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DQG

*UDGXDWH 6FKRRO RI 3XEOLF 3ROLF\ 8&%

$EVWUDFW

,Q D ORVV\ HOHFWULF SRZHU JULG FRPSOH[ LQWHUDFWLRQV H[LVW DPRQJ WKH GHFLVLRQV RI SRZHU SUR�

GXFHUV� SRZHU FRQVXPHUV� DQG WKH RSHUDWRU RI WKH WUDQVPLVVLRQ JULG� 0XVW FRRUGLQDWLRQ EH

FDUULHG RXW FHQWUDOO\� RU FDQ VRPH IRUP RI GHFHQWUDOL]DWLRQ DFKLHYH DQ HTXDOO\ JRRG UHVXOW"

,Q SDUWLFXODU� FDQ SULFH�TXDQWLW\ GLDORJXHV EHWZHHQ SURGXFHUV DQG FRQVXPHUV RQ WKH RQH

KDQG DQG SRZHU JULG PDQDJHUV RQ WKH RWKHU SURYLGH VX�FLHQW GLVVHPLQDWLRQ RI LQIRUPDWLRQ

WR DFKLHYH DQ HFRQRPLFDOO\ H�FLHQW RXWFRPH" :H H[DPLQH WKLV TXHVWLRQ LQ WKH FRQWH[W RI

D VLPSOH '& ORVV\ V\VWHP ZLWK UDWKHU VLPSO\ FKDUDFWHUL]HG SURGXFHUV DQG FRQVXPHUV� $Q

H�HFWLYH LWHUDWLYH SULFH�TXDQWLW\ DGMXVWPHQW SURFHVV LV SURSRVHG DQG GHPRQVWUDWHG LQ D

VLPXODWLRQ PRGHO� 'HFLVLRQ LQWHUDFWLRQV �L�H�� H[WHUQDOLWLHV� DUH FDUHIXOO\ VSHFL�HG DQG LQ�

WHUQDOL]HG LQ WKH HFRQRPLVW
V WUDGLWLRQDO ZD\ E\ LPSRVLWLRQ RI WUDQVPLVVLRQ WROOV� (PSKDVLV

LV SODFHG RQ WKH XVH RI SULFHV WR GULYH_ QRW PHUHO\ WR UH�HFW_ VRFLDOO\ JRRG GHFLVLRQV�
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8QLYHUVLW\ RI &DOLIRUQLD (QHUJ\ ,QVWLWXWH

$QDO\VLV��� FDQ PDNH JHVWXUHV ZKLFK FDUU\ VRPH
SURPLVH RI V\VWHP� >+HUH@ , VKDOO PDNH VXFK D
JHVWXUH DQG KRSH WKDW WKH LQWLPDWLRQ RI D GLVWDQW
WKHRU\ ZLOO FRPSHQVDWH IRU WKH VNHWFKLQHVV RI P\
DFFRXQW�

_ 5RJHU 6FUXWRQ

�� ,1752'8&7,21

$ UHDGLQJ RI WKH FXUUHQW GLVFXVVLRQ RQ FKDQJHV LQ WKH RUJDQL]DWLRQ RI WKH HOHFWULFLW\ LQGXV�

WU\ VXJJHVWV WKDW PRVW RI WKH SDUWLFLSDQWV YLHZ UHVWUXFWXULQJ DV LQVHSDUDEOH IURP LQFUHDVHG

GHFHQWUDOL]DWLRQ RI GHFLVLRQ PDNLQJ� ,QGHHG� LI E\ UHVWUXFWXULQJ RQH PHDQV EUHDNLQJ XS

WKH LQGXVWU\ LQWR FRRUGLQDWHG VPDOOHU IXQFWLRQLQJ SDUWV� DUH QRW UHVWUXFWXULQJ DQG GHFHQ�

WUDOL]DWLRQ WKH VDPH WKLQJ" 1RW TXLWH� , ZDQW WR DUJXH� (YHQ JLYHQ WKH H[WHQW RI EUHDN�

XS� GHFHQWUDOL]DWLRQ LV D PDWWHU RI GHJUHH� 7KH ORFXV RI GHFLVLRQ�PDNLQJ FDQ UHPDLQ TXLWH

FHQWUDO_ LI ZHOO LQIRUPHG_ DQG WKH ZLGHO\ GLVSHUVHG SOD\HUV PHUHO\ RUGHU�IROORZHUV �DOEHLW

SHUKDSV IRU WKHLU RZQ JRRG�� &RQYHUVHO\� WKH LQGLYLGXDO SOD\HUV_ OHVV ZLGHO\ LQIRUPHG_

FDQ UHWDLQ GHFLVLRQ SRZHU DQG FRRUGLQDWH WKHLU GLVSHUVHG DFWLRQV E\ PHDQV RI LWHUDWHG FRP�

PXQLFDWLRQV� ,Q WKLV SDSHU , H[DPLQH WKH ZRUNDELOLW\ RI WKLV ODVW RSWLRQ LQ WKH FRQWH[W RI

D SURSRVHG GHFHQWUDOL]HG FRRUGLQDWLRQ PHFKDQLVP IRU D ORVV\ SRZHU JULG UHVSRQGLQJ WR

UHTXHVWV IRU WUDQVPLVVLRQ RI ELODWHUDOO\ FRQWUDFWHG DPRXQWV RI SRZHU�

0XFK DUJXPHQW FHQWHUV RQ WKH GHJUHH RI GHFHQWUDOL]DWLRQ WKDW UHPDLQV FRPSDWLEOH ZLWK WKH

P\ULDG FRPSOH[LWLHV RI HOHFWULF JHQHUDWLRQ V\VWHPV DQG WUDQVPLVVLRQ QHWZRUNV� 0XFK DUJX�

PHQW DOVR UHODWHV WR WKH UHODWLYH PDUNHW SRZHU D�RUGHG WR SOD\HUV E\ RQH RU DQRWKHU VFKHPH

RI GHFHQWUDOL]DWLRQ� %XW VXFK TXHVWLRQV FDQQRW EH DGGUHVVHG XQWLO DOWHUQDWLYH PHFKDQLVPV

� $Q HDUOLHU YHUVLRQ RI WKLV SDSHU ZDV SUHVHQWHG DW WKH 8QLYHUVLW\ RI &DOLIRUQLD (QHUJ\ ,QVWLWXWH
V )LUVW

$QQXDO 5HVHDUFK &RQIHUHQFH RQ (OHFWULFLW\ ,QGXVWU\ 5HVWUXFWXULQJ LQ 0DUFK �����
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RI FRRUGLQDWLRQ DUH VSHFL�HG LQ FORVHU GHWDLO WKDQ LV FRPPRQ LQ FXUUHQW GLVFXVVLRQ� ,Q WKLV

SDSHU ZH VKDOO VWXG\ FRRUGLQDWLQJ PHFKDQLVPV IRU HOHFWULFDO SRZHU V\VWHPV LQ WHUPV RI ZKDW

KDYH FRPH WR EH FDOOHG DGMXVWPHQW SURFHVVHV� 7R DYRLG PLVXQGHUVWDQGLQJ� D SUHIDWRU\ ZRUG

RQ WKH VW\OH RI DQDO\VLV WR EH HPSOR\HG PD\ EH KHOSIXO� 7KH EHKDYLRU RI WKHRUHWLFDO FRQ�

FHSWV LV LQYHVWLJDWHG LQ WKH FRQWH[W RI QXPHULFDO H[DPSOHV FRPSOLFDWHG RQO\ WR WKH H[WHQW

UHTXLUHG WR FDWFK VRPH RI WKRVH IHDWXUHV WKRXJKW WR EH PRVW LPSRUWDQW LQ UHDO�OLIH V\VWHPV�

7KH UHVXOWLQJ VLPSOH H[DPSOHV DUH� LQGHHG� VLPSOH� H[DPSOHV� QRW SRUWUDLWV� %HKDYLRU RI

SURSRVHG DGMXVWPHQW SURFHVVHV LV LQYHVWLJDWHG E\ PHDQV RI FRPSXWHU VLPXODWLRQ ERWK RI

�UDWLRQDO� SOD\HU EHKDYLRU DQG RI V\VWHP FRPSXWDWLRQ� 7KH TXHVWLRQ_ 'RHV D SURSRVHG

SURFHVV ?ZRUN� RU QRW"_ LV DGGUHVVHG E\ D 0$7/$% SURJUDP IRU WKH VLPXODWLRQ� 7KH

SURJUDP VXEVWLWXWHV� LPSHUIHFWO\� IRU PDWKHPDWLFDO SURRI� %XW MXVW DV WKH H[DPSOHV DUH QRW

WR EH UHTDUGHG DV V\VWHP SRUWUDLWV� QHLWKHU VKRXOG WKH XQGHUO\LQJ GHVLJQ RI WKH 0$7/$%

URXWLQH_ XVHIXO DV LW LV IRU VPDOO H[DPSOHV_ EH VHHQ DV WKH EDVLV IRU FRPSXWLQJ LQ D UHDO

V\VWHP� (�HFWLYH LPSOHPHQWDWLRQ ZRXOG LQYROYH ELJ SUREOHPV RI QXPHULFDO DQDO\VLV DQG

V\VWHP SURJUDPPLQJ�

6HFWLRQ � GHVFULEHV WKH QRWLRQ RI DQ DGMXVWPHQW SURFHVV� 6HFWLRQ � VHWV WKH VWDJH IRU WKH

DQDO\VHV RI ORVV\ SRZHU JULGV� 6HFWLRQ � RXWOLQHV WKH IRUPDO RSWLPXP DJDLQVW ZKLFK DQ\

GHFHQWUDOL]HG V\VWHP LV PHDVXUHG� 6HFWLRQ � GH�QHV WKH OLQN�LPSDFW PDWUL[ ZKLFK SOD\V D

FHQWUDO UROH �LI WKDW PDNHV VHQVH� LQ RXU GHFHQWUDOL]HG V\VWHP� 7KH DGMXVWPHQW SURFHVV RI

WKDW V\VWHP LV GHVFULEHG LQ 6HFWLRQ �� DQG LWV EHKDYLRU LQ VHYHUDO H[DPSOHV LQ 6HFWLRQ ��
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9HU\ JHQHUDOO\� DQ DGMXVWPHQW SURFHVV VSHFL�HV WKH SDWWHUQ RI FRPPXQLFDWLRQV DPRQJ WKH

SOD\HUV RI D V\VWHP ZKRVH DFWLRQV DUH WR EH FRRUGLQDWHG� ,Q D GLVFUHWH SURFHVV ZH LPDJLQH

WKH HQYLURQPHQW WR ZKLFK WKH V\VWHP PXVW UHVSRQG FKDQJHV SHULRGLFDOO\_ IRU FRQFUHWHQHVV

�QRW WR EH WDNHQ VHULRXVO\��� VD\� RQFH DQ KRXU RQ WKH KRXU� $IWHU HDFK VXFK FKDQJH� WKH

SOD\HUV EHJLQ D VHTXHQFH RI PHVVDJH H[FKDQJHV LQ DFFRUG ZLWK WKH SDWWHUQ VSHFL�HG E\

WKH SURFHVV_ RQH VHW RI H[FKDQJHV SHU PLQXWH� VD\� 7KH FRQWHQW RI D SOD\HU
V PHVVDJH
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GHSHQGV XSRQ KLV RZQ VSHFLDO NQRZOHGJH DERXW KLV SDUW RI WKH QHZ HQYLURQPHQW� DQG XSRQ

ZKDW KH KDV OHDUQHG IURP WKH PHVVDJHV KH KDV UHFHLYHG IURP RWKHU SOD\HUV� 7KH H[FKDQJHV

FRQWLQXH XQWLO VRPH WHUPLQDWLRQ FULWHULRQ �VSHFL�HG E\ WKH DGMXVWPHQW SURFHVV� LV VDWLV�HG�

$FWLRQV WKDW DUH GHWHUPLQHG E\ WKH WHUPLQDO PHVVDJHV DUH �QDOO\ LPSOHPHQWHG� 7R EH HYHQ

PLQLPDOO\ XVHIXO WKHVH �QDO DFWLRQV PXVW EH DSSURSULDWH IRU WKH FKDQJHG HQYLURQPHQW DQG�

RI FRXUVH� WKH SURFHVV PXVW FRPH WR DQ HQG UDWKHU HDUO\ LQ WKH ���PLQXWH GXUDWLRQ RI WKLV

HQYLURQPHQW�

7KLV JHQHUDO DGMXVWPHQW�SURFHVV PRGHO LV D ZLOG LGHDOL]DWLRQ RI ZKDW KDSSHQV LQ UHDO RUJD�

QL]DWLRQV� EXW LW GRHV SURYLGH D IUDPHZRUN IRU GLVFXVVLQJ D QXPEHU RI LPSRUWDQW DVSHFWV RI

RUJDQL]DWLRQDO FRRUGLQDWLRQ� 7KH SURFHVV GHVFULEHG LV D ?ORVH�ZKLOH�\RX�FKRRVH� SURFHVV�

ODVW KRXU
V DFWLRQV VWD\ LQ H�HFW ZKLOH WKH RUJDQL]DWLRQ ?FRPSXWHV� WKH QHZO\ DSSURSULDWH

DFWLRQV� ,Q WKH HFRQRPLF OLWHUDWXUH VXFK D SURFHVV KDV EHHQ FDOOHG WADWRQQHPHQW� WKH EOLQG

PDQ WDSSLQJ KLV FDQH EHIRUH WDNLQJ D VWHS� $ GL�HUHQW VW\OH RI SURFHVV_ DQ ?HDUQ�ZKLOH�

\RX�OHDUQ� SURFHVV_ ZRXOG IROORZ HDFK PHVVDJH H[FKDQJH ZLWK QHZ DFWLRQV_ LPSHUIHFW�

EXW EHWWHU WKDQ QRWKLQJ�

$ SURFHVV PD\ EH MXGJHG E\ D QXPEHU RI FULWHULD LQ DGGLWLRQ WR WKH DIRUHPHQWLRQHG TXDOLWLHV

RI VSHHG DQG QHDU RSWLPDOLW\ RI WKH �QDO DFWLRQV� +RZ PXFK FRPSXWDWLRQDO FDSDFLW\ DQG

OHDUQLQJ LV UHTXLUHG IRU D SOD\HU WR FRQVWUXFW KLV QH[W PHVVDJH" :KDW GHPDQGV DUH PDGH

E\ WKH SURFHVV RQ FRPPXQLFDWLRQ FKDQQHOV" 7R ZKDW H[WHQW LV WKH SULYDF\ RI ORFDOO\ KHOG

NQRZOHGJH FRPSURPLVHG" &DQ WKH V\VWHP EH H[SORLWHG E\ SOD\HUV IRU SULYDWH JDLQ" +RZ

GL�FXOW LV LW WR DXGLW SOD\HU EHKDYLRU"

2QH YHU\ VSHFLDO DGMXVWPHQW SURFHVV LV ZRUWK QRWLQJ DW WKH RXWVHW� ,Q WKH �UVW ?PLQXWH�

HYHU\ SOD\HU EXW 1XPEHU 2QH VXEPLWV WKH WRWDOLW\ RI KLV UHOHYDQW LQIRUPDWLRQ WR 1XPEHU

2QH ZKR QRZ FRPSXWHV WKH �QDO DUUD\ RI DFWLRQV� 'RQH� 7KLV RQH�VWHS SURFHVV LV WKH

H[WUHPH RI FHQWUDOL]DWLRQ� %XW QRWLFH WKDW XQOHVV WKH VWHSV DUH PDGH ORQJHU� WKH GHPDQGV

RQ FRPSXWDWLRQ DW WKH FHQWHU DUH PDJQL�HG JUHDWO\� QR DGYDQWDJH LV WDNHQ RI WKH SRVVLEOH

HFRQRPLHV RI SDUDOOHO FRPSXWDWLRQ� &RPPXQLFDWLRQ UHTXLUHPHQWV DUH VLPLODUO\ FKDQJHG�

ELJ PHVVDJHV LQVWHDG RI UHSHDWHG VPDOO RQHV� 3ULYDF\ LV FRPSOHWHO\ JRQH� EXW DXGLWLQJ LV
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SUREDEO\ HDVLHU�

$QRWKHU IHDWXUH RI WKLV FHQWUDOL]HG SURFHVV UHODWHV WR LWV HDVH RI GHVLJQ� :H NQRZ PRUH

DERXW RQH�SURFHVVRU DOJRULWKPV WKDQ ZH GR DERXW SDUDOOHO�SURFHVVRU DOJRULWKPV� )RU PDQ\

SUREOHPV ZH VLPSO\ GR QRW \HW NQRZ KRZ WR UHDFK D QHDU�RSWLPDO VROXWLRQ LQ D VLJQL�FDQWO\

GHFHQWUDOL]HG IDVKLRQ� ,W FDQ EH DUJXHG WKDW VRPH ZULWHUV LQ WKH HOHFWULFLW\ DUHD KDYH WULHG

WR KDYH LW ERWK ZD\V� 0DQ\ KDYH SURSRVHG WKDW SURSHUO\ FRQVWUXFWHG QRGDO SULFHV ZLOO

HQDEOH FRRUGLQDWHG GHFHQWUDOL]HG SRZHU�GLVSDWFK GHFLVLRQV �D YLHZ ZH HQGRUVH�� %XW ZKHUH

GR WKHVH SULFHV FRPH IURP" ,Q H[DPSOHV LQWHQGHG WR GHPRQVWUDWH WKH SURSRVLWLRQ� WKH

GHVLUHG QRGDO SULFHV DUH FRPPRQO\ VKRZQ WR EH GHULYHG IURP WKH VKDGRZ SULFHV DULVLQJ LQ D

FRPSOHWHO\ FHQWUDOL]HG RSWLPL]DWLRQ� ,I WKH UHVSRQVHV RI SOD\HUV WR WKHVH SULFHV DUH LGHQWLFDO

WR WKH DFWLRQV FHQWUDOO\ FRPSXWHG� WKLV RQO\ FRQ�UPV WKDW WKH LQIRUPDWLRQ RQ ZKLFK WKH

SULFHV ZHUH EDVHG LV FRUUHFW� 7R FDOO VXFK D SURFHVV GHFHQWUDOL]HG LV D FKDUDGH� �

3HUKDSV WKH VLPSOHVW H[DPSOH RI D WUXO\ GHFHQWUDOL]HG SURFHVV LV WKH IDPLOLDU FREZHE PHFK�

DQLVP LQ ZKLFK D GHPDQGHU DQG D VXSSOLHU RI D FRPPRGLW\ H[FKDQJH SULFH DQG TXDQWLW\

PHVVDJHV LQ DQ H�RUW WR �QG WKDW SULFH�TXDQWLW\ SDLU ZKHUH GHPDQG HTXDOV VXSSO\� 1X�

PHURXV YDULDWLRQV VXJJHVW WKHPVHOYHV� ,Q RQH� WKH VXSSOLHU FRPPXQLFDWHV WR WKH GHPDQGHU

D SULFH DW ZKLFK KH ZLOO VHOO� 7KH GHPDQGHU UHVSRQGV ZLWK D TXDQWLW\ KH ZLOO EX\ DW WKDW

SULFH� 7KH VXSSOLHU FRPHV EDFN ZLWK WKH SULFH KH ZRXOG DVN IRU WKDW TXDQWLW\� (WF�� HWF��

XQWLO WKH UHVSRQVHV DUH QHDUO\ VWDEOH RU XQWLO SDWLHQFH LV H[KDXVWHG� 6RPHWLPHV WKLV SURFHVV

ZRUNV �L�H�� FRQYHUJHV�� VRPHWLPHV LW GRHVQ
W ZRUN �L�H�� H[SORGHV�� )RU VLWXDWLRQV ZKHUH LW

GRHV QRW ZRUN VDWLVIDFWRULO\� LW FDQ VRPHWLPHV EH DOWHUHG WR ZRUN E\ ?WXQLQJ�� WKH GHPDQ�

GHU PD\ UHVSRQG ZLWK D TXDQWLW\ WKDW LV RQO\� VD\� KDOI WKH GLVWDQFH IURP WKH ROG GHPDQG

WR WKH WUXH GHPDQG DW WKH QHZ SULFH� 2U WKH SURFHVV FRXOG EH DOWHUHG WR D UHYHUVDO RI UROHV�

WKH GHPDQGHU DQQRXQFHV D SULFH DQG WKH VXSSOLHU UHVSRQGV ZLWK D TXDQWLW\� ZKHUH WKH RQH

�
,Q D PDUYHORXV VKRUW SDUDJUDSK 6FKZHSSH HW DO ������ UHFRJQL]H WKLV TXDQGDU\� DWWHPSW WR GLVDUP WKH

FULWLF D ELW� DQG GURS WKH VXEMHFW OLNH D KRW SRWDWR� ?,Q WKH GHUHJXODWHG ZRUOG���WKH JHQHUDWRUV DUH QRW

FHQWUDOO\ GLVSDWFKHG� ,QVWHDG WKH 0DUNHW &RRUGLQDWRU ��� VHQGV HDFK JHQHUDWRU D VSRW SULFH DQG HDFK

JHQHUDWRU VHOI�GLVSDWFKHV LWVHOI E\ JHQHUDWLQJ LI WKH VSRW SULFHV SDLG IRU HOHFWULF HQHUJ\ H[FHHGV WKH SODQW
V

PDUJLQDO RSHUDWLQJ FRVWV� $ SHUFHSWLYH UHDGHU PLJKW VD\� C6XFK JHQHUDWRU VHOI�GLVSDWFK DQG FHQWUDO XWLOLW\

GLVSDWFK DUH WKHRUHWLFDOO\ HTXLYDOHQW�
 6XFK D UHDGHU ZRXOG EH ULJKW�� 7KH VSRW SULFHV WKH\ UHIHU WR DULVH

LQ D FHQWUDOO\ FRPSXWHG H[DPSOH EDVHG RQ WKH WRWDOLW\ RI UHOHYDQW LQIRUPDWLRQ�
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FRQYHUJHV WKH RWKHU H[SORGHV� $OO RI WKLV LV RQO\ WR VXJJHVW WKDW WKH YDULDWLRQV LQ GHVLJQ

DQG FRQVHTXHQW SHUIRUPDQFH RI DQ DGMXVWPHQW SURFHVV IRU D VSHFL�F FRQWH[W DUH OLPLWHG

RQO\ E\ LPDJLQDWLRQ��

*UDQXODULW\� ?'LVSDWFK RI WKH PDQ\ JHQHUDWRUV LQ D FRPSOLFDWHG SRZHU JULG LV PXFK WRR

GHOLFDWH DQG OLWWOH�XQGHUVWRRG DQ RSHUDWLRQ WR EH KDQGOHG LQ D URXWLQL]HG GHFHQWUDOL]HG

IDVKLRQ�� ?/HDYH LW WR WKH H[SHULHQFHG GLVSDWFKHUV ZKR NQRZ KRZ WR GHDO ZLWK PLQXWH�

E\�PLQXWH FKDQJHV ZLWKRXW WKH YHU\ FRVWO\ UHVXOWV WKDW LQDSSURSULDWH DFWLRQV FDQ EULQJ

DERXW�� 6XFK IUHTXHQWO\ YRLFHG RSLQLRQV_ PRUH RIWHQ WKDQ QRW WKRVH RI H[SHUWV_ GHPDQG

UHVSHFW� EXW SHUKDSV QRW FDSLWXODWLRQ�

:LWK VRPH OLWWOH GL�FXOW\� D WDOHQWHG DQDO\VW FRXOG IRUPXODWH GHPDQG DQG VXSSO\ IXQFWLRQV

DQG D IDVW GHFHQWUDOL]HG DGMXVWPHQW SURFHVV WKDW ZRXOG SURGXFH D GHFLVLRQ DERXW ZKHWKHU�

RQ D FHUWDLQ 7XHVGD\ DIWHU D UDLQVWRUP� QRUWKERXQG IUHLJKW WUDLQ $ FDUU\LQJ FDWWOH VKRXOG

HQWHU D VLGLQJ WR DOORZ SDVVHQJHU WUDLQ % WR SDVV XQLPSHGHG RU YLFH�YHUVD� ,I WKDW LV FDUU\LQJ

WKHRUHWLFDO GHFHQWUDOL]DWLRQ WR D ULGLFXORXV H[WUHPH� KRZ IDU VKRXOG RQH JR"

7KH TXHVWLRQ FDQ HTXDOO\ ZHOO EH DVNHG IURP WKH RWKHU VLGH� ,V FRPSOHWH FHQWUDOL]DWLRQ WKH

RQO\ IHDVLEOH RUJDQL]DWLRQ" 2I FRXUVH QRW� DQ HTXDOO\ ULGLFXORXV H[WUHPH� 7KH DSSURSULDWH

TXHVWLRQ LV ZKHWKHU WKH FRQFHSWV DQG WKH YDULDEOHV LQ D SURSRVHG GHFHQWUDOL]DWLRQ VFKHPH

DQG LWV DGMXVWPHQW SURFHVV �W LQWR D SODXVLEOH ?FRDUVHQHG� RU DJJUHJDWHG PRGHO RI WKH

RUJDQL]DWLRQ� 7R EH VSHFL�F� QRGH YROWDJHV �RU YROWDJH SKDVH DQJOHV� SOD\ D UROH LQ WKH

DGMXVWPHQW SURFHVV GHVFULEHG LQ 6HFWLRQ �� 6XFK PHVVDJHV VRXQG SHUIHFWO\ DSSURSULDWH

IRU D OLWHUDO �EXW SUDFWLFDOO\ ULGLFXORXV"� PLQXWH�E\�PLQXWH DGMXVWPHQW SURFHVV� $UH WKH\

VWLOO DSSURSULDWH IRU DQ KRXU�E\�KRXU SURFHVV" 'D\�E\�GD\" 0DUJLQDO JHQHUDWLRQ FRVWV DQG

FRQVXPSWLRQ YDOXHV DOVR SOD\ D UROH� +HUH� RQH JXHVVHV� WKH DSSURSULDWHQHVV FKDQJHV LQ WKH

RSSRVLWH GLUHFWLRQ ZLWK DJJUHJDWLRQ�

�
7KH FREZHE H[DPSOH JLYHQ LV D SULFH�TXDQWLW\ DGMXVWPHQW SURFHVV� EXW H[FHSW WR HFRQRPLVWV WKHUH LV QRWKLQJ

VDFUHG DERXW WKHVH SDUWLFXODU IRUPV RI PHVVDJH� :X DQG 9DUDL\D ������� IRU H[DPSOH� KDYH SURSRVHG DQ

DGMXVWPHQW SURFHVV IRU D SRZHU JULG ZKLFK GRHV QRW UHO\ RQ SULFH�TXDQWLW\ H[FKDQJHV�

�



7KH PRGHO SUHVHQWHG EHORZ PHUHO\ DFFHSWV ZLWKRXW TXHVWLRQ WKH YHUVLRQ RI DSSURSULDWH

?JUDQXODULW\� SURSRVHG E\ D QXPEHU RI RWKHU ZULWHUV_ 6FKZHSSH�HW DO ������� +RJDQ

������� DQG :X DQG 9DUDL\D ������� ,W ZRXOG EH PRVW LQWHUHVWLQJ WR VHH VRPH VSHFL�F

DGMXVWPHQW�SURFHVV SURSRVDOV DW ERWK �QHU DQG FRDUVHU OHYHOV�

�� /266/(66 1(7:25.6� /266< 1(7:25.6� $& $1' '&

$ QXPEHU RI LQVWUXFWLYH SDSHUV LQLWLDWLQJ WKH VWXG\ RI FRRUGLQDWLRQ LQ GHFHQWUDOL]HG SRZHU

JULGV KDYH IRU VLPSOLFLW\ UHVWULFWHG WKHLU VWXGLHV WR ORVVOHVV QHWZRUNV� XVLQJ WKH ORVVOHVV

SVHXGR�'& PRGHO SRSXODU LQ PDQ\ HQJLQHHULQJ SDSHUV� ,Q VXFK PRGHOV� WKH RQO\ VKRUW�UXQ

FRVWV RI WUDQVPLVVLRQ DUH RSSRUWXQLW\ FRVWV� WKH FRVW RI WUDQVPLWWLQJ RQH ZDWW RQ D OLQH ZLWK

OLPLWHG FDSDFLW\ LV WKH YDOXH ORVW E\ WKH ZDWW GLVSODFHG� 7KLV FRVW LV KDV FRPH WR EH FDOOHG�

TXLWH SURSHUO\� FRQJHVWLRQ FRVW DQG LWV VRXUFH LV WKHUPDO FDSDFLW\� ZKLFK IRU D JLYHQ OLQH LV

WDNHQ WR EH D VSHFL�F QXPHULFDO FHLOLQJ RQ SRZHU WUDQVPLWWHG� ,Q D ORVV\ QHWZRUN WKHUH LV

DQRWKHU IRUP RI FRQJHVWLRQ_ P\ WUDQVPLVVLRQ RI SRZHU RQ D OLQH LQFUHDVHV WKH SRZHU ORVV

LQFXUUHG E\ \RXU WUDQVPLVVLRQ RQ WKDW OLQH� 7KLV LV D UHDO FRVW QRW DQ RSSRUWXQLW\ FRVW��

7KH SUHVHQW DQDO\VLV HQFRPSDVVHV ERWK RI WKHVH W\SHV RI FRQJHVWLRQ FRVWV� WKH\ DUH GL�HUHQW

DQG PXVW EH GHDOW ZLWK GL�HUHQWO\� 7KH JHQHUDOL]DWLRQ WR WKLV EURDGHU QRWLRQ RI FRQJHVWLRQ

LV� LQ RXU RSLQLRQ� VLJQL�FDQW DQG QHZ EXW QRQHWKHOHVV VRPHZKDW RI D VLGH LVVXH� ,W PXVW

QRW REVFXUH WKH SDSHU
V PDLQ FRQFHUQ ZLWK VSHFLI\LQJ DQG VWXG\LQJ DGMXVWPHQW SURFHVVHV

LQ GHWDLO_ DQ LQYHVWLJDWLRQ QR OHVV UHOHYDQW LQ D ORVVOHVV PRGHO�

,Q RQH ZD\ RU DQRWKHU� GLVFXVVLRQV RI WKH FDSDFLW\ DQG HFRQRPLF HPSOR\PHQW RI DQ HOHFWULF

SRZHU JULG DOZD\V LQYROYH TXHVWLRQV RI SRZHU ORVW LQ WUDQVPLVVLRQ� 5HDO SRZHU ORVVHV RQ D

WUDQPLVVLRQ OLQH PDQLIHVW WKHPVHOYHV LQ KHDW ZKLFK DW KLJK OHYHOV PD\ LPSDLU WKH OLQH�

$QG� OLNH WKH XQFRYHUHG &HQWUDO 9DOOH\ WRPDWR WUXFN RQ D ZLQGLQJ URDG� WKH VKLSPHQW

�
&RPSDULVRQ WR YHKLFXODU WUD�F LV LQVWUXFWLYH� 7KHUPDO FRQJHVWLRQ LV DQDORJRXV WR FRPSHWLWLRQ IRU WKH

OLPLWHG VHDWV RQ D VFKHGXOHG DLUOLQH �LJKW� 3RZHU ORVV FRQJHVWLRQ LV DQDORJRXV WR VSHHG GHJUDGDWLRQ RQ D

FURZGHG URDG�

�



GLVSDWFKHG DW $ KHDGHG WR % GRHVQ
W DOO JHW WKHUH� 7KH UROH LQ FDSDFLW\ DQG HPSOR\PHQW

RI WKH �UVW IHDWXUH RI ORVVHV_ KHDW_ KDV KDV EHHQ VWXGLHG LQ QXPHURXV SDSHUV�� 7KH UROH

RI WKH VHFRQG IHDWXUH RI ORVVHV_ WKH ?WRPDWR IHDWXUH�_ KDV UHFHLYHG PXFK OHVV DWWHQWLRQ

WKDQ , WKLQN LW PHULWV� HVSHFLDOO\ LQ WKH FRQWH[W RI GHVLJQLQJ GHFHQWUDOL]HG FRRUGLQDWLRQ

PHFKDQLVPV IRU WKH JULG�

,Q WKH SUHVHQW SDSHU , RXWOLQH D GHFHQWUDOL]HG FRRUGLQDWLRQ PHFKDQLVP IRU D ORVV\ SRZHU

JULG UHVSRQGLQJ WR UHTXHVWV IRU WUDQVPLVVLRQ RI ELODWHUDOO\ FRQWUDFWHG DPRXQWV RI SRZHU�

,Q WKH LQWHUHVW RI FRQYH\LQJ WKH FHQWUDO LGHDV PRVW VLPSO\� , KDYH VDFUL�FHG UDGLFDOO\ LQ

WHUPV RI UHSUHVHQWLQJ H[LVWLQJ V\VWHPV� 7KH JULG LV DVVXPHG WR EH D VWULFWO\�'& V\VWHP�

6RPH DSRORJ\ LV SHUKDSV UHTXLUHG� 7KLV DVVXPSWLRQ LV QRW DV UHVWULFWLYH DV LW PLJKW DSSHDU�

0XFK RI WKH DULWKPHWLF EHORZ FDUULHV WKURXJK XQFKDQJHG ZLWK FRPSOH[ YDULDEOHV� DQG IRU

WKH PRVW SDUW WKH LPSRUWDQW HFRQRPLF SUREOHPV UHPDLQ HVVHQWLDOO\ WKH VDPH� 7KH FKDOOHQJH

UHPDLQV WR ZRUN RXW WKLV H[WHQVLRQ ZLWK VXLWDEOH UHLQWHUSUHWDWLRQV RI YDULDEOHV LQ WHUPV RI

UHDO DQG UHDFWLYH SRZHU� YROWDJHV� FXUUHQWV� DGPLWWDQFHV� HWF�

7KH V\VWHP GHVFULEHG HQYLVDJHV ELODWHUDO FRQWUDFWV EHWZHHQ SURGXFHUV DQG FRQVXPHUV� $

322/&2 RU XQLODWHUDO V\VWHP LQ ZKLFK SURGXFHUV VHOO WR WKH JULG DQG FRQVXPHUV EX\ IURP

LW DW WKHLU UHVSHFWLYH QRGH SULFHV ZRXOG EH VOLJKWO\ GL�HUHQW LQ GHWDLO�

,PSRUWDQW PDWWHUV QRW DGGUHVVHG KHUH LQFOXGH FRQWUDFW HQIRUFHPHQW� QRQ�SHUIRUPDQFH�

FRQWLQJHQF\ SRZHU JHQHUDWLRQ� DQG DOO ORQJ�UXQ PDWWHUV VXFK DV LQYHVWPHQW LQ JHQHUDWLRQ

DQG JULG FDSDFLW\� %XW D EHWWHU XQGHUVWDQGLQJ RI GHFHQWUDOL]DWLRQ _ WKH IRFXV RI WKLV

SDSHU_ ZLOO VXUHO\ SURYLGH D EHWWHU EDVLV IRU VWXG\ RI PDQ\ RI WKHVH TXHVWLRQV�

� 2GGO\_ DQG LQJHQLRXVO\_ PRVW RI WKHVH SDSHUV VWXG\ WKH H�HFWV RI ORVVHV LQ D ORVVOHVV��� V\VWHP� PDNLQJ
XVH RI D SVHXGR�'& PRGHO� $UH OLQHV VR IUDJLOH WKDW ORVVHV LPSHUFHSWLEOH WR EX\HUV DQG VHOOHUV DUH ODUJH
HQRXJK WR FDXVH GDPDJH"

�



�� 237,080 32:(5 ',63$7&+

2K� \RX SUHVV WKH �UVW YDOYH GRZQ

$QG WKH PXVLF JRHV GRZQ DQG DURXQG�

2K�KR�KR�KR�KR�KR�

$QG LW FRPHV RXW KHUH�

_6D[LH 'RZHOO� ����

:H �UVW FRQVLGHU DQ Q�QRGH VWULFWO\�'& ORVV\ QHWZRUN ZLWK DGPLWWDQFH �L�H�� FRQGXFWDQFH�

PDWUL[ $ DQG WKHUPDO FDSDFLW\ PDWUL[ &� 6RPH RI WKH QRGHV DUH SURGXFHU�QRGHV DQG

VRPH DUH FRQVXPHU�QRGHV� RWKHUV DUH SDVVLYH� WKHLU UROHV DV VXFK DUH JLYHQ� &RVW DQG YDOXH

IXQFWLRQV DUH DVVXPHG WR EH TXDGUDWLF ZLWK JLYHQ SDUDPHWHUV� :ULWH LQMHFWLRQV DV SRVLWLYH

QXPEHUV DQG HMHFWLRQV DV QHJDWLYH QXPEHUV� 7KHQ D SURGXFHU� VD\ L� ZKR LQMHFWV WRWDO

SRZHU [L DW QRGH L LQFXUV D WRWDO FRVW UL[L � TL[
�

L
� $ FRQVXPHU� VD\ M� ZKR ?LQMHFWV� WRWDO

SRZHU [M DW QRGH M HQMR\V D WRWDO YDOXH ��UM[M � TM[
�

M �� 7KH WRWDO VRFLDO VXUSOXV 6 FDQ EH

ZULWWHQ DV D IXQFWLRQ RI D �SRVVLEO\ LQIHDVLEOH� YHFWRU RI QRGH SRZHU LQMHFWLRQV [�

6  ��U�
[� [

�4[� ���

ZKHUH U  �U�� ��� UQ�
�
� [  �[�� ��� [Q�

�
DQG 4 LV D GLDJRQDO PDWUL[ ZLWK 4LL � TL�

$ QRGH LQMHFWLRQ YHFWRU [ LV VDLG WR EH IHDVLEOH LI YROWDJH FRQVWUDLQWV DUH VDWLV�HG DQG

WKHUPDO FDSDFLWLHV DUH QRW H[FHHGHG�

7KH YROWDJH FRQVWUDLQW GHPDQGV WKDW� 7KHUH H[LVWV D YHFWRU Y  �Y�� ��YQ�
� RI QRQ�QHJDWLYH�

\HW�QRW�WRR�ODUJH QRGH YROWDJHV ZKLFK JLYH ULVH WR [� WKDW LV WKDW

� � YL � YWRS ���

IRU L  �� ��� Q DQG IRU VRPH �[HG QXPEHU YWRS� DQG�

[  Y �$Y� ���

� +HUH DQG HOVHZKHUH WKH ?WLPHV� DQG ?GLYLGHV� VLJQV ZLOO EH XVHG WR LQGLFDWH HOHPHQW�E\�HOHPHQW RSHUDWLRQV
RQ VDPH�VKDSHG DUUD\V�

�



7KH WKHUPDO FDSDFLW\ FRQVWUDLQW LV VDWLV�HG LI SRZHU ORVVHV RQ QHWZRUN OLQNV GR QRW H[FHHG

WKHUPDO FDSDFLWLHV GH�QHG E\ &�

�YL � YM�DLM�YL � YM� � FLM ���

RQ OLQN LM IRU L  �� ��� Q DQG M  �� ��� Q�

7KH 2SWLPXP 3RZHU 'LVSDWFK �23'� SUREOHP FDQ QRZ EH VWDWHG� &KRRVH [ DQG QRQ�

QHJDWLYH Y WR PD[LPL]H ��� VXEMHFW WR FRQVWUDLQWV �������� DQG ��� DQG [L � ���� LI L LV D

SURGXFHU �FRQVXPHU� QRGH�

,Q WKH QH[W VHFWLRQV ZH UHIRUPXODWH WKLV 23' SUREOHP WR PDNH LW PRUH QXPHULFDOO\

WUDFWDEOH DQG HFRQRPLFDOO\ LQWHUHVWLQJ�

�� 7+( /,1.�,03$&7 0$75,;

/HW DQ RULJLQ�GHVWLQDWLRQ �2�'� FXUUHQW �RZ IURP QRGH L WR QRGH M EH GHQRWHG \LM� &XUUHQW

�RZ RQ OLQN LM ZLOO EH GHQRWHG ]LM� 7KH VXSHUSRVLWLRQ WKHRUHP RI FLUFXLW WKHRU\
�
HQDEOHV XV

WR FDOFXODWH SUHFLVHO\ WKH XQLW LPSDFW P�LM���NO� RI 2�' FXUUHQW �RZ \NO RQ WKH OLQN FXUUHQW

�RZ ]LM� 7KH Q
�
� Q

� PDWUL[ 0 RI WKHVH LPSDFW FRH�FLHQWV ZH VKDOO FDOO WKH OLQN�LPSDFW

PDWUL[� 0 LV D IXQFWLRQ VROHO\ RI WKH QHWZRUN DGPLWWDQFH PDWUL[ $ DQG LV FRQVWUXFWHG LQ

WKH IROORZLQJ IDVKLRQ� 'H�QH ,K WR EH FROXPQ K RI WKH Q� Q LGHQWLW\ PDWUL[� /HW PDWUL[

$K EH $ ZLWK ,K UHSODFLQJ URZ K DQG FROXPQ K� ,W WKHQ FDQ EH VKRZQ WKDW

P�LM���NO�  JN � JO ���

ZKHUH

J � $
��

K
,
L
� DKL�

6XFFHVVLYH VROXWLRQV RI ��� �QDOO\ \LHOG WKH OLQN�LPSDFW PDWUL[ 0 � 6LQFH 0 LV KLJKO\

UHGXQGDQW� LW ZLOO VX�FH IRU RXU SXUSRVHV WR GHDO RQO\ ZLWK D VXEPDWUL[ �IRU VKRUW� DOVR

� 'HVRHU 	 .XK� S� ����

�



FDOOHG 0� IRUPHG E\ HOLPLQDWLQJ DOO EXW WKRVH FROXPQV P������NO� IRU ZKLFK N LV D SURGXFHU

DQG O LV D FRQVXPHU� �3DVVLYH QRGHV FDQ SOD\ ERWK UROHV��

7KH OLQN�LPSDFW PDWUL[ FDQ QRZ EH HPSOR\HG WR ZULWH OLQN FXUUHQW �RZV DV D IXQFWLRQ RI

2�' FXUUHQW �RZV�

0\  ]� ���

ZKHUH \� ] DQG D �EHORZ� DUH ?UDYHOOHG� IURP PDWULFHV LQ WKH IDVKLRQ

\  �\��� ��� \�Q� ��� \Q�� ��� \QQ��

9ROWDJH FRQVWUDLQW ��� FDQ EH UHSKUDVHG LQ WHUPV RI OLQN FXUUHQWV DV IROORZV� YROWDJH GURS

RQ OLQN LM PXVW HTXDO OLQN FXUUHQW GLYLGHG E\ OLQN DGPLWWDQFH� YM � YL  ]LM DLM� 8VLQJ ���

ZH WKHQ JHW

0\  D �'�
Y � (Y ���

ZKHUH ' LV WKH Q� Q
�
LQFLGHQFH PDWUL[ RI WKH IRUP �VKRZQ IRU WKH FDVH Q  ����

'  

�
�

� � � �� � � �� � �

� �� � � � � � �� �
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�
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7KH UHODWLRQ EHWZHHQ QRGH SRZHU LQMHFWLRQV DQG 2^' FXUUHQWV FDQ EH ZULWWHQ

[  Y �'\ � %\� ���

)LQDOO\� WKH WKHUPDO FRQVWUDLQW ��� EHFRPHV

0\ �'�
Y � F

RU� PRUH FRQYHQLHQWO\ IRU RXU SXUSRVHV�

0\ � F '�
Y � F

�

� ���

�
' LV WKH WUDQVSRVH RI ZKDW 6FKZHSSH HW DO� S� ���� FDOO WKH ?QHWZRUN LQFLGHQFH PDWUL[ EHIRUH UHGXFWLRQ��

��



:H FDQ QRZ ZULWH WKH UHSKUDVHG 23' SUREOHP� &KRRVH [� \� DQG Y WR PD[LPL]H ��� VXEMHFW

WR WKH FRQVWUDLQWV �
�
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ZLWK � � Y � YWRS DQG \LM � � �� LI LM LV �LV QRW� D SURGXFHU�FRQVXPHU SDLU�

%XW IRU RQH VHULRXV FRPSOLFDWLRQ ���� LV D VWDQGDUG OLQHDUO\ FRQVWUDLQHG TXDGUDWLF SURJUDP�

PLQJ SUREOHP IRU ZKLFK H�FLHQW VROXWLRQ URXWLQHV H[LVW� 7KH GL�FXOW\ LV WKDW WKH YROWDJHV

Y RFFXU DV FRQVWUDLQW FRH�FLHQWV DQG DV YDULDEOHV LQ WKH REMHFWLYH IXQFWLRQ� ,Q WKH QH[W

VHFWLRQV ZH GHVFULEH D SURFHGXUH ZKLFK DWWHPSWV �VXFFHVVIXOO\ LQ PRVW RI WKH FDVHV ZH KDYH

H[SORUHG� WR FLUFXPYHQW WKLV WURXEOH�

�� $ 35,&(�48$17,7< $'-8670(17 352&(66

7KH PDLQ REMHFWLYH RI WKLV SDSHU LV FRQFHUQHG ZLWK RUJDQL]DWLRQ GHVLJQ� :H ZLVK WR GLVFRYHU

D GHFHQWUDOL]HG DGMXVWPHQW SURFHVV �D WADWRQQHPHQW� ZKLFK OHDGV VWHS�E\�VWHS WR LPSOHPHQ�

WDWLRQ RI WKH VROXWLRQ RI WKH 23' SUREOHP E\ PHDQV RI ?PLQLPDO� FRPPXQLFDWLRQV DPRQJ

WKH SDUWLFLSDQWV_ SURGXFHUV� FRQVXPHUV� DQG WKH JULG PDQDJHU� 3URGXFHUV NQRZ FRVWV�

FRQVXPHUV NQRZ YDOXHV� DQG WKH JULG PDQDJHU NQRZV WKH QHWZRUN� WKH YROWDJH FRQVWUDLQWV�

DQG WKH OLQN DGPLWWDQFHV DQG WKHUPDO OLPLWV� ,GHDOO\� ZH ZDQW WKLV ORFDO LQIRUPDWLRQ WR

VWD\ ORFDO_ WR WKH H[WHQW FRQVLVWHQW ZLWK D VXFFHVVIXO WHUPLQDWLRQ RI WKH SURFHVV�

3ULFH�TXDQWLW\ H[FKDQJHV KDYH QRW EHHQ VKRZQ JHQHUDOO\ WR EH WKHVH GHVLUHG ?PLQLPDO�

H�HFWLYH FRPPXQLFDWLRQV� EXW WKH\ DUH DPRQJ WKH OHDGLQJ FRQWHQGHUV IRU WKLV WLWOH� 0RUH

LPSRUWDQW IRU RXU SXUSRVHV� WKH\ DUH VXFK D IDPLOLDU FRRUGLQDWLQJ GHYLFH WKDW OLWWOH UDWLR�

QDOH RU LQGRFWULQDWLRQ QHHG EH R�HUHG WR WKH SOD\HUV LQ WKH JDPH� :KHUH WKH RUJDQL]DWLRQDO

FRQWH[W LV VX�FLHQWO\ VLPSOH �L�H�� GHFRPSRVDEOH�� ZH �LQ ZHVWHUQ HFRQRPLHV� DW OHDVW� FXV�

WRPDULO\ HPSOR\ SULFH�TXDQWLW\ FRPPXQLFDWLRQV� :KHUH LW LV WRR FRPSOH[� ZH UHVRUW WR

PRUH DG KRF� EXUHDXFUDWLF� DQG FHQWUDOO\ FRQWUROOHG SURFHGXUHV� 7KH TXHVWLRQ DGGUHVVHG

LQ WKLV SDSHU LV ZKHWKHU WKH H�FLHQW GLVSDWFKLQJ RI D SRZHU JULG LV WRR FRPSOH[ IRU FRRUGL�

QDWLRQ E\ PHDQV RI SULFH�TXDQWLW\ H[FKDQJHV� :H DUJXH WKDW LW LV QRW� 7KH DQDO\VLV WKDW

��



IROORZV VXJJHVWV WKDW D PDUNHW RUJDQL]DWLRQ� HPSOR\LQJ EL�ODWHUDO SULFH�TXDQWLW\ FRPPXQL�

FDWLRQV DQG UHO\LQJ ZKHUH SRVVLEOH RQ FRPSHWLWLRQ DQG SULYDWH SUR�W LQFHQWLYHV FDQ LQGHHG

EULQJ DERXW H�HFWLYH FRRUGLQDWLRQ LQ D SRZHU JULG� 7KH PRGHO H[DPLQHG� WKDW RI 6HFWLRQ

�� LV RI FRXUVH H[WUHPHO\ VLPSOH DQG SHUKDSV HOHPHQWV RI FRPSOH[LW\ LW LJQRUHV FRXOG D�HFW

WKH YDOLGLW\ RI RXU WKHVLV� :H ZRXOG SRLQW RXW� KRZHYHU� WKDW PRVW RI WKH VWXGLHV WKDW FDOO

IRU PRUH FHQWUDOL]HG GLUHFWLRQ� OHVV PLQLPDO FRPPXQLFDWLRQ� RU PRUH ?PXOWLODWHUDO� DFWLRQ�

EDVH WKHLU FRQFOXVLRQV RQ D PRGHO QR PRUH FRPSUHKHQVLYH WKDQ WKH RQH HPSOR\HG KHUH�

7KH FRQWH[W RI WKH SURSRVHG DGMXVWPHQW SURFHVV LV D GLVFUHWHO\ FKDQJLQJ VWDWH RI WKH ZRUOG

�H�J�� FRVW DQG YDOXH IXQFWLRQV� QHWZRUN DGPLWWDQFHV� HWF��� )RU HDFK FRQWH[W VRPH VHW

RI VRFLDOO\ DSSURSULDWH DFWLRQV �H�J�� SURGXFHU^FRQVXPHU FRQWUDFWV� SULFHV� HWF�� LV WR EH

FRPSXWHG DQG LPSOHPHQWHG� $V LQ PRVW WADWRQQHPHQW PRGHOV ZH ZLOO DVVXPH KHUH WKDW WKH

FRQWH[W FKDQJHV VORZO\ HQRXJK WKDW SURSHU LPSOHPHQWDWLRQ FDQ EH DFKLHYHG EHIRUH LW LV

REVROHWH� 7KH FRPSXWDWLRQ LV D UHFXUVLYH SURFHVV ZKLFK FRQVLVWV RI D VHTXHQFH RI FRPPXQL�

FDWLRQV UHSUHVHQWLQJ WHQWDWLYH DFWLRQV� 7KH VHTXHQFH FRQWLQXHV XQWLO WKH FRPPXQLFDWLRQV

VWRS FKDQJLQJ �DSSUR[LPDWHO\�� 8SRQ WHUPLQDWLRQ� DFWLRQV DUH LPSOHPHQWHG�

7KH UHFXUVLRQ LV FRQYHQLHQWO\ UHJDUGHG DV D VHULHV RI LQQLQJV� HDFK ZLWK D �UVW�KDOI DQG D

VHFRQG�KDOI� DV LQ EDVHEDOO� $ �UVW�KDOI EHJLQV ZLWK D EURDGFDVW DQQRXQFHPHQW IURP WKH

JULG PDQDJHU WR DOO WKH SDUWLFLSDQWV RI WHQWDWLYH QRGH YROWDJHV DQG 2^' WUDQVPLVVLRQ WROOV�

6LQFH D XQLW RI SRZHU GLUHFWHG IURP QRGH L WR QRGH M UHVXOWV LQ GHOLYHU\ RI YM YL XQLWV DW

QRGH M� DQQRXQFHPHQW RI WHQWDWLYH QRGH YROWDJHV LQIRUPV SURGXFHUV DQG FRQVXPHUV DERXW

DSSDUHQW UHDO SRZHU ORVVHV LQ SURSRVHG FRQWUDFWV� 7KH 2^' WROOV UHSUHVHQW RWKHU OHVV

H[SOLFLWO\ YLVLEOH RSSRUWXQLW\ FRVWV LPSRVHG RQ WKH V\VWHP E\ WKH UHOHYDQW 2^' �RZV� 7KH

?RXWVLGH SOD\HUV�_ WKH SURGXFHUV DQG FRQVXPHUV_ QRZ IRUP WHQWDWLYH ELODWHUDO FRQWUDFWV

IRU SRLQW�WR�SRLQW SXUFKDVH DQG VDOH RI SRZHU WDNLQJ LQWR DFFRXQW DSSDUHQW UHDO ORVVHV �DV

VSHFL�HG E\ WKH QRGH YROWDJHV� DQG WUDQVPLVVLRQ WROOV� :H PDNH WKH VWURQJ DVVXPSWLRQ WKDW

WKHVH �UVW�KDOI QHJRWLDWLRQV DPRQJ EX\HUV DQG VHOOHUV DUH FDUULHG WR H�FLHQW FRPSOHWLRQ_

QR DSSDUHQW 3DUHWR LPSURYHPHQWV UHPDLQ�

7KH VHFRQG�KDOI EHJLQV ZLWK FRPPXQLFDWLRQV IURP WKH VHOOHUV WR WKH JULG PDQDJHU RI WKH

��



2^' SRZHU �RZV LPSOLFLW LQ WKH SURSRVHG FRQWUDFWV� 8VLQJ WKH ROG QRGH YROWDJHV DQG WKH

OLQN�LPSDFW PDWUL[� WKH JULG PDQDJHU WUDQVODWHV WKH SURSRVHG 2^' SRZHU �RZV LQWR OLQN

2^' FXUUHQW �RZV DQG WKHQ LQWR OLQN FXUUHQW �RZV� 7KHVH LQ WXUQ� ZLWK WKH DGPLWWDQFH

PDWUL[� \LHOG QHZ OLQN�YROWDJH GURSV� DQG KHQFH QHZ QRGH YROWDJHV� &XUUHQW �RZV DOVR

LGHQWLI\ IRU WKH PDQDJHU WKRVH OLQNV ZKHUH WKHUPDO OLPLWV DUH YLRODWHG� DQG KHQFH JLYH KLP

D EDVLV IRU FRQVWUXFWLRQ RI RQH_ EXW RQO\ RQH�_ FRPSRQHQW RI WKH QHZ YHFWRU RI 2^' WROOV�

7KH VHFRQG FRPSRQHQW RI WROOV FDSWXUHV WKH VXP RI WKH LQYLVLEOH VSLOORYHU FRVWV LPSRVHG E\

HDFK 2^' �RZ RQ WKH SRZHU ORVVHV VX�HUHG E\ DOO 2^' �RZV� /HW WLM  W
F

LM
� W

V

LM
GHQRWH WKH

XQLW WROO_ DORQJ ZLWK LWV WZR FRPSRQHQWV_ RQ 2^' FXUUHQW �RZ IURP L WR M��

7KH PDQDJHU FRPSXWHV WKH �UVW FRPSRQHQW� DSSUR[LPDWLQJ FRQJHVWLRQ VKDGRZ FRVWV� DV

IROORZV� +H �UVW �QGV WKH OLQN FXUUHQW �RZV \ LPSOLFLW LQ WKH WHQWDWLYH 2^' SRZHU �RZ

SURSRVDOV� +H QH[W GHWHUPLQHV WKH H[WHQW RI WKHUPDO FDSDFLW\ YLRODWLRQV� 8VLQJ WKH DSSUR�

SULDWH FROXPQ RI WKH OLQN�LPSDFW PDWUL[� KH WKHQ DWWULEXWHV VKDUHV WR WKH UHVSRQVLEOH 2^'

FXUUHQW �RZV� )LQDOO\� KH DGMXVWV W
F
IURP LWV ROG YDOXH�

W
F

LM
¥ W

F

LM
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�
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7KH SRVLWLYH VFDODU DGMXVWPHQW PXOWLSOLHU � � � LV D SDUDPHWHU LQWHQGHG WR EH WXQHG IRU

DSSURSULDWH FRQYHUJHQFH RI WKH SURFHVV�

7KH PDQDJHU FRPSXWHV WKH VHFRQG WROO FRPSRQHQW� UHSUHVHQWLQJ VSLOORYHU SRZHU ORVVHV� E\

WKH IRUPXOD
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ZKHUH 0&N GHQRWHV PDUJLQDO FRVW DW SURGXFHU QRGH N� 7KH PRWLYDWLRQ IRU ���� LV DV

IROORZV� 7KH SRZHU ORVV DVVRFLDWHG ZLWK SRZHU LQMHFWHG DW QRGH N DQG GLUHFWHG WRZDUG

QRGH O LV /NO � �YN � YO�\NO� 7KH GHULYDWLYH RI OLQN YROWDJH GURS ZLWK UHVSHFW WR OLQN

FXUUHQW LV � DNO VR ZH KDYH G/NO G]NO  \NO DNO� 7KH SRUWLRQ RI WKLV ORVV DWWULEXWDEOH WR

� )RU SXUSRVHV RI DQDO\VLV� LI QRW SUDFWLFH� LW LV VOLJKWO\ PRUH FRQYHQLHQW WR DWWDFK WROOV WR FXUUHQW UDWKHU

WKDQ SRZHU EHFDXVH ZH GRQ
W KDYH WR VSHFLI\ ZKLFK SDUW\ LQ D ORVV\ ELODWHUDO WUDQVDFWLRQ LV WR SD\ WKH ELOO�

7KH FRQYHUVLRQ WR SRZHU WROOV LV RI FRXUVH VWUDLJKWIRUZDUG�

��



2^' FXUUHQW �RZ \LM LV JLYHQ E\ WKH OLQN�LPSDFW FRH�FLHQW P�NO���LM�� 0XOWLSOLFDWLRQ E\

0&N JLYHV WKH GROODU YDOXH� )LQDOO\� VXPPLQJ RYHU SURGXFHU�FRQVXPHU OLQNV JLYHV �����

WKH XQLW VSLOORYHU WROO WR EH DVVHVVHG RQ 2^' FXUUHQW �RZ IURP L WR M���

�� &20387$7,21� &219(5*(1&(� $1' 237,0$/,7<

7KH GHVFULSWLRQ RI WKH SURSRVHG DGMXVWPHQW SURFHVV LV QRZ FRPSOHWH� +RZ GRHV LW EHKDYH"

6LQFH ZH FDQQRW SURYH FRQYHUJHQFH ZH UHVRUW WR FRPSXWDWLRQ DQG H[DPLQDWLRQ RI VLPSOH

QXPHULFDO H[DPSOHV�

([FHSW LQ RQH UHVSHFW� WKH HDUOLHU GLVFXVVLRQ VSHFL�FDOO\ GH�QHV WKH VWHSV WR EH IROORZHG

LQ FRPSXWLQJ WKH SDWK RI WKH DGMXVWPHQW SURFHVV� 7KDW H[FHSWLRQ LQYROYHV WKH 3DUHWR�

RSWLPDO FRQWUDFWLQJ DFWLYLWLHV RI EX\HUV DQG VHOOHUV LQ WKH �UVW KDOI RI DQ LQQLQJ� 7KH

HQG UHVXOW RI WKHVH DFWLYLWLHV LQ D JLYHQ LQQLQJ LV WKH VROXWLRQ WR WKH VLPSOH TXDGUDWLF

SURJUDPPLQJ SUREOHP �&RPSDUH WR WKH PXFK PRUH FRPSOLFDWHG 3UREOHP ������ &KRRVH

[ DQG \ WR PD[LPL]H ��U�
[ � [

�4[� � W
�\ VXEMHFW WR ,[ � %\  �� ZKHUH WKH PDWUL[ %�

LW ZLOO EH UHPHPEHUHG� LV D IXQFWLRQ RI WKH DQQRXQFHG WHQWDWLYH YROWDJHV IURP WKH JULG

PDQDJHU� 7KH RSHUDWLRQV LQYROYHG LQ FRPSXWLQJ WKH VROXWLRQ WR WKLV TXDGUDWLF SURJUDP

DUH QRW LQWHQGHG WR EH LQWHUSUHWHG DV D VLPXODWLRQ RI WKH GHWDLOHG FRQWUDFWLQJ RSHUDWLRQV

RI EX\HUV DQG VHOOHUV� RQO\ WKH HQG UHVXOW LV PHDQW WR UHSUHVHQW WKH RXWFRPH RI DQ H�FLHQW

PDUNHW���

)RU DQ\ JLYHQ H[DPSOH� WKH 0$7/$% SURJUDP 67(3� UXQV WKH DGMXVWPHQW SURFHVV

WKURXJK D VLQJOH LQQLQJ� UHVHWWLQJ YROWDJHV DQG WROOV IRU WKH QH[W LQQLQJ� DQG RXWSXWWLQJ

WHQWDWLYH 2�' �RZV� QRGH SRZHU LQMHFWLRQV� DQG WKH VRFLDO VXUSOXV 6� 5HSHDWHG DSSOLFDWLRQV

RI 67(3� DOORZ XV WR LQYHVWLJDWH FRQYHUJHQFH� ,I FRQYHUJHQFH REWDLQV� ZH FDQ QH[W LQVSHFW

�� $V LW VWDQGV� ���� GRHV QRW TXLWH PHHW WKH OLPLWDWLRQV ZH KDYH LPSRVHG RQ FRPPXQLFDWLRQ� DFFRUGLQJ WR

WKH UXOHV RI WKH SURFHVV QRERG\ LV VXSSRVHG WR LQIRUP WKH JULG PDQDJHU VSHFL�FDOO\ DERXW PDUJLQDO FRVWV�

,W VKRXOG EH SRVVLEOH� KRZHYHU� WR LQIHU UHODWLYH PDUJLQDO FRVWV IURP RWKHU LQIRUPDWLRQ LQ SRVVHVVLRQ RI WKH

PDQDJHU� 7KLV UHPDLQV WR EH H[SORUHG�

�� +RZ PDUNHWV FRPSXWH LV ZHOO EH\RQG WKH VFRSH RI WKLV SDSHU�

��



IRU RSWLPDOLW\� 7KH VHW RI IHDVLEOH QRGH LQMHFWLRQV LV SUREDEO\ FRQYH[��� VR D ORFDO RSWLPXP

LV SUREDEO\ D JOREDO RSWLPXP�

,Q WKH VLPSOH H[DPSOHV SUHVHQWHG QH[W ZH �QG UDSLG FRQYHUJHQFH WR RSWLPDO VROXWLRQV IRU

VWDUWLQJ SRLQWV QRW ZLOGO\ GLVWDQW IURP RSWLPXP� 7KHVH LQWHULP UHVXOWV HQFRXUDJH XV WR

EHOLHYH WKDW WKH SURSRVHG DGMXVWPHQW SURFHVV PD\ ZRUN JHQHUDOO\ LQ WKH GHVLUHG IDVKLRQ� 2I

FRXUVH� ZLWKRXW DGGLWLRQDO QXPHULFDO DQDO\VLV LQ WKH FRQWH[W RI PRUH UHDOLVWLF V\VWHPV� QRW

PXFK FDQ EH VDLG DERXW VSHHG RI FRQYHUJHQFH� :H ZRXOG HPSKDVL]H WKDW WKH PDLQ SXUSRVH

RI WKHVH VLPSOH H[DPSOHV_ RI OLWWOH LQWULQVLF LQWHUHVW LQ WKHPVHOYHV_ LV WR FRQ�UP WKDW WKH

SURSRVHG DGMXVWPHQW SURFHVV LV EHKDYLQJ DV LW LV LQWHQGHG WR GR� 6XFK H[SHULPHQWDWLRQ

FDQ JLYH VRPH JXLGDQFH ZKLOH ZH DZDLW D GHHSHU PDWKHPDWLFDO XQGHUVWDQGLQJ�

7KH IROORZLQJ SDJHV GLVSOD\ WKH GDWD DQG UHVXOWV IRU WKUHH YHU\ VLPSOH H[DPSOHV� (;���

(;��D� DQG (;��E� )RU HDFK H[DPSOH� WKH �UVW SDUDJUDSK� ?3$5$0(7(56� GH�QHV WKH

H[DPSOH� DQG WKH VHFRQG SDUDJUDSK VHWV VWDUWXS DQG WXQHU SDUDPHWHUV� 7KHQ WKH RXWFRPHV

RI VL[ RU VHYHQ 67(3� LWHUDWLRQV DUH GLVSOD\HG� 7KH UHDGHU FDQ WUDFH WKURXJK WKH HQWLUH

VHTXHQFH RI PHVVDJH H[FKDQJHV� ,Q HDFK FDVH WKH �QDO LWHUDWLRQ LV D QHDU HTXLOLEULXP DV

ZHOO DV DQ RSWLPXP�

(;�� DQG (;��D DUH ERWK WULDQJXODU JULGV� LGHQWLFDO LQ DOO UHVSHFWV H[FHSW WKHUPDO FDSDFLW\

RQ OLQN ������ 1RQH RI WKH FDSDFLW\ FRQVWUDLQWV LQ (;�� DUH ELQGLQJ� DQG RQO\ ����� LQ

(;��D� ,Q (;�� ZH VHH �IRU WKH �UVW WLPH LQ WKH OLWHUDWXUH"� DQ H[DPSOH RI VXEVWDQWLDO

WUDQVPLVVLRQ WROOV LQ WKH DEVHQFH RI DQ\ ELQGLQJ WKHUPDO FRQVWUDLQW_ LQ WKH DEVHQFH� WKDW

LV WR VD\� RI ZKDW LV XVXDOO\ FDOOHG FRQJHVWLRQ� &RPSDULVRQ RI VXUSOXV LQ WKH WZR H[DPSOHV

VKRZV WKDW WKH WLJKWHU FRQVWUDLQW KXUWV� RI FRXUVH� &RQJHVWLRQ WROOV LQFUHDVH DV H[SHFWHG

ZLWK WKH QHZ FRQVWUDLQW� EXW VSLOORYHU WROOV GLPLQLVK_ SHUKDSV OHVV REYLRXVO\� (;��E DGGV

D PRUH VHYHUH WKHUPDO FDSDFLW\ FRQVWUDLQW WR (;��D� 7KH VSLOORYHU WROOV DUH UHGXFHG� WKH

FRQJHVWLRQ WROOV FKDQJH VLJQL�FDQWO\ FDXVLQJ D VKLIW RI SURGXFWLRQ IURP QRGH � WRZDUG QRGH

�� 7KH ����� FRQVWUDLQW LV QR ORQJHU ELQGLQJ�

�� $ SURSHUW\ ZLGHO\ EHOLHYHG WR KROG EXW� VR IDU DV ZH NQRZ� QRW \HW SURYHG�

��



7KH DGMXVWPHQW SURFHVV SURSRVHG DQG GHPRQVWUDWHG KHUH LV RQO\ RQH RI PDQ\ WKDW ZRXOG

EH LQVWUXFWLYH WR H[SORUH DQG FRPSDUH� 5HDGHUV RI HDUOLHU GUDIWV RI WKLV SDSHU KDYH DO�

UHDG\ FRPH XS ZLWK D QXPEHU RI LQWHUHVWLQJ YDULDQWV� DQG QHZ UHDGHUV DUH LQYLWHG WR GR

WKH VDPH� 7KH GHVLJQ RI VXFK D SURFHVV IRUFHV DWWHQWLRQ WR PDWWHUV WKDW ZH KDYH DUJXHG

DUH LPSRUWDQW_ ORFDOO\ KHOG NQRZOHGJH� SULYDF\� FRPPXQLFDWLRQ DQG FRPSXWDWLRQ� VSHHG

RI DGMXVWPHQW WR QHZ HQYLURQPHQWV� DQG DSSUR[LPDWLRQ WR RSWLPDO DFWLRQV� )XUWKHU VXFK

GHVLJQ DFWLYLW\ LV FUXFLDO WR WKH XQGHUVWDQGLQJ RI H�HFWLYH FRRUGLQDWLRQ LQ JHQXLQHO\ GHFHQ�

WUDOL]HG SRZHU V\VWHPV�

�� &21&/86,216

1RGDO VSRW SULFHV GHULYHG IURP RSWLPDO SRZHU �RZ PRGHOV GR QRW D SRZHU PDUNHW PDNH_

WR ERUURZ D SKUDVH DQG VHQWLPHQW IURP -RVNRZ� 8QOHVV WKHVH SULFHV DUH GHULYHG IURP DQG

LQ WXUQ LQ�XHQFH ORFDO GHFLVLRQV WKH\ DUH PHUHO\ �QDQFLDO FRVPHWLFV�

3ULFH�TXDQWLW\ DGMXVWPHQW SURFHVVHV WKDW KRQRU WKH SULYDF\ RI ORFDO LQIRUPDWLRQ FDQ VHUYH

WR FRRUGLQDWH GHFLVLRQV LQ D SRZHU JULG_ EXW PXFK UHPDLQV WR EH OHDUQHG DERXW WKHLU

EHKDYLRU LQ YDULRXV FRQWH[WV� 2WKHU ZHOO�VSHFL�HG DGMXVWPHQW SURFHVVHV VKRXOG EH GHVLJQHG

DQG VWXGLHG�

/RVV �RU ?VSLOORYHU�� FRQJHVWLRQ PD\ EH WKH PRVW LPSRUWDQW FRQWULEXWRU WR VKRUW�UXQ WUDQV�

PLVVLRQ FRVW_ GRPLQDWLQJ WKH H�HFW RI WKH PRUH ZLGHO\ UHFRJQL]HG SKHQRPHQRQ RI WKHUPDO

FRQJHVWLRQ� $QG ORVV FRQJHVWLRQ� XQOLNH WKHUPDO FRQJHVWLRQ� LV DOZD\V SUHVHQW� 3URSHUO\

FRQVWUXFWHG WUDQVPLVVLRQ WROOV IRUFH HDFK GHFLVLRQ PDNHU WR WDNH DFFRXQW RI WKH LPSDFW RI

KLV DFWLRQV RQ WKH ORVVHV RI RWKHUV�

5()(5(1&(6

'HVRHU�&�$�� DQG (�6�.XK� %DVLF &LUFXLW 7KHRU\� 0F*UDZ�+LOO ������

+RJDQ� :� :�� ?&RQWUDFW 1HWZRUNV IRU (OHFWULF 3RZHU 7UDQVPLVVLRQ�� -RXUQDO RI 5HJXOD�

WRU\ (FRQRPLFV ��������� ������

��



6FKZHSSH�)�&�� 0�&�&DUDPDQLV� 5�'�7DERUV� DQG 5�(�%RKQ� 6SRW 3ULFLQJ RI (OHFWULFLW\�

.OXZHU ������

:X� )�� DQG 3� 9DUDL\D� ?&RRUGLQDWHG 0XOWLWODWHUDO 7UDGHV IRU (OHFWULF 3RZHU 1HWZRUNV�

7KHRU\ DQG ,PSOHPHQWDWLRQ�� 8QLYHUVLW\ RI &DOLIRUQLD (QHUJ\ ,QVWLWXWH :RUNLQJ 3DSHU�

3:3���� �-XQH �����

��



$33(1',;

,WHUDWLRQV RI (;��� (;��D� DQG (;��E

3DUWLDO VLPXODWLRQ UHVXOWV DUH SUHVHQWHG KHUH IRU WKH WKUHH H[DPSOHV GHVFULEHG LQ 6HFWLRQ

�� ,Q HDFK FDVH WKH SDUDPHWHUV IRU WKH H[DPSOH DUH JLYHQ �UVW� DQG WKHQ WKH UHVXOWV IRU WKH

VHFRQG� IRXUWK� DQG VL[WK LWHUDWLRQV� 7KH ODVW LWHUDWLRQ LV YHU\ FORVH WR HTXLOLEULXP �DQG

VRFLDO RSWLPXP� LQ HDFK FDVH�

� H[��
� \  
� ��� �� ��
� �� ��� �
� �� � ���
� F  
� � ���� ����
� ���� � ����
� ���� ���� �

�� Y  
�� � � ���
�� +  
�� ������ ������ ������
�� LG  
�� �� �� �
�� 














,WHUDWLRQ �















�� 6853/86  

�� ������H����

�� 92/7$*(6  

�� ������ ������� ������

�� 12'(,1-(&7,216  

�� ��������

�� ��������

�� ���������

�� 0$5*,1$/&2676  

�� ������� ������� �������

�� 32:(5)/2:6  

�� � ������� ��������

�� �������� � ��������

�� ��������� �������� �

�� 63,//29(572//6  

�� ������� �������

�� &21*(67,2172//6  

�� � �

�� %27+72//6  

�� ������� �������

�� 














,WHUDWLRQ �
















�� 6853/86  

�� ������H����

�� 92/7$*(6  

�� ������� ������ ������

�� 12'(,1-(&7,216  

�� ��������

�� ��������

�� ���������

�� 0$5*,1$/&2676  

�� ������� ������� �������

�� 32:(5)/2:6  

�� � ������� ��������

�� �������� � ��������

��



�� ��������� ��������� �

�� 63,//29(572//6  

�� ������� �������

�� &21*(67,2172//6  

�� � �

�� %27+72//6  

�� ������� �������

�� 














,WHUDWLRQ �
















�� 6853/86  

�� ������H����

�� 92/7$*(6  

�� ������� ������ ������

�� 12'(,1-(&7,216  

�� ��������

�� ��������

�� ���������

�� 0$5*,1$/&2676  

�� ������� ������� �������

�� 32:(5)/2:6  

�� � ������� ��������

�� �������� � ��������

�� ��������� ��������� �

�� 63,//29(572//6  

�� ������� �������

�� &21*(67,2172//6  
�� � �
�� %27+72//6  
�� ������� �������
�� 











































�� H[��D
�� \  
�� ��� �� ��
�� �� ��� �
�� �� � ���
�� F  
�� � ���� ���
�� ���� � ����
�� ��� ���� �
�� Y  

�� � � ���

�� +  

�� ������ ������ ������

�� LG  

�� �� �� �

�� 














,WHUDWLRQ �
















�� 6853/86  

�� ������H����

�� 92/7$*(6  

�� ������ ������� ������

��� 12'(,1-(&7,216  

��� ��������

��� ��������

��� ���������

��� 0$5*,1$/&2676  

��� ������� ������� �������

��� 32:(5)/2:6  

��� � ������� ��������

��� �������� � ��������

��� ��������� ��������� �

��� 63,//29(572//6  

��� ������� �������

��� &21*(67,2172//6  

��� ������ ������

��� %27+72//6  

��� ������� �������

���

��



��� 














,WHUDWLRQ �
















��� 6853/86  

��� ������H����

��� 92/7$*(6  

��� ������� ������ ������

��� 12'(,1-(&7,216  

��� ��������

��� ��������

��� ���������

��� 0$5*,1$/&2676  

��� ������� ������� �������

��� 32:(5)/2:6  

��� � ������� ��������

��� �������� � ��������

��� ��������� ��������� �

��� 63,//29(572//6  

��� ������� �������

��� &21*(67,2172//6  

��� ������ ������

��� %27+72//6  

��� ������� �������

��� 














,WHUDWLRQ �
















��� 6853/86  

��� ������H����

��� 92/7$*(6  

��� ������� ������ ������

��� 12'(,1-(&7,216  

��� ��������

��� ��������

��� ���������

��� 0$5*,1$/&2676  

��� ������� ������� �������

��� 32:(5)/2:6  

��� � ������� ��������

��� �������� � ��������

��� ��������� ��������� �

��� 63,//29(572//6  

��� ������� �������

��� &21*(67,2172//6  

��� ������ ������
��� %27+72//6  
��� ������� �������
��� 











































��� H[��E
��� \  
��� ��� �� ��
��� �� ��� �
��� �� � ���
��� F  
��� � ���� ���
��� ���� � ��
��� ��� �� �
��� Y  
��� � � ���
��� +  
��� ������ ������ ������
��� LG  
��� �� �� �
��� 














,WHUDWLRQ �
















��� 6853/86  

��� ������H����

��� 92/7$*(6  

��� ������� ������ ������

��� 12'(,1-(&7,216  

��� ��������

��� �������

��



��� ���������

��� 0$5*,1$/&2676  

��� ������� ������ �������

��� 32:(5)/2:6  

��� � ������� ��������

��� �������� � ��������

��� ��������� ��������� �

��� 63,//29(572//6  

��� ������� �������

��� &21*(67,2172//6  

��� ������ �������

��� %27+72//6  

��� ������� �������

��� 














,WHUDWLRQ �
















��� 6853/86  

��� ������H����

��� 92/7$*(6  

��� ������� ������ ������

��� 12'(,1-(&7,216  

��� ��������

��� ��������

��� ���������

��� 0$5*,1$/&2676  

��� ������� ������� �������

��� 32:(5)/2:6  

��� � ������� ��������

��� �������� � ��������

��� ��������� ��������� �

��� 63,//29(572//6  

��� ������� �������

��� &21*(67,2172//6  

��� ������ ������

��� %27+72//6  

��� ������� �������

��� 














,WHUDWLRQ �
















��� 6853/86  

��� ������H����

��� 92/7$*(6  

��� ������� ������ ������

��� 12'(,1-(&7,216  

��� ��������

��� ��������

��� ���������

��� 0$5*,1$/&2676  

��� ������� ������� �������

��� 32:(5)/2:6  

��� � ������� ��������

��� �������� � ��������

��� ��������� ��������� �

��� 63,//29(572//6  

��� ������� �������

��� &21*(67,2172//6  

��� ������ ������

��� %27+72//6  

��� ������� �������

���

��


