
Calhoun: The NPS Institutional Archive
DSpace Repository

Faculty and Researchers Faculty and Researchers' Publications

1992-03

Model Integration and Modeling Languages: A
Process Perspective

Kottemann, Jeffrey E.; Dolk, Daniel R.
INFORMS

Kottemann, Jeffrey E., and Daniel R. Dolk. "Model integration and modeling
languages: A process perspective." Information Systems Research 3.1 (1992): 1-16.
http://hdl.handle.net/10945/70155

This publication is a work of the U.S. Government as defined in Title 17, United
States Code, Section 101. Copyright protection is not available for this work in the
United States.

Downloaded from NPS Archive: Calhoun



�0RGHO�,QWHJUDWLRQ�DQG�0RGHOLQJ�/DQJXDJHV�
�$�3URFHVV�3HUVSHFWLYH

�-HIIUH\�(��.RWWHPDQQ

�'DQLHO�5��'RON

�6FKRRO�RI�%XVLQHVV�$GPLQLVWUDWLRQ
�7KH�8QLYHUVLW\�RI�0LFKLJDQ
�$QQ�$UERU��0LFKLJDQ�����������

�'HSDUWPHQW�RI�$GPLQLVWUDWLYH�6FLHQFHV
�1DYDO�3RVWJUDGXDWH�6FKRRO
�0RQWHUH\��&DOLIRUQLD������

�'HYHORSPHQW�RI�ODUJH�VFDOH�PRGHOV�RIWHQ�LQYROYHVᒫRU��FHUWDLQO\�FRXOG�EHQH
�ILW�IURPᒫOLQNLQJ�H[LVWLQJ�PRGHOV��7KLV�SURFHVV�LV�WHUPHG�PRGHO�LQWHJUDWLRQ
�DQG�LQYROYHV�WZR�UHODWHG�DVSHFWV������WKH�FRXSOLQJ�RI�PRGHO�UHSUHVHQWDWLRQV�
�DQG�����WKH�FRXSOLQJ�RI�WKH�SURFHVVHV�IRU�HYDOXDWLQJ��RU�H[HFXWLQJ��LQVWDQFHV�RI
�WKHVH�UHSUHVHQWDWLRQV��*LYHQ�WKLV�GLVWLQFWLRQ��ZH�RYHUYLHZ�PRGHO�LQWHJUDWLRQ
�FDSDELOLWLHV�LQ�H[LVWLQJ�H[HFXWDEOH�PRGHOLQJ�ODQJXDJHV��GLVFXVV�FXUUHQW�WKHR
�UHWLFDO�DSSURDFKHV�WR�PRGHO�LQWHJUDWLRQ��DQG�LGHQWLI\�WKH�OLPLWLQJ�DVVXPS
�WLRQV�LPSOLFLWO\�PDGH�LQ�ERWK�FDVHV��,Q�SDUWLFXODU��FXUUHQW�DSSURDFKHV�DVVXPH
�DZD\�LVVXHV�RI�G\QDPLF�YDULDEOH�FRUUHVSRQGHQFH�DQG�V\QFKURQL]DWLRQ�LQ�FRP
�SRVLWH�PRGHO�H[HFXWLRQ��:H�WKHQ�SURSRVH�D�SURFHVV�RULHQWHG�FRQFHSWXDOL]D
�WLRQ�DQG�DVVRFLDWHG�FRQVWUXFWV�WKDW�RYHUFRPH�WKHVH�OLPLWLQJ�DVVXPSWLRQV��7KH
�FRQVWUXFWV�DOORZ�PRGHO�FRPSRQHQWV�WR�EH�XVHG�DV�EXLOGLQJ�EORFNV�IRU�PRUH
�HODERUDWH�FRPSRVLWH�PRGHOV�LQ�ZD\V�XQIRUHVHHQ�ZKHQ�WKH�FRPSRQHQWV�ZHUH
�RULJLQDOO\�GHYHORSHG��:KLOH�ZH�GR�QRW�SURYH�WKH�VXIILFLHQF\�RI�WKH�FRQVWUXFWV
�RYHU�WKH�VHW�RI�DOO�PRGHO�W\SHV�DQG�LQWHJUDWLRQ�FRQILJXUDWLRQV��ZH�SUHVHQW
�VHYHUDO�H[DPSOHV�RI�PRGHO�LQWHJUDWLRQ�IURP�YDULRXV�GRPDLQV�WR�GHPRQVWUDWH
�WKH�XWLOLW\�RI�WKH�DSSURDFK�
�0RGHO�PDQDJHPHQWᒫ0RGHO�LQWHJUDWLRQᒫ0RGHOLQJ�V\VWHPVᒫ0RGHOLQJ�ODQJXDJHV

����,QWURGXFWLRQ

�$�IXQGDPHQWDO�DVVXPSWLRQ�XQGHUO\LQJ�PRGHO�PDQDJHPHQW�LV�WKDW�PRGHOV�DUH�VKDUDEOH�UHVRXUFHV��$�PRGHO�PDQDJHPHQW�V\VWHP��006��IDFLOLWDWHV�VKDULQJ�E\
�VXSSRUWLQJ�D�XQLIRUP�UHSUHVHQWDWLRQ�IRU��DQG�PDQLSXODWLRQ�RI��PRGHOV��2QH�UHVXOW�RI
�LQFUHDVHG�PRGHO�VKDULQJ�LV�WKDW�PRGHOV�PD\�HYHQWXDOO\�EH�XVHG�IRU�SXUSRVHV�QRW
�RULJLQDOO\�HQYLVLRQHG�E\�WKHLU�FUHDWRUV��6SHFLILFDOO\��PRGHOV�PD\�EH�FR�RSWHG�DV�EXLOG
�LQJ�EORFNV�LQ�WKH�FUHDWLRQ�RI�ODUJHU��PRUH�FRPSOH[�PRGHOV��7KLV�SURFHVV�LV�NQRZQ�DV
�PRGHO�LQWHJUDWLRQ�
�0RGHO�LQWHJUDWLRQ�LQYROYHV�WKH�FRQVWUXFWLRQ�RI�D�FRPSRVLWH�PRGHO�EXLOW�IURP�WZR

�RU�PRUH�H[LVWLQJ�PRGHO�FRPSRQHQWV��)RU�H[DPSOH��D�QDWLRQDO�HQHUJ\�PRGHO�PD\�EH

�������������������������6�����
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�EXLOW�E\�FRPELQLQJ�D�QXPEHU�RI�UHJLRQDO�HQHUJ\�IRUHFDVWLQJ�PRGHOV�RQ�WKH�GHPDQG
�VLGH�ZLWK�DQ�RYHUDOO�WUDQVSRUWDWLRQ�PRGHO�IRU�HQHUJ\�DOORFDWLRQ�RQ�WKH�VXSSO\�VLGH�
�DQG�WKHQ�LPSRVLQJ�WKH�DSSURSULDWH�HTXLOLEULXP�FRQGLWLRQV��0RGHO�LQWHJUDWLRQ�KDV
�ORQJ�EHHQ�D�GHVLUDEOH�JRDO�EXW�RQH�KDPSHUHG�E\�LQFRPSDWLEOH�UHSUHVHQWDWLRQV�LP
�SRVHG�E\�GLIIHUHQW�VRIWZDUH�V\VWHPV��$Q�006�EDVHG�RQ�D�VLQJOH�PRGHO�UHSUHVHQWDWLRQ
�VFKHPH�VLJQLILFDQWO\�HQKDQFHV�RSSRUWXQLWLHV�IRU�VXFFHVVIXO�PRGHO�LQWHJUDWLRQ��EXW
�PDMRU�SUREOHPV�PXVW�VWLOO�EH�FRQIURQWHG�
�����$W�WKH�ORJLFDO�OHYHO��LQWHJUDWLQJ�PRGHO�VFKHPDV�IURP�GLIIHUHQW�GRPDLQV�UDLVHV

�LVVXHV�RI�VHPDQWLFV�DQG�GLPHQVLRQDOLW\�ZKHQ�WU\LQJ�WR�LGHQWLI\�FRPPRQ�HOHPHQWV
�DPRQJ�WZR�RU�PRUH�PRGHOV��)RU�H[DPSOH��ILQDQFLDO�DQG�PDUNHWLQJ�PRGHOV�PD\
�UHSUHVHQW�UHYHQXHV�DV�QHW�SUHVHQW���DQG�UHJXODU����UHVSHFWLYHO\��)DLOXUH�WR�UHFRJQL]H
�WKLV�GLIIHUHQFH�ZLOO�OHDG�WR�LPSURSHU�FRXSOLQJ�RI�WKH�WZR�PRGHOV�
�����$W�WKH�PDQLSXODWLRQ�OHYHO��VSHFLI\LQJ�SURFHGXUHV�WR�HYDOXDWH�DQG�VROYH�FRPSRV

�LWH�PRGHOV�EHFRPHV�D�QRQWULYLDO�WDVN��)RU�H[DPSOH��LI�RQH�MRLQV�DQ�LQWHJHU�SURJUDP
�PLQJ�PRGHO�ZLWK�D�QRQOLQHDU�SURJUDPPLQJ�PRGHO��ZKDW�VROXWLRQ�SURFHGXUH�V�
�VKRXOG�EH�XVHG"�'RHV�RQH�UHWDLQ�WKH�QRQOLQHDU�DOJRULWKP�RU�GHYLVH�DQ�HQWLUHO\�QHZ
�SURFHGXUH�XVLQJ�RWKHU�DOJRULWKPV"
�2XU�REMHFWLYH�LQ�WKLV�SDSHU�LV�WR�GHILQH�LQ�D�EURDG�VHQVH�WKH�FKDUDFWHULVWLFV�RI�DQ

�H[HFXWDEOH�PRGHOLQJ�ODQJXDJH��(0/��QHFHVVDU\�WR�VXSSRUW�PRGHO�LQWHJUDWLRQ��ZLWK
�SDUWLFXODU�HPSKDVLV�RQ�WKH�PDQLSXODWLRQ�OHYHO��%RWK�WKH�ORJLFDO�DQG��LQ�SDUWLFXODU��WKH
�PDQLSXODWLRQ�GLPHQVLRQV�RI�PRGHO�LQWHJUDWLRQ�KDYH�LPSOLFDWLRQV�IRU�(0/V�ZKLFK
�KDYH�EHHQ�ODUJHO\�RYHUORRNHG�LQ�WKH�OLWHUDWXUH��,Q�i��ZH�EULHIO\�VXUYH\�H[LVWLQJ�(0/V
�WR�VKRZ�WKDW�FXUUHQW�(0/V�DUH�HLWKHU�ODUJHO\�UHSUHVHQWDWLRQ�RULHQWHG�ZLWK�IHZ�FDSDELO
�LWLHV�IRU�PRGHO�PDQLSXODWLRQ�DV�LQ�WKH�FDVH�RI�RSWLPL]DWLRQ��RU�HVVHQWLDOO\�SURJUDP
�PLQJ�ODQJXDJHV�DV�LQ�WKH�FDVH�RI�GLVFUHWH�HYHQW�VLPXODWLRQ��,Q�i��ZH�LGHQWLI\�D�VHW�RI
�NH\�DVVXPSWLRQV�ZKLFK�KDYH�EHHQ��LPSOLFLWO\��PDGH�LQ�WKH�PRGHO�PDQDJHPHQW�OLWHUD
�WXUH�UHJDUGLQJ�PRGHO�LQWHJUDWLRQ��,Q�IROORZLQJ�VHFWLRQV�ZH�VKRZ�KRZ�UHOD[LQJ�WKHVH
�DVVXPSWLRQV�OHDGV�WR�YDULRXV�SURFHVV�RULHQWHG�FRQVWUXFWV�QHHGHG�WR�FRRUGLQDWH�H[H
�FXWLRQ�RI�FRPSRVLWH�PRGHOV��2XU�FRQFHSWXDOL]DWLRQ�GUDZV�RQ�IRUPDOLVPV�LQ�FRPPX
�QLFDWLQJ�VHTXHQWLDO�SURFHVVHV��&63���+RDUH�������DQG�GLVFUHWH�HYHQW�VLPXODWLRQ
��'(6���=HLJOHU�������

����([HFXWDEOH�0RGHOLQJ�/DQJXDJHV
�0RGHOLQJ�ODQJXDJHV�FRPH�LQ�PDQ\�GLIIHUHQW�IRUPV�ZKLFK�GLIIHU�DFFRUGLQJ�WR�WKH

�GRPDLQ�RI�DSSOLFDWLRQV�WKH\�VHUYH��,Q�WKH�RSWLPL]DWLRQ�ZRUOG��IRU�H[DPSOH��ODQJXDJHV
�DUH�ODUJHO\�UHSUHVHQWDWLRQ�RULHQWHG��$W�WKH�RWKHU�HQG�RI�WKH�VSHFWUXP��ODQJXDJHV�IRU
�'(6�DSSOLFDWLRQV�DUH�HVVHQWLDOO\�SURFHGXUDO�SURJUDPPLQJ�ODQJXDJHV��L�H���PDQLSXOD
�WLRQ�RULHQWHG���7KH�ZLGH�UDQJH�RI�PRGHOLQJ�ODQJXDJHV�ZKLFK�H[LVW�DFURVV�GLIIHUHQW
�GRPDLQV�SUHVHQWV�XQLTXH�SUREOHPV�ZLWK�UHJDUG�WR�PRGHO�LQWHJUDWLRQ�DV�WKH�H[DPSOH
�EHORZ�GHPRQVWUDWHV�

�&RQVLGHU�D�ILUP�ZKLFK�KDV�GHYHORSHG�WKH�IROORZLQJ�PRGHOV�DV�VKRZQ�LQ�)LJXUH����
��WKLV�H[DPSOH�KDV�EHHQ�DGDSWHG�IURP��%ODQQLQJ��������$IWHU�WKH�PRGHO�XVHU�SRVLWV�DQ
�LQLWLDO�SULFH��WKH�IROORZLQJ�PRGHO�FRPSRQHQWV�DUH�HYDOXDWHG�

�����JLYHQ�WKH�FXUUHQWO\�SRVLWHG�SULFH��DQ�HFRQRPHWULF�PDUNHWLQJ�PRGHO�IRUHFDVWV
�GHPDQG�IRU�D�SURGXFW�IRU�WKH�QH[W�ILVFDO�\HDU�
�����D�GLVFUHWH�HYHQW�VLPXODWLRQ�SURGXFWLRQ�PRGHO�HVWLPDWHV�WKH�UHTXLUHG�WLPH�DQG

�H[SHQVH�WR�PDQXIDFWXUH�HQRXJK�RI�WKH�SURGXFW�WR�PHHW�GHPDQG�
�����D�WUDQVSRUWDWLRQ�PRGHO�GHWHUPLQHV�WKH�PLQLPDO�FRVW�RI�GLVWULEXWLQJ�WKH�SURG

�XFW�WR�FXVWRPHUV�
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�0RGHO�,QWHJUDWLRQ�DQG�0RGHOLQJ�/DQJXDJHV

�3RVLW�3ULFH

�5HYHQXHV�1HW�,QFRPH

�)LJXUH������$Q�,QWHJUDWHG�0RGHO�([DPSOH��$GDSWHG�IURP�%ODQQLQJ�������

�����D�SULFLQJ�PRGHO�FDOFXODWHV�D�SULFH�IRU�D�SURGXFW�JLYHQ�GHPDQG��DQG�SURGXFWLRQ
�DQG�GLVWULEXWLRQ�H[SHQVHV�
�����WKH�QHZO\�FDOFXODWHG�SULFH�DQG�WKH�ODVW�SRVLWHG�SULFH�DUH�FKHFNHG�IRU�FRQYHU

�JHQFH��,I�VXLWDEOH�FRQYHUJHQFH�LV�QRW�DWWDLQHG�WKH�DERYH�VHULHV�RI�HYDOXDWLRQV�LV�SHU
�IRUPHG�DJDLQ��ZKHUH�WKH�SRVLWHG�SULFH�QRZ�WDNHV�RQ�WKH�YDOXH�RI�WKH�QHZO\�FDOFXODWHG
�SULFH�

�����LI�VXLWDEOH�FRQYHUJHQFH�LV�DWWDLQHG��D�ILQDQFLDO�PRGHO�GHWHUPLQHV�WKH�UHYHQXHV
�DQG�QHW�LQFRPH�IURP�VDOHV�RI�WKH�SURGXFW�

�6HYHUDO�DVSHFWV�RI�WKLV�VFHQDULR�PHULW�DWWHQWLRQ��1RWH�IURP�)LJXUH�����WKDW�WKH
�PRGHOV�DUH�FRQFHSWXDOO\�LQWHUFRQQHFWHG�LQ�WKH�VHQVH�WKDW�WKHLU�RXWSXWV�FRXOG�VHUYH�DV
�LQSXWV�WR�VXFFHHGLQJ�PRGHOV��+RZHYHU��WKH�H[DFW�QDWXUH�RI�WKH�LQWHUFRQQHFWLRQ�LV
�GHSHQGHQW�RQ�WKH�RXWFRPHV�RI�HYDOXDWLQJ�PRGHO�FRPSRQHQW�����)XUWKHU��LW�LV�OLNHO\

�0DUFK����� ��
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�WKDW�HDFK�PRGHO�ZDV�GHYHORSHG�DV�D�VWDQG�DORQH�WRRO�LQ�D�VHSDUDWH�VRIWZDUH�HQYLURQ
�PHQW�XVLQJ�GLIIHUHQW�(0/V��)RU�H[DPSOH��WKH�PDUNHWLQJ�PRGHO�PD\�KDYH�EHHQ�GHYHO
�RSHG�LQ�6$6��WKH�SURGXFWLRQ�PRGHO�LQ�6LPVFULSW��WKH�WUDQVSRUWDWLRQ�DQG�SULFLQJ
�PRGHOV�LQ�*$06��DQG�WKH�ILQDQFLDO�PRGHO�LQ�D�VSUHDGVKHHW��7KHVH�VHSDUDWH�VRIWZDUH
�HQYLURQPHQWV�ZLWK�WKHLU�XQLTXH�(0/V�HIIHFWLYHO\�LVRODWH�PRGHOV�IURP�RQH�DQRWKHU
�DQG�DUWLILFLDOO\�UHVWULFW�WKHLU�XWLOLW\��)RU�H[DPSOH��WKH�DELOLW\�WR�SHUIRUP�VHQVLWLYLW\
�DQDO\VHV�DFURVV�PRGHOV�LV�H[WUHPHO\�GLIILFXOW��LI�QRW�LPSRVVLEOH��6XSSRVH�PDQDJHPHQW
�DVNV�WKH�TXHVWLRQ���:KDW�HIIHFW�ZLOO�UHSODFLQJ�WZR�PDFKLQHV�LQ�WKH�SURGXFWLRQ�SURFHVV
�KDYH�RQ�QHW�LQFRPH"���RU�DOWHUQDWLYHO\���:KDW�ZLOO�KDSSHQ�WR�UHYHQXHV�LI�GHPDQG�IRU
�RXU�SURGXFW�VRIWHQV�DV�D�UHVXOW�RI�GHFUHDVHG�VSHQGLQJ�E\�WKH�'HSDUWPHQW�RI�'HIHQVH"�
�$�UHVSRQVH�WR�WKHVH��ZKDW�LI
�TXHULHV�UHTXLUHV�OLQNLQJ�DQG�UXQQLQJ�VHYHUDO�RU�DOO�RI�WKH
�DERYH�PRGHOV��*LYHQ�WKDW�IRXU�GLIIHUHQW�(0/V�DUH�LQYROYHG��WKLV�UHSUHVHQWV�D�IRUPLGD
�EOH�SURJUDPPLQJ�FKDOOHQJH�ZKLFK�PD\�EH�SURKLELWLYHO\�H[SHQVLYH�
�$�SUROLIHUDWLRQ�RI�(0/V�LV�DQ�HIIHFWLYH�GHWHUUHQW�WR�UHDOL]LQJ�PRGHO�LQWHJUDWLRQ��$

�0RGHO�0DQDJHPHQW�6\VWHP��006���RU�LQWHJUDWHG�PRGHOLQJ�HQYLURQPHQW��ZRXOG
�RYHUFRPH�WKLV�SUREOHP�E\�VXSSO\LQJ�D�VLQJOH�(0/�SRZHUIXO�HQRXJK�WR�UHSUHVHQW�D
�ZLGH�FODVV�RIPRGHOV�DQG�SURYLGH�D�IOH[LEOH�DUUD\�RI�PDQLSXODWLRQ�RSHUDWLRQV��:LWK�WKH
�DERYH�H[DPSOH�LQ�PLQG��ZH�EULHIO\�H[DPLQH�(0/V�LQ�WKH�RSWLPL]DWLRQ�DQG�'(6
�GRPDLQV��FRPSDUH�WKHLU�IXQFWLRQDOLW\�ZLWK�UHVSHFW�WR�UHSUHVHQWDWLRQ�DQG�PDQLSXOD
�WLRQ��DQG�LQGLFDWH��LQ�D�SUHOLPLQDU\�IDVKLRQ��WKHLU�FDSDELOLWLHV�IRU�PRGHO�LQWHJUDWLRQ�
�:H�OLPLW�RXU�DWWHQWLRQ�LQ�WKLV�VHFWLRQ�WR�RSWLPL]DWLRQ�DQG�'(6�(0/V�EHFDXVH�WKH\
�UHSUHVHQW�H[WUHPHV�LQ�WKH�PL[�RI�UHSUHVHQWDWLRQ�DQG�PDQLSXODWLRQ�FDSDELOLWLHV�ZKLFK
�FXUUHQW�PRGHOLQJ�ODQJXDJHV�RIIHU�

������(0/V�IRU�0DWKHPDWLFDO�3URJUDPPLQJ
�7KH�KLVWRU\�RI�SURJUDPPLQJ�ODQJXDJHV�KDV�HYROYHG�IURP�D�FRPSXWDWLRQ�GLUHFWHG

�IRFXV�ZLWK�HPSKDVLV�RQ�SURJUDPPLQJ�VW\OH��H�J���VWUXFWXUHG�SURJUDPPLQJ��WRZDUGV�D
�FRQFHSWXDO�PRGHOLQJ�DSSURDFK�ZLWK�HPSKDVLV�RQ�UHSUHVHQWDWLRQ�LQ�WKH�IRUP�RI�DE
�VWUDFW�GDWD�W\SHV��7KH�HYROXWLRQ�RI�(0/V�IRU�PDWKHPDWLFDO�SURJUDPPLQJ�DSSOLFD
�WLRQV�IDLWKIXOO\�PLUURUV�WKLV�WUHQG�WRZDUGV�UHSUHVHQWDWLRQ��)RXUHU��������WUDFHV�WKH
�GHYHORSPHQW�RI�(0/V�IRU�OLQHDU�SURJUDPPLQJ�IURP�DOJRULWKPV�DQG�GDWD�UHSUHVHQWD
�WLRQV�HPEHGGHG�LQ�D�KRVW�ODQJXDJH�VXFK�DV�)RUWUDQ��WKURXJK�PDWUL[�JHQHUDWRUV��DQG
�HYHQWXDOO\�LQWR�V\PEROLF�DOJHEUDLF�ODQJXDJHV�VXFK�DV�*$06��%URRNH�HW�DO��������
�$03/��)RXUHU�HW�DO���������DQG�60/��*HRIIULRQ�������������
�$OJHEUDLF�ODQJXDJHV�DUH�ODUJHO\�UHSUHVHQWDWLRQDO�LQ�QDWXUH��WKDW�LV��WKH\�DUH�FRQ

�FHUQHG�ZLWK�GHVFULELQJ�D�PRGHO�EXW�QRW�ZLWK�HYDOXDWLQJ�RU�VROYLQJ�LW��0DQLSXODWLRQ�LV
�GRQH�E\�FRQVWUXFWLQJ�WKH�SURSHU�LQWHUIDFH�ZLWK�H[WHUQDO�URXWLQHV�ZKLFK�SHUIRUP�WKH
�UHTXLUHG�RSHUDWLRQV��7KHVH�(0/V�KDYH�HODERUDWH�V\QWD[�IRU�SUREOHP�GHVFULSWLRQ�EXW
�UXGLPHQWDU\�FDSDELOLWLHV�IRU�PDQLSXODWLRQ��,Q�JHQHUDO��WKH�PDQLSXODWLRQ�DVSHFW�RI
�WKHVH�ODQJXDJHV�GRHV�OLWWOH�PRUH�WKDQ�WR�VSHFLI\�ZKLFK�VROXWLRQ�DOJRULWKP�WR�DSSO\�WR
�PRGHO�UHSUHVHQWDWLRQV��)XUWKHU��PRVW�V\VWHPV�KDYH�YHU\�UHVWULFWHG�RU�QRQH[LVWHQW
�IHDWXUHV�IRU�PRGHO�LQWHJUDWLRQ��*$06�LV�DQ�H[FHSWLRQ�LQ�WKDW�LW�GRHV�SURYLGH�UXGLPHQ
�WDU\�LQWHJUDWLRQ�FDSDELOLWLHV�DV�SDUW�RI�LWV�PRGHOLQJ�ODQJXDJH��,Q�SDUWLFXODU��*$06
�DOORZV�WKH�PRGHO�EXLOGHU�WR�GHILQH�D�VHTXHQFH�RI�PRGHOV��DQG�WKHLU�DSSURSULDWH
�VROYHUV��WR�EH�H[HFXWHG�LQ�VHULHV��*$06�SURYLGHV�D�SUHOLPLQDU\�LQGLFDWLRQ�RI�ZKDW
V
�UHTXLUHG�WR�SHUIRUP�PRGHO�LQWHJUDWLRQ��QDPHO\�D�ODQJXDJH�ZKLFK�LV�D�OHYHO�UHPRYHG
�IURP�WKH�GHWDLOV�RI�DQ\�VLQJOH�PRGHO�DQG�ZKLFK�WKHUHIRUH�FDQ�PDQLSXODWH�PRGHOV�DV
�FRQILJXUDEOH�FRPSRQHQWV��$V�ZH�VKRZ�LQ�ODWHU�VHFWLRQV��KRZHYHU��WKH�UHTXLUHPHQWV
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�0RGHO�,QWHJUDWLRQ�DQG�0RGHOLQJ�/DQJXDJHV

�IRU�D�ODQJXDJH�ZKLFK�IXOO\�UHDOL]HV�PRGHO�LQWHJUDWLRQ�DUH�PRUH�H[WHQVLYH�WKDQ�ZKDW
�*$06��RU�DQ\�(0/�ZH
UH�DZDUH�RI��VXSSRUWV��0RUHRYHU��DQ�(0/�IRU�PRGHO�LQWHJUD
�WLRQ�VKRXOG�IDFLOLWDWH�LQWHJUDWLRQ�LQYROYLQJ�PRGHOV�IURP�GLIIHUHQW�SDUDGLJPV�VXFK�DV
�PDWKHPDWLFDO�SURJUDPPLQJ�DQG�'(6�

������(0/V�IRU�'LVFUHWH�(YHQW�6LPXODWLRQ
�(0/V�LQ�WKH�GLVFUHWH�HYHQW�VLPXODWLRQ��'(6��ZRUOG�DUH�IXOO�IOHGJHG�SURJUDPPLQJ

�ODQJXDJHV�VXFK�DV�6LPVFULSW��6,06&5,37�������DQG�6/$0��3ULWVNHU�DQG�3HJGHQ
��������ZLWK�HODERUDWH�UHSUHVHQWDWLRQ�DQG�PDQLSXODWLRQ�FDSDELOLWLHV��7KHVH�ODQJXDJHV
�GLIIHU�IURP�FRQYHQWLRQDO�SURJUDPPLQJ�ODQJXDJHV�LQ�WKDW�WKH\�DUH�RULHQWHG�WRZDUGV
�PRGHOLQJ�G\QDPLF��VWRFKDVWLF�SKHQRPHQD��,Q�WKLV�HQYLURQPHQW�HYHQWV�RU�SURFHVVHV
�DUH�DFWLYDWHG�GXULQJ�SURJUDP�H[HFXWLRQ�DFFRUGLQJ�WR�D�VFKHGXOH�ZKLFK�GHSHQGV�RQ�DQ
�XQGHUO\LQJ�V\VWHP�FORFN��$V�D�UHVXOW��SURJUDP�IORZ�GRHV�QRW�RFFXU�VHULDOO\�DV�LQ
�FRQYHQWLRQDO�WKLUG�JHQHUDWLRQ�SURJUDPPLQJ�ODQJXDJHV�VXFK�DV�)RUWUDQ�RU�3DVFDO��EXW
�UDWKHU�DV�LQGHSHQGHQW�SURFHVVHV�ZKLFK�DUH�WULJJHUHG�E\�VRPH�H[WHUQDO�FRQGLWLRQ�V��
�7KH�VHSDUDWLRQ�EHWZHHQ�PRGHO�GHILQLWLRQ�DQG�PDQLSXODWLRQ�LQ�'(6�ODQJXDJHV�LV

�YHU\�LQGLVWLQFW��:H�FDQQRW�QHDWO\�GHILQH�D�ERXQGDU\�EHWZHHQ�WKH�UHSUHVHQWDWLRQ�DQG
�WKH�VROXWLRQ�DOJRULWKP�DV�LQ�WKH�FDVH�RI�RSWLPL]DWLRQ�PRGHOV��7KH�UHODWLRQVKLS�EH
�WZHHQ�VROYHUV�DQG�PRGHOV�LV�RQH�WR�PDQ\�LQ�WKH�PDWKHPDWLFDO�SURJUDPPLQJ�ZRUOG
�ZKHUHDV�LW�LV�FORVHU�WR�RQH�WR�RQH�LQ�'(6�DSSOLFDWLRQV��$�VLPSOH[�DOJRULWKP��IRU
�H[DPSOH��FDQ�EH�XVHG�WR�VROYH�D�YLUWXDOO\�XQOLPLWHG�QXPEHU�RI�GLIIHUHQW�OLQHDU�SUR
�JUDPPLQJ�PRGHO�LQVWDQFHV��HDFK�ZLWK�D�FORVHG�DQG�FRPSOHWH�PDWKHPDWLFDO�GHVFULS
�WLRQ��6LPXODWLRQ�PRGHOV��RQ�WKH�RWKHU�KDQG��DUH�IRUPXODWHG�WR�VROYH�RQH�SDUWLFXODU
�SUREOHP��DQG�DUH�QRW�HVSHFLDOO\�SRUWDEOH�WR�RWKHU�DSSOLFDWLRQV��7KLV�VKRUWFRPLQJ�RI
�H[LVWLQJ�'(6�ODQJXDJHV�KDV�OHG�'(6�UHVHDUFKHUV�WR�H[SORUH�DOWHUQDWLYHV�IRU�VWUHQJWK
�HQLQJ�WKH�VHSDUDWLRQ�EHWZHHQ�'(6�PRGHO�GHILQLWLRQ�DQG�PDQLSXODWLRQ��VHH��H�J��
�=HLJOHU�������DQG�WKH�FROOHFWLRQV�RI�SDSHUV�LQ�:LGPDQ�HW�DO��������DQG�2UHQ�HW
�DO��������

����'LPHQVLRQV�RI�0RGHO�,QWHJUDWLRQ
�,Q�WKLV�VHFWLRQ�ZH�SURSRVH�D�XVHIXO�ZD\�WR�FODVVLI\�WKH�GLPHQVLRQV�RI��DQG�DS

�SURDFKHV�WR��PRGHO�LQWHJUDWLRQ��$�PRGHO�FRPSRQHQW�FRQVLVWV�RI�D�PRGHO�VFKHPD��LQ
�WKH�VSLULW�RI�VWUXFWXUHG�PRGHOLQJ��*HRIIULRQ��������SOXV�D�VHW�RI�RQH�RU�PRUH�SURFHVVHV
�WKDW�HYDOXDWH�WKH�FRPSRVLWH�PRGHO��7KHUH�DUH�WZR�FULWLFDO�DVSHFWV�WKDW�PXVW�EH�GH
�ILQHG�ZKHQ�VSHFLI\LQJ�KRZ�FRPSRQHQWV�DUH�WR�EH�LQWHJUDWHG�WR�IRUP�D�FRPSRV
�LWH�PRGHO�

�����9DULDEOH�&RUUHVSRQGHQFH��WKH�LQSXW�RXWSXW�UHODWLRQVKLS�EHWZHHQ�PRGHO�FRP
�SRQHQW�YDULDEOHV�VSHFLI\LQJ�ZKLFK�RXWSXWV�IURP�RQH�PRGHO�FRPSRQHQW�VHUYH�DV�LQ
�SXWV�WR�RWKHU�PRGHO�FRPSRQHQWV�
�����6\QFKURQL]DWLRQ��WKH�RUGHU�LQ�ZKLFK�PRGHO�FRPSRQHQWV�PXVW�EH�PDQLSXODWHG�

�RU�H[HFXWHG��DQG�WKH�WLPLQJ�RI�G\QDPLF�LQWHUDFWLRQ�RI�PRGHO�FRPSRQHQWV�

�7DNH��IRU�H[DPSOH��D�FRPSRVLWH�PRGHO�ZKHUH�HFRQRPHWULF�IRUHFDVWLQJ�PRGHOV��0�
�DQG�0���DUH�XVHG�WR�JHQHUDWH�SURMHFWLRQV�IRU�WKH�GHPDQG�DQG�VXSSO\�RI�DQ�HQHUJ\
�FRPPRGLW\��DQG�WKHVH�SURMHFWLRQV�DUH�WKHQ�XVHG�DV�LQSXW�WR�D�OLQHDU�SURJUDPPLQJ
�PRGHO��0���WR�GHWHUPLQH�GLVWULEXWLRQ�RI�WKH�FRPPRGLW\��)LJXUH�������,Q�WKLV�VLPSOH
�FDVH��PRGHOV�0��DQG�0��H[HFXWH�WR�WHUPLQDWLRQ��SHUKDSV�LQ�SDUDOOHO���WKHQ�WKH�GH
�PDQG�DQG�VXSSO\�YDULDEOHV�DUH�WUDQVPLWWHG��DQG�0��EHJLQV�H[HFXWLRQ��7KH�FRPSRVLWH
�PRGHO�FRQVLVWV�RI�D�SDUWLDO�RUGHULQJ�RI�PRGHO�FRPSRQHQWV�ZKLFK�IRUPV�D�VLPSOH�
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�)LJXUH������([DPSOH�RI�0RGHO�,QWHJUDWLRQ��$GDSWHG�IURP�6KDSLUR�������

�ZHOO�EHKDYHG�SUHFHGHQFH�UHODWLRQVKLS��7KXV�V\QFKURQL]DWLRQ�LV�WULYLDO�LQ�WKLV
�H[DPSOH�
�1RZ�FRQVLGHU�DQ�H[WHQVLRQ�WR�WKH�PRGHO�ZKLFK�LQWURGXFHV�HTXLOLEULXP�FRQGLWLRQV

��H�J���6KDSLUR��������,Q�WKLV�FDVH��0��IHHGV�EDFN�LQWR�0��DQG�0��DQG�LWHUDWLRQV�RI�WKLV
�F\FOH�DUH�UHTXLUHG�LQ�RUGHU�WR�VDWLVI\�HTXLOLEULXP�FRQGLWLRQV��7KLV�UHTXLUHV�D�PRUH
�HODERUDWH�RUGHULQJ�RI�SURFHVVHV��VSHFLILFDOO\�DQ�LWHUDWLRQ�RSHUDWRU��WR�VROYH�WKH�FRP
�SRVLWH�PRGHO��DOWKRXJK�V\QFKURQL]DWLRQ�LV�VWLOO�UHODWLYHO\�VLPSOH�
�1RQWULYLDO�V\QFKURQL]DWLRQ�ZRXOG�EH�UHTXLUHG�LI�DOO�WKUHH�PRGHO�FRPSRQHQWV�KDG

�WR�UXQ�LQ�SDUDOOHO�DQG�FRPPXQLFDWH�ZLWK�RQH�DQRWKHU�GXULQJ�WKHLU�H[HFXWLRQ��7KXV�
�FRPSRQHQWV�0��DQG�0��PLJKW�UXQ�SDUW�RI�WKHLU�SURFHVVHV��RQH�LQWHUQDO�LWHUDWLRQ��H�J���
�WKHQ�RXWSXW�YDULDEOHV�WR�0���ZKLFK�ZRXOG�UXQ�DOO�RU�SDUW�RI�LWV�SURFHVV��UHWXUQ�RXWSXW
�WR�0M�DQG�RU�0��IRU�DQRWKHU�LQWHUQDO�LWHUDWLRQ��DQG�VR�RQ�XQWLO�FRQYHUJHQFH��7KLV�LV
�FOHDUO\�PRUH�WLJKWO\�FRXSOHG�WKDQ�WKH�SUHYLRXV�VFHQDULR�
�7KH�DERYH�VHULHV�RI�H[DPSOHV�LOOXVWUDWHV�D�FRQWLQXXP�RI�PRGHO�LQWHJUDWLRQ�ZKLFK

�ZH�ODEHO�ZLWK�WKH�WHUPV�FRQVROLGDWLRQ��SLSHOLQLQJ��DQG�VSOLFLQJ��$V�GLVFXVVHG�EHORZ�
�WKLV�SURSRVHG�FRQWLQXXP�LV�EDVHG�XSRQ�WKH�FRPSOH[LW\�DQG�G\QDPLVP�RI�YDULDEOH
�FRUUHVSRQGHQFH�DQG�V\QFKURQL]DWLRQ�LQYROYHG�LQ�VSHFLI\LQJ�DQ�HYDOXDWLRQ�SURFHVV�IRU
�D�FRPSRVLWH�PRGHO�
�&RQVROLGDWLRQ�LV�WKH�VLPSOHVW�FDVH��LQGHHG�D�WULYLDO�FDVH�LQ�WHUPV�RI�SURFHVV�VSHFLILFD

�WLRQ��,Q�FRQVROLGDWLRQ��PXOWLSOH�PRGHO�UHSUHVHQWDWLRQV�DUH��MRLQHG��DQG�WKHLU�HYDOXD
�WLRQ�LV�SHUIRUPHG�E\�D�VLQJOH�SURFHVV��)RU�H[DPSOH��WZR�UHJLRQDO�QHWZRUN�PRGHOV�FDQ
�EH�FRPELQHG�LQWR�DQ�RYHUDOO�QDWLRQDO�QHWZRUN�PRGHO��DQG�WKH�UHVXOWLQJ�FRPSRVLWH
�PRGHO�FDQ�EH�HYDOXDWHG�XVLQJ�D�VLQJOH�QHWZRUN�PRGHO�HYDOXDWLRQ�SURFHVV���6HH�*HRI
�IULRQ�����D��E�DQG�%UDGOH\�DQG�&OHPHQFH������IRU�RWKHU�H[DPSOHV�RI�FRQVROLGDWLRQ��
�%HFDXVH�HYDOXDWLRQ�LV�SHUIRUPHG�E\�D�VLQJOH�SURFHVV��YDULDEOH�FRUUHVSRQGHQFH�LV�VWDWLF
�DQG�GHWHUPLQHG�SULRU�WR�PRGHO�H[HFXWLRQ�DQG�LQWHUSURFHVV�V\QFKURQL]DWLRQ�LV�QRW
�DQ�LVVXH�

�3LSHOLQLQJ�LQYROYHV�PRGHOV�WKDW�DUH�VHSDUDWH��FRPPXQLFDWLQJ�SURFHVVHV��EXW

�� �,QIRUPDWLRQ�6\VWHPV�5HVHDUFK������

This content downloaded from 205.155.65.56 on Wed, 27 Jul 2022 19:21:51 UTC
All use subject to https://about.jstor.org/terms



�0RGHO�,QWHJUDWLRQ�DQG�0RGHOLQJ�/DQJXDJHV

�V\QFKURQL]DWLRQ�FDQ�EH�GHILQHG�E\�D�SUHGHILQHG�DQG�VWDWLF�SDUWLDO�RUGHULQJ��3LSHOLQLQJ
�LV�EDVHG�RQ�WKH�IROORZLQJ�V\QFKURQL]DWLRQ�DVVXPSWLRQ�

�&RPSRVLWH�PRGHOV�IRUP�D�GLUHFWHG��DF\FOLF�JUDSK�WKDW�GHILQHV�D�SDUWLDO�RUGHULQJ�
�VXFK�WKDW�PRGHO�0��PD\�UXQ�WR�WHUPLQDWLRQ�EHIRUH�0\�LV�DFWLYDWHG�IRU�DOO�L���M�JLYHQ�E\
�WKH�SDUWLDO�RUGHULQJ�

�9DULDEOH�FRUUHVSRQGHQFH�LV�DVVXPHG�WR�EH�VWDWLF�DQG�ERXQG�E\�WKH�GHILQLWLRQ�RI�WKH
�SDUWLDO�RUGHULQJ��6LPLODUO\��V\QFKURQL]DWLRQ�LV�VLPSOH�DQG�VWDWLF�EHFDXVH�WKH�RUGHULQJ
�RI�H[HFXWLRQ�LV��E\�GHILQLWLRQ��QRW�DIIHFWHG�E\�WKH�UXQ�WLPH�EHKDYLRU�RI�PRGHO�FRPSR
�QHQWV��7KH�RQO\�V\QFKURQL]DWLRQ�FRQVLGHUDWLRQ�LV�WR�LQVXUH�WKDW�SURFHVVHV�H[HFXWH�DV
�SUHGHILQHG�E\�WKH�SDUWLDO�RUGHULQJ�DQG�WKDW�SURFHVVHV�ZDLW�XQWLO�WKH\�DUH�SURYLGHG
�LQSXW�GDWD�

�&RQVROLGDWLRQ�DQG�SLSHOLQLQJ�DUH�WKH�GRPLQDQW�YLHZV�RI�PRGHO�LQWHJUDWLRQ�WDNHQ�LQ
�WKH�PRGHO�PDQDJHPHQW�OLWHUDWXUH��H�J���%ODQQLQJ�������������0LOOHU�DQG�.DW]������
�0XKDQQD�DQG�3LFN�������6DJLH�������6SUDJXH�������/LDQJ�������5R\�HW�DO��������
�+RZHYHU��LW�LV�LPSRUWDQW�WR�UHDOL]H�WKDW�WKHVH�FRQVWLWXWH�WZR�TXLWH�GLIIHUHQW�DS
�SURDFKHV�WR�PRGHO�LQWHJUDWLRQ��&RQVROLGDWLRQ�LV�HIIHFWLYHO\�WKH�ORJLFDO�LQWHJUDWLRQ�RI
�KRPRJHQHRXV�PRGHOV��ZKHUH�E\��KRPRJHQHRXV��ZH�PHDQ�PRGHOV�ZKLFK�KDYH�WKH
�VDPH�VROYHU��7KLV�HQWDLOV�SULPDULO\�WKH�LQWHJUDWLRQ�RI�PRGHO�VFKHPDV�DV�GHWDLOHG�LQ
�*HRIIULRQ��������EXW�OLWWOH��LI�DQ\��SURFHVV�LQWHJUDWLRQ��3LSHOLQLQJ��RQ�WKH�RWKHU�KDQG�
�LV�UHOHYDQW�WR�WKH�PXOWL�SDUDGLJPDWLF�VLWXDWLRQ��ZKHUH�WKH�PRGHOV�DQG�WKHLU�DVVRFLDWHG
�VROYHUV�DUH�KHWHURJHQHRXV��,Q�WKLV�FDVH��ZH�DUH�SULPDULO\�LQWHUHVWHG�LQ�SURFHVV��RU
�VROYHU��LQWHJUDWLRQ��7KH�FRPSOH[LWLHV�LQKHUHQW�LQ�SURFHVV�LQWHJUDWLRQ�KDYH�EHHQ
�ODUJHO\�RYHUORRNHG�LQ�WKH�OLWHUDWXUH��RU�HOVH�VLPSOLILHG�WR�WKH�SRLQW�ZKHUH�WKH�SUREOHPV
�RI�G\QDPLF�YDULDEOH�FRUUHVSRQGHQFH�DQG�V\QFKURQL]DWLRQ�DUH�DVVXPHG�DZD\�

�7KH�EDVLF�YDULDEOH�FRUUHVSRQGHQFH�DQG�V\QFKURQL]DWLRQ�DVVXPSWLRQV�ZKLFK�FKDUDF
�WHUL]H�FXUUHQW�PRGHO�PDQDJHPHQW�UHVHDUFK�RYHUVLPSOLI\�WKH�SUREOHP�RI�PRGHO�LQWH
�JUDWLRQ�LQ�PDQ\�SUDFWLFDO�VLWXDWLRQV��0DQ\�VLWXDWLRQV�UHTXLUH�GHILQLWLRQ�RI�PRUH
�FRPSOH[�DQG�G\QDPLF�YDULDEOH�FRUUHVSRQGHQFHV�DQG�V\QFKURQL]DWLRQ�SURWRFROV�WKDQ
�WKH�DERYH�SHUVSHFWLYHV�DIIRUG��VHH��H�J���6KDSLUR�������'RON�DQG�.ULGHO�LQ�SUHVV��
�6SHFLILFDOO\��WKH�IROORZLQJ�OLPLWLQJ�DVVXPSWLRQV�DUH�LPSOLHG�E\�WKH�DERYH�EDVLF�SHU
�VSHFWLYHV�

�$O��9DULDEOH�FRUUHVSRQGHQFHV�DUH�VWDWLF��L�H���WKH\�DUH�ERXQG�SULRU�WR��DQG�GR�QRW
�FKDQJH�GXULQJ��WKH�H[HFXWLRQ�RI�WKH�FRPSRVLWH�PRGHO�

�$���5XQ�WLPH�EHKDYLRU�GRHV�QRW�DIIHFW�V\QFKURQL]DWLRQ��)XUWKHU��FRPSRQHQWV�DUH
�H[HFXWHG�XQFRQGLWLRQDOO\��DQG�WKHUH�DUH�QR�LQWHUOHDYHG�H[HFXWLRQ�SDWWHUQV�GXH�WR
�F\FOHV�

�$���2QO\�WKRVH�FRPSRQHQWV
�YDULDEOHV�GHILQHG�D�SULRUL�DV�RXWSXW�YDULDEOHV�FDQ�EH
�UHIHUHQFHG��DQG�WKHQ��RQO\�ZKHQ�WKH�FRPSRQHQW�QRUPDOO\�PDNHV�WKHP�DYDLODEOH�

�$������DQG���HVVHQWLDOO\�VHUYH�WR�DVVXPH�DZD\�WKH�G\QDPLF�GLPHQVLRQ�RI�PRGHO
�LQWHJUDWLRQ��$OWKRXJK�WKLV�PD\�EH�ZDUUDQWHG�LQ�PDQ\�FDVHV��HYHQ�WKH��VLPSOH��SUR
�FHVV�RI�FDOFXODWLQJ�EDWFK�PHDQV�YLRODWHV�$O��$V�VKRZQ�LQ�WKH�IROORZLQJ�VHFWLRQV�
�PRGHO�HYDOXDWLRQ�VWUDWHJLHV�PD\�GLFWDWH�D�6SOLFLQJ�RI�WZR�RU�PRUH�LQGHSHQGHQW�PRGHO
�HYDOXDWLRQ�SURFHVVHV�WKDW�YLRODWHV�DQ\�RU�DOO�RI�WKHVH�DVVXPSWLRQV��HYHQ�LQ�VLWXDWLRQV
�ZKHUH�WKH�PRGHO�FRPSRQHQWV�FRQVLGHUHG�LQ�LVRODWLRQ�DUH�UHODWLYHO\�VWDWLF��,Q�VXFK
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�VLWXDWLRQV��YDULDEOH�FRUUHVSRQGHQFH�DQG�V\QFKURQL]DWLRQ�PD\�ERWK�EH�G\QDPLF�LQ
�QDWXUH��)XUWKHU��UHOD[LQJ�DVVXPSWLRQ�$���GLVFXVVHG�LQ�i���PDNHV�LW�SRVVLEOH�WR�XVH
�H[LVWLQJ�PRGHO�FRPSRQHQWV�LQ�XQIRUHVHHQ�ZD\V��WKHUHE\�GUDPDWLFDOO\�LPSURYLQJ�WKH
�SRWHQWLDO�UHXVDELOLW\�RI�PRGHO�FRPSRQHQWV�

����&RPSRVLWH�0RGHOV�DV�&RPPXQLFDWLQJ�3URFHVVHVᒫ5HOD[LQJ
�$VVXPSWLRQV�$��DQG�$�
�5HFDOOLQJ�IURP�WKH�SUHYLRXV�VHFWLRQ��FXUUHQW�DSSURDFKHV�WR�PRGHO�LQWHJUDWLRQ

�PDNH�WKH�DVVXPSWLRQ�WKDW�YDULDEOH�FRUUHVSRQGHQFHV�DUH�VWDWLF��$����DQG�WKDW�UXQ�WLPH
�EHKDYLRU�GRHV�QRW�DIIHFW�V\QFKURQL]DWLRQ��$����:KLOH�WKHVH�DUH�VRPHWLPHV�YDOLG�DV
�VXPSWLRQV��WKH�PRGHO�LQWHJUDWLRQ�H[DPSOH�JLYHQ�LQ�)LJXUH�����YLRODWHV�ERWK��)LUVW��WKH
�UXQ�WLPH�UHVXOWV�RI�WKH�PRGHO�FRPSRQHQW�WKDW�WHVWV�IRU�FRQYHUJHQFH�G\QDPLFDOO\
�DIIHFW�YDULDEOH�FRUUHVSRQGHQFHV��6HFRQG��FRPSRQHQWV�DUH�QRW�HYDOXDWHG��RU�H[HFXWHG�
�XQFRQGLWLRQDOO\�DQG�WKHUH�DUH��VXE�F\FOHV�LQ�WKH�H[HFXWLRQ�SDWWHUQ��,Q�WKLV�VHFWLRQ��ZH
�GHVFULEH�006�IRUPDOLVPV�DQG�SURFHVV�RULHQWHG�FRQVWUXFWV�WKDW�SHUPLW�UHOD[DWLRQ�RI
�WKH�DERYH�WZR�DVVXPSWLRQV��)ROORZLQJ�WKDW��WKH�FRQVWUXFWV�DUH�LOOXVWUDWHG�XVLQJ�WKH
�H[DPSOH�RI�)LJXUH�����
�2QH�UHODWLYHO\�VWUDLJKWIRUZDUG�ZD\�WR�DFFRPPRGDWH�G\QDPLF�YDULDEOH�FRUUHVSRQ

�GHQFH�DQG�V\QFKURQL]DWLRQ�LV�WR��ILUVW��FRQVLGHU�PRGHO�FRPSRQHQWV�LQ�WKH�PRGHO�EDVH
�DV�SURFHVVHV�WKDW�FRPPXQLFDWH�E\�VHQGLQJ�DQG�UHFHLYLQJ�PHVVDJHV��DQG��VHFRQG��WR
�UHFRJQL]H�WKDW�WKH�PHVVDJHV�VHQW�DQG�UHFHLYHG�FDQ�EH�HLWKHU�GDWD�RU�FRQWURO�VWDWXV
�YDULDEOH�YDOXHV��%\�GRLQJ�WKH�ILUVW��YDULDEOH�FRUUHVSRQGHQFHV�FDQ�EH�UHURXWHG�E\�DQ
�RYHUO\LQJ��H[HFXWLYH�SURFHVV��E\�GRLQJ�WKH�VHFRQG��WKH�H[HFXWLRQDO�VWDWH��RU�G\QDPLF
�EHKDYLRU��RI�WKH�PRGHO�FRPSRQHQWV�FDQ�EH�PRQLWRUHG�DQG�FRQWUROOHG�
�)RU�WKH�VDNH�RI�SDUVLPRQ\��DOO�PRGHO�FRPSRQHQWV�LQ�WKH�PRGHO�EDVH�DUH�DVVXPHG�WR

�EH�IXQFWLRQDOO\�HTXLYDOHQW�WR�WKH�IROORZLQJ�FDQRQLFDO�IRUP�

�,QLW��SURFHGXUH�V��SHUIRUPHG�ZKHQ�WKH�FRPSRQHQW�LV�LQYRNHG�
�:DLW�IRU�6WDUW�PHVVDJH�

�%RG\��WKH�PDLQ�WDVN�WKDW�WKH�PRGHO�FRPSRQHQW�SHUIRUPV�
�)LQL��SURFHGXUH�V��SHUIRUPHG�ZKHQ�WKH�FRPSRQHQW�ILQLVKHV�RQ�LWV

�RZQ�RU�ZKHQ�LW�LV�VHQW�D�)LQLVK�PHVVDJH�

�)RU�H[DPSOH��D�PRGHO�FRPSRQHQW�WKDW�FDOFXODWHV�WKH�PHDQ�RI�D�VHULHV�RI�GDWD�SRLQWV
�ZRXOG�UHFHLYH�PHVVDJHV�LQ�WKH�%RG\�DQG�VHQG�PHVVDJHV��UHVXOWV��LQ�WKH�)LQL�

�,QLW��FRXQW�� ����VXP�� ����^:DLW�IRU�6WDUW�VLJQDO`
�%RG\��5HFHLYH�'DWD��VXP����'DWD��FRXQW�����
�)LQL��6HQG�VXP�FRXQW

�%\�VHQGLQJ�FRQWURO�VWDWXV�PHVVDJHV��PRGHO�FRPSRQHQWV�FRPPXQLFDWH�WKHLU�EHKDY
�LRU�YLD�VWDWH�WUDQVLWLRQ�PHVVDJHV��E\�UHFHLYLQJ�FRQWURO�VWDWXV�PHVVDJHV��PRGHO�FRPSR
�QHQWV�DOORZ�WKHLU�EHKDYLRU�WR�EH�PDQLSXODWHG�G\QDPLFDOO\��$�FRPSOHPHQWDU\�IRUP�RI
�WKH�IRUPHU�LV�WR�FRQVLGHU�WKDW�HDFK�FRPSRQHQW�PDLQWDLQV�DQ�HQFDSVXODWHG�VHW�RI
�VWDWXV�YDULDEOH�YDOXHV��69��ZKLFK�FDQ�EH�UHIHUHQFHG�WR�GHWHUPLQH�WKH�FXUUHQW�RSHUD
�WLRQDO�VWDWH�RI�WKH�FRPSRQHQW��7KLV�SHUPLWV�FKHFNLQJ�WKH�VWDWH�RI�D�PRGHO�FRPSRQHQW
��UDWKHU�WKDQ�EHLQJ�QRWLILHG�RI�D�VWDWH�WUDQVLWLRQ�YLD�DQ�H[SOLFLW�PHVVDJH�IURP�D�FRPSR
�QHQW���)RU�H[DPSOH��WKH�VWDWHPHQW�,I�)LQLVK�LQ�PHDQ�VY��WHVWV�ZKHWKHU�WKH�FRPSRQHQW
�PRGHO��0HDQ��KDV�FRPSOHWHG�H[HFXWLRQ��DQG�6HQG�PHDQ�)LQLVK��ZLOO�FDXVH�WKH�PHDQ
�FRPSRQHQWV�WR�H[HFXWH�LWV�)LQL�SURFHGXUH�

�� �,QIRUPDWLRQ�6\VWHPV�5HVHDUFK������
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�*LYHQ�WKH�DERYH�FDQRQLFDO�IRUP�IRU�PRGHO�FRPSRQHQWV��D�PRGHO�GHYHORSHU�FDQ
�HQOLVW�VRPH�QXPEHU�RI�PRGHO�FRPSRQHQWV�IURP�D�PRGHO�EDVH�DQG�VSHFLI\�WKHLU�PRGHO
�LQWHJUDWLRQ�VFKHPH��0,�VFKHPD���7KH�0,�VFKHPD�QHHGV�WR�GHILQH�G\QDPLF�SURFH
�GXUDO�LQWHUDFWLRQV�EHWZHHQ�WKH�PRGHO�FRPSRQHQWV��7KHUHIRUH��WKH�0,�VFKHPD�LV�LWVHOI
�D�SURFHGXUHᒫWHUPHG�WKH�0RGHO�,QWHJUDWLRQ�&RQWURO�3URFHGXUH��RU�WKH�0,&3���$OO
�PHVVDJHV�WR�DQG�IURP�PRGHO�FRPSRQHQWV�SDVV�WKURXJK�WKH�0,&3��7KXV�WKH�0,&3
�VHUYHV�DV�D�PHVVDJH�URXWHU��$OVR��VLQFH�WKH�0,&3�FDQ�H[DPLQH�PHVVDJHV�LW�UHFHLYHV
�DQG�VLQFH�PRGHO�FRPSRQHQWV�ZDLW��RU�VXVSHQG�H[HFXWLRQ��ZKHQ�WKH\�UHDFK�D�5HFHLYH
�VWDWHPHQW��WKH�0,&3�FDQ�DFW�DV�D�PHVVDJHILOWHU�DQG�FDQ�FRQWURO�WKH�LQWHUOHDYLQJ�RI�WKH
�DFWLYH�VWDJHV�RI�PRGHO�FRPSRQHQWV��)RU�D�VLPSOH�H[DPSOH��WDNH�D�0,&3�GHVLJQHG�WR
�FDOFXODWH�EDWFK�PHDQV��7R�GR�VR�LW�PXVW�FRXSOH�D�GDWD�SURGXFLQJ�FRPSRQHQW��6DP
�SOH��WR�PXOWLSOH�LQVWDQWLDWLRQV�RI�D�PHDQ�FDOFXODWLRQ�FRPSRQHQW��0HDQ�

�6WDUW�6DPSOH
�'R�:KLOH�6DPSOH�QRW�LQ�VWDWH�)LQLVK��L�H���)LQLVK�1RW�LQ�6DPSOH�69�

�6WDUW�0HDQ

�'R�EDWFK

�5HFHLYH�6DPSOH�3RLQW��6HQG�0HDQ�'DWD�3RLQW�
�'RHQG�EDWFK

�6HQG�0HDQ�)LQLVK��5HFHLYH�0HDQ�5HVXOW
�'RHQG

�7KLV�VLPSOH�H[DPSOH�RI�FDOFXODWLQJ�EDWFK�PHDQV�LOOXVWUDWHV�WKH�EHQHILWV�RI�YLHZLQJ
�PRGHO�LQWHJUDWLRQ�LQ�WHUPV�RI�����PRGHO�FRPSRQHQWV�WKDW�DUH�FRPPXQLFDWLQJ�SUR
�FHVVHV�ZKLFK�VHQG�DQG�UHFHLYH�PHVVDJHV������WKH�GLVWLQJXLVKHG�UROH�WKDW�VWDWXV�FRQWURO
�YDULDEOHV�SOD\�ZKHQ�YDULDEOH�FRUUHVSRQGHQFH�DQG�V\QFKURQL]DWLRQ�DUH�G\QDPLF�LQ
�QDWXUH��DQG�����WKH�YDOXH�RI�VWUXFWXUHG�SURJUDPPLQJ�FRQVWUXFWV��1H[W�ZH�GHPRQ
�VWUDWH�WKHVH�FRQVWUXFWV�XVLQJ�DQ�H[DPSOH�DGRSWHG�IURP�%ODQQLQJ��������
�7KH�LQWHJUDWHG�PRGHO�RI�)LJXUH������ZKHQ�YLHZHG�DV�SURFHVVHV�WKDW�LQWHUDFW�YLD�D

�0,&3��LV�

�*HW�3RVLW3ULFH�
�5HSHDW�8QWLO�'21(

�6HQG�)RUHFDVWLQJ�3RVLW3ULFH��5HFHLYH�)RUHFDVWLQJ�'HPDQG�
�6HQG�3URGXFWLRQ�'HPDQG��5HFHLYH�3URGXFWLRQ�3&RVW�
�6HQG�7UDQVSRUWDWLRQ�'HPDQG��5HFHLYH�7UDQVSRUWDWLRQ�7&RVW�
�6HQG�3ULFLQJ��'HPDQG�3&RVW�7&RVW���5HFHLYH�3ULFLQJ��3ULFH�
�6HQG�7HVW&RQYHUJ��3RVLW3ULFH�3ULFH��
�,I�)DLO�LQ�7HVW&RQYHUJ�69
�3RVLW3ULFH�� ��3RVLW3ULFH���3ULFH���

�(OVH�6HQG�)LQDQFLDO��3ULFH�'HPDQG�3&RVW�7&RVW��
�5HFHLYH�)LQDQFLDO��5HYHQXHV�1HW�,QFRPH��
�'21(

�$ORQJ�ZLWK�WKH�EDWFK�PHDQ�FDOFXODWLRQ�H[DPSOH�JLYHQ�HDUOLHU��%ODQQLQJ
V�������
�H[DPSOH�VXJJHVWV�WKDW�PDQ\�FRPPRQ�PRGHO�LQWHJUDWLRQ�VLWXDWLRQV�LQYROYH�WKH

���7KH�GHJUHH�WR�ZKLFK�VXFK�SURFHGXUHV�FDQ�EH�GHWHFWHG�DXWRPDWLFDOO\�LV�EULHIO\�DGGUHVVHG�LQ�WKH�GLVFXV
�VLRQ�VHFWLRQ�

�0DUFK����� ��
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�G\QDPLF�VSOLFLQJ�RI�PRGHO�FRPSRQHQWV��DQG�WKDW�WKH�FXUUHQW�DVVXPSWLRQV�XQGHUO\LQJ
�SLSHOLQLQJ�DSSURDFKHV�DUH�LQYDOLG�LQ�VXFK�VLWXDWLRQV��2QH�ZD\�WR�RYHUFRPH�WKHVH
�DVVXPSWLRQV�LV�WR�YLHZ�PRGHO�FRPSRQHQWV�DV�SURFHVVHV�WKDW�FRPPXQLFDWH�GDWD�DQG
�VWDWXV�LQGLFDWRUV�XQGHU�WKH�VXSHUYLVLRQ�RI�D�0,&3��7KH�0,&3�LQ�VXFK�VLWXDWLRQV�PXVW
�G\QDPLFDOO\�FRQWURO�WKH�LQWHUOHDYHG�SDWWHUQ�RI�PRGHO�FRPSRQHQW�DFWLYDWLRQ��7KH
�H[DPSOHV�DOVR�GHPRQVWUDWH�WKDW�LW�LV�XVHIXO�WR�PDNH�WKH�EDVLF�FRQVWUXFWV�RI�VWUXFWXUHG
�SURJUDPPLQJᒫVHTXHQFH��VHOHFWLRQ��DQG�LWHUDWLRQᒫDYDLODEOH�WR�0,&3V�LQ�RUGHU�WR
�VXSSRUW�WKH�VSHFLILFDWLRQ�RI�G\QDPLF�PRGHO�LQWHJUDWLRQ�VFKHPDV��DOVR�VHH�%RQF]HN�HW
�DO��������

����'\QDPLF��8QDQWLFLSDWHG�,QWHUDFWLRQᒫ5HOD[LQJ�$VVXPSWLRQ�$�
�7KXV�IDU��WKH�0,&3�LV�RQO\�DEOH�WR�H[DPLQH�69�YDOXHV�DQG�WKRVH�YDULDEOHV�H[SOLFLWO\

�VHQW�DV�PHVVDJHV�IURP�PRGHO�FRPSRQHQWV��)XUWKHU��WKH�0,&3
V�FRQWURO�RI�FRPSRVLWH
�PRGHOV
�DFWLYH�SKDVHV�KDV�EHHQ�EDVHG�RQ�WKH�SUHGHILQHG�EHKDYLRU�RI�WKH�PRGHO�FRPSR
�QHQWV�WKHPVHOYHV��7KDW�LV��WKH�IROORZLQJ�DVVXPSWLRQ�KDV�\HW�WR�EH�UHOD[HG�

�$���2QO\�WKRVH�FRPSRQHQWV
�YDULDEOHV�GHILQHG�D�SULRUL�DV�RXWSXW�YDULDEOHV�FDQ�EH
�UHIHUHQFHG��DQG�WKHQ��RQO\�ZKHQ�WKH�FRPSRQHQW�QRUPDOO\�PDNHV�WKHP�DYDLODEOH�

�$V�VKRZQ�LQ�WKLV�VHFWLRQ��SURYLGLQJ�D�0,&3�PHFKDQLVP�WKDW�UHOD[HV�DVVXPSWLRQ
�$��ERWK�LQFUHDVHV�WKH�YDULHW\�RI�PRGHO�FRPSRQHQW�W\SHV�WKDW�FDQ�EH�DFFRPPRGDWHG
�E\�D�006�DQG�LPSURYHV�WKH�SRWHQWLDO�IRU�UHXVDELOLW\�RI�PRGHO�FRPSRQHQWV�
�5HOD[LQJ�DVVXPSWLRQ�$��LQWURGXFHV�WZR�006�UHTXLUHPHQWV��)LUVW��WKH�0,&3

�PXVW�EH�DEOH�WR�UHIHUHQFH�DOO�D�PRGHO�FRPSRQHQW
V�YDULDEOHVᒫLQFOXGLQJ�WKRVH�QRW
�QRUPDOO\�VHQW�DV�PHVVDJHV��6HFRQG��WKH�0,&3�PXVW�KDYH�D�PHFKDQLVP�WR�GLFWDWH
�ZKHQ�LW�ZLVKHV�WR�H[DPLQH�D�FRPSRQHQW
V�YDULDEOHVᒫRWKHU�WKDQ�WKRVH�WLPHV�SUHGH
�ILQHG�LQ�WKH�FRPSRQHQW��7KH�ODWWHU��LQ�SDUWLFXODU��QHFHVVLWDWHV�XVH�RI�GHPRQV��$
�GHPRQ�LV�D�SURFHVV�WKDW�DFWLYDWHV�ZKHQ�FHUWDLQ�FRQGLWLRQV�DULVH��([DPSOHV�RI�WKUHH
�IRUPV�RI�GHPRQV�XVHIXO�LQ�WKH�FRQWH[W�RI�PXOWL�SDUDGLJPDWLF�PRGHO�LQWHJUDWLRQᒫ
�WKDW�LV��ZKHUH�PRGHOV�IURP�GLIIHUHQW�PRGHOLQJ�SDUDGLJPV�VXFK�DV�PDWK�SURJUDPPLQJ
�DQG�VLPXODWLRQ�DUH�LQYROYHGᒫDUH�JLYHQ�EHORZ��)ROORZLQJ�GLVFXVVLRQ�RI�WKHVH�IRUPV�
�ZH�SUHVHQW�DQ�H[DPSOH�ZKLFK�VKRZV�WKH�DGYDQWDJHV�RI�GHPRQV�LQ�PXOWL�SDUDGLJPDWLF
�PRGHO�LQWHJUDWLRQ�

�����:KHQ�$1<�&+$1*(�LQ�0�9
�6D\�WKH�0,&3�LV�WR�FDOFXODWH�PHDQ�QXPEHU�LQ�TXHXH�LQ�D�VLPXODWLRQ�FRPSRQHQW�0

�DQG�WKDW�TXHXH�VWDWLVWLFV�DUH�QRW�SUHGHILQHG�DV�PHVVDJHV�VHQW�E\�0��$�GHPRQ�FDQ�EH
�XVHG�WR�H[WUDFW�WKH�DSSURSULDWH�TXHXH�GDWD�IURP�0�DW�WKH�DSSURSULDWH�WLPHV�DV�IRO
�ORZV��)LUVW��WKH�GHPRQ�ZRXOG�EH�VSHFLILHG�ZLWK�WKH�SUHFRQGLWLRQ�:KHQ�$Q\�&KDQJH�LQ
�0�QXPEHU�LQ�TXHXH��7KLV�SUHFRQGLWLRQ�PHDQV�WKDW�WKH�GHPRQ�ZLOO�EH�DFWLYDWHG�ZKHQ
�HYHU�WKHUH�LV�D�FKDQJH�LQ�0
V�YDULDEOH�QXPEHU�LQ�TXHXH��7KH�ERG\�RI�WKH�GHPRQ
�SURFHGXUH�ZRXOG�LQ�WXUQ�6HQG�0HDQ�'DWD�^0�QXPEHU�LQ�TXHXH��HDFK�WLPH�LW�ZDV
�LQYRNHG��WKXV�XVLQJ�WKH�PRGHO�FRPSRQHQW�0HDQ�WR�SHUIRUP�WKH�RQJRLQJ�FDOFXODWLRQ�

�����:KHQ�0��%RROHDQ�([SUHVVLRQ�
�+HUH��WKH�GHPRQ�LV�LQYRNHG�QRW�IRU�DQ\�FKDQJH�LQ�D��VHW�RI��YDULDEOH�V���EXW�UDWKHU

�RQO\�LI�WKH�FKDQJH�VDWLVILHV�D�JLYHQ�FRQGLWLRQ��7DNH��IRU�H[DPSOH��D�0,&3�WR�FDOFXODWH
�EDWFK�PHDQV�LQ�ZKLFK�VDPSOH�VL]HV�RI����DUH�WR�EH�VHQW�WR�LQVWDQFHV�RI�D�PHDQ
�FDOFXODWLRQ�FRPSRQHQW��$�GHPRQ�FDQ�EH�GHILQHG�ZLWK�WKH�SUHFRQGLWLRQ�:KHQ
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�)LJXUH������6FKHPDWLF�IRU�i��([DPSOH�

�0HDQ�&RXQW� �����7KH�GHPRQ�SURFHGXUH��ZKHQ�DFWLYDWHG��ZRXOG�WKHQ�UHFHLYH�WKH
�UHVXOW��DIWHU�VHQGLQJ�D�)LQLVK�PHVVDJH�WR�0HDQ��DQG�LQLWLDWH�D�QHZ�0HDQ�FRPSRQHQW�

�����:KHQ�0�$WWDLQV�6WDWH�6ᒫ�L�H���:KHQ�69�9DOXH�(QWHUV�0�69VHW�
�,Q�PDQ\�FDVHV��LW�LV�PRUH�QDWXUDO�WR�H[SUHVV�D�GHPRQ
V�FRQGLWLRQ�DV�D�IXQFWLRQ�RI

�PRGHO�VWDWH�QDPHV��)RU�H[DPSOH��LI�D�0,&3�QHHGV�FRQWURO�DIWHU�DQ�/3�KDV�UHDFKHG�D
�ILUVW�IHDVLEOH�VROXWLRQ��D�GHPRQ�ZLWK�WKH�SUHFRQGLWLRQ�:KHQ�0�DWWDLQV�)�)�6��RU
�HTXLYDOHQWO\�DV�:KHQ�)�)�6�HQWHUV�0�69��FRXOG�EH�GHILQHG��

�$Q�([DPSOH
�7KH�IROORZLQJ�H[DPSOH�LQYROYHV�'LVFUHWH�(YHQW�6LPXODWLRQ��'(6���VWDWLVWLFDO��DQG

�0DWK�SURJUDPPLQJ�FRPSRQHQWV��VHH�)LJXUH�������7KH�'(6�FRPSRQHQW�LV�D�VWRUH

���7KH�WHGLRXV�DOWHUQDWLYH�ZRXOG�LQYROYH�D�OHQJWK\�ERROHDQ�FRQGLWLRQ�LQ�ZKLFK�DOO�WKH�/3
V�DUWLILFLDO
�YDULDEOHV�PXVW�EH�WHVWHG�

�0DUFK����� ���
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�PRGHO��7KH�FRPSRVLWH�PRGHO��0,&3��LV�WR�FDOFXODWH�WKH�RYHUDOO�DYHUDJH�QXPEHU�RI
�SHRSOH�TXHXHG�DW�WKH�FKHFN�RXW�DUHD��+RZHYHU��WKH�'(6�PRGHO��DV�KHOG�LQ�WKH�PRGHO
�EDVH��LV�QRW�GHILQHG�WR�RXWSXW�TXHXH�VWDWLVWLFV��7KH�FRPSRVLWH�DOVR�LQYROYHV�D�PXOWL
�SHULRG�LQWHJHU�SURJUDPPLQJ�FRPSRQHQW�VWDIILQJ��7KH�0,&3�LV�WR�VHQG�SHULRGLF�GH
�PDQG�OHYHOV�JHQHUDWHG�YLD�WKH�'(6�FRPSRQHQW�IRU�HDFK�RI�D�VHULHV�RI�WLPH�SHULRGV�
�7KHVH�YDOXHV�VHUYH�DV�ULJKW�KDQG�VLGH�YDOXHV�IRU�ZKLFK�WKH�LQWHJHU�SURJUDPPLQJ
�FRPSRQHQW�FDOFXODWHV�VWDII�OHYHOV�
�7KH�GHILQLWLRQ�RI�WKH�FRPSRVLWH�PRGHO�DV�D�QHWZRUN�RI�FRPPXQLFDWLQJ�SURFHVVHV

�WKDW�LQWHUDFW�YLD�GHPRQV�LV�JLYHQ�E\�

�'HPRQ��:KHQ�6WRUH�FORFN� �HQG�RI�D�SHULRG
�6HQG�6WDIILQJ�E>L@��6WRUH�VDOHV�

�(QG�'HPRQ

�'HPRQ��:KHQ�$Q\�&KDQJH�LQ�6WRUH�4XHXH�OHQ
�6HQG�0HDQ�SRLQW��6WRUH�4XHXH�OHQ�

�(QG�'HPRQ

�%HJLQ�PDLQ�0,&3�SURFHGXUH
�,QLWLDWH�6WRUH��6WDIILQJ��0HDQ
�6WDUW�6WRUH��0HDQ
�:KHQ�)LQLVK�LQ�6WRUH�69

�6WDUW�6WDIILQJ
�(QG

�7KLV�H[DPSOH�LOOXVWUDWHV�WKDW�WUHDWLQJ�PRGHO�FRPSRQHQWV�DV�D�QHWZRUN�RI�SURFHVVHV
�WKDW�LQWHUDFW�YLD�GHPRQV�QRW�RQO\�DOORZV�IRU�WKH�VSHFLILFDWLRQ�RI�G\QDPLF�LQWHUDFWLRQV�
�EXW�DOVR�DOORZV�PRGHO�FRPSRQHQWV�WR�EH�XVHG�LQ�ZD\V�WKDW�ZHUH�XQDQWLFLSDWHG�ZKHQ
�WKH�PRGHO�FRPSRQHQWV�ZHUH�RULJLQDOO\�VSHFLILHG�DQG�DGGHG�WR�WKH�PRGHO�EDVH��PRUH
�RYHU�VXFK�UHXVH�QHHG�QRW�HQWDLO�PRGLI\LQJ�WKH�FRPSRQHQWV�WKHPVHOYHV�
����'LVFXVVLRQ

�$�SULPDU\�REMHFWLYH�RI�0RGHO�0DQDJHPHQW�6\VWHPV�LQ�JHQHUDO��DQG�0RGHO�,QWH
�JUDWLRQ�IRUPDOLVPV�LQ�SDUWLFXODU��LV�WR�LPSURYH�WKH�UHXVDELOLW\�RI�PRGHO�FRPSRQHQWV
�DFURVV�D�ZLGH�UDQJH�RI�PRGHOLQJ�VLWXDWLRQV��%\�VXSSRUWLQJ�PRGHO�UHXVH��DQ�006
�KHOSV�LPSURYH�ERWK�WKH�UHOLDELOLW\�RI�FRPSRVLWH�PRGHOVᒫVLQFH�WKH�LQGLYLGXDO�FRPSR
�QHQWV�DUH�DVVXPHG�WR�KDYH�EHHQ�SUHYLRXVO\�YHULILHGᒫDQG�WKH�UDSLGLW\�ZLWK�ZKLFK
�ODUJH�VFDOH��PXOWL�SDUDGLJPDWLF��FRPSRVLWH�PRGHOV�FDQ�EH�FRQVWUXFWHG��,Q�i���ZH
�LGHQWLI\�WKH�DVVXPSWLRQV�XQGHUO\LQJ�FXUUHQW�0,�DSSURDFKHV��:H�DOVR�GLVFXVV�KRZ
�WKHVH�DVVXPSWLRQV�OLPLW�WKH�UDQJH�RI�PRGHOLQJ�VLWXDWLRQV�WKDW�FDQ�EH�VXSSRUWHG��DQG�
�E\�LPSOLFDWLRQ��KRZ�WKHVH�DVVXPSWLRQV�OLPLW�WKH�SRWHQWLDO�UHXVH�RI�H[LVWLQJ�PRGHOLQJ
�FRPSRQHQWV��,Q�i��DQG�i���ZH�SUHVHQW�D�VPDOO�VHW�RI�0,��SULPLWLYHV��WKDW�UHOD[�WKH
�DVVXPSWLRQV�RXWOLQHG�LQ�i��DQG�WKDW�FRQVHTXHQWO\�H[SDQG�WKH�UDQJH�RI�PRGHO�LQWHJUD
�WLRQ�VLWXDWLRQV�WKDW�FDQ�EH�VXSSRUWHG�E\�D�006��7KHVH�FRQVWUXFWV�DUH�VXPPDUL]HG�LQ
�7DEOH������7KHLU�XWLOLW\�LV�VXPPDUL]HG�EHORZ�
�0RGHO�LQWHJUDWLRQ�LQYROYHV�ERWK�WKH�FRXSOLQJ�RI�PRGHO�FRPSRQHQW�UHSUHVHQWDWLRQV

�DQG�WKH�FRXSOLQJ�RI�SURFHVVHV�WKDW�PDQLSXODWH�WKH�FRPSRQHQWV��,Q�WKLV�SDSHU��ZH�SD\
�SDUWLFXODU�DWWHQWLRQ�WR�GHILQLQJ�WKH�G\QDPLF�EHKDYLRU�RI�FRPSRVLWH�PRGHOV�GXULQJ
�PRGHO�HYDOXDWLRQ�DQG�SURSRVH�FRQVWUXFWV�LQWHQGHG�WR�VXSSRUW�PRGHO�LQWHJUDWLRQ�LQ
�FDVHV�ZKHUH�G\QDPLF�YDULDEOH�FRUUHVSRQGHQFH�DQG�V\QFKURQL]DWLRQ�DUH�UHTXLUHG�
�%HORZ��ZH�UHYLHZ�WKH�PRWLYDWLRQ�IRU�WKHVH�FRQVWUXFWV�DQG�WKHQ�EULHIO\�GLVFXVV�ZKHQ
�DQG�KRZ�D�0,&3
V��VXE�SURFHGXUHV�PLJKW�EH�GHWHFWHG�DQG�IRUPXODWHG�DXWRPDWLFDOO\�
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�7$%/(����

�3URFHVV�,QWHJUDWLRQ�&RQVWUXFWV

�&RQVWUXFW

�0HVVDJH�3DVVLQJ�WKURXJK�WKH�0,&3

�&RQGLWLRQDO�DQG�,WHUDWLRQ�&RQVWUXFWV

�'HPRQV

�&RPPHQW

�3URYLGHV�WKH�IRXQGDWLRQ�WR�VXSSRUW�G\QDPLF
�YDULDEOH�FRUUHVSRQGHQFH�DQG�SURFHVV
�V\QFKURQL]DWLRQ

�$OORZV�IRU�WKH�VSHFLILFDWLRQ�RI�G\QDPLF
�YDULDEOH�FRUUHVSRQGHQFH�DQG�SURFHVV
�V\QFKURQL]DWLRQ�LQ�WKH�FDVHV�RI�6HTXHQFH
�'HWHUPLQDQW�FRQWURO

�$OORZV�IRU�WKH�VSHFLILFDWLRQ�RI�G\QDPLF
�YDULDEOH�FRUUHVSRQGHQFH�DQG�SURFHVV
�V\QFKURQL]DWLRQ�LQ�WKH�FDVHV�RI�6HTXHQFH
�,QGHWHUPLQDQW�FRQWURO

�7KH�ILUVW�UHTXLVLWH�IRU�PRGHO�LQWHJUDWLRQ�LQ�G\QDPLF�FDVHV�LV�WKH�DGRSWLRQ�RI�DQ
�DSSURSULDWH�FRQFHSWXDOL]DWLRQ�RI�PRGHO�FRPSRQHQWV�DQG�RI�D�PHFKDQLVP�WR�JRYHUQ
�WKHLU�LQWHUDFWLRQV��+HUH��PRGHO�FRPSRQHQWV�DUH�FRQFHSWXDOL]HG�DV�SURFHVVHV�WKDW�VHQG
�DQG�UHFHLYH�GDWD�DQG�VWDWXV�FRQWURO�PHVVDJHV�XQGHU�WKH�FRQWURO�RI�D�0RGHO�,QWHJUD
�WLRQ�&RPPDQG�3URFHGXUH��6LQFH�WKH�0,&3�FDQ�PRQLWRU�DQG�FRQWURO�SURFHVVHV�DQG
�PHVVDJHV��WKLV�FRQFHSWXDOL]DWLRQ�HQDEOHV�G\QDPLF�YDULDEOH�FRUUHVSRQGHQFH�DQG�V\Q
�FKURQL]DWLRQ��,Q�RUGHU�WR�EHWWHU�IDFLOLWDWH�VXFK�FRQWURO��WKH�FRPSRQHQW�PRGHOV�DUH
�DOVR�FRQFHSWXDOL]HG�DV�FRQWDLQLQJ�DQ�HPEHGGHG�VHW�RI�VWDWXV�YDULDEOHV�WKDW�LQGLFDWH
�WKH�FXUUHQW�RSHUDWLRQDO�VWDWH�RI�WKH�FRPSRQHQWV��7KXV��WKH�0,&3�FDQ�PRQLWRU�PRGHO
�VWDWHV�DV�ZHOO�DV�VWDWH�WUDQVLWLRQV�

�,Q�FRQVLGHULQJ�YDULDEOH�FRUUHVSRQGHQFH��FXUUHQW��SLSHOLQLQJ��DSSURDFKHV��VHH�i��
�DVVXPH�D�VWDWLF�SUHFHGHQFH�UHODWLRQVKLS��7KXV��WKH�LVVXH�RI��ZKHQ�GRHV�PRGHO�%
�UHFHLYH�YDULDEOH��PHVVDJH��;�IURP�PRGHO�$"��LV�DQVZHUHG�VLPSO\���ZKHQHYHU�PRGHO
�$�VHQGV�LW���+RZHYHU��WKH�H[DPSOHV�RI�i��LQGLFDWH�WKDW�VXFK�DQ�DVVXPSWLRQ�LV�XQ
�IRXQGHG�LQ�VLWXDWLRQV�UDQJLQJ�IURP�WKH��VLPSOH��FDOFXODWLRQ�RI�EDWFK�PHDQV�WR�PRUH
�FRPSOH[�VLWXDWLRQV�VXFK�DV�SURGXFW�SULFLQJ��,Q�DGGLWLRQ�WR�DOORZLQJ�WKH�0,&3�WR
�PRQLWRU�WKH�VWDWHV�DQG�VWDWH�WUDQVLWLRQV�RI�PRGHO�FRPSRQHQWV��DOORZLQJ�FRQGLWLRQDO
��,)��DQG�LWHUDWLRQ��'2��FRQVWUXFWV�HQDEOHV�WKH�0,&3�WR�G\QDPLFDOO\�FRQWURO�SUR
�FHVVHV�E\�ILOWHULQJ�DQG�UHURXWLQJ�PHVVDJHV�

�7KH�DERYH�FRQVWUXFWV�UHOD[�WKH�DVVXPSWLRQV�RI�VWDWLF�YDULDEOH�FRUUHVSRQGHQFH�DQG
�WKH�FRQFHSWXDOL]DWLRQ�RI�D�FRPSRVLWH�PRGHO�DV�D�VLPSOH�GHWHUPLQLVWLF�SUHFHGHQFH
�RUGHULQJ��+RZHYHU��WKH\�VWLOO�VXIIHU�OLPLWDWLRQV�XQGHU�D�WKLUG�DVVXPSWLRQ��3URFHGXUDO
�FRQGLWLRQDOV��H�J���,)��DUH�VXLWHG�RQO\�IRU�ZKDW�PLJKW�EH�WHUPHG��VHTXHQFH�GHWHUPL
�QDWH��FRQWURO��DQG�WKHLU�XVH�DVVXPHV�WKDW�RQH�NQRZV�ZKHQ��LQ�WKH�VHTXHQFH�RI�PRGHO
�FRPSRQHQW�HYDOXDWLRQ��WKH�FRQGLWLRQ�VKRXOG�EH�FKHFNHG��7DNH�WKH�H[DPSOH�RI�i�
��JUDSKLFDOO\�GHSLFWHG�LQ�)LJXUH�������&KHFNLQJ�IRU�FRQYHUJHQFH��YLD�WKH�,)�VWDWHPHQW�
�LV�VHTXHQFH�GHWHUPLQDWH�EHFDXVH�RQH�NQRZV�H[DFWO\�ZKHQ�WKH�FRQGLWLRQ�VKRXOG�EH
�FKHFNHG�LQ�WKH�VHTXHQFH�GHVFULELQJ�WKH�RUGHU�RI�PRGHO�FRPSRQHQW�HYDOXDWLRQ��%XW�
�ZKDW�LI�RQH�FDQQRW�SUHGHWHUPLQH�ZKHQ�D�FRQGLWLRQ�VKRXOG�EH�FKHFNHG"

�,Q�RUGHU�WR�ZLGHQ�WKH�UDQJH�RI�PRGHOLQJ�VLWXDWLRQV�WKDW�FDQ�EH�VXSSRUWHG�E\�D�006
�IRU�0,��DQG�WR�IXUWKHU�LPSURYH�WKH�SRWHQWLDO�IRU�PRGHO�UHXVDELOLW\��LW�LV�XVHIXO�WR
�LQWURGXFH�D�OHVV�VHTXHQFH�GHWHUPLQDWH�FRQGLWLRQDO��'HPRQV��$V�VKRZQ�LQ�i���HP
�SOR\LQJ�GHPRQV�DQG�DOORZLQJ�WKHP�WR�PRQLWRU�DQ\�DQG�DOO�YDULDEOHV�LQ�FRPSRQHQW

�0DUFK����� ���
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�PRGHOV�IXUWKHU�HQDEOHV�WKH�LQWHJUDWLRQ�RI�FRPSRQHQWV�IURP�D�YDULHW\�RI�PRGHOLQJ
�SDUDGLJPV�DQG�DOORZV�WKHVH�FRPSRQHQWV�WR�EH�XVHG�LQ�ZD\V�XQIRUHVHHQ�ZKHQ�WKH
�FRPSRQHQWV�ZHUH�RULJLQDOO\�GHYHORSHG��$OVR��VLQFH�GHPRQV�DUH�UHODWLYHO\�QRQSURFH
�GXUDO��WKHLU�XVH�VKRXOG�VLPSOLI\�WKH�GHILQLWLRQ�RI�FRPSRVLWH�PRGHOV�UHODWLYH�WR�XVH�RI
�WUDGLWLRQDO�VWUXFWXUHG�SURJUDPPLQJ�FRQVWUXFWV�
�,W�LV�ZHOO�DFFHSWHG�WKDW�QRQSURFHGXUDO�FRQVWUXFWV�KDYH�DGYDQWDJHV�RYHU�SURFHGXUDO

�FRQVWUXFWV�YLV�D�YLV�WKH�EXUGHQ�RQ�HQG�XVHUVᒫLQ�WKLV�FDVH��PRGHOHUV��7KLV�EULQJV�XS
�WKH�TXHVWLRQ��7R�ZKDW�H[WHQW�FDQ�0,&3��VXE�SURFHGXUHV�EH�GHWHFWHG�DQG�IRUPXODWHG
�DXWRPDWLFDOO\"�:KLOH�D�WKRURXJK�DQDO\VLV�RI�WKLV�LVVXH�LV�EH\RQG�WKH�VFRSH�RI�WKLV
�SDSHU��LW�LV�XVHIXO�WR�WHQWDWLYHO\�H[SORUH�KRZ�DXWRPDWLF�SURFHGXUH�GHWHFWLRQ�DQG
�IRUPXODWLRQ�PLJKW�EH�DFFRPSOLVKHG�LQ�VLWXDWLRQV�ZKHUH�G\QDPLF�YDULDEOH�FRUUHVSRQ
�GHQFH�DQG�V\QFKURQL]DWLRQ�DUH�LQYROYHG�
�7R�H[SORUH�WKLV�LVVXH��FRQVLGHU�WKH�H[DPSOH�RI�i���)LJXUH�������7KH�SULPDU\�G\

�QDPLF��SURFHGXUDO�DVSHFW�RI�WKLV�FRPSRVLWH�PRGHO�UHYROYHV�DURXQG�WKH�FRQYHUJHQFH
�FKHFNLQJ�FRPSRQHQW��7KH�EHKDYLRU�DQG�RXWSXW�RI�FRQYHUJHQFH�FKHFNLQJ�OHDGV�WR�D
�FRPSRVLWH�PRGHO�VWUXFWXUH�LQYROYLQJ�ERWK�G\QDPLF�YDULDEOH�FRUUHVSRQGHQFH�DQG�DQ
�HYDOXDWLRQ�F\FOH��:KDW�PLJKW�SHUPLW�D�006�WR�GHWHFW�WKLV�VXEVWUXFWXUH�DQG�WR�JHQHU
�DWH�WKH�DSSURSULDWH�0,&3�SURFHGXUH�DXWRPDWLFDOO\"�:KDW��NQRZOHGJH��ZRXOG
�LW�QHHG"

�2QH�ZD\�WR�YLHZ�WKLV�SUREOHP�LV�LQ�WHUPV�RI�PRGHO�W\SLQJ��,Q�DGGLWLRQ�WR�W\SLQJ
�PRGHOV�E\�WKHLU�ORJLFDO�IXQFWLRQᒫH�J���GHPDQG�IRUHFDVWLQJ��WUDQVSRUWDWLRQ�
�HWF�ᒫPRGHOV�PLJKW�DOVR�EH�W\SHG�LQ�DFFRUGDQFH�ZLWK�WKHLU�RYHUDOO�SURFHGXUDO�IXQF
�WLRQ��)RU�H[DPSOH��WKH�FRQYHUJHQFH�FKHFNLQJ�FRPSRQHQW�FRXOG�EH�W\SHG�DV�D��WHVW
�PRGHO���ZKHUH�PRGHOV�RI�WKLV�W\SH�DUH�DVVXPHG�WR�VHUYH�D�SURFHGXUDO�IXQFWLRQ�WKDW
�GLFWDWHV�ZKHWKHU�WKHLU�RXWSXW��H�J���SULFH��VKRXOG�EH�URXWHG�IRUZDUG�RU�EDFNZDUG��,I
�WKH�006�LV�HTXLSSHG�ZLWK�NQRZOHGJH�UHJDUGLQJ�WKH�VWUXFWXUDO�LPSOLFDWLRQV�RI�VXFK�D
�PRGHO�W\SH��LW�PLJKW�EH�DEOH�WR�JHQHUDWH�WKH�FRUUHVSRQGLQJ�SURFHGXUDO�VWUXFWXUH
�DXWRPDWLFDOO\��'HWHUPLQLQJ�WKH�QHFHVVDU\�VHW�RI�PRGHO�W\SHV�UHODWLQJ�WR�RYHUDOO�SURFH
�GXUDO�IXQFWLRQ�DQG�WKH�GHYHORSPHQW�RI�006�WKDW�FDQ�XVH�VXFK�W\SLQJ�LQIRUPDWLRQ�WR
�DXWRPDWLFDOO\�JHQHUDWH�0,&3�VWUXFWXUHV�LV�DQ�H[FLWLQJ�GLUHFWLRQ�IRU�IXWXUH�PRGHO
�PDQDJHPHQW�UHVHDUFK�
�,Q�DGGLWLRQ�WR�WKH�SULPLWLYHV�VKRZQ�LQ�7DEOH������WKHUH�DUH�VHYHUDO�RWKHU�GHVLUDEOH

�WUDLWV�WKDW�D�006�IRU�PRGHO�LQWHJUDWLRQ�VKRXOG�KDYH�

�����VXSSRUW�RI�D�UREXVW�W\SLQJ�DQG�LQKHULWDQFH�VFKHPH�IRU�YDULDEOH�FRUUHVSRQGHQFH
�DQG�PRGHO�W\SLQJ��H�J���%UDGOH\�DQG�&OHPHQFH�������
�����FRPSOHPHQWDULW\�ZLWK�DQ�H[LVWLQJ�PRGHO�UHSUHVHQWDWLRQ�ODQJXDJH�VXFK�DV�60/

��*HRIIULRQ�������ZKLFK�ZRXOG�SURYLGH�WKH�GHFODUDWLRQ�GLPHQVLRQ�RI�WKH�PRGHOLQJ
�HQYLURQPHQW�
�����D�JUDSKLFDO�LQWHUIDFH�IRU�SURFHVV�VFKHPD�VSHFLILFDWLRQ�VLPLODU�WR�WKDW�GHYHORSHG

�E\�0XKDQQD�DQG�3LFN��������
�����VXSSRUW�RI�HPEHGGHG�64/�WR�IDFLOLWDWH�LQWHJUDWLRQ�ZLWK�H[LVWLQJ�GDWD�UHVRXUFHV�

�,PSOHPHQWLQJ�006�ZLWK�WKHVH�SURSHUWLHV�LV�EHVW�XQGHUWDNHQ�XVLQJ�DV�PDQ\�H[LVW
�LQJ�WRROV�DV�SRVVLEOH��$Q�REMHFW�RULHQWHG�ODQJXDJH�VXFK�DV�&���ZRXOG�SURYLGH�WKH
�QHFHVVDU\�XQGHUO\LQJ�PHVVDJH�SDVVLQJ�SULPLWLYHV�DQG�LQKHULWDQFH�VWUXFWXUHV�ZKLOH
�DOVR�VXSSRUWLQJ�WKH�GHYHORSPHQW�RI�JUDSKLFDO�LQWHUIDFHV�DQG�HPEHGGHG�64/�UH
�WULHYDOV��3HUKDSV�WKH�ELJJHVW�GLIILFXOWLHV�ZRXOG�EH�HQFRXQWHUHG�LQ�LPSOHPHQWLQJ�GH
�PRQV�DQG�WKH�DVVRFLDWHG�G\QDPLF�SURSHUWLHV�RI�SURFHVV�V\QFKURQL]DWLRQ��$OWKRXJK
�VRPH�RSHUDWLQJ�V\VWHPV��VXFK�DV�WKH�0DFK�YHUVLRQ�RI�8QL[��SURYLGH�SRZHUIXO�SURFHVV

��� �,QIRUPDWLRQ�6\VWHPV�5HVHDUFK������
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�0RGHO�,QWHJUDWLRQ�DQG�0RGHOLQJ�/DQJXDJHV

�FRPPXQLFDWLRQ�SULPLWLYHV��LW�PD\�VWLOO�EH�QHFHVVDU\�WR�FRQVWUXFW�DQ�HYHQW�GULYHQ
�FDOFXOXV�VLPLODU�WR�WKDW�XQGHUO\LQJ�WKH�6LPVFULSW�ODQJXDJH��7KH�GHYHORSPHQW�RI�006
�WR�IXOO\�VXSSRUW�PRGHO�LQWHJUDWLRQ�UHTXLUHV�XVH�RI�DVVRUWHG�VRIWZDUH�UHVRXUFHV��KRZ
�HYHU��WKH�DGYDQFH�RI�JUDSKLFDO�XVHU�LQWHUIDFHV�ZLWK��FOLSERDUG��DQG�G\QDPLF�GDWD
�H[FKDQJH�IHDWXUHV�VKRXOG�FRQWULEXWH�WR�WKH�IHDVLELOLW\�RI�GHYHORSLQJ�VXFK�006�

����&RQFOXVLRQ

�2XU�FRQWHQWLRQ�LV�WKDW�D�ODQJXDJH�WR�VXSSRUW�D�ZLGH�UDQJH�RI�PRGHO�LQWHJUDWLRQ
�FRQWH[WV�PXVW�H[KLELW�SURSHUWLHV�RI�ERWK�PDWK�SURJUDPPLQJ�DQG�'(6�ODQJXDJHV��,W�LV
�GHVLUDEOH�WR�HQIRUFH�VHSDUDWLRQ�EHWZHHQ�PRGHO�UHSUHVHQWDWLRQ�DQG�PDQLSXODWLRQ��DV
�LQ�PDWK�SURJUDPPLQJ��VR�WKDW�PRGHOV�FDQ�EH�PDQLSXODWHG�LQ�D�ZD\�WKDW�LV�LQGHSHQ
�GHQW�RI�DQ\�SDUWLFXODU�DSSOLFDWLRQ��2Q�WKH�RWKHU�KDQG��D�ULFK�VHW�RI�PDQLSXODWLRQ
�RSHUDWRUV��DV�LQ�'(6�ODQJXDJHV��PXVW�EH�DYDLODEOH�LQ�RUGHU�WR�EXLOG�FRPSOH[��PXOWL
�SDUDGLJPDWLF�PRGHOV�VXFK�DV�)LJXUH�����
�*LYHQ�WKLV�VHHPLQJO\�GLVSDUDWH�VHW�RI�UHTXLUHPHQWV��ZKDW�ZRXOG�DQ�LQWHJUDWLRQ

�ODQJXDJH�ZLWK�'(6�IHDWXUHV�ORRN�OLNH�DQG�KRZ�ZRXOG�LW�ILW�LQ�WKH�VSHFWUXP�RI�H[HFXW
�DEOH�PRGHOLQJ�ODQJXDJHV�GHYHORSHG�IRU�PDWK�SURJUDPPLQJ"�7KH�IXOO��VWUXFWXUDO�GH
�WDLOV�RI�VXFK�ODQJXDJH�DUH�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU��EXW�FRQVLGHU�EULHIO\�RQH
�SRVVLEOH�VFHQDULR�LQ�ZKLFK�DQ�H[LVWLQJ�(0/�VXFK�DV�60/��*HRIIULRQ�������LV�HPEHG
�GHG�LQ�D�SURFHVV�RULHQWHG�ODQJXDJH�VLPLODU�WR�WKH�0,&3V�VKRZQ�LQ�i��DQG�i���,Q�WKLV
�FRQWH[W��UHSUHVHQWDWLRQV�RI�WKH�PRGHO�FRPSRQHQWV�LQ�)LJXUH�����ZRXOG�EH�GHYHORSHG
�LQGHSHQGHQWO\�DV�VWUXFWXUHG�PRGHOV�XVLQJ�60/��,Q�RUGHU�WR�HYDOXDWH�WKH�LQWHJUDWHG
�PRGHO��D�0,&3�ZRXOG�EH�GHYHORSHG�LQ�ZKLFK�WKH�VWUXFWXUHG�PRGHOV�DUH�GHFODUHG�DV
�PRGHO�REMHFW�W\SHV�LQ�WKH�0,&3��(DFK��VHQG��FRPPDQG�LQ�WKH�0,&3�ZRXOG�WKHQ
�DFWLYDWH�DQ�HYDOXDWLRQ�SURFHVV�DVVRFLDWHG�ZLWK�WKH�VSHFLILHG�PRGHO�REMHFW��)RU�H[DP
�SOH��WKH�FRPPDQG��6HQG�)RUHFDVWLQJ�3RVLW3ULFH��ZRXOG�DFWLYDWH�6$6�WR�VROYH�WKH
�DVVRFLDWHG�HFRQRPHWULF�IRUHFDVWLQJ�PRGHO��DIWHU�SHUKDSV�FRQYHUWLQJ�WKH�60/�UHSUH
�VHQWDWLRQ�WR�WKH�DSSURSULDWH�6$6�IRUPDW���,Q�WKLV�ZD\��D�XVHIXO�EOHQG�RI�WKH�GHFODUD
�WLYH�SRZHU�RI�VWUXFWXUHG�PRGHOLQJ�DQG�WKH�SURFHGXUDO�IOH[LELOLW\�RI�FRPPXQLFDWLQJ
�SURFHVVHV�ZRXOG�EH�UHDOL]HG�
�,Q�DGGLWLRQ�WR�VXSSRUWLQJ�WKH�SURFHVV�RULHQWHG�FRQVWUXFWV�LGHQWLILHG�LQ�WKLV�SDSHU�

�DQ�LQWHJUDWLRQ�ODQJXDJH�LPSOHPHQWHG�LQ�WKLV�IRUP�FRXOG�DOVR�IDFLOLWDWH�WKH�LQWHJUDWLRQ
�RI�GDWD�DQG�PRGHOV�E\�VXSSRUWLQJ�HPEHGGHG�GDWD�PDQLSXODWLRQ�RSHUDWRUVᒫIRU�H[DP
�SOH��HPEHGGHG�64/�FRPPDQGV�LI�D�UHODWLRQDO�HQYLURQPHQW�ZHUH�GHVLUHG��%\�KDYLQJ
�PRGHOV�DV�REMHFW�W\SHV��LQWHJUDWLRQ�E\�FRQVROLGDWLRQ�ZRXOG�DOVR�EH�SRVVLEOH�LQ�WKDW
�VWUXFWXUHG�PRGHO�VFKHPDV�ZRXOG�EH�DYDLODEOH�IRU�HGLWLQJ�DQG�HYHQWXDO�VFKHPD�LQWH
�JUDWLRQ�DV�VXJJHVWHG�E\�*HRIIULRQ������D��E���,W�LV�HDV\�WR�LPDJLQH�D�0,&3�ZLWK�D
�SUHDPEOH�GHILQLQJ�FRQVROLGDWLRQV��DQG��WKHQ�WKH�FRQVROLGDWHG�PRGHOV�DUH�PHUHO\
�WUHDWHG�DV�FRPSRQHQWV�IRU�SURFHVV�LQWHJUDWLRQ�
�%XLOGLQJ�D�SURFHVV�RULHQWHG�ODQJXDJH�RQ�WRS�RI�DQ�H[LVWLQJ�(0/�LV�RQO\�RQH�SRVVL

�EOH�DSSURDFK��WKH�FRQYHUVH�LV�WR�HPEHG�SURFHVV�RULHQWHG�FRQVWUXFWV�LQWR�DQ�(0/��DV
�*$06�GRHV�WR�D�FHUWDLQ�H[WHQW��2WKHU�DSSURDFKHV�PLJKW�LQFOXGH�DGDSWLQJ�REMHFW�RU
�LHQWHG�GDWD�DQG�SURJUDPPLQJ�HQYLURQPHQWV�WR�SURYLGH�WKH�IXQFWLRQDOLW\�ZH�KDYH
�GHVFULEHG��7KHUH�DUH�D�YDULHW\�RI�IUXLWIXO�GLUHFWLRQV�WR�H[SORUH�ZLWK�DQ�H\H�WRZDUG
�GHYHORSLQJ�D�XQLILHG�PRGHO�LQWHJUDWLRQ�ODQJXDJH�WKDW�ZLOO�DOORZ�ERWK�VWUXFWXUDO�DQG
�EHKDYLRUDO�DVSHFWV�RI�PRGHO�LQWHJUDWLRQ�WR�EH�DGGUHVVHG�

��5REHUW�:��%ODQQLQJ��$VVRFLDWH�(GLWRU��7KLV�SDSHU�ZDV�UHFHLYHG�RQ�$SULO���������DQG�KDV�EHHQ�ZLWK�WKH

�DXWKRUV��?�PRQWKV�IRU���UHYLVLRQV�
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�$FNQRZOHGJHPHQWV��:H�ZLVK�WR�WKDQN�WKH�$VVRFLDWH�(GLWRU�DQG�WKH�WKUHH�UHYLHZHUV
�IRU�WKHLU�KHOSIXO�FRPPHQWV��5HVHDUFK�IXQGLQJ�IURP�WKH�8�6��'HSDUWPHQW�RI�WKH�$UP\
��*UDQW�1���������0�������DQG�WKH�'LYLVLRQ�RI�5HVHDUFK��6FKRRO�RI�%XVLQHVV��8QL
�YHUVLW\�RI�0LFKLJDQ�DUH�JUDWHIXOO\�DFNQRZOHGJHG�

�5HIHUHQFHV
�%ODQQLQJ��5��:����$�5HODWLRQDO�)UDPHZRUN�IRU�-RLQ�,PSOHPHQWDWLRQ�LQ�0RGHO�0DQDJHPHQW�6\VWHPV��

�'HFLVLRQ�6XSSRUW�6\VWHPV��������-DQXDU\��������������
����$Q�(QWLW\�5HODWLRQVKLS�$SSURDFK�WR�0RGHO�0DQDJHPHQW���'HFLVLRQ�6XSSRUW�6\VWHPV������

��0DUFK��������������
�%RQF]HN��5��+���1��*KLDVHGGLQ��&��:��+ROVDSSOH�DQG�$��%��:KLQVWRQ���7KH�'66�'HYHORSPHQW�6\VWHP��

�3URFHHGLQJV�RI�WKH�1DWLRQDO�&RPSXWHU�&RQIHUHQFH������-XQH����������������
�%UDGOH\��*��+��DQG�5��'��&OHPHQFH��-U����0RGHO�,QWHJUDWLRQ�ZLWK�D�7\SHG�([HFXWDEOH�0RGHOLQJ�/DQ

�JXDJH���3URFHHGLQJV�RI�WKH�7ZHQW\�)LUVW�$QQXDO�+DZDLL�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6\VWHP�6FLHQFHV�
�9RO��,OO��.RQD��+,��-DQXDU\���������������

�%URRNH��$���'��.HQGULFN�DQG�$��0HHUDXV��*$06��$�8VHU
V�*XLGH��7KH�6FLHQWLILF�3UHVV��5HGZRRG�&LW\��&$�
������

�'RON��'��5��DQG�'��-��.ULGHO���7RZDUG�D�6\PELRWLF�([SHUW�6\VWHP�IRU�(FRQRPHWULF�0RGHOLQJ���'HFLVLRQ
�6XSSRUW�6\VWHPV���LQ�SUHVV��

�)RXUHU��5����0RGHOLQJ�/DQJXDJHV�9HUVXV�0DWUL[�*HQHUDWRUV�IRU�/LQHDU�3URJUDPPLQJ���$&0�7UDQVDF
�WLRQV�RQ�0DWKHPDWLFDO�6RIWZDUH�����������������������

���'��*D\�DQG�%��.HUQLJKDQ���$�0RGHOLQJ�/DQJXDJH�IRU�0DWKHPDWLFDO�3URJUDPPLQJ���0DQDJH
�PHQW�6FLHQFH���������0D\����������������

�*HRIIULRQ��$��0����$Q�,QWURGXFWLRQ�WR�6WUXFWXUHG�0RGHOLQJ���0DQDJHPHQW�6FLHQFH���0D\�������
����5HXVLQJ�6WUXFWXUHG�0RGHOV�YLD�0RGHO�,QWHJUDWLRQ���3URFHHGLQJV�RI�WKH�7ZHQW\�6HFRQG�$Q

�QXDO�+DZDLL�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6\VWHP�6FLHQFHV��9RO��,OO������D����������
����,QWHJUDWHG�0RGHOLQJ�6\VWHPV���&RPSXWHU�6FLHQFH�LQ�(FRQRPLFV�DQG�0DQDJHPHQW������

������E��
����7KH�60/�/DQJXDJH�IRU�6WUXFWXUHG�0RGHOLQJ���:RUNLQJ�3DSHU�1R�������:HVWHUQ�0DQDJH

�PHQW�6FLHQFH�,QVWLWXWH��8&/$��/RV�$QJHOHV��&$��������$XJXVW������
�+RDUH��&��$��5���&RPPXQLFDWLQJ�6HTXHQWLDO�3URFHVVHV��3UHQWLFH�+DOO��(QJOHZRRG�&OLIIV��1-�������
�/LDQJ��7��3����$�*UDSK�%DVHG�$SSURDFK�WR�0RGHO�0DQDJHPHQW���3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&RQIHU
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