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$W OHDVW WKUHH LQJUHGLHQWV DUH HVVHQWLDO IRU VHFXULW\ LQ FRPSXWLQJ V\VWHPV�

��� $ WUXVWHG FRPSXWLQJ EDVH� WKH KDUGZDUH DQG V\VWHPV VRIWZDUH VKRXOG EH FD�
SDEOH RI SUHVHUYLQJ WKH VHFUHF\ DQG LQWHJULW\ RI GDWD�

��� $XWKHQWLFDWLRQ� LW VKRXOG EH SRVVLEOH WR GHWHUPLQH ZKR PDGH D VWDWHPHQW� IRU
H[DPSOH� D XVHU VKRXOG EH DEOH WR UHTXHVW WKDW KLV nOHV EH GHOHWHG DQG WR SURYH
WKDW WKH FRPPDQG LV KLV� DQG QRW WKDW RI DQ LQWUXGHU�

��� $XWKRUL]DWLRQ� RU DFFHVV FRQWURO� DFFHVV FRQWURO FRQVLVWV LQ GHFLGLQJ ZKHWKHU
WKH DJHQW WKDW PDNHV D VWDWHPHQW LV WUXVWHG RQ WKLV VWDWHPHQW� IRU H[DPSOH�
D XVHU PD\ EH WUXVWHG �KHQFH REH\HG� ZKHQ KH VD\V WKDW KLV nOHV VKRXOG EH
GHOHWHG�

7KHVH LQJUHGLHQWV DUH IDLUO\ ZHOO XQGHUVWRRG LQ FHQWUDOL]HG V\VWHPV�
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'LVWULEXWHG V\VWHPV SRVH QHZ SUREOHPV� 6FDOH EHFRPHV DQ LVVXH� DV XOWLPDWHO\
RQH ZRXOG ZDQW WR HQYLVLRQ D JOREDO GLVWULEXWHG V\VWHP ZLWK D JOREDO QDPH VSDFH
DQG JOREDO VHFXULW\� ,Q DGGLWLRQ� WKHUH DUH GLpFXOWLHV ZLWK FRPPXQLFDWLRQ� ERRWLQJ�
ORDGLQJ� DXWKHQWLFDWLRQ� DQG DXWKRUL]DWLRQ�
7KH FRPSXWLQJ EDVH RI D GLVWULEXWHG V\VWHP QHHG QRW UHVLGH LQ D VLQJOH ORFDWLRQ

XQGHU D VLQJOH PDQDJHPHQW� 7KLV LPSOLHV� LQ SDUWLFXODU� WKDW VHFXUH FRPPXQLFD�
WLRQ FDQQRW EH WDNHQ IRU JUDQWHG� 6LQFH LW LV KDUG WR SURYLGH SK\VLFDOO\ VHFXUH
FRPPXQLFDWLRQ OLQHV� VRPH IRUP RI HQFU\SWLRQ LV W\SLFDOO\ UHTXLUHG� ,Q ZKDW IRO�
ORZV� ZH DVVXPH WKDW VKDUHG�NH\ HQFU\SWLRQ �H�J�� >�@� DQG SXEOLF�NH\ HQFU\SWLRQ
�H�J�� >�� ��@� DUH DYDLODEOH ZKHUH QHHGHG� EXW ZH XVH WKHP IUXJDOO\� ,Q DGGLWLRQ�
WKHUH DUH SUREOHPV RI VHFXUH ERRWLQJ DQG ORDGLQJ RI VRIWZDUH� )RU LQVWDQFH� WKH
RSHUDWLQJ V\VWHP WKDW D KRVW UXQV PD\ EH REWDLQHG IURP D UHSRVLWRU\ DFURVV WKH
QHWZRUN� D PHFKDQLVP LV QHHGHG WR JXDUDQWHH WKDW WKLV VRIWZDUH LV DQ DXWKHQWLF
UHOHDVH� IUHH RI YLUXVHV� 7KLV PHFKDQLVP ZLOO LQHYLWDEO\ UHO\ RQ DXWKHQWLFDWLRQ DQG
DFFHVV FRQWURO� DV LW LV QHFHVVDU\ WR UHVWULFW ZKR FDQ PDNH D UHOHDVH�
7KH QRGHV RI D GLVWULEXWHG V\VWHP PD\ DFW RQ WKHLU RZQ EHKDOI RU RQ EHKDOI RI

XVHUV� 8VHUV DQG QRGHV WUXVW RQH DQRWKHU WR GLmHUHQW H[WHQWV� 0RUHRYHU� D XVHU PD\
EH WUXVWHG RQO\ ZKHQ KH LV ZRUNLQJ DW FHUWDLQ QRGHV� KH PD\ KDYH PRUH ULJKWV DW
KLV RpFH WKDQ DW D UHPRWH SXEOLF WHUPLQDO� 7KHUHIRUH� ERWK XVHUV DQG QRGHV QHHG
WR EH DXWKHQWLFDWHG DQG WKHLU LGHQWLWLHV FRQVLGHUHG LQ DFFHVV FRQWURO GHFLVLRQV�
7KHVH LVVXHV JLYH ULVH WR D FKDQJH LQ WKH QDWXUH RI DXWKHQWLFDWLRQ DQG DFFHVV

FRQWURO� 7KH EDVLF TXHVWLRQV RI DXWKHQWLFDWLRQ DQG DFFHVV FRQWURO DUH� DOZD\V� ?ZKR
LV VSHDNLQJ"� DQG ?ZKR LV WUXVWHG"� 7\SLFDOO\ WKH DQVZHU LV WKH QDPH RI D VLPSOH
SULQFLSDO �D XVHU RU D KRVW�� ,Q D GLVWULEXWHG HQYLURQPHQW WKHVH TXHVWLRQV FDQ UHFHLYH
D YDULHW\ RI DQVZHUV� WKH QRWLRQ RI SULQFLSDO FDQ EH H[WHQGHG� WR LQFOXGH�

_ 8VHUV DQG PDFKLQHV�

_ &KDQQHOV� VXFK DV LQSXW GHYLFHV DQG FU\SWRJUDSKLF FKDQQHOV� 7KHUH LV QR IRUPDO
UHDVRQ WR GLVWLQJXLVK FKDQQHOV IURP XVHUV DQG PDFKLQHV� DQG LW LV DGYDQWDJHRXV
QRW WR� &U\SWRJUDSKLF FKDQQHOV DUH LGHQWLnHG E\ NH\V� DQG VR ZH PD\ ZULWH WKDW
WKH NH\ . VD\V V ZKHQ V LV DVVHUWHG LQ D PHVVDJH GHFU\SWHG ZLWK . �

_ &RQMXQFWLRQV RI SULQFLSDOV� RI WKH IRUP $ A %� ,I $ DQG % PDNH WKH VDPH
VWDWHPHQW V� WKHQ $ A % VD\V V DV ZHOO� ,W RIWHQ KDSSHQV WKDW $ A % LV WUXVWHG
RQ V� EXW QHLWKHU $ QRU % LV WUXVWHG E\ KLPVHOI_D ?MRLQW VLJQDWXUH� LV UHTXLUHG�

_ *URXSV� ,W LV RIWHQ LQFRQYHQLHQW WR OLVW H[SOLFLWO\ DOO RI WKH SULQFLSDOV WKDW DUH
WUXVWHG LQ VRPH UHVSHFW� ERWK EHFDXVH WKH OLVW ZRXOG EH ORQJ DQG EHFDXVH LW PD\
FKDQJH WRR RIWHQ� *URXSV SURYLGH DQ LQGLUHFWLRQ PHFKDQLVP� 7KH XVH RI JURXSV
LPSOLHV WKH QHHG IRU D VFKHPH IRU GHFLGLQJ ZKHWKHU D SULQFLSDO LV D PHPEHU RI D
JURXS� 7KLV LV QRW DOZD\V VWUDLJKWIRUZDUG� IRU H[DPSOH ZKHQ WKH UHJLVWUDU IRU D
JURXS LV UHPRWH� JURXS PHPEHUVKLS FHUWLnFDWHV WKHQ EHFRPH QHFHVVDU\�

_ 3ULQFLSDOV LQ UROHV� RI WKH IRUP $ DV 5� 7KH SULQFLSDO $ PD\ DGRSW WKH UROH
5 DQG DFW XQGHU WKH QDPH $ DV 5 ZKHQ KH ZDQWV WR GLPLQLVK KLV SRZHUV� LQ
SDUWLFXODU DV D SURWHFWLRQ DJDLQVW EOXQGHUV� )RU H[DPSOH� D V\VWHP PDQDJHU PD\
DFW LQ WKH UROH QRUPDO�XVHU PRVW RI WKH WLPH� DQG HQDEOH WKH PDQDJHU UROH RQO\
RQ RFFDVLRQ� 6LPLODUO\� D PDFKLQH PD\ DGRSW D ZHDN UROH EHIRUH UXQQLQJ D SLHFH
RI XQWUXVWHG VRIWZDUH RU EHIRUH GHOHJDWLQJ DXWKRULW\ WR DQ XQWUXVWHG PDFKLQH�

_ 3ULQFLSDOV RQ EHKDOI RI SULQFLSDOV� RI WKH IRUP % IRU $� 7KH SULQFLSDO $ PD\
GHOHJDWH DXWKRULW\ WR %� DQG % FDQ WKHQ DFW RQ EHKDOI RI $� XVLQJ WKH LGHQWLW\
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% IRU $� ,Q WKH PRVW FRPPRQ FDVH� D XVHU $ GHOHJDWHV WR D PDFKLQH %� ,W LV DOVR
SRVVLEOH IRU D PDFKLQH WR GHOHJDWH WR DQRWKHU PDFKLQH DQG IRU GHOHJDWLRQV WR EH
FDVFDGHG �LWHUDWHG�� WKHQ ZH HQFRXQWHU H[SUHVVLRQV VXFK DV & IRU �% IRU $��

7KLV OLVW UDLVHV IRUPDO TXHVWLRQV RI VRPH SUDFWLFDO LPSRUWDQFH� )LUVW� WKHUH LV
D QHHG WR GHWHUPLQH ZKLFK RI WKH RSHUDWLRQV RQ SULQFLSDOV VKRXOG EH YLHZHG DV
SULPLWLYH DQG ZKLFK FDQ EH GHnQHG IURP WKH RWKHUV� 7KHQ RQH PD\ DVN ZKDW ODZV
WKH RSHUDWLRQV VDWLVI\� DV IRU H[DPSOH ZKHWKHU WKH SULQFLSDOV % IRU �$ A $�� DQG
�% IRU $�A �% IRU $�� DUH LQ VRPH VHQVH HTXLYDOHQW� LI WZR SULQFLSDOV DUH HTXLYDOHQW
WKHQ WKH\ VKRXOG EH JUDQWHG WKH VDPH UHTXHVWV� 7KH UHVXOWLQJ WKHRU\ RI SULQFLSDOV
VKRXOG SURYLGH D UHDVRQDEOH GHJUHH RI H[SUHVVLYHQHVV DQG LW VKRXOG EH DPHQDEOH WR
D PDWKHPDWLFDO MXVWLnFDWLRQ� ,W LV DOVR HVVHQWLDO WKDW WKH WKHRU\ RI SULQFLSDOV EH
VLPSOH� EHFDXVH XVHUV QHHG WR VSHFLI\ SHUPLVVLRQV RQ UHVRXUFHV DQG SURJUDPV QHHG
WR PDNH DFFHVV FRQWURO GHFLVLRQV�
)XUWKHU� D YDULHW\ RI SURWRFROV DQG DOJRULWKPV PXVW EH GHVLJQHG DQG DQDO\]HG�

0HFKDQLVPV DUH UHTXLUHG IRU VHFXUH ERRWLQJ DQG ORDGLQJ� IRU MRLQLQJ JURXSV DQG
IRU SURYLQJ PHPEHUVKLS� IRU DGRSWLQJ UROHV� IRU GHOHJDWLRQV RI DXWKRULW\ DQG IRU
FHUWLI\LQJ VXFK GHOHJDWLRQV� DQG IRU GHFLGLQJ ZKHWKHU D UHTXHVW VKRXOG EH JUDQWHG�
7KLV SDSHU LV D VWXG\ RI VRPH RI WKH FRQFHSWV� SURWRFROV� DQG DOJRULWKPV IRU

VHFXULW\ LQ GLVWULEXWHG V\VWHPV� ZLWK D IRFXV RQ DFFHVV FRQWURO� 2XU WUHDWPHQW LV
IDLUO\ IRUPDO� DV LW LV EDVHG RQ ORJLFV� 2XU PDLQ JRDO LV WR LVRODWH VRPH XVHIXO DQG
PDWKHPDWLFDOO\ WUDFWDEOH FRQFHSWV� :H DFFRXQW IRU KRZ D SULQFLSDO PD\ FRPH WR
EHOLHYH WKDW DQRWKHU SULQFLSDO LV PDNLQJ D UHTXHVW� HLWKHU RQ KLV RZQ RU RQ VRPHRQH
HOVH
V EHKDOI� :H DOVR SURYLGH D ORJLFDO ODQJXDJH IRU DFFHVV FRQWURO OLVWV �$&/V�
DQG WKHRULHV IRU GHFLGLQJ ZKHWKHU UHTXHVWV VKRXOG EH JUDQWHG� 7KH ORJLF HQDEOHV XV
WR H[SODLQ D YDULHW\ RI SURWRFROV ZKLFK FDQ GLmHU IURP RQH DQRWKHU LQ VXEWOH EXW
LPSRUWDQW ZD\V�
2Q RFFDVLRQ� WKH IRUPDO DQDO\VLV KDV VXJJHVWHG LGHDV IRU LPSOHPHQWDWLRQV� IRU

H[DPSOH WKDW VRPH GLJLWDO VLJQDWXUHV FRXOG EH VDYHG� 0RUHRYHU� ORJLFV PDNH LW
SRVVLEOH WR GHVFULEH SURWRFROV DQG SROLFLHV DW D UHDVRQDEOH OHYHO RI DEVWUDFWLRQ�
ZH DYRLG WKH QHHG IRU DG KRF DUJXPHQWV DERXW SDUWLFXODU LPSOHPHQWDWLRQV� 7KLV
DEVWUDFWLRQ LV LPSRUWDQW LQ WKH FRQWH[W RI KHWHURJHQHRXV GLVWULEXWHG HQYLURQPHQWV�
ZKHUH VHYHUDO LPSOHPHQWDWLRQV RI D GHVLJQ PD\ FRH[LVW�
2XU VWXG\ LV LQWHQGHG DV D IRUPDO EDVLV IRU SDUWV RI D VHFXULW\ DUFKLWHFWXUH� DQG

IRU WKH 'LJLWDO 'LVWULEXWHG 6\VWHPV 6HFXULW\ $UFKLWHFWXUH �'66$� LQ SDUWLFXODU >��@�
WKLV DUFKLWHFWXUH LV FXUUHQWO\ XQGHU LPSOHPHQWDWLRQ� 2WKHU IRUPDO H[SODQDWLRQV RI
VHFXULW\ DUH FRQFHLYDEOH� :H KRSH WKDW WKLV ZRUN FODULnHV VRPH RI WKH LVVXHV WKDW
WKHVH DOWHUQDWLYH DFFRXQWV PD\ DGGUHVV�
7KH QH[W VHFWLRQ LV DQ RYHUYLHZ� :H GHVFULEH WKH EDVLF ORJLFDO IUDPHZRUN LQ

6HFWLRQ �� 6HFWLRQV � DQG � H[WHQG WKH WUHDWPHQW ZLWK UROHV DQG GHOHJDWLRQ� 7KHQ�
LQ 6HFWLRQ �� ZH FRQVLGHU GHOHJDWLRQ VFKHPHV DQG DOJRULWKPV IRU PDNLQJ DFFHVV
FRQWURO GHFLVLRQV� 6HFWLRQ � LV D EULHI GLVFXVVLRQ RI DGGLWLRQDO FRQVWUXFWV� $ VKRUW
JORVVDU\ DSSHDUV DW WKH HQG�
7KLV SDSHU GRHV QRW FRYHU PDQ\ LVVXHV LQ WKH DUHD� VRPH RI WKHVH LVVXHV DUH EULHo\

PHQWLRQHG LQ SDVVLQJ� :H VWXG\ RQO\ DXWKRUL]DWLRQ PHFKDQLVPV EDVHG RQ $&/V�
ZH GR QRW H[DPLQH SDUWLFXODU VHFXULW\ SROLFLHV QRU PDWWHUV FRQQHFWHG ZLWK PDQGD�
WRU\ DFFHVV FRQWURO� 0RVW LPSOHPHQWDWLRQ FRQVLGHUDWLRQV DUH OHIW WR D FRPSDQLRQ
SDSHU >��@ DQG WR IXWXUH ZRUN�
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&RPSRVLWH SULQFLSDOV SOD\ D FHQWUDO UROH LQ LQIRUPDO UHDVRQLQJ� IRU H[DPSOH� RQH
RIWHQ WDONV DERXW ?$ DQG %� DQG ?% RQ EHKDOI RI $�� 7KHUHIRUH� ZH VWDUW E\
LQWURGXFLQJ IRUPDO QRWDWLRQV IRU FRPSRVLWH SULQFLSDOV�
6RPH FODVVLFDO FRQVWUXFWRUV IRU FRPSRVLWH SULQFLSDOV VXFK DV FRQMXQFWLRQ DQG

GLVMXQFWLRQ FRPH WR PLQG nUVW�

_ $ A %� $ DQG % DV FRVLJQHUV� $ UHTXHVW IURP $ A % LV D UHTXHVW WKDW ERWK $
DQG % PDNH� �,W LV QRW LPSOLHG WKDW $ DQG % PDNH WKLV UHTXHVW LQ FRQFHUW��

_ $ B % LV WKH GXDO QRWDWLRQ� $ B % UHSUHVHQWV WKH JURXS RI ZKLFK $ DQG % DUH
WKH VROH PHPEHUV�

&RQMXQFWLRQ LV LPSRUWDQW LQ RXU GHVLJQV� 'LVMXQFWLRQ LV RIWHQ UHSODFHG ZLWK LPSOL�
FDWLRQ� LQ SDUWLFXODU LQ GHDOLQJ ZLWK JURXSV� $V GLVFXVVHG IXUWKHU EHORZ� ?$ LV D
PHPEHU RI WKH JURXS *� FDQ EH ZULWWHQ $� *� 7KH JURXS * FDQ EH QDPHG� DV DOO
RWKHU SULQFLSDOV� LW QHHG QRW EH JLYHQ D GHnQLWLRQ EH\RQG WKDW LPSOLFLW LQ IRUPXODV
VXFK DV $ � *� 7KH PHPEHUVKLS RI * FDQ EH GHGXFHG IURP ZKDW IRUPXODV RI WKH
IRUP $ � * KDYH EHHQ DVVHUWHG� :H GR QRW LQFOXGH GLVMXQFWLRQ DPRQJ RXU EDVLF
SULPLWLYHV�
7KHUH DUH DOVR QHZ FRQQHFWLYHV� LQ SDUWLFXODU�

_ $ DV 5� WKH SULQFLSDO $ LQ UROH 5�

_ %M$� WKH SULQFLSDO REWDLQHG ZKHQ % VSHDNV RQ EHKDOI RI $� QRW QHFHVVDULO\ ZLWK
D SURRI WKDW $ KDV GHOHJDWHG DXWKRULW\ WR %� E\ GHnQLWLRQ� %M$ VD\V V LI % VD\V
WKDW $ VD\V V� ZH SURQRXQFH %M$ DV ?% TXRWLQJ $��

_ % IRU $� WKH SULQFLSDO REWDLQHG ZKHQ % VSHDNV RQ EHKDOI RI $� ZLWK DSSURSULDWH
GHOHJDWLRQ FHUWLnFDWHV� % IRU $ VD\V V ZKHQ $ KDV GHOHJDWHG WR % DQG % VD\V
WKDW $ VD\V V� SRVVLEO\ DIWHU VRPH FKHFNLQJ WKDW V LV UHDVRQDEOH�

2I WKHVH� RQO\ M LV SULPLWLYH LQ RXU DSSURDFK� IRU DQG DV DUH LPSRUWDQW EXW WKH\
DUH FRGHG LQ WHUPV RI A DQG M� 6LQFH IRU LV VWURQJHU WKDQ M� ZH WHQG WR XVH M RQO\
IRU HQFRGLQJ IRU DQG DV�
,Q RUGHU WR GHnQH WKH ULJKWV RI WKHVH FRPSRVLWH SULQFLSDOV� ZH GHYHORS DQ DOJHEUDLF

FDOFXOXV� ,Q WKLV FDOFXOXV� RQH FDQ H[SUHVV HTXDWLRQV VXFK DV

�% A &� IRU $  �% IRU $� A �& IRU $�

DQG WKHQ H[DPLQH WKHLU FRQVHTXHQFHV� 6LQFH A LV WKH VWDQGDUG PHHW LQ D VHPLODWWLFH�
ZH DUH GHDOLQJ ZLWK DQ RUGHUHG DOJHEUD� DQG ZH FDQ XVH D SDUWLDO RUGHU � DPRQJ
SULQFLSDOV� $� % VWDQGV IRU $  $ A % DQG PHDQV WKDW $ LV DW OHDVW DV SRZHUIXO
DV %� ZH SURQRXQFH WKLV ?$ LPSOLHV %� RU ?$ VSHDNV IRU %��
$ PRGDO ORJLF H[WHQGV WKH DOJHEUD RI SULQFLSDOV� ,Q WKLV ORJLF� $ VD\V V UHSUHVHQWV

WKH LQIRUPDO VWDWHPHQW WKDW WKH SULQFLSDO $ VD\V V� +HUH V PD\ IXQFWLRQ DV DQ
LPSHUDWLYH �?WKH nOH VKRXOG EH GHOHWHG�� RU QRW �?& 
V SXEOLF NH\ LV .��� LPSHUDWLYH
PRGDOLWLHV DUH QRW H[SOLFLW LQ WKH IRUPDOLVP�
7KH PRGDO ORJLF LV D EDVLV IRU YDULRXV DOJRULWKPV DQG SURWRFROV� )RU H[DPSOH� LW

LV SRVVLEOH WR H[SODLQ ORJLFDOO\ KRZ WZR SULQFLSDOV $ DQG % HVWDEOLVK D SXEOLF NH\
.G

IRU % IRU $�
7KH ORJLF DOVR XQGHUOLHV D WKHRU\ RI $&/V� :H ZULWH } IRU WKH XVXDO ORJLFDO

LPSOLFDWLRQ FRQQHFWLYH DQG $ FRQWUROV V DV DQ DEEUHYLDWLRQ IRU �$ VD\V V� } V�
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ZKLFK H[SUHVVHV WUXVW LQ $ RQ WKH WUXWK RI V� LQ WKH ORJLF� DQ $&/ IRU D IRUPXOD V LV
D OLVW RI DVVHUWLRQV RI WKH IRUP $ FRQWUROV V� ,I V UHSUHVHQWV D FRPPDQG WR D VHUYHU�
WKHQ WKH $&/ HQWU\ $ FRQWUROV V UHFRUGV WKH VHUYHU
V WUXVW LQ $ RQ V� DQG KHQFH
WKDW $ ZLOO EH REH\HG ZKHQ KH VD\V V� :KHQ V LV FOHDU IURP FRQWH[W� WKH $&/ IRU
V PD\ VLPSO\ EH SUHVHQWHG DV WKH OLVW RI SULQFLSDOV WUXVWHG RQ V�
,I $� % DQG % FRQWUROV V� WKHQ $ FRQWUROV V DV ZHOO� 7KHUHIRUH� $&/V PD\ QRW

PHQWLRQ DOO WUXVWHG SULQFLSDOV H[SOLFLWO\� ZKHQ % LV OLVWHG� DFFHVV VKRXOG EH JUDQWHG
WR DQ\ $ VXFK WKDW $ � %� ,W LV QRW DOZD\V HQWLUHO\ WULYLDO WR GHFLGH ZKHWKHU D
UHTXHVW VKRXOG EH JUDQWHG� DQG RXU WKHRU\ DGGUHVVHV WKLV LVVXH�
6R IDU ZH KDYH GLVFXVVHG $&/V IRU ORJLFDO IRUPXODV� ZLWK WKH YLHZ WKDW HDFK

IRUPXOD FRUUHVSRQGV WR D VHSDUDWH DVVHUWLRQ RU FRPPDQG� DQG WKDW LW FDQ KDYH
D VHSDUDWH $&/� ,Q SUDFWLFH WKHVH $&/V FRXOG EH FRPELQHG� DQG WKHUH PD\ EH
GHSHQGHQFLHV EHWZHHQ WKHP� )RU H[DPSOH� WKH $&/V WKDW SHUWDLQ WR UHDGLQJ DQG
ZULWLQJ D nOH PLJKW EH UHODWHG� DQG DQ $&/ WKDW FRQWUROV PRGLnFDWLRQV WR DQRWKHU
$&/ PLJKW DOVR FRQWURO PRGLnFDWLRQV WR LWVHOI� :H GR QRW PRGHO WKHVH FRPELQDWLRQV
DQG GHSHQGHQFLHV�
6HFXUH FKDQQHOV� LQFOXGLQJ WKRVH VHFXUHG E\ FU\SWRJUDSK\� DUH UHSUHVHQWHG DV

SULQFLSDOV� ZH KDYH QR IRUPDO WUHDWPHQW RI HQFU\SWLRQ IXQFWLRQV� 7KH ORJLF GRHV
QRW FRQVLGHU WKH SUREOHPV DVVRFLDWHG ZLWK WLPHVWDPSV DQG OLIHWLPHV� HLWKHU� 7KHUH�
IRUH� ZH GR QRW H[SODLQ KRZ SULQFLSDOV FRPH WR EHOLHYH WKDW PHVVDJHV DUH UHFHQW
DQG DUH QRW UHSOD\V� ,Q WKHVH UHVSHFWV WKH ORJLF LV PRUH DEVWUDFW WKDQ WKH ORJLF RI
DXWKHQWLFDWLRQ SURSRVHG LQ >�@� 7KH ORJLF RI DXWKHQWLFDWLRQ KDV DV LWV JRDO GHVFULE�
LQJ DQG GHEXJJLQJ IDLUO\ ORZ�OHYHO DXWKHQWLFDWLRQ SURWRFROV� LQ FRQWUDVW� WKH ORJLF
GLVFXVVHG KHUH LV LQWHQGHG DV DQ DLG LQ GHYHORSLQJ DQG DSSO\LQJ D JHQHUDO GHVLJQ�

�� 7+( %$6,& /2*,&

7KLV VHFWLRQ GHVFULEHV WKH EDVLF ORJLFDO IUDPHZRUN� ZLWK V\QWD[� D[LRPV� DQG VH�
PDQWLFV� 7KH ODZV IRU DV DQG IRU DSSHDU LQ 6HFWLRQV � DQG ��
7KLV VHFWLRQ LQFOXGHV GLVFXVVLRQV RI DOWHUQDWLYH DSSURDFKHV DQG RI UHOHYDQW PDWK�

HPDWLFDO FRQFHSWV� LQ SDUWLFXODU� 6HFWLRQ ��� SUHVHQWV VRPH LQWHUHVWLQJ D[LRPV WKDW
ZH GR QRW DGRSW� 7KH HVVHQWLDO PDWHULDO LV LQ WKH PDLQ ERGLHV RI 6HFWLRQV ���
DQG ����

��� $ &DOFXOXV RI 3ULQFLSDOV

:H VWXG\ D FDOFXOXV RI SULQFLSDOV LQ D PLQLPDO V\QWD[� $V GLVFXVVHG ODWHU� WKLV
V\QWD[ VXpFHV IRU H[SUHVVLQJ UROHV DQG WKH QHHGHG GHOHJDWLRQ FRQQHFWLYHV�
3ULQFLSDOV IRUP D VHPLODWWLFH XQGHU WKH RSHUDWLRQ RI FRQMXQFWLRQ� DQG REH\ WKH

XVXDO VHPLODWWLFH D[LRPV�

_ A LV DVVRFLDWLYH� FRPPXWDWLYH� DQG LGHPSRWHQW�
$V XVXDO� $ � % FDQ EH WDNHQ DV DQ DEEUHYLDWLRQ IRU $  $ A %� RU  FDQ EH
GHnQHG LQ WHUPV RI ��
,PSOLFDWLRQ LV RIWHQ XVHG WR UHSUHVHQW JURXS PHPEHUVKLS� 7KLV QRWLRQ RI PHP�

EHUVKLS LV VOLJKWO\ SHFXOLDU� DQG LQ SDUWLFXODU LW LV WUDQVLWLYH� :H KDYH IRXQG WKDW
WUDQVLWLYLW\ LV UDWKHU FRQYHQLHQW IRU UHDVRQLQJ DERXW KLHUDUFKLFDO JURXSV �JURXSV
ZLWK VXEJURXSV�� )RU H[DPSOH� LI $ LV D PHPEHU RI * DQG * D VXEJURXS RI ) � ZH
PD\ ZULWH $ � * DQG * � ) � DQG WKHQ LW IROORZV WKDW $ � ) � ZKLFK H[SUHVVHV

$&0 7UDQVDFWLRQV RQ 3URJUDPPLQJ /DQJXDJHV DQG 6\VWHPV� 9RO� ��� 1R� �� 6HSWHPEHU �����
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WKDW $ LV D PHPEHU RI ) � 0RUHRYHU� � KDV D IDLUO\ SOHDVDQW LQWHUDFWLRQ ZLWK WKH
RWKHU FRQQHFWLYHV RI RXU FDOFXOXV�
+RZHYHU� RXU WUHDWPHQW RI JURXSV LV LQFRPSOHWH� ,W ZRXOG EH GHVLUDEOH WR SURYLGH

JURXS VXEWUDFWLRQ DQG LQWHUVHFWLRQ RSHUDWLRQV� ,W ZRXOG DOVR EH GHVLUDEOH WR SURYLGH
QDPLQJ VXSSRUW IRU XVXDO VXEJURXSV_VR WKDW WKHUH ZRXOG EH D VWDQGDUG RSHUDWLRQ
WKDW RQH DSSOLHV WR D JURXS QDPH * WR REWDLQ WKH JURXS RI SULQFLSDOV ZLWK D FHUWDLQ
SRVLWLRQ RU MRE LQ *� 0RVW SUREDEO\ WKHVH RSHUDWLRQV ZRXOG DSSHDU RQO\ DW WKH
ORZHVW OHYHO RI ORJLFDO IRUPXODV� DQG ZRXOG QRW PL[ ZLWK RWKHU FRQVWUXFWV� 7KHUHIRUH�
ZH GR QRW LQFOXGH WKHVH DGGLWLRQDO RSHUDWLRQV KHUH� LQWHUVHFWLRQ DQG VXEWUDFWLRQ DUH
GLVFXVVHG LQ 6HFWLRQ ��
7KH SULQFLSDOV IRUP D VHPLJURXS XQGHU M�

_ M LV DVVRFLDWLYH�
7KH nQDO D[LRP LV WKH PXOWLSOLFDWLYLW\ RI M LQ ERWK RI LWV DUJXPHQWV� ZKLFK PHDQV�
_ M GLVWULEXWHV RYHU A�
0XOWLSOLFDWLYLW\ LPSOLHV PRQRWRQLFLW\�
,Q VKRUW� WKH D[LRPV JLYHQ IRU SULQFLSDOV DUH WKRVH RI VWUXFWXUHV NQRZQ DV PXOWL�

SOLFDWLYH VHPLODWWLFH VHPLJURXSV� �2IWHQ� WKHVH VDPH D[LRPV DUH WDNHQ IRU VWUXFWXUHV
ZLWK VRPH VRUW RI XQLRQ RU GLVMXQFWLRQ� LQVWHDG RI A� DQG WKHQ WKH WHUP DGGLWLYH
LV SUHIHUUHG WR PXOWLSOLFDWLYH�� $ FRPPRQ H[DPSOH RI D PXOWLSOLFDWLYH VHPLODWWLFH
VHPLJURXS LV DQ DOJHEUD RI ELQDU\ UHODWLRQV RYHU D VHW� ZLWK WKH RSHUDWLRQV RI XQLRQ
DQG FRPSRVLWLRQ� DOJHEUDV RI ELQDU\ UHODWLRQV DUH GLVFXVVHG IXUWKHU EHORZ�
7KH V\QWD[ IRU UHDVRQLQJ DERXW SULQFLSDOV LV PXFK WKH REYLRXV RQH� :H PDQLSX�

ODWH HTXDWLRQV EHWZHHQ SULQFLSDO H[SUHVVLRQV� EXLOW IURP DWRPV $�� $�� $�� � � � ZLWK
WKH V\PEROV A DQG M� :H FRPELQH HTXDWLRQV LQWR ERROHDQ IRUPXODV DQG WKHQ DGRSW
WKH XVXDO D[LRPV IURP SURSRVLWLRQDO ORJLF DQG WKH D[LRPV IRU WKH DOJHEUDLF VWUXF�
WXUHV RI FKRLFH �PXOWLSOLFDWLYH VHPLODWWLFH VHPLJURXSV� ZKHQ QRW VWDWHG RWKHUZLVH��
6HFWLRQ � GLVFXVVHV GHFLGDELOLW\ LVVXHV IRU WKH FDOFXOXV RI SULQFLSDOV�

2Q ELQDU\ UHODWLRQV� $V PHQWLRQHG� DQ H[DPSOH RI D PXOWLSOLFDWLYH VHPLODWWLFH
VHPLJURXS LV DQ DOJHEUD RI ELQDU\ UHODWLRQV RYHU D VHW� ZLWK WKH RSHUDWLRQV RI XQLRQ
DQG FRPSRVLWLRQ� 1RZ ZH GLVFXVV ELQDU\ UHODWLRQV LQ VRPH GHWDLO� ZH XVH WKHP LQ
WKH UHVW RI WKH SDSHU LQ VHPDQWLF GLVFXVVLRQV� 7KRVH UHDGHUV QRW LQWHUHVWHG LQ IRUPDO
VHPDQWLFV PD\ ZLVK WR VNLS DOO UHIHUHQFHV WR ELQDU\ UHODWLRQV�
$ PXOWLSOLFDWLYH VHPLODWWLFH VHPLJURXS LVRPRUSKLF WR DQ DOJHEUD RI ELQDU\ UHOD�

WLRQV LV FDOOHG UHSUHVHQWDEOH� ,Q IDFW� WKH ELQDU\�UHODWLRQ H[DPSOH LV FRPPRQ LQ D
PDWKHPDWLFDO VHQVH� HYHU\ IUHH PXOWLSOLFDWLYH VHPLODWWLFH VHPLJURXS LV UHSUHVHQWDEOH
�H�J�� >�� ��@�� 7KLV LPSOLHV WKDW WKH HTXDWLRQDO WKHRU\ RI PXOWLSOLFDWLYH VHPLODWWLFH
VHPLJURXSV FRLQFLGHV ZLWK WKDW RI ELQDU\�UHODWLRQ DOJHEUDV�
(TXDWLRQDO WKHRULHV GR QRW VXpFH IRU UHDVRQLQJ DERXW DFFHVV ULJKWV� DV IRU H[DPSOH

JURXS�PHPEHUVKLS DVVXPSWLRQV DUH QHHGHG� 6LQFH WKH ELQDU\�UHODWLRQ PRGHO LV D
FOHDU� DSSHDOLQJ RQH� LW LV WKHQ QDWXUDO WR KRSH WKDW HYHU\ PXOWLSOLFDWLYH VHPLODWWLFH
VHPLJURXS LV UHSUHVHQWDEOH� $QGUuHND KDV UHFHQWO\ SURYHG WKDW WKLV LV QRW WKH FDVH >�@�
6KH KDV DOVR VWXGLHG WKH GLVWULEXWLYH PXOWLSOLFDWLYH VHPLODWWLFH VHPLJURXSV� ZKLFK
DUH GHnQHG E\ WKH DGGLWLRQDO GLVWULEXWLYLW\ D[LRP�

_ LI % A & � $ WKHQ WKHUH H[LVW %� DQG & � VXFK WKDW % � %�� & � & �� DQG
$  %� A & ��
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(YHU\ GLVWULEXWLYH PXOWLSOLFDWLYH VHPLODWWLFH VHPLJURXS LV UHSUHVHQWDEOH� 7KH FODVV
RI GLVWULEXWLYH PXOWLSOLFDWLYH VHPLODWWLFH VHPLJURXSV LV D TXDVL�YDULHW\� EXW QHLWKHU
D YDULHW\ QRU nQLWHO\ D[LRPDWL]DEOH�
7KH DOJRULWKPLF DSSOLFDWLRQV RI WKH GLVWULEXWLYLW\ D[LRP DUH KDUG WR VHH EHFDXVH

RI LWV H[LVWHQWLDO QDWXUH� 7KHUHIRUH� LQ WKH UHPDLQGHU RI WKH SDSHU� ZH H[DPLQH ERWK
WKH D[LRPDWLF DQG WKH PRGHO�WKHRUHWLF SRVVLELOLWLHV� :H WHQG WR ZRUN D[LRPDWLFDOO\�
ZLWK WKH WKHRU\ RI PXOWLSOLFDWLYH VHPLODWWLFH VHPLJURXSV� EXW UHO\ RQ ELQDU\ UHODWLRQV
DV D ZD\ RI FRQVWUXFWLQJ PRGHOV� 0RUHRYHU� 6HFWLRQ � GHVFULEHV DQ DOJRULWKP IRU
WKH ELQDU\�UHODWLRQ PRGHO�

2WKHU DOJHEUDLF VWUXFWXUHV� ,W LV SRVVLEOH� DQG VRPHZKDW QDWXUDO� WR FRQVLGHU RS�
HUDWRUV RQ SULQFLSDOV EH\RQG A DQG M� +HUH ZH FRQVLGHU D IHZ RSHUDWRUV ZLWK D
PDWKHPDWLFDO RULJLQ� 7KHVH RSHUDWRUV DUH XVHG YHU\ VHOGRP HOVHZKHUH LQ WKLV SD�
SHU�
$ XQLW � WXUQV WKH VHPLJURXS LQWR D PRQRLG� � FDQ EH YLHZHG DV D SHUIHFWO\

KRQHVW SULQFLSDO� 7KH XQLW LQWURGXFHV IXUWKHU GLVWLQFWLRQV EHWZHHQ WKH D[LRPDWLF
DQG WKH ELQDU\�UHODWLRQ YLHZSRLQWV� )RU H[DPSOH� DQ\ UHODWLRQ VPDOOHU WKDQ WKH
XQLW LV LGHPSRWHQW� EXW WKLV LV QRW D WKHRUHP RI PXOWLSOLFDWLYH VHPLODWWLFH PRQRLGV�
7KXV� $QGUuHND
V UHPDUNDEOH UHSUHVHQWDELOLW\ UHVXOW VHHPV LQWULJXLQJO\ IUDJLOH�
$ GLVMXQFWLRQ RSHUDWLRQ WXUQV WKH GLVWULEXWLYH VHPLODWWLFH LQWR D GLVWULEXWLYH ODW�

WLFH� $QGUuHND KDV SURYHG WKDW VRPH PXOWLSOLFDWLYH VHPLJURXS GLVWULEXWLYH ODWWLFHV
DUH QRW UHSUHVHQWDEOH� EXW WKH IUHH RQHV DUH UHSUHVHQWDEOH�
,I WKH ODWWLFH RSHUDWLRQV DUH JHQHUDOL]HG WR WKH LQnQLWH FDVH� WKHQ ZH KDYH D TXDQ�

WDOH� ,Q D TXDQWDOH� WKH SURGXFW IXOO\ GLVWULEXWHV RYHU RQH RI WKH ODWWLFH RSHUDWLRQV�
KHUH LW LV A� ,Q SDUWLFXODU� WKLV VD\V WKDW WKH HPSW\ PHHW � LV DEVRUEHQW IRU M�
4XDQWDOHV SURYLGH PRGHOV IRU �LQWXLWLRQLVWLF� OLQHDU ORJLFV >��� ��@� ,Q WKHVH ORJLFV
WKH PXOWLSOLFDWLYH FRQMXQFWLRQ FRQQHFWLYH �M� LQ RXU FDVH� LV RIWHQ XQGHUVWRRG DV D
IRUP RI SDUDOOHO FRPSRVLWLRQ >�� �� ��@� ,Q RXU VHWWLQJ� M LV LQ IDFW D VSHFLDO IRUP RI
SDUDOOHO FRPSRVLWLRQ� WKRXJK D QRQFRPPXWDWLYH RQH�
)LQDOO\� LW LV SRVVLEOH WR DGG WKH UHPDLQLQJ RSHUDWRU RI .OHHQH DOJHEUDV >��@�

QDPHO\ .OHHQH
V LWHUDWLRQ RSHUDWRU � �e� :H KDYH QRW \HW IRXQG D QHHG IRU WKLV�

��� $ /RJLF RI 3ULQFLSDOV DQG 7KHLU 6WDWHPHQWV

+HUH ZH GHYHORS D PRGDO ORJLF EDVHG RQ WKH FDOFXOXV RI SULQFLSDOV�

6\QWD[� 7KH IRUPXODV DUH GHnQHG LQGXFWLYHO\� DV IROORZV�

_ D FRXQWDEOH VXSSO\ RI SULPLWLYH SURSRVLWLRQV S�� S�� S�� � � � DUH IRUPXODV�

_ LI V DQG V� DUH IRUPXODV WKHQ VR DUH �V DQG V A V��
_ LI $ DQG % DUH SULQFLSDO H[SUHVVLRQV WKHQ $� % LV D IRUPXOD�

_ LI $ LV D SULQFLSDO H[SUHVVLRQ DQG V LV D IRUPXOD WKHQ $ VD\V V LV D IRUPXOD�

:H XVH WKH XVXDO DEEUHYLDWLRQV IRU ERROHDQ FRQQHFWLYHV� VXFK DV }� DQG ZH DOVR
WUHDW HTXDOLW\ EHWZHHQ SULQFLSDOV � � DV DQ DEEUHYLDWLRQ� ,Q DGGLWLRQ� $ FRQWUROV V
VWDQGV IRU �$ VD\V V� } V�

$[LRPV� 7KH EDVLF D[LRPV DUH WKRVH IRU QRUPDO PRGDO ORJLFV >��@�

_ LI V LV DQ LQVWDQFH RI D SURSRVLWLRQDO�ORJLF WDXWRORJ\ WKHQ C V�
_ LI C V DQG C �V } V�� WKHQ C V��

$&0 7UDQVDFWLRQV RQ 3URJUDPPLQJ /DQJXDJHV DQG 6\VWHPV� 9RO� ��� 1R� �� 6HSWHPEHU �����
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_ C $ VD\V �V } V�� } �$ VD\V V } $ VD\V V���

_ LI C V WKHQ C $ VD\V V� IRU HYHU\ $�

7KH FDOFXOXV RI SULQFLSDOV LV LQFOXGHG�

_ LI V LV D YDOLG IRUPXOD RI WKH FDOFXOXV RI SULQFLSDOV WKHQ C V�
2WKHU D[LRPV FRQQHFW WKH FDOFXOXV RI SULQFLSDOV WR WKH PRGDO ORJLF�

_ C �$ A %� VD\V V s �$ VD\V V� A �% VD\V V��

_ C �%M$� VD\V V s % VD\V $ VD\V V�

_ C �$� %� } ��$ VD\V V� } �% VD\V V���

7KH ODVW D[LRP LV HTXLYDOHQW WR �$  %� } ��$ VD\V V� s �% VD\V V��� D VXEVWLWX�
WLYLW\ SURSHUW\�

2WKHU UHODWLRQV EHWZHHQ SULQFLSDOV� 7ZR UHODWLRQV VLPLODU WR � GHVHUYH PHQWLRQ
DW WKLV SRLQW�
/HW XV ZULWH $ � % LI� IRU HYHU\ V� LI $ VD\V V WKHQ % VD\V V� $OWKRXJK � LV

ZHDNHU WKDQ �� LW VXpFHV LQ PDQ\ RI WKH VLWXDWLRQV ZKHUH ZH FXUUHQWO\ XVH�� DQG
KHQFH ZH KDYH FRQWHPSODWHG DGGLQJ LW WR WKH IRUPDOLVP� ,W PD\ DOVR EH FRQYHQLHQW
WR KDYH VHFRQG�RUGHU TXDQWLnFDWLRQ RYHU IRUPXODV DQG RYHU SULQFLSDOV� 6HFRQG�RUGHU
TXDQWLnFDWLRQ HQDEOHV XV WR GHnQH $� % DV �[���$ VD\V [� } �% VD\V [��� :H GR
QRW DGRSW DQ\ RI WKHVH DGGLWLRQDO FRQVWUXFWV� IRU WKH VDNH RI PLQLPDOLW\� +RZHYHU�
WKHUH LV QR GLpFXOW\ LQ JLYLQJ D VHPDQWLFV IRU WKHP� DQG WKH SURRI UXOHV QHHGHG LQ
H[DPSOHV ZRXOG EH VLPSOH�
$QRWKHU LPSRUWDQW UHODWLRQ EHWZHHQ SULQFLSDOV LV GHnQHG E\ WKH IRUPXOD

�$ VD\V IDOVH� } �% VD\V IDOVH�

ZKLFK ZH DEEUHYLDWH $ �� %� ,QWXLWLYHO\� $ �� % PHDQV WKDW WKHUH LV VRPHWKLQJ
WKDW $ FDQ GR �VD\ IDOVH� WKDW \LHOGV DQ DUELWUDULO\ VWURQJ VWDWHPHQW E\ % �LQ IDFW�
IDOVH�� 7KXV� $�� % PHDQV WKDW $ LV DW OHDVW DV SRZHUIXO DV % LQ SUDFWLFH� &OHDUO\�
$ � % LPSOLHV $ �� %� :H GR QRW KDYH WKH FRQYHUVH� DQG DFWXDOO\ WKH FRQYHUVH
GRHV QRW VHHP DWWUDFWLYH� DV IRU H[DPSOH %�� �%M$� LV YDOLG EXW ZH ZRXOG QRW ZDQW
% � �%M$� �VLQFH % PD\ ZLVK WR VD\ V ZLWKRXW WKLV EHLQJ WDNHQ DV D TXRWDWLRQ RI
$�� 1HYHUWKHOHVV� WKH UHODWLRQ�� VHUYHV DV D SRLQW RI UHIHUHQFH LQ D[LRPDWL]LQJ WKH
DOJHEUD RI SULQFLSDOV� D FDUHIXO VWXG\ RI�� PD\ EH RI VRPH LQWHUHVW�

��� 6HPDQWLFV

7KH VLPSOHVW VHPDQWLFV LV D .ULSNH VHPDQWLFV� EDVHG RQ DFFHVVLELOLW\ UHODWLRQV >��@�
$ VWUXFWXUH0 LV D WXSOH K:�Z�� ,� -L� ZKHUH
_ : LV D VHW �DV XVXDO� D VHW RI SRVVLEOH ZRUOGV��

_ Z� LV D GLVWLQJXLVKHG HOHPHQW RI : �

_ , LV DQ LQWHUSUHWDWLRQ IXQFWLRQ WKDW PDSV HDFK SURSRVLWLRQ V\PERO WR D VXEVHW
RI : �WKH VHW RI ZRUOGV ZKHUH WKH SURSRVLWLRQ V\PERO LV WUXH��

_ - LV DQ LQWHUSUHWDWLRQ IXQFWLRQ WKDW PDSV HDFK SULQFLSDO V\PERO WR D ELQDU\
UHODWLRQ RYHU : �WKH DFFHVVLELOLW\ UHODWLRQ IRU WKH SULQFLSDO V\PERO��

$&0 7UDQVDFWLRQV RQ 3URJUDPPLQJ /DQJXDJHV DQG 6\VWHPV� 9RO� ��� 1R� �� 6HSWHPEHU �����
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7KH PHDQLQJ IXQFWLRQ 5 H[WHQGV - � PDSSLQJ D SULQFLSDO H[SUHVVLRQ WR D UHODWLRQ�
5�$

L
�  -�$

L
�

5�$ A %�  5�$� > 5�%�
5�%M$�  5�$� p 5�%�

7KHUH LV QR GLpFXOW\ LQ JLYLQJ D VHPDQWLFV WR RWKHU RSHUDWLRQV RQ SULQFLSDOV VXFK
DV LQnQLWH FRQMXQFWLRQV� GLVMXQFWLRQV� �� DQG ��
7KLV VLPSOH UHODWLRQDO PRGHO SURYLGHV VRPH MXVWLnFDWLRQ IRU WKH D[LRPV IRU SULQ�

FLSDOV� ,I 5�$�  5�%�� WKHQ LW LV QDWXUDO WR KDYH $  %� DQG WKLV KROGV LQ WKH
VHPDQWLFV� )RU H[DPSOH� 5�&M�%M$��  5��&M%�M$� SURYLGHV D MXVWLnFDWLRQ IRU WKH
DVVRFLDWLYLW\ RI M�
7KH PHDQLQJ IXQFWLRQ ( PDSV HDFK IRUPXOD WR LWV H[WHQVLRQ� WKDW LV� WR WKH VHW

RI ZRUOGV ZKHUH LW LV WUXH�

(�SL�  ,�SL�

(��V�  : b (�V�
(�V A V��  (�V� ? (�V��

(�$ VD\V V�  IZ M 5�$��Z� t (�V�J
(�$� %�  : LI 5�%� t 5�$� DQG � RWKHUZLVH

ZKHUH 5�&��Z�  IZ� M Z5�&�Z�J�
$ IRUPXOD V KROGV LQ0 DW D ZRUOG Z LI Z � (�V�� DQG LW KROGV LQ0 LI LW KROGV

DW Z�� ,Q WKH ODWWHU FDVH� ZH ZULWH 0 M V� DQG VD\ WKDW0 VDWLVnHV V� 0RUHRYHU�
V LV YDOLG LI LW KROGV LQ DOO PRGHOV� ZH ZULWH WKLV M V� 7KH D[LRPV DUH VRXQG� LQ WKH
VHQVH WKDW LI C V WKHQ M V� $OWKRXJK XVHIXO IRU RXU DSSOLFDWLRQ� WKH D[LRPV DUH QRW
FRPSOHWH� )RU H[DPSOH� WKH IRUPXOD

�& VD\V �$� %�� s ��$� %� B �& VD\V IDOVH��

LV YDOLG EXW QRW SURYDEOH� $ PRUH LQWHUHVWLQJ VRXUFH RI LQFRPSOHWHQHVV LV WKDW WKH
DOJHEUDV RI SULQFLSDOV WKDW XQGHUO\ WKH VHPDQWLFV DUH REYLRXVO\ UHSUHVHQWDEOH� ZKLOH
VRPH PXOWLSOLFDWLYH VHPLODWWLFH VHPLJURXSV DUH QRW� �:H GR REWDLQ D FRPSOHWHQHVV
UHVXOW IRU D VXEODQJXDJH LQ 6HFWLRQ ���

0RUH DEVWUDFW PRGHOV� $ PRUH DEVWUDFW PRGHO PD\ EH GHVLUDEOH LQ RUGHU WR DYRLG
WKH UHTXLUHPHQW RI UHSUHVHQWDELOLW\� $ nUVW VWHS ZRXOG EH WR PRGLI\ WKH QRWLRQ
RI VWUXFWXUH� $ VWUXFWXUH ZRXOG EHFRPH D WXSOH K:�Z�� ,� -�3�)L� ZKHUH 3 LV D
PXOWLSOLFDWLYH VHPLODWWLFH VHPLJURXS �WKH SULQFLSDOV� DQG ) LV D KRPRPRUSKLVP
IURP 3 WR : �� 7KH IXQFWLRQV - DQG 5 PDS SULQFLSDO H[SUHVVLRQV QRW WR ELQDU\
UHODWLRQV EXW WR SULQFLSDOV_WKH FRUUHVSRQGLQJ ELQDU\ UHODWLRQV EHLQJ VWLOO DYDLODEOH
YLD ) � 7KH FRUUHVSRQGLQJ VHPDQWLFV LV

5�$L�  -�$L�

5�$ A %�  5�$� A5�%�
5�%M$�  5�$� p 5�%�

� � �

(�$ VD\V V�  IZ M )�5�$���Z� t (�V�J
(�$� %�  : LI 5�$�� 5�%� DQG � RWKHUZLVH
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1RZ LW LV FRQVLVWHQW WR KDYH WZR GLmHUHQW SULQFLSDOV ZLWK WKH VDPH DVVRFLDWHG ELQDU\
UHODWLRQ�
7KLV VHPDQWLFV LV LPEDODQFHG� DV LW JLYHV DQ DEVWUDFW LQWHUSUHWDWLRQ RI SULQFLSDOV

EXW QRW RI SURSRVLWLRQV� $ PRUH EDODQFHG� DEVWUDFW VHPDQWLFV LV SRVVLEOH LQ WHUPV
RI VWUXFWXUHV VLPLODU WR G\QDPLF DOJHEUDV �VHH 3UDWW >��@ IRU D UHFHQW GLVFXVVLRQ RI
G\QDPLF DOJHEUDV�� 7KH RSHUDWRU VD\V LV GLUHFWO\ DQDORJRXV WR WKH XVXDO SDUWLDO
FRUUHFWQHVV RSHUDWRU > @ RI G\QDPLF ORJLF� ,W FRQQHFWV WKH WZR VRUWV RI WKH DOJHEUDV�
WKDW RI SULQFLSDOV DQG WKDW RI SURSRVLWLRQV�

��� 2Q ,GHPSRWHQFH

,GHPSRWHQFH SRVWXODWHV DUH DWWUDFWLYH� )RU H[DPSOH� ZKHQ $ LV D XVHU WKHUH VHHPV
WR EH OLWWOH DGYDQWDJH LQ GLVWLQJXLVKLQJ $M$ DQG $� LQ IDFW� WKLV GLVWLQFWLRQ VHHPV
TXLWH DUWLnFLDO� 7KHUHIRUH� ZH PD\ SRVWXODWH WKDW $M$  $� IRU DOO $� DQG KHQFH
WKDW $ VD\V $ VD\V V DQG $ VD\V V DUH HTXLYDOHQW� 7KH LGHPSRWHQFH RI M LPSOLHV
WKH LGHPSRWHQFH RI IRU �VHH 6HFWLRQ � IRU GHWDLOV�� +HUH ZH GLVFXVV WKH LGHPSRWHQFH
RI M DQG IRU � PRVW RI WKH UHPDUNV EHORZ DUH ZULWWHQ LQ WHUPV RI M� EXW H[DFWO\ WKH
VDPH DUJXPHQWV DSSO\ WR IRU �
7KH LGHPSRWHQFH D[LRP LV UDWKHU FRQYHQLHQW IRU KDQGOLQJ FKDLQV RI SULQFLSDOV�

)RU LQVWDQFH� VXSSRVH WKDW * UHSUHVHQWV D FROOHFWLRQ RI QRGHV� WKDW % DQG & UHSUH�
VHQW PHPEHUV RI *� DQG WKDW DQ $&/ LQFOXGHV *M$� 7KDQNV WR LGHPSRWHQFH� WKH
SULQFLSDO &M%M$ REWDLQV DFFHVV� 7KLV PHDQV WKDW PXOWLSOH ?KRSV� ZLWKLQ D FROOHF�
WLRQ RI QRGHV GRHV QRW UHGXFH ULJKWV DQG VKRXOG QRW UHGXFH VHFXULW\� ,Q SDUWLFXODU�
WKHUH LV QR QHHG WR SRVWXODWH WKDW *M* � *� RU WR PDNH VXUH WKDW *M*M$ DSSHDUV
LQ WKH $&/ H[SOLFLWO\�
,Q DGGLWLRQ� LGHPSRWHQFH \LHOGV �$A%�� �%M$�� VLQFH �$A%�  �$A%�M�$A%�

DQG M LV PRQRWRQLF� DQG VLPLODUO\ �$ A %� � �% IRU $�� 7KHVH LPSOLFDWLRQV DUH
UDWKHU SOHDVLQJ� EXW QRW QHFHVVDULO\ LQWXLWLYH� 7KH\ FRPSOLFDWH WKH SUREOHP RI
PDNLQJ DFFHVV FRQWURO GHFLVLRQV� :KHQ �$ A %� PDNHV D UHTXHVW� RQH PXVW FKHFN
ZKHWKHU HLWKHU �%M$� RU �$M%� LV WUXVWHG DQG JUDQW DFFHVV LI HLWKHU LV WUXVWHG�
)LQDOO\� WKH VHPDQWLFV RI 6HFWLRQ ��� GRHV QRW YDOLGDWH LGHPSRWHQFH� :H KDYH EHHQ

XQDEOH WR nQG D VHQVLEOH FRQGLWLRQ RQ ELQDU\ UHODWLRQV WKDW ZRXOG IRUFH LGHPSRWHQFH
DQG ZRXOG EH SUHVHUYHG E\ ERWK XQLRQ DQG FRPSRVLWLRQ� $ UHODWHG V\PSWRP LV WKDW
LGHPSRWHQFH VHHPV OHVV FRPSHOOLQJ IRU FRPSOH[ SULQFLSDOV WKDQ IRU VLPSOH RQHV�
)RU DOO WKHVH UHDVRQV ZH SUHIHU WR GR ZLWKRXW LGHPSRWHQFH� WR FRPSHQVDWH ZH

RIWHQ UHO\ RQ DVVXPSWLRQV RI WKH IRUP *M* � *� RU ZULWH OHVV HOHJDQW EXW PRUH
H[SOLFLW $&/V�
:H JLYH D VLPLODU WUHDWPHQW WR RWKHU SRVVLEOH D[LRPV UHODWHG WR LGHPSRWHQFH�

$OWKRXJK LW LV RIWHQ UHDVRQDEOH WR DVVXPH IRUPXODV RI WKH IRUPV $ FRQWUROV �% � $�
DQG $ FRQWUROV �W } $ VD\V V�� WKLV GRHV QRW VHHP ZHOO IRXQGHG LQ JHQHUDO� ,Q
SDUWLFXODU� ZKHQ $ LV D JURXS� LI $ FRQWUROV �% � $� IRU DOO % WKHQ DQ\ PHPEHU RI $
FDQ DGG PHPEHUV WR $� 7KHUHIRUH� ZH FKRRVH WR DGRSW QHLWKHU $ FRQWUROV �% � $�
QRU $ FRQWUROV �W } $ VD\V V� DV JHQHUDO D[LRPV�

�� 52/(6

7KH IRUPDO V\VWHP ZH KDYH SUHVHQWHG VR IDU LQFOXGHV QR H[RWLF FRQQHFWLYHV IRU UROHV
RU GHOHJDWLRQ� :H GLVFXVV UROHV LQ WKLV VHFWLRQ DQG GHOHJDWLRQ LQ WKH QH[W RQH� :H
VWDUW ZLWK DQ LQIRUPDO DUJXPHQW RQ WKH QDWXUH RI UROHV DQG WKHQ GHVFULEH WKHLU ORJLF�
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��� :KDW 5ROHV $UH )RU

7KHUH DUH PDQ\ VLWXDWLRQV LQ ZKLFK D SULQFLSDO PD\ ZLVK WR UHGXFH KLV SRZHUV� :H
QRZ GHVFULEH D IHZ� DV PRWLYDWLRQ IRU RXU WUHDWPHQW RI UROHV� 7KH\ DUH DOO H[DPSOHV
RI WKH SULQFLSOH RI ?OHDVW SULYLOHJH�� DFFRUGLQJ WR ZKLFK D SULQFLSDO VKRXOG KDYH RQO\
WKH SULYLOHJHV LW QHHGV WR DFFRPSOLVK LWV WDVN�
$Q DGPLQLVWUDWRU PD\ ZDQW WR KDYH WKH SRZHUV RI D QRUPDO XVHU PRVW RI WKH

WLPH� DQG H[HUFLVH KLV H[WUDRUGLQDU\ SRZHUV RQO\ ZKHQ QHHGHG� )RU H[DPSOH� XVHUV
RI WKH XQL[70 RSHUDWLQJ V\VWHP ZLWK V\VWHP�PDQDJHU SULYLOHJHV W\SLFDOO\ UXQ ZLWK
WKHLU RZQ� QRUPDO LGHQWLW\ ZKHQ WKDW VXpFHV� LQ RUGHU WR DYRLG FRVWO\ PLVWDNHV�
:KHQ D SULQFLSDO ZLVKHV WR UXQ D SLHFH RI XQWUXVWHG VRIWZDUH� KH VKRXOG EH DEOH

WR LQYRNH LW ZLWK UHGXFHG SRZHUV� ,W LV LPSRUWDQW WKDW WKH XQWUXVWHG FRGH VKRXOG
QRW EH DEOH WR LQFUHDVH LWV SRZHUV EH\RQG WKRVH JUDQWHG LQLWLDOO\� 7KLV LV GRQH LQ
FDSDELOLW\ V\VWHPV E\ UHVWULFWLQJ FDSDELOLWLHV EHIRUH SDVVLQJ WKHP DFURVV DGGUHVV
VSDFHV DQG E\ SDVVLQJ DV IHZ FDSDELOLWLHV DV SRVVLEOH� ,Q WLPHVKDULQJ V\VWHPV LW LV
FRPPRQ IRU XQWUXVWHG VRIWZDUH WR EH WHVWHG ZLWK XQSULYLOHJHG XVHU DFFRXQWV WKDW
DUH XVHG IRU QR RWKHU SXUSRVH�
$QDORJRXVO\� ZKHQ D SULQFLSDO ZLVKHV WR GHOHJDWH KLV SRZHUV WR D PDFKLQH OHVV

WUXVWZRUWK\ WKDQ KLV RZQ� KH VKRXOG EH DEOH WR OLPLW WKH ULJKWV SDVVHG�
7KHVH VLWXDWLRQV FDQ EH KDQGOHG E\ WKH XVH RI UROHV� $ SULQFLSDO $ PD\ DGRSW

D UROH 5 DQG DFW ZLWK WKH LGHQWLW\ $ DV 5 ZKHQ KH ZDQWV WR GLPLQLVK KLV SRZHUV�
7KXV� $ FDQ GHFLGH WR EHFRPH $ DV 5 DQG WKHQ ODWHU SHUKDSV $ DV 5 DV 5�� 5ROH
DGRSWLRQ LV QRW UHYHUVLEOH� LQ WKH VHQVH WKDW $ DV 5 FDQQRW� RQ KLV RZQ� UHFRYHU
WKH IXOO SRZHUV RI $� 7KLV SUHYHQWV XQWUXVWHG VRIWZDUH WKDW KDV EHHQ JUDQWHG RQO\
OLPLWHG ULJKWV IURP REWDLQLQJ WKH IXOO ULJKWV RI WKH XVHU WKDW LQYRNHG LW� %XW WKLV
GRHV QRW PHDQ WKDW D XVHU ZKR KDV RQFH UHOLHG RQ UROHV FDQ QHYHU DJDLQ H[HUFLVH KLV
IXOO SRZHUV� D SURFHVV DFWLQJ RQ EHKDOI RI WKH XVHU PD\ KROG RQ WR WKH FUHGHQWLDOV
IRU WKH XVHU
V RULJLQDO LGHQWLW\� ZKLFK LW FRXOG XVH ZKHQ LQVWUXFWHG�
$V D SUDFWLFDO PDWWHU LW PD\ EH EHVW IRU XVHUV WR KDYH RQO\ UHVWULFWHG SRZHUV ZKHQ

WKH\ nUVW ORJ LQ� ,Q WKLV ZD\ XVHUV FRXOG EH IRUFHG WR DXWKHQWLFDWH WKHPVHOYHV D
VHFRQG WLPH ZKHQ WKH\ ZDQW H[WUDRUGLQDU\ SRZHUV� 2XU JHQHUDO WUHDWPHQW RI UROHV
GRHV QRW UHTXLUH RU SUHFOXGH VXFK LPSOHPHQWDWLRQ GHFLVLRQV� ZKLFK DUH KRZHYHU
LPSRUWDQW LQ EXLOGLQJ D XVDEOH V\VWHP�

��� 5ROHV� *URXSV� DQG 5HVRXUFHV

$ SULQFLSDO $ PD\ UHGXFH KLV SRZHUV LQ GLmHUHQW ZD\V E\ DGRSWLQJ GLmHUHQW UROHV�
VD\ 5 RU 5�� 6RPH $&/V PD\ JUDQW SHUPLVVLRQV WR $ DV 5 EXW QRW WR $ DV 5�� DQG
YLFH YHUVD� 7KHUH LV KRZHYHU QR LQWULQVLF GLmHUHQFH EHWZHHQ 5 DQG 5�� WKDW LV� LI WKH
XVHV RI WKHLU QDPHV ZHUH VZDSSHG FRQVLVWHQWO\ LQ DOO $&/V� WKH HmHFWV RI DGRSWLQJ
WKH WZR UROHV ZRXOG EH VZDSSHG� 0RUHRYHU� 5 DQG 5� PD\ EH XVHG GLmHUHQWO\ DW
WZR LQGHSHQGHQW VLWHV� 7KXV� WKH PHDQLQJ RI UROHV FRXOG EH D PDWWHU RI ORFDO SROLF\
DW HDFK VLWH� WKLV SROLF\ LV UHoHFWHG LQ WKH ZULWLQJ RI $&/V�
,Q SUDFWLFH� ZH H[SHFW PDQ\ UROHV WR EH UHODWHG WR JURXSV� ,I * LV D JURXS� WKHUH

PD\ EH D UROH *UROH DVVRFLDWHG ZLWK LW� VR WKDW D PHPEHU RI D JURXS * FDQ DFW LQ
WKH UROH RI PHPEHU RI *� $ PHPEHU $ RI VHYHUDO JURXSV ) � *� + � � � � FDQ VHOHFW
WKH SULYLOHJHV DVVRFLDWHG ZLWK RQH� VD\ *� E\ DGRSWLQJ WKH FRUUHVSRQGLQJ *UROH

�
:LWKRXW WKLV UROH� $ PDWFKHV DQ\ $&/ ZLWK DQ HQWU\ ) � EXW $ DV *UROH QHHG QRW�

70
XQL[ LV D UHJLVWHUHG WUDGHPDUN RI XQL[ 6\VWHP /DERUDWRULHV� ,QF�
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+RZHYHU� $ DV *
UROH

PDWFKHV DQ\ $&/ ZLWK DQ HQWU\ * DV *
UROH
� DQG LI ZH DFFHSW

WKH UXOH WKDW *  * DV *
UROH
� WKHQ $ DV *

UROH
DOVR PDWFKHV DQ\ $&/ ZLWK DQ

HQWU\ *�
,W LV WHPSWLQJ WR HVWDEOLVK D IRUPDO LGHQWLnFDWLRQ EHWZHHQ WKH JURXS * DQG D

FRUUHVSRQGLQJ UROH * UROH � ,Q ZKDW IROORZV� IRU VLPSOLFLW\� ZH GR QRW LGHQWLI\ UROHV
DQG JURXSV� ,Q IDFW� WKLV LGHQWLnFDWLRQ ZRXOG LQWHUDFW VRPHZKDW VWUDQJHO\ ZLWK RXU
HQFRGLQJ RI UROHV� JLYHQ EHORZ� :H GR DOORZ UROHV UHODWHG WR JURXSV �VXFK DV * UROH��
EXW WKLV UHODWLRQ LV QRW IRUPDO� D IRUPDO RSHUDWRU IRU UHODWLQJ JURXSV DQG UROHV PD\
EH D XVHIXO H[WHQVLRQ RI RXU FDOFXOXV�
,W LV UHDVRQDEOH WR H[SHFW WKDW QRW DOO UROHV PDNH VHQVH IRU DOO SULQFLSDOV DQG WKDW

D SULQFLSDO FDQ DFW RQO\ LQ FHUWDLQ UROHV� )RU H[DPSOH� D SULQFLSDO PD\ EH DOORZHG
WR DFW DV * UROH RQO\ LI KH LV D PHPEHU RI *� 7KH VLPSOHVW LPSOHPHQWDWLRQ RI WKLV
LGHD UHOLHV RQ WKH MXGLFLRXV ZULWLQJ RI $&/V� 5ROHV FDQ EH DGRSWHG IUHHO\� DQG DQ\
$ FDQ VSHDN LQ WKH UROH * UROH� ZLWK WKH LGHQWLW\ $ DV * UROH� +RZHYHU� LW PD\ EH
WKDW QR $&/ LQ WKH V\VWHP JUDQWV DFFHVV WR $ DV * UROH� DQG IRU H[DPSOH WKH $&/
* DV * UROH GRHV QRW LI $ LV QRW D PHPEHU RI *� ,W LV WKLV LPSOHPHQWDWLRQ WKDW ZH
FKRRVH�
1RW DOO UROHV WKDW DULVH QDWXUDOO\ DUH UHODWHG WR JURXSV� )RU H[DPSOH� WKHUH PD\

EH D UROH VXFK WKDW DGRSWLQJ LW PDNHV LW SRVVLEOH WR DFFHVV RQO\ D FHUWDLQ GLUHFWRU\
LQ WKH nOH V\VWHP� WKH UROH FRUUHVSRQGV QDWXUDOO\ WR D VHW RI UHVRXUFHV �nOHV� UDWKHU
WKDQ WR DQ\ JURXS RI SULQFLSDOV�

��� 7KH (QFRGLQJ

*LYHQ WKH YLHZ WKDW UROHV FDQ EH IUHHO\ DGRSWHG� LW LV TXLWH VDWLVIDFWRU\ WR GHnQH
$ DV 5 WR HTXDO $M5�
,Q PDQ\ FDVHV WKLV HQFRGLQJ PDNHV VRPH LQWXLWLYH VHQVH� )RU H[DPSOH� OHW $ EH

D PDFKLQH DQG 5 D �SRVVLEO\ XQWUXVWHG� SLHFH RI VRIWZDUH WKDW $ LV UXQQLQJ� 7KH
UHTXHVWV WKDW $ PDNHV ZKLOH UXQQLQJ WKLV VRIWZDUH VKRXOG QRW HPDQDWH IURP $ ZLWK
IXOO SRZHUV� UDWKHU� WKH\ VKRXOG HPDQDWH IURP $ LQ VRPH UHVWULFWHG UROH� 7KH UROH
FDQ EH QDPHG DIWHU WKH SLHFH RI VRIWZDUH RU DIWHU LWV FODVV �H�J�� XQWUXVWHG�VRIWZDUH��
,Q DQ\ FDVH� ZKHQ $ PDNHV D UHTXHVW V LQ WKLV UROH� $ VD\V WKDW 5 VD\V V� 7KLV LV
SUHFLVHO\ $M5 VD\V V� 6LPLODUO\� LI $ LV D XVHU DQG 5 LV RQH RI KLV SRVLWLRQV� ZH FDQ
WKLQN RI 5 DV D SURJUDP WKDW $ LV IROORZLQJ DQG DSSO\ WKH DQDO\VLV DERYH�
)XUWKHUPRUH� WKLV SUHVHQWDWLRQ RI UROHV RmHUV IRUPDO DGYDQWDJHV� WKDQNV WR WKH

PRQRWRQLFLW\� PXOWLSOLFDWLYLW\� DQG DVVRFLDWLYLW\ RI M�
_ 6LQFH M LV PRQRWRQLF LQ ERWK DUJXPHQWV� LI 5 LV D PRUH WUXVWHG UROH WKDQ 5� DQG

$ D PRUH WUXVWHG SULQFLSDO WKDQ $�� WKHQ $ DV 5 LV PRUH WUXVWHG WKDQ $� DV 5��
WKDW LV� LI 5� 5� DQG $� $� WKHQ �$ DV 5�� �$� DV 5��� 7KXV� LW LV SRVVLEOH
WR H[SORLW D KLHUDUFK\ RI UROHV�

_ 7KH PXOWLSOLFDWLYLW\ RI M \LHOGV WKDW $ A % LQ D UROH 5 LV LGHQWLFDO WR WKH FRQ�
MXQFWLRQ $ DQG % ERWK LQ UROH 5�

�$ A %� DV 5  �$ DV 5� A �% DV 5�

6LPLODUO\� ZH FDQ H[SORLW WKH FRQMXQFWLRQ RSHUDWLRQ IRU UROHV�

$ DV �5 A 5��  �$ DV 5� A �$ DV 5��

%RWK RI WKHVH SURSHUWLHV VHHP UHDVRQDEOH IRU UROHV DV ZH FRQFHLYH WKHP LQIRUPDOO\�
DQG WKH\ DUH TXLWH KDQG\�
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_ $VVRFLDWLYLW\ \LHOGV D VDWLVIDFWRU\ LQWHUDFWLRQ EHWZHHQ UROHV DQG GHOHJDWLRQ� ,Q
SDUWLFXODU� WKH XVHU $ LQ UROH 5 RQ D PDFKLQH % LV LGHQWLFDO WR WKH XVHU $ RQ D
PDFKLQH %� ZLWK WKH FRPSRXQG LQ UROH 5�

%M�$ DV 5�  �%M$� DV 5
DQG WKHQ WKH HQFRGLQJ RI IRU � JLYHQ LQ WKH QH[W VHFWLRQ� \LHOGV

% IRU �$ DV 5�  �% IRU $� DV 5

6RPH VSHFLDO SURSHUWLHV IRU UROHV FDQ EH H[SHFWHG�

_ :H VRPHWLPHV UHO\ RQ WKH SRVWXODWHV WKDW DOO UROHV DUH LGHPSRWHQW �5M5  5�
DQG FRPPXWH ZLWK RQH DQRWKHU �5�M5  5M5��� 7KLV \LHOGV

$ DV 5 DV 5  $ DV 5

DQG

$ DV 5 DV 5�  $ DV 5� DV 5

�:H PDNH LW H[SOLFLW ZKHQ WKHVH SURSHUWLHV DUH DVVXPHG��

_ :H DVVXPH $ � �$ DV 5� IRU DOO $� :LWK D XQLW� WKLV FRXOG MXVW EH ZULWWHQ
� � 5� ,Q WKH ELQDU\�UHODWLRQ PRGHO� � � 5 PHDQV WKDW UROHV DUH VXEVHWV RI
WKH LGHQWLW\ UHODWLRQ� QRWH WKDW WKH SUHYLRXV LGHPSRWHQFH DQG FRPPXWDWLYLW\
SURSHUWLHV IROORZ IURP WKLV�

�� '(/(*$7,21

'HOHJDWLRQ LV D IDLUO\ LOO�GHnQHG WHUP� +HUH ZH H[SODLQ RXU DSSURDFK WR GHOHJDWLRQ�
VRPH H[DPSOH VFKHPHV IRU GHOHJDWLRQ LOOXVWUDWH WKH XVH RI WKH ORJLF� 7KHQ ZH JLYH
DQ HQFRGLQJ RI GHOHJDWLRQ�

��� 7KH )RUPV RI 'HOHJDWLRQ

'HOHJDWLRQ LV D EDVLF SULPLWLYH IRU VHFXUH GLVWULEXWHG FRPSXWLQJ� ,W LV WKH DELOLW\
RI D SULQFLSDO $ WR JLYH WR DQRWKHU SULQFLSDO % WKH DXWKRULW\ WR DFW RQ $
V EHKDOI�
:KHQ % UHTXHVWV D VHUYLFH IURP D WKLUG SULQFLSDO� % PLJKW SUHVHQW FUHGHQWLDOV WKDW
DUH VXSSRVHG WR GHPRQVWUDWH WKDW % LV PDNLQJ WKH UHTXHVW DQG WKDW $ KDV GHOHJDWHG
WR %�
1DWXUDOO\� DFFHVV FRQWURO GHFLVLRQV QHHG WR WDNH GHOHJDWLRQV LQWR DFFRXQW� $ UDQJH

RI GHVLJQV LV SRVVLEOH�
,Q WKH VLPSOHVW FDVH� $ GHOHJDWHV DOO RI KLV ULJKWV WR %� 8SRQ %
V UHTXHVW� D VHUYLFH

ZLOO EH JUDQWHG LI LW ZRXOG KDYH EHHQ JUDQWHG WR $� KDG $ UHTXHVWHG LW GLUHFWO\�
$Q REYLRXV LPSURYHPHQW LV IRU $ WR GHOHJDWH RQO\ VRPH RI KLV ULJKWV� VXFK DV WKH

ULJKW WR UHDG FHUWDLQ nOHV IURP D nOH VHUYHU� &DSDELOLW\ V\VWHPV �H�J�� >��� ��� ��@�
HPERG\ WKLV DSSURDFK LQ WKH FDVH ZKHUH GHOHJDWLRQ FHUWLnFDWHV FDQ EH WUDQVIHUUHG�
WKH FRQWDLQPHQW RI FDSDELOLWLHV LV D VHULRXV FRQFHUQ� ,I GHOHJDWLRQ FHUWLnFDWHV DUH
QRW WUDQVIHUDEOH� FDVFDGHG GHOHJDWLRQV DUH KDPSHUHG� DV $ PD\ KDYH WR SUHSDUH
DGHTXDWH FHUWLnFDWHV IRU DQ\ H[SHFWHG FROODERUDWRUV WR % LQ DGYDQFH� ,Q DOO FDVHV
WKH SURYLGHU RI WKH VHUYLFH QHYHU FKHFNV WKDW % LV D UHDVRQDEOH GHOHJDWH IRU $�
7KHVH FRQVLGHUDWLRQV VXJJHVW PRUH VRSKLVWLFDWHG GHVLJQV� ZKHUH DFFHVV FRQWURO

GHFLVLRQV PD\ GHSHQG RQ WKH LGHQWLWLHV RI ERWK $ DQG %� )RU H[DPSOH� WKH nOH
VHUYHU PD\ QRW OHW D NQRZQ PDOLFLRXV ZRUNVWDWLRQ UHDG D XVHU
V nOHV� HYHQ LI WKH
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XVHU ZDV XQOXFN\ HQRXJK WR ORJ RQWR WKH ZRUNVWDWLRQ� 7KH nOH VHUYHU PD\ DOVR OHW
D WUXVWHG QRGH UHDG nOHV RYHU ZKLFK WKH XVHU KDV H[HFXWH�RQO\ ULJKWV� LQ WKH EHOLHI
WKDW WKHVH nOHV ZLOO QRW EH VKRZQ WR WKH XVHU� EXW MXVW H[HFXWHG� KHUH WKH QRGH
DFWV DV D SURWHFWHG VXEV\VWHP DQG RmHUV JXDUDQWHHV WKDW LWV FOLHQWV FDQQRW SURYLGH
E\ WKHPVHOYHV� 7KHVH H[DPSOHV LOOXVWUDWH D GHVLUDEOH oH[LELOLW\� ,W H[LVWV LQ VRPH
IRUP LQ D IHZ GHVLJQV DQG V\VWHPV >��� ��@� DQG LW LV D SURPLQHQW FRPSRQHQW RI
'66$ >��@� :H EHOLHYH WKDW LW VKRXOG DQG ZLOO EHFRPH ZLGHVSUHDG�
'LmHUHQW PHFKDQLVPV HPERG\ WKH FRQFHSW RI GHOHJDWLRQ LQ GLmHUHQW VHWWLQJV� $

XVHU PLJKW UHO\ RQ D VPDUW�FDUG IRU GHOHJDWLQJ WR D ZRUNVWDWLRQ� ZKLOH GHOHJDWLRQ
DFURVV WKH DGGUHVV VSDFHV RI D PDFKLQH PLJKW EHQHnW IURP RSHUDWLQJ V\VWHP VXSSRUW�
�7KH XVH RI VPDUW�FDUGV LV GLVFXVVHG LQ >�@� ZLWK D VLPSOLVWLF YLHZ RI GHOHJDWLRQ��
6LPLODUO\� FUHGHQWLDOV FDQ EH VLJQHG ZLWK HLWKHU VKDUHG�NH\ FU\SWRJUDSK\ RU ZLWK
SXEOLF�NH\ FU\SWRJUDSK\� RU WKH\ PLJKW QRW EH VLJQHG DW DOO ZKHQ D VHFXUH SK\VLFDO
FKDQQHO LV DYDLODEOH� 5HFRJQL]LQJ DQG WUHDWLQJ DOO WKHVH YDULDQWV DV PHUH LQVWDQFHV
RI GHOHJDWLRQ PDNHV SRVVLEOH D XQLIRUP YLHZ RI DFFHVV FRQWURO WKURXJKRXW DQ HQWLUH
GLVWULEXWHG V\VWHP�
'HOHJDWLRQ UHOLHV RQ DXWKHQWLFDWLRQ� ZKLFK LV RIWHQ DFKLHYHG WKURXJK DXWKHQWLFD�

WLRQ SURWRFROV �VHH IRU H[DPSOH >�� �� ��� ��� ��@�� ,Q IDFW� VRPH RI WKH PHVVDJHV IRU
GHOHJDWLRQ FDQ EH FRPELQHG ZLWK WKRVH IRU DXWKHQWLFDWLRQ� +RZHYHU� LQ RXU VWXG\�
LW LV RIWHQ FRQYHQLHQW WR YLHZ GHOHJDWLRQ DV LQGHSHQGHQW�

'HOHJDWLRQ ZLWKRXW FHUWLnFDWHV� 7KH IUDPHZRUN RXWOLQHG VR IDU HQDEOHV XV WR GH�
VFULEH DQG FRPSDUH YDULRXV VFKHPHV IRU GHOHJDWLRQ� ,Q ZKDW IROORZV� $ GHOHJDWHV
WR %� ZKR PDNHV UHTXHVWV WR & � )RU LQVWDQFH� $ PD\ EH D XVHU ZLWK D VXpFLHQWO\
SRZHUIXO VPDUW�FDUG� % D ZRUNVWDWLRQ� DQG & D nOH VHUYHU� )RU VLPSOLFLW\� WKH DX�
WKRULW\ GHOHJDWHG IURP $ WR % LV QRW OLPLWHG WR DQ\ SDUWLFXODU FODVV RI UHTXHVWV DQG
$ GRHV QRW DGRSW D VSHFLDO UROH EHIRUH WKH GHOHJDWLRQ�
:H DVVXPH WKDW V\QFKURQL]HG FORFNV DUH DYDLODEOH DQG WKDW DSSURSULDWH WLPHV�

WDPSV� OLIHWLPHV� VHTXHQFH QXPEHUV� DQG PHVVDJH W\SH nHOGV DUH LQFOXGHG DQG
FKHFNHG IRU DOO PHVVDJHV� :H DOVR DVVXPH WKDW DOO SULQFLSDOV FDQ SHUIRUP GLJL�
WDO VLJQDWXUHV� IRU H[DPSOH ZLWK WKH 56$ DOJRULWKP >��@� :H GHQRWH E\ .$

DQG
.% WKH SXEOLF NH\V IRU $ DQG %� DQG E\ .

b�

$
DQG .b�

%
WKH PDWFKLQJ VHFUHW NH\V�

7KH IRUPXOD . VD\V ; UHSUHVHQWV WKH FHUWLnFDWH ; HQFU\SWHG XQGHU .b�� ZKLFK LV
FRPPRQO\ ZULWWHQ I;J

.
b� �

$ FHUWLnFDWLRQ DXWKRULW\ 6 SURYLGHV FHUWLnFDWHV IRU WKH SULQFLSDOV
 SXEOLF NH\V DV
QHHGHG� 7KH QHFHVVDU\ FHUWLnFDWHV DUH .6

VD\V .
$
� $ DQG .

6
VD\V .

%
� %�

ZKHUH .6 LV 6
V SXEOLF NH\�
:H FRQVLGHU WKUHH LQVWDQFHV RI GHOHJDWLRQ� ,Q HDFK FDVH ZH DUH OHG WR DVN ZKHWKHU

FRPSRVLWH SULQFLSDOV� VXFK DV %M$� DSSHDU RQ &
V $&/� 7KH VLPSOHVW LQVWDQFH RI
GHOHJDWLRQ LV GHOHJDWLRQ ZLWKRXW FHUWLnFDWHV�

��� :KHQ % ZLVKHV WR PDNH D UHTXHVW U RQ $
V EHKDOI� % VHQGV WKH VLJQHG UHTXHVW
DORQJ ZLWK $
V QDPH� IRU H[DPSOH LQ WKH IRUPDW .% VD\V $ VD\V U�

��� :KHQ & UHFHLYHV WKH UHTXHVW U� KH KDV HYLGHQFH WKDW % KDV VDLG WKDW $ UHTXHVWV
U� EXW QRW WKDW $ KDV GHOHJDWHG WR %� WKHQ & FRQVXOWV WKH $&/ IRU UHTXHVW U DQG
GHWHUPLQHV ZKHWKHU WKH UHTXHVW VKRXOG EH JUDQWHG XQGHU WKHVH FLUFXPVWDQFHV�

7KH ORJLF VHUYHV LQ GHVFULELQJ WKH UHDVRQLQJ RI WKH VHUYLFH SURYLGHU� & � ZKR PDNHV
WKH DFFHVV FRQWURO GHFLVLRQ� 6RPH DVVXPSWLRQV DUH QHHGHG� )LUVW� & PXVW EHOLHYH

$&0 7UDQVDFWLRQV RQ 3URJUDPPLQJ /DQJXDJHV DQG 6\VWHPV� 9RO� ��� 1R� �� 6HSWHPEHU �����



$ &DOFXOXV IRU $FFHVV &RQWURO c ��

WKDW .
6
LV 6
V SXEOLF NH\�

.6 � 6

DQG & REWDLQV D FHUWLnFDWH HQFU\SWHG XQGHU WKH LQYHUVH RI .
6
�

.
6
VD\V �.

%
� %�

7KHVH WZR IRUPXODV \LHOG

6 VD\V �.% � %�

:H VKRXOG DVVXPH WKDW & WUXVWV 6 IRU VXFK VWDWHPHQWV�

6 FRQWUROV �.
%
� %�

DQG ZH LPPHGLDWHO\ REWDLQ WKDW & KDV %
V NH\�

.
%
� %

,Q DGGLWLRQ� & VHHV D PHVVDJH XQGHU WKH LQYHUVH RI .
%
� UHTXHVWLQJ U RQ EHKDOI RI

$� LQ RWKHU ZRUGV�

.
%
VD\V $ VD\V U

,PPHGLDWHO\� & REWDLQV

% VD\V $ VD\V U

WKDW LV�

�%M$� VD\V U
1RZ & FRQVXOWV DQ $&/ IRU U� ,I %M$ DSSHDUV LQ WKLV $&/� WKDW LV� LI %M$ LV WUXVWHG
RQ U� WKHQ & EHOLHYHV U_DFFHVV LV JUDQWHG�

'HOHJDWLRQ ZLWK FHUWLnFDWHV� 7KH SURWRFRO MXVW GHVFULEHG FDQ KDUGO\ EH FRQVLGHUHG
VDWLVIDFWRU\ LQ JHQHUDO� ,W LV SUHIHUDEOH IRU $ WR LVVXH D GHOHJDWLRQ FHUWLnFDWH WKDW
SURYHV WKH GHOHJDWLRQ WR %�

��� $IWHU PXWXDO DXWKHQWLFDWLRQ� $ LVVXHV D FHUWLnFDWH WR % XQGHU $
V NH\� 7KLV
FHUWLnFDWH VWDWHV WKDW $ KDV GHOHJDWHG VRPH DXWKRULW\ WR %�

��� :KHQ % ZLVKHV WR UHTXHVW U RQ $
V EHKDOI� QR IXUWKHU LQWHUDFWLRQ ZLWK $ LV
QHHGHG� % FDQ SUHVHQW $
V FHUWLnFDWH WR &� DORQJ ZLWK .

%
VD\V $ VD\V U�

��� $W WKLV SRLQW & KDV HYLGHQFH WKDW % KDV UHTXHVWHG U RQ EHKDOI RI $� QRZ &
FRQVXOWV WKH $&/ IRU U DQG GHWHUPLQHV ZKHWKHU WKH UHTXHVW VKRXOG EH JUDQWHG�

)RU WKH WLPH EHLQJ� OHW XV XVH WKH QRWDWLRQ % VHUYHV $ WR PHDQ WKDW % LV D
GHOHJDWH IRU $� �%XW VHUYHV QHHG QRW EH SULPLWLYH� VHH 6HFWLRQ ����� 7KHQ WKH
GHOHJDWLRQ FHUWLnFDWH IURP $ IRU % FDQ EH H[SUHVVHG�

.$
VD\V �% VHUYHV $�

DQG WKH XVXDO FKHFNLQJ RI SXEOLF�NH\ FHUWLnFDWHV IURP 6 \LHOGV

$ VD\V �% VHUYHV $�

,I & WUXVWV $ RQ WKLV VWDWHPHQW� & JHWV

��%M$� VD\V U� A �% VHUYHV $�
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,Q RXU WKHRULHV� WKLV LPSOLHV

�% IRU $� VD\V U

$JDLQ & FDQ FRQVXOW WKH $&/ IRU U� DQG U ZLOO EH JUDQWHG LI WKH OLVW LQFOXGHV % IRU $�
,Q SDUWLFXODU� U ZLOO EH JUDQWHG LI WKH OLVW PHQWLRQV %M$� D ZHDNHU SULQFLSDO� EXW
PD\ EH JUDQWHG HYHQ RWKHUZLVH�
7KLV VFKHPH LV LOOXVWUDWHG LQ PRUH GHWDLO E\ DQ H[DPSOH LQ 6HFWLRQ ��

'HOHJDWLRQ ZLWKRXW GHOHJDWH DXWKHQWLFDWLRQ� $QRWKHU YDULDQW FRQVLVWV LQ RPLWWLQJ
WKH DXWKHQWLFDWLRQ EHWZHHQ % DQG &� OHDYLQJ WKH UHVSRQVLELOLW\ RI DXWKHQWLFDWLQJ
% VROHO\ WR $�

��� $IWHU PXWXDO DXWKHQWLFDWLRQ� $ LVVXHV D FHUWLnFDWH WR % XQGHU $
V NH\� 7KH
FHUWLnFDWH LQFOXGHV D NH\ .G DQG %
V QDPH� 7KH LQYHUVH NH\ .

b�

G
UHPDLQV D

VHFUHW NQRZQ DW PRVW WR $ DQG %�

��� :KHQ % ZLVKHV WR UHTXHVW U RQ $
V EHKDOI� % FDQ SUHVHQW $
V FHUWLnFDWH WR &
DORQJ ZLWK WKH UHTXHVW XQGHU WKH GHOHJDWLRQ NH\ .

G
�

��� $W WKLV SRLQW & KDV HYLGHQFH WKDW % KDV UHTXHVWHG U RQ EHKDOI RI $� QRZ &
FRQVXOWV WKH $&/ IRU U DQG GHWHUPLQHV ZKHWKHU WKH UHTXHVW VKRXOG EH JUDQWHG�

7KH PRVW REYLRXV QRYHOW\ LQ WKLV VFKHPH LV WKH LQWURGXFWLRQ RI D GHOHJDWLRQ NH\
.G� 2QH RI WKH UHDVRQV ZK\ WKLV LV VLJQLnFDQW LV WKDW WKH GHOHJDWH FDQ VLPSO\
IRUJHW WKH VHFUHW NH\ .b�

G
LQ RUGHU WR JLYH XS WKH SRZHU RI DFWLQJ RQ EHKDOI RI WKH

GHOHJDWRU� 6HFWLRQ � GLVFXVVHV WKLV XVH RI GHOHJDWLRQ NH\V� )RU HpFLHQF\� KRZHYHU�
UHTXHVWV ZRXOG EH PDGH XQGHU QHLWKHU.%

QRU.
G
� EXW UDWKHU XQGHU D VKDUHG VHVVLRQ

NH\� IRU H[DPSOH D '(6 NH\ >�@� 7KH XVH RI D VHVVLRQ NH\ LV D VLJQLnFDQW RSWLPL]DWLRQ
EHFDXVH RI WKH HpFLHQF\ RI '(6 HQFU\SWLRQ� DQG GRHV QRW FRPSURPLVH VHFXULW\�
7KH nQDO LWHPV LQ WKHVH GHVFULSWLRQV DUH GHFHSWLYHO\ LGHQWLFDO� ,Q WKH SUHYLRXV

VFKHPHV� & REWDLQV GLUHFW HYLGHQFH WKDW % LV PDNLQJ WKH UHTXHVW� ,Q WKLV VFKHPH�
RQ WKH RWKHU KDQG� WKLV HYLGHQFH LV SURYLGHG RQO\ E\ $
V FHUWLnFDWH� ZKLFK LQFOXGHV
%
V QDPH� $FFRUGLQJO\� ZH PD\ ZDQW & WR PDNH GLmHUHQW DFFHVV FRQWURO GHFLVLRQV
LQ WKH WZR FDVHV� 7KLV GLVWLQFWLRQ LV QHFHVVDU\� IRU H[DPSOH LQ WKH FDVH LQ ZKLFK
% LV D SURWHFWHG VXEV\VWHP� ,W LV D GLVWLQFWLRQ WKDW D WKHRU\ RI GHOHJDWLRQ VKRXOG
DOORZ� DQG KRSHIXOO\ FODULI\�
/HW XV GHQRWH E\ $ RQ % WKH FRPSRXQG SULQFLSDO WKDW LV REWDLQHG E\ WKLV GHO�

HJDWLRQ VFKHPH� ,W LV VHQVLEOH WR DVVXPH WKDW $ � �$ RQ %� IRU $ WR EH EHOLHYHG
ZKHQ KH FODLPV WKDW .G VSHDNV IRU $ RQ %� 7KLV SURSHUW\ VXJJHVWV WKH GHnQLWLRQ
�$ RQ %�  �$ B �% IRU $��� WKH GHnQLWLRQ \LHOGV VXLWDEOH SURSHUWLHV IRU RQ�
7KH XVH RI RQ LV SUREOHPDWLF LQ D ZRUOG ZKHUH VRPH $&/V PD\ DOORZ % IRU $

EXW QRW $ RQ %� 7KH LQWHUDFWLRQ EHWZHHQ RQ DQG IRU LV XQIRUWXQDWH� ,Q SDUWLFXODU�
D UHTXHVW IURP $ RQ % PD\ IDLO ZKHUH RQH IURP % IRU $ ZRXOG VXFFHHG� WKLV LV
XQSOHDVDQW� VLQFH IRU FRXOG KDYH DSSHDUHG LQ WKH UHTXHVW LQVWHDG RI RQ� ,W SRVHV
WKH SUREOHP RI KRZ WR FKRRVH ZKHQ WR XVH RQ DQG ZKHQ WR XVH IRU � ,W VHHPV
EHVW WR XVH IRU WKURXJKRXW� 7KLV FKRLFH FDQ EH PDGH DmRUGDEOH� DQG LW DOVR RmHUV
WKH DGYDQWDJH RI VLPSOLFLW\_WKH GHVLJQ UHTXLUHV IHZHU FUHGHQWLDO IRUPDWV DQG IHZHU
ODZV� 7KHUHIRUH� ZH GR QRW GLVFXVV RQ IXUWKHU�

��� 7KH (QFRGLQJ

7KH GHOHJDWLRQ RI DOO SRZHUV FDQ EH GHnQHG FRQYLQFLQJO\� $ GHOHJDWHV WR % ZKHQ
$ VD\V WKDW % VSHDNV IRU $ �WKDW LV� ZKHQ $ VD\V �% � $� KROGV�� 7KH FRQFHSW RI

$&0 7UDQVDFWLRQV RQ 3URJUDPPLQJ /DQJXDJHV DQG 6\VWHPV� 9RO� ��� 1R� �� 6HSWHPEHU �����
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GHOHJDWLRQ WKDW LQWHUHVWV XV KHUH LV VXEWOHU� :KHQ $ GHOHJDWHV WR %� WKH SRZHUV RI %
RQ EHKDOI RI $ GHSHQG RQ WKH FRQWHQWV RI WKH $&/V LQ WKH GLVWULEXWHG V\VWHP� $ PD\
EH PRUH UHFNOHVV ZLWK GHOHJDWLRQV LI WKHVH SRZHUV DUH VPDOO� ,Q WXUQ� WKH FRQWHQWV
RI WKH $&/V GHSHQG RQ KRZ WKHLU ZULWHUV XQGHUVWDQG WKH PHDQLQJ RI GHOHJDWLRQ�
7KHUH LV D FLUFXODULW\ KHUH� 7KH PHDQLQJ RI GHOHJDWLRQ UHVXOWV IURP WKH FRPELQDWLRQ
RI WKH FRQWHQWV RI WKH $&/V LQ WKH V\VWHP DQG RI WKH EHKDYLRU RI GHOHJDWRUV DQG
GHOHJDWHV� +HQFH� ZH FRQFOXGH WKDW WKH PHDQLQJ RI GHOHJDWLRQ LV D PDWWHU RI SROLF\
RU FRQYHQWLRQ�
7KHVH UHPDUNV VXJJHVW DQ DSSURDFK ZKHUH WKH QRWLRQ RI GHOHJDWLRQ LV SULPLWLYH�

ZH QRZ VNHWFK WKLV DSSURDFK� DVVXPLQJ IRU D PRPHQW WKDW GLVMXQFWLRQ LV DYDLODEOH�
7KH RSHUDWRU VHUYHV LV WDNHQ DV SULPLWLYH DQG D[LRPDWL]HG� 6RPH VWUDLJKWIRUZDUG
D[LRPV FRPH WR PLQG� DQG LQ SDUWLFXODU WKDW % VHUYHV $ LV DQWLPRQRWRQLF LQ %
DQG WKDW LI %L VHUYHV $ IRU DOO L� WKHQ �

:
L
%L� VHUYHV $� /HW (�$� EH WKH ZHDNHVW

SULQFLSDO WR ZKLFK $ KDV GHOHJDWHG DQG OHW (%�$� EH WKH ZHDNHVW SULQFLSDO VWURQJHU
WKDQ % WR ZKLFK $ KDV GHOHJDWHG� 7KHQ % IRU $ FDQ EH GHnQHG WR EH (

%
�$�M$�

DQG WKLV HTXDOV �% A (�$��M$� $[LRPV IRU GHOHJDWLRQ \LHOG SURSHUWLHV RI IRU � IRU
H[DPSOH� WKH D[LRPV JLYHQ \LHOG WKDW IRU LV PXOWLSOLFDWLYH LQ LWV VHFRQG DUJXPHQW�
:H KDYH QRW IRXQG D VDWLVIDFWRU\ ZD\ WR REWDLQ DVVRFLDWLYLW\�
:H SUHIHU QRW KDYLQJ GHOHJDWLRQ DV D ORJLFDO SULPLWLYH� WKH IROORZLQJ WKRXJKW

H[SHULPHQW LQVSLUHV DQ DOWHUQDWLYH DSSURDFK� ,PDJLQH WKDW WKHUH LV D GLVWLQJXLVKHG
SULQFLSDO ' LQ WKH GLVWULEXWHG V\VWHP ZKR RSHUDWHV DV D GHOHJDWLRQ VHUYHU� 7KH
IXQFWLRQ RI ' LV WR FHUWLI\ GHOHJDWLRQV� :KHQ $ ZDQWV WR GHOHJDWH WR %� LW VXpFHV
IRU $ WR WHOO ' WKDW LI % VD\V WKDW $ VD\V V� WKHQ ' VKRXOG EDFN %� 7KXV� LI
%M$ VD\V V WKHQ 'M$ VD\V V� ,QWXLWLYHO\� ' VD\V WKDW $ VD\V V ZKHQ D GHOHJDWH RI
$
V PDNHV WKLV DVVHUWLRQ� 7KXV� ZH FDQ WDNH �% A '�M$ DV D IRUPDO HQFRGLQJ IRU
% IRU $� 1RWLFH WKDW WKHUH LV D VWULNLQJ VLPLODULW\ EHWZHHQ WKLV HQFRGLQJ RI IRU DQG
WKH SUHYLRXV IRUPXODWLRQ�
,W LV QRW DFWXDOO\ QHFHVVDU\ IRU ' WR EH LPSOHPHQWHG� MXVW DV W\SLFDO UROHV GR QRW

FRUUHVSRQG WR UHDO XVHUV DQG PDFKLQHV� :KHQ $ ZLVKHV WR GHOHJDWH WR %� $ VD\V
WKDW IRU DOO V� LI % VD\V WKDW $ VD\V V WKHQ ' VD\V WKDW $ VD\V V� IRUPDOO\� LW VXpFHV
WR KDYH $ VD\V �%M$ � 'M$�� 7KH VWDWHPHQW $ FRQWUROV �%M$ � 'M$� WKHQ
UHSUHVHQWV WKDW $ FDQ GHOHJDWH WR %� 7KHVH WZR DVVHUWLRQV WRJHWKHU LPPHGLDWHO\
\LHOG �%M$ � 'M$�� DQG ZKHQ �%M$� VD\V V� ZH REWDLQ �'M$� VD\V V� DQG WKHQ
��% A '�M$� VD\V V� ,Q WKLV IRUPDO GHULYDWLRQ LW LV LUUHOHYDQW ZKHWKHU ' LV D UHDO
VHUYHU RU QRW� �,W LV SHUKDSV HYHQ EHWWHU LI ' LV QRW D UHDO VHUYHU� IRU WKHQ LW FDQQRW
EH DWWDFNHG��
7KXV� ZH FDQ WDNH % IRU $ WR PHDQ �% A '�M$� ZKHUH ' LV D GLVWLQJXLVKHG

nFWLRQDO SULQFLSDO� 6LPLODUO\� �%M$ � 'M$� FDQ UHSUHVHQW % VHUYHV $� KHQFH� LI
% VHUYHV $ WKHQ �%M$ � % IRU $�� 7KLV H[SUHVVHV WKH LQWXLWLRQ WKDW IRU LV M
?SOXV D GHOHJDWLRQ�� 7KH ORJLFDO IUDPHZRUN DOVR DOORZV WKH SRVVLELOLW\ RI ZHDNHU
GHOHJDWLRQ VWDWHPHQWV� ZKHUH $ GHOHJDWHV RQO\ VRPH RI WKHVH ULJKWV� ZH SUHIHU WKH
XVH RI UROHV IRU OLPLWLQJ WKH SRZHU RI GHOHJDWLRQV�
2XU HQFRGLQJ KDV VHQVLEOH IRUPDO FRQVHTXHQFHV�

_ IRU LV PRQRWRQLF LQ ERWK DUJXPHQWV�

_ IRU LV PXOWLSOLFDWLYH LQ ERWK DUJXPHQWV� LQ IDFW� 7KLV IROORZV IURP WKH PXOWL�
SOLFDWLYLW\ RI M DQG WKH GHnQLWLRQ RI IRU �

�% A%�� IRU �$ A $��  �% A %� A'�M�$ A $��
$&0 7UDQVDFWLRQV RQ 3URJUDPPLQJ /DQJXDJHV DQG 6\VWHPV� 9RO� ��� 1R� �� 6HSWHPEHU �����
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 ��% A'� A �%� A'��M�$ A $��
 ��% A'�M$� A ��% A'�M$��
A ��%� A'�M$� A ��%� A'�M$��

 �% IRU $� A �% IRU $�� A �%� IRU $� A �%� IRU $��
_ % IRU $ LV DOZD\V GHnQHG� HYHQ LI $ KDV QRW GHOHJDWHG WR %� ,Q IDFW� ZH KDYH

�%M$� A �& IRU $�� ��% A &� IRU $�
DQG KHQFH DOVR

�%M$� A �& IRU $�� �% IRU $�

7KLV VRPHZKDW VXUSULVLQJ WKHRUHP LV WKH FRQVHTXHQFH RI WZR GHVLUDEOH� EDVLF
SURSHUWLHV� WKH PRQRWRQLFLW\ RI IRU DQG WKH DQWLPRQRWRQLFLW\ RI GHOHJDWLRQ
�ZKLFK PHDQV WKDW LI $ GHOHJDWHV WR &� WKHQ LW DOVR GHOHJDWHV WR WKH VWURQJHU
SULQFLSDO % A &��
$GGLWLRQDO SURSHUWLHV RI ' \LHOG IXUWKHU FRQVHTXHQFHV�

_ ,I 'M' � ' WKHQ IRU SRVVHVVHV D ZHDN DVVRFLDWLYLW\ SURSHUW\�

& IRU �% IRU $�� �& IRU %� IRU $

ZKLFK IROORZV IURP WKH DVVRFLDWLYLW\ DQG WKH PXOWLSOLFDWLYLW\ RI M�
& IRU �% IRU $�  �& A'�M��% A'�M$�
 �& M%M$� A �&M'M$� A �'M%M$� A �'M'M$�
� �&M%M$� A �& M'M$� A �'M%M$� A �'M$�
� �&M%M$� A �'M%M$� A �'M$�
 ��& IRU %�M$� A �'M$�
 �& IRU %� IRU $

7KH RWKHU GLUHFWLRQ RI WKH LPSOLFDWLRQ LV QRW YDOLG� 7KH HVVHQWLDO UHDVRQ IRU
WKLV LV WKDW & IRU �% IRU $� LPSOLHV &M'M$� ZKLOH �& IRU %� IRU $ GRHV QRW�
,QWXLWLYHO\� WKLV LV EHFDXVH & 
V SDUW LQ �& IRU %� IRU $ QHHG QRW LQYROYH FKHFNLQJ
HYLGHQFH WKDW % LV D GHOHJDWH IRU $� RU HYHQ WKDW $ H[LVWV�

_ ,I $� 'M$ WKHQ �$ A �%M$��� �% IRU $�� EHFDXVH M LV PXOWLSOLFDWLYH�
$ A �%M$� � �'M$� A �%M$�

 ��% A'�M$�
 % IRU $

7KLV SURSHUW\ PHDQV WKDW ZKHQ $ PDNHV D VWDWHPHQW KLPVHOI� WKHUH LV QR QHHG
WR nQG D FRUUHVSRQGLQJ VWDWHPHQW E\ WKH GHOHJDWLRQ VHUYHU�

_ ,I $ � 'M$ DQG $  $M$ WKHQ $  $ IRU $� WKDW LV� WKH LGHPSRWHQFH RI M
LPSOLHV WKH LGHPSRWHQFH RI IRU �

$ IRU $  ��$ A'�M$�
 �$M$� A �'M$�
 $ A �'M$�
 $

$&0 7UDQVDFWLRQV RQ 3URJUDPPLQJ /DQJXDJHV DQG 6\VWHPV� 9RO� ��� 1R� �� 6HSWHPEHU �����
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7KH DGGLWLRQDO SURSHUWLHV IRU ' DUH UHDVRQDEOH� DQG ZH DGRSW WKHP� 7KHVH SURS�
HUWLHV DUH UHPLQLVFHQW RI WKRVH IRU UROHV� ,Q WKH ELQDU\�UHODWLRQ PRGHO� IRU H[DPSOH�
WKHVH SURSHUWLHV RI ' DQG WKRVH IRU UROHV DOO DPRXQW WR VD\LQJ WKH VDPH WKLQJ� WKDW
WKH DVVRFLDWHG ELQDU\ UHODWLRQV DUH VXEVHWV RI WKH LGHQWLW\�

�� 35272&2/6 $1' $/*25,7+06

,Q WKLV VHFWLRQ ZH FRQVLGHU VRPH PHFKDQLVPV IRU GHOHJDWLRQ DQG IRU DFFHVV FRQWURO
GHFLVLRQV� 7KH ODVW VXEVHFWLRQ SUHVHQWV DQ H[DPSOH�

��� 'HOHJDWLRQ

:KLOH GHOHJDWLRQ KDV D VLQJOH VHPDQWLFV� VXEVWDQWLDOO\ GLmHUHQW LPSOHPHQWDWLRQV DUH
UHFRPPHQGHG IRU XVHUV DQG IRU QRGHV�

'HOHJDWLRQ IURP XVHUV WR QRGHV� 7KH VFKHPHV IRU GHOHJDWLRQ GLVFXVVHG LQ 6HFWLRQ �
GR QRW VHHP DGHTXDWH IRU XVHUV� 'HOHJDWLRQ IURP XVHUV WR QRGHV SRVHV VSHFLDO
SUREOHPV� 2QH GLpFXOW\ LV WKDW LW LV LQFRQYHQLHQW IRU XVHUV WR UHIUHVK GHOHJDWLRQ
FHUWLnFDWHV� 5HIUHVKLQJ D GHOHJDWLRQ FHUWLnFDWH PD\ UHTXLUH UHLQWURGXFLQJ D VPDUW�
FDUG� IRU H[DPSOH� 7KHUHIRUH� LW VHHPV GHVLUDEOH WKDW GHOHJDWLRQ FHUWLnFDWHV EH
UHODWLYHO\ ORQJ�OLYHG �YDOLG IRU PDQ\ KRXUV��
/RQJ�OLYHG GHOHJDWLRQ FHUWLnFDWHV SRVH D VHFXULW\ WKUHDW EHFDXVH D GHOHJDWLRQ FHU�

WLnFDWH PD\ EH YDOLG ORQJ DIWHU WKH XVHU KDV VWRSSHG XVLQJ WKH QRGH� $Q DWWDFNHU
PD\ VXEYHUW WKH QRGH RYHU D UHODWLYHO\ ORQJ WLPH SHULRG DQG DEXVH WKH XVHU
V GHOHJD�
WLRQ� 7R SUHYHQW WKLV IURP KDSSHQLQJ� LW LV EHVW WR LQWURGXFH DQ DX[LOLDU\ GHOHJDWLRQ
NH\ WKDW WKH QRGH FDQ IRUJHW GHOLEHUDWHO\ ZKHQ WKH XVHU OHDYHV� 7KH GHOHJDWLRQ FHU�
WLnFDWH UHPDLQV YDOLG� EXW EHFRPHV XVHOHVV�
,Q PRUH GHWDLO� WKH SURWRFRO JRHV DV IROORZV� )LUVW WKH XVHU $ GHOHJDWHV WR WKH

QRGH % DQG WR D SXEOLF NH\ .G SURYLGHG E\ WKH QRGH�

$ VD\V ��.G A %� VHUYHV $�
7KH QRGH KDV WKH LQYHUVH RI WKH SXEOLF NH\ DQG LW FDQ VHW XS D FKDQQHO &K IRU
�.G A %� IRU $�

.
G
VD\V $ VD\V �&K � �.

G
A%� IRU $�

DQG

% VD\V $ VD\V �&K � �.G A%� IRU $�
+HQFH

��.G A %� IRU $� VD\V �&K � �.G A %� IRU $�
IROORZV ORJLFDOO\� :KHQ WKLV VWDWHPHQW LV EHOLHYHG� LW \LHOGV

&K � �.G A %� IRU $
DQG WKHQ PRQRWRQLFLW\ OHDGV WR WKH GHVLUHG UHVXOW�

&K � % IRU $

+HUHDIWHU % FDQ PDNH UHTXHVWV IRU $ WKURXJK WKH FKDQQHO &K � ,Q SUDFWLFH� WKH
FKDQQHO PD\ EH REWDLQHG E\ PXOWLSOH[LQJ D ORQJHU�WHUP VHFXUH FKDQQHO IURP %�
WKLV ORQJHU�WHUP FKDQQHO PD\ ZHOO EH D '(6 FKDQQHO�

$&0 7UDQVDFWLRQV RQ 3URJUDPPLQJ /DQJXDJHV DQG 6\VWHPV� 9RO� ��� 1R� �� 6HSWHPEHU �����
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7KH GHOHJDWLRQ IURP .
G
WR WKH FKDQQHO KDV D UHODWLYHO\ VKRUW OLIHWLPH DQG QHHGV

WR EH UHQHZHG IUHTXHQWO\� :KHQ WKH QRGH IRUJHWV .
G
GHOLEHUDWHO\� LW ORVHV WKH DELOLW\

WR UHIUHVK WKH FHUWLnFDWH IRU WKH FKDQQHO &K �

'HOHJDWLRQ IURP QRGHV WR QRGHV� )RU QRGHV WKH VFKHPHV RI 6HFWLRQ � DUH FRQYH�
QLHQW HQRXJK� 7KH RQH FRUUHVSRQGLQJ WR WKH IRU RSHUDWRU LV VLPSOH� UHDVRQDEO\
VHFXUH� DQG FDQ EH PDGH HpFLHQW HQRXJK IRU LPSOHPHQWDWLRQ�
7KH VDPH LGHDV ZRUN IRU FDVFDGHG GHOHJDWLRQV� 6XSSRVH WKDW XVHU $ KDV GHOHJDWHG

WR QRGH % DQG WKDW % FDQ RSHUDWH ZLWK WKH LGHQWLW\ % IRU $� ,I D IXUWKHU GHOHJDWLRQ
LV QHHGHG WR D QRGH &� WKH SUHFLVH GHOHJDWLRQ VWDWHPHQW LV

�%M$� VD\V �& VHUYHV �% IRU $��

6LQFH $ KDV GHOHJDWHG WR %� LW IROORZV ORJLFDOO\ WKDW�

�% IRU $� VD\V �& VHUYHV �% IRU $��

7KLV VWDWHPHQW LV EHOLHYHG� DQG \LHOGV

& VHUYHV �% IRU $�

1RZ & FDQ PDNH D UHTXHVW U RQ EHKDOI RI % IRU $�

& VD\V �% IRU $� VD\V U

DQG WKHQ WKH GHOHJDWLRQ IURP $ \LHOGV

�& IRU �% IRU $�� VD\V U

��� $FFHVV &RQWURO 'HFLVLRQV

8QIRUWXQDWHO\� WKH VHW RI YDOLG IRUPXODV RI WKH FDOFXOXV RI SULQFLSDOV LV QRW UHFXUVLYH
IRU DQ\ XVHIXO GHnQLWLRQ RI YDOLGLW\� EXW LW LV UHFXUVLYHO\ HQXPHUDEOH� 8QGHFLGDELOLW\
FDQ EH SURYHG E\ D UHGXFWLRQ IURP WKH ZRUG SUREOHP IRU 7KXH V\VWHPV� IRU H[DPSOH�
2Q WKH RWKHU KDQG� WKH IRUPXODV WKDW DULVH LQ DFFHVV FRQWURO DUH QRW DUELWUDU\� WKH
QH[W WZR SDUWV GLVFXVV GHFLGDEOH DFFHVV FRQWURO SUREOHPV�

$ JHQHUDO DFFHVV FRQWURO SUREOHP� 7KH SUREOHP RI PDNLQJ DFFHVV FRQWURO GHFLVLRQV
LV FRPSXWDWLRQDOO\ FRPSOH[� ,W LV LPSRUWDQW WKHUHIRUH WR XQGHUVWDQG WKH SUHFLVH
IRUP RI LWV LQVWDQFHV� 7KH SDUWV RI DQ LQVWDQFH DUH�

_ $Q H[SUHVVLRQ 3 LQ WKH FDOFXOXV RI SULQFLSDOV UHSUHVHQWV WKH SULQFLSDO WKDW LV
PDNLQJ WKH UHTXHVW� ,Q SDUWLFXODU� DOO DSSURSULDWH GHOHJDWLRQV DUH WDNHQ LQWR
DFFRXQW LQ FRQVWUXFWLQJ WKLV H[SUHVVLRQ� 7KH YDULRXV UHOHYDQW FHUWLnFDWHV DUH
SUHVHQWHG IRU FKHFNLQJ�

_ $ VWDWHPHQW V UHSUHVHQWV ZKDW LV EHLQJ UHTXHVWHG RU DVVHUWHG� WKH VWDWHPHQW LV
SUHVHQWHG H[SOLFLWO\ E\ WKH UHTXHVWHU� DQG WKH VHUYLFH SURYLGHU GRHV QRW QHHG WR
GHULYH LW ORJLFDOO\ IURP RWKHU VWDWHPHQWV� 7KH SUHFLVH QDWXUH RI V LV LJQRUHG_LW
LV WUHDWHG DV DQ XQLQWHUSUHWHG SURSRVLWLRQ V\PERO�

_ $VVXPSWLRQV VWDWH LPSOLFDWLRQV DPRQJ SULQFLSDOV� WKHVH W\SLFDOO\ UHSUHVHQW DV�
VXPSWLRQV DERXW JURXS PHPEHUVKLSV� 7KH\ KDYH WKH IRUP 3L � *L� ZKHUH 3L
LV DQ DUELWUDU\ H[SUHVVLRQ LQ WKH FDOFXOXV RI SULQFLSDOV DQG *

L
DQ DWRP� 1RWH

WKDW WKLV V\QWD[ LV OLEHUDO HQRXJK WR ZULWH *M*� * IRU HYHU\ DSSURSULDWH * RI
LQWHUHVW� REWDLQLQJ VRPH RI WKH EHQHnW RI WKH LGHPSRWHQFH D[LRP�

$&0 7UDQVDFWLRQV RQ 3URJUDPPLQJ /DQJXDJHV DQG 6\VWHPV� 9RO� ��� 1R� �� 6HSWHPEHU �����
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_ &HUWDLQ DWRPLF V\PEROV 5�� � � � � 5L� � � � DUH NQRZQ WR GHQRWH UROHV� 7KLV PD\
EH REYLRXV IURP WKHLU QDPHV�

_ $Q $&/ LV D OLVW RI H[SUHVVLRQV (�� � � � � (L� � � � LQ WKH FDOFXOXV RI SULQFLSDOV�
WKHVH UHSUHVHQW WKH SULQFLSDOV WKDW DUH WUXVWHG RQ V�

7KH EDVLF SUREOHP RI DFFHVV FRQWURO LV GHFLGLQJ ZKHWKHU
9
L
�3L � *L�� GHULYHG IURP

WKH DVVXPSWLRQV� DQG
9
L
�(L FRQWUROV V�� GHULYHG IURP WKH $&/� LPSO\ 3 FRQWUROV V�

JLYHQ WKH VSHFLDO SURSHUWLHV RI UROHV DQG RI WKH GHOHJDWLRQ VHUYHU '� :H VLPSOLI\
WKH SUREOHP� DQG DVN LQVWHDG ZKHWKHU

9
L
�3L � *L� LPSOLHV 3 � (M IRU VRPH M�

,Q WKLV VLPSOLnFDWLRQ� $&/ HQWULHV DUH FRQVLGHUHG RQH E\ RQH� DQG WKHLU SRVVLEOH
LQWHUDFWLRQV DUH LJQRUHG� $&/ HQWULHV ZULWWHQ E\ WZR GLmHUHQW XVHUV FDQQRW OHDG
WR UHVXOWV WKDW QHLWKHU RI WKHP FRXOG IRUHVHH� 7KH VLPSOLnFDWLRQ RI WKH SUREOHP LV
ERWK FRQYHQLHQW DQG VRXQG� EXW LQ VRPH FDVHV LW LV LQFRPSOHWH� )RU H[DPSOH� ZKHQ
WKH PRGHO LV D PRQRLG RI ELQDU\ UHODWLRQV� LI 5 FRQWUROV V DQG 5� FRQWUROV V DQG
ERWK 5 DQG 5� DUH UROHV� WKHQ �5�M5� FRQWUROV V� RQ WKH RWKHU KDQG� WKH UHTXHVWHU
�5�M5� LV GHQLHG DFFHVV ZKHQ WKH HQWULHV 5 DQG 5� DUH FRQVLGHUHG VHSDUDWHO\� :H GR
QRW NQRZ XQGHU ZKDW JHQHUDO FRQGLWLRQV RQH KDV FRPSOHWHQHVV� KRZHYHU� ZH SURYH
D FRPSOHWHQHVV UHVXOW LQ WKH QH[W VXEVHFWLRQ�
)L[LQJ D M DQG LQWURGXFLQJ DQ DX[LOLDU\ DWRP $� WKH DFFHVV FRQWURO TXHVWLRQ

EHFRPHV ZKHWKHU
9
L
�3

L
� *

L
� DQG (

M
� $ LPSO\ 3 � $� $IWHU VRPH UHQDPLQJV�

WKLV LV� JLYHQ H[SUHVVLRQV 3 � 4�� � � � � 4L� � � � � DQG DWRPV $� %�� � � � � %L� � � � � GRHV9
L
�4

L
� %

L
� LPSO\ 3 � $"

7KLV SUREOHP KDV D IHZ LQWHUHVWLQJ� WUDFWDEOH FDVHV� ,I ZH LJQRUH UROHV DQG ' IRU
WKH WLPH EHLQJ DQG DOORZ RQO\ WKH RSHUDWRU A� ZH KDYH WKH SUREOHP RI GHULYLQJ D
+RUQ FODXVH IURP RWKHU +RUQ FODXVHV� ,I LQVWHDG WKH RQO\ RSHUDWRU LV M� ZH KDYH WKH
SUREOHP RI GHFLGLQJ PHPEHUVKLS RI D ZRUG LQ D FRQWH[W�IUHH ODQJXDJH� 7KH ZRUG
FRUUHVSRQGV WR 3 � DQG WKH JUDPPDU IRU WKH FRQWH[W�IUHH ODQJXDJH FRPHV IURP WKH
LPSOLFDWLRQV �4L � %L�� WKH DWRP $ VHUYHV DV LQLWLDO V\PERO�
,W LV WKH FRPELQDWLRQ RI A DQG M WKDW PDNHV WKH SUREOHP KDUG� 0RUH SUHFLVHO\� OHW

XV LJQRUH UROHV DQG '� DOORZ ERWK M DQG A� DQG DVVXPH WKH WKHRU\ RI PXOWLSOLFDWLYH
VHPLODWWLFH VHPLJURXSV� &RQWH[W�IUHH JUDPPDUV FDQ VWLOO EH HQFRGHG� EXW LQ DGGLWLRQ
WKH ?XQLYHUVDO EUDQFKLQJ� GXH WR A DOWHUQDWHV ZLWK WKH ?H[LVWHQWLDO EUDQFKLQJ� WKDW
FRPHV IURP FKRRVLQJ EHWZHHQ UXOHV RI WKH HQFRGHG JUDPPDUV� 8VLQJ WKHVH LGHDV�
ZH KDYH VNHWFKHG D SURRI WKDW WKH SUREOHP RI PDNLQJ DFFHVV FRQWURO GHFLVLRQV LV
HTXLYDOHQW WR WKH DFFHSWDQFH SUREOHP IRU DOWHUQDWLQJ SXVKGRZQ DXWRPDWD >�@�
,W IROORZV WKDW WKH IDLUO\ JHQHUDO DFFHVV FRQWURO SUREOHP WKDW ZH SRVHG UHTXLUHV

H[SRQHQWLDO WLPH� :H EHOLHYH WKDW WKH LQFOXVLRQ RI YDULRXV UHDVRQDEOH SURSHUWLHV IRU
UROHV DQG IRU ' GRHV QRW ZRUVHQ WKLV FRPSOH[LW\� �:H KDYH FRQVLGHUHG VRPH RI WKH
FDVHV�� $OWKRXJK DOO RI WKH H[SUHVVLRQV LQYROYHG VHHP OLNHO\ WR EH VPDOO� ZH IHDU
WKDW RXU DOJRULWKPV ZRXOG QRW UXQ IDVW HQRXJK LQ SUDFWLFH� )XUWKHU UHVWULFWLRQV DUH
ZDQWHG�

$ PRUH WUDFWDEOH SUREOHP� $ VHFRQG YHUVLRQ RI WKH DFFHVV FRQWURO SUREOHP LV EDVHG
RQ VRPH IXUWKHU VLPSOLnFDWLRQV�

_ 7KH IRU RSHUDWRU WDNHV D PRUH SURPLQHQW UROH� 6LQFH LW LV H[SHFWHG WR EH FRPPRQ�
RQH ZRXOG ZDQW DQ DOJRULWKP WKDW GRHV QRW WUHDW LW E\ H[SDQGLQJ LW LQ WHUPV RI
A DQG M� ZLWK DQ H[SRQHQWLDO EORZ�XS�

$&0 7UDQVDFWLRQV RQ 3URJUDPPLQJ /DQJXDJHV DQG 6\VWHPV� 9RO� ��� 1R� �� 6HSWHPEHU �����



�� c 0� $EDGL HW DO�

_ ,Q HmHFW� IRU LV WUHDWHG DV DQ DVVRFLDWLYH RSHUDWRU� 0RUH SUHFLVHO\� ZH DVVXPH
WKDW DOO $&/V KDYH WKH ZHDNHVW SDUHQWKHVL]DWLRQ SRVVLEOH� 7KLV HQDEOHV XV WR
LJQRUH WKH SDUHQWKHVL]DWLRQ RI WKH UHTXHVWHU�

_ 7KH M RSHUDWRU RFFXUV RQO\ LQ WKH HQFRGLQJ RI IRU DQG DV � DQG ' RFFXUV RQO\ LQ
WKH HQFRGLQJ RI IRU �

_ 5ROHV DUH GLmHUHQWLDWHG IURP RWKHU SULQFLSDOV �FDOOHG SURSHU SULQFLSDOV� DQG RFFXU
LQ VSHFLDO SRVLWLRQV� 7KH VHW RI DWRPLF V\PEROV IRU SURSHU SULQFLSDOV LV 3 � WKH
VHW RI DWRPLF V\PEROV IRU UROHV LV 4�

_ $VVXPSWLRQV �JURXS PHPEHUVKLSV� DUH UHVWULFWHG WR WKH IRUP DWRP � DWRP �
ZKHUH ERWK DWRPV DUH HLWKHU LQ 3 RU LQ 4� ,Q SDUWLFXODU� WKLV IRUELGV WKH DVVXPS�
WLRQV RI WKH IRUP *M* � *� ZKLFK ZRXOG JLYH XV VRPH EHQHnWV RI LGHPSRWHQFH
ZKHUH DSSURSULDWH�

_ ,W LV WKHUHIRUH QHFHVVDU\ WR LQFOXGH D FRQVWUXFW IRU ZULWLQJ� LQ DQ $&/� WKDW
DQ\ SRVLWLYH QXPEHU RI LWHUDWLRQV RI D SULQFLSDO DUH DOORZHG� :H LQWURGXFH D
PHWDORJLFDO FRQVWUXFW � �� IRU WKLV SXUSRVH� IRU H[DPSOH ) IRU *� LV D VKRUWKDQG
IRU WKH OLVW ) IRU *� �) IRU *� IRU *� � � � �

$Q $&/ LV D OLVW RI $&/ HQWULHV� ,Q WXUQ� DQ $&/ HQWU\ LV D FRQMXQFWLRQ RI $&/
HQWULHV IUHH RI A� FDOOHG IRU �OLVWV� $ IRU �OLVW LV D OLVW FRQQHFWHG E\ IRU 
V� WKDW LV� LW
KDV WKH IRUP 3� IRU � � � IRU 3P� ZKHUH HDFK 3L LV D SULQFLSDO LQ UROHV� $ SULQFLSDO
LQ UROHV LV RI WKH IRUP 4 DV 5� DV � � � 5Q� ZKHUH 4 LV D SURSHU SULQFLSDO DQG HDFK
5M LV D UROH�
7KLV GHnQLWLRQ LV VXPPDUL]HG E\ D JUDPPDU�

$&/  OLVW RI (QWU\

5HTXHVWHU  (QWU\

(QWU\  FRQMXQFWLRQ RI IRU�OLVW

IRU�OLVW  3ULQFLSDO�LQ�5ROHV M IRU�OLVW IRU 3ULQFLSDO�LQ�5ROHV

3ULQFLSDO�LQ�5ROHV  3URSHU�3ULQFLSDO M 3ULQFLSDO�LQ�5ROHV DV 5ROH
0HPEHUVKLS  3URSHU�3ULQFLSDO� 3URSHU�3ULQFLSDO M 5ROH� 5ROH

7KH V\QWDFWLF FRQGLWLRQV FDQ EH ORRVHQHG� DV WKLV QRUPDO IRUP IRU $&/ HQWULHV
FDQ EH REWDLQHG E\ WZR V\QWDFWLF WUDQVIRUPDWLRQV MXVWLnHG E\ WKH ODZV RI WKH ORJLF�
&RQMXQFWLRQV FDQ EH SXVKHG RXWZDUGV� VLQFH ERWK DV DQG IRU GLVWULEXWH RYHU A� WKLV
QRUPDOL]DWLRQ LV WKH RQO\ VRXUFH RI H[SRQHQWLDO EHKDYLRU� DQG LW FDQ EH H[SHFWHG WR
EH XQLPSRUWDQW LQ WKH FRPPRQ H[DPSOHV ZKHUH FRQMXQFWLRQV DUH UDUH� 5ROHV FDQ
EH SXVKHG LQZDUGV� LQWR WKH GHOHJDWRU DUJXPHQW RI IRU 
V� WKLV VWHS LV HpFLHQW�
:LWK WKHVH V\QWDFWLF UHVWULFWLRQV� D PRUH HpFLHQW DFFHVV FRQWURO DOJRULWKP LV

SRVVLEOH�

_ 7KH UHTXHVW LV JUDQWHG LI WKH UHTXHVWHU LPSOLHV RQH RI WKH $&/ HQWULHV�

_ (DFK $&/ HQWU\ LV D FRQMXQFWLRQ RI IRU �OLVWV� DQG VR LV WKH UHTXHVWHU� )RU WKH
UHTXHVWHU WR LPSO\ DQ $&/ HQWU\� LW PXVW EH WKDW IRU HDFK FRQMXQFW RI WKH $&/
HQWU\ WKHUH H[LVWV VRPH FRQMXQFW RI WKH UHTXHVWHU WKDW LPSOLHV LW�

_ $ IRU �OLVW LPSOLHV DQRWKHU LI WKH\ DUH RI WKH VDPH OHQJWK� DQG HDFK SULQFLSDO LQ
UROHV RI WKH UHTXHVWHU LPSOLHV WKH FRUUHVSRQGLQJ RQH RI WKH HQWU\�

_ $ SULQFLSDO LQ UROHV 4 DV 5� DV � � � DV 5Q LPSOLHV DQRWKHU 4
� DV 5�� DV � � � DV 5

�

Q
�

LI 4 LPSOLHV 4� DQG IRU HDFK 5M WKHUH H[LVWV 5
�

N
VXFK WKDW 5M LPSOLHV 5

�

N
�
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_ $Q DWRPLF V\PERO 3 LPSOLHV DQRWKHU DWRPLF V\PERO 3 � LI WKHUH LV D FKDLQ RI
DVVXPSWLRQV 3  3� � � � �� 3

Q
 3 ��

7KLV DOJRULWKP LV VLPSOH WR GHVFULEH WR XVHUV� DQG LW LV DOVR VLPSOH WR LPSOHPHQW�
7KH DGHTXDWH VSHHG RI D SURWRW\SH LPSOHPHQWDWLRQ VXJJHVWV WKDW WKH DOJRULWKP
PLJKW ZHOO EH SUDFWLFDO� 7KH PHWDORJLFDO FRQVWUXFW � �� GRHV QRW LQWURGXFH DQ\
PDMRU DOJRULWKPLF GLpFXOW\� ,WV WUHDWPHQW LV ZHOO XQGHUVWRRG� DV LW LV VWDQGDUG LQ
WKH FRQWH[W RI UHJXODU ODQJXDJHV�
7KH DOJRULWKP LV VRXQG IRU WKH ELQDU\�UHODWLRQ PRGHO� ZKHUH ZH WDNH DOO UROHV WR

EH VXEVHWV RI WKH LGHQWLW\� 7KH DOJRULWKP LV DOVR FRPSOHWH IRU WKH ELQDU\�UHODWLRQ
PRGHO� 1RWH LQ SDUWLFXODU WKDW WKH DOJRULWKP WUHDWV DOO UROHV DV LGHPSRWHQW� DQG
WKH\ DOO FRPPXWH ZLWK RQH DQRWKHU�

7KHRUHP �6RXQGQHVV DQG &RPSOHWHQHVV�� /HW (�� � � � � (L� � � � EH DQ $&/�
3 D UHTXHVWHU� DQG

9
L
�%L � %�

L
� D FRQMXQFWLRQ RI DVVXPSWLRQV� 7KH DOJRULWKP

JUDQWV WKH UHTXHVW LI DQG RQO\ LIA
L

�%L � %�
L
� A
A
L

�(L FRQWUROV S� } �3 FRQWUROV S�

LV YDOLG IRU DOO S RYHU ELQDU\�UHODWLRQ PRGHOV�

SURRI� 7KH VRXQGQHVV SURRI LV VLPSOH� 7KH DOJRULWKP ZRUNV E\ DWWHPSWLQJ
WR SURYH WKDW 3 � (L IRU VRPH L IURP WKH DVVXPSWLRQV� DQG GRHV VR VRXQGO\�
0RUHRYHU� WKH WUXWK RI 3 � (L LPSOLHV WKDW LI

9
L
�(L FRQWUROV S� KROGV� WKHQ VR GRHV

3 FRQWUROV S�
7KH FRPSOHWHQHVV SURRI LV FOHDUHVW ZKHQ WKHUH DUH QR DVVXPSWLRQV� DQG KHQFH

ZH nUVW WUHDW WKDW FDVH� :H VXSSRVH WKDW WKH DOJRULWKP GRHV QRW JUDQW D UHTXHVW
DQG REWDLQ WKDW WKHUH LV D ELQDU\�UHODWLRQ PRGHO ZKHUH

9
L
�(

L
FRQWUROV S� KROGV EXW

3 FRQWUROV S GRHV QRW� IRU VRPH S� 7KLV UHTXLUHV WKDW S EH IDOVH� WKDW 3 VD\V S EH
WUXH� DQG WKDW (L VD\V S EH IDOVH IRU DOO L�
,W VXpFHV WR nQG VRPH ELQDU\�UHODWLRQ PRGHO ZKHUH ��Z�5�3 �Z�� DQG ZKHUH

5�(L��Z���t 5�3 ��Z�� IRU DOO L� 7KHQ ZH FDQ GHnQH DQ LQWHUSUHWDWLRQ WKDW PDNHV
WKH SURSRVLWLRQ V\PERO S WUXH DW DOO Z VXFK WKDW Z�5�3 �Z� DQG IDOVH DW DOO RWKHU
ZRUOGV�
7KH ELQDU\ UHODWLRQ PRGHO LV FRQVWUXFWHG IURP VWULQJV LQ D IDLUO\ XVXDO ZD\� /HW

7  3 d �4 DQG OHW 6 EH WKH VHW RI VWULQJV RYHU 7 � 7KH VHW 6 LV RXU VHW RI SRVVLEOH
ZRUOGV� WKH HPSW\ VWULQJ LV Z��
,I $

L
� 4� WKHQ LWV LQWHUSUHWDWLRQ -�$

L
� LV GHnQHG E\

,�$L�  I�[ c �$M � %�� [ c �$M � %�� M $M � 3 � $L � % t 4J
+HQFH UROHV DUH LQWHUSUHWHG E\ VXEVHWV RI WKH LGHQWLW\� DV UHTXLUHG� ,I $

L
� 3 WKHQ�

LQVWHDG�

-�$
L
�  I�[� [ c �$

L
� %�� M % t 4J

ZLWK WKH H[FHSWLRQ RI WKH VSHFLDO FRQVWDQW '�

-�'�  �
7KXV� LQ WKLV PRGHO� IRU DQG M DUH HTXLYDOHQW� WKLV LV PHUHO\ D FRQYHQLHQFH�
7KH LQWHUSUHWDWLRQ RI D SULQFLSDO H[SUHVVLRQ 4 UHODWHV WKH HPSW\ VWULQJ WR DOO

VWULQJV

�3Q� I5�Q� � � � � 5PQ

Q
J� c � � � c �3�� I5��� � � � � 5P�

�
J�
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VXFK WKDW

�3� DV 5
�

� DV � � � DV 5
P
�

�
� IRU � � � IRU �3Q DV 5�

Q
DV � � � DV 5PQ

Q
�

LV RQH RI WKH IRU �OLVWV LQ 4� DQG DOVR WR DOO VWULQJV REWDLQHG IURP WKH VWULQJV

�3Q� I5�Q� � � � � 5PQ

Q
J� c � � � c �3�� I5��� � � � � 5P�

�
J�

E\ HQODUJLQJ WKH UROH VHWV� 1RWH WKDW LQ DQ\ FDVH WKH HPSW\ VWULQJ LV QHYHU UHODWHG
WR LWVHOI� DV WKH IRU �OLVWV DUH QRW HPSW\� VR LQ SDUWLFXODU ��Z�5�3 �Z�� KROGV�
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E\ WKH LQWHUSUHWDWLRQ RI (L� 2Q WKH RWKHU KDQG� WKHUH LV QR FRQMXQFW LQ 3 WKDW
HVWDEOLVKHV WKLV UHODWLRQ� 7KXV� WKH PRGHO VDWLVnHV 5�(
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7KLV SURYHV RXU LQLWLDO FRPSOHWHQHVV FODLP� 1H[W ZH GHDO ZLWK DVVXPSWLRQV�
:LWKRXW ORVV RI JHQHUDOLW\� ZH FDQ WDNH WKH DVVXPSWLRQV WR EH WUDQVLWLYH� WKDW LV� LI
ERWK $L � $M DQG $M � $N DUH DVVXPHG� WKHQ VR LV $L � $N�
/HW XV UHSODFH HDFK V\PERO $

L
LQ 3 ZLWK WKH FRQMXQFWLRQ RI DOO V\PEROV $

M
VXFK

WKDW $L � $M LV DPRQJ WKH DVVXPSWLRQV� /HW 3
� EH WKH H[SUHVVLRQ REWDLQHG DIWHU

WKLV UHSODFHPHQW DQG DIWHU QRUPDOL]DWLRQ �DIWHU A
V DUH PRYHG RXWZDUGV�� 7KH
DOJRULWKP JUDQWV WKH UHTXHVW WR 3 LI DQG RQO\ LI LW JUDQWV WKH UHTXHVW WR 3 �_WKH
DGGLWLRQDO FRQMXQFWV LQ 3 � GR QRW DGG VWUHQJWK LQ SUHVHQFH RI WKH DVVXPSWLRQV�
0RUHRYHU� WKH DOJRULWKP JUDQWV WKH UHTXHVW WR 3 � XVLQJ WKH DVVXPSWLRQV LI DQG RQO\
LI LW JUDQWV WKH UHTXHVW ZLWKRXW WKH DVVXPSWLRQV_DV WKH DGGLWLRQDO FRQMXQFWV LQ 3 �

FDQ EH H[SORLWHG WR GLVSHQVH ZLWK WKH DVVXPSWLRQV� ,Q VKRUW� 3 REWDLQV DFFHVV ZLWK
WKH DVVXPSWLRQV LI DQG RQO\ LI 3 � REWDLQV DFFHVV ZLWKRXW WKHP�
1RZ LW VXpFHV WR VKRZ WKDW D VLPLODU HTXLYDOHQFH KROGV DW WKH VHPDQWLF OHYHO�
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��$M� M $L � $M LV DPRQJ WKH DVVXPSWLRQVJ
1RWH WKDW DOO UROHV DUH VWLOO LQWHUSUHWHG DV UROHV�
7KH PHDQLQJ RI 3 � LQ 0� LV HTXDO WR WKH PHDQLQJ RI 3 � LQ 0� DQG LW LV HTXDO

WR WKH PHDQLQJ RI 3 LQ 0� 0RUHRYHU� DOO RI WKH DVVXPSWLRQV KROG LQ 0� 7KH
PHDQLQJ RI WKH (L
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7KH PRVW W\SLFDO� FRPSOHWH H[DPSOH LV WKDW RI D XVHU ORJJLQJ LQWR D ZRUNVWDWLRQ�
DQG WKH ZRUNVWDWLRQ PDNLQJ UHTXHVWV RQ D VHUYHU�
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_ $FWXDOO\� WKH JURXS PHPEHUVKLS FHUWLnFDWHV FRPH VLJQHG ZLWK VRPHRQH
V SXEOLF
NH\� ,Q HDFK FDVH LW PXVW EH SRVVLEOH WR UHVROYH WKLV SXEOLF NH\ LQWR D QDPH
DQG WKHQ WR GLVFRYHU WKDW WKH QDPH LV WKDW RI VRPHRQH ZKR LV WUXVWHG WR FHUWLI\
PHPEHUVKLS LQ WKH JURXS�
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2XU PDLQ JRDO LQ WKLV SDSHU KDV EHHQ WR LVRODWH VRPH XVHIXO DQG PDWKHPDWLFDOO\
WUDFWDEOH FRQFHSWV� :H KDYH RQO\ WRXFKHG RQ PDQ\ SUDFWLFDO DQG WKHRUHWLFDO PDW�
WHUV WKDW GHVHUYH PRUH GHWDLOHG WUHDWPHQWV� ,Q DGGLWLRQ� WKH EDVLF ORJLF FRXOG EH
H[WHQGHG LQ PDQ\ LQWHUHVWLQJ ZD\V� 7R FRQFOXGH� ZH EULHo\ GHVFULEH WKUHH H[WHQ�
VLRQV�

��� ,QWHUVHFWLRQ

$Q LQWHUVHFWLRQ RSHUDWLRQ ? SHUPLWV WKH FRQVWUXFWLRQ RI JURXSV IURP JURXSV� ,W LV
QRW D ORJLFDO FRQQHFWLYH LQ WKH VHQVH WKDW FRQMXQFWLRQ LV� DV LW FDQ RQO\ EH DSSOLHG
WR DWRPLF V\PEROV �VR IRU H[DPSOH �$M M$L� ? $N LV QRW D OHJDO H[SUHVVLRQ��
&RQMXQFWLRQ LV VWULFWO\ ZHDNHU WKDQ LQWHUVHFWLRQ� �$?%�� �$A%� LV YDOLG EXW

�$ A %� � �$ ? %� LV QRW� $ ZHDNHU SURSHUW\ WKDQ �$ A %� � �$ ? %� KROGV�
LI & � $ DQG & � % WKHQ & � �$ ? %� SURYLGHG & LV LQ VRPH VHQVH DWRPLF�
$WRPLFLW\ LV QRW D ORJLFDOO\ GHnQHG QRWLRQ� LQWXLWLYHO\� RQO\ VLPSOH SULQFLSDOV VXFK
DV XVHUV DQG PDFKLQHV DUH DWRPLF� ZKLOH WKH FRQMXQFWLRQ RI WZR VXFK SULQFLSDOV LV
QRW�
$Q DSSOLFDWLRQ RI LQWHUVHFWLRQ FRQFHUQV UHVWULFWLQJ DFFHVV WR RQO\ D SDUWLFXODU

PHPEHU RI D JURXS� 7KH $&/ HQWU\ $ A* JUDQWV DFFHVV WR $ LI $ LV D PHPEHU RI
*� EXW LW DOVR JUDQWV DFFHVV WR $ A % LI % LV D PHPEHU RI *� ,Q FRQWUDVW� $ ? *
JUDQWV DFFHVV WR $ LI $ LV D PHPEHU RI *� EXW QRW QHFHVVDULO\ WR $A% HYHQ LI % LV
D PHPEHU RI *�

��� 6XEWUDFWLRQ

$QRWKHU LPSRUWDQW RSHUDWLRQ RQ JURXSV LV VXEWUDFWLRQ �b�� ,W SURYLGHV WKH DELOLW\
WR VSHFLI\ WKDW FHUWDLQ QDPHG LQGLYLGXDOV RU VXEJURXSV ZLWKLQ D VXSHUJURXS VKRXOG
EH GHQLHG DFFHVV� HYHQ ZKHQ VXFK DFFHVV LV JUDQWHG WR WKH VXSHUJURXS� 6XEWUDFWLRQ
LV WKH RQO\ QHJDWLYH FRQVWUXFW IRU $&/V LQ WKLV SDSHU�
6XEWUDFWLRQ KDV D VLPSOH VHPDQWLFV LQ FHQWUDOL]HG V\VWHPV� ZKHUH LW LV HDV\ WR

GHFLGH JURXS PHPEHUVKLS� 7KHUH� VXEWUDFWLRQ LV VLPSO\ VHW VXEWUDFWLRQ� 7KH VLWX�
DWLRQ LV GLmHUHQW LQ GLVWULEXWHG V\VWHPV� EHFDXVH LQ JHQHUDO LW LV SRVVLEOH WR SURYH
RQO\ PHPEHUVKLS LQ JURXSV� EXW QRW QRQPHPEHUVKLS�
&RQVLGHU� IRU H[DPSOH� D VLWXDWLRQ LQ ZKLFK *�� b * DSSHDUV LQ DQ $&/� ZLWK

$ � *� $ � *�� * � *��� DQG *� � *��� 6KRXOG DFFHVV EH JUDQWHG WR $" 7KH
IDFWV $� * DQG *� *�� PD\ QRW EH DYDLODEOH WR WKH SURFHGXUH PDNLQJ WKH DFFHVV
FRQWURO GHFLVLRQ� 0RUHRYHU� ZH FDQQRW H[SHFW $ WR SURYLGH SURRIV IRU WKHP_DV
WKLV LV SUREDEO\ RI QR EHQHnW WR $� 7KHUHIRUH� WKH DFFHVV FRQWURO GHFLVLRQ FDQQRW
GHSHQG RQ $ � * DQG * � *��� DQG KHQFH DFFHVV VKRXOG EH JUDQWHG LQ WKLV FDVH�
,Q VKRUW� *�� b* PHDQV ?DOO PHPEHUV RI *��� H[FHSW IRU WKRVH WKDW DUH PHPEHUV RI
*�� RQO\ YLD *��
7KLV GHnQLWLRQ RI VXEWUDFWLRQ LV VRPHZKDW RSHUDWLRQDO� 1HYHUWKHOHVV� LW LV WKH EHVW

SRVVLEOH� DQG LW KDV HYHQ EHHQ VXJJHVWHG WKDW LW SURYLGHV DQ LQWXLWLYH VHPDQWLFV IRU
VXEWUDFWLRQ�
(YHQ LQ GLVWULEXWHG V\VWHPV� WKHUH DUH JURXSV IRU ZKLFK LW LV SRVVLEOH WR SURYH

ERWK PHPEHUVKLS DQG QRQPHPEHUVKLS� 7\SLFDOO\� WKHVH JURXSV DUH WKRVH PDQDJHG
E\ IDLUO\ FHQWUDOL]HG VXEV\VWHPV RI WKH GLVWULEXWHG V\VWHP� 7KH WUDGLWLRQDO VHW
VXEWUDFWLRQ RSHUDWLRQ FDQ EH PDGH DYDLODEOH IRU WKHVH JURXSV�
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��� 9DULDEOHV

6R IDU� ZH KDYH SURYLGHG IRU RQO\ WKH PRVW EDVLF IRUP RI MRLQW VLJQDWXUHV� DQG D
PRUH JHQHUDO IRUP ZRXOG EH XVHIXO� 2QH ZRXOG OLNH WR EH DEOH WR H[SUHVV WKDW DFFHVV
VKRXOG EH JUDQWHG WR DQ\ WZR GLmHUHQW PHPEHUV RI D JLYHQ JURXS ZKHQ WKH\ VLJQ
MRLQWO\� ZLWKRXW OLVWLQJ DOO DOORZHG FRPELQDWLRQV� 0RUHRYHU� RQH PD\ UHTXLUH WKDW
WKH WZR VLJQHUV EHDU D FHUWDLQ UHODWLRQ WR RQH DQRWKHU�
7KH LQWURGXFWLRQ RI YDULDEOHV SURYLGHV WKH GHVLUHG H[SUHVVLYHQHVV� DQG PRUH� 9DUL�

DEOHV FDQ EH LQFOXGHG LQ $&/V� :KHQ D UHTXHVWHU PDWFKHV DQ $&/ HQWU\� ZH LGHQWLI\
WKH SDUWV RI WKH UHTXHVWHU WKDW PDWFK DJDLQVW HDFK RI WKH YDULDEOHV LQ WKH $&/ HQ�
WU\� DQG ELQG WKH YDULDEOHV WR WKHVH SDUWV� ,W LV WKHQ SRVVLEOH WR HYDOXDWH DUELWUDU\
SUHGLFDWHV RQ WKHVH YDULDEOHV�
)RU H[DPSOH� WKH HQWU\ \M[ LV HTXLYDOHQW WR *M) ZKHQ ZH UHTXLUH WKDW [ � )

DQG \ � *� 2WKHU UHTXLUHPHQWV RQ [ DQG \ FDQ EH DGGHG� IRU LQVWDQFH WKDW [
DQG \ EH GLmHUHQW� RU WKDW \ EH D PDFKLQH RZQHG E\ [� �,QWXLWLYHO\� LW EHFRPHV
SRVVLEOH WR JHQHUDOL]H IURP XQDU\ UHODWLRQV WR DUELWUDU\ RQHV�� 7KH HQWU\ KDV DQ
LPSOLFLW XQLYHUVDO TXDQWLnHU� LW PHDQV WKDW� IRU DOO [ DQG \� LI [ DQG \ VDWLVI\ DOO
UHTXLUHPHQWV WKHQ �\M[� FRQWUROV V� ZKHUH V LV WKH VWDWHPHQW XQGHU FRQVLGHUDWLRQ�
7ULYLDOO\� %M$ PDWFKHV \M[� DFFHVV LV JUDQWHG LI WKH UHTXLUHPHQWV KROG ZKHQ [ LV
UHSODFHG ZLWK $ DQG \ ZLWK %�
7KH PDQLSXODWLRQ RI YDULDEOHV FDQ EH DGGHG WR WKH DOJRULWKP RI 6HFWLRQ ����

7KHUH DUH VRPH FRPSOLFDWLRQV� KRZHYHU� ,Q SDUWLFXODU� VRPH PHWDORJLFDO FRQVWUXFW
WR KDQGOH OLVWV RI SULQFLSDO H[SUHVVLRQV LV QHHGHG LI YDULDEOHV DUH WR EH OHJDO LQ WKH
VFRSH RI WKH LWHUDWLRQ FRQVWUXFW � ���
7KH XVH RI YDULDEOHV PD\ QRW EH WKH RQO\ RU EHVW ZD\ WR SURYLGH WKH GHVLUHG

H[SUHVVLYHQHVV� ,W VHHPV WR GHVHUYH IXUWKHU VWXG\�

*/266$5<

$ VD\V V� $ PDNHV WKH VWDWHPHQW V�

$ FRQWUROV V� $ LV WUXVWHG RQ V� LI $ VD\V V WKHQ V� 7KLV LV WKH PHDQLQJ RI $
DSSHDULQJ LQ WKH $&/ IRU V�

$� %� $ LV D VWURQJHU SULQFLSDO WKDQ %� �)RU H[DPSOH� ZKHQ % UHSUHVHQWV D JURXS�
$ PD\ UHSUHVHQW D PHPEHU RU D VXEJURXS RI %�� ,I $ VD\V V WKHQ % VD\V V� DQG
LI % FRQWUROV V WKHQ $ FRQWUROV V�

$  %� $� % DQG % � $�

% VHUYHV $� % LV D GHOHJDWH IRU $� 7KLV FDQ EH GHnQHG DV �%M$� % IRU $��

$ A %� $ DQG % LQ FRQMXQFWLRQ� �$A%� VD\V V LI DQG RQO\ LI $ VD\V V DQG % VD\V V�

%M$� % TXRWLQJ $� �%M$� VD\V V LI DQG RQO\ LI % VD\V $ VD\V V�

% IRU $� % RQ EHKDOI RI $� 7KLV FDQ EH GHnQHG LQ WHUPV RI D nFWLRQDO GHOHJDWLRQ
VHUYHU'� DV �%A'�M$� ,I % VD\V $ VD\V V DQG % VHUYHV $ WKHQ �% IRU $� VD\V V�

$ DV 5� $ LQ UROH 5� 7KLV FDQ EH HQFRGHG DV $M5�
$ ? %� WKH LQWHUVHFWLRQ RI $ DQG %� LI $ DQG % DUH DWRPLF V\PEROV�

$b%� $ PLQXV %� LI $ DQG % DUH DWRPLF V\PEROV�
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0RUULH *DVVHU� $QG\ *ROGVWHLQ� DQG &KDUOLH .DXIPDQ ZHUH DW WKH RULJLQ RI PDQ\
RI WKH LGHDV GLVFXVVHG KHUH� 7LP 0DQQ� *DUUHW 6ZDUW� DQG 7HG :REEHU SDUWLFL�
SDWHG LQ IUXLWIXO GLVFXVVLRQV DERXW LPSOHPHQWDWLRQV DQG H[DPSOHV� %LOO 6KRFNOH\
FRQYLQFHG XV RI WKH SUDFWLFDO LPSRUWDQFH RI WKH H[WHQVLRQ GHVFULEHG LQ 6HFWLRQ ����
*UHJ 1HOVRQ DQG 9DXJKDQ 3UDWW KHOSHG LQ XQGHUVWDQGLQJ WKH DOJHEUD RI SULQFLSDOV�
5RJHU 0DGGX[ WROG XV DERXW $QGUuHND
V ZRUN� /XFD &DUGHOOL DQG &\QWKLD +LEEDUG
SURYLGHG HGLWRULDO VXJJHVWLRQV�

5()(5(1&(6

�� $EDGL� 0�� DQG 3ORWNLQ� *� $ ORJLFDO YLHZ RI FRPSRVLWLRQ� 7KHRU� &RPSXW� 6FL� ���� �

�-XQH ������ �^���

�� $EDGL� 0��%XUURZV� 0�� .DXIPDQ� &�� DQG /DPSVRQ� %� $XWKHQWLFDWLRQ DQG GHOHJD�

WLRQ ZLWK VPDUW�FDUGV� ,Q 7KHRUHWLFDO $VSHFWV RI &RPSXWHU 6RIWZDUH � 6SULQJHU�9HUODJ /HFWXUH

1RWHV LQ &RPSXWHU 6FLHQFH ���� 6HSW� ����� ���^����

�� $QGUuHND� +� 5HSUHVHQWDWLRQV RI GLVWULEXWLYH ODWWLFH�RUGHUHG VHPLJURXSV ZLWK ELQDU\ UHOD�

WLRQV� 0DQXVFULSW� $XJ� �����

�� %XUURZV� 0�� $EDGL� 0�� DQG 1HHGKDP� 5�0� $ ORJLF RI DXWKHQWLFDWLRQ� 3URFHHGLQJV RI

WKH 5R\DO 6RFLHW\ RI /RQGRQ $ ��� ������� ���^����

�� &&,77� &&,77 %OXH %RRN� 5HFRPPHQGDWLRQ ;���� DQG ,62 ������� 7KH GLUHFWRU\�

DXWKHQWLFDWLRQ IUDPHZRUN� *HQHYD� 0DUFK �����

�� &KDQGUD� $�� .R]HQ� '�� DQG 6WRFNPH\HU� /� $OWHUQDWLRQ� -� $&0 �� � � �-DQ� ������

���^����

�� 'DP� 0� 5HOHYDQFH ORJLF DQG FRQFXUUHQW FRPSXWDWLRQ� ,Q 3URFHHGLQJV RI WKH 7KLUG ,(((

6\PSRVLXP RQ /RJLF LQ &RPSXWHU 6FLHQFH �-XO\ ������ ���^����

�� 1DWLRQDO %XUHDX RI 6WDQGDUGV� 'DWD (QFU\SWLRQ 6WDQGDUG� )HG� ,QIRUP� 3URFHVVLQJ

6WDQGDUGV 3XE� ��� :DVKLQJWRQ '�&�� -DQ� �����

�� 'LIILH� :�� DQG +HOOPDQ� 0� 1HZ GLUHFWLRQV LQ FU\SWRJUDSK\� ,((( 7UDQV� ,QI� 7KHRU�

,7���� � �1RY� ������ ���^����

��� )DEU\� 5� &DSDELOLW\�EDVHG DGGUHVVLQJ� &RPPXQ� $&0 ��� � �-XO\ ������ ���^����

��� *DVVHU� 0�� *ROGVWHLQ� $�� .DXIPDQ� &�� DQG /DPSVRQ� %� 7KH 'LJLWDO 'LVWULEXWHG 6\V�

WHP 6HFXULW\ $UFKLWHFWXUH� ,Q 3URFHHGLQJV RI WKH ���� 1DWLRQDO &RPSXWHU 6HFXULW\ &RQIHUHQFH

�2FW� ������ ���^����

��� *DVVHU� 0�� DQG 0F'HUPRWW� (� $Q DUFKLWHFWXUH IRU SUDFWLFDO GHOHJDWLRQ LQ D GLVWULEXWHG

V\VWHP� ,Q 3URFHHGLQJV RI WKH ���� ,((( 6\PSRVLXP RQ 6HFXULW\ DQG 3ULYDF\ �0D\ ������

��^���

��� *LUDUG� -��<� /LQHDU ORJLF� 7KHRU� &RPSXW� 6FL� �� ������� �^����

��� +XJKHV� *�(�� DQG &UHVVZHOO� 0�-� $Q ,QWURGXFWLRQ WR 0RGDO /RJLF� 0HWKXHQ� 1HZ <RUN�

�����

��� .RKO� -�� 1HXPDQ� &�� DQG 6WHLQHU� -� 7KH .HUEHURV QHWZRUN DXWKHQWLFDWLRQ VHU�

YLFH �YHUVLRQ �� GUDIW ��� $YDLODEOH E\ DQRQ\PRXV )73 IURP DWKHQD�GLVW�PLW�HGX� DV

�SXE�GRF�NHUEHURV�9�'5$)7��5)&�I36�7;7J� 2FW� �����

��� .R]HQ� '� $ FRPSOHWHQHVV WKHRUHP IRU .OHHQH DOJHEUDV DQG WKH DOJHEUD RI UHJXODU HYHQWV�

&RUQHOO 75�������� 0D\ �����

��� /DPSVRQ� %�� $EDGL� 0�� %XUURZV� 0�� DQG :REEHU� (� $XWKHQWLFDWLRQ LQ GLVWULEXWHG

V\VWHPV� WKHRU\ DQG SUDFWLFH� $&0 7UDQV� &RPSXW� 6\VW� ��� � �1RYHPEHU ������ ���^����

��� /HY\� +� &DSDELOLW\�EDVHG &RPSXWHU 6\VWHPV� 'LJLWDO 3UHVV� �����

��� 0LOOHU� 6�3�� 1HXPDQ� &�� 6FKLOOHU� -�,�� DQG 6DOW]HU� -�+� .HUEHURV DXWKHQWLFDWLRQ

DQG DXWKRUL]DWLRQ V\VWHP� ,Q 3URMHFW $WKHQD 7HFKQLFDO 3ODQ� 6HFWLRQ (����� 0,7� -XO\ �����

��� 1HHGKDP� 5�0�� DQG 6FKURHGHU� 0�'� 8VLQJ HQFU\SWLRQ IRU DXWKHQWLFDWLRQ LQ ODUJH QHW�

ZRUNV RI FRPSXWHUV� &RPPXQ� $&0 ��� �� �'HF� ������ ���^����

��� 3UDWW� 9� '\QDPLF DOJHEUDV DV D ZHOO�EHKDYHG IUDJPHQW RI UHODWLRQ DOJHEUDV� ,Q $OJHEUDLF

/RJLF DQG 8QLYHUVDO $OJHEUD LQ &RPSXWHU 6FLHQFH� 6SULQJHU�9HUODJ /HFWXUH 1RWHV LQ &RP�

SXWHU 6FLHQFH ���� ����� ��^����

$&0 7UDQVDFWLRQV RQ 3URJUDPPLQJ /DQJXDJHV DQG 6\VWHPV� 9RO� ��� 1R� �� 6HSWHPEHU �����



$ &DOFXOXV IRU $FFHVV &RQWURO c ��

��� 5LYHVW� 5�/�� 6KDPLU� $�� DQG $GOHPDQ� /� $ PHWKRG IRU REWDLQLQJ GLJLWDO VLJQDWXUHV DQG

SXEOLF�NH\ FU\SWRV\VWHPV� &RPPXQ� $&0 �� � � �)HE� ������ ���^����

��� 6DOW]HU� -�� DQG 6FKURHGHU� 0� 7KH SURWHFWLRQ RI LQIRUPDWLRQ LQ FRPSXWHU V\VWHPV� 3URF�

,((( ��� � �6HSW� ������ ����^�����

��� 6ROOLQV� .� &DVFDGHG DXWKHQWLFDWLRQ� ,Q 3URFHHGLQJV RI WKH ���� ,((( 6\PSRVLXP RQ 6H�

FXULW\ DQG 3ULYDF\ �$SULO ������ ���^����

��� 9LFNHUV� 6� 6DPVRQ $EUDPVN\ RQ OLQHDU SURFHVV ORJLFV� )RXQGDWLRQ :RUNVKRS 1RWHV� 2FW��

1RY� �����

��� <HWWHU� '�1� 4XDQWDOHV DQG �QRQFRPPXWDWLYH� OLQHDU ORJLF� -� 6\PE� /RJLF ��� � �0DUFK

������ ��^���

5HFHLYHG $XJXVW ����� UHYLVHG 6HSWHPEHU ����� DFFHSWHG 1RYHPEHU �����

$&0 7UDQVDFWLRQV RQ 3URJUDPPLQJ /DQJXDJHV DQG 6\VWHPV� 9RO� ��� 1R� �� 6HSWHPEHU �����


