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$EVWUDFW

$ SXEOLF DJHQGD LV D VHW RI LVVXHV RU FRQFHUQV WKDW PHULW SXEOLF DWWHQWLRQ�

7KH LVVXHV WKDW DWWUDFW D ORW RI SXEOLF DWWHQWLRQ DUH LQIOXHQWLDO WR WKH GLUHFWLRQ RI

WKH SXEOLF DJHQGD� +RZHYHU� WKH VDOLHQFH RI LVVXHV PLJKW EH SXUSRVHO\ WUDQV�

IHUUHG E\ WKH PHGLD� %LDVHG QHZV RUJDQL]DWLRQV PDUJLQDOL]H RU ILOWHU LVVXHV

WKDW DUH DJDLQVW WKHLU SRVLWLRQV RU SULYDWH LQWHUHVWV�

,Q WKLV WKHVLV ZH SURSRVH D PHWKRG WR DXWRPDWLFDOO\ PLQH VDOLHQW LVVXHV

IURP QHZV DUWLFOHV� 4XRWDWLRQV LQ QHZV DUWLFOHV GHVFULEH FRPPHQWV IURP SXE�

OLF ILJXUH DQG GRPDLQ H[SHUWV� 2XU PHWKRG IRU LVVXH PLQLQJ LV EDVHG RQ TXRWD�

WLRQ DQDO\VLV� %\ FOXVWHULQJ TXRWDWLRQV DFFRUGLQJ WR WKHLU VXEMHFWV� ZH LGHQWLI\

LVVXHV WKDW DUH ZLGHO\ GHEDWHG RQ� :H LQWURGXFH LVVXH VLJQLILFDQW WHUPV WR LP�

SURYH WKH SHUIRUPDQFH RI WKH PHWKRG�

7R HYDOXDWH WKH SHUIRUPDQFH RI LVVXH PLQLQJ� ZH FRPSLOH D FRUSXV RI QHZV

DUWLFOHV DERXW WKH SXEOLF DJHQGD RQ /XQJPHQ 1XFOHDU 3RZHU 3ODQW� 7KH SXE�

OLF DJHQGD LV D IRFXV IRU FRQFHUQ LQ 7DLZDQ LQ ����� :H PDQXDOO\ LGHQWLI\ WKH

JURXQG WUXWK RI VDOLHQW LVVXHV LQ WKH FRUSXV DQG FDWHJRUL]H TXRWDWLRQV DFFRUG�

LQJ WR WKHVH LVVXHV� 7KH SHUIRUPDQFH RI TXRWDWLRQ FOXVWHULQJ DQG LVVXH PLQLQJ

LV HYDOXDWHG ZLWK WKH JURXQG WUXWK�
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$EVWUDFW L[

� ,QWURGXFWLRQ �

��� 0RWLYDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 2EMHFWLYHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� %DFNJURXQG �

��� 3UHOLPLQDULHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 3XEOLF $JHQGD � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 4XRWDWLRQV LQ 1HZV $UWLFOHV � � � � � � � � � � � � � � � � � � � � �

��� 5HODWHG :RUN � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 7RSLF 'HWHFWLRQ DQG 7UDFNLQJ � � � � � � � � � � � � � � � � � � � �

����� 1HZV 6XPPDUL]DWLRQ � � � � � � � � � � � � � � � � � � � � � � � � �

����� 0LQLQJ 0HDQLQJIXO 7DUJHWV IURP 1HZV � � � � � � � � � � � � � � ��

� ,VVXH 0LQLQJ ZLWK 4XRWDWLRQ $QDO\VLV ��

��� 7KH ,VVXH 0LQLQJ 3UREOHP � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 3URSRVHG 6ROXWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 4XRWDWLRQ 'HWHFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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����� 7DVN 'HILQLWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 3DWWHUQ�%DVHG 4XRWDWLRQ 'HWHFWLRQ � � � � � � � � � � � � � � � � � ��

��� ,VVXH &OXVWHULQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 3UHSURFHVVLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 9HFWRU 6SDFH 0RGHO � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ,VVXH 6LJQLILFDQW 7HUP 6HOHFWLRQ � � � � � � � � � � � � � � � � � � ��

����� +LHUDUFKLFDO $JJORPHUDWLYH &OXVWHULQJ � � � � � � � � � � � � � � ��

��� ,VVXH &OXVWHU /DEHOLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� (YDOXDWLRQ ��

��� 'DWD 3UHSDUDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 2QOLQH 1HZV $UWLFOHV � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6DOLHQW ,VVXH $QQRWDWLRQ � � � � � � � � � � � � � � � � � � � � � � ��

����� ,VVXH &DWHJRU\ $QQRWDWLRQ � � � � � � � � � � � � � � � � � � � � � ��

��� (YDOXDWH ,VVXH &OXVWHULQJ � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� (YDOXDWLRQ 0HWULFV � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� &RPSDUHG 0HWKRGV � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ([SHULPHQW 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� (YDOXDWH 6DOLHQW ,VVXH 0LQLQJ � � � � � � � � � � � � � � � � � � � � � � � ��

����� (YDOXDWLRQ &ULWHULD � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� &RPSDUHG 0HWKRGV � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ([SHULPHQW 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � ��

� &RQFOXVLRQ ��

��� 6XPPDU\ RI &RQWULEXWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� )XWXUH :RUN � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

%LEOLRJUDSK\ ��
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/LVW RI )LJXUHV

��� (OHPHQWV LQ D &KLQHVH QHZV DUWLFOH � � � � � � � � � � � � � � � � � � � � � � �

��� &RPPHQWV JDYH E\ WKH RSSRVLWLRQ SDUW\ LV TXRWHG VHSDUDWHO\ LQ IRXU SDUDJUDSKV�

DQG HDFK SDUDJUDSK FRQWDLQV D VLQJOH LVVXH� � � � � � � � � � � � � � � � � � � � �

��� 6\VWHP DUFKLWHFWXUH RI RXU VROXWLRQ � � � � � � � � � � � � � � � � � � � � � � ��

��� 7ZR SDUDJUDSKV IURP &KLQHVH QHZV DUWLFOHV� 0XOWLSOH VWDWHPHQWV DUH TXRWHG LQ

WKHVH SDUDJUDSKV� (DFK TXRWDWLRQ PLJKW QRW FRQWDLQ FRPSOHWH VHPDQWLF PHDQLQJ

DORQH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7KH WKUHH FRPSRQHQWV RI LVVXH FOXVWHULQJ� LQFOXGLQJ SUHSURFHVVLQJ� LVVXH VLJQLIL�

FDQW WHUP �,67� VHOHFWLRQ DQG KLHUDUFKLFDO DJJORPHUDWLYH FOXVWHULQJ� � � � � � � � ��

��� $Q H[DPSOH RI IDOVH FOXVWHULQJ� $OWKRXJK 4�SDUDJUDSKV � DQG � DUH WDONLQJ DERXW

WKH VDPH LVVXH� 4�SDUDJUDSKV � DQG � DUH PRUH OLNHO\ WR EH JURXS WRJHWKHU XVLQJ

960� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7HUPV ZLWK KLJK 6( LQ WKH SXEOLF DJHQGD RQ /XQJPHQ 1XFOHDU 3RZHU 3ODQW � � � ��

��� 'LVWULEXWLRQV RI WRS FOXVWHUV JHQHUDWHG E\ YHFWRU VSDFH PRGHO ZLWK DOO WHUPV �960�� ��

��� 'LVWULEXWLRQV RI WRS FOXVWHUV JHQHUDWHG E\ YHFWRU VSDFH PRGHO ZLWK LVVXH VLJQLIL�

FDQW WHUPV �,67960�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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/LVW RI 7DEOHV

��� &RPPRQ VHQWHQFH SDWWHUQV RI TXRWDWLRQV LQ &KLQHVH QHZV DUWLFOHV� � � � � � � � �

��� &RPPRQ UHSRUWLQJ YHUEV LQ &KLQHVH QHZV DUWLFOHV � � � � � � � � � � � � � � � ��

��� &RUSXV RI DUWLFOHV LV FROOHFWHG IURP � RQOLQH QHZV VHUYLFHV LQ 7DLZDQ� � � � � � ��

��� *URXQG�WUXWK OLVW RI VDOLHQW LVVXHV DQG WKHLU DYDLODEOH ODEHOV� � � � � � � � � � � ��

��� ,VVXH FDWHJRULHV DQG WKHLU VL]HV� 4�SDUDJUDSKV DUH DVVLJQHG WR FDWHJRULHV DFFRUG�

LQJ WR WKH LVVXHV WKH\ GLVFXVV� � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 3HUIRUPDQFH RI LVVXH FOXVWHULQJ Qissue DQG Qall� � � � � � � � � � � � � � � � � ��

��� 6HOHFWHG ODEHOV IRU DQQRWDWRUV � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 3HUIRUPDQFHV RI PHWKRGV RQ LVVXH PLQLQJ� � � � � � � � � � � � � � � � � � � � ��
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&KDSWHU �

,QWURGXFWLRQ

$ SXEOLF DJHQGD LV D JURXS RI SROLWLFDO FRQWURYHUVLHV WKDW FRPPRQO\ DSSHDU LQ SXE�

OLF GLVFXVVLRQV DQG PHULW SXEOLF DWWHQWLRQ� )RU LQVWDQFH� ZKHWKHU WKH FRQVWUXFWLRQ VKRXOG

FRQWLQXH RQ /XQJPHQ 1XFOHDU 3RZHU 3ODQW LV D ZLGHO\ GLVFXVVHG SXEOLF DJHQGD LQ 7DL�

ZDQ LQ ����� (DFK SXEOLF DJHQGD FRQVLVWV RI VHYHUDO LVVXHV� ,Q WKH SRZHU SODQW H[DPSOH�

VHFXULW\ GHWHFWLRQ RQ WKH SRZHU SODQW� GLVSRVDO RI QXFOHDU ZDVWH� DQG FXUUHQW HOHFWULFLW\

VWRUDJH DUH DOO LVVXHV RQ WKH SXEOLF DJHQGD� *LYHQ D SXEOLF DJHQGD� WKH JRDO RI RXU ZRUN

LV WR DXWRPDWLFDOO\ PLQH LVVXHV IURP UHODWHG QHZV DUWLFOHV�

��� 0RWLYDWLRQ

3DUWLFLSDQWV RI SXEOLF DJHQGDV PD\ EH LQGLYLGXDOV RU JURXSV� 7KHLU SXUSRVHV DUH XVX�

DOO\ UHTXHVWLQJ WKH JRYHUQPHQW WR FRQIURQW DQG VROYH VRPH LVVXHV� 7KHVH LVVXHV RIWHQ KDYH

WR FRPSHWH ZLWK HDFK RWKHU IRU YLVLELOLW\ LQ WKH PHGLD� 7KH PRUH DQ LVVXH LV SDLG DWWHQWLRQ

WR E\ VRFLHW\� WKH PRUH LQIOXHQFH LW KDV RQ WKH GLUHFWLRQ RI D SXEOLF DJHQGD� 6LQFH WUHQG RI

SROLFLHV DUH RIWHQ FRUUHODWHG WR SXEOLF DJHQGDV LQ D GHPRFUDWLF UHJLPH� LW LV LPSRUWDQW WKDW

UHODWHG LVVXHV DUH SURSHUO\ LQIRUPHG WR WKH SXEOLF�

+RZHYHU� VXUYH\V VKRZ WKDW PHGLD DUH LQKHUHQWO\ ELDVHG >�@ >��@� ,Q WKH SDVW GHFDGHV�

WKH DELOLW\ RI PHGLD WR WUDQVIHU WKH VDOLHQFH RI LVVXHV LQ SXEOLF DJHQGDV LV UHFRJQL]HG DV

DJHQGD�VHWWLQJ WKHRU\ >��@� ,VVXHV DUH OLNHO\ WR EH ILOWHUHG IURP WKH UHDGHUV LI WKH\ DUH

DJDLQVW QHZV RUJDQL]DWLRQV¶ LQWHUHVWV�

�



$ UHDGHU PD\ REWDLQ D UHODWLYHO\ PRUH EDODQFHG SHUVSHFWLYH E\ UHDGLQJ DUWLFOHV IURP

GLIIHUHQW QHZV SURYLGHUV� 1HYHUWKHOHVV� WKH YROXPH RI DUWLFOHV SURYLGHG HYHU\GD\ LQ�

FUHDVHV GUDPDWLFDOO\ ZLWK WKH PDVVLYH JURZWK RI RQOLQH QHZV VHUYLFHV� $ SXEOLF DJHQGD

PLJKW KDYH GHYHORSHG IRU FHUWDLQ GXUDWLRQ EHIRUH D XVHU ILUVW H[SRVHV WR LW� %\ WKHQ� WKH

QHZHVW DUWLFOHV DUH RIWHQ ODFN RI FRPSUHKHQVLYH LQIRUPDWLRQ� 2Q WKH RWKHU KDQG� WKHUH

PD\ EH D FRQVLGHUDEOH DPRXQW RI UHWURVSHFWLYH DUWLFOHV WKDW UHTXLUH WR EH RUJDQL]HG EHIRUH

SUHVHQWLQJ WR WKH UHDGHUV� ,W LV GLIILFXOW IRU D XVHU WR HIILFLHQWO\ XQGHUVWDQG LVVXHV LQ VXFK D

WRSLF�

��� 2EMHFWLYHV

7KH JRDO RI RXU ZRUN LV WR PLQH LVVXHV IURP D FRUSXV RI QHZV DUWLFOHV DERXW WKH SXEOLF

DJHQGD� 7KH FRUSXV FDQ EH FRQVWUXFWHG E\ FROOHFWLQJ DUWLFOHV IURP PXOWLSOH RQOLQH QHZV

SURYLGHUV� %\ UHYHDOLQJ LVVXHV LQ WKH FRUSXV� LVVXHV WKDW DUH EORFNHG E\ VRPH RI WKH QHZV

SURYLGHUV FRXOG EH H[SRVHG WR UHDGHUV� :H DVVXPH WKDW WKH VXEMHFW RI DQ LVVXH FDQ EH

H[SUHVVHG E\ D ODEHO� 7KXV� RXWSXW RI WKH SUREOHP LV D OLVW RI ODEHOV VXFK WKDW HDFK ODEHO

UHSUHVHQWV DQ LVVXH�

�



&KDSWHU �

%DFNJURXQG

,Q WKLV FKDSWHU� ZH LQWURGXFH WKH EDFNJURXQG RI RXU ZRUN� :H VSHFLI\ UHOHYDQW NQRZO�

HGJH DERXW MRXUQDOLVP LQ 6HFWLRQ ���� 5HODWHG ZRUN RQ QHZV XQGHUVWDQGLQJ DQG GHOLYHU\

PHWKRGV DUH LQWURGXFHG LQ 6HFWLRQ ����

��� 3UHOLPLQDULHV

:H LQWURGXFH VRPH UHOHYDQW MRXUQDOLVWLF EDFNJURXQG LQ WKLV VHFWLRQ� )LUVW� ZH LQWURGXFH

WKH GHILQLWLRQ RI D SXEOLF DJHQGD DQG WKH DJHQGD�VHWWLQJ WKHRU\� 7KHQ� ZH GHVFULEH WKH

FKDUDFWHULVWLFV RI TXRWDWLRQV LQ QHZV DUWLFOHV� ZKLFK DUH XWLOL]HG LQ RXU ZRUN�

����� 3XEOLF $JHQGD

$FFRUGLQJ WR >��@� WKHUH DUH WZR PDLQ VWHSV LQ D SROLF\ DJHQGD� $ SXEOLF DJHQGD� DOVR

UHIHUUHG WR DV V\VWHPLF DJHQGD� LV GHILQHG DV D JHQHUDO VHW RI SROLWLFDO FRQWURYHUVLHV WKDW

PHULW DWWHQWLRQ RI WKH SROLW\� ZKLOH D LQVWLWXWLRQDO DJHQGD LV GHILQHG DV D VHW RI FRQFHUQV RU

SROLFLHV VFKHGXOHG IRU DFWLYH FRQVLGHUDWLRQ E\ DQ LQVWLWXWLRQDO GHFLVLRQ�PDNLQJ ERG\ >��@�

,I D SXEOLF DJHQGD JDLQV HQRXJK DWWHQWLRQ IURP SXEOLF GLVFXVVLRQ DQG WKH JRYHUQPHQW� LW

PD\ WUDQVIRUP WR D LQVWLWXWLRQDO DJHQGD DQG FDXVH DFWXDO DFWLRQV IURP WKH GHFLVLRQ�PDNLQJ

JURXSV�

3XEOLF DJHQGDV LQFOXGH VHYHUDO LVVXHV� $Q LVVXH LV DQ LPSRUWDQW SUREOHP IRU GLVFXVVLRQ

RU GHEDWH� ,VVXHV DUH UDLVHG E\ LQGLYLGXDOV RU JURXSV WKDW UHFRJQL]H SUREOHPV DQG UHTXHVW

�



IRU VROXWLRQV� ,I DQ LVVXH LV ZLGHO\ NQRZQ DQG GLVFXVVHG� LW EHFRPHV SDUW RI D SXEOLF

DJHQGD� 7KH PRUH SXEOLF DWWHQWLRQ SDLG RQ DQ LVVXH� WKH PRUH LQIOXHQWLDO LW LV WR WKH SXEOLF

DJHQGD�

+RZHYHU� QRW HYHU\ LVVXH FDQ REWDLQ D SRVLWLRQ LQ D SXEOLF DJHQGD� ³'HPDQGV IRU

FKDQJH LQ WKH H[LVWLQJ DOORFDWLRQ RI EHQHILWV DQG SULYLOHJHV LQ D FRPPXQLW\ FDQ EH VXIIR�

FDWHG EHIRUH WKH\ DUH HYHQ YRLFHG� RU NHSW FRYHUW� RU NLOOHG EHIRUH WKH\ JDLQ DFFHVV WR WKH

UHOHYDQW GHFLVLRQ�PDNLQJ DUHQD� >�@ ´ $GYDQWDJHG JURXSV LQ D SROLWLFDO V\VWHP PLJKW WU\

WR DYRLG LVVXHV DJDLQVW WKHLU LQWHUHVWV EHLQJ EURXJKW WR SXEOLF DJHQGDV�

0DVV PHGLD DUH WKH PDLQ FKDQQHO ZKHUH SXEOLF RSLQLRQV DUH VSUHDG� 7KHUHIRUH� PDVV

PHGLD DUH RIWHQ FDSDEOH RI WUDQVIHULQJ SXEOLF DWWHQWLRQ DPRQJ LVVXHV� $JHQGD�VHWWLQJ WKH�

RU\ LV DQ H[WHQVLYHO\ UHVHDUFKHG PHGLD WKHRU\ XQGHU VRFLDO VFLHQFH� ,W GHVFULEHV WKH DELOLW\

RI PHGLD WR FKDQJH WKH VDOLHQFH RI LVVXHV LQ D SXEOLF DJHQGD� 7KH WKHRU\ LV UDLVHG E\ 0F�

&RPEV DQG 6KDZ LQ D VWXG\ RQ WKH SUHVLGHQWLDO HOHFWLRQ LQ ���� >��@� 7KH\ VKRZHG WKDW

FLWL]HQV¶ XQGHUVWDQGLQJ RI VDOLHQW LVVXHV LV KLJKO\ FRUUHODWHG WR WKH RQHV UHSRUWHG E\ WKH

PDVV PHGLD�

7KHPDLQ DVVXPSWLRQ XQGHU DJHQGD�VHWWLQJ WKHRU\ LV WKDW PHGLD GR QRW UHIOHFW EXW VKDSH

WKH UHDOLW\� ,Q DGGLWLRQ� D QXPEHU RI VWXGLHV VKRZ WKDW WKH PHGLD LV LQKHUHQWO\ ELDVHG >��@

>�@� 1HZV RUJDQL]DWLRQV PLJKW OLPLW MRXUQDOLVWV¶ GLVFUHWLRQ RQ H[SUHVVLRQV DJDLQVW WKHLU

SRVLWLRQV RU SURILW� 0RUHRYHU� FRPSHWLWLRQ EHWZHHQ QHZV RUJDQL]DWLRQV FRXOG UDLVH WKH

UHVWULFWLRQ DPRQJ MRXUQDOLVWV DQG HQIRUFH ELDV >�@� (YHQWXDOO\� UHDGHUV KDYH WR FKRRVH

DPRQJ FRPSHWLQJ SXEOLFDWLRQV ZLWK RSSRVLQJ ELDVHV� ,QGLYLGXDOV¶ NQRZOHGJH RQ D SXEOLF

DJHQGD LV ILOWHUHG DQG OLPLWHG ZKHQ ELDVHG PHGLD VHOHFWLYHO\ UHSRUW LVVXHV EDVHG RQ SULYDWH

LQWHUHVWV�

'HPRFUDF\ GHPDQGV ZHOO�LQIRUPHG HOHFWRUDWHV� 3ROLFLHV WKDW DIIHFW SXEOLF LQWHUHVWV

DUH RIWHQ PRWLYDWHG E\ SXEOLF DJHQGDV� ZKLOH SXEOLF DJHQGDV DUH EDVHG RQ LQGLYLGXDOV¶

XQGHUVWDQGLQJ WR LVVXHV LQ WKH VRFLHW\� ,W LV DQ LPSRUWDQW PDWWHU WKDW LVVXHV UHODWHG WR D

SXEOLF DJHQGD DUH SURSHUO\ VKRZQ WR UHDGHUV�

�



����� 4XRWDWLRQV LQ 1HZV $UWLFOHV

:H VKRZ WKH IXQFWLRQ DQG SURSHUWLHV RI TXRWDWLRQV LQ QHZV DUWLFOHV LQ WKLV VHFWLRQ�

7KHVH FKDUDFWHULVWLFV RI TXRWDWLRQ LQVSLUH XV WR VROYH WKH WDVN RI LVVXH PLQLQJ ZLWK TXRWD�

WLRQ DQDO\VLV�

5ROH RI 4XRWDWLRQV

1HZV DUWLFOHV GHVFULEH QHZVZRUWK\ HYHQWV WKDW KDSSHQHG LQ WKH UHDO ZRUOG� 7R HQVXUH

FRQYHQLHQFH RI UHDGLQJ� MRXUQDOLVWV XVXDOO\ IROORZ FHUWDLQ VWUXFWXUH ZKHQ ZULWLQJ QHZV

DUWLFOHV� $FFRUGLQJ WR *DUUHW HW DO�� QHZV DUWLFOHV DUH FRQVWUXFWHG E\ PDWHULDOV IURP ILYH

PDLQ FDWHJRULHV� FHQWUDO RFFXUUHQFH� EDFNJURXQG� FRPPHQWDU\� FRQVHTXHQFH� DQG IROORZ�

XS >��@�

4XRWDWLRQ LV WKH PDMRU NLQG RI FRPPHQWDULHV LQ GDLO\ QHZV DUWLFOHV� ,W LV DQ H[SUHVVLRQ

EHLQJ UHVWDWHG DV SDUW RI DQRWKHU� ,Q QHZV DUWLFOHV� SXEOLF ILJXUHV¶ FRPPHQWV RU UHDFWLRQV

WR DQ HYHQW ZRXOG EH VWDWHG DV TXRWDWLRQ WR OHW UHDGHUV XQGHUVWDQG WKH DUWLFOH EHWWHU�

)LJXUH ��� VKRZV DQ H[DPSOH RI D W\SLFDO &KLQHVH QHZV DUWLFOH� 7KH ILUVW SDUDJUDSK

VSHFLILHV WKH IDFW WKDW D UHIHUHQGXP PRWLRQ ZDV PDGH DQG DGRSWHG� ZKLOH WKH VHFRQG SDUD�

JUDSK JLYHV PRUH GHWDLO RQ WKH HYHQW� 7KHQ D FRPPHQW PDGH E\ D FRXQFLORU LV TXRWHG

LQ WKH WKLUG SDUDJUDSK� ZKLFK EULQJV XS D FRQFHUQ WKDW WKH WLWOH RI WKH UHIHUHQGXP PD\ EH

LPSURSHU� 7KH WZR IROORZLQJ SDUDJUDSKV VXSSRUW WKH DUWLFOH ZLWK VRPH EDFNJURXQG RI WKH

HYHQW� $W WKH HQG RI WKH DUWLFOH� WKHUH LV DQRWKHU TXRWDWLRQ WKDW GHVFULEHV WKH IROORZLQJ

SURFHGXUH RI WKH PRWLRQ�

$V ZH FDQ VHH� TXRWDWLRQV VHUYH DV H[SODQDWLRQV WR HYHQWV� 7KURXJK WKH H[SODQDWLRQ RI

TXRWDWLRQV� UHDGHUV XQGHUVWDQG ZK\ D FHUWDLQ HYHQW LV LPSRUWDQW� DQG ZKDW DUH WKH FRQVLG�

HUDWLRQV DQG SRVVLEOH HIIHFWV� ,Q TXRWDWLRQV� LVVXHV DUH RIWHQ UDLVHG DQG GLVFXVVHG� 2EVHU�

YDWLRQV DOVR VKRZ WKDW LVVXHV DUH XVXDOO\ PHQWLRQHG LQ TXRWDWLRQ UDWKHU WKDQ RWKHU SDUW RI

QHZV DUWLFOHV�

4XRWDWLRQV SOD\ YHU\ LPSRUWDQW UROHV LQ SXEOLF DJHQGDV� &RPPHQWDULHV PDGH E\ SXEOLF

ILJXUHV DQG GRPDLQ H[SHUWV DUH EURXJKW WR UHDGHUV YLD TXRWDWLRQV LQ QHZV DUWLFOHV� :KHQ

TXRWDWLRQV VSUHDG RXW WKURXJK PHGLD� SXEOLF GLVFXVVLRQ ZRXOG EH JUDGXDOO\ HVWDEOLVKHG�

�



ᐼຼऔ͗˙Ӟक׈ፏᅜᙯ๡௢ཫ

ᚱፏ׈ᐺ˭ݷᚱፏᐼۘᑷຼച৹ěऔ͗˙ӞĜಏकç׈
˙Ӟᅜᙯִ࢜๡௢ཫç૊ʓգઅऔ࿬ಏकʆԽ˜çࠜ
୷ϐை׆çઅ৿мݬਖᅜऔé

(YHQW GHVFULSWLRQ

ᚱፏ˙Ӟᅜᙯִ࢜๡׈ ��тִ࢜Љ �ʆ̳ࣕçшγʨ
ዕ̟έঐए்́ఖዯέִ̟çʿӞ୮ç͏̱ʱඵ̩๡
̟ࣕ෦ડѺಏۮᕹࣕçϕЏЉ �ʆӞ୮çմˀፏᙯ࢜
௾ہᝈଈᛱçЏक̣ �୮ᗸϾè�୮ଈᛱ௢ཫé

(YHQW GHVFULSWLRQ

௾ہᝈડቆç̧ʿ˫࿬˙Ӟçѓ᙭દᖅΑ˯ཫؠ઄๣ç
ͺ୥̈́঻ߡʿᏼçϨ࠱਩ܿ౜ڇ૊ი਩ܿç̟ᖅʿا
ᇧç࠱ʆͺݎᄩм՟˙ӞᛱѦî˙Ӟ࠱ሆྖၼçడࣖ
ੂ୥࠱Љंسçʿ঻ऴ඗˙כé

4XRWDWLRQ

ěऔ͗˙ӞĜΊ׈ᚱፏᐼۘᑷຼۮ୎Ֆۂઠોාᄙᄅ
ಏकç௤໲ʆᆚཥ ����ʆçඟཫۃᔉç׈ᚱᐼຼʕ֟
અ௤໲ए৿ռፏןݬçҬϾӁϷᅜ݈ފç৿ፏ˙Ӟᅜ
ᙯִ࢜๡é

%DFNJURXQG

ᚱፏтளϚ͓ྐ˙͌औ׈ě޴Ӟ̟́˙ڄᚱᐼຼಏ׈
͗ᅪႌݍᏻ᜵࠳ഐੇᇷుăਅ֡੡Ą�˙Ս˖çіݵѴ
ψำ͓ྐ˙͌औ͗ᅪනм༫ทऔጢऄ಺Փ༵ཡᕢîĜ

%DFNJURXQG

ਖᅜऔçݬઠᔄ᜼იçಏकઅ৿Οмۂᚱᐼຼ୎Ֆ׈
ҹૻмݬਖౚ׈ࡌᚱʆڄ˙ͺб̟ᛱç᝖Џक௢ཫé

4XRWDWLRQ

)LJXUH ���� (OHPHQWV LQ D &KLQHVH QHZV DUWLFOH

(YHQWXDOO\� SXEOLF DJHQGDV WDNH VKDSH IURP WKHVH SXEOLF GLVFXVVLRQV� $ VWXG\ GRQH E\

*LEVRQ HW DO� VKRZV WKH LPSDFW RI VHOHFWHG TXRWDWLRQV LQ QHZV DUWLFOHV WR UHDGHUV¶ SHUVSHF�

WLYH >��@� ZKLFK LV UHODWHG WR WKH DJHQGD�VHWWLQJ WKHRU\ ZH UHIHUUHG LQ 6HFWLRQ ������

4XRWDWLRQ :ULWLQJ 5XOHV

6HYHUDO ZULWLQJ UXOHV H[LVW LQ MRXUQDOLVP ZKHQ TXRWLQJ D VSHHFK RU VWDWHPHQW� 7KHVH

SURSHUWLHV DUH XVHIXO ZKHQ H[WUDFWLQJ DQG DQDO\]LQJ TXRWDWLRQV�

,Q D TXRWDWLRQ� WKH VWDWHPHQW JLYHQ E\ WKH RULJLQDO VSHDNHU� QDPHO\ UHSRUWLQJ VSHHFK�

LV LQWURGXFHG E\ DQ UHSRUWLQJ YHUE� VXFK DV ³VD\´� ³FODLP´� DQG ³SRLQW RXW´ LQ (QJOLVK RU

³ი´� �´Εڷ³ DQG ´̳ݣ³ LQ &KLQHVH� 7KHUH DUH WZR W\SHV RI TXRWDWLRQV�

� 'LUHFW TXRWDWLRQ� 7KH H[DFW ZRUGV RI UHSRUWLQJ VSHHFK DUH VWDWHG LQ WKH TXRWDWLRQ�

�



6HQWHQFH 3DWWHUQ 4XRWDWLRQ 7\SH
< word >+ < reportingBverb >< comma >< reportingBspeech > ,QGLUHFW
< word >+ < reportingBverb >< reportingBspeech > ,QGLUHFW
< word >+ < colon >[< quote >]< reportingBspeech >[< quote >] 'LUHFW

7DEOH ���� &RPPRQ VHQWHQFH SDWWHUQV RI TXRWDWLRQV LQ &KLQHVH QHZV DUWLFOHV�

LQGLFDWHG E\ TXRWDWLRQ PDUNV�

� ,QGLUHFW TXRWDWLRQ� $ SDUDSKUDVH RI WKH UHSRUWLQJ VSHHFK E\ WKH UHSRUWHU� 7KH TXR�

WDWLRQ VKRXOG QRW EH SODFHG LQ TXRWDWLRQ PDUNV�

,Q QHZV DUWLFOHV� WKHUH DUH VHYHUDO FRPPRQ VHQWHQFH SDWWHUQV IRU GLUHFW DQG LQGLUHFW

TXRWDWLRQV� 7KH WKUHH PRVW FRPPRQ SDWWHUQV LQ &KLQHVH QHZV DUWLFOHV DUH OLVWHG LQ 7DEOH

���� LQ ZKLFK HDFK < quote > LQGLFDWHV D TXRWDWLRQ PDUN RI DQ\ NLQG� $PRQJ WKHP� WKH

ILUVW SDWWHUQ� ZKLFK LV DQ LQGLUHFW TXRWDWLRQ ZLWK D FRPPD�VHSDUDWHG UHSRUWLQJ YHUE DQG

UHSRUWLQJ VSHHFK� LV WKH PRVW IUHTXHQWO\ XVHG SDWWHUQ LQ &KLQHVH QHZV ZULWLQJ�

4XRWDWLRQV DUH XVXDOO\ VKRUW� $FFRUGLQJ WR 7KH 1HZV 0DQXDO >��@� VKRUW SDUDJUDSKV

DUH HQFRXUDJHG LQ QHZV ZULWLQJ� -RXUQDOLVWV KDYH WR GHOLYHU ORWV RI LGHDV LQ D VKRUW QHZV

DUWLFOH� ,W NHHSV WKLQJV VLPSOH IRU UHDGHUV E\ VHUYLQJ VKRUW SDUDJUDSKV ZLWK RQH RU WZR

VHQWHQFHV WKDW HDFK FRQWDLQV D VLPSOH WRSLF� 7KH ZULWLQJ VW\OH RI VKRUW SDUDJUDSKV DSSOLHV

WR TXRWDWLRQV� WRR� 6SHDNHUV VRPHWLPHV UDLVH PXOWLSOH LVVXHV LQ RQH VSHHFK� 7KHVH LVVXHV

DUH OLNHO\ WR EH TXRWHG LQ VHSDUDWHG SDUDJUDSKV ZKHQ WKH\ DUH ZULWWHQ E\ MRXUQDOLVWV�

)LJXUH ��� VKRZV DQ H[DPSOH RI KRZ TXRWDWLRQV DUH VHSDUDWHG LQWR SDUDJUDSKV� 7KH

QHZV DUWLFOH LV DERXW WKH SXEOLF DJHQGD RQ /XQJPHQ 1XFOHDU 3RZHU 3ODQW� $ IHZ GD\V

EHIRUH WKH DUWLFOH� D VWDWHPHQW ZDV JLYHQ E\ WKH JRYHUQPHQW� 7KH DUWLFOH VSHFLILHV WKH

UHVSRQVH RI WKH RSSRVLWLRQ SDUW\� 7KH RSSRVLWLRQ SDUW\ JLYHV FRPPHQWV RQ IRXU LVVXHV�

ZKLFK DUH VHFXULW\ GHWHFWLRQ� HOHFWULFLW\ FRVW� QXFOHDU ZDVWH GLVSRVDO� DQG FXUUHQW HOHFWULFLW\

VWRUDJH� 5HSRUWLQJ VSHHFK LV TXRWHG LQ IRXU VHSDUDWHG SDUDJUDSKV� DQG HDFK SDUDJUDSK

FRQWDLQV D VLQJOH LVVXH�

7KH ZULWLQJ VW\OH RI VKRUW SDUDJUDSKV LV XVHIXO LQ RXU ZRUN� ,W LQVSLUHV XV WR FOXVWHU

TXRWDWLRQV DFFRUGLQJ WR WKHLU WDUJHW LVVXH�

�



औ͗ϯηîʳദཧை ���ά

ċ৩ږӨڤمƄ͓̺ే዗Č໩ᐡ௰̅ۮ˙ͥěऔ঻ᙯᖅ੕ളූĜ޴औ͗ϯηࠌएç
ͺනᚎݬയ๡ᆊᅝڄიט቙ၝ໩ᐡ௰਄ᒼ்Ϡऔ͗ʳദথ͛çၳཧைकά͗ʏʃ
άèூ͓ྐλၸʏʉෛʳϯ੕ᖅçѓघየࢍ঻๡ڄཊऄçऔ͗ʳദθЉˉРɾʏ
ʅάཧைՖάé

࿬ؠ໩ᐡ௰ၳěऔ͗ͦҔӵܾྐᄰϾʹʿռʅ˔Ĝçͺනᚎიטˀʛ˺·ࠀ੢ׇ̄
ᆚየ˫ᄠçݣ՜ěࠀ੢঻຀௰ʅ żɾɾ϶ڄ঻຀ૻࣉĜڄъၼçऔྐᅪϾʹಗၼ
͓࿱ɾܾ߽ʒêʒ˔éЩ͓ᝯ௲ݵ૙·ࠀ੢औྐԦ஀çιݎᄩၼç͓ᝯڄऔྐϾ
ʹʛʿ̈́঻̍ࠀ੢׈۔é

Љᘕऔᅥऄٱᙯçი̳ݣטç໩௰ၳěӍ੢ʵճకј෋औᅥள୎ڄӑி঻ʍçՓ
Ⴉ੢ᄑψӴചࣉਢ෋औᅥऄڄఛஉள໯ӑி঻ʍĜç௠ၲიٗմ࿧ʵ؀ე̝τᗱ͙
቙ၝéՖ࿧ʕç͓ᝯј෋ڄਢ෋औᅥऄĄݵ࿬͓ᝯԅЉ঻ʍள୎औᅥऄăॐѤߍ
औᅥऄఛஉள໯ڄౄҒཬ౛ʿռç཭ቈਢ෋औᅥऄڄఛஉள໯ౄé

ͺනᚎიטՓ̳ݣç໩ᐡ௰ၳʿႵऔ͗çʅ żɾʉ϶݈͓ᝯ๡থྐçѓЃϚɾʃ
ʃɾ϶इç੢ͺᚎןݬ౜იཫçϨسʿႵऔ͗ç͓ᝯ౜๡ྐࡎç̈́Գ௠ݵ੢ͺᚎ
ڇඹՓ೷ࣅ·Ⴉకྐࡎ౦Ўʨைᆦڄ϶ڻé࿧ᄑʕçٗ˾ڄᏨʆͺ࣡ڄ·ကןݬ
૊ᘕۢçનɾʃʃʁ϶̣գç͓ᝯྐڄ຀աᏻᒲؠᗌ׆é

)LJXUH ���� &RPPHQWV JDYH E\ WKH RSSRVLWLRQ SDUW\ LV TXRWHG VHSDUDWHO\ LQ IRXU SDUDJUDSKV� DQG
HDFK SDUDJUDSK FRQWDLQV D VLQJOH LVVXH�

��� 5HODWHG :RUN

:LWK WKH JURZWK RI LQIRUPDWLRQ� WKHUH DUH D QXPEHU RI ZRUN DQG VHUYLFHV IRU LPSURYLQJ

WKH HIIHFWLYHQHVV RI QHZV UHDGLQJ� 1HZV UHFRPPHQGHU V\VWHPV >�� �� ��� ��� ��@ IRFXV RQ

VHUYLQJ LQWHUHVWLQJ QHZV DFFRUGLQJ WR UHDGHU SUHIHUHQFHV� 2WKHU DSSURDFKHV RQ HQKDQFLQJ

QHZV UHDGLQJ XVXDOO\ LQYROYH XQGHUVWDQGLQJ FRQWHQW RI QHZV DUWLFOHV� LQFOXGLQJ UHVHDUFK

ILHOG OLNH WRSLF GHWHFWLRQ DQG WUDFNLQJ DQG QHZV VXPPDUL]DWLRQ�

����� 7RSLF 'HWHFWLRQ DQG 7UDFNLQJ

7RSLF GHWHFWLRQ DQG WUDFNLQJ �7'7� >�� ��� �� �� ��� ��� ��@ LV DQ H[WHQVLYHO\ VWXGLHG

UHVHDUFK ILHOG� ,WV JRDO LV WR GHWHFW WRSLF LQ D FRUSXV DQG DVVLJQ QHZV DUWLFOHV WR WRSLF

FDWHJRU\� $ WRSLF LV D VHW RI DUWLFOHV WKDW DUH KLJKO\ UHODWHG WR D UHDO�ZRUOG HYHQW DQG

LWV VHULHV RI HYHQWV >�@� 7'7 LV FRPSRVHG RI VHYHUDO VXEWDVNV� LQFOXGLQJ UHWURVSHFWLYH

�



HYHQW GHWHFWLRQ� QHZ HYHQW GHWHFWLRQ� DQG WRSLF WUDFNLQJ� 5HWURVSHFWLYH HYHQW GHWHFWLRQ

�5('� >��� ��@ LV WKH WDVN RI UHFRJQL]LQJ HYHQWV IURP D UHWURVSHFWLYH QHZV FROOHFWLRQ�

6ROXWLRQV E\ KLHUDUFKLFDO FOXVWHULQJ >��@ RU SUREDELOLVWLF PRGHOV >��@ DUH SURSRVHG IRU WKH

WDVN� 6DOLHQW LVVXH PLQLQJ DQG 5(' ERWK H[WUDFW NQRZOHGJH IURP D UHWURVSHFWLYH QHZV

FRUSXV� H[FHSW WKDW 5(' IRFXV RQ KLVWRULFDO HYHQWV�

7KHUH DUH VHYHUDO VKRUWDJHV RI 7'7 ZKLFK LV LGHQWLILHG E\ )HQJ HW DO� >��@�

� 7RSLFV DUH LQGLYLVLEOH�

� 7RSLFV GR QRW RYHUODS�

� 7RSLFV DUH LQGHSHQGHQW�

7RSLFV DUH LQGLYLVLEOH LQ 7'7� :LWK WKH PDVVLYH JURZWK RI DUWLFOHV� LW EHFRPHV QRW

HIIHFWLYH HQRXJK WR VHUYH UHDGHUV ZLWK DOO WKH DUWLFOHV XQGHU D WRSLF� 7KH ODFN RI LQQHU DQG

LQWUD VWUXFWXUH RI WRSLFV LQVSLUHV ZRUNV WKDW LQWHQG WR REWDLQ PRUH ILQH�JUDLQHG LQIRUPDWLRQ

IURP QHZV� ,QFLGHQW WKUHDGLQJ >��� ��� ��@ IRFXV RQ H[WUDFWLQJ UHDO�ZRUOG LQFLGHQW IURP

QHZV DUWLFOHV DQG WKHLU UHODWLRQV DPRQJ HDFK RWKHU¶V� ,W SURYLGHV D FOHDUHU YLHZ RI WKH

FDXVDO UHODWLRQV DPRQJ LQFLGHQWV�

,Q 7'7� WRSLFV DUH LQGHSHQGHQW DQG GR QRW RYHUODSV� 1HZV LVVXH FRQVWUXFWLRQ >��@

VWULYHV WR IL[ WKH VKRUWDJH RI LQGHSHQGHQFH DPRQJ WRSLFV E\ FRQVWUXFWLQJ ³QHZV LVVXHV´

WKDW FRPSRVHG RI VHYHUDO WRSLFV�

:H FRQVLGHU RXU ZRUN DV SURYLGLQJ ULFK LQIRUPDWLRQ XQGHU SXEOLF DJHQGDV� ZKLFK LV D

VSHFLILF W\SH RI WRSLF� ,QIRUPLQJ UHDGHUV ZLWK UHODWHG VDOLHQW LVVXHV LV RXU FRQFHQWUDWLRQ�

LQ WKH YLHZ RI LW EHLQJ D FUXFLDO XWLOLW\ LQ QHZV UHDGLQJ�

����� 1HZV 6XPPDUL]DWLRQ

7KH JRDO RI QHZV VXPPDUL]DWLRQ >��� ��� ��� ��� ��� ��@ LV WR DXWRPDWLFDOO\ JHQHUDWH D

VXPPDU\ RI VLQJOH RU PXOWLSOH DUWLFOHV� 6XPPDUL]DWLRQ RQ RQH RU PRUH GRFXPHQWV DUH RI�

WHQ DFKLHYHG E\ VHOHFWLQJ VLJQLILFDQW VHQWHQFHV WKDW DUH SRWHQWLDOO\ FDSDEOH RI FRYHULQJ WKH

PDMRU VHPDQWLF PHDQLQJ RULJLQDOO\ VHUYHG� *ROGVWHLQ HW DO� >��@ SURYLGH D VHQWHQFH VHOHFW�

LQJ VROXWLRQ EDVHG RQ WKHLU VWDWLVWLFDO DQG OLQJXLVWLF IHDWXUHV WR DFKLHYH VLQJOH QHZV DUWLFOH

�



VXPPDUL]DWLRQ� ZKLOH 0F.HRZQ HW DO� >��@ SUHVHQW D QDWXUDO ODQJXDJH V\VWHP ZKLFK VXP�

PDUL]HV PXOWLSOH QHZV DUWLFOHV� 1HZV,Q(VVHQFH >��@ LV D VHUYLFH WKDW SURYLGHV VXPPDU\

RQ D WRSLF� %\ DSSO\LQJ 7'7 WHFKQLTXHV WR FOXVWHU QHZV DUWLFOHV� 1HZV,Q(VVHQFH JHQ�

HUDWHV VXPPDULHV RYHU FOXVWHUV DFFRUGLQJ WR WKHLU FHQWHUV� &ROODE6XP >��@ DOVR DSSOLHV

FOXVWHULQJ WR QHZV DUWLFOHV� EXW IRFXV RQ PDNLQJ XVH RI PXWXDO LQIOXHQFHV RI GRFXPHQWV

ZLWKLQ D FOXVWHU FRQWH[W� 7KH ZRUN LQWURGXFHV D JUDSK�UDQNLQJ EDVHG DOJRULWKP IRU FROODE�

RUDWLYH GRFXPHQW VXPPDUL]DWLRQV ZLWKLQ HDFK FOXVWHU� 1HZVEODVWHU >��� ��@ LV DQ RQOLQH

QHZV VXPPDUL]LQJ VHUYLFH WKDW VXPPDUL]HV QHZV RQ D GDLO\ EDVLV� 7'7 WHFKQLTXHV DUH

DSSOLHG WR GDLO\ QHZ FRPLQJ DUWLFOHV WR JHQHUDWH VHYHUDO QHZV FOXVWHUV� 7KH V\VWHP DXWR�

PDWLFDOO\ MXGJHV WKH W\SH RI D QHZV FOXVWHU DQG DSSOLHV YDULRXV VXPPDUL]DWLRQ VWUDWHJLHV�

6XPPDULHV SURYLGHG E\ 1HZVEODVWHU LV HYDOXDWHG DQG SURYHG WR KHOS UHDGHUV SHUIRUP IDFW

JDWKHULQJ >��@�

7KHUH LV DOVR D QXPEHU RI ZRUN WKDW FRQFHQWUDWH RQ DXWRPDWLFDOO\ JHQHUDWLQJ WLPHOLQHV�

ZKLFK LV D VSHFLDO NLQG RI VXPPDU\� IRU D WRSLF� $OODQ HW DO� >�@ EURXJKW XS D WHPSRUDO

VXPPDUL]DWLRQ RQ D WRSLF� 7KH VROXWLRQ LV EDVHG RQ WKH DVVXPSWLRQ WKDW D WRSLFV LV FRP�

SRVHG RI D VHULHV RI HYHQWV� 4XHU\ EDVHG HYHQW H[WUDFWLRQ >��@ H[WUDFWV HYHQWV IURP DUWLFOHV

UHWULHYHG E\ D TXHU\� 7KHVH HYHQWV DUH VXPPDUL]HG DQG SXW RQ D WLPHOLQH WR KHOS UHDGHUV

XQGHUVWDQG D WRSLF� (YROXWLRQDU\ WLPHOLQH VXPPDUL]DWLRQ DQG HYROXWLRQDU\ WUDQV�WHPSRUDO

VXPPDUL]DWLRQ >��� ��@ VHOHFW VLJQLILFDQW VHQWHQFHV IURP DUWLFOHV UHODWHG WR D TXHU\ RU D

WRSLF� 7KH VHOHFWLRQ RI VHQWHQFH WDNHV FRQFHUQ RQ LWV TXDOLW\ RQ ERWK DUWLFOHV ZLWKLQ D VKRUW

WLPH UDQJH DQG WKH ZKROH FROOHFWLRQ�

7LPHOLQH LV DQ HIIHFWLYH VXPPDUL]DWLRQ IRU D WRSLF� ,W UHSUHVHQWV D WRSLF E\ HYHQWV�

+RZHYHU� HYHQWV DUH RQO\ RQH DVSHFW LQ D SXEOLF DJHQGD� 7R XQGHUVWDQG GLVFXVVLRQV DQG

FRQFHUQV UDLVHG XQGHU D SXEOLF DJHQGD� DVSHFW RI UHODWHG LVVXHV LV GHVLUHG� :H UHSUHVHQW D

SXEOLF DJHQGD ZLWK LWV VDOLHQW LVVXHV LQ RXU ZRUN�

����� 0LQLQJ 0HDQLQJIXO 7DUJHWV IURP 1HZV

$ ZRUN SURSRVHG E\ &KRL HW DO� >��@ VWULYHV WR LGHQWLI\ FRQWURYHUVLDO LVVXHV DQG WKHLU

VXEWRSLFV� $ FRQWURYHUVLDO LVVXH LV D WHUP WKDW LQYRNHV FRQIOLFWLQJ VHQWLPHQW RU YLHZV

��



ZKHQ WKH WHUP LV PHQWLRQHG LQ DUWLFOHV� )RU H[DPSOH� WKH ZRUG ³$IJKDQLVWDQ ZDU´ PLJKW

EH FRPPRQO\ LQYROYHG LQ FRQIOLFWLQJ VHQWLPHQW� $Q DOJRULWKP EDVHG RQ VHQWLPHQW DQDO\VLV

LV SURSRVHG WR LGHQWLI\ FRQWURYHUVLDO LVVXHV RU WRSLFV LQ QHZV DUWLFOHV� 7HUPV WKDW DSSHDU

IUHTXHQWO\ LQ ERWK SRVLWLYH DQG QHJDWLYH FRQWH[W DUH FRQVLGHUHG DV FRQWURYHUVLDO LVVXHV� 2Q

WKH RWKHU KDQG� VXEWRSLF LV DQ HQWLW\ WKDW LV PHDQLQJIXOO\ DVVRFLDWHG DQG VXERUGLQDWHG ZLWK

D FRQWURYHUVLDO LVVXH� 6LJQLILFDQW WHUPV RU SKUDVHV DUH IXUWKHU H[WUDFWHG DV WKH VXEWRSLFV RI

DQ LVVXH E\ HYDOXDWLQJ WKHLU FR�RFFXUUHQFH LQ DUWLFOHV�

7KH ZRUN LV FORVHO\ UHODWHG WR RXUV LQ WKH FRQFHSW RI PLQLQJ LVVXHV IURP QHZV� 7KH

PDLQ GLIIHUHQFH WKDW VHSDUDWHV RXU WDVNV LV WKDW ZH GR QRW UHVWULFW RXU WDUJHW LVVXHV WR WKH

FRQWURYHUVLDO RQHV� ,VVXHV WKDW DUH UHODWHG WR D SXEOLF DJHQGD PLJKW QRW DOZD\V EH FRQWUR�

YHUVLDO� 5HDO�ZRUOG SUREOHP WKDW DUH GLIILFXOW WR EH VROYHG DUH XVXDOO\ PHQWLRQHG LQ QHJ�

DWLYH FRQWH[WV� )RU H[DPSOH� QXFOHDU ZDVWH GLVSRVDO XVXDOO\ DSSHDUV LQ QHJDWLYH FRQWH[WV�

0RUHRYHU� WKHVH LVVXHV DUH RIWHQPDUJLQDOL]HG DQG ILOWHUHG IURP ELDVHG QHZV RUJDQL]DWLRQV�

:H ZRXOG OLNH PLQH WKHVH LVVXHV DQG H[SRVH WKHP WR WKH UHDGHUV�

$QRWKHU WDVN QDPHG QHZV FOXVWHULQJ >��@ VHUYHV QHZV DV FOXVWHUV RI DUWLFOHV� ,W LV D

VLPLODU WDVN DV VHDUFK UHVXOW FOXVWHULQJ� 7KH SURSRVHG VROXWLRQ LV EDVHG RQ ILQGLQJ ODEHOV

WKDW DUH XVHIXO IRU RYHUYLHZLQJ D FROOHFWLRQ RI QHZV DUWLFOHV� 7KH ODEHOV DUH PLQHG IURP WKH

FROOHFWLRQ ILUVW� DQG WKHQ QHZV DUWLFOHV DUH DVVLJQHG WR UHODWHG ODEHOV� 6DOLHQW LVVXH PLQLQJ

DQG QHZV FOXVWHULQJ ERWK SURYLGHV ODEHOV WR RYHUYLHZ WKH FROOHFWLRQ RI QHZV DUWLFOHV� 7KH

GLIIHUHQFH LV WKDW ZH IRFXV RQO\ RQ LVVXHV�

��
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&KDSWHU �

,VVXH 0LQLQJ ZLWK 4XRWDWLRQ $QDO\VLV

:H LQWURGXFH WKH LVVXH PLQLQJ SUREOHP DQG RXU SURSRVHG VROXWLRQ LQ WKLV FKDSWHU� 7KH

JRDO RI RXU ZRUN LV WR GLVFRYHU LVVXHV RQ D SXEOLF DJHQGD� ,Q 6HFWLRQ ���� ZH LQWURGXFH

WKH IRUPDO GHILQLWLRQ RI WKH LVVXH PLQLQJ SUREOHP� 7KH RYHUYLHZ RI WKH SURSRVHG VROX�

WLRQ LV GHVFULEHG LQ 6HFWLRQ ���� ZKLOH WKH GHWDLOV RI FRPSRQHQWV DUH VSHFLILHG VHSDUDWHO\

DIWHUZDUG�

��� 7KH ,VVXH 0LQLQJ 3UREOHP

$ SXEOLF DJHQGD P FRQVLVWV RI PXOWLSOH LVVXHV� 7KH LVVXH PLQLQJ SUREOHP WDNHV DV

LQSXW D FRUSXV RI QHZV DUWLFOHV A DERXW P � DQG RXWSXWV D VHW RI ODEHOV�

L = { l1, l2, ... , lα } �����

VXFK WKDW HDFK ODEHO la UHSUHVHQWV DQ LVVXH LQ A�

:H DVVXPH WKDW HDFK LVVXH FDQ EH UHSUHVHQWHG E\ D ODEHO� $ ODEHO LV D NH\ZRUG RU

SKUDVH WKDW GHVFULEHV WKH VXEMHFW RI DQ LVVXH� )RU LQVWDQFH� IRU WKH LVVXH RI QXFOHDU ZDVWH

GLVSRVDO� ³QXFOHDU ZDVWH´ DQG ³UDGLRDFWLYH ZDVWH´ DUH H[DPSOHV RI VXLWDEOH ODEHOV�

��



��� 3URSRVHG 6ROXWLRQ

7KH PDLQ FKDOOHQJH RI LVVXH PLQLQJ LV WKDW LVVXHV DUH RIWHQ QRW WKH VXEMHFW RI QHZV

DUWLFOHV� $ QHZV DUWLFOH LV XVXDOO\ WULJJHUHG E\ DQ HYHQW UDWKHU WKDQ DQ LVVXH� 7KH VXEMHFW

RI D QHZV DUWLFOH LV PRUH OLNHO\ WR EH DQ HYHQW RU LWV IROORZ�XSV� 6RPH LVVXHV DUH PHQWLRQHG

LQ FRPPHQWDULHV IUHTXHQWO\� EXW VHOGRP EHFRPH WKH VXEMHFW RI QHZV DUWLFOHV� 7KH LVVXH RI

QXFOHDU ZDVWH GLVSRVDO LV D W\SLFDO H[DPSOH� $OWKRXJK WKH LVVXH LV FRQVWDQWO\ PHQWLRQHG

E\ SXEOLF ILJXUHV� IHZ DUWLFOHV DUH ZULWWHQ VSHFLILFDOO\ RQ WKH LVVXH� ,GHQWLI\LQJ WKH LVVXH

IURP DUWLFOHV LV D FKDOOHQJH�

:H SURSRVH D VROXWLRQ EDVHG RQ TXRWDWLRQ DQDO\VLV� ,Q 6HFWLRQ ����� ZH GLVFXVV WKH

FKDUDFWHULVWLFV RI TXRWDWLRQV� ZKLFK FDQ EH VXPPDUL]HG DV IROORZ�

�� ,VVXHV DUH RIWHQ LQYROYHG LQ TXRWDWLRQV�

�� 6HYHUDO FRPPRQ VHQWHQFH SDWWHUQV DUH XVHG IRU TXRWDWLRQV�

�� 4XRWDWLRQV DUH OLNHO\ WR EH VKRUW DQG FRQWDLQ VLQJOH LVVXH�

7KHVH FKDUDFWHULVWLFV LQVSLUHG XV WR VROYH WKH WDVN E\ FOXVWHULQJ TXRWDWLRQV� %\ JURXSLQJ

TXRWDWLRQV WKDW DUH GLVFXVVLQJ WKH VDPH LVVXH WRJHWKHU� ZH FDQ XQGHUVWDQG WKH VDOLHQW LVVXHV

LQ WKH FRUSXV�

$UFKLWHFWXUH RI RXU VROXWLRQ LV VKRZQ LQ )LJXUH ���� 7KH VROXWLRQ FRQWDLQV WKUHH PDLQ

FRPSRQHQWV� ZKLFK DUH TXRWDWLRQ GHWHFWLRQ� LVVXH FOXVWHULQJ� DQG LVVXH FOXVWHU ODEHOLQJ�

,Q WKH ILUVW VWHS� ZH DSSO\ TXRWDWLRQ GHWHFWLRQ WR DUWLFOHV LQ A� 4XRWDWLRQ GHWHFWLRQ LV

EDVHG RQ FRPPRQ VHQWHQFH SDWWHUQV� :H VKRZ D VROXWLRQ RI TXRWDWLRQ GHWHFWLRQ LQ &KLQHVH

LQ 6HFWLRQ ���� $IWHU TXRWDWLRQ GHWHFWLRQ� ZH REWDLQ D VHW RI WH[W SDVVDJHV WKDW HDFK FRQWDLQV

RQH RU PRUH TXRWDWLRQV�

,VVXH FOXVWHULQJ LV DSSOLHG RQ WKHVH SDVVDJHV� 7KH JRDO RI LVVXH FOXVWHULQJ LV WR JURXS

WRJHWKHU TXRWDWLRQV WKDW GLVFXVV WKH VDPH LVVXH� 2XU DSSURDFK LV EDVHG RQ YHFWRU VSDFH

PRGHO DQG KLHUDUFKLFDO DJJORPHUDWLYH FOXVWHULQJ� 7R LPSURYH WKH SHUIRUPDQFH RI LVVXH

FOXVWHULQJ� ZH LQWURGXFH LVVXH VLJQLILFDQW WHUPV�

$W ODVW� D ODEHO LV VHOHFWHG IRU HDFK LVVXH FOXVWHU� 6LJQLILFDQW WHUPV DQG SKUDVHV DUH

H[WUDFWHG DV ODEHOV�

��
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)LJXUH ���� 6\VWHP DUFKLWHFWXUH RI RXU VROXWLRQ

��� 4XRWDWLRQ 'HWHFWLRQ

,Q WKLV VHFWLRQ� ZH ILUVW GHVFULEH WKH GHILQLWLRQ RI TXRWDWLRQ GHWHFWLRQ� 7KHQ D VROXWLRQ

IRU &KLQHVH TXRWDWLRQ GHWHFWLRQ LV GHPRQVWUDWHG DIWHUZDUG�

����� 7DVN 'HILQLWLRQ

3DUDJUDSKV LQ QHZV DUWLFOHV PD\ FRQWDLQ PRUH WKDQ RQH TXRWDWLRQ� :H VKRZ WZR H[�

DPSOHV LQ )LJXUH ���� (DFK SDUDJUDSK FRQWDLQV PXOWLSOH TXRWDWLRQV DQG VRPH VKRUW EDFN�

JURXQG DERXW WKH VFHQDULR� ,I ZH H[WUDFW HDFK TXRWDWLRQ VHSDUDWHO\� WKH H[WUDFWHG TXRWDWLRQ

ZRXOG ODFN FRPSOHWH VHPDQWLF PHDQLQJV� 2Q WKH RWKHU KDQG� SDUDJUDSKV LQ QHZV DUWLFOHV

WHQG WR EH VKRUW DQG KROG D VLQJOH VXEMHFW� (YHQ LI PXOWLSOH VWDWHPHQWV DUH TXRWHG LQ D

SDUDJUDSK� WKH\ DUH OLNHO\ WR EH GLVFXVVLQJ WKH VDPH LVVXH�

:H GHILQH D4�SDUDJUDSK DV D SDUDJUDSK WKDW FRQWDLQV RQH RU PRUH TXRWDWLRQV DQG WKHLU

FRQWH[WXDO LQIRUPDWLRQ� 7KH JRDO RI TXRWDWLRQ GHWHFWLRQ LV WR H[WUDFW D VHW RI 4�SDUDJUDSKV

Q IURP D QHZV DUWLFOH FRUSXV A�

Q = { q1, q2, ... , qβ } �����

��



([DPSOH �
͓ྐཫ̓࿬͙ၳܬçऔ༵͗ཡᕢ೦༵ˀʵҬϾР˜˃ʁʏʒç̈́ຊక༫ทጢऄ಺é
࿬ЏׅظూڷΕ̧ěۍગʿψำĜȩ́იç͓ྐϚྖၼᏫʍèʳಭᏫʍʓூསݍ
ʄç୏Ϛი࠱༫ጢऄ಺ৎৎΟࣔçě͓ྐ୏Ϛڄਭٗ݃ᘗᇧۘऔ͗ᅪ͵գ͗ʏ϶঻
ϯηཡᕢĜéઠࣁইʛϖᏻ̧იíěןݬɾ׆๡༱ӿç๡ᘷᕖள୎éĜ

([DPSOH �
࿬ؠмݬਖۂЕ׈ዺიě˙Ӟۃᔉʿ׈˯јĜçሣࠡ́˫ฌíě௠ݵɾ٢ݬࡴዕږ
ᒤڄ༼ขîĜϧႩͺනᚎ̟ࣕᙨؤ࠶௲̟ઠࡸ͸˙Ӟٗçࡑј˙Ӟཫᘕۃᔉéᙨ࠶
ᗉ͓ᝯනۇݵɾ̄Ĝçڄੂ˫ওϚěڇՓӘ඄੢ͺᚎึ·˙Ӟᚻৃऔ͗፞ܿçɾؤ
Ӵڄ˫ੂʍඹȩ́֘ព׿Љ˫औخڄ˩çěʨ࠱ࣁЉܿ޴Θۍऔࣁฏɾዢڄຊక֜
ӿ˻Ĝé

)LJXUH ���� 7ZR SDUDJUDSKV IURP &KLQHVH QHZV DUWLFOHV� 0XOWLSOH VWDWHPHQWV DUH TXRWHG LQ WKHVH
SDUDJUDSKV� (DFK TXRWDWLRQ PLJKW QRW FRQWDLQ FRPSOHWH VHPDQWLF PHDQLQJ DORQH�

ZKHUH D qi LV D 4�SDUDJUDSK H[WUDFWHG IURP VRPH QHZV DUWLFOH LQA� 4XRWDWLRQ GHWHFWLRQ FDQ

EH UHGXFHG WR WKH WDVN RI GHFLGLQJ ZKHWKHU D TXRWHG VWDWHPHQW H[LVWV LQ D JLYHQ SDUDJUDSK�

����� 3DWWHUQ�%DVHG 4XRWDWLRQ 'HWHFWLRQ

4XRWDWLRQV FDQ EH GHWHFWHG E\ PDWFKLQJ FRPPRQ VHQWHQFH SDWWHUQV� :H GHPRQVWUDWH

D SDWWHUQ�EDVHG VROXWLRQ IRU &KLQHVH TXRWDWLRQ GHWHFWLRQ� &RPPRQ VHQWHQFH SDWWHUQV IRU

TXRWDWLRQV LQ &KLQHVH QHZV DUWLFOHV DUH OLVWHG LQ 7DEOH ���� 7KH XVDJH RI UHSRUWLQJ YHUE LV

DOVR TXLWH OLPLWHG LQ &KLQHVH QHZV ZULWLQJ� :HPDQXDOO\ LGHQWLI\ VHYHQ FRPPRQ UHSRUWLQJ

YHUEV LQ QHZV DUWLFOHV� 7KH\ DUH OLVWHG LQ 7DEOH ����

)RU HDFK SDUDJUDSK LQ DUWLFOHV IURPA� ZH FKHFNZKHWKHU RQH RI WKH WKUHH SDWWHUQV H[LVWV

LQ WKH VHQWHQFHV� ,I VXFK SDWWHUQ H[LVWV� WKH SDUDJUDSK LV DGGHG WR Q� 7KH ILUVW TXRWDWLRQ

SDWWHUQ FRYHUHG PRVW RI WKH TXRWDWLRQV LQ QHZV DUWLFOHV�

$ FRPPRQ IDOVH DODUP RFFXUV LQ WKH FXUUHQW DSSURDFK� 7KHUH DUH WZR FRPPRQ SDW�

WHUQV IRU LQGLUHFW TXRWDWLRQV� 7KH ILUVW RQH FRQWDLQV D FRPPD WKDW VHSDUDWHV UHSRUWLQJ YHUE

DQG UHSRUWLQJ VSHHFK� ZKLOH WKH RWKHU GR QRW� )DOVH DODUPV RIWHQ RFFXU ZLWK WKH ODWHU SDW�

WHUQ� 7KH UHDVRQ LV WKDW WKH UHSRUWLQJ YHUEV DUH DOVR RIWHQ XVHG IRU H[SUHVVLQJ HPRWLRQV�

6HQWHQFHV WKDW FRQWDLQ WHUPV VXFK DV ´Εျำڷ³ RU ´Ε᎝ዟڷ³ DUH GHWHFWHG DV TXRWD�

WLRQV� EXW WKHVH VHQWHQFHV PHUHO\ GHVFULEH WKH HPRWLRQV RI FKDUDFWHUV� 7R DYRLG WKHVH IDOVH

��
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ડቆ ე޴ ప༼

7DEOH ���� &RPPRQ UHSRUWLQJ YHUEV LQ &KLQHVH QHZV DUWLFOHV

DODUPV� ZH VHW D WKUHVKROG RQ OHQJWK RI WKH UHSRUWLQJ VSHHFK� ,I WKH UHSRUWLQJ VSHHFK LV QR

ORQJHU WKDQ � &KLQHVH ZRUGV� ZH GR QRW GHWHFW WKH VHQWHQFH DV D TXRWDWLRQ�

:H YDOLGDWH RXU SDWWHUQ�EDVHG TXRWDWLRQ GHWHFWLRQ ZLWK �� &KLQHVH DUWLFOHV� 7KH WDVN

FDQ EH UHGXFHG WR D ELQDU\ FODVVLILFDWLRQ SUREOHP� ZKHUH WKH DOJRULWKP MXGJHV ZKHWKHU D

SDUDJUDSK LV D 4�SDUDJUDSK� *LYHQ D JURXQG WUXWK� ZH FDQ HYDOXDWH WKH H[WUDFWHG UHVXOW

ZLWK LWV SUHFLVLRQ DQG UHFDOO� $PRQJ ��� DQQRWDWHG 4�SDUDJUDSKV� ��� DUH VXFFHVVIXOO\

H[WUDFWHG� 2QO\ � IDOVH SRVLWLYH 4�SDUDJUDSKV DUH VHOHFWHG E\ RXU DSSURDFK� ,Q TXRWDWLRQ

GHWHFWLRQ� WKH SUHFLVLRQ RI H[WUDFWLRQ LV PRUH LPSRUWDQW WKDQ LWV UHFDOO� 6LQFH ZH PDNH

XVH RI FKDUDFWHULVWLFV RI 4�SDUDJUDSKV LQ ODWHU VWHSV� LW LV LPSRUWDQW WKDW WKH SUHFLVLRQ RI

UHWULHYHG SDUDJUDSKV LV KLJK� 7KH H[SHULPHQW VKRZV D ��� RI SUHFLVLRQ DQG ��� RI UHFDOO�

��� ,VVXH &OXVWHULQJ

7KH SXUSRVH RI LVVXH FOXVWHULQJ LV WR JURXS WRJHWKHU 4�SDUDJUDSKV WKDW DUH GLVFXVVLQJ

WKH VDPH LVVXH� *LYHQ D 4�SDUDJUDSK VHW Q� WKH RXWSXW RI LVVXH FOXVWHULQJ LV D FOXVWHU VHW�

C = { c1, c2, ... , cγ } �����

s.t. ∩γ
a=1ca = Q

ca "= φ, ∀a

ca ∩ cb = φ, ∀a, b ZKHUH a "= b

8QGHU WKH DVVXPSWLRQ WKDW HDFK JURXS RI 4�SDUDJUDSKV VKRXOG KDYH VLPLODU VHPDQWLF

DSSHDUDQFH� ZH DGRSWHG WKH ZHOO�NQRZQ YHFWRU VSDFH PRGHO �960� >��@� )XUWKHUPRUH�

LVVXH VLJQLILFDQW WHUPV �,67� DUH LQWURGXFHG LQ RXU ZRUN WR FDSWXUH WKH FKDUDFWHULVWLFV RI

4�SDUDJUDSKV� (DFK 4�SDUDJUDSK LV GHVFULEHG DV DQ ,67 YHFWRU� (YHQWXDOO\� ZH DSSO\

KLHUDUFKLFDO DJJORPHUDWLYH FOXVWHULQJ RQ WKHVH YHFWRUV� 7KH WKUHH FRPSRQHQWV RI LVVXH

��
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)LJXUH ���� 7KH WKUHH FRPSRQHQWV RI LVVXH FOXVWHULQJ� LQFOXGLQJ SUHSURFHVVLQJ� LVVXH VLJQLILFDQW
WHUP �,67� VHOHFWLRQ DQG KLHUDUFKLFDO DJJORPHUDWLYH FOXVWHULQJ�

FOXVWHULQJ LV VKRZQ LQ ILJXUH ����

����� 3UHSURFHVVLQJ

7KHUH DUH WZR SUHSURFHVVLQJ VWHSV� )LUVW� ZH DSSO\ ZRUG VHJPHQWDWLRQ WR WRNHQL]H

&KLQHVH VHQWHQFHV� 7KHQ� QDPHG HQWLWLHV DUH UHFRJQL]HG DV ULFK LQIRUPDWLRQ�

:RUG 6HJPHQWDWLRQ IRU &KLQHVH 7H[W

7KHPDMRU GLVWLQFWLRQ RI &KLQHVH WH[W SURFHVVLQJ LV WKH VHJPHQWDWLRQ RI &KLQHVH ZRUGV�

:H XVH 6WDQIRUG:RUG 6HJPHQWHU >��@ WR EULGJH RYHU WKH JDS� 6HQWHQFHV DUH ILUVW WRNHQL]HG

WR ZRUGV EHIRUH IXUWKHU DQDO\]HG�

��



1DPHG (QWLW\ 5HFRJQLWLRQ

7R REWDLQ EHWWHU NQRZOHGJH RQ VHQWHQFHV� ZH DOVR LQFOXGH D QDPHG HQWLW\ UHFRJQL]HU LQ

RXU VROXWLRQ� 0HQFLXV >��@ >��@ >��@ LV D &KLQHVH QDPHG HQWLW\ UHFRJQL]HU WKDW UHFRJQL]HV

QDPHV RI SHRSOH� RUJDQL]DWLRQV� DQG ORFDWLRQV� &KDUDFWHUV LQ D SXEOLF DJHQGD RIWHQ JLYH

FRPPHQWV RQ YDULRXV LVVXHV� 6LQFH RXU JRDO LV WR JURXS WRJHWKHU 4�SDUDJUDSKV WKDW GLVFXVV

WKH VDPH LVVXH� WKHVH WHUPV DUH QRW JRRG PDWHULDOV IRU FOXVWHULQJ 4�SDUDJUDSKV� 1DPHG

HQWLW\ UHFRJQLWLRQ KHOSV XV VHSDUDWH WKHVH WHUPV IURP RWKHUV�

����� 9HFWRU 6SDFH 0RGHO

$IWHU ZRUG VHJPHQWDWLRQ� HDFK VHJPHQWHG WRNHQ LV WUHDWHG DV D WHUP� :H FDQ LQGH[ DOO

WKH WHUPV WKDW DSSHDU LQ Q DV�

T = { t1, t2, t3, ... , tθ } �����

,Q YHFWRU VSDFH PRGHOV� 4�SDUDJUDSKV DUH PDSSHG WR D YHFWRU VSDFH IRU FDOFXODWLQJ

VLPLODULWLHV� :H UHSUHVHQW HDFK 4�SDUDJUDSK qi E\ D θ GLPHQVLRQ WHUP YHFWRU #vqi � LQ ZKLFK

HYHU\ GLPHQVLRQ PHDVXUHV D WHUP�

#vqi = ( wi,1, wi,2, ... , wi,θ ) �����

ZKHUH wi,j LV WKH PHDVXUHPHQW IRU LPSRUWDQFH RI WHUP tj LQ qi�

7KH SURGXFW RI WHUP IUHTXHQF\ DQG LQYHUVH GRFXPHQW IUHTXHQF\ �7)�,')� LV D ZLOGO\

XVHG WHUP ZHLJKWLQJ PHWKRG >��@� 6LQFH 4�SDUDJUDSKV DUH XVXDOO\ VKRUW� ZH XVH UDZ IUH�

TXHQF\� ZKLFK LV WKH QXPEHU RI WLPHV WKDW D WHUP tj DSSHDUV LQ D 4�SDUDJUDSK qi� DV WKH

IUHTXHQF\PHDVXUHPHQW TF (tj, qi)� ,QYHUVH GRFXPHQW IUHTXHQF\PHDVXUHV ZKHWKHU D WHUP

LV FRPPRQ RU UDUH� 7KH PRUH IUHTXHQW D WHUP DSSHDUV LQ D FRUSXV RI GRFXPHQWV D� WKH

OHVV OLNHO\ WKH WHUP KDV D VSHFLDOL]HG VHPDQWLF PHDQLQJ� :H XVH ORJDULWKPLFDOO\ VFDOHG

��



IUHTXHQF\ IRU ,') PHDVXUHPHQW�

,')(tj, D) = ORJ
(|D|)

|{di : di ∈ D, di FRQWDLQV tj}|
�����

:H ZHLJKW WKH LPSRUWDQFH RI D WHUP E\ WKH SURGXFW RI LWV WHUP IUHTXHQF\ DQG LQYHUVH GRF�

XPHQW IUHTXHQF\� 7KH HIIHFW RI VWRSZRUGV DQG JHQHUDO WHUPV WKDW ODFN RI GLVWLQFW VHPDQWLF

PHDQLQJV DUH JUHDWO\ UHGXFHG�

:H FRXOG WUHDW Q DV D GRFXPHQW VHW DQG REWDLQ ,') PHDVXUHPHQWV IRU WHUPV� +RZ�

HYHU� Q FRQWDLQV RQO\ 4�SDUDJUDSKV RQ D VSHFLILHG SXEOLF DJHQGD� $JHQGD�UHODWHG WHUPV

ZRXOG DSSHDU IUHTXHQWO\ ZKLOH KROGLQJ GLVWLQFW VHPDQWLF PHDQLQJV� ,I ZH XVH WKH LQYHUVH

GRFXPHQW IUHTXHQF\ LQ Q� WKH LPSRUWDQFH RI WKHVH WHUPV ZRXOG EH VXEVWDQWLDOO\ XQGHUHV�

WLPDWHG�

:H REWDLQ DQRWKHU VHW RI ,')PHDVXUHPHQWV IRU WHUPV YLD DQ H[WHUQDO FRUSXVAE � ZKLFK

LV FRPSRVHG RI JHQHUDO QHZV DUWLFOHV�

(,')tj = ,')(tj, AE) �����

(,')tj PHDVXUHV WKH UDULW\ RI D WHUP tj LQ JHQHUDO QHZV DUWLFOHV� 6HPDQWLF PHDQLQJV RI

DJHQGD�UHODWHG WHUPV WHPSW WR EH GLVWLQFW LQ JHQHUDO QHZV DUWLFOHV� OHDGLQJ WR KLJK (,')V�

7KH ILQDO ZHLJKW RI tj LV GHFLGHG E\ WKH PL[WXUH RI WKH WZR ZHLJKWLQJ PHWKRGV�

0,')tj = ,')(tj, Q) · (,')tj �����

����� ,VVXH 6LJQLILFDQW 7HUP 6HOHFWLRQ

7KHUH DUH VHYHUDO REVWDFOHV ZKHQ FOXVWHULQJ 4�SDUDJUDSKV� :H SURSRVH D WHUP VHOHF�

WLRQ SURFHVV WR LPSURYH WKH SHUIRUPDQFH RI LVVXH FOXVWHULQJ�

2EVWDFOHV IRU ,VVXH &OXVWHULQJ

7KHUH DUH WKUHHPDMRU FKDOOHQJHV ZKHQ DSSO\LQJ YHFWRU VSDFHPRGHO WR LVVXH FOXVWHULQJ�

� 4�SDUDJUDSKV DUH XVXDOO\ YHU\ VKRUW� WHUP IUHTXHQF\ RIWHQ IDLOV WR VKRZ WKH VXEMHFW

��



RI D 4�SDUDJUDSK�

� 4XRWDWLRQV DUH FRPPHQWV PDGH E\ FKDUDFWHUV� 7KH VHOHFWLRQ RI WHUPV PD\ EH YHU\

GLIIHUHQW ZKHQ WDONLQJ DERXW WKH VDPH LVVXH�

� ,PSRUWDQW SXEOLF ILJXUHV PD\ JLYH FRPPHQWV RQ YDULRXV LVVXHV� 1DPHG HQWLWLHV

IXUWKHU FRQIXVHG WKH SURFHVV RI LVVXH FOXVWHULQJ�

4�SDUDJUDSK �
ઑ␃ڷمΕçᓛ೸੢ͺᚎၳܬऔ݈͗፞ܿç໩඄ᜋϯηʼ๡ӿ׆ཡᕢçѓΑ͓ۮ
ྐႩࢍ঻๡܇ڄၸ͛᝞çʛԅЉ੢ᄑஇᔶ޴औྐᅪϯηࠌएۮڄբé

4�SDUDJUDSK �
घየ໩ᐡ௰ݷώ੢ͺᚎΘਖᚎ࿋ᔴేཊऄ̳ݣçЉᘕਢ෋औᅥऄă·ཫऔጢऄĄ
ఛஉள໯ౄç͓ྐைഐؠʅ żʅʉ϶᎚׆ౄҒçྖ࠳ʅ żˉˉ϶ҬϾçՓઅ౛Ӷ
੢ᄑϐѕள୎׻ள໯ጅ๡é

4�SDUDJUDSK �
ϙ୍˙ͺ੪ہ๡̟ܮ˙᎗زګέሣˀוიçऔྐᅪූˀ̺௰çѓऔᅥऄ۸௲زצ
௰Κç࠱༱ӿऔᅥऄڄఛघʹ᎗ٗç౜ݵěऔྐᔏྒĜéˑ϶͓زᝯڄརмઅϚ͓
уͺ࿋ᝂʛઅϚࢍ๘Ά˙ฏූ഻çЩز ���ະ˭॑؞ݯຒçྖѾනɾӴڄмੂé

)LJXUH ���� $Q H[DPSOH RI IDOVH FOXVWHULQJ� $OWKRXJK 4�SDUDJUDSKV � DQG � DUH WDONLQJ DERXW WKH
VDPH LVVXH� 4�SDUDJUDSKV � DQG � DUH PRUH OLNHO\ WR EH JURXS WRJHWKHU XVLQJ 960�

,Q )LJXUH ��� ZH VKRZ DQ H[DPSOH RI IDOVH FOXVWHULQJ� $OO WKUHH 4�SDUDJUDSKV DUH UH�

ODWHG WR WKH SXEOLF DJHQGD RQ ZKHWKHU WKH JRYHUQPHQW VKRXOG FRQWLQXH FRQVWUXFWLQJ /XQJ�

PHQ 1XFOHDU 3RZHU 3ODQW� 4�SDUDJUDSK � JLYH FRPPHQWV RQ WKH VHFXULW\ GHWHFWLRQ LVVXH�

ZKLOH 4�SDUDJUDSKV � DQG � WDON DERXW QXFOHDU ZDVWH GLVSRVDO�

,Q LVVXH FOXVWHULQJ� ZH ZRXOG OLNH WR JURXS 4�SDUDJUDSKV � DQG � WRJHWKHU� +RZHYHU�

4�SDUDJUDSKV � DQG � GR QRW VKDUH PDQ\ RYHUODSSLQJ WHUP EHVLGH WKH WHUP ³औᅥऄ´� 7KH

FRVLQH VLPLODULW\ RI WKHLU WHUP YHFWRUV LV UHODWLYHO\ ORZ� 6LQFH 4�SDUDJUDSKV � DQG � VKDUH

VHYHUDO WHUPV ZLWK KLJK ,') OLNH ³੢ͺᚎ´� ³Ⴈྐ´� DQG ³੢ᄑ´� WKH\ DUH PRUH OLNHO\ WR

EH JURXSHG WRJHWKHU ZKLOH FOXVWHULQJ�

��



6HOHFWLQJ ,VVXH 6LJQLILFDQW 7HUPV ZLWK 6LJQLILFDQFH (VWLPDWLRQ

:H SURSRVH D SURFHGXUH RI WHUP VHOHFWLRQ WR LPSURYH WKH SHUIRUPDQFH RI LVVXH FOXV�

WHULQJ� ,QVWHDG RI XVLQJ WHUP VHW T WKDW LQFOXGHV DOO WKH WHUPV� ZH UHSUHVHQW 4�SDUDJUDSKV

ZLWK D VXEVHW RI T � 7KH VXEVHW RQO\ LQFOXGHV WHUPV WKDW DUH SRWHQWLDOO\ UHODWHG WR DQ LV�

VXH� 7KHVH WHUPV DUH UHIHUUHG WR DV LVVXH VLJQLILFDQW WHUPV �,67�� )RU LQVWDQFH� LQ WKH LVVXH

RI QXFOHDU ZDVWH GLVSRVDO� ³ZDVWH´� ³GLVSRVDO´� DQG ³IXHO´ ZRXOG EH ,67V� :H QDPH WKLV

VXEVHW TIST �

5HFRJQL]LQJ ,67V EHIRUH UHFRJQL]LQJ LVVXHV LV D FKDOOHQJH� 7KHUH DUH VRPH SURSHU�

WLHV RI ,67V WKDW ZH XVH IRU H[WUDFWLRQ� )LUVW� DQ ,67 XVXDOO\ FRQWDLQV D VSHFLILF VHPDQWLF

PHDQLQJ� ,WV ,') LQ WKH H[WHUQDO FRUSXV LV OLNHO\ WR EH KLJK� 6HFRQG� DQ ,67 WHQG WR EH

VLJQLILFDQW LQ A� ,I D WHUP LV ZLGHO\ XVHG LQ DQ LVVXH� LWV GRFXPHQW IUHTXHQF\ ZRXOG QRW

EH WRR ORZ� $ VLJQLILFDQW WHUP LQ A KDV D KLJKHU SRVVLELOLW\ WR EH DQ ,67�

7R PHDVXUH WKH VLJQLILFDQFH RI D WHUP LQ D FRUSXV D� ZH DGRSW DQG PRGLI\ DQ H[WHQ�

VLYHO\ XVHG SURFHGXUH LQ QHZV NH\ZRUG H[WUDFWLRQ >��@ >��@� )RU HYHU\ GRFXPHQW di LQ

D� D IHZ WHUPV DUH VHOHFWHG DV NH\ WHUPV� 7KH VHW RI NH\ WHUPV IRU di LV GHQRWHG DV Kdi �

9DULRXV FULWHULD FDQ EH DSSOLHG IRU VHOHFWLQJ Kdi � :H HYDOXDWH WKH VLJQLILFDQFH RI D WHUP

LQD E\ WKH IUHTXHQF\ RI WKH WHUP EHLQJ VHOHFWHG DV NH\ WHUP� 7KH VLJQLILFDQFH HVWLPDWLRQ

�6(� RI D WHUP LV IRUPXODWHG DV IROORZ�

6((tj, D) =
|{di : di ∈ D, tj ∈ Kdi}|

|D| �����

:H WUHDW WKH VHW RI 4�SDUDJUDSKV Q DV WKH FRUSXV� $ WHUP ZLWK KLJK 6( LQ Q KDV D KLJKHU

SRVVLELOLW\ WR EH DQ ,67�

,Q RXU ZRUN� ZH VHOHFW �� WHUPV ZLWK WKH KLJKHVW ZHLJKW LQ #vqi DV NH\ WHUPV IRU qi� %\

GRLQJ VR� ZH ILOWHUHG PRVW RI WKH VWRSZRUGV DQG JHQHUDO WHUPV WKDW GR QRW FRQWDLQ PXFK

VHPDQWLF PHDQLQJV�

:H H[WUDFW TIST IURP WKH RULJLQDO WHUP VHW T XVLQJ 1(5 DQG WKH 6( PHDVXUHPHQW�

)LUVW� DOO QDPHG HQWLWLHV DUH H[FOXGHG� 6LQFH FKDUDFWHUV RIWHQ JLYH FRPPHQWV RQ GLIIHUHQW

LVVXHV� QDPHG HQWLWLHV DUH QRW JRRG PDWHULDOV IRU FOXVWHULQJ 4�SDUDJUDSKV� 7KHQ� WKH WHUPV

��



WKDW DUH JHQHUDOO\ XVHG LQ DOO LVVXHV VKRXOG DOVR EH ILOWHUHG� )RU H[DPSOH� WKH WHUP ³/XQJ�

PHQ´ ZRXOG QRW EH DQ ,67 ZKHQ GHDOLQJ ZLWK WKH SXEOLF DJHQGD RQ /XQJPHQ 1XFOHDU

3RZHU 3ODQW� ,W LV D WHUP GLUHFWO\ DERXW WKH SXEOLF DJHQGD UDWKHU WKDQ D VSHFLILHG LVVXH�

:H QDPH WKHVH WHUP DV DJHQGD WHUPV� 2EVHUYDWLRQV VKRZ WKDW LI D WHUP DSSHDUV LQ PRUH

WKDQ RQH WKLUG RI WKH 4�SDUDJUDSKV� LW LV OLNHO\ WR EH DQ DJHQGD WHUP� 7KHVH WHUPV DUH DOVR

H[FOXGHG� )LQDOO\� ZH VHOHFW RQO\ WKH WRS �� SHUFHQW RI WKH UHPDLQLQJ WHUPV DFFRUGLQJ WR

WKHLU 6( LQ Q� 7KH VHOHFWHG WHUPV IRUPHG D QHZ WHUP VHW TIST � ZKLFK GHILQHV D UHGXFHG

YHFWRU VSDFH LQ RXU PRGHO� 6RPH VHOHFWHG WHUPV DUH VKRZQ LQ )LJXUH ���� WKH QXPEHUV

EHIRUH WHUPV LQGLFDWH WKHLU 6( UDQNLQJV LQ TIST �

�˙Ӟ �਩ܿ �ྖၼ �˫औ �ਆ̶
�ᚎ࿋ �Θִ �औ͗ᅪ �རм ��ᚮܿ
ྷ࠳�� औۍ�� ��औ঻ ��ಏक ��ಮ௴
��ਂϖ ฏࣁ�� ��औ঻ᅪ ��๡ಭ ��঻຀
��औྐ ��ϯη ��ཡᕢ ��औԓ ��ཧዙ
��˙Ӟक ᔉۃ�� ��ྐᄰ ��ہ϶ ��औᅥऄ

)LJXUH ���� 7HUPV ZLWK KLJK 6( LQ WKH SXEOLF DJHQGD RQ /XQJPHQ 1XFOHDU 3RZHU 3ODQW

����� +LHUDUFKLFDO $JJORPHUDWLYH &OXVWHULQJ

$IWHU UHSUHVHQWLQJ 4�SDUDJUDSKV ZLWK ,67 YHFWRUV� ZH FDQ DSSO\ FOXVWHULQJ RQ WKHP�

+LHUDUFKLFDO DJJORPHUDWLYH FOXVWHULQJ �+$&� LV D ERWWRP�XS FOXVWHULQJ DOJRULWKP� (DFK

4�SDUDJUDSK LV WUHDWHG DV D FOXVWHU DW WKH EHJLQQLQJ� 7KH WZR PRVW VLPLODU FOXVWHUV DUH

PHUJHG LQ HYHU\ LWHUDWLRQ� 7KH PHUJLQJ SURFHVV FRQWLQXHV XQWLO DOO 4�SDUDJUDSKV DUH

PHUJHG WR RQH ELJ FOXVWHU RU D VWRSSLQJ FULWHULRQ LV UHDFKHG�

7KHUH DUH GLIIHUHQW OLQNDJH FULWHULD WKDW GHFLGH ZKLFK WZR FOXVWHUV VKRXOG EH PHUJHG

LQ HYHU\ LWHUDWLRQ� :H XVH DYHUDJH OLQNDJH FOXVWHULQJ LQ RXU ZRUN� 7KH VLPLODULW\ EHWZHHQ

WZR FOXVWHUV ca� cb LV GHILQHG DV�

6,0(ca, cb) =
1

|ca||cb|
∑

qs∈ca

∑

qt∈cb

#vqj · #vqt
| #vqs || #vqt |

������

,Q HYHU\ LWHUDWLRQ� WKH WZR PRVW VLPLODU FOXVWHUV DUH PHUJHG�

+$& JHQHUDWHV D SRVVLEOH FOXVWHU VHW LQ HYHU\ LWHUDWLRQ� )RU β 4�SDUDJUDSKV� β − 1

��



FOXVWHU VHWV DUH JHQHUDWHG WKURXJK WKH FOXVWHULQJ SURFHVV� 7KH VHOHFWLRQ RI ILQDO FOXVWHU VHW

LQFOXGHV WKUHH FULWHULD�

� 7KH DOJRULWKP GR QRW VHOHFW FOXVWHU VHWV LQ ZKLFK WKH �� ODUJHVW FOXVWHUV FRYHU OHVV

WKDQ �� SHUFHQW RI WKH 4�SDUDJUDSKV�

� 7KH DOJRULWKP GR QRW VHOHFW FOXVWHU VHWV LQ ZKLFK WKH ODUJHVW FOXVWHU FRYHUV PRUH WKDQ

KDOI RI WKH 4�SDUDJUDSKV�

� $PRQJ WKH FOXVWHU VHWV WKDW TXDOLI\ WR WKH ILUVW WZR FULWHULD� HOERZ FULWHULRQ LV DSSOLHG

RQ RQH�ZD\ $129$)�WHVW IRU WKH ILQDO FKRLFH >�@� )�WHVW LV WKH UDWLR RI WKH EHWZHHQ�

FOXVWHU YDULDQFH WR WKH WRWDO YDULDQFH� ,W PHDVXUHV WKH H[SODLQHG YDULDQFH RI D FOXVWHU

VHW� $V WKH QXPEHU RI FOXVWHUV GHFUHDVHV LQ WKH PHUJLQJ SURFHVV RI +$&� YDOXH RI

)�WHVW JUDGXDOO\ IDOOV� $W VRPH SRLQW� WKH PHUJLQJ RI WZR FOXVWHUV FDXVHV WKH YDOXH RI

)�WHVW WR GHFUHDVH GUDPDWLFDOO\� $FFRUGLQJ WR HOERZ FULWHULRQ� ZH VHOHFW WKH FOXVWHU

VHW EHIRUH WKH PHUJLQJ RFFXU�

��� ,VVXH &OXVWHU /DEHOLQJ

$IWHU LVVXH FOXVWHULQJ� HYHU\ LVVXH FOXVWHU LV FRPSRVHG RI 4�SDUDJUDSKV WKDW GLVFXVV

WKH VDPH LVVXH� 7R OHW XVHU XQGHUVWDQG WKH LVVXH LQ D LVVXH FOXVWHU ca� D ODEHO la LV JLYHQ

WR UHSUHVHQW WKH LVVXH� 7KH PRVW VLJQLILFDQW WHUP LQ ca LV D SRVVLEOH FKRLFH RI la� :H DOVR

H[WUDFW SKUDVHV IURP ca DV ODEHO FDQGLGDWHV� VLQFH SKUDVHV DUH XVXDOO\ PRUH FRPSOHWH LQ

VHPDQWLF PHDQLQJV WKDQ ZRUGV� la LV VHOHFWHG E\ FRPSDULQJ WKH 6( PHDVXUHPHQW RI WHUPV

DQG SKUDVHV LQ ca�

$ SKUDVH p LV D VHTXHQFH RI ZRUGV c1c2...cλ� ZKLFK FRQWDLQV D VSHFLILHG VHPDQWLF PHDQ�

LQJ� 1RW DQ\ VHTXHQFH RI ZRUGV FDQ EH FRQVLGHUHG DV D SKUDVH� $ VHTXHQFH RI ZRUGV WKDW

ODFN FRPSOHWH V\QWDFWLF DQG VHPDQWLF VWUXFWXUH LV PHUHO\ D VWULQJ� :H DGRSW WKH VROXWLRQ

EURXJKW XS E\:DQJ HW DO� WR LGHQWLI\ VLJQLILFDQW SKUDVHV >��@� $ VLJQLILFDQW SKUDVH pPXVW

VDWLVI\ WKH IROORZLQJ FULWHULD�

�� 7KH QXPEHU RI GRFXPHQWV WKDW FRQWDLQV p LV PRUH WKDQ D WKUHVKROG THD�

��



�� p FRQWDLQV DW OHDVW RQH RI WKH VLJQLILFDQW WHUPV LQ WKH FROOHFWLRQ� :H VHOHFW WKH WRS

�� SHUFHQW RI WHUPV ZLWK KLJKHVW 6( DV VLJQLILFDQW WHUPV�

�� p LV D PD[�GXSOLFDWHG VWULQJ LQ WKH LVVXH FOXVWHU >��@� ,WV GRFXPHQW IUHTXHQF\ LV

ODUJHU WKDQ DOO RWKHU VWULQJV WKDW WUHDW p DV D VXEVWULQJ�

�� 7KH PXWXDO LQIRUPDWLRQ RI LWV WZR ORQJHVW VXEVWULQJ VKRXOG EH KLJK >��@� 7KH WZR

ORQJHVW VXEVWULQJV RI p DUH ss1 = c1c2...cλ−1 DQG ss2 = c2c3...cλ� 7KH VXEVWULQJ

PXWXDO LQIRUPDWLRQ RI p LV GHILQHG DV�

60, =
Pr(p)

Pr(ss1) + Pr(ss2)− Pr(p)
������

ZKHUH WKH SUREDELOLW\ RI D VWULQJ LV PHDVXUHG E\ LWV GRFXPHQW IUHTXHQF\� 60, RI D

SKUDVH p VKRXOG EH KLJKHU WKDQ D WKUHVKROG THSMI �

:H IROORZ WKH SDUDPHWHU VHWWLQJV LQ WKH RULJLQDO ZRUN� $OO WKH VWULQJV WKDW PDWFK WKH FULWHULD

DUH WUHDWHG DV VLJQLILFDQW SKUDVHV LQ D LVVXH FOXVWHU�

$IWHU SKUDVHV DUH H[WUDFWHG� ZH DGRSW (TXDWLRQ ��� WR PHDVXUH WKH VLJQLILFDQFH RI D

SKUDVH� 6LQFH SKUDVHV DUH DOUHDG\ MXGJHG DV VLJQLILFDQW VWULQJV� ZH DGG DOO SKUDVHV WKDW

DSSHDUV LQ qi WR Kqi � 7KH 6( RI D SKUDVH LV HTXLYDOHQW WR WKH GRFXPHQW IUHTXHQF\ RI WKH

SKUDVH�

7KH WHUP RU SKUDVH ZLWK WKH KLJKHVW 6( PHDVXUHPHQW LQ ca LV VHOHFWHG DV WKH ODEHO la�

)RU D FOXVWHU VHW C� ZH RXWSXW ODEHOV RI WKH FOXVWHUV WKDW DUH ODUJH HQRXJK� 'XSOLFDWH ODEHOV

DUH UHPRYHG IURP WKH ILQDO ODEHO VHW L�

��



��



&KDSWHU �

(YDOXDWLRQ

,Q WKLV FKDSWHU ZH HYDOXDWH WKH SHUIRUPDQFH RXU VROXWLRQ� 7KH HYDOXDWLRQ LV FRQVLVW RI

WZR SDUWV� )LUVW� ZH HYDOXDWH WKH SHUIRUPDQFH RI LVVXH FOXVWHULQJ� 6HFRQG� ZH HYDOXDWH WKH

DELOLW\ RI GLIIHUHQW DSSURDFKHV WR PLQH VDOLHQW LVVXHV IURP DUWLFOHV�

��� 'DWD 3UHSDUDWLRQ

:H FRPSLOH D GDWDVHW RQ WKH SXEOLF DJHQGD RI ZKHWKHU WKH FRQVWUXFWLRQ RI /XQJPHQ

1XFOHDU 3RZHU 3ODQW VKRXOG FRQWLQXH� 7KH GDWDVHW LV FRPSRVHG RI WKUHH SDUWV� )LUVW� D VHW

RI ��� DUWLFOHV UHODWHG WR WKH SXEOLF DJHQGD LV FROOHFWHG IURP RQOLQH QHZV SURYLGHUV� ���

4�SDUDJUDSKV DUH H[WUDFWHG IURP WKHVH DUWLFOHV� 6HFRQG� � VDOLHQW LVVXHV DQG WKHLU DYDLODEOH

ODEHOV DUH LGHQWLILHG� /DVW� D JURXQG�WUXWK LVVXH FDWHJRU\ VHW LV EXLOW IRU WKH H[WUDFWHG 4�

SDUDJUDSKV� 4�SDUDJUDSKV DUH FDWHJRUL]HG DFFRUGLQJ WR WKH LVVXHV WKH\ GLVFXVV�

����� 2QOLQH 1HZV $UWLFOHV

1HZV DUWLFOHV DUH FROOHFWHG IURP � PDMRU RQOLQH QHZV VHUYLFHV LQ 7DLZDQ DV OLVWHG LQ

WDEOH ���� $ ZHESDJH FUDZOHU DXWRPDWLFDOO\ FROOHFWV ����� QHZV DUWLFOHV IURP WKHVH RQOLQH

QHZV VLWHV� 7KH FRUSXV RI DUWLFOHV FRYHUV YDULRXV GRPDLQV�

,Q RXU ZRUN� ZH IRFXV RQ WKH GHEDWH RQZKHWKHU WKH FRQVWUXFWLRQ VKRXOG FRQWLQXH /XQJ�

PHQ QXFOHDU SRZHU SODQW� ,W LV RQH RI WKH PRVW VDOLHQW SXEOLF DJHQGDV LQ 7DLZDQ LQ �����

��



1HZV VHUYLFH 1XPEHU RI DUWLFOHV
ˀ͚௢৮ڊ �����
డႎࠚ ��

ˀइྐʪే �����
ᑷϐ๘ႝႎ �����

бΊइేྐʪే �����
ᙧే̅س �����

(7WRGD\زಷ๘ႝෙ ������

7DEOH ���� &RUSXV RI DUWLFOHV LV FROOHFWHG IURP � RQOLQH QHZV VHUYLFHV LQ 7DLZDQ�

$ VHW RI DUWLFOHV RQ WKH SXEOLF DJHQGD LV PDQXDOO\ LGHQWLILHG� 7KH DUWLFOH VHW FRQWDLQV ���

DUWLFOHV SXEOLVKHG LQ WKH GXUDWLRQ IURP 0DUFK WR 0D\� �����

:H DSSO\ WKH PHWKRG GHVFULEHG LQ 6HFWLRQ ��� WR H[WUDFW 4�SDUDJUDSKV IURP DUWLFOHV�

��� 4�SDUDJUDSKV DUH H[WUDFWHG IURP WKH ��� DUWLFOHV RQ WKH SXEOLF DJHQGD�

����� 6DOLHQW ,VVXH $QQRWDWLRQ

:HPDQXDOO\ LGHQWLI\ D JURXQG�WUXWK OLVW RI VDOLHQW LVVXHV IRU H[SHULPHQWV� � DQQRWDWRUV

DUH UHFUXLWHG IRU WKH WDVN�

%HIRUH WKH DQQRWDWRUV LGHQWLI\ LVVXHV� ZH PDNH VXUH WKDW WKH DQQRWDWRUV XQGHUVWDQG WKH

WDVN DQG WKH SXEOLF DJHQGD� )LUVW� WKH GHILQLWLRQ RI SXEOLF DJHQGD DQG LVVXHV DUH H[SODLQHG

WR HDFK DQQRWDWRU� 7KHQ� WR HQVXUH WKH DQQRWDWRUV KDYH HQRXJK NQRZOHGJH RQ WKH SXEOLF

DJHQGD� WKH\ DUH DVNHG WR UHDG D QXPEHU RI UHODWHG DUWLFOHV� $QQRWDWRUV DUH DVNHG WR EURZVH

WKURXJK WKH WLWOHV RI WKH DUWLFOHV DQG VHOHFW DW OHDVW �� DUWLFOHV WR UHDG�

$IWHU DQQRWDWRUV JDLQ XQGHUVWDQGLQJ WR WKH DJHQGD� WKH\ DUH DVNHG WR SRLQW RXW UHODWHG

VDOLHQW LVVXHV� :H XVH WKH PHWKRG SURSRVHG E\ :DQJ HW DO� WR JHQHUDWH D OLVW RI NH\ZRUGV

DQG NH\SKUDVHV IRU WKH SXEOLF DJHQGD >��@� 7KHVH NH\ZRUGV DQG NH\SKUDVHV DUH SURYLGHG

WR WKH DQQRWDWRUV DV ODEHO FDQGLGDWHV� 6LQFH QDPHG HQWLWLHV ZRXOG QRW EH DQ LVVXH� WKH\ DUH

PDQXDOO\ UHPRYHG� *LYHQ D OLVW RI ODEHO FDQGLGDWHV� DQQRWDWRUV DUH DVNHG WR SRLQW RXW DOO

DYDLODEOH ODEHOV IRU HDFK LVVXH WKH\ UHFRJQL]H�

)LQDOO\� ZH WDNH DQ DJUHHPHQW RQ WKH DQQRWDWHG ODEHOV E\ WKH IROORZLQJ SURFHGXUH�

)LUVW� DOO ODEHOV WKDW DUH VHOHFWHG E\ PRUH WKDQ KDOI RI WKH DQQRWDWRUV DUH LQFOXGHG WR WKH

JURXQG WUXWK� ,Q WKLV VWHS� �� ODEHOV DUH LQFOXGHG� 7KHQ� ZH DSSO\ +$& WR JURXS WRJHWKHU

��



,VVXH ,' $YDLODEOH ,VVXH /DEHOV
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7DEOH ���� *URXQG�WUXWK OLVW RI VDOLHQW LVVXHV DQG WKHLU DYDLODEOH ODEHOV�

ODEHOV RI WKH VDPH LVVXH�

:H XVH DYHUDJH OLQNDJH FOXVWHULQJ RQ WKH WDVN� ,QLWLDOO\� HDFK ODEHO LV DQ LVVXH LWVHOI�

3DLUZLVH VLPLODULW\ RI ODEHOV LV GHFLGHG E\ DQQRWDWRUV WKDW VHOHFW ERWK RI WKH ODEHOV� :H

FDOFXODWH WKH UDWLR RI DQQRWDWRUV WKDW FRQVLGHU WZR ODEHOV DV WKH VDPH LVVXH� 7KH UDWLR LV

WUHDWHG DV WKH SDLUZLVH VLPLODULW\ RI WZR ODEHOV� 0HUJLQJ SURFHVV FRQWLQXHV XQWLO WKH KLJKHVW

DYHUDJH OLQNDJH EHWZHHQ LVVXHV LV ORZHU WKDQ ���� 7KH DJUHHPHQW RI VDOLHQW LVVXHV LV VKRZQ

LQ WDEOH ��� �

����� ,VVXH &DWHJRU\ $QQRWDWLRQ

7R HYDOXDWH WKH SHUIRUPDQFH RI LVVXH FOXVWHULQJ� ZH REWDLQ D LVVXH FDWHJRU\ VHW IRU

HYDOXDWLRQ EHQFKPDUN�

C∗ = { c∗i , c
∗
2, c

∗
3, c

∗
4, c

∗
5, c

∗
6 } �����

ZKHUH c∗a LQFOXGHV 4�SDUDJUDSKV WKDW DUH GLVFXVVLQJ WKH a¶WK LVVXH LQ 7DEOH ���� 1RW HYHU\

4�SDUDJUDSK LV DVVLJQHG WR D LVVXH FDWHJRU\� 4�SDUDJUDSKV WKDW DUH QRW UHODWHG WR DQ\ VDOLHQW

LVVXH DQG 4�SDUDJUDSKV WKDW DUH GLVFXVVLQJ PXOWLSOH VDOLHQW LVVXHV DUH H[FOXGHG IURP C∗�

$ 4�SDUDJUDSK LV QRW DVVLJQHG WR PRUH WKDQ RQH LVVXH FDWHJRU\�

�� DQQRWDWRUV SDUWLFLSDWH LQ WKH WDVN� )RU D JLYHQ 4�SDUDJUDSK� DQQRWDWRUV DUH DVNHG WR

HLWKHU DVVLJQ WKH 4�SDUDJUDSK WR D LVVXH FDWHJRU\ LQC∗ RU PDUN WKH 4�SDUDJUDSK DV ³1RQH´

�4�SDUDJUDSK QRW UHOHYDQW WR DOO LVVXHV� RU ³0XOWLSOH´ �4�SDUDJUDSK PHQWLRQV PXOWLSOH

LVVXHV�� (DFK 4�SDUDJUDSK LV DQQRWDWHG E\ � DQQRWDWRUV� *URXQG�WUXWK FDWHJRU\ RI D 4�

SDUDJUDSK LV GHFLGHG E\ PDMRULW\ UXOH�

7KH UHVXOW LV VKRZQ LQ 7DEOH ���� ,Q WKH ��� 4�SDUDJUDSKV� ��� DUH DVVLJQHG WR DQ LVVXH

��



FDWHJRU\ c∗1 c∗2 c∗3 c∗4 c∗5 c∗6
VL]H ��� �� �� �� �� ��

7DEOH ���� ,VVXH FDWHJRULHV DQG WKHLU VL]HV� 4�SDUDJUDSKV DUH DVVLJQHG WR FDWHJRULHV DFFRUGLQJ WR
WKH LVVXHV WKH\ GLVFXVV�

FDWHJRU\� ��� DUH PDUNHG DV ³1RQH´� DQG �� DUH PDUNHG DV ³0XOWLSOH´�

7KHUH DUH � 4�SDUDJUDSKV WKDW WKH � DQQRWDWRUV DOO MXGJH LW GLIIHUHQWO\� 6LWXDWLRQV DUH

VLPLODU RQ WKHVH 4�SDUDJUDSKV� (DFK 4�SDUDJUDSK PHQWLRQV VHYHUDO LVVXHV� $QQRWDWRUV DV�

VLJQ WKH 4�SDUDJUDSK WR GLIIHUHQW LVVXH FDWHJRULHV RU PDUN WKH 4�SDUDJUDSK DV ³0XOWLSOH´�

OHDGLQJ WR FRQIOLFW UHVXOWV� 7KHVH 4�SDUDJUDSKV DUH QRW DVVLJQHG WR DQ\ FDWHJRU\�

:H EXLOG WZR WHVW VHWV IRU LVVXH FOXVWHULQJ� 7KH ILUVW VHW Qissue LV FRQVLVWV RI WKH ���

4�SDUDJUDSKV WKDW DUH LQFOXGHG LQ RQH RI WKH LVVXH FDWHJRULHV� 7KH RWKHU VHW Qall LQFOXGHV

DOO ��� 4�SDUDJUDSKV�

��� (YDOXDWH ,VVXH &OXVWHULQJ

,Q WKLV VHFWLRQ� ZH HYDOXDWH WKH SHUIRUPDQFH RI LVVXH FOXVWHULQJ� :H FRPSDUH WKH EH�

KDYLRU RI +$& XVLQJ WHUP YHFWRUV DQG ,67 YHFWRUV�

:H UXQ H[SHULPHQWV RQ WZR WHVW VHWV� QDPHO\ Qissue DQG Qall� ,Q Qissue� HYHU\ 4�

SDUDJUDSK EHORQJV WR RQH RI WKH LVVXH FDWHJRULHV� :H HYDOXDWH WKH DELOLW\ RI +$& WR DF�

FRPSOLVK WKH FOXVWHULQJ WDVN� 7KH RWKHU WHVW VHW Qall LQFOXGHV DOO ��� 4�SDUDJUDSKV WKDW

DUH H[WUDFWHG IURP QHZV DUWLFOHV� ,Q RXU DUFKLWHFWXUH RI LVVXH PLQLQJ� Qall LV WKH VHW RI

4�SDUDJUDSKV WKDW LV SDVVHG WR WKH LVVXH FOXVWHULQJ FRPSRQHQW� 7KH GLIILFXOW\ RI WKH WDVN

LV KLJKHU�

����� (YDOXDWLRQ 0HWULFV

7KH SHUIRUPDQFH RI D FOXVWHU VHW C LV HYDOXDWHG ZLWK D JURXQG�WUXWK LVVXH FDWHJRU\ VHW

C∗� 7ZR PHWULFV DUH XVHG LQ WKH H[SHULPHQWV�

��



1RUPDOL]HG 0XWXDO ,QIRUPDWLRQ

7KH PDLQ PHDVXUH ZH XVH WR HYDOXDWH KRZ ZHOO D GDWD LV FOXVWHUHG LV E\ FRPSXWLQJ

QRUPDOL]HG PXWXDO LQIRUPDWLRQ �10,��

10, =
I(C;C∗)

[H(C) +H(C∗)]/2
�����

ZKHUH I LV PXWXDO LQIRUPDWLRQ�

I(C;C∗) =
∑

ci∈C

∑

c∗j∈C∗

Pr(ci ∩ c∗j) ORJ
Pr(ci ∩ c∗j)

Pr(ci)Pr(c∗j)
�����

DQG H LV HQWURS\�

H(C) = −
∑

ci∈C

Pr(ci) ORJPr(ci) �����

10, PHDVXUHV KRZ PXFK VWDWLVWLFDO LQIRUPDWLRQ GRHV WKH FOXVWHU VHW C VKDUH ZLWK JURXQG�

WUXWK FDWHJRULHV C∗ � ,WV UDQJH IDOOV LQ [0, 1]� 7KH JUHDWHU 10, LV� WKH FORVHU LV C WR WKH

JURXQG WUXWK C∗�

&OXVWHULQJQall LV PRUH GLIILFXOW WKDQ FOXVWHULQJQissue� 7R H[DPLQH WKH GLIIHUHQW RI WKH

WZR WDVNV� ZH HYDOXDWH WKH 10, RI FOXVWHULQJ UHVXOWV RI Qall ZLWK WZR ZD\V� ,Q WKH ILUVW

ZD\� 10, LV HYDOXDWHG RQ DOO 4�SDUDJUDSKV� ,Q WKH VHFRQG ZD\� DOO 4�SDUDJUDSKV WKDW DUH

QRW LQFOXGHG E\ Qissue DUH LJQRUHG ZKHQ HYDOXDWLQJ 10,� :H UHIHU WR WKH ODWHU DV ILOWHUHG

10,�

3XULW\

3XULW\ LV DQRWKHU FRPPRQ PHDVXUHPHQW RQ FOXVWHULQJ� 7R FRPSXWH SXULW\� HDFK FOXVWHU

LV ILUVW DVVLJQHG WR WKH FDWHJRU\ WKDW LV PRVW IUHTXHQW LQ WKH FOXVWHU� 3XULW\ PHDVXUHV WKH

UDWLR RI GDWD EHLQJ SXW WR WKH FOXVWHU ZLWK WKH FRUUHFW FDWHJRU\�

SXULW\(C,C∗) =
1

β

∑

ci∈C

PD[
c∗j∈C∗

|ci ∩ c∗j | �����

��



Qissue Qall

10, 3XULW\ 10, )LOWHUHG 10, 3XULW\ 7RWDO 3XULW\
960 �7)�,')� ����� ����� ����� ����� ����� �����
960 �7)�0,')� ����� ����� ����� ����� ����� �����
,67960 �7)�,')� ����� ����� ����� ����� ����� �����
,67960 �7)�0,')� ����� ����� ����� ����� ����� �����

7DEOH ���� 3HUIRUPDQFH RI LVVXH FOXVWHULQJ Qissue DQG Qall�

ZKHUH β LV WKH QXPEHU RI 4�SDUDJUDSKVZLWK LVVXH FDWHJRULHV� ,W LV HDV\ WR VHH WKDW purity =

1.0 ZKHQ +$& VWDUWV� EHFDXVH HDFK FOXVWHU FRQWDLQV RQO\ RQH 4�SDUDJUDSK� $V ZH PHUJH

FOXVWHUV WRJHWKHU� SXULW\ GHFUHDVHV JUDGXDOO\� $ ORZ SXULW\ VKRZV WKDW PDQ\ 4�SDUDJUDSKV

ZLWK FDWHJRULHV DUH QRW SXW LQ WKH FRUUHFW FOXVWHUV� ,VVXH�UHODWHG WHUPV ZRXOG QRW EH VLJQLI�

LFDQW HQRXJK� OHDGLQJ WR D EDG SHUIRUPDQFH RI LVVXH PLQLQJ�

:KHQ FRPSXWLQJ SXULW\� DOO 4�SDUDJUDSKV WKDW DUH QRW LQ DQ\ LVVXH FDWHJRU\ DUH LJQRUHG�

+RZHYHU� REVHUYDWLRQV VKRZ WKDW LQ VRPH FOXVWHUV� 4�SDUDJUDSKV ZLWK LVVXH FDWHJRULHV

PLJKW EH RYHUZKHOPHG E\ 4�SDUDJUDSKV ZLWKRXW FDWHJRU\� :H FDOFXODWH WRWDO SXULW\ E\

DVVLJQLQJ DOO 4�SDUDJUDSKV ZLWKRXW FDWHJRULHV WR D QHZ FDWHJRU\ c∗0� ,I D FOXVWHU FRQWDLQV

D ORW RI 4�SDUDJUDSKV ZLWKRXW FDWHJRU\� WKH FOXVWHU PLJKW EH DVVLJQHG WR c∗0�

����� &RPSDUHG 0HWKRGV

:H XVH +$& DV RXU FOXVWHULQJ PHWKRG� 3HUIRUPDQFHV RI GLIIHUHQW W\SHV RI WHUP YHFWRUV

DUH FRPSDUHG�

)RU FKRLFH RI YHFWRU VSDFH� ZH XVH WKH YHFWRU VSDFH JHQHUDWHG E\ DOO WHUPV RU WKH RQH

JHQHUDWHG E\ ,67V� :H UHIHU WR WKH YHFWRU VSDFH PRGHO WKDW LQYROYHV DOO WHUPV DV 960�

DQG WKH PRGHO WKDW JHQHUDWHV YHFWRU VSDFH ZLWK ,67V DV ,67960�

&KRLFH RI WHUP ZHLJKWLQJ PHWKRGV LQFOXGHV 7)�,') DQG 7)�0,')� :H XVH WKH FRUSXV

RI DOO RQOLQH QHZV DUWLFOHV DV WKH H[WHUQDO FRUSXV AE � (DFK YHFWRU VSDFH LV FRPELQHG ZLWK

HLWKHU RI WKH WHUP ZHLJKWLQJ PHWKRGV WR FUHDWH WHUP YHFWRUV�

����� ([SHULPHQW 5HVXOWV

7KH H[SHULPHQW UHVXOWV RQ WKH WZR WHVW VHWV DUH VKRZQ LQ 7DEOH ��� �

��



7KH UHVXOWV VKRZ WKDW LQ Qissue� WHUP ZHLJKWLQJ LV PRUH LPSRUWDQW WKDQ YHFWRU VSDFH�

+RZHYHU� UHVXOWV LQ Qall VKRZ WKDW YHFWRU VSDFH LV FULWLFDO ZKHQ GHDOLQJ ZLWK DOO NLQGV RI

4�SDUDJUDSKV�

:H REVHUYH WKDW 960 �7)�,')� GRHV QRW SHUIRUP ZHOO ZLWK Qissue� ,VVXH�UHODWHG

WHUPV DUH IUHTXHQWO\ XVHG LQQissue� %\ ZHLJKWLQJ WHUPV ZLWK ,') LQQissue� WKH LPSRUWDQFH

RI LVVXH�UHODWHG WHUPV DUH KLJKO\ XQGHUHVWLPDWHG� $GYDQWDJH RI 7)�0,') LV WKDW LW DGMXVWV

7)�,') ZLWK DQ H[WHUQDO FRUSXV� ,VVXH�UHODWHG WHUPV ZRXOG EH ZHLJKWHG KLJKO\ LQ WHUP

YHFWRUV� 2Q WKH RWKHU KDQG� WKHUH LV QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ 7)�,') DQG 7)�

0,') ZLWK ,67960� 6LQFH ZH RQO\ XVH ,67V LQ WHUP YHFWRUV� WHUPV ZLWK ORZ GRFXPHQW

IUHTXHQF\ DUH DOUHDG\ ILOWHUHG� 7KH FOXVWHULQJ UHVXOW LV VLPLODU XVLQJ GLIIHUHQW ZHLJKW RI

WHUPV�

,Q H[SHULPHQWV RQ Qall� WKH WHVW VHW LQFOXGHV 4�SDUDJUDSKV WKDW PHQWLRQ QRQH RU PXO�

WLSOH LVVXHV� ,67 VHOHFWLRQ EHFDPH YHU\ FUXFLDO LQ WKH VLWXDWLRQ� :H WDNH D FORVHU ORRN RQ

WKH FOXVWHULQJ UHVXOW RI 960 DQG ,67960 XVLQJ 7)�0,') RQ Qall� 7KH GLVWULEXWLRQ RI

WKH WRS � FOXVWHUV JHQHUDWHG E\ ERWK PHWKRGV DUH VKRZQ LQ )LJXUH ��� DQG )LJXUH ��� �
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)LJXUH ���� 'LVWULEXWLRQV RI WRS FOXVWHUV JHQHUDWHG E\ YHFWRU VSDFH PRGHO ZLWK DOO WHUPV �960��

%RWK PHWKRGV EXLOW D ODUJH FOXVWHU WKDW LV GRPLQDWHG E\ 4�SDUDJUDSKV ZLWKRXW LVVXH

FDWHJRULHV� 7KH FRQWHQW RI WKH FOXVWHU LV PRVWO\ DERXW GDLO\ SURFHGXUHV RI SROLWLFDO DJHQGDV�

6LJQLILFDQW WHUPV LQ WKH FOXVWHU DUH WHUPV WKDW DUH UHODWHG WR SROLWLFDO SURFHGXUHV�

,VVXH 1R� � LV DERXW UHIHUHQGXP� DQG LVVXH 1R�� LV DERXW MXGLFLDO UHYLHZ RI FHDVLQJ

��
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)LJXUH ���� 'LVWULEXWLRQV RI WRS FOXVWHUV JHQHUDWHG E\ YHFWRU VSDFH PRGHO ZLWK LVVXH VLJQLILFDQW
WHUPV �,67960��

FRQVWUXFWLRQ� 6LQFH WKHVH WZR LVVXHV DUH KLJKO\ UHODWHG WR SROLWLFDO SURFHGXUHV� WKH\ VKDUH

D ORW RI FRPPRQ WHUPV ZLWK WKHVH 4�SDUDJUDSKV ZLWKRXW LVVXH FDWHJRU\� ,Q 960� 4�

SDUDJUDSKV DERXW WKHVH LVVXHV DUH HDVLO\ PHUJHG LQWR WKH ODUJHVW FOXVWHU� 7KHVH WZR LVVXHV

DUH VXFFHVVIXOO\ GLVWLQJXLVKHG LQ ,67960� %\ GHVFULELQJ 4�SDUDJUDSKV ZLWK RQO\ ,67V�

D FRQVLGHUDEOH DPRXQW RI WHUPV UHODWHG WR SROLWLFDO SURFHGXUHV DUH ILOWHUHG� 7KH WHUP ³ཧ

ዙ´� ZKLFK PHDQV YLRODWLRQ RI WKH FRQVWLWXWLRQ� LV HPSKDVL]HG LQ ,67 YHFWRU VSDFH PRGHO

DQG EHFDPH YHU\ GHFLVLYH LQ KLHUDUFKLFDO FOXVWHULQJ�

([FOXGLQJ QDPHG HQWLWLHV IURP WHUP YHFWRUV LV DOVR FUXFLDO� 960 WHQGV WR EXLOG FOXV�

WHUV WKDW IRFXV RQ QDPHG HQWLWLHV� ,Q )LJXUH ���� WKH VHFRQG ODUJHVW FOXVWHU IRFXV RQ 7DLZDQ

3RZHU &RPSDQ\ DQG WKH PLQLVWHU RI HFRQRPLF DIIDLUV� ZKLOH WKH WKLUG ODUJHVW FOXVWHU IR�

FXV RQ WKH PD\RU RI 7DLSHL &LW\� $V D FRQVHTXHQFH� ERWK RI WKH FOXVWHUV FRQWDLQ VHYHUDO

FDWHJRULHV RI 4�SDUDJUDSKV IURP WKHVH SXEOLF ILJXUHV� ZKLFK OHDGV WR D ORZ SXULW\�

��� (YDOXDWH 6DOLHQW ,VVXH 0LQLQJ

,Q WKLV VHFWLRQ� ZH VKRZ WKH LVVXH OLVWV JHQHUDWHG E\ GLIIHUHQW LVVXH PLQLQJ PHWKRGV

DQG FRPSDUH WKHLU SHUIRUPDQFH� $Q LVVXH OLVW L LV HYDOXDWHG RQ WZR PDMRU DVSHFWV� )LUVW�

ZH HYDOXDWH WKH DPRXQW RI VDOLHQW LVVXHV VXFFHVVIXOO\ UHYHDOHG E\ WKH LVVXH OLVW� 6HFRQG�

��



WKH OLVW VKRXOG SURYLGH DV OHVV IDOVH LVVXHV DV SRVVLEOH�

����� (YDOXDWLRQ &ULWHULD

,Q DQ LVVXH OLVW L� HDFK LVVXH LV UHSUHVHQWHG E\ D ODEHO la� :H HYDOXDWH L E\ WKH LV�

VXHV LW VXFFHVVIXOO\ UHYHDOHG� )RU HYHU\ VDOLHQW LVVXH LQ WKH JURXQG�WUXWK OLVW� ZH FKHFN

ZKHWKHU RQH RI LWV DYDLODEOH ODEHOV H[LVWV LQ L� ,I VXFK ODEHO H[LVWV� ZH FRQVLGHUHG WKH LVVXH

VXFFHVVIXOO\ GLVFRYHUHG E\ L�

:H DOVR HYDOXDWH ZKHWKHU DQ LVVXH OLVW LV SUHFLVH� 7KH V\VWHP VKRXOG SURYLGH DV OHVV

IDOVH LVVXH DV SRVVLEOH� 3UHFLVLRQ RI D L LV GHILQHG DV WKH UDWLR RI LWV ODEHOV WKDW H[LVW LQ WKH

JURXQG�WUXWK OLVW�

����� &RPSDUHG 0HWKRGV

:H LPSOHPHQWHG WZR PHWKRGV� ZKLFK DUH 4�960 DQG 4�,67960� WKDW DUH EDVHG

RQ LVVXH FOXVWHULQJ� 4�SDUDJUDSKV DUH ILUVW H[WUDFWHG E\ TXRWDWLRQ GHWHFWLRQ ZKLFK ZH

LQWURGXFH LQ 6HFWLRQ ���� 7KHQ� ZH DSSO\ LVVXH FOXVWHULQJ WR WKH H[WUDFWHG TXRWDWLRQV�

9HFWRU VSDFH LV JHQHUDWHG E\ DOO WHUPV LQ 4�960� ZKLOH YHFWRU VSDFH LV JHQHUDWHG E\

,67V LQ 4�,67960� %RWK PHWKRGV XVH 7)�0,') DV WHUP ZHLJKWLQJ PHWKRG DQG +$& DV

FOXVWHULQJ PHWKRG�

7R HYDOXDWH LVVXH PLQLQJ EDVHG RQ LVVXH FOXVWHULQJ� ZH EXLOG DQ DOJRULWKP� ZKLFK LV

UHIHUUHG WR DV 6�960� WKDW PLQH LVVXHV ZLWK DUWLFOH FOXVWHULQJ� )RU D JLYHQ FRUSXV� HYHU\

QHZV DUWLFOH LV PDSSHG WR D WHUP YHFWRU� :H DSSO\ +$& RQ WKH WHUP YHFWRUV WR JURXS

WRJHWKHU DUWLFOHV WKDW KDYH VLPLODU VHPDQWLF DSSHDUDQFH�

7KUHH PHWKRGV VKDUH WKH VDPH SURFHGXUH DIWHU WKH FOXVWHULQJ VWHS� )LUVW� ZH UHPRYH

FOXVWHUV WKDW DUH QRW ODUJH HQRXJK� &OXVWHUV WKDW GR QRW FRQWDLQ PRUH WKDQ � SHUFHQW RI

4�SDUDJUDSKV�DUWLFOHV DUH UHPRYHG� 7KHQ� D ODEHO LV VHOHFWHG IRU HDFK FOXVWHU XVLQJ WKH

WHFKQLTXHV ZKLFK ZH GHVFULEHG LQ 6HFWLRQ ����

,VVXH OLVWV JHQHUDWHG E\ WKH WKUHH PHWKRGV DUH VKRZQ LQ WDEOH ����

��
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7DEOH ���� ,VVXH OLVWV JHQHUDWHG E\ LVVXH PLQLQJ PHWKRGV�

3UHFLVLRQ ,VVXH 'LVFRYHUHG
6�960 ����� �
4�960 ����� �

4�,67960 ����� �

7DEOH ���� 3HUIRUPDQFHV RI PHWKRGV RQ LVVXH PLQLQJ�

����� ([SHULPHQW 5HVXOWV

7KH SHUIRUPDQFHV RI LVVXH PLQLQJ PHWKRGV DUH VKRZQ LQ WDEOH ����

7KH PDLQ REVWDFOH RI 6�960 RQ WKH WDVN LV WKDW QHZV DUWLFOHV DUH XVXDOO\ WULJJHUHG

E\ HYHQWV LQVWHDG RI LVVXHV� 6RPH LVVXHV DUH RIWHQ PHQWLRQHG LQ FRPPHQWDU\ SDUDJUDSKV�

EXW VHOGRP EHFRPH WKH VXEMHFW RI D DUWLFOH� $ ODUJH DPRXQW RI QHZV DUWLFOHV DUH UHODWHG

WR SROLWLFDO SURFHGXUHV� ,VVXHV WKDW DUH QRW UHODWHG WR SROLWLFDO SURFHGXUHV� VXFK DV QXFOHDU

ZDVWH GLVSRVDO DQG VHFXULW\ GHWHFWLRQ� DUH HDVLO\ RYHUZKHOPHG� 7KH RQO\ LVVXH WKDW 6�960

VXFFHVVIXOO\ IRXQG LV DERXW UHIHUHQGXP� ZKLFK LV D YHU\ VDOLHQW LVVXH LQ WKH DJHQGD�

7KH GLIIHUHQFHV EHWZHHQ 4�960 DQG 4�,67960 DUH H[SODLQHG LQ 6HFWLRQ ������ ,Q

4�960� LVVXH FOXVWHUV RIWHQ IRFXV RQ QDPHG HQWLWLHV� :LWK ,67 VHOHFWLRQ� 4�,67960

EXLOG FOXVWHUV WKDW IRFXV RQ LVVXHV� 7ZR H[WUD LVVXHV DUH GLVFRYHUHG E\ 4�,67960� 3UH�

FLVLRQ RI 4�,67960 LV DOVR KLJKHU�

,VVXH 1R� � LV DQ LVVXH WKDW DOO PHWKRGV IDLO WR PLQH� ,W LV WKH LVVXH DERXW HOHFWULFLW\

SULFH DQG FDSDFLW\� &RPSDULQJ WR RWKHU LVVXHV� LW LV DQ LVVXH WKDW FRYHUV GLYHUVH FRQFHSWV�

(OHFWULFLW\ SULFH� HOHFWULFLW\ FDSDFLW\� DQG FRVW RI SRZHU SURGXFWLRQ DUH DOO LQFOXGHG LQ WKLV

LVVXH� 7HUP XVDJH LV YHU\ GLIIHUHQW LQ WKLV LVVXH� %\ DGRSWLQJ YHFWRU VSDFH PRGHO� ZH

LQKHULW WKH DVVXPSWLRQ WKDW DOO WHUPV DUH LQGHSHQGHQW� 7ZR 4�SDUDJUDSKV WDONLQJ DERXW

³ྐʍᄔӶ´ DQG ³աྐ´ UHVSHFWLYHO\ PD\ EH FRQVLGHUHG LUUHOHYDQW� HYHQ WKRXJK WKH WZR

��



WHUPV DUH KLJKO\ UHODWHG LQ KXPDQ FRQFHSW�

��



��



&KDSWHU �

&RQFOXVLRQ

3XEOLF DJHQGD LV RQH RI WKH PRVW LPSRUWDQW PHDQV IRU GHPRFUDWLF SDUWLFLSDWLRQ� +RZ�

HYHU� LQGLYLGXDOV IDFH WKH WKUHDW WKDW UHODWHG LVVXHV PLJKW EH XQGHUVWDWHG RU ILOWHUHG E\

ELDVHG PHGLD� ,Q D GHPRFUDF\ SROLW\� LW LV LPSRUWDQW WKDW UHODWHG LVVXHV RI D SXEOLF DJHQGD

DUH SURSHUO\ LQIRUPHG WR HOHFWRUDWHV� :H VWULYH WR H[WUDFW VDOLHQW LVVXHV IURP YDULRXV QHZV

SURYLGHUV DXWRPDWLFDOO\�

7KLV ZRUN SURSRVHG D VROXWLRQ IRU PLQLQJ VDOLHQW LVVXHV RQ SXEOLF DJHQGDV EDVHG RQ

TXRWDWLRQ DQDO\VLV� :H VKRZHG WKH FKDUDFWHULVWLFV RI TXRWDWLRQV LQ QHZV WKDW EHQHILWV LVVXH

PLQLQJ� $ SDWWHUQ�EDVHG TXRWDWLRQ GHWHFWRU LV LQWURGXFHG LQ RXU ZRUN WR HIILFLHQWO\ UHWULHYH

4�SDUDJUDSK IURP DUWLFOHV�

7KH JRDO RI LVVXH FOXVWHULQJ LV WR JURXS 4�SDUDJUDSKV WKDW GLVFXVV VDPH LVVXH WRJHWKHU�

:H LQWURGXFH D WHUP ZHLJKWLQJ PHWKRG� ZKLFK LV UHIHUUHG WR DV 7)�0,')� WR FRQTXHU

WKH SUREOHP WKDW LVVXH�UHODWHG WHUPV DUH XQGHUHVWLPDWHG ZLWK 7)�,')� $ WHUP VHOHFWLRQ

SURFHGXUH� QDPHO\ ,67 VHOHFWLRQ� LV SURSRVHG WR UHWULHYH WHUPV WKDW DUH SRWHQWLDOO\ UHODWHG

WR DQ LVVXH�

$ GDWDVHW RI ��� QHZV DUWLFOHV DQG ��� 4�SDUDJUDSKV DERXW D SXEOLF DJHQGD LV FRPSLOHG

IRU HYDOXDWLQJ RXU V\VWHP� � VDOLHQW LVVXHV DUH LGHQWLILHG IURP WKH FRUSXV� DQG4�SDUDJUDSKV

DUH FDWHJRUL]HG DFFRUGLQJ WR WKHVH LVVXHV� :H HYDOXDWH WKH EHKDYLRU RI LVVXH FOXVWHULQJ

ZKHQ XVLQJ GLIIHUHQW W\SHV RI WHUP YHFWRU� :H DOVR FRPSDUH WKH LVVXH OLVWV JHQHUDWHG E\

PHWKRGV WKDW LQYROYH LVVXH FOXVWHULQJ DQG D PHWKRG WKDW GRHV QRW�

��



��� 6XPPDU\ RI &RQWULEXWLRQ

:H VXPPDUL]H WKH FRQWULEXWLRQ RI RXU ZRUN DV IROORZV�

� :H LGHQWLI\ WKH LPSRUWDQFH DQG GHILQLWLRQ RI VDOLHQW LVVXH PLQLQJ RQ SXEOLF DJHQGDV�

$ VROXWLRQ EDVHG RQ TXRWDWLRQ DQDO\VLV LV SURSRVHG LQ RXU ZRUN�

� 7KH FKDOOHQJHV RI FOXVWHULQJ 4�SDUDJUDSKV DUH UHYHDOHG LQ WKLV WKHVLV� :H LQWURGXFH

LVVXH VLJQLILFDQW WHUPV WR FOXVWHU 4�SDUDJUDSKV EDVHG RQ WKH LVVXH WKH\ GLVFXVV� ([�

SHULPHQWV VKRZ WKDW LW RXWSHUIRUPV WKH WUDGLWLRQDO YHFWRU VSDFH PRGHO RQ WKH WDVN�

� $ GDWDVHW WKDW LQFOXGHV ��� QHZV DUWLFOHV DQG ��� 4�SDUDJUDSKV LV FRPSLOHG LQ RXU

ZRUN� ZKLFK FDQ EH XVHG LQ IXWXUH UHVHDUFK� � VDOLHQW LVVXHV DUH LGHQWLILHG IURP WKH

FRUSXV� DQG 4�SDUDJUDSKV DUH FDWHJRUL]HG DFFRUGLQJ WR WKHVH LVVXHV�

��� )XWXUH :RUN

7KHUH DUH VHYHUDO OLPLWDWLRQV LQ RXU ZRUN WKDW UHTXLUHV IXWXUH LPSURYHPHQWV� :H LGHQ�

WLI\ WKHP DV IROORZ�

� 7DEOH ��� VKRZV WKH GLVWULEXWLRQ RI WKH ��� 4�SDUDJUDSKV ZH DQQRWDWHG� $FFRUGLQJ

WR RXU H[SHULPHQWV� LI ZH IRFXV RQ RQO\ WKH ��� 4�SDUDJUDSKV WKDW EHORQJV WR D

FDWHJRU\� RXU PHWKRGV FRXOG DFKLHYH EHWWHU SHUIRUPDQFH RQ FOXVWHULQJ� 'HDOLQJ ZLWK

DOO ��� 4�SDUDJUDSKV WRJHWKHU UDLVHV WKH GLIILFXOW\ RI FOXVWHULQJ GUDPDWLFDOO\� 7KH

UREXVWQHVV DQG HIIHFWLYHQHVV RI WKH LVVXH PLQLQJ VROXWLRQ FRXOG ERWK LQFUHDVHV LI ZH

EXLOG D ILOWHU WKDW MXGJHV ZKHWKHU D 4�SDUDJUDSK LV OLNHO\ WR FRQWDLQ DQ LVVXH� )XWXUH

ZRUN RQ FODVVLI\LQJ 4�SDUDJUDSKV LV GHVLUHG�

� 7KH GHWHFWLRQ RI SXEOLF DJHQGDV IURP D JHQHUDO FRUSXV RI QHZV DUWLFOHV LV QRW LQ�

FOXGHG LQ RXU UHVHDUFK VFRSH� 7HFKQLTXHV LQ WKH UHVHDUFK ILHOG RI WRSLF GHWHFWLRQ DQG

WUDFNLQJ �7'7� DUH DEOH WR GHWHFW WRSLFV DQG JURXS DUWLFOHV E\ WKHLU WRSLFV >�@� ,Q

7'7� D WRSLF LV DQ HYHQW RU DFWLYLW\� DORQJ ZLWK DOO GLUHFWO\ UHODWHG HYHQWV� *HQHUDOO\

VSHDNLQJ� ZH FDQ WUHDW SXEOLF DJHQGDV DV WRSLFV DQG DSSO\ 7'7 WHFKQLTXHV WR GHWHFW

��



DJHQGD� )XUWKHU UHVHDUFK LV UHTXLUHG WR DXWRPDWLFDOO\ GHWHFW SXEOLF DJHQGDV IURP

QHZV DUWLFOHV�

��



��



%LEOLRJUDSK\

>�@ 0� 6� $OGHQGHUIHU DQG 5� .� %ODVKILHOG� &OXVWHU DQDO\VLV� 4XDQWLWDWLYH DSSOLFDWLRQV

LQ WKH VRFLDO VFLHQFHV� %HYHUO\ +LOOV� 6DJH 3XEOLFDWLRQ� �����

>�@ -� $OODQ� HGLWRU� 7RSLF GHWHFWLRQ DQG WUDFNLQJ� HYHQW�EDVHG LQIRUPDWLRQ RUJDQL]DWLRQ�

.OXZHU $FDGHPLF 3XEOLVKHUV� 1RUZHOO� 0$� 86$� �����

>�@ -� $OODQ� 5� *XSWD� DQG 9� .KDQGHOZDO� 7HPSRUDO VXPPDULHV RI QHZ WRSLFV� ,Q

3URFHHGLQJV RI WKH ��WK DQQXDO LQWHUQDWLRQDO $&0 6,*,5 FRQIHUHQFH RQ 5HVHDUFK

DQG GHYHORSPHQW LQ LQIRUPDWLRQ UHWULHYDO� SDJHV ��±��� $&0� �����

>�@ -� $OODQ� 5� 3DSND� DQG 9� /DYUHQNR� 2Q�OLQH QHZ HYHQW GHWHFWLRQ DQG WUDFNLQJ� ,Q

3URFHHGLQJV RI WKH ��VW DQQXDO LQWHUQDWLRQDO $&0 6,*,5 FRQIHUHQFH RQ 5HVHDUFK

DQG GHYHORSPHQW LQ LQIRUPDWLRQ UHWULHYDO� SDJHV ��±��� $&0� �����

>�@ 3� %DFKUDFK DQG 0� 6� %DUDW]� 3RZHU DQG SRYHUW\� 7KHRU\ DQG SUDFWLFH� 2[IRUG

8QLYHUVLW\ 3UHVV� �����

>�@ '� 3� %DURQ� 3HUVLVWHQW PHGLD ELDV� -RXUQDO RI 3XEOLF (FRQRPLFV� �������±��� �����

>�@ '� %LOOVXV DQG 0� -� 3D]]DQL� $ K\EULG XVHU PRGHO IRU QHZV VWRU\ FODVVLILFD�

WLRQ� &2856(6 $1' /(&785(6�,17(51$7,21$/ &(175( )25 0(&+$1,�

&$/ 6&,(1&(6� SDJHV ��±���� �����

>�@ '� %LOOVXV DQG0� -� 3D]]DQL� $ SHUVRQDO QHZV DJHQW WKDW WDONV� OHDUQV DQG H[SODLQV� ,Q

3URFHHGLQJV RI WKH WKLUG DQQXDO FRQIHUHQFH RQ $XWRQRPRXV $JHQWV� SDJHV ���±����

$&0� �����

��



>�@ 7� %UDQWV� )� &KHQ� DQG $� )DUDKDW� $ V\VWHP IRU QHZ HYHQW GHWHFWLRQ� ,Q 3UR�

FHHGLQJV RI WKH ��WK DQQXDO LQWHUQDWLRQDO $&0 6,*,5 FRQIHUHQFH RQ 5HVHDUFK DQG

GHYHORSPHQW LQ LQIRUPDLRQ UHWULHYDO� SDJHV ���±���� $&0� �����

>��@ ,� &DQWDGRU� $� %HOORJtQ� DQG 3� &DVWHOOV� 2QWRORJ\�EDVHG SHUVRQDOLVHG DQG FRQWH[W�

DZDUH UHFRPPHQGDWLRQV RI QHZV LWHPV� ,Q :HE ,QWHOOLJHQFH DQG ,QWHOOLJHQW $JHQW

7HFKQRORJ\� ����� :,�,$7¶��� ,(((�:,&�$&0 ,QWHUQDWLRQDO &RQIHUHQFH RQ� YRO�

XPH �� SDJHV ���±���� ,(((� �����

>��@ 3��&� &KDQJ� 0� *DOOH\� DQG &� '� 0DQQLQJ� 2SWLPL]LQJ FKLQHVH ZRUG VHJPHQWD�

WLRQ IRU PDFKLQH WUDQVODWLRQ SHUIRUPDQFH� ,Q 3URFHHGLQJV RI WKH 7KLUG :RUNVKRS

RQ 6WDWLVWLFDO 0DFKLQH 7UDQVODWLRQ� SDJHV ���±���� $VVRFLDWLRQ IRU &RPSXWDWLRQDO

/LQJXLVWLFV� �����

>��@ -��+� &KLDQJ DQG <��&� &KHQ� $Q LQWHOOLJHQW QHZV UHFRPPHQGHU DJHQW IRU ILOWHULQJ

DQG FDWHJRUL]LQJ ODUJH YROXPHV RI WH[W FRUSXV� ,QWHUQDWLRQDO -RXUQDO RI ,QWHOOLJHQW

6\VWHPV� ���������±���� �����

>��@ /��)� &KLHQ� 3DW�WUHH�EDVHG NH\ZRUG H[WUDFWLRQ IRU FKLQHVH LQIRUPDWLRQ UHWULHYDO� ,Q

$&0 6,*,5 )RUXP� YROXPH ��� SDJHV ��±��� $&0� �����

>��@ +� /� &KLHX DQG <� .� /HH� 4XHU\ EDVHG HYHQW H[WUDFWLRQ DORQJ D WLPHOLQH� ,Q 3UR�

FHHGLQJV RI WKH ��WK DQQXDO LQWHUQDWLRQDO $&0 6,*,5 FRQIHUHQFH RQ 5HVHDUFK DQG

GHYHORSPHQW LQ LQIRUPDWLRQ UHWULHYDO� SDJHV ���±���� $&0� �����

>��@ <� &KRL� <� -XQJ� DQG 6��+� 0\DHQJ� ,GHQWLI\LQJ FRQWURYHUVLDO LVVXHV DQG WKHLU VXE�

WRSLFV LQ QHZV DUWLFOHV� ,Q ,QWHOOLJHQFH DQG 6HFXULW\ ,QIRUPDWLFV� SDJHV ���±����

6SULQJHU� �����

>��@ 5� :� &REE DQG &� '� (OGHU� 7KH SROLWLFV RI DJHQGD�EXLOGLQJ� $Q DOWHUQDWLYH SHU�

VSHFWLYH IRU PRGHUQ GHPRFUDWLF WKHRU\� 7KH -RXUQDO RI 3ROLWLFV� ���������±����

�����

��



>��@ $� )HQJ DQG -� $OODQ� )LQGLQJ DQG OLQNLQJ LQFLGHQWV LQ QHZV� ,Q 3URFHHGLQJV RI WKH

VL[WHHQWK $&0 FRQIHUHQFH RQ &RQIHUHQFH RQ LQIRUPDWLRQ DQG NQRZOHGJH PDQDJH�

PHQW� SDJHV ���±���� $&0� �����

>��@ $� )HQJ DQG -� $OODQ� ,QFLGHQW WKUHDGLQJ IRU QHZV SDVVDJHV� ,Q 3URFHHGLQJV RI

WKH ��WK $&0 FRQIHUHQFH RQ ,QIRUPDWLRQ DQG NQRZOHGJH PDQDJHPHQW� SDJHV ����±

����� $&0� �����

>��@ 3� *DUUHWW DQG $� %HOO� 0HGLD DQG GLVFRXUVH� $ FULWLFDO RYHUYLHZ� $SSURDFKHV WR

PHGLD GLVFRXUVH� 2[IRUG� %ODFNZHOO� SDJHV �±��� �����

>��@ 5� *LEVRQ DQG '� =LOOPDQQ� 7KH LPSDFW RI TXRWDWLRQ LQ QHZV UHSRUWV RQ LVVXH SHU�

FHSWLRQ� -RXUQDOLVP 	 0DVV &RPPXQLFDWLRQ 4XDUWHUO\� ���������±���� �����

>��@ -� *ROGVWHLQ� 0� .DQWURZLW]� 9� 0LWWDO� DQG -� &DUERQHOO� 6XPPDUL]LQJ WH[W GRFX�

PHQWV� VHQWHQFH VHOHFWLRQ DQG HYDOXDWLRQ PHWULFV� ,Q 3URFHHGLQJV RI WKH ��QG DQQXDO

LQWHUQDWLRQDO $&0 6,*,5 FRQIHUHQFH RQ 5HVHDUFK DQG GHYHORSPHQW LQ LQIRUPDWLRQ

UHWULHYDO� SDJHV ���±���� $&0� �����

>��@ 4� +H� .� &KDQJ� DQG (��3� /LP� 8VLQJ EXUVWLQHVV WR LPSURYH FOXVWHULQJ RI WRSLFV

LQ QHZV VWUHDPV� ,Q 'DWD 0LQLQJ� ����� ,&'0 ����� 6HYHQWK ,((( ,QWHUQDWLRQDO

&RQIHUHQFH RQ� SDJHV ���±���� ,(((� �����

>��@ 3� +HQVKDOO DQG '� ,QJUDP� 7KH QHZV PDQXDO �WKUHH YROXPHV�� �����

>��@ (� 6� +HUPDQ DQG 1� &KRPVN\� 0DQXIDFWXULQJ FRQVHQW� 7KH SROLWLFDO HFRQRP\ RI

WKH PDVV PHGLD� %RGOH\ +HDG� �����

>��@ -� +LUVFKEHUJ� .� 0F.HRZQ� 5� 3DVVRQQHDX� '� .� (OVRQ� DQG $� 1HQNRYD� 'R

VXPPDULHV KHOS" D WDVN�EDVHG HYDOXDWLRQ RI PXOWL�GRFXPHQW VXPPDUL]DWLRQ� �����

>��@ *� .XPDUDQ DQG -� $OODQ� 7H[W FODVVLILFDWLRQ DQG QDPHG HQWLWLHV IRU QHZ HYHQW GH�

WHFWLRQ� ,Q 3URFHHGLQJV RI WKH ��WK DQQXDO LQWHUQDWLRQDO $&0 6,*,5 FRQIHUHQFH RQ

5HVHDUFK DQG GHYHORSPHQW LQ LQIRUPDWLRQ UHWULHYDO� SDJHV ���±���� $&0� �����

��



>��@ 6� /HH DQG +��M� .LP� 1HZV NH\ZRUG H[WUDFWLRQ IRU WRSLF WUDFNLQJ� ,Q 1HWZRUNHG

&RPSXWLQJ DQG $GYDQFHG ,QIRUPDWLRQ 0DQDJHPHQW� ����� 1&0¶��� )RXUWK ,QWHU�

QDWLRQDO &RQIHUHQFH RQ� YROXPH �� SDJHV ���±���� ,(((� �����

>��@ =� /L� %� :DQJ� 0� /L� DQG :��<� 0D� $ SUREDELOLVWLF PRGHO IRU UHWURVSHFWLYH QHZV

HYHQW GHWHFWLRQ� ,Q 3URFHHGLQJV RI WKH ��WK DQQXDO LQWHUQDWLRQDO $&0 6,*,5 FRQIHU�

HQFH RQ 5HVHDUFK DQG GHYHORSPHQW LQ LQIRUPDWLRQ UHWULHYDO� SDJHV ���±���� $&0�

�����

>��@ -� /LX� 3� 'RODQ� DQG (� 5� 3HGHUVHQ� 3HUVRQDOL]HG QHZV UHFRPPHQGDWLRQ EDVHG RQ

FOLFN EHKDYLRU� ,Q 3URFHHGLQJV RI WKH ��WK LQWHUQDWLRQDO FRQIHUHQFH RQ ,QWHOOLJHQW

XVHU LQWHUIDFHV� SDJHV ��±��� $&0� �����

>��@ 0� (� 0F&RPEV DQG '� /� 6KDZ� 7KH DJHQGD�VHWWLQJ IXQFWLRQ RI PDVV PHGLD� 3XEOLF

RSLQLRQ TXDUWHUO\� ���������±���� �����

>��@ .� 0F.HRZQ DQG '� 5� 5DGHY� *HQHUDWLQJ VXPPDULHV RI PXOWLSOH QHZV DUWLFOHV� ,Q

3URFHHGLQJV RI WKH ��WK DQQXDO LQWHUQDWLRQDO $&0 6,*,5 FRQIHUHQFH RQ 5HVHDUFK

DQG GHYHORSPHQW LQ LQIRUPDWLRQ UHWULHYDO� SDJHV ��±��� $&0� �����

>��@ .� 5� 0F.HRZQ� 5� %DU]LOD\� '� (YDQV� 9� +DW]LYDVVLORJORX� -� /� .ODYDQV�

$� 1HQNRYD� &� 6DEOH� %� 6FKLIIPDQ� DQG 6� 6LJHOPDQ� 7UDFNLQJ DQG VXPPDUL]LQJ

QHZV RQ D GDLO\ EDVLV ZLWK FROXPELD¶V QHZVEODVWHU� ,Q 3URFHHGLQJV RI WKH VHFRQG LQ�

WHUQDWLRQDO FRQIHUHQFH RQ +XPDQ /DQJXDJH 7HFKQRORJ\ 5HVHDUFK� SDJHV ���±����

0RUJDQ .DXIPDQQ 3XEOLVKHUV ,QF�� �����

>��@ 5� 1DOODSDWL� $� )HQJ� )� 3HQJ� DQG -� $OODQ� (YHQW WKUHDGLQJ ZLWKLQ QHZV WRSLFV�

,Q 3URFHHGLQJV RI WKH WKLUWHHQWK $&0 LQWHUQDWLRQDO FRQIHUHQFH RQ ,QIRUPDWLRQ DQG

NQRZOHGJH PDQDJHPHQW� SDJHV ���±���� $&0� �����

>��@ '� 5DGHY� -� 2WWHUEDFKHU� $� :LQNHO� DQG 6� %ODLU�*ROGHQVRKQ� 1HZVLQHVVHQFH�

VXPPDUL]LQJ RQOLQH QHZV WRSLFV� &RPPXQLFDWLRQV RI WKH $&0� ���������±��� �����

>��@ *� 6DOWRQ� $� :RQJ� DQG &��6� <DQJ� $ YHFWRU VSDFH PRGHO IRU DXWRPDWLF LQGH[LQJ�

&RPPXQLFDWLRQV RI WKH $&0� ����������±���� �����

��



>��@ +� 7RGD DQG 5� .DWDRND� $ FOXVWHULQJ PHWKRG IRU QHZV DUWLFOHV UHWULHYDO V\VWHP�

,Q 6SHFLDO LQWHUHVW WUDFNV DQG SRVWHUV RI WKH ��WK LQWHUQDWLRQDO FRQIHUHQFH RQ :RUOG

:LGH :HE� SDJHV ���±���� $&0� �����

>��@ '� 7ULHVFKQLJJ DQG :� .UDDLM� +LHUDUFKLFDO WRSLF GHWHFWLRQ LQ ODUJH GLJLWDO QHZV

DUFKLYHV� ,Q 3URFHHGLQJV RI WKH �WK 'XWFK %HOJLDQ ,QIRUPDWLRQ 5HWULHYDO ZRUNVKRS�

SDJHV ��±��� �����

>��@ 5� 7��+� 7VDL� &KLQHVH WH[W VHJPHQWDWLRQ� $ K\EULG DSSURDFK XVLQJ WUDQVGXFWLYH

OHDUQLQJ DQG VWDWLVWLFDO DVVRFLDWLRQ PHDVXUHV� ([SHUW 6\VWHPV ZLWK $SSOLFDWLRQV�

����������±����� �����

>��@ 7��+� 7VDL� 6��+� :X� &��:� /HH� &��:� 6KLK� DQG :��/� +VX� 0HQFLXV� $ FKLQHVH

QDPHG HQWLW\ UHFRJQL]HU XVLQJ WKH PD[LPXP HQWURS\�EDVHG K\EULG PRGHO� ,QWHU�

QDWLRQDO -RXUQDO RI &RPSXWDWLRQDO /LQJXLVWLFV DQG &KLQHVH /DQJXDJH 3URFHVVLQJ�

����� �����

>��@ ;� :DQ DQG -� <DQJ� &ROODEVXP� H[SORLWLQJ PXOWLSOH GRFXPHQW FOXVWHULQJ IRU FRO�

ODERUDWLYH VLQJOH GRFXPHQW VXPPDUL]DWLRQV� ,Q 3URFHHGLQJV RI WKH ��WK DQQXDO LQ�

WHUQDWLRQDO $&0 6,*,5 FRQIHUHQFH RQ 5HVHDUFK DQG GHYHORSPHQW LQ LQIRUPDWLRQ

UHWULHYDO� SDJHV ���±���� $&0� �����

>��@ &� :DQJ� 0� =KDQJ� /� 5X� DQG 6� 0D� $Q DXWRPDWLF RQOLQH QHZV WRSLF NH\SKUDVH

H[WUDFWLRQ V\VWHP� ,Q :HE ,QWHOOLJHQFH DQG ,QWHOOLJHQW $JHQW 7HFKQRORJ\� ����� :,�

,$7¶��� ,(((�:,&�$&0 ,QWHUQDWLRQDO &RQIHUHQFH RQ� YROXPH �� SDJHV ���±����

,(((� �����

>��@ &��:� :X� 5� 7��+� 7VDL� DQG :��/� +VX� 6HPL�MRLQW ODEHOLQJ IRU FKLQHVH QDPHG

HQWLW\ UHFRJQLWLRQ� ,Q ,QIRUPDWLRQ 5HWULHYDO 7HFKQRORJ\� SDJHV ���±���� 6SULQJHU�

�����

>��@ 5� <DQ� /� .RQJ� &� +XDQJ� ;� :DQ� ;� /L� DQG <� =KDQJ� 7LPHOLQH JHQHUDWLRQ

WKURXJK HYROXWLRQDU\ WUDQV�WHPSRUDO VXPPDUL]DWLRQ� ,Q 3URFHHGLQJV RI WKH &RQIHU�

��



HQFH RQ (PSLULFDO 0HWKRGV LQ 1DWXUDO /DQJXDJH 3URFHVVLQJ� SDJHV ���±���� $VVR�

FLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV� �����

>��@ 5� <DQ� ;� :DQ� -� 2WWHUEDFKHU� /� .RQJ� ;� /L� DQG <� =KDQJ� (YROXWLRQDU\ WLPH�

OLQH VXPPDUL]DWLRQ� D EDODQFHG RSWLPL]DWLRQ IUDPHZRUN YLD LWHUDWLYH VXEVWLWXWLRQ�

,Q 3URFHHGLQJV RI WKH ��WK LQWHUQDWLRQDO $&0 6,*,5 FRQIHUHQFH RQ 5HVHDUFK DQG

GHYHORSPHQW LQ ,QIRUPDWLRQ 5HWULHYDO� SDJHV ���±���� $&0� �����

>��@ :� <DQJ� &KLQHVH NH\ZRUG H[WUDFWLRQ EDVHG RQ PD[�GXSOLFDWHG VWULQJV RI WKH GRFX�

PHQWV� ,Q 3URFHHGLQJV RI WKH ��WK DQQXDO LQWHUQDWLRQDO $&0 6,*,5 FRQIHUHQFH RQ

5HVHDUFK DQG GHYHORSPHQW LQ LQIRUPDWLRQ UHWULHYDO� SDJHV ���±���� $&0� �����

>��@ <� <DQJ� 7� 3LHUFH� DQG -� &DUERQHOO� $ VWXG\ RI UHWURVSHFWLYH DQG RQ�OLQH HYHQW

GHWHFWLRQ� ,Q 3URFHHGLQJV RI WKH ��VW DQQXDO LQWHUQDWLRQDO $&0 6,*,5 FRQIHUHQFH

RQ 5HVHDUFK DQG GHYHORSPHQW LQ LQIRUPDWLRQ UHWULHYDO� SDJHV ��±��� $&0� �����

��


