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%DVLF�(�/2726�DQG�,WV�$SSOLFDWLRQ�WR�3URWRFRO�6\QWKHVLV
2VQRYQL�(�/2726�LQ�QMHJRYD�XSRUDED�Y�VLQWH]L�SURWRNRORY

0RQLND�.DSXV�.RODU
-RåHI�6WHIDQ�,QVWLWXWH��32%�������6,������/MXEOMDQD��6ORYHQLD

3KRQH��������������������)D[��������������������(PDLO��PRQLND�NDSXV�NRODU#LMV�VL

$EVWUDFW��$�WUDQVIRUPDWLRQ�LV�GHVFULEHG�ZKLFK��JLYHQ�D�VSHFLILFDWLRQ�RI�WKH�H[SHFWHG�VHUYLFH�RI
D�GLVWULEXWHG�V\VWHP�DQG�D�SDUWLWLRQLQJ�RI�WKH�VSHFLILHG�VHUYLFH�DFWLRQV�DPRQJ�WKH�V\VWHP�FRP�
SRQHQWV��GHULYHV�EHKDYLRXU�RI�LQGLYLGXDO�FRPSRQHQWV�LPSOHPHQWLQJ�WKH�VHUYLFH��7KHUH�PD\�EH
DQ� DUELWUDU\� ILQLWH� QXPEHU� RI� WKH� FRPSRQHQWV�� SDLUZLVH� FRPPXQLFDWLQJ� RYHU� UHOLDEOH�� XQ�
ERXQGHG� ILUVW�LQ�ILUVW�RXW� FKDQQHOV�� 7KH� DGRSWHG� VSHFLILFDWLRQ� ODQJXDJH� LV� DQ� DEVWUDFWLRQ� RI
EDVLF�(�/2726��&RPSDUHG�WR�WKH�HDUOLHU�SURSRVDO�RQ�ZKLFK�LW�LV�EDVHG��WKH�PHWKRG�LV�VXEVWDQ�
WLDOO\�VLPSOLILHG�

3RY]HWHN�� ýODQHN� RSLVXMH� WUDQVIRUPDFLMR� ]D� L]SHOMDYR� REQDãDQMD� NRPSRQHQW� SRUD]GHOMHQHJD
VLVWHPD��NL�LPSOHPHQWLUD�SRGDQR�SULþDNRYDQR�VWRULWHY�VLVWHPD��SUL�þHPHU�]D�YVDNR�SRVDPH]QR
VWRULWYHQR�DNFLMR�åH�YHPR��NDWHUD�NRPSRQHQWD�QDM�EL�MR�L]YDMDOD��'RYROMHQR�MH�SROMXEQR�NRQþQR
ãWHYLOR�NRPSRQHQW��NL�SDURPD�NRPXQLFLUDMR�SUHNR�]DQHVOMLYLK�NDQDORY��NL�RKUDQMDMR�YUVWQL� UHG
VSRURþLO�� 8SRUDEOMHQL� VSHFLILNDFLMVNL� MH]LN� MH� DEVWUDNFLMD� RVQRYQHJD� GHOD� MH]LND� (�/2726�
3UHGODJDQD�PHWRGD�MH�ELVWYHQR�HQRVWDYQHMãD�RG�VWDUHMãH��L]�NDWHUH�L]KDMD�

.H\ZRUGV��GLVWULEXWHG�VHUYLFH�LPSOHPHQWDWLRQ��DXWRPDWHG�SURWRFRO�GHULYDWLRQ��(�/2726�

.OMXþQH�EHVHGH��SRUD]GHOMHQD�LPSOHPHQWDFLMD�VWRULWHY��DYWRPDWVND�L]SHOMDYD�SURWRNRORY�
(�/2726�

�� ,QWURGXFWLRQ

7KH�SDSHU�DGGUHVVHV�WKH�IROORZLQJ�SUREOHP��*LYHQ�D�VSHFLILFDWLRQ�RI�WKH�UHTXLUHG�H[WHUQDO�EH�
KDYLRXU��WKH�H[SHFWHG�VHUYLFH��RI�D�GLVWULEXWHG�V\VWHP�DQG�D�SDUWLWLRQLQJ�RI�WKH�VHUYLFH�DFWLRQV
DPRQJ�WKH�VHUYLFH�DFFHVV�SRLQWV��GHULYH�D�SURWRFRO�LPSOHPHQWLQJ�WKH�VHUYLFH��,W�LV�DVVXPHG�WKDW
HDFK� VHUYLFH� DFFHVV� SRLQW� LV� VXSSRUWHG� E\� D� V\VWHP� FRPSRQHQW�� ZKHUH� WKH� FRPSRQHQWV� FR�
RUGLQDWH�WKHLU�DFWLYLWLHV�E\�FRPPXQLFDWLQJ�YLD�UHOLDEOH��XQERXQGHG�ILUVW�LQ�ILUVW�RXW�FKDQQHOV�
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7UDQVIRUPDWLRQV� IRU� DXWRPDWHG� SURWRFRO� GHULYDWLRQ� �IXQFWLRQDOLW\� GHFRPSRVLWLRQ�� DUH� EH�
FRPLQJ�PRUH�DQG�PRUH�LPSRUWDQW��DV�WKH\�IDFLOLWDWH�UDSLG�SURWRW\SLQJ�RI�QHZ�VHUYLFHV�IRU�VSH�
FLILF�XVHU�QHHGV��WKDW�LV�DQ�LPSHUDWLYH�LQ�PRGHUQ�LQWHOOLJHQW� WHOHFRPPXQLFDWLRQV�QHWZRUNV�DQG
JOREDO�FRPSXWHU�QHWZRUNV��,I�WKH�WUDQVIRUPDWLRQV�DUH�LPSOHPHQWHG�LQ�D�WRRO��WKH\�FDQ�HYHQ�EH
HPSOR\HG�E\�QRQ�VSHFLDOLVWV��7KHLU�DSSOLFDELOLW\�LV�DV�ZLGH�DV�WKDW�RI�WKH�VSHFLILFDWLRQ�ODQJXDJH
RQ�ZKLFK�WKH\�DUH�EDVHG��:H�EDVH�RXU�WUDQVIRUPDWLRQ�RQ�(�/2726�>�@��DQ�HQKDQFHG�YHUVLRQ
RI�/2726�>�@��D�VWDQGDUG�IRUPDO�ODQJXDJH�LQWHQGHG�IRU�VSHFLILFDWLRQ�RI�UHDFWLYH�DQG�FRQFXU�
UHQW�V\VWHPV��7KH�DSSOLFDELOLW\�RI�WKH�ODQJXDJHV�UDQJHV�RYHU�DOO�NLQGV�RI�GLVFUHWH�V\VWHPV��WHFK�
QLFDO�DQG�VRFLDO��PDWHULDO�DQG�ORJLFDO�>�@�

'XULQJ�WKH�ODVW�GHFDGH��SURWRFRO�V\QWKHVLV�KDV�EHHQ�VXEMHFW�WR�LQWHQVLYH�UHVHDUFK��>�@��DQ�H[�
KDXVWLYH�VXUYH\�RI�WKH�H[LVWLQJ�PHWKRGV��DOVR�SRLQWV�WR�VHYHUDO�VXFK�PHWKRGV�IRU�/2726�OLNH
ODQJXDJHV��DPRQJ�WKHP�>�@�EHLQJ�SUREDEO\�WKH�PRVW�LPSRUWDQW�RQH��8QIRUWXQDWHO\�>�@�FRQWDLQV
VRPH�HUURUV�� VR�ZH�KDYH�SURSRVHG�DQ� LPSURYHG�PHWKRG� >�@�� WKDW� KDV� VXEVHTXHQWO\� EHHQ� H[�
WHQGHG� >�@� WR� VXSSRUW� LPSOHPHQWDWLRQ� RI� WKH� EDVLF� EHKDYLRXU� W\SHV� QHZO\� LQWURGXFHG� E\� (�
/2726�

7KH�VROXWLRQ�LQ�>�@�LV�TXLWH�FRPSOLFDWHG�EHFDXVH�LW�IDFLOLWDWHV��OLNH�>�@�IRU�/2726��SURWRFRO
RSWLPL]DWLRQ� WKURXJK� VXSSRUWLQJ� IRU� GLVWULEXWHG� LPSOHPHQWDWLRQ� RI� LQGLYLGXDO� VHUYLFH� SDUWV� D
PXOWLWXGH�RI�WHUPLQDWLRQ�W\SHV��$V�LW�LV�LQ�PDQ\�FDVHV�GLIILFXOW�WR�VHOHFW�WKH�EHVW�RQH��RQH�PLJKW
SUHIHU�WR�UHO\�RQ�D�VLQJOH�WHUPLQDWLRQ�W\SH�WKDW�XVXDOO\�ZRUNV�TXLWH�ZHOO��6XFK�LV�WKH�WHUPLQDWLRQ
W\SH�HPSOR\HG�LQ�>�@��,Q�WKH�SUHVHQW�SDSHU��ZH�VKRZ�KRZ�WR�HPSOR\�LW�IRU�(�/2726��7R�IXU�
WKHU�VLPSOLI\�WKH�SURWRFRO�GHULYDWLRQ�WUDQVIRUPDWLRQ�>�@��ZH�SRVH�DGGLWLRQDO�UHVWULFWLRQV�RQ�WKH
VHUYLFH� VSHFLILFDWLRQ� VWUXFWXUH�� WKDW� FDQ� HDVLO\� EH� VDWLVILHG�E\� LQVHUWLRQ�RI�GXPP\� VHUYLFH� DF�
WLRQV��$Q\KRZ��WKH�SURSRVHG�VROXWLRQ�LV�MXVW�D�VSHFLDO�FDVH�RI�>�@��H[FHSW�IRU�VRPH�DGGLWLRQDO
RSWLPL]DWLRQV���WKXV�QR�WKRURXJK�GLVFXVVLRQ�RQ�LWV�FRUUHFWQHVV�LV�JLYHQ��,QVWHDG�ZH�FRQFHQWUDWH
RQ�H[SODLQLQJ�WKH�WUDQVIRUPDWLRQ�WR�D�SUDFWLWLRQHU��7KH�SDSHU�LV�DOVR�LQWHQGHG�IRU�SURPRWLRQ�RI
(�/2726�

7KH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��6HFWLRQ���LQWURGXFHV�WKH�DGRSWHG�VSHFLILFDWLRQ�ODQJXDJH�
L�H��PDNHV�WKH�UHDGHU�IDPLOLDU�ZLWK�WKH�EDVLF�FRQVWUXFWV�RI�(�/2726��,Q�6HFWLRQ���ZH�H[SODLQ
WKH�SURWRFRO�GHULYDWLRQ�WUDQVIRUPDWLRQ��6HFWLRQ���EULQJV�D�GLVFXVVLRQ�DQG�FRQFOXVLRQV�

�� 6SHFLILFDWLRQ�/DQJXDJH

7KH�ODQJXDJH�GHILQHG�LQ�7DEOH���KDV�EHHQ�FRQFHLYHG�ZLWK�DQ�DLP�WR�LQFOXGH�LQ�DQ�DEVWUDFW�DQG
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FRQFLVH�ZD\�DOO�WKH�PDLQ�FRQVWUXFWV�RI�WKH�EDVLF�EHKDYLRXU�VXEODQJXDJH�RI�(�/2726�>�@��LQ�WKH
H[FOXVLYH�VHWWLQJ�RI�WKH�SURWRFRO�GHULYDWLRQ�SUREOHP��7LPH�LV�QRW�FRQVLGHUHG��WKHUH�DUH�QR�YDUL�
DEOHV�DQG�QR�VWUXFWXULQJ�LQWR�H[SOLFLW�SURFHVVHV��DQG�DFWLRQV�DUH�RQO\�DOORZHG�WR�KDYH�SDUDPH�
WHUV�WKDW�DUH�FRQVWDQWV��L�H��SDUWV�RI�WKHLU�QDPHV�

7KH� IROORZLQJ� W\SRJUDSKLFDO� FRQYHQWLRQ� KDV� EHHQ� DGRSWHG�� ,I�;� LV� VRPH� XQLYHUVH� RI� HOH�
PHQWV�ZKHUH�µ[¶�GHQRWHV�LWV�QDPH�DQG�VWDQGV�IRU�DQ\�OHWWHU��WKHQ�YDULDEOHV�[��[′�«��[��«�UDQJH
RYHU�HOHPHQWV�RI�;�DQG�YDULDEOHV�;��;′�«��;��«�RYHU�VXEVHWV�RI�;��LI�QRW�VWDWHG�RWKHUZLVH��7KH
FDVHV�ZKHUH�DQ�;��RU�D�^«`��LGHQWLILHV�D�PXOWL�VHW�UDWKHU�WKDQ�D�VHW�DUH�PDUNHG�ZLWK�DQ�
��,Q
SDUWLFXODU��D�E�VWDQGV�IRU�D�EHKDYLRXU��IRU�D�SURFHVV�H[KLELWLQJ�LW���D�F�IRU�D�V\VWHP�FRPSRQHQW�
D�W�IRU�D�WUDSSDEOH�DFWLRQ��D�J�IRU�DQ�LQWHUDFWLRQ�JDWH�RU�DQ�DFWLRQ�RQ�LW��D�X�RU�D�Z�IRU�D�XVHU�
GHILQHG�DFWLRQ�W\SH��DQ�[�IRU�DQ�H[FHSWLRQ��DQ�P�IRU�D�SURWRFRO�PHVVDJH��D�K�IRU�DQ�DFWLRQ�KDQ�
GOHU��DQ�V�IRU�D�V\QFKURQL]DWLRQ��DQ�Q�IRU�D�QDWXUDO�QXPEHU��DQG�DQ�U�IRU�D�UHQDPLQJ��,QLW�E��GH�
QRWHV�WKH�LQLWLDO�DFWLRQV�RI�E�

&RQFHQWUDWH�RQ�WKH�VHPDQWLFV�RI�WKH�ODQJXDJH��LQIRUPDOO\�RYHUYLHZHG�EHORZ��IRU�LWV�V\QWD[�LV
LQWHQWLRQDOO\�NHSW�VLPSOH�� WR�VLPSOLI\�SUHVHQWDWLRQ�RI�SURWRFRO�GHULYDWLRQ��7KURXJKRXW� WKH�SD�
SHU�� WKH� XVXDO� VHOI�XQGHUVWRRG� IRUPV� RI� ³V\QWDFWLF� VXJDU´� DUH� XVHG� ZKHUH� FRQYHQLHQW�� H�J�
VZLWFKLQJ�EHWZHHQ�WKH�LQIL[�DQG�WKH�SUHIL[�QRWDWLRQ��SDUHQWKHVHV��RPLVVLRQ�RI�LPSOLFLWO\�LPSOLHG

1DPH�RI�WKH�FRQVWUXFW 7\SH�V� 6\QWD[
,QDFWLRQ E VWRS
6XFFHVVIXO�WHUPLQDWLRQ E�W δ

F

,QWHUQDO�DFWLRQ E LF
6HUYLFH�SULPLWLYH E�J XF

([FHSWLRQ��UDLVLQJ� E�W�[ ZF

3URWRFRO�PHVVDJH�WUDQVPLVVLRQ E�J VF�P�
3URWRFRO�PHVVDJH�UHFHSWLRQ E�J UF�P�
$FWLRQ�WUDSSLQJ E WUDS�+�LQ�E�
+DQGOLQJ�D�WUDSSHG�DFWLRQ K W→E′

&KRLFH E E�>@E��ZKHUH�δ∉�,QLW�E��∪,QLW�E���
6XVSHQG�UHVXPH E E�[[>E��ZKHUH���,QLW�E��∩^δ�[`�=∅�
3DUDOOHO�FRPSRVLWLRQ E SDU�>6@�{>*�E′�@E′|�E′∈%
�}

6\QFKURQL]DWLRQ V J�Q
5HQDPLQJ E UHQ�5�LQ�E�
5HQDPLQJ�DQ�DFWLRQ U X�X→X�X�RU�Z�X→Z�X

+LGLQJ E KLGH�*�LQ�E�
6HUYLFH�VSHFLILFDWLRQ VHUY�=E
&RPSRQHQW�VSHFLILFDWLRQ FRPSF�=E

7DEOH����7KH�VSHFLILFDWLRQ�ODQJXDJH�DEVWUDFW�V\QWD[
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SDUWV�RI�WKH�VSHFLILFDWLRQ���HWF��,OOXVWUDWLYH�VHUYLFH�DQG�SURWRFRO�VSHFLILFDWLRQV�FDQ�EH�IRXQG�LQ
7DEOH���WR�7DEOH���

VWRS�GHQRWHV�LQDFWLRQ�RI�WKH�VSHFLILHG�SURFHVV��H�J��RI�WKH�V\VWHP�DV�D�ZKROH��RI�DQ�LQGLYLG�
XDO�V\VWHP�FRPSRQHQW��RU�RI�VRPH�RWKHU�SDUWLDO�V\VWHP�EHKDYLRXU�

$FWLRQV�ZLWK�UHVHUYHG�QDPHV�δ�DQG�L�UHVSHFWLYHO\�GHQRWH�VXFFHVVIXO� WHUPLQDWLRQ�DQG�DQ� LQ�
WHUQDO�DFWLRQ�RI�WKH�VSHFLILHG�SURFHVV��,Q�D�VHUYLFH�VSHFLILFDWLRQ��WKH\�DUH�IXUQLVKHG�ZLWK�D�VX�
SHUVFULSW�F� LQGLFDWLQJ� WKH� FRPSRQHQW� FRQWUROOLQJ� WKHLU� H[HFXWLRQ�� EXW� WKH� VXSHUVFULSW� GRHVQ¶W
EHORQJ�WR�WKH�DFWLRQ�QDPH���WKH�VHOHFWLRQ�RI�F�LQIOXHQFHV�WKH�SURWRFRO�GHULYDWLRQ�DOJRULWKP��EXW
LV� LUUHOHYDQW�IRU�WKH�VHUYLFH�LWVHOI��7KHUH�LV�W\SLFDOO\�QR�QHHG� WR�KDYH�H[SOLFLWO\�VSHFLILHG�δ�DF�
WLRQV�LQ�D�VHUYLFH�VSHFLILFDWLRQ��IRU�DQ\�QRQ�H[FHSWLRQDO�DFWLRQ�LV�LPSOLFLWO\�IROORZHG�E\�D�δ��%\
H[HFXWLQJ�D�δ��D�SURFHVV�EHFRPHV�LQDFWLYH�

XF�GHQRWHV�D�VHUYLFH�SULPLWLYH��L�H��D�W\SH�X�LQWHUDFWLRQ�EHWZHHQ�D�V\VWHP�XVHU�DQG�WKH�V\VWHP
FRPSRQHQW�F�

ZF�GHQRWHV�D�W\SH�Z�H[FHSWLRQ�RULJLQDWLQJ�IURP�WKH�V\VWHP�FRPSRQHQW�F��5DLVLQJ�DQ�H[FHS�
WLRQ�ZLWKLQ�D�SURFHVV�VWRSV�LWV�H[HFXWLRQ��MXVW�OLNH�D�δ�

$�FRPSRQHQW�FDQ�VHQG��UHFHLYH��D�SURWRFRO�PHVVDJH�P�WR��IURP��DQRWKHU�FRPSRQHQW�F�E\
DQ��VF�P���UF�P���

³WUDS�+� LQ�E�´�GHQRWHV�D�SURFHVV�H[HFXWLQJ�E��XS� WR� WKH�SRLQW�ZKHUH�D� WUDSSDEOH�DFWLRQ� W
ZLWK�DQ�XQLTXH�KDQGOHU�E′�OLVWHG�LQ�+�LV�HQDEOHG��$W�WKDW�SRLQW��FRQWURO�LV�DWRPLFDOO\�WUDQVIHUUHG
WR�E′��XQOHVV�VRPH�RWKHU�DOWHUQDWLYH�LV�VHOHFWHG�IRU�E���³E��E�´�GHQRWHV�VHTXHQWLDO�FRPSRVLWLRQ�
L�H�� WKH�VSHFLDO�FDVH�RI� WUDSSLQJ�ZKHUH�RQO\�δ� LV� WUDSSHG� LQ�E���DQG�E�� LV� LWV�KDQGOHU�� ,WHUDWLRQ
³ORRS�E�´�LV�HTXLYDOHQW�WR�³E��ORRS�E�´�

³E�>@E�´GHQRWHV�D�SURFHVV�UHDG\�WR�EHKDYH�DV�E��RU�DV�E���:H�GHILQH�>@�^`�=VWRS�
³E�[[>E�´�GHQRWHV�D�SURFHVV�ZLWK�EHKDYLRXU�E��UHSHDWHGO\�LQWHUUXSWHG�E\�EHKDYLRXU�E���E��LV

UHVXPHG�XSRQ�[� WUDSSHG� LQ�E���ZKLOH�E�� LV�DW� WKDW�SRLQW� UHVWDUWHG��:KLOH�E�� LV� VWLOO� DFWLYH�� WKH
SURFHVV�PLJKW�LQWHUQDOO\�GHFLGH�WR�WHUPLQDWH�E\�HQDEOLQJ�D�δ�LQ�E���³E�[>E�´GHQRWHV�WKH�VSHFLDO
FDVH�ZKHUH�WKH�UHVXPSWLRQ�H[FHSWLRQ�[�LV�QHYHU�HQDEOHG�LQ�E���L�H��D�/2726�OLNH�GLVDEOLQJ�

³SDU� >6@� {>*�E′�@E′|�E′∈%
�}
´� GHQRWHV� SDUDOOHO� FRPSRVLWLRQ� RI� SURFHVVHV� LQ� %
�� (DFK
SURFHVV�E′�OLVWHG�LQ�%
�KDV�D�OLVW�*�E′��RI�JDWHV�UHTXLULQJ�V\QFKURQL]DWLRQ�ZLWK�RWKHU�PHPEHUV
RI�%
��ZKLOH�H[HFXWLRQ�RI�WKH�LQWHUQDO�DFWLRQV�DQG�H[FHSWLRQV�RI�E′�DQG�WKH�DFWLRQV�RQ�JDWHV�QRW
OLVWHG�LQ�*�E′��LV�HQWLUHO\�DW�GLVFUHWLRQ�RI�E′��$Q�DFWLRQ�RQ�D�JDWH�J�LQ�*�E′��FDQ�EH�H[HFXWHG�DV�D
FRPPRQ�DFWLRQ�RI�E′�DQG�VRPH�RWKHU�PHPEHUV�RI�%
�ZKHQ�WKH\�DOO�UHDG\�IRU�LW��,I�J�LV�QRW�H[�
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SOLFLWO\�PHQWLRQHG� LQ� WKH� OLVW� RI� � WKH� OHJDO� V\QFKURQL]DWLRQV�6�� LW� UHTXLUHV� FR�RSHUDWLRQ� RI� DOO
PHPEHUV�RI�%
�KDYLQJ�LW�LQ�WKHLU�*�OLVWV��ZKLOH�D�J�Q�LQ�6�VSHFLILHV�WKDW�LW�LV�DSSURSULDWH�LI�Q�RI
WKHP�V\QFKURQL]H��δ�E\�GHILQLWLRQ�UHTXLUHV�FR�RSHUDWLRQ�RI�DOO�WKH�SDUDOOHO�SURFHVVHV��&RPSRVL�
WLRQ� RSHUDWRU� ³|||´� VKRUWO\� VSHFLILHV� LQGHSHQGHQW� SDUDOOHO� H[HFXWLRQ� RI� SURFHVVHV�� :H� GHILQH
|||�^`�=δ�

³UHQ�5�LQ�E�´�GHQRWHV�D�SURFHVV�EHKDYLQJ�DV�E��ZLWK�LWV�H[WHUQDO�DFWLRQV�UHQDPHG�DV�VSHFL�
ILHG�LQ�5�

³KLGH�*�LQ�E�´�KLGHV�WKH�JDWHV�OLVWHG�LQ�*��L�H��PDNHV�WKH�JDWH�DFWLRQV�LQWHUQDO�WR�E��
7KH�UHODWLRQ�XVHG� WKURXJKRXW� WKH�SDSHU� IRU� MXGJLQJ� HTXLYDOHQFH�RI� EHKDYLRXUV� LV�REVHUYD�

WLRQDO�HTXLYDOHQFH�≈�>�@��L�H��ZH�DUH�LQWHUHVWHG�RQO\�LQWR�WKH�H[WHUQDO�EHKDYLRXU�RI�SURFHVVHV�

�� 3URWRFRO�'HULYDWLRQ

���� *HQHUDO�&RQVLGHUDWLRQV

7KH�SURWRFRO� GHULYDWLRQ� SUREOHP� LV
SUHFLVHO\�GHILQHG�DV�IROORZV��*LYHQ
• WKH� DERYH� GHVFULEHG� V\VWHP� RI

FRPSRQHQWV� DQG� FKDQQHOV� IRU
SURWRFRO�LQWHUDFWLRQV��ZLWK�DOO�WKH
FKDQQHOV�LQLWLDOO\�HPSW\�

• D� VSHFLILFDWLRQ� RI� WKH� UHTXLUHG
V\VWHP� VHUYLFH� �QRQ�EORFNLQJ�
ZLWK� QR� QRQ�H[HFXWDEOH� RU� RWK�
HUZLVH� LUUHOHYDQW� SDUWV�� ZLWK� DOO
H[FHSWLRQV�WUDSSHG���DQG

• D� VXLWDEOH� �GHILQHG� EHORZ�� SDUWL�
WLRQLQJ� RI� WKH� VSHFLILHG� DFWLRQV
DPRQJ�WKH�V\VWHP�FRPSRQHQWV�

GHULYH� VXFK� EHKDYLRXU� RI� LQGLYLGXDO
FRPSRQHQWV�WKDW��ZKHQ�WKH�SURWRFRO
LQWHUDFWLRQV� DUH� KLGGHQ�� WKH� RYHUDOO
V\VWHP� EHKDYLRXU� LV� REVHUYDWLRQDOO\

1R� E
�� VWRS
�� δ

F′��LF′��XF′

�� ZF′

�� E��E�
�� ORRS�E�
�� WUDS�+�LQ�E��ZKHUH

���¬∃�δ→E��∈+
���∀�[→E′�∈+��6&�E′�=3&�[��
��� ��(&�E��=∅�∨�3&�E��=3&�E���∧

∀�[→E′�∈+���(&�E′�=∅�∨�3&�E′�=3&�E���
�� E�>@E��ZKHUH

���∃F��6&�E��=6&�E��=^F`�
��� ��(&�E��=∅�∨�3&�E��=3&�E���∧

��(&�E��=∅�∨�3&�E��=3&�E���
�� E�[[′>E��ZKHUH

���∃F��3&�E��=6&�E��=^F`�
���(&�E��=∅

�� SDU�>6@�{>*�E′�@E′�|�E′∈%
�}
�ZKHUH
���¬∃>E′�E′′@⊆%
���*�E′�≠∅�∧�*�E′′�≠∅�∧

� �|�3&�E′�∩3&�E′′��|>���
���¬∃>E′�E′′@⊆%
��1;[�E′�∧��3&�E′′�?3&�[��≠∅��

��� UHQ�5�LQ�E�
��� KLGH�*�LQ�E�

7DEOH����7KH�OHJDO�VHUYLFH�EHKDYLRXUV
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HTXLYDOHQW� WR� WKH� VSHFLILHG� VHUYLFH� DQG� WKH� V\VWHP�QHYHU� VWRSV�ZLWK� DQ\� RI� LWV� FKDQQHOV� QRQ�
HPSW\�

%HORZ�ZH�GHILQH� D�PDSSLQJ�7F�E��ZKLFK� WDNHV� D� VHUYLFH� VXEEHKDYLRXU�E� DQG� WUDQVODWHV� LW
LQWR�LWV�FRXQWHUSDUW�DW�D�FRPSRQHQW�F��$�VHUYLFH�VSHFLILFDWLRQ�³VHUY�=E´�DV�D�ZKROH�LV�PDSSHG
LQWR�³FRPSF�=7F�E�´�

0DSSLQJ�7�LV�JXLGHG�E\�SUHFRPSXWHG�DWWULEXWHV�RI�LQGLYLGXDO�VHUYLFH�SDUWV��)LUVW�RI�DOO��HDFK
SDUW�E�PXVW� EH� DVVLJQHG� D� XQLTXH� LGHQWLILHU� ,�E���:H� DUH� DOVR� LQWHUHVWHG� LQWR� LWV� VWDUWLQJ�� LWV
HQGLQJ�DQG�DOO�LWV�SDUWLFLSDWLQJ�FRPSRQHQWV��6&�E���(&�E���DQG�3&�E����UHVSHFWLYHO\�H[HFXWLQJ
D�VWDUWLQJ�DFWLRQ��DQ�HQGLQJ�DFWLRQ�LQ�WKH�FDVH�RI�D�VXFFHVVIXO�WHUPLQDWLRQ��RU�DQ\�DFWLRQ�ZLWKLQ
E��/HW�IRU�;∈^6�(�3`�;&F�E��GHQRWH�F∈;&�E���$QRWKHU�DWWULEXWH�1;[�E��LQGLFDWHV�WKDW�[�LV�DQ
H[FHSWLRQ� UDLVHG�� EXW� QRW� KDQGOHG��ZLWKLQ�E�� )RU� LOOXVWUDWLRQ�� VHH� WKH� H[DPSOHV� LQ�7DEOH� �� WR
7DEOH���

5XOHV� IRU� FRPSXWDWLRQ� RI� WKH� DWWULEXWHV� DUH� GHILQHG� LQ� 7DEOH� ��� ZKHUH� WKH� ILUVW� FROXPQ
SRLQWV�� OLNH�LQ�7DEOH����WR�WKH�OHJDO�VHUYLFH�EHKDYLRXU�IURP�7DEOH���WR�ZKLFK�WKH�URZ�DSSOLHV�
1RWH�WKDW�WKH�(&�UXOH�IRU�SDUDOOHO�FRPSRVLWLRQ�LV�VDWLVIDFWRU\�RQO\�IRU�LQGHSHQGHQW�H[HFXWLRQ�
ZKLOH�V\QFKURQL]DWLRQ�UHTXLUHV�LQYHVWLJDWLRQ�RI�WKH�FRQVLGHUHG�EHKDYLRXU�VWHS�E\�VWHS�

,I�D�F�GRHVQ¶W�SDUWLFLSDWH�LQ�D�E��IRUPDOO\�¬3&F�E���WKHQ�7F�E��HTXDOV�δ��LI�E�KDV�D�VXFFHVVIXO
WHUPLQDWLRQ��IRUPDOO\��(&�E�≠∅���DQG�VWRS�RWKHUZLVH��)RU�RWKHU�FDVHV��7F�E��LV�GHILQHG�LQ�6HF�
WLRQ�����

)RU�D�WHUPLQDWLQJ�E�DQG�D�F�WKDW�LV�QRW�LWV�HQGLQJ�FRPSRQHQW�� >�@�DOORZV� WKDW�H[HFXWLRQ�RI
1R� 6&F�E� (&F�E� 3&F�E� 1;[�E�
�� IDOVH IDOVH IDOVH IDOVH
�� F=F′ F=F′ F=F′ IDOVH
�� F=F′ IDOVH F=F′ [=E
�� 6&F�E�� (&F�E�� 3&F�E��∨3&F�E�� 1;[�E��∨1;[�E��
�� 6&F�E�� IDOVH 3&F�E�� 1;[�E��
�� 6&F�E�� (&F�E��∨

∃�[′→E′�∈+�(&F�E′�
3&F�E��∨
∃�[′→E′�∈+�3&F�E′�

�1;[�E��∧¬∃�[→E′�∈+�
∨∃�[′→E′�∈+�1;[�E′�

�� 6&F�E�� (&F�E��∨(&F�E�� 3&F�E��∨3&F�E�� 1;[�E��∨1;[�E��
�� 6&F�E�� (&F�E�� 3&F�E�� 1;[�E��∨�1;[�E��∧�[≠[′��
�� ∃E′∈%
�6&F�E′� �¬∃E′∈%
��(&�E�=∅��

∧∃E′∈%
�(&F�E′�
�YDOLG�RQO\�IRU�|||�

∃E′∈%
�3&F�E′� ∃E′∈%
�1;[�E′�

��� 6&F�E�� (&F�E�� 3&F�E�� �1;[�E��∧¬∃�[→[′�∈+�
∨∃�[′→[�∈+�1;[′�E��

��� 6&F�E�� (&F�E�� 3&F�E�� 1;[�E��
7DEOH����$WWULEXWH�HYDOXDWLRQ�UXOHV



7

7F�E��FRQFOXGHV�HLWKHU�E\�LQDFWLRQ�RI�F��ODWHU�GLVUXSWHG�E\�VRPH�RWKHU�VHUYLFH�DFWLYLW\���RU�E\�δ
LQLWLDWHG�E\�F� LWVHOI�� RU� E\�δ� LQLWLDWHG�E\� DQRWKHU� FRPSRQHQW��+HUH�ZH�DOORZ�RQO\� WKH� VHFRQG
WHUPLQDWLRQ�W\SH��WKH�XVXDO�W\SH�LQ�/2726�EDVHG�SURWRFRO�V\QWKHVLV�>�@�

8QIRUWXQDWHO\�>�@�LQGLFDWHV�WKDW�WKH�DGRSWHG�WHUPLQDWLRQ�W\SH�LV�DOORZHG�RQO\�XQGHU�VSHFLDO
UHVWULFWLRQV�� ,Q� SDUWLFXODU�� LQ� >�@� D� F� VRPHWLPHV� H[WHQGV� D�7F�E�� E\� UHSRUWLQJ� WR� VRPH� QRQ�
SDUWLFLSDQW�F′�RI�E��,I�F′�LV�QRW�D�VWDUWLQJ�FRPSRQHQW�RI�WKH�EHKDYLRXU�E′�IROORZLQJ�E��DQ�H[FHS�
WLRQ� UDLVHG�ZLWKLQ�E′� E\� D� FRPSRQHQW�RWKHU� WKDQ� F′�PLJKW� SUHYHQW� UHFHSWLRQ� RI� WKH�PHVVDJH�
7KXV�ZH�EHORZ�SRVH�VXFK�UHVWULFWLRQV�RQ�WKH�VHUYLFH�WKDW�QR�VXFK�PHVVDJH�LV�HYHU�QHFHVVDU\�

2WKHU� W\SHV�RI� UHVWULFWLRQV� DUH� DOUHDG\�NQRZQ� IURP� >�@�� 7KHUH� LV�� KRZHYHU�� D� VOLJKW� DGGL�
WLRQDO�OLPLWDWLRQ��7R�VLPSOLI\�PDSSLQJ�7��³WUDS�+�LQ�E�´�VKDOO�EH�XVHG�H[FOXVLYHO\�IRU�H[FHSWLRQ
KDQGOLQJ��ZKLOH�KDQGOLQJ�RI�D�δ�ZLWKLQ�D�E��VKDOO�DOZD\V�EH�VSHFLILHG�DV�VHTXHQWLDO�FRPSRVLWLRQ
³E��E�´��VHH�6HFWLRQ����

7DEOH���GHILQHV�WKUHH�DX[LOLDU\�IXQFWLRQV�IRU�PDSSLQJ�7��6F�&�P��DQG�5F�&�P��UHVSHFWLYHO\
LPSOHPHQW�VHQGLQJ�RU� UHFHLYLQJ�DW�D�F�RI�D�PHVVDJH�P�EHWZHHQ�F� DQG� DQ\�F′� LQ�&?{F}�� LQGH�
SHQGHQWO\�IRU�HDFK�F′��;F�&�&′�P��LPSOHPHQWV�WKH�DFWLRQV�RI�F�QHFHVVDU\�WR�SHUIRUP�WKH�WDVN�RI
HDFK�PHPEHU�RI�&′�UHFHLYLQJ�P�IURP�HDFK�PHPEHU�RI�&�RWKHU�WKDQ�LWVHOI�

���� 'LVWULEXWHG�,PSOHPHQWDWLRQ�RI�,QGLYLGXDO�%HKDYLRXU�7\SHV

,Q�WKLV�VHFWLRQ�ZH�GLVFXVV�LPSOHPHQWDWLRQ�RI�LQGLYLGXDO�VHUYLFH�EHKDYLRXU�W\SHV�E\�WKHLU�SDUWLFL�
1R� 7F�E��ZKHUH�3&F�E�
��� E
� �7F�E���;F�(&�E���6&�E���,�E����7F�E���
� ORRS��7F�E���;F�(&�E���6&�E���,�E����
� ��WUDS�{�[→7F�E′��|���[→E′�∈+�∧3&F�[��}�LQ�7F�E���

>>�>@�{7F�E′�|���[→E′�∈+�∧¬3&F�[��}���
� �7F�E��>@7F�E���
�� LI�1;[′�E���WKHQ

�7F�E��>[′>LI�3&[′�E��WKHQ
WUDS��[′→�6F�3&�E��,�E����;F��3&�E�?3&�[′���6&�E���,�E����[′���LQ�7F�E��

HOVH��7F�E��>>�5F�3&�[′��,�E����;F��3&�E�?3&�[′���6&�E���,�E����[′���HQGLI�
HOVH��7F�E��>>7F�E����HQGLI

� SDU�>{J�Q|��J�Q∈6�∧3&F�J��}@�{>{J|��J∈*�E′��∧3&F�J��}@7F�E′�|�E′∈%
�}

�� UHQ�{�E′→E′′�|���E′→E′′�∈5�∧3&F�E′��}�LQ�7F�E��
�� KLGH�{J|��J∈*�∧3&F�J��}�LQ�7F�E��
6F�&�P��=|||�{VF′�P�|�F′∈�&?^F`��`�
5F�&�P��=|||�{UF′�P�|�F′∈�&?^F`��`�

;F�&�&′�P��=�LI�F∈&�WKHQ�6F�&′�P��HOVH�δ�HQGLI�|||
LI�F∈&′�WKHQ�5F�&�P��HOVH�δ�HQGLI�

7DEOH����,PSOHPHQWDWLRQ�RI�LQGLYLGXDO�EHKDYLRXU�W\SHV
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SDWLQJ�FRPSRQHQWV�
$Q� LQGLYLGXDO� DFWLRQ� LV� LPSOHPHQWHG� E\� WKH� H[HFXWLQJ� V\VWHP� FRPSRQHQW� DV� LW� LV� �7DEOH

��������
,PSOHPHQWLQJ�D�VHTXHQWLDO�FRPSRVLWLRQ�³E��E�´��7DEOH��������D�F�ILUVW�H[HFXWHV�7F�E����,I�DQ

HQGLQJ� FRPSRQHQW� RI� E��� F� UHSRUWV� ORFDO� WHUPLQDWLRQ� RI� E�� WR� WKH� VWDUWLQJ� FRPSRQHQWV� RI� E�

RWKHU�WKDQ�LWVHOI��,I�D�VWDUWLQJ�FRPSRQHQW�RI�E���F�UHFHLYHV�DOO�WKH�UHSRUWV�RQ�WHUPLQDWLRQ�RI�E��
)LQDOO\�F�H[HFXWHV�7F�E���

$Q�LWHUDWLRQ�³ORRS�E�´�LV�LPSOHPHQWHG�LQ�WKH�VDPH�PDQQHU��7DEOH�������H[DPSOHV� LQ�7DEOH
����DV�LW�LV�HTXLYDOHQW�WR�³E��ORRS�E�´��:LWK�WKH�XQLYHUVDOO\�DGRSWHG�EHKDYLRXU�WHUPLQDWLRQ�W\SH�
UH�XVH�RI�EHKDYLRXU�LGHQWLILHUV�ZLWKLQ�E��LV�QR�ORQJHU�SUREOHPDWLF��VR�LW�VXIILFHV�IRU�WKH�VWDUWLQJ
FRPSRQHQWV�RI�WKH�FXUUHQW�F\FOH�WR�UHFHLYH�WHUPLQDWLRQ�UHSRUWV�IURP�WKH�HQGLQJ�FRPSRQHQWV�RI
WKH�SUHYLRXV�F\FOH��QRW�IURP�DOO�LWV�SDUWLFLSDQWV��DV�LW�LV�QHFHVVDU\�LQ�WKH�JHQHUDO�FDVH�>�@�

,PSOHPHQWLQJ� DQ�H[FHSWLRQ� WUDSSLQJ� ³WUDS�+� LQ�E�´�� D�F� EDVLFDOO\� H[HFXWHV�7F�E��� �7DEOH
������DQ�H[DPSOH�LQ�7DEOH�����8SRQ�GHWHFWLQJ�D�ORFDO�H[FHSWLRQ�[��F�DFWLYDWHV�WKH�LPSOHPHQWD�
WLRQ�RI�LWV�KDQGOHU�7F�E′���7KH�DGRSWHG�UHVWULFWLRQV�HQVXUH�>�@�WKDW�DQ\�RWKHU�V\VWHP�FRPSRQHQW
F′� LV�DW�WKDW�PRPHQW� LGOH��DQG� WKDW�DOO�SURWRFRO�FKDQQHOV�DUH�HPSW\��DW� OHDVW�ZLWKLQ� WKH� LPSOH�
PHQWDWLRQ�RI�WKH�VHUYLFH�SDUW�E��DV�UHTXLUHG��7KH�LGOLQJ�RI�VXFK�D�F′∈3&F�E��LV�VRRQHU�RU�ODWHU
GLVUXSWHG�E\�7F′�E′���DV�3&F′�E��LPSOLHV�3&F′�E′���LI�E′�SURFHHGV�WRZDUGV�D�VXFFHVVIXO�WHUPLQDWLRQ
�7DEOH����������/LNHZLVH�� LI�E�� VXFFHVVIXOO\� WHUPLQDWHV�ZLWKRXW�DQ\�H[FHSWLRQ�UDLVHG��DQ\�SDU�

$�VHUYLFH�SDUW��E�=�WUDS��[�→�H�|||I�����δ→��F�|||E���[����LQ���D��G��>@�E��[���
$PHQGHG�LQWR��E′�=�WUDS��\�→�H�|||I����LQ����D��G��>@�E��\������F�|||E���[���
$PHQGHG�LQWR��E′′�=�WUDS��\�→��L���H�|||L���|||I����LQ����D���G��L���>@�E��\������F�|||E���[���
$QQRWDWHG�ZLWK�VXEEHKDYLRXU�DWWULEXWHV��,�6&�(&�3&�1;[��1;\���
�WUDS��\�→��L���������)�)��H�B�������)�)|||L�B�������)�)�B����������)�)�B����������)�)|||I�B�������)�)�B�����������)�)�
LQ����D���������)�)��G���������)�)�L�B�������)�)�B��������)�)�B���������)�)>@

�E���������)�)�\�B���∅���)�7�B���∅����)�7�����������)�7�
��F�B�������)�)|||E�B�������)�)������������)�)�[�B���∅���7�)�B����∅����7�)�B���∅�����7�7�B�����������7�)

'LVWULEXWHG�LPSOHPHQWDWLRQ�
7��E′′��=�����D���V����|||δ��δ�>@�E��V�����VWRS����δ|||U��������F�|||δ���V����|||δ��VWRS��

>>��δ��δ|||U�������H�|||δ��|||δ��
≈�����D��V�����>@�E��V�����VWRS���U�����F��V�����VWRS�>>�U�����H���

7��E′′��=�WUDS��\�→��L����V����|||V�����|||δ��δ�|||I���
LQ����δ��δ|||δ���δ��δ|||U������L���>@�δ��δ|||U������\�����V����|||δ����δ|||E����δ|||U������[���

≈�WUDS��\�→�V����|||V����|||I����LQ���U����>@�U�����\����V�����E��U�����[��
7��E′′��=�����δ��δ|||U�������G���V����|||δ��δ��>@VWRS���δ|||δ��VWRS�>>��δ��δ|||U�������δ|||L���|||δ��

≈���U�����G��V�����VWRS�>>U�����
7DEOH����$Q�H[DPSOH�LPSOHPHQWDWLRQ�RI�WUDSSLQJ
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WLFLSDQW�F�RI�E�LV�DZDUH�RI�WKDW��DV�LQ�WKDW�FDVH�3&F�E��LPSOLHV�3&F�E����7UDQVIHU�RI�FRQWURO�XSRQ
DQ�[�LQ�E��WR�LWV�KDQGOHU�E′�LV�VHTXHQWLDO��EXW�QR�V\QFKURQL]DWLRQ�LV�UHTXLUHG�XSRQ�LW��DV�WKH�RQO\
VWDUWLQJ�FRPSRQHQW�RI�E′� LV�WKH�H[HFXWRU�RI�[��WKH�RQO\�HQGLQJ�FRPSRQHQW�RI�E�� LQ�WKH�H[FHS�
WLRQDO�FDVH��7DEOH����������,I�+�DOVR�FRQWDLQV�D�KDQGOHU�IRU�δ� LQ�E���DJDLQVW�7DEOH����������WKDW
FDQ�EH�DPHQGHG��EXW�PLJKW�UHTXLUH�UHQDPLQJ�RI�VRPH�H[FHSWLRQV��VHH�WKH�ILUVW�VWHS�LQ�WKH�H[�
DPSOH��

,PSOHPHQWLQJ�D�FKRLFH�³E�>@E�´��LW�VXIILFHV�WR�LQGLYLGXDOO\�LPSOHPHQW�WKH�WZR�DOWHUQDWLYHV�E�
DQG�E�� �7DEOH�������� EHFDXVH� WKHUH� LV� D� V\VWHP�FRPSRQHQW� ORFDOO\�JXDUGLQJ� WKH� VWDUW� RI� ERWK
�7DEOH����������,I��IRU�H[DPSOH��E��LV�WKH�VHOHFWHG�DOWHUQDWLYH��DQ\�SDUWLFLSDQW�F�RI�E�ZLOO�GHWHFW
WKDW�EHIRUH�E��WHUPLQDWHV��IRU�3&F�E��LPSOLHV�3&F�E���IRU�WKH�FDVH��7DEOH���������

,PSOHPHQWLQJ� D� VXVSHQG�UHVXPH� ³E�>[′>E�´�� D� F� EDVLFDOO\� H[HFXWHV�7F�E���� SRWHQWLDOO\� VXV�
SHQGHG�E\�7F�E����7DEOH�������DQ�H[DPSOH�LQ�7DEOH�����$FWXDOO\��7F�E���GLIIHUV�IURP�VWRS�RQO\
IRU�D�F′��WKH�RQO\�SDUWLFLSDQW�RI�E��DQG�WKH�RQO\�VWDUWLQJ�FRPSRQHQW�RI�E���7DEOH����������F′�OR�
FDOO\�JXDUGV�VXVSHQVLRQ�DQG�UHVXPSWLRQ�RI�E���,I�WKH�UHVXPSWLRQ�QHYHU�RFFXUV�� L�H��¬1;[′�E���
WKH�RQO\�UHPDLQLQJ�SUREOHP�LV�KRZ�WR�LPSOHPHQW�WHUPLQDWLRQ�RI�E�XSRQ�WHUPLQDWLRQ�RI�E��>�@�
EXW�ZH�DYRLG�LW�E\�IRUELGGLQJ�WHUPLQDWLRQ�RI�E���7DEOH����������,I�VXFK�D�WHUPLQDWLRQ�H[LVWV�� LW
FDQ�EH�WUDQVIRUPHG�LQWR�DQ�H[FHSWLRQ�DQG�KDQGOHG�DV�VXFK�>�@��VHH�WKH�H[DPSOH���5HVXPSWLRQ
$�VHUYLFH�SDUW��E�=���D��E��>[�>��F��G��>@�H��[����
$PHQGHG�LQWR��E′�=�WUDS��\�→δ

���LQ����D��E���\��>[�>��F��G��>@�H��[����
$PHQGHG�LQWR��E′′�=�WUDS��\�→�δ���L�|||L�����LQ����D��E���\��>[�>��F���G�|||L���>@�H��[����
$QQRWDWHG�ZLWK�VXEEHKDYLRXU�DWWULEXWHV��,�6&�(&�3&�1;[��1;\���
�WUDS��\�→�δ���������)�)��L�B�������)�)|||L�B�������)�)�B����������)�)�B����������)�)�
LQ����D�B�������)�)�E�B�������)�)�B�������)�)�\�B���∅���)�7�B���∅���)�7>[�>

��F���������)�)��G�B�������)�)|||L�B�������)�)�B����������)�)�B����������)�)>@
�H���������)�)�[�B���∅���7�)�B���∅����7�)������������7�)�B����������)�7�B����������)�)

'LVWULEXWHG�LPSOHPHQWDWLRQ�
7��E′′��=�WUDS��\�→�δ����V����|||V�����|||δ��δ��

LQ����D���δ|||δ��E����δ|||δ��\��
>[�>���F����V����|||V�����|||δ��δ�>@�H���V����|||δ��VWRS��>>�U������δ|||U������[����

≈�WUDS��\�→�V����|||V������
LQ���D��E��\��>[�>���F���V����|||V������>@�H��V�����VWRS��>>�U�����U�����[����

7��E′′��=���VWRS>[�>WUDS��[�→��V����|||V������[����LQ���δ��δ|||U�������δ|||L���>@�δ��δ|||U������[����
>>�δ��δ|||U�������L�|||δ���

≈���VWRS>[�>WUDS��[�→��V����|||V������[����LQ��U����>@�U�����[����>>U�����
7��E′′��=���VWRS>[�>���δ��δ|||U�������G�

|||δ��>@VWRS�>>�U������V����|||δ��[����
>>�δ��δ|||U�������δ|||L����

≈���VWRS>[�>��U�����G��>>�U�����V�����[����>>U�����
7DEOH����$Q�H[DPSOH�LPSOHPHQWDWLRQ�RI�VXVSHQG�UHVXPH
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RI�E��XSRQ�DQ�[′� LQ� E�� LV� LPSOHPHQWHG� LQ� WKH� IROORZLQJ�ZD\��$�F′′� WUDSV� WKH�[′� WR� LQIRUP� WKH
RWKHU�SDUWLFLSDQWV�RI�E��6XEVHTXHQWO\��DOO�SDUWLFLSDQWV�RI�E�H[FHSW�F′′��DQ�RSWLPL]DWLRQ�RYHU�>�@�
UHSRUW�WR�WKH�VWDUWLQJ�FRPSRQHQW�RI�E��WKDW�WKH\�DUH�UHDG\�WR�UHVWDUW�E���F′′�QHHGQ¶W�UHSRUW�EH�
FDXVH�LPSOLFLWO\�NQRZQ�WR�EH�UHDG\��)LQDOO\��DQ\�SDUWLFLSDQW�F�RI�E�ORFDOO\�UH�UDLVHV�[′�WR�UHWXUQ
FRQWURO�WR�7F�E���

,PSOHPHQWLQJ�D�SDUDOOHO�FRPSRVLWLRQ�³SDU�>6@�{>*�E′�@E′�|�E′∈%
�}
´�DW�D�SDUWLFLSDQW�F��ZH
LPSOHPHQW� HDFK� LQGLYLGXDO� E′� DV�7F�E′�� DQG� ORFDOO\� V\QFKURQL]H� LW� ZLWK� RWKHU�7F�E′′�� DV� SUH�
VFULEHG� E\� 6� DQG�*�E′�� �7DEOH� ������ DQ� H[DPSOH� LQ� 7DEOH� ���� +RZHYHU�� IRU� WKLV� VROXWLRQ� WR
ZRUN��ZH�PXVW�SRVH�WZR�UHVWULFWLRQV��$V�ILUVW�ZH�UHTXLUH�WKDW�WKH�GLVWULEXWHG�LPSOHPHQWDWLRQ�RI
D�E′�GRHVQ¶W�VKDUH�DQ\�SURWRFRO�FKDQQHOV�ZLWK�LPSOHPHQWDWLRQV�RI�WKH�RWKHU�VHUYLFH�SDUWV�LI�E′

V\QFKURQL]HV� ZLWK� WKHP�� ,Q� D� EUXWH�IRUFH� ZD\� WKDW� LV� HQVXUHG� LQ� 7DEOH� �������� ZKLOH� 7DEOH
�������HQVXUHV�WKDW�QR�FRPSRQHQW�HYHU�UDLVHV�DQ�H[FHSWLRQ�FRQFXUUHQWO\�WR�D�VHUYLFH�DFWLRQ�DW
DQRWKHU�FRPSRQHQW�RU�ZKHQ�D�SURWRFRO�PHVVDJH�LV�LQ�WUDQVLW��DW�OHDVW�ZLWKLQ�WKH�LPSOHPHQWDWLRQ
RI�WKH�VHUYLFH�SDUW�E��DV�UHTXLUHG�

$V�ZH� DOORZ� RQO\� ORFDO�DFWLRQ� UHQDPLQJ�� LWV� LPSOHPHQWDWLRQ� LV� VLPSOH�� ,W� FRPPXWHV�ZLWK
PDSSLQJ�7��7DEOH���������7KH�VDPH�KROGV�IRU�LPSOHPHQWDWLRQ�RI�KLGLQJ��7DEOH���������DV�KLG�
LQJ�RI�DQ�DFWLRQ�GRHVQ¶W�FKDQJH�LWV�ORFDWLRQ�

�� 'LVFXVVLRQ�DQG�&RQFOXVLRQV

:H�KDYH�SUHVHQWHG� D�PHWKRG� IRU�GHULYLQJ�SURWRFRO� VSHFLILFDWLRQV� IURP� VHUYLFH� VSHFLILFDWLRQV
ZULWWHQ�LQ�D�ODQJXDJH�WKDW�LV�VHPDQWLFDOO\�FORVH�WR�EDVLF�(�/2726��7KH�PHWKRG�LV�EDVLFDOO\�D
VSHFLDO� FDVH� RI� >�@�� UHVWULFWLQJ� WKH� WHUPLQDWLRQ� W\SH� IRU� LPSOHPHQWDWLRQ� RI� LQGLYLGXDO� VHUYLFH
SDUWV�WR�WKH�RQH�XVXDOO\�DGRSWHG�IRU�/2726�>�@��7KH�UHVWULFWLRQ�KDV�VXEVWDQWLDOO\�VLPSOLILHG�WKH
$�VHUYLFH��VHUY�=�SDU�>D���@�<�>D�@�ORRS��D��E�����>D�@�ORRS��D��E�����>D�@�ORRS��D��E����

ORRS���D�|||E����D�|||E����>
$QQRWDWHG�ZLWK�VXEEHKDYLRXU�DWWULEXWHV��,�6&�(&�3&��
�SDU�>D���@�<�>D�@��ORRS��D�B�������E�B�������B�������B���∅�����>D�@��ORRS��D���������E�B����������������B���∅�����

>D�@��ORRS��D���������E�B����������������B���∅�����
�ORRS���D�B������|||E�B�������������������D�B������|||E�B�������B����������������������B����∅�����>�B����∅����

'LVWULEXWHG�LPSOHPHQWDWLRQ�
FRPS��=�SDU�>D���@�<�>D�@�ORRS��D��E�����>D�@�ORRS��D��V�����U��������>D�@�ORRS��D��V�����U�������

ORRS��D���V����|||U������D���V����|||U�������>
FRPS��=���ORRS��U�����E��V������|||�ORRS��E���V����|||V�������U����|||U��������
FRPS��=���ORRS��U�����E��V������|||�ORRS���U����|||U������E���V����|||V��������

7DEOH����$Q�H[DPSOH�LPSOHPHQWDWLRQ�RI�LWHUDWLRQ�DQG�SDUDOOHO�FRPSRVLWLRQ
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SURWRFRO�GHULYDWLRQ�PDSSLQJ��HQDEOLQJ�XV�WR�LGHQWLI\�VRPH�DGGLWLRQDO�RSWLPL]DWLRQV�IRU�WKH�VSH�
FLDO�FDVH�

:LWK�LWV�VLPSOLFLW\��WKH�PHWKRG�VHHPV�D�JRRG�FDQGLGDWH�IRU�IXUWKHU�H[WHQVLRQV��H�J��WR�VXS�
SRUW�GLVWULEXWHG�KDQGOLQJ�RI�VHUYLFH�SDUDPHWHUV�DQG�TXDQWLWDWLYH� WLPLQJ�UHTXLUHPHQWV�� WKDW�DUH
DOVR�H[SUHVVLEOH�LQ�(�/2726��&XUUHQWO\�� LPSOHPHQWDWLRQ�RI� WKH� IROORZLQJ�H[WHQVLRQV� WR�EDVLF
/2726� LV� VXSSRUWHG�� LWHUDWLRQ�� H[FHSWLRQ� KDQGOLQJ�� VXVSHQVLRQ�UHVXPSWLRQ� DQG� JHQHUDOL]HG
SDUDOOHO�FRPSRVLWLRQ�

$V�D�FRQFOXVLRQ��ZH�H[SUHVV�RXU�KRSH� WKDW� WKH�JOLPSVH� LQWR�(�/2726�KDV�PRWLYDWHG� WKH
UHDGHU�IRU� LWV� IXUWKHU�VWXG\�� IRU� LW� VKDOO�SUREDEO\�GHYHORS� LQWR�D�SRZHUIXO��XVHU�IULHQGO\��ZHOO�
VXSSRUWHG�DQG�ZLGHO\�HPSOR\HG�VWDQGDUG�IRUPDO�VSHFLILFDWLRQ�ODQJXDJH�

5HIHUHQFHV

��� ,62��/2726���$�)RUPDO�'HVFULSWLRQ�7HFKQLTXH�%DVHG�RQ�WKH�7HPSRUDO�2UGHULQJ�RI�2E�
VHUYDEOH�%HKDYLRXU��,6������������

��� ,62�,(&� -7&��6&��� :*��� )LQDO� &RPPLWWHH� 'UDIW� RQ� (QKDQFHPHQWV� WR� /2726�� 0D\
������VHH�IWS���IWS�GLW�XSP�HV�SXE�ORWRV�HORWRV�:RUNLQJ�'RFV�

��� &�� .DQW�� 7�� +LJDVKLQR�� *�� Y�� %RFKPDQQ�� ³'HULYLQJ� SURWRFRO� VSHFLILFDWLRQV� IURP� VHUYLFH
VSHFLILFDWLRQV�ZULWWHQ�LQ�/2726�´�'LVWULEXWHG�&RPSXWLQJ��YRO������������SS��������

���0��.DSXV�.RODU��³(PSOR\LQJ�GLVUXSWLRQV�IRU�PRUH�HIILFLHQW� IXQFWLRQDOLW\�GHFRPSRVLWLRQ� LQ
/2726�´�VXEPLWWHG�IRU�SXEOLFDWLRQ��DQ�H[WHQGHG�YHUVLRQ�DYDLODEOH�DW�-RåHI�6WHIDQ�,QVWLWXWH�
7HFKQLFDO�5HSRUW�������������D�SUHOLPLQDU\�YHUVLRQ�LQ�3URF���nd��(8520,&52�&RQI���%X�
GDSHVW��������SS����������

���0��.DSXV�.RODU��³'HULYLQJ�SURWRFRO�VSHFLILFDWLRQV� IURP�VHUYLFH� VSHFLILFDWLRQV� LQ�%DVLF�(�
/2726�´�VXEPLWWHG�IRU�SXEOLFDWLRQ��DQ�H[WHQGHG�YHUVLRQ�DYDLODEOH�DW�-RåHI�6WHIDQ�,QVWLWXWH�
7HFKQLFDO�5HSRUW������������

��� .��6DOHK�� ³6\QWKHVLV�RI� FRPPXQLFDWLRQ�SURWRFROV��$Q� DQQRWDWHG� ELEOLRJUDSK\�´�&RPSXWHU
&RPPXQLFDWLRQ�5HYLHZ��YRO������QR�����������SS��������

���:RUOG�:LGH�(QYLURQPHQW�IRU�/HDUQLQJ�/2726�
KWWS���ZZZ�FV�VWLU�XN�aNMW�UHVHDUFK�ZHOO�ZHOO�KWPO�


