
&217(176

�� &21752/�6& , (1&(6 ����v�����

&217(176�	�$%675$&76
6<67(0�,'(17,),&$7,21�$1'�&21752/�352%/(06�
21�7+(�:$<�72�02'(51�6<67(0�0(7+2'2/2*,(6 ����������������

3UDQJKLVKYLOL�,��9���/RWRWVN\�9��$���*KLQVEHUJ�.��6���6PRO\DQLQRY�9��9�
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FHHGLQJV�RI�WKH��
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3UREOHPVµ�LV�RIIHUHG��7KH�EDVLF�FRQFHSW�LV�IRUPXODWHG�DV�IROORZV��LGHQWLILFDWLRQ
SUREOHPV�VKRXOG�EH�VWXGLHG�LQ�WKH�FRQWH[W�RI�KXPDQ�DFWLYLWLHV�DLPHG�DW�ORRNLQJ
IRU�WKH�VROXWLRQV�WR�SUDFWLFDO�FRQWURO�WDVNV��7KH�SDSHU�LQGLFDWHV�WKH�QHHG�LQ�VFL�
HQFH�LQWHQVLYH� PHWKRGRORJLHV� IRU� WKH� LQLWLDO� SKDVHV� RI� VROYLQJ� VRSKLVWLFDWHG
QRQ�VWDQGDUG�SUREOHPV�ZLWK�ZHDNO\� IRUPDOL]DEOH�FRQGLWLRQV�DQG�VWULQJHQW� UH�
TXLUHPHQWV�WR�FRQWURO�SHUIRUPDQFH��HVWLPDWLRQ�DQG�SUHGLFWLRQ��
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7UDGLWLRQDO�GHPRJUDSKLF�WHFKQLTXHV�RI�PRUELGLW\�DQG�PRUWDOLW\�DQDO\VLV�LQ
KXPDQ�DQG�DQLPDO�SRSXODWLRQV�GR�QRW�SD\�DWWHQWLRQ�WR�WKH�WZR�LPSRUWDQW�SURS�
HUWLHV�UHODWHG�WR�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�SRSXODWLRQ�DQG�LWV�HQYLURQPHQW��7KH
ILUVW�RQH�LV�FRQFHUQHG�ZLWK�GLIIHULQJ�WKH�FKDQFHV�IRU�LQGLYLGXDOV�WR�IDOO�VLFN�DQG
WR�GLH��7KH�VHFRQG�GHDOV�ZLWK�WKH�GHSHQGHQFLHV�EHWZHHQ�WKH�YLWDOO\�LPSRUWDQW�EL�
RORJLF�FKDUDFWHULVWLFV��OLIH�VSDQ��WKH�DJH�RI�LOOQHVV�RQVHW��HWF���RI�JHQHWLF�UHODWLYHV
DV�ZHOO�DV�RI�LQGLYLGXDOV�VKDULQJ�VLPLODU�FXOWXUDO�DQG�RWKHU�OLYLQJ�VWDQGDUGV��7KH
SDSHU�GLVFXVVHV�WKH�DSSURDFKHV�WR�DJHLQJ�DQG�VXUYLYDO�PRGHOLQJ�ZKHUH�WKHVH�SURS�
HUWLHV�DUH�UHIOHFWHG�LQ�SRSXODWLRQ�G\QDPLFV��,W�DOVR�IRUPXODWHV�VHYHUDO�XQVROYHG
SUREOHPV�UHODWHG�WR�PRGHOLQJ�DQG�FRQWURO�XQGHU�LQFRPSOHWH�LQIRUPDWLRQ��)LQDOO\�
LW�GLVFXVVHV�VRPH�SURPLVLQJ�ELRORJLFDO�K\SRWKHVHV�WKDW�FDQ�EH�VWXGLHG�ZLWK�WKH
KHOS�RI�QRYHO�PRGHOV�
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,QWHUGLVFLSOLQDU\�PRGHOLQJ�DQG�VLPXODWLRQ�RI�DJHLQJ�DQG�UHSURGXFWLRQ�LV�SUH�
VHQWHG��7KH�SDSHU�GHVFULEHV�D�PRGHO�ZKHUH�WKH�LQGLYLGXDO�DJHLQJ�UDWH�LV�SURSRU�
WLRQDO�WR�WKH�RUJDQLVP
V�R[\JHQ�FRQVXPSWLRQ�UDWH�DQG�LWV�R[LGDWLYH�YXOQHUDELOLW\�
$JHLQJ�LV�XQGHUVWRRG�DV�DJH�UHODWHG�GHFUHDVH�RI�WKH�RUJDQLVP�V�DELOLW\�WR�FRQYHUW
WKH�VXEVWDQFHV�JRW�IURP�DPELHQW�LQWR�HQHUJ\��7KH�PRGHOV�RI�R[LGDWLYH�VWUHVV�DQG
VHQHVFHQFH�FDXVHG�GHDWK�DOORZ�FRQVWUXFWLQJ�WKH�JHQHUDO�VFKHPH�VLPXODWLQJ�RU�
JDQLVP±V�OLIH�F\FOH��7KLV�VFKHPH�ZDV�XVHG�WR�DQDO\]H�V\VWHPLF�PHFKDQLVPV�RI�UH�
SURGXFWLRQ�DQG�DJHLQJ�LQ�'URVRSKLOD�DQG�0HGIO\�IUXLW�IOLHV�
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'HVSLWH�WKH�SKHQRW\SLF�YDULHW\��WKH�DJLQJ�RI�DOO�RUJDQLVPV�IROORZV�UDWKHU�VLP�
SOH�XQLYHUVDO�TXDQWLWDWLYH�ODZV��)LUVW��HDFK�VSHFLHV�LV�FKDUDFWHUL]HG�E\�WKH�VSH�
FLHV�VSHFLILF�PD[LPDO�OLIH�VSDQ�SRWHQWLDO��ZKLFK�LV�LQYHUVHO\�UHODWHG�WR�WKH�EDVDO
R[\JHQ� FRQVXPSWLRQ� �WKH� VR�FDOOHG� Ù5XEQHU� VFDOLQJ� UHODWLRQµ��� 6HFRQG�� WKH
JURZWK�RI�PRUWDOLW\�UDWH�ZLWK�DJH�IROORZV�WKH�H[WUHPHV�VWDWLVWLFV��8VXDOO\��LW�LV�WKH
VR�FDOOHG�*RPSHUW]�ODZ�RI�PRUWDOLW\�WKDW�KDV�EHHQ�FRQILUPHG�ERWK�IRU�SHRSOH�DQG
IRU�RWKHU�PDPPDOV��IOLHV��PROOXVNV��HWF��)UHH�UDGLFDO�K\SRWKHVLV�RI�DJLQJ�H[SODLQV
WKH�5XEQHU�UHODWLRQ�EXW�LW�FDQQRW�H[SODLQ�WKH�H[SRQHQWLDO�JURZWK�RI�PRUWDOLW\�ZLWK
DJH��$JDLQVW�WKLV�EDFNJURXQG��WKH�SDSHU�RIIHUV�D�IUDPHZRUN�RI�D�XQLYHUVDO�DJLQJ
WKHRU\�EDVHG�RQ�WKH�FRQFHSW�WKDW�DOO�ELRORJLFDO�VWUXFWXUHV�SHUIRUP�WKHLU�IXQFWLRQV
ZLWK�JHQHWLFDOO\�OLPLWHG�UHOLDELOLW\��,W�VKRZV�WKDW�WKH�WKHRU\�LV��JHQHUDOO\��FDSDEOH
WR�SLHFH�WRJHWKHU�DQG�H[SODLQ�DOO�TXDQWLWDWLYH�PHFKDQLVPV�RI�DJLQJ�
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7KH�SDSHU�QRWHV�WKDW�WKH�DYDLODEOH�GDWD�DERXW�WKH�IDFWRUV�DIIHFWLQJ�VHQHVFHQFH
DQG�ORQJHYLW\�SURFHVVHV�HQDEOH�WR�IRUPXODWH�WKH�SUREOHP�RI�FRQWUROOLQJ�WKHVH�SURF�
HVVHV�DW�GLIIHUHQW�OHYHOV��FHOOV��RUJDQV��RUJDQLVP��SRSXODWLRQ��7KH�NQRZOHGJH�DE�
VRUEHG�LQ�ELRORJ\��PHGLFLQH��JHURQWRORJ\�DQG�GHPRJUDSK\�VKRXOG�EH�JHQHUDOL]HG
LQ�D�ZD\�WR�WDNH�LQWR�DFFRXQW�WKH�FRPPRQ�IHDWXUHV�RI�WKH�SURFHVVHV�UXQQLQJ�LQ
YDULRXV�W\SH�V\VWHPV��7KH�SDSHU�DQDO\]HV�WKH�UHVXOWV�RI�ORQJHYLW\�H[SHULPHQWV�ZLWK
&�HOHJDQV�ZRUPV�WRJHWKHU�ZLWK�WKH�GDWD�DERXW�KXPDQ�GLVDELOLW\�DW�DGYDQFHG�DJHV�
%DVHG�RQ�WKH�UHVXOWV�REWDLQHG��LW�RIIHUV�SRWHQWLDO�ZD\V�WR�VORZ�WKH�DJLQJ�DQG�WR
LQFUHDVH�WKH�ORQJHYLW\�
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2SWLPDO�FRQWURO�LQ�WKH�FKDQJH�SRLQW�SUREOHP�DV�D�PRGHO�RI�HQHUJ\�SURGXF�
WLRQ�RSWLPL]DWLRQ�LQ�DJLQJ�LV�GLVFXVVHG��7KH�SDSHU�VKRZV�WKH�PXOWLPRGDOLW\�RI�WKH
REMHFWLYH�IXQFWLRQ�XQGHU�VRPH�DVVXPSWLRQV�WKDW�FDXVHV�WKH�KHWHURJHQHLW\�RI�WKH
SRSXODWLRQ�LQ�DJLQJ��%LRORJLFDO�DSSOLFDWLRQ�RI�WKH�PRGHO�LQFOXGHV�WKH�DQDO\VLV�RI
GLVWULEXWLRQ�IXQFWLRQV�RI�VWUHVV�WLPHV�LQ�DJLQJ�
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5HFHQW�ILQGLQJV�SURYH�WKDW�DQWL�DJLQJ�SURFHVVHV�LQ�FHOOV�FDQ�VXFFHVVIXOO\
FRXQWHUDFW�FHOOXODU�GHWHULRUDWLRQ��6RPH�UHVHDUFKHUV�DJUHH�ZLWK�WKH�YLHZ�WKDW�WKH
DJLQJ�RI�WKH�PXOWLFHOOXODU�RUJDQLVP�LV�UDWKHU�D�IXQFWLRQ�RI�EUHDNGRZQ�LQ�LQWH�
JUDWLYH�PHFKDQLVPV�WKDQ�RI�IDWDO�FKDQJHV�LQ�LQGLYLGXDO�FHOOV��:K\��LQ�WKLV�FDVH�
GRHV�DQ�RUJDQLVP�FRPSRVHG�RI�SRWHQWLDOO\�DJHOHVV�FHOOV�DJH"�7KH�DQVZHU�PD\
EH�IRXQG�E\�WDNLQJ�LQWR�DFFRXQW�WKH�LQIOXHQFH�RI�DOO�H[WHUQDO�IDFWRUV�WKDW�LQGXFH
RUJDQLVPV� WR� IXQFWLRQ� LQ�RQH�SK\VLRORJLFDO� UHJLPHQ�RU� DQRWKHU��7KH�SDSHU
VKRZV�WKDW�WKH�HIIHFWLYHQHVV�RI�WKH�FRQWURO�V\VWHPV�WR�VHOI�PDLQWHQDQFH�PD\�GH�
SHQG�QRW�RQO\�RQ�RUJDQLVP�V�VWUXFWXUDO�RU�IXQFWLRQDO�IHDWXUHV�EXW�DOVR�LQGLUHFWO\
RQ�WKH�H[WHUQDO�FRQGLWLRQV�LQ�ZKLFK�LW�H[LVWV��,W�GHVFULEHV�VRPH�IDFWV�WKDW�DJUHH
ZLWK�WKH�DSSURDFK�SURSRVHG�
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7KH�SDSHU�UHYLHZV�WKH�JDPH�WKHRUHWLFDO�PRGHOV�RI�UHIOH[LYH�GHFLVLRQ�PDN�
LQJ��0RVW�RI�HTXLOLEULXP�FRQFHSWV�XVHG�LQ�WKH�JDPH�WKHRU\�UHTXLUH�JDPH�SD�
UDPHWHUV�WR�EH�FRPPRQ�NQRZOHGJH��L�H��WKDW�DOO�DJHQWV�NQRZ�LW��DOO�DJHQWV�NQRZ
WKDW�DOO�DJHQWV�NQRZ�LW��DQG�VR�RQ�DG�LQILQLWXP��,Q�WKH�JHQHUDO�FDVH��WKH�DJHQWV
KDYH�GLIIHUHQW�EHOLHIV�DERXW�EHOLHIV�RI�RWKHU�DJHQWV��WKXV�DQ�LQILQLWH��UHIOH[LYH�
EHOLHI�VWUXFWXUH�DSSHDUV��)RU�WKLV�FDVH��WKH�FRQFHSW�RI�LQIRUPDWLRQDO�HTXLOLEULXP
ORRNV�UDWLRQDO��7KH�SDSHU�IRUPXODWHV�WKH�UHIOH[LYH�PRGHO�DQG�WKH�FRQGLWLRQV�RI
WKH�UHIOH[LYH�HTXLOLEULXP�H[LVWHQFH�DQG�VWDELOLW\��,W�RIIHUV�D�VROXWLRQ�WR�WKH�UH�
IOH[LYLW\�GHSWK�SUREOHP�IRU�VRPH�FDVHV�DQG�DGGXFHV�VRPH�H[DPSOHV�
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7KH�SDSHU�GLVFXVVHV�WKH�SUREOHPV�RI�EXLOGLQJ�WKH�PRGHOV�RI�HFRQRPLF�PHFK�
DQLVPV�RI�DFFLGHQW�SUHYHQWLRQ�LQ�PDQ�FDXVHG�DQG�QDWXUDO�GLVDVWHUV��7KH�PHWKRGV
RI�VDIHW\�FRQWURO�PHFKDQLVPV�DQDO\VLV�VXEMHFW�WR�GHFLVLRQ�PDNHUV�DFWLYLWLHV�DUH
GHVFULEHG�ZLWK�WKH�H[DPSOH�RI�D�OLQHDU�PHFKDQLVP�RI�ULVN�GHFUHDVH�IHH��

)8==<�92/7(55$�6,67(06���������������������������������������������������������� ��

%O\XPLQ�6��/���6KP\ULQ�$��0�

7KH�SDSHUV�RIIHUV�DQ�DSSURDFK�WR�DFFRXQWLQJ�WKH�IX]]LQHVV�RI�WKH�VWDWH
QHLJKWERXUKRRGV�RI�WLPH�GLVFUHWH�V\VWHPV�DQG�GLVFXVVHV�KRZ�LW�DJUHHV�ZLWK�WKH
VWXG\�RI�GLVFUHWH�9ROWHUUD�DQG�IX]]\�V\VWHPV�
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$Q�RSWLPDO� ORDG� IORZ�FRQWURO�SURFHGXUH� IRU� WKH� V\VWHPV�ZLWK� UHSHDWHG
WUDQVPLVVLRQV�LV�RIIHUHG��$Q�H[DPSOH�RI�$/2+$�V\VWHP�ZLWK�WKH�PRVW�SUHYD�
OHQW�W\SH�RI�PXOWLSOH�DFFHVV�LV�DGGXFHG�
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7KH�ILQDO�SDUW�RI�WKH�SDSHU�SUHVHQWV�WKH�UHVXOWV�RI�IRUPDOL]LQJ�VRPH�LQIRU�
PDWLRQ�DFWLRQV�W\SLFDO�IRU�LQIRUPDWLRQDO�PDQDJHPHQW��,W�RIIHUV�VRPH�SUREOHP
VWDWHPHQWV�DQG�GLVFXVVHV�ZD\V�RI�WKHLU�HIIHFWLYH�VROXWLRQ�
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7KH�SDSHU�RIIHUV�WR�FUHDWH�LQIRUPDWLRQ�UHWULHYDO�DEVWUDFWV�GLJHVWV�RQ�&'V
LQ�:HE�DQG�WR�XVH�WKHP�DV�D�QHZ�FRPPXQLFDWLRQ�WRRO�RQ�VFLHQWLILF�MRXUQDOV
PDUNHW��6XFK�GLJHVWV�KHOS�WR�H[SDQG�WKH�MRXUQDO�V�UHDGHUV�FRPPXQLW\��LPSURYH
LWV�YDOXH�DQG�LPSDFW�IDFWRU�DQG�FDQ�VHUYH�DV�SURPRWHU�RI�LQQRYDWLRQV�DQG�VFL�
HQWLILF�DQG�WHFKQLFDO�FRPPXQLFDWLRQV�LQ�WKH�WDUJHW�DXGLHQFH��7KH\�FDQ�EH�DOVR
VROG�DW�WKH�VFLHQWLILF�LQIRUPDWLRQ�PDUNHW�DV�D�QHZ�LQIRUPDWLRQ�SURGXFW�
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7KH�SDSHU�RXWOLQHV�WKH�SURVSHFW�RI�LQWHULQGXVWU\�FRRSHUDWLRQ�RI�EXVLQHVVHV
LQ�5XVLLD��$Q�HOHFWURQLF�LQWHULQGXVWU\�VLWH�LV�VLQJOHG�RXW�DV�UHVHDUFK�REMHFW��7KH
RUJDQL]DWLRQ�RI�VXFK�LQWHUDFWLRQ�DQG�LWV�PDLQ�SDUWLFLSDQWV�DUH�GHVFULEHG��7KH
GLIILFXOWLHV�WKDW�KDPSHU�WKH�H[SDQGLQJ�RI�LQWHULQGXVWU\�EXVLQHVV�FRRSHUDWLRQ�LQ
5XVVLD�DUH�GLVFXVVHG�
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