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)25(&$67,1* $1'02'(/ 6,08/$7,21

2IWHQ WKH SULPDU\ JRDO RI DQ HFRQRPHWULF VWXG\ LV WR SURGXFH D PRGHO IRU IRUHFDVWLQJ DQ HFRQRP\
V IXWXUH EHKDYLRU� D

VHFWRU LQ DQ HFRQRP\� RU HYHQ WKH EHKDYLRU RI DQ LQGLYLGXDO ILUP� 7ZR FRPPRQ DSSURDFKHV WR WKLV SUREOHP DUH WKH

VWUXFWXUDO PRGHO PHWKRG DQG WKH WLPH VHULHV �$5,0$ RU 9$5� PHWKRGV� %RWK DSSURDFKHV FDQ EH XVHG LQ 763� $

GLVFXVVLRQ RI WKH SURV DQG FRQV RI WKHVH WZR PHWKRGV LV EH\RQG WKH VFRSH RI WKLV PDQXDO� DQ H[FHOOHQW UHIHUHQFH WKDW

GHVFULEHV ERWK PHWKRGV� HPSKDVL]LQJ WKHLU IRUHFDVWLQJ DVSHFWV LV WKH 3LQG\FN DQG 5XELQIHOG WH[W�

&KDSWHU �� LQWURGXFHG WKH WLPH VHULHV PHWKRGV RI IRUHFDVWLQJ YDULDEOHV XVLQJ $5,0$ RU 9$5 PRGHOV� ,Q WKLV FKDSWHU�

ZH GLVFXVV KRZ WR XVH WKH VWUXFWXUDO PRGHO IRUHFDVWLQJ PHWKRGV LQ 763� )LUVW ZH JLYH DQ RYHUYLHZ RI WKH VWHSV LQ

FRQVWUXFWLQJ D IRUHFDVWLQJ PRGHO RI DQ\ W\SH� WKHQ ZH GHVFULEH PHWKRGV IRU IRUHFDVWLQJ D VLQJOH YDULDEOH� DQG ILQDOO\ ZH

GHVFULEH WKH PRGHO VROXWLRQ SURFHGXUHV XVHG IRU PXOWL�HTXDWLRQ PRGHOV�

7KHUH DUH XVXDOO\ WKUHH PDMRU VWHSV LQ SURGXFLQJ D IRUHFDVW�

�� 'HILQH D PRGHO ZLWK RQH RU PRUH HTXDWLRQV JLYLQJ D UHDVRQDEO\ JRRG GHVFULSWLRQ RI WKH YDULDEOHV RI LQWHUHVW RYHU

D UHFHQW WLPH SHULRG� 7KH PRGHO FDQ FRPH IURP DQ\ VRXUFH� DOWKRXJK PXOWL�HTXDWLRQ PRGHOV PXVW EH H[SUHVVLEOH

LQ 763 HTXDWLRQV �)50/V�� ,Q SDUWLFXODU� LW PD\ DULVH IURP D VHULHV RI HVWLPDWLRQV ZLWKLQ 763� ERWK QRQOLQHDU DQG

OLQHDU� 7KH GLPHQVLRQV DQG TXDOLW\ RI WKH PRGHO DUH \RXU FKRLFH� ,I \RX ZDQW WR XVH $5,0$ PRGHOV� XVH %-,'(17

WR KHOS \RX FKRRVH WKH PRGHO�

�� &KRRVH D IRUHFDVW SHULRG DQG PDNH VRPH DVVXPSWLRQV DERXW WKH EHKDYLRU RI WKH H[RJHQRXV YDULDEOHV LQ WKH PRGHO

RYHU WKLV SHULRG� ,Q DQ $5,0$ IRUHFDVW� WKHUH DUH QR H[RJHQRXV YDULDEOHV LQ WKH PRGHO� VR \RX FDQ VNLS WKLV VWHS�

�� 8VLQJ SURMHFWHG YDOXHV RI WKH H[RJHQRXV YDULDEOHV DQG WKH PRGHO \RX KDYH FKRVHQ� FKRRVH RQH RI 763
V IRUHFDVWLQJ

RU VLPXODWLRQ SURFHGXUHV WR FRPSXWH WKH HQGRJHQRXV YDULDEOHV RI WKH PRGHO RQH SHULRG DW D WLPH� /DJJHG HQGRJHQRXV

YDULDEOHV PD\ EH GHWHUPLQHG IURP HLWKHU WKH SUHYLRXV IRUHFDVWV �G\QDPLF VLPXODWLRQ �� WKLV PHWKRG ZLOO DOZD\V EH

XVHG IRU $5,0$ RU 9$5 IRUHFDVWV�� RU PD\ EH DFWXDO UHDOL]DWLRQV RI WKH YDULDEOH �VWDWLF RU KLVWRULFDO VLPXODWLRQ��

763 SURYLGHV VHYHUDO SURFHGXUHV DQG WHFKQLTXHV WR FRPSXWH WKH IRUHFDVW DQG GLVSOD\ WKH UHVXOWV� 7KHVH WHFKQLTXHV FDQ

EH GLYLGHG LQWR WZR PDMRU JURXSV� VLQJOH HTXDWLRQ �VLQJOH YDULDEOH� IRUHFDVWV� DQG WKH VROXWLRQ RI VLPXOWDQHRXV HTXDWLRQV

PRGHOV� :H GHVFULEH WKH IRUPHU ILUVW� DQG WKHQ GHVFULEH WKH PRGHO VROXWLRQ SURFHGXUHV� 6,0/ DQG 62/9(�

����� &UHDWLQJ HTXDWLRQV� )50/� )250

&KDSWHU � GHVFULEHG KRZ )50/ FDQ EH XVHG WR PDNH 763 HTXDWLRQV� $Q\ HTXDWLRQ WKXV FUHDWHG FDQ EH XVHG LQ

IRUHFDVWLQJ ZLWK WKH SURYLVR WKDW HTXDWLRQV IRU 62/9( PXVW EH QRUPDOL]HG �KDYH D OHIW�KDQG VLGH YDULDEOH�� 8QOLNH

HDUOLHU YHUVLRQV RI 763� ORJLFDO H[SUHVVLRQV PD\ EH LQFOXGHG LQ WKH HTXDWLRQV RI D VLPXODWLRQ PRGHO�

,W LV DOVR LPSRUWDQW WR UHPHPEHU WKDW HTXDWLRQV XVHG LQ VLPXODWLRQ PXVW KDYH XQNQRZQ SDUDPHWHU YDOXHV GHILQHG LQ VRPH

ZD\ EHIRUHKDQG� 7KLV FDQ EH GRQH E\ XVLQJ D 6(7 RU 3$5$0 VWDWHPHQW WR VXSSO\ D YDOXH� IRU H[DPSOH�

)50/ *13*52: *13  ���$/3+$�*13���� �

6(7 $/3+$  ��� �

<RX FDQ DOVR HVWLPDWH WKH HTXDWLRQ HDUOLHU LQ \RXU 763 SURJUDP� LQ WKLV FDVH� WKH SDUDPHWHU ZLOO UHWDLQ LWV HVWLPDWHG YDOXH

ZKHQ WKH VLPXODWLRQ LV SHUIRUPHG� )RU H[DPSOH� XVLQJ WKH VDPH HTXDWLRQ IRU *13 JURZWK DV DERYH�

3$5$0 $/3+$ �

/64 *13*52: �

'DWDEDQNV DUH DOVR XVHIXO IRU VDYLQJ SDUDPHWHU YDOXHV DIWHU DQ HVWLPDWLRQ� ,I WKH HVWLPDWHG YDOXH RI $/3+$ ZHUH ������

WKH HTXDWLRQ *13*52: ZRXOG QRZ EH LQWHUSUHWHG E\ *(15� 6,0/� RU 62/9( DV
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)50/ *13  �����*13���� �

)50/ ZRUNV ZHOO ZKHQ HVWLPDWLQJ QRQOLQHDU PRGHOV� EXW PDQ\ HTXDWLRQV ZLOO EH HVWLPDWHG E\ OLQHDU PHWKRGV� VR LW PD\

EH FRQYHQLHQW WR FRQVWUXFW OLQHDU HTXDWLRQV DXWRPDWLFDOO\� )250 GRHV WKLV HDVLO\�

2/64 &; & : 3 3���� �

)250 &216 �

7KLV H[DPSOH HVWLPDWHV D FRQVXPSWLRQ HTXDWLRQ E\ RUGLQDU\ OHDVW VTXDUHV DQG IRUPV DQ HTXDWLRQ QDPHG &216 DV WKRXJK

\RX KDG HQWHUHG WKH IROORZLQJ )50/ VWDWHPHQW�

)50/ &216 &; ��������:�����3�����3�����

>DVVXPLQJ WKDW WKH FRHIILFLHQW YHFWRU HVWLPDWHG LQ WKH 2/64 SURFHGXUH ZDV ������ ���� ����� �����@�

)250 PD\ EH XVHG DIWHU DQ\ OLQHDU HVWLPDWLRQ SURFHGXUH� 2/64� �6/6� /,0/� /$'� RU $5�� ,I LW LV XVHG IROORZLQJ

DQ $5� HVWLPDWLRQ� WKH WHUP LQYROYLQJ WLPHV WKH ODJJHG UHVLGXDO LV DXWRPDWLFDOO\ DGGHG �VHH 6HFWLRQ ������ )250 FDQ

DOVR EH XVHG WR FUHDWH XQQRUPDOL]HG HTXDWLRQV DQG WR FUHDWH HTXDWLRQV ZLWK SDUDPHWHU QDPHV UDWKHU WKDQ YDOXHV� 6HH

WKH 5HIHUHQFH 0DQXDO IRU GHWDLOV�

����� )RUHFDVWLQJ ZLWK DQ H[SOLFLW HTXDWLRQ� *(15

7KH VLPSOHVW ZD\ WR IRUHFDVW D VLQJOH YDULDEOH LV ZLWK *(15� LI DQ H[SOLFLW HTXDWLRQ KDV DOUHDG\ EHHQ GHILQHG� )RU

H[DPSOH� WKH IROORZLQJ WZR VHWV RI VWDWHPHQWV DUH HTXLYDOHQW LQ WKHLU UHVXOW�

603/ �� �� �

*(15 *13),7  $� � $�323 � $�,037 �

603/ �� �� �

)50/ *13(4 *13  $� � $�323 � $�,037 �

*(15 *13(4 *13),7�

7KLV PHWKRG HYHQ ZRUNV ZKHQ WKH YDULDEOH WR EH IRUHFDVW GHSHQGV RQ LWV RZQ ODJJHG YDOXHV �ZKLFK LV GHVFULEHG EHORZ��

EHFDXVH *(15 ZLOO RSHUDWH G\QDPLFDOO\� 7KH DOWHUQDWH PHWKRG IRU FRPSXWLQJ VLQJOH HTXDWLRQ IRUHFDVWV� )25&67� FDQ

EH XVHG IRU HLWKHU VWDWLF RU G\QDPLF VLPXODWLRQ� ,Q DGGLWLRQ� )25&67 GRHV QRW UHTXLUH WKDW \RX VSHFLI\ WKH HTXDWLRQ

EHIRUHKDQG� LW FDQ EH FRPSXWHG GLUHFWO\ IURP D SUHYLRXV OLQHDU HVWLPDWLRQ�

����� )RUHFDVWLQJ OLQHDU PRGHOV� )25&67

)25&67 ZLOO GR D IRUHFDVW LPPHGLDWHO\ IROORZLQJ DQ\ VLQJOH HTXDWLRQ OLQHDU HVWLPDWLRQ FRPPDQG LQ 763 �2/64�

�6/6� /,0/� /$'� RU $5�� ZLWKRXW UHTXLULQJ )250 RU D )50/� 7KLV DOVR ZRUNV RQ 352%,7 DQG 72%,7 PRGHOV�

DOWKRXJK \RX PD\ ZLVK WR WUDQVIRUP WKH SUHGLFWHG ODWHQW YDULDEOH�

+HUH DUH VRPH H[DPSOHV�

)5(4 $ � 603/ �� �� �

2/64 ,037 & *13 5(/3 �

)25&67�35,17� ,03),7 �

,Q WKLV H[DPSOH� WKH IRUHFDVW LV FRPSXWHG RYHU WKH HVWLPDWLRQ VDPSOH DQG WKHUHIRUH ,03),7 LV VLPSO\ WKH ILWWHG YDOXHV

RI ,037 �HTXDO WR WKH DXWRPDWLFDOO\ VWRUHG #),7 VHULHV�� ,W LV JHQHUDOO\ WUXH WKDW LI \RX FRPSXWH D VWDWLF IRUHFDVW RYHU

WKH VDPH VDPSOH DV WKH UHJUHVVLRQ� WKH RXWSXW RI )25&67 ZLOO EH WKH ILWWHG YDOXHV IURP WKH UHJUHVVLRQ�
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)5(4 $ � 603/ �� �� �

$5� �0(7+2' &25&�35,17� ,037 & *13 5(/3 �

603/ �� �� �

)25&67�35,17� ,03)25 �

7KLV H[DPSOH LOOXVWUDWHV WKH FRPSXWDWLRQ RI D G\QDPLF IRUHFDVW ZKHQ WKH HUURUV DUH VHULDOO\ FRUUHODWHG� 3URMHFWLRQV RI

*13 DQG 5(/3 PXVW H[LVW IRU WKH SHULRG ���� WR ����� WKH VLPXODWLRQ XVHV WKH ODVW KLVWRULFDO SHULRG ������ WR FDOFXODWH

D SUHVDPSOH UHVLGXDO� )RU WKLV NLQG RI PRGHO� WKH IRUHFDVWLQJ HTXDWLRQ LV

\  ; E � H
W W W��

ZKHUH H  H � WKH LQLWLDO FRQGLWLRQ IRU H LV WKH SUHVDPSOH UHVLGXDO�
W�� W��

)5(4 $ � 603/ �� �� �

2/64 ,037 & ,037���� *13 �

603/ �� �� �

)25&67 ,03'<1 �

7KLV H[DPSOH VKRZV IRUHFDVWLQJ ZKHQ WKHUH LV D ODJJHG GHSHQGHQW YDULDEOH LQ WKH PRGHO� 6LQFH ,037 KDV EHHQ UHIHUUHG

WR H[SOLFLWO\ ZLWK D ODJ RQ WKH ULJKW�KDQG VLGH RI WKH RULJLQDO HTXDWLRQ� WKH G\QDPLF IRUHFDVW ZLOO DXWRPDWLFDOO\ XVH WKH

SUHGLFWHG YDOXHV RI ,037 LQ WKH QH[W SHULRG
V IRUHFDVW� 7R XVH WKLV IHDWXUH� \RX PXVW UHIHU WR WKH ODJJHG HQGRJHQRXV

YDULDEOHV DV ,037����� XVH RI D FRPSXWHG YDULDEOH� VXFK DV ,037/�  ,037����� ZLOO QRW KDYH WKH VDPH HIIHFW�

,W LV DOVR SRVVLEOH WR XVH )25&67 LQGHSHQGHQWO\ RI DQ\ HVWLPDWLRQ FRPPDQG� LQ WKLV FDVH \RX PXVW H[SOLFLWO\ VXSSO\

WKH SURFHGXUH ZLWK DOO WKH LQIRUPDWLRQ LW QHHGV WR FRPSXWH WKH IRUHFDVW�

)25&67�'<1$0�&2() %(7$�5+2 5�'(39$5 ,037�

,03),7 & *13 5(/3 �

,Q WKLV H[DPSOH� %(7$ LV WKH YHFWRU RI HVWLPDWHG FRHIILFLHQWV RI WKH LQGHSHQGHQW YDULDEOHV� 5 WKH HVWLPDWHG YDOXH RI WKH

VHULDO FRUUHODWLRQ FRHIILFLHQW� ,037 WKH QDPH RI WKH RULJLQDO GHSHQGHQW YDULDEOH �QHHGHG IRU G\QDPLF IRUHFDVWV�� ,03),7

WKH QDPH WR EH JLYHQ WR WKH IRUHFDVWHG YDULDEOH� DQG &� *13� DQG 5(/3 DUH WKH LQGHSHQGHQW YDULDEOHV LQ WKH IRUHFDVWLQJ

HTXDWLRQ� 7KH FRHIILFLHQWV %(7$ PXVW EH VXSSOLHG LQ WKH VDPH RUGHU DV WKH OLVW RI LQGHSHQGHQW YDULDEOHV�

����� 6ROYLQJ VLPXOWDQHRXV HTXDWLRQ PRGHOV

763 SURYLGHV WZR TXLWH GLIIHUHQW SURFHGXUHV IRU WKH VROXWLRQ RI VLPXOWDQHRXV HTXDWLRQ PRGHOV� 7KH PHWKRGV GLIIHU LQ

WKHLU VSHHG RI FRQYHUJHQFH� XVH RI FRPSXWHU VWRUDJH DQG WLPH� DQG DELOLW\ WR KDQGOH KLJKO\ QRQOLQHDU RU YHU\

VLPXOWDQHRXV PRGHOV�

7KH PRVW JHQHUDO DQG SRZHUIXO SURFHGXUH LV 6,0/� ZKLFK XVHV 1HZWRQ
V PHWKRG DSSOLHG WR QRQOLQHDU HTXDWLRQ VROXWLRQ�

7KH PRGHO LV VSHFLILHG MXVW OLNH ),0/� 6,0/ GRHV QRW UHTXLUH QRUPDOL]HG HTXDWLRQV QRU WKDW WKH PRGHO EH RUGHUHG LQ

D SDUWLFXODU ZD\� DQG XVHV DQDO\WLF GHULYDWLYHV RI WKH PRGHO LQ WKH VROXWLRQ SURFHVV� )RU OLQHDU PRGHOV� 6,0/ FRQYHUJHV

LQ RQH LWHUDWLRQ� DQG LV YHU\ IDVW IRU PXOWLSHULRG PRGHOV� )RU KLJKO\ QRQOLQHDU PRGHOV� 1HZWRQ
V PHWKRG

�*DXVV�1HZWRQ� PD\ EH WKH RQO\ PHWKRG LQ 763 WKDW FDQ SURYLGH D VROXWLRQ� 7KH FRVW RI WKLV SRZHU LV FRQVLGHUDEOH XVH

RI FRPSXWHU VWRUDJH FRPSDUHG ZLWK RWKHU PRGHO VROXWLRQ WHFKQLTXHV� &RQVHTXHQWO\� 6,0/ PD\ QRW EH WKH PHWKRG RI

FKRLFH IRU PRUH WKDQ �� HTXDWLRQV� 763 GRHV QRW H[SOLFLWO\ OLPLW WKH QXPEHU RI HTXDWLRQV� EXW \RX PD\ QRW KDYH HQRXJK

PHPRU\ DYDLODEOH� <RX PD\ DOVR EH OLPLWHG E\ 763©V �UHODWLYHO\ ODUJH� OLPLWV RQ WKH QXPEHU RI XQLTXH YDULDEOH

QDPHV�DUJXPHQWV LQ WKH FROOHFWHG PRGHO DQG RQ WKH QXPEHU RI YDULDEOHV LQ D 763 VHVVLRQ� 8VH WKH 6+2: FRPPDQG

WR VHH ZKDW WKHVH OLPLWV DUH LQ \RXU FRS\ RI 763�

)RU ODUJH HFRQRPLF PRGHOV� SDUWLFXODUO\ WKRVH ZLWK VRPH VRUW RI EORFN VWUXFWXUH� 62/9( ZLOO EH PRUH VXLWDEOH� 7R XVH

WKLV SURFHGXUH� ILUVW FROOHFW WKH HTXDWLRQV RI WKH PRGHO XVLQJ 02'(/ WR GHWHUPLQH WKH EHVW RUGHU IRU VROXWLRQ� 7KH

HTXDWLRQV PXVW EH �QRUPDOL]HG�� L�H�� HDFK HQGRJHQRXV YDULDEOH PXVW DSSHDU RQFH DQG RQO\ RQFH RQ WKH OHIW�KDQG VLGH

RI DQ HTXDWLRQ� 02'(/ GHWHUPLQHV KRZ WKH HTXDWLRQV DUH WR EH DUUDQJHG LQWR UHFXUVLYH DQG VLPXOWDQHRXV EORFNV IRU

VROXWLRQ� 62/9( ZLOO HYDOXDWH WKH UHFXUVLYH EORFNV �EORFNV LQ ZKLFK HYHU\ HTXDWLRQ XVHV RQO\ SUHYLRXVO\ FRPSXWHG
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HQGRJHQRXV YDULDEOHV DV LQSXW� DQG ZLOO VROYH WKH VLPXOWDQHRXV EORFNV HLWKHU E\ WKH *DXVV�6HLGHO PHWKRG RU E\ WKH PRUH

SRZHUIXO )OHWFKHU�3RZHOO PHWKRG� 7KLV PHWKRG RI PRGHO VROXWLRQ LV VXLWDEOH IRU PRVW ODUJH HFRQRPLF PRGHOV� ZKLFK

WHQG WR EH VSDUVH� IDLUO\ OLQHDU� DQG VHSDUDEOH LQWR EORFNV� �,W KDV EHHQ XVHG RQ PRGHOV ZLWK PRUH WKDQ ��� HTXDWLRQV��

+RZHYHU� FRQYHUJHQFH RI WKH VLPXOWDQHRXV EORFNV LV QRW JXDUDQWHHG� VLQFH LW GRHV QRW FRPSXWH DQ\ DQDO\WLF GHULYDWLYHV�

7KHVH WZR SURFHGXUHV DUH GHVFULEHG LQ JUHDWHU GHWDLO EHORZ�

������� 6PDOO QRQOLQHDU PRGHOV� 6,0/

6,0/ LQYRNHV 1HZWRQ
V PHWKRG� LW KDV WKH VDPH IRUP DV ),0/ GHVFULEHG LQ &KDSWHU �� 6,0/� IROORZHG E\ RSWLRQV

LQFOXGLQJ (1'2* �OLVW RI HQGRJHQRXV YDULDEOHV�� IROORZHG E\ D OLVW RI HTXDWLRQV� LQFOXGLQJ LGHQWLWLHV� 8QOLNH ),0/�

6,0/ WUHDWV ,'(17V WKH VDPH DV )50/V �VHH 6HFWLRQ ����� )RU H[DPSOH� WKH VROXWLRQ RI WKH LOOXVWUDWLYH PRGHO LV

VSHFLILHG E\

6,0/�(1'2* �*13�&216�,�5�/3�� &216(4�,19(4�,17567(4�*13,'�35,&(4�

7KH GHIDXOW YDOXHV RI WKH RSWLRQV DUH 1HZWRQ
V PHWKRG� QR VWRUDJH RI WKH UHVXOWV� DQG D G\QDPLF VLPXODWLRQ� $ VWDWLF

VLPXODWLRQ LV RIWHQ XVHG ZKHQ VLPXODWLQJ RYHU D KLVWRULFDO SHULRG� LW XVHV DFWXDO UHDOL]HG YDOXHV RI WKH ODJJHG

HQGRJHQRXV YDULDEOHV UDWKHU WKDQ REWDLQLQJ WKHP IURP WKH VLPXODWLRQ RI WKH SUHYLRXV SHULRG� 7KH GHIDXOW IRU SULQWLQJ

LV WR SULQW D RQH OLQH VXPPDU\ RI HDFK LWHUDWLRQ DQG D WDEOH RI WKH VROYHG YDULDEOHV DW WKH HQG�

$Q H[DPSOH RI 6,0/ WKDW VWRUHV WKH UHVXOWV DQG SULQWV WKH LQSXW GDWD LV

6,0/�351'$7�7$* 6�(1'2* �*13�&216�,�5�/3�� &216(4�,19(4�,17567(4�*13,'�35,&(4�

$IWHU WKLV PRGHO KDV EHHQ VROYHG� WKH VROYHG VHULHV DUH VWRUHG XQGHU WKH QDPHV *136� &2166� ,6� HWF� )XUWKHU GHWDLOV

RQ WKH RSWLRQV DYDLODEOH ZLWK 6,0/ DUH JLYHQ LQ WKH 5HIHUHQFH 0DQXDO�

��������� 1HZWRQ
V 0HWKRG

7KH PHWKRG XVHG E\ 6,0/ IRU VROXWLRQ RI QRQOLQHDU VLPXOWDQHRXV HTXDWLRQ PRGHOV LV D YDULDQW RI 1HZWRQ
V PHWKRG�

2EYLRXVO\� LI D VLPXOWDQHRXV PRGHO LV OLQHDU� LW FDQ EH VROYHG GLUHFWO\ E\ PDWUL[ LQYHUVLRQ� 7KDW LV� WKH VROXWLRQ WR WKH

PDWUL[ HTXDWLRQ

$ [  E

LV

[  $ E���

1HZWRQ
V PHWKRG DSSOLHV WKLV LGHD WR WKH LWHUDWLYH VROXWLRQ RI QRQOLQHDU PRGHOV� $W HDFK LWHUDWLRQ� WKH PRGHO LV OLQHDUL]HG

LQ LWV YDULDEOHV DURXQG WKH YDOXHV IURP WKH SUHYLRXV LWHUDWLRQ� 7KH OLQHDUL]HG PRGHO LV VROYHG E\ PDWUL[ LQYHUVLRQ� ,Q

WHUPV RI WKH HTXDWLRQ DERYH� $ LV WKH -DFRELDQ RI WKH PRGHO ZLWK UHVSHFW WR WKH YDULDEOHV� E WKH YHFWRU RI PRGHO YDOXHV

DW WKH SUHYLRXV LWHUDWLRQ DQG [ WKH GLUHFWLRQ YHFWRU RI FKDQJHV LQ WKH YDULDEOHV WR EH FRPSXWHG�

7KH UHVXOWLQJ YHFWRU RI FKDQJHV LV XVHG DV D GLUHFWLRQ YHFWRU LQ D OLQHDU VHDUFK IRU EHWWHU YDOXHV RI WKH YDULDEOHV� DV LQ

WKH RWKHU LWHUDWLYH SURFHGXUHV VXFK DV /64� $ GHYLDWLRQ LV FRPSXWHG IRU HDFK HTXDWLRQ E\ VXEVWLWXWLQJ WKH FXUUHQW YDOXHV

RI WKH YDULDEOHV� DW WKH VROXWLRQ� DOO WKH GHYLDWLRQV ZLOO EH ]HUR� 7KH FULWHULRQ IRU WKH VHDUFK LV WKH VXP RI VTXDUHG

GHYLDWLRQV RI WKH HTXDWLRQV� LW LV SULQWHG DV )  DQG )1(:  LQ 6,0/
V RXWSXW� 8QOHVV D VROXWLRQ KDV EHHQ DFKLHYHG�

WKHUH ZLOO EH D EHWWHU VHW RI YDOXHV VRPHZKHUH DORQJ WKH GLUHFWLRQ YHFWRU� 7KH DFWXDO FKRLFH RI WKH QHZ VHW RI YDULDEOH

YDOXHV LV PDGH E\ WKH VDPH PHWKRGV XVHG LQ QRQOLQHDU HVWLPDWLRQ DQG LV GHVFULEHG LQ &KDSWHU ��� )RU D IXUWKHU

GHVFULSWLRQ RI 1HZWRQ
V PHWKRG� VHH 6DDW\ DQG %UDP ������ RU 2UWHJD DQG 5KHLQEROGW �������

7KH 326 IXQFWLRQ FDQ EH XVHG WR FRQVWUDLQ WKH VROYHG YDOXHV WR EH QRQ�QHJDWLYH�
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������� /DUJH PRGHOV

/DUJH PRGHOV UHTXLUH WZR VWHSV �SURFHGXUHV� IRU VROXWLRQ �� 02'(/ DQG 62/9(� 02'(/ LV XVHG WR JURXS WKH

HTXDWLRQV LQWR VPDOOHU EORFNV� DQG 62/9( VHHNV WKH VROXWLRQ XVLQJ WKLV VWUXFWXUDO LQIRUPDWLRQ� 6HYHUDO 62/9(

FRPPDQGV FDQ XVH WKH VDPH 02'(/ �XVLQJ GLIIHUHQW VFHQDULRV RI H[RJHQRXV YDULDEOHV RU SDUDPHWHU YDOXHV� IRU

H[DPSOH�� 62/9( XVHV WKH VDPH LWHUDWLRQ DQG 7$* RSWLRQV DV 6,0/�

��������� 2UGHULQJ HTXDWLRQV� 02'(/

02'(/ JURXSV WKH HTXDWLRQV RI D PRGHO LQWR EORFNV DQG VDYHV WKLV VWUXFWXUH XQGHU D PRGHO QDPH� :H XVH WKH

ZHOO�NQRZQ .OHLQ 0RGHO , DV D VLPSOH H[DPSOH� 7KLV PRGHO FRQVLVWV RI WKUHH EHKDYLRUDO HTXDWLRQV DQG IRXU LGHQWLWLHV�

7KHUH DUH VHYHQ HQGRJHQRXV YDULDEOHV �&;� ,� :�� 3� .� : DQG (�� WKUHH ODJJHG HQGRJHQRXV YDULDEOHV �3����� .�����

DQG (������ DQG IRXU H[RJHQRXV YDULDEOHV �*� 7,0(� 7;� DQG :��� 7KH HTXDWLRQV PD\ EH HVWLPDWHG E\ D VLQJOH HTXDWLRQ

PHWKRG� XVLQJ )250 WR FRQVWUXFW D 763 HTXDWLRQ� RU WKH\ PD\ EH VSHFLILHG ZLWK )50/V DQG HVWLPDWHG ZLWK

PXOWL�HTXDWLRQ PHWKRGV� :H DVVXPH WKDW ZH ZLOO XVH WZR�VWDJH OHDVW VTXDUHV� DQG VSHFLI\ WKH PRGHO DV IROORZV�

/,67 ,9. & 3���� (���� .���� * 7,0( 7; :��

�6/6�,167 ,9.� &; &�:�3�3�����

)250 &216 �

�6/6�,167 ,9.� , &�3�3�����.�����

)250 ,19 �

�6/6�,167 ,9.� :� &�(�(�����7,0(�

)250:$*(6 �

,'(17 :$*( : :��:��

,'(17 %$/$1&( 3  &;�,�* � �7;�:� �

,'(17 352),7 (  3�7;�:� �

,'(17 &$367&. . .�����, �

/,67 ./(,1 &216 ,19 :$*(6 :$*( %$/$1&( 352),7 &$367&. �

/,67 .(1'2* &; , :� : ( 3 . �

02'(/ ./(,1�.(1'2*�./(,1& �

02'(/ WDNHV WKH PRGHO VSHFLILHG LQ WKH OLVW RI HTXDWLRQV ./(,1 DQG WKH OLVW RI HQGRJHQRXV YDULDEOHV .(1'2*� DQG

RUGHUV WKH HTXDWLRQV LQWR D UHFXUVLYH EORFN VWUXFWXUH� $Q RUGHULQJ RI WKLV NLQG SURYLGHV LQFUHDVHG XQGHUVWDQGLQJ RI WKH

PRGHO VWUXFWXUH DQG SURYLGHV HIILFLHQW VROXWLRQ� 7KH UHFXUVLYH EORFN RUGHULQJ IRU WKH V\VWHP LV IRUPHG E\ RSHUDWLRQV

RQ WKH �DGMDFHQF\� PDWUL[ RI WKH V\VWHP� D PDWUL[ RI RQHV DQG ]HURHV UHODWLQJ WKH GHSHQGHQW YDULDEOHV LQ WKH V\VWHP WR

WKH HTXDWLRQV LQ ZKLFK WKH\ DSSHDU�

6HH 6WHZDUG ������ IRU IXUWKHU H[SODQDWLRQ RI WKLV SURFHGXUH DQG IRU GHWDLOV RI WKH VSHFLILF DOJRULWKP HPSOR\HG LQ

REWDLQLQJ WKH RUGHULQJ� 7KH PHWKRG LQYROYHV YLHZLQJ WKH DGMDFHQF\ PDWUL[ DV D QHWZRUN DQG V\VWHPDWLFDOO\ VHHNLQJ

FORVHG ORRSV WKDW GHILQH V\VWHPV RI VLPXOWDQHRXV HTXDWLRQV�

7KH RXWSXW IRU WKH 02'(/ H[DPSOH DERYH ZRXOG EH WKH IROORZLQJ�

7KH FROXPQ ODEHOHG %ON VKRZV WKH QXPEHU RI HDFK EORFN RI HTXDWLRQV DQG WKH W\SH �6 IRU VLPXOWDQHRXV DQG 5 IRU

UHFXUVLYH�� 7KH ;
V PDUN WKH HTXDWLRQV LQ ZKLFK HDFK GHSHQGHQW YDULDEOH DSSHDUV�
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%HFDXVH WKLV PRGHO LV FRPSOHWHO\ VLPXOWDQHRXV H[FHSW IRU WKH FDSLWDO VWRFN HTXDWLRQ� WKHUH LV RQH EORFN ZLWK VL[

HTXDWLRQV� IROORZHG E\ WKH HTXDWLRQ WKDW GHWHUPLQHV WKH QHZ OHYHO RI FDSLWDO VWRFN IURP LQYHVWPHQW� 7KLV ODVW HTXDWLRQ

FRXOG EH OHIW RXW RI WKH PRGHO ZLWKRXW DIIHFWLQJ WKH UHVXOWV LQ DQ\ ZD\� VLQFH WKH OHYHO RI WKH FDSLWDO VWRFN KDV QR LPSDFW

RQ RXWSXW LQ WKLV YHUVLRQ RI WKH PRGHO�

+DYLQJ RUGHUHG WKLV PRGHO� WKH SURFHGXUH WKHQ SXWV WKH RUGHUHG OLVW RI HTXDWLRQV DQG YDULDEOHV XQGHU WKH QDPH ./(,1&�

��������� 6ROXWLRQ� 62/9(

62/9( FDXVHV WKH PRGHO VDYHG E\ D 02'(/ VWDWHPHQW WR EH VROYHG� 7KH RQO\ UHTXLUHG DUJXPHQW LV WKH QDPH RI WKH

RUGHUHG PRGHO� )RU HDFK WLPH SHULRG LQ WKH VDPSOH� HDFK EORFN LV VROYHG VHSDUDWHO\ LQ WKH RUGHU GHWHUPLQHG E\ 02'(/�

7KH UHFXUVLYH EORFNV DUH DOZD\V VROYHG LQ RQH LWHUDWLRQ YLD WKH HTXLYDOHQW RI *(15� 7KUHH PHWKRGV DUH SURYLGHG IRU

VROYLQJ WKH VLPXOWDQHRXV EORFNV� WKH *DXVV�6HLGHO� -DFREL� DQG )OHWFKHU�3RZHOO DOJRULWKPV�

��������� *DXVV�6HLGHO DQG -DFREL PHWKRGV

6ROXWLRQ E\ WKH *DXVV�6HLGHO PHWKRG LV WKH GHIDXOW� DQG LW FRXOG EH LQYRNHG IRU WKH .OHLQ PRGHO LQ WKH IROORZLQJ ZD\

�7$* LV RSWLRQDO��

62/9(�7$* 6� ./(,1&�

7KH RSWLRQ 0(7+2' -$&2%, VSHFLILHV WKDW D YDULDQW RI WKH *DXVV�6HLGHO PHWKRG FDOOHG WKH -DFREL PHWKRG �VHH SS�

������� RI 2UWHJD DQG 5KHLQEROGW� LV WR EH XVHG� 7KLV PHWKRG GRHV QRW XSGDWH WKH HQGRJHQRXV YDULDEOHV LPPHGLDWHO\

ZKLOH WKH VLPXOWDQHRXV EORFN LV EHLQJ FRPSXWHG� EXW ZDLWV XQWLO WKH EHJLQQLQJ RI WKH QH[W LWHUDWLRQ DQG XSGDWHV WKHP

DOO DW RQFH�

��������� )OHWFKHU�3RZHOO PHWKRG

7R XVH WKH )OHWFKHU�3RZHOO PHWKRG WR VROYH WKH VLPXOWDQHRXV EORFNV RI D PRGHO� LQFOXGH WKH 0(7+2' )/32: RSWLRQ

LQ 62/9(�

62/9(�0(7+2' )/32:� ./(,1& �

7KH )OHWFKHU�3RZHOO PHWKRG LV GHVFULEHG LQ )OHWFKHU DQG 3RZHOO ������� LW LV XVHIXO ZKHQ WKH *DXVV�6HLGHO PHWKRG GRHV

QRW FRQYHUJH� ,W XVHV QXPHULF GHULYDWLYHV ZLWK UHVSHFW WR WKH HQGRJHQRXV YDULDEOHV �DV RSSRVHG WR 6,0/� ZKLFK XVHV

DQDO\WLF GHULYDWLYHV��

��������� ([DPSOH� D ���HTXDWLRQ PRGHO

([DPSOH ��� VKRZV D VDPSOH 763 MRE IRU WKH VROXWLRQ RI D UDWKHU FRPSOH[ ���HTXDWLRQ PRGHO ZLWK � VWUXFWXUDO HTXDWLRQV

DQG �� LGHQWLWLHV� 7KH ILUVW WKUHH SDJHV VKRZ WKH 763 LQSXW IRU WKH PRGHO�

7KH GDWD ��� REVHUYDWLRQV LQ WKH H[DPSOH� DUH UHDG IURP DQ H[WHUQDO ILOH� � YDULDEOHV SHU UHFRUG� �� UHFRUGV SHU

REVHUYDWLRQ� 6RPH QRUPDOL]LQJ FRQVWDQWV DUH GHILQHG�

7KH LGHQWLWLHV DUH VSHFLILHG� QRWH WKDW WKH HTXDWLRQV DUH QRUPDOL]HG� L�H�� WKHUH LV RQO\ RQH HQGRJHQRXV YDULDEOH RQ WKH

OHIW�KDQG VLGH RI HDFK HTXDWLRQ� DQG HDFK HQGRJHQRXV YDULDEOH DSSHDUV RQO\ RQFH RQ WKH OHIW�KDQG VLGH� 7KH VL[

EHKDYLRUDO HTXDWLRQV DUH GHILQHG� WRJHWKHU ZLWK SDUDPHWHU YDOXHV SUHYLRXVO\ HVWLPDWHG E\ ),0/ RYHU WKH ZKROH VDPSOH�

7KH HQGRJHQRXV YDULDEOHV DQG HTXDWLRQ QDPHV DUH SXW LQWR /,67V�

02'(/ LV H[HFXWHG WR SURGXFH D FROOHFWHG PRGHO� 75$'(&� WR EH LQSXW WR 62/9(� :H VKRZ WKH RXWSXW RI 02'(/

RQ WKH IROORZLQJ SDJH� 7KLV RXWSXW VKRZV WKH EHVW RUGHU RI VROXWLRQ RI WKH PRGHO� WKH SURFHGXUH KDV GHWHUPLQHG WKDW

WKH ILUVW � HTXDWLRQV DUH UHFXUVLYH� WKH QH[W �� DUH D VLPXOWDQHRXV EORFN� DQG WKH ODVW � DUH UHFXUVLYH RQFH WKH SUHYLRXV
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1RWH� 7KH ���� DQG ���� GHILQLWLRQV RI 8 GLIIHU� 3LQG\FN DQG 5XELQIHOG XVH WKH ���� GHILQLWLRQ� 763 SULQWV ERWK

YHUVLRQV RI 8�

�� KDYH EHHQ VROYHG�

$Q LQVSHFWLRQ RI WKH PRGHO FRQILUPV WKLV� WKH ILUVW � HTXDWLRQV LQYROYH RQO\ H[RJHQRXV DQG ODJJHG HQGRJHQRXV

YDULDEOHV� HTXDWLRQ ,'),2 LQYROYHV 9 DQG 1� DOUHDG\ GHWHUPLQHG E\ ,'9 DQG ,')�� HTXDWLRQ ,'5. LQYROYHV 53� DOUHDG\

GHWHUPLQHG E\ ,'53� 7KHQ ZH VWDUW WKH VLPXOWDQHRXV EORFN� )ROORZLQJ WKLV EORFN LV D VHULHV RI HTXDWLRQV WKDW DUH

HVVHQWLDOO\ VXSHUIOXRXV WR WKH PRGHO� WKH ZKROH WKLQJ FRXOG EH VROYHG ZLWKRXW WKH ODVW UHFXUVLYH VHFWLRQ DQG WKHQ WKHVH

HTXDWLRQV FRXOG EH FRPSXWHG XVLQJ VLPSOH *(15V �LQ WKH RUGHU OLVWHG��

7KH IROORZLQJ SDJH VKRZV WKH VWDUW RI WKH VROXWLRQ SURFHGXUH� 5HFXUVLYH EORFNV DOZD\V WDNH RQO\ RQH LWHUDWLRQ� VR QR

PHVVDJH LV SULQWHG� WKH FRQYHUJHQFH PHVVDJHV VKRZQ FRUUHVSRQG WR WKH VLPXOWDQHRXV EORFNV IRU WKH WZR SHULRGV� ,I ZH

KDG XVHG WKH 35,17 RSWLRQ� WKHUH ZRXOG DOVR EH D SULQWRXW RI 665 �VXP RI VTXDUHG UHVLGXDOV� VKRZLQJ WKH JROGHQ

VHFWLRQ VWHSVL]H VHDUFK PHWKRG VHDUFKLQJ IRU WKH RSWLRQDO VWHSVL]H IRU HDFK )OHWFKHU�3RZHOO LWHUDWLRQ RQ WKH VLPXOWDQHRXV

EORFN� 8QOLNH WKH TXDVL�1HZWRQ PLQLPL]DWLRQ PHWKRGV XVHG HOVHZKHUH LQ 763� WKH )OHWFKHU�3RZHOO DOJRULWKP GRHV QRW

KDYH D QDWXUDO VWHSVL]H RI DSSUR[LPDWHO\ XQLW\�

����� 'LVSOD\LQJ DQG HYDOXDWLQJ D IRUHFDVW� $&7),7

7KH ILUVW VWHS LQ HYDOXDWLQJ D IRUHFDVW LV SUREDEO\ WR SULQW RU SORW LW� ,I \RX DUH XVLQJ WKH VLQJOH HTXDWLRQ )25&67� WKLV

LV HDVLO\ DFFRPSOLVKHG E\ LQFOXGLQJ WKH 35,17 RSWLRQ RQ WKH VWDWHPHQW�

)25&67�35,17� 6$/(6) �

7KLV RSWLRQ SULQWV LQIRUPDWLRQ DERXW WKH HTXDWLRQ LW LV XVLQJ IRU WKH IRUHFDVW DQG D WLPH VHULHV SORW RI WKH IRUHFDVWHG

YDULDEOH RYHU WKH WLPH SHULRG LQ TXHVWLRQ� 7KH SORW DOVR VKRZV WKH YDOXHV RI WKH YDULDEOH RQ WKH ULJKW�KDQG VLGH� 2Q D

3&� WR VHH D KLJK�UHVROXWLRQ JUDSKLFV SORW XVH WKH FRPPDQG �

3/27 6$/(6 6$/(6) �

,I \RX XVH 62/9( RU 6,0/ WR REWDLQ WKH IRUHFDVW� SORWWLQJ ZLOO QRW EH DXWRPDWLFDOO\ DYDLODEOH� DOWKRXJK \RX FDQ REWDLQ

D WDEOH RI WKH VROYHG YDOXHV E\ XVH RI WKH 3516,0 RSWLRQ� 7R JHW SORWV� VDYH WKH VLPXODWHG YDOXHV ZLWK D 7$* RSWLRQ

�IRU H[DPSOH� &;6� ,6� HWF�� DQG XVH WKH 3/27 SURFHGXUH GHVFULEHG LQ &KDSWHU ��

3/27 &; $ &;6 6 � " KDUGFRS\

3/27 &; &;6 � " KLJK�UHVROXWLRQ JUDSKLFV

7KLV H[DPSOH DVVXPHV WKDW WKH VLPXODWLRQ KDV EHHQ GRQH RYHU D KLVWRULFDO SHULRG� VR WKDW ERWK DFWXDO �&;� DQG VROYHG

�&;6� YDOXHV RI FRQVXPSWLRQ DUH DYDLODEOH DQG PD\ EH SORWWHG RQ WKH VDPH VFDOH IRU FRPSDULVRQ� 2I FRXUVH� LI \RX GLG

QRW NQRZ &; IRU WKH IRUHFDVWLQJ SHULRG� \RX FRXOG VLPSO\ SORW &;6�

6WDQGDUG UHIHUHQFHV IRU WKH HYDOXDWLRQ RI IRUHFDVWV DUH� 7KHLO ����� DQG ����� DQG 3LQG\FN DQG 5XELQIHOG �������

6RPH RI WKH PHDVXUHV GLVFXVVHG E\ 7KHLO LQ &KDSWHU � RI KLV ���� ERRN KDYH EHHQ LQFRUSRUDWHG LQWR 763 LQ WKH $&7),7

SURFHGXUH� <RX FDQ XVH WKLV SURFHGXUH WR FRPSXWH D VHW RI VWDWLVWLFV VXFK DV WKH URRW PHDQ VTXDUH HUURU� WKH LQHTXDOLW\

FRHIILFLHQW �8�� DQG D GHFRPSRVLWLRQ RI WKH VRXUFHV RI IRUHFDVW HUURU� 7KH FRPPDQG LV

$&7),7 &; &;6 �

2QFH DJDLQ� WKH KLVWRULFDO YDOXHV RI WKH YDULDEOH DUH UHTXLUHG WR PDNH WKLV FRPSDULVRQ� ,I WKH RSWLRQ 3/276 KDV EHHQ

WXUQHG RQ� $&7),7 DOVR SORWV WKH WZR YDULDEOHV DQG WKHLU GLIIHUHQFH�



����)RUHFDVWLQJ�DQG�0RGHO�6LPXODWLRQ

���

352*5$0

/,1( 
� 237,216 &57 12'$7(�
� 1$0( 75$'(62/ 
�� (4 75$'( 02'(/ � 62/9( :,7+ )/(7&+(5�32:(// 0(7+2'
 �
� "
� " 5($' ,1 7+( '$7$ )25 7+( 75$'( 02'(/ )520 7+( ),/( 75$'62/�'$7
� "
� )5(4 $ � 603/ �� �� �
� 5($' �),/( 
75$'(62/�'$7
�)250$7 
��*�����
�
� $&'3 $. $.' $./ && &(
� &* '* '/'7 '3 '5 (
� (, (- (/ (5 (7 (;
� * +/7 +5 , ,* ,0
� . .' / /' /( /*
� /+ /- /5 /8 0 1
� 15( 1: 3 3& 3&( 3&*
� 3'3 3(; 3) 3* 3, 3,*
� 3,0 3.' 3/ 3/' 3/( 3/*
� 3/5 35 5 5'3 5( 5,0 5.
� 5/ 53 57 59 5: 6+5&
� 6+5'3 6+5(; 6+5)& 6+5,0 6+5.' 7
� 7'3 7,0 7. 7/ 73 79
� 7: 9 9&5 9,5 : �
� " 6(7 7+( &2167$176 $1' 3$5$0(7(56 )25 7+( 581�
� "
� 6(7 1.' ��������� �
� 6(7 1/' ��������� �
� 6(7 1,0 ������ �
� 6(7 1'3 ��������� �
� 6(7 1(; ������ �
�� 6(7 17 ��� �
�� 6(7 1/ ������ �
�� "
�� " (48$7,216 2) 7+( �� (48$7,21 02'(/�
�� "
�� ,'(17 ,'6'3 '3 6+5'33/'/'�3'3 �
�� ,'(17 ,'6,0 3/ 3/�6+5,0�3,0,0��3/'/'� �
�� ,'(17 ,'6.' / /�6+5.'�3.'.'��3/'/'� �
�� ,'(17 ,'6& 3& �3//-6+5&���&&���6+5&�� �
�� ,'(17 ,'6)& && �6+5)&���1:�:�����3//-��3& �
�� ,'(17 ,')� 3'3 3&�$&'3 �
�� ,'(17 ,')� /- /+�/ �
�� ,'(17 ,')� 1 �03,$./�3,����$.�����3,$./
�� �����7.���3.'$.'��733,����
�� $.����������3,����$.����� �
�� ,'(17 ,')�� 1: ��9�13,����$.����.���� � �3,$./�3,����$.�����.����
�� ����79��(,�9&5�9,5�15(��(-�59�7::��������:����� �
�� ,'(17 ,')�� 3(; ��3'3'3�3/'/'�3.'.'�3,0,0��(; �
�� ,'(17 ,')�� ,0  ����7'3�3'3'3�3&&&�3&(&(�3&*&*�3,*,*�3,,��
�� ��7,03,0� �
�� ,'(17 ,')�� 3/' �3//����7/��3/(/(�3/*/*�3/5/5��/' �
�� ,'(17 ,')�� /' /��/(�/*�/5�/8� �
�� ,'(17 ,')�� 5 �3(;(;�3,0,0�9&5�9,5�3/5/5�(5�+5�15(�(7��35�5���� �
�� ,'(17 ,''* '* (�(/�(5�(,�(-��5'3�5,0�53�5.�5/�5:�57�5(�59��
�� ,'(17 ,''5 '5 3(;(;�3,0,0�9&5�9,5�(5�+5�3/5/5�15( �
�� ,'(17 ,'( ( 3&*&*�3,*,*�3/*/* �
�� ,'(17 ,'* * �'*�(7��3*�*���� �
�� ,'(17 ,'.' .' $.'.�����
�� ,'(17 ,'3) 3) 3)����(;3�����
�� ��3&&&���3&&&�3//-���3&����&&������
�� �3&����&&�����3/����/-������
�� /2*�3&�3&�����
�� ���3//-���3&&&�3//-���3/����/-������
�� �3&����&&�����3/����/-������
�� /2*�3/�3/������� �
�� ,'(17 ,'5'3 5'3 7'33'3'3 �
�� ,'(17 ,'5( 5( 3&(&(�3/(/( �
�� ,'(17 ,'5,0 5,0 7,03,0,0 �
�� ,'(17 ,'5. 5. 7.�3.'.'�53��79�(,�9&5�9,5�15(��

(ZCORNG ����� 6KOWNCVKQP QH C 0GFKWO�UK\GF 7TCFG 0QFGN(ZCORNG ����� 6KOWNCVKQP QH C 0GFKWO�UK\GF 7TCFG 0QFGN



$GYDQFHG�0HWKRGV

���

�� ,'(17 ,'5/ 5/ 7/�3/'/'�3/(/(�3/*/*�3/5/5��
�� ,'(17 ,'53 53 733,����$.����.�����
�� ,'(17 ,'5: 5: 7::�����
�� ,'(17 ,'9 9 �3,$./�3,����$.�����.������3*�3*�����*����
�� ��35�35�����5�����
�� "
�� " %(+$9,25$/ (48$7,216 )25 7+( &2168037,21 6,'( 2) 7+( 02'(/ $1' 7+(,5
3$5$0(7(5 (67,0$7(6�
�� " 63(&,),&$7,21� 6<00(75,&� &219(;,7< ,0326('
�� "
�� )50/ ,17(5� 6+5)&
��  ��$;��%21/2*��3)3��
�� ����1:�:�����/'$�(/�+5�57��'(/3//+��
�� �%27�7�17���
�� ����%11/2*��3)3��
�� ����1:�:�����/'$�(/�+5�57��'(/3//+��
�� �%17�7�17���
�� ����/'$�(/�+5�57��'(/3//+������1:�:�������
�� )50/ ,175$� 6+5& $&�%&&/2*�3&��3/�1/�� �
�� 3$5$0 $;� �������� %21 ��������� /'$ ������� '(/ �������
�� %11 �������� %17 ��������� %27 ���������� �
�� 3$5$0 $& ������� %&& �������� �
�� "
�� " %(+$9,25$/ (48$7,216 )25 7+( 352'8&7,21 6,'( 2) 7+( 02'(/ $1'
�� " 7+(,5 3$5$0(7(56�
�� "
�� )50/ &2'3 6+5'3 $'3��/'3.''.'�$.6$'3�/2*��.'1(;���1.'(;��
�� ��/'3.'/'3.''.'�/'3,0/'3,0',0�''3
�� �$'3�$'3����/2*��'31(;���1'3(;��
�� �%'37�7�17��
�� )50/ &2.' 6+5.' $.6��'.'�$.6�$.6����/2*��.'1(;���1.'(;��
�� ��/,0.''.'�$.6$,0�/2*��,01(;���1,0(;��
�� ��/'3.''.'�$.6$'3�/2*��'31(;� ��1'3(;���%.'7�7�17��
�� )50/ &2,0 6+5,0 $,0��/,0.''.'�$.6$,0�/2*��.'1(;���1.'(;��
�� ��/,0.'/,0.''.'�',0�$,0�$,0����/2*��,01(;���1,0(;��
�� ��/'3.'/,0.''.'�/'3,0',0�$,0$'3�/2*��'31(;��
�� �1'3(;���%,07�7�17� �
�� )50/ &27 '/'7 $7�%.'7/2*��.'1(;���1.'(;���
�� %,07/2*��,01(;���1,0(;��
�� �%'37/2*��'31(;���1'3(;���%77�7�17��
�� 3$5$0 $7 ������� %77 �������� �
�� 3$5$0 $.6 ������ '.' ����� /,0.' ����� $,0 ������
�� /'3.' ������ $'3 ����� �
�� 3$5$0 %.'7 ������ ',0 ������ /'3,0 ������ %,07 �����
�� ''3 ����� %'37 ����� �
�� "
�� " 7+,6 ,6 7+( /,67 2) (1'2*(1286 9$5,$%/(6 ,1 7+( 02'(/�
�� "
�� /,67 (1'2*/ ( .' 5( 53 5: 9 1 1: 5.
�� /- /' 3'3 6+5& && 3) 3/' 6+5'3 6+5.' 6+5,0
�� / 3/ '3 6+5)& 3&
�� 3(; 5 '/'7 '5 5'3 5,0 5/ '* * �
�� "
�� " 7+,6 ,6 7+( /,67 2) (48$7,216 ,1 7+( 02'(/� 7+( 25'(5 &255(6321'6
�� " 72 7+( 25'(5 2) 62/87,21 '(6,5('�
�� /,67 75$'(0 ,'( ,'.' ,'5( ,'53 ,'5: ,'9 ,')� ,')�� ,'5.
�� ,')� ,')�� ,')� ,175$� ,'6)& ,'3) ,')��
�� &2'3 &2.' &2,0
�� ,'6.' ,'6,0 ,'6'3 ,17(5� ,'6&
�� ,')�� ,')�� &27 ,''5 ,'5'3 ,'5,0 ,'5/ ,''* ,'* �
�� "
�� " 7+,6 &2//(&7,21 2) 7+( 02'(/ ,6 683(5)/8286 6,1&( :( +$9( $/5($'<
�� " $&+,(9(' 7+( '(6,5(' 25'(5,1*�
�� "
�� &2/(&7 75$'(0 (1'2*/ 75$'(& �
�� 603/ �� �� �
�� 62/9(�67$7,&�0(7+2' )/32:�7$* )�0$;,7 ��� 75$'(& �
�� 6723 � (1' �

(;(&87,21


(ZCORNG ����� �EQPVKPWGF� RCIG ���(ZCORNG ����� �EQPVKPWGF� RCIG ���



����)RUHFDVWLQJ�DQG�0RGHO�6LPXODWLRQ

���

&WTTGPV UCORNG� ���� VQ ����

%NQEM UVTWEVWTG QH 75$'(&

������������������������
%NM (S� (SWCVKQP 'GR�9CT� ���������������������������������
�5 � ,'( ( ;
�5 � ,'.' .' ;
�5 � ,'5( 5( ;
�5 � ,'53 53 ;
�5 � ,'5: 5: ;
�5 � ,'9 9 ;
�5 � ,')� 1 ;
�5 � ,')�� 1: ;;;
�5 � ,'5. 5. ; ; ;
�6 �� ,')� /- ; ;
�6 �� ,')�� /' ; ;
�6 �� ,')� 3'3 ; ;
�6 �� ,175$� 6+5& ; ; ;
�6 �� ,'6)& && ; ; ; ; ;;
�6 �� ,'3) 3) ; ;; ; ;
�6 �� ,')�� 3/' ; ; ;;
�6 �� &2'3 6+5'3 ; ; ;
�6 �� &2.' 6+5.' ; ; ;
�6 �� &2,0 6+5,0 ; ; ;
�6 �� ,'6.' / ; ; ; ; ;
�6 �� ,'6,0 3/ ; ; ; ;
�6 �� ,'6'3 '3 ;; ;; ;
�6 �� ,17(5� 6+5)& ; ; ; ;
�6 �� ,'6& 3& ; ;; ; ;
�5 �� ,')�� 3(; ; ;; ; ; ;
�5 �� ,')�� 5 ;;
�5 �� &27 '/'7 ; ; ;
�5 �� ,''5 '5 ; ;
�5 �� ,'5'3 5'3 ; ; ;
�5 �� ,'5,0 5,0 ;
�5 �� ,'5/ 5/ ; ; ;
�5 �� ,''* '* ; ;;; ; ;;;;
�5 �� ,'* * ;;

&WTTGPV UCORNG� ���� VQ ����

6,08/$7,21 2) 7+( 02'(/ 75$'(&
                              

237,216 )25 7+,6 5287,1(
                        

&219�  ��������� &219�  ���������� '(%8*  )$/6(
'<1$0  )$/6( ,7(50;  �� .,//  )$/6(

0$;,7  �� 0$;357  � 0(7+2'  )/32:
35,17  )$/6( 351'$7  )$/6( 3515(6  )$/6(
3516,0  758( 5(6,'8  )$/6( 62/1$0  )
67$7,&  758( 7$*  ) 72/  ���������

180%(5 2) (48$7,216 ,1 7+( 02'(/  ��
180%(5 2) %/2&.6 ,1 7+( 02'(/  �

%/2&. � 180%(5 2) (48$7,216

� �
� ��
� �

(ZCORNG ����� �EQPVKPWGF� RCIG ���(ZCORNG ����� �EQPVKPWGF� RCIG ���



$GYDQFHG�0HWKRGV

���

) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 ������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 ������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 ������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������(���
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������(���
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������(���
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������(���
) �������(��� )1(: �������(��� ,64= �� 67(3 �������(��� &5,7 �������(���
) �������(��� )1(: �������(��� ,64= �� 67(3 �������(��� &5,7 �������(���
) �������(��� )1(: �������(��� ,64= �� 67(3 �������(��� &5,7 �������(���
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������(���

&219(5*(1&( $&+,(9(' $)7(5 �� ,7(5$7,216�

) ������ )1(: �������(��� ,64= �� 67(3 �������(��� &5,7 ������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 ������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 ������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������(���
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������(���
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������(���
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������(���
) �������(��� )1(: �������(��� ,64= �� 67(3 �������(��� &5,7 �������(���
) �������(��� )1(: �������(��� ,64= �� 67(3 �������(��� &5,7 �������(���
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������(���
) �������(��� )1(: �������(��� ,64= � 67(3 �������(��� &5,7 �������(���

&219(5*(1&( $&+,(9(' $)7(5 �� ,7(5$7,216�
7+( 62/9(' 9$5,$%/(6 $5( 6725(' :,7+ $ 7$*� )

6,08/$7,21 5(68/76

( .' 5( 53 5:
���� ��������� ��������� ������� �������� �������
���� ��������� ��������� ������� �������� �������

9 1 1: 5. /-
���� �������� �������� �������� �������� ����������
���� �������� �������� �������� �������� ����������

/' 3'3 6+5& && 3)
���� ��������� ������� ������� ��������� �������
���� ��������� ������� ������� ��������� �������

3/' 6+5'3 6+5.' 6+5,0 /
���� ������� ������� �������� ��������� ���������
���� ������� ������� �������� ��������� ���������

3/ '3 6+5)& 3& 3(;
���� ������� ��������� ������� ������� �������
���� ������� ��������� ������� ������� �������

5 '/'7 '5 5'3 5,0
���� �������� ��������� ������� �������� �������
���� �������� ��������� ������� �������� �������

5/ '* *
���� �������� ������� ���������
���� �������� ������� ���������

(ZCORNG ����� �EQPVKPWGF� RCIG ���(ZCORNG ����� �EQPVKPWGF� RCIG ���



����)RUHFDVWLQJ�DQG�0RGHO�6LPXODWLRQ

���

����� 0RQWH &DUOR 6LPXODWLRQ� 5$1'20
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VLPXODWLRQ PRGHO WR FRPSXWLQJ ERRWVWUDS VWDQGDUG HUURUV ZKHQ DQDO\WLF IRUPXODV DUH QRW DYDLODEOH� 7KLV W\SH RI

SURFHGXUH LV RIWHQ UHIHUUHG WR DV 0RQWH &DUOR DQDO\VLV� DQG LV HDVLO\ SURJUDPPHG LQ 763� )RU H[DPSOH� WR GUDZ D VHULHV
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7R GUDZ � VHULHV ;�� ;�� ;� WKDW KDYH D PXOWLYDULDWH QRUPDO GLVWULEXWLRQ ZLWK PHDQ ;0($1 �D OHQJWK � YHFWRU� DQG
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7ZR XVHIXO H[DPSOHV DSSHDU LQ &KDSWHU �� LQ VHFWLRQ ������ ZH VLPXODWH DQ $5&+ PRGHO XVLQJ WKH VWDQGDUG QRUPDO
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9DOXH 'LVWULEXWLRQ >H[S��H[S��X��@�
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