
:DOWHU %LQGHU� ,RQ &RQVWDQWLQHVFX� %RL )DOWLQJV� DQG 1DGLQH +HWHUG�

(FROH 3RO\WHFKQLTXH )�HG�HUDOH GH /DXVDQQH �(3)/�
$UWLÀFLDO ,QWHOOLJHQFH /DERUDWRU\
&+����� /DXVDQQH� 6ZLW]HUODQG

ILUVWQDPH�ODVWQDPH#HSIO�FK

7KLV SDSHU GHVFULEHV DQ RULJLQDO DSSURDFK WR RSWLPDOO\ H[HFXWH FRPSX�
WDWLRQDO WDVNV LQ *ULG HQYLURQPHQWV� 7DVNV DUH UHSUHVHQWHG DV ZRUNÁRZV WKDW GHÀQH
LQWHUDFWLRQV EHWZHHQ GLIIHUHQW VHUYLFHV� :H H[WHQG WKH IXQFWLRQDO GHVFULSWLRQ RI
VHUYLFHV ZLWK QRQ�IXQFWLRQDO SURSHUWLHV� DOORZLQJ WR VSHFLI\ WKH UHVRXUFH UHTXLUHPHQWV
RI VHUYLFHV IRU JLYHQ LQSXWV� %DVHG RQ VXFK DQQRWDWLRQV� ZH GHULYH D PDWKHPDWLFDO
PRGHO WR HVWLPDWH WKH H[HFXWLRQ FRVWV RI D ZRUNÁRZ� 0RUHRYHU� ZH SUHVHQW D
JHQHWLF DOJRULWKP WKDW RSWLPDOO\ GLVWULEXWHV WKH H[HFXWLRQ RI D ZRUNÁRZ LQ D *ULG�
VXSSRUWLQJ WKH LQVWDOODWLRQ RI VRIWZDUH FRPSRQHQWV RQ GHPDQG� LQ RUGHU WR IXOÀOO XVHU
UHTXLUHPHQWV� VXFK DV D OLPLW RQ WKH WRWDO ZRUNÁRZ H[HFXWLRQ WLPH� :H LPSOHPHQWHG
D WHVWEHG WR YDOLGDWH RXU DSSURDFK RQ UDQGRPO\ JHQHUDWHG ZRUNÁRZV LQ VLPXODWHG
*ULGV��

� *ULG� VHUYLFH�RULHQWHG DUFKLWHFWXUHV� ZRUNÁRZ H[HFXWLRQ� VHUYLFH GHSOR\�
PHQW� QRQ�IXQFWLRQDO SURSHUWLHV� RSWLPL]DWLRQ DOJRULWKPV

6HUYLFH�RULHQWHG FRPSXWLQJ� D QHZ DSSURDFK WR VRIWZDUH GHYHORSPHQW� HQDEOHV WKH FRQ�
VWUXFWLRQ RI DSSOLFDWLRQV E\ LQWHJUDWLQJ ZHOO�WHVWHG VHUYLFHV �FRPSRQHQWV� >3*��@� :H
DVVXPH WKDW VHUYLFHV DUH DQQRWDWHG ZLWK VHPDQWLF GHVFULSWLRQV FRQFHUQLQJ WKHLU IXQFWLRQ�
DOLW\� 6XFK GHVFULSWLRQV PD\ VSHFLI\ WKH UHTXLUHG LQSXWV� JHQHUDWHG RXWSXWV� SUHFRQGLWLRQV�
DQG HIIHFWV RI D VHUYLFH� 'LIIHUHQW IRUPDOLVPV KDYH EHHQ SURSRVHG IRU WKH VHPDQWLF GH�
VFULSWLRQ RI VHUYLFHV� VXFK DV 2:/�6 >2:/@ RU :602 >:60@� ,Q WKLV SDSHU ZH IRFXV
RQ 2:/�6 VHUYLFH GHVFULSWLRQV�
,QWHUDFWLRQV EHWZHHQ VHUYLFHV FDQ EH UHSUHVHQWHG DV D ZRUNÁRZ� ZKLFK VSHFLÀHV WKH RUGHU
LQ ZKLFK WKH LQGLYLGXDO VHUYLFHV KDYH WR EH LQYRNHG DQG KRZ GDWD KDV WR EH SDVVHG EHWZHHQ
WKHVH VHUYLFHV� :KLOH LQ JHQHUDO ZRUNÁRZ VSHFLÀFDWLRQV PD\ LQFOXGH ORRSV� LQ WKLV SDSHU
ZH DGGUHVV RQO\ VHTXHQWLDO ZRUNÁRZV� EHFDXVH PRVW WHFKQLTXHV IRU DXWRPDWHG VHUYLFH

�$XWKRUV LQ DOSKDEHWLFDO RUGHU�
�7KH ZRUN SUHVHQWHG LQ WKLV SDSHU ZDV SDUWO\ FDUULHG RXW LQ WKH IUDPHZRUN RI WKH (3)/ &HQWHU IRU *OREDO

&RPSXWLQJ DQG VXSSRUWHG E\ WKH 6ZLVV 1DWLRQDO )XQGLQJ $JHQF\ 2)(6 DV SDUW RI WKH (XURSHDQ SURMHFWV .QRZO�
HGJH:HE �)3��������� DQG ',3 �)3����������



FRPSRVLWLRQ IRFXV RQ WKH JHQHUDWLRQ RI VHTXHQWLDO ZRUNÁRZV >7.$6��� /'��� &)%��@�
$ *ULG LV D FROOHFWLRQ RI PDFKLQHV SURYLGLQJ UHVRXUFHV �H�J�� &38 F\FOHV� PHPRU\� QHW�
ZRUN EDQGZLGWK� HWF�� DQG VHUYLFHV �L�H�� LQVWDOOHG VRIWZDUH FRPSRQHQWV� WR H[HFXWH FRP�
SXWDWLRQDOO\ H[SHQVLYH WDVNV >%)+��� )%$���@� $ *ULG PD\ VSDQ GLIIHUHQW RUJDQL]DWLRQV
ZLWK KHWHURJHQHRXV LQIUDVWUXFWXUH� ,Q WKLV SDSHU ZH FRQVLGHU WKH H[HFXWLRQ RI VHTXHQWLDO
ZRUNÁRZV LQ D *ULG� RSWLPDOO\ H[SORLWLQJ WKH *ULG UHVRXUFHV �KDUGZDUH DQG VRIWZDUH��
2XU JRDO LV WR RSWLPDOO\ GHSOR\ DSSOLFDWLRQ FRPSRQHQWV �L�H�� LQGLYLGXDO VHUYLFHV RI D ZRUN�
ÁRZ� RQ WKH PDFKLQHV LQ WKH *ULG� 7KH VHOHFWLRQ RI DSSURSULDWH PDFKLQHV LV EDVHG RQ
WKHLU FRQÀJXUDWLRQ �LQVWDOOHG VRIWZDUH DQG DYDLODEOH UHVRXUFHV�� DV ZH WU\ WR DYRLG H[�
SHQVLYH UH�FRQÀJXUDWLRQV RI PDFKLQHV� 7KH VHOHFWLRQ RI VHUYLFHV IDYRUV FRPSRQHQWV WKDW
FRQVXPH OHVV UHVRXUFHV IRU D JLYHQ LQSXW� ,Q RUGHU WR HVWLPDWH WKH UHVRXUFH UHTXLUHPHQWV
RI D FRPSRQHQW IRU D WDVN� ZH H[WHQG VHPDQWLF VHUYLFH GHVFULSWLRQV ZLWK QRQ�IXQFWLRQDO
SURSHUWLHV �UHVRXUFH UHTXLUHPHQW IRUPXODV�� 7KHVH IRUPXODV DOORZ WR FRPSXWH WKH HVWL�
PDWHG UHVRXUFH UHTXLUHPHQWV LQ WHUPV RI LQSXW SURSHUWLHV �VXFK DV LQSXW VL]H� RI D WDVN
VSHFLÀFDWLRQ >00:��@�
7KH VHOHFWLRQ RI PDFKLQHV DQG FRPSRQHQWV IRFXVHV RQ XVHU UHTXLUHPHQWV� L�H�� RQ REMHF�
WLYHV UHODWHG WR WKH SHUIRUPDQFH RI WDVN H[HFXWLRQ >''5��@� (�J�� WKH XVHU PD\ VSHFLI\
D GHDGOLQH �DQ XSSHU ERXQG IRU WKH H[HFXWLRQ WLPH� RU UHTXLUH WR PLQLPL]H WKH H[HFXWLRQ
WLPH� 2XU WDVN GHSOR\PHQW DOJRULWKP HQVXUHV VXFK XVHU REMHFWLYHV�
:KLOH RXU IRUPDOLVP WR GHVFULEH WKH UHVRXUFH UHTXLUHPHQWV RI FRPSRQHQWV LV ÁH[LEOH DQG
H[WHQVLEOH WR DOORZ FXVWRP UHVRXUFH GHÀQLWLRQV� ZH IRFXV RQ WKH IROORZLQJ IRXU UHVRXUFH
W\SHV LQ WKLV SDSHU�

� &38� $V D *ULG LV D KHWHUJHQHRXV HQYLURQPHQW ZKLFK PD\ LQFOXGH PDQ\ GLIIHUHQW
W\SHV RI PDFKLQHV� LW LV HVVHQWLDO WR GHÀQH D SODWIRUP�LQGHSHQGHQW PHWULF IRU &38
FRQVXPSWLRQ� 7KH PRVW FRPPRQ PHWULF IRU &38 FRQVXPSWLRQ LV WKH &38 WLPH PHD�
VXUHG LQ VHFRQGV� +RZHYHU� WKLV PHWULF LV QRW SODWIRUP�LQGHSHQGHQW� VLQFH WKH &38
WLPH IRU WKH VDPH GHWHUPLQLVWLF SURJUDP ZLWK WKH VDPH LQSXW PD\ YDU\ VLJQLÀFDQWO\
GHSHQGLQJ RQ KDUGZDUH DQG RSHUDWLQJ V\VWHP� +HQFH� ZH DVVXPH WKH XELTXLWRXV
SUHVHQFH RI D FRPPRQ YLUWXDO H[HFXWLRQ HQYLURQPHQW� VXFK DV WKH -DYD 9LUWXDO 0D�
FKLQH >/<��@� DQG PHDVXUH &38 FRQVXPSWLRQ LQ WHUPV RI YLUWXDO PDFKLQH E\WHFRGH
LQVWUXFWLRQV� ZKLFK LV D SODWIRUP�LQGHSHQGHQW PHWULF >''+9��@� )RU GHWHUPLQLVWLF
SURJUDPV� PHDVXUHPHQW UHVXOWV DUH H[DFWO\ UHSURGXFLEOH� ZKLFK LV SDUWLFXODUO\ XVHIXO
IRU EHQFKPDUNLQJ DQG SURÀOLQJ� 7KH XVH RI E\WHFRGH LQVWUXFWLRQ FRXQWLQJ DV &38
FRQVXPSWLRQ PHWULF ZDV LQWURGXFHG LQ >%+9��@ DQG UHÀQHG LQ >%+��� +%��@� ,W
KDV DOVR EHHQ XVHG LQ *ULG HQYLURQPHQWV IRU PRQLWRULQJ >+%6��@�

� 6WDWLF PHPRU\� 7KLV UHVRXUFH UHODWHV WR WKH FRGH VL]H RI D FRPSRQHQW� L�H�� WKH VWRUDJH
UHTXLUHG IRU LQVWDOODWLRQ� :H PHDVXUH LW LQ 0%�

� '\QDPLF PHPRU\� 7KLV UHVRXUFH FRUUHVSRQGV WR WKH PHPRU\ UHTXLUHPHQWV RI D FRP�
SRQHQW GXULQJ H[HFXWLRQ �ORDGHG FRGH� VWDFN� KHDS� HWF��� :H PHDVXUH LW DOVR LQ 0%�

� 1HWZRUN EDQGZLGWK� 7KH WUDQVPLVVLRQ RI GDWD EHWZHHQ FRPSRQHQWV RQ GLIIHUHQW
PDFKLQHV WKDW DUH FKDLQHG WRJHWKHU LQ D ZRUNÁRZ FRQVXPHV D FHUWDLQ DPRXQW RI
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QHWZRUN EDQGZLGWK� :H PHDVXUH WKH VL]H RI PHVVDJHV LQ 0% DQG WKH EDQGZLGWK RI
QHWZRUN OLQNV LQ 0% SHU VHFRQG�

7KH PDLQ FRQWULEXWLRQV RI WKLV SDSHU DUH ��� DQ H[WHQVLRQ RI 2:/�6 >2:/@ WKDW DOORZV
GHÀQLQJ QRQ�IXQFWLRQDO SURSHUWLHV RI FRPSRQHQWV �LQ SDUWLFXODU UHVRXUFH UHTXLUHPHQWV��
��� D PDWKHPDWLFDO PRGHO WR FRPSXWH WKH H[HFXWLRQ FRVWV RI D ZRUNÁRZ� ��� D JHQHWLF
DOJRULWKP WR RSWLPL]H ZRUNÁRZ H[HFXWLRQ� DQG ��� D WHVWEHG WR VLPXODWH *ULGV DQG WR JHQ�
HUDWH UDQGRP ZRUNÁRZV� ZKLFK ZH XVHG WR HYDOXDWH RXU DSSURDFK�
7KLV SDSHU LV VWUXFWXUHG DV IROORZV� ,Q 6HFWLRQ � ZH SUHVHQW RXU V\VWHP PRGHO DQG XVH D
FRQFUHWH H[DPSOH WR LOOXVWUDWH KRZ XVHU REMHFWLYHV DUH H[SUHVVHG DQG KRZ WKH *ULG PDQ�
DJHV LWV UHVRXUFHV LQ RUGHU WR IXOÀOO WKH XVHU UHTXLUHPHQWV� 6HFWLRQ � LQWURGXFHV RXU IRU�
PDOLVPV DQG H[SODLQV KRZ WR H[SUHVV QRQ�IXQFWLRQDO VHUYLFH SURSHUWLHV LQ 2:/�6� 6HF�
WLRQ � SURYLGHV D PDWKHPDWLFDO PRGHO WR HVWLPDWH WKH FRVWV RI ZRUNÁRZ H[HFXWLRQ LQ WHUPV
RI H[HFXWLRQ WLPH� 6HFWLRQ � SUHVHQWV D JHQHWLF DOJRULWKP WR RSWLPL]H ZRUNÁRZ H[HFXWLRQ�
6HFWLRQ � HYDOXDWHV WKH SHUIRUPDQFH RI WKH JHQHWLF DOJRULWKP� )LQDOO\� 6HFWLRQ � FRQFOXGHV
WKLV SDSHU�

)LJXUH � VKRZV WKH JHQHUDO DUFKLWHFWXUH RI RXU V\VWHP� 7KH *ULG LV GLYLGHG LQWR VHYHUDO
GRPDLQV� HDFK RI WKHP DGPLQLVWHUHG E\ D GRPDLQ PDQDJHU� 7KLV DOORZV XV PRGHOLQJ
GLVMRLQW DGPLQLVWUDWLYH ERXQGDULHV� (DFK GRPDLQ PDQDJHU LV LQ FKDUJH RI D QXPEHU RI
PDFKLQHV� FDOOHG GRQDWRUV� ZKLFK RIIHU WKHLU �LGOH� FRPSXWLQJ UHVRXUFHV WR WKH *ULG�
(DFK GRPDLQ PDQDJHU PDLQWDLQV D QXPEHU RI GRQDWRUV DQG NQRZV WKHLU FXUUHQW FRQÀJXUD�
WLRQV� L�H�� WKH ORFDOO\ LQVWDOOHG FRPSRQHQWV DQG WKH DYDLODEOH FRPSXWLQJ UHVRXUFHV �&38�
PHPRU\� QHWZRUN EDQGZLGWK� HWF��� 7KLV LQIRUPDWLRQ LV VWRUHG LQ WKH GRQDWRU GLUHFWRU\�
(DFK GRPDLQ PDQDJHU DOVR KDV D VFKHGXOHU WR RSWLPDOO\ GHSOR\ FRPSRQHQWV RQ WKH GRQD�
WRUV�
7KH RSHUDWRU DFWV DV PHGLDWRU EHWZHHQ WKH XVHU DQG WKH *ULG HQYLURQPHQW� 7KDQNV WR
WKH GRPDLQ PDQDJHU GLUHFWRU\ DQG WR WKH LPSOHPHQWDWLRQ SURÀOH GLUHFWRU\� WKH RSHUDWRU LV
DZDUH RI WKH *ULG VWUXFWXUH DQG RI DYDLODEOH FRPSRQHQWV� )XUWKHUPRUH� LW KDV UHDVRQLQJ
FDSDELOLWLHV DQG LV LQ FKDUJH RI RSWLPDOO\ GLVWULEXWLQJ WKH H[HFXWLRQ RI ZRUNÁRZV RYHU WKH
*ULG� 7KLV LV DFKLHYHG E\ WKH ZRUNÁRZ EXLOGHU DQG WKH VROYHU�
:H GLVWLQJXLVK EHWZHHQ � W\SHV RI WDVN�ZRUNÁRZ GHVFULSWLRQ�

� $ KLJK�OHYHO WDVN VSHFLÀFDWLRQ GHÀQLQJ DYDLODEOH LQSXWV DQG UHTXLUHG RXWSXWV�
� $Q DEVWUDFW ZRUNÁRZ WKDW UHIHUV WR D VHW RI VHUYLFHV DQG GHÀQHV WKHLU LQWHUDFWLRQV

�GDWDÁRZ��
� $ FRQFUHWH ZRUNÁRZ WKDW GHÀQHV DOO JURXQGLQJ GHWDLOV �L�H�� LW VSHFLÀHV ZKLFK FRP�

SRQHQWV RQ ZKLFK PDFKLQHV WR XVH��
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)LJXUH �� 6\VWHP RYHUYLHZ�

1RUPDOO\� WKH XVHU VHQGV D KLJK�OHYHO WDVN VSHFLÀFDWLRQ WR WKH RSHUDWRU� $V VKRZQ LQ )LJ�
XUH �� WKH RSHUDWRU PDLQWDLQV D IXQFWLRQDO SURÀOH GLUHFWRU\ WKDW FRQWDLQV WKH VHPDQWLF GH�
VFULSWLRQV �2:/�6 GHVFULSWLRQV >2:/@� RI DOO DYDLODEOH VHUYLFH IXQFWLRQDOLWLHV� :LWK WKH
DLG RI SODQQLQJ�EDVHG VHUYLFH FRPSRVLWLRQ WHFKQLTXHV� WKH ZRUNÁRZ EXLOGHU LV DEOH WR DX�
WRPDWLFDOO\ JHQHUDWH DQ DEVWUDFW ZRUNÁRZ IURP D KLJK�OHYHO WDVN VSHFLÀFDWLRQ RI DYDLODEOH
LQSXWV DQG UHTXLUHG RXWSXWV� $V FRQFUHWH VHUYLFH FRPSRVLWLRQ DOJRULWKPV DUH QRW LQ WKH
VFRSH RI WKLV SDSHU� ZH UHIHU WR >&)%��@ IRU GHWDLOV� $OWHUQDWLYHO\� WKH XVHU PD\ GLUHFWO\
VHQG DQ �H�J�� PDQXDOO\ FUHDWHG� DEVWUDFW ZRUNÁRZ WR WKH RSHUDWRU�
$V DQ H[DPSOH RI PDSSLQJ D VFLHQWLÀF FRPSXWDWLRQ RQWR WKH *ULG >'%*���@� ZH FRQVLGHU
WKH IROORZLQJ VFHQDULR� $ XVHU ZDQWV WR HVWLPDWH WKH XQNQRZQ SDUDPHWHUV RI D IXQFWLRQ
XVLQJ WKH OHDVW VTXDUHV HVWLPDWLRQ PHWKRG� ZKLFK FDQ EH UHSUHVHQWHG DV D PDWUL[ UHVROXWLRQ
SUREOHP� $V WKLV FRPSXWDWLRQ PD\ EHFRPH FRPSXWDWLRQDOO\ KDUG IRU ODUJH PDWULFHV� WKH
XVHU GHFLGHV WR UXQ LW RQ D *ULG�
)LUVW� WKH XVHU PDSV WKH OHDVW VTXDUHV HVWLPDWLRQ IRUPXOD ;�� �<���� - LQWR D WDVN VSHFL�
ÀFDWLRQ� 1H[W� KH WUDQVPLWV KLV UHTXHVW WR WKH *ULG RSHUDWRU �)LJXUH � ����� 7KH UHTXHVW FRQ�
VLVWV RI WKH WDVN VSHFLÀFDWLRQ� VRPH RSWLPL]DWLRQ JRDOV� VXFK DV D GHDGOLQH IRU WKH UHVXOWV�
DQG WKH LQSXW GDWD� 7KH RSHUDWRU OHYHUDJHV WKH ZRUNÁRZ EXLOGHU WR JHQHUDWH DQ DEVWUDFW
ZRUNÁRZ �)LJXUH � ����� 7KH DEVWUDFW ZRUNÁRZ� VKRZQ LQ )LJXUH �� XVHV WKH IROORZLQJ
PDWUL[ RSHUDWLRQV� WUDQVSRVH� PXOWLSO\� DQG LQYHUVH� ,W WDNHV SRVVLEOH SDUDOOHOL]DWLRQ LQWR
DFFRXQW DQG VSHFLÀHV WKH RUGHU RI WKH PDWUL[ RSHUDWLRQV�
7KH RSHUDWRU LV LQ FKDUJH RI GHSOR\LQJ WKH FRPSXWDWLRQ VR WKDW WKH H[HFXWLRQ ZLOO EH FRP�
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)LJXUH �� $EVWUDFW ZRUNÁRZ UHSUHVHQWLQJ WKH OHDVW VTXDUHV FRPSXWDWLRQ�

SOHWHG EHIRUH WKH JLYHQ GHDGOLQH� +HQFH� WKH RSHUDWRU IRUZDUGV WKH DEVWUDFW ZRUNÁRZ WR
WKH GRPDLQ PDQDJHUV �)LJXUH � ����� (DFK GRPDLQ PDQDJHU WULHV WR ÀQG D VROXWLRQ PHHWLQJ
WKH JLYHQ GHDGOLQH E\ VHOHFWLQJ WKH PRVW HIÀFLHQW FRPSRQHQWV DPRQJ WKH DGYHUWLVHG RQHV�

�H�J�� FRQVXPLQJ WKH OHDVW &38 DQG PHPRU\ UHVRXUFHV�� DQG WKH PRVW SRZHUIXO PDFKLQHV
�LQ WHUPV RI DYDLODEOH UHVRXUFHV�� (DFK GRPDLQ PDQDJHU PD\ LQVWDOO QHZ FRPSRQHQWV RQO\
RQ GRQDWRUV ZLWKLQ LWV GRPDLQ� ,�H�� ZKLOH D FRQFUHWH ZRUNÁRZ PD\ H[SORLW DQ\ LQVWDOOHG
�DQG DGYHUWLVHG� FRPSRQHQWV LQ WKH *ULG� LW PD\ UHTXLUH WKH LQVWDOODWLRQ RI QHZ FRPSRQHQWV
RQO\ ZLWKLQ RQH GRPDLQ� 7KLV JLYHV GRPDLQV VRPH DXWRQRP\� DV WKH LQVWDOODWLRQ RI QHZ
FRPSRQHQWV KDV WR EH JUDQWHG E\ WKH GRPDLQ PDQDJHU� EXW FDQQRW EH IRUFHG E\ H[WHUQDO
HQWLWLHV�
2QFH WKH RSHUDWRU UHFHLYHV DOO SRVVLEOH GHSOR\PHQW VROXWLRQV IURP WKH GRPDLQ PDQDJHUV
LQ WKH IRUP RI FRQFUHWH ZRUNÁRZV �)LJXUH � ����� LW FKRRVHV WKH EHVW DPRQJ WKHP �LQ
WHUPV RI VKRUWHVW H[HFXWLRQ WLPH�� DFWLYDWHV LW E\ WULJJHULQJ FRPSRQHQW LQVWDOODWLRQV LQ WKH
DSSURSULDWH GRPDLQ �LI QHFHVVDU\�� DQG H[HFXWHV WKH OHDVW VTXDUHV FRPSXWDWLRQ�� )LQDOO\�
WKH UHVXOWV RI WKH H[HFXWLRQ DUH WUDQVPLWWHG WR WKH XVHU�
$ QXPEHU RI UHTXLUHPHQWV HPHUJH IURP WKLV VFHQDULR� 7KH UHVRXUFH UHTXLUHPHQWV RI FRP�
SRQHQWV� WKH GRQDWRUV· DYDLODEOH UHVRXUFHV� DQG WKH GRQDWRUV· FXUUHQW FRQÀJXUDWLRQV KDYH
WR EH UHSUHVHQWHG� )XUWKHUPRUH� WKH FRVWV RI ZRUNÁRZ H[HFXWLRQ PXVW EH GHÀQHG �LQ WHUPV
RI H[HFXWLRQ WLPH�� DQG DQ DOJRULWKP KDV WR EH GHYHORSHG WR ÀQG D GHSOR\PHQW WKDW PHHWV
WKH JLYHQ RSWLPL]DWLRQ FULWHULD� 7KHVH LVVXHV DUH DGGUHVVHG LQ WKH IROORZLQJ VHFWLRQV�

,Q WKH IROORZLQJ ZH GHÀQH WKH FRQFHSWV LQWURGXFHG LQ WKH SUHYLRXV VHFWLRQ PRUH IRUPDOO\�
�$GYHUWLVHG FRPSRQHQWV DUH ��� ORFDOO\ LQVWDOOHG FRPSRQHQWV� ��� UHPRWH FRPSRQHQWV WKDW DUH LQVWDOOHG RQ

RWKHU GRQDWRUV� DQG ��� FRPSRQHQWV WKDW DUH QRW \HW LQVWDOOHG RQ DQ\ GRQDWRU EXW DUH DYDLODEOH IRU GHSOR\PHQW�
�7KH H[HFXWLRQ RI WKH VHOHFWHG FRQFUHWH ZRUNÁRZ LV FRQWUROOHG E\ WDVN PDQDJHUV ZLWKLQ WKH GRQDWRUV� 7KH

H[HFXWLRQ LV EDVHG RQ VHUYLFH LQYRFDWLRQ WULJJHUV� DQ HIÀFLHQW� OLJKWZHLJKW PHFKDQLVP IRU GLVWULEXWHG ZRUNÁRZ
H[HFXWLRQ� 7KH H[HFXWLRQ RI FRQFUHWH ZRUNÁRZV LV QRW LQ WKH VFRSH RI WKLV SDSHU� ZH UHIHU WR >%&)��@�
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2XU V\VWHP FRPSULVHV�

� $ VHW RI VHUYLFHV � � (DFK VHUYLFH LV VSHFLÀHG E\ D VHUYLFH GHVFULSWLRQ� ZKLFK FRYHUV
RQO\ WKH VHUYLFH IXQFWLRQDOLW\ �EXW QRW DQ\ QRQ�IXQFWLRQDO DVSHFWV� VXFK DV UHVRXUFH
UHTXLUHPHQWV�� � LV UHODWHG WR WKH IXQFWLRQDO SURÀOH GLUHFWRU\ LQ )LJXUH ��

� & 
��� ��� % % % � ���

� 6HWV RI FRPSRQHQWV� (DFK FRPSRQHQW VSHFLÀHV D VHUYLFH LPSOHPHQWDWLRQ� FRYHULQJ
IXQFWLRQDO DQG QRQ�IXQFWLRQDO DVSHFWV �L�H�� UHVRXUFH UHTXLUHPHQWV�� 7KHUHIRUH� IRU
HDFK VHUYLFH ��� WKHUH DUH SRVVLEO\ ��	

FRPSRQHQWV �LPSOHPHQWDWLRQV RI WKH IXQF�
WLRQDOLW\ VSHFLÀHG E\ ���� 7KHVH FRPSRQHQWV DUH UHSUHVHQWHG E\ WKH VHW�

�� & 
���� ���� % % % � ����	
�

7KH VHWV RI FRPSRQHQWV �� DUH UHODWHG WR WKH LPSOHPHQWDWLRQ SURÀOH GLUHFWRU\ LQ
)LJXUH �� 7KH UHVRXUFH UHTXLUHPHQWV RI HDFK FRPSRQHQW ��� DUH GHÀQHG DV IROORZV�

&38����� UHSUHVHQWV WKH &38 UHTXLUHPHQWV RI FRPSRQHQW ��� � ,W LV VSHFL�
ÀHG E\ D IXQFWLRQ RI WKH LQSXW SURSHUWLHV RI WKH VHUYLFH DQG PHDVXUHG LQ D
SODWIRUP�LQGHSHQGHQW PHWULF� WKH �DSSUR[LPDWH� QXPEHU RI UHTXLUHG E\WHFRGH
LQVWUXFWLRQV� $V WKLV PHWULF LV FORVHO\ UHODWHG WR DOJRULWKP FRPSOH[LW\� D JHQ�
HUDO IRUPXOD RI &38����� FDQ EH GH GHULYHG IURP D FRPSOH[LW\ DQDO\VLV DQG
FRQFUHWH SDUDPHWHUV FDQ EH HVWLPDWHG E\ EHQFKPDUNLQJ ��� RQ YDU\LQJ LQSXWV�
0HP6WDW����� UHSUHVHQWV WKH FRGH VL]H RI FRPSRQHQW ��� � ,W LV VSHFLÀHG E\ D
VWDWLF YDOXH DQG PHDVXUHG LQ 0%�
0HP'\Q����� UHSUHVHQWV WKH G\QDPLF PHPRU\ DOORFDWLRQ� ,W LV VSHFLÀHG E\ D
IXQFWLRQ RI WKH LQSXW SURSHUWLHV RI WKH VHUYLFH DQG PHDVXUHG LQ 0%�

7KH V\VWHP KDV D VHW RI " GRPDLQ PDQDJHUV�
�
 & 
�
�� �
�� % % % � �
��

(DFK GRPDLQ PDQDJHU PDLQWDLQV D VHW �� RI � GRQDWRUV
�� & 
���� ���� % % % � ����

DQG D VHW 	��	
RI FRPSRQHQWV WKDW DUH ORFDOO\ LQVWDOOHG RQ WKHVH GRQDWRUV� 7KH DYDLODEOH

UHVRXUFHV RI HDFK GRQDWRU ��� DUH GHÀQHG DV IROORZV���
�,Q RXU WHVWEHG WKH DYDLODEOH UHVRXUFHV RI GRQDWRUV DUH VSHFLÀHG DV VWDWLF YDOXHV� ,Q D SUDFWLFDO VHWWLQJ� WKHVH

YDOXHV FKDQJH G\QDPLFDOO\ DQG DUH XSGDWHG E\ D PRQLWRULQJ LQIUDVWUXFWXUH >+%6��@�
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� ���;���< UHSUHVHQWV WKH DYDLODEOH &38 UHVRXUFHV� PHDVXUHG LQ E\WHFRGH LQVWUXF�
WLRQV SHU VHFRQG�

� 
�!�-";���< UHSUHVHQWV WKH DYDLODEOH G\QDPLF PHPRU\� PHDVXUHG LQ 0%�
� 
�!�(�(;���< UHSUHVHQWV WKH DYDLODEOH GLVN VWRUDJH� PHDVXUHG LQ 0%�
� ��"�+�(�;���< UHSUHVHQWV WKH QHWZRUN EDQGZLGWK RI GRQDWRU ���� PHDVXUHG LQ

0% SHU VHFRQG�

7KHUH DUH VHYHUDO UHODWLRQV EHWZHHQ WKH VHWV GHÀQHG DERYH�
,Q WKH *ULG WKHUH DUH ! VHUYLFHV� DQG IRU HDFK VHUYLFH WKHUH LV D OLVW RI FRPSRQHQWV LP�
SOHPHQWLQJ WKH VHUYLFH IXQFWLRQDOLW\� 7KH VHW � UHSUHVHQWV DOO DYDLODEOH FRPSRQHQWV LQ WKH
*ULG DQG LV GHÀQHG DV IROORZV�

� &
��

���

��

7KH VHW � FRQWDLQV WKH FRPSRQHQWV WKDW DUH GHSOR\HG LQ WKH *ULG� L�H�� WKDW DUH LQVWDOOHG RQ
RQH RU PRUH GRQDWRUV� 7KHUHIRUH� � � �� $V WKHUH DUH " GRPDLQ PDQDJHUV� � LV GHÀQHG DV
IROORZV�

� &
��

���

	��	

7KH VHW � � 	��	 UHSUHVHQWV DOO WKH FRPSRQHQWV WKDW KDYH QRW \HW EHHQ GHSOR\HG LQ WKH
GRPDLQ RI �
�� DQG WKH VHW � � � UHSUHVHQWV WKH FRPSRQHQWV WKDW KDYH QRW \HW EHHQ
GHSOR\HG RQ DQ\ GRQDWRU�

:H GHÀQH D VHW RI VHUYLFH JURXQGLQJV � DV WXSOHV �� & ���� � ����� H[SUHVVLQJ WKDW WKH FRP�
SRQHQW ��� LV GHSOR\HG RQ GRQDWRU ����

� � � � �

$Q DEVWUDFW ZRUNÁRZ �� & ��� 
� � � LV UHSUHVHQWHG DV D GLUHFWHG DF\FOLF JUDSK�

� �� WKH QRGHV LQ WKH JUDSK� UHSUHVHQW D VHW RI VHUYLFHV WKDW SURYLGH DOO WKH IXQFWLRQDOL�
WLHV XVHG LQ WKH DEVWUDFW ZRUNÁRZ�

� 
 � � � � LV D IXQFWLRQ IURP QRGHV WR VHUYLFHV� 
 JLYHV IRU HDFK QRGH WKH FRUUH�
VSRQGLQJ IXQFWLRQDO VHUYLFH SURÀOH�
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)LJXUH �� &RQFUHWH ZRUNÁRZ UHSUHVHQWLQJ WKH OHDVW VTXDUHV FRPSXWDWLRQ�

� � � WKH HGJHV LQ WKH JUDSK� LV D VHW RI WUDQVPLVVLRQ OLQNV� GHÀQHG DV WXSOHV �'�� '�� RI
QRGHV LQ � �� � ����� 7KHVH OLQNV UHSUHVHQW WKH GDWD SDVVHG EHWZHHQ WKH VHUYLFHV�
$ VHUYLFH �� FDQ EH LQYRNHG RQO\ DIWHU DOO LQFRPLQJ OLQNV KDYH SURYLGHG GDWD�

7KH IROORZLQJ GHÀQLWLRQ UHSUHVHQWV DQ DEVWUDFW ZRUNÁRZ IRU WKH OHDVW VTXDUHV FRPSXWDWLRQ
�VHH )LJXUH ��� 7KH VSHFLDO VHUYLFHV 67$57 �UHVS� (1'� UHIHUV WR WKH LQSXWV �UHVS� RXWSXWV��

� � & 
'�� '�� '
� '�� '�� '	� '��
� 
 & 
 �'�� ���
� �� �'�� � &�"'$#'��� �'
� 
)�(�$�-�� �'�� 
)�(�$�-��

�'�� �"*�&'��� �'	� 
)�(�$�-�� �'�� ���� �
� � & 
 �'�� '��� �'�� '
�� �'�� '��� �'�� '��� �'�� '
�� �'
� '��� �'�� '	�� �'�� '	��

�'	� '�� �

$ FRQFUHWH ZRUNÁRZ �� & ��� 
� �� �� �� LV DQ H[WHQVLRQ RI DQ DEVWUDFW ZRUNÁRZ� VLQFH
LW VSHFLÀHV DGGLWLRQDOO\ D VHW RI ELQGLQJV � GHÀQHG DV WXSOHV �'�� ��� DVVLJQLQJ D JURXQGLQJ
�� � � WR HDFK QRGH '� � �� L�H�� � � � � �� 7KH JURXQGLQJV IRU WKH 67$57 DQG (1'
QRGHV GHÀQH WKH VRXUFH RI WKH LQLWLDO LQSXWV DQG WKH GHVWLQDWLRQ RI WKH ÀQDO RXWSXWV� 7KH
VDPH JURXQGLQJ PD\ DSSHDU LQ GLIIHUHQW ELQGLQJV�
)LJXUH � UHSUHVHQWV D FRQFUHWH ZRUNÁRZ IRU WKH OHDVW VTXDUHV FRPSXWDWLRQ �KHUH ZH GR QRW
VKRZ WKH JURXQGLQJV IRU WKH 67$57 DQG (1' QRGHV��

� � & 
 ;'�� ����� �
��<� ;'
� ��
�� ��
�<� ;'�� ��
�� ����<�
;'�� ���	� ����<� ;'	� ��
�� ��
�< �
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$V WKH FXUUHQW YHUVLRQ RI WKH 2:/�6 >2:/@ RQWRORJ\ GRHV QRW LQFOXGH DQ\ SURSHUWLHV
WR GHÀQH WKH UHVRXUFH UHTXLUHPHQWV RI D VHUYLFH� ZH H[WHQGHG LW WR VXSSRUW VXFK QRQ�
IXQFWLRQDO SURSHUWLHV�

6LQFH D GLVWLQFWLRQ PXVW EH PDGH EHWZHHQ WKH IXQFWLRQDOLW\ RI D VHUYLFH DQG WKH LPSOHPHQ�
WDWLRQ RI WKLV IXQFWLRQDOLW\ �UHVRXUFH UHTXLUHPHQWV DUH FRQVLGHUHG LPSOHPHQWDWLRQ DVSHFWV��
ZH DGGHG WZR FODVVHV WR WKH RQWRORJ\�

� 7KH )XQFWLRQDO3URÀOH FODVV VSHFLÀHV WKH VHUYLFH IXQFWLRQDOLW\� 7KLV FODVV FRUUH�
VSRQGV WR WKH 2:/�6 3URÀOH >2:/@�

� 7KH ,PSOHPHQWDWLRQ3URÀOH FODVV VSHFLÀHV WKH UHVRXUFH UHTXLUHPHQWV RI D FRPSRQHQW
WKDW LPSOHPHQWV WKH VHUYLFH� 5HVRXUFH UHTXLUHPHQWV DUH QRQ�IXQFWLRQDO SURSHUWLHV
WKDW DUH GHVFULEHG E\ WKH IROORZLQJ DWWULEXWHV�

KDV&SX5HVRXUFH UHSUHVHQWV WKH &38 UHTXLUHPHQWV RI WKH FRPSRQHQW� GHÀQHG
DV D IXQFWLRQ RI WKH LQSXW SURSHUWLHV�
KDV'\Q0HP5HVRXUFH UHSUHVHQWV WKH G\QDPLF PHPRU\ UHTXLUHPHQWV RI WKH
FRPSRQHQW� GHÀQHG DV D IXQFWLRQ RI WKH LQSXW SURSHUWLHV�
KDV6WDW0HP5HVRXUFH FRUUHVSRQGV WR WKH FRGH VL]H� ZKLFK LV D FRQVWDQW�

,Q WKH ,PSOHPHQWDWLRQ3URÀOH HDFK RXWSXW SURSHUW\ LV GHÀQHG DV D IXQFWLRQ RI WKH
LQSXW SURSHUWLHV� 2XWSXW SURSHUWLHV DUH LPSRUWDQW ZKHQ FRPSRQHQWV DUH FKDLQHG
�L�H�� ZKHQ WKH RXWSXWV RI D FRPSRQHQW DUH SDVVHG DV LQSXWV WR DQRWKHU FRPSRQHQW��
LQ RUGHU WR NQRZ WKH SURSHUWLHV RI LQWHUPHGLDU\ UHVXOWV�

5HVRXUFH UHTXLUHPHQWV DUH GHÀQHG E\ IXQFWLRQV WKDW PD\ GHSHQG RQ WKH SURSHUWLHV RI WKH
VHUYLFH LQSXWV� 7KH RQWRORJ\ KDG WR EH H[WHQGHG LQ RUGHU WR DFFHSW WKHVH UHVRXUFH UHTXLUH�
PHQW GHÀQLWLRQV� DV VKRZQ LQ )LJXUH ��
5HVRXUFH0HWULFV DUH GHÀQHG E\ DQ H[SUHVVLRQ �KDV0HWULFV([SUHVVLRQ SURSHUW\� UHSUHVHQW�
LQJ WKH UHVRXUFH XVDJH IXQFWLRQ DQG E\ D PHWULFV W\SH �KDV0HWULFV7\SH SURSHUW\�� ZKLFK
VSHFLÀHV QDPH DQG PHDVXUHPHQW XQLW RI WKH PHWULFV� )RU LQVWDQFH� WKH XQLW RI WKH &38
UHVRXUFH LV E\WHFRGH LQVWUXFWLRQV DQG WKH XQLW RI WKH PHPRU\ UHVRXUFHV LV 0%�
0HWULFV([SUHVVLRQ LV HLWKHU 0HWULFV/LWHUDO UHSUHVHQWLQJ D UHDO YDOXH� 0HWULFV9DULDEOH GH�
VFULELQJ D YDULDEOH� RU 0HWULFV2SHUDWLRQ VSHFLI\LQJ DQ DULWKPHWLF RSHUDWLRQ� 0HWULFV2S�
HUDWLRQ KDV D VHW RI KDV2SHUDQG SURSHUWLHV� GHVFULELQJ D PHWULFV H[SUHVVLRQ DQG WKHUHIRUH
DOORZLQJ WKH GHÀQLWLRQ RI QHVWHG IXQFWLRQV�
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$V DQ H[DPSOH� ZH VKRZ WKH VSHFLÀFDWLRQ RI D FRPSRQHQW LPSOHPHQWLQJ WKH WUDQVSRVL�
WLRQ RSHUDWLRQ P\7UDQVSRVH0DWUL[� %HORZ LV WKH GHFODUDWLRQ RI WKH LQSXWV� RXWSXWV� DQG
UHVRXUFH UHTXLUHPHQWV�

�0 D W U L [ 7 U D Q V S R V H 3 U R I L O H U G I � , '  µ P\7UDQVSRVH0DW U L[ µ�
�K D V , Q S X W U G I � U H V R X U F H  µ � L Q S X W µ ��
�K D V 2 X W S X W U G I � U H V R X U F H  µ � R X W S X W µ ��
�KDV'\Q0HP5HVRXUFH U G I � U H V R X U F H  µ �G\Q0HP5HVRXUFH µ ��
�KDV&SX5HVRXUFH U G I � U H V R X U F H  µ � &385HVRXUFH µ ��
�KDV6WD W0HP5HVRXUFH U G I � U H V R X U F H  µ � V WD W0HP5HVRXUFH µ ��
�K D V 3 U H F R Q G L W L R Q ��
�K D V ( I I H F W ��

�� 0 D W U L [ 7 U D Q V S R V H 3 U R I L O H�

�0D W U L [ U G I � , '  µ L Q S X W µ� �KDV5RZV U G I � U H V R X U F H  µ � LQSXW5RZV µ ��
�KDV&ROXPQV U G I � U H V R X U F H  µ � L Q S X W & R O V µ ��

�� 0D W U L [�
�0D W U L [ U G I � , '  µ R X W S X W µ� �KDV5RZV U G I � U H V R X U F H  µ � L Q S X W & R O V µ ��

�KDV&ROXPQV U G I � U H V R X U F H  µ � LQSXW5RZV µ ��
�� 0D W U L [�
�0 H W U L F V 9 D U L D E O H U G I � , '  µ LQSXW5RZV µ ��
�0 H W U L F V 9 D U L D E O H U G I � , '  µ L Q S X W & R O V µ ��

)RU WKH WUDQVSRVLWLRQ RSHUDWLRQ� ERWK WKH LQSXW DQG WKH RXWSXW DUH PDWULFHV� ,Q WKLV H[DPSOH�
WKH UHOHYDQW DVSHFWV RI WKH LQSXW DUH WKH PDWUL[ GLPHQVLRQV� L�H�� WKH QXPEHU RI URZV DQG
FROXPQV� 7KHVH GLPHQVLRQV DUH UHSUHVHQWHG E\ WZR YDULDEOHV LQSXW5RZV DQG LQSXW&ROV�
7KH UHOHYDQW DVSHFW RI WKH RXWSXW DUH DOVR WKH PDWUL[ GLPHQVLRQV� 7KHVH SURSHUWLHV DUH
GHÀQHG DV D IXQFWLRQ RI WKH LQSXW SURSHUWLHV� )RU WKH WUDQVSRVLWLRQ RSHUDWLRQ� WKH QXPEHU
RI RXWSXW URZV HTXDOV WKH QXPEHU RI LQSXW FROXPQV DQG WKH QXPEHU RI RXWSXW FROXPQV
HTXDOV WKH QXPEHU RI LQSXW URZV�

�5 H V R X U F H 0 H W U L F V U G I � ,'  µ &385HVRXUFHµ�
�K D V 0 H W U L F V ( [ S U H V V L R Q�

�$GG�
�KDV2SHUDQG� �0 H W U L F V / L W H U D O �

�K D V / L W H U D O 9 D O X H �D�� K D V / L W H U D O 9 D O X H �
�� 0 H W U L F V / L W H U D O �

��KDV2SHUDQG�
�KDV2SHUDQG�

�0XO� �KDV2SHUDQG� �0 H W U L F V / L W H U D O �
�K D V / L W H U D O 9 D O X H �E�� K D V / L W H U D O 9 D O X H �

�� 0 H W U L F V / L W H U D O �
��KDV2SHUDQG�
�KDV2SHUDQG U G I � U H V R X U F H  µ� LQSXW5RZV µ��
�KDV2SHUDQG U G I � U H V R X U F H  µ� L Q S X W & R O V µ��

��0XO�
��KDV2SHUDQG�

��$GG�
�� K D V 0 H W U L F V ( [ S U H V V L R Q�
�KDV0HW U L F V7\SH� �0HWU LFV7\SH�

�KDV1DPH�&38��KDV1DPH�
�KDV8QL W�%\WHFRGH , Q V W U X F W L R Q �� KD V8QL W�

��0HW U L FV7\SH�
�� KD V0HW U L F V7\SH�

�� 5 H V R X U F H 0 H W U L F V�

&38 DQG G\QDPLF PHPRU\ UHTXLUHPHQWV DUH GHÀQHG DV IXQFWLRQV RI WKH LQSXW SURSHUWLHV�
7KH H[DPSOH DERYH VKRZV WKH FRGH IRU GHÀQLQJ WKH &38 XVDJH RI WKH P\7UDQVSRVH0DWUL[
FRPSRQHQW� ,Q WKLV FDVH� WKH &38 XVDJH LV SURSRUWLRQDO WR WKH SURGXFW RI WKH LQSXW PD�
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)LJXUH �� ([WHQGLQJ WKH 2:/�6 RQWRORJ\�

WUL[ GLPHQVLRQV� ���;!-�&�"'$#'�
�(&�,< & � > ;� � �"$)(
#+' � �"$)(�#�'<�
� DQG � DUH FRQVWDQWV ZKLFK PD\ EH GHWHUPLQHG E\ WKH FRPSRQHQW GHYHORSHU E\ EHQFK�
PDUNLQJ P\7UDQVSRVH0DWUL[ ZLWK WZR GLIIHUHQW LQSXWV DQG VROYLQJ � VLPSOH HTXDWLRQV ZLWK
WZR YDULDEOHV� 6HH >%+��@ IRU GHWDLOV RQ EHQFKPDUNLQJ XVLQJ E\WHFRGH LQVWUXFWLRQ FRXQW�
LQJ DV PHWULF� 6WDWLF PHPRU\ UHTXLUHPHQWV DUH LQGHSHQGHQW RI WKH LQSXW SURSHUWLHV DQG
WKHLU PHWULFV H[SUHVVLRQV DUH VLPSO\ GHÀQHG DV D 0HWULFV/LWHUDO UHSUHVHQWLQJ D UHDO YDOXH�

7KLV VHFWLRQ SUHVHQWV D PDWKHPDWLFDO PRGHO WR FRPSXWH D FRVW IXQFWLRQ IRU D JLYHQ FRQFUHWH
ZRUNÁRZ �� � &RVWV PD\ EH PHDVXUHG LQ WHUPV RI &38 VSHQW� WRWDO H[HFXWLRQ WLPH� EDQG�
ZLGWK FRQVXPSWLRQ� PHPRU\ FRQVXPSWLRQ� HWF� :KLOH ZH LPSOHPHQWHG D ODUJH QXPEHU RI
GLIIHUHQW FRVW IXQFWLRQV� ZH DGGUHVV RQO\ WKH WRWDO H[HFXWLRQ WLPH LQ WKLV SDSHU EHFDXVH RI
VSDFH OLPLWDWLRQV�

&RQVLGHULQJ D FRQFUHWH ZRUNÁRZ� HDFK JURXQGLQJ �� UHODWHV WR WKUHH NLQGV RI FRVWV �UHSUH�
VHQWLQJ WKH WKUHH PDLQ VWDJHV LQ WKH OLIH�F\FOH RI D FRPSRQHQW��

�"'(����#'(;��<� $Q\ FRPSRQHQW LQ D FRQFUHWH ZRUNÁRZ PXVW EH DFWLYDWHG RQFH� EHIRUH
LWV ÀUVW LQYRFDWLRQ� 7KLV LV LQGHSHQGHQW RI KRZ PDQ\ WLPHV D FRPSRQHQW LV XVHG LQ WKH
FRQFUHWH ZRUNÁRZ� ,Q IDFW� WKLV FRXOG FRUUHVSRQG WR WKH LQVWDOODWLRQ RI ORFDO FRPSRQHQWV RQ
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D JLYHQ GRQDWRU� RU WR WKH LQVWDOODWLRQ RI ORFDO VWXEV ZKHQ UHPRWHO\ DFFHVVLQJ D FRPSRQHQW�
7KH �"'(����#'(;��< IXQFWLRQ GHÀQHV WKH FRVW RI DFWLYDWLQJ WKH FRPSRQHQW VSHFLÀHG E\
WKH JURXQGLQJ �� DV D UHDO YDOXH�

��(��&�"'�#'(;(� ��� ��<� ,Q RUGHU WR EH DEOH WR H[HFXWH D FRPSRQHQW� LWV LQSXW SDUDP�
HWHUV PXVW EH WUDQVIHUUHG IURP WKH GRQDWRU FRUUHVSRQGLQJ WR WKH SUHYLRXV FRPSRQHQW LQ
WKH FRQFUHWH ZRUNÁRZ� 7KH ��(��&�"'�#'(;(� ��� ��< IXQFWLRQ GHÀQHV WKH FRVW RI WUDQV�
IHUULQJ WKH SDUDPHWHUV VSHFLÀHG LQ WKH GDWD�GHSHQGHQF\ ( EHWZHHQ WKH GRQDWRUV VSHFLÀHG
LQ WKH JURXQGLQJV �� DQG �� FRUUHVSRQGLQJ WR WKH WZR FRPSRQHQWV LQYROYHG LQ WKH GDWD�
GHSHQGHQF\�

�"*#��&�#'(;��<� $IWHU WKH FRPSRQHQW KDV EHHQ DFWLYDWHG DQG LWV LQSXW SDUDPHWHUV
KDYH EHHQ WUDQVIHUUHG WR WKH FXUUHQW GRQDWRU� WKH FRPSRQHQW FDQ EH H[HFXWHG� 7KH
�"*#��&�#'(;��< IXQFWLRQ GHÀQHV WKH H[HFXWLRQ FRVW RI WKH FRPSRQHQW VSHFLÀHG E\ WKH
JURXQGLQJ ���

1RZ ZH GHÀQH WKH FRVW RI D FRQFUHWH ZRUNÁRZ LQ WHUPV RI H[HFXWLRQ WLPH� WDNLQJ SDU�
DOOHOL]DWLRQ �L�H�� VHYHUDO FRPSRQHQWV PD\ EH H[HFXWHG FRQFXUUHQWO\� LQWR DFFRXQW� 7KLV
UHTXLUHV�

� &RPSXWLQJ WKH DFWLYDWLRQ FRVW� ZKLFK LV HTXLYDOHQW WR WKH LQVWDOODWLRQ FRVW�
� &RPSXWLQJ WKH XVDJH FRVW� ZKLFK UHSUHVHQWV WKH H[HFXWLRQ FRVWV RI DOO WKH FRPSR�

QHQWV DQG WKH GDWD WUDQVIHU FRVWV DPRQJ DOO WKH FRPSRQHQWV LQ WKH FRQFUHWH ZRUNÁRZ�

/HW ���


EH D VXEVHW RI FRPSRQHQWV IURP � WKDW DUH LQVWDOOHG RQ D GRQDWRU ��� PDQDJHG

E\ WKH GRPDLQ PDQDJHU �
�� 6LQFH LQ WKH GRPDLQ RI �
� ZH KDYH � GRQDWRUV� ZH
FRQFOXGH WKDW ZH DOVR KDYH � VXEVHWV RI �� ,Q WKLV FDVH� WKH LQVWDOODWLRQ FRVW LV�
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Q LI ��� � 	��	

���� LV LQVWDOOHG ORFDOO\�
Q #& �#"'(�"( LI ��� � � � 	��	

���� LV DFFHVVHG UHPRWHO\�
�����	���	
�
�	�� �����	�� LI ��� � � � � ���� LV QRW LQVWDOOHG�

$EVWUDFW LQWHUSUHWDWLRQ LV D WKHRU\ RI VRXQG DSSUR[LPDWLRQ RI WKH VHPDQWLFV RI FRPSXWHU
SURJUDPV� ,W FDQ EH YLHZHG DV D SDUWLDO H[HFXWLRQ RI D FRPSXWHU SURJUDP WR JDLQ LQ�
IRUPDWLRQ DERXW LWV VHPDQWLFV �H�J�� FRQWURO VWUXFWXUH� ÁRZ RI LQIRUPDWLRQ� HWF�� ZLWKRXW
SHUIRUPLQJ DOO WKH FDOFXODWLRQV�
:LWK DEVWUDFW LQWHUSUHWDWLRQ ZH FDQ WDNH SDUDOOHOL]DWLRQ DQG UHVRXUFH FRQVWUDLQWV LQWR DF�
FRXQW� ,Q RXU FDVH� WKH FRQFUHWH ZRUNÁRZ LV LQWHUSUHWHG RYHU DQ DEVWUDFW GRPDLQ� &RP�
SRQHQWV DUH QRW UHDOO\ LQYRNHG DQG GDWD LV QRW UHDOO\ WUDQVIHUUHG� EXW D VLPXODWLRQ RI WKH
UHOHYDQW DVSHFWV LV GRQH� 7KHVH DVSHFWV DUH WKH VWDUWLQJ DQG HQGLQJ H[HFXWLRQ WLPH RI FRP�
SRQHQWV DQG WKH UHVRXUFH DOORFDWLRQ RI GRQDWRUV�
)RU HDFK GRQDWRU LQ WKH FRQFUHWH ZRUNÁRZ� DQ LQWHUYDO OLVW RI LWV DFWLYDWLRQ LV NHSW �WKLV OLVW
LV LQLWLDOO\ HPSW\�� )RU WKH FRQFUHWH ZRUNÁRZ� WKH DYDLODELOLW\ WLPH RI HDFK GDWD WUDQVIHU
PHVVDJH LV VWRUHG�
,Q HDFK VWHS� D FRPSRQHQW ��� LV VHOHFWHG ZKLFK KDV DOO LWV LQSXW PHVVDJHV 
 &

!�� % % % � !�� DYDLODEOH� 7KH FRPSRQHQW ��� KDV DV

� VWDUWLQJ WLPH� WKH PD[LPXP RI LWV PHVVDJHV· DUULYDO WLPHV�
'(�&(�"� (�!� & ��N;�&&�*��� �!�;!�<� % % % � �&&�*��� �!�;!�<<

� HQGLQJ WLPH� WKH VXP RI LWV VWDUWLQJ WLPH DQG LWV LQYRFDWLRQ FRVW LQ WHUPV RI H[HFXWLRQ
WLPH�

�"��"� (�!� & '(�&(�"� (�!� >
���;���<
���;���<

$IWHU FDOFXODWLQJ WKH VWDUWLQJ DQG HQGLQJ WLPH RI D FRPSRQHQW� WKH DFWLYDWLRQ OLVW RI WKH
FRUUHVSRQGLQJ GRQDWRU LV H[DPLQHG� :H VHDUFK IRU WKH QH[W IUHH LQWHUYDO �ZKHUH WKH GRQDWRU
KDV QRW \HW EHHQ DVVLJQHG WR D WDVN� DQG UHJLVWHU WKH FRPSXWDWLRQ RI WKH FRPSRQHQW WKHUH�
,I QHFHVVDU\� WKH FRPSXWDWLRQ LV VSOLW LQWR VHYHUDO SLHFHV�
+DYLQJ XSGDWHG WKH DFWLYDWLRQ OLVW� ZH NQRZ ZKHQ WKH RXWSXW PHVVDJHV RI WKH FRPSRQHQW
DUH DYDLODEOH� )RU HDFK RXWSXW PHVVDJH� ZH XVH WKH �HVWLPDWHG� PHVVDJH VL]H �UHPHP�
EHU WKDW RXU H[WHQVLRQ WR 2:/�6 DOORZV GHÀQLQJ RXWSXW SURSHUWLHV DV IXQFWLRQV RI LQSXW
SURSHUWLHV� DQG WKH EDQGZLGWK RI FRPPXQLFDWLRQ OLQNV �GDWD WUDQVIHU FRVWV� WR FRPSXWH WKH
DUULYDO WLPHV DW WKH PHVVDJH GHVWLQDWLRQV�
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)LJXUH �� &KURPRVRPH GHVFULELQJ WKH FRQFUHWH ZRUNÁRZ RI )LJXUH ��

,Q 6HFWLRQ � ZH GHÀQHG DQ RSWLPL]DWLRQ IXQFWLRQ LQ WHUPV RI H[HFXWLRQ WLPH� 1RZ ZH
PXVW FKRRVH DQ RSWLPL]DWLRQ PHWKRG ZHOO DGDSWHG WR WKLV SUREOHP� $V ZH DUH FRQVLGHULQJ
D ODUJH�VFDOH VHDUFK VSDFH� ZH GHFLGHG WR XVH D QRQ�GHWHUPLQLVWLF RSWLPL]DWLRQ PHWKRG�
:H FKRVH D JHQHWLF DOJRULWKP >07��@� VLQFH LW ZDV VWUDLJKWIRUZDUG WR LPSOHPHQW� RWKHU
RSWLPL]DWLRQ WHFKQLTXHV ZRXOG EH DSSOLFDEOH DV ZHOO� ,Q RUGHU WR IRUPDOL]H WKH FRQFUHWH
ZRUNÁRZ FRVW RSWLPL]DWLRQ SUREOHP DV D JHQHWLF DOJRULWKP �*$�� ZH KDYH WR GHÀQH WKH
SRSXODWLRQ� WKH LQGLYLGXDO UHSUHVHQWDWLRQ� DQG WKH RSHUDWRUV RI WKH *$�

,Q RXU FDVH� WKH SRSXODWLRQ LV D VHW RI FRQFUHWH ZRUNÁRZV� (DFK RI WKHVH FRQFUHWH ZRUN�
ÁRZV UHSUHVHQWV DQ LQGLYLGXDO DQG LV GHVFULEHG DV D FKURPRVRPH KDYLQJ WKH QRGHV RI WKH
FRQFUHWH ZRUNÁRZ DV JHQHV �WKH VHW � UHSUHVHQWLQJ IXQFWLRQDO SURÀOHV��
(DFK RI WKHVH JHQHV KDV D VSHFLÀF DOSKDEHW RU DOOHOHV� 7KLV DOSKDEHW LV GHVFULEHG E\ D VHW RI
JURXQGLQJV �WKH VHW ��� (DFK FRPSRQHQW RI WKH JURXQGLQJV PXVW EH LQFOXGHG LQ WKH VHW RI
FRPSRQHQWV RI WKH IXQFWLRQ VSHFLÀHG E\ WKH JLYHQ QRGH� $Q H[DPSOH LV VKRZQ LQ )LJXUH ��

7KH ÀWQHVV RI DQ LQGLYLGXDO LV WKH H[HFXWLRQ WLPH RI WKH FRQFUHWH ZRUNÁRZ LW UHSUHVHQWV�
7KH VPDOOHU WKH H[HFXWLRQ WLPH� WKH EHWWHU WKH LQGLYLGXDO ÀWV LQ WKH HQYLURQPHQW� 7KH
JHQHWLF DOJRULWKP WHUPLQDWHV ZKHQ D JLYHQ GHDGOLQH LV PHW RU ZKHQ D FRQYHUJHQFH YDOXH LV
GHWHFWHG� L�H�� ZKHQ WKH LPSURYHPHQW DIWHU WKH ODVW " VWHSV LV VPDOOHU WKDQ D JLYHQ GHOWD ��

7KHUH DUH VHYHUDO GLIIHUHQW W\SHV RI VHOHFWLRQ PHFKDQLVPV >=.��@� :H XVH WKH N�ZD\
WRXUQDPHQW VHOHFWLRQ PHWKRG� 7KH LGHD RI WKH N�ZD\ WRXUQDPHQW VHOHFWLRQ LV WR KROG D
WRXUQDPHQW DPRQJ N UDQGRPO\ SLFNHG LQGLYLGXDOV� 7KH ZLQQHU RI WKH WRXUQDPHQW LV WKH
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LQGLYLGXDO ZLWK WKH KLJKHVW ÀWQHVV� ZKLFK LV LQVHUWHG LQWR WKH PDWLQJ SRRO� :H UHSHDW WKLV
SURFHVV XQWLO ZH KDYH " �WKH VL]H RI WKH SRSXODWLRQ� ZLQQHUV�

7KH UHFRPELQDWLRQ RSHUDWRU LV SHUIRUPHG RQ D FRXSOH RI LQGLYLGXDOV� 7KH SDUHQWV· FKURPR�
VRPHV DUH FXW DW WKH VDPH UDQGRP SRVLWLRQ DQG WKHLU VHFRQG KDOYHV DUH VZDSSHG EHWZHHQ
WKHP� WKXV \LHOGLQJ WZR QHZ LQGLYLGXDOV� HDFK FRQWDLQLQJ JHQHV IURP ERWK SDUHQWV�

7KH PXWDWLRQ RSHUDWRU LV SHUIRUPHG RQ DQ LQGLYLGXDO DQG QRW RQ D FRXSOH DV WKH UHFRPELQD�
WLRQ RSHUDWRU� (DFK JHQH RI HDFK LQGLYLGXDO KDV D YHU\ VPDOO SUREDELOLW\ RI PRGLI\LQJ WKH
DOOHOH UHSUHVHQWLQJ WKLV JHQH �L�H�� WKH JURXQGLQJ�� 7KH PRGLÀFDWLRQ LV GRQH E\ FKRRVLQJ
UDQGRPO\ DQRWKHU JURXQGLQJ LQ WKH DOSKDEHW FRUUHVSRQGLQJ WR WKH JLYHQ JHQH�

3UHPDWXUH FRQYHUJHQFH LV D VHULRXV FRQFHUQ LQ JHQHWLF DOJRULWKPV >)RJ��@� ,W PHDQV WKDW
WKH SRSXODWLRQ FRQYHUJHV WRZDUGV D ORFDO RSWLPXP LQVWHDG RI WKH JOREDO RSWLPXP� 7KLV
RFFXUV ZKHQ WKH FURVVRYHU RSHUDWRU KDV D KLJK SUREDELOLW\� L�H�� ZKHQ GLYHUVLW\ LV ORVW� ,Q
VKRUW� WKH ¶ZURQJ· SDUW RI WKH VHDUFK VSDFH LV H[SORUHG� 7KHUHIRUH� PXWDWLRQ LV QHHGHG WR
LQFUHDVH GLYHUVLW\ LQ WKH SRSXODWLRQ DQG WR H[SORUH RWKHU SDUWV RI WKH VHDUFK VSDFH� 7ZR
PHFKDQLVPV ZHUH LPSOHPHQWHG LQ RUGHU WR SUHYHQW SUHPDWXUH FRQYHUJHQFH�
7KH ÀUVW PHFKDQLVP LV WR VWDUW WKH H[HFXWLRQ RI WKH JHQHWLF DOJRULWKP ZLWK D YHU\ KLJK
PXWDWLRQ UDWH DQG D ORZ UHFRPELQDWLRQ UDWH LQ RUGHU WR H[SORUH WKH VHDUFK VSDFH� 7KHQ�
DIWHU D FHUWDLQ QXPEHU RI JHQHUDWLRQV� ZH VORZO\ GHFUHDVH WKH PXWDWLRQ UDWH DQG LQFUHDVH
WKH UHFRPELQDWLRQ UDWH LQ RUGHU WR GLUHFW WKH VHDUFK WRZDUGV WKH ¶JRRG· SDUW�
7KH VHFRQG LPSOHPHQWHG WHFKQLTXH LV WR LQLWLDOL]H D SURSRUWLRQ RI WKH SRSXODWLRQ UDQGRPO\�
(YHU\ WHQ JHQHUDWLRQV� ��� RI WKH LQGLYLGXDOV RI WKH QHZ JHQHUDWLRQ DUH FUHDWHG UDQGRPO\�

,Q RUGHU WR HYDOXDWH RXU DSSURDFK� ZH LPSOHPHQWHG D WHVWEHG WR VLPXODWH GLIIHUHQW *ULG HQ�
YLURQPHQWV� 7KH WHVWEHG DOORZV YDU\LQJ PDQ\ SDUDPHWHUV� VXFK DV WKH WRSRORJ\ RI WKH JULG
�WKH QXPEHU RI GRPDLQ PDQDJHUV�� WKH QXPEHU RI GRQDWRUV� WKH GRQDWRUV· QHWZRUN EDQG�
ZLGWK� WKH GRQDWRUV· SURYLGHG UHVRXUFHV� DV ZHOO DV WKH DYDLODEOH FRPSRQHQWV DQG WKHLU
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)LJXUH �� (YDOXDWLRQ UHVXOWV� ,QVWDOODWLRQ RI FRPSRQHQWV RQ GRQDWRUV LV 127 SRVVLEOH�

UHVSHFWLYH UHVRXUFH UHTXLUHPHQWV� 0RUHRYHU� RXU WHVWEHG DOORZV JHQHUDWLQJ UDQGRP DE�
VWUDFW ZRUNÁRZV� :KLOH ZH YDOLGDWHG RXU DSSURDFK LQ D ODUJH QXPEHU RI GLIIHUHQW VHWWLQJV�
ZH VHOHFWHG � UHSUHVHQWDWLYH H[SHULPHQWV IRU WKH GLVFXVVLRQ EHORZ�
:H ODXQFKHG WKH *$ RQ ODUJH�VFDOH V\VWHPV ZLWK GLIIHUHQW FRQÀJXUDWLRQV �LQ WHUPV RI WKH
QXPEHU RI GRQDWRUV� WKH QXPEHU RI GRPDLQ PDQDJHUV� HWF�� DQG FRPSDUHG WKH UHVXOWV ZLWK
D UDQGRP VHDUFK VWUDWHJ\� ZKLFK H[SORUHV WKH VHDUFK VSDFH UDQGRPO\� DOZD\V SUHVHUYLQJ
WKH EHVW VROXWLRQ IRXQG VR IDU� :H XVHG WKH IROORZLQJ PHWKRGRORJ\ IRU RXU HYDOXDWLRQ�

� )LUVW� WKH *$ ZDV ODXQFKHG XQWLO FRQYHUJHQFH ZDV UHDFKHG� 7KH UHVXOW �L�H�� WKH
VKRUWHVW H[HFXWLRQ WLPH� LV FDOOHG � DQG UHSUHVHQWV WKH RSWLPXP ÀWQHVV� ,Q VPDOOHU
VHWWLQJV� ZH XVHG H[KDXVWLYH VHDUFK WR YHULI\ WKDW � ZDV WKH JOREDO RSWLPXP� +RZ�
HYHU� LQ ODUJH�VFDOH VHWWLQJV DQ H[KDXVWLYH VHDUFK LV QRW YLDEOH EHFDXVH RI WKH ODUJH
VHDUFK VSDFH�

� 7KHQ WKH *$ DQG WKH UDQGRP VHDUFK DOJRULWKP ZHUH ODXQFKHG RYHU ��� VWHSV�

��	��� UHSUHVHQWV WKH EHVW ÀWQHVV DFKLHYHG DIWHU " VWHSV XVLQJ WKH *$�
������ UHSUHVHQWV WKH EHVW ÀWQHVV DFKLHYHG DIWHU " VWHSV RI UDQGRP VHDUFK�

)RU ERWK VHDUFK DOJRULWKPV� ZH DOZD\V JHQHUDWHG �� LQGLYLGXDOV LQ HDFK VWHS �JHQHUDWLRQ��
)RU DOO H[SHULPHQWV� ZH XVHG D FRQÀJXUDWLRQ ZLWK WZR GRPDLQ PDQDJHUV� HDFK FRQWUROOLQJ
�� GRQDWRUV� )RU HDFK H[SHULPHQW� ZH UDQGRPO\ FRQÀJXUHG WKH SURSHUWLHV RI HDFK GRQDWRU
�DYDLODEOH UHVRXUFHV� FRQQHFWLYLW\ DQG EDQGZLGWK� LQVWDOOHG FRPSRQHQWV� HWF���
,Q RUGHU WR SUHVHQW WKH UHVXOWV RI RXU HYDOXDWLRQ� ZH ZDQWHG WR VKRZ ERWK WKH TXDOLW\ RI WKH
UHVXOWV �ÀWQHVV� DQG WKH VSHHG RI FRQYHUJHQFH �RYHU WKH QXPEHU RI VWHSV� LQ D VLQJOH ÀJXUH�
7KHUHIRUH� ZH UHSUHVHQW WKH UHVXOWV LQ D JUDSK� ZHUH WKH ;�D[LV FRUUHVSRQGV WR WKH QXPEHU
RI VWHSV " DQG WKH <�D[LV VKRZV WKH EHVW UHODWLYH ÀWQHVV REWDLQHG XQWLO VWHS " �D YDOXH RI
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)LJXUH �� (YDOXDWLRQ UHVXOWV� ,QVWDOODWLRQ RI FRPSRQHQWV RQ GRQDWRUV LV SRVVLEOH�

� PHDQV WKDW WKH RSWLPXP � KDV EHHQ UHDFKHG�� :H SORW WZR FXUYHV RYHU WKH QXPEHU RI
DOJRULWKP VWHSV� 2QH IRU WKH *$ DQG RQH IRU WKH UDQGRP VHDUFK� ,�H�� WKH FXUYHV UHSUHVHQW
WKH IXQFWLRQ ������

� IRU WKH *$� UHVS� WKH IXQFWLRQ ������

� IRU WKH UDQGRP VHDUFK�
,Q )LJXUH � DQG )LJXUH � WKH OHDVW VTXDUHV FRPSXWDWLRQ LV FRQVLGHUHG� )LJXUH � VKRZV WKH
UHVXOWV REWDLQHG ZLWK D FRQÀJXUDWLRQ ZKHUH WKH LQVWDOODWLRQ RI FRPSRQHQWV RQ GRQDWRUV LV
LPSRVVLEOH �L�H�� GRQDWRUV GR QRW KDYH HQRXJK VWDWLF PHPRU\ UHVRXUFHV WR DOORZ LQVWDOOD�
WLRQ�� 7KXV� WKH VROXWLRQ FDQ RQO\ XVH ORFDOO\ LQVWDOOHG FRPSRQHQWV RU UHPRWHO\ DFFHVVLEOH
FRPSRQHQWV� )LJXUH � VKRZV WKH UHVXOWV ZKHQ WKH LQVWDOODWLRQ RI FRPSRQHQWV RQ GRQDWRUV
LV SRVVLEOH �L�H�� GRQDWRUV KDYH HQRXJK UHVRXUFHV LQ WHUPV RI VWDWLF PHPRU\�� ,Q )LJXUH �
WKH *$ FRQYHUJHV UDWKHU TXLFNO\ FRPSDUHG WR )LJXUH �� ZKHUH LW WDNHV DERXW �� VWHSV WR
ÀQG D VROXWLRQ FORVH WR WKH RSWLPXP�
)LJXUH � VKRZV WKH UHVXOW REWDLQHG ZLWK D UDQGRPO\ JHQHUDWHG DEVWUDFW ZRUNÁRZ RI ��
QRGHV �L�H�� WKH FRQQHFWLRQV EHWZHHQ WKH �� QRGHV DUH VHW UDQGRPO\�� ,Q WKLV NLQG RI H[�
SHULPHQW� ZH DUH LQWHUHVWHG WR VHH WKH EHKDYLRU RI WKH *$ DQG RI WKH UDQGRP VHDUFK IRU
DEVWUDFW ZRUNÁRZV ZLWK GLIIHUHQW FRPSOH[LW\� 7KH LQVWDOODWLRQ RI FRPSRQHQWV RQ GRQDWRUV
LV DOORZHG�
7R VXP XS� LQ DOO VHWWLQJV WKH JHQHWLF DOJRULWKP FRQYHUJHV TXLFNO\ WRZDUGV WKH RSWLPDO
VROXWLRQ� ZKHUHDV WKH UDQGRP VHDUFK DOJRULWKP FRQYHUJHV PXFK VORZHU DQG QHYHU UHDFKHV
WKH RSWLPXP ZLWKLQ ��� VWHSV�

,Q WKLV SDSHU ZH SUHVHQWHG D QRYHO� RULJLQDO DSSURDFK WR RSWLPDOO\ GLVWULEXWH DQG H[HFXWH
ZRUNÁRZV LQ D *ULG� 2XU V\VWHP WDNHV DV LQSXWV D KLJK�OHYHO WDVN VSHFLÀFDWLRQ �IURP ZKLFK
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)LJXUH �� (YDOXDWLRQ UHVXOW ZLWK D UDQGRP DEVWUDFW ZRUNÁRZ FRPSRVHG RI �� QRGHV�

ZH GHULYH D ZRUNÁRZ GHÀQLQJ WKH IXQFWLRQDOLWLHV DQG GHSHQGHQFLHV RI UHTXLUHG VHUYLFHV��
RSWLPL]DWLRQ JRDOV �H�J�� D GHDGOLQH IRU WKH FRPSOHWLRQ RI WKH ZRUNÁRZ H[HFXWLRQ�� DQG
LQSXW GDWD� %DVHG RQ WKHVH LQSXWV� WKH V\VWHP VHOHFWV WKH EHVW VXLWHG FRPSRQHQWV WKDW
LPSOHPHQW WKH GHVLUHG IXQFWLRQDOLWLHV DQG GHSOR\V WKHP RSWLPDOO\ DFURVV WKH PDFKLQHV RI
WKH *ULG� IDYRULQJ DOUHDG\ LQVWDOOHG FRPSRQHQWV DQG WDNLQJ &38 FRQVXPSWLRQ� VWDWLF DQG
G\QDPLF PHPRU\ UHTXLUHPHQWV� DQG QHWZRUN EDQGZLGWK LQWR DFFRXQW�
,Q RUGHU WR PRGHO WKLV RSWLPL]DWLRQ SUREOHP� ZH H[WHQGHG WKH 2:/�6 RQWRORJ\ ZLWK QRQ�
IXQFWLRQDO SURSHUWLHV WR GHVFULEH WKH UHVRXUFH UHTXLUHPHQWV �LQ WHUPV RI LQSXW SURSHUWLHV�
RI GLIIHUHQW FRPSRQHQWV� :LWK WKH DLG RI WKHVH GHVFULSWLRQV� ZH GHULYHG D PDWKHPDWLFDO
PRGHO WR HVWLPDWH WKH RYHUDOO H[HFXWLRQ WLPH RI D ZRUNÁRZ LQ D SDUWLFXODU VHWWLQJ� 7KH
PRGHO� ZKLFK PD\ EHFRPH UDWKHU FRPSOH[ EHFDXVH LW DOVR KDV WR WDNH UHVRXUFH FRQÁLFWV
LQWR DFFRXQW� LV HYDOXDWHG XVLQJ DEVWUDFW LQWHUSUHWDWLRQ� )LQDOO\� ZH OHYHUDJH JHQHWLF DOJR�
ULWKPV WR VHDUFK IRU DQ RSWLPDO ZRUNÁRZ H[HFXWLRQ WKDW VDWLVÀHV WKH JLYHQ UHTXLUHPHQWV�
$Q HYDOXDWLRQ RI RXU V\VWHP XVLQJ UDQGRPO\ JHQHUDWHG ZRUNÁRZV LQ VLPXODWHG *ULGV UH�
YHDOHG WKDW RXU RSWLPL]DWLRQ DOJRULWKP FRQYHUJHV TXLFNO\ WRZDUGV DQ RSWLPDO VROXWLRQ�

>%&)��@ :DOWHU %LQGHU� ,RQ &RQVWDQWLQHVFX� DQG %RL )DOWLQJV� (IÀFLHQWO\ 'LVWULEXWLQJ ,QWHU�
DFWLRQV EHWZHHQ &RPSRVHG ,QIRUPDWLRQ $JHQWV� ,Q 6HFRQG (XURSHDQ :RUNVKRS RQ
0XOWL�$JHQW 6\VWHPV �(80$6������� %DUFHORQD� 6SDLQ� 'HFHPEHU �����

>%)+��@ )UDQ %HUPDQ� *HRIIUH\ )R[� DQG 7RQ\ +H\� 7KH *ULG� 3DVW� 3UHVHQW� )XWXUH� ,Q )UDQ
%HUPDQ� *HRIIUH\ )R[� DQG 7RQ\ +H\� HGLWRUV� *ULG &RPSXWLQJ� 0DNLQJ WKH *OREDO
,QIUDVWUXFWXUH D 5HDOLW\� SDJHV �²��� -RKQ :LOH\ 	 6RQV ,QF�� �����

>%+��@ :DOWHU %LQGHU DQG -DUOH +XODDV� $ 3RUWDEOH &38�0DQDJHPHQW )UDPHZRUN IRU -DYD�
,((( ,QWHUQHW &RPSXWLQJ� �������²��� 6HS��2FW� �����
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>%+��@ :DOWHU %LQGHU DQG -DUOH +XODDV� 8VLQJ %\WHFRGH ,QVWUXFWLRQ &RXQWLQJ DV 3RUWDEOH &38
&RQVXPSWLRQ 0HWULF� ,Q 4$3/·�� ��UG :RUNVKRS RQ 4XDQWLWDWLYH $VSHFWV RI 3URJUDP�
PLQJ /DQJXDJHV�� (17&6 �(OHFWURQLF 1RWHV LQ 7KHRUHWLFDO &RPSXWHU 6FLHQFH�� (GLQ�
EXUJK� 6FRWODQG� $SULO �����

>%+9��@ :DOWHU %LQGHU� -DUOH *� +XODDV� DQG $OH[ 9LOOD]�RQ� 3RUWDEOH UHVRXUFH FRQWURO LQ -DYD�
$&0 6,*3/$1 1RWLFHV� ����������²���� 1RYHPEHU ����� 3URFHHGLQJV RI WKH ����
$&0 6,*3/$1 &RQIHUHQFH RQ 2EMHFW 2ULHQWHG 3URJUDPPLQJ� 6\VWHPV� /DQJXDJHV
DQG $SSOLFDWLRQV �2236/$·����

>&)%��@ ,RQ &RQVWDQWLQHVFX� %RL )DOWLQJV� DQG :DOWHU %LQGHU� /DUJH VFDOH� W\SH�FRPSDWLEOH VHU�
YLFH FRPSRVLWLRQ� ,Q ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ :HE 6HUYLFHV �,&:6�������
6DQ 'LHJR� &$� 86$� -XO\ �����

>'%*���@ (ZD 'HHOPDQ� -DPHV %O\WKH� <RODQGD *LO� &DUO .HVVHOPDQ� *DXUDQJ 0HKWD� 6RQDO
3DWLO� 0HL�+XL 6X� .DUDQ 9DKL� DQG 0LURQ /LYQ\� 3HJDVXV� 0DSSLQJ 6FLHQWLÀF :RUN�
ÁRZV RQWR WKH *ULG� ,Q (XURSHDQ $FURVV *ULGV &RQIHUHQFH� SDJHV ��²��� �����

>''+9��@ %UXQR 'XIRXU� .DUHO 'ULHVHQ� /DXULH +HQGUHQ� DQG &ODUN 9HUEUXJJH� '\QDPLF PHWULFV
IRU -DYD� $&0 6,*3/$1 1RWLFHV� ����������²���� 1RYHPEHU �����

>''5��@ $VLI 'DQ� &DWDOLQ 'XPLWUHVFX� DQG 0DWHL 5LSHDQX� &RQQHFWLQJ &OLHQW 2EMHFWLYHV ZLWK
5HVRXUFH &DSDELOLWLHV� $Q (VVHQWLDO &RPSRQHQW IRU *ULG 6HUYLFH 0DQDJHPHQW ,QIUDV�
WUXFWXUHV� ,Q 3URFHHGLQJV RI WKH �QG ,QWHUQDWLRQDO &RQIHUHQFH RQ 6HUYLFH 2ULHQWHG
&RPSXWLQJ� 1RYHPEHU �����

>)%$���@ /XLV )HUUHLUD� 9LNWRUV %HUVWLV� -RQDWKDQ $UPVWURQJ� 0LNH .HQG]LHUVNL� $QGUHDV
1HXNRHWWHU� 0DVDQREX 7DNDJL� 5LFKDUG %LQJ�:R� $GHHE $PLU� 5\R 0XUDNDZD� 2OH�
JDULR +HUQDQGH]� -DPHV 0DJRZDQ� DQG 1RUEHUW %LHEHUVWHLQ� ,QWURGXFWLRQ WR *ULG &RP�
SXWLQJ ZLWK *OREXV� ,%0 5HGERRN� VHFRQG HGLWLRQ� 6HSWHPEHU �����

>)RJ��@ 'DQLHO %� )RJHO� (YROXWLRQDU\ &RPSXWDWLRQ� 7RZDUG D 1HZ 3KLORVRSK\ RI 0DFKLQH
,QWHOOLJHQFH� :LOH\�,((( 3UHVV� VHFRQG HGLWLRQ� �� $XJXVW �����

>+%��@ -DUOH +XODDV DQG :DOWHU %LQGHU� 3URJUDP 7UDQVIRUPDWLRQV IRU 3RUWDEOH &38 $FFRXQWLQJ
DQG &RQWURO LQ -DYD� ,Q 3URFHHGLQJV RI 3(30·�� ����� $&0 6,*3/$1 6\PSRVLXP RQ
3DUWLDO (YDOXDWLRQ 	 3URJUDP 0DQLSXODWLRQ�� SDJHV ���²���� 9HURQD� ,WDO\� $XJXVW
��²�� �����

>+%6��@ -DUOH +XODDV� :DOWHU %LQGHU� DQG *LRYDQQD 'L 0DU]R 6HUXJHQGR� (QKDQFLQJ -DYD *ULG
&RPSXWLQJ 6HFXULW\ ZLWK 5HVRXUFH &RQWURO� ,Q ,QWHUQDWLRQDO &RQIHUHQFH RQ *ULG 6HU�
YLFHV (QJLQHHULQJ DQG 0DQDJHPHQW �*6(0 ������ (UIXUW� *HUPDQ\� 6HSWHPEHU �����

>/'��@ 2UD /DVVLOD DQG 6DSQD 'L[LW� ,QWHUOHDYLQJ 'LVFRYHU\ DQG &RPSRVLWLRQ IRU 6LPSOH :RUN�
ÁRZV� ,Q 6HPDQWLF :HE 6HUYLFHV� ���� $$$, 6SULQJ 6\PSRVLXP 6HULHV� �����

>/<��@ 7LP /LQGKROP DQG )UDQN <HOOLQ� 7KH -DYD 9LUWXDO 0DFKLQH 6SHFLÀFDWLRQ� $GGLVRQ�
:HVOH\� 5HDGLQJ� 0$� 86$� VHFRQG HGLWLRQ� �����

>00:��@ 0DUFXV 0H\HUKRIHU DQG .ODXV 0H\HU�:HJHQHU� (VWLPDWLQJ 1RQ�IXQFWLRQDO 3URSHUWLHV
RI &RPSRQHQW�EDVHG 6RIWZDUH %DVHG RQ 5HVRXUFH &RQVXPSWLRQ� ,Q 6RIWZDUH &RPSR�
VLWLRQ :RUNVKRS �6& ����� DIÀOLDWHG ZLWK (7$36 ����� $SULO �����

>07��@ 'DQLHO 0DQJH DQG 0DUFR 7RPDVVLQL� %LR�,QVSLUHG &RPSXWLQJ 0DFKLQHV 7RZDUG 1RYHO
&RPSXWDWLRQDO $UFKLWHFWXUHV� 3UHVVHV SRO\WHFKQLTXHV HW XQLYHUVLWDLUHV URPDQGHV� /DX�
VDQQH� 6ZLW]HUODQG� �����

>2:/@ 2:/�6� '$0/ 6HUYLFHV� KWWS���ZZZ�GDPO�RUJ�VHUYLFHV�RZO�V��
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>3*��@ 0� 3� 3DSD]RJORX DQG '� *HRUJDNRSRXORV� ,QWURGXFWLRQ� 6HUYLFH�2ULHQWHG &RPSXWLQJ�
&RPPXQLFDWLRQV RI WKH $&0� ���������²��� 2FWREHU �����

>7.$6��@ 6� 7KDNNDU� &UDLJ $� .QREORFN� -RVH /XLV $PELWH� DQG &\UXV 6KDKDEL� '\QDPLFDOO\
&RPSRVLQJ :HE 6HUYLFHV IURP 2Q�OLQH 6RXUFHV� ,Q 3URFHHGLQJ RI WKH $$$,����� :RUN�
VKRS RQ ,QWHOOLJHQW 6HUYLFH ,QWHJUDWLRQ� SDJHV �²�� (GPRQWRQ� $OEHUWD� &DQDGD� -XO\
�����

>:60@ :602� :HE 6HUYLFH 0RGHOLQJ 2QWRORJ\� KWWS���ZZZ�ZVPR�RUJ��
>=.��@ %\RXQJ�7DN =KDQJ DQG -XQJ�-LE .LP� &RPSDULVRQ RI 6HOHFWLRQ 0HWKRGV IRU (YROX�

WLRQDU\ 2SWLPL]DWLRQ� (YROXWLRQDU\ 2SWLPL]DWLRQ� ����²��� �����

295


