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7KH YLHZV H[SUHVVHG KHUH DUH WKRVH RI WKH DXWKRU DQG QRW QHFHVVDULO\ WKRVH RI WKH )HGHUDO 5HVHUYH

%DQN RI $WODQWD RU WKH )HGHUDO 5HVHUYH 6\VWHP� 7KH DXWKRU WKDQNV *HRUJH &RQVWDQWLQLGHV� *HRUJH

(DVWRQ� (XJHQH )DPD� :D\QH )HUVRQ� .HQQHWK )UHQFK� 0HUWRQ 0LOOHU� (KXG 5RQQ� 5XH\ 7VD\� 'DQ

:DJJRQHU DQG VHPLQDU SDUWLFLSDQWV DW WKH 8QLYHUVLW\ RI &KLFDJR DQG ,QGLDQD 8QLYHUVLW\ IRU WKHLU

FRPPHQWV DQG VXJJHVWLRQV� $Q\ UHPDLQLQJ HUURUV DQG RPLVVLRQV DUH WKH DXWKRU
V UHVSRQVLELOLW\�

3OHDVH DGGUHVV TXHVWLRQV RI VXEVWDQFH WR 5REHUW 5� %OLVV� 5HVHDUFK 'HSDUWPHQW� )HGHUDO 5HVHUYH

%DQN RI $WODQWD� ��� 0DULHWWD 6WUHHW� 1�:�� $WODQWD� *HRUJLD ����������� ������������� ��������

���� �)D[�� UEOLVV#IUEDWODQWD�RUJ�

4XHVWLRQV UHJDUGLQJ VXEVFULSWLRQV WR WKH )HGHUDO 5HVHUYH %DQN RI $WODQWD ZRUNLQJ SDSHU VHULHV

VKRXOG EH DGGUHVVHG WR WKH 3XEOLF $mDLUV 'HSDUWPHQW� )HGHUDO 5HVHUYH %DQN RI $WODQWD� ��� 0D�

ULHWWD 6WUHHW� 1�:�� $WODQWD� *HRUJLD ����������� �������������



$EVWUDFW� 7KLV SDSHU WHVWV DQG FRPSDUHV nYH GLVWLQFW PHWKRGV IRU HVWLPDWLQJ WKH WHUP

VWUXFWXUH� 7KH 8QVPRRWKHG )DPD�%OLVV PHWKRG LV DQ LWHUDWLYH PHWKRG E\ ZKLFK WKH GLV�

FRXQW UDWH IXQFWLRQ LV EXLOW XS E\ FRPSXWLQJ WKH IRUZDUG UDWH QHFHVVDU\ WR SULFH VXFFHVVLYHO\

ORQJHU PDWXULW\ ERQGV� 7KH 6PRRWKHG )DPD�%OLVV ?VPRRWKV RXW� WKHVH GLVFRXQW UDWHV E\

nWWLQJ DQ DSSUR[LPDWLQJ IXQFWLRQ WR WKH ?XQVPRRWKHG� UDWHV� 7KH 0F&XOORFK PHWKRG nWV

D FXELF VSOLQH WR WKH GLVFRXQW IXQFWLRQ XVLQJ DQ LPSOLFLW VPRRWKQHVV SHQDOW\� ZKLOH WKH

)LVKHU�1\FKND�=HUYRV PHWKRG nWV D FXELF VSOLQH WR WKH IRUZDUG UDWH IXQFWLRQ DQG PDNHV

WKH VPRRWKQHVV SHQDOW\ H[SOLFLW� /DVWO\� WKH ([WHQGHG 1HOVRQ�6LHJHO PHWKRG� LQWURGXFHG LQ

WKLV SDSHU� nWV DQ H[SRQHQWLDO DSSUR[LPDWLRQ RI WKH GLVFRXQW UDWH IXQFWLRQ GLUHFWO\ WR ERQG

SULFHV�

7KH WHVWV GHPRQVWUDWH WKH GDQJHUV RI LQ�VDPSOH JRRGQHVV�RI�nW DV WKH VROH FULWHULRQ IRU

MXGJLQJ WHUP VWUXFWXUH HVWLPDWLRQ PHWKRGV� $ VHULHV RI UHVLGXDO DQDO\VLV WHVWV DUH LQWURGXFHG

WR GHWHFW PLVVSHFLnFDWLRQ RI WKH XQGHUO\LQJ SULFLQJ HTXDWLRQ UHODWLQJ WKH WHUP VWUXFWXUH WR

ERQG SULFHV� 7KHVH WHVWV HVWDEOLVK WKH SUHVHQFH RI XQVSHFLnHG� EXW QRQHWKHOHVV V\VWHPDWLF�

RPLWWHG IDFWRUV LQ WKH SULFHV RI ORQJ PDWXULW\ QRWHV DQG ERQGV�

&RPSDULVRQV RI WKH nYH WHUP VWUXFWXUH HVWLPDWLRQ PHWKRGV XVLQJ WKHVH SDUDPHWULF DQG

QRQ�SDUDPHWULF WHVWV nQGV WKDW WKH 8QVPRRWKHG )DPD�%OLVV GRHV EHVW RYHUDOO� 'LmHUHQFHV

ZLWK VRPH DOWHUQDWLYHV PD\ QRW EH HFRQRPLFDOO\ VLJQLnFDQW JLYHQ WKH PXFK ODUJHU QXPEHU

RI SDUDPHWHUV WKLV PHWKRG HVWLPDWHV� 8VHUV VHHNLQJ D SDUVLPRQLRXV UHSUHVHQWDWLRQ RI WKH

WHUP VWUXFWXUH VKRXOG FRQVLGHU HLWKHU WKH 6PRRWKHG )DPD�%OLVV RU WKH ([WHQGHG 1HOVRQ�

6LHJHO PHWKRGV� 2QH PHWKRG ZDV IRXQG WR EH XQDFFHSWDEOH� 7KH )LVKHU�1\FKND�=HUYRV

FXELF VSOLQH PHWKRG SHUIRUPV SRRUO\ UHODWLYH WR WKH DOWHUQDWLYHV� ERWK LQ� DQG RXW�RI�VDPSOH�

)XUWKHUPRUH� LW V\VWHPDWLFDOO\ PLVSULFHV VKRUW PDWXULW\ LVVXHV DQG VXmHUV IURP LQVWDELOLW\ LQ

WKH HVWLPDWHG WHUP VWUXFWXUH�



� ,QWURGXFWLRQ

7KH WHUP VWUXFWXUH RI LQWHUHVW UDWHV� LV D FRQFHSW FHQWUDO WR HFRQRPLF DQG nQDQFLDO WKHRU\

DQG WKH SULFLQJ RI LQWHUHVW UDWH FRQWLQJHQW FODLPV� ,QWHUHVW UDWH PRGHOV EDVHG RQ WKH VKRUW

UDWH� VXFK DV &R[� ,QJHUVROO� DQG 5RVV ������ RU 9DVLFHN ������� LPSO\ VWUXFWXUHV IRU WKH

VKDSH RI WKH WHUP VWUXFWXUH� ,Q SUDFWLFH� KRZHYHU� DSSOLFDWLRQV RI LQWHUHVW UDWH PRGHOV WR

SULFLQJ GHULYDWLYHV nUVW FDOLEUDWH WKH SDUDPHWHUV RI WKH PRGHO WR nW WKH WHUP VWUXFWXUH��

2WKHU PRGHOV� IRU LQVWDQFH +R DQG /HH ������ DQG +HDWK� -DUURZ� DQG 0RUWRQ ����� DQG

������ WDNH WKH HQWLUH WHUP VWUXFWXUH DV JLYHQ DQG SURYLGH VWUXFWXUH IRU LWV HYROXWLRQ� 7KHVH

PRGHOV DUH WKHQ DSSOLHG WR GHULYDWLYHV SULFLQJ� IRU LQVWDQFH $PLQ DQG 0RUWRQ �������

,Q DOO WKHVH FDVHV DQ HVWLPDWH RI WKH WHUP VWUXFWXUH RI LQWHUHVW UDWHV LV WKH QHFHVVDU\

VWDUWLQJ SRLQW IRU WHVWLQJ WKHVH PRGHOV RU DSSO\LQJ WKHP WR SULFLQJ DQG KHGJLQJ LQWHUHVW UDWH

GHULYDWLYHV� 8QIRUWXQDWHO\� UDUHO\ LQ nQDQFLDO HFRQRPLFV LV WKH FRQWUDVW EHWZHHQ WKHRU\ DQG

UHDOLW\ PRUH VWDUNO\ YLVLEOH WKDQ LQ WKH VWXG\ RI WHUP VWUXFWXUH HVWLPDWLRQ� (mRUWV WR UHFRQFLOH

WKH DSSDUHQW FRQoLFWV KDYH JLYHQ ULVH WR D ULFK OLWHUDWXUH RQ PDUNHW IULFWLRQV� 7KLV OLWHUDWXUH

KDV JHQHUDOO\ FRQVLVWHG RI K\SRWKHVLV WHVWV RI LQGLYLGXDO PRGHOV� /LWWOH DWWHQWLRQ KDV EHHQ

SDLG WR UHVROYLQJ FRQoLFWLQJ PRGHOV RU HYDOXDWLQJ nWWHG�SULFH HUURUV �UHVLGXDO DQDO\VLV�� 7KLV

SDSHU VHHNV WR DGGUHVV WKHVH JDSV�

��� 2EMHFWLYHV

7KH IRFXV RI WKLV SDSHU LV PHWKRGRORJLFDO� :H nUVW SURSRVH DQG LPSOHPHQW D SURFHGXUH IRU

FRPSDULQJ DOWHUQDWH WHUP VWUXFWXUH HVWLPDWLRQ PHWKRGV� HPSKDVL]LQJ RXW�RI�VDPSOH SHUIRU�

PDQFH� :H WKHQ SURSRVH DQG DSSO\ D VHULHV RI WHVWV WR GHWHFW PLVVSHFLnFDWLRQ RI WKH SULFLQJ

HTXDWLRQ E\ H[DPLQLQJ WKH UDQGRPQHVV RI WKH nWWHG�SULFH HUURUV� 7R LOOXVWUDWH RXU SURSRVHG

�7KH WHUP ?WHUP VWUXFWXUH� LV VRPHZKDW ORRVH DQG LQFOXGHV WKH GLVFRXQW IXQFWLRQ� WKH GLVFRXQW UDWH

IXQFWLRQ �]HUR�FRXSRQ \LHOG FXUYH� DQG WKH IRUZDUG UDWH FXUYH� 6LQFH HDFK LV D WUDQVIRUPDWLRQ RI RWKHUV�

?WHUP VWUXFWXUH� PD\ EH XVHG LQ SODFH RI DQ\ RI WKHP� H[FHSW ZKHUH VSHFLnFLW\ LV QHFHVVDU\�
�7KLV LV GRQH E\ SHUPLWWLQJ WKH GULIW SDUDPHWHU� DQG SHUKDSV RWKHUV� WR HYROYH GHWHUPLQLVWLFDOO\� 7KH

WLPH�YDU\LQJ SDUDPHWHUV DUH WKHQ VHOHFWHG VR DV WR SULFH SXUH GLVFRXQW ERQGV� WKDW LV ?PDWFK WKH WHUP

VWUXFWXUH�� 6HH� IRU H[DPSOH� %ODFN� 'HUPRQ� DQG 7R\ ������� +XOO DQG :KLWH ������� DQG %OLVV DQG 5RQQ

������� 7KHVH WLPH�YDU\LQJ SDUDPHWHUV DUH DG KRF DQG RXWVLGH WKH FRQWH[W RI WKH XQGHUO\LQJ PRGHO DQG QR

VWUXFWXUH LV LPSRVHG RQ WKHLU HYROXWLRQ� EXW LW LV FRQVLGHUHG E\ PDQ\ SUDFWLWLRQHUV DQ HVVHQWLDO HOHPHQW RI

DQ\ PRGHO WKDW LW EH DEOH WR SULFH YDQLOOD ERQGV�

�



SURFHGXUHV� ZH XVH IRXU WHUP VWUXFWXUH HVWLPDWLRQ PHWKRGV� GHWDLOHG LQ WKH QH[W VHFWLRQ�

EDVHG RQ WKH VLPSOHVW SRVVLEOH SULFLQJ HTXDWLRQ ZLWKRXW WD[�HmHFWV RU RWKHU UHnQHPHQWV�

3DVW UHVHDUFK KDV XVHG IXOO VDPSOH HVWLPDWHV RI WKH WHUP VWUXFWXUH WR WHVW K\SRWKHVHV�

7KLV WHQGV WR UHZDUG PRUH KLJKO\ SDUDPHWUL]HG PRGHOV�� :H ZLOO VKRZ WKDW LQ�VDPSOH UHVXOWV

JLYH D GLVWRUWHG YLHZ RI SHUIRUPDQFH� 7KHUH LV D FOHDU GDQJHU RI RYHU�nWWLQJ WKH GDWD� 7KH

VROXWLRQ WR WKLV SUREOHP LV WR XVH RXW�RI�VDPSOH WHVWV ZKHQ HYDOXDWLQJ SULFLQJ HTXDWLRQV RU

HVWLPDWLRQ PHWKRGV�

3DVW UHVHDUFK KDV SDLG VFDQW DWWHQWLRQ WR UHVLGXDO �nWWHG�SULFH HUURU� DQDO\VLV DV D PHDQV

RI GHWHFWLQJ SRWHQWLDO SUREOHPV�� $ SULFLQJ PRGHO� VXFK DV HTXDWLRQ ��� EHORZ� LV XVHG XQGHU

WKH DVVXPSWLRQ �RU WR WHVW WKH DVVXPSWLRQ� WKDW LW FDSWXUHV DOO WKH V\VWHPDWLF LQIRUPDWLRQ

HPEHGGHG LQ ERQG SULFHV DQG WKDW UHPDLQLQJ GLmHUHQFHV EHWZHHQ WKH WKHRUHWLFDO DQG DFWXDO

SULFHV DUH QRLVH� $ GLUHFW WHVW RI ZKHWKHU WKLV LV VR LV WR ORRN IRU V\VWHPDWLF UHODWLRQV LQ WKH

nWWHG�SULFH HUURUV� :H GR WKLV ZLWK D VHULHV RI WKUHH WHVWV�

�� :H H[DPLQH WKH EHKDYLRU RI nWWHG�SULFH HUURUV RI LQGLYLGXDO ERQGV IURP RQH SHULRG WR

WKH QH[W E\ H[DPLQLQJ WKH WUDQVLWLRQ PDWUL[ IRU nWWHG�SULFH HUURUV FODVVLnHG DV SRVLWLYH�

]HUR� RU QHJDWLYH� ,I WKH HUURUV DUH LQGHHG QRLVH� WKH WUDQVLWLRQ SUREDELOLWLHV VKRXOG

UHoHFW WKH IUHTXHQF\ RI SRVLWLYH� ]HUR� DQG QHJDWLYH HUURUV LQ WKH RYHUDOO SRSXODWLRQ�

�� 7R WHVW ZKHWKHU RXU WLPH VHULHV LQGHSHQGHQFH UHVXOWV DUH HVWLPDWLRQ PHWKRG�VSHFLnF

RU WKH UHVXOW RI D PLVVSHFLnHG SULFLQJ HTXDWLRQ �ZKLFK LV FRPPRQ WR DOO HVWLPDWLRQ

PHWKRGV XVHG KHUH�� ZH H[DPLQH WKH FRLQFLGHQFH PDWULFHV RI SRVLWLYH� ]HUR RU QHJDWLYH

HUURUV DFURVV HVWLPDWLRQ PHWKRGV� ,W PD\ EH WKH FDVH WKDW DOO HVWLPDWLRQ PHWKRGV DUH

LPSHUIHFW DQG HDFK LQWURGXFHV VRPH PHWKRG�VSHFLnF HUURUV� ,W LV XQOLNHO\ WKDW WKHVH

HUURUV ZLOO EH VLPLODU DFURVV HVWLPDWLRQ PHWKRGV XQOHVV WKH �FRPPRQ� SULFLQJ HTXDWLRQ

LWVHOI LV WKH FXOSULW�

�� /DVWO\� ZH UHJUHVV WKH nWWHG�SULFH HUURUV DJDLQVW YDULDEOHV WKDW YDULRXV WKHRULHV �WD[�

FOLHQWHOH� WD[�WLPLQJ� OLTXLGLW\ SUHPLD� VXJJHVW PLJKW EH UHOHYDQW WR WKH SULFLQJ SURFHVV�

�6HH 7DEOH � DQG WKH UHODWHG GLVFXVVLRQ EHORZ�
�1HOVRQ DQG 6LHJHO ������ IRXQG ?� � � VRPH HYLGHQFH RI LVVXH HmHFWV VLQFH ODUJH UHVLGXDOV IRU D SDUWLFXODU

LVVXH VKRZ VRPH WHQGHQF\ WR SHUVLVW IURP RQH TXRWH VKHHW WR WKH QH[W�� 7KH\ GLG QRW SXUVXH WKH PDWWHU

IXUWKHU�
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7KLV ZLOO DOORZ XV WR VHH LI nWWHG�SULFH HUURUV DUH UHODWHG WR FRQWHPSRUDQHRXV IDFWRUV

DQG ZKHWKHU WKHVH UHODWLRQV DUH PHWKRG�VSHFLnF DQG�RU FRQVWDQW WKURXJK WLPH�

:H nQG WKDW IRU LQWHUPHGLDWH DQG ORQJ PDWXULWLHV WKHUH LV FOHDU HYLGHQFH RI XQVSHFLnHG�

HVWLPDWLRQ PHWKRG�LQGHSHQGHQW IDFWRUV ZKLFK KDYH EHHQ RPLWWHG IURP WKH ERQG SULFLQJ HTXD�

WLRQ ZKLFK QRQHWKHOHVV LPSDFW WKH SULFLQJ RI ERQGV �KHQFHIRUWK� ?RPLWWHG SULFLQJ IDFWRUV�

IRU WKH VDNH RI EUHYLW\��

2XU IRFXV LQ WKLV SDSHU LV QRW RQ ZKLFK HVWLPDWLRQ PHWKRG ?ZLQV WKH KRUVH UDFH� EXW RQ

KRZ RQH VKRXOG MXGJH WKH UDFH� :H ZLVK WR HVWDEOLVK D PHWKRGRORJ\ WR EH XVHG LQ WKH IXWXUH

WR WHVW ZKHWKHU PRUH FRPSOH[ SULFLQJ UHODWLRQV IXOO\ FDSWXUH WKH V\VWHPDWLF EHKDYLRU RI ERQG

SULFHV� 7KH DGYDQWDJH RI WKH WHVWV GHYHORSHG KHUH RYHU GLUHFW WHVWV RI VSHFLnF K\SRWKHVL]HG

SULFLQJ IDFWRUV LV WKDW WKHVH PHWKRGRORJLHV WHVW IRU XQVSHFLnHG HmHFWV� 7KH WZR PHWKRGROR�

JLHV� WHVWV RI FRPSDUDWLYH DELOLW\ WR nW ERQG SULFHV DQG WHVWV IRU SRWHQWLDO PLVVSHFLnFDWLRQ�

SURYLGH D nUP EDVLV IRU HYDOXDWLQJ IXWXUH HPSLULFDO UHVHDUFK GLUHFWHG DW PRGHOLQJ DQG WHVWLQJ

WHUP VWUXFWXUH K\SRWKHVHV�

1R HmRUW LV PDGH WR UHVROYH WKH LVVXHV RI WD[�FOLHQWHOH� WD[�WLPLQJ� OLTXLGLW\ HmHFWV� HWF�

:KLOH WKHVH HmHFWV �DQG XQNQRZQ RWKHUV� PD\ H[LVW� ZH FDQQRW EHJLQ WR VWXG\ PRUH FRPSOH[

K\SRWKHVHV XQWLO ZH XQGHUVWDQG WKH HPSLULFDO EHKDYLRU RI VLPSOHU PRGHOV DQG WKH PHWKRGV

XVHG WR WHVW WKHP�

��� %DFNJURXQG

7KH XQGHUO\LQJ WKHRU\ LV VWUDLJKWIRUZDUG HQRXJK� 7KH )XQGDPHQWDO 7KHRUHP RI $VVHW 3ULF�

LQJ >VHH '\EYLJ DQG 5RVV ������� IRU H[DPSOH@ LPSOLHV WKDW LQ D ZRUOG RI FHUWDLQ FDVK oRZV�

FP� DQG IULFWLRQOHVV PDUNHWV� DEVHQFH RI DUELWUDJH LV HTXLYDOHQW WR WKH H[LVWHQFH RI D OLQHDU

SULFLQJ UXOH� pP ! � �P� VXFK WKDW
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,I PDUNHWV DUH LQFRPSOHWH� WKHUH H[LVW PXOWLSOH VHWV RI pP ZKLFK VDWLVI\ WKLV HTXDWLRQ�

,Q WKH WHUP VWUXFWXUH OLWHUDWXUH� pP� FDOOHG WKH ?GLVFRXQW IXQFWLRQ�� LV XVXDOO\ WUDQVIRUPHG

LQWR D GLVFRXQW UDWH FXUYH E\ U�P� s b ORJ�pP� P� 'HUPRG\ DQG 3ULVPDQ ������ KDYH

�



DUJXHG WKDW� EHFDXVH SULFHV DUH TXRWHG ZLWK D VSUHDG� PXOWLSOH GLVFRXQW IXQFWLRQV VDWLVI\LQJ

3%LG �
30

P � FPpP � 3$VN ZLOO EH WKH UXOH�

8QIRUWXQDWHO\� ZH QHHG RQO\ ORRN DW WKH TXRWDWLRQV RI 7UHDVXU\ 675,36 WR REVHUYH DS�

SDUHQW YLRODWLRQV RI WKH /DZ RI 2QH 3ULFH�� LPSO\LQJ WKDW WKH IULFWLRQOHVV PDUNHWV DVVXPSWLRQ

XQGHUO\LQJ HTXDWLRQ ��� LV QRW VXSSRUWHG E\ WKH IDFWV� $WWHPSWV WR nW GLVFRXQW IXQFWLRQV WR

VHWV RI JRYHUQPHQW ERQG SULFHV nQG WKDW QR GLVFRXQW IXQFWLRQ� pP� H[LVWV WR H[DFWO\ SULFH DOO

ERQGV� HYHQ ZKHQ ELG�DVN VSUHDGV DUH DFFRXQWHG IRU� 7KH 675,36 TXRWHV SURYLGH D VXpFLHQW

FRXQWHU�H[DPSOH� 2WKHU VWXGLHV KDYH XVHG OLQHDU SURJUDPPLQJ WR nQG DSSDUHQW DUELWUDJH

RSSRUWXQLWLHV EHWZHHQ LQGLYLGXDO ERQGV DQG SRUWIROLRV RI RWKHU ERQGV��

5DWKHU WKDQ DFFHSW WKLV DQG RWKHU HYLGHQFH DV SURRI WKDW DUELWUDJH RSSRUWXQLWLHV H[LVW�

WKH WHUP VWUXFWXUH HVWLPDWLRQ OLWHUDWXUH KDV VRXJKW WR H[SODLQ WKHVH SKHQRPHQD LQ WHUPV RI

IULFWLRQV VXFK DV WD[HV� VKRUW VDOH FRQVWUDLQWV� DQG OLTXLGLW\ SUHPLD�

(VWLPDWLQJ D WHUP VWUXFWXUH UHTXLUHV WKUHH GHFLVLRQV�

�� $ SULFLQJ IXQFWLRQ UHODWLQJ ERQG SULFHV� 3M� WR WKH GLVFRXQW UDWH IXQFWLRQ� U�P�� YLD

SURPLVHG FRXSRQ DQG SULQFLSDO SD\PHQWV� FMP� RFFXUULQJ DW P  �� � � � �0M �WKH PDWX�

ULW\ RI WKH ERQG� DQG SHUKDSV RWKHU IDFWRUV VXFK DV WD[ UDWHV�

�� $ IXQFWLRQDO IRUP WR EH XVHG WR DSSUR[LPDWH WKH GLVFRXQW UDWH IXQFWLRQ� U�P�� RU

GLVFRXQW IXQFWLRQ� p�P��

�� $Q HFRQRPHWULF PHWKRG IRU HVWLPDWLQJ WKH SDUDPHWHUV RI WKH WHUP VWUXFWXUH IXQFWLRQ�

$OO WKHVH GHFLVLRQV DmHFW� PRUH RU OHVV� WKH HVWLPDWHV REWDLQHG IRU WKH WHUP VWUXFWXUH�

7HVWV RI WHUP VWUXFWXUH K\SRWKHVHV DUH� WKHUHIRUH� QHFHVVDULO\ MRLQW WHVWV RI WKH K\SRWKHVLV LQ

TXHVWLRQ �H�J�� IRUZDUG UDWHV SUHGLFW IXWXUH VSRW UDWHV�� WKH SULFLQJ HTXDWLRQ DVVXPHG� DQG WKH

HVWLPDWLRQ PHWKRG XVHG �H�J�� FXELF VSOLQHV HVWLPDWHG XVLQJ RUGLQDU\ OHDVW VTXDUHV�� )RU FRQ�

FLVHQHVV� LQ WKLV SDSHU ?HVWLPDWLRQ PHWKRG� ZLOO UHIHU WR D FRPELQDWLRQ RI DQ DSSUR[LPDWLQJ

IXQFWLRQ DQG WKH DVVRFLDWHG SDUDPHWHU HVWLPDWLRQ WHFKQLTXH�

�,W LV FRPPRQ WR nQG SULQFLSDO DQG FRXSRQ 675,36 PDWXULQJ DW WKH VDPH WLPH� ERWK UHSUHVHQWLQJ

SUHVXPDEO\ LGHQWLFDO GHIDXOW�IUHH FDVK oRZV� TXRWHG ZLWK QRQ�RYHUODSSLQJ ELG�DVN VSUHDGV� (YLGHQFH VXJJHVWV

WKDW WKHVH GLVSDULWLHV DUH UHDO �QRW TXRWDWLRQ HUURUV�� 7KLV SKHQRPHQD LV VWXGLHG LQ 'DYHV DQG (KUKDUGW

������� 6LPLODU H[DPSOHV LQYROYLQJ GLVSDULWLHV EHWZHHQ VKRUW�WHUP QRWHV DQG ELOOV KDYH EHHQ VWXGLHG E\

.DPDUD ������ DQG $PLKXG DQG 0HQGHOVRQ �������
�([DPSOHV LQFOXGH 6FKDHIHU ������� 5RQQ ������� DQG &RUQHOO DQG 6KDSLUR �������

�



����� 3ULFLQJ )XQFWLRQ

7KH VLPSOHVW SULFLQJ IXQFWLRQ� DSSURSULDWH WR D ZRUOG ZLWKRXW WD[HV� HPEHGGHG RSWLRQV� RU

RWKHU IULFWLRQV� LV MXVW WKH SUHVHQW YDOXH RI WKH SURPLVHG FDVK oRZV�

3M  
0M;
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FMPH
bU�P�P� ���

8QIRUWXQDWHO\� UHDO PDUNHWV �WKH VRXUFH RI RXU GDWD� DUH QRW IULFWLRQOHVV� DQG HTXDWLRQ ���

GRHV QRW KROG H[DFWO\ IRU DQ\ UHDVRQDEOH U�P��� ,Q SUDFWLFH ZH XVH� QRW DQ H[DFW SULFLQJ

UHODWLRQ VXFK DV HTXDWLRQ ���� EXW DQ LQH[DFW UHODWLRQ VXFK DV

3M  I >FMP� U�P�@ � qM�

ZKHUH I�c� FDSWXUHV DOO WKDW ZH NQRZ� RU ZLVK WR DVVXPH� DERXW KRZ ERQGV DUH SULFHG�

DQG U�P� LV nWWHG WR PLQLPL]H VRPH IXQFWLRQ RI WKH qM� ZKLFK LQ WXUQ VKRXOG EH UDQGRP�

3UHGLFWDEOH qM
V VXJJHVW WKDW WKHUH LV DGGLWLRQDO DYDLODEOH LQIRUPDWLRQ WKDW FRXOG EH LQFOXGHG

LQ I�c��

7KH GHnQLWLRQ RI I�c� LV WKH VXEMHFW RI RQJRLQJ VWXGLHV RI YDULRXV K\SRWKHVL]HG ?SULFLQJ

IDFWRUV� ZKLFK DUJXH WKDW WKH QRPLQDO� EHIRUH�WD[� SURPLVHG FDVK oRZV RYHU WKH OLIH RI WKH

ERQG DUH QRW WKH UHOHYDQW RU VROH FRQVLGHUDWLRQ LQ SULFLQJ ERQGV� )RU H[DPSOH� WKH IUHTXHQWO\

VWXGLHG WD[�FOLHQWHOH HmHFW KDV WKH HmHFW RI FRQYHUWLQJ WKH EHIRUH�WD[ FDVK oRZV� FMP� WR

FOLHQWHOH�VSHFLnF DIWHU�WD[ FDVK oRZV� F
~L�~J
MP � ZKHUH I~L� ~JJ DUH WKH RUGLQDU\ LQFRPH DQG FDSLWDO

JDLQV WD[ UDWHV� 7KH DIWHU�WD[ FDVK oRZV� F
~L�~J
MP � UHSODFH FMP LQ HTXDWLRQ ���� ZKLFK WKHQ

EHFRPHV WKH EDVLV IRU WHUP VWUXFWXUH HVWLPDWLRQ� 7KH UHVXOWLQJ WHUP VWUXFWXUH LV WKH DIWHU�

WD[ WHUP VWUXFWXUH IRU WKH FOLHQWHOH I~L� ~JJ DQG LV D IXQFWLRQ RI WKRVH SDUDPHWHUV�

0RUH VRSKLVWLFDWHG DSSURDFKHV nUVW VFUHHQ WKH VDPSOH RI DYDLODEOH ERQGV� GLVFDUGLQJ WKRVH

WKDW ZRXOG QRW EH UDWLRQDOO\ KHOG E\ WKH WD[�FOLHQWHOH GHnQHG E\ I~L� ~JJ� 2WKHU SRWHQWLDO

�,W LV XVXDOO\ DUJXHG WKDW U�P� VKRXOG EH D ?VPRRWK� IXQFWLRQ WR DYRLG LPSOLFLW GLVFRQWLQXLWLHV LQ WKH

SUHIHUHQFH IXQFWLRQV RI PDUNHW SDUWLFLSDQWV�

�



IDFWRUV ZKLFK PLJKW DmHFW SULFHV� DQG WKHUHIRUH WKH SULFLQJ HTXDWLRQ� DUH WD[�WLPLQJ RSWLRQV

DQG OLTXLGLW\ SUHPLD��

����� $SSUR[LPDWLQJ )XQFWLRQ

$IWHU GHFLGLQJ RQ WKH DSSURSULDWH SULFLQJ IXQFWLRQ� WKH QH[W VWHS LV WR GHFLGH RQ WKH IXQFWLRQDO

IRUP WR EH XVHG WR DSSUR[LPDWH WKH GLVFRXQW UDWH IXQFWLRQ� U�P�� RU WKH GLVFRXQW IXQFWLRQ�

p�P�� ,W LV QRW SRVVLEOH WR HVWLPDWH WKH YDOXH RI WKH WHUP VWUXFWXUH DW HDFK SRVVLEOH KRUL]RQ

DV WKH QXPEHU RI FDVK oRZ SRLQWV ZLOO XVXDOO\ H[FHHG WKH QXPEHU RI DYDLODEOH ERQGV� ,Q

WKLV FDVH� WKH WHUP VWUXFWXUH ZRXOG EH XQGHU�LGHQWLnHG� 7KH XVXDO SUDFWLFH LV WR VHOHFW DQ

DSSUR[LPDWLQJ IXQFWLRQ DQG WKHQ WR HVWLPDWH WKH SDUDPHWHUV RI WKLV IXQFWLRQ� ([DPSOHV RI

DSSUR[LPDWLQJ IXQFWLRQV LQFOXGH SRO\QRPLDOV >&KDPEHUV� &DUOHWRQ� DQG :DOGPDQ ������@�

FXELF VSOLQHV >0F&XOORFK ������� /LW]HQEHUJHU DQG 5ROIR ������� DQG )LVKHU� 1\FKND DQG

=HUYRV ������@� VWHS IXQFWLRQV >5RQQ ������� &ROHPDQ DQG )LVKHU ������@� SLHFHZLVH OLQHDU

>)DPD DQG %OLVV ������@� DQG H[SRQHQWLDO IRUPV >1HOVRQ DQG 6LHJHO ������@�

����� (VWLPDWLRQ 0HWKRG

/DVWO\� WKH PHWKRG IRU HVWLPDWLQJ WKH SDUDPHWHUV RI WKH DSSUR[LPDWLQJ IXQFWLRQ PXVW EH

VHOHFWHG� 0HWKRGV XVHG LQ WKH SDVW LQFOXGH ZHLJKWHG OHDVW VTXDUHV >0F&XOORFK ������@� PD[�

LPXP OLNHOLKRRG >/LW]HQEHUJHU DQG 5ROIR ������@� OLQHDU SURJUDPPLQJ >5RQQ ������@� DQG

LWHUDWLYH H[WUDFWLRQ >)DPD DQG %OLVV ������@� 5HODWHG GHFLVLRQV LQFOXGH HUURU ZHLJKWLQJ IXQF�

WLRQV DQG KRZ WR KDQGOH WKH ELG�DVN VSUHDG �XVXDOO\ E\ FROODSVLQJ WKH ELG DQG DVN TXRWHV

LQWR D VLQJOH SULFH E\ WDNLQJ WKHLU PHDQ��

�6HH 0F&XOORFK ������� 6FKDHIHU ������� /LW]HQEHUJHU DQG 5ROIR ������� DQG -RUGDQ ������ IRU GLVFXVVLRQV

DQG WHVWV RI WD[�HmHFWV DQG WD[�FOLHQWHOH� 6HH &RQVWDQWLQLGHV DQG ,QJHUVROO ������ IRU WKH WKHRU\ RI WD[�WLPLQJ

RSWLRQV� 6HH .DPDUD ������� $PLKXG DQG 0HQGHOVRQ ������� DQG %HLP ������ IRU WHVWV RI OLTXLGLW\ HmHFWV�

�



� 0HWKRGRORJ\

,Q WKLV SDSHU� WKH DYDLODEOH LVVXHV HDFK PRQWK DUH VRUWHG E\ PDWXULW\ DQG WKHQ DOWHUQDWHO\

GLYLGHG LQWR HVWLPDWLRQ DQG KROG�RXW VXEVDPSOHV�� %HFDXVH RI WKH FRQVWUXFWLRQ RI WKH VXE�

VDPSOHV� WKH QXPEHU DQG PL[ RI LVVXHV �DQG KHQFH ZHLJKWV� DUH QRW VXEVWDQWLDOO\ GLmHUHQW LQ

WKH WZR VXEVDPSOHV� 7HUP VWUXFWXUH SDUDPHWHUV DUH HVWLPDWHG HDFK PRQWK XVLQJ WKH HVWLPD�

WLRQ VXEVDPSOH IURP WKDW PRQWK
V DYDLODEOH REVHUYDWLRQV� 7KH HVWLPDWHG WHUP VWUXFWXUH LV

WKHQ XVHG WR FRPSXWH nWWHG SULFHV DQG HUURUV IRU ERQGV LQ WKH KROG�RXW VXEVDPSOH IRU WKDW

PRQWK� 7KH SURFHVV LV UHSHDWHG IRU HDFK RI WKH ��� PRQWKV RI GDWD XVLQJ HDFK RI WKH VHYHUDO

HVWLPDWLRQ PHWKRGV WHVWHG� 7KH UHVXOWV DUH VXPPDUL]HG LQ D WLPH�VHULHV RI PRQWKO\ VWDWLVWLFV

ZKLFK IRUP WKH EDVLV IRU RXU FRPSDUDWLYH SHUIRUPDQFH WHVWV�

6LQFH WKH DVVLJQPHQW RI VXEVDPSOHV WR HVWLPDWLRQ DQG KROG�RXW UROHV LV DUELWUDU\� WKH WHVWV

ZHUH UHSHDWHG ZLWK WKH DVVLJQPHQWV UHYHUVHG� 7KH IHZ FDVHV ZKLFK DUH QRW UREXVW WR UHYHUVLQJ

WKH VXEVDPSOHV DUH QRWHG LQ WKH GLVFXVVLRQ RI WKH HPSLULFDO UHVXOWV� 6WUDWLnHG�UDQGRP DQG

VSUHDG�EDVHG SDUWLWLRQV ZHUH DOVR WULHG��� 7KH UHVXOWV XQGHU WKHVH DOWHUQDWLYH VXEVDPSOLQJ

VFKHPHV ZHUH VLPLODU WR WKRVH UHSRUWHG LQ WKLV SDSHU�

��� $VVXPSWLRQV

,Q WKLV SDSHU ZH DVVXPH WKDW ULVNIUHH ERQG SULFHV DUH GHWHUPLQHG E\ HTXDWLRQ ���� 7KH

DVVXPSWLRQV XQGHUO\LQJ WKLV SULFLQJ HTXDWLRQ UHSUHVHQW D JURVV VLPSOLnFDWLRQ RI WKH DFWXDO

PDUNHW IRU WUHDVXU\ VHFXULWLHV� 7KH\ DOVR GHOLEHUDWHO\ LJQRUH WKH HYLGHQFH IRU SULFLQJ IDFWRUV

VXFK DV WD[�WLPLQJ RSWLRQV� WD[�FOLHQWHOH� OLTXLGLW\ SUHPLD DQG GDWD TXDOLW\� $OWKRXJK WKHVH

LVVXHV KDYH EHHQ H[DPLQHG LQGLYLGXDOO\� PRGHOLQJ WKHLU FRPELQHG HmHFWV LV H[WUHPHO\ GLpFXOW�

LI QRW LPSRVVLEOH� ,QWURGXFLQJ WKHVH IDFWRUV LQWR WKH SULFLQJ HTXDWLRQ LV EH\RQG WKH VFRSH RI

WKLV SDSHU DQG XQUHODWHG WR WKH REMHFWLYH RI WHVWLQJ HVWLPDWLRQ PHWKRGV LQ WKH IDFH RI GDWD

QRLVH DQG XQVSHFLnHG RPLWWHG IDFWRUV LQ WKH SULFLQJ IXQFWLRQ�

�7KH ORQJHVW LVVXH LQ WKH KROG�RXW VXEVDPSOH LV GLVFDUGHG LI LWV PDWXULW\ H[FHHGV WKDW RI WKH ORQJHVW LVVXH

LQ WKH HVWLPDWLRQ VXEVDPSOH� 7KLV DYRLGV XVLQJ H[WUDSRODWHG WHUP VWUXFWXUHV LQ WKH WHVWV� ([WUDSRODWHG

VSOLQHV DUH H[FHHGLQJO\ SRRU DW SULFLQJ ORQJHU PDWXULW\ ERQGV� RWKHU IXQFWLRQDO IRUPV� OHVV VR�
��7KHVH FRQVLVWHG RI RUGHULQJ WKH ERQGV E\ PDWXULW\� EUHDNLQJ WKHP LQWR JURXSV RI WHQ DQG WKHQ GLYLGLQJ

HDFK RI WKHVH JURXSV LQWR nYH HVWLPDWLRQ VXEVDPSOH LVVXHV DQG nYH KROG�RXW LVVXHV� HLWKHU UDQGRPO\ RU RQ

WKH EDVLV RI VSUHDGV �ZLWK WKH nYH ORZHVW VSUHDG LVVXHV EHLQJ DVVLJQHG WR WKH HVWLPDWLRQ VXEVDPSOH��

�



:H IXUWKHU DVVXPH WKDW�

q 7KH ELG DQG DVNHG TXRWHV GHnQH D UDQJH RI HTXDOO\ OLNHO\ ?WUXH� SULFHV IRU WKH ERQG�

q 4XRWHG SULFHV DUH REVHUYHG ZLWK HUURU� WKHVH PD\ LQFOXGH UDQGRP QRLVH LQ WKH TXRWHV�

7KHVH HUURUV DUH DVVXPHG WR EH FURVV�VHFWLRQDOO\ LQGHSHQGHQW�

��� (UURU 'HnQLWLRQ DQG :HLJKWLQJ

3UHYLRXV ZRUN KDV JHQHUDOO\ XVHG VRPH IRUP RI UHJUHVVLRQ WR HVWLPDWH WHUP VWUXFWXUH SDUDP�

HWHUV� 7KH HmHFWV RI WKLV GHFLVLRQ KDYH EHHQ WZRIROG� nUVW� WR QHFHVVLWDWH WKH UHGXFWLRQ RI WKH

TXRWHG ELG DQG DVNHG SULFHV WR D VLQJOH SULFH �XVXDOO\ WKH PHDQ� IRU HFRQRPHWULF H[SHGLHQF\�

DQG VHFRQG� WR LPSOLFLWO\ XVH D VTXDUHG nWWHG�SULFH HUURU ORVV IXQFWLRQ� SHUKDSV ZHLJKWHG LQ

VRPH ZD\�

,Q WKLV SDSHU ZH GLVWLQJXLVK EHWZHHQ WKH HFRQRPHWULFDOO\ QHFHVVDU\ DQG WKH HFRQRPLFDOO\

PHDQLQJIXO DQG UHFRJQL]H WKDW WKH FULWHULD IRU MXGJLQJ DQ HVWLPDWHG WHUP VWUXFWXUH PD\ GLmHU

IURP WKDW ZKLFK LV LPSOLFLWO\ XVHG WR HVWLPDWH LW� $OWKRXJK LW LV GHVLUDEOH WR XVH WKH HFRQRPLF

FULWHULD IRU HVWLPDWLRQ� LW LV QRW DOZD\V IHDVLEOH WR GR VR�

7KH XVH RI D VLQJOH PHDQ SULFH LV DQ DG KRF VLPSOLnFDWLRQ RI WKH GDWD� ,Q WHVWLQJ HVWLPDWHG

WHUP VWUXFWXUHV LQ WKLV SDSHU� ZH GHnQH D nWWHG�SULFH HUURU WR EH QRQ�]HUR RQO\ LI WKH nWWHG

SULFH OLHV RXWVLGH WKH ELG�DVN VSUHDG DV IROORZV�

q  

�!!!!!�
!!!!!�

3$ b A3 LI A3 ! 3$

3% b A3 LI A3 � 3%

� RWKHUZLVH

� ���

ZKHUH 3%� 3$� DQG A3 DUH WKH ELG DQG DVNHG TXRWHV DQG nWWHG SULFHV� UHVSHFWLYHO\� 2QH RI

WKH HVWLPDWLRQ PHWKRGV XVHG LQ WKLV SDSHU �WKH ([WHQGHG 1HOVRQ�6LHJHO� VHH EHORZ� SHUPLWV

XWLOL]LQJ WKLV HUURU GHnQLWLRQ LQ WKH HVWLPDWLRQ SURFHGXUH DV ZHOO�

'HDOHUV �ZKR DUH DVVXPHG WR EH ULVN�QHXWUDO� FDQ� WKHRUHWLFDOO\� WDNH DGYDQWDJH RI HLWKHU

RYHU� RU XQGHU�SULFHG VHFXULWLHV� :H WKHUHIRUH XVH DQ DEVROXWH nWWHG�SULFH HUURU FULWHULRQ�

7KHUH LV XVXDOO\ QR SDUWLFXODU HFRQRPLF UDWLRQDOH IRU XWLOL]LQJ D VTXDUHG HUURU ORVV IXQFWLRQ

RWKHU WKDQ HFRQRPHWULF FRQYHQLHQFH�

�



,Q FRPELQLQJ nWWHG�SULFH HUURU DFURVV PDWXULWLHV LQ D VLQJOH PRQWK� ZH ZHLJKW WKH HUURUV

E\ WKH LQYHUVH RI WKH GXUDWLRQ RI WKH LVVXH� 7KLV ZHLJKWLQJ EHVW FDSWXUHV WKH REVHUYHG KHW�

HURVFHGDVWLFLW\ RI nWWHG�SULFH HUURUV DQG WKH WKHRUHWLFDO UHODWLRQ EHWZHHQ SULFHV DQG LQWHUHVW

UDWH OHYHOV��� $ VHFRQG SHUIRUPDQFH VWDWLVWLF ZH H[DPLQH LV WKH ?KLW UDWH� RU SHUFHQWDJH

RI LVVXHV ZLWK ]HUR nWWHG�SULFH HUURUV� 2XU JRRGQHVV�RI�nW VWDWLVWLF� WKH PRQWKO\ GXUDWLRQ�

ZHLJKWHG PHDQ DEVROXWH HUURU �:0$(�� ZKLFK LQFOXGHV ERWK ]HUR�HUURU DQG ?PLVSULFHG�

ERQGV� FRPELQHV WKH KLW UDWH ZLWK WKH PDJQLWXGH RI WKH PLVSULFLQJ RI WKH LVVXHV QRW FRUUHFWO\

SULFHG�

��� 'DWD

7KH GDWD FRQVLVW RI PRQWK�HQG SULFH TXRWHV IRU WUHDVXU\ LVVXHV IRU WKH SHULRG -DQXDU\ ����

WKURXJK 'HFHPEHU ����� 'DWD DUH WDNHQ IURP WKH &563 *RYHUQPHQW %RQGV nOHV� 7KH

IROORZLQJ W\SHV RI ERQGV ZHUH HOLPLQDWHG IURP WKH VDPSOH�

q 7KRVH ZLWK RSWLRQ IHDWXUHV�

^ FDOODEOH DQG oRZHU ERQGV

q 7KRVH ZLWK VSHFLDO OLTXLGLW\ SUREOHPV�

^ QRWHV DQG ERQGV XQGHU RQH \HDU WR PDWXULW\

^ ELOOV XQGHU RQH PRQWK WR PDWXULW\�

$V )LJXUH � GHPRQVWUDWHV� DIWHU HOLPLQDWLQJ WKH DERYH LVVXHV� ERQGV ZLWK PDWXULWLHV

EH\RQG nYH \HDUV DUH VRPHWLPHV VSDUVH� $OO WHVWV ZHUH UHSHDWHG XVLQJ WZR GDWD VHWV� RQH

FRQVLVWLQJ RQO\ RI LVVXHV ZLWK XS WR nYH \HDUV WR PDWXULW\ �GHQRWHG WKH 6KRUW 'DWD 6HW� DQG

WKH RWKHU ZLWK DOO HOLJLEOH LVVXHV �GHQRWHG WKH /RQJ 'DWD 6HW��

��,Q WHVWV RI YDULRXV ZHLJKWLQJ VFKHPHV �QRW UHSRUWHG KHUHLQ�� LW ZDV IRXQG WKDW GXUDWLRQ� DQG PDWXULW\�

ZHLJKWLQJ GXULQJ HVWLPDWLRQ SURGXFHG WKH KLJKHVW SURSRUWLRQ RI ?FRUUHFWO\ SULFHG� RXW�RI�VDPSOH ERQGV�

(TXDO ZHLJKWLQJ DQG VSUHDG ZHLJKWLQJ ZHUH QRWLFHDEO\ OHVV VXFFHVVIXO� 0DFDXOD\ GXUDWLRQ SURYLGHV D WKHR�

UHWLFDO UHODWLRQ EHWZHHQ SULFH FKDQJHV DQG FKDQJHV LQ \LHOGV WR PDWXULW\� ZKLFK LQ WXUQ DUH DYHUDJHV RI WKH

GLVFRXQW \LHOGV ZH DUH HVWLPDWLQJ� 7HVWV RI GXUDWLRQ PRGHOV >H�J�� 1HOVRQ DQG 6FKDHIHU ������@ KDYH IRXQG

WKDW VLPSOH �0DFDXOD\� GXUDWLRQ FDSWXUHV PRVW RI WKH LQWHUHVW UDWH ULVN DQG WKXV VXSSRUWV XVLQJ GXUDWLRQ

ZHLJKWLQJ UDWKHU WKDQ PDWXULW\ ZHLJKWLQJ� WKRXJK WKH SUDFWLFDO GLmHUHQFHV DUH PLQLPDO�

�



��� 0RGHOV 7HVWHG

)LYH PHWKRGV ZHUH XVHG WR HVWLPDWH WKH WHUP VWUXFWXUH XVLQJ WKH VDPH SULFLQJ HTXDWLRQ�

7KUHH HVWLPDWLRQ PHWKRGV� WKH 8QVPRRWKHG )DPD�%OLVV� DQG WKH 0F&XOORFK DQG )LVKHU�

1\FKND�=HUYRV FXELF VSOLQHV� ZHUH WDNHQ IURP WKH OLWHUDWXUH� 7KH UHPDLQLQJ WZR HVWLPDWLRQ

PHWKRGV ZHUH GHYHORSHG IRU WKLV UHVHDUFK� 7KHVH nYH HVWLPDWLRQ PHWKRGV UHSUHVHQW D EURDG

YDULHW\ RI DSSUR[LPDWLQJ IXQFWLRQV DQG HVWLPDWLRQ PHWKRGV� 7KH XVH RI EURDGO\ GLmHULQJ

HVWLPDWLRQ PHWKRGV LV XVHIXO IRU GLVWLQJXLVKLQJ PHWKRG�VSHFLnF UHVXOWV IURP WKRVH GXH WR WKH

FRPPRQ SULFLQJ HTXDWLRQV DQG GDWD VHWV�

q 8QVPRRWKHG )DPD�%OLVV

7KH 8QVPRRWKHG )DPD�%OLVV >VHH )DPD�%OLVV ������@ PHWKRG LV DQ LWHUDWLYH PHWKRG

RI IRUZDUG UDWH H[WUDFWLRQ��� 7KH GLVFRXQW UDWH IXQFWLRQ LV H[WHQGHG HDFK VWHS E\

FRPSXWLQJ WKH IRUZDUG UDWH QHFHVVDU\ WR SULFH VXFFHVVLYHO\ ORQJHU PDWXULW\ ERQGV JLYHQ

WKH GLVFRXQW UDWH IXQFWLRQ nWWHG WR WKH SUHYLRXVO\ LQFOXGHG LVVXHV� $ VHULHV RI nOWHUV LV

HPSOR\HG WR WKURZ RXW VXVSLFLRXV TXRWHV� 7KH UHVXOWLQJ GLVFRXQW UDWH IXQFWLRQ H[DFWO\

SULFHV WKH LQFOXGHG ERQGV� 7KH PHDQ SULFH LV XVHG� 6LQFH nWWHG�SULFH HUURUV RI ERQGV

UHPDLQLQJ DIWHU WKH nOWHULQJ VWHS DUH DOO ]HUR� ZHLJKWLQJ LV LUUHOHYDQW� 7KH UHVXOWLQJ

GLVFRXQW UDWH IXQFWLRQ LV SLHFHZLVH OLQHDU �MDJJHG� ZLWK WKH QXPEHU RI SDUDPHWHUV HTXDO

WR WKH QXPEHU RI LQFOXGHG LVVXHV�

q 0F&XOORFK &XELF 6SOLQH

7KH 0F&XOORFK ������ PHWKRG XVHV D FXELF VSOLQH WR DSSUR[LPDWH WKH GLVFRXQW �QRW

GLVFRXQW UDWH� IXQFWLRQ��� 7KH VSOLQH LV HVWLPDWHG XVLQJ RUGLQDU\ OHDVW VTXDUHV� 7KH

PHDQ SULFH LV XVHG DV WKH GHSHQGHQW YDULDEOH DQG WKH nWWHG�SULFH HUURUV DUH ZHLJKWHG

E\ WKH LQYHUVH RI WKH VSUHDG� 7KH QXPEHU RI SDUDPHWHUV LV PRGHUDWH� KRZHYHU� WKH

IXQFWLRQDO IRUP OHDGV WR GLVFRXQW UDWHV WKDW WHQG WR SRVLWLYH RU QHJDWLYH LQnQLW\ ZKHQ

H[WUDSRODWHG�

��)DPD DQG %OLVV ������ DSSHDU WR KDYH EHHQ WKH nUVW WR SXEOLVK DQ LPSOHPHQWDWLRQ RI WKLV PHWKRG�

6HYHUDO HDUOLHU DXWKRUV KDYH SURSRVHG LWV XVH� DQG WKH PHWKRG LV NQRZQ RQ :DOO 6WUHHW DV WKH ?ERRWVWUDS�

IRU REYLRXV UHDVRQV� 7KH XVH RI nOWHUV WR OLPLW WKH DGYHUVH HmHFWV RI VXVSLFLRXV TXRWHV ZDV RULJLQDO� ,Q WKLV

SDSHU WKH nOWHU LV DSSOLHG RQO\ WR WKH HVWLPDWLRQ VXEVDPSOH�
��7KH DXWKRU LV LQGHEWHG WR 3URIHVVRU 0F&XOORFK IRU SURYLGLQJ WKH SURJUDPV WR LPSOHPHQW WKLV HVWLPDWLRQ

PHWKRG� 6HH 0F&XOORFK ������ IRU WKH GHWDLOV RI WKLV PHWKRG�

��



q )LVKHU�1\FKND�=HUYRV &XELF 6SOLQH

)LVKHU� HW DO� ������ nW D FXELF VSOLQH VR DV WR PLQLPL]H WKH IROORZLQJ IXQFWLRQ�

PLQ
K�W�

�
1;
L �

�3L b A3L�
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= 7PD[

�

K���W��GW

�
�

ZKHUH K�W� LV WKH IXQFWLRQ XVHG WR FRPSXWH WKH nWWHG ERQG SULFHV� A3L� DQG PD\ EH WKH

GLVFRXQW� GLVFRXQW UDWH� RU IRUZDUG UDWH IXQFWLRQ� )ROORZLQJ WKH UHFRPPHQGDWLRQ RI

)LVKHU� HW DO�� ZH HVWLPDWH WKH IRUZDUG UDWH IXQFWLRQ��� 7KH IXQFWLRQ

w
= 7PD[

�

K���W��GW

LV D �XQ�VPRRWKQHVV SHQDOW\� 7KH SDUDPHWHU w FRQWUROV WKH WUDGH�Rm EHWZHHQ VPRRWK�

QHVV DQG JRRGQHVV RI nW DQG LV LWVHOI VHOHFWHG DV SDUW RI WKH HVWLPDWLRQ SURFHVV XVLQJ

FURVV�YDOLGDWLRQ LQ D WKHRUHWLFDOO\ RSWLPDO PDQQHU� $Q DGGLWLRQDO ?WXQLQJ SDUDPHWHU�

HQWHUV LQWR WKH FURVV�YDOLGDWLRQ DQG DOVR HmHFWV WKH WUDGH�Rm EHWZHHQ JRRGQHVV RI nW

DQG VPRRWKQHVV� 7KLV SDUDPHWHU LV SUHVHW WR WKH YDOXH XVHG E\ )LVKHU� HW DO� �������

WKDW LV ����

q ([WHQGHG 1HOVRQ�6LHJHO

7KH ([WHQGHG 1HOVRQ�6LHJHO PHWKRG LQWURGXFHV D QHZ HVWLPDWLRQ PHWKRG WR nW D PRG�

LnHG YHUVLRQ RI WKH DSSUR[LPDWLQJ IXQFWLRQ GHYHORSHG E\ 1HOVRQ DQG 6LHJHO �������

7KH ([WHQGHG 1HOVRQ�6LHJHO PHWKRG EULQJV WRJHWKHU VHYHUDO GHVLUDEOH FKDUDFWHULVWLFV�

��7KH DXWKRU LV LQGHEWHG WR 0DUN )LVKHU IRU SURYLGLQJ WKH 0DWKHPDWLFD FRGH IRU KLV PHWKRG� 7KH DOJRULWKP

ZDV WUDQVODWHG LQWR &�� E\ 'DQ :DJJRQHU� 7KLV SURYHG WR EH FRQVLGHUDEO\ PRUH HpFLHQW ERWK LQ WHUPV

RI FRPSXWDWLRQDO VSHHG DQG IUHHGRP IURP FRQYHUJHQFH SUREOHPV� ,Q SUDFWLFH� WKH )LVKHU� HW DO� PHWKRG

LV DSSOLHG VXEMHFWLYHO\ E\ LWV RULJLQDWRUV� 7KH WXQLQJ SDUDPHWHU LV UH�DGMXVWHG DQG WKH HVWLPDWLRQ VDPSOH

FXOOHG XQWLO WKH UHVXOWV VHHP UHDVRQDEOH� 7KLV XQUHSRUWHG� DG KRF SURFHGXUH GRHV QRW FRQVWLWXWH DQ DOJRULWKP

WKDW RWKHU UHVHDUFKHUV FDQ UHSOLFDWH� :H� WKHUHIRUH� WHVW D VWUDLJKWIRUZDUG DSSOLFDWLRQ RI WKHLU PHWKRG XVLQJ

UHSRUWHG SDUDPHWHU YDOXHV DQG FRPSDUH WKH UHVXOWV WR RWKHU VLPLODUO\ ?Rm�WKH�VKHOI� PHWKRGV�

��



DFFRXQWLQJ IRU ELG�DVN VSUHDGV� nWWLQJ WKH GLVFRXQW UDWH IXQFWLRQ GLUHFWO\ WR ERQG SULFHV�

DQG XVLQJ WKH IROORZLQJ DV\PSWRWLFDOO\ oDW�� DSSUR[LPDWLQJ IXQFWLRQ���
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7KH SDUDPHWHUV� � s >n�� n�� n�� ~�� ~�@� DUH WKHQ HVWLPDWHG XVLQJ WKH IROORZLQJ QRQ�

OLQHDU� FRQVWUDLQHG RSWLPL]DWLRQ� HVWLPDWLRQ SURFHGXUH�
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DQG WKH ZHLJKWV� ZL� DUH GHnQHG LQ WHUPV RI 0DFDXOD\ GXUDWLRQ� GL� PHDVXUHG LQ GD\V

ZL  
� GL31W

M � � GM
�

VXEMHFW WR

� � U�PPLQ�

� � U���

��/LYLQJVWRQ DQG -DLQ ������ DQG 6LHJHO DQG 1HOVRQ ������ GHPRQVWUDWH WKDW WKLV SURSHUW\ LV DSSURSULDWH

LI IRUZDUG UDWHV DUH nQLWH�
��1HOVRQ DQG 6LHJHO ������ VWDWH WKDW

?� � � LI WKH LQVWDQWDQHRXV IRUZDUG UDWH DW PDWXULW\ P LV JLYHQ E\ WKH VROXWLRQ WR D VHFRQG�RUGHU
GLmHUHQWLDO HTXDWLRQ ZLWK UHDO DQG XQHTXDO URRWV� ZH ZRXOG KDYH

I�P�  n� � n� c H[S�bP ~�� � n� c H[S�bP ~��

ZKHUH ~� DQG ~� DUH WLPH FRQVWDQWV DVVRFLDWHG ZLWK WKH HTXDWLRQ � � � �

,QWHJUDWLQJ WKLV IRUZDUG UDWH IXQFWLRQ SURGXFHV WKH GLVFRXQW UDWH IXQFWLRQ XVHG KHUH� 1HOVRQ DQG 6LHJHO IRXQG
WKDW IRU WKHLU VDPSOH RI 7UHDVXU\ ELOOV WKLV HTXDWLRQ LV RYHU�SDUDPHWUL]HG DQG WKHUHIRUH VHW ~�  ~�� :LWK
WKH ORQJHU PDWXULWLHV XVHG LQ WKLV VWXG\� RYHU�SDUDPHWUL]DWLRQ LV QRW D SUREOHP DQG WHVWV RI WKH ��SDUDPHWHU
YHUVXV ��SDUDPHWHU YHUVLRQV RI WKH DSSUR[LPDWLQJ IXQFWLRQ IRXQG WKDW WKH ��SDUDPHWHU YHUVLRQ XVHG KHUH
SURGXFHV EHWWHU UHVXOWV EDVHG RQ FULWHULD VLPLODU WR WKRVH GHYHORSHG LQ WKLV SDSHU�
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DQG

H[S >bU�PN�PN@ w H[S >bU�PN���PN��@ �PN � PPD[�

7KH FRQVWUDLQWV HQVXUH WKDW WKH GLVFRXQW IXQFWLRQ LV QRQ�LQFUHDVLQJ �QRQ�QHJDWLYH IRU�

ZDUG UDWHV� DQG WKDW WKH VKRUW DQG ORQJ HQGV RI WKH GLVFRXQW UDWH IXQFWLRQ DUH SRVLWLYH�

2QO\ WKH ORQJ�UDWH FRQVWUDLQW SURYHG ELQGLQJ� DQG WKHQ RQO\ UDUHO\�

q 6PRRWKHG )DPD�%OLVV

7KH 6PRRWKHG )DPD�%OLVV PHWKRG DWWHPSWV WR ?VPRRWK RXW� WKH XQVPRRWKHG )DPD�

%OLVV GLVFRXQW UDWHV E\ nWWLQJ DQ DSSUR[LPDWLQJ IXQFWLRQ WKURXJK WKHP� 7KH IXQFWLRQ

XVHG LV WKH VDPH DV WKDW XVHG LQ WKH ([WHQGHG 1HOVRQ�6LHJHO PHWKRG� H[FHSW KHUH

LW LV nW WR WKH SUHYLRXVO\ HVWLPDWHG GLVFRXQW UDWHV� )LWWHG�GLVFRXQW UDWH HUURUV DUH

HTXDOO\ ZHLJKWHG DQG SDUDPHWHUV DUH HVWLPDWHG XVLQJ FRQVWUDLQHG QRQ�OLQHDU RSWLPL]D�

WLRQ� :KLOH WKH IXQFWLRQDO IRUP HPSOR\HG KDV nYH SDUDPHWHUV� LW LV LPSRUWDQW WR QRWH

WKDW WKLV PHWKRG LV D WZR�VWHS SURFHVV �nUVW HVWLPDWH XQVPRRWKHG GLVFRXQW UDWHV� WKHQ

VPRRWK WKHP� VR WKH HmHFWLYH SDUDPHWUL]DWLRQ LV DPELJXRXV�

,W LV ZRUWK QRWLQJ WKDW WKH RQO\ FRPPRQDOLW\ EHWZHHQ WKH ([WHQGHG 1HOVRQ�6LHJHO DQG WKH

6PRRWKHG )DPD�%OLVV LV WKH DSSUR[LPDWLQJ IXQFWLRQ� 7KH PHWKRGV XVHG WR nW WKH IXQFWLRQ

GLmHU UDGLFDOO\� LQ RQH FDVH� WKH IXQFWLRQ SDUDPHWHUV DUH HVWLPDWHG GLUHFWO\ IURP ERQG SULFHV�

LQ WKH RWKHU IURP GLVFRXQW UDWHV SURGXFHG E\ LWHUDWLYH H[WUDFWLRQ PHWKRG�

� (PSLULFDO 5HVXOWV

7KH HPSLULFDO UHVXOWV EHJLQ ZLWK D GHVFULSWLYH RYHUYLHZ RI WKH LQ� DQG RXW�RI�VDPSOH SHUIRU�

PDQFH PHDVXUHV DFURVV HVWLPDWLRQ PHWKRGV IRU WKH WZR GDWD VHWV �6KRUW DQG /RQJ� DQG IRU

YDULRXV VXEVHWV DQG VXESHULRGV� $ IRUPDO WHVW RI PRGHO FRPSDULVRQV LV FRQGXFWHG XVLQJ WKH

)ULHGPDQ 5DQN &RPSDULVRQ 7HVW >)ULHGPDQ ������@� 7KHVH FURVV�PHWKRG FRPSDULVRQV DUH

IROORZHG E\ WLPH�VHULHV WHVWV RI WKH nWWHG�SULFH HUURUV� ZKHUH WKH UHVXOWV IURP WKH VHYHUDO HVWL�

PDWLRQ PHWKRGV DUH XVHG WR GHWHUPLQH ZKHWKHU WKH WLPH�VHULHV SDWWHUQV DUH PHWKRG�VSHFLnF

RU LQGLFDWLYH RI PLVVSHFLnFDWLRQ RI WKH DVVXPHG SULFLQJ IXQFWLRQ�

��



��� ,Q�6DPSOH 5HVXOWV

:H EHJLQ E\ H[DPLQLQJ LQ 7DEOH � WKH DELOLW\ RI WKH nYH HVWLPDWLRQ PHWKRGV WR nW ERQG SULFHV

DQG �SDUHQWKHWLFDOO\� WKH LPSDFW RI LQFUHDVLQJ SDUDPHWUL]DWLRQ RQ WKH DELOLW\ RI HVWLPDWHG

WHUP VWUXFWXUHV WR H[SODLQ WKH YDULDWLRQ LQ TXRWHG SULFHV��� 7ZR YDULDQWV RI WKH ([WHQGHG

1HOVRQ�6LHJHO IXQFWLRQ DUH DGGHG VR DV WR LQFOXGH PHWKRGV ZLWK HYHQ IHZHU SDUDPHWHUV WKDQ

RXU nYH FDQGLGDWHV� 7KH\ DUH D oDW GLVFRXQW UDWH IXQFWLRQ DQG D VLPSOH PRQRWRQLF IXQFWLRQ�

DV\PSWRWLFDOO\ oDW DQG HLWKHU XSZDUG RU GRZQZDUG VORSLQJ�

)URP 7DEOH � ZH FDQ VHH WKDW IRU 7UHDVXU\ ELOOV �XS WR RQH \HDU PDWXULW\� WKH PHDQ

DEVROXWH nWWHG�SULFH HUURUV �0$(V� DUH HFRQRPLFDOO\ VPDOO IRU IRXU RI WKH nYH PHWKRGV XVHG

LQ WKLV SDSHU� 7KH PDJQLWXGH RI HUURUV JHQHUDOO\ LQFUHDVHV ZLWK PDWXULW\ DQG DERYH nYH

\HDUV EHFRPH VHULRXV UHJDUGOHVV RI WKH PHWKRG HPSOR\HG� H[FHSWLQJ SHUKDSV WKH 8QVPRRWKHG

)DPD�%OLVV� 7KLV VXJJHVWV WKDW WKH ?SUHVHQW YDOXH RI EHIRUH�WD[ SURPLVHG FDVK oRZV� SULFLQJ

HTXDWLRQ GRHV UHDVRQDEO\ ZHOO RXW WR SHUKDSV nYH \HDUV PDWXULW\� 'LmHUHQFHV DFURVV HVWLPD�

WLRQ PHWKRGV DSSHDU WR EH VPDOO� +RZHYHU� QRQH RI WKH ?VPRRWK� PHWKRGV LV SDUWLFXODUO\

VXFFHVVIXO DW HVWLPDWLQJ WHUP VWUXFWXUHV ZKLFK FDQ SULFH ORQJ QRWHV DQG ERQGV� DW OHDVW QRW

LQ FRQMXQFWLRQ ZLWK WKH SULFLQJ HTXDWLRQ XVHG KHUH�

7KH )LVKHU� HW DO� FXELF VSOLQH GRHV SRRUO\ DW nWWLQJ VKRUW PDWXULWLHV� 7KLV SUREOHP

DQG WKH VWDELOLW\ SUREOHP QRWHG EHORZ ZHUH FRQnUPHG XVLQJ WKH RULJLQDO 0DWKHPDWLFD FRGH

SURYLGHG E\ 0DUN )LVKHU� /RZHULQJ WKH WXQLQJ SDUDPHWHU GRHV LPSURYH WKH LQ�VDPSOH nW�

+RZHYHU� WKH PRUH VHULRXV SUREOHP OLHV LQ WKH VPRRWKQHVV SHQDOW\ LWVHOI� UDWKHU WKDQ WKH

GHWDLOV RI WKH LPSOHPHQWDWLRQ� 7KH VPRRWKQHVV SHQDOW\ LV DSSOLHG XQLIRUPO\ DFURVV WKH WHUP

VWUXFWXUH��� ,Q IDFW� JUHDWHU oH[LELOLW\ LV DSSURSULDWH DW VKRUWHU PDWXULWLHV ZKHUH WKHUH LV

PRUH WUXH FXUYDWXUH LQ WKH WHUP VWUXFWXUH DV FDVXDO LQVSHFWLRQ RI 7UHDVXU\ ELOO \LHOGV VKRZV�

7KH UHVXOW LV WKDW WKH )LVKHU� HW DO� PHWKRG VRPHWLPHV V\VWHPDWLFDOO\ XQGHU�SULFHV DOO VKRUW

��&HWHULV SDULEXV� PRUH SDUDPHWHUV ZLOO XVXDOO\ SURGXFH EHWWHU LQ�VDPSOH nW� :KHQ FRPELQLQJ GLmHUHQW
IXQFWLRQDO IRUPV KRZHYHU� WKLV QHHG QRW QHFHVVDULO\ KROG� ,PDJLQH nWWLQJ D ��SDUDPHWHU H[SRQHQWLDO IXQFWLRQ
�VXFK DV WKH PRQRWRQLF IXQFWLRQ LQ 7DEOH � ZLWKn�  �� WR WKH GLVFRXQW SULFH IXQFWLRQ� ZKLFK LV DSSUR[LPDWHO\
H[SRQHQWLDO� 7KHQ LPDJLQH WU\LQJ WR nW D ��SDUDPHWHU SRO\QRPLDO� :H ZRXOG H[SHFW WKH SRO\QRPLDO WR GR
ZRUVH� GHVSLWH WKH ODUJHU QXPEHU RI SDUDPHWHUV�

��$ SRVVLEOH LPSURYHPHQW WR WKH )LVKHU� HW DO� PHWKRG ZRXOG EH WR PDNH WKH SHQDOW\ PDWXULW\�GHSHQGHQW�

H�J��
5
7PD[

�
wWK

���W��GW� ZKHUH wW LV LQFUHDVLQJ LQ W�

��



PDWXULW\ LVVXHV LQ D JLYHQ VDPSOH� 7KH RWKHU IRXU PHWKRGV DOO SHUPLW JUHDWHU oH[LELOLW\ DW

WKH VKRUW HQG RI WKH WHUP VWUXFWXUH�

$V RQH ZRXOG H[SHFW� WKH UHVXOWV DOVR VKRZ WKDW DV WKH QXPEHU RI SDUDPHWHUV LQFUHDVHV� WKH

GLmHUHQW HVWLPDWLRQ PHWKRGV SURGXFH nWWHG SULFHV WKDW DUH EHWWHU DEOH WR H[SODLQ WKH REVHUYHG

SULFHV DV VKRZQ E\ GHFUHDVLQJ 0$(V� 7KLV LV WUXH IRU DOO PDWXULW\ VXELQWHUYDOV� +RZHYHU�

LPSURYHPHQWV REWDLQHG WKURXJK DGGLWLRQDO SDUDPHWHUV TXLFNO\ GHFOLQH� 7KH PRVW KLJKO\

SDUDPHWUL]HG PRGHO� WKH 8QVPRRWKHG )DPD�%OLVV� SURGXFHV RQO\ D PDUJLQDO LPSURYHPHQW

LQ 0$( RYHU WKDW REWDLQHG LQ PRYLQJ IURP RQH WR WKUHH SDUDPHWHUV� 2QO\ IRU WKH ORQJHU

PDWXULWLHV GR WKH PRUH KLJKO\ SDUDPHWUL]HG WZR FXELF VSOLQHV DQG 8QVPRRWKHG )DPD�%OLVV

PHWKRGV VKRZ D QRQ�WULYLDO LPSURYHPHQW RYHU WKH PRUH SDUVLPRQLRXV �DQG DV\PSWRWLFDOO\

oDW� 6PRRWKHG )DPD�%OLVV DQG ([WHQGHG 1HOVRQ�6LHJHO PHWKRGV� %XW WKHVH ORQJ PDWXULWLHV

DUH ZKHUH ZH H[SHFW WR VHH WKH JUHDWHVW HmHFWV RI RPLWWHG SULFLQJ IDFWRUV DQG TXRWDWLRQ HUURUV�

7KHUHIRUH� WKHVH ?LPSURYHPHQWV� VKRXOG EH YLHZHG ZLWK FDXWLRQ DV WKH\ PD\ EH WKH UHVXOW

RI RYHU�nWWLQJ WKH ORQJ HQG RI WKH WHUP VWUXFWXUH WR WKH UHODWLYHO\ VSDUVH VHW RI ORQJ ERQGV�

��� 2XW�RI�6DPSOH 5HVXOWV

7R SURYLGH D EDVLV IRU FRPSDULVRQ RI WKH RXW�RI�VDPSOH UHVXOWV XVLQJ RXU SURSRVHG SHU�

IRUPDQFH PHDVXUHV� ZH nUVW H[DPLQH LQ�VDPSOH SHUIRUPDQFH� 7KH WRS SDQHO RI 7DEOH �

SUHVHQWV WKH LQ�VDPSOH GXUDWLRQ�ZHLJKWHG PHDQ RI WKH DEVROXWH nWWHG�SULFH HUURUV �:0$(�

DQG KLW UDWHV� 7KH 8QVPRRWKHG )DPD�%OLVV PHWKRG FOHDUO\ GRPLQDWHV� 'LmHUHQFHV DPRQJ

WKH 6PRRWKHG )DPD�%OLVV� ([WHQGHG 1HOVRQ�6LHJHO� DQG 0F&XOORFK FXELF VSOLQH PHWKRGV DUH

VPDOO� ZKLOH WKH )LVKHU� HW DO� PHWKRG GRHV VRPHZKDW ZRUVH WKDQ WKH RWKHUV���

7KH SLFWXUH FKDQJHV ZKHQ ZH WXUQ WR WKH RXW�RI�VDPSOH LVVXHV SUHVHQWHG LQ WKH PLG�

GOH SDQHO RI 7DEOH �� +HUH WKH VWDWLVWLFV DUH FRPSXWHG RYHU WKH LVVXHV H[FOXGHG IURP WKH

VXEVDPSOH XVHG WR HVWLPDWH WKH XQGHUO\LQJ WHUP VWUXFWXUHV�

6LQFH WKH REMHFWLYH IXQFWLRQV PLQLPL]HG LQ HVWLPDWLQJ WKH WHUP VWUXFWXUHV GLmHU IURP

WKH FULWHULD ZH DUH XVLQJ WR HYDOXDWH WKHP� LW LV QRW QHFHVVDULO\ WKH FDVH WKDW WKH LQ�VDPSOH

��7KLV ODWWHU UHVXOW LV GXH WR D FRPELQDWLRQ RI WKH GXUDWLRQ ZHLJKWLQJ RI nWWHG�SULFH HUURUV WRJHWKHU ZLWK
WKH SUREOHP WKH )LVKHU� HW DO� PHWKRG KDV ZLWK VKRUW�PDWXULW\ �WKDW LV KLJKO\ ZHLJKWHG� LVVXHV� ,Q HTXDOO\
ZHLJKWHG FRPSDULVRQV� WKH )LVKHU� HW DO� PHWKRG LV RQ D SDU ZLWK WKH 0F&XOORFK FXELF VSOLQH�

��



HYDOXDWLRQ FULWHULD VWDWLVWLFV ZLOO EH EHWWHU WKDQ WKH RXW�RI�VDPSOH VWDWLVWLFV� +RZHYHU� WKH

:0$( VWDWLVWLFV DUH JHQHUDOO\ JUHDWHU IRU WKH KROG�RXW VXEVDPSOH WKDQ IRU WKH HVWLPDWLRQ

VXEVDPSOH� 7KH PDJQLWXGH RI WKH GLmHUHQFH YDULHV DFURVV PHWKRGV� 7KH 8QVPRRWKHG )DPD�

%OLVV VKRZV WKH ODUJHVW LQFUHDVH LQ :0$( E\ IDU_WR VXFK D GHJUHH WKDW LWV FOHDU DGYDQWDJH

LQ WKH LQ�VDPSOH FRPSDULVRQV DOO EXW GLVDSSHDUV� 7KH UHPDLQLQJ PHWKRGV VKRZ RQO\ VOLJKW

LQFUHDVHV LQ :0$( DQG RFFDVLRQDOO\ GHFUHDVHV� 7KLV ODWWHU UHVXOW �IRU WKH 6PRRWKHG )DPD�

%OLVV� LV VDPSOH VSHFLnF� :KHQ WKH HVWLPDWLRQ DQG KROG�RXW VXEVDPSOHV DUH UHYHUVHG� DOO

PHWKRGV VKRZ LQFUHDVHV LQ WKH :0$( VWDWLVWLF ZKHQ PRYLQJ IURP LQ�VDPSOH WR RXW�RI�

VDPSOH� $JDLQ WKH )LVKHU� HW DO� HVWLPDWLRQ PHWKRG GRHV QRWLFHDEO\ ZRUVH WKDW WKH DOWHUQD�

WLYHV LQ :0$(V�

7KH 8QVPRRWKHG )DPD�%OLVV PHWKRG� DQG WKXV WKH 6PRRWKHG )DPD�%OLVV PHWKRG DV ZHOO�

HmHFWLYHO\ LJQRUHV ERQG TXRWHV WKDW PD\ KDYH ODUJH PHDVXUHPHQW HUURUV� 7KH RWKHU WKUHH

PHWKRGV GR QRW EHQHnW IURP WKLV nOWHU� 7KXV WKH WHUP VWUXFWXUHV DUH HVWLPDWHG XVLQJ VOLJKWO\

GLmHUHQW VXEVDPSOHV� 7R WHVW WKH HmHFW WKLV GLmHUHQWLDO� WKH ([WHQGHG 1HOVRQ�6LHJHO DQG WZR

FXELF VSOLQHV ZHUH UH�HVWLPDWHG XVLQJ RQO\ WKRVH LVVXHV WKDW VXUYLYHG WKH )DPD�%OLVV nOWHULQJ

SURFHVV� 7KH UHVXOWV DUH SUHVHQWHG LQ WKH ERWWRP SDQHO RI 7DEOH �� 7KHUH LV OLWWOH FKDQJH LQ

WKH RXW�RI�VDPSOH :0$(V RU KLW UDWHV IRU WKH ([WHQGHG 1HOVRQ�6LHJHO DQG 0F&XOORFK FXELF

VSOLQH PHWKRGV� LQGLFDWLQJ WKDW WKH\ DUH UREXVW WR RXWOLHUV LQ WKH GDWD� 7KH )LVKHU� HW DO�

FXELF VSOLQH GRHV� KRZHYHU� VKRZ D PDUNHG RXW�RI�VDPSOH SHUIRUPDQFH LPSURYHPHQW ZKHQ

WKH HVWLPDWLRQ VXEVDPSOH LV nUVW nOWHUHG� 7KLV VXJJHVWV WKDW WKH )LVKHU� HW DO� PHWKRG LV

PRUH VXEMHFW WR PHDVXUHPHQW HUURU LQ WKH GDWD WKDQ DUH WKH RWKHU PHWKRGV���

)LJXUH � SORWV WKH WLPH VHULHV RI WKH PRQWKO\ RXW�RI�VDPSOH :0$( VWDWLVWLFV IRU WKH

VHYHUDO PHWKRGV IRU WKH /RQJ 'DWD 6HW� 7KH 6KRUW 'DWD 6HW UHVXOWV DUH VLPLODU� $OWKRXJK

YDULDWLRQ EHWZHHQ PHWKRGV LV REVHUYHG� WKH JHQHUDO SDWWHUQ LV VLPLODU IRU DOO PHWKRGV� DO�

WKRXJK WKH VFDOH IRU WKH )LVKHU� HW DO� SORW LV ODUJHU� 7KLV LQGLFDWHV WKDW YDULDWLRQV LQ WKH

XQGHUO\LQJ GDWD WKURXJK WLPH WHQG WR GRPLQDWH PHWKRG�VSHFLnF IDFWRUV� )RU WKH ����V�

WKH :0$( VWDWLVWLFV DUH JHQHUDOO\ PXFK ORZHU DQG VKRZ OHVV YDULDWLRQ WKDQ IRU WKH ����V�

��:DJJRQHU ������ KDV LQYHVWLJDWHG WKH UREXVWQHVV RI WKHVH YDULRXV HVWLPDWLRQ PHWKRGV WR VPDOO SHUWXU�
EDWLRQV LQ SULFHV� +LV UHVXOWV GR QRW FRQnUP WKH HYLGHQFH LQ 7DEOH �� VXJJHVWLQJ WKDW SRWHQWLDO LQVWDELOLW\ LQ
WKH )LVKHU� HW DO� PHWKRG LV FRPSOH[�
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7KH 0F&XOORFK FXELF VSOLQH VKRZV D WUDQVLWRU\ LQFUHDVH LQ YDULDWLRQ GXULQJ WKH SHULRG ����

WKURXJK ���� ZKLFK LV RQO\ IDLQWO\ HFKRHG E\ WKH 6PRRWKHG )DPD�%OLVV DQG ([WHQGHG 1HOVRQ�

6LHJHO� ,Q WKH ����V� WKHUH LV D VKDUS ULVH LQ WKH OHYHO RI WKH :0$( VWDWLVWLFV� SHDNLQJ LQ

����� IROORZHG E\ D WURXJK LQ ����� D OHVVHU SHDN LQ ����� DQG D GHFOLQH WKHUHDIWHU�

7KH LQFUHDVHG OHYHOV DQG YDULDQFH RI WKH :0$(V LQ WKH ����V LV QRW GXH VLPSO\ WR

WKH LQWURGXFWLRQ RI YHU\ ORQJ PDWXULW\ ERQGV LQWR WKH VDPSOH� IRU ZH VHH WKH VDPH SDWWHUQ

RI SHDNV DQG WURXJKV LQ WKH 6KRUW 'DWD 6HW SORWV ZKHUH WKH FRPSRVLWLRQ RI WKH VDPSOH LV

IDLUO\ XQLIRUP WKURXJKRXW WKH VDPSOH SHULRG� ,W LV SRVVLEOH WKDW WKH KLJK OHYHOV RI LQWHUHVW

UDWHV DQG LQWHUHVW UDWH YRODWLOLW\ LQ WKH ����V� DQG SDUWLFXODUO\ LQ WKH HDUO\ ����V� PDGH

TXRWDWLRQV RI LOOLTXLG ERQGV OHVV UHOLDEOH� $QRWKHU SRVVLELOLW\ LV WKDW WKH H[WUHPHO\ KLJK

LQWHUHVW UDWHV SURGXFHG KHWHURJHQHRXV VDPSOHV RI GHHS GLVFRXQW DQG KLJK SUHPLXP ERQGV

ZLWK WKH GLVWULEXWLRQV VKLIWLQJ ZLWK OHYHOV RI LQWHUHVW UDWHV� 3ULFHV RI ORQJ ERQGV KDYH YDULHG

IURP XQGHU �� WR RYHU ��� �SDU  ����� 7KHVH H[WUHPH YDOXHV ZRXOG SURGXFH SHUFHLYHG SULFH

GLVWRUWLRQV XQGHU WKH SULFLQJ DVVXPSWLRQ� HTXDWLRQ ���� LI HLWKHU WD[�FOLHQWHOH RU WD[�WLPLQJ

ZHUH LPSRUWDQW�

2QO\ WKH 8QVPRRWKHG )DPD�%OLVV VKRZV VXEVWDQWLDO GHFUHDVHV LQ WKH KLW UDWHV ZKHQ PRY�

LQJ IURP WKH HVWLPDWLRQ VXEVDPSOH WR WKH KROG�RXW VXEVDPSOH� 7KH ([WHQGHG 1HOVRQ�6LHJHO

KDV DQ LQFUHDVH LQ WKH KLW UDWH� DQG WKLV UHVXOW SHUVLVWV ZKHQ WKH KROG�RXW DQG HVWLPDWLRQ

VXEVDPSOHV DUH UHYHUVHG DV ZHOO DV IRU RWKHU SDUWLWLRQV RI WKH GDWD LQWR VXEVDPSOHV� 7KLV

ODWWHU UHVXOW LV VWURQJHVW IRU VKRUW PDWXULWLHV �UHVXOWV QRW SUHVHQWHG KHUH�� ZKHUH WKH KLW UDWHV

LQYDULDEO\ LQFUHDVH� DQG ZHDNHVW IRU WKH ORQJ PDWXULWLHV ZKHUH WKH GLmHUHQFHV DUH VPDOO DQG

WKH GLUHFWLRQ RI FKDQJH LV XQVWDEOH�

'LmHUHQFHV DPRQJ KLW UDWHV DFURVV HVWLPDWLRQ PHWKRGV� OLNH WKRVH DPRQJ WKH :0$(

VWDWLVWLFV� KDYH QDUURZHG FRQVLGHUDEO\ IURP WKH LQ�VDPSOH UHVXOWV� DOWKRXJK WKH 8QVPRRWKHG

)DPD�%OLVV VWLOO KDV WKH KLJKHVW KLW UDWH UHJDUGOHVV RI WKH VDPSOH RU PDWXULW\ UDQJH XVHG DQG

WKH ([WHQGHG 1HOVRQ�6LHJHO FRQWLQXHV WR KDYH WKH ORZHVW KLW UDWH �RU QHDUO\ VR��

7KH WLPH VHULHV RI KLW UDWHV SUHVHQWHG LQ )LJXUH � DJDLQ VKRZ VLPLODU SDWWHUQV DFURVV

PHWKRGV� 'LmHUHQFHV EHWZHHQ PHWKRGV DUH OHVV DSSDUHQW� :KLOH WKH :0$(V SHDN LQ ����

DQG GHFOLQH WKHUHDIWHU� WKH KLW UDWHV GHFOLQH WKURXJKRXW WKH ����V DQG ����V� 7KLV VXJJHVWV

DQ LQWHUDFWLRQ RI HmHFWV� 7KH GHJUHH WR ZKLFK ERQGV DUH ?FRUUHFWO\� SULFHG UHODWLYH WR HDFK

��



RWKHU GHFOLQHV RYHU WLPH DV LQGLFDWHG E\ WKH KLW UDWHV� +RZHYHU� WKH GHJUHH RI PLVSULFLQJ IRU

WKRVH ERQGV QRW FRUUHFWO\ SULFHG LV KLJKO\ YDULDEOH LQ WKH ����V� 7KLV DSSDUHQW FRPELQDWLRQ

RI HmHFWV VXJJHVWV WKDW PRGLnFDWLRQ RI WKH SULFLQJ HTXDWLRQ WR DFFRXQW IRU RQH RU DQRWKHU

SULFLQJ IDFWRU ZLOO PLVV WKH LQWHUDFWLRQV DQG QRW VDWLVIDFWRULO\ H[SODLQ WKH REVHUYHG SULFHV�

)RU IRUPDO FRPSDULVRQV ZH XVH WKH )ULHGPDQ QRQ�SDUDPHWULF WHVW DSSOLHG WR WKH PRQWKO\

RXW�RI�VDPSOH :0$( VWDWLVWLFV DQG WKH RULJLQDO �XQnOWHUHG HVWLPDWLRQ VXEVDPSOHV���� 7KH

UHVXOWV RI WKHVH WHVWV DUH SUHVHQWHG LQ 7DEOH �� :H FDQ UHMHFW WKH K\SRWKHVLV WKDW WKHUH DUH QR

GLmHUHQFHV EHWZHHQ WKH nYH PHWKRGV� 7KLV UHVXOW KROGV DFURVV ERWK GDWD VHWV IRU WKH HQWLUH

VDPSOH SHULRG DQG LQ HDFK VXESHULRG�

)RU WKH 6KRUW 'DWD 6HW� WKH 8QVPRRWKHG DQG 6PRRWKHG )DPD�%OLVV PHWKRGV GR EHWWHU

WKDQ WKH DOWHUQDWLYHV GXULQJ PRVW SHULRGV� 7KH WZR DUH WKHPVHOYHV QHYHU VLJQLnFDQWO\ IDU

DSDUW� 2QO\ LQ WKH ���� WR ���� SHULRG GRHV DQRWKHU PHWKRG �WKH ([WHQGHG 1HOVRQ�6LHJHO�

GR FRPSDUDEO\ ZHOO� 7KH 0F&XOORFK DQG )LVKHU� HW DO� FXELF VSOLQHV DOZD\V GR ZRUVH WKDQ WKH

WZR )DPD�%OLVV EDVHG PHWKRGV� DQG WKH )LVKHU� HW DO� DOZD\V GRHV ZRUVH WKDQ WKH ([WHQGHG

1HOVRQ�6LHJHO PHWKRG�

7KH /RQJ 'DWD 6HW DQDO\VLV LV VRPHZKDW PRUH PL[HG� ,Q WKH ���� WR ���� SHULRG� WKH

8QVPRRWKHG )DPD�%OLVV URXQGO\ EHVWHG WKH IRXU DOWHUQDWLYHV DQG WKLV UHVXOW FDUULHV RYHU WR

WKH RYHUDOO ���� WR ���� SHULRG� 7KH 0F&XOORFK FXELF VSOLQH EHVWV WKH 6PRRWKHG )DPD�%OLVV

LQ WKH ODWHU SHULRG DQG WKLV DOVR FDUULHV RYHU WR WKH RYHUDOO SHULRG� ([FHSW LQ WKH ���� WR

���� SHULRG� WKH )LVKHU� HW DO� PHWKRG LV DJDLQ EHDWHQ E\ HDFK RI WKH DOWHUQDWLYHV�

&RPSDULQJ WKHVH VWURQJ QRQ�SDUDPHWULF UHVXOWV ZLWK WKH VPDOO DYHUDJH GLmHUHQFHV RI WKH

XQGHUO\LQJ RXW�RI�VDPSOH :0$( VWDWLVWLFV SUHVHQWHG LQ 7DEOH �� ZH VHH WKDW WKH GLmHUHQFHV

EHWZHHQ PHWKRG SHUIRUPDQFH� ZKLOH VPDOO� PXVW QRQHWKHOHVV EH IDLUO\ FRQVLVWHQW WKURXJK

WLPH�

��� 6XPPDU\ RI 6SOLW 6DPSOH 5HVXOWV

7KH FKDQJH LQ SHUIRUPDQFH PHDVXUHV IURP LQ�VDPSOH WR RXW�RI�VDPSOH GHPRQVWUDWHV WKH

IDOODF\ RI UHO\LQJ RQ LQ�VDPSOH JRRGQHVV�RI�nW WR HYDOXDWH WHUP VWUXFWXUH HVWLPDWLRQ PHWKRGV�

��7KH )ULHGPDQ WHVW DYRLGV VWURQJ GLVWULEXWLRQDO DVVXPSWLRQV QHHGHG IRU SDUDPHWULF WHVWV� 7KH XVXDO QRU�
PDOLW\ DVVXPSWLRQ LV JURVVO\ YLRODWHG E\ WKH :0$( VWDWLVWLFV� DV LV LQGHSHQGHQFH DFURVV VDPSOHV �PHWKRGV��

��



'LmHUHQFHV ZKLFK ZHUH LQFRQWURYHUWLEOH ZKHQ H[DPLQHG LQ�VDPSOH EHFRPH DPELJXRXV ZKHQ

WKH RXW�RI�VDPSOH UHVXOWV DUH YLHZHG� )RUPDO RXW�RI�VDPSOH WHVW UHVXOWV GHSHQG ERWK RQ WKH

VDPSOH XVHG DQG VXESHULRG DQG DUH� WKHUHIRUH� VRPHZKDW DPELJXRXV�

7KHVH IRUPDO K\SRWKHVLV WHVWV VXJJHVW WKDW WKH 8QVPRRWKHG )DPD�%OLVV PHWKRG LV EHVW DW

nWWLQJ WKH XQGHUO\LQJ WHUP VWUXFWXUH DQG WKH )LVKHU� HW DO� PHWKRG LV ZRUVW� )RU PDWXULWLHV

RXW WR nYH \HDUV� VPRRWKLQJ WKH )DPD�%OLVV \LHOGV GRHV QRW SURGXFH D VLJQLnFDQW GHJUDGDWLRQ

LQ WKH DELOLW\ RI WKH WHUP VWUXFWXUH WR nW SULFHV� 7KXV UHVHDUFKHUV ZKR ZDQW D SDUVLPRQLRXV

UHSUHVHQWDWLRQ RI WKH WHUP VWUXFWXUH� IRU LQVWDQFH WR VWXG\ KRZ OHYHOV� VORSH� DQG FXUYDWXUH

FKDQJH� PD\ VDIHO\ XVH WKH 6PRRWKHG )DPD�%OLVV� SURYLGLQJ WKHLU DQDO\VLV LV UHVWULFWHG WR

VKRUW DQG LQWHUPHGLDWH PDWXULWLHV� 7KH 0F&XOORFK DQG ([WHQGHG 1HOVRQ�6LHJHO UHVXOWV DUH

PL[HG �H[FHSW DJDLQVW WKH 8QVPRRWKHG )DPD�%OLVV� DQG WKH )LVKHU� HW DO� PHWKRG GRHV SRRUO\

DOPRVW DOZD\V���

,Q JHQHUDO� HLWKHU WKH 8QVPRRWKHG RU 6PRRWKHG )DPD�%OLVV SURGXFH WKH EHVW UHVXOWV� VXJ�

JHVWLQJ WKDW nOWHULQJ RXW ?VXVSLFLRXV� LVVXHV EHIRUH HVWLPDWLQJ WKH WHUP VWUXFWXUH LV ZRUWK�

ZKLOH� UHJDUGOHVV RI PHWKRG� 7KH FRQVLVWHQW VXSHULRULW\ RI WKH 8QVPRRWKHG )DPD�%OLVV IRU

ORQJ PDWXULWLHV VXJJHVWV WKDW HLWKHU�

�� WKH DSSUR[LPDWLQJ IXQFWLRQV XVHG DUH QRW VXpFLHQWO\ oH[LEOH WR FDSWXUH GHWDLOV RI WKH

ORQJ�PDWXULW\ WHUP VWUXFWXUH� RU

�� WKH KLJK SDUDPHWUL]DWLRQ RI WKH 8QVPRRWKHG )DPD�%OLVV WHUP VWUXFWXUH SHUPLWV nWWLQJ

WR SULFHV GLVWRUWHG E\ WKH SUHVHQFH RI RPLWWHG SULFLQJ IDFWRUV�

6LQFH WKH UHVXOW REWDLQV RXW�RI�VDPSOH� WKH ODWWHU H[SODQDWLRQ LV SODXVLEOH RQO\ LI LVVXHV RI

OLNH PDWXULW\ KDYH VLPLODU RPLWWHG SULFLQJ�IDFWRU HmHFWV� %HFDXVH RQO\ YHU\ ORQJ PDWXULW\

ERQGV DUH LVVXHG ��� \HDUV PDWXULW\ RU RYHU� DQG WKHLU FRXSRQV DGMXVW WR SUHYDLOLQJ ORQJ�WHUP

LQWHUHVW UDWHV DW WLPH RI LVVXH� WKH VDPSOH RI ERQGV ZLWK RYHU �� \HDUV WR PDWXULW\ ZLOO UHoHFW

WKH F\FOLFDO SDWWHUQ RI ORQJ�WHUP LQWHUHVW UDWHV� ,W LV� WKHUHIRUH� QRW XQUHDVRQDEOH WR VXSSRVH

WKDW DGMDFHQW PDWXULW\ ORQJ LVVXHV PLJKW KDYH VLPLODU WD[�UHODWHG SULFLQJ HmHFWV� &HUWDLQO\�

��/RZHULQJ WKH WXQLQJ SDUDPHWHU LPSURYHV WKH LQ� DQG RXW�RI�VDPSOH nW VRPHZKDW� EXW WKH )LVKHU� HW DO�
PHWKRG LV VWLOO GRPLQDWHG E\ WKH WZR )DPD�%OLVV EDVHG PHWKRGV� 7KH SUREOHP RI LQVWDELOLW\ DSSHDUV WR EH
D UHVXOW RI WKH FURVV�YDOLGDWLRQ SURFHHGXUH DQG UHPDLQV HYHQ IRU ORZ YDOXHV RI WKH WXQLQJ SDUDPHWHU ������

��



RQO\ WKH YHU\ ORQJHVW PDWXULW\ ZLOO EH ?RQ WKH UXQ�� ZLWK DOO RWKHUV EHLQJ LOOLTXLG WR VRPH

GHJUHH�

,I WKH 8QVPRRWKHG )DPD�%OLVV LV RYHU�nWWLQJ� WKH DSSDUHQW JRRGQHVV�RI�nW ZLOO EH DQ

LOOXVLRQ DQG WKH HVWLPDWHG WHUP VWUXFWXUH ZLOO EH GLVWRUWHG E\ WKH HmHFWV RI WKH RPLWWHG

IDFWRUV�

��� $QDO\VLV RI )LWWHG�3ULFH (UURUV

7KH RXW�RI�VDPSOH VXPPDU\ VWDWLVWLFV SUHVHQWHG DERYH SURYLGH D EDVLV IRU FRPSDULQJ WHUP

VWUXFWXUH HVWLPDWLRQ PHWKRGV� )URP WKHVH UHVXOWV ZH FRQFOXGHG WKDW WKHUH DUH LPSRUWDQW

GLmHUHQFHV EHWZHHQ PHWKRGV� :H DOVR QRWH HYLGHQFH RI FRPPRQ YDULDWLRQV RYHU WLPH LQ

WKH DELOLW\ RI WKH VHYHUDO PHWKRGV WR nW WKH REVHUYHG SULFHV� 7KLV VXJJHVWV WKH SUHVHQFH RI

GDWD�VSHFLnF IDFWRUV ZKLFK LPSDFW WKH SULFLQJ RI ERQGV�

8QGHU RXU PDLQWDLQHG DVVXPSWLRQ WKDW ERQG SULFHV DUH GHWHUPLQHG VROHO\ E\ WKH SUHVHQW

YDOXH RI WKH EHIRUH�WD[ FDVK oRZV� ZH ZRXOG H[SHFW DQ\ nWWHG�SULFH HUURUV WR EH UDQGRP DQG

XQFRUUHODWHG ZLWK RWKHU IDFWRUV� :H VKRZ WKLV LV GHnQLWHO\ QRW WKH FDVH E\ GHPRQVWUDWLQJ

WKDW WKH nWWHG�SULFH HUURUV IRU VSHFLnF ERQGV DUH FRUUHODWHG WKURXJK WLPH� FRUUHODWHG DFURVV

HVWLPDWLRQ PHWKRGV� DQG UHODWHG WR FRQWHPSRUDQHRXV� REVHUYDEOH IDFWRUV�

7KH SDUWLWLRQ VFKHPH XVHG WR VSOLW VDPSOHV FDQQRW JXDUDQWHH WKDW FRQVHFXWLYH REVHUYD�

WLRQV RI DQ\ ERQG ZLOO ERWK EH LQ�VDPSOH RU ERWK RXW�RI�VDPSOH� DQG LW PDNHV QR VHQVH WR PL[

LQ� DQG RXW�RI�VDPSOH nWWHG�SULFH HUURUV� 7R WHVW WKH UDQGRPQHVV RI WKH nWWHG�SULFH HUURUV�

ZH WKHUHIRUH XVH WKH IXOO�VDPSOH HVWLPDWHG WHUP VWUXFWXUHV WR FRPSXWH nWWHG SULFHV� 8VLQJ

WKH nYH YHU\ GLmHUHQW HVWLPDWLRQ PHWKRGV� ZH ORRN IRU SDWWHUQV LQ WKH nWWHG�SULFH HUURUV�

,I WKH SDWWHUQV DUH QRW PHWKRG�VSHFLnF� LW VXJJHVWV WKH SUREOHP LV PLVVSHFLnFDWLRQ RI WKH

SULFLQJ HTXDWLRQ ZKLFK LV FRPPRQ WR DOO nYH PHWKRGV_WKDW LV� WKLV ZRXOG EH HYLGHQFH RI

QRQ�PHWKRG�VSHFLnF� XQVSHFLnHG� SHUVLVWHQW� RPLWWHG IDFWRUV LQ WKH SULFLQJ RI ERQGV�

����� 7UDQVLWLRQ 0DWULFHV

,I WKH 39 SULFLQJ HTXDWLRQ LV FRUUHFWO\ VSHFLnHG DQG SULFLQJ HUURUV DUH UDQGRP QRLVH� WKHUH

VKRXOG EH QR UHODWLRQ EHWZHHQ WKH nWWHG�SULFH HUURU IRU D JLYHQ ERQG LQ RQH SHULRG DQG

��



WKH nWWHG�SULFH HUURU IRU WKDW VDPH ERQG LQ WKH QH[W SHULRG� 6LQFH WHUP VWUXFWXUHV IRU

HDFK PRQWK DUH HVWLPDWHG LQGHSHQGHQWO\� WKHUH ZLOO EH QR LQWHUDFWLRQ EHWZHHQ VXFFHVVLYH

REVHUYDWLRQV DV D UHVXOW RI HUURUV LQ WKH HVWLPDWHG FRHpFLHQWV� $XWRFRUUHODWHG HUURUV PD\ EH

GXH WR PLVVSHFLnFDWLRQ RI WKH IXQFWLRQDO IRUP RU WR WKH HVWLPDWLRQ PHWKRG���

:H FODVVLI\ WKH nWWHG�SULFH HUURUV LQWR SRVLWLYH� ]HUR� DQG QHJDWLYH� ,I WKH XQGHUO\LQJ HUURUV

DUH UDQGRP� WKH WUDQVIRUPHG YDULDEOHV ZLOO EH DOVR� 2XU WHVW LV WR H[DPLQH WKH WUDQVLWLRQ

PDWULFHV RI FRQVHFXWLYH FDWHJRUL]HG HUURUV� 8QGHU WKH QXOO K\SRWKHVLV WKDW WKH FDWHJRUL]HG

HUURUV DUH UDQGRP� WKH FODVVLnFDWLRQ RI DQ HUURU DW WLPH W VKRXOG KDYH QR EHDULQJ RQ WKH

REVHUYHG FODVVLnFDWLRQ DW WLPH W � �� 7KH FKDQFHV RI D SRVLWLYH HUURU EHLQJ IROORZHG E\

DQRWKHU SRVLWLYH HUURU VKRXOG EH LGHQWLFDO WR WKH XQFRQGLWLRQDO FKDQFH RI D SRVLWLYH HUURU�

,I WKH URZV RI WKH �d � WUDQVLWLRQ PDWULFHV DUH QRW HTXDO WR WKH XQFRQGLWLRQDO SUREDELOLWLHV

RI SRVLWLYH� ]HUR� DQG QHJDWLYH HUURUV� LW LV HYLGHQFH RI QRQ�UDQGRPQHVV LQ WKH WLPH VHULHV RI

nWWHG�SULFH HUURUV�

1RWHV DQG ERQGV GLmHU LQ VLJQLnFDQW ZD\V IURP ELOOV� 7KH QRWHV DQG ERQGV PDUNHW LV OHVV

OLTXLG DQG WKHUHIRUH OLTXLGLW\ HmHFWV PD\ EH PRUH SURQRXQFHG� 7KH ORQJHU PDWXULWLHV JLYH

JUHDWHU VFRSH WR SRWHQWLDO WD[�FOLHQWHOH DQG WD[�WLPLQJ HmHFWV� ,Q DGGLWLRQ� WKH QXPEHU RI

QRWHV DQG ERQG LVVXHV LV VPDOO FRPSDUHG WR WKH QXPEHU RI ELOOV� :HUH WKH\ WR EH DQDO\]HG

WRJHWKHU� WKH UHVXOWV ZRXOG EH GULYHQ E\ WKH ELOOV DQG WKH EHKDYLRU RI WKH QRWHV DQG ERQGV

ZRXOG EH REVFXUHG� :H� WKHUHIRUH� VHSDUDWH WKH DQDO\VLV RI ELOOV IURP WKDW RI QRWHV DQG ERQGV�

7DEOH � SUHVHQWV WKH WUDQVLWLRQ PDWULFHV IRU QRWHV DQG ERQGV IRU DOO \HDUV DQG PDWXULWLHV �RYHU

RQH \HDU�� 7KH UHVXOWV IRU HDFK GHFDGH DUH VLPLODU WR WKH RYHUDOO UHVXOWV�

)RU WKH QRWHV DQG ERQGV LQ 7DEOH �� WKHUH LV VWURQJ HYLGHQFH WKDW WKH FODVVLnFDWLRQ RI

nWWHG�SULFH HUURUV SHUVLVWV WKURXJK WLPH� ,I D ERQG KDV D SRVLWLYH nWWHG�SULFH HUURU LQ RQH

SHULRG� LW LV OLNHO\ WR DOVR KDYH D SRVLWLYH nWWHG�SULFH HUURU LQ WKH VXEVHTXHQW SHULRG� VLPLODUO\�

]HUR nWWHG�SULFH HUURUV WHQG WR EH IROORZHG E\ ]HURV DQG QHJDWLYHV E\ QHJDWLYHV� 7KHVH UHVXOWV

DUH FOHDUO\ VWDWLVWLFDOO\ VLJQLnFDQW��� 7KH SDWWHUQ RI SHUVLVWHQFH LQ nWWHG�SULFH HUURUV IRU QRWHV

��2I FRXUVH� SULFLQJ HUURUV PLJKW DFWXDOO\ EH FRUUHODWHG� +RZHYHU� WKLV ZRXOG VXJJHVW PDUNHW LQHpFLHQF\
DQG� JLYHQ WKH VLPSOLnHG QDWXUH RI WKH DVVXPHG SULFLQJ HTXDWLRQ� ZH DUH UHOXFWDQW WR GUDZ VXFK D FRQFOXVLRQ�

��*LYHQ WKH ODUJH QXPEHU RI REVHUYDWLRQV� DQ\ LQHTXDOLW\ LQ WKH URZV ZLOO EH VLJQLnFDQW DW WKH XVXDO OHYHOV�

��



DQG ERQGV GRHV QRW GHSHQG RQ WKH HVWLPDWLRQ PHWKRG XVHG� HYHQ WKRXJK WKH IUDFWLRQ RI LVVXHV

KDYLQJ SRVLWLYH� ]HUR� RU QHJDWLYH HUURUV GRHV�

7DEOH � SUHVHQWV WKH VDPH UHVXOWV IRU ELOOV� %LOOV KDYH D IDU ORZHU IUDFWLRQ RI LVVXHV

?PLVSULFHG� WKDQ GR QRWHV DQG ERQGV UHJDUGOHVV RI PHWKRG� H[FHSWLQJ WKH )LVKHU� HW DO�

PHWKRG ZKLFK VKRZV D PDUNHG WHQGHQF\ WR XQGHU�SULFH ELOOV� 7KH 8QVPRRWKHG )DPD�%OLVV

PHWKRG VKRZV OLWWOH SHUVLVWHQFH LQ WKH nWWHG�SULFH HUURUV� 7KH RWKHU PHWKRGV VKRZ VRPH

SHUVLVWHQFH� WKRXJK OHVV WKDQ IRU QRWHV DQG ERQGV�

)RU QRWHV DQG ERQGV ZH FRQFOXGH WKDW WKHUH DUH PHWKRG�LQGHSHQGHQW SHUVLVWHQW IDFWRUV

SUHVHQW LQ WKH SULFHV ZKLFK DUH QRW FDSWXUHG E\ WKH SULFLQJ HTXDWLRQ� )RU ELOOV ZH FRQFOXGH

WKDW WKHUH LV ZHDNHU HYLGHQFH RI SHUVLVWHQFH� 7KH )LVKHU� HW DO� PHWKRG VKRZV D XQLTXH GLVWUL�

EXWLRQ RI XQFRQGLWLRQDO DQG FRQGLWLRQDO nWWHG�SULFH HUURUV IRU VKRUW� EXW QRW ORQJ� PDWXULWLHV

WKDW VXJJHVWV D PHWKRG�VSHFLnF SUREOHP�

����� &RLQFLGHQFH RI (UURUV

+DYLQJ HVWDEOLVKHG WKH SHUVLVWHQFH RI nWWHG�SULFH HUURUV JHQHUDWHG E\ DQ\ JLYHQ PHWKRG� DW

OHDVW IRU QRWHV DQG ERQGV� LW UHPDLQV WR WHVW ZKHWKHU WKH nWWHG�SULFH HUURUV DUH UHODWHG DFURVV

PHWKRGV� :H GR WKLV E\ RQFH DJDLQ FODVVLI\LQJ HUURUV DV SRVLWLYH� ]HUR� DQG QHJDWLYH� :H

WKHQ H[DPLQH WKH SUREDELOLW\ WKDW DQ REVHUYDWLRQ ZLWK D SRVLWLYH nWWHG�SULFH HUURU SURGXFHG

E\ RQH PHWKRG ZLOO DOVR KDYH D SRVLWLYH nWWHG�SULFH HUURU XQGHU WKH RWKHU PHWKRGV� HWF�

,I WKHUH LV QRW D KLJK GHJUHH RI FRLQFLGHQFH� ZH PXVW FRQFOXGH WKDW WKH REVHUYHG SHUVLVWHQFH

LV GXH WR HDFK PHWKRG EHLQJ PLVVSHFLnHG LQ D GLmHUHQW ZD\� SHUKDSV WKURXJK VKRUWFRPLQJV RI

LWV DSSUR[LPDWLQJ IXQFWLRQ� ,I WKHUH LV D KLJK GHJUHH RI FRLQFLGHQFH LQ WKH FRQWHPSRUDQHRXV

FODVVLnFDWLRQ RI HUURU DFURVV PHWKRGV� LW LV HYLGHQFH WKDW HUURUV DULVH IURP GDWD�VSHFLnF UDWKHU

WKDQ PHWKRG�VSHFLnF IDFWRUV� ,W LV XQOLNHO\ WKDW DOO PHWKRGV DQG IXQFWLRQDO IRUPV ZLOO EH

PLVVSHFLnHG LQ WKH VDPH ZD\ VLQFH WKHLU RQO\ FRPPRQ HOHPHQWV DUH WKH SULFLQJ HTXDWLRQ DQG

WKH GDWD�

)RU WKH VDNH RI EUHYLW\ ZH FKRRVH WR XVH D VLQJOH EHQFKPDUN UDWKHU WKDQ SUHVHQW WKH

�� SRVVLEOH SDLUV RI FRLQFLGHQFH PDWULFHV� :H UHVWULFW RXU DQDO\VLV WR WKH QRWHV DQG ERQGV

IURP WKH /RQJ 'DWD 6HW DQDO\]HG LQ WKH SUHYLRXV VHFWLRQ� ZKHUH WKH HYLGHQFH RI SHUVLVWHQFH

��



ZDV VWURQJHVW� 7KH FRPSDULVRQV ZLOO DOVR EH DmHFWHG E\ WKH GLmHUHQFHV LQ WKH XQFRQGLWLRQDO

SUREDELOLWLHV RI SRVLWLYH� ]HUR� DQG QHJDWLYH HUURUV DFURVV PHWKRGV� 7KH 8QVPRRWKHG )DPD�

%OLVV PHWKRG LV DQ XQVDWLVIDFWRU\ EHQFKPDUN EHFDXVH LWV XQFRQGLWLRQDO SUREDELOLWLHV GLmHU

PDUNHGO\ IURP WKH RWKHUV� :H DUELWUDULO\ FKRRVH WKH 0F&XOORFK FXELF VSOLQH PHWKRG DV WKH

EHQFKPDUN DQG SUHVHQW WKH FRLQFLGHQFH UHVXOWV IRU HUURUV EHWZHHQ WKLV DQG WKH IRXU DOWHUQDWH

PHWKRGV LQ 7DEOH ��

,W LV QRW VXUSULVLQJ WKDW WKH 8QVPRRWKHG )DPD�%OLVV PHWKRG WHQGV WR SURGXFH ]HUR nWWHG�

SULFH HUURUV UHJDUGOHVV RI WKH FODVVLnFDWLRQ RI WKH HUURUV SURGXFHG E\ WKH 0F&XOORFK FXELF

VSOLQH� +RZHYHU� QRWH WKDW DFWXDO UHYHUVDOV RI VLJQ DUH FRPSDUDWLYHO\ UDUH� ���� SHUFHQW RI WKH

0F&XOORFK FXELF VSOLQH SRVLWLYH�HUURU LVVXHV DOVR KDYH SRVLWLYH HUURUV XQGHU WKH 8QVPRRWKHG

)DPD�%OLVV PHWKRG� EXW RQO\ ��� SHUFHQW KDYH QHJDWLYH HUURUV�

)RU WKH 6PRRWKHG )DPD�%OLVV DQG ([WHQGHG 1HOVRQ�6LHJHO PHWKRGV WKHUH LV D VWURQJ

FRLQFLGHQFH RI HUURUV ZLWK WKRVH REVHUYHG IRU WKH 0F&XOORFK FXELF VSOLQH� /LNH WKH 0F&XOORFK

FXELF VSOLQH� WKHVH WZR KDYH UHDVRQDEO\ HYHQ XQFRQGLWLRQDO GLVWULEXWLRQV RI HUURUV �7DEOH ���

7KH ORZ IUHTXHQF\ RI nWWHG�SULFH HUURUV RI RSSRVLWH VLJQV VKRZV WKDW WKH )LVKHU� HW DO� FXELF

VSOLQH PHWKRG LV PRVW VLPLODU WR WKH 0F&XOORFK FXELF VSOLQH�

:KHQ FRPELQHG ZLWK WKH UHVXOWV RI WKH SUHYLRXV VHFWLRQ� ZH FRQFOXGH WKDW nWWHG�SULFH

HUURUV DUH ODUJHO\ PHWKRG�LQGHSHQGHQW DQG SHUVLVWHQW� ,W LV� WKHUHIRUH� YHU\ XQOLNHO\ WKDW WKH

nWWHG�SULFH HUURUV DUH SXUHO\ UDQGRP�

����� )LWWHG�3ULFH (UURU 5HJUHVVLRQV

:H QH[W H[DPLQH WKH UHODWLRQ EHWZHHQ WKH REVHUYHG QRQ�]HUR nWWHG�SULFH HUURUV DQG YDULRXV

FKDUDFWHULVWLFV RI WKH ERQGV ZKLFK PLJKW EH UHODWHG WR WKH SRWHQWLDO RPLWWHG SULFLQJ IDFWRUV�

:H XVH WKH RXW�RI�VDPSOH nWWHG�SULFH HUURUV IURP WKH /RQJ 'DWD 6HW��� 2QFH DJDLQ ZH

GLVWLQJXLVK EHWZHHQ ELOOV DQG QRWHV DQG ERQGV� 7KH H[SODQDWRU\ YDULDEOHV ZHUH VHOHFWHG

IURP WKRVH RQH PLJKW H[SHFW WR EH LPSRUWDQW XQGHU WKH YDULRXV SULFLQJ K\SRWKHVHV LQ WKH

OLWHUDWXUH�

��,Q�VDPSOH nWWHG�SULFH HUURUV DUH ELDVHG WRZDUGV ]HUR� DQG ZH KDYH QR QHHG WR LQFOXGH DOO REVHUYDWLRQV DV

ZH GLG LQ 6HFWLRQ ������

��



'XH WR WKH ODUJH QXPEHU RI REVHUYDWLRQV� VLJQLnFDQFH OHYHOV QHHG WR EH WUHDWHG ZLWK

FDXWLRQ� 6LQFH ZH DOUHDG\ NQRZ WKDW WKHUH LV D KLJK GHJUHH RI FRPPRQDOLW\ DPRQJ nWWHG�

SULFH HUURUV SURGXFHG E\ WKH nYH PHWKRGV� ZH ZLOO LJQRUH PL[HG UHVXOWV LQ WKH UHJUHVVLRQV

DQG IRFXV RQ WKRVH IDFWRUV ZKLFK HQWHU VWURQJO\ DQG ZLWK WKH VDPH VLJQ LQ DOO nYH UHJUHVVLRQV�

)RU LQVWDQFH� LQ 7DEOH �� ZKLOH 7HUP�WR�0DWXULW\ LV VLJQLnFDQW LQ WKH ([WHQGHG 1HOVRQ�6LHJHO

UHJUHVVLRQ� LW LV PXFK OHVV VR LQ WKH 0F&XOORFK FXELF VSOLQH� ,W PLJKW� WKHUHIRUH� EH LPSUXGHQW

WR GUDZ FRQFOXVLRQV DV WR LWV UHOHYDQFH RU ODFN RI UHOHYDQFH LQ H[SODLQLQJ QRQ�]HUR nWWHG�SULFH

HUURUV�

7KH ?QRWHV DQG ERQGV� UHJUHVVLRQ UHVXOWV DUH SUHVHQWHG LQ 7DEOH �� 7KH UHJUHVVLRQV DUH

DOO KLJKO\ VLJQLnFDQW� ZLWK S�YDOXHV RI OHVV WKDQ ������ 7KLV GRHV QRW UHoHFW D KLJK GHJUHH

RI H[SODQDWRU\ SRZHU� EXW UDWKHU WKH ODUJH QXPEHU RI GHJUHHV RI IUHHGRP� 7KH 5�VTXDUHGV

LQGLFDWH WKDW� RYHUDOO� WKH H[SODQDWRU\ YDULDEOHV H[SODLQ RQO\ DERXW �� WR �� SHUFHQW RI WKH

REVHUYHG YDULDWLRQ LQ nWWHG�SULFH HUURUV� 2Q WKH RWKHU KDQG� ZH GR QRW H[SHFW WKH H[SODQDWRU\

SRZHU WR EH KLJK� 8QGHU WKH YDULRXV K\SRWKHVL]HG SULFLQJ HmHFWV� WKH H[SODQDWRU\ YDULDEOHV

ZLOO HQWHU LQWR WKH SULFLQJ HTXDWLRQ LQ FRPSOH[� SHUKDSV QRQ�OLQHDU� ZD\V� 7KHVH UHJUHVVLRQV

FDQ RQO\ GLVFRYHU OLQHDU DSSUR[LPDWLRQV WR WKHVH UHODWLRQV�

,Q WKH ELOOV UHJUHVVLRQ� 7DEOH �� WKH YDULDEOHV 7HUP�WR�0DWXULW\ �KLJKO\ FRUUHODWHG ZLWK

'LVFRXQW� DQG 3UHPLXP �DOZD\V ]HUR IRU ELOOV� KDYH EHHQ RPLWWHG� 6LQFH WKH WD[�FOLHQWHOH

DQG WD[�WLPLQJ RSWLRQV KDYH OLWWOH VFRSH IRU LPSDFWLQJ VKRUW�WHUP SULFHV� DQG WKH 7UHDVXU\

ELOOV PDUNHW LV YHU\ OLTXLG� ZH GR QRW H[SHFW� DQG GR QRW REVHUYH� DQ\ VWURQJ UHVXOWV LQ WKH

ELOOV UHJUHVVLRQV� 7KH 5�VTXDUHGV DUH DOO OHVV WKDQ � SHUFHQW DQG WKH VLJQLnFDQFH OHYHOV PXFK

ORZHU WKDQ ZH REVHUYHG LQ WKH QRWHV DQG ERQGV UHJUHVVLRQV DQG LQFRQVLVWHQW DFURVV PHWKRGV�

2QO\ WKH WLPH�WUHQG LV XQLIRUPO\ VLJQLnFDQW DQG LV XQUHODWHG WR WKH XVXDO K\SRWKHVL]HG

RPLWWHG SULFH IDFWRUV� %HFDXVH RI WKH ODUJH QXPEHU RI GHJUHHV RI IUHHGRP� WKH UHJUHVVLRQV DUH

QRQHWKHOHVV VWDWLVWLFDOO\ VLJQLnFDQW ZLWK S�YDOXHV RI OHVV WKDQ ������

7KH UHVXOWV RI WKHVH UHJUHVVLRQV FRQnUP WKH SUHVHQFH RI RPLWWHG IDFWRUV LQ WKH SULFHV RI

QRWHV DQG ERQGV SUHYLRXV HVWDEOLVKHG LQ WKH GLVFXVVLRQV RI ?SHUVLVWHQFH� �6HFWLRQ ������ DQG

?FRLQFLGHQFH� �6HFWLRQ ������ RI WKH QRQ�]HUR nWWHG�SULFH HUURUV� 7KH UHJUHVVRUV XVHG KHUH

H[SODLQ RQO\ D VPDOO IUDFWLRQ RI WKH YDULDWLRQ LQ nWWHG�SULFH HUURUV� :KHWKHU WKLV LV GXH WR

WKH YDULDEOHV LQFRUUHFWO\ HQWHULQJ LQ D OLQHDU PDQQHU ZKHQ WKH WUXH UHODWLRQ LV QRQ�OLQHDU� RU

��



GXH WR WKH RPLVVLRQ RI RWKHU YDULDEOHV� LV XQFOHDU� *LYHQ WKH SHUVLVWHQFH RI WKH nWWHG�SULFH

HUURUV� LW VHHPV XQOLNHO\ WKDW WKH XQH[SODLQHG YDULDQFH LV SXUHO\ QRLVH� /DVWO\� WKHUH LV OLWWOH

HYLGHQFH RI VLJQLnFDQW RPLWWHG IDFWRUV LQ WKH SULFHV RI 7UHDVXU\ ELOOV�

� &RQFOXVLRQ

��� 6XPPDU\

)LYH GLVWLQFW PHWKRGV RI HVWLPDWLQJ WKH WHUP VWUXFWXUH RI LQWHUHVW UDWHV IURP SULFHV RI ELOOV

DQG FRXSRQ�EHDULQJ QRWHV DQG ERQGV DUH FRPSDUHG XVLQJ D VHULHV RI SDUDPHWULF DQG QRQ�

SDUDPHWULF WHVWV� $ EDWWHU\ RI UHVLGXDO DQDO\VLV WHFKQLTXHV DUH DSSOLHG WR GHWHFW HYLGHQFH RI

JHQHUDO DQG PHWKRG�VSHFLnF PLVVSHFLnFDWLRQ�

%HFDXVH WKH HVWLPDWLRQ PHWKRGV WHVWHG GLmHU JUHDWO\ LQ WKHLU GHJUHH RI SDUVLPRQ\� WKHUH

LV D SRWHQWLDO SUREOHP RI RYHU�nWWLQJ WKH GDWD IRU WKH PRUH KLJKO\ SDUDPHWUL]HG IXQFWLRQDO

IRUPV� SDUWLFXODUO\ WKH 8QVPRRWKHG )DPD�%OLVV� 7KH DSSURDFK WR WKH RYHUnWWLQJ SUREOHP

XVHG KHUH LV WR GLYLGH WKH VDPSOH RI DYDLODEOH ERQGV LQWR HVWLPDWLRQ DQG KROG�RXW VXEVDPSOHV�

WR XVH WKH HVWLPDWLRQ VXEVDPSOH WR HVWLPDWH WKH WHUP VWUXFWXUH� DQG WR XVH WKH KROG�RXW

VXEVDPSOH WR SHUIRUP WHVWV� 7KLV SDSHU GHPRQVWUDWHV WKDW RXW�RI�VDPSOH WHVW UHVXOWV FDQ

GLmHU PDUNHGO\ IURP LQ�VDPSOH UHVXOWV�

7ZR FULWHULD IRU HYDOXDWLQJ DQG FRPSDULQJ nWWHG WHUP VWUXFWXUHV DUH XVHG� 7KH nUVW

LV WKH GXUDWLRQ�ZHLJKWHG PHDQ RI WKH DEVROXWH nWWHG�SULFH HUURUV� 7KH VHFRQG FULWHULRQ IRU

HYDOXDWLQJ WHUP VWUXFWXUHV LV WKH ?KLW UDWH�� ZKLFK LV LQWXLWLYH DQG KDV WKH DGYDQWDJH RI QRW

GHSHQGLQJ RQ D ZHLJKWLQJ VFKHPH� 7KHVH WZR FULWHULD JHQHUDOO\ DUH LQ EURDG DJUHHPHQW ZKHQ

FRPSDULQJ HVWLPDWLRQ PHWKRGV�

)LWWHG�SULFH HUURUV DUH PHDVXUHG UHODWLYH WR WKH ELG�DVN VSUHDG� 7KH ([WHQGHG 1HOVRQ�

6LHJHO PHWKRG LQWURGXFHV D JHQHUDO PHWKRG IRU HVWLPDWLQJ WHUP VWUXFWXUH DSSUR[LPDWLQJ

IXQFWLRQV XVLQJ WKLV HUURU GHnQLWLRQ� WKXV DYRLGLQJ WKH FRQVWUDLQWV LQKHUHQW LQ UHJUHVVLRQ�

EDVHG DSSURDFKHV�

7KH UHVXOWV FOHDUO\ GHPRQVWUDWH WKDW RYHU�nWWLQJ WKH GDWD RFFXUV ZLWK RQH RI WKH PHWKRGV_

WKH 8QVPRRWKHG )DPD�%OLVV� 1RQHWKHOHVV� WKH 8QVPRRWKHG )DPD�%OLVV PHWKRG LV EHWWHU

��



WKDQ WKH RWKHUV IRU nWWLQJ ORQJ�PDWXULW\ WHUP VWUXFWXUHV� 7KLV FRQFOXVLRQ LV WHPSHUHG E\

WKH PXFK KLJKHU SDUDPHWUL]DWLRQ RI WKH 8QVPRRWKHG )DPD�%OLVV WHUP VWUXFWXUH� 7KH SDU�

VLPRQLRXV 6PRRWKHG )DPD�%OLVV DQG ([WHQGHG 1HOVRQ�6LHJHO IXQFWLRQDO IRUPV DQG WKH OHVV

SDUVLPRQLRXV 0F&XOORFK FXELF VSOLQH SHUIRUPHG FRPSDUDEO\ WR HDFK RWKHU� 2QO\ DW WKH

ORQJHVW PDWXULWLHV LV WKHUH HYLGHQFH WKDW WKH oH[LELOLW\ RI WKH FXELF VSOLQH LV QHHGHG� )RU

VKRUW�WR�LQWHUPHGLDWH PDWXULWLHV� GLmHUHQFHV DPRQJ WKH IRXU PHWKRGV �H[FOXGLQJ )LVKHU� HW

DO�� DUH VOLJKW�

7KH )LVKHU� HW DO� HVWLPDWLRQ PHWKRG LV D GXELRXV FKRLFH IRU HVWLPDWLQJ WHUP VWUXFWXUHV�

%RWK LQ�VDPSOH DQG RXW�RI�VDPSOH� LW SHUIRUPV SRRUO\� ,W KDV V\VWHPDWLF SUREOHPV KDQGOLQJ

VKRUW PDWXULWLHV DQG LV VXVFHSWLEOH WR PHDVXUHPHQW HUURUV LQ WKH GDWD� &RUUHFW PHDVXUHPHQW

RI WKH VKRUW HQG RI WKH WHUP VWUXFWXUH LV FULWLFDO IRU FRPSXWLQJ VKRUW�KRUL]RQ IRUZDUG UDWHV

DQG IRUZDUG SULFHV� )RU LQVWDQFH� LQ WKH +HDWK�-DUURZ�0RUWRQ PRGHO� WKH SULFH RI D ERQG

QH[W PRQWK LV GHnQHG LQ WHUPV RI WKH IRUZDUG SULFH PHDVXUHG WRGD\ IRU RQH PRQWK KHQFH

DV ZHOO DV WKH HYROXWLRQ RI WKH VWDWH YDULDEOHV RYHU WKDW SHULRG� &RPSXWLQJ WKH IRUZDUG

SULFH UHTXLUHV D PHDVXUH RI WKH RQH PRQWK UDWH �LQ WKLV FDVH�� 7KH )LVKHU� HW DO� PHWKRG LV

XQVXLWDEOH IRU VXFK DQ DSSOLFDWLRQ� 6LPLODUO\� WKH DQDO\VLV RI PDUNHW H[SHFWDWLRQV RI IXWXUH

VKRUW�WHUP LQWHUHVW UDWHV UHOLHV RQ WKH WHUP VWUXFWXUH RI IRUZDUG UDWHV� $W VKRUW KRUL]RQV

WKH )LVKHU� HW DO� PHWKRG LV OLNHO\ WR JLYH PLVOHDGLQJ UHVXOWV� :KLOH PRGLnFDWLRQV WR WKH

SHQDOW\ IXQFWLRQ PD\ RYHUFRPH VRPH RI WKHVH SUREOHPV� LQ LWV FXUUHQW IRUP WKH )LVKHU� HW DO�

HVWLPDWLRQ PHWKRG FDQQRW EH UHFRPPHQGHG�

7KLV SDSHU GLVWLQJXLVKHV EHWZHHQ WKH SULFLQJ HTXDWLRQ XVHG WR UHODWH WKH nWWHG WHUP VWUXF�

WXUH WR nWWHG SULFHV DQG WKH HVWLPDWLRQ PHWKRG XVHG WR DUULYH DW WKH nWWHG WHUP VWUXFWXUH_

IRFXVLQJ RQ WKH ODWWHU� 7KLV SDSHU GHOLEHUDWHO\ DEVWUDFWV IURP WKH TXHVWLRQV RI WD[ DQG

OLTXLGLW\ HmHFWV E\ DVVXPLQJ D ?SUHVHQW YDOXH RI EHIRUH�WD[ SURPLVHG FDVK oRZV� SULFLQJ

HTXDWLRQ WKURXJKRXW� 7KH TXHVWLRQ RI RPLWWHG SULFLQJ IDFWRUV LV DGGUHVVHG LQGLUHFWO\ E\

H[DPLQLQJ FRPPRQ FKDUDFWHULVWLFV RI WKH nWWHG�SULFH HUURUV DFURVV PHWKRGV XVLQJ WKUHH FRP�

SOHPHQWDU\ WHVWV� SHUVLVWHQFH� FRLQFLGHQFH� DQG UHJUHVVLRQ� 7KLV LV WKH nUVW VWXG\ WR XVH

PXOWLSOH PHWKRGV WR HVWDEOLVK WKH PHWKRG�LQGHSHQGHQW FKDUDFWHULVWLFV RI SULFH HUURUV LQ WHUP

VWUXFWXUH nWWLQJ� ,W LV DOVR WKH nUVW WR VHDUFK IRU XQVSHFLnHG RPLWWHG SULFLQJ IDFWRUV� WKXV

DYRLGLQJ WKH QHHG WR LGHQWLI\ DQG PRGHO VSHFLnF HmHFWV�

��



:H nQG WKDW WKHUH LV RQO\ ZHDN HYLGHQFH RI QRQ�UDQGRP EHKDYLRU LQ WKH 7UHDVXU\ ELOO

HUURUV� +RZHYHU� ZH GR nQG FRQYLQFLQJ HYLGHQFH RI XQVSHFLnHG RPLWWHG SULFLQJ IDFWRUV LQ WKH

SULFHV RI QRWHV DQG ERQGV ZLWK RYHU RQH \HDU WR PDWXULW\� 7KLV HYLGHQFH RI PLVVSHFLnFDWLRQ LV

FRPPRQ DFURVV HVWLPDWLRQ PHWKRGV DV GHPRQVWUDWHG E\ WKH DV RQH ZRXOG H[SHFW FRLQFLGHQFH

WHVWV� SHUVLVWDQW WKURXJK WLPH DQG UHODWHG WR FRQWHPSRUDQHRXV REVHUYDEOH IDFWRUV� 7KLV

VXJJHVWV WKDW PLVVSHFLnFDWLRQ DULVHV IRUP WKH XQGHUO\LQJ WKH SULFLQJ HTXDWLRQ DQG QRW LQ WKH

PHWKRG XVHG WR HVWLPDWH WKH WHUP VWUXFWXUHV�

��� ,PSOLFDWLRQV IRU )XWXUH 5HVHDUFK

:KLOH XVLQJ RXW�RI�VDPSOH WHVWV LV REYLRXV� LW LV UDUHO\ GRQH� 7KLV SDSHU GHPRQVWUDWHV WKDW

VXFK PHWKRGRORJLFDO OD[QHVV PD\ ZHOO OHDG WR HUURUV WKDW DUH PDWHULDO� 5HVHDUFKHUV VKRXOG

UHSRUW ERWK LQ�VDPSOH DQG RXW�RI�VDPSOH VWDWLVWLFV WR KLJKOLJKW SRVVLEOH RYHU�nWWLQJ�

7KH HVWLPDWHG WHUP VWUXFWXUH GHSHQGV RQ WKH HVWLPDWLRQ PHWKRG FKRVHQ� 7KLV LV D PLQRU

SUREOHP IRU VKRUW PDWXULWLHV� EXW PD\ EH VLJQLnFDQW IRU ORQJHU RQHV� 2QH DSSURDFK WR WKLV

DPELJXLW\ LV WR XVH VHYHUDO HVWLPDWHV RI WKH WHUP VWUXFWXUH WR FRQGXFW VWXGLHV WR HQVXUH

WKDW WKH UHVXOWV REWDLQHG DUH QRW HVWLPDWLRQ�PHWKRG VSHFLnF� )RU LQVWDQFH� %OLVV DQG 5RQQ

������ HVWLPDWHG LPSOLHG YRODWLOLWLHV RI RSWLRQV HPEHGGHG LQ FDOODEOH 7UHDVXU\ ERQGV XVLQJ

7UHDVXU\ 675,36� WKH 8QVPRRWKHG )DPD�%OLVV DQG ([WHQGHG 1HOVRQ�6LHJHO WHUP VWUXFWXUHV�

'LmHUHQFHV LQ WKDW FDVH ZHUH LPPDWHULDO�

7KH RYHU�nWWLQJ HYLGHQW LQ WKH 8QVPRRWKHG )DPD�%OLVV KDV LPSOLFDWLRQV IRU WKH DSSOL�

FDWLRQ RI LQWHUHVW UDWH RSWLRQV PRGHOV� VXFK DV +HDWK�-DUURZ�0RUWRQ� WKDW DUH EXLOW RQ WKH

HVWLPDWHG WHUP VWUXFWXUH� RU WKRVH WKDW DUH FDOLEUDWHG WR WKH HVWLPDWHG WHUP VWUXFWXUH� VXFK

DV +XOO DQG :KLWH� ,I WKH WHUP VWUXFWXUH EHLQJ XVHG LV ?WRR oH[LEOH�� WKH PRGHOV ZLOO DOPRVW

FHUWDLQO\ EH LQFRUSRUDWLQJ XQZDQWHG PHDVXUHPHQW HUURU RU LGLRV\QFUDWLF� ERQG�VSHFLnF IDF�

WRUV RI QR UHOHYDQFH WR SULFLQJ VHFXULWLHV LQ RWKHU PDUNHWV� ,W UHPDLQV WR EH VHHQ ZKHWKHU LW

ZRXOG EH EHWWHU WR XVH PRUH SDUVLPRQLRXV HVWLPDWHV RI WKH WHUP VWUXFWXUH IRU WKHVH DSSOLFD�

WLRQV�

5HVHDUFKHUV WHVWLQJ IRU VSHFLnF SULFLQJ IDFWRUV �H�J�� WD[�FOLHQWHOH� VKRXOG EH FRJQL]DQW

RI SRVVLEOH DGGLWLRQDO XQVSHFLnHG IDFWRUV� 7R WKLV HQG� SDSHUV WHVWLQJ IRU VSHFLnF HmHFWV

VKRXOG LQFOXGH QRW RQO\ RXW�RI�VDPSOH K\SRWKHVLV WHVWV� EXW VKRXOG DOVR WHVW WKH UHPDLQLQJ

��



nWWHG�SULFH HUURUV IRU XQVSHFLnHG RPLWWHG SULFLQJ IDFWRUV� 7KH WKUHH UHVLGXDO DQDO\VLV WHVWV

LQWURGXFHG KHUH SURYLGH RQH VHW RI VXFK GLDJQRVWLF WRROV�

,Q WKH HQG� KRZHYHU� WHUP VWUXFWXUH HVWLPDWLRQ LV DQ DUW� 7KH WUDGH�Rm RI nW DJDLQVW

SDUVLPRQ\ DQG MXGJPHQW RI ZKDW GLmHUHQFHV DUH PDWHULDO ZLOO DOZD\V EH VXEMHFWLYH DQG

GHSHQG RQ WKH SUREOHP DW KDQG�

��
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&ODLPV�� -RXUQDO RI )LQDQFH ���� �'HFHPEHU ������ ����^�����

+XOO� -� DQG $� :KLWH� ?3ULFLQJ ,QWHUHVW�5DWH�'HULYDWLYH 6HFXULWLHV�� 5HYLHZ RI )LQDQFLDO

6WXGLHV ��� ������� ���^����

-RUGDQ� -� 9� ?7D[ (mHFWV LQ 7HUP 6WUXFWXUH (VWLPDWLRQ�� -RXUQDO RI )LQDQFH �� �-XQH
������ ���^����

.DPDUD� $� ?/LTXLGLW\ DQG 6KRUW�7HUP 7UHDVXU\ <LHOGV�� :RUNLQJ 3DSHU� *UDGXDWH 6FKRRO
RI %XVLQHVV $GPLQLVWUDWLRQ� 8QLYHUVLW\ RI :DVKLQJWRQ� 6HSWHPEHU �����

/LW]HQEHUJHU� 5� +� DQG -� 5ROIR� ?$Q ,QWHUQDWLRQDO 6WXG\ RI 7D[ (mHFWV RQ *RYHUQPHQW
%RQGV�� -RXUQDO RI )LQDQFH �� �0DUFK ������ �^���

/LYLQJVWRQ� 0� DQG 6� -DLQ� ?)ODWWHQLQJ RI %RQG 0DWXULW\ &XUYHV IRU /RQJ 0DWXULWLHV��
-RXUQDO RI )LQDQFH �� �0DUFK ������ ���^����

0F&XOORFK� -� +� ?7KH 7D[�$GMXVWHG <LHOG &XUYH�� -RXUQDO RI )LQDQFH �� �-XQH ������
���^����

1HOVRQ� -� DQG 6� 6FKDHIHU� ?7KH '\QDPLFV RI WKH 7HUP 6WUXFWXUH DQG $OWHUQDWLYH 3RUW�
IROLR ,PPXQL]DWLRQ 6WUDWHJLHV�� LQ ,QQRYDWLRQV LQ %RQG 3RUWIROLR 0DQDJHPHQW� HG�
*� *� .DXIPDQ� *� 2� %LHUZDJ DQG $� 7RHYV� -$, 3UHVV� *UHHQZLFK� &RQQHFWLFXW�
�����

1HOVRQ� &� 5� DQG $� )� 6LHJHO� ?3DUVLPRQLRXV 0RGHOLQJ RI <LHOG &XUYHV�� -RXUQDO RI

%XVLQHVV �� �2FWREHU ������ ���^����

5RQQ� (� ,� ?$ 1HZ /LQHDU 3URJUDPPLQJ $SSURDFK WR %RQG 3RUWIROLR 0DQDJHPHQW�� -RXU�
QDO RI )LQDQFLDO DQG 4XDQWLWDWLYH $QDO\VLV �� �'HFHPEHU ������ ���^����

6FKDHIHU� 6� 0� ?7D[�,QGXFHG &OLHQWHOH (mHFWV LQ WKH 0DUNHW IRU %ULWLVK *RYHUQPHQW 6HFX�
ULWLHV�� -RXUQDO RI )LQDQFLDO (FRQRPLFV �� �-XO\ ������ ���^����

��



6LHJHO� $� )� DQG &� 5� 1HOVRQ� ?/RQJ�7HUP %HKDYLRU RI <LHOG &XUYHV�� -RXUQDO RI )LQDQFLDO
DQG 4XDQWLWDWLYH $QDO\VLV �� �0DUFK ������ ���^����

9DVLFHN� 2� ?$Q (TXLOLEULXP &KDUDFWHUL]DWLRQ RI WKH 7HUP 6WUXFWXUH�� -RXUQDO RI )LQDQFLDO
(FRQRPLFV � ������� ���^����

:DJJRQHU� '� ?7KH 5REXVWQHVV RI <LHOG DQG )RUZDUG 5DWH &XUYH ([WUDFWLRQ 0HWKRGV��
:RUNLQJ 3DSHU� )HGHUDO 5HVHUYH %DQN RI $WODQWD� 6HSWHPEHU �����

��



7DEOH �� &RPSDULVRQ RI WKH $ELOLW\ RI 0HWKRGRORJLHV RI 9DU\LQJ &RPSOH[LW\ WR )LW WKH 'DWD

(VWLPDWLRQ 0HWKRG � 3DUPV� 8S WR � <U � WR � <UV � WR � <UV � WR �� <UV $ERYH �� <UV $OO 0DWXULWLHV

)ODW � ����� ����� ����� ����� ����� �����

0RQRWRQLF � ����� ����� ����� ����� ����� �����

([WHQGHG 1HOVRQ�6LHJHO � ����� ����� ����� ����� ����� �����

6PRRWKHG )DPD�%OLVV � ����� ����� ����� ����� ����� �����

0F&XOORFK &XELF 6SOLQH � � �� ����� ����� ����� ����� ����� �����

)LVKHU� HW DO� &XELF 6SOLQH � � �� ����� ����� ����� ����� ����� �����

8QVPRRWKHG )DPD�%OLVV �� � ��� ����� ����� ����� ����� ����� �����

1XPEHU RI 2EVHUYDWLRQV ����� ������ ����� ����� ����� ������

q 5HSRUWHG VWDWLVWLFV DUH WKH ?LQ�VDPSOH� 0HDQ $EVROXWH )LWWHG�3ULFH (UURUV ZKHUH QRQ�]HUR HUURUV DUH GHnQHG UHODWLYH WR WKH ELG�DVN

TXRWHV DV LQ HTXDWLRQ ����

q 5HVXOWV DUH EDVHG RQ HVWLPDWHV XVLQJ DOO HOLJLEOH ERQGV LQ WKH /RQJ 'DWD 6HW�

q 2EVHUYDWLRQV IURP GLmHUHQW PRQWKV ZHUH VWDFNHG WRJHWKHU LQ HDFK UHJUHVVLRQ� ?1XPEHU RI 2EVHUYDWLRQV� LV WKH VXP RYHU DOO ���

PRQWKV RI GDWD�

q ?� 3DUPV�� UHIHUV WR WKH QXPEHU RI SDUDPHWHUV LQ WKH WHUP VWUXFWXUH HVWLPDWHG LQ HDFK RI ��� PRQWKV� )RU WKH 0F&XOORFK &XELF

6SOLQH DQG WKH 8QVPRRWKHG )DPD�%OLVV� WKLV GHSHQGV RQ WKH QXPEHU RI ERQGV DYDLODEOH HDFK PRQWK �DIWHU nOWHULQJ LQ WKH ODWWHU

FDVH�� )RU WKH )LVKHU� HW DO� &XELF 6SOLQH� WKH ?HmHFWLYH� QXPEHU RI SDUDPHWHUV LV UHSRUWHG�

q 7KH DYHUDJH QXPEHUV RI SDUDPHWHUV DUH� 0F&XOORFK^����� )LVKHU� HW DO�^����� 8QVPRRWKHG )DPD�%OLVV^�����

q 7KH ?)ODW� DQG ?0RQRWRQLF� WHUP VWUXFWXUHV ZHUH HVWLPDWHG XVLQJ UHVWULFWHG YDULDQWV RI WKH ([WHQGHG 1HOVRQ�6LHJHO IXQFWLRQDO

IRUP� HTXDWLRQ ����

)ODW UP  n� 0RQRWRQLF UP  n� � n�

�
�b H

bP ~�

P ~�

�
�

q 'XH WR WKH ODUJH QXPEHU RI REVHUYDWLRQV� DOO SDUDPHWHU HVWLPDWHV DUH VLJQLnFDQWO\ GLmHUHQW IURP ]HUR�



7DEOH �� &RPSDULVRQ RI ,Q� DQG 2XW�RI�6DPSOH 0HDQ :0$( 6WDWLVWLFV DQG +LW 5DWHV
�$OO <HDUV�

(VWLPDWLRQ 0HWKRG 8VHG

'DWD 6HW 8QVPRRWKHG 6PRRWKHG 0F&XOORFK ([WHQGHG )LVKHU� HW DO�
8VHG )DPD�%OLVV )DPD�%OLVV &XELF 6SOLQH 1HOVRQ�6LHJHO &XELF 6SOLQH

,Q�VDPSOH UHVXOWV

6KRUW ������ ������ ������ ������ ������
������ ������ ������ ������ ������

/RQJ ������ ������ ������ ������ ������
������ ������ ������ ������ ������

2XW�RI�VDPSOH UHVXOWV

6KRUW ������ ������ ������ ������ ������
������ ������ ������ ������ ������

/RQJ ������ ������ ������ ������ ������
������ ������ ������ ������ ������

2XW�RI�VDPSOH UHVXOWV XVLQJ ?)DPD�%OLVV nOWHUHG� HVWLPDWLRQ VXEVDPSOH

6KRUW 6DPH DV 6DPH DV ������ ������ ������
DERYH DERYH ������ ������ ������

/RQJ 6DPH DV 6DPH DV ������ ������ ������
DERYH DERYH ������ ������ ������

q 8QGHUO\LQJ UHVXOWV DUH WKH GXUDWLRQ�ZHLJKWHG PHDQ RI WKH DEVROXWH nWWHG�SULFH HUURUV LQ
WKH HVWLPDWLRQ VXEVDPSOH IRU HDFK RI ��� PRQWKO\ SDUWLWLRQV RI WKH DOWHUQDWH DYDLODEOH
LVVXHV LQWR HVWLPDWLRQ DQG KROG�RXW �WHVW� VXEVDPSOHV�

q )LWWHG�SULFH HUURUV DUH GHnQHG RXWVLGH WKH LVVXHV
 ELG�DVN UDQJH�

q 1XPEHUV LQ SDUHQWKHVHV JLYH WKH KLW UDWHV RU SHUFHQWDJH RI LVVXHV ZLWK nWWHG SULFHV
IDOOLQJ ZLWKLQ WKH TXRWHG VSUHDG�

q 7KH ?)DPD�%OLVV nOWHUHG� HVWLPDWLRQ VXEVDPSOH FRQVLVWV RI WKRVH ERQGV WKDW VXUYLYH
WKH 8QVPRRWKHG )DPD�%OLVV nOWHULQJ SURFHVV� 0F&XOORFK� ([WHQGHG 1HOVRQ�6LHJHO� DQG
)LVKHU� HW DO� ZHUH UH�HVWLPDWHG XVLQJ WKLV nOWHUHG HVWLPDWLRQ VXEVDPSOH WR VKRZ WKH
HmHFWV RI UHPRYLQJ RXWOLHUV RQ WKHVH PHWKRGV� 8QVPRRWKHG DQG 6PRRWKHG )DPD�%OLVV
UHVXOWV DUH PDUNHG ?6DPH DV DERYH� EHFDXVH WKH\ DUH LGHQWLFDO WR WKH SUHYLRXV SDQHO�



7DEOH �� 2XW�RI�6DPSOH 1RQ�3DUDPHWULF :0$( &RPSDULVRQV

5DQN VFRUHV� 6L� IRU LQGLYLGXDO PHWKRGRORJLHV

'DWD 6HW )ULHGPDQ 8QVPRRWKHG 6PRRWKHG 0F&XOORFK ([WHQGHG )LVKHU� HW DO�
8VHG 6WDWLVWLF )DPD�%OLVV )DPD�%OLVV &XELF 6SOLQH 1HOVRQ�6LHJHO &XELF 6SOLQH

$OO <HDUV

6KRUW �����

 ��� ��� ���� ��� ����
/RQJ �����

 ��� ��� ��� ��� ����

����^����

6KRUW �����

 ��� ��� ��� ��� ���
/RQJ �����

 ��� ��� ��� ��� ���

����^����

6KRUW ����

 ��� �� ��� ��� ���
/RQJ ����

 �� ��� ��� ��� ���

����^����

6KRUW �����

 ��� ��� ��� ��� ���
/RQJ �����

 ��� ��� ��� ��� ���


 �

� LQGLFDWHV WKH )ULHGPDQ VWDWLVWLF LV VLJQLnFDQW DW WKH �� ���� OHYHO�

q 8QGHUO\LQJ UHVXOWV DUH WKH GXUDWLRQ�ZHLJKWHG PHDQ RI WKH DEVROXWH nWWHG�SULFH HUURUV
LQ WKH KROG�RXW VXEVDPSOH IRU HDFK RI ��� PRQWKO\ SDUWLWLRQV RI WKH DOWHUQDWH DYDLODEOH
LVVXHV LQWR HVWLPDWLRQ DQG KROG�RXW �WHVW� VXEVDPSOHV�

q )LWWHG�SULFH HUURUV DUH GHnQHG RXWVLGH WKH LVVXHV
 ELG�DVN UDQJH�

q 7KH )ULHGPDQ 6WDWLVWLF LV XVHG WR WHVW ZKHWKHU DOO PHWKRGRORJLHV IRU D JLYHQ PDWXULW\�
UDQJH DUH LGHQWLFDO� 7KH FULWLFDO YDOXH IRU m  ���� ������ LV ��� ������ IRU DOO WHVWV�

q 3DLUZLVH FRPSDULVRQV PD\ EH PDGH RQ WKH EDVLV RI WKH GLmHUHQFHV LQ LQGLYLGXDO UDQN
VFRUHV� M 6L b 6M M� 7KH FULWLFDO YDOXHV DUH�

m ���� ����

$OO <HDUV ��� ���
����^���� �� ��
����^���� �� ��
����^���� �� ��



7DEOH �� 7UDQVLWLRQ 0DWULFHV IRU )XOO 6DPSOH )LWWHG�3ULFH (UURUV IRU 1RWHV DQG %RQGV�
�$OO <HDUV�

(VWLPDWLRQ 8QFRQGLWLRQDO
&RQGLWLRQDO )UHTXHQF\�qL�W�� M qLW�

0HWKRG 8VHG )UHTXHQF\�qW� qW�� ! � qW��  � qW�� � �

8QVPRRWKHG
qW ! � ��� ���� ���� ���
qW  � ���� ��� ���� ���

)DPD�%OLVV
qW � � ���� ��� ���� ����

6PRRWKHG
qW ! � ���� ���� ���� ���
qW  � ���� ���� ���� ����

)DPD�%OLVV
qW � � ���� ��� ���� ����

0F&XOORFK
qW ! � ���� ���� ���� ���
qW  � ���� ���� ���� ����

&XELF 6SOLQH
qW � � ���� ��� ���� ����

([WHQGHG
qW ! � ���� ���� ���� ���
qW  � ���� ���� ���� ����

1HOVRQ�6LHJHO
qW � � ���� ��� ���� ����

)LVKHU� HW DO�
qW ! � ���� ���� ���� ���
qW  � ���� ���� ���� ����

&XELF 6SOLQH
qW � � ���� ��� ���� ����

q 7KH XQGHUO\LQJ GDWD DUH WKH nWWHG�SULFH HUURUV JHQHUDWHG XVLQJ WKH IXOO /RQJ 'DWD 6HW
WR HVWLPDWH WKH WHUP VWUXFWXUHV DQG FRPSXWH nWWHG SULFHV�

q )LWWHG�SULFH HUURUV DUH GHnQHG RXWVLGH RI WKH ELG�DVN VSUHDG�

q 7UDQVLWLRQ IUHTXHQFLHV UHSRUW WKH OLNHOLKRRG WKDW WKH nWWHG�SULFH HUURU RQ D JLYHQ ERQG
DW WLPH W � � LV SRVLWLYH �]HUR� QHJDWLYH� JLYHQ WKDW WKH HUURU RQ WKH VDPH ERQG ZDV
SRVLWLYH �]HUR� QHJDWLYH� DW WLPH W� )RU LQVWDQFH� XVLQJ WKH 8QVPRRWKHG )DPD�%OLVV
WHUP VWUXFWXUHV� ���� RI WKH nWWHG�SULFH HUURUV ZHUH SRVLWLYH� 2I WKHVH FDVHV� ����� RI
WKH LVVXHV DOVR KDG SRVLWLYH nWWHG�SULFH HUURUV WKH QH[W SHULRG� ����� KDG ]HUR nWWHG�
SULFH HUURUV QH[W SHULRG� DQG RQO\ ���� KDG QHJDWLYH nWWHG�SULFH HUURUV QH[W SHULRG�



7DEOH �� 7UDQVLWLRQ 0DWULFHV IRU )XOO 6DPSOH )LWWHG�3ULFH (UURUV IRU %LOOV 2QO\�
�$OO <HDUV�

(VWLPDWLRQ 8QFRQGLWLRQDO
&RQGLWLRQDO )UHTXHQF\�qL�W�� M qLW�

0HWKRG 8VHG )UHTXHQF\�qW� qW�� ! � qW��  � qW�� � �

8QVPRRWKHG
qW ! � ��� ��� ���� ���
qW  � ���� ��� ���� ���

)DPD�%OLVV
qW � � ��� ��� ���� ����

6PRRWKHG
qW ! � ���� ���� ���� ����
qW  � ���� ���� ���� ����

)DPD�%OLVV
qW � � ���� ���� ���� ����

0F&XOORFK
qW ! � ���� ���� ���� ����
qW  � ���� ���� ���� ����

&XELF 6SOLQH
qW � � ���� ���� ���� ����

([WHQGHG
qW ! � ���� ���� ���� ����
qW  � ���� ���� ���� ����

1HOVRQ�6LHJHO
qW � � ���� ���� ���� ����

)LVKHU� HW DO�
qW ! � ���� ���� ���� ����
qW  � ���� ���� ���� ����

&XELF 6SOLQH
qW � � ���� ��� ���� ����

q 6HH QRWHV IRU 7DEOH ��



7DEOH �� &RLQFLGHQFH 0DWULFHV IRU )XOO 6DPSOH )LWWHG�3ULFH (UURUV IRU 1RWHV DQG %RQGV�
�$OO <HDUV�

0F&XOORFK
$OWHUQDWH )UHTXHQF\�q$W M q0&

W �

&XELF 6SOLQH q$
W
! � q$

W
 � q$

W
� �

8QVPRRWKHG )DPD�%OLVV

q0&
W

! � ���� ���� ���

q0&
W

 � ��� ���� ���

q0&W � � ��� ���� ����

6PRRWKHG )DPD�%OLVV

q0&
W

! � ���� ���� ����

q0&
W

 � ���� ���� ����

q0&
W

� � ���� ���� ����

([WHQGHG 1HOVRQ�6LHJHO

q0&
W

! � ���� ���� ����

q0&W  � ���� ���� ����

q0&
W

� � ���� ���� ����

)LVKHU� HW DO� &XELF 6SOLQH

q0&
W

! � ���� ���� ���

q0&
W

 � ���� ���� ����

q0&
W

� � ��� ���� ����

q 7KH XQGHUO\LQJ GDWD DUH WKH nWWHG�SULFH HUURUV JHQHUDWHG XVLQJ WKH IXOO /RQJ 'DWD 6HW
WR HVWLPDWH WKH WHUP VWUXFWXUHV DQG FRPSXWH nWWHG SULFHV�

q )LWWHG�SULFH HUURUV DUH GHnQHG RXWVLGH RI WKH ELG�DVN VSUHDG�

q &RLQFLGHQFH IUHTXHQFLHV UHSRUW WKH OLNHOLKRRG WKDW WKH nWWHG�SULFH HUURU RQ D JLYHQ ERQG
XVLQJ DQ DOWHUQDWH PHWKRGRORJ\ �q$

W
� LV SRVLWLYH �]HUR� QHJDWLYH� JLYHQ WKDW WKH HUURU RQ

WKH VDPH ERQG ZDV SRVLWLYH �]HUR� QHJDWLYH� ZKHQ XVLQJ WKH 0F&XOORFK &XELF 6SOLQH
PHWKRGRORJ\ �q0&

W
�� )RU LQVWDQFH� FRQVLGHU WKH FDVHV ZKHUH WKH 0F&XOORFK &XELF

6SOLQH SURGXFHG SRVLWLYH nWWHG�SULFH HUURUV� )RU WKHVH VDPH LVVXHV� WKH 8QVPRRWKHG
)DPD�%OLVV SURGXFHG SRVLWLYH HUURUV ����� RI WKH WLPH� ]HUR HUURUV ����� RI WKH WLPH�
DQG QHJDWLYH HUURUV ���� RI WKH WLPH�



7DEOH �� 2XW�RI�6DPSOH 1RQ�=HUR )LWWHG�3ULFH (UURU 5HJUHVVLRQV IRU 1RWHV DQG %RQGV�
�$OO <HDUV�

8QVPRRWKHG 6PRRWKHG 0F&XOORFK ([WHQGHG )LVKHU� HW DO�
)DPD�%OLVV )DPD�%OLVV &XELF 6SOLQH 1HOVRQ�6LHJHO &XELF 6SOLQH

&RQVWDQW b����� b����� b����� b����� b�����
�b������ �b������ �b������ �b������ �b������

7HUP WR ����� b����� ����� ����� �����
0DWXULW\ ������ �b����� ������ ������� �b�����

$JH ����� ����� ����� ����� �����
������� ������� ������� ������� �������

3UHPLXP b����� b����� b����� b����� b�����
�b������ �b������ �b������ �b������ �b������

'LVFRXQW ����� ����� ����� ����� �����
������� ������� ������� ������� ������

7LPH ����� ����� ����� ����� �����
������� ������� ������� ������� �������

$PRXQW ����� b����� ����� ����� �����
2XWVWDQGLQJ ������ �b����� ������ ������ ������

%LG�$VN ����� ����� ����� ����� �����
6SUHDG ������� ������� ������� ������� �������

9DOLG FDVHV� ���� ����� ���� ����� ����
5�VTXDUHG� ����� ����� ����� ����� �����
6WG HUURU RI HVW� ����� ����� ����� ����� �����
)� ����� ����� ����� ����� �����

$JH s <HDUV VLQFH GDWHG GDWH

3UHPLXP s A3 b ��� LI A3 ! �3$ � 3%� �� ]HUR RWKHUZLVH

'LVFRXQW s ���b A3 LI A3 � �3$ � 3%� �� ]HUR RWKHUZLVH
7LPH s TXRWH GDWH H[SUHVVHG DV <<�)5$&

q ,VVXHV LQ WKH /RQJ 'DWD 6HW ZHUH nUVW DOWHUQDWHO\ GLYLGHG LQWR HVWLPDWLRQ DQG KROG�RXW
VXEVDPSOHV HDFK PRQWK� 7HUP VWUXFWXUHV HVWLPDWHG HDFK PRQWK XVLQJ WKH HVWLPDWLRQ
VXEVDPSOH ZHUH WKHQ XVHG WR FRPSXWH nWWHG SULFHV IRU LVVXHV LQ WKH KROG�RXW VXEVDPSOH�

q )LWWHG�SULFH HUURUV ZHUH GHnQHG UHODWLYH WR WKH VSUHDG�

q (VWLPDWLRQ VXEVDPSOH FRQWDLQV ELOOV� QRWHV DQG ERQGV XVLQJ WKH /RQJ 'DWD 6HW�

q 1XPEHUV LQ SDUHQWKHVHV LQGLFDWH FRHpFLHQW W�VWDWLVWLFV�



7DEOH �� 2XW�RI�6DPSOH 1RQ�=HUR )LWWHG�3ULFH (UURU 5HJUHVVLRQV IRU %LOOV�
�$OO <HDUV�

8QVPRRWKHG 6PRRWKHG 0F&XOORFK ([WHQGHG )LVKHU� HW DO�
)DPD�%OLVV )DPD�%OLVV &XELF 6SOLQH 1HOVRQ�6LHJHO &XELF 6SOLQH

&RQVWDQW b����� b����� b����� b����� b�����
�b����� �b����� �b����� �b����� �b�����

$JH b����� b����� b����� b����� �����
�b����� �b����� �b����� �b����� ������

'LVFRXQW b����� ����� ����� ����� b�����
�b����� ������ ������ �b����� �b�����

7LPH ����� ����� ����� ����� �����
������ ������ ������ ������ ������

$PRXQW b����� b����� ����� b����� b�����
2XWVWDQGLQJ �b����� �b����� �b����� �b����� �b�����

%LG�$VN ����� b����� b����� b����� b�����
6SUHDG ������ �b����� �b����� �b����� �b�����

9DOLG FDVHV� ���� ���� ���� ���� ����
5�VTXDUHG� ����� ����� ����� ����� �����
6WG HUURU RI HVW� ����� ����� ����� ����� �����
)� ���� ���� ��� ���� ����

$JH s <HDUV VLQFH GDWHG GDWH

'LVFRXQW s ���b A3 LI A3 � �3$ � 3%� �� ]HUR RWKHUZLVH
7LPH s TXRWH GDWH H[SUHVVHG DV <<�)5$&

q ,VVXHV LQ WKH /RQJ 'DWD 6HW ZHUH nUVW DOWHUQDWHO\ GLYLGHG LQWR HVWLPDWLRQ DQG KROG�RXW
VXEVDPSOHV HDFK PRQWK� 7HUP VWUXFWXUHV HVWLPDWHG HDFK PRQWK XVLQJ WKH HVWLPDWLRQ
VXEVDPSOH ZHUH WKHQ XVHG WR FRPSXWH nWWHG SULFHV IRU LVVXHV LQ WKH KROG�RXW VXEVDPSOH�

q )LWWHG�SULFH HUURUV ZHUH GHnQHG UHODWLYH WR WKH VSUHDG�

q (VWLPDWLRQ VXEVDPSOH FRQWDLQV ELOOV� QRWHV DQG ERQGV XVLQJ WKH /RQJ 'DWD 6HW�

q 1XPEHUV LQ SDUHQWKHVHV LQGLFDWH FRHpFLHQW W�VWDWLVWLFV�



)LJXUH �� 0DWXULW\ RI $YDLODEOH ,VVXHV $IWHU ([FOXVLRQV
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All Available Maturities
T-Bills, Notes and Bonds (except callables & flowers)

q $SSDUHQW FKDQJHV LQ ?VKDGLQJ� UHoHFW LQFUHDVHG GHQVLW\ RI LQGLYLGXDO LVVXHV�



)LJXUH �� 7LPH 6HULHV RI /RQJ 'DWD 6HW 2XW�RI�6DPSOH :0$( 6WDWLVWLFV
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q 7KH XQGHUO\LQJ VWDWLVWLFV DUH WKH RXW�RI�VDPSOH� GXUDWLRQ�ZHLJKWHG� PHDQ�DEVROXWH

nWWHG�SULFH HUURUV IRU HDFK REVHUYDWLRQ PRQWK�

q 7KH /RQJ 'DWD 6HW ZDV DOWHUQDWHO\ GLYLGHG LQWR HVWLPDWLRQ DQG KROG�RXW VXEVDPSOHV

HDFK PRQWK� 7KH HVWLPDWLRQ VXEVDPSOH LV XVHG WR HVWLPDWH WKH WHUP VWUXFWXUH HDFK

PRQWK� ZKLFK LV WKHQ XVHG WR FRPSXWH nWWHG SULFHV IRU LVVXHV LQ WKH KROG�RXW VXEVDPSOH�

q )LWWHG�SULFH HUURUV DUH GHnQHG UHODWLYH WR WKH ELG�DVN VSUHDG�



)LJXUH �� 7LPH 6HULHV RI /RQJ 'DWD 6HW 2XW�RI�6DPSOH +LW 5DWHV
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q 7KH XQGHUO\LQJ VWDWLVWLFV DUH SHUFHQWDJH RI RXW�RI�VDPSOH ERQGV HDFK PRQWK ZLWK nWWHG

SULFHV IDOOLQJ EHWZHHQ WKH ELG DQG DVNHG TXRWHV�

q 7KH /RQJ 'DWD 6HW ZDV DOWHUQDWHO\ GLYLGHG LQWR HVWLPDWLRQ DQG KROG�RXW VXEVDPSOHV

HDFK PRQWK� 7KH HVWLPDWLRQ VXEVDPSOH LV XVHG WR HVWLPDWH WKH WHUP VWUXFWXUH HDFK

PRQWK� ZKLFK LV WKHQ XVHG WR FRPSXWH nWWHG SULFHV IRU LVVXHV LQ WKH KROG�RXW VXEVDPSOH�

q )LWWHG�SULFH HUURUV DUH GHnQHG UHODWLYH WR WKH ELG�DVN VSUHDG�


