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,Q &KDSWHU �� \RX OHDUQHG KRZ WR HVWLPDWH YDULRXV W\SHV RI OLQHDU VLQJOH HTXDWLRQ PRGHOV LQ 763� 7KHVH PRGHOV ZHUH

VSHFLILHG LPSOLFLWO\ E\ OLVWLQJ WKH GHSHQGHQW YDULDEOH DQG LQGHSHQGHQW YDULDEOHV DIWHU WKH QDPH RI WKH HVWLPDWLRQ PHWKRG

�2/64� �6/6� /,0/� RU $5��� $OWKRXJK WKLV VKRUWKDQG PHWKRG RI VSHFLI\LQJ D PRGHO LV FRQYHQLHQW� \RX KDYH WR EH

PRUH VSHFLILF DERXW WKH IRUP RI \RXU PRGHOV LQ RUGHU WR HVWLPDWH QRQOLQHDU HTXDWLRQV�

7ZR SURFHGXUHV LQ 763 HVWLPDWH JHQHUDO QRQOLQHDU UHJUHVVLRQ PRGHOV� /64 DQG ),0/� /64 LV D PLQLPXP GLVWDQFH

HVWLPDWRU WKDW FDQ EH XVHG WR FRPSXWH QRQOLQHDU VLQJOH HTXDWLRQ OHDVW VTXDUHV� QRQOLQHDU WZR�VWDJH OHDVW VTXDUHV�

QRQOLQHDU PXOWLYDULDWH UHJUHVVLRQ� 685 �VHHPLQJO\ XQUHODWHG UHJUHVVLRQV�� QRQOLQHDU WKUHH�VWDJH OHDVW VTXDUHV� DQG VRPH

*HQHUDOL]HG 0HWKRG RI 0RPHQWV �*00� HVWLPDWRUV�

),0/ REWDLQV IXOO LQIRUPDWLRQ PD[LPXP OLNHOLKRRG HVWLPDWHV IRU D QRQOLQHDU VLPXOWDQHRXV HTXDWLRQ PRGHO ZKRVH

GLVWXUEDQFHV DUH MRLQWO\ QRUPDOO\ GLVWULEXWHG� )RU PD[LPXP OLNHOLKRRG RQ PRGHOV ZLWK DOWHUQDWLYH GLVWULEXWLRQV� XVH WKH

0/ SURFHGXUH GLVFXVVHG LQ &KDSWHU �� %RWK /64 DQG ),0/ FDQ EH XVHG RQ OLQHDU DV ZHOO DV QRQOLQHDU PRGHOV� ([FHSW

IRU WKH VLQJOH HTXDWLRQ HVWLPDWHV� HYHQ WKH OLQHDU PRGHOV DUH QRQOLQHDU IURP WKH HVWLPDWLQJ SRLQW RI YLHZ� VLQFH WKH

FRYDULDQFH RI WKH UHVLGXDOV LV D QRQOLQHDU IXQFWLRQ RI WKH SDUDPHWHUV�

,Q WKLV FKDSWHU ZH GHVFULEH KRZ WR VSHFLI\ WKH HTXDWLRQV RI D PRGHO WR EH HVWLPDWHG DQG WKHQ GLVFXVV HVWLPDWLRQ ZLWK

/64 DQG ),0/� ,Q &KDSWHU � ZH GLVFXVV K\SRWKHVLV WHVWLQJ ZLWK DSSOLFDWLRQV IRU /64 DQG ),0/� DQG LQ &KDSWHU ��

ZH GHVFULEH WKH PLQLPL]DWLRQ WHFKQLTXHV DQG FRQYHUJHQFH RSWLRQV XVHG LQ DOO WKH QRQOLQHDU SURFHGXUHV�

���� 6SHFLI\LQJ WKH PRGHO� )50/� )250� ,'(17� 3$5$0� &2167

7KH )50/ VWDWHPHQW LV XVHG WR GHILQH 763 HTXDWLRQV IRU HVWLPDWLRQ RU RWKHU FRPSXWDWLRQVV� 7R XVH )50/� \RX VXSSO\

DQ HTXDWLRQ LQ DOJHEUDLF IRUP �DV LQ *(15� H[FHSW WKDW LW LV SUHFHGHG E\ D QDPH JLYHQ WR WKH HTXDWLRQ ZKHQ LW LV VWRUHG�

(TXDWLRQV DUH UHIHUUHG WR E\ WKHLU QDPHV ZKHQ HVWLPDWHG DQG FDQ EH SULQWHG ZLWK WKH 35,17 FRPPDQG�

)RU H[DPSOH� )50/V IURP WKH FRPSOHWH LOOXVWUDWLYH PRGHO DW WKH HQG RI &KDSWHU � DUH

)50/ &216(4� &216 $�%
*13 �

)50/ ,19(4� , /$0%'$
,���� � $/3+$
*13��'(/7$�5� �

)50/ ,17567(4� 5 '�)
�/2*�*13��/3�/0� �

)50/ 35,&(4� /3 3�����36,
�/3������/3������3+,
/*13�75(1'
7,0(�3� �

7KH UXOHV IRU FRPSRVLQJ )50/V DUH WKH VDPH DV IRU *(15V �VHH &KDSWHU ��� 7KH ILUVW )50/� &216(4� FRXOG EH XVHG

WR HVWLPDWH D VLPSOH OLQHDU UHJUHVVLRQ RI &216 RQ *13 DQG D FRQVWDQW WHUP E\ VSHFLI\LQJ WZR DGGLWLRQDO VWDWHPHQWV�

3$5$0 $�%� /64 &216(4�

7KHUH LV DQ LPSOLHG DGGLWLYH GLVWXUEDQFH WHUP GXULQJ HVWLPDWLRQ ZLWK /64 RU ),0/� WKH PRGHO HVWLPDWHG DERYH LV�

&216  � ���*13 � �
W � W W

,I \RX DUH XVLQJ VLPSOH OLQHDU HTXDWLRQV� WKH )250 FRPPDQG FDQ EH XVHG WR FKRRVH SDUDPHWHU QDPHV DXWRPDWLFDOO\�

)RU H[DPSOH� WKH FRPPDQG

)250 &216(4 &216 & *13�

ZRXOG IRUP DQ HTXDWLRQ DQG GHFODUH SDUDPHWHUV� WKLV LV HTXLYDOHQW WR WKH WZR VWDWHPHQWV

)50/ &216(4 &216  &216(4� � &216(4�
*13�

3$5$0 &216(4� &216(4��
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)50/V FDQ DOVR EH XVHG WR VSHFLI\ IXQFWLRQV RI HVWLPDWHG SDUDPHWHUV IRU WHVWLQJ �$1$/<=� 6HFWLRQ ����� WR VSHFLI\

IRUPXODV IRU HTXDWLRQ VXEVWLWXWLRQ �(468%� 6HFWLRQ ���� RU GLIIHUHQWLDWLRQ �',))(5� VHH WKH 5HIHUHQFH 0DQXDO�� DQG

WR VSHFLI\ ORJ�OLNHOLKRRG HTXDWLRQV �0/� 6HFWLRQ ����� :KHQ XVHG LQ WKLV ZD\� WKH HTXDWLRQV GR QRW KDYH DQ LPSOLHG

DGGLWLYH GLVWXUEDQFH�

/RJLFDO H[SUHVVLRQV PD\ EH LQFOXGHG LQ )50/V� EXW EH DZDUH WKDW WKLV ZLOO JHQHUDOO\ LQWURGXFH D ILQLWH QXPEHU RI SRLQWV

DW ZKLFK \RXU HTXDWLRQ ZLOO QRW EH GLIIHUHQWLDEOH� <RX FDQ HVWLPDWH RU VLPXODWH ZLWK VXFK DQ HTXDWLRQ� EXW JUDGLHQW

PHWKRGV PD\ KDYH GLIILFXOW\ FRQYHUJLQJ LI \RX KDSSHQ WR ODQG RQ RQH RI WKRVH SRLQWV� 7KH XVXDO SURRIV RI FRQVLVWHQF\�

HIILFLHQF\� DQG DV\PSWRWLF QRUPDOLW\ ZLOO QRW JR WKURXJK LQ WKLV FDVH� +RZHYHU� VXFK HTXDWLRQV FDQ EH FRQYHQLHQW ZKHQ

SHUIRUPLQJ PRGHO VLPXODWLRQV� DQG \RX PD\ ILQG WKHP XVHIXO�

7KHUH DUH WZR ZD\V WR GHILQH D 763 HTXDWLRQ� ZLWK WKH GHSHQGHQW YDULDEOH RQ WKH OHIW�KDQG VLGH DV LQ D *(15 �D

QRUPDOL]HG HTXDWLRQ�� RU DV DQ XQQRUPDOL]HG H[SUHVVLRQ ZLWK QR HTXDO VLJQ DQG QR OHIW�KDQG YDULDEOH� $Q H[DPSOH RI

WKH ODWWHU ZRXOG EH

)50/ &216(4�� &216�$�%
*13 �

7KLV HTXDWLRQ VSHFLILHV WKH VDPH PRGHO DV DERYH� EXW DV WKRXJK LW ZHUH ZULWWHQ

�  &216 � � ���*13 �
W W � W

8QQRUPDOL]HG )50/V DUH XVHG E\ ),0/� /64� DQG 6,0/ WR KDQGOH PRGHOV WKDW DUH QRQOLQHDU LQ WKH HQGRJHQRXV

YDULDEOHV� IRU H[DPSOH� WR VSHFLI\ DQ RUWKRJRQDOLW\ FRQGLWLRQ IRU *00 HVWLPDWLRQ �VHH VHFWLRQ ������� +HUH LV DQ

H[DPSOH RI WKLV NLQG RI HTXDWLRQ� ZKHUH WKH GHSHQGHQW YDULDEOH LV D JHQHUDO H[SUHVVLRQ�

\ �T  � � �
W W W

7KLV HTXDWLRQ VKRXOG EH GHILQHG DV�

)50/ (45� <�4 � $�

,I LW ZHUH ZULWWHQ DV )50/ (45 <�4  $� � WKH  VLJQ ZRXOG EH LQWHUSUHWHG DV D ORJLFDO RSHUDWRU� )50/ (45� <�4

�(4� $� � ZKLFK PHDQV VRPHWKLQJ HQWLUHO\ GLIIHUHQW IURP ZKDW ZDV LQWHQGHG�

7KH SULPDU\ GLIIHUHQFH EHWZHHQ XVLQJ QRUPDOL]HG DQG XQQRUPDOL]HG HTXDWLRQV LQ /64 RU ),0/ LV WKDW XQQRUPDOL]HG

HTXDWLRQV GR QRW KDYH D ZHOO�GHILQHG OHIW�KDQG VLGH YDULDEOH DVVRFLDWHG ZLWK WKHP� VR FHUWDLQ JRRGQHVV�RI�ILW VWDWLVWLFV

VXFK DV 5 FDQQRW EH FRPSXWHG��

$1$/<= DQG (468% DOVR DFFHSW XQQRUPDOL]HG HTXDWLRQV EXW IRU GLIIHUHQW SXUSRVHV� 62/9( ZLOO QRW DFFHSW

XQQRUPDOL]HG HTXDWLRQV DQG UHWXUQV DQ HUURU PHVVDJH LI LW HQFRXQWHUV RQH�

$ VSHFLDO IRUP RI )50/ �,'(17� LV DYDLODEOH WR VSHFLI\ LGHQWLWLHV LQ D ),0/ PRGHO� 7KHVH LGHQWLWLHV GR QRW FRQWDLQ

SDUDPHWHUV WR EH HVWLPDWHG� QRU GR WKH\ KDYH GLVWXUEDQFHV� EXW WKH\ DUH QHFHVVDU\ WR FRPSOHWH WKH PRGHO� WKDW LV� WR LQVXUH

WKDW WKH PRGHO KDV D VTXDUH -DFRELDQ PDWUL[ �DV PDQ\ HTXDWLRQV DV WKHUH DUH HQGRJHQRXV YDULDEOHV�� 7KLV FRQGLWLRQ LV

QHFHVVDU\ IRU ERWK ),0/ DQG 6,0/� �6,0/ DFWXDOO\ WUHDWV )50/V DQG ,'(17V LGHQWLFDOO\� EXW LW PD\ EH XVHIXO WR XVH

,'(17 VWDWHPHQWV LQVWHDG RI )50/V IRU GRFXPHQWDWLRQ SXUSRVHV�� ,GHQWLWLHV DUH JLYHQ H[DFWO\ OLNH )50/V H[FHSW WKDW

WKH\ EHJLQ ZLWK WKH ZRUG ,'(17 LQVWHDG RI )50/� )RU H[DPSOH� WKH LOOXVWUDWLYH PRGHO LV FRPSOHWHG E\ D VLQJOH LGHQWLW\

UHODWLQJ *13 DQG FRQVXPSWLRQ�

,'(17 *13,' *13 &216�,�* �

,QIRUPDWLRQ DERXW WKH V\PEROV LQ D )50/ LV SURYLGHG LQ VHSDUDWH 3$5$0 DQG &2167 VWDWHPHQWV� IRU SDUDPHWHUV WR

EH HVWLPDWHG DQG FRQVWDQWV� UHVSHFWLYHO\� ,W LV XVXDOO\ GHVLUDEOH WR SURYLGH SODXVLEOH QXPHULFDO YDOXHV IRU WKH SDUDPHWHUV

DV VWDUWLQJ SRLQWV IRU HVWLPDWLRQV� &RQVWDQWV PXVW EH DVVLJQHG YDOXHV EHIRUH HVWLPDWLRQ� )RU H[DPSOH� LQ WKH LOOXVWUDWLYH

PRGHO �VHH &KDSWHU ���
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7KH SDUDPHWHUV QHHG QRW EH LQ RUGHU DQG PD\ EH GHILQHG LQ VHYHUDO 3$5$0 DQG &2167 VWDWHPHQWV� 7KH RQO\

GLIIHUHQFH EHWZHHQ D 3$5$0 DQG D &2167 LV WKDW 3$5$0V DUH HVWLPDWHG DQG &2167V DUH QRW� 2QFH SDUDPHWHUV

KDYH EHHQ GHFODUHG LQ D 3$5$0 VWDWHPHQW� WKH\ UHWDLQ WKHLU HVWLPDELOLW\ HYHQ LI WKH\ DUH JLYHQ QHZ YDOXHV E\ 6(7 RU

810$.( FRPPDQGV� 3DUDPHWHUV DOVR UHWDLQ WKHLU YDOXHV IURP WKH PRVW UHFHQW HVWLPDWLRQ� 3DUDPHWHUV FDQ EH IL[HG

DW WKHLU FXUUHQW YDOXHV E\ GHFODULQJ WKHP LQ D &2167 VWDWHPHQW� 7KLV ZLOO UHYLVH WKHP WR EH WUHDWHG DV IL[HG XQWLO WKH\

DUH VSHFLILHG RQ D QHZ 3$5$0 VWDWHPHQW�

���� 1RQOLQHDU OHDVW VTXDUHV� /64

/64 HVWLPDWHV VLQJOH DQG PXOWLSOH HTXDWLRQ OLQHDU DQG QRQOLQHDU UHJUHVVLRQ PRGHOV� 'HSHQGLQJ RQ WKH QXPEHU RI

HTXDWLRQV DQG WKH VSHFLILFDWLRQ RI LQVWUXPHQWDO YDULDEOHV� VHYHUDO GLIIHUHQW HFRQRPHWULF HVWLPDWRUV DUH DYDLODEOH ZLWK

WKH /64 FRPPDQG� (DFK HVWLPDWRU KDV D VOLJKWO\ GLIIHUHQW REMHFWLYH IXQFWLRQ ZKLFK LV PLQLPL]HG E\ PHDQV RI LWHUDWLYH

PHWKRGV IRU QRQOLQHDU PRGHOV� 'HWDLOV RQ WKH LWHUDWLYH WHFKQLTXHV DUH LQ &KDSWHU ���

������ 6LQJOH HTXDWLRQ OHDVW VTXDUHV

,I /64 LV VXSSOLHG ZLWK WKH QDPH RI MXVW RQH )50/� DQG QR LQVWUXPHQWV DUH VSHFLILHG� VLQJOH HTXDWLRQ OHDVW VTXDUHV LV

WKH UHVXOWLQJ HVWLPDWRU� )RU H[DPSOH�

/64 &216(4�

HVWLPDWHV WKH FRQVXPSWLRQ HTXDWLRQ GHVFULEHG HDUOLHU� DVVXPLQJ WKDW $ DQG % KDYH EHHQ GHFODUHG DV 3$5$0V� DQG WKH

VHULHV &216 DQG *13 KDYH EHHQ SURSHUO\ GHILQHG RYHU WKH FXUUHQW VDPSOH� ,Q WKLV H[DPSOH� WKH PRGHO LV OLQHDU� VR /64

GRHV QRW LWHUDWH� DQG WKH UHVXOWV DUH H[DFWO\ WKH VDPH DV WKH FRPPDQG

2/64 &216 & *13�

2/64 LV HDVLHU WR XVH IRU WKLV PRGHO LI \RX RQO\ ZDQW VLQJOH HTXDWLRQ HVWLPDWLRQ� EXW XVLQJ /64 DXWRPDWLFDOO\ VHWV XS

VWDUWLQJ YDOXHV IRU D VXEVHTXHQW PXOWLSOH HTXDWLRQ HVWLPDWLRQ �ZKLFK UHTXLUHV VSHFLI\LQJ WKH )50/V��

)RU QRQOLQHDU OHDVW VTXDUHV� WKH REMHFWLYH IXQFWLRQ LV WKH VXP RI VTXDUHG UHVLGXDOV �665�� 0LQLPL]LQJ 665 LV HTXLYDOHQW

WR PD[LPL]LQJ WKH OLNHOLKRRG IXQFWLRQ LI WKH HUURU LQ WKH HTXDWLRQ LV DGGLWLYH DQG QRUPDOO\ GLVWULEXWHG� 7KH LWHUDWLRQ

WHFKQLTXH LV *DXVV
V PHWKRG� GHULYDWLYHV RI WKH HTXDWLRQ UHVLGXDO ZLWK UHVSHFW WR HDFK SDUDPHWHU DUH IRUPHG DQDO\WLFDOO\�

7KH FXUUHQW UHVLGXDO LV UHJUHVVHG RQ WKH GHULYDWLYHV� DQG WKH UHVXOWLQJ UHJUHVVLRQ FRHIILFLHQWV DUH WKH SURSRVHG FKDQJHV

LQ WKH SDUDPHWHUV� ,W LV SRVVLEOH WR VKRZ WKDW WKHVH FRHIILFLHQWV ZLOO EH ]HUR LI DQG RQO\ LI WKH FXUUHQW SDUDPHWHUV DUH DW

D ORFDO PLQLPXP RI 665� ,I WKH PRGHO ZDV OLQHDU DQG WKH SDUDPHWHUV KDG ]HUR VWDUWLQJ YDOXHV� WKH ILUVW LWHUDWLRQ ZRXOG

LQYROYH UHJUHVVLQJ WKH GHSHQGHQW YDULDEOH �ZKLFK HTXDOV WKH FXUUHQW UHVLGXDO� RQ WKH LQGHSHQGHQW YDULDEOHV �ZKLFK HTXDO

WKH GHULYDWLYHV RI WKH UHVLGXDO ZLWK UHVSHFW WR WKH SDUDPHWHUV� ZLWK D FKDQJH RI VLJQ�� )RU JHQHUDO QRQOLQHDU PRGHOV� ERWK

WKH FXUUHQW UHVLGXDO DQG WKH GHULYDWLYHV ZLOO EH IXQFWLRQV RI WKH FXUUHQW SDUDPHWHU YDOXHV� EXW WKH SURFHGXUH ZRUNV WKH

VDPH� LWHUDWLQJ XQWLO WKH GHULYDWLYHV DUH RUWKRJRQDO WR WKH UHVLGXDOV DQG WKH 665 LV PLQLPL]HG�

$ VLPSOH H[DPSOH RI D QRQOLQHDU HTXDWLRQ LV WKH GLUHFW HVWLPDWLRQ RI DQ $5� PRGHO�

)50/ &216$5� &216  $ � %
*13 � 5+2
�&216���� � �$ � %
*13�������

3$5$0 $�%�5+2�

/64 &216$5��

1RWH WKDW WKLV PHWKRG RI HVWLPDWLQJ DQ $5��� PRGHO GURSV WKH ILUVW REVHUYDWLRQ� VR WKDW WKH $5� SURFHGXUH LV PRUH

HIILFLHQW WKDQ XVLQJ /64 LQ VPDOO VDPSOHV� 6HH 6HFWLRQ ��� IRU DQ HDVLHU ZD\ WR JHQHUDWH )50/V IRU $5 �S� HVWLPDWLRQ��
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������ 0XOWLYDULDWH UHJUHVVLRQ DQG 6HHPLQJO\ 8QUHODWHG 5HJUHVVLRQV

,I D PRGHO KDV WZR RU PRUH UHJUHVVLRQ HTXDWLRQV� LW LV OLNHO\ WKDW WKH GLVWXUEDQFHV IURP WKH WZR DUH FRUUHODWHG� ,I VR� WKH

WHFKQLTXH RI PXOWLYDULDWH UHJUHVVLRQ JHQHUDOO\ JLYHV PRUH HIILFLHQW HVWLPDWHV WKDQ UHJUHVVLRQ DSSOLHG VHSDUDWHO\ WR HDFK

HTXDWLRQ� )XUWKHU� LI WZR RU PRUH HTXDWLRQV VKDUH WKH VDPH SDUDPHWHU�V�� WKH\ PXVW EH HVWLPDWHG MRLQWO\ WR LPSRVH WKHVH

FURVV�HTXDWLRQ FRQVWUDLQWV� 7KLV LV SDUWLFXODUO\ XVHIXO LQ HVWLPDWLQJ V\VWHPV RI GHPDQG HTXDWLRQV GHULYHG IURP D XWLOLW\

IXQFWLRQ RU D SURGXFWLRQ IXQFWLRQ�

0XOWLYDULDWH UHJUHVVLRQ LV WKH VLPSOHVW PXOWLSOH HTXDWLRQ HVWLPDWRU� ,W DVVXPHV WKHUH DUH QR VLPXOWDQHLW\ SUREOHPV ZLWK

HQGRJHQRXV YDULDEOHV RQ WKH ULJKW�KDQG VLGH RI WKH HTXDWLRQV� �6/6 DQG ),0/ DUH DSSURSULDWH IRU MRLQW HVWLPDWLRQ RI

HTXDWLRQV ZLWK �RU ZLWKRXW� VLPXOWDQHLW\� ),0/ ZLOO DOVR HVWLPDWH 685 PRGHOV� RIWHQ XVLQJ OHVV PHPRU\ WKDQ /64�

$Q H[DPSOH RI /64 IURP WKH LOOXVWUDWLYH PRGHO �VHH &KDSWHU �� LV

/64 &216(4�,19(4�,17567(4�35,&(4 �

7KLV FRPPDQG VSHFLILHV MRLQW HVWLPDWLRQ RI DOO IRXU EHKDYLRUDO HTXDWLRQV RI WKH PRGHO�

7KH PXOWLYDULDWH OHDVW VTXDUHV PHWKRG LV D JHQHUDOL]HG OHDVW VTXDUHV PHWKRG� WKH GLVWXUEDQFHV RI WKH PRGHO DUH DVVXPHG

WR EH LQGHSHQGHQW DFURVV REVHUYDWLRQV� EXW WR KDYH IUHH FRYDULDQFH DFURVV HTXDWLRQV� $ FRQVLVWHQW HVWLPDWH RI WKLV

FRYDULDQFH PDWUL[ LV IRUPHG LQ VRPH ZD\ RU VXSSOLHG WR WKH SURFHGXUH� DQG WKLV HVWLPDWH LV XVHG WR ZHLJKW WKH

REVHUYDWLRQV ZKHQ WKH HTXDWLRQV DUH UH�HVWLPDWHG� 7KH REMHFWLYH IXQFWLRQ FDQ EH ZULWWHQ DV

4�E�  H�E�' �6 �, � H�E���

7

ZKHUH H�E� LV WKH YHFWRU RI VWDFNHG UHVLGXDOV �D IXQFWLRQ RI WKH SDUDPHWHUV E�� 6 LV DQ HVWLPDWHG FRYDULDQFH PDWUL[ RI WKH

GLVWXUEDQFHV DQG , LV WKH LGHQWLW\ PDWUL[ RI RUGHU RI WKH QXPEHU RI REVHUYDWLRQV� ,I 6 LV UHFRPSXWHG IURP E�L� DW HDFK
7

LWHUDWLRQ� WKLV HVWLPDWRU FRQYHUJHV WR WKH PD[LPXP OLNHOLKRRG HVWLPDWRU ZKHQ WKH GLVWXUEDQFHV DUH PXOWLYDULDWH QRUPDO�

$OWKRXJK DQ\ FRQVLVWHQW HVWLPDWRU RI 6 JLYHV FRQVLVWHQW SDUDPHWHU HVWLPDWHV IRU PXOWLYDULDWH UHJUHVVLRQ� WKH GHIDXOW

PHWKRG UHFRPSXWHV 6 DW HDFK LWHUDWLRQ� ,Q WKH FDVH RI GHPDQG V\VWHPV� IRU H[DPSOH� WKLV PHWKRG \LHOGV HVWLPDWHV WKDW

DUH LQYDULDQW ZLWK UHVSHFW WR ZKLFK HTXDWLRQ LV GURSSHG� +RZHYHU� 6 DQG E DUH QRW FKDQJHG VLPXOWDQHRXVO\ LQ HDFK

LWHUDWLRQ �DV WKH\ DUH LQ ),0/�� VR FRQYHUJHQFH LV QRW JXDUDQWHHG� &RQYHUJHQFH PD\ EH HVSHFLDOO\ GLIILFXOW WR REWDLQ

ZKHQ WKH UHVLGXDOV DUH KLJKO\ FRUUHODWHG DQG WKHUH DUH FURVV�HTXDWLRQ FRQVWUDLQWV� ),0/ LV UHFRPPHQGHG LQ WKLV FDVH�

,I \RX ZDQW FRQYHQWLRQDO 6HHPLQJO\ 8QUHODWHG 5HJUHVVLRQV HVWLPDWHV �QRW PD[LPXP OLNHOLKRRG�� \RX FDQ XVH 685�

685 REWDLQV D FRQVLVWHQW HVWLPDWH RI 6� DQG WKHQ LWHUDWHV RQO\ RQ E XQWLO FRQYHUJHQFH LV REWDLQHG� 0RUH SUHFLVH FRQWURO

RYHU WKH LQLWLDO HVWLPDWH RI 6 DQG RYHU LWHUDWLRQ RQ 6 LV SRVVLEOH ZLWK WKH :1$0( DQG 0$;,7: /64 RSWLRQV

�H[SODLQHG LQ GHWDLO LQ WKH 5HIHUHQFH 0DQXDO��

������ 1RQOLQHDU WZR�VWDJH OHDVW VTXDUHV� ,167 

$ QRQOLQHDU HTXDWLRQ IURP D VLPXOWDQHRXV PRGHO FDQ EH HVWLPDWHG E\ /64 XVLQJ D PHWKRG GHYHORSHG E\ $PHPL\D

������� 7KH REMHFWLYH IXQFWLRQ IRU HVWLPDWLRQ LV WKH VXP RI VTXDUHG ILWWHG UHVLGXDOV� ZKHUH WKH ILWWHG UHVLGXDOV DUH WKH

ILWWHG YDOXHV IURP D UHJUHVVLRQ RI WKH WUXH UHVLGXDOV RQ WKH LQVWUXPHQWDO YDULDEOHV� ,I WKH HTXDWLRQ LV OLQHDU LQ LWV

SDUDPHWHUV� WKLV DPRXQWV WR VWDQGDUG WZR�VWDJH OHDVW VTXDUHV� DQG /64 ZLOO QRW LWHUDWH� ,I LW LV QRQOLQHDU� WKH HVWLPDWHV

DUH FRQVLVWHQW EXW QRW JHQHUDOO\ DV\PSWRWLFDOO\ HIILFLHQW �UHODWLYH WR QRQOLQHDU WKUHH�VWDJH OHDVW VTXDUHV RU ),0/��

1RQOLQHDU WZR�VWDJH OHDVW VTXDUHV LQ 763 LV LQYRNHG E\ WKH ,167 RSWLRQ� ,167 LV IROORZHG E\ D OLVW RI LQVWUXPHQWDO

YDULDEOHV LQ SDUHQWKHVHV� )RU H[DPSOH� WR HVWLPDWH WKH LQYHVWPHQW IXQFWLRQ LQ WKH LOOXVWUDWLYH PRGHO �VHH &KDSWHU ���

/64�,167 �&�*�/0�7,0(�� ,19(4 �
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��

������ /LQHDU RU QRQOLQHDU WKUHH�VWDJH OHDVW VTXDUHV� �6/6

7KUHH�VWDJH OHDVW VTXDUHV LV DQ LQVWUXPHQWDO YDULDEOH PHWKRG IRU HVWLPDWLQJ D V\VWHP RI VLPXOWDQHRXV HTXDWLRQV ZKHUH

WKHUH PD\ EH HQGRJHQRXV YDULDEOHV RQ WKH ULJKW�KDQG VLGH DV ZHOO DV FRQWHPSRUDQHRXV FRUUHODWLRQ RI WKH GLVWXUEDQFHV�

7KH DGYDQWDJH RI �6/6 RYHU ),0/ LV WKDW WKH PRGHO GRHV QRW KDYH WR EH FRPSOHWHO\ VSHFLILHG� WKH HVWLPDWHV IRU WKH

HTXDWLRQV DQG SDUDPHWHUV FDQ EH FRQVLVWHQW HYHQ LI WKH H[DFW IRUP RI WKH UHVW RI WKH PRGHO LV XQNQRZQ� )RU H[DPSOH�

\RX PD\ KDYH D VHW RI HTXDWLRQV GHVFULELQJ WKH TXDQWLWLHV GHPDQGHG RI FHUWDLQ JRRGV DV D IXQFWLRQ RI WKH SULFHV RI JRRGV�

3ULFHV PD\ EH GHWHUPLQHG DV SDUW RI D ODUJHU HFRQRP\ WKDW \RX GR QRW ZLVK WR PRGHO H[SOLFLWO\� :LWK WKH FKRLFH RI

VXLWDEOH LQVWUXPHQWV� \RX FRXOG HVWLPDWH WKH GHPDQG HTXDWLRQV FRQVLVWHQWO\ ZLWKRXW VSHFLI\LQJ WKH FRPSOHWH PRGHO�

),0/ ZRXOG UHTXLUH VSHFLILFDWLRQ RI WKH SULFH HTXDWLRQV�

7R VSHFLI\ WKUHH�VWDJH HVWLPDWLRQ XVH WKH ,167 RSWLRQ DQG D OLVW RI HTXDWLRQ QDPHV ZLWK �6/6 �RU /64�� )RU H[DPSOH�

WR HVWLPDWH SDUW RI WKH LOOXVWUDWLYH PRGHO E\ WKUHH�VWDJH OHDVW VTXDUHV�

�6/6�,167 �&�*�/0�7,0(�� &216(4�,17567(4�35,&(4�

7KH RXWSXW IURP WKLV H[DPSOH LV VKRZQ RQ WKH IROORZLQJ SDJHV� �([DPSOH ����

7KH RSWLRQV IRU WKUHH�VWDJH OHDVW VTXDUHV DUH WKH VDPH DV WKRVH IRU XQLYDULDWH DQG PXOWLYDULDWH UHJUHVVLRQ� 7R UHTXHVW

LWHUDWLRQ RYHU WKH FRYDULDQFH PDWUL[ RI WKH UHVLGXDOV� XVH WKH 0$;,7: RSWLRQ �QRWH� LWHUDWLRQ KDV QR GHPRQVWUDWHG

VWDWLVWLFDO YDOXH LQ WKLV FDVH QRU LV FRQYHUJHQFH JXDUDQWHHG�� 0$;,7: � LV WKH GHIDXOW�

�6/6 HVWLPDWHV D VHW RI HTXDWLRQV E\ WKH VDPH WHFKQLTXH GHVFULEHG IRU QRQOLQHDU WZR VWDJH OHDVW VTXDUHV� EXW FRQVLGHUV

WKH FRYDULDQFHV DFURVV HTXDWLRQV DV ZHOO� 7KH FULWHULRQ IRU HVWLPDWLRQ LV WKH VXP RI VTXDUHG WUDQVIRUPHG ILWWHG UHVLGXDOV�

)RU HDFK REVHUYDWLRQ� ILWWHG UHVLGXDOV DUH IRUPHG DV WKH ILWWHG YDOXHV IURP UHJUHVVLRQV RQ LQVWUXPHQWDO YDULDEOHV� 7KHVH

DUH WUDQVIRUPHG E\ PXOWLSO\LQJ E\ WKH VTXDUH URRW RI WKH FRYDULDQFH PDWUL[ RI WKH UHVLGXDOV� 7KH FRQWULEXWLRQ RI WKH

REVHUYDWLRQ WR WKH FULWHULRQ LV WKHQ WKH VXP RI VTXDUHG YDOXHV RI WKHVH WUDQVIRUPHG ILWWHG UHVLGXDOV�

)RU IXUWKHU GHWDLOV RQ WKH SURSHUWLHV RI WKLV HVWLPDWRU� VHH -RUJHQVRQ DQG /DIIRQW ������ DQG $PHPL\D ������� 7KH

1/�6/6 HVWLPDWRU GLVFXVVHG E\ $PHPL\D LV VOLJKWO\ PRUH JHQHUDO LQ LWV FKRLFH RI LQVWUXPHQWV WKDQ -RUJHQVRQ�/DIIRQW�

763 XVHV WKH IRUP VSHFLILHG E\ WKH ODWWHU ZKHUH WKH VDPH VHW RI LQVWUXPHQWV LV XVHG IRU DOO HTXDWLRQV� 6HH *00 DQG

WKH 0$6. RSWLRQ LQ WKH 5HIHUHQFH 0DQXDO IRU D ZD\ WR VSHFLI\ GLIIHUHQW LQVWUXPHQWV IRU HDFK HTXDWLRQ� 7KH PHWKRG

RI HVWLPDWLRQ LV GHVFULEHG LQ %HUQGW� +DOO� +DOO� DQG +DXVPDQ ������� ,I WKH PRGHO LV OLQHDU LQ LWV SDUDPHWHUV DQG

YDULDEOHV� WKUHH�VWDJH OHDVW VTXDUHV HVWLPDWHV DUH DV\PSWRWLFDOO\ HIILFLHQW�

7KH WKUHH�VWDJH HVWLPDWLRQ FULWHULRQ UHTXLUHV DQ HVWLPDWH RI WKH UHVLGXDO FRYDULDQFH PDWUL[� 763 REWDLQV WKLV E\ FDUU\LQJ

RXW DQ LQLWLDO HVWLPDWLRQ ZLWK WKH FRYDULDQFH PDWUL[ VHW HTXDO WR DQ LGHQWLW\ PDWUL[� ,I WKHUH DUH QR SDUDPHWHUV LQ FRPPRQ

DPRQJ WKH HTXDWLRQV� WKHVH LQLWLDO HVWLPDWHV DUH MXVW WKH WZR�VWDJH HVWLPDWHV� 7KHQ WKH FRYDULDQFH PDWUL[ LV HVWLPDWHG

IURP WKH WUXH �QRW ILWWHG� UHVLGXDOV IURP WKH LQLWLDO HVWLPDWHV� 8QOHVV WKH XVHU VSHFLILHV RWKHUZLVH� WKLV HVWLPDWH RI WKH

FRYDULDQFH PDWUL[ ZLOO EH KHOG IL[HG ZKLOH WKH SDUDPHWHUV DUH UH�HVWLPDWHG WR REWDLQ WKUHH�VWDJH OHDVW VTXDUHV HVWLPDWHV�

������ *HQHUDOL]HG 0HWKRG RI 0RPHQWV

�6/6 FRLQFLGHV ZLWK WKH *00 HVWLPDWRU RI +DQVHQ ������ ZKHQ WKH HUURUV DUH VHULDOO\ LQGHSHQGHQW DQG WKH VDPH

LQVWUXPHQWV DUH XVHG IRU HDFK HTXDWLRQ� ,Q +DQVHQ
V QRWDWLRQ� WKH *00 HVWLPDWRU VHWV WKH RUWKRJRQDOLW\ FRQGLWLRQV

X �E�\�;�� ] DV FORVH WR ]HUR DV SRVVLEOH XVLQJ WKH HVWLPDWHG YDULDQFH RI WKLV YHFWRU DV WKH PHWULF� 7R SHUIRUP WKLV W\SH
W W

RI HVWLPDWLRQ LQ /64� GHILQH HDFK HOHPHQW RI WKH YHFWRU X DV D QRUPDOL]HG RU XQQRUPDOL]HG HTXDWLRQ XVLQJ )50/� 7KH

YHFWRU RI ]
V DUH VSHFLILHG DV LQVWUXPHQWV LQ WKH ,167 OLVW� 7KH QRQOLQHDU WKUHH VWDJH OHDVW VTXDUHV HVWLPDWHV REWDLQHG

DUH FRQVLVWHQW DQG DV\PSWRWLFDOO\ HIILFLHQW� DQG DUH DOVR QXPHULFDOO\ LGHQWLFDO WR WKRVH REWDLQHG E\ WKH FRUUHVSRQGLQJ

*00 HVWLPDWRU �IRU WKH GHIDXOW 12+(7 DQG 10$ � RSWLRQV��

$V DQ H[DPSOH� FRQVLGHU WKH VLPSOHVW YHUVLRQ RI WKH +DQVHQ�6LQJOHWRQ PRGHO >+DQVHQ DQG 6LQJOHWRQ ������� IRU D VLPSOH

SUHVHQWDWLRQ RI WKH (XOHU HTXDWLRQ IRU WKLV W\SH RI PRGHO� VHH +DOO������@� D FRQVXPSWLRQ�EDVHG DVVHW SULFLQJ PRGHO

ZKHUH LQYHVWRUV KDYH D XWLOLW\ IXQFWLRQ RI WKH FRQVWDQW UHODWLYH ULVN DYHUVLRQ IRUP� 'HQRWH FRQVXPSWLRQ LQ SHULRG W DV
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& DQG WKH RQH SHULRG UHWXUQ RQ DVVHW M DV [ � 7KHQ WKH UHSUHVHQWDWLYH DJHQW PRGHO RI LQWHUWHPSRUDO XWLOLW\ PD[LPL]DWLRQ
W MW

LPSOLHV WKH IROORZLQJ SRSXODWLRQ (XOHU HTXDWLRQV LQ HTXLOLEULXP�

( ^>��& �& � [ � �@ ] `  �
W W W�� MW PW

�

ZKHUH E LV WKH GLVFRXQW UDWH DQG WKH ] � P ������0 DUH LQ WKH DJHQW
V LQIRUPDWLRQ VHW DW WLPH W �WKH\ PD\ LQFOXGH VXFKPW

WKLQJV DV ODJJHG DVVHW SULFHV DQG FRQVXPSWLRQ�� ,Q +DQVHQ
V QRWDWLRQ X LV WKH H[SUHVVLRQ LQ WKH VTXDUH EUDFNHWV DQG WKHW

]
V DUH WKH LQVWUXPHQWV�

7KLV YHUVLRQ RI WKH +DQVHQ�6LQJOHWRQ PRGHO FDQ EH HDVLO\ HVWLPDWHG LQ WKH �6/6 SURFHGXUH RI 763� WKH HVWLPDWHV

FRLQFLGH ZLWK *00 HVWLPDWHV� SURYLGHG WKHUH LV QR VHULDO FRUUHODWLRQ LQ WKH X
V �ZKLFK ZLOO EH WUXH LI WKH DVVHWV LQ X DUH

VWRFNV RU RWKHU RQH SHULRG DVVHWV�� +HUH LV KRZ WR VHW XS WKH SUREOHP ZKHQ WKHUH DUH WZR DVVHWV DQG \RX ZLVK WR XVH IRXU

ODJV DV LQVWUXPHQWV�

/,67 /$*;6 ;������;����� ;������;����� �

/,67 8(46 8�(4 8�(4 �

)50/ 8�(4 %(7$
�&216�&216�����

$/3+$ 
 ;����� � � �

)50/ 8�(4 %(7$
�&216�&216�����

$/3+$ 
 ;����� � � �

3$5$0 %(7$ � $/3+$ �� �

*00�+(7�,167 /$*;6� 8(46 �

7KH SUHFHGLQJ *00 H[DPSOH DOORZV IRU FRQGLWLRQDO KHWHURVNHGDVWLFLW\ RI WKH GLVWXUEDQFHV �WKH RSWLRQ +(7 IRU WKH

*00 GLVWDQFH PDWUL[�� EXW QRW IRU VHULDO FRUUHODWLRQ� ,I WKH DVVHW UHWXUQV LQ WKH SUHYLRXV H[DPSOH ZHUH EDVHG RQ

PXOWL�SHULRG UDWKHU WKDQ RQH�SHULRG UHWXUQV� WKHUH LV QR UHDVRQ WR H[SHFW WKDW WKH FRYDULDQFH RI WKH PDUJLQDO XWLOLW\ RI

FRQVXPSWLRQ ZLWK WKHVH UHWXUQV ZLOO QRW EH FRUUHODWHG DFURVV WKH SHULRGV FRPSULVLQJ WKH PXOWL�SHULRG UHWXUQV �VHH +DQVHQ

DQG 6LQJOHWRQ� VHFWLRQ � IRU D IXUWKHU GLVFXVVLRQ RI WKLV SRLQW�� ,Q WKLV FDVH WKH HVWLPDWHV REWDLQHG E\ *00 ZLOO EH

FRQVLVWHQW EXW QRW DV\PSWRWLFDOO\ HIILFLHQW� VLQFH WKH\ XVH WKH �ZURQJ� FRYDULDQFH PDWUL[ RI WKH RUWKRJRQDOLW\ FRQGLWLRQV

DV D ZHLJKWLQJ PDWUL[� )RU WKLV FDVH� RSWLRQV IRU WKH *00 FRPPDQG DOORZ \RX WR FRPSXWH WKH FRUUHFW ZHLJKWLQJ PDWUL[

DXWRPDWLFDOO\�

6XSSRVH WKDW LQ WKH SUHYLRXV SUREOHP \RX ZDQWHG WR XVH D FRYDULDQFH HVWLPDWH WKDW LQFRUSRUDWHV PRYLQJ DYHUDJH

GLVWXUEDQFHV RI VHFRQG RUGHU� <RX ZRXOG XVH WKH 10$ RSWLRQ WR VSHFLI\ WKLV�

*00�+(7�10$ ��,167 /$*;6� 8(46 �

$PRQJ RWKHUV� 1HZH\ DQG :HVW ������ SRLQWHG RXW WKDW WKH RULJLQDO HVWLPDWH SURSRVHG E\ +DQVHQ DQG 6LQJOHWRQ LQ WKLV

FDVH LV IUHTXHQWO\ QRW SRVLWLYH GHILQLWH LQ ILQLWH VDPSOHV DQG SURSRVHG WKH XVH RI GHFOLQLQJ ZHLJKWV WR JXDUDQWHH SRVLWLYH

VHPL�GHILQLWHQHVV� 763 RIIHUV WZR FKRLFHV RI VSHFWUDO GHQVLW\ NHUQHOV �.(51(/ %$57/(77 RU 3$5=(1� WR FRPSXWH

WKHVH ZHLJKWV� WKH GHIDXOW FKRLFH LV %$57/(77�

���� )XOO LQIRUPDWLRQ PD[LPXP OLNHOLKRRG� ),0/

),0/ LV WKH DV\PSWRWLFDOO\ HIILFLHQW HVWLPDWRU IRU OLQHDU DQG QRQOLQHDU VLPXOWDQHRXV PRGHOV� XQGHU WKH DVVXPSWLRQ WKDW

WKH GLVWXUEDQFHV DUH PXOWLYDULDWH QRUPDO� :KHQ WKLV DVVXPSWLRQ IDLOV� ),0/ PD\ VWLOO EH DV\PSWRWLFDOO\ HIILFLHQW� VHH

:KLWH ������ RU *RXULHURX[� 0RQWIRUW� DQG 7URJQRQ ������ IRU D GLVFXVVLRQ RI ZKHQ WKLV ZLOO EH WUXH�

%HFDXVH ),0/ RSHUDWHV RQ WKH PRGHO DV D ZKROH� WKH PRGHO PXVW EH FRPSOHWH �� LW PXVW KDYH DV PDQ\ HTXDWLRQV DV

HQGRJHQRXV YDULDEOHV� 7KXV LQ DGGLWLRQ WR WKH EHKDYLRUDO HTXDWLRQV FRQWDLQLQJ XQNQRZQ SDUDPHWHUV� ),0/ PXVW EH

VXSSOLHG ZLWK DQ\ LGHQWLWLHV WKDW LQYROYH WKH HQGRJHQRXV YDULDEOHV� ,GHQWLWLHV SURYLGH D FRQYHQLHQW ZD\ RI HQWHULQJ

UHSHDWHG VXPV DQG GLIIHUHQFHV RI HQGRJHQRXV YDULDEOHV LQWR VHYHUDO HTXDWLRQV� DQRWKHU ZD\ LV WKH (468% FRPPDQG�

,Q ),0/� WKH HQGRJHQRXV YDULDEOHV DUH OLVWHG LQ SDUHQWKHVHV DIWHU WKH (1'2* NH\ZRUG� 7KH FRUUHVSRQGLQJ
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1RWH� &DO]RODUL DQG 3DQDWWRQL ������ VWXGLHG HLJKW DOWHUQDWH ),0/ VWDQGDUG HUURU IRUPXODV DQG GHPRQVWUDWHG WKH

FRQVLVWHQF\ DQG JRRG VPDOO�VDPSOH SHUIRUPDQFH RI WKH 763 9HUVLRQ ��� �DQG ODWHU� ),0/ VWDQGDUG HUURUV� 7KH ���

DQG HDUOLHU VWDQGDUG HUURUV DUH QRW WHFKQLFDOO\ FRQVLVWHQW� EXW WKH\ ZHUH VKRZQ WR KDYH UHDVRQDEO\ JRRG VPDOO�VDPSOH

SURSHUWLHV� $OVR� WKH 5 ��*DXVV�� PDWUL[ ZDV VKRZQ WR EH LQFRQVLVWHQW IRU QRQOLQHDU PRGHOV� 7KLV PDWUL[ ZDV XVHG

E\ 763 ��� ZKHQ WKH QXPEHU RI SDUDPHWHUV ZDV ODUJHU WKDQ WKH QXPEHU RI REVHUYDWLRQV �LQ ZKLFK FDVH WKH %+++

PDWUL[ ZLOO EH VLQJXODU� VLQFH LWV UDQN LV OHVV WKDQ LWV RUGHU�� 7KH 5 PDWUL[ LV VWLOO XVHG IRU LWHUDWLRQV� EXW LW LV QRW

DYDLODEOH IRU VWDQGDUG HUURUV EHFDXVH RI WKLV LQFRQVLVWHQF\� 7KH EHVW VROXWLRQ WR WKH VLQJXODULW\ RI WKH %+++ PDWUL[

LQ VPDOO VDPSOHV ZRXOG EH FRPSXWDWLRQ RI WKH DQDO\WLF VHFRQG GHULYDWLYHV� DQG WKLV ZLOO EH DYDLODEOH LQ IXWXUH

YHUVLRQV RI 763� ,I \RX FDQ
W ZDLW IRU WKLV� WU\ GRLQJ ),0/ H[SOLFLWO\ XVLQJ WKH 0/ SURFHGXUH �\RX ZLOO KDYH WR

SURJUDP WKH OLNHOLKRRG IXQFWLRQ RI WKH PXOWLYDULDWH QRUPDO VLPXOWDQHRXV HTXDWLRQV PRGHO��

LQVWUXPHQWV DUH WKHQ GHILQHG LPSOLFLWO\� )RU H[DPSOH� WKH LOOXVWUDWLYH PRGHO LV HVWLPDWHG E\ ),0/�

),0/�(1'2* �&216�,�5�/3�*13�� &216(4�,19(4�,17567(4�35,&(4�*13,'�

7KH REMHFWLYH IXQFWLRQ IRU ),0/ LV WKH QHJDWLYH RI WKH ORJ OLNHOLKRRG IXQFWLRQ� ZKLFK LQYROYHV WKH ORJ RI WKH GHWHUPLQDQW

RI WKH UHVLGXDO FRYDULDQFH PDWUL[� DQG WKH ORJ RI WKH GHWHUPLQDQW RI WKH -DFRELDQ �WKH GHULYDWLYHV RI WKH UHVLGXDOV ZLWK

UHVSHFW WR WKH HQGRJHQRXV YDULDEOHV�� ,I WKHUH QR VLPXOWDQHLW\ DQG QR QRQOLQHDU IXQFWLRQV RI WKH HQGRJHQRXV YDULDEOHV

DSSHDU LQ WKH HTXDWLRQV� WKH -DFRELDQ WHUP GURSV RXW� DQG WKH PRGHO LV HTXLYDOHQW WR PXOWLYDULDWH UHJUHVVLRQ�

),0/ FDQ EH XVHG WR HVWLPDWH QRQOLQHDU /,0/ PRGHOV �VHH 6HFWLRQ ��� IRU OLQHDU /,0/�� ,Q DGGLWLRQ WR WKH QRQOLQHDU

HTXDWLRQ RI LQWHUHVW� )50/V PXVW EH VSHFLILHG IRU HDFK RI WKH UHPDLQLQJ HQGRJHQRXV YDULDEOHV� 7R PDNH WKLV D /,0/

PRGHO� WKHVH )50/V DUH OLQHDU LQ WKH LQVWUXPHQWV DQG WKHUH DUH QR FRQVWUDLQWV DPRQJ WKHLU SDUDPHWHUV� )RU H[DPSOH�

WR HVWLPDWH WKH QRQOLQHDU $5� HTXDWLRQ RI 6HFWLRQ ����� ZLWK /,0/�
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)250 *13/ *13 & * /0 7,0( &216���� *13����� " (TXDWLRQ IRU *13 DV I �LQVWUXPHQWV�

/64�6,/(17� &216$5�� " 7R REWDLQ VWDUWLQJ YDOXHV IRU SDUDPHWHUV

/64�6,/(17� *13/�

),0/�(1'2* �&216�*13�� &216$5��*13/� " (VWLPDWH /,0/ PRGHO

7KH VWDQGDUG HUURUV IRU WKH ),0/ VWUXFWXUDO SDUDPHWHUV DUH FRPSXWHG IURP WKH PDWUL[ RI VXPV RI VTXDUHV RI WKH RXWHU

SURGXFWV RI WKH JUDGLHQW RI WKH OLNHOLKRRG IXQFWLRQ ZLWK UHVSHFW WR ERWK WKH VWUXFWXUDO SDUDPHWHUV DQG WKH XQLTXH HOHPHQWV

RI WKH LQYHUVH UHVLGXDO FRYDULDQFH PDWUL[ �WKH %+++ PDWUL[�� 7KHVH VWDQGDUG HUURUV DUH FRQVLVWHQW DQG JHQHUDOO\ ODUJHU

WKDQ WKRVH FDOFXODWHG LQ YHUVLRQV RI 763 SULRU WR ���� ZKLFK ZHUH FRPSXWHG IURP WKH VXEPDWUL[ IRU WKH VWUXFWXUDO

SDUDPHWHUV RQO\� )RU LQVWDQFH� WKH H[DPSOH DERYH KDV QLQH VWUXFWXUDO SDUDPHWHUV DQG WKUHH FRYDULDQFH SDUDPHWHUV
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