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0RVW RI WKH OLWHUDWXUH FRQFHUQHG ZLWK GHFHQWUDOL]HG RSHUDWLRQV LQ SRZHU JULGV KDV IRFXVVHG

RQ SDUWLWLRQLQJ V\VWHPV LQLWLDOO\ LQWR WZR PDLQ SDUWV� WKH WUDQVPLVVLRQ V\VWHP DQG WKH

PDUNHW RI XVHUV �WKH ?,62� DQG WKH ?3;��� DQG DVNLQJ KRZ WKH DFWLRQV RI WKHVH WZR

VXEJURXSV FDQ EH SURSHUO\ FRRUGLQDWHG� :KLOH D QXPEHU RI VWXGLHV KDYH JRQH RQ WR H[DPLQH

GHFHQWUDOL]HG RSHUDWLRQV LQ WKH XVHU PDUNHW RI SURGXFHUV DQG FRQVXPHUV� OLWWOH DWWHQWLRQ KDV

EHHQ JLYHQ WR KRZ WKH RSHUDWLRQ RI WKH WUDQVPLVVLRQ V\VWHP LWVHOI PLJKW EH GHFHQWUDOL]HG�

,Q WKLV SDSHU ZH SURSRVH DQ RUJDQL]DWLRQDO SURFHGXUH IRU FRRUGLQDWLQJ WKH DFWLRQV RI WKH

PDQDJHUV RI JLYHQ VXEJULGV RI D ODUJHU V\VWHP� 1RQ�LQYDVLYH SULFH�TXDQWLW\ GLDORJV DUH

GH�QHG WKDW� XQGHU IDLUO\ JHQHUDO FLUFXPVWDQFHV� EULQJ DERXW SHUIHFW VKRUW�UXQ FRRUGLQDWLRQ

RI WKH DJJUHJDWH JULG�
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0RVW RI WKH OLWHUDWXUH FRQFHUQHG ZLWK GHFHQWUDOL]HG RSHUDWLRQV LQ SRZHU JULGV KDV IRFXVVHG

RQ SDUWLWLRQLQJ V\VWHPV LQLWLDOO\ LQWR WZR PDLQ SDUWV� WKH WUDQVPLVVLRQ V\VWHP DQG WKH

PDUNHW RI XVHUV �WKH ,62 DQG WKH 3;�� DQG DVNLQJ KRZ WKH DFWLRQV RI WKHVH WZR VXEJURXSV

FDQ EH SURSHUO\ FRRUGLQDWHG�� :KLOH D QXPEHU RI VWXGLHV KDYH JRQH RQ WR H[DPLQH GHFHQ�

WUDOL]HG RSHUDWLRQV LQ WKH XVHU PDUNHW RI SURGXFHUV DQG FRQVXPHUV�� OLWWOH DWWHQWLRQ KDV

EHHQ JLYHQ WR KRZ WKH RSHUDWLRQ RI WKH WUDQVPLVVLRQ V\VWHP LWVHOI PLJKW EH GHFHQWUDOL]HG��

,Q WKLV SDSHU ZH SURSRVH DQ RUJDQL]DWLRQDO SURFHGXUH IRU FRRUGLQDWLQJ WKH DFWLRQV RI WKH

PDQDJHUV RI JLYHQ VXEJULGV RI D ODUJHU V\VWHP� $OWKRXJK WKH FRQWH[W ZH DVVXPH LV D YHU\

VSHFLDO RQH� ZH EHOLHYH WKDW WKH SURFHGXUH FDQ HDVLO\ EH H[WHQGHG WR RWKHU FRQWH[WV� ,Q

6HFWLRQ � WZR VW\OHV RI SULFH�TXDQWLW\ FRRUGLQDWLRQ DUH GHVFULEHG� RQH RI ZKLFK LV EXLOW

XSRQ LQ WKH ERG\ RI WKH SDSHU� ,Q 6HFWLRQ � ZH GH�QH DQ DQDO\WLFDO WRRO� WKH �OLQN�LPSDFW

PDWUL[�� DQG ZH VKRZ LWV XVHV LQ GHWHUPLQLQJ DSSURSULDWH FRQJHVWLRQ WROOV LQ D SRZHU JULG�

6HFWLRQ � GHVFULEHV FHUWDLQ GHFRPSRVLWLRQV RI WKLV PDWUL[ ZKLFK DUH UHOHYDQW WR WKH YDULHW\

RI JULG GHFHQWUDOL]DWLRQ SDWWHUQV GLVFXVVHG LQ 6HFWLRQV �� �� DQG �� 6HFWLRQ � GLVFXVVHV VRPH

JHQHUDOL]DWLRQV� DQG 6HFWLRQ � VRPH RSHQ TXHVWLRQV�

0HWKRGRORJ\� (�RUW KDV EHHQ H[HUWHG WR EH H[SOLFLW LQ GHVFULELQJ WKH ZRUNLQJ RI WKH

� +RJDQ ������� 2UHQ� HW DO ������� :X� HW DO ������� &KDR DQG 3HFN ������� 0F*XLUH �����D�

� 6WXGLHV RI PDUNHW SRZHU� VXFK DV %RUHQVWHLQ DQG %XVKQHOO ������� IDOO LQWR WKLV FODVV�

� $ UHFHQW H[FHSWLRQ LV &DGZDODGHU� HW DO ������� 2WKHU FDQGLGDWHV DUH WKH VWXGLHV RI ?WUDQVPLVVLRQ FRQWUDFW

ULJKWV�� &RRUGLQDWLRQ� KRZHYHU� LV KDUGO\ WKH HPSKDVLV LQ WKHVH GLVFXVVLRQV� 7KH\ GR QRW FRQWHPSODWH

DQ\WKLQJ RWKHU WKDQ FHQWUDOL]HG UXQQLQJ RI WKH JULG �XQOHVV LW EH DQDUFK\� ZKLFK LV OLWWOH FRQFHUQHG ZLWK

FRRUGLQDWLRQ��

�



SURSRVHG SURFHGXUHV� $OWKRXJK D QXPEHU RI DVVHUWLRQV DUH PDGH DERXW EHKDYLRU RI SURFH�

GXUHV� QR SURRIV DUH DWWHPSWHG� 7KH FRQFOXVLRQV DUH SODXVLEOH HQRXJK EXW ODFNLQJ SURRIV

ZH KDYH UHOLHG RQ QXPHULFDO H[DPSOHV� 6R WKDW WKH VHULRXV UHDGHU FDQ VDWLVI\ KLPVHOI DERXW

RXU DVVHUWLRQV E\ FKDVLQJ WKURXJK WKHVH QRW�DOZD\V�VLPSOH QXPHULFDO H[DPSOHV ZLWKRXW

WRR PXFK WHGLXP ZH KDYH SURYLGHG KHOS� :LWK HDFK H[DPSOH ZLOO EH IRXQG �XVXDOO\ LQ WKH

$SSHQGL[� ��� D 0DWODE ?QRWHERRN� SDJH ZKLFK GH�QHV WKH H[DPSOH DQG DOO WKH DVVRFLDWHG

FRPSXWDWLRQV� DQG ��� WKH RXWSXWV IURP ���� :KHUH WKH WH[W GHVFULSWLRQ RI SURFHGXUH LV

XQFOHDU WKH UHDGHU FDQ �QG D SHUIHFWO\ H[SOLFLW GHVFULSWLRQ LQ WKH QRWHERRN� +H FDQ DOVR

HDVLO\ YDU\ VRPH RI WKH SDUDPHWHUV WR LQYHVWLJDWH KLV RZQ VLPLODU H[DPSOH� 1RQH RI WKH

FRPSXWDWLRQV DUH ORQJ EXW IHZ DUH TXLWH SHQFLO�DQG�SDSHU FDOFXODWLRQV�

�� 7+( 5$,/52$' 02'(/ $1' 7+( %/0 02'(/

3ROLF\ GHEDWHV LQ WKH ODVW IHZ \HDUV VXJJHVW WKDW WKHUH DUH SUREDEO\ PDQ\ HTXDOO\ JRRG ZD\V

WR RUJDQL]H WKH PDQDJHPHQW RI D SRZHU JULG� )RU WKH DQDO\VLV KHUH LW LV XVHIXO WR FRQVLGHU

WZR PRGHOV DW UDWKHU RSSRVLWH H[WUHPHV ZKLFK� IRU FRQYHQLHQFH� ZH QLFNQDPH WKH ?UDLOURDG

PRGHO� DQG WKH ?%/0 PRGHO�� ,Q WKH UDLOURDG PRGHO WKH R�HUHU RI WUDQVPLVVLRQ VHUYLFHV

SRVWV SULFHV� RQ WUDQVSRUW �L�H�� WUDQVPLVVLRQ� IURP D WR E� F WR G� HWF� 7KH PDUNHW UHVSRQGV

ZLWK WUDQVSRUW GDPDQGV� ,I GHPDQGV FDXVH XQH[SHFWHG FRQJHVWLRQ RU XQDQWLFLSDWHG FRVWV�

UDLOURDG PDQDJHPHQW ERRVWV RU ORZHUV SULFHV DFFRUGLQJO\�
� 'HPDQG UHVSRQGV� HWF� � HWF�

�

,Q WKH %/0 PRGHO WKH %XUHDX RI /DQG 0DQDJHPHQW SRVWV TXDQWLWLHV RI LWV VHUYLFHV� WKH XVH

RI IHGHUDOO\ RZQHG R��VKRUH RLO WUDFWV� WR EH PDGH DYDLODEOH IRU OHDVH� 7KH PDUNHW �L�H�� RLO

FRPSDQLHV� UHVSRQGV E\ R�HULQJ SULFHV �LQ DXFWLRQV� IRU WKH SRVWHG ODQGV� 'HSHQGLQJ RQ

WKH SULFHV R�HUHG %/0 FRXQWHUV E\ VSHHGLQJ XS RU VORZLQJ GRZQ WKH UDWH DW ZKLFK ODQGV

DUH SXW XS IRU OHDVH�

� 7R DYRLG FRQIXVLRQ EHWZHHQ QRGH SULFH DQG WUDQVPLVVLRQ SULFH ZH XVH WKH WHUP ?WROO� IRU WKH ODWWHU�

� ,&& KHUH DEROLVKHG E\ WKHRUHWLFDO OLFHQVH�

� $ IXOOHU GHVFULSWLRQ RI WKH SRVVLEOH ZRUNLQJ RI VXFK V\VWHPV LQ WKH HOHFWULF SRZHU FRQWH[W LV JLYHQ LQ
0F*XLUH�����D� DQG �����E��

�



$OO VXFK V\VWHPV_ UDLOURDG RU %/0_ DUH LWHUDWLYH� WKH\ SURFHHG VWHS�E\�VWHS WRZDUG

VRPH �JRRG RU OHVV�WKDQ�JRRG� LPDJLQHG HTXLOLEULXP RXWFRPH� ,I WKH ZRUOG FKDQJHV VORZO\

HQRXJK DQG DQG RUJDQL]DWLRQ DGMXVWPHQW LV IDVW� WKLV HTXLOLEULXP PD\ LQ IDFW EH UHDFKHG�

,I FKDQJH LV IDVW DQG DGMXVWPHQW VORZ� HTXLOLEULXP LV D SHUSHWXDOO\ PRYLQJ WDUJHW� QHYHU

UHDFKHG� EXW SHUKDSV ZRUWK FKDVLQJ�

7KH FXUUHQW &DOLIRUQLD SRZHU PDUNHW FOHDUO\ IDOOV QHDUHU WR WKH %/0 HQG RI WKH RUJDQL]DWLRQ

VSHFWUXP LQ LWV VW\OH RI RSHUDWLRQ� WKH PDUNHW VSHDNV SULFHV� WKH JULG VSHDNV TXDQWLWLHV�

)RU WKH DQDO\VLV LQ WKLV SDSHU ZH KDYH IRXQG LW D ELW HDVLHU� QHYHUWKHOHVV� WR WHOO RXU

VWRU\ LQ WHUPV RI WKH UDLOURDG PRGHO� :KLOH ZH EHOLHYH WKH UHVXOWV DUH UHOHYDQW DFURVV WKH

RUJDQL]DWLRQDO VSHFWUXP� PRUH ZRUN UHPDLQV WR EH GRQH WR PDNH D FRPSHOOLQJ FDVH� 6HFWLRQ

� GLVFXVVHV WKLV PDWWHU IXUWKHU�

*ULG PDQDJHUV LQ WKLV SDSHU DUH EHQHYROHQW� WKHLU DFWLRQV DUH FKRVHQ WR PD[LPL]H VRFLDO

ZHOIDUH UDWKHU WKDQ SUR�WV DFFUXLQJ WR JULGV� 7KLV� DJDLQ� LV D FRQYHQLHQW EHJLQQLQJ SRLQW�

,QWHUHVWLQJO\� KRZHYHU� WKH IROORZLQJ DQDO\VLV OD\V RXW D IUDPHZRUN WKDW PD\ EH TXLWH

DSSURSULDWH IRU VWDUWLQJ D VWXG\ RI FRPSHWLWLRQ DPRQJ RYHUODSSLQJ JULGV�

�� 72// ,0387$7,21 $1' 7+( /,1.�,03$&7 0$75,;

7UHDWPHQWV RI SRZHU�JULG PDQDJHPHQW DLPHG DW ZLGH DXGLHQFHV RIWHQ EHJLQ ZLWK ZKDW

DOPRVW DPRXQWV WR D SURFODPDWLRQ RI WKH GL�HUHQFH EHWZHHQ SRZHU �RZV LQ D WUDQVPLVVLRQ

JULG DQG YHKLFXODU WUD�F �RZV LQ D URDG QHWZRUN RU� VD\� JDV �RZV LQ D SLSHOLQH� 3RZHU

�RZV PXVW REH\ �ERWK�� .LUFKKR�
V /DZV� $QG WKHUHIRUH� XQOLNH �RZV LQ RWKHU QHWZRUNV�

WKH SUHFLVH URXWH WKDW D JLYHQ SRZHU WUDQVPLVVLRQ LV WR WUDYHO FDQQRW EH VSHFL�HG� 7KLV

HPSKDVLV RQ GL�HUHQFH LV XQGHUVWDQGDEOH IRU UHDGHUV IURP WKH ZRUOG RI RSHUDWLRQV UHVHDUFK��

6WXGHQWV RI URDG FRQJHVWLRQ VKRXOG� KRZHYHU� �QG WKLV IDPLOLDU WHUULWRU\� (OHFWULF FXUUHQW

�
,Q WKH ODUJH ERG\ RI 25 OLWHUDWXUH RQ QHWZRUN �RZV WKDW GHYHORSHG LQ WKH VL[WLHV DQG VHYHQWLHV PHQWLRQ

RI HOHFWULFLW\ QHWZRUNV DQG ORRS �RZV LV VXUSULVLQJO\ UDUH H�J�� )RUG DQG )XONHUVRQ������� /DZOHU�������
%XVDFNHU DQG 6DDW\������� 5RFNDIHOODU
V RWKHUZLVH FRPSUHKHQVLYH WH[W ������ DW OHDVW UHFRJQL]HV HOHFWULFLW\
QHWZRUNV DV IDOOLQJ RXWVLGH WKH VFRSH RI KLV ERRN� $ UHFHQW HOHPHQWDU\ WH[W E\ 'RODQ DQG $OGRXV ������
LV DOPRVW XQLTXH LQ LWV LQWHJUDWHG WUHDWPHQW RI WKH 25 QHWZRUN OLWHUDWXUH DQG HOHFWULF QHWZRUN WKHRU\�

�



�RZV DORQJ SDUDOOHO SDWKV WR HTXDWH YROWDJH GURSV� YHKLFXODU WUD�F GLYLGHV DORQJ SDUDOOHO

URDGV WR HTXDWH WUDYHO WLPH� %RWK �RZV DUH JRYHUQHG E\ .LUFKKR�
V FXUUHQW ODZ DQG KLV

YROWDJH ODZ�
�

$ XVHIXO WRRO IRU WKH DQDO\VLV RI WKH GLVWULEXWLRQ RI SRZHU �RZV LQ D JULG LV WKH OLQN�LPSDFW

PDWUL[ �RXU WHUP� GH�QHG EHORZ DQG PRUH SUHFLVHO\ LQ $SSHQGL[ ,� )RU D JLYHQ WUDQVPLVVLRQ

JULG WKLV PDWUL[ VSHFL�HV H[DFWO\ KRZ WKH SRZHU WUDQVPLWWHG IURP VRXUFH $ WR GHVWLQDWLRQ

% LV GLYLGHG DPRQJ DOO SDUDOOHO URXWHV IURP $ WR %� 7KLV OLQN�LPSDFW PDWUL[ LV WKH FHQWUDO

FRQFHSW IRU DOO WKH DQDO\VLV LQ WKLV SDSHU�

)RU WKH OLPLWHG SXUSRVHV RI WKLV DQDO\VLV� D SRZHU JULG LV FRPSOHWHO\ FKDUDFWHUL]HG E\ LWV

DGPLWWDQFH PDWUL[ < DQG LWV WKHUPDO FDSDFLW\ PDWUL[ &� ,Q DQ Q�QRGH JULG < LV Q � Q

DQG \LM LV WKH DGPLWWDQFH RI WKH OLQN FRQQHFWLQJ QRGH L ZLWK QRGH M �\LM  � LI L DQG

M DUH QRW FRQQHFWHG�� $GPLWWDQFH RUGLQDULO\ LV D FRPSOH[ TXDQWLW\ [LM � L\LM� WKH �UVW

FRPSRQHQW_ WKH UHDO SDUW_ UHSUHVHQWLQJ FRQGXFWDQFH DQG WKH VHFRQG FRPSRQHQW_ WKH

LPDJLQDU\ SDUW_ UHSUHVHQWLQJ VXVFHSWDQFH� ,Q WKLV SDSHU ZH FRQ�QH DWWHQWLRQ WR ORVVOHVV

JULGV� VR FRQGXFWDQFH PXVW DOZD\V EH ]HUR� 6XSSUHVVLQJ WKH LPDJLQDU\ L ZH ZLOO UHSUHVHQW

DGPLWWDQFH WKHQ E\ WKH UHDO VFDODU \LM� %\ FRQYHQLHQW FRQYHQWLRQ \LM LV DVVLJQHG D SRVLWLYH

YDOXH DQG \LL  �

3
M � L

\LM� )RU VLPSOLFLW\ ZH ZLOO DOVR DVVXPH WKDW \LM  \ML� 7KH XQLW RI

DGPLWWDQFH LV WKH PKR DQG ZKHUH XVHIXO �PRVWO\ LQ GLDJUDPV� ZH LQGLFDWH D PKR E\ WKH

V\PERO < �DSSURSULDWH DQ\ZD\� EXW DOVR WKH QHDUHVW WKLQJ LQ RXU IRQW WR DQ XSVLGH�GRZQ

FDSLWDO 2PHJD�� ,Q WKH Q � Q FDSDFLW\ PDWUL[ & WKH HOHPHQW FLM LQGLFDWHV WKH PD[LPXP

SRZHU �RZ SHUPLVVLEOH WKURXJK OLQN LM� WKH XQLW RI SRZHU �DJDLQ� PRVWO\ IRU GLDJUDPV�

GHQRWHG : � �&RQYHQWLRQ� FLL  �� $VVXPSWLRQ� FLM  FML�� ,Q WKLV SDSHU WKH DGPLWWDQFH

PDWUL[ LQIRUPDWLRQ ZLOO PRVW RIWHQ EH SUHVHQWHG LQ D QHWZRUN GLDJUDP�

$V D IXQFWLRQ RI WKH DGPLWWDQFH PDWUL[ < ZH PD\ QRZ GH�QH ZKDW ZH KDYH FKRVHQ WR FDOO

WKH OLQN�LPSDFW PDWUL[ 0�< � RU VLPSO\ 0 � )RU WKLV SXUSRVH ZH PXVW GLVWLQJXLVK EHWZHHQ

OLQN SRZHU �RZV DFURVV D OLQN FRQQHFWLQJ RQH QRGH WR DQRWKHU DQG RULJLQ�GHVWLQDWLRQ RU�

�
%HFNPDQQ� HW DO ������� 3RWWV DQG 2OLYHU������� )HUULV DQG 3DQJ������

�



VLPSO\� 2^' SRZHU �RZV IURP RQH QRGH WR DQRWKHU� 7KH LQWHUSUHWDWLRQV RI WKHVH WZR WHUPV

DUH REYLRXV� ZH PD\ RQO\ QRWH WKDW� RI FRXUVH� 2^' �RZV FDQ RFFXU EHWZHHQ WZR QRGHV

QRW FRQQHFWHG E\ D VLQJOH OLQN� $Q HOHPHQW PKL�MN RI OLQN�LPSDFW PDWUL[ 0 LQGLFDWHV WKH

SRZHU��RZ LPSDFW RQ OLQN KL RI D RQH�XQLW LQFUHDVH LQ 2^' �RZ MN��

$V GHVFULEHG� 0 LV D KLJKO\ UHGXQGDQW PDWUL[ RI VL]H Q
�
� Q

�
� EXW RI UDQN DW PRVW Q� ��

DQG RIWHQ HYHQ OHVV VLQFH �PRVW LPSRUWDQWO\ IRU WKH GLFXVVLRQ LQ 6HFWLRQ ��� QRW DOO QRGH

SDLUV DUH XVXDOO\ FRQQHFWHG� :H ZLOO VRPHWLPHV �QG LW FRQYHQLHQW QHYHUWKHOHVV WR UHSUHVHQW

0 LQ LWV UHGXQGDQW IRUP DQG VRPHWLPHV LQ LWV PRVW FRPSDFW IRUP� FRQ�QLQJ ERWK KL OLQN

SDLUV DQG MN 2^' SDLUV WR WKDW VHW RI GLUHFWO\ FRQQHFWHG SDLUV IJ ZLWK I � J� ,Q WKLV ODWWHU

XVH� WKH LPSDFWV RI RPLWWHG 2^' SDLUV FDQ HDVLO\ EH FRQVWUXFWHG �E\ FROXPQ RSHUDWLRQV�

IURP WKRVH WKDW DUH QRW RPLWWHG�

(YHQ LQ VLPSOH H[DPSOHV0 LV GL�FXOW HQRXJKW WR FRPSXWH E\ KDQG��� 7KH 0DWODE IXQFWLRQ

0  /,03 �< � LQ $SSHQGL[ , VKRXOG EH XVHIXO WR WKH UHDGHU ZKR ZLVKHV WR H[SORUH KLV RZQ

H[DPSOHV� 7KH IXQFWLRQ FDQ EH DGMXVWHG WR RXWSXW HLWKHU WKH UHGXQGDQW RU WKH FRPSDFW

IRUP RI 0 � ,Q PRVW RI ZKDW IROORZV WKH FRQWH[W ZLOO LQGLFDWH ZKLFK IRUP LV DSSURSULDWH�

6XSSRVH ZH KDYH D YHFWRU ; RI 2^' �RZV DV PLJKW EH GHPDQGHG LQ UHVSRQVH WR WKH

DQQRXQFHPHQW RI D VHW RI WUDQVPLVVLRQ SULFHV� 7KH LPSOLHG YHFWRU [ RI OLQN �RZV LV WKHQ

[  0;
�� 6XSSRVH WKDW VRPH RI WKH LPSOLHG OLQN �RZV H[FHHG WKH WKHUPDO FDSDFLWLHV

GH�QHG LQ &� 7ROOV DUH LPSRVHG RQ WKHVH ?FRQJHVWHG� OLQNV WR UHGXFH �RZV DSSURSULDWHO\�

,Q D WUD�F QHWZRUN VXFK WROOV FRXOG EH FROOHFWHG RQ WKH VSRW� EXW LQ D SRZHU QHWZRUN WKLV

ZRXOG EH DZNZDUG LI QRW LPSRVVLEOH� /HW W EH WKH FKRVHQ OLQN�WROO YHFWRU� 7KHQ DQ LPSXWHG

YHFWRU 7 RI 2^' WROOV LV JLYHQ E\ WKH SURGXFW 7  W0� 7KHVH LPSXWHG WROOV H[DFWHG IURP

HDFK XQLW 2^' �RZ H[DFWO\ UHSOLFDWH WKH GHVLUHG OLQN WROOV� HDFK 2^' �RZ LV FKDUJHG IRU

�
7KH FRPSXWDWLRQ RI 0 LV GHVFULEHG LQ 0F*XLUH�����D� DQG LQ $SSHQGL[ ,� 6WULFWO\ VSHDNLQJ� 0 UHODWHV

FXUUHQW �RZV UDWKHU WKDQ SRZHU �RZV� EXW LQ D ORVVOHVV V\VWHP WKLV GLVWLQFWLRQ PD\ EH LJQRUHG�

�� 7KH UXOHV RI WKH UHOHYDQW DULWKPHWLF DUH WKHVH� ��� 3RZHU PRYHV DORQJ SDUDOOHO SDWKV LQ SURSRUWLRQ WR SDWK
DGPLWWDQFHV� ��� SDWKV RI DGPLWWDQFHV D DQG E FRQQHFWHG LQ SDUDOOHO KDYH D FRPELQHG DGPLWWDQFH D � E�

DQG ��� WKH VDPH SDWKV FRQQHFWHG LQ VHULHV KDYH D FRPELQHG DGPLWWDQFH �D�� � E������

�



WKH VXP RI LWV GROODU�YDOXHG OLQN��RZ LPSDFWV RQ WKH FRQJHVWHG OLQNV���

([DPSOH �$� 'H�QH D VLPSOH IRXU�QRGH JULG E\ LWV DGPLWWDQFH PDWUL[
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)LJXUH ���� $ )RXU�1RGH *ULG� $GPLWWDQFHV DQG /LQN 	 2^' 7ROOV

�� 0XFK GLVFXVVLRQ KDV FHQWHUHG RQ WKH GL�FXOW\�LPSRVVLELOLW\ RI GH�QLQJ D QRWLRQ RI FDSDFLW\ IRU D VSHFL�F
2^' �:KDW VKRXOG , FDOO LW" ?3DWK� KDV RWKHU FRQQRWDWLRQV�� ?WUDFN�� $QG WKHQ� FRQVHTXHQWO\� RI LPSRVLQJ
DSSURSULDWH 2^' WROOV RQ WUDFNV WKDW DUH LQ VRPH VHQVH ?FRQJHVWHG�� 2XU GLVFXVVLRQ ZRXOG VXJJHVW WKDW
DOO RI WKHVH FRQFHUQV DUH HPSW\ RU EHVLGH WKH SRLQW� 8QGHU SURSHU FRQJHVWLRQ SULFLQJ� D WUDFN WROO JRHV XS
ZKHQ WKH OLQNV ZKLFK LW LPSDFWV EHFRPH PRUH FRQJHVWHG� $ WUDFN WROO FDQ EH QHJDWLYH LI LWV LPSDFW RQ D
FRQJHVWHG OLQN LV RSSRVLWH WR WKH FRQJHVWLQJ �RZ�

�



7KH �UVW GLVSOD\ LQ )LJXUH ��� VKRZV WKLV JULG ZLWK OLQN DGPLWWDQFHV� WKH VHFRQG GLVSOD\

VKRZV WKH LPSXWHG 2^' WROOV FRUUHVSRQGLQJ WR D JLYHQ YHFWRU RI OLQN WROOV� )RU HDFK QRGH�

SDLU WKH JLYHQ OLQN WROO LV WKH WRS QXPEHU DQG WKH 2^' WROO LV WKH ERWWRP QXPEHU� $

SRVLWLYH QXPEHU LQGLFDWHV D WROO LQ WKH GLUHFWLRQ RI ORZHU�WR�KLJKHU QRGH LQGH[� D QHJDWLYH

QXPEHU D WROO LQ WKH RSSRVLWH GLUHFWLRQ� 7KXV� IRU H[DPSOH� WKH WRS QXPEHU �������_

SDUHQWKHVHV LQGLFDWLQJ D QHJDWLYH QXPEHU_ RQ WKH ��� OLQH LQGLFDWHV WKDW WKH OLQN WROO

RQ OLQN ��� LV QHJDWLYH �L�H�� WKH ��� OLQN WROO LV SRVLWLYH� 7KH GDVKHG OLQHV VKRZ WROOV IRU

QRGH�SDLUV QRW GLUHFWO\ OLQNHG� WKHVH 2^' WROOV DUH IRXQG E\ VLPSO\ DGGLQJ WKH 2^' WROOV

RQ SDUDOOHO SDWKV�

,Q DQ DGMXVWPHQW V\VWHP IROORZLQJ WKH ?UDLOURDG� VW\OH RI RSHUDWLRQ� WKH JULG PDQDJHU

ZRXOG ��� REVHUYH SRZHU �RZV� ��� UDLVH�ORZHU OLQN WROOV ZKHUH �RZV ZHUH DERYH�EHORZ

OLQN FDSDFLWLHV� ��� HPSOR\ 0 WR �QG DQG WKHQ DQQRXQFH LPSXWHG 2^' WROOV� ��� UHWXUQ

WR VWHS ��� ZLWK WKH QHZO\ GHPDQGHG 2^' �RZV XQOHVV �RZ FKDQJHV DUH OHVV WKDQ VRPH

SUHGHWHUPLQHG VPDOO WKUHVKKROG� LQ ZKLFK FDVH DGMXVWPHQW WR WKH FXUUHQW HQYLURQPHQW LV

FRPSOHWH�
��

6WXGHQWV RI WKH FXUUHQW &DOLIRUQLD V\VWHP PD\ REMHFW WKDW RXU PRGHO LV WRR VWULFWO\ EL�

ODWHUDO� ?6FKHGXOLQJ &RRUGLQDWRUV�_ WKH PDUNHWLQJ RUJDQL]DWLRQV WKDW DVVHPEOH GHDOV EH�

WZHHQ EX\HUV DQG VHOOHUV RI SRZHU_ GR QRW RUGLQDULO\ VXEPLW WKHLU WUDQVPLVVLRQ GHPDQGV

LQ WHUPV RI VSHFL�F 2^' �RZV� 5DWKHU� WKH\ VXEPLW EDODQFHG RU XQEDODQFHG YHFWRUV RI

QRGH LQMHFWLRQV� �$Q LQMHFWLRQ YHFWRU [  �[�� ��� [Q� LV EDODQFHG LI
3

[L  ��� %DODQFHG

VXEPLVVLRQV DUH HDVLO\ LQFRUSRUDWHG LQ WKH PRGHO ZLWKRXW DQ\ H[WHQVLRQ� WKH LPSDFW RI XQ�

EDODQFHG VXEPLVVLRQV RQ FRQJHVWLRQ FDOOV IRU DGGLWLRQDO LQIRUPDWLRQ� QDPHO\� WKH ORFDWLRQV

RI FRPSHQVDWLQJ GHPDQGV DQG VXSSOLHV� :H UHVWULFW DWWHQWLRQ KHUH WR EDODQFHG VXEPLV�

VLRQV� 7KH WUHDWPHQW LV DV IROORZV� ,I [  �[��� ��� [LM� ��� [QQ� DQG ]  �]��� ��� ]LM� ��� ]QQ�

DUH YHFWRUV RI 2^' �RZV DQG
3

L
[LM  

3
L
]LM IRU DOO M WKHQ 0[�

 0]
�
� ,Q ZRUGV� YHF�

WRUV RI 2^' �RZV LPSDFW WKH JULG HTXDOO\ LI WKH\ JLYH ULVH WR WKH VDPH YHFWRU RI QRGDO

��
$Q DGMXVWPHQW SURFHVV RSHUDWLQJ XQGHU WKLV WROO�LPSXWDWLRQ SURFHGXUH ZDV GHVFULEHG LQ 0F*XLUH�����D��

�



LQMHFWLRQV� HOHFWULF SRZHU LV IXQJLEOH� ,W IROORZV WKDW D JLYHQ QRGDO LQMHFWLRQ YHFWRU LV

HTXDOO\ ZHOO UHSUHVHQWHG E\ DQ\ 2^' YHFWRU FRQVLVWHQW ZLWK LW� LQ SDUWLFXODU E\ WKH 2^

' YHFWRU WKDW VHQGV DOO JHQHUDWLRQ WR 1RGH � DQG VXSSOLHV DOO FRQVXPSWLRQ IURP 1RGH

�� 5HWXUQLQJ WR ([DPSOH �$� VXSSRVH D VFKHGXOLQJ FRRUGLQDWRU VXEPLWV D QRGH�LQMHFWLRQ

YHFWRU [  ���� �������� IRU WUDQVPLVVLRQ� $ FRQVLVWHQW 2^' YHFWRU �LQ FRPSDFW IRUP�

LV ]  �]��� ]��� ]��� ]��� ]��� ]���  ���� �� �� �� �� ��� 1RWLFH WKH VLPSOH UHODWLRQ EHWZHHQ ]

DQG [� WKH 7KH UHVXOWLQJ OLQN�LPSDFW YHFWRU LV 0]�� WKH WROO RQ WKH QRGH�LQMHFWLRQ SDFNDJH

LV W0]
�
 7]

�
� 7KH VFKHGXOLQJ FRRUGLQDWRU FRXOG EH LQIRUPHG PHUHO\ RI WKH OXPS�VXP

FKDUJH 7
�
] RU� PRUH KHOSIXOO\ IRU WDLORULQJ KLV SDFNDJH� WKH ZKROH YHFWRU 7 RI 2^' WROOV�

�� '(&20326,7,21 2) 7+( /,1.�,03$&7 0$75,;

$OWKRXJK WKH UDLOURDG PRGHO DQG WKH %/0 PRGHO HQYLVLRQ GL�HUHQW DGMXVWPHQW SURFHVVHV�

WKH\ DUH LGHQWLFDO LQ WKHLU REVHUYDWLRQ RI LQIRUPDWLRQ SULYDF\ FRQVWUDLQWV� 7KH JULG PDQDJHU

NQRZV WKH JULG �< DQG &� DQG QRWKLQJ PRUH� JHQHUDWRUV�FRQVXPHUV NQRZ VXSSO\�GHPDQG

IXQFWLRQV DQG QRWKLQJ PRUH� DQG VXEVHTXHQW PHVVDJHV EHWZHHQ WKH WZR SDUWLHV FRQYH\ GDWD

WKDW FKDQJH WKLV LQLWLDO LQIRUPDWLRQ HQGRZPHQW PLQLPDOO\�

2I FRXUVH FHUWDLQ V\VWHPV �QRW� ZLWK OXFN� WKH RQHV ZH VWXG\�� PLJKW FRQVLVW RI HOHPHQWV

VR LQWULFDWHO\ LQWHUWZLQHG WKDW WKH ?PLQLPDO� H[FKDQJH UHIHUUHG WR DERYH EHFRPHV D WRWDO

H[FKDQJH� ,Q VXFK D FDVH� FRRUGLQDWLRQ FDQQRW EH DFKLHYHG ZLWKRXW� VD\� WKH JULG PDQDJHU

NQRZLQJ DOO GHPDQG DQG VXSSO\ IXQFWLRQV DQG RSHUDWLQJ LQ D FRPSOHWHO\ FHQWUDOL]HG IDVK�

LRQ� 7R WKH GHJUHH WKDW DFKLHYHPHQW RI FRRUGLQDWLRQ LV LQIRUPDWLRQDOO\ QRQ�LQYDVLYH �L�H��

FRQVLVWHQW ZLWK WKH PDLQWHQDQFH RI LQIRUPDWLRQ SULYDF\� ZH VD\ ZH KDYH D GHFHQWUDOL]HG

V\VWHP� $QG WKH PRUH WKH SULYDF\ PDLQWDLQHG WKH PRUH WKH GHFHQWUDOL]DWLRQ�

7KH JULG�SRZHU�PDUNHW �RU ,62�3;� IDFWRULQJ RI WKH JUDQG SRZHU V\VWHP KDV UHFHLYHG D

JRRG GHDO RI DWWHQWLRQ EXW XQWLO UHFHQWO\�� QR RQH KDV DWWHPSWHG H[WHQGLQJ WKH IDFWRULQJ

WR WKH JULGV WKHPVHOYHV� ,Q WKLV VHFWLRQ ZH OD\ WKH JURXQGZRUN IRU D GLVFXVVLRQ LQ WKH QH[W

�� &DGZDODGHU� HW DO ������

�



VHFWLRQ RI GHFHQWUDOL]HG JULG RSHUDWLRQ� $QG UHPHPEHULQJ WKDW JULG RSHUDWLRQ FDOOV IRU

NQRZOHGJH RI WKH OLQN�LPSDFW PDWUL[ ZH VWDUW RXU LQYHVWLJDWLRQ WKHUH�

7KH OLQN�LPSDFW PDWUL[ RI D JULG FRQVLVWLQJ RI GLVFRQQHFWHG VXE�JULGV� RU RI VXE�JULGV

VKDULQJ RQO\ RQH QRGH� ZRXOG RI FRXUVH EH EORFN GLDJRQDO� ,I WZR VXE�JULGV VKDUH H[DFWO\ WZR

QRGHV ZH VKRXOG H[SHFW WKH OLQN�LPSDFW PDWUL[ WR EH QHDUO\ FDSDEOH RI EORFN GLDJRQDOL]DWLRQ

LQ VRPH VHQVH�

A1

A2

A3

B1

B2

B3

4Y

4Y

1Y

2Y

2Y

4Y

)LJXUH ���� ([DPSOH �$� 6XEJULGV $ DQG % ZLWK /LQN $GPLWWDQFHV

:H VWDUW ZLWK D QXPHULFDO H[DPSOH� ([DPSOH �$� )LJXUH ��� VKRZV D ��QRGH JULG ZLWK

DGPLWWDQFHV LQGLFDWHG RQ HDFK OLQN� 6XE�JULG $� FRQQHFWLQJ QRGHV $�� ��� $� LV ORRVHO\

FRXSOHG WR 6XE�JULG %� FRQQHFWLQJ QRGHV %�� ��� %�� 7KH WZR OLQNV� $��%� DQG $��%�

FRQQHFWLQJ D $ DQG % DUH VXSSRVHG WR KDYH LQ�QLWH DGPLWWDQFHV
��
_FDOO WKHVH DUWL�FLDO

OLQNV FRQQHFWRUV� 7KH OLQN�LPSDFW PDWUL[ RI WKH ZKROH V\VWHP LV GHQRWHG 0 � :H QH[W

FRQVWUXFW WZR QHZ JULGV $�
DQG %

�
�)LJXUH ���� E\ DXJPHQWLQJ HDFK RI WKH VXE�JULGV ZLWK

YLUWXDO UHSUHVHQWDWLRQV RI WKHLU QHLJKERUV� $
� LV QRZ VHHQ WR FRQWDLQ WZR QHZ QRGHV $� DQG

$� DORQJ ZLWK D QHZ OLQN $��$� PHDQW WR UHSUHVHQW *ULG %� )RU SURSHU UHSUHVHQWDWLRQ

RI %� OLQN $��$� PXVW KDYH WKH VDPH DGPLWWDQFH DV WKH ZKROH RI *ULG % EHWZHHQ QRGHV

%� DQG %�� 7KXV \$��$�  � � � �� � � � ��  �� %� LV GH�QHG DQDORJRXVO\� ZLWK

�� 7KLV FRQYHQLHQW DVVXPSWLRQ LV VLPSO\ D ZD\ RI PRGHOLQJ VXE�JULGV ZLWK FRPPRQ QRGHV�

�



\%��%�  � � � �� � � � ��  �� 7KH QHZ DGPLWWDQFH PDWULFHV DUH GHQRWHG <$� DQG <%� �

A1

A2

A3

B1

B2

B3A4

A5

B4

B5

4Y

4Y

1Y

2Y

2Y

4Y
5Y

3Y

)LJXUH ���� ([DPSOH �$� 6XEJULGV $�
DQG %

� ZLWK 9LUWXDO /LQNV

6RPH QHZ QRWDWLRQ� /HW =�<� L� M� EH WKH WRWDO DGPLWWDQFH EHWZHHQ QRGHV L DQG M LQ D JULG

ZLWK DGPLWWDQFH PDWUL[ < ZKHQ DOO LM�SDWKV LQ WKH JULG DUH LQFOXGHG LQ WKH FDOFXODWLRQ���

/HW �$ EH WKH VXEJULG FRPSOHPHQWDU\ WR $ �,Q WKH SUHVHQW FDVH �$  % RI FRXUVH�� 1RZ ZH

FDQ ZULWH =�<
�$� �� �� IRU WKH DGPLWWDQFH RI WKH YLUWXDO OLQN LQ WKH DXJPHQWHG VXE�JULG $��

7KH DSSURSULDWH DGPLWWDQFH YDOXHV IRU WKHVH YLUWXDO OLQNV DUH LQGLFDWHG LQ WKH GLDJUDPV RI

)LJXUH ���� /HW 0$� DQG 0%� EH WKH OLQN�LPSDFW PDWULFHV �FRPSDFW IRUP
��
� IRU HDFK RI

WKHVH DXJPHQWHG VXE�JULGV� 'H�QH D EORFN�GLDJRQDO PDWUL[ 4 E\

4  

�
0$� �

� 0%�

�
�

1RZ FRQQHFW WKH WZR VXEPDWULFHV LQ WKH IROORZLQJ IDVKLRQ� /HW WKH YLUWXDO OLQN LQ *ULG $�

EH DW SRVLWLRQ D LQ WKH OLVW RI $
�
OLQNV DQG WKH VDPH IRU %

� DQG E� �,Q WKLV H[DPSOH DQG

PRVW RI WKH IROORZLQJ RQHV OLQN OLVWLQJ LV FKRVHQ WR PDNH D FRPH ODVW� ,Q WKLV FDVH D  � DQG

E  ��� 6HW 4DE  =�<$� �� �� =�<
�$� �� �� DQG 4ED  =�<% � �� �� =�<

�%� �� ��� (TXLYDOHQWO\�

4DE  4
��

EE
DQG 4ED  4

��
DD

�

,W FDQ QRZ EH GHPRQVWUDWHG WKDW �DIWHU HOLPLQDWLRQ RI WKH URZV DQG FROXPQV UHODWHG WR WKH

��
,Q HQJLQHHULQJ WHUPLQRORJ\ = LV WKH ?RQH�SRUW GULYLQJ�SRLQW DGPLWWDQFH DW QRGH�SDLU LM�� 0DWODE IXQFWLRQ
2'< �<� L� M� LQ $SSHQGL[ , FRPSXWHV WKHVH YLUWXDO DGPLWWDQFHV�

�� 7KH FRQQHFWRU OLQNV� RI QR LQWHUHVW� DUH DOVR HOLPLQDWHG�

��



XQLQWHUHVWLQJ FRQQHFWRU OLQNV� WKH SURGXFW 4 �4 �4 LV LGHQWLFDO WR 0 � 7DEOH ��� OLVWV WKH

0DWODE QRWHERRN LQVWUXFWLRQV WR FRPSXWH DOO WKH YDOXHV LQ WKLV H[DPSOH� 7DEOH ��� GLVSOD\V

WKH RXWSXWV��� 7KH RUJDQL]DWLRQDO LQWHUSUHWDWLRQ RI WKLV UHVXOW LV WKH VXEMHFW RI WKH QH[W

VHFWLRQ�

7DEOH ���� 0DWODE 1RWHERRN ,QVWUXFWLRQV WR &RPSXWH ([DPSOH �$
�

� �(;$03/( 2) '(&20326,7,21 2) $ ��12'( *5,'
� � &DOOV IXQFWLRQV $'0$3 �WR LQSXW DGPLWWDQFH GDWD� DQG /,03�
�

� �'HILQH *ULG $�
� YD >� � �@�
� \D DGPDW���YD��
�

� �'HILQH *ULG %�
�� YE >� � �@�
�� \E DGPDW���YE��
��

�� �)LQG RQH�OLQN HTXLYDOHQWV�
�� HD RG\�\D������
�� HE RG\�\E������
��

�� �'HILQH *ULG $
�
�� 9D >� � � � � ��A� � � ��A� HE@�

�� <D DGPDW���9D��

��

�� �'HILQH *ULG %
�

�� 9E >� � � � � ��A� � � ��A� HD@�

�� <E DGPDW���9E��

��

�� � &RPSXWH OLQN�LPSDFW PDWULFHV�
�� 0D OLPS�<D��

�� 0E OLPS�<E��

��

�� � (OLPLQDWH WKH FRQQHFWLQJ OLQNV�

�� 0D 0D�>� � � �@���� 0D 0D���>� � � �@��

�� 0E 0E�>� � � �@���� 0E 0E���>� � � �@��
��

�� �$UUD\ 4�
�� 4 >0D �
0D � �
0E 0E@�
�� 4����� ��4������
�� 4����� ��4������
��

�� 4� 4
4
4�
��

�� � (OLPLQDWH YLUWXDO OLQNV WR SURGXFH 0�
�� Y >� � � � � �@�
�� 4P 4��Y����4P 4P���Y��
��

�� � 12: 7+( &(175$/,=(' &$/&8/$7,21�

��

��

�� Y >� � � � � � � � ��A� � ��A� � � � �@�

�� < DGPDW���Y��

�� 0 OLPS�<��
�� 1 0�

�� $ OHVV V\PPHWULF� PRUH LQWHUHVWLQJ H[DPSOH� ([DPSOH �%� LV SUHVHQWHG LQ $SSHQGL[ ,,�
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�� � (OLP FRQQHFWRUV�
�� 0 0�>� � � � � �@����
�� 0 0���>� � � � � �@��
��

7DEOH ���� &RPSXWDWLRQ 2XWSXW IRU ([DPSOH �$
� <  
� � �� �� � � �
� �� ��������� �� � � ����������
� �� �� ��������� � ���������� �
� � � � � �� ��
� � � ���������� �� ��������� ��
� � ���������� � �� �� ���������
� \D  � �� �� \E  � �� ��
� �� � �� �� � ��

�� �� �� � �� �� �
�� <D  
�� � �� �� � �
�� �� ��������� �� ���������� �
�� �� �� ��������� � ����������
�� � ���������� � ��������� ��
�� � � ���������� �� ���������
�� <E  
�� � �� �� � �
�� �� ��������� �� ���������� �
�� �� �� ��������� � ����������
�� � ���������� � ��������� ��
�� � � ���������� �� ���������
�� HD  � HE  �
�� 0D  
�� ������ ������ ������� �������
�� ������ ������ ������ ������
�� ������� ������ ������ ������
�� ������� ������ ������ ������
�� 0E  
�� ������ ������ ������� �������
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,Q ([DPSOH �$ WKH PDQDJHU RI *ULG $ NQRZV <$� +H FRPSXWHV =�<$� �� �� DQG FRP�

PXQLFDWHV WKLV QXPEHU� WKH DGPLWWDQFH RI D RQH�OLQN YLUWXDO UHSUHVHQWDWLRQ RI KLV JULG�

WR KLV FRXQWHUSDUW LQ *ULG %� 7KH PDQDJHU RI % GRHV WKH VDPH� :LWK WKLV RQFH�DQG�

IRU�DOO�� H[FKDQJH� $ FDQ FRPSXWH 0$� DQG % FDQ FRPSXWH 0%� � 6LQFH =�<� �� ��  

=�<$� �� �� � =�<
�$� �� ��  =�<% � �� �� � =�<

�%� �� �� HDFK FDQ GHWHUPLQH WKH R��GLDJRQDO

QXPEHUV LQ 4� 6R PXFK IRU WKH JULG LQIRUPDWLRQ WUDGH� 7R 0DQDJHU $ *ULG % LV D VLQJOH

OLQN ZLWK D JLYHQ DGPLWWDQFH� 0DQDJHU % VHHV *ULG $ VLPLODUO\� 1RZ VWDUW WKH DGMXVW�

PHQW SURFHVV IRU D QHZ GD\ �RU KRXU"�� $ DQG % SRVW EHJLQQLQJ WHQWDWLYH WUDQVPLVVLRQ

WROOV 7 �

$� DQG 7
�

%� � 7KH PDUNHW UHVSRQGV ZLWK 2^' �RZ GHPDQGV� 7KH PDQDJHU RI $

GHWHUPLQHV ZKHUH FRQJHVWLRQ GRHV�GRHV QRW RFFXU LQ KLV V\VWHP DQG KH UDLVHV�ORZHUV OLQN

WROOV E\ DUELWUDU\ VPDOO DPRXQWV WR W
�

$� � :LWK 0$� LQ KDQG KH FRPSXWHV LPSXWHG 2^'

WROOV 7 �

$�  W
�

$�0$� � 0DQDJHU % GRHV WKH VDPH� 7KHVH SDUDOOHO LQGHSHQGHQW FDOFXODWLRQV

DUH UHSOLFDWHG E\ WKH RSHUDWLRQ �7 �

$� �7 �

%��  �W�$� � W
�

%��4� %HIRUH DQ\ FRPPXQLFDWLRQ WDNHV

SODFH HDFK PDQDJHU PXVW SHUIRUP D VFDOLQJ RSHUDWLRQ� 7KH SUHYLRXV SDUDJUDSK GHVFULEHG

D WUDQVODWLRQ IURP OLQN�WROOV WR 2^' WROOV� DQG� LQ SDUWLFXODU� D WUDQVODWLRQ IURP WKH YHF�

WRU RI OLQN�WROOV WR WKH 2^' WROO RQ WKH VXE�JULG
V YLUWXDO OLQN� :H PXVW QRZ UHYHUVH WKH

RSHUDWLRQ� 0DQDJHU $ PXVW QRZ DVN� ?:KDW K\SRWKHWLFDO OLQN�WROO RQ ��� ZRXOG JLYH ULVH

WR WKH JLYHQ 2^' WROO 7 �

���
"� 7KH DQVZHU LV W

�

���
 7

�

���
�<$ � <

�$� <
�$� 7KLV QXPEHU_ D

YLUWXDO OLQN�WROO_ LV QRZ FRPPXQLFDWHG WR 0DQDJHU % ZKR LQFRUSRUDWHV LW LQ KLV OLQN�WROO

YHFWRU WR IRUP W
�
%

�� :LWK WKH SDUDOOHO FRPPXQLFDWLRQ IURP % WR $ ZH KDYH D QHZ MRLQW

OLQN�WROO YHFWRU ZKLFK FDQ EH ZULWWHQ �W�
$� � W

�

%��  �7 �

$� �7 �

%��4� )LQDOO\� WKH UHFHLYHU RI WKH

QHZ OLQN�WROO MRLQV LW ZLWK KLV RWKHU OLQN�WROOV WR FDOFXODWH QHZ 2^' WROOV� 7 �

%�  W
�

%�4�

6XPPLQJ XS �GURSSLQJ WKH JULG VXEVFULSWV� ZH KDYH

7 �
 W

�4  7
�4 �4  W

�4 �4 �4  W
�
0�

7KH QHZ LPSXWHG 2^' WROOV DUH QRZ DQQRXQFHG WR WKH PDUNHW DQG WKH DGMXVWPHQW SURFHVV

FRQWLQXHV WKURXJK DQRWKHU LWHUDWLRQ�

�� 6R ORQJ DV WKH JULGV GR QRW FKDQJH�

��



7KH GHFHQWUDOL]DWLRQ SURFHVV GHVFULEHG KHUH �WV WKH VLPSOHVW QRQ�WULYLDO LQVWDQFH RI ORRVHO\�

FRXSOHG VXE�JULGV� WZR JULGV� FRQQHFWHG DW WZR SRLQWV� ([DPSOH �$ LQ $SSHQGL[ ,, LV

DQRWKHU FRPSOHWH DQG VRPHZKDW PRUH LQWHUHVWLQJ H[DPSOH RI WKLV VDPH W\SH� :H QH[W

FRQVLGHU WKUHH JULGV FRQQHFWHG DW WZR SRLQWV HDFK� DQG WKHQ WZR JULGV FRQQHFWHG DW WKUHH

SRLQWV� 7KHVH WZR PRUH FRPSOLFDWHG FDVHV SUHWW\ PXFK WHOO XV KRZ WKH JHQHUDO FDVH FDQ EH

KDQGOHG�

�� 7+5(( *5,'6� 6,03/< &211(&7(' ,1 $ 75,$1*/(

1HZ SUREOHPV DULVH LQ ([DPSOH �$� D V\VWHP RI JULGV FRQQHFWHG DV LQ )LJXUH ���� (DFK RI

WKH WKUHH JULGV LV VLPSO\ FRXSOHG �L�H�� DW RQO\ WZR QRGHV� WR WKH UHVW RI WKH V\VWHP EXW WKH

JULGV DUH GDLV\�FKDLQHG DURXQG D ORRS� 7R FDUU\ RXW WKH SURJUDP RI 6HFWLRQ � *ULG $ PXVW

NQRZ WKH DGPLWWDQFH <
�$� %XW QR VLQJOH PDQDJHU LV LQ SRVVHVVLRQ RI VXFK LQIRUPDWLRQ� 2QH

DSSURDFK_ DQG WKH RQH ZH VKDOO IROORZ_ LV WR LQWURGXFH VWLOO DQRWKHU JULG �D ?VXSHUJULG��

DQG PDQDJHU� LQ WKLV FDVH *ULG '� 0DQDJHU '
V LQLWLDO LQIRUPDWLRQ FRQVLVWV PHUHO\ RI WKH

JULG LQWHUFRQQHFWLRQ SDWWHUQ ZLWK DGPLWWDQFHV �XVLQJ WKH QRGH LQGH[LQJ RI )LJXUH ����

�=�<$� �� ���=�<%� �� ���=�<&� �� ���� 0DQDJHU ' FDQ FRPSXWH =�<'� �� �� � =�<$� �� ��

�ZKLFK HTXDOV <
�$� DQG FRPPXQLFDWH WKLV TXDQWLW\ WR $_ MXVW ZKDW KH QHHGV IRU WKH

6HFWLRQ � SURJUDP�

A1 A2

A3

B1

B2
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C1

C2 C3

6Y

3Y 2Y 4Y

4Y

1Y
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4Y

)LJXUH ���� ([DPSOH �$� 6XEJULGV $� %� DQG & ZLWK $GPLWWDQFHV

��



A1 A2
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B1

B2

B3

C1

C2 C3

D1

D2 D3

A4

A5 B4

B5

C4 C5

6Y

3Y 2Y 4Y

4Y

1Y

2Y2Y

4Y

4Y 3Y

5Y

1.88Y 2.22Y

1.71Y

)LJXUH ���� ([DPSOH �$� 6XSHUJULG ' DQG 6XEJULGV $�
� %

�
�DQG & ZLWK 9LUWXDO OLQNV

0DQDJHU ' SOD\V D VLPLODU UROH LQ WKH LWHUDWLRQ SURFHVV� DFWLQJ DV DQ LQWHUPHGLDWH LQ WKH

FRPPXQLFDWLRQ RI WROO LQIRUPDWLRQ IURP RQH JULG WR DQRWKHU� 1RQH RI WKH LQGLYLGXDO JULG

PDQDJHUV QHHG NQRZ DQ\WKLQJ DERXW WKH JUDQG SDWWHUQ RI JULG FRQQHFWLRQ� H�HFWLYHO\ ' LV

WKH RQO\ RWKHU JULG LQ WKH V\VWHP� 7KH FRPSOHWH GHWDLOV RI ([DPSOH �$ DUH SUHVHQWHG LQ

$SSHQGL[ ,,,�

�� 7:2 *5,'6� &211(&7(' $7 7+5(( 32,176

)LJXUH ��� SRUWUD\V ([DPSOH �$� WZR �YH�QRGH JULGV� $ DQG %� FRQQHFWHG DW WKUHH SRLQWV�

)RU SURSHU FRRUGLQDWLRQ $ PXVW REYLRXVO\ NQRZ WKH %�DGPLWWDQFH DFURVV HDFK RI WKH WKUHH

SDLUV RI WKHVH FRQWDFW QRGHV� 7R SXW LW VOLJKWO\ GL�HUHQWO\� $ PXVW EH DEOH �DW OHDVW�

WR YLVXDOL]H % DV D NQRZQ WKUHH�QRGH JULG �DQG� RI FRXUVH� YLFH YHUVD�� 7KH DSSURSULDWH

��



WKUHH�QRGH YLUWXDO JULGV IRU $ DQG % DUH GLVSOD\HG LQ )LJXUH ����

A1

A2

A3

A4

A5 B1

B2

B3

B4

B5

4Y

3Y

2Y

2Y

5Y

1Y

8Y
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3Y

5Y 2Y

4Y

)LJXUH ���� ([DPSOH �$� 6XEJULGV $ DQG % ZLWK $GPLWWDQFHV

A1

A2

A3

A4

A5

A6

A7

A8

B1

B2

B3

B4

B5

B6

B7

B8

4Y
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1Y

5.85Y

0.73Y

4.45Y 8Y

6Y

3Y

5Y 2Y

4Y

2.35Y

1.57Y

5.26Y

)LJXUH ���� ([DPSOH �$� 6XEJULGV $�
DQG %

� ZLWK 9LUWXDO OLQNV

7KH FRQVWUXFWLRQ RI VXFK YLUWXDO JULGV LV PRVW HDVLO\ LOOXVWUDWHG LQ DQ H[DPSOH VLPSOHU WKDQ

WKDW RI )LJXUHV ��� DQG ������

)LJXUH ����L� VKRZV D IRXU�QRGH QHWZRUN ZLWK �YH OLQNV RI HTXDO DGPLWWDQFH� 2QH FDQ HDVLO\

YHULI\ WKDW WKH LQWHUQRGH� RU 2^'� DGPLWWDQFHV �WKH = RI WKH SUHYLRXV VHFWLRQ� DUH DV VKRZQ

LQ )LJXUH ����LL�� )LJXUH ����LLL� VKRZV WKH OLQN DGPLWWDQFHV RI D WKUHH�QRGH V\VWHP ZLWK

�� ([DPSOHV VX�FLHQWO\ VLPSOH WR FRPSXWH E\ KDQG ZLWKRXW H[KDXVWLQJ WKH UHDGHU
V SDWLHQFH DUH RIWHQ WRR
V\PPHWULF WR VHUYH DV DULWKPHWLF GHPRQVWUDWLRQV RI WKH YDOLGLW\ RI D FRPSXWDWLRQDO SURFHGXUH� +HQFH WKH
FRPSOH[LW\ RI ([DPSOH �$� 3URRIV ZRXOG EH EHWWHU RI FRXUVH EXW����

��



WKH VDPH 2^' DGPLWWDQFHV�

(i) (ii) (iii)

1

2

34

1

2

3

1
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3

30Y 30Y

30Y30Y

30Y 30Y

48Y

48Y
10Y

40Y

40Y

)LJXUH ���� $ ��1RGH (TXLYDOHQW RI D ��1RGH

7KH FRPSXWDWLRQ LV DV IROORZV� /HW D� E� DQG F VWDQG IRU WKH WKUHH XQNQRZQ OLQN DGPLWWDQFHV

DQG $�%� DQG & IRU WKH NQRZQ 2^' DGPLWWDQFHV� 2EYLRXVO\� WKHQ�

D� �� �� E � � F�  $

E � �� �� D� � F�  %

DQG

F� �� �� D � � E�  &�

7KLV VLPSOH TXDGUDWLF V\VWHP LV HDVLO\ VROYHG ZLWK D IHZ LWHUDWLRQV��� 7KH FRUUHFWQHVV RI

WKH VROXWLRQ LV D�UPHG E\ YHULI\LQJ WKDW WKH 2^' DGPLWWDQFHV RI WKH �LLL� WULDQJOH DUH WKH

VDPH DV WKRVH VKRZQ DV OLQN DGPLWWDQFHV LQ WKH �LL� WULDQJOH�

7KH HDVH ZLWK ZKLFK WKUHH�QRGH UHSUHVHQWDWLRQV FDQ EH IRXQG LV D ELW GHFHSWLYH� (YHQ

D IRXU�QRGH UHSUHVHQWDWLRQ LV PXFK KDUGHU WR FRPSXWH� )ROORZLQJ WKH SURFHGXUH IRU WKH

WKUHH�QRGH V\VWHP� RQH FDQ ZULWH WKH SUREOHP DV D VLPXOWDQHRXV V\VWHP RI VL[ QRQ�OLQHDU

�TXDUWLF�� HTXDWLRQV� 'RHV D VROXWLRQ WR VXFK KLJKHU�RUGHU V\VWHPV DOZD\V H[LVW" &DQ D

VLPSOHU VROXWLRQ SURFHGXUH EH IRXQG" %RWK DUH RSHQ TXHVWLRQV�

�� 7KH 0DWODE IXQFWLRQ 9,57 LQ WKH $SSHQGL[ VROYHV WKHVH HTXDWLRQV IRU Q  �� Q ! � LV DQRWKHU PDWWHU�

��



5HWXUQLQJ WR ([DPSOH �$� WKH � � ��QRGH V\VWHP RI )LJXUHV ��� DQG ���� ZH QRZ VHW XS

D QHDU EORFN�GLDJRQDO PDWUL[ 4 LQ WKH IDVKLRQ RI 6HFWLRQ �� 6LQFH WKHUH DUH QRZ WKUHH

?H[WUD� URZV DQG FROXPQV LQ 0$ �DQG 0%� LQVWHDG RI MXVW RQH� WKH WZR R��GLDJRQDO SDUWV

RI 4 WKDW VHUYH WR FRQQHFW0$ DQG0% DUH QRZ ��� PDWULFHV� 'HQRWH WKHVH WZR E\ 4$�%

DQG 4%�$ �7KH �UVW LV LQ WKH 1( TXDGUDQW RI 4 DQG WKH VHFRQG LQ WKH 6: TXDGUDQW��

/HW 4$�$ DQG 4%�% EH WKRVH VXEPDWULFHV RI 0$ DQG 0% FRUUHVSRQGLQJ WR YLUWXDO QRGHV�

)LJXUH ��� LOOXVWUDWHV WKH DUUDQJHPHQW�

Ma

Mb

Qaa Qab

QbbQba

Q=  

)LJXUH ���� /D\RXW RI WKH 4 0DWUL[

7KH MRE QRZ LV WR �QG YDOXHV RI 4$�% DQG 4%�$ WKDW ZLOO DFKLHYH SHUIHFW FRRUGLQDWLRQ�

)ROORZLQJ WKH 6HFWLRQ � H[DPSOH LW LV WHPSWLQJ WR VHW 4$�%  4
��

%�% � EXW WKLV ODWWHU PDWUL[

LV VLQJXODU_ DW PRVW UDQN �� ,W WXUQV RXW WKDW D VR�FDOOHG ?JHQHUDOL]HG LQYHUVH��� RI 4%�%

GRHV WKH WULFN� 5RXJKO\� OHW * GHQRWH WKH LQYHUVH RI D QRQ�VLQJXODU VXEPDWUL[ RI 4%�%�

6HW 4$�% HTXDO WR * ERUGHUHG E\ ]HURV� &RQVWUXFW 4%�$ DQDORJRXVO\�

1RZ� DV LQ 6HFWLRQ �� ZH �QG WKDW 4 �4 �4  0 DIWHU HOLPLQDWLRQ RI URZV DQG FROXPQV

FRUUHVSRQGLQJ WR YLUWXDO OLQNV� 7KH RUJDQL]DWLRQDO LQWHUSUHWDWLRQ LV WKDW SHUIHFW FRRUGL�

��
$ PDWUL[ * LV D JHQHUDOL]HG LQYHUVH RI D PDWUL[ $ LI $*$  $� 6HDUOH ������

��



QDWLRQ LV DFKLHYHG E\ 0DQDJHUV $ DQG % H[FKDQJLQJ WZR�� SULFH VLJQDOV UH�HFWLQJ WKHLU

UHVSHFWLYH FRQJHVWLRQ FRVWV�

$OO WKH FRPSXWDWLRQV_ ERWK SURFHGXUHV DQG UHVXOWV_ IRU ([DPSOH �$ DUH SUHVHQWHG LQ

WKH $SSHQGL[ ,9� 7KH UHDGHU ZKR ZDQWV WR UXQ KLV RZQ H[DPSOHV FDQ HDVLO\ GR VR E\

IROORZLQJ WKH LQVWUXFWLRQV JLYHQ WKHUH� $QRWKHU VLPLODU H[DPSOH� ([DPSOH �%� LV SUHVHQWHG

LQ $SSHQGL[ 9�

�� 7+( *(1(5$/ &$6(

7KH HDUOLHU GLVFXVVLRQ VXJJHVWV WZR YHU\ GL�HUHQW GLUHFWLRQV LQ ZKLFK JHQHUDOL]DWLRQ PLJKW

EH SXUVXHG� 7KH �UVW ZRXOG H[WHQG WKH H[DPSOH LQ 6HFWLRQ � �ZKHUH WKUHH JULGV ZHUH

FRQQHFWHG LQ D WULDQJOH� WR PDQ\ JULGV FRQQHFWHG LQ PRUH FRPSOLFDWHG SDWWHUQV� 7KH

VHFRQG GLUHFWLRQ ZRXOG GHYHORS FRPPXQLFDWLRQ SURFHGXUHV DSSURSULDWH WR JULGV PDQDJHG

LQ WKH ?%/0� VW\OH GHVFULEHG LQ 6HFWLRQ ��

,Q WKH WULDQJOH H[DPSOH RI 6HFWLRQ �� LQ RUGHU WR NHHS ORFDO JULG LQIRUPDWLRQ ORFDO� ZH

LQWURGXFHG WKH QRWLRQ RI D VXSHUJULG ZLWK RQH QRGH IRU HDFK FRQQHFWLQJ QRGH RI HDFK

RI WKH LQWHUFRQQHFWHG VXEJULGV� 7KH VXSHUJULG LWVHOI KDV QR UHDO WUDQVPLVVLRQ OLQNV� RQO\

YLUWXDO OLQNV� 7KH GXW\ RI WKH VXSHUJULG PDQDJHU LV WR DFW WRZDUG HDFK JLYHQ VXEJULG DV

LI LW ZHUH WKH RQO\ RWKHU VXEJULG LQ WKH V\VWHP� 7KLV LQWHUFHGLQJ UROH FDQ EH SHUIRUPHG

SURSHUO\ E\ IROORZLQJ WKH VDPH RSHUDWLRQDO UXOHV DV DOO RI WKH RWKHU VXEJULGV� �,W PHDQV�

KRZHYHU� WKDW WKH VXSHUJULG ZLOO XVXDOO\ KDYH PDQ\ FRQQHFWLQJ QRGHV WR WKH UHVW RI WKH

ZKROH JULG�� 4XHVWLRQ� ,Q D FRPSOLFDWHG JULG V\VWHP� ZKDW LQIRUPDWLRQ HFRQRPLHV DUH WR

EH JDLQHG E\ GHFHQWUDOL]LQJ WKH VXSHUJULG LWVHOI LQWR VXE�VXSHUJULGV DQG VXSHU�VXSHUJULGV"

6XFK TXHVWLRQV PD\ KDYH WKH ULQJ RI PDWKHPDWLFDO IDQF\� EXW VXUHO\ PDQDJHPHQW RI YHU\

ODUJH V\VWHPV PXVW LQYROYH FRQVLGHUDWLRQV QRW WRR GLVWDQW IURP WKHVH�

,Q RXU GHFHQWUDOL]HG YHUVLRQ RI WKH ?UDLOURDG� PRGHO VXE�JULG PDQDJHUV FRPPXQLFDWH ZLWK

�� 1RW WKUHH� VLQFH 4%�% LV DOZD\V VLQJXODU� )RU SURSHU FRQVWUXFWLRQ RI 0$ LW LV� RI FRXUVH� VWLOO QHFHVVDU\

IRU $ WR KDYH D WULDQJXODU UHSUHVHQWDWLRQ RI 6XEJULG %�

��



WKH PDUNHW DQG ZLWK RWKHU VXE�JULG PDQDJHUV DOLNH� LQ WHUPV RI WUDQVPLVVLRQ WROOV� 7KH

LQWHQW RI DOO RI WKHVH ?PHVVDJHV� DW WKH EHJLQQLQJ RI DQ DGMXVWPHQW VWHS LV WR_ LQ D VHQVH_

LQIRUP RWKHU SOD\HUV DERXW FRQJHVWLRQ� ,Q REYLRXV DQDORJ\� PDQDJHUV LQ WKH ?%/0� PRGHOV

VKRXOG FRPPXQLFDWH ZLWK WKHLU FRXQWHUSDUWV MXVW DV WKH\ GR ZLWK WKH PDUNHW� LQ WHUPV

RI 2^' SRZHU WUDQVPLVVLRQV� $QG MXVW DV ORFDO OLQN�LPSDFW PDWULFHV DUH XVHG WR WUDQVODWH

OLQN�WROOV LQWR 2^' WROOV LQ WKH UDLOURDG PRGHO� VR WKH VDPH PDWULFHV FDQ EH XVHG WR WUDQVODWH

2^' SRZHU �RZV LQWR OLQN SRZHU �RZV LQ WKH %/0 PRGHO� ,Q ORRVHO\ FRXSOHG V\VWHPV RI

VXE�JULGV WKH VDPH SRVVLELOLWLHV H[LVW IRU QRQ�LQYDVLYH TXDQWLW\ FRPPXQLFDWLRQ H[FKDQJHV

DV IRU WKH QRQ�LQYDVLYH SULFH H[FKDQJHV WKDW KDYH EHHQ GHPRQVWUDWHG LQ WKH HDUOLHU VHFWLRQV

RI WKLV SDSHU� 7KH JHQHUDOL]DWLRQ VXJJHVWHG_ DQG VLPLODU RQHV IRU PL[HG SULFH�TXDQWLW\

V\VWHPV_ VKRXOG QRW EH GL�FXOW�

�� )857+(5 48(67,216

/RVV\ *ULGV� ,Q FRPPRQ ZLWK PRVW RI WKH UHFHQW HFRQRPLF VWXGLHV RI SRZHU JULGV� WKH

GLVFXVVLRQ LQ WKLV SDSHU KDV WUHDWHG WKHUPDO FRQJHVWLRQ DV WKH VROH VRXUFH RI WUDQVPLVVLRQ

SULFHV_ DV LQGHHG LW LV LQ D ORVVOHVV QHWZRUN� 7UDQVPLVVLRQ LV D IUHH JRRG ZKHQ WKHUPDO

FRQJHVWLRQ LV DEVHQW� ,Q D ORVV\ JULG� LQ FRQWUDVW� FRQJHVWLRQ FDQ WDNH RWKHU IRUPV� $ JLYHQ

2^' WUDQVPLVVLRQ VX�HUV ORVVHV WKDW DUH LPPHGLDWHO\ DSSDUHQW WR WKH WUDQVPLWWHU XQOHVV

PHDVXUHV DUH WDNHQ E\ WKH JULG PDQDJHU WR GLVJXLVH WKHP� %XW WKLV VDPH WUDQVPLVVLRQ

LPSRVHV ORVVHV RQ RWKHU WUDQVPLVVLRQV� $QG� FRQYHUVHO\� XQOHVV PHDVXUHV �VXFK DV LPSRVLWLRQ

RI WUDQVPLVVLRQ WROOV� DUH WDNHQ WR PDNH WKHVH VSLOORYHU ORVVHV IHOW E\ WKH RULJLQDO WUDQVPLWWHU

HYHU\ERG\ KXUWV HYHU\ERG\ QHHGOHVVO\�

7UDQVPLVVLRQ WROOV WR FRUUHFW VXFK LQH�FLHQFLHV DUH HDVLO\ GHVLJQHG���� 7KH TXHVWLRQ KHUH LV

ZKHWKHU �DQG KRZ� WKH GHFHQWUDOL]HG SURFHGXUHV GHVFULEHG LQ WKLV SDSHU FDQ EH H[WHQGHG

WR WKLV ORVV\ FRQWH[W� *RLQJ RQH VWHS IXUWKHU� +RZ FDQ WKH SURFHGXUHV EH H[WHQGHG WR

HQFRPSDVV ERWK UHDO DQG UHDFWLYH SRZHU PDQDJHPHQW" :H VXVSHFW WKDW ERWK RI WKHVH

H[WHQVLRQV DUH URXWLQH EXW QRQHWKHOHVV ZRUWK\ RI DWWHQWLRQ�

�� 0F*XLUH �����D�������E�

��



$JJUHJDWLRQ� (�HFWLYH DJJUHJDWLRQ VXSSUHVVHV GHWDLOV LQ D QRQ�FRVWO\ PDQQHU� ,Q WKLV

SDSHU ZH KDYH VWXGLHG DJJUHJDWLRQ RI JLYHQ VXE�JULGV LQWR YLUWXDO VPDOOHU UHSUHVHQWDWLRQV

�DW ]HUR FRVW LQ WHUPV RI FRRUGLQDWLRQ�� $ JUDQGHU TXHVWLRQ ZRXOG DVN KRZ EHVW WR FKRRVH

WKH VXEJULGV LQWR ZKLFK D JLYHQ ODUJHU JULG LV WR EH FKRSSHG� :H KDYH DOUHDG\ VHHQ WKDW

FRRUGLQDWLRQ LQ VRPH VXFK SDUWLWLRQV FDOOV IRU KLJKHU GLPHQVLRQDO FRPPXQLFDWLRQV WKDQ

RWKHUV� DV ZHOO DV PRUH FRPSOLFDWHG YLUWXDO UHSUHVHQWDWLRQV RI QHLJKERUV� ,V GLPHQVLRQDOLW\

D JRRG SUR[\ IRU FRPPXQLFDWLRQ FRVW LQ WKLV FRQWH[W" :KDW DUH WKH FRVWV RI OHVV�WKDQ�

SHUIHFW FRRUGLQDWLRQ" ,I VLJQDOV PRUH�RU�OHVV LQDGHTXDWHO\ LQGLFDWH VRXUFHV RI FRQJHVWLRQ

�DV WKH\ VXUHO\ RIWHQ PXVW LQ SUDFWLFH� LV SK\VLFDO JULG�GDPDJH WKH FRQVHTXHQFH RU VLPSO\

DUELWUDU\ UDWLRQLQJ DQG HFRQRPLF LQH�FLHQF\"

5()(5(1&(6

%HFNPDQQ� 0� -�� &� %� 0F*XLUH� DQG &� %� :LQVWHQ ������� 6WXGLHV LQ WKH (FRQRPLFV RI

7UDQVSRUWDWLRQ� <DOH 8QLYHUVLW\ 3UHVV

%XVDFNHU� 5� *�� DQG 7� /� 6DDW\������� )LQLWH *UDSKV DQG 1HWZRUNV� 0F*UDZ�+LOO

%RUHQVWHLQ� 6HYHULQ DQG -DPHV %XVKQHOO�'HFHPEHU ������ ?$Q (PSLULFDO $QDO\VLV RI WKH

3RWHQWLDO IRU 0DUNHW 3RZHU LQ &DOLIRUQLD
V (OHFWULFLW\ ,QGXVWU\�� 8QLYHUVLW\ RI &DOLIRUQLD

(QHUJ\ ,QVWLWXWH 32:(5 ZRUNLQJ SDSHU 3:3�[[[

&DGZDODGHU� 0� '�� 6� 0� +DUYH\� 6� /� 3RSH� DQG :� :� +RJDQ �1RYHPEHU ����� ?0DUNHW

&RRUGLQDWLRQ RI 7UDQVPLVVLRQ /RDGLQJ 5HOLHI $FURVV 0XOWLSOH 5HJLRQV�

&KDR� +XQJ�3R� DQG 6WHSKHQ 3HFN �-XO\ ������ ?$ 0DUNHW 0HFKDQLVP IRU (OHFWULF 3RZHU

7UDQVPLVVLRQ�� -RXUQDO RI 5HJXODWRU\ (FRQRPLFV� ����������

&KHQ� :DL�.DL ������� $SSOLHG *UDSK 7KHRU\� *UDSKV DQG (OHFWULFDO 1HWZRUNV� �QG (G��

1RUWK�+ROODQG

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

��



'RODQ� $ODQ� DQG -RDQ $OGRXV������� 1HWZRUNV DQG $OJRULWKPV� $Q ,QWURGXFWRU\ $S�

SURDFK� -RKQ :LOH\ 	 6RQV

)HUULV� 0� &�� DQG -� 6� 3DQJ �'HFHPEHU ������ ?(QJLQHHULQJ DQG (FRQRPLF $SSOLFDWLRQV
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