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7KH DQDO\VLV RI SDQHO GDWD LQ HFRQRPLFV KDV EHFRPH LQFUHDVLQJO\ LPSRUWDQW LQ UHFHQW \HDUV DV WKH QXPEHU RI VXFK

GDWDVHWV KDV JURZQ DORQJ ZLWK HFRQRPHWULF WHFKQLTXHV WR DQDO\]H WKHP� 7KH WHUP �SDQHO GDWD� XVXDOO\ UHIHUV WR GDWD

ZKHUH WKH XQLW RI REVHUYDWLRQ YDULHV LQ WZR RU PRUH GLPHQVLRQV� )RU H[DPSOH� \RX PLJKW KDYH D VDPSOH RI WKH VDPH

LQGLYLGXDOV REVHUYHG DW VHYHUDO SRLQWV LQ WLPH� RU D VHW RI WLPH VHULHV� HDFK IRU D GLIIHUHQW ILUP RU FRXQWU\� 6XFK GDWD FDQ

EH KDQGOHG UDWKHU HDVLO\ LQ 763� DOWKRXJK WKH LQKHUHQW FRPSOH[LW\ RI WKH GDWD VWUXFWXUH UHTXLUHV \RX WR WKLQN D OLWWOH

KDUGHU DERXW KRZ WR VHW WKLQJV XS�

7KLV FKDSWHU SURYLGHV VRPH JXLGDQFH RQ KRZ WR DQDO\]H SDQHO GDWD LQ 763� DQG GLVFXVVHV VHYHUDO VW\OHV RI UHVHDUFK XVLQJ

VXFK GDWD� :H EHJLQ ZLWK D IHZ EDVLF UXOHV IRU VHWWLQJ XS \RXU GDWD LQSXW� GHSHQGLQJ RQ WKH QDWXUH RI WKH SUREOHP \RX

DUH DQDO\]LQJ� 7KHQ ZH GLVFXVV WKH 3$1(/ FRPPDQG� ZKLFK SURGXFHV WRWDO �SRROHG�� EHWZHHQ� ZLWKLQ �IL[HG HIIHFWV

RU FRQGLWLRQDO�� DQG YDULDQFH FRPSRQHQWV �UDQGRP HIIHFWV� HVWLPDWHV IRU SDQHO GDWD� )LQDOO\ ZH GLVFXVV KRZ WR HVWLPDWH

PRUH FRPSOLFDWHG PRGHOV LQ VKRUW SDQHOV XVLQJ WKH PLQLPXP GLVWDQFH HVWLPDWRU LQ /64 RU *00� 7KLV LV D SRZHUIXO

PHWKRGRORJ\ WKDW FDQ EH XVHG WR HVWLPDWH OLQHDU� QRQOLQHDU� DQG G\QDPLF IDFWRU PRGHOV ZLWK SDQHO GDWD� XVLQJ WKH PHWKRG

RI PRPHQWV HVWLPDWRU WR REWDLQ DV\PSWRWLFDOO\ HIILFLHQW HVWLPDWHV�

,Q WKH ILUVW SDUW RI WKLV FKDSWHU ZH XVH WKH H[DPSOH RI GDWD RQ WKH SDWHQWLQJ DQG 5	' VSHQGLQJ RI D ODUJH QXPEHU RI

ILUPV� IRU WKUHH \HDUV HDFK �VHH +DOO� *ULOLFKHV� DQG +DXVPDQ ����� ZH XVH WKUHH \HDUV RI GDWD IRU VLPSOLFLW\� PRUH

ZRXOG EH QHHGHG WR REWDLQ UHDO DQVZHUV�� $OWKRXJK WKH XQGHUO\LQJ SDWHQW GDWD DUH DSSOLFDWLRQ FRXQWV� ZH FRQILQH WKH

DQDO\VLV KHUH WR ODUJH ILUPV VR ZH FDQ WUHDW WKH SDWHQWV DV D FRQWLQXRXV UDWKHU WKDQ GLVFUHWH YDULDEOH�

:H DUH LQWHUHVWHG LQ WKH UHODWLRQVKLS EHWZHHQ 5	' VSHQGLQJ �SRVVLEO\ ODJJHG� DQG WKH UHVXOWLQJ SDWHQW DSSOLFDWLRQV�

7KH VSHFLILFDWLRQ RI WKH PRGHO WKDW VHHPV WR KDYH WKH PRVW VWDEOH SURSHUWLHV LV WR UHJUHVV WKH ORJ RI SDWHQWV RQ

FRQWHPSRUDQHRXV DQG ODJJHG ORJV RI 5	' H[SHQGLWXUHV� +RZHYHU� DV ZLOO EHFRPH FOHDU LQ WKH H[DPSOH� ZH H[SHFW D

IL[HG GLIIHUHQFH LQ WKH SURSHQVLW\ WR SDWHQW DFURVV ILUPV �EHFDXVH RI GLIIHULQJ WHFKQRORJLFDO FKDUDFWHULVWLFV RI WKH

LQGXVWU\ DQG RWKHU UHDVRQV�� DQG ZH H[SHFW WKDW WKLV SURSHQVLW\ PD\ EH FRUUHODWHG ZLWK WKH OHYHO RI 5	' H[SHQGLWXUH�

7KLV OHDGV XV WR XVH PDQ\ RI WKH SDQHO GDWD WHFKQLTXHV GHVFULEHG LQ WKLV FKDSWHU�

����� 7KH EDVLFV RI XVLQJ SDQHO GDWD

������� 5HDGLQJ LQ SDQHO GDWD

7KH ILUVW GHFLVLRQ WR PDNH ZKHQ GHDOLQJ ZLWK WLPH VHULHV�FURVV VHFWLRQ GDWD LV KRZ WR RUJDQL]H LW� 8VXDOO\� \RX DUH

ZLOOLQJ WR DVVXPH FRQGLWLRQDO LQGHSHQGHQFH LQ RQH GLUHFWLRQ� EXW QRW LQ WKH RWKHU� )RU H[DPSOH� \RX PD\ EH ZLOOLQJ WR

DVVXPH WKDW REVHUYDWLRQV RQ ILUPV DUH FRQGLWLRQDOO\� LQGHSHQGHQWO\� DQG LGHQWLFDOO\ GLVWULEXWHG� EXW QRW WKDW WKHUH LV QR

VHULDO FRUUHODWLRQ ZLWKLQ D VHW RI REVHUYDWLRQV RQ D VLQJOH ILUP� ,I WKLV LV WKH FDVH \RX VKRXOG RUGHU WKH GDWD VR WKDW WKH

VORZHVW YDU\LQJ LQGH[ LV WKH LQGH[ RI WKH GLPHQVLRQ LQ ZKLFK WKH GDWD DUH LQGHSHQGHQW� ,Q WKH H[DPSOH RI SDWHQWV DQG

5	'� XVH WKH RUGHU

),50 7,0( 3(5,2' 9$5,$%/(

� �� 3DWHQWV� 5	' IRU ILUP � LQ \HDU ��

� �� 3DWHQWV� 5	' IRU ILUP � LQ \HDU ��

� �� 3DWHQWV� 5	' IRU ILUP � LQ \HDU ��

� �� 3DWHQWV� 5	' IRU ILUP � LQ \HDU ��

� � �

1 �� 3DWHQWV� 5	' IRU ILUP 1 LQ \HDU ��

1 �� 3DWHQWV� 5	' IRU ILUP 1 LQ \HDU ��

1 �� 3DWHQWV� 5	' IRU ILUP 1 LQ \HDU ��

7KLV RUGHU IDFLOLWDWHV WKH FRQVWUXFWLRQ RI HVWLPDWRUV WKDW LQFOXGH VHULDO FRUUHODWLRQ� ,W DOVR DOORZV \RX WR UHJURXS WKH

GDWDILOH HDVLO\ VR WKDW WKHUH LV RQH FURVV VHFWLRQ XQLW SHU REVHUYDWLRQ ZLWK DOO WKH YDULDEOHV IRU DOO \HDUV �E\ UHDGLQJ LQ



$GYDQFHG�0HWKRGV

���

D GLIIHUHQW IRUPDW�� IRU XVLQJ WKH UREXVW VKRUW SDQHO PHWKRGV RI VHFWLRQ ���� )RU H[DPSOH�

),50 9$5,$%/(6

� 3DWHQWV� 5	' IRU \HDU ��� 3DWHQWV� 5	' IRU \HDU ������

� 3DWHQWV� 5	' IRU \HDU ��� 3DWHQWV� 5	' IRU \HDU ������

� �

1 3DWHQWV� 5	' IRU \HDU ��� 3DWHQWV� 5	' IRU \HDU ������

+HUH DUH WZR 5($' FRPPDQGV WKDW UHDG WKH LGHQWLFDO GDWDVHW LQWR 763 LQ WKH WZR IRUPDWV VKRZQ DERYH�
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&RPSDUH WR WKH VHFRQG PHWKRG�
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#,' 3$7�� /51'�� � " 2QO\ WKH YDOXH RI #,' IRU ���� ZLOO EH VWRUHG�

7KHUH DUH VLWXDWLRQV ZKHUH \RX ZDQW WKH GDWD RQH REVHUYDWLRQ SHU ILUP�\HDU �WKH 3$1(/ FRPPDQG DQG $5� ZLWK WKH

76&6 RSWLRQ� DQG VLWXDWLRQV ZKHUH \RX ZDQW WKH GDWD RQH REVHUYDWLRQ SHU ILUP �ZKHQ XVLQJ FRPSOH[ ODJ VWUXFWXUHV RU

*00PHWKRGV�� WKXV WKH GDWD VKRXOG EH VHW XS ZLWK WKLV LQ PLQG� :H UHIHU WR WKH ILUVW IRUPDW DV WKH SRROHG IRUPDW DQG

WKH VHFRQG IRUPDW DV WKH SDQHO IRUPDW� 7KH NH\ IDFWRU WKDW GHWHUPLQHV \RXU FKRLFH EHWZHHQ WKHP LV WKH VWDWLVWLFDO

DVVXPSWLRQ RI FRQGLWLRQDO LQGHSHQGHQFH� LQ JHQHUDO� ZKHQ \RX DVVXPH WKDW REVHUYDWLRQV DUH LQGHSHQGHQW �FRQGLWLRQDO

RQ \RXU PRGHO� DFURVV ERWK GLPHQVLRQV� \RX ZLOO ZDQW WKH GDWD LQ SRROHG IRUPDW� DQG ZKHQ \RX DVVXPH LQGHSHQGHQFH

RQO\ LQ RQH GLUHFWLRQ �ZLWK WKH SRVVLEOH H[FHSWLRQ RI VLPSOH ILUVW RUGHU VHULDO FRUUHODWLRQ�� WKH SDQHO IRUPDW�

������� 8QEDODQFHG SDQHOV

$Q XQEDODQFHG SDQHO LV RQH ZKHUH WKHUH DUH D GLIIHUHQW QXPEHU RI REVHUYDWLRQV IRU HDFK FURVV VHFWLRQ XQLW �RU YLFH

YHUVD�� 7KHVH REVHUYDWLRQV PD\ EH FRQWLJXRXV� RU WKHUH PD\ EH KROHV LQ WKH GDWD� 7KDW LV� IRU WKH H[DPSOH GDWDVHW� ZH

PD\ KDYH IRXU \HDUV RI GDWD IRU RQH ILUP ����� WR ������ WKUHH \HDUV IRU DQRWKHU ������ ����� ����� DQG WZR \HDUV IRU

D WKLUG ����� DQG ������ ,W LV HVVHQWLDO WR XVH WKH )5(4�3$1(/�,' ,'BYDULDEOH�� FRPPDQG ZLWK DQ XQEDODQFHG SDQHO�

WR LGHQWLI\ DQ ,'BYDULDEOH WKDW LQGLFDWHV ZKHQ RQH ILUP VWRSV DQG WKH QH[W RQH VWDUWV� <RX FDQ DOVR XVH WKH

)5(4�3$1(/� FRPPDQG ZLWK EDODQFHG SDQHOV� RU WR LGHQWLI\ D WLPH YDULDEOH� WKH WLPH VHULHV IUHTXHQF\ RI WKH GDWD� HWF�

0DQ\� EXW QRW DOO� RI WKH HVWLPDWRUV GHVFULEHG LQ WKLV FKDSWHU FDQ EH XVHG ZLWK XQEDODQFHG SDQHOV� )RU H[DPSOH� WKH

3$1(/ SURFHGXUH� ZKLFK DVVXPHV LQGHSHQGHQFH DFURVV WLPH VHULHV DQG FURVV VHFWLRQ XQLWV ZLOO ZRUN MXVW WKH VDPH

ZKHWKHU WKH GDWD DUH EDODQFHG RU XQEDODQFHG� $OO FRPPDQG ZKLFK XVH ODJV DQG OHDGV UHFRJQL]H WKH ,' YDULDEOH� VR WKDW

ODJV DQG OHDGV ZLOO UHIHU RQO\ ZLWKLQ D VLQJOH LQGLYLGXDO� 2QH LPSOLFDWLRQ RI WKLV LV WKDW \RX FDQ XVH D FRPPDQG OLNH

6(/(&7 0,66�,'9������ " ZKHQ ,'9 LV WKH ,' YDULDEOH

WR FKRRVH WKH ILUVW REVHUYDWLRQV IRU DOO LQGLYLGXDOV� 7KH $5� FRPPDQG DOVR UHFRJQL]HV WKH ,' YDULDEOH� VR LW ZLOO DSSO\

WKH VSHFLDO WUDQVIRUPDWLRQ WR WKH ILUVW REVHUYDWLRQ RI HDFK LQGLYLGXDO DQG DYRLG XVLQJ DQ\ ODJV WKDW ZRXOG UHIHU IURP RQH

LQGLYLGXDO EDFN WR WKH SUHYLRXV LQGLYLGXDO�

,Q WKH SDQHO IRUPDW� XQEDODQFHG SDQHOV FDQ EH �EDODQFHG� E\ LQFOXGLQJ PLVVLQJ GDWD FRGHV IRU WKH PLVVLQJ REVHUYDWLRQV�

6RPH RI WKH PHWKRGV GHVFULEHG LQ VHFWLRQ ������ PD\ QRW ZRUN YHU\ ZHOO ZLWK XQEDODQFHG SDQHOV� 7KLV LV LQ WKH QDWXUH

RI WKH GDWD DQG WKH FXUUHQW VWDWH RI HFRQRPHWULF PHWKRGRORJ\� LW LV QRW QHFHVVDULO\ D OLPLWDWLRQ RI WKH SURJUDP�
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����� 5DQGRP DQG )L[HG (IIHFWV PRGHOV �� WKH 3$1(/ SURFHGXUH

3$1(/ REWDLQV HVWLPDWHV RI OLQHDU UHJUHVVLRQ PRGHOV IRU SDQHO GDWD �VHYHUDO REVHUYDWLRQV RU WLPH SHULRGV IRU HDFK

LQGLYLGXDO�� 7KH GDWD PD\ EH XQEDODQFHG �GLIIHUHQW QXPEHU RI REVHUYDWLRQV SHU LQGLYLGXDO�� 3$1(/ FDQ DOVR FRPSXWH

PHDQV E\ JURXS DQG SHUIRUP ) WHVWV EHWZHHQ JURXSV� 7R GHILQH WKH PRGHOV HVWLPDWHG� DVVXPH ZH KDYH REVHUYDWLRQV

RQ L ������1 LQGLYLGXDOV IRU HDFK RI W ������7 \HDUV� 7KH GHSHQGHQW YDULDEOH LV GHQRWHG E\ \ DQG WKH LQGHSHQGHQWLW

YDULDEOHV E\ ; � 7KH EDVLF SRROHG RU 727$/ UHJUHVVLRQ PRGHO LVLW

\  ; � � � � XLW LW LW

ZKHUH � LV WKH RYHUDOO LQWHUFHSW DQG X LV L�L�G� 7KLV PRGHO DVVXPHV D VLQJOH VHW RI VORSH FRHIILFLHQWV IRU DOO WKHLW

REVHUYDWLRQV�

7KH IL[HG HIIHFW RU :,7+,1 PRGHO DVVXPHV WKDW WKHUH DUH FRPPRQ VORSHV� EXW WKDW HDFK FURVV VHFWLRQ XQLW KDV LWV RZQ

LQWHUFHSW� ZKLFK PD\ RU PD\ QRW EH FRUUHODWHG ZLWK WKH ;V�

\  ; � � � � XLW LW L LW

7KH %<,' PRGHO DVVXPHV WKDW ERWK WKH VORSHV DQG WKH LQWHUFHSWV YDU\ DFURVV FURVV VHFWLRQ XQLWV�

\  ; � � � � XLW LW L L LW

7KH %(7:((1 PRGHO VSHFLILHV WKH VDPH UHODWLRQVKLS EHWZHHQ WKH LQGLYLGXDO PHDQV�

\  ; � � � � XL� L� L�

ZKHUH

\  * \ �7L� LW

7KH UDQGRP HIIHFWV RU 9$5&203 PRGHO UHVHPEOHV WKH :,7+,1 PRGHO� EXW LW DVVXPHV WKDW WKH LQWHUFHSWV DUH GUDZQ

IURP D FRPPRQ GLVWULEXWLRQ ZLWK PHDQ � DQG YDULDQFH ) � 8QOLNH WKH :,7+,1 PRGHO� WKH HVWLPDWHV IRU WKLV ^�` PRGHO
� L

�

ZLOO QRW EH FRQVLVWHQW LI WKH LQGLYLGXDO LQWHUFHSWV DUH FRUUHODWHG ZLWK WKH LQGHSHQGHQW YDULDEOHV� %HFDXVH RI WKLV� LW LV

LPSRUWDQW WR WHVW IRU FRUUHODWLRQ� 3$1(/ UHSRUWV WKH +DXVPDQ WHVW VWDWLVWLF IRU WKH GLIIHUHQFH EHWZHHQ WKH IL[HG HIIHFWV

DQG UDQGRP HIIHFWV HVWLPDWHV� DORQJ ZLWK LWV S�YDOXH�

7KH 9$5&203 HVWLPDWRU LV FRPSXWHG E\ HVWLPDWLQJ WKH UHODWLYH LPSRUWDQFH RI EHWZHHQ DQG ZLWKLQ YDULDWLRQ RI WKH

GLVWXUEDQFH � � X DQG XVLQJ WKLV HVWLPDWHG UDWLR WR FRPELQH WKH ZLWKLQ DQG EHWZHHQ HVWLPDWRUV RSWLPDOO\� 8QGHU WKHL LW

QXOO RI XQFRUUHODWHG LQWHUFHSWV� WKH 9$5&203 HVWLPDWRU LV DV\PSWRWLFDOO\ HIILFLHQW� VLQFH LW LV D JHQHUDOL]HG OHDVW

VTXDUHV HVWLPDWRU� 7KHUH DUH DGGLWLRQDO RSWLRQV IRU 9$5&203 WR FRQWURO WKH DFWXDO YDULDQFH FRPSRQHQWV� 6PDOO RU

ODUJH VDPSOH IRUPXODV PD\ EH XVHG� RU \RX FDQ VXSSO\ WKH YDOXHV GLUHFWO\� ,I QHJDWLYH YDULDQFHV DUH FRPSXWHG XVLQJ WKH

VPDOO VDPSOH IRUPXOD� WKH SURJUDP VZLWFKHV RYHU WR WKH ODUJH VDPSOH IRUPXODV� ZKLFK DOZD\V UHVXOW LQ SRVLWLYH YDOXHV�

$OO RU VRPH RI WKHVH PRGHOV FDQ EH HVWLPDWHG E\ D VLQJOH 3$1(/ VWDWHPHQW� 7KH EDVLF 3$1(/ VWDWHPHQW LV OLNH WKH

2/64 VWDWHPHQW� ILUVW OLVW WKH GHSHQGHQW YDULDEOH DQG WKHQ WKH LQGHSHQGHQW YDULDEOHV� & LV RSWLRQDO� DQ LQWHUFHSW WHUP

LV FHQWUDO WR WKHVH PRGHOV DQG ZLOO EH DGGHG LI QRW SUHVHQW� +HUH LV DQ H[DPSOH IRU WKH VDPSOH GDWDVHW�

3$1(/ /3$7 & /51' �

7KLV FRPPDQG ZLOO SURGXFH HVWLPDWHV RI WKH 727$/� :,7+,1� %(7:((1� DQG 9$5&203 PRGHOV� WRJHWKHU ZLWK

WKH YDOXH RI DQ )�VWDWLVWLF IRU WKH K\SRWKHVLV WKDW DOO WKH LQWHUFHSWV DUH HTXDO�

7KH REVHUYDWLRQV RYHU ZKLFK WKH PRGHOV DUH FRPSXWHG DUH GHWHUPLQHG E\ WKH FXUUHQW VDPSOH� /DJV� OHDGV� DQG PLVVLQJ

YDOXHV DUH KDQGOHG SURSHUO\�

<RXU GDWD PXVW EH VHW XS ZLWK DOO WKH WLPH SHULRGV IRU HDFK LQGLYLGXDO WRJHWKHU �WKH SRROHG IRUPDW�� <RX PXVW DOVR

VSHFLI\ ZKHQ WKH GDWD HQGV IRU RQH LQGLYLGXDO� DQG EHJLQV IRU WKH QH[W� 7KH EHVW PHWKRG LV WR SURYLGH DQ ,' YDULDEOH
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VHULHV LQ WKH )5(4�3$1(/� FRPPDQG WKDW WDNHV RQ GLIIHUHQW YDOXHV IRU HDFK LQGLYLGXDO� DV ZH GLG LQ WKH VDPSOH GDWDVHW�

,I \RXU GDWD DUH EDODQFHG �WKH VDPH QXPEHU RI WLPH SHULRGV IRU HYHU\ LQGLYLGXDO�� WKH 7 RSWLRQ FDQ EH XVHG� 2WKHU

RSWLRQV DUH DOVR DYDLODEOH �VHH WKH 5HIHUHQFH 0DQXDO�� ,I WKH GDWD DUH QRW LQ WKLV RUGHU� WKH 6257 FRPPDQG FDQ UHRUGHU

WKHP �\RX FDQ DOVR XVH 6257 WR UHRUGHU WKH GDWD VR WKDW \RX FDQ GR YDULDQFH FRPSRQHQWV LQ WKH RWKHU �WLPH� GLPHQVLRQ��

6HH 6HFWLRQ ��� IRU DQ H[DPSOH�

$W SUHVHQW� 3$1(/ GRHV QRW DXWRPDWLFDOO\ JHQHUDWH GXPPLHV IRU WKH WLPH SHULRGV �DOWKRXJK WKH\ FDQ EH LQFOXGHG� RU

GR YDULDQFH FRPSRQHQWV LQ WKH RWKHU GLPHQVLRQ� 7R JHQHUDWH D VHW RI WLPH GXPPLHV IRU WKH VDPSOH GDWDVHW� XVH WKH

75(1' DQG '800< FRPPDQGV�

75(1'�3(5 ��67$57 ��� <($5 � " 0DNHV D VHULHV  ��������������������� �IRU EDODQFHG GDWD�

/,67 <5'80 <($5���<($5�� �

'800< <($5 <5'80 �

7KLV FUHDWHV WKUHH YDULDEOHV <($5��� <($5��� DQG <($5�� ZLWK WKH IROORZLQJ YDOXHV�

2%6 <($5�� <($5�� <($5��

��� � � �

��� � � �

��� � � �

��� � � �

��� � � �

DQG VR IRUWK

,I \RX KDG ORDGHG D YDULDEOH <($5 �ZKLFK LV HVVHQWLDO LQ WKH XQEDODQFHG FDVH�� \RX FRXOG KDYH MXVW XVHG WKH '800<

FRPPDQG GLUHFWO\� ZLWKRXW XVLQJ 75(1'�

7KLV QH[W H[DPSOH HVWLPDWHV DOO PRGHOV LQFOXGLQJ WKH LQGLYLGXDO ILUP UHJUHVVLRQV� DQG SULQWV LQGLYLGXDO PHDQV�

3$1(/�0($1�%<,'� /3$7 & /51' <($5�� <($5�� �

7KH RXWSXW IRU WKLV FRPPDQG ZLOO LQFOXGH )�VWDWLVWLFV IRU WKH K\SRWKHVLV WKDW WKH VORSH FRHIILFLHQWV DUH HTXDO DQG IRU WKH

MRLQW K\SRWKHVLV WKDW ERWK WKH VORSHV DQG LQWHUFHSWV DUH HTXDO�

7KH IROORZLQJ HVWLPDWHV 9$5&203 RQO\� XVLQJ ODUJH VDPSOH IRUPXODV �QRWH WKH XVH RI \HDU GXPPLHV ZLWK WKH

LQWHUFHSW��

3$1(/�12727�12%(7�12:,7+�12960$//� /3$7 & /51' <($5�� <($5���

����� 5REXVW HVWLPDWLRQ ZLWK SDQHO GDWD

7KLV VHFWLRQ GLVFXVVHV KRZ WR REWDLQ DV\PSWRWLFDOO\ HIILFLHQW HVWLPDWHV RI SDQHO GDWD PRGHOV ZLWKRXW LPSRVLQJ

FRQGLWLRQDO KRPRVNHGDVWLFLW\ RU LQGHSHQGHQFH RYHU WLPH RQ WKH GLVWXUEDQFHV RI WKH PRGHO� 7KH PHWKRGV DQG HVWLPDWRUV

GHVFULEHG KHUH DUH GXH ODUJHO\ WR &KDPEHUODLQ ������ DQG 0D&XUG\ �����D DQG ������ DOWKRXJK PDQ\ RWKHUV KDYH

FRQWULEXWHG WR WKHLU GHYHORSPHQW� 7KH\ DUH FORVHO\ UHODWHG WR WKH *00 HVWLPDWRU SURSRVHG E\ +DQVHQ DQG 6LQJOHWRQ

������ DQG WKH *00 FRPPDQG LQ 763 ZLOO FRPSXWH VRPH RI WKHP�

7KH HVWLPDWRUV GHVFULEHG KHUH DUH PLQLPXP GLVWDQFH HVWLPDWRUV WKDW XVH DQ DV\PSWRWLFDOO\ RSWLPDO ZHLJKWLQJ PDWUL[�

,Q SDUWLFXODU� WKH\ XVH WKH VDPSOH FRYDULDQFH RI WKH GLVWDQFH PHDVXUHV �VXFK DV RUWKRJRQDOLW\ FRQGLWLRQV RU UHVLGXDOV�

DV WKH ZHLJKWLQJ PDWUL[� 7KH NH\ WR XQGHUVWDQGLQJ WKH FRPSXWDWLRQ RI WKH HVWLPDWRUV GHVFULEHG KHUH LV WR UHFRJQL]H WKDW

WKH 685 SURFHGXUH �ZKLFK FRPSXWHV PXOWLYDULDWH UHJUHVVLRQV ZLWKRXW LPSRVLQJ D GLDJRQDO FRYDULDQFH VWUXFWXUH� FDQ

DOVR FRPSXWH D VHW RI HVWLPDWHV RI VHFRQG PRPHQWV RU IXQFWLRQV RI VHFRQG PRPHQWV� DORQJ ZLWK D UREXVW HVWLPDWH RI

WKHLU YDULDQFH�FRYDULDQFH PDWUL[� 7KLV HVWLPDWH LV KHWHURVNHGDVWLF�FRQVLVWHQW DQG GRHV QRW LPSRVH LQGHSHQGHQFH DFURVV

WKH GLVWXUEDQFHV LQ HDFK HTXDWLRQ� ZKHUH HTXDWLRQ KHUH UHIHUV WR WKH PRPHQW HTXDWLRQ�

7KLV HQDEOHV \RX WR FRQVWUXFW WKH RSWLPDO ZHLJKWLQJ PDWUL[ IRU PDQ\ RI WKHVH HVWLPDWRUV HDVLO\� ZLWKRXW VSHFLDO
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SURJUDPPLQJ� 8VLQJ WKLV PDWUL[� ZKLFK ZH FDOO 20(*$� ZH FDQ FRQVWUXFW D PLQLPXP GLVWDQFH HVWLPDWRU IRU WKH VHFRQG

PRPHQWV DV IXQFWLRQV RI WKH SDUDPHWHUV RI LQWHUHVW XVLQJ WKH 685 SURFHGXUH DJDLQ� EXW WKLV WLPH ZLWK RQO\ RQH

REVHUYDWLRQ �VLQFH WKH VHFRQG PRPHQWV DQG WKH HVWLPDWHG 20(*$ DUH VXIILFLHQW VWDWLVWLFV IRU WKH SUREOHP��

7KLV PHWKRGRORJ\ FDQ EH DSSOLHG WR WZR GLIIHUHQW SDQHO GDWD HVWLPDWLRQ SUREOHPV� WKH SUREOHP RI GHVFULELQJ WKH

UHODWLRQVKLS EHWZHHQ D VHW RI HQGRJHQRXV YDULDEOHV �<� DQG D VHW RI H[RJHQRXV YDULDEOHV �;�� ZKHUH WKH UHGXFHG IRUP

$PDWUL[ LV D VXIILFLHQW VWDWLVWLF IRU WKH SUREOHP �&KDPEHUODLQ
V SUREOHP�� DQG WKH SUREOHP RI GHVFULELQJ WKH UHODWLRQVKLS

EHWZHHQ D VHW RI HQGRJHQRXV YDULDEOHV �<� DQG D VHW RI XQREVHUYDEOH YDULDEOHV ��IDFWRUV��� ZKHUH WKH VHFRQG PRPHQWV

RI < DUH D VXIILFLHQW VWDWLVWLF� 2EYLRXVO\� WKH WZR W\SHV RI PRGHOV FRXOG EH FRPELQHG� EXW WKH SUHVHQWDWLRQ LV VLPSOHU

LI WKH\ DUH WUHDWHG VHSDUDWHO\�

������� 7KH 3, PDWUL[ PHWKRG

&KDPEHUODLQ ������ VKRZHG WKDW RQH ZD\ WR HVWLPDWH D ZKROH UDQJH RI SDQHO GDWD PRGHOV ZDV WR VXPPDUL]H WKH GDWD

E\ UHJUHVVLQJ DOO WKH HQGRJHQRXV YDULDEOHV RQ DOO RI WKH H[RJHQRXV YDULDEOHV� REWDLQLQJ DQ HVWLPDWH RI WKH UHGXFHG IRUP

PDWUL[ $� DQG WKHQ WR WHVW YDULRXV UHVWULFWLRQV RQ WKLV PDWUL[ LPSOLHG E\ WKH PRGHOV RI LQWHUHVW �DFWXDOO\ &KDPEHUODLQ

IRFXVHG RQ WKH FRQGLWLRQDO H[SHFWDWLRQ LQWHUSUHWDWLRQ RI UHJUHVVLRQ VR WKDW WKH HVWLPDWRU LQ TXHVWLRQ ZDV IRU WKH

H[SHFWDWLRQ RI WKH <V FRQGLWLRQDO RQ WKH ;V�� ,I \RX XVH WKH PLQLPXP GLVWDQFH HVWLPDWRU

DUJPLQ �%�I��� 6 �%�I�����

WRJHWKHU ZLWK DQ DSSURSULDWH HVWLPDWH RI 6 WR HVWLPDWH WKH UHVWULFWHG SDUDPHWHU VHW � WKHQ WKH UHVXOWLQJ HVWLPDWHV RI 

DUH DV\PSWRWLFDOO\ HIILFLHQW� 7KH RSWLPDO HVWLPDWH RI 6 LQ WKLV FDVH LV JLYHQ E\ WKH VDPSOH FRYDULDQFH RI Z � ZKHUH
L

Z  �\ �$[ � �6 [
L L L [ L

��

DQG 6 LV WKH VDPSOH YDULDQFH RI WKH ;V� 1RWH WKDW WKLV IRUPXOD GRHV QRW LPSO\ LQGHSHQGHQFH ZLWKLQ HDFK REVHUYDWLRQDO[

XQLW� QRU GRHV LW LPSRVH KRPRVNHGDVWLFLW\�

8VLQJ 685� LW LV HDV\ WR HVWLPDWH $ DQG LWV DVVRFLDWHG FRYDULDQFH 6 LQ 763� )RU WKH VDPSOH GDWDVHW�

'27 ����� �

)50/ 3,(4� /3$7�  3,���/51'�� � 3,���/51'�� � 3,���/51'�� �

3$5$0 3,����3,��� �

06' �1235,17� /3$7� /51'� � " 5HPRYLQJ DOO WKH \HDU PHDQV�

810$.( #0($1 30($1 50($1 �

/3$7�  /3$7��30($1 � /51'�  /51'��50($1 �

(1''27 �

685 �+&29 5� 3,(46 � " 1RWH WKH UREXVW RSWLRQ�

&23< #&2() 3, � " 6DYH WKH FRPSXWHG 3, PDWUL[ DQG LWV

&23< #9&29 20(*$ � " FRYDULDQFH HVWLPDWH�

5HPRYLQJ WKH PHDQV RI WKH GDWD EHIRUH IRUPLQJ WKH HVWLPDWHG $ VLPSOLILHV WKLQJV� EHFDXVH LW LPSOLHV WKDW \RX GR QRW

KDYH WR FDUU\ DURXQG WKH ; YDULDEOH FRUUHVSRQGLQJ WR WKH LQWHUFHSW� 7KLV WZR SDUW VWUDWHJ\ IRU HVWLPDWLRQ GRHV QRW DIIHFW

WKH DV\PSWRWLFV �0D&XUG\ ������

1RZ VXSSRVH WKH FODVV RI UHVWULFWHG PRGHOV RI LQWHUHVW KDYH WKH IROORZLQJ IRUP�

\  � [ � � [ � ��� � � � � XLW � LW � L�W�� W L LW

ZKHUH � LV WKH ILUP HIIHFW� ZKLFK PD\ EH FRUUHODWHG ZLWK WKH [
V�L

�  � [ � ��� � � [L � L� 7 L7

)RU WKH VDPSOH GDWD� ZLWK WKUHH \V DQG WKUHH [V� WKH $ PDWUL[ KDV WKH IROORZLQJ IRUP�
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$  � � � � � � � �� �� �� �� �� �� ��

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

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

7KHUH DUH QLQH HOHPHQWV LQ $ DQG QLQH FRHIILFLHQWV WR EH HVWLPDWHG� EXW WKHUH LV RQH QRUPDOL]DWLRQ UHVWULFWLRQ ��  �����

VR WKHUH LV RQH RYHU�LGHQWLI\LQJ UHVWULFWLRQ� ,I WKHUH DUH QR FRUUHODWHG HIIHFWV� WKH �V DQG �V ZLOO EH ]HUR DQG WKHUH ZLOO

EH VL[ RYHU�LGHQWLI\LQJ UHVWULFWLRQV�

:LWK WKH HVWLPDWHG $ DQG 6 PDWULFHV REWDLQHG DERYH� \RX FDQ WHVW IRU WKH WZR OHYHOV RI UHVWULFWLRQV LPSOLHG E\ WKLV

PRGHO�

�� D VWDEOH ODJ VWUXFWXUH DQG FRUUHODWHG ILUP HIIHFW�

�� D VWDEOH ODJ VWUXFWXUH DQG XQFRUUHODWHG ILUP HIIHFWV�

+HUH LV KRZ WR GR LW XVLQJ WKH PLQLPXP GLVWDQFH SURFHGXUH �/64 RU 685��

" 'HILQH WKH OLVWV RI 3, FRHIILFLHQWV DQG HTXDWLRQV�

"

/,67 3,/,67 3,�����3,���� 3,�����3,���� 3,�����3,���� �

/,67 3,(4/,67 3,(4�����3,(4���� 3,(4�����3,(4���� 3,(4�����3,(4���� �

/(1*7+ 3,/,67 13, � " )LQG RXW KRZ PDQ\ HOHPHQWV LQ 3, PDWUL[�

810$.( 3, 3,/,67 � " 8QPDNH WKH HVWLPDWHG 3, PDWUL[ LQWR LWV LQGLYLGXDO HOHPHQWV�

&2167 3,/,67 � " 7UHDW WKH HVWLPDWHG 3, FRHIILFLHQWV DV GDWD EHORZ�

6835(6 &298 : &297 5(*287� " 5HGXFH WKH RXWSXW IRU 0LQLPXP 'LVWDQFH HVWLPDWLRQ

"

" 'HILQH WKH HTXDWLRQV WKDW H[SUHVV 3, DV D IXQFWLRQ RI WKH XQGHUO\LQJ GHOWD SDUDPHWHUV �EHWD� ODPEGD� DQG JDPPD�

" ZKLFK DUH WR EH HVWLPDWHG�

"

)50/ 3,(4���� 3,����  %(7$� � /$0��*$0�� �

)50/ 3,(4���� 3,����  %(7$� � /$0��*$0�� �

)50/ 3,(4���� 3,����  %(7$� � /$0��*$0�� �

)50/ 3,(4���� 3,����  /$0��*$0�� �

)50/ 3,(4���� 3,����  %(7$� � /$0��*$0�� �

)50/ 3,(4���� 3,����  %(7$� � /$0��*$0�� �

)50/ 3,(4���� 3,����  /$0��*$0�� �

)50/ 3,(4���� 3,����  /$0��*$0�� �

)50/ 3,(4���� 3,����  %(7$� � /$0��*$0�� �

&2167 /$0���/$0�� *$0���*$0�� � " 6WDUWLQJ YDOXHV IRU PRGHO ZLWK

3$5$0 %(7$� � %(7$� � %(7$� � � " XQFRUUHODWHG ;V �RQO\ EHWDV WR EH HVWLPDWHG��

&2167 /$0�� � � " )UHH QRUPDOL]DWLRQ�

603/ ��� � " ,Q HIIHFW ZH QRZ KDYH RQH REVHUYDWLRQ RQ HDFK HOHPHQW RI 3,�

685�:1$0( 20(*$� 3,(4/,67 �

/(1*7+ #5106 123$5 �

6(7 ')  13,�123$5 � " 'HJUHHV RI IUHHGRP IRU FRQVWUDLQHG PRGHO�

&')�&+,64�') ')� #75 � " 7HVW FRQVWUDLQWV�

3$5$0 /$0���/$0�� *$0�� *$0�� � " 6WDUWLQJ YDOXHV IRU PRGHO ZLWK FRUUHODWHG ;V�

685�:1$0( 20(*$� 3,(4/,67 � " (VWLPDWLRQ�

/(1*7+ #5106 123$5 �

6(7 ')  13,�123$5 �

&')�&+,64�') ')� #75 � " 7HVW WKH VLQJOH FRQVWUDLQW UHPDLQLQJ�

7KH �75$&( 2)0$75,;� FULWHULRQ SULQWHG RXW E\ 685 DIWHU FRQYHUJHQFH LV SUHFLVHO\ WKH &KL�VTXDUHG VWDWLVWLF IRU
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WKH RYHU�LGHQWLI\LQJ FRQVWUDLQWV �ZLWK GHJUHHV RI IUHHGRP HTXDO WR WKH QXPEHU RI HOHPHQWV RI $ OHVV WKH QXPEHU RI

SDUDPHWHUV EHLQJ HVWLPDWHG�� 1RWH WKDW FKDQJLQJ WKH VDPSOH VL]H WR RQH LV HVVHQWLDO LI \RX ZDQW VWDQGDUG HUURU HVWLPDWHV

WR KDYH WKH FRUUHFW VL]H �DVVXPLQJ 20(*$ KDV EHHQ FRPSXWHG DV VKRZQ��

:LWK D ODUJHU QXPEHU RI <V� ;V� RU REVHUYDWLRQV LQ WKH WLPH GLPHQVLRQ� WKH QXPEHU RI PRGHOV WKDW PLJKW EH QHVWHG LQ

WKLV ZD\ EHFRPHV YHU\ ODUJH DQG WKH 763 SURJUDP FRUUHVSRQGLQJO\ ODUJHU� 8VLQJ '27 ORRSV DQG RWKHU VKRUWFXWV FDQ

PDNH SURJUDPPLQJ HDVLHU DQG VWUHDPOLQH \RXU SURJUDP VR WKDW LW LV HDVLHU WR UHDG DQG GHEXJ� 6HH WKH H[DPSOHV HDUOLHU

LQ WKLV FKDSWHU IRU LGHDV�

������� '\QDPLF IDFWRU PRGHOV ZLWK SDQHO GDWD

$Q H[DPSOH RI KRZ WR HVWLPDWH D IDLUO\ FRPSOH[ G\QDPLF IDFWRU PRGHO XVLQJ 685 LV DYDLODEOH LQ WKH H[DPSOHV RQ WKH

763 ZHE VLWH� 7KH H[DPSOH LV GUDZQ IURP +DOO DQG +D\DVKL �������

������� *00 (VWLPDWLRQ RI SDQHO GDWD PRGHOV�

$ VHULHV RI UHFHQW SDSHUV �.HDQH DQG 5XQNOH ����� $UHOODQR DQG %RQG ����� $KQ DQG 6FKPLGW ����� KDYH DGYRFDWHG

WKH XVH RI WKH *00PHWKRGRORJ\ IRU WKH HVWLPDWLRQ RI G\QDPLF SDQHO PRGHOV RU SDQHO GDWD PRGHOV ZLWK SUHGHWHUPLQHG

UDWKHU WKDQ H[RJHQRXV ULJKW�KDQG VLGH YDULDEOHV� 7KHVH HVWLPDWRUV DUH VWUDLJKWIRUZDUG WR LPSOHPHQW LQ 763 XVLQJ WKH

*00 HVWLPDWLRQ FRPPDQG WRJHWKHU ZLWK D 0$6. RSWLRQ WKDW FKRRVHV WKH LQVWUXPHQWV \RX ZLVK WR XVH IRU HDFK

HTXDWLRQ�

$V DQ H[DPSOH� FRQVLGHU WKH RQH�YDULDEOH PRGHO RI \ RQ [� ZLWK � \HDUV RI GDWD IRU HDFK \� EXW � \HDUV� LQFOXGLQJ � ODJV

IRU HDFK [� :LWK WKLV PXFK GDWD� LW LV SRVVLEOH WR WHVW QRW RQO\ IRU VWURQJ H[RJHQHLW\ RI WKH [
V� EXW DOVR IRU ZHDN

H[RJHQHLW\ RI ODJ RUGHU �� �� RU �� HLWKHU XQFRQGLWLRQDOO\ RU FRQGLWLRQDO RQ WKH SUHVHQFH RI LQGLYLGXDO HIIHFWV� 7KDW LV�

\RX FDQ WHVW IRU ZKHWKHU WKHUH LV ]HUR FRUUHODWLRQ EHWZHHQ WKH ILUVW�GLIIHUHQFHG GLVWXUEDQFHV DQG IXWXUH [
V DQG DOVR IRU

ZKHWKHU WKHUH LV ]HUR FRUUHODWLRQ EHWZHHQ WKH ILUVW�GLIIHUHQFHG GLVWXUEDQFHV DQG FXUUHQW [
V� RU [
V ODJJHG RQFH� $V WKH

QXPEHU RI ODJV RI [ YDULDEOHV WKDW DUH QRW DVVXPHG WR EH H[RJHQRXV LQFUHDVHV� WKH QXPEHU RI PRPHQW UHVWULFWLRQV

LPSRVHG GHFUHDVHV� $ VLPSOH 763 UXQ WKDW SHUIRUPV WKHVH WHVWV FRQGLWLRQDO RQ LQGLYLGXDO HIIHFWV LV VKRZQ EHORZ�

" (TXDWLRQV RI WKH PRGHO�

)50/ 8(4�� <�� � %(7$�;���%(7$�;���%(7$�;�� �

)50/ 8(4�� <�� � %(7$�;���%(7$�;���%(7$�;�� �

)50/ 8(4�� <�� � %(7$�;���%(7$�;���%(7$�;�� �

" )LUVW�GLIIHUHQFHG YHUVLRQV�

)50/ '8(4�� 8(4���8(4�� �

)50/ '8(4�� 8(4���8(4�� �

'27 �� �� �

(468% '8(4� 8(4���8(4�� �

(1''27 �

/,67 ;/,67 ;���;�� � " /LVW RI SRWHQWLDO LQVWUXPHQWV�

5($' �152: ��1&2/ �� 0� � " 0DVN IRU ODJ � DQG JUHDWHU LQVWUXPHQWV�

� � � � � � � � � � � �

�

*00 �+(7(52�,167 ;/,67�0$6. 0�� '8(4�� '8(4�� �

&23< #*0029,' 75$&(� � " &KL�VTXDUHG VWDWLVWLF IRU HVWLPDWHG PRGHO�

&23< #129,' ')� � " DFWXDO QXPEHU RI PRPHQW UHVWULFWLRQV LPSRVHG�

5($' �152: ��1&2/ �� 0� � " 0DVN IRU ODJ � LQVWUXPHQWV �ZHDN H[RJ��

� � � � � � � � � � � �

�

*00 �+(7(52�,167 ;/,67�0$6. 0�� '8(4�� '8(4�� �

&23< #*0029,' 75$&(� �

&23< #129,' ')� �
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" 6WURQJ H[RJHQHLW\� QR 0$6. PHDQV DOO LQVWUXPHQWV DUH XVHG IRU DOO HTXDWLRQV�

*00 �+(7(52�,167 ;/,67� '8(4�� '8(4�� �

&23< #*0029,' 75$&(6 �

&23< #129,' ')6�

" &RPSXWH 7HVW 6WDWLVWLFV�

6(7 7(67�  75$&(��75$&(� � 6(7 ')5  ')��')� �

&')�') ')5�&+,64� 7(67� � " 7HVW ODJ � LQVWUXPHQWV� PDLQWDLQLQJ ODJ ��

6(7 7(676  75$&(6�75$&(� � 6(7 ')5  ')6�')� �

&')�') ')5�&+,64� 7(676 � " 7HVW VWURQJ H[RJHQHLW\� PDLQWDLQLQJ ZHDN�

1RWH WKDW WKH ILUVW PRGHO HVWLPDWHG LQ WKLV H[DPSOH LV WKH OHDVW FRQVWUDLQHG PRGHO� DOO WKH RWKHUV ZLOO EH WHVWHG UHODWLYH

WR WKLV RQH�

0RGLI\LQJ WKLV H[DPSOH WR SHUIRUP WKH WHVW ZLWKRXW DOORZLQJ IRU LQGLYLGXDO HIIHFWV LV VWUDLJKWIRUZDUG� VLPSO\ XVH WKH

OHYHO HTXDWLRQV 8(4���8(4� DQG PRGLI\ WKH 0� DQG 0� PDWULFHV DFFRUGLQJO\� )RU H[DPSOH� LI WKH RUGHU RI WKH

HTXDWLRQV LV 8(4�� 8(4�� 8(4��� WKH PDVN 0� VKRXOG EH WKH IROORZLQJ PDWUL[�

� � �

� � �

� � �

� � �

� � �

� � �

7KH 763 ZHE SDJH ZZZ�WVSLQWO�FRP FRQWDLQV PRUH H[DPSOHV RI HVWLPDWLQJ D SDQHO GDWD PRGHO XVLQJ ERWK WKH *00 DQG

3, PDWUL[ WHFKQLTXHV� 7KHUH DUH DOVR H[DPSOHV RI SHUIRUPLQJ /0 WHVWV IRU VHULDO FRUUHODWLRQ DV LQ $UHOODQR DQG %RQG

������� DQG FRPSXWLQJ WKH RQH�VWHS FRYDULDQFH PDWUL[ HVWLPDWH UHFRPPHQGHG E\ %OXQGHOO DQG %RQG �������


