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$EVWUDFW� &RQVWUDLQW 3URJUDPPLQJ LV SRSXODU IRU LWV GHFODUDWLYH FKDUDFWHU WKDW

DOORZV XVHUV WR GHVFULEH YDULRXV UHDO�OLIH SUREOHPV E\ PHDQV RI FRQVWUDLQWV �

JHQHUDO UHODWLRQV DPRQJ VHYHUDO YDULDEOHV� ,Q UHDOLW\� PDQ\ FRQVWUDLQW VROYLQJ

HQJLQHV FRQFHQWUDWH RQ WRROV IRU ZRUNLQJ ZLWK QXPHULFDO DQG ORJLFDO FRQVWUDLQWV

VR JHQHUDO UHODWLRQ FRQVWUDLQWV VKRXOG EH DYRLGHG RU WKH\ PXVW EH H[SUHVVHG LQ

WKH IRUP RI QXPHULFDO DQG ORJLFDO FRQVWUDLQWV� ,Q WKH SDSHU ZH DUJXH IRU

SURSULHWDU\ LPSOHPHQWDWLRQ RI WKH JHQHUDO ELQDU\ UHODWLRQ FRQVWUDLQW� :H

GHVFULEH D UHSUHVHQWDWLRQ RI VXFK FRQVWUDLQW DQG SURSRVH VHYHUDO FRQVWUDLQW

SURSDJDWLRQ DOJRULWKPV�

�� ,QWURGXFWLRQ

,Q WKHRU\� WKH FRQVWUDLQW LV D JHQHUDO UHODWLRQ DPRQJ VHYHUDO XQNQRZQV EXW LQ UHDOLW\

PDQ\ FRQVWUDLQW EDVHG V\VWHPV FRQFHQWUDWH RQ VRPH VSHFLDO IRUPV RI FRQVWUDLQWV�

PRVWO\ RQ QXPHULFDO DQG ORJLFDO FRQVWUDLQWV� 7KLV DOORZV WKH LPSOHPHQWHUV WR XVH

GHGLFDWHG FRQVWUDLQW SURSDJDWLRQ DOJRULWKPV DQG WKXV WR LQFUHDVH WKH HIILFLHQF\ RI WKH
FRQVWUDLQW VDWLVIDFWLRQ HQJLQH� )RU H[DPSOH� LQVWHDG RI FKHFNLQJ WKH FRQVLVWHQF\ RI

QXPHULFDO FRQVWUDLQWV SDLUZLVH �YDOXH E\ YDOXH�� WKH ORZHU DQG XSSHU ERXQG RI WKH

YDULDEOHV
 GRPDLQV DUH SURSDJDWHG� 7KLV GUDPDWLFDOO\ LQFUHDVHV WKH VSHHG RI

SURSDJDWLRQ EXW� DV D WUDGH�RII� WKH GHJUHH RI SURSDJDWLRQ LV VOLJKWO\ ORZHU� L�H�� PRUH

LQFRQVLVWHQW YDOXHV UHPDLQ LQ WKH GRPDLQ� 6WLOO� GHGLFDWHG FRQVWUDLQW SURSDJDWLRQ SD\V

RII DQG LW LV XVXDOO\ UHFRPPHQGHG WR VLPSOLI\ �WDEXODU�� L�H� JHQHUDO UHODWLRQ
FRQVWUDLQWV LQWR PRUH PDWKHPDWLFDO ZD\� 8QIRUWXQDWHO\� VRPHWLPHV WKLV FRQYHUVLRQ

FDQQRW EH GRQH HIILFLHQWO\ DQG VRPH IRUP RI JHQHUDO UHODWLRQ FRQVWUDLQW LV QHFHVVDU\�

8VXDOO\� WKH HDVLHVW ZD\ WR HQWHU FRPSOH[ UHDO�OLIH FRQVWUDLQWV LV WR XVH D WDEXODU

HQWU\ IRUP� 7KH XVHU FDQ H[SUHVV DUELWUDU\ JHQHUDO UHODWLRQ WKHUH WKDW FRXOG FRPSOLFDWH

FRQYHUVLRQ RI VXFK FRQVWUDLQW LQWR �PDWKHPDWLFDO� FRQVWUDLQW� 7KH H[DPSOHV RI VXFK
WDEXODU FRQVWUDLQWV FDQ EH IRXQG LQ SODQQLQJ DQG VFKHGXOLQJ SUREOHPV ZKHUH WKH XVHU

H[SUHVVHV WUDQVLWLRQ FRQVWUDLQWV EHWZHHQ DFWLYLWLHV SURFHVVHG E\ D UHVRXUFH �VHH )LJXUH

�� RU KH�VKH VHWV GLIIHUHQW ZRUNLQJ WLPHV IRU DFWLYLWLHV >���@� 7R KDQGOH VXFK VLWXDWLRQV�


 6XSSRUWHG E\ WKH *UDQW $JHQF\ RI WKH &]HFK 5HSXEOLF XQGHU WKH FRQWUDFW QR� �������'����



WKH FRQVWUDLQW SURJUDPPLQJ V\VWHPV HLWKHU SURYLGH VRPH IRUP RI D JHQHUDO ELQDU\

UHODWLRQ FRQVWUDLQW� OLNH UHODWLRQ DQG HOHPHQW SUHGLFDWHV LQ 6,&6WXV 3URORJ� RU

WKH\ GHILQH DQ LQWHUIDFH IRU LPSOHPHQWDWLRQ RI XVHU�GHILQHG FRQVWUDLQWV� OLNH

GLVSDWFKBJOREDO DQG IGBJOREDO SUHGLFDWHV DJDLQ LQ 6,&6WXV 3URORJ >�@�

%HFDXVH WKH UHODWLRQ SUHGLFDWH LQ 6,&6WXV 3URORJ� LV QRW DEOH WR KDQGOH LQILQLWH

GRPDLQV� ZH GHFLGHG WR LPSOHPHQW D PRUH JHQHUDO ELQDU\ UHODWLRQ FRQVWUDLQW XVLQJ WKH

JOREDO FRQVWUDLQW SURJUDPPLQJ LQWHUIDFH� 6XUSULVLQJO\� WKRXJK WKH LPSOHPHQWDWLRQ LV

SUHWW\ VWUDLJKWIRUZDUG LW ZRUNV ZHOO LQ RXU SUREOHP DUHD � PL[HG SODQQLQJ DQG

VFKHGXOLQJ � DQG LW RXWSHUIRUPV HYHQ WKH EXLOW�LQ UHODWLRQ FRQVWUDLQW�

)LJ� �� 7DEXODU LQSXW RI WKH WUDQVLWLRQ FRQVWUDLQW LQ WKH 9LV2SW 6\VWHP

,Q WKH SDSHU ZH GHVFULEH WKH LPSOHPHQWDWLRQ RI D JHQHUDO UHODWLRQ FRQVWUDLQW LQ GHWDLO�
)LUVW ZH GHILQH WKH UHSUHVHQWDWLRQ RI WKH JHQHUDO ELQDU\ UHODWLRQ FRQVWUDLQW� 7KHQ ZH

GHVFULEH VHYHUDO FRQVWUDLQW SURSDJDWLRQ DOJRULWKPV WKDW GLIIHU LQ WKH UDWLR EHWZHHQ

FRPSOH[LW\ RI SURSDJDWLRQ DQG PHPRU\ FRQVXPSWLRQ� 7KH SDSHU LV FRQFOXGHG ZLWK

VRPH ILQDO UHPDUNV DQG ZLWK WKH RYHUYLHZ RI SRVVLEOH ZD\V KRZ WR IXUWKHU LPSURYH

WKH LPSOHPHQWDWLRQ�

�� ,QWHUQDO�5HSUHVHQWDWLRQ

7KH JHQHUDO UHODWLRQ FRQVWUDLQW PXVW EH DEOH WR FDSWXUH DUELWUDU\ ELQDU\ UHODWLRQ VR WKH

RQO\ ZD\� KRZ WR UHSUHVHQW VXFK FRQVWUDLQW LV XVLQJ H[WHQVLRQDO UHSUHVHQWDWLRQ� L�H� DQ
HQXPHUDWLRQ RI FRPSDWLEOH RU LQFRPSDWLEOH SDLUV RI YDOXHV� ,I VRPH NQRZOHGJH DERXW

WKH VWUXFWXUH RI UHODWLRQ LV DYDLODEOH WKHQ LW LV SRVVLEOH WR LQFOXGH VRPH LQWHQWLRQDO

HOHPHQWV LQWR WKH UHSUHVHQWDWLRQ� ZKLFK GHFUHDVHV WKH PHPRU\ FRQVXPSWLRQ DQG

LQFUHDVHV WKH VSHHG RI SURSDJDWLRQ WKURXJK WKH FRQVWUDLQW�

��� ([WHQVLRQDO %DVLV

$Q H[WHQVLRQDO UHSUHVHQWDWLRQ RI D ELQDU\ UHODWLRQ FRQVLVWV RI HQXPHUDWLRQ RI
FRPSDWLEOH RU LQFRPSDWLEOH SDLUV RI YDOXHV �LQ WKH IROORZLQJ WH[W ZH H[SHFW

� :H DUH ZRUNLQJ ZLWK 6,&6WXV 3URORJ ����� WKDW LV QRW WKH ODWHVW UHOHDVH RI WKH V\VWHP�



HQXPHUDWLRQ RI FRPSDWLEOH SDLUV RQO\��� 1DWXUDOO\� LI WKH GRPDLQV RI UHODWHG YDULDEOHV

DUH LQILQLWH WKHQ� LQ JHQHUDO� VXFK HQXPHUDWLRQ LV LQILQLWH DV ZHOO� ,Q &63� WKH LQILQLWH

GRPDLQV DUH XVHG WR H[SUHVV XQERXQG YDULDEOH DQG XVXDOO\� DIWHU VRPH SURSDJDWLRQ�

WKH GRPDLQV EHFRPH ILQLWH VR ODEHOOLQJ FDQ EH SHUIRUPHG� 6WLOO� LW LV SUHIHUUHG WR DOORZ
H[SUHVVLQJ LQILQLWH GRPDLQV GXULQJ PRGHOOLQJ�

1DWXUDOO\� ZH FDQQRW H[SUHVV H[WHQVLRQDOO\ WKH ELQDU\ FRQVWUDLQW ZKHUH GRPDLQV RI

ERWK LQYROYHG YDULDEOHV DUH LQILQLWH EXW LI WKH SURMHFWLRQ RI WKH FRQVWUDLQW WR RQH RI WKH

YDULDEOHV LV ILQLWH WKHQ ZH FDQ GR LW �LI RQH PRUH FRQGLWLRQ KROGV � VHH EHORZ�� ,Q WKH

IROORZLQJ ZH H[SHFW WKDW WKH SURMHFWLRQ RI WKH FRQVWUDLQW WR VRPH YDULDEOH ; LV ILQLWH�

WKHUHIRUH ZH PD\ H[SHFW WKH GRPDLQ RI ; WR EH ILQLWH� 0RUHRYHU� IRU HDFK YDOXH

D∈GRP�;� ZH H[SHFW WKDW WKH SURMHFWLRQ RI WKH FRQVWUDLQW UHVWULFWHG WR ; D WR WKH
YDULDEOH <� WKH VHFRQG YDULDEOH LQ WKH FRQVWUDLQW� JLYHV D ILQLWH QXPEHU RI FRQWLQXRXV
VHWV� 7KLV QHHGV PRUH H[SODQDWLRQ� 7KH GRPDLQ RI YDULDEOH LV H[SHFWHG WR EH D WRWDOO\

RUGHUHG VHW� VR LW FDQ EH UHSUHVHQWHG DV D XQLRQ RI GLVMXQFWLYH FRQWLQXRXV VXEVHWV�

ZKHUH HDFK FRQWLQXRXV VXEVHW LV UHSUHVHQWHG DV DQ LQWHUYDO PLQ��PD[ �PLQ DQG PD[ DUH

PLQLPXP DQG PD[LPXP HOHPHQWV LQ WKH VXEVHW�� )RU H[DPSOH� WKH GRPDLQ RI DQ

XQERXQGHG YDULDEOH LV VLPSO\ UHSUHVHQWHG DV DQ LQWHUYDO LQI��VXS� 7KLV PHFKDQLVP
DOORZV XV WR H[SUHVV PDQ\ LQILQLWH GRPDLQV H[WHQVLRQDOO\ �EXW QRW DOO RI WKHP� H�J�

HYHQ QXPEHUV FDQQRW EH UHSUHVHQWHG H[WHQVLRQDOO\��

7R VXPPDULVH WKH DERYH GLVFXVVLRQ� LI WKH IROORZLQJ WZR FRQGLWLRQV KROG�

�� WKH SURMHFWLRQ RI WKH FRQVWUDLQW WR RQH RI WKH FRQVWUDLQHG YDULDEOHV LV ILQLWH�

OHWV FDOO WKLV YDULDEOH ;� DQG

�� IRU HDFK D∈GRP�;� WKH SURMHFWLRQ RI WKH FRQVWUDLQW UHVWULFWHG WR ; D WR WKH
RWKHU YDULDEOH �OHWV FDOO LW <� FRQVLVWV RI D ILQLWH QXPEHU RI FRQWLQXRXV VHWV

WKHQ ZH FDQ UHSUHVHQW WKH ELQDU\ FRQVWUDLQW H[WHQVLRQDOO\�

:H SURSRVH WR UHSUHVHQW D ELQDU\ FRQVWUDLQW �LWV GRPDLQ� DV D OLVW RI SDLUV D�'<�D��

ZKHUH D∈GRP�;� DQG '<�D� LV D QRQHPSW\ OLVW RI GLVMXQFWLYH LQWHUYDOV UHSUHVHQWLQJ
WKH SURMHFWLRQ RI WKH FRQVWUDLQW UHVWULFWHG WR ; D WR WKH GRPDLQ RI <� 7KH OLVW LV VRUWHG

XVLQJ WKH YDOXH D LQ HDFK SDLU �ZH H[SHFW WKH GRPDLQV WR EH WRWDOO\ RUGHUHG�� WKH OLVWV

'<�D� DUH VRUWHG DV ZHOO LQ DQ REYLRXV ZD\� 1RWLFH WKDW LI DERYH WZR FRQGLWLRQV KROG

WKHQ WKH OLVW UHSUHVHQWLQJ WKH FRQVWUDLQW LV ILQLWH �EHFDXVH RI WKH FRQGLWLRQ �� DQG IRU

HYHU\ D∈GRP�;� '<�D� LV ILQLWH DV ZHOO �EHFDXVH RI WKH FRQGLWLRQ ���

)LJ� �� 3URMHFWLRQ RI WKH FRQVWUDLQW GRPDLQ

� )RU VRPH FRQVWUDLQWV� OLNH D GLVHTXDOLW\ FRQVWUDLQW� LW LV PRUH HIILFLHQW WR FDSWXUH LQFRPSDWLEOH

SDLUV� 7KHQ� WKH SUHVHQWHG SURSDJDWLRQ DOJRULWKPV PXVW EH DGDSWHG WR ZRUN ZLWK WKH

UHSUHVHQWDWLRQ XVLQJ LQFRPSDWLEOH SDLUV�

;

<

D
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WR ;

3URMHFWLRQ WR <
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7DEOH �� &RQYHUVLRQ RI WKH WDEXODU IRUP RI WKH UHODWLRQ LQWR WKH LQWHUQDO UHSUHVHQWDWLRQ

7DEXODU FRQVWUDLQW

; <

� ������ ������

� � 1RW FRPSDWLEOH

� LQI��VXS 1R UHVWULFWLRQ RQ <

� ������

,V UHSUHVHQWHG DV WKH OLVW >��>������������@� ��>LQI��VXS@� ��>������@@�

1RWH WKDW WKH FRQGLWLRQV QHFHVVDU\ IRU H[WHQVLRQDO UHSUHVHQWDWLRQ RI WKH FRQVWUDLQW DUH
QRW WRR UHVWULFWLYH� ,Q SUDFWLFH� WKH XVHU HQWHUV D JHQHUDO UHODWLRQ LQ WKH IRUP RI D ILQLWH

WDEOH� &RQVHTXHQWO\� HLWKHU WKH GRPDLQV RI ERWK UHODWHG YDULDEOHV DUH ILQLWH �OLNH LQ

FRQVWUDLQWV GHILQLQJ WUDQVLWLRQV EHWZHHQ DFWLYLWLHV GXULQJ VFKHGXOLQJ� RU RQH GRPDLQ LV

ILQLWH DQG WKH RWKHU GRPDLQ �DIWHU SURMHFWLRQ RI WKH FRQVWUDLQW� FRQVLVWV RI D ILQLWH

QXPEHU RI LQWHUYDOV�

7KH SURSRVHG UHSUHVHQWDWLRQ LV DOPRVW WKH VDPH DV WKH UHSUHVHQWDWLRQ LQ 6,&6WXV
3URORJ� EXW ZH DOORZ XVLQJ DQ LQILQLWH GRPDLQ RI WKH VHFRQG YDULDEOH�

��� ,QWHQWLRQDO (OHPHQWV

,I WKHUH FDQ EH LGHQWLILHG VRPH VWUXFWXUH RI WKH FRQVWUDLQW GRPDLQ WKHQ LW LV SRVVLEOH WR

LQFOXGH VRPH LQWHQWLRQDO LQIRUPDWLRQ WKDW PDNH WKH UHSUHVHQWDWLRQ PRUH FRPSDFW DQG�

WKXV� HDVLHU WR KDQGOH� :H KDYH QRWLFHG WKDW LQ PDQ\ FDVHV WKH FRQVWUDLQWV HQWHUHG E\

XVHUV KDYH WKH VWUXFWXUH WKDW FDQ EH FROODSVHG WR D UHFWDQJOH �IRU H[DPSOH WLPH
ZLQGRZV FRXOG EH WKH VDPH IRU DOO WKH DFWLYLWLHV�� %\ DQ UHFWDQJXODU VWUXFWXUH ZH PHDQ

WKDW WKHUH H[LVWV D VXEVHW RI WKH GRPDLQ RI ; DQG D VXEVHW RI WKH GRPDLQ RI < VXFK WKDW

DOO WKH SDLUV IURP WKH &DUWHVLDQ SURGXFW RI WKHVH VXEVHWV DUH FRPSDWLEOH �VDWLVI\ WKH

FRQVWUDLQW� DQG DOO WKH RWKHU SDLUV DUH LQFRPSDWLEOH�

)LJ� �� 5HFWDQJXODU VWUXFWXUH RI WKH UHODWLRQ

,I ZH XVH WKH DERYH SURSRVHG H[WHQVLRQDO UHSUHVHQWDWLRQ WKHQ DOO WKH '<�[� LQ WKH
UHSUHVHQWDWLRQ DUH HTXDO� 1DWXUDOO\� ZH PD\ XVH D PRUH FRPSDFW UHSUHVHQWDWLRQ WKDW

FRQVLVWV RI WKH SURMHFWLRQV RI WKH FRQVWUDLQW WR ERWK LQYROYHG YDULDEOHV� 7KHQ WKH

FRQVWUDLQW LV UHSUHVHQWHG DV D VLQJOH SDLU ';�'<� ZKHUH '; DQG '< DUH WKH

SURMHFWLRQ RI WKH FRQVWUDLQW WR WKH YDULDEOH ; DQG < UHVSHFWLYHO\�

;

< 5HFWDQJXODU
FRQVWUDLQW GRPDLQ



7DEOH �� ([DPSOH RI WDEXODU FRQVWUDLQW ZLWK WKH UHFWDQJXODU VWUXFWXUH�

7DEXODU FRQVWUDLQW

; <

� � 1RW FRPSDWLEOH

� ������ ������

� ������ ������

� � 1RW FRPSDWLEOH

� ������ ������

LV UHSUHVHQWHG DV WKH SDLU >������@�> ������ ������@ �1RWH� DQ LQWHUYDO

FRQWDLQLQJ VLQJOH YDOXH LV UHSUHVHQWHG DV WKLV YDOXH��

7KRXJK WKLV LQWHQWLRQDO H[WHQVLRQ RI WKH H[WHQVLRQDO UHSUHVHQWDWLRQ VHHPV WULYLDO� LW

FDQ KDYH D ODUJH LPSDFW RQ WKH HIILFLHQF\� 0DNLQJ WKLV FRQVWUDLQW FRQVLVWHQW LV D RQH

VWHS SURFHVV DV GHVFULEHG LQ WKH IROORZLQJ SDUDJUDSK�

�� 7KH�3URSDJDWLRQ�$OJRULWKP

'HFLGLQJ DERXW WKH UHSUHVHQWDWLRQ RI WKH FRQVWUDLQW JRHV KDQG LQ KDQG ZLWK WKH GHVLJQ

RI D SURSDJDWLRQ DOJRULWKP� 7KH SURSDJDWLRQ WKURXJK WKH FRQVWUDLQW HQVXUHV WKDW WKH

FXUUHQW GRPDLQV RI ; DQG < VWLOO FRQWDLQ YDOXHV WKDW DUH FRPSDWLEOH EXW GRHV QRW

FRQWDLQ DQ\ LQFRPSDWLEOH YDOXHV� 7KH SURSDJDWLRQ DOJRULWKP FDQ EH �ORFDOO\� FRPSOHWH
� WKH GRPDLQV FRQWDLQ RQO\ FRPSDWLEOH YDOXHV DIWHU LWV DSSOLFDWLRQ� L�H� IRU HYHU\

[∈GRP�;� WKHUH LV D FRPSDWLEOH YDOXH \∈GRP�<� DQG YLFH YHUVD �IRU ELQDU\
FRQVWUDLQWV� � RU WKH DOJRULWKP FDQ EH LQFRPSOHWH � LW LV QRW JXDUDQWHHG WKDW DOO WKH

LQFRPSDWLEOH YDOXHV ZHUH UHPRYHG� ,W PD\ VHHP FXULRXV WR XVH LQFRPSOHWH

SURSDJDWLRQ EXW LQ PDQ\ FDVHV WKH LQFRPSOHWH SURSDJDWLRQ LV PXFK IDVWHU WKDQ WKH

FRPSOHWH RQH ZKLOH VWLOO UHPRYLQJ VLPLODU TXDQWLW\ RI LQFRPSDWLEOH YDOXHV� ,QFRPSOHWH

SURSDJDWLRQ LV XVHIXO LI WKH VWUXFWXUH RI WKH FRQVWUDLQW LV NQRZQ DQG� WKXV WKH
FRQVWUDLQW LV UHSUHVHQWHG LQWHQWLRQDOO\� H�J� WKH LQWHUYDO SURSDJDWLRQ RI QXPHULFDO

FRQVWUDLQWV� +RZHYHU� LQ FDVH RI H[WHQVLRQDO UHSUHVHQWDWLRQ WKDW ZH XVH IRU WKH JHQHUDO

UHODWLRQ FRQVWUDLQW� WKH FRPSOH[LW\ RI FRPSOHWH SURSDJDWLRQ LV DOPRVW WKH VDPH DV WKH

FRPSOH[LW\ RI LQFRPSOHWH �H�J�� LQWHUYDO� SURSDJDWLRQ �LQ ERWK FDVHV WKH ZKROH

FRQVWUDLQW GRPDLQ VKRXOG EH H[SORUHG� VR ZH GHFLGHG WR LPSOHPHQW WKH FRPSOHWH

SURSDJDWLRQ�
,Q JHQHUDO� WKH FRQVWUDLQW SURSDJDWLRQ LV FDOOHG HDFK WLPH D GRPDLQ RI DQ\ LQYROYHG

YDULDEOH LV FKDQJHG� 7KH RQO\ H[FHSWLRQ LV VR FDOOHG QRGH FRQVLVWHQF\� L�H� WKH

SURSDJDWLRQ WKURXJK DQ XQDU\ FRQVWUDLQW� ,Q VXFK D FDVH� WKH SURSDJDWLRQ LV GRQH RQO\

RQFH EHFDXVH DOO WKH YDOXHV WKDW UHPDLQ LQ WKH GRPDLQ DIWHU WKH SURSDJDWLRQ VDWLVI\ WKH

FRQVWUDLQW� :H FDQ DSSO\ WKH VDPH DSSURDFK WR VROYH �UHFWDQJXODU� UHODWLRQV WKDW DUH



UHSUHVHQWHG DV D SDLU RI FRPSDWLEOH GRPDLQV ';�'<� 7KHQ WKH FRQVWUDLQW LV GLVMRLQHG

LQWR WZR XQDU\ FRQVWUDLQWV� �; LQ '<� DQG �< LQ '<�� DQG LW LV VDWLVILHG �IRUHYHU��

0RUH FRPSOLFDWHG VLWXDWLRQ RFFXUV ZKHQ WKH FRQVWUDLQW KDV QRW D UHFWDQJXODU

VWUXFWXUH WKDW LV D PRUH FRPPRQ FDVH� 7KHQ ZH PXVW JR WKURXJK WKH FRQVWUDLQW GRPDLQ
DQG UHPRYH LQFRPSDWLEOH YDOXHV HDFK WLPH WKH SURSDJDWLRQ LV FDOOHG�� 7KH IROORZLQJ

DOJRULWKP SHUIRUPV WKH FRQVWUDLQW SURSDJDWLRQ WKURXJK JHQHUDO ELQDU\ FRQVWUDLQW�

� JHQHUDOBUHODWLRQBSURSDJDWLRQ��&RQVWUDLQW�;�<�

� 1HZ'RPDLQ2I; �� HPSW\BGRPDLQ

� 1HZ'RPDLQ2I< �� HPSW\BGRPDLQ

� &RQVWUDLQW'RPDLQ �� GRPDLQ�&RQVWUDLQW�

� ZKLOH QRQBHPSW\�&RQVWUDLQW'RPDLQ� GR

� �[�'<� �� VHOHFWBDQGBGHOHWH�&RQVWUDLQW'RPDLQ�

� LI [∈GRPDLQ�;� WKHQ

� &RPSDWLEOH< �� LQWHUVHFWLRQ2I�GRPDLQ�<��'<�

� LI QRQBHPSW\ �&RPSDWLEOH<� WKHQ

�� 1HZ'RPDLQ2I; �� XQLRQ�1HZ'RPDLQ2I;� ^[`�

�� 1HZ'RPDLQ2I< �� XQLRQ�1HZ'RPDLQ2I<� &RPSDWLEOH<�

�� HQG LI

�� HQG LI

�� HQG ZKLOH

�� ; LQ 1HZ'RPDLQ2I;

�� < LQ 1HZ'RPDLQ2I< >VHH IRRWQRWH �@

�� HQG >LI 1HZ'RPDLQ2I; RU 1HZ'RPDLQ2I< LV VLQJOHWRQ WKHQ WKH

FRQVWUDLQW LV HQWDLOHG DQG QR PRUH SURSDJDWLRQ LV QHFHVVDU\� LI

DQ\ GRPDLQ LV HPSW\ WKHQ WKH FRQVWUDLQW IDLOV@

$OJRULWKP �� &RQVWUDLQW SURSDJDWLRQ WKURXJK WKH JHQHUDO UHODWLRQ FRQVWUDLQW

7KH SURSDJDWLRQ DOJRULWKP H[SORLWV WKH DV\PPHWULF UHSUHVHQWDWLRQ RI WKH FRQVWUDLQW WR

LPSURYH WKH HIILFLHQF\ � LW LV IDVWHU WR WHVW PHPEHUVKLS RI WKH HOHPHQW LQ WKH GRPDLQ

�OLQH �� DKHDG RI FRPSXWLQJ WKH LQWHUVHFWLRQ RI WKH GRPDLQV �OLQH �� WKHQ WR GR LW LQ WKH

RSSRVLWH RUGHU� 0RUHRYHU� EHFDXVH WKH GRPDLQ RI WKH FRQVWUDLQW LV RUGHUHG ZH PD\

VWRS H[SORULQJ LW DV VRRQ DV ZH NQRZ WKDW WKH UHPDLQLQJ FRQVWUDLQW GRPDLQ FRQVLVWV RI
WKH SDLUV [�'<�[� VXFK WKDW [!PD[�GRPDLQ�;�� RQO\� 7KHVH SDLUV GR QRW FRQWULEXWH WR

FRQVLVWHQF\ FKHFN� 7KH SURSRVHG LPSURYHPHQW� WKH DOJRULWKP � HQKDQFHG� GLIIHUV

IURP WKH DOJRULWKP � DW OLQH � WKDW LV UHSODFHG E\ WKH FRGH�

� :H XVH WKH QRWDWLRQ RI 6,&6WXV 3URORJ ZKHUH �; LQ ';� PHDQV WKH YDULDEOH ; KDV WKH

GRPDLQ ';� ,I DQ\ GRPDLQ KDV DOUHDG\ EHHQ DVVLJQHG WR ; WKHQ DQ LQWHUVHFWLRQ ZLWK WKH

GRPDLQ '; LV XVHG DV D QHZ GRPDLQ RI ;�
� 8VXDOO\� SURSDJDWLRQ WKURXJK WKH FRQVWUDLQW LV FDOOHG ZKHQ WKH GRPDLQ RI DQ\ LQYROYHG

YDULDEOH LV FKDQJHG� 6RPHWLPHV� WKH SURSDJDWLRQ LV HYRNHG RQO\ ZKHQ PLQLPXP RU PD[LPXP

RI WKH GRPDLQ LV FKDQJHG �XVHIXO ZKHQ LQWHUYDO SURSDJDWLRQ LV XVHG��



�� ZKLOH PLQ^[_�[�'<�∈&RQVWUDLQW'RPDLQ` ≤ PD[�GRPDLQ�;�� GR

1DWXUDOO\� WR H[SORLW IXOO\ WKLV LPSURYHPHQW ZH UHFRPPHQG VHOHFWLQJ DQG GHOHWLQJ WKH

HOHPHQWV IURP WKH FRQVWUDLQW GRPDLQ LQ WKH RUGHU GHILQHG IRU WKH UHSUHVHQWDWLRQ

�VPDOOHU [ ILUVW�� 7KLV LV QDWXUDO� LI WKH GRPDLQ LV UHSUHVHQWHG DV DQ RUGHUHG OLVW�

��� 0HPRU\ &RQVXPSWLRQ YV� 6SHHG RI &RQVWUDLQW 3URSDJDWLRQ

'XULQJ HDFK FDOO WR WKH SURSDJDWLRQ SURFHGXUH� �DOPRVW� WKH ZKROH FRQVWUDLQW GRPDLQ

LV H[SORUHG� ,W VHHPV PRUH HIILFLHQW WKDW LI WKH GRPDLQ RI YDULDEOHV LV FKDQJHG WKHQ ZH

DOVR FKDQJH WKH GRPDLQ RI WKH FRQVWUDLQW E\ UHPRYLQJ WKH HOHPHQWV LQFRPSDWLEOH ZLWK

FXUUHQW GRPDLQV RI WKH YDULDEOHV� 7KHQ� ZH ZLOO UHPHPEHU RQO\ WKH SDUW RI WKH

FRQVWUDLQW GRPDLQ WKDW LV UHOHYDQW WR FXUUHQW GRPDLQV RI WKH YDULDEOHV DQG WKHUHIRUH
H[SORULQJ WKLV GRPDLQ LV IDVWHU GXULQJ SURSDJDWLRQ� 7KH FRQVWUDLQW GRPDLQ LV UHOHYDQW

WR WKH GRPDLQV RI YDULDEOHV LI IRU HDFK �[�'<� LQ WKH FRQVWUDLQW GRPDLQ WKH IRUPXOD

�[∈GRP�;� 	 '<⊆GRP�<�� KROGV� 7KH IROORZLQJ SURSDJDWLRQ DOJRULWKP PDLQWDLQV
WKH FRQVWUDLQW GRPDLQ UHOHYDQW WR WKH GRPDLQV RI WKH YDULDEOHV�

�� JHQHUDOBUHODWLRQBSURSDJDWLRQ��&RQVWUDLQW�;�<�

�� 1HZ'RPDLQ2I; �� HPSW\BGRPDLQ

�� 1HZ'RPDLQ2I< �� HPSW\BGRPDLQ

�� 1HZ&RQVWUDLQW �� HPSW\BGRPDLQ

�� &RQVWUDLQW'RPDLQ �� GRPDLQ�&RQVWUDLQW�

�� ZKLOH PLQ^[_�[�'<�∈&RQVWUDLQW'RPDLQ` ≤ PD[�GRPDLQ�;�� GR

�� �[�'<� �� VHOHFWBDQGBGHOHWH�&RQVWUDLQW'RPDLQ�

�� LI [∈GRPDLQ�;� WKHQ

�� &RPSDWLEOH< �� LQWHUVHFWLRQ2I�GRPDLQ�<��'<�

�� LI QRQBHPSW\ �&RPSDWLEOH<� WKHQ

�� 1HZ'RPDLQ2I; �� XQLRQ�1HZ'RPDLQ2I;� ^[`�

�� 1HZ'RPDLQ2I< �� XQLRQ�1HZ'RPDLQ2I<� &RPSDWLEOH<�

�� 1HZ&RQVWUDLQW �� �[�&RPSDWLEOH<� � 1HZ&RQVWUDLQW

�� HQG LI

�� HQG LI

�� HQG ZKLOH

�� ; LQ 1HZ'RPDLQ2I;

�� < LQ 1HZ'RPDLQ2I<

�� &RQVWUDLQW �� UHYHUW�1HZ&RQVWUDLQW�

�� HQG

$OJRULWKP �� &RQVWUDLQW SURSDJDWLRQ WKDW FKDQJHV WKH FRQVWUDLQW GRPDLQ

7KHUH LV RQH SUREOHP ZLWK XSGDWLQJ WKH GRPDLQV RI YDULDEOHV DQG FRQVWUDLQWV GXULQJ

FRQVWUDLQW SURSDJDWLRQ� $OO WKH FKDQJHV VKRXOG EH EDFNWUDFNDEOH EHFDXVH WKH



FRQVWUDLQW SURSDJDWLRQ FDQ EH HYRNHG GXULQJ WKH ODEHOOLQJ VWDJH ZKHUH DOWHUQDWLYH

YDOXHV DUH WULHG WR ILQG WKH VROXWLRQ DQG EDFNWUDFNLQJ LV XVHG ZKHQ D IDLOXUH RFFXUV� ,I

FRS\LQJ RI GRPDLQV LV XVHG �DQG WKLV LV WKH FDVH RI LPSOHPHQWDWLRQ RI )' VROYHUV LQ

PRVW 3URORJ V\VWHPV� WKHQ ZH QHHG D ORW RI PHPRU\ WR UHPHPEHU FKDQJHV RI WKH
FRQVWUDLQW GRPDLQ� 7KLV LV QHFHVVDU\ EHFDXVH ERWK WKH OLVW UHSUHVHQWLQJ WKH FRQVWUDLQW

GRPDLQ DQG WKH GRPDLQV '< DUH FKDQJHG �VHH )LJXUH ���

)LJ� �� &RQVWUDLQW GRPDLQ EHIRUH �WRS� DQG DIWHU �GRZQ� WKH FRQVWUDLQW SURSDJDWLRQ XVLQJ

DOJRULWKP �� 7KH OLVW LV UHSUHVHQWHG DV D RQH�ZD\ SRLQWHU VWUXFWXUH�

,W VHHPV WKDW HVSHFLDOO\ WKH FKDQJHV RI GRPDLQV '< DUH PHPRU\ FRQVXPLQJ VR ZH
SURSRVH WKH IROORZLQJ FRPSURPLVH� UHPHPEHU RQO\ WKH FKDQJHV RI WKH GRPDLQ RI WKH

YDULDEOH ; DQG OHDYH WKH GRPDLQ '< XQDOWHUHG� 7KLV VWUDWHJ\ FDQ EH LPSOHPHQWHG E\

VXEVWLWXWLQJ WKH OLQH �� LQ WKH DOJRULWKP � E\ WKH IROORZLQJ FRGH �DOJRULWKP �

HQKDQFHG��

�� 1HZ&RQVWUDLQW �� �[�'<� � 1HZ&RQVWUDLQW

7KH UHVXOWLQJ FDUGLQDOLW\ RI WKH FRQVWUDLQW GRPDLQ PHDVXUHG DV WKH OHQJWK RI WKH

UHSUHVHQWDWLRQ LV HTXDO WR WKH VL]H RI WKH GRPDLQ ; DIWHU SURSDJDWLRQ� %HFDXVH WKH

HOHPHQWV RI WKH UHSUHVHQWDWLRQ GR QRW FKDQJH GXULQJ WKH SURSDJDWLRQ� ZH FDQ XVH D OLVW

RI SRLQWHUV WR SDLUV �[�'<� LQVWHDG RI FRS\LQJ WKH FRPSOHWH UHSUHVHQWDWLRQ� 7KLV LV WKH
ZD\ RI KDQGOLQJ OLVWV LQ 3URORJ V\VWHPV VR LQ RXU LPSOHPHQWDWLRQ WKLV EHKDYLRXU LV

LQKHULWHG IURP 3URORJ�

)LJ� �� &RQVWUDLQW GRPDLQ EHIRUH �WRS� DQG DIWHU �GRZQ� WKH FRQVWUDLQW SURSDJDWLRQ XVLQJ

DOJRULWKP � HQKDQFHG� %RWK UHSUHVHQWDWLRQV VKDUH WKH VDPH HOHPHQWV�

8QIRUWXQDWHO\� ZKHQ WKLV LPSOHPHQWDWLRQ RI WKH JHQHUDO UHODWLRQ FRQVWUDLQW ZDV XVHG

LQ D UHDO�OLIH VFKHGXOLQJ SUREOHP >���@ ZH QRWLFHG WKDW WKH PHPRU\ FRQVXPSWLRQ LV

;��'<� ;��'<� ;��'<� ;��'<� ;��'<�
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VWLOO WRR ELJ VR ODUJH�VFDOH SUREOHPV FDQQRW EH VROYHG FRPSOHWHO\� 7KHUHIRUH ZH

GHFLGHG WR PLQLPLVH WKH FKDQJHV WR WKH FRQVWUDLQW GRPDLQ GXULQJ HDFK SURSDJDWLRQ

VWHS� ,Q IDFW� ZH SURSRVH QRW WR FKDQJH WKH FRQVWUDLQW GRPDLQ DW DOO EXW WR PRYH RQO\

WKH SRLQWHU LQGLFDWLQJ WKH ILUVW HOHPHQW RI WKH FRQVWUDLQW GRPDLQ� 7KXV LI WKH PLQLPXP
YDOXH RI WKH GRPDLQ RI WKH YDOXH ; LV FKDQJHG WKHQ WKH SRLQWHU LQGLFDWLQJ WKH

EHJLQQLQJ RI WKH UHVSHFWLYH FRQVWUDLQW GRPDLQ LV FKDQJHG DFFRUGLQJO\�

�� JHQHUDOBUHODWLRQBSURSDJDWLRQ��&RQVWUDLQW�;�<�

�� 1HZ'RPDLQ2I; �� HPSW\BGRPDLQ

�� 1HZ'RPDLQ2I< �� HPSW\BGRPDLQ

�� 1HZ&RQVWUDLQW �� QLO

�� &RQVWUDLQW'RPDLQ �� GRPDLQ�&RQVWUDLQW�

�� ZKLOH PLQ^[_�[�'<�∈&RQVWUDLQW'RPDLQ` ≤ PD[�GRPDLQ�;�� GR

�� �[�'<� �� VHOHFWBDQGBGHOHWH�&RQVWUDLQW'RPDLQ�

�� LI [∈GRPDLQ�;� WKHQ

�� &RPSDWLEOH< �� LQWHUVHFWLRQ2I�GRPDLQ�<��'<�

�� LI QRQBHPSW\ �&RPSDWLEOH<� WKHQ

�� 1HZ'RPDLQ2I; �� XQLRQ�1HZ'RPDLQ2I;� ^[`�

�� 1HZ'RPDLQ2I< �� XQLRQ�1HZ'RPDLQ2I<� &RPSDWLEOH<�

�� LI 1HZ&RQVWUDLQW  QLO WKHQ

�� 1HZ&RQVWUDLQW �� &RQVWUDLQW'RPDLQ

�� HQG LI

�� HQG LI

�� HQG LI

�� HQG ZKLOH

�� ; LQ 1HZ'RPDLQ2I;

�� < LQ 1HZ'RPDLQ2I<

�� &RQVWUDLQW �� 1HZ&RQVWUDLQW

�� HQG

$OJRULWKP �� &RQVWUDLQW SURSDJDWLRQ ZLWK VKDOORZ PHPRU\

7KH DOJRULWKP � GRHV QRW FKDQJH WKH GRPDLQ RI WKH RULJLQDO FRQVWUDLQW LW MXVW PRYHV

WKH SRLQWHU LQGLFDWLQJ WKH EHJLQQLQJ RI WKH FXUUHQW FRQVWUDLQW GRPDLQ DV )LJXUH �

VKRZV� 7KLV LV XVHIXO LI WKHUH DUH D ORW RI FRQVWUDLQWV VKDULQJ WKH VDPH GRPDLQ� H�J�� WKH

FRQVWUDLQW GHVFULELQJ SHUPLVVLEOH WUDQVLWLRQV LV DSSOLHG WR HDFK SDLU RI FRQVHFXWLYH

DFWLYLWLHV �WKHQ HDFK FRQVWUDLQW KDV LWV RZQ SRLQWHU WR FRPPRQ GDWD VWUXFWXUH��

1DWXUDOO\� WKLV LV PXFK PRUH PHPRU\ HIILFLHQW WKDQ XVLQJ DOJRULWKP � WKDW JHQHUDWHV D
QHZ FRQVWUDLQW GRPDLQ ZKHQ WKHUH LV DQ\ FKDQJH GXULQJ SURSDJDWLRQ��

� 7KH EHKDYLRXU RI WKH DOJRULWKP � FRUUHVSRQGV WR WKH HOHPHQW FRQVWUDLQW LQ 6,&6WXV 3URORJ

WKDW DOVR VDYHV DOO WKH FKDQJHV RI '< GRPDLQV� 0RUHRYHU WKH HOHPHQW FRQVWUDLQW UHTXLUHV

WKH SURMHFWLRQ RI WKH FRQVWUDLQW GRPDLQ WR YDULDEOH ; WR EH DQ LQWHUYDO VWDUWLQJ IURP ��



)LJ� �� &RQVWUDLQW GRPDLQ EHIRUH �OHIW SRLQWHU� DQG DIWHU �ULJKW SRLQWHU� WKH FRQVWUDLQW

SURSDJDWLRQ XVLQJ DOJRULWKP �� 2QO\ WKH SRLQWHU LV FKDQJHG DV WKH DUURZ LQGLFDWHV�

7KH WUDGH�RII RI WKH DOJRULWKP � LV FKHFNLQJ VRPH SDLUV RI YDOXHV UHSHDWHGO\ HYHQ LI LW

LV NQRZQ WKDW WKH\ DUH LQFRPSDWLEOH� 7DEOH � FRPSDUHV PHPRU\ FRQVXPSWLRQ DQG

FRPSOH[LW\ RI DOO SURSRVHG DOJRULWKPV �XSSHU HVWLPDWHV�� %\ PHPRU\ FRQVXPSWLRQ ZH

PHDQ PHPRU\ UHTXLUHPHQWV RI VLQJOH SURSDJDWLRQ VWHS DGGLWLRQDO WR WKH UHSUHVHQWDWLRQ

RI WKH RULJLQDO FRQVWUDLQW GRPDLQ �WKXV� WKH DOJRULWKP � FRQVXPHV QR DGGLWLRQDO

PHPRU\ ZKLOH WKH DOJRULWKP � GXSOLFDWHV WKH FRQVWUDLQW GRPDLQ�� :H PHDVXUH WKH
DOJRULWKP FRPSOH[LW\ XVLQJ WKH QXPEHU RI YDOXH SDLUV H[SORUHG LQ VLQJOH SURSDJDWLRQ

VWHS�

7DEOH �� &RPSDULVRQ RI PHPRU\ FRQVXPSWLRQ DQG FRPSOH[LW\ RI SURSRVHG DOJRULWKPV�

$OJRULWKP 0HPRU\ FRQVXPSWLRQ
&RPSOH[LW\ RI VLQJOH SURSDJDWLRQ VWHS

� �
2�_RULJLQDOBGRPDLQ�;�_
_RULJLQDOBGRPDLQ�<�_�

� HQKDQFHG �
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�� &RQFOXVLRQV

,Q WKH SDSHU ZH GHVFULEH DQ LPSOHPHQWDWLRQ RI JHQHUDO ELQDU\ UHODWLRQ FRQVWUDLQW DQG

ZH GLVFXVV WKH WUDGH�RII EHWZHHQ PHPRU\ FRQVXPSWLRQ DQG VSHHG RI FRQVWUDLQW

SURSDJDWLRQ VWHSV� 7KH SURSRVHG DOJRULWKPV ZHUH LPSOHPHQWHG LQ 6,&6WXV 3URORJ

����� DQG XVHG LQ WKH VFKHGXOLQJ HQJLQH IRU FRPSOH[ SURFHVV HQYLURQPHQWV� :H GLG

QRW SHUIRUPHG H[WHQVLYH FRPSDULVRQ ZLWK EXLOG�LQ UHODWLRQ SUHGLFDWH \HW SDUWO\

EHFDXVH LQ WKH SURMHFW ZH XVH UHODWLRQ FRQVWUDLQWV ZLWK LQILQLWH GRPDLQV WKDW DUH QRW

VXSSRUWHG E\ WKH EXLOG�LQ UHODWLRQ SUHGLFDWH LQ 6,&6WXV 3URORJ� +RZHYHU� WKH ILUVW

H[SHULPHQWV VKRZ VLJQLILFDQW LQFUHDVH RI VSHHG FDXVHG E\ SUHVHQFH RI �UHFWDQJXODU�

FRQVWUDLQWV WKDW DUH KDQGOHG LQWHQWLRQDOO\�

2XU H[SHULPHQWV ZLWK WKH UHODWLRQ FRQVWUDLQW DQG WKH NQRZQ ZLVGRP RI XVLQJ
PDWKHPDWLFDO FRQVWUDLQWV LQVWHDG RI WDEXODU RQHV FRQILUP WKDW WKH LQWHQWLRQDO

;��'<� ;��'<� ;��'<� ;��'<� ;��'<�
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UHSUHVHQWDWLRQ RI WKH FRQVWUDLQW GRPDLQ LQFUHDVHV GUDPDWLFDOO\ WKH VSHHG RI FRQVWUDLQW

SURSDJDWLRQ EHFDXVH ZH GR QRW QHHG WR FKHFN DOO WKH YDOXH SDLUV �LQ WKH ELQDU\

FRQVWUDLQWV�� 7KHUHIRUH RXU QH[W UHVHDUFK LV GLUHFWHG WR LGHQWLI\LQJ RWKHU VSHFLDO

VWUXFWXUHV LQ WKH FRQVWUDLQW GRPDLQ WKDW FRXOG EH HQFRGHG LQWHQWLRQDOO\ WR LQFUHDVH WKH
VSHHG RI FRQVWUDLQW SURSDJDWLRQ DQG GHFUHDVH PHPRU\ FRQVXPSWLRQ�

,Q WKH SDSHU ZH FRQFHQWUDWH RQ WKH SURSDJDWLRQ DOJRULWKPV IRU ELQDU\ FRQVWUDLQWV VR

WKH RSHQ TXHVWLRQ LV ZKHWKHU WKHVH DOJRULWKPV FDQ EH PRGLILHG WR ZRUN ZLWK 1�DU\

FRQVWUDLQWV IRU 1!�� ,Q UHDO�OLIH DSSOLFDWLRQV ZH FDQ LGHQWLI\ WHUQDU\ FRQVWUDLQWV� H�J��

WR FDSWXUH WUDQVLWLRQ WLPH EHWZHHQ WZR DFWLYLWLHV� WKDW FDQ VWLOO EH LQSXWWHG LQ WKH

WDEXODU IRUP �VHH )LJXUH ��� :H PRGHO WKLV FRQVWUDLQW XVLQJ ELQDU\ FRQVWUDLQW EXW ZH
EHOLHYH WKDW SURSULHWDU\ LPSOHPHQWDWLRQ RI WHUQDU\ UHODWLRQ FRQVWUDLQW FRXOG EH PRUH

HIILFLHQW�

$FNQRZOHGJHPHQWV

$XWKRU¶V ZRUN LV VXSSRUWHG E\ WKH *UDQW $JHQF\ RI WKH &]HFK 5HSXEOLF XQGHU WKH

FRQWUDFW QXPEHU �������'��� DQG E\ ,Q6RO /WG� , ZRXOG OLNH WR WKDQN )UDQoRLV

/DEXUWKH DQG UHIHUHHV RI WKH SDSHU IRU XVHIXO UHPDUNV�

5HIHUHQFHV

>�@%DUWiN� 5� '\QDPLF &RQVWUDLQW 0RGHOV IRU 3ODQQLQJ DQG 6FKHGXOLQJ 3UREOHPV� ,Q 1HZ

7UHQGV LQ &RQVWUDLQWV �3DSHUV IURP WKH -RLQW (5&,0�&RPSXORJ1HW :RUNVKRS� &\SUXV�

2FWREHU ������ ������ /1$, ����� 6SULQJHU 9HUODJ� �����

>�@%DUWiN� 5� 9LV2SW ± WKH 6ROYHU EHKLQG WKH 8VHU ,QWHUDFWLRQ� :KLWH 3DSHU� ,Q6RO /WG�� ,VUDHO�

�����

>�@&DUOVVRQ 0�� 2WWRVVRQ *�� &DUOVRQ %� $Q 2SHQ�(QGHG )LQLWH 'RPDLQ &RQVWUDLQW 6ROYHU� ,Q

3URF� 3URJUDPPLQJ /DQJXDJHV� ,PSOHPHQWDWLRQV� /RJLFV� DQG 3URJUDPV� �����

>�@6WHUOLQJ /�� 6KDSLUR (� 7KH $UW RI 3URORJ� 7KH 0,7 3UHVV� &DPEULGJH� 0DVVDFKXVHWWV� �����

>�@7VDQJ (� )RXQGDWLRQV RI &RQVWUDLQW 6DWLVIDFWLRQ� $FDGHPLF 3UHVV� /RQGRQ� �����


