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7RGD\©V LQIRUPDWLRQ V\VWHPV GR QRW VXSSRUW
DGDSWLYH ZRUNIORZ� HLWKHU WKH LQIRUPDWLRQ V\V�
WHP DEVWUDFWV IURP WKH ZRUNIORZ SURFHVVHV DW
KDQG DQG IRFXVHV RQ WKH PDQDJHPHQW RI GDWD DQG
WKH H[HFXWLRQ RI LQGLYLGXDO WDVNV YLD DSSOLFDWLRQV
RU WKH ZRUNIORZ LV VXSSRUWHG E\ WKH LQIRUPDWLRQ
V\VWHP EXW LW LV KDUG WR KDQGOH FKDQJHV� 7KLV SD�
SHU DGGUHVVHV WKLV SUREOHP E\ FODVVLI\LQJ WKH
W\SHV RI FKDQJHV� %DVHG RQ WKLV FODVVLILFDWLRQ�
LVVXHV VXFK DV V\QWDFWLF�VHPDQWLF FRUUHFWQHVV�
FDVH WUDQVIHU� DQG PDQDJHPHQW LQIRUPDWLRQ DUH
GLVFXVVHG� ,W WXUQV RXW WKDW WKH WUDGH�RII EHWZHHQ
IOH[LELOLW\ DQG VXSSRUW UDLVHV FKDOOHQJLQJ TXHV�
WLRQV� 6RPH RI WKHVH TXHVWLRQV FDQ EH DQVZHUHG
XVLQJ DGYDQFHG LQKHULWDQFH QRWLRQV� 7KLV SDSHU
SURYLGHV IRXU LQKHULWDQFH�SUHVHUYLQJ WUDQVIRU�
PDWLRQ UXOHV ZKLFK FDQ EH XVHG WR DYRLG WKH
W\SLFDO SUREOHPV UHODWHG WR FKDQJH�

�� ,QWURGXFWLRQ

5HFHQWO\� PDQ\ :RUNIORZ 0DQDJHPHQW 6\VWHPV
�:)06V� KDYH EHFRPH DYDLODEOH� 7KHVH V\VWHPV VLJQLI\
WKDW WKH WHUP ¨ZRUNIORZ PDQDJHPHQW© LV QRW MXVW DQRWKHU
EX]]ZRUG� 7KH SKHQRPHQRQ ZRUNIORZ PDQDJHPHQW ZLOO
KDYH D ODUJH LPSDFW RQ WKH QH[W JHQHUDWLRQ RI LQIRUPDWLRQ
V\VWHPV� $V WKH ZRUNIORZ SDUDGLJP FRQWLQXHV WR LQILO�
WUDWH RUJDQLVDWLRQV WKDW QHHG WR FRSH ZLWK FRPSOH[ DG�
PLQLVWUDWLYH SURFHVVHV� WKH ZRUNIORZ PDQDJHPHQW V\VWHP
ZLOO EHFRPH D IXQGDPHQWDO EXLOGLQJ EORFN >.RXORSRXORV�
����� -DEORQVNL DQG %XVVOHU� ����@� 7KHUHIRUH� WKH VXE�
MHFW ZRUNIORZ PDQDJHPHQW LV RI WKH XWPRVW LPSRUWDQFH
IRU SHRSOH LQYROYHG LQ WKH �UH�GHVLJQ RI DGPLQLVWUDWLYH
SURFHVVHV RU WKH GHYHORSPHQW RI V\VWHPV WR VXSSRUW WKHVH
SURFHVVHV�

$W WKH PRPHQW� WKHUH DUH PRUH WKDQ ��� ZRUNIORZ
SURGXFWV FRPPHUFLDOO\ DYDLODEOH >/DZUHQFH� ����@ DQG
PDQ\ RUJDQLVDWLRQV DUH LQWURGXFLQJ ZRUNIORZ WHFKQRORJ\

WR VXSSRUW WKHLU EXVLQHVV SURFHVVHV� ,W LV ZLGHO\ UHFRJ�
QLVHG WKDW ZRUNIORZ PDQDJHPHQW V\VWHPV VKRXOG SURYLGH
IOH[LELOLW\ >9DQ GHU $DOVW HW DO�� ����� 9DQ GHU $DOVW HW
DO�� ����� $JRVWLQL DQG 'H 0LFKHOLV� ����� &DVDWL HW DO��
����� (OOLV HW DO�� ����� (OOLV HW DO�� ����� +DQ DQG 6KHWK�
����� +HLQO HW DO�� ����� .OHLQ HW DO�� ����� 9RRUKRHYH
DQG 9DQ GHU $DOVW ����� :ROI DQG 5HLPHU ����@� +RZ�
HYHU� WRGD\©V ZRUNIORZ PDQDJHPHQW V\VWHPV KDYH SURE�
OHPV GHDOLQJ ZLWK FKDQJHV� H�J�� QHZ WHFKQRORJ\� QHZ
ODZV� DQG QHZ PDUNHW UHTXLUHPHQWV PD\ OHDG WR �VWUXF�
WXUDO� PRGLILFDWLRQV RI WKH ZRUNIORZ SURFHVV GHILQLWLRQ DW
KDQG� ,Q DGGLWLRQ� DG�KRF FKDQJHV PD\ EH QHFHVVDU\� H�J��
EHFDXVH RI H[FHSWLRQV� 7KH LQDELOLW\ WR GHDO ZLWK YDULRXV
FKDQJHV OLPLWV WKH DSSOLFDWLRQ RI WRGD\©V ZRUNIORZ PDQ�
DJHPHQW V\VWHPV�

$GDSWLYH ZRUNIORZ DLPV DW SURYLGLQJ SURFHVV VXSSRUW
OLNH QRUPDO ZRUNIORZ V\VWHPV GR� EXW LQ VXFK D ZD\ WKDW
WKH V\VWHP LV DEOH WR GHDO ZLWK FHUWDLQ FKDQJHV� 7KHVH
FKDQJHV PD\ UDQJH IURP DG�KRF FKDQJHV VXFK DV FKDQJ�
LQJ WKH RUGHU RI WZR WDVNV IRU DQ LQGLYLGXDO FDVH �RIWHQ
FDOOHG H[FHSWLRQV� WR WKH UHGHVLJQ RI D ZRUNIORZ SURFHVV
DV WKH UHVXOW RI D %XVLQHVV 3URFHVV 5HGHVLJQ �%35� SURM�
HFW�

7\SLFDO LVVXHV UHODWHG WR DGDSWLYH ZRUNIORZ DUH�
x &RUUHFWQHVV� :KDW NLQG RI FKDQJHV DUH DOORZHG DQG

LV WKH UHVXOWLQJ ZRUNIORZ SURFHVV GHILQLWLRQ FRUUHFW
ZLWK UHVSHFW WR WKH FULWHULD VSHFLILHG" :H GLVWLQJXLVK
V\QWDFWLF FRUUHFWQHVV �H�J�� LV LW VWLOO D ZRUNIORZ"�
DQG VHPDQWLF FRUUHFWQHVV �H�J�� FDQ H[LVWLQJ FDVHV LQ
WKH V\VWHP EH ILQLVKHG LQ D SURSHU ZD\"��

x '\QDPLF FKDQJH� :KDW WR GR ZLWK UXQQLQJ LQVWDQFHV
�FDVHV� RI D ZRUNIORZ RI ZKLFK WKH GHILQLWLRQ KDV
EHHQ FKDQJHG" 7KH WHUP G\QDPLF FKDQJH UHIHUV WR
WKH SUREOHPV WKDW RFFXU ZKHQ UXQQLQJ FDVHV KDYH WR
PLJUDWH IURP RQH SURFHVV GHILQLWLRQ WR DQRWKHU�

x 0DQDJHPHQW LQIRUPDWLRQ� +RZ WR SURYLGH D PDQDJHU
ZLWK DJJUHJDWHG LQIRUPDWLRQ DERXW WKH DFWXDO VWDWH RI
WKH ZRUNIORZ SURFHVVHV"

$GDSWLYH�:RUNIORZ��$Q�$SSURDFK�%DVHG�RQ�,QKHULWDQFH
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7DNLQJ WKHVH LVVXHV LQWR DFFRXQW� D FODVVLILFDWLRQ RI WKH
W\SHV RI FKDQJHV LV SUHVHQWHG� %DVHG RQ WKLV FODVVLILFD�
WLRQ� SRWHQWLDO SUREOHPV DUH LGHQWLILHG DQG SRLQWHUV WR
VROXWLRQV EDVHG RQ 3HWUL�QHW WKHRU\ DUH JLYHQ� 0RUHRYHU�
IRXU LQKHULWDQFH�SUHVHUYLQJ WUDQVIRUPDWLRQ UXOHV DUH
JLYHQ� 7KHVH UXOHV FDQ EH XVHG WR IDFLOLWDWH WKH SUHVHUYD�
WLRQ RI FRUUHFWQHVV �ERWK V\QWDFWLF DQG VHPDQWLF�� WKH
FLUFXPYHQWLRQ RI G\QDPLF FKDQJH DQRPDOLHV� DQG WKH
FRQVWUXFWLRQ RI DJJUHJDWH PDQDJHPHQW LQIRUPDWLRQ�

� (VVHQFH�RI�ZRUNIORZ�PRGHOLQJ

7KH WHUP :RUNIORZ 0DQDJHPHQW DFWXDOO\ UHIHUV WR WKH
¦ORJLVWLFV§ RI EXVLQHVV SURFHVVHV� :RUNIORZ PDQDJHPHQW
GRHV QRW IRFXV RQ ZKDW LQIRUPDWLRQ LV EHLQJ SDVVHG LQ D
EXVLQHVV SURFHVV� EXW PRUH RQ WKH FRQWURO RI WKH DFWLYLW\
FKDLQ WKDW LV QHFHVVDU\ WR H[HFXWH WKH EXVLQHVV SURFHVVHV�
7KH :RUNIORZ 0DQDJHPHQW &RDOLWLRQ �:I0&� GHILQHV D
ZRUNIORZ PDQDJHPHQW V\VWHP DV IROORZV� ¦$ V\VWHP WKDW
FRPSOHWHO\ GHILQHV� PDQDJHV� DQG H[HFXWHV ZRUNIORZV
WKURXJK WKH H[HFXWLRQ RI VRIWZDUH ZKRVH RUGHU RI H[HFX�
WLRQ LV GULYHQ E\ D FRPSXWHU UHSUHVHQWDWLRQ RI WKH
ZRUNIORZ ORJLF§ >/DZUHQFH� ����@� :RUNIORZV DUH FDVH�
EDVHG� L�H�� HYHU\ SLHFH RI ZRUN LV H[HFXWHG IRU D VSHFLILF
FDVH� DQ RUGHU� DQ LQVXUDQFH FODLP� D WD[ GHFODUDWLRQ� HWF�
7KH REMHFWLYH RI D ZRUNIORZ PDQDJHPHQW V\VWHP LV WR
KDQGOH WKHVH FDVHV �E\ H[HFXWLQJ WDVNV� DV HIILFLHQWO\ DQG
HIIHFWLYHO\ DV SRVVLEOH� 7KH ZRUNIORZ SURFHVV GHILQLWLRQ
VSHFLILHV ZKLFK WDVNV QHHG WR EH H[HFXWHG DQG LQ ZKDW
RUGHU� :KHQ D WDVN LV H[HFXWHG IRU D FDVH� WKLV LV XVXDOO\
GRQH E\ XVLQJ RQH RU PRUH UHVRXUFHV� H�J�� D PDFKLQH� DQ
HPSOR\HH� HWF�

WDVN

FDVH

UHVRXUFH

ZRUN LWHP  FDVH � WDVN

DFWLYLW\  FDVH � WDVN � UHVRXUFH

SURFHVV GLPHQVLRQ

UHVRXUFH GLPHQVLRQ

FDVH GLPHQVLRQ

FKDQJH

$V FDQ EH VHHQ LQ )LJXUH �� ZH LGHQWLI\ WKUHH GLPHQVLRQV
RI D ZRUNIORZ >9DQ GHU $DOVW� ����E@�
x WKH FDVH GLPHQVLRQ� PDNLQJ FOHDU WKDW DOO FDVHV DUH

GHDOW ZLWK LQGHSHQGHQWO\�
x WKH SURFHVV GLPHQVLRQ� VSHFLI\LQJ WKH RYHUDOO

ZRUNIORZ SURFHVV� DEVWUDFWLQJ IURP LQGLYLGXDO FDVHV�
x� WKH UHVRXUFH GLPHQVLRQ� GHSLFWLQJ DQG FODVVLI\LQJ WKH

UHVRXUFHV XVHG LQ WKH SURFHVV�
,Q RXU ZRUN� ZH XVH 3HWUL QHWV WR UHSUHVHQW ZRUNIORZ
V\VWHPV >9DQ GHU $DOVW� ����D� 9DQ GHU $DOVW� ����E�
(OOLV DQG 1XWW� ����@� $ 3HWUL QHW UHSUHVHQWV D ZRUNIORZ
LI DQG RQO\ LI LW KDV H[DFWO\ RQH VWDUWLQJ SODFH �VRXUFH�

DQG H[DFWO\ RQH HQG SODFH �VLQN� DQG WKH QHW REWDLQHG E\
DGGLQJ D WUDQVLWLRQ ZLWK WKH VLQN DV WKH RQO\ LQSXW SODFH
DQG WKH VRXUFH DV WKH RQO\ RXWSXW SODFH LV VWURQJO\ FRQ�
QHFWHG� 7KH ODWWHU LV WKH FDVH LI IRU HYHU\ WZR QRGHV [ DQG
\ LQ WKH QHW� WKHUH LV D SDWK IURP [ WR \� 3HWUL QHWV ZLWK
WKLV SDUWLFXODU VWUXFWXUH DUH FDOOHG ZRUNIORZ QHWV� )LJXUH
� VKRZV WZR ZRUNIORZ QHWV� 7KH OHIW�KDQG�VLGH SURFHVV
GHVFULEHV WKH VHTXHQWLDO H[HFXWLRQ RI IRXU WDVNV �$� %� &�
DQG '�� (DFK WDVN LV PRGHOOHG E\ D WUDQVLWLRQ� 7DVNV DUH
FRQQHFWHG E\ SODFHV �UHSUHVHQWHG E\ FLUFOHV� WR VSHFLI\
WKH RUGHULQJ RI WDVNV� 3ODFHV PD\ FRQWDLQ WRNHQV �UHSUH�
VHQWHG E\ EODFN GRWV�� 7KH VWDWH� RIWHQ FDOOHG PDUNLQJ� LV
WKH GLVWULEXWLRQ RI WRNHQV RYHU SODFHV� $ WUDQVLWLRQ� L�H�� D
WDVN� LV HQDEOHG LI DQG RQO\ LI HDFK RI WKH LQSXW SODFHV
FRQWDLQV D WRNHQ� (QDEOHG WUDQVLWLRQV FDQ ILUH ZKLOH UH�
PRYLQJ WRNHQV IURP WKH LQSXW SODFHV DQG SXWWLQJ WRNHQV
RQ WKH RXWSXW SODFHV� ,Q WKH VHTXHQWLDO SURFHVV VKRZQ LQ
)LJXUH �� WUDQVLWLRQ & LV HQDEOHG EHFDXVH WKHUH LV D WRNHQ
LQ WKH LQSXW SODFH� )LULQJ & ZLOO UHVXOW LQ D VLWXDWLRQ
ZKHUH ' LV HQDEOHG� ,Q WKH ULJKW�KDQG�VLGH SURFHVV LQ
)LJXUH � WDVNV % DQG & DUH LQ SDUDOOHO� L�H�� WKH\ FDQ EH
H[HFXWHG LQ DQ\ RUGHU� 1RWH WKDW $ FRQVXPHV RQH WRNHQ
DQG SURGXFHV WZR WRNHQV DQG WKDW ' FRQVXPHV WZR WRNHQV
DQG SURGXFHV RQH WRNHQ� $ GHWDLOHG GHVFULSWLRQ RI WKH
FODVV RI ZRUNIORZ QHWV LV EH\RQG WKH VFRSH RI WKLV SDSHU
DQG QRW QHHGHG IRU WKH UHPDLQGHU� +RZHYHU� VRPH EDVLF
NQRZOHGJH RI 3HWUL QHWV LV QHHGHG WR IXOO\ XQGHUVWDQG WKH
FRQFHSWV�

� &ODVVLILFDWLRQ�RI�FKDQJH

7KLV VHFWLRQ GHDOV ZLWK WKH GLIIHUHQW NLQGV RI FKDQJHV DQG
WKHLU FRQVHTXHQFHV� 6RPH RI WKH SHUVSHFWLYHV UHOHYDQW IRU
FKDQJH DUH�
x SURFHVV SHUVSHFWLYH� H�J�� WDVNV DUH DGGHG RU GHOHWHG

RU WKHLU RUGHULQJ LV FKDQJHG�
x UHVRXUFH SHUVSHFWLYH� H�J�� UHVRXUFHV DUH FODVVLILHG LQ

D GLIIHUHQW ZD\ RU QHZ FODVVHV DUH LQWURGXFHG�
x FRQWURO SHUVSHFWLYH� H�J�� FKDQJLQJ WKH ZD\ UHVRXUFHV

DUH DOORFDWHG WR SURFHVVHV DQG WDVNV�
x WDVN SHUVSHFWLYH� H�J�� XSJUDGLQJ RU GRZQJUDGLQJ

WDVNV�
x V\VWHP SHUVSHFWLYH� H�J�� FKDQJHV WR WKH LQIUDVWUXF�

WXUH RU WKH FRQILJXUDWLRQ RI WKH HQJLQHV LQ WKH HQDFW�
PHQW VHUYLFH�

,Q WKLV SDSHU� ZH UHVWULFW RXUVHOYHV WR FKDQJHV LQ WKH SUR�
FHVV SHUVSHFWLYH DV LQGLFDWHG LQ )LJXUH ��

)LJXUH � VKRZV WKDW WZR NLQGV RI FKDQJH DUH LGHQWL�
ILHG�
x ,QGLYLGXDO �DG�KRF� FKDQJHV� L�H�� DG�KRF DGDSWDWLRQ

RI WKH ZRUNIORZ SURFHVV� D VLQJOH FDVH �RU D OLPLWHG
VHW RI FDVHV� LV DIIHFWHG� $ JRRG H[DPSOH LV WKDW RI D
KRVSLWDO� LI VRPHRQH HQWHUV WKH KRVSLWDO ZLWK D FDU�
GLDF DUUHVW� \RX DUH QRW JRLQJ WR DVN KLP IRU KLV ,'�
DOWKRXJK WKH ZRUNIORZ SURFHVV PD\ SUHVFULEH WKLV�
)LJXUH � GLVWLQJXLVKHV HQWU\ WLPH FKDQJHV �FKDQJHV
WKDW RFFXU ZKHQ D FDVH LV QRW \HW LQ WKH V\VWHP� DQG
RQ�WKH�IO\ FKDQJHV �ZKLOH LQ WKH V\VWHP� WKH SURFHVV
GHILQLWLRQ IRU D FDVH FKDQJHV��

)LJXUH �� 7KUHH GLPHQVLRQV RI ZRUNIORZ�



x 6WUXFWXUDO �HYROXWLRQDU\� FKDQJHV� L�H�� HYROXWLRQ RI
WKH ZRUNIORZ SURFHVV� DOO QHZ FDVHV EHQHILW IURP WKH
DGDSWDWLRQ� $ VWUXFWXUDO FKDQJH LV W\SLFDOO\ WKH UHVXOW
RI D %35 HIIRUW� $Q H[DPSOH RI VXFK D FKDQJH LV WKH
FKDQJH RI D ��\HDU FXUULFXOXP DW D XQLYHUVLW\ WR D ��
\HDU RQH�

FKDQJHV

UHVWDUW

RQ�WKH�IO\

HQWU\ WLPH

VWUXFWXUDO

LQGLYLGXDO

SURFHHG

WUDQVIHU

H[WHQG

UHSODFH

UH�RUGHU

)LJXUH �� &ODVVLILFDWLRQ RI FKDQJH�

2Q WKH OHIW�KDQG VLGH LQ )LJXUH �� ZH VHH WKH WKUHH GLI�
IHUHQW ZD\V LQ ZKLFK D ZRUNIORZ FDQ EH FKDQJHG�
x WKH SURFHVV GHILQLWLRQ LV H[WHQGHG �H�J�� E\ DGGLQJ

QHZ WDVNV WR FRYHU SURFHVV H[WHQVLRQV��
x WDVNV DUH UHSODFHG E\ RWKHU WDVNV �H�J�� D WDVN LV UH�

ILQHG LQWR D VXESURFHVV�� DQG
x WDVNV LQ WKH SURFHVV DUH UH�RUGHUHG �H�J�� WZR VH�

TXHQWLDO WDVNV DUH SXW LQ SDUDOOHO��

)LJXUH � JLYHV WKUHH SRVVLEOH DOWHUQDWLYHV IRU KDQGOLQJ

H[LVWLQJ FDVHV LQ WKH V\VWHP ZKHQ D SURFHVV GHILQLWLRQ

FKDQJHV� 'HDOLQJ ZLWK H[LVWLQJ FDVHV LV RQO\ UHOHYDQW

LQ WKH FDVH RI D VWUXFWXUDO FKDQJH EHFDXVH LQGLYLGXDO

FKDQJHV ZLOO DOZD\V EH �VLPLODU WR� H[FHSWLRQV DQG� DV

VXFK� ZLOO EH GHDOW ZLWK E\ WKH RQH ZKR LQLWLDWHG WKH

FKDQJH H[SOLFLWO\�

�D� UHVWDUW

�E� SURFHHG

�F� WUDQVIHU

)LJXUH �� +RZ WR KDQGOH UXQQLQJ FDVHV"

)LJXUH � VKRZV WKH WKUHH DOWHUQDWLYHV� �D� UHVWDUW� UXQQLQJ
FDVHV DUH UROOHG EDFN DQG UHVWDUWHG DW WKH EHJLQQLQJ RI WKH
QHZ SURFHVV� �E� SURFHHG� FKDQJHV GR QRW DIIHFW UXQQLQJ
FDVHV E\ DOORZLQJ IRU PXOWLSOH YHUVLRQV RI WKH SURFHVV�

DQG �F� WUDQVIHU� D FDVH LV WUDQVIHUUHG WR WKH QHZ SURFHVV�
7KH WHUP G\QDPLF FKDQJH >(OOLV HW DO�� ����@ LV XVHG WR
UHIHU WR WKH ODWWHU SROLF\�

� &RUUHFWQHVV

,Q WKH SUHYLRXV VHFWLRQ� ZH SUHVHQWHG VRPH RI WKH SRVVL�
ELOLWLHV WR FKDQJH ZRUNIORZ VSHFLILFDWLRQV� ,Q DGGLWLRQ�
ZH KDYH SUHVHQWHG VRPH DOWHUQDWLYHV IRU GHDOLQJ ZLWK
FDVHV WKDW DUH VRPHZKHUH LQ WKHLU ZRUNIORZ OLIH�F\FOH WKH
PRPHQW WKDW WKH ZRUNIORZ LV EHLQJ FKDQJHG�

7KHVH FKDQJHV DFWXDOO\ RQO\ PDNH VHQVH ZKHQ WKH\ FDQ
EH SHUIRUPHG VXFK WKDW ZH FDQ JXDUDQWHH EHIRUHKDQG WKDW
WKH WUDQVIRUPDWLRQ VDWLVILHV D FHUWDLQ VHW RI FRUUHFWQHVV�
SUHVHUYDWLRQ SURSHUWLHV� ,I ZH ZRXOG QRW EH DEOH WR PDNH
DQ\ VWDWHPHQWV DERXW FRUUHFWQHVV SUHVHUYDWLRQ� LW ZRXOG
PHDQ WKDW WKH QHZ V\VWHP ZRXOG KDYH QR UHODWLRQVKLS
ZLWK WKH ROG RQH� %HLQJ LQWHUHVWHG LQ DGDSWLYH ZRUNIORZ�
WKLV LV REYLRXVO\ DQ XQGHVLUHG VLWXDWLRQ� 7KXV� LW LV YHU\
LPSRUWDQW WKDW YHULILFDWLRQ WHFKQLTXHV DQG VXSSRUWLQJ
WRROV DUH EHLQJ GHYHORSHG WKDW VXSSRUW VXFK FRUUHFWQHVV�
SUHVHUYLQJ WUDQVIRUPDWLRQV�

7ZR GLIIHUHQW NLQGV RI FRUUHFWQHVV QRWLRQV FDQ EH GLV�
WLQJXLVKHG� YL]�� V\QWDFWLF DQG VHPDQWLF FRUUHFWQHVV�

6\QWDFWLF FRUUHFWQHVV LV LQGHSHQGHQW RI WKH FRQWH[W�
L�H�� LW UHIHUV WR WKH PLQLPDO UHTXLUHPHQWV DQ\ ZRUNIORZ
VKRXOG VDWLVI\� )RU H[DPSOH� WKHUH VKRXOG EH QR WDVNV
ZLWKRXW LQSXW SODFHV� 1RWH WKDW V\QWDFWLF FRUUHFWQHVV QRW
RQO\ UHIHUV WR WKH VWUXFWXUH RI WKH ZRUNIORZ EXW DOVR WR
WKH G\QDPLF EHKDYLRXU� H�J�� SRWHQWLDO GHDGORFNV DQG
OLYHORFNV DUH QRW DOORZHG� $ YHU\ LPSRUWDQW FRUUHFWQHVV
FULWHULRQ LV WKH VR�FDOOHG VRXQGQHVV SURSHUW\ WKDW JXDU�
DQWHHV SURSHU WHUPLQDWLRQ >9DQ GHU $DOVW� ����E@� 3URSHU
WHUPLQDWLRQ PHDQV WKDW WKH VWDWH LV UHDFKHG ZLWK D VLQJOH
WRNHQ LQ WKH VLQN SODFH� )LJXUH � VKRZV DQ LQFRUUHFW
ZRUNIORZ SURFHVV GHILQLWLRQ� 7KH H[HFXWLRQ RI WDVN (
EHIRUH WDVN % ZLOO UHVXOW LQ D GHDGORFN EHFDXVH WKH FDVH
JHWV VWXFN LQ WKH VWDWH ZLWK MXVW D WRNHQ LQ S�� ,I WDVN & LV
H[HFXWHG� WKHQ LW LV SRVVLEOH WR H[HFXWH ' EXW D OLYHORFN
LV FUHDWHG EHFDXVH LW LV QRW SRVVLEOH WR HVFDSH IURP WKH
F\FOH IRUPHG E\ % DQG )� 7KH ZRUNIORZ FDQ EH FRUUHFWHG
E\ DGGLQJ DQ DUURZ IURP ( WR S�� UHPRYLQJ S�� DQG
DGGLQJ DQ DUURZ IURP S� WR )� 7RGD\� 3HWUL�QHW WKHRU\
SURYLGHV DGHTXDWH WRROV WR YHULI\ V\QWDFWLF FRUUHFWQHVV�
1HYHUWKHOHVV� VXFK IDFLOLWLHV DUH VWLOO PLVVLQJ LQ PRVW RI
WKH FRPPHUFLDO ZRUNIORZ PDQDJHPHQW V\VWHPV�
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)LJXUH �� $Q LQFRUUHFW ZRUNIORZ SURFHVV GHILQLWLRQ�

6HPDQWLF FRUUHFWQHVV LV FRQFHUQHG ZLWK WKH FRQWH[W LQ
ZKLFK WKH FKDQJH RFFXUV� ,QWXLWLYHO\� VHPDQWLF FRUUHFW�
QHVV GHDOV ZLWK VLPLODULWLHV EHWZHHQ WKH FDSDELOLWLHV RI
WKH ROG ZRUNIORZ DQG WKH FDSDELOLWLHV RI WKH QHZ
ZRUNIORZ� H�J�� LW PD\ EH GHVLUDEOH WKDW WKH QHZ
ZRUNIORZ LV DEOH WR KDQGOH FDVHV WKH ROG ZD\ �EXW SURED�
EO\ KDV VRPH PRUH IXQFWLRQDOLW\�� &RQVLGHU IRU H[DPSOH
WKH WZR SURFHVV GHILQLWLRQV VKRZQ LQ )LJXUH �� WKH ULJKW�
KDQG SURFHVV FDQ GR PRUH WKDQ WKH OHIW�KDQG SURFHVV EXW
QRW YLFH YHUVD� $ VLPLODU UHODWLRQ KROGV EHWZHHQ WKH
ULJKW�KDQG SURFHVV LQ )LJXUH � DQG WKH FRUUHFWHG YHUVLRQ
RI WKH SURFHVV VKRZQ LQ )LJXUH �� &RPSDULQJ GLIIHUHQW
YDULDQWV RI WKH VDPH ZRUNIORZ UHTXLUHV DGYDQFHG LQKHUL�
WDQFH FRQFHSWV >%DVWHQ� ����� 9DQ GHU $DOVW DQG %DVWHQ�
����� 9RRUKRHYH DQG 9DQ GHU $DOVW� ����@� ,Q 6HFWLRQ �
IRXU LQKHULWDQFH�SUHVHUYLQJ WUDQVIRUPDWLRQ UXOHV DUH LQ�
WURGXFHG� 7KHVH UXOHV FDQ EH XVHG WR DYRLG ERWK V\QWDFWLF
DQG VHPDQWLF HUURUV�

� '\QDPLF�FKDQJH

:H LGHQWLILHG WKUHH ZD\V WR GHDO ZLWK UXQQLQJ FDVHV DIWHU
D VWUXFWXUDO SURFHVV FKDQJH� �D� UHVWDUW� �E� SURFHHG� DQG
�F� WUDQVIHU� 5HVWDUWLQJ FDVHV FDXVHV QR UHDO GLIILFXOWLHV
H[FHSW WKDW LW LV RIWHQ GLIILFXOW WR UROOEDFN WKH WDVNV WKDW
KDYH DOUHDG\ EHHQ H[HFXWHG� 7KH SURFHHG SROLF\ FDXVHV
QR SUREOHPV� ,Q IDFW� LW LV WKH RQO\ SROLF\ WUXO\ VXSSRUWHG
E\ WRGD\©V FRPPHUFLDO ZRUNIORZ PDQDJHPHQW V\VWHPV�
7KH RQO\ SROLF\ WKDW FDXVHV VHULRXV WKHRUHWLFDO DQG SUDF�
WLFDO SUREOHPV LV WKH WUDQVIHU RI FDVHV� 7KH WHUP G\QDPLF
FKDQJH UHIHUV WR WKH SUREOHP RI KDQGOLQJ ROG FDVHV LQ D
QHZ SURFHVV� H�J�� KRZ WR WUDQVIHU FDVHV WR D QHZ� L�H��
LPSURYHG� YHUVLRQ RI WKH SURFHVV�

)LJXUH � LOOXVWUDWHV WKH G\QDPLF FKDQJH SUREOHP� ,I WKH
VHTXHQWLDO ZRUNIORZ SURFHVV �OHIW� LV FKDQJHG LQWR WKH
ZRUNIORZ SURFHVV ZKHUH WDVNV % DQG & FDQ EH H[HFXWHG

LQ SDUDOOHO �ULJKW� WKHUH DUH QR SUREOHPV� L�H�� LW LV DOZD\V
SRVVLEOH WR WUDQVIHU D FDVH IURP WKH OHIW WR WKH ULJKW� 7KH
VHTXHQWLDO SURFHVV KDV ILYH SRVVLEOH VWDWHV DQG HDFK RI
WKHVH VWDWHV FRUUHVSRQGV WR D VWDWH LQ WKH SDUDOOHO SURFHVV�
)RU H[DPSOH� WKH VWDWH ZLWK D WRNHQ LQ V� LV PDSSHG RQWR
WKH VWDWH ZLWK D WRNHQ LQ S� DQG S�� ,Q ERWK FDVHV� WDVNV $
DQG % KDYH EHHQ H[HFXWHG DQG & DQG ' VWLOO QHHG WR EH

H[HFXWHG�
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)LJXUH �� 7KH G\QDPLF FKDQJH SUREOHP�

1RZ FRQVLGHU WKH VLWXDWLRQ ZKHUH WKH SDUDOOHO SURFHVV LV
FKDQJHG LQWR WKH VHTXHQWLDO RQH� L�H�� D FDVH LV PRYHG
IURP WKH ULJKW�KDQG�VLGH SURFHVV WR WKH OHIW�KDQG�VLGH
SURFHVV� )RU PRVW RI WKH VWDWHV RI WKH ULJKW�KDQG�VLGH
SURFHVV WKLV LV QR SUREOHP� H�J�� D WRNHQ LQ S� LV PRYHG
WR V�� D WRNHQ LQ S� DQG D WRNHQ LQ S� DUH PDSSHG RQWR D
VLQJOH WRNHQ LQ V�� DQG D WRNHQ LQ S� DQG D WRNHQ LQ S�
DUH PDSSHG RQWR D VLQJOH WRNHQ LQ V�� +RZHYHU� WKH VWDWH
ZLWK D WRNHQ LQ S� DQG S� �$ DQG & KDYH EHHQ H[HFXWHG�
FDXVHV SUREOHPV EHFDXVH WKHUH LV QR FRUUHVSRQGLQJ VWDWH
LQ WKH VHTXHQWLDO SURFHVV �LW LV QRW SRVVLEOH WR H[HFXWH &
EHIRUH %�� 7KLV VLPSOH H[DPSOH VKRZV WKDW LW LV QRW
VWUDLJKWIRUZDUG WR PLJUDWH ROG FDVHV WR WKH QHZ SURFHVV
DIWHU D FKDQJH� 6RPH DXWKRUV KDYH SURSRVHG D VROXWLRQ
IRU WKH G\QDPLF FKDQJH SUREOHP >$JRVWLQL DQG 'H 0LFK�
HOLV� ����� (OOLV HW DO�� ����� (OOLV HW DO�� ����@� +RZHYHU�
WKHVH VROXWLRQV HLWKHU UHTXLUH KXPDQ LQWHUYHQWLRQ RU DUH
UHVWULFWHG WR ZRUNIORZV ZLWK D SDUWLFXODU VWUXFWXUH� 1RWH
WKDW ERWK FKDQJHV LQ )LJXUH � FRUUHVSRQG WR WKH UHRUGHU�
LQJ RI WDVNV �VHH FODVVLILFDWLRQ LQ 6HFWLRQ ���

� 0DQDJHPHQW�LQIRUPDWLRQ

$QRWKHU SUREOHP RI FKDQJH LV WKDW LW W\SLFDOO\ OHDGV WR
PXOWLSOH YDULDQWV RI WKH VDPH SURFHVV� )RU HYROXWLRQDU\



�L�H�� VWUXFWXUDO� FKDQJH WKH QXPEHU RI YDULDQWV LV OLP�
LWHG� $G�KRF FKDQJHV PD\ OHDG WR WKH VLWXDWLRQ ZKHUH WKH
QXPEHU RI YDULDQWV PD\ EH RI WKH VDPH RUGHU RI PDJQL�
WXGH DV WKH QXPEHU RI FDVHV� 7R PDQDJH D ZRUNIORZ SUR�
FHVV ZLWK GLIIHUHQW YDULDQWV LW LV GHVLUDEOH WR KDYH DQ DJ�
JUHJDWHG YLHZ RI WKH ZRUN LQ SURJUHVV� 1RWH WKDW LQ D
PDQXIDFWXULQJ SURFHVV WKH PDQDJHU FDQ JHW D JRRG LP�
SUHVVLRQ RI WKH ZRUN LQ SURJUHVV E\ ZDONLQJ WKURXJK WKH
IDFWRU\� )RU D ZRUNIORZ SURFHVV KDQGOLQJ GLJLWL]HG LQ�
IRUPDWLRQ� WKLV LV QRW SRVVLEOH� 7KHUHIRUH� LW LV RI WKH XW�
PRVW LPSRUWDQFH WR VXSSO\ WKH PDQDJHU ZLWK WRROV WR RE�
WDLQ D FRQGHQVHG EXW DFFXUDWH YLHZ RI WKH ZRUNIORZ SUR�
FHVVHV� )LJXUH � VKRZV D ZRUNIORZ SURFHVVHV ZLWK WZR
YDULDQWV� D VHTXHQWLDO RQH �OHIW� DQG D SDUDOOHO RQH �PLG�
GOH�� 7KH QXPEHUV LQ WKH SODFHV LQGLFDWH WKH QXPEHU RI
FDVHV LQ D VSHFLILF VWDWH� H�J�� LQ WKH VHTXHQWLDO SURFHVV
WKHUH DUH � FDVHV LQ�EHWZHHQ WDVN % DQG WDVN &� DQG LQ WKH
SDUDOOHO SURFHVV WKHUH DUH � FDVHV LQ�EHWZHHQ $ DQG %�
6LQFH WKH PDQDJHU UHTXLUHV DQ DJJUHJDWHG YLHZ UDWKHU
WKDQ D YLHZ IRU HYHU\ YDULDQW RI WKH ZRUNIORZ SURFHVV�
WKH FDVHV QHHG WR EH PDSSHG RQWR D JHQHUDOL]HG YHUVLRQ
RI WKH GLIIHUHQW SURFHVVHV� $ VROXWLRQ LV WR ILQG WKH
¨JUHDWHVW FRPPRQ GLYLVRU© �JFG� RU WKH ¨OHDVW FRPPRQ

PXOWLSOH© �OFP� IRU WKH WZR SURFHVVHV VKRZQ� 6LQFH DOO
WKH VWDWHV RI WKH VHTXHQWLDO SURFHVV FDQ EH UHSUHVHQWHG LQ
WKH SDUDOOHO SURFHVV� ZH FKRRVH WKH SDUDOOHO SURFHVV WR
SUHVHQW PDQDJHPHQW LQIRUPDWLRQ� )LJXUH � VKRZV WKH
DJJUHJDWHG YLHZ RI WKH WZR ZRUNIORZ SURFHVVHV �ULJKW��
)RU DOO SODFHV LQ WKH ULJKW�KDQG�VLGH SURFHVV H[FHSW P�� LW
LV TXLWH VWUDLJKWIRUZDUG WR YHULI\ WKDW WKH QXPEHUV DUH
FRUUHFW� 7KH QXPEHU RI WRNHQV LQ SODFH P� FRUUHVSRQGV
WR WKH QXPEHU RI FDVHV LQ�EHWZHHQ $ DQG &� ,Q WKH VH�
TXHQWLDO SURFHVV� WKHUH DUH ��� � FDVHV LQ�EHWZHHQ $ DQG
&� ,Q WKH SDUDOOHO SURFHVV� WKHUH DUH DOVR � FDVHV LQ�
EHWZHHQ $ DQG &� ZKLFK EULQJV WKH WRWDO WR �� )RU WKLV
VPDOO H[DPSOH� LW PD\ VHHP WULYLDO WR REWDLQ WKLV LQIRU�
PDWLRQ� +RZHYHU� LQ JHQHUDO WKHUH DUH PDQ\ YDULDQWV RI
SURFHVVHV ZKLFK PD\ KDYH XS WR ��� WDVNV DQG LW LV IDU
IURP WULYLDO WR SUHVHQW DJJUHJDWHG LQIRUPDWLRQ WR WKH
PDQDJHU� 7KH WRSLF RI JHQHUDWLQJ PDQDJHPHQW LQIRUPD�
WLRQ ZDV DGGUHVVHG LQ >9RRUKRHYH DQG 9DQ GHU $DOVW�
����� 9RRUKRHYH DQG 9DQ GHU $DOVW� ����@� 'HVSLWH LWV
UHOHYDQFH IRU WKH QH[W JHQHUDWLRQ RI ZRUNIORZ PDQDJH�
PHQW V\VWHPV RQO\ IHZ UHVHDUFKHUV VHHP WR EH ZRUNLQJ
RQ WKLV WRSLF�

� ,QKHULWDQFH

,QKHULWDQFH LV RQH RI WKH FRUQHUVWRQHV RI REMHFW�RULHQWHG
SURJUDPPLQJ DQG REMHFW�RULHQWHG GHVLJQ� 7KH EDVLF LGHD
RI LQKHULWDQFH LV WR SURYLGH PHFKDQLVPV ZKLFK DOORZ IRU
FRQVWUXFWLQJ VXEFODVVHV WKDW LQKHULW FHUWDLQ SURSHUWLHV RI
D JLYHQ VXSHUFODVV� ,Q RXU FDVH D FODVV FRUUHVSRQGV WR D
ZRUNIORZ SURFHVV GHILQLWLRQ �L�H�� D URXWLQJ GLDJUDP� DQG

REMHFWV �L�H�� LQVWDQFHV RI WKH FODVV� FRUUHVSRQG WR FDVHV�
,Q PRVW REMHFW�RULHQWHG PHWKRGV D FODVV LV FKDUDFWHUL]HG
E\ D VHW RI DWWULEXWHV DQG D VHW RI PHWKRGV� $WWULEXWHV DUH
XVHG WR GHVFULEH SURSHUWLHV RI DQ REMHFW �L�H�� DQ LQVWDQFH
RI WKH FODVV�� 0HWKRGV V\PEROL]H RSHUDWLRQV RQ REMHFWV
�H�J�� FUHDWH� GHVWUR\� DQG FKDQJH DWWULEXWH�� 7KH VWUXFWXUH
RI D FODVV LV VSHFLILHG E\ WKH DWWULEXWHV DQG PHWKRGV RI
WKDW FODVV� 1RWH WKDW WKH VWUXFWXUH RQO\ UHIHUV WR WKH VWDWLF
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)LJXUH �� 0DSSLQJ FDVHV LQ GLIIHUHQW SURFHVVHV RQWR RQH ZRUNIORZ SURFHVVHV�



DVSHFWV RI WKH LQWHUIDFH� 7KH G\QDPLF EHKDYLRU RI D FODVV
LV HLWKHU KLGGHQ LQVLGH WKH PHWKRGV RU PRGHOHG H[SOLFLWO\
�LQ 80/ WKH OLIH�F\FOH RI D FODVV LV PRGHOHG LQ WHUPV RI
VWDWH PDFKLQHV�� $OWKRXJK WKH G\QDPLF EHKDYLRU LV DQ
LQWULQVLF SDUW RI WKH FODVV GHVFULSWLRQ �HLWKHU H[SOLFLW RU
LPSOLFLW�� LQKHULWDQFH RI G\QDPLF EHKDYLRU LV QRW ZHOO�
XQGHUVWRRG� �6HH >%DVWHQ� ����@ IRU DQ HODERUDWH GLVFXV�
VLRQ RQ WKLV WRSLF DQG SRLQWHUV WR UHODWHG ZRUN�� *LYHQ
WKH ZLGHVSUHDG XVH RI LQKHULWDQFH FRQFHSWV�PHFKDQLVPV
IRU WKH VWDWLF DVSHFWV� WKLV LV UHPDUNDEOH� (YHU\ REMHFW�
RULHQWHG SURJUDPPLQJ ODQJXDJH VXSSRUWV LQKHULWDQFH
ZLWK UHVSHFW WR WKH VWDWLF VWUXFWXUH RI D FODVV �L�H�� WKH
LQWHUIDFH FRQVLVWLQJ RI DWWULEXWHV DQG PHWKRGV�� 6LQFH
ZRUNIORZ PDQDJHPHQW DLPV DW VXSSRUWLQJ EXVLQHVV SURF�
HVVHV� WKHVH UHVXOWV DUH QRW YHU\ XVHIXO LQ WKLV FRQWH[W�
+RZHYHU� WKH ZRUN SUHVHQWHG LQ >%DVWHQ� ����� 9DQ GHU
$DOVW DQG %DVWHQ� ����@ GHDOV ZLWK LQKHULWDQFH RI G\�
QDPLF EHKDYLRU LQ D FRPSUHKHQVLYH PDQQHU� 7KLV ZRUN LV
EDVHG RQ D SDUWLFXODU FODVV RI 3HWUL QHWV� WKH VR�FDOOHG
VRXQG ZRUNIORZ QHWV GHILQHG HDUOLHU� 7KLV FODVV RI 3HWUL
QHWV FRUUHVSRQGV WR ZRUNIORZ SURFHVVHV ZLWKRXW GHDG�
ORFNV� OLYHORFNV� DQG RWKHU DQRPDOLHV� 2WKHU LQKHULWDQFH�
EDVHG DSSURDFKHV DEVWUDFW IURP WKH FDXVDO UHODWLRQV EH�
WZHHQ WDVNV�PHWKRGV� L�H�� WKH FRQWURO RU URXWLQJ VWUXFWXUH
LV QRW WDNHQ LQWR DFFRXQW� 6RPH RI WKH ZRUNIORZ PDQ�
DJHPHQW V\VWHPV DYDLODEOH FODLP WR EH REMHFW�RULHQWHG
DQG WKXV SURYLGH VRPH VXSSRUW IRU LQKHULWDQFH� )RU H[�
DPSOH� WKH ZRUNIORZ PDQDJHPHQW V\VWHP ,Q&RQFHUW �,Q�
&RQFHUW� ,QF� &DPEULGJH� 0$� 86$� DOORZV IRU EXLOGLQJ
ZRUNIORZ FODVV KLHUDUFKLHV� 8QIRUWXQDWHO\� LQKHULWDQFH LV
UHVWULFWHG WR WKH DWWULEXWHV DQG WKH VWUXFWXUH RI WKH SURF�
HVV LV QRW WDNHQ LQWR DFFRXQW� 0DQ\ ZRUNIORZ PDQDJH�
PHQW V\VWHPV KDYH EHHQ LPSOHPHQWHG XVLQJ REMHFW�
RULHQWHG SURJUDPPLQJ ODQJXDJHV� +RZHYHU� WKHVH V\V�
WHPV GR QRW RIIHU REMHFW�RULHQWHG PHFKDQLVPV VXFK DV
LQKHULWDQFH WR WKH ZRUNIORZ GHVLJQHU RU WKH GHVLJQHU KDV
WR SURJUDP FRGH WR EHQHILW IURP WKH REMHFW�RULHQWHG IHD�
WXUHV SURYLGHG E\ WKH KRVW ODQJXDJH� 1HYHUWKHOHVV� ZH
WKLQN WKDW LQKHULWDQFH LV D YHU\ XVHIXO FRQFHSW IRU
ZRUNIORZ PDQDJHPHQW� 7KHUHIRUH� ZH DGYRFDWH WKH XVH
RI WKH LQKHULWDQFH QRWLRQV SUHVHQWHG LQ >%DVWHQ� �����
9DQ GHU $DOVW DQG %DVWHQ� ����@ IRU WKH SUREOHPV LQGL�
FDWHG LQ WKH SUHYLRXV WZR VHFWLRQV�

)LUVW ZH GHILQH IRXU LQKHULWDQFH QRWLRQV IRU ZRUNIORZ
SURFHVVHV �L�H�� ZRUNIORZV VSHFLILHG E\ ZRUNIORZ QHWV��
&RQVLGHU WZR ZRUNIORZ SURFHVVHV [ DQG \� :KHQ LV [ D
VXEFODVV RI \" [ LV D VXEFODVV RI VXSHUFODVV \ LI [ LQKHULWV
FHUWDLQ IHDWXUHV RI \� ,QWXLWLYHO\� RQH FRXOG VD\ WKDW [ LV D
VXEFODVV RI \ LI DQG RQO\ LI [ FDQ GR ZKDW \ FDQ GR�

&OHDUO\� DOO WDVNV SUHVHQW LQ \ VKRXOG DOVR EH SUHVHQW LQ [�
0RUHRYHU� [ ZLOO W\SLFDOO\ DGG QHZ WDVNV� 7KHUHIRUH� LW LV
UHDVRQDEOH WR GHPDQG WKDW [ FDQ GR ZKDW \ FDQ GR ZLWK
UHVSHFW WR WKH WDVNV SUHVHQW LQ \� ,Q IDFW� WKH EHKDYLRU
ZLWK UHVSHFW WR WKH H[LVWLQJ WDVNV VKRXOG EH LGHQWLFDO�

,Q >%DVWHQ� ����� 9DQ GHU $DOVW DQG %DVWHQ� ����@ ZH
KDYH LGHQWLILHG IRXU GLIIHUHQW QRWLRQV RI LQKHULWDQFH�
SURWRFRO LQKHULWDQFH� SURMHFWLRQ LQKHULWDQFH� SURWR�
FRO�SURMHFWLRQ LQKHULWDQFH� DQG OLIH�F\FOH LQKHULWDQFH�
3URWRFRO�SURMHFWLRQ LQKHULWDQFH LV WKH PRVW UHVWULFWLYH
IRUP RI LQKHULWDQFH� ,I [ LV D VXEFODVV RI \ ZLWK UHVSHFW WR
SURWRFRO�SURMHFWLRQ LQKHULWDQFH� WKHQ [ LV D VXEFODVV RI \
ZLWK UHVSHFW WR SURWRFRO LQKHULWDQFH DQG SURMHFWLRQ LQ�
KHULWDQFH� /LIH�F\FOH LQKHULWDQFH LV WKH PRVW OLEHUDO IRUP
RI LQKHULWDQFH� L�H�� SURWRFRO DQG�RU SURMHFWLRQ LQKHUL�
WDQFH LPSOLHV OLIH�F\FOH LQKHULWDQFH�

7KH QRWLRQ RI SURMHFWLRQ LQKHULWDQFH LV EDVHG RQ DE�
VWUDFWLRQ� ,I LW LV QRW SRVVLEOH WR GLVWLQJXLVK [ DQG \ ZKHQ
DUELWUDU\ WDVNV RI [ DUH H[HFXWHG� EXW ZKHQ RQO\ WKH HI�
IHFWV RI WDVNV WKDW DUH DOVR SUHVHQW LQ \ DUH FRQVLGHUHG�
WKHQ [ LV D VXEFODVV RI \ ZLWK UHVSHFW WR SURMHFWLRQ LQ�
KHULWDQFH�

)RU GLVWLQJXLVKLQJ [ DQG \ XQGHU SURMHFWLRQ LQKHULWDQFH
ZH RQO\ FRQVLGHU WKH WDVNV SUHVHQW LQ ERWK QHWV �L�H�� LQ
\�� $OO RWKHU WDVNV LQ [ DUH UHQDPHG WR W� 2QH FDQ WKLQN RI
WKHVH WDVNV DV VLOHQW� LQWHUQDO� RU QRW REVHUYDEOH� 6LQFH
EUDQFKLQJ ELVLPXODWLRQ >%DVWHQ� ����@ LV XVHG DV DQ
HTXLYDOHQFH QRWLRQ� ZH DEVWUDFW IURP WUDQVLWLRQV ZLWK D W

ODEHO� L�H�� IRU GHFLGLQJ ZKHWKHU [ LV D VXEFODVV RI \ RQO\
WKH WDVNV ZLWK D ODEHO GLIIHUHQW IURP W DUH FRQVLGHUHG�
7KH EHKDYLRU ZLWK UHVSHFW WR WKHVH WDVNV LV FDOOHG WKH
REVHUYDEOH EHKDYLRU� $GGHG WDVNV �L�H�� WDVNV SUHVHQW LQ [
EXW QRW LQ \� FDQ EH H[HFXWHG EXW DUH QRW REVHUYDEOH E\
WKH RXWVLGH ZRUOG� L�H�� SURMHFWLRQ LQKHULWDQFH FRQIRUPV
WR KLGLQJ RU DEVWUDFWLQJ IURP WDVNV QHZ LQ [�

7KH QRWLRQ RI SURWRFRO LQKHULWDQFH LV EDVHG RQ HQFDS�
VXODWLRQ �L�H�� EORFNLQJ RI QHZ WDVNV�� ,I LW LV QRW SRVVLEOH
WR GLVWLQJXLVK [ DQG \ ZKHQ RQO\ WDVNV RI [ WKDW DUH DOVR
SUHVHQW LQ \ DUH H[HFXWHG� WKHQ [ LV D VXEFODVV RI \�

)RU GLVWLQJXLVKLQJ [ DQG \ XQGHU SURWRFRO LQKHULWDQFH
DOO WDVNV SUHVHQW LQ [ EXW QRW LQ \ DUH EORFNHG� 7KH QHZ
WDVNV DUH VLPSO\ GLVDOORZHG WR EH H[HFXWHG�

$ IRUPDO GHILQLWLRQ RI WKH IRXU IRUPV RI LQKHULWDQFH LV
EH\RQG WKH VFRSH RI WKLV SDSHU� �7KH GHILQLWLRQ EXLOGV RQ
EUDQFKLQJ ELVLPXODWLRQ HTXLYDOHQFH DQG DQ DEVWUDFWLRQ
RSHUDWRU ZKLFK UHQDPHV D JLYHQ VHW RI WDVNV WR W�� 7KH
LQWHUHVWHG UHDGHU LV UHIHUUHG WR >%DVWHQ� ����� 9DQ GHU
$DOVW DQG %DVWHQ� ����@�
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)LJXUH �� )LYH URXWLQJ GLDJUDPV GHVFULELQJ YDULDQWV RI D VLPSOH ZRUNIORZ SURFHVV�

)LJXUH � VKRZV ILYH ZRUNIORZ SURFHVVHV PRGHOHG LQ
WHUPV RI ZRUNIORZ QHWV� 6SHFLDO V\PEROV DUH XVHG WR LQ�
GLFDWH WKH VRXUFH SODFH �L� DQG WKH VLQN SODFH �R��
:RUNIORZ SURFHVV �$� FRQVLVWV RI WKUHH VHTXHQWLDO WDVNV�
UHJLVWHU� KDQGOH� DQG DUFKLYH� (DFK RI WKH RWKHU
ZRUNIORZ SURFHVVHV H[WHQGV WKLV SURFHVV ZLWK RQH DGGL�
WLRQDO WDVN� FKHFN� ,Q ZRUNIORZ SURFHVV �%� WDVN FKHFN
FDQ EH H[HFXWHG DUELWUDULO\ PDQ\ WLPHV EHWZHHQ UHJLVWHU
DQG KDQGOH� :RUNIORZ SURFHVV �%� LV D VXEFODVV RI
ZRUNIORZ SURFHVV �$� ZLWK UHVSHFW WR SURMHFWLRQ LQKHUL�
WDQFH� LI WDVN FKHFN LV DEVWUDFWHG IURP� WKHQ WKH WZR SURF�
HVVHV EHKDYH HTXLYDOHQWO\ �L�H�� DUH EUDQFKLQJ ELVLPLODU��
:RUNIORZ SURFHVV �%� LV DOVR D VXEFODVV RI ZRUNIORZ
SURFHVV �$� ZLWK UHVSHFW WR SURWRFRO LQKHULWDQFH� EORFN�
LQJ WDVN FKHFN \LHOGV WZR HTXLYDOHQW SURFHVVHV�

:RUNIORZ SURFHVV �&� LV QRW D VXEFODVV ZLWK UHVSHFW WR
SURMHFWLRQ LQKHULWDQFH� KLGLQJ WDVN FKHFN LQWURGXFHV WKH
SRVVLELOLW\ WR VNLS WDVN KDQGOH DQG WKXV FKDQJH WKH DFWXDO
EHKDYLRU� +RZHYHU� �&� LV D VXEFODVV RI �$� ZLWK UHVSHFW
WR SURWRFRO LQKHULWDQFH� :RUNIORZ SURFHVV �'� LV D VXE�
FODVV RI ZRUNIORZ SURFHVV �$� ZLWK UHVSHFW WR SURMHFWLRQ
LQKHULWDQFH� KLGLQJ WKLV WDVN UHVXOWV LQ WZR HTXLYDOHQW
SURFHVVHV� +RZHYHU� �'� LV QRW D VXEFODVV RI �$� ZLWK
UHVSHFW WR SURWRFRO LQKHULWDQFH� EORFNLQJ WDVN FKHFN UH�
VXOWV LQ D GHDGORFN� :RUNIORZ SURFHVV �(� LV D VXEFODVV
RI ZRUNIORZ SURFHVV �$� ZLWK UHVSHFW WR SURMHFWLRQ LQ�
KHULWDQFH� WKH GHWRXU YLD WDVN FKHFN FDQ EH KLGGHQ WKXV
\LHOGLQJ DQ REVHUYDEOH EHKDYLRU LGHQWLFDO WR �$��
:RUNIORZ SURFHVV �(� LV QRW D VXEFODVV RI ZRUNIORZ SUR�
FHVV �$� ZLWK UHVSHFW WR SURWRFRO LQKHULWDQFH� $OO
ZRUNIORZ SURFHVVHV DUH D VXEFODVV RI �$� ZLWK UHVSHFW WR



OLIH�F\FOH LQKHULWDQFH� )RU OLIH�F\FOH LQKHULWDQFH VRPH RI
WKH QHZ WDVNV DUH EORFNHG DQG RWKHUV DUH KLGGHQ WR REWDLQ
WZR HTXLYDOHQW SURFHVVHV� 2QO\ ZRUNIORZ SURFHVV �%� LV D
VXEFODVV ZLWK UHVSHFW WR SURWRFRO�SURMHFWLRQ LQKHULWDQFH
DQG ERWK �%� DQG �&� DUH VXEFODVVHV RI �$� ZLWK UHVSHFW
WR SURWRFRO LQKHULWDQFH�

,Q >%DVWHQ� ����� 9DQ GHU $DOVW DQG %DVWHQ� ����@ ZH
SURSRVHG D QXPEHU LQKHULWDQFH�SUHVHUYLQJ WUDQVIRUPDWLRQ
UXOHV� 7KHVH UXOHV FRUUHVSRQG WR IUHTXHQWO\ XVHG GHVLJQ
FRQVWUXFWV DQG SUHVHUYH RQH RU PRUH RI WKH IRXU LQKHUL�
WDQFH QRWLRQV� $ GHWDLOHG GHVFULSWLRQ RI WKHVH UXOHV LV
EH\RQG WKH VFRSH RI WKLV SDSHU� 7KHUHIRUH� ZH JLYH DQ
LQIRUPDO GHVFULSWLRQ RI IRXU LQKHULWDQFH UXOHV� 33� 37�
3-� DQG 3-��

3URWRFRO�SURMHFWLRQ LQKHULWDQFH�SUHVHUYLQJ WUDQVIRU�
PDWLRQ UXOH 33 LV LOOXVWUDWHG E\ )LJXUH �� 1HZ WUDQVLWLRQV
�L�H�� WDVNV� DQG SODFHV �L�H�� FRQGLWLRQV� DUH DGGHG WR WKH
RULJLQDO ZRUNIORZ QHW VXFK WKDW WRNHQV DUH RQO\ WHPSR�
UDOO\ UHPRYHG IURP D SODFH LQ WKH RULJLQDO QHW� 7KH DGGHG
VXEQHW PD\ KDYH DQ\ VWUXFWXUH DV ORQJ DV LW LV JXDUDQWHHG
WKDW DQ\ WRNHQ WDNHQ IURP SODFH S ZLOO EH UHWXUQHG HYHQ�
WXDOO\ DQG QR WRNHQV DUH OHIW LQ WKH VXEQHW� 6LQFH WKH VXE�
QHW RQO\ SRVWSRQHV EHKDYLRU� WKH H[WHQGHG ZRUNIORZ QHW
�ULJKW� LV D VXEFODVV RI WKH RULJLQDO ZRUNIORZ QHW �OHIW�
XQGHU ERWK SURMHFWLRQ DQG SURWRFRO LQKHULWDQFH� ,I RQH
DEVWUDFWV IURP WKH QHZO\ DGGHG WDVNV RU EORFNV WKH QHZO\
DGGHG WDVNV� RQH FDQQRW ILQG DQ\ GLIIHUHQFHV EHWZHHQ
ERWK QHWV�
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)LJXUH �� ,QKHULWDQFH�SUHVHUYLQJ WUDQVIRUPDWLRQ UXOH 33�

)LJXUH � LOOXVWUDWHV WUDQVIRUPDWLRQ UXOH 37� 37 SUHVHUYHV
SURWRFRO LQKHULWDQFH DQG DGGV DOWHUQDWLYH EHKDYLRU� 7KH
DGGHG VXEQHW UHPRYHV WRNHQV IURP WKH RULJLQDO QHW WR
H[HFXWH WDVNV QRW SUHVHQW LQ WKH RULJLQDO QHW� 7KH DGGHG
VXEQHW PD\ KDYH DQ\ VWUXFWXUH DV ORQJ DV DQ\ WRNHQ WDNHQ
IURP SODFH SL ZLOO EH UHWXUQHG LQ SODFH SR HYHQWXDOO\ DQG
QR WRNHQV DUH OHIW LQ WKH VXEQHW� 2WKHU UHTXLUHPHQWV DUH
WKDW DOO QHZ WDVNV FRQVXPLQJ WRNHQV IURP SL VKRXOG QRW
DSSHDU LQ WKH RULJLQDO QHW DQG WKDW WKH URXWHV YLD WKH VXE�
QHW GR QRW FUHDWH QHZ VWDWHV LQ WKH RULJLQDO QHW� ,W LV HDV\
WR VHH WKDW 37 SUHVHUYHV SURWRFRO LQKHULWDQFH� WKH DGGHG
VXEQHW LV QHYHU DFWLYDWHG LI DOO QHZ WDVNV DUH EORFNHG�
1RWH WKDW 37 GRHV QRW SUHVHUYH SURMHFWLRQ LQKHULWDQFH
VLQFH WKH VXEQHW FDQ EH XVHG WR E\SDVV SDUWV RI WKH RULJL�
QDO QHW�
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)LJXUH �� ,QKHULWDQFH�SUHVHUYLQJ WUDQVIRUPDWLRQ UXOH 37�

)LJXUH �� VKRZV LQKHULWDQFH�SUHVHUYLQJ WUDQVIRUPDWLRQ
UXOH 3-� 5XOH 3- LQVHUWV QHZ WDVNV LQ�EHWZHHQ D WDVN WS
DQG D SODFH S LQ WKH RULJLQDO ZRUNIORZ QHW� ,Q IDFW� UXOH
3- FDQ EH XVHG WR LQVHUW DQ DUELWUDU\ VXEIORZ LQ�EHWZHHQ
WS DQG S� 7KH DGGHG VXEQHW PD\ KDYH DQ\ VWUXFWXUH DV
ORQJ DV LW LV JXDUDQWHHG WKDW RQFH WKH VXEQHW LV DFWLYDWHG
E\ ILULQJ WS HYHQWXDOO\ D WRNHQ LV SXW LQ SODFH S DQG QR
WRNHQV DUH OHIW EHKLQG� ,W LV HDV\ WR VHH WKDW WKH H[WHQGHG
ZRUNIORZ QHW �ULJKW� LV D VXEFODVV RI WKH RULJLQDO
ZRUNIORZ QHW �OHIW� XQGHU SURMHFWLRQ LQKHULWDQFH� E\ DE�
VWUDFWLQJ IURP WKH QHZO\ DGGHG WDVNV WKH REVHUYDEOH EH�
KDYLRUV FRLQFLGH�
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)LJXUH ��� ,QKHULWDQFH�SUHVHUYLQJ WUDQVIRUPDWLRQ UXOH 3-�

3URMHFWLRQ LQKHULWDQFH�SUHVHUYLQJ WUDQVIRUPDWLRQ UXOH 3-�
FDQ EH XVHG WR DGG SDUDOOHO EHKDYLRU� �7KH UXOH LV QDPHG
3-� IRU KLVWRULFDO UHDVRQV�� )LJXUH �� LOOXVWUDWHV WKLV UXOH�
7KH H[HFXWLRQ RI WDVN WL DFWLYDWHV WKH VXEQHW FRQWDLQLQJ
QHZ WDVNV WR EH H[HFXWHG LQ SDUDOOHO� 7DVN WR V\QFKURQL]HV
WKH RULJLQDO ZRUNIORZ QHW DQG WKH DGGHG VXEQHW� 7KH
DGGHG VXEQHW PD\ XVH DUELWUDU\ URXWLQJ FRQVWUXFWV DV ORQJ
DV ��� WKH H[HFXWLRQ RI WL LV DOZD\V IROORZHG E\ WKH H[H�
FXWLRQ RI WR LQ WKH RULJLQDO QHW DQG WR LV DOZD\V SUHFHGHG
E\ WL� ��� DFWLYDWLRQ RI WKH VXEQHW YLD ILULQJ WL LV DOZD\V
IROORZHG E\ D VWDWH ZKLFK PDUNV WKH LQSXW SODFHV RI WR LQ
WKH VXEQHW� DQG ��� QR WRNHQV DUH OHIW EHKLQG LQ WKH VXEQHW
DIWHU ILULQJ WR� ,I WKHVH WKUHH UHTXLUHPHQWV DUH JXDUDQWHHG�
WKHQ WKH H[WHQGHG ZRUNIORZ QHW �ULJKW� LV D VXEFODVV RI
WKH RULJLQDO ZRUNIORZ QHW �OHIW� XQGHU SURMHFWLRQ LQKHUL�
WDQFH�
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)LJXUH ��� ,QKHULWDQFH�SUHVHUYLQJ WUDQVIRUPDWLRQ UXOH 3-��

)RU D IRUPDO GHILQLWLRQ RI WKHVH UXOHV ZH UHIHU WR >%DVWHQ�
����� 9DQ GHU $DOVW DQG %DVWHQ� ����@� 'HWDLOV DQG VXE�
WOH UHTXLUHPHQWV DUH RPLWWHG WR VLPSOLI\ WKH SUHVHQWDWLRQ
RI WKH PDLQ LGHDV� 7KH ZRUNIORZ QHWV VKRZQ LQ )LJXUH �
LOOXVWUDWH WKH IRXU UXOHV� 5XOH 33 LQWURGXFHV QHZ WDVNV
ZKLFK RQO\ SRVWSRQH EHKDYLRU� :RUNIORZ SURFHVV �%�
VKRZQ LQ )LJXUH � FDQ EH FRQVWUXFWHG IURP �$� E\ DS�
SO\LQJ WKLV UXOH� WDVN FKHFN RQO\ SRVWSRQHV WKH H[HFXWLRQ
RI KDQGOH� 5XOH 37 LQWURGXFHV DOWHUQDWLYH EHKDYLRU�
:RUNIORZ SURFHVV �&� VKRZQ LQ )LJXUH � FDQ EH FRQ�
VWUXFWHG IURP �$� E\ DSSO\LQJ 37� 5XOH 3- LQVHUWV QHZ
WDVNV LQ�EHWZHHQ H[LVWLQJ WDVNV� :RUNIORZ SURFHVV �$�
VKRZQ LQ )LJXUH � FDQ EH H[WHQGHG WR ZRUNIORZ SURFHVV
�(� XVLQJ WKLV UXOH� 7KH H[WHQVLRQ FDQ EH D VLQJOH WDVN EXW
DOVR D FRPSOH[ VXEIORZ FRQWDLQLQJ PDQ\ WDVNV DQG DOO
NLQGV RI FDXVDOLW\ UHODWLRQV� 5XOH 3-� DGGV SDUDOOHO EH�
KDYLRU� :RUNIORZ SURFHVV �$� VKRZQ LQ )LJXUH � FDQ EH
H[WHQGHG WR ZRUNIORZ SURFHVV �'� XVLQJ WKLV UXOH� 7KH
UXOHV FRUUHVSRQG WR GHVLJQ FRQVWUXFWV WKDW DUH RIWHQ XVHG
LQ SUDFWLFH� QDPHO\ LWHUDWLRQ� VHTXHQWLDO FRPSRVLWLRQ� DQG
SDUDOOHO FRPSRVLWLRQ� ,I WKH GHVLJQHU VWLFNV WR WKHVH UXOHV�
LQKHULWDQFH LV JXDUDQWHHG�

7KH LQKHULWDQFH�SUHVHUYLQJ UXOHV FDQ EH XVHG WR DYRLG
WKH SUREOHPV LQGLFDWHG LQ WKLV SDSHU� )LUVW RI DOO� WKH IRXU
UXOHV HQDEOH WKH GHVLJQHU WR HVWDEOLVK V\QWDFWLF DQG VH�
PDQWLF FRUUHFWQHVV LQ D FRPSRVLWLRQDO PDQQHU� )RU H[�
DPSOH� VRXQGQHVV FDQ EH YHULILHG E\ DQDO\]LQJ WKH RULJL�
QDO SDUW DQG WKH H[WHQVLRQ VHSDUDWHO\� 6HFRQG� LI WKH GH�
VLJQHU VWLFNV WR WKH LQKHULWDQFH�SUHVHUYLQJ WUDQVIRUPDWLRQ
UXOHV� WKHQ LW LV SRVVLEOH WR JXDUDQWHH LQVWDQW WUDQVIHUV
ZLWKRXW WKH DQRPDOLHV GHVFULEHG LQ 6HFWLRQ �� 6XSSRVH
WKDW [ LV D VXEFODVV RI \ FRQVWUXFWHG XVLQJ WKH UXOHV 33�
37� 3-� DQG 3-�� )RU DQ\ VWDWH LQ ZRUNIORZ SURFHVV \ LW LV
SRVVLEOH WR WUDQVIHU D FDVH WR [ VXFK WKDW WKH WUDQVIHU LV
LQVWDQWDQHRXV �L�H�� QR SRVWSRQHPHQWV QHHGHG� DQG GRHV
QRW LQWURGXFH V\QWDFWLF HUURUV �H�J�� GHDGORFNV� OLYHORFNV�
DQG LPSURSHU WHUPLQDWLRQ� QRU VHPDQWLF HUURUV �H�J�� WKH
GRXEOH H[HFXWLRQ RI WDVNV RU XQQHFHVVDU\ VNLSSLQJ RI
WDVNV�� 0RUHRYHU� LW LV DOVR SRVVLEOH WR WUDQVIHU FDVHV
IURP VXEFODVV [ WR VXSHUFODVV \ ZLWKRXW DQ\ SUREOHPV�
)LQDOO\� WKH LQKHULWDQFH�SUHVHUYLQJ WUDQVIRUPDWLRQ UXOHV
FDQ EH XVHG WR FRQVWUXFW DJJUHJDWH PDQDJHPHQW LQIRUPD�
WLRQ DXWRPDWLFDOO\� 6WDWHV RI WKH VXEFODVV FDQ EH PDSSHG
RQWR VWDWHV RI WKH VXSHUFODVV DQG YLFH YHUVD� 7KHUHIRUH�

DOO FDVHV FDQ EH PDSSHG RQWR RQH ZRUNIORZ SURFHVV LI DOO
YDULDQWV�YHUVLRQV DUH UHODWHG YLD WKH UXOHV 33� 37� 3-� DQG
3-�� 0RUHRYHU� JLYHQ D VHW RI YDULDQWV�YHUVLRQV RI VRPH
SURFHVV� LW LV SRVVLEOH WR GHILQH ¨JUHDWHVW FRPPRQ GLYL�
VRU© �JFG� RU WKH ¨OHDVW FRPPRQ PXOWLSOH© �OFP� XVLQJ WKH
LQKHULWDQFH QRWLRQV DQG WKXV FUHDWH DSSURSULDWH PDQDJH�
PHQW YLHZV� $ GHWDLOHG GLVFXVVLRQ DQG IRUPDO SURRIV RI
WKHVH VWDWHPHQWV DUH EH\RQG WKH VFRSH RI WKLV SDSHU� 7KH
LQWHUHVWHG UHDGHU LV UHIHUUHG WR >9DQ GHU $DOVW DQG %DV�
WHQ� ����@ IRU H[DPSOHV� IRUPDO GHILQLWLRQV DQG SURRIV�

� &RQFOXVLRQ

,Q WKLV SDSHU� ZH GLVFXVVHG VRPH RI WKH SUREOHPV WKDW
QHHG WR EH VROYHG WR HQDEOH DGDSWLYH ZRUNIORZ� 0RVW RI
WKH SUREOHPV VWHP IURP WKH IDFW WKDW IOH[LELOLW\ �WKH DELO�
LW\ WR KDQGOH FKDQJHV� RQ WKH RQH KDQG DQG SURFHVV VXS�
SRUW �HQDFWPHQW� FRQWURO� DQG PDQDJHPHQW LQIRUPDWLRQ�
RQ WKH RWKHU KDQG LPSRVH �SDUWLDOO\� FRQIOLFWLQJ FRQ�
VWUDLQWV� :H KDYH FODVVLILHG WKH YDULRXV IRUPV RI FKDQJH�
%DVHG RQ WKLV FODVVLILFDWLRQ ZH SRLQWHG RXW VRPH VROX�
WLRQV IRU WKH SUREOHPV LGHQWLILHG� )XWXUH ZRUN LQ WKLV DUHD
ZLOO IRFXV RQ YHULILFDWLRQ �VHPDQWLF FRUUHFWQHVV�� UHODW�
LQJ GLIIHUHQW YHUVLRQV RI D ZRUNIORZ SURFHVV IRU VXS�
SRUWLQJ G\QDPLF FKDQJH� DQG JHQHUDWLQJ PDQDJHPHQW
LQIRUPDWLRQ�

7KLV SDSHU H[WHQGV WKH UHVXOWV SUHVHQWHG LQ >9DQ GHU
$DOVW HW DO�� ����@ ZLWK DQ DSSURDFK EDVHG RQ LQKHUL�
WDQFH� ,W LV RXU EHOLHI WKDW WKH LQKHULWDQFH�SUHVHUYLQJ
WUDQVIRUPDWLRQ UXOHV SUHVHQWHG LQ 6HFWLRQ � DUH D JRRG
VWDUWLQJ SRLQW IRU VROYLQJ WKH SUREOHPV LGHQWLILHG� (DFK
RI WKH UXOHV FRUUHVSRQGV WR D GHVLJQ FRQVWUXFW ZKLFK LV
RIWHQ XVHG LQ SUDFWLFH� QDPHO\ FKRLFH� SDUDOOHO FRPSRVL�
WLRQ� VHTXHQWLDO FRPSRVLWLRQ� DQG LWHUDWLRQ� 7KH UXOHV
SUHVHUYH WR VRPH H[WHQW V\QWDFWLF DQG VHPDQWLF FRUUHFW�
QHVV� )XWXUH UHVHDUFK ZLOO IRFXV RQ WKH DSSOLFDWLRQ RI
LQKHULWDQFH QRWLRQV WR GHDO ZLWK G\QDPLF FKDQJH DQG WKH
JHQHUDWLRQ RI XVHIXO PDQDJHPHQW LQIRUPDWLRQ�

5HIHUHQFHV

>9DQ GHU $DOVW� ����D@ :�0�3� YDQ GHU $DOVW� &KDSWHU
��� 7KUHH *RRG UHDVRQV IRU 8VLQJ D 3HWUL�QHW�EDVHG
:RUNIORZ 0DQDJHPHQW 6\VWHP� ,Q 7� :DND\DPD HW DO��
HGLWRUV� ,QIRUPDWLRQ DQG 3URFHVV ,QWHJUDWLRQ LQ (QWHU�
SULVHV� 5HWKLQNLQJ GRFXPHQWV� .OXZHU $FDGHPLF 3XE�
OLVKHUV� �����

>9DQ GHU $DOVW� ����E@ :�0�3� YDQ GHU $DOVW� 7KH $S�
SOLFDWLRQ RI 3HWUL 1HWV WR :RUNIORZ 0DQDJHPHQW� 7KH
-RXUQDO RI &LUFXLWV� 6\VWHPV DQG &RPSXWHUV� �����������
�����

>9DQ GHU $DOVW DQG %DVWHQ� ����@ :�0�3� YDQ GHU $DOVW
DQG 7� %DVWHQ� /LIH�F\FOH ,QKHULWDQFH� $ 3HWUL�QHW�EDVHG
DSSURDFK� ,Q 3� $]pPD DQG *� %DOER� HGLWRUV� $SSOLFD�
WLRQ DQG 7KHRU\ RI 3HWUL 1HWV ����� YROXPH ���� RI
/HFWXUH 1RWHV LQ &RPSXWHU 6FLHQFH� SDJHV ������
6SULQJHU� %HUOLQ� *HUPDQ\� �����



>9DQ GHU $DOVW HW DO�� ����@ :�0�3� YDQ GHU $DOVW� *� 'H
0LFKHOLV� DQG &�$� (OOLV �HGLWRUV�� 3URFHHGLQJV RI
:RUNIORZ 0DQDJHPHQW� 1HW�EDVHG &RQFHSWV� 0RGHOV�
7HFKQLTXHV DQG 7RROV �:)0©���� &RPSXWLQJ 6FLHQFH
5HSRUW ����� (LQGKRYHQ 8QLYHUVLW\ RI 7HFKQRORJ\� (LQG�
KRYHQ� WKH 1HWKHUODQGV� �����

>9DQ GHU $DOVW HW DO�� ����@ :�0�3� YDQ GHU $DOVW� 7�
%DVWHQ� +� 9HUEHHN� 3� 9HUNRXOHQ� DQG 0� 9RRUKRHYH�
$GDSWLYH :RUNIORZ� 2Q WKH ,QWHUSOD\ EHWZHHQ )OH[LELOLW\
DQG 6XSSRUW� ,Q -� )LOLSH DQG -� &RUGHLUR �HGLWRUV�� 3UR�
FHHGLQJV RI WKH ILUVW ,QWHUQDWLRQDO &RQIHUHQFH RQ (QWHU�
SULVH ,QIRUPDWLRQ 6\VWHPV� SDJHV �������� 6HWXEDO�
3RUWXJDO� �����

>9DQ GHU $DOVW DQG %DVWHQ� ����@ :�0�3� YDQ GHU $DOVW
DQG 7� %DVWHQ� ,QKHULWDQFH RI :RUNIORZV� $Q $SSURDFK
7DFNOLQJ WKH 3UREOHPV 5HODWHG WR &KDQJH� 7HFKQLFDO
UHSRUW� �����

>$JRVWLQL DQG 'H 0LFKHOLV� ����@� $� $JRVWLQL DQG *� 'H
0LFKHOLV� 6LPSOH :RUNIORZ 0RGHOV� ,Q >9DQ GHU $DOVW HW
DO�� ����@� SDJHV ��������

>%DVWHQ� ����@ 7� %DVWHQ� ,Q 7HUPV RI 1HWV� 6\VWHP 'H�
VLJQ ZLWK 3HWUL 1HWV DQG 3URFHVV $OJHEUD� 3K' 7KHVLV�
(LQGKRYHQ 8QLYHUVLW\ RI 7HFKQRORJ\� 'HSDUWPHQW RI
&RPSXWLQJ 6FLHQFH� (LQGKRYHQ� WKH 1HWKHUODQGV� �����

>&DVDWL HW DO�� ����@ )� &DVDWL� &� &HUL� %� 3HUQLFL� DQG *�
3R]]L� :RUNIORZ (YROXWLRQ� 'DWD DQG .QRZOHGJH (QJL�
QHHULQJ� �������������� �����

>(OOLV HW DO�� ����@ &�$� (OOLV� .� .HGGDUD� DQG *� 5R�
]HQEHUJ� '\QDPLF FKDQJH ZLWKLQ ZRUNIORZ V\VWHPV� ,Q
1� &RPVWRFN DQG &�$� (OOLV� HGLWRUV� &RQI� RQ 2UJDQL]D�
WLRQDO &RPSXWLQJ 6\VWHPV� SDJHV �� � ��� $&0 6,*2,6�
$&0� 0LOSLWDV� &DOLIRUQLD� �����

>(OOLV HW DO�� ����@ &�$� (OOLV� .� .HGGDUD� DQG -� :DLQHU�
0RGHOLQJ :RUNIORZ '\QDPLF &KDQJHV 8VLQJ 7LPHG
+\EULG )ORZ 1HWV� ,Q >9DQ GHU $DOVW HW DO�� ����@� SDJHV
��������

>(OOLV DQG 1XWW� ����@ &�$� (OOLV DQG *�-� 1XWW� 0RGHO�
OLQJ DQG (QDFWPHQW RI :RUNIORZ 6\VWHPV� ,Q 0� $MPRQH
0DUVDQ� HGLWRU� $SSOLFDWLRQ DQG 7KHRU\ RI 3HWUL 1HWV
����� YROXPH ��� RI /HFWXUH 1RWHV LQ &RPSXWHU 6FL�
HQFH� SDJHV ����� 6SULQJHU� %HUOLQ� *HUPDQ\� �����

>+DQ DQG 6KHWK� ����@ <� +DQ DQG $� 6KHWK� 2Q $GDS�
WLYH :RUNIORZ 0RGHOLQJ� ,Q 3URFHHGLQJV RI WKH �WK ,Q�
WHUQDWLRQDO &RQIHUHQFH RQ ,QIRUPDWLRQ 6\VWHPV $QDO\VLV
DQG 6\QWKHVLV� SDJHV �������� 2UODQGR� )ORULGD� ����

>+HLQO HW DO� ����@ 3� +HLQO� 6� +RUQ� 6� -DEORQVNL� -�
1HHE� .� 6WHLQ� DQG 0� 7HVFKNH� $ FRPSUHKHQVLYH DS�

SURDFK WR IOH[LELOLW\ LQ ZRUNIORZ PDQDJHPHQW V\VWHPV�
7HFKQLFDO UHSRUW 75����������� 8QLYHUVLW\ RI (UODQJHQ�
1XUHPEHUJ� (UODQJHQ� *HUPDQ\� �����

>-DEORQVNL DQG %XVVOHU� ����@ 6� -DEORQVNL DQG &�
%XVVOHU� :RUNIORZ 0DQDJHPHQW� 0RGHOLQJ &RQFHSWV�
$UFKLWHFWXUH� DQG ,PSOHPHQWDWLRQ ,QWHUQDWLRQDO 7KRPVRQ
&RPSXWHU 3UHVV� �����

>.OHLQ HW DO�� ����@ 0� .OHLQ� &� 'HOODURFDV� DQG $�
%HUQVWHLQ� �HGLWRUV�� 3URFHHGLQJV RI WKH &6&:��� :RUN�
VKRS 7RZDUGV $GDSWLYH :RUNIORZ 6\VWHPV� 6HDWWOH�
�����

>.RXORSRXORV� ����@ 7�0� .RXORSRXORV� 7KH :RUNIORZ
,PSHUDWLYH� 9DQ 1RVWUDQG 5HLQKROG� 1HZ <RUN� �����

>/DZUHQFH� ����@ 3� /DZUHQFH �HGLWRU�� :RUNIORZ
+DQGERRN ����� :RUNIORZ 0DQDJHPHQW &RDOLWLRQ� -RKQ
:LOH\ DQG 6RQV� 1HZ <RUN� �����

>6KHWK� ����@ $� 6KHWK� )URP &RQWHPSRUDU\ :RUNIORZ
3URFHVV $XWRPDWLRQ WR '\QDPLF :RUN $FWLYLW\ &RRUGL�
QDWLRQ DQG &ROODERUDWLRQ� 6LJJURXS %XOOHWLQ� ���������
��� �����

>9RRUKRHYH DQG 9DQ GHU $DOVW� ����@ 0� 9RRUKRHYH DQG
:�0�3� YDQ GHU $DOVW� &RQVHUYDWLYH $GDSWLRQ RI
:RUNIORZ� ,Q >:ROI DQG 5HLPHU� ����@� SDJHV �����

>9RRUKRHYH DQG 9DQ GHU $DOVW� ����@ 0� 9RRUKRHYH DQG
:�0�3� YDQ GHU $DOVW� $G�KRF :RUNIORZ� 3UREOHPV DQG
6ROXWLRQV� ,Q 5� :DJQHU� HGLWRU� 3URFHHGLQJV RI WKH �WK
'(;$ &RQIHUHQFH RQ 'DWDEDVH DQG ([SHUW 6\VWHPV $S�
SOLFDWLRQV� SDJHV ������ 7RXORXVH� )UDQFH� �����

>:ROI DQG 5HLPHU� ����@� 0� :ROI DQG 8� 5HLPHU �HGL�
WRUV�� 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ
3UDFWLFDO $VSHFWV RI .QRZOHGJH 0DQDJHPHQW
�3$.0©���� :RUNVKRS RQ $GDSWLYH :RUNIORZ� %DVHO�
6ZLW]HUODQG� �����


