHG YDOXHV RI WKH GHSHQGHQW YDULDEOH E\ LQFOXGLQJ 3/276 HDUOLHU LQ WKH SURJUDP�

���� 5HJUHVVLRQ RXWSXW

$OO UHJUHVVLRQ SURFHGXUHV LQ 763 SURGXFH RXWSXW LQ WKH VDPH IRUPDW� :H GHVFULEH WKH RXWSXW KHUH XVLQJ WKH 2/64

FRPPDQG DV DQ H[DPSOH �([DPSOH ����� ,Q ODWHU VHFWLRQV RI WKH PDQXDO ZH ZLOO SRLQW RXW DQ\ GLIIHUHQFHV \RX PD\

H[SHFW ZKHQ XVLQJ RWKHU HVWLPDWLRQ PHWKRGV�

8VLQJ WKH VWDQGDUG WH[WERRN QRWDWLRQ ZKHUH \ LV WKH GHSHQGHQW YDULDEOH DQG ; LV WKH YHFWRU RI LQGHSHQGHQW YDULDEOHV�
W W

H �WKH UHVLGXDO� LV GHILQHG DV
W

H  \ � ZKHUH  ; E
W W W W

DQG ZKHUH E GHQRWHV WKH HVWLPDWHG UHJUHVVLRQ FRHIILFLHQWV� 7R JLYH WKH H[DFW IRUPXODV IRU WKH UHJUHVVLRQ VWDWLVWLFV LQ

WKH 763 RXWSXW� ZH GHILQH WKH VXP RI VTXDUHG UHVLGXDOV 665 DQG WKH WRWDO VXP RI VTXDUHV 667�

665  �( H�

W

667  ( �\ �\	�W
�

7KH VWDQGDUG HUURU RI WKH UHJUHVVLRQ LV WKHQ JLYHQ E\

ZKHUH 7 LV WKH QXPEHU RI REVHUYDWLRQV LQ WKH FXUUHQW VDPSOH DQG . LV WKH QXPEHU RI LQGHSHQGHQW YDULDEOHV�

7KH 5�VTXDUHG LV GHILQHG DV WKH VTXDUHG FRUUHODWLRQ FRHIILFLHQW EHWZHHQ \ DQG �

5  >FRY�\� �@ �>YDU�\�YDU� �@� �

5�VTXDUHG LV GHILQHG WKH VDPH ZD\ IRU WKH �6/6� $5�� /,0/ DQG 352%,7 FRPPDQGV� RQO\ WKH IRUPXODV IRU DQG E

DUH GLIIHUHQW� )RU DQ 2/64 UHJUHVVLRQ ZLWK D FRQVWDQW WHUP� WKLV VTXDUHG FRUUHODWLRQ LV HTXDO WR ��665�667� ,I LV

FRQVWDQW� WKH 5�VTXDUHG ZLOO EH ]HUR� 2Q WKH RWKHU KDQG� LI WKH UHJUHVVLRQ \LHOGV D SHUIHFW ILW RI WKH GHSHQGHQW YDULDEOH�

WKH FRUUHODWLRQ DQG WKH 5�VTXDUHG ZLOO EH RQH� WKXV \RX FDQ LQWHUSUHW WKH 5�VTXDUHG DV WKH IUDFWLRQ RI WRWDO YDULDQFH WKDW

LV �H[SODLQHG� E\ WKH YDULDEOHV LQ \RXU UHJUHVVLRQ RWKHU WKDQ WKH FRQVWDQW� ,W LV DOVR WKH VTXDUHG FRVLQH RI WKH DQJOH

EHWZHHQ WKH DFWXDO DQG SUHGLFWHG \ DQG � RQFH WKH PHDQV KDYH EHHQ UHPRYHG�

7KH DGMXVWHG 5�VTXDUHG LV WKH TXDQWLW\ FDOOHG 5�EDU�VTXDUHG LQ VRPH WH[WV� 7KH IRUPXOD IRU LW LV JLYHQ E\�

BB

5  �5 �7��� � ��.���7�.�� �

)RU D UHJUHVVLRQ ZLWK D FRQVWDQW WHUP WKLV FDQ EH ZULWWHQ DV

BB

5  � � >665��7�.�@�>667��7���@�

7KLV TXDQWLW\ KDV WKH DGYDQWDJH WKDW LW GRHV QRW DXWRPDWLFDOO\ LQFUHDVH DV YDULDEOHV DUH DGGHG WR WKH UHJUHVVLRQ VLQFH WKH

QXPHUDWRU LQFOXGHV DQ DGMXVWPHQW IRU WKH QXPEHU RI HVWLPDWHG FRHIILFLHQWV �.�� $V PRUH YDULDEOHV DUH DGGHG WR WKH

UHJUHVVLRQ ZLWK OLWWOH RU QR DGGLWLRQDO H[SODQDWRU\ SRZHU� LW LV SRVVLEOH IRU WKLV TXDQWLW\ WR EHFRPH QHJDWLYH�

7KH QH[W IHZ VWDWLVWLFV WHVW WKH DVVXPSWLRQV RI WKH OLQHDU UHJUHVVLRQ PRGHO� KRPRVNHGDVWLFLW\� ODFN RI VHULDO FRUUHODWLRQ�

FRUUHFW IXQFWLRQDO IRUP� DQG QRUPDOLW\�



M
W

���(VWLPDWLRQ�RI�/LQHDU�(TXDWLRQV

��

7KH /0 KHWHURVNHGDVWLFLW\ WHVW LV D WHVW IRU KRPRVNHGDVWLFLW\ RI WKH UHVLGXDO YDULDQFHV� ,W LV FRPSXWHG E\ UHJUHVVLQJ

WKH VTXDUHG UHVLGXDOV RQ WKH VTXDUHG ILWWHG YDOXHV RI WKH UHJUHVVLRQ� 7KH UHVXOWLQJ 75 KDV D FKL�VTXDUHG GLVWULEXWLRQ�

ZLWK RQH GHJUHH RI IUHHGRP�

7KH'XUELQ�:DWVRQ VWDWLVWLF LV GHVFULEHG LQ 'XUELQ DQG :DWVRQ ������� $ XVHIXO GLVFXVVLRQ RI LWV SURSHUWLHV DQG KRZ

WR LQWHUSUHW LW LV LQ 3LQG\FN DQG 5XELQIHOG ������� 7KH IRUPXOD XVHG E\ 763 WR FRPSXWH WKLV VWDWLVWLF LV

':  �H �H � �665W W��
�

7KLV VWDWLVWLF LV YDOLG HYHQ LI WKHUH DUH JDSV LQ WKH 603/ �PLVVLQJ REVHUYDWLRQV�� DOWKRXJK LQ WKDW FDVH� LW ZLOO EH

VRPHZKDW FRQVHUYDWLYH� 7KH S�YDOXHV SULQWHG QH[W WR WKH 'XUELQ�:DWVRQ VWDWLVWLF DUH H[DFW ILQLWH VDPSOH YDOXHV ZKHQ

WKH GDWD DUH WLPH VHULHV� DQG DUH DQ DV\PSWRWLF DSSUR[LPDWLRQ ZKHQ WKH GDWD KDYH IUHTXHQF\ 1� 6HH 5(*237 LQ WKH

5HIHUHQFH 0DQXDO IRU GHWDLOV�

,I D ODJJHG GHSHQGHQW YDULDEOH LV LQFOXGHG LQ WKH ULJKW�KDQG�VLGH YDULDEOHV� WKH 'XUELQ�:DWVRQ VWDWLVWLF LV ELDVHG� VR 763

SULQWV WZR DOWHUQDWH VWDWLVWLFV GHVFULEHG LQ 'XUELQ ������� 7KHVH WZR VWDWLVWLFV DUH ODEHOHG �'XUELQ
V K� DQG �'XUELQ
V

K �DOW��� UHVSHFWLYHO\ DQG WKH\ DUH DV\PSWRWLFDOO\ HTXLYDOHQW� 6RPHWLPHV K FDQQRW EH FRPSXWHG GXH WR D QHJDWLYH VTXDUH

URRW� ZKLOH WKH K DOWHUQDWLYH PD\ KDYH OLWWOH SRZHU LQ VPDOO VDPSOHV�

5DPVH\©V 5(6(7 WHVW LV D /DJUDQJH PXOWLSOLHU WHVW RI IXQFWLRQDO IRUP� FRPSXWHG E\ UHJUHVVLQJ WKH UHVLGXDOV RQ WKH

LQGHSHQGHQW YDULDEOHV DQG WKH VTXDUH RI WKH ILWWHG GHSHQGHQW YDULDEOH� 7KLV YHUVLRQ RI WKH WHVW KDV D FKL�VTXDUHG

GLVWULEXWLRQ ZLWK RQH GHJUHH RI IUHHGRP� 7KH 5(6(7 WHVW FDQ DOVR EH VLJQLILFDQW LI WKHUH LV D VLQJOH RXWOLHU WKDW LV ILW ZHOO

E\ D TXDGUDWLF IXQFWLRQ RI ;� 7KH -DUTXH�%HUD WHVW LV D MRLQW WHVW IRU VNHZQHVV DQG NXUWRVLV RI WKH GLVWXUEDQFHV�

DV\PSWRWLFDOO\ GLVWULEXWHG DV FKL�VTXDUHG UDQGRP YDULDEOH ZLWK WZR GHJUHHV RI IUHHGRP XQGHU WKH QXOO RI QRUPDOLW\�

7KH LQGLYLGXDO W�VWDWLVWLFV SURGXFHG E\ 763 FRUUHVSRQG WR YDULDEOH�E\�YDULDEOH WHVWV RI H[FOXVLRQ UHVWULFWLRQV� WKH\ DUH

FRPSXWHG DV WKH YDOXH RI WKH FRHIILFLHQW GLYLGHG E\ LWV HVWLPDWHG VWDQGDUG HUURU� 7KLV TXDQWLW\ LV GLVWULEXWHG DV D W

YDULDEOH ZLWK �7�.� GHJUHHV RI IUHHGRP� 7KH W�VWDWLVWLF SURGXFHG E\ 763 UHSUHVHQWV D WHVW RI RQO\ RQH RI PDQ\ SRVVLEOH

K\SRWKHVHV DERXW WKH FRHIILFLHQW HVWLPDWH� WKDW LW LV ]HUR� <RX PD\ ZLVK WR WHVW D GLIIHUHQW K\SRWKHVLV� L�H�� WKDW WKH

FRHIILFLHQW LV HTXDO WR D � 7R FRQVWUXFW WKH W�VWDWLVWLF IRU WKLV WHVW� FRPSXWH
�

W  �FRHI�D ���VWG� HUU��
�

,I WKH +, RSWLRQ LV XVHG ZLWK 2/64� WKH VHULHV K  GLDJ�;�;
;� ;
� LV VWRUHG XQGHU WKH QDPH #+,� 7KLV VHULHV LV XVHIXO
L

��

IRU GHWHFWLQJ �LQIOXHQWLDO REVHUYDWLRQV� �GDWD HUURUV� RXWOLHUV� HWF��� 6HH WKH 5HIHUHQFH 0DQXDO IRU GHWDLOV�

,Q WKH UHJUHVVLRQ RXWSXW� S�YDOXHV DUH VKRZQ QH[W WR DOO WHVW VWDWLVWLFV SURGXFHG� 7KHVH S�YDOXHV DUH WKH SUREDELOLW\ RI

VHHLQJ D WHVW VWDWLVWLF DW OHDVW WKLV ODUJH ZKHQ WKH QXOO K\SRWKHVLV LV WUXH� 7KDW LV� VPDOO S�YDOXHV LPSO\ UHJHFWLRQ� :LWK

WKH 5(*237 SURFHGXUH� \RX FDQ REWDLQ DGGLWLRQDO UHJUHVVLRQ GLDJQRVWLFV� VXFK DV� %UHXVFK�*RGIUH\ /0 WHVW IRU

DXWRFRUUHODWLRQ� /MXQJ�%R[ 4�VWDWLVWLFV� WKH DXJPHQWHG 'LFNH\�)XOOHU WHVW� $5&+��� WHVW� UHFXUVLYH UHVLGXDOV� &KRZ

WHVW IRU SDUDPHWHU VWDELOLW\� :KLWH RU %UHXVFK�3DJDQ KHWHURVNHGDVWLFLW\ WHVWV� 6KDSLUR�:LONV QRUPDOLW\ WHVW� DQG $NDLNH

DQG 6FKZDU] ,QIRUPDWLRQ &ULWHULD �XVHG IRU VHOHFWLQJ ODJ OHQJWK RU VHWV RI UHJUHVVRUV�� 7U\ WKH 5(*237 �3935,17�

67$56� /0/$*6 �� 4/$*6 �� %3/,67 &� $//� FRPPDQG EHIRUH XVLQJ 2/64 WR VHH WKH UDQJH RI DYDLODEOH

GLDJQRVWLFV� 6HH WKH 5HIHUHQFH 0DQXDO IRU IXUWKHU GHWDLOV�

���� 7ZR�VWDJH OHDVW VTXDUHV� �6/6� ,167

,Q WKH �6/6 VWDWHPHQW� WKH GHSHQGHQW YDULDEOH DQG LQGHSHQGHQW YDULDEOHV DUH OLVWHG H[DFWO\ DV IRU 2/64� +RZHYHU� WKH\

DUH SUHFHGHG E\ WKH �6/6 RSWLRQV� ZKLFK LQFOXGH WKH UHTXLUHG OLVW RI LQVWUXPHQWDO YDULDEOHV� )RU H[DPSOH� LQ WKH

LOOXVWUDWLYH PRGHO� JRYHUQPHQW H[SHQGLWXUHV� *� WKH ORJV RI WKH PRQH\ VXSSO\� /0� DQG WKH WUHQG YDULDEOH� 7,0(� DUH

FRQVLGHUHG DV H[RJHQRXV DQG PD\ VHUYH DV LQVWUXPHQWV� 7KH DSSURSULDWH VWDWHPHQW LV

�6/6�,167 �&�*�7,0(�/0�� &216 &�*13�

$QRWKHU ZD\ WR ZULWH WKLV LV ZLWK WKH ,167 FRPPDQG �LW LV DQ DOLDV RI �6/6�� 7KH ,167 FRPPDQG XVHV WKH NH\ZRUG

,195 RU WKH EDU _ WR PDUN WKH EHJLQQLQJ RI WKH OLVW RI LQVWUXPHQWV�
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0GVJQF QH GUVKOCVKQP  ,PUVTWOGPVCN 9CTKCDNG

(PFQIGPQWU XCTKCDNGU� *13
,PENWFGF GZQIGPQWU XCTKCDNGU� &
(ZENWFGF GZQIGPQWU XCTKCDNGU� * /0 7,0(

'GRGPFGPV XCTKCDNG� &216
&WTTGPV UCORNG� ���� VQ ����
1WODGT QH QDUGTXCVKQPU� ��

0GCP QH FGR� XCT�  ������� 5�USWCTGF  �������
6VF� FGX� QH FGR� XCT�  ������� $FLWUVGF 5�USWCTGF  �������

6WO QH USWCTGF TGUKFWCNU  ������� 'WTDKP�:CVUQP  ������� >���������@
9CTKCPEG QH TGUKFWCNU  ������� (
3=(  �������

6VF� GTTQT QH TGITGUUKQP  �������

(UVKOCVGF 6VCPFCTF
9CTKCDNG &QGHHKEKGPV (TTQT V�UVCVKUVKE 3�XCNWG
& �������� ������� �������� >����@
*13 ������� ������� ������� >����@

(ZCORNG ���� ,PUVWOGPVCN 9CTKCDNG (UVKOCVKQP�(ZCORNG ���� ,PUVWOGPVCN 9CTKCDNG (UVKOCVKQP�

,167 &216�&�*13 ,195 &�*�7,0(�/0 � RU ,167 &216 & *13 _ & * 7,0( /0�

7KH FRQVWDQW & VKRXOG DOZD\V EH XVHG DV DQ LQVWUXPHQW� 7ZR�VWDJH OHDVW VTXDUHV LV �6/6 ZLWK DOO RI WKH H[RJHQRXV

YDULDEOHV LQ WKH FRPSOHWH PRGHO �DQG QR RWKHU YDULDEOHV� OLVWHG DV LQVWUXPHQWV� 9DOLG HVWLPDWLRQ FDQ EH EDVHG RQ D

VPDOOHU QXPEHU RI LQVWUXPHQWV ZKHQ WKH FRPSOHWH PRGHO LQYROYHV PDQ\ H[RJHQRXV YDULDEOHV� 9DOLG HVWLPDWLRQ FDQ DOVR

EH SHUIRUPHG HYHQ ZKHQ WKH UHVW RI D VLPXOWDQHRXV PRGHO LV QRW IXOO\ VSHFLILHG� ,Q WKHVH FDVHV� WKH HVWLPDWRU LV

LQVWUXPHQWDO YDULDEOHV� EXW QRW UHDOO\ WZR�VWDJH OHDVW VTXDUHV� �7KH ,9 FRPPDQG LV WKH VDPH DV �6/6 DQG FDQ EH XVHG

IRU WKHVH FDVHV�� 2I FRXUVH� WKHUH PXVW EH DW OHDVW DV PDQ\ LQVWUXPHQWV DV WKH QXPEHU RI ULJKW�KDQG VLGH YDULDEOHV�

7KH RXWSXW RI �6/6 IRU WKH FRQVXPSWLRQ IXQFWLRQ LQ WKH LOOXVWUDWLYH PRGHO LV VKRZQ LQ ([DPSOH ���� $OO VWDWLVWLFV

UHODWLQJ WR UHVLGXDOV DUH FDOFXODWHG IURP WKH VDPH IRUPXODV DV 2/64� 7KH UHVLGXDOV DUH WKH �VWUXFWXUDO UHVLGXDOV�� H  

\A�;E� QRW WKH �VHFRQG�VWDJH UHVLGXDOV�� ZKLFK ZRXOG EH REWDLQHG E\ GRLQJ WZR�VWDJH OHDVW VTXDUHV OLWHUDOO\ LQ WZR VWDJHV

�WKLV ZRXOG LQYROYH UHSODFLQJ VRPH FROXPQ�V� RI ; ZLWK SUHGLFWHG YDOXHV IURP D ILUVW VWDJH��

+HUH DUH WKH HTXDWLRQV XVHG E\ �6/6 WR FRPSXWH WKH HVWLPDWHG FRHIILFLHQWV DQG WKHLU VWDQGDUG HUURUV� /HW = EH WKH PDWUL[

RI YDOXHV RI WKH LQVWUXPHQWV� DQG \ DQG ; EH WKH GHSHQGHQW DQG LQGHSHQGHQW YDULDEOHV� 7KH FRHIILFLHQW HVWLPDWHV DUH
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7KH YDULDQFH�FRYDULDQFH PDWUL[ RI WKHVH FRHIILFLHQW HVWLPDWHV LV JLYHQ E\

9�E�  V >;
=�=
=� =
;@� �� ��

,I WKH QXPEHU RI LQVWUXPHQWV = LV HTXDO WR WKH QXPEHU RI ULJKW�KDQG�VLGH YDULDEOHV ;� WKH FODVVLFDO LQVWUXPHQWDO YDULDEOH

HVWLPDWRU UHVXOWV�

E  >=
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\��

7KLV IROORZV HDVLO\ IURP WKH SUHYLRXV IRUPXOD IRU E� VLQFH IRU WKLV FDVH
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DQG IRXU RI WKH PDWULFHV FDQFHO�
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0GVJQF QH GUVKOCVKQP  /,0/

(PFQIGPQWU XCTKCDNGU� *13
,PENWFGF GZQIGPQWU XCTKCDNGU� &
(ZENWFGF GZQIGPQWU XCTKCDNGU� * /0 7,0(

'GRGPFGPV XCTKCDNG� &216
&WTTGPV UCORNG� ���� VQ ����
1WODGT QH QDUGTXCVKQPU� ��

0GCP QH FGR� XCT�  ������� 5�USWCTGF  �������
6VF� FGX� QH FGR� XCT�  ������� $FLWUVGF 5�USWCTGF  �������

6WO QH USWCTGF TGUKFWCNU  ������� 'WTDKP�:CVUQP  ������� >���������@
9CTKCPEG QH TGUKFWCNU  ������� ) �QXGT�KF� TGUV��  ������� >����@

6VF� GTTQT QH TGITGUUKQP  ������� /CODFC �GKIGPXCN��  �������

(UVKOCVGF 6VCPFCTF
9CTKCDNG &QGHHKEKGPV (TTQT V�UVCVKUVKE 3�XCNWG
& �������� ������� �������� >����@
*13 ������� ������� ������� >����@

(ZCORNG ���� /,0/(ZCORNG ���� /,0/

7KH REMHFWLYH IXQFWLRQ IRU �6/6 LV QRW WKH RUGLQDU\ VXP RI VTXDUHG UHVLGXDOV� EXW UDWKHU WKH VXP RI VTXDUHG UHVLGXDOV

DIWHU SURMHFWLRQ RQWR WKH LQVWUXPHQWV �ODEHOHG (
3=( LQ WKH RXWSXW��

H
3 H  H
=�=
=� =
H
=

��

���� /LPLWHG LQIRUPDWLRQ PD[LPXP OLNHOLKRRG� /,0/

7KH /,0/ FRPPDQG FRPSXWHV PD[LPXP OLNHOLKRRG HVWLPDWHV IRU D OLQHDU PRGHO ZLWK HQGRJHQRXV YDULDEOHV RQ WKH

ULJKW�KDQG VLGH �DQG QRUPDOO\ GLVWULEXWHG GLVWXUEDQFHV�� ,W LV VSHFLILHG OLNH WKH �6/6 FRPPDQG �� LQVWUXPHQWV DUH JLYHQ

LQ WKH RSWLRQV OLVW� 7KH DGYDQWDJHV RI /,0/ RYHU �6/6 DUH DV\PSWRWLF HIILFLHQF\ DQG D VPDOO VDPSOH GLVWULEXWLRQ ZLWK

OHVV ELDV� 7KH )8//(5 RSWLRQ DOORZV IRU DGGLWLRQDO VPDOO�VDPSOH FRUUHFWLRQV �VHH WKH 5HIHUHQFH 0DQXDO IRU GHWDLOV��

7KH GLVDGYDQWDJH RI /,0/ LV WKDW WKH HVWLPDWHV DUH PRUH VHQVLWLYH WR VSHFLILFDWLRQ HUURU LQ WKH OLVWV RI LQFOXGHG DQG

H[FOXGHG YDULDEOHV� �6HH 6HFWLRQ ��� IRU HVWLPDWLRQ RI QRQOLQHDU /,0/ PRGHOV�� )RU WKH LOOXVWUDWLYH PRGHO� ZH KDYH�

/,0/�,167 �&�*�7,0(�/0�� &216 &�*13�

7KH RXWSXW IURP WKLV FRPPDQG LV VKRZQ LQ ([DPSOH ���� 7KH RQO\ GLIIHUHQFH IURP WKH RXWSXW IRU 2/64 DQG ,167 LV

WKH SUHVHQFH RI WKH )�VWDWLVWLF IRU RYHULGHQWLI\LQJ UHVWULFWLRQV �WZR LQ WKLV FDVH� VLQFH WKHUH DUH WKUHH H[FOXGHG H[RJHQRXV

YDULDEOHV DQG RQO\ RQH ULJKW�KDQG VLGH HQGRJHQRXV YDULDEOH� DQG WKH HVWLPDWH RI N� WKH YDULDQFH UDWLR�

���� )LUVW�RUGHU VHULDO FRUUHODWLRQ� $5�

:KHQ WKH GLVWXUEDQFHV RI D OLQHDU UHJUHVVLRQ PRGHO DUH FRUUHODWHG� WKH FRHIILFLHQW HVWLPDWHV RI RUGLQDU\ OHDVW VTXDUHV

DUH LQHIILFLHQW� DQG WKH VWDQGDUG HUURU HVWLPDWHV DUH ELDVHG� 7KH $5� SURFHGXUH SURYLGHV VHYHUDO PHWKRGV WR REWDLQ

HIILFLHQW HVWLPDWHV RI DQ HTXDWLRQ ZKRVH GLVWXUEDQFHV GLVSOD\ ILUVW RUGHU VHULDO FRUUHODWLRQ� WKDW LV� WKH REVHUYHG

GLVWXUEDQFH LV

X  H � 'X
W W W��

ZKHUH H LV XQFRUUHODWHG� )RU D GLVFXVVLRQ RI WKH HIILFLHQF\ JDLQV IURP WKH VHULDO FRUUHODWLRQ FRUUHFWLRQ DQG VRPH
W

0RQWH�&DUOR HYLGHQFH� VHH 5DR DQG *ULOLFKHV ������� 7R HVWLPDWH WKH FRQVXPSWLRQ IXQFWLRQ LQ WKH LOOXVWUDWLYH PRGHO

ZLWK D FRUUHFWLRQ IRU VHULDO FRUUHODWLRQ� UHSODFH 2/64 ZLWK $5��
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$5� &216 &�*13 �

%HDFK DQG 0DF.LQQRQ
V ������ HVWLPDWLRQ PHWKRG LV XVHG E\ GHIDXOW� &DOOHG 0/ E\ 763� WKLV PHWKRG LQFOXGHV WKH ILUVW

REVHUYDWLRQ ZLWK D VSHFLDO ZHLJKW� UDWKHU WKDQ VLPSO\ GURSSLQJ LW� DQG LPSRVHV WKH VWDWLRQDULW\ UHTXLUHPHQW RQ WKH

HVWLPDWH RI WKH VHULDO FRUUHODWLRQ SDUDPHWHU E\ UHTXLULQJ WR EH EHWZHHQ ���� DQG ���� 7KH VPDOO VDPSOH SURSHUWLHV RI

WKLV HVWLPDWRU� SDUWLFXODUO\ LWV 506(� DUH SUHIHUDEOH WR WKRVH RI WKH FRQYHQWLRQDO */6 SURFHGXUHV�

7KH 0/ PHWKRG FDQQRW EH XVHG ZKHQ WKHUH LV D :(,*+7 LQ WKH UHJUHVVLRQ RU ZKHQ WKHUH DUH JDSV LQ WKH VDPSOH� )RU

WKHVH FDVHV DQG IRU FRPSDUDELOLW\ ZLWK HDUOLHU YHUVLRQV RI 763 RU RWKHU SURJUDPV� \RX PD\ ZLVK WR XVH WKH &25& RU

+,/8 PHWKRGV LQYRNHG DV IROORZV�

$5��0(7+2' &25&� &216�&�*13�

$5��0(7+2' +,/8� &216�&�*13�

7KH &25& PHWKRG XVHV D WZR VWDJH LWHUDWLRQ VXJJHVWHG E\ &RFKUDQH DQG 2UFXWW ������� 7KLV PHWKRG HVWLPDWHV ' IURP

RUGLQDU\ OHDVW VTXDUHV UHVLGXDOV� WUDQVIRUPV WKH GHSHQGHQW DQG LQGHSHQGHQW YDULDEOHV VR WKDW WKH UHVLGXDOV IURP WKH

WUDQVIRUPHG HTXDWLRQ ZLOO EH URXJKO\ VHULDOO\ XQFRUUHODWHG� DQG WKHQ UXQV D UHJUHVVLRQ XVLQJ WKH WUDQVIRUPHG YDULDEOHV

�WKH WUDQVIRUPDWLRQ LV [  [ � [ ��7KLV SURFHVV UHSHDWV XQWLO FRQYHUJHV RU WKH PD[LPXP QXPEHU RI LWHUDWLRQV LVa

W W W��

UHDFKHG�

9DULDWLRQV RQ WKH &25& PHWKRG FDQ EH XVHG WR HVWLPDWH QRQOLQHDU $5� HTXDWLRQV GLUHFWO\ RU $5�S� �S!�� SURFHVVHV�

7KH )250�1$5 S� DQG /64 FRPPDQGV PDNH WKLV HDV\ �VHH 6HFWLRQ ����� IRU PRUH GHWDLOV RQ /64 DQG WKH 5HIHUHQFH

0DQXDO IRU GHWDLOV RQ )250�� +HUH LV DQ H[DPSOH RI $5��� HVWLPDWLRQ�

)250�1$5 �� &$5� &216 & *13�

603/ ������ " '523 ),567 � 2%6(59$7,216

/64 &$5��

7KH &RFKUDQH�2UFXWW SURFHGXUH LV DV\PSWRWLFDOO\ HTXLYDOHQW WR WKH PD[LPXP OLNHOLKRRG SURFHGXUH GHVFULEHG HDUOLHU�

EXW HVWLPDWHV PD\ GLIIHU LQ VPDOO VDPSOHV� :KHQ WKHUH DUH JDSV LQ WKH VDPSOH �D 603/ RI WKH IRUP �� ��� ��� ��� HWF���

WKH &25& SURFHGXUH GURSV WKH ILUVW REVHUYDWLRQ LQ HDFK JURXS� 2WKHUZLVH� LW ZRXOG XVH WKH ZURQJ ODJJHG YDULDEOHV IRU

WKDW REVHUYDWLRQ� 7KLV WHFKQLTXH PD\ EH XVHG LQ HVWLPDWLQJ ZLWK D SRROHG WLPH VHULHV�FURVV VHFWLRQ VDPSOH E\ FUHDWLQJ

DUWLILFLDO JDSV VR WKDW RQH XQLW YDULDEOH LV QRW XVHG DV D ODJJHG YDOXH IRU WKH QH[W XQLW� 6HH $5� LQ WKH 5HIHUHQFH 0DQXDO�

HVSHFLDOO\ WKH 76&6 RSWLRQ� 6HH DOVR &KDSWHU ��� �3DQHO 'DWD�� LQ WKLV PDQXDO�

7KH +,/8 PHWKRG� +LOGUHWK DQG /X ������� DQG WKH 0/*5,' PHWKRG WDNH D GLIIHUHQW DSSURDFK WR WKH $5 HVWLPDWLRQ

SUREOHP� 7KH\ VHDUFK RYHU D XVHU�VSHFLILHG VHW RI ' YDOXHV IRU WKH RQH WKDW JLYHV WKH PLQLPXP VWDQGDUG HUURU �PD[LPXP

ORJ OLNHOLKRRG LQ 0/*5,'� IRU WKH WUDQVIRUPHG HTXDWLRQ� +,/8 GURSV WKH ILUVW REVHUYDWLRQ LQ HDFK VDPSOH JURXS ZKHQ

FRPSXWLQJ WKH VWDQGDUG HUURU� 0/*5,' UHWDLQV LW ZLWK D VSHFLDO ZHLJKW� LQ D PDQQHU DQDORJRXV WR WKH 0/ PHWKRG�

1RUPDOO\ WKH YDOXHV VHDUFKHG RYHU DUH RQ WKH LQWHUYDO �� �������� LQ HTXLGLVWDQW �� VWHSV� 7KLV PD\ EH PRGLILHG E\ WKH

XVHU� DV LQ WKLV FRPPDQG�

$5� �0(7+2' +,/8�50,1 ����50$; ����567(3 ���� &216�&�*13�

,I \RX ZLVK WR FRPSXWH WKH UHJUHVVLRQ IRU RQO\ RQH YDOXH RI '� XVH WKH 567$57 RSWLRQ DQG WKH +,/8 RU 0/*5,'

PHWKRG� 7KLV RSWLRQ DQG RWKHUV DUH GHVFULEHG PRUH IXOO\ LQ WKH 5HIHUHQFH 0DQXDO�

$OO WKHVH PHWKRGV SURGXFH WKH XVXDO UHJUHVVLRQ RXWSXW� WKH VXPPDU\ VWDWLVWLFV DUH EDVHG RQ WKH �WUDQVIRUPHG YDULDEOHV�

ZKLOH WKH SORW GLVSOD\V WKH DFWXDO GHSHQGHQW YDULDEOH �XQWUDQVIRUPHG� DQG WKH FRUUHVSRQGLQJ ILWWHG YDOXH� L�H�

\A  ; E � �\ � ; E�  (�\ _; � \ � ; � E� �
W W W�� W�� W W W�� W��

1RWH WKDW WKLV LV WKH VDPH HTXDWLRQ XVHG WR GR D VWDWLF IRUHFDVW RI WKH $5� PRGHO �VHH &KDSWHU ���� ,I WKH PRGHO LV WUXH�

WKH UHVLGXDOV� \ � � ZLOO EH XQFRUUHODWHG� 7KHVH DFWXDO DQG ILWWHG YDOXHV PD\ EH GLVSOD\HG LQ D SORW ZLWK WKH 3/276
W

RSWLRQ� :KHQ WKH &25& DQG +,/8 PHWKRGV DUH XVHG� WKH VDPSOH RI REVHUYDWLRQV LV DXWRPDWLFDOO\ DGMXVWHG WR GHOHWH

WKH ILUVW REVHUYDWLRQ�
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,Q DGGLWLRQ WR WKH FRHIILFLHQW HVWLPDWHV� DQG LWV DV\PSWRWLF VWDQGDUG HUURU DUH DOVR SUHVHQWHG� 7KH DV\PSWRWLF

FRYDULDQFH RI WKH HVWLPDWHV RI DQG WKH UHJUHVVLRQ FRHIILFLHQWV LV ]HUR� XQOHVV ODJJHG GHSHQGHQW YDULDEOHV DSSHDU RQ

WKH ULJKW�KDQG VLGH� ,Q WKLV FDVH� 763 HVWLPDWHV ' MRLQWO\ ZLWK WKH RWKHU FRHIILFLHQWV� VR WKDW WKH FRHIILFLHQW VWDQGDUG

HUURUV ZLOO QRW EH ELDVHG� 7KH HVWLPDWLRQ PHWKRG LV FKDQJHG WR &25&� VLQFH WKH ODJJHG GHSHQGHQW YDULDEOH ZRXOG EH

FRUUHODWHG ZLWK WKH UHVLGXDO LQ WKH 0/ ILUVW REVHUYDWLRQ� 7KLV WHFKQLTXH LV QRW LPSOHPHQWHG IRU PRGHOV ZLWK ZHLJKWLQJ�

LQVWUXPHQWV� RU VDPSOH JDSV�

7KH &25& DQG +,/8 PHWKRGV PD\ EH FRPELQHG ZLWK WKH ZHLJKWHG UHJUHVVLRQ RSWLRQ GHVFULEHG LQ 6HFWLRQ ���� $OO RI

WKH UHVXOWV SUHVHQWHG ZLOO EH IRU D FRPELQHG */6 WUDQVIRUPDWLRQ XVLQJ ERWK 'A DQG WKH :(,*+7 YDULDEOH� H[FHSW WKH

SORW� ZKLFK LV EDVHG RQ WKH RULJLQDO GDWD ZLWK D WUDQVIRUPDWLRQ RQO\ �L�H�� WKH UHVLGXDOV ZLOO EH XQFRUUHODWHG� EXW

KHWHURVNHGDVWLF��

������ ,QVWUXPHQWDO YDULDEOH HVWLPDWLRQ LQ $5�

7ZR�VWDJH OHDVW VTXDUHV DQG LQVWUXPHQWDO YDULDEOH HVWLPDWLRQ ZLWK D VHULDO FRUUHODWLRQ FRUUHFWLRQ PD\ EH REWDLQHG XVLQJ

$5� ZLWK WKH ,167 RSWLRQ� DOWKRXJK RQO\ WKH &25& DQG +,/8 PHWKRGV RI HVWLPDWLRQ DUH DYDLODEOH� 6HYHUDO

FRQVLGHUDWLRQV LQ REWDLQLQJ FRQVLVWHQW HVWLPDWHV LQ WKLV FDVH DUH GLVFXVVHG E\ )DLU ������� 7R HVWLPDWH WKH FRQVXPSWLRQ

IXQFWLRQ LQ RXU PRGHO E\ WZR�VWDJH OHDVW VTXDUHV� ZH XVH

$5��,167 �&�*�/0�7,0(�� &216 &�*13�

%HFDXVH )DLU RULJLQDOO\ FODLPHG WKDW WKH ODJJHG GHSHQGHQW DQG LQGHSHQGHQW YDULDEOHV PXVW EH LQ WKH LQVWUXPHQW OLVW WR

REWDLQ FRQVLVWHQW HVWLPDWHV� $5� DXWRPDWLFDOO\ DGGV &216���� DQG *13���� WR WKH OLVW EHIRUH HVWLPDWLQJ� 7R RYHUULGH

WKLV RSWLRQ DQG VSHFLI\ D FRPSOHWH OLVW RI LQVWUXPHQWV \RXUVHOI� XVH WKH 12)$,5 RSWLRQ�

$5��12)$,5�,167 �&�*�/0�7,0(�*13�����&216������ &216 &�*13�

)DLU UHWUDFWHG KLV FODLP LQ ����� LW KDV VLQFH EHHQ GLVSURYHG E\ %XVH ������� EXW WKH DOWHUQDWH LQVWUXPHQWV UHTXLUHG IRU

FRQVLVWHQF\ LQYROYH SVHXGR�GLIIHUHQFLQJ ZLWK WKH HVWLPDWHG '� ZKLFK LV WHGLRXV WR GR E\ KDQG� %XVH DOVR VKRZHG WKDW

WKH PRVW HIILFLHQW HVWLPDWRU DV\PSWRWLFDOO\ LQ WKLV FDVH DOVR LQFOXGHV WKH ODJJHG H[FOXGHG H[RJHQRXV YDULDEOHV� EXW KH

FDXWLRQV WKDW LQ VPDOO VDPSOHV WKLV PD\ TXLFNO\ H[KDXVW WKH GHJUHHV RI IUHHGRP�

���� 'LVWULEXWHG ODJV

$ GLVWULEXWHG ODJ UHIHUV WR WKH LQFOXVLRQ RI PRUH WKDQ RQH ODJ RI D UHJUHVVRU �; YDULDEOH� LQ D UHJUHVVLRQ IXQFWLRQ� 0DQ\

ODJV RI D VLQJOH YDULDEOH PD\ EH HDVLO\ LQFOXGHG LQ WKH OLQHDU HVWLPDWLRQ SURFHGXUHV �2/64� �6/6� /,0/� $5��

352%,7� 72%,7� EXW QRW /$'� RI 763� )RU H[DPSOH�

2/64 &216 & *13 *13�����*13����� �

VSHFLILHV D UHJUHVVLRQ RI FRQVXPSWLRQ RQ *13 DQG �� TXDUWHUV RI *13 ODJJHG IRU WKH LOOXVWUDWLYH PRGHO� 1RWH WKDW

2/64 SULQWV WKH 6FKZDU] %D\HVLDQ ,QIRUPDWLRQ &ULWHULRQ DQG�RU WKH $NDLNH ,QIRUPDWLRQ &ULWHULRQ� ZKLFK PD\ EH XVHG

WR VHOHFW WKH OHQJWK RI DQ XQFRQVWUDLQHG GLVWULEXWHG ODJ� $ UHJUHVVLRQ OLNH WKLV �ZLWK PDQ\ XQFRQVWUDLQHG ODJV� IUHTXHQWO\

SURGXFHV FRHIILFLHQW HVWLPDWHV WKDW DUH KLJKO\ LPSUHFLVH DQG MXPS DURXQG IURP SHULRG WR SHULRG� 7KLV KDV OHG

HFRQRPHWULFLDQV WR LQYHQW ZD\V RI VPRRWKLQJ WKH FRHIILFLHQW HVWLPDWHV� 763 VXSSRUWV WZR RI WKHVH WHFKQLTXHV�

SRO\QRPLDO GLVWULEXWHG ODJV� LQYHQWHG E\ $OPRQ ������ DQG 6KLOOHU ODJV� GXH WR 6KLOOHU �������

������ 3RO\QRPLDO GLVWULEXWHG ODJV

<RX FDQ LQFOXGH 3'/ YDULDEOHV LQ DQ\ OLQHDU HTXDWLRQ LQ 763 E\ LQFOXGLQJ D YDULDEOH RU YDULDEOHV ZLWK D ODJ VSHFLILFDWLRQ

LQ SDUHQWKHVHV LQ WKH OLVW RI LQGHSHQGHQW YDULDEOHV� 7KLV ODJ VSHFLILFDWLRQ KDV WKH IRUP �Q�S�FRQVWUDLQW�� ZKHUH

Q  QXPEHU RI WHUPV LQ WKH SRO\QRPLDO �GHJUHH SOXV RQH�
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S  QXPEHU RI ODJV LQ WKH ODJ GLVWULEXWLRQ

FRQVWUDLQW  D NH\ZRUG VSHFLI\LQJ WKH HQGSRLQW FRQVWUDLQWV�

%27+ �� FRQVWUDLQWV�� )$5 �� FRQVWUDLQW�� 1($5 �� FRQVWUDLQW�� 121( �QR FRQVWUDLQWV�

7KH QXPEHU RI SDUDPHWHUV DVVRFLDWHG ZLWK WKH GLVWULEXWHG ODJ LV Q OHVV WKH QXPEHU RI FRQVWUDLQWV� WKLV PXVW EH SRVLWLYH

DQG OHVV WKDQ RU HTXDO WR S� 1RWH WKDW WKH QXPEHU RI ODJV LQFOXGHV WKH FXUUHQW REVHUYDWLRQ� L�H�� WKH ODJJHG YDULDEOHV DUH

�W�W���W������� W�S����

([DPSOHV�

2/64 &216 &�*13������)$5� �

VSHFLILHV D UHJUHVVLRQ RI &216 RQ D GLVWULEXWHG ODJ RI *13 FRYHULQJ �� TXDUWHUV� KDYLQJ WHUPV XS WR WKH WKLUG SRZHU�

DQG REH\LQJ WKH IDU HQGSRLQW FRQVWUDLQW� 7KH RXWSXW LV VKRZQ RQ WKH QH[W SDJH �([DPSOH �����

2/64 &216 &�*13������)$5��5������1($5� �

VSHFLILHV DQ DGGLWLRQDO GLVWULEXWHG ODJ RQ 5 FRYHULQJ �� TXDUWHUV DQG D QHDU HQGSRLQW FRQVWUDLQW�

2/64 &216 &�*13����������121(��

IRUPV D 3'/ RI *13 WKDW VWDUWV ZLWK WKH ILUVW ODJJHG REVHUYDWLRQ LQVWHDG RI WKH FXUUHQW REVHUYDWLRQ�

:KHQ \RX XVH 3'/ YDULDEOHV LQ DQ LQVWUXPHQW OLVW� WKH FKRLFH RI LQVWUXPHQWV GHSHQGV RQ ZKHWKHU WKH YDULDEOH LV WUHDWHG

DV H[RJHQRXV RU HQGRJHQRXV� ,I LW LV WUHDWHG DV H[RJHQRXV� \RX ZDQW WKH VFUDPEOHG YDULDEOHV GHVFULEHG LQ WKH QH[W

VHFWLRQ DV LQVWUXPHQWDO YDULDEOHV� 7KHVH FRXOG EH VSHFLILHG E\ OLVWLQJ WKH QDPHV RI WKH YDULDEOHV FUHDWHG E\ WKH

�VFUDPEOLQJ� SURFHVV� L�H�� LQ WKH DERYH H[DPSOH� #3'/�� #3'/�� #3'/�� ,I 3'/ ZHUH WUHDWHG DV HQGRJHQRXV� LW

ZRXOG VXIILFH WR HQVXUH WKDW WKHUH ZHUH HQRXJK LQVWUXPHQWDO YDULDEOHV LQ WKH OLVW WR PHHW WKH UDQN FRQGLWLRQ IRU

LGHQWLILFDWLRQ �� DW OHDVW DV PDQ\ DV WKH QXPEHU RI YDULDEOHV LQ WKH UHJUHVVLRQ DIWHU VFUDPEOLQJ�

������ :KDW 3'/ GRHV

(DFK 3'/ WHUP VWDQGV IRU D GLVWULEXWHG ODJ RI WKH IRUP

E [ � E [ � ��� � E [� W � W�� S�� W�S��

7KH SRO\QRPLDO VSHFLILFDWLRQ UHTXLUHV WKDW E OLH RQ D SRO\QRPLDO LQ L�L

7KLV LPSOLHV FRQVWUDLQWV RQ WKH FRHIILFLHQWV RI [ DQG LWV ODJV LPSRVHG E\ GHILQLQJ D QHZ VHW RI Q YDULDEOHV ] WKDW DUHW

OLQHDU IXQFWLRQV RI WKH [ YDULDEOHV� 7KH DFWXDO IXQFWLRQV GLIIHU VOLJKWO\ IURP ZKDW LV LPSOLHG E\ WKH DERYH HTXDWLRQV� VHH

WKH &RRSHU ������ DUWLFOH IRU GHWDLOV �/DJUDQJLDQ LQWHUSRODWLRQ SRO\QRPLDOV DUH XVHG�� 7KH YDULDEOHV ] �����] HQWHU WKH�W QW

UHJUHVVLRQ DV RUGLQDU\ LQGHSHQGHQW YDULDEOHV �ODEHOHG #3'/�� #3'/�� DQG VR IRUWK LQ WKH UHJUHVVLRQ UHVXOWV�� 7KHLU

FRHIILFLHQWV DUH HVWLPDWHV RI WKH SDUDPHWHUV D �����D � $IWHU UXQQLQJ WKLV UHJUHVVLRQ� 763 FRPSXWHV WKH FRUUHVSRQGLQJ� Q

HVWLPDWHV RI WKH ODJ GLVWULEXWLRQ FRHIILFLHQWV E � E �����E IURP WKH SRO\QRPLDO� 7KH VWDQGDUG HUURUV RI WKH E DUH� � S�� L

FRPSXWHG IURP WKH FRYDULDQFH PDWUL[ RI WKH D � ,Q DGGLWLRQ� WKH PHDQ ODJ DQG WKH VXP RI WKH ODJV DUH SUHVHQWHG DORQJL

ZLWK WKHLU VWDQGDUG HUURUV� 7KH H[SUHVVLRQV GHILQLQJ WKHP DUH



���(VWLPDWLRQ�RI�/LQHDU�(TXDWLRQV

��

([DPSOH ��� 3RO\QRPLDO GLVWULEXWHG ODJV�

6HH OLQHDU�RXWSXW�JUDSKV���ZSG



/LQHDU�(VWLPDWLRQ

��

VXP ODJ  E � E � ��� � E� � S��

PHDQ ODJ  >E � � E � � E � � ��� � E �S���@��VXP ODJ�� � � S��

,I WKH ODJ FRHIILFLHQWV FKDQJH VLJQ� WKH PHDQ ODJ FRPSXWHG E\ WKLV IRUPXOD LV PHDQLQJOHVV�

,I HQGSRLQW FRQVWUDLQWV DUH LPSRVHG� WKH SURFHGXUH LV PRGLILHG VOLJKWO\� 7KH QHDU FRQVWUDLQW VHWV D K\SRWKHWLFDO E WR��

]HUR� 763 LPSRVHV WKLV E\ GURSSLQJ WKH ILUVW YDULDEOH IURP WKH UHJUHVVLRQ� 7KH IDU FRQVWUDLQW VHWV D K\SRWKHWLFDO E WRS

]HUR� 763 LPSRVHV WKLV E\ VXEWUDFWLQJ WKH ODVW YDULDEOH IURP HDFK RI WKH RWKHUV DQG GURSSLQJ WKH ODVW YDULDEOH IURP WKH

UHJUHVVLRQ�

������ 6KLOOHU ODJV

&RQVWUDLQLQJ ODJ FRHIILFLHQWV WR OLH H[DFWO\ RQ D ORZ�RUGHU SRO\QRPLDO RIWHQ VHHPV TXLWH DUELWUDU\� VLQFH WKHUH LV QR D

SULRUL UHDVRQ IRU WKH IXQFWLRQDO IRUP� 7KH 6KLOOHU ODJ WHFKQLTXH LV D PHWKRG IRU LPSRVLQJ VPRRWKQHVV RQ WKH ODJ

FRHIILFLHQWV ZLWKRXW XVLQJ DQ H[DFW SRO\QRPLDO� 7KH LGHD RI WKH PHWKRG LV WR LPSRVH D �VPRRWKQHVV� SULRU RQ WKH

FRHIILFLHQWV DQG HVWLPDWH XVLQJ %D\HVLDQ WHFKQLTXHV� )RU D IXOO GLVFXVVLRQ RI WKH PHWKRG� VHH 6KLOOHU �������

7R XVH WKH 6KLOOHU ODJ SURFHGXUH� \RX PXVW VSHFLI\ D GHJUHH RI GLIIHUHQFLQJ �WKLV LV VLPLODU WR WKH SRO\QRPLDO GHJUHH

VSHFLILHG LQ 3'/�� WKH QXPEHU RI ODJV RI WKH ; YDULDEOH WR LQFOXGH LQ WKH UHJUHVVLRQ� WKH HQGSRLQW UHVWULFWLRQV� DQG WKH

YDOXH RI WKH VPRRWKQHVV SULRU WKDW \RX ZLVK WR XVH� )RU H[DPSOH� WKH FRPPDQG

2/64 &216 &�*13������121(�������

VSHFLILHV D �QG GHJUHH 6KLOOHU ODJ IRU *13 ZLWK QR HQGSRLQW UHVWULFWLRQV DQG D SULRU YDULDQFH RQ WKH GLIIHUHQFHG

FRHIILFLHQWV HTXDO WR ������ 7KH RXWSXW IURP WKLV FRPPDQG LV VKRZQ RQ WKH QH[W SDJH �([DPSOH �����

7KH SULRU YDULDQFH RQ WKH GLIIHUHQFHG ODJ FRHIILFLHQWV LV ZKDW FRQWUROV WKH VPRRWKQHVV RI WKH GLVWULEXWLRQ� D SULRU

YDULDQFH HTXDO WR ]HUR \LHOGV 3'/ HVWLPDWHV� ZKLOH D YHU\ ODUJH SULRU YDULDQFH ZLOO JLYH XQFRQVWUDLQHG ODJ FRHIILFLHQWV�

2WKHU YDOXHV \LHOG DQVZHUV EHWZHHQ WKH VPRRWKQHVV RI D SRO\QRPLDO DQG WKH MDJJHG QDWXUH RI XQFRQVWUDLQHG ODJV� 2QH

SRVVLELOLW\ LV WR XVH WKH VDPSOH YDULDQFH RI WKH XQFRQVWUDLQHG ODJ FRHIILFLHQWV DV D SULRU� WKLV RSWLRQ LV SURYLGHG LI \RX

XVH D �� DV WKH SULRU YDULDQFH�

2QH ZD\ WR LQWHUSUHW 6KLOOHU ODJV LV DV D JHQHUDOL]DWLRQ RI WKH 3'/ PHWKRG� )RU H[DPSOH� WKH FRPPDQG

2/64 &216 &�*13������)$5���

HVWLPDWHV WKH VDPH UHJUHVVLRQ DV WKH ILUVW H[DPSOH LQ VHFWLRQ ������ VLQFH LW VSHFLILHV WKDW WKH IRXUWK GHJUHH GLIIHUHQFHV

RI WKH FRHIILFLHQWV VKRXOG EH SUHFLVHO\ ]HUR �ZLWK QR HUURU�� 7KLV JXDUDQWHHV WKDW DOO WKH FRHIILFLHQWV ZLOO OLH RQ D WKLUG

GHJUHH SRO\QRPLDO� DV IRU D 3'/�

���� :HLJKWHG UHJUHVVLRQ� WKH :(,*+7 RSWLRQ

7KH ZHLJKWHG OHDVW VTXDUHV HVWLPDWRU LV XVHG ZKHQ WKH YDULDQFH RI WKH GLVWXUEDQFHV LQ D UHJUHVVLRQ GLIIHUV DFURVV

REVHUYDWLRQV� ,W LV PRVW IUHTXHQWO\ XVHG LQ FURVV�VHFWLRQ UHJUHVVLRQV ZKHUH WKH XQLWV RI REVHUYDWLRQ GLIIHU LQ VFDOH RU

VL]H �� IRU H[DPSOH� D FURVV VHFWLRQ RI VWDWHV LQ WKH 8QLWHG 6WDWHV�

<RX FDQ REWDLQ ZHLJKWHG OHDVW VTXDUHV LQ 763 E\ XVLQJ WKH :(,*+7 RSWLRQ LQ DQ\ RI WKH OLQHDU UHJUHVVLRQ SURFHGXUHV

�2/64� ,167� RU $5��� :(,*+7 VKRXOG DSSHDU DV DQ RSWLRQ LQ SDUHQWKHVHV EHWZHHQ WKH FRPPDQG QDPH DQG WKH

QDPH RI WKH GHSHQGHQW YDULDEOH� $IWHU WKH  VLJQ� SXW WKH QDPH RI D VHULHV ZKRVH YDOXHV DUH SURSRUWLRQDO WR WKH LQYHUVHV

RI WKH YDULDQFHV RI WKH GLVWXUEDQFHV LQ WKH UHJUHVVLRQ� ,Q FURVV VHFWLRQ DFURVV SROLWLFDO XQLWV� WKH ZHLJKW YDULDEOH VKRXOG

EH WKH UHFLSURFDOV RI SRSXODWLRQV LI WKH YDULDEOHV DUH VXPV RU DJJUHJDWHV� DQG VKRXOG HTXDO SRSXODWLRQ LI WKH YDULDEOHV

DUH PHDVXUHG SHU FDSLWD� )RU H[DPSOH� LI <281* LV WKH IUDFWLRQ RI \RXQJ DGXOWV OLYLQJ E\ WKHPVHOYHV �D SHU FDSLWD

YDULDEOH� DQG 323 LV SRSXODWLRQ�



���(VWLPDWLRQ�RI�/LQHDU�(TXDWLRQV

��

([DPSOH ��� 6KLOOHU ODJV

6HH OLQHDU�RXWSXW�JUDSKV����ZSG



/LQHDU�(VWLPDWLRQ

��

(UVKOCVGF 6VCPFCTF

9CTKCDNG &QGHHKEKGPV (TTQT V�UVCVKUVKE 3�XCNWG

& �������� ������� �������� >����@

*13 ������� ������� ������� >����@

6VCPFCTF (TTQTU CTG JGVGTQUMGFCUVKE�EQPUKUVGPV �+&7<3( ���

ZHLJKWHG OHDVW VTXDUHV HVWLPDWHV WR WKH ZHLJKWHG GDWD� DQG XQZHLJKWHG UHVLGXDOV� FRPSXWHG E\ DSSO\LQJ WKH ZHLJKWHG

OHDVW VTXDUHV HVWLPDWHV WR WKH RULJLQDO GDWD�

1RWH WKDW ERWK DUH EDVHG RQ WKH ZHLJKWHG OHDVW VTXDUHV FRHIILFLHQWV� ZKLFK DUH PLQLPXP YDULDQFH DPRQJ DOO OLQHDU

XQELDVHG HVWLPDWRUV LI WKH ZHLJKWV DUH FRUUHFW� 7KH ZHLJKWHG UHVLGXDOV VDWLVI\ WKH XVXDO SURSHUWLHV RI UHVLGXDOV DQG DUH

WKH SURSHU EDVLV IRU VWDWLVWLFDO WHVWLQJ� 7KH XQZHLJKWHG UHVLGXDOV GHVFULEH WKH GHSDUWXUH RI WKH DFWXDO GDWD IURP WKH

UHJUHVVLRQ IXQFWLRQ LQ WKHLU RULJLQDO XQLWV� 763 FRPSXWHV DOO WKH VWDQGDUG UHJUHVVLRQ VWDWLVWLFV IRU WKH ZHLJKWHG UHVLGXDOV

DQG D VXEVHW RI WKHP IRU WKH XQZHLJKWHG UHVLGXDOV�

������ 1RUPDOL]DWLRQ RI ZHLJKWV

763 GLYLGHV WKH ZHLJKWV SURYLGHG E\ WKH XVHU E\ D FRQVWDQW VR WKDW WKH VXP RI WKH ZHLJKWV HTXDOV WKH QXPEHU RI

REVHUYDWLRQV� 2EVHUYDWLRQV JLYHQ ZHLJKW ]HUR DUH QRW FRXQWHG� 7KLV QRUPDOL]DWLRQ GRHV QRW DIIHFW WKH UHJUHVVLRQ

FRHIILFLHQWV RU PRVW RI WKH VWDWLVWLFV� ,W OHDYHV WKH PDJQLWXGHV RI WKH ZHLJKWHG GDWD DQG ZHLJKWHG UHVLGXDOV WKH VDPH�

RQ DYHUDJH� DV WKH XQZHLJKWHG GDWD DQG UHVLGXDOV� 1RUPDOL]DWLRQ PD\ EH VXSSUHVVHG ZLWK WKH 811250 RSWLRQ� :LWK

811250� LI WKH ZHLJKWV DUH DOO ODUJH� WKH UHVLGXDOV� VXP RI VTXDUHG UHVLGXDOV� UHVLGXDO YDULDQFH� VWDQGDUG HUURU� DQG

LPSOLHG QXPEHU RI REVHUYDWLRQV ZLOO DOO EH FRUUHVSRQGLQJO\ ODUJH�

������ :HLJKWHG GHVFULSWLYH VWDWLVWLFV

7KH :(,*+7 RSWLRQ PD\ EH XVHG ZLWK DQ\ 06' VWDWHPHQW WR REWDLQ ZHLJKWHG PHDQV� VWDQGDUG GHYLDWLRQV�

FRYDULDQFHV� FRUUHODWLRQV� DQG PRPHQWV� 7KH GDWD DUH PXOWLSOLHG E\ WKH VTXDUH URRWV RI WKH ZHLJKW YDULDEOH EHIRUH WKH

VWDWLVWLFV DUH FRPSXWHG� 7KH ZHLJKWV DUH QRUPDOL]HG VR WKDW WKH\ VXP WR WKH QXPEHU RI REVHUYDWLRQV� WKH 811250

RSWLRQ LV QRW DYDLODEOH� +HUH LV DQ H[DPSOH RI XVLQJ WKH :(,*+7 RSWLRQ�

06' �:(,*+7 323�&255� <281*�&�85%$1�&$7+2/,&�$%257,21�6(59(03�6287+ �

���� 5REXVW VWDQGDUG HUURUV LQ WKH UHJUHVVLRQ SURFHGXUHV

:KHQ \RX NQRZ WKH IRUP DQG VL]H RI WKH KHWHURVNHGDVWLFLW\ LQ \RXU GDWD� \RX FDQ XVH :(,*+7 WR REWDLQ FRQVLVWHQW

HVWLPDWHV RI WKH VWDQGDUG HUURUV RI \RXU PRGHO� +RZHYHU� WKLV LV RIWHQ QRW WKH FDVH� 7KH 52%867 RSWLRQ FDXVHV 763

WR FRPSXWH VWDQGDUG HUURUV WKDW DUH FRQVLVWHQW HYHQ LQ WKH SUHVHQFH RI XQNQRZQ KHWHURVNHGDVWLFLW\� E\ XVLQJ WKH GDWD WR

HVWLPDWH LWV PDJQLWXGH� (FRQRPHWULF UHIHUHQFHV IRU WKLV WHFKQLTXH DUH :KLWH �����D�� :KLWH ������� DQG &KDPEHUODLQ

������� 1RWH WKDW LQ JHQHUDO� :KLWH JLYHV WZR WHUPV LQ KLV IRUPXODH� WKH VHFRQG RI ZKLFK YDQLVKHV LI WKH PRGHO LV

FRUUHFWO\ VSHFLILHG XS WR DQ DGGLWLYH HUURU� 763 FRPSXWHV RQO\ WKH ILUVW WHUP�

7R REWDLQ WKHVH KHWHURVNHGDVWLF�FRQVLVWHQW HVWLPDWHV RI WKH VWDQGDUG HUURUV RI \RXU PRGHO� LQFOXGH WKH RSWLRQ 52%867

RQ DQ 2/64� �6/6� RU /64 VWDWHPHQW �VHH &KDSWHU ��� )RU H[DPSOH�

2/64�52%867� &216 & *13 �

FRPSXWHV WKH VWDQGDUG HUURUV DQG YDULDQFH HVWLPDWH VKRZQ EHORZ IRU RXU LOOXVWUDWLYH H[DPSOH �FRPSDUH WR WKH

FRQYHQWLRQDO HVWLPDWHV LQ ([DPSOH �����

)RU VWDQGDUG HUURUV WKDW DUH UREXVW WR DXWRFRUUHODWLRQ� XVH WKH *00�10$ Q� FRPPDQG� )RU H[DPSOH�

)250 +$& &216 & *13�
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*00�+(7�10$ ��,167 �&�*13�� +$&�

����� /HDVW DEVROXWH GHYLDWLRQV UHJUHVVLRQV �/$'�

7KH RUGLQDU\ OHDVW VTXDUHV HVWLPDWRU LV RSWLPDO ZKHQ WKH GLVWXUEDQFH LQ WKH HTXDWLRQ LV QRUPDOO\ GLVWULEXWHG� %XW ZKHQ

WKH GLVWXUEDQFH LV QRW QRUPDOO\ GLVWULEXWHG� RWKHU HVWLPDWRUV DUH EHWWHU� ,I WKH GLVWULEXWLRQ LV NQRZQ� WKH HIILFLHQW HVWLPDWRU

LV PD[LPXP OLNHOLKRRG ZLWK WKH FRUUHFW GLVWULEXWLRQ IXQFWLRQ� +RZHYHU� LQ PDQ\ FDVHV� \RX PD\ VXVSHFW WKDW \RXU GDWD

GLVWULEXWLRQ LV �IDW�WDLOHG� RU FRQWDLQV RXWOLHUV� ZLWKRXW NQRZLQJ H[DFWO\ LWV IRUP� ,Q WKLV VHWWLQJ� WKH /$' HVWLPDWRU�

ZKLFK PLQLPL]HV WKH VXP RI DEVROXWH GHYLDWLRQV RI WKH UHVLGXDOV� PD\ EH PRUH HIILFLHQW� 7KH /$' HVWLPDWRU LV DOVR

NQRZQ DV WKH /� UHJUHVVLRQ� OHDVW DEVROXWH UHVLGXDO �/$5�� OHDVW DEVROXWH HUURU �/$(�� DQG PLQLPXP DEVROXWH GHYLDWLRQ

�0$'�� 6HH &KDSWHU �� RI -XGJH HW DO ������ IRU D GLVFXVVLRQ RI LWV SURSHUWLHV�

7R HVWLPDWH E\ OHDVW DEVROXWH GHYLDWLRQV LQ 763� XVH WKH /$' FRPPDQG OLNH WKH 2/64 FRPPDQG� )RU H[DPSOH�

/$' &216�&�*13 �

HVWLPDWHV WKH FRQVXPSWLRQ IXQFWLRQ XVLQJ /� UHJUHVVLRQ LQVWHDG RI /� �OHDVW VTXDUHV� UHJUHVVLRQ� 7KH HVWLPDWHV DUH

HIILFLHQW LI WKH GLVWXUEDQFHV KDYH D /DSODFH GLVWULEXWLRQ� DQG KDYH D VPDOOHU YDULDQFH WKDQ OHDVW VTXDUHV LI WKH

GLVWXUEDQFHV KDYH DQ\ RI WKH IDW�WDLOHG GLVWULEXWLRQV� VXFK DV &DXFK\ DQG 6WXGHQW
V W� 7KH VWDQGDUG HUURU HVWLPDWHV DUH

FRPSXWHG DV WKRXJK WKH WUXH GLVWULEXWLRQ RI WKH HUURUV ZDV /DSODFH� 6HH WKH 5HIHUHQFH 0DQXDO IRU GHWDLOV RI WKH

FRPSXWDWLRQV DQG RSWLRQV IRU TXDQWLOH UHJUHVVLRQ�


