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1DWXUDO�/DQJXDJH�*HQHUDWLRQ��

*UDPPDU�)RUPDOLVPV�DQG�WKHLU�3URFHVVLQJ�

'U��*�QWHU�1HXPDQQ�

').,�6DDUEU�FNHQ��

QHXPDQQ#GINL�GH�

$XJXVW�������

�

$EVWUDFW�7KLV�HVVD\
�

�SURYLGHV�DQ�RYHUYLHZ�RI�WKH�JUDPPDU�IRUPDOLVPV�FXUUHQWO\�LQ�XVH�DQG�

KRZ�WKH\�DUH�SURFHVVHG�LQ�ODQJXDJH�SURGXFWLRQ�V\VWHPV��7KH�PDWHULDO�LQ�TXHVWLRQ�LQFOXGHV�

FRQVWUDLQW�EDVHG�IRUPDOLVPV��V\VWHPLF�JUDPPDUV�DQG�WUHH�DGMRLQLQJ�JUDPPDUV��:LWK�WKH�DLG�

RI� VHOHFWHG� VWXGLHV�ZH� GHPRQVWUDWH� KRZ� WKHVH� IRUPDOLVPV� DUH� XVHG� LQ� JHQHUDWLRQ�� ,Q� WKH�

ILQDO�SDUW��WKH�SUREOHP�RI�JUDPPDU�UHYHUVLELOLW\�LV�GLVFXVVHG��WKDW�LV��WKH�XVH�RI�RQH�DQG�WKH�

VDPH�JUDPPDU�IRU�SDUVLQJ�DQG�JHQHUDWLRQ��

�

,QWURGXFWLRQ�

�

2QH� RI� WKH� FHQWUDO� DLPV� RI� QDWXUDO� ODQJXDJH� JHQHUDWLRQ� LV� WKH� GHYHORSPHQW� RI� FRPSXWHU�

V\VWHPV� ZKLFK�� RQ� UHFHLSW� RI� D� JLYHQ� LQSXW� �ZKLFK� FRUUHVSRQGV� WR� WKH� V\VWHP
V�

FRPPXQLFDWLYH� LQWHQWLRQV��� JLYH� D� UHOHYDQW� DQG� OXFLG� UHSO\� LQ� QDWXUDO� ODQJXDJH�� ,W� KDV�

SURYHQ� YHU\� KHOSIXO� WR� PRGHO� WKH� OLQJXLVWLF� SURGXFWLRQ� SURFHVV� DV� D� FRPSOH[� VHULHV� RI�

GHFLVLRQV� WDNLQJ� SODFH� RQ� D� QXPEHU� RI� OHYHOV�� 7KH� QHFHVVDU\� GHFLVLRQV� FDQ� EH� URXJKO\�

GLYLGHG�DFFRUGLQJ�WR�ZKHWKHU�WKH\�DUH�UHOHYDQW�WR�WKH�GHWHUPLQDWLRQ�RU�WKH�UHDOL]DWLRQ�RI�WKH�

FRQWHQW��:KHQ�GHWHUPLQLQJ�WKH�FRQWHQW�LW�LV�LPSRUWDQW�WR�VHOHFW�DQG�RUJDQL]H�PDWHULDO�ZKLFK�

LV� UHOHYDQW� WR� WKH� SUHVHQW� FRQYHUVDWLRQDO� WDUJHW� �H�J�� DQVZHULQJ� D� TXHVWLRQ��� &RQWHQW�

UHDOL]DWLRQ�IRFXVHV�RQ�WUDQVIRUPLQJ�WKLV�LQIRUPDWLRQ�LQWR�D�VSRNHQ�RU�ZULWWHQ�XWWHUDQFH��L�H��

WKH�FRQFUHWH�DQVZHU���7KH�PDLQ�LQIRUPDWLRQ�VRXUFHV�QHHGHG�IRU�WKLV�FRQVLVW�RI�D�OH[LFRQ�DQG�

D� JUDPPDU�� 7KHUHIRUH� WKH� GHFLVLRQ� SURFHVVHV� LQFOXGH� VHOHFWLQJ� OH[LFDO� HOHPHQWV� DQG�

FRQVWUXFWLQJ� WKH� JUDPPDWLFDO� VWUXFWXUH� RI� WKH� SODQQHG� XWWHUDQFH�� 7KLV� ODWWHU� SRLQW� LV� WKH�

VXEMHFW�RI�WKH�SUHVHQW�VWXG\��

�

,Q�RUGHU�WR�EH�LQ�D�SRVLWLRQ�WR�MXGJH�WKH�YDULRXV�IRUPDOLVPV�LW�LV�XVHIXO�WR�WDNH�D�ORRN�DW�KRZ�

IRUP� DQG� IXQFWLRQ� RI� OLQJXLVWLF� REMHFWV� UHODWH� WR� HDFK� RWKHU�� )RU� RQH�� XWWHUDQFHV� FDQ� EH�

FODVVLILHG� RQ� JURXQGV� RI� WKHLU� V\QWDFWLF� VWUXFWXUH� �IRU� H[DPSOH�� DV� D� TXHVWLRQ� RU� DV� DQ�

DQVZHU��� UHJDUGOHVV� RI� WKH� DFWXDO� LQWHQWLRQ� RI� WKH� XWWHUDQFH�� 7KH� WDVN� RI� DQVZHULQJ� VXFK�

TXHVWLRQV� LV� DOORFDWHG� WR� WKH� GRPDLQ� RI� SUDJPDWLFV�� +HUH� OLQJXLVWLF� HOHPHQWV� DUH� MXGJHG�



 �

DFFRUGLQJ� WR� WKHLU� IXQFWLRQ� LQ� YDULRXV� FRPPXQLFDWLRQ� VLWXDWLRQV�� $V� DQ� H[DPSOH�� DVNLQJ�

VRPHRQH�WR�GR�VRPHWKLQJ�FDQ�EH�IRUPXODWHG�DV�D�UHTXHVW�RU�DV�DQ�RUGHU��GHSHQGLQJ�XSRQ�

WKH�VLWXDWLRQ��DQG�RQ�WKH�UHFHLYLQJ�HQG�LW�FDQ�EH�XQGHUVWRRG�DV�D�TXHVWLRQ�RU�D�GHPDQG��,I�

ODQJXDJH� LV� WR�EH�XQGHUVWRRG�WKRURXJKO\�� WKHVH�WZR�DVSHFWV�FDQQRW��RI�FRXUVH��EH�VWXGLHG�

VHSDUDWHO\��,Q�WKH�FRQWH[W�RI�JHQHUDWLRQ��WKLV�PHDQV�WKDW�WKH�UHODWLRQVKLS�EHWZHHQ�IXQFWLRQ�

DQG�IRUP�DOVR�KDV�WR�EH�IRUPXODWHG��

�

,Q� QDWXUDO� ODQJXDJH� JHQHUDWLRQ� V\VWHPV�1/*� D� VHULHV� RI� GLIIHUHQW� JUDPPDU� IRUPDOLVPV� LV�

XVHG� IRU� WKH� SURGXFWLRQ� RI� WKH� V\QWDFWLF� VWUXFWXUH�� 8S� XQWLO� WKH� EHJLQQLQJ� RI� WKH� HLJKWLHV�

JUDPPDU� IRUPDOLVPV� IRU� JHQHUDWLRQ� V\VWHPV�ZHUH�PDLQO\� GHYHORSHG� DQG� LPSOHPHQWHG� E\�

UHVHDUFKHUV� ZRUNLQJ� LQ� DUWLILFLDO� LQWHOOLJHQFH�� 'XULQJ� WKDW� SHULRG� WKH� LQWHJUDWLRQ� RI� WKH�

JUDPPDU�LQWR�WKH�FRPSOHWH�V\VWHP��DQG�KHQFH�DOVR�WKH�UHODWLRQVKLS�EHWZHHQ�IXQFWLRQ�DQG�

IRUP��ZDV�VWUHVVHG�PRUH�WKDQ�D�FRPSUHKHQVLYH�DQG� OLQJXLVWLFDOO\�VRXQG�GHVFULSWLRQ�RI� WKH�

IRUP�RI�ODQJXDJH��

�

$V�WKH�LPSRUWDQFH�RI�FRQVWUDLQW�EDVHG�JUDPPDU�IRUPDOLVPV�JUHZ��WKH�LQWHUHVW�LQ�JHQHUDWLRQ�

LQ� WKH� ILHOG� RI� FRPSXWDWLRQDO� OLQJXLVWLFV� LQFUHDVHG� FRQVLGHUDEO\�� DQG� WKLV� OHG� WR� D� VWURQJ�

V\VWHPL]DWLRQ�RI�V\QWD[�RULHQWHG�JHQHUDWLRQ�SUREOHPV��,Q�FRQWUDVW�WR�WKH�PRUH�$,�RULHQWHG�

DSSURDFKHV��ZKLFK�FRQFHQWUDWH�RQ�TXHVWLRQV�VSHFLILF�WR�DSSOLFDWLRQ�DQG�GLVFRXUVH��WKH�PDLQ�

SRLQW� RI� GLVFXVVLRQ� LQ� &/� LV� WKH� UHODWLRQVKLS� EHWZHHQ� VHPDQWLF� UHSUHVHQWDWLRQ� DQG� WKH�

SRVVLELOLWLHV�RI�V\QWDFWLF�H[WHQVLRQ�RQ�WKH�EDVLV�RI�OLQJXLVWLFDOO\�IRXQGHG�PHWKRGV��3UDJPDWLF�

TXHVWLRQV� DUH�� KRZHYHU�� QRW� FXUUHQWO\� EHLQJ� FRQVLGHUHG�� 7KXV� YLHZHG�� FRPSXWHU� OLQJXLVWLF�

ZRUN�LQ�WKH�ILHOG�RI�JHQHUDWLRQ�LV�SULPDULO\�FRQFHUQHG�ZLWK�WKH�WDVN�RI�FRQWHQW�UHDOL]DWLRQ��

�

6WDUWLQJ� 3RLQW� IRU� &RQWHQW� 5HDOL]DWLRQ� 7KH� LQSXW� VSHFLILFDWLRQ� IRU� WKH� JHQHUDWLRQ� SDUW�

UHVSRQVLEOH� IRU� FRQWHQW� UHDOL]DWLRQ��LQ� VKRUW��JUDPPDU�JHQHUDWRU�� FRPSULVHV�VHPDQWLF�DQG�

SUDJPDWLF� LQIRUPDWLRQ�� ,GHDOO\� RQO\� D� VPDOO� DPRXQW� RI� V\QWDFWLF� LQIRUPDWLRQ� VKRXOG� EH�

VSHFLILHG� �H�J�� WKH� SHULRG��� IRU� SUHFLVHO\� WKLV� LV�PHDQW� WR� EH� FRQVWUXFWHG�� )XUWKHUPRUH�� D�

FHUWDLQ�DPRXQW�RI�IOH[LELOLW\�VKRXOG�EH�DOORZHG�IRU�FRQFHUQLQJ�KRZ�H[DFW�WKH�LQSXW�KDV�WR�EH��

VLQFH�DOO�VHPDQWLF�DQG�SUDJPDWLF�IHDWXUHV�GR�QRW�DOZD\V�KDYH�WR�EH�DYDLODEOH��7KH�JUDPPDU�

JHQHUDWRU� VKRXOG�� LQ� SULQFLSOH�� EH� DEOH� WR� GHOLYHU� DGHTXDWH� UHVXOWV� LQ� VSLWH� RI� ODFNLQJ�

LQIRUPDWLRQ��

�

(VVHQWLDOO\��D�JUDPPDU�JHQHUDWRU�KDV�WR�VROYH�WKH�WZR�IROORZLQJ�SDUWLDO�WDVNV��

�

��� 6HOHFWLRQ�RI�WKH�OH[LFDO�HOHPHQWV��

                                                                                                                                                                                           
1 This paper is a translation of *��1HXPDQQ��*UDPPDWLNIRUPDOLVPHQ�LQ�GHU�*HQHULHUXQJ�XQG�LKUH�9HUDUEHLWXQJ., 
which appeared in the German Journal on Artificial Intelligence “Künstliche Intelligenz”, Special Issue on Natural 
Language Generation, W. Hoeppner (Ed.), Germany, 1993. 
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��� &RQVWUXFWLRQ�RI�WKH�V\QWDFWLF�VWUXFWXUH�RI�WKHVH�HOHPHQWV��

�

%RWK� WDVNV� FDQ� EH� PRGHOHG� DV� GHFLVLRQ� SURFHVVHV� ZKLFK� XQGHUOLH� FHUWDLQ� UHVWULFWLRQV�� $Q�

HVVHQWLDO� SDUW� RI� WKHVH� UHVWULFWLRQV� LV� IRUPXODWHG� LQ� WKH� OH[LFRQ� DQG� LQ� WKH� HPSOR\HG�

JUDPPDU��%HORZ�LV�D�VHOHFWLRQ�RI�WKH�GHFLVLRQV�WKDW�KDYH�WR�EH�PDGH�LQ�RUGHU�WR�VROYH�WKH�

DERYH� PHQWLRQHG� SDUWLDO� WDVNV�� DOWKRXJK� PDQ\� RI� WKH� GHFLVLRQV� FDQ� RQO\� EH� DGHTXDWHO\�

VROYHG�LI�WKH�SDUWLDO�WDVNV�LQWHUDFW���

�

• 6HOHFWLRQ�RI�WKH�FRQWHQW�GHILQLQJ�ZRUGV��KRXVH��EXLOGLQJ��VN\VFUDSHU��

• 6HOHFWLRQ�RI�GHILQLWH�IHDWXUHV��WKH�EDOO�YHUVXV�D�EDOO��

• 6HOHFWLRQ�RI�SUR�IRUPV��WKHUH��KH��ZH��

• 6HOHFWLRQ�RI�FRQQHFWRUV��EXW��KRZHYHU��WKHQ��

• 5HDOL]DWLRQ�RI�QHJDWLRQ��,�KDYHQ
W�JRW�DQ\�PRQH\��,
P�QRW�JRLQJ�KRPH��

• 5HDOL]DWLRQ�RI�PRGLILHUV��H�J��DV�DQ�DGMHFWLYH�LQ�WKH�JUHHQ�DSSOH��RU�DV�D�UHODWLYH�

FODXVH�LQ�WKH�DSSOH�ZKLFK�LV�JUHHQ��

• 5HDOL]DWLRQ�RI�IRFXV��H�J��YLD�SDVVLYL]DWLRQ�RU��WRSLFDOL]DWLRQ��

• $JUHHPHQW�RI�VXEMHFW�DQG�YHUE��3HWHU�GULYHV��WKH�FKLOGUHQ�ZDON��

• &RUUHFW�ZRUG�RUGHU��H�J��QRW�DSSOH�WKH�JUHHQ��

• 6HOHFWLRQ�RI�PRUSKRORJLFDO�LQIOHFWLRQ��GHV�JU�QHQ�$SIHOV��WKH�JUHHQ�DSSOH
V���

• (OLVLRQ�RI�FODXVHV��3HWHU�EHVLW]W�URWH��0DULD�JU�QH�.O|W]H��3HWHU�RZQV�UHG�EORFNV��

0DU\�JUHHQ�RQHV���

• &RQVWUXFWLRQ�RI�LQILQLWLYHV��,�EHJ�\RX�WR�FRPH��

�

,W� LV� YHU\� LPSRUWDQW� WR� FRQVLGHU� KRZ� VSHFLILF� WKH� LQSXW� PXVW� EH� WR� EH� DFFHSWHG� E\� WKH�

JUDPPDU� DQG� WKH� OH[LFRQ�� DQG� KRZ� WR� UHDFW� LQ� FDVHV� RI� LQVXIILFLHQW� LQIRUPDWLRQ�� ,Q�PDQ\�

V\VWHPV� LW� LV�DVVXPHG�WKDW� WKH� LQSXW� LV�QHFHVVDULO\�DQG�VXIILFLHQWO\� UHODWHG� WR� WKH�GHFLVLRQ�

IDFWRUV��WKDW�LV��LW�LV�SUHVXPHG�WKDW�DOO�WKH�LQIRUPDWLRQ�QHFHVVDU\�IRU�WKH�EHVW�UHDOL]DWLRQ�LV�

SUHVHQW���

�

6RPH� V\VWHPV� DOORZ� IRU� WKH� LQSXW� WR� EH� XQGHU�VSHFLILHG� LQ� WKLV� UHVSHFW�� 7KH� PLVVLQJ�

LQIRUPDWLRQ� FDQ� HLWKHU� EH� GHWHUPLQHG� E\� GHIDXOW� YDOXHV�� RU� YLD� LQWHUDFWLRQ� ZLWK� RWKHU�

PRGXOHV� �H�J�� GLDORJXH� FRPSRQHQWV�� WH[W� SODQQHUV��� $� GHVFULSWLRQ� RI� DQ� LQWHUDFWLRQ�EDVHG�

V\VWHP�FDQ�EH�IRXQG�LQ�>+RY\������@��

�

%HORZ� ZH� ZLOO� LQWURGXFH� VRPH� RI� WKH� PRVW� ZHOO� NQRZQ� IRUPDOLVPV�� FRQVWUDLQW�EDVHG�

IRUPDOLVPV� �LQ�SDUWLFXODU�)8*��� V\VWHPLF�JUDPPDUV�DQG� WUHH�DGMRLQLQJ�JUDPPDUV��:H�ZLOO�

XVH�H[DPSOHV�IURP�VHOHFWHG�ZRUNV�WR�GHPRQVWUDWH�KRZ�WKHVH�DUH�XVHG�LQ�JHQHUDWLRQ��)LQDOO\�

ZH�ZLOO�GHDO�ZLWK�WKH�SUREOHP�RI�UHYHUVLELOLW\��

�



 �

&RQVWUDLQW�%DVHG�*UDPPDUV�

�

*UDPPDU�RULHQWHG�UHVHDUFK�LV�FXUUHQWO\�IRFXVHG�RQ�FRQVWUDLQW�EDVHG�IRUPDOLVPV��7KH�FHQWUDO�

LGHD� RI� WKHVH� IRUPDOLVPV� LV� WKH� GHVFULSWLRQ� RI� OLQJXLVWLF� FDWHJRULHV� YLD� FRPSOH[� IHDWXUH�

VWUXFWXUHV�� DQG� WKH� UHDOL]DWLRQ� RI� WKH� LQIRUPDWLRQ� IORZ� GXULQJ� OLQJXLVWLF� SURFHVVLQJ� YLD�

XQLILFDWLRQ�RI�VXFK�IHDWXUH�VWUXFWXUHV��$PRQJ�WKH�PRVW�ZHOO�NQRZQ�DGYRFDWHV�RI�WKLV�FODVV�RI�

IRUPDOLVP�DUH�)XQFWLRQDO�8QLILFDWLRQ�*UDPPDU�>.D\������@��3$75�,,�>6KLHEHU�HW�DO�������@��

DQG� 'HILQLWH� &ODXVH� *UDPPDUV� >3HUHLUD� DQG�:DUUHQ�� ����@�� DV� ZHOO� DV� /H[LFDO� )XQFWLRQDO�

*UDPPDU� >%UHVQDQ�� ����@�� DQG� +HDG�'ULYHQ� 3KUDVH� 6WUXFWXUH� *UDPPDU� �+36*�� >3ROODUG�

DQG�6DJ������@���

�

,Q�WKH�QH[W�VHFWLRQ�ZH�ZLOO�GHVFULEH�WKH�IRUPDOLVP�RI�)XQFWLRQDO�8QLILFDWLRQ�*UDPPDU��ZKLFK�

LV�UHSUHVHQWDWLYH�RI�WKH�PRGHOLQJ�DQG�SURFHVVLQJ�RI�OLQJXLVWLF�NQRZOHGJH�LQ�FRQVWUDLQW�EDVHG�

IRUPDOLVPV�� ,Q� WKH� ILQDO� VHFWLRQ�ZH�ZLOO� H[DPLQH�VSHFLDO�SURFHVVLQJ�DVSHFWV� RI� VRPH�RWKHU�

IRUPDOLVPV��

�

)XQFWLRQDO�8QLILFDWLRQ�*UDPPDU�

�

)XQFWLRQDO� 8QLILFDWLRQ�*UDPPDU� )8*� >.D\�� ������ .D\�� ����@� KDV� EHHQ� HPSOR\HG� IRU� WKH�

SURFHVVLQJ�RI�JUDPPDWLFDO�VWUXFWXUH�LQ�QXPHURXV�YHU\�SURPLQHQW�JHQHUDWLRQ�V\VWHPV��H�J��

,Q�>$SSHOW������@��>0F.HRZQ������@�DQG�>0F.HRZQ�HW�DO�������@���

�

5HSUHVHQWDWLRQ� ,Q� )8*� DOO� OLQJXLVWLF� HQWLWLHV� �WKDW� LV�ZRUGV�� SKUDVHV� DQG� VHQWHQFHV�� DUH�

UHSUHVHQWHG�E\�IXQFWLRQDO�GHVFULSWLRQV��)'V���$Q�)'�LV�D�PDWUL[�FRQVLVWLQJ�RI�DWWULEXWH�YDOXH�

SDLUV�� FDOOHG� IHDWXUHV�� 7KH� LQSXW� �ZKLFK� LV� FDOFXODWHG� E\� WKH� SDUW� UHVSRQVLEOH� IRU� FRQWHQW�

GHWHUPLQDWLRQ��DV�ZHOO�DV� WKH�JUDPPDU�DQG� WKH� OH[LFRQ�DUH� UHSUHVHQWHG�DV�)'V�� 7KH�RQO\�

RSHUDWLRQ� DOORZHG� LQ� )8*� LV� WKH� XQLILFDWLRQ� RI� )'V�� ,QIRUPDOO\�� WKH� XQLILFDWLRQ� RI� WZR� )'V�

OHDGV�WR�WKH�FRQVWUXFWLRQ�RI�D�QHZ�)'�ZKLFK�FRQWDLQV�WKH�LQIRUPDWLRQ�RQ�WKH�LQSXW�VWUXFWXUHV�

DQG�LV�FRPSDWLEOH�ZLWK�WKHVH��

�

)LJ�� �� VKRZV� DQ� )'� IRU� D� �VWURQJO\� VLPSOLILHG�� H[DPSOH� JUDPPDU� RI� *HUPDQ� LQ� ZKLFK�

VHQWHQFHV�DUH�GHILQHG�DV�VXEMHFW�YHUE�REMHFW�RU�VXEMHFW�YHUE�VHTXHQFHV��
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)LJ�����$�VLPSOH�H[DPSOH�JUDPPDU�LQ�)8*��

�

)HDWXUHV�DUH�QRWHG�LQ�WKH�IRUP�D� �Y��D�PDUNV�DQ�DWWULEXWH�DQG�Y� LWV�YDOXH��$WWULEXWHV�DUH�

DQ\�ZRUGV�ZLWKRXW� LQWHUQDO� VWUXFWXUH��ZKHUHDV� YDOXHV� FDQ� EH� GHVFULEHG� E\� YDULRXV� W\SHV��

(VVHQWLDOO\�� QXFOHDU� DQG� FRPSOH[�YDOXHV�DUH�GLIIHUHQWLDWHG�� ,Q� WKH�DERYH�GLDJUDP�&DW� KDV�

QXFOHDU�YDOXHV�DQG�WKH�DWWULEXWHV�6XEM�DQG�3DW�KDYH�FRPSOH[�YDOXHV��LQ�WKH�FDVH�RI�6XEM�

WKH�YDOXH�LWVHOI�LV�DQ�)'���

�

$V� WKH� H[DPSOH� GHPRQVWUDWHV�� DQ� )'� FDQ� DOVR� FRQWDLQ� GLVMXQFWLRQV� RI� JURXSV� RI� IHDWXUHV��

7KH�GLVMXQFWLRQ�LQ�WKH�H[DPSOH��PDUNHG�E\�EUDFHV��H[SUHVVHV�WKDW�WKH�REMHFW�LV�RSWLRQDO�DQG�

KHQFH�VHQWHQFHV�FDQ�FRQVLVW�RI� WZR�RU�WKUHH�FRQVWLWXHQWV��7KH�VSHFLDO�YDOXH�121(�PHDQV�

WKDW� WKLV�DOWHUQDWLYH� LV�RQO\�FKRVHQ�ZKHQ�QR�REMHFW� LV�VSHFLILHG� LQ�WKH� LQSXW�VWUXFWXUH��7KH�

DWWULEXWH� 6HP� FRGHV� WKH� VHPDQWLFV� RI� WKH� VHQWHQFH�� ,W� LV� LGHQWLFDO� WR� WKDW� RI� WKH� YHUE�

�H[SUHVVHG� YLD� WKH� SDWK�Ï� 6HP� LQ� WKH� YHUE
V� )'��� 7KH� YDOXH� $1<� KDV� WKH� VWDWXV� RI� D�

YDULDEOH�ZLWK�WKH�DGGLWLRQDO�FRQGLWLRQ�WKDW�LW�KDV�WR�EH�VXEVWLWXWHG�E\�D�FXUUHQW�YDOXH�E\�WKH�

HQG�RI�WKH�XQLILFDWLRQ��7KH�YDOXH�RI�WKH�DWWULEXWH�1XP�GHVFULEHV�D�SDWK��3DWKV�DUH�XVHG�WR�

UHIHU�WR�WKH�YDOXHV�RI�RWKHU�DWWULEXWHV��7KLV�H[SUHVVHV�WKDW�WZR�DWWULEXWHV��ZKLFK�FDQ�SHUWDLQ�

WR�YDULRXV�FRQVWLWXHQWV��FDQ�KDYH�D�FRPPRQ�YDOXH�RU��LQ�RWKHU�ZRUGV��WKDW�WKHLU�YDOXHV�KDYH�

WR�EH�LGHQWLFDO�
�
�&RQVHTXHQWO\��WKH�H[DPSOH�HVWDEOLVKHV�WKDW�WKH�QXPEHU�RI�WKH�YHUE�KDV�WR�

EH� LGHQWLFDO� ZLWK� WKH� QXPEHU� RI� WKH� VXEMHFW�� ,Q� WKLV� ZD\� SKHQRPHQD� OLNH�� IRU� H[DPSOH��

FRQJUXHQFH�RU�SURMHFWLRQ��L�H��WKH�UHODWLRQVKLS�EHWZHHQ�D�SKUDVH�DQG�LWV�KHDG�HOHPHQW��H�J��
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WKH� VHPDQWLFV� RI� WKH� VHQWHQFH� LV� LGHQWLFDO� WR� WKDW� RI� WKH� YHUE�� FDQ� EH� IRUPXODWHG� YHU\�

HOHJDQWO\�� ,Q� SUHYLRXV� IRUPDOLVPV� RQO\� SURFHGXUDO� VROXWLRQV� H[LVWHG� IRU� WKLV� �FRPSDUH� IRU�

H[DPSOH��>0HWHHU�HW�DO�������@���

�

,QIRUPDWLRQ�RQ� WKH�VXFFHVVLRQ�RI� WKH�FRQVWLWXHQWV� LV� IRUPXODWHG�E\� WKH�DWWULEXWH�3DW��7KH�

YDOXH�RI� WKLV� DWWULEXWH� LV� D� OLVW� RI� SDWKV� WR� WKH� LPPHGLDWH� FRQVWLWXHQWV� RI� WKH� )'��7KLV� OLVW�

IRUPXODWHV�SRVLWLRQ�UHVWULFWLRQV�IRU�WKH�RUGHU�RI�SDUWLDO�H[SUHVVLRQV�RI�WKH�FRQVWLWXHQWV�RI�WKH�

VHQWHQFH��)RUPDOO\��WKH�OLVW�GHVFULEHV�D�UHJXODU�H[SUHVVLRQ�DERXW�DQ�DOSKDEHW�FRQVLVWLQJ�RI�

WKH� DWWULEXWHV� RI� WKH� FRQVWLWXHQWV� LQ� ZKLFK� WKH� IHDWXUH� 3DW� RFFXUV�� ,Q� WKH� H[HPSODU\�

JUDPPDU�WKH�DWWULEXWH�3DW�RI�WKH�FDWHJRU\�6�LQGLFDWHV�WKDW�WKH�VXUIDFH�VWULQJ�RI�D�VHQWHQFH�

EHJLQV� ZLWK� WKH� VXEMHFW� IROORZHG� E\� WKH� YHUE� DQG� SRVVLEO\� IXUWKHU� FRQVWLWXHQWV�� 7KH�

SRVVLELOLW\�RI�RSWLRQV�LV�H[SUHVVHG�E\�����,Q�WKH�H[HPSODU\�JUDPPDU�WKLV�SRVLWLRQ�FDQ�EH�ILOOHG�

E\�WKH�REMHFW��ZKLFK�PHDQV�WKDW�WKH�REMHFW�KDV�WR�VWDQG�DW�WKH�HQG�RI�D�VHQWHQFH��,Q�RUGHU�

WR�LGHQWLI\�WKH�FRQVWLWXHQWV�RI�DQ�)'�H[DFWO\��)8*�DOVR�PDNHV�XVH�RI�WKH�DWWULEXWH�&VHW��WKH�

YDOXH�RI�ZKLFK�LV�PDGH�XS�RI�D�QXPEHU�RI�SDWKV�WR�WKH�LPPHGLDWH�FRQVWLWXHQWV�
�
�

�

8QLILFDWLRQ�8QLILFDWLRQ�LV�WKH�RQO\�RSHUDWLRQ�ZKLFK�LV�HPSOR\HG�IRU�SURFHVVLQJ��WKLV�LV�DOVR�

WUXH�IRU�VHQWHQFH�JHQHUDWLRQ��,Q�)8*�VHQWHQFHV�DUH�SURGXFHG�E\�XQLI\LQJ�WKH�JUDPPDU�ZLWK�

WKH� LQSXW�ZKLFK�� OLNH� WKH� JUDPPDU��PXVW� DOVR� EH� IRUPXODWHG� DV� DQ� )'�� 7KH� LQSXW� IRU� WKH�

XQLIDFDWRU� LV� D� VHPDQWLF� UHSUHVHQWDWLRQ� RI� ZKDW� LV�PHDQW� WR� EH� H[SUHVVHG�� 7KH� IROORZLQJ�

GLDJUDP� VKRZV� D� SRVVLEOH� �DJDLQ� KLJKO\� VLPSOLILHG�� LQSXW� VWUXFWXUH� IRU� WKH� H[HPSODU\�

JUDPPDU�GHVFULEHG�DERYH���

�

7KH�RXWSXW�LV�WKHQ�D�IXOO\�VSHFLILHG�)'�RI�WKH�VHQWHQFH��3HWHU�OLHEW�0DULD���3HWHU�ORYHV�0DU\���

LQ�ZKLFK�WKH�OLQHDU�VHTXHQFH�LV�GHVFULEHG�E\�WKH�DWWULEXWH�3DW�RI�WKH�VHQWHQFH�FRQVWLWXHQW��,I�

RXU� H[HPSODU\� JUDPPDU� LQ� )LJ�� �� DOVR� LQFOXGHG� SDVVLYH� FRQVWUXFWLRQV�� WKHQ� LW� WRR� FRXOG�

JHQHUDWH�WKH�VHQWHQFH��0DULD�ZLUG�YRQ�3HWHU�JHOLHEW���0DU\�LV�ORYHG�E\�3HWHU���LI� LQ�)LJ�����

WKH�DWWULEXWH�YRLFH�ZHUH�RFFXSLHG�E\�WKH�FXUUHQW�YDOXH�SDVVLYH��

�

�
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8QLILFDWLRQ�FDQ�LQIRUPDOO\�EH�LQWHUSUHWHG�DV�
FRPELQDWLRQ�RI�LQIRUPDWLRQ
��:KHQ�WZR�)'V�DUH�

XQLILHG��WKH�UHVXOWLQJ�)'�VKRXOG�FRQWDLQ�DOO�WKH�LQIRUPDWLRQ�RI�WKH�LQSXW�VWUXFWXUHV��7KHUH�DUH�

WZR� EDVLF� FDVHV� KHUH�� GHSHQGLQJ� XSRQ� ZKHWKHU� WKH� YDOXH� RI� DQ� DWWULEXWH� LV� QXFOHDU� RU�

FRPSOH[�� 1XFOHDU� YDOXHV� RQO\� XQLI\� ZKHQ� WKH\� DUH� LGHQWLFDO�� 7KH� XQLILFDWLRQ� RI� FRPSOH[�

YDOXHV� FDQ�EH�XQGHUVWRRG�DV� UHFXUVLYH�PHUJLQJ�� 7KH�XQLILFDWLRQ�RI� YDOXHV�RI� WKH�DWWULEXWH�

3DW�JLYHV�WKH�DYHUDJH�RI�WKH�YDOXHV��'XULQJ�XQLILFDWLRQ�FKHFNV�DUH�FDUULHG�RXW�WR�PDNH�VXUH�

WKDW�WKH�VWUXFWXUHV�WR�EH�XQLILHG�DUH�FRPSDWLEOH��7KLV�LV�QRW�WKH�FDVH��IRU�H[DPSOH��ZKHQ�WKH�

YDOXHV� RI� DQ� DWWULEXWH� ZKLFK� DSSHDUV� RQ� WKH� VDPH� OHYHO� LQ� ERWK� )'V� GR� QRW� XQLI\� �IRU�

H[DPSOH�� ZKHQ� QXFOHDU� YDOXHV� DUH� QRW� HTXDO� RU� ZKHQ� WKH� YDOXHV� KDYH� GLIIHUHQW� W\SHV��
�
�

(VVHQWLDO�DVSHFWV�RI�WKH�XQLILFDWLRQ�RSHUDWLRQ�DUH�����2UGHU�LQYDULDQFH�L�H��WKDW�WKH�RUGHU�RI�

WKH� IHDWXUHV� LV� RI� QR� LPSRUWDQFH� LQ� WKH� LQSXW� VWUXFWXUHV� ���� &RPPXWLYLW\� �RU� EL�

GLUHFWLRQDOLW\������0RQRWRQ\�DQG�����'HFODULWLYLW\���KHQFH�D�JUDPPDU�FDQ�EH�VXPPHG�XS�DV�

D�PDVV�RI�IHDWXUH�UHVWULFWLRQV�ZKLFK�FDQ�EH�DGGHG�WRJHWKHU�WR�IRUP�DQ�LQSXW��RU�FKHFNHG��LQ�

ZKLFK�RQO\�ZKLFK�UHVWULFWLRQV�DUH�SHUWLQHQW�LV�H[SUHVVHG��QRW�WKH�RUGHU�RI�WKHLU�SURFHVVLQJ��

�

)8*�DQG�*HQHUDWLRQ�7KH�DGYDQWDJH�RI�)8*��SDUWLFXODUO\� IRU�JHQHUDWLRQ�� LV�UHODWHG�WR�WKH�

ZD\�WKDW�V\QWDFWLF�NQRZOHGJH�LV�FRGHG��)RU�WKH�DQDO\VLV�RI�OLQJXLVWLF�VWUXFWXUHV�D�KLHUDUFKLFDO�

WUHH� VWUXFWXUH� PHWKRG� KDV� SURYHQ� LWVHOI� WR� EH� VXLWDEOH�� ,Q� FRQWUDVW�� )8*� DOORZV� WKH�

IRUPXODWLRQ�RI�D�IODWWHU�VWUXFWXUH�RI�RUGHU�UHVWULFWLRQV��6R�D�VWURQJHU�VWUHVV�RI�WKH�IXQFWLRQDO�

UROHV�RI�WKH�FRQVWLWXHQWV�FDQ�EH�UHSUHVHQWHG��ZKLFK�LV�RI�JUHDW�LPSRUWDQFH�IRU�JHQHUDWLRQ��,Q�

JHQHUDWLRQ� WKH� NH\� SRLQW� RI� LQWHUHVW� LV� WKH� SDUDGLJPDWLF� UHODWLRQVKLS� EHWZHHQ� OLQJXLVWLF�

REMHFWV�� WKDW� LV�� WKH� FKRLFH� EHWZHHQ� DOWHUQDWLYHV� DQG� WKHLU� LQIOXHQFH� RQ� WKH� FKRLFH� RI� WKH�

IROORZLQJ� HOHPHQWV�� 2Q� WKH� FRPSUHKHQVLRQ� VLGH�� RQ� WKH� RWKHU� KDQG�� WKH� V\QWDJPDWLF�

UHODWLRQ�� WKDW� LV�� WKH� UHVWULFWLRQV� UHJDUGLQJ� WKH� FRPELQDWLRQ�RI� REMHFWV�� LV� WKH�NH\�SRLQW� RI�

LQWHUHVW��

�

8QLILFDWLRQ�LV�IUHTXHQWO\��DW�OHDVW�LQ�WKH�ZD\�LW�LV�IRUPXODWHG�LQ�)8*�IRU�JHQHUDWLRQ��UHDOL]HG�

DV� D� QRQ�GHWHUPLQLVWLF� WRS�GRZQ�GHSWK�ILUVW� FRQWURO� IORZ�� +RZHYHU�� WKLV� PHDQV� WKDW�

SURFHVVLQJ�LV�IDU�IURP�HIILFLHQW��7R�FRPEDW�WKLV�SUREOHP��WKH�IRUPDOLVP�)8)�>(OKDGDG������@��

ZKLFK�LV�XVHG�LQ�WKH�JHQHUDWLRQ�V\VWHP�&20(7�>0F.HRZQ�HW�DO�������@��PDGH�LW�SRVVLEOH�WR�

VSHFLI\�FRQWURO�LQIRUPDWLRQ�LQ�WKH�JUDPPDU��7KXV��H�J��SUHIHUHQFHV�FDQ�EH�VSHFLILHG�IRU�WKH�

VHOHFWLRQ�RI�DOWHUQDWLYHV�RU�ZKHWKHU�WKH�IHDWXUHV�RI�DQ�)'�VKRXOG�EH�SURFHVVHG�YLD�D�GHSWK�

RU�D�ZLGWK�RULHQWHG�VWUDWHJ\�FDQ�EH�VHW��

�

6SHFLDO�3URFHVVLQJ�$VSHFWV�6WULFW�WRS�GRZQ�SURFHVVLQJ�LV�QRW�VXLWDEOH�IRU�VWURQJO\�OH[LFRQ�

RULHQWHG� OLQJXLVWLF� WKHRULHV� OLNH�� IRU� H[DPSOH�� +36*� >3ROODUG� DQG� 6DJ�� ����@�� ,Q� VXFK�

WKHRULHV�WKH�PDMRULW\�RI�JUDPPDWLFDO�LQIRUPDWLRQ�LV�VWRUHG�LQ�WKH�OH[LFDO�HQWULHV��,Q�FRQWUDVW��

WKH� UXOHV� DUH� GHVFULEHG� E\� VFKHPDWD� LQ� D� YHU\� DEVWUDFW� PDQQHU�� )RU� H[DPSOH�� WKH� UXOHV�
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FRQWDLQ�DQ�DEVWUDFWLRQ�IURP�WKH�YHUEV
�VSHFLDO�VXE�FDWHJRUL]DWLRQ�LQIRUPDWLRQ��DV�WKH�VSHFLILF�

LQIRUPDWLRQ�LV�HQWHUHG�E\�WKH�UHVSHFWLYH�YHUEV��,Q�SULQFLSOH��D�UXOH�VFKHPDWD�RI�WKH�IRUP�0�

Î�+&�ZRXOG�EH�VXIILFLHQW�WR�SURGXFH�YHUE�FRPSOHPHQW�VWUXFWXUHV��IRU�H[DPSOH��0� LV�WKH�

PRWKHU� QRGH�� +� WKH� KHDG� DQG� &� DQ\�� SRVVLEO\� HPSW\� VHW� RI� FRPSOHPHQWV�� /HW� XV� DOVR�

SUHVXPH�WKDW�WKLV�VFKHPD�GRHV�QRW�H[SUHVV�DQ\WKLQJ�DERXW�WKH�FRUUHFW�ZRUG�RUGHU���,I�ZH�

DSSO\�WKLV�VFKHPD�WR�WKH�YHUE�OLHEHQ��WR�ORYH���ZKLFK�FDWHJRUL]HV�WZR�QRPLQDO�SKUDVHV���WKH�

IROORZLQJ�UXOH� LQVWDQFH�FRXOG�EH�DFKLHYHG��6�Î�9�13�13�� LQ�ZKLFK�6� LV� LQWHUSUHWHG�DV� WKH�

SURMHFWLRQ�RI�9��

�

$� WRS�GRZQ� GULYHQ� SURFHVV� ZRXOG� WKHUHIRUH� KDYH� WR� EHJLQ� ZLWK� DQ� XQVSHFLILHG� VXE�

FDWHJRUL]DWLRQ��>6KLHEHU�HW�DO�������@�GHPRQVWUDWH�WKDW�WHUPLQDWLRQ�SUREOHPV�DUH�FDXVHG�E\�

WKLV� DQG� SURSRVH� D� ERWWRP�XS� PHWKRG� DV� D� VROXWLRQ�� ,Q� WKLV� PHWKRG� WKH� OH[LFDO� HQWULHV�

FRUUHVSRQGLQJ�WR�WKH��VHPDQWLF��LQSXW�DUH�VHW�ILUVW��3ULPDULO\�OH[LFDO�DFFHVV�LV�FDUULHG�RXW�IRU�

WKH� VHPDQWLF� KHDG� �ZKLFK� LV� XVXDOO\� WKH� SUHGLFDWH��� VR� WKDW� WKHLU� PHWKRG� FDQ� PDNH�

UHVWULFWLYH�XVH�RI� WKH�VWUXFWXUDO� LQIRUPDWLRQ�RI� WKH� LQSXW��7KHQ� WKH�VHPDQWLF�DUJXPHQWV�RI�

WKLV� HOHPHQW� DUH� IL[HG� YLD� LWV� JUDPPDWLFDO� VWUXFWXUH� DQG� WKH� ZKROH� SURFHVV� LV� FRQWLQXHG�

UHFXUVLYHO\�RQ�WKH�IRXQG�DUJXPHQWV��

�

6\VWHPLF�*UDPPDUV�

�

7KH� PDLQ� SRLQW� RI� IRFXV� LQ� WKH� GHYHORSPHQW� RI� V\VWHPLF� JUDPPDUV� >+DOOLGD\�� ������

:LQRJUDG�� ����@� LV� WKH� XVH� RI� ODQJXDJH� LQ� FRQFUHWH� FRPPXQLFDWLRQ� V\VWHPV�� L�H�� WKH�

TXHVWLRQ�RI� WKH� VRFLDO� IXQFWLRQ�RI� ODQJXDJH��7KH�FHQWUDO� LGHD� LQ� V\VWHPLF�JUDPPDUV� LV� WKH�

FODVVLILFDWLRQ� RI� OLQJXLVWLF� XWWHUDQFHV� DFFRUGLQJ� WR� WKH� IXQFWLRQ� ZKLFK� WKH\� ZLOO� KDYH� LQ�

FRQYHUVDWLRQDO� VLWXDWLRQV�� L�H�� LI� WKH� XWWHUDQFH� LV� WR� EH� UHDOL]HG� DV� DQ� LQVWUXFWLRQ� RU� D�

VWDWHPHQW�� $� FHQWUDO� WDUJHW� RI� V\VWHPLF� JUDPPDU� VFKRODUV� LV� WR� VKDSH� WKLV� NLQG� RI�

FODVVLILFDWLRQ�DV�GHOLFDWHO\�DQG�VSHFLILFDOO\�DV�SRVVLEOH��,Q�WKH�SURFHVV��WKH�FRPSOH[LW\�RI�WKH�

VWUXFWXUH� RI� QDWXUDO� ODQJXDJHV� LV� H[DPLQHG� HVVHQWLDOO\� DFFRUGLQJ� WR� WKH� IROORZLQJ� WKUHH�

GLPHQVLRQV� �VHH� DOVR� >:LQRJUDG�� ����@��� �D�� FODVVLILFDWLRQ� �H�J�� VHQWHQFH� W\SHV�� ZRUG�

FODVVHV����E��JURXSLQJ��H�J��VHTXHQFHV�RI�ZRUGV�DV�FRQVWLWXHQWV���DQG��F��IXQFWLRQ��WKDW�LV��

WKH�IXQFWLRQDO�UHODWLRQVKLS�EHWZHHQ�HOHPHQWV���

�

,W� LV� SUHFLVHO\� WKH� VWUHVV� RQ� SDUDGLJPDWLF� DQG� IXQFWLRQDO� UHODWLRQVKLSV� EHWZHHQ� OLQJXLVWLF�

REMHFWV� ZKLFK� PDNHV� V\VWHPLF� JUDPPDUV� SDUWLFXODUO\� DWWUDFWLYH� WR� JHQHUDWLRQ�� DV� WKHVH�

GHVFULEH�ZKLFK�OLQJXLVWLF�PHDQV�FDQ�EH�DOORFDWHG�WR�ZKLFK�FRPPXQLFDWLYH�VLWXDWLRQV��1RW�WKH�

IRUP��EXW�WKH�IXQFWLRQ�RI�OLQJXLVWLF�REMHFWV��LV�LQ�WKH�IRUHJURXQG�RI�WKH�TXHVWLRQV��

�

,Q�D�V\VWHPLF�JUDPPDU�OLQJXLVWLF�NQRZOHGJH�LV�UHSUHVHQWHG�E\�D�QHWZRUN�RI�UHODWHG�V\VWHPV��

2Q�WKH�ORZHVW�OHYHO�WKH�PRUH�VSHFLILF�GHFLVLRQV�KDYH�WR�EH�PDGH��H�J��FKRLFH�RI�ZRUGV��DQG�



 �

RQ� WKH� KLJKHU� OHYHOV� WKH� OHVV� VSHFLILF� RQHV� �H�J�� VHQWHQFH� W\SH��� $� VLQJOH� V\VWHP� LV�

UHSUHVHQWHG�E\�D�QXPEHU�RI�IHDWXUHV�DQG�WKHLU�SRVVLEOH�YDOXHV��FRQMXQFWLYH�DQG�GLVMXQFWLYH�

OLQNV� DUH� SRVVLEOH�� )LJ�� �� VKRZV� DQ� H[FHUSW� IURP� WKH� V\VWHP� IRU� (QJOLVK� SURQRXQV�

�FRQMXQFWLYH�OLQNHG�GHFLVLRQV�DUH�UHSUHVHQWHG�E\�^�DQG�GLVMXQFWLYH�RQHV�E\�>���

�

)RU� H[DPSOH�� WKH� SURQRXQ� ,� LV� VHOHFWHG� RQ� WKH� EDVLV� RI� WKH� LQIRUPDWLRQ�3HUVRQDO� 6LQJXODU�

)LUVW� 6XEMHFWLYH�� VKH� E\� 3HUVRQDO� 6LQJXODU� 7KLUG� )HPLQLQH� 6XEMHFWLYH� DQG� WKRVH� E\�

'HPRQVWUDWLYH�)DU�3OXUDO��

�

7KH�JHQHUDWLRQ�RI�VHQWHQFHV�LQ�V\VWHPLF�JUDPPDUV�UHVXOWV�LQ�D�VHULHV�RI�IXQFWLRQDO�GHFLVLRQV�

ZKLFK�DUH�FDUULHG�RXW�SDUDOOHO�DORQJ�WKH�YDULRXV�IXQFWLRQDO�DUHDV��:LWK�LWV�V\VWHPLF�JUDPPDU�

1,*(/�� WKH� V\VWHP� 3(10$1� LV� WKH� PRVW� ZHOO� NQRZQ� RQH� WR� EH� EXLOW� XS� RQ� WKLV� WKHRU\�

>0DWWKLHVRQ������@��+HUH�D�YHU\�H[WHQVLYH�(QJOLVK�JUDPPDU�KDV�EHHQ�GHYHORSHG��,Q�1,*(/�

D�VHQWHQFH�LV�SURGXFHG�E\�D�WRS�GRZQ�GULYHQ�WUDYHUVDO�RI�WKH�V\VWHPLF�QHWZRUNV��7KH�YDOXHV�

RI�WKH�LQGLYLGXDO�IHDWXUHV�DUH�GHWHUPLQHG�E\�WKH�HQYLURQPHQW��,I��IRU�H[DPSOH��WKH�YDOXH�RI�

WKH� IHDWXUH�0RGXV� LV� WR� EH� VHW� �LW� LV� HLWKHU� LPSHUDWLYH� RU� LQGLFDWLYH��� WKHQ� WKH� VHPDQWLF�

UHSUHVHQWDWLRQ�LV�DVNHG�ZKHWKHU�RU�QRW�LW�LV�DQ�RUGHU��)RU�WKLV�SXUSRVH��VHOHFWLRQ�SUHGLFDWHV�

DUH�GHILQHG�ZLWK�HDFK�V\VWHP��WKHVH�FDUU\�RXW�WHVWV�LQ�WKH�EDFNJURXQG�SURJUDP�VR�DV�WR�EH�

DEOH� WR� GHWHUPLQH� WKH� FXUUHQW� YDOXHV� RI� D� IHDWXUH�� 7KH� FKRLFH� RI� WKH� IROORZ�XS� V\VWHPV�

GHSHQGV�XSRQ�WKH�UHVXOWV�RI�VXFK�TXHVWLRQV�DQG�WKH�FXUUHQW�VWDWH�RI�WKH�V\VWHP��7KLV�W\SH�RI�

IHDWXUH� VHWWLQJ� LV� FDOOHG� 
LQTXLU\� VHPDQWLFV
� DQG�DOORZV� WKH�JUDPPDU� WR� FRPPXQLFDWH�ZLWK�

WKH�EDFNJURXQG�SURJUDP
V�NQRZOHGJH�VRXUFHV��,Q�WKH�V\VWHP�3(10$1�ZRUOG�NQRZOHGJH�DQG�

VHPDQWLF� UHSUHVHQWDWLRQ�DUH� UHSUHVHQWHG� LQ� D�./�21(�EDVHG� IRUPDOLVP�� ,QTXLU\� VHPDQWLFV�

VHUYHV� DV� D� PHGLDWRU� EHWZHHQ� JUDPPDU� DQG� NQRZOHGJH� UHSUHVHQWDWLRQ�� +RZHYHU�� D�

GLVDGYDQWDJH� RI� WKLV� V\VWHP� LV� WKDW� FRPPXQLFDWLRQ� LV� UHDOL]HG� LQ� D� VWURQJO\� SURFHGXUDO�

IDVKLRQ�DQG�LV�KHQFH�GHSHQGDQW�RQ�D�FRQFUHWH�DSSOLFDWLRQ��

�



 ��

�

)LJ�����7KH�(QJOLVK�SURQRXQ�V\VWHP��DFFRUGLQJ�WR�>:LQQRJUDG���@���

�

7UHH�$GMRLQLQJ�*UDPPDUV�

�

7UHH� $GMRLQLQJ� *UDPPDUV� �7$*V�� ZHUH� ILUVW� LQWURGXFHG� E\� >-RVKL� HW� DO��� ����@� DQG� KDYH�

EHHQ� H[DPLQHG� LQWHQVLYHO\� ERWK� IRUPDOO\� DQG� OLQJXLVWLFDOO\� VLQFH� WKHQ�� $� VHULHV� RI� 7$*�

YDULDQWV� ZDV� GHYHORSHG� LQ� ZKLFK� OH[LFDOL]HG� 7$*V� >$EHLOOH�� ����@� DQG� V\QFKURQL]HG� 7$*V�

>6KLHEHU�DQG�6FKDEHV������@�DUH�HVSHFLDOO\�UHOHYDQW�WR�JHQHUDWLRQ��

�

,Q� WKH�RULJLQDO�GHILQLWLRQ�D�7$*�FRQVLVWV� RI�D� ILQLWH�QXPEHU�RI� HOHPHQWDU\� WUHHV�ZKLFK�DUH�

VXEGLYLGHG� LQWR� D� QXPEHU� RI� LQLWLDO� DQG� DX[LOLDU\� WUHHV�� 7KH� QXPEHU� RI� HOHPHQWDU\� WUHHV�

FRQVWLWXWHV� WKH� VWUXFWXUDO� EDVLV� RI� D� 7$*�� ,QLWLDO� WUHHV� UHSUHVHQW� PLQLPDO� VHQWHQFH�

VWUXFWXUHV��7KH�URRW�RI�DQ� LQLWLDO� WUHH�GHVFULEHV� WKH�VHQWHQFH�V\PERO�6�DQG� WKH� OHDI�QRGHV�

DUH�GHVFULEHG�E\�WHUPLQDO�HOHPHQWV��$OO�EUDQFK�QRGHV�GHVFULEH�QRQ�WHUPLQDO�HOHPHQWV��7KH�

OHIW�KDQG�GLDJUDP�LQ�ILJ����JUDSKLFDOO\�UHSUHVHQWV�WKH�VWUXFWXUH�RI�LQLWLDO�WUHHV��,Q�WKH�FDVH�RI�

DX[LOLDU\� WUHHV�� WKH�URRW�FDQ�GHVFULEH�DQ\�QRQ�WHUPLQDO�V\PERO��:LWK� WKH�H[FHSWLRQ�RI�RQH�

HOHPHQW�[��DOO�OHDI�QRGHV�GHVFULEH�WHUPLQDO�QRGHV��[�GHVFULEHV�D�QRQ�WHUPLQDO�HOHPHQW�RI�WKH�

VDPH�FDWHJRU\�DV�WKH�URRW��VHH�WKH�ULJKW�KDQG�GLDJUDP�LQ�ILJ������

�



 ���

�

)LJ�����7KH�VWUXFWXUH�RI�LQLWLDO�����DQG�DX[LOLDU\�����WUHHV��DFFRUGLQJ�WR�>-RVKL���@���

�

,Q�FRQWUDVW�WR�FRQWH[W�IUHH�JUDPPDUV��&)*���ZKHUH�UXOHV�FDQ�EH�UHSUHVHQWHG�DV�WUHHV�ZLWK�D�

GHSWK�RI�RQH��HOHPHQWDU\�WUHHV�UHSUHVHQW�D�ODUJHU�ORFDOLW\�DUHD�WKDQ�&)*V��

�

7KH�FHQWUDO�RSHUDWLRQ�IRU�FRQVWUXFWLQJ�FRPSOH[�WUHH�VWUXFWXUHV�LV�DGMXQFWLRQ��9LD�DGMXQFWLRQ�

D� QHZ� WUHH� γ� FDQ� EH� GHWHUPLQHG� IURP� DQ� DX[LOLDU\� WUHH� β� DQG� WUHH� α�� /HW� α EH� D� WUHH�

FRQWDLQLQJ�WKH�QRGH�[�DQG�β�DQ�DX[LOLDU\�WUHH�WKH�URRW�RI�ZKLFK�LV�GHVFULEHG�E\�[��)LJ����LV�D�

JUDSKLF� UHSUHVHQWDWLRQ�RI�KRZ�WKH�QHZ�WUHH� γ� FDQ�EH�GHULYHG� IURP�α� YLD�DGMXQFWLRQ�RI� WKH�

DX[LOLDU\�WUHH�β�DQG�WKH�QRGH�[��Z � �DQG�Y � �EHLQJ�SDUWLDO�VWULQJV���

�

$Q� DGYDQWDJH� RI� DGMXQFWLRQ� LV� WKDW� LW� FDQ� EH� XVHG� WR� IDFWRUL]H� WKH� UHFXUVLRQ� RI� ORFDO�

GHSHQGHQFLHV��DV�LV�WKH�FDVH�ZLWK�&)*V���,W�FRXOG�EH�VKRZQ�WKDW�7$*6�DUH�PRUH�H[SUHVVLYH�

WKDQ� &)*V�� DV� WKH\� FDQ� EH� XVHG� WR� GHVFULEH� ODQJXDJHV� ZKLFK� DUH� QRW� VWURQJO\� FRQWH[W�

VHQVLWLYH�>:HLU������@���

�

$�GLVDGYDQWDJH�RI�WKH�RULJLQDO�IRUPDOLVP�ZDV�WKH�H[WUHPHO\�UHGXQGDQW�IRUPXODWLRQ�RI�SDUWLDO�

WUHHV�� )RU� WKLV� UHDVRQ� >$EHLOOH�� ����@� LQWURGXFHG� VXEVWLWXWLRQ� DV� DQ� DGGLWLRQDO� RSHUDWLRQ�

DOORZLQJ� SDUWLDO� WUHHV� LQ� HOHPHQWDU\� WUHHV� WR� EH� UHSODFHG� E\� FRUUHVSRQGLQJ� QRQ�WHUPLQDOV��

+HQFH�QRQ�WHUPLQDOV�PDUNHG�E\�WKH�VXEVWLWXWLRQ�V\PERO�È�DUH�DOVR�DFFHSWHG�DV�OHDI�QRGHV��

�



 ��

�

)LJ�����$GMXQFWLRQ�LQ�7$*��

�

7KH�RQO\�GLIIHUHQFH�EHWZHHQ�WKH�H[WUDFWHG�SDUWLDO�WUHHV�DQG�WKH�LQLWLDO�WUHHV�LV�WKDW�WKHLU�URRW�

QRGH� FDQ� GHVFULEH� DQ\� QRQ�WHUPLQDO�� ,W� FRXOG� EH� VKRZQ� WKDW� WKH� DGGLWLRQ� RI� VXEVWLWXWLRQ�

GRHV� QRW� LQIOXHQFH� WKH� IRUPDO� IHDWXUHV� RI� 7$*V�� EXW� WKDW� LW� OHDGV� WR� D� PRUH� HOHJDQW�

GHVFULSWLRQ�RI�OLQJXLVWLF�REMHFWV�ZLWK�OHVV�UHGXQGDQFLHV��)LJ����VKRZV�DQ�H[DPSOH�IRU�D�PRUH�

FRPSDFW� LQLWLDO� WUHH� DQG� DQ� H[WUDFWHG� SDUWLDO� WUHH�� 6XEVWLWXWLRQ� LV� DQ�REOLJDWRU\� RSHUDWLRQ��

L�H��D�GHULYDWLYH�WUHH�LV�RQO\�FRPSOHWH�ZKHQ�DOO�VXEVWLWXWLRQV�KDYH�EHHQ�FDUULHG�RXW��

�

)LJ����,QLWLDO�WUHHV�LQ�OH[LFDOL]HG�7$*V��

�



 ���

5HOHYDQFH�RI�7$*V�WR�*HQHUDWLRQ�7$*V�ZHUH�SULPDULO\�GHYHORSHG�WR�IRUPXODWH�V\QWDFWLF�

VWUXFWXUHV�� 7KH\�ZHUH� DOUHDG\� XVHG� LQ� JHQHUDWLRQ� V\VWHPV� UHODWLYHO\� HDUO\�� QDPHO\� LQ� WKH�

V\VWHP� 080%/(���� >0F'RQDOG� DQG� 3XVWHMRYVN\�� ����@�� >-RVKL�� ����@� SD\V� SDUWLFXODU�

DWWHQWLRQ� WR� WKH� UHOHYDQFH� RI� 7$*V� WR� JHQHUDWLRQ�� 7KH� FRPELQDWLRQ� RI� WKH� IROORZLQJ�

FKDUDFWHULVWLFV� RI� 7$*V� LV� RI� VLJQLILFDQFH� IRU� JHQHUDWLRQ� ���� ODUJHU� ORFDOLW\� DUHD� WKDQ� LQ�

FRQWH[W�IUHH�JUDPPDUV������WKH�SRVVLELOLW\�WR�VSOLW�GRPLQDQFH�DQG�OLQHDU�VHTXHQFHV������XVH�

RI�XQLILFDWLRQ������VXLWDEOH�IRU�LQFUHPHQWDO�SURFHVVLQJ��

�

:H�ZLOO�QRZ�EULHIO\�LQWURGXFH�WZR�PRUH�UHFHQW�ZRUNV�WKDW�PRGHO�VRPH�RI�WKHVH�DVSHFWV�IRU�

JHQHUDWLRQ��

�

7$*V�DQG�6\VWHPLF�*UDPPDUV�7KH�FHQWUDO� LGHD�RI�WKH�DSSURDFK�GHVFULEHG�LQ�>0F&R\�HW�

DO�������@� OLHV� LQ� WKH�FRPELQDWLRQ�RI�V\VWHPLF�JUDPPDUV�DQG�7$*V�� LQ�ZKLFK� WKH�V\VWHPLF�

JUDPPDU� VHUYHV� DV� D� PHDQV� WR� GHVFULEH� WKH� IXQFWLRQDO� UHODWLRQVKLS� EHWZHHQ� OLQJXLVWLF�

REMHFWV� DQG� WKH� 7$*� WR� GHVFULEH� WKH� IRUP� RI� WKH� REMHFWV�� $GGLWLRQDOO\�� WKH� V\QWDFWLF�

VWUXFWXUHV�DUH�UHSUHVHQWHG�LQ�WKH�7$*�IRUPDOLVP��(OHPHQWDU\�V\QWDFWLF�WUHHV�DUH�FODVVLILHG�LQ�

DFFRUGDQFH� ZLWK� IXQFWLRQDO� FDWHJRULHV�� 7KH� FRPSOHWH� VWUXFWXUH� LV� GHVFULEHG� DV� D� 7$*�

QHWZRUN��$�V\VWHPLF�JUDPPDU�LV�HPSOR\HG�WR�GHWHUPLQH�WKH�QXPEHU�RI�IXQFWLRQDO�IHDWXUHV�

IURP�DQ�LQSXW�VWUXFWXUH��VR�WKDW�WKH�UHOHYDQW�QXPEHU�RI�HOHPHQWDU\�WUHHV�FDQ�EH�GHWHUPLQHG�

ZLWK�WKLV�LQIRUPDWLRQ�E\�WUDYHUVLQJ�WKH�7$*�QHWZRUN��7KH�WUHHV�ZKLFK�KDYH�EHHQ�VHOHFWHG�LQ�

WKLV� PDQQHU� DUH� WKHQ� MRLQHG� RQ� JURXQGV� RI� WKHLU� IXQFWLRQDO� UHODWLRQVKLSV�� 7KH� DERYH�

PHQWLRQHG� VWHSV� UHDOO\�DUH� LQWHJUDWHG� LQ� WKH�SURFHVV�� 7KH� VWDUWLQJ�SRLQW� IRU� DQ� LQWHJUDWHG�

SURFHVV� LV� WKH� KHDG�PRGLILHU� VWUXFWXUH� RI� WKH� HOHPHQWDU\� WUHHV�� 7R� UHSUHVHQW� WKHVH�

UHODWLRQVKLSV�D�OH[LFDOL]HG�7$*�LV�XVHG�LQ�ZKLFK�SUHGLFDWHV�DUH�OH[LFDOL]HG�DQG�WKHLU�DOORFDWHG�

DUJXPHQWV�UHSUHVHQWHG�E\�QRQ�WHUPLQDO�HOHPHQWV��FRPSDUH�)LJ������,Q�WRWDO��WKLV�UHVXOWV�LQ�D�

UHFXUVLYH� JHQHUDWLRQ� SURFHVV� RI� WKH� V\VWHPLF� JUDPPDU� DQG� WKH� 7$*� QHWZRUN� ZKLFK� LV�

RULHQWHG�RQ�WKH�KHDG�PRGLILHU�VWUXFWXUH�RI�WKH�LQSXW��

�

/HW�� IRU� H[DPSOH�� WKH� IHDWXUH� VWUXFWXUH� LQ� )LJ�� �� EH� WKH� VWDUWLQJ� SRLQW� IRU� WKH� JHQHUDWLRQ�

SURFHVV� �IROORZLQJ� >0F&R\� HW� DO��� ����@��� 7KLV� LQIRUPDWLRQ� LV� WKH� VWDUWLQJ� SRLQW� IRU� WKH�

WUDYHUVDO� RI� WKH� V\VWHPLF� JUDPPDU�� 7KH� WDUJHW� LV� �D�� WR� GHWHUPLQH� WKH� KHDG�PRGLILHU�

VWUXFWXUH���E��WR�H[WUDFW�WKH�VHW�RI�IXQFWLRQDO�IHDWXUHV�ZKLFK�DUH�QHHGHG�IRU�WKH�WUDYHUVDO�RI�

WKH�7$*�QHWZRUN��7KH�ILUVW�VWHS� LQYROYHV�WKH�FDOFXODWLRQ�RI� WKH�KHDG�HOHPHQW��WKLQN� LQ�RXU�

H[DPSOH��DQG�XQGHU�FRQVLGHUDWLRQ�RI�LWV�VWUXFWXUH�WKH�SURFHVV�LV�WKHQ�FRQWLQXHG�UHFXUVLYHO\�

RYHU� WKH� DUJXPHQWV� �\RX� DQG� KLW��� )RU� HDFK� WUHH� GHWHUPLQHG� LQ� WKLV� ZD\� WKH� IXQFWLRQDO�

LQIRUPDWLRQ� HPSOR\HG� LV� UHFRUGHG�� 7KH� RYHUDOO� UHVXOW� LV� D� VWUXFWXUH� RI� HOHPHQWDU\� WUHHV�

RULHQWHG�RQ�WKH�IXQFWLRQDO�LQIRUPDWLRQ��LQ�WKH�ILQDO�VWHS�WKHVH�DUH�DOO�MRLQHG�WRJHWKHU�WR�IRUP�

DQ�RYHUDOO�VWUXFWXUH�LQ�DFFRUGDQFH�ZLWK�DGMXQFWLRQ�DQG�VXEVWLWXWLRQ��

�



 ��

$Q�HVVHQWLDO�DGYDQWDJH�RI�WKH�GHVFULEHG�DSSURDFK�LV�WKDW�WKH�DUFKLWHFWXUH�DOORZV�IXQFWLRQDO�

DVSHFWV�RI�JHQHUDWLRQ�WR�EOHQG�HOHJDQWO\�ZLWK�V\QWDFWLF�RQHV��%RWK�DVSHFWV�DUH�UHSUHVHQWHG�

VHSDUDWHO\� E\� VSHFLILF� IRUPDOLVPV�� EXW� WKHLU� FRPELQDWLRQ� GXULQJ� WKH� SURFHVV� LV� PXWXDOO\�

UHVWULFWLYH��

�
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)LJ�����,QSXW�IRU�:KR�GLG�\RX�WKLQN�KLW�-RKQ"�

�

,QFUHPHQWDO� *HQHUDWLRQ� ZLWK� 7$*V� ,Q� >+DUEXVFK� HW� DO��� ����@� WKH� 7$*� IRUPDOLVP� LV�

HPSOR\HG� IRU� LQFUHPHQWDO�JHQHUDWLRQ�� ,Q�JHQHUDO�� LQFUHPHQWDO�JHQHUDWLRQ� LV� UHJDUGHG�DV�D�

SUHUHTXLVLWH�IRU�WKH�SURGXFWLRQ�RI�QDWXUDO�ODQJXDJH��%DVHG�RQ�QXPHURXV�WHVWV�� LQFUHPHQWDO�

JHQHUDWLRQ� LV� SV\FKRORJLFDOO\� PRWLYDWHG�� DQG� D� SV\FKRORJLFDOO\� PRWLYDWHG� LQFUHPHQWDO�

JHQHUDWLRQ� V\VWHP�ZDV� ILUVW� LQWURGXFHG� E\� >'H6PHGW� DQG� .HPSHQ�� ����@�� DOWKRXJK� KHUH�

RQO\� WKH� FRQWHQW� UHDOL]DWLRQ� ZDV� PRGHOHG� H[DFWO\�� >5HLWKLQJHU�� ����@� GHVFULEHV� DQ�

LQFUHPHQWDO�V\VWHP�LQ�ZKLFK�LQFUHPHQWDO�SURFHVVLQJ�RQ�WKH�OHYHO�RI�FRQWHQW�GHWHUPLQDWLRQ�LV�

DOVR� UHDOL]HG�� 5HLWKLQJHU� GRHV� QRW�� KRZHYHU�� FODLP� WKDW� KLV� PRGHO� LV� LQ� DQ\� ZD\�

SV\FKRORJLFDOO\�DGHTXDWH���

�

,Q� >.HPSHQ�� ����@� DQG� >1HXPDQQ� DQG� )LQNOHU�� ����@� WKH� IROORZLQJ� SRLQWV� DUH� OLVWHG� DV�

UHTXLUHPHQWV�IRU�LQFUHPHQWDO�FRQWHQW�UHDOL]DWLRQ������XVH�RI�OH[LFRQ�FHQWHUHG�JUDPPDUV������

H[SOLFLW� VHSDUDWLRQ�RI� GRPLQDQFH�DQG� OLQHDU� VHTXHQFH�� ���� WKH�SRVVLELOLW\� RI� UHIRUPXODWLRQ��

����ORFDO�GHFLVLRQ�FULWHULD��DQG�����RSHUDWLRQV�IRU�LQVHUWLRQ�DV�ZHOO�DV�WRS�GRZQ�DQG�ERWWRP�

XS�H[SDQVLRQ�RI�V\QWDFWLF�VWUXFWXUHV���

�

,Q� WKH� LQFUHPHQWDO� JHQHUDWLRQ� V\VWHP� LQWURGXFHG� E\� >+DUEXVK� HW� DO��� ����@�� D� OH[LFDOL]HG�

/'�/3�87$*�LV�XVHG��LQ�ZKLFK�/'�/3�VWDQGV�IRU�
/RFDO�'RPLQDQFH�/LQHDU�3UHFHGHQFH
��DQG�8�

IRU�XQLILFDWLRQ��,Q�WKLV�IRUPDOLVP�HOHPHQWDU\�WUHHV�DUH�LQWHUSUHWHG�DV�PRELOH�RQHV��LQ�ZKLFK�

WKH�QXPEHU�RI�SRVVLEOH�SHUPXWDWLRQV�LV�UHVWULFWHG�E\�OLQHDU�SUHFHGHQFH�UXOHV��H�J��WKH�UXOH�

GHW���DGM�RQO\�DOORZV�SUH�WHUPLQDO�VHTXHQFHV�OLNH�GHW�DGM�Q�RU�Q�GHW�DGM��EXW�QRW�D�VHTXHQFH�



 ���

OLNH�DGM�GHW�Q���7KH�XQLILFDWLRQ�LQ�7$*V�DOORZV�HOHPHQWDU\�WUHHV�WR�EH�DQQRWDWHG�ZLWK�IHDWXUH�

UHVWULFWLRQV�� 7KXV�� VHPDQWLF� UHVWULFWLRQV� DV� ZHOO� DV� GHWDLOV� DERXW� FRQJUXHQFH� FDQ� EH�

DVVRFLDWHG�ZLWK�V\QWDFWLFDOO\�RULHQWHG�WUHHV���

�

7KH�XVH�RI�D�OH[LFDOL]HG�7$*�LV�PRWLYDWHG�E\�WKH�IDFW�WKDW��DW�OHDVW�LQ�DQ�LQFUHPHQWDO�PRGHO��

WKH� V\QWDFWLF� SURFHVVLQJ� ZDV� VXSSRVHG� WR� EH� EHVW� OH[LFDOO\� GULYHQ� >/HYHOW�� ����@�� ,W� LV�

DVVXPHG�WKDW�WKH�FRQWHQW�GHWHUPLQLQJ�SDUW��VHWV�D�VHPDQWLFDOO\�RULHQWHG�IXQFWRU�DUJXPHQW�

VWUXFWXUH�RI� WKH�XWWHUDQFH� WR�EH�JHQHUDWHG�DV� WKH� LQSXW� VWUXFWXUH� IRU� WKH� UHDOL]DWLRQ�SDUW��

1RZ� DSSURSULDWH� OH[LFDO� HQWULHV�PXVW� EH� IRXQG� IRU� WKLV� VWUXFWXUH� E\� ZRUG� VHOHFWLRQ�� (DFK�

LQGLYLGXDO� HQWU\� LV� WKHQ� WKH� VWDUWLQJ� SRLQW� IRU� D� VHDUFK� IRU� LWV� 
RZQ
� DOORFDWHG� HOHPHQWDU\�

WUHHV�� ,Q� WKH� V\VWHP� E\� >+DUEXVFK� HW� DO��� ����@�� OHPPDWD� DQG� IXQFWLRQDO� UHODWLRQVKLSV�

EHWZHHQ�WKHP�DUH�H[SHFWHG�DV�LQSXW�IRU�WKH�UHDOL]DWLRQ�XVLQJ�7$*V��/HW�XV�WDNH�WKH�OH[LFDO�

WUHHV�IURP�)LJ����DV�DQ�H[DPSOH�IRU�OH[LFDOL]HG�WUHHV��WKHQ�-XQJH��ER\��DQG�OLHI��UDQ��ZRXOG�

EH�SRVVLEOH�OHPPDWD��DQG�DJHQV�OLHI�� �-XQJH�D�IXQFWLRQDO�UHODWLRQVKLS��7KH�LQGLYLGXDO�WUHHV�

FDQ�EH�FRPELQHG�YLD�WKH�IXQFWLRQDO�UHODWLRQVKLS��LQ�ZKLFK�UHDOL]DWLRQ�RI�IXUWKHU�OHPPDWD�FDQ�

EH� LQVHUWHG�YLD�DGMXQFWV��6WUXFWXUHV�ZKLFK�KDYH�EHHQ�FRPELQHG� LQ� WKLV�ZD\�DUH� OLQHDUL]HG�

DQG�LQIOHFWHG�LQ�D�IXUWKHU�VWHS��

�

:KDW� LV�H[FHSWLRQDO�DERXW�DQ� LQFUHPHQWDO�JHQHUDWLRQ�V\VWHP� LV� WKDW�SDUWLDO� VWUXFWXUHV�DUH�

DYDLODEOH� IRU� YHUEDOL]DWLRQ� EHIRUH� WKH� FRPSOHWH� VWUXFWXUH� KDV� EHHQ� FDOFXODWHG�� 7R� DOORZ�

VSRQWDQHRXV� JHQHUDWLRQ�� DQ� DWWHPSW� LV� PDGH� WR� SURGXFH� D� ORFDOO\� FRPSOHWH� V\QWDFWLF�

VWUXFWXUH� IRU� WKLV� SDUWLDO� LQIRUPDWLRQ� �RU� VHJPHQWV��� VR� WKDW� WKLV� FDQ� EH� LQIOHFWHG� LQ� WKH�

IROORZLQJ� PRUSKRORJLFDO� FRPSRQHQW� DQG� XWWHUHG� LPPHGLDWHO\�� +RZHYHU�� ZKHWKHU� WKH�

VWUXFWXUHV�FDQ�UHDOO\�EH�XWWHUHG�LPPHGLDWHO\�GHSHQGV�XSRQ�ZKHQ�WKH�OHPPDWD�DUULYH��/HW�XV�

SUHVXPH� WKDW� -XQJH� DUULYHV� EHIRUH� OLHI� LQ� WKH� DERYH� H[DPSOH�� 7KH� SUREOHP� ZLWK� WKLV�

VHTXHQFH� LV� WKDW� -XQJH� FDQQRW� EH� XWWHUHG� VSRQWDQHRXVO\� DV� WKH� FDVH� LQIRUPDWLRQ� LV�

QHFHVVDU\�IRU�LWV�LQIOH[LRQ��DQG�WKDW�LV�GHWHUPLQHG�E\�WKH�YHUE��,Q�SULQFLSOH��WKHUH�DUH�WKUHH�

SRVVLELOLWLHV�WR�DSSURDFK�WKH�SUREOHP���D��WKH�XVH�RI�GHIDXOW�YDOXHV�>'H6PHGW�DQG�.HPSHQ��

����@���E��WR�GHPDQG�H[SOLFLW�LQIRUPDWLRQ�>)LQNOHU�DQG�1HXPDQQ������@��RU��F��WR�ZDLW�XQWLO�

WKH� YHUE� LV� NQRZQ� >+DUEXVFK� HW� DO��� ����@�� 7KH� DGYDQWDJH� RI� �D�� LV� WKDW� VSRQWDQHRXV�

JHQHUDWLRQ�LV�UHDOL]HG��$�VHULRXV�GLVDGYDQWDJH�LV��KRZHYHU��WKDW�LW�LV�SRVVLEOH�WKDW�D�VHULHV�RI�

FRUUHFWLRQV�ZLOO� EH� QHFHVVDU\� GXULQJ� WKH� UHPDLQLQJ� JHQHUDWLRQ� SURFHVV�� VLQFH� WKH� GHIDXOWV�

HPSOR\HG� KDYH� WR� EH� UHYLVHG� E\� QHZ� LQIRUPDWLRQ�� ,Q� �E�� WKLV� LV� DYRLGHG�� EXW� WKH�

GLVDGYDQWDJH�KHUH�LV�WKDW�RQO\�D�GHOD\HG�VSRQWDQHRXV�XWWHUDQFH�LV�SRVVLEOH��7KH�DGYDQWDJH�

WKDW� �E�� KDV� RYHU� �F�� LV� WKDW� LQ� �E�� WKHUH� LV� QR� XQQHFHVVDU\� ZDLWLQJ� WLPH� DV� WKH�PLVVLQJ�

LQIRUPDWLRQ�LV�GHPDQGHG�LPPHGLDWHO\��

�



 ��

:KLFK� RI� WKH� GHVFULEHG� DSSURDFKHV� LV� WR� EH� FKRVHQ� GHSHQGV� XSRQ� WKH� PRGHOLQJ� RI� WKH�

VHJPHQW�VL]HV��VR�IRU�H[DPSOH��LI�HDFK�LQGLYLGXDO�DGMHFWLYH�LQ�D�FRPSOH[�QRPLQDO�SKUDVH�KDV�

WR�EH�XWWHUHG�EHIRUH�WKH�QRXQ�LV�NQRZQ�RU�LI�WKH�HQWLUH�QRPLQDO�SKUDVH�KDV�WR�EH�XWWHUHG���

�

6KRUW�6XPPDU\�%HIRUH�ZH� LQWURGXFH� WKH�DVSHFW� RI� UHYHUVLELOLW\� LQ� WKH�QH[W�SDUW��D� VKRUW�

VXPPDU\�� &RQVWUDLQW�EDVHG� IRUPDOLVPV� �&*�� DQG� 7$*V� DUH� SDUWLDOO\� VXLWHG� WR� WKH�

UHSUHVHQWDWLRQ� RI� V\QWDFWLF� NQRZOHGJH�� ZKLOH� LQ� &*V� WKH� UHODWLRQ� EHWZHHQ� V\QWD[� DQG�

VHPDQWLFV� LV� VWUHVVHG� DGGLWLRQDOO\�� ,Q� >0F&R\� HW� DO��� ����@� DQ� DSSURDFK� LV� LQWURGXFHG�

GHPRQVWUDWLQJ� KRZ� V\VWHPLF� JUDPPDUV� FDQ� EH� UHODWHG� WR� 7$*V�� $Q� H[DPSOH� RI� KRZ�

V\VWHPLF�JUDPPDUV�FDQ�EH�FRPELQHG�ZLWK�&*V�FDQ�EH�IRXQG�LQ�>%DWHPDQ�HW�DO�������@��,W�LV�

LPSRVVLEOH�WR�VD\�ZKLFK�RI�WKH�IRUPDOLVPV�PHQWLRQHG�KHUH�LV�WKH�PRVW�VXLWHG�WR�JHQHUDWLRQ��

0D\EH� D� FRPELQDWLRQ� RI� WKHVH� DSSURDFKHV�� DV� GHVFULEHG� DERYH�� FRPHV� WKH� FORVHVW� WR� WKH�

SUDFWLFDO�FRQGLWLRQV��7KH�DVSHFW�RI�UHYHUVLELOLW\�PD\�DOVR�SURYLGH�IXUWKHU�DVVHVVPHQW�FULWHULD��

�

5HYHUVLELOLW\�

�

7KH� LGHD�RI�D� UHYHUVLEOH�JUDPPDU�� WKDW� LV�� WKH�XVH�RI�RQH�DQG� WKH�VDPH�JUDPPDU� IRU� WKH�

DQDO\VLV�DQG�SURGXFWLRQ�RI�VHQWHQFHV�KDV�IUHTXHQWO\�EHHQ�RXWOLQHG�DV�D�JRDO�ZRUWK�DFKLHYLQJ�

�VHH� >1HXPDQQ�� ������ 1HXPDQQ� ����@� IRU� DQ� RYHUYLHZ��� +RZHYHU�� UHYHUVLEOH� JUDPPDUV�

KDYH�RQO\�EHHQ�SURSHUO\�LQYHVWLJDWHG�LQ�WKH�ODVW�IHZ�\HDUV��DOPRVW�H[FOXVLYHO\�LQ�WKH�GRPDLQ�

RI�&RPSXWDWLRQDO�/LQJXLVWLFV��7KH�VWDUWLQJ�SRLQW�IRU�WKH�GHYHORSPHQW�RI�UHYHUVLEOH�JUDPPDUV�

LV� FRQVWUDLQW�EDVHG� IRUPDOLVPV��$V� WKHVH� UHTXLUH� D�GHFODUDWLYH� IRUPXODWLRQ�RI� JUDPPDWLFDO�

NQRZOHGJH�� WKH\� VKRXOG�� LQ� SULQFLSOH�� EH� DEOH� WR� EH� XVHG� EL�GLUHFWLRQDOO\�� %XW� LW� EHFDPH�

DSSDUHQW�UHODWLYHO\�TXLFNO\�WKDW�JUDPPDUV�RU�IRUPDOLVPV�ZKLFK�KDYH�EHHQ�XVHG�H[FOXVLYHO\�

LQ�RQH�GLUHFWLRQ�XS�XQWLO�QRZ��FDQQRW�EH�HPSOR\HG�LQ�WKH�RWKHU�GLUHFWLRQ�ZLWKRXW�SUREOHPV��

:H�ZLOO�XVH�WKH�/H[LFDO�)XQFWLRQDO�*UDPPDU��/)*��>%UHVQDQ������@��WR�GHPRQVWUDWH�WKLV��,Q�

/)*�QDWXUDO�ODQJXDJH�VHQWHQFHV�DUH�GHVFULEHG�E\�D�FRQWH[W�IUHH�JUDPPDU��F�VWUXFWXUH���WKH�

FDWHJRULHV�RI�ZKLFK�DUH�DQQRWDWHG�E\�D�QXPEHU�RI�HTXDWLRQV��7KHVH�GHILQH�D�GLDJUDP�RQ�D�

IXQFWLRQDO�OHYHO��I�VWUXFWXUH��ZKLFK�H[SODLQV�WKH�IXQFWRU�DUJXPHQWV��,Q�WKH�RULJLQDO�GHULYDWLRQ�

FRQFHSW� LW� ZDV� DVVXPHG� WKDW� WKH� F�VWUXFWXUH� RI� D� VHQWHQFH� KDV� WR� EH� VHW� EHIRUH� WKH� I�

VWUXFWXUH�FDQ�EH�FDOFXODWHG�E\�HYDOXDWLQJ�WKH�IXQFWLRQDO�HTXDWLRQV��+RZHYHU��WKLV�SURFHVV�LV�

QRW�DGHTXDWH�IRU�JHQHUDWLRQ�DV�WKH�JHQHUDWLRQ�ZDV�PHDQW�WR�EHJLQ�ZLWK�DQ�I�VWUXFWXUH��EXW�D�

GLUHFW�UHODWLRQVKLS�EHWZHHQ�WKH�I�VWUXFWXUH�DQG�WKH�F�VWUXFWXUH�LV�QRW�IRUPXODWHG��7KHUHIRUH�

WKH�F�VWUXFWXUH�ZRXOG�KDYH� WR�EH�FRQVWUXFWHG�EHIRUH� LWV� I�VWUXFWXUH�FDQ�EH�FRPSDUHG�ZLWK�

WKH�LQSXW��)RU�WKHVH�UHDVRQV�/)*�VHHPHG�WR�EH�EHWWHU�VXLWHG�WR�SDUVLQJ�WKDQ�WR�JHQHUDWLRQ�

>%ORFN�� ����@�� %XW� LQ� >:HGHNLQG�� ������ :HGHNLQG�� ����@�� :HGHNLQG� VKRZHG� WKDW� D� UH�

ZRUGLQJ� RI� WKH� GHULYDWLRQ� WHUP� LV� SRVVLEOH�� VR� WKDW� SDUVLQJ� DQG� JHQHUDWLRQ� FDQ� ERWK� EH�

FDUULHG�RXW�HIIHFWLYHO\�ZLWKRXW�LQIOXHQFLQJ�DQ\�HVVHQWLDO�HOHPHQWV�RI�WKH�WKHRU\��7KH�FHQWUDO�

LGHD�KHUH�LV�WKH�VLPXOWDQHRXV�GHVFULSWLRQ�RI�WKH�F�VWUXFWXUH�DQG�WKH�I�VWUXFWXUH��,Q�WKLV�ZD\��
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ZKHWKHU�WKH�I�VWUXFWXUH�RI�WKH�DQQRWDWHG�HTXDWLRQV�FRKHUH�ZLWK�WKH�UHOHYDQW�GHVFULSWLRQ�LQ�

WKH�LQSXW�FDQ�EH�FKHFNHG�LQ�HDFK�VWHS�RI�WKH�GHULYDWLRQ��7KLV�SURFHGXUH�UHTXLUHV�D�WRS�GRZQ�

SURFHVVLQJ�VWUDWHJ\��

�

7\SHV� RI� UHYHUVLEOH� V\VWHPV� &XUUHQW� ZRUN� LQ� WKH� ILHOG� RI� UHYHUVLEOH� JUDPPDUV� FDQ� EH�

URXJKO\�GLYLGHG�LQWR�WKUHH�W\SHV��

�

7\SH�$�&RPSLODWLRQ�RI�VSHFLILF�SDUVLQJ�DQG�JHQHUDWLRQ�JUDPPDUV�IURP�RQH�JUDPPDU�

�

7\SH�%�8VH�RI�RQH�JUDPPDU��EXW�GLIIHUHQW�SURFHVVHV�

�

7\SH�&�8VH�RI�RQH�JUDPPDU�DQG�RQH�XQLIRUP�SURFHVV�

�

,Q�V\VWHPV�RI�7\SH�$��WKH�OLQJXLVWLF�NQRZOHGJH�IRU�SDUVLQJ�DQG�JHQHUDWLRQ�LV�IRUPXODWHG�LQ�

RQH�FRPPRQ�JUDPPDU��ZKLFK�LV�FRPSLOHG�LQ�D�VSHFLDO�SDUVLQJ�DQG�JHQHUDWLRQ�JUDPPDU�IRU�

WKH�UXQ� WLPH�RI� WKH�V\VWHP��7KH�DGYDQWDJH�RI� WKLV�PHWKRG� LV� WKDW� WKH�VRXUFH�JUDPPDU�RI�

HDFK� UHVSHFWLYH� XVH� FDQ� EH� WXQHG� LQGLYLGXDOO\�� $� JUHDW� GLVDGYDQWDJH� OLHV� LQ� WKH� IDFW� WKDW�

GXULQJ� WKH� UXQWLPH� WKH� JUDPPDWLFDO� NQRZOHGJH� LV� UHGXQGDQW� LQ� WKH� FRPSOHWH� V\VWHP��

$SSURDFKHV�ZKLFK�IROORZ�WKLV�PHWKRG�DUH��H�J��>%ORFN������@�DQG�>'\PHWPDQ�HW�DO�������@��

�

7KLV�GLVDGYDQWDJH� LV�DYRLGHG� LQ�V\VWHPV�RI�7\SH�%��DV�SDUVLQJ�DQG�JHQHUDWLRQ�RSHUDWH�RQ�

WKH� VDPH� JUDPPDU�� $� IXUWKHU� DGYDQWDJH� LV� WKDW� WKH� JUDPPDU� FDQ� EH� WHVWHG� DQG� DOWHUHG�

PRUH�HDVLO\��$�GLVDGYDQWDJH�RI�WKLV�PHWKRG�LV�WKDW�WKH�SUHVHQW�SURFHVVHV�DUH�WRR�LQHIILFLHQW��

�

6\VWHPV�RI�7\SH�&�SXUVXH�WKH�PRVW�UDGLFDO�DSSURDFK�WR�UHYHUVLELOLW\��QRW�RQO\�LV�D�FRPPRQ�

JUDPPDU� HPSOR\HG�� EXW� DOVR� WKH� VDPH� IXQGDPHQWDO� SURFHVV�� 2QH� RI� WKH� ILUVW� XQLIRUP�

DUFKLWHFWXUHV� GHVFULEHG� LQ� >6KLHEHU�� ����@� IROORZV� WKH� SDUDGLJP� 
/LQJXLVWLF� 3URFHVVLQJ� DV�

'HGXFWLRQ
�� 6KLHEHU� XVHV� D� YDULDQW� RI� WKH� (DUO\� DOJRULWKP� DV� WKH� FRPPXQDO� IXQGDPHQWDO�

SURFHVV��,Q�>(PHOH�DQ�=DMDF������@�D�XQLIRUP�DUFKLWHFWXUH�LV�LQWURGXFHG�ZKLFK�LV�IRXQGHG�RQ�

WKH�SDUDGLJP�
/LQJXLVWLF�3URFHVVLQJ�DV�7\SH�,QIHUHQFH
��7KH�RQO\�SURFHVVLQJ�VWUDWHJ\�LW�XVHV�

LV�FRPSOHWH�W\SH�H[SDQVLRQ�YLD�XQLILFDWLRQ��7KH�JUHDWHVW�GLVDGYDQWDJH�RI�ERWK�DSSURDFKHV�LV�

WKDW�WKH\�DUH�VHULRXVO\�LQHIILFLHQW��7KHUHIRUH�WKH\�DUH�QRW�SUHVHQWO\�VXLWDEOH�IRU�UHDOLVWLF�XVH�

LQ�1/*��

�

+RZHYHU��UHFHQWO\�D�VHULHV�RI�VXJJHVWLRQV�KDV�EHHQ�PDGH�DV�WR�LPSURYLQJ�WKH�HIILFLHQF\�RI�

WKH� WZR� ODWWHU� W\SHV� RI� UHYHUVLEOH� V\VWHPV�� LQFOXGLQJ� HIILFLHQW� LQGH[LQJ� WHFKQLTXHV� IRU� WKH�

OH[LFRQ��RU�WKH�XVH�RI�GHOD\HG�W\SH�H[SDQVLRQ��>8V]NRUHLW������@�VXJJHVWV�WKH�DQQRWDWLRQ�RI�

FRQWURO� LQIRUPDWLRQ� LQ� WKH� IRUP� RI� SUHIHUHQFHV� DQG� IHDWXUH� VWUXFWXUHV�� 7KLV� FRQWURO�

LQIRUPDWLRQ� FDQ� EH� XVHG� WR� GULYH� WKH� VHTXHQFH� RI� FRQMXQFWV� RU� GLVMXQFWV� RU� WR� IDGH� RXW�
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LQIRUPDWLRQ�� ,Q� SULQFLSOH�� LW�ZRXOG� EH� SRVVLEOH� WR� HVWDEOLVK� YDULRXV� SUHIHUHQFH� V\VWHPV� IRU�

SDUVLQJ�DQG�JHQHUDWLRQ�VR�DV�WR�EH�DEOH�WR�IRUPXODWH�VSHFLILF�FRQWURO�DVSHFWV��

�

,QWHJUDWLRQ� RI� 3DUVLQJ� DQG� *HQHUDWLRQ� ,Q� PRVW� UHYHUVLEOH� DSSURDFKHV� JUDPPDWLFDO�

SURFHVVLQJ�LV�FDUULHG�RXW�LQGHSHQGHQWO\�RI�WKH�GLVFRXUVH�FRQWH[W�RI�DQ�XWWHUDQFH��,Q�>$SSHOW��

����@� DQG� >1HXPDQQ������E@� LW� LV� VKRZQ� WKDW� D� VWULFW� XVH� RI� UHYHUVLEOH� JUDPPDUV� KDV� D�

FRQVLGHUDEOH� LQIOXHQFH� RQ� WKH� GHVLJQ� RI� DQ� 1/*�� LQ� SDUWLFXODU� WKH� SUREOHP� RI� FKRVLQJ�

SDUDSKUDVHV� LV� HUDGLFDWHG�� ,Q� JHQHUDO� LW� FDQQRW� EH� FRQWUROOHG� LI� DQG� WR� ZKDW� H[WHQW� WKH�

JHQHUDWHG�VXUIDFH�VWULQJ�LV�DPELJXRXV��)RU�H[DPSOH��WKH�VHQWHQFH�
/|VFKH�GHQ�2UGQHU�PLW�

GHQ� 6\VWHPILOHV
� �GHOHWH� WKH� IROGHU� ZLWK� WKH� V\VWHP� ILOHV�� LV� DPELJXRXV�� DV� LW� LV� XQFOHDU�

ZKHWKHU� WKH� IROGHU� LV� WR� EH� GHOHWHG� ZLWK� WKH� KHOS� RI� WKH� V\VWHP� ILOHV�� RU� LI� WKH� IROGHU�

FRQWDLQLQJ� WKH� V\VWHP� ILOHV� LV� WR� EH� HUDVHG�� 7KHUHIRUH� 1/*� LV� IDFHG� ZLWK� WKH� ULVN� RI�

PLVXQGHUVWDQGLQJV�GXH�WR�GRXEOH�PHDQLQJV��,Q�>1HXPDQQ�DQG�YDQ�1RRUG������@��D�PHWKRG�

IRU�WKH�VROXWLRQ�RI�WKH�SUREOHP�LV�LQWURGXFHG�ZKLFK�LV�EDVHG�RQ�D�VWULFW�LQWHJUDWLRQ�RI�SDUVLQJ�

DQG�JHQHUDWLRQ�ZLWK�WKH�XVH�RI�D�UHYHUVLEOH�JUDPPDU���

7KLV�WLJKW�PHVK�PDNHV� LW�SRVVLEOH�WR�XVH�WKH�SDUVHU�WR�VXSSRUW�JHQHUDWLRQ�DQG�YLFH�YHUVD��

)RU� H[DPSOH�� SDUVLQJ� FDQ� EH� XVHG� GXULQJ� JHQHUDWLRQ� WR� SLQ�SRLQW� UHOHYDQW� VRXUFHV� RI�

DPELJXLW\�ZKLFK�FDQ� WKHQ�EH�VROYHG� LQ�RQH�VWHS�� ,Q�1HXPDQQ��������������ZH�SUHVHQW�D�

QHZ�PRGHO�RI�QDWXUDO�ODQJXDJH�SURFHVVLQJ�LQ�ZKLFK�QDWXUDO�ODQJXDJH�SDUVLQJ�DQG�JHQHUDWLRQ�

DUH� VWURQJO\� LQWHUOHDYHG� WDVNV�� ,QWHUOHDYLQJ� RI� SDUVLQJ� DQG� JHQHUDWLRQ� LV� LPSRUWDQW� LI� ZH�

DVVXPH� WKDW� QDWXUDO� ODQJXDJH� XQGHUVWDQGLQJ� DQG� SURGXFWLRQ� DUH� QRW� RQO\� SHUIRUPHG� LQ�

LVRODWLRQ�EXW�DOVR�ZRUN�WRJHWKHU�WR�REWDLQ�VXEVHQWHQWLDO�LQWHUDFWLRQV�LQ�WH[W�UHYLVLRQ�RU�GLDORJ�

V\VWHPV��

7KH�FRUH�RI�WKH�PRGHO�LV�D�QHZ�XQLIRUP�DJHQGD�GULYHQ�FKDUW�DOJRULWKP��FDOOHG�8
� �
��$OWKRXJK�

XQLIRUPO\� GHILQHG�� 8
� �
� LV� DEOH� WR� FRQILJXUH� LWVHOI� G\QDPLFDOO\� IRU� HLWKHU� SDUVLQJ� RU�

JHQHUDWLRQ�� EHFDXVH� LW� LV� IXOO\� GULYHQ� E\� WKH� VWUXFWXUH� RI� WKH� DFWXDO� LQSXW� �� D� VWULQJ� IRU�

SDUVLQJ� DQG� D� VHPDQWLF� H[SUHVVLRQ� IRU� JHQHUDWLRQ�� (IILFLHQW� LQWHUOHDYLQJ� RI� SDUVLQJ� DQG�

JHQHUDWLRQ�LV�REWDLQHG�WKURXJK�LWHP�VKDULQJ�EHWZHHQ�SDUVLQJ�DQG�JHQHUDWLRQ��7KLV�QRYHO�

SURFHVVLQJ� VWUDWHJ\� IDFLOLWDWHV� WKH� DXWRPDWLF� H[FKDQJH� RI� LWHPV� �L�H��� SDUWLDO� UHVXOWV��

FRPSXWHG�LQ�RQH�GLUHFWLRQ�WR�WKH�RWKHU�GLUHFWLRQ�DV�ZHOO��

�

7KH�DGYDQWDJH�RI�8
� �
� LQ�FRPELQDWLRQ�ZLWK�WKH� LWHP�VKDULQJ�PHWKRG�LV� WKDW�ZH�DUH�DEOH�WR�

H[WHQG�WKH�XVH�RI�PHPRUL]DWLRQ�WHFKQLTXHV�WR�WKH�FDVH�RI�DQ�LQWHUOHDYHG�DSSURDFK��,Q�RUGHU�

WR�GHPRQVWUDWH�8
� �
¶
�
�XWLOLW\��IRU�GHYHORSLQJ�KLJK�OHYHO�SHUIRUPDQFH�PHWKRGV��ZH�SUHVHQW�D�

QHZ�DOJRULWKP�IRU�LQFUHPHQWDO�VHOI�PRQLWRULQJ�GXULQJ�QDWXUDO�ODQJXDJH�SURGXFWLRQ��

�

)LQDO�&RPPHQWV�

�
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,Q� WKLV� HVVD\� DQ� RYHUYLHZ� RI� WKH� FXUUHQW� JUDPPDU� IRUPDOLVPV� KDV� EHHQ� JLYHQ�� 6HOHFWHG�

H[DPSOHV� ZHUH� XVHG� WR� LOOXVWUDWH� KRZ� V\VWHPLF� JUDPPDUV� �6*V��� FRQVWUDLQW�EDVHG�

IRUPDOLVPV��&*V��DQG�WUHH�DGMXQFW�JUDPPDUV��7$*V��FDQ�EH�XVHG�LQ�JHQHUDWLRQ��

�

7KLV�HVVD\�FDQ��RI�FRXUVH��RQO\�VXSSO\�DQ� LQVLJKW� LQWR� WKH�DVSHFW�RI� FRQWHQW� UHDOL]DWLRQ�� LQ�

SDUWLFXODU� VXFK� H[FLWLQJ� WKHPHV� DV� FKRLFH� RI� ZRUGV� RU� WKH� XVH� RI� JUDPPDU� IRUPDOLVPV� LQ�

PDFKLQH� WUDQVODWLRQ� FRXOG� QRW� EH� WRXFKHG� XSRQ� GXH� WR� VSDFH� UHVWULFWLRQV�� 1RQHWKHOHVV�� ,�

KRSH� WR� KDYH� GHPRQVWUDWHG� WKDW� 
1DWXUDO� /DQJXDJH�*HQHUDWLRQ�*UDPPDU� )RUPDOLVPV� DQG�

WKHLU�3URFHVVLQJ
�LV�VWLOO�D�KRW�WKHPH��HVSHFLDOO\�ZKHQ�WKH�DVSHFW�RI�UHYHUVLELOLW\�FRPHV�LQWR�

WKH�VFHQH��

�

/LWHUDWXU��

�

>$EHLOOH�� ����@� $�� $EHLOOH�� 3DUVLQJ� IUHQFK� ZLWK� WUHH� DGMRLQLQJ� JUDPPDU�� VRPH� OLQJXLVWLF�

DFFRXQWV��,Q�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RPSXWDWLRQDO��/LQJXLVWLFV�

�&2/,1*���%XGDSHVW��������

>$SSHOW�� ����@� '�� (�� $SSHOW�� 3ODQQLQJ� (QJOLVK� 6HQWHQFHV�� &DPEULGJH� 8QLYHUVLW\� 3UHVV��

&DPEULGJH���������

>$SSHOW�� ����@� '�� (�� $SSHOW�� %LGLUHFWLRQDO� JUDPPDUV� DQG� WKH� GHVLJQ� RI� QDWXUDO� ODQJXDJH�

JHQHUDWLRQ�V\VWHPV��,Q�<��:LONV��HGLWRU��7KHRUHWLFDO�,VVXHV�LQ�1DWXUDO�/DQJXDJH�3URFHVVLQJ�

���SDJHV����������+LOOVGDOH��1�-���(UOEDXP���������

>%DWHPDQ� HW� DO��� ����@� -�� $� �%DWHPDQ�� 0�� (PHOH�� XQG� 6�� 0RPPD�� 7KH� QRQGLUHFWLRQDO�

UHSUHVHQWDWLRQ�RI�V\VWHPLF�IXQFWLRQDO�JUDPPDU�DQG�VHPDQWLFV�DV�W\SHG�IHDWXUH�VWUXFWXUH��,Q�

3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�&RPSXWDWLRQDO� /LQJXLVWLFV� �&2/,1*���

1DQWHV���������

>%ORFN������@�5��%ORFN��&DQ�D�CSDUVLQJ�JUDPPDU
�EH�XVHG�IRU�QDWXUDO�ODQJXDJH�JHQHUDWLRQ"�

WKH� QHJDWLYH� H[DPSOH� RI� /)*�� ,Q� 3URFHHGLQJV� RI� WKH� ILUVW� (XURSHDQ� 1DWXUDO� /DQJXDJH�

*HQHUDWLRQ�:RUNVKRS��$EEH\�GH�5R\DXPRQW���������

>%ORFN�� ����@� +�� 8�� %ORFN�� &RPSLOLQJ� WUDFH� 	� XQLILFDWLRQ� JUDPPDU� IRU� SDUVLQJ� DQG�

JHQHUDWLRQ��,Q�3URFHHGLQJV�RI�WKH�$&/�:RUNVKRS�5HYHUVLEOH�*UDPPDUV�LQ�1DWXUDO�/DQJXDJH�

3URFHVVLQJ��%HUNHOH\���������

>%UHVQDQ�� ����@� -�� %UHVQDQ�� HGLWRU�� 7KH�0HQWDO� 5HSUHVHQWDWLRQ� RI� *UDPPDWLFDO� 5HODWLRQV��

0,7�3UHVV���������

>'H6PHGW� XQG� .HPSHQ�� ����@� .�� 'H6PHGW� XQG� *�� .HPSHQ�� ,QFUHPHQWDO� VHQWHQFH�

SURGXFWLRQ�� VHOI��FRUUHFWLRQ� DQG� FRRUGLQDWLRQ�� ,Q� *�� .HPSHQ�� HGLWRU�� 1DWXUDO� /DQJXDJH�

*HQHUDWLRQ��SDJHV�����������0DUWLQXV�1LMKRII��'RUGUHFKW���������

>'\PHWPDQ� HW� DO��� ����@� 0�� '\PHWPDQ�� 3�� ,VDEHOOH�� XQG� )�� 3HUUDXOW�� $� V\PPHWULFDO�

DSSURDFK�WR�SDUVLQJ�DQG�JHQHUDWLRQ��,Q�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�

&RPSXWDWLRQDO�/LQJXLVWLFV��&2/,1*���SDJHV��������+HOVLQNL���������
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>(OKDGDG������@�0��(OKDGDG��([WHQGHG�IXQFWLRQDO�XQLILFDWLRQ�SURJUDPPHUV��7HFKQLFDO�5HSRUW�

7HFKQLFDO� 5HSRUW� 1R�� FXF��������� 'HSDUWPHQW� RI� &RPSXWHU� 6FLHQFH�� &ROXPELD� 8QLYHUVLW\��

�������

>(PHOH� XQG� =DMDF�� ����@� 0�� &�� (PHOH� XQG� 5�� =DMDF�� 7\SHG� XQLILFDWLRQ� JUDPPDUV�� ,Q�

3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�&RPSXWDWLRQDO� /LQJXLVWLFV� �&2/,1*���

SDJHV�����������+HOVLQNL���������

>)LQNOHU�XQG�1HXPDQQ������@�:��)LQNOHU�XQG�*��1HXPDQQ��3RSHO�KRZ��$�GLVWULEXWHG�SDUDOOHO�

PRGHO� IRU� LQFUHPHQWDO� QDWXUDO� ODQJXDJH� SURGXFWLRQ� ZLWK� IHHGEDFN�� ,Q� 3URFHHGLQJV� RI� WKH�

(OHYHQWK�,QWHUQDWLRQDO�-RLQW�&RQIHUHQFH�RQ�$UWLILFLDO�,QWHOOLJHQFH��SDJHV������������'HWURLW��

�������

>*D]GDU� HW� DO��� ����@� *�� *D]GDU�� (�� .OHLQ�� *�� 3XOOXP�� XQG� ,�� 6DJ�� *HQHUDOL]HG� 3KUDVH�

6WUXFWXUH�*UDPPDU��%ODFNZHOO���������

>*URV]� HW� DO��� ����@� %�� *URV]�� .�� 6SDUFN� -RQHV�� XQG� %�� /�� :HEEHU�� HGLWRUV�� 5HDGLQJV� LQ�

1DWXUDO�/DQJXDJH�3URFHVVLQJ��0RUJDQ�.DXIPDQQ���������

>+DOOLGD\������@�0��$��.��+DOOLGD\��$Q�,QWURGXFWLRQ�WR�)XQFWLRQDO�*UDPPDU��/RQGRQ��(GZDUG�

$UQROG���������

>+DUEXVFK� HW� DO��� ����@� .�� +DUEXVFK�� :�� )LQNOHU�� XQG� $�� 6FKDXGHU�� ,QFUHPHQWDO� V\QWD[�

JHQHUDWLRQ� ZLWK� WUHH� DGMRLQLQJ� JUDPPDUV�� 7HFKQLFDO� UHSRUW�� ').,� 6DDUEU�XFNHQ�� ������

55���������

>+RY\������@�(��+��+RY\��*HQHUDWLQJ�1DWXUDO�/DQJXDJH�XQGHU�3UDJPDWLF�&RQVWUDLQWV��3K'�

WKHVLV��<DOH�8QLYHUVLW\���������

>-RVKL�HW�DO�������@�$�.��-RVKL��/�6��/HY\��XQG�0��7DNDKDVKL��7UHH�DGMXQFW�JUDPPDUV��-RXUQDO�

&RPSXWHU�6\VWHPV�6FLHQFH����������������

>-RVKL�� ����@� $�� .�� -RVKL�� 7KH� UHOHYDQFH� RI� WUHH� DGMRLQLQJ� JUDPPDU� WR� JHQHUDWLRQ�� ,Q� *��

.HPSHQ�� HGLWRU�� 1DWXUDO� /DQJXDJH� *HQHUDWLRQ�� SDJHV� ���������� 0DUWLQXV� 1LMKRII��

'RUGUHFKW���������

>.D\������@�0��.D\��6\QWDFWLF�SURFHVVLQJ�DQG�IXQFWLRQDO�VHQWHQFH�SHUSHFWLYH��,Q�5��6FKDQN�

XQG�%�/��1DVK�:HEEHU��HGLWRUV��7KHRUHWLFDO�,VVXHV�LQ�1DWXUDO�/DQJXDJH�3URFHVVLQJ���������

>.D\������@�0��.D\��)XQFWLRQDO�XQLILFDWLRQ�JUDPPDU��$�IRUPDOLVP�IRU�PDFKLQH�WUDQVODWLRQ��

,Q�3URFHHGLQJV�RI� WKH���WK� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RPSXWDWLRQDO� /LQJXLVWLFV�DQG� WKH�

��QG�$QQXDO�0HHWLQJ�RI�WKH�$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLVWLFV��&2/,1*���SDJHV�����

����6WDQGIRUG���������

>.HPSHQ������@�*��.HPSHQ��$�IUDPHZRUN�IRU�LQFUHPHQWDO�V\QWDFWLF�WUHH�IRUPDWLRQ��,Q�7HQWK�

,-&$,��SDJHV�����������0DLODQG���������

>/HYHOW�� ����@� :�� -�� 0�� /HYHOW�� 6SHDNLQJ�� )URP� ,QWHQWLRQ� WR� $UWLFXODWLRQ�� 0,7� 3UHVV��

&DPEULGJH��0DVVDFKXVHWWV���������

>0DWWKLHVHQ������@�&��0DWWKLHVHQ��7KH�V\VWHPLF�IUDPHZRUN�LQ�WH[W�JHQHUDWLRQ��1LJHO��,Q�-��

%HQVRQ� XQG� :�� *UHDYHV�� HGLWRUV�� 6\VWHPLF� 3HUVSHFWLYHV� RQ� 'LVFRXUVH�� YROXPH� ��� $EOH[��

1RUZRRG�1-���������
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>0F&R\�HW�DO�������@�.��)��0F&R\��.��9LMD\�6KQDNHU��XQG�*��<DQJ��$�IXQFWLRQDO�DSSURDFK�WR�

JHQHUDWLRQ� ZLWK� WDJ�� ,Q� ��WK� $QQXDO� 0HHWLQJ� RI� WKH� $VVRFLDWLRQ� IRU� &RPSXWDWLRQDO�

/LQJXLVWLFV��1HZDUN��'HODZDUH���������

>0F'RQDOG� XQG� 3XVWHMRYVN\�� ����@� '�� '�� 0F'RQDOG� XQG� -�� '�� 3XVWHMRYVN\�� 'HVFULSWLRQ�

GLUHFWHG�QDWXUDO�ODQJXDJH�JHQHUDWLRQ��,Q�1LQWK�,-&$,��SDJHV����������/RV�$QJHOHV���������

>0F.HRZQ�HW�DO�������@�.��5��0F.HRZQ��0��(OKDGDG��<��)XNRPRWR��-��/LP��&��/RPEDUGL��-��

5RELQ��XQG�)��6PDGMD��1DWXUDO�ODQJXDJH�JHQHUDWLRQ�LQ�FRPHW��,Q�5REHUW�'DOH��&KULV�0HOOLVK��

XQG�0LFKDHO�=RFN�� HGLWRUV��&XUUHQW�5HVHDUFK� LQ�1DWXUDO� /DQJXDJH�*HQHUDWLRQ�� SDJHV�����

�����$FDGHPLF�3UHVV��/RQGRQ���������

>0F.HRZQ������@�.��5��0F.HRZQ��7H[W�*HQHUDWLRQ��8VLQJ�'LVFRXUVH�6WUDWHJLHV�XQG�)RFXV�

&RQVWUDLQWV� WR� *HQHUDWH� 1DWXUDO� /DQJXDJH� 7H[W�� &DPEULGJH� 8QLYHUVLW\� 3UHVV�� &DPEULGJH��

�������

>0HWHHU�HW�DO�������@�0��:��0HWHHU��'��'��0F'RQDOG��6��'��$QGHUVRQ��'��)RUVWHU��/��6��*D\��

$�� .�� +XHWWQHU�� XQG� 3�� 6LOEXQ�� 0XPEOH����� 'HVLJQ� DQG� LPSOHPHQWDWLRQ�� 7HFKQLFDO� 5HSRUW�

&2,16�7HFKQLFDO�5HSRUW������D��8QLYHUVLW\�RI�0DVVDFKXVHWWV�DW�$PKHUVW���������

>1HXPDQQ� XQG� )LQNOHU�� ����@� *�� 1HXPDQQ� XQG� :�� )LQNOHU�� $� KHDG�GULYHQ� DSSURDFK� WR�

LQFUHPHQWDO� DQG� SDUDOOHO� JHQHUDWLRQ� RI� V\QWDFWLF� VWUXFWXUHV�� ,Q� 3URFHHGLQJV� RI� WKH� ��WK�

,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RPSXWDWLRQDO�/LQJXLVWLFV��&2/,1*���SDJHV����������+HOVLQNL��

�������

>1HXPDQQ�XQG�YDQ�1RRUG������@�*�QWHU�1HXPDQQ�XQG�*HUWMDQ�YDQ�1RRUG��6HOI�PRQLWRULQJ�

ZLWK� UHYHUVLEOH� JUDPPDUV�� ,Q� 3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�

&RPSXWDWLRQDO�/LQJXLVWLFV��&2/,1*���1DQWHV���������

>1HXPDQQ������D�@�*��1HXPDQQ��$�ELGLUHFWLRQDO�PRGHO�IRU�QDWXUDO�ODQJXDJH�SURFHVVLQJ��,Q�

)LIWK�&RQIHUHQFH�RI�WKH�(XURSHDQ�&KDSWHU�RI�WKH�$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLVWLFV��

SDJHV����������%HUOLQ��������

>1HXPDQQ�� ����E@� *�� 1HXPDQQ�� 5HYHUVLELOLW\� DQG� PRGXODULW\� LQ� QDWXUDO� ODQJXDJH�

JHQHUDWLRQ�� ,Q� 3URFHHGLQJV� RI� WKH� $&/� :RUNVKRS� RQ� 5HYHUVLEOH� *UDPPDU� LQ� 1DWXUDO�

/DQJXDJH�3URFHVVLQJ��SDJHV��������%HUNHOH\��������

>1HXPDQQ�� ����@� *�� 1HXPDQQ�� $� 8QLIRUP� &RPSXWDWLRQDO� 0RGHO� IRU� 1DWXUDO� /DQJXDJH�

3DUVLQJ�DQG�*HQHUDWLRQ��3K'�WKHVLV��8QLYHUVLW\�RI�WKH�6DDUODQG��6DDUEU�FNHQ��������

>1HXPDQQ�� ����@� *�� 1HXPDQQ�� ,QWHUOHDYLQJ� 1DWXUDO� /DQJXDJH� 3DUVLQJ� DQG� *HQHUDWLRQ�

7KURXJK�8QLIRUP�3URFHVVLQJ��$UWLILFLDO�,QWHOOLJHQFH������������SS�����������

>3HUHLUD�XQG�:DUUHQ������@� )��&�1�� 3HUHLUD�XQG�'��:DUUHQ��'HILQLWH� FODXVH�JUDPPDUV� IRU�

ODQJXDJH�DQDO\VLV���D�VXUYH\�RI�WKH�IRUPDOLVP�DQG�D�FRPSDULVRQ�ZLWK�DXJPHQWHG�WUDQVLWLRQ�

QHWZRUNV��$UWLILFLDO�,QWHOOLJHQFH������������UHSULQWHG�LQ�>�*URV]�HW�DO��������@����

>3ROODUG�XQG�6DJ������@�&��3ROODUG�XQG�,��$��6DJ��,QIRUPDWLRQ�%DVHG�6\QWD[�DQG�6HPDQWLFV��

9ROXPH����&HQWHU�IRU�WKH�6WXG\�RI�/DQJXDJH�DQG�,QIRUPDWLRQ�6WDQIRUG���������
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>5HLWKLQJHU�� ����@� 1�� 5HLWKLQJHU�� 3RSHO�� $� SDUDOOHO� DQG� LQFUHPHQWDO� QDWXUDO� ODQJXDJH�

JHQHUDWLRQ� V\VWHP�� ,Q� &�� /�� 3DULV� HW� DO��� HGLWRU�� 1DWXUDO� /DQJXDJH� *HQHUDWLRQ� LQ� $UWLILFLDO�

,QWHOOLJHQFH�DQG�&RPSXWDWLRQDO�/LQJXLVWLFV��SDJHV����������.OXZHU���������

>6KLHEHU� XQG� 6FKDEHV�� ����@� 6�� 0�� 6KLHEHU� XQG� <�� 6FKDEHV�� 6\QFKURQRXV� WUHH�DGMRLQLQJ�

JUDPPDUV�� ,Q� 3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWDWLRQDO�

/LQJXLVWLFV��&2/,1*���+HOVLQNL���������

>6KLHEHU� HW� DO��� ����@� 6�� 0�� 6KLHEHU�� +�� 8V]NRUHLW�� )�� &�1�� 3HUHLUD�� -�� 5RELQVRQ�� XQG� 0��

7\VRQ�� 7KH� IRUPDOLVP� DQG� LPSOHPHQWDWLRQ� RI� 3$75�,,�� ,Q� %�� -�� *URV]� XQG� 0�� (�� 6WLFNHO��

HGLWRUV��5HVHDUFK�RQ�,QWHUDFWLYH�$FTXLVLWLRQ�DQG�8VH�RI�.QRZOHGJH��65,�UHSRUW���������

>6KLHEHU� HW� DO��� ����@� 6�� 0�� 6KLHEHU�� )�� &�� 1�� 3HUHLUD�� *�� YDQ� 1RRUG�� XQG� 5�� &�� 0RRUH��

6HPDQWLF�KHDG�GULYHQ�JHQHUDWLRQ��&RPSXWDWLRQDO�/LQJXLVWLFV�������������������

>6KLHEHU������@�6��0��6KLHEHU�� ,QWURGXFWLRQ� WR�8QLILFDWLRQ�%DVHG�$SSURDFKHV� WR�*UDPPDU��

&HQWHU�IRU�WKH�6WXG\�RI�/DQJXDJH�DQG�,QIRUPDWLRQ�6WDQIRUG���������

>6KLHEHU�� ����@� 6�� 0�� 6KLHEHU�� $� XQLIRUP� DUFKLWHFWXUH� IRU� SDUVLQJ� DQG� JHQHUDWLRQ�� ,Q�

3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�&RPSXWDWLRQDO� /LQJXLVWLFV� �&2/,1*���

%XGDSHVW���������

>8V]NRUHLW�� ����@� +�� 8V]NRUHLW�� 6WUDWHJLHV� IRU� DGGLQJ� FRQWURO� LQIRUPDWLRQ� WR� GHFODUDWLYH�

JUDPPDUV��,Q���WK�$QQXDO�0HHWLQJ�RI�WKH�$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLVWLFV���

%HUNHOH\���������

>:HGHNLQG������@�-��:HGHNLQG��*HQHUDWLRQ�DV�VWUXFWXUH�GULYHQ�GHULYDWLRQ��,Q�3URFHHGLQJV�RI�

WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RPSXWDWLRQDO�/LQJXLVWLFV��&2/,1*���%XGDSHVW���������

>:HGHNLQG�� ����@� -��:HGHNLQG��8QLILNDWLRQVJUDPPDWLNHQ� XQG� LKUH� ORJLN�� 7HFKQLFDO� UHSRUW��

$UEHLWVSDSLHUH�GHV�6RQGHUIRUVFKXQJVEHUHLFKV������������%HULFKW�1U������

>:HLU�� ����@� '�� :HLU�� &KDUDFWHUL]LQJ� PLOGO\� FRQWH[W�VHQVLWLYH� JUDPPDU� IRUPDOLVPV�� 3K'�

WKHVLV��8QLYHUVLW\�RI�3HQQV\OYDQLD���������

>:LQRJUDG�� ����@� 7�� :LQRJUDG�� /DQJXDJH� DV� D� &RJQLWLYH� 3URFHVV�� 5HDGLQJ�� 0DVV���

$GGLVLRQ�:HVOH\��������


