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%HIRUH DQ\RQH HOVH� , KDYH WR WKDQN P\ DGYLVRUV� , ORRNHG IRUZDUG WR HYHU\ PHHWLQJ�

DQG QR PDWWHU KRZ PXFK , ZULWH LQ JUDWLWXGH� LW GRHVQ¶W IHHO OLNH HQRXJK� ,¶P UHDOL]LQJ

PRUH DQG PRUH WKDW P\ RZQ DFDGHPLF SHUVRQDOLW\ LV FRQVWUXFWHG RXW RI SLHFHV RI HDFK

RI WKHP� IURP WKH ELJ WKLQJV �WKH ZD\ , WHDFK� WR WKH LQFUHGLEO\ VPDOO �WKH ZD\ , VLJQ

H�PDLOV��

-RH 3DWHU LV RQH RI WKH PDLQ UHDVRQV WKLV GLVVHUWDWLRQ ZDV ILQLVKHG� 7KURXJKRXW P\

HQWLUH JUDGXDWH FDUHHU� -RH ZDV VLPXOWDQHRXVO\ VXSSRUWLYH RI PH DQG FULWLFDO RI P\ LGHDV�

, DSSUHFLDWH ERWK� )RU HYHU\ JRRG LGHD LQ WKLV GLVVHUWDWLRQ� WKHUH DUH WZR ZRUVH LGHDV WKDW

GLGQ¶W VXUYLYH RXU PHHWLQJV� :LWKRXW KLP� , GRXEW , ZRXOG¶YH HYHU FRQVLGHUHG WKH UDQJH

RI SRVVLELOLWLHV LQ OLQJXLVWLF WKHRU\� ZHLJKWHG FRQVWUDLQWV� YDULDWLRQ� OHDUQDELOLW\� VWDWLVWLFV�

:KHQ , GHFLGHG WR EHFRPH D OLQJXLVW� , ZDV FHUWDLQ , ZRXOG QHYHU ZRUN RQ VXFK WKLQJV�

DQG WKDW¶V ZK\ ,¶P JODG , IRXQG -RH�

-RKQ 0F&DUWK\¶V SXVK WRZDUGV H[SOLFLWQHVV PDGH HYHU\ LGHD FOHDUHU� H[SRVLQJ LWV

VKRUWFRPLQJV DQG DGYDQWDJHV� +H DOVR NQRZV SUHWW\ PXFK HYHU\WKLQJ� 0\ RQO\ FRPSODLQW

DERXW ZRUNLQJ ZLWK -RKQ LV WKDW KH DOZD\V NQHZ P\ DQDO\VLV EHIRUH , GLG� 0\ KDUG HDUQHG

FOHYHUQHVV ZDV DOZD\V PHW ZLWK HIIRUWOHVV IRUHVLJKW� ,¶P PRVW JUDWHIXO IRU KRZ PXFK

-RKQ WDXJKW PH EH\RQG OLQJXLVWLFV� FODULW\ LQ ZULWLQJ DQG WKRXJKW� DQG JHQHURVLW\ DQG

FKDULW\ LQ DSSURDFKLQJ WKH LGHDV RI RWKHUV�

/\Q )UD]LHU LQWURGXFHG PH WR HQWLUHO\ QHZ OLWHUDWXUHV� HVSHFLDOO\ LQ SV\FKROLQJXLVWLFV

DQG VSHHFK SURGXFWLRQ� /\Q DOZD\V IRXQG ZD\V WR FRQQHFW WKHVH OLWHUDWXUHV WR P\ TXHV�

WLRQV DERXW PRUSKRSKRQRORJ\� 3HUKDSV PRVW LPSRUWDQWO\� VKH WDXJKW PH WKH GLIIHUHQFH

EHWZHHQ D K\SRWKHVLV DQG D SUHGLFWLRQ� DQG , ORRN IRUZDUG WR WRUWXULQJ P\ RZQ VWXGHQWV

ZLWK TXHVWLRQV VXFK DV ³%XW ZKDW¶V \RXU K\SRWKHVLV"´ DQG ³%XW ZK\ GR ZH FDUH"´

Y



/LVD 6DQGHUV VHUYHG DV DQ LQYDOXDEOH DQG LQVLJKWIXO RXWVLGH PHPEHU RI WKH FRPPLWWHH�

+HU LQSXW PDGH PDQ\ VHFWLRQV RI WKH GLVVHUWDWLRQ PXFK FOHDUHU� HVSHFLDOO\ IRU QRQ�

VSHFLDOLVWV� 6KH DOVR DVNHG VRPH RI WKH KDUGHVW TXHVWLRQV DW P\ GHIHQVH� ZKLFK KDYH

VKDSHG D JUHDW GHDO RI P\ SRVW�GLVVHUWDWLRQ UHVHDUFK�

,¶P OXFN\ WR NQRZ D ZRQGHUIXO JURXS RI SHRSOH IURP 6RXWK &ROOHJH� DOO RI ZKRP ,

ORRN IRUZDUG WR EXPSLQJ LQWR DW FRQIHUHQFHV LQ WKH FRPLQJ \HDUV� 0\ FRKRUWPDWHV ± .HYLQ

0XOOLQ� 6X]L /LPD� DQG &OLQW +DUW]HOO ± ZHUH D FRQVWDQW VRXUFH RI VXSSRUW DQG IULHQGVKLS�

7KH RWKHU SKRQRORJ\ VWXGHQWV PDGH HYHU\ VHPLQDU D MR\� DQG WKH QRQ�SKRQRORJLVWV

SURYLGHG ERWK D ELW RI SHUVSHFWLYH �³\RX VKRXOG OHDUQ 'LVWULEXWHG 0RUSKRORJ\´� DQG

GLVWUDFWLRQ IURP OLQJXLVWLFV �³\RX VKRXOG SOD\ PRUH ERDUG JDPHV´�� ,¶OO WKDQN MXVW D IHZ

SHRSOH KHUH� EHFDXVH WKH FRPSOHWH OLVW ZRXOG ILOO SDJHV� 7KH\ DUH� $QLVD 6FKDUGO� %REE\

$PRXU� &ODLUH 0RRUH�&DQWZHOO� 'DW 1JX\HQ� 'XVWLQ 1JR� (PLO\ (OIQHU� *HRUGLH +LQH�

,Y\ +DXVHU� .DUHQ -HVQH\� .DWKU\Q 3UXLWW� 0DUWLQ :DONRZ� 0DWWKHZ +LQH� 0LNH &ODXVV�

3UHVOH\ 3L]]R� DQG 7RP 0D[ILHOG� )LQDOO\� WKHUH ZHUH PDQ\ RWKHU SURIHVVRUV DW 80DVV

ZKR , ORRNHG IRUZDUG WR SDVVLQJ LQ WKH KDOOV DQG DOVR OHDUQHG D ORW IURP� LQFOXGLQJ $OLFH

+DUULV� (OOHQ :RROIRUG� -RKQ .LQJVWRQ� .\OH -RKQVRQ� .ULVWLQH <X� DQG 5DMHVK %KDWW�

%H\RQG 80DVV� PDQ\ RI WKH LGHDV KHUH EHQHILWHG IURP IHHGEDFN DW WKH ��WK DQG

��VW 0DQFKHVWHU 3KRQRORJ\ 0HHWLQJV� DQG WKH ���� :RUNVKRS RQ $OORPRUSK\ DW WKH

8QLYHUVLW\ RI -HUXVDOHP� 5HQDWH 5DIIHOVLHIHQ DQG 5LFDUGR�%HUP~GH] 2WHUR SURYLGHG D ORW

RI KHOSIXO IHHGEDFN� HVSHFLDOO\ UHJDUGLQJ ��D�OLFLRXV� DQG 6WHSKDQLH 6KLK DQG .LH =XUDZ

SURYLGHG FRXQWOHVV LQYDOXDEOH GLVFXVVLRQV DERXW PRUSKRORJ\� SKRQRORJ\� DQG VWDWLVWLFV�

$ SDSHU YHUVLRQ RI WKH ��D�OLFLRXV FKDSWHU DOVR EHQHILWHG IURP WKH IHHGEDFN RI WKUHH

DQRQ\PRXV UHYLHZHUV�

, VKRXOG DOVR WKDQN WKH OLQJXLVWLFV SURIHVVRUV DW 5XWJHUV 8QLYHUVLW\� P\ XQGHUJUDG

DOPD PDWHU� HVSHFLDOO\ $ODQ 3ULQFH� -DQH *ULPVKDZ� 3DXO GH /DF\� DQG 9LYLDQH 'HSUH]�

7KH\ SXVKHG PH WRZDUGV SXUVXLQJ OLQJXLVWLFV DV D FDUHHU DQG VKRZHG PH KRZ EHDXWLIXO

LW DOO FDQ EH� $ODQ LQ SDUWLFXODU ZDV D UHDO PHQWRU� WHDFKLQJ PH DERXW PXFK PRUH WKDQ

YL



SKRQRORJ\� ORJLF� SKLORVRSK\ RI VFLHQFH� KRZ WR EH D JRRG DFDGHPLF� ZKDW LW PHDQV WR

EH D PHPEHU RI D VFLHQWLILF ILHOG� DQG ZKDW D WKHRU\ LV� $OO RI WKHVH WKLQJV UHPDLQ ZLWK

PH WRGD\�

YLL
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'LUHFWHG E\� 3URIHVVRU -RH 3DWHU

7KLV GLVVHUWDWLRQ SURYLGHV D QHZ PRGHO RI WKH SKRQRORJ\�PRUSKRORJ\ LQWHUIDFH�

IRFXVLQJ RQ 3KRQRORJLFDOO\ &RQGLWLRQHG $OORPRUSK\ �3&$�� ,Q WKLV PRGHO� 85 VHOHFWLRQ

RFFXUV GXULQJ WKH SKRQRORJLFDO FRPSRQHQW� DQG PDSSLQJV EHWZHHQ PHDQLQJV DQG 85V

DUH HQFRGHG DV YLRODEOH FRQVWUDLQWV� FDOOHG 85 FRQVWUDLQWV �%RHUVPD ����� 3DWHU HW DO�

������

5DQNLQJ 85 FRQVWUDLQWV FDSWXUHV PDQ\ HPSLULFDO JHQHUDOL]DWLRQV DERXW 3&$� VXFK DV

VLPLODULWLHV EHWZHHQ 3&$ DQG SKRQRORJLFDO DOWHUQDWLRQV� WKH H[LVWHQFH RI GHIDXOWV� DQG

WKH LQWHUDFWLRQ RI 3&$ DQG SKRQRORJLFDO UHSDLUV �HSHQWKHVLV� GHOHWLRQ� HWF��� 6LQFH 3&$

IROORZV IURP WKH UDQNLQJ RU ZHLJKWLQJ RI FRQVWUDLQWV� SDWWHUQV RI 3&$ FDQ EH OHDUQHG

XVLQJ H[LVWLQJ OHDUQLQJ DOJRULWKPV� DQG PRGHOLQJ YDULDWLRQ LQ 3&$ LV VWUDLJKWIRUZDUG�

7KH PDLQ HPSLULFDO FRQFOXVLRQ LV WKDW VRPH FDVHV RI 3&$ DUH GULYHQ E\ WKH JHQHUDO

SKRQRORJLFDO JUDPPDU� DQG DUH QRW WKH UHVXOW RI VXEFDWHJRUL]DWLRQ� 7KLV FRQFOXVLRQ

IROORZV IURP WKUHH FDVH VWXGLHV� (QJOLVK D DQG DQ� )UHQFK OLDLVRQ� DQG (QJOLVK VXIIL[HV

YLLL



��D�OLFLRXV DQG ��D�WKRQ� )RU HDFK RI WKHVH FDVHV� 3&$ LV FORVHO\ LQWHJUDWHG LQWR WKH

SKRQRORJ\ RI WKH ODQJXDJH� 7KH VDPH UDQNLQJ RI FRQVWUDLQWV FDQ EH XVHG WR FDSWXUH ERWK

DOWHUQDWLRQV DQG 3&$� DQG SKRQRORJLFDO UHSDLUV OLNH HSHQWKHVLV DQG GHOHWLRQ FRQVSLUH ZLWK

3&$ WR DYRLG PDUNHG VWUXFWXUHV�

(DFK RI WKHVH FDVHV FRPHV ZLWK QRYHO GDWD DQG DQDO\VHV� )RU (QJOLVK D DQG DQ� WKH

VHOHFWLRQ RI WKH DUWLFOH LQWHUDFWV ZLWK K�GHOHWLRQ DQG ��HSHQWKHVLVݦ FRQVSLULQJ ZLWK ERWK WR

DYRLG KLDWXV� ,Q )UHQFK OLDLVRQ� WKH GHIDXOW DOORPRUSK LV RIWHQ XQSUHGLFWDEOH� DQG OLDLVRQ

LQ VRPH ZRUGV FRQVSLUHV ZLWK Q�HSHQWKHVLV WR DYRLG KLDWXV� )RU (QJOLVK ��D�OLFLRXV DQG

��D�WKRQ� 3&$ DYRLGV KLDWXV DQG VWUHVV FODVK� DQG WKH VXIIL[ ��D�OLFLRXV FRQVSLUHV ZLWK WKH

5K\WKP 5XOH WR DYRLG VWUHVV FODVKHV� )RU HDFK FDVH VWXG\� , DOVR SUHVHQW YDULDEOH GDWD�

DQDO\]HG ZLWK 85 FRQVWUDLQWV LQ 0D[LPXP (QWURS\ +DUPRQLF *UDPPDU �*ROGZDWHU DQG

-RKQVRQ ������

L[
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&+$37(5

�� ,1752'8&7,21 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 3&$� OH[LFRQ RU JUDPPDU" � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� /RRNDKHDG WR UHSDLUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 'HIDXOWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 9DULDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 3UHYLHZ RI WKH PRGHO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 2XWOLQH RI GLVVHUWDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 02'(/ $1' 5(68/76 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 2YHUYLHZ RI &KDSWHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 7KH 85& PRGHO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 7KH LQSXW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 5HSUHVHQWDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 85 FRQVWUDLQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 7KH FDQGLGDWH VHW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 5DQNLQJ 85 FRQVWUDLQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 3UHYLRXV ZRUN ZLWK H[SRQHQFH FRQVWUDLQWV � � � � � � � � � � � � � � � � � � � � � � � ��
����� 85 FRQVWUDLQWV DV D UHSODFHPHQW IRU WKH 9RFDEXODU\ � � � � � � � � � � � � � � � ��
����� 3RVVLEOH H[WHQVLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� ([WHQGLQJ WR QRQ�RSWLPL]LQJ DQG RSDTXH FDVHV � � � � � � � � � � � � � � � � � � � ��

��� 85& DFFRXQW RI D�Q� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

[



����� %DVLF SDWWHUQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� $FFRXQW RYHUYLHZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� &RQVWUDLQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 5DQNLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

������� D EHIRUH FRQVRQDQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
������� DQ EHIRUH YRZHOV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
������� 5XOLQJ RXW UHSDLUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
������� 6XSSOHWLRQ LV OLPLWHG WR D DQG DQ � � � � � � � � � � � � � � � � � � � � � � � ��
������� 6XPPDU\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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E� &RQGLWLRQLQJ� �L DIWHU FRQVRQDQWV

�JD DIWHU YRZHOV

F� ([DPSOHV� FKLE�L µKRXVH�VXEMHFW¶

FKD�JD µFDU�VXEMHFW¶

�



,Q WKH 3&$ DQDO\VLV RI .RUHDQ� WKH FKRLFH EHWZHHQ WKH 85V ��L� DQG ��JD� LV GHWHUPLQHG
E\ SKRQRORJLFDO FRQWH[W� 7KH TXHVWLRQ IRU DQ\ DFFRXQW LV ZKHUH WKLV FRQGLWLRQLQJ FRPHV

IURP�

��� 3KRQRORJLFDO FRQGLWLRQLQJ

:KHQ 85 VHOHFWLRQ LV SKRQRORJLFDOO\�FRQGLWLRQHG� KRZ LV SKRQRORJLFDO FRQGLWLRQ�

LQJ HQFRGHG"

$ FORVHO\ UHODWHG TXHVWLRQ LV WKH H[WHQW WR ZKLFK 85 VHOHFWLRQ FRQVLGHUV LWV SKRQRORJ�

LFDO FRQVHTXHQFHV�

��� /RRNDKHDG WR UHSDLUV

,I WKH FKRLFH RI D 85 FUHDWHV D SKRQRORJLFDO FRQWH[W WKDW FRQGLWLRQV WKH DSSOLFDWLRQ

RI VRPH SURFHVV RU ³UHSDLU´ �OLNH HSHQWKHVLV RU GHOHWLRQ�� GRHV 85 VHOHFWLRQ WDNH

WKHVH UHSDLUV LQWR DFFRXQW"

7KH DQVZHUV WR WKHVH WZR TXHVWLRQV DUH FORVHO\ UHODWHG� 0RVW SUHYLRXV ZRUN DGGUHVVLQJ

WKHP ILWV LQWR RQH RI WKH WZR DSSURDFKHV EHORZ�

��� 7KH OH[LFDO DSSURDFK

7KH OH[LFDO HQWU\ RI ��L� VD\V� XVH ��L� DIWHU D 85 WKDW HQGV LQ D FRQVRQDQW�

1R DFFHVV WR SKRQRORJLFDO UHSDLUV�

��� 7KH JUDPPDWLFDO DSSURDFK

8VH WKH 85 WKDW UHVXOWV LQ WKH OHDVW PDUNHG RXWSXW� H�J� PLQLPL]HV WKH QXPEHU RI

FRGDV�

)XOO DFFHVV WR SKRQRORJLFDO UHSDLUV�

7KH OH[LFDO DSSURDFK LV WDNHQ LQ PRVW RI WKH OLWHUDWXUH VXUURXQGLQJ 'LVWULEXWHG 0RU�

SKRORJ\ �'0� +DOOH DQG 0DUDQW] ������ DPRQJ RWKHUV �3DVWHU ����� ����� %\H ������

7KHVH DFFRXQWV DUJXH WKDW SKRQRORJLFDO UHTXLUHPHQWV DUH OLVWHG IRU HYHU\ DIIL[� XVXDOO\ DV

�



VXEFDWHJRUL]DWLRQ IUDPHV �VHH (PELFN ���� DQG UHIHUHQFHV ZLWKLQ�� 8QGHU VRPH RI WKHVH

DFFRXQWV� 85 VHOHFWLRQ RFFXUV EHIRUH WKH SKRQRORJ\� DQG DV D UHVXOW� 3&$ LV LQGLIIHUHQW

WR UHSDLUV�

2Q WKH RWKHU KDQG� WKH JUDPPDWLFDO DSSURDFK LV WDNHQ LQ FRQVWUDLQW�EDVHG IUDPHZRUNV�

HVSHFLDOO\ 2SWLPDOLW\ 7KHRU\ �27� 3ULQFH DQG 6PROHQVN\ ����������� 27 DFFRXQWV

RI 3&$ DUJXH WKDW SKRQRORJLFDO FRQGLWLRQLQJ HPHUJHV IURP WKH SKRQRORJLFDO JUDPPDU�

ZKLFK KDV WKH SRZHU WR GHFLGH EHWZHHQ OLVWHG 85V �0HVWHU ����� .DJHU ����� 0DVFDUy

����� :ROI ������ 6LQFH 85 VHOHFWLRQ RFFXUV GXULQJ WKH SKRQRORJ\� 3&$ FDQ DQG VKRXOG

WDNH DGYDQWDJH RI SKRQRORJLFDO UHSDLUV�

6R IDU� D ORW RI ZRUN KDV HVWDEOLVKHG WKDW WKH JUDPPDWLFDO DSSURDFK LV LQVXIILFLHQW�

0DQ\ FDVHV RI 3&$ FRQWUDGLFW WKH JHQHUDO SKRQRORJ\ RI WKHLU KRVW ODQJXDJH� DQG PDQ\

FDVHV RI 3&$ LJQRUH UHSDLUV� %DVHG RQ WKHVH GDWD� (PELFN ������ DQG 3DVWHU ������ DUJXH

WKDW WKH OH[LFDO DSSURDFK QHFHVVDU\� PDNLQJ WKH JUDPPDWLFDO DSSURDFK UHGXQGDQW�

,Q WKLV GLVVHUWDWLRQ� , WDNH D GLIIHUHQW VWDQFH� , SURYLGH D VHW RI FDVH VWXGLHV VKRZLQJ

WKH EHQHILWV DQG QHFHVVLW\ RI WKH JUDPPDWLFDO DSSURDFK� ,Q P\ DQDO\VLV RI WKHVH FDVHV�

WKH SKRQRORJLFDO JUDPPDU FKRRVHV EHWZHHQ OLVWHG 85V RQ WKH EDVLV RI D FRQVWUDLQW�EDVHG

JUDPPDU� 7KH JUDPPDU XVHG IRU 3&$ LV WKH VDPH RQH XVHG LQ WKH UHJXODU SKRQRORJ\ RI

WKH ODQJXDJH� DFFRXQWLQJ IRU WKH IDFW WKDW WKH FRQVWUDLQWV RQ 3&$ UHVHPEOH WKRVH HOVHZKHUH

LQ WKH ODQJXDJH� LQ SKRQRWDFWLFV� LQ UHSDLUV� DQG DFURVV RWKHU FDVHV RI 3&$� 0RUHRYHU�

LQ HDFK RI WKHVH FDVH VWXGLHV� 85 VHOHFWLRQ WDNHV SKRQRORJLFDO UHSDLUV LQWR DFFRXQW� 85

VHOHFWLRQ DQG UHSDLUV ZRUN WRJHWKHU WR DFWLYHO\ DYRLG WKH VDPH PDUNHG VWUXFWXUHV�

$OWKRXJK , IRFXV RQ WKH HYLGHQFH VKRZLQJ WKH QHFHVVLW\ RI WKH JUDPPDWLFDO DSSURDFK�

WKH XOWLPDWH FRQFOXVLRQ LV WKDW VRPH FRPELQDWLRQ RI WKH OH[LFDO DQG JUDPPDWLFDO DS�

SURDFKHV LV QHFHVVDU\� $OWKRXJK WKLV DOWHUQDWLYH KDV UHFHLYHG OHVV DWWHQWLRQ� LW VHHPV WR

EH WKH RQO\ RQH WKDW¶V FRQVLVWHQW ZLWK WKH GDWD� DV DUJXHG LQ 'ROEH\ ������� /DSRLQWH DQG

6HOOV ������� %RRLM ������� %RQHW� /ORUHW� DQG 0DVFDUy ������� 1HYLQV �������

�



��� 7KH PL[HG DSSURDFK

$QDO\]H D SDWWHUQ ZLWK WKH JUDPPDWLFDO DSSURDFK LI LW ZRUNV� RWKHUZLVH XVH WKH

OH[LFDO DSSURDFK�

7KH PL[HG DSSURDFK LV QHFHVVDU\ GXH WR WKH FRQWUDGLFWRU\ QDWXUH RI WKH GDWD� VRPH

FDVHV QHFHVVLWDWH WKH JUDPPDWLFDO DSSURDFK� DV , VKRZ KHUH� DQG VRPH FDVHV QHFHVVLWDWH

WKH OH[LFDO RQH� DV VKRZQ E\ 3DVWHU ������ DQG (PELFN ������� 7KH LGHD LV WR XVH OH[LFDO

OLVWLQJ DV D ODVW UHVRUW� VLQFH OLVWLQJ PLVVHV PDQ\ RI WKH JHQHUDOL]DWLRQV DQG LQVLJKWV RI WKH

JUDPPDWLFDO DSSURDFK�

7KH WKUHH FDVH VWXGLHV FRPH IURP (QJOLVK DQG )UHQFK� 7KH ILUVW LV WKH (QJOLVK

LQGHILQLWH DUWLFOH� , XVH WKH XQUHGXFHG IRUPV �HM� DQG � Q� DV WKH 85V� UDWKHU WKDQ [̸]

DQG [̸Q]� ZKLFK , MXVWLI\ LQ &KDSWHU ��

��� 3&$ LQ (QJOLVK LQGHILQLWH DUWLFOH� D DQG DQ

D� /LVWHG 85V� �HM� DQG � Q�
E� &RQGLWLRQLQJ� D EHIRUH FRQVRQDQWV

DQ EHIRUH YRZHOV

F� ([DPSOHV� D SHDU

DQ DSSOH

7KH VHFRQG LV )UHQFK OLDLVRQ� D ILQDO FRQVRQDQW DOWHUQDWLRQ RFFXUULQJ ZLWK PDQ\ ZRUGV�

7KH DGMHFWLYH SHWLW LV MXVW RQH H[DPSOH�

��� 3&$ LQ )UHQFK OLDLVRQ� H�J� SHWLW

D� /LVWHG 85V� �S±WL� DQG �S±WLW�
E� &RQGLWLRQLQJ� >S°WL@ EHIRUH FRQVRQDQWV

>S°WLW@ EHIRUH YRZHOV

F� ([DPSOHV� [S±WL JD޶Vɬ੻] µVPDOO ER\¶
[S±WLW ɬP] µVPDOO PDQ¶

�



7KH WKLUG LV (QJOLVK ��D�OLFLRXV DQG UHODWHG QHRORJLVWLF VXIIL[HV� VXFK DV ��D�WKRQ DQG

��D�KROLF� $OO RI WKHVH VXIIL[HV IROORZ D GLVWULEXWLRQ OLNH WKH RQH EHORZ�

��� 3&$ LQ (QJOLVK QHRORJLVWLF VXIIL[HV� H�J� ��D�OLFLRXV

D� /LVWHG 85V� ��OԌ̸ߑV� DQG ��̸OԌ̸ߑV�
E� &RQGLWLRQLQJ� >�OܼݕԥV@ DIWHU YRZHOV

>�ԥOܼݕԥV@ DIWHU FRQVRQDQWV

F� ([DPSOHV� VQRZ�OLFLRXV

UDLQ�DOLFLRXV

7KHVH FDVH VWXGLHV DUH VXSSRUWHG E\ QHZ GDWD FROOHFWHG ERWK H[SHULPHQWDOO\ DQG IURP

FRUSRUD VXFK DV &2&$ �'DYLHV ������� %XFNH\H �3LWW HW DO� ������ DQG *O2:E(

�'DYLHV ������

8QOLNH WKH .RUHDQ VXEMHFW PDUNHU� WKH GLIIHUHQFHV EHWZHHQ DOORPRUSKV LQ WKHVH FDVHV

LV VPDOO ± RQO\ RQH RU WZR VHJPHQWV� $V D UHVXOW� ZH PLJKW LPDJLQH DQ DOWHUQDWLYH DQDO\VLV

ZLWK D VLQJOH 85 DQG HSHQWKHVLV RU GHOHWLRQ� 7KURXJKRXW WKH GLVVHUWDWLRQ� , VKRZ WKDW D

VLQJOH 85 DQDO\VLV GRHVQ¶W ZRUN RXW IRU WKHVH FDVHV� HLWKHU GXH WR UDQNLQJ SDUDGR[HV RU

FRQWUDGLFWRU\ GDWD�

7KH QH[W VHFWLRQV RXWOLQH D IHZ LVVXHV LQ 3&$� ZKLFK PDNH XS WKH IXOO H[SODQDWRU\

WDUJHW RI WKH GLVVHUWDWLRQ� 7KH JRDO LV D PRGHO WKDW FDSWXUHV WKHVH SURSHUWLHV� , RXWOLQH WKLV

PRGHO ± FDOOHG 85& ± DW WKH HQG RI WKH LQWURGXFWLRQ�

��� /RRNDKHDG WR UHSDLUV

3DWWHUQV RI 3&$ FDQ RIWHQ EH VWDWHG LQ WZR ZD\V� HLWKHU LQ WHUPV RI WKH LQSXW

WR VXIIL[DWLRQ� RU LQ WHUPV RI WKH RXWSXW RI VXIIL[DWLRQ� 7KH OH[LFDO DQG JUDPPDWLFDO

DSSURDFKHV DUH W\SLFDOO\ LQSXW� DQG RXWSXW�RULHQWHG� UHVSHFWLYHO\�

�



���� 7KH OH[LFDO DSSURDFK

7KH OH[LFDO HQWU\ RI ��L� VD\V� XVH ��L� DIWHU D 85 WKDW HQGV LQ D FRQVRQDQW�

5HIHUV WR WKH LQSXW RI VXIIL[DWLRQ� L�H� WKH VWHP

���� 7KH JUDPPDWLFDO DSSURDFK

8VH WKH 85 WKDW PLQLPL]HV WKH QXPEHU RI FRGDV�

5HIHUV WR WKH RXWSXW RI VXIIL[DWLRQ

,I ZH ILQG WKDW 3&$ LV RXWSXW�RULHQWHG� ZH PLJKW IXUWKHU FRQVLGHU WKH H[WHQW WR ZKLFK LW

LV RXWSXW�RULHQWHG� 'RHV 3&$ FRQVLGHU WKH RXWSXW RI SKRQRORJLFDO UHSDLUV OLNH HSHQWKHVLV

DQG GHOHWLRQ"

,Q WKLV GLVVHUWDWLRQ� , DUJXH WKDW 85 VHOHFWLRQ FRQVLGHUV QRW RQO\ WKH RXWSXW RI

VXIIL[DWLRQ� EXW DOVR WKH RXWSXW RI UHSDLUV� )RU H[DPSOH� D DQG DQ LQWHUDFW ZLWK JORWWDO

VWRS HSHQWKHVLV DQG K�GHOHWLRQ� DOZD\V FKRRVLQJ WKH DSSURSULDWH 85 IRU WKH SKRQRORJLFDO

UHSDLU� :KHQ K�GHOHWLRQ LV XVHG� DQ RFFXUV�

$V PHQWLRQHG HDUOLHU� ORRNDKHDG WR UHSDLUV JRHV KDQG�LQ�KDQG ZLWK WKH JUDPPDWLFDO

DSSURDFK� 6LQFH 85 VHOHFWLRQ LV JRYHUQHG E\ WKH SKRQRORJLFDO JUDPPDU� LW KDV DFFHVV WR

SKRQRORJLFDO SURFHVVHV�

��� 'HIDXOWV

&DVHV RI 3&$ RIWHQ KDYH D GHIDXOW DOORPRUSK� ZKLFK RFFXUV LQ WKH HOVHZKHUH FRQWH[W�

,Q IDFW� HYHU\ FDVH RI 3&$ FDQ EH UHZULWWHQ ZLWK D GHIDXOW E\ UHSODFLQJ RQH RI WKH

SKRQRORJLFDO HQYLURQPHQWV ZLWK ³HOVHZKHUH´� 7KH .RUHDQ FDVH LV UHVWDWHG EHORZ ZLWK

�JD DV WKH GHIDXOW�

���� 3&$ LQ .RUHDQ

D� �L DIWHU FRQVRQDQWV

E� �JD HOVHZKHUH

�



,Q .RUHDQ� ERWK DQDO\VHV� ZLWK DQG ZLWKRXW D GHIDXOW� DUH FRPSDWLEOH ZLWK WKH GDWD�

,Q RWKHU FDVHV� KRZHYHU� GHIDXOWKRRG LV QHFHVVDU\� EHFDXVH RQH DOORPRUSK¶V GLVWULEXWLRQ

FDQ¶W EH GHILQHG ZLWK DQ\ VRUW RI QDWXUDO FODVV� )RU H[DPSOH� (QJOLVK D QRW RQO\ RFFXUV

EHIRUH FRQVRQDQWV� EXW DOVR EHIRUH SDUHQWKHWLFDOV DQG GLVIOXHQFLHV OLNH XP�

���� 3&$ LQ (QJOLVK D DQG DQ

D� /LVWHG 85V� �HM� DQG � Q�
E� &RQGLWLRQLQJ� DQ EHIRUH YRZHOV

D HOVHZKHUH EHIRUH FRQVRQDQWV

EHIRUH SDUHQWKHWLFDOV

EHIRUH GLVIOXHQFLHV

F� ([DPSOHV� DQ DSSOH

D SHDU

D ± LQ P\ RSLQLRQ ± LGHDO JX\

D XP DSSOH

,Q SUHYLRXV DFFRXQWV� GHIDXOWKRRG KDVQ¶W UHFHLYHG D ORW RI DWWHQWLRQ� DQG PRGHOV RI

GHIDXOWKRRG RIWHQ UHO\ RQ WKH OH[LFRQ WR OLVW WKH GHIDXOW IRUP� )RU H[DPSOH� 0DVFDUy

������¶V 27 DQDO\VLV XVHV WKH FRQVWUDLQW �VHH DOVR %RQHW� /ORUHW� DQG 0DVFDUy

������

����

5HVSHFW OH[LFDO SULRULW\ �RUGHULQJ� RI DOORPRUSKV�

$QDO\VHV WKDW OLVW WKH GHIDXOW GRQ¶W DGGUHVV ZK\ RQH IRUP LV WKH GHIDXOW RYHU WKH RWKHU� RU

KRZ D OHDUQHU GHWHUPLQHV ZKLFK IRUP LV WKH GHIDXOW DOORPRUSK�

8QGHU D WKHRU\ ZLWK 85 FRQVWUDLQWV� WKH LGHQWLW\ RI WKH GHIDXOW IROORZV IURP WKH

FRQVWUDLQW UDQNLQJ� DQG LVQ¶W H[WHUQDOO\ OLVWHG� 6LQFH WKH GHIDXOW IROORZV IURP WKH FRQVWUDLQW

UDQNLQJ� LW¶V HDVLO\ OHDUQDEOH XVLQJ SUH�H[LVWLQJ OHDUQLQJ DOJRULWKPV�

�



��� 9DULDWLRQ

6RPHWLPHV DOORPRUSKV RFFXU LQ IUHH YDULDWLRQ� ZLWK ERWK DOORPRUSKV EHLQJ SRVVLEOH

IRU D JLYHQ VWHP� ,I WKLV YDULDWLRQ LV SKRQRORJLFDOO\ FRQGLWLRQHG� DQ DOORPRUSK LV PRUH

OLNHO\ ZLWK VWHPV RI D FHUWDLQ VKDSH� )RU H[DPSOH� DQ DOORPRUSK PLJKW RFFXU ��� RI WKH

WLPH LQ WKH HOVHZKHUH FRQWH[W� EXW ��� RI WKH WLPH DIWHU D YRZHO�

$Q H[DPSOH RI YDULDWLRQ LQ 3&$ LV GHVFULEHG IRU /DWLQ LQ 0HVWHU ������� 7KHUH

DUH WZR DOORPRUSKV �LD DQG �LƝV� ZKLFK DUH LGHQWLFDO LQ PHDQLQJ� )RU VRPH VWHPV� ERWK

DOORPRUSKV DUH SRVVLEOH� KRZHYHU� IRU VWHPV WKDW HQG LQ KHDY\ V\OODEOH� �LƝV LV DYRLGHG�

DQG �LD LV PXFK PRUH OLNHO\�

7KH ELJ TXHVWLRQ IRU FDVHV RI YDULDEOH 3&$ LV KRZ WR PRGHO WKHP� ,GHDOO\� JHQHUDO�

L]DWLRQV OLNH WKH /DWLQ RQHV VKRXOG IROORZ IURP WKH JUDPPDU�

8QGHU 85&� WKH VWUHQJWK RI WKH GHIDXOW DQG SKRQRORJLFDO FRQGLWLRQLQJ IROORZV IURP

WKH FRQVWUDLQW UDQNLQJ� %\ XVLQJ D FRQVWUDLQW�EDVHG WKHRU\ RI YDULDWLRQ� LW¶V VWUDLJKWIRUZDUG

WR PRGHO DQG OHDUQ YDULDEOH SDWWHUQV OLNH WKH RQHV DERYH�

��� 3UHYLHZ RI WKH PRGHO

7KH JRDO RI WKLV GLVVHUWDWLRQ LV D PRGHO WKDW FDQ DFFRXQW IRU WKH SURSHUWLHV DERYH� 7KLV

PRGHO� FDOOHG 85&� EXLOGV RQ HDUOLHU 27 DQDO\VHV RI 3&$ EXW GLIIHUV LQ RQH FUXFLDO ZD\�

PDSSLQJV EHWZHHQ PHDQLQJV DQG 85V DUH HQFRGHG DV UDQNDEOH 85 FRQVWUDLQWV�

85 FRQVWUDLQWV HYDOXDWH WKH SKRQRORJLFDO H[SRQHQFH RI PRUSKRORJLFDO IHDWXUHV �%RHUVPD

����� 3DWHU HW DO� ������ 8QGHU WKLV DFFRXQW� WKH LQSXW WR SKRQRORJ\ FRQWDLQV QR SKRQR�

ORJLFDO PDWHULDO ZKDWVRHYHU� ,QVWHDG� WKH LQSXW FRQWDLQV PRUSKRV\QWDFWLF IHDWXUHV� DQG 85

VHOHFWLRQ LV UHJXODWHG E\ 85 FRQVWUDLQWV� 85 VHOHFWLRQ RFFXUV LQ SDUDOOHO ZLWK SKRQRORJLFDO

UHSDLUV� JLYLQJ 85 VHOHFWLRQ IXOO ORRNDKHDG WR SKRQRORJLFDO RXWSXWV�

)RU H[DPSOH� WKH FRQVWUDLQWV EHORZ� ZKLFK HQFRGH WKH SKRQRORJLFDO FRQWHQW RI �L DQG

�JD� UHTXLUH WKH PRUSKRV\QWDFWLF IHDWXUHV RI WKH VXEMHFW PDUNHU WR EH UHDOL]HG E\ WKH

�



85V �L� DQG �ND�� 7KH DFWXDO IHDWXUHV RI WKH VXEMHFW PDUNHU DUHQ¶W VWUDLJKWIRUZDUG RU

SKRQRORJLFDOO\ UHOHYDQW� VR WKH PRUSKRV\QWDFWLF IHDWXUHV EHORZ DUH SODFHKROGHUV�

���� { } → �L�
$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHW RI PRUSKRV\QWDFWLF IHDWXUHV { } WKDW LV QRW

UHDOL]HG E\ �L�

���� { } → �ND�
$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHW RI PRUSKRV\QWDFWLF IHDWXUHV { } WKDW LV QRW

UHDOL]HG E\ �ND�

5DQNLQJ RU ZHLJKWLQJ 85 FRQVWUDLQWV ZLWK UHVSHFW WR PDUNHGQHVV� IDLWKIXOQHVV� DQG

RWKHU 85 FRQVWUDLQWV LV HQRXJK WR PRGHO SKRQRORJLFDO FRQGLWLRQLQJ� UHSDLU�3&$ LQWHUDF�

WLRQV� DQG GHIDXOWV�

���� 3KRQRORJLFDO FRQGLWLRQLQJ

D 85 FRQVWUDLQW FDQ EH UDQNHG�ZHLJKWHG EHORZ D PDUNHGQHVV FRQVWUDLQW WR FDSWXUH

FRQGLWLRQLQJ

���� 5HSDLU�3&$ LQWHUDFWLRQV

D 85 FRQVWUDLQW FDQ EH UDQNHG�ZHLJKWHG DERYH RU EHORZ D IDLWKIXOQHVV FRQVWUDLQW

WR HQFRGH SUHIHUHQFHV EHWZHHQ UHSDLUV DQG 3&$

���� 'HIDXOWV

WKH 85 FRQVWUDLQW IRU WKH GHIDXOW FDQ EH UDQNHG�ZHLJKWHG DERYH RWKHU 85 FRQ�

VWUDLQWV WR HQFRGH D EDVHOLQH SUHIHUHQFH IRU WKH GHIDXOW

7KH EHQHILW RI WUHDWLQJ 85 VHOHFWLRQ DV WKH UHVXOW RI D FRQVWUDLQW�EDVHG JUDPPDU LV WKDW

DOO RI WKHVH SURSHUWLHV DUH OHDUQDEOH XVLQJ SUH�H[LVWLQJ OHDUQLQJ DOJRULWKPV� DQG DGGLQJ

YDULDWLRQ LV DV VWUDLJKWIRUZDUG DV VZLWFKLQJ WR RQH RI WKH PDQ\ FRQVWUDLQW�EDVHG PRGHOV

RI YDULDWLRQ�

�



��� 2XWOLQH RI GLVVHUWDWLRQ

7KH GLVVHUWDWLRQ LV RXWOLQHG DV IROORZV� ,Q &KDSWHU �� , SUHVHQW 85& DQG LOOXVWUDWH

LW XVLQJ WKH ZHOO�NQRZQ FDVH RI (QJOLVK D DQG DQ� 7KH FKDSWHU DOVR OD\V RXW WKH WKUHH

PDLQ UHVXOWV RI 85&� )LUVW� 85& SUHGLFWV WKDW WKH FRQVWUDLQWV FRQGLWLRQLQJ 3&$ SOD\

D JUHDWHU UROH LQ WKH ODQJXDJH� LQ DOWHUQDWLRQV DQG SKRQRWDFWLFV� 6HFRQG� 85& SUHGLFWV

WKDW GHIDXOWKRRG LQ DOORPRUSK\ LV SKRQRORJLFDOO\ DUELWUDU\� DQG GHIDXOWKRRG LV FRQVLVWHQW

DFURVV FRQWH[WV� 7KLUG� 85& SUHGLFWV WKDW 3&$ LV RXWSXW�RULHQWHG� DQG 85 VHOHFWLRQ KDV

ORRNDKHDG WR SKRQRORJLFDO UHSDLUV� &KDSWHUV � WKURXJK � VKRZ WKDW WKHVH SUHGLFWLRQV DUH

ERUQH RXW LQ (QJOLVK DQG )UHQFK�

,Q &KDSWHU �� , H[SDQG WKH 85& DQDO\VLV WR SURYLGH D FRPSOHWH DFFRXQW RI D DQG

DQ� IRFXVLQJ RQ WKH LQWHUDFWLRQ RI 3&$ DQG UHSDLUV� 7KLV FKDSWHU SUHVHQWV DUJXPHQWV IRU

D�Q� EHLQJ GULYHQ E\ WKH FRQVWUDLQW ∗ԥ� � DUJXPHQWV IRU D DV DQ DUELWUDU\ GHIDXOW� DQG

DUJXPHQWV WKDW D�Q� DOORPRUSK\ FRQVSLUHV ZLWK SKRQRORJLFDO UHSDLUV VXFK DV K�GHOHWLRQ

DQG ��HSHQWKHVLVݦ , DOVR VKRZ KRZ 85& FDQ DFFRXQW IRU FDVHV RI YDULDWLRQ ZLWK ZHLJKWHG

FRQVWUDLQWV�

,Q &KDSWHU �� , SUHVHQW D 85& DFFRXQW RI )UHQFK OLDLVRQ� D SDWWHUQ LQ ZKLFK ILQDO

FRQVRQDQWV DUH YDULDEO\ UHDOL]HG GHSHQGLQJ RQ WKH IROORZLQJ SKRQRORJLFDO FRQWH[W� 7KH

DFFRXQW IRFXVHV RQ WZR GLIILFXOW FDVHV RI OLDLVRQ� FDUGLQDO QXPEHUV DQG ৻�ILQDO ZRUGV�

&DUGLQDO QXPEHUV DUH GLIILFXOW IRU PRVW DQDO\VHV EHFDXVH WKH\ EHKDYH LQFRQVLVWHQWO\

ZLWK UHVSHFW WR WKH UHDOL]DWLRQ RI WKHLU OLDLVRQ FRQVRQDQW� 6RPH QXPEHUV UHDOL]H WKHLU

FRQVRQDQWV SKUDVH�ILQDOO\� ZKLOH RWKHUV GR QRW� 7KLV GLIIHUHQFH IROORZV QDWXUDOO\ IURP WKH

UDQNLQJ RI 85 FRQVWUDLQWV� ৻�ILQDO ZRUGV DUH GLIILFXOW EHFDXVH WKH\ SUHVHQW DQ LQWHUDFWLRQ

RI 3&$ ZLWK D SKRQRORJLFDO UHSDLU ± Q�HSHQWKHVLV� 3&$ DQG Q�HSHQWKHVLV FRQVSLUH WR

DYRLG KLDWXV� EXW WKH SUHIHUUHG VWUDWHJ\ GLIIHUV RQ D ZRUG�E\�ZRUG EDVLV� ,Q WKH 85&

DFFRXQW� WKHVH GLIIHUHQFHV IROORZ IURP WKH ZHLJKWLQJ RI 85 FRQVWUDLQWV DQG IDLWKIXOQHVV

FRQVWUDLQWV�

��



,Q &KDSWHU �� , SUHVHQW QHZ GDWD DERXW WZR GHULYDWLRQDO VXIIL[HV LQ (QJOLVK ± ��D�WKRQ

DQG ��D�OLFLRXV� 7KHVH VXIIL[HV DUH VXEMHFW WR SKRQRORJLFDOO\�FRQGLWLRQHG YDULDWLRQ� DQG

WHQG WR DYRLG ERWK KLDWXV DQG VWUHVV FODVK� 7KH\ SURYLGH D VWURQJ DUJXPHQW IRU WKH

JUDPPDWLFDO DSSURDFK� WKH FRQVWUDLQWV FRQGLWLRQLQJ ��D�OLFLRXV DUH REVHUYDEOH WKURXJKRXW

(QJOLVK� DQG WKH GLVWULEXWLRQ RI ��D�OLFLRXV FDQ¶W EH OHDUQHG JLYHQ VSDUVH GDWD� 7KH IDFW WKDW

WKH VXIIL[ ��D�OLFLRXV DYRLGV VWUHVV FODVK ILQGV IXUWKHU VXSSRUW LQ LWV LQWHUDFWLRQ ZLWK WKH

5K\WKP 5XOH �55�� D FODVK�DYRLGLQJ SKRQRORJLFDO UHSDLU� 85 VHOHFWLRQ DQG WKH 55 ZRUN

WRJHWKHU WR DYRLG VWUHVV FODVK� DQG WKLV LQWHUDFWLRQ FDQ EH PRGHOHG ZLWK 85 FRQVWUDLQWV�

(DFK RI WKHVH FDVH VWXGLHV KDV D ORW LQ FRPPRQ� )RU HDFK RI WKH FDVH VWXGLHV�

WKH VDPH FRQVWUDLQWV WKDW FRQGLWLRQ 3&$ DOVR FRQGLWLRQ UHSDLUV DQG SKRQRWDFWLFV LQ WKH

ODQJXDJH� 7KLV IDFW IROORZV XQGHU DQ DFFRXQW OLNH 85&� LQ ZKLFK 85 VHOHFWLRQ LV GULYHQ

E\ ODQJXDJH�ZLGH FRQVWUDLQWV� )RU PDQ\ RI WKHVH FDVHV� , VKRZ WKDW ERWK 3&$ DQG UHSDLUV

FDQ EH FDSWXUHG XQGHU D VLQJOH UDQNLQJ RU ZHLJKWLQJ RI FRQVWUDLQWV�

7KURXJKRXW WKHVH FKDSWHUV� WKHUH DUH DOVR IRXU FDVHV RI 3&$�UHSDLU FRQVSLUDFLHV� ,Q

HDFK RI WKHVH FDVHV� LW VHHPV WKDW 3&$ FRQVLGHUV WKH RXWSXW RI UHSDLUV� VXSSRUWLQJ D PRGHO

LQ ZKLFK 85 VHOHFWLRQ FRQVLGHUV LWV SKRQRORJLFDO FRQVHTXHQFHV�

)LQDOO\� LQ HDFK FDVH VWXG\� WKHUH LV DW OHDVW RQH LQVWDQFH RI YDULDEOH 3&$� 8VLQJ

ZHLJKWHG FRQVWUDLQWV LQ 85& SURYLGHV D PHDQV WR FDSWXUH WKHVH SDWWHUQV RI YDULDWLRQ�

��



&+$37(5 �
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��� 2YHUYLHZ RI &KDSWHU �

7KLV FKDSWHU RXWOLQHV 85&� D PRGHO RI 3&$ XVLQJ 85 FRQVWUDLQWV� ,Q WKLV PRGHO�

85 VHOHFWLRQ RFFXUV GXULQJ SKRQRORJ\� DQG PDSSLQJV EHWZHHQ PHDQLQJV DQG 85V DUH

HQFRGHG E\ 85 FRQVWUDLQWV�

7KH PRGHO KDV WKUHH PDLQ UHVXOWV� OLVWHG EHORZ� 7KH UHVW RI WKH GLVVHUWDWLRQ VXSSRUWV

WKHVH UHVXOWV XVLQJ GDWD IURP (QJOLVK DQG )UHQFK�

� 3&$ LV FRQGLWLRQHG E\ WKH VDPH FRQVWUDLQWV WKDW FRQGLWLRQ SKRQRORJLFDO UHSDLUV�

� 85 VHOHFWLRQ LV VHQVLWLYH WR WKH RXWSXW RI SKRQRORJLFDO UHSDLUV�

� 'HIDXOWKRRG FRPHV IURP FRQVWUDLQW UDQNLQJ�

± 85& SUHGLFWV FDWHJRULFDO SUHIHUHQFHV EHWZHHQ 85V �GHIDXOWV��

± 85& SUHGLFWV QRQ�FDWHJRULFDO SUHIHUHQFHV EHWZHHQ 85V �SUHIHUUHG DOORPRUSKV��

± 85& DOORZV IRU D VWUDLJKWIRUZDUG PRGHO RI WKH OHDUQLQJ RI GHIDXOW DQG SUH�

IHUUHG DOORPRUSKV�

7R LOOXVWUDWH 85& DQG LWV UHVXOWV� , XVH WKH H[DPSOH RI WKH LQGHILQLWH DUWLFOH� D DQG DQ�

, SURYLGH D 85& DQDO\VLV RI D DQG DQ LQ ����� DQG D GLVFXVVLRQ RI WKH UHVXOWV DERYH LQ

�����

��



��� 7KH 85& PRGHO

7KLV VHFWLRQ JRHV WKURXJK WKH PHFKDQLFV RI 85&� ZKDW WKH LQSXW WR HYDOXDWLRQ LV� KRZ

WKH FDQGLGDWH VHW LV FRQVWUXFWHG� KRZ 85 FRQVWUDLQWV DUH HYDOXDWHG� DQG VRPH SRVVLEOH

H[WHQVLRQV�

85& EXLOGV RQ SUHYLRXV ZRUN� DQG LQ PDQ\ ZD\V� 85& UHVHPEOHV WKH FODVVLF 27

PRGHO RI 3&$� &RQVHTXHQWO\� PDQ\ RI WKH UHVXOWV RI 85& DUH VKDUHG E\ RWKHU 27

DFFRXQWV� DQG , QRWH WKHVH VLPLODULWLHV WKURXJKRXW WKH VHFWLRQ�

����� 7KH LQSXW

,Q 85&� WKH LQSXW WR SKRQRORJLFDO HYDOXDWLRQ GRHV QRW FRQWDLQ DQ\ SKRQRORJLFDO

PDWHULDO DW DOO� ,QVWHDG� WKH LQSXW FRQWDLQV VRPHWKLQJ OLNH PHDQLQJ RU LQWHQW� ,Q WKLV

ZD\� 85& UHVHPEOHV D SURGXFWLRQ PRGHO� 7KH VSHDNHU KDV VRPH LQWHQW� HQFRGHG KHUH DV

PRUSKRV\QWDFWLF IHDWXUHV� DQG WKH JUDPPDU¶V JRDO LV WR UHDOL]H LW�

7KH LGHD WKDW WKH LQSXW WR SKRQRORJ\ FRQWDLQV QR SKRQRORJLFDO PDWHULDO KDV EHHQ

SXUVXHG H[WHQVLYHO\ LQ HDUOLHU ZRUN� VXFK DV 5XVVHOO ������� =XUDZ ������� %RHUVPD

������� DQG :ROI ������ �DPRQJ RWKHUV� VHH :ROI ���� IRU D UHFHQW VXPPDU\��

7R HQFRGH PHDQLQJ� , XVH PRUSKRV\QWDFWLF IHDWXUHV� 7KHUH DUH PDQ\ RWKHU ZD\V WR

GR WKLV� DQG , WKLQN QRWKLQJ FUXFLDO KLQJHV RQ WKLV SDUWLFXODU IRUPDOL]DWLRQ� )RU WKH WKHRU\

WR ZRUN RXW� WKH RQO\ LPSRUWDQW WKLQJ LV WKDW HYHU\ PRUSKHPH KDV VRPHWKLQJ LQ WKH LQSXW

WKDW GLVWLQJXLVKHV LW IURP WKH RWKHUV� 7KDW LV� D VSHDNHU¶V LQSXW HQFRGHV WKDW VKH ZDQWV WR

VD\ GRJ DQG QRW FDW RU FDQLQH RU SXJ�

7KH LQSXW FRQVLVWV SDLUV RI FDWHJRU\ ODEHOV DQG EXQGOHV RI PRUSKRV\QWDFWLF IHDWXUHV�

7KHVH SDLUV DUH LQ D IL[HG RUGHU� GHWHUPLQHG EHIRUH SKRQRORJ\� $V D UHVXOW� WKH SKRQR�

ORJLFDO JUDPPDU KDV QR SRZHU RYHU OLQHDUL]DWLRQ� 7KH H[DPSOH EHORZ FRQWDLQV WKH

SKRQRORJLFDO LQSXW IRU WKH VKHHS �SOXUDO�� DVVXPLQJ WHUPLQDO QRGHV IRU WKH GHWHUPLQHU

�'�� URRW �Q�� DQG VXIIL[ ����

��� <'� {+ }> � <Q� {
#

}> � <�� { }>

��



,Q WKH H[DPSOH DERYH� PRUSKRV\QWDFWLF IHDWXUHV DUH ZULWWHQ LQ VPDOO FDSV EHWZHHQ

FXUO\ EUDFNHWV �WR DYRLG FRQIXVLRQ ZLWK 65V LQ VTXDUH EUDFNHWV�� 5RRWV DUH LQGLFDWHG ZLWK

D VTXDUH�URRW V\PERO� H�J� {
#

}� )RU FRQYHQLHQFH� , XVXDOO\ RPLW FDWHJRU\ ODEHOV�

/LNH HDUOLHU DFFRXQWV� , GRQ¶W KDYH PXFK WR VD\ DERXW ZKHUH WKLV LQSXW FRPHV IURP

RU KRZ IHDWXUHV DUH EXQGOHG� 7KHVH TXHVWLRQV KDYH EHHQ WDNHQ XS LQ ZRUN LQ 'LVWULEXWHG

0RUSKRORJ\ �'0� +DOOH DQG 0DUDQW] ����� ������ ZKLFK KDV SURSRVHG D QXPEHU RI

PRUSKRORJLFDO RSHUDWLRQV WKDW PDQLSXODWH PRUSKRV\QWDFWLF IHDWXUHV� :LWK WKH H[FHSWLRQ

RI WKH PHFKDQLFV RI 85 VHOHFWLRQ� 85& LV ODUJHO\ FRPSDWLEOH ZLWK '0� ,Q '0� 85V DUH

LQVHUWHG ODWH� DIWHU V\QWDFWLF RSHUDWLRQV� DQG LQ PDQ\ '0 DFFRXQWV� 85 VHOHFWLRQ RFFXUV

DIWHU OLQHDUL]DWLRQ �(PELFN DQG 1R\HU ����� 3DN ������

85& SXVKHV EDFN 85 VHOHFWLRQ HYHQ IXUWKHU� IURP PRUSKRORJ\ WR SKRQRORJ\� 6LQFH

85V DUHQ¶W VHOHFWHG DKHDG RI WLPH� WKH SKRQRORJLFDO JUDPPDU LV IUHH WR VHOHFW 85V ZKLOH

WDNLQJ LQWR FRQVLGHUDWLRQ SKRQRORJLFDO FRQVWUDLQWV� OLNH PDUNHGQHVV DQG IDLWKIXOQHVV�

����� 5HSUHVHQWDWLRQV

&DQGLGDWHV LQ 85& KDYH D WKUHH�OHYHO UHSUHVHQWDWLRQ� 7KLV UHSUHVHQWDWLRQ FRQWDLQV WKH

LQSXW� WKH XQGHUO\LQJ UHSUHVHQWDWLRQV RI PRUSKHPHV� DQG WKH VXUIDFH UHSUHVHQWDWLRQ� 7KH

JUDPPDU HYDOXDWHV DOO WKUHH RI WKHVH OHYHOV DW WKH VDPH WLPH�

�PHDQLQJ� �'� {− }! � �Q� {
#

}!

_ _

�85V IRU HDFK PRUSKHPH� �HM���N W�
_ _

�6XUIDFH 5HSUHVHQWDWLRQ� [̸ N W]

)LJXUH ���� 6WUXFWXUH RI UHSUHVHQWDWLRQV� WKUHH OHYHOV IRU HYHU\
FDQGLGDWH

%HWZHHQ WKHVH OHYHOV DUH FRUUHVSRQGHQFH UHODWLRQV� (DFK VHW RI IHDWXUHV LQ WKH LQSXW LV

LQ FRUUHVSRQGHQFH ZLWK D 85� 7KLV PHDQLQJ�85 FRUUHVSRQGHQFH LV ZKDW 85 FRQVWUDLQWV

��



HYDOXDWH� 6HJPHQWV LQ 85V DQG VHJPHQWV LQ 65V DUH DOVR LQ FRUUHVSRQGHQFH� 7KLV

FRUUHVSRQGHQFH LV HYDOXDWHG E\ 85�65 IDLWKIXOQHVV FRQVWUDLQWV� WUDGLWLRQDOO\ FDOOHG LQSXW�

RXWSXW IDLWKIXOQHVV FRQVWUDLQWV �0F&DUWK\ DQG 3ULQFH ������

�'� {− }!D � �Q� ^
#

`!E

⇕ PHDQLQJ�85 FRUUHVSRQGHQFH �VXSHUVFULSW OHWWHUV�

/HM�/D+/N� �W�/E

⇕ 85�65 FRUUHVSRQGHQFH �VXEVFULSW QXPEHUV�

[̸�N� �W�]

)LJXUH ���� 6WUXFWXUH RI UHSUHVHQWDWLRQV� FRUUHVSRQGHQFHV EH�
WZHHQ OHYHOV

,W¶V LPSRUWDQW WR QRWH WKDW DOO WKUHH OHYHOV DUH HYDOXDWHG DW RQFH� 7KH\ GR QRW

UHSUHVHQW D GHULYDWLRQ� EXW DUH SDUWV RI D VLQJOH FDQGLGDWH� $OVR� WKHUH LV QR PHDQLQJ�65

FRUUHVSRQGHQFH� VLQFH VXFK D UHODWLRQ LV XQHFHVVDU\ LQ 85&�

&DQGLGDWHV OLNH WKH RQHV DERYH� ZKLFK DVVHVV LQSXWV� 85V DQG 65V DW WKH VDPH WLPH�

DUH XVHG LQ PDQ\ RWKHU DFFRXQWV LQ ZKLFK WKH SKRQRORJ\ JRYHUQV 85 VHOHFWLRQ� QDPHO\

=XUDZ ������� %RHUVPD ������� DQG :ROI �������

����� 85 FRQVWUDLQWV

*LYHQ WKDW WKH SKRQRORJ\ JRYHUQV 85 VHOHFWLRQ� WKHUH QHHGV WR EH VRPH ZD\ IRU WKH

SKRQRORJ\ WR NQRZ WKH VHW RI SRVVLEOH PHDQLQJ�85 PDSSLQJV� ,Q 85&� WKHVH PDSSLQJV

DUH HQFRGHG DV 85 FRQVWUDLQWV� 7KH IRUPXODWLRQ IRU 85 FRQVWUDLQWV KHUH FORVHO\ IROORZV

3DWHU HW DO� ������� DQG D QXPEHU RI RWKHU VLPLODU SURSRVDOV DUH GLVFXVVHG DW WKH HQG RI

WKH VHFWLRQ�

$ 85 FRQVWUDLQW UHTXLUHV D SDUWLFXODU LQSXW WR EH UHDOL]HG E\ D SDUWLFXODU 85�

��� → �85�
$VVLJQ RQH YLRODWLRQ IRU HYHU\ WKDW GRHV QRW FRUUHVSRQG WR �85��

��



,Q 85&� WKH LV D VHW RI IHDWXUHV� DQG �85� FRQVLVWV RI DQ\ VWULQJ RI SKRQRORJLFDO
VHJPHQWV� LQFOXGLQJ WKH HPSW\ VWULQJ� 7KUHH H[DPSOHV DUH EHORZ� 7KH ODVW FRQVWUDLQW

HQFRGHV WKH ]HUR SOXUDO� DV LQ WHQ VKHHS�

��� <'� {− }> → �HM�
$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHW RI IHDWXUHV <'� {− }> WKDW GRHV QRW FRUUH�

VSRQG WR 85 �HM��

��� <'� {− }> → � Q�
$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHW RI IHDWXUHV <'� {− }> WKDW GRHV QRW FRUUH�

VSRQG WR 85 � Q��

��� <�� {+ }> → ���
$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHW RI IHDWXUHV <�� {+ }> WKDW GRHV QRW FRUUHVSRQG

WR 85 ��� �WKH HPSW\ VWULQJ��

85 FRQVWUDLQWV DUH ODQJXDJH�VSHFLILF� 7KH FRQVWUDLQWV DERYH GRQ¶W H[LVW LQ )UHQFK RU

&KLQHVH� ,I DQ (QJOLVK VSHDNHU QHYHU XVHV WKH 85 � Q�� VKH VLPSO\ GRHVQ¶W KDYH WKH

FRUUHVSRQGLQJ 85 FRQVWUDLQW LQ KHU JUDPPDU�

, DEEUHYLDWH 85 FRQVWUDLQWV� HVSHFLDOO\ LQ WDEOHDX� XVLQJ ³ = ;´� )RU H[DPSOH� WKH

DERYH FRQVWUDLQWV DUH DEEUHYLDWHG = � Q�� = �HM�� DQG = ����

����� 7KH FDQGLGDWH VHW

)RU DQ LQSXW� WKH FDQGLGDWH VHW FRQVLVWV RI DOO RI WKH SRVVLEOH 85V IRU WKDW LQSXW� DQG

DOO RI WKH SRVVLEOH 65V IRU HDFK 85�

2QH WKLQJ WKDW VHWV 85& DSDUW IURP RWKHU WKHRULHV LV WKDW WKH VHW RI SRVVLEOH 85V IRU

DQ LQSXW LV GHWHUPLQHG E\ ORRNLQJ DW WKH VHW RI 85 FRQVWUDLQWV� ,I WKHUH¶V D FRQVWUDLQW�

{ } → �<�� �<� ZLOO DOZD\V EH LQ WKH FDQGLGDWH VHW IRU WKH LQSXW { }� 7KH LQFOXVLRQ RI D

��



FDQGLGDWH LV FRPSOHWHO\ LQGHSHQGHQW RI WKH FRQVWUDLQW UDQNLQJ� $V ORQJ DV WKH UHOHYDQW

85 FRQVWUDLQW H[LVWV� WKH 85 ZLOO EH LQFOXGHG LQ FDQGLGDWH VHW��

$IWHU WKH VHW RI SRVVLEOH 85V IRU DQ LQSXW LV GHWHUPLQHG� HDFK RI WKH 85V LV SDLUHG ZLWK

DOO SRVVLEOH VXUIDFH UHSUHVHQWDWLRQV �65V�� SURGXFLQJ D FDQGLGDWH VHW RI �PHDQLQJ� 85� 65�

WULSOHWV ZLWK FRUUHVSRQGHQFHV EHWZHHQ WKHP� 'XH WR WKH FDQGLGDWH JHQHUDWLRQ DOJRULWKP�

WKH LQSXW �DQG LWV PRUSKRV\QWDFWLF IHDWXUHV� LV DOZD\V WKH VDPH DFURVV FDQGLGDWHV LQ WKH

VHW� 1R WZR FDQGLGDWHV KDYH GLIIHUHQW IHDWXUHV��

,QSXW 85 65

D� �'� {− }! � �Q� ^
#

`! �HM���N W� [HM N W]
E� �'� {− }! � �Q� ^

#
`! �HM���N W� [̸ N W]

F� �'� {− }! � �Q� ^
#

`! � Q���N W� [ Q N W]
G� �'� {− }! � �Q� ^

#
`! � Q���N W� [̸Q N W]

7DEOH ���� $ VDPSOH FDQGLGDWH VHW LQ 85&

6LQFH WKH FDQGLGDWH VHW FRQWDLQV �PHDQLQJ� 85� 65� WULSOHWV� 85V DUH FKRVHQ

ZLWK IXOO FRQVLGHUDWLRQ RI WKHLU 65V� 7KLV PHDQV WKDW 85 VHOHFWLRQ KDV DFFHVV WR

SKRQRORJLFDO UHSDLUV OLNH UHGXFWLRQ� HSHQWKHVLV� DQG GHOHWLRQ� DW OHDVW LQ IXOO\ SDUDOOHO

27� )RU H[DPSOH� LQ WKH ODVW FDQGLGDWH DERYH� WKH 85 � Q� LV FKRVHQ DW WKH VDPH WLPH

DV YRZHO UHGXFWLRQ� $V D UHVXOW� WKH JUDPPDU FDQ FKRRVH D 85 VSHFLILFDOO\ EHFDXVH LW

ZLOO XQGHUJR RU WULJJHU D UHSDLU�

7KH IRUPXODWLRQ RI WKH FDQGLGDWH VHW LQ 85& LV D SRLQW RI GHSDUWXUH IURP SUHYLRXV

ZRUN� )RU DFFRXQWV ZLWKRXW SKRQRORJ\ LQ WKH LQSXW� VXFK DV %RHUVPD ������ DQG :ROI

�,I 85 FRQVWUDLQWV DUH XVHG IRU FDQGLGDWH JHQHUDWLRQ� LQ ZKDW VHQVH DUH WKH\ FRQVWUDLQWV" $V , VKRZ� 85
FRQVWUDLQWV FDQ EH UDQNHG� DQG WKHLU UDQNLQJ PDWWHUV�

�7KHUH KDYH EHHQ FDVHV FODLPHG WR UHTXLUH FRPSHWLWLRQ EHWZHHQ 85V ZLWK GLIIHUHQW IHDWXUHV� 2QH VXFK
FDVH� )UHQFK SUH�QRPLQDO OLDLVRQ� LV GLVFXVVHG DW OHQJWK LQ &KDSWHU �� 6HH HVSHFLDOO\ �����

��



������� WKH IXOO VHW RI 85V LV FRQVLGHUHG IRU HYHU\ LQSXW�� ,Q RWKHU 27 DFFRXQWV

RI 3&$ �H�J�� 0HVWHU ����� .DJHU ����� FRPSHWLWLRQ EHWZHHQ 85V LV OLPLWHG DV LW

KHUH� +RZHYHU� WKHVH RWKHU DFFRXQWV OLPLW FRPSHWLQJ 85V E\ VWLSXODWLQJ WKDW WKH LQSXW

WR SKRQRORJ\ LV D VHW RI 85V� )RU WKH LQGHILQLWH DUWLFOH� IRU H[DPSOH� WKH LQSXW WR

SKRQRORJ\ LV WKH VHW ^�HM�� � Q�`� 3UHVXPDEO\� WKHVH VHWV DUH JHQHUDWHG E\ FRQVXOWLQJ

PHDQLQJ�85 PDSSLQJV LQ WKH OH[LFRQ� PXFK OLNH WKH FDQGLGDWH VHW LQ 85& LV JHQHUDWHG

E\ FRQVXOWLQJ WKH VHW RI 85 FRQVWUDLQWV�

����� 5DQNLQJ 85 FRQVWUDLQWV

5DQNLQJ 85 FRQVWUDLQWV LQ WKH JUDPPDU FDQ FDSWXUH SKRQRORJLFDO FRQGLWLRQLQJ�

UHSDLU�3&$ LQWHUDFWLRQV� DQG GHIDXOWV� , LOOXVWUDWH HDFK RI WKHVH EDVLF UDQNLQJV EHORZ

ZLWK D WR\ H[DPSOH� ,Q WKH UHVW RI WKH GLVVHUWDWLRQ� HDFK RI WKHVH W\SHV RI UDQNLQJ LV

XVHG WR FDSWXUH UHDO ZRUOG GDWD� DQG VLPLODU HIIHFWV DUH FDSWXUHG LQ FDVHV RI YDULDWLRQ

ZLWK ZHLJKWHG FRQVWUDLQWV�

'HIDXOWKRRG FRPHV IURP WKH UDQNLQJ RI 85 FRQVWUDLQWV DORQH� :KHQ WKHUH DUH

WZR FRQIOLFWLQJ 85 FRQVWUDLQWV IRU WKH VDPH LQSXW� WKH 85 RI WKH KLJKHU�UDQNHG 85

FRQVWUDLQW ZLOO EH XVHG ZKHQHYHU SRVVLEOH� 7KLV LV VKRZQ LQ WKH WDEOHDX EHORZ� 7KH

85 �[\� LV XVHG LQVWHDG RI WKH 85 �DE�� EHFDXVH =�[\� GRPLQDWHV =�DE��

= �[\� = �DE�
☛ �[\� [[\] ∗

�DE� [DE] ∗

7DEOH ���� ,OOXVWUDWLRQ RI UDQNLQJ WZR 85 FRQVWUDLQWV

�%XW :ROI �S� ���� QRWHV WKDW WKLV PRGHO LV QRW SV\FKRORJLFDOO\ SODXVLEOH� DQG VXJJHVWV WKDW WKH VHW RI
85V DYDLODEOH LQ WKH FDQGLGDWH VHW VKRXOG DFWXDOO\ EH D VXEVHW RI WKH 85V LQ WKH ODQJXDJH� DV LV GRQH KHUH�

��



6LQFH 85 VHOHFWLRQ RFFXUV GXULQJ SKRQRORJ\� PDUNHGQHVV FRQVWUDLQWV FDQ KHOS

GHFLGH EHWZHHQ 85V� ,I D PDUNHGQHVV FRQVWUDLQW LV UDQNHG KLJK HQRXJK� LW FDQ HYHQ

IRUFH WKH JUDPPDU WR GHYLDWH IURP DQ RWKHUZLVH SUHIHUUHG 85� , VKRZ WKLV EHORZ�

ZKHUH WKH GHIDXOW �[\� LV QRW XVHG EHIRUH []]� DQG WKH QRQ�GHIDXOW �DE� LV XVHG LQVWHDG�

∗[\] = �[\� = �DE�
�[\���]� [[\]] ∗ ∗

☛ �DE���]� [DE]] ∗

7DEOH ���� ,OOXVWUDWLRQ RI UDQNLQJ PDUNHGQHVV DQG 85 FRQVWUDLQWV

,I D QRQ�GHIDXOW 85 DQG D UHSDLU DYRLG WKH VDPH PDUNHG VWUXFWXUH� WKH FKRLFH

EHWZHHQ WKHP FRPHV WKH UDQNLQJ RI 85 FRQVWUDLQWV DQG IDLWKIXOQHVV FRQVWUDLQWV�

,PDJLQH� IRU H[DPSOH� WKDW \�GHOHWLRQ LV D SRVVLEOH UHSDLU LQ WKLV ODQJXDJH� 7KH UDQNLQJ

RI � ZKLFK RSSRVHV \�GHOHWLRQ� DQG =�DE� GHWHUPLQHV ZKHWKHU WKH UHSDLU LV XVHG
WR VDWLVI\ ∗[\] RU WKH QRQ�GHIDXOW �DE� LV XVHG LQVWHDG�

:KHQ WKH FRQVWUDLQW DJDLQVW GHOHWLRQ LV UDQNHG ORZHU� \�GHOHWLRQ LV XVHG�

∗[\] = �[\� = �DE�
�[\���]� [[\]] ∗ ∗

☛ �[\���]� [[]] ∗ ∗

�DE���]� [DE]] ∗

7DEOH ���� ,OOXVWUDWLRQ RI UDQNLQJ IDLWKIXOQHVV DQG 85 FRQVWUDLQWV
���

:KHQ WKH FRQVWUDLQW DJDLQVW GHOHWLRQ LV UDQNHG KLJKHU� GHOHWLRQ LV DYRLGHG� DQG WKH

QRQ�GHIDXOW LV XVHG LQVWHDG�

��



∗[\] = �[\� = �DE�
�[\���]� [[\]] ∗ ∗

�[\���]� [[]] ∗ ∗

☛ �DE���]� [DE]] ∗

7DEOH ���� ,OOXVWUDWLRQ RI UDQNLQJ IDLWKIXOQHVV DQG 85 FRQVWUDLQWV
���

, UHWXUQ WR WKHVH WKUHH W\SHV RI UDQNLQJV LQ WKH DQDO\VLV RI D�Q� LQ ����� %HIRUH WKDW�

, FRQVLGHU D IHZ PRUH LPSOLFDWLRQV DQG H[WHQVLRQV RI 85 FRQVWUDLQWV�

����� 3UHYLRXV ZRUN ZLWK H[SRQHQFH FRQVWUDLQWV

85 FRQVWUDLQWV DUH MXVW RQH SRVVLEOH IRUPXODWLRQ IRU FRQVWUDLQWV WKDW RYHUVHH WKH

SKRQRORJLFDO UHDOL]DWLRQ RI PRUSKRV\QWDFWLF IHDWXUHV� 7KLV FODVV RI FRQVWUDLQWV LV QDPHG

H[SRQHQFH FRQVWUDLQWV LQ 1HYLQV �������

, GLYLGH H[SRQHQFH FRQVWUDLQWV LQWR WKUHH FDWHJRULHV� EDVHG RQ WKH LGHQWLW\ RI

LQ WKH WHPSODWH EHORZ� FDQ EH D 85� D 65� RU RPLWWHG HQWLUHO\�

��� →

D� 85 UHDOL]DWLRQ� → �85�
$VVLJQ RQH YLRODWLRQ IRU HYHU\ WKDW GRHV QRW FRUUHVSRQG WR �85��

E� 65 UHDOL]DWLRQ� → [65]

$VVLJQ RQH YLRODWLRQ IRU HYHU\ WKDW GRHV QRW FRUUHVSRQG WR [65]�

F� *HQHUDO UHDOL]DWLRQ� →

$VVLJQ RQH YLRODWLRQ IRU HYHU\ WKDW GRHV QRW KDYH VRPH FRUUHVSRQGHQW

LQ WKH �85� RU [65]�

85 UHDOL]DWLRQ� &RQVWUDLQWV RQ PHDQLQJ�85 PDSSLQJV DUH SURSRVHG LQ %RHUVPD

������� FDOOHG /H[LFDO &RQVWUDLQWV� %RHUVPD XVHV WKHVH WR PRGHO 85 OHDUQLQJ� %\

��



UDQNLQJ /H[LFDO FRQVWUDLQWV� D OHDUQHU FDQ ILQG D VHW RI 85V WKDW¶V FRQVLVWHQW ZLWK WKH

REVHUYHG GDWD�

/H[LFDO FRQVWUDLQWV DUH YHU\ VLPLODU WR 85 FRQVWUDLQWV� EXW WKH\ DVVHVV YLRODWLRQV

GLIIHUHQWO\� $SRXVVLGRX ������ XVHV /H[LFDO &RQVWUDLQWV IRU 85 OHDUQLQJ� DQG

LPSOHPHQWV WKHP DV IROORZV�

��� 'R QRW FRQQHFW WKH PHDQLQJ µ;<¶ WR DQ XQGHUO\LQJ IRUP �[\�

,Q SUDFWLFH� WKHUH DUH /H[LFDO &RQVWUDLQWV IRU HYHU\ 85 WKDW D PHDQLQJ GRHVQ¶W PDS

WR�

��� 'R QRW FRQQHFW WKH PHDQLQJ µGRJ¶ WR WKH IRUP �N W�

��� 'R QRW FRQQHFW WKH PHDQLQJ µGRJ¶ WR WKH IRUP �PDݜV�

$V PHQWLRQHG DERYH� /H[LFDO &RQVWUDLQWV KDYH EHHQ XVHG SULPDULO\ IRU 85 OHDUQLQJ�

DQG KDYHQ¶W EHHQ XVHG WR PRGHO 3&$�

,Q JHQHUDO� H[SRQHQFH FRQVWUDLQWV KDYH EHHQ XVHG IRU 3&$ RQO\ LQ OLPLWHG ZD\V�

,Q .DJHU ������� DQ H[SRQHQFH FRQVWUDLQW  �Q LV XVHG WR FDSWXUH WKH SUHIHUHQFH

IRU WKH 'MDEXJD\ JHQLWLYH WR EH UHDOL]HG DV �Q� UDWKHU WKDQ �ƾXQ� EXW VXFK FRQVWUDLQWV

DUHQ¶W XVHG LQ .DJHU¶V DQDO\VLV EH\RQG FDSWXULQJ WKLV SUHIHUHQFH� .DJHU¶V FRQVWUDLQW LV

GLVFXVVHG DJDLQ LQ WKH QH[W VHFWLRQ�

65 UHDOL]DWLRQ� 7KHUH DUH DOVR SURSRVDOV IRU FRQVWUDLQWV WKDW UHTXLUH WKH LQSXW WR

EH UHDOL]HG E\ SDUWLFXODU RXWSXW H[SRQHQWV UDWKHU WKDQ SDUWLFXODU 85V� <LS ������¶V

FRQVWUDLQW � =V� LV DQ H[DPSOH� ,W UHTXLUHV (QJOLVK SOXUDOV WR EH UHDOL]HG LQ

WKH RXWSXW ZLWK D VWHP SOXV D �V VXIIL[�

,Q 5XVVHOO ������� WKH HQWLUH OH[LFRQ LV UHSODFHG E\ D VHW RI 65 UHDOL]DWLRQ

FRQVWUDLQWV� GRLQJ DZD\ ZLWK 85V DOWRJHWKHU� 7KH GLVVROXWLRQ RI 85V LV FKDOOHQJHG E\

%RQHW ������� ZKR DUJXHV WKDW 85V DUH QHFHVVDU\ WR FDSWXUH DOWHUQDWLRQV� ,Q SDUWLFXODU�

85V DUH QHFHVVDU\ IRU FDVHV WKDW UHTXLUH SRVLWLRQDO IDLWKIXOQHVV�

��



,Q 85&� RI FRXUVH� 85V DQG IDLWKIXOQHVV SOD\ D SURPLQHQW UROH� $OWHUQDWLRQV DQG

SKRQRORJLFDO UHSDLUV H[LVW DORQJVLGH 3&$�

*HQHUDO UHDOL]DWLRQ� 7KHVH FRQVWUDLQWV UHTXLUH DQ LQSXW WR EH UHDOL]HG� EXW DUH

LQGLIIHUHQW DV WR KRZ� )RU H[DPSOH� WKH VSHOO�RXW FRQVWUDLQWV RI :ROI ������ UHTXLUH

WKH UHDOL]DWLRQ RI LQSXW IHDWXUHV� EXW GRQ¶W VSHFLI\ WKH SKRQRORJLFDO IRUP WKDW VKRXOG EH

XVHG� $ VLPLODU V\VWHP LV IRXQG LQ =XUDZ ������� ZKR XVHV JHQHUDO FRQVWUDLQWV RQ 85

VHOHFWLRQ OLNH �VHOHFW 85�V� ZLWK WKH FRUUHFW PHDQLQJ� DQG �VHOHFW

D VLQJOH 85�� ,Q ERWK PRGHOV� WKH VHW RI PHDQLQJ�85 PDSSLQJV LV VWRUHG LQ DQ H[WHUQDO

OLVW� VHSDUDWH IURP WKH SKRQRORJLFDO JUDPPDU�

,Q 85&� 85 FRQVWUDLQWV VSHFLI\ WKH SDUWLFXODU 85 WKDW VKRXOG EH XVHG WR UHDOL]H D

VHW RI LQSXW IHDWXUHV� $V D UHVXOW� QR H[WHUQDO OLVW RI PHDQLQJ�85 PDSSLQJV LV QHHGHG�

DV GLVFXVVHG LQ WKH QH[W VHFWLRQ�

����� 85 FRQVWUDLQWV DV D UHSODFHPHQW IRU WKH 9RFDEXODU\

(YHU\ PHDQLQJ�85 PDSSLQJ LQ D ODQJXDJH KDV D 85 FRQVWUDLQ� (YHQ D QRQ�

DOWHUQDWLQJ PRUSKHPH OLNH FDW� ZLWK MXVW RQH 85 ��N W��� KDV WKH 85 FRQVWUDLQW

EHORZ�

���� �Q� ^
#

`! → �N W�
$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHW RI IHDWXUHV �Q� ^

#
`! WKDW GRHV QRW

FRUUHVSRQG WR 85 �N W�

)RU DQ LGHDOL]HG (QJOLVK VSHDNHU ZLWK D FRPSOHWH YRFDEXODU\� WKH VHW RI 85

FRQVWUDLQWV PLJKW ORRNV OLNH WKH RQH EHORZ� 7KH HOOLSVHV FDQ EH UHSODFHG ZLWK HYHU\

(QJOLVK ZRUG EHWZHHQ $DURQ DQG ]\GHFR� 6RPH RI WKHVH ZRUGV ZLOO KDYH PXOWLSOH 85

FRQVWUDLQWV� OLNH WKH LQGHILQLWH DUWLFOH GRHV�

��



= $DOERUJ = DDSD

= DDUGYDUN = DDUGZROI

« «

= �HM� = � Q�
« «

= ]\JRWH = =\NORQ %

= ]\PRJHQ = =\ULDQ

)LJXUH ���� 7KH FRPSOHWH VHW RI 85 FRQVWUDLQWV IRU DQ (QJOLVK
VSHDNHU�

6LQFH HYHU\ PHDQLQJ�85 PDSSLQJ LQ D ODQJXDJH KDV D 85 FRQVWUDLQW� WKHUH¶V QR

QHHG IRU DQ H[WHUQDO OLVW RI PHDQLQJ�85 FRUUHVSRQGHQFHV� $OO RI WKLV LQIRUPDWLRQ LV

DYDLODEOH LQ WKH FRQVWUDLQW VHW�

7R PDNH WKLV FOHDUHU� FRQVLGHU WKH VWUXFWXUH RI WKH OH[LFRQ LQ '0� ,Q '0�

LQIRUPDWLRQ WKDW LV WUDGLWLRQDOO\ VWRUHG LQ WKH OH[LFRQ LV GLVWULEXWHG DFURVV GLIIHUHQW OLVWV�

7KHUH¶V WKH 9RFDEXODU\� ZKLFK FRQWDLQV 9RFDEXODU\ ,WHPV� 9RFDEXODU\ ,WHPV HQFRGH

PHDQLQJ�85 FRUUHVSRQGHQFHV� MXVW OLNH 85 FRQVWUDLQWV GR� 7KH 9RFDEXODU\ ,WHP IRU

FDW LV EHORZ�

���� �Q� ^
#

`! ↔ �N W�

,Q DGGLWLRQ WR WKH 9RFDEXODU\� WKHUH¶V WKH (QF\FORSHGLD� 7KH (QF\FORSHGLD FRQWDLQV

QRQ�OLQJXLVWLF NQRZOHGJH DERXW ZRUGV� VXFK DV WKHLU UHIHUHQWV DQG VSHFLDO PHDQLQJV�

7KH HQF\FORSHGLD HQWU\ IRU FDW PLJKW FRQWDLQ WKH LQIRUPDWLRQ EHORZ �IURP 6LGGLTL

������

���� �Q� ^
#

`!  /LWWOH IXUU\ WKLQJ� OLNHV WR VOHHS RQ P\ IDFH�

,Q 85&� ZH GRQ¶W QHHG DQ H[WHUQDO 9RFDEXODU\ DW DOO� QRU GR ZH QHHG 9RFDEXODU\

,WHPV� )RU PHDQLQJV� ZH VWLOO QHHG VRPHWKLQJ OLNH WKH (QF\FORSHGLD�

��



7KH DEDQGRQPHQW RI WKH 9RFDEXODU\ LQ IDYRU RI 85 FRQVWUDLQWV DQVZHUV D FRPPRQ

REMHFWLRQ WR H[SRQHQFH FRQVWUDLQWV� KDYLQJ D 85 FRQVWUDLQW LQ WKH SKRQRORJ\ GXSOLFDWHV

WKH 85 LQ WKH OH[LFRQ� 7KLV VRUW RI FULWLFLVP LV IRXQG LQ 1HYLQV ������� $V PHQWLRQHG

LQ WKH ODVW VHFWLRQ� .DJHU ������ XVHV D 85 FRQVWUDLQW�  �Q� WR FDSWXUH WKH IDFW WKDW

�Q LV WKH GHIDXOW 85 IRU WKH JHQLWLYH LQ 'MDEXJD\� 1HYLQV ������� LQ D GLVFXVVLRQ RI

.DJHU¶V DQDO\VLV� VD\V�

7KHVH FRQVWUDLQWV [OLNH  �Q] GHPDQG D SDUWLFXODU H[SRQHQW IRU D
SDUWLFXODU PRUSKRORJLFDO FDWHJRU\ DQG DUH WKXV RQH ZD\ RI HQFRGLQJ WKH
QRWLRQ RI D FHUWDLQ H[SRQHQW EHLQJ WKH GHIDXOW� EXW LW PLJKW VWULNH VRPH
DV EUXWH IRUFH WR LQFOXGH DQG UDQN D YLRODEOH FRQVWUDLQW GHGLFDWHG WR HYHU\
H[SRQHQW LQ WKH JUDPPDU�

8QGHU WKH DVVXPSWLRQ WKDW WKHUH LV ERWK D 9RFDEXODU\ DQG VHW RI 85 FRQVWUDLQWV� LW

LV EUXWH IRUFH WR UDQN D 85 FRQVWUDLQW IRU HYHU\ ZRUG LQ WKH JUDPPDU� +RZHYHU� RQFH

ZH DEDQGRQ DQ H[WHUQDO 9RFDEXODU\� 85 FRQVWUDLQWV IRU HYHU\ ZRUG DUH QHFHVVDU\ LQ

RUGHU WR HQFRGH PHDQLQJ�85 PDSSLQJV� 2QFH D 85 FRQVWUDLQW IRU HYHU\ ZRUG H[LVWV�

LW IROORZV WKDW HYHU\ 85 FRQVWUDLQW FDQ EH UDQNHG� DQG DV , VKRZ� WKHVH UDQNLQJ FDQ

FDSWXUH D YDULHW\ RI SKHQRPHQD�

����� 3RVVLEOH H[WHQVLRQV

7KH GHVFULSWLRQ RI 85 FRQVWUDLQWV DERYH LV VXIILFLHQW IRU WKH FDVHV LQ WKLV

GLVVHUWDWLRQ� EXW LQVXIILFLHQW IRU WKH UDQJH RI DOORPRUSKLF SRVVLELOLWLHV� +HUH DUH D IHZ

SRVVLEOH H[WHQVLRQV� ZKLFK , WKLQN FDQ EH LPSOHPHQWHG ZLWKRXW PXFK WURXEOH�

7KHUH FRXOG EH PXOWLSOH VHW RI IHDWXUHV RQ WKH OHIW VLGH RI WKH DUURZ� UHTXLULQJ

D PDQ\�WR�RQH PDSSLQJ EHWZHHQ IHDWXUHV DQG 85V� 7KLV FRXOG EH XVHG WR PRGHO

SRUWPDQWHDX PRUSKV� FDVHV ZKHUH D VLQJOH 85 VSDQV PXOWLSOH V\QWDFWLF WHUPLQDO QRGHV�

H[SUHVVLQJ PXOWLSOH VHWV RI IHDWXUHV� $Q H[DPSOH LV WKH UHDOL]DWLRQ RI )UHQFK GH�OH

��



�µRI¶�¶WKH¶�� LW¶V GX EHIRUH FRQVRQDQWV EXW GH O¶ EHIRUH YRZHOV� $ SRVVLEOH 85

FRQVWUDLQW WR DFFRXQW IRU WKH SDWWHUQ LV EHORZ��

���� <3� {+ }> � <'� {+ ,+ }> → �GX�
$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHTXHQFH RI IHDWXUH VHWV <3� {+ }> � <'�

{+ ,+ }> WKDW GRHV QRW FRUUHVSRQG WR WKH 85 �GX�

0DQ\�WR�RQH 85 FRQVWUDLQWV FDQ DOVR PRGHO OH[LFDOL]DWLRQ� FDVHV LQ ZKLFK PXOWL�

PRUSKHPLF SKUDVHV DUH DFFHVVHG DV D VLQJOH 85� ([DPSOHV FDQ EH IRXQG LQ (QJOLVK�

H�J� R[HQ� PXOWL�PRUSKHPLF ZRUGV LQ 7DJDORJ LQ =XUDZ ������� DQG )UHQFK HVW XQ �³LV

D´� LQ %\EHH �������

���� <Q� {
#

}> � <�� {+ }> → �ľNVQૂ�
$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHTXHQFH RI IHDWXUH VHWV <Q� {

#
}> � <��

{+ }> WKDW GRHV QRW FRUUHVSRQG WR 85 �ľNVQૂ�

0RYLQJ WR WKH ULJKW VLGH RI WKH DUURZ LQ WKH 85 FRQVWUDLQW� VWULQJV RI VHJPHQWV DUH

OLNHO\ LQVXIILFLHQW� 7KH\ FRXOG EH DXJPHQWHG ZLWK IORDWLQJ IHDWXUHV �H�J� YRLFLQJ� D KLJK

WRQH� DQG WHPSODWHV� H�J� IRU UHGXSOLFDWLRQ� (VVHQWLDOO\� DQ\WKLQJ WKDW¶V DQDO\]DEOH

DV D FRQFDWHQDWLYH PRUSKHPH FDQ EH RQ WKH ULJKW VLGH RI WKH DUURZ LQ D 85 FRQVWUDLQW�

)LQDOO\� WKHUH DUH FDVHV LQ ZKLFK 3&$ LV QRW GULYHQ E\ PDUNHGQHVV FRQVWUDLQWV� DQG

SKRQRORJLFDO FRQGLWLRQLQJ LV DUELWUDU\� &DSWXULQJ SKRQRORJLFDO FRQGLWLRQLQJ LQ WKHVH

FDVHV UHTXLUHV VRPH H[WUD PHFKDQLVP�

����� ([WHQGLQJ WR QRQ�RSWLPL]LQJ DQG RSDTXH FDVHV

,Q 85&� 85 VHOHFWLRQ DOZD\V RFFXUV GXULQJ SKRQRORJ\� DQG LW¶V GHWHUPLQHG E\ WKH

FRQVWUDLQW UDQNLQJ DORQH� $ PDMRU SUREOHP IRU WKLV YLHZ LV WKH H[LVWHQFH RI FDVHV RI

�)RU D VLPLODU DFFRXQW LQ '0� VHH �6YHQRQLXV �����¶V DQDO\VLV ZLWK VSDQQLQJ� ,Q KLV PRGHO� YRFDEXODU\
LWHPV FDQ VSHOO RXW PXOWLSOH WHUPLQDO QRGHV� DOWKRXJK WKLV UHTXLUHV VRPH DUFKLWHFWXUDO DGGLWLRQV WR '0�

��



3&$ WKDW VHHP WR LJQRUH WKH SKRQRORJLFDO JUDPPDU� 7KHVH H[DPSOHV KDYH EHHQ XVHG WR

DUJXH IRU OH[LFDOO\�VSHFLILF VXEFDWHJRUL]DWLRQ �3DVWHU ����� %\H ����� (PELFN ������

,Q WKLV VHFWLRQ� , JLYH WZR FDVHV ZKHUH VXEFDWHJRUL]DWLRQ KDV EHHQ DUJXHG WR EH

QHFHVVDU\� QRQ�RSWLPL]LQJ DQG RSDTXH 3&$� DQG VNHWFK D IHZ ZD\V WKH\ FRXOG EH

FDSWXUHG ZLWK 85 FRQVWUDLQWV DORQJVLGH RSWLPL]LQJ FDVHV� ,Q HDFK RI WKH VROXWLRQV� ,

DGG FRQVWUDLQWV WKDW HQFRGH OH[LFDOO\�VSHFLILF� LGLRV\QFUDWLF SKRQRORJLFDO FRQGLWLRQLQJ�

,Q 85&� WKHVH FRQVWUDLQWV IRU LGLRV\QFUDWLF 3&$ DUH HYDOXDWHG DW WKH VDPH WLPH DV

RWKHU FRQVWUDLQWV� DQG DOO 3&$ RFFXUV LQ WKH VDPH JUDPPDU�

7KH VROXWLRQV KHUH DUH VLPLODU LQ VSLULW WR %RQHW� /ORUHW� DQG 0DVFDUy ������¶V FRQ�

VWUDLQW � ZKLFK LV D XQLYHUVDO IDLWKIXOQHVV FRQVWUDLQW HQIRUFLQJ VXEFDWHJRUL]DWLRQ

UHTXLUHPHQWV� ,Q WKHLU PRGHO� 3&$ LV HLWKHU GULYHQ E\ PDUNHGQHVV FRQVWUDLQWV� UHVXOWLQJ

LQ RSWLPL]DWLRQ� RU VXEFDWHJRUL]DWLRQ UHTXLUHPHQWV� UHVXOWLQJ LQ QRQ�RSWLPL]LQJ 3&$�

/LNH WKH DFFRXQW KHUH� ERWK VRUWV RI 3&$ RFFXU LQ WKH VDPH JUDPPDWLFDO FRPSRQHQW�

$V GLVFXVVHG DW WKH HQG RI WKLV VHFWLRQ� VXFK FRQVWUDLQWV DUH RQO\ SRVLWHG DV D ODVW

UHVRUW� ZKHQ D FDVHV RI 3&$ FDQ¶W EH FDSWXUHG ZLWK LQGHSHQGHQWO\ DWWHVWHG PDUNHGQHVV

DQG IDLWKIXOQHVV FRQVWUDLQWV� ,Q 85&� LI D FDVH FDQ EH DQDO\]HG DV D UHVXOW RI

SUH�H[LVWLQJ PDUNHGQHVV FRQVWUDLQWV� WKHUH¶V OLWWOH UHDVRQ QRW WR�

1RQ�RSWLPL]LQJ 3&$� 3&$ LV QRQ�RSWLPL]LQJ ZKHQ WKH FRQGLWLRQLQJ HQYLURQPHQW

LV LQFRQVLVWHQW ZLWK LQGHSHQGHQWO\ PRWLYDWHG SKRQRORJLFDO FRQVWUDLQWV�

7KH FDQRQLFDO H[DPSOH RI WKLV LV IURP +DLWLDQ &UHROH� LQ ZKLFK 3&$ FUHDWHV

RQVHWOHVV DQG FRGDIXO V\OODEOHV� FRQWUDU\ WR FURVV�OLQJXLVWLF WHQGHQFLHV LQ V\OODEOH

VWUXFWXUH �.OHLQ ������ 7KHUH DUH WZR VXIIL[HV� �OD DQG �D� OD RFFXUV ZLWK &�ILQDO

URRWV� ZKLOH �D RFFXUV ZLWK 9�ILQDO URRWV�

���� +DLWLDQ &UHROH GHILQLWH VXIIL[ OD�D

D� &�ILQDO URRWV OLY�OD ³ERRN´

E� 9�ILQDO URRWV WX�D ³KROH´

��



6RPH QRQ�RSWLPL]LQJ FDVHV KDYH EHHQ UHDQDO\]HG DV D UHVXOW RI ZHOO�PRWLYDWHG

FRQVWUDLQWV �.OHLQ ���� KDV DQ DFFRXQW IRU +DLWLDQ &UHROH�� EXW WKHUH DUH MXVW DV PDQ\

WKDW OLNHO\ FDQ¶W EH UHDQDO\]HG� ,Q D VXUYH\ RI V\OODEOH�FRXQWLQJ DOORPRUSK\ E\ 3DVWHU

������� IRU H[DPSOH� WKH QRQ�RSWLPL]LQJ FDVHV RXWQXPEHU WKH RSWLPL]LQJ RQHV�

,Q 85&� RU DQ\ FRQVWUDLQW�EDVHG IUDPHZRUN� WKHUH DUH WZR VWUDLJKWIRUZDUG VROXWLRQV

IRU QRQ�RSWLPL]LQJ FDVHV� 7KH ILUVW LV WR XVH DOLJQPHQW FRQVWUDLQWV WR HQFRGH

VXEFDWHJRUL]DWLRQ UHTXLUHPHQWV �0F&DUWK\ DQG 3ULQFH ������ 0F&DUWK\ DQG 3ULQFH

SURSRVH VXFK D FRQVWUDLQW WR DFFRXQW IRU D VXIIL[ LQ '\LUEDO ��ƾJX� WKDW RQO\ RFFXUV

DIWHU D PHWULFDO IRRW� , JLYH D VLPLODU DOLJQPHQW FRQVWUDLQW IRU OD EHORZ�

���� $OLJQ�OD� /� FRQVRQDQW� 5`

$VVLJQ RQH YLRODWLRQ IRU HYHU\ PRUSKHPH OD WKDW GRHV QRW KDYH D FRQVRQDQW

GLUHFWO\ WR LWV OHIW

8QGHU WKLV VRUW RI DQDO\VLV� 85 FRQVWUDLQWV FDQ VWLOO EH XVHG WR FDSWXUH DQG OHDUQ

GHIDXOWV� HYHQ LQ FDVHV RI QRQ�RSWLPL]LQJ 3&$� $OLJQPHQW FRQVWUDLQWV UHIHU WR WKH

RXWSXW� VR DQ DFFRXQW ZLWK WKHP SUHGLFWV WKDW HYHQ QRQ�RSWLPL]LQJ 3&$ ZLOO EH

RXWSXW�RULHQWHG�

$ VHFRQG SRVVLELOLW\ LV WR DGG VXEFDWHJRUL]DWLRQ UHTXLUHPHQWV WR WKH GHILQLWLRQ RI

VRPH 85 FRQVWUDLQWV�

���� <'� ^+ `> → �OD�
/
9

$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHW RI IHDWXUHV <'� ^+ `>� LI <'� ^+ `>

GRHV QRW FRUUHVSRQG WR WKH 85 �OD�� DQG WKH 85 �OD� LV QRW SUHFHGHG E\ D YRZHO
LQ WKH XQGHUO\LQJ UHSUHVHQWDWLRQ

7KH FRQVWUDLQW DERYH UHTXLUHV WKH GHILQLWH VXIIL[ WR EH UHDOL]HG E\ OD� DQG

IXUWKHUPRUH� OD PXVW IROORZ D YRZHO� ,I HLWKHU FRQGLWLRQ LVQ¶W PHW� LW DVVLJQV D YLRODWLRQ

PDUN� 8QGHU WKLV VRUW RI DQDO\VLV� SKRQRORJLFDO FRQGLWLRQLQJ LV VWDWHG LQ WHUPV RI WKH

XQGHUO\LQJ UHSUHVHQWDWLRQ� DQG LQSXW�RULHQWHG DV D UHVXOW�

��



2SDTXH 3&$� ,Q FDVHV RI RSDTXH DOORPRUSK\� WKH FRQGLWLRQLQJ HQYLURQPHQW WKDW

VHOHFWV EHWZHHQ DOORPRUSKV LVQ¶W DYDLODEOH LQ WKH RXWSXW� )RU H[DPSOH� LQ 3ROLVK� WKH

DOORPRUSK �H� RFFXUV DIWHU FRURQDOV� ZKLOH �X� RFFXUV DIWHU SUHSDODWDOV� 7KH FKRLFH RI

DOORPRUSK FRPSOHWHO\ LJQRUHV D SURFHVV RI SDODWDOL]DWLRQ� DQG WKH UHVXOWLQJ SDWWHUQ FDQ¶W

EH VWDWHG LQ WHUPV RI WKH RXWSXW �àXERZLF] ������

���� 2SDTXH DOORPRUSK\ LQ /XERZLF] ����

D� R OLV�W� R OLV>W@ OHWWHU�QRP

E� R OLV�F� R OLV>F@ OHDI�QRP

F� R OLV�W��H R OLV>F@�H OHWWHU�ORF

G� R OLV�F��X R OLV>F@�X OHDI�ORF

,W¶V VWLOO SRVVLEOH WR DFFRXQW IRU RSDTXH DOORPRUSK\ ZLWKRXW VXEFDWHJRUL]DWLRQ� EXW

RQO\ ZLWK VRPH DGGLWLRQDO PHFKDQLVPV� àXERZLF] ������� IRU LQVWDQFH� DQDO\]HV WKH

GDWD DERYH DV WKH UHVXOW RI FRQWUDVW SUHVHUYDWLRQ� DOORPRUSK\ SUHYHQWV QHXWUDOL]DWLRQ

EHWZHHQ ³OHWWHU´ DQG ³OHDI´ LQ WKH ORFDWLYH� :KLOH SRVVLEOH IRU 3ROLVK� WKLV DQDO\VLV PD\

QRW EH DYDLODEOH IRU RWKHU FDVHV RI RSDTXH DOORPRUSK\�

8QGHU 85&� RSDTXH 3&$ LV D SUREOHP EHFDXVH SKRQRORJLFDO FRQGLWLRQLQJ FRPHV

VROHO\ IURP PDUNHGQHVV FRQVWUDLQWV� ZKLFK UHIHU WR RXWSXWV�

7KHUH DUH WZR SRVVLEOH VROXWLRQV� 7KH ILUVW LV WR OLPLW WKH DPRXQW RI ORRNDKHDG RI

85 VHOHFWLRQ� %\ IRUFLQJ 85 VHOHFWLRQ WR RFFXU HDUOLHU� EHIRUH UHSDLUV� 85 VHOHFWLRQ

FDQ VWLOO XVH PDUNHGQHVV FRQVWUDLQWV� HYHQ WKRXJK WKH\ ZRQ¶W EH UHOHYDQW RQ WKH VXUIDFH�

7KLV LV VLPLODU WR WKH DSSURDFK WDNHQ LQ :ROI �������

7KH SUREOHP ZLWK WKLV VROXWLRQ LV WKDW WKHUH DUH FDVHV RI 3&$ WKDW UHTXLUH 85

VHOHFWLRQ DQG UHSDLUV WR KDSSHQ LQ SDUDOOHO� $Q DQVZHU PD\ EH IRXQG LQ D IUDPHZRUN

OLNH 6WUDWDO 27 �.LSDUVN\ ������ LQ ZKLFK VRPH UHSDLUV RFFXU LQ SDUDOOHO �ZLWKLQ D

OHYHO�� ZKLOH RWKHUV DUH RUGHUHG �OHYHO � EHIRUH OHYHO ��� ,Q D IUDPHZRUN ZLWK PXOWLSOH

��



VWUDWD� LW¶V SRVVLEOH WR GHYHORS D PRGHO LQ ZKLFK VRPH UHSDLUV KDSSHQ LQ SDUDOOHO ZLWK

85 VHOHFWLRQ� ZKLOH RWKHUV RQO\ RFFXU DIWHU 85 VHOHFWLRQ�

$ VHFRQG VROXWLRQ LV D FRQWH[WXDO 85 FRQVWUDLQW� ZKLFK DGGV VXEFDWHJRUL]DWLRQ

LQIRUPDWLRQ� 7KLV VRUW RI FRQVWUDLQW ZDV VNHWFKHG IRU OD DERYH� DQG RQH IRU 3ROLVK LV

EHORZ�

���� <^+ `> → �H�
/
W

$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHW RI IHDWXUHV <^+ `>� LI <^+ `> GRHV

QRW FRUUHVSRQG WR WKH 85 �H�� DQG WKH 85 �H� LV QRW SUHFHGHG E\ D �W� LQ WKH

XQGHUO\LQJ UHSUHVHQWDWLRQ�

7KLV FRQVWUDLQW UHTXLUHV WKH ORFDWLYH WR EH UHDOL]HG E\ �H� DQG LW DOVR UHTXLUHV

LWV 85 WR EH SUHFHGHG E\ D �W� LQ WKH XQGHUO\LQJ UHSUHVHQWDWLRQ� ,I HLWKHU FRQGLWLRQ

LVQ¶W PHW� WKH FRQVWUDLQW LV YLRODWHG� 6LQFH LW UHIHUV WR WKH XQGHUO\LQJ UHSUHVHQWDWLRQ�

WKLV VRUW RI FRQVWUDLQW FDQ PRGHO RSDTXH 3&$� 8VLQJ D FRQVWUDLQW OLNH WKH RQH DERYH

IRU QRQ�RSWLPL]LQJ FDVHV SUHGLFWV WKDW WKHVH FDVHV ZLOO DOZD\V EH LQSXW�RULHQWHG� DQG

VRPHWLPHV RSDTXH�

, GRQ¶W NQRZ ZKLFK VROXWLRQ LV EHWWHU IRU +DLWLDQ &UHROH RU 3ROLVK� 7KH SRLQW KHUH

LV WKDW QRQ�RSWLPL]LQJ DQG RSDTXH 3&$ DUH FRPSDWLEOH ZLWK D WKHRU\ LQ ZKLFK 3&$

IROORZV VROHO\ IURP WKH UDQNLQJ RI FRQVWUDLQWV�

'LDJQRVLQJ D FDVH DV RSWLPL]LQJ� ,I ZH DGG PRUSKHPH�VSHFLILF FRQVWUDLQWV WR

FDSWXUH FDVHV OLNH WKH RQHV DERYH� ZH PLJKW DVN ZK\ ZH VKRXOGQ¶W DQDO\]H HYHU\ FDVH

RI 3&$ WKLV ZD\� 7KH DUJXPHQW JRHV WKDW VXFK D WKHRU\ ± ZKHUH DOO 3&$ LV PRGHOHG

WKH VDPH ZD\ ± LV VLPSOHU DQG WKXV SUHIHUUHG�

3DVWHU ������ SUHVHQWV DQ DUJXPHQW VLPLODU WR WKH RQH DERYH� 6KH DUJXHV DJDLQVW

D PL[HG DSSURDFK� LQ ZKLFK GLIIHUHQW FDVHV RI 3&$ DUH WKH SURGXFW RI GLIIHUHQW

PHFKDQLVPV� 6KH QRWHV WKDW GHWHUPLQLQJ ZKHWKHU D FDVH VKRXOG EH DQDO\]HG DV D

��



SURGXFW RI JHQHUDO PDUNHGQHVV RU VXEFDWHJRUL]DWLRQ LV DUELWUDU\ DQG DQDO\VLV�GHSHQGHQW

�3DVWHU ����� SS� ���±�����

85& SURYLGHV DQ DQVZHU WR WKHVH REMHFWLRQV� , DGRSW D VLPSOH KHXULVWLF� WKH EHVW

JUDPPDU LV WKH RQH WKDW DFFRXQWV IRU WKH GDWD ± ERWK 3&$ DQG UHSDLUV ± ZLWK WKH

VPDOOHVW VHW RI FRQVWUDLQWV� 8QGHU WKLV KHXULVWLF� VXEFDWHJRUL]DWLRQ�OLNH FRQVWUDLQWV ZLOO

RQO\ EH XVHG DV D ODVW UHVRUW� VLQFH WKH\ RQO\ DSSO\ WR VLQJOH PRUSKHPHV DQG GXSOLFDWH

PDUNHGQHVV FRQVWUDLQWV� 6LQFH ZH DOUHDG\ QHHG PDUNHGQHVV DQG IDLWKIXOQHVV FRQVWUDLQWV

WR DFFRXQW IRU UHSDLUV� ZK\ VKRXOGQ¶W ZH XVH WKHP IRU 3&$"

��� 85& DFFRXQW RI D�Q�

,Q WKLV VHFWLRQ� , SURYLGH D 85& DFFRXQW RI D DQG DQ� 7KLV DFFRXQW LV XVHG WR

LOOXVWUDWH WKH UHVXOWV RI 85& LQ �����

����� %DVLF SDWWHUQ

7KH LQGHILQLWH DUWLFOH KDV WZR IRUPV� D DQG DQ� ZKRVH GLVWULEXWLRQ LV FRQGLWLRQHG E\

SKRQRORJ\� 7KLV LV LOOXVWUDWHG EHORZ ZLWK EUHHGV RI VKHHS� )RU PDQ\ VSHDNHUV� WKHVH

DUH HIIHFWLYHO\ QRQFH ZRUGV� GHPRQVWUDWLQJ WKH SDWWHUQ¶V SURGXFWLYLW\�

���� D
/

&

D =ZDUWEOH D /ODQZHQRJ D /OH\Q D 9lUPODQG

D 6RD\ D &KHYLRW D /RQN D +HOVLQJH

D 6ZDOHGDOH D 5DPERXLOOHW D 6YlUGVM| D *HVWULNH

DQ
/

9

DQ $UFRWW DQ 2XWDRXDLV $UFRWW DQ ÌOH�GH�)UDQFH DQ (OOLRWWGDOH

DQ 2[IRUG DQ (DVW )ULHVLDQ DQ $PHULFDQ 7XQLV DQ $UDSDZD ,VODQG

DQ ,FHODQGLF DQ ([PRRU +RUQ DQ (QJOLVK /HVWHU DQ 2OG 1RUZHJLDQ

DQ cVHQ DQ (VW j ODLQH

��



7KH VDPH GLVWULEXWLRQ LV IRXQG EHIRUH DGMHFWLYHV DQG DGYHUEV�

���� D FDUHIXO VKHHS� D FDUHIXOO\ JURRPHG VKHHS

���� DQ HHULH VKHHS� DQ HHULO\ TXLHW VKHHS

7KH SKRQRORJLFDO FRQGLWLRQLQJ RI WKH DUWLFOH LV QHDUO\ H[FHSWLRQOHVV� ,Q WKH

6ZLWFKERDUG FRUSXV �*RGIUH\� +ROOLPDQ� DQG 0F'DQLHO ������ D RFFXUV EHIRUH

FRQVRQDQWV ����� RI WKH WLPH �RXW RI ����� WRNHQV�� DQG DQ RFFXUV EHIRUH YRZHOV ���

RI WKH WLPH �RXW RI ���� WRNHQV�� )XOO UHVXOWV DUH SUHVHQWHG LQ �����

7KH SKRQRORJLFDO FRQGLWLRQLQJ RI D DQG DQ LV VR UREXVW WKDW LW DFFRPPRGDWHV

VSHHFK HUURUV� $V VKRZQ LQ )URPNLQ ������� DQ RFFXUV EHIRUH YRZHOV UHVXOWLQJ IURP

WUDQVSRVLWLRQ HUURUV� DQG OLNHZLVH IRU D EHIRUH WUDQVSRVHG FRQVRQDQWV�

���� ([DPSOHV RI DFFRPPRGDWLRQ IURP �)URPNLQ ���� S� ����

D� D FXUUHQW DUJXPHQW → DQ DUUHQW FXUJXPHQW

E� D KLVWRU\ RI LGHDORJ\ → DQ LVWRU\ RI KLGHRORJ\

F� DQ HDWLQJ PDUDWKRQ → D PHHWLQJ DUDWKRQ

G� DQ LFH FUHDP FRQH → D NLFH UHDP FRQH

0RUHRYHU� WKHVH H[DPSOHV VKRZ WKDW WKH FKRLFH EHWZHHQ D DQG DQ LV LQGHSHQGHQW RI

DQ LWHP¶V OH[LFDO LGHQWLW\� 7KH VDPH ZRUG FDQ RFFXU ZLWK HLWKHU D RU DQ� GHSHQGLQJ RQ

LWV VXUIDFH SURQXQFLDWLRQ�

7KHUH DUH D IHZ ZHOO�NQRZQ H[FHSWLRQV WR WKH JHQHUDOL]DWLRQ DERYH� VXFK DV DQ

KLVWRULF� EXW WKHVH DUH PDUJLQDO DW EHVW� 0RVW XVDJH JUDPPDUV WUHDW DQ KLVWRULF DV

LQFRUUHFW� VLQFH LW GRHVQ¶W REH\ WKH VXUIDFH SDWWHUQ �H�J�� WKH &KLFDJR 0DQXDO RI 6W\OH�

��WK HG��� )RU VSHDNHUV ZKR SURGXFWLYHO\ XVH DQ EHIRUH �K�� WKH FKRLFH PD\ EH WKH

UHVXOW RI K�GHOHWLRQ� GLVFXVVHG DW OHQJWK LQ WKH QH[W FKDSWHU �������

��



$OORPRUSK\ LQ WKH LQGHILQLWH DUWLFOH LV RIWHQ DQDO\]HG DV 3&$� 7KLV LV EHFDXVH

WKHUH¶V QR JHQHUDO UXOH RI Q�HSHQWKHVLV RU Q�GHOHWLRQ LQ (QJOLVK� DV VKRZQ E\ WKH

H[DPSOHV EHORZ� ZKLFK IDLO WR HLWKHU XQGHUJR Q�HSHQWKHVLV �D±E� RU Q�GHOHWLRQ �F±G��

���� 1R Q�HSHQWKHVLV RU Q�GHOHWLRQ

D� P\ H[PRRU [PľԌ ͑NVPɬޗ]
E� WR D ORQN [WX ̸ OɬغN]

F� QLQH ORQNV [QľԌQ OɬغNV]
G� LQ ORQNV [ԌQ OɬغNV]

7KH UHVW RI &KDSWHU � JLYHV D 85& DFFRXQW RI WKHVH GDWD� 7KH GDWD DUH ODUJHO\

LQFRPSOHWH� JORVVLQJ RYHU PDQ\ LQWHUHVWLQJ LVVXHV� VXFK DV WKH DOWHUQDWLRQ EHWZHHQ WKH

DUWLFOH¶V VWURQJ DQG ZHDN IRUPV �[HM] DQG [̸]�� WKH UHODWLRQVKLS EHWZHHQ WKH DUWLFOH DQG

WKH UHVW RI (QJOLVK SKRQRORJ\� DQG ZKHWKHU WKH EDVLF DUJXPHQW IRU D 3&$ DQDO\VLV

KROGV �ZK\ QRW PRUSKHPH�VSHFLILF HSHQWKHVLV"�� 7KHVH LVVXHV DUH WDNHQ XS LQ &KDSWHU

�� ZKLFK SUHVHQWV D FRPSOHWH DQDO\VLV RI D�Q�� DORQJ ZLWK UHSDLUV VXFK DV UHGXFWLRQ DQG

HSHQWKHVLV�

����� $FFRXQW RYHUYLHZ

7KH 85& DFFRXQW RI D�Q� DLPV WR FDSWXUH WKUHH JHQHUDOL]DWLRQV�

� D RFFXUV EHIRUH FRQVRQDQWV�

� DQ RFFXUV EHIRUH YRZHOV�

� 6XSSOHWLRQ LV UHVWULFWHG WR D DQG DQ�

7KH EDVLF 85& DFFRXQW LV WKDW D LV JHQHUDOO\ SUHIHUUHG WR DQ �D LV WKH GHIDXOW�� DQG

DQ LV XVHG WR DYRLG D PDUNHG KLDWXV� 6XSSOHWLRQ LV UHVWULFWHG GXH WR 85&¶V DOJRULWKP

IRU FDQGLGDWH VHW FRQVWUXFWLRQ� (DFK SLHFH RI WKH DQDO\VLV LV MXVWLILHG LQ &KDSWHU ��

XVLQJ FRUSXV HYLGHQFH DQG GDWD IURP GHVFULSWLRQV RI (QJOLVK�

��



����� &RQVWUDLQWV

7KH DFFRXQW RI D�Q� XVHV IRXU FRQVWUDLQWV� WZR 85 FRQVWUDLQWV� D PDUNHGQHVV

FRQVWUDLQW ∗ԥ� � DQG D IDLWKIXOQHVV FRQVWUDLQW �

7KH 85 FRQVWUDLQWV UHTXLUH WKH VHW RI IHDWXUHV FRUUHVSRQGLQJ WR D�Q� WR EH UHDOL]HG

E\ RQH RI WKH 85V�

���� �'� {− }! → � Q� �DEEUHYLDWHG = � Q��
$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHW RI IHDWXUHV �'� {− }! WKDW GRHV QRW

FRUUHVSRQG WR WKH 85 � Q��

���� �'� {− }! → �HM� �DEEUHYLDWHG = �HM��
$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHW RI IHDWXUHV �'� {− }! WKDW GRHV QRW

FRUUHVSRQG WR WKH 85 �HM��

,Q 85&� SKRQRORJLFDO FRQGLWLRQLQJ LQ 3&$ LV WKH UHVXOW RI PDUNHGQHVV FRQVWUDLQWV

UDQNHG RYHU SDUWLFXODU 85 FRQVWUDLQWV� ,Q WKH DQDO\VLV RI D�Q�� WKH PDUNHGQHVV FRQVWUDLQW

GULYLQJ 3&$ LV ∗ԥ� �

���� ∗ԥ�

$VVLJQ RQH YLRODWLRQ IRU HYHU\ OD[�YRZHO±YRZHO VHTXHQFH�

H�J�� ∗ DVVLJQHG WR [Ԍ�ľ]� [͑�L]� [̸�DԌ]� [Ԍ�̸]

,Q &KDSWHU �� , VKRZ WKDW WKLV FRQVWUDLQW LV DWWHVWHG LQ (QJOLVK SKRQRWDFWLFV�

GHULYDWLRQDO PRUSKRORJ\� DQG SKRQRORJLFDO UHSDLUV�

:KHQ D QRQ�GHIDXOW 85 DQG D UHSDLU FDQ VDWLVI\ WKH VDPH PDUNHGQHVV FRQVWUDLQW� WKH

FKRLFH EHWZHHQ WKHP FRPHV IURP UDQNLQJ D 85 FRQVWUDLQW ZLWK UHVSHFW WR IDLWKIXOQHVV�

, FRQVLGHU HSHQWKHVLV KHUH� DQG WKH FRQVWUDLQW PLOLWDWLQJ DJDLQVW LW LV �

����

$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHJPHQW LQ WKH 65 ZLWKRXW D FRUUHVSRQGLQJ

VHJPHQW LQ WKH 85�

��



����� 5DQNLQJ

,Q WKH 85& DFFRXQW RI D DQG DQ� , SURFHHG JHQHUDOL]DWLRQ�E\�JHQHUDOL]DWLRQ�

������� D EHIRUH FRQVRQDQWV

7KH XVH RI D EHIRUH FRQVRQDQWV FRPHV IURP D JHQHUDO SUHIHUHQFH IRU D RYHU DQ�

ZKLFK IROORZV IURP WKH UDQNLQJ RI = �HM� ≫ = � Q� �
,Q WKH WDEOHDX EHORZ� VLQFH WKHUH DUH QR UDQNLQJ DUJXPHQWV WR UDQN WKH FRQVWUDLQWV

∗ԥ� DQG ZLWK UHVSHFW WR = �HM� RU = � Q� � WKHVH FRQVWUDLQWV DUH VHW DSDUW

ZLWK D WKLFN JUD\ OLQH� 7KH :¶V DQG /¶V VKRZ ZKHWKHU HDFK FRQVWUDLQW IDYRUV WKH

GHVLUHG ZLQQLQJ FDQGLGDWH RU D ORVLQJ FDQGLGDWH �3ULQFH ������ )RU WKH GHVLUHG ZLQQHU

WR EH RSWLPDO� HYHU\ URZ PXVW KDYH DW OHDVW RQH : WR WKH OHIW RI DOO /¶V�

5DQNLQJ DUJXPHQWV� = �HM� ≫ = � Q�� 8QUDQNHG� ∗ԥ� �

∗ԥ� = �HM� = � Q�
☛ �HM���OľغN� [̸ OľغN] � � � −�

� Q���OľغN� [̸Q OľغN] � � −� �

7DEOH ���� D EHIRUH FRQVRQDQWV

,Q WKLV DQDO\VLV� WKH XVH RI D EHIRUH FRQVRQDQWV IROORZV IURP WKH JHQHUDO SUHIHUHQFH

IRU D RYHU DQ� ,W KDV QRWKLQJ WR GR ZLWK WKH SKRQRORJLFDO LOO�IRUPHGQHVV RI [̸Q OľغN]�

VXFK DV LWV YLRODWLRQV RI � 5DWKHU� D LV WKH GHIDXOW� WKH IRUP XVHG LQ WKH

HOVHZKHUH FRQWH[W� , SUHVHQW LQGHSHQGHQW HYLGHQFH IRU WUHDWLQJ D DV WKH GHIDXOW LQ WKH

QH[W FKDSWHU �������

,Q WDEOHDX[� , GRQ¶W LQFOXGH 85 FRQVWUDLQWV IRU QRQ�DOWHUQDWLQJ ZRUGV OLNH ORQN RU

DUFRWW� 7KH FDQGLGDWH VHW RQO\ FRQWDLQV PXOWLSOH 85V IRU DOWHUQDWLQJ PRUSKHPHV� OLNH

D�Q�� 85 FRQVWUDLQWV IRU QRQ�DOWHUQDWLQJ PRUSKHPHV DUH QHYHU YLRODWHG� DQG DV D UHVXOW�

WKH\ FDQ EH UDQNHG DQ\ZKHUH�

��



������� DQ EHIRUH YRZHOV

7KH IDFW WKDW DQ RFFXUV EHIRUH YRZHOV FRPHV IURP WKH UDQNLQJ ∗ԥ� ≫ = �HM� �
:KHQ ∗ԥ� LV UDQNHG DERYH = �HM� � WKH JUDPPDU LV ZLOOLQJ WR GHYLDWH IURP WKH

GHIDXOW 85 D WR DYRLG D KLDWXV�

5DQNLQJ DUJXPHQWV� ∗ԥ� ≫ = �HM�� 8QUDQNHG�
∗ԥ� = �HM� = � Q�

☛ � Q���͑NVPRޗ� [̸Q ͑NVPRޗ] � � −� �

�HM���͑NVPRޗ� [̸ ͑NVPRޗ] � −� � −�

7DEOH ���� DQ EHIRUH YRZHOV

7KH EDVLF SDWWHUQ RI D DQG DQ� WKHQ� IROORZV IURP WKH UDQNLQJ ∗ԥ� ≫ = �HM�
≫ = � Q� � 7KLV UDQNLQJ HQVXUHV WKDW D LV SUHIHUUHG WR DQ� XQOHVV DQ FDQ DYRLG D

YLRODWLRQ RI ∗ԥ� �

������� 5XOLQJ RXW UHSDLUV

*LYHQ WKDW 85 VHOHFWLRQ FRPSHWHV DORQJVLGH SKRQRORJLFDO SURFHVVHV LQ 85&� ZH

QHHG WR UXOH RXW UHSDLUV WKDW FDQ EH XVHG WR DYRLG YLRODWLRQV RI ∗ԥ� �

,Q (QJOLVK� JORWWDO VWRS HSHQWKHVLV SURYLGHV DQRWKHU KLDWXV�DYRLGDQFH VWDWHJ\� DV VHHQ

LQ H[DPSOHV OLNH WKH RQHV EHORZ�

���� &RQWH[WV ZLWK QHDUO\ REOLJDWRU\ �HSHQWKHVLVݦ

D� VDOVD�LQJ [VɬOV̸পӝغ]

E� VDPED�LQJ [VľPE̸পӝغ]

F� VRGD�\ [VRG̸পL]
G� ]RRPED�LVW []XPE̸পӝVW]

6XSSRUWLQJ WKHVH LQWXLWLRQV� .HDWLQJ HW DO� ������ ILQG WKDW �HSHQWKHVLVݦ DOZD\V

RFFXUV EHWZHHQ [˓̸] DQG IROORZLQJ YRZHO�LQLWLDO ZRUGV LQ WKH 7,0,7 FRUSXV�

��



7KH FKDOOHQJH IRU WKH 85& DQDO\VLV LV FDQGLGDWHV OLNH [̸ প ͑NVPRޗ]� ZKLFK VDWLVI\

ERWK ∗ԥ� DQG WKH KLJKHU UDQNHG 85 FRQVWUDLQW� = �HM� � *LYHQ WKDW �HSHQWKHVLVݦ FDQ

EH XVHG WR DYRLG KLDWXV� ZK\ LVQ¶W LW XVHG LQVWHDG RI DQ"

7R UXOH RXW WKHVH FDQGLGDWHV� WKH FRQVWUDLQW � ZKLFK PLOLWDWHV DJDLQVW HSHQWKHVLV�

PXVW EH UDQNHG DERYH = �HM� � $V D UHVXOW RI WKLV UDQNLQJ� WKH FDQGLGDWH ZLWK �ݦ

HSHQWKHVLV ZLOO ORVH WR WKH FDQGLGDWH ZLWK DQ�

����

$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHJPHQW LQ WKH 65 ZLWKRXW D FRUUHVSRQGLQJ

VHJPHQW LQ WKH 85�

5DQNLQJ DUJXPHQWV� ∗ԥ� � ≫ = �HM�
∗ԥ� = �HM� = � Q�

☛ � Q���͑NVPRޗ� [̸Q ͑NVPRޗ] � � −� �

�HM���͑NVPRޗ� [̸ ͑NVPRޗ] −� � � −�

�HM���͑NVPRޗ� [̸ প ͑NVPRޗ] � −� � −�

7DEOH ���� 7DEOHDX� 1R JORWWDO VWRS HSHQWKHVLV ZLWK D

$V VKRZQ LQ WKH WDEOHDX DERYH� 85& FDQ FDSWXUH SUHIHUHQFHV EHWZHHQ QRQ�GHIDXOW

85V DQG UHSDLUV E\ UDQNLQJ IDLWKIXOQHVV DQG 85 FRQVWUDLQWV� ,Q WKLV FDVH� WKH

QRQ�GHIDXOW 85 LV XVHG LQVWHDG RI ��HSHQWKHVLVݦ

$OWKRXJK ZH¶YH UXOHG RXW HSHQWKHVLV LQ DQ H[PRRU� ZH VWLOO QHHG WR PDNH VXUH WKDW

HSHQWKHVLV LV DYDLODEOH WR UHVROYH KLDWXV LQ JHQHUDO� 7KLV IROORZV IURP WKH UDQNLQJ ∗ԥ�

≫ � 7KLV UDQNLQJ LV FRQVLVWHQW ZLWK WKH UDQNLQJ DOUHDG\ HVWDEOLVKHG�

��



5DQNLQJ DUJXPHQWV� ∗ԥ� ≫

= �VRG̸� ∗ԥ�

☛ �VRG̸���L� [VRG̸ প L] � � −�

�VRG̸���L� [VRG̸ L] � −� �

7DEOH ���� 7DEOHDX� [প]�HSHQWKHVLV WR UHVROYH KLDWXV

,Q 85&� ERWK �HSHQWKHVLVݦ LQ VRGD�\ DQG VXSSOHWLRQ LQ DQ H[PRRU DUH GULYHQ E\

WKH VDPH FRQVWUDLQW� ∗ԥ� � 7KH GLIIHUHQFH LV WKDW IRU D�Q�� PXOWLSOH 85V DUH DYDLODEOH�

ZKLOH IRU VRGD�\� WKH RQO\ 85 HQGV LQ D YRZHO� VR HSHQWKHVLV LV UHTXLUHG� 7KLV UDLVHV

WKH TXHVWLRQ� ZK\ LVQ¶W VXSSOHWLRQ DYDLODEOH IRU VRGD"

������� 6XSSOHWLRQ LV OLPLWHG WR D DQG DQ

2QH RI WKH JRDOV RI WKH DQDO\VLV LV WR DFFRXQW IRU WKH IDFW WKDW VXSSOHWLRQ RFFXUV

ZLWK D DQG DQ EXW QRW RWKHU ZRUGV� OLNH P\ RU VRGD� ,Q 85&� WKLV GLIIHUHQFH LV D

FRQVHTXHQFH RI WKH ZD\ WKH FDQGLGDWH VHW LV FRQVWUXFWHG�

5HFDOO WKDW WKH FDQGLGDWH VHW¶V 85V DUH GHWHUPLQHG E\ FRQVXOWLQJ WKH OLVW RI 85

FRQVWUDLQWV� 6LQFH WKH RQO\ 85 FRQVWUDLQW WKDW UHIHUHQFHV WKH VHW RI IHDWXUHV <Q�

{
#

}> LV =�VRG̸�� WKH RQO\ 85 WKDW FDQ FRPSHWH LQ LWV FDQGLGDWH VHW LV �VRG̸�� ,I
WKHUH ZHUH D 85 FRQVWUDLQW VXFK DV =�VRG̸Q�� WKHQ ZH¶G H[SHFW VXSSOHWLRQ EHWZHHQ

VRGD DQG VRGDQ� JLYHQ WKH ULJKW UDQNLQJ RI WKH PDUNHGQHVV DQG 85 FRQVWUDLQWV�

������� 6XPPDU\

7KH ILQDO UDQNLQJ IRU D DQG DQ LV EHORZ�

���� ∗ԥ� ≫ ≫ = �HM� ≫ = � Q�

8QGHU WKLV UDQNLQJ� D LV JHQHUDOO\ SUHIHUUHG WR DQ� H[FHSW ZKHQ XVLQJ DQ FDQ DYRLG

D YLRODWLRQ RI ∗ԥ� � %RWK HSHQWKHVLV DQG DQ DUH XVHG WR DYRLG KLDWXV� EXW DQ LV DOZD\V

��



SUHIHUUHG WR HSHQWKHVLV� ZKHQ WKH RSWLRQ LV DYDLODEOH� 7KH WDEOHDX EHORZ FRQWDLQV DOO RI

WKH FDQGLGDWHV IURP WKH FKDSWHU�

5DQNLQJ DUJXPHQWV� ∗ԥ� ≫ ≫ = �HM� ≫ = � Q�

∗ԥ� = �HM� = � Q�
☛ �HM���OľغN� [̸ OľغN] � � � −�

� Q���OľغN� [̸Q OľغN] � � −� �

�HM���OľغN� [̸ প OľغN] −� � � −�

☛ � Q���͑NVPRޗ� [̸Q ͑NVPRޗ] � � −� �

�HM���͑NVPRޗ� [̸ ͑NVPRޗ] −� � � −�

�HM���͑NVPRޗ� [̸ প ͑NVPRޗ] � −� � −�

☛ �VRG̸���L� [VRG̸ প L] � −� � �

�VRG̸���L� [VRG̸ L] −� � � �

7DEOH ����� 6XPPDU\ WDEOHDX IRU D DQG DQ

��� 5HVXOWV RI 85&

,Q WKLV VHFWLRQ� , XVH WKH DQDO\VLV RI D DQG DQ WR LOOXVWUDWH VRPH SUHGLFWLRQV RI 85&�

ZKLFK DUH VXSSRUWHG LQ WKH FKDSWHUV WKDW IROORZ�

����� /DQJXDJH�ZLGH FRQVWUDLQWV FRQGLWLRQ 3&$

8QGHU 85&� SKRQRORJLFDO FRQGLWLRQLQJ LQ 3&$ UHVXOWV IURP UDQNLQJ D 85 FRQVWUDLQW

EHORZ D SKRQRORJLFDO FRQVWUDLQW� )RU H[DPSOH� LQ WKH DFFRXQW RI D�Q�� = �HM� LV

UDQNHG EHORZ ∗ԥ� � ∗ԥ� LVQ¶W D FRQVWUDLQW WKDW¶V VSHFLILF WR 3&$� LW¶V D JHQHUDO�

ODQJXDJH�ZLGH FRQVWUDLQW WKDW¶V DFWLYH HOVHZKHUH LQ (QJOLVK�

, FDOO WKLV LGHD ± WKDW 3&$ LV FRQGLWLRQHG E\ ODQJXDJH�ZLGH FRQVWUDLQWV ± WKH

/DQJXDJH�:LGH &RQVWUDLQW +\SRWKHVLV �WKH /:& +\SRWKHVLV��

��



���� 7KH /DQJXDJH�:LGH &RQVWUDLQW +\SRWKHVLV

3&$ IROORZV IURP WKH UDQNLQJ RI SKRQRORJLFDO FRQVWUDLQWV LQ WKH JUDPPDU� DQG

WKHVH FRQVWUDLQWV DUH DFWLYH DFURVV WKH ODQJXDJH�

7KH /:& +\SRWKHVLV KDV EHHQ SXUVXHG LQ PDQ\ RWKHU 27 DFFRXQWV RI 3&$� VXFK

DV 0HVWHU ������� .DJHU ������� DQG 0DVFDUy ������� ,W¶V DOVR EHHQ FDOOHG 3 ≫

0 �3DVWHU ������ VLQFH LW¶V RIWHQ PRGHOHG E\ UDQNLQJ SKRQRORJLFDO FRQVWUDLQWV DERYH

PRUSKRORJLFDO RQHV� DQG 7(78 �0DVFDUy ������

8QGHU WKH VWURQJHVW IRUP RI WKLV K\SRWKHVLV� WKHUH LV RQH UDQNLQJ RI FRQVWUDLQWV

FRQGLWLRQLQJ DOO 3&$� DOO SKRQRORJLFDO UHSDLUV� SKRQRWDFWLFV� SKRQRORJLFDOO\�FRQGLWLRQHG

V\QWDFWLF YDULDWLRQ� DQG VR RQ� 7KDW LV� ZKHUHYHU WKHUH LV SKRQRORJLFDO FRQGLWLRQLQJ�

WKHUH LV D PDUNHGQHVV RU IDLWKIXOQHVV FRQVWUDLQW FRQGLWLRQLQJ LW� $V D VORJDQ� ZH PLJKW

VD\� 2QH 3KRQRORJ\ WR 5XOH 7KHP $OO�

$ ZHDNHU IRUP RI WKLV K\SRWKHVLV� DQG WKH RQH , DUJXH IRU KHUH� LV WKDW VRPH FDVHV

RI 3&$ DUH WKH UHVXOW RI ODQJXDJH�ZLGH FRQVWUDLQWV� ZKLOH RWKHUV PD\ UHTXLUH DGGLWLRQDO

FRQVWUDLQWV VSHFLILF WR 3&$ �VHH �������� $W WKH YHU\ OHDVW� , DUJXH WKDW ODQJXDJH�ZLGH

FRQVWUDLQWV DUH UHVSRQVLEOH IRU WKH WKUHH FDVH VWXGLHV KHUH� (QJOLVK D�Q�� )UHQFK OLDLVRQ�

DQG (QJOLVK OLFLRXV�W\SH VXIIL[HV�

$V PHQWLRQHG DERYH� WKH /:& +\SRWKHVLV ILQGV VXSSRUW ZKHQ WKH FRQVWUDLQWV XVHG

IRU 3&$ DUH DWWHVWHG HOVHZKHUH LQ WKH ODQJXDJH�

���� 7KH /:& +\SRWKHVLV LV VXSSRUWHG ZKHQ 3&$�FRQGLWLRQLQJ FRQVWUDLQWV DUH

DFWLYH HOVHZKHUH LQ WKH VDPH ODQJXDJH�

D� 7KH\ FRQGLWLRQ UHSDLUV�

E� 7KH\ FRQGLWLRQ SKRQRWDFWLFV�

F� 7KH\ FRQGLWLRQ RWKHU FDVHV RI 3&$�

, XVH HDFK RI WKHVH WR VXSSRUW RI /:& +\SRWKHVLV� ,Q &KDSWHU �� , VKRZ WKDW ∗ԥ� �

WKH FRQVWUDLQW FRQGLWLRQLQJ D DQG DQ LV DFWLYH DFURVV (QJOLVK LQ DOO WKUHH GRPDLQV� ,Q

��



&KDSWHUV � DQG �� , VKRZ WKH VDPH IRU ∗ LQ )UHQFK OLDLVRQ DQG ∗ LQ

��D�OLFLRXV�W\SH VXIIL[HV LQ (QJOLVK�

6LQJOH UDQNLQJ UHTXLUHG� 7KH /:& +\SRWKHVLV LPSRVHV D VWURQJ UHTXLUHPHQW RQ

DQ\ DQDO\VLV WKDW DVVXPHV LW� )RU WKH /:& +\SRWKHVLV WR KROG� WKH GLVWULEXWLRQ RI HYHU\

PRUSKHPH DQG DOWHUQDWLRQ VKRXOG IROORZ IURP WKH VDPH UDQNLQJ RI FRQVWUDLQWV�

���� $ UHTXLUHPHQW RI WKH /:& +\SRWKHVLV

7KHUH LV D FRQVLVWHQW FRQVWUDLQW UDQNLQJ IRU 3&$ DQG UHSDLUV�

,I WZR ZRUGV UHTXLUH GLIIHUHQW UDQNLQJV� HLWKHU DGGLWLRQDO FRQVWUDLQWV DUH QHFHVVDU\�

RU WKH /:& +\SRWKHVLV LV ZURQJ�

7KLV UHTXLUHPHQW LV PHW IRU WKH GLVVHUWDWLRQ¶V FDVHV� ,Q HYHU\ DQDO\VLV� WKH UDQNLQJ

RI PDUNHGQHVV DQG IDLWKIXOQHVV FRQVWUDLQWV LV FRQVLVWHQW DFURVV GLIIHUHQW PRUSKHPHV DQG

DOWHUQDWLRQV� DQG LQ HYHU\ DQDO\VLV� 3&$ FRH[LVWV ZLWK UHSDLUV�

2SWLQJ RXW� $OWKRXJK WKH /:& +\SRWKHVLV SUHGLFWV WKDW 3&$ FDQ EH FRQGLWLRQHG

E\ ODQJXDJH�ZLGH PDUNHGQHVV FRQVWUDLQWV� LW GRHVQ¶W SUHGLFW WKDW HYHU\ PRUSKHPH ZLOO

EH� 0DUNHGQHVV�FRQGLWLRQHG 3&$ GRHVQ¶W RFFXU XQGHU WKH FRQGLWLRQV EHORZ�

���� $ PRUSKHPH ZRQ¶W EH FRQGLWLRQHG E\ D PDUNHGQHVV FRQVWUDLQW 0�

D� LI LW RQO\ KDV RQH 85�

E� LI DOO RI WKH PRUSKHPH¶V 85V LQFXU HTXDO YLRODWLRQV RI 0 �LI LW KDV PRUH

WKDQ RQH 85��

F� LI WKH 85 FRQVWUDLQWV IRU DOO RI WKH PRUSKHPH¶V 85V DUH UDQNHG DERYH 0�

7KH ILUVW H[FHSWLRQ LV ZK\ P\ DQG VRID GR QRW XQGHUJR VXSSOHWLRQ ZLWK PLQH RU

VRIDQ WR DYRLG D YLRODWLRQ RI ∗ԥ� � 2QO\ D PRUSKHPH ZLWK PXOWLSOH 85V LV VXEMHFW WR

3&$�

��



7KH VHFRQG H[FHSWLRQ PHDQV WKDW RQO\ UHOHYDQW PDUNHGQHVV FRQVWUDLQWV KDYH DQ

HIIHFW RQ WKH VHOHFWLRQ EHWZHHQ WZR 85V� )RU H[DPSOH� LI D PRUSKHPH KDV WZR 85V

ZLWK WKH VDPH VWUHVV SDWWHUQ� D FRQVWUDLQW RQ VWUHVV ZRQ¶W HYHU IDYRU RQH RYHU WKH RWKHU�

7KH WKLUG H[FHSWLRQ LV D FRQVHTXHQFH RI WKH IDFW WKDW 85 FRQVWUDLQWV FDQ EH IUHHO\

UDQNHG RQ D 85�E\�85 EDVLV� 5HFDOO WKDW SKRQRORJLFDO FRQGLWLRQLQJ UHVXOWV IURP

UDQNLQJ D 85 FRQVWUDLQW EHORZ D PDUNHGQHVV FRQVWUDLQW� ,I D PRUSKHPH KDV WZR

85V� DQG ERWK 85 FRQVWUDLQWV DUH UDQNHG DERYH D PDUNHGQHVV FRQVWUDLQW� WKHQ WKDW

PDUNHGQHVV FRQVWUDLQW ZLOO SOD\ QR UROH LQ WKH FKRLFH EHWZHHQ WKH 85V� 85& SUHGLFWV�

WKHQ� WKDW FDVHV RI 3&$ FDQ EH VHQVLWLYH WR VRPH PDUNHGQHVV FRQVWUDLQWV �WKH RQHV

UDQNHG DERYH WKH UHOHYDQW 85 FRQVWUDLQWV� EXW QRW RWKHUV �WKH RQHV UDQNHG EHORZ�� DQG

WKDW LQGLYLGXDO FDVHV RI 3&$ FDQ GLIIHU�

7KH DOWHUQDWLYH� VXEFDWHJRUL]DWLRQ� 7KH PDMRU DOWHUQDWLYH WR /:& +\SRWKHVLV

LV VXEFDWHJRUL]DWLRQ� 3&$ LV WKH UHVXOW RI VHOHFWLRQDO UHVWULFWLRQV HQFRGHG RQ D

PRUSKHPH�E\�PRUSKHPH EDVLV� 8QOLNH WKH /:& +\SRWKHVLV� VXEFDWHJRUL]DWLRQ KROGV

WKDW SKRQRORJLFDO FRQGLWLRQLQJ LQ 3&$ LV XQUHODWHG WR WKH SKRQRORJLFDO FRQVWUDLQWV RI

WKH ODQJXDJH DQG WKHLU UDQNLQJ� DQG SUHGLFWV WKDW SKRQRORJLFDO FRQGLWLRQLQJ FDQ EH

FRPSOHWHO\ DUELWUDU\�

$V VKRZQ LQ ������� WKH /:& +\SRWKHVLV LV FRPSDWLEOH ZLWK VXEFDWHJRUL]DWLRQ� DQG

ERWK FDQ IROORZ XQGHU D VLQJOH PRGHO�

)RU D FDVH RI 3&$� FKRRVLQJ EHWZHHQ WKH WZR DSSURDFKHV FDQ EH GLIILFXOW� $V

QRWHG DERYH� WKH /:& +\SRWKHVLV LV VXSSRUWHG ZKHQ 3&$�FRQGLWLRQLQJ FRQVWUDLQWV DUH

DWWHVWHG HOVHZKHUH� EXW VXFK GDWD DUHQ¶W LQFRPSDWLEOH ZLWK VXEFDWHJRUL]DWLRQ� ,W FRXOG

EH WKDW VXEFDWHJRUL]DWLRQ IUDPHV DQG UHSDLUV FRLQFLGHQWDOO\ DYRLG WKH VDPH VWUXFWXUHV�

RU WKDW VLPLODULWLHV EHWZHHQ WKHP DUH WKH UHVXOW RI KLVWRULFDO FKDQJH�

7KHUH DUH WZR ZD\V WR GHILQLWLYHO\ GLDJQRVH D FDVH DV WKH UHVXOW RI ODQJXDJH�ZLGH

FRQVWUDLQWV� $ FDVH RI 3&$ FDQ¶W EH WKH UHVXOW RI VXEFDWHJRUL]DWLRQ LI WKHUH DUHQ¶W

��



HQRXJK GDWD WR OHDUQ WKH PRUSKHPH�VSHFLILF VHOHFWLRQDO UHVWULFWLRQV� RU LI WKHUH¶V QR

H[SODQDWLRQ IRU VLPLODULWLHV EHWZHHQ 3&$ DQG WKH UHVW RI WKH ODQJXDJH�

���� 7KH /:& +\SRWKHVLV LV DOVR VXSSRUWHG ZKHQ�

D� 7KHUH¶V LQVXIILFLHQW GDWD WR OHDUQ WKH DIIL[¶V GLVWULEXWLRQ�

E� 7KHUH¶V QR KLVWRULFDO H[SODQDWLRQ IRU WKH DIIL[¶V GLVWULEXWLRQ�

6XEFDWHJRUL]DWLRQ UHTXLUHV ODQJXDJH OHDUQHUV WR GLVFRYHU WKDW GLIIHUHQW DIIL[HV KDYH

GLIIHUHQW UHTXLUHPHQWV� DQG VLPLODULWLHV EHWZHHQ DIIL[HV DQG UHSDLUV QHHG VRPH VRUW

RI KLVWRULFDO H[SODQDWLRQ� 2Q WKH RWKHU KDQG� WKH /:& +\SRWKHVLV UHTXLUHV QHLWKHU�

6LPLODULWLHV EHWZHHQ 3&$ DQG UHSDLUV IROORZ IURP WKH IDFW WKDW WKH\ REH\ WKH VDPH

FRQVWUDLQWV� DQG SKRQRORJLFDO FRQGLWLRQLQJ GRHVQ¶W QHHG WR EH OHDUQHG� VLQFH LW¶V WKH

UHVXOW RI H[WHQGLQJ WKH H[LVWLQJ SKRQRORJLFDO JUDPPDU�

, XVH WKHVH DUJXPHQWV LQ &KDSWHU �� ZKHUH , VKRZ WKDW WKH FRQGLWLRQLQJ RI ��D�OLFLRXV

FDQQRW EH OHDUQHG JLYHQ VSDUVH LQSXW GDWD� DQG ODFNV DQ\ VRUW RI KLVWRULFDO H[SODQDWLRQ�

����� 'HIDXOWV HPHUJH IURP UDQNLQJ

,Q 85&� 85 FRQVWUDLQWV DUH UDQNHG ZLWK UHVSHFW WR RWKHU 85 FRQVWUDLQWV WR PRGHO

GHIDXOWV� ,Q WKH DQDO\VLV RI D DQG DQ� = �HM� LV UDQNHG DERYH = � Q� � $V D UHVXOW�
D RFFXUV ZKHQ WKHUH DUH QR KLJKHU�UDQNHG SKRQRORJLFDO FRQVWUDLQWV�

85& PDNHV WZR SUHGLFWLRQV DERXW GHIDXOWKRRG�

���� 3UHGLFWLRQV DERXW GHIDXOWKRRG

D� 'HIDXOWV DUH SKRQRORJLFDOO\ DQG V\QWDFWLFDOO\ DUELWUDU\�

E� 'GHIDXOWKRRGHIDXOWKRRG HPHUJHV LQ XQPDUNHG FRQWH[WV �WKH HOVHZKHUH

FRQWH[W��

7KH ILUVW SUHGLFWLRQ VWUDLJKWIRUZDUGO\ IROORZV IURP WKH IDFW WKDW GHIDXOWKRRG LV

WKH UHVXOW RI UDQNLQJ SKRQRORJLFDOO\� DQG V\QWDFWLFDOO\�DUELWUDU\ 85 FRQVWUDLQWV� ,I

= � Q� ZHUH UDQNHG DERYH = �HM� � IRU H[DPSOH� WKH GHIDXOW ZRXOG EH DQ LQVWHDG RI

��



D� ,Q VRPH RWKHU DFFRXQWV� GHIDXOWKRRG IROORZV IURP PRUSKRV\QWDFWLF RU SKRQRORJLFDO

PDUNHGQHVV� ZLWK WKH GHIDXOW HLWKHU H[SUHVVLQJ V\QWDFWLF IHDWXUHV EHWWHU �7UDQHO ����E��

EHLQJ OHVV SKRQRORJLFDOO\ PDUNHG� H�J� VKRUWHU RU FRQWDLQLQJ OHVV�PDUNHG VHJPHQWV

�5XEDFK DQG %RRLM ������ RU VRPH FRPELQDWLRQ RI ERWK �:ROI ������

7KH VHFRQG SUHGLFWLRQ IROORZV IURP WKH IDFW WKDW GHIDXOWKRRG LV WKH UHVXOW RI

FRQVWUDLQW UDQNLQJ� 6LQFH D UDQNLQJ RI WZR 85 FRQVWUDLQWV ZRQ¶W FKDQJH DFURVV

FRQWH[WV� WKH GHIDXOW ZLOO DOZD\V UHPDLQ WKH VDPH� :KHQHYHU PDUNHGQHVV FRQVWUDLQWV

DUHQ¶W UHOHYDQW� WKH GHIDXOW ZLOO EH XVHG� 7KH 85& DFFRXQW RI D�Q� SUHGLFWV WKDW D

VKRXOG EH XVHG LQ DOO XQPDUNHG FRQWH[WV� ZKHQHYHU ∗ԥ� LVQ¶W UHOHYDQW� , VKRZ WKDW WKLV

LV WKH FDVH LQ �����

7KHUH DUH D QXPEHU RI RWKHU DFFRXQWV WKDW DVVXPH WKH GHIDXOW LV SUHIHUUHG IRU

SKRQRORJLFDOO\ DQG V\QWDFWLFDOO\ DUELWUDU\ UHDVRQV� ,Q DFFRXQWV OLNH .DJHU ������ DQG

%RQHW� /ORUHW� DQG 0DVFDUy ������� GHIDXOWKRRG LV REWDLQHG E\ FRQVWUDLQWV WDLORUHG WR

WKH WDVN� )RU .DJHU� D 85 FRQVWUDLQW LV XVHG IRU GHIDXOWKRRG� DQG IRU %RQHW HW DO� WKH

FRQVWUDLQW HQIRUFHV WKH OH[LFRQ¶V DUELWUDU\ SUHIHUHQFHV� ,Q '0� WKH GHIDXOW

LV WKH DOORPRUSK WKDW KDV WKH IHZHVW UHTXLUHPHQWV IRU LWV LQVHUWLRQ� 7KH RSHUDWLRQ

RI 9RFDEXODU\ ,QVHUWLRQ SURFHHGV IURP WKH PRVW SKRQRORJLFDOO\�VSHFLILF WR WKH PRVW

SKRQRORJLFDOO\�JHQHUDO YRFDEXODU\ LWHPV� IROORZLQJ WKH HOVHZKHUH SULQFLSOH �.LSDUVN\

������ 9RFDEXODU\ LWHPV ZLWK VSHFLILF FRQWH[WV IRU LQVHUWLRQ DUH WULHG ILUVW� DQG LI WKHUH

LV QR SKRQRORJLFDOO\�VSHFLILF YRFDEXODU\ LWHP IRU D JLYHQ FRQWH[W� D JHQHUDO RQH LV XVHG

LQVWHDG�

7KHVH DFFRXQWV DUH VLPLODU WR 85& LQ WKDW GHIDXOWV DUH DUELWUDU\� DOWKRXJK WKH

DFFRXQW KHUH GRHVQ¶W KDYH DQ\ VSHFLDO PHFKDQLVP GHYRWHG WR GHIDXOWKRRG� VXFK DV

FRQVWUDLQWV RU WKH HOVHZKHUH SULQFLSOH� 5DWKHU� GHIDXOWKRRG HPHUJHV IURP WKH

UDQNLQJ RI 85 FRQVWUDLQWV� ZKLFK DUH LQGHSHQGHQWO\ QHFHVVDU\ WR HQFRGH PHDQLQJ�85

PDSSLQJV�

��



7KH XVH RI UDQNLQJ DORQH WR FDSWXUH GHIDXOWKRRG KDV WZR UHVXOWV� ZKLFK DUHQ¶W

VKDUHG E\ WKH RWKHU DFFRXQWV GLVFXVVHG DERYH�

3UHIHUUHG DOORPRUSKV� 85& SUHGLFWV QRQ�FDWHJRULFDO SUHIHUHQFHV EHWZHHQ 85V

�SUHIHUUHG DOORPRUSKV�� $V VRRQ DV ZH DOORZ YDULDWLRQ LQWR WKH JUDPPDU� 85 FRQVWUDLQWV

FDQ EH UDQNHG RU ZHLJKWHG WR FDSWXUH GLIIHUHQW GLVWULEXWLRQV RYHU 85V LQ WKH HOVHZKHUH

FRQWH[W� )RU H[DPSOH� LQVWHDG RI DOZD\V XVLQJ D ZKHQ ∗ԥ� LVQ¶W UHOHYDQW� D LV XVHG

��� RI WKH WLPH�

,Q 3DWHU HW DO� ������� ZH XVH WKLV SURSHUW\ RI 85 FRQVWUDLQWV WR PRGHO OH[LFDO

YDULDWLRQ LQ )UHQFK� ,Q )UHQFK� ZRUGV GLIIHU LQ WKHLU OLNHOLKRRG RI EHLQJ SURQRXQFHG

ZLWK D VFKZD� LQGHSHQGHQW RI IUHTXHQF\ RI SKRQRORJ\� 6RPH ZRUGV IDYRU VFKZD LQ WKH

HOVHZKHUH FRQWH[W PRUH WKDQ RWKHUV�

85 FRQVWUDLQWV SURYLGH D VWUDLJKWIRUZDUG DQDO\VLV� (DFK ZRUG ZLWK D VFKZD KDV WZR

85V ± RQH ZLWK D VFKZD DQG RQH ZLWKRXW ± DQG HDFK 85 KDV D 85 FRQVWUDLQW� ,Q

ZRUGV WKDW IDYRU VFKZD PRUH� WKH GLIIHUHQFH EHWZHHQ 85 FRQVWUDLQWV LV JUHDWHU�

/HDUQLQJ� ,Q 85&� LW¶V VWUDLJKWIRUZDUG WR PRGHO WKH OHDUQLQJ RI GHIDXOWKRRG XVLQJ

SUH�H[LVWLQJ OHDUQLQJ DOJRULWKPV� ,Q HDFK RI WKH FDVH VWXGLHV DQG DQDO\VHV KHUH� WKH

UDQNLQJ RI 85 FRQVWUDLQWV LV OHDUQDEOH�

6LQFH GHIDXOWKRRG FRPHV VROHO\ IURP WKH UDQNLQJ RI FRQVWUDLQWV� OHDUQLQJ WKH GHIDXOW

LV DV VLPSOH DV OHDUQLQJ WKH UDQNLQJ� 7KHUH DUH PDQ\ OHDUQLQJ DOJRULWKPV DYDLODEOH IRU

WKLV WDVN ± DVVXPLQJ HLWKHU UDQNHG RU ZHLJKWHG FRQVWUDLQWV� 7KHVH OHDUQLQJ DOJRULWKPV

GHWHUPLQH WKH RSWLPDO UDQNLQJ RU VHW RI ZHLJKWV WR FDSWXUH D VHW RI GDWD�

,Q WKHVH PRGHOV� WKH OHDUQHU LV SURYLGHG ZLWK�

���� 7KH LQSXW WR WKH OHDUQHU

D� $ VHW RI FRQVWUDLQW YLRODWLRQV

E� $ VHW RI GHVLUHG ZLQQHUV �RU VHW RI SUREDELOLWLHV�

F� $ VHW RI YLRODWLRQ SURILOHV IRU HYHU\ FDQGLGDWHV

G� 85V DQG 65V RI HYHU\ FDQGLGDWH

��



8VLQJ WKLV LQIRUPDWLRQ� WKH OHDUQHU ILQGV D UDQNLQJ RU ZHLJKWLQJ RI FRQVWUDLQWV

WKDW FDSWXUHV WKH GHVLUHG ZLQQHUV� ,Q 85&� WKH OHDUQHU ZLOO GR WKLV E\ UDQNLQJ 85

FRQVWUDLQWV� GLVFRYHULQJ GHIDXOWV DORQJ WKH ZD\�

����� 85 VHOHFWLRQ FRQVLGHUV WKH RXWSXW

,Q 85&� 85 VHOHFWLRQ DQG SKRQRORJ\ KDSSHQ DW WKH VDPH WLPH� DQG DV D UHVXOW� WKH

JUDPPDU LV DEOH WR FKRRVH EHWZHHQ GLIIHUHQW FRPELQDWLRQV RI 85V DQG UHSDLUV� ,Q WKH

H[DPSOH FDQGLGDWH VHW EHORZ� WKH UHSDLUV DUH K�GHOHWLRQ DQG YRZHO UHGXFWLRQ� DQG WKH

85V DUH �HM� DQG � Q��

6HW RI IHDWXUHV 85 65 1RWHV

D� �'� {− }! � {
#

} �HM���K W� [HM K W] D

E� �'� {− }! � {
#

} �HM���K W� [̸ K W] D � UHGXFWLRQ

F� �'� {− }! � {
#

} �HM���K W� [HM  W] D � K�GHOHWLRQ

G� �'� {− }! � {
#

} �HM���K W� [̸  W] D � UHGXFWLRQ � K�GHOHWLRQ

H� �'� {− }! � {
#

} � Q���K W� [ Q K W] DQ

I� �'� {− }! � {
#

} � Q���K W� [̸Q K W] DQ � UHGXFWLRQ

J� �'� {− }! � {
#

} � Q���K W� [ Q  W] DQ � K�GHOHWLRQ

K� �'� {− }! � {
#

} � Q���K W� [̸Q  W] DQ � UHGXFWLRQ � K�GHOHWLRQ

7DEOH ����� $ SRVVLEOH FDQGLGDWH VHW XQGHU 85&

$V D FRQVHTXHQFH RI WKLV� WKHUH DUH RIWHQ PXOWLSOH ZD\V WR VDWLVI\ WKH VDPH

PDUNHGQHVV FRQVWUDLQW� )RU H[DPSOH� WKH JUDPPDU FDQ VDWLVI\ ∗ԥ� E\ FKRRVLQJ WKH

FDQGLGDWH ZLWK WKH 85 � Q� DQG K�GHOHWLRQ� RU FKRRVLQJ WKH FDQGLGDWH ZLWK WKH 85 �HM�
DQG QR K�GHOHWLRQ� (LWKHU ZD\� D YLRODWLRQ RI WKH PDUNHGQHVV FRQVWUDLQW LV DYRLGHG�

7KH SUHIHUUHG VROXWLRQ GHSHQGV RQ WKH UDQNLQJ RI FRQVWUDLQWV� ,Q WKH DQDO\VLV RI

D DQG DQ� IRU H[DPSOH� D FDQGLGDWH ZLWK JORWWDO VWRS HSHQWKHVLV ZDV UXOHG RXW E\

��



UDQNLQJ D IDLWKIXOQHVV FRQVWUDLQW DERYH WKH 85 FRQVWUDLQW� +RZHYHU� LI WKLV UDQNLQJ

ZHUH UHYHUVHG� WKH HSHQWKHVLV FDQGLGDWH ZRXOG ZLQ�

5DQNLQJ FRQVWUDLQWV WR FDSWXUH SUHIHUHQFHV EHWZHHQ UHSDLUV DQG 85V LV XVHG

WKURXJKRXW WKH GLVVHUWDWLRQ� ,Q &KDSWHU �� , VKRZ WKDW SUHIHUHQFHV EHWZHHQ HSHQWKHVLV

DQG DQ GLIIHU DFURVV VSHDNHUV RI (QJOLVK� DQG WKHVH GLIIHUHQFHV IROORZ IURP 85

FRQVWUDLQWV� ,Q &KDSWHU �� , VKRZ WKH VDPH IRU Q�HSHQWKHVLV DQG 85 VHOHFWLRQ LQ )UHQFK�

DQG LQ &KDSWHU � IRU WKH 5K\WKP 5XOH DQG ��D�OLFLRXV�

85& DOVR SUHGLFWV FURVV�IHHGLQJ EHWZHHQ 85 VHOHFWLRQ DQG UHSDLUV� 6LQFH 85

VHOHFWLRQ DQG UHSDLUV DUH HYDOXDWHG DW RQFH� D VHOHFWHG 85 FDQ WULJJHU D UHSDLU ZKLOH

VLPXOWDQHRXVO\ EHLQJ OLFHQVHG E\ WKH UHSDLU LW WULJJHUV� 0F&DUWK\ ������ FDOOV WKLV VRUW

RI LQWHUDFWLRQ WKH FKLFNHQ�HJJ HIIHFW�

���� 7KH FKLFNHQ�HJJ HIIHFW� D FRQVHTXHQFH RI SDUDOOHOLVP �0F&DUWK\ �����

7KH DSSOLFDWLRQ RI SURFHVV $ GHSHQGV RQ NQRZLQJ WKH RXWSXW RI SURFHVV %�

DQG WKH DSSOLFDWLRQ RI SURFHVV % GHSHQGV RQ NQRZLQJ WKH RXWSXW RI SURFHVV $�

,Q D PRGHO ZLWK DQ RUGHULQJ EHWZHHQ 85 VHOHFWLRQ DQG UHSDLUV� WKH VLWXDWLRQ DERYH

UHVXOWV LQ D SDUDGR[� 3URFHVV $ PXVW DSSO\ ERWK EHIRUH DQG DIWHU SURFHVV %�

7KURXJKRXW WKH GLVVHUWDWLRQ� , SUHVHQW D QXPEHU FDVHV WKDW FDQ EH WDNHQ DV H[DPSOHV

WKH FKLFNHQ�HJJ HIIHFW� ,Q &KDSWHU �� , DUJXH WKDW K�GHOHWLRQ IHHGV DQG LV IHG E\ D�Q�

DOORPRUSK\� DQG WKH VDPH IRU ��HSHQWKHVLVݦ ,Q &KDSWHU �� , DUJXH WKDW OLDLVRQ IHHGV DQG

LV IHG E\ Q�HSHQWKHVLV� DQG LQ &KDSWHU �� , DUJXH WKDW 3&$ ZLWK ��D�OLFLRXV IHHGV DQG LV

IHG E\ WKH 5K\WKP 5XOH�

7KH FKLFNHQ�HJJ HIIHFW LV VKDUHG E\ PDQ\ RWKHU SDUDOOHO PRGHOV RI 3&$� VXFK DV

WKH FODVVLF PRGHO RI 3&$ LQ 27 �0HVWHU ����� .DJHU ����� 0DVFDUy ������ $V ORQJ

DV 85 VHOHFWLRQ LV HYDOXDWHG DW WKH VDPH WLPH DV UHSDLUV� ZH H[SHFW WKH FKLFNHQ�HJJ

HIIHFW�

��



$OWHUQDWLYHV� 7KH SUHGLFWHG LQWHUDFWLRQ RI 85 VHOHFWLRQ DQG UHSDLUV LVQ¶W VKDUHG E\

IHHGIRUZDUG PRGHOV� LQ ZKLFK 85 VHOHFWLRQ PXVW RFFXU EHIRUH SKRQRORJ\� 5HWXUQLQJ WR

D�Q�� LI 85 VHOHFWLRQ RFFXUV EHIRUH UHGXFWLRQ DQG K�GHOHWLRQ� WKHVH UHSDLUV DUH VLPSO\

LUUHOHYDQW WR 85 VHOHFWLRQ� ,Q D IHHGIRUZDUG 27 PRGHO� ZKLFK LV RWKHUZLVH WKH VDPH DV

85&� WKLV LV ZKDW WKH FDQGLGDWH VHW ORRNV OLNH DW WKH SRLQW RI 85 VHOHFWLRQ� *LYHQ WKLV

FDQGLGDWH VHW� WKHUH¶V QR UHDVRQ WR VHOHFW WKH FDQGLGDWH ZLWK DQ RYHU D�

VHW RI IHDWXUHV 85 65

D� �'� {− }! � {
#

} �HM���K W� [HM K W] D

E� �'� {− }! � {
#

} � Q���K W� [ Q K W] DQ

7DEOH ����� $ FDQGLGDWH VHW XQGHU D IHHGIRUZDUG PRGHO �DW 85
VHOHFWLRQ�

,Q RWKHU GHULYDWLRQDO PRGHOV� VXFK DV :ROI ������� 85 VHOHFWLRQ FDQ EH LQWHUOHDYHG

ZLWK SKRQRORJLFDO UHSDLUV� UHSDLUV FDQ DSSO\ EHWZHHQ WKH VHOHFWLRQ RI 85V� HLWKHU EHIRUH

RU DIWHU� 6LQFH RUGHULQJ LV QHFHVVDU\ LQ WKLV VRUW RI PRGHO� FURVV�IHHGLQJ LQWHUDFWLRQV DUH

VWLOO LPSRVVLEOH�

��



&+$37(5 �

(1*/,6+ $ $1' $1

��� 2YHUYLHZ RI &KDSWHU �

&KDSWHU � DGGUHVVHV WKH LQWHUDFWLRQ RI 3&$ DQG UHSDLUV� IRFXVLQJ RQ WKH FDVH RI

(QJOLVK D DQG DQ� 7KH FKDSWHU GRHV WKUHH WKLQJV� )LUVW� LW SURYLGHV PRUH HPSLULFDO

VXSSRUW IRU WKH DQDO\VLV RI D�Q� IURP &KDSWHU �� XVLQJ GDWD IURP VSRNHQ FRUSRUD�

6HFRQG� LW H[WHQGV WKH PRGHO WR �HSHQWKHVLVݦ DQG UHGXFWLRQ� )LQDOO\� LW FRQVLGHUV D DQG

DQ LQ DFTXLVLWLRQ� KLVWRU\� DQG RWKHU GLDOHFWV RI (QJOLVK� 7KHVH YDULHWLHV RI (QJOLVK DUH

VXEMHFW WR YDULDWLRQ DQG GHPRQVWUDWH FRPSOLFDWHG LQWHUDFWLRQV EHWZHHQ 3&$ DQG UHSDLUV�

, DUJXH WKDW DOO RI WKHVH GDWD DUH EHVW DQDO\]HG ZLWK 85 FRQVWUDLQWV LQ D SDUDOOHO PRGHO�

7KH FKDSWHU LV RXWOLQHG DV IROORZV� 7KH ILUVW SDUW ����������� SURYLGHV HPSLULFDO

VXSSRUW IRU WKH DQDO\VLV RI D�Q� SUHVHQWHG LQ &KDSWHU �� XVLQJ GDWD PDLQO\ IURP FRUSRUD

RI VSRNHQ (QJOLVK� ,Q VXSSRUW RI WKH DQDO\VLV� , VKRZ WKDW WKH FRQVWUDLQW FRQGLWLRQLQJ

D�Q� V DFWLYH WKURXJKRXW (QJOLVK� FRQGLWLRQLQJ UHSDLUV VXFK DV �HSHQWKHVLVݦ DQG YRZHO

UHGXFWLRQ� ,Q ����� , VKRZ WKDW D LV WKH GHIDXOW DOORPRUSK XVLQJ HYLGHQFH IURP WKH

6ZLWFKERDUG &RUSXV �*RGIUH\� +ROOLPDQ� DQG 0F'DQLHO ������ ,Q ����� , JLYH QHZ

GDWD IURP WKH %XFNH\H &RUSXV �3LWW HW DO� ����� WKDW IXUWKHU VXSSRUW WKH FODLPV LQ ����

DQG �����

7KH QH[W SDUW ����������� H[WHQGV WKH 85& DQDO\VLV WR LQFOXGH �HSHQWKHVLVݦ DQG

YRZHO UHGXFWLRQ� ,Q ����� , VKRZ WKDW D�Q� DOORPRUSK\ DQG UHSDLUV FDQ EH FDSWXUHG LQ

85& XQGHU D VLQJOH UDQNLQJ RI FRQVWUDLQWV� ,Q ����� , GLVFXVV VRPH DOWHUQDWLYHV WR WKH

85& DFFRXQW� LQFOXGLQJ PRUSKHPH�VSHFLILF HSHQWKHVLV DQG VXEFDWHJRUL]DWLRQ� :KLOH

��



WKHVH DOWHUQDWLYHV DUH DEOH WR PRGHO WKH EDVLF SDWWHUQ RI D�Q�� WKH\ UXQ LQWR GLIILFXOW\

PRGHOLQJ D�Q� DORQJVLGH WKH RWKHU UHSDLUV�

7KH ODVW SDUW ������ DGGUHVVHV VSHDNHUV ZLWK YDULDEOH D�Q�� IRFXVLQJ RQ WKH LQWHUDFWLRQ

RI �HSHQWKHVLVݦ DQG D�Q� DOORPRUSK\� $FURVV GLDOHFWV RI (QJOLVK� VSHDNHUV GLIIHU LQ WKHLU

SUHIHUHQFHV EHWZHHQ �HSHQWKHVLVݦ DQG D�Q� DOORPRUSK\� DQG WKHVH GLIIHUHQFHV FDQ EH

FDSWXUHG ZLWK 85 FRQVWUDLQWV LQ 0D[LPXP (QWURS\ +DUPRQLF *UDPPDU �*ROGZDWHU

DQG -RKQVRQ ������ 6XSSRUWLQJ WKH SUHGLFWLRQV RI SDUDOOHO PRGHO� , DOVR VKRZ WKDW D�Q�

DOORPRUSK\ IHHGV DQG LV IHG E\ ��HSHQWKHVLVݦ

7KH EXOOHW SRLQWV EHORZ VXPPDUL]H KRZ HDFK UHVXOW RI 85& LV VXSSRUWHG LQ WKH

FKDSWHU�

� /DQJXDJH�ZLGH FRQVWUDLQWV FRQGLWLRQ 3&$� +LDWXV LV LQGHSHQGHQWO\ DYRLGHG LQ

(QJOLVK ������ ������ 7KHUH LV D FRQVLVWHQW UDQNLQJ IRU UHSDLUV DQG 3&$ �������

� 'HIDXOWV HPHUJH IURP UDQNLQJ� D LV XVHG LQ WKH HOVHZKHUH FRQWH[W ������ ������

6RPHWLPHV D LV D SUHIHUUHG DOORPRUSK� LQVWHDG RI D FDWHJRULFDO GHIDXOW �������

'HIDXOW�KRRG LV OHDUQDEOH ZLWK 85 FRQVWUDLQWV �������� ������

� 85 6HOHFWLRQ FRQVLGHUV WKH RXWSXW� �HSHQWKHVLVݦ IHHGV DQG LV IHG E\ D�Q�

DOORPRUSK\ ������� +�GHOHWLRQ IHHGV D�Q� DOORPRUSK\ ��������� 3DUDOOHOLVP

SURYLGHV VROXWLRQV WR VRPH SUREOHPV LQ WKH DQDO\VLV RI D�Q� ���������

,Q DGGLWLRQ WR WKH UHVXOWV DERYH� WKLV FKDSWHU DOVR VKRZV WKH EHQHILWV RI XVLQJ 85

FRQVWUDLQWV WR PRGHO 3&$� ,W FRPSDUHV WKH LW WR WKH DOWHUQDWLYHV RXWOLQHG EHORZ�

� FRQVWUDLQWV� /HDUQLQJ GHIDXOWV DQG 85 SUHIHUHQFHV LV VWUDLJKWIRUZDUG

ZLWK 85 FRQVWUDLQWV ������ DQG 85 FRQVWUDLQWV FDQ PRGHO YDULDWLRQ �������

� 0RUSKHPH�VSHFLILF SKRQRORJ\� 0RUSKHPH�VSHFLILF SKRQRORJ\ IDFHV GLIILFXOW\ LQ

PRGHOLQJ WKH 3&$ SDWWHUQ WRJHWKHU ZLWK RWKHU UHSDLUV �������

��



� 6XEFDWHJRUL]DWLRQ� 6XEFDWHJRUL]DWLRQ PLVVHV FRQVSLUDFLHV EHWZHHQ UHSDLUV DQG

3&$ �������

/LNH WKH UHVW RI WKH GLVVHUWDWLRQ� &KDSWHU �¶V FRQFOXVLRQ LV WKDW 3&$ LV VRPHWLPHV

WKH UHVXOW RI WKH SKRQRORJLFDO JUDPPDU� ,Q WKHVH FDVHV� LW¶V EHVW PRGHOHG LQ D SDUDOOHO

DUFKLWHFWXUH� LQ ZKLFK 85 VHOHFWLRQ� �L� LV UHJXODWHG E\ 85 FRQVWUDLQWV� DQG �LL�

FRQVLGHUV WKH RXWSXW RI SKRQRORJ\�

��� D�Q� DYRLGV KLDWXV

,Q WKLV VHFWLRQ� , SUHVHQW HPSLULFDO DUJXPHQWV WKDW D�Q� LV GULYHQ E\ ∗ԥ� � VXSSRUWLQJ

WKH DQDO\VLV IURP &KDSWHU ��

,Q 85&� SKRQRORJLFDO FRQGLWLRQLQJ FRPHV IURP WKH SKRQRORJLFDO JUDPPDU� $V D

UHVXOW� 85& LV VXSSRUWHG ZKHQ D 3&$�FRQGLWLRQLQJ FRQVWUDLQW VKRZV HIIHFWV HOVHZKHUH

± LQ UHSDLUV� SKRQRWDFWLFV� DQG RWKHU FDVHV RI 3&$� , FDOO WKLV WKH /DQJXDJH�ZLGH

&RQVWUDLQW +\SRWKHVLV �WKH /:& +\SRWKHVLV�� DQG LWV VXSSRUW LV UHSHDWHG EHORZ IURP

&KDSWHU ��

��� 7KH /:& +\SRWKHVLV LV VXSSRUWHG ZKHQ�

D� 3&$�FRQGLWLRQLQJ FRQVWUDLQWV DUH DFWLYH HOVHZKHUH LQ WKH VDPH ODQJXDJH�

�L� 7KH\ FRQGLWLRQ SKRQRWDFWLFV�

�LL� 7KH\ FRQGLWLRQ UHSDLUV�

�LLL� 7KH\ FRQGLWLRQ RWKHU FDVHV RI 3&$�

$V , VKRZ� HDFK RI WKHVH KROGV IRU ∗ԥ� LQ (QJOLVK� :KLOH WKH /:& +\SRWKHVLV LV

SDUW RI 85&� LW DOVR KROGV LQ RWKHU 27�EDVHG DSSURDFKHV WR 3&$� LQ ZKLFK 3&$ FRPHV

IURP PDUNHGQHVV FRQVWUDLQWV� 6LPLODU DUJXPHQWV KDYH EHHQ XVHG LQ 7UDQHO �������

.DJHU ������� 0DVFDUy ������� DQG :ROI ������� DPRQJ RWKHUV�

��



����� 7KH IRUPXODWLRQ RI KLDWXV

+LDWXV DYRLGDQFH LQ (QJOLVK LV UREXVW� ZLWK D ORQJ KLVWRU\ RI GHVFULSWLRQ� ,Q

WKH GHGLFDWLRQ RI ����¶V ([DPHQ SRHWLFXP� -RKQ 'U\GHQ GHVFULEHV D VHTXHQFH RI WZR

YRZHOV DV ³WKH PRVW KRUULEOH LOO�VRXQGLQJ JDS´� WKDW LV ³WR EH DYRLGHG DW DOO FRVWV´

�*LOOHVSLH HW DO� ������ 0RUH UHFHQWO\� PDQ\ DXWKRUV �6WHQH DQG 7LOORWVRQ ����� 3ODJ

����� %ULWDLQ DQG )R[ ����� KDYH GHVFULEHG D FRQVSLUDF\ RI SURFHVVHV WKDW DOO DYRLG

KLDWXV�

$ FRPPRQ WKUHDG LQ WKLV UHVHDUFK LV WKDW KLDWXV LV VHQVLWLYH WR WKH TXDOLW\ RI WKH

ILUVW YRZHO� ZKLFK , ZULWH DV 9�� +LDWXV LV FDWHJRULFDOO\ DYRLGHG ZKHQ 9� LV OD[� EXW

WROHUDWHG WR VRPH GHJUHH ZKHQ 9� LV WHQVH� )RU WKH SXUSRVHV RI KLDWXV� WKH OD[ YRZHOV

DUH [Ԍ� �ࡱ ɬ� ͑� ̸�  � ľ]� DQG WKH WHQVH YRZHOV DUH [HM� L� RZ� X]� $OWKRXJK [ľ] DQG [ɬ] DUH

DUJXDEO\ WHQVH �DSSHDULQJ LQ RSHQ PRQRV\OODELF ZRUGV OLNH VSD DQG ODZ�� WKH\ PRVWO\

SDWWHUQ ZLWK >ԥ@ DQG WKH RWKHU OD[ YRZHOV ZLWK UHVSHFW WR KLDWXV�

:K\ FDQ¶W 9� EH OD[" 8QGHU P\ DQDO\VLV� WKH IDFW WKDW 9� FDQQRW EH OD[ LV SDUW

RI WKH GHILQLWLRQ RI ∗ԥ� � 7KH VDPH FRQVWUDLQW KDV EHHQ SURSRVHG WR DFFRXQW IRU RWKHU

FDVHV RI 3&$ �OLNH �L]H� LQ 3ODJ �������

��� ∗ԥ�

$VVLJQ RQH YLRODWLRQ IRU HYHU\ OD[�YRZHO�YRZHO VHTXHQFH�

H�J�� ∗ DVVLJQHG WR [Ԍ�ľ]� [͑�L]� [̸�DM]� [Ԍ�̸]

$ FRPPRQ DOWHUQDWLYH LV WKDW D WHQVH 9� SURYLGHV D JOLGH� ZKLFK DYRLGV WKH KLDWXV�

7KLV LV WKH SRVLWLRQ WDNHQ LQ 6WHQH DQG 7LOORWVRQ ������� DQG D VLPLODU DUJXPHQW LV

PDGH HYHQ HDUOLHU LQ &RQZD\¶V ���� 7UHDWLVH RQ 9HUVLILFDWLRQ �&RQZD\ ���� S� ����

&RQZD\ FKDOOHQJHV UHDGHUV WR FRQVXOW D PLUURU LI WKH\ GRXEW WKH SUHVHQFH RI D JOLGH�

³OHW WKH REMHFWRU WU\ LI KH FDQ VRXQG� QDWXUDOO\� LQ PHDVXUHG UHFLWDWLRQ� DQ\ RI WKHVH

ZRUGV >ZKLFK HQG LQ WHQVH YRZHOV@� EHIRUH DQ LQLWLDO YRZHO� ZLWKRXW VRPH FRQWDFW RI

WKH YRFDO RUJDQV�´

��



,W¶V WUXH WKDW D JOLGH SHUFHSW LV SUHVHQW LQ WKH H[DPSOHV EHORZ� ZKLFK DUH P\ RZQ�

��� 9� LV WHQVH� VR JOLGH LQVHUWLRQ FDQ RFFXU

D� 1DUQLD [QDޗQLM̸]

E� UDGLR [UHMGLMR]

F� ERD [ERZ̸]

G� DUGXRXV [DޗGওXZ̸V]

*OLGHV OLNH WKH RQHV DERYH DUH DQDO\]HG DV WKH UHVXOW RI JOLGH LQVHUWLRQ RU

³LQWUXVLYH >M@´ �0F&DUWK\ ����� *LPVRQ DQG &UXWWHQGHQ ����� RU ORZ�OHYHO DUWLFXODWRU\

WUDQVLWLRQV �+HVHOZRRG ������ )RU DQ RYHUYLHZ� VHH 'DYLGVRQ DQG (UNHU ������ DQG

%ULWDLQ DQG )R[ �������

$JDLQ� WKLV LVQ¶W WKH SRVLWLRQ , WDNH KHUH� 8QGHU P\ DQDO\VLV� ∗ԥ� DORQH LV

UHVSRQVLEOH IRU WKH WHQVH�OD[ GLVWLQFWLRQ� 7KH XVH RI ∗ԥ� LQVWHDG RI JOLGH HSHQWKHVLV LV

VXSSRUWHG E\ 'DYLGVRQ DQG (UNHU ������� ZKR DUJXH DJDLQVW JOLGH HSHQWKHVLV LQ ZRUGV

OLNH UDGLR� ,Q D SURGXFWLRQ H[SHULPHQW� WKH\ ILQG �HSHQWKHVLVݦ LQ WKH VDPH FRQWH[WV DV

WKH SXWDWLYH LQWHUYRFDOLF JOLGH� LQ DGGLWLRQ WR SKRQHWLF GLIIHUHQFHV EHWZHHQ XQGHUO\LQJ

JOLGH�YRZHO VHTXHQFHV �H�J� VHH \DFKW� DQG XQGHUO\LQJ YRZHO�YRZHO VHTXHQFHV �H�J�

VHH RWWHU�� 7KHLU FRQFOXVLRQ LV WKDW JOLGHV LQ WKLV FRQWH[W DUH WKH UHVXOW RI D SHUFHSWXDO

LOOXVLRQ� DQG D IXOO JOLGH LVQ¶W SUHVHQW�

7KH QH[W VHFWLRQV VKRZ WKH UROH RI ∗ԥ� LQ D�Q�� SKRQRWDFWLFV� UHSDLUV� DQG RWKHU

FDVHV RI 3&$� )RU QHDUO\ DOO RI WKH FDVHV� KLDWXV DYRLGDQFH LV SDUWLFXODUO\ VHYHUH ZKHQ

9� LV OD[� VXJJHVWLQJ WKDW WKH VDPH FRQVWUDLQW LV DW ZRUN WKURXJKRXW�

����� 3KRQRWDFWLFV

:LWKLQ (QJOLVK PRUSKHPHV� ZH QHYHU ILQG D KLDWXV ZKHUH 9� LV OD[� 6RPH H[DPSOHV

RI DWWHVWHG ZRUGV DQG XQDWWHVWHG ZRUGV DUH EHORZ�

��� $WWHVWHG ZRUGV �9� LV WHQVH�

��



D� 1DUQLD H� YDULRXV

E� UDGLR I� DUGXRXV

F� ERD J� DUFKDLVP

G� URGHR K� +HEUDLVP

��� 8QDWWHVWHG ZRUGV �9� LV OD[�

D� 
[Qľޗ�Q̸�L] �FI� 1DUQLD�

E� 
[UHM�GԌ�R] �FI� UDGLR�

F� 
[Eɬ�R] �FI� ERD�

G� 
[UR�G͑�R] �FI� URGHR�

7KLV JHQHUDOL]DWLRQ LV LPSOLFLW LQ 63(� LQ ZKLFK D UXOH RI SUH�YRFDOLF WHQVLQJ HQVXUHV

WKHVH VHTXHQFHV QHYHU RFFXU �&KRPVN\ DQG +DOOH ������

&KRPVN\ DQG +DOOH¶V JHQHUDOL]DWLRQ ILQGV VXSSRUW LQ WKH &08 SURQRXQFLQJ

GLFWLRQDU\ �:HLGH ������ , VHDUFKHG WKH &08 GLFWLRQDU\ IRU ZRUGV WKDW DUH DW OHDVW

WKUHH V\OODEOHV ORQJ �VHH ������ IRU GLVFXVVLRQ�� H[FOXGLQJ DQ\ ORZ�IUHTXHQF\ ZRUGV WKDW

GLGQ¶W RFFXU DW OHDVW RQFH LQ 68%7/(;�86� D FRUSXV RI (QJOLVK VXEWLWOHV �%U\VEDHUW

DQG 1HZ ������ 7KHUH DUH RQO\ �� ZRUGV ZLWK OD[�9�9 VHTXHQFHV� LQFOXGLQJ ZRUGV LQ

ZKLFK 9� LV [ɬ] RU [ľ]� 2Q WKH RWKHU KDQG� WKHUH DUH RYHU ����� WKDW FRQWDLQ D KLDWXV

ZKHUH 9� LV WHQVH�

:RUGV FRQWDLQLQJ &RXQW �� RI WRWDO ZRUGV�

+LDWXV ZKHUH 9� LV OD[ �� �<���

+LDWXV ZKHUH 9� LV WHQVH ����� ����

7DEOH ���� 1XPEHU RI �� V\OODEOH ZRUGV ZLWK GLIIHUHQW W\SHV RI
KLDWXV IURP &08 SURQRXQFLQJ GLFWLRQDU\� RXW RI ������ ZRUGV

$OO �� ZRUGV ZLWK OD[ 9� DUH EHORZ� 2QO\ WZR RI WKHVH VL[WHHQ ZRUGV DUH

FRQYLQFLQJ FRXQWHUH[DPSOHV� 7KH PDMRULW\ DUH PLVWUDQVFULSWLRQV� PXOWL�PRUSKHPLF� RU

��



SURQRXQFHG ZLWKRXW D KLDWXV� %RWK FRXQWHUH[DPSOHV LQFOXGH [ɬ] DV 9�� ZKLFK PDNHV

VHQVH JLYHQ WKH LQWHUPHGLDWH VWDWXV RI [ɬ] DV WHQVH RU OD[� , SUHVHQW P\ RZQ LPSUHVVLRQV

RI WKH &08 WUDQVFULSWLRQV EHORZ� EDVHG RQ P\ SURQXQFLDWLRQV� DOWKRXJK RWKHU VSHDNHUV

PD\ GLIIHU� 7KH KLDWXV LV LQ EROGIDFH� ZLWK WKH &08 WUDQVFULSWLRQ WR WKH ULJKW�

��� $OO ZRUGV ZLWK OD[�WHQVH VHTXHQFHV LQ &08

D� 7UXH FRXQWHUH[DPSOHV

�L� ZLWKGUDZDO [ɬ�̸]

�LL� ZLWKGUDZDOV [ɬ�̸]

E� 0LVWUDQVFULSWLRQV

�L� HYDFXDWH [̸�HM]
�LL� S\UHQHHV [̸�L]
�LLL� V\QDSVHV [Ԍ� ]

F� $FWXDOO\ SURQRXQFHG ZLWK D VLQJOH YRZHO

�L� H[WUDRUGLQDLUH [̸�ɬ]

�LL� H[WUDRUGLQDU\ [̸�ɬ]

�LLL� VDNDL [ľ�Ԍ]
�LY� QDLYHO\ [ľ�L]
�Y� QDLYHWH [ľ�L]
�YL� PDVDL [ľ�L]

G� 0RUSKHPH ERXQGDULHV

�L� LQWUDRFXODU [̸�ľ]

�LL� RXWODZLQJ [ɬ�̸]

�LLL� UHGUDZLQJ [ɬ�Ԍ]
�LY� VXESRHQDLQJ [̸�Ԍ]
�Y� ZLWKGUDZLQJ [ɬ�̸�]

��



,Q VXPPDU\� ∗ԥ� LV VWULFWO\ REH\HG LQ (QJOLVK SKRQRWDFWLFV� 7KH QH[W VHFWLRQ

VKRZV WKDW WKH VDPH FRQVWUDLQW FRQGLWLRQV SKRQRORJLFDO UHSDLUV�

����� 5HSDLUV

7KHUH DUH IRXU KLDWXV�FRQGLWLRQHG UHSDLUV DFURVV YDULHWLHV RI (QJOLVK� ��HSHQWKHVLVݦ

LQWUXVLYH U� LQWUXVLYH /� DQG YRZHO UHGXFWLRQ� 8QGHU WKH DQDO\VLV KHUH� DOO RI WKHVH

UHSDLUV DUH FRQGLWLRQHG E\ ∗ԥ� �

7KH LGHD WKDW GLYHUVH SKRQRORJLFDO UHSDLUV FRQVSLUH WR DYRLG D FRQVWUDLQW OLNH ∗ԥ�

LV IRXQG LQ HDUOLHU ZRUN� VXFK DV LQ 6WHQH DQG 7LOORWVRQ ������ DQG 3ODJ ������� %RWK

DXWKRUV QRWH WKH FRQQHFWLRQ EHWZHHQ D DQG DQ� DQG WKH IRUPV RI WKH �[˓L� ˓̸]�� 6WHQH

DQG 7LOORWVRQ ������ DOVR FODLP WKDW KLDWXV DYRLGDQFH GULYHV LQWUXVLYH U DQG WKH IRUPV

RI WR �[WX� W̸]�� ZKLOH 3ODJ ������ XVHV KLDWXV DYRLGDQFH WR DFFRXQW IRU ��HSHQWKHVLVݦ

��HSHQWKHVLVݦ $V QRWHG LQ WKH ODVW VHFWLRQ� WKHUH DUH QR OD[�9�9 VHTXHQFHV ZLWKLQ

PRUSKHPHV LQ (QJOLVK� KRZHYHU� VXFK VHTXHQFHV GR DULVH DW PRUSKHPH ERXQGDULHV� H�J�

VDPED�LQJ� GDGD�LVW� EDQDQD�\� ,Q WKHVH FDVHV� KLDWXV LV DYRLGHG WKURXJK ��HSHQWKHVLVݦ

:RUGV OLNH PRUD�L]H DUH REOLJDWRULO\ SURQRXQFHG ZLWK D JORWWDO VWRS� DFFRUGLQJ WR

3ODJ ������� 3ODJ¶V FODLP LV VXSSRUWHG E\ P\ RZQ H[DPSOHV EHORZ� ZKLFK WHQG WR EH

SURQRXQFHG ZLWK D JORWWDO VWRS EHWZHHQ WKH VFKZD DQG IROORZLQJ VXIIL[�

��� &RQWH[WV ZLWK QHDUO\ REOLJDWRU\ �HSHQWKHVLVݦ

D� VDOVD�LQJ [VɬOV̸পӝغ]

E� VDPED�LQJ [VľPE̸পӝغ]

F� VRGD�\ [VRG̸পL]
G� ]XPED�LVW []XPE̸পӝVW]

,Q D VWXG\ RI WKH VSRNHQ FRUSXV 7,0,7 �*DURIROR HW DO� ������ .HDWLQJ HW DO�

������ ILQG QHDUO\ FDWHJRULFDO �HSHQWKHVLVݦ LQ WKH�9 VHTXHQFHV ZKHQ WKH LV SURQRXQFHG

ZLWK D VFKZD� $V VKRZQ LQ WKH JUDSK� WKH UDWH RI HSHQWKHVLV LV GHSHQGHQW RQ WKH

TXDOLW\ RI WKH YRZHO LQ WKH�

��
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nunciation norm. It is also possible that the 
change is more c ommon in the spontaneous 
speech of  the students than in their read speech, 
which would account for some of the difference 
between the students and TIMIT, but it would 
not account for the age differences seen within 
TIMIT itself. 

Another  important variable in the pronuncia- 
tion of "the" is the presence or absence of  a 
glottal stop [9] or laryngealization (both TIMIT- 
BET "q") at the end of the word. Glottal stop or 
laryngealization is expected to occur after "the" 
when the following word begins with a vowel. In 
TIMIT, there are only 336 tokens of  "the" before 
a vowel-initial word. Glottal stop or laryngealiza- 
tion is not especially common among them; only 
27% of a random sample of 242 tokens of  "the" 
before a phonemic  vowel  have a glottal stop or 
laryngealization between the two words. (We have 
checked a subset of  these and confirmed that the 
labeling is reliable on this point.) Almost  all of  
these occur when the vowel  after "the" has pri- 
mary stress. The quality of  the following vowel 
does not seem to matter. 

Because [i] is c o mmon in "the" before vowels, 
"q", when it occurs, frequently follows [i]. How- 
ever, it is less c o mmon there than would be 
expected. Fig. 5 shows that across the whole  

m0- [i] [] 

other vowel [] 

75 - :;,;,,;: 

5o- ~;,',; ?.,,, 

% , , , ,  , , , , , .  

iiiiiii 25- , ' , ; , ;  

0 ~ 

20's 30's 

f2": ~2: 

f (  , ' , ' ,  

 iii!i i 
40's 50's 60's 70's 

speaker age group 

Fig. 4. Use  of  [i] in "the" before  words  beg inning  with  vowels  
according to age o f  speaker.  Percents  in each age group add 
to 100. 

1~0- [] final glottal stop 

[] no glottal stop 

7 5 -  

i ~ i 

,5.*, ?,',~ 

}?i?i ,;,;, 
,;.;, 

,5;, 

iii!i0 
))) ?)i 

iiiii  ii!ii 
i'i'i  i!iil 

A ~ 

z , , ~  

. , i  
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- , . ,<  

, , ,  

, , , , , .  

vowel in ' the" 

Fig. 5. Glottal  stop versus no glottal stop between  "the" and 
words  beg inning  with vowels ,  according to the vowel  found in 
"the". Percents  in each vowel  group add to 100. 

sample the occurrence of "q" between "the" and 
a phonemic vowel is proportionately lowest after 
[i]. Tokens  of  prevocalic '"the" with [a] are usually 
fol lowed by "q" and those with the other non-high 
vowels always are, whereas a smaller proportion 
of  tokens of prevocalic "the" with [i] are. Glottal 
stop follows [i] and [a] proportionately more fre- 
quently than it follows [i] and [i] 0 (  2 = 20.6, p < 
0.0005). 

A random subset of  30 tokens was drawn from 
the 336 tokens of  "the" before vowel-initial words 
for formant frequency analysis of  the vowels in 
"the". The labels for the vowels in "the" corre- 
spond well to formant differences, with the two 
full vowels [i] and [l] acoustically distinct. The 
only vowel whose  formants are not distinct from 
those of  other vowels is reduced [i] ("ix"), which 
covers the same values as both [i] ("iy") and Ill 
("ih"). As noted earlier, [i] is used largely for very 
short vowels. Within the sample, the vowels tran- 
scribed as being followed by [~] or laryngealiza- 
tion ("q") are those having a low F2-F1, and 
those labeled [i] ("ix"). That is, "q" is not ob- 
served when the vowel  in "the" has formant 
values appropriate for full vowels "iy" and "ih". 
This analysis suggests that the above observations 
based on the larger sample of TIMIT labels are 
reliable. 

As ment ioned above, since all phones in TIMIT 
are listed with their start and end times (to allow 

)LJXUH ���� )LJXUH IURP .HDWLQJ HW DO� ����� �HSHQWKHVLVݦ
GHSHQGV RQ WKH YRZHO LQ WKH

�HSHQWKHVLVݦ DOVR GHSHQGV RQ SURVRGLF ERXQGDULHV� DV VKRZQ E\ WKH H[DPSOHV EHORZ�

$FURVV SURVRGLF ZRUGV� WKHUH LV OHVV RI D WHQGHQF\ WR HSHQWKHVL]H JORWWDO VWRS� DW OHDVW

EDVHG RQ P\ RZQ MXGJPHQWV�

��� &RQWH[WV ZLWK RSWLRQDO �HSHQWKHVLVݦ

D� VDOVD DOO GD\ "[VɬOV̸ প ɬO]
E� VDPED DOO GD\ "[VľPE̸ প ɬO]
F� ]XPED DOO GD\ "[]XPED প ɬO]

,W¶V ZRUWK QRWLQJ WKDW �HSHQWKHVLVݦ RFFXUV LQ RWKHU FRQWH[WV� DQG LW¶V XQFOHDU KRZ

WKHVH RWKHU W\SHV RI �HSHQWKHVLVݦ DUH UHODWHG WR WKH RQHV GHVFULEHG DERYH� *DUHOOHN

������ ILQGV �HSHQWKHVLVݦ DW WKH EHJLQQLQJ RI SKUDVHV EHIRUH YRZHOV� HVSHFLDOO\ ZKHQ

WKH YRZHO LV SURPLQHQW� 3DN ������ QRWHV WKDW WKLV NLQG RI HPSKDWLF �HSHQWKHVLVݦ GRHV

QRW UHVSHFW WKH SKRQRORJLFDO FRQGLWLRQLQJ RI D�Q��

��� ([DPSOHV RI QRQ�KLDWXV �HSHQWKHVLVݦ IURP 3DN ������

D� 7KDW¶V DQ p[FHOOHQWݦ LGHD�

E� :KDW DQ �tGLRWݦ

��



'DYLGVRQ DQG (UNHU ������ ILQG D VLPLODU NLQG RI VWUHVV�FRQGLWLRQHG ��HSHQWKHVLVݦ

ZKLFK RFFXUV ��� LQ WHQVH�9�9 VHTXHQFHV� /LNH HPSKDWLF JORWWDO VWRS� WKLV HSHQWKHVLV

LV PRUH OLNHO\ EHIRUH SURPLQHQW YRZHOV�

���� 6DPSOH FRQWH[WV IRU �HSHQWKHVLVݦ IURP 'DYLGVRQ DQG (UNHU ������

D� [HM�R]

JRXUPHW RDWPHDO� VDXWp RNUD

E� [L�ľ]

VHH RWWHUV� KH REMHFWHG

(PSKDWLF �HSHQWKHVLVݦ GRHVQ¶W QHFHVVDULO\ FRQWUDGLFW WKH ∗ԥ� DQDO\VLV� ,W PD\ EH

WKDW WKHUH DUH WZR W\SHV RI ��HSHQWKHVLVݦ ∗ԥ� �HQIRUFLQJ �HSHQWKHVLVݦ WKDW RQO\ RFFXUV

ZLWKLQ SURVRGLF ZRUGV� DQG YDULDEOH VWUHVV�FRQGLWLRQHG �HSHQWKHVLVݦ WKDW RFFXUV EHIRUH

RU DIWHU DQ\ YRZHO� ,I WKH ODWWHU LV D SKRQHWLF SURFHVV� RU D YHU\ ODWH SKRQRORJLFDO RQH�

ZH H[SHFW WKDW LW ZRQ¶W LQWHUDFW ZLWK 3&$� (PSKDWLF �HSHQWKHVLVݦ GRHV PHDQ� WKRXJK�

WKDW 85& FDQQRW EH D IXOO\ SDUDOOHO� PRQRVWUDWDO PRGHO� RQO\ VRPH UHSDLUV DUH DEOH WR

LQWHUDFW ZLWK 3&$ �VHH ��������

, UHWXUQ WR �HSHQWKHVLVݦ DW WZR SRLQWV ODWHU LQ WKH FKDSWHU� ,Q ����� , DGG LW WR

WKH 85& PRGHO IRU D DQG DQ� DQG LQ ����� , DUJXH WKDW �HSHQWKHVLVݦ FRQVSLUHV ZLWK

D�Q� DOORPRUSK\ WR DYRLG KLDWXV LQ ERWK FKLOG ODQJXDJH DQG VRPH YDULHWLHV RI /RQGRQ

(QJOLVK�

,QWUXVLYH U� ,QWUXVLYH U SURYLGHV DQRWKHU H[DPSOH RI 9��VHQVLWLYH KLDWXV DYRLGDQFH�

,Q PDQ\ QRQ�UKRWLF GLDOHFWV� LQWUXVLYH U RFFXUV EHWZHHQ YRZHOV� EXW RQO\ DIWHU [ľ�̸�ɬ]�

7KH VHW RI YRZHOV WKDW WULJJHU LQWUXVLYH 5 ± [ľ�̸�ɬ] ± DUH WKH OD[ YRZHOV WKDW FDQ RFFXU

ZRUG�ILQDOO\ LQ (QJOLVK�� ,Q WKH H[DPSOHV IURP 0F&DUWK\ ������ EHORZ� LQWUXVLYH U LV

XQGHUOLQHG�

�$OWKRXJK VHH 0F&DUWK\ ���� IRU DUJXPHQWV DJDLQVW WKH KLDWXV DQDO\VLV�

��



���� ([DPSOHV IURP 0F&DUWK\ ������

D� [ľ]� 7KH VSDU LV EURNHQ�

E� [̸]� +H SXW WKH WXQDU DZD\�

F� [ɬ]� 7KH ERDW¶OO \DZU D OLWWOH�

,QWUXVLYH U DOVR RFFXUV DIWHU [͑] DQG [ ] LQ GLDOHFWV ZKHUH WKHVH YRZHOV RFFXU

ZRUG�ILQDOO\� VXFK DV WKH (DVW $QJOLFDQ )HQV� 7KH H[DPSOH EHORZ LV IURP %ULWDLQ DQG

)R[ ������

���� QRZ DQG WKHQ

[Q͑� ޗ ̸Q ˓͑Q]

%ULWDLQ DQG )R[ ������ VKRZ WKDW LQWUXVLYH U LV EHLQJ UHSODFHG E\ �HSHQWKHVLVݦ

LQ VRPH YDULHWLHV RI (QJOLVK� HVSHFLDOO\ LQ FHQWUDO /RQGRQ� 7KLV KDV LQWHUHVWLQJ

FRQVHTXHQFHV IRU WKH XVH RI D DQG DQ� GLVFXVVHG LQ �����

,QWUXVLYH /� ,QWUXVLYH / IROORZV D VLPLODU SDWWHUQ� EUHDNLQJ XS D KLDWXV ZKHUH 9� LV

OD[ �*LFN ������ )RU VSHDNHU ZLWK LQWUXVLYH /� [O] LV HSHQWKHVL]HG LQ WKH LQ WKH FRQWH[W

[ɬ] 9� UHVXOWLQJ LQ KRPRSKRQRXV SDLUV OLNH GUDZLQJ DQG GUDZOLQJ�

)XQFWLRQ ZRUG UHGXFWLRQ� $ ILQDO H[DPSOH LV IXQFWLRQ ZRUG UHGXFWLRQ� 5HGXFWLRQ

LV QHDUO\ REOLJDWRU\ EHIRUH FRQVRQDQWV� EXW EORFNHG EHIRUH YRZHOV� ZKHUH LW ZRXOG

YLRODWH ∗ԥ� �

(QJOLVK IXQFWLRQ ZRUGV KDYH VWURQJ DQG ZHDN IRUPV� 6WURQJ IRUPV W\SLFDOO\ FRQWDLQ

XQUHGXFHG� WHQVH YRZHOV DQG�RU ILQDO FRQVRQDQWV� ZKLOH ZHDN IRUPV DUH W\SLFDOO\

YRZHO�ILQDO ZLWK UHGXFHG YRZHOV� 7KH WDEOH EHORZ OLVWV VRPH RI WKH PRVW IUHTXHQWO\

RFFXUULQJ IRUPV RI (QJOLVK IXQFWLRQ ZRUGV IURP WKH 6ZLWFKERDUG FRUSXV� DGDSWHG IURP

-XUDIVN\ HW DO� �������

��



:RUG 6WURQJ IRUP :HDN IRUP

D� D [HM] [̸]

E� WKH [˓L] [˓̸]

F� LQ [ԌQ] [ӝQ]

G� RI [ࣜY]�[ࣜ] [̸Y]�[̸]

H� WR [WX] [W̸]

I� DQG [ Q]�[ QG] [ӝQ]

J� WKDW [˓ ]�[˓ W] [˓ӝ]�[˓ӝW]
K� , [ľԌ] [̸]

L� LW [Ԍ]�[ԌW] [ӝ]�[̸]

M� \RX [MX] [Mӝ]

7DEOH ���� 5HGXFWLRQ DFURVV (QJOLVK IXQFWLRQ ZRUGV� DGDSWHG
IURP -XUDIVN\ HW DO� ������

:KHQ IROORZHG E\ DQRWKHU ZRUG� D IXQFWLRQ ZRUGV DSSHDUV LQ LWV ZHDN IRUP� )RU

H[DPSOH� WR LV UHDOL]HG DV [W̸] EHIRUH D FRQVRQDQW� 7KH UHGXFWLRQ UDWH LQ VSRNHQ (QJOLVK

LV DFWXDOO\ YHU\ KLJK� ,Q WKH FRUSXV GDWD SUHVHQWHG LQ ����� WR UHGXFHV PRUH WKDQ ���

RI WKH WLPH EHIRUH FRQVRQDQWV�

7KH HIIHFW RI ∗ԥ� FDQ EH VHHQ EHIRUH YRZHOV� ZKHUH UHGXFWLRQ LV EORFNHG� 7KH

PRVW ZHOO�NQRZQ H[DPSOH LV WKH� ZKLFK KDV WZR IRUPV� [˓L] DQG [˓̸]� 7KH DOORPRUSK

[˓L] RFFXUV EHIRUH YRZHOV� ZKLOH [˓̸] RFFXUV EHIRUH FRQVRQDQWV �&RQZD\ ����� 6WHQH

DQG 7LOORWVRQ ����� 4XLUN HW DO� ����� .HDWLQJ HW DO� ������ /LNH WKH FDVHV DERYH� WKLV

DYRLGV D YLRODWLRQ RI ∗ԥ� �

���� [˓L]
/

9

D� [˓L] H[PRRU
E� [˓L] DUFRWW

���� [˓̸]
/

9

��



D� [˓̸] ORQN

E� [˓̸] VZDOHGDOH

&RQWUDU\ WR WKH GHVFULSWLRQ DERYH� PDQ\ VSHDNHUV UHGXFH IXQFWLRQ ZRUGV EHIRUH

YRZHOV� ,Q .HDWLQJ HW DO� ������� \RXQJHU VSHDNHUV RQO\ XVH SUH�YRFDOLF [˓L] DERXW

WZR�WKLUGV RI WKH WLPH� &UXFLDOO\� WKHVH VSHDNHUV DUH VWLOO VHQVLWLYH WR KLDWXV� ,Q WKH

%XFNH\H FRUSXV GDWD ������� , VKRZ WKDW QHDUO\ HYHU\ VSHDNHU UHGXFHV OHVV RIWHQ EHIRUH

YRZHOV� UHJDUGOHVV RI WKHLU EDVHOLQH UDWH LQ UHGXFWLRQ�

$OWKRXJK , IRFXV RQ V\QFKURQLF HYLGHQFH� LW¶V ZRUWK QRWLQJ WKDW KLDWXV�FRQGLWLRQHG

UHGXFWLRQ KDV D ORQJ KLVWRU\ LQ (QJOLVK� 7KLV LV PRVW HYLGHQW LQ GLVFXVVLRQV RQ SRHWLF

WUDQVODWLRQ� &RQZD\ ������ ZULWHV ³WR PH VR RIIHQVLYH LV KLDWXV� WKDW QRWKLQJ VKRUW

RI QHFHVVLW\ FDQ UHQGHU LW HQGXUDEOH�´ +RZHYHU� XQOLNH KLV SUHGHFHVVRUV� &RQZD\

ILQGV WKDW VRPHWLPHV KLDWXV �H�J� WKH DQVZHU� WR DQVZHU� LV SUHIHUDEOH WR V\QFRSH �H�J�

WK¶DQVZHU¶� W¶DQVZHU� LQ WUDQVODWLRQ� +H K\SRWKHVL]HV WKDW WKH UHDVRQ WKHVH KLDWXVHV DUH

WROHUDEOH LV WKH TXDOLW\ RI WKH LQLWLDO YRZHO� )RU WKH� KH QRWHV WKDW WKH YRZHO TXDOLW\

FKDQJHV GHSHQGLQJ RQ WKH IROORZLQJ ZRUG� EHIRUH D YRZHO� WKH LV OLNH ,WDOLDQ JOL �>L@��

DQG EHIRUH D FRQVRQDQW� LW¶V OLNH )UHQFK OH �>ԥ@��

����� 2WKHU FDVHV RI 3&$

0RYLQJ WR PRUSKRSKRQRORJ\� ZH ILQG D QXPEHU RI FDVHV RI VXIIL[ VHOHFWLRQ DQG

VWHP VXSSOHWLRQ WKDW DUH VHQVLWLYH WR KLDWXV� 8QOLNH SKRQRWDFWLFV DQG UHSDLUV� VRPH

FDVHV RI 3&$ GRQ¶W GLVFULPLQDWH RQ WKH EDVLV RI 9�� DOWKRXJK PRVW FDVHV GR�

$Q H[DPSOH WKDW¶V GLVFXVVHG DW OHQJWK LQ &KDSWHU � LV WKH GHULYDWLRQ RI QHZ ZRUGV

ZLWK VXIIL[HV OLNH ��D�OLFLRXV DQG ��D�WKRQ� (DFK RI WKHVH VXIIL[HV KDV D 9�LQLWLDO IRUP

�H�J� �DOLFLRXV� �DWKRQ� DQG D &�LQLWLDO IRUP �H�J�� �OLFLRXV� �WKRQ�� )RU ERWK VXIIL[HV� WKH

SUHIHUUHG IRUP DYRLGV D KLDWXV� 9�ILQDO VWHPV WDNH �OLFLRXV DQG &�ILQDO WDNH �DOLFLRXV�

��



���&�DOLFLRXV ���9�OLFLRXV

FXUYH DOLFLRXV WUHH OLFLRXV

KXQN DOLFLRXV MHZ OLFLRXV

ORZ FDUE DOLFLRXV UXE\ OLFLRXV

7DEOH ���� ([DPSOHV IURP &RUSXV RI &RQWHPSRUDU\ $PHULFDQ
(QJOLVK

$GGLWLRQDOO\� DOORPRUSK\ ZLWK WKHVH VXIIL[HV LV VHQVLWLYH WR YRZHO TXDOLW\� 7KH

DOORPRUSKV �DOLFLRXV DQG �DWKRQ DUH PRUH OLNHO\ ZLWK WR RFFXU ZLWK WHQVH�YRZHO�ILQDO

URRWV �H�J� KHUR� WKDQ VFKZD�ILQDO URRWV �H�J� $ODVND�� PLUURULQJ WKH WHQVH�OD[ GLVWLQFWLRQ

LQ WKH RWKHU FDVHV�

7KH VXIIL[ �HVH� ZKLFK GHULYHV D QDWLRQDOLW\ IURP D FRXQWU\¶V QDPH� IROORZV D

VLPLODU GLVWULEXWLRQ� 7KH IRUP RI WKH URRW DYRLGV KLDWXV� 9�ILQDO VWHPV HLWKHU DGG D

FRQVRQDQW RU GURS D YRZHO�

���� 'LVWULEXWLRQ RI �HVH ZLWK 9�ILQDO VWHPV

D� &DQDUD &DQDU�HVH

E� -DYD -DYDQ�HVH

F� 3DDPD 3DDP�HVH

G� 0DOWD 0DOW�HVH

H� &RQJR &RQJRO�HVH

I� 7RJR 7RJRO�HVH

J� $OJKHUR $OJKHU�HVH

K� 6KDQJKDL 6KDQJKDLQ�HVH

L� )DURH )DUR�HVH �H[FHSWLRQ�

7KHUH DUH QXPHURXV FDVHV RI VWHP VXSSOHWLRQ OLNH �HVH WKDW KDYH EHHQ DUJXHG WR

EH FRQGLWLRQHG E\ KLDWXV� 5DIIHOVLHIHQ ������ XVHV D JHQHUDO FRQVWUDLQW DJDLQVW KLDWXV

��



WR DFFRXQW IRU WKH GLVWULEXWLRQ RI WKH VXIIL[HV �L]H DQG �HU� DPRQJ RWKHUV� 7KHVH WHQG

WR VHOHFW IRU &�ILQDO VWHPV� DV VKRZQ EHORZ� 7KH FUXFLDO H[DPSOH EHORZ LV ,VUDHOL]H�

ZKLFK FRQWUDU\ WR WKH JHQHUDO SDWWHUQ� WDNHV WKH FRXQWU\ QDPH UDWKHU WKDQ WKH DGMHFWLYDO

QDWLRQDOLW\�

���� ([DPSOHV IURP 5DIIHOVLHIHQ ������

D� $IULFD� $IULFDQ $IULFDQ�L]H

E� OWDO\� ,WDOLDQ ,WDOLDQ�L]H

F� &DQDGD� &DQDGLDQ &DQDGLDQ�L]H

G� *HUPDQ\� *HUPDQ *HUPDQ�L]H

H� 6D[RQ\� 6D[RQ 6D[RQ�L]H

I� ,VUDHO� ,VUDHOL ,VUDHO�L]H

5DIIHOVLHIHQ ������ DOVR XVHV WKH FRQVWUDLQW WR DFFRXQW IRU �HU� ZKLFK VHOHFWV IRU

&�ILQDO VWHPV�

���� ([DPSOHV IURP 5DIIHOVLHIHQ ������

D� SKLORVRSK�HU SKLORVRSK\

E� JHRJUDSK�HU JHRJUDSK\

F� DVWURQRP�HU DVWURQRP\

$ ILQDO H[DPSOH RI VWHP VXSSOHWLRQ FRPHV IURP 5XEDFK DQG %RRLM ������� &HUWDLQ

VWHPV KDYH D VXSSOHWLYH IRUP WKDW RQO\ DSSHDUV ZLWK D 9�LQLWLDO VXIIL[ �DOWKRXJK QRW

HYHU\ VWHP KDV D VXSSOHWLYH IRUP� DV VKRZQ E\ KHURLF��

���� ([DPSOHV IURP 5XEDFK 	 %RRLM ������

D� 3ODWR SODWRQ�LF� SODWRQ�LVP

E� GUDPD GUDPDW�LF� GUDPDW�L]H

F� 3OXWR SOXWRQ�LF� SOXWRQ�LDQ

G� KHUR KHUR�LF� KHUR�LVP �H[FHSWLRQ�

��



,Q WKH H[DPSOHV IRU �LF DQG �HVH� WKH H[FHSWLRQV WR WKH JHQHUDO SDWWHUQV �KHURLF DQG

)DURHVH� FDQ EH H[SODLQHG ZLWK WKH XVXDO WHQVH�OD[ GLVWLQFWLRQ� +LDWXV�VHQVLWLYH VXIIL[HV

H[KLELW D YHU\ VWURQJ WHQGHQF\ WR DYRLG KLDWXV ZKHUH 9� LV OD[� EXW RQO\ D ZHDNHU

WHQGHQF\ WR DYRLG KLDWXV ZKHQ 9� LV WHQVH� $V D UHVXOW� PRVW H[FHSWLRQV KDYH D WHQVH

9�� :KHQ D VXIIL[ GRHV FUHDWH D KLDWXV ZLWK D OD[ 9� �H�J� PRUD�L]H�� LW¶V UHSDLUHG ZLWK

FDWHJRULFDO ��HSHQWKHVLVݦ DV GLVFXVVHG LQ WKH SUHYLRXV VHFWLRQ�

����� $OWHUQDWLRQV� VSHHFK HUURUV DQG K�GHOHWLRQ

6R IDU� ,¶YH SUHVHQWHG HYLGHQFH VKRZLQJ WKDW ∗ԥ� LV LQGHSHQGHQWO\ PRWLYDWHG LQ

(QJOLVK� EXW ZH FDQ GLUHFWO\ REVHUYH WKH HIIHFWV RI ∗ԥ� RQ D�Q� LQ DOWHUQDWLRQV� ,I D

SURFHVV FUHDWHV D YRZHO�LQLWLDO ZRUG� DQ LV XVHG� DQG OLNHZLVH IRU D� 7KHUH DUH WZR

FDVHV WKDW , UHYLHZ KHUH� VSHHFK HUURUV DQG K�GHOHWLRQ� ,Q ERWK FDVHV� WKH VDPH QRXQV

RFFXU ZLWK ERWK D DQG DQ� GHSHQGLQJ RQ WKHLU VXUIDFH SURQXQFLDWLRQ�

7KHVH FDVHV VKRZ WKDW D�Q� LV VXEMHFW WR DFWLYH SKRQRORJLFDO FRQGLWLRQLQJ� DQG

FKDOOHQJH DQ\ WKHRU\ WKDW OLVWV WKH ZRUGV WKDW RFFXU ZLWK D RU DQ� 8QGHU D PRGHO ZLWK

OLVWLQJ� HDFK QRXQ LQ (QJOLVK LV VSHFLILHG DV >�D@ RU >�DQ@� GHSHQGLQJ RQ LWV SUHIHUUHG

GHWHUPLQHU�

7KLV YLHZ KDV EHHQ XVHG IRU (QJOLVK FRPSDUDWLYHV LQ %REDOMLN ������� ZKR DUJXHV

WKDW DGMHFWLYHV FRQWDLQ D SKRQRORJLFDOO\�DUELWUDU\ >�0@ IHDWXUH WKDW SHUPLWV FRPELQDWLRQ

ZLWK �HU� $ VLPLODU DFFRXQW KDV DOVR EHHQ XVHG WR PRGHO )UHQFK OLDLVRQ� ZLWK D >�VDQGKL@

IHDWXUH RQ QRXQV� ZKLFK WULJJHUV OLDLVRQ �*DDWRQH ����E�� 0RUH UHFHQWO\� *RXVNRYD

DQG 1HZOLQ�àXNRZLF] ������ SURSRVH D PRGHO LQ ZKLFK DOORPRUSKV DUH DVVRFLDWHG ZLWK

VXE�OH[LFRQV� WKH ERXQGDULHV RI ZKLFK DUH �PRVWO\� EDVHG RQ SKRQRORJLFDO IHDWXUHV�

8QGHU WKLV DFFRXQW� WKH QRXQV RI (QJOLVK DUH GLYLGHG LQWR WKRVH WKDW WDNH D DQG WKRVH

WKDW WDNH DQ�

7KH GDWD KHUH SURYLGH D UHDO FKDOOHQJH IRU OLVWLQJ� 7KH VDPH ZRUG FDQ RFFXU ZLWK

ERWK D DQG DQ� GHSHQGLQJ RQ LWV SURQXQFLDWLRQ� $V D UHVXOW� D ZRUG OLNH KLVWRULFDO

��



QHHGV WR KDYH ERWK IHDWXUHV >�D@ DQG >�DQ@� RU QHHGV WR EH SDUW RI WZR VXE�OH[LFRQV�

ZLWK LWV XOWLPDWH EHKDYLRU PXVW EH VHQVLWLYH WR LWV VXUIDFH IRUP�

7KH GDWD LQ WKLV VHFWLRQ DOVR VKRZ WKDW 85 VHOHFWLRQ FDQ¶W RFFXU EHIRUH VSHHFK

HUURUV DQG UHSDLUV� FRQVLVWHQW ZLWK WKH SDUDOOHO PRGHO� $W WKH HQG RI WKH VHFWLRQ� , VKRZ

WKDW K�GHOHWLRQ LV D FDVH RI D FKLFNHQ�HJJ HIIHFW� 1RW RQO\ GRHV K�GHOHWLRQ IHHG D�Q�

DOORPRUSK\� EXW D�Q� DOORPRUSK\ IHHGV K�GHOHWLRQ� 7KLV W\SH RI LQWHUDFWLRQ LV SRVVLEOH

ZLWK SDUDOOHOLVP� EXW GLIILFXOW WR FDSWXUH XQGHU D GHULYDWLRQDO PRGHO�

6SHHFK HUURUV� 7KH SKRQRORJLFDO FRQGLWLRQLQJ RI D DQG DQ DFFRPPRGDWHV VSHHFK

HUURUV� $V VKRZQ LQ )URPNLQ ������� DQ RFFXUV EHIRUH YRZHOV UHVXOWLQJ IURP

WUDQVSRVLWLRQ HUURUV� DQG OLNHZLVH IRU D EHIRUH WUDQVSRVHG FRQVRQDQWV�

���� ([DPSOHV RI DFFRPPRGDWLRQ IURP �)URPNLQ ���� ����

D� D FXUUHQW DUJXPHQW → DQ DUUHQW FXUJXPHQW

E� D KLVWRU\ RI LGHRORJ\ → DQ LVWRU\ RI KLGHRORJ\

F� DQ HDWLQJ PDUDWKRQ → D PHHWLQJ DUDWKRQ

G� DQ LFH FUHDP FRQH → D NLFH UHDP FRQH

7KHVH H[DPSOHV VKRZ WKH VDPH ZRUG FDQ RFFXU ZLWK HLWKHU D RU DQ� GHSHQGLQJ RQ

LWV VXUIDFH SURQXQFLDWLRQ�

+�GHOHWLRQ� 2SWLRQDO K�GHOHWLRQ SURYLGHV D VLPLODU DUJXPHQW� :KHQ DQ �K� LV
GHOHWHG� DQ LV XVHG� EXW LI WKH �K� LV SURQRXQFHG� D LV XVHG LQVWHDG�

,Q $PHULFDQ (QJOLVK DQG %ULWLVK (QJOLVK� D UHJXODU SURFHVV RI K�GHOHWLRQ RFFXUV LQ

XQVWUHVVHG V\OODEOHV� VXFK DV WKH LQLWLDO V\OODEOH KRUUHQGRXV� 7KH H[DPSOHV EHORZ DUH

IURP =ZLFN\ ������� ZKR FODLPV WKDW GHOHWLRQ LQ WKHVH FDVHV LV UHVWULFWHG WR IDVW VSHHFK�

���� +�GHOHWLRQ LQ =ZLFN\ ������

D� KRUUHQGRXV → ¶RUUHQGRXV

E� KXPDQLW\ → ¶XPDQLW\ �FI� LQKXPDQH�

F� KLVSDQLF → ¶LVSDQLF

��



+HUH DUH D IHZ PRUH ZRUGV WKDW DSSHDU ZLWK DQ RSWLRQDO LQLWLDO [K]�

���� K�LQLWLDO ZRUGV ZLWK XQVWUHVVHG LQLWLDO V\OODEOHV

D� KLVWRULDQ

E� KLVWRULFDO

F� KLVWRULF

G� K\VWHULFDO

H� KHUHGLWDU\

I� KDELWXDO

$OWKRXJK KH GRHVQ¶W SURYLGH H[DPSOHV� 5RWHQEHUJ ������ DUJXHV WKDW RSWLRQDO

K�GHOHWLRQ IHHGV WKH FKRLFH EHWZHHQ D DQG DQ� UHVXOWLQJ LQ DQ ZKHQHYHU DQ LQLWLDO [K]

LV GHOHWHG� +H IXUWKHU QRWHV WKDW GLDOHFWV WKDW DOZD\V GURS ZRUG�LQLWLDO [K]� VXFK DV

&RFNQH\ (QJOLVK �6LYHUWVHQ ������ DOZD\V XVH DQ EHIRUH W\SLFDOO\ [K]�LQLWLDO ZRUGV�

5HIHUHQFH JUDPPDUV IRU ERWK %ULWLVK DQG $PHULFDQ (QJOLVK H[SOLFLWO\ DGGUHVV

K�LQLWLDO ZRUGV DQG D�Q�� 7KH *UHJJ 5HIHUHQFH 0DQXDO �6DELQ ������ D VW\OH JXLGH IRU

$PHULFDQ (QJOLVK VD\V�

,Q VSHHFK� ERWK µD KLVWRULF RFFDVLRQ¶ DQG µDQ KLVWRULF RFFDVLRQ¶ DUH RND\�
,W GHSHQGV RQ ZKHWKHU WKH µKLV¶ LV VRXQGHG RU OHIW VLOHQW� ,Q ZULW�LQJ� µD
KLVWRULF RFFDVLRQ¶ LV WKH IRUP PRUH RIWHQ XVHG�

)RZOHU ������� ZULWLQJ DERXW %ULWLVK (QJOLVK� VD\V WKH VDPH� 6SHDNHUV VKRXOG DYRLG

SURQRXQFLQJ �³DVSLUDWLQJ´� DQ LQLWLDO [K] ZKHQ WKH\ XVH DQ�

«DQ ZDV IRUPHUO\ XVHG EHIRUH DQ XQDFFHQWHG V\OODEOH EHJLQQLQJ ZLWK K
DQG LV VWLOO RIWHQ VHHQ DQG KHDUG �DQ KLVWRULDQ� DQ KRWHO� DQ K\VWHULFDO VFHQH�
DQ KHUHGLWDU\ WLWOH� DQ KDELWXDO RIIHQGHU�� %XW QRZ WKDW WKH K LQ VXFK ZRUGV
LV SURQRXQFHG� WKH GLVWLQFWLRQ KDV EHFRPH DQRPDORXV DQG ZLOO QR GRXEW
GLVDSSHDU LQ WLPH� 0HDQWLPH� VSHDNHUV ZKR OLNH WR VD\ DQ VKRXOG QRW WU\ WR
KDYH LW ERWK ZD\V E\ DVSLUDWLQJ WKH K�

6FKO�WHU ������ WHVWV WKH FODLP WKDW K�GHOHWLRQ LQWHUDFWV ZLWK D�Q� XVLQJ GDWD IURP WKH

%ULWLVK QHZVSDSHU 7KH *XDUGLDQ DQG WKH $PHULFDQ 'HWURLW )UHH 3UHVV� 6KH ILQGV WKDW

K�GHOHWLRQ IHHGV D�Q�� DV GHVFULEHG DERYH�

��



6FKO�WHU GLYLGHV K�LQLWLDO ZRUGV DFFRUGLQJ WR WKH SURPLQHQFH RI WKHLU LQLWLDO V\OODEOHV�

6KH DVVXPHV WKDW OHVV SURPLQHQW V\OODEOHV DUH PRUH OLNHO\ WR XQGHUJR GHOHWLRQ� DQG

ILQGV WKDW K�LQLWLDO ZRUGV ZLWK OHVV SURPLQHQW LQLWLDO V\OODEOHV DUH PRUH OLNHO\ WR WDNH

DQ� :RUGV ZLWK WKH OHDVW SURPLQHQW LQLWLDO V\OODEOHV� WKRVH ZLWK WKH VKRUWHVW YRZHOV DQG

OHDVW VWUHVV �H�J� KLVWRULF�� DUH WKH PRVW OLNHO\ WR WDNH DQ� UHODWLYH WR ZRUGV ZLWK LQLWLDO

VHFRQGDU\ VWUHVV �H�J� KLVWULRQLF� DQG ZRUGV ZLWK LQLWLDO XQVWUHVVHG ORQJ YRZHOV �H�J�

K\SRWKHVLV��

6FKO�WHU DOVR ILQGV WKDW DQ LV XVHG EHIRUH K PRUH RIWHQ LQ %ULWLVK (QJOLVK WKDQ

$PHULFDQ (QJOLVK� ��� YV� �� RYHUDOO� 7KLV GLIIHUHQFH KROGV DFURVV DOO FRQWH[WV� DQG

LV LQ OLQH ZLWK WKH REVHUYDWLRQ WKDW K�GHOHWLRQ LV PRUH FRPPRQ LQ %ULWLVK (QJOLVK� 7KH

IDFW WKDW 6FKO�WHU H[DPLQHV ZULWWHQ VRXUFHV PRVW OLNHO\ UHVXOWV LQ DQ XQGHUUHSRUWLQJ RI

K�GHOHWLRQ� ,Q %ULWLVK (QJOLVK K�GHOHWLRQ LV VRFLROLQJXLVWLFDOO\ PDUNHG� GHVFULEHG E\

:HOOV ����� S� ���� DV ³WKH VLQJOH PRVW SRZHUIXO SURQXQFLDWLRQ VKLEEROHWK LQ (QJODQG�´

,Q DGGLWLRQ� DV QRWHG LQ *UHJJ 5HIHUHQFH 0DQXDO DERYH� WKHUH¶V D JUHDWHU WHQGHQF\ WR

XVH D EHIRUH K LQ ZULWLQJ�

,Q DGGLWLRQ WR XQVWUHVVHG K�GHOHWLRQ GLVFXVVHG DERYH� VRPH YDULHWLHV RI %ULWLVK

(QJOLVK DUH DOVR VXEMHFW WR D ZHOO�NQRZQ SURFHVV RI LQLWLDO K�GHOHWLRQ� ZKLFK RFFXUV

LQ LQLWLDO VWUHVVHG V\OODEOHV� H�J� ¶RXVH� ¶RPH� ¶RUVH �:HOOV ������ 7KLV SURFHVV RI

K�GHOHWLRQ DOVR IHHGV D�Q� DOORPRUSK\� DV VKRZQ EHORZ� 7KHVH MXGJPHQWV FRPH IURP

WKUHH QDWLYH VSHDNHUV RI (QJOLVK IURP 0DQFKHVWHU�

���� +�GHOHWLRQ DQG D�Q�

D� D KRXVH

E� DQ ¶RXVH

F� 
DQ KRXVH

G� 
D ¶RXVH

H� D KRUVH

I� DQ ¶RUVH

��



J� 
DQ KRUVH

K� 
D ¶RUVH

$V FDQ EH VHHQ LQ WKHVH H[DPSOHV� WKH VHOHFWLRQ RI D RU DQ GHSHQGV RQ WKH

DSSOLFDWLRQ RI K�GHOHWLRQ�

,Q VXPPDU\� WKHUH LV QR VKRUWDJH RI HYLGHQFH VKRZLQJ WKDW K�GHOHWLRQ IHHGV D�Q�

VHOHFWLRQ� VXSSRUWLQJ WKH YLHZ WKDW D�Q� DFWLYHO\ DYRLGV KLDWXV� :KLOH WKHVH FDVHV DUH

FRQVLVWHQW ZLWK WKH SDUDOOHO PRGHO� WKH\ GRQ¶W DFWXDOO\ VXSSRUW LW RYHU D GHULYDWLRQDO

RQH� $ VLPSOH PRGHO LQ ZKLFK K�GHOHWLRQ RFFXUV EHIRUH 85 VHOHFWLRQ FDQ PRGHO

K�GHOHWLRQ DQG D�Q�� ,Q ZKDW IROORZV� , SUHVHQW DQ DUJXPHQW WKDW 85 VHOHFWLRQ DQG

K�GHOHWLRQ DFWXDOO\ QHHG WR EH DVVHVVHG DW WKH VDPH WLPH�

+�GHOHWLRQ DQG WKH FKLFNHQ�HJJ HIIHFW� ,Q 85&� 85 VHOHFWLRQ DQG UHSDLUV DUH

HYDOXDWHG LQ SDUDOOHO� $V D UHVXOW� 85 VHOHFWLRQ FDQ IHHG UHSDLUV� DQG YLFH YHUVD

���������

7KH FRQVHTXHQFH LV WKDW 85 VHOHFWLRQ DQG UHSDLUV FDQ H[LVW LQ D FURVV�IHHGLQJ

UHODWLRQVKLS� FUHDWLQJ DQ RUGHULQJ SDUDGR[� 7KH UHSDLU SURYLGHV WKH HQYLURQPHQW IRU WKH

FKRVHQ 85� DQG DW WKH VDPH WLPH� WKH 85 WKDW¶V FKRVHQ WULJJHUV WKH UHSDLU� 0F&DUWK\

������ FDOOV WKLV WKH FKLFNHQ�HJJ HIIHFW�

���� 7KH FKLFNHQ�HJJ HIIHFW� D FRQVHTXHQFH RI SDUDOOHOLVP �0F&DUWK\ �����

7KH DSSOLFDWLRQ RI SURFHVV $ GHSHQGV RQ NQRZLQJ WKH RXWSXW RI SURFHVV %�

DQG WKH DSSOLFDWLRQ RI SURFHVV % GHSHQGV RQ NQRZLQJ WKH RXWSXW RI SURFHVV $�

,Q D VWXG\ RI WKH KLVWRULFDO GHYHORSPHQW RI K�GHOHWLRQ LQ (QJOLVK� &ULVPD ������

DUJXHV WKDW K�GHOHWLRQ IHHGV D�Q� DOORPRUSK\� OLNH DERYH� DQG FUXFLDOO\� K�GHOHWLRQ

GHSHQGV RQ WKH IXQFWLRQ ZRUG� :RUGV WKDW FDQ FOLWLFL]H� OLNH D�Q�� WULJJHU K�GHOHWLRQ�

ZKLOH ZRUGV WKDW FDQQRW FOLWLFL]H� OLNH P\�PLQH� GR QRW� 7KLV SUHVHQWV D SDUDGR[�

���� 7KH FKLFNHQ�HJJ HIIHFW LQ (QJOLVK �����±�����

��



D� K�GHOHWLRQ PXVW SUHFHGH 85 VHOHFWLRQ� DQ RFFXUV EHIRUH D GHOHWHG K

E� 85 VHOHFWLRQ PXVW SUHFHGH K�GHOHWLRQ� K�GHOHWLRQ RFFXUV ZLWK D�Q� EXW QRW

P\

&ULVPD¶V DUJXPHQW JRHV OLNH WKLV� ,Q 0LGGOH (QJOLVK� DQ DQG P\Q RFFXU EHIRUH

YRZHOV� 7KH ZRUG P\Q LV WKH VXSSOHWLYH Q�ILQDO IRUP RI P\� ZKLFK DOWHUQDWHG DW WKH

WLPH OLNH D�Q��

���� %HIRUH YRZHOV

D� DQ LOH 
D LOH

E� P\Q LOH 
P\ LOH

%HIRUH K� ZH ILQG WKDW DQ DQG P\Q EHKDYH GLIIHUHQWO\� :KLOH DQ LV SUHIHUUHG EHIRUH

K� P\Q LV QRW�

���� %HIRUH K

D� DQ KRUV 
 D KRUV

E� P\ KRUV 
 P\Q KRUV

&ULVPD DFFRXQWV IRU WKHVH IDFWV ZLWK K�GHOHWLRQ� 7KH SKUDVH DQ KRUV LV DFWXDOO\

SURQRXQFHG [DQRUV] ZLWK D GHOHWHG K� ZKLOH KRUV GRHVQ¶W XQGHUJR GHOHWLRQ ZLWK P\ RU

P\Q�

���� %HIRUH K

D� DQ ¶RUV 
 D KRUV

E� P\ KRUV 
 P\Q ¶RUV

&ULVPD DUJXHV WKDW D�Q� FDQ WULJJHU K�GHOHWLRQ GXH WR LWV SURVRG\� D�Q� LV DOZD\V

FOLWLFL]HG WR WKH IROORZLQJ ZRUG� ZKLOH P\�Q� LV QRW� &ULVPD¶V DQDO\VLV ILQGV VXSSRUW LQ

PHWHU� LQ ZKLFK P\�Q� RIWHQ EHDUV VWUHVV� EXW D�Q� QHYHU GRHV�

��



&ULVPD UHSRUWV WKDW WKLV SDWWHUQ FDQ DOVR EH REVHUYHG LQ FRQWHPSRUDU\ (QJOLVK�

+�GHOHWLRQ LQ KLVWRULFDO RFFXUV DIWHU D FOLWLF OLNH DQ� EXW QRW DIWHU D QXPEHU OLNH WHQ�

���� &RQWHPSRUDU\ (QJOLVK GDWD IURP &ULVPD ������

D� DQ ¶LVWRULFDO TXHVWLRQ

E� WKUHH KLVWRULFDO TXHVWLRQV

F� WHQ KLVWRULFDO TXHVWLRQV

7KH DFFRXQW IRU FRQWHPSRUDU\ (QJOLVK LV WKH VDPH� $IWHU WKH FOLWLF DQ� KLVWRULFDO LV

DEOH WR XQGHUJR K�GHOHWLRQ� $IWHU WKH QRQ�FOLWLF WHQ� WKH K UHPDLQV� 3URVRGLF GLIIHUHQFHV

EHWZHHQ WHQ DQG DQ DUH IRXQG LQ IXQFWLRQ ZRUG UHGXFWLRQ� $V 6KLK ������ VKRZV XVLQJ

FRUSXV GDWD� FDUGLQDO QXPEHUV DUH OHVV OLNHO\ WR EH UHGXFHG WKDQ GHWHUPLQHUV OLNH D�Q��

7KH RUGHULQJ SDUDGR[ UHVWV RQ WKH FODLP WKDW NQRZLQJ D IXQFWLRQ ZRUG¶V 85 LV

UHTXLUHG IRU GHWHUPLQLQJ ZKHWKHU LW ZLOO FOLWLFL]H� $QRWKHU SRVVLELOLW\ LV WKDW WHQ DQG

D�Q� DUH VXEMHFW WR V\QWDFWLF GLIIHUHQFHV� DQG 85 VHOHFWLRQ LVQ¶W QHFHVVDU\ WR GHWHUPLQH

WKHLU WKHLU SURVRGLF VWUXFWXUH� +RZHYHU� SKRQRORJLFDO FKDUDFWHULVWLFV DUH UHOHYDQW IRU

FOLWLFL]DWLRQ� PRQRV\OODELF IXQFWLRQ ZRUGV DUH PXFK PRUH OLNHO\ WR FOLWLFL]H WKDQ

GLV\OODELF RQHV �,QNHODV DQG =HF ����� 6KLK ������

,I 85 VHOHFWLRQ UHTXLUHV K�GHOHWLRQ� DQG K�GHOHWLRQ UHTXLUHV 85 VHOHFWLRQ� GRLQJ

WKHP VLPXOWDQHRXVO\ LV WKH RQO\ ZD\ WR VDWLVI\ ERWK� 7KLV LV H[DFWO\ ZKDW KDSSHQV LQ D

SDUDOOHO PRGHO OLNH 85&� LQ ZKLFK WKH FDQGLGDWH VHW FRQWDLQV ERWK 85V DQG WKH RXWSXWV

RI GLIIHUHQW UHSDLUV�

����� &RQFOXVLRQ

7KLV VHFWLRQ KDV VKRZQ WKDW ∗ԥ� LV D UREXVW FRQVWUDLQW LQ (QJOLVK� /DWHU� , VKRZ WKDW

WKH SDWWHUQV RI UHSDLUV DQG D�Q� IROORZ XQGHU D VLQJOH UDQNLQJ RI FRQVWUDLQWV LQ 85&�

DQG DOWHUQDWLYH DQDO\VHV IDLO DW FDSWXULQJ WKH FRQVSLUDF\ EHWZHHQ 3&$� SKRQRWDFWLFV�

DQG UHSDLUV�

��



%HIRUH WKDW� , FRQVLGHU DQRWKHU DVSHFW RI WKH 85& DQDO\VLV RI D DQG DQ ± WKDW D LV

WKH GHIDXOW�

��� D�Q� DQG GHIDXOWKRRG

,Q WKLV VHFWLRQ� , SURYLGH DUJXPHQWV IRU WKH GHIDXOW VWDWXV RI D� VXSSRUWLQJ WKH 85&

DQDO\VLV IURP &KDSWHU �� 'HIDXOW DOORPRUSKV DUH WKH QDWXUDO FRQVHTXHQFH RI UDQNLQJ

85 FRQVWUDLQWV� DQG 85& PDNHV WZR SUHGLFWLRQV DERXW WKHP�

���� 3UHGLFWLRQV DERXW GHIDXOWKRRG

D� 'HIDXOWV DUH SKRQRORJLFDOO\ DQG V\QWDFWLFDOO\ DUELWUDU\�

E� 'HIDXOWKRRG HPHUJHV LQ XQPDUNHG FRQWH[WV �WKH HOVHZKHUH FRQWH[W��

%RWK RI WKHVH SUHGLFWLRQV KROG IRU D�Q��

����� 'HIDXOWKRRG DQG D

7KH DQDO\VLV RI D DV WKH GHIDXOW LV WKH WUDGLWLRQDO RQH� DOVR IRXQG LQ 1HYLQV �������

+D\HV ������� 3DVWHU ������� =ZLFN\ ������� DPRQJ RWKHUV� )RU LQVWDQFH� LQ 1HYLQV

������¶V RYHUYLHZ RI 3&$� D DQG DQ DUH XVHG WR H[HPSOLI\ 2SWLPL]HU DQG 'HIDXOW� ZLWK

DQ DV WKH RSWLPL]HU DQG D DV WKH GHIDXOW�

���� 'HIDXOW DQG 2SWLPL]HU LQ 1HYLQV ������

D� 2SWLPL]HU� 7KH DOORPRUSK FKRVHQ LQ RUGHU WR VDWLVI\ D SDUWLFXODU

SKRQRWDFWLF >FRQVWUDLQW@� H�J� WR SURYLGH DQ RQVHW� LQ D SDUWLFXODU VHW RI

HQYLURQPHQWV �H�J� EHIRUH YRZHO�LQLWLDO ZRUGV�

E� 'HIDXOW� 7KH DOORPRUSK FKRVHQ RWKHUZLVH

*LYHQ WKH IDFW WKDW WKH DQDO\VLV ZLWK D DV GHIDXOW LV VWDQGDUG� ZK\ LV WKLV VHFWLRQ

QHFHVVDU\" ,Q DOO RI WKLV ZRUN� OLWWOH HYLGHQFH LV SUHVHQWHG WR VXSSRUW D DV GHIDXOW�

��



*LYHQ WKH LGHDOL]HG GLVWULEXWLRQ RI D DQG DQ� LW FRXOG EH WKH RWKHU ZD\ DURXQG� ZLWK WKH

DQ DV WKH GHIDXOW� DQG D XVHG WR DYRLG FRGDV�

���� $Q DOWHUQDWLYH GHIDXOW DQG RSWLPL]HU

D� 2SWLPL]HU� D LV FKRVHQ WR DYRLG D FRGD �EHIRUH FRQVRQDQW�LQLWLDO ZRUGV�

E� 'HIDXOW� DQ LV WKH DOORPRUSK FKRVHQ RWKHUZLVH

7KH UHVW RI WKLV VHFWLRQ SUHVHQWV HYLGHQFH WKDW VXSSRUWV WKH WUDGLWLRQDO DQDO\VLV� D

RFFXUV EHIRUH KHVLWDWLRQV� GLVIOXHQFLHV� DQG SDUHQWKHWLFDOV� ,Q WKHVH HQYLURQPHQWV� WKH

IROORZLQJ SKRQRORJLFDO FRQWH[W LVQ¶W DYDLODEOH� VR WKH GHIDXOW D LV XVHG�

����� (YLGHQFH IRU GHIDXOWKRRG

,Q WKLV VHFWLRQ� , SUHVHQW UHVXOWV IURP P\ RZQ VHDUFK RI WKH 6ZLWFKERDUG FRUSXV

RI VSRNHQ (QJOLVK �*RGIUH\� +ROOLPDQ� DQG 0F'DQLHO ������ DORQJ ZLWK D UHYLHZ RI

VRPH SUHYLRXV ZRUN�

7KH ILUVW DUJXPHQW IRU WUHDWLQJ D DV WKH GHIDXOW LV WKDW LW RFFXUV SKUDVH�ILQDOO\� ZKHUH

KLDWXV LV QRW DW LVVXH� ([DPSOHV RI SKUDVH�ILQDO D FRPH IURP 5RWHQEHUJ ������� ZKR

VKRZV WKDW DQ LV OHVV DFFHSWDEOH WKDQ D EHIRUH D SDUHQWKHWLFDO� 7KLV KROGV UHJDUGOHVV

RI WKH LQLWLDO VHJPHQW RI WKH SDUHQWKHWLFDO� RU WKH LQLWLDO VHJPHQW RI WKH ZRUG DIWHU WKH

SDUHQWKHWLFDO�

���� ([DPSOHV IURP 5RWHQEHUJ ������ ���

D� D ± DOWKRXJK , KDWH WR DGPLW LW ± DEVXUG LGHD

E� "DQ ± DOWKRXJK , KDWH WR DGPLW LW ± DEVXUG LGHD

F� D ± DOWKRXJK , KDWH WR DGPLW LW ± VLOO\ LGHD

G� "DQ ± DOWKRXJK , KDWH WR DGPLW LW ± VLOO\ LGHD

7KH VHFRQG DUJXPHQW IRU WKH GHIDXOW VWDWXV RI D FRPHV IURP GLVIOXHQFLHV� %HIRUH

GLVIOXHQFLHV� OLNH XK RU XP� D LV XVHG WKH YDVW PDMRULW\ RI WKH WLPH �&ODUN DQG )R[ 7UHH

������

��



���� ([DPSOH RI D EHIRUH GLVIOXHQFLHV IURP &ODUN DQG )R[ 7UHH ������

ZH�XP KDYH D�XK S\UR�WHFKQLTXHV WHDP WKDW¶V�XK RQ WKH URXQG RU LQ WKH ZDWHU�

3DN ������ UHSRUWV VLPLODU ILQGLQJV IRU DGXOW VSHHFK LQ WKH &+,/'(6 FRUSXV

�0DF:KLQQH\ ������

���� ([DPSOHV RI D EHIRUH GLVIOXHQFLHV IURP 3DN ������

D� ,¶G OLNH �HM� XP« D ODUJH FRIIHH DQG D FURLVVDQW�

E� 7KLV LV �HM� XK« SDUW RI D WUDLOHU WUXFN

,Q WKH WDEOH EHORZ� , VKRZ WKDW WKH SUHIHUHQFH IRU D EHIRUH GLVIOXHQFLHV KROGV IRU

WKH 6ZLWFKERDUG FRUSXV� 7KH FRXQWV DUH IURP WKH (QJOLVK RUWKRJUDSK\ WUDQVFULSWLRQV�

ZKLFK ZHUH ZHUH DXWRPDWLFDOO\ DQQRWDWHG XVHG WKH SKRQHWLF WUDQVFULSWLRQV IURP &08

SURQRXQFLQJ GLFWLRQDU\ �:HLGH ������ DQG WKH GRPLQDQW SDUW RI VSHHFK WDJV IRU HDFK

ZRUG IURP 68%7/(;�86 �%U\VEDHUW� 1HZ� DQG .HXOHHUV �������

XK XP 9�LQLWLDO 1�$'-

D ��� ��� ���

DQ �� � ����

�D ��� ��� ��

7DEOH ���� D DQG DQ EHIRUH GLVIOXHQFLHV

8QGHU WKH DVVXPSWLRQ WKDW XK RU XP LQGLFDWH GLIILFXOW\ LQ OH[LFDO UHWULHYDO� WKHVH

GDWD VKRZ WKDW VSHDNHUV SUHIHU D ZKHQ WKH\ GRQ¶W NQRZ WKH XSFRPLQJ ZRUG� 8QGHU WKH

DQDO\VLV KHUH� WKH UHDVRQ WKH\ XVH D LV WKDW LW¶V WKH GHIDXOW�

$QRWKHU SRVVLELOLW\ LV WKDW VSHDNHUV DUH VLPSO\ PDWFKLQJ WKH RYHUDOO GLVWULEXWLRQ RI

D DQG DQ� ,I WKLV LV ZKDW WKH\¶UH GRLQJ� WKH OLNHOLKRRG RI XVLQJ D EHIRUH D GLVIOXHQF\

�,Q WKH ZULWWHQ WUDQVFULSWLRQV RI 6ZLWFKERDUG� XK LV XVHG WR WUDQVFULEH DQ\ QRQ�QDVDO GLVIOXHQF\� LQFOXGLQJ
HK� DQG XP LV XVHG WR WUDQVFULEH DQ\ QDVDO GLVIOXHQFLHV� LQFOXGLQJ KP DQG WKH QXK RI QXK�XK�

��



VKRXOG PDWFK WKH OLNHOLKRRG RI XVLQJ D LQ JHQHUDO� 7KH GDWD KHUH DUH XQFOHDU� 7KH

UDWH RI D EHIRUH GLVIOXHQFLHV ����� LV KLJKHU WKDQ WKH RYHUDOO UDWH RI D EHIRUH QRXQV

DQG DGMHFWLYHV ������ :KHWKHU WKH\ DUH SUREDELOLW\ PDWFKLQJ RU QRW� LW¶V FOHDU WKDW D LV

SUHIHUUHG� DQG QRW DQ�

7KH SUHIHUHQFH IRU D KROGV UHJDUGOHVV RI WKH LQLWLDO VHJPHQW RI WKH SRVW�XP ZRUG�

7KH WZR WDEOHV EHORZ VKRZ WKDW D LV SUHIHUUHG DFURVV DOO FRQWH[WV� 7KH ILUVW WDEOH

FRQWDLQV FRXQWV IRU DOO SRVW�GLVIOXHQF\ ZRUGV� DQG WKH VHFRQG WDEOH FRQWDLQV FRXQWV RQO\

IRU SRVW�GLVIOXHQF\ QRXQV DQG DGMHFWLYHV�

&�LQLWLDO ZRUG 9�LQLWLDO ZRUG

D ��� ���

DQ � ��

�D ��� ���

7DEOH ���� &RXQWV IRU D�DQ XK�XP ;

&�LQLWLDO 1�$'- 9�LQLWLDO 1�$'-

D ��� ��

DQ � �

�D ��� ���

7DEOH ���� &RXQWV IRU D�DQ XK�XP $'-�1

,W ZRXOG EH VXUSULVLQJ LI DUWLFOH VHOHFWLRQ FRXOG VHH DFURVV GLVIOXHQFLHV� JLYHQ WKH

ODUJH OLWHUDWXUH VXJJHVWLQJ WKDW XK DQG XP UHIOHFW SURGXFWLRQ GLIILFXOW\� 8K DQG XP DUH

XVHG ZKHQ OH[LFDO UHWULHYDO VWDOOV� DQG LQ WKHVH FDVHV� VSHDNHUV GRQ¶W KDYH DFFHVV WR WKH

IROORZLQJ QRXQ �)R[ 7UHH DQG &ODUN ����� &ODUN DQG )R[ 7UHH ������

��



7KH GDWD IRU GLVIOXHQFLHV SUHVHQWHG KHUH DUH LQ GLVDJUHHPHQW ZLWK REVHUYDWLRQV E\

5RWHQEHUJ ������� ZKR FODLPV WKDW GLVIOXHQFLHV DUH LQYLVLEOH WR DUWLFOH VHOHFWLRQ� +H

UHSRUWV WKH MXGJPHQWV EHORZ� LQ ZKLFK D�Q� DJUHHV ZLWK WKH SRVW�XK QRXQ�

���� 'LVIOXHQFLHV IURP 5RWHQEHUJ ������

D� DQ ± XK� XK ± (VNLPR

E� D ± XK ± VQRUNHO

5RWHQEHUJ DGPLWV WKDW PHWDOLQJXLVWLF IDFWRUV PD\ EH LQIOXHQFLQJ LQ KLV MXGJPHQWV�

+H ZULWHV� ³0\ IHHOLQJ DERXW >WKH H[DPSOHV@ LV WKDW VKHHU SHGDQWU\ LV UHVSRQVLEOH IRU

WKH WHPSWDWLRQ WR PDNH WKH ORQJ GLVWDQFH DOWHUQDWLRQ�´

=XUDZ ������ ILQGV VLPLODU ORQJ�GLVWDQFH DJUHHPHQW IRU SDUHQWKHWLFDOV LQ D ZHE

FRUSXV VWXG\� DQG FURVV�SDUHQWKHWLFDO GHSHQGHQFLHV KDYH DOVR EHHQ UHSRUWHG IRU )UHQFK

OLDLVRQ �6FKOHQNHU ������

���� $Q DWWHVWHG H[DPSOH IURP =XUDZ ������

,Q WKH FDU RQ WKH ZD\ EDFN WR /RQGRQ� ZH KDG DQ ± WR PH ± HYHQ PRUH

SHFXOLDU H[FKDQJH DERXW P\ QLHFH DQG KHU ER\IULHQG�

,Q MXGJPHQWV DQG ZULWLQJ� LW VHHPV WKDW VSHDNHUV FDQ H[KLELW SKRQRORJLFDO

FRQGLWLRQLQJ DFURVV D SDUHQWKHWLFDO RU GLVIOXHQF\� EXW WKLV GHSHQGHQF\ GLVDSSHDUV LQ

VSRNHQ FRUSRUD�

7KH WKLUG DUJXPHQW IRU WUHDWLQJ D DV WKH GHIDXOW FRPHV IURP DV\PPHWULHV LQ VSHHFK

HUURUV� ,Q WKH 6ZLWFKERDUG GDWD� WKHUH DUH HUURUV IRU ERWK D DQG DQ� ZLWK D EHIRUH

YRZHOV DQG DQ EHIRUH FRQVRQDQWV� 7KH QXPEHU RI HDFK W\SH RI HUURU LV UHSRUWHG LQ WKH

WDEOH EHORZ� 2YHUDOO� ZH ILQG DQ HUURU UDWH RI ����� 2XW RI WKHVH HUURUV� ��� DUH DQ

→ D� FRQVLVWHQW ZLWK WKH GHIDXOW VWDWXV RI D�

��



& 9 7RWDO

D ����� ��� �����

DQ �� ���� ����

7RWDO ����� ����

�D >��� ��

7DEOH ���� D DQG DQ EHIRUH DGMHFWLYHV DQG QRXQV

6LQFH D LV JHQHUDOO\ SUHIHUUHG WR DQ� VSHHFK HUURUV DUH PRUH OLNHO\ WR UHVXOW LQ D

WKDQ DQ� 2I FRXUVH� LW PD\ EH WKDW HUURUV IDYRU WKH PRUH IUHTXHQW IRUP� LQGHSHQGHQWO\

RI GHIDXOWKRRG� 6LQFH IUHTXHQF\ DQG GHIDXOWKRRG RYHUODS VR FORVHO\ IRU D DQG DQ�

WHDVLQJ WKHVH WZR DSDUW LV GLIILFXOW�

,Q WKH H[DPSOHV EHORZ� , OLVW VRPH RI WKH D → DQ HUURUV� $ IHZ H[WUD

QRWHV RQ WKH FRUSXV VHDUFK� ,Q DQQRWDWLQJ QRXQV DQG DGMHFWLYHV� , DGKHUHG WR WKH

,3$ WUDQVFULSWLRQV LQ WKH &08 SURQRXQFLQJ GLFWLRQDU\� UHVXOWLQJ LQ VRPH SRWHQWLDOO\

FRQWHQWLRXV WUDQVFULSWLRQV� H�J� KRUV G¶RHXYUHV ZLWK DQ LQLWLDO [K]� ,W VKRXOG DOVR EH

QRWHG WKDW LQ 6ZLWFKERDUG DQ LV XVHG WR WUDQVFULEH ERWK WKH LQGHILQLWH DUWLFOH DQG DQ¶�

WKH UHGXFHG IRUP RI WKH ZRUG DQG� 7KLV H[SODLQV H[DPSOHV OLNH DQ WKLQJV OLNH WKDW

EHORZ� 7KHVH FDVHV� ZKLOH IHZ� GR LQIODWH WKH FRXQW RI DQ HUURUV�

���� 6RPH D → DQ HUURUV IURP 6ZLWFKERDUG

D� DQ FXUUHQW HYHQW

E� DQ KLJK VFKRRO HGXFDWLRQ

F� DQ KRUV G¶RHXYUHV

G� DQ KRXVH LQ RXU QHLJKERUKRRG

H� DQ PHHWLQJ D PHHWLQJ

I� DQ PLVXVH RI ZKDW ZH

J� DQ SROOHQ DWWDFN

��



K� DQ VRDS RSHUD

L� DQ WKLQJV OLNH WKDW

M� DQ XQDQLPRXV YHUGLFW

%HORZ� , OLVW VRPH RI DQ → D HUURUV� (QJOLVK VSHDNHUV� LI WKH\ DUH VHQVLWLYH WR WKH

DV\PPHWU\ LQ WKH FRUSXV� ZLOO MXGJH WKH SKUDVHV EHORZ DV PRUH DFFHSWDEOH WKDQ WKH

RQHV DERYH�

���� DQ → D HUURUV IURP 6ZLWFKERDUG

D� D DEVROXWH IDFW

E� D DEXQGDQFH RI LURQ

F� D DLU FRQGLWLRQLQJ XQLW

G� D DPHULFDQ PDGH WUXFN

H� D LFH FUHDP SDUORU

I� D LWDOLDQ UHVWDXUDQW

)RU FRPSOHWHQHVV� EHORZ LV D EUHDNGRZQ RI DQ → D HUURUV� VRUWHG E\ WKH LQLWLDO

YRZHO RI WKH QRXQV DQG DGMHFWLYHV� 7KHUH LV QR FOHDU SDWWHUQ IRU WKH HUURUV� ³7RWDO´

UHSRUWV WKH WRWDO QXPEHU RI DGMHFWLYHV DQG QRXQV LQ WKH FRQVWUXFWLRQ D�Q� $'-�1 WKDW

EHJLQ ZLWK WKH VSHFLILHG YRZHO�

��



[ľ] [ ] [̸] [ɬ] [ľZ] [DM] [͑]

(UURUV �� �� �� �� �� � ��

7RWDO ��� ��� ��� ��� ��� ��� ���

�HUURU ���� ���� ���� ���� ���� ���� ����

[͎] [HM] [Ԍ] [L] [RZ] [ɬM]

(UURUV � � �� � �� �

7RWDO �� �� ���� �� ��� ��

�HUURU ���� ���� ���� ���� ���� �����

7DEOH ���� DQ → D HUURUV E\ LQLWLDO YRZHO

7KH ILQDO DUJXPHQW IRU WKH GHIDXOW VWDWXV RI D FRPHV IURP ODQJXDJH FKDQJH� 2YHUDOO�

WKHUH¶V D PRYHPHQW DZD\ IURP DQ DQG WRZDUGV D� ,Q VRPH YDULHWLHV RI %ULWLVK (QJOLVK�

WKH V\VWHP LV LQ WUDQVLWLRQ� ZLWK SUH�YRFDOLF DQ EHLQJ UHSODFHG E\ [̸প]� DV GLVFXVVHG LQ

���� �%ULWDLQ DQG )R[ ������

,Q VXPPDU\� WKH 6ZLWFKERDUG GDWD FOHDUO\ LQGLFDWH D SUHIHUHQFH IRU D RYHU DQ�

7KLV SUHIHUHQFH HPHUJHV ZKHQ SKRQRORJLFDO FRQWH[W LV LUUHOHYDQW� VXFK DV EHIRUH

SDUHQWKHWLFDOV DQG GLVIOXHQFLHV� 7KH SUHIHUHQFH FDQ DOVR EH REVHUYHG LQ VSHHFK HUURUV

DQG KLVWRULFDO FKDQJH� ERWK RI ZKLFK GHPRQVWUDWH D WHQGHQF\ IRU DQ WR EH UHSODFHG E\

D�

��� %XFNH\H VHDUFK

7KLV VHFWLRQ SUHVHQWV QHZ GDWD IURP WKH %XFNH\H FRUSXV �3LWW HW DO� ������ IRFXVLQJ

RQ D�Q�� WKH� WR� DQG RI� 7KH JRDO RI WKH FRUSXV VHDUFK LV WR IXUWKHU WHVW WKH FODLPV

LQ WKH ODVW WZR VHFWLRQV DERXW UHGXFWLRQ DQG GHIDXOWV� 8QOLNH WKH 6ZLWFKERDUG VHDUFK�

ZKLFK XVHG ,3$ WUDQVFULSWLRQV IURP WKH &08 SURQRXQFLQJ GLFWLRQDU\� WKH %XFNH\H

��



VHDUFK XVHV DFWXDO ,3$ WUDQVFULSWLRQV� DQG SURYLGHV D ODUJH VHW RI GDWD IRU LQGLYLGXDO

VSHDNHUV�

5HJDUGLQJ UHGXFWLRQ� WKH PDLQ ILQGLQJ LV WKDW QHDUO\ HYHU\ VSHDNHU LQ WKH %XFNH\H

FRUSXV LV VHQVLWLYH WR KLDWXV� 7KLV KROGV IRU DOO IRXU IXQFWLRQ ZRUGV� DQG UHJDUGOHVV RI

D VSHDNHU¶V EDVHOLQH UDWH RI UHGXFWLRQ� 5HJDUGLQJ GHIDXOWKRRG� WKH PDLQ ILQGLQJ LV WKDW

WKH FRQWH[WV WKDW IDYRU VWURQJ IRUPV DOVR IDYRU WKH GHIDXOW� 7KLV VXSSRUWV WKH DQDO\VLV

LQ ZKLFK ERWK WKH VWURQJ IRUP DQG WKH GHIDXOW RFFXU LQ FRQWH[WV ZKHUH IROORZLQJ

SKRQRORJLFDO PDWHULDO LV XQDYDLODEOH RU LUUHOHYDQW�

����� 0HWKRGV

7KH %XFNH\H FRUSXV FRQWDLQV ������� ZRUGV RI FRQYHUVDWLRQDO VSHHFK IURP ��

QDWLYH FHQWUDO 2KLR VSHDNHUV� WUDQVFULEHG DQG DQQRWDWHG �3LWW HW DO� ������

7KH IROORZLQJ IXQFWLRQ ZRUGV ZHUH LQFOXGHG LQ WKH VHDUFK� WKH� WR� RI� D� DQG DQ�

)XQFWLRQ ZRUGV DUH RIWHQ VXEMHFW WR FR�DUWLFXODWLRQ� UHVXOWLQJ LQ D GLYHUVH VHW RI SKRQHWLF

UHDOL]DWLRQV� )RU HDFK IXQFWLRQ ZRUG� DQ\ WUDQVFULSWLRQ XVHG IHZHU WKDQ �� WLPHV ZDV

H[FOXGHG� 6RPH IXQFWLRQ ZRUGV ± HVSHFLDOO\ D ± ZHUH RFFDVLRQDOO\ WUDQVFULEHG DV VLQJOH

FRQVRQDQW �H�J� D ODPS DV [O ODHPS]�� 7KHVH VLQJOH�FRQVRQDQW WUDQVFULSWLRQV ZHUH DOVR

H[FOXGHG�

)XQFWLRQ ZRUGV ZHUH DQQRWDWHG DV VWURQJ RU ZHDN DQG 9�ILQDO RU &�ILQDO� 6WURQJ

IRUPV FRQWDLQ WKH YRZHOV [L� HM� X� RZ� DM� DZ] �LQ %XFNH\H� L\� H\� XZ� RZ� D\� DZ��

7KH YRZHO [ ] ZDV DQQRWDWHG DV VWURQJ� VLQFH LW RFFXUV LQ WKH VWURQJ IRUP RI DQ� :LWK

UHVSHFW WR ILQDO VHJPHQW� IXQFWLRQ ZRUGV HQGLQJ LQ D UKRWLF VFKZD �[͎]�HU� ZHUH WUHDWHG

DV YRZHO�ILQDO�

7KH WDEOH EHORZ VKRZV WKH DQQRWDWHG WUDQVFULSWLRQV RI WR IURP %XFNH\H� 7KLV WDEOH

LOOXVWUDWHV WKH YDULDWLRQ SUHVHQW LQ %XFNH\H WUDQVFULSWLRQV�

��



,3$ %XFNH\H QRWDWLRQ )LQDO &�9 6WURQJ�:HDN &RXQW

[W̸] W DK 9 : ����

[WԌ] W LK 9 : ����

[WX] W XZ 9 6 ���

[̸] DK 9 : ���

[GԌ] G LK 9 : ���

[G̸] G DK 9 : ���

[̸ޞ] G[ DK 9 : ���

[Ԍޞ] G[ LK 9 : ���

[Ԍ] LK 9 : ���

[Wࡱ] W XK 9 : ���

[Q̸] Q DK 9 : ��

[W͑] W HK 9 : ��

[GX] G XZ 9 6 ��

[Xޞ] G[ XZ 9 6 ��

[QԌ] Q LK 9 : ��

[͑] HK 9 : ��

[WL] W L\ 9 6 ��

[͑ޞ] G[ HK 9 : ��

[ࡱޞ] G[ XK 9 : ��

[G͑] G HK 9 : ��

[Gࡱ] G XK 9 : ��

ޞ] ੻̸ ] Q[ DK 9 : ��

7DEOH ���� 5HDOL]DWLRQV RI WR LQ %XFNH\H

$IWHU WKH H[FOXVLRQV DERYH� WKHUH ZHUH ������ WRNHQV� GLVWULEXWHG DFURVV IXQFWLRQ

ZRUGV DV EHORZ�

��



D DQ RI WKH WR

���� ��� ���� ���� ����

7DEOH ����� 'LVWULEXWLRQ RI IXQFWLRQ ZRUGV LQ %XFNH\H� DIWHU
H[FOXVLRQV

7KH QH[W WZR VHFWLRQV ILUVW DGGUHVV D�Q� DQG RI DQG WKHQ WKH DQG WR�

����� 5HVXOWV IRU D�Q� DQG RI

7KH WDEOH EHORZ SUHVHQWV WKH SHUFHQW RI ILQDO FRQVRQDQW UHDOL]DWLRQV IRU D�Q� DFURVV

SKRQRORJLFDO FRQWH[WV� 7KHVH FRQWH[WV LQFOXGH GLVIOXHQFLHV� VLOHQFH� DQG QRQ�VSHHFK

QRLVHV� DOO RI ZKLFK DUH WUDQVFULEHG LQ %XFNH\H� 80 LV WKH FRQWH[W EHIRUH WKH

GLVIOXHQFLHV XK DQG XP� 'LVIOXHQFLHV DUH QRW LQFOXGHG LQ 92:(/ FRXQWV� 6,/ LV

VLOHQFH �WUDQVFULEHG DV 6,/ LQ %XFNH\H�� 12,6( DUH FXW�RII ZRUGV� ODXJKV� DQG YRFDO

QRLVHV� 7KH WRWDO QXPEHU RI WRNHQV LV LQ SDUHQWKHVLV� )RU H[DPSOH� D�Q� RFFXUV EHIRUH

FRQVRQDQWV ���� WLPHV� DQG RI WKHVH� OHVV WKDQ �� DUH &�ILQDO DQ�

&216 92:(/ 6,/ 80 12,6(

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

7DEOH ����� D�Q�� SHUFHQW ILQDO FRQVRQDQW E\ SKRQRORJLFDO
FRQWH[W

/LNH WKH 6ZLWFKERDUG UHVXOWV� WKH %XFNH\H UHVXOWV VKRZ DQ DV\PPHWU\ EHWZHHQ

HUURUV IRU D DQG DQ� :KLOH DQ SUDFWLFDOO\ QHYHU RFFXUV EHIRUH FRQVRQDQWV �RQO\ � RXW RI

���� WLPHV�� D RFFXUV TXLWH RIWHQ EHIRUH YRZHOV� ,Q IDFW� WKH UHVXOWV IRU %XFNH\H VKRZ

D UHODWLYHO\ ZHDN SUHIHUHQFH IRU DQ EHIRUH YRZHOV ± RQO\ ���� FRPSDUHG WR WKH ���

IRXQG LQ WKH 6ZLWFKERDUG VHDUFK�

��



7KLV ORZ FRXQW IROORZV IURP WKH ODFN RI V\QWDFWLF FRQWH[W LQ WKH WDEOH DERYH� $IWHU

VRUWLQJ E\ SDUW RI VSHHFK� DQ LV QHDUO\ FDWHJRULFDOO\ SUHIHUUHG EHIRUH 9�LQLWLDO DGMHFWLYHV

DQG QRXQV�

$GM 1RXQ 'HW 3UHS 9HUE 2WKHU

&�LQLWLDO ��� ������ ��� ������ �� ���� ��� ���� �� ���� �� �����

9�LQLWLDO ��� ����� ��� ����� ��� ���� �� ���� ��� ��� ��� ����

7DEOH ����� D�Q�� SHUFHQW ILQDO FRQVRQDQW E\ IROORZLQJ VHJPHQW
DQG V\QWDFWLF FRQWH[W

$V QRWHG LQ WKH VHFWLRQ RQ GHIDXOWV� D LV RYHUUHSUHVHQWHG EHIRUH SDUHQWKHWLFDOV�

VSHHFK HUURUV� DQG IDOVH VWDUWV ± FDVHV ZKHUH SKRQRORJLFDO FRQGLWLRQLQJ GRHVQ¶W SOD\ D

UROH� 7KHVH DUH WKH FDVHV ZKHUH D�Q� LV IROORZHG E\ D GHWHUPLQHU� YHUE� SUHSRVLWLRQ LQ

WKH WDEOH DERYH� DQG DOO RI WKHVH FRQWH[WV GLVIDYRU DQ� HYHQ ZKHQ LW¶V IROORZHG E\ D

YRZHO�

:H ILQG VLPLODU UHVXOWV IRU RI� /LNH D�Q�� RI KDV WZR IRUPV ± [̸Y] DQG [̸] ± DQG WKH

SUHVHQFH RI WKH ILQDO FRQVRQDQW LV FRQGLWLRQHG E\ WKH IROORZLQJ VHJPHQW� 8QOLNH D�Q��

WKH GHIDXOW IRU RI LV WKH &�ILQDO IRUP� 7KH &�ILQDO IRUP LV SUHIHUUHG LQ DOO FRQWH[WV

H[FHSW EHIRUH D FRQVRQDQW�

&216 92:(/ 6,/ 80 12,6(

RI ��� ������ ��� ����� ��� ����� ��� ���� ��� �����

7DEOH ����� RI � SHUFHQW ILQDO FRQVRQDQW E\ SKRQRORJLFDO FRQWH[W

:KHQ RI LV IROORZHG E\ DQRWKHU SUHSRVLWLRQ RU YHUE� FDVHV ZKLFK DUH OLNHO\ IDOVH

VWDUWV RU SDUHQWKHWLFDOV� WKH &�ILQDO GHIDXOW VKRXOG EH XVHG� 7KHVH WZR FRQWH[WV

�H[FOXGLQJ 2WKHU� IDYRU RI PRVW RYHUDOO� EXW WKH V\QWDFWLF GLIIHUHQFHV LQ RI DUH OHVV

FOHDU WKDQ WKH\ DUH LQ D�Q��

��



$GM 1RXQ 'HW 3UHS 9HUE 2WKHU

&�LQLWLDO ��� ����� ��� ����� ��� ������ ��� ����� ��� ����� ��� �����

9�LQLWLDO ��� ���� ��� ����� �� ����� ��� ����� ��� ���� ��� ����

7DEOH ����� RI � SHUFHQW ILQDO FRQVRQDQW E\ IROORZLQJ VHJPHQW
DQG V\QWDFWLF FRQWH[W

6LQFH %XFNH\H FRQWDLQV D ODUJH VHW RI GDWD IRU �� VSHDNHUV� LW¶V SRVVLEOH WR ORRN DW

YDULDWLRQ ZLWKLQ VSHDNHUV� 7KH JUDSK EHORZ VKRZV WKH SURSRUWLRQ RI ILQDO FRQVRQDQWV

IRU D�Q� DQG RI IRU HDFK VSHDNHU LQ WKH FRUSXV� 7KH GDWD XVHG IRU WKLV JUDSK GRQ¶W

LQFOXGH VLOHQFH �6,/�� GLVIOXHQFLHV �80�� RU QRLVH �12,6(�� 7R UHGXFH QRLVH IURP

V\QWDFWLF FRQWH[W� WKH JUDSK H[FOXGHV FDVHV ZKHUH D�DQ LV IROORZHG E\ D GHWHUPLQHU� DQG

FDVHV ZKHUH RI LV IROORZHG E\ D SUHSRVLWLRQ� 7KH V\QWDFWLF FDWHJRULHV PDUNHG 2WKHU LQ

WKH WDEOHV DERYH DUH DOVR H[FOXGHG�

7KH PDLQ ILQGLQJ RI WKLV JUDSK LV WKDW VSHDNHUV GLVSOD\ DQ DV\PPHWU\ EHWZHHQ

YRZHOV DQG FRQVRQDQWV� UHJDUGOHVV RI WKHLU EDVHOLQH UDWH IRU ILQDO FRQVRQDQWV� )RU ��

RXW RI WKH �� VSHDNHUV� DQ LV PRUH OLNHO\ WKDQ D EHIRUH YRZHOV� DQG IRU DOO VSHDNHUV� RI

LV PRUH OLNHO\ WKDQ R¶ EHIRUH YRZHOV� 1RWH WKDW VRPH VSHDNHUV LQ %XFNH\H GR XVH TXLWH

D ELW RI SUH�YRFDOLF D ± HVSHFLDOO\ VSHDNHUV ��� �� DQG ��

��
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)LJXUH ���� )LQDO FRQVRQDQW UHDOL]DWLRQ IRU D�Q� DQG RI DFURVV
VSHDNHUV

7KH WKUHH H[FHSWLRQV WR WKH JHQHUDO SDWWHUQ DUH VSHDNHUV ��� ��� DQG ��� 6SHDNHU ��

VXUSULVLQJO\ RQO\ XVHV DQ RQFH LQ WKH HQWLUH GDWD VHW� SUHIHUULQJ D EHIRUH YRZHOV� DQG

��



VSHDNHU �� QHYHU XVHV D 9�LQLWLDO ZRUG DIWHU D RU DQ� 7KH UHVW RI WKH VSHDNHUV VKRZ

SKRQRORJLFDO FRQGLWLRQLQJ� DOWKRXJK VRPH H[KLELW D KLJK WROHUDQFH IRU SUH�YRFDOLF D�

)RU D�Q�� ZH FDQ FRQVLGHU WKH LQWHUDFWLRQ RI UHGXFWLRQ DQG ILQDO FRQVRQDQW

UHDOL]DWLRQ� 7KH SURSRUWLRQ RI VWURQJ �XQUHGXFHG� IRUPV LV SUHVHQWHG LQ WKH WDEOH EHORZ�

7KH VWURQJ IRUP RI D LV PRVW OLNHO\ EHIRUH GLVIOXHQFLHV DQG YRZHOV� ,Q VSHHFK HUURUV ±

ZKHQ VSHDNHUV HUURQHRXVO\ XVH D EHIRUH YRZHOV ± UHGXFWLRQ RI D LV OHVV OLNHO\ WKDQ LW

LV EHIRUH FRQVRQDQWV� 7KLV VXJJHVWV WKDW VSHDNHUV WHQG WR UHVSHFW ∗ԥ� HYHQ LQ VSHHFK

HUURUV�

&216 92:(/ 6,/ 80 12,6(

D �� ������ ��� ����� �� ����� ��� ���� �� �����

DQ ��� ��� ��� ����� ��� ���� �� ��� ��� ����

7DEOH ����� D�Q�� SHUFHQW VWURQJ IRUPV E\ IROORZLQJ SKRQRORJLFDO
FRQWH[W

7KH XVH RI [HM] EHIRUH GLVIOXHQFLHV �80 DERYH� LV ZHOO GRFXPHQWHG� DQG KDV EHHQ

XVHG WR DUJXH WKDW GLVIOXHQFLHV DUH SDUW RI VSHHFK SODQQLQJ �)R[ 7UHH DQG &ODUN �����

&ODUN DQG )R[ 7UHH ������ $ VSHDNHU SODQV DKHDG RI WLPH ZKHWKHU VKH ZLOO XVH XK�XP�

$QWLFLSDWLQJ WKH GLVIOXHQF\ DQG ODFN RI IROORZLQJ QRXQ� VKH FKRRVHV WKH VWURQJ IRUP�

VLQFH WKH ZHDN IRUP UHTXLUHV D IROORZLQJ QRXQ�

,Q WKH WDEOH DERYH� VSHDNHUV GR QRW XVH WKH VWURQJ IRUPV RI D DQG DQ EHIRUH

VLOHQFH RU QRLVH� 8QGHU WKH SURGXFWLRQ VWRU\� VLOHQFH RU YRFDO QRLVHV �OLNH FRXJKV� DUH

XQSODQQHG LQWHUUXSWLRQV� DQG DV D UHVXOW� VSHDNHUV GRQ¶W DQWLFLSDWH D EUHDN� 7KH\ XVH

WKH FOLWLFL]HG IRUP LQ WKHVH FRQWH[WV� H[SHFWLQJ D IROORZLQJ QRXQ RU DGMHFWLYH� ZKLFK

XOWLPDWHO\ GRHVQ¶W RFFXU�

��



����� 5HVXOWV IRU WKH DQG WR

,Q WKLV VHFWLRQ� , VKRZ WKDW WKH DQG WR DUH DOVR FRQGLWLRQHG E\ WKH IROORZLQJ

FRQWH[W� REH\LQJ ∗ԥ� � 7KH UHVXOWV KHUH DUH FRQVLVWHQW ZLWK SUHYLRXV GHVFULSWLRQV LQ WKH

OLWHUDWXUH� FLWHG LQ �������

7KH WDEOH EHORZ VKRZV WKH EDVLF SKRQRORJLFDO FRQGLWLRQLQJ� 7KH IXQFWLRQ ZRUGV DUH

PRUH OLNHO\ WR EH VWURQJ EHIRUH YRZHOV WKDQ FRQVRQDQWV� DQG WKH\ DUH DOVR PRUH OLNHO\

WR EH VWURQJ EHIRUH GLVIOXHQFLHV OLNH XP�

&216 92:(/ 6,/ 80 12,6(

WKH �� ������ ��� ����� ��� ����� ��� ����� ��� �����

WR ��� ������ ��� ����� ��� ����� ��� ���� ��� �����

7DEOH ����� WKH DQG WR� SHUFHQW VWURQJ IRUPV E\ IROORZLQJ
SKRQRORJLFDO FRQWH[W

5HGXFWLRQ RFFXUV EHIRUH VLOHQFH DQG QRLVH� MXVW OLNH LW GRHV IRU D�Q� LQ WKH SUHYLRXV

VHFWLRQ� DQG WKH VDPH H[SODQDWLRQ DSSOLHV KHUH� VSHDNHUV XVH VWURQJ IRUPV EHIRUH

SODQQHG SURVRGLF EUHDNV� EXW ZHDN IRUPV EHIRUH XQSODQQHG RQHV�

)RU WKH� WKH HIIHFW RI IROORZLQJ YRZHO LV VWURQJHVW ZKHQ WKH LV IROORZHG E\ DQ

DGMHFWLYH RU QRXQ� :KHQ WKH LV IROORZHG E\ DQRWKHU GHWHUPLQHU� SUHSRVLWLRQ� RU YHUE ±

FDVHV ZKLFK UHSUHVHQW IDOVH VWDUWV RU SDUHQWKHWLFDOV ± WKH HIIHFW RI SKRQRORJ\ LV ZHDNHVW�

VKRZQ E\ WKH VPDOOHU GLIIHUHQFH EHWZHHQ &�LQLWLDO DQG 9�LQLWLDO FRQWH[WV�

$GM 'HW 1RXQ 3UHS 9HUE 2WKHU

&�LQLWLDO �� ������ ��� ����� �� ������ ��� ���� �� ���� �� �����

9�LQLWLDO ��� ����� ��� ��� ��� ����� ��� ���� ��� ��� ��� ����

7DEOH ����� WKH� SHUFHQW VWURQJ IRUP E\ IROORZLQJ V\QWDFWLF
FDWHJRU\

��



)RU WR� WKH UROH RI V\QWDFWLF FDWHJRU\ LV PXFK OHVV HYLGHQW� DOWKRXJK WKH GLIIHUHQFH

EHWZHHQ IROORZLQJ &�LQLWLDO DQG 9�LQLWLDO FRQWH[WV KROGV DFURVV DOO SDUWV RI VSHHFK�

$GM 'HW 1RXQ 3UHS 9HUE 2WKHU

&�LQLWLDO ��� ���� ��� ����� �� ����� ��� ����� �� ������ ��� �����

9�LQLWLDO ��� ���� ��� ����� ��� ���� ��� ����� ��� ����� ��� ����

7DEOH ����� WR� SHUFHQW VWURQJ IRUP E\ IROORZLQJ V\QWDFWLF
FDWHJRU\

$V ZLWK RI DQG D�Q�� ZH FDQ DOVR FRQVLGHU UHGXFWLRQ ZLWKLQ LQGLYLGXDO VSHDNHUV� $OO

VSHDNHUV UHGXFH WKH DQG WR PRUH RIWHQ EHIRUH FRQVRQDQWV WKDQ YRZHOV�

��
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)LJXUH ���� 6WURQJ IRUPV IRU WKH DQG WR DFURVV VSHDNHUV

0RVW VSHDNHUV XVH [˓L] ��±��� RI WKH WLPH EHIRUH YRZHOV� ZLWK D IHZ VSHDNHUV

HPSOR\LQJ QHDUO\ FDWHJRULFDO SUH�YRFDOLF [˓L] DQG VRPH VSHDNHUV HPSOR\LQJ LW OHVV�

6RPH �H�J� ��� UHGXFH WKH EHIRUH YRZHOV DV PXFK DV ��� RI WKH WLPH� (YHU\ VSHDNHU

DYRLGV [˓L] EHIRUH FRQVRQDQWV� HYHQ WKRVH ZKR XVH SUH�YRFDOLF [˓L] RIWHQ�

��



����� 6XPPDU\

7KH %XFNH\H UHVXOWV VKRZ WKDW HYHU\ VSHDNHU LV VHQVLWLYH WR KLDWXV� UHJDUGOHVV RI

KHU EDVHOLQH UDWH RI UHGXFWLRQ RU ILQDO FRQVRQDQW UHDOL]DWLRQ� 7KLV KROGV IRU DOO IRXU

IXQFWLRQ ZRUGV� 7KH UHVXOWV DOVR VKRZ WKDW WKH GHIDXOW DQG VWURQJ IRUP DUH PRUH OLNHO\

EHIRUH GLVIOXHQFLHV DQG V\QWDFWLF FDWHJRULHV WKDW UHSUHVHQW SDUHQWKHWLFDOV DQG IDOVH VWDUWV�

7KH LQGLYLGXDO GLIIHUHQFHV IURP WKH %XFNH\H VHDUFK DUH DQDO\]HG LQ WKH IROORZLQJ

VHFWLRQV� ZKLFK SURYLGH D 85& DQDO\VLV RI WZR EDVLF SDWWHUQV� VSHDNHUV ZKR UHGXFH

EHIRUH YRZHOV� DQG VSHDNHUV ZKR GRQ¶W�

��� ([WHQGLQJ WKH DFFRXQW WR HSHQWKHVLV DQG UHGXFWLRQ

7KLV VHFWLRQ UHYLHZV DQG H[WHQGV WKH 85& DFFRXQW RI D�Q� WR LQFOXGH WKH� YRZHO

UHGXFWLRQ� DQG ��HSHQWKHVLVݦ $OO RI WKHVH GDWD DUH FDSWXUHG XQGHU D VLQJOH UDQNLQJ RI

FRQVWUDLQWV�

7KH JRDO RI WKH DQDO\VLV LV WR DFFRXQW IRU WKH WZR W\SHV RI VSHDNHUV EHORZ� %RWK

FDQ EH VHHQ LQ %XFNH\H VHDUFK IURP WKH SUHYLRXV VHFWLRQ�

���� 7KHH XVHUV� [˓̸] EHIRUH FRQVRQDQWV� [˓L] HOVHZKHUH

���� 5HGXFHUV� [˓̸] EHIRUH FRQVRQDQWV DQG YRZHOV� SUH�YRFDOLF [˓̸] LV DOZD\V

DFFRPSDQLHG E\ �HSHQWKHVLVݦ

%DVHG RQ WKH %XFNH\H GDWD� , DVVXPH WKDW ERWK JURXSV XVH [˓L] EHIRUH XK DQG XP�

DQG ERWK XVH SUH�YRFDOLF DQ�

7KH DQDO\VLV LQ WKLV VHFWLRQ DVVXPHV FDWHJRULFDO GDWD IRU UHGXFWLRQ DQG 85 VHOHFWLRQ�

$V VHHQ LQ WKH FRUSXV� WKH DFWXDO GDWD DUH VXEMHFW WR D JUHDW GHDO RI YDULDWLRQ� ,Q �����

, VKRZ VLPLODU GDWD FDQ EH PRGHOHG LQ 0D[(QW� IRFXVLQJ RQ VSHDNHUV ZLWK YDULDEOH

SUH�YRFDOLF D�

��



����� 7KH EDVLF DQDO\VLV DQG HSHQWKHVLV

7KH DQDO\VLV IURP &KDSWHU � FDSWXUHV D DQG DQ ZLWK WKH UDQNLQJ EHORZ�

���� ∗ԥ� ≫ ≫ = �HM� ≫ = � Q�

8QGHU WKLV UDQNLQJ� ∗ԥ� GULYHV ERWK 3&$ DQG HSHQWKHVLV� :KHQ D YLRODWLRQ RI

∗ԥ� LVQ¶W DW VWDNH� D LV SUHIHUUHG WR DQ� 7KH UDQNLQJ DERYH SHUPLWV HSHQWKHVLV LQ ZRUGV

OLNH VRGD�\� EXW EORFNV HSHQWKHVLV ZLWK D� %HFDXVH GRPLQDWHV = �HM� � HSHQWKHVLV
LV RQO\ XVHG ZKHQ D�Q� DOORPRUSK\ LV XQDYDLODEOH�

7KH WDEOHDX EHORZ FRQWDLQV DOO RI WKH FDQGLGDWHV IURP &KDSWHU �� ,W VKRZV KRZ DQ

LV XVHG EHIRUH YRZHOV� D LV XVHG HOVHZKHUH� DQG HSHQWKHVLV LV RQO\ XVHG DV D ODVW UHVRUW�

5DQNLQJ DUJXPHQWV� ∗ԥ� ≫ ≫ = �HM� ≫ = � Q�

∗ԥ� = �HM� = � Q�
☛ �HM���OľغN� [̸ OľغN] � � � −�

� Q���OľغN� [̸Q OľغN] � � −� �

�HM���OľغN� [̸ প OľغN] −� � � −�

☛ � Q���͑NVPRޗ� [̸Q ͑NVPRޗ] � � −� �

�HM���͑NVPRޗ� [̸ ͑NVPRޗ] −� � � −�

�HM���͑NVPRޗ� [̸ প ͑NVPRޗ] � −� � −�

☛ �VRG̸���L� [VRG̸ প L] � −� � �

�VRG̸���L� [VRG̸ L] −� � � �

7DEOH ����� 6XPPDU\ WDEOHDX IRU D DQG DQ� UHSHDWHG IURP
&KDSWHU �

,Q WKH WDEOHDX DERYH� 3&$ DQG UHSDLUV FRH[LVW XQGHU D VLQJOH UDQNLQJ RI FRQVWUDLQWV�

DQG ERWK DUH GULYHQ E\ WKH VDPH FRQVWUDLQW� 7KH H[LVWHQFH RI D VLQJOH FRQVLVWHQW

UDQNLQJ LV D UHTXLUHPHQW IRU DQ\ WKHRU\ LQ ZKLFK ERWK 3&$ DQG UHSDLUV DUH WKH UHVXOW

RI WKH VDPH FRQVWUDLQW�EDVHG SKRQRORJ\�

��



7KH QH[W VHFWLRQV WDNH WKLV DQDO\VLV DQG H[WHQG LW WR UHGXFWLRQ� $V ZLWK HSHQWKHVLV�

UHGXFWLRQ LV FRQGLWLRQHG E\ ∗ԥ� � DQG D VLQJOH UDQNLQJ FDQ FDSWXUH ERWK UHGXFWLRQ DQG

3&$�

����� 2EWDLQLQJ UHGXFWLRQ

6WURQJ DQG ZHDN IXQFWLRQ ZRUGV DUH DQDO\]HG KHUH DV WKH UHVXOW RI D SKRQRORJLFDO

SURFHVV RI UHGXFWLRQ� (DFK IXQFWLRQ ZRUG KDV D VLQJOH 85� ZKLFK FDQ DSSHDU LQ D

VWURQJ RU ZHDN IRUP�

���� 7KH VLQJOH 85 DFFRXQW RI UHGXFWLRQ

D� �HM� →
[
H̸M

]

E� � Q� → [ ̸Q Q
]

F� �˓L� →
[˓̸˓L

]

7KH XVH RI D VLQJOH 85 FDSWXUHV WKH IDFW WKDW IXQFWLRQ ZRUG UHGXFWLRQ LQ (QJOLVK LV

KLJKO\ V\VWHPDWLF DQG SURGXFWLYH� $V GHVFULEHG LQ 6HONLUN ������ DQG VXEVHTXHQW ZRUN�

HYHU\ PRQRV\OODELF IXQFWLRQ ZRUG LQ (QJOLVK XQGHUJRHV UHGXFWLRQ�

, IROORZ WKH EDVLF DQDO\VLV LQ 6HONLUN ������� WKH ZHDN IRUP RI D IXQFWLRQ ZRUG

RFFXUV ZKHQ LW¶V SURVRGLFDOO\ FOLWLFL]HG RQWR WKH IROORZLQJ SKUDVH� DQG WKH VWURQJ IRUP

RFFXUV ZKHQ WKH IXQFWLRQ ZRUG LV IRUFHG WR VWDQG DORQH� EHIRUH D SURVRGLF ERXQGDU\�

7R VLPSOLI\ WKH DQDO\VLV� , DVVXPH WKDW PRQRV\OODELF IXQFWLRQ ZRUGV FOLWLFL]H ZKHQHYHU

SRVVLEOH�

5HGXFWLRQ LV PRGHOHG ZLWK WKH WZR FRQVWUDLQWV EHORZ� HQIRUFHV WKH

UHTXLUHPHQW IRU D IXQFWLRQ ZRUG WR EH UHGXFHG ZKHQ LW¶V FOLWLFL]HG� 7KLV FRQVWUDLQW

LV UDWKHU DG KRF� EXW VXIILFLHQW IRU WKH GLVFXVVLRQ KHUH� 7KH IDLWKIXOQHVV FRQVWUDLQW

( ) PLOLWDWHV DJDLQVW UHGXFWLRQ�

����

$VVLJQ RQH YLRODWLRQ IRU HYHU\ XQUHGXFHG YRZHO LQ D FOLWLFL]HG IXQFWLRQ ZRUG�

��



���� ( )

$VVLJQ RQH YLRODWLRQ IRU HYHU\ RXWSXW YRZHO WKDW GLIIHUV IURP LWV FRUUHVSRQGLQJ

LQSXW YRZHO�

5HGXFWLRQ EHIRUH FRQVRQDQWV IROORZV IURP WKH UDQNLQJ ≫ ( )� 7KLV

UDQNLQJ FRUUHFWO\ SUHGLFWV WKDW DOO IXQFWLRQ ZRUGV WKDW FDQ FOLWLFL]H VKRXOG KDYH UHGXFHG

IRUPV� DV VKRZQ IRU D ORQN DQG WKH ORQN LQ WKH WZR WDEOHDX[ EHORZ� 7KH UDQNLQJ KHUH

LV FRQVLVWHQW ZLWK WKH EDVLF UDQNLQJ HVWDEOLVKHG IRU D DQG DQ LQ &KDSWHU ��

∗ԥ
�9

(
)

=
�HM
�

=
� 
Q�

D� ☛ �HM���OɬغN� [̸ OɬغN] � � � −� � −�

E� �HM���OɬغN� [HM OɬغN] � � −� � � −�

F� �HM���OɬغN� [̸ প OɬغN] � −� � −� � −�

G� � Q���OɬغN� [̸Q OɬغN] � � � −� −� �

H� � Q���OɬغN� [ Q OɬغN] � � −� � −� �

I� � Q���OɬغN� [̸Q প OɬغN] � −� � −� −� �

7DEOH ����� 5HGXFH D EHIRUH FRQVRQDQWV

∗ԥ
�9

(
)

=
�HM
�

=
� 
Q�

E� ☛ �˓L���OɬغN� [˓̸ OɬغN] � � � −� � �

G� �˓L���OɬغN� [˓L OɬغN] � � −� � � �

I� �˓L���OɬغN� [˓̸ প OɬغN] � −� � −� � �

7DEOH ����� 5HGXFH WKH EHIRUH FRQVRQDQWV

��



7KH FRQVWUDLQWV DOVR SUHGLFW WKDW D VWURQJ IRUP ZLOO EH XVHG ZKHQ FOLWLFL]DWLRQ LV

LPSRVVLEOH ± DV LQ D XP ORQN DQG WKH XP ORQN� 7KLV IROORZV IURP WKH GHILQLWLRQ RI

� ZKLFK RQO\ UHTXLUHV UHGXFWLRQ LQ FOLWLFL]HG IXQFWLRQ ZRUGV� 7KH ݊ EHORZ

PDUNV D SURVRGLF ERXQGDU\� ZKLFK SUHYHQWV FOLWLFL]DWLRQ�

∗ԥ
�9

(
)

=
�HM
�

=
� 
Q�

D� ☛ �˓L���ࣜP� [˓L] ݊ [ࣜP] � � � � � �

E� �˓L���ࣜP� [˓̸] ݊ [ࣜP] � � � −� � �

F� �˓L���ࣜP� [˓̸ প] ݊ [ࣜP] � � −� −� � �

7DEOH ����� 5HGXFWLRQ LV EORFNHG EHIRUH GLVIOXHQFLHV

5HFDOO WKDW WKLV LV H[DFWO\ ZKDW ZH ILQG LQ %XFNH\H DQG WKH OLWHUDWXUH RQ GLVIOXHQFLHV

�VHH HVSHFLDOO\ )R[ 7UHH DQG &ODUN ������

7KH JHQHUDOL]DWLRQV DERYH IROORZ UHJDUGOHVV RI WKH UDQNLQJ EHWZHHQ DQG

� ,Q WKH IROORZLQJ VHFWLRQV� , VKRZ WKDW UDQNLQJ WKHVH WZR FRQVWUDLQWV DFFRXQWV

IRU WKH GLIIHUHQFH EHWZHHQ 7KHH 8VHUV DQG 5HGXFHUV�

����� 7KHH 8VHUV

7KHH 8VHUV XVH [˓̸] EHIRUH FRQVRQDQWV� EXW [˓L] EHIRUH YRZHOV�
*LYHQ WKH DVVXPSWLRQ WKDW WKH LV FOLWLFL]HG ZKHQHYHU SRVVLEOH� WKHUH DUH WZR SRVVLEOH

H[SODQDWLRQV IRU WKLV JHQHUDOL]DWLRQ� 7KH ILUVW� ZKLFK , XVH KHUH� LV WKDW SUH�YRFDOLF

[˓L] DYRLGV D [̸�9] VHTXHQFH� ZKLFK LV HVSHFLDOO\ PDUNHG LQ (QJOLVK �3ODJ ������ 7KH

VHFRQG LV WKDW XVH RI WKH SUH�YRFDOLF [˓L] FRQGLWLRQV JOLGH�LQVHUWLRQ� DQG WKXV DYRLGV

KLDWXV �%ULWDLQ DQG )R[ ������ 6HH ������ IRU GLVFXVVLRQ�

��



7KH XVH RI [˓L] EHIRUH YRZHOV IROORZV VWUDLJKWIRUZDUGO\ IURP WKH UDQNLQJ ∗ԥ� �

≫ � 7KH UDQNLQJ LQ WKH WDEOHDX EHORZ LV FRQVLVWHQW ZLWK WKH RQH DOUHDG\

HVWDEOLVKHG IRU D DQG DQ DQG UHGXFWLRQ�

∗ԥ
�9

(
)

=
�HM
�

=
� 
Q�

D� ☛ �˓L���͑NVPɬޗ� [˓L ͑NVPɬޗ] � � −� � � �

E� �˓L���͑NVPɬޗ� [˓̸ ͑NVPɬޗ] −� � � −� � �

F �˓L���͑NVPɬޗ� [˓̸ প ͑NVPɬޗ] � −� � −� � �

7DEOH ����� 5HGXFWLRQ IRU WKH LV EORFNHG EHIRUH YRZHOV

)RU 7KHH 8VHUV� WKH ILQDO UDQNLQJ LV�

���� ∗ԥ� ≫ ≫ ≫ = �HM� ≫ = � Q�
≫ ( )

5HGXFHUV IROORZ D VLPLODU UDQNLQJ� H[FHSW ZLWK D IOLSSHG UDQNLQJ IRU DQG

�

����� 5HGXFHUV

5HGXFHUV XVH SUH�YRFDOLF [˓L] WR D OHVVHU H[WHQW� EXW VWLOO XVH [˓L] EHIRUH XK DQG XP�

, WUHDW WKLV SDWWHUQ DV FDWHJRULFDO� ZLWK [˓̸] EHIRUH YRZHOV DQG FRQVRQDQWV� DQG [˓L]
EHIRUH XP��

7KH ODFN RI SUH�YRFDOLF [˓L] IROORZV IURP WKH UDQNLQJ RI DERYH � $V

D UHVXOW RI WKH ORZHU UDQNLQJ RI � HSHQWKHVLV LV D YLDEOH VWUDWHJ\� VDWLVI\LQJ ERWK

�$OWKRXJK , WUHDW WKH SDWWHUQ DV FDWHJRULFDO� VSHDNHUV ZLWK YDULDEOH UHGXFWLRQ FDQ EH PRGHOHG E\ XVLQJ
ZHLJKWHG FRQVWUDLQWV LQ 0D[(QW� DV LV GRQH LQ ���� IRU YDULDEOH SUH�YRFDOLF D� :LWK WKH FRQVWUDLQW VHW KHUH�
DOO RI WKH YDULDEOH SDWWHUQV LQ ������ FDQ EH FDSWXUHG�

��



∗ԥ� DQG � 7KH HVWDEOLVKHG UDQNLQJ ∗ԥ� ≫ HQVXUHV WKDW SUH�YRFDOLF [˓̸] LV

DFFRPSDQLHG E\ ��HSHQWKHVLVݦ

∗ԥ
�9

(
)

=
�HM
�

=
� 
Q�

D� ☛ �˓L���͑NVPɬޗ� [˓̸ প ͑NVPɬޗ] � � −� −� � �

E� �˓L���͑NVPɬޗ� [˓L ͑NVPɬޗ] � −� � � � �

F� �˓L���͑NVPɬޗ� [˓̸ ͑NVPɬޗ] −� � � −� � �

7DEOH ����� [˓̸] LV XVHG EHIRUH YRZHOV� DORQJ ZLWK HSHQWKHVLV

8QGHU WKLV UDQNLQJ� UHGXFWLRQ LV VWLOO DYRLGHG LI WKH IXQFWLRQ ZRUG FDQQRW EH

FOLWLFL]HG XQWR WKH IROORZLQJ ZRUG� IRU H[DPSOH ZKHQ WKH DUWLFOH LV IROORZHG E\ XP�

7KLV LV GXH WR WKH GHILQLWLRQ RI � ZKLFK GRHVQ¶W DVVLJQ D YLRODWLRQ WR DQ

XQFOLWLFL]HG IXQFWLRQ ZRUG�

∗ԥ
�9

(
)

=
�HM
�

=
� 
Q�

D� ☛ �˓L���ࣜP� [˓L] ݊ [ࣜP] � � � � � �

E� �˓L���ࣜP� [˓̸] ݊ [ࣜP] � � � −� � �

F� �˓L���ࣜP� [˓̸ প] ݊ [ࣜP] � � −� −� � �

7DEOH ����� 5HGXFWLRQ LV EORFNHG EHIRUH GLVIOXHQFLHV

7KH ILQDO UDQNLQJ IRU 5HGXFHUV LV EHORZ�

���� ∗ԥ� ≫ ≫ ≫ = �HM� ≫ = � Q�
≫ ( )

��



7KH UDQNLQJ DERYH LV DEOH WR DFFRXQW IRU WKH GLVWULEXWLRQ RI D�Q�� ��HSHQWKHVLVݦ

DQG WKH UHGXFWLRQ� 7KH GLIIHUHQFH EHWZHHQ 5HGXFHUV DQG 7KHH 8VHUV IROORZV

VWUDLJKWIRUZDUGO\ IURP WKH UDQNLQJ RI DQG �

����� 'RQ¶W EORFN UHGXFWLRQ IRU D

7KH IDFW WKDW WKH DYRLGV UHGXFWLRQ EHIRUH YRZHOV EHJV WKH TXHVWLRQ� ZK\ GRHVQ¶W WKH

VDPH WKLQJ KDSSHQ ZLWK D" 7KLV SUREOHP LV SRLQWHG RXW E\ 3DN ������� ZKR XVHV LW WR

DUJXH IRU VXEFDWHJRUL]DWLRQ IUDPHV�

���� DQ EHIRUH YRZHOV� QHYHU D

D� 
[HM] DQVZHU
E� [̸Q] DQVZHU

,Q WKH %XFNH\H UHVXOWV� ZH ILQG D DQVZHU LQ VSHHFK HUURUV� EXW WKHVH DUH H[WUHPHO\

UDUH ������� 7KHUH QHHGV WR EH VRPH ZD\ WR IRUFH DQ WR EH XVHG� HYHQ WKRXJK [HM] FDQ
DYRLG D KLDWXV�

7KH DQVZHU KHUH LV VWUDLJKWIRUZDUG� 6LQFH GLIIHUHQW 85V DQG UHGXFWLRQ DUH

FRQVLGHUHG LQ SDUDOOHO� [HM] DOZD\V FRPSHWHV DORQJVLGH [̸Q] LQ WKH FDQGLGDWH VHW� ,Q WKH

FRPSHWLWLRQ EHWZHHQ WKH WZR� [̸Q] LV FKRVHQ RYHU [HM] EHFDXVH LW DYRLGV ERWK D YLRODWLRQ
RI ∗ԥ� DQG D YLRODWLRQ RI � ,Q WKH WDEOHDX EHORZ� [̸Q] ZLQV VR ORQJ DV

≫ = �HM� � 7KH UDQNLQJ ≫ = �HM� LV FRQVLVWHQW ZLWK ERWK WKH JUDPPDUV

RI 7KHH 8VHUV DQG 5HGXFHUV IURP WKH ODVW VHFWLRQV�

��



∗ԥ
�9 =

�HM
�

=
� 
Q�

D� ☛ � Q���͑NVPɬޗ� [̸Q ͑NVPɬޗ] � � � −� �

E� � Q���͑NVPɬޗ� [ Q ͑NVPɬޗ] � � −� −� �

F� � Q���͑NVPɬޗ� [̸Q প ͑NVPɬޗ] � −� � −� �

G� �HM���͑NVPɬޗ� [̸ ͑NVPɬޗ] −� � � � −�

H� �HM���͑NVPɬޗ� [HM ͑NVPɬޗ] � � −� � −�

I� �HM���͑NVPɬޗ� [̸ প ͑NVPɬޗ] � −� � � −�

7DEOH ����� [̸Q] �FDQGLGDWH D� EHDWV [HM] �FDQGLGDWH H�

7R VXPPDUL]H� SUH�YRFDOLF [HM] LVQ¶W DQ RSWLRQ EHFDXVH UHGXFHG [̸Q] LV DYDLODEOH LQ

WKH FDQGLGDWH VHW� 7KLV DQDO\VLV UHOLHV RQ WKH IDFW WKDW 85 VHOHFWLRQ DQG UHGXFWLRQ DUH

HYDOXDWHG LQ SDUDOOHO LQ 85&� ,I UHGXFWLRQ RFFXUUHG DIWHU 85 VHOHFWLRQ� WKH FRQVWUDLQW

∗ԥ� ZRXOG EH LQVXIILFLHQW WR FKRRVH EHWZHHQ [HM]H[PRRU DQG [ Q]H[PRRU�

����� /HDUQLQJ WKH UDQNLQJ

$ XQLTXH SURSHUW\ RI 85& LV WKDW GHIDXOWKRRG IROORZV VROHO\ IURP FRQVWUDLQW

UDQNLQJ� WKH GHIDXOW LV VLPSO\ WKH 85 ZLWK WKH KLJKHVW UDQNHG 85 FRQVWUDLQW� $

IDYRUDEOH UHVXOW RI WKLV SURSHUW\ LV WKDW OHDUQLQJ GHIDXOWKRRG LV DV VLPSOH DV OHDUQLQJ D

UDQNLQJ RI FRQVWUDLQWV ���������

7KH UDQNLQJV IURP WKH SUHYLRXV VHFWLRQV FDQ EH VWUDLJKWIRUZDUGO\ OHDUQHG ZLWK D

OHDUQLQJ DOJRULWKP VXFK DV 5HFXUVLYH &RQVWUDLQW 'HPRWLRQ �7HVDU DQG 6PROHQVN\

����� ������ ZKLFK LV DEOH WR ILQG D UDQNLQJ RI FRQVWUDLQWV WKDW SLFNV RXW WKH ZLQQHU

IURP HDFK WDEOHDX� LI VXFK D UDQNLQJ H[LVW�

,I WKH OHDUQHU LV SURYLGHG WKH WDEOHDX[ IURP WKH SUHYLRXV VHFWLRQV ± ZLWK 85V� 65V�

DQG YLRODWLRQ SURILOHV ± LW ZLOO FRUUHFWO\ OHDUQ WKDW = �HM� ≫ = � Q� � DORQJ ZLWK

��



WKH UHVW RI WKH UDQNLQJ� &UXFLDOO\� WKH OHDUQHU GRHVQ¶W QHHG WR EH VXSSOLHG ZLWK WKH IDFW

WKDW D LV WKH GHIDXOW�

, VKRXOG HPSKDVL]H WKDW WKH OHDUQHU LV SURYLGHG WKH FRUUHFW 85V� ,W GRHVQ¶W QHHG

WR GHWHUPLQH� IRU H[DPSOH� ZKHWKHU WKH 85 IRU [̸Q] LV �̸Q� RU � Q� RU � � DQG VR RQ�

$OWKRXJK , DEVWUDFW IURP WKH KLGGHQ VWUXFWXUH SUREOHP KHUH� 85 FRQVWUDLQWV FDQ EH

XVHG WR OHDUQ 85V� DW WKH VDPH WLPH DV OHDUQLQJ DOWHUQDWLRQV DQG GHIDXOWV �3DWHU HW DO�

������ ,Q IDFW� 85 FRQVWUDLQWV DQG WKH FORVHO\ UHODWHG /H[LFDO &RQVWUDLQWV RI %RHUVPD

������ ZHUH RULJLQDOO\ SURSRVHG DV D VROXWLRQ WR WKH KLGGHQ VWUXFWXUH SUREOHP�

��� $OWHUQDWLYHV

7KH DQDO\VLV VR IDU FDQ DFFRXQW IRU WKH VLPLODULWLHV EHWZHHQ 3&$ DQG UHSDLUV� DQG

LW FDQ GR VR XQGHU D VLQJOH� OHDUQDEOH UDQNLQJ RI FRQVWUDLQWV� 7KH DOWHUQDWLYHV WR 85&

FDQ¶W GR WKLV� FRQVWUDLQWV ODFN LQ OHDUQDELOLW\� PRUSKHPH�VSHFLILF SKRQRORJ\

FDQ¶W FDSWXUH 3&$ DQG UHSDLUV XQGHU D VLQJOH UDQNLQJ� DQG VXEFDWHJRUL]DWLRQ PLVVHV WKH

JHQHUDOL]DWLRQ WKDW 3&$ DQG UHSDLUV DUH GULYHQ E\ WKH VDPH SKRQRORJLFDO FRQVWUDLQWV�

,Q WKLV VHFWLRQ� , FRQVLGHU HDFK RI WKHVH LQ WXUQ�

����� 3ULRULW\ FRQVWUDLQWV

,Q 85&� OHDUQLQJ WKDW D 85 LV WKH GHIDXOW LV VWUDLJKWIRUZDUG� VLQFH GHIDXOWKRRG

IROORZV VROHO\ IURP D UDQNLQJ RI FRQVWUDLQWV� 7KLV VHWV 85& DSDUW IURP RWKHU PRGHOV

RI GHIDXOWKRRG� LQ ZKLFK GHIDXOWKRRG FRPHV IURP D PHFKDQLVP H[WHUQDO WR WKH UDQNLQJ�

VXFK DV WKH RUGHU RI 85V LQ WKH LQSXW�

2QH VXFK PRGHO XVHV FRQVWUDLQWV �%RQHW� /ORUHW� DQG 0DVFDUy �����

����� 0DVFDUy ������ 8QGHU WKH PRGHO� 85 VHOHFWLRQ LV GHWHUPLQHG E\ WKH

SKRQRORJLFDO JUDPPDU� 7KH LQSXW WR SKRQRORJ\ FRQVLVWV RI DQ RUGHUHG OLVW RI 85V� DQG

WKH FRQVWUDLQW IDYRUV XVLQJ WKH GHIDXOW� 7KH VKRUW GHILQLWLRQ RI LV

EHORZ�

��



����

5HVSHFW OH[LFDO SULRULW\ �RUGHULQJ� RI DOORPRUSKV�

$ FUXFLDO SDUW RI WKLV SURSRVDO LV WKH OLVWLQJ RI 85V LQ WKH LQSXW� 7KH

FRQVWUDLQW LWVHOI LV LQGLIIHUHQW WR LQGLYLGXDO 85V� LQVWHDG IDYRULQJ WKH XVH RI D GHIDXOW

ZKHQHYHU RQH H[LVWV� %\ LWVHOI� WKH FRQVWUDLQW UDQNLQJ VD\V QRWKLQJ DERXW ZKHWKHU

WKHUH¶V D GHIDXOW� RU ZKDW WKH GHIDXOW LV�

$ DQDO\VLV RI D�Q� LV SUHVHQWHG EHORZ� ,Q JHQHUDO� D 85& DQDO\VLV FDQ EH

UHSODFHG E\ D DQDO\VLV� DV ORQJ DV WKH UHOHYDQW 85 FRQVWUDLQWV DUH QH[W WR

HDFK RWKHU LQ WKH UDQNLQJ DQG D OLVWLQJ RI 85V LV SURYLGHG�

���� $ DFFRXQW RI D DQG DQ

D� /LVWLQJ RI 85V� D > DQ

E� 5DQNLQJ RI FRQVWUDLQWV� ∗ԥ� ≫

)RU D PRGHO OLNH � ILQGLQJ DQ DQDO\VLV UHTXLUHV VHWWLQJ WZR SDUDPHWHUV� D

UDQNLQJ RI FRQVWUDLQWV DQG WKH RUGHULQJ RI 85V� ,I ZH GRQ¶W DOUHDG\ WKH RUGHULQJ RI

85V� KRZ GR ZH GHWHUPLQH LW" 2QH ZD\ LV WR WU\ OHDUQLQJ D UDQNLQJ RI FRQVWUDLQWV IRU

HYHU\ SRVVLEOH RUGHULQJ��

:KLOH WKLV LV VWUDLJKWIRUZDUG IRU WZR 85V ZLWK D FDWHJRULFDO GLVWULEXWLRQ� LW EHFRPHV

OHVV VWUDLJKWIRUZDUG LQ V\VWHPV ZKLFK FRQWDLQ PDQ\ LQVWDQFHV RI DOORPRUSK\� VXFK

DV )UHQFK OLDLVRQ GLVFXVVHG LQ &KDSWHU �� RU V\VWHPV ZLWK YDULDWLRQ� LQ ZKLFK WKH

SUHIHUHQFHV EHWZHHQ 85V DUH QRW FDWHJRULFDO�

85& SURYLGHV D VROXWLRQ WR WKLV SUREOHP� /HDUQLQJ WKH GHIDXOW LQ 85& LV DV VLPSOH

DV OHDUQLQJ WKH UDQNLQJ� D SUREOHP ZKLFK DOUHDG\ KDV PDQ\ VROXWLRQV LQ WKH OLWHUDWXUH�

,Q WKH FDVH RI YDULDWLRQ� LI ZH PRYH WR D WKHRU\ ZLWK ZHLJKWHG FRQVWUDLQWV� 85& LV DEOH

WR OHDUQ WKH ZHLJKWV RI 85 FRQVWUDLQWV� FDSWXULQJ QRQ�FDWHJRULFDO SUHIHUHQFHV �������

��



����� 0RUSKHPH�VSHFLILF SKRQRORJ\

7KH DOWHUQDWLRQ EHWZHHQ D DQG DQ LV RIWHQ DQDO\]HG DV 3&$ ZLWK PXOWLSOH 85V�

VLQFH WKHUH LV QR H[WHUQDO HYLGHQFH IRU �Q��GHOHWLRQ DIWHU FRQVRQDQWV RU [Q]�HSHQWKHVLV

EHWZHHQ YRZHOV�

2QH PLJKW DUJXH� WKRXJK� WKDW H[WHUQDO HYLGHQFH IRU GHOHWLRQ RU HSHQWKHVLV LVQ¶W

QHFHVVDU\ LI PRUSKHPH�VSHFLILF SKRQRORJ\ LV SHUPLWWHG LQ WKH JUDPPDU� 0RUSKHPH�

VSHFLILF SKRQRORJ\ KDV EHHQ DUJXHG LQ WKH IRUP RI OH[LFDOO\�UHVWULFWHG UXOHV LQ 63(

�PLQRU UXOHV�� DQG LQ 27 DV WKH UHVXOW RI OH[LFDOO\�LQGH[HG FRQVWUDLQWV �)XND]DZD �����

3DWHU ����� RU FR�SKRQRORJLHV �2UJXQ ����� ,QNHODV DQG =ROO ������

)RU FDVHV VXFK DV [̸] DQG [̸Q]� LQ ZKLFK DOORPRUSKV DUH VR VLPLODU� LW¶V RIWHQ

GLIILFXOW WR GLVWLQJXLVK EHWZHHQ 3&$ DQG PRUSKHPH�VSHFLILF UXOHV RU FRQVWUDLQWV� 7KH

GLVFXVVLRQ KHUH DGGUHVVHV WKLV LVVXH KHDG RQ E\ FRQVLGHULQJ WKH VWHSV UHTXLUHG IRU DQ

27 DQDO\VLV RI Q�HSHQWKHVLV�

,Q WKLV VHFWLRQ� , UHYLHZ WKH UXOH�EDVHG DQDO\VLV DQG WKHQ FRQVLGHU PRUSKHPH�VSHFLILF

HSHQWKHVLV LQ 27 XQGHU WKUHH GLIIHUHQW WKHRULHV� OH[LFDO LQGH[DWLRQ RI PDUNHGQHVV�

OH[LFDO LQGH[DWLRQ RI IDLWKIXOQHVV� DQG FR�SKRQRORJLHV� 7KH SUREOHP IRU WKHVH DFFRXQWV

LV WKH H[LVWHQFH RI RWKHU UHSDLUV� LW¶V GLIILFXOW WR SURGXFH D UDQNLQJ WKDW IDYRUV

Q�HSHQWKHVLV LQ WKH FDVH RI D EXW �HSHQWKHVLVݦ HOVHZKHUH� RU D UDQNLQJ WKDW DYRLGV KLDWXV

E\ XVLQJ WKH VWURQJ IRUP RI WKH EXW Q�HSHQWKHVLV IRU D�

������� 0LQRU UXOH

(DUOLHU UXOH�EDVHG DQDO\VHV� VXFK DV 9HQQHPDQQ ������ DQG 5RWHQEHUJ �������

SXUVXH WKH LGHD RI PRUSKHPH�VSHFLILF HSHQWKHVLV� SRVLWLQJ PRUSKHPH�VSHFLILF Q�GHOHWLRQ

DQG Q�HSHQWKHVLV� UHVSHFWLYHO\�

)ROORZLQJ 5RWHQEHUJ� , RQO\ FRQVLGHU HSHQWKHVLV KHUH� 5RWHQEHUJ WUHDWV �̸� DV WKH
XQGHUO\LQJ IRUP LQ KLV UXOH�EDVHG DFFRXQW� VLQFH D RFFXUV EHIRUH SDUHQWKHWLFDOV DQG LV

��



DFTXLUHG EHIRUH DQ� 7KHVH DUH VRPH RI WKH VDPH UHDVRQV WKDW , WUHDW �HM� DV WKH GHIDXOW
LQ WKH 85& DFFRXQW �������

$ UXOH RI GHWHUPLQHU�VSHFLILF Q�HSHQWKHVLV LV EHORZ��

���� � ĺ >Q@
/

D]

7KH UXOH DERYH FDQ DFFRXQW IRU WKH GLVWULEXWLRQ RI [̸] DQG [̸Q]� ,W¶V DOVR FRPSDWLEOH

ZLWK ERWK UHGXFWLRQ DQG HSHQWKHVLV� ZKLFK FDQ EH UHSUHVHQWHG E\ VHSDUDWH UXOHV�

7KH SUREOHP IRU WKLV DFFRXQW LV WKH VWURQJ IRUPV RI D DQG DQ� [HM] DQG [ Q]� ,Q

DGGLWLRQ WR Q�GHOHWLRQ RU Q@�HSHQWKHVLV� GHULYLQJ ERWK UHTXLUHV PRUSKHPH�VSHFLILF YRZHO

UDLVLQJ � � → [HM] RU ORZHULQJ �HM� → [ ]� 7KLV LV HTXDOO\ D SUREOHP IRU WKH WKH 27

DFFRXQWV LQ WKH QH[W VHFWLRQV�

,Q WKH QH[W VHFWLRQV� , VKRZ WKDW LPSOHPHQWLQJ PRUSKHPH�VSHFLILF SKRQRORJ\ LQ

27 LV PXFK PRUH GLIILFXOW� ,Q WKH IROORZLQJ DQDO\VHV� , VHW DVLGH WKH GLIIHUHQFH

EHWZHHQ YRZHOV LQ WKH VWURQJ IRUPV [HM] DQG [ Q]� DQG IRFXV RQ WKH [Q] DOWHUQDWLRQ�

*LYHQ WKH DUJXPHQWV IRU �HM� DV WKH GHIDXOW IRUP� , RQO\ FRQVLGHU DQ DFFRXQW ZLWK

PRUSKHPH�VSHFLILF Q�HSHQWKHVLV�

������� /H[LFDOO\ LQGH[HG FRQVWUDLQWV

/H[LFDOO\ LQGH[HG FRQVWUDLQWV SURYLGH DQ 27 LPSOHPHQWDWLRQ RI PRUSKHPH�VSHFLILF

SKRQRORJ\� 8QGHU WKLV W\SH RI DFFRXQW� IDLWKIXOQHVV FRQVWUDLQWV �)XND]DZD ����� RU

PDUNHGQHVV FRQVWUDLQWV �3DWHU ����� DUH LQGH[HG WR VSHFLILF OH[LFDO LWHPV� RU VHWV RI

OH[LFDO LWHPV� $Q LQGH[HG FRQVWUDLQW LV RQO\ YLRODWHG LI WKH FRUUHVSRQGLQJ OH[LFDO LWHP

LV SDUW RI WKH ORFXV RI YLRODWLRQ�

)RU WKH VLPSOHVW VHW RI D�Q� GDWD� ERWK LQGH[HG IDLWKIXOQHVV DQG PDUNHGQHVV DUH

YLDEOH� +RZHYHU� ZLWK WKH DGGLWLRQ RI UHGXFWLRQ DQG HSHQWKHVLV� WKH WZR DFFRXQWV

�7KLV LV DFWXDOO\ GLIIHUHQW IURP 5RWHQEHUJ¶V DQDO\VLV� ZKLFK UHTXLUHV D IHZ RWKHU UXOHV DQG ILOWHUV IRU
V\OODELILFDWLRQ�

���



IDOO VKRUW� ,QGH[HG PDUNHGQHVV IDLOV WR FDSWXUH WKH FRQVSLUDF\ EHWZHHQ WKH GLIIHUHQW

UHSDLUV DQG 3&$� DQG LQGH[HG IDLWKIXOQHVV FDQ¶W FDSWXUH UHSDLUV DQG 3&$ XQGHU D VLQJOH

UDQNLQJ�

,QGH[HG PDUNHGQHVV� 7R FDSWXUH WKH IDFW WKDW HSHQWKHVLV RQO\ RFFXUV ZLWK �̸�� RQH
PLJKW SRVLW D PDUNHGQHVV FRQVWUDLQW WKDW DSSOLHV RQO\ WR D�

���� ∗ԥ� $� $VVLJQ RQH YLRODWLRQ IRU HYHU\ VHTXHQFH RI WZR YRZHOV� ZKHUH RQH RI

WKH YRZHOV EHORQJV WR WKH ZRUG D�

,I WKLV FRQVWUDLQW LV UDQNHG DERYH �Q�� ZH JHW Q�HSHQWKHVLV EXW RQO\ EHWZHHQ D

DQG D 9�LQLWLDO ZRUG�

���� ∗ԥ� $ ≫ �Q�

7KH ILUVW SUREOHP IRU WKLV DFFRXQW LV WKH DPRXQW RI H[WHUQDO HYLGHQFH IRU JHQHUDO

∗ԥ� LQ (QJOLVK ������� VXFK DV UHGXFWLRQ� HSHQWKHVLV� DQG VWHP VXSSOHWLRQ� $

OH[LFDOO\�LQGH[HG ∗ԥ� PLVVHV WKH JHQHUDOL]DWLRQ WKDW ∗ԥ� LV DFWLYH WKURXJKRXW (QJOLVK�

7KH VHFRQG SUREOHP LV WKDW WKH DGGLWLRQ RI �HSHQWKHVLVݦ OHDGV WR VHULRXV UDQNLQJ

SDUDGR[HV� 7R REWDLQ �HSHQWKHVLVݦ LQ ZRUGV OLNH VRGD�\� ZH PLJKW DGG DQRWKHU ∗ԥ�

FRQVWUDLQW WKDW GRHVQ¶W DSSO\ WR D DQG DQ�

���� �Q� ≫ ∗ԥ� 127 $ ≫ �ݦ�

7KH UDQNLQJ DERYH REWDLQV �HSHQWKHVLVݦ IRU VRGD�\� EXW WR SUHYHQW �HSHQWKHVLVݦ IRU

D� WKH FRQWUDGLFWRU\ UDQNLQJ EHORZ LV QHFHVVDU\�

���� �ݦ� ≫ ∗ԥ� $ ≫ �Q�

7KHVH WZR UDQNLQJV DUH LQFRPSDWLEOH� :LWK OH[LFDOO\�LQGH[HG PDUNHGQHVV FRQVWUDLQWV

DORQH� WKHUH LV QR ZD\ WR JHW Q�HSHQWKHVLV IRU D DQG �HSHQWKHVLVݦ HOVHZKHUH�

7KH GLIIHUHQFH EHWZHHQ WKH OH[LFDOO\�VSHFLILF UXOH DQG WKH OH[LFDOO\�LQGH[HG

FRQVWUDLQW DQDO\VLV LV WKDW WKH UXOH VSHFLILHV WKH SUHIHUUHG UHSDLU� )RU WKH UXOH� LW¶V HDV\

���



WR FDSWXUH WKH IDFW WKDW [Q] LV HSHQWKHVL]HG IRU D� ZKLOH [প] LV HSHQWKHVL]HG HOVHZKHUH�

)RU WKH FRQVWUDLQW�EDVHG DQDO\VLV� ∗ԥ� LV LQGLIIHUHQW WR KRZ LW¶V UHSDLUHG� DQG WKH FKRLFH

RI HSHQWKHWLF FRQVRQDQW IROORZV IURP WKH FRQVWUDLQW UDQNLQJ� 7R REWDLQ �HSHQWKHVLVݦ

LQ RQH FDVH EXW Q�HSHQWKHVLV LQ DQRWKHU� ZH QHHG WZR GLIIHUHQW UDQNLQJV RI WKH VDPH

IDLWKIXOQHVV FRQVWUDLQWV�

,QGH[HG IDLWKIXOQHVV� /LNH LQGH[HG PDUNHGQHVV� LQGH[HG IDLWKIXOQHVV IDFHV D

UDQNLQJ SDUDGR[ ZLWK WKH IXOO VHW RI GDWD� :KLOH LW FDQ FDSWXUH ERWK Q�HSHQWKHVLV DQG

��HSHQWKHVLVݦ LW FDQQRW FDSWXUH WKHP WRJHWKHU ZLWK UHGXFWLRQ�

7KH GLIIHUHQFH EHWZHHQ �HSHQWKHVLVݦ DQG Q�HSHQWKHVLV FRPHV IURP WKH LQGH[HG

IDLWKIXOQHVV FRQVWUDLQW EHORZ� ZKLFK FDQ EH XVHG WR EORFN �HSHQWKHVLVݦ LQ D� $V D UHVXOW�

Q�HSHQWKHVLV LV XVHG LQVWHDG� 7R PDNH WKH DQDO\VLV SRVVLEOH� , DVVXPH WKDW HSHQWKHWLF

FRQVRQDQWV DUH SDUW RI WKH SUHFHGLQJ OH[LFDO LWHP� 7KH FRQVWUDLQW EHORZ LV YLRODWHG

ZKHQ HSHQWKHVLV RFFXUV DIWHU D�

���� �[প]$

$VVLJQ RQH YLRODWLRQ IRU HYHU\ [প] LQ WKH RXWSXW ZLWKRXW DQ LQSXW FRUUHVSRQGHQW�

LI WKH [প] IROORZV WKH PRUSKHPH D�

7KH UDQNLQJ RI ∗ԥ� RYHU JLYHV ��HSHQWKHVLVݦ DVVXPLQJ WKDW [প] LV WKH OHDVW

PDUNHG HSHQWKHWLF VHJPHQW� 8QGHU WKLV UDQNLQJ� �HSHQWKHVLVݦ LV WKH JHQHUDO KLDWXV

UHVROXWLRQ VWUDWHJ\ LQ (QJOLVK�

∗ԥ� �[প]$

☛ PRUD [প] L]H � �

PRUD L]H −� � �

7DEOH ����� ,QGH[HG IDLWKIXOQHVV� �HSHQWKHVLVݦ DV WKH JHQHUDO
KLDWXV UHVROXWLRQ VWUDWHJ\

���



$V WKH WDEOHDX EHORZ VKRZV� WKH LQGH[HG FRQVWUDLQW EORFNV �HSHQWKHVLVݦ IRU D�

UHVXOWLQJ LQ Q�HSHQWKHVLV� )RU WKLV WR ZRUN� [Q] PXVW EH OHVV PDUNHG WKDQ RWKHU

HSHQWKHWLF FRQVRQDQWV� VXFK DV [W] DQG [V]�

∗ԥ� �[প]$

☛ D [Q] DSSOH � � −�

D [প] DSSOH � −� −�

D DSSOH −� � �

7DEOH ����� ,QGH[HG IDLWKIXOQHVV� �HSHQWKHVLVݦ LV EORFNHG

5HGXFWLRQ FDQ EH DGGHG WR WKLV DQDO\VLV ZLWK WKH FRQVWUDLQW � $VVXPLQJ WKH

85 �HM�� UHGXFWLRQ RFFXUV ZKHQ GRPLQDWHV ( )� 7R SUHYHQW WKH FDQGLGDWH

[HM]DSSOH IURP ZLQQLQJ� WKH FRQVWUDLQW PXVW EH UDQNHG RYHU �

∗ԥ� �[প]$ ( )

☛ [̸] [Q] DSSOH � � � −� −�

[̸] [প] DSSOH � −� � −� −�

[̸] DSSOH −� � � −� �

[HM] DSSOH � � −� � �

7DEOH ����� ,QGH[HG IDLWKIXOQHVV� UHGXFWLRQ DQG D

7KH SUREOHP DUULVHV ZKHQ ZH DGG WKH WR WKH DQDO\VLV� 7KH UDQNLQJ DERYH

SUHGLFWV WKDW [প] VKRXOG DOVR EH HSHQWKHVL]HG IRU WKH� VLQFH HSHQWKHVLV LV SUHIHUUHG WR

QRQ�UHGXFWLRQ� ,I ZH ZDQW SUH�YRFDOLF [˓L] WR EH RSWLPDO� PXVW GRPLQDWH �

7KH UDQNLQJ SDUDGR[ LV VKRZQ EHORZ� 7KHUH LV QR UDQNLQJ LQ ZKLFK DOO RI WKH

GHVLUHG ZLQQHUV DUH RSWLPDO� )RU WKLV WR EH WKH FDVH� WKHUH PXVW EH VRPH UDQNLQJ LQ

ZKLFK HYHU\ / LV WR WKH ULJKW RI VRPH :�

���



∗ԥ� �[প]$ ( )

☛ [̸] [Q] DSSOH � � � −� −�

[̸] [প] DSSOH � −� � −� −�

[̸] DSSOH −� � � −� �

[HM] DSSOH � � −� � �

☛ [˓L] DSSOH � � −� �

[˓̸] [Q] DSSOH � � � −� −�

[˓̸] [প] DSSOH � � � −� −�

[˓̸] DSSOH −� � � −� �

7DEOH ����� ,QGH[HG IDLWKIXOQHVV� $ UDQNLQJ SDUDGR[ ZLWK WKH
DQG D

:LWKRXW 3&$� WKHUH LV QR GLVWLQJXLVK WKH IURP D� ,I HSHQWKHVLV DQG UHGXFWLRQ RFFXU

IRU D� WKH\ ZLOO DOVR RFFXU IRU WKH� 2Q WKH RWKHU KDQG� LI ZH UDQN WKH FRQVWUDLQWV VR

WKDW UHGXFWLRQ LV EORFNHG IRU WKH� LW ZLOO DOVR EH EORFNHG IRU D�

7KHVH SUREOHPV DUH DYRLGHG LQ WKH 3&$ DQDO\VLV VLQFH WKHUH LV RQO\ RQH NLQG RI

HSHQWKHVLV� $ [Q] RFFXUV LQ D�Q� EHFDXVH LW¶V SDUW RI WKH 85 � Q�� DQG [Q] LV QHYHU D

SRVVLELOLW\ IRU WKH� VLQFH WKHUH¶V QR 85 �˓LQ��

������� &RSKRQRORJLHV

8QGHU D WKHRU\ RI FRSKRQRORJLHV� GLIIHUHQW OH[LFDO VWUDWD DUH VXEMHFW WR GLIIHUHQW

FRQVWUDLQW UDQNLQJV� :H FRXOG LPDJLQH WKDW D DQG DQ DUH VXEMHFW WR D GLIIHUHQW FRQVWUDLQW

UDQNLQJ� LQ ZKLFK Q�HSHQWKHVLV LV SUHIHUUHG�

���� 5DQNLQJ IRU D�DQ� �ݦ� ≫ ∗ԥ� ≫ �Q�

���� 5DQNLQJ IRU RWKHUV� �Q� ≫ ∗ԥ� ≫ �ݦ�

���



7KH SUREOHP LV WKDW Q�HSHQWKHVLV DQG �HSHQWKHVLVݦ FDQ RFFXU LQ WKH YHU\ VDPH

SKUDVH� 7KLV LV VKRZQ LQ WKH H[DPSOH EHORZ� ZKLFK GHVFULEHV VRPHRQH ZKR EHOLHYHV LQ

DXUD UHDGLQJ�

���� DQ DXUD[প]LVW

)RU Q�HSHQWKHVLV WR RFFXU� D DQG DXUD PXVW EH HYDOXDWHG E\ WKH D�VSHFLILF UDQNLQJ�

ZKLOH �HSHQWKHVLVݦ UHTXLUHV DXUD DQG LVW WR EH HYDOXDWHG E\ WKH JHQHUDO UDQNLQJ� 7KLV

SUHVHQWV D SUREOHP IRU WKH LQGHILQLWH DUWLFOH� ZKLFK LV WRUQ EHWZHHQ WZR UDQNLQJV�

9DULDWLRQ SUHVHQWV DQRWKHU FKDOOHQJH� /DWHU , SUHVHQW GDWD VKRZLQJ WKDW VRPH

VSHDNHUV XVH ERWK D DQG DQ EHIRUH YRZHOV� 7KHVH VSHDNHUV DOZD\V DFFRPSDQ\

SUH�YRFDOLF D ZLWK ��HSHQWKHVLVݦ

���� ([DPSOHV IURP D VSHDNHU ZKR YDULHV EHWZHHQ D DQG DQ

D� DQ DSSOH

E� D[প] DSSOH

)RU D VSHDNHU WR XVH ERWK VWUDWHJLHV� D DSSOH PXVW EH DVVHVVHG XQGHU ERWK JUDPPDUV�

7KLV LVQ¶W QHFHVVDULO\ D SUREOHP� EXW LW GRHV ZHDNHQ WKH DUJXPHQW WKDW D LV VSHFLDO

EHFDXVH LW¶V VXEMHFW WR D GLIIHUHQW SKRQRORJ\� *LYHQ GDWD OLNH WKHVH� D LV RQO\ VRPHWLPHV

VSHFLDO� DQG WKH UHVW RI WKH WLPH� LW LV D ZHOO�EHKDYHG PHPEHU RI (QJOLVK SKRQRORJ\�

������� &RQFOXVLRQ

7R FRQFOXGH� ZKLOH PRUSKHPH�VSHFLILF HSHQWKHVLV LV UHODWLYHO\ VWUDLJKWIRUZDUG ZLWK

D PLQRU UXOH� LW IDFHV D FRPSOLFDWHG DQG XQLQWXLWLYH DQDO\VLV LQ 27�

)LQGLQJ D UDQNLQJ IRU WKH IXOO VHW RI GDWD ± LQFOXGLQJ UHGXFWLRQ DQG �HSHQWKHVLVݦ ±

LV SRVVLEOH LQ WKH 3&$ DQDO\VLV� EXW QRW ZLWK PRUSKHPH�VSHFLILF SKRQRORJ\�

���



����� 6XEFDWHJRUL]DWLRQ

$ ILQDO DOWHUQDWLYH WR 85& LV VXEFDWHJRUL]DWLRQ� 8QGHU WKLV DSSURDFK� WKH FKRLFH

EHWZHHQ D DQG DQ LV GULYHQ E\ D VXEFDWHJRUL]DWLRQ IUDPH VSHFLILF WR DQ� ZKLFK UHTXLUHV

DQ WR RFFXU EHIRUH 9�LQLWLDO ZRUGV�

���� DQ ↔ 9

���� D HOVHZKHUH

7KH XVXDO DUJXPHQW DJDLQVW VXEFDWHJRUL]DWLRQ LV WKDW LW IDLOV WR FDSWXUH VLPLODULWLHV

EHWZHHQ 3&$ DQG V\QFKURQLFDOO\ DFWLYH FRQVWUDLQWV� 8QGHU VXEFDWHJRUL]DWLRQ� DQ\

VLPLODULWLHV EHWZHHQ 3&$ DQG UHSDLUV DUH D FRLQFLGHQFH� RU DW OHDVW HSLSKHQRPHQD

�:ROI ������

,Q 85&� ZH ILQG DQRWKHU DUJXPHQW DJDLQVW VXEFDWHJRUL]DWLRQ� DQ DFFRXQW WKDW

XVHV ODQJXDJH�ZLGH FRQVWUDLQWV UHTXLUHV OLWWOH DGGLWLRQDO PDFKLQHU\� ,I ZH DFFRXQW IRU

D�Q� ZLWK VXEFDWHJRUL]DWLRQ� ZH VWLOO QHHG ∗ԥ� WR PRGHO UHSDLUV OLNH UHGXFWLRQ DQG

�HSHQWKHVLVݦ LQ (QJOLVK� 6LQFH ZH QHHG PDUNHGQHVV FRQVWUDLQWV DQ\ZD\� ZK\ QRW XVH

WKHP WR PRGHO 3&$" 6LPLODUO\� ZH QHHG VRPHWKLQJ OLNH 85 &RQVWUDLQWV WR HQFRGH

PHDQLQJ�85 PDSSLQJV� :K\ QRW XVH WKHP WR PRGHO 3&$� WRR"

8QIRUWXQDWHO\� WKH UHDOLW\ LV WKDW ODQJXDJH�ZLGH FRQVWUDLQWV FDQ¶W KDQGOH HYHU\ FDVH

RI 3&$ ��������� %XW ZKHQ WKH\ FDQ� WKH\ DUH IDYRUDEOH WR DQ DSSURDFK ZKHUH 3&$

IROORZV VROHO\ IURP OH[LFDO OLVWLQJ�

��� D�Q� DQG YDULDWLRQ

6R IDU� WKH PRGHO RI D�Q� DQG WKH RQO\ GHDOV ZLWK FDWHJRULFDO SDWWHUQV� 7KH

85& DQDO\VLV DFFRXQWV IRU 7KHH 8VHUV �VSHDNHUV ZKR DOZD\V XVH SUH�YRFDOLF [˓L]� DQG
5HGXFHUV �VSHDNHUV ZKR QHYHU GR�� %RWK W\SH RI VSHDNHUV DOZD\V XVH DQ EHIRUH YRZHOV

DQG D EHIRUH FRQVRQDQWV�

���



7KHVH LGHDOL]HG VSHDNHUV DUH IDU IURP UHDOLW\� ,Q WKH %XFNH\H UHVXOWV� VRPH VSHDNHUV

XVH ERWK SUH�YRFDOLF D DQG SUH�YRFDOLF DQ� DQG PRVW VSHDNHUV XVH SUH�YRFDOLF [˓̸প]

DERXW KDOI RI WKH WLPH� :KHQ LW FRPHV WR UHVROYLQJ KLDWXV� VSHDNHUV GLIIHU LQ WKHLU

SUHIHUUHG VWUDWHJ\� VRPH SUHIHU DQ� VRPH SUHIHU ��HSHQWKHVLVݦ DQG VRPH GR ERWK HTXDOO\�

7KH UHVW RI WKH FKDSWHU H[WHQGV WKH DFFRXQW RI 85& WR GHDO ZLWK YDULDWLRQ LQ D�Q�

DQG ��HSHQWKHVLVݦ UHFDVWLQJ 85& LQ 0D[LPXP (QWURS\ +DUPRQLF *UDPPDU �0D[(QW�

*ROGZDWHU DQG -RKQVRQ ������ 8QGHU 85& LQ 0D[(QW� SUHIHUHQFHV EHWZHHQ UHSDLUV

DQG 3&$ IROORZ IURP WKH UHODWLYH ZHLJKWV RI 85 FRQVWUDLQWV� DQG WKLV FDQ DFFRXQW IRU

GLIIHUHQFHV DFURVV VSHDNHUV ZLWK UHVSHFW WR WKHLU KLDWXV�UHVROXWLRQ VWUDWHJLHV�

7KH UHVXOWV KHUH GHSHQG FUXFLDOO\ RQ WKH IDFW WKDW 85& LV D SDUDOOHO PRGHO� 'LUHFWO\

HQFRGLQJ SUHIHUHQFHV EHWZHHQ UHSDLUV DQG 85V LV SRVVLEOH EHFDXVH UHSDLUV DQG 85V DUH

FRQVLGHUHG WRJHWKHU LQ WKH FDQGLGDWH VHW� ,Q WKLV VHFWLRQ� , DOVR VKRZ WKDW SDUDOOHOLVP LV

QHFHVVDU\ WR DFFRXQW IRU WKH LQWHUDFWLRQ RI �HSHQWKHVLVݦ DQG D�Q�� ZKLFK LV DQ H[DPSOH

RI WKH FKLFNHQ�HJJ HIIHFW�

����� �HSHQWKHVLVݦ DQG D�Q�

$V GLVFXVVHG LQ ����� WKHUH DUH PDQ\ ZD\V WR DYRLG KLDWXV LQ (QJOLVK EH\RQG

DOORPRUSK\ ZLWK D DQG DQ� 7KLV VHFWLRQ IRFXVHV RQ ��HSHQWKHVLVݦ ZKLFK LV REOLJDWRU\

EHWZHHQ WZR YRZHOV� HVSHFLDOO\ ZKHQ 9� LV OD[ DQG ERWK YRZHOV DUH LQ WKH VDPH

SURVRGLF ZRUG�

���� &RQWH[WV ZLWK QHDUO\ REOLJDWRU\ �HSHQWKHVLVݦ

D� VDOVD�LQJ [VɬOV̸পӝغ]

E� VDPED�LQJ [VľPE̸পӝغ]

F� VRGD�\ [VRG̸পL]
G� ]XPED�LVW []XPE̸পӝVW]

,Q WKH HDUOLHU 85& DQDO\VLV RI D�Q�� WKH FRQVWUDLQW UDQNLQJ UXOHV RXW �HSHQWKHVLVݦ

DIWHU D� 7KLV LV EDVHG RQ WKH JHQHUDOL]DWLRQ WKDW IRUPV OLNH [̸প ͑NVPRޗ] UDUHO\ RFFXU�

���



DOZD\V ORVLQJ WR [̸Q ͑NVPRޗ]� 7KLV LV FHUWDLQO\ WUXH LQ JHQHUDO $PHULFDQ DQG %ULWLVK

(QJOLVK� ZKHUH SUH�YRFDOLF D LV RQO\ XVHG �� RI WKH WLPH�

+RZHYHU� WKHUH DUH PDQ\ (QJOLVKHV LQ ZKLFK SUH�YRFDOLF D LV FRPPRQ� %ULWDLQ

DQG )R[ ������ FLWH D QXPEHU RI WKHVH FDVHV� LQFOXGLQJ WKH (QJOLVK RI %ROWRQ LQ WKH

1RUWK�:HVW RI (QJODQG 6KRUURFNV ����� S� ���� $IULFDQ $PHULFDQ (QJOLVK �&UDLJ

HW DO� ������ DQG $IULNDDQV (QJOLVK LQ 6RXWK $IULFD �:DWHUPH\HU ���� S� ����� %ULWDLQ

DQG )R[ WKHPVHOYHV UHSRUW ILQGLQJV IURP D VXUYH\ RI WKH (QJOLVK RI 7RZHU +DPOHWV�

/RQGRQ�

%ULWDLQ DQG )R[ FRQVLGHU D�Q� LQ WKUHH VRFLDO JURXSV RI 7RZHU +DPOHWV /RQGRQ�

ZKLWH %ULWLVK JLUOV� ZKLWH DQG PL[HG UDFH ER\V� DQG %DQJODGHVKL ER\V� 7KHLU ILQGLQJV

DUH SUHVHQWHG LQ WKH WDEOH EHORZ�

:KLWH %ULWLVK JLUOV :KLWH � PL[HG UDFH ER\V %DQJODGHVKL ER\V

9 & 9 & 9 &

[̸] − ���� [̸] − ���� [̸] − ����

[̸প] �� − [̸প] ��� − [̸প] ��� −

[̸Q] ��� − [̸Q] ��� − [̸Q] ��� −

7DEOH ����� %ULWDLQ 	 )R[ ����� DUWLFOH XVH LQ &HQWUDO /RQGRQ

7KHUH DUH WZR VWUDWHJLHV WR DYRLG KLDWXV LQ 7RZHU +DPOHWV� [̸প] RU [̸Q]� DQG JURXSV

GLIIHU LQ WKHLU SUHIHUHQFHV EHWZHHQ WKHVH VWUDWHJLHV� :KLWH %ULWLVK JLUOV IROORZ WKH

SDWWHUQ RI JHQHUDO $PHULFDQ (QJOLVK� QHDUO\ H[FOXVLYHO\ HPSOR\LQJ D�Q� DOORPRUSK\�

�HSHQWKHVLVݦ LV RQO\ XVHG �� RI WKH WLPH� 7KH RWKHU WZR JURXSV PDNH SUROLILF XVH RI

SUH�YRFDOLF D DFFRPSDQLHG E\ ��HSHQWKHVLVݦ :KLOH ZKLWH ER\V IDYRU KLDWXV UHVROXWLRQ

ZLWK [̸Q]� WKH\ VWLOO XVH [̸প] ��� RI WKH WLPH� %DQJODGHVKL ER\V IDYRU KLDWXV UHVROXWLRQ

ZLWK [̸প]� XVLQJ LW ��� RI WKH WLPH�

���



1HZWRQ DQG :HOOV ������ DQG 3DN ������ ILQG VLPLODU SDWWHUQV LQ DFTXLVLWLRQ�

$OORPRUSK\ ZLWK D�Q� LVQ¶W IXOO\ DFTXLUHG XQWLO UDWKHU ODWH ± �� \HDUV LQ 3DN ������� $W

HDUOLHU VWDJHV� [̸] LV RIWHQ XVHG EHIRUH YRZHOV� DQG ZKHQHYHU LW LV� LW¶V DFFRPSDQLHG E\

��HSHQWKHVLVݦ $V FKLOGUHQ JHW ROGHU� WKH\ EHFRPH PRUH OLNHO\ WR XVH SUH�YRFDOLF DQ�

HYHQWXDOO\ UHDFKLQJ WKH DGXOW SDWWHUQ ZKLFK UHOLHV DOPRVW H[FOXVLYHO\ RQ DQ DOORPRUSK\

WR DYRLG KLDWXV�

7KH WDEOH EHORZ UHSRUWV WKH SUREDELOLWLHV RI SUH�YRFDOLF D IURP 3DN ������¶V VXUYH\

RI &+,/'(6 �0DF:KLQQH\ ������

$JH �D �RXW RI D�DQ�

� ���

� ���

� ���

��� ���

��� ���

����� ��

$GXOWV ��

7DEOH ����� 3DN ����� XVH RI SUH�YRFDOLF D LQ DFTXLVLWLRQ

5HJDUGOHVV RI WKHLU SUHIHUUHG VWUDWHJ\� LW VHHPV WKDW (QJOLVK VSHDNHUV DOZD\V UHVSHFW

∗ԥ� � 7KH ILQGLQJ WKDW �HSHQWKHVLVݦ DFFRPSDQLHV SUH�YRFDOLF D LV FRPPRQ DFURVV

FRUSXV VWXGLHV� DQG WKH VDPH LV IRXQG ZLWK SUH�YRFDOLF [˓̸]� 6SHDNHUV ZKR UHGXFH WKH

EHIRUH YRZHOV DOZD\V DFFRPSDQ\ UHGXFWLRQ ZLWK �HSHQWKHVLVݦ �.HDWLQJ HW DO� ������

$Q RYHUYLHZ RI WKHVH VWXGLHV LV SUHVHQWHG LQ WKH WDEOH EHORZ� ZKLFK VKRZV WKH

SHUFHQWDJH RI DQ DQG >èL@ EHIRUH YRZHOV DFURVV YDULHWLHV RI (QJOLVK� 7KH WDEOH LQFOXGHV

GDWD IURP VRFLROLQJXLVWLF VWXGLHV� ± �%ULWDLQ DQG )R[ ����� IRU /RQGRQ DQG �*X]]R�

%ULWDLQ� DQG )R[ ����� IRU ,WDOLDQ (QJOLVK LQ %HGIRUG ± DQG DFTXLVLWLRQ� �3DN ������

���



7RJHWKHU ZLWK WKH %XFNH\H UHVXOWV IURP ����� WKHVH IRUP D ULFK W\SRORJ\ RI D�Q� DQG WKH�

*URXS �[̸Q] �[̸প] �[˓L] �[˓̸প] 5HJLRQ 	 6RXUFH

:KLWH JLUOV �� � ��� � &HQWUDO /RQGRQ

:KLWH ER\V �� �� �� �� �%ULWDLQ 	 )R[ �����

%DQJODGHVKL ER\V �� �� �� ��

,WDOLDQ (QJOLVK ��QG JHQ�� ��� � �� �� %HGIRUG

,WDOLDQ (QJOLVK ��UG JHQ�� �� �� �� �� �*X]]R HW DO� �����

6SHDNHU ��� �� � �� � %XFNH\H FRUSXV� 2KLR

6SHDNHU ��� �� � �� �� �VHH �����

6SHDNHU ��� �� � �� ��

*$( � \RV �� �� �� ��

*$( � \RV �� �� �� �� &+,/'(6 FRUSXV

*$( � \RV �� �� �� �� �IURP 3DN �����

*$( ��� \RV �� �� �� ��

*$( $GXOWV �� � �� ��

7DEOH ����� 'LVWULEXWLRQ RI SUH�YRFDOLF DUWLFOHV DFURVV FRUSXV
VWXGLHV

$FURVV DOO GHVFULSWLRQV RI WKH �LQ�GHILQLWH DUWLFOH� WKHUH DUH WKUHH FRPPRQ

JHQHUDOL]DWLRQV�

� D DQG [˓̸] DUH FDWHJRULFDOO\ SUHIHUUHG EHIRUH FRQVRQDQWV�

� DQ DQG >èL@ DUH DOZD\V PRUH OLNHO\ EHIRUH YRZHOV WKDQ FRQVRQDQWV�

� 3UH�YRFDOLF D DQG [˓̸] DUH DOZD\V DFFRPSDQLHG E\ ��HSHQWKHVLVݦ

7KH QH[W VHFWLRQV SUHVHQW D SUREDOLVWLF PRGHO WKDW FDQ DFFRXQW IRU WKH LQWHUDFWLRQ RI

D DQG ��HSHQWKHVLVݦ IRFXVLQJ RQ WKHVH JHQHUDOL]DWLRQV� 7KH PRGHO PDNHV ULFK XVH RI

���



SDUDOOHOLVP DQG 85 FRQVWUDLQWV� LQ RUGHU WR PRGHO WKH LQWHUDFWLRQ RI HSHQWKHVLV DQG D�Q�

DFURVV (QJOLVKHV� 85 VHOHFWLRQ PXVW RFFXU LQ SDUDOOHO ZLWK UHSDLUV� ZKLOH 85 FRQVWUDLQWV

SURYLGH D ZD\ WR HQFRGH SUHIHUHQFHV EHWZHHQ GLIIHUHQW VWUDWHJLHV IRU KLDWXV DYRLGDQFH�

����� ,QWURGXFWLRQ WR 0D[HQW

,Q HDUOLHU VHFWLRQV� 85& LV FRXFKHG LQ 2SWLPDOLW\ 7KHRU\� LQ ZKLFK FRQVWUDLQWV DUH

UDQNHG DQG D VLQJOH FDQGLGDWH LV RSWLPDO �3ULQFH DQG 6PROHQVN\ ����������� $Q

DOWHUQDWLYH PRGHO LV RQH LQ ZKLFK FRQVWUDLQWV DUH ZHLJKWHG� VXFK DV 0D[LPXP (QWURS\

+DUPRQLF *UDPPDU �0D[(QW� *ROGZDWHU DQG -RKQVRQ ������ 8QOLNH 27� 0D[(QW

RXWSXWV D SUREDELOLW\ GLVWULEXWLRQ RYHU FDQGLGDWHV�

,Q 0D[(QW� HDFK FRQVWUDLQW LV DVVLJQHG D QXPHULFDO ZHLJKW� :HLJKWHG YLRODWLRQV

DUH VXPPHG IRU HDFK FDQGLGDWH� UHVXOWLQJ LQ D KDUPRQ\ VFRUH IRU WKH FDQGLGDWH�

7KH KDUPRQLHV DUH WKHQ QRUPDOL]HG DFURVV D FDQGLGDWH VHW� UHVXOWLQJ LQ D SUREDELOLW\

GLVWULEXWLRQ DFURVV FDQGLGDWHV� 7KH SUREDELOLW\ RI HDFK FDQGLGDWH LV SURSRUWLRQDO WR

WKH H[SRQHQWLDO RI LWV ZHLJKWHG VXP SHQDOW\� ,Q WKH UHVXOWLQJ SUREDELOLW\ GLVWULEXWLRQ�

FDQGLGDWHV ZLWK D ORZHU KDUPRQ\ VFRUH UHFHLYH OHVV SUREDELOLW\�

7KLV LV LOOXVWUDWHG LQ WKH WDEOHDX EHORZ� ZKLFK FRQWDLQV WKH FRQVWUDLQW YLRODWLRQV DQG

FDQGLGDWHV IURP ����� ,Q WKH WDEOHDX� ,¶YH DGGHG ZHLJKWV� DQG D KDUPRQ\ VFRUH �+��

7KH KDUPRQ\ VFRUH IRU HDFK FDQGLGDWH LV FDOFXODWHG E\ VXPPLQJ LWV ZHLJKWHG FRQVWUDLQW

YLRODWLRQV� 6LQFH YLRODWLRQV DUH QHJDWLYH� DQG ZHLJKWV DUH SRVLWLYH� KDUPRQ\ VFRUHV DUH

QHJDWLYH�

���



∗

=
�HM
�

=
� 
Q�

= �� = �� = �� = � +

D� � Q���͑NVPRޗ� [̸Q ͑NVPRޗ] � � −� � −��

E� �HM���͑NVPRޗ� [̸ ͑NVPRޗ] −� � � −� −��

F� �HM���͑NVPRޗ� [̸ প ͑NVPRޗ] � −� � −� −��

7DEOH ����� ([DPSOH RI 0D[(QW YLRODWLRQV DQG ZHLJKWV

7KH WDEOH EHORZ VKRZV KRZ WKHVH KDUPRQ\ VFRUHV DUH WUDQVIRUPHG LQWR SUREDELOLWLHV�

)LUVW� WKH VFRUHV DUH H[SRQHQWLDWHG� 7KHQ� HDFK VFRUH LV GLYLGHG E\ WKH VXP RI DOO

WKH FDQGLGDWHV¶ H[SRQHQWLDWHG KDUPRQ\ VFRUHV� $V D UHVXOW� WKH SUREDELOLW\ RI HDFK

FDQGLGDWH �LQ ER[HV EHORZ� LV SURSRUWLRQDO WR LWV H[SRQHQWLDWHG VFRUH�

+ H[S�+�

D� [̸Q ͑NVPRޗ] −�� . − ����
( . −

. −
)

E� [̸ ͑NVPRޗ] −�� . − <����
( . −

. −
)

F� [̸ প ͑NVPRޗ] −�� . − ����
( . −

. −
)

7DEOH ����� 'HULYLQJ SUREDELOLWLHV IURP KDUPRQ\ VFRUHV

$ EHQHILW WR XVLQJ 0D[(QW LV WKDW LW KDV D QXPEHU RI ZHOO�XQGHUVWRRG OHDUQLQJ

DOJRULWKPV� 7KH OHDUQHU WDNHV D WDEOHDX ZLWK FDQGLGDWHV DQG YLRODWLRQV� WRJHWKHU ZLWK

WDUJHW SUREDELOLWLHV IRU WKRVH FDQGLGDWHV� DQG ILQGV WKH VHW RI ZHLJKWV WKDW JHWV FORVHVW

WR WKH WDUJHW SUREDELOLWLHV�

7KHUH DUH PDQ\ DOJRULWKPV DQG VRIWZDUH LPSOHPHQWDWLRQV WKDW FDQ GR WKLV� DQG LQ

WKH IROORZLQJ VHFWLRQV , XVH WKH 0D[(QW *UDPPDU 7RRO �:LOVRQ DQG *HRUJH ������ ,Q

DOO RI WKH 0D[(QW JUDPPDUV KHUH� WKH ZHLJKWV ZHUH VWDUWHG DW �� DQG WR SUHYHQW ZHLJKWV

���



IURP FOLPELQJ WRR KLJK� DQ /� �*DXVVLDQ� SULRU ZDV XVHG �7\FKRQRII DQG $UVHQLQ

������ ZLWK VLJPD  �������

����� $ 0D[HQW DQDO\VLV RI WKH SUREDELOLVWLF SDWWHUQ

,Q WKLV VHFWLRQ� , VKRZ KRZ ZHLJKWHG FRQVWUDLQWV FDQ FDSWXUH WKH 3&$ DQG HSHQWKHVLV

SDWWHUQV IURP %ULWDLQ DQG )R[ �������

,Q 85&� SUHIHUHQFHV EHWZHHQ QRQ�GHIDXOW 85V DQG UHSDLUV FRPH IURP WKH UDQNLQJ

RI 85 FRQVWUDLQWV DQG IDLWKIXOQHVV FRQVWUDLQWV� ,I D IDLWKIXOQHVV FRQVWUDLQW GRPLQDWHV WKH

UHOHYDQW 85 FRQVWUDLQW� WKH 85 EHDWV WKH UHSDLU� 8QGHU WKH RSSRVLWH UDQNLQJ� WKH UHSDLU

ZLQV RXW� $ GHPRQVWUDWLRQ RI WKLV FDQ EH IRXQG LQ �������

,Q 0D[(QW� ILQHU GHJUHHV RI SUHIHUHQFH FRPH IURP ZHLJKWLQJ 85 FRQVWUDLQWV ZLWK

UHVSHFW WR IDLWKIXOQHVV� ,Q WKLV VHFWLRQ� , DVVXPH WKH IRXU FRQVWUDLQWV IURP WKH DQDO\VLV

LQ FKDSWHUV � DQG ��

���� &RQVWUDLQWV

D� ∗ԥ�

E�

F� = �HM�
G� = � Q�

7KH WDUJHW SUREDELOLWLHV DUH UHSHDWHG EHORZ� 0RYLQJ OHIW WR ULJKW� WKH YDULHWLHV

H[KLELW D JUHDWHU SUHIHUHQFH IRU HSHQWKHVLV �PRUH [̸প]�� DQG D OHVVHU SUHIHUHQFH IRU WKH

QRQ�GHIDXOW 85 �OHVV [̸Q]��

���



:KLWH %ULWLVK JLUOV :KLWH � PL[HG UDFH ER\V %DQJODGHVKL ER\V

9 & 9 & 9 &

[̸] − ��� [̸] − ��� [̸] − ���

[̸প] ��� − [̸প] ��� − [̸প] ��� −

[̸Q] ��� − [̸Q] ��� − [̸Q] ��� −

7DEOH ����� 7DUJHW SUREDELOLWLHV IRU VSHDNHUV IURP 7RZHU +DPOHWV
/RQGRQ

$ VHW RI ZHLJKWV ZDV IRXQG WKDW FORVHO\ PDWFK WKHVH SUREDELOLWLHV� XVLQJ WKH PHWKRGV

GHWDLOHG LQ WKH ODVW VHFWLRQ� 7KH OHDUQHG SUREDELOLWLHV DUH HDFK ZLWKLQ ���� RI WKH WDUJHW

SUREDELOLWLHV� VR , GRQ¶W UHSRUW WKHP KHUH� 7KH OHDUQHG ZHLJKWV DUH EHORZ�

0RYLQJ OHIW�WR�ULJKW� WKH ZHLJKW RI GHFUHDVHV� ZKLOH WKH ZHLJKW RI = �HM�
LQFUHDVHV� $V D UHVXOW� HSHQWKHVLV EHFRPHV PRUH OLNHO\� DQG WKH QRQ�GHIDXOW 85

EHFRPHV OHVV OLNHO\� PDWFKLQJ WKH SUREDELOLWLHV DERYH�

:KLWH %ULWLVK JLUOV :KLWH � PL[HG UDFH ER\V %DQJODGHVKL ER\V

&RQVWUDLQW :HLJKW &RQVWUDLQW :HLJKW &RQVWUDLQW :HLJKW

∗ ����� ∗ ����� ∗ �����

����� ����� �����

= �HM� ����� = �HM� ����� = �HM� �����

= � Q� ���� = � Q� ���� = � Q� ����

7DEOH ����� /HDUQHG ZHLJKWV

7KH OHDUQHG ZHLJKWV DUHQ¶W SHUIHFWO\ VWUDLJKWIRUZDUG� ,Q DGGLWLRQ WR WKH FKDQJHV

LQ DQG = �HM� � WKH ZHLJKWV RI ∗ԥ� DQG = � Q� DOVR GLIIHU DFURVV VSHDNHUV�

7R PDNH WKLQJV FOHDUHU� WKH WDEOH EHORZ SUHVHQWV WKH KDUPRQ\ VFRUHV IRU HDFK FDQGLGDWH

JLYHQ WKH OHDUQHG ZHLJKWV� 0RYLQJ OHIW�WR�ULJKW� ZH FDQ VHH WKDW WKH GLIIHUHQFH LQ

���



KDUPRQ\ EHWZHHQ [̸প] DQG [̸Q] ILUVW GHFUHDVHV� DQG WKHQ WKHQ UHYHUVHV� )RU %DQJODGHVKL

ER\V� [̸Q] LV SUHIHUUHG WR [̸প]

:KLWH %ULWLVK JLUOV :KLWH � PL[HG UDFH ER\V %DQJODGHVKL ER\V

9 & 9 & 9 &

[̸] ����� ����� [̸] ����� ����� [̸] ����� �����

[̸প] ����� ����� [̸প] ����� ����� [̸প] ����� �����

[̸Q] ����� ����� [̸Q] ����� ����� [̸Q] ����� �����

7DEOH ����� +DUPRQ\ VFRUHV IRU HDFK FDQGLGDWH

,Q VXPPDU\� PRGHOLQJ SUHIHUHQFHV EHWZHHQ HSHQWKHVLV DQG DQ LV SRVVLEOH EHFDXVH

WKH 85V IRU D DQG DQ DUH HQFRGHG DV ZHLJKWHG FRQVWUDLQWV� $GMXVWLQJ WKH UHODWLYH

ZHLJKWV RI = �HM� DQG FKDQJHV WKH VWUHQJWK RI WKH GHIDXOW� 7KLV LV SRVVLEOH

EHFDXVH WKH FDQGLGDWH VHW FRQVLGHUV ERWK KLDWXV�DYRLGLQJ VWUDWHJLHV DW RQFH�

,Q WKH QH[W VHFWLRQ� , FRQVLGHU D GHULYDWLRQDO DFFRXQW RI D�Q� DOORPRUSK\ DQG

��HSHQWKHVLVݦ DUJXLQJ WKDW D SDUDOOHO DFFRXQW LV QHFHVVDU\�

����� 3DUDOOHOLVP LQ D�Q�

7KH LQWHUDFWLRQ RI �HSHQWKHVLVݦ DQG D�Q� LV DQ H[DPSOH RI WKH FKLFNHQ�HJJ HIIHFW�

�HSHQWKHVLVݦ LV FRQGLWLRQHG E\ 85 VHOHFWLRQ� DQG YLFH YHUVD�

���� 7KH FKLFNHQ�HJJ HIIHFW LQ DUWLFOH VHOHFWLRQ DQG �HSHQWKHVLVݦ

D� �HSHQWKHVLVݦ PXVW SUHFHGH 85 VHOHFWLRQ� VLQFH WKH FKRLFH RI SUH�

FRQVRQDQWDO D LV FRQGLWLRQHG E\ WKH HSHQWKHWLF [প]

E� 85 VHOHFWLRQ PXVW SUHFHGH ��HSHQWKHVLVݦ VLQFH LQWHUYRFDOLF �HSHQWKHVLVݦ LV

WULJJHUHG E\ WKH FKRLFH RI D

$Q DOWHUQDWLYH DSSURDFK WR GHDOLQJ ZLWK LQWHUDFWLRQV VXFK DV �HSHQWKHVLVݦ DQG D�Q�

DOORPRUSK\ LV ZKDW , FDOO D OHDS RI IDLWK GHULYDWLRQDO DQDO\VLV� 8QGHU WKLV W\SH DQDO\VLV�

���



85 VHOHFWLRQ SURFHHGV EOLQGO\� FUHDWLQJ PDUNHG VWUXFWXUH� /DWHU� WKLV PDUNHG VWUXFWXUH

LV UHSDLUHG�

8QGHU D OHDS RI IDLWK DQDO\VLV� D RFFXUV VRPH SURSRUWLRQ RI WKH WLPH EHIRUH YRZHOV�

ZLWKRXW DQ\ ORRNDKHDG WR ��HSHQWKHVLVݦ :KHQHYHU SUH�YRFDOLF D RFFXUV� WKH UHVXOWLQJ

KLDWXV LV UHVROYHG E\ DQ LQGHSHQGHQW SURFHVV RI ��HSHQWKHVLVݦ 7KH GLIIHUHQFHV EHWZHHQ

7RZHU +DPOHWV %DQJODGHVKL ER\V DQG ZKLWH JLUOV LV VLPSO\ WKH OLNHOLKRRG WKDW WKH\ XVH

SUH�YRFDOLF D� 7KLV DFFRXQW FDQ FDSWXUH WKH IDFW WKDW D RFFXUV EHIRUH YRZHOV� DQG LW FDQ

FDSWXUH WKH IDFW WKDW �HSHQWKHVLVݦ LV D JHQHUDO UHSDLU IRU KLDWXV�

7KH SUREOHP LV WKDW LW GLYRUFHV D�Q� VHOHFWLRQ DQG ��HSHQWKHVLVݦ HDFK LV DQ

LQGHSHQGHQW SURFHVV� LQGLIIHUHQW WR WKH RWKHU� 7KLV LV D SUREOHP EHFDXVH LW VHHPV WKDW

D�Q� VHOHFWLRQ DQG �HSHQWKHVLVݦ DUH FORVHO\ WLHG WRJHWKHU� %ULWDLQ DQG )R[ ������ QRWH

WKDW �HSHQWKHVLVݦ LV UHSODFLQJ LQWUXVLYH U DV WKH SUHIHUUHG KLDWXV UHVROXWLRQ VWUDWHJ\ LQ

PDQ\ GLDOHFWV RI (QJOLVK� DQG VXJJHVW WKDW WKH LQFUHDVLQJ SUHIHUHQFH IRU �HSHQWKHVLVݦ LV

WKH UHDVRQ ZK\ SUH�YRFDOLF D LV RQ WKH ULVH� $ VSHDNHU XVHV PRUH SUH�YRFDOLF D EHFDXVH

�HSHQWKHVLVݦ LV PRUH UHDGLO\ DYDLODEOH D UHSDLU�

6XSSRUW IRU WKH UHODWLRQVKLS EHWZHHQ SUH�YRFDOLF D DQG HSHQWKHVLV FRPHV IURP WKH

GHILQLWH DUWLFOH WKH� /LNH D�Q�� WKH LV FRQGLWLRQHG E\ WKH IROORZLQJ FRQWH[W ± ZLWK

[˓L] EHIRUH YRZHOV� DQG [˓̸] EHIRUH FRQVRQDQWV� ,QWHUHVWLQJO\� IRU WKH JURXSV VWXGLHG

LQ %ULWDLQ DQG )R[� WKH UDWHV RI SUH�YRFDOLF D DQG DQ URXJKO\ PDWFK WKH UDWHV RI

SUH�YRFDOLF [˓̸] ∼ [˓L]� 6SHDNHUV ZLWK SUH�YRFDOLF [̸প] WHQG WR XVH SUH�YRFDOLF [˓̸প]�

7KH VDPH UHODWLRQVKLS FDQ EH REVHUYHG DW DOO VWDJHV RI DFTXLVLWLRQ LQ 1HZWRQ DQG :HOOV

������ DQG 3DN �������

:K\ VKRXOG WKH XVH RI SUH�YRFDOLF [̸প] HQWDLO WKH XVH RI SUH�YRFDOLF [˓̸প]" %ULWDLQ

DQG )R[ DUJXH WKDW WKH\ DUH FRQQHFWHG E\ ��HSHQWKHVLVݦ $V �HSHQWKHVLVݦ EHFRPHV

UHJXODUL]HG� ERWK SUH�YRFDOLF [˓̸প] DQG [̸প] EHFRPH SUHIHUUHG WR SUH�YRFDOLF [˓L] DQG

[̸Q]�

���



7KH OHDS RI IDLWK DQDO\VLV WUHDWV D�Q� DQG �HSHQWKHVLVݦ DV VHSDUDWH� WKHUH¶V QR UHDVRQ

WKDW WKH XVH RI SUH�YRFDOLF D VKRXOG UHODWH HLWKHU WR WKH SUHIHUHQFH IRU �HSHQWKHVLVݦ RYHU

LQWUXVLYH U� RU WKH XVH RI SUH�YRFDOLF [˓̸]�

,Q WKH 85& DFFRXQW� WKH UDWH RI SUH�YRFDOLF D LV D GLUHFW FRQVHTXHQFH RI WKH UHODWLYH

ZHLJKWV RI WKH 85 FRQVWUDLQWV� ∗ԥ� � DQG � ,I ZH NHHS WKH ZHLJKWV RI WKH RWKHU

FRQVWUDLQWV FRQVWDQW� DQG ORZHU WKH ZHLJKW RI � WKH SUREDELOLW\ RI SUH�YRFDOLF D

LQFUHDVHV� /HW¶V DVVXPH WKH ZHLJKWV IRU WKH RWKHU FRQVWUDLQWV DUH HTXDO WR WKH ZHLJKWV

IURP WKH DQDO\VLV RI D 7RZHU +DPOHWV %DQJODGHVKL ER\�

&RQVWUDLQW :HLJKW

∗

= � Q�
= �HԌ�

7DEOH ����� )L[HG ZHLJKWV IRU FRQVWUDLQWV

7DNLQJ WKH ZHLJKWV DERYH DV IL[HG� YDU\LQJ WKH ZHLJKW RI JLYHV WKH SUREDELOLWLHV

RI SUH�YRFDOLF D EHORZ�

Z� � S�[̸প]� ∼ S�[̸Q]�

���� ∼ ����

���� ∼ ����

���� ∼ ����

���� ∼ ����

���� ∼ ����

���� ∼ ����

���� ∼ ����

7DEOH ����� 3UH�YRFDOLF DUWLFOHV XQGHU GLIIHUHQW ZHLJKWV RI
�NHHSLQJ RWKHU FRQVWUDLQW ZHLJKWV HTXDO�

���



7KHVH SUREDELOLWLHV UHVHPEOH WKH DFTXLVLWLRQ GDWD IURP 3DN ������� UHSHDWHG EHORZ�

7KH GLIIHUHQFH EHWZHHQ D �� DQG ��\HDU�ROG FDQ EH PRGHOHG DV D GLIIHUHQFH LQ WKH

ZHLJKW RI � 7KH WDEOH EHORZ VKRZV ZKDW WKH ZHLJKW RI ZRXOG EH� JLYHQ WKH

IL[HG FRQVWUDLQW ZHLJKWV DERYH�

$JH S�D� Z� �

� ���� .

� ���� .

� ���� .

��� ���� .

��� ����

����� ����

����

7DEOH ����� 3UREDELOLW\ RI D LQ SUH�YRFDOLF SRVLWLRQ XQGHU
GLIIHUHQW ZHLJKWV RI

7KH LQFUHDVLQJ ZHLJKW RI DERYH DOVR FRUUHFWO\ SUHGLFWV WKDW WKH UDWH RI

SUH�YRFDOLF [˓̸প] ZLOO GHFUHDVH� DOO HOVH EHLQJ HTXDO�

,Q VXPPDU\� XQGHU WKH 85& DQDO\VLV� DQ LQFUHDVH LQ SUH�YRFDOLF D IROORZV IURP

WKH LQFUHDVLQJ DYDLODELOLW\ RI ��HSHQWKHVLVݦ 7KLV LV VXSSRUWHG E\ WKH UHSODFHPHQW RI

LQWUXVLYH U ZLWK HSHQWKHWLF [প]� DQG SUH�YRFDOLF [˓̸প]� ZKLFK WUDFNV [̸প]� ,Q D GHULYDWLRQDO

DQDO\VLV LQ ZKLFK 85 VHOHFWLRQ DQG HSHQWKHVLV DUH LQGHSHQGHQW� DQ\ FRQQHFWLRQ EHWZHHQ

HSHQWKHVLV DQG SUH�YRFDOLF D LV D FRLQFLGHQFH�

��� &KDSWHU � FRQFOXVLRQ

7KLV FKDSWHU SURYLGHG D FDVH VWXG\ RI WKH LQGHILQLWH DUWLFOH� VXSSRUWLQJ WKH FODLP

WKDW 3&$ LV GULYHQ E\ ODQJXDJH�ZLGH FRQVWUDLQWV LQ D SDUDOOHO PRGHO RI SKRQRORJ\ DQG

PRUSKRORJ\� 7KH FRQVWUDLQW FRQGLWLRQLQJ D�Q� ± ∗ԥ� ± LV DFWLYH WKURXJKRXW (QJOLVK� DV

���



HYLGHQFHG E\ D QXPEHU RI GLIIHUHQW UHSDLUV� 7KH DFWLYH SKRQRORJLFDO FRQGLWLRQLQJ RI

D�Q� FDQ DOVR EH REVHUYHG LQ LWV LQWHUDFWLRQ ZLWK K�GHOHWLRQ DQG ��HSHQWKHVLVݦ ,Q ERWK

FDVHV� D�Q� DFFRPPRGDWHV WKH RXWSXW RI UHSDLUV� DQG PD\ WULJJHU WKH UHSDLUV DV ZHOO�

7KHVH GDWD DUH PRGHOHG ZLWK 85 FRQVWUDLQWV� ZKLFK FDQ DFFRXQW IRU GHIDXOWKRRG�

SKRQRORJLFDO FRQGLWLRQLQJ� DQG SUHIHUHQFHV EHWZHHQ UHSDLUV DQG QRQ�GHIDXOW 85V� ,Q

WKH FDVH RI D�Q�� FRUSXV HYLGHQFH VXSSRUWV WKH DQDO\VLV RI D DV GHIDXOW� LQGHSHQGHQW

UHSDLUV VXSSRUW ∗ԥ� � DQG WKH LQWHUDFWLRQ RI UHSDLUV DQG D�Q� FDQ EH VHHQ LQ �HSHQWKHVLVݦ

DQG UHGXFWLRQ�

$OO RI WKHVH JHQHUDOL]DWLRQV ± GHIDXOWKRRG� SKRQRORJLFDO FRQGLWLRQLQJ� 3&$�UHSDLU

LQWHUDFWLRQV ± IROORZ IURP UDQNLQJ RU ZHLJKWLQJ D VHW RI FRQVWUDLQWV� $V D UHVXOW�

WKHVH SURSHUWLHV FDQ EH OHDUQHG XVLQJ SUH�H[LVWLQJ OHDUQLQJ DOJRULWKPV� HLWKHU LQ 27 RU

0D[(QW�

���



&+$37(5 �

)5(1&+ /,$,621

��� 2YHUYLHZ RI &KDSWHU �

&KDSWHU � SUHVHQWV D VHFRQG FDVH VWXG\ LQ 85&� )UHQFK SUH�QRPLQDO OLDLVRQ� )UHQFK

OLDLVRQ LV VLPLODU WR D DQG DQ LQ (QJOLVK� 7KHUH DUH ZRUGV ZLWK WZR IRUPV� RQH &�ILQDO

�[S±WLW]� DQG RQH 9�ILQDO �[S±WL]�� WKH &�ILQDO IRUP RFFXUV EHIRUH YRZHOV� DQG WKH

9�ILQDO IRUP RFFXUV EHIRUH FRQVRQDQWV�

��� 3&$ LQ )UHQFK OLDLVRQ� SHWLW

D� /LVWHG 85V� �S±WL� DQG �S±WLW�
E� &RQGLWLRQLQJ� >S°WL@ EHIRUH FRQVRQDQWV

>S°WLW@ EHIRUH YRZHOV

F� ([DPSOHV� [S±WL JD޶Vɬ੻] µVPDOO ER\¶
[S±WLW ɬP] µVPDOO PDQ¶

/LNH WKH RWKHU FDVH VWXGLHV� )UHQFK OLDLVRQ LV DQDO\]HG DV 3&$� GULYHQ E\ D

ODQJXDJH�ZLGH FRQVWUDLQW� /LDLVRQ LV OH[LFDOO\ UHVWULFWHG DQG KLJKO\ LGLRV\QFUDWLF� 2QO\

VRPH ZRUGV XQGHUJR OLDLVRQ� DQG ZRUGV GLIIHU DV WR ZKHWKHU WKH &�ILQDO RU 9�ILQDO ZRUG

DUH GHIDXOW� , VKRZ WKDW XVLQJ 85 FRQVWUDLQWV IRU )UHQFK OLDLVRQ FDQ DFFRXQW IRU WKHVH

SURSHUWLHV�

7KH FKDSWHU LV RXWOLQHG DV IROORZV�

,Q ����� , SURYLGH VRPH EDFNJURXQG RQ OLDLVRQ� 7KHVH GDWD DUH XVHG LQ ���� WR

DUJXH WKDW OLDLVRQ LV WKH UHVXOW RI 3&$� DQG QRW HSHQWKHVLV RU GHOHWLRQ� ,Q ����� , JLYH D

���



85& DQDO\VLV RI OLDLVRQ LQ DGMHFWLYHV OLNH SHWLW DERYH� ,Q WKLV DQDO\VLV� 3&$ LV GULYHQ

E\ WKH PDUNHGQHVV FRQVWUDLQW ∗ �

,Q WKH QH[W WZR VHFWLRQV� , H[SDQG WKLV DQDO\VLV WR PRUH FDVHV RI OLDLVRQ� LQFOXGLQJ

SUH�QRPLQDO QXPHUDOV ������ DQG ৻�ILQDO ZRUGV ������� 7KHVH FDVHV OHQG WKHPVHOYHV

WR DQDO\VLV LQ 85&� ,Q QXPHUDOV� GHIDXOWV GLIIHU RQ D ZRUG�E\�ZRUG EDVLV� DQG WKHVH

GLIIHUHQFHV FDQ EH FDSWXUHG E\ UDQNLQJ 85 FRQVWUDLQWV� ,Q ৻�ILQDO ZRUGV� 3&$ LQWHUDFWV

ZLWK D SURFHVV RI Q�HSHQWKHVLV� DQG WKLV IROORZV IURP WKH UDQNLQJ RI 85 FRQVWUDLQWV

DQG IDLWKIXOQHVV� ৻�ILQDO ZRUGV DOVR SURYLGH DQRWKHU FDVH RI YDULDWLRQ�

,Q ����� , VKRZ WKDW ∗ � WKH FRQVWUDLQW XVHG WKURXJKRXW WKH FKDSWHU� LV

LQGHSHQGHQWO\ DWWHVWHG LQ )UHQFK� )LQDOO\� ���� FRQVLGHUV DQ DOWHUQDWLYH DFFRXQW RI

OLDLVRQ ZLWK JHQGHU VXSSOHWLRQ�

7KH EXOOHW SRLQWV EHORZ VXPPDUL]H KRZ HDFK UHVXOW RI 85& LV VXSSRUWHG LQ WKH

FKDSWHU�

� /DQJXDJH�ZLGH FRQVWUDLQWV FRQGLWLRQ 3&$� KLDWXV LV LQGHSHQGHQWO\ DYRLGHG LQ

)UHQFK ������� 7KH VDPH FRQVWUDLQW �৻�9�<�± GULYH ERWK 3&$ DQG UHSDLUV

�������

� 85 6HOHFWLRQ FRQVLGHUV WKH RXWSXW� OLDLVRQ FRQVSLUHV ZLWK Q�HSHQWKHVLV� DQG WKH

FKRLFH EHWZHHQ WKHP UHTXLUHV SDUDOOHOLVP �������

� 'HIDXOWV HPHUJH IURP UDQNLQJ� GHIDXOWKRRG LV XQSUHGLFWDEOH LQ QXPHUDOV ������

DQG ৻�ILQDO ZRUGV �������

7KH DFFRXQW RI ৻�ILQDO OLDLVRQ LQ ���� DQG WKH DFFRXQW RI QXPHUDOV LQ ���� ERWK

GLYHUJH IURP WKH VWDQGDUG DQDO\VLV RI OLDLVRQ� 7KH DQDO\VLV RI ৻�ILQDO OLDLVRQ WUHDWV

LW DV D FRPELQDWLRQ RI 3&$ DQG HSHQWKHVLV� ZKLFK LV HPSLULFDOO\ ZHOO�PRWLYDWHG� DQG

SRVVLEOH JLYHQ WKH SDUDOOHO DUFKLWHFWXUH RI 85&� 7KH DQDO\VLV RI QXPHUDOV SURYLGHV

DQ DUJXPHQW IRU WUHDWLQJ OLDLVRQ DV 3&$� DQG DUJXHV DJDLQVW DQ DFFRXQW ZLWK IORDWLQJ

FRQVRQDQWV� VXFK DV 7UDQHO �������

���



��� %DFNJURXQG RQ OLDLVRQ

)UHQFK OLDLVRQ LV D ZHOO�NQRZQ SKHQRPHQRQ� LQ ZKLFK WKH ILQDO FRQVRQDQW RI D ZRUG

DOWHUQDWHV ZLWK ]HUR� 7KH ILQDO FRQVRQDQW RI D OLDLVRQ�XQGHUJRLQJ ZRUG LV SURQRXQFHG

EHIRUH D YRZHO� EXW QRW EHIRUH D FRQVRQDQW �IRU DQ RYHUYLHZ� VHH 'HOO ����� 7UDQHO

����� RU &{Wp ������ 7KH SDLU SHWLW KRPPH DQG SHWLW JDUoRQ DUH D VWUDLJKWIRUZDUG

H[DPSOH� &�ILQDO [S±WLW] RFFXUV EHIRUH YRZHOV� DQG 9�ILQDO [S±WL] RFFXUV EHIRUH

FRQVRQDQWV� 7KH V\PERO ુ VKRZV ZKHQ D OLDLVRQ FRQVRQDQW LV SURQRXQFHG�

��� &�ILQDO
/

9

D� XQ SHWLW ુ KRPPH [͑ ੻ S±WLW ɬP] µD VKRUW PDQ¶

E� XQ JUDQG ુ KRPPH [͑ ੻ J޶ľ੻W ɬP] µD WDOO PDQ¶

F� KXLW ુ KRPPHV [њLW ɬP] µHLJKW PHQ¶

��� 9�ILQDO
/

&

D� XQ SHWLW JDUoRQ [͑ ੻ S±WL JD޶Vɬ੻] µD VKRUW ER\¶

E� XQ JUDQG JDUoRQ [͑ ੻ J޶ľ੻ JD޶Vɬ੻] µD WDOO ER\¶

F� KXLW JDUoRQV [њL JD޶Vɬ੻] µHLJKW ER\V¶

7\SLFDOO\� OLDLVRQ FRQVRQDQWV DUH XQSURQRXQFHG SKUDVH�ILQDOO\�

��� 9�ILQDO
/ ]

3K

D� LO HVW SHWLW [LO ͑ S±WL] µKH¶V VKRUW¶

E� LO HVW JUDQG [LO ͑ J޶ľ੻] µKH¶V WDOO¶

1XPHUDOV DUH DQ H[FHSWLRQ )RU WKHVH� ZKHWKHU WKH ILQDO FRQVRQDQW LV SURQRXQFHG DW

WKH HQG RI D SKUDVH GHSHQGV RQ WKH ZRUG� 6RPH QXPHUDOV �H�J� KXLW� KDYH SURQRXQFHG

ILQDO FRQVRQDQWV� ZKLOH RWKHUV �H�J� YLQJW� GR QRW�

��� &�ILQDO
/ ]

3K

D� LO HQ D KXLW [LO ľ੻Q D њLW] µKH KDV HLJKW¶

���



E� LO HQ D YLQJW [LO ľ੻Q D Y͑ ੻] µKH KDV WZHQW\¶

7KHVH FDVHV DUH GLVFXVVHG DW OHQJWK LQ ����� 7KH GLIIHUHQFHV EHWZHHQ KXLW DQG YLQJW

FDQ EH FDSWXUHG VWUDLJKWIRUZDUGO\ ZLWK 85 FRQVWUDLQWV�

'R]HQV RI ZRUGV XQGHUJR OLDLVRQ� DQG OLDLVRQ ZRUGV FDQ EHORQJ WR QHDUO\ DQ\

V\QWDFWLF FDWHJRU\� LQFOXGLQJ DGMHFWLYHV� GHWHUPLQHUV� QRXQV� YHUEV� DQG SUHSRVLWLRQV� ,

IRFXV RQ DGMHFWLYHV DQG QXPHUDOV KHUH�

7\SHV RI DOWHUQDWLRQV� ,Q DGGLWLRQ WR DQ DOWHUQDWLQJ FRQVRQDQW� VRPH OLDLVRQ ZRUGV

DOVR FRQWDLQ DQ DOWHUQDWLQJ YRZHO� ,Q WKH H[DPSOHV EHORZ� ZH ILQG [͑] DOWHUQDWLQJ ZLWK

[R] LQ EHO∼EHDX� [͑] DOWHUQDWLQJ ZLWK [±] LQ FHW∼FH� DQG [ɬ੻] DOWHUQDWLQJ ZLWK [ɬ] LQ ERQ�

��� /LDLVRQ DORQJVLGH YRZHO DOWHUQDWLRQV

D� XQ EHO KRPPH [͑ ੻ E͑O ɬP] µD KDQGVRPH PDQ¶

E� XQ EHDX JDUoRQ [͑ ੻ ER JD޶Vɬ੻] µD KDQGVRPH ER\¶

F� FHW KRPPH [V͑W ɬP] µWKDW PDQ¶

G� FH JDUoRQ [V± JD޶Vɬ੻] µWKDW ER\¶

H� XQ ERQ KRPPH [͑ ੻ EɬQ ɬP] µD JRRG PDQ¶

I� XQ ERQ JDUoRQ [͑ ੻ Eɬ੻ JD޶Vɬ੻] µD JRRG ER\¶

)RU WKH PRVW SDUW� WKH DOORPRUSKV RI D OLDLVRQ ZRUG GLIIHU LQ ZKHWKHU WKH\ HQG LQ D

FRQVRQDQW RU YRZHO� H�J�� [S±WL∼S±WLW]� EXW WKHUH DUH DOVR OLDLVRQ ZRUGV LQ ZKLFK WKH

WZR IRUPV HQG LQ 9&& DQG 9&� ,Q WKHVH ZRUGV� 9&& RFFXUV EHIRUH YRZHOV� DQG 9&

RFFXUV EHIRUH FRQVRQDQWV�

��� /LDLVRQ ZLWK 9&∼9&& DOWHUQDWLRQ

D� FRXUWH�FRXUW [NX޶W�±�∼NX޶] µVKRUW¶

E� IRXUWH�IRUW [Iɬ޶W�±�∼Iɬ޶] µVWURQJ¶

F� ORXUGH�ORXUG [OX޶G�±�∼OX޶] µKHDY\¶

G� LOV [LO]∼LO] µWKH\ �PDVF��¶

���



H� HOOHV [͑O]∼͑O] µWKH\ �IHP��¶

,Q WKHVH FDVHV� OLDLVRQ LQWHUDFWV ZLWK HSHQWKHVLV� 7KH [�±�] DERYH LV DQ HSHQWKHWLF

YRZHO� HPSOR\HG ZKHQ WKH 9&&�ILQDO IRUP RFFXUV EHIRUH FRQVRQDQWV �)pU\ ������

/H[LFDO UHVWULFWLRQV DQG WHQGHQFLHV� /LDLVRQ LV KLJKO\ LGLRV\QFUDWLF� ,W RQO\ RFFXUV

ZLWK FHUWDLQ ZRUGV� DQG IRU WKRVH ZRUGV� WKH OLDLVRQ FRQVRQDQW LV XQSUHGLFWDEOH� 7KLV LV

WKH PDLQ UHDVRQ , DUJXH WKDW LW¶V 3&$ LQ WKH QH[W VHFWLRQ�

1RW HYHU\ ZRUG LQ )UHQFK XQGHUJRHV OLDLVRQ� 0DQ\ ZRUGV ± ERWK FRQVRQDQW� DQG

YRZHO�ILQDO ± KDYH MXVW RQH IRUP DFURVV DOO FRQWH[WV�

��� 1RQ�DOWHUQDWLQJ DGMHFWLYHV

D� MROL KRPPH [ওɬOL ɬP] µSUHWW\ PDQ¶

E� MROL JDUoRQ [ওɬOL JD޶Vɬ੻] µSUHWW\ ER\¶

F� MHXQH KRPPH [M¡Q ɬP] µ\RXQJ PDQ¶

G� MHXQH JDUoRQ [M¡Q JD޶Vɬ੻] µ\RXQJ ER\¶

$ OLVW RI PRUH VLQJXODU QRQ�DOWHUQDWLQJ DGMHFWLYHV� WDNHQ IURP )pU\ ������� LV

UHSURGXFHG EHORZ�

��� 1RQ�DOWHUQDWLQJ VLQJXODU DGMHFWLYHV �)pU\ �����

D� KRQQrWH [ɬQ͑W] µKRQHVW¶

E� KXPLGH [\PLG] µKXPLG¶

F� FRUUHFW�H� [Nɬ͑޶NW] µFRUUHFW¶

G� FDOP [NDOP] µTXLHW¶

H� MDXQH [ওRQ] µ\HOORZ¶

I� IDWLJXp [IDWLJH] µWLUHG¶

J� REOLTXH [ɬEOLN] µREOLTXH¶

K� URXJH [Xও޶] µUHG¶

L� DOHUWH [DO͑޶W] µDOHUW¶

���



M� SDXYUH [SRY޶] µSRRU¶

N� QRLU�H� [QZD޶] µEODFN¶

O� SROL�H� [SɬOL] µSROLWH¶

)HPLQLQH DGMHFWLYHV DUH DOPRVW DOZD\V &�ILQDO� DQG QHYHU DOWHUQDWH� &�ILQDO RU QRW�

7KLV LV WUXH HYHQ IRU IHPLQLQH YHUVLRQV RI OLDLVRQ�XQGHUJRLQJ PDVFXOLQH DGMHFWLYHV�

:KLOH PDVFXOLQH EHDX �[ER]� DOWHUQDWHV ZLWK EHO �[E͑O]�� IHPLQLQH EHOOH �[E͑O]� GRHV QRW
DOWHUQDWH DW DOO�

���� )HPLQLQH DGMHFWLYHV GRQ¶W DOWHUQDWH

D� EHOOH EDJXHWWH [E͑O EDJ͑W] µEHDXWLIXO EDJXHWWH¶

E� EHOOH IRUFKHWWH [E͑O Iɬ͑ߑ޶W] µEHDXWLIXO IRUN¶

F� EHOOH RPHOHWWH [E͑O ɬPO͑W] µEHDXWLIXO RPHOHWWH¶

G� EHOOH DVVLHWWH [E͑O DVM͑W] µEHDXWLIXO SODWH¶

H� HOOH HVW EHOOH [͑O ͑ E͑O] µVKH¶V EHDXWLIXO¶

/LDLVRQ LVQ¶W UHVWULFWHG WR PDVFXOLQH ZRUGV� )HPLQLQH GHWHUPLQHUV� XQOLNH DGMHFWLYHV�

FDQ XQGHUJR OLDLVRQ� DV VKRZQ EHORZ� (DFK RI WKH GHWHUPLQHUV KDV WZR IRUPV ± RQH

&�ILQDO DQG RQH 9�ILQDO ± FRQGLWLRQHG LQ WKH XVXDO ZD\�

���� $OWHUQDWLQJ IHPLQLQH GHWHUPLQHUV �DOO QRXQV DUH IHPLQLQH�

D� PD ILJXUH [PD ϧJ\޶] µP\ ILJXUH¶

E� PRQ LPDJH [Pɬ੻Q LPDও] µP\ LPDJH¶

F� VD ILJXUH [VD ϧJ\޶] µKLV ILJXUH¶

G� VRQ LPDJH [Vɬ੻Q LPDও] µKLV LPDJH¶

H� WD IHPPH [WD ϧJ\޶] µ\RXU ILJXUH¶

I� WRQ LPDJH [Wɬ੻Q LPDও] µ\RXU LPDJH¶

)RU WKH ZRUGV WKDW XQGHUJR OLDLVRQ� WKH DOWHUQDWLQJ FRQVRQDQW LV XQSUHGLFWDEOH�

7KHUH¶V QR ZD\ WR GHWHUPLQH ZKHWKHU D ZRUG ZLOO KDYH DQ DOWHUQDWLQJ [O] RU [S] RU

���



[]]� DQG VR RQ� 7KH RQO\ JRRG SUHGLFWRU LV VSHOOLQJ ± RUWKRJUDSKLF W�ILQDO ZRUGV� IRU

H[DPSOH� DOPRVW DOZD\V KDYH [W] DV D OLDLVRQ FRQVRQDQW� 7KHUH DUH DOVR WHQGHQFLHV

DPRQJ OLDLVRQ FRQVRQDQWV� PRVW OLDLVRQ ZRUGV KDYH []]� [W]� RU [Q]� 7KHUH DUH RQO\ D

IHZ ZRUGV ZLWK RWKHU FRQVRQDQWV� H�J� [޶] LQ GHUQLHU� [O] LQ EHO� [M] LQ JHQWLO� [S] LQ

EHDXFRXS� [N] LQ FLQT� DQG [J] LQ ORQJ�

,W¶V ZRUWK PHQWLRQLQJ QRZ WKDW PRVW DGMHFWLYHV LQ )UHQFK RFFXU DIWHU QRXQV� ZLWK

RQO\ D VPDOO VHW RFFXUULQJ EHIRUH �DGMHFWLYHV RI EHDXW\� DJH� JRRGQHVV� VL]H�� :KLOH

MHXQH KRPPH �³\RXQJ PDQ´� LV VWDQGDUG� MDXQH KRPPH �³\HOORZ PDQ´� LV YLHZHG DV

DUFKDLF RU OLWHUDU\� 'HVSLWH WKLV� PDQ\ DXWKRUV UHSRUW WKDW VSHDNHUV KDYH MXGJPHQWV IRU

OLDLVRQ LQ WKHVH FRQWH[WV� 7KXLOLHU ������ VKRZV WKDW D ELQDU\ EHIRUH�RU�DIWHU GLYLGH

IRU DGMHFWLYHV LV LQDSSURSULDWH� VLQFH PDQ\ DGMHFWLYHV DUH YDULDEOH� WKHLU SODFHPHQW

FRQGLWLRQHG E\ PDQ\ IDFWRUV� LQFOXGLQJ OH[LFDO IUHTXHQF\� 8QOHVV QRWHG RWKHUZLVH� DOO

RI WKH DGMHFWLYHV XVHG EHIRUH QRXQV LQ WKLV FKDSWHU DUH FKDUDFWHULVWLF RI WKH XVDJH RI

VWDQGDUG )UHQFK�

%HIRUH PRYLQJ RQ WR WKH DQDO\VLV� WKHUH DUH WZR PRUH FRPSOLFDWLQJ IDFWRUV WR EH

DGGUHVVHG� YDULDWLRQ LQ OLDLVRQ DQG +�DVSLUp� , GLVFXVV WKHVH LQ WXUQ EHORZ�

,QWUDVSHDNHU YDULDWLRQ LQ OLDLVRQ� )UHQFK OLDLVRQ LV VXEMHFW WR D JUHDW GHDO RI

YDULDWLRQ� ERWK ZLWKLQ DQG DFURVV VSHDNHUV�

7KH GLVFXVVLRQ KHUH ODUJHO\ FRQFHUQV LQWUDVSHDNHU YDULDWLRQ� ZKRVH H[LVWHQFH LV

VXSSRUWHG E\ ERWK VSHDNHU MXGJPHQWV DQG FRUSXV GDWD� (QFUHYH ������¶V VWXG\ RI

OLDLVRQ UDWHV LQ SROLWLFLDQV VKRZV WKDW OLDLVRQ DSSOLHV YDULDEO\ IRU WKH VDPH LQGLYLGXDO

XVLQJ WKH VDPH ZRUGV� 7KHUH DUH DOVR LQWHUVSHDNHU GLIIHUHQFHV� (QFUHYp VKRZV WKDW

GLIIHUHQW SROLWLFLDQV KDYH GLIIHUHQW EDVHOLQH UDWHV�

:KLOH PDQ\ IDFWRUV LQIOXHQFH WKH SUREDELOLW\ RI OLDLVRQ� WKH PRVW LPSRUWDQW VHHPV WR

EH SURVRG\� 7KH PRUH OLNHO\ WZR ZRUGV DUH WR EH SDUVHG LQ WKH VDPH SURVRGLF XQLW� WKH

PRUH OLNHO\ OLDLVRQ LV WR RFFXU �VHH &{Wp ���� IRU DQ RYHUYLHZ RI SURVRGLF DFFRXQWV��

���



7KH WUDGLWLRQDO GHVFULSWLRQ �H�J�� 'HODWWUH ����� 7UDQHO ����� VHSDUDWHV OLDLVRQ LQWR

WKUHH FDWHJRULHV� REOLJDWRU\ OLDLVRQ� YDULDEOH OLDLVRQ� DQG IRUELGGHQ OLDLVRQ� %HORZ� ,

VKRZ H[DPSOHV RI HDFK� 7KHVH DUHQ¶W FRPSOHWH OLVWV� DQG VRPH DXWKRUV XVH D PRUH

ILQH�JUDLQHG IUHTXHQF\ VFDOH� H�J� RQH ZLWK �� SRLQWV LQ 'HODWWUH �������

/LDLVRQ LV REOLJDWRU\ DIWHU FOLWLFV� VXFK DV GHWHUPLQHUV DQG SURQRXQV� DQG EHWZHHQ D

SUH�QRPLQDO DGMHFWLYH DQG WKH IROORZLQJ QRXQ� 7KHVH DUH WKH FDVHV , IRFXV RQ LQ WKH

ILUVW SDUW RI WKH FKDSWHU�

���� &OLWLF � ; �REOLJDWRU\�

D� LOV ુ RQW PDQJp µWKH\ KDYH HDWHQ¶

�LOV  VXEMHFW SURQRXQ�

E� LOV ુ \ YRQW µWKH\¶UH JRLQJ WKHUH¶

�LOV  VXEMHFW SURQRXQ�

F� OHV ુ KRPPHV µWKH JX\V¶

�OHV  GHWHUPLQHU�

G� FHV ુ KRPPHV µWKRVH JX\V¶

�FHV  GHWHUPLQHU�

H� GHV ુ KRPPHV µVRPH JX\V¶

�GHV  GHWHUPLQHU�

���� $GM � 1 �REOLJDWRU\�

D� JUDQG ુ KRPPH µWDOO PDQ¶

E� SHWLW ુ KRPPH µVKRUW PDQ¶

7KH IDFWV DERYH DUH UHSRUWHG LQ 7UDQHO ������� EXW WKHUH DUH D IHZ FRPSOLFDWLRQV�

'HODWWUH ������ DQG 'XUDQG DQG /\FKH ������ UHSRUW WKDW $GM�1 LVQ¶W REOLJDWRU\� FLWLQJ

VRPH FRUSXV FRXQWHUH[DPSOHV� )RU VLPSOLFLW\� DQG VLQFH WKH\ DUH QHDUO\ REOLJDWRU\� ,

WUHDW WKHP DV REOLJDWRU\ KHUH�

���



/LDLVRQ LV DOVR REOLJDWRU\ LQ IL[HG SKUDVHV OLNH ÇWDWV ુ 8QLV �³8QLWHG 6WDWHV´�� LO

pWDLW ુ XQH IRLV �³RQFH XSRQ D WLPH´�� DQG SHWLW ુ j SHWLW �³OLWWOH E\ OLWWOH´�� $ ORQJ OLVW

RI IL[HG SKUDVHV FDQ EH IRXQG LQ 0RLVVHW �������

0RYLQJ RQ� OLDLVRQ LV IRUELGGHQ LQ FRQWH[WV OLNH WKH RQHV EHORZ� ZKLFK DUH XVXDOO\

WDNHQ WR EH VHSDUDWHG E\ VWURQJ SURVRGLF ERXQGDULHV�

���� 6XEMHFW � 9 �IRUELGGHQ� XQOHVV VXEMHFW LV D FOLWLF DV DERYH�

D� 
O¶HQIDQW ુ D UpXVVL µWKH FKLOG VXFFHHGHG¶

E� 
OHV JHQV ુ RQW IDLP µSHRSOH DUH KXQJU\¶

���� 6LQJXODU 1 � $GM �IRUELGGHQ�

D� 
OH VROGDW ુ DQJODLV µWKH %ULWLVK VROGLHU¶

)LQDOO\� ZH ILQG YDULDEOH OLDLVRQ LQ WKH FRQWH[WV EHORZ�

���� 3UHS � ; �YDULDEOH�

D� SHQGDQW ુ XQH VHPDLQH µIRU D ZHHN¶

E� DSUqV ુ DYRLU PDQJp µDIWHU HDWLQJ¶

���� $X[ � 9 �YDULDEOH�

D� LOV RQW ુ DFKHWp µWKH\ KDYH ERXJKW¶

E� YRXV GHYH] ુ DOOHU µ\RX PXVW JR¶

���� 3OXUDO 1 � $GM �YDULDEOH�

D� OHV VROGDWV ુ DQJODLV µWKH %ULWLVK VROGLHUV¶

3UHS�13 DQG $X[�9 OLDLVRQ DUH LQWHUHVWLQJ� VLQFH WKHVH YDULDEOH FDVHV DUH DOVR

VXEMHFW WR OH[LFDO YDULDWLRQ� 6RPH DX[LOLDULHV DQG SUHSRVLWLRQV KDYH KLJKHU EDVHOLQH

UDWHV WKDQ RWKHUV� LQ D VHHPLQJO\ DUELWUDU\ ZD\� , UHWXUQ WR WKLV ODWHU�

:H DOVR ILQG� LQWHUHVWLQJO\� D VSOLW EHWZHHQ OLDLVRQ LQ SOXUDO 1 � $GM DQG VLQJXODU

1 � $GM� ZKLFK DUH YDULDEOH DQG IRUELGGHQ� UHVSHFWLYHO\� 7KLV LV MXVW RQH FDVH RI

���



SOXUDOV EHKDYLQJ XQXVXDOO\ ZLWK UHVSHFW WR OLDLVRQ� /LDLVRQ LV PRUH OLNHO\ WR DSSO\ LQ

SOXUDOV� DQG VSHDNHUV HYHQ RYHU�DSSO\ LW� XVLQJ D OLDLVRQ FRQVRQDQW ZLWK SOXUDO ZRUGV

WKDW GRQ¶W XVXDOO\ KDYH RQH� 7R DFFRXQW IRU WKLV� OLDLVRQ ZLWK >]@ LQ SOXUDO FRQWH[WV

LV VRPHWLPHV DQDO\]HG DV WKH UHVXOW RI D SOXUDO SUHIL[ �*RXJHKHLP ����� 0RULQ DQG

.D\H ������ %HFDXVH RI WKLV DQDO\WLF DPELJXLW\� , WU\ WR DYRLG OLDLVRQ ZLWK SOXUDO >]@ LQ

ODWHU VHFWLRQV�

%H\RQG SURVRG\ DQG SKRQRORJ\� D QXPEHU RI IDFWRUV DIIHFW WKH OLNHOLKRRG RI D

ZRUG WR XQGHUJR OLDLVRQ� 0RVW RI WKHVH ZRQ¶W EH GLVFXVVHG KHUH� EXW , QRWH WKHP IRU

FRPSOHWHQHVV� /LDLVRQ LV LQIOXHQFHG E\ VW\OH �IRUPDO YV� YHUQDFXODU� 0RLVVHW ������

WKH OHQJWK RI WKH OLDLVRQ�XQGHUJRLQJ ZRUG �'H -RQJ ����� 0RLVVHW ������ OH[LFDO

IUHTXHQF\ �'H -RQJ ����� )RXJHURQ HW DO� ������ VSHHFK UDWH �3DN DQG )ULHVQHU ������

DQG VWUXFWXUDO IUHTXHQF\ �%\EHH ������

(YHQ DIWHU FRQWUROOLQJ IRU OH[LFDO IUHTXHQF\ DQG RWKHU IDFWRUV� OLDLVRQ LV VXEMHFW WR

OH[LFDOO\ LGLRV\QFUDWLF YDULDWLRQ� cJUHQ ������ VKRZV WKDW GLIIHUHQW IRUPV RI WKH VDPH

YHUE XQGHUJR OLDLVRQ DW GLIIHUHQW UDWHV LQ VHHPLQJO\ DUELWUDU\ ZD\V� 0DOOHW ������ DQG

'H -RQJ ������ ILQG VLPLODULW\ DUELWUDU\ GLIIHUHQFHV EHWZHHQ GLIIHUHQW DGYHUEV�

WUqV ³YHU\´ SOXV ³PRUH´ ELHQ ³ZHOO´ SDV ³QRW´

0DOOHW ������ ��� ��� ��� ��

GH -RQJ ������ ��� ��� ��� ��

7DEOH ���� 3HUFHQW OLDLVRQ LQ DGYHUEV IURP 0DOOHW ������ DQG GH
-RQJ ������� DV SUHVHQWHG LQ &{Wp ������

, ZRQ¶W SURYLGH DQ DFFRXQW IRU WKH GLIIHUHQFHV DERYH� EXW JHQHUDOO\� XVLQJ ZHLJKWHG

FRQVWUDLQWV LQ 85& FDQ FDSWXUH OH[LFDOO\�FRQGLWLRQHG GLIIHUHQFHV OLNH WKH RQHV DERYH

�VHH ���� DQG ���� IRU H[DPSOHV��

+�DVSLUp� 2QH LVVXH FRPSOLFDWLQJ DQ\ GLVFXVVLRQ RI OLDLVRQ LV +�DVSLUp� $Q K�DVSLUp

ZRUG EHJLQV ZLWK D YRZHO EXW SDWWHUQV DV LI LW EHJDQ ZLWK D FRQVRQDQW� $V D UHVXOW RI

���



WKLV LQYLVLEOH FRQVRQDQW� DQ +�DVSLUp ZRUG GRHVQ¶W WULJJHU OLDLVRQ� QRU GRHV LW UHVROYH

KLDWXV WKURXJK GHOHWLRQ OLNH RWKHU 9�LQLWLDO ZRUGV�

7KLV LV VKRZQ E\ KRPPH� KLERX� DQG JDUoRQ EHORZ� %RWK KRPPH DQG KLERX DUH

9�LQLWLDO� EXW KLERX LV DQ +�DVSLUp ZRUG� %HFDXVH RI WKLV� LW SDWWHUQV H[DFWO\ OLNH

&�LQLWLDO JDUoRQ� /LDLVRQ DQG GHOHWLRQ RFFXU IRU KRPPH EXW QRW KLERX�

���� 9�LQLWLDO �KRPPH�� +�DVSLUp �KLERX�� DQG &�LQLWLDO �JDUoRQ�

D� OHV ુ KRPPHV [OH] ɬP]

E� FHW KRPPH [V͑W ɬP]

F� O¶KRPPH [O ɬP]

G� OHV KLERXV [OH LEX]

H� FH KLERX [V± LEX]

I� OH KLERX [O± LEX]

J� OHV JDUoRQV [OH JD޶Vɬ੻]
K� FH JDUoRQ [V± JD޶Vɬ੻]
L� OH JDUoRQ [O± JD޶Vɬ੻]

:KHWKHU D ZRUG EHJLQV ZLWK D SKRQRORJLFDOO\ ZHOO�EHKDYHG YRZHO RU DQ +�DVSLUp

LV SKRQRORJLFDOO\ XQSUHGLFWDEOH� 7KHUH DUH PLQLPDO SDLUV OLNH [O± Dߑ] �OH KDFKH ³WKH

D[H´� DQG [ODߑ ] �O¶+ ³WKH OHWWHU +´�� 7KH SKRQRORJLFDO XQSUHGLFWDELOLW\ RI +�DVSLUp LV

VXSSRUWHG E\ WKH IDFW WKDW LW¶V VXEMHFW WR UDPSDQW LQWHUVSHDNHU YDULDWLRQ DQG FKDQJH�

HVSHFLDOO\ LQ ORZHU IUHTXHQF\ ZRUGV OLNH SURSHU QDPHV �*UHYLVVH ������

6R IDU� DOO RI WKH JHQHUDOL]DWLRQV DERXW OLDLVRQ H[FOXGH +�DVSLUp ZRUGV� (YHU\

LQVWDQFH RI ³YRZHO�LQLWLDO´ FRXOG EH UHSODFHG ZLWK ³YRZHO�LQLWLDO �H[FHSW +�DVSLUp�´�

7KLV PLJKW VHHP VXVSLFLRXVO\ FLUFXODU� OLDLVRQ GRHVQ¶W DSSO\ EHIRUH VRPH YRZHO�LQLWLDO

ZRUGV EHFDXVH RI +�DVSLUp� DQG RQH ZD\ ZH GHWHUPLQH +�DVSLUp�KRRG LV OLDLVRQ�

7KH LPSRUWDQW WKLQJ KHUH LV WKDW +�DVSLUp ZRUGV EHKDYH FRQVLVWHQWO\ DV FRQVRQDQW�

LQLWLDO� ,I DQ +�DVSLUp ZRUG GRHV QRW WULJJHU GHOHWLRQ� ZH NQRZ WKDW LW ZLOO QRW WULJJHU

���



OLDLVRQ� DQG YLFH YHUVD� $V D UHVXOW� ZH FDQ LQGHSHQGHQWO\ GLDJQRVH +�DVSLUp�KRRG�

DQG H[FOXGLQJ +�DVSLUp ZRUGV IURP WKH DQDO\VLV RI OLDLVRQ LV QRW D FDVH RI DQDO\WLF

FKHUU\�SLFNLQJ�

,QWHULP VXPPDU\� 7R VXPPDUL]H� WKH PDLQ JHQHUDOL]DWLRQV DUH EHORZ�

� /LDLVRQ LV OH[LFDOO\ UHVWULFWHG�

� 7KH &�ILQDO IRUP RFFXUV EHIRUH YRZHOV� �H�J�� EHO KRPPH�

� 7KH 9�ILQDO IRUP RFFXUV EHIRUH FRQVRQDQWV� �H�J�� EHDX JDUoRQ�

� 7\SLFDOO\� WKH 9�ILQDO IRUP RFFXUV SKUDVH�ILQDOO\� �H�J�� LO HVW EHDX�

� /LDLVRQ LV REOLJDWRU\ LQ $GM�1 DQG 'HW�1 FRQVWUXFWLRQV�

��� /LDLVRQ LV 3&$

7KH DFFRXQW , GHYHORS KHUH LV WKDW D OLDLVRQ�XQGHUJRLQJ ZRUG KDV WZR 85V� RQH IRU

WKH 9�ILQDO IRUP� DQG RQH IRU WKH &�ILQDO IRUP�

���� 7KH 3&$ DFFRXQW� WZR 85V IRU SHWLW

D� �S±WL� EHIRUH FRQVRQDQWV DQG SKUDVH�ILQDOO\

E� �S±WLW� EHIRUH YRZHOV

$ 3&$ DFFRXQW LV FRPPRQO\ XVHG IRU WKH ZRUGV ZLWK YRZHO DOWHUQDWLRQV� VXFK DV

EHDX∼EHO DQG FH∼FHW� 7KHVH UHTXLUH D QXPEHU RI GLIIHUHQW YRZHO DGMXVWPHQW SURFHVVHV

WKDW DUH XQVXSSRUWHG LQ )UHQFK� 1R PDWWHU ZKDW DQDO\VLV LV DVVXPHG IRU OLDLVRQ� DW WKH

YHU\ OHDVW� ZRUGV OLNH EHDX UHTXLUH 3&$�

)RU VLPSOH ZRUGV OLNH SHWLW� ZKLFK DUH RQO\ VXEMHFW WR D FRQVRQDQW DOWHUQDWLRQ� WKH

3&$ DFFRXQW LV XVHG OHVV RIWHQ� ,Q LWV SODFH ZH ILQG DFFRXQWV ZLWK HSHQWKHVLV DQG

GHOHWLRQ� HDFK RI ZKLFK , GLVFXVV EHORZ� $JDLQ� WKH SRVLWLRQ , WDNH KHUH LV WKDW QHDUO\

���



DOO SUH�QRPLQDO OLDLVRQ VKRXOG EH WUHDWHG DV 3&$� $ VLPLODU DOO�3&$ DSSURDFK KDV EHHQ

DUJXHG LQ *DDWRQH �����D�� 3HUOPXWWHU ������ DQG 3OpQDW ������� DPRQJ RWKHUV�

7KH PDLQ DUJXPHQW IRU D 3&$ DFFRXQW LV WKDW OLDLVRQ LV OH[LFDOO\ UHVWULFWHG� $V

VKRZQ LQ WKH EDFNJURXQG VHFWLRQ ������� PDQ\ ZRUGV IDLO WR XQGHUJR OLDLVRQ�

���� 1RQ�DOWHUQDWLQJ DGMHFWLYHV

D� MROL KRPPH [ওɬOL ɬP] µSUHWW\ PDQ¶

E� MROL JDUoRQ [ওɬOL JD޶Vɬ੻] µSUHWW\ ER\¶

F� MHXQH KRPPH [ও¡Q ɬP] µ\RXQJ PDQ¶

G� MHXQH JDUoRQ [ও¡Q JD޶Vɬ੻] µ\RXQJ ER\¶

$Q\ JHQHUDO UXOH RI HSHQWKHVLV RU GHOHWLRQ ZRXOG UHVXOW LQ DOWHUQDWLRQV IRU WKH ZRUGV

DERYH� ,I ZH XVHG GHOHWLRQ WR GHULYH WKH GLIIHUHQFH EHWZHHQ [S±WLW] DQG [S±WL]� ZH
ZRXOG H[SHFW WKH ILQDO FRQVRQDQW RI MHXQH JDUoRQ WR GHOHWH DV ZHOO� 2Q WKH RWKHU KDQG�

LI ZH XVHG HSHQWKHVLV� ZH ZRXOG H[SHFW D [W] LQ MROL KRPPH� 8QGHU WKH 3&$ DFFRXQW�

MHXQH DQG MROL GRQ¶W DOWHUQDWH EHFDXVH WKH\ HDFK KDYH D VLQJOH 85� �ও¡Q� DQG �ওɬOL��
0RUSKHPH�VSHFLILF HSHQWKHVLV DQG GHOHWLRQ RIIHU D VROXWLRQ WR WKLV SUREOHP� EXW DV ,

VKRZ� QHLWKHU ORRNV SURPLVLQJ�

����� 1RW PRUSKHPH�VSHFLILF HSHQWKHVLV

8QGHU D PRUSKHPH�VSHFLILF HSHQWKHVLV DFFRXQW� OLDLVRQ ZRUGV XQGHUJR LQWHUYRFDOLF

HSHQWKHVLV� )RU H[DPSOH� D [W] LV HSHQWKHVL]HG EHWZHHQ SHWLW DQG KRPPH�

7KH PRVW REYLRXV SUREOHP IRU VXFK DQ DFFRXQW LV WKDW WKH OLDLVRQ FRQVRQDQW

LV XQSUHGLFWDEOH JLYHQ LWV SKRQRORJLFDO FRQWH[W� :LWK PRUSKHPH�VSHFLILF HSHQWKHVLV�

DFFRXQWLQJ IRU WKH UDQJH RI SRVVLEOH OLDLVRQ FRQVRQDQWV UHTXLUHV D QXPEHU RI GLIIHUHQW

SURFHVVHV ± W�HSHQWKHVLV� ]�HSHQWKHVLV� S�HSHQWKHVLV� HWF� ± HDFK RI ZKLFK DSSOLHV WR D

VPDOO VHW RI ZRUGV�

2QH ZD\ DURXQG WKLV SUREOHP LV WR KDYH D VLQJOH HSHQWKHVLV SURFHVV� DQG WR VWRUH

WKH LGHQWLW\ RI WKH HSHQWKHWLF FRQVRQDQW LQ WKH OH[LFDO OLVWLQJ RI WKH ZRUG �5RWHQEHUJ

���



������ 7KLV DSSURDFK PRYHV WKH DOWHUQDWLQJ FRQVRQDQW WR WKH OH[LFRQ� MXVW OLNH WKH 3&$

DFFRXQW� $V IDU DV , FDQ WHOO� WKH VWRUHG HSHQWKHWLF FRQVRQDQW DSSURDFK ZRUNV MXVW DV

ZHOO DV WKH 3&$ DSSURDFK�

7KH EHQHILW RI WKH 3&$ DSSURDFK LV WKDW LW GRHVQ¶W UHTXLUH DQ\ DGGLWLRQDO

PHFKDQLVPV VSHFLILF WR OLDLVRQ� $V QRWHG DERYH� DQ\ DFFRXQW RI OLDLVRQ PXVW SHUPLW

3&$ IRU EHDX∼EHO DQG FH∼FHW� 2QFH 3&$ LV XVHG IRU WKHVH ZRUGV� ZK\ QRW XVH LW

IRU SHWLW" ,Q WKH FKRLFH EHWZHHQ DQ DFFRXQW ZLWK 3&$ DQG DQ DFFRXQW ZLWK 3&$ SOXV

OH[LFDOO\�VWRUHG HSHQWKHWLF FRQVRQDQWV� VLPSOLFLW\ IDYRUV WKH ODWWHU�

7KDW¶V QRW WR VD\ WKDW 3&$ VKRXOG DOZD\V EH IDYRUHG RYHU D SKRQRORJLFDO

DQDO\VLV� ,I W�HSHQWKHVLV ZHUH LQGHSHQGHQWO\ PRWLYDWHG LQ )UHQFK� WKHQ DQ DQDO\VLV ZLWK

HSHQWKHVLV ZRXOG EH WKH EHVW DFFRXQW IRU WKH DOWHUQDWLRQ LQ SHWLW� +RZHYHU� WKH VRUW

RI PRUSKHPH�VSHFLILF HSHQWKHVLV UHTXLUHG KDV MXVW DV PXFK OH[LFDO OLVWLQJ DV WKH 3&$

DQDO\VLV�

,Q ����� , GLVFXVV ৻�ILQDO ZRUGV� 8QOLNH WKH RWKHU FDVHV RI OLDLVRQ DERYH� ৻�ILQDO

ZRUGV QHDUO\ DOZD\V WDNH [Q] DV D OLDLVRQ FRQVRQDQW� DQG WKH SURFHVV LV H[WUHPHO\

SURGXFWLYH� 7R DFFRXQW IRU WKHVH� , DUJXH IRU DQ DFFRXQW ZLWK Q�HSHQWKHVLV� 7KH

GLIIHUHQFH EHWZHHQ Q�HSHQWKHVLV DQG WKH HSHQWKHVLV GLVFXVVHG DERYH LV WKDW WKH IRUPHU

LV LQGHSHQGHQWO\ PRWLYDWHG DQG SURGXFWLYH LQ )UHQFK�

����� 1RW GHOHWLRQ RU IORDWLQJ FRQVRQDQWV

8QGHU D PRUSKHPH�VSHFLILF GHOHWLRQ DFFRXQW� D OLDLVRQ ZRUG XQGHUJRHV ILQDO�

FRQVRQDQW GHOHWLRQ� 7KH XQGHUO\LQJ IRUP RI SHWLW LV �S±WLW�� DQG WKH �W� LV GHOHWHG

LQ SHWLW JDUoRQ� 8QOLNH HSHQWKHVLV� PRUSKHPH�VSHFLILF GHOHWLRQ LV DEOH WR DFFRXQW IRU

WKH IDFW WKDW OLDLVRQ FRQVRQDQWV GLIIHU RQ D ZRUG E\ ZRUG EDVLV� 7KH GLIIHUHQW OLDLVRQ

FRQVRQDQWV RI SHWLW DQG WURS FRPH IURP GLIIHUHQFHV LQ WKHLU 85V�

���



'HOHWLRQ IDFHV D QHZ SUREOHP� ILQDO FRQVRQDQWV DUH QRW SURQRXQFHG SKUDVH�ILQDOO\�

DV VKRZQ EHORZ� &DSWXULQJ SKUDVH�ILQDO [S±WL] UHTXLUHV WZR SURFHVVHV ± RQH WKDW GHOHWHV
�W� EHIRUH FRQVRQDQWV �DV LQ SHWLW JDUoRQ� DQG RQH WKDW GHOHWHV �W� DW WKH HQG RI SKUDVHV�

���� /LDLVRQ FRQVRQDQWV DUH XVXDOO\ XQSURQRXQFHG SKUDVH�ILQDOO\

D� LO HVW SHWLW [LO ͑ S±WL] µKH¶V VKRUW¶

E� LO HVW JUDQG [LO ͑ J޶ľ੻] µKH¶V WDOO¶

2QH VROXWLRQ WR WKLV SUREOHP LV WR XVH IORDWLQJ FRQVRQDQWV� FRQVRQDQWV ZKLFK DUH

XQGHUO\LQJO\ SUHVHQW EXW XQOLQNHG WR WKH DXWRVHJPHQWDO VNHOHWRQ� RU V\OODEOH� RU ERWK�

$Q RYHUYLHZ RI GLIIHUHQW DFFRXQWV RI WKLV W\SH FDQ EH IRXQG LQ 7UDQHO �������

8QGHU D IORDWLQJ FRQVRQDQW DFFRXQW� ZH ILQG DQ XQOLQNHG ILQDO FRQVRQDQW LQ SHWLW�

7KLV FRQVRQDQW UHTXLUHV D GRFNLQJ VLWH� ZKLFK LV RQO\ SURYLGHG E\ D IROORZLQJ RQVHWOHVV

V\OODEOH� $V D UHVXOW� WKH W LQ SHWLW LV SURQRXQFHG EHIRUH KRPPH� EXW QRW EHIRUH JDUoRQ

RU DW WKH HQG RI D SKUDVH� 7KLV DFFRXQW DOVR FDSWXUHV WKH GLIIHUHQFH EHWZHHQ SHWLW DQG

QRQ�OLDLVRQ�XQGHUJRLQJ ZRUGV OLNH MROL DQG MDXQH� SHWLW KDV D IORDWLQJ FRQVRQDQW� DQG

WKH RWKHU ZRUGV GR QRW�

7KH IORDWLQJ FRQVRQDQW DFFRXQW LV FKDOOHQJHG E\ WKH LGLRV\QFUDWLF EHKDYLRU RI

VRPH OLDLVRQ�XQGHUJRLQJ ZRUGV� :KLOH OLDLVRQ FRQVRQDQWV DUH XVXDOO\ XQSURQRXQFHG

SKUDVH�ILQDOO\� VRPH QXPHUDOV EHKDYH H[FHSWLRQDOO\� , JLYH VRPH H[DPSOHV EHORZ� EXW

PXFK PRUH GDWD FDQ EH IRXQG LQ ����� DORQJ ZLWK WKH 3&$ DQDO\VLV�

)LUVW� ZH VHH WKDW YLQJW DQG KXLW EHKDYH LQ WKH W\SLFDO OLDLVRQ ZD\�

���� 1XPHUDOV� OLDLVRQ FRQVRQDQWV EHIRUH YRZHOV

D� YLQJW KRPPHV [Y͑੻W ɬP] µWZHQW\ PHQ¶

E� YLQJW JDUoRQV [Y͑੻ JD޶Vɬ੻] µWZHQW\ ER\V¶

F� KXLW KRPPHV [њLW ɬP] µHLJKW PHQ¶

G� KXLW JDUoRQV [њL JD޶Vɬ੻] µHLJKW ER\V¶

���



+RZHYHU� LQ WKH H[DPSOHV EHORZ� SKUDVH�ILQDO YLQJW KDV D FRQVRQDQW� ZKLOH

SKUDVH�ILQDO KXLW GRHV QRW�

���� 1XPHUDOV� XQSUHGLFWDEOH SKUDVH�ILQDO & RU 9

D� LO HQ D YLQJW [LO ľ੻Q D Y͑ ੻] µKH KDV WZHQW\¶

E� LO HQ D KXLW [LO ľ੻Q D њLW] µKH KDV HLJKW¶

)RU D IORDWLQJ FRQVRQDQW DQDO\VLV RI QXPHUDOV� ZH QHHG WZR W\SHV RI IORDWLQJ

FRQVRQDQWV� RQH W\SH WKDW FDQ GRFN SKUDVH�ILQDOO\� DQG RQH W\SH WKDW FDQQRW� 7KLV

DGGLWLRQ XQGHUPLQHV WKH IORDWLQJ FRQVRQDQW DQDO\VLV� ZKLFK DUJXHV IRU D VLPSOH

UHSUHVHQWDWLRQDO VROXWLRQ WR OLDLVRQ�

7R DFFRXQW IRU WKH VFKL]RSKUHQLF EHKDYLRU RI QXPHUDOV� 7UDQHO ������ SURSRVHV D

PL[HG DFFRXQW WKDW XVHV 3&$ IRU ZRUGV OLNH KXLW� DQG IORDWLQJ FRQVRQDQWV HOVHZKHUH�

7KLV VROXWLRQ� ZKLOH SRVVLEOH� LV XQDWWUDFWLYH LQ 85&� ZKHUH 3&$ LV DYDLODEOH WR

DFFRXQW IRU WKH VDPH GDWD� DQG IORDWLQJ FRQVRQDQWV RIIHU QR HPSLULFDO RU WKHRUHWLFDO

DGYDQWDJHV�

,Q FRQFOXVLRQ� DQ DQDO\VLV WKDW UHOLHV RQ HSHQWKHVLV� GHOHWLRQ� RU IORDWLQJ FRQVRQDQWV

FDQQRW DFFRXQW IRU WKH IXOO UDQJH RI IDFWV� ,Q WKH VHFWLRQV WKDW IROORZ� , VKRZ WKDW D

3&$ DQDO\VLV FDQ�

��� $FFRXQW RI DGMHFWLYHV

,Q WKLV VHFWLRQ� , SUHVHQW WKH 85& DFFRXQW RI )UHQFK DGMHFWLYHV� 7KHVH DUH WKH

VLPSOHVW FDVH RI OLDLVRQ�

����� 7DUJHW RI H[SODQDWLRQ

7KH IROORZLQJ JHQHUDOL]DWLRQV DUH WKH WDUJHW RI DQDO\VLV�

� 7KH 9�ILQDO IRUP RFFXUV SKUDVH�ILQDOO\� �H�J�� LO HVW EHDX�

� 7KH &�ILQDO IRUP RFFXUV EHIRUH YRZHOV� �H�J�� EHO KRPPH�
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� 7KH 9�ILQDO IRUP RFFXUV EHIRUH FRQVRQDQWV� �H�J�� EHDX JDUoRQ�

� 2QO\ VRPH DGMHFWLYHV XQGHUJR OLDLVRQ�

7KH DQDO\VLV LQ WKLV VHFWLRQ GRHVQ¶W DGGUHVV QXPHUDOV� ZKLFK DSSHDU ZLWK D &�ILQDO

IRUP DW WKH HQG RI WKLV SKUDVH� 7KHVH DUH WDNHQ XS LQ �����

����� &RQVWUDLQWV

,Q 85&� SKRQRORJLFDO FRQGLWLRQLQJ LQ 3&$ LV RIWHQ WKH UHVXOW RI PDUNHGQHVV

FRQVWUDLQWV UDQNHG DERYH 85 FRQVWUDLQWV� 7KH PDUNHGQHVV FRQVWUDLQW , XVH KHUH LV

∗ � 7KLV FRQVWUDLQW HQVXUHV WKDW &�ILQDO IRUPV DUH FKRVHQ EHIRUH YRZHOV�

���� ∗

$VVLJQ RQH YLRODWLRQ PDUN IRU HYHU\ WZR DGMDFHQW YRZHOV�

∗ LV ZHOO�PRWLYDWHG LQ )UHQFK� ,Q ����� , VKRZ WKDW LW FRQGLWLRQV RWKHU

UHSDLUV� VXSSRUWLQJ WKH /:& +\SRWKHVLV� 7KH VDPH FRQVWUDLQW KDV EHHQ XVHG WR WR

DFFRXQW IRU OLDLVRQ LQ HDUOLHU 27 DFFRXQWV� VXFK DV 6WHULDGH ������ DQG 7UDQHO �������

,Q WKH 3&$ DQDO\VLV� D OLDLVRQ�XQGHUJRLQJ DGMHFWLYH KDV WZR �RU PRUH� 85V� ZLWK D

85 FRQVWUDLQW IRU HDFK� 7KH 85 FRQVWUDLQWV IRU WKH WZR IRUPV RI EHDX DUH EHORZ�

���� { � } → �ER� �DEEUHYLDWHG� = �ER��

���� { � } → �E͑O� �DEEUHYLDWHG� = �E͑O��

7KH DQDO\VLV KHUH XVHV EHDX� EXW LW FDQ EH JHQHUDOL]HG WR DQ\ ZRUG WKDW XQGHUJRHV

OLDLVRQ� ,Q WKH DQDO\VLV� 9�ILQDO �ER� FRXOG EH UHSODFHG ZLWK 9�ILQDO �S±WL�� DQG OLNHZLVH

IRU �E͑O� DQG �S±WLW��

���



����� 5DQNLQJ

������� 5XOLQJ RXW UHSDLUV

%HIRUH UDQNLQJ WKH 85 FRQVWUDLQWV� ZH QHHG WR UXOH RXW RWKHU UHSDLUV IRU ∗ �

:LWK WKH H[FHSWLRQ RI D IHZ FRQWH[WXDOO\�UHVWULFWHG UHSDLUV� WKLV FRQVWUDLQW LV IUHHO\

YLRODWHG LQ )UHQFK� DV HYLGHQFHG E\ VHQWHQFHV OLNH WKH RQH EHORZ�

���� (OOH D KDwW +DwWL [͑.OD.D.L.D.L.WL]

7KH IDFW WKDW ∗ LV YLRODEOH KDV UHVXOWHG LQ VRPH VNHSWLFLVP DERXW LWV XVH LQ

DFFRXQWV RI OLDLVRQ �H�J�� 0RULQ ������ 7KLV LVQ¶W D ZRUU\ LQ DQ 27 DFFRXQW� LQ ZKLFK

FRQVWUDLQWV FDQ EH YLRODWHG LQ VXUIDFH IRUPV EXW VKRZ DQ HIIHFW HOVHZKHUH�

)RU WKH DQDO\VLV KHUH� WKH LPSRUWDQW WKLQJ LV WKDW ZH UXOH RXW HSHQWKHVLV DQG

GHOHWLRQ� 7KLV LV DFFRPSOLVKHG E\ WKH UDQNLQJ � ≫ ∗ � ZKLFK , DVVXPH

LQ DOO RI WKH WDEOHDX[ WKDW IROORZ�

���� � ≫ ∗

/DWHU� , DUJXH WKDW VFKZD GHOHWLRQ DOVR UHVROYHV KLDWXV� ZKLFK LV LQFRPSDWLEOH ZLWK

WKH UDQNLQJ DERYH� 6FKZD LV WKH RQO\ YRZHO WR GHOHWH LQ )UHQFK� DQG LWV GHOHWDELOLW\ FDQ

EH FDSWXUHG E\ GLYLGLQJ LQWR PRUH FRQVWUDLQWV�

������� 7KH 9�ILQDO IRUP RFFXUV SKUDVH�ILQDOO\

7KH JHQHUDOL]DWLRQ WKDW WKH 9�ILQDO IRUP RFFXUV SKUDVH�ILQDOO\ IROORZV LI ZH WUHDW

LW DV WKH GHIDXOW� 7KLV LV FDSWXUHG E\ UDQNLQJ WKH 85 FRQVWUDLQW IRU WKH 9�ILQDO IRUP�

=�ER�� RYHU WKH 85 FRQVWUDLQW IRU WKH &�ILQDO IRUP� =�E͑O�� 7KH WDEOHDX EHORZ

VKRZV WKH ILQDO ZRUG RI WKH SKUDVH LO HVW EHDX�

���



5DQNLQJ DUJXPHQWV� = �ER� ≫ = �E͑O�

/ ∗ = �ER� = �E͑O�
☛ �ER� [ER] � � � −�

�E͑O� [E͑O] � � −� �

7DEOH ���� 9�ILQDO IRUP RFFXUV SKUDVH�ILQDOO\ LQ LO HVW EHDX

7KLV DQDO\VLV SUHGLFWV WKDW DQ DGMHFWLYH FRXOG KDYH D &�ILQDO GHIDXOW� LI WKH 85

FRQVWUDLQW IRU LWV &�ILQDO IRUP ZHUH UDQNHG DERYH WKH 85 FRQVWUDLQW IRU LWV 9�ILQDO

IRUP� :KLOH WKLV SUHGLFWLRQ LV QRW ERUQH RXW LQ DGMHFWLYHV �ZKLFK DOO VHHP WR KDYH

9�ILQDO GHIDXOWV�� VRPH QXPHUDOV GR KDYH &�ILQDO GHIDXOWV �������

������� 7KH &�ILQDO IRUP RFFXUV EHIRUH YRZHOV

7KH JHQHUDO SUHIHUHQFH IRU EHDX RYHU EHO FDQ EH RYHUULGGHQ E\ D KLJKHU UDQNHG

PDUNHGQHVV FRQVWUDLQW� LQ WKLV FDVH ∗ � $V ORQJ DV ∗ LV UDQNHG DERYH

=�ER�� FRQVRQDQW�ILQDO EHO ZLOO EH XVHG EHIRUH YRZHOV WR DYRLG KLDWXV�

5DQNLQJ DUJXPHQWV� ∗ ≫ = �ER�

/ ∗ = �ER� = �E͑O�
☛ �E͑O���ɬP� [E͑O ɬP] � � −� �

�ER���ɬP� [ER ɬP] � −� � −�

7DEOH ���� &�ILQDO IRUP RFFXUV EHIRUH YRZHOV LQ EHO JDUoRQ

������� 7KH 9�ILQDO IRUP RFFXUV EHIRUH FRQVRQDQWV

7KH IDFW WKDW WKH 9�ILQDO IRUP RFFXUV EHIRUH FRQVRQDQWV IROORZV VWUDLJKWIRUZDUGO\

IURP WKH UDQNLQJ = �ER� ≫ = �E͑O��

���



5DQNLQJ DUJXPHQWV� = �ER� ≫ = �E͑O�

/ ∗ =
�ER�

=
�E͑O�

☛ �ER���JDUVɬ੻� [ER JDUVɬ੻] � � � −�

�E͑O���JDUVɬ੻� [E͑O JDUVɬ੻] � � −� �

7DEOH ���� 9�ILQDO IRUP RFFXUV EHIRUH FRQVRQDQWV LQ EHDX JDUoRQ

������� 2QO\ VRPH DGMHFWLYHV XQGHUJR OLDLVRQ

8QGHU WKH 3&$ DFFRXQW� RQO\ DGMHFWLYHV ZLWK PXOWLSOH 85V XQGHUJR OLDLVRQ� )RU DQ

DGMHFWLYH OLNH EHOOH RU MROL� ZKLFK GRHVQ¶W DOWHUQDWH� WKHUH¶V RQO\ RQH 85 DQG RQO\ RQH

85 FRQVWUDLQW�

���� { � } → �E͑O� �DEEUHYLDWHG � �IHP��= �E͑O��

���� { � } → �ওɬOL� �DEEUHYLDWHG � = �ওɬOL��

*LYHQ WKH FDQGLGDWH JHQHUDWLRQ DOJRULWKP RI 85& ��������� WKHUH¶V QR ZD\ IRU 85V

RWKHU WKDQ �ওɬOL� WR FRPSHWH ZKHQ WKH LQSXW LV { � }� 6LQFH WKH FDQGLGDWH VHW

IRU WKLV LQSXW GRHVQ¶W FRQWDLQ RWKHU 85V� DQG HSHQWKHVLV DQG GHOHWLRQ DUH UXOHG RXW�

WKHUH¶V QR ZD\ IRU MROL WR DYRLG KLDWXV�

/ ∗ �IHP��= �E͑O�

☛ �ওɬOL���ɬP� [ওɬOL ɬP] � −� �

�ওɬOL���ɬP� [ওɬOL W ɬP] −� � �

�ওɬOL���ɬP� [ওɬO ɬP] −� � �

7DEOH ���� MROL GRHVQ¶W XQGHUJR OLDLVRQ LQ MROL KRPPH

������� 6XPPDU\ RI UDQNLQJ

7KH ILQDO UDQNLQJ IRU EHDX DQG EHO LV EHORZ�

���



���� � ≫ ∗ ≫ = �ER� ≫ = �E͑O�

8QGHU WKLV UDQNLQJ� EHDX LV JHQHUDOO\ SUHIHUUHG WR EHO� H[FHSW ZKHQ EHO FDQ DYRLG

D YLRODWLRQ RI ∗ � $OWKRXJK 3&$ DYRLGV KLDWXV� HSHQWKHVLV DQG GHOHWLRQ GR QRW�

DQG WKHVH IDFWV IROORZ IURP D VLQJOH UDQNLQJ RI FRQVWUDLQWV�

��� $FFRXQW RI QXPHUDOV

,Q WKLV VHFWLRQ� , H[WHQG WKH 85& DFFRXQW WR QXPHUDOV� 1XPHUDOV SURYLGH D

UHDO FKDOOHQJH WR SUHYLRXV WKHRULHV� DV VKRZQ LQ ����� EXW IROORZ QDWXUDOO\ LQ 85&�

'LIIHUHQFHV EHWZHHQ QXPHUDOV IROORZ IURP WKH UDQNLQJ RI WKHLU FRUUHVSRQGLQJ 85

FRQVWUDLQWV�

����� 1XPHUDOV� 3DWWHUQ

$W ILUVW JODQFH� QXPHUDOV DUH OLNH DGMHFWLYHV� 9�ILQDO IRUPV DSSHDU EHIRUH FRQVRQDQWV�

DQG &�ILQDO IRUPV DSSHDU EHIRUH YRZHOV�

���� 1XPHUDO VXSSOHWLRQ

D� YLQJW KRPPHV [Y͑੻W ɬP] µWZHQW\ PHQ¶

E� YLQJW JDUoRQV [Y͑੻ JD޶Vɬ੻] µWZHQW\ ER\V¶

F� KXLW KRPPHV [њLW ɬP] µHLJKW PHQ¶

G� KXLW JDUoRQV [њL JD޶Vɬ੻] µHLJKW ER\V¶

7KH GLIIHUHQFH LV WKDW QXPHUDOV KDYH XQSUHGLFWDEOH GHIDXOWV� 7KH GHIDXOW FDQ EH

HLWKHU 9� RU &�ILQDO� LQ D FRPSOHWHO\ DUELWUDU\ IDVKLRQ �6FKDQH ����� 7UDQHO �����

������ ,Q WKH H[DPSOHV EHORZ� WKH GHIDXOW IRUP RI YLQJW KDV D ILQDO FRQVRQDQW� ZKLOH

WKH GHIDXOW IRUP RI KXLW GRHV QRW�

���� )RU DOWHUQDWLQJ QXPEHUV� WKH GHIDXOW LV HLWKHU &�ILQDO RU 9�ILQDO

D� LO HQ D YLQJW [LO ľ੻Q D Y͑ ੻] µKH KDV WZHQW\¶

���



E� LO HQ D KXLW [LO ľ੻Q D њLW] µKH KDV HLJKW¶

7KH WDEOHV EHORZ VXPPDUL]H WKH SDWWHUQ IRU FRQWHPSRUDU\ VWDQGDUG )UHQFK� 7KH

GDWD DUH EDVHG RQ GLVFXVVLRQV ZLWK QDWLYH VSHDNHUV� DQG GHVFULSWLRQV LQ 7UDQHO ������

DQG 0DOpFRW ������� 7KH ILUVW WDEOH VKRZV ZHOO�EHKDYHG QXPHUDOV� ZKLFK KDYH 9�ILQDO

GHIDXOWV DQG SDWWHUQ H[DFWO\ OLNH DOWHUQDWLQJ DGMHFWLYHV� ,Q WKH WDEOH� DQ DVWHULVN LQGLFDWHV

WKDW WKH IRUP LQ WKH WDEOH GLIIHUV IURP 0DOpFRW ������¶V GHVFULSWLRQ RI WKH )UHQFK

QXPHUDO V\VWHP� , GLVFXVV WKHVH GLIIHUHQFHV WKURXJKRXW�

:RUG 3KUDVH�ILQDO 3UH�9RFDOLF 3UH�&RQVRQDQWDO

-¶HQ DL KRPPH�V� JDUoRQ�V�

XQ ��� [͑ ੻] [͑ ੻Q] [͑ ੻]
GHX[ ��� [G¡] [G¡]] [G¡]

WURLV ��� [W޶ZD] [W޶ZD]] [W޶ZD]

YLQJW ���� [Y͑੻]
 [Y͑੻W] [Y͑੻]
FHQW ����� [Vľ੻] [Vľ੻W] [Vľ੻]

7DEOH ���� $OWHUQDWLQJ QXPEHUV ZLWK 9�ILQDO GHIDXOWV

7KH ZRUG YLQJW LV VWDUUHG EHFDXVH WKH SKUDVH�ILQDO IRUP XVHG LQ FRQWHPSRUDU\

)UHQFK �[Y͑੻]� GLIIHUV IURP WKH RQH SURYLGHG E\ 0DOpFRW ������ �[Y͑੻W]�� ,Q ����� YLQJW

ZDV DQ DOWHUQDWLQJ QXPEHU ZLWK D &�ILQDO GHIDXOW DQG ZRXOG EH LQ WKH WDEOH EHORZ�

ZKLFK VKRZV QXPHUDOV ZLWK &�ILQDO GHIDXOWV�

���



:RUG 3KUDVH�ILQDO 3UH�9RFDOLF 3UH�&RQVRQDQWDO

-¶HQ DL KRPPHV JDUoRQV

VL[ ��� [VLV] [VL]] [VL]
KXLW ��� [њLW] [њLW] [њL]
GL[ ���� [GLV] [GL]] [GL]

7DEOH ���� $OWHUQDWLQJ QXPEHUV ZLWK &�ILQDO GHIDXOWV

7KHUH DUH VRPH QXPEHUV �VL[ DQG GL[� WKDW KDYH WKUHH DOORPRUSKV� ,Q DGGLWLRQ WR

KDYLQJ D SUH�FRQVRQDQWDO IRUP DQG D SKUDVH�ILQDO IRUP� WKH\ KDYH D XQLTXH SUH�YRFDOLF

IRUP ZLWK D YRLFHG IULFDWLYH� , UHWXUQ WR WKHVH DW WKH HQG RI WKH VHFWLRQ

-XVW DV WKHUH DUH QRQ�DOWHUQDWLQJ DGMHFWLYHV� WKHUH DUH PDQ\ QRQ�DOWHUQDWLQJ QXPEHUV�

2XW RI WKH QRQ�DOWHUQDWLQJ QXPEHUV EHORZ� DOO DUH &�ILQDO ZLWK WKH H[FHSWLRQ RI ]pUR�

���



:RUG 3KUDVH�ILQDO 3UH�9RFDOLF 3UH�&RQVRQDQWDO

-¶HQ DL KRPPHV JDUoRQV

]pUR ��� []H޶R] []H޶R] []H޶R]

FLQT ��� [V͑ ੻N] [V͑ ੻N] [V͑ ੻N]


VHSW ��� [V͑W] [V͑W] [V͑W]

QHXI ��� [Q±I] [Q±I]
 [Q±I]

RQ]H ���� [ɬ੻]] [ɬ੻]] [ɬ੻]]

GRX]H ���� [GX]] [GX]] [GX]]

WUHL]H ���� [W͑޶]] [W͑޶]] [W͑޶]]

TXDWRU]H ���� [NDWɬ޶]] [NDWɬ޶]] [NDWɬ޶]]

TXLQ]H ���� [N͑੻]] [N͑੻]] [N͑੻]]

VHL]H ���� [V͑]] [V͑]] [V͑]]

WUHQWH ���� [W͑޶ ੻W] [W͑޶ ੻W] [W͑޶ ੻W]
TXDUDQWH ���� [ľ੻W] [ľ੻W] [ľ੻W]
FLQTXDQWH ���� [ľ੻W] [ľ੻W] [ľ੻W]
VRL[DQWH ���� [VZDVľ੻W] [VZDVľ੻W] [VZDVľ੻W]
PLOOH ������ [PLO] [PLO] [PLO]

7DEOH ���� 1RQ�DOWHUQDWLQJ QXPEHUV

7KH WKUHH VWDUUHG IRUPV LQ WKH WDEOH DERYH �FLQT� VHSW� QHXI � DUH 9�ILQDO

EHIRUH FRQVRQDQWV LQ 0DOpFRW ������¶V GHVFULSWLRQ� SDWWHUQLQJ OLNH VL[ DQG KXLW� ,Q

FRQWHPSRUDU\ )UHQFK� WKH\ GRQ¶W DOWHUQDWH DW DOO� H[FHSW LQ IL[HG SKUDVHV� H�J� FLQT FHQW

�[V͑ ੻ Vľ੻] ³���´�� 0RULQ ������ FLWHV WKH FKDQJH IURP [V͑ ੻] WR [V͑ ੻N] DV DQ H[DPSOH RI VWHP

OHYHOLQJ LQ OLDLVRQ� 5DWKHU WKDQ PDLQWDLQ D SDUDGLJP ZLWK WZR DOORPRUSKV� VSHDNHUV

KDYH FROODSVHG WKH SDUDGLJP�

7R VXPPDUL]H� WKH WDEOH EHORZ VKRZV WKH SRVVLEOH SDWWHUQV IRU )UHQFK QXPHUDOV�

���



3KUDVH�ILQDO 3UH�9RFDOLF 3UH�&RQVRQDQWDO ([DPSOH

-¶HQ DL KRPPHV JDUoRQV

&�ILQDO &�ILQDO &�ILQDO FLQT

&�ILQDO &�ILQDO 9�ILQDO KXLW

9�ILQDO &�ILQDO 9�ILQDO YLQJW

9�ILQDO 9�ILQDO 9�ILQDO ]pUR

7DEOH ����� $WWHVWHG SDWWHUQV IRU QXPHUDOV

7KLV WDEOH UHYHDOV DQ LQWHUHVWLQJ JHQHUDOL]DWLRQ DERXW )UHQFK QXPHUDOV� LI D QXPHUDO

KDV WZR IRUPV �D &�ILQDO IRUP DQG D 9�ILQDO RQH�� WKH\ PXVW EH XVHG LQ DQ RSWLPL]LQJ

ZD\� &�ILQDO EHIRUH YRZHOV� DQG 9�ILQDO EHIRUH FRQVRQDQWV� $OO SDWWHUQV� ERWK SUHVHQW

DQG SDVW� FRQIRUP WR WKLV JHQHUDOL]DWLRQ�

:H QHYHU ILQG WKH SDWWHUQV EHORZ� LQ ZKLFK WKHUH¶V D &�ILQDO IRUP WKDW LVQ¶W XVHG WR

UHVROYH KLDWXV� RU D 9�ILQDO IRUP WKDW LVQ¶W XVHG EHIRUH FRQVRQDQWV�

3KUDVH�ILQDO 3UH�9RFDOLF 3UH�&RQVRQDQWDO

-¶HQ DL KRPPHV JDUoRQV

&�ILQDO 9�ILQDO 9�ILQDO

9�ILQDO &�ILQDO &�ILQDO

&�ILQDO 9�ILQDO &�ILQDO

9�ILQDO 9�ILQDO &�ILQDO

7DEOH ����� 8QDWWHVWHG SDWWHUQV IRU QXPHUDOV

7KH DQDO\VLV LQ WKH QH[W VHFWLRQ FDSWXUHV WKLV JHQHUDOL]DWLRQ�

9RLFLQJ DOWHUQDWLRQV LQ QXPEHUV� $V QRWHG DERYH� VRPH QXPEHUV KDYH WKUHH

DOORPRUSKV� ZLWK D SUH�YRFDOLF IRUP HQGLQJ LQ D YRLFHG IULFDWLYH�

���� 9RLFLQJ DOWHUQDWLRQV LQ QXPEHUV

���



D� GL[ [GLV]
E� GL[ DPLV [GL] DPL]
F� GL[ JDUoRQV [GL JD޶Vɬ੻]
G� VL[ [VLV]
H� VL[ DPLV [VL] DPL]
I� VL[ JDUoRQV [VL JD޶Vɬ੻]

7KLV YRLFLQJ DOWHUQDWLRQ LV PRVW OLNHO\ 3&$� ,W FDQ¶W EH WKH UHVXOW RI D JHQHUDO UXOH

RI LQWHUYRFDOLF YRLFLQJ� DV VKRZQ E\ LWV QRQ�DSSOLFDWLRQ LQ GL[ VHFRQGHV� ZKHUH WKH

IULFDWLYH LV SDUW RI WKH IROORZLQJ ZRUG�

���� 9RLFLQJ DOWHUQDWLRQV RQO\ RFFXU ZKHQ WKH IULFDWLYH LV SDUW RI WKH QXPEHU

D� GL[ [GLV]
E� GL[ DPLV [GL] DPL]
F� GL[ VHFRQGHV [GL V±Jɬ੻G]

7KHUH DUH DOVR PDQ\ ZRUGV WKDW GRQ¶W XQGHUJR WKLV DOWHUQDWLRQ� VXFK DV JURVVH�

���� 9RLFLQJ DOWHUQDWLRQV RQO\ RFFXU ZKHQ WKH IULFDWLYH LV SDUW RI WKH QXPEHU

D� JURVVH [J޶ɬV]
E� JURVVH DPL [J޶ɬV DPL]

, GRQ¶W SURYLGH D ZRUNHG RXW DQDO\VLV RI YRLFLQJ DOWHUQDWLRQV KHUH� EXW WKH QDWXUDO

DFFRXQW LQ 85& LV WR XVH D FRQVWUDLQW UHTXLULQJ LQWHUYRFDOLF YRLFLQJ�

,Q )UHQFK� ZH QRW RQO\ VHH DQ HIIHFW RI WKLV FRQVWUDLQW RQ QXPHUDO DOORPRUSK\� EXW

DOVR LQ SUHIL[DO DOORPRUSK\ ZLWK WUDQV� �6FKDQH ����� 7UDQHO ����D�� 7KH DOORPRUSK

[W޶ľ੻]] RFFXUV EHIRUH YRZHOV� ZKLOH [W޶ľ੻V] RFFXUV EHIRUH FRQVRQDQWV�

���� 7UDQHO ������� S� ��� WUDQV� ZRUGV DYRLGV KLDWXV

D� WUDQVDWODQWLTXH [W޶ľ੻]DWODQWLN] µFKDLVH ORQJXH¶

���



E� WUDQVDFWLRQ [W޶ľ੻]DNVMɬ੻] µWUDQVDFWLRQ¶

F� WUDQVSHUFHU [W޶ľ੻VS͑޶VH] µWR SLHUFH WKURXJK¶

G� WUDQVPHWWUH [W޶ľ੻VP͑W޶] µWR WUDQVPLW¶

����� 7DUJHW RI H[SODQDWLRQ

7KH QH[W VHFWLRQ SUHVHQWV D 85& DFFRXQW RI QXPHUDOV� 7KH JHQHUDOL]DWLRQV EHORZ

DUH WKH WDUJHW RI DQDO\VLV�

� 'HSHQGLQJ RQ WKH QXPHUDO� HLWKHU WKH &�ILQDO IRUP RU 9�ILQDO IRUP RFFXUV

SKUDVH�ILQDOO\� �H�J�� M¶HQ DL KXLW� M¶HQ DL YLQJ�W��

� ,I WKHUH LV RQH� WKH &�ILQDO IRUP RFFXUV EHIRUH YRZHOV� �H�J�� YLQJW ુ KRPPHV� KXLW

ુ KRPPHV�

� ,I WKHUH LV RQH� WKH 9�ILQDO IRUP RFFXUV EHIRUH FRQVRQDQWV� �H�J�� YLQJ�W� JDUoRQ�

KXL�W� KRPPHV�

� ,I WKHUH DUH WZR DOORPRUSKV� WKH\ DUH XVHG LQ DQ RSWLPL]LQJ ZD\�

����� &RQVWUDLQWV

7R DQDO\]H QXPHUDOV� , XVH WKH FRQVWUDLQWV IURP WKH DQDO\VLV RI DGMHFWLYHV� 85

FRQVWUDLQWV IRU 9�ILQDO DQG &�ILQDO DOORPRUSKV� DQG WKH FRQVWUDLQW ∗ �

7R PRGHO QXPHUDOV OLNH KXLW� DQ DGGLWLRQDO FRQVWUDLQW LV QHFHVVDU\�

���� ∗

$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHTXHQFH RI WZR DGMDFHQW FRQVRQDQWV�

7KLV FRQVWUDLQW LV WKH FRQVRQDQWDO FRXQWHUSDUW RI ∗ � DQG SUHYHQWV OLDLVRQ

EHIRUH FRQVRQDQWV� ,Q WKH DQDO\VLV WKDW IROORZV� , VKRZ ZK\ VXFK D FRQVWUDLQW LV

QHFHVVDU\�

���



����� 5DQNLQJ

������� (LWKHU WKH &�ILQDO IRUP RU 9�ILQDO IRUP RFFXU SKUDVH�ILQDOO\

,Q WKH WDEOHDX[ EHORZ� WKH GLIIHUHQFH EHWZHHQ YLQJW DQG KXLW IROORZV IURP WKH

UDQNLQJ RI WKHLU 85 FRQVWUDLQWV� )RU YLQJW� WKH GHIDXOW LV 9�ILQDO� DQG IRU KXLW� WKH

GHIDXOW LV &�ILQDO�

5DQNLQJ DUJXPHQWV� = �Y͑੻� ≫ = �Y͑੻W�

∗ ∗ = �Y͑੻� = �Y͑੻W�
☛ �Y͑੻� [Y͑੻] � � � −�

�Y͑੻W� [Y͑੻W] � � −� �

7DEOH ����� 9�ILQDO GHIDXOW IRU YLQJW

5DQNLQJ DUJXPHQWV� = �њLW� ≫ = �њL�

∗ ∗ = �њLW� = �њL�
☛ �њLW� [њLW] � � � −�

�њL� [њL] � � −� �

7DEOH ����� 7KH &�ILQDO GHIDXOW IRU KXLW

7KH UDQNLQJ RI 85 FRQVWUDLQWV LV HQRXJK WR DFFRXQW IRU WKH GLIIHUHQFHV EHWZHHQ

YLQJW DQG KXLW� 1R UHSUHVHQWDWLRQDO GLIIHUHQFHV DUH QHFHVVDU\�

������� 7KH &�ILQDO IRUP RFFXUV EHIRUH YRZHOV

)RU KXLW� WKH IDFW WKDW WKH GHIDXOW LV &�ILQDO LV VXIILFLHQW WR JHW WKH &�ILQDO IRUP

EHIRUH YRZHOV� 1R RWKHU UDQNLQJ LV QHFHVVDU\�

���



5DQNLQJ DUJXPHQWV� 1RWKLQJ QHZ

∗ ∗ = �њLW� = �њL�
☛ �њLW���DPL� [њLW DPL] � � � −�

�њL���DPL� [њL DPL] � −� −� �

7DEOH ����� 7KH &�ILQDO IRUP RFFXUV EHIRUH YRZHOV LQ KXLW DPLV

)RU YLQJW� WKH GHIDXOW LV 9�ILQDO� 7R JHW WKH &�ILQDO DOORPRUSK EHIRUH YRZHOV�

DQRWKHU FRQVWUDLQW� OLNH ∗ � LV QHFHVVDU\� :KHQ ∗ GRPLQDWHV = �Y͑੻��
WKH GHIDXOW LV DEDQGRQHG LQ IDYRU RI WKH RSWLPL]LQJ &�ILQDO IRUP�

5DQNLQJ DUJXPHQWV�∗ԥ� ≫ = �Y͑੻�

∗ ∗ = �Y͑੻� = �Y͑੻W�
☛ �Y͑੻W���ɬP� [Y͑੻W ɬP] � � −� �

�Y͑੻���ɬP� [Y͑੻ ɬP] � −� � −�

7DEOH ����� 7KH &�ILQDO IRUP RFFXUV EHIRUH YRZHOV LQ YLQJW
KRPPHV

������� 7KH 9�ILQDO IRUP RFFXUV EHIRUH FRQVRQDQWV

)RU YLQJW� WKH GHIDXOW LV 9�ILQDO� VR QR IXUWKHU FRQVWUDLQWV RU UDQNLQJV DUH QHFHVVDU\

WR REWDLQ WKH 9�ILQDO IRUP EHIRUH FRQVRQDQWV�

)RU KXLW� WKH GHIDXOW LV &�ILQDO� 7R JHW WKH 9�ILQDO IRUP EHIRUH FRQVRQDQWV� ZH QHHG

D FRQVWUDLQW OLNH ∗ �

���� ∗

$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHTXHQFH RI WZR DGMDFHQW FRQVRQDQWV�

$OWKRXJK LW¶V QRW YHU\ ZHOO PRWLYDWHG LQ )UHQFK RXWVLGH RI OLDLVRQ� LW FDSWXUHV WKH

JHQHUDOL]DWLRQ WKDW OLDLVRQ FUHDWHV DOWHUQDWLQJ &�9 VHTXHQFHV� 7KH UDQNLQJ RI ∗ RYHU

= �њLW� FDSWXUHV WKH SDWWHUQ� DV VKRZQ EHORZ�

���



5DQNLQJ DUJXPHQWV� ∗ ≫ = �њLW�

∗ ∗ = �њLW� = �њL�
☛ �њL���JD޶Vɬ੻� [њL JD޶Vɬ੻] � � −� �

�њLW���JD޶Vɬ੻� [њLW JD޶Vɬ੻] � −� � −�

7DEOH ����� 7KH 9�ILQDO IRUP RFFXUV EHIRUH FRQVRQDQWV LQ KXLW
JDUoRQV

$ FRQVWUDLQW OLNH ZRQ¶W ZRUN LQ WKLV FDVH� VLQFH WKH UDQNLQJ ≫

= �њLW� ZRXOG DOVR FDXVH 9�ILQDO [њL] WR EH XVHG SKUDVH�ILQDOO\�

������� 6XPPDU\ RI UDQNLQJ

7R VXPPDUL]H� WKH GLVWULEXWLRQ RI QXPHUDOV IROORZV IURP WKH UDQNLQJV EHORZ� %RWK

RI WKHVH UDQNLQJV DUH FRPSDWLEOH� 8QGHU WKH UDQNLQJ IRU KXLW� WKH GHIDXOW LV &�ILQDO� DQG

WKH 9�ILQDO DOORPRUSK LV XVHG WR DYRLG D YLRODWLRQ RI ∗ �

���� � ≫ ∗ ≫ = �њLW� ≫ = �њL�

8QGHU WKH UDQNLQJ IRU YLQJW� WKH GHIDXOW LV 9�ILQDO� DQG WKH &�ILQDO DOORPRUSK LV

XVHG WR DYRLG D YLRODWLRQ RI ∗ �

���� � ≫ ∗ ≫ = �Y͑੻� ≫ = �Y͑੻W�

,Q WKH QH[W VHFWLRQ� , FRQVLGHU WKH ILQDO JHQHUDOL]DWLRQ� DOORPRUSKV DUH DOZD\V XVHG

LQ DQ RSWLPL]LQJ ZD\�

������� $OWHUQDWLQJ QXPHUDOV DUH DOZD\V RSWLPL]LQJ

,I D QXPHUDO KDV WZR DOORPRUSKV� WKH\ PXVW EH XVHG LQ DQ RSWLPL]LQJ ZD\� &�ILQDO

EHIRUH YRZHOV� DQG 9�ILQDO EHIRUH FRQVRQDQWV� , H[HPSOLI\ DQ XQDWWHVWHG SDWWHUQ ZLWK

WKH PDGH�XS QXPEHU JXL[� ,W KDV WZR DOORPRUSKV� [JZL] DQG [JZLV]�

���



���� $Q XQDWWHVWHG SDWWHUQ ZLWK LPDJLQDU\ QXPEHU JXL[

D� 3KUDVH�ILQDOO\� M¶HQ DL [JZLV]
E� %HIRUH FRQVRQDQWV� [JZL] JDUoRQV
F� %HIRUH YRZHOV� [JZL] KRPPHV

*LYHQ WKH FRQVWUDLQW VHW KHUH� WKHUH¶V QR UDQNLQJ WKDW ZLOO UHVXOW LQ WKLV XQDWWHVWHG

SDWWHUQ�

,Q 85&� WKH UDQNLQJ RI 85 FRQVWUDLQWV HVWDEOLVKHV WKH GHIDXOW� $ QRQ�GHIDXOW

DOORPRUSK LV XVHG ZKHQ GRLQJ VR DYRLGV D YLRODWLRQ RI D KLJKHU�UDQNHG PDUNHGQHVV

FRQVWUDLQW� 6LQFH QR PDUNHGQHVV FRQVWUDLQW LQ WKH DQDO\VLV IDYRUV 9�ILQDO DOORPRUSKV

EHIRUH YRZHOV� WKHUH¶V QR UHDVRQ WR GHYLDWH IURP D &�ILQDO GHIDXOW DV LQ JZLV�

7KH FRPSDUDWLYH WDEOHDX EHORZ VKRZV WKH SDWWHUQ¶V LPSRVVLELOLW\� WKHUH¶V QR

UDQNLQJ LQ ZKLFK HYHU\ ORVHU�IDYRULQJ FRQVWUDLQW �/� LV GRPLQDWHG E\ DW OHDVW RQH

ZLQQHU�IDYRULQJ FRQVWUDLQW �:��

∗ ∗ 85  �JZLV� 85  �JZL�
:∼/ M¶HQ DL [JZLV] ∼M¶HQ DL [JZL] : /

:∼/ [JZL] JDUoRQV ∼ [JZLV] JDUoRQV : / :

:∼/ [JZL] KRPPHV ∼ [JZLV] KRPPHV / / :

7DEOH ����� 1R SRVVLEOH UDQNLQJ IRU DOO WKUHH GHVLUHG ZLQQHUV�

/LNHZLVH� JLYHQ D 9�ILQDO GHIDXOW� WKHUH¶V QR PDUNHGQHVV FRQVWUDLQW WR FRPSHO XVLQJ

D &�ILQDO DOORPRUSK EHIRUH FRQVRQDQWV� $V D UHVXOW� D SDWWHUQ OLNH WKH RQH EHORZ LV

LPSRVVLEOH� ,Q WKLV SDWWHUQ� WKH ZRUG IOHDX[ LV UHDOL]HG ZLWK D OLDLVRQ FRQVRQDQW EHIRUH

FRQVRQDQWV�

���� $Q XQDWWHVWHG SDWWHUQ ZLWK LPDJLQDU\ QXPEHU IOHDX[

D� 3KUDVH�ILQDOO\� M¶HQ DL [ϩR]

���



E� %HIRUH FRQVRQDQWV� [ϩR]] JDUoRQV

F� %HIRUH YRZHOV� [ϩR] KRPPHV

,Q VXPPDU\� WKH UDQNLQJ RI 85 FRQVWUDLQWV GHWHUPLQHV WKH GHIDXOW� DQG D QRQ�GHIDXOW

LV RQO\ XVHG ZKHQ D KLJKHU�UDQNHG FRQVWUDLQW IDYRUV LW� $V D UHVXOW� QRQ�RSWLPL]LQJ

3&$ FDQ¶W EH FDSWXUHG ZLWK PDUNHGQHVV DQG 85 FRQVWUDLQWV DORQH�

��� $FFRXQW RI ৻�ILQDO ZRUGV

,Q WKLV VHFWLRQ� , FRQVLGHU DQRWKHU VHW RI OLDLVRQ FDVHV� ৻�ILQDO ZRUGV� , DUJXH WKDW

OLDLVRQ LQ ZRUGV VXFK DV XQ �[͑ ੻]� DQG PRQ �[Pɬ੻]� LV EHVW DQDO\]HG DV WKH UHVXOW RI

Q�HSHQWKHVLV� DQG WKLV SURFHVV RI Q�HSHQWKHVLV FRQVSLUHV ZLWK 3&$ WR DYRLG KLDWXV�

, SURYLGH DQ DQDO\VLV ILUVW LQ 2SWLPDOLW\ 7KHRU\� XVLQJ FDWHJRULFDO GDWD� WKHQ LQ

0D[(QW� XVLQJ GDWD VXEMHFW WR YDULDWLRQ� 7KH DFFRXQW RI ৻�ILQDO ZRUGV PDNHV XVH

RI WZR DVSHFWV RI 85&� SUHIHUHQFHV EHWZHHQ 3&$ DQG UHSDLUV IROORZ IURP FRQVWUDLQW

UDQNLQJ� DQG UHSDLUV DQG 85 VHOHFWLRQ RFFXU LQ SDUDOOHO�

����� $UJXPHQWV IRU Q�HSHQWKHVLV

:RUGV ZLWK D ৻�ILQDO FLWDWLRQ IRUP FDQ XQGHUJR WKUHH W\SHV RI OLDLVRQ� SDWWHUQLQJ

OLNH XQ� ERQ� RU YLQJW EHORZ�

���� ৻�ILQDO ZRUGV EHIRUH D YRZHO

D� ৻1 OLDLVRQ� [9੻] → [9੻Q]

XQ ુ DPL [͑ ੻] → [͑ ੻Q DPL]
E� 91 OLDLVRQ� [9੻] → [9Q]

ERQ ુ DPL [Eɬ੻] → [EɬQ DPL]
F� ৻& OLDLVRQ� [9੻] → [9੻&]

YLQJW ુ DPLV [Y͑੻] → [Y͑੻W DPL]

���



7KH PDMRULW\ RI ৻�ILQDO ZRUGV XQGHUJR RQH RI WKH ILUVW WZR SDWWHUQV� EXW WKHUH¶V D

JUHDW GHDO RI LQWHUVSHDNHU YDULDWLRQ� ERWK UHJLRQDOO\ DQG GLDFKURQLFDOO\ �7UDQHO ����E��

)RU H[DPSOH� VSHDNHUV GLIIHU LQ WKHLU SUHIHUUHG OLDLVRQ IRUP IRU VRQ ± HLWKHU [VɬQ] RU

[Vɬ੻Q]� ,Q DGGLWLRQ� VRPH ZRUGV� HVSHFLDOO\ WKH SURQRXQV PRQ� WRQ� DQG VRQ� SDUWLFLSDWH

LQ ERWK SDWWHUQV ZLWKLQ WKH VDPH VSHDNHU� , UHYLVLW LQWUDVSHDNHU YDULDWLRQ LQ �������

, WUHDW 91�ࣩ& OLDLVRQ DQG ৻1 OLDLVRQ DV WKH UHVXOW RI GLIIHUHQW PHFKDQLVPV� 7KH

IRUPHU WZR DUH WKH UHVXOW RI 3&$� ZKLOH WKH ODWWHU LV WKH UHVXOW RI Q�HSHQWKHVLV��

���� $QDO\VLV RI ৻�ILQDO ZRUGV

D� 91 OLDLVRQ� &LWDWLRQ IRUP %HIRUH YRZHOV

�9੻� �91�
E� ৻& OLDLVRQ� &LWDWLRQ IRUP %HIRUH YRZHOV

�9੻� �9੻&�
F� ৻1 OLDLVRQ� &LWDWLRQ IRUP %HIRUH YRZHOV

�9੻� �9੻� → [9੻1]

7UDQHO ������ DQG &{Wp ������ WDNH D VLPLODU VWDQFH WR WKH RQH KHUH� WUHDWLQJ

91 OLDLVRQ DV WKH UHVXOW RI VXSSOHWLRQ� ZKLOH WUHDWLQJ ৻1 DV WKH UHVXOW RI D IORDWLQJ

FRQVRQDQW �7UDQHO� RU HSHQWKHVLV �&{Wp�� &{Wp� XQOLNH WKH DFFRXQW KHUH� PDLQWDLQV WKDW

PRVW OLDLVRQ FRQVRQDQWV DUH HSHQWKHWLF� +HUH� , DUJXH WKDW PRVW FDVHV RI OLDLVRQ DUH

3&$� H[FHSW IRU ৻1 OLDLVRQ�

7KH DUJXPHQW IRU ৻1 OLDLVRQ DV Q�HSHQWKHVLV FRPHV IURP SURGXFWLYLW\� 8QOLNH RWKHU

FDVHV RI OLDLVRQ� ৻1 OLDLVRQ LV SUHGLFWDEOH DQG H[FHSWLRQOHVV� 1�HSHQWKHVLV LV GHVFULEHG

EHORZ DV D SKRQRORJLFDO UXOH�

���� � → [Q]
/
৻

{
৻
9

}

�,W PD\ EH WKDW VRPH ৻1 OLDLVRQ IRUPV DUH VWRUHG DV 85V� MXVW DV RWKHU RXWSXWV RI SKRQRORJLFDO UXOHV
DUH VWRUHG� 7KH DSSURDFK KHUH DEVWUDFWV DZD\ IURP WKLV� DQG WUHDWV DOO ৻1 OLDLVRQ DV HSHQWKHVLV�

���



1�HSHQWKHVLV UHVROYHV KLDWXV E\ LQVHUWLQJ DQ [Q]� EXW RQO\ LI WKH HSHQWKHWLF [Q]

IROORZV D QDVDO YRZHO� 7KLV UHVWULFWLRQ LV PRWLYDWHG E\ WKH H[LVWHQFH RI PDQ\ [9�9੻]
VHTXHQFHV RI )UHQFK� H�J� LQ /pRQ� MRXRQV� pRQ� pDQFpHQ� ZKLFK DUHQ¶W VXEMHFW WR

Q�HSHQWKHVLV�

7KH UXOH DERYH LV DOVR SURVRGLFDOO\ UHVWULFWHG� QRW DSSO\LQJ DFURVV VWURQJ SURVRGLF

ERXQGDULHV� 7KHUH DUH PDQ\ H[DPSOHV OLNH WKH RQH EHORZ� LQ ZKLFK D [9੻�9] VHTXHQFH

RFFXUV DFURVV D QRXQ DQG YHUE� 7KLV LV WKH VDPH SURVRGLF FRQWH[W LQ ZKLFK OLDLVRQ LV

IRUELGGHQ�

���� 1�HSHQWKHVLV GRHVQ¶W DSSO\ DFURVV D SURVRGLF ERXQGDU\

-HDQ D GLW [ওľ੻ D GL]

2XWVLGH RI FDVHV ZLWK VWURQJ SURVRGLF ERXQGDULHV OLNH WKH RQHV DERYH� WKHUH DUH

QHDUO\ QR [9੻�9] RU [9੻�9੻] VHTXHQFHV LQ )UHQFK �'HOO ���� S� ���� 7KHUH LV RQO\ D

VLQJOH H[FHSWLRQ LQ 7UDQHO �����E� ± 3DQKDUG �[Sm�D޶]�� D )UHQFK FDU FRPSDQ\ ± DQG D

KDQGIXO RI H[FHSWLRQV LQ :LWKJRWW ������� DOO RI ZKLFK FRQWDLQ ZRUG�LQWHUQDO +�DVSLUp�

VXFK DV HQKDUGLU �[m�D޶�GL޶]�� 7R DFFRXQW IRU WKH ODFN RI [9੻�9] VHTXHQFHV� ZH QHHG

VRPHWKLQJ OLNH WKH Q�HSHQWKHVLV UXOH DERYH�

7UHDWLQJ ৻1 OLDLVRQ DV Q�HSHQWKHVLV DOVR DFFRXQWV IRU WKH IDFW WKDW HYHU\ ৻�ILQDO

ZRUG XQGHUJRHV OLDLVRQ� 5HFDOO WKDW WKHUH DUH QRQ�DOWHUQDWLQJ ZRUGV OLNH MROL� ZKLFK

DOZD\V RFFXU ZLWK D ILQDO YRZHO DQG QHYHU XQGHUJR OLDLVRQ� 2I WKHVH ZRUGV� HYHU\

VLQJOH RQH HQGV LQ DQ RUDO YRZHO� 7KH XQDWWHVWHG SDWWHUQ LV LOOXVWUDWHG EHORZ ZLWK WKH

PDGH�XS ZRUG ERLQ�

���� $Q XQDWWHVWHG SDWWHUQ ZLWK LPDJLQDU\ ERLQ

D� 3KUDVH�ILQDOO\� LO HVW [EZľ੻]
E� %HIRUH FRQVRQDQWV� [EZľ੻] JDUoRQV
F� %HIRUH YRZHOV� [EZľ੻] DPLV

���



:LWKRXW Q�HSHQWKHVLV� WKH ODFN RI SDWWHUQV OLNH WKH RQH DERYH LV FRLQFLGHQWDO� ,I ZH

DQDO\]HG ৻1 OLDLVRQ DV VXSSOHWLRQ� LW ZRXOG QHHG WR EH WKH FDVH WKDW HYHU\ ৻�ILQDO

ZRUG KDSSHQHG WR KDYH PXOWLSOH 85V� RQH �9੻�� RQH �9੻Q�� 7KLV IDFW ZRXOG EH HVSHFLDOO\

VXUSULVLQJ JLYHQ WKH ODUJH QXPEHU RI YRZHO�ILQDO ZRUGV OLNH MROL WKDW GRQ¶W DOWHUQDWH�

)XUWKHU VXSSRUW IRU DQ DQDO\VLV RI Q�HSHQWKHVLV LV WKH IDFW WKDW [Q] LV GLIIHUHQW IURP

RWKHU OLDLVRQ FRQVRQDQWV� 7KH WDEOH EHORZ UHSRUWV WKH OLNHOLKRRG RI OLDLVRQ FRQVRQDQW

UHDOL]DWLRQ IURP WZR FRUSXV VWXGLHV� 0DOpFRW ������ DQG 0DOOHW ������� :KLOH [W] DQG
[]] DUH UHDOL]HG YDULDEO\� [Q] LV UHDOL]HG QHDUO\ FDWHJRULFDOO\�

����

/LDLVRQ FRQVRQDQW 0DOHFRW ������ 0DOOHW ������DVVXPLQJ

Q ��� ���

] ��� ���

W ��� ���

7DEOH ����� 3HUFHQW RI OLDLVRQ FRQVRQDQW UHDOL]DWLRQ E\ OLDLVRQ
FRQVRQDQW

7KLV GLIIHUHQFH IROORZV VWUDLJKWIRUZDUGO\ IURP Q�HSHQWKHVLV� /LDLVRQ ZLWK [Q] LV WKH

SURGXFW RI HSHQWKHVLV� ZKLFK LV QHDUO\ REOLJDWRU\� ZKLOH []] DQG [W] DUH WKH UHVXOW RI D

GLIIHUHQW PHFKDQLVP�

7R VXPPDUL]H� VXUIDFH [9੻�9] VHTXHQFHV DUH DOPRVW QHYHU IRXQG LQ OLDLVRQ FRQWH[WV�

DQG HYHU\ ৻�ILQDO ZRUG FDQ XQGHUJR OLDLVRQ� %RWK RI WKHVH IDFWV DUH FDSWXUHG E\

DVVXPLQJ FDWHJRULFDO Q�HSHQWKHVLV� ZKLFK DSSOLHV WR DOO ৻�ILQDO ZRUGV� HQVXULQJ WKDW

[9੻�9] VHTXHQFHV QHYHU DULVH� 7KH IDFW WKDW OLDLVRQ LV PRUH OLNHO\ WR DSSO\ ZKHQ WKH

OLDLVRQ FRQVRQDQW LV [Q] FDQ EH H[SODLQHG DV D UHVXOW RI FDWHJRULFDO Q�HSHQWKHVLV�

���



������� 6DPSVRQ ����

6DPSVRQ ������ SURYLGHV GDWD FKDOOHQJLQJ SURGXFWLYH Q�HSHQWKHVLV� :KLOH OLDLVRQ

LV REOLJDWRU\ LQ [9੻]�ILQDO ZRUGV WKDW DUH W\SLFDOO\ XVHG EHIRUH QRXQV� OLDLVRQ GRHV QRW

DSSO\ ZKHQ DW\SLFDOO\ SUH�QRPLQDO [9੻]�ILQDO ZRUGV DUH WHVWHG� ,Q WKLV H[SHULPHQW�

HOHYHQ LQIRUPDQWV ZHUH JLYHQ VL[ VHQWHQFHV ZLWK SUH�QRPLQDO ৻�ILQDO DGMHFWLYHV� 6RPH

RI WKH WHVW SKUDVHV DUH EHORZ�

���� 6DPSOH WHVW SKUDVHV IURP 6DPSVRQ ������

D� PLJQRQ ુ REMHFW G¶DUW

E� VRXYHUDLQ ુ DLU

F� PDOLQ ુ HVSRLU

6DPSVRQ ILQGV OLDLVRQ LV RQO\ SURGXFHG ��� RI WKH WLPH LQ WKHVH VHQWHQFHV� FRQWUDU\

WR WKH FODLPV DERXW SURGXFWLYLW\ , PDNH KHUH� 7KHUH DUH WKUHH REMHFWLRQV WR WKHVH

ILQGLQJV�

)LUVW� WKH H[SHULPHQW¶V GHVLJQ VHHNV WR PD[LPL]H WKH OLNHOLKRRG RI OLDLVRQ E\ SXWWLQJ

VSHDNHUV LQ D IRUPDO VHWWLQJ DQG HQFRXUDJLQJ FDUHIXO SURQXQFLDWLRQ �S� ����� ,I OLDLVRQ

LV FRQGLWLRQHG E\ SURVRG\ DV LV RIWHQ FODLPHG� QRW RFFXUULQJ DFURVV SURVRGLF EUHDNV

�VHH &{Wp ������ WKHQ FDUHIXO DQG GHOLEHUDWH VSHHFK ZLOO GLVFRXUDJH LWV DSSOLFDWLRQ�

6DPSVRQ¶V DQVZHU WR WKLV ZDV WR DOORZ VSHDNHUV D PLQXWH RU WZR ZLWK WKH VHQWHQFHV

EHIRUH SURGXFWLRQ� WR IDPLOLDUL]H WKHPVHOYHV ZLWK WKH PDWHULDOV DQG DYRLG KHVLWDWLRQV

DQG SDXVHV�

7KLV OHDGV XV WR WKH VHFRQG REMHFWLRQ� ZKLFK LV WKDW WKH H[SHULPHQW HQFRXUDJHV

PHWDOLQJXLVWLF UHDVRQLQJ DERXW WKH DSSOLFDWLRQ RI OLDLVRQ� 6SHDNHUV ZHUH JLYHQ WLPH

ZLWK WKH VHQWHQFHV EHIRUH SURGXFWLRQ� DQG PDQ\ TXLFNO\ UHDOL]HG WKDW OLDLVRQ ZDV EHLQJ

WHVWHG �S� ����� 6DPSVRQ QRWHV WKDW PDQ\ VXEMHFWV IHOW WHQVLRQ EHWZHHQ XVLQJ QR

OLDLVRQ DQG FRQIRUPLQJ WR ³FRUUHFW´ SURQXQFLDWLRQ ZLWK OLDLVRQ� VXJJHVWLQJ WKDW VSHDNHUV

���



GHOLEHUDWHG DERXW WKH XVH RI OLDLVRQ� DQG PRUHRYHU� NQRZ WKDW OLDLVRQ LV ³FRUUHFW´ LQ

WKHVH FDVHV�

7KH WKLUG DQG ILQDO REMHFWLRQ LV WKDW WKH DGMHFWLYHV XVHG LQ WKH H[SHULPHQW W\SLFDOO\

GR QRW RFFXU LQ SUH�QRPLQDO SRVLWLRQ� 7KLV LV� RI FRXUVH� UHTXLUHG WR WHVW OLDLVRQ¶V

SURGXFWLYLW\� EXW LW PD\ EH WKDW DW\SLFDOO\ SUH�QRPLQDO DGMHFWLYHV DUH WUHDWHG GLIIHUHQWO\

IURP WKH XVXDO� FORVHG VHW RI SUH�QRPLQDO DGMHFWLYHV�

+VX ������ SURYLGHV DQ DFFRXQW RI 6DPSVRQ¶V ILQGLQJV DORQJ WKHVH OLQHV� +H

DQDO\]HV WKH IDLOXUH RI OLDLVRQ LQ WKHVH ZRUGV DV WKH UHVXOW RI SURVRGLILFDWLRQ� DW\SLFDOO\

SUH�QRPLQDO DGMHFWLYHV DUH SKUDVHG DV VHSDUDWH SURVRGLF ZRUGV ZKHQ WKH\ RFFXU EHIRUH

WKH QRXQ� ZKLOH W\SLFDOO\ SUH�QRPLQDO DGMHFWLYHV DUH SKUDVHG WRJHWKHU ZLWK WKH QRXQ�

*LYHQ WKH IDFW WKDW Q�HSHQWKHVLV GRHVQ¶W RFFXU DFURVV VWURQJ SURVRGLF ERXQGDULHV

�DV GLVFXVVHG LQ WKH ODVW VHFWLRQ�� ZH H[SHFW QR Q�HSHQWKHVLV IRU WKHVH DW\SLFDOO\

SUH�QRPLQDO ZRUGV XQGHU +VX¶V DFFRXQW�

����� 27 $FFRXQW

7KH JRDO RI WKLV VHFWLRQ LV WR SURYLGH DQ DFFRXQW RI ৻�ILQDO ZRUGV WKDW XQGHUJR

HLWKHU REOLJDWRU\ HSHQWKHVLV �XQ� RU REOLJDWRU\ VXSSOHWLRQ �ERQ�� /DWHU LQ WKH VHFWLRQ� ,

H[WHQG WKH DQDO\VLV WR KDQGOH YDULDWLRQ�

������� &RQVWUDLQWV

, DVVXPH WKDW WKH PDUNHGQHVV FRQVWUDLQW GULYLQJ HSHQWKHVLV LQ ৻�ILQDO ZRUGV LV


 �৻�9��

���� 
 �৻�9�

$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHTXHQFH RI WZR DGMDFHQW YRZHOV� LQ ZKLFK WKH

ILUVW YRZHO LV D QDVDO YRZHO� DQG WKH VHFRQG YRZHO LV DQ RUDO YRZHO�

���



7KLV LV VLPLODU FRQVWUDLQW WR WKH FRQVWUDLQW XVHG LQ +VX ������¶V DFFRXQW RI QDVDO

OLDLVRQ� +VX¶V DFFRXQW GLIIHUV� WKRXJK� LQ KLV DVVXPSWLRQ WKDW ERWK ৻1 OLDLVRQ DQG 91

OLDLVRQ DUH WKH UHVXOW RI HSHQWKHVLV�

7KH FRQVWUDLQW PLOLWDWLQJ DJDLQVW Q�HSHQWKHVLV LV �Q��

���� �Q�

$VVLJQ RQH YLRODWLRQ IRU HYHU\ [Q] LQ WKH 65 ZLWKRXW D FRUUHVSRQGHQW LQ WKH

85�

2QH LVVXH , ZLOO QRW WDNH XS LQ WKLV DQDO\VLV LV WKH FKRLFH RI HSHQWKHWLF FRQVRQDQW�

[Q] LV WKH RQO\ HSHQWKHWLF FRQVRQDQW WKDW RFFXUV DIWHU QDVDO YRZHOV� 7KLV FRXOG EH

EHFDXVH WKH HSHQWKHWLF FRQVRQDQW UHFHLYHV IHDWXUHV IURP WKH SUHFHGLQJ QDVDO YRZHO� RU

EHFDXVH WKH HSHQWKHWLF FRQVRQDQW PXVW DJUHH LQ QDVDOLW\�

������� ৻1 OLDLVRQ ZRUGV

)RU D ZRUG OLNH XQ� OLDLVRQ LV WKH UHVXOW RI HSHQWKHVLV� 6LQFH WKHUH LV RQO\ RQH 85

IRU XQ� WKHUH LV RQO\ RQH 85 FRQVWUDLQW IRU WKH ZRUG�

���� { , } → �͑ ੻� �DEEUHYLDWHG = �͑ ੻��

(SHQWKHVLV IRU XQ FRPHV IURP UDQNLQJ 
 �৻�9� DERYH �Q�� DV VKRZQ

EHORZ� 7KH FDQGLGDWH VHW GRHV QRW FRQWDLQ D 85 OLNH �͑Q�� VLQFH WKHUH¶V RQO\ WKH 85

FRQVWUDLQW DERYH�

5DQNLQJ DUJXPHQWV� �৻�9� ≫ �Q�

�৻�9� �Q� = �͑ ੻�
☛ �͑ ੻���DPL� [͑ ੻Q DPL] � −� �

�͑ ੻���DPL� [͑ ੻ DPL] −� � �

7DEOH ����� 7DEOHDX IRU ৻1 OLDLVRQ LQ XQ DPL

���



$V VKRZQ LQ WKH WDEOHDX� WKH FRQVWUDLQW  �͑ ੻� FDQ EH UDQNHG DQ\ZKHUH� 6LQFH

ZLOO RQO\ JHQHUDWH FDQGLGDWHV ZLWK �͑ ੻�� WKH 85 FRQVWUDLQW ZLOO IDFH QR FRPSHWLWLRQ�

������� 91 OLDLVRQ ZRUGV

)RU D ZRUG ZLWK DOORPRUSKV FRQWDLQLQJ ERWK RUDO DQG QDVDO YRZHOV� VXFK DV ERQ�

WKHUH DUH WZR 85 FRQVWUDLQWV� RQH IRU HDFK DOORPRUSK�

���� { , .} → �Eɬ੻� �DEEUHYLDWHG = �Eɬ੻��

���� { , .} → �EɬQ� �DEEUHYLDWHG = �EɬQ��

,Q 85&� WKH GHIDXOW FRPHV IURP WKH UDQNLQJ RI WKHVH 85 FRQVWUDLQWV� 7KH

SUHIHUHQFH IRU [Eɬ੻] SKUDVH�ILQDOO\ IROORZV IURP UDQNLQJ = �Eɬ੻� ≫ = �EɬQ�� 7KH

WDEOHDX EHORZ VKRZV WKH ILQDO ZRUG RI WKH SKUDVH LO HVW ERQ�

5DQNLQJ DUJXPHQWV � = �Eɬ੻� ≫ = �EɬQ�

�৻�9� �Q� = �Eɬ੻� = �EɬQ�
☛ �Eɬ੻� [Eɬ੻] � � � −�

�EɬQ� [EɬQ] � � −� �

7DEOH ����� 7KH GHIDXOW HPHUJHV LQ LO HVW ERQ

:KHQ ERQ LV EHIRUH D 9�LQLWLDO QRXQ� WKH DOORPRUSK [EɬQ] RFFXUV� 7KLV IROORZV IURP

WKH UDQNLQJ RI 
 �৻�9� ≫  �Eɬ੻��

5DQNLQJ DUJXPHQWV� �৻�9� ≫  �Eɬ੻�

�৻�9� = �Eɬ੻� = �EɬQ�
☛ �EɬQ���DPL� [EɬQ DPL] � −� �

�Eɬ੻���DPL� [Eɬ੻ DPL] −� � −�

7DEOH ����� 91 OLDLVRQ RFFXUV EHIRUH YRZHOV LQ ERQ DPL

���



7KH WULFN LQ WKLV DQDO\VLV LV WR UXOH RXW WKH FDQGLGDWH ZLWK HSHQWKHVLV� [Eɬ੻Q DPL]�
7KLV FDQGLGDWH LV DWWUDFWLYH EHFDXVH LW ERWK XVHV WKH GHIDXOW 85 DQG VDWLVILHV WKH

FRQVWUDLQW DJDLQVW KLDWXV� $V D UHVXOW UDQNLQJ �Q� DERYH WKH 85 FRQVWUDLQWV� WKH

QRQ�GHIDXOW 85 LV SUHIHUUHG WR HSHQWKHVLV�

5DQNLQJ DUJXPHQWV� �Q� ≫  �Eɬ੻�

�৻�9� �Q� = �Eɬ੻� = �EɬQ�
☛ �EɬQ���DPL� [EɬQ DPL] � � −� �

�Eɬ੻���DPL� [Eɬ੻Q DPL] � −� � −�

7DEOH ����� 1�HSHQWKHVLV ORVHV LQ ERQ DPL

,Q WKH WDEOHDX DERYH� WKHUH DUH WZR ZD\V WR VDWLVI\ �৻�9� ± D UHSDLU DQG D

QRQ�GHIDXOW ± DQG WKH FKRLFH EHWZHHQ WKHP IROORZV IURP WKH UDQNLQJ RI IDLWKIXOQHVV

DQG 85 FRQVWUDLQWV�

������� 6XPPDU\ RI UDQNLQJ

7KH ILQDO UDQNLQJ LV EHORZ�

���� 
 �৻�9� ≫ �Q� ≫ = �Eɬ੻� ≫  �EɬQ�� = �͑ ੻� XQUDQNDEOH

8QGHU WKLV UDQNLQJ� ERWK HSHQWKHVLV DQG 3&$ DFFRPSOLVK WKH VDPH JRDO� VDWLVI\LQJ

WKH KLJK�UDQNHG DQG QHYHU�YLRODWHG 
 �৻�9�� (SHQWKHVLV LV D ODVW UHVRUW� HPSOR\HG

RQO\ ZKHQ VXSSOHWLRQ LV XQDYDLODEOH�

������� 3UHGLFWLRQV

,Q )UHQFK� ZH H[SHFW WKH UDQNLQJ 
 �৻�9� ≫ �Q� WR KROG DFURVV WKH

ODQJXDJH� +RZHYHU� LQGLYLGXDO 85 FRQVWUDLQWV FDQ EH UDQNHG LQ DQ\ ZD\ ZLWK UHVSHFW

WR WKHVH FRQVWUDLQWV� )RU ERQ� ERWK 85 FRQVWUDLQWV DUH UDQNHG EHORZ 
 �৻�9� DQG

�Q�� )RU XQ� WKH 85 FRQVWUDLQW = �͑ ੻� FDQ EH UDQNHG DQ\ZKHUH� :KDW DERXW RWKHU

���



SRVVLEOH UDQNLQJV" ,GHDOO\� WKHUH VKRXOG EH QR UDQNLQJ RI 85 FRQVWUDLQWV ZLWK UHVSHFW

WR 
 �৻�9� DQG �Q� WKDW JHQHUDWHV DQ XQDWWHVWHG SDWWHUQ�

)RU )UHQFK ৻�ILQDO ZRUGV� WKHUH DUH RQO\ WKUHH SDWWHUQV WKDW DUH DWWHVWHG� RXW RI ��

SRVVLELOLWLHV � ∗ ∗ ��

3KUDVH�ILQDO 3UH�9RFDOLF 3UH�&RQVRQDQWDO

-¶HQ DL KRPPHV JDUoRQV ([DPSOH

৻ ৻1 ৻ XQ

৻ 91 ৻ ERQ

91 91 91 ERQQH

7DEOH ����� $WWHVWHG SDWWHUQV IRU ৻�ILQDO DQG 91�ILQDO ZRUGV

:LWK WKH IRXU FRQVWUDLQWV ± =�EɬQ�� =�Eɬ੻�� 
 �৻�9� DQG �Q� ± WKHVH

DUH WKH RQO\ SDWWHUQV WKDW FDQ JHQHUDWHG� , JR WKURXJK HDFK RI WKHVH SDWWHUQV LQ WXUQ�

,I =�EɬQ� LV UDQNHG DERYH =�Eɬ੻�� �EɬQ� ZLOO EH WKH GHIDXOW� 2QFH LW¶V WKH

GHIDXOW� WKHUH¶V QR UHDVRQ WR XVH [�Eɬ੻�]� ,Q WKH UHVXOWLQJ ODQJXDJH� 91 RFFXUV DFURVV

FRQWH[WV� )UHQFK KDV QRQ�DOWHUQDWLQJ 91 DGMHFWLYHV OLNH WKLV� HVSHFLDOO\ IHPLQLQH

DGMHFWLYHV OLNH ERQQH DQG EUXQH�

���� ([DPSOHV RI DGMHFWLYHV WKDW DUH 91 UHJDUGOHVV RI FRQWH[W

D� ERQQH LV DOZD\V [EɬQ]

/¶LPDJH HVW ERQQH�

8QH ERQQH LPDJH�

8QH ERQQH MXSH�

E� EUXQH LV DOZD\V [E޶\Q]

/¶LPDJH HVW EUXQH�

8QH EUXQH LPDJH�

8QH ERQQH MXSH�

���



7KLV LV WKH ERWWRP URZ LQ WDEOH RI DWWHVWHG SDWWHUQV�

7R JHW DQ DOWHUQDWLQJ DGMHFWLYH� LW PXVW EH WKH FDVH WKDW = �Eɬ੻� ≫ = �EɬQ��
VLQFH WKH UHYHUVH UDQNLQJ JLYHV WKH SDWWHUQ DERYH� ,Q DGGLWLRQ� JLYHQ WKH HVWDEOLVKHG

UDQNLQJ� 
 �৻�9� PXVW GRPLQDWH �Q�� 2QFH ZH UHPRYH UDQNLQJV WKDW GRQ¶W

PHHW WKHVH UHTXLUHPHQWV� RQO\ VL[ UHPDLQ�

���� 3RVVLEOH UDQNLQJV WKDW UHPDLQ

5��
 �৻�9� ≫ �Q� ≫ = �Eɬ੻� ≫ = �EɬQ�
5�� 
 �৻�9� ≫ = �Eɬ੻� ≫ �Q� ≫ = �EɬQ�
5�� 
 �৻�9� ≫ = �Eɬ੻� ≫ = �EɬQ� ≫ �Q�

5�� = �Eɬ੻� ≫ = �EɬQ� ≫ 
 �৻�9� ≫ �Q�

5�� = �Eɬ੻� ≫ 
 �৻�9� ≫ �Q� ≫ = �EɬQ�
5�� = �Eɬ੻� ≫ 
 �৻�9� ≫ = �EɬQ� ≫ �Q�

,Q WKH RULJLQDO DQDO\VLV RI )UHQFK DERYH� [EɬQ DPL] LV DEOH WR EHDW [Eɬ੻Q DPL] EHFDXVH
HSHQWKHVLV LV ZRUVH WKDQ 3&$� DV GHWHUPLQHG E\ �Q� ≫ = �Eɬ੻�� 7KLV LV WKH ILUVW
UDQNLQJ �5���

,Q WKH UDQNLQJV WKDW UHPDLQ �5�±5��� = �Eɬ੻� GRPLQDWHV �Q�� $V D UHVXOW� WKH

FDQGLGDWH ZLWK HSHQWKHVLV �[Eɬ੻Q DPL]� EHDWV WKH FDQGLGDWH ZLWK VXSSOHWLRQ �[EɬQ DPL]�
HYHU\ WLPH� 7KH UHVXOWLQJ ODQJXDJHV ZLOO DOZD\V XVH �Eɬ੻Q� EHIRUH YRZHOV� DQG QHYHU

XVH �EɬQ�� 7KH UHVXOW LV D ৻& OLDLVRQ ZRUG OLNH XQ� ZKLFK DOZD\V RFFXUV ZLWK D QDVDO

YRZHO� UHJDUGOHVV RI FRQWH[W�

:LWK WKH FRQVWUDLQW VHW KHUH� RQO\ WKH WKUHH DWWHVWHG SDWWHUQV FDQ EH JHQHUDWHG� $

ZRUG ZLOO DOZD\V RFFXU DV �91�� H�J� ERQQH� D ZRUG ZLOO DOWHUQDWH EHWZHHQ �ࣩ� DQG �91�
WR DYRLG KLDWXV� H�J� ERQ� RU D ZRUG ZLOO DOZD\V RFFXU DV �ࣩ�� H�J� XQ� $V VKRZQ LQ

����� RQO\ DQ RSWLPL]LQJ V\VWHP LV SRVVLEOH LQ 85&� $OWKRXJK SUHIHUHQFHV DUH HQFRGHG

RQ D 85�E\�85 EDVLV� WKHUH¶V QR UDQNLQJ WKDW UHVXOWV LQ D ODQJXDJH WKDW KDV D GHIDXOW

IRUP EXW GRHVQ¶W LW ZKHQ LW¶V SKRQRORJLFDOO\ RSWLPL]LQJ�

���



2I FRXUVH� ZKDW FRXQWV DV RSWLPL]LQJ GHSHQGV HQWLUHO\ RQ WKH FRQVWUDLQW VHW XQGHU

FRQVLGHUDWLRQ� ,Q WKH GLVFXVVLRQ DERYH� , RQO\ FRQVLGHU WKH FRQVWUDLQWV LQ WKLV VHFWLRQ�

,I ZH LQFOXGH WKH FRQVWUDLQWV IURP WKH DFFRXQW RI QXPHUDOV� QDPHO\ ∗ � ZH SUHGLFW

RQH DGGLWLRQDO SDWWHUQ�

3KUDVH�ILQDO 3UH�9RFDOLF 3UH�&RQVRQDQWDO

-¶HQ DL KRPPHV JDUoRQV

91 91 ৻

7DEOH ����� $Q XQDWWHVWHG SDWWHUQ WKDW IROORZV IURP ∗

7KLV ZRUG ORRNV MXVW OLNH KXLW� ZLWK D 9�ILQDO DOORPRUSK EHIRUH FRQVRQDQWV� DQG

&�ILQDO DOORPRUSK EHIRUH YRZHOV DQG DW WKH HQGV RI SKUDVHV� 7KLV SDWWHUQ LV SRVVLEOH

ZLWK ∗ EHFDXVH ∗ SUHIHUV ৻�ILQDO IRUPV EHIRUH FRQVRQDQWV� $V D UHVXOW� LW¶V

SRVVLEOH WR VHW 91 DV WKH GHIDXOW� DQG WKHQ FRPSHO GHYLDWLQJ IURP WKH GHIDXOW WR VDWLVI\


&&�

, GRQ¶W KDYH DQ H[SODQDWLRQ IRU ZK\ VXFK D ZRUG LV PLVVLQJ IURP WKH )UHQFK

V\VWHP� DQG JLYHQ WKH H[LVWHQFH RI ZRUGV OLNH KXLW� LWV DEVHQFH LV D ELW VXUSULVLQJ�

����� 9DULDWLRQ GDWD

,Q WKLV VHFWLRQ� , SUHVHQW GDWD VKRZLQJ WKDW VRPH ৻�ILQDO ZRUGV KDYH PXOWLSOH

OLDLVRQ IRUPV� 7KHVH ZRUGV EHKDYH OLNH ERWK XQ DQG ERQ� YDU\LQJ EHWZHHQ ৻1 DQG

91 OLDLVRQ� 7KH GDWD KHUH LV WDNHQ SULPDULO\ IURP 7UDQHO �����E�� ZKR SURYLGHV DQ

H[WHQVLYH KLVWRULFDO DQG JHRJUDSKLF RYHUYLHZ RI WKLV YDULDWLRQ�

,Q GHVFULSWLRQV RI 6WDQGDUG )UHQFK� ৻�ILQDO ZRUGV EHKDYH FDWHJRULFDOO\� 7KH\

XQGHUJR HLWKHU ৻1 RU 91 OLDLVRQ�

���� /LDLVRQ LQ ৻�ILQDO ZRUGV LQ 6WDQGDUG )UHQFK �7UDQHO �����

���



D� ৻1 OLDLVRQ

XQ� DXFXQ� FKDFXQ� FRPPXQ� PRQ� WRQ� VRQ� RQ� HQ� ELHQ� ULHQ

E� 91 OLDLVRQ

ERQ� SOHLQ� FHUWDLQ� SURFKDLQ� DQFLHQ� GLYLQ

:KHWKHU D ZRUG LV ৻1 RU 91 FDQ¶W EH SUHGLFWHG EDVHG RQ LWV SKRQRORJLFDO

SURSHUWLHV�

7KLV FDQ EH VHHQ PRVW LQ WKH KLVWRU\ RI ৻�ILQDO OLDLVRQ� VXPPDUL]HG LQ 7UDQHO

�����E�� LQ ZKLFK ZRUGV RVFLOODWH EHWZHHQ WKH WZR W\SHV� ,Q WKH ��WK FHQWXU\� OLDLVRQ

YRZHOV ZHUH SUREDEO\ QDVDOL]HG� XQGHUJRLQJ ৻1 OLDLVRQ H[FOXVLYHO\� 7KH\ PRYHG IURP

JHQHUDOO\ QDVDOL]HG WR JHQHUDOO\ GHQDVDOL]HG LQ WKH ��WK DQG ��WK FHQWXULHV� EXW WKLV

FKDQJH DIIHFWHG ZRUGV XQHYHQO\ �৻1 → 91�� $V D UHVXOW� WKH ��WK FHQWXU\ LV ILOOHG

ZLWK JUDPPDULDQV WU\LQJ WR XQLWH WKH SKHQRPHQD� DUJXLQJ ZKHWKHU LW¶V EHWWHU WR XVH

OLDLVRQ ZLWK ৻1 RU 91� %\ WKH ��WK FHQWXU\� WKH SDWWHUQ FKDQJHG FRXUVH� WHQGLQJ

WRZDUGV ৻1 DQG JLYLQJ XV RQO\ D VPDOO QXPEHU RI 91 OLDLVRQ ZRUGV �91 → ৻1��

$W HYHU\ VWDJH� WKHUH ZDV YDULDWLRQ ERWK DFURVV DQG ZLWKLQ ZRUGV� 7KLV FDQ EH VHHQ

LQ GHVFULSWLRQV E\ 'DQJHDX ����������� DQG 9DXGHOLQ �������

���� 'DQJHDX ������

D� ৻1 ERQ� RQ� ELHQ

E� 91 FHUWDLQ

F� HLWKHU ৻1 RU 91 PRQ

���� 9DXGHOLQ ������

D� ৻1 RQ� HQ� ELHQ

E� 91 ERQ

F� HLWKHU ৻1 RU 91 PRQ� WRQ� VRQ

���



9DULDWLRQ ZLWKLQ ZRUGV LV HVSHFLDOO\ ZHOO�DWWHVWHG IRU WKH SRVVHVVLYH SURQRXQV� PRQ

�P\�� WRQ �\RXUV�� DQG VRQ �KLV�� 'HVFULELQJ OLDLVRQ LQ WKH HDUO\ ��WK FHQWXU\� %UXQHDX

������ ZULWHV� ³2Q KpVLWH HQWUH OHV GHX[ SURQRQFLDWLRQV SRXU� PRQ DPL� WRQ DPL� VRQ

DPL�´�*UDPPRQW ������ DQG 3LHUUH ������ DOVR QRWH LQWUDVSHDNHU YDULDWLRQ IRU PRQ�

WRQ� DQG VRQ� EXW ZLWK D SUHIHUHQFH IRU ৻1 RYHU 91�

0DUWLQHW ������ SURYLGHV FRXQWV IRU ৻1 OLDLVRQ LQ PRQ IRU VL[ JURXSV RI VSHDNHUV�

7KHVH GDWD VKRZ ERWK WKH LQFUHDVLQJ SUHIHUHQFH IRU ৻1 DQG WKH H[LVWHQFH RI LQWUDVSHDNHU

YDULDWLRQ�

1 )UDQFH 3DULV

%RUQ EHIRUH ���� �� ��

%HWZHHQ ���� DQG ���� �� ��

%HWZHHQ ���� DQG ���� �� ��

7DEOH ����� 0DUWLQHW ������� 3HUFHQW QDVDOL]DWLRQ RI OLDLVRQ LQ
PRQ� IRU VL[ JURXSV RI )UHQFK VSHDNHUV

,Q WKH QH[W VHFWLRQ� , SUHVHQW D 0D[(QW PRGHO RI WKHVH SUREDELOLWLHV� 7KLV PRGHO

EXLOGV RQ WKH 27 DQDO\VLV IURP WKH ODVW VHFWLRQ�

����� 0D[(QW DFFRXQW

,Q WKLV VHFWLRQ� , SURYLGH D 85& 0D[(QW DQDO\VLV RI WKUHH ZRUG W\SHV� ZRUGV WKDW

XQGHUJR 91 OLDLVRQ� ZRUGV WKDW XQGHUJR ৻1 OLDLVRQ� DQG ZRUGV WKDW XQGHUJR ERWK�

���� 7KUHH NLQGV RI ৻�ILQDO ZRUGV�

91 OLDLVRQ ERQ

৻1 OLDLVRQ XQ

$OWHUQDWLQJ PRQ

�7UDQVODWLRQ� ³2QH KHVLWDWHV EHWZHHQ WKH WZR SURQXQFLDWLRQV IRU� PRQ DPL� WRQ DPL� VRQ DPL´

���



, PRGHO WZR W\SHV RI VSHDNHUV� %RWK VSHDNHUV KDYH FDWHJRULFDO ERQ DQG XQ� EXW

WKH\ GLIIHU ZLWK UHVSHFW WR WKH UDWH RI QDVDOL]DWLRQ LQ PRQ�

������� &RQVWUDLQWV

8QGHU WKH 85& DQDO\VLV� ৻�ILQDO OLDLVRQ LV GULYHQ E\ WKH FRQVWUDLQW 
 �৻�9��

UHSHDWHG EHORZ�

���� 
 �৻�9�

$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHTXHQFH RI WZR DGMDFHQW YRZHOV� LQ ZKLFK WKH

ILUVW YRZHO LV D QDVDO YRZHO� DQG WKH VHFRQG YRZHO LV DQ RUDO YRZHO�

৻�ILQDO ZRUGV DYRLG YLRODWLRQV RI WKLV FRQVWUDLQW LQ GLIIHUHQW ZD\V� 6RPH XVH WKH

QRQ�GHIDXOW 85� VRPH XVH Q�HSHQWKHVLV� DQG VRPH XVH ERWK�

)RU WKH ZRUGV WKDW FDQ JR XQGHUJR 91 OLDLVRQ� OLNH ERQ RU PRQ� WKHUH DUH WZR 85V�

)RU D ZRUG OLNH XQ� OLDLVRQ LV WKH UHVXOW RI Q�HSHQWKHVLV� DQG D VLQJOH 85 FRQVWUDLQW LV

VXIILFLHQW� , WUDQVFULEH XQ DV [±੻ ] KHUH� UHIOHFWLQJ LWV HDUOLHU SURQXQFLDWLRQ�

���� 85 &RQVWUDLQWV

PRQ = �PɬQ�
PRQ = �Pɬ੻�
ERQ = �EɬQ�
ERQ = �Eɬ੻�
XQ = �±੻ �

7KHVH FRQVWUDLQWV DUH ZHLJKWHG WR PRGHO WKH JUDPPDU RI WZR VSHDNHUV IURP 0DUWLQHW

������� D 1� )UDQFH VSHDNHU� ERUQ DURXQG ����� ZKR QDVDOL]HV PRQ ��� RI WKH WLPH�

DQG D 3DULVLDQ VSHDNHU� ERUQ DURXQG ����� ZKR QDVDOL]HV PRQ ��� RI WKH WLPH�

���



������� $ 1� )UDQFH VSHDNHU� ERUQ FD� ����

7KH WDUJHW SUREDELOLWLHV DUH EHORZ� 7KLV VSHDNHU DOZD\V XVHV D ৻�ILQDO IRUP EHIRUH

FRQVRQDQWV DQG LQ WKH FLWDWLRQ IRUP� EXW ZKDW KDSSHQV EHIRUH D YRZHO GHSHQGV RQ WKH

ZRUG�

9 &

[PɬQ] ��� −

PRQ [Pɬ੻Q] ��� −

[Pɬ੻] − ���

[EɬQ] ��� −

ERQ [Eɬ੻Q] − −

[Eɬ੻] − ���

[±Q] − −

XQ [±੻Q] ��� −

[±੻ ] − ���

7DEOH ����� 7DUJHW SUREDELOLWLHV IRU 1� )UDQFH VSHDNHU

7R ILQG FRQVWUDLQW ZHLJKWV WKDW PDWFK WKH SUREDELOLWLHV DERYH� , XVHG WKH 5 VFULSW

6ROYHU�5 �6WDXEV ������ $V LQ WKH RWKHU 0D[(QW DQDO\VHV� WKH OHDUQHU ZDV SURYLGHG

DOO FDQGLGDWHV DQG FRQVWUDLQW YLRODWLRQV� LQFOXGLQJ 85V� DQG WKH OHDUQHG ZHLJKWV ILW WKH

FORVHO\ PDWFK WKH WDUJHW SUREDELOLWLHV �ZLWKLQ ������ 7KH OHDUQHG ZHLJKWV DUH EHORZ�

���



���� &RQVWUDLQWV DQG OHDUQHG ZHLJKWV

= �PɬQ� ����

= �Pɬ੻� �����

= �EɬQ� ����

= �Eɬ੻� �����

= �±੻ � ����


 �৻�9� �����

�Q� �����

,Q WKH OHDUQHG JUDPPDU� 
 �৻�9� LV WKH KLJKHVW ZHLJKWHG FRQVWUDLQW� 7KLV LV

FRQVLVWHQW ZLWK WKH IDFW WKDW LW LV QHYHU YLRODWHG LQ WKH VXUIDFH IRUPV�

)RU XQ� QHDU�FDWHJRULFDO HSHQWKHVLV RFFXUV GXH WR WKH GLIIHUHQFH EHWZHHQ WKH ZHLJKWV

RI 
 �৻�9� DQG �Q�� = �±੻ � KDV QR ZHLJKW� VLQFH WKHUH¶V QR FRPSHWLQJ 85

FRQVWUDLQW� :KHQ WKHUH¶V RQO\ RQH 85� WKH 85 FRQVWUDLQW FDQ KDYH DQ\ UDQNLQJ RU

ZHLJKW� VLQFH DOO RI WKH FDQGLGDWHV VDWLVI\ LW� 1 )RU ERWK ERQ DQG PRQ� WKH ৻�ILQDO 85V

DUH KLJKHU ZHLJKWHG WKDQ WKH 91�ILQDO RQHV� $V D UHVXOW� WKH GHIDXOW LV ৻�ILQDO� DQG WKLV

IRUP RFFXUV DW WKH HQGV RI SKUDVHV DQG EHIRUH FRQVRQDQWV�

7KH PRVW LPSRUWDQW UHVXOW RI WKH PRGHO LV WKH GLIIHUHQFH EHWZHHQ PRQ DQG ERQ�

7KH GLIIHUHQFH IROORZV IURP WKH ZHLJKWV RI WKHLU 85 FRQVWUDLQWV� ERQ KDV D ZHDNHU

SUHIHUHQFH IRU LWV ৻�ILQDO IRUP WKDQ PRQ GRHV� )RU ERQ� HSHQWKHVLV LV QRW DQ RSWLRQ

GXH WR WKH ORZ ZHLJKW RI = �Eɬ੻� UHODWLYH WR �Q�� $OWKRXJK = �EɬQ� KDV QR

ZHLJKW� 91 OLDLVRQ LV VWLOO EHWWH� )RU PRQ� HSHQWKHVLV FDQ RFFXU EHFDXVH RI WKH JUHDWHU

SUHIHUHQFH IRU �Pɬ੻�� 7KLV VWURQJHU SUHIHUHQFH OHWV PRQ RYHUFRPH WKH SHQDOW\ DJDLQVW

HSHQWKHVLV� +RZHYHU� WKH ZHLJKW RI �Q� PHDQV WKDW PRQ [PɬQ] DPL FDQ VWLOO ZLQ�

GHVSLWH WKH ORZ ZHLJKW RI = �PɬQ��
7KH ZD\ GLIIHUHQFHV LQ WKH ZHLJKW RI 85 FRQVWUDLQWV FDSWXUH GLIIHUHQFHV LQ

SUHIHUHQFHV EHWZHHQ Q�HSHQWKHVLV DQG 3&$ LV WKH VDPH DV WKH DFFRXQW RI D�Q� DQG

�HSHQWKHVLVݦ LQ ����� $ KLJK�ZHLJKWHG PDUNHGQHVV FRQVWUDLQW LV DOZD\V REH\HG� EXW

���



WKH VWUDWHJ\ IRU REH\LQJ LW GHSHQGV RQ WKH ZHLJKWV RI IDLWKIXOQHVV DQG 85 FRQVWUDLQWV�

7KH VWUHQJWK RI D ZRUG¶V GHIDXOW� UHODWLYH WR WKH SUHIHUHQFH IRU WKH UHSDLU� GHWHUPLQHV

ZKHWKHU WR XVH HSHQWKHVLV� VXSSOHWLRQ� RU ERWK�

������� $ 3DULV )UDQFH VSHDNHU� ERUQ FD� ����

)RU FRPSDULVRQ� FRQVLGHU D 3DULV VSHDNHU� ZKR KDV PRUH QDVDOL]DWLRQ IRU PRQ

������ EXW LV RWKHUZLVH WKH VDPH�

9 &

[PɬQ] ��� −

PRQ [Pɬ੻Q] ��� −

[Pɬ੻] − ���

[EɬQ] ��� −

ERQ [Eɬ੻Q] − −

[Eɬ੻] − ���

[±Q] − −

XQ [±੻Q] ��� −

[±੻ ] − ���

7DEOH ����� 7DUJHW SUREDELOLWLHV IRU D 3DULV VSHDNHU

7KH SUREDELOLWLHV DERYH ZHUH XVHG WR OHDUQ FRQVWUDLQW ZHLJKWV� ZKLFK FORVHO\ PDWFK

WKH WDUJHW SUREDELOLWLHV�

���



���� &RQVWUDLQWV DQG OHDUQHG ZHLJKWV IRU WKH 3DULV )UDQFH VSHDNHU

= �PɬQ� ����

= �Pɬ੻� �����

= �EɬQ� ����

= �Eɬ੻� �����

= �±੻ � ����


 �৻�9� �����

�Q� �����

7KLV JUDPPDU LV VLPLODU WR WKH RQH LQ WKH ODVW VHFWLRQ� 
 �৻�9� LV ZHLJKWHG

DERYH �Q�� DQG WKHUH LV D SUHIHUHQFH IRU ৻�ILQDO �Pɬ੻� DQG �Eɬ੻� RYHU 91�ILQDO �PɬQ�
DQG �EɬQ��

7KH GLIIHUHQFH EHWZHHQ WKLV VSHDNHU DQG WKH RWKHU FRPHV SULPDULO\ IURP WKH ORZHU

ZHLJKW RI �Q�� 6LQFH �Q� KDV D ORZHU ZHLJKW� HSHQWKHVLV LV PRUH OLNHO\ WR RFFXU

DV D UHSDLU� 6LQFH HSHQWKHVLV LV PRUH OLNHO\� WKH GHIDXOW �Pɬ੻�� ZKLFK UHTXLUHV HSHQWKHVLV�

LV XVHG PRUH RIWHQ�

$JDLQ� WKLV JUDPPDU VKRZV KRZ WKH UHODWLYH ZHLJKWV RI 85 FRQVWUDLQWV DQG

SKRQRORJLFDO FRQVWUDLQWV FDQ FDSWXUH GLIIHUHQW SUHIHUHQFHV DFURVV UHSDLU VWUDWHJLHV�

������� 6XPPDU\ DQG GLVFXVVLRQ

,Q VXPPDU\� WKH 0D[(QW DQDO\VLV ZHLJKWV 85 FRQVWUDLQWV WR FDSWXUH GLIIHUHQFHV

EHWZHHQ VWURQJO\�SUHIHUUHG GHIDXOWV DQG ZHDNO\�SUHIHUUHG GHIDXOWV� )RU VRPH ZRUGV�

WKHUH LV D VWURQJ SUHIHUHQFH EHWZHHQ 85V� ZKLOH RWKHU ZRUGV KDYH D SUHIHUHQFH� EXW DUH

PRUH ZLOOLQJ WR GHYLDWH IURP LW� , SXUVXH WKLV LGHD PRUH LQ WKH QH[W FKDSWHU� ZKHUH ,

VKRZ WKH VDPH VRUWV RI GLIIHUHQFHV EHWZHHQ ��D�OLFLRXV DQG ��D�WKRQ�

7KH DQDO\VLV KHUH UHOLHV RQ WKH IDFW WKDW 85& LV D SDUDOOHO PRGHO� &DSWXULQJ

SUHIHUHQFHV EHWZHHQ UHSDLUV DQG 3&$ LV RQO\ SRVVLEOH EHFDXVH UHSDLUV DQG 85 VHOHFWLRQ

DUH FRQVLGHUHG WRJHWKHU LQ WKH FDQGLGDWH VHW� ,Q WKH QH[W VHFWLRQ� , FRQVLGHU DQ

���



DOWHUQDWLYH GHULYDWLRQDO DFFRXQW� ZKLFK IDLOV WR FDSWXUH VRPH NH\ JHQHUDOL]DWLRQV IRU

৻�ILQDO ZRUGV�

����� $OWHUQDWLYH� 'HULYDWLRQDO DFFRXQWV

,Q 85&� WKH JUDPPDU FRQVLGHUV HSHQWKHVLV DW WKH VDPH WLPH DV LW FRQVLGHUV 85

VHOHFWLRQ� $V D UHVXOW� 85 KDV IXOO DFFHVV WR WKH RXWSXWV RI UHSDLUV�

$Q DOWHUQDWLYH LV WR WUHDW 85 VHOHFWLRQ DQG SKRQRORJ\ DV LQGHSHQGHQW� 85 VHOHFWLRQ

FDQ RFFXU EHIRUH UHSDLUV� RU DIWHU UHSDLUV� EXW WKH\ QHYHU RFFXU VLPXOWDQHRXVO\� 7KLV

GHULYDWLRQDO DOWHUQDWLYH LV WKH VDPH RQH GLVFXVVHG LQ &KDSWHU �� ZLWK UHVSHFW WR D�Q�

DQG ��HSHQWKHVLVݦ

:KLOH WKH GHULYDWLRQDO DFFRXQW ZRUNV IRU ZRUGV WKDW KDYH RQO\ RQH KLDWXV�UHVROXWLRQ

VWUDWHJ\� FDQ¶W HDVLO\ DFFRXQW IRU ZRUGV WKDW KDYH PXOWLSOH VWUDWHJLHV� 8QGHU WKH

GHULYDWLRQDO DFFRXQW� 85 VHOHFWLRQ RFFXUV ILUVW� IROORZHG ODWHU E\ Q�HSHQWKHVLV� �͑ ੻� LV
VHOHFWHG ZLWKRXW NQRZOHGJH WKDW KLDWXV FDQ EH UHVROYHG WKURXJK Q�HSHQWKHVLV�

���� ,QSXW XQ�KRPPH

D� 6WHS �� 6HOHFW 85 ��Ѻܭ� �Pܧ�

E� 6WHS �� 3KRQRORJ\ ѺQܭ Pܧ

F� 2XWSXW ѺQܭ< @Pܧ

)RU D ZRUG OLNH ERQ� LQ ZKLFK VXSSOHWLRQ FDQ DYRLG KLDWXV� KLDWXV LV UHVROYHG DW 85

VHOHFWLRQ�

���� ,QSXW ERQ�KRPPH

D� 6WHS �� 6HOHFW 85 �EɬQ� � �Pܧ�

E� 6WHS �� 3KRQRORJ\ ²

F� 2XWSXW >EܧQ @Pܧ

$OWKRXJK WKH\ RFFXU DW GLIIHUHQW VWHSV� ERWK 85 VHOHFWLRQ DQG SKRQRORJ\ FRQVSLUH

WR DYRLG KLDWXV�

���



)RU VLPSOH FDVHV OLNH XQ DQG ERQ� LW VHHPV WKDW SDUDOOHO 85& DQG WKH GHULYDWLRQDO

DOWHUQDWLYH ZRUN HTXDOO\ ZHOO� 7KH\ ERWK FDSWXUH WKH SDWWHUQ� DQG WKH\ ERWK FDSWXUH WKH

FRQVSLUDF\ EHWZHHQ VXSSOHWLRQ DQG HSHQWKHVLV� 7KH SODFH ZKHUH WKH\ GLYHUJH LV FDVHV

RI YDULDWLRQ�

:RUGV OLNH PRQ VRPHWLPHV XQGHUJR VXSSOHWLRQ DQG VRPHWLPHV XQGHUJR HSHQWKHVLV�

>PܧQ @Pܧ DQG >PܧѺQ �@Pܧ +RZHYHU� WKHVH ZRUGV QHYHU RFFXU ZLWK D KLDWXV� DQG

IRUPV OLNH >Pܧ @Pܧ DQG >PܧѺ @Pܧ DUH XQDWWHVWHG� 7R FDSWXUH WKLV JHQHUDOL]DWLRQ LQ D

GHULYDWLRQDO DFFRXQW� PRQ FDQ UHVROYH KLDWXV DW VWHS � RU VWHS �� EXW PXVW DOZD\V

UHVROYH KLDWXV DW RQH RU WKH RWKHU�

���� ,QSXW PRQ�KRPPH

D� 6WHS �� 6HOHFW 85 �PɬQ�� �Pܧ�

E� 6WHS �� 3KRQRORJ\ ²

F� 2XWSXW >PܧQ @Pܧ

���� ,QSXW PRQ�KRPPH

D� 6WHS �� 6HOHFW 85 �Pɬ੻� � �Pܧ�

E� 6WHS �� 3KRQRORJ\ PܧѺQ Pܧ

F� 2XWSXW >PܧѺQ @Pܧ

7KH SUREOHP LV WKH VHFRQG GHULYDWLRQ DERYH� 8QGHU WKLV GHULYDWLRQ� 85 VHOHFWLRQ

FUHDWHV DQ LQWHUPHGLDWH IRUP WKDW YLRODWHV KLDWXV� HYHQ WKRXJK WKHUH¶V D SHUIHFWO\

ZHOO�IRUPHG DOWHUQDWLYH� :K\ VKRXOG WKH JUDPPDU FKRRVH �Pɬ੻� ZKHQ �PɬQ� LV D

SRVVLELOLW\"

:KDWHYHU DQVZHU LV SURYLGHG� LW PXVW DFFRXQW IRU WKH IDFW WKDW ZH QHYHU VHH WKH

JUDPPDU GR VLPLODU WKLQJV ZLWK QRQ�QDVDO YRZHOV� )RU H[DPSOH� LPDJLQH EHDX ZHUH

OLNH PRQ� DQG 85 VHOHFWLRQ DW VWHS � VRPHWLPHV FUHDWHG KLDWXV�

���� ,QSXW EHDX�KRPPH

���



D� 6WHS �� 6HOHFW 85 �ER� � �Pܧ�

E� 6WHS �� 3KRQRORJ\ ²

F� 2XWSXW ER �Pܧ

7KH GHULYDWLRQDO DFFRXQW PXVW EH UHVWULFWHG� WKH RQO\ WLPH WKDW 85 VHOHFWLRQ PD\

FUHDWH DQ LQWHUPHGLDWH IRUP ZLWK D KLDWXV LV ZKHQ D UHSDLU LV DYDLODEOH� 7R PRGHO WKLV�

85 VHOHFWLRQ QHHGV ORRNDKHDG WR SKRQRORJ\� WKH JUDPPDU QHHGV WR NQRZ ZKHWKHU D

PDUNHG VWUXFWXUH DW 6WHS � FDQ EH IL[HG DW 6WHS ��

,Q 85&� WKLV VRUW RI SUREOHP LV DYRLGHG� 6LQFH WKH FDQGLGDWH VHW FRQWDLQV DOO

FRPELQDWLRQV RI SRVVLEOH 85V DQG UHSDLUV� 85 VHOHFWLRQ KDV IXOO DFFHVV WR WKH RXWSXW RI

UHSDLUV� DQG VLQFH 85& LV PRQRVWUDWDO� WKHUH LV QHYHU QHHG WR SRVLW LQWHUPHGLDWH IRUPV

ZLWK PDUNHG VWUXFWXUH�

��� +LDWXV LQ )UHQFK

,Q WKLV VHFWLRQ� , SUHVHQW PRUH H[DPSOHV RI KLDWXV DYRLGDQFH LQ )UHQFK� VXSSRUWLQJ

DQ DQDO\VLV LQ ZKLFK 3&$ LV GULYHQ E\ ∗ � 7KHUH DUH WKUHH UHSDLUV ZKHUH KLDWXV

DYRLGDQFH FDQ EH REVHUYHG� VFKZD GHOHWLRQ� VFKZD HSHQWKHVLV� DQG JOLGH IRUPDWLRQ�

)UHQFK VFKZD �[±]� LV D ZHOO�NQRZQ FDVH RI KLDWXV DYRLGDQFH� 6FKZD LV REOLJDWRULO\

GHOHWHG EHIRUH D YRZHO� EXW QRW EHIRUH D FRQVRQDQW �'HOO ������ 7KLV LV HYHQ

UHSUHVHQWHG LQ WKH RUWKRJUDSK\ IRU WKH FOLWLFV MH� OH� PH� GH� DQG QH�

���� 6FKZD GHOHWLRQ

D� MH QH SHQVH SDV MH Q¶RVH SDV

E� OH JDUoRQ O¶KRPPH

F� MH SHQVH M¶RVH

�XQDWWHVWHG

���



7KHUH DUH VRPH H[FHSWLRQDO FDVHV ZKHUH VFKZD GRHVQ¶W GHOHWH EHIRUH D YRZHO� DQG

WKHVH VFKZDV PD\ EH SUHVHUYHG IRU PRUSKRV\QWDFWLF UHDVRQV �'HOO ���� S� �����

6FKZD HSHQWKHVLV LV OLNHZLVH FRQGLWLRQHG E\ KLDWXV� :KLOH QHDUO\ REOLJDWRU\ LQ WKH

FRQWH[W &&B&� HSHQWKHVLV FDQQRW RFFXU LQ WKH FRQWH[W &&B9 �&KDUHWWH ������

���� 6FKZD �[±]� HSHQWKHVLV

D� JDUGH�UREH [JD޶G ± [ɬE޶

&& & 
[JD޶G [ɬE޶

E� JDUGH�DUPH [JD޶G D޶P]

&& 9 
[JD޶G ± D޶P]

2QH H[SODQDWLRQ LV WKDW HSHQWKHVLV EHIRUH D YRZHO LV EORFNHG EHFDXVH LW FUHDWHV

D KLDWXV� (SHQWKHVLV DOVR RFFXUV EHIRUH K�DVSLUp ZRUGV� DQG LQ WKLV FRQWH[W� WKHVH

ZRUGV EHKDYH GLIIHUHQWO\ WKDQ ERWK &�LQLWLDO DQG 9�LQLWLDO RQHV �VHH %RHUVPD ���� DQG

UHIHUHQFHV ZLWKLQ��

)LQDOO\� LQ )UHQFK� D SURFHVV RI JOLGH IRUPDWLRQ WXUQV KLJK YRZHOV �L X \� LQWR WKHLU

FRUUHVSRQGLQJ JOLGHV [M Z њ] EHIRUH YRZHOV� DYRLGLQJ D KLDWXV �.D\H DQG /RZHQVWDPP

����� 7UDQHO ������

���



���� *OLGH IRUPDWLRQ �7UDQHO ����� ����

VFLH >VL@ ¶VDZ¶

VFLHU >VMH@ 
>VLH@ ¶WR VDZ¶

GpIL >GHIL@ ¶FKDOOHQJH¶

GpILHU >GHIMH@ 
>GHIL@ ¶WR FKDOOHQJH¶

WXH >W\@ ¶NLOOV¶

WXHU >WܷH@ 
>W\H@ ¶WR NLOO¶

PXH >P\@ ¶VKHGGLQJ¶

PXHU >PܷH@ 
>P\H@ ¶WR VKHG¶

VHFRXH >V°NX@ ¶VKDNHV¶

VHFRXHU >V°NZH@ 
>V°NXH@ ¶WR VKDNH¶

ORXH >OX@ ¶UHQWV¶

ORXHU >OZH@ 
>OXH@ ¶WR UHQW¶

7KHVH WKUHH UHSDLUV ± VFKZD GHOHWLRQ� VFKZD HSHQWKHVLV� DQG JOLGH IRUPXODWLRQ

± VKRZ WKDW )UHQFK DFWLYHO\ DYRLGV KLDWXV� DQG DV D UHVXOW� LQGHSHQGHQWO\ QHHGV D

FRQVWUDLQW OLNH ∗ �

��� /LDLVRQ LV QRW JHQGHU VXSSOHWLRQ

,Q WKLV VHFWLRQ� , DGGUHVV D ILQDO DOWHUQDWLYH DQDO\VLV RI )UHQFK OLDLVRQ� OLDLVRQ LV

WKH UHVXOW RI JHQGHU VXSSOHWLRQ� %HIRUH YRZHOV� D IHPLQLQH DGMHFWLYH LV XVHG LQ SODFH

RI D PDVFXOLQH RQH �6WHULDGH ����� 7UDQHO ����E� ����E� 3HUOPXWWHU ������ *HQGHU

VXSSOHWLRQ IROORZV IURP WKH REVHUYDWLRQ WKDW WKH OLDLVRQ IRUP RI D PDVFXOLQH DGMHFWLYH

W\SLFDOO\ UHVHPEOHV WKH IHPLQLQH IRUP�

���



0DVF� FLWDWLRQ 0DVF� OLDLVRQ IRUP )HP� FLWDWLRQ

EHDX [ER] EHO [E͑O] EHOOH [E͑O]
ERQ [Eɬ੻] ERQ [EɬQ] ERQQH [EɬQ]

SHWLW [S±WL] SHWLW [S±WLW] SHWLWH [S±WLW]
YLHX[ [YM¡] YLHO [YM͑M] YLHOOH [YM͑M]

7DEOH ����� /LDLVRQ IRUPV PDWFK IHPLQLQH IRUPV

*HQGHU VXSSOHWLRQ SRVHV D FKDOOHQJH IRU WKH 85& DFFRXQW� ,Q 85&� 85V FDQ RQO\

FRPSHWH LI WKH\ H[SUHVV WKH VDPH IHDWXUHV ��������� )RU 85&� IRUPV OLNH [E͑O] PXVW

EH OLVWHG WZLFH� RQFH DV D SRVVLEOH UHDOL]DWLRQ RI PDVFXOLQH EHDX� DQG DJDLQ DV WKH

UHDOL]DWLRQ RI IHPLQLQH EHOOH�

,Q WKH UHVW RI WKLV VHFWLRQ� , DUJXH LQ IDYRU RI GRXEOH OLVWLQJ IRUPV OLNH [E͑O]� )LUVW� ,
VKRZ WKDW WKH JHQHUDOL]DWLRQ WKDW PDVFXOLQH OLDLVRQ IRUPV UHVHPEOH IHPLQLQH IRUPV LVQ¶W

YHU\ UREXVW� 7KHQ� , VKRZ KRZ KLVWRULFDO VRXQG FKDQJH FDQ DFFRXQW IRU DGMHFWLYHV LQ

ZKLFK WKLV UHVHPEOHQFH KROGV� 'RXEOH OLVWLQJ RI OLDLVRQ IRUPV LVQ¶W XQLTXH WR 85&�

DQG PDQ\ RI WKH DUJXPHQWV KHUH FRPH IURP SUHYLRXV ZRUN DUJXLQJ GRXEOH�OLVWLQJ LV

QHFHVVDU\� HVSHFLDOO\ %RQDPL� %R\p� DQG 7VHQJ �������

7KHUH DUH PDQ\ DGMHFWLYHV LQ ZKLFK PDVFXOLQH VXSSOHWLYH IRUPV GRQ¶W PDWFK

IHPLQLQH IRUPV� 6WHULDGH ������ JLYHV D QXPEHU RI DGMHFWLYHV WKDW KDYH WKUHH

DOORPRUSKV� 7KH PDVFXOLQH OLDLVRQ IRUP LV XQLTXH ± PDWFKLQJ QHLWKHU WKH PDVFXOLQH

FLWDWLRQ IRUP QRU WKH IHPLQLQH IRUP�

���



0DVF� 0DVF� OLDLVRQ IRUP )HP� FLWDWLRQ

JURV [J޶R] JURV [J޶ɬ]] JURVVH [J޶ɬV]
JUDQG [J޶ľ੻] JUDQG [J޶ľ੻W] JUDQGH [J޶ľ੻G]

GHUQLHU [G͑޶QMH] GHUQLHU [G͑޶QMH޶] GHUQLqUH [G͑޶QM͑޶]

VRW [VR] VRW [VRW] VRWWH [VɬW]

7DEOH ����� 6WHULDGH ������� OLDLVRQ IRUPV WKDW GRQ¶W PDWFK
IHPLQLQH IRUPV �EXW DUH FORVH�

6WHULDGH ������ SURYLGHV DQ DQDO\VLV RI WKHVH PLVPDWFKHV� FODLPLQJ WKDW WKH EDVH RI

PDVFXOLQH OLDLVRQ LV WKH IHPLQLQH IRUP RI WKH DGMHFWLYH� EXW WKLV IRUP LV DGMXVWHG LQ

YDULRXV ZD\V� 7KH GLIIHUHQFHV EHWZHHQ JURV∼JURVVH DQG JUDQG∼JUDQGH IROORZ IURP

UHVWULFWLRQV RQ OLDLVRQ FRQVRQDQWV� WKH PDMRULW\ RI OLDLVRQ IRUPV HQG LQ [W] RU []] �DV

QRWHG LQ ������ 6WHULDGH DFFRXQWV IRU YRZHO GLIIHUHQFHV LQ ZRUGV OLNH GHUQLHU DQG

VRW E\ DQDO\]LQJ WKH PDVFXOLQH OLDLVRQ IRUP DV D FRPSURPLVH EHWZHHQ WKH PDVFXOLQH

FLWDWLRQ IRUP DQG WKH IHPLQLQH FLWDWLRQ IRUP� 7KH OLDLVRQ IRUP WDNHV WKH ILQDO FRQVRQDQW

RI WKH IHPLQLQH IRUP� EXW WKH YRZHO PXVW PDWFK WKH PDVFXOLQH FLWDWLRQ IRUP� LQ RUGHU

WR VLJQDO WKDW WKH OLDLVRQ IRUP LV PDVFXOLQH�

7KLV DFFRXQW LV FKDOOHQJHG E\ D ODUJH QXPEHU RI FDVHV LQ ZKLFK D IHPLQLQH IRUP

H[LVWV EXW LVQ¶W XVHG WR DYRLG KLDWXV� QRW HYHQ ZLWK DGMXVWPHQW �0RULQ ����� %RQDPL�

%R\p� DQG 7VHQJ ������ %RQDPL� %R\p� DQG 7VHQJ ������ UHSRUW WKDW WKHUH DUH D GR]HQ

VXFK DGMHFWLYHV�

0DVF� 0DVF� OLDLVRQ IRUP )HP� FLWDWLRQ

IURLG [I޶ZD] IURLG [I޶ZD] IURLGH [I޶ZDG]

FKDXG [Rߑ] FKDXG [Rߑ] FKDXGH[ߑRG]

YLI [YLI] YLI [YLI] YLYH [YLY]

7DEOH ����� /LDLVRQ IRUPV WKDW GRQ¶W PDWFK IHPLQLQH IRUPV

���



$V QRWHG LQ %RQDPL HW DO� �IQ� ���� 6WHULDGH¶V DQDO\VLV� LQ ZKLFK OLDLVRQ [J޶ľ੻W]
LV GHULYHG IURP IHPLQLQH [J޶ľ੻G]� SUHGLFWV OLDLVRQ [I޶ZDW] IURP IHPLQLQH [I޶ZDG]� DQG

OLDLVRQ [RWߑ] IURP IHPLQLQH �[RGߑ] 7KHVH DUHQ¶W WKH IRUPV WKDW DUH XVHG� VXJJHVWLQJ WKDW

WKH OLQN EHWZHHQ PDVFXOLQH OLDLVRQ IRUPV DQG IHPLQLQH IRUPV LV QRW SURGXFWLYH�

,I PDVFXOLQH OLDLVRQ IRUPV DQG IHPLQLQH IRUPV DUH VWRUHG VHSDUDWHO\� DV , DUJXH KHUH�

WKHUH QHHGV WR EH VRPH H[SODQDWLRQ IRU WKHLU VLPLODULWLHV� :LWK WKH H[FHSWLRQV QRWHG

DERYH� PRVW PDVFXOLQH OLDLVRQ IRUPV DUH LGHQWLFDO WR IHPLQLQH DGMHFWLYHV�

,Q WKH UHVW RI WKH VHFWLRQ� , SUHVHQW D KLVWRULFDO H[SODQDWLRQ IRU WKLV UHVHPEOHQFH�

7KH EDVLF DFFRXQW LV WKDW IHPLQLQH DGMHFWLYHV ZHUH RQFH GHULYHG IURP PDVFXOLQH RQHV�

DQG GXH WR VRXQG FKDQJH� WKH IHPLQLQH IRUPV RI DGMHFWLYHV JUHZ WR UHVHPEOH WKH

PDVFXOLQH OLDLVRQ IRUPV� 7KLV H[SODQDWLRQ FDQ DFFRXQW IRU PRVW VLPLODULWLHV�

)LUVW� , FRQVLGHU WKH VRXUFH RI OLDLVRQ FRQVRQDQWV LQ PDVFXOLQH QRXQV� 7KLV

GLVFXVVLRQ KHUH VXPPDUL]HV WKH KLVWRU\ RI ILQDO FRQVRQDQWV IURP 0RULQ �������

7KH PDMRULW\ RI OLDLVRQ FRQVRQDQWV FRPH IURP IL[HG ILQDO FRQVRQDQWV ZKLFK EHFDPH

XQSURQRXQFHG EHWZHHQ WKH ��WK DQG ��WK FHQWXULHV� 7KHVH IL[HG FRQVRQDQWV FDQ VWLOO

EH VHHQ LQ WKH RUWKRJUDSK\� H�J� WKH ILQDO W LQ SHWLW� 7KH ORVV RI ILQDO FRQVRQDQWV

KDSSHQHG ILUVW EHIRUH FRQVRQDQWV� DQG WKHQ SKUDVH�ILQDOO\� %HIRUH YRZHOV� WKHVH ILQDO

FRQVRQDQWV ZHUH UHWDLQHG� ZKHUH WKH\ UHPDLQ WRGD\ LQ OLDLVRQ FRQWH[WV� , VKRZ WKLV LQ

WKH GHULYDWLRQ EHORZ� LQ ZKLFK DQ XQSURQRXQFHG FRQVRQDQW LV LQ SDUHQWKHVHV�

���� 6LPSOLILHG KLVWRU\ RI OLDLVRQ IRU PRGHUQ GD\ SHWLW

2OG )UHQFK SHWLW SHWLW 9 SHWLW &

&�GURSSLQJ H[FHSW EHIRUH 9 SHWL�W� SHWLW 9 SHWL�W� &

0RGHUQ )UHQFK SHWL�W� SHWLW 9 SHWL�W� &

/�ILQDO ZRUGV XQGHUZHQW D YHU\ VLPLODU FKDQJH ZLWK WKH YRFDOL]DWLRQ RI / EHIRUH

FRQVRQDQWV �&OpGDW ����� /DNV DQG /H 3HVDQW ������ $V D UHVXOW RI WKLV FKDQJH�

EHO WXUQHG LQWR EHDX� H[FHSW EHIRUH YRZHOV� ZKHUH LW UHWDLQHG LWV RULJLQDO IRUP� 7KH

���



GLVFXVVLRQ RI /�YRFDOL]DWLRQ LV VLPSOLILHG KHUH� ,Q UHDOLW\� WKH FKDQJH IURP [O] WR

[R] KDSSHQHG RYHU PXOWLSOH VWDJHV� ZLWK GLSKWKRQJV DW LQWHUPHGLDWH VWHSV �/DNV DQG

/H 3HVDQW ���� IQ� ��� 7KHVH GLSKWKRQJV DUH UHIOHFWHG LQ WKH PRGHUQ VSHOOLQJ�

���� 6LPSOLILHG KLVWRU\ RI OLDLVRQ IRU PRGHUQ GD\ EHDX

2OG )UHQFK EHO EHO 9 EHO &

&�YRFDOL]DWLRQ H[FHSW EHIRUH 9 EHDX EHO 9 EHDX &

0RGHUQ )UHQFK EHDX EHO 9 EHDX &

$V IXUWKHU HYLGHQFH RI /�YRFDOL]DWLRQ� FRQVLGHU VLQJXODU�SOXUDO SDLUV OLNH FKHYDO

�[YDO±ߑ]� DQG FKHYDX[ ��[YR±ߑ]� 7KLV DOWHUQDWLRQ IROORZV IURP WKH IDFW WKDW WKH SOXUDO

VXIIL[ �VHHQ LQ WKH VSHOOLQJ DV [ RU V� ZDV RQFH FRQVRQDQWDO� UHVXOWLQJ LQ YRFDOL]DWLRQ LQ

WKH SOXUDO EXW QRW WKH VLQJXODU�

���� 9RZHO�OLTXLG DOWHUQDWLRQV LQ VLQJXODU�SOXUDO SDLUV �/DNV DQG /H 3HVDQW �����

D� FKHYDO�FKHYDX[� WUDYDLO�WUDYDX[� FLHO�FLHXV

E� EDO�EDXV� SRUWDLO�SRUWDXV� FRO�FRXV� URVVLJQRO�URVVLJQRXV� DSSHO�DSSHDXV

)RU SHWLW DQG EHDX� WKHQ� ZH FDQ WUDFH WKH IRUP RI WKH OLDLVRQ IRUP EDFN WR

KLVWRULFDO FRQVRQDQW ORVV DQG /�YRFDOL]DWLRQ� 6R ZK\ GR WKHVH OLDLVRQ IRUPV KDSSHQ WR

UHVHPEOH WKH IHPLQLQH DGMHFWLYHV"

7KH DQVZHU LV WKDW )UHQFK IHPLQLQH DGMHFWLYHV ZHUH RQFH GHULYHG IURP PDVFXOLQH

DGMHFWLYHV YLD VXIIL[DWLRQ� )HPLQLQH JHQGHU ZDV PDUNHG ZLWK D VXIIL[ �H� SURQRXQFHG DV

D VFKZD� UHVXOWLQJ LQ PDVFXOLQH�IHPLQLQH SDLUV OLNH SHWLW[S̸WLW] DQG SHWLWH[S̸WLW̸]� 2QFH

WKLV VFKZD GLVDSSHDUHG� WKH PDVFXOLQH OLDLVRQ IRUP DQG WKH IHPLQLQH IRUP EHFDPH

LGHQWLFDO�

7KLV VFKZD LV DOVR WKH UHDVRQ WKDW IHPLQLQH DGMHFWLYHV GRQ¶W XQGHUJR OLDLVRQ� /LDLVRQ

IRUPV UHVXOWHG IURP ILQDO &�GURSSLQJ� DQG WKH IHPLQLQH VXIIL[ SURYLGHG SURWHFWLRQ

DJDLQVW &�GURSSLQJ� $IWHU &�GURSSLQJ RFFXUUHG DQG OLDLVRQ IRUPV DSSHDUHG� ILQDO

VFKZDV �LQFOXGLQJ WKH IHPLQLQH VXIIL[� GLVDSSHDUHG� UHVXOWLQJ LQ WKH PRGHUQ IRUPV�
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���� 6LPSOLILHG KLVWRU\ RI OLDLVRQ� IHPLQLQH SHWLWH

2OG )UHQFK [S̸WLW̸] [S̸WLW̸] 9 [S̸WLW̸] &

&�GURSSLQJ H[FHSW EHIRUH 9 [S̸WLW̸] [S̸WLW̸] 9 [S̸WLW̸] &

:RUG�ILQDO VFKZD ORVV [S̸WLW] [S̸WLW] 9 [S̸WLW] &
0RGHUQ )UHQFK [S̸WLW] [S̸WLW] 9 [S̸WLW] &

)RU FRPSDULVRQ� WKH KLVWRU\ RI PDVFXOLQH SHWLW LV EHORZ�

���� 6LPSOLILHG KLVWRU\ RI OLDLVRQ� PDVFXOLQH SHWLW

2OG )UHQFK [S̸WLW] [S̸WLW] 9 [S̸WLW] &
&�GURSSLQJ H[FHSW EHIRUH 9 [S̸WL] [S̸WLW] 9 [S̸WL] &
:RUG�ILQDO VFKZD ORVV [S̸WL] [S̸WLW] 9 [S̸WL] &
0RGHUQ )UHQFK [S̸WL] [S̸WLW] 9 [S̸WL] &

:H FDQ VHH WKH UHVXOW RI WKHVH SURFHVVHV LQ VSHOOLQJ� ZKLFK UHIOHFWV HDUOLHU

SURQXQFLDWLRQV� )LQDO RUWKRJUDSKLF H DQG ILQDO FRQVRQDQWV DUH XQSURQRXQFHG� GXH WKH

&� DQG VFKZD�GURSSLQJ� EXW FRQVRQDQWV DUH SURQRXQFHG LI WKH\¶UH IROORZHG E\ DQ H�

*HQHUDOO\� )UHQFK IHPLQLQH DGMHFWLYHV DUH VSHOOHG ZLWK D ILQDO XQSURQRXQFHG YRZHO

�WKH QRZ�ORVW VXIIL[�� DQG PDVFXOLQH DGMHFWLYHV DUH VSHOOHG ZLWK D ILQDO XQSURQRXQFHG

FRQVRQDQW �WKH GURSSHG FRQVRQDQW��

$V GLVFXVVHG LQ 0RULQ ������� ILQDO FRQVRQDQW ORVV DORQH LV QRW VXIILFLHQW WR H[SODLQ

WKH HQWLUH V\VWHP� 7KHUH DUH D YDULHW\ RI RWKHU IRUFHV UHVSRQVLEOH IRU WKH ULVH RI

OLDLVRQ� VXFK DV DQDORJ\� ZKLFK PD\ KDYH UHVXOWHG LQ WKH ORVV RI OLDLVRQ IRU VRPH

ZRUGV� DQG RUWKRJUDSK\� ZKLFK PD\ KDYH UHVXOWHG LQ WKH UHVWRUDWLRQ RI VRPH SUHYLRXVO\

XQSURQRXQFHG FRQVRQDQWV�

,Q FRQFOXVLRQ� PDVFXOLQH OLDLVRQ IRUPV UHVHPEOH IHPLQLQH IRUPV GXH WR KLVWRU\� DQG

QRW EHFDXVH IHPLQLQH IRUPV DUH EHLQJ UHFUXLWHG IRU OLDLVRQ� 0DVFXOLQH OLDLVRQ IRUPV

UHVHPEOH IHPLQLQH EHFDXVH RI DQ 2OG )UHQFK JHQGHU VXIIL[� WRJHWKHU ZLWK SURFHVVHV RI

&�GURSSLQJ DQG VFKZD ORVV�
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��� &KDSWHU � FRQFOXVLRQ

7KLV FKDSWHU SUHVHQWHG D 85& DQDO\VLV RI )UHQFK OLDLVRQ� IRFXVLQJ RQ FDVHV WKDW DUH

W\SLFDOO\ WUHDWHG DV H[FHSWLRQV� 85 FRQVWUDLQWV SURYLGH DQ DQDO\VLV IRU QXPHUDOV DQG

৻�ILQDO ZRUGV� FDVHV VXEMHFW WR ERWK LGLRV\QFUDWLF GHIDXOWV DQG YDULDWLRQ� 7KHVH GDWD

DUH FKDOOHQJLQJ IRU DOWHUQDWLYH DFFRXQWV� LQ ZKLFK OLDLVRQ LV WKH UHVXOW RI HSHQWKHVLV RU

IORDWLQJ FRQVRQDQWV�

7KLV FKDSWHU DOVR H[SORUHG WKH W\SRORJ\ RI 85 FRQVWUDLQWV� VKRZLQJ WKDW RQO\

RSWLPL]LQJ SDWWHUQV DUH SRVVLEOH IRU ৻�ILQDO ZRUGV DQG QXPHUDOV� 7KHUH¶V QR ZD\ IRU

85 FRQVWUDLQWV WR XVXUS WKH JHQHUDO SKRQRORJ\ RI D ODQJXDJH� ,I DQ DOORPRUSK LV WKH

GHIDXOW� LW ZLOO EH XVHG ZKHQHYHU SRVVLEOH� RQO\ DEGLFDWLQJ ZKHQ DQRWKHU 85 LV DEOH WR

DYRLG D YLRODWLRQ RI D KLJK�UDQNHG PDUNHGQHVV FRQVWUDLQW�

/LNH WKH RWKHU FDVH VWXGLHV� )UHQFK OLDLVRQ GHPRQVWUDWHV WKH LQWHUDFWLRQ RI 3&$ DQG

SKRQRORJLFDO UHSDLUV� %RWK FRQVSLUH WR DYRLG WKH VDPH PDUNHG VWUXFWXUHV� DOWKRXJK

ZRUGV DQG VSHDNHUV GLIIHU LQ WKHLU SUHIHUUHG VWUDWHJLHV IRU PDUNHGQHVV DYRLGDQFH� ,Q

WKH FDVH RI OLDLVRQ� VRPH VSHDNHUV SUHIHU Q�HSHQWKHVLV� DQG VRPH SUHIHU WR XVH WKH

QRQ�GHIDXOW� )LQH�JUDLQHG GLIIHUHQFHV EHWZHHQ WKHVH VSHDNHUV FDQ EH FDSWXUHG XVLQJ

ZHLJKWHG 85 FRQVWUDLQWV� HYDOXDWHG DW WKH VDPH WLPH DV UHSDLUV�
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��� 2YHUYLHZ RI &KDSWHU �

,Q WKLV FKDSWHU� , SUHVHQW D FDVH VWXG\ RI WKH (QJOLVK VXIIL[HV ��D�OLFLRXV DQG

��D�WKRQ� (DFK VXIIL[ KDV WZR DOORPRUSKV ± H�J� [̸OԌߑӝV] DQG [OԌߑӝV] ± FRQGLWLRQHG E\

SKRQRORJ\� 7KH VFKZDIXO DOORPRUSK WHQGV WR RFFXU DIWHU FRQVRQDQWV DQG VWUHVVHG

V\OODEOHV� DQG WKH VFKZDOHVV DOORPRUSK WHQGV WR RFFXU DIWHU YRZHOV DQG XQVWUHVVHG

V\OODEOHV�

��� 7ZR H[DPSOHV RI ��D�OLFLRXV

D� 7KDW SDUW RI WRZQ LV RDN�DOLFLRXV�

[RN�̸OԌߑӝV] 
[RN�OԌߑӝV]
E� 7KDW SDUW RI WRZQ LV KROO\�OLFLRXV�

[KľOL�OԌߑӝV] 
[KľOL�̸OԌߑӝV]

$V ZLWK WKH RWKHU FDVHV LQ WKH GLVVHUWDWLRQ� , DUJXH WKDW WKLV LV FDVH RI 3&$� DQG LWV

SKRQRORJLFDO FRQGLWLRQLQJ LV D UHVXOW RI WKH JHQHUDO SKRQRORJLFDO JUDPPDU� 6SHDNHUV

UHFUXLW H[LVWLQJ FRQVWUDLQWV� OLNH ∗ DQG ∗ � WR GHFLGH EHWZHHQ [̸OԌߑӝV] DQG
[OԌߑӝV]� 7KH DOWHUQDWLYH� ZKLFK , DUJXH DJDLQVW� LV WKDW SKRQRORJLFDO FRQGLWLRQLQJ LV WKH

UHVXOW RI VXEFDWHJRUL]DWLRQ� 8QGHU WKLV DOWHUQDWLYH� SKRQRORJLFDO FRQGLWLRQLQJ LV HQFRGHG

LQ WKH OH[LFRQ RQ D VXIIL[�E\�VXIIL[ EDVLV� LQGHSHQGHQW RI WKH SKRQRORJLFDO JUDPPDU�

7KH ILUVW KDOI RI WKH FKDSWHU IRFXVHV RQ WKH GLVWULEXWLRQ RI ��D�OLFLRXV DQG ��D�WKRQ� ,

DUJXH WKDW WKH\ DUH VXIIL[HV� QRW EOHQGV� DQG WKH FKRLFH EHWZHHQ VFKZDIXO DQG VFKZDOHVV

IRUPV LV VHQVLWLYH WR WKH ILQDO VHJPHQW DQG VWUHVV SDWWHUQ RI WKH VWHP� 0RUHRYHU� ,
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VKRZ WKDW ��D�OLFLRXV LQWHUDFWV ZLWK WKH 5K\WKP 5XOH� SURYLGLQJ DQRWKHU H[DPSOH RI

WKH FKLFNHQ�HJJ HIIHFW� 7KHVH JHQHUDOL]DWLRQV FRPH IURP WZR VRXUFHV� GDWD IURP WKH

&RUSXV RI *OREDO :HE�EDVHG (QJOLVK �*OR:E(� DQG D MXGJPHQW H[SHULPHQW�

$ORQJ WKH ZD\� , SUHVHQW D QXPEHU RI DUJXPHQWV IRU WKH /:& +\SRWKHVLV� 7UHDWLQJ

WKH VXIIL[HV DV WKH UHVXOW RI WKH (QJOLVK SKRQRORJLFDO JUDPPDU FDQ DFFRXQW IRU WKHLU

DFTXLVLWLRQ LQ WKH IDFH RI VSDUVH GDWD� WKHLU LQWHUDFWLRQ ZLWK SKRQRORJLFDO UXOHV� DQG WKH

GHJUHH RI RYHUODS EHWZHHQ DOORPRUSKLF FRQGLWLRQLQJ� SKRQRWDFWLFV� DQG SKRQRORJLFDO

UHSDLUV�

7KH VHFRQG KDOI RI WKH FKDSWHU SURYLGHV D 85& DFFRXQW �XVLQJ 0D[(QW +DUPRQLF

*UDPPDU� RI WKH IXOO VHW RI JHQHUDOL]DWLRQV� 7KLV PRGHO KDV WKUHH SLHFHV�

� 3KRQRORJLFDO FRQGLWLRQLQJ IROORZV IURP ZHLJKWHG SKRQRORJLFDO FRQVWUDLQWV�

� 85 VHOHFWLRQ LV HYDOXDWHG DW WKH VDPH WLPH DV SKRQRORJLFDO SURFHVVHV�

� 3UHIHUHQFHV EHWZHHQ 85V FRPH IURP WKH UHODWLYH ZHLJKWV RI 85 FRQVWUDLQWV�

85 FRQVWUDLQWV SURYLGH D PHDQV WR FDSWXUH WKH IDFW WKDW WKH EDVHOLQH UDWH RI VFKZD

GLIIHUV EHWZHHQ WKH WZR VXIIL[HV� DQG LW DOVR SURYLGHV D IUDPHZRUN LQ ZKLFK WKLV

EDVHOLQH GLIIHUHQFH FDQ EH OHDUQHG XVLQJ H[LVWLQJ OHDUQLQJ DOJRULWKPV�

7KH FKDSWHU LV RXWOLQHG DV IROORZV� ,Q ����� , SURYLGH EDFNJURXQG RQ ��D�OLFLRXV

DQG ��D�WKRQ� WKHLU PHDQLQJ DQG EDVLF SKRQRORJLFDO FRQGLWLRQLQJ� ,Q ����� , SUHVHQW

DUJXPHQWV IRU /:& +\SRWKHVLV� ���� DUJXHV LQ IDYRU RI WKH 3&$ DFFRXQW� DJDLQVW

DOWHUQDWLYHV VXFK DV PRUSKHPH�VSHFLILF SKRQRORJ\ RU EOHQGLQJ� ,Q ����� , SUHVHQW

WKH UHVXOWV RI D FRUSXV VHDUFK� ZKLFK GHPRQVWUDWH WKH GLVWULEXWLRQ RI ��D�OLFLRXV DQG

��D�WKRQ� DV ZHOO DV VKRZLQJ WKDW WKHUH LV VSDUVH HYLGHQFH IRU OHDUQHUV ZLWK UHVSHFW WR

WKH VXIIL[HV¶ GLVWULEXWLRQ�

,Q ���� DQG ����� , SUHVHQW WKH UHVXOWV RI DQ H[SHULPHQW WKDW IXUWKHU WHVWV WKH FODLP

WKDW 3&$ LV FRQGLWLRQHG E\ PDUNHGQHVV FRQVWUDLQWV� ,Q ����� WKH H[SHULPHQW WHVWV VWHPV

ZLWK SKRQRORJLFDO VKDSHV WKDW DUH XQGHU�DWWHVWHG LQ WKH FRUSXV� 7KHVH VWHPV EHKDYH DV

���



SUHGLFWHG E\ WKH DFFRXQW ZLWK ∗ DQG ∗ � ,Q ����� , SUHVHQW H[SHULPHQWDO

VXJJHVWLQJ HYLGHQFH WKDW ��D�OLFLRXV LV VHQVLWLYH WR WKH 5K\WKP 5XOH� VXSSRUWLQJ ERWK D

SDUDOOHO PRGHO DQG WKH XVH ∗ �

)LQDOO\� LQ ����� , SUHVHQW D 0D[(QW PRGHO RI WKH H[SHULPHQWDO UHVXOWV� 7KH

PRGHO RI ��D�OLFLRXV DQG ��D�WKRQ FDQ DFFRXQW IRU ERWK WKHLU FRPPRQ SKRQRORJLFDO

FRQGLWLRQLQJ DQG WKHLU GLIIHULQJ SUHIHUHQFHV ZLWK UHVSHFW WR VFKZD� 7KH ZHLJKWV RI

WKH FRQVWUDLQWV FRUUHVSRQG FORVHO\ WR WKH GLVWULEXWLRQ RI ZRUGV LQ WKH (QJOLVK OH[LFRQ�

VXJJHVWLQJ WKDW WKH VDPH FRQVWUDLQWV DUH DOVR DFWLYH LQ SKRQRWDFWLFV� 7KH VHFWLRQ

FRQFOXGHV E\ VKRZLQJ WKDW DQ (QJOLVK SKRQRWDFWLF JUDPPDU E\ LWVHOI FDQQRW DFFRXQW

DFFRXQW IRU WKH GLVWULEXWLRQ RI ��D�OLFLRXV DQG ��D�WKRQ� $Q DGGLWLRQDO PHFKDQLVP OLNH

85 FRQVWUDLQWV LV QHFHVVDU\�

��� %DFNJURXQG

7KLV VHFWLRQ SURYLGHV EDFNJURXQG RQ ��D�OLFLRXV DQG ��D�WKRQ� WKHLU PHDQLQJ�

SKRQRORJLFDO GLVWULEXWLRQ� DQG PRUSKRORJLFDO SURSHUWLHV� , VKRZ WKDW ��D�OLFLRXV DQG

��D�WKRQ SDWWHUQ LQ PDQ\ ZD\V OLNH ZHOO�HVWDEOLVKHG (QJOLVK VXIIL[HV�

����� ��D�OLFLRXV� RYHUYLHZ DQG FRQGLWLRQLQJ

��D�OLFLRXV LV D SURGXFWLYH GHULYDWLRQDO VXIIL[� ZKLFK FUHDWHV DGMHFWLYHV IURP QRXQV�

'HULYHG DGMHFWLYHV KDYH RQH RI WKH PHDQLQJV EHORZ�

��� 1281�OLFLRXV ���� 3RVVHVVLQJ FKDUDFWHULVWLFV RI 1281 �DQG WKLV LV SRVLWLYH��

��� 1281�OLFLRXV ���� &RQWDLQLQJ DQ DEXQGDQFH RI 1281 �DQG WKLV LV SRVLWLYH��

7ZR QRWHV RQ WKHVH GHILQLWLRQV� )LUVW� ��D�OLFLRXV VHOHFWV IRU QRXQV� EXW LW FDQ DOVR

WDNH DGMHFWLYHV� H�J� VH[\�OLFLRXV� $GMHFWLYH�GHULYHG ��D�OLFLRXV ZRUGV DUH OHVV FRPPRQ�

DQG VRPH VSHDNHUV HYHQ ILQG WKHP XQJUDPPDWLFDO� 7KLV LV VXSSRUWHG LQ FRUSXV UHVXOWV

LQ ����� 6HFRQG� ZRUGV GHULYHG E\ WKH VXIIL[ DOZD\V KDYH D SRVLWLYH FRQQRWDWLRQ�

���



1HJDWLYH ��D�OLFLRXV ZRUGV RFFXU YHU\ UDUHO\� DQG SHUKDSV RQO\ VDUFDVWLFDOO\� 7KH RQO\

XQDPELJXRXVO\ QHJDWLYH ZRUG ,¶YH HQFRXQWHUHG LV EDUI�D�OLFLRXV�

+HUH DUH D IHZ UHDO�ZRUOG H[DPSOHV� WDNHQ IURP WKH &RUSXV RI &RQWHPSRUDU\

$PHULFDQ (QJOLVK �&2&$� 'DYLHV ������� &2&$ LV D FROOHFWLRQ RI VSRNHQ DQG ZULWWHQ

(QJOLVK IURP ����±�����

��� %XW KHU QHZ VKRZ� µ&RXJDU 7RZQ¶ LV VWLUULQJ XS D ORW RI FRXJDUOLFLRXV

FRQWURYHUV\� �&11 6KRZEL] �����

��� «HPEUDFH RXU ERG\�OLFLRXV FXUYHV� �3HRSOH 0DJD]LQH �����

��� %ULWLVK &ROXPELDQ EDFN FRXQW\ VNLLQJ� ,W¶V WUHH�OLFLRXV� �6NLLQJ �����

��� (5¶V *HRUJH &ORRQH\ DQG 1RDK :\OH SOD\ WZR KXQNDOLFLRXV 0�'�¶V ZKRP

0RQLFD DQG 5DFKHO GDWH� �(QWHUWDLQPHQW 0DJD]LQH �����

��� 7KH JRXUPHW FRQFRFWLRQ� ZKLOH QRW PXFK PRUH GLIILFXOW� LV HTXDOO\ VWDUFKLOLFLRXV�

�$WODQWD -RXUQDO &RQVWLWXWLRQ �����

,Q WKHVH H[DPSOHV� ZH ILQG ERWK PHDQLQJV RI ��D�OLFLRXV� %DFN FRXQW\ VNLLQJ LV

WUHH�OLFLRXV EHFDXVH LW¶V IXOO RI WUHHV �EXW GRHV QRW SRVVHVV FKDUDFWHULVWLFV RI D WUHH��

ZKLOH *HRUJH &ORRQH\ LV KXQNDOLFLRXV EHFDXVH KH KDV WKH FKDUDFWHULVWLFV RI D KXQN �EXW

LV QRW IXOO RI KXQNV�� 6RPH FDVHV� H�J� VWDUFKLOLFLRXV� DUH DPELJXRXV EHWZHHQ WKH WZR

PHDQLQJV�

7KHVH H[DPSOHV DOVR VKRZ WKDW ��D�OLFLRXV LV WUHQG\� DQG ODFNV D VWDQGDUGL]HG

VSHOOLQJ� ([DPSOHV DUH HVSHFLDOO\ FRPPRQ LQ PDJD]LQHV DQG 79 VKRZV WKDW DGGUHVV

SRSXODU FXOWXUH �&11 6KRZEL]� 3HRSOH� (QWHUWDLQPHQW� HWF��� ,W FDQ EH VSHOOHG ZLWK D

K\SKHQ RU ZLWKRXW� 7KH VFKZD LV VSHOOHG PRVW RIWHQ ZLWK WKH YRZHOV D RU L� VRPHWLPHV

R� DQG DOPRVW QHYHU H� 0RUH QRWHV RQ VSHOOLQJ FDQ EH IRXQG LQ WKH FRUSXV GLVFXVVLRQ LQ

����� )RU WKH UHVW RI WKH FKDSWHU� , DOZD\V VSHOO WKH VFKZDIXO IRUP DV �DOLFLRXV�

���



+LVWRU\� 7KH VXIIL[ ��D�OLFLRXV LV UHODWLYHO\ QHZ� KDYLQJ RQO\ DWWDLQHG WKH

VXIIL[KRRG DV UHFHQWO\ DV WKH ����V� =LPPHU ������ DQG =ZLFN\ ������ GLVFXVV LWV

SURGXFWLYLW\ DQG KLVWRU\ RQ WKH ZHEVLWH /DQJXDJH /RJ� =LPPHU ������ VKRZV WKDW

HDUO\ XVHV RI ��D�OLFLRXV LQ WKH ����V±����V WRRN LW DV D EOHQG FRPSRQHQW� %OHQGV

ZHUH RIWHQ RQO\ RQH VHJPHQW UHPRYHG IURP GHOLFLRXV� DQG GHVFULEHG GHOLFLRXV WKLQJV�

6RPH H[DPSOHV DUH WHD�OLFLRXV �GHVFULELQJ WHD�� VHD�OLFLRXV �GHVFULELQJ VKULPS�� DQG

EHH�OLFLRXV �GHVFULELQJ KRQH\�� $V VKRZQ E\ WKH &2&$ H[DPSOHV DERYH� PRGHUQ XVDJH

RI ��D�OLFLRXV DOORZV D PRUH GLYHUVH VHW RI VWHPV DQG PHDQLQJV� 1RZ� D OLFLRXV�ZRUG

QHHGQ¶W EH UHODWHG WR IRRG RU UK\PH ZLWK GHOLFLRXV�

=ZLFN\ ������ �LQ DQRWKHU EORJ SRVW� QDPHV ��D�OLFLRXV DQG RWKHU QHRORJLVWLF

VXIIL[HV OLEIL[HV� /LEIL[HV DUH VXIIL[HV WKDW KDYH EHHQ OLEHUDWHG IURP WKHLU VRXUFH ZRUGV�

DQG DUH ERXQG OLNH VXIIL[HV EXW KDYH PHDQLQJV VLPLODU WR FRPSRXQGV� 6RPH RWKHU

FRPPRQ OLEIL[HV DUH �JDWH� DV LQ EULGJHJDWH� DQG �KROLF� DV LQ ZRUNDKROLF� %DXHU

������ FDOOV WKHVH W\SHV RI VXIIL[HV VSOLQWHUV� FLWLQJ ��H�WHULD� ��D�QRPLFV� DQG �VFDSH DV

H[DPSOHV� $FFRUGLQJ WR %DXHU� UHSHDWHG EOHQGV ZLWK D ZRUG UHVXOW LQ UH�DQDO\VLV DV D

PRUSKHPH� 7KLV VHHPV EH WKH FDVH IRU ��D�OLFLRXV� ZKLFK WUDQVLWLRQHG IURP D EOHQG

FRPSRQHQW �DV LQ EHH�OLFLRXV� WR D IXOO�IOHGJHG GHULYDWLRQDO VXIIL[ �DV LQ GRJ�D�OLFLRXV��

0RUH DUJXPHQWV WKDW ��D�OLFLRXV LV D VXIIL[ IROORZ LQ �����

3KRQRORJ\� 2QH SURSHUW\ RI ��D�OLFLRXV WKDW KDV QRW UHFHLYHG DQ\ DWWHQWLRQ LV LWV

SKRQRORJLFDO FRQGLWLRQLQJ�

/LNH PDQ\ GHULYDWLRQDO VXIIL[HV LQ (QJOLVK� ��D�OLFLRXV LV FRQGLWLRQHG E\ WKH VWUHVV

SDWWHUQ RI WKH VWHP� VWHPV ZLWK ILQDO VWUHVV SUHIHU �DOLFLRXV� 7KLV LV VKRZQ EHORZ ZLWK

PRUH H[DPSOHV WDNHQ IURP WKH QRQ�ILFWLRQ SRUWLRQV RI &2&$� , LQGLFDWH P\ MXGJPHQWV

IRU VWUHVV ZLWK RYHUVHW QXPEHUV� � LQGLFDWHV SULPDU\ VWUHVV� � LQGLFDWHV VHFRQGDU\ VWUHVV�

DQG VR RQ� 8QVWUHVVHG V\OODEOHV DUH XQQXPEHUHG�

���



���ı́�DOLFLRXV ���ı̆�OLFLRXV

FXUYH DOÕFLRXV UXE\ OÕFLRXV

KXQN DOÕFLRXV WXUNH\ OÕFLRXV

VWDUFK DOÕFLRXV FRXJDU OÕFLRXV

7DEOH ���� (IIHFW RI VWUHVV� H[DPSOHV IURP &2&$

7KH W\SH RI ILQDO VHJPHQW DOVR SOD\V D UROH� 6WHPV ZLWK ILQDO FRQVRQDQWV SUHIHU

�DOLFLRXV� ZKLOH VWHPV ZLWK ILQDO YRZHOV SUHIHU �OLFLRXV� 7KLV LV VKRZQ EHORZ ZLWK PRUH

&2&$ H[DPSOHV�

���&�DOLFLRXV ����9�OLFLRXV

FXUYH DOLFLRXV WUHH OLFLRXV

KXQN DOLFLRXV MHZ OLFLRXV

ORZ FDUE DOLFLRXV UXE\ OLFLRXV

7DEOH ���� (IIHFW RI ILQDO VHJPHQW� H[DPSOHV IURP &2&$

,Q &2&$� WKH VXIIL[ KDV D WKLUG IRUP� �LFLRXV� 7KLV IRUP RFFXUV ZLWK /�ILQDO VWHPV�

DV LQ ERWWOH�LFLRXV� ,W¶V XQFOHDU ZKHWKHU WKLV IRUP UHVXOWV IURP VXSSOHWLRQ RU LV GHULYHG

IURP �OLFLRXV YLD /�GHOHWLRQ� VR , ZRQ¶W GLVFXVV LW DW OHQJWK KHUH�

2SWLRQDOLW\� 7KH H[DPSOHV DERYH SUHVHQW DQ LGHDOL]HG YLHZ RI ��D�OLFLRXV� ,Q DFWXDO

XVH� WKH VXIIL[ LV VXEMHFW WR D JUHDW GHDO RI RSWLRQDOLW\� &RQVRQDQW�ILQDO VWHPV WHQG WR

WDNH �DOLFLRXV� EXW GRQ¶W DOZD\V� DQG OLNHZLVH IRU ILQDO�VWUHVVHG URRWV� )RU H[DPSOH�

ERWK EDEH�OLFLRXV DQG EDEH�DOLFLRXV DUH DWWHVWHG LQ &2&$�

7KLV YDULDWLRQ LV UHIOHFWHG LQ VSHDNHU LQWXLWLRQV� ZKLFK DUH VRPHWLPHV XQFHUWDLQ�

HVSHFLDOO\ IRU ZRUGV ZLWK FRQIOLFWLQJ VWUHVV DQG VHJPHQWDO UHTXLUHPHQWV� )RU H[DPSOH�

FDFWXV VKRXOG WDNH �OLFLRXV DFFRUGLQJ WR VWUHVV UHTXLUHPHQWV� EXW �DOLFLRXV DFFRUGLQJ WR

���



VHJPHQWDO UHTXLUHPHQWV� $V D UHVXOW� PDQ\ VSHDNHUV ODFN D FOHDU SUHIHUHQFH EHWZHHQ

FDFWXV�OLFLRXV DQG FDFWXV�DOLFLRXV� UHIOHFWHG LQ ERWK WKH FRUSXV DQG H[SHULPHQWDO UHVXOWV�

,Q WKH WDEOH EHORZ� , SUHYLHZ WKH H[SHULPHQWDO UHVXOWV IURP ����� 7KHVH UHVXOWV

GHPRQVWUDWH LQGHSHQGHQW HIIHFWV RI ILQDO VWUHVV DQG ILQDO VHJPHQW� DORQJ ZLWK WKH

LQWHUPHGLDWH VWDWXV RI FDFWXV�W\SH ZRUGV�

&RQWH[W ([DPSOH 3URSRUWLRQ VFKZD

SROÕFH DOÕFLRXV ����

&�ILQDO LDPE >> >>

SROÕFH OÕFLRXV ����

FDFWXV DOÕFLRXV ����

&�ILQDO WURFKHH < <

FDFWXV OÕFLRXV ����

KHUR DOÕFLRXV ����

9�ILQDO WURFKHH << <<

KHUR OÕFLRXV ����

7DEOH ���� 3URSRUWLRQV RI ��D�OLFLRXV IURP WKH H[SHULPHQW LQ ����

7R VXPPDUL]H WKH VHFWLRQ� ��D�OLFLRXV LV VXEMHFW WR YDULDWLRQ� DQG FRQGLWLRQHG E\

ERWK WKH ILQDO VHJPHQW DQG VWUHVV RI WKH VWHP� 7KH QH[W WZR VHFWLRQV DGGUHVV RWKHU

(QJOLVK GHULYDWLRQDO VXIIL[HV ZLWK D VLPLODU GLVWULEXWLRQ� VWDUWLQJ ZLWK ��D�WKRQ�

����� ��D�WKRQ� RYHUYLHZ DQG FRQGLWLRQLQJ

7KH VXIIL[ ��D�WKRQ VKDUHV PDQ\ SURSHUWLHV ZLWK ��D�OLFLRXV� DQG , XVH LW WKURXJKRXW

WKH FKDSWHU DV D SRLQW RI FRPSDULVRQ� ��D�WKRQ LV D GHULYDWLRQDO VXIIL[� FUHDWLQJ QRXQV

IURP YHUEV DQG QRXQV� ,W KDV WZR IRUPV� [ľQۏ] DQG �[ľQۏ̸]

��D�WKRQ FDQ KDYH WKH WZR PHDQLQJV EHORZ�

���



��� ;�WKRQ ���� $Q HYHQW WKDW LQYROYHV UHSHDWHG LQVWDQFHV ZLWK ; RU FDVHV RI ;LQJ

�; 1281 RU 9(5%�

���� ;�WKRQ ���� $ IXQGUDLVHU WR EHQHILW ; �; 1281�

7KH SKRQRORJLFDO FRQGLWLRQLQJ RI ��D�WKRQ LV VLPLODU WR WKDW RI ��D�OLFLRXV� /LNH

��D�OLFLRXV� LW¶V FRQGLWLRQHG E\ ERWK ILQDO VWUHVV DQG ILQDO VHJPHQW� 7KH SURSRUWLRQV

EHORZ FRPH IURP WKH H[SHULPHQW LQ �����

&RQWH[W ([DPSOH 3URSRUWLRQ VFKZD

SROÕFH DWKRQ ����

&�ILQDO LDPE >> >>

SROÕFH WKRQ ����

FDFWXV DWKRQ ����

&�ILQDO WURFKHH > >

FDFWXV WKRQ ����

KHUR DWKRQ ����

9�ILQDO WURFKHH << <<

KHUR WKRQ ����

7DEOH ���� 3URSRUWLRQV RI ��D�WKRQ IURP WKH H[SHULPHQW LQ ����

7KHUH DUH WKUHH PDLQ GLIIHUHQFHV EHWZHHQ ��D�OLFLRXV DQG ��D�WKRQ� )LUVW� ��D�WKRQ LV

PRUH OLNHO\ WR RFFXU ZLWK D VFKZD WKDQ ��D�OLFLRXV� 7KLV GLIIHUHQFH KROGV DFURVV DOO

ZRUG W\SHV� DQG FDQ EH REVHUYHG LQ ERWK WKH FRUSXV DQG H[SHULPHQWDO UHVXOWV ODWHU LQ

WKH FKDSWHU�

6HFRQG� ��D�OLFLRXV WDNHV PDLQ VWUHVV LQ LWV GHULYHG ZRUGV� ZKLOH ��D�WKRQ WDNHV

VHFRQGDU\ VWUHVV� 7KLV LV VKRZQ EHORZ IRU WKH VWHP KHUR� -XGJPHQWV IRU VWUHVV DUH P\

RZQ� EXW KDYH EHHQ LQIRUPDOO\ FRQILUPHG E\ DW OHDVW D GR]HQ (QJOLVK VSHDNHUV�

���



���� 6WUHVV GLIIHUHQFHV EHWZHHQ ��D�WKRQ DQG ��D�OLFLRXV

D� KHUR WKRQ

E� KHUR OÕFLRXV

7KLUG� ��D�WKRQ LV RQH RI PDQ\ GHULYDWLRQDO VXIIL[HV LQ (QJOLVK WKDW FDXVHV VWUHVV

WR VKLIW ULJKWZDUGV LQ LWV VWHP� 7KH H[DPSOHV EHORZ VKRZ ��D�WKRQ FDXVLQJ ULJKWZDUGV

PRYHPHQW RI VWUHVV� DORQJ ZLWK WKH VXIIL[HV �DO� �LF� DQG �LW\� ZKLFK H[KLELW WKH VDPH

EHKDYLRU� $OO RI WKHVH VXIIL[HV WDNH VHFRQGDU\ VWUHVV LQ GHULYHG ZRUGV�

���� ([DPSOHV RI VWUHVV VKLIW

D� ~QGHUZHDU XQGHUZpDU�DWKzQ

E� ËFHODQG ,FHOiQG�DWKzQ

F� FyQVRQDQW FRQVRQiQW�DO

G� ËFHODQG ,FHOiQG�LF

H� YtUJLQ YLUJtQ�LW\

6WUHVV VKLIW LV RQO\ SRVVLEOH ZKHQ 9�LQLWLDO �DWKRQ LV XVHG� ,I �WKRQ LV XVHG� VWUHVV

VKLIW LV LPSRVVLEOH�

���� ([DPSOHV RI VWUHVV VKLIW

D� ~QGHUZqDU XQGHUZpDU�DWKzQ

E� ~QGHUZqDU ~QGHUZHDU�WKzQ 
XQGHUZpDU�WKzQ

F� SKyQqPH SKRQpPH�DWKzQ

G� SKyQqPH SKyQHPH�WKzQ 
SKRQpPH�WKzQ

7KLV VXJJHVWV WKDW ULJKWZDUGV VWUHVV VKLIW SURYLGHV D PHDQV WR VDWLVI\ WKH UK\WKPLF

UHTXLUHPHQWV RI ��D�WKRQ� :KHQ �DWKRQ LV XVHG� VWUHVV VKLIW DSSOLHV FUHDWLQJ D

ILQDO�VWUHVVHG URRW� WKH W\SH RI VWHP WKDW �DWKRQ SUHIHUV� +RZHYHU� ZKHQ �WKRQ LV

XVHG� VWUHVV VKLIW LV LPSRVVLEOH� EHFDXVH VXFK D VKLIW ZRXOG YLRODWH WKH SKRQRORJLFDO

FRQGLWLRQLQJ RI WKH VXIIL[� %H\RQG WKHVH H[DPSOHV� , GRQ¶W GLVFXVV WKH VWUHVV�VKLIWLQJ

���



EHKDYLRU RI ��D�WKRQ� EXW LQ ����� , SUHVHQW H[SHULPHQW HYLGHQFH WKDW VKRZV ��D�OLFLRXV

LQWHUDFWV ZLWK WKH 5K\WKP 5XOH WR DYRLG VWUHVV FODVK LQ D VLPLODU ZD\�

����� 5HODWHG VXIIL[HV

$OWKRXJK WKHUH LV QR SUHYLRXV ZRUN RQ WKH SKRQRORJLFDO FRQGLWLRQLQJ RI ��D�OLFLRXV

RU ��D�WKRQ� PDQ\ RWKHU OLEIL[HV DQG VXIIL[HV IROORZ D VLPLODU GLVWULEXWLRQ�

6LHJHO ������¶V GHVFULSWLRQ RI WKH VXIIL[ ��H�WHULD VXJJHVWV WKDW LW¶V VXEMHFW WR WKH

VDPH VWUHVV FRQGLWLRQLQJ DV ��D�OLFLRXV� -XVW OLNH ��D�OLFLRXV� WKH VFKZDIXO IRUP RI

��H�WHULD WHQGV WR RFFXU ZLWK ILQDO�VWUHVV VWHPV� DQG WKH VFKZDOHVV IRUP WHQGV WR RFFXU

ZLWK QRQ�ILQDO�VWUHVV VWHPV� ,Q WKH H[DPSOHV EHORZ� D �W� LQGLFDWHV WKDW WKH W LV QRW

SUHVHQW LQ WKH VSHOOLQJ� DQG VWUHVV KDV EHHQ DGGHG�

���ı́��H�WHULD ���ı̆�WHULD

FDNH HWHULD EDVNHW �W�HULD

FOHDQ HWHULD FKRFRODWH �W�HULD

KDW HWHULD FDVNHW �W�HULD

IXUQLWXUH HWHULD FDQG\ WHULD

GU\JRRGV HWHULD UDGLR WHULD

7DEOH ���� 6LHJHO ������� H[DPSOHV RI �WHULD DQG �HWHULD

7KLV VXIIL[ LV HVSHFLDOO\ UHOHYDQW VLQFH LW¶V D GHULYDWLRQDO OLEIL[ MXVW OLNH OLNH

��D�OLFLRXV� +RZHYHU� WKH VXIIL[ LV QRW FRQWHPSRUDU\� DQG \RXQJHU VSHDNHUV �ERUQ LQ

WKH ��V DQG ODWHU� ODFN LQWXLWLRQV DERXW LWV GLVWULEXWLRQ DQG PHDQLQJ� ,Q IDFW� 6LHJHO

������¶V H[DPSOHV DUH GLVFXVVHG LQ 0HQFNHQ ������� ZKR FLWHV HYHQ HDUOLHU ZRUN�

%H\RQG ��H�WHULD� WKHUH DUH PDQ\ FRQWHPSRUDU\ OLEIL[HV WKDW IROORZ WKH VDPH SDWWHUQ�

$Q LQIRUPDO VXUYH\ RI :LNWLRQDU\� DQ RSHQ�VRXUFH GLFWLRQDU\� VXJJHVWV WKDW DOO RI WKH

VXIIL[HV EHORZ DUH VLPLODUO\ FRQGLWLRQHG E\ VWUHVV� )RU QHDUO\ DOO RI WKH VXIIL[HV� WKH

DOWHUQDWLQJ YRZHO LV VFKZD� DOWKRXJK VRPH RI WKHP DUH RFFDVLRQDOO\ SURQRXQFHG ZLWK

���



[R] ��RUDPD� �RSKLOH� �RQRPLFV�� DQG ��PD�JHGGRQ KDV D &9 V\OODEOH WKDW DOWHUQDWHV�

0RUH H[DPSOHV� DORQJ ZLWK PHDQLQJV IURP :LNWLRQDU\� DUH LQFOXGHG LQ WKH DSSHQGL[��

���� $OWHUQDWLQJ OLEIL[HV WKDW DUH VLPLODU WR ��D�OLFLRXV DQG ��D�WKRQ

��R�UDPD ��PD�JHGGRQ ��R�SKLOH

��L�ULIILF ��L�YHUVH ��D�KROLF

��R�JUDP ��D�SHGLD ��L�YRUH

��D�VDXUXV ��R�QRPLFV

7KHUH DUH DOVR OLEIL[HV ZLWK D VLQJOH IL[HG IRUP DQG QR DOWHUQDWLQJ YRZHO� $OO RI WKHVH

EHJLQ ZLWK D FRQVRQDQW�

���� 1RQ�DOWHUQDWLQJ OLEIL[HV

�JDWH �WDVWLF �]LOOD

1RQ�DOWHUQDWLQJ OLEIL[HV OLNH �JDWH DQG �WDVWLF FRPH IURP VRXUFH ZRUGV LQ ZKLFK WKH

OLEIL[ LV SUHFHGHG E\ D FRQVRQDQW� ZKLOH WKH DOWHUQDWLQJ RQHV OLNH ��D�KROLF FRPH IURP

VRXUFH ZRUGV ZLWK D YRZHO EHIRUH WKH VXIIL[� 7KLV VHHPV WR EH D JRRG SUHGLFWRU RI

ZKHWKHU D OLEIL[ ZLOO DOWHUQDWH� DQG D IXOO OLVW RI VRXUFH ZRUGV LV LQ WKH DSSHQGL[�

2XWVLGH RI OLEIL[HV� WKHUH DUH PDQ\ ZHOO�HVWDEOLVKHG GHULYDWLRQDO VXIIL[HV LQ (QJOLVK

WKDW REH\ VLPLODU SKRQRORJLFDO FRQGLWLRQLQJ� 2QH WKDW SDUWLFXODUO\ UHVHPEOHV ��D�OLFLRXV

LV ��H�U\� 7KH VXIIL[ KDV WZR IRUPV [Lޗ] DQG �[Lޗ̸] [Lޗ̸] RFFXUV DIWHU VWUHVVHG V\OODEOHV�

DQG [Lޗ] DIWHU XQVWUHVVHG RQHV�

���� 6WUHVV FRQGLWLRQLQJ RI ��H�U\

D� YLOOLDQU\ YtOOLDQ�U\

E� FKLFNHQU\ FKtFNHQ�U\

�$ JURZLQJ OLVW RI OLEIL[HV FDQ EH IRXQG RQ $UQROG =ZLFN\¶V EORJ �KWWS���DUQROG]ZLFN\�RUJ�FDWHJRU\�
PRUSKRORJ\�OLEIL[HV��� +LV OLVW LQFOXGHV PDQ\ RI WKH RQHV KHUH� DORQJ ZLWK REVHUYDWLRQV DERXW OLEIL[HV LQ
WKH ZLOG�

���



F� GHQWLVWU\ GpQWLVW�U\

G� FRPLFU\ FyPLF�U\

H� EUHZHU\ EUpZ�HU\

I� TXLSSHU\ T~LS�HU\

J� FORZQHU\ FOyZQ�HU\

7KH VXIIL[ �HU\ DOVR UHVHPEOHV �DWKRQ ZLWK UHVSHFW WR VWUHVV VKLIW� ,Q WKH H[DPSOHV

EHORZ� �HU\ FDXVHV VWUHVV WR VKLIW WR WKH ILQDO V\OODEOH� UHVXOWLQJ LQ VXUIDFH IRUPV WKDW

REH\ WKH SKRQRORJLFDO UHTXLUHPHQWV RI ��H�U\�

���� �HU\ DIWHU FRPSRXQGV

D� SyVWKRF SRVWKyFN�HU\

E� E~OOVKLW EXOOVKtW�HU\

F� iVVKDW DVVKiWW�HU\

G� iVVFORZQ DVVFOyZQ�HU\

H� GyXFKHEDJ GRXFKHEiJJ�HU\

7KH SKRQRORJLFDO FRQGLWLRQLQJ RI RWKHU GHULYDWLRQDO VXIIL[HV LV GLVFXVVHG LQ ����

ZLWK UHVSHFW WR KLDWXV DYRLGDQFH DQG ���� ZLWK UHVSHFW WR VWUHVV FODVK DYRLGDQFH� DQG

HYHQ PRUH FDVHV RI SKRQRORJLFDOO\�FRQGLWLRQHG GHULYDWLRQ FDQ EH IRXQG LQ 5DIIHOVLHIHQ

������ DQG 3ODJ �������

��� 'ULYHQ E\ ∗ DQG ∗
*LYHQ WKH GLVWULEXWLRQ RI ��D�OLFLRXV DQG ��D�WKRQ� WKH QDWXUDO TXHVWLRQ LV ZKHUH

SKRQRORJLFDO FRQGLWLRQLQJ FRPHV IURP� , FRQVLGHU WZR SRVVLELOLWLHV� FRQGLWLRQLQJ LV WKH

UHVXOW RI ODQJXDJH�ZLGH FRQVWUDLQWV �WKH /:& +\SRWKHVLV� �������� RU FRQGLWLRQLQJ LV

WKH UHVXOW RI VXEFDWHJRUL]DWLRQ� (DFK RI WKHVH SRVVLELOLWLHV LV VNHWFKHG EHORZ� ,Q WKLV

VHFWLRQ� , IRFXV RQ ��D�OLFLRXV� EXW DOO RI WKH DUJXPHQWDWLRQ DSSOLHV HTXDOO\ WR ��D�WKRQ�

���



���� 7KH /:& +\SRWKHVLV� WKH GLVWULEXWLRQ RI ��D�OLFLRXV LV SKRQRORJLFDOO\

RSWLPL]LQJ� ,W¶V WKH UHVXOW RI D UDQNLQJ RI SUH�H[LVWLQJ PDUNHGQHVV FRQVWUDLQWV

OLNH ∗ DQG ∗ �

���� 6XE+� WKH GLVWULEXWLRQ RI ��D�OLFLRXV LV WKH UHVXOW RI SKRQRORJLFDO VXEFDWHJR�

UL]DWLRQ� 7KH SKRQRORJLFDO FRQWH[WV IRU ��D�OLFLRXV DUH OH[LFDOO\ OLVWHG�

$V ZLWK WKH RWKHU FDVHV LQ WKH GLVVHUWDWLRQ� , DUJXH IRU WKH /:& +\SRWKHVLV�

7KH /:& +\SRWKHVLV� 8QGHU WKH DQDO\VLV KHUH� WKH SKRQRORJLFDO JUDPPDU RI

(QJOLVK FRQGLWLRQV ��D�OLFLRXV� 7KUHH FRQVWUDLQWV LQ SDUWLFXODU DUH UHVSRQVLEOH�

���� ∗

$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHTXHQFH RI WZR VWUHVVHG V\OODEOHV�

���� ∗

$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHTXHQFH RI WZR XQVWUHVVHG V\OODEOHV�

���� ∗

$VVLJQ RQH YLRODWLRQ IRU HYHU\ VHTXHQFH RI WZR YRZHOV�

∗ DQG ∗ FDSWXUH WKH JHQHUDOL]DWLRQ WKDW ��D�OLFLRXV RSWLPL]HV UK\WKP�

DYRLGLQJ VHTXHQFHV RI FRQVHFXWLYH VWUHVVHG RU XQVWUHVVHG V\OODEOHV� ,Q WKH H[DPSOHV

EHORZ� IRUPV ZLWK DOWHUQDWLQJ UK\WKP DUH MXGJHG DV EHWWHU WKDQ IRUPV ZLWK FODVKHV DQG

ODSVHV�

���� ([DPSOHV ZLWK SHUIHFW UK\WKP

ıı́�ıı́ SROLFH�DOLFLRXV

SROLFH�DWKRQ

ı́ı�ı́ı FDFWXV�OLFLRXV

���



���� ([DPSOHV ZLWK D VWUHVV FODVK RU ODSVH

ıı́�ı́ı 
SROLFH�OLFLRXV

ı́ı�ıı́ "FDFWXV�DOLFLRXV

∗ FDSWXUHV WKH JHQHUDOL]DWLRQ WKDW DOORPRUSK\ DYRLGV 99 VHTXHQFHV� DV LQ


KHUR�DOLFLRXV DQG 
KHUR�DWKRQ� $V WKH H[SHULPHQWDO UHVXOWV ZLOO VKRZ� VSHDNHUV DUH

HVSHFLDOO\ VHQVLWLYH WR KLDWXV EHWZHHQ D OD[ YRZHO DQG D IXOO YRZHO� ZKLFK IROORZV

IURP WKH (QJOLVK FRQVWUDLQW ∗ԥ� IURP &KDSWHU ��

6XEFDWHJRUL]DWLRQ� 8QGHU WKH DOWHUQDWLYH DFFRXQW� DOO SKRQRORJLFDO FRQGLWLRQLQJ

UHVXOWV IURP VXEFDWHJRUL]DWLRQ IUDPHV� )RU H[DPSOH� D VXEFDWHJRUL]DWLRQ IUDPH UHTXLUHV

�DOLFLRXV WR FRPELQH ZLWK VWUHVV�ILQDO� FRQVRQDQW�ILQDO VWHPV� ZKLOH �OLFLRXV RFFXUV

HOVHZKHUH�

���� �DOLFLRXV ↔ &

���� �DOLFLRXV ↔ ı́

���� �OLFLRXV HOVHZKHUH

8QGHU WKLV DFFRXQW� ODQJXDJH OHDUQHUV PXVW DFTXLUH VXIIL[�VSHFLILF VHOHFWLRQDO

UHTXLUHPHQWV� $Q\ UHVHPEODQFH EHWZHHQ DOWHUQDWLRQV� SKRQRWDFWLFV� DQG VXIIL[DO

VHOHFWLRQDO UHTXLUHPHQWV LV D FRLQFLGHQFH� DOWKRXJK GLDFKURQ\ FDQ EH XVHG WR H[SODLQ

VLPLODULWLHV DFURVV VXIIL[HV �VHH %HUJ ���� IRU DQ H[DPSOH��

'LIIHUHQFHV EHWZHHQ WKH DFFRXQWV� 8QGHU WKH /:& +\SRWKHVLV� SKRQRORJLFDO

FRQVWUDLQWV RQ 3&$ DUH FRPSOHWHO\ LQGHSHQGHQW RI WKH OH[LFRQ� 7KHLU HIIHFWV VKRXOG

HPHUJH UHJDUGOHVV RI WKH VXIIL[ DW KDQG� DQG WKH VDPH FRQVWUDLQWV KROG RXWVLGH RI

VXIIL[DWLRQ� LQ SKRQRWDFWLFV DQG DOWHUQDWLRQV�

7KH VXSSRUW IRU WKH /:& +\SRWKHVLV LV UHSHDWHG EHORZ �IURP �������� , VKRZ WKDW

DOO RI WKHVH SUHGLFWLRQV KROG IRU ��D�OLFLRXV�

���



���� 7KH /:& +\SRWKHVLV LV VXSSRUWHG ZKHQ 3&$�FRQGLWLRQLQJ FRQVWUDLQWV DUH

DFWLYH HOVHZKHUH LQ WKH VDPH ODQJXDJH�

D� 7KH\ FRQGLWLRQ RWKHU FDVHV RI 3&$�

E� 7KH\ FRQGLWLRQ SKRQRWDFWLFV�

F� 7KH\ FRQGLWLRQ UHSDLUV�

,Q WKLV FKDSWHU� , FRQVLGHU WZR PRUH NLQGV RI VXSSRUW IRU WKH /:& +\SRWKHVLV�

���� 7KH /:& +\SRWKHVLV LV DOVR VXSSRUWHG ZKHQ�

D� 7KHUH¶V LQVXIILFLHQW GDWD WR OHDUQ WKH DIIL[¶V GLVWULEXWLRQ�

E� 7KHUH¶V QR KLVWRULFDO H[SODQDWLRQ IRU WKH DIIL[¶V GLVWULEXWLRQ�

6LQFH D VSHDNHU UHFUXLWV WKH H[LVWLQJ SKRQRORJLFDO JUDPPDU WR GHFLGH EHWZHHQ

VXIIL[HV� KH GRHVQ¶W QHHG WR DFWXDOO\ OHDUQ D VXIIL[¶V SDUWLFXODU SKRQRORJLFDO UHTXLUHPHQWV�

)XUWKHUPRUH� ZH H[SHFW VLPLODULWLHV EHWZHHQ VXIIL[HV� VLQFH WKH\¶UH DOO FRQGLWLRQHG E\

WKH VDPH FRQVWUDLQWV� :H GRQ¶W QHHG WR ORRN WR KLVWRU\ IRU H[SODQDWLRQV RI FURVV�VXIIL[

VLPLODULW\�

7KHUH¶V RQH ILQDO UHTXLUHPHQW IRU DQ\ DFFRXQW WKDW DVVXPHV ODQJXDJH�ZLGH

FRQVWUDLQWV� 6LQFH HYHU\WKLQJ IROORZV IURP D VLQJOH JUDPPDU� WKHUH PXVW EH VRPH

FRQVLVWHQW UDQNLQJ RU ZHLJKWLQJ RI FRQVWUDLQWV IRU DOO FDVHV�

���� 5HTXLUHPHQW RI WKH /:& +\SRWKHVLV

7KHUH LV D FRQVLVWHQW FRQVWUDLQW UDQNLQJ IRU 3&$ DQG UHSDLUV�

,Q WKH 85& DFFRXQW RI ��D�OLFLRXV DQG ��D�WKRQ LQ ����� , VKRZ WKDW LW¶V SRVVLEOH

WR DFFRXQW IRU WKH GLVWULEXWLRQ RI ERWK VXIIL[HV ZLWK D VLQJOH ZHLJKWLQJ RI PDUNHGQHVV

FRQVWUDLQWV� 0RUHRYHU� , VKRZ WKDW (QJOLVK SKRQRWDFWLFV DUH FRQVLVWHQW ZLWK WKH PRGHO¶V

ZHLJKWV RI ∗ � ∗ � DQG ∗ � HYHQ WKRXJK WKH FRQVWUDLQW ZHLJKWV ZHUH

GHWHUPLQHG XVLQJ RQO\ WKH ��D�OLFLRXV DQG ��D�WKRQ GDWD�

,Q WKH QH[W VHFWLRQV� , FRQVLGHU HDFK SLHFH RI VXSSRUW IRU WKH /:& +\SRWKHVLV�

���



����� 3&$�FRQGLWLRQLQJ FRQVWUDLQWV DUH DFWLYH HOVHZKHUH LQ WKH VDPH ODQJXDJH

7KH FRQVWUDLQWV ∗ � ∗ � DQG ∗ VKRZ HIIHFWV WKURXJKRXW (QJOLVK�

$V VKRZQ LQ ����� KLDWXV LV DYRLGHG WKURXJKRXW (QJOLVK� LQFOXGLQJ 3&$ ZLWK D�Q�

DQG D QXPEHU RI KLDWXV�FRQGLWLRQHG UHSDLUV� VXFK DV JORWWDO VWRS HSHQWKHVLV DQG YRZHO

UHGXFWLRQ� , ZRQ¶W UHSHDW WKH GDWD KHUH�

7KH UK\WKPLF FRQVWUDLQWV ∗ DQG ∗ DOVR VKRZ HIIHFWV DFURVV (QJOLVK�

5K\WKPLF FRQVWUDLQWV FRQGLWLRQ D ODUJH QXPEHU RI FDVHV RI JUDPPDWLFDO YDULDWLRQ�

� GHULYDWLRQ ZLWK WKH VXIIL[HV �HVH� �DO� �HHU� �HH� �HWWH� �L]H� DQG �LI\ �5DIIHOVLHIHQ

�����

� WKH GDWLYH DOWHUQDWLRQ� JLYH -RKQ WKH ERRN YV� JLYH WKH ERRN WR -RKQ �$QWWLOD�

$GDPV� DQG 6SHULRVX �����

� WKH JHQLWLYH DOWHUQDWLRQ� WKH FDU¶V ZKHHO YV� WKH ZKHHO RI WKH FDU �6KLK HW DO� �����

� RSWLRQDO WR �:DVRZ� *UHHQH� DQG /HY\ �����

� RSWLRQDO WKDW �/HH DQG *LEERQV �����

� ZRUG RUGHU LQ FRQMRLQHG 13V �0F'RQDOG HW DO� �����

(QJOLVK DOVR KDV D SKRQRORJLFDO UHSDLU WKDW HQIRUFHG UK\WKPLF DOWHUQDWLRQ� 7KH

5K\WKP 5XOH� GLVFXVVHG ODWHU LQ WKLV FKDSWHU� PRYHV D ZRUG¶V VWUHVV LQ RUGHU WR DYRLG

VWUHVV FODVK�

8QGHU WKH /:& +\SRWKHVLV� VLPLODULWLHV EHWZHHQ ��D�OLFLRXV� ��D�WKRQ� DQG WKHVH

RWKHU DOWHUQDWLRQV IROORZ IURP WKH IDFW WKDW DOO RI WKH FDVHV DUH FRQGLWLRQHG E\ WKH VDPH

VHW RI SKRQRORJLFDO FRQVWUDLQWV� $OO RI WKHVH GLYHUVH SURFHVVHV FRQVSLUH WR VDWLVI\ WKH

VDPH FRQVWUDLQWV�

8QGHU VXEFDWHJRUL]DWLRQ� LI WKHUH DUH RWKHU DIIL[HV WKDW DUH VXEMHFW WR WKH VDPH

FRQGLWLRQV� LW¶V EHFDXVH WKH\ KDSSHQ WR KDYH VLPLODU VXEFDWHJRUL]DWLRQ IUDPHV�

���



����� 7KHUH¶V QR KLVWRULFDO H[SODQDWLRQ IRU WKH DIIL[¶V GLVWULEXWLRQ

:K\ ZRXOG VR PDQ\ VXIIL[HV KDYH WKH VDPH VXEFDWHJRUL]DWLRQ IUDPH" 7KH

PRVW VWUDLJKWIRUZDUG DQVZHU LV WKDW FURVV�VXIIL[ VLPLODULW\ IROORZV IURP KLVWRULFDO

FKDQJH� 0DQ\ FDVHV RI 3&$ DUH WKH UHVXOW RI VKDUHG VRXQG FKDQJH� VXFK DV )UHQFK

OLDLVRQ LQ ���� DQG WKH KLVWRULFDO UHVHPEOHQFH LQ (QJOLVK EHWZHHQ D�DQ� P\�PLQH� DQG

WK\�WKLQH �%HUJ ������

:KLOH D KLVWRULFDO DFFRXQW LV DYDLODEOH IRU FDVHV OLNH )UHQFK OLDLVRQ� QR VXFK DFFRXQW

LV DYDLODEOH IRU OLEIL[HV� /LEIL[HV DUH UHODWLYHO\ QRYHO DQG XQFRPPRQ� DQG OLEIL[HV WKDW

KDYH DSSHDUHG GXULQJ GLIIHUHQW SHULRGV RI WLPH� VXFK DV ��H�WHULD DQG ��D�OLFLRXV� REH\

WKH VDPH VHW RI FRQVWUDLQWV�

����� 7KHUH¶V LQVXIILFLHQW GDWD WR OHDUQ WKH DIIL[¶V GLVWULEXWLRQ

6SHDNHUV ZKR OHDUQ WKH GLVWULEXWLRQ RI ��D�OLFLRXV PXVW GR VR ZLWK YHU\ VSDUVH GDWD�

,Q WKH � ELOOLRQ ZRUG FRUSXV GLVFXVVHG LQ ����� PRVW ZRUGV ZLWK ��D�OLFLRXV RFFXU RQO\

RQFH� DQG WKH PRVW FRPPRQ ��D�OLFLRXV ZRUGV KDYH WKH VDPH SKRQRORJLFDO VKDSH�

'HVSLWH WKLV� VSHDNHUV DJUHH RQ WKH GLVWULEXWLRQ RI ��D�OLFLRXV LQ WKH MXGJPHQW

H[SHULPHQW� ,I VSHDNHUV GRQ¶W OHDUQ WKH GLVWULEXWLRQ RI ��D�OLFLRXV WKURXJK REVHUYDWLRQ�

KRZ GR WKH\ OHDUQ LW" 7KH DQVZHU XQGHU /:& +\SRWKHVLV LV WKDW VSHDNHUV VLPSO\

H[WHQG WKHLU H[LVWLQJ SKRQRORJ\ WR WKH QHZ VXIIL[HV� $OO D VSHDNHU QHHGV WR OHDUQ LV

WKDW WKHUH DUH WZR IRUPV� �OLFLRXV DQG �DOLFLRXV� DQG WKH SKRQRORJLFDO JUDPPDU KDQGOHV

WKH UHVW�

��� $UJXPHQWV IRU 3&$

7KURXJKRXW WKH GLVVHUWDWLRQ� , WUHDW WKH FKRLFH EHWZHHQ �OLFLRXV DQG �DOLFLRXV DV DQ

LQVWDQFH RI 3&$� 8QGHU WKLV DFFRXQW� �OLFLRXV DQG �DOLFLRXV KDYH VHSDUDWH 85V� DQG WKH

FKRLFH EHWZHHQ 85V LV FRQGLWLRQHG E\ SKRQRORJ\�

���� 0XOWLSOH 85 DFFRXQW�
/̸OԌߑӝV

OԌߑӝV
/
⇒

[̸OԌߑӝV
OԌߑӝV

]

���



7KH DOWHUQDWLYH LV WKDW �OLFLRXV DQG �DOLFLRXV DUH GHULYHG IURP D VLQJOH 85 WKURXJK

HSHQWKHVLV RU GHOHWLRQ�

���� 6LQJOH 85 DFFRXQW ZLWK [̸]�HSHQWKHVLV� /OԌߑӝV/ →
[̸OԌߑӝV
OԌߑӝV

]

���� 6LQJOH 85 DFFRXQW ZLWK [̸]�GHOHWLRQ� /̸OԌߑӝV/ →
[̸OԌߑӝV
OԌߑӝV

]

,Q WKLV VHFWLRQ� , DUJXH DJDLQVW ERWK VLQJOH 85 DFFRXQWV� DORQJ ZLWK WKH DOWHUQDWLYH

WKDW ��D�OLFLRXV LV WKH UHVXOW RI EOHQGLQJ� $OWKRXJK WKLV VHFWLRQ IRFXVHV RQ ��D�OLFLRXV�

WKHVH DUJXPHQWV DSSO\ HTXDOO\ WR ��D�WKRQ�

����� 1RW GHOHWLRQ RU HSHQWKHVLV

7KH EHVW DUJXPHQW DJDLQVW D VLQJOH 85 DFFRXQW LV WKDW VFKZD DOWHUQDWLRQV DUH OLPLWHG

WR VXEVHW RI (QJOLVK VXIIL[HV�

,I VFKZD ZHUH WKH UHVXOW RI D JHQHUDO SURFHVV RI HSHQWKHVLV� ZH ZRXOG H[SHFW LW

DW HYHU\ PRUSKHPH ERXQGDU\ LQ (QJOLVK� JLYHQ WKH ULJKW SKRQRORJLFDO FRQWH[W� 7KH

VXIIL[HV EHORZ KDYH QR VFKZD� HYHQ ZLWK ILQDO�VWUHVVHG� FRQVRQDQW�ILQDO VWHPV� ,I

WKH VFKZD LQ SROLFH�DOLFLRXV LV HSHQWKHWLF� WKH VDPH HSHQWKHVLV UXOH VKRXOG DSSO\ LQ

SROLFH�WDVWLF�

���� 6XIIL[HV WKDW QHYHU RFFXU ZLWK D VFKZD� UHJDUGOHVV RI FRQWH[W

D� �ZLVH�

SROLFH�ZLVH FDFWXV�ZLVH 
SROLFH�D�ZLVH

E� �JDWH�

SROLFH�JDWH FDFWXV�JDWH 
SROLFH�D�JDWH

F� �]LOOD�

SROLFH�]LOOD FDFWXV�]LOOD 
SROLFH�D�]LOOD

G� �WDVWLF�

SROLFH�WDVWLF FDFWXV�WDVWLF 
SROLFH�D�WDVWLF

���



,I WKH DOWHUQDWLRQ ZHUH WKH UHVXOW RI GHOHWLRQ� ZH¶G H[SHFW VFKZD GHOHWLRQ LQ WKH

FRQWH[WV WKDW SUHIHU WKH VFKZDOHVV �OLFLRXV� 7KH VXIIL[HV EHORZ DOZD\V RFFXU ZLWK D

VFKZD� HYHQ ZLWK XQVWUHVVHG 9�ILQDO VWHPV� 7KHVH DUH WKH VWHPV WKDW VWURQJO\ GLVSUHIHU

VFKZD LQ �DWKRQ DQG �DOLFLRXV�

���� 6XIIL[HV WKDW DOZD\V RFFXU ZLWK VFKZD� UHJDUGOHVV RI FRQWH[W

D� �DEOH�

GHOD\DEOH FDUU\DEOH 
FDUU\¶EOH �
[N ޗLEO]ૂ�
E� �DELOLW\�

GHOD\DELOLW\ FDUU\DELOLLW\ 
FDUU\¶ELOLW\ �
[N ޗLEԌOӝޞL]�

����� 1RW D PLQRU UXOH

$QRWKHU SRVVLELOLW\ LV WKDW VFKZD LV WKH UHVXOW RI PRUSKHPH�VSHFLILF HSHQWKHVLV RU

GHOHWLRQ� 8QGHU WKLV DFFRXQW� ��D�WKRQ DQG ��D�OLFLRXV ERWK H[KLELW WKH VDPH W\SH RI

VFKZD DOWHUQDWLRQ EHFDXVH WKH\ DUH VXEMHFW WR WKH VDPH SKRQRORJLFDO SURFHVVHV�

7KLV FDQ DFFRXQW IRU VRPH RI WKH WKLQJV WKDW DUH FRLQFLGHQFH LQ WKH 3&$ DFFRXQW�

)RU H[DPSOH� PRVW OLEIL[HV KDYH DQ DOWHUQDWLQJ VFKZD� 8QGHU PRUSKHPH�VSHFLILF

HSHQWKHVLV� WKH UHDVRQ WKH DOWHUQDWLQJ YRZHO LV DOZD\V VFKZD LV WKDW WKH VFKZD LV WKH

HSHQWKHWLF YRZHOV�

7KHUH DUH WKUHH FKDOOHQJHV IRU DQ DFFRXQW ZLWK D PLQRU UXOH RU PRUSKHPH�VSHFLILF

HSHQWKHVLV�

)LUVW� KLDWXV� DQG FODVK�DYRLGDQFH DUH QRW VSHFLILF WR WKH VXIIL[HV ��D�WKRQ DQG

��D�OLFLRXV� 8VLQJ D PLQRU UXOH RU D PRUSKHPH�VSHFLILF PDUNHGQHVV FRQVWUDLQW PLVVHV

WKH IDFW WKDW FODVK DQG KLDWXV DUH DYRLGHG DFURVV DOO RI (QJOLVK �VHH ���� IRU VLPLODU

DUJXPHQWV IRU D DQG DQ��

6HFRQG� KLDWXV LV UHVROYHG LQ (QJOLVK WKURXJK RWKHU PHFKDQLVPV� VXFK DV �ݦ

HSHQWKHVLV� ,W¶V GLIILFXOW WR FUHDWH D UDQNLQJ WKDW IDYRUV �HSHQWKHVLVݦ LQ JHQHUDO� EXW

���



ԥ�GHOHWLRQ LQ WKH FDVH RI �DOLFLRXV DQG �DWKRQ �DJDLQ� VHH ���� IRU DQ H[DPSOH ZLWK D

DQG DQ��

7KLUG� WKH UDWH RI VFKZD GLIIHUV EHWZHHQ ��D�OLFLRXV DQG ��D�WKRQ ��������� 7KLV

PHDQV WKDW ZH QHHG HLWKHU WZR VHSDUDWH PRUSKHPH�VSHFLILF UXOHV�FRQVWUDLQWV� RU VRPH

ZD\ WR OLPLW WKH UDWH RI HSHQWKHVLV�GHOHWLRQ IRU RQH RI WKH VXIIL[HV� 2QH SRVVLELOLW\

LV IUHTXHQF\�FRQGLWLRQHG GHOHWLRQ� EXW WKLV GRHVQ¶W VHHP SODXVLEOH� ,Q FDVHV RI

IUHTXHQF\�FRQGLWLRQHG GHOHWLRQ� VXFK DV VFKZD GHOHWLRQ LQ (QJOLVK �DVWURQRP\�� PRUH

IUHTXHQW ZRUGV DUH PRUH OLNHO\ WR XQGHUJR GHOHWLRQ �+RRSHU ������ ,Q WKH H[SHULPHQWDO

UHVXOWV ODWHU LQ WKH FKDSWHU� VXEMHFWV UDWHG ��D�WKRQ DV PRUH IUHTXHQW WKDQ ��D�OLFLRXV LQ

ERWK SHUFHSWLRQ DQG SURGXFWLRQ� FRQVLVWHQW ZLWK WKH FRUSXV FRXQWV� %DVHG RQ WKLV� ZH

H[SHFW PRUH GHOHWLRQ DQG OHVV VFKZD IRU �DWKRQ WKDQ �DOLFLRXV� FRQWUDU\ WR WKH REVHUYHG

SDWWHUQ LQ WKH GDWD�

����� 1RW D EOHQG

$ ILQDO SRVVLELOLW\ LV WKDW ��D�OLFLRXV LV WKH SURGXFW RI EOHQGLQJ� 8QGHU WKLV DQDO\VLV�

FDFWXV�OLFLRXV LV D FRPELQDWLRQ RI WKH ZRUGV FDFWXV DQG GHOLFLRXV�

���� ([DPSOHV RI FRPPRQ EOHQGV

D� VPRNH�IRJ  VPRJ

E� PRWRU�KRWHO  PRWHO

F� EUHDNIDVW�OXQFK  EUXQFK

7KHUH DUH WKUHH FRPPRQ SURSHUWLHV RI EOHQGV� DOO RI ZKLFK DUH FRQWUDGLFWHG E\

PDQ\ PRGHUQ ��D�OLFLRXV ZRUGV� 7KH SURSHUWLHV RI EOHQGV FRPH IURP 3ODJ �������

���� 3URSHUWLHV RI EOHQGV IURP 3ODJ ������

D� %OHQGV DUH VHPDQWLFDOO\ FRPSRVLWLRQDO� LQYROYLQJ PHDQLQJV RI ERWK

FRPSRQHQWV�

E� %OHQGV DUH PRUH OLNHO\ EHWZHHQ ZRUGV RI WKH VDPH V\QWDFWLF FDWHJRU\�

���



F� %OHQGV UHVHPEOH WKH SURVRG\ RI WKHLU FRPSRQHQW ZRUGV�

G� %OHQGV DUH IRUPHG E\ FRPELQLQJ VXESDUWV RI WZR ZRUGV�

$FFRUGLQJ WR 3ODJ ������� WKH VHPDQWLFV RI EOHQGV UHVHPEOHV WKDW RI FRSXODWLYH

FRPSRXQGV� VXFK DV DFWRU�GLUHFWRU DQG ZULWHU�MRXUQDOLVW� ,Q D EOHQG OLNH ERDWHO �IURP

ERDW�KRWHO�� ERWK FRPSRQHQWV FRQWULEXWH PHDQLQJ� D ERDWHO LV ERWK D ERDW DQG KRWHO�

+RZHYHU� D ZRUG FUHDWHG ZLWK ��D�OLFLRXV QHHGQ¶W UHODWH WR GHOLFLRXVQHVV� LQ WHUPV RI

HLWKHU VH[LQHVV RU WDVWLQHVV� )RU PRVW VSHDNHUV� VRPHWKLQJ WKDW LV SXSS\�OLFLRXV LV QRW

GHOLFLRXV LQ DQ\ VHQVH RI WKH ZRUG�

���� , ZHQW WR WKH SRXQG� DQG ER\ ZDV LW SXSS\�OLFLRXV� �WKH SRXQG KDG ORWV RI

SXSSLHV� DQG LW ZDV JUHDW�

%OHQG�OLNH VHPDQWLFV GRHV KROG IRU HDUO\ XVDJHV RI ��D�OLFLRXV� EHIRUH LW EHFDPH D

VXIIL[� $V QRWHG HDUOLHU� OLFLRXV�ZRUGV LQ WKH ����V±��V W\SLFDOO\ UHODWHG WR IRRG DQG

GULQN� 6XFK ZRUGV DUH SRVVLEOH WRGD\� EXW VR DUH ZRUGV OLNH SXSS\�OLFLRXV�

6LQFH ERWK SDUWV FRQWULEXWH PHDQLQJ� EOHQGV DUH W\SLFDOO\ IRUPHG IURP ZRUGV RI WKH

VDPH V\QWDFWLF FDWHJRU\� H�J� WZR QRXQV RU WZR DGMHFWLYHV� 7KLV LV QRW WKH FDVH IRU

��D�OLFLRXV ± ZKLFK DFWXDOO\ GLVSUHIHUV DGMHFWLYHV ������� 7KLV LV D ZHDNHU DUJXPHQW�

KRZHYHU� VLQFH HDUO\ �OLFLRXV EOHQGV DOVR RFFXUUHG ZLWK QRXQV�

7KH QH[W SURSHUW\ RI EOHQGV LV WKDW WKH\ UHVHPEOH WKH SURVRG\ RI WKHLU FRPSRQHQW

ZRUGV� )RU H[DPSOH� EOHQGV WHQG WR EH QR ORQJHU WKDQ WKH ORQJHU RI WKHLU WZR

FRPSRQHQWV �3ODJ ������ 7KLV LV QRW WKH FDVH IRU ZRUGV GHULYHG ZLWK ��D�OLFLRXV�

ZKLFK DUH W\SLFDOO\ ORQJHU WKDQ ERWK WKH VWHP DQG GHOLFLRXV� 7KLV KROGV IRU DOO RI WKH

GLV\OODELF VWHPV GLVFXVVHG LQ WKLV FKDSWHU �WXUNH\�OLFLRXV� FRXJDU�OLFLRXV�� ZKLFK DUH DW

OHDVW IRXU V\OODEOHV ORQJ� $JDLQ� WKLV UHTXLUHPHQW KHOG RI HDUO\ XVHV RI ��D�OLFLRXV�

ZKLFK WHQGHG WR RQO\ FRQWDLQ YRZHO�ILQDO PRQRV\OODELF VWHPV� WHD�OLFLRXV� EHH�OLFLRXV�

VHD�OLFLRXV�

���



7KHUH DUH RWKHU SURVRGLF UHTXLUHPHQWV LQ EOHQGLQJ �VHH $UQGW�/DSSH DQG 3ODJ ����

IRU H[DPSOH�� DOWKRXJK WKH OLWHUDWXUH LV VXEMHFW WR D ORW RI GLVDJUHHPHQW� 7KH HDVLHVW

ZD\ WR VHH WKH SURVRGLF GLIIHUHQFHV EHWZHHQ ��D�OLFLRXV DQG WUXH EOHQGV LV WR FRPSDUH

WKHP GLUHFWO\� ,Q WKH H[DPSOHV EHORZ� , JLYH DWWHVWHG EOHQGV EHWZHHQ PRQRV\OODELF

ZRUGV DQG WULV\OODELF ZRUGV� 7KH WULV\OODELF ZRUGV KDYH WKH VDPH VWUHVV SDWWHUQ DV

GHOLFLRXV� EXW LQ WKH GHULYHG EOHQGV� VFKZD LV GLVIDYRUHG�

���� $WWHVWHG EOHQGV

D� PRFN � PDUWLQL  PRFNWLQL� 
PRFN�D�WLQL

E� JD\ � JHVWDSR  JD\VWDSR� 
JD\�D�VWDSR

F� PDQ � ELNLQL  PDQNLQL� 
PDQ�D�NLQL

,Q WKH HTXLYDOHQW OLFLRXV�ZRUGV� WKH VFKZD LV UHTXLUHG�

���� ��D�OLFLRXV ZRUGV

D� FXUYH�D�OLFLRXV� 
FXUYH�OLFLRXV

E� KXQN�D�OLFLRXV� 
KXQN�OLFLRXV

F� VWDUFK�DOLFLRXV� 
VWDUFK�OLFLRXV

$V D ILQDO H[DPSOH RI SURVRGLF GLIIHUHQFHV� FRQVLGHU GHOLJKWIXO DQG GHOLFLRXV� %RWK

DUH DGMHFWLYHV ZLWK WKH VDPH VWUHVV SDWWHUQ� $FFRUGLQJ WR P\ RZQ LQWXLWLRQV� EOHQGV

ZLWK GHOLJKWIXO GRQ¶W WDNH D VFKZD� ZKLOH OLFLRXV�ZRUGV SUHIHU RQH� 7KHUH DUH D

IHZ ZULQNOHV KHUH� 9�ILQDO ZRUGV OLNH WHD SDWWHUQ LGHQWLFDOO\ IRU ERWK GHOLJKWIXO DQG

GHOLFLRXV� DQG VRPH EOHQGV ZLWK GHOLJKWIXO VHHP LPSRVVLEOH �PDUNHG ZLWK D TXHVWLRQ

PDUN�� HVSHFLDOO\ IRU SRO\V\OODELF ZRUGV�

���� GHOLJKWIXO DQG GHOLFLRXV

D� GRJ� GRJ�OLJKWIXO� GRJ�DOLFLRXV

E� WHD� WHD�OLJKWIXO� WHD�OLFLRXV

F� KXQN� KXQN�OLJKWIXO� KXQN�DOLFLRXV

���



G� EDEH� EDEH�OLJKWIXO� EDEH�DOLFLRXV

H� SROLFH� "SROLFH�OLJKWIXO� SROLFH�DOLFLRXV

I� FDFWXV� "ERRW\�OLJKWIXO� ERRW\�OLFLRXV

7KH ILQDO SURSHUW\ RI EOHQGV LV WKDW WKH\ DUH FRPPRQO\ IRUPHG E\ FRQFDWHQDWLQJ

VXESDUWV RI WZR ZRUGV� )RU H[DPSOH� EUXQFK LV IRUPHG IURP WKH RQVHW RI EUHDNIDVW DQG

WKH UK\PH RI OXQFK� ,Q WKH FRUSXV UHVXOWV� WKH PDMRULW\ ��������� RI OLFLRXV�ZRUGV DUH

IRUPHG E\ WDNLQJ D IXOO� XQWUXQFDWHG VWHP DQG DGGLQJ �OLFLRXV RU �DOLFLRXV�

,W VKRXOG EH QRWHG� KRZHYHU� WKDW WKHUH DUH �OLFLRXV ZRUGV WKDW VHHP WR UHVHPEOH

EOHQGV� $ERXW ��� RI WKH OLFLRXV�ZRUGV LQ WKH FRUSXV FRQWDLQ D WUXQFDWHG URRW� $Q

H[DPSOH LV FRDOLFLRXV� IURP FRDOLWLRQ DQG OLFLRXV� 7KLV ZRUG REH\V WKH SURVRGLF

FRQGLWLRQV IRU EOHQGV GHVFULEHG DERYH� 7KH IDFW WKDW ZRUGV OLNH WKLV DUH VWLOO XVHG

VXJJHVWV WKDW �OLFLRXV LV FXUUHQWO\ OHDGLQJ D GRXEOH OLIH� WUDQVLWLRQLQJ IURP IXOO EOHQG

FRPSRQHQW �DV LW ZDV LQ WKH ����V� WR IXOO VXIIL[�

7KH FRQFOXVLRQ LV WKDW OLFLRXV�ZRUGV WHQG WR EH YHU\ GLIIHUHQW IURP EOHQGV� ,I WKH\

DUH EOHQGV� DV KDV EHHQ VXJJHVWHG� WKHQ WKH\ DUH EOHQGV WKDW SDWWHUQ GLIIHUHQWO\ ZLWK

UHVSHFW WR VHPDQWLFV� V\QWD[� DQG SKRQRORJ\� :KLOH LW¶V SRVVLEOH WKDW WKHUH DUH WZR

W\SHV RI EOHQGV� RQHV OLNH VPRJ DQG RQHV OLNH ERRW\�OLFLRXV� LW¶V FOHDU WKDW ODWWHU W\SH

DUH PRUH VXIIL[�OLNH DORQJ HYHU\ GLPHQVLRQ�

��� &RUSXV GDWD

,Q WKLV VHFWLRQ� , XVH FRUSXV GDWD WR VKRZ WKDW ��D�OLFLRXV DQG ��D�WKRQ DUH XVHG

SURGXFWLYHO\ WR GHULYH QHZ ZRUGV� DQG WKH FKRLFH EHWZHHQ DOORPRUSKV LV LQIOXHQFHG E\

ERWK VHJPHQWDO DQG SURVRGLF IDFWRUV� 7KHVH ILQGLQJV DUH UHSOLFDWHG LQ WKH H[SHULPHQW

SUHVHQWHG ODWHU LQ WKH FKDSWHU� SURYLGLQJ WZR LQGHSHQGHQW� FRQYHUJLQJ VRXUFHV RI

HYLGHQFH�

*LYHQ WKH FRUSXV GDWD DORQH� WKH H[DFW SURVRGLF IDFWRUV WKDW FRQGLWLRQ ��D�OLFLRXV DUH

XQFOHDU� DQG VRPH VWHP VKDSHV DUH XQGHU DWWHVWHG� ,I WKH FRUSXV GDWD DUH UHSUHVHQWDWLYH

���



RI D VSHDNHU¶V GD\�WR�GD\ ODQJXDJH H[SHULHQFH� LW¶V XQFOHDU KRZ VSHDNHUV NQRZ WKH

SDWWHUQLQJ RI ��D�OLFLRXV� LI QRW WKURXJK WKHLU H[LVWLQJ SKRQRORJLFDO JUDPPDU�

����� &RUSXV PHWKRGV IRU ��D�OLFLRXV

7KH FRUSXV VHDUFK ZDV FRQGXFWHG RYHU WKH &RUSXV RI *OREDO :HE�%DVHG (QJOLVK

�*OR:E(�'DYLHV ������ D ����ELOOLRQ�ZRUG FRUSXV UHSUHVHQWLQJ �� GLIIHUHQW (QJOLVK�

VSHDNLQJ FRXQWULHV� 6LQFH *OR:E( LV D FRUSXV RI ZHE�EDVHG (QJOLVK� LW LQFOXGHV XVHU

QDPHV� UHVWDXUDQW QDPHV� ZHEVLWH QDPHV� HWF�� W\SHV RI ZRUGV ZKLFK OHQG WKHPVHOYHV WR

IRUPDWLRQ ZLWK ��D�OLFLRXV�

, XVH W\SH FRXQWV UDWKHU WKDQ WRNHQ FRXQWV� (DFK GLIIHUHQW VWHP LV FRXQWHG RQO\

RQFH� UHJDUGOHVV RI LWV QXPEHU RI WRNHQV� ,I D VWHP RFFXUV ZLWK ERWK �DOLFLRXV DQG

�OLFLRXV� LW¶V FRXQWHG RQFH IRU HDFK� *LYHQ KRZ PDQ\ LWHPV DUH SURSHU QDPHV� WRNHQ

FRXQWV IRU ��D�OLFLRXV DQG ��D�WKRQ LQ *OR:E( DUH QRW LQIRUPDWLYH� WKH IUHTXHQF\ RI D

EORJ QDPH KDV PRUH WR GR ZLWK LWV SRSXODULW\ WKDQ SKRQRORJLFDO VKDSH� 0RUHRYHU� PRVW

OLFLRXV�ZRUGV RQO\ RFFXU RQFH LQ WKH FRUSXV�

7KH GDWD ZHUH FROOHFWHG DV IROORZV� $ VHDUFK IRU ZRUGV HQGLQJ LQ OLFLRXV \LHOGHG

��� GLIIHUHQW OLFLRXV�ZRUGV DIWHU LQLWLDO H[FOXVLRQV�

���� ,QLWLDO H[FOXVLRQV�

D� 7\SRV �H�J� UHOLFLRXV IRU UHOLJLRXV�

E� ([LVWLQJ ZRUGV �H�J� FLOLFLRXV� VLOLFLRXV� GHOLFLRXV�

F� 6SHOOLQJ YDULDQWV �PXOWLSOH VSHOOLQJV FRXQWHG RQO\ RQFH� H�J� EDEH�LOLFLRXV�

EDEHROLFLRXV� EDEH�D�OLFLRXV�

$JDLQ� HDFK OLFLRXV�ZRUG ZDV RQO\ FRXQWHG RQFH� , XVHG WKH FULWHULD EHORZ WR

GHWHUPLQH ZKHWKHU WZR ZRUGV ZHUH VSHOOLQJ YDULDQWV� &RGLQJ ZDV GRQH E\ KDQG�

���� &ULWHULD IRU LGHQWLI\LQJ VWHPV

���



D� :RUGV WKDW GLIIHU RQO\ LQ WKHLU FKRLFH RI ��D�OLFLRXV YRZHO RU K\SKHQDWLRQ

DUH FRXQWHG DV KDYLQJ WKH VDPH VWHP

�L� EDEH�D�OLFRXV� EDEH�R�OLFLRXV� EDEH�DOLFLRXV� EDEHROLFLRXV� EDEH�

LOLFLRXV DUH DOO FRXQWHG DV RQH VWHP ± EDEH

E� &RPSRXQG VWHPV DQG QRQ�FRPSRXQG VWHPV DUH FRXQWHG DV KDYLQJ WKH

VDPH VWHP

�L� <0&�ERRN�DOLFLRXV DQG ERRN�DOLFRXV DUH FRXQWHG DV RQH VWHP ±

ERRN

�LL� 3UHWW\�ER\�VZDJJD�OLFLRXV DQG VZDJJD�OLFLRXV DUH FRXQWHG DV RQH

VWHP ± VZDJJD

$IWHU WKH LQLWLDO H[FOXVLRQV� WKHUH ZHUH ��� ZRUGV� 2XW RI WKHVH ZRUGV� ��� PRUH

ZHUH H[FOXGHG�

���� 7KH IROORZLQJ ZHUH H[FOXGHG�

D� �� ZRUGV ZLWK /�ILQDO VWHPV �H�J� [POLFLRXV� WHQWSROLFLRXV�

E� �� ZRUGV WUHDWHG DV EOHQGV� ZKHUH SDUW RI WKH VWHP LVQ¶W SUHVHQW LQ WKH

��D�OLFLRXV ZRUG �H�J� )HUJ�DOLFLRXV IURP )HUJLH�

F� �� ZRUGV ZKRVH VWHPV FRXOGQ¶W EH LGHQWLILHG JLYHQ WKH FRQWH[W �H�J�

YLYDOLFLRXV� \XPEROLFLRXV� YRJRQDOLFLRXV�

G� �� DPELJXRXV VWHPV �H�J� EHOOLFLRXV � EHOO RU EHOO\"�

/�ILQDO� :RUGV ZLWK /�ILQDO VWHPV ZHUH H[FOXGHG� VLQFH WKH\ FDQ WDNH WKH WKLUG

DOORPRUSK �LFLRXV� )RU DQ /�ILQDO VWHP OLNH EXEEOLFLRXV� LW¶V LPSRVVLEOH WR GHWHUPLQH LI

WKH VXIIL[ LV �OLFLRXV RU �LFLRXV EDVHG RQ VSHOOLQJ DORQH�

%OHQGV� ,I RQO\ SDUW RI WKH VWHP ZDV SUHVHQW� D ZRUG ZDV FRQVLGHUHG D EOHQG

DQG H[FOXGHG� )RU H[DPSOH� FDYDOLFLRXV LV D EOHQG EHWZHHQ FDYDOLHU DQG GHOLFLRXV�

'HWHUPLQLQJ VWHPKRRG UHTXLUHG FKHFNLQJ WKH FRQWH[W� 7KHVH DUH OLVWHG LQ WKH DSSHQGL[�

���



2QO\ ������ ZRUGV ZHUH FRXQWHG DV EOHQGV� $OO RI WKH UHPDLQLQJ OLFLRXV�ZRUGV LQFOXGH

D IXOO VWHP�

8QLGHQWLILDEOH DQG DPELJXRXV VWHPV� 6RPH ZRUGV DUH DPELJXRXV EHWZHHQ PXOWLSOH

SDUVHV� )RU H[DPSOH� ODQDOLFLRXV LV FRPSDWLEOH ZLWK ERWK WKH SDUVHV /DQD�OLFLRXV DQG

/$1�DOLFLRXV� 7KH VDPH LV WUXH IRU RZOLFLRXV �RZO�LFLRXV RU RZ�OLFLRXV� DQG ERRWLOLFLRXV

�ERRW�DOLFLRXV RU ERRW\�OLFLRXV�� 6RPH RI WKHVH VWHPV FDQ EH GLVDPELJXDWHG E\ FRQWH[W�

H�J� LI WKH WRSLF RI GLVFXVVLRQ LV /$1 SDUWLHV DQG QRW /DQD� 6RPH FDQ EH GLVDPELJXDWHG

ZLWK SXQFWXDWLRQ� FDSLWDOL]DWLRQ� RU VSHOOLQJ�

6SHOOLQJ� :LWK UHVSHFW WR VSHOOLQJ� OLFLRXV�ZRUGV EHKDYH FRQVLVWHQWO\� HVSHFLDOO\

LQ K\SKHQ SODFHPHQW� ,Q WKH FRUSXV� D K\SKHQ PD\ RFFXU HLWKHU� EHIRUH D VXIIL[

�EDEH�DOLFLRXV�� ERWK EHIRUH D VXIIL[ DQG DIWHU WKH VXIIL[¶V YRZHO �EDEH�D�OLFLRXV��

EXW QHYHU VROHO\ DIWHU D VXIIL[¶V YRZHO �QR ZRUGV OLNH EDEHD�OLFRXV�� $ VSHOOLQJ RI

ERRWL�OLFLRXV VXSSRUWV WKH SDUVH RI ERRW\�OLFLRXV�

)LQDO VHW RI ZRUGV� $IWHU DOO H[FOXVLRQV� WKHUH ZHUH ��� GLIIHUHQW OLFLRXV�ZRUGV� )RU

HDFK ZRUG� WKH VWHP LV LGHQWLILDEOH� FRPSOHWH� XQDPELJXRXV� DQG GRHV QRW HQG LQ /�

(DFK VWHP ZDV KDQG�FRGHG IRU SDUW RI VSHHFK� ILQDO VWUHVV� ILQDO FRQVRQDQW� DQG QXPEHU

RI V\OODEOHV� ,Q SRO\V\OODELF ZRUGV� ZKLFK ZHUH DOO GLV\OODELF� RQO\ ILQDO SULPDU\ VWUHVV

ZDV FRXQWHG DV ILQDO VWUHVV�

����� 'LVWULEXWLRQ RI �OLFLRXV DQG �DOLFLRXV

,Q WKH GLVFXVVLRQ RI WKH FRUSXV UHVXOWV� , XVH WKH VWHPV EHORZ DV FDWHJRU\ H[HPSODUV�

$ SROLFH�W\SH VWHP KDV ILQDO VWUHVV DQG D ILQDO FRQVRQDQW� MXVW OLNH SROLFH�

���



6WHP W\SH 6WUHVV )LQDO VHJPHQW

KHUR QRQ�ILQDO YRZHO

FDIp ILQDO YRZHO

FDFWXV QRQ�ILQDO FRQVRQDQW

SROLFH ILQDO FRQVRQDQW

7DEOH ���� &ODVVLILFDWLRQ RI VWHPV

7KH UHVXOWV DUH VXPPDUL]HG EHORZ� 7KLV WDEOH SUHVHQWV WKH SURSRUWLRQ RI WKH

VFKZDIXO DOORPRUSK �DOLFLRXV E\ SKRQRORJLFDO FRQWH[W� 1 LV WKH WRWDO QXPEHU RI

GLIIHUHQW VWHPV RI HDFK W\SH� )RU H[DPSOH� WKHUH DUH �� OLFLRXV�ZRUGV ZLWK VWHPV OLNH

FDFWXV� ZLWK QRQ�ILQDO VWUHVV DQG D ILQDO FRQVRQDQW�

6WHP W\SH 3URSRUWLRQ VFKZD 1

KHUR ���� ���

FDIp ���� ��

FDFWXV ���� ��

SROLFH ���� ���

7DEOH ���� 'LVWULEXWLRQ RI OLFLRXV�ZRUGV E\ VWHP W\SH �1 ����

7KH SURSRUWLRQV IURP WKH WDEOH DUH UHSURGXFHG LQ WKH JUDSK EHORZ�

���
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)LJXUH ���� 3URSRUWLRQ RI VWHPV ZLWK �DOLFLRXV LQ WKH FRUSXV
*O2:E(

7KH WDEOH DQG JUDSK DERYH VKRZ HIIHFWV RI ERWK ILQDO VHJPHQW DQG ILQDO VWUHVV�

6WHPV HQGLQJ LQ FRQVRQDQWV WDNH �DOLFLRXV PRUH WKDQ VWHPV HQGLQJ LQ YRZHOV �FRPSDUH

FDFWXV DQG KHUR�� DQG VWHPV ZLWK ILQDO VWUHVV WDNH �DOLFLRXV PRUH WKDQ VWHPV ZLWK

QRQ�ILQDO VWUHVV� DV ORQJ DV WKH\ PDWFK LQ ILQDO VHJPHQW �FRPSDUH FDFWXV DQG SROLFH��

&DFWXV�W\SH VWHPV DUH EHWZHHQ KHUR�W\SH DQG SROLFH�W\SH VWHPV� 7KLV IROORZV IURP WKH

IDFW WKDW FDFWXV�W\SH VWHPV DUH VXEMHFW WR FRPSHWLQJ SKRQRORJLFDO GHPDQGV�

7KH HIIHFWV RI VWUHVV DQG ILQDO VHJPHQW DUH LQGHSHQGHQW� $V VKRZQ EHORZ� ILQDO

VHJPHQW KDV DQ HIIHFW DIWHU FRQWUROOLQJ IRU ILQDO VWUHVV� )RU HDFK FHOO� WKH SURSRUWLRQ RXW

RI WKH WRWDO VWHPV LV SUHVHQWHG LQ SDUHQWKHVHV� $PRQJ VWHPV ZLWK ILQDO VWUHVV� &�ILQDO

VWHPV RFFXU ZLWK �DOLFLRXV SURSRUWLRQDWHO\ PRUH RIWHQ WKDQ 9�ILQDO VWHPV� 7KH UHVXOWV

RI )LVKHU¶V H[DFW WHVW DUH SUHVHQWHG LQ WKH WDEOH FDSWLRQV� )LVKHU¶V H[DFW LV XVHG KHUH

EHFDXVH RI WKH VPDOO FRXQWV LQ VRPH FHOOV�

���



&�ILQDO 9�ILQDO

�OLFLRXV �� ������ �� ������

�DOLFLRXV ��� ������ � ������

7DEOH ���� )LQDO�VWUHVVHG ��D�OLFLRXV VWHPV� HIIHFW RI ILQDO
VHJPHQW �1 ���� S�������

/LNHZLVH� VWUHVV KDV DQ HIIHFW DIWHU FRQWUROOLQJ IRU ILQDO VHJPHQW� $PRQJ

&�ILQDO VWHPV� ILQDO�VWUHVV VWHPV RFFXU ZLWK �DOLFLRXV SURSRUWLRQDWHO\ PRUH RIWHQ WKDQ

QRQ�ILQDO�VWUHVV VWHPV�

)LQDO VWUHVV 1RQ�ILQDO VWUHVV

�OLFLRXV �� ������ �� ������

�DOLFLRXV ��� ������ � ������

7DEOH ���� &�ILQDO ��D�OLFLRXV VWHPV� HIIHFW RI VWUHVV �1 ����
S�������

,Q ODWHU VHFWLRQV� , SUHVHQW VLPLODU UHVXOWV IRU ��D�WKRQ� DQG WKH EDVLF SDWWHUQ RI

��D�OLFLRXV LV UHSOLFDWHG LQ D MXGJPHQW H[SHULPHQW�

����� 'LVWULEXWLRQ RI ��D�OLFLRXV VWHPV

7KLV VHFWLRQ FRQVLGHUV WKH GLVWULEXWLRQ RI VWHPV LQ WKH FRUSXV GDWD� 7KHUH DUH WKUHH

PDLQ SRLQWV�

� ��D�OLFLRXV LV D SURGXFWLYH VXIIL[�

� ��D�OLFLRXV VHOHFWV IRU QRXQV RYHU DGMHFWLYHV DQG YHUEV�

� ��D�OLFLRXV LV XQGHU DWWHVWHG ZLWK VRPH VWHP VKDSHV� HVSHFLDOO\ &�ILQDO WURFKHHV

OLNH FDFWXV�

���



7KH ILUVW WZR SRLQWV VXSSRUW WKH WUHDWPHQW RI ��D�OLFLRXV DV D SURGXFWLYH (QJOLVK

VXIIL[� 7KH ODVW SRLQW PRWLYDWHV WKH H[SHULPHQW SUHVHQWV ODWHU LQ WKH FKDSWHU� DQG

VXSSRUWV WKH /:& +\SRWKHVLV�

3URGXFWLYLW\� , XVH SURGXFWLYLW\ KHUH LQ WKH VHQVH RI %DD\HQ ������� WKH SURSHQVLW\

RI D VXIIL[ WR EH XVHG LQ WKH FUHDWLRQ RI QHZ ZRUGV� 7KH SURGXFWLYLW\ RI ��D�OLFLRXV LV

HYLGHQFHG E\ LWV ODUJH QXPEHU RI KDSD[HV� ZRUGV WKDW RFFXU RQO\ RQFH LQ WKH FRUSXV�

7KH QXPEHU RI KDSD[HV UHIOHFWV KRZ RIWHQ D VXIIL[ LV XVHG LQ FRLQLQJ� DQG IDFWRUV

KHDYLO\ LQWR QXPHULFDO PHDVXUHV RI SURGXFWLYLW\� 2I DOO VWHPV �W\SHV�� PRUH WKDQ KDOI

DUH KDSD[HV� DQG RXW RI WKH WRWDO QXPEHU RI WRNHQV� PRUH WKDQ D ILIWK DUH KDSD[HV�

���� +DSD[� W\SH� DQG WRNHQ FRXQWV IRU ��D�OLFLRXV

D� 1XPEHU RI W\SHV  ���

E� 1XPEHU RI WRNHQV  ���

F� 1XPEHU RI KDSD[HV  ���

%DD\HQ¶V ������ 3 TXDQWLILHV DQ DIIL[¶V SURGXFWLYLW\� 3 LV WKH UDWLR RI WKH WRWDO KDSD[HV

WR WKH QXPEHU RI WRNHQV�

���� &DOFXODWLRQ RI 3 �%DD\HQ �����

D� 3  Q��1

E� Q�  QXPEHU RI KDSD[HV

F� 1  WRWDO QXPEHU RI WRNHQV

7KH 3 RI ��D�OLFLRXV LV ����� �3  ��������� 7KLV LV KLJK UHODWLYH WR RWKHU (QJOLVK

DIIL[HV� WKH RQO\ DIIL[ ZLWK D KLJKHU 3 LV �OLNH� 3 YDOXHV IRU WKH DIIL[HV EHORZ FRPH

IURP WKH DSSHQGL[ RI +D\ DQG %DD\HQ �������

���



$IIL[ 3

DQWL� �����

FRXQWHU� �����

QRQ� �����

�OLNH �����

�SURRI �����

VXSHU� �����

7DEOH ����� (QJOLVK DIIL[HV ZKHUH 3 !����

$OWKRXJK ��D�OLFLRXV LV DPHQDEOH WR FRLQLQJ� WKHUH DUH VWLOO D VPDOO QXPEHU RI

HVWDEOLVKHG ��D�OLFLRXV ZRUGV� 7KH ZRUG ERRW\�OLFLRXV RFFXUV �� WLPHV LQ WKH FRUSXV

�ZLWK � GLIIHUHQW VSHOOLQJV�� DFFRXQWLQJ IRU DERXW ��� RI WRNHQV� 7KH VL[ PRVW FRPPRQ

��D�OLFLRXV ZRUGV DUH EHORZ� OLVWHG LQ GHVFHQGLQJ RUGHU RI IUHTXHQF\�

���� 6L[ PRVW FRPPRQ ��D�OLFLRXV ZRUGV

D� ERRW\�OLFLRXV

E� GLYD�OLFLRXV

F� MHUVH\�OLFLRXV

G� VXPPHU�OLFLRXV

H� WDFR�OLFLRXV

I� \XPP\�OLFLRXV

7RJHWKHU� WKHVH VL[ ZRUGV DFFRXQW IRU RYHU D TXDUWHU RI ��D�OLFLRXV WRNHQV�

6HOHFWLRQDO UHVWULFWLRQV� 7KH FODLP WKDW ��D�OLFLRXV VHOHFWV IRU QRXQV RYHU RWKHU

V\QWDFWLF FDWHJRULHV ILQGV VXSSRUW LQ WKH FRUSXV� $V VKRZQ LQ WKH WDEOH EHORZ� ��� RI

VWHPV DUH QRXQV RU SURSHU QRXQV�

���



$GMHFWLYH 1RXQ 3URSHU 1RXQ 9HUE 8QNQRZQ

&RXQW �� ��� �� � ��

3URSRUWLRQ ���� ���� ���� ���� ����

7DEOH ����� 'LVWULEXWLRQ RI VWHPV DFURVV GLIIHUHQW SDUWV RI VSHHFK
�1 ����

$ IHZ QRWHV RQ WKH V\QWDFWLF FDWHJRULHV DERYH� 6WHPV ZHUH FRGHG E\ KDQG� 6WHPV

ZLWK WKH V\QWDFWLF FDWHJRU\ 8QNQRZQ DUH DPELJXRXV� H�J� TXHHU� H[WUD� QRP� 4XHHU FDQ

EH HLWKHU DQ DGMHFWLYH RU QRXQ LQ WKH DWWHVWHG ZRUG TXHHU�OLFLRXV� &RORU ZRUGV� ZKLFK

PDNH XS D KDQGIXO RI VWHPV� DUH FRGHG DV DGMHFWLYHV� ,Q ����� WKH V\QWDFWLF FDWHJRULHV

RI VWHPV DUH XVHG WR DUJXH DJDLQVW WKH DQDO\VLV RI OLFLRXV�ZRUGV DV EOHQGV�

3KRQRORJLFDO SURSHUWLHV RI VWHPV� 7KH VHFRQG KDOI RI WKLV VHFWLRQ ORRNV DW WKH

GLVWULEXWLRQ RI VWUHVV� ILQDO FRQVRQDQWV� DQG V\OODEOH FRXQWV LQ WKH VWHPV IURP WKH FRUSXV�

0DQ\ RI WKHVH SURSHUWLHV DUH QRW RUWKRJRQDO� HVSHFLDOO\ ILQDO VWUHVV DQG QXPEHU RI

V\OODEOHV� *LYHQ WKH RYHUODS EHWZHHQ WKH SURSHUWLHV� LW¶V GLIILFXOW WR GHWHUPLQH WKH H[DFW

SKRQRORJLFDO FRQGLWLRQLQJ RI WKH VXIIL[� $GGLWLRQDOO\ WKH SKRQRORJLFDO GLVWULEXWLRQ RI

VWHPV LQ WKH FRUSXV GRHV QRW PDWFK WKH GLVWULEXWLRQ RI QRXQV LQ WKH (QJOLVK OH[LFRQ�

6RPH VWHPV� HVSHFLDOO\ &�ILQDO WURFKHHV OLNH FDFWXV� DUH XQGHU DWWHVWHG�

7KHVH VKRUWFRPLQJV DUH SDUW RI WKH PRWLYDWLRQ IRU WKH H[SHULPHQW LQ ����� ZKLFK

FRQWUROV IRU V\OODEOH FRXQW� DQG FROOHFWV MXGJPHQWV IRU &�ILQDO WURFKHHV�

6\OODEOH FRXQW� VWUHVV� DQG ILQDO VHJPHQW� &RPSOLFDWLQJ WKH GHVFULSWLRQ LQ HDUOLHU

VHFWLRQV� WKH QXPEHU RI V\OODEOHV LV DOPRVW SHUIHFWO\ FRUUHODWHG ZLWK VWUHVV� 6WHPV DUH

HLWKHU PRQRV\OODEOHV RU WURFKHHV� RQO\ �� RI VWHPV DUH LDPEV�

���



� V\OODEOH � V\OODEOHV

ILQDO VWUHVV ��� ������ � ������

QRQ�ILQDO VWUHVV 1�$ ��� ������

7DEOH ����� 'LVWULEXWLRQ RI VWUHVV DQG V\OODEOH FRXQW LQ ��D�OLFLRXV
VWHPV �1 ����

,Q WKH DQDO\VLV RI WKH FRUSXV GDWD� WKHQ� V\OODEOH FRXQW DQG VWUHVV DUH LQWHUFKDQJHDEOH

DV SUHGLFWRUV�

6XUSULVLQJO\� WKHUH DUH QR WULV\OODELF RU ORQJHU VWHPV LQ WKH FRUSXV� 2YHUDOO� VWHPV

DUH HYHQO\ GLYLGHG EHWZHHQ RQH DQG WZR V\OODEOHV� ��� RI VWHPV DUH PRQRV\OODELF� DQG

��� DUH GLV\OODELF� 7KH ODFN RI ORQJHU VWHPV VXJJHVWV WKDW ��D�OLFLRXV PD\ EH VXEMHFW

WR D VL]H FRQVWUDLQW� HVSHFLDOO\ JLYHQ WKDW ORQJHU VWHPV DUH ZHOO�DWWHVWHG ZLWK ��D�WKRQ�

DV VKRZQ LQ WKH QH[W VHFWLRQ�

,Q DGGLWLRQ WR WKH FRUUHODWLRQ EHWZHHQ V\OODEOH FRXQW DQG VWUHVV� WKHUH LV D VWURQJ

FRUUHODWLRQ EHWZHHQ ILQDO VHJPHQW DQG VWUHVV� 6WHPV ZLWK ILQDO VWUHVV DUH PXFK PRUH

OLNHO\ WR HQG LQ D FRQVRQDQW� ZKLOH VWHPV ZLWK QRQ�ILQDO VWUHVV DUH PXFK PRUH OLNHO\ WR

HQG LQ D YRZHO� )LQDO�VWUHVV KHUH PHDQV ILQDO SULPDU\ VWUHVV�

&�ILQDO 9�ILQDO

ILQDO VWUHVV ��� ������ �� ������

QRQ�ILQDO VWUHVV �� ������ ��� ������

7DEOH ����� 'LVWULEXWLRQ RI ILQDO VHJPHQW DQG VWUHVV LQ ��D�OLFLRXV
VWHPV �1 ����

6WHPV WHQG WR EH &�ILQDO ZLWK ILQDO VWUHVV �H�J� SROLFH� GRJ� RU 9�ILQDO WURFKHHV �H�J�

KHUR�� 7KHUH DUH IHZ 9�ILQDO� ILQDO�VWUHVVHG VWHPV �H�J� FDIp� -RH� RU &�ILQDO WURFKHHV

�H�J� FDFWXV��

���



+RZ GRHV WKLV FRPSDUH WR (QJOLVK" 7KH FRXQWV EHORZ HVWLPDWH WKH GLVWULEXWLRQ RI

QRXQV LQ WKH (QJOLVK OH[LFRQ� 7KHVH FRXQWV FRPH IURP WKH OLVW RI ZRUGV LQ WKH &08

SURQRXQFLQJ GLFWLRQDU\ �:HLGH ������ 7R HVWLPDWH WKH IUHTXHQF\ RI WKHVH ZRUGV� , XVH

IUHTXHQF\ FRXQWV IURP WKH ILOP VXEWLWOH FRUSXV 68%7/(;�86 �%U\VEDHUW� 1HZ� DQG

.HXOHHUV ������ $ ZRUG LV H[FOXGHG LI LW GRHVQ¶W RFFXU LQ 68%7/(;�86�

)RU D IDLU FRPSDULVRQ� , RQO\ FRQVLGHU (QJOLVK QRXQV WKDW DUH SRVVLEOH ��D�OLFLRXV

VWHPV� DFFRUGLQJ WR WKH FULWHULD EHORZ� 6LQFH /�ILQDO VWHPV ZHUH H[FOXGHG IURP WKH

FRUSXV VHDUFK� WKH\¶UH H[FOXGHG KHUH DV ZHOO�

���� $ QRXQ LV LQFOXGHG LI�

D� 'RPLQDQW SDUW RI VSHHFK LQ 68%7/(;�86 LV QRXQ

E� �±� V\OODEOHV

F� 1RW SOXUDO

G� 'RHVQ¶W HQG LQ / ± LQFOXGLQJ ERWK FRQVRQDQWDO / DQG V\OODELF /

7KH WDEOH EHORZ VKRZV WKH GLVWULEXWLRQ RI VWUHVV DQG V\OODEOH FRXQW IRU WKH �����

PRVW IUHTXHQW QRXQV WKDW PHHW WKH FULWHULD DERYH� JLYHQ IUHTXHQFLHV LQ 68%7/(;�86�

:RUGV WKDW DUH DQQRWDWHG ZLWK ILQDO VHFRQGDU\ VWUHVV LQ &08 DUH LQ WKH QRQ�ILQDO VWUHVV

JURXS�

� V\OODEOH � V\OODEOHV

ILQDO VWUHVV ��� ������ �� ������

QRQ�ILQDO VWUHVV 1�$ ��� ������

7DEOH ����� 'LVWULEXWLRQ RI ����� PRVW IUHTXHQW QRXQV LQ WKH
(QJOLVK OH[LFRQ� PHHWLQJ FULWHULD DERYH �1 �����

&RPSDULQJ WKHVH WR WKH ��D�OLFLRXV VWHPV LQ WKH FRUSXV� ZH ILQG WKDW WKH GLVWULEXWLRQ

LV QHDUO\ LGHQWLFDO� 7KH FRUUHODWLRQ LQ WKH FRUSXV EHWZHHQ ILQDO VWUHVV DQG V\OODEOH FRXQW

OLNHO\ UHIOHFWV WKH GLVWULEXWLRQ RI QRXQV LQ WKH OH[LFRQ�

���



� V\OODEOH � V\OODEOHV

ILQDO VWUHVV ���� ∼ ���� ���� ∼ ����

QRQ�ILQDO VWUHVV 1�$ ���� ∼ ����

7DEOH ����� &RPSDULVRQ RI RI ��D�OLFLRXV VWHPV �/� DQG (QJOLVK
QRXQV IURP 68%7/(;�86 �5�

2QH SODFH ZKHUH WKH 68%7/(;�86 FRXQWV DQG ��D�OLFLRXV FRUSXV GLIIHU LV WKH

GLVWULEXWLRQ RI ILQDO FRQVRQDQW DQG ILQDO VWUHVV� 7KH 68%7/(;�86 FRXQWV DUH EHORZ�

&�ILQDO 9�ILQDO

ILQDO VWUHVV ��� ������ �� ������

QRQ�ILQDO VWUHVV ��� ������ ��� ������

7DEOH ����� 'LVWULEXWLRQ RI ����� PRVW IUHTXHQW QRXQV LQ WKH
(QJOLVK OH[LFRQ� PHHWLQJ FULWHULD DERYH�

$ FRPSDULVRQ ZLWK WKH ��D�OLFLRXV VWHPV IROORZV�

&�ILQDO 9�ILQDO

ILQDO VWUHVV ���� ∼ ���� ���� ∼ ����

QRQ�ILQDO VWUHVV ���� ∼ ���� ���� ∼ ����

7DEOH ����� &RPSDULVRQ RI RI ��D�OLFLRXV VWHPV �/� DQG �����
PRVW IUHTXHQW (QJOLVK QRXQV LQ 68%7/(;�86 �5�

,Q WKH ��D�OLFLRXV FRUSXV� ZH ILQG IHZHU &�ILQDO VWHPV ZLWK QRQ�ILQDO VWUHVV �FDFWXV�

DQG PRUH 9�ILQDO VWHPV ZLWK QRQ�ILQDO VWUHVV �KHUR��

,I ZH ORRN DW DOO QRXQV LQ WKH (QJOLVK OH[LFRQ PHHWLQJ WKH FULWHULD� DQG QRW MXVW

WKH ����� PRVW IUHTXHQW� WKH QXPEHU RI FDFWXV W\SH ZRUGV LQFUHDVHV� ZLGHQLQJ WKH JDS

EHWZHHQ ��D�OLFLRXV VWHPV DQG WKH (QJOLVK OH[LFRQ�

���



&�ILQDO 9�ILQDO

ILQDO VWUHVV ���� ������ ��� ������

QRQ�ILQDO VWUHVV ���� ������ ���� ������

7DEOH ����� 'LVWULEXWLRQ RI DOO QRXQV LQ 68%7/(;�86 PHHWLQJ
FULWHULD DERYH �1 �����

&�ILQDO 9�ILQDO

ILQDO VWUHVV ���� ∼ ���� ���� ∼ ����

QRQ�ILQDO VWUHVV ���� ∼ ���� ���� ∼ ����

7DEOH ����� &RPSDULVRQ RI RI ��D�OLFLRXV VWHPV �/� DQG DOO
(QJOLVK QRXQV LQ 68%7/(;�86 �5�

$ SRVVLEOH VRXUFH RI WKLV GLIIHUHQFH LV DYRLGDQFH� VSHDNHUV VWD\ DZD\ VWHPV OLNH

FDFWXV� &�ILQDO WURFKHHV UHTXLUH �DOLFLRXV RQ RQH KDQG �GXH WR EHLQJ &�ILQDO�� DQG

�OLFLRXV RQ WKH RWKHU �GXH WR KDYLQJ QRQ�ILQDO VWUHVV�� &DVHV RI DYRLGDQFH GULYHQ E\

SKRQRORJLFDO XQFHUWDLQW\ DUH ZHOO�GRFXPHQWHG� H�J� IRU 6SDQLVK LQ $OEULJKW �������

$V GLVFXVVHG LQ ������� WKH ODFN RI ��D�OLFLRXV VWHPV PD\ PDNH OHDUQLQJ WKH LWV

GLVWULEXWLRQ GLIILFXOW� 7KH PDMRULW\ RI VWHPV RQO\ RFFXU RQFH LQ WKH FRUSXV� DQG

FDFWXV�W\SH VWHPV DUH DGGLWLRQDOO\ UDUH� $OWKRXJK FDFWXV�W\SH VWHPV DUH XQGHU DWWHVWHG�

VSHDNHUV WUHDW WKHP DV H[SHFWHG ZKHQ WKH\ GR RFFXU� 7KH �� FDFWXV�W\SH VWHPV LQ

WKH FRUSXV GHPRQVWUDWH H[DFWO\ WKH SKRQRORJLFDO FRQGLWLRQLQJ ZH¶G H[SHFW JLYHQ WKH

SKRQRORJLFDO UHTXLUHPHQWV RI ��D�OLFLRXV� DQG VXEMHFWV UHSURGXFH QHDUO\ WKH H[DFW VDPH

GLVWULEXWLRQ LQ WKH H[SHULPHQW�

����� &RUSXV PHWKRGV IRU ��D�WKRQ

$ FRUSXV VHDUFK IRU ��D�WKRQ ZDV FDUULHG RXW XVLQJ WKH VDPH PHWKRGV DV ZHUH XVHG

IRU ��D�OLFLRXV� H[FHSW /�ILQDO VWHPV ZHUH LQFOXGHG LQ WKH DQDO\VLV� 7KHUH ZHUH ���

���



GLVWLQFW ZRUGV ZLWK ��D�WKRQ DIWHU H[FOXVLRQV� 6LQFH ��D�WKRQ LV QRW WKH IRFXV RI WKLV

FKDSWHU� DQG LWV VWDWXV DV VXIIL[ LV OHVV FRQWURYHUVLDO� , GHYRWH PXFK OHVV GLVFXVVLRQ KHUH

WR LWV GLVWULEXWLRQ�

����� 'LVWULEXWLRQ RI �WKRQ DQG �DWKRQ

7KH VWHP W\SHV IRU ��D�WKRQ DUH WKH VDPH� 7KH\¶UH UHSHDWHG EHORZ�

6WHP W\SH 6WUHVV )LQDO VHJPHQW

SROLFH ILQDO FRQVRQDQW

FDFWXV QRQ�ILQDO FRQVRQDQW

FDIp ILQDO YRZHO

KHUR QRQ�ILQDO YRZHO

7DEOH ����� &ODVVLILFDWLRQ RI VWHPV

/LNH ��D�OLFLRXV� WKHUH DUH LQGHSHQGHQW HIIHFWV RI ERWK ILQDO VWUHVV DQG ILQDO VHJPHQW�

7KH GDWD IRU ��D�WKRQ DUH SUHVHQWHG LQ WKH WDEOH DQG JUDSK EHORZ�

3URSRUWLRQ VFKZD 1

SROLFH ���� ���

FDFWXV ���� ��

FDIp ���� �

KHUR ���� ��

7DEOH ����� 'LVWULEXWLRQ RI WKRQ�ZRUGV E\ VWHP W\SH �1 ����

���
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)LJXUH ���� 3URSRUWLRQ RI VWHPV ZLWK �DWKRQ LQ WKH FRUSXV
*O2:E(

/LNH ��D�OLFLRXV� VFKZD LQ ��D�WKRQ LV PRVW OLNHO\ LQ SROLFH�W\SH VWHPV� DQG OHDVW

OLNHO\ LQ KHUR�W\SH VWHPV� &DFWXV�W\SH VWHPV DUH EHWZHHQ SROLFH� DQG KHUR�W\SH VWHPV�

6WHPV OLNH FDIp UXQ FRQWUDU\ WR WKH JHQHUDO SDWWHUQ� SRVVLEO\ GXH WR WKHLU UDULW\� 7KHUH

DUH RQO\ � FDIp�W\SH VWHPV LQ WKH ��D�WKRQ FRUSXV� DQG DOO KDYH D VFKZD�

7KH ILUVW WDEOH VKRZV WKH HIIHFW RI VWUHVV DPRQJ IRU &�ILQDO VWHPV� 6WUHVV�ILQDO VWHPV

RFFXU ZLWK VFKZD SURSRUWLRQDWHO\ PRUH RIWHQ WKDQ QRQ�VWUHVV�ILQDO VWHPV� 7KH UHVXOWV RI

)LVKHU¶V H[DFW WHVW DUH UHSRUWHG LQ WKH FDSWLRQ�

)LQDO VWUHVV 1RQ�ILQDO VWUHVV

�WKRQ � ������ �� ������

�DWKRQ ��� ������ �� ������

7DEOH ����� &�ILQDO VWHPV� HIIHFW RI VWUHVV �1 ���� S�������

���



7KHUH LV DOVR DQ HIIHFW RI ILQDO VHJPHQW DIWHU FRQWUROOLQJ IRU VWUHVV DQG V\OODEOH

FRXQW� $PRQJ SRO\V\OODELF VWHPV ZLWK QRQ�ILQDO VWUHVV� &�ILQDO VWHPV RFFXU ZLWK �DWKRQ

SURSRUWLRQDWHO\ PRUH RIWHQ WKDQ 9�ILQDO VWHPV�

&�ILQDO 9�ILQDO

�WKRQ �� ������ �� ������

�DWKRQ �� ������ � ������

7DEOH ����� 1RQ�ILQDO�VWUHVV VWHPV� HIIHFW RI ILQDO VHJPHQW
�1 ��� S�������

,Q VKRUW� ��D�WKRQ LV FRQGLWLRQHG E\ WKH VDPH SKRQRORJLFDO IDFWRUV DV ��D�OLFLRXV�

����� 'LVWULEXWLRQ RI ��D�WKRQ VWHPV

7KLV VHFWLRQ FRQVLGHUV WKH SKRQRORJLFDO SURSHUWLHV RI ��D�WKRQ VWHPV� 0DQ\ RI WKH

LVVXHV WKDW DUH SUHVHQW IRU ��D�OLFLRXV VWHPV LQ WKH FRUSXV DUH OHVV VHYHUH IRU ��D�WKRQ�

,Q JHQHUDO� WKH VWHPV WKDW WDNH ��D�WKRQ VKRZ PXFK JUHDWHU YDULHW\ LQ WKHLU SKRQRORJLFDO

VKDSH�

&RPSDUHG WR ��D�OLFLRXV� ��D�WKRQ H[KLELWV PRUH GLYHUVLW\ LQ WKH SURVRGLF VKDSHV RI

LWV VWHPV� RFFXUULQJ ZLWK VWHPV XS WR ILYH V\OODEOHV ORQJ�

6\OODEOH FRXQW � � � � �

ILQDO VWUHVV ��� �� � � �

QRQ�ILQDO VWUHVV 1�$ �� �� � �

7DEOH ����� 3URVRGLF VKDSHV RI VWHPV ZLWK ��D�WKRQ �1 ����

%HFDXVH RI WKLV JUHDWHU YDULHW\ LQ VWHP VKDSHV� LW¶V SRVVLEOH WR FRQWURO IRU V\OODEOH

FRXQW ZKHQ GHWHUPLQLQJ WKH HIIHFW RI VWUHVV� 7KLV LV QRW WKH FDVH IRU ��D�OLFLRXV� ZKRVH

VWHPV RYHUODSSHG SHUIHFWO\ LQ V\OODEOH FRXQW DQG VWUHVV SDWWHUQ�

���



6RPH ORQJ VWHPV DUH H[HPSOLILHG EHORZ� 2I WKHVH� PDQ\ DUH GHULYHG QRXQV� ZKLFK

RFFXU RIWHQ ZLWK ��D�WKRQ�

���� ([DPSOHV RI ORQJ VWHPV ZLWK ��D�WKRQ

D� PLVLQWHUSUHW

E� PLVXQGHUVWDQGLQJ

F� SURFUDVWLQDWLRQ

G� VXEVWLWXWH

H� EDUFHORQD

I� H[DJJHUDWLRQ

$OWKRXJK ��D�WKRQ RFFXUV ZLWK ORQJ VWHPV� WKH PDMRULW\ ����� DUH PRQRV\OODELF�

7KLV LV DQRWKHU SRLQW RI GLIIHUHQFH ZLWK ��D�OLFLRXV� ZKRVH VWHPV DUH HTXDOO\ VSOLW

EHWZHHQ RQH DQG WZR V\OODEOHV�

7KH WDEOH EHORZ SUHVHQWV WKH GLVWULEXWLRQ RI VWHPV ZLWK UHVSHFW WR ILQDO VHJPHQW DQG

VWUHVV SDWWHUQ� 0RVW VWHPV IRU ��D�WKRQ DUH &�ILQDO PRQRV\OODEOHV�

&�ILQDO 9�ILQDO

ILQDO VWUHVV ��� ������ � ������

QRQ�ILQDO VWUHVV �� ������ �� ������

7DEOH ����� 'LVWULEXWLRQ RI VWHP VKDSHV WKDW RFFXU ZLWK �WKRQ
DQG �DWKRQ �1 ����

7KH GLVWULEXWLRQ RI VWHPV IRU ��D�WKRQ URXJKO\ IROORZV WKH GLVWULEXWLRQ RI QRXQV

LQ WKH (QJOLVK OH[LFRQ� ,Q ERWK WKH VWHPV DQG OH[LFRQ� FDFWXV�W\SH ZRUGV DUH PRUH

IUHTXHQW WKDQ KHUR�W\SH ZRUGV�

���



&�ILQDO 9�ILQDO

ILQDO VWUHVV ��� ������ �� ������

QRQ�ILQDO VWUHVV ��� ������ ��� ������

7DEOH ����� 'LVWULEXWLRQ RI ����� PRVW IUHTXHQW ��� V\OODEOH
QRXQV LQ WKH (QJOLVK OH[LFRQ

$OWKRXJK FDFWXV�W\SH VWHPV DUH QRW DV XQGHU DWWHVWHG IRU ��D�WKRQ DV WKH\ DUH IRU

��D�OLFLRXV� WKH\ VWLOO VHHP XQGHUUHSUHVHQWHG ���� LQ (QJOLVK YV� ��� LQ ��D�WKRQ��

7KLV LV OLNHO\ GXH WR WKH IDFW WKDW PRVW ��D�WKRQ VWHPV DUH PRQRV\OODELF �ZLWK ILQDO

VWUHVV�� UHVXOWLQJ LQ DQ LQIODWLRQ RI &�ILQDO� ILQDO VWUHVV VWHPV�

����� 'LIIHUHQFHV EHWZHHQ ��D�WKRQ DQG ��D�OLFLRXV

2YHUDOO� ��D�WKRQ DQG ��D�OLFLRXV SDWWHUQ LQ VLPLODU ZD\V� EXW WKHUH LV RQH FRQVLVWHQW

GLIIHUHQFH� UHJDUGOHVV RI WKH SKRQRORJLFDO FRQWH[W� VFKZD LV PRUH OLNHO\ LQ ��D�WKRQ

WKDQ ��D�OLFLRXV� 7KLV FDQ EH VHHQ LQ WKH JUDSK EHORZ� ZKLFK FRPSDUHV WKH FRUSXV

UHVXOWV IRU WKH WZR VXIIL[HV�

���
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)LJXUH ���� 3URSRUWLRQ RI VWHPV ZLWK �DOLFLRXV �/� DQG �DWKRQ
�5� LQ WKH FRUSXV *O2:E(

7KH SUHIHUHQFH IRU �DWKRQ DSSHDUV DJDLQ LQ WKH H[SHULPHQW� LQ ZKLFK VXEMHFWV FKRRVH

�DWKRQ PRUH RIWHQ WKDQ WKH\ FKRRVH �DOLFLRXV� 7KLV GLIIHUHQFH KROGV IRU PRVW LWHPV DQG

VXEMHFWV�

, WUHDW WKH GLIIHUHQFH EHWZHHQ ��D�WKRQ DQG ��D�OLFLRXV DV D UHVXOW OH[LFDO YDULDWLRQ�

7KHUH¶V QR SKRQRORJLFDO PRWLYDWLRQ IRU WKH GLIIHUHQFH� ,QVWHDG� VSHDNHUV VLPSO\ OHDUQ

WKDW VFKZD LV PRUH OLNHO\ IRU ��D�WKRQ� ,Q ����� , SURYLGH D 85& DFFRXQW WKDW FDQ

PRGHO WKLV GLIIHUHQFH XVLQJ 85 FRQVWUDLQWV�

2QH TXHVWLRQ IRU WKH OH[LFDO YDULDWLRQ DFFRXQW LV ZKHWKHU OHDUQHUV KDYH HQRXJK

HYLGHQFH WR OHDUQ WKDW VFKZD LV PRUH OLNHO\ LQ ��D�WKRQ WKDQ ��D�OLFLRXV� 7KLV LV

HVSHFLDOO\ LPSRUWDQW JLYHQ WKH FODLP WKDW SKRQRORJLFDO FRQGLWLRQLQJ RI ��D�WKRQ DQG

��D�OLFLRXV LV GLIILFXOW WR OHDUQ IURP VSDUVH HYLGHQFH�

���



(YHQ LI D VSHDNHU VHHV RQO\ D IHZ ZRUGV ZLWK ��D�WKRQ DQG ��D�OLFLRXV� VKH¶OO OLNHO\

HQFRXQWHU WKLV GLIIHUHQFH� ,Q WKH FRUSXV� WKH PRVW FRPPRQ ��D�WKRQ ZRUGV RFFXU ZLWK D

VFKZD� DQG WKH PRVW FRPPRQ ��D�OLFLRXV ZRUGV RFFXU ZLWKRXW RQH�

7KH VL[ PRVW FRPPRQ ��D�OLFLRXV ZRUGV DUH EHORZ� 7KHVH ZRUGV PDNH XS PRUH

WKDQ D TXDUWHU RI ��D�OLFLRXV WRNHQV LQ WKH FRUSXV� DQG DOO RFFXU ZLWKRXW D VFKZD�

���� 6L[ PRVW FRPPRQ ��D�OLFLRXV ZRUGV

D� ERRW\�OLFLRXV

E� GLYD�OLFLRXV

F� MHUVH\�OLFLRXV

G� VXPPHU�OLFLRXV

H� WDFR�OLFLRXV

I� \XPP\�OLFLRXV

2Q WKH RWKHU KDQG� WKH VHYHQ PRVW FRPPRQ ��D�WKRQ ZRUGV DOO FRQWDLQ D VFKZD�

7KHVH ZRUGV DFFRXQW IRU PRUH WKDQ KDOI RI ��D�WKRQ WRNHQV LQ WKH FRUSXV�

���� 6HYHQ PRVW FRPPRQ ��D�WKRQ ZRUGV

D� KDFN�DWKRQ

E� ZDON�DWKRQ

F� UHDG�DWKRQ

G� EORJ�DWKRQ

H� VZLP�DWKRQ

I� VSHQG�DWKRQ

J� GDQFH�DWKRQ

,I D OHDUQHU VHHV DQ ��D�WKRQ ZRUG� LW SUREDEO\ FRQWDLQV D VFKZD� DQG LI D VSHDNHU

VHHV DQ ��D�OLFLRXV ZRUG� LW¶V SUREDEO\ VFKZDOHVV�

���



,Q WKH FRUSXV GDWD� VSHDNHUV H[KLELW NQRZOHGJH RI WKLV DV\PPHWU\ ZKHQ FUHDWLQJ

QHZ ZRUGV ZLWK ��D�OLFLRXV DQG ��D�WKRQ� DQG H[SHULPHQWDO VXEMHFWV GR VR ZKHQ MXGJLQJ

ZKHWKHU D OLFLRXV� RU WKRQ�ZRUG LV EHWWHU ZLWK RU ZLWKRXW D VFKZD�

����� 6XPPDU\ RI FRUSXV UHVXOWV

7KHUH DUH WKUHH PDLQ ILQGLQJV IURP WKH FRUSXV VWXG\�

)LUVW� ��D�OLFLRXV DQG ��D�WKRQ DUH XVHG FUHDWLYHO\ WR GHULYH QHZ ZRUGV� ,Q WKH

FRUSXV� WKHUH DUH RYHU ��� GLIIHUHQW ZRUGV ZLWK ��D�OLFLRXV DQG RYHU ��� ZLWK ��D�WKRQ�

7KH PDMRULW\ RI WKHVH ZRUGV RQO\ RFFXU RQFH�

6HFRQG� WKHVH VXIIL[HV DUH FRQGLWLRQHG ERWK E\ WKH ILQDO VHJPHQW DQG VWUHVV SDWWHUQ

RI WKH VWHP� 7KHVH ILQGLQJV DUH UHSOLFDWHG LQ WKH H[SHULPHQW LQ QH[W VHFWLRQ�

)LQDOO\� ��D�WKRQ LV PRUH OLNHO\ WR RFFXU ZLWK D VFKZD WKDQ ��D�OLFLRXV DFURVV DOO

SKRQRORJLFDO FRQWH[WV� 7KLV ILQGLQJ LV DOVR UHSOLFDWHG LQ WKH H[SHULPHQW� 7KH GLIIHUHQFH

EHWZHHQ ��D�WKRQ DQG ��D�OLFLRXV IROORZV IURP WKH PRVW IUHTXHQW ZRUGV ZLWK HDFK

VXIIL[� 7KH PRVW IUHTXHQW ��D�WKRQ ZRUGV FRQWDLQ D VFKZD� ZKLOH WKH PRVW IUHTXHQW

��D�OLFLRXV ZRUGV DUH VFKZDOHVV�

��� ([SHULPHQW SDUW �� ∗ DQG ∗
,Q WKLV VHFWLRQ� , SUHVHQW WKH UHVXOWV RI D MXGJPHQW H[SHULPHQW RQ ��D�OLFLRXV DQG

��D�WKRQ�

7KH H[SHULPHQW LV SUHVHQWHG LQ WZR SDUWV� ,Q SDUW �� , GLVFXVV WKH LWHPV WHVWLQJ

ZKHWKHU WKHUH DUH LQGHSHQGHQW HIIHFWV RI ILQDO VHJPHQW DQG ILQDO VWUHVV� ,Q SDUW �� ,

GLVFXVV WKH LWHPV WKDW WHVW ZKHWKHU 3&$ LQWHUDFWV ZLWK WKH 5K\WKP 5XOH� $OWKRXJK

SUHVHQWHG VHSDUDWHO\� WKH LWHPV DUH IURP WKH VDPH H[SHULPHQW� ZLWK WKH VDPH PHWKRGV�

SDUWLFLSDQWV� DQG PDWHULDOV�

���



����� 0HWKRGV

6XEMHFWV� 7KH H[SHULPHQW ZDV FRQGXFWHG RQOLQH XVLQJ ,EH[��6XEMHFWV ZHUH UHFUXLWHG

WKURXJK ZRUG�RI�PRXWK DQG VRFLDO PHGLD� DQG ZHUH QRW UHLPEXUVHG LQ DQ\ ZD\� 'DWD

ZHUH LQFOXGHG IRU WKH ��� VXEMHFWV ZKR LQGLFDWHG WKDW WKH\ ZHUH QDWLYH (QJOLVK VSHDNHUV

DQG IURP WKH 8�6�

0DWHULDOV� 6XEMHFWV ZHUH SUHVHQWHG ZLWK �OLFLRXV DQG �DOLFLRXV YDULDQWV RI D QRXQ�

DQG DVNHG WR FKRRVH WKH IRUP WKH\ ZRXOG VD\� DORQJ ZLWK LQGLFDWLQJ WKHLU FRQILGHQFH

DV GHILQLWHO\ RU SUREDEO\� 7KH\ GLG WKH VDPH IRU RWKHU QRXQV ZLWK �WKRQ DQG �DWKRQ�

&KRLFHV ZHUH SUHVHQWHG LQ (QJOLVK RUWKRJUDSK\� ZLWK D VLQJOH K\SKHQ EHWZHHQ WKH VWHP

DQG WKH VXIIL[� 7KH SUHVHQWDWLRQ RI WKH VFKZDIXO YDULDQW RQ WKH ULJKW RU OHIW VLGH RI WKH

VFUHHQ ZDV UDQGRP� $ VFUHHQ FDSWXUH RI WKH H[SHULPHQW LQ SURJUHVV LV EHORZ�

)LJXUH ���� $ VFUHHQ FDSWXUH RI WKH H[SHULPHQW LQ SURJUHVV

7KH H[SHULPHQW WHVWHG �� GLIIHUHQW VWHP QRXQV� YDU\LQJ LQ VWUHVV SDWWHUQ DQG ILQDO

VHJPHQW� 1RXQV EHORQJHG WR RQH RI ILYH GLIIHUHQW FDWHJRULHV� SUHVHQWHG EHORZ� 7KH

QXPEHUV LQ WKH VWUHVV FRQWH[W FROXPQ UHSUHVHQW WKH VWUHVV SDWWHUQ RI WKH QRXQ� � LV

D SULPDU\�VWUHVVHG V\OODEOH� � LV VHFRQGDU\�VWUHVVHG V\OODEOH� DQG � LV DQ XQVWUHVVHG

V\OODEOH� $ OLVW RI LWHPV LV LQFOXGHG LQ WKH DSSHQGL[�

�KWWS���VSHOORXW�QHW�LEH[IDUP�

���



6WHP�W\SH 6WUHVV )LQDO VHJPHQW

SROLFH�W\SH �� FRQVRQDQW

WKLUWHHQ�W\SH �� FRQVRQDQW

FDFWXV�W\SH �� FRQVRQDQW

KHUR�W\SH �� YRZHO

XQGHUZHDU�W\SH ��� FRQVRQDQW

7DEOH ����� ([SHULPHQWDO FRQGLWLRQV

1RQH RI WKH H[SHULPHQWDO VWHPV RFFXU LQ WKH FRUSXV�

7KH ILUVW WKUHH FRQWH[WV ZHUH LQFOXGHG WR WHVW WKH HIIHFWV RI ILQDO VWUHVV DQG 5K\WKP

5XOH �55�� GLVFXVVHG LQ ����� 7KH WKLUWHHQ DQG SROLFH VWHPV FRQWUDVW 55�HOLJLEOH

�VWUHVV� ��� DQG 55�LQHOLJLEOH VWHPV �VWUHVV� ���� 7KH OLVW RI SROLFH�W\SH QRXQV DQG WKH

OLVW RI WKLUWHHQ�W\SH QRXQV ZHUH EDODQFHG ZLWK UHVSHFW WR IUHTXHQF\ DQG ILQDO FRQVRQDQW�

&DFWXV�W\SH VWHPV ZHUH LQFOXGHG WR WHVW WKH EDVLF VWUHVV�FRQGLWLRQLQJ RI ��D�OLFLRXV DQG

��D�WKRQ� 9�ILQDO QRXQV OLNH KHUR ZHUH LQFOXGHG WR WHVW WKH VHJPHQWDO FRQGLWLRQLQJ RI

WKH VXIIL[HV� 7KH\ PDWFK FDFWXV�W\SH ZRUGV ZLWK UHVSHFW WR VWUHVV� GLIIHULQJ LQ RQO\

ILQDO VHJPHQW�

7KH H[SHULPHQW DOVR FRQWDLQHG VHFRQGDU\�VWUHVV�ILQDO QRXQV OLNH XQGHUZHDU� WR WHVW

WKH HIIHFW RI ILQDO VHFRQGDU\ VWUHVV� DQG WKH GLIIHUHQFH EHWZHHQ ZHDN �VHFRQGDU\�

SULPDU\� DQG VWURQJ �SULPDU\�SULPDU\� VWUHVV FODVKHV� 7KHVH ZRUGV DUHQ¶W GLVFXVVHG

PXFK KHUH� VLQFH WKH GDWD DUH VXEMHFW WR D QXPEHU RI FRQIRXQGV� PDQ\ VSHDNHUV VKRZ

YDULDWLRQ EHWZHHQ ��� DQG ��� SDWWHUQV �OtPRXVuQH YV� OuPRXVtQH�� �DWKRQ LV DEOH WR

VKLIW VWUHVV LQ XQGHUZHDU�W\SH ZRUGV ��������� DQG ��D�OLFLRXV PD\ EH VXEMHFW WR D VL]H

FRQVWUDLQW� RQO\ RFFXUULQJ ZLWK VWHPV VKRUWHU WKDQ WKUHH V\OODEOHV ���������

7KH H[SHULPHQW FRQWDLQHG �� ILOOHUV� /LNH WKH WHVW LWHPV� DOO ILOOHUV FRPSDUHG

VFKZDIXO DQG VFKZDOHVV YDULDQWV RI ZRUGV GHULYHG ZLWK ��D�WKRQ DQG ��D�OLFLRXV� 7KH

ILOOHUV ZHUH LQFOXGHG WR GLVWUDFW IURP WKH SURVRGLF FRQGLWLRQLQJ E\ SURYLGLQJ GLYHUVLW\

���



LQ VWUHVV FRQWH[WV� DQG DOVR WR EDODQFH WKH QXPEHU RI 9�ILQDO ZRUGV� 7KH\ FRQWDLQHG

D PL[ RI GLIIHUHQW ILQDO FRQVRQDQWV DQG VWUHVV FRQWH[WV� DQG DOO ZHUH WULV\OODELF� 7HQ

ILOOHUV ZHUH SUHVHQWHG IURP HDFK FDWHJRU\ EHORZ� 7KH UHVXOWV IRU WKHVH ZRUGV ZHUH QRW

DQDO\]HG LQ GHWDLO� EXW , LQFOXGH UHVXOWV LQ $SSHQGL[ %�

6WHP�W\SH 6WUHVV )LQDO VHJPHQW

MDSDQHVH�W\SH ��� FRQVRQDQW

DFRXVWLF�W\SH ��� FRQVRQDQW

DODVND�W\SH ��� YRZHO

7DEOH ����� 3KRQRORJLFDO FRQWH[WV RI ILOOHUV

(DFK VXEMHFW VDZ HYHU\ VWHP RQFH �LQFOXGLQJ ILOOHUV�� SDLUHG ZLWK HLWKHU ��D�WKRQ RU

��D�OLFLRXV� 7KLV PDNHV �� MXGJPHQWV ��� VWHPV�� SUHVHQWHG LQ UDQGRP RUGHU� )RU HDFK

VXEMHFW� KDOI RI WKH MXGJPHQWV ZHUH IRU ��D�WKRQ� DQG KDOI ZHUH IRU ��D�OLFLRXV� DQG

VWHP�VXIIL[ SDLULQJV ZHUH FRXQWHUEDODQFHG DFURVV VXEMHFWV�

����� 5HVXOWV

,Q WKLV VHFWLRQ� , SUHVHQW WKH UHVXOWV IRU DOO VWHPV� H[FHSW WKLUWHHQ�W\SH ZRUGV� ZKLFK

DUH GLVFXVVHG LQ WKH VHFWLRQ RQ WKH 5K\WKP 5XOH �������

5HVSRQVH WLPHV� *LYHQ WKDW WKH H[SHULPHQW ZDV FRQGXFWHG RYHU WKH LQWHUQHW�

UHVSRQVH WLPH FXWRIIV ZHUH XVHG WR HQVXUH WKDW VXEMHFWV ZHUHQ¶W FOLFNLQJ ZLWKRXW

UHDGLQJ� 7KH PHDQ UHVSRQVH WLPH ZDV ���� PV� ZKLFK VHHPV UHDVRQDEOH JLYHQ WKDW

VXEMHFWV ZHUH DVNHG WR SURQRXQFH ERWK IRUPV RI WKH ZRUG� 5HVSRQVHV ZHUH H[FOXGHG

IURP DQDO\VLV LI WKH\ ZHUH OHVV WKDQ WZR VWDQGDUG GHYLDWLRQV EHORZ WKH ORJ�WUDQVIRUPHG

PHDQ UHVSRQVH WLPH� RQO\ UHVSRQVHV DERYH ��� PV ZHUH FRQVLGHUHG�

5HVXOWV IRU ��D�OLFLRXV� 7KH WDEOH EHORZ UHSRUWV WKH PHDQ SURSRUWLRQ RI VFKZDIXO

UHVSRQVHV IRU ��D�OLFLRXV VWHPV�

���



6WHP W\SH &RQWH[W 3URSRUWLRQ �DOLFLRXV

SROLFH�W\SH �� &�ILQDO ����

FDFWXV�W\SH �� &�ILQDO ����

KHUR�W\SH �DOO� �� 9�ILQDO ����

7DEOH ����� 7DEOH RI PHDQV IRU ��D�OLFLRXV

7KH UHVXOWV IRU KHUR�W\SH� FDFWXV�W\SH� DQG SROLFH�W\SH ZRUGV DUH SUHVHQWHG LQ WKH

JUDSK EHORZ� ,Q WKLV JUDSK� ZH VHH WKH VDPH RUGHU DV WKH FRUSXV GDWD� &�ILQDO LDPEV

�SROLFH� DUH PRVW OLNHO\ WR WDNH �DOLFLRXV� ZKLOH 9�ILQDO WURFKHHV �KHUR� DUH OHDVW� &�ILQDO

WURFKHHV �FDFWXV� DUH EHWZHHQ�

0.00

0.25

0.50

0.75

1.00

hero cactus police
Stem type

Pr
op

or
tio

n 
sc

hw
a

)LJXUH ���� 3URSRUWLRQ RI �DOLFLRXV UHVSRQVHV LQ MXGJPHQW
H[SHULPHQW

���



7KH KHUR�W\SH VWHPV FDQ EH IXUWKHU GLYLGHG EDVHG RQ WKHLU ILQDO YRZHO� 6L[ RI

WKH VWHPV HQG LQ IXOO YRZHOV �FKLOL� FRRNLH� KHUR� MDFNLH� PHQX� ]HUR�� DQG IRXU HQG

LQ VFKZD �FKLQD� FXED� GUDPD� UXVVLD�� 7KH IXOO YRZHO VWHPV DUH PRUH OLNHO\ WR WDNH

�DOLFLRXV WKDQ WKH VFKZD VWHPV ����� YV� ������ 7KLV PLUURUV WKH VWURQJHU GLVSUHIHUHQFH

IRU OD[�YRZHO±YRZHO VHTXHQFHV IRXQG LQ WKH UHVW RI (QJOLVK �������
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)LJXUH ���� 3URSRUWLRQ RI �DOLFLRXV UHVSRQVHV IRU KHUR�W\SH
ZRUGV

&KL�VTXDUH WHVWV �ZLWK <DWHV FRUUHFWLRQ� ZHUH SHUIRUPHG RQ WKH FRQWUDVWV RI

WKHRUHWLFDO LQWHUHVW� ILQDO YV� QRQ�ILQDO VWUHVV� 9�ILQDO YV� &�ILQDO� DQG VR RQ� 7KH UHVXOWV

DUH LQ WKH WDEOH EHORZ�

���



&RQWUDVW *URXSV FRPSDUHG &KL�VTXDUH �G�I�� S�YDOXH

ILQDO � QRQ�ILQDO VWUHVV SROLFH � FDFWXV ������ ��� S������

ILQDO 9 � ILQDO & KHUR � FDFWXV ������ ��� S������

ILQDO VFKZD � ILQDO IXOO YRZHO KHUR � KHUR ���� ��� S�����

7DEOH ����� &KL�VTXDUH WHVWV IRU ��D�OLFLRXV

7KH WHVWV DERYH VKRZ WKDW ERWK ILQDO VHJPHQW DQG ILQDO VWUHVV FRQGLWLRQ ��D�OLFLRXV�

7KH VFKZDIXO IRUP LV PRUH OLNHO\ ZLWK ILQDO�VWUHVV VWHPV �SROLFH� WKDQ QRQ�ILQDO�VWUHVV

VWHPV �FDFWXV�� ,Q DGGLWLRQ� �DOLFLRXV LV OHVV OLNHO\ ZLWK 9�ILQDO VWHPV �KHUR� WKDQ

&�ILQDO VWHPV �FDFWXV�� $PRQJ 9�ILQDO VWHPV� �DOLFLRXV LV PRUH OLNHO\ DIWHU D IXOO YRZHO

WKDQ D VFKZD�

5HVXOWV IRU ��D�WKRQ� 7KH PHDQ SURSRUWLRQV RI VFKZD UHVSRQVHV IRU ��D�WKRQ DUH

SUHVHQWHG LQ WKH WDEOH EHORZ� 2YHUDOO� WKHUH ZHUH PRUH VFKZDIXO UHVSRQVHV IRU ��D�WKRQ

WKDQ ��D�OLFLRXV� PLUURULQJ WKH GLIIHUHQFHV IRXQG LQ WKH FRUSXV GDWD�

6WHP W\SH &RQWH[W 3URSRUWLRQ �DWKRQ

SROLFH�W\SH �� &�ILQDO ����

WKLUWHHQ�W\SH �� &�ILQDO ����

FDFWXV�W\SH �� &�ILQDO ����

KHUR�W\SH �DOO� �� 9�ILQDO ����

7DEOH ����� 7DEOH RI PHDQV IRU ��D�WKRQ

7KH UHVXOWV IRU ��D�WKRQ IROORZ WKH VDPH SDWWHUQ DV ��D�OLFLRXV� 9�ILQDO WURFKHHV

�OLNH KHUR� SUHIHU �WKRQ� ZKLOH &�ILQDO LDPEV �OLNH SROLFH� SUHIHU �DWKRQ� $JDLQ� &�ILQDO

WURFKHHV �FDFWXV� DUH EHWZHHQ�
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)LJXUH ���� 3URSRUWLRQ RI �DWKRQ UHVSRQVHV LQ MXGJPHQW H[SHUL�
PHQW

7KH GLIIHUHQFH EHWZHHQ IXOO 9�ILQDO DQG VFKZD�ILQDO VWHPV LV HYHQ PRUH QRWLFHDEOH

ZLWK ��D�WKRQ� )XOO YRZHO�ILQDO VWHPV DUH PRUH OLNHO\ WR WDNH �DWKRQ WKDQ WKH

VFKZD�VFKZD VWHPV ����� YV� �����
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)LJXUH ���� 3URSRUWLRQ RI �DWKRQ UHVSRQVHV IRU KHUR�W\SH VWHPV

&KL�VTXDUH WHVWV ZHUH SHUIRUPHG IRU HDFK FRPSDULVRQ RI LQWHUHVW� 7KHVH WHVWV VKRZ

D VLJQLILFDQW HIIHFW RI VWUHVV DQG ILQDO VHJPHQW� DQG D VLJQLILFDQW HIIHFW RI W\SH RI ILQDO

YRZHO�

&RQWUDVW *URXSV FRPSDUHG &KL�VTXDUH �G�I�� S�YDOXH

ILQDO � QRQ�ILQDO VWUHVV SROLFH � FDFWXV ������ ��� S������

ILQDO 9 � ILQDO & KHUR � FDFWXV ������ ��� S������

ILQDO VFKZD � ILQDO IXOO YRZHO KHUR � KHUR ���� ��� S������

7DEOH ����� &KL�VTXDUH WHVWV IRU ��D�WKRQ

����� 2SWLRQDOLW\

5HFDOO WKDW LQ DGGLWLRQ WR FROOHFWLQJ GDWD RQ VFKZD YV� QR VFKZD� WKH H[SHULPHQW

DVNHG VXEMHFWV WR UDWH WKHLU FRQILGHQFH LQ WKHLU DQVZHUV DV GHILQLWHO\ RU SUREDEO\� 7KH

���



JUDSKV EHORZ VKRZ WKDW VXEMHFWV DUH PRUH OLNHO\ WR UDWH DQ DQVZHU DV µGHILQLWHO\¶ ZKHQ

LW¶V FORVHU WR FDWHJRULFDO� HLWKHU ���� RU ����� ,Q RWKHU ZRUGV� ZKHQ WKH SRSXODWLRQ LV

VSOLW RQ ZKHWKHU D VWHP VKRXOG WDNH �DOLFLRXV RU �OLFLRXV� HDFK LQGLYLGXDO LV OHVV VXUH

RI KLV RU KHU DQVZHU� 7KLV LV VKRZQ IRU ERWK ��D�OLFLRXV DQG ��D�WKRQ EHORZ� ,Q WKHVH

JUDSKV� HDFK SRLQW LV D VWHP� ILOOHUV LQFOXGHG� 5HFDOO WKDW HDFK VXEMHFW RQO\ VDZ HDFK

VWHP RQFH�
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)LJXUH ���� 3URSRUWLRQ RI �DOLFLRXV UHVSRQVHV E\ FRQILGHQFH�
JURXSHG E\ VWHP
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)LJXUH ����� 3URSRUWLRQ RI �DWKRQ UHVSRQVHV E\ FRQILGHQFH�
JURXSHG E\ VWHP

7KH JUDSK IRU ��D�OLFLRXV LV DV\PPHWULF� VXEMHFWV DUH PRUH FRQILGHQW IRU �OLFLRXV

UHVSRQVHV WKDQ �DOLFLRXV UHVSRQVHV� 7KLV VXJJHVWV WKDW VXEMHFWV DUH DZDUH RI WKH

GLIIHUHQFH EHWZHHQ WKH VXIIL[HV ZLWK UHVSHFW WR VFKZD� $ VFKZDOHVV UHVSRQVH LV PRUH

OLNHO\ ZLWK ��D�OLFLRXV WKDQ ��D�WKRQ� VR VXEMHFWV DUH PRUH OLNHO\ WR DQVZHU GHILQLWHO\

�OLFLRXV WKDQ GHILQLWHO\ �DOLFLRXV�

7KH JUDSK EHORZ FROODSVHV WKH WZR SUHYLRXV JUDSKV� ,W VKRZV WKDW DV WKH GLVWDQFH

IURP ��� LQFUHDVHV� VXEMHFWV EHFRPH PRUH FRQILGHQW LQ WKHLU LQGLYLGXDO UHVSRQVHV�
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licious

thon

)LJXUH ����� 3URSRUWLRQ RI VFKZD E\ FRQILGHQFH� JURXSHG E\
VWHP

7KH JUDSK DERYH LV LPSRUWDQW EHFDXVH WKH SUHVHQFH RI LQWUDVSHDNHU YDULDWLRQ LVQ¶W

DSSDUHQW IURP WKH FRUSXV GDWD� :LWK WKH H[FHSWLRQ RI EDEH�DOLFLRXV� QHDUO\ QR VWHPV

RFFXU ZLWK ERWK VFKZDIXO DQG VFKZDOHVV VXIIL[HV LQ WKH FRUSXV� 7KH H[SHULPHQWDO

UHVXOWV� RQ WKH RWKHU KDQG� FOHDUO\ VKRZ WKDW ��D�OLFLRXV DQG ��D�WKRQ DUH VXEMHFW WR

LQWUDVSHDNHU YDULDWLRQ� DQG QRW VLPSO\ D UHVXOW RI DYHUDJLQJ DFURVV VSHDNHUV�

����� &RPSDULVRQ RI ��D�WKRQ DQG ��D�OLFLRXV

/LNH WKH FRUSXV VHDUFK� WKH H[SHULPHQW ILQGV WKDW ERWK VXIIL[HV REH\ VLPLODU

FRQGLWLRQLQJ� EXW VFKZD LV PRUH OLNHO\ LQ ��D�WKRQ WKDQ ��D�OLFLRXV�
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-(a)licious -(a)thon
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)LJXUH ����� 3URSRUWLRQ RI �DOLFLRXV �/� DQG �DWKRQ �5� UHVSRQVHV
LQ MXGJPHQW H[SHULPHQW

7KLV GLIIHUHQFH EHWZHHQ ��D�WKRQ DQG ��D�OLFLRXV LV FRQVLVWHQW DFURVV ERWK LWHPV DQG

VXEMHFWV� 6FKZD LV PRUH OLNHO\ LQ ��D�WKRQ WKDQ ��D�OLFLRXV IRU �� RXW RI �� VWHPV�� 7KH

JUDSK EHORZ VKRZV WKH SURSRUWLRQ VFKZD IRU HDFK VXIIL[� (DFK SRLQW LV D VWHP� DQG

SRLQWV DERYH WKH GRWWHG GLDJRQDO OLQH KDYH D KLJKHU SURSRUWLRQ RI VFKZD LQ ��D�WKRQ

WKDQ ��D�OLFLRXV�

�7KH H[FHSWLRQV DUH ILOOHUV NRUHD DQG JRULOOD� SRVVLEO\ GXH WR WKH OLTXLGV�
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)LJXUH ����� 3URSRUWLRQ RI VFKZD IRU HDFK VXIIL[� JURXSHG E\
VWHP� 6ROLG OLQH LV OLQH RI EHVW ILW �VORSH ����� DGMXVWHG U  
������ 'RWWHG OLQH VKRZV YDOXHV ZKHUH SURSRUWLRQV RI �DOLFLRXV
DQG �DWKRQ DUH HTXDO

7KLV JUDSK DOVR VKRZV WKDW IRU HDFK VWHP� WKH SURSRUWLRQ RI VFKZD LQ ��D�OLFLRXV LV

VWURQJO\ FRUUHODWHG ZLWK WKH SURSRUWLRQ RI VFKZD LQ ��D�WKRQ� U���� ����� S<������ ,I D

VWHP LV OLNHO\ WR WDNH �DOLFLRXV� LW¶V DOVR OLNHO\ WR WDNH �DWKRQ�

$ VLPLODU JUDSK IRU WKH ��� VXEMHFWV LV EHORZ� 2QO\ ������ SDUWLFLSDQWV XVH VFKZD

PRUH RIWHQ LQ ��D�OLFLRXV WKDQ ��D�WKRQ� 7KHVH DUH WKH SRLQWV EHORZ WKH GRWWHG OLQH�
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)LJXUH ����� 3URSRUWLRQ RI VFKZD IRU HDFK VXIIL[� JURXSHG E\
VXEMHFW� 6ROLG OLQH LV OLQH RI EHVW ILW �VORSH ����� DGMXVWHG U  
������ 'RWWHG OLQH VKRZV YDOXHV ZKHUH SURSRUWLRQV RI �DOLFLRXV
DQG �DWKRQ DUH HTXDO

)RU HDFK VXEMHFW� WKHUH LV D ZHDN EXW VLJQLILFDQW FRUUHODWLRQ EHWZHHQ XVH RI �DOLFLRXV

DQG XVH RI �DWKRQ� U����� ����� S<������ 6SHDNHUV ZKR XVH VFKZD PRUH RIWHQ ZLWK

RQH VXIIL[ DUH PRUH OLNHO\ WR XVH VFKZD ZLWK WKH RWKHU�

����� 6XPPDU\ DQG FRPSDULVRQ ZLWK FRUSXV

,Q VXPPDU\� WKH H[SHULPHQW ILQGV LQGHSHQGHQW HIIHFWV RI ILQDO VHJPHQW DQG ILQDO

VWUHVV IRU ERWK VXIIL[HV� DORQJ ZLWK D GLIIHUHQFH EHWZHHQ WKH RYHUDOO UDWHV RI VFKZD LQ

��D�OLFLRXV DQG ��D�WKRQ�

7KH H[SHULPHQW PLUURUV WKH ILQGLQJV RI WKH FRUSXV VWXG\� GHVSLWH WKH ODFN RI RYHUODS

EHWZHHQ WKH VWHPV LQ WKH FRUSXV DQG WKH VWHPV LQ WKH H[SHULPHQW� 7KH UHSOLFDWLRQ RI

WKH FRUSXV ILQGLQJV LV PRVW LPSRUWDQW IRU FDFWXV�W\SH VWHPV� ZKLFK DUH XQGHU DWWHVWHG LQ

���



WKH FRUSXV� &DFWXV�W\SH VWHPV RQO\ RFFXU LQ �� OLFLRXV�ZRUGV� DOO RI ZKLFK RQO\ RFFXU

RQFH LQ *O2:E( �RXW RI ��� ELOOLRQ ZRUGV�� 7KH FRQYHUJHQFH RI WKHVH WZR W\SHV RI

GDWD VXSSRUWV WKH FODLP WKDW VSHDNHUV UHDOO\ GR NQRZ WKH GLVWULEXWLRQ RI ��D�OLFLRXV DQG

��D�WKRQ� HYHQ LQ WKH IDFH RI VSDUVH OHDUQLQJ GDWD�

7KH JUDSKV EHORZ FRPSDUH WKH FRUSXV DQG H[SHULPHQW�
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)LJXUH ����� &RPSDULVRQ RI H[SHULPHQWDO DQG FRUSXV UHVXOWV IRU
��D�OLFLRXV DQG ��D�WKRQ

)RU ERWK VXIIL[HV� VFKZD LV PRUH OLNHO\ LQ WKH H[SHULPHQW WKDQ WKH FRUSXV� EXW

RWKHUZLVH� WKH UHVXOWV ORRN YHU\ VLPLODU�

��� ([SHULPHQW SDUW �� WKH 5K\WKP 5XOH

,Q WKLV VHFWLRQ� , SUHVHQW WKH UHVW RI WKH H[SHULPHQWDO UHVXOWV� 7KHVH UHVXOWV

SURYLGH DQRWKHU H[DPSOH RI WKH FKLFNHQ�HJJ HIIHFW� VXSSRUWLQJ D SDUDOOHO PRGHO

���



PRUSKRSKRQRORJ\� 7KH 5K\WKP 5XOH PXVW SDUDGR[LFDOO\ DSSO\ ERWK EHIRUH DQG DIWHU

WKH IRUP RI WKH VXIIL[ LV FKRVHQ�

���� &KLFNHQ�HJJ HIIHFW LQ ��D�OLFLRXV DQG WKH 5K\WKP 5XOH

D� 7KH 5K\WKP 5XOH LV WULJJHUHG E\ WKH VXIIL[ FKRVHQ

E� 7KH VXIIL[ FKRVHQ GHSHQGV RQ ZKHWKHU WKH 5K\WKP 5XOH FDQ DSSO\

7R FDSWXUH WKHVH IDFWV� 85 VHOHFWLRQ PXVW KDYH ORRNDKHDG WR WKH RXWSXW RI

SKRQRORJLFDO UXOHV OLNH WKH 55� 7KLV LV SRVVLEOH LQ 85& EHFDXVH 85 VHOHFWLRQ DQG

UHSDLUV DUH HYDOXDWHG WRJHWKHU LQ WKH FDQGLGDWH VHW�

,Q WKH IROORZLQJ VHFWLRQV� , UHYLHZ WKH 5K\WKP 5XOH DQG VWUHVV FODVK� DQG WKHQ

GLVFXVV WKH UHVW RI WKH H[SHULPHQWDO UHVXOWV�

����� &ODVK DQG WKH 5K\WKP 5XOH

7KH 5K\WKP 5XOH �55� LV D SKRQRORJLFDO UHSDLU WKDW UHVROYHV VWUHVV FODVK E\

UHWUDFWLQJ VWUHVV WR DQ HDUOLHU V\OODEOH� ,W KDV EHHQ GLVFXVVHG H[WHQVLYHO\ LQ HDUOLHU

ZRUN� VXFK DV /LEHUPDQ DQG 3ULQFH ������� 3ULQFH ������� +D\HV ������ DQG PDQ\

RWKHUV �VHH 7LOVHQ ���� IRU DQ RYHUYLHZ�� , UHPDLQ QRQFRPPLWWDO ZLWK UHVSHFW WR WKH

IRUPXODWLRQ RI 55� ZKHWKHU LW¶V SURPLQHQFH WUDQVIHU� DFFHQW GHOHWLRQ� QRGH UHODEHOLQJ�

RU VRPHWKLQJ HOVH� ,QVWHDG� , IRFXV RQ WKH UHTXLUHPHQWV IRU LWV DSSOLFDWLRQ� ZKLFK DUH

JHQHUDOO\ DJUHHG RQ LQ WKH OLWHUDWXUH�

,Q WKH H[DPSOHV EHORZ� VWUHVV LV UHSUHVHQWHG RQ WKH PHWULFDO JULG� XVHIXO IRU

YLVXDOL]LQJ WKH UHTXLUHPHQWV DQG UHVWULFWLRQV RI 55 DSSOLFDWLRQ �/LEHUPDQ DQG 3ULQFH

����� 6HONLUN ����� 1HVSRU DQG 9RJHO ������ 6\OODEOHV ZLWK PRUH JULG PDUNV

DUH SHUFHLYHG DV UHODWLYHO\ PRUH SURPLQHQW� 5HODWLYH DQG SHUFHLYHG DUH LPSRUWDQW

KHUH� 6LQFH GHFUHDVLQJ WKH SURPLQHQFH RI D V\OODEOH UHVXOWV LQ DQ LQFUHDVH IRU WKH

RWKHU V\OODEOHV� WKH JULG PD\ QRW VWUDLJKWIRUZDUGO\ UHSUHVHQW TXDQWLWDWLYH PHDVXUHV RI

SURPLQHQFH �H�J� GXUDWLRQ� SLWFK��

���



:KHQ WZR FRQVHFXWLYH V\OODEOHV KDYH JULG PDUNV DW WKH VDPH OHYHO� D VWUHVV FODVK

RFFXUV� ,Q WKH H[DPSOHV EHORZ� D FODVK RFFXUV LQ 'LDQH &KDPEHUV EXW QRW &KULVWÕQH

0F9ÕH�

✘
✘ ✘

✘ ✘ ✘ ✘

D� 'L DQH &KDP EHUV

✘
✘ ✘

✘ ✘ ✘ ✘

E� &KULV WLQH 0F 9LH

)LJXUH ����� 6WUHVV FODVK� 'LDQH &KDPEHUV YV� &KULVWLQH 0F9LH

6WUHVV FODVK LV UHVROYHG LQ WKHVH FDVHV E\ UHGXFLQJ WKH SURPLQHQFH RI WKH ILUVW

FODVKLQJ V\OODEOH �WKH VHFRQG V\OODEOH LQ 'LDQH�� 7KLV FDXVHV DQ LQFUHDVH LQ WKH UHODWLYH

SURPLQHQFH RI WKH ILUVW V\OODEOH� ,Q WKH H[DPSOH EHORZ� WKH JULG PDUN RI WKH VHFRQG

V\OODEOH RI 'LDQH UHWUDFWV WR DQ HDUOLHU V\OODEOH� �

✘
✘ ✘

D� 'L DQH

✘
✘ ✘

✘ ✘ ✘ ✘

E� 'L DQH &KDP EHUV

✘
✘ ← ✘
✘ ✘ ✘ ✘

F� 'L DQH &KDP EHUV

)LJXUH ����� 'LDQH &KDPEHUV� 5K\WKP 5XOH DSSOLHV

,Q RUGHU IRU 55 WR DSSO\� WKH FODVK PXVW EH SUHFHGHG E\ D V\OODEOH ZLWK VHFRQGDU\

VWUHVV� ,Q WHUPV RI WKH JULG� D JULG PDUN PXVW KDYH D ODQGLQJ VLWH IRU UHWUDFWLRQ� DQG D

V\OODEOH ZLWK VFKZD GRHVQ¶W FRXQW�

�([SHULPHQWDO VWXGLHV �+RUQH ����� 7LOVHQ ������ KRZHYHU� VKRZ WKDW DEVROXWH SURPLQHQFH RI WKH ILUVW
V\OODEOH LV VLPLODU LQ �E� DQG �F��

���



✘
✘ ✘

�ԥ� ✘ ✘ ✘

D� 0D ORQH &KDP EHUV

✘
✘ ↚ ✘
�ԥ� ✘ ✘ ✘

F� 0D ORQH &KDP EHUV

)LJXUH ����� 0DORQH�&KDPEHUV� 5K\WKP 5XOH FDQQRW DSSO\

7KHUH DUH D IHZ QRWDEOH LVVXHV ZLWK 55� WKDW DUH RIWHQ RPLWWHG IURP WKH FODVVLF

GHVFULSWLRQ DERYH� %HFDXVH RI WKHVH LVVXHV� ZKHQ 55 IDLOV WR DSSO\� LW¶V GLIILFXOW WR

VD\ ZK\� )LUVW� 55 LV D YDULDEOH SURFHVV� DQG WKH H[DFW OLNHOLKRRG RI LWV DSSOLFDWLRQ

LVQ¶W NQRZQ� *UDEH DQG :DUUHQ ������ ILQG WKDW VSHDNHUV UHWUDFW VWUHVV DERXW ���

RI WKH WLPH LQ FODVK FRQWH[WV LQ D SURGXFWLRQ H[SHULPHQW� 6HFRQG� LW¶V EHHQ UHFHQWO\

VXJJHVWHG WKDW 55 UHTXLUHV SURGXFWLRQ SODQQLQJ� ,Q DQ H[SHULPHQW� 7LOVHQ ������ ILQGV

WKDW 55 HIIHFWV FDQ EH REVHUYHG LQ SUHSDUHG VSHHFK� ZKHQ VSHDNHUV KDYH DOUHDG\ UHDG

WKH VHQWHQFHV� EXW QRW LQ XQSUHSDUHG VSHHFK� ZKHQ VSHDNHUV DUH UHDGLQJ WKH VHQWHQFHV

IRU WKH ILUVW WLPH� )LQDOO\� 55 IDLOV WR DSSO\ ZLWK FHUWDLQ OH[LFDO LWHPV� DQG H[FHSWLRQV

GLIIHU DFURVV VSHDNHUV %ROLQJHU ������� )RU H[DPSOH� WKH ZRUG REHVH GRHV QRW XQGHUJR

55� HYHQ LQ FODVKLQJ FRQWH[WV�

)RU WKH H[SHULPHQW� WKHUH DUH WZR WKLQJV WR UHPHPEHU� 55 UHVROYHV VWUHVV FODVK E\

UHWUDFWLQJ VWUHVV� DQG VWUHVV UHWUDFWLRQ LV RQO\ SRVVLEOH LI WKHUH LV D VHFRQGDU\ VWUHVV

HDUOLHU LQ WKH ZRUG�

����� 3UHGLFWLRQV RI D SDUDOOHO PRGHO IRU ��D�OLFLRXV

5HFDOO WKDW ��D�OLFLRXV FDUULHV PDLQ VWUHVV LQ WKH ZRUG LW GHULYHV� )RU H[DPSOH� PDLQ

VWUHVV IDOOV RQ OLFLRXV LQ WXUNH\�OÕFLRXV� 7KLV PHDQV WKDW �OLFLRXV LV DEOH WR WULJJHU 55

ZKHQ LW RFFXUV ZLWK D VWHP VXFK DV WKÕUWHHQ� 7KLV LV VKRZQ RQ WKH JULG EHORZ�

���



✘
✘ ✘

D� WKLU WHHQ

✘
✘ ✘

✘ ✘ ✘ ✘

E� WKLU WHHQ � OL FLRXV

✘
✘ ← ✘
✘ ✘ ✘ ✘

F� WKLU WHHQ � OL FLRXV

)LJXUH ����� WKLUWHHQ�OLFLRXV� 5K\WKP 5XOH DSSOLHV

55 LV VWLOO VXEMHFW WR WKH UHVWULFWLRQV RXWOLQHG LQ WKH SUHYLRXV VHFWLRQ� ,W ZRQ¶W DSSO\

ZLWK D ZRUG OLNH SROLFH� VLQFH VWUHVV LV XQDEOH WR VKLIW WR WKH LQLWLDO VFKZDIXO V\OODEOH�

✘
�ԥ� ✘

D� SR OLFH

✘
✘ ✘

�ԥ� ✘ ✘ ✘

E� SR OLFH � OL FLRXV

✘
✘ ↚ ✘
�ԥ� ✘ ✘ ✘

F� SR OLFH � OL FLRXV

)LJXUH ����� SROLFH�OLFLRXV� 5K\WKP 5XOH FDQQRW DSSO\

7KH IDFW WKDW �OLFLRXV LV DEOH WR WULJJHU 55 LQ VRPH VWHPV �WKLUWHHQ� EXW QRW RWKHUV

�SROLFH� SURYLGHV D ZD\ WR GLVWLQJXLVK SDUDOOHO DQG GHULYDWLRQDO PRGHOV�

3DUDOOHO PRGHO� ,Q D SDUDOOHO PRGHO OLNH 85&� DOO FRPELQDWLRQV RI VXIIL[ DQG 55

DSSOLFDWLRQ DUH FRQVLGHUHG WRJHWKHU LQ WKH FDQGLGDWH VHW ���������

)RU D ZRUG OLNH WKLUWHHQ� WKHUH DUH IRXU UHOHYDQW FDQGLGDWHV� ,Q WKH FDQGLGDWHV EHORZ�

WKH ILUVW WZR KDYH XQGHUJRQH 55� DQG WKH VHFRQG WZR KDYH QRW� ,Q WKH VHW EHORZ� WKHUH

DUH FDQGLGDWHV WKDW DYRLG D VWUHVV FODVK�

���� &DQGLGDWH VHW IRU WKLUWHHQ��D�OLFLRXV

D� WKÕUWHHQ�OÕFLRXV YLRODWHV ∗

E� WKÕUWHHQ�DOÕFLRXV VDWLVILHV ∗

F� WKÕUWHHQ�OÕFLRXV VKLIWHG VWUHVV YLD 55� VDWLVILHV ∗

G� WKÕUWHHQ�DOÕFLRXV VKLIWHG VWUHVV YLD 55� VDWLVILHV ∗

)RU D ZRUG OLNH SROLFH� LQ ZKLFK 55 FDQQRW DSSO\� RQO\ RQH FODVKOHVV FDQGLGDWH

LV YLDEOH� 7KH FDQGLGDWHV ZLWK VKLIWHG VWUHVV DUH UXOHG RXW E\ WKH UHVWULFWLRQV RQ WKH

���



DSSOLFDWLRQ RI 55� ,Q SROLFH� WKH RQO\ ZD\ IRU D VSHDNHU WR DYRLG D VWUHVV FODVK LV WKH

VFKZDIXO DOORPRUSK �DOLFLRXV�

���� &DQGLGDWH VHW IRU SROLFH��D�OLFLRXV

D� SROÕFH�OÕFLRXV YLRODWHV ∗

E� SROÕFH�DOÕFLRXV VDWLVLILHV ∗

F� 
SROLFH�OÕFLRXV VKLIWHG VWUHVV UXOHG RXW E\ 55 UHVWULFWLRQV

G� 
SROLFH�DOÕFLRXV VKLIWHG VWUHVV UXOHG RXW E\ 55 UHVWULFWLRQV

,Q WKH SDUDOOHO PRGHO� WKHUH DUH WKUHH ZD\V WR DYRLG ∗ IRU WKLUWHHQ��D�OLFLRXV�

EXW RQO\ RQH ZD\ IRU SROLFH��D�OLFLRXV� $VVXPLQJ D VSHDNHU WDNHV DGYDQWDJH RI WKHVH

H[WUD RSWLRQV� D WKLUWHHQ�W\SH VWHP VKRXOG WDNH �OLFLRXV PRUH RIWHQ WKDQ D SROLFH�W\SH

VWHP�

7KLV SUHGLFWLRQ LVQ¶W XQLTXH WR 85&� $Q\ PRGHO ZKLFK VLPXOWDQHRXVO\ FRQVLGHUV

GLIIHUHQW 85V DQG SKRQRORJLFDO UHSDLUV ZLOO VKDUH LW� 1HDUO\ HYHU\ 27 DFFRXQW RI 3&$

KDV WKLV SURSHUW\� DQG GHULYDWLRQDO PRGHOV FDQ KDYH OLPLWHG SDUDOOHOLVP DV ZHOO �VHH

������

'HULYDWLRQDO PRGHOV� ,Q PDQ\ GHULYDWLRQDO PRGHOV RI PRUSKRSKRQRORJ\� 85

VHOHFWLRQ RFFXUV HLWKHU EHIRUH RU DIWHU SKRQRORJ\� EXW QHYHU DW WKH VDPH WLPH� 7KLV

KROGV IRU QHDUO\ HYHU\ DFFRXQW LQ 'LVWULEXWHG 0RUSKRORJ\ �H�J� (PELFN ������ DQG

VRPH DFFRXQWV LQ GHULYDWLRQDO 27� VXFK DV :ROI ������¶V 27�&& DFFRXQW� DQG DQ\

DFFRXQW LQ +DUPRQLF 6HULDOLVP WKDW DVVXPHV 85 VHOHFWLRQ LV DQ RSHUDWLRQ �H�J� :ROI

������

,I 85 VHOHFWLRQ LV HYDOXDWHG VHSDUDWHO\ IURP SKRQRORJLFDO RSHUDWLRQV� WKHUH VKRXOG

EH QR GLIIHUHQFH EHWZHHQ SROLFH DQG WKLUWHHQ� ,I SKRQRORJ\ KDSSHQV ILUVW� WKHQ 55

GRHVQ¶W DSSO\� VLQFH LW¶V WULJJHUHG E\ WKH VXIIL[� ,I VXIIL[ VHOHFWLRQ KDSSHQV ILUVW� WKHQ

WKH VXIIL[ GRHVQ¶W KDYH DFFHVV WR WKH RXWSXW RI 55� (LWKHU ZD\� DOO ZRUGV ZLWK ILQDO

���



VWUHVV ZLOO SUHIHU �OLFLRXV DQG �DOLFLRXV WR WKH VDPH GHJUHH� UHJDUGOHVV RI ZKHWKHU WKH\

XQGHUJR 55�

7KLV SUHGLFWLRQ RQO\ KROGV VR ORQJ DV WKHUH LV QR RWKHU ZD\ WR GLVWLQJXLVK SROLFH�

DQG WKLUWHHQ�W\SH VWHPV� ,PDJLQH� IRU LQVWDQFH� D VXEFDWHJRUL]DWLRQ IUDPH IRU �DOLFLRXV

WKDW SUHIHUV VWUHVV�ILQDO VWHPV ZLWK D SUHFHGLQJ VHFRQGDU\ VWUHVV �VXFK DV WKLUWHHQ�� 7KLV

VXEFDWHJRUL]DWLRQ IUDPH FRXOG FDSWXUH D GLIIHUHQFH EHWZHHQ SROLFH DQG WKLUWHHQ� EXW

WKHUH DUH WKUHH UHDVRQV WR GRXEW LW� )LUVW� WKLV VXEFDWHJRUL]DWLRQ IUDPH SHUIHFWO\ PLUURUV

WKH FRQGLWLRQV RQ 55� GXSOLFDWLQJ D SKRQRORJLFDO UXOH LQ WKH OH[LFRQ� 6HFRQG� LW UHIHUV

WR QRQ�ORFDO SKRQRORJLFDO FRQWH[W� IRU LQVWDQFH� D VHFRQGDU\ VWUHVV VRPHZKHUH HDUOLHU

LQ WKH ZRUG� 6XEFDWHJRUL]DWLRQ IUDPHV DUH JHQHUDOO\ WDNHQ WR EH ORFDO� IRU LQVWDQFH�

LQ 3DVWHU ������� 7KLUG� LI WKH FRUSXV UHVXOWV DUH DQ\ LQGLFDWLRQ� WKHUH¶V SUDFWLFDOO\ QR

HYLGHQFH IRU VXFK D VXEFDWHJRUL]DWLRQ IUDPH IRU ODQJXDJH OHDUQHUV� ,Q WKH FRUSXV UHVXOWV

LQ ����� OHVV WKDQ �� RI WKH VWHPV WKDW RFFXU ZLWK ��D�OLFLRXV KDYH ILQDO VWUHVV ZLWK D

SUHFHGLQJ VHFRQGDU\ VWUHVV�

$ VHFRQG SUHGLFWLRQ IRU WKH SDUDOOHO DFFRXQW� :KLOH D SDUDOOHO DFFRXQW SUHGLFWV D

GLIIHUHQFH EHWZHHQ SROLFH DQG WKLUWHHQ IRU ��D�OLFLRXV� WKLV GLIIHUHQFH VKRXOG GLVDSSHDU

IRU ��D�WKRQ� 8QOLNH ��D�OLFLRXV� ��D�WKRQ WDNHV VHFRQGDU\ VWUHVV LQ WKH ZRUGV LW GHULYHV�

DV LQ FDFWXV�WKRQ �FI� FDFWXV�OÕFLRXV�� 6LQFH ��D�WKRQ WDNHV VHFRQGDU\ VWUHVV� LW ZRQ¶W

WULJJHU 55�

$V VKRZQ EHORZ� PDLQ VWUHVV LVQ¶W UHWUDFWHG IURP PDLQ�VWUHVV V\OODEOHV� 55 DSSOLHV

LQ DQWLTXH DUPFKDLU� EXW QRW WKH FRPSRXQG DQWLTXH GHDOHU�

✘
✘ ✘

D� $Q WLTXH

✘
✘ ✘

✘ ✘ ✘ ✘

E� $Q WLTXH DUP FKDLU

✘
✘ ← ✘
✘ ✘ ✘ ✘

F� $Q WLTXH DUP FKDLU

)LJXUH ����� DQWLTXH DUPFKDLU� 5K\WKP 5XOH DSSOLHV

���



✘
✘ ✘

D� $Q WLTXH

✘
✘ ✘

✘ ✘ ✘ ✘

E� $Q WLTXH GHD OHU

✘
✘ ↚ ✘
✘ ✘ ✘ ✘

E� $Q WLTXH GHD OHU

)LJXUH ����� DQWLTXH GHDOHU� 5K\WKP 5XOH FDQQRW DSSO\

7KH IDLOXUH RI 55 ZLWK �WKRQ LV VKRZQ EHORZ� 6LQFH WKH V\OODEOH WHHQ FDUULHV PDLQ

VWUHVV LQ WKLUWHHQ�WKRQ� 55 FDQQRW DSSO\�

✘
✘ ✘

✘ ✘ ✘

D� WKLU WHHQ � WKRQ

✘
✘ ↚ ✘
✘ ✘ ✘

D� WKLU WHHQ � WKRQ

)LJXUH ����� WKLUWHHQ�WKRQ� 5K\WKP 5XOH FDQQRW DSSO\

,Q D SDUDOOHO PRGHO� WKH FKRLFH EHWZHHQ D VFKZDIXO RU VFKZDOHVV VXIIL[ EHLQJ FKRVHQ

LV GLUHFWO\ OLQNHG WR 55 HOLJLELOLW\� )RU D VXIIL[ OLNH �OLFLRXV� ZKLFK WULJJHUV 55� WKHUH

VKRXOG EH D GLIIHUHQFH EHWZHHQ 55�HOLJLEOH VWHPV OLNH WKLUWHHQ DQG 55�LQHOLJLEOH VWHPV

OLNH SROLFH� )RU D VXIIL[ OLNH �WKRQ� ZKLFK QHYHU WULJJHUV 55� WKHUH VKRXOG EH QR

GLIIHUHQFH�

$ GHULYDWLRQDO PRGHO� RQ WKH RWKHU KDQG� SUHGLFWV QR UHODWLRQVKLS EHWZHHQ 55�

HOLJLELOLW\ DQG VXIIL[ VHOHFWLRQ� ,I VXFK D UHODWLRQVKLS H[LVWV� LW¶V D FRLQFLGHQFH� DQG PXVW

EH DFFRXQWHG IRU ZLWK VXEFDWHJRUL]DWLRQ IUDPHV WKDW GLIIHUHQWLDWH WKLUWHHQ DQG SROLFH� LQ

DGGLWLRQ WR ��D�OLFLRXV DQG ��D�WKRQ�

����� ([SHULPHQWDO UHVXOWV

7KH WDEOH EHORZ SUHVHQWV WKH H[SHULPHQWDO UHVXOWV IRU ��D�OLFLRXV� ZLWK WKLUWHHQ�W\SH

VWHPV DGGHG� $V PHQWLRQHG LQ WKH PDWHULDOV VHFWLRQ� SROLFH�W\SH DQG WKLUWHHQ�W\SH VWHPV

ZHUH EDODQFHG ZLWK UHVSHFW WR OH[LFDO IUHTXHQF\ DQG SODFH�PDQQHU RI WKH ILQDO VHJPHQW�

7KH UHVXOWV IRU WKLUWHHQ�W\SH DUH FRQVLVWHQW ZLWK WKH SDUDOOHO PRGHO� $V SUHGLFWHG�

���



55�HOLJLEOH VWHPV �WKLUWHHQ� DUH PRUH OLNHO\ WR DSSHDU ZLWK �OLFLRXV WKDQ 55�LQHOLJLEOH

VWHPV �SROLFH� �FKL VTXDUH ������ GI �� S<�������

6WHP W\SH &RQWH[W 3URSRUWLRQ �DOLFLRXV

SROLFH�W\SH �� &�ILQDO ����

WKLUWHHQ�W\SH �� &�ILQDO ����

FDFWXV�W\SH �� &�ILQDO ����

KHUR�W\SH �� 9�ILQDO ����

7DEOH ����� 7DEOH RI PHDQV IRU ��D�OLFLRXV

7KH JUDSK EHORZ VKRZV DOO IRXU VWHP W\SHV�
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)LJXUH ����� 3URSRUWLRQ RI �DOLFLRXV UHVSRQVHV LQ MXGJPHQW
H[SHULPHQW� WKLUWHHQ�W\SH VWHPV LQFOXGHG
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+HUH¶V DQRWKHU ZD\ WR WKLQN DERXW WKHVH UHVXOWV� VWHPV OLNH WKLUWHHQ DUH VRPHWLPHV

SURQRXQFHG ZLWK UHWUDFWHG VWUHVV DV D UHVXOW RI 55� EHKDYLQJ OLNH FDFWXV� DQG VRPHWLPHV

SURQRXQFHG ZLWK XQUHWUDFWHG VWUHVV� EHKDYLQJ OLNH SROLFH� 7KLV SXWV WKHP EHWZHHQ

FDFWXV�W\SH DQG SROLFH�W\SH VWHPV ZLWK UHVSHFW WR VFKZD�

7KH GLIIHUHQFH EHWZHHQ WKLUWHHQ�W\SH DQG SROLFH�W\SH VWHPV GLVDSSHDUV IRU ��D�WKRQ�

:LWK ��D�WKRQ� WKHUH LV QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ 55�HOLJLEOH DQG 55�LQHOLJLEOH

ZRUGV �FKL VTXDUH  ����� GI  �� S  ������ 7KLV LV FRQVLVWHQW ZLWK WKH SDUDOOHO PRGHO�

ZKLFK RQO\ SUHGLFWV DQ HIIHFW RI 55 IRU VXIIL[HV WKDW WULJJHU LW�

7KH UHVXOWV IRU ��D�WKRQ DUH EHORZ�

([DPSOH &RQWH[W 3URSRUWLRQ �DWKRQ

SROLFH�W\SH �� &�ILQDO ����

WKLUWHHQ�W\SH �� &�ILQDO ����

FDFWXV�W\SH �� &�ILQDO ����

KHUR�W\SH �� 9�ILQDO ����

7DEOH ����� 7DEOH RI PHDQV IRU ��D�WKRQ� WKLUWHHQ�W\SH VWHPV
LQFOXGHG
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)LJXUH ����� 3URSRUWLRQ RI �DWKRQ UHVSRQVHV LQ MXGJPHQW
H[SHULPHQW� WKLUWHHQ�W\SH VWHPV LQFOXGHG

:KLOH VLJQLILFDQW RYHUDOO� 55�HOLELJLOLW\ GRHVQ¶W KDYH DQ HIIHFW IRU HYHU\ VXEMHFW�

1RW HYHU\ VXEMHFW VKRZV D GLIIHUHQFH EHWZHHQ WKLUWHHQ DQG SROLFH� EXW RI WKH VXEMHFWV

ZKR GR� PRVW VKRZ D GLIIHUHQFH LQ WKH SUHGLFWHG GLUHFWLRQ�

)RU ��D�OLFLRXV� WKH SUHGLFWHG GLIIHUHQFH EHWZHHQ SROLFH�W\SH DQG WKLUWHHQ�W\SH VWHPV

KROGV IRU ��� RI VXEMHFWV� ZKLOH ��� VKRZ QR GLIIHUHQFH� DQG WKH UHPDLQLQJ VXEMHFWV

VKRZ LQ WKH RSSRVLWH GLUHFWLRQ� ,Q WKH WDEOH EHORZ� , GLYLGH VXEMHFWV E\ JHRJUDSKLF

UHJLRQ� EDVHG RQ WKHLU VHOI�UHSRUWHG ORFDWLRQ� DQG WKH UHJLRQDO GLYLVLRQV LQ WKH 5 GDWDVHW

RI VWDWH GLYLVLRQV �5 &RUH 7HDP ������� 7KH HIIHFW LV DERXW WKH VDPH DFURVV UHJLRQV�

DOWKRXJK WKH YDVW PDMRULW\ RI WKH RSSRVLWH�SDWWHUQ UHVSRQGHUV DUH LQ WKH 1RUWKHDVW�

�)RU PRUH LQIRUPDWLRQ� VHH µVWDWH�QDPH¶ DQG µVWDWH�UHJLRQ¶ LQ 5� DQG WKH KHOSILOH µVWDWH¶�

���



0LGZHVW 1RUWKHDVW 1RUWKZHVW 6RXWK :HVW 7RWDO

0RUH VFKZD ZLWK SROLFH�W\SH �� �� � �� � ��

1R GLIIHUHQFH � �� � �� � ��

0RUH VFKZD ZLWK WKLUWHHQ�W\SH � � � ��

7DEOH ����� 1XPEHU RI VSHDNHUV ZKR VKRZ D GLIIHUHQFHV EHWZHHQ
SROLFH�W\SH DQG WKLUWHHQ�W\SH VWHPV IRU ��D�OLFLRXV

5HJLRQDO LQIRUPDWLRQ LV LQFOXGHG EHFDXVH 6RXWKHUQ (QJOLVK WHQGV WR VKLIW VWUHVV WR

WKH LQLWLDO V\OODEOH RI QRXQV� H�J� ~PEUHOOD� FKtQHVH� HVSHFLDOO\ ZKHQ WKHUH¶V D SUHFHGLQJ

VHFRQGDU\ VWUHVV� 7KLV FDQ¶W H[SODLQ WKH LQWHUPHGLDWH VWDWXV RI WKLUWHHQ� WKRXJK� VLQFH

PDQ\ QRQ�VKLIWLQJ GLDOHFWV VKRZ D GLIIHUHQFH LQ WKH H[SHFWHG GLUHFWLRQ�

,W¶V XQFOHDU ZKDW VHSDUDWHV WKH VSHDNHUV ZKR VKRZ DQ HIIHFW RI 55 IURP WKRVH WKDW

GR QRW� $V GLVFXVVHG HDUOLHU LQ WKLV VHFWLRQ ��������� WKHUH DUH PDQ\ H[SODQDWLRQV IRU

IDLOXUH WR DSSO\ 55� 6SHDNHUV PD\ GLIIHU LQ ZKHWKHU WKH\ SURQRXQFH WKH ZRUGV DORXG

ILUVW� VSHDNHUV PD\ GLIIHU LQ WKHLU PDVWHU\ DQG IDPLOLDUW\ ZLWK WKH VXIIL[HV� DQG ± PRVW

OLNHO\ ± VSHDNHUV PD\ GLIIHU LQ WKHLU UDWH RI 55 DSSOLFDWLRQ� 7KH OLNHOLKRRG RI 55

DSSOLFDWLRQ KDV QRW EHHQ H[WHQVLYHO\ VWXGLHG� QRU KDYH LQWHUVSHDNHU GLIIHUHQFHV LQ LWV

DSSOLFDWLRQ�

:KLOH DERXW KDOI RI WKH VXEMHFWV VKRZ DQ HIIHFW RI 55 LQ ��D�OLFLRXV� QHDUO\ QR

VXEMHFWV VKRZ D GLIIHUHQFH EHWZHHQ SROLFH�W\SH DQG WKLUWHHQ�W\SH VWHPV IRU ��D�WKRQ�

7KH VXEMHFWV ZKR GR VKRZ D GLIIHUHQFH DUH VSOLW ZLWK UHVSHFW WR ZKLFK VWHP LV EHWWHU�

���



0LGZHVW 1RUWKHDVW 1RUWKZHVW 6RXWK :HVW 7RWDO

� 0RUH VFKZD ZLWK SROLFH�W\SH � � � � �

1R GLIIHUHQFH �� �� � �� �� ���

0RUH VFKZD ZLWK WKLUWHHQ�W\SH � � � � �

7DEOH ����� 1XPEHU RI VSHDNHUV ZKR VKRZ D GLIIHUHQFH EHWZHHQ
SROLFH�W\SH DQG WKLUWHHQ�W\SH VWHPV IRU ��D�WKRQ

$OO RI WKHVH GDWD VKRZ WKDW VSHDNHUV WUHDW 55�HOLJLEOH DQG 55�LQHOLJLEOH VWHPV

GLIIHUHQWO\� DQG WKLV GLIIHUHQFH GLVDSSHDUV IRU ��D�WKRQ� 7R IXUWKHU VXSSRUW WKH GLIIHUHQFHV

EHWZHHQ ��D�WKRQ DQG ��D�OLFLRXV� , SUHVHQW WKH UHVXOWV RI D PL[HG HIIHFWV UHJUHVVLRQ

PRGHO LQ WKH QH[W VHFWLRQ� ZKLFK ILQGV D VLJQLILFDQW LQWHUDFWLRQ EHWZHHQ 55�HOLJLELOLW\

DQG VXIIL[�

7KH UHVW RI WKLV VHFWLRQ DGGUHVVHV FRQIRXQGV DQG FRPPRQ REMHFWLRQV WR WKH UHVXOWV

DERYH� EDVHG RQ IHHGEDFN IURP YDULRXV DXGLHQFHV DQG WKUHH DQRQ\PRXV UHYLHZHUV�

7KH DQVZHU WR PRVW REMHFWLRQV FDQ EH IRXQG LQ WKH LQWHUDFWLRQ EHWZHHQ 55�HOLJLELOLW\

DQG VXIIL[� $Q\ SURSHUW\ RI WKH VWHPV WKDW FRXOG EH XVHG WR H[SODLQ WKH GLIIHUHQFH

EHWZHHQ WKLUWHHQ�W\SH DQG SROLFH�W\SH VWHPV FDQQRW DFFRXQW IRU WKH ODFN RI GLIIHUHQFH LQ

��D�WKRQ� ,I VRPH SURSHUW\ PDNHV WKLUWHHQ�W\SH VWHPV IDYRU �OLFLRXV� WKDW VDPH SURSHUW\

VKRXOG PDNH WKHP IDYRU �WKRQ�

$ FHLOLQJ HIIHFW� 2QH SRWHQWLDO FRPSOLFDWLRQ LV WKDW WKH SURSRUWLRQV IRU ��D�WKRQ DUH

FORVH WR ���� 7KH ODFN RI GLIIHUHQFH IRU ��D�WKRQ FRXOG EH GXH WR D FHLOLQJ HIIHFW�

7KH GLIIHUHQFH EHWZHHQ ��D�OLFLRXV DQG ��D�WKRQ KROGV ZKHQ ZH PRYH DZD\ IURP

WKH FHLOLQJ� 7KLV LV SRVVLEOH E\ ELQQLQJ WKH UHVSRQVHV GLIIHUHQWO\� 5HFDOO WKDW VXEMHFWV

LQGLFDWHG WKHLU FRQILGHQFH DV GHILQLWHO\ RU SUREDEO\� LQ DGGLWLRQ WR FKRRVLQJ D VXIIL[�

,I ZH ORRN DW WKH SURSRUWLRQ RI GHILQLWHO\ �DWKRQ UHVSRQVHV� WKH UDWH RI VFKZD GURSV

WR ���� IRU SROLFH�W\SH VWHPV DQG ���� IRU WKLUWHHQ�W\SH VWHPV� EXW WKH VL]H RI WKH

���



GLIIHUHQFH UHPDLQV WKH VDPH� ����� 7KLV GLIIHUHQFH LV QRW VLJQLILFDQW LQ D FKL�VTXDUH WHVW

�FKL�VTXDUH  ����� G�I�  �� S  ������

0RYLQJ DZD\ IURP FHLOLQJ� ZH VWLOO ILQG D GLIIHUHQFH IRU ��D�OLFLRXV� 6XEMHFWV FKRVH

GHILQLWHO\ �DOLFLRXV ��� RI WKH WLPH IRU SROLFH�W\SH VWHPV� DQG ��� RI WKH WLPH IRU

WKLUWHHQ�W\SH VWHPV� D VLJQLILFDQW GLIIHUHQFH �FKL�VTXDUH  ������ G�I�  �� S < �������

,QWHUVSHDNHU YDULDWLRQ� 7KH UHVXOWV IRU WKLUWHHQ�W\SH ZRUGV DUH FRPSOLFDWHG E\

LQWHUVSHDNHU YDULDWLRQ ZLWK UHVSHFW WR VHFRQGDU\ VWUHVV� $V SRLQWHG RXW LQ &RRSHU DQG

(DG\ ������� PDQ\ ZRUGV WKDW XQGHUJR 55 �VXFK DV WKLUWHHQ� DUH SURQRXQFHG ZLWK

LQLWLDO VWUHVV HYHQ LQ QRQ�55 FRQWH[WV� DW OHDVW IRU VRPH VSHDNHUV� 7KH H[SHULPHQWDO

ILQGLQJV FRXOG EH GLVPLVVHG DV D UHVXOW RI WKLV YDULDWLRQ� VRPH VSHDNHUV VD\ WKLUWHHQ

ZLWK LQLWLDO VWUHVV� VRPH ZLWK ILQDO� DQG WKH PL[WXUH RI WKHVH VSHDNHUV SXWV LW EHWZHHQ

FDFWXV DQG SROLFH�

, RIIHU WZR UHVSRQVHV WR WKLV REMHFWLRQ�

)LUVW� LI WKLUWHHQ�W\SH ZRUGV YDU\ EHWZHHQ SURQXQFLDWLRQV� WKHUH¶V QR UHDVRQ ZK\

WKH\¶G YDU\ ZLWK ��D�OLFLRXV EXW QRW ZLWK ��D�WKRQ�

6HFRQG� WKH GLIIHUHQFH EHWZHHQ SROLFH�W\SH DQG WKLUWHHQ�W\SH UHVSRQVHV LV QRW

GHSHQGHQW RQ RQH RU WZR LWHPV VXEMHFW WR YDULDWLRQ� )RU ��D�OLFLRXV� HYHU\ SROLFH�W\SH

VWHP WDNHV VFKZD DW KLJKHU UDWH WKDQ HYHU\ WKLUWHHQ�W\SH VWHP� DQG OLNHZLVH IRU

WKLUWHHQ�W\SH DQG FDFWXV�W\SH VWHPV� 7KHUH LV QR RYHUODS EHWZHHQ VWHP�W\SHV ZLWK

UHVSHFW WR WKH SURSRUWLRQ RI VFKZD� )RU ��D�WKRQ� WKHUH LV D JUHDW GHDO RI RYHUODS�

SROLFH�W\SH DQG WKLUWHHQ�W\SH VWHPV WDNH VFKZD DW WKH VDPH UDWHV� $ IXOO OLVW RI

SURSRUWLRQV E\ VWHP FDQ EH IRXQG LQ WKH DSSHQGL[�

6SHOOLQJ� $ ILQDO FRQIRXQG LV VSHOOLQJ� 7KH LWHPV ZHUH SUHVHQWHG ZLWK D K\SKHQ

EHWZHHQ WKH VWHP DQG VXIIL[� EXW LW¶V SRVVLEOH WKDW VXEMHFWV LQWHUSUHWHG D VFKZD ZKHUH

QRQH ZDV LQWHQGHG� IRU H[DPSOH� WKH H LQ SROLFH�OLFLRXV� 7KHUH DUH WKUHH UHDVRQV WKDW

VSHOOLQJ LV QRWKLQJ WR ZRUU\ DERXW KHUH� )LUVW� FRQGLWLRQV GRQ¶W GLIIHU WRR PXFK ZLWK

UHVSHFW WR WKHLU QXPEHU RI ILQDO H¶V� ���� WKLUWHHQ�W\SH VWHPV HQG LQ H� ZKLOH ����

���



SROLFH�W\SH VWHPV GR� 6HFRQG� DOO WKLUWHHQ�W\SH VWHPV KDYH ORZHU UDWHV RI �DOLFLRXV WKDQ

DOO SROLFH�W\SH VWHPV� (YHQ LI ZH GLVUHJDUG H�ILQDO VWHPV� WKH HIIHFW RI 55 UHPDLQV�

)LQDOO\� VSHOOLQJ FDQ¶W H[SODLQ ZK\ WKH HIIHFW RI 55 LV SUHVHQW LQ ��D�OLFLRXV� EXW

GLVDSSHDUV ZLWK ��D�WKRQ�

����� 5HJUHVVLRQ PRGHO

7R VHH LI WKHUH ZDV DQ LQWHUDFWLRQ EHWZHHQ 55�HOLJLELOLW\ DQG VXIIL[� UHVXOWV ZHUH

DQDO\]HG XVLQJ D PL[HG�HIIHFWV ORJLVWLF UHJUHVVLRQ PRGHO� 7KH DQDO\VLV ZDV SHUIRUPHG

XVLQJ WKH OPH� SDFNDJH �%DWHV HW DO� ����� LQ 5 �5 &RUH 7HDP ������ 7KH

LQGHSHQGHQW YDULDEOH ZDV VFKZD YV� QR VFKZD�

7KH PRGHO LQFOXGHG SUHGLFWRUV IRU VWUHVV SDWWHUQ � � �� 55�HOLJLELOLW\ � ��

VXIIL[ � �� DQG WKH LQWHUDFWLRQ RI 55�HLOLJELOLW\ DQG VXIIL[� 7KH FRGLQJ RI WKHVH LV

GLVFXVVHG EHORZ�

7KH PRGHO GLG QRW LQFOXGH D SUHGLFWRU IRU ILQDO VHJPHQW� DQG KHUR�W\SH VWHPV ZHUH

H[FOXGHG� $ PRGHO ZLWK KHUR�W\SH VWHPV IDLOHG WR FRQYHUJH ZLWK D IXOO VHW RI UDQGRP

VORSHV� 7KLV PD\ EH EHFDXVH DOO RI WKH 9�ILQDO LWHPV LQ WKH H[SHULPHQW KDYH ILQDO

VWUHVV� $V D UHVXOW� PDQ\ FRPELQDWLRQV RI ILQDO VHJPHQW� 55�HOLJLELOLW\� DQG VWUHVV DUH

PLVVLQJ IURP WKH GDWD�

6WUHVV SDWWHUQ� 7KH GLIIHUHQW VWUHVV FRQWH[WV ZHUH FRGHG DV D ��OHYHO IDFWRU� RUGHUHG

LQ WKH GLUHFWLRQ SUHGLFWHG E\ WKH SDUDOOHO PRGHO� 7KLV WKUHH�ZD\ FRQWUDVW ZDV GLYLGHG

LQWR WZR SUHGLFWRUV XVLQJ +HOPHUW FRGLQJ� � IRU QRQ�ILQDO VWUHVV DQG IRU

5K\WKP 5XOH�

���



/HYHO 6WUHVV SDWWHUQ � VWHP W\SHV

/HYHO � �� +� FDFWXV

/HYHO � �� −� +� WKLUWHHQ

/HYHO � �� −� −� SROLFH

7DEOH ����� &RQWUDVWV IRU � DQG

� FRPSDUHV /HYHO � ZLWK KLJKHU OHYHOV ��� YV� �� DQG ���� ZKLOH

FRPSDUHV /HYHO � ZLWK KLJKHU OHYHOV ��� YV� ���� KDV QR HIIHFW LQ FDFWXV�W\SH VWHPV�

VLQFH WKH\ KDYH D YDOXH RI ��

6XIIL[� 7KH FRQWUDVWV IRU DUH EHORZ�

&RQWH[W ([DPSOHV

��D�OLFLRXV +� FDFWXV��D�OLFLRXV� SROLFH��D�OLFLRXV� HWF�

��D�WKRQ −� FDFWXV��D�WKRQ� SROLFH��D�WKRQ� HWF�

7DEOH ����� &RQWUDVWV IRU

,QWHUDFWLRQ [ � 7KH PRGHO LQFOXGHG DQ LQWHUDFWLRQ WHUP IRU DQG �

7KH YDOXHV IRU HDFK FRQGLWLRQ DUH VKRZ EHORZ� 1RWH WKDW [ FDQFHOV RXW

IRU ��D�WKRQ� EXW KHLJKWHQV WKH GLIIHUHQFH EHWZHHQ SROLFH DQG WKLUWHHQ IRU ��D�OLFLRXV�

/LNH � [ KDV QR HIIHFW LQ FDFWXV�W\SH VWHPV�

���



[

WKLUWHHQ�OLFLRXV +� +� +�

FDFWXV�OLFLRXV � � +�

SROLFH�OLFLRXV −� −� +�

WKLUWHHQ�WKRQ −� +� −�

FDFWXV�WKRQ � � −�

SROLFH�WKRQ +� −� −�

7DEOH ����� ,QWHUDFWLRQ WHUP [

0RGHO DQG UHVXOWV� 7KH PRGHO LQFOXGHG SUHGLFWRUV IRU VWUHVV SDWWHUQ � � ��

5K\WKP 5XOH HOLJLELOLW\ � �� VXIIL[ � �� DQG WKH LQWHUDFWLRQ WHUP [ �

7KH PRGHO DOVR LQFOXGHG UDQGRP LQWHUFHSWV IRU 6XEMHFW DQG ,WHP� LQ DGGLWLRQ WR UDQGRP

VORSHV E\ 6XEMHFW IRU DOO SUHGLFWRUV� LQFOXGLQJ WKH LQWHUDFWLRQ WHUP��

7KH UHVXOWV RI WKH PRGHO DUH SUHVHQWHG EHORZ� (IIHFWV ZLWK D = YDOXH JUHDWHU WKDQ

� RU OHVV WKDQ ±� DUH VLJQLILFDQW� ,Q WKH WDEOH EHORZ� D SRVLWLYH HVWLPDWH �ȕ� LQGLFDWHV

WKDW DV WKH SUHGLFWRU LQFUHDVHV� WKH OLNHOLKRRG RI WKH VFKZDIXO YDULDQW ��DOLFLRXV RU

�DWKRQ� LQFUHDVHV� $ QHJDWLYH RQH LQGLFDWHV WKDW WKH OLNHOLKRRG RI WKH VFKZDIXO YDULDQW

GHFUHDVHV DV WKH IDFWRU LQFUHDVHV� ,Q RWKHU ZRUGV� SRVLWLYH PHDQV PRUH VFKZD� DQG

QHJDWLYH PHDQV OHVV�

�7KH UHJUHVVLRQ HTXDWLRQ LQ 5� 5HVSRQVH ∼ � � 
 � �� � � � 
 _
6XEMHFW� � ��_,WHP�� IDPLO\ ELQRPLDO� OLQN ORJLW

���



ȕ 6( ] YDOXH S YDOXH

�,QWHUFHSW� ���� ���� �����

� ����� ���� −����� ������

����� ���� ����� ����

����� ���� ������ ������

[ ����� ���� ����� ������

7DEOH ����� /RJLVWLF UHJUHVVLRQ UHVXOWV

$OO RI WKH SUHGLFWRUV LQFOXGHG LQ WKH PRGHO ZHUH VLJQLILFDQW� H[FHSW IRU �

� � 7KH QHJDWLYH YDOXH VKRZV WKDW QRQ�ILQDO�VWUHVV VWHPV DUH PRUH OLNHO\ WR

RFFXU ZLWK �OLFLRXV DQG �WKRQ WKDQ �DOLFLRXV DQG �DWKRQ� ,Q RWKHU ZRUGV� VWUHVV�ILQDO

VWHPV DUH PRUH OLNHO\ WR RFFXU ZLWK D VFKZDIXO VXIIL[�

� 7KH QHJDWLYH YDOXH RI WKH IDFWRU VKRZV WKDW ZRUGV ZLWK ��D�OLFLRXV

DUH OHVV OLNHO\ WR RFFXU ZLWK VFKZD WKDQ ZRUGV ZLWK ��D�WKRQ�

[ � 7KH VLJQLILFDQW LQWHUDFWLRQ EHWZHHQ DQG VKRZV WKDW

55�HOLJLELOLW\ KDV D JUHDWHU HIIHFW LQ ZRUGV GHULYHG ZLWK ��D�OLFLRXV WKDQ LQ ZRUGV

GHULYHG ZLWK ��D�WKRQ� 7KH QHJDWLYH YDOXH PHDQV WKDW 55�HOLJLEOH VWHPV ZLWK ��D�OLFLRXV

DUH OHVV OLNHO\ WR WDNH VFKZD WKDQ ZH¶G H[SHFW JLYHQ WKH HIIHFWV RI RU DORQH�

7KH UHVXOW IRU [ LV WKH RQH PRVW RI LQWHUHVW KHUH� WKH HIIHFW RI

55�HOLJLELOLW\ LV GHSHQGHQW RQ VXIIL[� 7KLV FDQ EH VHHQ LQ WKH PHDQ SURSRUWLRQV IURP

WKH H[SHULPHQW� WKHUH LV D ODUJH ODUJH GLIIHUHQFH EHWZHHQ 55 DQG QRQ�55 VWHPV IRU

��D�OLFLRXV� EXW RQO\ D PDUJLQDO GLIIHUHQFH IRU ��D�WKRQ�

���
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)LJXUH ����� 3URSRUWLRQ RI VFKZD UHVSRQVHV IRU WKLUWHHQ�W\SH
DQG SROLFH�W\SH VWHPV IURP H[SHULPHQW

,W¶V WKLV LQWHUDFWLRQ WKDW SURYLGHV VXSSRUW IRU D SDUDOOHO PRGHO� ,Q WKH SDUDOOHO PRGHO�

WKH FKRLFH RI VXIIL[ LV FORVHO\ WLHG WR ZKHWKHU RU QRW 55 FDQ DSSO\� 55 ZLOO RQO\

KDYH DQ HIIHFW ZLWK VXIIL[HV WKDW FDQ WULJJHU LW� )RU D VXIIL[ WKDW FDQ¶W WULJJHU 55

�OLNH ��D�WKRQ�� WKHUH VKRXOG EH QR GLIIHUHQFH EHWZHHQ 55�HOLJLEOH VWHPV �WKLUWHHQ� DQG

55�LQHOLJLEOH RQHV �SROLFH��

����� 0HWULFDO FRQVHTXHQFHV

,Q DGGLWLRQ WR SURYLGLQJ DQ DUJXPHQW IRU ODQJXDJH�ZLGH FRQVWUDLQWV� WKH H[SHULPHQWDO

UHVXOWV GHPRQVWUDWH WKDW FODVK LQ (QJOLVK LV D JUDGLHQW SKHQRPHQRQ�

5HFDOO WKDW WKH �DOLFLRXV IRUP RI WKH VXIIL[ LV XVHG WR DYRLG D VWUHVV FODVK� DV VKRZQ

EHORZ�

���



✘
✘ ✘

ԥ ✘ ԥ ✘ ✘

D� SR OLFH � D OL OLFLRXV

✘
✘ ✘

ԥ ✘ ✘ ✘

E� SR OLFH � OL OLFLRXV

7DEOH ����� SROLFH�DOLFLRXV DYRLGV FODVK

,Q WKH H[DPSOHV DERYH� D VFKZDIXO V\OODEOH LV DEOH WR LQWHUYHQH EHWZHHQ WZR VWUHVVHG

V\OODEOHV� DFWLQJ DV D EXIIHU DJDLQVW FODVK� 7KH IDFW WKDW WKHUH LV D FODVK LQ �E� EXW QRW

�D� LV FRQVLVWHQW ZLWK WKH W\SLFDO IRUPXODWLRQ RI FODVK� VXFK DV +DPPRQG ������ EHORZ�

���� &ODVK� WZR [¶V DGMDFHQW RQ WZR FRQWLJXRXV URZV�

$ VWUHVV FODVK UHVXOWV ZKHQ WKHUH DUH WZR DGMDFHQW JULG PDUNV RQ WKH VDPH OHYHO�

DQG WZR DGMDFHQW JULG PDUNV RQ WKH OHYHO EHORZ RU DERYH WKDW� $ FODVK GRHV QRW RFFXU

ZKHQ WKHUH LV DQ LQWHUYHQLQJ JULG PDUN RQ DQ DGMDFHQW ORZHU OHYHO�

7KH SUREOHP LV WKDW WKDW VFKZD GRHVQ¶W FRXQW DV D EXIIHU DJDLQVW VWUHVV FODVK LQ

RWKHU FDVHV� ,Q WKH H[DPSOH EHORZ� D VWUHVV FODVK RFFXUV EHWZHHQ WZR QRQ�DGMDFHQW

V\OODEOHV ZLWK VFKZD EHWZHHQ WKHP� 55 KHUH LV RQO\ SRVVLEOH LI VFKZD GRHVQ¶W FRXQW

DV DQ LQWHUYHQHU ZLWK UHVSHFW WR VWUHVV FODVK�

✘
✘ ✘ ✘

✘ ✘ ԥ ✘ ✘

D� 7DL SHL $ VVD VVLQV

✘
✘ ← ✘ ✘
✘ ✘ ԥ ✘ ✘

E� 7DL SHL $ VVD VVLQV

7DEOH ����� 7DLSHL $VVDVVLQV� VWUHVV FODVK DFURVV VFKZD

2QH DQVZHU LV WKDW VFKZD LWVHOI GRHVQ¶W SURMHFW RQWR WKH JULG� ZKLFK DOVR DFFRXQWV

IRU WKH IDLOXUH RI 55 WR UHWUDFW VWUHVV RQWR D V\OODEOH ZLWK D VFKZD� 8QGHU WKH FODVVLF

GHILQLWLRQ RI FODVK� VFKZD LV XQDEOH WR SUHYHQW D FODVK LI LW GRHVQ¶W SURMHFW RQ WKH JULG�

���



7KLV UDLVHV D QHZ SUREOHP� VFKZD FRXQWV DV DQ LQWHUYHQHU ZLWK UHVSHFW WR 3&$� EXW

QRW ZLWK UHVSHFW WR 55� ,W PXVW SURMHFW RQ WKH JULG LQ SROLFH�DOLFLRXV� EXW QRW LQ 7DLSHL

$VVDVVLQV�

7KH VROXWLRQ LV WKDW VFKZD LV D ZHDN LQWHUYHQHU� 7KH EXIIHU SURYLGHG E\ VFKZD

LV QRW HQRXJK WR SUHYHQW WKH 55 IURP DSSO\LQJ� DV DERYH� EXW LW LV HQRXJK WR SUHIHU

�DOLFLRXV RYHU �OLFLRXV LQ 3&$� ,W¶V QRW DV JRRG DV D V\OODEOH ZLWK D IXOO YRZHO� EXW LW¶V

EHWWHU WKDQ QRWKLQJ�

7KH HYLGHQFH IRU WKH VWDWXV RI VFKZD DV ZHDN LQWHUYHQHU LV SUHVHQWHG EHORZ� +D\HV

������ UHSRUWV WKDW ZRUGV ZLWK RQH YRZHO EHWZHHQ FODVKHV DUH PRUH OLNHO\ WR XQGHUJR

55 WKDQ ZRUGV ZLWK WZR YRZHOV EHWZHHQ FDVKHV� 0DQ\ RI WKH WZR YRZHO ZRUGV

FRQWDLQ D VFKZD� )RU WKH RQH� DQG WZR�YRZHO FODVKHV WR EH GLIIHUHQW� VFKZD PXVW EH

SUHVHQW RQ WKH JULG� DW OHDVW LQ VRPH IRUP�

���� 'LV\OODELF VWUHVV LQWHUYDOV FODVK OHVV WKDQ PRQRV\OODELF VWUHVV LQWHUYDOV ± ZRUGV

RQ WKH ULJKW UHVLVW 5K\WKP 5XOH UHODWLYH WR WKRVH RQ WKH OHIW �+D\HV �����

D� 0LVVLVVLSSL 0DEHO 0LQQHDSROLV 0LNH

E� 3XQ[DWDZQ\ 3HWH 3DVVDFRQDZD\ 3HWH

F� DQDO\WLF WKRXJKW DQDO\WLFDO WKRXJKW

G� GLDFULWLF PDUNLQJV GLDFULWLFDO PDUNLQJV

H� WKH 3DVVDPDTXRGG\ YHUE WKH 3RWDZDWRPL YHUE

I� $ODEDPD UHODWLYHV $ODEDPD FRQQHFWLRQV

J� (XURSHDQ KLVWRU\ (XURSHDQ KLVWRULDQ

K� 2NODKRPD FRQJUHVVPDQ 2NODKRPD FRQJUHVVLRQDO GLVWULFW

L� WZR WKRXVDQG RQH WZR WKRXVDQG DQG RQH

)XUWKHU HYLGHQFH IRU VFKZD DV ZHDN LQWHUYHQHU FRPHV IURP 7LOVHQ ������� ZKR

UHSRUWV WKH UHVXOWV RI D SURGXFWLRQ H[SHULPHQW RQ 55� 7KH H[SHULPHQW ILQGV WKDW

VSHDNHUV UHVROYH VWUHVV FODVK XVLQJ 55� DW OHDVW LQ SUHSDUHG VSHHFK� 7KH LQWHUHVWLQJ

���



WKLQJ LV WKDW WKH QRQ�FODVK FRQWH[WV LQ 7LOVHQ ������ DUH FRQWDLQ ZRUGV ZLWK VFKZD

DV DQ LQWHUYHQHU �H�J� JD]HOOH�� 6SHDNHUV DUH OHVV OLNHO\ WR UHVROYH FODVK LQ -DSDQHVH

JD]HOOH WKDQ -DSDQHVH JHFNR� ,I VFKZD GLGQ¶W SURMHFW RQWR WKH JULG� WKHQ ZH¶G H[SHFW

QR GLIIHUHQFH EHWZHHQ WKH FODVK LQ JD]HOOH DQG WKH FODVK LQ MDSDQHVH JHFNR� FRQWUDU\ WR

7LOVHQ ������¶V ILQGLQJV�

��� 0D[(QW PRGHO RI H[SHULPHQWDO UHVXOWV

7KH JRDO RI WKLV VHFWLRQ LV D SUREDELOLVWLF PRGHO WKDW FDQ FDSWXUH WKH SKRQRORJLFDO

FRQGLWLRQLQJ RI ��D�WKRQ DQG ��D�OLFLRXV� 7KH WDUJHW JHQHUDOL]DWLRQV�

� 2YHUDOO� VFKZD LV PRUH OLNHO\ LQ ��D�WKRQ WKDQ ��D�OLFLRXV�

� ��D�WKRQ DQG ��D�OLFLRXV DUH FRQGLWLRQHG E\ ILQDO VHJPHQW DQG ILQDO VWUHVV�

� )XOO YRZHO�ILQDO VWHPV �KHUR� WDNH VFKZDIXO DOORPRUSKV PRUH WKDQ VFKZD�ILQDO

VWHPV �VRGD��

� ��D�OLFLRXV LQWHUDFWV ZLWK WKH 5K\WKP 5XOH�

$ VXFFHVVIXO PRGHO FDSWXUHV WKH JHQHUDOL]DWLRQV DERYH� DQG FRPHV FORVH WR PDWFKLQJ

WKH SUREDELOLWLHV IURP WKH H[SHULPHQW�

,Q WKLV VHFWLRQ� DOO RI WKH JHQHUDOL]DWLRQV DERYH IROORZ IURP WKH LQWHUDFWLRQ RI

ZHLJKWHG FRQVWUDLQWV LQ D 0D[(QW JUDPPDU �VHH ������ 3KRQRORJLFDO FRQGLWLRQLQJ

FRPHV IURP PDUNHGQHVV FRQVWUDLQWV� ZKLOH WKH GLIIHUHQFH LQ EDVHOLQH UDWHV IRU �DWKRQ

DQG �DOLFLRXV FRPHV IURP 85 FRQVWUDLQWV� 0RUHRYHU� WKH PRGHO LV DEOH FDSWXUH WKH

SUREDELOLWLHV IRU ERWK ��D�OLFLRXV DQG ��D�WKRQ ZLWK D VLQJOH ZHLJKWLQJ RI FRQVWUDLQWV� DV

UHTXLUHG E\ WKH /:& +\SRWKHVLV�

7KH PRGHO¶V ZHLJKWV DUH IRXQG XVLQJ ZHOO�XQGHUVWRRG OHDUQLQJ DOJRULWKPV� 6LQFH

OHDUQLQJ GHIDXOWV LV DV VLPSOH DV OHDUQLQJ D FRQVWUDLQW ZHLJKWLQJ� QR H[WUD PDFKLQHU\ LV

���



UHTXLUHG� $OO WKH OHDUQHU QHHGV LV FRQVWUDLQWV� YLRODWLRQV� 85V� DQG WKH SUREDELOLWLHV IRU

HDFK W\SH RI OLFLRXV�ZRUG DQG WKRQ�ZRUG�

$W WKH HQG RI WKH FKDSWHU� , VKRZ WKDW WKH PRGHO IRXQG IRU ��D�OLFLRXV DQG ��D�WKRQ

LV FRQVLVWHQW ZLWK (QJOLVK SKRQRWDFWLFV� VXJJHVWLQJ WKDW OHDUQHUV KDYH HQRXJK GDWD IURP

SKRQRWDFWLFV WR DFTXLUH WKH PDUNHGQHVV ZHLJKWV LQ WKH PRGHO� ,Q WKLV ZD\� ��D�OLFLRXV

DQG ��D�WKRQ GDWD SURYLGH D ZLQGRZ LQWR (QJOLVK SKRQRORJ\� $ PRGHO ILW RQO\ ZLWK WKH

H[SHULPHQWDO GDWD LV FRQVLVWHQW ZLWK D PRGHO ILW RYHU WKH HQWLUH (QJOLVK OH[LFRQ�

����� &RQVWUDLQWV DQG YLRODWLRQV

, XVH WKH IRXU PDUNHGQHVV FRQVWUDLQWV EHORZ� GLVFXVVHG LQ �����

���� ∗

$VVLJQ RQH YLRODWLRQ PDUN IRU HYHU\ VHTXHQFH RI WZR VWUHVVHG V\OODEOHV�

���� ∗

$VVLJQ RQH YLRODWLRQ PDUN IRU HYHU\ VHTXHQFH RI WZR XQVWUHVVHG V\OODEOHV�

���� ∗

$VVLJQ RQH YLRODWLRQ PDUN IRU HYHU\ VHTXHQFH RI WZR YRZHOV�

���� ∗ԥ�

$VVLJQ RQH YLRODWLRQ PDUN IRU HYHU\ VHTXHQFH RI WZR YRZHOV� ZKHUH WKH OHIW

YRZHO LV OD[�

,Q DGGLWLRQ� , XVH WZR FRQVWUDLQWV IRU 55� 7KH ILUVW PLOLWDWHV DJDLQVW 55 DSSOLFDWLRQ�

XQGHU WKH DVVXPSWLRQ WKH VWUHVV LV SUHVHQW LQ 85V�

���� ( )

$VVLJQ RQH YLRODWLRQ PDUN IRU HYHU\ VWUHVVHG YRZHO LQ WKH LQSXW WKDW

FRUUHVSRQGV WR D VWUHVVOHVV YRZHO LQ WKH RXWSXW�

���



7KH VHFRQG LV D FRQVWUDLQW WKDW HQIRUFHV WZR FRQGLWLRQV RQ 55� 7KH ILUVW FRQGLWLRQ

SUHYHQWV UHWUDFWLQJ VWUHVV WR D VFKZDIXO V\OODEOH� H�J� UHWUDFWLQJ VWUHVV WR WKH ILUVW V\OODEOH

LQ SROLFH� 7KH VHFRQG FRQGLWLRQ SUHYHQWV UHWUDFWLQJ D PDLQ VWUHVV LQ D SKUDVH� H�J�

UHWUDFWLQJ VWUHVV IURP DQWLTXH LQ DQWLTXH DUPFKDLU� RU IURP WKLUWHHQ LQ WKLUWHHQ�OLFLRXV�

7KHVH WZR FRQGLWLRQV DUH LQYLRODEOH LQ (QJOLVK� VR WKH\¶UH JURXSHG WRJHWKHU LQ D

VLQJOH FRQVWUDLQW IRU HDVH RI SUHVHQWDWLRQ�

����

$VVLJQ RQH YLRODWLRQ IRU HYHU\ 85�65 SDLU WKDW YLRODWHV DW OHDVW RQH FRQGLWLRQ

RQ 55� 7KH FRQGLWLRQV DUH� ��� LI VFKZD LQ WKH LQSXW� WKHQ VWUHVVOHVV LQ WKH

RXWSXW� ��� LI PDLQ VWUHVV LQ WKH LQSXW� WKHQ VWUHVVHG LQ WKH RXWSXW�

)LQDOO\� WKHUH DUH IRXU 85 FRQVWUDLQWV� WZR IRU ��D�OLFLRXV DQG WZR IRU ��D�WKRQ� )RU

DUJXPHQWV WKDW WKHVH VXIIL[HV DUH FDVHV RI 3&$ DQG QHHG PXOWLSOH 85V� VHH �����

���� = �̸OԌ̸ߑV�

���� = �OԌ̸ߑV�

���� = �ľQۏ̸�

���� = �ľQۏ�

7KH WDEOHDX EHORZ VKRZV WKH YLRODWLRQV IRU WKH IRXU W\SHV RI VWHP ZLWK ��D�OLFLRXV�

, GRQ¶W FRQVLGHU XQIDLWKIXO PDSSLQJV� VXFK DV FDQGLGDWHV ZLWK HSHQWKHVLV DQG GHOHWLRQ�

���
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SROÕFH�DOÕFLRXV −�

SROÕFH�OÕFLRXV −� −�

SROLFH�DOÕFLRXV �55� −� −� −� −�

SROLFH�OÕFLRXV �55� −� −� −�

WKLUWHH�DOÕFLRXV −�

FKLQHVH�OÕFLRXV −� −�

WKÕUWHHQ�DOÕFLRXV �55� −� −� −�

WKÕUWHHQ�OÕFLRXV �55� −� −�

FDFWXV�DOLFLRXV −� −�

FDFWXV�OLFLRXV −�

KHUR�DOLFLRXV −� −� −�

KHUR�OLFLRXV −�

VRGD�DOLFLRXV −� −� −� −�

VRGD�OLFLRXV −�

7DEOH ����� &RQVWUDLQW YLRODWLRQV IRU ��D�OLFLRXV

%HIRUH PRYLQJ RQ� OHW¶V FRQVLGHU ZKDW¶V WKHVH FRQVWUDLQWV DQG YLRODWLRQV SUHGLFW� ,Q

0D[(QW� WKH SUREDELOLW\ DVVLJQHG WR D FDQGLGDWH LV SURSRUWLRQDO WR WKH H[SRQHQWLDO RI LWV

ZHLJKWHG FRQVWUDLQW YLRODWLRQV�

*LYHQ WKH FDQGLGDWHV DQG YLRODWLRQV DERYH� VRGD�DOLFLRXV ZLOO DOZD\V EH OHVV OLNHO\

WKDQ WKDQ KHUR�DOLFLRXV� 7KH VFKZDOHVV IRUPV RI ERWK ZLOO DOZD\V KDYH WKH VDPH

KDUPRQ\ VFRUH� EXW VRGD�DOLFLRXV ZLOO DOZD\V KDYH D ORZHU KDUPRQ\ VFRUH WKDQ

KHUR�DOLFLRXV �DV ORQJ DV WKH FRQVWUDLQW ZHLJKWV DUHQ¶W ]HUR�� $V D UHVXOW RI WKLV ORZHU

KDUPRQ\ VFRUH� LW ZLOO WDNH XS OHVV RI WKH SUREDELOLW\ GLVWULEXWLRQ�

���



/LNHZLVH� KHUR�DOLFLRXV ZLOO EH OHVV SUREDEOH WKDQ FDFWXV�DOLFLRXV� UHJDUGOHVV RI

ZHLJKWV� 7KH YLRODWLRQV RI KHUR�DOLFLRXV DUH D VXSHUVHW RI WKRVH RI FDFWXV�DOLFLRXV�

ZKLOH WKH �OLFLRXV IRUPV KDYH WKH VDPH YLRODWLRQV�

,Q VXPPDU\� ZH H[SHFW VRGD�OLFLRXV WR EH PRUH OLNHO\ WKDQ KHUR�OLFLRXV� DQG KHUR�

OLFLRXV WR EH PRUH OLNHO\ WKDQ FDFWXV�OLFLRXV� 7KLV LV D VWUDLJKWIRUZDUG FRQVHTXHQFH RI

WKH FRQVWUDLQWV RI (QJOLVK� DQG KROGV IRU DQ\ VHW RI QRQ�]HUR� QRQ�QHJDWLYH ZHLJKWV�

7KH YLRODWLRQV IRU ��D�WKRQ DUH EHORZ� 7KHUH DUH WZR SODFHV ZKHUH WKH\ GLIIHU

IURP ��D�OLFLRXV� )LUVW� ��D�WKRQ VXEMHFW WR D GLIIHUHQW VHW RI 85 FRQVWUDLQWV� 6HFRQG�

VLQFH ��D�WKRQ WDNHV VHFRQGDU\ VWUHVV LQ GHULYHG ZRUGV� 55 LV EORFNHG� 7KLV FDQ EH

VHHQ LQ WKH WZR YLRODWLRQV RI LQ ER[HV EHORZ� %HFDXVH RI WKHVH YLRODWLRQV�

SROLFH��D�WKRQ DQG WKLUWHHQ��D�WKRQ KDYH LGHQWLFDO YLRODWLRQ SURILOHV� DQG DUH SUHGLFWHG

WR DOZD\V KDYH WKH VDPH SUREDELOLWLHV�

���
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SROÕFH�DWKRQ −�

SROÕFH�WKRQ −� −�

SROLFH�DWKRQ �55� −� −� −� −�

SROLFH�WKRQ �55� −� −� −�

WKLUWHHQ�DWKRQ −�

WKLUWHHQ�WKRQ −� −�

WKÕUWHHQ�DWKRQ �55� −� −� −� −�

WKÕUWHHQWKRQ �55� −� −� −�

FDFWXV�DWKRQ −� −�

FDFWXV�WKRQ −�

KHUR�DWKRQ −� −� −�

KHUR�WKRQ −�

VRGD�DOLFLRXV −� −� −� −�

VRGD�OLFLRXV −�

7DEOH ����� &RQVWUDLQW YLRODWLRQV IRU ��D�WKRQ

$V ZLWK ��D�OLFLRXV� VRGD�WKRQ ZLOO DOZD\V EH PRUH OLNHO\ WKDQ KHUR�WKRQ� DQG

KHUR�WKRQ ZLOO DOZD\V EH PRUH OLNHO\ WKDQ FDFWXV�WKRQ� UHJDUGOHVV RI FRQVWUDLQW ZHLJKWV

����� &RQVWUDLQW ZHLJKWV

7KH WDUJHW SUREDELOLWLHV IRU WKH 0D[(QW�+* PRGHO DUH UHSHDWHG EHORZ� WDNHQ IURP

WKH H[SHULPHQW� 1RWH WKDW KHUR�W\SH ZRUGV KDYH EHHQ VXEGLYLGHG LQWR KHUR �IXOO 9

ILQDO� DQG VRGD �VFKZD ILQDO��

���



S�DOLFLRXV� S�DWKRQ�

SROLFH ���� ����

WKLUWHHQ ���� ����

FDFWXV ���� ����

KHUR ���� ����

VRGD ���� ����

7DEOH ����� 7DUJHW SUREDELOLWLHV IURP H[SHULPHQW

7KH OHDUQHU LV SURYLGHG ZLWK WKHVH SUREDELOLWLHV� DORQJ ZLWK WKH FDQGLGDWHV DQG

FRQVWUDLQW YLRODWLRQV IURP WKH ODVW VHFWLRQ� 7KH OHDUQHU LV VXSSOLHG ZLWK WKH FRUUHFW

85V� EXW LVQ¶W SURYLGHG ZLWK DQ\ RWKHU LQIRUPDWLRQ� VXFK DV ZKLFK IRUP LV WKH GHIDXOW

RU WKH VWUHQJWK RI WKH GHIDXOW��

7KH REMHFWLYH RI WKH OHDUQHU LV WR ILQG D VHW RI ZHLJKWV WKDW PD[LPL]HV WKH

SUREDELOLW\ RI REVHUYHG IRUPV� 7R ILQG VXFK D VHW RI ZHLJKWV� , XVHG WKH 0D[(QW

*UDPPDU 7RRO �:LOVRQ DQG *HRUJH ������ :HLJKWV ZHUH VWDUWHG DW �� DQG WR SUHYHQW

ZHLJKWV IURP FOLPELQJ WRR KLJK� DQ /� �*DXVVLDQ� SULRU ZDV XVHG �7\FKRQRII DQG

$UVHQLQ ������ ZLWK VLJPD RI �������

7KH OHDUQHG ZHLJKWV DUH LQ WKH WDEOH EHORZ�

�$V PHQWLRQHG� , SURYLGH WKH FRUUHFW 85V DQG DEVWUDFW IURP KLGGHQ VWUXFWXUH OHDUQLQJ� EXW VHH �3DWHU
HW DO� ����� IRU DQ LPSOHPHQWDWLRQ XVLQJ 85 FRQVWUDLQWV� LQ ZKLFK WKH OHDUQHU PXVW OHDUQ 85V DW WKH VDPH
WLPH DV OHDUQLQJ DOWHUQDWLRQV DQG GHIDXOWV�

���



&RQVWUDLQW :HLJKW &RQVWUDLQW :HLJKW &RQVWUDLQW :HLJKW

∗ ���� ����� = �DWKRQ ����

∗ԥ� ���� ( ) ���� = �WKRQ ����

∗ ���� = �DOLFLRXV ����

∗ ���� = �OLFLRXV ����

7DEOH ����� /HDUQHG FRQVWUDLQW ZHLJKWV

7KH WDEOH EHORZ VKRZV WKH SUREDELOLWLHV IRU HDFK FDQGLGDWH LQ WKH OHDUQHG JUDPPDU�

7KH OHDUQHG JUDPPDU FORVHO\ PDWFKHV WKH WDUJHW SUREDELOLWLHV� 0RUH LPSRUWDQWO\� LW

FDSWXUHV DOO RI WKH WDUJHW JHQHUDOL]DWLRQV� VFKZD LV PRUH OLNHO\ IRU ��D�WKRQ DFURVV

FRQWH[WV� VWUHVV DQG ILQDO VHJPHQW SOD\ D UROH LQ VXIIL[ VHOHFWLRQ� DQG 55�HOLJLEOH VWHPV

DUH PRUH OLNHO\ WR WDNH �OLFLRXV WKDQ 55�LQHOLJLEOH VWHPV�

7KH JUDPPDU FDSWXUHV WKH SDWWHUQ IRU ��D�OLFLRXV DQG ��D�WKRQ ZLWK RQO\ IDLWKIXOQHVV�

PDUNHGQHVV� DQG 85 FRQVWUDLQWV� 7KHUH DUH QR FRQVWUDLQWV VSHFLILFDOO\ IRU GHIDXOWKRRG�

DQG WKHUH DUH QR PRUSKRORJLFDOO\�VSHFLILF PDUNHGQHVV RU IDLWKIXOQHVV FRQVWUDLQWV�

���



��D�OLFLRXV ��D�WKRQ

7DUJHW /HDUQHG 7DUJHW /HDUQHG

SROÕFH�DOÕFLRXV ���� ���� ���� ���� SROÕFH�DWKRQ

SROÕFH�OÕFLRXV ���� ���� ���� ���� SROÕFH�WKRQ

SROLFH�DOÕFLRXV �55� ���� ���� ���� ���� SROLFH�DWKRQ �55�

SROLFH�OÕFLRXV �55� ���� ���� ���� ���� SROLFH�WKRQ �55�

WKLUWHHQ�DOÕFLRXV ���� ���� ���� ���� WKLUWHHQ�DWKRQ

WKLUWHHQ�OÕFLRXV ���� ���� ���� ���� WKLUWHHQ�WKRQ

WKÕUWHHQ�DOÕFLRXV �55� ���� ���� ���� ���� WKÕUWHHQ�DWKRQ �55�

WKÕUWHHQ�OÕFLRXV �55� ���� ���� ���� ���� WKÕUWHHQ�WKRQ �55�

FDFWXV�DOLFLRXV ���� ���� ���� ���� FDFWXV�DWKRQ

FDFWXV�OLFLRXV ���� ���� ���� ���� FDFWXV�WKRQ

KHUR�DOLFLRXV ���� ���� ���� ���� KHUR�DWKRQ

KHUR�OLFLRXV ���� ���� ���� ���� KHUR�WKRQ

VRGD�DOLFLRXV ���� ���� ���� ���� VRGD�DWKRQ

VRGD�OLFLRXV ���� ���� ���� ���� VRGD�WKRQ

7DEOH ����� 7DUJHW DQG OHDUQHG SUREDELOLWLHV IRU 0D[(QW PRGHO
RI ��D�OLFLRXV DQG ��D�WKRQ

%HORZ� , JR WKURXJK WKH FRQVWUDLQW ZHLJKWLQJV UHVSRQVLEOH IRU HDFK JHQHUDOL]DWLRQ�

2YHUDOO� �DWKRQ LV PRUH OLNHO\ WKDQ �DOLFLRXV� 7KH ZHLJKWV RI WKH 85 FRQVWUDLQWV

FDSWXUH WKH GLIIHUHQFHV LQ EDVHOLQHV EHWZHHQ ��D�WKRQ DQG ��D�OLFLRXV� )RU ERWK VXIIL[HV�

WKH GHIDXOW LV WKH VFKZDIXO IRUP� VKRZQ E\ WKH IDFW WKDW WKH VFKZDIXO IRUP KDV D KLJKHU

ZHLJKW� 7KH GHJUHH RI GHIDXOWKRRG GLIIHUV DFURVV WKH WZR VXIIL[HV� IRU ��D�WKRQ� WKHUH LV

ODUJH GLIIHUHQFH EHWZHHQ WKH ZHLJKW RI =�DWKRQ DQG =�WKRQ� PDNLQJ WKH VFKZDIXO

IRUP D VWURQJ GHIDXOW� )RU ��D�OLFLRXV� WKH ZHLJKWV RI WKH 85 FRQVWUDLQWV DUH PXFK

���



FORVHU� UHVXOWLQJ LQ D ZHDNHU SUHIHUHQFH IRU WKH VFKZDIXO IRUP� $V D UHVXOW� �DWKRQ LV

PRUH OLNHO\ WKDQ �DOLFLRXV RYHUDOO� FRQVLVWHQW ZLWK WKH H[SHULPHQWDO DQG FRUSXV GDWD�

7KH VXIIL[HV DUH FRQGLWLRQHG E\ ILQDO VHJPHQW DQG ILQDO VWUHVV� ,Q WKH OHDUQHG

JUDPPDU� ∗ DQG ∗ HQVXUH WKDW SROLFH RFFXUV PRVW ZLWK WKH VFKZDIXO IRUP�

DQG KHUR RFFXUV PRVW ZLWK WKH VFKZDOHVV IRUP� &DFWXV LV EHWZHHQ KHUR DQG SROLFH�

VLQFH QHLWKHU ∗ QRU ∗ DUH DW VWDNH� RXWVLGH RI WKH 85 FRQVWUDLQWV� WKH RQO\

UHDVRQ WR XVH D VFKZDOHVV VXIIL[ LV WR DYRLG D YLRODWLRQ RI ∗ � ZKLFK KDV D ORZHU

ZHLJKW� 1RWH WKDW HIIHFWV KROG IRU ERWK VXIIL[HV� VLQFH ERWK VXIIL[HV REH\ WKH VDPH

ZHLJKWLQJ RI PDUNHGQHVV FRQVWUDLQWV�

)XOO YRZHO�ILQDO VWHPV WDNH VFKZD PRUH WKDQ VFKZD�ILQDO RQHV�6RGD�DOLFLRXV DQG

VRGD�DWKRQ DUH VWURQJO\ GLVSUHIHUUHG E\ WKH JUDPPDU� (DFK LQFXUV YLRODWLRQV RI ERWK

∗ԥ� DQG ∗ � +HUR�DOLFLRXV DQG �DWKRQ� RQ WKH RWKHU KDQG� RQO\ YLRODWH ∗ �

��D�OLFLRXV LQWHUDFWV ZLWK WKH 5K\WKP 5XOH� 7KH LQWHUDFWLRQ RI 55 DQG ��D�OLFLRXV

IROORZV IURP WKH ZHLJKWLQJ RI RYHU �6WUHVV�� 7KLV LQWHUDFWLRQ LV RQO\

SRVVLEOH EHFDXVH 55 DQG VXIIL[ DOORPRUSK\ DUH FRQVLGHUHG LQ SDUDOOHO� 7KH GLIIHUHQFH

EHWZHHQ ��D�OLFLRXV DQG ��D�WKRQ FRPHV IURP WKH KLJK ZHLJKW RI � ZKLFK

SUHYHQWV UHWUDFWLRQ IURP SULPDU\ VWUHVVHG V\OODEOHV �DV LQ WKLUWHHQ�WKRQ��

)RU WKLUWHHQ� WKH JUDPPDU DVVLJQV VRPH SUREDELOLW\ WR �OLFLRXV ZLWKRXW 55 DQG

��D�OLFLRXV ZLWK 55� 7KH UHDVRQ LV WKH ODFN RI JHQHUDO 55 GDWD LQ WKH OHDUQLQJ GDWD�

7KH JUDPPDU KDV QR ZD\ WR NQRZ WKDW 55 RQO\ DSSOLHV WR UHVROYH VWUHVV FODVK� RU WKDW

LW DSSOLHV ZKHQHYHU WKHUH¶V D FODVK� 'HVSLWH WKLV� WKH JUDPPDU PDWFKHV WKH REVHUYHG

GLVWULEXWLRQ LI ZH FROODSVH RYHU 55 DQG QRQ�55 FDQGLGDWHV� ���� IRU WKLUWHHQ�OLFLRXV

DQG ���� IRU WKLUWHHQ�DOLFLRXV�

)XUWKHU SUHGLFWLRQV� 7KH PRGHO KHUH PDNHV VRPH IXUWKHU� WHVWDEOH SUHGLFWLRQV�

*LYHQ WKH ZHLJKWV RI ∗ � ∗ � DQG ∗ � HYHU\ DOWHUQDWLQJ VXIIL[ LQ

(QJOLVK ���R�UDPD� ��D�KROLF� ��H�WHULD� HWF�� VKRXOG RFFXU PRVW RIWHQ ZLWK VFKZD LQ

���



VWHPV OLNH SROLFH DQG OHDVW RIWHQ ZLWK VFKZD LQ VWHPV OLNH KHUR� 7KLV LV DVVXPLQJ ZH

FRQWURO IRU RWKHU FRQVWUDLQWV� OLNH WKRVH DJDLQVW VHJPHQWDO LGHQWLW\ �VHJPHQWDO 2&3��

7KLV SUHGLFWLRQ IROORZV IURP WKH IDFW WKDW DOORPRUSKLF YDULDWLRQ LV WKH UHVXOW RI WKH

SKRQRORJLFDO JUDPPDU� :KLOH 85 FRQVWUDLQWV FDQ PDNH D VFKZDIXO IRUP PRUH RU OHVV

OLNHO\ DFURVV WKH HQWLUH VHW RI FRQWH[WV� WKHUH LV QR ZD\ IRU D 85 FRQVWUDLQW WR PDNH

D VFKZDIXO IRUP PRUH OLNHO\ ZLWK KHUR WKDQ FDFWXV� RU PRUH OLNHO\ ZLWK FDFWXV WKDQ

SROLFH�

7KH FRQVWUDLQW ZHLJKWV DOVR SUHGLFW WKDW VWUHVV�ILQDO� YRZHO�ILQDO ZRUGV� OLNH FDIp�

ZLOO EH EHWZHHQ FDFWXV� DQG SROLFH�W\SH ZRUGV� ,Q FDIp�W\SH ZRUGV� ∗ DQG

∗ KDYH FRPSHWLQJ GHPDQGV IRU VXIIL[DWLRQ� )RU FDIp� ∗ SUHIHUV �DOLFLRXV

DQG �DWKRQ� ZKLOH ∗ SUHIHUV �OLFLRXV DQG �WKRQ� 8QGHU WKH OHDUQHG JUDPPDU�

∗ LV KLJKHU ZHLJKWHG WKDQ ∗ � VR ZH H[SHFW PRUH FDIp�DOLFLRXV WKDQ

FDIp�OLFLRXV� 8QIRUWXQDWHO\� FDIp�W\SH ZRUGV DUHQ¶W ZHOO�DWWHVWHG LQ WKH FRUSXV� DQG

ZHUHQ¶W WHVWHG LQ WKH H[SHULPHQW�

*LYHQ WKH FRQVWUDLQW ZHLJKWV� 55 ZLOO DSSO\ DERXW ��� RI WKH WLPH LQ D SKUDVH OLNH

WKLUWHHQ PHQ�

+DUPRQ\ ([S�+� 3URSRUWLRQ

WKLUWppQ PHQ �QR 55� −���� ���� ���

WKtUWHHQ PHQ �55� −���� ���� ���

7DEOH ����� 0RGHO¶V SUHGLFWLRQV IRU 5K\WKP 5XOH DSSOLFDWLRQ

7KLV LVQ¶W VR IDU IURP ZKDW¶V REVHUYHG LQ SURGXFWLRQ H[SHULPHQWV� *UDEH DQG

:DUUHQ ������ UHSRUW WKDW VWUHVV FODVK LV UHVROYHG DERXW ��� RI WKH WLPH LQ D SURGXFWLRQ

H[SHULPHQW�

���



����� 5HODWLRQVKLS WR (QJOLVK SKRQRWDFWLFV

7KH PRGHO IURP WKH ODVW VHFWLRQ VXFFHHGV LQ FDSWXULQJ WKH GLVWULEXWLRQ RI ��D�OLFLRXV

DQG ��D�WKRQ� DQG WKH ZHLJKWV ZHUH ILWWHG XVLQJ RQO\ WKH SUREDELOLWLHV IRU OLFLRXV� DQG

WKRQ�ZRUGV� $V GLVFXVVHG HDUOLHU LQ WKH FKDSWHU� VSHDNHUV GRQ¶W KDYH PXFK HYLGHQFH

IRU WKH GLVWULEXWLRQ RI WKH WZR VXIIL[HV� DQG WKH\ FHUWDLQO\ GRQ¶W KDYH DFFHVV WR WKH

H[DFW SUREDELOLWLHV IRU HDFK W\SH RI ZRUG� $V D UHVXOW� WKH ILWWLQJ RI WKH PRGHO LVQ¶W

UHSUHVHQWDWLYH RI KRZ VSHDNHUV DFWXDOO\ DFTXLUH WKH SKRQRORJLFDO FRQGLWLRQLQJ RI WKH

VXIIL[HV�

8QGHU WKH /:& +\SRWKHVLV� DOORPRUSK\ IROORZV IURP WKH UHJXODU (QJOLVK

SKRQRORJLFDO JUDPPDU� 6SHDNHUV DFTXLUH WKH ZHLJKWV RI PDUNHGQHVV DQG IDLWKIXOQHVV

FRQVWUDLQWV LQ WKH FRXUVH RI DFTXLVLWLRQ RI (QJOLVK� DQG WKH ZHLJKWV RI 85 FRQVWUDLQWV

IROORZ ODWHU�

7KLV VHFWLRQ VKRZV WKDW WKH ZHLJKWV IRXQG IRU ��D�OLFLRXV DQG ��D�WKRQ PDWFK WKH

ZHLJKWV ZH H[SHFW LQ WKH (QJOLVK SKRQRORJLFDO JUDPPDU� 7KHUH DUH WZR W\SHV RI

HYLGHQFH GLVFXVVHG KHUH� UDZ FRXQWV IURP WKH (QJOLVK OH[LFRQ� DQG WKH ZHLJKWV RI

FRQVWUDLQWV LQ +D\HV¶ ������ SKRQRWDFWLF JUDPPDU� %RWK VXSSRUW WKH ZHLJKWV RI WKH

PDUNHGQHVV FRQVWUDLQWV IRXQG E\ WKH PRGHO� HYHQ WKRXJK WKH PRGHO¶V ZHLJKWV ZHUH

GHWHUPLQHG H[FOXVLYHO\ IURP WKH GLVWULEXWLRQ RI ��D�OLFLRXV DQG ��D�WKRQ�

, ILQLVK WKH VHFWLRQ E\ FRQVLGHULQJ ZKHWKHU SKRQRWDFWLFV DORQH DUH VXIILFLHQW WR

DFFRXQW IRU WKH GLVWULEXWLRQ RI WKH VXIIL[HV� 5HFDOO WKDW WKH VXIIL[HV KDYH GLIIHUHQW

SKRQRORJLFDO SURSHUWLHV� HVSHFLDOO\ ZLWK UHVSHFW WR VWUHVV� 3HUKDSV WKHVH VWUHVV

GLIIHUHQFHV DUH UHVSRQVLEOH IRU WKH JUHDWHU SUHIHUHQFH IRU VFKZD LQ ��D�WKRQ�

:KLOH (QJOLVK SKRQRWDFWLFV FDQ H[SODLQ D ORW RI WKH SKRQRORJLFDO FRQGLWLRQLQJ� WKH\

FDQQRW DFFRXQW IRU WKH GLIIHUHQFHV FDSWXUHG E\ 85 FRQVWUDLQWV� WKDW VFKZD LV PRUH

OLNHO\ LQ ��D�WKRQ WKDQ ��D�OLFLRXV�

7DUJHW JHQHUDOL]DWLRQV� 7KH ZHLJKWV OHDUQHG LQ WKH ODVW VHFWLRQ DUH UHSHDWHG EHORZ�
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&RQVWUDLQW :HLJKW &RQVWUDLQW :HLJKW

∗ ���� �����

∗ԥ� ���� ( ) ����

∗ ����

∗ ����

7DEOH ����� &RQVWUDLQW ZHLJKWV IURP VXIIL[ PRGHO

/H[LFDO FRXQWV� 7KH ZHLJKWV DERYH DUH UHIOHFWHG LQ WKH GLVWULEXWLRQ RI ZRUGV LQ WKH

(QJOLVK OH[LFRQ� $FURVV (QJOLVK ZRUGV� WKH FRQVWUDLQWV DERYH ZLWK KLJKHU ZHLJKWV DUH

OHVV OLNHO\ WR EH YLRODWHG�

7KLV LV VKRZQ LQ WKH WDEOH EHORZ� ZKLFK SUHVHQWV WKH QXPEHU RI ZRUGV WKDW YLRODWH

HDFK FRQVWUDLQW LQ WKH &08 SURQRXQFLQJ GLFWLRQDU\ �:HLGH ������ 7KH FRXQWV RQO\

FRQVLGHU ZRUGV WKDW DUH DW OHDVW WKUHH V\OODEOHV ORQJ� VLQFH VKRUWHU ZRUGV DUH XQDEOH WR

YLRODWH ∗ � , DOVR H[FOXGH ZRUGV WKDW GRQ¶W RFFXU DW OHDVW RQFH LQ 68%7/(;�86�

D FRUSXV RI (QJOLVK VXEWLWOHV �%U\VEDHUW DQG 1HZ ������ 6LQFH DQ\ ZRUG WKDW YLRODWHV

∗ԥ� DOVR YLRODWHV ∗ � WKH ZHLJKWV RI WKH WZR FRQVWUDLQWV DUH FRPELQHG LQ WKH

ILUVW URZ�

&RQVWUDLQW :HLJKW LQ PRGHO 1XPEHU RI YLRODWRUV �� RI WRWDO ZRUGV�

∗ԥ� DQG ∗ ���� = . + . �� �<���

∗ ���� ����� ����

∗ �EXW QRW ∗ԥ� � ���� ����� �����

∗ ���� ����� �����

7DEOH ����� 1XPEHU RI �� V\OODEOH ZRUGV WKDW YLRODWH HDFK
FRQVWUDLQW LQ &08� RXW RI ������ ZRUGV�

&RQVLVWHQW ZLWK WKH FRQVWUDLQW ZHLJKWV� WKH FRXQWV GHPRQVWUDWH WKDW FODVKHV DUH

ZRUVH WKDQ ODSVHV� DQG KLDWXV LV ZRUVH ZKHQ WKH OHIW YRZHO LV OD[� 7KH UHODWLRQVKLS

���



EHWZHHQ WKH FRQVWUDLQW ZHLJKWV DQG SURSRUWLRQ RI YLRODWRUV LQ &08 LV VKRZQ LQ WKH

JUDSK EHORZ� 7KH JUDSK SORWV WKH SURSRUWLRQ RI ZRUGV LQ &08 WKDW YLRODWH HDFK

FRQVWUDLQW DJDLQVW WKH FRQVWUDLQW ZHLJKWV� 7KH ZHLJKWV DUH WUDQVIRUPHG E\ PDNLQJ WKHP

QHJDWLYH DQG DSSO\LQJ WKH H[SRQHQWLDO IXQFWLRQ� 5HFDOO WKDW WKH VDPH IXQFWLRQ LV XVHG

LQ 0D[(QW +DUPRQLF *UDPPDU WR FRQYHUW KDUPRQ\ VFRUHV LQWR SUREDELOLWLHV�

0.1 0.2 0.3 0.4

0.
0

0.
1

0.
2

0.
3

0.
4

exp(-W)

Pr
op

or
tio

n 
of

 C
M

U
 th

at
 v

io
la

te
s C

)LJXUH ����� ([SRQHQWLDWHG QHJDWLYH ZHLJKW RI HDFK FRQVWUDLQW
YV� WKH SURSRUWLRQ RI �� V\OODEOH ZRUGV LQ &08 WKDW YLRODWH WKH
FRQVWUDLQW

3KRQRWDFWLF JUDPPDU� 7KH FRQVWUDLQW ZHLJKWV OHDUQHG IRU ��D�OLFLRXV DQG ��D�WKRQ

DOVR OLQH XS ZLWK WKRVH RI DQ (QJOLVK SKRQRWDFWLF JUDPPDU� WKH %/,&. JUDPPDU RI

+D\HV ������� /LNH WKH PRGHO SUHVHQWHG LQ WKH ODVW VHFWLRQ� WKH %/,&. JUDPPDU XVHV

ZHLJKWHG FRQVWUDLQWV LQ 0D[(QW +DUPRQLF *UDPPDU� 7KH JUDPPDU LQFOXGHV PRUH WKDQ

��� FRQVWUDLQWV� ERWK PDFKLQH OHDUQHG DQG KDQG�SLFNHG IURP WKH OLWHUDWXUH E\ +D\HV�

���



7KH ZHLJKWV RI WKHVH FRQVWUDLQWV ZHUH GLVFRYHUHG XVLQJ D ODUJH OLVW RI (QJOLVK ZRUGV

IURP WKH &08 SURQRXQFLQJ GLFWLRQDU\�

7KHUH DUH WZR UHDVRQV WR XVH WKH %/,&. JUDPPDU RYHU RWKHUV� )LUVW� DOO RI

%/,&.¶V FRQVWUDLQW ZHLJKWV DUH DYDLODEOH RQOLQH� LQ DGGLWLRQ WR VRIWZDUH WKDW FDOFXODWHV

WKH KDUPRQ\ RI DQ\ (QJOLVK ZRUG WUDQVFULEHG LQ ,3$��6HFRQG� XQOLNH PDQ\ RWKHU

SKRQRWDFWLF JUDPPDUV RI (QJOLVK� %/,&. FRQVLGHUV VWUHVV� DQG FRQWDLQV D IXOO VHW RI

VWUHVV FRQVWUDLQWV� LQFOXGLQJ ∗ �

7KH ZHLJKWV RI WKH UHOHYDQW FRQVWUDLQWV DUH SUHVHQWHG EHORZ� DORQJ ZLWK WKH

GHVFULSWLRQV IURP WKH %/,&. ILOH� 2QH LPSRUWDQW FRQVLGHUDWLRQ LV WKDW WKH %/,&.

JUDPPDU FRQWDLQV PDQ\ FRQVWUDLQWV �XSZDUGV RI ����� DQG LW KDV PDQ\ YHUVLRQV RI

FRQVWUDLQWV DJDLQVW KLDWXV� VWUHVV ODSVH� DQG VWUHVV FODVK� 7KLV PHDQV WKH JHQHUDO

DQWL�KLDWXV DQG DQWL�ODSVH FRQVWUDLQWV DUH FRPSHWLQJ ZLWK PRUH VSHFLILF YHUVLRQV� DQG DV

D UHVXOW� VRPHWLPHV KDYH ORZHU ZHLJKWV� , LQFOXGH ERWK JHQHUDO DQG VSHFLILF YHUVLRQV RI

KLDWXV DQG VWUHVV FRQVWUDLQWV EHORZ�

$V PHQWLRQHG DERYH� WKH ZHLJKWV LQ %/,&. OLQH XS ZLWK WKH PRGHO RI WKH VXIIL[

GDWD� 7KH ORZHVW�ZHLJKWHG FRQVWUDLQWV IURP WKH VXIIL[ JUDPPDU KDYH QR ZHLJKW LQ

%/,&.� HLWKHU EHFDXVH WKH\ KDYH D ZHLJKW RI ]HUR �∗ � RU EHFDXVH WKH\ ZHUHQ¶W

LQFOXGHG LQ WKH %/,&. JUDPPDU �∗ �� 7KH KLJKHVW ZHLJKWHG FRQVWUDLQWV IURP WKH

VXIIL[ JUDPPDU ± ∗ԥ� DQG ∗ ± ERWK KDYH UHODWLYHO\ KLJK ZHLJKWV LQ %/,&.�

:RUG�PHGLDO FODVKHV DUH HVSHFLDOO\ EDG LQ %/,&.� VLQFH WKH\ YLRODWH ERWK D FRQVWUDLQW

DJDLQVW JHQHUDO VWUHVV FODVK� DQG D PRUH VSHFLILF FRQVWUDLQW DJDLQVW PHGLDO VWUHVV FODVK�

�ZZZ�OLQJXLVWLFV�XFOD�HGX�SHRSOH�KD\HV�%/,&.�
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6XIIL[ JUDPPDU %/,&. JUDPPDU

&RQVWUDLQW :HLJKW :HLJKW &RQVWUDLQW 'HVFULSWLRQ IURP %/,&.

∗ԥ� ���� ���� ∗>�WHQVH@>�V\OODELF@ +LDWXV ZLWK OD[ YRZHO RQ
OHIW�

���� ∗>�ORZ@>�V\OODELF@ +LDWXV ZLWK ORZ YRZHO
RQ OHIW�

∗ ���� ���� ∗>�V\OODELF@>�V\OODELF@ +LDWXV LQ JHQHUDO�

���� ∗>�VWUHVV@>�V\OODELF@ +LDWXV LV ZRUVH ZKHQ RQH
YRZHO LV VWUHVVHG �KHUH�
WKH ILUVW RI WKH WZR��

���� ∗>�V\OODELF@>�VWUHVV@ +LDWXV LV ZRUVH ZKHQ RQH
YRZHO LV VWUHVVHG �KHUH�
WKH VHFRQG RI WKH WZR��

∗ ���� ���� ∗>�VWUHVV@>�VWUHVV@ 
&ODVK�

���� ∗>�ZG� ERXQG�@>�VWU@>�VWU@ &ODVK LQ RWKHU WKDQ LQLWLDO
SRVLWLRQ�

∗ ���� 1�$ 1�$ %/,&. RQO\ KDV LQLWLDO�
��V\OODEOH� DQG ��V\OODEOH
ODSVH�

7DEOH ����� FRPSDULVRQ RI ZHLJKWV IURP VXIIL[ JUDPPDU DQG
%/,&. JUDPPDU

7R EHWWHU VHH WKH LQWHUDFWLRQ RI WKHVH FRQVWUDLQWV� , JLYH WKH KDUPRQLHV IRU VRPH

FDQGLGDWHV EHORZ� 7KHVH KDUPRQLHV FRPH IURP WKH FRQVWUDLQWV LQ WKH WDEOH DERYH�

1HLWKHU 85 FRQVWUDLQWV IURP WKH VXIIL[ JUDPPDU QRU WKH UHVW RI WKH FRQVWUDLQWV IURP

%/,&. DUH LQFOXGHG� )RU ERWK VHWV RI FRQVWUDLQWV� VRGD�DWKRQ LV OHVV OLNHO\ WKHQ

KHUR�DWKRQ� DQG FDFWXV�DWKRQ LV OHVV OLNHO\ WKDQ SROLFH�DWKRQ� 7KH SODFH ZKHUH WKH

JUDPPDUV GLIIHU LV KHUR�DWKRQ DQG FDFWXV�DWKRQ� %/,&. ODFNV ERWK JHQHUDO ∗

DQG ∗ � VR WKHVH WZR IRUPV KDYH HTXDO SUREDELOLWLHV�

���



:RUG + JLYHQ
VXIIL[ JUDPPDU

+ JLYHQ
%/,&. FRQVWUDLQWV

KHUR�DWKRQ − .
(− . +− . )

�

KHUR�WKRQ � �

VRGD�DWKRQ − .
(− . +− . +− . )

− .

VRGD�WKRQ � �

SROLFH�DWKRQ � �

SROLFH�WKRQ − . − .
(− . +− . )

FDFWXV�DWKRQ − .

FDFWXV�WKRQ � �

7DEOH ����� +DUPRQLHV JLYHQ ERWK JUDPPDUV

:KLOH WKH SKRQRWDFWLF JUDPPDU FDSWXUHV WKH WZR WDUJHW JHQHUDOL]DWLRQV IURP WKLV

VHFWLRQ� LW¶V XQDEOH WR GLVWLQJXLVK ��D�OLFLRXV IURP ��D�WKRQ� &RQWUDU\ WR WKH SKRQRWDFWLF

JUDPPDU� VFKZD LV PRUH OLNHO\ ZLWK ��D�WKRQ WKDQ ��D�OLFLRXV� ERWK LQ WKH FRUSXV DQG

DFURVV QHDUO\ DOO H[SHULPHQWDO LWHPV DQG VXEMHFWV�

,Q WKH WDEOH EHORZ� , SUHVHQW WKH SHQDOW\ VFRUHV IRU 9�ILQDO VWHPV� FDOFXODWHG XVLQJ

WKH HQWLUH %/,&. JUDPPDU� 7KH SUREDELOLWLHV DUH FDOFXODWHG XVLQJ WKH KDUPRQ\ VFRUH

RI HDFK FDQGLGDWH� ZKLFK LV HTXDO WR WKH QHJDWLYH SHQDOW\ VFRUH� 7KH SUREDELOLW\ LV WKH

H[SRQHQWLDWHG KDUPRQ\� QRUPDOL]HG DFURVV WKH FDQGLGDWH VHW� 7KH LQSXWV IRU WKH %/,&.

JUDPPDU DUH LQFOXGHG DW WKH HQG RI WKH VHFWLRQ�

���



:RUG 3HQDOW\ VFRUH 3UREDELOLW\

VRID�WKRQ ����� ���

VRID�DWKRQ ����� <��

VRID�OLFLRXV ���� ���

VRID�DOLFLRXV ���� <��

KHUR�WKRQ ���� ���

KHUR�DWKRQ ���� ���

KHUR�OLFLRXV ���� ���

KHUR�DOLFLRXV ���� ���

7DEOH ����� 3UREDELOLWLHV IURP %/,&. JUDPPDU ZHLJKWV� 9�ILQDO
VWHPV

,Q WKH WDEOH DERYH� WKH SUREDELOLWLHV DUH WKH VDPH IRU ERWK ��D�WKRQ DQG ��D�OLFLRXV

YHUVLRQV RI VWHPV� FRQWUDU\ WR WKH H[SHFWHG SDWWHUQ� $OWKRXJK �WKRQ DQG �DWKRQ ZRUGV

KDYH D KLJKHU SHQDOW\ VFRUH �DQG ORZHU KDUPRQ\ VFRUH�� WKH GLIIHUHQFH LQ SHQDOW\ VFRUHV

LV WKH VDPH IRU VRGD��D�OLFLRXV DQG VRGD��D�WKRQ� UHVXOWLQJ LQ WKH VDPH GLIIHUHQFH LQ

SUREDELOLWLHV� 7KH ORZHU KDUPRQ\ RI ��D�WKRQ ZRUGV FRPHV IURP WKH IDFW WKDW ��D�WKRQ

ZRUGV KDYH ILQDO VWUHVV� ZKLFK LV SHQDOL]HG Q WKH JUDPPDU�

7KH SUREDELOLWLHV IRU &�ILQDO VWHPV DUH EHORZ� 8QOLNH WKH 9�ILQDO VWHPV DERYH� VRPH

&�ILQDO VWHPV GR VKRZ D GLIIHUHQFH LQ WKH H[SHFWHG GLUHFWLRQ� )RU H[DPSOH� FDFWXV�DWKRQ

LV PRUH OLNHO\ WKDQ FDFWXV�DOLFLRXV� 7KLV LV EHFDXVH V�O VHTXHQFHV DUH GLVIDYRUHG LQ

WKH SKRQRWDFWLF JUDPPDU� +RZHYHU� WKH GLIIHUHQFH GLVDSSHDUV IRU QDVDO�ILQDO VWHPV OLNH

EDOORRQ� ,Q WKH H[SHULPHQWDO UHVXOWV� GLIIHUHQFHV EHWZHHQ ��D�WKRQ DQG ��D�OLFLRXV KROG

UHJDUGOHVV RI WKH ILQDO FRQVRQDQW�

���



:RUG 3HQDOW\ VFRUH 3HUFHQW

FDFWXV�WKRQ ���� ���

FDFWXV�DWKRQ ���� ���

FDFWXV�OLFLRXV ���� ���

FDFWXV�DOLFLRXV ���� ���

SROLFH�WKRQ ���� ��

SROLFH�DWKRQ ���� ���

SROLFH�OLFLRXV ���� ��

SROLFH�DOLFLRXV ���� ���

EDOORRQ�WKRQ ���� ��

EDOORRQ�DWKRQ ���� ���

EDOORRQ�OLFLRXV ���� ��

EDOORRQ�DOLFLRXV ���� ���

7DEOH ����� 3UREDELOLWLHV IURP %/,&. JUDPPDU ZHLJKWV� &�ILQDO
VWHPV

,Q VXPPDU\� ZKLOH WKH SKRQRWDFWLF JUDPPDU FDQ FDSWXUH WKH GLIIHUHQFHV EHWZHHQ

VWHPV� VXFK DV SROLFH DQG FDFWXV� LWV XQDEOH WR DFFRXQW IRU WKH GLIIHUHQFHV EHWZHHQ

��D�WKRQ DQG ��D�OLFLRXV� ,Q WKH 85& 0D[(QW PRGHO� WKLV GLIIHUHQFH FRPHV IURP 85

FRQVWUDLQWV� ZKLFK FDSWXUH GLIIHUHQFHV LQ WKH EDVHOLQH UDWH RI VFKZD�

$SSHQGL[� +HUH DUH WKH LQSXWV WR WKH %/,&. *UDPPDU 7RRO� ZKLFK ZHUH XVHG WR

FDOFXODWH WKH SUREDELOLWLHV DERYH�

���



:RUG ,QSXW IRU %/,&. 3HQDOW\

VRID�WKRQ 6 2:� ) $+� 7+ $$� 1 �����

VRID�DWKRQ 6 2:� ) $+� $+� 7+ $$� 1 �����

KHUR�WKRQ ++ ,<� 5 2:� 7+ $$� 1 ����

KHUR�DWKRQ ++ ,<� 5 2:� $+� 7+ $$� 1 ����

FDFWXV�WKRQ . $(� . 7 $+� 6 7+ $$�1 ����

FDFWXV�DWKRQ . $(� . 7 $+� 6 $+� 7+ $$�1 ����

SROLFH�WKRQ 3 $+� / ,<� 6 7+ $$� 1 ����

SROLFH�DWKRQ 3 $+� / ,<� 6 $+� 7+ $$� 1 ����

EDOORRQ�OLFLRXV % $+� / 8:� 1 / ,+� 6+ $+� 6 ����

EDOORRQ�DOLFLRXV % $+� / 8:� 1 $+� / ,+� 6+ $+� 6 ����

VRID�OLFLRXV 6 2:� ) $+� / ,+� 6+ $+� 6 ����

VRID�DOLFLRXV 6 2:� ) $+� $+� / ,+� 6+ $+� 6 ����

KHUR�OLFLRXV ++ ,<� 5 2:� / ,+� 6+ $+� 6 ����

KHUR�DOLFLRXV ++ ,<� 5 2:� $+� / ,+� 6+ $+� 6 ����

FDFWXV�OLFLRXV . $(� . 7 $+� 6 / ,+� 6+ $+� 6 ����

FDFWXV�DOLFLRXV . $(� . 7 $+� 6 $+� / ,+� 6+ $+� 6 ����

SROLFH�OLFLRXV 3 $+� /,<� 6 / ,+� 6+ $+� 6 ����

SROLFH�DOLFLRXV 3 $+� /,<� 6 $+� / ,+� 6+ $+� 6 ����

EDOORRQ�OLFLRXV % $+� / 8:� 1 / ,+� 6+ $+� 6 ����

EDOORRQ�DOLFLRXV % $+� / 8:� 1 $+� / ,+� 6+ $+� 6 ����

7DEOH ����� ,QSXWV DQG SHQDOW\ VFRUHV IRU %/,&. JUDPPDU

��� &KDSWHU � FRQFOXVLRQ

7KLV FKDSWHU SURYLGHG DQ LQ�GHSWK FDVH VWXG\ RI ��D�OLFLRXV DQG ��D�WKRQ� XVLQJ ERWK

FRUSXV DQG H[SHULPHQWDO GDWD� 7KHVH VXIIL[HV VXSSRUW WKH FODLP WKDW 3&$ LV GULYHQ

���



E\ ODQJXDJH�ZLGH FRQVWUDLQWV� LQ D SDUDOOHO PRGHO RI SKRQRORJ\ DQG PRUSKRORJ\� 7KH

VXIIL[HV ��D�OLFLRXV DQG ��D�WKRQ DUH FRQGLWLRQHG E\ ∗ DQG ∗ � FRQVWUDLQWV

WKDW DUH V\QFKURQLFDOO\ DFWLYH DQG ZHOO�PRWLYDWHG LQ (QJOLVK� 7KH FRQFOXVLRQ LV WKDW

VSHDNHUV H[WHQG WKHLU H[LVWLQJ JUDPPDWLFDO NQRZOHGJH WR QHZ VXIIL[HV� FKRRVLQJ WKH

IRUPV RI WKH VXIIL[ WKDW DYRLG VWUHVV FODVK DQG KLDWXV�

7KH DUJXPHQW IRU SDUDOOHOLVP FRPHV IURP WKH LQWHUDFWLRQ RI VXIIL[ VHOHFWLRQ DQG

WKH 5K\WKP 5XOH �55�� 6WHPV WKDW FDQ DYRLG D FODVK E\ XQGHUJRLQJ 55 DUH OHVV

OLNHO\ WR RFFXU ZLWK �DOLFLRXV� WKH FODVK�DYRLGLQJ IRUP RI WKH VXIIL[� 7KH FRQQHFWLRQ

EHWZHHQ VXIIL[ VHOHFWLRQ DQG 55 LV IXUWKHU VXSSRUWHG E\ GLIIHUHQFHV EHWZHHQ ��D�OLFLRXV

DQG ��D�WKRQ� 6XIIL[HV WKDW FDQ WULJJHU 55 VKRZ D GLIIHUHQFH EHWZHHQ 55�HOLJLEOH

DQG 55�LQHOLJLEOH VWHPV� ZKLOH VXIIL[HV WKDW FDQQRW WULJJHU 55 VKRZ QRQH� 7KHVH

LQWHUDFWLRQV UHTXLUH 85 VHOHFWLRQ WR KDYH ORRNDKHDG WR UHSDLUV�

)LQDOO\� WKH VXIIL[HV DUH EHVW PRGHOHG ZLWK 85 FRQVWUDLQWV� 85& LQ 0D[(QW LV

DEOH WR PRGHO YDULDWLRQ� LWV FRQVWUDLQW ZHLJKWV FDQ EH OHDUQHG XVLQJ H[LVWLQJ OHDUQLQJ

DOJRULWKPV� DQG LW¶V DEOH WR FDSWXUH GLIIHUHQFHV EHWZHHQ WKH EDVHOLQH UDWHV RI ��D�OLFLRXV

DQG ��D�WKRQ� 0RUHRYHU� WKH PRGHO¶V OHDUQHG ZHLJKWV DUH UHIOHFWHG LQ WKH (QJOLVK

OH[LFRQ DQG SKRQRWDFWLFV�

���



&RQFOXVLRQ

7KH JRDO RI WKLV WKHVLV ZDV WR DQVZHU WZR XQUHVROYHG TXHVWLRQV LQ 3&$�

���� 3KRQRORJLFDO FRQGLWLRQLQJ

:KHQ 85 VHOHFWLRQ LV SKRQRORJLFDOO\�FRQGLWLRQHG� KRZ LV SKRQRORJLFDO

FRQGLWLRQLQJ HQFRGHG"

���� /RRNDKHDG WR UHSDLUV

,I WKH FKRLFH RI D 85 FUHDWHV D SKRQRORJLFDO FRQWH[W WKDW FRQGLWLRQV WKH

DSSOLFDWLRQ RI VRPH SURFHVV RU ³UHSDLU´ �OLNH HSHQWKHVLV RU GHOHWLRQ�� GRHV 85

VHOHFWLRQ WDNH WKHVH UHSDLUV LQWR DFFRXQW"

, DUJXHG WKDW 3&$ LV GULYHQ E\ ODQJXDJH�ZLGH SKRQRORJLFDO FRQVWUDLQWV� DQG HPHUJHV

IURP WKH JHQHUDO SKRQRORJLFDO JUDPPDU� :LWK UHVSHFW WR ODQJXDJH�ZLGH FRQVWUDLQWV�

, SUHVHQWHG GDWD VKRZLQJ WKDW 3&$ LV GULYHQ E\ LQGHSHQGHQWO\ PRWLYDWHG FRQVWUDLQWV�

D�Q� LV GULYHQ E\ ∗ԥ� � )UHQFK OLDLVRQ LV GULYHQ E\ ∗ DQG 
 �৻�9�� DQG

��D�OLFLRXV LV GULYHQ E\ ∗ � ∗ � DQG RWKHUV� ,Q DOO RI WKHVH FDVHV� WKH

VDPH FRQVWUDLQWV XVHG LQ WKH DQDO\VLV RI 3&$ SOD\ D UROH HOVHZKHUH LQ UHSDLUV RU

SKRQRWDFWLFV� DQG D VLQJOH UDQNLQJ RI FRQVWUDLQWV LV SRVVLEOH IRU ERWK UHSDLUV DQG 3&$�

)RU ��D�OLFLRXV� WKH JUDPPDU IRXQG IRU WKH VXIIL[ FORVHO\ PDWFKHV WKH GLVWULEXWLRQ RI WKH

(QJOLVK OH[LFRQ� HYHQ WKRXJK VSHDNHUV DFTXLUH WKH VXIIL[ ZLWK VSDUVH GDWD�

7KH IDFW WKDW 3&$ LV GULYHQ E\ ODQJXDJH�ZLGH FRQVWUDLQWV ILQGV IXUWKHU VXSSRUW LQ

WKH LQWHUDFWLRQ RI UHSDLUV DQG 3&$� ERWK RI ZKLFK FRQVSLUH WR DYRLG WKH VDPH PDUNHG

VWUXFWXUHV� %DVHG RQ HYLGHQFH IURP WKH VDPH FDVH VWXGLHV� WKH FRQFOXVLRQ LV WKDW 85

VHOHFWLRQ VRPHWLPHV KDV ORRNDKHDG WR UHSDLUV� (DFK FDVH VWXG\ KDG DW OHDVW RQH LQVWDQFH

RI WKH FKLFNHQ�HJJ HIIHFW� DQG SDUDOOHOLVP SOD\HG DQ LPSRUWDQW UROH WKURXJKRXW� DOORZLQJ

WKH PRGHO WR FDSWXUH SUHIHUHQFHV EHWZHHQ 3&$ DQG UHSDLUV�

7KH DFFRXQW GHYHORSHG WR PRGHO WKHVH WZR DQVZHUV ± 85& ± H[SDQGV RQ SUHYLRXV

27 DFFRXQWV RI 3&$ E\ LQWURGXFLQJ UDQNDEOH 85 FRQVWUDLQWV�

���



85 FRQVWUDLQWV FDQ EH UDQNHG WR FDSWXUH GHIDXOWV� DQG QR DGGLWLRQDO GHIDXOW�VSHFLILF

PDFKLQHU\ LV UHTXLUHG� 6LQFH GHIDXOWKRRG IROORZV IURP WKH FRQVWUDLQW�EDVHG JUDPPDU�

ERWK OHDUQDELOLW\ DQG YDULDWLRQ FDQ EH KDQGOHG ZLWK H[LVWLQJ OHDUQLQJ DOJRULWKPV DQG

PRGHOV RI YDULDWLRQ� ,Q &KDSWHU �� , VKRZHG WKDW 85& FDQ EH XVHG WR PRGHO

LQWHUVSHDNHU YDULDWLRQ ZLWK UHVSHFW WR SUHIHUHQFHV EHWZHHQ D� DQ� DQG ��HSHQWKHVLVݦ

,Q &KDSWHU �� , VKRZHG WKH VDPH IRU SUHIHUHQFHV EHWZHHQ IRUPV RI GLIIHUHQW ৻�ILQDO

ZRUGV� $QG LQ &KDSWHU �� , SURYLGHG H[SHULPHQWDO VXSSRUW VKRZLQJ GLIIHUHQW EDVHOLQHV

IRU ��D�OLFLRXV DQG ��D�WKRQ� DORQJ ZLWK D 85& PRGHO RI WKH UHVXOWV�

���



$33(1',; $� /LEIL[HV

7KLV DSSHQGL[ SURYLGHV PRUH OLEIL[HV WKDW UHVHPEOH ��D�OLFLRXV DQG ��D�WKRQ�

2WKHU VXIIL[HV� 0DQ\ VXIIL[HV IROORZ WKH VDPH SDWWHUQ DV ��D�OLFLRXV� KDYLQJ ERWK

D VFKZDIXO DQG VFKZDOHVV IRUP� ZKLFK DUH FRQGLWLRQHG E\ VWUHVV� /LNH �OLFLRXV� PDQ\

KDYH RQO\ UHFHQWO\ DFKLHYHG VXIIL[KRRG�

6LQFH VRPH RI WKHVH VXIIL[HV DUHQ¶W LQFOXGHG LQ WUDGLWLRQDO GLFWLRQDULHV� DOO RI WKH

GHILQLWLRQV DQG WKH PDMRULW\ RI WKH H[DPSOHV KHUH DUH IURP :LNWLRQDU\� DQ RSHQ VRXUFH

GLFWLRQDU\� DFFHVVHG LQ �����

7KLV OLVW LVQ¶W FRPSOHWH� 7KHUH DUH PRUH VXIIL[HV� ZKLFK VHHP WR IROORZ D VLPLODU

GLVWULEXWLRQ EXW ODFN VXIILFLHQW H[DPSOHV WR EH LQFOXGHG �H�J�� �D�SRFDO\SVH� �R�PDQLD�

�R�FUDW��

6XIIL[ 'HILQLWLRQ ([DPSOHV

��D�OLFLRXV Q�DGM→ DGM� 8VHG WR IRUP LQWHQVLILHG DGMHFWLYHV
LQGLFDWLQJ GHOLFLRXVQHVV� IURP QRXQV DQG DGMHFWLYHV

VH[DOLFLRXV
ERRW\OLFLRXV

��H�WHULD Q→ Q� D VHOI�VHUYLFH HVWDEOLVKPHQW WKDW VHOOV�VHUYHV
WKH VWHP QRXQ
�QRW LQ :LNWLRQDU\�

VKRH�HWHULD
EXIIHWHULD

��D�WKRQ Q�Y→ Q� 8VHG WR IRUP ZRUGV PHDQLQJ D JUHDWO\
H[WHQGHG SHULRG RI DQ\ DFWLYLW\� XVXDOO\ IRU WKH
SXUSRVH RI IXQGUDLVLQJ

LQVXOWDWKRQ
%LHEHUWKRQ

��D�KROLF Q�Y→ Q� 'HQRWHV DGGLFWLRQ WR WKH VXEVWDQFH RU
DFWLYLW\ RI WKH VWHP ZRUG�

VH[DKROLF
ZLNLKROLF

��D�SDORR]D Q→ Q� �� )RUPV WKH QDPH RI D SURPRWLRQDO HYHQW
VXFK DV D SUHVHQWDWLRQ� �� (PSKDVL]HV RU
H[DJJHUDWHV WKH HOHPHQW RI D VLWXDWLRQ�

3DWULRW�$FW�D�
SDORR]D
JLJJOH SDORR]D

���



6XIIL[ 'HILQLWLRQ ([DPSOHV

��PD�JHGGRQ Q→ Q� $ GLVDVWHU LQYROYLQJ WKH VWHP ZRUG
�QRW LQ :LNWLRQDU\�

VQRZPDJHGGRQ
PRQH\JHGGRQ

��R�SKLOH Q→ Q�DGM� )RUPLQJ QRXQV DQG DGMHFWLYHV PHDQLQJ
µORYLQJ¶ DQG µIULHQGO\¶� RU µORYHU¶ DQG µIULHQG¶

-DSDQRSKLOH
IDVKLRQSKLOH

��D�VDXUXV Q→ Q� 'HQRWLQJ VRPHWKLQJ KDYLQJ WKH TXDOLWLHV RI
D GLQRVDXU

VQRUDVDXUXV
FRIIHHVDXUXV

��D�ULIILF Q�DGM→ DGM� 8VHG WR IRUP LQWHQVLILHG DGMHFWLYHV
IURP QRXQV DQG DGMHFWLYHV�

SLPS�D�ULIILF
%LHEHU�ULIILF

��L�YHUVH Q→ Q� )RUPLQJ FRPSRXQGV QRXQV GHQRWLQJ WKH
ILFWLRQDO ZRUOG RI D JLYHQ FKDUDFWHU� WHOHYLVLRQ
VHULHV HWF�

7UHNLYHUVH
%XII\YHUVH

��R�UDPD Y�Q→ Q� 8VHG WR IRUP� IURP RQH QRXQ� D VHFRQG�
PHDQLQJ µZLGH YLHZ RI¶ WKH ILUVW� RU �ZLWK LURQLF
UHIHUHQFH WR WKH SUHFHGLQJ VHQVH� µVXUIHLW RI¶�
µRYHUDWWHQWLRQ WR¶� RU µH[DJJHUDWHG SUDLVH RI¶ WKH
ILUVW�

IH]�R�UDPD
3RWWHU UDPD

���



6XIIL[ 'HILQLWLRQ ([DPSOHV

��R�QRPLFV Q→ Q� 8VHG� ZLWK D FRPELQLQJ IRUP WR IRUP QRXQV
PHDQLQJ WKH HFRQRPLFV RI D VSHFLILHG SHUVRQ RU
VWDWH�

%XVKRQRPLFV
5HDJDQRPLFV

��R�JUDP Y�Q→ Q� 6RPHWKLQJ ZULWWHQ� GUDZQ RU RWKHUZLVH
UHFRUGHG� �0\ GHILQLWLRQ� PHVVDJH GHOLYHUHG YLD ;�

NLVVRJUDP
FDQG\JUDP

��D�SHGLD Q→ Q� $ VSHFLDOL]HG HQF\FORSDHGLD DERXW WKH SUHIL[
RU D JHQHUDO HQF\FORSHGLD LQ WKH VWUXFWXUH RI WKH
SUHIL[�

%XOEDSHGLD
3RWWHUSHGLD

��L�YRUH Q→ Q� $Q DQLPDO� LGHQWLILHG E\ WKHLU NLQG RI GLHW� LQVHFWLYRUH
ORFDOYRUH

��R�SKREH Q→ Q� 8VHG WR IRUP QRXQV GHQRWLQJ D SHUVRQ ZKR
KDWHV RU GHVSLVHV D VSHFLILF WKLQJ�

SRUQRSKREH
KRPRSKREH

,¶YH RPLWWHG VRPH QRQ�DOWHUQDWLQJ OLEIL[HV IURP WKLV OLVW� VXFK DV �JDWH DQG �WDVWLF�

7KHVH DUH GLVFXVVHG LQ WKH QH[W VHFWLRQ RI WKH DSSHQGL[�

6RXUFH ZRUGV� $OO RI WKHVH OLEIL[HV FRPH IURP EDFNIRUPDWLRQ� DQ (QJOLVK ZRUG RU

EOHQG LV UHDQDO\]HG ZLWK D VXIIL[�

7KH IDFW WKDW VRPH OLEIL[HV KDYH D VFKZDIXO FRXQWHUSDUW DQG RWKHUV ODFN RQH IROORZV

IURP WKH VRXUFH ZRUG RI WKH OLEIL[� 7KH WDEOH EHORZ VKRZV WKDW DOO RI WKH ZRUGV WKDW

KDYH DQ DOWHUQDWLQJ YRZHO FRPH IURP D ZRUG FRQWDLQLQJ D YRZHO GLUHFWO\ EHIRUH WKH

OLEIL[�

,W FDQ DOVR EH REVHUYHG WKDW WKH VWUHVV SDWWHUQ RI WKH VXIIL[ PDWFKHV WKH VWUHVV

SDWWHUQ LQ WKH VRXUFH ZRUG� )RU H[DPSOH� �D�SDORR]D DQG �R�SKLOH WDNH VHFRQGDU\ VWUHVV�

MXVW OLNH WKHLU VRXUFH ZRUGV� 7KH RWKHU FDVHV DUH IRU WKH PRVW SDUW YHU\ UHJXODU� $V

H[SHFWHG� ILQDO V\OODEOHV GR QRW WDNH SULPDU\ VWUHVV�

���



6XIIL[ 6RXUFH ZRUG 6XIIL[¶V VWUHVV 6XIIL[ 6RXUFH ZRUG 6XIIL[¶V VWUHVV

��D�OtFLRXV GHOtFLRXV SULPDU\ ��D�UtIILF WHUtIILF SULPDU\

��H�WpULD FjIHWpULD SULPDU\ ��L�YqUVH ~QLYqUVH VHFRQGDU\

��D�WKzQ PiUDWKzQ VHFRQGDU\ ��R�UiPD SjQRUiPD SULPDU\

��D�KyOLF jOFRKyOLF SULPDU\ ��R�QyPLFV qFRQyPLFV SULPDU\

��D�SDOyy]D /zOODSDOyy]D SULPDU\ ��R�JUjP WpOHJUjP VHFRQGDU\

��PD�JpGGRQ jUPDJpGGRQ SULPDU\ ��D�SpGLD HQF\FORSpGLD SULPDU\

��R�SKuOH SpGRSKuOH VHFRQGDU\ ��L�YzUH KpUELYzUH VHFRQGDU\

��D�ViXUXV EUzQWRViXUXV SULPDU\ ��R�SKzEH FOiXVWURSKzEH VHFRQGDU\

�WiVWLF IDQWiVWLF �WiVWLF ZiWHUJjWH VHFRQGDU\ JjWH

�]tOOD JzG]tOOD SULPDU\

$33(1',; %� ��D�OLFLRXV H[SHULPHQW

7KLV DSSHQGL[ FRQWDLQV PDWHULDOV DQG WKH UHVXOWV IRU WKH H[SHULPHQW LQ &KDSWHU ��

/LVW RI LWHPV IURP ��D�OLFLRXV H[SHULPHQW� 7KH H[SHULPHQWDO LWHPV DUH EHORZ� VRUWHG

E\ FRQGLWLRQ� ZLWK VWUHVV FRQWH[W LQ SDUHQWKHVHV� 1RWH VRPH YDULDWLRQ LQ SURQXQFLDWLRQ�

HVSHFLDOO\ IRU WULV\OODELF ZRUGV�

���� FDFWXV�W\SH ZRUGV ����

D� DFLG

E� EDVNHW

F� GHFDGH

G� JRVVLS

H� PDJLF

I� QHFNODFH

J� RIILFH

K� SDWULFN

L� SLUDWH

���



M� VHFUHW

���� SROLFH�W\SH ZRUGV ����

D� EDOORRQ

E� FRORJQH

F� GHEDWH

G� GHVLJQ

H� HVWDWH

I� JUHQDGH

J� MDSDQ

K� PDURRQ

L� SDUDGH

M� SROLFH

���� WKLUWHHQ�W\SH ZRUGV ����

D� DQWLTXH

E� EHUOLQ

F� EUXQHWWH

G� FDIIHLQH

H� FKDPSDJQH

I� FKLQHVH

J� FRQFUHWH

K� FRUYHWWH

L� URXWLQH

M� WKLUWHHQ

���� KHUR�W\SH ZRUGV ����

D� FKLOL

E� FKLQD

���



F� FRRNLH

G� FXED

H� GUDPD

I� KHUR

J� MDFNLH

K� PHQX

L� UXVVLD

M� ]HUR

���� DFRXVWLF�W\SH ZRUGV �����

D� DFRXVWLF

E� DGKHVLYH

F� DSSUHQWLFH

G� FHUDPLF

H� GHSRVLW

I� GHWHFWLYH

J� HOHFWULF

K� H[KLELW

L� H[SORVLYH

M� REMHFWLYH

���� DODVND�W\SH ZRUGV �����

D� DODVND

E� DQWHQQD

F� DURPD

G� EDQDQD

H� ELNLQL

I� JRULOOD

���



J� NRUHD

K� QHYDGD

L� SLDQR

M� VSDJKHWWL

���� MDSDQHVH�W\SH ZRUGV �����

D� DIWHUQRRQ

E� KDOORZHHQ

F� MDSDQHVH

G� PDJD]LQH


H� FLJDUHWWH


I� VRXYHQLU

J� WDPERXULQH

K� YLROLQ

L� YROXQWHHU

M� SLRQHHU

�
 LQGLFDWHV D ZRUG WKDW LV DOVR SURQRXQFHG ����

���� XQGHUZHDU ZRUGV �����

D� DOSKDEHW

E� GLQRVDXU

F� H[HUFLVH

G� KRQH\PRRQ

H� KXUULFDQH

I� OLPRXVLQH


J� QLFRWLQH

K� VLOYHUZDUH

L� XQGHUZHDU

���



M� YDOHQWLQH

�
 LQGLFDWHV D ZRUG WKDW LV DOVR SURQRXQFHG ����

)XOO UHVXOWV IRU ��D�OLFLRXV H[SHULPHQW� 7KLV DSSHQGL[ SUHVHQWV WKH IXOO UHVXOWV RI

WKH H[SHULPHQW LQ &KDSWHU �� LQFOXGLQJ ILOOHUV DQG LQGLYLGXDO SURSRUWLRQV IRU WKH VWHPV

RI LQWHUHVW�

6WHP W\SH ��D�OLFLRXV ��D�WKRQ )LQDO &�9 6WUHVV SDWWHUQ

DFRXVWLF ���� ������ ���� ������ & ���

DODVND ���� ������ ���� ������ 9 ���

FDFWXV ���� ������ ���� ������ & ��

WKLUWHHQ ���� ������ ���� ������ & ��

KHUR ���� ������ ���� ������ 9 ��

MDSDQHVH ���� ������ ���� ������ & ���

SROLFH ���� ������ ���� ������ 9 ��

XQGHUZHDU ���� ������ ���� ������ & ���

7DEOH ����� 3URSRUWLRQ VFKZD IRU HDFK VWHP W\SH �VWDQGDUG HUURUV
LQ SDUHQWKHVHV�

���



6WHP W\SH 6FKZD" ��D�OLFLRXV ��D�WKRQ

DFRXVWLF QR VFKZD ��� ���

VFKZD ��� ���

DODVND QR VFKZD ��� ���

VFKZD �� ��

FDFWXV QR VFKZD ��� ���

VFKZD ��� ���

FKLQHVH QR VFKZD ��� ��

VFKZD ��� ���

KHUR QR VFKZD ��� ���

VFKZD �� ���

MDSDQHVH QR VFKZD ��� ��

VFKZD ��� ���

SROLFH QR VFKZD �� �

VFKZD ��� ���

XQGHUZHDU QR VFKZD ��� ��

VFKZD ��� ���

7DEOH ����� 5HVSRQVH FRXQWV

���



KHUR�W\SH S�ԥ� FDFWXV�W\SH S�ԥ� WKLUWHHQ�W\SH S�ԥ� SROLFH�W\SH S�ԥ�

FKLOL ���� DFLG ���� DQWLTXH ���� EDOORRQ ����

FKLQD ���� EDVNHW ���� EHUOLQ ���� FRORJQH ����

FRRNLH ���� GHFDGH ���� EUXQHWWH ���� GHEDWH ����

FXED ���� JRVVLS ���� FDIIHLQH ���� GHVLJQ ����

GUDPD ���� PDJLF ���� FKDPSDJQH ���� HVWDWH ����

KHUR ���� QHFNODFH ���� FKLQHVH ���� JUHQDGH ����

MDFNLH ���� RIILFH ���� FRQFUHWH ���� MDSDQ ����

PHQX ���� SDWULFN ���� FRUYHWWH ���� PDURRQ ����

UXVVLD ���� SLUDWH ���� URXWLQH ���� SDUDGH ����

]HUR ���� VHFUHW ���� WKLUWHHQ ���� SROLFH ����

PHDQ ���� PHDQ ���� PHDQ ���� PHDQ ����

ORZ ���� ORZ ���� ORZ ���� ORZ ����

KLJK ���� KLJK ���� KLJK ���� KLJK ����

7DEOH ����� 3URSRUWLRQ VFKZD IRU HDFK ��D�WKRQ VWHP

���



KHUR�W\SH S�ԥ� FDFWXV�W\SH S�ԥ� WKLUWHHQ�W\SH S�ԥ� SROLFH�W\SH S�ԥ�

FKLOL ���� DFLG ���� DQWLTXH ���� EDOORRQ ����

FKLQD ���� EDVNHW ���� EHUOLQ ���� FRORJQH ����

FRRNLH ���� GHFDGH ���� EUXQHWWH ���� GHEDWH ����

FXED ���� JRVVLS ���� FDIIHLQH ���� GHVLJQ ����

GUDPD ���� PDJLF ���� FKDPSDJQH ���� HVWDWH ����

KHUR ���� QHFNODFH ���� FKLQHVH ���� JUHQDGH ����

MDFNLH ���� RIILFH ���� FRQFUHWH ���� MDSDQ ����

PHQX ���� SDWULFN ���� FRUYHWWH ���� PDURRQ ����

UXVVLD ���� SLUDWH ���� URXWLQH ���� SDUDGH ����

]HUR ���� VHFUHW ���� WKLUWHHQ ���� SROLFH ����

PHDQ ���� PHDQ ���� PHDQ ���� PHDQ ����

ORZ ���� ORZ ���� ORZ ���� ORZ ����

KLJK ���� KLJK ���� KLJK ���� KLJK ����

7DEOH ����� 3URSRUWLRQ VFKZD IRU HDFK ��D�OLFLRXV VWHP

5HFDOO WKDW WKH H[SHULPHQW DVNHG VXEMHFWV WR UDWH WKHLU FRQILGHQFH LQ WKHLU UHVSRQVHV�

:H FDQ XVH WKLV LQIRUPDWLRQ WR ELQ WKH UHVSRQVHV GLIIHUHQWO\� ,Q &KDSWHU �� , XVH

WKLV DOWHUQDWLYH ELQQLQJ WR DUJXH DJDLQVW D FHLOLQJ HIIHFW� 7KH WDEOH EHORZ VKRZV WKH

SURSRUWLRQ RI GHILQLWHO\ VFKZD RXW RI DOO UHVSRQVHV�

���



��D�OLFLRXV ��D�WKRQ

DFRXVWLF ���� ����

DODVND ���� ����

FDFWXV ���� ����

FKLQHVH ���� ����

KHUR ���� ����

MDSDQHVH ���� ����

SROLFH ���� ����

XQGHUZHDU ���� ����

7DEOH ����� 3URSRUWLRQ RI GHILQLWHO\ VFKZD

7KH WZR WDEOHV EHORZ SUHVHQW WKH FRXQWV XVHG WR FDOFXODWH WKH SURSRUWLRQV DERYH�

7KH ILUVW WDEOH VKRZV WKH FRXQWV IRU GHILQLWHO\ VFKZD�

��D�OLFLRXV ��D�WKRQ

DFRXVWLF ��� ���

DODVND � ��

FDFWXV ��� ���

FKLQHVH ��� ���

KHUR �� ��

MDSDQHVH ��� ���

SROLFH ��� ���

XQGHUZHDU ��� ���

7DEOH ����� &RXQWV IRU GHILQLWHO\ VFKZD

7KH VHFRQG WDEOH VKRZV WKH FRXQWV IRU DOO RWKHU UHVSRQVHV �GHILQLWHO\ VFKZDOHVV�

SUREDEO\ VFKZDOHVV�SUREDEO\ VFKZD�

���



��D�OLFLRXV ��D�WKRQ

DFRXVWLF ��� ���

DODVND ��� ���

FDFWXV ��� ���

FKLQHVH ��� ��

KHUR ��� ���

MDSDQHVH ��� ���

SROLFH ��� ��

XQGHUZHDU ��� ���

7DEOH ����� &RXQWV IRU GHILQLWHO\ VFKZDOHVV+SUREDEO\
VFKZDOHVV+GHILQLWHO\ VFKZDOHVV

���



%,%/,2*5$3+<

cJUHQ� -RKQ� ����� (WXGH VXU TXHOTXHV OLDLVRQV IDFXOWDWLYHV GDQV OH IUDQoDLV GH
FRQYHUVDWLRQ UDGLRSKRQLTXH� IUpTXHQFHV HW IDFWHXUV�

$OEULJKW� $GDP� ����� $ TXDQWLWDWLYH VWXG\ RI 6SDQLVK SDUDGLJP JDSV� ,Q *� *DUGLQJ
DQG 0� 7VXMLPXUD� HGLWRUV� :&&)/ �� 3URFHHGLQJV� &DVFDGLOOD 3UHVV� 6RPHUYLOOH�
0$� SDJHV �±���

$QWWLOD� $UWR� 0DWWKHZ $GDPV� DQG 0LFKDHO 6SHULRVX� ����� 7KH UROH RI SURVRG\ LQ
WKH (QJOLVK GDWLYH DOWHUQDWLRQ� /DQJXDJH DQG &RJQLWLYH 3URFHVVHV� �����������±����

$SRXVVLGRX� 'LDQD� ����� 7KH /HDUQDELOLW\ RI 0HWULFDO 3KRQRORJ\� 3K�'� WKHVLV�
8QLYHUVLW\ RI $PVWHUGDP�

$UQGW�/DSSH� 6DELQH DQG ,QJR 3ODJ� ����� 7KH UROH RI SURVRGLF VWUXFWXUH LQ WKH
IRUPDWLRQ RI (QJOLVK EOHQGV� (QJOLVK /DQJXDJH DQG /LQJXLVWLFV� ����������±����

%DD\HQ� +DUDOG� ����� 4XDQWLWDWLYH DVSHFWV RI PRUSKRORJLFDO SURGXFWLYLW\� ,Q <HDUERRN
RI PRUSKRORJ\ ����� 6SULQJHU� SDJHV ���±����

%DWHV� 'RXJODV� 0DUWLQ 0DHFKOHU� %HQ %RONHU� DQG 6WHYHQ :DONHU� ����� OPH�� /LQHDU
PL[HG�HIIHFWV PRGHOV XVLQJ (LJHQ DQG 6�� 5 SDFNDJH YHUVLRQ ������

%DXHU� /DXULH� ����� &RPSRXQGV DQG 0LQRU :RUG�IRUPDWLRQ 7\SHV� 7KH KDQGERRN RI
(QJOLVK OLQJXLVWLFV� SDJH ����

%HUJ� 7KRPDV� ����� $ GLDFKURQLF IUHTXHQF\ DFFRXQW RI WKH DOORPRUSK\ RI VRPH
JUDPPDWLFDO PDUNHUV� -RXUQDO RI /LQJXLVWLFV� ������±���

%REDOMLN� -RQDWKDQ 'DYLG� ����� 8QLYHUVDOV LQ FRPSDUDWLYH PRUSKRORJ\� 6XSSOHWLRQ�
VXSHUODWLYHV� DQG WKH VWUXFWXUH RI ZRUGV� YROXPH ��� 0,7 3UHVV�

%RHUVPD� 3DXO� ����� 3KRQRORJ\�VHPDQWLFV LQWHUDFWLRQ LQ 27� DQG LWV DFTXLVLWLRQ� ,Q
5REHUW .LUFKQHU� -RH 3DWHU� DQG :ROI :LNHO\� HGLWRUV� 3DSHUV LQ ([SHULPHQWDO DQG
7KHRUHWLFDO /LQJXLVWLFV� 3URFHHGLQJV RI WKH :RUNVKRS RQ WKH /H[LFRQ LQ 3KRQHWLFV DQG
3KRQRORJ\� 'HSDUWPHQW RI /LQJXLVWLFV� 8QLYHUVLW\ RI $OEHUWD� (GPRQWRQ�

%RHUVPD� 3DXO� ����� */$VXFFHVVUDWHYDU�SUDDW� $YDLODEOH IURP
KWWS���ZZZ�IRQ�KXP�XYD�QO�SDXO�JOD�� 6FULSW IRU 3UDDW VRIWZDUH�

%ROLQJHU� 'ZLJKW� ����� 7ZR NLQGV RI YRZHOV� WZR NLQGV RI UK\WKP� ,QGLDQD 8QLYHUVLW\
/LQJXLVWLFV &OXE 3XEOLFDWLRQV� %ORRPLQJWRQ� ,1�

���



%RQDPL� 2OLYLHU� *LOOHV %R\p� DQG -HVVH 7VHQJ� ����� $Q LQWHJUDWHG DSSURDFK WR )UHQFK
OLDLVRQ�

%RQHW� (XOjOLD� ����� 0RUSK LQVHUWLRQ DQG DOORPRUSK\ LQ 2SWLPDOLW\ 7KHRU\�
,QWHUQDWLRQDO -RXUQDO RI (QJOLVK 6WXGLHV� ����±����

%RQHW� (XOjOLD� 0DULD�5RVD /ORUHW� DQG -RDQ 0DVFDUy� ����� 3KRQRORJ\�PRUSKRORJ\
FRQIOLFWV LQ JHQGHU DOORPRUSK\� $ XQLILHG DSSURDFK�

%RQHW� (XOjOLD� 0DULD�5RVD /ORUHW� DQG -RDQ 0DVFDUy� ����� $OORPRUSK VHOHFWLRQ DQG
OH[LFDO SUHIHUHQFHV� 7ZR FDVH VWXGLHV� /LQJXD� ����������±����

%RRLM� *HHUW� ����� 3KRQRORJLFDO RXWSXW FRQVWUDLQWV LQ PRUSKRORJ\� 3KRQRORJ\ DQG
PRUSKRORJ\ RI WKH *HUPDQLF ODQJXDJHV� ��������

%ULWDLQ� 'DYLG DQG 6XH )R[� ����� 7KH UHJXODUL]DWLRQ RI WKH KLDWXV UHVROXWLRQ V\VWHP LQ
%ULWLVK (QJOLVK� $ FRQWDFW�LQGXFHG µYHUQDFXODU XQLYHUVDO¶� 9HUQDFXODU XQLYHUVDOV DQG
ODQJXDJH FRQWDFWV� (YLGHQFH IURP YDULHWLHV RI (QJOLVK DQG EH\RQG� /RQGRQ� 5RXWOHGJH�
SDJHV ���±����

%UXQHDX� &KDUOHV� ����� 0DQXHO GH SKRQpWLTXH SUDWLTXH� eGLWLRQV %HUJHU�/HYUDXOW�

%U\VEDHUW� 0DUF DQG %RULV 1HZ� ����� 0RYLQJ EH\RQG .XþHUD DQG )UDQFLV� $
FULWLFDO HYDOXDWLRQ RI FXUUHQW ZRUG IUHTXHQF\ QRUPV DQG WKH LQWURGXFWLRQ RI D QHZ
DQG LPSURYHG ZRUG IUHTXHQF\ PHDVXUH IRU $PHULFDQ (QJOLVK� %HKDYLRU 5HVHDUFK
0HWKRGV� ���������±����

%U\VEDHUW� 0DUF� %RULV 1HZ� DQG (PPDQXHO .HXOHHUV� ����� $GGLQJ SDUW�RI�VSHHFK
LQIRUPDWLRQ WR WKH 68%7/(;�86 ZRUG IUHTXHQFLHV� %HKDYLRU UHVHDUFK PHWKRGV�
���������±����

%\EHH� -RDQ� ����� 3KRQRORJ\ DQG /DQJXDJH 8VH� &DPEULGJH 8QLYHUVLW\ 3UHVV�

%\H� 3DWULN� ����� $OORPRUSK\� 6HOHFWLRQ� QRW RSWLPL]DWLRQ� ,Q 6\OYLD %ODKR� 3DWULN
%\H� DQG 0DUWLQ .UlPHU� HGLWRUV� )UHHGRP RI $QDO\VLV� 0RXWRQ GH *UX\WHU� SDJHV
��±���

&DUVWDLUV� $QGUHZ� ����� 6RPH LPSOLFDWLRQV RI SKRQRORJLFDOO\ FRQGLWLRQHG VXSSOHWLRQ�
,Q *HHUW %RRLM DQG -DDS YDQ 0DUOH� HGLWRUV� <HDUERRN RI 0RUSKRORJ\� )RULV�
'RUGUHFKW� SDJHV ��±���

&KDUHWWH� 0RQLN� ����� &RQGLWLRQV RQ SKRQRORJLFDO JRYHUQPHQW� &DPEULGJH 8QLYHUVLW\
3UHVV�

&KRPVN\� 1RDP DQG 0RUULV +DOOH� ����� 7KH 6RXQG 3DWWHUQ RI (QJOLVK� +DUSHU DQG
5RZ� 1HZ <RUN�

&ODUN� +HUEHUW + DQG -HDQ ( )R[ 7UHH� ����� 8VLQJ XK DQG XP LQ VSRQWDQHRXV
VSHDNLQJ� &RJQLWLRQ� ��������±����

���



&OpGDW� /pRQ� ����� 0DQXHO GH SKRQpWLTXH HW GH PRUSKRORJLH KLVWRULTXH GX IUDQoDLV�
/LEUDLULH +DFKHWWH�

&RQZD\� *LOEHUW� ����� $ 7UHDWLVH RQ 9HUVLILFDWLRQ� /RQJPDQV� *UHHQ DQG &RPSDQ\�

&RRSHU� :LOOLDP ( DQG 6WHSKHQ - (DG\� ����� 0HWULFDO SKRQRORJ\ LQ VSHHFK SURGXFWLRQ�
-RXUQDO RI 0HPRU\ DQG /DQJXDJH� ���������±����

&{Wp� 0DULH�+pOqQH� ����� /H VWDWXW OH[LFDO GHV FRQVRQQHV GH OLDLVRQ� /DQJDJHV�
���������±���

&{Wp� 0DULH�+pOqQH� ����� )UHQFK OLDLVRQ� 0� YDQ 2267(1'253� &� (ZHQ� (+ HW
5,&(� .�� pGLWHXUV� &RPSDQLRQ WR SKRQRORJ\� SDJHV ����±�����

&UDLJ� +ROO\ .� &RQQLH $ 7KRPSVRQ� -XOLH $ :DVKLQJWRQ� DQG 6WHSKDQLH / 3RWWHU�
����� 3KRQRORJLFDO IHDWXUHV RI FKLOG $IULFDQ $PHULFDQ (QJOLVK� -RXUQDO RI 6SHHFK�
/DQJXDJH� DQG +HDULQJ 5HVHDUFK� ���������±����

&ULVPD� 3DROD� ����� :HUH WKH\ µGURSSLQJ WKHLU DLWFKHV¶" $ TXDQWLWDWLYH VWXG\ RI K�ORVV
LQ 0LGGOH (QJOLVK� (QJOLVK /DQJXDJH DQG /LQJXLVWLFV� ���������±���

'DQJHDX� /&� ���������� (VVDLV GH JUDPPDLUH ������� 2SXVFXOHV VXU OD ODQJXH
IUDQoRLVH�

'DYLGVRQ� /LVD DQG 'DQLHO (UNHU� ����� +LDWXV UHVROXWLRQ LQ $PHULFDQ (QJOLVK� WKH
FDVH DJDLQVW JOLGH LQVHUWLRQ� /DQJXDJH� ���������±����

'DYLHV� 0DUN� ������ 7KH &RUSXV RI &RQWHPSRUDU\ $PHULFDQ (QJOLVK� ��� PLOOLRQ
ZRUGV� �����SUHVHQW�

'DYLHV� 0DUN� ����� &RUSXV RI *OREDO :HE�%DVHG (QJOLVK� ��� ELOOLRQ ZRUGV IURP
VSHDNHUV LQ �� FRXQWULHV�

'H -RQJ� 'DDQ� ����� 6RFLROLQJXLVWLF $VSHFWV RI )UHQFK /LDLVRQ� 'RFWRUDO GLVVHUWDWLRQ�
9ULMH 8QLYHUVLWHLW $PVWHUGDP�

'H -RQJ� 'DDQ� ����� /D VRFLRSKRQRORJLH GH OD OLDLVRQ RUOpDQDLVH� )UHQFK *HQHUDWLYH�

'HODWWUH� 3LHUUH� ����� /D OLDLVRQ HQ IUDQoDLV� WHQGDQFHV HW FODVVLILFDWLRQ� 7KH )UHQFK
5HYLHZ� ���������±����

'HODWWUH� 3LHUUH� ����� /HV GL[ LQWRQDWLRQV GH EDVH GX IUDQoDLV� )UHQFK UHYLHZ� SDJHV
�±���

'HOO� )UDQFRLV� ����� /HV UHJOHV SKRQRORJLTXHV WDUGLYHV HW OD PRUSKRORJLH GHULYDWLRQQHOOH
GX IUDQFDLV� 3K�'� WKHVLV� 0,7� &DPEULGJH� 0DVV�

'HOO� )UDQFRLV� ����� /HV UHJOHV HW OHV VRQV� +HUPDQQ� &ROOHFWLRQ 6DYRLU� 3DULV�

'HOO� )UDQFRLV� ����� $ SURSRV GH 6YDQWHVVRQ� -��2�� .DPPX 3KRQRORJ\ DQG
0RUSKRORJ\� &DKLHUV GH OLQJXLVWLTXH $VLH 2ULHQWDOH� ������±����

���



'ROEH\� $QGUHZ� ����� 2XWSXW RSWLPL]DWLRQ DQG F\FOLF DOORPRUSK VHOHFWLRQ� ,Q
3URFHHGLQJV RI WKH ��WK :HVW &RDVW &RQIHUHQFH RQ )RUPDO /LQJXLVWLFV� SDJHV ��±����
6WDQIRUG� &6/,�

'XUDQG� -DFTXHV DQG &KDQWDO /\FKH� ����� )UHQFK OLDLVRQ LQ WKH OLJKW RI FRUSXV GDWD�
-RXUQDO RI )UHQFK /DQJXDJH 6WXGLHV� ���������±���

(PELFN� 'DYLG� ����� /RFDOLVP YHUVXV *OREDOLVP LQ 0RUSKRORJ\ DQG 3KRQRORJ\� 0,7
3UHVV� &DPEULGJH� 0DVVDFKXVHWWV�

(PELFN� 'DYLG DQG 5ROI 1R\HU� ����� 0RYHPHQW RSHUDWLRQV DIWHU V\QWD[� /LQJXLVWLF
LQTXLU\� ���������±����

(QFUHYH� 3LHUUH� ����� /D /LDLVRQ DYHF HW VDQV (QFKDLQHPHQW� 3KRQRORJLH 7ULGLPHQ�
VLRQHOOH� 6HXLO� 3DULV�

)pU\� &DUROLQH� ����� /LDLVRQ DQG V\OODEOH VWUXFWXUH LQ )UHQFK� 8QSXEOLVKHG PDQXVFULSW�
3RWVGDP�

)RXJHURQ� &pFLOH� -HDQ�3KLOLSSH *ROGPDQ� $OLFLD 'DUW� /DXUHQFH *XpODW� DQG
&OpPHQWLQH -HDJHU� ����� ,QIOXHQFH GH IDFWHXUV VW\OLVWLTXHV� V\QWD[LTXHV HW OH[LFDX[
VXU OD UpDOLVDWLRQ GH OD OLDLVRQ HQ IUDQoDLV� $FWHV GH 7$/1� ��������±����

)RZOHU� +HQU\ :DWVRQ� ����� $ GLFWLRQDU\ RI PRGHUQ (QJOLVK XVDJH� :RUGVZRUWK
(GLWLRQV�

)R[ 7UHH� -HDQ ( DQG +HUEHUW + &ODUN� ����� 3URQRXQFLQJ ³WKH´ DV ³WKHH´ WR VLJQDO
SUREOHPV LQ VSHDNLQJ� &RJQLWLRQ� ���������±����

)URPNLQ� 9LFWRULD� ����� 7KH QRQ�DQRPDORXV QDWXUH RI DQRPDORXV XWWHUDQFHV� 6SHHFK
HUURUV DV OLQJXLVWLF HYLGHQFH� SDJHV ���±����

)XND]DZD� +DUXND� ����� $ FRUUHVSRQGHQFH WKHRUHWLF DSSURDFK WR -DSDQHVH YRFDEXODU\
VWUDWD� ,Q 3URFHHGLQJV RI 0$/& �0LG�$PHULFD /LQJXLVWLFV &RQIHUHQFH��

*DDWRQH� 'DYLG� ����D� )RUPH VRXV�MDFHQWH XQLTXH RX OLVWH G¶DOORPRUSKHV" �D SURSRV
GHV FRQVRQQHV GH OLDLVRQ HQ IUDQoDLV�� /LQJXLVWLFV� ����������±���

*DDWRQH� 'DYLG� ����E� 3KRQRORJLH DEVWUDLWH HW SKRQRORJLH FRQFUqWH� $ SURSRV GH
K�DVSLUH HQ IUDQFDLV� /LQJYLVWLFDH ,QYHVWLJDWLRQHV� ���±���

*DUHOOHN� 0DUF� ����� *ORWWDO VWRSV EHIRUH ZRUG�LQLWLDO YRZHOV LQ $PHULFDQ (QJOLVK�
GLVWULEXWLRQ DQG DFRXVWLF FKDUDFWHULVWLFV� 8&/$ :RUNLQJ 3DSHUV LQ 3KRQHWLFV� �����±
���

*DURIROR� -RKQ 6� /RUL ) /DPHO� :LOOLDP 0 )LVKHU� -RQDWKRQ * )LVFXV� 'DYLG 6 3DOOHWW�
DQG 1/ 'DKOJUHQ� ����� 7KH '$53$ 7,0,7 DFRXVWLF�SKRQHWLF FRQWLQXRXV VSHHFK
FRUSXV &'520� &'520� 1,67�

*LFN� %U\DQ� ����� 7KH $PHULFDQ LQWUXVLYH O� $PHULFDQ 6SHHFK� ���������±����

���



*LOOHVSLH� 6WXDUW� 'DYLG +RSNLQV� -DFRE 7RQVRQ� DQG -RKQ 'U\GHQ� ����� ([DPHQ
SRHWLFXP� ����� 'U\GHQ�7RQVRQ 0LVFHOODQLHV� ���������� :LWK D 1HZ ,QWURGXFWLRQ�
%LRJUDSKLFDO 'LUHFWRU\� DQG 5HDGHU¶V *XLGHV� 5RXWOHGJH�

*LPVRQ� $OIUHG &KDUOHV DQG $ODQ &UXWWHQGHQ� ����� *LPVRQ¶V SURQXQFLDWLRQ RI (QJOLVK�
2[IRUG 8QLYHUVLW\ 3UHVV�

*RGIUH\� -�� (� +ROOLPDQ� DQG -� 0F'DQLHO� ����� 6:,7&+%2$5'� 7HOHSKRQH VSHHFK
FRUSXV IRU UHVHDUFK DQG GHYHORSPHQW� ,Q 3URFHHGLQJV RI ,&$663 ��� SDJHV ���±����
6DQ )UDQFLVFR�

*ROGZDWHU� 6KDURQ DQG 0DUN -RKQVRQ� ����� /HDUQLQJ 27 FRQVWUDLQW UDQNLQJV XVLQJ D
PD[LPXP HQWURS\ PRGHO� ,Q -HQQLIHU 6SHQDGHU� $QGHUV (ULNVVRQ� DQG gVWHQ 'DKO�
HGLWRUV� 3URFHHGLQJV RI WKH :RUNVKRS RQ 9DULDWLRQ ZLWKLQ 2SWLPDOLW\ WKHRU\� 6WRFNKROP
8QLYHUVLW\� SDJHV ���±����

*RXJHKHLP� *HRUJHV� ����� 6\VWqPH JUDPPDWLFDO GH OD ODQJXH IUDQoDLVH� %LEOLRWKqTXH
GX ³)UDQoDLV PRGHUQH´�

*RXVNRYD� 0DULD DQG /XL]D 1HZOLQ�àXNRZLF]� ����� 3KRQRORJLFDO VHOHFWLRQDO
UHVWULFWLRQV DV VXEOH[LFDO SKRQRWDFWLFV� 0V� 1<8�

*UDEH� (VWKHU DQG 3DXO :DUUHQ� ����� 6WUHVV VKLIW� GR VSHDNHUV GR LW RU GR OLVWHQHUV
KHDU LW� &RQQHOO 	 $UYDQLWL ������� SDJHV ��±����

*UDPPRQW� 0DXULFH� ����� 7UDLWp SUDWLTXH GH SURQRQFLDWLRQ IUDQoDLVH� 'HODJUDYH�

*UHYLVVH� 0DXULFH� ����� /H %RQ 8VDJH� ��WK HGLWLRQ� $� *RRVVH� /RXYDLQ�OD�1HXYH�
'XFXORW�

*X]]R� 6LULD� 'DYLG %ULWDLQ� DQG 6XH )R[� ����� )URP /� WR HWKQLF GLDOHFW� KLDWXV
UHVROXWLRQ VWUDWHJLHV DFURVV WKH JHQHUDWLRQV LQ %HGIRUG ,WDOLDQ (QJOLVK� (VVH[ 5HVHDUFK
5HSRUWV LQ /LQJXLVWLFV�

+DOOH� 0RUULV DQG $OHF 0DUDQW]� ����� 'LVWULEXWHG 0RUSKRORJ\� ,Q .HQQHWK +DOH DQG
6DPXHO -D\ .H\VHU� HGLWRUV� 7KH 9LHZ IURP %XLOGLQJ ��� (VVD\V LQ +RQRU RI 6\OYDLQ
%URPEHUJHU� 0,7 3UHVV� &DPEULGJH� 0DVV�

+DOOH� 0RUULV DQG $OHF 0DUDQW]� ����� 6RPH NH\ IHDWXUHV RI 'LVWULEXWHG 0RUSKRORJ\�
,Q $QGUHZ &DUQLH DQG +HLGL +DUOH\� HGLWRUV� 0,7 :RUNLQJ 3DSHUV LQ /LQJXLVWLFV
��� 3DSHUV RQ 3KRQRORJ\ DQG 0RUSKRORJ\� 0,7 :RUNLQJ 3DSHUV LQ /LQJXLVWLFV�
&DPEULGJH� 0$� SDJHV ���±����

+DPPRQG� 0LFKDHO� ����� (XUK\WKP\ RU &ODVK LQ WKH (QJOLVK 5K\WKP 5XOH� &R\RWH
3DSHUV� :RUNLQJ 3DSHUV LQ /LQJXLVWLFV IURP $=�

+D\� -HQQLIHU DQG +DUDOG %DD\HQ� ����� 3DUVLQJ DQG SURGXFWLYLW\� (GLWRUV� *HHUW %RRLM�
SDJH ����

���



+D\HV� %UXFH� ����� 7KH SKRQRORJ\ RI UK\WKP LQ (QJOLVK� /LQJXLVWLF ,QTXLU\� �����±���

+D\HV� %UXFH� ����� 3UHFRPSLOHG SKUDVDO SKRQRORJ\� ,Q 6KDURQ ,QNHODV DQG 'UDJD =HF�
HGLWRUV� 7KH 3KRQRORJ\�6\QWD[ &RQQHFWLRQ� 8QLYHUVLW\ RI &KLFDJR 3UHVV� &KLFDJR�
SDJHV ��±����

+HVHOZRRG� %DUU\� ����� )LQDO VFKZD DQG 5�VDQGKL LQ 53 (QJOLVK� /HHGV :RUNLQJ
3DSHUV LQ /LQJXLVWLFV DQG 3KRQHWLFV� �����±���

+RRSHU� -RDQ� ����� :RUG IUHTXHQF\ LQ OH[LFDO GLIIXVLRQ DQG WKH VRXUFH RI
PRUSKRSKRQRORJLFDO FKDQJH� ,Q :� &KULVWLH� HGLWRU� &XUUHQW SURJUHVV LQ KLVWRULFDO
OLQJXLVWLFV� $PVWHUGDP� 1RUWK +ROODQG�� SDJHV ��±����

+RUQH� 0HUOH� ����� 7KH SKRQHWLFV DQG SKRQRORJ\ RI WKH UK\WKP UXOH LQ SRVW�IRFDO
SRVLWLRQ� 3+2180� ��

+VX� %ULDQ� ����� &RQVWUDLQLQJ H[FHSWLRQDOLW\ DV SURVRG\�PRUSKRORJ\ PLVPDWFK� D
VWXG\ RI )UHQFK QDVDO YRZHOV� ,Q 3URFHHGLQJV RI &/6 ��� &KLFDJR� &KLFDJR /LQJXLVWLF
6RFLHW\�

,QNHODV� 6KDURQ DQG 'UDJD =HF� ����� $X[LOLDU\ UHGXFWLRQ ZLWKRXW HPSW\ FDWHJRULHV� D
SURVRGLF DFFRXQW� :RUNLQJ 3DSHUV RI WKH &RUQHOO 3KRQHWLFV /DERUDWRU\� �����±����

,QNHODV� 6KDURQ DQG &KHU\O =ROO� ����� ,V *UDPPDU 'HSHQGHQFH 5HDO" $ &RPSDULVRQ
EHWZHHQ &RSKRQRORJLFDO DQG ,QGH[HG &RQVWUDLQW $SSURDFKHV WR 0RUSKRORJLFDOO\
&RQGLWLRQHG 3KRQRORJ\� /LQJXLVWLFV� ���������±���� &'� /,1*%3�

-XUDIVN\� 'DQLHO� $ODQ %HOO� (ULF )RVOHU�/XVVLHU� &\QWKLD *LUDQG� DQG :LOOLDP '
5D\PRQG� ����� 5HGXFWLRQ RI (QJOLVK IXQFWLRQ ZRUGV LQ VZLWFKERDUG� ,Q ,&6/3�
&LWHVHHU�

.DJHU� 5HQp� ����� 2Q DIIL[ DOORPRUSK\ DQG V\OODEOH FRXQWLQJ� ,Q 8UVXOD .OHLQKHQ]�
HGLWRU� ,QWHUIDFHV LQ SKRQRORJ\� $NDGHPLH 9HUODJ� %HUOLQ� SDJHV ���±����

.D\H� -RQDWKDQ DQG -HDQ /RZHQVWDPP� ����� 'H OD V\OODELFLWH� ,Q )� 'HOO� '� +LUVW�
DQG -��5� 9HUJQDXG� HGLWRUV� )RUPH VRQRUH GX ODQJXDJH� VWUXFWXUH GHV UHSUHVHQWDWLRQV
HQ SKRQRORJLH� +HUPDQQ� 3DULV� SDJHV ���±����

.HDWLQJ� 3DWULFLD $� 'DQL %\UG� (GZDUG )OHPPLQJ� DQG <XLFKL 7RGDND� ����� 3KRQHWLF
DQDO\VHV RI ZRUG DQG VHJPHQW YDULDWLRQ XVLQJ WKH 7,0,7 FRUSXV RI $PHULFDQ (QJOLVK�
6SHHFK &RPPXQLFDWLRQ� ���������±����

.LSDUVN\� 3DXO� ����� ¶(OVHZKHUH¶ LQ SKRQRORJ\� ,Q 6WHSKHQ 5� $QGHUVRQ DQG 3DXO
.LSDUVN\� HGLWRUV� $ )HVWVFKULIW IRU 0RUULV +DOOH� +ROW� 5LQHKDUW DQG :LQVWRQ� 1HZ
<RUN� SDJHV ��±����

.LSDUVN\� 3DXO� ����� 2SDFLW\ DQG F\FOLFLW\� /LQJXLVWLF 5HYLHZ� SDJHV ���±����

���



.OHLQ� 7KRPDV� ����� 6\OODEOH VWUXFWXUH DQG OH[LFDO PDUNHGQHVV LQ &UHROH PRU�
SKRSKRQRORJ\� 'HWHUPLQHU DOORPRUSK\ LQ +DLWLDQ DQG HOVHZKHUH� ,Q ,QJR 3ODJ� HGLWRU�
7KH 3KRQRORJ\ DQG 0RUSKRORJ\ RI &UHROH /DQJXDJHV� 7XELQJHQ� 0D[ 1LHPH\HU�
SDJHV ���±����

/DNV� %HUQDUG DQG 'HQLV /H 3HVDQW� ����� /D OLDLVRQ HQ IUDQoDLV� TXHOTXHV
FRQGLWLRQQHPHQWV PRUSKRV\QWD[LTXHV HW OH[LFDX[� ,Q &,/ ��� SDJHV ���±����

/DSRLQWH� 6WHYHQ *� DQG 3HWHU 6HOOV� ����� 6HSDUDWLQJ V\QWD[ DQG SKRQRORJ\ LQ
2SWLPDOLW\ 7KHRU\� 7KH FDVH RI VXSSOHWLYH VHJPHQW�� DOORPRUSK\�

/HH� 0LQJ�:HL DQG -XOLH *LEERQV� ����� 5K\WKPLF DOWHUQDWLRQ DQG WKH RSWLRQDO
FRPSOHPHQWLVHU LQ (QJOLVK� 1HZ HYLGHQFH RI SKRQRORJLFDO LQIOXHQFH RQ JUDPPDWLFDO
HQFRGLQJ� &RJQLWLRQ� ����������±����

/LEHUPDQ� 0DUN DQG $ODQ 3ULQFH� ����� 2Q VWUHVV DQG OLQJXLVWLF UK\WKP� /LQJXLVWLF
,QTXLU\� �����±����

àXERZLF]� $QQD� ����� 2SDTXH $OORPRUSK\ LQ 27� ,Q 3URFHHGLQJV RI WKH ��WK
:HVW &RDVW &RQIHUHQFH RQ )RUPDO /LQJXLVWLFV� SDJHV ���±���� &DVFDGLOOD 3URFHHGLQJV
3URMHFW�� 6RPHUYLOOH� 0$�

0DF:KLQQH\� %ULDQ� ����� 7KH &+,/'(6�3URMHFW� 7RROV IRU $QDO\]LQJ 7DON� (UOEDXP�
+LOOVGDOH� 1-�

0DOpFRW� $QGUp� ����� 7KH SURQXQFLDWLRQ RI QXPHUDOV LQ )UHQFK� )UHQFK 5HYLHZ� SDJHV
���±����

0DOpFRW� $QGUp� ����� )UHQFK OLDLVRQ DV D IXQFWLRQ RI JUDPPDWLFDO� SKRQHWLF DQG
SDUDOLQJXLVWLF YDULDEOHV� 3KRQHWLFD� ���������±����

0DOOHW� *pUDOGLQH�0DU\� ����� /D OLDLVRQ HQ IUDQoDLV� GHVFULSWLRQV HW DQDO\VHV GDQV OH
FRUSXV 3)&� 3K�'� WKHVLV� 8QLYHUVLWp 3DULV 2XHVW 1DQWHUUH /D 'pIHQVH�

0DUWLQHW� $QGUp� ����� /D SURQRQFLDWLRQ GX IUDQoDLV FRQWHPSRUDLQ� *HQqYH� 'UR]�

0DVFDUy� -RDQ� ����� ([WHUQDO DOORPRUSK\ DV HPHUJHQFH RI WKH XQPDUNHG� ,Q
-DFTXHV 'XUDQG DQG %HUQDUG /DNV� HGLWRUV� &XUUHQW 7UHQGV LQ 3KRQRORJ\� 0RGHOV
DQG 0HWKRGV� (XURSHDQ 6WXGLHV 5HVHDUFK ,QVWLWXWH� 8QLYHUVLW\ RI 6DOIRUG� 6DOIRUG�
0DQFKHVWHU� SDJHV ���±����

0DVFDUy� -RDQ� ����� ([WHUQDO $OORPRUSK\ DQG /H[LFDO 5HSUHVHQWDWLRQ� /LQJXLVWLF
,QTXLU\� ���������±����

0F&DUWK\� -RKQ -� ����� $ FDVH RI VXUIDFH FRQVWUDLQW YLRODWLRQ� &DQDGLDQ -RXUQDO RI
/LQJXLVWLFV� ������±����

0F&DUWK\� -RKQ -� ����� $ QRWH RQ %RVWRQ U DQG WKH (OVHZKHUH &RQGLWLRQ�

���



0F&DUWK\� -RKQ -� ����� $ 7KHPDWLF *XLGH WR 2SWLPDOLW\ 7KHRU\� &DPEULGJH 8QLYHUVLW\
3UHVV� &DPEULGJH�

0F&DUWK\� -RKQ -� DQG $ODQ 3ULQFH� ����� *HQHUDOL]HG $OLJQPHQW� ,Q *HHUW %RRLM DQG
-DDS YDQ 0DUOH� HGLWRUV� <HDUERRN RI 0RUSKRORJ\� .OXZHU� 'RUGUHFKW� SDJHV ��±����
([FHUSWV DSSHDU LQ -RKQ *ROGVPLWK� HG�� (VVHQWLDO 5HDGLQJV LQ 3KRQRORJ\� 2[IRUG�
%ODFNZHOO� 3S� ���"���� �����

0F&DUWK\� -RKQ -� DQG $ODQ 3ULQFH� ����� )DLWKIXOQHVV DQG 5HGXSOLFDWLYH ,GHQWLW\�
,Q -LOO %HFNPDQ� /DXUD :DOVK 'LFNH\� DQG 6X]DQQH 8UEDQF]\N� HGLWRUV� 8QLYHUVLW\
RI 0DVVDFKXVHWWV 2FFDVLRQDO 3DSHUV LQ /LQJXLVWLFV ��� */6$ 3XEOLFDWLRQV� $PKHUVW�
0DVV�� SDJHV ���±����

0F'RQDOG� -�/�� .� %RFN� 0�+� .HOO\� HW DO� ����� :RUG DQG ZRUOG RUGHU� 6HPDQWLF�
SKRQRORJLFDO� DQG PHWULFDO GHWHUPLQDQWV RI VHULDO SRVLWLRQ� &RJQLWLYH 3V\FKRORJ\�
������±����

0HQFNHQ� +HQU\ /� ����� 7KH $PHULFDQ /DQJXDJH� �WK HGLWLRQ�

0HVWHU� $UPLQ� ����� 7KH TXDQWLWDWLYH WURFKHH LQ /DWLQ� 1DWXUDO /DQJXDJH DQG
/LQJXLVWLF 7KHRU\� ����±���

0RLVVHW� &KULVWLQH� ����� 9DULDEOH OLDLVRQ LQ SDULVLDQ )UHQFK� 3K�'� WKHVLV� 8QLYHUVLW\
RI 3HQQV\OYDQLD�

0RULQ� <YHV�&KDUOHV� ����� 2Q WKH PRUSKRORJL]DWLRQ RI ZRUG�ILQDO FRQVRQDQW GHOHWLRQ
LQ )UHQFK� 6DQGKL SKHQRPHQD LQ WKH ODQJXDJHV RI (XURSH� �������

0RULQ� <YHV�&KDUOHV� ����� 5HPDUNV RQ SUHQRPLQDO OLDLVRQ FRQVRQDQWV LQ )UHQFK�
/LYLQJ RQ WKH (GJH� ������±����

0RULQ� <YHV &KDUOHV� ����� /D OLDLVRQ UHOqYH�W�HOOH G¶XQH WHQGDQFH j pYLWHU OHV KLDWXV"
5pIOH[LRQV VXU VRQ pYROXWLRQ KLVWRULTXH� /DQJDJHV� ��������±��

0RULQ� <YHV�&KDUOHV DQG -RQDWKDQ .D\H� ����� 7KH V\QWDFWLF EDVHV IRU )UHQFK OLDLVRQ�
-RXUQDO RI /LQJXLVWLFV� ������±����

1HVSRU� 0DULQD DQG ,UHQH 9RJHO� ����� 3URVRGLF 3KRQRORJ\� )RULV� 'RUGUHFKW�

1HYLQV� $QGUHZ� ����� 3KRQRORJLFDOO\ &RQGLWLRQHG $OORPRUSK 6HOHFWLRQ� ,Q +XPH
%� YDQ 2RVWHQGRUS %� 5LFH . (ZHQ� &�� HGLWRU� 7KH &RPSDQLRQ WR 3KRQRORJ\�
:LOH\�%ODFNZHOO� SDJHV ����±�����

1HZWRQ� &DUROLQH DQG %LOO :HOOV� ����� %HWZHHQ�ZRUG MXQFWXUHV LQ HDUO\ PXOWL�ZRUG
VSHHFK� -RXUQDO RI &KLOG /DQJXDJH� ����������±����

2UJXQ� &� 2UKDQ� ����� &RUUHVSRQGHQFH DQG LGHQWLW\ FRQVWUDLQWV LQ WZR�OHYHO
2SWLPDOLW\ 7KHRU\� ,Q -RVH &DPDFKR� /LQD &KRXHLUL� DQG 0DNL :DWDQDEH�
HGLWRUV� 7KH 3URFHHGLQJV RI WKH :HVW &RDVW &RQIHUHQFH RQ )RUPDO /LQJXLVWLFV ��� &6/,
3XEOLFDWLRQV� 6WDQIRUG� &$� SDJHV ���±����

���



3DN� 0DUMRULH� ����� 7KH SRVWV\QWDFWLF GHULYDWLRQ DQG LWV SKRQRORJLFDO UHIOH[HV� 3K�'�
WKHVLV� 8QLYHUVLW\ RI 3HQQV\OYDQLD�

3DN� 0DUMRULH� ����� $�DQ DQG WKH� DOORPRUSK\ RU SKRQRORJ\" 3UHVHQWHG DW WKH
/LQJXLVWLF 6RFLHW\ RI $PHULFD $QQXDO 0HHWLQJ� -DQXDU\ ����� DQG DW 6(&2/ ���
0DUFK �����

3DN� 0DUMRULH DQG 0LFKDHO )ULHVQHU� ����� )UHQFK SKUDVDO SKRQRORJ\ LQ D GHULYDWLRQDO
PRGHO RI 3)� ,Q 352&((',1*6�1(/6� YROXPH ��� SDJH ����

3DVWHU� 0DU\� ����� 6XEFDWHJRUL]DWLRQ YV� RXWSXW RSWLPL]DWLRQ LQ V\OODEOH�FRXQWLQJ
DOORPRUSK\� ,Q 3URFHHGLQJV RI WKH ��WK :HVW &RDVW &RQIHUHQFH RQ )RUPDO /LQJXLVWLFV�
SDJHV ���±���� &DVFDGLOOD 3URFHHGLQJV 3URMHFW�� 6RPHUYLOOH� 0DVVDFKXVHWWV�

3DVWHU� 0DU\� ����� 3KRQRORJLFDO &RQGLWLRQV RQ $IIL[DWLRQ� 3K�'� WKHVLV� 8& %HUNHOH\�

3DVWHU� 0DU\� ����� ([SODLQLQJ SKRQRORJLFDO FRQGLWLRQV RQ DIIL[DWLRQ� (YLGHQFH IURP
VXSSOHWLYH DOORPRUSK\ DQG DIIL[ RUGHULQJ� :RUG 6WUXFWXUH� �������±���

3DWHU� -RH� ����� 0RUSKHPH�VSHFLILF SKRQRORJ\� &RQVWUDLQW LQGH[DWLRQ DQG LQFRQVLV�
WHQF\ UHVROXWLRQ� ,Q 6WHYH 3DUNHU� HGLWRU� 3KRQRORJLFDO $UJXPHQWDWLRQ� (VVD\V RQ
(YLGHQFH DQG 0RWLYDWLRQ� (TXLQR[ 3XEOLVKLQJ� /RQGRQ�

3DWHU� -RH� .DUHQ -HVQH\� 5REHUW 6WDXEV� DQG %ULDQ 6PLWK� ����� /HDUQLQJ SUREDELOLWLHV
RYHU XQGHUO\LQJ UHSUHVHQWDWLRQV� ,Q 3URFHHGLQJV RI WKH 7ZHOIWK 0HHWLQJ RI WKH
6SHFLDO ,QWHUHVW *URXS RQ &RPSXWDWLRQDO 0RUSKRORJ\ DQG 3KRQRORJ\� SDJHV ��±���
$VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV�

3HUOPXWWHU� 'DYLG� ����� ,QWHUIDFHV� ([SODQDWLRQ RI DOORPRUSK\ DQG WKH DUFKLWHFWXUH RI
JUDPPDUV� ,Q 6WHYHQ *� /DSRLQWH� 'LDQH .� %UHQWDUL� DQG 3DWULFN 0� )DUUHOO� HGLWRUV�
0RUSKRORJ\ DQG LWV 5HODWLRQ WR 3KRQRORJ\ DQG 6\QWD[� &6/, 3XEOLFDWLRQV� 6WDQIRUG�
&$� SDJHV ���±����

3LHUUH� )RXFKp� ����� 7UDLWp GH SURQRQFLDWLRQ IUDQoDLVH�

3LWW� 0DUN $�� .HLWK -RKQVRQ� (OL]DEHWK +XPH� 6FRWW .LHVOLQJ� DQG :LOOLDP 5D\PRQG�
����� 7KH %XFNH\H FRUSXV RI FRQYHUVDWLRQDO VSHHFK� /DEHOLQJ FRQYHQWLRQV DQG D WHVW
RI WUDQVFULEHU UHOLDELOLW\� 6SHHFK &RPPXQLFDWLRQ� ��������±���

3ODJ� ,QJR� ����� 0RUSKRORJLFDO 3URGXFWLYLW\� 6WUXFWXUDO &RQVWUDLQWV LQ (QJOLVK
'HULYDWLRQ� 7RSLFV LQ (QJOLVK /LQJXLVWLFV� 0RXWRQ 'H *UX\WHU�

3ODJ� ,QJR� ����� :RUG�)RUPDWLRQ LQ (QJOLVK� &DPEULGJH 7H[WERRNV LQ /LQJXLVWLFV�
&DPEULGJH 8QLYHUVLW\ 3UHVV�

3OpQDW� 0DUF� ����� /D OLDLVRQ¶REOLJDWRLUH¶DYHF HW VDQV HQFKDvQHPHQW� -� 'XUDQG�
%� +DEHUW� HW %� /DNV� pGV�� $FWHV GX &RQJUqV 0RQGLDO GH /LQJXLVWLTXH )UDQoDLVH
�&0/)������� SDJHV ����±�����

���



3ULQFH� $ODQ� ����� 5HODWLQJ WR WKH JULG� /LQJXLVWLF ,QTXLU\� �����±����

3ULQFH� $ODQ� ����� (QWDLOHG UDQNLQJ DUJXPHQWV� 5XWJHUV 2SWLPDOLW\ $UFKLYH ����

3ULQFH� $ODQ DQG 3DXO 6PROHQVN\� ���������� 2SWLPDOLW\ WKHRU\� FRQVWUDLQW LQWHUDFWLRQ
LQ JHQHUDWLYH JUDPPDU� %ODFNZHOO 3XE�� 0DOGHQ� 0$�

4XLUN� 5DQGROSK� 6LGQH\ *UHHQEDXP� *HRIIUH\ /HHFK� DQG -DQ 6YDUWYLN� ����� $
JUDPPDU RI FRQWHPSRUDU\ (QJOLVK� 6HPLQDU 3UHVV� 1HZ <RUN�

5 &RUH 7HDP� ����� 5� $ /DQJXDJH DQG (QYLURQPHQW IRU 6WDWLVWLFDO &RPSXWLQJ� 5
)RXQGDWLRQ IRU 6WDWLVWLFDO &RPSXWLQJ� 9LHQQD� $XVWULD�

5DIIHOVLHIHQ� 5HQDWH� ����� 3KRQRORJLFDO FRQVWUDLQWV RQ (QJOLVK ZRUG IRUPDWLRQ� ,Q
<HDUERRN RI 0RUSKRORJ\ ����� 6SULQJHU� SDJHV ���±����

5DIIHOVLHIHQ� 5HQDWH� ����� $EVROXWH LOO�IRUPHGQHVV DQG RWKHU PRUSKRSKRQRORJLFDO
HIIHFWV� 3KRQRORJ\� ��������±����

5RWHQEHUJ� -RHO� ����� 7KH 6\QWD[ RI 3KRQRORJ\� 3K�'� WKHVLV� 0,7� &DPEULGJH� 0DVV�

5XEDFK� -HU]\ DQG *HHUW ( %RRLM� ����� $OORPRUSK\ LQ RSWLPDOLW\ WKHRU\� 3ROLVK
LRWDWLRQ� /DQJXDJH� SDJHV ��±���

5XVVHOO� .HYLQ� ����� 0RUSKHPHV DQG FDQGLGDWHV LQ 2SWLPDOLW\ 7KHRU\�

6DELQ� :LOOLDP $� ����� 7KH *UHJJ UHIHUHQFH PDQXDO� $ PDQXDO RI VW\OH� JUDPPDU�
XVDJH� DQG IRUPDWWLQJ�

6DPSVRQ� 5RGQH\� ����� /LDLVRQ� QDVDO YRZHOV DQG SURGXFWLYLW\� -RXUQDO RI )UHQFK
ODQJXDJH VWXGLHV� ����������±����

6FKDQH� 6DQIRUG� ����� )UHQFK 3KRQRORJ\ DQG 0RUSKRORJ\� 0,7 3UHVV� &DPEULGJH�
0DVV�

6FKOHQNHU� 3KLOLSSH� ����� $ SKRQRORJLFDO FRQGLWLRQ WKDW WDUJHWV GLVFRQWLQXRXV V\QWDFWLF
XQLWV� PD�PRQ VXSSOHWLRQ LQ )UHQFK�

6FKO�WHU� -XOLD� ����� 3KRQRORJLFDO GHWHUPLQDQWV RI JUDPPDWLFDO YDULDWLRQ LQ (QJOLVK�
&KRPVN\¶V ZRUVW SRVVLEOH FDVH� 5RKGHQEXUJ DQG 0RQGRUI �HGV�� SDJHV ��±����

6HONLUN� (OLVDEHWK� ����� 7KH 3KUDVH 3KRQRORJ\ RI (QJOLVK DQG )UHQFK� 3K�'� WKHVLV�
0,7� &DPEULGJH� 0DVV�

6HONLUN� (OLVDEHWK� ����� 3KRQRORJ\ DQG 6\QWD[� 7KH 5HODWLRQ EHWZHHQ 6RXQG DQG
6WUXFWXUH� 0,7 3UHVV� &DPEULGJH� 0DVV�

6KLK� 6WHSKDQLH� ����� 7RZDUGV 2SWLPDO 5K\WKP� 3K�'� WKHVLV� 6WDQIRUG 8QLYHUVLW\�

���



6KLK� 6WHSKDQLH� -DVRQ *UDIPLOOHU� 5LFKDUG )XWUHOO� DQG -RDQ %UHVQDQ� ����� 5K\WKP¶V
UROH LQ SUHGLFWLQJ JHQLWLYH DOWHUQDWLRQ FKRLFH LQ VSRNHQ (QJOLVK� ,Q 5� 9RJHO
DQG 5� YDQ GH 9LMYHU� HGLWRUV� 5K\WKP LQ &RJQLWLRQ DQG *UDPPDU� $ *HUPDQLF
3HUVSHFWLYH� 0RXWRQ�

6KRUURFNV� *UDKDP� ����� $ *UDPPDU RI WKH 'LDOHFW RI WKH %ROWRQ $UHD� 3HWHU /DQJ�

6LGGLTL� 'DQLHO� ����� 'LVWULEXWHG 0RUSKRORJ\� /DQJXDJH DQG /LQJXLVWLFV &RPSDVV�
��������±����

6LHJHO� 'RURWK\� ����� 7RSLFV LQ (QJOLVK 0RUSKRORJ\� 3K�'� WKHVLV� 0,7� &DPEULGJH�
0DVV�

6LYHUWVHQ� (� ����� &RFNQH\ SKRQRORJ\� +XPDQLWLHV 3UHVV� 1HZ <RUN�

6WDXEV� 5REHUW� ����� +* LQ 5� 6RIWZDUH DYDLODEOH DW KWWS���EORJV�XPDVV�HGX�KJU�KJ�LQ�U�

6WHQH� $DVWD DQG *� 7LOORWVRQ� ����� +LDWXV LQ (QJOLVK� 3UREOHPV RI &DWHQDWLRQ DQG
-XQFWXUH� $QJOLVWLFD 6HULHV� %5,//�

6WHULDGH� 'RQFD� ����� /H[LFDO FRQVHUYDWLVP LQ )UHQFK DGMHFWLYDO OLDLVRQ� ,Q -��0DUF
$XWKLHU� %DUEDUD %XOORFN� DQG /LVD 5HLG� HGLWRUV� )RUPDO 3HUVSHFWLYHV RQ 5RPDQFH
/LQJXLVWLFV� -RKQ %HQMDPLQV� $PVWHUGDP� SDJHV ���±����

6YHQRQLXV� 3HWHU� ����� 6SDQQLQJ� 0V� 8QLYHUVLW\ RI 7URPV¡�

7HVDU� %UXFH DQG 3DXO 6PROHQVN\� ����� /HDUQLQJ 2SWLPDOLW\�7KHRUHWLF *UDPPDUV�
/LQJXD� �������±����

7HVDU� %UXFH DQG 3DXO 6PROHQVN\� ����� /HDUQDELOLW\ LQ 2SWLPDOLW\ 7KHRU\� 0,7 3UHVV�
&DPEULGJH� 0DVV�

7KXLOLHU� -XOLHWWH� ����� &RQWUDLQWHV SUpIpUHQWLHOOHV HW RUGUH GHV PRWV HQ IUDQoDLV� 3K�'�
WKHVLV� 8QLYHUVLWp 3DULV�'LGHURW�3DULV 9,,�

7LOVHQ� 6DP� ����� 8WWHUDQFH SUHSDUDWLRQ DQG 6WUHVV &ODVK� 3ODQQLQJ SURVRGLF
DOWHUQDWLRQV� ,Q 6� )XFKV� 3� 3HUULHU� 0� :HLULFK� DQG '� 3DSH� HGLWRUV� 6SHHFK
SURGXFWLRQ DQG SHUFHSWLRQ� 3ODQQLQJ DQG G\QDPLFV� 3HWHU /DQJ 9HUODJ�

7UDQHO� %HUQDUG� ����� $ QRWH RI ILQDO FRQVRQDQW GHOHWLRQ LQ PRGHUQ )UHQFK� /LQJXD�
��������±���

7UDQHO� %HUQDUG� ����D� &RQFUHWHQHVV LQ *HQHUDWLYH 3KRQRORJ\� (YLGHQFH IURP )UHQFK�
8QLYHUVLW\ RI &DOLIRUQLD 3UHVV� %HUNHOH\�

7UDQHO� %HUQDUG� ����E� 7KH WUHDWPHQW RI )UHQFK OLDLVRQ� 'HVFULSWLYH� PHWKRGRORJLFDO�
DQG WKHRUHWLFDO LPSOLFDWLRQV� ,Q +� &RQWUHUDV DQG -� .ODXVHQEHUJHU� HGLWRUV�
3URFHHGLQJV RI WKH 7HQWK $QQLYHUVDU\ 6\PSRVLXP RQ 5RPDQFH /LQJXLVWLFV �3DSHUV
LQ 5RPDQFH� 9ROXPH �� 6XSSOHPHQW ,,�� 8QLYHUVLW\ RI :DVKLQJWRQ� 6HDWWOH� SDJHV
���±����
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7UDQHO� %HUQDUG� ����� 7KH 6RXQGV RI )UHQFK� &DPEULGJH 8QLYHUVLW\ 3UHVV� &DPEULGJH�

7UDQHO� %HUQDUG� ����� 2Q VXSSOHWLRQ DQG )UHQFK OLDLVRQ� 3UREXV� �����±����

7UDQHO� %HUQDUG� ����� &XUUHQW LVVXHV LQ )UHQFK SKRQRORJ\� OLDLVRQ DQG SRVLWLRQ
WKHRULHV� ,Q -RKQ $� *ROGVPLWK� HGLWRU� 7KH +DQGERRN RI 3KRQRORJLFDO 7KHRU\�
%ODFNZHOO� &DPEULGJH� 0DVV�� DQG 2[IRUG� 8.� SDJHV ���±����

7UDQHO� %HUQDUG� ����� ([FHSWLRQDOLW\ LQ 2SWLPDOLW\ 7KHRU\ DQG ILQDO FRQVRQDQWV LQ
)UHQFK� ,Q .DUHQ =DJRQD� HGLWRU� *UDPPDWLFDO 7KHRU\ DQG 5RPDQFH /DQJXDJHV� -RKQ
%HQMDPLQV� $PVWHUGDP� SDJHV ���±����

7UDQHO� %HUQDUG� ����E� 6XSSOHWLRQ DQG 27� 2Q WKH LVVXH RI WKH V\QWD[�SKRQRORJ\
LQWHUDFWLRQ� ,Q (� &XUWLV� -� /\OH� DQG *� :HEVWHU� HGLWRUV� 7KH 3URFHHGLQJV RI WKH :HVW
&RDVW &RQIHUHQFH RQ )RUPDO /LQJXLVWLFV ��� &6/,� 6WDQIRUG� &$� SDJHV ���±����

7UDQHO� %HUQDUG� ����� $VSHFWV GH OD SKRQRORJLH GX IUDQoDLV HW OD WKpRULH GH O¶RSWLPDOLWp�
/DQJXH IUDQoDLVH� ��������±���

7\FKRQRII� $QGUH\ 1LNROD\HYLFK DQG 9< $UVHQLQ� ����� 6ROXWLRQ RI LOO�SRVHG SUREOHPV�
:LQVWRQ 	 6RQV� :DVKLQJWRQ�

9DXGHOLQ� *LOOHV� ����� 1RXYHOOH PDQLHUH G¶HFULUH FRPPH RQ SDUOH HQ )UDQFH�

9HQQHPDQQ� 7KHR� ����� 5HVWUXFWXULQJ� /LQJXD� ������±����

:DVRZ� 7KRPDV� 5HEHFFD *UHHQH� DQG 5RJHU /HY\� ����� 2SWLRQDO WR DQG SURVRG\�
3RVWHU SUHVHQWHG DW &81< �����

:DWHUPH\HU� 6XVDQ� ����� $IULNDDQV (QJOLVK� )RFXV RQ 6RXWK $IULFD� ������

:HLGH� 5REHUW� ����� &DUQHJLH 0HOORQ 3URQRXQFLQJ 'LFWLRQDU\ >FPXGLFW����@�

:HOOV� -RKQ &� ����� $FFHQWV RI (QJOLVK� YRO��� 7KH %ULWLVK ,VOHV� &DPEULGJH 8QLYHUVLW\
3UHVV� &DPEULGJH�

:LOVRQ� &ROLQ DQG %HQMDPLQ *HRUJH� ����� 0D[HQW JUDPPDU WRRO� 6RIWZDUH SDFNDJH�
8QLYHUVLW\ RI &DOLIRUQLD� /RV $QJHOHV�

:LWKJRWW� 0DU\ 0DUJDUHW� ����� 6HJPHQWDO (YLGHQFH IRU 3KRQRORJLFDO &RQVWLWXHQWV�
3K�'� WKHVLV� 8QLYHUVLW\ RI 7H[DV� $XVWLQ�

:ROI� 0DWWKHZ� ����� 2SWLPDO LQWHUOHDYLQJ� VHULDO SKRQRORJ\�PRUSKRORJ\ LQWHUDFWLRQ
LQ D FRQVWUDLQW�EDVHG PRGHO� 'RFWRUDO 'LVVHUWDWLRQ� 8QLYHUVLW\ RI 0DVVDFKXVHWWV�
$PKHUVW� $PKHUVW� 0DVV�

:ROI� 0DWWKHZ� ����� /H[LFDO LQVHUWLRQ RFFXUV LQ WKH SKRQRORJLFDO FRPSRQHQW� ,Q
0DULD�5RVD /ORUHW (XOjOLD %RQHW DQG -RDQ 0DVFDUy $OWLPLUDV� HGLWRUV� 8QGHUVWDQGLQJ
DOORPRUSK\� SHUVSHFWLYHV LQ 2SWLPDOLW\ 7KHRU\� (TXLQR[� /RQGRQ�

���



<LS� 0RLUD� ����� ,GHQWLW\ DYRLGDQFH LQ SKRQRORJ\ DQG PRUSKRORJ\� ,Q 6WHYHQ *�
/DSRLQWH� 'LDQH .� %UHQWDUL� DQG 3DWULFN 0� )DUUHOO� HGLWRUV� 0RUSKRORJ\ DQG LWV
5HODWLRQ WR 3KRQRORJ\ DQG 6\QWD[� &6/, 3XEOLFDWLRQV� 6WDQIRUG� &$� SDJHV ���±����

=LPPHU� %HQMDPLQ� ����� 7KH VXUUHSWLRXV KLVWRU\ RI �OLFLRXV� 3RVW RQ /DQJXDJH /RJ�
KWWS���LWUH�FLV�XSHQQ�HGX� P\O�ODQJXDJHORJ�DUFKLYHV��������KWPO�

=XUDZ� .LH� ����� 3DWWHUQHG ([FHSWLRQV LQ 3KRQRORJ\� 3K�'� WKHVLV� 8&/$�

=XUDZ� .LH� ����� 3UHVFLHQW µDQ¶� 3RVW RQ 3KRQROREORJ�
KWWSV���TXRWH�XFVG�HGX�SKRQROREORJ������������SUHVFLHQW�DQ��

=ZLFN\� $UQDOG 0� ����� $X[LOLDU\ 5HGXFWLRQ LQ (QJOLVK� /LQJXLVWLF ,QTXLU\�
��������±����

=ZLFN\� $UQROG 0� ����� 7KH JHQHUDO FDVH� %DVLF IRUP YHUVXV GHIDXOW IRUP� ,Q $QQXDO
0HHWLQJ RI WKH %HUNHOH\ /LQJXLVWLFV 6RFLHW\� YROXPH ���

=ZLFN\� $UQROG 0� ����� �9OLFLRXV LQYHQWLRQ� 3RVW RQ /DQJXDJH /RJ�
KWWS���LWUH�FLV�XSHQQ�HGX� P\O�ODQJXDJHORJ�DUFKLYHV��������KWPO�

=ZLFN\� $UQROG 0� ����� /LEIL[HV� 3RVW RQ SHUVRQDO EORJ�
KWWS���DUQROG]ZLFN\�RUJ������������OLEIL[HV��
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