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)RUPDO�0RGHOLQJ�DQG�$QDO\VLV�RI�2UJDQL]DWLRQV�

(JRQ�/��YDQ�GHQ�%URHN � ��&DWKROLMQ�0��-RQNHU � ��$OH[HL�6KDUSDQVN\NK � ���
-DQ�7UHXU � ��DQG�S,QDU�<ROXP � �

� �'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH��9ULMH�8QLYHUVLWHLW�$PVWHUGDP���
'H�%RHOHODDQ�����D��1/������+9�$PVWHUGDP��7KH�1HWKHUODQGV�

^HJRQ��VKDUS��WUHXU`#IHZ�YX�QO�
� �1,&,��5DGERXG�8QLYHUVLWHLW�1LMPHJHQ�

0RQWHVVRULODDQ���������+5�1LMPHJHQ��7KH�1HWKHUODQGV��
&�-RQNHU#QLFL�UX�QO�

� �'HSDUWPHQW�RI�&RPSXWHU�(QJLQHHULQJ��%RJD]LFL�8QLYHUVLW\���
75�������%HEHN��,VWDQEXO��7XUNH\�
S\ROXP#FPSH�ERXQ�HGX�WU�

$EVWUDFW�� $� QHZ�� IRUPDO�� UROH�EDVHG�� IUDPHZRUN� IRU�PRGHOLQJ� DQG� DQDO\]LQJ�
ERWK�UHDO�ZRUOG�DQG�DUWLILFLDO�RUJDQL]DWLRQV�LV�LQWURGXFHG��,W�H[SORLWV�VWDWLF�DQG�
G\QDPLF�SURSHUWLHV�RI�WKH�RUJDQL]DWLRQDO�PRGHO�DQG�LQFOXGHV�WKH��IUHTXHQWO\�LJ�
QRUHG��HQYLURQPHQW��7KH�WUDQVLWLRQ�LV�GHVFULEHG�IURP�D�JHQHULF�IUDPHZRUN�RI�DQ�
RUJDQL]DWLRQ�WR�LWV�GHSOR\HG�PRGHO�DQG�WR�WKH�DFWXDO�DJHQW�DOORFDWLRQ��)RU�YHUL�
ILFDWLRQ� DQG� YDOLGDWLRQ� SXUSRVHV�� D� VHW� RI� GHGLFDWHG� WHFKQLTXHV� LV� LQWURGXFHG��
0RUHRYHU��ZKHUH�PRVW�PRGHOV�FDQ�KDQGOH�RQO\� WZR�RU� WKUHH� OD\HUHG�RUJDQL]D�
WLRQDO�VWUXFWXUHV��RXU�IUDPHZRUN�FDQ�KDQGOH�DQ\�DUELWUDU\�QXPEHU�RI�RUJDQL]D�
WLRQDO� OD\HUV�� +HQFHIRUWK�� UHDO�ZRUOG� RUJDQL]DWLRQV� FDQ� EH� PRGHOHG� DQG� DQD�
O\]HG��DV�LOOXVWUDWHG�E\�D�FDVH�VWXG\��ZLWKLQ�WKH�'($/�SURMHFW�OLQH���

����,QWURGXFWLRQ�
2UJDQL]DWLRQV�KDYH�SURYHQ�WR�EH�D�XVHIXO�SDUDGLJP�IRU�DQDO\]LQJ�DQG�GHVLJQLQJ�PXOWL�
DJHQW�V\VWHPV��0$6��>�����@��5HSUHVHQWDWLRQ�RI�0$6�DV�DQ�RUJDQL]DWLRQ�FRQVLVWLQJ�RI�
UROHV� DQG�JURXSV� FDQ� WDFNOH�PDMRU�GUDZEDFNV�FRQFHUQHG�ZLWK� WUDGLWLRQDO�PXOWL�DJHQW�
PRGHOV��H�J���KLJK�FRPSOH[LW\�DQG�SRRU�SUHGLFWDELOLW\�RI�G\QDPLFV�LQ�D�V\VWHP�>�@��:H�
DGRSW� D� JHQHULF� UHSUHVHQWDWLRQ� RI� RUJDQL]DWLRQV�� DEVWUDFWHG� IURP� LQVWDQFHV� RI� UHDO�
DJHQWV�� $V� KDV� EHHQ� VKRZQ� LQ� >�@�� RUJDQL]DWLRQDO� VWUXFWXUH� FDQ� EH� XVHG� WR� OLPLW� WKH�
VFRSH� RI� LQWHUDFWLRQV� EHWZHHQ� DJHQWV�� UHGXFH� RU� H[SOLFLWO\� LQFUHDVH� UHGXQGDQF\� RI� D�
V\VWHP�� RU� IRUPDOL]H� KLJK�OHYHO� V\VWHP� JRDOV�� RI� ZKLFK� D� VLQJOH� DJHQW� PD\� EH� QRW�
DZDUH�� 0RUHRYHU�� RUJDQL]DWLRQDO� UHVHDUFK� KDV� UHFRJQL]HG� WKH� DGYDQWDJHV� RI� DJHQW�
EDVHG�PRGHOV��H�J���IRU�DQDO\VLV�RI�VWUXFWXUH�DQG�G\QDPLFV�RI�UHDO�RUJDQL]DWLRQV��+RZ�
HYHU��IRUPDO�WKHRULHV��DSSURDFKHV��DQG�WRROV�IRU�GHVLJQLQJ�VXFK�PRGHOV�DUH�UDUH��,Q�WKLV�
SDSHU��ZH� SURSRVH� D� QHZ�PRGHOLQJ� DSSURDFK� IRU� DQDO\]LQJ� DQG� IRUPDO�PRGHOLQJ� RI�
UHDO�RU�DUWLILFLDO�RUJDQL]DWLRQV��H�J���0$6���

,Q� WKH�QH[W�6HFWLRQ��PDLQ�SULQFLSOHV� IRU�PRGHOLQJ�DQG�DQDO\]LQJ�RUJDQL]DWLRQV�DUH�
GLVFXVVHG� DQG� UHODWHG�ZLWK� WKH�QHZ�PRGHOLQJ�DSSURDFK�� ,Q�6HFWLRQ���� WKH�EDVLF�FRQ�
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FHSWV� XVHG� IRU� VSHFLI\LQJ� DQ�RUJDQL]DWLRQ�PRGHO� DUH� LQWURGXFHG��6HFWLRQ���GLVFXVVHV�
KRZ�DQ�RUJDQL]DWLRQ�PRGHO�FDQ�EH�VSHFLILHG�LQ�D�IRUPDO�PDQQHU��,Q�6HFWLRQ����D�VHW�RI�
GHGLFDWHG� YDOLGDWLRQ� DQG� YHULILFDWLRQ� WHFKQLTXHV� DUH� GHVFULEHG�� 6HFWLRQ� �� SUHVHQWV� D�
FDVH�VWXG\��,W�LQFOXGHV�WKH�LQWURGXFWLRQ�RI�D�QHZ�WHFKQLTXH�IRU�WKH�JUDSKLFDO�UHSUHVHQ�
WDWLRQ�RI�RUJDQL]DWLRQ�PRGHOV��7KH�SDSHU�HQGV�ZLWK�D�GLVFXVVLRQ�LQ�6HFWLRQ����

��3ULQFLSOHV�IRU�PRGHOLQJ�DQG�DQDO\]LQJ�RUJDQL]DWLRQV�
0RGHUQ�RUJDQL]DWLRQV�DUH�FKDUDFWHUL]HG�E\�WKHLU�FRPSOH[�VWUXFWXUH��GHQVH�LQIRUPDWLRQ�
IORZV��DQG�LQFRUSRUDWLRQ�RI�LQIRUPDWLRQ�WHFKQRORJ\��7R�D�ODUJH�H[WHQW��WKH�XQGHUO\LQJ�
RUJDQL]DWLRQ� PRGHO� LV� UHVSRQVLEOH� IRU� KRZ� HIILFLHQWO\� DQG� HIIHFWLYHO\� RUJDQL]DWLRQV�
FDUU\�RXW� WKHLU� WDVNV�� ,Q� OLWHUDWXUH�� D� UDQJH�RI� WKHRULHV�DQG�JXLGHOLQHV�FRQFHUQLQJ� WKH�
GHVLJQ�RI�RUJDQL]DWLRQV�DUH�SUHVHQW�>������@��+RZHYHU��DOPRVW�QR�RSHUDWLRQDO�WKHRULHV�
RU� IRUPDO� PRGHOV� H[LVW�� 6FRWW� >��@� HYHQ� VWDWHG� WKDW� WKHUH� DUH� QR� JHQHUDO� SULQFLSOHV�
DSSOLFDEOH�WR�RUJDQL]DWLRQDO�GHVLJQ��,Q�FRQWUDVW��0LQ]EHUJ�SURSRVHG�D�VHW�RI�JXLGHOLQHV�
IRU� PRGHOLQJ� DQ\� DUELWUDU\� RUJDQL]DWLRQ� >��@�� 7KHVH� JXLGHOLQHV� DUH� DSSOLFDEOH� WR�
PHFKDQLVWLF�W\SHV�RI�RUJDQL]DWLRQV��ZKLFK�RIWHQ�KDYH�EXUHDXFUDWLF�VWUXFWXUH�DQG�RSHU�
DWH� LQ� D� UHODWLYHO\� VWDEOH� �SRVVLEO\� FRPSOH[�� HQYLURQPHQW�� +RZHYHU�� PDQ\� PRGHUQ�
RUJDQL]DWLRQV� DUH� FKDUDFWHUL]HG� E\� D� KLJKO\� G\QDPLF�� FRQVWDQWO\� FKDQJLQJ�� RUJDQLF�
VWUXFWXUH�DQG�VKRZ�D�KDUGO\�LGHQWLILHG��QRW�IRUPDOL]HG��QRQ�OLQHDU�EHKDYLRU�>��@���

������7ZR�SHUVSHFWLYHV�
,Q�WKLV�VXEVHFWLRQ��ZH�ZLOO�EULHIO\�GLVFXVV�WZR�SHUVSHFWLYHV�IURP�ZKLFK�RUJDQL]DWLRQV�
DUH�DQDO\]HG��7KH�ILUVW�SHUVSHFWLYH�HPHUJHV�IURP�VRFLDO�VFLHQFHV�DQG�WKH�VHFRQG�RULJL�
QDWHV� IURP� FRPSXWDWLRQDO� RUJDQL]DWLRQ� WKHRU\� DQG� DUWLILFLDO� LQWHOOLJHQFH��:LWKLQ� WKH�
ODWWHU�SHUVSHFWLYH��WKH�YLHZ�RI�RUJDQL]DWLRQV�DV�HOHFWURQLF�LQVWLWXWLRQV�LV�D�VSHFLDO�FDVH��

,Q� VRFLDO� VFLHQFH� WKHRULHV�� WKH� VWUXFWXUH�RI�RUJDQL]DWLRQV� LV� IUHTXHQWO\�VSHFLILHG�DV�
LQIRUPDO� RU� VHPL�IRUPDO� JUDSKLFDO� UHSUHVHQWDWLRQV� >���� ��@�� 7KH\� FDQ� SURYLGH� D� GH�
WDLOHG�RUJDQL]DWLRQ�VWUXFWXUH�DW�DQ�DEVWUDFW� OHYHO��+RZHYHU��VXFK�DSSURDFKHV� ODFN� WKH�
PHDQV� WR� UHSUHVHQW� WKH�PRUH� GHWDLOHG� G\QDPLFV� DQG� WR� UHODWH� WKHP� WR� WKH� VWUXFWXUHV�
SUHVHQW��

)URP�FRPSXWDWLRQDO�RUJDQL]DWLRQ�WKHRU\�DQG�DUWLILFLDO�LQWHOOLJHQFH��DSSURDFKHV�KDYH�
EHHQ�GHYHORSHG�WKDW�DUH�DEOH�WR�FDSWXUH�ERWK�VWUXFWXUDO�DQG�G\QDPLF�DVSHFWV�RI�RUJDQL�
]DWLRQV��+RZHYHU��XVXDOO\�WKH\�GHVFULEH�RUJDQL]DWLRQ�PRGHOV��XVLQJ�RQO\�WZR�RU�WKUHH�
OHYHOV� RI� DEVWUDFWLRQ�� L�H��� WKH� OHYHO� RI� DQ� LQGLYLGXDO� UROH�� WKH� OHYHO� RI� D� JURXS� FRP�
SRVHG� RI� UROHV�� DQG� WKH� RYHUDOO� RUJDQL]DWLRQ� OHYHO�� DV� LQ� *$,$� >��@�� 02,6(� >�@��
02&$�>�@��2SHU$�>�@��:KHUHDV�IRU�WKH�UHSUHVHQWDWLRQ�RI�FRPSOH[�KLHUDUFKLFDO�VWUXF�
WXUHV�RI�PRGHUQ�RUJDQL]DWLRQV��H�J���PHFKDQLVWLF�W\SH�RI�RUJDQL]DWLRQV�>��@���PXOWLSOH�
OHYHOV�DQG�UHODWLRQV�QHHG�WR�EH�GHVFULEHG���

6RPH�PRGHOV��,6/$1'(5�>�@��2SHU$��FRQVLGHU�RUJDQL]DWLRQV�DV�HOHFWURQLF�LQVWLWX�
WLRQV�� L�H���QRUPV�DQG�JOREDO� UXOHV� WKDW�JRYHUQ�DQ�RUJDQL]DWLRQ�DUH�H[SOLFLWO\�GHILQHG��
+RZHYHU��LQ�PDQ\�PRGHUQ�RUJDQLF�RUJDQL]DWLRQV�ZLWK�PXFK�LQGLYLGXDO�DXWRQRP\��WKH�
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QRUPDWLYH�DVSHFWV�GR�QRW�SOD\�D�FHQWUDO�UROH�DQG�DUH�RI�PLQRU�LPSRUWDQFH�IRU�WKH�SURV�
SHULW\�RI�DQ�RUJDQL]DWLRQ��

,QGHSHQGHQW� RI� WKH� SUHYLRXV� GLVWLQFWLRQ� LQ� DSSURDFKHV�� WKH� LPSRUWDQFH�RI� H[SOLFLW�
PRGHOLQJ� RI� LQWHUDFWLRQV� EHWZHHQ� DJHQWV� DQG� WKH� HQYLURQPHQW� LV� UHFRJQL]HG� >��� ��@��
7KLV�LV�RI�LPSRUWDQFH�VLQFH�WKH�HQYLURQPHQW�SOD\V�D�FUXFLDO�UROH�LQ�WKH�IXQFWLRQLQJ�RI�
RUJDQL]DWLRQV��0RUHRYHU�� IRU�PRGHOLQJ� LQ� JHQHUDO�� YHULILFDWLRQ� DQG� YDOLGDWLRQ� RI� WKH�
PRGHOV�XVHG�RU�JHQHUDWHG�LV�RI�WKH�XWPRVW�LPSRUWDQFH��7KLV�LV�QR�GLIIHUHQW�IRU�PRGHO�
LQJ� RUJDQL]DWLRQV�� +RZHYHU�� WKLV� DVSHFW� RI�PRGHOLQJ� RUJDQL]DWLRQV� LV� IUHTXHQWO\� LJ�
QRUHG��WZR�RI�WKH�H[FHSWLRQV�DUH�752326�>�@�DQG�,6/$1'(5��

������$�QHZ�SHUVSHFWLYH�
,Q� WKLV�SDSHU��ZH�SURSRVH� DQ� DSSURDFK� IRU� IRUPDO� VSHFLILFDWLRQ�RI�RUJDQL]DWLRQV��7R�
WKLV� HQG�� LW� LV� KLJKO\� VXLWDEOH� IRU� VSHFLI\LQJ�PHFKDQLVWLF� W\SHV� RI� RUJDQL]DWLRQV�� L�H���
PDFKLQH� DQG� SURIHVVLRQDO� EXUHDXFUDF\� DQG� GLYLVLRQDOL]HG� IRUPV� RI� RUJDQL]DWLRQV��
)XUWKHUPRUH��WKLV�DSSURDFK�FDQ�DOVR�EH�DSSOLHG�IRU�PRGHOLQJ�RUJDQLF�W\SHV�RI�RUJDQL�
]DWLRQV��ZKHQ�H[WHQGHG�ZLWK�RUJDQL]DWLRQDO�FKDQJH�WHFKQLTXHV��

7KH�SURSRVHG��IRUPDO�DSSURDFK�FDQ�FDSWXUH�ERWK�VWUXFWXUDO�DQG�G\QDPLF�DVSHFWV�RI�
WKH�RUJDQL]DWLRQ�DQG��VXEVHTXHQWO\��KDV�IRXU�DGYDQWDJHV��

���� 5HSUHVHQWDWLRQ�RI�RUJDQL]DWLRQ�VWUXFWXUH��LQFOXGLQJ�VSHFLILFDWLRQV�RI�DFWRUV��RU�
UROHV���UHODWLRQV�EHWZHHQ�WKHP��DQG�LQIRUPDWLRQ�IORZV���

���� 7KH�PHDQV�IRU�VLPXODWLRQV�RI�GLIIHUHQW�VFHQDULRV�RQ� WKH�EDVLV�RI�D�PRGHO�DQG�
REVHUYLQJ�WKHLU�UHVXOWV��

���� 2UJDQL]DWLRQ� DQDO\VLV� E\� PHDQV� RI� YHULI\LQJ� VWDWLF� DQG� G\QDPLF� SURSHUWLHV�
DJDLQVW� �IRUPDOL]HG�� HPSLULFDO� GDWD�� WDNHQ� IURP� UHDO� RUJDQL]DWLRQV�� RU� DJDLQVW�
VLPXODWHG�VFHQDULRV��

���� 'LDJQRVLV� RI� LQFRQVLVWHQFLHV�� UHGXQGDQFLHV�� DQG� HUURUV� LQ� VWUXFWXUH� DQG� IXQF�
WLRQLQJ��H�J���ZLWK�UHJDUG�WR�RUJDQL]DWLRQDO�SHUIRUPDQFH�LQGLFDWRUV��RI�UHDO�RU�
JDQL]DWLRQV�DQG�SURYLGLQJ�UHFRPPHQGDWLRQV�IRU�WKHLU�LPSURYHPHQW��

,Q� WKH� SURSRVHG� PRGHO�� RUJDQL]DWLRQV� DUH� VSHFLILHG� DV� FRPSRVLWH� UROHV� WKDW� FDQ� EH�
UHILQHG�� 7KH� UHILQHG� VWUXFWXUHV� FRQVLVW� RI� �LQWHUDFWLQJ�� UROHV�� UHSUHVHQWLQJ� DV� PDQ\�
DJJUHJDWLRQ�OHYHOV�DV�QHHGHG��0RUHRYHU��JOREDO�QRUPDWLYH�DVSHFWV�RI�DQ�RUJDQL]DWLRQ�
DUH� FRQVLGHUHG� DV� VWDWLF� DQG� G\QDPLF� SURSHUWLHV� RI� WKH� UROH�� GHILQHG� DW� WKH� KLJKHVW�
DEVWUDFWLRQ� OHYHO� �L�H���ZKLFK�UHSUHVHQWV� WKH�ZKROH�RUJDQL]DWLRQ���ZLWKRXW�UHFRJQL]LQJ�
WKHP�DV�VSHFLDO�QRWLRQV�DQG�SODFLQJ�DWRS�RI�DQ�RUJDQL]DWLRQ��,Q�DGGLWLRQ��WKH�HQYLURQ�
PHQW�LV�FRQVLGHUHG�DV�D�VSHFLDO�FRPSRQHQW�RI�DQ�RUJDQL]DWLRQ�PRGHO���

7KH�PRGHOLQJ�PHWKRG� LQWURGXFHG� LQ� WKLV�SDSHU�LQFRUSRUDWHV�WZR�W\SHV�RI�YHULILFD�
WLRQ�DQG�YDOLGDWLRQ�WHFKQLTXHV��UROH�FHQWHUHG�DQG�DJHQW�FHQWHUHG��DV�ZLOO�EH�GLVFXVVHG�
LQ� 6HFWLRQ� ���+RZHYHU�� ILUVW� WKH�PRGHO� LWVHOI�ZLOO� EH� LQWURGXFHG� LQ� WKH� QH[W� VHFWLRQ��
IROORZHG�E\�LWV�IRUPDO�VSHFLILFDWLRQ��
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����2UJDQL]DWLRQ�0RGHOLQJ�&RQFHSWV�
,Q� WKLV� VHFWLRQ�� WKH� FRQFHSWV� DUH� LQWURGXFHG�RQ�ZKLFK� WKH�RUJDQL]DWLRQ�PRGHOLQJ�DS�
SURDFK�LV�IRXQGHG��)LUVW��WKH�VSHFLILFDWLRQ�RI�WKH�RUJDQL]DWLRQDO�VWUXFWXUH�LV�GHVFULEHG��
$�WHPSODWH�PRGHO� LV�JHQHUDWHG��ZKLFK�HQFDSVXODWHV� WKH�VWUXFWXUH�RI�WKH�RUJDQL]DWLRQ��
2Q�DOO�H[LVWLQJ�OHYHOV�RI�DJJUHJDWLRQ��WKH�EHKDYLRU�RI�DQ�RUJDQL]DWLRQ�FDQ�EH�GHVFULEHG��
7DNHQ� WRJHWKHU�� WKLV�SURYLGHV�GHVFULSWLRQ�RI� WKH�EHKDYLRU�RI�DQ�RUJDQL]DWLRQ��,Q�6HF�
WLRQ������ZLOO� EH� H[SODLQHG�KRZ� VXFK�G\QDPLF�EHKDYLRU� FDQ�EH� VSHFLILHG�� ,Q�6HFWLRQ�
�����WKH�WUDQVLWLRQ�IURP�WHPSODWH�PRGHO�WR�GHSOR\HG�PRGHO�ZLOO�EH�GLVFXVVHG���

������2UJDQL]DWLRQ�VWUXFWXUH�
$Q�RUJDQL]DWLRQ�VWUXFWXUH�LV�GHVFULEHG�E\�UHODWLRQVKLSV�EHWZHHQ�UROHV�DW�WKH�VDPH�DQG�
DW�DGMRLQLQJ�DJJUHJDWLRQ�OHYHOV�DQG�EHWZHHQ�SDUWV�RI�WKH�FRQFHSWXDOL]HG�HQYLURQPHQW�
DQG�UROHV��7KH�VSHFLILFDWLRQ�RI�DQ�RUJDQL]DWLRQ�VWUXFWXUH�XVHV�WKH�IROORZLQJ�HOHPHQWV���

����$�UROH�UHSUHVHQWV�D�VXEVHW�RI�IXQFWLRQDOLWLHV��SHUIRUPHG�E\�DQ�RUJDQL]DWLRQ��DE�
VWUDFWHG�IURP�VSHFLILF�DJHQWV�ZKR�IXOILOO�WKHP���

(DFK�UROH�FDQ�EH�FRPSRVHG�E\�VHYHUDO�RWKHU�UROHV��XQWLO�WKH�QHFHVVDU\�GHWDLOHG�OHYHO�
RI�DJJUHJDWLRQ�LV�DFKLHYHG��$�UROH�WKDW�LV�FRPSRVHG�RI��LQWHUDFWLQJ��VXEUROHV��LV�FDOOHG�
D�FRPSRVLWH�UROH��(DFK�UROH�KDV�DQ�LQSXW�DQG�DQ�RXWSXW�LQWHUIDFH��ZKLFK�IDFLOLWDWH�LQ�WKH�
LQWHUDFWLRQ��FRPPXQLFDWLRQ��ZLWK�RWKHU�UROHV��7KH�LQWHUIDFHV�DUH�GHVFULEHG�LQ�WHUPV�RI�
LQWHUDFWLRQ� �LQSXW� DQG� RXWSXW�� RQWRORJLHV�� D� YRFDEXODU\� RU� D� VLJQDWXUH� VSHFLILHG� LQ�
RUGHU�VRUWHG� ORJLF�� $W� WKH� KLJKHVW� DJJUHJDWLRQ� OHYHO�� WKH� ZKROH� RUJDQL]DWLRQ� FDQ� EH�
UHSUHVHQWHG�DV�RQH�UROH��6XFK�UHSUHVHQWDWLRQ�LV�XVHIXO�ERWK�IRU�VSHFLI\LQJ�JHQHUDO�RU�
JDQL]DWLRQDO�SURSHUWLHV�DQG�IXUWKHU�XWLOL]LQJ�DQ�RUJDQL]DWLRQ�DV�D�FRPSRQHQW�IRU�PRUH�
FRPSOH[�RUJDQL]DWLRQV��*UDSKLFDOO\��D�UROH�LV�UHSUHVHQWHG�DV�DQ�HOOLSVH�ZLWK�ZKLWH�GRWV�
�WKH� LQSXW� LQWHUIDFHV�� DQG� EODFN� GRWV� �WKH� RXWSXW� LQWHUIDFHV���5ROHV� DQG� UHODWLRQV�EH�
WZHHQ� WKHP�DUH�VSHFLILHG�XVLQJ�VRUWV�DQG�SUHGLFDWHV� IURP�WKH�VWUXFWXUH�RQWRORJ\��VHH�
7DEOH�����

����$Q�LQWHUDFWLRQ�OLQN�UHSUHVHQWV�DQ�LQIRUPDWLRQ�FKDQQHO�EHWZHHQ�WZR�UROHV�DW�WKH�
VDPH�DJJUHJDWLRQ�OHYHO��*UDSKLFDOO\��LW�LV�GHSLFWHG�DV�D�VROLG�DUURZ��ZKLFK�GHQRWHV�WKH�
GLUHFWLRQ�RI�SRVVLEOH�LQIRUPDWLRQ�WUDQVIHU���

����7KH�FRQFHSWXDOL]HG�HQYLURQPHQW�UHSUHVHQWV�D�VSHFLDO�FRPSRQHQW�RI�DQ�RUJDQL]D�
WLRQ�PRGHO��6LPLODUO\�WR�UROHV��WKH�HQYLURQPHQW�KDV�LQSXW�DQG�RXWSXW�LQWHUIDFHV��ZKLFK�
IDFLOLWDWH�LQ�WKH�LQWHUDFWLRQ�ZLWK�UROHV�RI�DQ�RUJDQL]DWLRQ��7KH�LQWHUIDFHV�DUH�FRQFHSWX�
DOL]HG�E\�WKH�HQYLURQPHQW�LQWHUDFWLRQ��LQSXW�DQG�RXWSXW��RQWRORJLHV��7KHVH�RQWRORJLHV�
DUH�GHILQHG�XVLQJ� WKUHH� W\SHV�RI�SUHGLFDWHV�� WRBEHBREVHUYHG��REVHUYDWLRQBUHVXOW�� DQG�
WRBEHBSHUIRUPHG��VHH�7DEOH������

7KH�LQWHUQDO�VSHFLILFDWLRQ�IRU�WKH�HQYLURQPHQW�FDQ�EH�FRQFHSWXDOL]HG�XVLQJ�RQH�RI�
WKH�H[LVWLQJ�ZRUOG�RQWRORJLHV��H�J���&<&��6802��729(���,W�FDQ�EH�GHILQHG�E\�D�VHW�
RI�REMHFWV�ZLWK�FHUWDLQ�SURSHUWLHV�DQG�VWDWHV�DQG�ZLWK�FDXVDO�UHODWLRQV�EHWZHHQ�REMHFWV��
*UDSKLFDOO\��WKH�HQYLURQPHQW�LV�GHSLFWHG�DV�D�UHFWDQJOH�ZLWK�URXQGHG�FRUQHUV���

����$Q� HQYLURQPHQW� LQWHUDFWLRQ� OLQN� UHSUHVHQWV� DQ� LQIRUPDWLRQ� FKDQQHO�EHWZHHQ�D�
UROH�DQG�WKH�FRQFHSWXDOL]HG�HQYLURQPHQW��*UDSKLFDOO\��LW�LV�GHSLFWHG�DV�D�GRWWHG�DUURZ��
ZKLFK�GHQRWHV�WKH�GLUHFWLRQ�RI�SRVVLEOH�LQIRUPDWLRQ�WUDQVIHU���
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7DEOH����2QWRORJ\�IRU�IRUPDOL]LQJ�RUJDQL]DWLRQDO�VWUXFWXUH�
������� �	��
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����$Q�LQWHUOHYHO�OLQN�FRQQHFWV�D�FRPSRVLWH�UROH�ZLWK�RQH�RI�LWV�VXEUROHV��,W�UHSUH�
VHQWV�D� WUDQVLWLRQ�EHWZHHQ� WZR�DGMDFHQW�DJJUHJDWLRQ�OHYHOV��,W�PD\�GHVFULEH�DQ�RQWRO�
RJ\�PDSSLQJ�IRU�UHSUHVHQWLQJ�PHFKDQLVPV�RI�LQIRUPDWLRQ�DEVWUDFWLRQ��*UDSKLFDOO\�� LW�
LV�GHSLFWHG�DV�D�GDVKHG�DUURZ��ZKLFK�VKRZV�WKH�GLUHFWLRQ�RI�WKH�LQWHUOHYHO�WUDQVLWLRQ���

$�VWUXFWXUH�PRGHO�RI�DQ�RUJDQL]DWLRQ� WKDW�FRQVLVWV�RI�ILYH�W\SHV�RI�HOHPHQWV�OLVWHG�
DERYH�FDQ�EH�VSHFLILHG�XVLQJ�VWUXFWXUH�RQWRORJ\��VHH�7DEOH�����

������2UJDQL]DWLRQDO�G\QDPLFV�
At each aggregation level it can be specified how the organization’s behavior is aV�
VXPHG�WR�EH��7R�WKLV�HQG��RUJDQL]DWLRQ�G\QDPLFV�DUH�GHVFULEHG�E\�D�G\QDPLF�UHSUHVHQ�
WDWLRQ�� IRU� HDFK� RI� WKH� HOHPHQWV� LQ� DQ� RUJDQL]DWLRQ� VWUXFWXUH�� 7KH� G\QDPLFV� RI� HDFK�
VWUXFWXUDO� HOHPHQW� DUH� GHILQHG� E\� WKH� VSHFLILFDWLRQ� RI� D� VHW� RI� G\QDPLF� SURSHUWLHV��
IRUPDOL]HG�XVLQJ�WKH�G\QDPLF�RQWRORJ\��VHH�7DEOH�����

:H�GHILQH�ILYH�W\SHV�RI�G\QDPLF�SURSHUWLHV��
����$�UROH�SURSHUW\��53��GHVFULEHV�WKH�UHODWLRQVKLS�EHWZHHQ�LQSXW�DQG�RXWSXW�VWDWHV�

RI�D�UROH��RYHU�WLPH��7KH�LQSXW�DQG�RXWSXW�VWDWHV�DUH�UHSUHVHQWHG�DV�DQ�DVVLJQPHQW�RI�
WUXWK�YDOXHV�WR�WKH�VHW�RI�JURXQG�DWRPV��H[SUHVVHG�LQ�WHUPV�RI�D�UROH�LQWHUDFWLRQ��LQSXW�
RU�RXWSXW��RQWRORJ\��)RU�H[DPSOH��LQ�WKH�VHWWLQJV�RI�D�W\SLFDO�ORJLVWLFV�FRPSDQ\�D�UROH�
SURSHUW\�RI�D�WUXFN�GULYHU�ZRXOG�EH��LI�UROH�7UXFN�'ULYHU�UHFHLYHV�D�UHTXHVW�IURP�KLV�
PDQDJHU�WR�SURYLGH�KLV�FRRUGLQDWHV��WKHQ�UROH�7UXFN�'ULYHU�ZLOO�JHQHUDWH�WKLV�GDWD�IRU�
KLV�PDQDJHU��
7DEOH����'\QDPLFV�RQWRORJ\�IRU�IRUPDOL]LQJ�SURSHUWLHV�RI�DQ�RUJDQ]DWLRQ�
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�
�����$�WUDQVIHU�SURSHUW\� �73��GHVFULEHV� WKH� UHODWLRQVKLS�RI� WKH�RXWSXW�VWDWH�RI� WKH�

VRXUFH�UROH�RI�DQ�LQWHUDFWLRQ�OLQN�WR�WKH�LQSXW�VWDWH�RI�WKH�GHVWLQDWLRQ�UROH��$JDLQ��LQ�WKH�
VHWWLQJV� RI� D� ORJLVWLF� FRPSDQ\� DQ� H[DPSOH� RI� D� WUDQVIHU� FRPSDQ\�ZRXOG� EH�� LI� UROH�
&XVWRPHU� JHQHUDWHV� DQ� RUGHU� WR� UROH� 7UDQVSRUW� &RPSDQ\�� WKHQ� 7UDQVSRUW� &RPSDQ\�
ZLOO�UHFHLYH�WKLV�RUGHU��



� ��

����$Q�LQWHUOHYHO�OLQN�SURSHUW\��,/3��GHVFULEHV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�LQSXW�
RU�RXWSXW� VWDWH�RI�D�FRPSRVLWH� UROH�DQG� WKH� LQSXW�RU�RXWSXW�VWDWH�RI� LWV�VXEUROH��1RWH�
WKDW�DQ�LQWHUOHYHO�OLQN�LV�FRQVLGHUHG�WR�EH�LQVWDQWDQHRXV��LW�GRHV�QRW�UHSUHVHQW�D�WHPSR�
UDO�SURFHVV��EXW�JLYHV�D�GLIIHUHQW�YLHZ��XVLQJ�D�GLIIHUHQW�RQWRORJ\��RQ�WKH�VDPH�LQIRU�
PDWLRQ�VWDWH��$Q�LQWHUOHYHO�WUDQVLWLRQ�LV�VSHFLILHG�E\�DQ�RQWRORJ\�PDSSLQJ��ZKLFK�FDQ�
LQFOXGH�LQIRUPDWLRQ�DEVWUDFWLRQ���

����$Q�HQYLURQPHQW�SURSHUW\��(3��GHVFULEHV�D�WHPSRUDO�UHODWLRQVKLS�EHWZHHQ�VWDWHV�
RU�SURSHUWLHV�RI�REMHFWV�RI�LQWHUHVW�LQ�WKH�HQYLURQPHQW��

����$Q�HQYLURQPHQW�LQWHUDFWLRQ�SURSHUW\��(,3��GHVFULEHV�D�UHODWLRQ�HLWKHU�EHWZHHQ�
WKH�RXWSXW�VWDWH�RI� WKH�HQYLURQPHQW�DQG� WKH� LQSXW�VWDWH�RI�D�UROH��RU�DQ�DJHQW��RU�EH�
WZHHQ� WKH�RXWSXW�VWDWH�RI�D�UROH��RU�DQ�DJHQW��DQG�WKH�LQSXW�VWDWH�RI�WKH�HQYLURQPHQW��
2Q�RQH�KDQG�� UROHV��RU�DJHQWV��DUH�FDSDEOH�RI�REVHUYLQJ�VWDWHV�DQG�SURSHUWLHV�RI�RE�
MHFWV�LQ�WKH�HQYLURQPHQW��RQ�WKH�RWKHU�KDQG��WKH\�FDQ�DFW�RU�UHDFW�DQG��WKXV��DIIHFW�WKH�
HQYLURQPHQW��:H�GLVWLQJXLVK�SDVVLYH�DQG�DFWLYH�REVHUYDWLRQ�SURFHVVHV��)RU�H[DPSOH��
ZKHQ� VRPH� REMHFW� LV� REVHUYDEOH� E\� D� UROH� �RU� DQ� DJHQW�� DQG� WKH� UROH� �RU� WKH� DJHQW��
FRQWLQXRXVO\�NHHSV�WUDFN�RI�LWV�VWDWH��FKDQJLQJ�LWV�LQWHUQDO�UHSUHVHQWDWLRQ�RI�WKH�REMHFW�
LI�QHFHVVDU\��SDVVLYH�REVHUYDWLRQ�RFFXUV��)RU�SDVVLYH�REVHUYDWLRQ��QR�LQLWLDWLYH�RI�WKH�
UROH� RU� DJHQW� LV� QHHGHG�� $FWLYH� REVHUYDWLRQ� LV� DOZD\V� FRQFHUQHG� ZLWK� WKH� UROH� RU�
agent’s initiDWLYH��

������'HSOR\HG�PRGHO�DQG�DJHQW�DOORFDWLRQ�
7KH� JHQHULF� RU� WHPSODWH� PRGHO� RI� DQ� RUJDQL]DWLRQ� SURYLGHV� DEVWUDFWHG� LQIRUPDWLRQ�
FRQFHUQLQJ�LWV�VWUXFWXUH�DQG�LWV�IXQFWLRQLQJ��+RZHYHU��IRU�D�PRUH�GHWDLOHG�DQDO\VLV��D�
GHSOR\HG�PRGHO�LV�QHHGHG��,W�VKRXOG�EH�EDVHG�RQ�ERWK�XQIROGHG�JHQHULF�UHODWLRQV�EH�
WZHHQ� UROHV�� DV� GHILQHG� LQ� WKH� WHPSODWH�PRGHO�� DQG� RQ� FUHDWLQJ� QHZ� UROH� LQVWDQFHV��
0RUHRYHU�� WKH� HQYLURQPHQW� �RU� VFHQDULR�� LQIOXHQFHV� WKH� VSHFLILFDWLRQ� RI� D� GHSOR\HG�
PRGHO� FRQVLGHUDEO\�� 6XEVHTXHQWO\�� GLIIHUHQW� GHSOR\HG� PRGHOV� FDQ� EH� VSHFLILHG� IRU�
GLIIHUHQW�VFHQDULRV�XVLQJ�WKH�VDPH�WHPSODWH�PRGHO�RI�DQ�RUJDQL]DWLRQ��)RU�IRUPDOL]LQJ�
WKH�VWUXFWXUH�DQG�EHKDYLRU�RI�D�GHSOR\HG�PRGHO�� WKH�VDPH�RQWRORJLHV�DUH�XVHG�DV�IRU�
IRUPDOL]LQJ�D�WHPSODWH�PRGHO��

7KH�GHSOR\HG�PRGHO�DEVWUDFWV�IURP�WKH�DFWXDO�DJHQW�DOORFDWLRQ�EXW�SURYLGHV�WKH�GH�
WDLOHG�VSHFLILFDWLRQV�IRU�WKH�EHKDYLRU�RI�UROH�LQVWDQFHV��%DVHG�RQ�WKHVH�VSHFLILFDWLRQV��D�
VHW�RI�UHTXLUHPHQWV�LV�IRUPXODWHG�IRU�HDFK�UROH�LQVWDQFH��7KHVH�UHTXLUHPHQWV��UHVWULFW�
LQJ� DQG� GHILQLQJ� EHKDYLRU�� DUH� LPSRVHG� RQWR� WKH� DJHQWV�� ZKR�ZLOO� HYHQWXDOO\� HQDFW�
WKHVH�UROHV��,Q�VRPH�VFHQDULRV�D�FRPSOH[�UROH�FDQ�DFW�DV�D�VLQJOH�DJJUHJDWHG�UROH��WKXV�
UHSUHVHQWLQJ�LWV�FRQVWLWXWLQJ�VXEUROHV��,Q�VXFK�FDVHV��DQ�DJHQW�V��FDQ�EH�DVVLJQHG�WR�WKH�
FRPSOH[�UROH��,I��IRU�VRPH�UHDVRQ��DQ�DOORFDWHG�DJHQW�LV�QRW�DQ\PRUH�FDSDEOH�RI�HQDFW�
LQJ�D�FHUWDLQ�UROH��G\QDPLF�UHDOORFDWLRQ�RI�DQRWKHU�DJHQW�ZLOO�WDNH�SODFH��DV�GHVFULEHG�
LQ�6HFWLRQ�����
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����6SHFLILFDWLRQ�RI�WKH�2UJDQL]DWLRQ�0RGHO�
,Q�WKH�SUHYLRXV�VHFWLRQ��WKH�HOHPHQWV�RI�WKH�PHWKRGRORJ\�ZHUH�LQWURGXFHG��7KH�FXUUHQW�
VHFWLRQ�SURYLGHV�WKH�IRUPDO�VSHFLILFDWLRQ�RI�WKHP��

������6WUXFWXUDO�SURSHUWLHV�
6WUXFWXUDO�SURSHUWLHV� UHSUHVHQW� UHODWLRQV�EHWZHHQ�VWUXFWXUDO�HOHPHQWV�RI� WKH�RUJDQL]D�
WLRQ��7KH\�DUH�VSHFLILHG�LQ�D�VRUWHG�ILUVW�RUGHU�SUHGLFDWH�ORJLF��EDVHG�RQ�WKH�VWUXFWXUH�
RQWRORJ\��)RU�H[DPSOH��LQ�WKH�VHWWLQJV�RI�D�ORJLVWLFV�FRPSDQ\��VXEUROHV�)OHHW�0DQDJHU�
�)0�� DQG� /RDG�0DQDJHU� �/0�� EHORQJ� WR� WKH� VDPH� FRPSRVLWH� UROH� 2SHUDWLRQDO� GH�
SDUWPHQW��23���)RUPDOO\��
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2IWHQ��VWUXFWXUDO�SURSHUWLHV�DUH�YDOLG�GXULQJ�WKH�ZKROH�SHULRG�RI�RUJDQL]DWLRQ�H[LVWHQFH�
DQG�FDQ�EH�FRQVLGHUHG�DV�VWDWLF��%XW�LQ�UDSLGO\�GHYHORSLQJ�DQG�DGDSWLQJ�RUJDQL]DWLRQV��
VWUXFWXUDO� FKDQJH� SURFHVVHV� JDLQ� VSHFLDO� LPSRUWDQFH�� 6WUXFWXUDO� SURSHUWLHV� IRU� VXFK�
RUJDQL]DWLRQV� JHW� D� WHPSRUDO� GLPHQVLRQ� DQG� FDQ� EH� FRQVLGHUHG� DV� D� VXEFODVV� RI� G\�
QDPLF�SURSHUWLHV��

������6WDWH�DQG�G\QDPLF�SURSHUWLHV�
$� G\QDPLF� SURSHUW\� UHSUHVHQWV� D� UHODWLRQ� LQ� WLPH� HLWKHU� EHWZHHQ� �LQSXW� RU� RXWSXW��
VWDWHV�RI�UROHV�RU�D��LQSXW�RU�RXWSXW��VWDWH�RI�D�UROH�DQG�D��LQSXW�RU�RXWSXW��VWDWH�RI�WKH�
HQYLURQPHQW�� 7R� DFKLHYH� WKLV�� HYHU\� UROH� DV� ZHOO� DV� WKH� FRQFHSWXDOL]HG� SDUW� RI� WKH�
HQYLURQPHQW�KDV�DVVLJQHG�VWDWH�RQWRORJLHV�IRU�LQSXW�DQG�RXWSXW�VWDWHV��$�VWDWH�IRU�RQ�
WRORJ\� ����� �LV�DQ�DVVLJQPHQW�RI�WUXWK�YDOXHV�WR�WKH�VHW�  � � ����� � �RI�JURXQG�DWRPV�H[SUHVVHG�
LQ� WHUPV� RI� ����� �� 7KH� VHW� RI� DOO� SRVVLEOH� VWDWHV� IRU� VWDWH� RQWRORJ\� ����� � LV� GHQRWHG� E\�!#"  "%$�! � ����� � ���$�VWDWH�SURSHUW\�LV�GHILQHG�E\�D�IRUPXOD�RYHU�D�VWDWH�RQWRORJ\��

5ROH�RU�HQYLURQPHQW�VWDWHV�DUH�UHODWHG�WR�VWDWH�SURSHUWLHV�YLD�WKH�IRUPDOO\�GHILQHG�
VDWLVIDFWLRQ�UHODWLRQ� & ' ��FRPSDUDEOH�WR�WKH� ( �)
 *
� �SUHGLFDWH�LQ�VLWXDWLRQ�FDOFXOXV�� �+� ��� �)� γ ���,������ -���� � � � � & ' - ��ZKLFK�GHQRWHV�WKDW�VWDWH�SURSHUW\� - �KROGV�LQ�WUDFH�γ DW�WLPH� � �LQ�WKH�RXWSXW�
VWDWH�RI�UROH� � ��

)RU�D�IL[HG��OLQHDUO\�RUGHUHG��WLPH�IUDPH� "/. � $ �H�J���QDWXUDO�RU�UHDO�QXPEHUV���D�WUDFH�
γ RYHU� D� VWDWH� RQWRORJ\� ����� � LV� GHILQHG� DV� D�PDSSLQJ� γ 0 "/. � $ → 

!1"  "/$#! � ����� � RU�� LQ�RWKHU�
ZRUGV��D� VHTXHQFH�RI� VWDWHV� γ 243 5 ∈ "/. � $�6 LQ� !1"  "/$#! � ����� �87 7KH�VHW�RI�DOO� WUDFHV�RYHU�VWDWH�
RQWRORJ\� ����� �LV�GHQRWHG�E\� "/9  ;: $#! � ����� �8< �

'\QDPLF�SURSHUWLHV�DUH�VSHFLILHG�LQ�WKH�ODQJXDJH�77/�>��@��7HPSRUDO�7UDFH�/DQ�
JXDJH���EDVHG�RQ�D�VRUWHG�ILUVW�RUGHU�SUHGLFDWH�ORJLF�ZLWK�VRUWV�7,0(�IRU�WLPH�SRLQWV�
DQG�75$&(�IRU�WUDFHV��XVLQJ�TXDQWLILHUV�RYHU�WLPH�DQG�ORJLFDO�FRQQHFWLYHV��7KH�VSHFL�
ILFDWLRQ�RI�SURSHUWLHV�LQ�77/�LV�VXSSRUWHG�E\�D�GHGLFDWHG�HGLWRU�>��@��)RU�H[DPSOHV�RI�
G\QDPLF�SURSHUWLHV�LQ�IRUPDO�IRUP��VHH�6HFWLRQV����
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����9HULILFDWLRQ�DQG�9DOLGDWLRQ�
7KH�PRGHO� DV� LQWURGXFHG� LQ� WKLV� SDSHU� RIIHUV� WKH�PHDQV� IRU� ERWK� UROH�FHQWHUHG� DQG�
DJHQW�FHQWHUHG�YHULILFDWLRQ�DQG�YDOLGDWLRQ��7KLV�VHFWLRQ�EULHIO\�GLVFXVVHV�WKHVH���

5ROH�FHQWHUHG� YHULILFDWLRQ� WHFKQLTXHV� PD\� EH� XVHG� IRU� DQDO\VLV� RI� ERWK� WHPSODWH�
DQG�GHSOR\HG�PRGHOV�RI�RUJDQL]DWLRQV��6XEVHTXHQWO\��LQFRQVLVWHQFLHV�DQG�ERWWOHQHFNV�
LQ�DQ�RUJDQL]DWLRQ�FDQ�EH�GHWHFWHG��$JHQW�FHQWHUHG�YHULILFDWLRQ�WHFKQLTXHV�DUH�XVHG�IRU�
DQDO\]LQJ�VFHQDULRV�ZLWK�UROHV�RI�DQ�RUJDQL]DWLRQ�PRGHO��DOORFDWHG�WR��KXPDQ��DJHQWV��

)RU� WKRVH�FDVHV�ZKHUH�HPSLULFDO� WUDFHV� �L�H��� VHTXHQFHV�RI�VWDWHV��RI� WKH�SURFHVVHV�
ZLWKLQ� DQ� RUJDQL]DWLRQ� DUH� �SDUWLDOO\�� DYDLODEOH�� LW� LV� SRVVLEOH� WR� YDOLGDWH� SURSHUWLHV�
DJDLQVW�VXFK�D�WUDFH��)RU�H[DPSOH��D�WUDFH�FDQ�EH�REWDLQHG�IURP�ORJ�ILOHV�RI�D�FRPSDQ\��
,I�DQ�HPSLULFDO�WUDFH�LV�JLYHQ�LQIRUPDOO\��WKH�ILUVW�VWHS�LV�WR�IRUPDOL]H�LW��E\�KDQG��XVLQJ�
IRUPDO�VWDWH�RQWRORJLHV��,I�LW�LV�DOUHDG\�JLYHQ�LQ�D�IRUPDO�IRUP��WKH�ILUVW�VWHS�LV�WR�WUDQV�
ODWH��H�J���DXWRPDWLFDOO\��WKH�IRUPDO�UHSUHVHQWDWLRQ�LQWR�RQH�EDVHG�RQ�RQWRORJLHV�XVHG�
LQ�WKH�RUJDQL]DWLRQ�PRGHO��)RU�WKH�WUDFH�WKDW�KDV�EHHQ�JHQHUDWHG�E\�VLPXODWLRQ��WUDQVOD�
WLRQ�LQWR�WKH�ULJKW�IRUPDO�IRUPDW�FDQ�EH�DXWRPDWHG�DV�DQ�LQWHUIDFH�EHWZHHQ�WKH�VLPXOD�
WLRQ�HQYLURQPHQW�DQG�WKH�FKHFNLQJ�HQYLURQPHQW��2QFH�VXFK�D�WUDFH�LV�LQ�WKH�ULJKW�IRU�
PDO� IRUP�� LW� LV� SRVVLEOH� WR� YHULI\� G\QDPLF� SURSHUWLHV� RI� WKH� RUJDQL]DWLRQ� �LQFOXGLQJ�
VWUXFWXUDO�SURSHUWLHV���XVLQJ�GHGLFDWHG�FKHFNLQJ�VRIWZDUH���

$V�LQSXW�IRU�WKH�YHULILFDWLRQ�VRIWZDUH��D�IRUPDOL]HG�WUDFH�DQG�D�IRUPDOL]HG�SURSHUW\�
KDYH�WR�EH�SURYLGHG��*LYHQ�VXFK�LQSXW��DIWHU�DXWRPDWLF�YHULILFDWLRQ�RI�WKH�JLYHQ�SURS�
HUW\� DJDLQVW� WKH�JLYHQ� WUDFH�� WKH� VRIWZDUH�ZLOO� JHQHUDWH� D�GHFLVLRQ� �SRVLWLYH�RU�QHJD�
WLYH���7KH�SRVLWLYH�GHFLVLRQ�GHQRWHV�WKDW�WKH�SURSHUW\�KROGV�ZLWK�UHVSHFW�WR�WKH�JLYHQ�
WUDFH��,Q�FDVH�RI�D�QHJDWLYH�GHFLVLRQ��WKH�VRIWZDUH�H[SODLQV�ZK\�WKH�SURSHUW\�GRHV�QRW�
KROG��7KLV�W\SH�RI�YHULILFDWLRQ�LV�VKRZQ�LQ�WKH�FDVH�VWXG\�LQ�6HFWLRQ����

$QRWKHU�YHULILFDWLRQ�PHWKRG�XVHV�D�VLPXODWLRQ�PRGHO�EDVHG�RQ�WKH�VSHFLILFDWLRQ�RI�
WKH�G\QDPLF�SURSHUWLHV�RI� WKH� ORZHU�DJJUHJDWLRQ� OHYHO� IRU�FKHFNLQJ� WKH�SURSHUWLHV�RI�
WKH�KLJKHU�DJJUHJDWLRQ� OHYHO��7KLV�YHULILFDWLRQ�PHWKRG� LV�DOVR�VXSSRUWHG�E\� WKH�GHGL�
FDWHG�FKHFNLQJ�VRIWZDUH�>��@���

:KHQ�DQ�RUJDQL]DWLRQ�PRGHO�LV�VSHFLILHG�LQFOXGLQJ�G\QDPLF�SURSHUWLHV�DW�GLIIHUHQW�
DJJUHJDWLRQ�OHYHOV��LW�LV�QRW�DXWRPDWLFDOO\�JXDUDQWHHG�WKDW�WKHVH�SURSHUWLHV�DW�GLIIHUHQW�
OHYHOV� ILW� WR�HDFK�RWKHU��$�YHULILFDWLRQ�SURFHVV� WKDW�UHODWHV�SURSHUWLHV�DW�RQH�DJJUHJD�
WLRQ� OHYHO� WR� WKRVH�RI�DQRWKHU� OHYHO� �H�J���DV� LQ�FRPSRVLWLRQDO�YHULILFDWLRQ��FDQ�UHYHDO�
LQFRPSOHWHQHVV�RU�LQFRQVLVWHQFLHV��,Q�WKH�FDVH�VWXG\�SUHVHQWHG�LQ�WKH�QH[W�VHFWLRQ��LW�LV�
VKRZQ�KRZ�VXFK�D�PXWXDO�YHULILFDWLRQ�SURFHVV�FDQ�EH�SHUIRUPHG���

����&DVH�VWXG\�
,Q� WKLV� VHFWLRQ��D�FDVH� VWXG\� LV�GHVFULEHG�� ,Q�SDUDOOHO�� WKH�QHZO\�GHYHORSHG�JUDSKLFDO�
UHSUHVHQWDWLRQ�RI�RUJDQL]DWLRQ�PRGHOV�LV�LQWURGXFHG��7KLV�FDVH�VWXG\�ZDV�GRQH�ZLWKLQ�
WKH� SURMHFW�'($/� �'LVWULEXWHG�(QJLQH� IRU�$GYDQFHG�/RJLVWLFV��� )RU� WKH� SURMHFW� GH�
VFULSWLRQ��ZH� UHIHU� WR�KWWS���ZZZ�DOPHQGH�FRP�GHDO���%DVHG�RQ� WKH� LQIRUPDO�GHVFULS�
WLRQ�RI�WKH�VWUXFWXUH�DQG�IXQFWLRQLQJ�RI�WKH�ODUJH�'XWFK�ORJLVWLFV�FRPSDQ\��D�WHPSODWH�
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RUJDQL]DWLRQDO� PRGHO� KDV� EHHQ� FUHDWHG�� 7KH� UHDO� QDPHV� RI� WKH� RUJDQL]DWLRQDO� XQLWV�
ZHUH�VXEVWLWXWHG�E\�JHQHUDO�RQHV��WR�VHFXUH�DQRQ\PLW\�RI�WKH�FRPSDQ\��

$W�WKH�KLJKHVW�OHYHO��DEVWUDFWLRQ�OHYHO����ZH�UHSUHVHQW�WKH�ZKROH�RUJDQL]DWLRQ�DV�RQH�
UROH��$W�DEVWUDFWLRQ�OHYHO���WKH�RUJDQL]DWLRQ�FRQVLVWV�RI�WZR�LQWHUDFWLQJ�UROHV��7&��H[�
SODQDWLRQ�IRU�WKH�DEEUHYLDWLRQV�LV�JLYHQ�LQ�7DEOH����DQG�&,��VHH�)LJ������

�
)LJ�����5HSUHVHQWDWLRQ�RI�WKH�RUJDQL]DWLRQ�DW�DEVWUDFWLRQ�OHYHO���

)XUWKHU��DW�DEVWUDFWLRQ�OHYHO���UROH�7&�LV�EHLQJ�UHILQHG�LQWR�WKUHH�LQWHUDFWLQJ�UROHV��67��
&5��DQG�23��VHH�)LJ�����$OO� LQWHUDFWLRQV�ZLWK�D�FXVWRPHU�DUH�EHLQJ�FRQGXFWHG� LQ�&,�
UROH��$W�DEVWUDFWLRQ�OHYHO���LW�FRQVLVWV�RI�WZR�UROHV��7&5�DQG�&��IRU�JUDSKLFDO�UHSUHVHQ�
WDWLRQ� VHH�)LJ�� ��� IRU� H[SODQDWLRQ� RI� WKH� DEEUHYLDWLRQV� VHH�7DEOH�����5ROH�7&5�SUR�
GXFHV�DW�LWV�RXWSXW�PHVVDJHV�IURP�&5�DQG�67�GHSDUWPHQWV�RI�WKH�WUDQVSRUW�FRPSDQ\��
L�H���&5�DQG�67�UROHV�VWDQG�DV�FRPSDQ\�UHSUHVHQWDWLYHV�LQ�FHUWDLQ�LQWHUDFWLRQV�ZLWK�D�
FXVWRPHU��7KHUHIRUH��WKH�LQSXW�VWDWH�RI�UROH�7&5�KDV�LQIOXHQFH�RQ�WKH�RXWSXW�VWDWH�RI�
UROH� &5� DQG� YLFH� YHUVD�� 7KH� VDPH� KROGV� IRU� UROH� 67�� 7KH� FRUUHVSRQGLQJ� G\QDPLF�
SURSHUWLHV�PD\�EH�VSHFLILHG�DW�DEVWUDFWLRQ�OHYHO���DQG�FDQ�EH�IXUWKHU�UHILQHG�LQWR�EDVLF�
SURSHUWLHV�DW� ORZHU�DEVWUDFWLRQ�OHYHOV�� �,Q�RXU�FDVH�VWXG\��ZH�SDUWLFXODUO\�FRQFHQWUDWH�
RQ�WKH�VWUXFWXUH�DQG�IXQFWLRQLQJ�RI�WKH�23��VHH�)LJ����DQG�7DEOH�����SDUW�RI�WKH�7&��

�
)LJ�����5HSUHVHQWDWLRQ�RI��D��WKH�WUDQVSRUW�FRPSDQ\��7&��DQG��E��WKH�FXVWRPHU�LQWHUDFWLRQ�UROH�
�&,��DW�DEVWUDFWLRQ�OHYHO���

�
)LJ�����5HSUHVHQWDWLRQ�RI�WKH�RSHUDWLRQDO�GHSDUWPHQW�DW�DEVWUDFWLRQ�OHYHO���

�
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7DEOH����5ROH�QDPHV��DEEUHYLDWLRQV��DQG�GHVFULSWLRQV�IRU�WKH�RUJDQL]DWLRQDO�PRGHO�LQ�WKH�FDVH�
VWXG\�

5ROH�QDPH� $EEUHYLDWLRQ� 'HVFULSWLRQ�
7UDQVSRUW�&RPSDQ\� 7&� 3URYLGHV�ORJLVWLF�VHUYLFHV�WR�FXVWRPHUV�
&XVWRPHU�,QWHUDFWLRQ� &,� ,GHQWLILHV� LQWHUDFWLRQ� UXOHV� EHWZHHQ� D� FXVWRPHU�

DQG�WKH�WUDQVSRUW�FRPSDQ\�
6WUDWHJ\� DQG� 7DFWLFDO�
'HSDUWPHQW�

67� 3HUIRUPV� DQDO\VLV� DQG� SODQQLQJ� RI� FRPSDQ\�
DFWLYLWLHV�� FRQVLGHUV� FRPSODLQWV� IURP� FXVWRPHUV��
DQDO\VHV� WKH� VDWLVIDFWLRQ� OHYHO� RI� D� FXVWRPHU� E\�
PHDQV�RI�VXUYH\V�DQG�TXHVWLRQQDLUHV�

&XVWRP� 5HODWLRQV�
'HSDUWPHQW�

&5� +DQGOHV�UHTXHVWV�IURP�FXVWRPHUV�

2SHUDWLRQDO� 'HSDUW�
PHQW�

23� 5HVSRQVLEOH� IRU� GLUHFW� IXOILOOPHQW� RI� WKH� RUGHU�
IURP�D�FXVWRPHU�

7UDQVSRUW� &RPSDQ\�
5HSUHVHQWDWLYH�

7&5� 0HGLDWRU� UROH�EHWZHHQ�D�FXVWRPHU�DQG�WKH� WUDQV�
SRUW�FRPSDQ\�

&XVWRPHU� &� *HQHUDWHV� DQ� RUGHU� IRU� WKH� WUDQVSRUW� FRPSDQ\��
VHQGV�LQTXLULHV�DERXW�WKH�GHOLYHU\�VWDWXV�

6DOHV�3HUVRQ� 63� $VVLJQV�DQ�RUGHU�WR�D�FHUWDLQ�ORDG�PDQDJHU��EDVHG�
RQ�WKH�W\SH�DQG�WKH�UHJLRQ�RI�D�GHOLYHU\�

/RDG�0DQDJHU� /0� $VVLJQV� RUGHUV� WR� VXLWDEOH� WUXFNV� DQG� DYDLODEOH�
GULYHUV�� DVVLJQV� IOHHW� PDQDJHUV� WR� GULYHUV�� SUR�
YLGHV�&5�GHSDUWPHQW�ZLWK�XS�WR�GDWH�LQIRUPDWLRQ�
DERXW�GHOLYHU\��SURYLGHV�D�GULYHU�ZLWK�LQVWUXFWLRQV�
LQ� FDVH�RI�D� VHYHUH�SUREOHP�� LQIRUPV�&5�GHSDUW�
PHQW�DERXW�SRVVLEOH�GHOD\V�ZLWK�GHOLYHU\�

)OHHW�0DQDJHU� )0� .HHSV�FRQVWDQW�FRQWDFW�ZLWK�WKH�DVVLJQHG�GULYHUV��
XSGDWHV� DXWRPDWLF� VXSSRUW� V\VWHP� ZLWK� DFWXDO�
GDWD�RQ�WKH�GHOLYHU\�VWDWXV��SURYLGHV�FRQVXOWDWLRQV�
IRU�GULYHUV�LQ�FDVH�RI�PLQRU�SUREOHPV�LQ�WUDQVLW�

'ULYHU� '� 'HOLYHUV�JRRGV��LQIRUPV�D�VXSHULRU�IOHHW�PDQDJHU�
DERXW� WKH� GHOLYHU\� VWDWXV�� LQWHUDFWV� �E\�PHDQV� RI�
REVHUYDWLRQV�DQG�DFWLRQV��ZLWK�WKH�FRQFHSWXDOL]HG�
SDUW�RI�WKH�HQYLURQPHQW�

(QYLURQPHQW� (QY� 5HSUHVHQWV� WKH� FRQFHSWXDOL]HG� HQYLURQPHQW�� LQ�
WKLV�FDVH�VWXG\�RQO\�D�GULYHU�LQWHUDFWV�ZLWK�LW�

�
7KH�VWDWLF�DVSHFWV�RI�WKH�FRQVLGHUHG�RUJDQL]DWLRQ�KDYH�EHHQ�IRUPDOO\�GHVFULEHG�LQ�WKH�
RUJDQL]DWLRQ� VWUXFWXUH� VSHFLILFDWLRQ�� 7KH� VHWV� RI� G\QDPLF� SURSHUWLHV� IRU� WKH� FRPSR�
QHQWV�RI�WKH�RUJDQL]DWLRQ�VWUXFWXUH�KDYH�EHHQ�LGHQWLILHG�DW�GLIIHUHQW�DEVWUDFWLRQ�OHYHOV��
)RU� H[DPSOH�� FRQVLGHU� WKH� LQIRUPDWLRQ� GLVWULEXWLRQ� SURSHUW\� RI� UROH� 23� FDOOHG�
53��23��� VSHFLILHG� DW� DEVWUDFWLRQ� OHYHO� ��� ,QIRUPDOO\�� ZKHQ� D� VHYHUH� SUREOHP� ZLWK�
VRPH� GHOLYHU\� RFFXUV�� 23� VKRXOG� JHQHUDWH� D� PHVVDJH� WR� &5� DERXW� SRVVLEOH� GHOD\��
)RUPDOO\� �IRU� GHVFULSWLRQ� RI� WKH� SUHGLFDWHV� XVHG� IRU� IRUPDOL]LQJ� G\QDPLF� SURSHUWLHV�
VHH�7DEOH�����
∀γ � �������	� ∀ 
��
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7KLV� SURSHUW\� FDQ� EH� ORJLFDOO\� UHODWHG� WR� WKH� FRQMXQFWLRQ� RI� G\QDPLF� SURSHUWLHV� DW�
ORZHU�DEVWUDFWLRQ�OHYHO���LQ�WKH�IROORZLQJ�ZD\��
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/HW�XV�VKRZ��E\�PHDQV�RI� WKH�YHULILFDWLRQ� WHFKQLTXH�GHVFULEHG�LQ�6HFWLRQ����WKDW�WKLV�
ORJLFDO� UHODWLRQ� LQGHHG� KROGV�� %HWZHHQ� EUDFNHWV�� WKH� DEEUHYLDWLRQV� RI� WKH� G\QDPLF�
SURSHUWLHV��ZKLFK�DUH�DSSOLFDEOH��DUH�SURYLGHG��FRQIRUP�WKH�VSHFLILFDWLRQ�SURYLGHG�LQ�
6HFWLRQ������,Q�WKH�HQYLURQPHQW�RFFXUV�DQ�HYHQW��D�VHYHUH�LQFLGHQW�ZLWK�WKH�WUXFN�7��IRU�
ZKLFK�UROH�'�LV�UHVSRQVLEOH��(3����'�REVHUYHV�WKLV�LQFLGHQW��(,3���DQG�UHDFWV�E\�JHQ�
HUDWLQJ�D�UHTXHVW�IRU�DGYLFH�WR�)0��53����)0�UHFHLYHV�WKLV�UHTXHVW��73����)0�LV�QRW�
HPSRZHUHG�RI�PDNLQJ�GHFLVLRQV� LQ� VXFK�VLWXDWLRQV�� WKHUHIRUH� V�KH�SURSDJDWHV� WKH� UH�
TXHVW�IXUWKHU�WR�/0��53����/0�UHFHLYHV�WKH�UHTXHVW��73����/0�RIILFLDOO\�LGHQWLILHV�WKH�
LQFLGHQW�DV�VHYHUH��53���DQG�RXWSXWV�WKH�QRWLILFDWLRQ�DERXW�D�SRVVLEOH�GHOD\�IURP�UROH�
23� WR�&5� �,/3����7KXV�� E\� WKH�PDQXDOO\� FRQGXFWHG��PDWKHPDWLFDO� SURRI�� WKH�SUHYL�
RXVO\� LGHQWLILHG� ORJLFDO� UHODWLRQ� EHWZHHQ� WZR� DGMRLQLQJ� DJJUHJDWLRQ� OHYHO� VSDFHV� LQ�
GHHG�KROGV��,Q�JHQHUDO��DWWHPSWLQJ�WR�VHW�XS�VXFK�D�PDQXDOO\�FRQGXFWHG��PDWKHPDWLFDO�
SURRI�FDQ�UHYHDO�PLVVLQJ�SUHPLVHV�RU�RWKHU�VKRUWFRPLQJV�VXFK�DV�LQFRQVLVWHQFLHV��

,Q�WKH�GHSOR\HG�PRGHO�IRU�WKH�FRQVLGHUHG�FDVH�VWXG\��DOO�UROHV�VSHFLILHG�DW�DEVWUDF�
WLRQ� OHYHOV���DQG���KDYH�RQH�WR�RQH�PDSSLQJ� WR� WKH� UROH� LQVWDQFHV��:KLOH� UROHV�/0��
)0�DQG�'��GHILQHG�DW�DEVWUDFWLRQ�OHYHO����KDYH�PXOWLSOH�LQVWDQFHV��H�J���/0�DQG�)0�
DUH�UHSUHVHQWHG�GLIIHUHQWO\�LQ�GLIIHUHQW�JHRJUDSKLFDO�UHJLRQV�DQG��VXEVHTXHQWO\��GLIIHU�
HQW�W\SHV�RI�WUXFNV�DQG�SURIHVVLRQDO�VNLOOV�RI�GULYHUV�DUH�UHTXLUHG�IRU�GLIIHUHQW�NLQGV�RI�
GHOLYHULHV��7KH�GHSOR\HG�PRGHO�IRU�RXU�FDVH�VWXG\��VHH�)LJ�����LV�EDVHG�RQ�WKH�DVVLJQ�
PHQW� UHODWLRQ� �H�J��� DVVLJQHGBWR�'��� )0���� GHQRWHV� WKDW� D�PLGGOH�VL]H� WUXFN� DQG�KLV�
GULYHU�DUH�DVVLJQHG� WR�WKH�IOHHW�PDQDJHU�LQ�WKH�HDVWHUQ�(XURSH��DQG�UHJLRQ�EHORQJLQJ�
UHODWLRQ� �H�J��� LQBUHJLRQ�'���/0���� VSHFLILHV� WKDW� ERWK� D� ELJ�VL]H� WUXFN�GULYHU� DQG� D�
ORDG�PDQDJHU�VKRXOG�EHORQJ�WR�WKH�VDPH�UHJLRQ�LQ�WKH�HDVWHUQ�(XURSH����

:KHQ�D�WHPSODWH�DQG�D�GHSOR\HG�RUJDQL]DWLRQDO�PRGHO�DUH�VSHFLILHG��DJHQW�DOORFD�
WLRQ�SULQFLSOHV�VKRXOG�EH�IRUPXODWHG��7KH�FDSDELOLWLHV�RI�DJHQWV��HVVHQWLDO�IRU�WKLV�FDVH�
VWXG\�ZHUH�LGHQWLILHG��H�J���D�GULYHU�DJHQW�FDQ�GULYH�D�WUXFN��L�H���KDV�WKH�GULYHU�OLFHQVH�
RI�D�FHUWDLQ� W\SH��KDV�DFFHSWDEOH� UHVXOWV�RI�PHGLFDO� WHVWV�HWF��$OVR�� WKH�DOORFDWLRQ�UH�
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TXLUHPHQWV�IRU�UROH�LQVWDQFHV�ZHUH�IRUPXODWHG��H�J���LQ�RUGHU�WR�HQDFW�UROH�/0�DQ�DJHQW�
VKRXOG�KDYH�ZRUNLQJ�H[SHULHQFH�DV�D�VHQLRU�PDQDJHU�LQ�ORJLVWLFV�IRU�DW�OHDVW���\HDUV��

/HW�XV�EULHIO\�FRQVLGHU�WKH�VFHQDULR�UHFRQVWUXFWHG�IURP�HPSLULFDO�GDWD�RI�WKH�WUDQV�
SRUW�FRPSDQ\��XVLQJ�VSHFLILHG�RUJDQL]DWLRQDO�PRGHO������������
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8VLQJ�IRUPDO�VWDWH�RQWRORJLHV��VHH�7DEOHV���DQG����ZH�IRUPDOL]HG�WKLV�WUDFH�LQ�WKH�

/($'672�HQYLURQPHQW� >��@��$� IRUPDOL]HG� HPSLULFDO� WUDFH� LV� XVHIXO� IRU� DQDO\VLV�RI�
RUJDQL]DWLRQDO� IXQFWLRQLQJ��)RU� WKH�FDVH� VWXG\�ZH� LGHQWLILHG�VHYHUDO�SURSHUWLHV�RI� LQ�
WHUHVW� WKDW� FDQ� EH� DXWRPDWLFDOO\� YHULILHG� DJDLQVW� WKH� WUDFH�� /HW� XV� FRQVLGHU� VRPH� RI�
WKHVH�SURSHUWLHV��
�

�
)LJ�����7KH�RSHUDWLRQDO�GHSDUWPHQW�RI�WKH�WUDQVSRUW�FRPSDQ\�UHSUHVHQWHG�DW�DEVWUDFWLRQ�OHYHO����
ZLWK��D��WKH�WHPSODWH�PRGHO��E��WKH�GHSOR\HG�PRGHO��DQG��F��DJHQW�DOORFDWLRQ��

����'HOLYHU\�VXFFHVVIXOQHVV�
,QIRUPDOO\��WKH�RUGHU�KDV�EHHQ�IXOILOOHG��)RUPDOO\��
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$XWRPDWLF�YHULILFDWLRQ�FRQILUPHG�WKDW� WKLV�SURSHUW\�KROGV�DJDLQVW�WKH�IRUPDOL]HG�HP�
SLULFDO�WUDFH��
����&XVWRPHU�QRWLILFDWLRQ�
,QIRUPDOO\��DOZD\V�LI�D�VHYHUH�SUREOHP�RFFXUV�ZLWK�WKH�WUXFN�DQG�WKH�GULYHU��ZKR�ZDV�
IXOILOOLQJ� WKH� RUGHU� RI� VRPH� FXVWRPHU�� WKHQ� WKLV� FXVWRPHU� VKRXOG� EH� QRWLILHG� DERXW�
SRVVLEOH�GHOD\�ZLWK�GHOLYHU\��)RUPDOO\��
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7KLV�SURSHUW\�GRHV�QRW�KROG�ZLWK�UHVSHFW�WR�WKH�WUDFH��7KH�QH[W�ORJLFDO�VWHS�LQ�DQDO\VLV�
RI�WKH�FDXVHV�IRU�SURSHUW\�IDLOLQJ�ZRXOG�EH�WR�FKHFN�LI�VRPH�LQFLGHQW�RFFXUUHG�LQ�WUDQ�
VLW��:KHQ�LW�LV�GHWHUPLQHG�WKDW�D�VHYHUH�LQFLGHQW�KDSSHQHG�ZLWK�WKH�WUXFN�DQG�WKH�DJHQW�
�D�WUXFN�GULYHU��ZDV�LQFDSDEOH�RI�SHUIRUPLQJ�KLV�UROH�DQ\�PRUH��WKH�QH[W�VWHS�ZRXOG�EH�
WR� YHULI\� LI� WLPH� RI� UROH� UHDOORFDWLRQ� WR� DQRWKHU� DJHQW� OLHV� LQ� WKH� DFFHSWDEOH� UDQJH��
$QDO\VLV�RI�RUJDQL]DWLRQ�IXQFWLRQLQJ�FDQ�EH�FRQWLQXHG�XQWLO�DOO� LQTXLULHV�DERXW�GHOLY�
HU\�DUH�VDWLVILHG���

����'LVFXVVLRQ�

%RWK� LQ�KXPDQ�VRFLHW\�DQG�IRU�VRIWZDUH�DJHQWV��RUJDQL]DWLRQDO�VWUXFWXUH�SURYLGHV�WKH�
PHDQV�WR�PDNH�FRPSOH[��FRPSRVLWH�G\QDPLFV�PDQDJHDEOH��7R�XQGHUVWDQG�DQG�IRUPDO�
L]H�KRZ�H[DFWO\�RUJDQL]DWLRQ�VWUXFWXUH�FRQVWUDLQV�FRPSRVLWH�G\QDPLFV�LV�D�IXQGDPHQ�
WDO�FKDOOHQJH�LQ�WKH�DUHD�RI�RUJDQL]DWLRQDO�PRGHOLQJ��7KH�PRGHOLQJ�DSSURDFK�SUHVHQWHG�
LQ�WKLV�SDSHU�DGGUHVVHV�WKLV�FKDOOHQJH��,W�FRQFHUQV�D�PHWKRG�IRU�IRUPDO�VSHFLILFDWLRQ�RI�
RUJDQL]DWLRQV��ZKLFK�FDQ�FDSWXUH�ERWK�VWUXFWXUDO�DQG�G\QDPLF�DVSHFWV�RI�RUJDQL]DWLRQV�
DQG�SURYLGHV�WKH�PHDQV�IRU��L��UHSUHVHQWDWLRQ�RI�RUJDQL]DWLRQ�VWUXFWXUH���LL��VLPXODWLRQV�
RI�GLIIHUHQW�VFHQDULRV���LLL��DQDO\VLV�RI�RUJDQL]DWLRQ��YHULI\LQJ�VWDWLF�DQG�G\QDPLF�SURS�
HUWLHV� DJDLQVW� �IRUPDOL]HG�� HPSLULFDO� GDWD� RU� VLPXODWHG� VFHQDULRV�� �LY�� GLDJQRVLV� RI�
LQFRQVLVWHQFLHV�� UHGXQGDQFLHV�� DQG� HUURUV� LQ� VWUXFWXUH� DQG� IXQFWLRQLQJ�� $GGLWLRQDOO\��
WKH�HQYLURQPHQW�LV�LQWHJUDWHG�DV�D�VSHFLDO�FRPSRQHQW�ZLWKLQ�WKH�RUJDQL]DWLRQ�PRGHO��

6SHFLILFDWLRQ�RI�RUJDQL]DWLRQ�VWUXFWXUH�XVXDOO\� WDNHV� WKH�IRUP�RI�SLFWRULDO�GHVFULS�
WLRQV�� LQ�D�JUDSK�OLNH�IUDPHZRUN��7KHVH�GHVFULSWLRQV�RIWHQ�DEVWUDFW�IURP�GHWDLOHG�G\�
QDPLFV�ZLWKLQ� DQ� RUJDQL]DWLRQ�� 6SHFLILFDWLRQ� RI� WKH� G\QDPLF� SURSHUWLHV� RI�RUJDQL]D�
WLRQV�� RQ� WKH� RWKHU� KDQG�� XVXDOO\� WDNHV� SODFH� LQ� D� FRPSOHWHO\� GLIIHUHQW� FRQFHSWXDO�
IUDPHZRUN��WKHVH�G\QDPLF�SURSHUWLHV�DUH�RIWHQ�VSHFLILHG�LQ�WKH�IRUP�RI�D�VHW�RI�ORJLFDO�
IRUPXODH� LQ� VRPH� WHPSRUDO� ODQJXDJH�� 7KH� ORJLFDO� UHODWLRQVKLSV� H[SUHVV� WKH� NLQG� RI�
UHODWLRQV�EHWZHHQ�G\QDPLFV�RI�SDUWV�RI�DQ�RUJDQL]DWLRQ��WKHLU�LQWHUDFWLRQ�DQG�G\QDPLF�
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SURSHUWLHV�RI�WKH�RUJDQL]DWLRQ�DV�D�ZKROH��ZKLFK�ZHUH�LQGLFDWHG�DV�FUXFLDO�E\�/RPL�DQG�
/DUVHQ�>��@�LQ�WKHLU�LQWURGXFWLRQ���

7KLV�SDSHU�VKRZV�KRZ�SLFWRULDO�GHVFULSWLRQV��LQ�D�JUDSK�OLNH�IUDPHZRUN��DQG�D�VHW�
RI� ORJLFDO� IRUPXODH� LQ� VRPH� WHPSRUDO� ODQJXDJH�FDQ�EH�FRPELQHG� LQ�RQH�DJHQW�EDVHG�
PRGHOLQJ� DSSURDFK�� ,QVSHFWLRQ� FDQ� EH� GRQH� RQ� WKH� DEVWUDFWLRQ� OHYHO� SUHIHUUHG� DQG��
ERWK� WKH� SLFWRULDO� DQG� IRUPDO� VSHFLILFDWLRQV� RI� WKH� G\QDPLF� SURSHUWLHV� FDQ� EH� LQ�
VSHFWHG�� )LYH� HVVHQWLDO� W\SHV� RI� G\QDPLF� SURSHUWLHV� FKDUDFWHUL]LQJ� EHKDYLRU� RI�PDLQ�
VWUXFWXUDO� FRPSRQHQWV� RI� DQ� RUJDQL]DWLRQ�PRGHO� �LQFOXGLQJ� HQYLURQPHQW�� DUH� LGHQWL�
ILHG��)XUWKHUPRUH��WKH�DSSURDFK�SURSRVHG�KHUH�VXSSRUWV�IRUPDO�VSHFLILFDWLRQ�DQG�YHUL�
ILFDWLRQ�IRU�ERWK�VWDWLF�DQG�G\QDPLF�SURSHUWLHV��7KLV�SRVVLELOLW\�LV�HVSHFLDOO\�XVHIXO�IRU�
GLDJQRVLV� RI� LQFRQVLVWHQFLHV�� UHGXQGDQFLHV�� DQG� HUURUV� LQ� VWUXFWXUH� DQG� IXQFWLRQLQJ�
�H�J���ZLWK�UHVSHFW�WR�RUJDQL]DWLRQDO�SHUIRUPDQFH�LQGLFDWRUV��RI�UHDO�RUJDQL]DWLRQV�DQG�
SURYLGLQJ� UHFRPPHQGDWLRQV� IRU� WKHLU� LPSURYHPHQW��&RPSDUHG� WR�PRVW�RUJDQL]DWLRQ�
RULHQWHG��PXOWL�DJHQW� V\VWHP��GHVLJQ� DSSURDFKHV� >��� ��� ��� ��@�� RXU�PRGHO�DOORZV�DQ\�
�H�J��� ODUJH��QXPEHU�RI�DJJUHJDWLRQ� OHYHOV� LQ� WKH�RUJDQL]DWLRQ�PRGHO��ZKLFK�PDNHV� LW�
PRUH�VXLWDEOH�IRU�PRGHOLQJ�DQG�DQDO\]LQJ�UHDO�RUJDQL]DWLRQV��:KLOH�D�UROH�DJJUHJDWLRQ�
UHODWLRQ� LV� FRQVLGHUHG� WR� EH� FUXFLDO� IRU� UHSUHVHQWLQJ� DQ� RUJDQL]DWLRQDO�PRGHO�� RWKHU�
W\SHV�RI�UHODWLRQV�EHWZHHQ�UROHV�VKRXOG�DOVR�EH�WDNHQ�LQWR�DFFRXQW��)RU�H[DPSOH��D�UROH�
VSHFLILHG� LQ� D� WHPSODWH�PRGHO� DQG� LWV� FRUUHVSRQGLQJ� UROH� LQVWDQFHV� GHILQHG� LQ� D� GH�
SOR\HG�PRGHO�DUH�UHODWHG�E\�PHDQV�RI�D�JHQHUDOL]DWLRQ�UHODWLRQ��)XUWKHUPRUH��LW�ZRXOG�
EH� LQWHUHVWLQJ� WR� LQYHVWLJDWH�KRZ�UROH�KLHUDUFKLHV��EDVHG�RQ�JHQHUDOL]DWLRQ��DQG�RWKHU�
W\SHV�RI�UHODWLRQV�FDQ�EH�XVHG�LQ�WKH�VSHFLILFDWLRQ�RI�D�WHPSODWH�PRGHO��

,Q�KLJKO\�G\QDPLF�RUJDQL]DWLRQV� �H�J��� VHOI�RUJDQL]LQJ�DQG�RUJDQLF�RUJDQL]DWLRQV���
RUJDQL]DWLRQDO�FKDQJH�LV�D�FUXFLDO�DQG�IUHTXHQW�SURFHVV��'XH�WR�WKHLU�KLJK�FRPSOH[LW\��
VXFK� RUJDQL]DWLRQV� DUH� GLIILFXOW� WR� LQYHVWLJDWH�� +RZHYHU�� GLIIHUHQW� VLPXODWLRQ� WHFK�
QLTXHV�FDQ�KHOS�LQ�SURYLGLQJ�IXUWKHU�LQVLJKWV�LQWR�PHFKDQLVPV�RI�IXQFWLRQLQJ�RI�VXFK�
RUJDQL]DWLRQV��)RU�WKH�ODWWHU�SXUSRVH��LQLWLDO�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�EDVHG�RQ�WKH�
LQWURGXFHG�IRUPDO�PRGHO�>�@��,Q�DGGLWLRQ��WKH�GLIIHUHQW�W\SHV�RI�PRGHUQ�RUJDQL]DWLRQV�
VKRXOG� EH� WDNHQ� LQ� FRQVLGHUDWLRQ�� DV� RUJDQL]DWLRQ� WKHRU\� >���� ��@� FODVVLILHV� DQG� GH�
VFULEHV�WKHP��,W�ZRXOG�EH�XVHIXO�WR�GHYHORS�DQG�IRUPDOO\�VSHFLI\�WKH�WHPSODWHV�FDSWXU�
LQJ�HVVHQWLDO�VWUXFWXUDO�DQG�G\QDPLF�DVSHFWV�RI�PRVW� IUHTXHQWO\�HQFRXQWHUHG� W\SHV�RI�
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