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'\QDPLF� /RJLF� �'/�� SURYLGHV� D� VXLWDEOH� IRUPDO� IUDPHZRUN� WR� PRGHO�

DFWLRQV� DQG� UHDVRQLQJ� DERXW� WKHP�� 2$6,6�LV� D� ODQJXDJH� IRU� WKH�

VSHFLILFDWLRQ� RI� REMHFW� RULHQWHG� FRQFHSWXDO� PRGHOV�� ,Q� RXU� PRGHO��

VSHFLDOL]DWLRQ� LV� D� UHODWLRQ� EHWZHHQ� FODVVHV� WKDW� GHILQHV� DQ� LQKHULWDQFH�

PHFKDQLVP� WKURXJK� VWDWLF� DQG� G\QDPLF� SDUWLWLRQV�� $� YDULDQW� RI� '/�

�LQFOXGLQJ� WKH� 'HRQWLF� RSHUDWRUV� IRU� SHUPLVVLRQ�� SURKLELWLRQ� DQG�

REOLJDWLRQ��LV�WKH�IRUPDOLVP�XVHG�LQ�2$6,6�WR�GHDO�ZLWK�FKDQJHV�RI�VWDWH��

WULJJHUV�� SUHFRQGLWLRQV�� SURWRFROV� DQG� RSHUDWLRQV�� 7KH� DQLPDWLRQ� RI�

FRQFHSWXDO�PRGHOV�LQ�RUGHU�WR�YDOLGDWH�WKH�VSHFLILFDWLRQ�LV�DQ�LQWHUHVWLQJ�

WRSLF�� :H� KDYH� ZRUNHG� RQ� WUDQVODWLQJ� 2$6,6�VSHFLILFDWLRQV�

DXWRPDWLFDOO\�WR�FRQFXUUHQW�HQYLURQPHQWV�LQ�RUGHU�WR�REWDLQ�D�SURWRW\SH�

XVHIXO�WR�YDOLGDWH�VSHFLILFDWLRQV�E\�DQLPDWLRQ��7KH�DLP�RI�WKLV�SDSHU�LV�WR�

VKRZ� WKDW� LW� LV� IHDVLEOH� WR� WUDQVODWH� VWDWLF� DQG� G\QDPLF� SDUWLWLRQV�

DXWRPDWLFDOO\� LQWR� G\QDPLF� ORJLF� IRUPXODH�� 7KXV�� XVLQJ� WKH� VDPH�

GHYHORSHG� VFKHPD� RI� DQLPDWLRQ� LW� LV� SRVVLEOH� WR� H[HFXWH�

2$6,6�VSHFLILFDWLRQV�LQFOXGLQJ�LQKHULWDQFH���

���,QWURGXFWLRQ�

&RQFHSWXDO� PRGHOV�� UHSUHVHQWLQJ� WKH� IXQFWLRQDO� UHTXLUHPHQWV� RI� LQIRUPDWLRQ� V\VWHPV��
DUH� D� NH\� IDFWRU� ZKHQ� OLQNLQJ� SUREOHP� DQG� VROXWLRQ� GRPDLQV�� %XLOGLQJ� D� FRQFHSWXDO�
PRGHO� LV� D�GLVFRYHU\�SURFHVV��QRW�RQO\�IRU�DQDO\VWV�EXW�DOVR�IRU�VWDNHKROGHUV��7KH�PRVW�
VXLWDEOH� VWUDWHJ\� LQ� WKLV� VLWXDWLRQ� LV� WR� EXLOG� FRQFHSWXDO� PRGHOV� LQ� DQ� LWHUDWLYH� DQG�
LQFUHPHQWDO� ZD\�� WKURXJK� DQDO\VW� DQG� VWDNHKROGHU� LQWHUDFWLRQ�� &RQFHSWXDO� PRGHOLQJ�
LQYROYHV� IRXU� DFWLYLWLHV�� HOLFLWDWLRQ� RI� UHTXLUHPHQWV�� PRGHOLQJ� RU� VSHFLILFDWLRQ��
YHULILFDWLRQ�RI�TXDOLW\�DQG�FRQVLVWHQF\��DQG�HYHQWXDOO\��YDOLGDWLRQ���
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)RUPDO� PHWKRGV� IRU� FRQFHSWXDO� PRGHOLQJ� SURYLGH� LPSURYHPHQWV� LQ� VRXQGQHVV� DQG�
SUHFLVLRQ� IRU� VSHFLILFDWLRQV� DQG� KHOS� LQ� WKHLU� YHULILFDWLRQ�� +RZHYHU�� ZKHQ� FRQVLGHULQJ�
HOLFLWDWLRQ� DQG� UHTXLUHPHQWV� YDOLGDWLRQ�� SURWRW\SLQJ� WHFKQLTXHV� DUH� PRUH� RIWHQ� XVHG��
+HQFH��LW�LV�LQWHUHVWLQJ�WR�REWDLQ�D�FRPELQDWLRQ�RI�ERWK�DSSURDFKHV���

7KLV�ZRUN�XVHV�2$6,6� >����@��2SHQ�DQG�$FWLYH�6SHFLILFDWLRQ�RI�,QIRUPDWLRQ�6\VWHPV���
D� IRUPDO� DSSURDFK� IRU� REMHFW� RULHQWHG� FRQFHSWXDO� VSHFLILFDWLRQ� RI� LQIRUPDWLRQ� V\VWHPV��
7KLV� LV� D� VWHS� IRUZDUG� LQ� D� JURZLQJ� UHVHDUFK� ILHOG� ZKHUH� WKH� YDOLGDWLRQ� RI� IRUPDO�
VSHFLILFDWLRQV� WKURXJK� DQLPDWLRQ� LV� EHLQJ� H[SORUHG� >��@�� ,Q� WKLV� VHQVH�� VRPH� RWKHU�
SURSRVDOV�FORVH�LQ�QDWXUH�WR�2$6,6�DQG�WR�WKH�ZRUN�ZH�DUH�FDUU\LQJ�RXW�XVLQJ�2$6,6�DUH�
752//�>�@��$/%(57�>�@�DQG�2%/2*�>��@��7KH�GLIIHUHQFHV�EHWZHHQ�WKHVH�ZRUNV�DQG�
RXUV� DUH� EDVLFDOO\� GHWHUPLQHG� E\� IHDWXUHV� RI� WKH� XQGHUO\LQJ� IRUPDOLVPV� DQG� WKH� RIIHUHG�
H[SUHVVLYHQHVV�� $FFRUGLQJ� WR� WKH� SUHVHQWHG� UHVXOWV�� WKH� VWDWH� RI� DUW� LV� VLPLODU� DQG� LV�
FKDUDFWHUL]HG�E\�SUHOLPLQDU\�YHUVLRQV�RI�DQLPDWLRQ�HQYLURQPHQWV���

9DOLGDWLRQ�DQG�YHULILFDWLRQ�SOD\�DQ�LPSRUWDQW�UROH� LQ� WKH�TXDOLW\�RI�WKH�ILQDO�SURGXFW��%\�
PHDQV� RI� YDOLGDWLQJ� IRUPDO� VSHFLILFDWLRQV� VWDNHKROGHUV� FDQ� IDVWHQ� WKH� FRUUHVSRQGHQFH�
EHWZHHQ� IRUPDO� VSHFLILFDWLRQV� DQG� XVHU� SURVSHFWV�� 7KH� YHULILFDWLRQ� SURFHVV� DOORZV� WR�
YHULI\LQJ� WKH� FRUUHFWQHVV� EHWZHHQ� LPSOHPHQWDWLRQV� DQG� VSHFLILFDWLRQ�� (UURUV� FDQ� EH�
SURSDJDWHG� WRZDUGV� WKH� GHVLJQ� DQG� LPSOHPHQWDWLRQ� SURFHVV� LI� WKH� YDOLGDWLRQ� DQG�RU�
YHULILFDWLRQ� DUH� QRW� GRQH� H[KDXVWLYHO\�� %DVLFDOO\�� YDOLGDWLRQ� DQG� YHULILFDWLRQ� WHFKQLTXHV�
FDQ�EH�FODVVLILHG�LQ�WZR�JURXSV���

x� 6WDWLFV��UHDVRQLQJ�DERXW�V\VWHP�SURSHUWLHV�UHJDUGLQJ�D�VHW�RI�SUHGHILQHG�UXOHV���
x� '\QDPLFV��H[HFXWLQJ�VRPH�NLQG�RI�LPSOHPHQWDWLRQ�RI�WKH�V\VWHP���

$V� )HHQVWUD� SRLQWV� RXW� LQ� >�@� WZR� DSSURDFKHV� DUH� FRQVLGHUHG� ZKHQ� DQLPDWLQJ�
VSHFLILFDWLRQV�� WR� UHDVRQ� DERXW� VFHQDULRV� �ZKDW� UHTXLUHV� DQ� DXWRPDWLFDOO\� JHQHUDWHG�
SURWRW\SH� REWDLQHG� IURP� IRUPDO� VSHFLILFDWLRQV�� DQG� WR� UHDVRQ� DERXW� UHDFKDELOLW\�
SURSHUWLHV� �ZKDW� UHTXLUHV� VRIWZDUH� FDSDEOH� RI� VROYLQJ� TXHULHV� DXWRPDWLFDOO\��� ,Q� RXU�
ZRUN�WKH�DQLPDWLRQ�SURFHVV�IRFXVHV�RQ�WKH�ILUVW�DSSURDFK�VKRZLQJ�WKH�HIIHFWV�RI�DFWLRQV�
LQ�WKH�V\VWHP�E\�WHVWLQJ�VFHQDULRV���

)LJXUH���VKRZV�D�IUDPHZRUN�EDVHG�RQ�2$6,6� IRU�HOLFLWDWLRQ��PRGHOLQJ��YHULILFDWLRQ�DQG�
YDOLGDWLRQ�RI�UHTXLUHPHQWV��(OLFLWDWLRQ�LV�DFKLHYHG�E\�XVLQJ�VFHQDULRV�>��@��7KH�HOHPHQWV�
DQG�H[SHFWHG�EHKDYLRU�RI�D�JLYHQ�VSHFLILFDWLRQ�DUH�H[WUDFWHG�E\�DQDO\VWV�IURP�VFHQDULRV��
)XQFWLRQDO� UHTXLUHPHQWV� DUH� PRGHOHG� XVLQJ� D� JUDSKLFDO� VSHFLILFDWLRQ� PRGXOH� EDVHG� RQ�
2$6,6�� &RQFHSWXDO� PRGHOV� FDQ� EH� YHULILHG� DFFRUGLQJ� WR�2$6,6� IRUPDO� SURSHUWLHV�� $W�
HDFK�VWDJH�RI�WKH�UHTXLUHPHQWV�VSHFLILFDWLRQ�SURFHVV�LW�ZRXOG�EH�SRVVLEOH�WR�YDOLGDWH�WKH�
EHKDYLRU� RI� WKH� DVVRFLDWHG� SURWRW\SH� DJDLQVW� WKH� H[SHFWHG� EHKDYLRU�� 7KLV� FRPSDULVRQ�
FRXOG� OHDG�WR�XSGDWHV�RU�H[WHQVLRQV�RI�H[LVWLQJ�VFHQDULRV��7KLV�F\FOH�FRQWLQXHV�XQWLO� WKH�
UHTXLUHPHQWV�DUH�FRPSOLDQW�ZLWK�WKH�SURSRVHG�VHW�RI�VFHQDULRV���
([SHULPHQWV� KDYH� EHHQ� FDUULHG� RXW� XVLQJ� 2EMHFW�2ULHQWHG� 3HWUL� 1HWV� >��@� DQG�
&RQFXUUHQW� /RJLF� 3URJUDPPLQJ� >�@� DV� FRQFXUUHQW� HQYLURQPHQWV� IRU� 2$6,6�
VSHFLILFDWLRQV�� &RUUHVSRQGHQFHV� EHWZHHQ� 2$6,6� DQG� WKHVH� HQYLURQPHQWV� KDYH� EHHQ�
LQFOXGHG� LQ�D� WUDQVODWRU�SURJUDP��7KLV� WUDQVODWRU� WDNHV�DQ�2$6,6�VSHFLILFDWLRQ�VWRUHG�LQ�
WKH� UHSRVLWRU\� DQG� JHQHUDWHV�DXWRPDWLFDOO\�D�&RQFXUUHQW�/RJLF�3URJUDP�RU�D�3HWUL�1HW�
WKDW� FRQVWLWXWH� D� SURWRW\SH� IRU� WKH� FRUUHVSRQGLQJ� FRQFHSWXDO� PRGHO�� )XUWKHUPRUH��
WKURXJK� D� SUHOLPLQDU\� YHUVLRQ� RI� WKH� JUDSKLFDO� DQLPDWLRQ� HQYLURQPHQW�� WKH� DQDO\VW� FDQ�
LQWHUDFW�ZLWK� WKH� SURWRW\SH� LQ� D� VXLWDEOH�ZD\��:H�REWDLQ�&RGH6LJQ� FRGH� DXWRPDWLFDOO\�



IURP�2$6,6� VSHFLILFDWLRQV��7KLV�ZRUN� LV�EHLQJ� LQWHJUDWHG� LQWR�D�&$6(� WRRO� IRU� V\VWHP�
PRGHOLQJ� VXSSRUWLQJ� WKH� 2$6,6� DSSURDFK�� :H� KDYH� DGGUHVVHG� YDOLGDWLRQ� WKURXJK�
DQLPDWLRQ� IRFXVLQJ� RQ� 2$6,6� EXW� WKLV� ZRUN� FRXOG� EH� H[WHQGHG� WR� RWKHU� VLPLODU�
ODQJXDJHV�� %DVLFDOO\�� WKH� REWDLQHG� SURWRW\SHV� DOORZ� WR� DQLPDWH� VHWV� RI� D� YDULDQW� RI�
'\QDPLF� /RJLF� IRUPXODH� >��@� �LQFOXGLQJ� SHUPLVVLRQV�� YDOXDWLRQV� DQG� REOLJDWLRQV��
UHSUHVHQWLQJ�2$6,6�VSHFLILFDWLRQV�� 2XU� DLP� LV� WR� EH� DEOH� WR� DQLPDWH� �XVLQJ� WKH� VDPH�
WUDQVODWRU��2$6,6�VSHFLILFDWLRQV�LQFOXGLQJ�LQKHULWDQFH���

)LJXUH����$QLPDWLRQ�(QYLURQPHQW��

1RZDGD\V�� DQ� LQFUHDVLQJ� ZRUN� LQ� YDOLGDWLRQ� WKURXJK� DQLPDWLRQ� RI� FRQFHSWXDO� PRGHOV�
KDV� EHHQ� GHYHORSHG�� 0DQ\� &$6(�WRROV� KDYH� LQWHJUDWHG� DQ� VSHFLDO� PRGXOH� IRU�
DQLPDWLRQ��0RVW�RI� WRROV� UHODWHG� WR� UHTXLUHPHQWV�YDOLGDWLRQ�GR�QRW�RIIHU�PXFK�KHOS� IRU�
DQLPDWLRQ��2%/2*��KDV�DQ�DQLPDWLRQ�PRGXOH�EXW� LW� LV�QRW�VWLOO�DYDLODEOH��,Q�5KDSVRG\��

DQG�2EMHFW7LPH��D�JUDSKLFDO�UHSUHVHQWDWLRQ��D�VHTXHQFH�GLDJUDP��LV�LQFOXGHG�DV�D�UHVXOW�
RI� WKH� DQLPDWLRQ� DQG� LQWHUDFWLRQ� EHWZHHQ� REMHFWV�� ,Q� WKLV�ZD\��$RQL[�� RIIHUV� D�PRGXOH�
FDOOHG� ³$QLPDWRU´� LQ� ZKLFK� WKH� HGLWLRQ� DQG� H[HFXWLRQ� RI� VFHQDULRV� DUH� VXSSRUWHG�� ,Q�
%ULGJH3RLQW�� YDOLGDWLRQ� LV�GRQH�E\�PRQLWRULQJ� LQ� VHYHUDO� OHYHOV� WKH�JHQHUDWHG�SURWRW\SH�
EXW� LW� LV� QRW� HDV\� WR� FRQWUDVW� EHWZHHQ� WKH� REWDLQHG� DQG� H[SHFWHG� UHVXOWV�� ,Q� >�@� DQ�
HQYLURQPHQW� DERXW� 752//� LQ� ZKLFK� LV� SRVVLEOH� WR� VWXG\� WKH� FKDQJH� LQ� WKH� VWDWH� RI�
REMHFWV� LV� VKRZHG�� ,Q� D� VLPLODU� ZD\�� LQ� >�@� WKH� DUFKLWHFWXUH� DQG� IXQFWLRQDOLW\� RI� DQ�
DQLPDWLRQ�PRGXOH� IRU�$/%(57� VSHFLILFDWLRQV� LV� SUHVHQWHG�� ,Q� DOO� WKHVH� SURSRVDOV� QHDU�
WR� 2$6,6�� WKH� VWDWH� RI� WKH� DUW� LV� FOHDUO\� FKDUDFWHUL]HG� E\� SUHOLPLQDU\� YHUVLRQV� RI�
DQLPDWLRQ� PRGXOHV�� 7KH� DLP� RI� WKLV� SDSHU� LV� WR� VKRZ� WKDW� LV� IHDVLEOH� WR� WUDQVODWH�
DXWRPDWLFDOO\� WKH�2$6,6�VSHFLDOL]DWLRQ�LQ�'/� IRUPXODH��7KXV�XVLQJ�WKH�VDPH�GHYHORSHG�
VFKHPD� RI� DQLPDWLRQ� LW� LV� SRVVLEOH� WR� H[HFXWH� 2$6,6�VSHFLILFDWLRQV� LQFOXGLQJ�
LQKHULWDQFH���
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7KH� UHVW� RI� WKLV� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� LQ� VHFWLRQ� �� ZH� LQWURGXFH� WKH� EDVLF�
FRQFHSWV� RI�2$6,6�� 6HFWLRQ� �� JLYHV� WKH� IRUPDO� IUDPHZRUN� RI� VSHFLDOL]DWLRQ� LQ�2$6,6��
6HFWLRQ���JLYHV�D�VKRUW�GHVFULSWLRQ�RI�WKH�XVHG�'/��6HFWLRQ���HVWDEOLVKHV�D�UHSUHVHQWDWLRQ�
PHFKDQLVP� IRU� VSHFLDOL]DWLRQ�� 6HFWLRQ� �� VXPPDUL]HV� WKH� SDSHU� DQG� RXWOLQHV� IXUWKHU�
ZRUN��)LQDOO\��DQ�DSSHQGL[�LQWURGXFHV�D�IXOO�FDVH�VWXG\���

���%DVLF�FRQFHSWV�RI�2$6,6�

$Q�2$6,6� VSHFLILFDWLRQ� LV� D� SUHVHQWDWLRQ� RI� D� WKHRU\� LQ� WKH� XVHG� IRUPDO� V\VWHP� DQG� LV�
H[SUHVVHG�DV�D� VWUXFWXUHG� VHW�RI�FODVV�GHILQLWLRQV��&ODVVHV�FDQ�EH� VLPSOH�RU�FRPSOH[��$�
FRPSOH[� FODVV� LV� GHILQHG� LQ� WHUPV� RI� RWKHU� FODVVHV� �VLPSOH� RU� FRPSOH[�� E\� HVWDEOLVKLQJ�
UHODWLRQVKLSV� DPRQJ� FODVVHV�� 7KHVH� UHODWLRQVKLSV� SURYLGH� DJJUHJDWLRQ� RU� LQKHULWDQFH�
PHFKDQLVPV�� $� FODVV� KDV� D� QDPH�� RQH� RU� PRUH� LGHQWLILFDWLRQ� PHFKDQLVPV� IRU� LWV�
LQVWDQFHV��REMHFWV��DQG�D� W\SH�RU� WHPSODWH� WKDW� LV�VKDUHG�E\�HYHU\�LQVWDQFH�EHORQJLQJ�WR�
WKH�FODVV��(DFK�REMHFW�KDV�DQ�XQLTXH�LGHQWLILHU��RLG��VHW�E\�WKH�V\VWHP��KRZHYHU��REMHFWV�
DUH� UHIHUUHG� E\� WKHLU� LGHQWLILFDWLRQ� PHFKDQLVPV� EHORQJLQJ� WR� WKH� SUREOHP� VSDFH�� $�
IXQFWLRQ� HVWDEOLVKHV�D�PDSSLQJ�EHWZHHQ� WKH� LGHQWLILFDWLRQ�PHFKDQLVPV�DQG� WKH�RLG��7KH�
W\SH�RU�WHPSODWH�GHVFULEHV�WKH�VWUXFWXUH�DQG�EHKDYLRU�RI�HYHU\�REMHFW���

7KXV� HDFK� REMHFW� HQFDSVXODWHV� LWV� RZQ� VWDWH� DQG� EHKDYLRU� UXOHV�� $V� XVXDO� LQ� REMHFW�
RULHQWHG�HQYLURQPHQWV��REMHFWV�FDQ�EH�VHHQ�IURP�WZR�SRLQWV�RI�YLHZ��VWDWLF�DQG�G\QDPLF��
)URP�WKH�VWDWLF�SHUVSHFWLYH��WKH�DWWULEXWHV�DUH�SURSHUWLHV�GHVFULELQJ�WKH�REMHFW�VWUXFWXUH��
7KH� REMHFW� VWDWH� LQ� D� JLYHQ� LQVWDQW� LV� WKH� VHW� RI� VWUXFWXUDO� SURSHUWLHV� YDOXHV�� )URP� WKH�
G\QDPLF� SHUVSHFWLYH�� WKH� HYROXWLRQ� RI� REMHFWV� LV� FKDUDFWHUL]HG�E\� WKH�³FKDQJH�RI� VWDWH´�
QRWLRQ�� 7KH� RFFXUUHQFH� RI� DFWLRQV� LPSOLHV� FKDQJHV� �E\� PHDQV� RI� YDOXDWLRQV� DQG�
GHULYDWLRQV�� LQ� WKH� YDOXHV� RI� WKH� DWWULEXWHV�� 2EMHFW� DFWLYLW\� LV� GHWHUPLQHG� E\� D� VHW� RI�
UXOHV��SUHFRQGLWLRQV� �DV� IRUELGGHQ�DFWLRQV� LQ�FHUWDLQ�VWDWHV���WULJJHUV��DV�REOLJDWLRQV�WR�
EH� IXOILOOHG� LQ� FHUWDLQ� VWDWHV���SURWRFROV� �DV�DOORZHG�VHTXHQFHV�RI�DFWLRQV� LQ�REMHFW� OLIH��
DQG�RSHUDWLRQV��DV�REOLJDWHG�VHTXHQFHV�RI�DFWLRQV���$�VWHS�LV�WKH�VHW�RI�DFWLRQV�H[HFXWHG�
DW�WKH�VDPH�LQVWDQW�E\�WKH�REMHFW���

,QKHULWDQFH� LV�D�PDQGDWRU\�FKDUDFWHULVWLF�RI� WKH�REMHFW�RULHQWHG�SDUDGLJP��,QKHULWDQFH�LV�
D� PHFKDQLVP� WKURXJK� ZKLFK� VXEFODVVHV� LQKHULW� SURSHUWLHV� RI� VXSHUFODVVHV�� 7KH�
LQKHULWDQFH�PHFKDQLVP� LV�DQ�XQTXHVWLRQDEOH�KHOS� LQ� LQFUHPHQWDO�FRQVWUXFWLRQ�DQG�UHXVH��
EXW�UHVHDUFKHV�UDUHO\�DJUHH�RQ�LWV�PHDQLQJ�DQG�XVDJH�>��@��,Q�2$6,6��LQKHULWDQFH�LV�XVHG�
LQ�D�GLVFLSOLQHG�ZD\�XQGHU�WKH�FRQFHSW�RI�VSHFLDOL]DWLRQ���

���6SHFLDOL]DWLRQ�LQ�2$6,6�

,Q� 2$6,6� WR� VSHFLDOL]H� D� FODVV� PHDQV� WR� FUHDWH� RQH� RU� PRUH� SDUWLWLRQV� IRU� LW�� (DFK�
SDUWLWLRQ� LV� D� VHW� RI� QHZ� FODVVHV� WKDW� GLYLGHV� WKH�RULJLQDO�RQH� WDNLQJ� LQWR�DFFRXQW� VRPH�
FULWHULRQV��WKXV�PDQ\�SDUWLWLRQV�FDQ�FRH[LVW��2QH�REMHFW��LQ�D�JLYHQ�LQVWDQW��LV�LQVWDQFH�RI�
RQO\� RQH� VXEFODVV� LQ� HYHU\� SDUWLWLRQ�� 1H[W� ZH� JLYH� WKH� FKDUDFWHULVWLFV� RI� HDFK� NLQG� RI�
VSHFLDOL]DWLRQ�LQ�2$6,6��LW�LV��VWDWLF�SDUWLWLRQV�DQG�G\QDPLF�SDUWLWLRQV���

'HILQLWLRQ��� 6XEFODVVHV� DQG� VXSHUFODVVHV�� :KHQ� D� VXEFODVV� LV� D� VSHFLOL]DWLRQ� RI�

DQRWKHU� FODVV�� WKH� IRUPHU� LV� VDLG� WR� EH� D� VXEFODVV� DQG� WKH� ODWWHU� D� VXSHUFODVV�� 7KH�

WHPSODWH�RI�D�VXEFODVV�LV�GHULYHG�IURP�WKH�WHPSODWHV�RI�RWKHU�FODVVHV��VXSHUFODVVHV����



�����6WDWLF�SDUWLWLRQV�

$� VWDWLF� SDUWLWLRQ� >��@� GLYLGHV� FRPSOHWHO\� WKH� SRVVLEOH� LQVWDQFHV� VHW� RI� WKH� SDUWLWLRQHG�
FODVV� LQWR� GLVMRLQWV�VXEVHWV�� 7KXV�� VWDWLF� SDUWLWLRQV� GLYLGH� WKH� VSDFH� RI� REMHFWV�� (DFK�
REMHFW�LV�SHUPDQHQWO\�FUHDWHG�DV�DQ�LQVWDQFH�RI�D�JLYHQ�VXEFODVV�LQ�VWDWLF�SDUWLWLRQV���

(DFK� LQVWDQFH�RI�D�JLYHQ�VXEFODVV� LV�DW�WKH�VDPH�WLPH�RQH�LQVWDQFH�RI� LWV�VXSHUFODVV�DQG�
YLFH�YHUVD���

([DPSOH��� 7ZR�VWDWLF�SDUWLWLRQV�RI�FODVV�YHKLFOH���

WUXFN��FDU��RWKHU� 
�������VWDWLF�VSHFLDOL]DWLRQ�RI�YHKLFOH�� 
JDV��GLHVHO��RWKHU� 
�������VWDWLF�VSHFLDOL]DWLRQ�RI�YHKLFOH���

�����'\QDPLF�SDUWLWLRQV�

$� G\QDPLF� SDUWLWLRQ� >��@� LQFOXGHV� VXEFODVVHV� WR�ZKLFK� DQ� REMHFW� FDQ� EHORQJ� GXULQJ� LWV�
OLIHWLPH�� 2EMHFW� PLJUDWLRQ� EHWZHHQ� FODVVHV� LV� SURGXFHG� E\� WKH� RFFXUUHQFH� RI� DFWLRQV��
7KXV�� D� G\QDPLF� SDUWLWLRQ� GLYLGHV� WKH� SRVVLEOH� VWDWHV� RI� REMHFWV� DOORZLQJ� WR� REMHFWV� WR�
FKDQJH�WKHLU�VXEFODVVHV���

)URP� WKH� SRLQW� RI� YLHZ� RI� WKH�2$6,6�ODQJXDJH��ZH� FDQ� VSHFLI\� WKH� WUDQVLWLRQ� EHWZHHQ�
VXEFODVVHV� LQ� D� SDUWLWLRQ� LQ� WZR� PDQQHUV��EHLQJ� HTXLYDOHQW��� E\� PHDQV� RI� D� PLJUDWLRQ�
SURFHVV��UHODWHG�WR�RFFXUULQJ�DFWLRQV��RU�E\�DWWULEXWH�YDOXHV���

([DPSOH��� $�G\QDPLF�VSHFLDOL]DWLRQ�RI�FODVV�FDU�SURGXFHG�E\�WKH�RFFXUUHQFH�RI�WKH�
DFWLRQV�QHZBFDU��DQG�UHSDLUBFDU�LQ�2$6,6���

ZRUNLQJ��EURNHQBGRZQ�G\QDPLF� 
VSHFLDOL]DWLRQ�RI�FDU� 
�������PLJUDWLRQ�UHODWLRQ�LV� 
������FDU� �QHZBFDU�ZRUNLQJ�� 
������ZRUNLQJ� �EUHDNBGRZQ�EURNHQBGRZQ�� 
������EURNHQBGRZQ� �UHSDLU�ZRUNLQJ���

�

7KH� FUHDWLRQ�RI� D�FDU� LQVWDQFH� LPSOLHV� WKDW� LW� VWDUWV�EHORQJLQJ� WR� WKH�FODVV� ZRUNLQJ��
$V� DQ� LQVWDQFH� RI� ZRUNLQJ�� DFWLRQV� IURP� FDU� DQG� ZRUNLQJ� WHPSODWHV� FDQ� EH�
UHFRJQL]HG�� 7KH� DFWLRQ�EUHDNBGRZQ� LPSOLHV� WR� OHDYH� WKH� VXEFODVV�ZRUNLQJ� DQG� WR�
PLJUDWH�WRZDUGV�EURNHQBGRZQ�FODVV���

)URP�D�WKHRUHWLFDO�SRLQW�RI�YLHZ��WKH�SURFHVV�UHSUHVHQWLQJ�WKH�OLIH�RI�DQ�LQVWDQFH�RI�FDU�
LV� WKH� MRLQW� RI� SURFHVVHV� GHILQHG� LQ� HYHU\� VXEFODVV�� 7KH� FRQQHFWLRQV� DPRQJ� VXEFODVVHV�
DUH�JLYHQ�E\�WKH�DFWLRQV�LQFOXGHG�LQ�WKH�PLJUDWRU\�SURFHVV���

([DPSOH��� $�G\QDPLF�SDUWLWLRQ�RI�WKH�FODVV�SHUVRQ�XQGHU�WKH�DWWULEXWH�DSSURDFK���

FKLOG�ZKHUH�^DJH�����`� 
WHHQDJHU�ZKHUH�^����� �DJH�DQG�DJH��� ��� �̀ 



DGXOW�ZKHUH�^�����DJH`� 
G\QDPLF�VSHFLDOL]DWLRQ�RI�SHUVRQ���

�

,Q� WKLV� FDVH�� ZKHQHYHU� WKH� DWWULEXWH� DJH� FKDQJHV�� GHSHQGLQJ� RQ� WKH� HVWDEOLVKHG�
FRQGLWLRQV�RQH�LQVWDQFH�RI�SHUVRQ�FRXOG�PLJUDWH�EHWZHHQ�VXEFODVVHV���

(YHQWXDOO\��LQ�2$6,6�LV�QRW�DOORZHG�WR�GHILQH�VWDWLF�SDUWLWLRQV�IURP�G\QDPLF�RQHV���

�����6SHFLHV�DQG�PXOWLSOH�LQKHULWDQFH�LQ�2$6,6�

7KH�&DUWHVLDQ�SURGXFW�EHWZHHQ�OHDI�FODVVHV�RI�D�JLYHQ�VSHFLDOL]DWLRQ�KLHUDUFK\�JLYHV�WKH�
VHW� RI� VSHFLHV�PL[LQJ� DOO� SURSHUWLHV� RI� WKRVH� FODVVHV�� )XUWKHUPRUH�� HPHUJHQW�SURSHUWLHV�
FDQ�EH�VSHFLILHG�LQ�WKHLU�WHPSODWHV���

([DPSOH��� 6SHFLHV�RI�WKH�KLHUDUFK\�YHKLFOH���

WUXFN
GLHVHO��FDU
JDV��FDU
GLHVHO� 
RWKHU
GLHVHO��RWKHU
JDV��WUXFN
JDV��

�

([DPSOH��� 7KH� FODVV� WUXFN
GLHVHO� PD\� KDYH� DQ� HPHUJHQW� DWWULEXWH� QDPHG�
WRQQDJH��7KLV�DWWULEXWH�PXVW�EH�VSHFLILHG�LQ�WKH�WUXFN
GLHVHO�WHPSODWH���

���2$6,6�IRUPDOL]HG�LQ�'/�

'\QDPLF� ORJLF� �'/�� >�@�KDV�EHHQ� WUDGLWLRQDOO\�FRQVLGHUHG� WR�GHVFULEH�DQG� UHDVRQ�DERXW�
G\QDPLF� V\VWHPV�� 7KH� DLP� RI� WKLV� ORJLF� LV� WKH� VWXG\� RI� PDWKHPDWLFDO� SURSHUWLHV� RI�
SURJUDPV� DQG� WKHLU� EHKDYLRXU�� $Q� REMHFW� LQ�2$6,6� LV� DEOH� WR� SDVV� IURP� RQH� VWDWH� WR�
DQRWKHU�� 'XH� WR� WKH� VWDWH� FKDQJH�� WKH� WUXWK� YDOXHV� RI� WKH� IRUPXODV� GHVFULELQJ� WKH� VWDWH�
DOVR�FKDQJH��7KH�REMHFWLYH�LQ�RXU�ZRUN�LV� WR�GHILQH�D�ORJLFDO�EDVLV�WR�EH�DEOH�WR�H[SUHVV�
RXU� UHDVRQLQJ� DERXW� 2$6,6� VSHFLILFDWLRQV�� 7R� HDFK� 2$6,6�REMHFW� ZH� DVVRFLDWH� DQ�
DFFHVVLELOLW\�UHODWLRQ�LQ�VXFK�D�ZD\�WKDW�D�SDLU�RI�VWDWH��V�W��LV�LQ�WKDW�UHODWLRQ�LI�DQG�RQO\�
LI� WKHUH� LV� D� FRPSXWDWLRQ� RI� WKH� SURJUDP� �H[HFXWLRQ� RI� D� VHW� RI� DFWLRQV� E\� WKH� REMHFW��
WUDQVIRUPLQJ�WKH�VWDWH�V�LQWR�WKH�VWDWH�W���

,Q� >��@� 'HRQWLF� /RJLF� LV� GHVFULEHG� DV� D� YDULDQW� RI�'/� >�@�� 7KH� GHILQLWLRQ� RI� GHRQWLF�
RSHUDWRUV�LQ�'/�LV���

2�D��>�D@�IDOVH�� ³WKH�RFFXUUHQFH�RI�D�LV�REOLJDWRU\´��

)�D��>D@�IDOVH�� ³WKH�RFFXUUHQFH�RI�D�LV�IRUELGGHQ´��

³D�LV�SHUPLWWHG�LI�DQG�RQO\�LI�D�
3�D����)�D���

LV�QRW�IRUELGGHQ´��

:KHUH� IDOVH�GHQRWHV�QR�UHDFKDEOH�ZRUOG��,W� LV�XVXDO� WR�ILQG�LQ�UHODWHG�ZRUNV�WKH�VSHFLDO�
DWRP�9�RI�YLRODWLRQ�UHSUHVHQWLQJ�D�SUREOHPDWLF�RU�³QRQ�LGHDO´�VLWXDWLRQ��,Q�RXU�ZRUN�WKH�
DWRP�IDOVH�H[SUHVVHV�WKH�LPSRVVLELOLW\�RI�SHUIRUPLQJ�D�WUDQVLWLRQ���



:H�DUH� XVLQJ� D� VXEODQJXDJH� RI� WKH� ODQJXDJH� SUHVHQWHG� E\�0H\HU� LQ� >��@� LQFOXGLQJ� WKH�
IROORZLQJ�NLQG�RI�IRUPXODH���

³WKH�RFFXUUHQFH�RI�D�LV�IRUELGGHQ�
\o>D@IDOVH��

LQ�VWDWHV�ZKHUH�\�LV�VDWLVILHG´�

³WKH�RFFXUUHQFH�RI�D�LV�REOLJDWRU\�
\o>�D@IDOVH��

LQ�VWDWHV�ZKHUH�\�LV�VDWLVILHG´�

³LPPHGLDWHO\�DIWHU�D�RFFXUUHQFH��

I�PXVW�EH�VDWLVILHG�\o>D@I��

LQ�VWDWHV�ZKHUH�\�LV�VDWLVILHG´�

7KHVH� IRUPXODH� DUH� QDPHG� SURKLELWLRQ�� REOLJDWLRQ� DQG� YDOXDWLRQ�� UHVSHFWLYHO\��
$GGLWLRQDOO\��\� LV� D�ZHOO�IRUPHG� IRUPXOD� WKDW�FKDUDFWHUL]HV� WKH� VWDWH�RI�DQ�REMHFW�ZKHQ�
WKH�DFWLRQ�D�RFFXUV�DQG��D�UHSUHVHQWV�WKH�QRQ�RFFXUUHQFH�RI�WKH�DFWLRQ�D��L�H��RQO\�RWKHU�
DFWLRQV�GLIIHUHQW�IURP�D�FRXOG�RFFXU���)XUWKHUPRUH��WKHUH�LV�QR�VWDWH�VDWLVI\LQJ�WKH�DWRP�
IDOVH�� 7KXV�� RQH� DFWLRQ� LV� IRUELGGHQ� LI� LWV� RFFXUUHQFH� OHDGV� WKH� V\VWHP� WRZDUGV� D�
YLRODWLRQ� VWDWH�� DQG� RQH� DFWLRQ� LV� REOLJDWRU\� LI� LWV� QRQ�RFFXUUHQFH� OHDGV� WKH� V\VWHP�
WRZDUGV�D�YLRODWLRQ�VWDWH���

$Q�2$6,6� FODVV� WHPSODWH� LV� UHSUHVHQWHG� E\� WKH� WXSOH� ¢$WU�� (Y�� )RUPXODH�� 3URFHVVHV²� ��
WKDW� LV�� DWWULEXWHV�� HYHQWV��'/� IRUPXODH� �YDOXDWLRQV�� SURKLELWLRQV� DQG� REOLJDWLRQV�� DQG�
SURFHVV�VSHFLILFDWLRQV��SURWRFROV�DQG�RSHUDWLRQV���,Q�>�@�LW�LV�VKRZHG�KRZ�3URFHVVHV�FDQ�
DOVR�EH�LQWHUSUHWHG�DV�D�VHW�RI�'/�IRUPXODH��7KXV��WKH�FODVV�WHPSODWH�FDQ�EH�VHHQ�DV�¢$WU��
(Y�� '/)RUP²� ZKHUH� '/)RUP� LQFOXGHV� DOO� '/� IRUPXODH� HVWDEOLVKLQJ� WKH� EHKDYLRU� RI�
REMHFWV�� 1H[W� VHFWLRQ� GHWDLOV� KRZ�� WKURXJK� D� WUDQVODWLRQ� SURFHVV�� VWDWLF� DQG� G\QDPLF�
SDUWLWLRQV�FDQ�EH�LQWHJUDWHG�LQ�WKH�VDPH�IRUPDO�IUDPHZRUN�RI�'/���

���6SHFLDOL]DWLRQ�LQ�'/�

$V� PHQWLRQHG� LQ� SUHYLRXV� VHFWLRQV� VSHFLHV� LQYROYH� FODVVHV� LQ� WKH� VDPH� KLHUDUFK\��
/LNHZLVH��WKH�FODVVHV�FRQVWLWXWLQJ�VSHFLHV�KDYH�D�FRPPRQ�DQFHVWRU�FODVV�ZKLFK�KDV�EHHQ�
SDUWLWLRQHG�PRUH� WKDQ� RQFH�� )LJXUH� VKRZV�D� VSHFLDOL]DWLRQ�KLHUDUFK\�ZLWK� WKH� IROORZLQJ�
VSHFLHV���
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%XW��IRU�LQVWDQFH��WKH�IROORZLQJ�DUH�QRW�VSHFLHV��&�
&��&�
&���&�
&�
&���HWF���



)LJXUH����6SHFLDOL]DWLRQ�KLHUDUFK\��

:H�DUH� LQWHUHVWHG�LQ�HVWDEOLVKLQJ�WKH�SURSHUWLHV�RI�VSHFLHV�EHFDXVH�LQ�2$6,6�REMHFWV�DUH�
DOZD\V� LQVWDQFHV� RI� VSHFLHV�� ,Q� RUGHU� WR� FDOFXODWH� WKHVH� SURSHUWLHV� ZH� ZLOO� VHH� VRPH�
VLPSOLILHG� FDVH� VWXGLHV�� 1H[W� ZH� ZLOO� DQDO\]H� WKH� HTXLYDOHQW� LQ� '/� RI� DQ\� VWDWLF�
SDUWLWLRQ���

�����6WDWLF�SDUWLWLRQ�KLHUDUFKLHV�

*LYHQ� D� VSHFLDOL]DWLRQ� KLHUDUFK\� ZLWK� RQO\� VWDWLF� SDUWLWLRQV� WKH� VHW� RI� SURSHUWLHV�
GHVFULELQJ��WKH�EHKDYLRU�RI�DQ\�OHDI�FODVV�LQ�WKH�KLHUDUFK\�LV�WKH�XQLRQ�RI�SURSHUWLHV�IURP�
URRW�FODVV�WR�WKH�OHDI�FODVV��,Q�VWDWLF�DQG�G\QDPLF�SDUWLWLRQV�RI�2$6,6�ZH�KDYH�EHKDYLRUDO�
FRPSDWLELOLW\� EHWZHHQ� VXSHUFODVVHV� DQG� VXEFODVVHV�� 7KXV�� WKH� VHW� RI� SURSHUWLHV� RI� DQ\�
OHDI�FODVV�&L�LV�JLYHQ�DV�IROORZV���

L�� 6HW�RI�DWWULEXWHV���

$WUL� ��$WUN�� �&N �&L��KDVWD�&N �&URRW���

LL�� 6HW�RI�HYHQWV���

(YL� �(YN�� � �&N �&L��KDVWD�&N �&URRW���

LLL�� 9DOXDWLRQ� IRUPXODH� LQ� VXEFODVVHV�FDQ�RQO\�PRGLI\�HPHUJHQW�DWWULEXWHV���DQG�DOVR�
DWWULEXWHV�ZLWKRXW�YDOXDWLRQV� LQ� VXSHUFODVVHV��� WKXV�WKH�VHW�RI�YDOXDWLRQ�IRUPXODH�
LV� WKH� XQLRQ� RI� YDOXDWLRQV� IURP� OHDI� FODVV� WR� URRW� FODVV� �L�H�� WKH� '/� IRUPXODH�
XQLRQ����

LY�� ,I� D�SURKLELWLRQ� IRUPXOD�LV�PRGLILHG�LQ� WKH�VXEFODVV� WKHQ�WKH�QHZ�FRQGLWLRQ�PXVW�
LPSO\� WKH� VXSHUFODVV� FRQGLWLRQ�� WKXV� WKH� VHW� RI� SURSHUWLHV� LV� WKH� XQLRQ� RI� WKH�
SURSHUWLHV�IURP�OHDI�FODVV�WR�URRW�FODVV��L�H��WKH�'/�IRUPXODH�XQLRQ���,Q�WKLV�ZD\��
RQO\�DUH�FRQVLGHUHG�WKH�PRVW�VSHFLILF�SUHFRQGLWLRQV���

Y�� 2EOLJDWLRQ�IRUPXODH�DUH�HVWDEOLVKHG�LQ�WKH�VDPH�ZD\�DV�SURKLELWLRQ�IRUPXODH���

$IWHU� GHULYLQJ� ERWK� VWUXFWXUDO� DQG� EHKDYLRUDO� SURSHUWLHV� IURP� HYHU\� OHDI� FODVV�� LW� LV�
LPPHGLDWH�WR�FDOFXODWH�WKH�SURSHUWLHV�RI�VSHFLHV��

'HILQLWLRQ��� 7HPSODWH�RI�D�VSHFLHV� �&�
���
&Q�� LV�D�FODVV� WHPSODWH�ZLWK�WKH�IROORZLQJ�

HOHPHQWV���

$WU������$WUQ�$WUH��

������������������������������������������������

��7KDW�LV��DWWULEXWHV�GHILQHG�LQ�WKH�VXEFODVV�VSHFLILFDWLRQ���

�

&�

&� &�

&� &�

&�

&�



(Y������(YQ�(YH��

'/)RUP������'/)RUPQ�'/)RUPH��

ZKHUH�$WUL��(YL� DQG�'/)RUPL� DUH� DWWULEXWHV�� HYHQWV� DQG�'/� IRUPXODH� RI� FODVV�&L��$WUH��
(YH� DQG�'/)RUPH� DUH� WKH�DGGHG�DWWULEXWHV�� HYHQWV�DQG�'/� IRUPXODH�EHLQJ�VSHFLILHG�IRU�
WKH� VSHFLHV� �&�
���
&Q��� ,Q� FDVH� RI� RYHUODSSLQJ� RI� SURSHUWLHV� WKH� FDOFXOXV� RI� SURSHUWLHV�
IROORZV�WKH�FRQVWUDLQWV�SUHYLRXVO\�PHQWLRQHG���

�����'\QDPLF�SDUWLWLRQ�KLHUDUFKLHV�

:KHQHYHU� G\QDPLF� SDUWLWLRQV� DUH� LQFOXGHG�� WKH� SURFHVV� WR� GHWHUPLQH� SURSHUWLHV� RI�
VSHFLHV�LV�VOLJKWO\�GLIIHUHQW���

7KH� LGHD� LV� WR� WUDQVODWH� DOO� WKH� VXEFODVV� SURSHUWLHV� LQ� HYHU\� G\QDPLF� SDUWLWLRQ� LQWR� DQ�
DVFHQGLQJ�GLUHFWLRQ��)LJXUH���VKRZV�DQ�H[DPSOH�LQ�ZKLFK�FODVV�&��KDV�EHHQ�G\QDPLFDOO\�
SDUWLWLRQHG�� 7KXV� ZH� ZDQW� WR� H[WHQG� WKH� G\QDPLF� IRUPXODH� RI� FODVV� &�� RI� )LJXUH� ��
VHSDUDWLQJ� WKH� IRUPXODH� GXH� WR�&�� IURP� WKRVH� GXH� WR�&��� 1H[W� VSHFLILF� FRQVLGHUDWLRQV�
ZKHQ�GHULYLQJ�WKH�'/�IRUPXODH�VHW�DUH�GHVFULEHG�KHUH���

0LJUDWLRQ�E\�DFWLRQ�RFFXUUHQFH����

)LJXUH����'\QDPLF�SDUWLWLRQ��

*LYHQ�WKH�G\QDPLF�SDUWLWLRQ�^&������&Q`�RI�WKH�FODVV�&M��WKHQ�WKH�WHPSODWH�RI�&M�LQFOXGLQJ�
SURSHUWLHV�RI�VXEFODVVHV�IRU�HDFK�FODVV�&L�EHORQJLQJ�WR�WKH�SDUWLWLRQ��LV�JLYHQ�DV���

L�� 6HW�RI�DWWULEXWHV��$WU� �$WUM�$WU������$WUQ���
LL�� 6HW�RI�HYHQWV��(Y� �(YM�(Y������(YQ���
LLL�� 7KH� VHW� RI� YDOXDWLRQV� IRUPXODH� LV� WKH� XQLRQ� RI� YDOXDWLRQ� IRUPXODH� RI� FODVVHV�&M�

DQG�&��WR�&Q��(DFK�YDOXDWLRQ�PXVW�KDYH�D�FRQGLWLRQ�WKDW�FRQWUROV�ZKHQ�LW�LV�XVHG���
LY�� 7KH� VHW� RI� SURKLELWLRQ� IRUPXODH� LV� WKH� XQLRQ� RI� SURKLELWLRQ� IRUPXODH� IURP� WKH�

FODVVHV� &M� DQG� &�� WR� &Q�� 7DNLQJ� LQWR� DFFRXQW� WKH� EHKDYLRU� FRPSDWLELOLW\�
UHVWULFWLRQ��LI�&L�UHGHILQHV�D�SURKLELWLRQ�RI�&M�WKHQ�WKH�FRQGLWLRQ�RI�&L�SUHYDLOV���

Y�� 2EOLJDWLRQ�IRUPXODH�DUH�HVWDEOLVKHG�LQ�WKH�VDPH�ZD\�DV�SURKLELWLRQ�IRUPXODH���
YL�� 0LJUDWLRQ� SURFHVVHV� GHILQHG� LQ� SDUWLWLRQV� ZLOO� EH� LQFOXGHG� LQ� FODVV� &M� DV� D�

SURWRFRO� FRQWDLQLQJ� YDOLG� DFWLRQ� VHTXHQFHV�� 3URKLELWLRQ� IRUPXODH� DUH� GLUHFWO\�
LQFRUSRUDWHG� LQWR� WKH� VHW� RI� SURKLELWLRQ� IRUPXODH� RI�&M�� +RZHYHU� WKH� EHKDYLRU�
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SURSHUW\� RI� WKH� FODVV� &L� PXVW� DGG� DQ� RFFXUUHQFH� SUHGLFDWH� WKDW� HYDOXDWHV� WKH�
FXUUHQW� VWDWH� RI� WKH� SURFHVV�� 7KXV�� WKLV� VXFK� D� SURWRFRO� ZLOO� EH� WUDQVODWHG� LQWR�
SURKLELWLRQ�IRUPXODH�DQG�YDOXDWLRQ�IRUPXODH�LQ�WKH�VDPH�ZD\�DV�SURWRFROV���

YLL�� 5HSHDW�WKH�SURFHGXUH�IURP�L��WR�YL��IRU�HDFK�G\QDPLF�SDUWLWLRQ�RI�&M���

([DPSOH��� *LYHQ�WKH�IROORZLQJ�G\QDPLF�SDUWLWLRQ�LQ�2$6,6���

&���&��� 
G\QDPLF�VSHFLDOL]DWLRQ�RI�&�� 
PLJUDWLRQ�UHODWLRQ�LV� 
������&�QHZ�&�� 
������&�D��&�� 
������&�D��&���

ZKHUH�ZH�DOVR�KDYH�WKH�IROORZLQJ�YDOXDWLRQ�IRUPXODH���

)�o>D�@<�������LQ�FODVV�&�� 
)�o>D�@<�������LQ�FODVV�&�� 
)�o>D�@<�������LQ�FODVV�&���

WKHQ�� ZKHQ� WUDQVODWLQJ� WKHVH� SURSHUWLHV� LQWR� WKH� FODVV� &�� �� WKH� SUHYLRXV� IRUPXODH� DUH�
VXEVWLWXWHG�E\�WKH�IROORZLQJ�RQHV���

)�o>D�@<�������� 
��S� �&���)��o>D�@<�������� 
��S� �&���)��o>D�@<���

DQG�WKH�IROORZLQJ�IRUPXODH�DUH�LQFOXGHG���

�S� �&��o>D�@�S� �&��������� 
�S� �&��o>D�@�S� �&��� 
��S� �&��o>D�@IDOVH� 
��S� �&��o>D�@IDOVH��

0LJUDWLRQ�E\�DWWULEXWH�YDOXH����

,Q�WKLV�FDVH�'/�IRUPXODH�DUH�QRZ�GHILQHG�DV�IROORZV���

L�� 6HW�RI�DWWULEXWHV��$WU� �$WUM�$WU������$WUQ���
LL�� 6HW� RI� HYHQWV�� (Y�  � (YM�(Y������(YQ�� 7DNLQJ� LQWR� DFFRXQW� WKDW� DQ� HPHUJHQW�

HYHQW� RI� D� VXEFODVV� PXVW� QRW� EH� DYDLODEOH� LI� WKH� REMHFW� LV� QRW� LQVWDQFH� RI� WKDW�
VXEFODVV��WKHQ�LW�LV�QHFHVVDU\�WR�DGG�D�'/�IRUPXODH�WKDW�GLVDEOH�WKH�RFFXUUHQFH�RI�
WKDW�HYHQW��VHH�QH[W�H[DPSOH����

LLL�� 7KH� VHW� RI� YDOXDWLRQ� IRUPXODH� LV� WKH� XQLRQ� RI� YDOXDWLRQ� IRUPXODH� RI� FODVVHV�&M�
DQG�&��WR�&Q���

������������������������������������������������

��:KHUH�S�LV�D�YDULDEOH�UHSUHVHQWLQJ�WKH�FXUUHQW�VWDWH�RI�WKH�PLJUDWLRQ�SURFHVV��7KXV�S�LV�PRGLILHG�E\�YDOXDWLRQ�IRUPXODH���
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LY�� 7KH�VHW�RI�SURKLELWLRQ�IRUPXODH�LV�WKH�XQLRQ�RI�SURKLELWLRQ�IRUPXODH�RI�FODVVHV�&M�
DQG�&�� WR�&Q�� 7DNLQJ� LQWR� DFFRXQW� WKH� EHKDYLRU� FRPSDWLELOLW\� UHVWULFWLRQ�� LI�&L�
UHGHILQHV�D�SURKLELWLRQ�RI�&M�WKHQ�WKH�FRQGLWLRQ�RI�&L�SUHYDLOV���

Y�� 2EOLJDWLRQ�IRUPXODH�DUH�HVWDEOLVKHG�LQ�WKH�VDPH�ZD\�DV�SURKLELWLRQ�IRUPXODH���
YL�� (DFK�IRUPXOD�REWDLQHG�IURP�&L�PXVW�DGG�DQ�RFFXUUHQFH�SUHGLFDWH�UHIHUULQJ�WR�WKH�

FXUUHQW�VWDWH�RI�WKH�REMHFW���
YLL�� 5HSHDW�IURP�L��WR�YL��IRU�HDFK�G\QDPLF�SDUWLWLRQ�RI�&M���

*LYHQ�WKH�IROORZLQJ�G\QDPLF�SDUWLWLRQ�LQ�2$6,6���

&��ZKHUH�^DWU�����`�� 
&��ZKHUH�^DWU��! ��`� 
G\QDPLF�VSHFLDOL]DWLRQ�RI�&���

ZKHUH�ZH�DOVR�KDYH�WKH�IROORZLQJ�YDOXDWLRQ�IRUPXODH���

)�o>D�@<�������LQ�FODVV�&�� 
)�o>D�@<�������LQ�FODVV�&�� 
)�o>D�@<�������LQ�FODVV�&���

WKHQ�� ZKHQ� WUDQVODWLQJ� WKHVH� SURSHUWLHV� LQWR� WKH� FODVV� & �� �� WKH� SUHYLRXV� IRUPXODH� DUH�
VXEVWLWXWHG�E\�WKH�IROORZLQJ�RQHV�� �

)�o>D�@<�������� 
��DWU�������)��o>D�@<�������� 
��DWU�! ����)��o>D�@<���

DQG�WKH�IROORZLQJ�IRUPXODH�DUH�LQFOXGHG�� �

��DWU������o>�D�@IDOVH� 
��DWU��! ���o>�D�@IDOVH��

�����7UDQVODWLRQ�SURFHVV�VXPPDU\�

7KH� WUDQVODWLRQ� SURFHVV� IURP� FODVV� VSHFLILFDWLRQ� ZLWK� VSHFLDOL]DWLRQ� WR�'/� IRUPXODH� LV�
VXPPDUL]HG�LQ�WKH�IROORZLQJ�VWHSV���

x� 7KH�WUDQVODWLRQ�SURFHVV�LV�DSSOLHG�IRU�HDFK�VSHFLDOL]DWLRQ�KLHUDUFK\���
x� 7KH� WUDQVODWLRQ� SURFHVV� LQ� G\QDPLF� SDUWLWLRQV� �LI� WKH\� H[LVW�� VWDUWV� IURP� WKH�

ERWWRP� OHYHO�� $OO� SURSHUWLHV� GHILQHG� LQ� G\QDPLF� VXEFODVVHV� DUH� DGGHG� WR� WKH�
VXSHUFODVV��7KH� WUDQVODWLRQ� SURFHVV� FRQWLQXHV� XQWLO� UHDFKLQJ� D� VWDWLF� SDUWLWLRQ�RU�
XQWLO� UHDFKLQJ� WKH� WRS�FODVV� LQ� WKH�KLHUDUFK\��LQ� WKLV�FDVH�� WKH�WUDQVODWLRQ�SURFHVV�
ILQLVKHV����

x� :KHQ� DOO� G\QDPLF� SDUWLWLRQV� KDYH� EHHQ� VXEVWLWXWHG� WKH� SURSHUWLHV� IRU� HDFK� OHDI�
FODVV�FRQWDLQLQJ�RQO\�VWDWLF�SDUWLWLRQV�DUH�GHWHUPLQHG���

x� (YHQWXDOO\�� SURSHUWLHV� IRU� VSHFLHV� FDQ� EH� GHWHUPLQHG� IURP� OHDI� FODVV� SURSHUWLHV��
7KLV�KLHUDUFK\� IODWWHQLQJ� LQ� VHSDUDWH� VSHFLHV� LV� WKH� ILQDO� UHSUHVHQWDWLRQ��7KXV��DOO�
VSHFLHV�ZLOO� EH� LQGHSHQGHQW� FODVVHV� DW� WKH� VDPH� OHYHO� DQG�ZLWKRXW� VSHFLDOL]DWLRQ�
UHODWLRQVKLSV���

�����$QLPDWLRQ�VXSSRUW�



)URP� DQ� LGHDO� SRLQW� RI� YLHZ� WKH� UHSUHVHQWDWLRQ� LQ� '/� IRUPXODH� ILQLVKHV� ZKHQ� DOO�
SURSHUWLHV�RI�VSHFLHV�DUH�VSHFLILHG��+RZHYHU��ZH�DOVR�KDYH�WR�JLYH�D�VXLWDEOH�VXSSRUW�IRU�
WDNLQJ� LQWR� DFFRXQW� WKH�H[LVWLQJ�SRO\PRUSKLVP� LQ�RXU�2$6,6�PRGHO��7KXV�� DQ�DFWLRQ� LQ�
2$6,6� PD\� UHIHUHQFH� D� VHUYHU� FODVV� QRW� EHLQJ� D� VSHFLHV�� ,Q� WKLV� VLWXDWLRQ� WKH� V\VWHP�
PXVW� GHWHUPLQH� WKH� IXOO� SURSHUWLHV� DW� WKH� ORZHU� OHYHO�� 7KLV� LPSOLHV� D� VHSDUDWLRQ� LQ� WZR�
OHYHOV� LQ�RXU�DQLPDWLRQ�HQYLURQPHQW��2Q� WKH�RQH�KDQG�ZH�KDYH�REMHFWV�ZKRVH�EHKDYLRU�
LV� JLYHQ� E\� RQH� VSHFLHV� LQ�ZKLFK� WKH\�ZHUH�FUHDWHG��2Q� WKH�RWKHU�KDQG�ZH�DOVR�KDYH�D�
FODVV� UHSUHVHQWLQJ� HDFK� RULJLQDO� KLHUDUFK\� FODVV�� ,Q� WKLV� DGGLWLRQDO� FODVV� ZH� NHHS� D�
UHIHUHQFH�IRU�HDFK�REMHFW�EHORQJLQJ�WR�LW����

)LJXUH���VKRZV�KRZ�HYHU\�FODVV� LV�FRQVLGHUHG�DW�WKH�VDPH�OHYHO��ZLWKRXW�KLHUDUFK\��DQG�
REMHFWV�DUH�DVVRFLDWHG�WR�VSHFLHV��+RZHYHU�� WKHUH�DUH�PDSSLQJV�IURP�HDFK�FODVV�WR�WKHLU�
REMHFW�LQVWDQFHV��)RU�H[DPSOH�REM��LV�DQ�LQVWDQFH�RI�FODVV�$�DQG�%�DQG�LW�LV�DOVR�LQVWDQFH�
RI�DOO�VSHFLHV�OLNH�%
��HWF���

)LJXUH����5HSUHVHQWDWLRQ�H[DPSOH��

���&RQFOXVLRQ�

2$6,6� LV� D� IRUPDO�DSSURDFK� IRU� WKH� VSHFLILFDWLRQ�RI�REMHFW�RULHQWHG�FRQFHSWXDO�PRGHOV��
,Q�2$6,6� FRQFHSWXDO� VFKHPHV� RI� LQIRUPDWLRQ� V\VWHPV� DUH� UHSUHVHQWHG� DV� VRFLHWLHV� RI�
LQWHUDFWLQJ� FRQFXUUHQW� REMHFWV�� $QLPDWLQJ� VXFK� PRGHOV� LQ� RUGHU� WR� YDOLGDWH� WKH�
VSHFLILFDWLRQ�RI�LQIRUPDWLRQ�V\VWHPV�LV�D�WRSLF�RI�LQWHUHVW�LQ�UHTXLUHPHQWV�HQJLQHHULQJ���

8VLQJ� LQKHULWDQFH� ZH� FDQ� VSHFLDOL]H� �RU� JHQHUDOL]H�� SURSHUWLHV� GHILQHG� LQ� FODVVHV��
6SHFLDOL]DWLRQ� LV� DQ� LPSRUWDQW� PRGHOLQJ� PHFKDQLVP�� 7KHUH� DUH� WZR� NLQGV� RI�
VSHFLDOL]DWLRQV� LQ� 2$6,6�� E\� GHILQLQJ� VWDWLF� DQG� G\QDPLF� SDUWLWLRQV�� 2EMHFWV� LQ� VWDWLF�
SDUWLWLRQV� EHORQJ� WR� D� JLYHQ� VSHFLDOL]HG� FODVV� GXULQJ� WKHLU� ZKROH� OLIHWLPH�� %HVLGHV��
REMHFWV� LQ� G\QDPLF� SDUWLWLRQV� FDQ� PLJUDWH� IURP� RQH� VXEFODVV� WR� DQRWKHU� RQH�� 7KH�
PLJUDWLRQ�EHWZHHQ�VXEFODVVHV�RI� WKH�VDPH�SDUWLWLRQ�PD\�EH�GXH�WR�DFWLRQ�RFFXUUHQFH�RU�
FKDQJH� LQ� DWWULEXWH� YDOXHV�� $� SURFHVV� PLJUDWLRQ� UHSUHVHQWV� WKH� SRVVLEOH� WUDQVLWLRQV�
DPRQJ� VXEFODVVHV� WKDW� DQ� REMHFW� FDQ� GR�� ,Q� DGGLWLRQ�� FODVV� WHPSODWHV� RI�2$6,6� FDQ� EH�
H[SUHVVHG�DV�D�VHW�RI�'/�IRUPXODH���

6WDWLF� DQG� G\QDPLF� VSHFLDOL]DWLRQ� FRQVWUXFWV� LQ� FRQFHSWXDO� PRGHOLQJ� DOORZ� H[SUHVVLQJ�
GLUHFWO\� VRPH� SDWWHUQV�� )RU� H[DPSOH�� LQ� >�@� WKH� G\QDPLF� FODVVLILFDWLRQ� LV� LPSOHPHQWHG�

������������������������������������������������

��$�PDSSLQJ�EHWZHHQ�LGHQWLI\LQJ�PHFKDQLVPV�DQG�RLGV���
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XVLQJ� WKH� SDWWHUQ� QDPHG� VWDWH� DQG� WKH� UROH�PHFKDQLVP�PD\� EH� LPSOHPHQWHG� XVLQJ� WKH�
SDWWHUQ�QDPHG�UROH�REMHFW���

7KLV�SDSHU�JLYHV�WKH�UHTXLUHG�VWHSV�WR�WUDQVODWH�VWDWLF�DQG�G\QDPLF�SDUWLWLRQV�LQ�WKH�VDPH�
IUDPHZRUN� RI� '/� XVHG� IRU� FODVV� WHPSODWH�� 7KXV�� DQ� 2$6,6� VSHFLILFDWLRQ� ZLWK�
VSHFLDOL]DWLRQ� FDQ� EH� LQWHUSUHWHG� DXWRPDWLFDOO\� DV� DQ� HTXLYDOHQW� VSHFLILFDWLRQ� ZLWKRXW�
VSHFLDOL]DWLRQ� LQ� RXU� '/�EDVHG� IUDPHZRUN�� ,Q� WKLV� ZD\�� WKH� FXUUHQW� DQLPDWLRQ�
HQYLURQPHQW��ZRUNLQJ�ZLWK� YDOXDWLRQ�� SURKLELWLRQ� DQG�REOLJDWLRQ� IRUPXODH�� FDQ�EH�XVHG�
WR�DQLPDWH�VSHFLILFDWLRQV�ZLWK�VSHFLDOL]DWLRQ���

:H� KDYH� EXLOW� D� WUDQVODWRU� SURJUDP� WR� REWDLQ� D� SURWRW\SH� IURP�2$6,6� VSHFLILFDWLRQV�
DXWRPDWLFDOO\�� 7KH� WUDQVODWRU� VKRXOG� EH� H[WHQGHG� LQ� RUGHU� WR� LQFOXGH� WKH� PDSSLQJV�
HVWDEOLVKHG� LQ� WKLV� SDSHU�� 7KLV� ZRUN� LV� EHLQJ� LQWHJUDWHG� LQWR� D� &$6(� WRRO� IRU� V\VWHP�
PRGHOLQJ� VXSSRUWLQJ� WKH� 2$6,6� DSSURDFK� DQG� WKH� PHWKRGRORJ\� 22�0(7+2'� >��@�
GHILQHG�IRU�2$6,6���

5HIHUHQFHV�

>�@� )HHQVWUD�5�%��DQG�:LHULQJD�5�-��9DOLGDWLQJ�6SHFLILFDWLRQV�RI�'\QDPLF�6\VWHPV�XVLQJ�$XWRPDWHG�
5HDVRQLQJ�7HFKQLTXHV��,Q�-�&��%LRFK�DQG�<��+��7DQ��(GV����3URFHHGLQJV�RI�WKH�6HYHQWK�'XWFK�
&RQIHUHQFH�RQ�$UWLILFLDO�,QWHOOLJHQFH��1$,&
����SDJHV�����������������

>�@� *DPPD�(���+HOP�5���-RKQVRQ�5��DQG�9OLVVLGHV�-��'HVLJQ�3DWWHUQV��HOHPHQWV�RI�5HXVDEOH�2EMHFW�
2ULHQWHG�6RIWZDUH��3URIHVVLRQDO�&RPSXWLQJ�6HULHV��$GGLVRQ�:HVOH\��5HDGLQJ��0$���������

>�@� *UDX�$��DQG�.RZVDUL�0��$��9DOLGDWLRQ�6\VWHP�IRU�2EMHFW�2ULHQWHG�6SHFLILFDWLRQV�RI�,QIRUPDWLRQ�
6\VWHPV�� ,Q�0DQWKH\� 5�� DQG�:ROIHQJDJHQ�9�� �(GV���� 3URFHHGLQJV� RI� WKH�)LUVW�(DVW�(XURSHDQ�
6\PSRVLXP� RQ�$GYDQFHV� LQ�'DWDEDVHV� DQG� ,QIRUPDWLRQ�6\VWHPV� �$'%,6
����� 6W�� 3HWHUVEXUJ��
(OHFWURQLF�:RUNVKRSV�LQ�&RPSXWLQJ��6SULQJHU��6HSWHPEHU������������

>�@� +DUHO� '�� '\QDPLF� /RJLF�� ,Q� +DQGERRN� RI� 3KLORVRSKLFDO� /RJLF� ,,�� HGLWRUV� '�0�� *DEED\�� )��
*XHQWKQHU��SDJHV����������5HLGHO��������

>�@� *UDX�$���.XHVWHU�)LOLSH�-���.RZVDUL�0���(FNVWHLQ�6���3LQJHU�5��DQG�(KULFK�+��'��7KH�752//�
$SSURDFK�WR�&RQFHSWXDO�0RGHOOLQJ��6\QWD[��6HPDQWLFV�DQG�7RROV��,Q�/LQJ�7�:���5DP�6��DQG�/HH�
0�/�� �(GV��� 3URF�� RI� WKH� ��WK� ,QW�� &RQIHUHQFH� RQ� &RQFHSWXDO� 0RGHOLQJ� �(5
����� 6LQJDSRUH��
SDJHV����������6SULQJHU��/1&6�������1RYHPEHU��������������

>�@� +H\PDQV�3��7KH�$OEHUW�,,�6SHFLILFDWLRQ�$QLPDWRU��7HFKQLFDO�5HSRUW�&5(:6��������&RRSHUDWLYH�
5HTXLUHPHQWV� (QJLQHHULQJ� ZLWK� 6FHQDULRV�� KWWS���VXQVLWH�LQIRUPDWLN�UZWK�
DDFKHQ�GH�&5(:6�UHSRUWV���KWP���

>�@� /HWHOLHU� 3��� 5DPRV� ,��� 6iQFKH]� 3�� DQG� 3DVWRU�Ï��2$6,6� ����� $� )RUPDO� $SSURDFK� WR�2EMHFW�
2ULHQWHG� &RQFHSWXDO� 0RGHOLQJ�� 6HUYLFLR� GH� 3XEOLFDFLRQHV� GH� OD� 8QLYHUVLGDG� 3ROLWpFQLFD� GH�
9DOHQFLD��63839�����������,6%1�����������������������LQ�6SDQLVK���

>�@� /HWHOLHU� 3��� 6iQFKH]� 3�� DQG� 5DPRV� ,�� 3URWRW\SLQJ� D� UHTXLUHPHQWV� VSHFLILFDWLRQ� WKURXJK� DQ�
DXWRPDWLFDOO\�JHQHUDWHG�FRQFXUUHQW�ORJLF�SURJUDP��*XSWD��(G���3UDFWLFDO�$VSHFWV�RI�'HFODUDWLYH�
/DQJXDJHV�� /HFWXUH� 1RWHV� LQ� &RPSXWHU� 6FLHQFH� /1&6� ������ SDJHV� ������� 6SULQJHU�9HUODJ��
�������

>�@� /HWHOLHU�3���6iQFKH]�3��DQG�5DPRV�,��3URFHVV�6SHFLILFDWLRQ�IRU�2EMHFWV�LQWHUSUHWHG�LQWR�'\QDPLF�
/RJLF�� ,,,� -RUQDGDV� GH� ,QJHQLHUtD� GH� 6RIWZDUH� �-,6
����� 0XUFLD�� SDJHV� ��������� ������ �LQ�
6SDQLVK���

>��@� 3DVWRU� 2�� DQG� 5DPRV� ,�� 2$6,6� YHUVLyQ�������� $� &ODVV�'HILQLWLRQ� /DQJXDJH� WR� 0RGHO�

,QIRUPDWLRQ� 6\VWHPV� 8VLQJ� DQ� 2EMHFW�2ULHQWHG� $SSURDFK�� 6HUYLFLR� GH� 3XEOLFDFLRQHV�
8QLYHUVLGDG�3ROLWpFQLFD�GH�9DOHQFLD��63839����������������

>��@� 3DVWRU� 2��� ,QVIUiQ� (��� 3HOHFKDQR� 9��� 5RPHUR� -��� DQG� 0HUVHJXHU� -�� 22�0(7+2'�� $Q� 22�
6RIWZDUH�3URGXFWLRQ�(QYLURQPHQW�&RPELQLQJ�&RQYHQWLRQDO�DQG�)RUPDO�0HWKRGV��3URFHHGLQJV�
RI� &RQIHUHQFH� RQ� $GYDQFHG� ,QIRUPDWLRQ� 6\VWHPV� (QJLQHHULQJ�� &$L6(� 
���� SDJHV� ���������
%DUFHORQD���������

>��@� 0H\HU� -��-�&K��$� GLIIHUHQW� DSSURDFK� WR� GHRQWLF� ORJLF�� 'HRQWLF� ORJLF� YLHZHG� DV� D� YDULDQW� RI�
G\QDPLF�ORJLF��,Q�1RWUH�'DPH�-RXUQDO�RI�)RUPDO�/RJLF��YRO�����SDJHV�����������������



>��@� 2%/2*� 6RIWZDUH� 6�$�� 7KH�2%/2*� 6RIWZDUH�'HYHORSPHQW� $SSURDFK�� �:KLWH� 3DSHU��� ������
KWWS���ZZZ�REORJ�SW�'RZQORDG�'RFXPHQWDWLRQ�H[H��

>��@� 5ROODQG� &��� %HQ� $FKRXU� &��� &DXYHW� &��� 5DO\Wp� -��� 6XWFOLIIH� $��� 0DLGHQ� 1�$�0��� -DUNH� 0���
+DXPHU� 3��� 3RKO� .��� 'XERLV� (�� DQG� +H\PDQV� 3�� $� 3URSRVDO� IRU� D� 6FHQDULR� &ODVVLILFDWLRQ�
)UDPHZRUN�� 7HFKQLFDO� 5HSRUW� &5(:6� ������� KWWS���VXQVLWH�LQIRUPDWLN�UZWK�
DDFKHQ�GH�&5(:6�UHSRUWV���KWP���

>��@� 6iQFKH]�3���/HWHOLHU�3��DQG�5DPRV�,��&RQVWUXFWV�IRU�SURWRW\SLQJ�LQIRUPDWLRQ�V\VWHPV�ZLWK�REMHFW�
3HWUL� 1HWV�� 3URFHHGLQJ� RI� WKH� ,(((�,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 60&
���� SDJHV� �����������
2UODQGR���������

>��@� 6LGGLTL�-���0RUUH\�,�&���5RDVW�&�5��DQG�2]FDQ�0�%��7RZDUGV�TXDOLW\�UHTXLUHPHQWV�YLD�DQLPDWHG�
IRUPDO�VSHFLILFDWLRQV��$QQDOV�RI�6RIWZDUH�(QJLQHHULQJ��Q�����������

>��@� 7DLYDOVDDUL� $�� 2Q� WKH� 1RWLRQ� RI� ,QKHULWDQFH�� $&0� &RPSXWLQJ� 6XUYH\V�� 9RO�� ���� 1�� ���
6HSWHPEHU��������

>��@� :LHULQJD�5���-RQJH�:��DQG�6SUXLW�3��5ROHV�DQG�G\QDPLF�VXEFODVVHV��D�PRGDO�ORJLF�DSSURDFK��
9ULMH�8���7KH�1HWKHUODQGV���������

$��$Q�H[DPSOH�

,Q�WKLV�H[DPSOH�D�YHQGLQJ�PDFKLQH��vm��DFFHSWV�FRLQV��coin_in��LQFUHDVLQJ�WKH�FXVWRPHU�
FUHGLW� �credit��� 7KLV� FUHGLW� GHFUHDVHV� �coin_out�� ZKHQ� D� SURGXFW� LV� JLYHQ� �give��� 7KH�
PDFKLQH�DOVR�DOORZV�FDQFHOLQJ�WKH�RSHUDWLRQ��CANCEL��DQG�WKHQ�UHWXUQLQJ�DOO�WKH�VWRUHG�
FRLQV�� 7KH�PDFKLQH� KDV� D�ZDUQLQJ� OLJKW� �light_empty�� WKDW� LV� VZLWFKHG� RQ� LI� WKH� DFWLRQ�
switch_on�RFFXUV��7KH�2$6,6�3.0�VSHFLILFDWLRQ�RI�vm�LV�WKH�IROORZLQJ��

FODVV�YP� 
LGHQWLILFDWLRQ� 
�QXPEHU���QXPEHU��� 
FRQVWDQW�DWWULEXWHV� 
�QXPEHU��QDW�� 
YDULDEOH�DWWULEXWHV� 
�FUHGLW��QDW����� 
�OLJKWBHPSW\��ERRO�IDOVH��� 
HYHQWV� 
�VHW�QHZ�� 
�FRLQBLQ�� 
�FRLQBRXW�� 
�OLJKWBHPSW\�� 
�JLYH�� 
YDOXDWLRQV� 
�>��VZLWFKBRQ@OLJKWBHPSW\� WUXH�� 
�>FRLQBLQ@FUHGLW� FUHGLW���� 
�>��FRLQBRXW@FUHGLW� FUHGLW���� 
�>JLYH@FUHGLW� FUHGLW���� 
SUHFRQGLWLRQV� 
�&$1&(/�LI�^FUHGLW�!��`�� 
�JLYH�LI�^FUHGLW�!��`� 
RSHUDWLRQV� 
�&$1&(/�� 
�&$1&(/� �^FUHGLW�!��`��FRLQBRXW�&$1&(/�� 
��������^FUHGLW �`��FRLQBRXW�� 
HQG�FODVV��

7KLV� PDFKLQH� LV� VSHFLDOL]HG� LQ� FKRFRODWH� PDFKLQHV� �choc_vm�� DQG� RWKHUV� �other_vm���
7KLV�LV�D�VWDWLF�SDUWLWLRQLQJ��WKXV�WKH�2$6,6�VSHFLILFDWLRQ�LV�WKH�IROORZLQJ���

FKRFBYP��RWKHUBYP� 
��������VWDWLF�VSHFLDOL]DWLRQ�RI�YP���



$Q�REMHFW�EHORQJLQJ�WR�WKH�FODVV�choc_vm�KDV�FKRFRODWHV�DV�SURGXFWV�DQG�WKHLU�TXDQWLW\�
LV�num_chocs��7KLV�TXDQWLW\�LV�UHGXFHG�E\�RQH�XQLW�ZKHQ�JLYLQJ�D�FKRFRODWH��give���,W�LV�
QRW�SRVVLEOH��D�SURKLELWLRQ��WR�REWDLQ�D�FKRFRODWH�LI�WKHUH�LV�QHLWKHU�FUHGLW�QRU�FKRFRODWH��
,Q�2$6,6�ZH�KDYH��

FODVV�FKRFBYP� 
YDULDEOH�DWWULEXWHV� 
�QXPBFKRFV�QDW����� 
YDOXDWLRQV� 
�>JLYH@�QXPBFKRFV� QXPBFKRFV���� 
SUHFRQGLWLRQV� 
�JLYH�LI�^FUHGLW�!���DQG�QXPBFKRFV�!��`�� 
HQG�FODVV��

:H�ZLOO�QRZ�FRQVLGHU�D�G\QDPLF�SDUWLWLRQLQJ��7KH�LGHD�LV�WR�PDNH�D�GLVWLQFWLRQ�EHWZHHQ�
FKRFRODWH� PDFKLQHV� ZLWK� SURGXFWV� �with_choc�� DQG� ZLWKRXW� SURGXFWV� �no_choc��� $�
PDFKLQH�RI�W\SH�no_choc�PXVW�VZLWFK�RQ�WKH�ZDUQLQJ��light_empty���,Q�2$6,6�ZH�KDYH��

QRBFKRF�^QXPBFKRFV �`�� 
ZLWKBFKRF�^QXPBFKRFV�!��`� 
�G\QDPLF�VSHFLDOL]DWLRQ�RI�FKRFBYP�� 
FODVV�QRBFKRF� 
WULJJHUV� 
���VZLWFKBRQ�ZKHQ�^OLJKWBHPSW\ IDOVH`�� 
HQG�FODVV��

:H�ZLOO� DOVR� LQFOXGH� D� VWDWLF� SDUWLWLRQ� RI� FODVV� choc_vm�� 7KXV� ZH�PDNH� D� GLVWLQFWLRQ�
EHWZHHQ�ERXQGHG����bounded_choc��DQG�XQERXQGHG��unbounded_choc���7KH�IROORZLQJ�
2$6,6�VSHFLILFDWLRQ�JLYHV�WKH�GHWDLOHG�LQIRUPDWLRQ�RI�WKLV�SDUWLWLRQ��

ERXQGHGBFKRF��XQERXQGHGBFKRF� 
�VWDWLF�VSHFLDOL]DWLRQ�RI�FKRFBYP�� 
 
FODVV�XQERXQGHG� 
SURWRFROV� 
�*(7&+2&�� 
��*(7&+2&� FRLQBLQ�*(7&+2&��� 
��*(7&+2&� ^FUHGLW �`JLYH�*(7&+2&����^FUHGLW�!��`JLYH�*(7&+2&�� 
� ��FRLQBLQ�*(7&+2&����������^FUHGLW �`��FRLQBRXW�*(7&+2&�� 
� ��^FUHGLW�!��`��FRLQBRXW�*(7&+2&��� 
HQG�FODVV 
 
FODVV�ERXQGHG� 
SURWRFROV� 
�*(7&+2&�� 
�*(7&+2&� FRLQBLQ�*(7&+2&��� 
�*(7&+2&� JLYH�*(7&+2&���FRLQBLQ�*(7&+2&�����FRLQBRXW�*(7&+2&��� 

������������������������������ ������������������

���,W�LV�PDQGDWRU\�LQ�2$6,6�WR�UHSHDW�WKH�IXOO�LQKHULWHG�FRQGLWLRQ�DQG�WKHQ�WR�H[SHQG�WKH�IRUPXOD�LQ�WKH�VXEFODVV�VSHFLDOL]DWLRQ���

�

���$�ERXQGHG�PDFKLQH�KDV�D�OLPLWHG�DGPLVVLRQ�RI�FUHGLW���

�



�*(7&+2&� JLYH�*(7&+2&���FRLQBLQ�*(7&+2&�����FRLQBRXW�*(7&+2&��� 
�*(7&+2&� JLYH�*(7&+2&������FRLQBRXW�*(7&+2&��� 
HQG�FODVV��

(YHQWXDOO\�� vm� LV� G\QDPLFDOO\� SDUWLWLRQHG� LQ� working� DQG� broken_down�� $IWHU� WKH�
FUHDWLRQ�DFWLRQ��set��WKH�PDFKLQH�VWDUWV�LQ�WKH�working VWDWH��$�PDFKLQH�PD\�EH�UHSDLUHG�
�repair�� WR� UHDFK� WKH�working�VWDWH��:KHQ�WKH�DFWLRQ�break_down�RFFXUV��WKH�PDFKLQHV�
PRYHV� WR� WKH� VWDWH� broken_down ZKHUH� WKH� HYHQWV cancel�� coin_in� DQG� give DUH� QRW�
KDELOLWDWHG��7KH�VSHFLILFDWLRQ�LQ�2$6,6��VHH�WKH�)LJXUH����LV�WKH�IROORZLQJ�RQH��

EURNHQBGRZQ��ZRUNLQJ� 
�G\QDPLF�VSHFLDOL]DWLRQ�RI�YP� 
�PLJUDWLRQ�UHODWLRQ�LV� 
��������YP� �VHW�ZRUNLQJ�� 
��������ZRUNLQJ� �EUHDNBGRZQ�EURNHQBGRZQ�� 
��������EURNHQBGRZQ� �UHSDLU�ZRUNLQJ� 
 
FODVV�EURNHQBGRZQ� 
HYHQWV� 
�UHSDLU�� 
SUHFRQGLWLRQV� 
�FRLQBLQ�LI�^IDOVH`�� 
�&$1&(/�LI�^IDOVH`�� 
�JLYH�LI�^IDOVH`�� 
HQG�FODVV 
 
FODVV�ZRUNLQJ� 
HYHQWV� 
�EUHDNBGRZQ�� 
HQG�FODVV��

�

)LJXUH����6SHFLDOL]DWLRQ�KLHUDUFK\��

$����'/�IRU�HDFK�2$6,6�FODVV�

:H�JLYH�KHUH�D�'/�IRUPXODH�VHW�IRU�HDFK�FODVV�PHQWLRQHG�DERYH��

FODVV�YP�

FUHGLW 1�o>FRLQBLQ@�FUHGLW 1��� 
FUHGLW 1�o>��FRLQBRXW@�FUHGLW 1��� 

YP

EURNH

GRZQ

ZRUNLQJ

FKRF

YP

RWKHU
YP

ERXQGHG
FKRF

XQERXQGHG

FKRF

QR
FKRF

ZLWK
FKRF



FUHGLW 1�o>JLYH@�FUHGLW 1��� 
>��VZLWFKBRQ@�OLJKWBHPSW\ WUXH� 
>VHW@�FDQFHO �� 
>&$1&(/@�FDQFHO &$1&(/�� 
FDQFHO &$1&(/����FUHGLW�!���o>��FRLQBRXW@�FDQFHO &$1&(/�� 
FDQFHO &$1&(/����FUHGLW ��o>��FRLQBRXW@�FDQFHO �� 
��FUHGLW�!����o>JLYH@�IDOVH� 
��FUHGLW�!����o>&$1&(/@�IDOVH� 
�FDQFHO &$1&(/����FUHGLW�!�������FDQFHO &$1&(/����FUHGLW ���

o>���FRLQBRXW@�IDOVH��

FODVV�FKRFBYP�

QXPBFKRFV 1�o>JLYH@�QXPBFKRFV 1����

��QXPBFKRFV�!�����FUHGLW�!����o>JLYH@�IDOVH��

FODVV�ERXQGHGBFKRF�

>VHW@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o>FRLQBLQ@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o>FRLQBLQ@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o>FRLQBLQ@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o>FKRF@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o>FKRF@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o>FKRF@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o>��FRLQBRXW@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o>��FRLQBRXW@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o>��FRLQBRXW@�JHWFKRF *(7&+2&�� 
���JHWFKRF *(7&+2&�����JHWFKRF *(7&+2&���
���JHWFKRF *(7&+2&���o>FRLQBLQ@�IDOVH� 
���JHWFKRF *(7&+2&������JHWFKRF *(7&+2&������JHWFKRF *(7&+2&���o>FKRF@�
IDOVH� 
���JHWFKRF *(7&+2&�����JHWFKRF *(7&+2&���
���JHWFKRF *(7&+2&���o>��FRLQBRXW@�IDOVH��

FODVV�XQERXQGHGBFKRF�

>VHW@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o>FRLQBLQ@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&�����FUHGLW ���o>JLYH@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&�����FUHGLW�!����o>JLYH@�JHWFKRF *(7&+2&��� 
JHWFKRF *(7&+2&��o>FRLQBLQ@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&�����FUHGLW ���o>��FRLQBRXW@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&�����FUHGLW�!����o>��FRLQBRXW@�JHWFKRF *(7&+2&�� 
���JHWFKRF *(7&+2&������JHWFKRF *(7&+2&���o>FRLQBLQ@�IDOVH� 
���JHWFKRF *(7&+2&���o>JLYH@�IDOVH� 
���JHWFKRF *(7&+2&���o>��FRLQBRXW@�IDOVH��

FODVV�QRBFKRF�

OLJKWBHPSW\ IDOVH�o>���VZLWFKBRQ@�IDOVH��

������������������������������ ������������������

���7KLV�IRUPXOD�DQG�QH[W�RQH�PD\�EH�GHOHWHG�GXH�WR�QRW�PRGLI\LQJ�WKH�YDULDEOH�YDOXH�RI�WKH�SURFHVV���

�



FODVV�EURNHQBGRZQ�

��IDOVH��o>FRLQBLQ@�IDOVH��

��IDOVH��o>&$1&(/@�IDOVH��

��IDOVH��o>JLYH@�IDOVH��

$����5HSUHVHQWDWLRQ�RI�G\QDPLF�SDUWLWLRQV�

$V� PHQWLRQHG� DERYH�� SURSHUWLHV� RI� G\QDPLF� SDUWLWLRQV� QHHG� WR� EH� LQFOXGHG� LQ� WKH�
SDUWLWLRQHG�FODVV��7KH�SURSHUWLHV�RI�WKH�FODVV�choc_vm�DIWHU�LQFRUSRUDWLQJ�WKH�SURSHUWLHV�
RI�FODVVHV�no_choc�DQG�with_choc�DUH�WKH�IROORZLQJ�RQHV��

QXPBFKRFV ����OLJKWBHPSW\ IDOVH�o>���VZLWFKBRQ@�IDOVH���
QXPBFKRFV 1�o>JLYH@�QXPBFKRFV 1����

��QXPBFKRFV�!�����FUHGLW�!����o>JLYH@�IDOVH��

�

7KH�LQFOXVLRQ�RI�SURSHUWLHV�RI�WKH�VXEFODVVHV�broke_down�DQG�working�LQWR�WKH�FODVV�vm�
SOXV�WKH�PLJUDWRU\�SURFHVV��JLYHV�WKH�IROORZLQJ�VHW�RI�'/�IRUPXODH��

FUHGLW 1�o>FRLQBLQ@�FUHGLW 1��� 
FUHGLW 1�o>��FRLQBRXW@�FUHGLW 1��� 
FUHGLW 1�o>JLYH@�FUHGLW 1��� 
>��VZLWFKBRQ@�OLJKWBHPSW\ WUXH� 
>VHW@�FDQFHO �� 
>&$1&(/@�FDQFHO &$1&(/�� 
FDQFHO &$1&(/����FUHGLW�!��o>��FRLQBRXW@�FDQFHO &$1&(/�� 
FDQFHO &$1&(/����FUHGLW �o>��FRLQBRXW@�FDQFHO �� 
��YP ZRUNLQJ��o>JLYH@�IDOVH�� 
��YP ZRUNLQJ��o>&$1&(/@�IDOVH 
��YP ZRUNLQJ��o>FRLQBLQ@�IDOVH� 
�FDQFHO &$1&(/����FUHGLW�!�������FDQFHO &$1&(/����FUHGLW��� ���
o>��FRLQBRXW@�IDOVH� 
>VHW@�YP ZRUNLQJ�� 
YP ZRUNLQJ�����FUHGLW�!���o�>JLYH@�IDOVH� 
YP ZRUNLQJ������FUHGLW�!���o�>&$1&(/@�IDOVH� 
YP ZRUNLQJ�o�>EUHDNBGRZQ@�YP EURNHQBGRZQ� 
YP EURNHQBGRZQ�o�>UHSDLU@�YP ZRUNLQJ� 
���YP ZRUNLQJ��o>EUHDNBGRZQ@�IDOVH� 
���YP EURNHBGRZQ��o>UHSDLU@�IDOVH��

$����5HSUHVHQWDWLRQ�RI�VWDWLF�SDUWLWLRQV�

$IWHU�GHDOLQJ�ZLWK�G\QDPLF�SDUWLWLRQV�ZH�QHHG�WR�GHULYH�WKH�'/� IRUPXODH�IRU�HDFK�SDWK�
IURP�HDFK�OHDI�FODVV�WR�WKH�WRS�FODVV��

������������������������������������������������
���7KLV�IRUPXOD�LV�PRYHG�KHUH�IURP�WKH�G\QDPLF�VXEFODVV�� 
�

���7KLV�SHUPLVVLRQ�DQG�WKH�QH[W�WZR�RQHV�UHSODFH�WKH�SURKLELWLRQV�RI�vm�GXH�WR�EH�PRUH�UHVWULFWLYH���

�
���7KLV�IRUPXOD�DQG�WKH�IROORZLQJ�RQH�DUH�UHODWHG�WR�WKH�PLJUDWRU\�SURFHVV�RI�WKH�G\QDPLF�SDUWLWLRQ�



FODVV�YP���FKRFBYP���ERXQGHG�

QXPBFKRFV 1�o�>JLYH@�QXPBFKRFV 1��� 
FUHGLW 1�o�>FRLQBLQ@�FUHGLW 1��� 
FUHGLW 1�o�>��FRLQBRXW@�FUHGLW 1��� 
FUHGLW 1�o�>JLYH@�FUHGLW 1��� 
>��VZLWFKBRQ@�OLJKWBHPSW\ WUXH� 
>VHW@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o�>FRLQBLQ@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o�>FRLQBLQ@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o�>FRLQBLQ@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o�>FKRF@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o�>FKRF@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o�>FKRF@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o�>��FRLQBRXW@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o�>��FRLQBRXW@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o�>��FRLQBRXW@�JHWFKRF *(7&+2&�� 
>VHW@�YP ZRUNLQJ� 
YP ZRUNLQJ�o�>EUHDNBGRZQ@�YP EURNHQBGRZQ� 
YP EURNHQBGRZQ�o�>UHSDLU@�YP ZRUNLQJ� 
>VHW@�FDQFHO �� 
>&$1&(/@�FDQFHO &$1&(/�� 
FDQFHO &$1&(/����FUHGLW�!���o�>��FRLQBRXW@�FDQFHO &$1&(/�� 
FDQFHO &$1&(/����FUHGLW ��o�>��FRLQBRXW@�FDQFHO �� 
��YP ZRUNLQJ��o�>JLYH@�IDOVH� 
��YP ZRUNLQJ��o>&$1&(/@�IDOVH� 
��YP ZRUNLQJ��o�>FRLQBLQ@�IDOVH� 
���YP ZRUNLQJ��o>EUHDNBGRZQ@�IDOVH� 
���YP EURNHBGRZQ��o>UHSDLU@�IDOVH� 
���JHWFKRF *(7&+2&�����JHWFKRF *(7&+2&���
���JHWFKRF *(7&+2&���o>FRLQBLQ@�IDOVH� 
���JHWFKRF *(7&+2&�����JHWFKRF *(7&+2&������JHWFKRF *(7&+2&���o�>FKRF@�
IDOVH� 
���JHWFKRF *(7&+2&�����JHWFKRF *(7&+2&���
���JHWFKRF *(7&+2&���o>��FRLQBRXW@�IDOVH� 
��QXPBFKRFV�!�����FUHGLW�!����o�>JLYH@�IDOVH�� 
�FDQFHO &$1&(/����FUHGLW�!�������FDQFHO &$1&(/����FUHGLW ���
o�>��FRLQBRXW@�IDOVH� 
QXPBFKRFV ����OLJKWBHPSW\ IDOVH�o�>���VZLWFKBRQ@�IDOVH��

FODVV�YP���FKRFBYP���XQERXQGHG�

QXPBFKRFV 1�o�>JLYH@�QXPBFKRFV 1��� 
FUHGLW 1�o�>FRLQBLQ@�FUHGLW 1��� 
FUHGLW 1�o�>��FRLQBRXW@�FUHGLW 1��� 
FUHGLW 1�o�>JLYH@�FUHGLW 1��� 
>��VZLWFKBRQ@�OLJKWBHPSW\ WUXH� 
>VHW@�YP ZRUNLQJ� 
YP ZRUNLQJ�o�>EUHDNBGRZQ@�YP EURNHQBGRZQ� 
YP EURNHQBGRZQ�o�>UHSDLU@�YP ZRUNLQJ� 
>VHW@�FDQFHO �� 
>&$1&(/@�FDQFHO &$1&(/�� 

������������������������������ ������������������

���7KLV�SURKLELWLRQ� IRUPXODH�DVVRFLDWHG� WR�get�HYHQW�ZKDW�KDYH�MXVW�EHHQ�PHQWLRQHG�MXVW�DERYH�FDQ�EH�PL[HG�LQWR�RQH�IRUPXOD�E\�XVLQJ�WKH�
ORJLF�FRQQHFWRU�µ�¶���

�



FDQFHO &$1&(/����FUHGLW�!��o�>��FRLQBRXW@�FDQFHO &$1&(/�� 
FDQFHO &$1&(/����FUHGLW �o�>��FRLQBRXW@�FDQFHO �� 
��YP ZRUNLQJ��o�>JLYH@�IDOVH� 
��YP ZRUNLQJ��o>&$1&(/@�IDOVH� 
��YP ZRUNLQJ��o�>FRLQBLQ@�IDOVH� 
���YP ZRUNLQJ��o>EUHDNBGRZQ@�IDOVH� 
���YP EURNHBGRZQ��o>UHSDLU@�IDOVH� 
��QXPBFKRFV�!�����FUHGLW�!����o�>JLYH@�IDOVH� 
�FDQFHO &$1&(/����FUHGLW�!�������FDQFHO &$1&(/����FUHGLW ���
o�>��FRLQBRXW@�IDOVH� 
QXPBFKRFV ����VZLWFKBRQ IDOVH�o�>���OLJKWBHPSW\@�IDOVH� 
>VHW@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&��o>FRLQBLQ@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&�����FUHGLW ���o>JLYH@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&�����FUHGLW�!����o>JLYH@�JHWFKRF *(7&+2&��� 
JHWFKRF *(7&+2&��o>FRLQBLQ@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&�����FUHGLW ���o>��FRLQBRXW@�JHWFKRF *(7&+2&�� 
JHWFKRF *(7&+2&�����FUHGLW�!����o>��FRLQBRXW@�JHWFKRF *(7&+2&�� 
���JHWFKRF *(7&+2&������JHWFKRF *(7&+2&���o>FRLQBLQ@�IDOVH� 
��JHWFKRF *(7&+2&���o>JLYH@�IDOVH� 
��JHWFKRF *(7&+2&���o>��FRLQBRXW@�IDOVH� 
��JHWFKRF *(7&+2&������JHWFKRF *(7&+2&���o>FRLQBLQ@�IDOVH� 
��JHWFKRF *(7&+2&���o�>JLYH@�IDOVH� 
��JHWFKRF *(7&+2&���o�>��FRLQBRXW@�IDOVH� 
�

FODVV�YP���RWKHUBYP�

FUHGLW 1�o>FRLQBLQ@�FUHGLW 1��� 
FUHGLW 1�o>��FRLQBRXW@�FUHGLW 1��� 
FUHGLW 1�o>JLYH@�FUHGLW 1��� 
>��VZLWFKBRQ@�OLJKWBHPSW\ WUXH� 
>VHW@�FDQFHO �� 
>&$1&(/@�FDQFHO &$1&(/�� 
FDQFHO &$1&(/����FUHGLW�!��o>��FRLQBRXW@�FDQFHO &$1&(/�� 
FDQFHO &$1&(/����FUHGLW �o>��FRLQBRXW@�FDQFHO �� 
��YP ZRUNLQJ��o>JLYH@�IDOVH� 
��YP ZRUNLQJ��o>&$1&(/@�IDOVH� 
��YP ZRUNLQJ��o>FRLQBLQ@�IDOVH� 
�FDQFHO &$1&(/����FUHGLW�!�������FDQFHO &$1&(/����FUHGLW��� ���
o>��FRLQBRXW@�IDOVH� 
>VHW@�YP ZRUNLQJ� 
YP ZRUNLQJ�o�>EUHDNBGRZQ@�YP EURNHQBGRZQ� 
YP EURNHQBGRZQ�o�>UHSDLU@�YP ZRUNLQJ� 
���YP ZRUNLQJ��o>EUHDNBGRZQ@�IDOVH� 
���YP EURNHBGRZQ��o>UHSDLU@�IDOVH��

$����3URSHUWLHV�RI�VSHFLHV�

������������������������������������������������

���7KLV�IRUPXOD�DQG�WKH�QH[W�RQH�FDQ�EH�GHOHWHG�DOWKRXJK�ZH�SUHIHU�WR�NHHS�WKHP�LQ�RUGHU�WR�PDNH�WKH�WUDQVODWLRQ�SURFHVV�FOHDUHU���

�



$V�PHQWLRQHG� DERYH�� LW� LV� SRVVLEOH� WR�GHGXFH� WKH�SURSHUWLHV� �DV�'/� IRUPXODH�� IRU�HDFK�
VSHFLHV� DV� WKH� XQLRQ� RI� WKH� UHVSHFWLYH� SURSHUWLHV�� ,Q� WKH� H[DPSOH� ZH� GLVWLQJXLVK� WKH�
IROORZLQJ�VSHFLHV�LQYROYLQJ�RQO\�VWDWLF�SDUWLWLRQV����

RWKHUBYP��
ERXQGHGBFKRF��
XQERXQGHGBFKRF��

7KHVHV� VSHFLHV� FRUUHVSRQG�ZLWK� HDFK� FODVV�PHQWLRQHG� DERYH�� ,Q� RUGHU� WR� FRPSOHWH� WKH�
FDOFXOXV� RI� SURSHUWLHV� ZH� SUHVHQW� KHUH� WKH� VHW� RI� LGHQWLILFDWLRQ� PHFKDQLVPV�� DWWULEXWHV�
DQG�HYHQWV�GHGXFHG�IURP�WKH�VSHFLDOL]DWLRQ�KLHUDUFK\�RI�RXU�H[DPSOH���

$������,GHQWLILFDWLRQ�PHFKDQLVPV�

7KH� XQLTXH� DYDLODEOH� LGHQWLILFDWLRQ� PHFKDQLVP� �number) KDV� EHHQ� GHILQHG� LQ� WKH� FODVV�
vm��7KLV�PHFKDQLVP�LV�LQKHULWHG�E\�HYHU\�VSHFLHV���

$������$WWULEXWHV�DQG�HYHQWV�

:H� SUHVHQW� WKH� DWWULEXWH� DQG� HYHQW� VHWV� IRU� HDFK� VSHFLHV��:H� DVVXPH� WKDW� WKH� SRVVLEOH�
FRQIOLFWV� FDXVHG� E\� FRLQFLGHQWDO� QDPHV� KDYH� EHHQ� SUHYLRXVO\� DGMXVWHG� DV� D� SDUW� RI� WKH�
FRQVLVWHQF\�YHULILFDWLRQ�SURFHVV�RI�WKH�VSHFLILFDWLRQ��

6SHFLH�YP���FKRFBYP���ERXQGHG�

$WU ^QXPEHU��FUHGLW��VZLWFKBRQ��QXPBFKRFV`��
(Y ^VHW��FRLQBLQ��FRLQBRXW��OLJKWBHPSW\��JLYH��&$1&(/��UHSDLU��
EUHDNBGRZQ`�

6SHFLH�YP���FKRFBYP���XQERXQGHG�

$WU ^QXPEHU��FUHGLW��VZLWFKBRQ��QXPBFKRFV`��
(Y ^VHW��FRLQBLQ��FRLQBRXW��OLJKWBHPSW\��JLYH��&$1&(/��UHSDLU��
EUHDNBGRZQ`�

(VSHFLH�YP���RWKHUBYP�

$WU ^QXPEHU��FUHGLW��VZLWFKBRQ`��
(Y ^VHW��FRLQBLQ��FRLQBRXW��OLJKWBHPSW\��JLYH��&$1&(/��UHSDLU��
EUHDNBGRZQ`��

������������������������������������������������
���,Q�WKLV�H[DPSOH��WDNLQJ�LQWR�DFFRXQW�WKDW�WKHUH�LV�RQO\�RQH�KLHUDUFK\�DQG�WKDW�WKHUH�LV�RQO\�RQH�GRXEOH�VWDWLF�SDUWLWLRQ�RI�WKH�VDPH�FODVV��
VSHFLHV�DUH�IRUPHG�E\�RQO\�RQH�FODVV��,Q�D�PRUH�JHQHUDO�FDVH�LW�VKRXOG�EH�QHFHVVDU\�WR�FRQQHFW�WKH�SURSHUWLHV�RI�HDFK�FODVV���


