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7KH DQDO\VLV RI GLVFUHWH WLPH VHULHV GDWD LV FHQWUDO WR HFRQRPHWULFV� SDUWLFXODUO\ PDFURHFRQRPHWULFV� 7KH QDPH 763 LWVHOI

�7LPH 6HULHV 3URFHVVRU� UHFRJQL]HV WKLV IDFW� $OO SURFHGXUHV LQ 763 DUH GHVLJQHG WR RSHUDWH RQ WLPH VHULHV DV ZHOO DV

RQ RWKHU NLQGV RI GDWD� 7KLV FKDSWHU GHVFULEHV WKH SURFHGXUHV LQ 763 VSHFLILF WR WLPH VHULHV GDWD� DQG JLYHV VRPH KLQWV

RQ ZRUNLQJ ZLWK VXFK GDWD�

<RX KDYH DOUHDG\ HQFRXQWHUHG WKH VLPSOHVW RI VXFK SURFHGXUHV LQ $5�� WKH $OPRQ DQG 6KLOOHU GLVWULEXWHG ODJ YDULDEOHV�

DQG WKH 'XUELQ�:DWVRQ DQG 'XUELQ ������ WHVW SURFHGXUHV IRU DXWRFRUUHODWLRQ RI WKH GLVWXUEDQFHV RI D UHJUHVVLRQ PRGHO�

7KLV FKDSWHU GHVFULEHV PDQ\ PRUH� LGHQWLILFDWLRQ� HVWLPDWLRQ� DQG VLPXODWLRQ RI D VLPSOH WLPH VHULHV SURFHVV XVLQJ

%R[�-HQNLQV WHFKQLTXHV� HVWLPDWLRQ RI D YHFWRU �WKH 9$5 SURFHGXUH�� HVWLPDWLRQ RI *$5&+�0 �*HQHUDOL]HG $XWR�

5HJUHVVLYH &RQGLWLRQDO +HWHURVNHGDVWLFLW\ ZLWK D FRQGLWLRQDO 0HDQ WHUP� PRGHOV� HVWLPDWLRQ ZLWK D .DOPDQ )LOWHU� DQG

WHVWLQJ IRU XQLW URRWV DQG FRLQWHJUDWLRQ �&2,17�81,7��

:H ILUVW UHYLHZ WKH EDVLFV RI WLPH VHULHV LQ 763 �VXFK DV RSHUDWLRQV RQ ODJV DQG OHDGV�� DQG WKHQ GLVFXVV PHWKRGV IRU

HVWLPDWLQJ D VLQJOH WLPH VHULHV SURFHVV XVLQJ WKH %R[�-HQNLQV �$5,0$� PHWKRGRORJ\� 7KLV LV IROORZHG E\ GHVFULSWLRQV

RI WZR RWKHU PRGHOV WKDW KDYH UHFHQWO\ EHHQ ZLGHO\ XVHG LQ WKH HVWLPDWLRQ RI WLPH VHULHV PRGHOV� WKH *$5&+�0 PRGHO�

ZKLFK DOORZV IRU FRQGLWLRQDO KHWHURVNHGDVWLFLW\ RI WKH GLVWXUEDQFHV� DQG WKH .DOPDQ )LOWHU PRGHO� ZKLFK LV D IRUP RI

WLPH�YDU\LQJ SDUDPHWHU PRGHO� :H WKHQ GLVFXVV WKH XVH RI YHFWRU DXWRUHJUHVVLRQV �9$5V� WR HVWLPDWH G\QDPLF OLQHDU

UHODWLRQVKLSV DPRQJ VHYHUDO WLPH VHULHV YDULDEOHV� 7KH ODVW VXEMHFW LV XQLW URRW DQG FRLQWHJUDWLRQ WHVWLQJ�

����� 7HFKQLTXHV IRU WLPH VHULHV GDWD

&KDSWHU � LQWURGXFHG WKH EDVLF IHDWXUHV WKDW PDNH WLPH VHULHV GDWD HDV\ WR KDQGOH LQ 763� WKH )5(4 FRPPDQG DQG

ODJJHG YDULDEOHV� 7KLV VHFWLRQ UHYLHZV WKHVH FRQFHSWV DQG JLYHV D ELW PRUH LQIRUPDWLRQ RQ XVLQJ WLPH VHULHV LQ 763�

)5(4� ZKLFK VSHFLILHV WKH IUHTXHQF\ RI WLPH VHULHV GDWD� HQDEOHV \RX WR VSHFLI\ REVHUYDWLRQV XVLQJ D FRQYHQLHQW GDWH

IRUPDW VXFK DV ���� IRU WKH �WK TXDUWHU RI ���� �UDWKHU WKDQ KDYLQJ WR XVH WKH VHTXHQFH QXPEHU RI WKH REVHUYDWLRQ��

&XUUHQWO\� 763 DOORZV WKH XVH RI DQQXDO� TXDUWHUO\� PRQWKO\� ZHHNO\ RU XQGDWHG GDWD� $ IUHTXHQF\ LV D FKDUDFWHULVWLF

SHUPDQHQWO\ DWWDFKHG WR HDFK WLPH VHULHV �DQG VWRUHG ZLWK WKH VHULHV LQ DQ\ GDWDEDQN�� VR WKDW 763 FDQ DOZD\V FKHFN WKDW

\RX DUH XVLQJ VHULHV WKDW FRQIRUP �DUH RI WKH VDPH IUHTXHQF\� WR WKH FXUUHQW ZRUNLQJ )5(4 DQG 603/ \RX KDYH

VSHFLILHG� <RX FDQ FRQYHUW VHULHV IURP RQH IUHTXHQF\ WR DQRWKHU ZLWK WKH &219(57 FRPPDQG �VHH 6HFWLRQ ��������

,W LV HDV\ WR OHDG RU ODJ D YDULDEOH LQ 763� 7KH QRWDWLRQ ;����� ;����� HWF� PHDQV WKH REVHUYDWLRQ RQ ; LV RQH� WZR� RU

PRUH SHULRGV SULRU WR WKH FXUUHQW RQH� ,Q FRPSXWLQJ WKLV� WKH FXUUHQW 603/ LV LJQRUHG� 7KDW LV� LI WKH 603/ LV ���� WR

����� ���� WR ����� WKH YDOXH RI ;���� LQ ���� LV WKDW IRU ����� QRW WKDW IRU ����� ,Q WKLV FDVH� LI \RX VSHFLI\ ;���� DQG

WKH REVHUYDWLRQ IRU ���� LV PLVVLQJ� \RX ZLOO UHFHLYH D ZDUQLQJ IRU VRPH SURFHGXUHV DQG DQ HUURU IRU RWKHUV� 7KLV FDQ

FDXVH VRPH FRQIXVLRQ� VLQFH WKH PLVVLQJ REVHUYDWLRQ LV RXWVLGH WKH FXUUHQW VDPSOH�

7KH QRWDWLRQ ;���� RU ;��� GHQRWHV WKH REVHUYDWLRQ RQ ; RQH SHULRG DIWHU WKH FXUUHQW RQH� 0LVVLQJ YDOXHV DUH KDQGOHG

LQ WKH VDPH ZD\ DV IRU ODJV� 2QH IHDWXUH RI 763 \RX PD\ ILQG XVHIXO LI \RX ZDQW WR LQFOXGH PDQ\ ODJV LQ D UHJUHVVLRQ RU

RWKHU SURFHGXUH LV WKH DELOLW\ WR VSHFLI\ D YDULDEOH OLVW ZLWK ODJV� )RU H[DPSOH� WKH H[SUHVVLRQ ;�����;����� PHDQV DOO WKH

YDULDEOHV ;���� ;���� ;���� ���;����� ;������ 6HH /,67 LQ WKH 5HIHUHQFH 0DQXDO IRU PRUH RQ VSHFLI\LQJ YDULDEOH OLVWV�

������� &KDQJLQJ WKH IUHTXHQF\ RI D VHULHV� &219(57

6RPHWLPHV GDWD LV RUJDQL]HG DV PRQWKO\ REVHUYDWLRQV EXW WKH EHVW IUHTXHQF\ IRU DQDO\VLV LV TXDUWHUO\� 2U SHUKDSV VRPH

RI \RXU VHULHV DUH TXDUWHUO\ EXW RQH VHULHV LV DYDLODEOH RQO\ DQQXDOO\� 7KH &219(57 SURFHGXUH FDQ FKDQJH D VHULHV

IUHTXHQF\ WR D QHZ IUHTXHQF\� ,W XVHV RQH RI VHYHUDO PHWKRGV� DYHUDJLQJ WKH GDWD �WKH GHIDXOW�� FKRRVLQJ WKH ILUVW� ODVW�

RU PLGGOH REVHUYDWLRQV� RU VXPPLQJ WKH GDWD� (DFK PHWKRG LV DSSURSULDWH IRU GLIIHUHQW NLQGV RI GDWD� $ IORZ YDULDEOH

VXFK DV LQYHVWPHQW ZRXOG EH VXPPHG WR REWDLQ WKH WRWDO LQYHVWPHQW LQ WKH QHZ ORQJHU SHULRG� EXW D VWRFN YDULDEOH PLJKW

EH DYHUDJHG RU WKH ILUVW RU ODVW REVHUYDWLRQ FKRVHQ GHSHQGLQJ RQ WKH LPSRUWDQFH RI WLPLQJ LQ \RXU XVH RI WKH YDULDEOH�
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7R FRQYHUW D VDOHV VHULHV IURP PRQWKO\ WR TXDUWHUO\� XVH WKH IROORZLQJ VHTXHQFH RI FRPPDQGV�

)5(4 4 � 603/ ���� ���� �

&219(57 �680� 6$/(6 �

6$/(6 ZDV D PRQWKO\ VHULHV UXQQLQJ IURP ���� WR ����� � :H VSHFLILHG WKH VDPSOH DV TXDUWHUO\ DQG JDYH WKH QHZ UDQJH

LQ WHUPV RI TXDUWHUV VR WKH &219(57 SURFHGXUH ZRXOG NQRZ WKDW ZH ZDQWHG WR FRQYHUW IURP PRQWKO\ �WKH IUHTXHQF\

RI 6$/(6� WR TXDUWHUO\ �WKH FXUUHQW IUHTXHQF\�� %HFDXVH LW ZRXOG EH FRQIXVLQJ WR PL[ IUHTXHQFLHV LQ D VHULHV� &219(57

LJQRUHV WKH FXUUHQW VDPSOH UDQJH DQG FRQYHUWV WKH ZKROH VHULHV QR PDWWHU ZKDW \RX KDYH VSHFLILHG DV WKH 603/�

,I \RX ZDQW WR SUHVHUYH WKH ROG YHUVLRQ RI WKH VHULHV DQG VDYH WKH QHZ RQH� XVH WKLV IRUP RI &219(57�

&219(57�680� 6$/(64  6$/(6 �

%H DZDUH� KRZHYHU� WKDW \RX ZLOO QRW EH DEOH WR XVH WKH ROG VHULHV 6$/(6 LQ RWKHU SURFHGXUHV DIWHU WKH QHZ IUHTXHQF\

KDV EHHQ VSHFLILHG� 6HULHV ZLWK GLIIHUHQW IUHTXHQFLHV FDQQRW EH PL[HG LQ WKH VDPH SURFHGXUH � H[FHSW IRU &219(57���

:KHQ FRQYHUWLQJ IURP D ORZHU IUHTXHQF\� VWUDLJKW OLQH LQWHUSRODWLRQ FDQ EH XVHG WR FRPSXWH WKH LQWHUYHQLQJ SRLQWV� 8VH

WKH ,17(532/ RSWLRQ� 7KH RWKHU FRQYHUW RSWLRQV �680� HWF�� FDQ DOVR EH XVHG�

)5(4 0 � 603/ ���� ����� �

&219(57�,17(532/� 6$/(60  6$/(6 �

)5(4 : �ZHHNO\� FDQ EH FRQYHUWHG WR TXDUWHUO\� EXW QRW WR PRQWKO\� EHFDXVH 763 GRHV QRW KDYH D EXLOW�LQ FDOHQGHU�

����� %R[�-HQNLQV �$5,0$� PRGHOV

2QH GLVDGYDQWDJH RI XVLQJ VWUXFWXUDO HFRQRPHWULF PRGHOV IRU IRUHFDVWLQJ LV WKDW \RX QHHG WR NQRZ D JUHDW GHDO DERXW WKH

YDULDEOHV EHLQJ PRGHOHG� ,Q SDUWLFXODU� WR REWDLQ D VLPXODWLRQ RYHU VHYHUDO SHULRGV LQ WKH IXWXUH� \RX QHHG WR NQRZ WKH

YDOXHV IRU DOO WKH H[RJHQRXV YDULDEOHV LQ WKH PRGHO RYHU WKH IRUHFDVW SHULRG� )RU WKLV DQG RWKHU UHDVRQV� VRPH IRUHFDVWHUV

XVH WKH $5,0$ �$XWR5HJUHVVLYH ,QWHJUDWHG 0RYLQJ $YHUDJH� RU %R[�-HQNLQV IRUHFDVWLQJ PHWKRG� 7KLV PHWKRG RQO\

XVHV D VHULHV
 RZQ ODJJHG YDOXHV WR IRUHFDVW LWV IXWXUH YDOXHV� ,I WKH VHULHV IROORZV D VWDWLRQDU\ VWRFKDVWLF SURFHVV ZLWKRXW

WRR PXFK GULIW RU QRLVH� WKLV PHWKRG FDQ ZRUN ZHOO� DW OHDVW RYHU D VKRUW WHUP IRUHFDVW� �6HH 6HFWLRQ ���� IRU GLVFXVVLRQ

RI WHVWLQJ IRU XQLW URRWV LQ WKH SURFHVV�� $5,0$ PRGHOV FDQ EH WKRXJKW RI DV D VRSKLVWLFDWHG H[WUDSRODWLRQ PHWKRG�

,Q WKLV VHFWLRQ� ZH GLVFXVV KRZ 763 REWDLQV XQLYDULDWH $5,0$ IRUHFDVWV� :H VWURQJO\ UHFRPPHQG WKDW XVHUV ZKR DUH

LQWHUHVWHG LQ WKLV WHFKQLTXH UHIHU WR RQH RI WKH VWDQGDUG UHIHUHQFHV IRU IXUWKHU GHWDLOV� 7KH EDVLF UHIHUHQFH RQ WKH VXEMHFW

LV %R[ DQG -HQNLQV ������� 7ZR RWKHU HOHPHQWDU\ ERRNV WKDW IRFXV RQ WKLV PHWKRG DUH 1HOVRQ ������ DQG 9DQ 'DHOH

������� 7KH 3LQG\FN DQG 5XELQIHOG WH[W LV DOVR UHFRPPHQGHG� 6HFWLRQ � LV HQWLUHO\ GHYRWHG WR WLPH VHULHV PRGHOV�

%R[�-HQNLQV IRUHFDVWLQJ LV WUDGLWLRQDOO\ GLYLGHG LQWR WKUHH SDUWV� LGHQWLILFDWLRQ �GHWHUPLQLQJ WKH IRUP RI WKH WLPH VHULHV

SURFHVV WKH YDULDEOH IROORZV�� HVWLPDWLRQ �HVWLPDWLQJ WKH SDUDPHWHUV RI WKH SURFHVV�� DQG IRUHFDVWLQJ �H[WUDSRODWLQJ WKH

SURFHVV EH\RQG WKH HVWLPDWLRQ SHULRG XVLQJ WKH HVWLPDWHG SDUDPHWHUV�� ,Q 763 WKHVH WKUHH VWHSV FRUUHVSRQG WR WKH

SURFHGXUHV %-,'(17� %-(67� DQG %-)5&67� %HFDXVH WKHVH SURFHGXUHV KDYH PRVW RI WKH VDPH RSWLRQV� DQG VKDUH WKHLU

YDOXHV� RQFH \RX KDYH VSHFLILHG D VHW RI RSWLRQV IRU %-,'(17� WKH\ DUH DXWRPDWLFDOO\ DVVXPHG IRU DQ\ VXEVHTXHQW

%R[�-HQNLQV SURFHGXUH� XQOHVV H[SOLFLWO\ FKDQJHG�

������� ,GHQWLILFDWLRQ� %-,'(17

6XSSRVH \RX KDYH D SURGXFW©V PRQWKO\ VDOHV GDWD IURP ���� WKURXJK WKH PLGGOH RI ����� DQG \RX DVVXPH WKDW ZKDWHYHU

WLPH VHULHV SURFHVV JHQHUDWHG WKH GDWD LV VWDWLRQDU\ �DW OHDVW DIWHU GLIIHUHQFLQJ�� 7R ORRN DW VRPH FKDUDFWHULVWLFV RI WKLV

SURFHVV� \RX FDQ XVH D %-,'(17 FRPPDQG WR GLVSOD\ WKH DXWRFRUUHODWLRQV DQG SDUWLDO DXWRFRUUHODWLRQV RI WKH VHULHV�

%-,'(17 �1',)) ��16',)) ��1/$* ���1/$*3 ��� 06$/(6 �
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6LQFH \RX VXVSHFW WKDW WKH RULJLQDO VHULHV PD\ QRW EH VWDWLRQDU\� WKH 1',)) RSWLRQ VSHFLILHV WKDW WKH FRUUHODWLRQV EH

FRPSXWHG IRU WKH ILUVW GLIIHUHQFHG VHULHV� DV ZHOO DV IRU WKH RULJLQDO VHULHV� 6LPLODUO\� WKH 16',)) RSWLRQ VSHFLILHV WKDW

VHDVRQDO GLIIHUHQFLQJ LV WR EH SHUIRUPHG� %-,'(17 GHWHUPLQHV WKH SHULRGLFLW\ RI WKH VHDVRQDO IDFWRU IURP WKH IUHTXHQF\

RI \RXU FXUUHQW VDPSOH� LQ WKLV FDVH WKH )5(4 LV PRQWKO\� DQG REVHUYDWLRQV �� SHULRGV DSDUW ZRXOG EH GLIIHUHQFHG� ,I

\RX KDYH QRW VSHFLILHG D )5(4 DV SDUW RI \RXU 603/� \RX ZLOO KDYH WR VXSSO\ WKH VHDVRQDO VSDQ DV WKH 163$1 RSWLRQ

RQ WKH %-,'(17 FRPPDQG�

1/$* DQG 1/$*3 RSWLRQV VSHFLI\ WKH QXPEHU RI DXWRFRUUHODWLRQV DQG SDUWLDO DXWRFRUUHODWLRQV WR EH FRPSXWHG� WKDW LV�

WKH OHQJWK RI WKH ODJ RYHU ZKLFK WKH\ DUH WR EH FRPSXWHG� 7KH GHIDXOW YDOXH LV ���

%-,'(17
V RXWSXW FRQVLVWV RI SORWV RI WKH VHULHV� ERWK GLIIHUHQFHG DQG XQGLIIHUHQFHG� IROORZHG E\ D SULQWRXW RI

DXWRFRUUHODWLRQV DQG SDUWLDO DXWRFRUUHODWLRQV� WKHLU VWDQGDUG HUURUV� DQG 4�VWDWLVWLFV �/MXQJ�%R[ VWDWLVWLFV� VHH +DUYH\

������� S� ���� IRU WKH K\SRWKHVLV WKDW DOO DXWRFRUUHODWLRQV RI KLJKHU RUGHU DUH ]HUR� &RUUHODWLRQV DUH DOVR SORWWHG LQ ZKDW

LV FDOOHG D FRUUHORJUDP DQG D SDUWLDO FRUUHORJUDP� 7KHVH FDQ EH TXLWH XVHIXO LQ WU\LQJ WR GHWHUPLQH WKH IRUP RI WKH

SURFHVV� &RQVXOW %R[ DQG -HQNLQV RU 1HOVRQ IRU H[DPSOHV RI WKH FRUUHORJUDPV DVVRFLDWHG ZLWK YDULRXV WLPH VHULHV

SURFHVVHV� 7KH DXWRFRUUHODWLRQV� SDUWLDO DXWRFRUUHODWLRQV� DQG LQYHUVH DXWRFRUUHODWLRQV DUH DOVR VWRUHG XQGHU WKH QDPHV

#$&� #3$&� DQG #,$&�

7KH RXWSXW RI %-,'(17 LV JLYHQ LQ ([DPSOH ����� ,Q RXU H[DPSOH� WKH VHULHV DSSHDUV WR EH QRQVWDWLRQDU\ LQ OHYHOV EXW

VWDWLRQDU\ LQ ILUVW GLIIHUHQFHV� 7KHUH GRHV QRW DSSHDU WR EH D VHDVRQDO HIIHFW� LQ IDFW� VSXULRXV FRUUHODWLRQV ZHUH LQWURGXFHG

DW WKH HOHYHQWK ODJ E\ VHDVRQDO GLIIHUHQFLQJ� 7KH FRUUHORJUDP IRU WKH ILUVW GLIIHUHQFHG VHULHV VXJJHVWHG WKDW WKH GDWD EH

ILW E\ D ILUVW RUGHU PRYLQJ DYHUDJH HUURU SURFHVV� VLQFH WKHUH ZHUH QR VLJQLILFDQW DXWRFRUUHODWLRQV DIWHU WKH ILUVW�

������� (VWLPDWLRQ� %-(67

8VLQJ WKH UHVXOWV RI %-,'(17 DV D JXLGH WR WKH VSHFLILFDWLRQ RI WKH PRGHO� \RX FDQ WKHQ HVWLPDWH WKH SDUDPHWHUV RI WKLV

PRGHO ZLWK %-(67� )RU RXU H[DPSOH� WKH DSSURSULDWH FRPPDQG PLJKW EH

%-(67 �&803/27�1%$&. ��10$ ��16',)) ��1',)) �� 06$/(6 �

7KLV VSHFLILHV D ILUVW�RUGHU PRYLQJ DYHUDJH PRGHO RQ ILUVW GLIIHUHQFHG GDWD� ZLWK QR VHDVRQDO FRPSRQHQWV� 1RWH WKDW \RX

GR QRW QHHG WR VSHFLI\ DQ\ RSWLRQV WKDW UHPDLQ WKH VDPH IURP D SUHYLRXV %- FRPPDQG� LQ WKLV FDVH ZH GLG QRW QHHG WR

VHW 1',)) WR � LI WKLV FRPPDQG IROORZHG WKH %-,'(17 FRPPDQG JLYHQ DERYH�

7KH 1%$&. RSWLRQ VSHFLILHV WKH QXPEHU RI EDFNIRUHFDVWHG UHVLGXDOV WKDW VKRXOG EH XVHG WR VWDUW WKH SURFHVV DQG

JHQHUDWH WKH LQLWLDO FRQGLWLRQV� VLQFH ZH DUH XVLQJ D PRYLQJ DYHUDJH SURFHVV RI RUGHU RQH KHUH� RQO\ WKH ILUVW ZLOO EH

QRQ]HUR� VR 1%$&. FDQ EH VHW WR D VPDOO QXPEHU� ,Q WKH FDVH RI DXWRUHJUHVVLYH RU PL[HG SURFHVVHV� \RX VKRXOG XVH D

PXFK ODUJHU YDOXH� 2WKHU RSWLRQV FRQWURO WKH EHKDYLRU RI WKH LWHUDWLRQ SURFHVV DQG WKH DSSHDUDQFH RI WKH RXWSXW� FRQVXOW

WKH 5HIHUHQFH 0DQXDO WR OHDUQ PRUH DERXW WKHP�

,Q %-(67
V RXWSXW� WKH XVXDO 763 HVWLPDWLRQ UHVXOWV DUH VKRZQ IRU WKH UHVLGXDOV IURP WKH ILWWHG PRGHO� DORQJ ZLWK D WDEOH

RI SDUDPHWHU HVWLPDWHV �RQO\ RQH LQ WKLV FDVH� WKH PRYLQJ DYHUDJH SDUDPHWHU �� IROORZHG E\ VRPH VWDWLVWLFV FRQFHUQLQJ
WKH YDULDEOH LQ TXHVWLRQ�� 7KLV LV IROORZHG E\ D SORW RI WKH FXPXODWHG SHULRGRJUDP RI WKH UHVLGXDOV VR \RX FDQ VHH KRZ

ZHOO WKH ZKLWH QRLVH DVVXPSWLRQ RI WKH PRGHO LV VDWLVILHG� ,Q RXU H[DPSOH� ERWK WKH SHULRGRJUDP DQG WKH 4�VWDWLVWLFV IRU

VHULDO FRUUHODWLRQ VXJJHVW WKDW WKH UHVLGXDOV DUH QRW ZKLWH QRLVH� DOWKRXJK WKH\ DUH FORVH�

������� )RUHFDVWLQJ� %-)5&67

,PPHGLDWHO\ IROORZLQJ D %R[�-HQNLQV HVWLPDWLRQ� \RX FDQ SHUIRUP D IRUHFDVW EDVHG RQ WKH HVWLPDWHG WLPH VHULHV PRGHO

XVLQJ WKH %-)5&67 FRPPDQG� 7KLV IRUHFDVW ZLOO EH FRPSXWHG VWDUWLQJ LQ DQ\ WLPH SHULRG RU UDQJH RI WLPH SHULRGV \RX

VSHFLI\� LW ZLOO JR IRUZDUG IRU WKH QXPEHU RI SHULRGV JLYHQ E\ WKH 1+25,= RSWLRQ� &RQILGHQFH ERXQGV ZLOO DOVR EH

FRPSXWHG IRU WKH IRUHFDVW� $Q H[DPSOH IRU WKH VHULHV ZH PRGHOHG DERYH LV�

%-)5&67 �1+25,= ���25*%(* �����25*(1' ����� 06$/(6 �
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7KLV FRPSXWHV WZR ���PRQWK IRUHFDVWV� VWDUWLQJ LQ -XQH DQG -XO\ RI O���� 8QOHVV UHTXHVWHG QRW WR� %-)5&67 ZLOO DOVR

SORW WKH IRUHFDVWV DQG WKHLU VWDQGDUG HUURU ERXQGV�

7KH RXWSXW IURP WKLV %-)5&67 LV VKRZQ RQ WKH IROORZLQJ SDJHV LQ ([DPSOH ����� 7KH ILQDO PRGHO IRU WKH YDULDEOH

06$/(6 LV

���/� 06$/(6  ������/� H
W W

DV VKRZQ� DQG WKLV PRGHO LV XVHG WR JHQHUDWH WKH IRUHFDVWV� XVLQJ WKH DFWXDO YDOXH LQ -XQH O��� DV DQ LQLWLDO FRQGLWLRQ IRU

06$/(6����� 1RWH WKH ��� FRQILGHQFH ERXQGV WKDW DUH SULQWHG RXW� $V PD\ EH H[SHFWHG� WKH LQIRUPDWLRQ FRQWULEXWHG

E\ WKLV PRGHO� URXJKO\ D UDQGRP ZDON ZLWK D ODUJH PHDVXUHPHQW HUURU� LV YHU\ VPDOO� DQG WKH VWDQGDUG HUURUV DUH

FRUUHVSRQGLQJO\ ODUJH�

,I \RX GR D IRUHFDVW EDVHG RQ VRPH SUHYLRXVO\ HVWLPDWHG WLPH VHULHV SURFHVV� \RX FDQ DOVR VXSSO\ WKH SDUDPHWHUV RI WKH

PRGHO GLUHFWO\ WR %-)5&67� &RQVXOW WKH 5HIHUHQFH 0DQXDO IRU IXUWKHU GHWDLOV RQ WKH QRWDWLRQ �ZKLFK LV WKDW RI %R[ DQG

-HQNLQV�� $Q H[DPSOH IRU D VLPSOH PRYLQJ DYHUDJH SURFHVV LV�

%-)5&67 �10$ �� 16',)) �� 1',)) �� 1+25,= ��� 25*%(* ����� 25*(1' �����

6$/(6 6 ����� 7+(7$��� ����� �

����� $XWR�5HJUHVVLYH &RQGLWLRQDO +HWHURVNHGDVWLFLW\

7KH $5&+ PRGHO RULJLQDWHG E\ (QJOH� DQG LWV PDQ\ HODERUDWLRQV� DUH ZLGHO\ XVHG LQ HFRQRPHWULFV WR HVWLPDWH PRGHOV

RI WLPH VHULHV SURFHVVHV ZKHUH WKH YDULDQFH RI WKH GLVWXUEDQFH LV GHSHQGHQW LQ D VLPSOH ZD\ RQ WKH EHKDYLRU RI WKH

SUHFHGLQJ REVHUYDWLRQV� EXW WKH FRQGLWLRQDO PHDQ RI WKH GLVWXUEDQFH LV VWLOO HTXDO WR ]HUR� $5&+ SURFHVVHV DSSHDU WR

GHVFULEH ZHOO PDQ\ REVHUYHG PDFURHFRQRPLF GDWD VHULHV� VXFK DV H[FKDQJH UDWHV DQG VWRFN PDUNHW UHWXUQV�

$5&+ ZLOO HVWLPDWH QRW RQO\ WKH EDVLF $5&+ PRGHO� EXW DOVR PRUH FRPSOLFDWHG PRGHOV ZKLFK DOORZ WKH YDULDQFH RI WKH

GLVWXUEDQFH WR IROORZ ERWK DQ DXWRUHJUHVVLYH DQG D PRYLQJ DYHUDJH SURFHVV DQG WR EH FRQGLWLRQDO RQ RWKHU VHULHV� 7KLV

ODWWHU IHDWXUH PDNHV $5&+ VXLWDEOH IRU KHWHURVNHGDVWLF GDWD RI DQ\ NLQG� QRW MXVW WLPH VHULHV� ,Q DGGLWLRQ� WKH FRQGLWLRQDO

PHDQ RI WKH GHSHQGHQW YDULDEOH FDQ GHSHQG RQ WKH VWDQGDUG GHYLDWLRQ RI WKH YDULDQFH RI WKH GLVWXUEDQFH �WKH IXOO

*$5&+�0 PRGHO�� 7KHVH PRGHOV DUH PRUH IXOO\ GLVFXVVHG LQ (QJOH ������ IRU $5&+�� %ROOHUVOHY ������ IRU *$5&+

DQG LWV LGHQWLILFDWLRQ�� DQG 0F&XUG\ DQG 0RUJDQ ������ IRU *$5&+�0�� $ IXOOHU GLVFXVVLRQ RI PRGHOV 763 FDQ

HVWLPDWH LV JLYHQ LQ WKH 5HIHUHQFH 0DQXDO �XQGHU WKH $5&+ FRPPDQG��

+HUH LV DQ H[DPSOH RI VLPSOH $5&+ PRGHO HVWLPDWLRQ RI DQ LQGH[ RI VWRFN SULFHV� ZKHUH WKHUH DUH QR LQGHSHQGHQW

YDULDEOHV� DQG WKH YDULDQFH RI WKH GLVWXUEDQFH LV DVVXPHG WR IROORZ DQ DXWRUHJUHVVLYH SURFHVV RI RUGHU ��

$5&+�1$5 �� 50 & �

,W HVWLPDWHV WKH IROORZLQJ PRGHO E\ PD[LPXP OLNHOLKRRG �GHQRWLQJ WKH VWRFN SULFH VHULHV 50 E\ \ ��
W

\  � � �
W � W

� a 1���K �
W W

K  � � � � � � � � � �
W � � W�� � W�� � W��

� � �

7KH FRHIILFLHQWV HVWLPDWHG E\ WKLV FRPPDQG DUH � � WKH DYHUDJH VWRFN UHWXUQ� DQG � � � � � � � � WKH SDUDPHWHUV RI WKH
� � � � �

$5&+ SURFHVV� 7KHVH FRHIILFLHQWV DUH ODEHOHG $/3+$�� $/3+$�� HWF� LQ WKH RXWSXW� %HFDXVH WKH HVWLPDWLRQ RI $5&+

PRGHOV FDQ EH SURQH WR QXPHULFDO SUREOHPV DULVLQJ ZKHQ HVWLPDWHG YDULDQFHV DUH QHJDWLYH� ]HUR� RU YHU\ ODUJH� $/3+$�

LV FRQVWUDLQHG WR EH QRQQHJDWLYH� DQG WKH RWKHU $/3+$V DUH ERXQGHG EHWZHHQ ]HUR DQG RQH� 6HH WKH 5HIHUHQFH 0DQXDO

IRU GHWDLOV RQ WKH PHWKRGV XVHG WR DFKLHYH WKHVH FRQVWUDLQWV�

$5&+ PRGHOV FDQ DOVR KDYH UHJUHVVRUV� WKDW LV� WKH FRQGLWLRQDO PHDQ RI WKH GHSHQGHQW YDULDEOH FDQ EH D IXQFWLRQ RI RWKHU

YDULDEOHV� MXVW DV LQ RUGLQDU\ OLQHDU UHJUHVVLRQ� )RU H[DPSOH� FRQVLGHU D PDUNHW EHWD PRGHO ZKHUH WKH UHWXUQ RQ D VWRFN

�5� LV D IXQFWLRQ RI WKH UHWXUQ RQ WKH PDUNHW �50�� DQG WKH YDULDQFH RI LWV UHWXUQ IROORZV DQ $5&+ SURFHVV�
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$5&+�1$5 �� 5 & 50 �

%HFDXVH RI $5&+
V DELOLW\ WR HVWLPDWH D PRGHO ZKHUH WKH YDULDQFH RI WKH GLVWXUEDQFH GHSHQGV RQ D VHW RI UHJUHVVRU

YDULDEOHV� $5&+ FDQ DOVR EH XVHG WR HVWLPDWH DQ RUGLQDU\ ZHLJKWHG OHDVW VTXDUHV PRGHO E\ 0/� HYHQ ZKHQ WKHUH LV QR

GHSHQGHQFH DFURVV WKH REVHUYDWLRQV� )RU H[DPSOH� FRQVLGHU D PRGHO ZLWK VL]H�UHODWHG KHWHURVNHGDVWLFLW\�

\  � � � [ � � [ � �W � � �W � �W W

� a 1���K �W W

K  D � D JW � � W

ZKHUH J LV WKH VL]H RI WKH W REVHUYDWLRQ�W

WK

$5&+ FDQ HVWLPDWH WKLV PRGHO �FDOOHG 2/6�: E\ WKH SURJUDP� ZLWK WKH FRPPDQG

$5&+ �*7 *� < & ;� ;� �

* GHQRWHV WKH VHULHV WKDW FRQWDLQV WKH VL]H YDULDEOH� 7KH *7 RSWLRQ LV XVHG WR VSHFLI\ D OLVW RI VHULHV WKDW ZLOO HQWHU LQWR

WKH UHJUHVVLRQ IXQFWLRQ IRU WKH YDULDQFH K � 1RWH WKDW WKH FRQVWDQW �&� LV DXWRPDWLFDOO\ LQFOXGHG LQ WKLV OLVW YLD WKH DW �

SDUDPHWHU� VR \RX VKRXOG QRW LQFOXGH LW�

����� 7KH .DOPDQ )LOWHU �.$/0$1�

6WULFWO\ VSHDNLQJ� WKH WHUP .DOPDQ )LOWHU UHIHUV WR DQ HVWLPDWLRQ PHWKRG FRPPRQO\ XVHG WR HVWLPDWH �VWDWH�VSDFH� PRGHOV�

UDWKHU WKDQ WKH PRGHO LWVHOI� 7KLV FODVV RI PRGHOV FRQVLVWV RI WZR SDUWV� WKH WUDQVLWLRQ HTXDWLRQ� ZKLFK GHVFULEHV WKH

HYROXWLRQ RI D VHW RI VWDWH YDULDEOHV� DQG WKH PHDVXUHPHQW HTXDWLRQ� ZKLFK GHVFULEHV KRZ WKH GDWD DFWXDOO\ REVHUYHG LV

JHQHUDWHG IURP WKH VWDWH YDULDEOHV� ,WV LPSRUWDQFH LQ HFRQRPLFV LV SDUWO\ GXH WR LWV DELOLW\ WR PRGHO WLPH�YDU\LQJ

SDUDPHWHUV LQ DQ LQWXLWLYHO\ DSSHDOLQJ ZD\�
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,Q DGGLWLRQ� WKH .DOPDQ )LOWHU HVWLPDWLRQ PHWKRG LV DQ XSGDWLQJ PHWKRG WKDW EDVHV WKH UHJUHVVLRQ HVWLPDWHV IRU HDFK WLPH

SHULRG RQ ODVW SHULRG
V HVWLPDWHV SOXV WKH GDWD IRU WKH FXUUHQW WLPH SHULRG� WKDW LV� LW EDVHV HVWLPDWHV RQO\ RQ GDWD XS WR

DQG LQFOXGLQJ WKH FXUUHQW SHULRG� 7KLV PDNHV LW XVHIXO IRU LQYHVWLJDWLQJ VWUXFWXUDO FKDQJH LQ SDUDPHWHUV RU FRQVWUXFWLQJ

IRUHFDVWV EDVHG RQO\ RQ KLVWRULFDO GDWD�

$V ZLWK PDQ\ WLPH VHULHV PHWKRGV HFRQRPLVWV XVH �VXFK DV $5,0$ PRGHOV�� 6WDWH 6SDFH 0RGHOV RULJLQDWHG LQ WKH

HQJLQHHULQJ OLWHUDWXUH �.DOPDQ ����� DQG ZHUH LPSRUWHG LQWR HFRQRPLFV E\ 5RVHQEHUJ ������ DPRQJ RWKHUV� $ JRRG

UHIHUHQFH LV +DUYH\ ������� WKHUH LV DOVR D VSHFLDO LVVXH RI WKH $QQDOV RI (FRQRPLF DQG 6RFLDO 0HDVXUHPHQW �2FWREHU

����� RQ WLPH�YDU\LQJ SDUDPHWHUV� $ PRUH HOHPHQWDU\ UHIHUHQFH LV 0DGGDOD ������� &KDSWHU ���

8VLQJ WKH QRWDWLRQ LQ +DUYH\ ������� WKH PRGHO .$/0$1 HVWLPDWHV FDQ EH ZULWWHQ LQ WKH IROORZLQJ ZD\ �DVVXPLQJ D

VLQJOH GHSHQGHQW YDULDEOH IRU VLPSOLFLW\��

\  = � � !
W W W W

�  7� � �
W W�� W

! a 1���) �
W

�
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� � �
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\ LV WKH GHSHQGHQW YDULDEOH DQG WKHUH DUH P LQGHSHQGHQW YDULDEOHV = � 7KH ILUVW HTXDWLRQ LV DQ RUGLQDU\ UHJUHVVLRQ
W W

HTXDWLRQ ZLWK WLPH�YDU\LQJ SDUDPHWHUV� 7KH VHFRQG HTXDWLRQ GHILQHV WKH HYROXWLRQ RI WKHVH SDUDPHWHUV� 1RWH WKDW

PDWULFHV 6 DQG 5 LQ +DUYH\
V QRWDWLRQ KDYH EHHQ VHW WR LGHQWLW\ PDWULFHV DQG PDWUL[ 7 WR D FRQVWDQW PDWUL[ LQ WKLV XVH
W W W

RI WKH .DOPDQ )LOWHU�

:KHQ HVWLPDWLQJ WKLV PRGHO LQ 763� \RX FDQ RSWLRQDOO\ VXSSO\ WKH PDWULFHV 7 �WKH WUDQVLWLRQ PDWUL[ %75$16�� 4 �WKH
W

YDULDQFH RI WKH WUDQVLWLRQ HTXDWLRQ 975$16�� 3 �WKH YDULDQFH RI WKH SULRU GLVWULEXWLRQ RQ WKH SDUDPHWHU YHFWRU
�

9%35,25�� DQG WKH YHFWRU D �WKH SULRU RQ WKH FRHIILFLHQWV %35,25�� ,I \RX IDLO WR VXSSO\ DQ\ RI WKHP� UHDVRQDEOH
�

GHIDXOWV ZLOO EH XVHG�

)RU H[DPSOH� WKH VLPSOHVW .$/0$1 FRPPDQG ORRNV OLNH WKLV�

.$/0$1 &216 & *13 �

7KH DERYH FRPPDQG HVWLPDWHV WKH UHJUHVVLRQ RI FRQVXPSWLRQ RQ *13 LQ D UHFXUVLYH PDQQHU� DOORZLQJ WKH FRHIILFLHQW

RI *13 DQG WKH FRQVWDQW WR HYROYH DV UDQGRP ZDONV �ZLWK D VLJQDO�WR�QRLVH UDWLR RI ��� 7KHVH FRHIILFLHQWV DUH WKH PRGHO
V

�VWDWH� YDULDEOHV� DQG FRQVXPSWLRQ LV WKH PHDVXUHG YDULDEOH� 7KH LQWHUFHSW DQG *13 VHULHV DUH WUHDWHG DV NQRZQ IL[HG

FRQVWDQWV� ,Q +DUYH\
V QRWDWLRQ� WKH PRGHO LV

\  = � � !
W W W W

�  � � �
W W�� W

� a 1���) ,�
W

�

� ZLOO EH HVWLPDWHG IURP WKH ILUVW P GDWD REVHUYDWLRQV� ZKHUH P LV WKH QXPEHU RI FRHIILFLHQWV LQ � �
� W

$ VOLJKW JHQHUDOL]DWLRQ RI WKLV UDQGRP ZDON SDUDPHWHU PRGHO LV WKH &RROH\�3UHVFRWW ������ DGDSWLYH UHJUHVVLRQ PRGHO�

ZKLFK KDV KDG VRPH VXFFHVV LQ IRUHFDVWLQJ� <RX FDQ HVWLPDWH WKLV PRGHO ZLWK WKH FRPPDQG

.$/0$1�975$16 6,*0$9� &216 & *13 �

6,*0$9 FRUUHVSRQGV WR &RROH\ DQG 3UHVFRWW
V * � WKH YDULDQFH RI WKH HUURUV LQ WKH WUDQVLWLRQ HTXDWLRQ� ,Q WKH DEVHQFH
Y

RI VSHFLILF SULRU LQIRUPDWLRQ RQ WKH IRUP RI WKLV PDWUL[� WKH\ VXJJHVW XVLQJ D GLDJRQDO PDWUL[ ZKRVH HOHPHQWV UHSUHVHQW

WKH UHODWLYH YDULDELOLW\ RI WKH UHJUHVVLRQ
V GLIIHUHQW FRHIILFLHQWV� 7KLV LGHD FRXOG DOVR EH XVHG WR PL[ WLPH�YDU\LQJ

SDUDPHWHUV ZLWK FRQVWDQW SDUDPHWHUV �E\ VHWWLQJ WKHLU YDULDQFHV WR ]HUR� LQ WKH VDPH UHJUHVVLRQ�

.$/0$1 DOZD\V FDOFXODWHV UHFXUVLYH UHVLGXDOV� WKHVH UHVLGXDOV FDQ DOVR EH REWDLQHG ZLWK 2/64 ZKHQ WKH

5(*237�&$/&� 5(&5(6� FRPPDQG LV LQ HIIHFW� +RZHYHU� .$/0$1 FDQ DOVR SULQW WKH HYROYLQJ FRHIILFLHQWV RI WKH

UHFXUVLYH PRGHO�



����(VWLPDWLRQ�8VLQJ�7LPH�6HULHV�'DWD

��

.$/0$1�12(75$16�35,17� &216 & *13 �

7KH 5HIHUHQFH 0DQXDO GLVFXVVHV WKH .$/0$1 SURFHGXUH IXUWKHU� XVHIXO IHDWXUHV RI WKH .$/0$1 FRPPDQG QRW

GLVFXVVHG KHUH EXW GHVFULEHG LQ WKDW PDQXDO LQFOXGH WKH VWRFKDVWLFDOO\ FRQYHUJHQW SDUDPHWHU PRGHO� WKH XVH RI SULRUV LQ

HVWLPDWLQJ .DOPDQ )LOWHUV� DQG WKH DELOLW\ WR HVWLPDWH VHYHUDO PHDVXUHPHQW HTXDWLRQV VLPXOWDQHRXVO\�

����� 9HFWRU $XWRUHJUHVVLRQV �9$5�

$ YHFWRU DXWRUHJUHVVLRQ PRGHO LV WKH XQFRQVWUDLQHG UHGXFHG IRUP RI D G\QDPLF VLPXOWDQHRXV HTXDWLRQV PRGHO� WKDW LV�

LW H[SUHVVHV D YHFWRU RI HQGRJHQRXV YDULDEOHV DV OLQHDU IXQFWLRQV RI WKHLU RZQ DQG HDFK RWKHU
V ODJJHG YDOXHV�

&RQWHPSRUDQHRXV DQG ODJJHG H[RJHQRXV YDULDEOHV PD\ DOVR EH LQFOXGHG LQ WKH V\VWHP� 7KLV VW\OH RI VLPXOWDQHRXV

HTXDWLRQ PRGHOLQJ ZDV LQWURGXFHG LQWR HFRQRPHWULFV E\ 6LPV ������ DQG LV QRZ ZLGHO\ XVHG IRU VPDOO WR PHGLXP�VL]HG

PDFURHFRQRPHWULF PRGHOV� SDUWLFXODUO\ IRU IRUHFDVWLQJ�

(VWLPDWLRQ RI DQ XQFRQVWUDLQHG YHFWRU DXWRUHJUHVVLRQ LV TXLWH VWUDLJKWIRUZDUG� HYHQ LQ WKH SUHVHQFH RI FRQWHPSRUDQHRXV

FRUUHODWLRQ RI WKH GLVWXUEDQFHV� &RQVLGHU WKH IROORZLQJ 9$5�

<  % < � % < � ���� � *; � (
W � W�� � W�� W W

ZKHUH < LV DQ Q E\ � YHFWRU RI HQGRJHQRXV YDULDEOHV� WKH %
V DUH Q E\ Q PDWULFHV RI FRHIILFLHQWV� * LV DQ Q E\ P PDWUL[
W

RI FRHIILFLHQWV� ; LV DQ P E\ � YHFWRU RI H[RJHQRXV YDULDEOHV� DQG ( LV DQ Q E\ � YHFWRU RI GLVWXUEDQFHV� %HFDXVH WKH
W W

VDPH OLVW RI ULJKW�KDQG VLGH YDULDEOHV �DOO WKH ODJV RI WKH < � DSSHDU LQ WKH Q HTXDWLRQV� WKLV VHW RI HTXDWLRQV FDQ EH
W

HVWLPDWHG FRQVLVWHQWO\ DQG HIILFLHQWO\ E\ RUGLQDU\ OHDVW VTXDUHV� WKHUH LV QR QHHG IRU MRLQW HVWLPDWLRQ�

$OWKRXJK \RX FRXOG XVH 2/64 WR HVWLPDWH D 9$5 PRGHO RQH HTXDWLRQ DW D WLPH �OLVWLQJ DOO WKH UHOHYDQW ODJJHG YDULDEOHV

IRU HDFK HVWLPDWLRQ�� 763 DOVR SURYLGHV WKH 9$5 FRPPDQG WR DXWRPDWH WKLV SURFHVV� 9$5 DOVR SURYLGHV VRPH

UHJUHVVLRQ RXWSXW VSHFLILF WR WKH 9$5 PHWKRGRORJ\� VXFK DV LPSXOVH UHVSRQVH IXQFWLRQV DQG IRUHFDVW HUURU YDULDQFH

GHFRPSRVLWLRQV� )RU H[DPSOH� VXSSRVH \RX ZLVK WR HVWLPDWH WKH YHFWRU DXWRUHJUHVVLRQ IRU WKH VL[ YDULDEOHV PRQH\� UHDO

*13� XQHPSOR\PHQW� ZDJHV� SULFH OHYHO� DQG LPSRUW SULFHV GHVFULEHG LQ WKH 6LPV SDSHU� <RX ZRXOG XVH�

9$5�1/$*6 �� 0�5*13�8�:�3�30 �

7KH DERYH FRPPDQG SURGXFHV DV RXWSXW WKH UHJUHVVLRQ FRHIILFLHQWV IRU WKH VL[ RUGLQDU\ OHDVW VTXDUHV UHJUHVVLRQV RI HDFK

GHSHQGHQW YDULDEOH RQ IRXU ODJV HDFK RI 0� 5*13� 8� :� 3� DQG 30 ��� FRHIILFLHQWV IRU HDFK HTXDWLRQ�� DORQJ ZLWK WKH

ORJ RI WKH OLNHOLKRRG IXQFWLRQ XQGHU WKH PXOWLYDULDWH QRUPDO DVVXPSWLRQ RQ WKH GLVWXUEDQFHV� ,Q DGGLWLRQ� WKH SURJUDP

ZLOO GLVSOD\ �DQG VWRUH XQGHU WKH QDPH#,035(6� WKH UHVSRQVH RI HDFK HQGRJHQRXV YDULDEOH WR &KROHVNL�IDFWRUHG VKRFNV

LQ WKH JLYHQ RUGHU RYHU WHQ SHULRGV �WKH LPSXOVH UHVSRQVH IXQFWLRQ��

([RJHQRXV YDULDEOHV PD\ EH LQFOXGHG LQ WKH YHFWRU DXWRUHJUHVVLRQ� DQG FDOFXODWLRQ RI WKH LPSXOVH UHVSRQVH IXQFWLRQ FDQ

EH PRGLILHG ZLWK RSWLRQV� )RU H[DPSOH� WKH FRPPDQG

9$5�1/$*6 ��1+25,= ��6+2&. 81,7� 0 *13 _ & &216 3 �

VSHFLILHV WKDW 0 DQG *13 DUH UHJUHVVHG RQ WKH ODJJHG YDULDEOHV 0����� 0����� *13����� *13����� WKH FRQVWDQW� &216�

DQG 3� 7KH LPSXOVH UHVSRQVH IXQFWLRQ ZLOO EH FDOFXODWHG IRU RQO\ ILYH WLPH SHULRGV DQG D XQLW VKRFN WR WKH HQGRJHQRXV

YDULDEOHV ZLOO EH XVHG� ([FHSW IRU FRPSXWDWLRQ RI WKH LPSXOVH UHVSRQVH� WKH 9$5 FRPPDQG DERYH LV HTXLYDOHQW WR�

2/64 0 0���� 0���� *13���� *13���� & &216 3 �

2/64 *13 0���� 0���� *13���� *13���� & &216 3 �

9$5 DXWRPDWLFDOO\ FRPSXWHV EORFN H[RJHQHLW\ WHVWV WR VHH LI ODJV RI WKH RWKHU HQGRJHQRXV YDULDEOHV HQWHU D JLYHQ

HTXDWLRQ VLJQLILFDQWO\� ,Q WKH ELYDULDWH H[DPSOH DERYH� WKHVH DUH *UDQJHU FDXVDOLW\ WHVWV �) WHVWV� IRU *13���� DQG

*13���� LQ WKH 0 HTXDWLRQ� DQG IRU 0���� DQG 0���� LQ WKH *13 HTXDWLRQ�

$ FRPPRQ XVH RI 9$5V LV DV D EDVH FDVH IRU PRUH UHVWULFWHG VWUXFWXUDO PRGHOV RI ODJ UHODWLRQVKLSV RI D VHW RI HQGRJHQRXV

YDULDEOHV� :LWK 763
V $1$/<= SURFHGXUH LW LV SRVVLEOH WR FDOFXODWH DQ DV\PSWRWLF WHVW VWDWLVWLF IRU D MRLQW K\SRWKHVLV



$GYDQFHG�0HWKRGV

���

RQ WKH UHGXFHG IRUP 9$5 FRHIILFLHQWV� 7KLV K\SRWKHVLV FDQ EH OLQHDU RU QRQOLQHDU� )RU H[DPSOH� VXSSRVH \RX ZLVK WR

WHVW WKDW WKH FRHIILFLHQWV RQ WKH ODJJHG 0V DQG *13V DUH SURSRUWLRQDO LQ WKH WZR 9$5 HTXDWLRQV JLYHQ DERYH� <RX FRXOG

XVH WKH IROORZLQJ VHW RI FRPPDQGV WR SHUIRUP WKH WDVN�

9$5�1/$*6 �� 0 *13 _ & &216 3 �

810$.( #&2() %���%�� *���*�� %���%�� *���*�� � " *LYH WKH HVWLPDWHG FRHIILFLHQWV QDPHV

)50/ 35(4� %���%�� � %���%�� � " 3URSRUWLRQDOLW\ FRQVWUDLQWV

)50/ 35(4� %���%�� � %���%�� �

)50/ 35(4� %���%�� � %���%�� �

$1$/<= 35(4��35(4� � " 7HVW ZLWK � GHJUHHV RI IUHHGRP

����� 7HVWLQJ IRU 8QLW 5RRWV DQG &RLQWHJUDWLRQ� &2,17

6LPSO\ VWDWHG� WKH WHVW IRU D XQLW URRW LQ D WLPH VHULHV \ LV WKH WHVW WKDW D UHJUHVVLRQ RI \ RQ \ \LHOGV D FRHIILFLHQW RI RQH�
W W W��

7KLV WHVW LV FRPSOLFDWHG E\ VHYHUDO IHDWXUHV DULVLQJ IURP WKH QRQVWDWLRQDULW\ RI \ XQGHU WKH QXOO K\SRWKHVLV� �� 7KH
W

RUGLQDU\ W�VWDWLVWLF GRHV QRW KDYH WKH XVXDO GLVWULEXWLRQ� VR \RX FDQQRW XVH WDEOHV RI W�VWDWLVWLFV WR ILQG LWV S�YDOXH� �� 7KH

FRUUHFW GLVWULEXWLRQ GHSHQGV RQ QXLVDQFH SDUDPHWHUV LQ WKH UHJUHVVLRQ� LQ SDUWLFXODU� ZKHWKHU WKH FRQVWDQW RU WKH WLPH WUHQG

LV LQFOXGHG�

,Q D ZHOO�NQRZQ SDSHU� 'LFNH\ DQG )XOOHU ������ VXJJHVW D PHWKRG IRU FRPSXWLQJ D WHVW IRU D XQLW URRW LQ D WLPH VHULHV�

DQG SUHVHQW FULWLFDO YDOXHV IRU WKHLU SURSRVHG WHVWV ZLWK DQG ZLWKRXW D WUHQG YDULDEOH LQFOXGHG� 7KH PHWKRG FRQVLVWV RI

UXQQLQJ WKH VWDWLRQDU\ UHJUHVVLRQ \ �\ RQ \ HLWKHU ZLWK RU ZLWKRXW D FRQVWDQW DQG WLPH WUHQG DQG WHVWLQJ ZKHWKHU WKH
W W�� W��

FRHIILFLHQW RI \ LV ]HUR� 7KH\ SURYLGH WKH DSSURSULDWH FULWLFDO YDOXHV IRU VXFK D WHVW LQ D WDEOH� 6LQFH WKH GLVWULEXWLRQ
W��

RI WKH UHVXOWLQJ W�VWDWLVWLF JHQHUDOO\ GHSHQGV RQ WKH YDOXH RI WKH LQWHUFHSW LQ WKH PRGHO XQOHVV D WLPH WUHQG LV LQFOXGHG�

PRVW UHVHDUFKHUV FKRRVH WR LQFOXGH ERWK D FRQVWDQW DQG D WLPH WUHQG DQG WKHQ XVH WKH WDEOHV DSSURSULDWH IRU WKDW FDVH�

6LQFH WKHQ� D ODUJH OLWHUDWXUH RQ XQLW URRW WHVWV KDV DSSHDUHG� GHVFULELQJ PDQ\ DOWHUQDWLYH WHVWV �VRPH RI ZKLFK DUH

YDULDWLRQV RI WKH DERYH�� 7KH &2,17 FRPPDQG LQ 763 FDQ FRPSXWH � GLIIHUHQW W\SHV RI XQLW URRW WHVWV� WKH 'LFNH\�

)XOOHU �WDX�� 3KLOOLSV�3HUURQ �=� �QRQSDUDPHWULF��� DQG :HLJKWHG 6\PPHWULF� (DFK DOORZV IRU YDULRXV H[RJHQRXV

YDULDEOHV OLNH WLPH WUHQGV DQG VHDVRQDO GXPPLHV�WUHQGV� DQG HDFK DOORZV IRU D VHULHV RI �DXJPHQWLQJ� ODJV WR FRQWURO IRU

DGGLWLRQDO VHULDO FRUUHODWLRQ� 6HH WKH UHIHUHQFHV DQG WKH 5HIHUHQFH 0DQXDO XQGHU &2,17 IRU IXUWKHU LQIRUPDWLRQ�

)RU H[DPSOH� VXSSRVH \RX ZDQW WR WHVW ZKHWKHU WKH ORJDULWKP RI FRQVXPSWLRQ LQ &KDSWHU �
V ,OOXVWUDWLYH 0RGHO KDV D XQLW

URRW �LV LQWHJUDWHG RI RUGHU ��� 7KH IROORZLQJ VHW RI VWDWHPHQWV ZLOO SHUIRUP WKH �DXJPHQWHG� :HLJKWHG 6\PPHWULF DQG

'LFNH\�)XOOHU WHVWV DQG SULQW WKHLU DSSUR[LPDWH �DV\PSWRWLF� 3�YDOXHV�

603/ �� �� �

&2,17 /&216�

,Q WKLV H[DPSOH� &2,17 FKRRVHV � DXJPHQWLQJ ODJV IRU WKH :6 WHVW DQG �� ODJV IRU WKH ')� WKH 3�YDOXHV DUH ��� DQG ���

UHVSHFWLYHO\� VR WKH QXOO K\SRWKHVLV RI D XQLW URRW ZRXOG QRW EH UHMHFWHG DW WKH ��� OHYHO�

$OWHUQDWHO\� WKH 'LFNH\�)XOOHU WHVW FRXOG EH FRPSXWHG �E\ KDQG��

603/ �� �� �

'&216  /&216�/&216���� �

2/64 '&216 /&216���� & 7,0(�

&')�',&.(<)� #7��� �

7KLV H[DPSOH DVVXPHV WKDW WKHUH LV QR IXUWKHU VHULDO FRUUHODWLRQ VLQFH LW GRHV QRW DGG ODJJHG \ GLIIHUHQFHV WR WKH PRGHO�

7KH UHVXOWLQJ VWDWLVWLF ZDV ����� ZLWK D FRUUHVSRQGLQJ DV\PSWRWLF 3�YDOXH RI ���� VR WKH QXOO RI D XQLW URRW LV DFFHSWHG

DW WKH ��� OHYHO� 1RWH WKDW LI ZH KDG XVHG WKH FRQYHQWLRQDO W�WDEOH WR HYDOXDWH WKLV 3�YDOXH� ZH PLJKW KDYH UHMHFWHG WKLV

K\SRWKHVLV� 2SWLRQV IRU &') DOORZ \RX WR FRPSXWH WKH 3�YDOXHV ZLWKRXW DVVXPLQJ WKH SUHVHQFH RI D WUHQG RU FRQVWDQW�

6HH WKH UHIHUHQFHV DQG WKH 5HIHUHQFH 0DQXDO IRU IXUWKHU GHWDLOV� $OVR EH DZDUH WKDW WKH UHVLGXDOV IURP WKH 'LFNH\�)XOOHU

UHJUHVVLRQ VKRXOG EH VHULDOO\ XQFRUUHODWHG IRU WKH WHVW WR EH YDOLG� DOWKRXJK WKH\ GR QRW JHQHUDOO\ QHHG WR EH

KRPRVNHGDVWLF �3KLOOLSV ������ 7KH :HLJKWHG 6\PPHWULF WHVW LV UHFRPPHQGHG RYHU WKH 'LFNH\�)XOOHU WHVW� EHFDXVH LW



����(VWLPDWLRQ�8VLQJ�7LPH�6HULHV�'DWD

���

KDV �VRPHWLPHV RQO\ VOLJKWO\� KLJKHU SRZHU �VHH 3DQWXOD� *RQ]DOH]�)DULDV� DQG )XOOHU ������ 7KDW LV� WKH :6 WHVW LV PRUH

OLNHO\ WR UHMHFW WKH XQLW URRW �QXOO K\SRWKHVLV� ZKHQ LW LV LQ IDFW IDOVH� 7KH 3KLOOLSV�3HUURQ WHVW LV D YDULDQW RI WKH 'LFNH\�

)XOOHU ZKLFK WDFNOHV WKH SUREOHP RI DGGLWLRQDO VHULDO FRUUHODWLRQ LQ WKH UHVLGXDOV E\ XVLQJ D *00�W\SH PHWKRG WR

FRPSXWH D UHVLGXDO YDULDQFH WKDW LV �UREXVW� WR DXWRFRUUHODWLRQ�

7KH FRLQWHJUDWLRQ RI WLPH VHULHV LV D PHWKRGRORJ\ SLRQHHUHG E\ (QJOH DQG *UDQJHU ������� 7ZR RU PRUH WLPH VHULHV DUH

VDLG WR EH FRLQWHJUDWHG LI D OLQHDU FRPELQDWLRQ RI WKHP LV ,��� �LV VWDWLRQDU\� RU KDV DOO URRWV RXWVLGH WKH XQLW FLUFOH� HYHQ

WKRXJK LQGLYLGXDOO\ WKH\ DUH HDFK ,���� 7KXV WKH K\SRWKHVLV RI FRLQWHJUDWLRQ FRQVLVWV RI WZR SDUWV� WHVWV IRU ,��� RI WKH

LQGLYLGXDO VHULHV DQG ,��� RI D OLQHDU FRPELQDWLRQ� 8VXDOO\ WKH WHUP FRLQWHJUDWLRQ WHVWLQJ UHIHUV RQO\ WR WKH VHFRQG SDUW

RI WKH K\SRWKHVLV� WKH WHVW LV SHUIRUPHG FRQGLWLRQDO RQ WKH IDFW WKDW HDFK FRPSRQHQW VHULHV LV ,���� $OWKRXJK WKLV

K\SRWKHVLV VRXQGV GLIIHUHQW IURP WKH K\SRWKHVLV RI D XQLW URRW� WKH SUDFWLFH RI WHVWLQJ IRU FRLQWHJUDWLRQ LV TXLWH VLPLODU�

763 JLYHV WKH 3�YDOXHV IRU WKH (QJOH�*UDQJHU YHUVLRQV RI WKHVH WHVWV LQ WKH &') SURFHGXUH XQGHU WKH ',&.(<) RSWLRQ�

$V DQ H[DPSOH� FRQVLGHU WHVWLQJ WKDW ORJDULWKPV RI UHDO FRQVXPSWLRQ DQG UHDO *13 IURP WKH ,OOXVWUDWLYH 0RGHO DUH

FRLQWHJUDWHG� ,W LV HDV\ WR HVWDEOLVK WKDW HDFK LV ,��� VHSDUDWHO\ �ZLWK DV\PSWRWLF 3�YDOXHV RI ��� DQG ����� 7KH 763

FRPPDQGV WR HYDOXDWH WKH VHFRQG SDUW RI WKH K\SRWKHVLV DUH WKH IROORZLQJ�

603/ �� �� �

&2,17�$//25'� /&216 /*13� " WKLV DOVR SHUIRUPV WKH LQGLYLGXDO XQLW URRW WHVWV DW WKH VDPH WLPH

:KHQ /&216 LV WKH GHSHQGHQW YDULDEOH RI WKH FRLQWHJUDWLQJ UHJUHVVLRQ� &2,17 FKRRVHV � DXJPHQWLQJ ODJV� DQG REWDLQV

D WHVW VWDWLVWLF RI ������ ZKLFK KDV D 3�YDOXH RI ��� � :KHQ /*13 LV WKH GHSHQGHQW YDULDEOH� �� DXJPHQWLQJ ODJV DUH

FKRVHQ� DQG WKH WHVW VWDWLVWLF DQG 3�YDOXH DUH ����� DQG ��� UHVSHFWLYHO\� 6R WKH QXOO K\SRWKHVLV RI D XQLW URRW LQ WKH

FRLQWHJUDWLQJ UHJUHVVLRQ FDQQRW EH UHMHFWHG DW WKH ��� OHYHO LQ HLWKHU WHVW� :H FDQ FRQFOXGH WKDW WKH OLQHDU FRPELQDWLRQ

RI /&216 DQG /*13 LV QRW ,���� VR WKH\ DUH QRW FRLQWHJUDWHG �DW WKLV VLJQLILFDQFH OHYHO��

,I GRQH PDQXDOO\ �ZLWKRXW DXJPHQWDWLRQ� DQG RQO\ VKRZQ IRU /&216 DV WKH GHSHQGHQW YDULDEOH� WKH &2,17 WHVW ZRXOG

ORRN OLNH WKLV�

603/ �� �� �

2/64 /&216 /*13 & 7,0( � " WKH FRLQWHJUDWLQJ UHJUHVVLRQ

603/ �� �� �

'5(6  #5(6�#5(6���� �

2/64 '5(6 #5(6���� � " (QJOH�*UDQJHU WHVW

&')�',&.(<)�19$5 �� #7 � " �'LFNH\�)XOOHU WHVW RQ UHVLGXDOV IURP WKH FRLQWHJUDWLQJ UHJUHVVLRQ�

,Q WKH DERYH H[DPSOH� FRQVXPSWLRQ LV UHJUHVVHG RQ D FRQVWDQW� WLPH� DQG *13 WR REWDLQ WKH FRLQWHJUDWLQJ YHFWRU� UHVLGXDOV

DUH FRQVWUXFWHG� DQG WKHQ WKH ILUVW�GLIIHUHQFHG UHVLGXDOV DUH UHJUHVVHG RQ WKH ODJJHG UHVLGXDO� 8QGHU WKH K\SRWKHVLV RI

VWDWLRQDULW\� WKH FRHIILFLHQW RQ WKLV YDULDEOH VKRXOG EH ��� WKH W�VWDWLVWLF IRU WKLV K\SRWKHVLV LV WKH (QJOH�*UDQJHU VWDWLVWLF�

2QH FRPSOLFDWLRQ LV WKDW WKH DFWXDO YDOXH RI WKH (QJOH�*UDQJHU VWDWLVWLF �DOWKRXJK QRW LWV GLVWULEXWLRQ� ZLOO EH DIIHFWHG

E\ WKH FKRLFH RI OHIW�KDQG YDULDEOH LQ WKH ILUVW UHJUHVVLRQ �FRQVXPSWLRQ RU *13�� &2,17 ZLWK WKH $//25' RSWLRQ

FRPSXWHV ERWK WHVWV�

7R FRPSXWH WKH DV\PSWRWLF 3�YDOXH PDQXDOO\ IRU WKH (QJOH�*UDQJHU VWDWLVWLF� XVH WKH ',&.(<) RSWLRQ RI WKH &')

SURFHGXUH ZLWK WKH 19$5 RSWLRQ WR VSHFLI\ WKH QXPEHU RI FRLQWHJUDWLQJ YDULDEOHV XVHG LQ FRPSXWLQJ WKH WHVW VWDWLVWLF�

763 SURYLGHV 3�YDOXHV IRU FRLQWHJUDWLQJ UHJUHVVLRQV ZLWK XS WR � YDULDEOHV� XVLQJ WKH UHVSRQVH VXUIDFH HVWLPDWHV JLYHQ

E\ 0DF.LQQRQ ������ ������ )RU WKLV H[DPSOH� WKH YDOXH RI WKH VWDWLVWLF ZDV ������ ZLWK D 3�YDOXH HTXDO WR ���� ,I ZH

KDG SXW *13 RQ WKH OHIW�KDQG VLGH RI WKH RULJLQDO UHJUHVVLRQ� WKH FRUUHVSRQGLQJ YDOXH RI WKH VWDWLVWLF ZRXOG KDYH EHHQ

������ ZLWK D 3�YDOXH RI ���� 7KH QXOO K\SRWKHVLV RI D XQLW URRW LQ WKH FRLQWHJUDWLQJ UHJUHVVLRQ ZRXOG QRW EH UHMHFWHG DW

WKH ��� OHYHO� VR ZH FRXOG QRW FRQFOXGH WKDW WKHVH YDULDEOHV DUH FRLQWHJUDWHG� 1RWH WKDW WKHVH 3�YDOXHV DUH PXFK ORZHU

WKDQ WKH PRUH FRUUHFW RQHV JLYHQ DERYH� ZKLFK LQFOXGH DXJPHQWDWLRQ �FRUUHFWLRQ IRU VHULDO FRUUHODWLRQ RI WKH UHVLGXDOV

RI WKH FRLQWHJUDWLQJ UHODWLRQVKLS�� 1RWH DOVR WKDW WKH WHVW FDQ EH VHQVLWLYH WR WKH HVWLPDWLRQ VDPSOH� ,I ����� LV XVHG IRU

WKH FRLQWHJUDWLQJ UHJUHVVLRQ� WKH XQDXJPHQWHG 3�YDOXHV DUH ������ DQG ����� ZKLFK ZRXOG OHDG WR WKH FRQFOXVLRQ WKDW

FRLQWHJUDWLRQ GRHV H[LVW�

$ VHFRQG W\SH RI FRLQWHJUDWLRQ WHVW SHUIRUPHG E\ WKH &2,17 FRPPDQG LV WKH -RKDQVHQ�-XVHOLXV �PD[LPXP OLNHOLKRRG�

WHVW� 7KLV LQYROYHV WHVWLQJ IRU D SDUWLFXODU UHVWULFWLRQ RQ WKH FRHIILFLHQW PDWUL[ RI ODJJHG GHSHQGHQW YDULDEOHV LQ D 9$5�
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���

,W LV DFWXDOO\ HVWLPDWHG E\ UXQQLQJ WZR 9$5V DQG REWDLQLQJ WKH HLJHQYDOXHV IRU D IXQFWLRQ RI WKHLU MRLQW UHVLGXDO

FRYDULDQFH PDWUL[� 7KHQ OLNHOLKRRG UDWLR WHVWV �ZLWK ILQLWH VDPSOH FRUUHFWLRQV� DUH PDGH WR FKHFN IRU WKH QXPEHU RI

FRLQWHJUDWLQJ YHFWRUV RI WKH RULJLQDO V\VWHP� 7KH -RKDQVHQ�-XVHOLXV WHVW LV RIWHQ �RYHUVL]HG� �L�H� D 3�YDOXH RI ��� PD\

EH SULQWHG ZKHQ WKH WUXH UHMHFWLRQ IUHTXHQF\ VKRXOG EH ��� RU VR�� LPSO\LQJ WKDW �WRR PXFK� FRLQWHJUDWLRQ �RU WRR PDQ\

FRLQWHJUDWLQJ YHFWRUV� WHQG WR EH IRXQG� )RU H[DPSOH�

603/ ���� �����
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7KLV FRPPDQG FRPSXWHV WKH WUDFH WHVWV IRU WKH )LQQLVK GDWD IURP WKH -RKDQVHQ�-XVHOLXV������ SDSHU� 1RWH WKDW &2,17

FRPSXWHV WKH WHVWV ZLWK WKH ILQLWH VDPSOH DGMXVWPHQW� EXW WKLV GRHVQ
W DIIHFW WKH UHVXOWV PXFK �DW OHDVW LQ WKLV FDVH RI

DXWRUHJUHVVLYH RUGHU ��� ,Q WKLV FDVH� ZH ZRXOG FRQFOXGH DW WKH ��� OHYHO WKDW WKHUH DUH � FRLQWHJUDWLQJ YHFWRUV �EHFDXVH

WKH ILUVW � QXOOV DUH UHMHFWHG DQG WKH WKLUG LV DFFHSWHG�� 7KH 3�YDOXHV DUH LQWHUSRODWHG IURP 2VWHUZDOG�/HQXP������ 7DEOH

��� �EHFDXVH D FRQVWDQW WHUP LV LQFOXGHG� DQG 7DEOH ��� LV PRUH FRQVHUYDWLYH WKDW 7DEOH ���

HLJHQYDOXH QXOO K\SRWKHVLV WUDFH WHVW Z�R DGM� WHVW Z� DGMXVWPHQW 3�

YDOXH
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