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$EVWUDFW�
�
,Q� D� GLVWULEXWHG� DQG� WXUEXOHQW� EXVLQHVV� HQYLURQPHQW�� WKH� VPDOO� DQG�PHGLXP� FRPSDQLHV� QHHG� WR�

RSHUDWH�DV�D�YLUWXDO�IDFWRU\�WKDW�FDQ�UHDFW�TXLFNO\�WR�WKH�PDUNHW�UHTXHVWV�DQG�PD[LPL]H�WKHLU�HIILFLHQF\�DQG�
FRPSHWLWLYHQHVV��7KLV�YLUWXDO�IDFWRU\�PDLQWDLQV�DQ�XS�WR�GDWH�SLFWXUH�RI�WKH�DYDLODEOH�SURGXFWLRQ�FDSDFLW\�
RI�WKH�LQGLYLGXDO�SDUWLFLSDQWV�DQG�LV�DEOH�WR�UHVSRQG�UDSLGO\�WR�RUGHUV�IURP�FXVWRPHUV�����

2XU� SDSHU� LV� SDUW� RI� DQ� DPSOH� UHVHDUFK�ZKLFK� DLPV� WR� GHYHORS� D� SODWIRUP� IRU� LQWHJUDWLQJ� WKH�
UHVRXUFHV�RI�VHYHUDO�LQGHSHQGHQW�PDQXIDFWXULQJ�FRPSDQLHV�LQWR�D�YLUWXDO�IDFWRU\��$Q�,QWHJUDWHG�3ODWIRUP�
FRPELQHV�LQIRUPDWLRQ�IURP�WKH�LQGLYLGXDO�FRPSDQLHV¶�H[LVWLQJ�LQIRUPDWLRQ�V\VWHPV�DQG�IURP�WKH�PDUNHWV�
ZLWK� WKH� YLUWXDO� IDFWRU\¶V� RZQ� GDWD� DQG� NQRZOHGJH� EDVH� WR� GULYH� WKH� FRQILJXUDWLRQ�� SODQQLQJ� DQG�
PRQLWRULQJ�DSSOLFDWLRQV����

7KH� ,QWHJUDWHG� 3ODWIRUP� KDV� WKUHH� FULWLFDO� PDQDJHPHQW� WDVNV�� YLUWXDO� ILUP� FRQILJXUDWLRQ��
SURGXFWLRQ�SODQQLQJ�DQG�RSHUDWLRQ�PRQLWRULQJ��7KH�FRQILJXUDWLRQ�PRGXOH�RI�WKH�YLUWXDO�IDFWRU\�DQDO\]HV�
WKH�RUGHUV�RI�SURGXFW�UHTXHVWV�IURP�WKH�FXVWRPHUV��7KLV�SURSRVHV�VROXWLRQV��VXSSO\�FKDLQV��WKDW�DUH�EDVHG�
RQ�WKH�PDQXIDFWXULQJ�FDSDELOLW\�RI�WKH�YLUWXDO�IDFWRU\�����

7KH� SURGXFWLRQ�SODQQLQJ�PRGXOH� WHVWV� WKHVH� VROXWLRQV� DJDLQVW� WKH� UHVRXUFHV� FXUUHQWO\� DYDLODEOH�
IURP�YDULRXV�SDUWQHUV��,W�WDNHV�DFFRXQW�RI�WKH�DOO�ZRUN�FXUUHQWO\�LQ�SURJUHVV�ZLWKLQ�WKH�YLUWXDO�IDFWRU\�DQG�
SURGXFHV�D�SODQ�WKDW�PHHWV�WKH�FXVWRPHU¶V�UHTXHVWV�DQG�RSWLPL]HV�WKH�XVH�RI�WKH�YLUWXDO�IDFWRU\¶V�RYHUDOO�
UHVRXUFHV�����

7KH� RSHUDWLRQ� PRQLWRULQJ� PRGXOH� DQDO\VHV� UHOHYDQW� LQIRUPDWLRQ� H[WUDFWHG� IURP� WKH� H[LVWLQJ�
LQIRUPDWLRQ� V\VWHPV� DQG� WKH� GDWD� EDVH� RI� WKH� YLUWXDO� IDFWRU\� DQG�� LI� LW� LGHQWLILHV� SUREOHPV�� LW� VXJJHVWV�
FRUUHFWLYH� DFWLRQV�� 7KHVH� LQYROYH� YDULRXV� OHYHOV� RI� HVFDODWLRQ�� IURP� UHDUUDQJLQJ� WKH� VXSSO\� FKDLQV� DQG�
SURGXFWLRQ�VFKHGXOH�WR�UHDOORFDWLQJ�WKH�WDVNV�EHWZHHQ�FRPSDQLHV�ZLWKLQ�WKH�YLUWXDO�IDFWRU\��

2QH� RI� WKH� PDLQ� TXHVWLRQV� KHUH� LV�� FRXOG� ZH� XVH� WKH� HTXDWLRQ�EDVHG�PRGHOLQJ� IRU� WKH� YLUWXDO�
FRPSDQ\�EXLOGLQJ"�,VQ¶W�LW�WRR�UHVWULFWLYH�IRU�WKLV�JRDO�WR�EH�DFFRPSOLVKHG"�%HFDXVH�ZH�WKLQN�VR��ZH�ZLOO�
WU\�WR�RIIHU�D�YLDEOH�DOWHUQDWLYH��$JHQW�%DVHG�0RGHOLQJ��

�
�

�
7KH�9LUWXDO�(QWHUSULVH��9(��PRGHOLQJ��DSSDUHQWO\�VWURQJO\�WHFKQRORJ\�GULYHQ��LV�PRUH�DQG�PRUH�

LQWHJUDWLQJ� FRQWULEXWLRQV� IURP� D� QXPEHU� RI� GLVFLSOLQHV� VXFK� DV� DUWLILFLDO� LQWHOOLJHQFH�� PDQDJHPHQW��
F\EHUQHWLFV��VRFLRORJ\��ODZ�HWF���

2QH�RI�WKH�PRVW�DGYDQFLQJ�PHWKRG�RI�PRGHOLQJ�WKDW�KDYH�EHHQ�DSSOLHG�WR�VXSSRUW�9(V�LV�$JHQW�
%DVHG�0RGHOLQJ��$%0���ZKHUH�WKH�HQWLWLHV�LQ�D�9(�DUH�UHSUHVHQWHG�E\�DJHQWV��$JHQWV�DUH�FRPSXWDWLRQDO�
HQWLWLHV� WKDW� LQGHSHQGHQWO\�RSHUDWH� DQG�GHFLGH� LQ�GLVWULEXWHG�HQYLURQPHQWV��7KH\�PD\�EH�KHWHURJHQHRXV�



�
��

URXWLQHV�� RIWHQ� GHVLJQHG� DQG� GHYHORSHG� E\� GLIIHUHQW� SDUWLHV�� 7KXV�� WKHUH� LV� D� QHHG� WR� VXSSRUW� WKH�
GHYHORSPHQW�RI�WKHVH�DJHQWV�WR�HQVXUH�WKDW�WKH\�EH�DEOH�WR�FROODERUDWH�LQ�IRUPLQJ��RSHUDWLQJ��HYROXWLRQ�DQG�
GLVVROXWLRQ�RI�D�9(��
�
��� $JHQW�$SSURDFKHV�WR�0RGHOLQJ�DQG�6LPXODWH�WKH�9(�
�

$OWKRXJK�LW�UHSUHVHQWV�D�JURZLQJ�DQG�PXOWLGLVFLSOLQDU\�DUHD��LW�VWLOO�ODFNV�D�SUHFLVH�GHILQLWLRQ�RI�WKH�
9(�DQG�DQ�DJUHHPHQW�RQ� WKH�XVHG�WHUPLQRORJ\��$�FRPPRQO\�XVHG�GHILQLWLRQ�RI� WKH�9(�LV��³�$�9(�LV�D�
WHPSRUDU\�DOOLDQFH�RI�HQWHUSULVHV�WKDW�FRPH�WRJHWKHU�WR�VKDUH�VNLOOV�RU�FRUH�FRPSHWHQFLHV�DQG�UHVRXUFHV�LQ�
RUGHU� WR� EHWWHU� UHVSRQG� WR� EXVLQHVV� RSSRUWXQLWLHV�� DQG� ZKRVH� FRRSHUDWLRQ� LV� VXSSRUWHG� E\� FRPSXWHU�
QHWZRUNV´��&DPDULQKD�0DWRV���������

$� PRUH� JHQHUDO� GHILQLWLRQ� LV� WKH� IROORZLQJ�� ³$� 9(� LV� R� JRDO�RULHQWHG� FRQVWHOODWLRQ� RI�
�VHPL�DXWRQRPRXV� GLVWULEXWHG� HQWLWLHV�� (DFK� HQWLW\� ZKLFK� FDQ� EH� DQ� RUJDQL]DWLRQ� DQG�RU� LQGLYLGXDO��
DWWHPSWV�WR�PD[LPL]HV�LWV�RZQ�SURILWV�DV�ZHOO�DV�FRQWULEXWH�WR�DFKLHYLQJ�WKH�RYHUDOO�JRDOV�RI�WKH�9(��9(V�
DUH� QRW� ULJLG� RUJDQL]DWLRQDO� VWUXFWXUHV� ZLWKLQ� ULJLG� IUDPHZRUNV�� EXW� UDWKHU� �KHWHURJHQHRXV�� HQVHPEOHV��
FRQWLQXRXVO\�HYROYLQJ�RYHU�WLPH´��3HWHUVHQ�HW�DO����������

7KH�NH\�HOHPHQWV�LQ�WKHVH�GHILQLWLRQV�DUH�QHWZRUNLQJ�DQG�FRRSHUDWLRQ��7KHVH�HOHPHQWV�PDNH�WKH�
9(�D�VXLWDEOH�FDQGLGDWH�IRU�DSSOLFDWLRQ�RI�PXOWL�DJHQW�PRGHOLQJ�DSSURDFKHV��

7KH� GHYHORSPHQW� RI� FRPSXWHU� VFLHQFH� DQG� DUWLILFLDO� LQWHOOLJHQFH� KDV� PRYHG� IURP� SURFHGXUDO�
WKURXJK�IXQFWLRQDO�WR�REMHFW�RULHQWHG�SURJUDPPLQJ��QRZ�DUULYLQJ�DW�WKH�DJHQW�EDVHG�PRGHOLQJ��+\SH�KDV�
OHG�WR�WKH�VLWXDWLRQ�ZKHUH�QHDUO\�DQ\WKLQJ�FDQ�EH�LGHQWLILHG�DV�DQ�DJHQW��)RU�H[DPSOH��LQ�F\EHUQHWLFV�DJHQWV�
DUH� VLPSOH� VWDWH�GHWHUPLQHG� V\VWHPV� FRQQHFWHG� DFFRUGLQJ� WR� YDULRXV� FRPSOH[� WHPSRUDO� RU� WRSRORJLFDO�
VFKHPHV� LQ� RUGHU� WR� GHPRQVWUDWH� ³HPHUJHQW� EHKDYLRU´� RI� DGDSWLYH� FRPSOH[� V\VWHPV�� ,Q� GLVWULEXWHG�
DUWLILFLDO� LQWHOOLJHQFH�DJHQWV� DUH�FRPSOH[� VRIWZDUH� V\VWHPV�ZLWK�D�JUHDW�GHDO�RI�RQ�ERDUG�FRPSXWDWLRQDO�
LQWHOOLJHQFH�DQG�SODQQLQJ�DELOLW\� WR�LQWHUDFW� LQ�VPDOO�FROOHFWLRQV�DQG�VLPSOH�HQYLURQPHQWV��DQG�ILQDOO\� LQ�
GHFLVLRQ�WKHRU\�DJHQWV�UHSUHVHQW�LQGLYLGXDOV�HQJDJLQJ�LQ�FROOHFWLYH�FKRLFH�SURFHVVHV��

,Q� DOO� WKHVH� GLIIHUHQW� VHQVH� RI� DJHQW� ZH� FDQ� GLVFHUQ� WKHLU� FRPPRQ� SURSULHWLHV�� LQFOXGLQJ�
DV\QFKURQ\�� LQWHUDFWLYLW\�� PRELOLW\�� VSDWLDO� GLVWULEXWLRQ� DQG� UDQGRPQHVV� RI� WULDOV� RYHU� YDULRXV� LQLWLDO�
FRQGLWLRQV��

:KLOH� WKLV� OLVW� LV�FRPPRQ� WR�PRVW�DJHQW�PRGHOV�� WKH\�VWLOO�GR�QRW�FDSWXUH� WKH�HVVHQWLDO�TXDOLWLHV�
WKDW�PRVW�SHRSOH�EULQJ�WR�WKH�FRQFHSW�RI�³DJHQF\´��7KHVH�TXDOLWLHV�DUH�D�NLQG�RI�LQGHSHQGHQFH��WKH�IDFW�WKDW�
WKH�DJHQW�LV�GRLQJ�VRPHWKLQJ�RI�DQG�E\�LWVHOI��7KLV�UHIHUV�WR�WKH�DXWR�FRQWURO��RU��LQ�D�ZRUG��DXWRQRP\��

7KH� OLVW� RI� SURSULHWLHV� DERYH� LV� DFWXDOO\� TXLWH� IDPLOLDU� WR� XV� IURP� WKH� V\VWHP� WKHRU\� DQG�
F\EHUQHWLFV�� ,QGHHG�� EDVHG� RQ� WKH� DERYH� FULWHULD� WKHUH� LV� YHU\� OLWWOH� WR� GLVWLQJXLVK� DQ� DJHQW� IURP� VRPH�
JHQHUDO� VHQVH� RI� V\VWHP�� ,Q� VHHNLQJ� D� FRKHUHQW� VHQVH� RI� DJHQW� WKDW�ZLOO� EH� GLVWLQJXLVKHG�QRW� RQO\� IURP�
RWKHU�VRIWZDUH�HQJLQHHULQJ�SURGXFWV��DJHQWV�DUH�QRW�MXVW�VXEURXWLQHV�RU�SURJUDPV���EXW�DOVR�IURP�³REMHFWV´�
RU� ³V\VWHPV´� LQ�JHQHUDO� �DJHQWV� DUH�QRW� MXVW� V\VWHPV���ZH�PXVW� IRFXV�RQ� WKH�FRQFHSW�RI� DXWRQRP\�ZLWK�
UHVSHFW�RI�DFWLRQ��,Q�RWKHU�ZRUGV��WKH�FRQFHSW�RI�DJHQW�LV�D�V\VWHP�RU�REMHFW�WKDW�KDV�DQ�LQKHUHQW�IUHHGRP�WR�
PDNH�FKRLFHV�RU�GHFLVLRQV�RYHU�SRVVLEOH�DFWLRQV��

,Q� $JHQW�%DVHG� 0RGHOLQJ�� D� V\VWHP� RU� SURFHVV� LV� PRGHOHG� DV� D� FROOHFWLRQ� RI� DXWRQRPRXV�
�KHWHURJHQHRXV�� GHFLVLRQ�PDNLQJ� HQWLWLHV�� (DFK� DJHQW� LQGHSHQGHQWO\� DVVHVVHV� LWV� VLWXDWLRQ� DQG� PDNHV�
GHFLVLRQV�RQ�WKH�EDVLV�RI�D�VHW�RI�UXOHV��$JHQWV�PD\�H[HFXWH�YDULRXV�EHKDYLRUV�DSSURSULDWH�IRU�WKH�V\VWHP�
WKDW� WKH\� UHSUHVHQW�� IRU� H[DPSOH� SURGXFLQJ�� FRQVXPLQJ� RU� VHOOLQJ�� 5HSHWLWLYH� FRPSHWLWLYH� LQWHUDFWLRQV�
EHWZHHQ� DJHQWV� UHO\� RQ� $%0� WR� H[SORUH� FRPSOH[� G\QDPLFV� RXW� RI� WKH� HTXDWLRQ�EDVHG�PRGHOV�� $W� WKH�
VLPSOHVW�OHYHO��DQ�DJHQW�PRGHO�FRQVLVWV�RI�D�V\VWHP�RI�DJHQWV�DQG�WKH�UHODWLRQVKLSV�EHWZHHQ�WKHP��(YHQ�D�
VLPSOH�$%0�FDQ�H[KLELW�FRPSOH[�EHKDYLRU�SDWWHUQV�DQG�SURYLGH�YDOXDEOH�LQIRUPDWLRQ�DERXW�WKH�PRGHOHG�
V\VWHP� DQG� KLV� HQYLURQPHQW�� 6RSKLVWLFDWHG� $%0� VRPHWLPHV� LQFRUSRUDWHV� QHXUDO� QHWZRUN�� JHQHWLF�
DOJRULWKPV��RU�RWKHU�OHDUQLQJ�WHFKQLTXHV�WR�DOORZ�UHDOLVWLF�OHDUQLQJ�DQG�DGDSWDWLRQ��

2QH�RI�WKH�SULQFLSDO�UHDVRQV�XQGHUO\LQJ�$%0¶V�SRSXODULW\�LV�LWV�HDV\�RI�LPSOHPHQWDWLRQ��LQGHHG��
RQFH�RQH�KDV�KHDUG�DERXW�$%0��LW�LV�HDV\�WR�SURJUDP�DQ�DJHQW�PRGHO��%HFDXVH�WKH�WHFKQLTXH�LV�HDV\�WR�
XVH��RQH�PD\�ZURQJO\�WKLQN�WKH�FRQFHSWV�DUH�VLPSOH�WR�PDVWHU��%XW�DOWKRXJK�$%0�LV�WHFKQLFDOO\�VLPSOH��LW�
LV�DOVR�FRQFHSWXDOO\�GHHS��7KLV�XQXVXDO�FRPELQDWLRQ�PD\�RIWHQ�OHDGV�WR�LPSURSHU�XVH�RI�$%0��
���
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��� /LIH�F\FOH�RI�9(V�DQG�$%0�
�

$�9(�DV�D�WHPSRUDU\�RUJDQL]DWLRQ�HYROYHV�DORQJ�D�QXPEHU�RI�SKDVHV�UHTXLULQJ�GLIIHUHQW�VXSSRUW�
PHWKRGV�DQG�LQVWUXPHQWV��,Q�ILJXUH���DUH�UHSUHVHQWHG�WKH�PDLQ�SKDVHV�RI�WKH�OLIH�F\FOH�RI�WKH�9(V���5HODWHG�
WR� WKHVH�SKDVHV��$%0�RIIHUV�PXOWLSOH�SRVVLELOLWLHV� WR�VROYH�GLIIHUHQW�SUREOHPV�DSSHDULQJ�GXULQJ� WKH� OLIH�
F\FOH�RI�D�9(��6RPH�RI�WKHVH�SUREOHPV�DUH�LGHQWLILHG�DQG�VXPPDUL]HG�LQ�ILJXUH����
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�
7KH�IROORZLQJ�SURSHUWLHV�RI�WKH�9(V�PDNLQJ�WKHP�DGHTXDWH�IRU�WKH�DSSOLFDWLRQ�RI�$%0��

�
��� $�9(�LV�FRPSRVHG�E\�DQ�DOOLDQFH�RI�GLVWULEXWHG��KHWHURJHQHRXV�DQG�DXWRQRPRXV�HQWLWLHV��
��� &RRUGLQDWLRQ�DQG�QHJRWLDWLRQ�LQ�SUREOHP�VROYLQJ�DUH�FULWLFDO�SUREOHPV�LQ�9(�PDQDJHPHQW��
��� 'HFLVLRQ� PDNLQJ� ZLWK� LQFRPSOHWH� LQIRUPDWLRQ� DQG� LQYROYHPHQW� RI� QHWZRUN� PHPEHUV� WKDW� DUH�

DXWRQRPRXV� HQWLWLHV�� DOWKRXJK� ZLOOLQJ� WR� FRRSHUDWH� LQ� RUGHU� WR� UHDFK� D� FRPPRQ� JRDO�� PLJKW� EH�
FRPSHWLWRUV�UHJDUGLQJ�RWKHU�EXVLQHVV�JRDOV��

�
&5($7,21�

�
23(5$7,21�

�
',662/87,21�

�
(92/87,21�

&5($7,21�
�

3DUWQHUV�VHDUFK�DQG�VHOHFWLRQ�
&RQWUDFW�QHJRWLDWLRQ�
'HILQLWLRQ�RI�ULJKWV�

-RLQ�/HDYH�SURFHGXUH�
,QIUDVWUXFWXUH�FRQILJXUDWLRQ�

*RDO�GHFRPSRVLWLRQ�
&OXVWHU�PRGHOLQJ�

23(5$7,21�
�

6HFXUH�GDWD�H[FKDQJH�
6KDULQJ�DQG�YLVLELOLW\�ULJKWV�

2UGHU�PDQDJHPHQW�
'%3�SODQQLQJ�	�VFKHGXOLQJ�
+LJK�OHYHO�FRRUGLQDWLRQ�

&ROODERUDWLYH�HQJLQHHULQJ�
1HJRWLDWLRQ�

3URFHVV�FRRUGLQDWLRQ�
�

(92/87,21�
�

$GG�5HPRYH�SDUWQHUV�
&KDQJH�UROHV�

2SWLPL]H�VXSSO\�FKDLQ�
4XDOLW\�PDQDJHPHQW�V\VWHPV�

LPSOHPHQWDWLRQ�
&RRUGLQDWLRQ�RI�DV\QFKURQRXV�

SURFHVVHV�
�

',662/87,21�
�

/LDELOLWLHV�GHILQLWLRQ�
$FFHVV�ULJKWV�GHILQLWLRQ�

3URILW�GLIIXVLRQ�
'LVDVVHPEO\�RI�HQWHUSULVH�

(1'�

)LJXUH���
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��� 7KH� HIIHFWLYH� H[HFXWLRQ� DQG� VXSHUYLVLRQ� RI� GLVWULEXWHG� EXVLQHVV� SURFHVVHV� UHTXLUHV� TXLFN� UHDFWLRQV�
IURP�9(�PHPEHUV��

��� 7KH� UROH� DQG� VRFLDO� UHODWLRQVKLS�FRQWUDFWV� PRGHOLQJ�� DGGUHVVLQJ� DVSHFWV� RI� GLVWULEXWLRQ� RI�
UHVSRQVLELOLWLHV�DQG�NQRZOHGJH�DOVR�DUH�FRPPRQ�WRSLFV�LQ�$%0��

��� 7KH� VFDODELOLW\� SURSHUW\� RI� $%0� VHHPV� SDUWLFXODUO\� DGHTXDWH� WR� VXSSRUW� G\QDPLF� 9(V� LQ� ZLWK�
GLIIHUHQW�OHYHOV�RI�FRRSHUDWLRQ�ZLWK�GLIIHUHQW�VHWV�RI�SDUWQHUV�PLJKW�EH�HVWDEOLVKHG�DW�GLIIHUHQW�SKDVHV��
2Q�WKH�RWKHU�KDQG��HDFK�HQWHUSULVH�PLJKW�LWVHOI�EH�VHHQ�DV�FRPSRVHG�E\�D�QHWZRUN�RI�VHPL�DXWRQRPRXV�
HQWLWLHV��GHSDUWPHQWV���

��� &RQWLQXRXV�HYROXWLRQ�RI�EXVLQHVV�PRGHOV��WHFKQRORJLHV��RUJDQL]DWLRQ�SDUDGLJPV�DQG�PDUNHW�FRQGLWLRQV�
UHTXLUH�HIIHFWLYH�VXSSRUW�IRU�HYROXWLRQ�DQG�D�KLJK�OHYHO�RI�PRGXODULW\�RI�LQIUDVWUXFWXUHV��

��� 1HZ�IRUPV�RI�WHDPZRUN��QDPHO\�FRRSHUDWLYH�FRQFXUUHQW�HQJLQHHULQJ��DUH�HPHUJLQJ�LQ�WKH�FRQWH[W�RI�
9(V��$JHQWV�FDQ�SOD\�DQ�LPSRUWDQW�UROH�DV�³DVVLVWDQWV´�WR�WKH�KXPDQ�DFWRUV�LQ�9(V��

��� )LQDOO\�� DV� WKH� 9(� FRPSRQHQWV� DUH� GHVLJQHG� DQG� GHYHORSHG� LQGHSHQGHQWO\�� LW� LV� TXLWH� GLIILFXOW� WR�
JXDUDQW\� FRRUGLQDWLRQ� XQOHVV� FRPPRQ� UXOHV� DUH� DGRSWHG�� 7KHRUHWLFDO� IRXQGDWLRQV� RI� PXOWL�DJHQW�
V\VWHPV�FDQ�EH�FRPELQHG�ZLWK�FXUUHQW�GHYHORSPHQWV�RI�D�OHJDO�IUDPHZRUN�IRU�9(��

�
��� $%0�LQ�9(�FUHDWLRQ�
�

$�JURZLQJ�QXPEHU�RI�ZRUNV�DUH�EHLQJ�SXEOLVKHG�RQ�WKH�DSSOLFDWLRQ�RI�$%0�IRU�WKH�9(�IRUPDWLRQ�
�7KHVH� ZRUNV� DVVXPH� D� YLUWXDO� PDUNHW� SODFH� ZKHUH� HQWHUSULVHV�� UHSUHVHQWHG� E\� DJHQWV�� WKDW� DUH�
JHRJUDSKLFDOO\�GLVWULEXWHG�DQG�SRVVLEO\�QRW�NQRZQ�LQ�DGYDQFH��FDQ�PHHW�HDFK�RWKHU�DQG�FRRSHUDWH�LQ�RUGHU�
WR�DFKLHYH�D�FRPPRQ�EXVLQHVV�JRDO��

$�QXPEHU�RI�DJHQW�PRGHOV�ZDV�EHHQ�SURSRVHG�WR�UHSUHVHQW� WKH�HOHFWURQLF�PDUNHW� WR�VXSSRUW� WKH�
IRUPDWLRQ� RI� WKH� 9(�� ,Q� DGGLWLRQ� WR� WKH� DJHQWV� UHSUHVHQWLQJ� WKH� HQWHUSULVHV� WKHUH� LV� D� PDUNHW� DJHQW�
FRRUGLQDWRU�±RU�EURNHU��WKDW�LV�FUHDWHG�DQG�LQWURGXFHG�LQ�PRGHO�ZKHQ�D�EXVLQHVV�RSSRUWXQLW\�LV�IRXQG��

$� PXOWL�URXQG� FRQWUDFW�QHW� SURWRFRO� LV� IROORZHG�� WKH� EURNHU� VHQG� LQYLWDWLRQV� WR� WKH� HOHFWURQLF�
PDUNHW�FRUUHVSRQGLQJ�WR�HDFK�RI�WKH�9(�VXE�JRDOV��UHFHLYHUV�ELGV�DQG�HYDOXDWHV�WKHP��WKH�PRVW�IDYRUDEOH�
RQHV� DUH� VHOHFWHG� EDVHG� RQ� D�PXOWL�FULWHULD�PHFKDQLVP� DQG� FRQVWUDLQHG�EDVHG� QHJRWLDWLRQ�� ([DPSOHV� RI�
SRVVLEOH�FRQVLGHUHG�FULWHULD�DUH���ORZHU�FRVW��KLJKHU�TXDOLW\��KLJKHU�DYDLODELOLW\�HWF��

8WLOLW\�YDOXHV�DUH�DVVRFLDWHG�WR�HDFK�RI�WKHVH�FULWHULD�DQG�D�OLQHDU�FRPELQDWLRQ�RI�DWWULEXWHV�YDOXHV�
ZHLJKWHG�E\�WKHLU�XWLOLW\�YDOXHV�LV�XVHG��

0XOWLSOH�QHJRWLDWLRQ�URXQGV�FDQ�WDNH�SODFH��$W�WKH�HQG�RI�HDFK�URXQG�ELGGHUV�DUH�QRWLILHG�ZKHWKHU�
WKHLU�ELGV�DUH�ZLQQLQJ�RU�ORRVLQJ�DQG�D�URXJK�TXDOLWDWLYH�MXVWLILFDWLRQ�LV�SURYLGHG��DOORZLQJ�WKHP�WR�FKDQJH�
WKH�SDUDPHWHUV�RI�WKHLU�SURSRVDOV��

,Q� DGGLWLRQ� WR� HQWHUSULVH� DJHQWV� DQG� 9(�FRRUGLQDWLRQ� DJHQW�� DQ� LQIRUPDWLRQ� DJHQW� FDQ� EH�
LQWURGXFHG� WR� NHHS� SXEOLF� LQIRUPDWLRQ� UHODWHG� WR� FRPPRQ� RUJDQL]DWLRQDO� DQG� RSHUDWLRQDO� UXOHV�� PDUNHW�
HQYLURQPHQWV��SURGXFW�RU�VHUYLFHV�SURYLGHG�HWF��

$QRWKHU�SUREOHP�LQ�WKH�9(�FUHDWLRQ�PRGHOLQJ�LV�WKH�JRDO�GHFRPSRVLWLRQ��OHDGLQJ�WR�D�KLHUDUFK\�RI�
9(�JRDOV��IRU�H[DPSOH��

2QH�DQRWKHU�LPSRUWDQW�DVSHFW�WR�FRQVLGHU�LQ�9(�FUHDWLRQ�LV�WKH�DJLOLW\�DQG�G\QDPLVP�UHTXLUHG�IRU�
QHWZRUNHG�RUJDQL]DWLRQV�LQ�UHVSRQVH�WR�VXGGHQ�EXVLQHVV�RSSRUWXQLWLHV�DSSHDUV��LQ�RSSRVLWLRQ�WR�WKH�SURFHVV�
RI� WUXVW� EXLOGLQJ�� (YHQ� LI� IOH[LEOH� VXSSRUW� LQIUDVWUXFWXUHV� EHFRPH�ZLGHO\� DYDLODEOH�� WKH� DVSHFWV� RI� WUXVW�
EXLOGLQJ� DQG� WKH� UHTXLUHG� UHRUJDQL]DWLRQ� DW� WKH� HQWHUSULVH� OHYHO� DUH� KDUG� WR� FRSH� ZLWK� LQ� FRRSHUDWLYH�
EXVLQHVV�SURFHVVHV��

7KH�UHDOL]DWLRQ�RI�WKH�ORQJ�WHUP�FOXVWHUV�RI�LQGXVWU\�RU�VHUYLFHV�HQWHUSULVHV�UHSUHVHQWV�DQ�DSSURDFK�
WR� RYHUFRPH� WKHVH� REVWDFOHV� DQG� FDQ� VXSSRUW� WKH� UDSLG� IRUPDWLRQ� RI� 9(� DFFRUGLQJ� WR� WKH� EXVLQHVV�
RSSRUWXQLWLHV�� 7KH� FOXVWHUV� RI� HQWHUSULVHV� UHSUHVHQWV� D� SRRO� RI� HQWHUSULVHV� DQG� UHODWLQJ� VXSSRUWLQJ�
LQVWLWXWLRQV�WKDW�KDYH�ERWK�WKH�SRWHQWLDO�DQG�WKH�ZLOO�WR�FRRSHUDWH�ZLWK�HDFK�RWKHU�WKURXJK�WKH�HVWDEOLVKPHQW�
RI� D� ORQJ�WHUP� FRRSHUDWLRQ� DJUHHPHQW�� %X\HU�VXSSOLHU� UHODWLRQVKLSV�� FRPPRQ� WHFKQRORJLHV�� FRPPRQ�
PDUNHWV� RU� GLVWULEXWLRQ� FKDQQHOV�� FRPPRQ� UHVRXUFHV� RU� HYHQ� FRPPRQ� ODERU� VRXUFHV� DUH� HOHPHQWV� WKDW�
W\SLFDOO\�ELQG�WKH�FOXVWHU�WRJHWKHU��)RU�HDFK�EXVLQHVV�RSSRUWXQLW\�IRXQG�E\�RQH�RI�WKH�FOXVWHU�PHPEHUV��D�
VXEVHW�RI�WKH�FOXVWHU�HQWHUSULVHV�PD\�EH�FKRVHQ�WR�IRUP�D�9(�IRU�WKDW�VSHFLILF�EXVLQHVV�RSSRUWXQLW\��
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&XUUHQW�UHVHDUFK�HIIRUWV�DUH�GHYRWHG�WR�PRGHOLQJ�DQG�SODQQLQJ�GLIIHUHQW�RUJDQL]DWLRQDO�VWUXFWXUHV��
PHFKDQLVPV� DQG� UXOHV� WKDW� DUH� DGHTXDWH� IRU� WKH� IRUPLQJ� RI� WKH� 9(�� 7KH� VWUXFWXUH� RI� 9(� LV�
PXOWLGLPHQVLRQDO�DQG�PXVW�EH�GHILQLQJ�XVLQJ�PDQ\�DWWULEXWHV��7KH�7DEOH���OLVWV�WKH�DWWULEXWHV�WKDW�GLIIHUHQW�
DXWKRUV�XVH�WR�GHVFULEH�WKH�VWUXFWXUH�RI�WKH�9(����
�

7DEOH���
$WWULEXWH� 'HILQLWLRQ� $XWKRU�\HDU�

*RDO�VSHFLILFLW\� $FWLYLWLHV�DQG�LQWHUDFWLRQV�RI�SDUWLFLSDQWV�DUH�FRRUGLQDWHG�WR�
DFKLHYH�VSHFLILHG�JRDOV��*RDOV�DUH�VSHFLILF�WR�WKH�H[WHQW�WKDW�
WKH\�DUH�FOHDUO\�GHILQHG��DQG�SURYLGH�XQDPELJXRXV�FULWHULD�
IRU�VHOHFWLQJ�DOWHUQDWLYH�DFWLYLWLHV�

6FRRW������

)RUPDOL]DWLRQ� 7KH� FR�RSHUDWLRQ� DPRQJ� SDUWLFLSDQWV� LV� FRQVFLRXV� DQG�
GHOLEHUDWH�� WKH� VWUXFWXUH� RI� UHODWLRQV� LV� PDGH� H[SOLFLW� DQG�
FDQ� EH� GHOLEHUDWHO\� FRQVWUXFWHG� DQG� UHFRQVWUXFWHG�� $�
VWUXFWXUH�LV�IRUPDOL]HG�WR�WKH�H[WHQW�WKDW�WKH�UXOH�JRYHUQLQJ�
EHKDYLRU� DUH� SUHFLVHO\� DQG� H[SOLFLWO\� IRUPXODWHG� DQG� WKH�
H[WHQW� WKDW� UROHV� DQG� UROH� UHODWLRQV� DUH� SUHVFULEHG�
LQGHSHQGHQWO\�

6FRRW������

0RGXODULW\� 7KH� H[WHQW� WR� ZKLFK� WKH� YLUWXDO� RUJDQL]DWLRQ� LV� EDVHG� RQ�
LQWHJUDWHG�� FXVWRPHU�RULHQWHG� SURFHVVHV� FRPSRVHG� RI�
UHODWLYHO\� VPDOO�� PDQDJHDEOH� XQLWV� �PRGXOHV��� $�
GHFHQWUDOL]HG� GHFLVLRQ�PDNLQJ� FRPSHWHQFH� DQG�
UHVSRQVLELOLWLHV� FKDUDFWHUL]H� WKHVH�XQLWV��7KHUH�DUH�XQLWV�RI�
DVVLJQHHV�� ZKLFK� FDQ� EH� EHORQJ� WR� GLIIHUHQW� OHJDO�
LQVWLWXWLRQV�

:LJDQG�HW�DO���
�����

+HWHURJHQHLW\� 7KH� H[WHQW� WR� ZKLFK� WKH� FRPSRQHQWV� RI� WKH� RUJDQL]DWLRQ�
KDYH� GLIIHUHQW� SHUIRUPDQFH� SURILOHV� ZLWK� UHJDUG� WR� WKHLU�
VWUHQJWKV�DQG�FRPSHWHQFLHV�

:LJDQG�HW�DO�������

7LPH�DQG�VSDWLDO�
GLVSHUVLRQ�

7KH�H[WHQW�WR�ZKLFK�WKH�FRPSRQHQW�RI�WKH�RUJDQL]DWLRQ�DUH�
GLVSHUVHG�LQ�SODFH�DQG�WLPH�

:LJDQG�HW�DO�������
3XUSRVH� 7KH� REMHFWLYH� WKDW� SURYLGHV� WKH� LQFHQWLYH� IRU� FUHDWLQJ� WKH�

QHZ�RUJDQL]DWLRQ�DQG�ZKLFK�VHUYHV�DV�WKH�FRKHVLYH�IRUFH�WR�
KROG� WKH� YLUWXDO� RUJDQL]DWLRQ� FRPSRQHQWV� DWH� OHDVW�
WHPSRUDU\�WRJHWKHU�

6KDR������

&RQQHFWLYLW\� 7KH�FUHDWLRQ�RI�XQLW\�RU�OLQNDJH�WKURXJK�VWUXFWXUDO�FKDQJH��
EUHDNLQJ� RI� FRQVWUDLQWV�� RU� RYHUFRPLQJ� RI� SUHYLRXVO\�
H[LVWLQJ�EDUULHUV�

6KDR������

%RXQGDU\� $Q�LQGLFDWRU�IRU�WKH�VHSDUDWLRQ�RI�WKRVH�ZKR�DUH�SDUW�RI�WKH�
YLUWXDO� RUJDQL]DWLRQ� DQG� WKRVH� DUH� QRW�� LQ� WKH� DEVHQFH� RI�
FOHDUO\�YLVLEOH�SK\VLFDO�ERUGHU�OLQHV�

6KDR������

7HFKQRORJ\� 7KH�HQDEOLQJ�IDFWRU�WKDW�DOORZV�WKH�EUHDNWKURXJK�DQG�PDNHV�
WKH�YLUWXDO�IRUP�SRVVLEOH�

6KDR������
&RPSOH[LW\�

RU�
'LYHUVLW\�

7KH� QXPEHU� RI� GLIIHUHQW� LWHPV� RU� HOHPHQWV� WKDW� PXVW� EH�
GHDOW�ZLWK�VLPXOWDQHRXVO\�E\�WKH�RUJDQL]DWLRQ�

6FRWW������

8QFHUWDLQW\�
RU�

8QSUHGLFWDELOLW\�
7KH�YDULDELOLW\�RI�WKH�LWHPV�RU�HOHPHQWV�XSRQ�ZKLFK�ZRUN�LV�
SHUIRUPHG� RU� WKH� H[WHQW� WR� ZKLFK� LW� LV� SRVVLEOH� WR� SUHGLFW�
WKHLU�EHKDYLRU�LQ�DGYDQFH�

6FRWW������

,QWHUGHSHQGHQFH�
RU�

1HWZRUNLQJ�
7KH�H[WHQW�WR�ZKLFK�WKH�LWHPV�RU�HOHPHQWV�XSRQ�ZKLFK�ZRUN�
LV� SHUIRUPHG� RU� WKH� ZRUN� SURFHVVHV� WKHPVHOYHV� DUH�
LQWHUUHODWHG� VR� WKDW� FKDQJHV� LQ� WKH� VWDWH� RI� RQH� HOHPHQW�
DIIHFW�WKH�VWDWH�RI�WKH�RWKHUV�

6FRWW������

�
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7KH�9(�FUHDWLRQ�QHHGV� WKH�VSHFLILFDWLRQ�RI�WKH� WDVNV�QHFHVVDU\� WR�DFKLHYH�D�PDLQ�EXVLQHVV�JRDO��
7KH� DFWLYLWLHV� FDUULHG� RXW� E\� D� FRPSDQ\� DUH� XVXDOO\� RUJDQL]HG� LQ� JURXSV� RI� LQWHUHVWHG� DFWLYLWLHV� FDOOHG�
SURFHVVHV��EXVLQHVV�SURFHVVHV���%3���%3�FDQ�EH�VHHQ�DV�D�VHW�RI�DFWLYLWLHV��UXOHV�DQG�FRQVWUDLQWV�VSHFLI\LQJ�
WKH�VWHSV� WKDW�PXVW�EH�WDNHQ��DQG�FRQGLWLRQV� WKDW�PXVW�EH�VDWLVILHG�� LQ�RUGHU� WR�DFFRPSOLVK�D�JLYHQ�JRDO��
:KHQ�D�%3�LV�H[HFXWHG�E\�D�9(��SDUWV�RI�WKH�GHFRPSRVLWLRQ�RI�WKLV�%3��L�H��VXE�SURFHVVHV��DUH�DVVLJQHG�WR�
GLIIHUHQW� HQWHUSULVHV� �DQG� WKXV� GLIIHUHQW� DJHQWV���ZKDW�PDNHV� D�%3� D�'LVWULEXWHG�%XVLQHVV� 3URFHVV� RU� D�
YLUWXDO�%3��

$�FRPELQDWLRQ�RI�YDULRXV�SURFHVVHV�WDNLQJ�SODFH�DW�GLIIHUHQW�PHPEHUV�RI�WKH�9(�ZLOO�OHDG�WR�WKH�
DFKLHYHPHQW�RI�WKH�PDLQ�JRDO��7KH�SUREOHP�RI�PRGHOLQJ�RI�WKH�VXSHUYLVLRQ�DQG�FRRUGLQDWLRQ�RI�WKH�'%3�DW�
LWV�YDULRXV�OHYHO�RI�GHFRPSRVLWLRQ�LV�TXLWH�LPSRUWDQW�LQ�WKLV�FRQWH[W�ZKHUH�LWV�GHILQLWLRQ�DQG�HQDFWPHQW�LV�
QRW� OLPLWHG� WR� D� VLQJOH�RUJDQL]DWLRQ��EXW� LQVWHDG� WR� D� VHW�RI� DXWRQRPRXV��GLVWULEXWHG�� DQG�KHWHURJHQHRXV�
QRGHV�WKDW�PHHW�WR�FRRSHUDWH��
�
��� 0%$�LQ�9(�RSHUDWLRQ�
�

5HJDUGLQJ� 9(� RSHUDWLRQ�� PDQ\� DJHQW� PRGHOV� DUH� EDVHG� RQ� VLPSOH� PHFKDQLVPV� RI� LQWHU�DJHQW�
FRRSHUDWLRQ� DQG� QHJRWLDWLRQ��'XULQJ� WKH� RSHUDWLRQ� RI� WKH�9(� LV� QHFHVVDULO\� WR� VXSHUYLVH� SURFHVVHV� DQG�
SURYLGH� WR� SDUWQHUV� WKDW� KDYH� WKH� DSSURSULDWH� SHUPLVVLRQ� ZLWK� LQIRUPDWLRQ� DERXW� WKH� VWDWH� RI� SDUWLDO�
SURGXFWLRQ�DQG�GLVWULEXWLRQ�SURFHVVHV��

,Q�WKH�9(�FRRSHUDWLRQ�DJUHHPHQWV�DQG�FRQWUDFWV�HVWDEOLVK�D�IUDPHZRUN�IRU�WKH�JHQHUDO�RSHUDWLQJ�
FRQGLWLRQV��'%3�PRGHOV�DQG�PHFKDQLVPV�SHUIRUP�DOORFDWLRQ�RI� UHVRXUFHV�DQG�VHTXHQFH�RI� WDVNV� IRU� WKH�
DFFRPSOLVKPHQW�RI�SDUWLDO�DQG�JOREDO�JRDOV��

(IILFLHQW�GDWD�H[FKDQJHG�FRPPXQLFDWLRQ�VHUYLFHV��GLVWULEXWHG�VHUYLFH�PDQDJHPHQW�IXQFWLRQDOLWLHV��
VXSSRUW� IRU� QRGHV� DXWRQRP\�SULYDF\�� KLJK� OHYHO� RI� VHUYLFH� TXDOLW\� DQG� DFFRXQWDELOLW\� KDYH� WR� EH�
JXDUDQWHHG�IRU�WKH�DOO�'%3�RI�WKH�9(��

7KH�GHFLVLRQ�PDNLQJ�LV�D�K\EULG�SURFHVV�ZKHUH� LW� LV� LPSRUWDQW� WR�FRPELQH�KXPDQ�GHFLVLRQ�ZLWK�
VRPH�DXWRPDWLF�IXQFWLRQV��,W�LV�HYHQ�OLNHO\�WKDW�WKH�OHYHO�RI�DXWRPDWLF�GHFLVLRQ�PDNLQJ�ZLOO�HYROYH�DV�WKH�
WUXVW�RI�KXPDQV�LQ�WKH�V\VWHPV�LQFUHDVHV��%XW�LQGHSHQGHQWO\�RI�WKH�XOWLPDWH�GHFLVLRQ�PDNLQJ�FHQWHU��WKHUH�
LV�D�QHHG�WR�SURYLGH�PHFKDQLVPV�WR�VXSSRUW�SURFHVV�FRRUGLQDWLRQ��VXSHUYLVLRQ�DQG�FRQWUROOHG�LQIRUPDWLRQ�
DQG�VKDULQJ���
�
��� 0%$�LQ�9(�HYROXWLRQ�
�

2QFH� D� EDVLF� LQIUDVWUXFWXUH� LV� HVWDEOLVKHG�� QHZ� IRUPV� RI� DGYDQFHG� FRRSHUDWLRQ� DPRQJ� 9(�
PHPEHUV�ZLOO�QDWXUDOO\�HPHUJH��

9DULRXV�WRROV�RI�PRGHOLQJ�FDQ�EH�XVHIXO�LQ�WKLV�DUHD��%HFDXVH�WKH�SDUWLFLSDQWV�DUH�QRW�ORFDWHG�LQ�
WKH� VDPH� SODFH� DQG� HYHQWXDOO\� WKHLU� ZRUN� LV� GHYHORSHG� ZLWK� GLIIHUHQW� WLPH� VFKHGXOH� �DV\QFKURQRXV�
SURFHVVHV��LW�LV�YHU\�LPSRUWDQW�WR�VXSSRUW��
�� 6KDULQJ� RI� LQIRUPDWLRQ� PRGHOV� DQG� SURFHVV� PRGHOV�� GHVFULELQJ� WKH� SURGXFW� PRGHO� DQG� LWV�

PDQXIDFWXULQJ� SURFHVV� DQG� WKH� GHVLJQ�SODQQLQJ� SURFHVV� LWVHOI�� 7KH� UHTXLUHPHQW� LV� QRW� RQO\� IRU� D�
ELODWHUDO�H[FKDQJH�RI�LQIRUPDWLRQ�EXW�DOVR�IRU�WKH�HVWDEOLVKPHQW�RI�VKDUH�ZRUN�VSDFHV��

�� 3URYLVLRQ�RI�DGHTXDWH�YLVLELOLW\�DQG�DFFHVV�ULJKWV�GHILQLWLRQ�DQG�PDQDJHPHQW��
�� &RRUGLQDWLRQ�RI��DV\QFKURQRXV��DFWLYLWLHV�SHUIRUPHG�LQ�GLIIHUHQW�SODFHV�E\�GLIIHUHQW�DJHQWV��
�� 3URYLVLRQ�RI�QRWLILFDWLRQ�PHFKDQLVPV�UHJDUGLQJ�PDMRU�HYHQWV�LQ�WKH�GHVLJQ�SODQQLQJ�SURFHVV��

7KH� 9(� LV� D� G\QDPLF� FRQFHSW�� WKH� FKDQJH� SURFHVVHV� RYHU� WLPH� DQG� LWV� WHPSRUDU\� VWUXFWXUH�
GLVWLQJXLVK�LWV�RI�WKH�FODVVLFDO�HQWHUSULVH��7KHUHIRUH��WKHUH�DUH�REVHUYDEOH�SDWWHUQV�RI�FKDQJH�RYHU�WLPH��RU�
URXWLQHV�RI�FKDQJH��
�
��� 0%$�LQ�9(�GLVVROXWLRQ�
�

:KHQ� WKH� UHDVRQV� IRU� ZKDW� WKH� 9(� ZDV� HVWDEOLVKHG� QR� ORQJHU� H[LVW�� WKH� GLVDVVHPEO\� EHFRPH�
QHFHVVDU\�� ,Q� WKLV� FRQWH[W�� $%0� DSSOLHV� WR� FDVHV� ZKHUH� SHRSOH� DUH� LQIOXHQFHG� E\� WKHLU� HQYLURQPHQW�
FRQWH[W��WKDW�LV��ZKDW�RWKHUV�DURXQG�WKHP�GR��
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7KHUH� DUH� YHU\� IHZ� EXVLQHVV� DSSOLFDWLRQV� RI� GLVVROXWLRQ� PRGHOV� SHUKDSV� EHFDXVH� RI� WKH� ³VRIW´�
QDWXUH�RI�WKH�YDULDEOHV�DQG�WKH�GLIILFXOW\�LQ�PHDVXULQJ�SDUDPHWHUV��
�
�
��� &RQFOXVLRQV�
�

7KH�9(�PRGHOLQJ�UHSUHVHQWV�D�IDVW�HYROYLQJ�UHVHDUFK�GRPDLQ�DQG�D�SURPLVLQJ�DSSOLFDWLRQ�ILHOG�IRU�
$%0��,Q�IDFW�UHFHQW�9(�SURMHFWV�KDYH�DGGUHVVHG�WKH�DSSOLFDWLRQV�RI�WKH�PXOWL�DJHQW�V\VWHPV�SDUDGLJP�DQG�
$%0� IRU� WKH� SDUWQHU� VHOHFWLRQ� DQG� WDVN� DOORFDWLRQ� GXULQJ�9(� FUHDWLRQ��$OVR� VRPH� DWWHPSWV� WR� GHYHORS�
$JHQW�6\VWHPV�%DVHG�LQIUDVWUXFWXUHV�WR�VXSSRUW�WKH�RSHUDWLRQDO�SKDVH�RI�WKH�9(�KDYH�EHHQ�PDGH��

,Q�WKH�IXWXUH�VHYHUDO�FKDOOHQJHV�UHPDLQ�RSHQ�IRU�$%0��VXFK�DV��
��6XSSRUW�IRU�WKH�IXOO�OLIH�F\FOH�RI�WKH�9(��
��,QWHJUDWLRQ�ZLWK�VHYHUDO�RWKHU�PRGHOLQJ�SDUDGLJPV��
��,QWHURSHUDWLRQ�ZLWK�OHJDF\�V\VWHPV�DQG�HQWHUSULVH�DSSOLFDWLRQV��
��,QFOXVLRQ�RI�VSHFLDOL]HG�VWDQGDUGV�DQG�SURWRFROV��

7KH� HPHUJHQFH� RI� QHZ� RUJDQL]DWLRQDO� IRUPV� DQG� QHZ� FRRSHUDWLRQ� SDUDGLJPV� SURYLGHV� DQ�
DSSURSULDWH�JURXQG�IRU�WKH�GHYHORSPHQW�DQG�LPSOHPHQWDWLRQ�RI�DGYDQFHG�$%0��)XUWKHUPRUH��WKH�SURJUHVV�
RI�DGYDQFHG�VLPXODWLRQ�WRROV� WR�VXSSRUW�SODQQLQJ��RSWLPL]DWLRQ�DQG�DVVHVVPHQW�RI�RSHUDWLRQ�RI�9(V�DQG�
GLVWULEXWHG�EXVLQHVV�SURFHVVHV�LV�DQRWKHU�RSHQ�FKDOOHQJH�WKDW�FDQ�EHQHILW�IURP�D�DJHQW�PRGHOLQJ�DSSURDFK��

)LQDOO\� LW� LV� LPSRUWDQW� WR�VWUHVV� WKDW� LQ�RUGHU� WR�EH�DFFHSWHG�E\� WKH� LQGXVWULDO�FRPPXQLW\��$%0�
DSSOLFDWLRQV�QHHG�WR�EH�VXFFHVVIXOO\�GHPRQVWUDWHG�LQ�FRPSOH[�UHDO�ZRUOG�V\VWHPV��
�

%LEOLRJUDSK\�
�
>�@� %RQDEHX�� (��$JHQW�EDVHG�PRGHOLQJ��0HWKRGV� DQG� WHFKQLTXHV� IRU� VLPXODWLQJ� KXPDQ� V\VWHPV�� LQ��

&ROORTXLXP�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFH��³$GDSWLYH�$JHQWV��,QWHOOLJHQFH��DQG�(PHUJHQW�
+XPDQ�2UJDQL]DWLRQ��&DSWXULQJ�&RPSOH[LW\�WKURXJK�$JHQW�%DVHG�0RGHOLQJ´��2FWREHU�����������

>�@�&DPDULQKD�0DWRV��/�0���0XOWL�$JHQW�6\VWHPV�LQ�9LUWXDO�(QWHUSULVHV��LQ��3URFHHGLQJV�RI�$,6¶������
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $,�� 6LPXODWLRQ� DQG� 3ODQQLQJ� LQ� +LJK� $XWRQRP\� 6\VWHPV�� 6&6�
3XEOLFDWLRQ�������

>�@�-RVO\Q��&���9LUWXDO�(QYLURQPHQWV�DV�&RQVWUDLQWV�RQ�'HFLVLRQ�0DNLQJ� LQ�$JHQW�0RGHOV�RI�+XPDQ�
2UJDQL]DWLRQV��:RUNLQJ�3DSHU�������

>�@�.DW]\��%�5���6FKXU��*���7KH�9LUWXDO�(QWHUSULVH��LQ��*XWLHUUH]��$�0��HW�DO��HGV����+DQGERRN�RI�WKH�OLIH�
F\FOH�HQJLQHHULQJ��FRQFHSWV��PRGHOV��DQG�WHFKQRORJLHV�

>�@� � 3HWHUVHQ�� 6��� *UXQLQJHQ�� 0��� $Q� $JHQW�EDVHG� 0RGHO� WR� 6XSSRUW� WKH� )RUPDWLRQ� RI� 9LUWXDO�
(QWHUSULVHV��:RUNLQJ�SDSHU��(QWHUSULVH�,QWHJUDWLRQ�/DERUDWRU\��8QLYHUVLW\�RI�7RURQWR�������

>�@�3HWHUVHQ��6�$���5DR�� -���0DWVNLQ��0���9LUWXDO�(QWHUSULVH�)RUPDWLRQ�ZLWK�$JHQWV�±�DQ�$SSURDFK� WR�
,PSOHPHQWDWLRQ��ZRUNLQJ�SDSHU��'HSDUWPHQW�RI�&RPSXWHU�DQG�,QIRUPDWLRQ�6FLHQFHV��1RUZHJLDQ�
8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\�������

>�@�6DDEHHO��:���9HUGXLMQ��7�0���+DJGRUQ��/���.XPDU��.���$�0RGHO�RI�9LUWXDO�2UJDQL]DWLRQ��6WUXFWXUH�
DQG�3URFHVV�3HUVSHFWLYH��LQ��(OHFWURQLF�-RXUQDO�RI�2UJDQL]DWLRQDO�9LUWXDOQHVV��YRO�����������QR����

>�@�6FRWW��:�5���2UJDQL]DWLRQV��5DWLRQDO��1DWXUDO�DQG�2SHQ�6\VWHPV��1HZ�-HUVH\��3UHQWLFH�+DOO�������
>�@� 6KDR��<�3��� /LDR�� 6�<���:DQJ��+�4���$�0RGHO� RI� 9LUWXDO�2UJDQL]DWLRQ�� LQ�� -RXUQDO� RI� ,QIRUPDWLRQ�

6FLHQFH��YRO�����QR����
>��`� 6KHUHPHWRY�� /�%��� 1XQH]�� *���0XOWL�VWDJH� &RRSHUDWLRQ� $OJRULWKPV� DQG� 7RROV� IRU� $JHQW� %DVHG�

3ODQQLQJ� DQG� 6FKHGXOLQJ� LQ� 9LUWXDO� /HDUQLQJ� (QYLURQPHQW�� ZRUNLQJ� SDSHU�� � � ,QVWLWXWR�
3ROLWHFQLFR�1DFLRQDO��0H[LFR�������

>��@� 6X��4���&KHQ�� -���/HH�� 6�0���4XDOLW\�0DQDJHPHQW�6\VWHPV�'HVLJQ� IRU�9LUWXDO�2UJDQL]DWLRQV�� LQ���
(OHFWURQLF�-RXUQDO�RI�2UJDQL]DWLRQDO�9LUWXDOQHVV��YRO�����������QR���

>��@�6ZDPLQDQWKDQ��-�0���6PLWK��6�)���6DGHK��1�0���0RGHOLQJ�6XSSO\�&KDLQ�'\QDPLFV��$�0XOWLDJHQW�
$SSURDFK��LQ��'HFLVLRQ�6FLHQFHV��YRO������QR�����6XPPHU������



�
��

>��@� 6]LUELN��1���:RUWPDQ��+���+DPPHU��'��� *RRVVHQDHUWV�� -��� $HUWV�� $���0HGLDWLQJ�1HJRWLDWLRQV� LQ� D�
9LUWXDO�(QWHUSULVH�YLD�0RELOH�$JHQWV��ZRUNLQJ�SDSHU��(LQGKRYHQ�8QLYHUVLW\�RI�7HFKQRORJ\��7KH�
1HWKHUODQGV�������

>��@�:LJDQG�� 5��� 3LFRW�� $��� 5HLFKZDOG�� 5��� ,QIRUPDWLRQ�� RUJDQL]DWLRQ� DQG� PDQDJHPHQW�� ([SDQGLQJ�
PDUNHWV�DQG�FRUSRUDWH�ERXQGDULHV��1HZ�<RUN��-RKQ�:LOH\�	�6RQV��������

�
�
��� $1$/,7,&$/� 3$5$',*0� $1'� +2/,67,&� 3$5$',*0� ,17(5$&7,21�� $�
7+(25(7,&$/�)5$0(:25.�$1'�$33/,&$7,21�
$XWKRU��3URIHVVRU�1LFXODH�0LK L ��3K'�

'HSDUWPHQW�RI�(FRQRPLF�6WDWLVWLFV�DQG�)RUHFDVW�
$FDGHP\�RI�(FRQRPLF�6WXGLHV��%XFKDUHVW��5RPDQLD�

�
$EVWUDFW�

�
7ZR�SDUDGLJPV��WKH�$QDO\WLFDO�3DUDGLJP��$3��ZKLFK�GHWDLOV�WKH�EHKDYLRU�RI�PDQ��DQG�WKH�+ROLVWLF�

3DUDGLJP��+3��ZKLFK�SUHVFULEHV�WKH�QDWXUH�RI�RUJDQL]DWLRQV��KDYH�HYROYHG�DV�WKH�VFLHQWLILF�DSSURDFK�E\�
ZKLFK�PDQDJHPHQW�$FWLRQ�DQG�6WUXFWXUH�DUH�SUHVHQWO\�XQGHUVWRRG��'LDOHFWLFDOO\��DQ�$3�+3� LQWHUDFWLRQ�
KDV�HPHUJHG�IURP�WKH�DQDO\WLF�WKHVLV�DQG�KROLVWLF�DQWLWKHVLV��7KH�MX[WDSRVLWLRQ�RI�WKH�SULPDU\�HOHPHQWV�RI�
D[LRPV�RI�WKH�WZR�SDUDGLJPV�FUHDWHV�D�FRQFHSWXDO�IUDPHZRUN�SRUWUD\HG�E\�D�PDWUL[�IRUPLQJ�$6�VSHFLILF�
PDQDJHPHQW�$FWLRQ�DQG�6WUXFWXUDO�5HODWLRQVKLSV��$65
V���,W�LV�WKH�DUJXPHQW�RI�WKLV�HVVD\�WKDW�DQ�HVVHQWLDO�
UHTXLUHPHQW� IRU� XQGHUVWDQGLQJ�PDQDJHPHQW� LQ� RUJDQL]DWLRQV� LV� WR� NQRZ� WKH� QDWXUH� DQG� VLJQLILFDQFH� RI�
WKHVH�$65
V��

7KH�DSSOLFDWLRQ�XQGHUOLQHV�WKH�VDOLHQFH�RI�ILQGLQJ�VWURQJ�RU�DSSDUHQWO\�ZHDN�FRQQHFWLRQV��KLGGHQ�
RU� VSXULRXV� UHODWLRQVKLSV�� VHDUFKLQJ� IRU� LQWHUDFWLRQV� DQG� LQIRUPDWLRQDO� SRWHQWLDOLW\� RI� VPDOO� DQG�
GLFKRWRPLF�V\VWHPV��

�
�

��� )520� 7+(� 5('8&7,21,67� 9,(:32,17� 2)� $� 5(35(6(17$7,9(� $*(17� 72�
'<1$0,&6�,1'8&('�%<�+(7(52*(1(286�,17(5$&7,1*�$*(176�
$XWKRUV���3URIHVVRU�9DVLOH�*HRUJHVFX��3K'�

$VVLVWDQW�3URIHVVRU�,RQ�%XOLJLX�
���8QLYHUVLW\�RI�&UDLRYD��5RPDQLD�

�
$EVWUDFW�

�
0XOWL�DJHQW�PRGHOOLQJ�LV�D�UHODWLYHO\�QHZ�UHVHDUFK�DUHD�LQWHQGLQJ�WR�EXLOG�D�PRUH�UHDOLVWLF�WKHRU\�RI�
ILQDQFLDO� PDUNHWV�� ZKLFK� DUH� YLHZHG� DV� FRPSOH[� HYROXWLRQDU\� V\VWHPV�� ,QVWHDG� RI� DVVXPLQJ� PDUNHW�
HIILFLHQF\� �LQ� WKH� VHQVH� WKDW�PDUNHW� SULFHV� LQVWDQWDQHRXVO\� LQFRUSRUDWH�DOO� DYDLODEOH� LQIRUPDWLRQ�� RU�
UDWLRQDO� H[SHFWDWLRQV�RI� WKH�PDUNHW� SDUWLFLSDQWV�� DV� LW� LV� GRQH� LQ� WKH� VWDQGDUG� HTXLOLEULXP� WKHRU\�RI�
ILQDQFLDO�PDUNHWV��PXOWL�DJHQW�PRGHOV�W\SLFDOO\�LQFRUSRUDWH�WKHRULHV�RI�KXPDQ�EHKDYLRXU�WKDW�WROHUDWH�
ERXQGHG�UDWLRQDOLW\��VHYHUDO�NLQG�RI�LQWHUDFWLRQV�DQG�LPSHUIHFW�LQIRUPDWLRQ���6XFK�DQ�DSSURDFK�LV�PRUH�
OLNHO\�WR�UHIOHFW�WKH�FRQGLWLRQV�RI�UHDO�ZRUOG�ILQDQFLDO�PDUNHWV��1HXUDO�QHWZRUNV��JHQHWLF�DOJRULWKPV�RU�
K\EULG�DSSURDFKHV�DUH� W\SLFDOO\� XVHG�ZKHQ�PRGHOOLQJ�KHWHURJHQHRXV� LQWHUDFWLQJ�DJHQWV��7KH�DLP�RI�
WKLV�SDSHU�LV�WR�HYDOXDWH�WKH�UHFHQW�GHYHORSPHQWV�LQ�WKLV�DUHD�DQG�WR�SRLQW�RXW�WKH�H[SODQDWRU\�UROH�DQG�
WKH�SUHGLFWLYH�SRZHU�RI�PXOWL�DJHQW�PRGHOV���
.H\�ZRUGV��0XOWL�DJHQW�PRGHOOLQJ��+HWHURJHQHRXV�LQWHUDFWLQJ�DJHQWV��1HXUR�IX]]\�PHWKRGV��
�
�

���7KH�HIILFLHQW�PDUNHW�K\SRWKHVLV�DQG�VRPH�FULWLFDO�YLHZSRLQWV�
�

$FFRUGLQJ�WR�WKH�FRQFHSW�RI�UDWLRQDO�H[SHFWDWLRQV��ILQDQFLDO�PDUNHWV�DUH�FRQVLGHUHG�WR�EH�HIILFLHQW�
LQ�WKH�VHQVH�WKDW�SDVW�SULFHV�FDQQRW�KHOS�LQ�SUHGLFWLQJ�IXWXUH�SULFHV��7KLV�VWDQGDUG�WKHRU\�LV�NQRZQ�DV�WKH�



�
��

HIILFLHQW�PDUNHW�K\SRWKHVLV��(0+���$FFRUGLQJ�WR�WKH�GHJUHH�WR�ZKLFK�WKH�LQIRUPDWLRQ�LV�SURFHVVHG�E\�WKH�
PDUNHW�SDUWLFLSDQWV��WKH�(0+�FDQ�EH�SRVWXODWHG�LQ�VHYHUDO�IRUPV��

7KH�ZHDN� IRUP�RI� WKH�(0+� LPSOLHV� WKDW�FXUUHQW�PDUNHW�SULFHV�IXOO\�UHIOHFW�DOO� LQIRUPDWLRQ�DERXW�
KLVWRULFDO� SULFH� SDWWHUQV�� 6LQFH� RQO\� DOO� LQIRUPDWLRQ� DERXW� KLVWRULFDO� SULFH� SDWWHUQV� LV� LQFRUSRUDWHG� LQWR�
DFWXDO�PDUNHW�SULFHV�WHFKQLFDO�WUDGLQJ�VWUDWHJLHV�ZKLFK�DUH�EDVHG�XSRQ�KLVWRULFDO�DVVHW�SULFHV�GR�QRW�DOORZ�
JDLQLQJ� H[FHVV� UHWXUQV�� +RZHYHU�� LW� LV� SRVVLEOH� WR� JDLQ� H[FHVV� UHWXUQV� E\� HYDOXDWLQJ� RWKHU� SXEOLFO\�
DYDLODEOH�LQIRUPDWLRQ�OLNH�IXQGDPHQWDO�GDWD�RU�SULYDWH�LQIRUPDWLRQ��

7KH�VHPL�VWURQJ� IRUP�RI� WKH�(0+� DVVXPHV� WKDW�PDUNHW�SULFHV� IXOO\� UHIOHFW�DOO�SXEOLFO\�DYDLODEOH�
LQIRUPDWLRQ��LQFOXGLQJ�KLVWRULFDO�SULFH�SDWWHUQ�DV�ZHOO�DV�IXQGDPHQWDO�GDWD��2QO\�WUDGLQJ�VWUDWHJLHV�ZKLFK�
UHO\�RQ�SULYDWH�LQIRUPDWLRQ�DUH�DEOH�WR�JDLQ�H[FHVV�SURILWV���

7KH�VWURQJ�IRUP�RI�WKH�(0+�VWDWHV�WKDW�DFWXDO�PDUNHW�SULFHV�IXOO\�UHIOHFW�DOO�W\SHV�RI�LQIRUPDWLRQ��L��
H��SXEOLF�DV�ZHOO�DV�SULYDWH�LQIRUPDWLRQ�DUH�FRPSOHWHO\�LQFRUSRUDWHG�LQWR�FXUUHQW�PDUNHW�SULFHV��7KXV��LW�LV�
QRW�SRVVLEOH�WR�JDLQ�H[FHVV�UHWXUQV�HYHQ�LI�SULYDWH�LQIRUPDWLRQ�LV�XVHG���

,Q� UHDO�ZRUOG� ILQDQFLDO�PDUNHWV� WKH�XQGHUO\LQJ�DVVXPSWLRQV�RI� WKH�(0+��H�J��SHUIHFW� UDWLRQDOLW\��
FRPPRQ�H[SHFWDWLRQV�RU�FRPSOHWH�LQIRUPDWLRQ��DUH�W\SLFDOO\�QRW�IXOILOOHG��EHFDXVH�UDWLRQDOLW\�LV�GLIILFXOW�WR�
GHILQH��KXPDQ�EHKDYLRXU�LV�RIWHQ�XQSUHGLFWDEOH��LQIRUPDWLRQ�FDQ�EH�GLIILFXOW�WR�LQWHUSUHW��WHFKQRORJ\�DQG�
LQVWLWXWLRQV�FKDQJH�FRQVWDQWO\��DQG�WKHUH�DUH�VLJQLILFDQW��FRVWV�RI�SURFHVVLQJ�LQIRUPDWLRQ��

9DULRXV�VWXGLHV���HVSHFLDOO\�LQ�WKH�QHZ�UHVHDUFK�DUHD�RI�EHKDYLRXUDO�ILQDQFH���KDYH�VKRZQ�PDUNHW�
DQRPDOLHV�WKDW�DUH�QRW�LQ�OLQH�ZLWK�WKH�(0+��6HYHUDO�PDUNHW�DQRPDOLHV��H�J��RYHUUHDFWLQJ�LQYHVWRUV��SULFH�
EXEEOHV�RU�SURILWDELOLW\�RI�WHFKQLFDO�WUDGLQJ��FDQ�EH�H[SODLQHG�E\�DJHQW�EDVHG�PRGHOV�RI�ILQDQFLDO�PDUNHWV���
�
���0RUH�UHDOLVWLF�WUHQGV�LQ�ILQDQFLDO�PDUNHW�WKHRU\�
�

7KHUH� DUH� WKUHH� LPSRUWDQW� WUHQGV� DOORZLQJ� D� PRUH� UHDOLVWLF� DSSURDFK� WR� ILQDQFLDO� PDUNHWV��
EHKDYLRXUDO�ILQDQFH��HYROXWLRQDU\�JDPH�WKHRU\�DQG�PXOWL�DJHQW�PRGHOOLQJ���

:KLOH�PRGHOV�LQ�EHKDYLRXUDO�ILQDQFH�W\SLFDOO\�IRFXV�RQ�WKH�PDQQHU�LQ�ZKLFK�KXPDQ�SV\FKRORJ\�
LQIOXHQFHV� WKH� HFRQRPLF� GHFLVLRQ� PDNLQJ� SURFHVV� DV� DQ� H[SODQDWLRQ� RI� DSSDUHQW� GHSDUWXUHV� IURP�
UDWLRQDOLW\�� HYROXWLRQDU\�JDPH� WKHRU\� VWXGLHV� WKH� HYROXWLRQ�DQG� VWHDG\�VWDWH� HTXLOLEULD�RI�SRSXODWLRQV�RI�
FRPSHWLQJ�VWUDWHJLHV�LQ�KLJKO\�LGHDOL]HG�VHWWLQJV��$V�FRQFHUQLQJ�WKH�PXOWL�DJHQW�PRGHOV��WKHLU�LPSRUWDQFH�
LV� WR� JLYH� XV� D� ULVH� WR� WKH�G\QDPLFV� RI� UHDO�ZRUOG� ILQDQFLDO�PDUNHWV� IURP� WKH� SHUVSHFWLYH� RI� LQWHUDFWLQJ�
DJHQWV��

,Q�DQ�DJHQW�EDVHG�PRGHO� WKH�PDUNHW� LV�DSSURDFKHG�IURP�WKH�ERWWRP�XS��7\SLFDOO\��RQH�VWDUWV�RII�
ZLWK�PRGHOOLQJ�WKH�EHKDYLRXU�DQG�GHFLVLRQ�PDNLQJ�RI�WKH�DJHQWV�DW�WKH�PLFUR�HFRQRPLF�PDUNHW�OHYHO��7KH�
UHVXOWLQJ�GHFLVLRQV��PDUNHW�RUGHUV��RI�WKH�DJHQWV�DUH�FROOHFWHG�DW�WKH�PDFURHFRQRPLF�VLGH�RI�WKH�PDUNHW��
2Q�WKLV�EDVLV��D�VSHFLILF�SULFH�IRUPDWLRQ�PHFKDQLVP�GHWHUPLQHV�WKH�PDUNHW�FOHDULQJ�SULFH��)RU�LQVWDQFH��D�
VR�FDOOHG�PDUNHW�LPSDFW�IXQFWLRQ�FDQ�EH�DSSOLHG�WR�FRPSXWH�D�SULFH�FKDQJH�DV�D�UHVSRQVH�WR�WKH�REVHUYHG�
PDUNHW� H[FHVV�� 5HPDUNDEO\�� PXOWL�DJHQW� PRGHOV� LQFRUSRUDWH� DJHQWV� ZKR� DUH� KHWHURJHQHRXV� LQ� WKHLU�
GHFLVLRQ�EHKDYLRXU�� ,Q� DGGLWLRQ�� WKH�EHKDYLRXU�RI� WKH� DJHQWV� LV� W\SLFDOO\�QRW�FRPSOHWHO\� UDWLRQDO�� ,Q� WKLV�
ZD\�� PXOWL�DJHQW� PRGHOV� DUH� DEOH� WR� FDSWXUH� FRPSOH[� OHDUQLQJ� EHKDYLRXU� DQG� G\QDPLFV� LQ� ILQDQFLDO�
PDUNHWV�XVLQJ�PRUH�UHDOLVWLF�PDUNHWV��VWUDWHJLHV�DQG�LQIRUPDWLRQ�VWUXFWXUHV��
�
���+RPRJHQHRXV�DJHQWV�YV��KHWHURJHQHRXV�LQWHUDFWLQJ�DJHQWV��
�

6WDQGDUG�PDFURHFRQRPLFV�LV�EDVHG�RQ�D�UHGXFWLRQLVW�DSSURDFK�FHQWUHG�RQ�WKH�UHSUHVHQWDWLYH�DJHQW��
,WV� UHGXFWLRQLVP� FRQIRUPV� WR� WKH� 5DWLRQDO� ([SHFWDWLRQ� +\SRWKHVLV� DQG� LPSOLHV� WKDW� DOO� DJHQWV� DUH�
KRPRJHQHRXV� DQG� GR� QRW� LQWHUDFW�� 8QGHU� WKLV� DVVXPSWLRQ�� WKH� G\QDPLFV� RI� WKH� DJJUHJDWH� UHSOLFDWH� WKH�
G\QDPLFV�RI�HOHPHQWV��ZKLFK�DUH�LQ�HTXLOLEULXP�DQG�H[KLELW�RQO\�QRQ�V\VWHPDWLF�GLIIHUHQFHV��QRLVHV���7KH�
RSWLPDO�DJJUHJDWH�VROXWLRQ�FDQ�EH�REWDLQHG�E\�PHDQV�RI�D�VLPSOH�VXPPDWLRQ�RI�WKH�FKRLFHV�PDGH�E\�HDFK�
RSWLPL]LQJ�DJHQW��7KH�VWDQGDUG�WKHRU\�FDQ�QRW�H[SODLQ�QRQ�QRUPDO�GLVWULEXWLRQV��VFDOLQJ�EHKDYLRXU�RU�WKH�
RFFXUUHQFH�RI�ODUJH�DJJUHJDWH�IOXFWXDWLRQV�DV�D�FRQVHTXHQFH�RI�VPDOO�VKRFNV��

2Q�WKH�FRQWUDU\��DGRSWLQJ�D�PHWKRGRORJLFDO�DSSURDFK�EDVHG�RQ�KHWHURJHQHRXV�LQWHUDFWLQJ�DJHQWV�
LPSOLHV� UHMHFWLQJ� WKH� UHGXFWLRQLVW� SDUDGLJP� RI� D� UHSUHVHQWDWLYH� DJHQW�� +HWHURJHQHLW\� PHDQV� WKDW� WKH�
EHKDYLRXU� RI� WKH� DJHQWV� GLIIHUV� LQ� D� JLYHQ� PDUNHW� VLWXDWLRQ�� DV� ZHOO� DV� WKH� GHFLVLRQV� WKH\� PDNH��



�
���

+HWHURJHQHRXV�GHFLVLRQ�PDNLQJ�FDQ�EH� LQWURGXFHG�WR� WKH�DJHQWV
�EHKDYLRXU� LQ� IRXU�GLIIHUHQW�ZD\V��E\�D�
YDU\LQJ� LQIRUPDWLRQ� EDVLV�� E\� GLIIHUHQW� SDUDPHWHU� VHWWLQJV�� E\� PLVFHO�DQHRXV� DJHQW� W\SHV�� E\� DJHQW�
OHDUQLQJ�DQG�HYROXWLRQ���

7KH� KHWHURJHQHLW\� RI� HFRQRPLF� DJHQWV� DQG� WKH� LQWHUDFWLRQ� EHWZHHQ� WKHP� DUH� FDSWXUHG� E\� WKH�
RFFXUUHQFH� RI� VFDOLQJ� SKHQRPHQD� DQG� WKH� VNHZHG�GLVWULEXWLRQ� RI� VHYHUDO� YDULDEOHV�� VXFK�DV� ILUPV¶� VL]H��
JURZWK�UDWHV�HWF��7KLV�DIIHFWV�WKH�FRQFHSW�RI�PDFURHFRQRPLF�HTXLOLEULXP��ZKLFK�GRHV�QRW�UHTXLUH�DQ\�PRUH�
WKDW� HYHU\� DJHQW� LV� LQ� HTXLOLEULXP� �L�H��� GRHV� QRW� GHSHQG� RQ� ³PLFURVFRSLF´� GHWDLOV��� EXW� VWDWV� WKDW� WKH�
VWDELOLW\�LV�UDWKHU�DQ�HPHUJHQW�SURSHUW\�RI�WKH�DJJUHJDWH�DV�D�ZKROH��$�VWDWH�RI�PDFURHFRQRPLF�HTXLOLEULXP�
FDQ� EH� PDLQWDLQHG� E\� D� ODUJH� QXPEHU� RI� WUDQVLWLRQV� LQ� RSSRVLWH� GLUHFWLRQV�� ,I� WKH� V\VWHP� LV� IDU� IURP�
HTXLOLEULXP��VHOI�RUJDQL]LQJ�SKHQRPHQD�PD\�DOVR�RFFXU��2Q�WKH�RWKHU�KDQG��WKH�LPSHUIHFW�LQIRUPDWLRQ�DQG�
WKH� V\VWHPDWLF� LQWHUDFWLRQV� DPRQJ� DJHQWV� PD\� SURGXFH� RXWSXW� IOXFWXDWLRQV�� *HQHUDOO\�� KHWHURJHQHRXV�
GHFLVLRQ�PDNLQJ� LV� UHTXLUHG� WR� DGDSW� WKH� XQGHUO\LQJ�PDUNHW� G\QDPLFV�� ,I� WKH� DJHQWV
� GHFLVLRQV� DUH� WRR�
KRPRJHQHRXV��WKH�PDUNHW�WHQGV�WR�EH�KLJKO\�YRODWLOH��,Q�FRQWUDVW��LI�WKH�DJHQWV�DUH�WRR�KHWHURJHQHRXV��RQH�
PD\�RQO\�REVHUYH�VPDOO�SULFH�PRYHPHQWV��%RWK�FDVHV�GR�QRW�UHIOHFW�UHDO�ZRUOG�EHKDYLRXU��
�
���$VVHW�SULFLQJ�ZLWK�KHWHURJHQHRXV�LQWHUDFWLQJ�DJHQWV�
�

7KH�(0+�DVVXPHV�LGHQWLFDO�LQYHVWRUV�ZKR�VKDUH�UDWLRQDO�H[SHFWDWLRQV�RI�DQ�DVVHW¶V�IXWXUH�SULFH��
DQG�ZKR�LQVWDQWDQHRXVO\�DQG�UDWLRQDOO\�GLVFRXQW�DOO�PDUNHW�LQIRUPDWLRQ�LQWR�WKLV�SULFH��

,Q� UHDOLW\�� WKH� WUDGHUV�PD\�H[KLELW�KHWHURJHQHRXV�EHOLHIV�DERXW�IXWXUH�SULFHV�RI�D� ULVN\�DVVHW� WKDW�
PD\� FRQVLGHUDEO\� GHYLDWH� IURP� IXOO\� UDWLRQDO� H[SHFWDWLRQV�� (VVHQWLDOO\�� WKHUH� DUH� WZR� W\SLFDO� LQYHVWRU�
W\SHV��7KH�ILUVW�W\SH�LV�GHVLJQDWHG�E\�WKH�³IXQGDPHQWDOLVWV´��EHOLHYLQJ�WKDW�SULFHV�ZLOO�PRYH�WRZDUGV�WKHLU�
IXQGDPHQWDO�UDWLRQDO�H[SHFWDWLRQV�YDOXH��DV�JLYHQ�E\�WKH�H[SHFWHG�GLVFRXQWHG�VXP�RI�IXWXUH�GLYLGHQGV��,Q�
FRQWUDVW�� WKH� ³WHFKQLFDO� DQDO\VWV´� �DOVR� FDOOHG� ³FKDUWLVW´�� EHOLHYH� WKDW� DVVHW� SULFHV� DUH� QRW� FRPSOHWHO\�
GHWHUPLQHG� E\� IXQGDPHQWDOV�� EXW� WKDW� WKH\� PD\� EH� SUHGLFWHG� E\� VLPSOH� WHFKQLFDO� WUDGLQJ� UXOHV��
H[WUDSRODWLRQ� RI� WUHQGV� DQG� RWKHU� SDWWHUQV� REVHUYHG� LQ� SDVW� SULFHV�� )LQDQFLDO�PDUNHWV� FDQ� EH� YLHZHG� DV�
FRPSOH[�HYROXWLRQDU\�V\VWHPV�KDYLQJ�LQWHUQDO�G\QDPLFV�LQGXFHG�E\�WKH�WZR�FRPSHWLQJ�WUDGLQJ�VWUDWHJLHV��

$� QXPEHU� RI� UHFHQW� SDSHUV� KDYH� HPSKDVL]HG� WKDW� KHWHURJHQHLW\� LQ� EHOLHIV� PD\� OHDG� WR� PDUNHW�
LQVWDELOLW\� DQG� FRPSOLFDWHG� G\QDPLFV�� VXFK� DV� F\FOHV�RU� HYHQ�FKDRWLF� IOXFWXDWLRQV�� LQ� ILQDQFLDO�PDUNHWV��
$VVHW�SULFH�IOXFWXDWLRQV�DUH�FDXVHG�E\�DQ�HQGRJHQRXV�PHFKDQLVP�UHODWLQJ�WKH�IUDFWLRQ�RI�IXQGDPHQWDOLVWV�
DQG�WHFKQLFDO�DQDO\VWV� WR� WKH�GLVWDQFH�EHWZHHQ�WKH�IXQGDPHQWDO�DQG� WKH�DFWXDO�SULFH��$�ODUJH� IUDFWLRQ�RU�
ZHLJKW�RI�WKH�IXQGDPHQWDOLVWV�WHQGV�WR�VWDELOL]H�SULFHV��ZKHUHDV�D�ODUJH�IUDFWLRQ�RI�WHFKQLFDO�DQDO\VWV�WHQGV�
WR�GHVWDELOL]H�SULFHV���

$VVHW�SULFH�IOXFWXDWLRQV�DUH�FDXVHG�E\�WKH�LQWHUDFWLRQ�EHWZHHQ�WKHVH�VWDELOL]LQJ�DQG�GHVWDELOL]LQJ�
FRPSHWLWRUV�� ([SHULPHQWDO� HYLGHQFHV� VKRZ� WKDW�� XQGHU� WKH� K\SRWKHVLV� RI� KHWHURJHQHRXV� H[SHFWDWLRQV�
DPRQJ� WUDGHUV� WKH� HPHUJLQJ� G\QDPLFV� RI� DVVHW� SULFH� FKDQJHV� GUDPDWLFDOO\�� ZLWK� ELIXUFDWLRQ� URXWHV� WR�
VWUDQJH�DWWUDFWRUV��HVSHFLDOO\�LI�VZLWFKLQJ�WR�PRUH�VXFFHVVIXO�VWUDWHJLHV�EHFRPHV�PRUH�UDSLG��
�
���([SODQDWRU\�FDSDELOLWLHV�RI�PXOWL�DJHQW�PRGHOV��
�

$� UHPDUNDEOH� SURSHUW\� RI� PXOWL�DJHQW� PRGHOV� LV� WKDW� WKH� DUWLILFLDO� WLPH� VHULHV� VKDUH� LPSRUWDQW�
FKDUDFWHULVWLFV� RI� UHDO�ZRUOG� ILQDQFLDO� GDWD�� 7KHVH� VR�FDOOHG� VW\OL]HG� IDFWV� RI� ILQDQFLDO� PDUNHWV� UHVXOW�
HQGRJHQRXVO\�IURP�WKH�LQWHUDFWLRQ�RI�KHWHURJHQHRXV�DJHQWV�ZLWKLQ�WKH�PXOWL�DJHQW�IUDPHZRUN��([DPSOHV�
RI�VW\OL]HG�IDFWV�DUH���

��XQLW�URRW�SURSHUWLHV�RI�PDUNHW�SULFHV��QRQ�VWDWLRQDULW\���
��OHSWRNXUWRWLF�UHWXUQ�GLVWULEXWLRQV���
��YRODWLOLW\�FOXVWHULQJ��TXLHW�DQG�WXUEXOHQW�SHULRGV�RI�YRODWLOLW\�WHQG�WR�FOXVWHU�WRJHWKHU���
�� ORZ� DXWRFRUUHODWLRQ� LQ� WLPH� VHULHV� RI� UHWXUQV� WRJHWKHU� ZLWK� ORQJ�WHUP� KLJK� DXWRFRUUHODWLRQ� LQ�

VHULHV�RI�UHWXUQ�YRODWLOLW\��OLQHDU�GHSHQGHQFLHV�ZLWKLQ�WKH�DQDO\]HG�WLPH�VHULHV��
�� FRPSOH[LW\� �HYLGHQFH� RI� QRQ�OLQHDULW\� ZLWKRXW� WKH� SUHVHQFH� RI� D� ORZ�GLPHQVLRQDO� FKDRWLF�

DWWUDFWRU���
�



�
���

6HYHUDO� UHVHDUFKHUV� SRLQWHG� RXW� WKDW� PXOWL�DJHQW� PRGHOV� FDQ� H[KLELW� VW\OL]HG� IDFWV� RI� ILQDQFLDO�
PDUNHWV��

7KH�ILQDQFLDO�PDUNHW�PRGHO�RI�/X[��������LQFRUSRUDWHV�WZR�JURXSV�RI�WUDGHUV��
QRLVH�WUDGHUV
�DQG�

IXQGDPHQWDOLVWV
��7KH�GHFLVLRQ�PDNLQJ�RI� WKH�QRLVH� WUDGHUV� LV�EDVHG�RQ�KLVWRULFDO�SULFH�SDWWHUQV�DQG� WKH�
PDMRULW\�RSLQLRQ�RI�WKH�PDUNHW��EHKDYLRXU�RI�RWKHU�DJHQWV���7KH�SRSXODWLRQ�RI�QRLVH�WUDGHUV�LV�GLYLGHG�LQWR�
RSWLPLVWV� RU� SHVVLPLVWV�� 2SWLPLVWV� EHOLHYH� LQ� XSZDUGLQJ� PDUNHW� WUHQGV�� ZKLOH� SHVVLPLVWV� DQWLFLSDWH�
GHFOLQLQJ�PDUNHW�SULFHV��)XQGDPHQWDOLVWV�H[SHFW�WKDW�WKH�PDUNHW�SULFH�KDV�DQ�LQKHUHQW�WHQGHQF\�WR�IROORZ�
WKH�IXQGDPHQWDO�YDOXH�RI�WKH�DVVHW��,I�WKH�DFWXDO�PDUNHW�SULFH�LV�DERYH��EHORZ��WKH�HVWLPDWHG�IXQGDPHQWDO�
YDOXH��D�IXQGDPHQWDOLVW�VHOOV��EX\V��WKH�DVVHW��$V�D�UHPDUNDEOH�SURSHUW\��WKH�DJHQWV�DUH�DOORZHG�WR�VZLWFK�
EHWZHHQ� WKH� GLIIHUHQW� JURXSV�� L�H�� D� SHVVLPLVWLF� QRLVH� WUDGHU� PD\� EHFRPH� D� IXQGDPHQWDOLVW�� (DFK� WLPH�
SHULRG��WKH�DJHQWV�VXEPLW�WKHLU�EX\LQJ�DQG�VHOOLQJ�RUGHUV�WR�WKH�PDUNHW��$GMXVWPHQWV�RI�WKH�PDUNHW�SULFH�
DUH�SHUIRUPHG�E\�D�PDUNHW�PDNHU�LQ�RUGHU�WR�DEVRUE�XQEDODQFHV�RI�GHPDQG�DQG�VXSSO\��7KH�DJHQW�EDVHG�
PRGHO� RI� /X[� ������� JHQHUDWHV� DOO� RI� WKH� PHQWLRQHG� VW\OL]HG� IDFWV� RI� ILQDQFLDO� PDUNHWV� HQGRJHQRXVO\�
WKURXJK� WKH� LQWHUDFWLRQ� RI� WKH� DJHQWV�� )RU� LQVWDQFH�� /X[� DQG�0DUFKHVL� ������� DUJXH� WKDW� WKH� VRXUFH� RI�
YRODWLOLW\�FOXVWHULQJ�DQG�OHSWRNXUWRWLF�UHWXUQ�GLVWULEXWLRQ�LV�WKH�VZLWFKLQJ�RI�DJHQWV�EHWZHHQ�WKH�SRSXODWLRQ�
RI� FKDUWLVWV� DQG� IXQGDPHQWDOLVWV�� 7KH� NH\� IHDWXUH� IRU� WKH� VWDELOLW\� RI� WKH� PDUNHW� G\QDPLFV� LV� WKH�
GHYHORSPHQW�RI�WKH�QRLVH�WUDGHU�SRSXODWLRQ��0DUNHW�WXUEXOHQFHV�HPHUJH�ZKHQ�WKH�SRUWLRQ�RI�QRLVH�WUDGHUV�
LV� FORVH� WR� D� FULWLFDO� YDOXH�� +RZHYHU�� WKH�PDUNHW� G\QDPLFV� KDV� D� JOREDOO\� VWDEOH� HTXLOLEULXP� LQ� ZKLFK�
PDUNHW�SULFHV�WUDFN�IXQGDPHQWDO�YDOXHV��

)DUPHU� ������� LQYHVWLJDWHV� D� ILQDQFLDO� PDUNHW� LQ� ZKLFK� WKH� SULFH� G\QDPLFV� LV� FDXVHG� E\� WKH�
LQWHUDFWLRQ� EHWZHHQ� µYDOXH� LQYHVWRUV
� DQG� 
WUHQG� IROORZHUV
��9DOXH� LQYHVWRUV� FRPSDUH� WKH� FXUUHQW�PDUNHW�
SULFH� WR� WKH� IXQGDPHQWDO� YDOXH� RI� WKH� DVVHW�� ZKLOH� WUHQG� IROORZHUV� UHO\� RQ� WHFKQLFDO� WUDGLQJ� UXOHV�� 7KH�
EHKDYLRXU�RI�HDFK�DJHQW�LV�GHVFULEHG�E\�D�VLQJOH�WUDGLQJ�UXOH��$�PDUNHW�PDNHU�FROOHFWV�WKH�RUGHUV�RI�WKH�
DJHQWV�DQG�EDODQFHV�GHPDQG�DQG�VXSSO\�E\�DGMXVWLQJ�WKH�PDUNHW�SULFH�OHYHO��7KH�LQWHUDFWLRQ�EHWZHHQ�YDOXH�
LQYHVWLQJ� DQG� WUHQG� IROORZLQJ� DJHQWV� JLYHV� ULVH� WR� FRPPRQO\� REVHUYHG� PDUNHW� SKHQRPHQD� VXFK� DV�
OHSWRNXUWRWLF�GLVWULEXWLRQV�RI�ORJ�UHWXUQV��FRUUHODWHG�YROXPH�DQG�YRODWLOLW\�DQG�WHPSRUDO�RVFLOODWLRQV�LQ�WKH�
GLIIHUHQFH�EHWZHHQ�SULFHV�DQG�YDOXHV��

7KH�SKHQRPHQRQ�RI�YRODWLOLW\�FOXVWHULQJ�KDV�EHHQ� LQWHQVLYHO\�VWXGLHG�E\�PDQ\� UHVHDUFKHUV�� ,W� LV�
IUHTXHQWO\�REVHUYHG�LQ�VRPH�HFRQRPLF�WLPH�VHULHV��VXFK�DV�VWRFN�UHWXUQV�DQG�H[FKDQJH�UDWHV�DQG�VHHPV�WR�
EH�ZHOO�H[SODLQHG�E\�WKH�EHKDYLRXU�DQG�LQWHUDFWLRQ�EHWZHHQ�DJHQWV��

:KHUHDV�FKDQJHV� LQ�DVVHW�SULFHV� WKHPVHOYHV�DSSHDU� WR�EH�XQSUHGLFWDEOH�� WKH�PDJQLWXGH�RI� WKRVH�
FKDQJHV�VHHPV� WR�EH�SUHGLFWDEOH� LQ� WKH�VHQVH� WKDW� ODUJH�FKDQJHV� WHQG�WR�EH�IROORZHG�E\� ODUJH�FKDQJHV� ��
HLWKHU� SRVLWLYH� RU� QHJDWLYH� �� DQG� VPDOO� FKDQJHV� WHQG� WR� EH� IROORZHG� E\� VPDOO� FKDQJHV�� $VVHW� SULFH�
IOXFWXDWLRQV� DUH� WKXV� FKDUDFWHUL]HG� E\� HSLVRGHV� RI� KLJK� YRODWLOLW\�� ZLWK� ODUJH� SULFH� FKDQJHV�� LUUHJXODUO\�
LQWHUFKDQJHG�E\�HSLVRGHV�RI�ORZ�YRODWLOLW\��ZLWK�VPDOO�SULFH�FKDQJHV��8VLQJ�HFRQRPHWULF�PRGHOOLQJ�RI�WLPH�
VHULHV� SURFHVVLQJ� VXFK� DV� DXWRUHJUHVVLYH� FRQGLWLRQDO� KHWHURVNHGDVWLF� �$5&+�� PRGHOV� DQG� WKHLU�
JHQHUDOL]DWLRQ�WR�*$5&+�PRGHOV��YRODWLOLW\�FOXVWHULQJ�KDV�EHHQ�VKRZQ�WR�EH�SUHVHQW�LQ�D�ZLGH�YDULHW\�RI�
ILQDQFLDO�DVVHWV�LQFOXGLQJ�VWRFNV��PDUNHW�LQGLFHV�DQG�H[FKDQJH�UDWHV���

$�VWUXFWXUDO�H[SODQDWLRQ�RI�WKH�SKHQRPHQRQ�RI�YRODWLOLW\�FOXVWHULQJ�KDV�EHHQ�RIIHUHG�PRUH�UHFHQWO\�
E\�$UWKXU� HW� DO�� ��������%URFN�DQG�+RPPHV� ��������������)DUPHU� ��������*DXQHUVGRUIHU�DQG�+RPPHV�
��������/H%DURQ���������/H%DURQ�HW�DO����������/X[��������DQG�/X[�DQG�0DUFKHVL������D�E��XVLQJ�PXOWL�
DJHQW�PRGHOV��ZKHUH� ILQDQFLDO�PDUNHWV� DUH� YLHZHG�DV� FRPSOH[� HYROXWLRQDU\� V\VWHPV��7KHVH� UHVHDUFKHUV�
KDYH�VKRZQ�WKDW�YRODWLOLW\�FOXVWHULQJ�RFFXUV�DV�DQ�HQGRJHQRXV�SKHQRPHQRQ�FKDUDFWHUL]HG�E\�LQWHUPLWWHQF\�
DQG�FRH[LVWHQFH�RI�DWWUDFWRUV���

6RPH� RWKHU�PDUNHW� SKHQRPHQD� WKDW� VHHP� WR� FRQWUDGLFW� WKH� VWURQJ� IRUP� RI� WKH� HIILFLHQW�PDUNHW�
K\SRWKHVLV�PD\�EH�SRLQWHG�RXW��0DUNHW�DQRPDOLHV�OLNH�WKH�SURILWDELOLW\�RI�WHFKQLFDO�WUDGLQJ�RU�LQYHVWPHQW�
VWUDWHJLHV�WKDW�SURGXFH�H[FHVV�UHWXUQV�DUH�GLIILFXOW�WR�H[SODLQ�E\�WUDGLWLRQDO�HFRQRPLF�WKHRULHV��$V�ZH�ZLOO�
VKRZ��PXOWL�DJHQW�PRGHOV�WU\�WR�H[SODLQ�WKH�REVHUYHG�PDUNHW�DQRPDOLHV�IURP�WKH�YLHZSRLQW�RI�LQWHUDFWLQJ�
DJHQWV���

�



�
���

�
)LJXUH����([DPSOH�RI�YRODWLOLW\�FOXVWHULQJ�LQ�WKH�WLPH�VHULHV�RI�GDLO\�UHWXUQV���
TXLHW�DQG�WXUEXOHQW�SHULRGV�RI�YRODWLOLW\�WHQG�WR�FOXVWHU�WRJHWKHU��
�
�

���6RPH�H[DPSOHV�RI�H[SODQDWRU\�PXOWL�DJHQW�PRGHOV�
�

'H�OD�0D]D�DQG�<XUHW��������SUHVHQW�D�VWRFN�PDUNHW�VLPXODWLRQ�RQ�WKH�EDVLV�RI�JHQHWLF�DOJRULWKPV��
7KH�DJHQWV�UHIHU�WR�WUDGLQJ�VWUDWHJLHV��ZKLFK�DUH�PRGLILHG�DQG�LPSURYHG�RQ�WKH�EDVLV�RI�JHQHWLF�DOJRULWKPV��
(DFK�DJHQW�FRPSXWHV�D�IDLU�SULFH�IRU�WKH�VWRFN�RQ�WKH�EDVLV�RI�KLVWRULFDO�SULFH�SDWWHUQV�DQG�VXEPLWV�KLV�SULFH�
H[SHFWDWLRQ� WR� WKH�PDUNHW�� 7KH�PDUNHW� HTXLOLEULXP� SULFH� LV� WKH�PHGLDQ� RI� WKH� IDLU� SULFHV�� $JHQWV� ZKR�
HVWLPDWHG�D�IDLU�SULFH�DERYH��EHORZ��WKH�HTXLOLEULXP�SULFH�EX\��VHOO��RQH�VKDUH�DW�WKH�HTXLOLEULXP�SULFH��,Q�
WKHLU� H[SHULPHQWV� WKH� DXWKRUV� GLVFRYHUHG� WKDW� �XQGHU� FHUWDLQ� FRQGLWLRQV�� VRPH� PDUNHW� SDUWLFLSDQWV� FDQ�
PDNH�FRQVLVWHQW�SURILWV�RYHU�DQ�H[WHQGHG�SHULRG�RI�WLPH���7KLV�UHVXOW��PLJKW�H[SODLQ�WKH�VXFFHVV�RI�VRPH�
UHDO�ZRUOG�PRQH\�PDQDJHUV����

%DN��3DF]XVNL�DQG�6KXELN��������FRQVWUXFW�DQ�DUWLILFLDO�VWRFN�PDUNHW��ZKLFK� LQFRUSRUDWHV�DJHQWV�
ZLWK�LPLWDWLQJ�EHKDYLRXU��7KHUH�DUH�WZR�W\SHV�RI�DJHQWV��
QRLVH�WUDGHUV
�DQG�
UDWLRQDO�DJHQWV
��1RLVH�WUDGHUV�
FRQVLGHU� KLVWRULFDO� SULFH� SDWWHUQV� DQG� PD\� DOVR� LPLWDWH� WKH� EHKDYLRXU� RI� RWKHU� DJHQWV�� 5DWLRQDO� WUDGHUV�
RSWLPL]H�WKHLU�XWLOLW\�IXQFWLRQV�RQ�WKH�EDVLV�RI�D�IXQGDPHQWDO�DQDO\VLV�RI�WKH�WUDGHG�VWRFN��7KH�LQWHUDFWLRQ�
EHWZHHQ� DJHQWV� FDXVHV� PDUNHW� SULFH� VHULHV� WKDW� KDYH� WKH� VDPH� VWDWLVWLFDO� SURSHUWLHV� �H�� J�� YRODWLOLW\�
FOXVWHULQJ� RU� IDW�WDLOHG� UHWXUQ� GLVWULEXWLRQV�� DV� WKH� HPSLULFDO� REVHUYDWLRQV��$QRWKHU�PDMRU� UHVXOW� LV�� WKDW�
�ZKHQ�WKH�UHODWLYH�QXPEHU�RI�UDWLRQDO�WUDGHUV�LV�VPDOO��
EXEEOHV
�RIWHQ�RFFXU��ZKHUH�WKH�PDUNHW�SULFH�PRYHV�
RXWVLGH�WKH�UDQJH�MXVWLILHG�E\�IXQGDPHQWDO�PDUNHW�DQDO\VLV���,Q�RWKHU�ZRUGV��WKH�LPLWDWLYH�EHKDYLRXU�RI�WKH�
DJHQWV�FDQ�EH�VHHQ�DV�DQ�H[SODQDWLRQ�IRU�WHPSRUDU\�GHYLDWLRQV�EHWZHHQ�PDUNHW�SULFHV�DQG�WKH�XQGHUO\LQJ�
IXQGDPHQWDO�YDOXH���

$Q�H[SODQDWLRQ�IRU�WKH�SURILWDELOLW\�RI�WHFKQLFDO�WUDGLQJ�UXOHV�LV�SURYLGHG�E\�WKH�DJHQW�EDVHG�VWRFN�
PDUNHW�PRGHO�RI�-RVKL��3DUNHU�DQG�%HGDX���������%DVHG�RQ�WKH�6DQWD�)H�DUWLILFLDO�VWRFN�PDUNHW�WKH�DXWKRUV�
VKRZ�WKDW��ZLGHVSUHDG�WHFKQLFDO�WUDGLQJ�FDQ�DULVH�GXH�WR�D�PXOWL�SHUVRQ�SULVRQHUV
�GLOHPPD�LQ�ZKLFK�WKH�
LQFOXVLRQ�RI�WHFKQLFDO�WUDGLQJ�UXOHV�WR�D�VLQJOH�DJHQW
V�UHSHUWRLUH�RI�UXOHV�LV�D�GRPLQDQW�VWUDWHJ\���

&KHQ�HW�DO�� �������VWXG\�DQ�DUWLILFLDO�VWRFN�PDUNHW�UHVWLQJ�RQ�DQ�HYROYLQJ�DJHQW�SRSXODWLRQ��7KH�
XQGHUO\LQJ�OHDUQLQJ�PHFKDQLVP�RI�WKH�DJHQWV�LV�EDVHG�RQ�JHQHWLF�SURJUDPPLQJ��$V�D�PDMRU�UHVXOW�RI�WKH�
PXOWL�DJHQW�PRGHO��WKH�DXWKRUV�ILQG�WKDW�WKH�DUWLILFLDO�SULFH�VHULHV�IROORZV�D�UDQGRP�ZDON�SURFHVV��,QVRIDU��
WKH� VWURQJ� IRUP� RI� WKH� HIILFLHQW� PDUNHW� K\SRWKHVLV� LV� VXSSRUWHG�� ,QWHUHVWLQJO\�� WKH� UDQGRP� SULFH�
IOXFWXDWLRQV�DUH�JHQHUDWHG�E\�WKH�LQWHUDFWLRQ�RI�DJHQWV�ZKR�GR�QRW�EHOLHYH�LQ�PDUNHW�HIILFLHQF\��+RZHYHU��
WKH�H[SHULPHQWDO�UHVXOWV�RI�WKH�DXWKRUV�DOVR�LQGLFDWH��WKDW�VRPH�DJHQWV�DUH�DEOH�WR�RXWSHUIRUP�WKH�PDUNHW�RQ�
D�VKRUW�WHUP�WLPH�VFDOH��7KLV�ILQGLQJ�FDQ�EH�VHHQ�DV�DQ�HYLGHQFH�RI�VKRUW�WHUP�PDUNHW�DQRPDOLHV���



�
���

$V�LW�FDQ�EH�VHHQ�IURP�WKHVH�H[DPSOHV��DJHQW�EDVHG�PRGHOV�SURYLGH�DQ�H[SHULPHQWDO� IUDPHZRUN�
IRU� VWXG\LQJ� YDULRXV� PDUNHW� DQRPDOLHV� DQG� VW\OL]HG� IDFWV� RI� UHDO�ZRUOG� ILQDQFLDO� PDUNHWV�� 0XOWL�DJHQW�
PRGHOV�SURYLGH�QHZ�H[SODQDWLRQV�RI�REVHUYHG�PDUNHW�DQRPDOLHV��ZKLFK�DUH�QRW�FRYHUHG�E\�WKH�WKHRU\�RI�
HIILFLHQW� PDUNHWV� RU� WKH� UHODWHG� WKHRU\� RI� UDWLRQDO� H[SHFWDWLRQV�� )URP� WKLV� SRLQW� RI� YLHZ�� DJHQW�EDVHG�
PDUNHWV�VXSSOHPHQW�VWDQGDUG�HFRQRPLF�WKHRU\�DQG�SURYLGH�GHHSHU�LQVLJKWV�LQ�WKH�G\QDPLFV�RI�UHDO�ZRUOG�
ILQDQFLDO�PDUNHWV���

�
���0LFURHFRQRPLF�DVSHFWV�RI�PXOWL�DJHQW�PRGHO�EXLOGLQJ��
�

7KHUH�DUH�PDQ\�GHVLJQ�LVVXHV�RI�PXOWL�DJHQW�PRGHOOLQJ�DSSURDFK��
7KH�ILUVW�GHVLJQ�LVVXH�DGGUHVVHV�WKH�GHFLVLRQ�PDNLQJ�SURFHVVHV�RI�WKH�DJHQWV��,Q�JHQHUDO��RQH�PD\�

GLVWLQJXLVK� EHWZHHQ� 
UXOH�EDVHG
� DQG� 
IRUHFDVWLQJ
� DJHQWV�� 7KH� GHFLVLRQ� PDNLQJ� RI� UXOH�EDVHG� DJHQWV� LV�
JXLGHG� E\� D� VSHFLILF� KDUG�ZLUHG� RU� G\QDPLFDO� WUDGLQJ� VWUDWHJ\� �UXOH��� )RUHFDVWLQJ� DJHQWV� GHGXFH� WKHLU�
GHFLVLRQV� IURP� D� VSHFLILF� SUHGLFWLRQ�PRGHO�� $V� DGGLWLRQDO� WRSLFV� RI� WKH� DJHQWV
� GHFLVLRQ�PDNLQJ�� LQWHU�
WHPSRUDO� GHFLVLRQ�PDNLQJ� VFKHPHV� DQG� FRQWDJLRXV� GHFLVLRQ�PDNLQJ� �LPLWDWLYH� EHKDYLRXU�� FDQ� EH� WDNHQ�
LQWR�DFFRXQW���

7KH�VHFRQG�GHVLJQ� LVVXH�GHDOV�ZLWK�REMHFWLYH� IXQFWLRQV�ZKLFK�JXLGH� WKH�GHFLVLRQ�PDNLQJ�RI� WKH�
DJHQWV��7KH�XQGHUO\LQJ�DVVXPSWLRQ�LV�WKDW�WKH�GHFLVLRQ�PDNLQJ�RI�UDWLRQDO�DJHQWV�LV�DOZD\V�JRDO�RULHQWHG��
7KLV�PHDQV�WKDW�WKH�DJHQWV�DOZD\V�SHUIRUP�WKHLU�DFWLRQV�LQ�DFFRUGDQFH�ZLWK�D�VSHFLILF�REMHFWLYH�IXQFWLRQ��
H��J��SURILW�RU�XWLOLW\�PD[LPL]DWLRQ���

7KH� WKLUG� LVVXH� DGGUHVVHV� WKH� WRSLF� RI� KHWHURJHQHLW\�� ZKLFK� LV� VWURQJO\� UHODWHG� WR� WKH� GHFLVLRQ�
PDNLQJ�RI�WKH�DJHQWV��,Q�D�ILUVW�VKRW��KHWHURJHQHRXV�GHFLVLRQ�PDNLQJ�LV�HVVHQWLDO�IRU�WKH�PRGHOOLQJ�RI�WKH�
PDUNHW�G\QDPLFV��,I�WKH�DJHQWV�EHKDYH�WRR�KRPRJHQHRXV��WKH�PDUNHW�RIWHQ�WHQGV�WR�EH�KLJKO\�YRODWLOH��2Q�
WKH�RWKHU�KDQG��WRR�KHWHURJHQHRXV�DJHQWV�PD\�FDXVH�D�VWDWLRQDU\�PDUNHW��ZKLFK�OLNHZLVH�GRHV�QRW�UHIOHFW�
UHDO�ZRUOG�EHKDYLRXU���

7KH� IRXUWK� GHVLJQ� LVVXH�FRQVLGHUV� WKH�ZD\� DJHQWV� OHDUQ� DQG� HYROYH� WKHLU� WUDGLQJ� VWUDWHJLHV� RYHU�
WLPH��)RU�LQVWDQFH��RQH�PD\�VWDUW�RII�ZLWK�QDLYH�DJHQWV�WKDW�UHO\�RQ�VLPSOH�WUDGLQJ�UXOHV��'XULQJ�WKH�PDUNHW�
SURFHVV��WKH�DJHQWV�OHDUQ�DQG�PD\�GHYHORS�DGYDQFHG�WUDGLQJ�VWUDWHJLHV��

�
���� 7KH�GHFLVLRQ�PDNLQJ�SURFHVV��

7KH� GHFLVLRQ�PDNLQJ� VFKHPHV� RI� WKH� DJHQWV�PD\� HLWKHU� KDYH� WKH� VDPH� VWUXFWXUH� RU�PD\� GLIIHU�
VRPHZKDW�ZLWKLQ� WKH� WRWDO�SRSXODWLRQ��7KLV� OHDGV� WR�VR�FDOOHG�KRPRJHQHRXV�DQG�KHWHURJHQHRXV�GHFLVLRQ�
PDNLQJ�VFKHPHV���

7KH�PXOWL�DJHQW�PRGHO�RI�*RGH�DQG�6XQGHU�������� LV�SUREDEO\�RQH�RI�WKH�VLPSOHVW�H[DPSOHV�RI�
KRPRJHQHRXV� GHFLVLRQ� PDNLQJ� SURFHVVHV�� 7KH� GHFLVLRQ� PDNLQJ� RI� WKH� 
]HUR�LQWHOOLJHQFH
� WUDGHUV� LV�
FRPSOHWHO\�UDQGRP��(DFK�DJHQW�GUDZV�KLV�EX\LQJ�DQG�VHOOLQJ�GHFLVLRQV�IURP�D�UDQGRP�GLVWULEXWLRQ�RYHU�D�
SUHGHILQHG�UDQJH��$QRWKHU�H[DPSOH�RI�DJHQWV�ZLWK�KRPRJHQHRXV�GHFLVLRQ�PDNLQJ�VFKHPHV�FDQ�EH�IRXQG�
LQ�/HY\�HW�DO����������+HUH��DOO�DJHQWV�DUH�HQGRZHG�ZLWK�WKH�VDPH�VWUXFWXUDO�W\SH�RI�XWLOLW\�IXQFWLRQ�DQG�
UHO\�RQ�LGHQWLFDO�GHFLVLRQ�PDNLQJ�VFKHPHV��7KLV�GHVLJQ�DVVXPHV�WKDW�DOO�DJHQWV�KDYH�FRQVWDQW�DEVROXWH�ULVN�
DYHUVLRQ�SUHIHUHQFHV��$�PRUH�VRSKLVWLFDWHG�H[DPSOH�RI�KRPRJHQHRXV�GHFLVLRQ�PDNLQJ�SURFHVVHV�LV�JLYHQ�
LQ�WKH�6DQWD�)H�DUWLILFLDO�VWRFN�PDUNHW��+HUH��HDFK�DJHQW�LV�EDVLFDOO\�FRPSRVHG�RI�D�VHW�RI�IRUHFDVWLQJ�UXOHV���

7KH� PRVW� FRPPRQ� ZD\� RI� PRGHOOLQJ� KHWHURJHQHRXV� GHFLVLRQ� PDNLQJ� VFKHPHV� LV� WR� LQWURGXFH�
VSHFLILF�W\SHV�RI�DJHQWV�ZLWKLQ�WKH�SRSXODWLRQ��(DFK�W\SH�LV�FKDUDFWHUL]HG�E\�D�GLIIHUHQW�GHFLVLRQ�PDNLQJ�
SURFHVV�RU�WUDGLQJ�VWUDWHJ\��([DPSOHV�RI�KHWHURJHQHRXV�GHFLVLRQ�PDNLQJ�VFKHPHV�FDQ�EH�IRXQG�LQ�%DN�HW�
DO����������&KLDUHOOD�HW�DO����������6WHLJOLW]���������)DUPHU���������RU�/X[����������

0RVW�RI� WKHVH�SDSHUV� LQWURGXFH� WZR�W\SHV�RI�DJHQWV��FKDUWLVWV�DQG�IXQGDPHQWDOLVWV��7KH�GHFLVLRQ�
PDNLQJ�RI�WKHVH�DJHQW�W\SHV�LV�GLIIHUHQW��:KLOH�FKDUWLVWV�RQO\�FRQFHUQ�KLVWRULFDO�SULFH�SDWWHUQV�DQG�UHODWHG�
WHFKQLFDO�LQGLFDWRUV��IXQGDPHQWDOLVWV�FRPSDUH�WKH�DFWXDO�PDUNHW�SULFH�WR�DQ�H[SHFWDWLRQ�RI�WKH�XQGHUO\LQJ�
IXQGDPHQWDO�YDOXH�LQ�RUGHU�WR�FRPH�WR�D�GHFLVLRQ���

5HPDUNDEO\�� WKH�VL]H�RI� WKH�VXE�SRSXODWLRQ�FDQ�HLWKHU�EH�IL[HG�RU�PD\�FKDQJH�RYHU� WLPH��)L[HG�
VXE�SRSXODWLRQV�DUH�XVHG�LQ�)DUPHU���������ZKHUHDV�/X[��������DOORZ�WKH�DJHQWV� WR�VZLWFK�EHWZHHQ�WKH�



�
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GLIIHUHQW�WUDGLQJ�VWUDWHJLHV��1RWH��WKDW�GLIIHUHQW�VWUXFWXUDO�GHVLJQ�RI�WKH�DJHQWV¶�GHFLVLRQ�PDNLQJ�VFKHPHV�
DUH�DOVR�DQ�LPSRUWDQW�VRXUFH�RI�KHWHURJHQHLW\��

$V�IDU�DV�WKH�FRQFUHWH�GHVLJQ�RI�WKH�DJHQWV
�GHFLVLRQ�PDNLQJ�VFKHPHV�LV�FRQFHUQHG��WKH�SULQFLSDO�
WDVN�RI�DQ�HFRQRPLF�DJHQW�LV�WR�SURFHVV�LQIRUPDWLRQ�DQG�FRQYHUW�WKLV�LQWR�EX\LQJ�DQG�VHOOLQJ�GHFLVLRQV��$�
VLPSOH� GHFLVLRQ�PDNLQJ� SURFHVV� W\SLFDOO\� LQFRUSRUDWHV� WKUHH� VWDJHV�� WKH� SURFHVVLQJ� RI� LQIRUPDWLRQ�� WKH�
IRUPXODWLRQ�RI�D�VXSHUSRVLWLRQ�RI�LQIRUPDWLRQ��WKH�JHQHUDWLRQ�RI�D�WUDGLQJ�GHFLVLRQ�RQ�WKH�ODWWHU�EDVLV��

7KHUH�DUH�WZR�PDMRU�JURXSV�RI�DJHQWV�ZLWK�UHVSHFW�WR�WKH�GHFLVLRQ�PDNLQJ�SURFHVV��
7KH� VR�FDOOHG� 
UXOH�EDVHG
� DJHQWV� GHFLGH� WKH� DFWLRQV� GLUHFWO\� IURP� WKHLU� LQIRUPDWLRQ� VHW�� 7KH�

GHFLVLRQ� PDNLQJ� SURFHVV� FDQ� EH� UHSUHVHQWHG� E\� D� VLQJOH� WUDGLQJ� UXOH� RU�� DOWHUQDWLYHO\�� E\� D� V\VWHP� RI�
WUDGLQJ�UXOHV���

7KH�
IRUHFDVWLQJ
�DJHQWV�XVH�WKHLU�LQIRUPDWLRQ�VHW�WR�IRUHFDVW�D�YDULDEOH�ZKLFK�LV�WKHQ�SURFHVVHG�E\�
H[RJHQRXV�UXOHV��$�IRUHFDVW�PHWKRG�LV�LQFRUSRUDWHG�LQ�WKH�PXOWL�DJHQW�PRGHO��'XULQJ�WKH�GHFLVLRQ�PDNLQJ�
SURFHVV��WUDGLQJ�GHFLVLRQV�DUH�GHULYHG�IURP�IRUHFDVWV���
�

���� 5XOH�EDVHG�PRGHOV�

7KH� WUDGLQJ� UXOHV� FDQ� EH� FODVVLILHG� DFFRUGLQJ� WR� WKH� VRUW� RI� LQSXW� LQIRUPDWLRQ�� 7\SLFDOO\�� RQH�
GLVWLQJXLVKHV�EHWZHHQ�
WHFKQLFDO
�DQG�
IXQGDPHQWDO
�LQSXW�LQIRUPDWLRQ���

6WUDWHJLHV� WKDW� UHO\� RQ� KLVWRULFDO� SULFH� SDWWHUQV� DUH� FDOOHG� WHFKQLFDO� WUDGLQJ� UXOHV�� $� FRPPRQ�
H[DPSOH� RI� D� WHFKQLFDO� WUDGLQJ� UXOH� LV� D� WUHQG� IROORZLQJ� VWUDWHJ\��ZKLFK� WULHV� WR� LGHQWLI\�PDUNHW� WUHQGV��
5HPDUNDEO\��WKH�ORQJ�DQG�VKRUW�SRVLWLRQV�RI�D�WUHQG�IROORZLQJ�DJHQW�VKRZ�D�SRVLWLYH�FRUUHODWLRQ�ZLWK�WKH�
PRVW�UHFHQW�PDUNHW�SULFH�FKDQJHV���

,Q�FRQWUDVW� WR� WHFKQLFDO� UXOHV�� IXQGDPHQWDO� �RU�VR�FDOOHG� 
YDOXH
�� VWUDWHJLHV�DUH�EDVHG�RQ�H[WHUQDO�
LQIRUPDWLRQ�OHDGLQJ�WR�D�VXEMHFWLYH�DVVHVVPHQW�RI�WKH�ORQJ�WHUP�IXQGDPHQWDO�YDOXH��7KH�HVWLPDWLRQ�RI�WKH�
IXQGDPHQWDO� YDOXH� LV� W\SLFDOO\� EDVHG� RQ� IXQGDPHQWDO� GDWD� OLNH� HDUQLQJV� RU� GLYLGHQG� SURVSHFWV�� 7KH�
XQGHUO\LQJ�DVVXPSWLRQ�RI�D� IXQGDPHQWDO� WUDGLQJ� UXOH� LV� WKDW� WKH�PDUNHW�SULFH�KDV�D� VSHFLILF� WHQGHQF\� WR�
UHYHUW�WR�WKH�IXQGDPHQWDO�YDOXH��9DOXH�LQYHVWRUV�FRPSDUH�WKH�IXQGDPHQWDO�YDOXH�WR�WKH�DFWXDO�PDUNHW�SULFH��
,I� WKH� IXQGDPHQWDO� YDOXH� LV� ORZHU� �KLJKHU�� WKDQ� WKH� PDUNHW� SULFH�� YDOXH� LQYHVWRUV� WDNH� D� ORQJ� �VKRUW��
SRVLWLRQ�� )RU� VLPSOLFLW\�� VRPH� PXOWL�DJHQW� PRGHOV� DVVXPH� WKDW� WKH� IXQGDPHQWDO� YDOXH� LV� H[RJHQRXVO\�
JLYHQ��&KDQJHV�LQ�WKH�IXQGDPHQWDO�YDOXH�DUH�LQWURGXFHG�E\�D�UDQGRP�QRLVH�WHUP��

:LWKLQ� WKH�FODVV�RI� UXOH�EDVHG�DJHQWV�RQH�FDQ�GLVWLQJXLVK�EHWZHHQ�VWDWLF�DQG�G\QDPLF� UXOH�VHWV��
$JHQWV�UHO\LQJ�RQ�VWDWLF�UXOHV�FDQQRW�DGDSW�WKHLU�WUDGLQJ�VWUDWHJLHV�WR�FKDQJLQJ�PDUNHW�VLWXDWLRQV��L�H��WKH�
UXOHV�DUH�IL[HG�RYHU�WLPH��$Q�H[DPSOH�RI�UXOH�EDVHG�DJHQWV�LQFRUSRUDWLQJ�VWDWLF�UXOHV�LV�WKH�PRGHO�RI�*RGH�
DQG�6XQGHU���������

%\�FRQWUDU\��DJHQWV� LQFRUSRUDWLQJ�G\QDPLF�UXOHV�DUH�DEOH� WR�PRGLI\� WKHLU�UXOHV�LQ�RUGHU� WR�DGDSW�
WKHPVHOYHV�WR�FKDQJLQJ�PDUNHW�FRQGLWLRQV��,Q�WKLV�FDVH��WKH�G\QDPLF�UXOH�VHW�LV�W\SLFDOO\�HYROYHG�E\�D�IRUP�
RI�UHYROXWLRQDU\�OHDUQLQJ��$JHQWV�ZKR�DUH�HQGRZHG�ZLWK�D�VHW�RI�G\QDPLF�WUDGLQJ�UXOHV�FDQ�EH�IRXQG�LQ�WKH�
6DQWD�)H�DUWLILFLDO�VWRFN�PDUNHW��7KH�DJHQWV�LQ�WKH�6DQWD�)H�DUWLILFLDO�VWRFN�PDUNHW�UHIHU�WR�D�VHW�RI�G\QDPLF�
WUDGLQJ�UXOHV��(DFK�WUDGLQJ�UXOH�ILWV�WR�D�VSHFLILF�PDUNHW�VLWXDWLRQ��L�H��WKH�WUDGLQJ�UXOHV�ZKLFK�DUH�DFWLYDWHG�
LQ� D� WUHQG�PDUNHW� DUH� GLIIHUHQW� IURP� WKRVH� GHVLJQHG� IRU� D� VWHDG\�PDUNHW��7KH� DJHQWV� WU\� WR� LGHQWLI\� WKH�
DFWXDO� VWDWH� RI� WKH� PDUNHW� E\� DQDO\]LQJ� D� VHW� RI� IXQGDPHQWDO� DQG� WHFKQLFDO� LQGLFDWRUV�� 7KH� PDUNHW�
HYDOXDWLRQ�OHDGV�WR�WKH�DFWLYDWLRQ�RI�D�VSHFLILF�WUDGLQJ�UXOH��ZKLFK�PDWFKHV�WKH�LGHQWLILHG�PDUNHW�VLWXDWLRQ��
7KH�DFWLYDWHG�WUDGLQJ�UXOH�LV�GLUHFWO\�XVHG�WR�GHULYH�WKH�WUDGLQJ�GHFLVLRQ�RI�WKH�DJHQW��6LQFH�WKH�DFWLYDWLRQ�
RI� D� SDUWLFXODU� WUDGLQJ� UXOH� GHSHQGV� RQ� WKH� FRQGLWLRQ� RI� WKH� PDUNHW�� WKHVH� DJHQWV� DUH� FDOOHG� 
FRQGLWLRQ�
DFWLRQ
�DJHQWV��,Q�DQ�H[WHQGHG�YHUVLRQ�RI�WKH�6DQWD�)H�DUWLILFLDO�VWRFN�PDUNHW�WKH�UXOHV�DUH�XVHG�WR�SUHGLFW�
WKH�IXWXUH�UHWXUQ�DQG�GLYLGHQG�RI�WKH�WUDGHG�DVVHW��7KH�UHVXOWLQJ�IRUHFDVWV�DUH�HYDOXDWHG�E\�D�ULVN�DYHUVLRQ�
DQDO\VLV��7KHVH�DJHQWV�DUH�UHIHUUHG�WR�DV�
FRQGLWLRQ�IRUHFDVWLQJ
�DJHQWV��7KH�WUDGLQJ�UXOH�VHWV�DUH�HYROYHG�RQ�
WKH�EDVLV�RI�JHQHWLF�DOJRULWKPV��7KH�SHUIRUPDQFH�RI�WKH�UXOHV�LV�XVHG�DV�D�ILWQHVV�FULWHULRQ��6XSHULRU�WUDGLQJ�
UXOHV� KDYH� D� KLJKHU�ZHLJKWLQJ� �ILWQHVV�� WKDQ�XQSURILWDEOH� UXOHV�� ,QHIILFLHQW� WUDGLQJ� UXOHV� DUH� UHSODFHG�E\�
QHZ�UXOHV��ZKLFK�DUH�H[SORUHG�E\�WKH�JHQHWLF�DOJRULWKP�XVLQJ�PXWDWLRQ�DQG�FURVVRYHU�RSHUDWRUV��,QLWLDOO\��
WKH� DJHQWV� DUH� HTXLSSHG�ZLWK� OLWWOH� UDWLRQDOLW\� DQG� VSHFLDOL]HG� NQRZOHGJH� DERXW� WKH�PDUNHW��'XULQJ� WKH�
PDUNHW�SURFHVV��WKH�DJHQWV�OHDUQ�DQG�WKXV��EHFRPH�UHDVRQDEOH�H[SHUWV�LQ�WKHLU�GRPDLQV���

�
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$�EHQHILW�RI�VLPSOH�UXOH�EDVHG�DJHQWV�LV�WKDW�WKLV�PHWKRG�FDQ�OHDG�WR�YHU\�WUDFWDEOH�SUHFLVH�UHVXOWV��
ZKLFK� JLYHV� LQVLJKWV� DERXW� WKH� LQWHUDFWLRQV� EHWZHHQ� WUDGLQJ� UXOHV�� 3UREDEO\� WKH� PRVW� LPSRUWDQW�
GLVDGYDQWDJH� RI� UXOH� EDVHG� DJHQW� PRGHOOLQJ� LV� WKDW� LI� DQ� LPSRUWDQW� WUDGLQJ� VWUDWHJ\� LV� OHIW� RXW�� WKH�
LQWHUDFWLRQ�RI�WKH�SUHVHQW�VWUDWHJLHV�PD\�QRW�UHIOHFW�WKH�G\QDPLFV�RI�UHDO�ZRUOG�ILQDQFLDO�PDUNHWV��(YHQ�LI�
WKH� DJHQWV� DUH� DOORZHG� WR� H[SORUH� QHZ� UXOHV� RU� WR� DGDSW� HDFK� RWKHUV� EHKDYLRXU�� LW� LV� QRW� HQVXUHG� WKDW�
PLVVLQJ�VWUDWHJLHV�DUH�GLVFRYHUHG�E\�WKH�DJHQWV�WKHPVHOYHV��$QRWKHU�GLVDGYDQWDJH�RI�UXOH�EDVHG�DJHQWV�LV�
WKDW�WKH�GHFLVLRQ�PDNLQJ�LV�W\SLFDOO\�QRW�JXLGHG�E\�DQ�REMHFWLYH�IXQFWLRQ��+HQFH��RQH�FDQQRW�PHDVXUH�WKH�
SHUIRUPDQFH�RI�WKH�DJHQWV�LQ�WHUPV�RI�WKHLU�RZQ�VXEMHFWLYH�LQIRUPDWLRQ�SURFHVVLQJ��)XUWKHUPRUH��ZLWKRXW�
DQ�REMHFWLYH�IXQFWLRQ��WKH�DJHQWV�PD\�QRW�FRQVLGHU�WUDGHRIIV�EHWZHHQ�GLIIHUHQW�LQYHVWPHQW�DOWHUQDWLYHV�RU�
GLIIHUHQW�LQYHVWPHQW�JRDOV��6XFK�WUDGHRIIV�DUH�W\SLFDOO\�LQFRUSRUDWHG�LQWR�WKH�DJHQWV
�GHFLVLRQ�PDNLQJ�E\�
XWLOLW\�FRQFHSWV�RU�UHODWHG�REMHFWLYH�IXQFWLRQV���

�
���� )RUHFDVWLQJ�PRGHOV�

$QRWKHU�ZD\�RI�PRGHOOLQJ�WKH�DJHQWV
�GHFLVLRQ�PDNLQJ�LV�WR�LQFRUSRUDWH�D�VSHFLILF�IRUHFDVW�PRGHO�
LQWR� WKH�GHFLVLRQ�VFKHPH��7KH� UHVXOWLQJ�GHFLVLRQ� VFKHPH� W\SLFDOO\� FRQVLVWV�RI� WZR� VWHSV�� ILUVW�� WKH�DJHQW�
SUHGLFWV�WKH�IXWXUH�GHYHORSPHQW�RI�WKH�PDUNHW�SULFH��DIWHUZDUGV��WKH�IRUHFDVW�LV�SURFHVVHG�E\�DQ�DGGLWLRQDO�
GHFLVLRQ�UXOH�RU�REMHFWLYH�IXQFWLRQ��,Q�WKLV�FDVH��RQH�FDQ�VSHDN�RI�D�
IRUHFDVWLQJ
�DJHQW���

7KH�PDMRU�GLIIHUHQFH�EHWZHHQ� UXOH�EDVHG�DQG� IRUHFDVWLQJ�DJHQWV� LV� WKDW� WKH� IRUPHU�GHGXFH� WKHLU�
WUDGLQJ�DFWLYLWLHV�GLUHFWO\�IURP�WKH�LQSXW�LQIRUPDWLRQ��ZKLOH�WKH�ODWWHU�XVH�WKH�LQSXW�VLJQDOV�WR�FRQVWUXFW�D�
IRUHFDVW� PRGHO�� 7KH� UHVXOWLQJ� IRUHFDVW� LV� WKHQ� HYDOXDWHG� E\� DQ� DGGLWLRQDO� GHFLVLRQ� UXOH� RU� REMHFWLYH�
IXQFWLRQ��,Q�RWKHU�ZRUGV��IRUHFDVWLQJ�DJHQWV�GHGXFH�WKHLU�WUDGLQJ�GHFLVLRQV�LQGLUHFWO\�IURP�WKH�LQSXW�GDWD�
E\�WKH�FRQVWUXFWLRQ�RI�D�IRUHFDVW��ZKLFK�LV�DIWHUZDUGV�HYDOXDWHG�E\�DQ�DGGLWLRQDO�GHFLVLRQ�UXOH��

:LWKLQ� WKH� FDWHJRU\� RI� IRUHFDVWLQJ� DJHQWV�� RQH� PD\� GLVWLQJXLVK� EHWZHHQ� DJHQWV� UHIHUULQJ� WR�
HFRQRPHWULF�IRUHFDVW�WHFKQLTXHV�DQG�DJHQWV�ZKR�DUH�PRGHOOHG�E\�FRJQLWLYH�V\VWHP�EDVHG�DSSURDFKHV��$V�D�
PDMRU�GLIIHUHQFH�EHWZHHQ�WKHVH�VXE�FDWHJRULHV��FRJQLWLYH�V\VWHP�EDVHG�DJHQWV�DUH�PRGHOOHG�E\�VHPDQWLF�
VSHFLILFDWLRQV� LQVWHDG� RI� EHLQJ� OLPLWHG� WR� WKH� DVVXPSWLRQ� RI� DG�KRF� IXQFWLRQDO� UHODWLRQVKLSV�� ,Q� RWKHU�
ZRUGV�� WKH� FRJQLWLYH� SURFHVV� RI� DQ� DJHQW� LV� HLWKHU� H[SOLFLWO\� PRGHOOHG� RU� LPSOLFLWO\� UHSUHVHQWHG� E\� DQ�
HFRQRPHWULF�IRUHFDVW�PRGHO�DQG�D�UHODWHG�GHFLVLRQ�UXOH���

$V�IDU�DV�DJHQWV�UHO\LQJ�RQ�HFRQRPHWULF�IRUHFDVW�WHFKQLTXHV�DUH�FRQFHUQHG��YDULRXV�PHWKRGV�IURP�
WKH� ILHOG� RI� WLPH� VHULHV� SURFHVVLQJ� FDQ� EH� DSSOLHG�� )RU� LQVWDQFH�� RQH� PD\� UHIHU� WR� VLPSOH� RU� PXOWLSOH�
UHJUHVVLRQ�DQDO\VLV��QRQOLQHDU�UHJUHVVLRQ��QHXUDO�QHWZRUNV�RU��*�$5&+�SURFHVVHV��
�

���� 2EMHFWLYH�IXQFWLRQV�

$Q� LVVXH� FORVHO\� FRQQHFWHG�ZLWK� WKH�PRGHOOLQJ� RI� WKH� DJHQWV
� GHFLVLRQ�PDNLQJ� SURFHVVHV� LV� WKH�
GHVLJQ�RI�DQ�DSSURSULDWH�REMHFWLYH�IXQFWLRQ���

7KH� UHODWLRQVKLS� EHWZHHQ� WKH� GHFLVLRQ� PDNLQJ� SURFHVV� DQG� WKH� REMHFWLYH� IXQFWLRQ� LV� HVSHFLDOO\�
REYLRXV� LQ� FDVH� RI� IRUHFDVWLQJ� DJHQWV��� $OUHDG\�PHQWLRQHG�� WKH� GHFLVLRQ� VFKHPH� RI� D� IRUHFDVWLQJ� DJHQW�
LQFRUSRUDWHV� WZR� VWDJHV�� )LUVW�� WKH� DJHQW� IRUPV� DQ� H[SHFWDWLRQ� DERXW� WKH� IXWXUH� PDUNHW� GHYHORSPHQW��
$IWHUZDUGV�� WKH� SUHGLFWLRQ� LV� HYDOXDWHG� E\� D� VSHFLILF� REMHFWLYH� IXQFWLRQ� RU� GHFLVLRQ� UXOH��7KH�REMHFWLYH�
IXQFWLRQ�LV�WKHUHIRUH�DQ�LQWHJUDO�SDUW�RI�WKH�DJHQW
V�GHFLVLRQ�PDNLQJ�VFKHPH��6LQFH�WKH�GHFLVLRQV�DUH�DOZD\V�
GHGXFHG�IURP�WKH�REMHFWLYH�IXQFWLRQ��WKH�WUDGLQJ�DFWLYLWLHV�RI�D�IRUHFDVWLQJ�DJHQW�DUH�DOZD\V�JRDO�RULHQWHG���

2QH� PD\� GLVWLQJXLVK� EHWZHHQ� WZR� PDMRU� FDWHJRULHV� RI� REMHFWLYH� IXQFWLRQV� IUHTXHQWO\� XVHG� LQ�
PXOWL�DJHQW�PRGHOOLQJ���

7KH�ILUVW�FDWHJRU\�UHIHUV�WR�REMHFWLYH�IXQFWLRQV�ZKLFK�DUH�H[SOLFLWO\�LQFRUSRUDWHG�LQWR�WKH�GHFLVLRQ�
PDNLQJ�RI� DQ� DJHQW��7KLV�PHDQV�� WKDW� WKH� DJHQW� KDV� D�ZHOO� GHILQHG�REMHFWLYH� IXQFWLRQ�ZKLFK� LV� GLUHFWO\�
LQFOXGHG�LQ�KLV�GHFLVLRQ�PDNLQJ�SURFHVV��([SOLFLWO\�IRUPXODWHG�REMHFWLYH�IXQFWLRQV�FDQ�PDLQO\�EH�IRXQG�LQ�
WKH�GHFLVLRQ�PDNLQJ�VFKHPHV�RI�IRUHFDVWLQJ�DJHQWV���

7KH�VHFRQG�FDWHJRU\�FRQWDLQV�GHFLVLRQ�PDNLQJ�VFKHPHV�WKDW�RQO\�LPSOLFLWO\�UHIOHFW�WKH�REMHFWLYHV�
RI�WKH�DJHQWV��,Q�RWKHU�ZRUGV��WKH�REMHFWLYHV�RI�DQ�DJHQW�DUH�RQO\�LQGLUHFWO\�LQFRUSRUDWHG�LQWR�KLV�GHFLVLRQ�
PDNLQJ�VFKHPH��6XFK�UHSUHVHQWDWLRQV�DUH�PDLQO\�DVVRFLDWHG�ZLWK�UXOH�EDVHG�DJHQWV��ZKR�DGDSW�UHDO�ZRUOG�
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WUDGLQJ�VWUDWHJLHV��)RU�LQVWDQFH��WKH�FKDUWLVWV�LQ�WKH�PRGHO�RI�)DUPHU��������LQFRUSRUDWH�D�VLQJOH�WHFKQLFDO�
UXOH� WKDW� DLPV� WR� LGHQWLI\�PDUNHW� WUHQGV��$OWKRXJK� WKHVH� DJHQWV� KDYH� QR�H[SOLFLWO\� IRUPXODWHG� REMHFWLYH�
IXQFWLRQ��WKH�XQGHUO\LQJ�DVVXPSWLRQ�RI�WKH�WUDGLQJ�VWUDWHJ\�LV�WR�SDUWLFLSDWH�IURP�PDUNHW�WUHQGV�LQ�RUGHU�WR�
PD[LPL]H�WKH�WUDGLQJ�SURILW���

([SOLFLW�DV�ZHOO�DV�LPSOLFLW�REMHFWLYH�IXQFWLRQV�FDQ�EH�VXEGLYLGHG�LQWR�H[SHFWHG�SURILW�DQG�XWLOLW\�
PD[LPL]DWLRQ� WDVNV��7\SLFDOO\��PXOWL�DJHQW�PRGHOV� LQFRUSRUDWH�XWLOLW\� IXQFWLRQV� WKDW�RQO\�GHSHQG�RQ� WKH�
ZHDOWK�RI�WKH�DJHQWV��L�H��WKH�WRWDO�YDOXH�RI�WKHLU�LQYHVWPHQW�SRUWIROLR��
�
���5RXWHV�WR�FKDRV�DQG�QXPHULFDO�DQDO\VLV�LQ�QRQOLQHDU�G\QDPLFV�
�

6R� ORQJ�DV�QRQOLQHDU�G\QDPLF�PRGHOV�DUH�FRQVLGHUHG��REWDLQLQJ�H[SOLFLW�DQDO\WLF�H[SUHVVLRQV�IRU�
SHULRGLF� DQG� FKDRWLF� VROXWLRQV� LV�� LQ� JHQHUDO�� FRPSOLFDWHG� RU� HYHQ� LPSRVVLEOH�� 7KHUHIRUH�� LQ� DSSOLHG�
QRQOLQHDU� G\QDPLFV� LW� LV� FRPPRQ� SUDFWLFH� WR� XVH� D� PL[WXUH� RI� WKHRUHWLFDO� DQG� QXPHULFDO� PHWKRGV� WR�
DQDO\]H�WKH�G\QDPLFV��

$�JHQHUDO�VWUDWHJ\�IRU�DQDO\]LQJ�D�QRQOLQHDU�G\QDPLFDO�V\VWHP�VWDUWV�ZLWK�D�VWDELOLW\�DQDO\VLV�RI�
WKH�VWHDG\�VWDWHV��,Q�SDUWLFXODU��D�FRPSDUDWLYH�VWDWLF�DQDO\VLV�RI�KRZ�D�VWHDG\�VWDWH�EHFRPHV�XQVWDEOH�DV�D�
PRGHO�SDUDPHWHU�LV�YDULHG�FDQ�UHYHDO�SULPDU\�ELIXUFDWLRQV�LQ�D�SRVVLEOH�URXWH�WR�FRPSOLFDWHG�G\QDPLFV��$�
ELIXUFDWLRQ�LV�D�TXDOLWDWLYH�FKDQJH�LQ�WKH�G\QDPLFV��IRU�H[DPSOH�FRQFHUQLQJ�WKH�H[LVWHQFH�RU�VWDELOLW\�RI�D�
VWHDG\� VWDWH� RU� D� F\FOH��7KH�ZD\� LQ�ZKLFK� WKH� HLJHQYDOXHV� RI� WKH� FRUUHVSRQGLQJ� MDFRELDQ�PDWUL[� DW� WKH�
VWHDG\� VWDWH� FURVV� WKH� XQLW� FLUFOH� DV� D� SDUDPHWHU� FKDQJHV�� FKDUDFWHUL]HV� WKH� W\SH� RI� ELIXUFDWLRQ� WKDW�ZLOO�
RFFXU��$W�WKH�ELIXUFDWLRQ�YDOXH��WKUHH�JHQHULF�FDVHV�DULVH��

��DQ�HLJHQYDOXH� � O ��D�VDGGOH�QRGH�ELIXUFDWLRQ�LQ�ZKLFK�D�SDLU�RI�VWHDG\�VWDWHV��RQH�VWDEOH�DQG�
RQH�VDGGOH��LV�FUHDWHG��RU�D�SLWFKIRUN�ELIXUFDWLRQ�LQ�ZKLFK�WZR�DGGLWLRQDO�VWHDG\�VWDWHV�DUH�FUHDWHG��

��DQ�HLJHQYDOXH� �� O ��D�SHULRG�GRXEOLQJ�RU�IOLS�ELIXUFDWLRQ��LQ�ZKLFK�D���F\FOH�LV�FUHDWHG�
��D�SDLU�RI�FRPSOH[�HLJHQYDOXHV�RQ�WKH�XQLW�FLUFOH��D�+RSI�RU�1HLPDUN�6DFNHU�ELIXUFDWLRQ��LQ�ZKLFK�

DQ�LQYDULDQW�FLUFOH�ZLWK�SHULRGLF�RU�TXDVL�SHULRGLF�G\QDPLFV�LV�FUHDWHG��
7KH�VWDELOLW\�RI�F\FOHV�FUHDWHG�LQ�WKHVH�ELIXUFDWLRQV�GHSHQGV�XSRQ�KLJKHU�RUGHU�GHULYDWLYHV�DW�WKH�

VWHDG\�VWDWH��,Q�RUGHU�WR�LQYHVWLJDWH�WKLV�VWDELOLW\��LQ�KLJKHU�GLPHQVLRQDO�V\VWHPV�RQH�KDV�WR�XVH�D�VR�FDOOHG�
FHQWUH�PDQLIROG�UHGXFWLRQ�DQG�FRPSXWH�WKH�FRUUHVSRQGLQJ�QRUPDO�IRUP�RI�WKH�ELIXUFDWLRQ��

8VLQJ�ORFDO�ELIXUFDWLRQ�WKHRU\�DOORZV�GHWHFWLQJ�WKH�SULPDU\�DQG�WKH�VHFRQGDU\�ELIXUFDWLRQV�LQ�WKH�
URXWHV� WR� FRPSOH[LW\� LQ� DVVHW� SULFH� IOXFWXDWLRQV�� ,Q� DGGLWLRQ�� SKDVH� GLDJUDPV�� ELIXUFDWLRQ� GLDJUDPV��
FRPSXWDWLRQ�RI�/\DSXQRY�H[SRQHQWV�DQG�IUDFWDO�GLPHQVLRQ�DUH�XVHIXO�QXPHULFDO�WRROV�ZKHQ�LQWHQGLQJ�WR�
SURYH� WKH� RFFXUUHQFH� RI� VWUDQJH�� FKDRWLF� DWWUDFWRUV�� /\DSXQRY� FKDUDFWHULVWLF� H[SRQHQWV� PHDVXUH� WKH�
DYHUDJH� UDWH� RI� GLYHUJHQFH� �RU� FRQYHUJHQFH�� RI� QHDUE\� LQLWLDO� VWDWHV�� DORQJ� DQ� DWWUDFWRU� LQ� VHYHUDO�
GLUHFWLRQV��$WWUDFWRUV�PD\� EH� FKDUDFWHUL]HG� E\� WKHLU� /\DSXQRY� VSHFWUXP�� )RU� D� VWDEOH� VWHDG\� VWDWH� RU� D�
VWDEOH� F\FOH�� DOO�/\DSXQRY�FKDUDFWHULVWLF� H[SRQHQWV� DUH�QHJDWLYH��)RU� D�TXDVL�SHULRGLF� DWWUDFWRU�ZKLFK� LV�
WRSRORJLFDOO\�HTXLYDOHQW�WR�D�FLUFOH�� WKH�ODUJHVW�/\DSXQRY�FKDUDFWHULVWLF�H[SRQHQW� LV� ��  O ��ZKHUHDV�DOO�
RWKHU� /\DSXQRY� H[SRQHQWV� DUH� QHJDWLYH�� $Q� DWWUDFWRU� LV� FDOOHG� D� VWUDQJH� RU� D� FKDRWLF� DWWUDFWRU�� LI� WKH�
FRUUHVSRQGLQJ� ODUJHVW� /\DSXQRY� H[SRQHQW� LV� �� !O �� LPSO\LQJ� VHQVLWLYH� GHSHQGHQFH� XSRQ� LQLWLDO�
FRQGLWLRQV��1HDUE\�LQLWLDO�VWDWHV�FRQYHUJLQJ�WR�WKH�VWUDQJH�DWWUDFWRU�W\SLFDOO\�GLYHUJH�DW�DQ�H[SRQHQWLDO�UDWH�
�O ����

7KH� QRWLRQ� RI� VWUDQJH� DWWUDFWRU� UHIHUV� WR� WKH� IUDFWDO� JHRPHWULF� VWUXFWXUH� RI� DWWUDFWRUV� H[KLELWLQJ�
VHQVLWLYH� GHSHQGHQFH�� 7KH� IUDFWDO� GLPHQVLRQ� FDQ� EH� XVHG� IRU� TXDQWLI\LQJ� WKLV� FRPSOLFDWHG� JHRPHWULF�
VWUXFWXUH��

�



�
���

�
)LJXUH����%LIXUFDWLRQ�GLDJUDP��ZLWK�SHULRGLF�DQG�TXDVL�SHULRGLF�G\QDPLFV�

�%URFN�DQG�+RPPHV��������
�

�
)LJXUH����7KH�ODUJHVW�/\DSXQRY�FKDUDFWHULVWLF�H[SRQHQW�

�%URFN�DQG�+RPPHV��������
�

�
���1HXUDO�QHWZRUN�EDVHG�DJHQWV�
�

7KH� PRVW� LPSRUWDQW� FKDUDFWHULVWLF� RI� QHXUDO� QHWZRUNV� LV� WKHLU� FDSDELOLW\� RI� EHLQJ� XQLYHUVDO�
DSSUR[LPDWRUV�� 7KH\� DOORZ�PRGHOOLQJ� QRQOLQHDU� FKDUDFWHULVWLFV� DQG� DUH� DEOH� RI� ILWWLQJ� D� ZLGH� UDQJH� RI�
IRUHFDVW� VWUXFWXUHV��$JHQWV� FDQ�EXLOG� D� SULFH� IRUHFDVW� DW� WLPH� W�� ��� S( ��� �� XVLQJ� D� QHWZRUN� WUDLQLQJ�ZLWK�
VHYHUDO� LQSXWV� LQFOXGLQJ� VHYHUDO� ODJJHG� SULFHV�� DQG� WUDGH� SULFHV� DYHUDJHG� RYHU� DOO� DJHQWV� IURP� HDUOLHU�
SHULRGV�� $JHQWV� FDQ� EH� UDQGRPO\� PDWFKHG� DQG� WUDGH� RFFXUV� ZKHQ� DJHQW� SDLUV� KDYH� GLIIHUHQW� H[SHFWHG�
IXWXUH�SULFHV��7KH\�WKHQ�VSOLW�WKH�GLIIHUHQFH�DQG�WUDGH�DW�WKH�SULFH�LQ�EHWZHHQ�WKHLU�WZR�H[SHFWHG�YDOXHV���

%RWK�IHHGIRUZDUG�DQG�UHFXUUHQW�QHXUDO�QHWZRUNV�FDQ�EH�XVHG�IRU�PXOWL�DJHQW�PRGHOOLQJ��GHSHQGLQJ�
XSRQ�WKH�G\QDPLF�EHKDYLRXU�RI�WKH�PDUNHW��

,Q� WKH� PRGHO� RI� %HOWUDWWL� HW� DO�� �������� WKH� DJHQWV� XVH� IHHGIRUZDUG� QHXUDO� QHWZRUNV� WR� SUHGLFW�
XSFRPLQJ�VWRFN�SULFH�PRYHPHQWV��%DVLFDOO\��WKH�DXWKRUV�LQWURGXFH�WZR�NLQGV�RI�PDUNHW�SDUWLFLSDQWV��VPDUW�
DQG�QDLYH�DJHQWV��6PDUW�DJHQWV�SUHGLFW�VWRFN�SULFH�PRYHPHQWV�RQ�WKH�EDVLV�RI���OD\HU�IHHGIRUZDUG�QHXUDO�
QHWZRUNV�ZLWK�IRXU�LQSXW�VLJQDOV��,QSXWV�WR�WKH���OD\HU�QHWZRUNV�DUH�WKH�PRVW�UHFHQW�PDUNHW�SULFHV� ��	S ��


��S �DQG�WKH�IRUPHU�WUDQVDFWLRQ�SULFHV� ����� �3 �� ������ �3 ��,Q�FRQWUDVW��WKH�IRUHFDVW�PRGHOV�RI�QDLYH�DJHQWV�DUH�
VLPSOLILHG��1DLYH� DJHQWV� RQO\� UHO\� RQ� WKH�PRVW� UHFHQW�PDUNHW� SULFH� ��S � LQ� RUGHU� WR� IRUHFDVW� WKH� IXWXUH�
GHYHORSPHQW�RI�WKH�VWRFN�SULFH��7KH�XQGHUO\LQJ�QHXUDO�QHWZRUN�DUFKLWHFWXUH�FRQVLVWV�RQO\�RI�D�VLQJOH�LQSXW�
QHXURQ�FRQWDLQLQJ�WKH�PRVW�UHFHQW�PDUNHW�SULFH�DQG�RQH�RXWSXW�QHXURQ�FRPSXWLQJ�WKH�SULFH�IRUHFDVW���



�
���

$�PXOWL�DJHQW�PRGHO�EDVHG�RQ�UHFXUUHQW�QHXUDO�QHWZRUNV�LV�SUHVHQWHG�LQ�<DQJ���������7KH�<DQJ¶V�
PRGHO�LQFOXGHV�WKUHH�W\SHV�RI�DJHQWV��YDOXH�WUDGHUV��PRPHQWXP�WUDGHUV��DQG�QRLVH�WUDGHUV��7KH�DJHQWV�SODFH�
WKHUH� IXQGV� HLWKHU� LQ� D� ULVN\� VWRFN� SD\LQJ� D� VWRFKDVWLF� GLYLGHQG� RU� LQ� D� ULVNOHVV� ERQG��9DOXH� LQYHVWRUV�
EHOLHYH� WKDW� WKH� DFWXDO� VWRFN� SULFH� UHIOHFWV� WKH� GLVFRXQWHG� VWUHDP� RI� DOO� IXWXUH� GLYLGHQGV�� 0RPHQWXP�
WUDGHUV�DQG�QRLVH�WUDGHUV�DUH�WHFKQLFLDQV�ZKR�RQO\�FRQVLGHU�KLVWRULFDO�SULFH�SDWWHUQV��:KLOH�PRPHQWXP�DQG�
QRLVH� WUDGHUV� DUH�PRGHOOHG�DV� UXOH�EDVHG�DJHQWV�ZKR� UHIHU� WR� WHFKQLFDO� WUDGLQJ� UXOHV�� YDOXH� WUDGHUV� IRUP�
WKHLU� H[SHFWDWLRQV� RQ� WKH� EDVLV� RI� (OPDQ
V� UHFXUUHQW� QHXUDO� QHWZRUNV�� 7KHVH� UHFXUUHQW� QHXUDO� QHWZRUNV�
LQFRUSRUDWH�VR�FDOOHG�FRQWH[W�XQLWV��ZKLFK�IHHG�WKH�LQIRUPDWLRQ�RI�SUHYLRXV�DFWLYDWLRQ�YDOXHV�EDFN�LQWR�WR�
WKH�QHWZRUN��0RUH�SUHFLVHO\��YDOXH�LQYHVWRUV�XVH�UHFXUUHQW�QHXUDO�QHWZRUNV�WR�SUHGLFW�WKH�GLYLGHQG�JURZWK�
RI�WKH�ULVN\�DVVHW��$IWHUZDUGV��WKH�PDUNHW�SULFH�RI�WKH�ULVN\�DVVHW�LV�HVWLPDWHG�RQ�WKH�EDVLV�RI�WKH�GLYLGHQG�
JURZWK�E\�XVLQJ�*RUGRQ
V�FRQVWDQW�GLYLGHQG�JURZWK�PRGHO���

$QRWKHU�QHXUDO�QHWZRUN�EDVHG�DSSURDFK�FDQ�EH�IRXQG�LQ�/H%DURQ��������� ,Q� WKLV�DUWLILFLDO�VWRFN�
PDUNHW�� WKH� DJHQWV� LQYHVW� WKHLU� IXQGV� HLWKHU� LQ� D� ULVNOHVV� ERQG� RU� LQ� D� ULVN\� DVVHW� SD\LQJ� D� VWRFKDVWLF�
GLYLGHQG��$V�D�VSHFLDOW\��WKH�DJHQWV�KDYH�GLIIHUHQW�GHFLVLRQ�PDNLQJ�KRUL]RQV��6RPH�DJHQWV�DUH�ORQJ�WHUP�
LQYHVWRUV� ZKLOH� RWKHUV� UHO\� RQ� VKRUW�WHUP� SODQQLQJ� KRUL]RQV�� $FFRUGLQJ� WR� WKHLU� SODQQLQJ� KRUL]RQ�� WKH�
DJHQWV�FKRRVH�IURP�D�EURDG�VSHFWUXP�RI�IRUHFDVW�PRGHOV�WKDW�DUH�ILWWHG�WR�KLVWRULFDO�GDWD��)RUHFDVW�PRGHOV�
DQG�DJHQWV�DUH� WKHUHIRUH�VHSDUDWHG��(DFK� IRUHFDVW�PRGHO� LV�FRPSRVHG�RI�D� VLPSOH� IHHG�IRUZDUG�QHWZRUN�
LQFRUSRUDWLQJ� RQH� KLGGHQ� QHXURQ� DQG� D� OLPLWHG� QXPEHU� RI� LQSXW� VLJQDOV�� 7KH� LQSXW� VLJQDOV� FRQVLVW� RI�
WHFKQLFDO�DQG�IXQGDPHQWDO�LQGLFDWRUV��7KH�QHXUDO�QHWZRUNV�DUH�HYROYHG�E\�XVLQJ�D�JHQHWLF�DOJRULWKP��

$V�LW�FDQ�EH�VHHQ�IURP�WKHVH�H[DPSOHV��WKH�GHFLVLRQ�PDNLQJ�VFKHPHV�RI�HFRQRPHWULF�DJHQWV�GR�QRW�
LQFRUSRUDWH� VHPDQWLF� VSHFLILFDWLRQV� RI� WKH� XQGHUO\LQJ� FRJQLWLYH� SURFHVVHV� LQ� WHUPV� RI� H�J�� SHUFHSWLRQ��
LQWHUQDO� SURFHVVLQJ� DQG� DFWLRQ�� ,Q� RWKHU� ZRUGV�� WKH� HFRQRPHWULF� IRUHFDVW� PRGHOV� RI� WKH� DJHQWV� PHUHO\�
DVVXPH�DG�KRF�IXQFWLRQDO�UHODWLRQVKLSV�EHWZHHQ�WKH�LQSXW�VLJQDOV�DQG�WKH�WDUJHW�YDOXHV��

�
����&RJQLWLYH�V\VWHPV��OHDUQLQJ�DQG�HYROXWLRQ��
�

&RJQLWLYH�V\VWHP�EDVHG�DJHQW�PRGHOV�DUH�DQ�DSSURDFK�RI�FDSWXULQJ�WKH�VHPDQWLF�VSHFLILFDWLRQV�RI�
WKH�DJHQWV
�GHFLVLRQ�VFKHPHV�LQ�D�VWUXFWXUDO�IUDPHZRUN��0RUH�SUHFLVHO\��WKH�GHFLVLRQ�PDNLQJ�RI�DQ�DJHQW�LV�
PRGHOOHG� E\� D� EDVLF� FRJQLWLYH� V\VWHP�� 7KH� FRJQLWLYH� V\VWHP� LQFRUSRUDWHV� WKUHH� SURSHUWLHV�� SHUFHSWLRQ��
LQWHUQDO�SURFHVVLQJ�DQG�DFWLRQ��7KHVH�SURSHUWLHV�FRQVWLWXWH�QHFHVVDU\�FRQGLWLRQV�IRU�D�FRJQLWLYH�V\VWHP�DQG�
PD\� LQFOXGH� YDULRXV� RWKHU� IHDWXUHV��$V�D� VWUXFWXUDO� UHSUHVHQWDWLRQ� RI� VXFK�D� FRJQLWLYH� V\VWHP�� RQH�PD\�
UHIHU�WR�WLPH�GHOD\�UHFXUUHQW�QHXUDO�QHWZRUNV��7KH�FRJQLWLYH�SURFHVV�JHQHUDWHV�QRW�RQO\�H[SHFWDWLRQV�RI�WKH�
PDUNHW�SULFH��EXW�DOVR�FRQFUHWH�WUDGLQJ�GHFLVLRQV��6LQFH�D�FRJQLWLYH�DJHQW�KDV�D�VSHFLILF�REMHFWLYH�IXQFWLRQ�
�H�J�� XWLOLW\�PD[LPL]DWLRQ��� WKH� UHVXOWLQJ� DFWLRQV� DUH� DOZD\V� JRDO�RULHQWHG�� $V� LW� FDQ� EH� VHHQ� IURP� WKLV�
RXWOLQH��WKH�EX\LQJ�DQG�VHOOLQJ�GHFLVLRQV�RI�D�FRJQLWLYH�DJHQW�DUH�QRW�GHGXFHG�IURP�D�VSHFLILF�HFRQRPHWULF�
IRUHFDVW�PRGHO�ZKLFK�RQO\�SUHVXPHV�DQ�DG�KRF�IXQFWLRQDO�UHODWLRQVKLS�EHWZHHQ�H[WHUQDO�LQIOXHQFHV�DQG�WKH�
PDUNHW�GHYHORSPHQW��5DWKHU��WKH�GHFLVLRQV�RI�WKH�DJHQW�DUH�IRUPXODWHG�LQ�WHUPV�RI�WKH�XQGHUO\LQJ�FRJQLWLYH�
V\VWHP��7KLV�LV�WUXO\�D�PRUH�UHDOLVWLF�DSSURDFK�RI�PRGHOOLQJ�WKH�DJHQWV
�EHKDYLRXU��

+HWHURJHQHRXV�EHKDYLRXU�PD\�DOVR�RULJLQDWH�IURP�WKH�OHDUQLQJ�DQG�HYROXWLRQ�RI�WKH�DJHQWV���
0XOWL�DJHQW�PRGHOV� WKDW� UHIHU� WKLV� VRXUFH� RI� KHWHURJHQHLW\� W\SLFDOO\� LQFRUSRUDWH� DJHQWV�ZKR� DUH�

HQGRZHG�ZLWK� VHW� RI� G\QDPLF� WUDGLQJ� UXOHV��7KH� UXOH� VHWV� DUH� HYROYHG�E\� JHQHWLF� DOJRULWKPV�� ,Q� VXFK� D�
PRGHO�� DJHQWV� DUH� YHU\� KRPRJHQHRXV� DW� WKH� VWDUW� LQ� WKHLU� DELOLWLHV� DQG� VWUDWHJ\� VWUXFWXUHV�� 'XULQJ� WKH�
PDUNHW� SURFHVV�� WKH� DJHQWV� OHDUQ� DQG� GHYHORS� PRUH� VRSKLVWLFDWHG� WUDGLQJ� VWUDWHJLHV�� ,Q� RWKHU� ZRUGV��
GLIIHUHQFHV� LQ� EHKDYLRXU� DQG� VWUDWHJ\� HYROYH� HQGRJHQRXVO\� DV� WKH� PDUNHW� UXQV�� DQG� WKXV� DJHQW�
KHWHURJHQHLW\� EHFRPHV� D� FKDQJLQJ� IHDWXUH� RI� WKH� PDUNHW�� ([DPSOHV� LQFOXGLQJ� JHQHWLF� DOJRULWKPV� DV� D�
VRXUFH� RI� KHWHURJHQHLW\� DUH� JLYHQ� LQ� 'H� OD� 0D]D� DQG� <XUHW� �������� /H%DURQ� ������� RU� WKH� 6DQWD� )H�
DUWLILFLDO�VWRFN�PDUNHW���

%HVLGHV�JHQHWLF�DOJRULWKPV��RQH�PD\�DOVR�UHIHU�WR�JUDGLHQW�EDVHG�OHDUQLQJ� WHFKQLTXHV�LQ�RUGHU� WR�
JHQHUDWH�KHWHURJHQHRXV�GHFLVLRQ�EHKDYLRXU��)LUVW��WKH�DJHQWV�PD\�VLPSO\�GLIIHU�LQ�WKHLU�XQGHUO\LQJ�OHDUQLQJ�
WHFKQLTXHV��'LIIHUHQW�ZD\V�RI�OHDUQLQJ�VKRXOG�OHDG�WR�KHWHURJHQHRXV�DJHQWV���

(YHQ� LI� WKH� DSSOLHG� OHDUQLQJ� PHFKDQLVP� LV� WKH� VDPH� IRU� DOO� DJHQWV�� KHWHURJHQHRXV� GHFLVLRQ�
EHKDYLRXU�PD\�DULVH��,Q�WKLV�FDVH��WKH�DJHQWV�DUH�HQGRZHG�ZLWK�GLIIHUHQW�OHDUQLQJ�SDUDPHWHUV��$Q�H[DPSOH�
RI�VXFK�DQ�DSSURDFK�FDQ�EH�IRXQG�LQ�WKH�PRGHO�RI�%HOWUDWWL�HW�DO�� ��������7KH�VWRFN�PDUNHW� LV�SRSXODWHG�



�
���

ZLWK�VPDUW�DQG�QDLYH�DJHQWV��%RWK�DJHQW� W\SHV� OHDUQ�ZLWK�VWDQGDUG�HUURU�EDFNSURSDJDWLRQ��+RZHYHU�� WKH�
OHDUQLQJ�EHKDYLRXU�RI�VPDUW�DQG�QDLYH�DJHQWV�LV�GLIIHUHQW��6PDUW�DJHQWV�FDQ�OHDUQ�IDVWHU�WKDQ�QDLYH�RQHV��
EHFDXVH�WKH\�XVH�PRUH�HIIHFWLYH�SDUDPHWHUV�IRU�WKH�OHDUQLQJ���

$Q�LQWHUHVWLQJ�TXHVWLRQ�LV�KRZ�WKH�DJHQWV�HYROYH�WKHLU�WUDGLQJ�VWUDWHJLHV��DGDSW�WR�FKDQJLQJ�PDUNHW�
FRQGLWLRQV�DQG� OHDUQ�KRZ� WR� LPSURYH� WKHLU�EHKDYLRXU��$OUHDG\�PHQWLRQHG�� OHDUQLQJ� LV� DOVR�DQ� LPSRUWDQW�
VRXUFH�RI�KHWHURJHQHRXV�GHFLVLRQ�EHKDYLRXU��*HQHUDOO\�VSHDNLQJ��
OHDUQLQJ
�RU�
DGDSWLYH�EHKDYLRXU
�PHDQV�
WKDW�WKH�DJHQWV�DUH�DEOH�WR�PRGLI\�SDUWV�RI�WKHLU�GHFLVLRQ�PDNLQJ�VFKHPHV�LQ�D�VSHFLILF�PDQQHU��%\�WKLV��WKH�
DJHQWV�DGDSW�WKHLU�EHKDYLRXU�WR�FKDQJLQJ�PDUNHW�FRQGLWLRQV���

7KH�OHDUQLQJ�DQG�DGDSWLYH�EHKDYLRXU�KDV�GLIIHUHQW�SXUSRVHV��)RU�H[DPSOH��UXOH�EDVHG�DJHQWV�PD\�
HLWKHU� GHYHORS� FRPSOHWHO\� QHZ� WUDGLQJ� VWUDWHJLHV� RU� FKDQJH� D� IHZ� SDUDPHWHUV� RI� DOUHDG\� H[LVWLQJ� RQHV��
$QRWKHU� SRVVLELOLW\� LV� WKDW� UXOH�EDVHG� DJHQWV� VZLWFK� EHWZHHQ� GLIIHUHQW� WUDGLQJ� VWUDWHJLHV� DV� WKH� PDUNHW�
HYROYHV�� 7KLV� FRUUHVSRQGV� WR� FRQWDJLRXV� GHFLVLRQ� PDNLQJ� RU� VR�FDOOHG� KHUGLQJ� EHKDYLRXU�� 0RUHRYHU��
IRUHFDVWLQJ�DJHQWV�OHDUQ�E\�ILWWLQJ� WKH�IUHH�SDUDPHWHUV�RI�WKHLU� IRUHFDVW�PRGHOV�WR�KLVWRULFDO�GDWD��'XULQJ�
WKH�OHDUQLQJ��WKH�DJHQWV�JHQHUDWH�D�VWUXFWXUDO�K\SRWKHVLV�RI�WKH�XQGHUO\LQJ�PDUNHW�G\QDPLFV��L�H��WKH\�WU\�WR�
LGHQWLI\�LQYDULDQW�VWUXFWXUHV�RXW�RI�YDU\LQJ�WLPH�VHULHV��7KH�JHQHUDWHG�VWUXFWXUHV�DOORZ�WKH�DJHQWV�WR�SUHGLFW�
WKH�IXWXUH�GHYHORSPHQW�RI�WKH�PDUNHW�SULFH��
�

5HIHUHQFHV�
�

��� %DN� 3��� 3DF]XVNL� 0�� DQG� 6KXELN�0�� �������� ³3ULFH� 9DULDWLRQV� LQ� D� 6WRFN�0DUNHW� ZLWK�0DQ\�
$JHQWV´��6DQWD�)H�,QVWLWXWH�:RUNLQJ�3DSHU��1R��������������������

��� %HOWUDWWL�� $��� 0DUJDULWD�� 6�� �������� 1HXUDO� QHWZRUNV� IRU� HFRQRPLF� DQG� ILQDQFLDO� PRGHOOLQJ��
,QWHUQDWLRQDO�7KRPVRQ�&RPSXWHU�3UHVV��/RQGRQ��8.���

��� %URFN�:��$��DQG�/H%DURQ�%����������³$�G\QDPLF�VWUXFWXUDO�PRGHO�IRU�VWRFN�UHWXUQ�YRODWLOLW\�DQG�
WUDGLQJ�YROXPH´��5HYLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV��������������

��� %URFN�:��$���'HFKHUW�:��'���6FKHLQNPDQ�-��$��DQG�/H%DURQ�%����������³$�WHVW�IRU�LQGHSHQGHQFH�
EDVHG�RQ�WKH�FRUUHODWLRQ�GLPHQVLRQ´��(FRQRPHWULF�5HYLHZV��9RO������������������

��� %URFN�:�� DQG�+RPPHV�&�� �������� ³$� UDWLRQDO� URXWH� WR� UDQGRPQHVV´�� �(FRQRPHWULFD��9RO�� ����
������������

��� &KHQ� 6��+�� DQG� <HK� &��+�� �������� ³(YROYLQJ� WUDGHUV� DQG� WKH� EXVLQHVV� VFKRRO� ZLWK� JHQHWLF�
SURJUDPPLQJ�� $� QHZ� DUFKLWHFWXUH� RI� WKH� DJHQW�EDVHG� DUWLILFLDO� VWRFN� PDUNHW´�� -RXUQDO� RI�
(FRQRPLF�'\QDPLFV�DQG�&RQWURO��9RO����������������

��� &KLDUHOOD� &�� DQG�� +H� ;�� =�� �������� ³$VVHW� SULFH� DQG� ZHDOWK� G\QDPLFV� XQGHU� KHWHURJHQHRXV�
H[SHFWDWLRQV´��4XDQWLWDWLYH�)LQDQFH��9RO�������������

��� 'H�OD�0D]D�0��DQG�<XUHW�'����������³$�PRGHO�RI�VWRFN�PDUNHW�SDUWLFLSDQWV´��LQ�-��%LHWKDKQ�DQG�
9�� 1LVVHQ� �HG���� (YROXWLRQDU\� $OJRULWKPV� LQ� 0DQDJHPHQW� $SSOLFDWLRQV�� 6SULQJHU� 9HUODJ��
+HLGHOEHUJ������������

��� )DUPHU��-�'����������³0DUNHW�)RUFH��(FRORJ\�DQG�(YROXWLRQ´��6DQWD�)H�,QVWLWXWH�:RUNLQJ�3DSHU��
���������

����)DUPHU� -�� '�� DQG� /R� $�� �������� ³)URQWLHUV� RI� ILQDQFH�� (YROXWLRQ� DQG� HIILFLHQW� PDUNHWV´��
3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�����������������

����)DUPHU��-��'��DQG�-RVKL��6����������³7KH�3ULFH�'\QDPLFV�RI�&RPPRQ�7UDGLQJ�6WUDWHJLHV´��6DQWD�
)H�,QVWLWXWH�:RUNLQJ�3DSHU��������������

����*RGH� '�� .�� DQG� 6XQGHO�� 6�� �������� ³$OORFDWLYH� HIILFLHQF\� RI� PDUNHWV� ZLWK� ]HUR� LQWHOOLJHQFH�
WUDGHU´��-RXUQDO�RI�3ROLWLFDO�(FRQRP\������SS������������

����+RPPHV�&����������³)LQDQFLDO�PDUNHWV�DV�QRQOLQHDU�DGDSWLYH�HYROXWLRQDU\�V\VWHPV´��4XDQWLWDWLYH�
)LQDQFH��9RO���������������

����/H%DURQ� %��� $UWKXU�:�� %��� +ROODQG� -�� +��� 3DOPHU� 5�� *�� DQG� 7D\OHU� 3�� �������� ³$VVHW� 3ULFLQJ�
8QGHU�(QGRJHQRXV�([SHFWDWLRQ�LQ�DQ�$UWLILFLDO�6WRFN�0DUNHW´��6DQWD�)H�,QVWLWXWH�:RUNLQJ�3DSHU��
����������

����/H%DURQ�%���$UWKXU�:��%��DQG�3DOPHU�5��*����������³7KH�7LPH�6HULHV�3URSHUWLHV�RI�DQ�$UWLILFLDO�
6WRFN�0DUNHW´��-RXUQDO�RI�(FRQRPLF�'\QDPLFV�DQG�&RQWURO��9RO������������������



�
���

����/H%DURQ�%����������³$�%XLOGHU
V�*XLGH�WR�$JHQW�%DVHG�)LQDQFLDO�0DUNHWV´��4XDQWLWDWLYH�)LQDQFH��
9RO�����1R��������������������

����/H%DURQ� %�� �������� ³(YROXWLRQ� DQG� 7LPH� +RUL]RQV� LQ� DQ� $JHQW�%DVHG� 6WRFN� 0DUNHW´��
0DFURHFRQRPLF�'\QDPLFV��9RO���������������

����/H%DURQ�%����������³$JHQW�EDVHG�FRPSXWDWLRQDO�ILQDQFH��6XJJHVWHG�UHDGLQJV�DQG�HDUO\�UHVHDUFK´��
-RXUQDO�RI�(FRQRPLF�'\QDPLFV�DQG�&RQWURO��9RO����������������

����/H%DURQ� %�� �������� ³%XLOGLQJ� $UWLILFLDO� 0DUNHWV� :LWK� $UWLILFLDO� $JHQWV�� 'HVLUHG� JRDOV� DQG�
SUHVHQW� WHFKQLTXHV´�� .DUDNRXODV� *�� �HG���� &RPSXWDWLRQDO� 0DUNHWV�� 0,7� 3UHVV�� IRUWKFRPLQJ��
SUHSULQW�DYDLODEOH�DW�KWWSI��SHRSOH�4UDQGHLV�HGX��EOHEDURQ�LG���KWP���

����/X[� 7��� &KHQ� 6�+�� DQG�0DUFKHVL�0�� �������� ³7HVWLQJ� IRU� 1RQOLQHDU� 6WUXFWXUH� LQ� DQ� $UWLILFLDO�
)LQDQFLDO�0DUNHW´��-RXUQDO�RI�(FRQRPLF�%HKDYLRXU�DQG�2UJDQL]DWLRQ��YRO����������������

����/X[�7��DQG�0DUFKHVL�0����������³9RODWLOLW\�FOXVWHULQJ�LQ�ILQDQFLDO�PDUNHWV
��$�PLFUR�VLPXODWLRQ�
RI�LQWHUDFWLQJ�DJHQWV´��-RXUQDO�RI�7KHRUHWLFDO�DQG�$SSOLHG�)LQDQFH��1R��������������

����/X[�7��DQG�0DUFKHVL�0����������³6FDOLQJ�DQG�&ULWLFDOLW\�LQ�D�6WRFKDVWLF�0XOWL�$JHQW�0RGHO�RI�D�
)LQDQFLDO�0DUNHW´��1DWXUH��9RO�����������������

����/X[� 7�� �������� ³7KH� 6RFLR�(FRQRPLF� '\QDPLFV� RI� 6SHFXODWLYH� 0DUNHWV�� ,QWHUDFWLQJ� $JHQWV��
&KDRV�� DQG� WKH� )DW� 7DLOV� RI� 5HWXUQ� 'LVWULEXWLRQV´�� -RXUQDO� RI� (FRQRPLF� %HKDYLRXU� DQG�
2UJDQL]DWLRQ��YRO����������������

����/X[�7����������³+HUG�%HKDYLRXU��%XEEOHV�DQG�&UDVKHV´��7KH�(FRQRPLF�-RXUQDO��YRO�����������
������

����6WHLJOLW]�.�� DQG�2
&DOODJKDQ�/�� ,�� �������� ³0LFURVLPXODWLRQ� RI�0DUNHWV� DQG�(QGRJHQRXV� 3ULFH�
%XEEOHV´���UG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RPSXWLQJ�LQ�(FRQRPLFV�DQG�)LQDQFH��6WDQIRUG��

����<DQJ�-����������³3ULFH�(IILFLHQF\�DQG�,QYHQWRU\�&RQWURO�LQ�7ZR�,QWHU�GHDOHU�0DUNHWV��$Q�$JHQW�
%DVHG� $SSURDFK´�� LQ� '�� 6DOODFK� DQG� 7K�� :ROVNR� �HGV��� �� 3URFHHGLQJV� RI� WKH� :RUNVKRS� RQ�
6LPXODWLRQ�RI�6RFLDO�$JHQWV��$UFKLWHFWXUHV�DQG�,QVWLWXWLRQV��8QLYHUVLW\�RI�&KLFDJR�����������

����<DQJ� -�� �������� ³+HWHURJHQHRXV� %HOLHIV�� ,QWHOOLJHQW� $JHQWV�� DQG� $OORFDWLYH� (IILFLHQF\� LQ� DQ�
$UWLILFLDO� 6WRFN� 0DUNHW´�� 6RFLHW\� IRU� &RPSXWDWLRQDO� (FRQRPLFV�� 6HULHV� RI� &RPSXWLQJ� LQ�
(FRQRPLFV�DQG�)LQDQFH�������

�
�

��� 7+(� 327(17,$/� 2)� 62)7� &20387,1*� 0(7+2'6� 72� &$3785(� 121/,1($5�
&+$5$&7(5,67,&6�:+(1�02'(/,1*�(&2120,&�352&(66(6�
$XWKRU����3URIHVVRU�9DVLOH�*HRUJHVFX��3K'�

��8QLYHUVLW\�RI�&UDLRYD��5RPDQLD�
�

$EVWUDFW�
�

��� ,QWURGXFWLRQ��
0RGHOOLQJ��RSWLPL]LQJ��FRQWUROOLQJ�DQG�VWDELOL]LQJ�QRQOLQHDU�RU�WLPH�YDU\LQJ�HFRQRPLF�SURFHVVHV�

DUH� FKDOOHQJLQJ� GXH� WR� YDULRXV� UHDVRQV�� WKH� ODFN� RI� DQ� H[�DQWH� VSHFLILFDWLRQ� RI�PRGHO
V� VWUXFWXUH�� KLJK�
QRLVH� OHYHOV�� QRQ�VWDWLRQDULWLHV� LQGXFHG� E\� VWUXFWXUDO� FKDQJHV� RYHU� WLPH�� IOXFWXDWLRQV� DQG� VKRFNV��
QRQOLQHDU� HIIHFWV� RI� HLWKHU� XQGHUO\LQJ� G\QDPLFV� RU� FRPSOH[� KXPDQ� EHKDYLRXU�� DQG� VR� RQ�� 7KLV� SDSHU�
IRFXVHV� RQ� YDULRXV� VRIW� FRPSXWLQJ�PHWKRGV� WKDW� FDQ� EH� VXFFHVVIXOO\� DSSOLHG� LQ� HFRQRPLF� DQG� ILQDQFLDO�
DUHD�ZKHQ�GHDOLQJ�ZLWK�QRQOLQHDU�PRGHOOLQJ�DQG�FRQWURO��

6RIW�&RPSXWLQJ�ZDV�RULJLQDOO\�GHILQHG�E\�=DGHK��������DV�D�UHYROXWLRQDU\�FRPSXWLQJ�SDUDGLJP�
ZKRVH�JXLGLQJ�SULQFLSOH� LV� ����� WR� H[SORLW� WKH� WROHUDQFH� IRU� LPSUHFLVLRQ��XQFHUWDLQW\�DQG�SDUWLDO� WUXWK� LQ�
RUGHU�WR�DFKLHYH�WUDFWDELOLW\��UREXVWQHVV��ORZ�VROXWLRQ�FRVW�DQG�EHWWHU�UDSSRUW�ZLWK�UHDOLW\���$FFRUGLQJ�WR�
=DGHK�� WKH� PDLQ� FRQVWLWXHQWV� RI� 6RIW� &RPSXWLQJ� DUH� )X]]\� /RJLFV�� 1HXUR�&RPSXWLQJ�� (YROXWLRQDU\�
&RPSXWLQJ� DQG� 3UREDELOLVWLF� &RPSXWLQJ�� DV� ZHOO� DV� VRPH� K\EULG� DSSURDFKHV� �1HXUR�)X]]\�� )X]]\�
*HQHWLF��1HXUR�*HQHWLF��HPHUJLQJ�IURP�WKH�EDVLF�RQHV��$Q�LPSRUWDQW�FKDUDFWHULVWLF�RI�6&�LV�LWV�LQWULQVLF�
FDSDELOLW\� WR� FUHDWH� K\EULG� V\VWHPV� WKDW� DOORZ� GHULYLQJ� V\QHUJLF� HIIHFWV� IURP� LWV� FRPSRQHQWV�� 7KH�
DGYDQWDJH� RI� LQWHJUDWLQJ� VXFK� WHFKQRORJLHV� LV� WR� SURYLGH� PL[HG� UHDVRQLQJ� DQG� VHDUFKLQJ� PHWKRGV� IRU�
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H[WUDFWLQJ� GRPDLQ� NQRZOHGJH� IURP� HPSLULFDO� GDWD�� DV� ZHOO� DV� WKH� RSSRUWXQLW\� WR� GHYHORS� IOH[LEOH�
FRPSXWLQJ�WRROV�WR�VROYH�FRPSOH[�SUREOHPV���

7KH� SRWHQWLDO� RI� VRIW� FRPSXWLQJ� EDVHG� PHWKRGV� WR� GHDO� ZLWK� QRQOLQHDU� SURFHVV� PRGHOLQJ� DQG�
FRQWURO� GHULYHV� IURP� WKHLU� FDSDELOLW\� WR� EH� XQLYHUVDO� DSSUR[LPDWRUV� �L�H��� WR� HVWLPDWH� DOPRVW� DQ\�
FRPSXWDEOH� IXQFWLRQ�RQ�D�FRPSDFW� VHW�� SURYLGHG� WKDW� HQRXJK�H[SHULPHQWDO�GDWD�DQG�HQRXJK�FRPSXWLQJ�
UHVRXUFHV� DUH� DYDLODEOH��� 6XFK� D� QDWXUDO� SURSHQVLW\� IRU� VXSHUYLVHG� OHDUQLQJ� LV�PRVW� RIWHQ� HPSOR\HG� LQ�
SUDFWLFDO�DSSOLFDWLRQV��

7KHUH�LV�DQ�HQRUPRXV�ILHOG�RI�SRWHQWLDO�DSSOLFDWLRQV�WKDW�VRIW�FRPSXWLQJ�EDVHG�PHWKRGV�VXUURXQG�
LQ�HFRQRPLF�DQG�ILQDQFLDO�DUHD��SUHGLFWLQJ�VWRFN�UHWXUQV�DQG�VLPXODWLRQ�RI�WUDGLQJ�VWUDWHJLHV��WLPH�VHULHV�
SURFHVVLQJ� IRU� ILQDQFLDO� DQG� HFRQRPLF� IRUHFDVWLQJ�� FUHGLW� DXWKRUL]DWLRQ� VFUHHQLQJ�� SURMHFW�PDQDJHPHQW�
DQG�ELGGLQJ�VWUDWHJ\��ULVN�UDWLQJ�RI�H[FKDQJH�WUDGHG��IL[HG�LQFRPH�LQYHVWPHQWV��SUHGLFWLRQ�RI�GHIDXOW�DQG�
EDQNUXSWF\��SULFLQJ� LQLWLDO�SXEOLF�RIIHULQJV��GHWHUPLQLQJ�RSWLPDO�FDSLWDO� VWUXFWXUH�� IOH[LEOH�HVWLPDWLRQ�RI�
FRVW�IXQFWLRQV��DQG�VR�RQ��

���6RIW�FRPSXWLQJ�PRGHOOLQJ�YHUVXV�HFRQRPHWULF�PRGHOOLQJ�
7KH� H[� DQWH� VSHFLILFDWLRQ� RI� IXQFWLRQDO� IRUP� LQ� QRQOLQHDU� HFRQRPHWULF� PRGHO� EXLOGLQJ� LV�

FKDOOHQJLQJ� ZKHQ� WKH� WUXH� IXQFWLRQDO� IRUP� LV� XQNQRZQ�� (FRQRPHWULFLDQV� FRQVLGHUHG� VHYHUDO� UHOHYDQW�
FULWHULD�IRU�WKH�VHOHFWLRQ�RI�IXQFWLRQDO�IRUPV��WKHRUHWLFDO�FRQVLVWHQF\��GRPDLQ�RI�DSSOLFDELOLW\�� IOH[LELOLW\��
FRPSXWDWLRQDO� IDFLOLW\� DQG� IDFWXDO� FRQIRUPLW\�� $� ODUJH� UHVHDUFK� HIIRUW� KDV� IRFXVVHG� SDUWLFXODUO\� RQ� WKH�
FRQFHSW� RI� � IOH[LELOLW\�� 7KH� SDUDPHWULF� HVWLPDWLRQ� DSSURDFK� �HVSHFLDOO\� JXLGHG� WR� SURYLGH� D� VXIILFLHQWO\�
IOH[LEOH�VSHFLILFDWLRQ�RI�IXQFWLRQDO�IRUPV��ZDV�WKH�FODVVLFDO�ZD\�WR�IDFH�WKLV�FKDOOHQJH��9DULRXV�VR�FDOOHG�
�IOH[LEOH� IXQFWLRQDO� IRUPV�� ZHUH� SURSRVHG� IRU� PRGHOOLQJ� SURGXFHU� EHKDYLRXU�� 75$16/2*� LV� WKH� PRVW�
SRSXODU�RQH�� ,Q�FRQWUDVW�� VRIW� FRPSXWLQJ�SURYLGHV� YHUVDWLOH� WHFKQLTXHV�RI�HVWLPDWLRQ�� LQVWHDG�RI�GHDOLQJ�
ZLWK�GLIILFXOW�SUREOHPV�DV�WKH�H[�DQWH�VSHFLILFDWLRQ�RI�IXQFWLRQDO�IRUPV��LW�DOORZV�PRUH�WUDFWDEOH�VROXWLRQV��
FKRRVLQJ� IX]]\� SDUWLWLRQV�DQG� WXQLQJ� WKH� VKDSH� RI�PHPEHUVKLS� IXQFWLRQV�� VSHFLI\LQJ� WKH�QHXUDO� QHWZRUN�
DUFKLWHFWXUH�� HWF�� )XUWKHUPRUH�� WKH� SUHGLFWLYH� SRZHU� RI� VXFK� PHWKRGV� LV� FRQVLGHUDEO\� JUHDWHU� ZKHQ�
FRPSDULQJ�ZLWK�SDUDPHWULF�HVWLPDWLRQ�PHWKRGV����

���7LPH�VHULHV�SURFHVVLQJ�EDVHG�RQ�VRIW�FRPSXWLQJ�PHWKRGV��
8VLQJ�VRIW�FRPSXWLQJ�LQ�WLPH�VHULHV�SURFHVVLQJ�LV�WROHUDQW�WR�QRQOLQHDU�XQGHUO\LQJ�G\QDPLFV��KLJK�

QRLVH�OHYHO�DQG�GR�QRW�KDYH�WR�DVVXPH�VWDWLRQDULW\��1HXUDO�QHWZRUNV�RIIHU�D�VWUDLJKWIRUZDUG�H[WHQVLRQ�WR�
WKH�FODVVLFDO�ZD\�RI�PRGHOOLQJ� WLPH�VHULHV��)HHGIRUZDUG�QHWZRUNV�FDQ�XVH�D�VSHFLILF�PHFKDQLVP�WR�GHDO�
ZLWK�WHPSRUDO�LQIRUPDWLRQ��OD\HU�GHOD\�ZLWKRXW�IHHGEDFN�RU�WLPH�ZLQGRZ��DQG�FDQ�WKXV�H[WHQG�WKH�OLQHDU�
DXWRUHJUHVVLYH� PRGHO� ZLWK� H[RJHQRXV� YDULDEOHV� �$5;�� WR� WKH� QRQOLQHDU� $5;� IRUP� �1$5;���

 �\ � ���� ������ \\) �� � � ���� XX    !! ��� "H� ��ZKHUH� #�#) � LV�D�QRQ�OLQHDU�IXQFWLRQ��ZLWK� 11 �EHLQJ�HLWKHU�
0/3 � RU� 5%) ��� )RU� RWKHU� W\SHV� RI�PRGHOV� XVHG� LQ� WLPH� VHULHV� SURFHVVLQJ� WKDW� LQYROYH� SUHGLFWRUV�ZLWK�
IHHGEDFN��RQH�FDQ�UHVRUW�WR�UHFXUUHQW�QHWZRUNV��ZKHUH�IXWXUH�QHWZRUN�LQSXWV�ZLOO�GHSHQG�RQ�SUHVHQW�DQG�
SDVW�QHWZRUN�RXWSXWV��$�VSHFLDO�FDVH�RI�UHFXUUHQW�QHWZRUN�WKDW�FRXOG�EH�XVHG�WR�LGHQWLI\�QRQOLQHDU�$50$;�
PRGHOV�LV�WKH�-RUGDQ�QHWZRUN��,W�FRQVLVWV�RI�D�PXOWLOD\HU�SHUFHSWURQ�ZLWK�RQH�KLGGHQ�OD\HU�DQG�D�IHHGEDFN�
ORRS�IURP�WKH�RXWSXW�OD\HU�WR�DQ�DGGLWLRQDO�LQSXW��RU�FRQWH[W�� OD\HU��,Q�DGGLWLRQ��VHOI�UHFXUUHQW�ORRSV�RQ�
HDFK�XQLW�LQ�WKH�FRQWH[W�OD\HU�PD\�EH�LQWURGXFHG��$QRWKHU�W\SH�RI�UHFXUUHQW�QHWZRUN�WKDW�KDV�EHHQ�SURYHG�
WR�EH�XVHIXO�IRU�LGHQWLILFDWLRQ�RI�VWDWH�VSDFH�PRGHOV�LV�WKH�(OPDQ�QHWZRUN��,W�FRQVLVWV�RI�DQ�0/3�ZLWK�DQ�
DGGLWLRQDO� LQSXW� OD\HU�� FDOOHG� WKH� VWDWH� OD\HU�� UHFHLYLQJ� DV� IHHGEDFN� D� FRS\� RI� WKH� DFWLYDWLRQ� IURP� WKH�
KLGGHQ�OD\HU�DW�WKH�SUHYLRXV�VWHS��%DFNSURSDJDWLRQ�WKURXJK�WLPH��:HUERV��������DQG�7LPH�'HOD\�1HXUDO�
1HWZRUNV��/DQJ��:DLEHO�DQG�+LQWRQ��������DUH�VRPH�RWKHU�H[DPSOHV�RI�UHFXUUHQW�QHXUDO�QHWZRUNV��

���$SSO\LQJ�VRIW�FRPSXWLQJ�PHWKRGRORJ\�WR�WHFKQLFDO�DQDO\VLV�
3UHGLFWLQJ�SULFH� OHYHOV�LV�DQ� LQWULJXLQJ��FKDOOHQJLQJ��DQG�DGPLWWHGO\�ULVN\�HQGHDYRXU��8QGHU� WKH�

HIILFLHQW� PDUNHW� K\SRWKHVLV� �(0+�� SULFHV� VKRXOG� LQVWDQWO\� DQG� FRUUHFWO\� DGMXVW� WR� UHIOHFW� DOO� WKH�
LQIRUPDWLRQ�DYDLODEOH��7KLV�PHDQV�WKDW�JLYHQ�WKH�LQIRUPDWLRQ��QR�SUHGLFWLRQ�RI�IXWXUH�FKDQJHV�LQ�WKH�SULFH�
FDQ�EH�PDGH��RU��DV�0DXULFH�.HQGDOO�VXJJHVWHG��WKH�VWRFN�UHWXUQV�IROORZ�D��UDQGRP�ZDON����'HVSLWH�WKH�
WUDGLWLRQDOO\�PDVVLYH�VXSSRUW�IRU�(0+��WKHUH�LV�D�PDMRULW\�RI�PDUNHW�DFWRUV�EHOLHYLQJ�WKDW�WKH\�FDQ�SUHGLFW�
WKH�SULFHV�LQ�D�ZD\�WKDW�FDQ�PDNH�WKHP�SURILW��7HFKQLFDO�DQDO\VLV�XVHV�WUHQG�IROORZLQJ�VWUDWHJLHV�EDVHG�RQ�
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WKH�DVVHUWLRQ�WKDW�SULFH�FKDQJHV�KDYH�LQHUWLD��,W�LQYROYHV�XVLQJ�SDVW�VWRFN�SULFHV��YROXPH��DQG�RWKHU�UHODWHG�
GDWD�WR�IRUHFDVW�IXWXUH�SULFH�PRYHPHQWV�DQG�WR�LQIHU�WUDGLQJ�GHFLVLRQ�UXOHV�WKDW�VSHFLI\�ZKHQ�WR�EX\�RU�VHOO�
DQ�LQYHVWPHQW��$�VHW�RI�VXFK�UXOHV�RU�FRQGLWLRQV�LV�UHIHUUHG�WR�DV�DQ�HQWU\�H[LW�V\VWHP��RU�D�WUDGLQJ�V\VWHP��
8SRQ�DSSO\LQJ�DQ�HQWU\�H[LW� V\VWHP� WR�D� VHW� RI� GDWD��DQ� HQWU\�H[LW� VLJQDO� �DOVR� FDOOHG�EX\�VHOO� VLJQDO�RU�
WUDGLQJ�VLJQDO��LV�JHQHUDWHG��(QWU\�H[LW�VLJQDOV�DUH�LQGLFDWLRQV�RI�WKH�EHVW�WLPH�WR�EX\�RU�VHOO�D�VWRFN�EDVHG�
RQ�RQH�RU�PRUH�IDFWRUV�LQ�WKH�PDUNHW��$�WUDGLQJ�V\VWHP�VKRXOG�KDYH�WUDGLQJ�UXOHV�WKDW�DOORZ�WKH�LQYHVWRUV�
WR�SURILW�IURP�ERWK�WKH�FDVHV�ZKHQ�SULFHV�LQFUHDVH�RU�GHFUHDVH��

1HXUDO� QHWZRUNV� XVHG� LQ� FRQMXQFWLRQ�ZLWK� JHQHWLF� DOJRULWKPV� KDYH� UHFHQWO\� SURYLGHG� HPSLULFDO�
HYLGHQFH�WR�EH�WKH�PRVW�HIILFLHQW�WRRO�IRU�WHFKQLFDO�DQDO\VLV��HVSHFLDOO\�GXH�WR�WKHLU�DELOLW\�RI�UHSUHVHQWLQJ�
QRQ�OLQHDU�UHODWLRQVKLSV�DQG�WR�WKHLU�DELOLW\�RI�OHDUQLQJ�WKHVH�UHODWLRQVKLSV�IURP�WKH�GDWD�EHLQJ�PRGHOOHG��
$�QHXUDO�QHWZRUN�FDQ�EH�XVHG�WR�JHQHUDWH�HQWU\�H[LW�VLJQDOV�GLUHFWO\��RU�LWV�RXWSXWV�FDQ�EH�SURFHVVHG�E\�DQ�
HQWU\�H[LW� V\VWHP� WR� SURGXFH� HQWU\�H[LW� VLJQDOV�� 2QFH� WKH� HQWU\�H[LW� V\VWHP� EHJLQV� WR� EUHDN� GRZQ�� WKH�
QHXUDO�QHWZRUN�FDQ�LPSURYH�LWV�SHUIRUPDQFH�E\�UH�WUDLQLQJ�RQ�WKH�QHZ�FROOHFWHG�GDWD��*HQHWLF�DOJRULWKPV�
FDQ�EH�FRPELQHG�ZLWK�QHXUDO�QHWZRUNV�WR�HQKDQFH�WKHLU�SHUIRUPDQFH�E\�ILQGLQJ�RSWLPDO�QHXUDO�QHWZRUN�
VHWWLQJV�RU�WR�EH�XVHG�IRU�SRVW�SURFHVVLQJ�RSWLPL]DWLRQ���

���8VLQJ�IX]]\�FRQWURO�WHFKQLTXHV�IRU�VWDELOL]LQJ�HFRQRPLF�SURFHVVHV�
9DULRXV�WHFKQLTXHV�KDYH�EHHQ�XVHG�WR�FRQWURO�RU�VWDELOL]H�HFRQRPLF�SURFHVVHV��IURP�HFRQRPHWULF�

PRGHOV� EDVHG� RQ� UDWLRQDO� H[SHFWDWLRQV� �DVVXPLQJ� WKDW� VKLIWV� LQ� HFRQRPLF� SROLF\� SURGXFH� UHYLVHG�
H[SHFWDWLRQV� RI� UDWLRQDO� DJHQWV��� WR� UHJXODWRU\� PHFKDQLVPV�� QRUPDOO\� UHJDUGHG� DV� HQJLQHHULQJ� WRROV��
+RZHYHU��DSSO\LQJ�QRQFRQYHQWLRQDO�WHFKQLTXHV��VXFK�DV�IX]]\�FRQWURO��SURYLGHV�PRUH�IOH[LEOH�DQG�UHOLDEOH�
DOWHUQDWLYHV� WKDQ� WKH� FRQYHQWLRQDO� ZD\�� 7KH� LQWHUHVW� LQ� DSSO\LQJ� IX]]\� FRQWURO� WR� HFRQRPLF� SURFHVVHV�
FRQVLVWV� RI� DW� OHDVW� WZR� DGYDQWDJHV�� RQ� WKH� RQH� KDQG� LQ� SUHVFULELQJ� FRQWURO� DFWLRQV� E\� OLQJXLVWLF�
GHVFULSWLRQV� DQG� RQ� WKH� RWKHU� KDQG� LQ� WKH� FDSDELOLW\� RI� WUDQVLWLRQ� IURP� OLQHDU� WR� QRQOLQHDU� PRGHV� RI�
FRQWURO�� FRQMXJDWHG�ZLWK� ILQH�WXQLQJ�SURFHGXUHV��:H�FDQ�EHQHILW� IURP�VXFK�QRQOLQHDU�FDSDELOLWLHV�ZKHQ�
GHVLJQLQJ�D� IX]]\�FRQWURO� VWUDWHJ\� WR� VWDELOL]H�DQ�HFRQRPLF�SURFHVV��E\�FKRRVLQJ�GLIIHUHQW�VKDSHV�RI� WKH�
PHPEHUVKLS� IXQFWLRQV�� GLIIHUHQW� LPSOLFDWLRQ� IXQFWLRQV�� GLIIHUHQW� 7�QRUPV� DQG� 7�FRQRUPV� WR� PRGHO� WKH�
ORJLFDO� FRQQHFWLYHV� XVHG� LQ� WKH� DQWHFHGHQW� RI� YDULRXV� UXOHV� DQG� E\� VFDOLQJ� WKH� LQSXWV� LQ� RUGHU� WR� IXOO\�
H[SORLW� WKH�UDQJH�RI�XQLYHUVH�RI�GLVFRXUVH��$V�DQ�DSSOLFDWLRQ�RI�IX]]\�FRQWURO�WR�HFRQRPLF�SURFHVVHV��ZH�
SURYLGH�D�IX]]\�H[WHQVLRQ�RI�WKH�3KLOOLSV¶�VWDELOL]DWLRQ�PRGHO�LQ�WZR�YDULDQWV��IRU�D�FORVHG�HFRQRP\��ZKHUH�
D�IX]]\�3,'�OLNH�FRQWUROOHU�LV�LPSOHPHQWHG��DV�ZHOO�DV�IRU�DQ�RSHQ�HFRQRP\��ZKHUH�D�IX]]\�VWDWH�IHHGEDFN�
FRQWUROOHU�LV�LPSOHPHQWHG���

�
���,QWURGXFWLRQ��
0RGHOOLQJ��RSWLPL]LQJ��FRQWUROOLQJ�DQG�VWDELOL]LQJ�QRQOLQHDU�RU�WLPH�YDU\LQJ�HFRQRPLF�SURFHVVHV�DUH�

FKDOOHQJLQJ�GXH� WR�YDULRXV� UHDVRQV�� WKH� ODFN�RI�DQ�H[�DQWH�VSHFLILFDWLRQ�RI�PRGHO
V� VWUXFWXUH��KLJK�QRLVH�
OHYHOV�� QRQ�VWDWLRQDULWLHV� LQGXFHG� E\� VWUXFWXUDO� FKDQJHV� RYHU� WLPH�� IOXFWXDWLRQV� DQG� VKRFNV�� QRQOLQHDU�
HIIHFWV� RI� HLWKHU� XQGHUO\LQJ� G\QDPLFV� RU� FRPSOH[� KXPDQ� EHKDYLRXU�� DQG� VR� RQ�� 7KLV� SDSHU� IRFXVHV� RQ�
YDULRXV� VRIW� FRPSXWLQJ�PHWKRGV� WKDW� FDQ� EH� VXFFHVVIXOO\� DSSOLHG� LQ� HFRQRPLF� DQG� ILQDQFLDO� DUHD�ZKHQ�
GHDOLQJ�ZLWK�QRQOLQHDU�PRGHOOLQJ�DQG�FRQWURO��

6RIW� &RPSXWLQJ� ZDV� RULJLQDOO\� GHILQHG� E\� =DGHK� ������� DV� D� UHYROXWLRQDU\� FRPSXWLQJ� SDUDGLJP�
ZKRVH� JXLGLQJ� SULQFLSOH� LV� ����� WR� H[SORLW� WKH� WROHUDQFH� IRU� LPSUHFLVLRQ�� XQFHUWDLQW\� DQG� SDUWLDO� WUXWK� LQ�
RUGHU�WR�DFKLHYH� WUDFWDELOLW\�� UREXVWQHVV��ORZ�VROXWLRQ�FRVW�DQG�EHWWHU�UDSSRUW�ZLWK�UHDOLW\���$FFRUGLQJ� WR�
=DGHK�� WKH� PDLQ� FRQVWLWXHQWV� RI� 6RIW� &RPSXWLQJ� DUH� )X]]\� /RJLFV�� 1HXUR�&RPSXWLQJ�� (YROXWLRQDU\�
&RPSXWLQJ� DQG� 3UREDELOLVWLF� &RPSXWLQJ�� DV� ZHOO� DV� VRPH� K\EULG� DSSURDFKHV� �1HXUR�)X]]\�� )X]]\�
*HQHWLF��1HXUR�*HQHWLF��HPHUJLQJ�IURP�WKH�EDVLF�RQHV��$Q�LPSRUWDQW�FKDUDFWHULVWLF�RI�6&�LV�LWV�LQWULQVLF�
FDSDELOLW\� WR� FUHDWH� K\EULG� V\VWHPV� WKDW� DOORZ� GHULYLQJ� V\QHUJLF� HIIHFWV� IURP� LWV� FRPSRQHQWV�� 7KH�
DGYDQWDJH� RI� LQWHJUDWLQJ� VXFK� WHFKQRORJLHV� LV� WR� SURYLGH� PL[HG� UHDVRQLQJ� DQG� VHDUFKLQJ� PHWKRGV� IRU�
H[WUDFWLQJ� GRPDLQ� NQRZOHGJH� IURP� HPSLULFDO� GDWD�� DV� ZHOO� DV� WKH� RSSRUWXQLW\� WR� GHYHORS� IOH[LEOH�
FRPSXWLQJ�WRROV�WR�VROYH�FRPSOH[�SUREOHPV���

7KH�SRWHQWLDO�RI�VRIW�FRPSXWLQJ�EDVHG�PHWKRGV�WR�GHDO�ZLWK�QRQOLQHDU�SURFHVV�PRGHOOLQJ�DQG�FRQWURO�
GHULYHV� IURP� WKHLU� FDSDELOLW\� WR� EH� XQLYHUVDO� DSSUR[LPDWRUV� �L�H��� WR� HVWLPDWH� DOPRVW� DQ\� FRPSXWDEOH�
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IXQFWLRQ�RQ�D�FRPSDFW�VHW��SURYLGHG�WKDW�HQRXJK�H[SHULPHQWDO�GDWD�DQG�HQRXJK�FRPSXWLQJ�UHVRXUFHV�DUH�
DYDLODEOH��� 6XFK� D� QDWXUDO� SURSHQVLW\� IRU� VXSHUYLVHG� OHDUQLQJ� LV� PRVW� RIWHQ� HPSOR\HG� LQ� SUDFWLFDO�
DSSOLFDWLRQV��

7KHUH�LV�DQ�HQRUPRXV�ILHOG�RI�SRWHQWLDO�DSSOLFDWLRQV�WKDW�VRIW�FRPSXWLQJ�EDVHG�PHWKRGV�VXUURXQG�LQ�
HFRQRPLF� DQG� ILQDQFLDO� DUHD�� SUHGLFWLQJ� VWRFN� UHWXUQV� DQG� VLPXODWLRQ� RI� WUDGLQJ� VWUDWHJLHV�� WLPH� VHULHV�
SURFHVVLQJ�IRU�ILQDQFLDO�DQG�HFRQRPLF�IRUHFDVWLQJ��FUHGLW�DXWKRUL]DWLRQ�VFUHHQLQJ��SURMHFW�PDQDJHPHQW�DQG�
ELGGLQJ� VWUDWHJ\�� ULVN� UDWLQJ� RI� H[FKDQJH�WUDGHG�� IL[HG� LQFRPH� LQYHVWPHQWV�� SUHGLFWLRQ� RI� GHIDXOW� DQG�
EDQNUXSWF\��SULFLQJ� LQLWLDO�SXEOLF�RIIHULQJV��GHWHUPLQLQJ�RSWLPDO� FDSLWDO� VWUXFWXUH�� IOH[LEOH� HVWLPDWLRQ�RI�
FRVW�IXQFWLRQV��DQG�VR�RQ��

�
���6RIW�FRPSXWLQJ�PRGHOOLQJ�YHUVXV�HFRQRPHWULF�PRGHOOLQJ�
7KH�H[�DQWH�VSHFLILFDWLRQ�RI�IXQFWLRQDO�IRUP�LQ�QRQOLQHDU�HFRQRPHWULF�PRGHO�EXLOGLQJ�LV�FKDOOHQJLQJ�

ZKHQ� WKH� WUXH� IXQFWLRQDO� IRUP� LV�XQNQRZQ��(FRQRPHWULFLDQV� FRQVLGHUHG� VHYHUDO� UHOHYDQW� FULWHULD� IRU� WKH�
VHOHFWLRQ�RI�IXQFWLRQDO�IRUPV�� WKHRUHWLFDO�FRQVLVWHQF\��GRPDLQ�RI�DSSOLFDELOLW\�� IOH[LELOLW\��FRPSXWDWLRQDO�
IDFLOLW\� DQG� IDFWXDO� FRQIRUPLW\�� $� ODUJH� UHVHDUFK� HIIRUW� KDV� IRFXVHG� SDUWLFXODUO\� RQ� WKH� FRQFHSW� RI�
IOH[LELOLW\�� 7KH� SDUDPHWULF� HVWLPDWLRQ� DSSURDFK� �HVSHFLDOO\� JXLGHG� WR� SURYLGH� D� VXIILFLHQWO\� IOH[LEOH�
VSHFLILFDWLRQ�RI�IXQFWLRQDO�IRUPV��ZDV�WKH�FODVVLFDO�ZD\�WR�IDFH�WKLV�FKDOOHQJH��9DULRXV�VR�FDOOHG��IOH[LEOH�
IXQFWLRQDO�IRUPV��ZHUH�SURSRVHG�IRU�PRGHOOLQJ�SURGXFHU�EHKDYLRXU��75$16/2*�LV�WKH�PRVW�SRSXODU�RQH��
,Q�FRQWUDVW�� VRIW�FRPSXWLQJ�SURYLGHV�YHUVDWLOH� WHFKQLTXHV�RI�HVWLPDWLRQ�� LQVWHDG�RI�GHDOLQJ�ZLWK�GLIILFXOW�
SUREOHPV� DV� WKH� H[� DQWH� VSHFLILFDWLRQ� RI� IXQFWLRQDO� IRUPV�� LW� DOORZV�PRUH� WUDFWDEOH� VROXWLRQV�� FKRRVLQJ�
IX]]\�SDUWLWLRQV�DQG�WXQLQJ�WKH�VKDSH�RI�PHPEHUVKLS�IXQFWLRQV��VSHFLI\LQJ�WKH�QHXUDO�QHWZRUN�DUFKLWHFWXUH��
HWF�� )XUWKHUPRUH�� WKH� SUHGLFWLYH� SRZHU� RI� VXFK� PHWKRGV� LV� FRQVLGHUDEO\� JUHDWHU� ZKHQ� FRPSDULQJ� ZLWK�
SDUDPHWULF�HVWLPDWLRQ�PHWKRGV����

7R� IDFLOLWDWH� WKH�FRPSDULVRQ�� OHW�XV� FRQVLGHU�D� IDPRXV�PRGHO�GXH� WR�&KULVWHQVHQ 	 *UHHQH� ��������
ZKHUH�WKH�WRWDO�FRVW�RI�VWHDP�JHQHUDWLRQ�LV�GHILQHG�DV�D�IXQFWLRQ�RI�WKH�OHYHO�RI�RXWSXW�T�DQG�D�YHFWRU�S�RI�
WKUHH�IDFWRU�SULFHV��FDSLWDO�� $S ���IXHO�� %S ��DQG�ODERXU�� &S ���$�VWRFKDVWLF�VSHFLILFDWLRQ�RI�WKH�PRGHO�LQ�D�
75$16/2*�IRUP�LV�JLYHQ�E\�WKH�HTXDWLRQV�RI�IDFWRU�VKDUHV�DQG�FRVW�IXQFWLRQ��
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:H� XVHG� D� )*/6� �)HDVLEOH� *HQHUDOL]HG� /HDVW� 6TXDUHV�� HVWLPDWLRQ� SURFHGXUH� WR� FRPSXWH� WKH�
75$16/2*�HVWLPDWHV��$OWHUQDWLYHO\�� WZR� VRIW�FRPSXWLQJ�PHWKRGV�ZHUH�DSSOLHG� WR� WKH� VDPH�GDWDVHW�� D�
IHHGIRUZDUG�QHXUDO�QHWZRUN�EDVHG�PHWKRG��LPSOHPHQWLQJ�D�/HYHQEHUJ�0DUTXDUGW�WUDLQLQJ�DOJRULWKP��DQG�
D� QHXUR�IX]]\� PHWKRG� �$1),6��� )RU�PHDVXULQJ� WKH� DFFXUDF\� RI� IRUHFDVWV� ZH� FRPSXWHG� WKH� URRW� PHDQ�
VTXDUHG�HUURU��506(���7KH�WDEOH�EHORZ�FRQILUPV�WKDW�WKH�VRIW�FRPSXWLQJ�PHWKRGV�SURGXFH�PRUH�DFFXUDWH�
UHVXOWV��
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7KH�JRRGQHVV�RI�ILW��DOPRVW�SHUIHFW�LQ�FDVH�RI�$1),6��FDQ�EH�DOVR�FRPSDUHG�JUDSKLFDOO\��
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)LJXUH����*RRGQHVV�RI�ILW�LQ�FDVH�RI�XVLQJ�75$16/2*�DQG�$1),6��UHVSHFWLYHO\��

�
���7LPH�VHULHV�SURFHVVLQJ�EDVHG�RQ�VRIW�FRPSXWLQJ�PHWKRGV��
8VLQJ� VRIW� FRPSXWLQJ� LQ� WLPH� VHULHV� SURFHVVLQJ� LV� WROHUDQW� WR� QRQOLQHDU� XQGHUO\LQJ� G\QDPLFV�� KLJK�

QRLVH�OHYHO�DQG�GR�QRW�KDYH�WR�DVVXPH�VWDWLRQDULW\��%RWK�IHHGIRUZDUG�DQG�UHFXUUHQW�QHXUDO�QHWZRUNV�RIIHU�D�
VWUDLJKWIRUZDUG�H[WHQVLRQ�WR�WKH�FODVVLFDO�ZD\�RI�PRGHOOLQJ�WLPH�VHULHV��

2QH�RI� WKH� HDVLHVW�ZD\� LV� WR� HTXLS� IHHGIRUZDUG� QHWZRUNV�ZLWK� D�PHFKDQLVP� WR� GHDO�ZLWK� WHPSRUDO�
LQIRUPDWLRQ� �OD\HU� GHOD\� ZLWKRXW� IHHGEDFN� RU� WLPH� ZLQGRZ��� ZKLFK� FDQ� WKXV� H[WHQG� WKH� OLQHDU�
DXWRUHJUHVVLYH�PRGHO�ZLWK�H[RJHQRXV�YDULDEOHV��$5;��WR�WKH�QRQOLQHDU�$5;�IRUP��1$5;���

 1\ � ���2 3445�5 \\) 66 � � �788 XX 999 :: ��� ;H� �
ZKHUH� <�<) � LV� D� QRQ�OLQHDU� IXQFWLRQ��&DSWXULQJ� QRQOLQHDU� FKDUDFWHULVWLFV� RI� WLPH� VHULHV� LV� EDVHG� RQ� WKH�
FDSDELOLW\�RI�HLWKHU�0/3V��PXOWLOD\HU�SHUFHSWURQV��ZLWK�KLGGHQ�XQLWV�KDYLQJ�VLJPRLGDO�WUDQVIHU�IXQFWLRQV��
RU� 5%)1V�� �UDGLDO� EDVLV� IXQFWLRQ� QHWZRUNV�� ZLWK� KLGGHQ� XQLWV� XVLQJ� D� GLVWDQFH� SURSDJDWLRQ� UXOH� DQG� D�
*DXVVLDQ�WUDQVIHU�IXQFWLRQ��WR�EH�XQLYHUVDO�IXQFWLRQ�DSSUR[LPDWRUV��7KLV�PHDQV�WKDW�WKH\�FDQ�DSSUR[LPDWH�
DQ\�FRPSXWDEOH�IXQFWLRQ�RQ�D�FRPSDFW�VHW�DUELWUDULO\�FORVHO\�E\�
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ZKHUH�V �LV�D�VLJPRLGDO�IXQFWLRQ��T �LV�WKH�QXPEHU�RI�KLGGHQ�XQLWV�� J KY �DQG� LMZ �DUH�ZHLJKWV�� NOY �DQG� PMZ �
DUH�ELDVHV��WKUHVKROGV��±�RU�E\�

� � � Q���L�YZ]ZY�]�)�Z�Y�\Ö QRQS
T
U

VSS
W
US R SX�Y[ZR �\ \\  ¸̧¹

·
¨̈©
§ �¹̧

·
©̈
§ ��*�  ¦¦ ]] �

ZKHUH�* �LV�D�*DXVVLDQ�IXQFWLRQ��SURYLGHG�WKDW�T �LV�VXIILFLHQWO\�ODUJH��
)RU�RWKHU�W\SHV�RI�PRGHOV�XVHG�LQ�WLPH�VHULHV�SURFHVVLQJ�WKDW�LQYROYH�SUHGLFWRUV�ZLWK�IHHGEDFN��RQH�

FDQ� UHVRUW� WR�UHFXUUHQW�QHWZRUNV��ZKHUH� IXWXUH�QHWZRUN� LQSXWV�ZLOO�GHSHQG�RQ�SUHVHQW�DQG�SDVW�QHWZRUN�
RXWSXWV��$�VSHFLDO�FDVH�RI�UHFXUUHQW�QHWZRUN�WKDW�FRXOG�EH�XVHG�WR�LGHQWLI\�QRQOLQHDU�$50$;�PRGHOV�LV�WKH�
-RUGDQ�QHWZRUN��,W�FRQVLVWV�RI�D�PXOWLOD\HU�SHUFHSWURQ�ZLWK�RQH�KLGGHQ�OD\HU�DQG�D�IHHGEDFN�ORRS�IURP�WKH�
RXWSXW�OD\HU�WR�DQ�DGGLWLRQDO�LQSXW��RU�FRQWH[W��OD\HU��,Q�DGGLWLRQ��VHOI�UHFXUUHQW�ORRSV�RQ�HDFK�XQLW�LQ�WKH�
FRQWH[W�OD\HU�PD\�EH�LQWURGXFHG��$QRWKHU�W\SH�RI�UHFXUUHQW�QHWZRUN�WKDW�KDV�EHHQ�SURYHG�WR�EH�XVHIXO�IRU�
LGHQWLILFDWLRQ�RI�VWDWH�VSDFH�PRGHOV�LV�WKH�(OPDQ�QHWZRUN��,W�FRQVLVWV�RI�DQ�0/3�ZLWK�DQ�DGGLWLRQDO�LQSXW�
OD\HU��FDOOHG� WKH�VWDWH� OD\HU�� UHFHLYLQJ�DV�IHHGEDFN�D�FRS\�RI� WKH�DFWLYDWLRQ� IURP� WKH�KLGGHQ�OD\HU�DW� WKH�
SUHYLRXV� VWHS��%DFNSURSDJDWLRQ� WKURXJK� WLPH� �:HUERV�� ������ DQG�7LPH�'HOD\�1HXUDO�1HWZRUNV� �/DQJ��
:DLEHO�DQG�+LQWRQ��������DUH�VRPH�RWKHU�H[DPSOHV�RI�UHFXUUHQW�QHXUDO�QHWZRUNV��
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�
���$SSO\LQJ�VRIW�FRPSXWLQJ�PHWKRGRORJ\�WR�WHFKQLFDO�DQDO\VLV�
3UHGLFWLQJ� SULFH� OHYHOV� LV� DQ� LQWULJXLQJ�� FKDOOHQJLQJ�� DQG� DGPLWWHGO\� ULVN\� HQGHDYRXU�� 8QGHU� WKH�

HIILFLHQW� PDUNHW� K\SRWKHVLV� �(0+�� SULFHV� VKRXOG� LQVWDQWO\� DQG� FRUUHFWO\� DGMXVW� WR� UHIOHFW� DOO� WKH�
LQIRUPDWLRQ�DYDLODEOH��7KLV�PHDQV�WKDW�JLYHQ�WKH�LQIRUPDWLRQ��QR�SUHGLFWLRQ�RI�IXWXUH�FKDQJHV�LQ�WKH�SULFH�
FDQ�EH�PDGH��RU��DV�0DXULFH�.HQGDOO�VXJJHVWHG��WKH�VWRFN�UHWXUQV�IROORZ�D��UDQGRP�ZDON����'HVSLWH�WKH�
WUDGLWLRQDOO\�PDVVLYH�VXSSRUW�IRU�(0+��WKHUH�LV�D�PDMRULW\�RI�PDUNHW�DFWRUV�EHOLHYLQJ�WKDW�WKH\�FDQ�SUHGLFW�
WKH� SULFHV� LQ� D� ZD\� WKDW� FDQ� PDNH� WKHP� SURILW��:KLOH� WKH� SUHGLFWDELOLW\� RI� SULFHV� LV� DVVXPHG�� ILQGLQJ�
PHWKRGV� WKDW� LPSURYH� WKH� SUHGLFWLYH� SRZHU� RI� PRGHOV� EHFRPHV� FUXFLDO�� 7KH� GHFLVLRQ� UXOHV� WKDW� VXFK�
PRGHOV�LQFRUSRUDWH�UHO\�RQ�HLWKHU�WHFKQLFDO�RU�IXQGDPHQWDO�DQDO\VLV�RI�SDVW�LQIRUPDWLRQ��

7HFKQLFDO� DQDO\VLV� XVHV� WUHQG� IROORZLQJ� VWUDWHJLHV� EDVHG� RQ� WKH� DVVHUWLRQ� WKDW� SULFH� FKDQJHV� KDYH�
LQHUWLD�� ,W� LQYROYHV� XVLQJ� SDVW� VWRFN� SULFHV�� YROXPH�� DQG� RWKHU� UHODWHG� GDWD� WR� IRUHFDVW� IXWXUH� SULFH�
PRYHPHQWV�DQG�WR�LQIHU�WUDGLQJ�GHFLVLRQ�UXOHV�WKDW�VSHFLI\�ZKHQ�WR�EX\�RU�VHOO�DQ�LQYHVWPHQW��$�VHW�RI�VXFK�
UXOHV�RU�FRQGLWLRQV�LV�UHIHUUHG�WR�DV�DQ�HQWU\�H[LW�V\VWHP��RU�D�WUDGLQJ�V\VWHP��8SRQ�DSSO\LQJ�DQ�HQWU\�H[LW�
V\VWHP� WR� D� VHW� RI�GDWD�� DQ�HQWU\�H[LW� VLJQDO� �DOVR� FDOOHG�EX\�VHOO� VLJQDO� RU� WUDGLQJ� VLJQDO�� LV� JHQHUDWHG��
(QWU\�H[LW�VLJQDOV�DUH�LQGLFDWLRQV�RI�WKH�EHVW�WLPH�WR�EX\�RU�VHOO�D�VWRFN�EDVHG�RQ�RQH�RU�PRUH�IDFWRUV�LQ�WKH�
PDUNHW��$�WUDGLQJ�V\VWHP�VKRXOG�KDYH�WUDGLQJ�UXOHV�WKDW�DOORZ�WKH�LQYHVWRUV�WR�SURILW�IURP�ERWK�WKH�FDVHV�
ZKHQ�SULFHV�LQFUHDVH�RU�GHFUHDVH��

1HXUDO�QHWZRUNV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�JHQHWLF�DOJRULWKPV�KDYH�UHFHQWO\�SURYLGHG�HPSLULFDO�
HYLGHQFH�WR�EH�WKH�PRVW�HIILFLHQW�WRRO�IRU�WHFKQLFDO�DQDO\VLV��HVSHFLDOO\�GXH�WR�WKHLU�DELOLW\�RI�UHSUHVHQWLQJ�
QRQ�OLQHDU�UHODWLRQVKLSV�DQG�WR�WKHLU�DELOLW\�RI�OHDUQLQJ�WKHVH�UHODWLRQVKLSV�IURP�WKH�GDWD�EHLQJ�PRGHOOHG��$�
QHXUDO�QHWZRUN�FDQ�EH�XVHG�WR�JHQHUDWH�HQWU\�H[LW�VLJQDOV�GLUHFWO\��RU�LWV�RXWSXWV�FDQ�EH�SURFHVVHG�E\�DQ�
HQWU\�H[LW�V\VWHP�WR�SURGXFH�HQWU\�H[LW�VLJQDOV��2QFH�WKH�HQWU\�H[LW�V\VWHP�EHJLQV�WR�EUHDN�GRZQ��WKH�
QHXUDO�QHWZRUN�FDQ�LPSURYH�LWV�SHUIRUPDQFH�E\�UH�WUDLQLQJ�RQ�WKH�QHZ�FROOHFWHG�GDWD��*HQHWLF�DOJRULWKPV�
FDQ�EH�FRPELQHG�ZLWK�QHXUDO�QHWZRUNV�WR�HQKDQFH�WKHLU�SHUIRUPDQFH�E\�ILQGLQJ�RSWLPDO�QHXUDO�QHWZRUN�
VHWWLQJV�RU�WR�EH�XVHG�IRU�SRVW�SURFHVVLQJ�RSWLPL]DWLRQ���

1HXUDO�QHWZRUNV�DQG�JHQHWLF�DOJRULWKPV�FDQ�EH�XVHG�IRU�WHFKQLFDO�DQDO\VLV�LQ�D�YDULHW\�RI�ZD\V��
)LUVW��D�QHXUDO�QHWZRUN�FRXOG�EH�XVHG�WR�FUHDWH�D�PRGHO�IRU�SUHGLFWLQJ�WKH�IXWXUH�SULFH�RI�D�ILQDQFLDO�
LQVWUXPHQW��JLYHQ�WKH�FXUUHQW�DQG�SUHYLRXV�SULFHV�DQG�RWKHU�WHFKQLFDO�DQG�RU�IXQGDPHQWDO�GDWD��7KH�
SUHGLFWHG�SULFH�FRXOG�WKHQ�EH�XVHG�ZLWKLQ�DQ�HQWU\�H[LW�V\VWHP�WR�SURGXFH�D�VLJQDO�LQGLFDWLQJ�ZKHQ�WR�EX\�
RU�VHOO��*HQHWLF�DOJRULWKPV�FRXOG�EH�XVHG�WR�RSWLPL]H�WKH�QHXUDO�QHWZRUN�LQSXWV�DQG�SDUDPHWHUV�LQ�RUGHU�WR�
SURGXFH�WKH�EHVW�PRGHO�SRVVLEOH��$�VHFRQG�PHWKRG�ZRXOG�EH�WR�WUDLQ�D�QHXUDO�QHWZRUN�WR�RSWLPDOO\�SUHGLFW�
DQ�HQWU\�H[LW�VLJQDO�XVLQJ�RQO\�FXUUHQW�DQG�KLVWRULFDO�GDWD�DV�LQSXWV��6LQFH�WKH�RXWSXW�RI�WKLV�W\SH�RI�QHXUDO�
PRGHO�LV�DQ�HQWU\�H[LW�VLJQDO��LW�FDQ�EH�XVHG�GLUHFWO\�ZLWKRXW�WKH�QHHG�IRU�IXUWKHU�SURFHVVLQJ�E\�DQ�
HQWU\�H[LW�V\VWHP��$JDLQ��JHQHWLF�DOJRULWKPV�FRXOG�EH�XVHG�WR�RSWLPL]H�WKH�LQSXWV�DQG�SDUDPHWHUV�WR�WKH�
QHXUDO�QHWZRUN�LQ�DGGLWLRQ�WR�WKH�HQWU\�H[LW�V\VWHP�WKUHVKROGV��$�WKLUG�PHWKRG�FRXOG�EH�WR�XVH�D�QHXUDO�
QHWZRUN�WR�FUHDWH�D�PRGHO�IRU�SUHGLFWLQJ�WKH�SHUIRUPDQFH�RI�D�VWRFN�IRU�D�FHUWDLQ�SHULRG�LQWR�WKH�IXWXUH��)RU�
H[DPSOH��WKH�LQSXWV�WR�WKH�PRGHO�FRXOG�EH�WKH�FXUUHQW�SULFH��WKH�SHUFHQW�JDLQ�RYHU�WKH�ODVW�ZHHN��WKH�SHUFHQW�
JDLQ�RYHU�WKH�ODVW�PRQWK��HWF��DQG�WKH�GHVLUHG�RXWSXW�FRXOG�EH�WKH�SHUFHQW�JDLQ�IRU�WKH�QH[W�ZHHN��$V�ZLWK�
WKH�SUHYLRXV�WZR�PHWKRGV�IRU�XVLQJ�QHXUDO�QHWZRUNV��WKH�QHWZRUNV�LQSXWV�DQG�SDUDPHWHUV�FRXOG�EH�
RSWLPL]HG�XVLQJ�JHQHWLF�DOJRULWKPV��

�
���8VLQJ�IX]]\�FRQWURO�WHFKQLTXHV�IRU�VWDELOL]LQJ�HFRQRPLF�SURFHVVHV�

9DULRXV� WHFKQLTXHV� KDYH� EHHQ� XVHG� WR� FRQWURO� RU� VWDELOL]H� HFRQRPLF� SURFHVVHV�� IURP� HFRQRPHWULF�
PRGHOV� EDVHG� RQ� UDWLRQDO� H[SHFWDWLRQV� �DVVXPLQJ� WKDW� VKLIWV� LQ� HFRQRPLF� SROLF\� SURGXFH� UHYLVHG�
H[SHFWDWLRQV� RI� UDWLRQDO� DJHQWV��� WR� UHJXODWRU\� PHFKDQLVPV�� QRUPDOO\� UHJDUGHG� DV� HQJLQHHULQJ� WRROV��
+RZHYHU��DSSO\LQJ�QRQFRQYHQWLRQDO�WHFKQLTXHV��VXFK�DV�IX]]\�FRQWURO��SURYLGHV�PRUH�IOH[LEOH�DQG�UHOLDEOH�
DOWHUQDWLYHV� WKDQ� WKH� FRQYHQWLRQDO� ZD\�� 7KH� LQWHUHVW� LQ� DSSO\LQJ� IX]]\� FRQWURO� WR� HFRQRPLF� SURFHVVHV�
FRQVLVWV� RI� DW� OHDVW� WZR� DGYDQWDJHV�� RQ� WKH� RQH� KDQG� LQ� SUHVFULELQJ� FRQWURO� DFWLRQV� E\� OLQJXLVWLF�
GHVFULSWLRQV�DQG�RQ�WKH�RWKHU�KDQG�LQ�WKH�FDSDELOLW\�RI�WUDQVLWLRQ�IURP�OLQHDU�WR�QRQOLQHDU�PRGHV�RI�FRQWURO��
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FRQMXJDWHG�ZLWK�ILQH�WXQLQJ�SURFHGXUHV��:H�FDQ�EHQHILW�IURP�VXFK�QRQOLQHDU�FDSDELOLWLHV�ZKHQ�GHVLJQLQJ�D�
IX]]\�FRQWURO�VWUDWHJ\�WR�VWDELOL]H�DQ�HFRQRPLF�SURFHVV��E\�FKRRVLQJ�GLIIHUHQW�VKDSHV�RI�WKH�PHPEHUVKLS�
IXQFWLRQV�� GLIIHUHQW� LPSOLFDWLRQ� IXQFWLRQV�� GLIIHUHQW� 7�QRUPV� DQG� 7�FRQRUPV� WR� PRGHO� WKH� ORJLFDO�
FRQQHFWLYHV�XVHG�LQ�WKH�DQWHFHGHQW�RI�YDULRXV�UXOHV�DQG�E\�VFDOLQJ�WKH�LQSXWV�LQ�RUGHU�WR�IXOO\�H[SORLW�WKH�
UDQJH�RI�WKH�XQLYHUVH�RI�GLVFRXUVH��$V�DQ�DSSOLFDWLRQ�RI�IX]]\�FRQWURO�WR�HFRQRPLF�SURFHVVHV��ZH�SURYLGH�D�
IX]]\�H[WHQVLRQ�RI�WKH�3KLOOLSV¶�VWDELOL]DWLRQ�PRGHO�LQ�WZR�YDULDQWV��IRU�D�FORVHG�HFRQRP\��ZKHUH�D�IX]]\�
3,'�OLNH� FRQWUROOHU� LV� LPSOHPHQWHG�� DV� ZHOO� DV� IRU� DQ� RSHQ� HFRQRP\� �ZKHUH� D� IX]]\� VWDWH�IHHGEDFN�
FRQWUROOHU�LV�LPSOHPHQWHG���

�
�����7KH�IX]]\�FRQWURO�DOJRULWKP�
&RQVLGHU�WKH�LQSXW�VSDFH� ; �DV�EHLQJ�D� ^1 �GLPHQVLRQDO�UHIHUHQWLDO��

_`a ;;;; uuuu ��b �
ZKHUH� c; �LV�WKH�XQLYHUVH�RI�GLVFRXUVH�RI�WKH�LQSXW�YDULDEOH� d[ ��

)RU�DQ\� L �LQ� `���̂ e1� ��OHW�XV�FRQVLGHU�D�IX]]\�FRYHULQJ�RI�WKH�XQLYHUVH�RI�GLVFRXUVH� d; ��
^ ` fghhi$ jjkl mn �

ZKHUH� op$ q � DUH� IX]]\� VHWV�� 1RUPDOO\�� IX]]\� SDUWLWLRQV� DUH� DGGUHVVHG�� WKDW� LV�� IX]]\� FRYHULQJV� ZLWK� WKH�
DGGLWLRQDO�SURSHUW\��

rr
s
t ru ;[[
v
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7KH�UXOH�EDVH� LQFOXGHV�D�VHW�RI� {1 �SDUDOOHO� IX]]\� UXOHV��(DFK� IX]]\� UXOH� LV�DQ� WKHQLI � � VWDWHPHQW��
ZKHUH� WKH� DQWHFHGHQW� DQG� WKH� FRQVHTXHQW� FRQVLVW� RI� IX]]\� SURSRVLWLRQV�� 7KH� DQWHFHGHQW� FRQWDLQV� D�
FRPELQDWLRQ�RI�SURSRVLWLRQV�E\�PHDQV�RI�WKH�ORJLFDO�FRQQHFWLYHV� DQG �DQG�RU ��)RUPDOO\��ZH�KDYH��

�|U LI� }[ �LV� ~$ �� �DQG�� �DQG� �[ �LV� ~�$ � �DQG�� �DQG� ��[ �LV� ����$ � �WKHQ� \ �LV� ~% �
,Q�SUDFWLFH��IX]]\�FRQWURO�LV�DSSOLHG�XVLQJ�ORFDO�LQIHUHQFHV��7KLV�PHDQV�WKDW�HDFK�UXOH�LV�LQIHUUHG�DQG�

WKH�UHVXOWV�RI�WKH�LQIHUHQFHV�RI�WKH�LQGLYLGXDO�UXOHV�DUH�DJJUHJDWHG�DIWHUZDUGV��$FFRUGLQJ�WR�WKLV�DSSURDFK��
WKH�LQIHUHQFH�LQ�IX]]\�FRQWURO�LV�UHSUHVHQWHG�E\�WKH�IROORZLQJ�VWHSV��

��� 0DWFKLQJ� RI� IX]]\� SURSRVLWLRQV� �[ � LV� ��$ � �� XVHG� LQ� WKH� SUHPLVHV� RI� IX]]\� UXOHV� �U �� ZLWK� WKH�
QXPHULFDO�GDWD� �[c ��FRQWUROOHU�LQSXWV���

���� ���� [�� c PD �

ZKHUH� �� �D �LV�D�QXPHULFDO�YDOXH�UHSUHVHQWLQJ�WKH�PDWFKLQJ���
��� 'HWHUPLQLQJ�WKH�GHJUHHV�RI�IXOILOOPHQW��'2)�� �E �IRU�HDFK�UXOH� �U ��

��
�
��
�
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�ZKHUH� 7 � LV� WKH�7�QRUP� UHSUHVHQWLQJ� WKH� DQG � FRQQHFWLYH� LQ� WKH� SUHPLVHV� RI� WKH� UXOHV��1RUPDOO\��7� LV�
FKRVHQ�WR�EH�HLWKHU�WKH�PLQ�RU�WKH�SURGXFW�RSHUDWRU���

��� 'HWHUPLQLQJ�WKH�UHVXOW� £%c �RI�HDFK�LQGLYLGXDO�UXOH� ¤U ��
� ������ \,\ ¥¥ ¦¤¦ PEP  § �
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�ZKHUH� , � LV� WKH� LPSOLFDWLRQ� XVHG� WR� PRGHO� WKH� IX]]\� UXOH�� 7KLV� FDQ� EH� RQH� RI� WKH� VXLWDEOH� IX]]\�
LPSOLFDWLRQV�� ,Q� IX]]\� FRQWURO�� D� FRQMXQFWLRQ�EDVHG� IX]]\� LPSOLFDWLRQ� �DOVR� FDOOHG� 7�LPSOLFDWLRQ�� LV�
QRUPDOO\�XVHG��HLWKHU�WKH�PLQ�LPSOLFDWLRQ��LQWURGXFHG�E\�0DPGDQL��RU�WKH�SURGXFW�LPSOLFDWLRQ��LQWURGXFHG�
E\�/DUVHQ����

��� $JJUHJDWLRQ�RI�WKH�SDUWLDO�UHVXOWV� £%c �RI�WKH�LQGLYLGXDO�IX]]\�UXOHV� £U �LQWR�WKH�RYHUDOO�UHVXOW�%c ��
���� \\ ¨©ª© «« P P � �

��� )LQDOO\��D�GHIX]]LILFDWLRQ�PHWKRG�LV�QHHGHG�WR�REWDLQ�D�FULVS�RXWSXW��VWDUWLQJ�IURP�WKH�DJJUHJDWHG�
IX]]\� UHVXOW� %c �� )RU� H[DPSOH�� ZH� FDQ� XVH� WKH� FHQWHU�RI�JUDYLW\� GHIX]]LILFDWLRQ�PHWKRG�� ZKLFK� LV�
GHILQHG�E\��
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6RPH�GLVFUHWH�YHUVLRQV�RI�WKLV�PHWKRG�DUH�PRVWO\�XVHG�LQ�IX]]\�FRQWURO��
7KH�PRVW�FRPPRQ�LQIHUHQFH�PHWKRGV�DUH�WKH�PD[�PLQ�PHWKRG��WKH�PD[�SURGXFW�PHWKRG�DQG�WKH�VXP�

SURGXFW� PHWKRG�� ZKHUH� WKH� DJJUHJDWLRQ� RSHUDWRU� LV� GHQRWHG� HLWKHU� E\�PD[� RU� E\� VXP�� DQG� WKH� IX]]\�
LPSOLFDWLRQ�RSHUDWRU�LV�GHQRWHG�HLWKHU�E\�PLQ�RU�E\�SURG��

�
�����7KH�OLQHDU�FRQWUROOHU�DV�D�VXEVHW�RI�D�IX]]\�FRQWUROOHU�
7KH�HPXODWLRQ�RI�D�OLQHDU�FRQWUROOHU�FDQ�SURYLGH�DQ�LQLWLDO�IX]]\�FRQWUROOHU��7KH�ODWWHU�FDQ�EH�IXUWKHU�

XVHG� DV� D� VWDUWLQJ� SRLQW� WR� GHVLJQ� D� PRUH� FRPSOH[� IX]]\� FRQWUROOHU� �D� QRQOLQHDU� RQH��� E\� JUDGXDOO\�
PRGLI\LQJ�WKH�LQLWLDO�FKRLFHV�IRU�WKH�VKDSH�RI�PHPEHUVKLS�IXQFWLRQV��ORJLFDO�RSHUDWRUV��HWF��2QO\�QXPHULFDO�
LQSXWV�DUH�FRQVLGHUHG���

,Q� WKH� FDVH� RI� D� OLQHDU� FRQWUROOHU� WKH� LQSXW�RXWSXW� PDSSLQJ� LV� FRQVLGHUHG� DV� D� OLQHDU� DOJHEUDLF�
HTXDWLRQ��

G[FG[F\
°±
² ²² ��c �� ¦³�´ �

ZKHUH� G � LV� DQ� RIIVHW�� 7KH� IX]]\� FRQWUROOHU� IXQFWLRQ� ��[I\  � FDQ� HPXODWH� WKH� OLQHDU� FRQWUROOHU�
G[F\ ��c �ZKHQ�PHHWLQJ�WKH�IROORZLQJ�DVVXPSWLRQV��

$��� 7KH� PHPEHUVKLS� IXQFWLRQV� RI� WKH� IX]]\� VHWV� RQ� WKH� XQLYHUVH� RI� GLVFRXUVH� RI� WKH� LQSXWV� DUH�
WULDQJXODUO\�VKDSHG�DQG�QRUPDO��

$���7KH�IX]]\�VHWV�IRU�HDFK�LQSXW�IRUP�D�IX]]\�SDUWLWLRQ��

^ ` µ¶··$̧ ¹¹º» ¼½ ������ ¾¾
¿
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Â
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$���7KH�IX]]\�UXOH�EDVH�LV�FRPSOHWH��
$���$�7�QRUP�LV�XVHG�IRU�WKH�LPSOLFDWLRQ�IXQFWLRQ��7�LPSOLFDWLRQ���
$���7KH�RSHUDWRU�IRU�WKH�FRQMXQFWLRQ�LQ�WKH�SUHPLVHV�RI�WKH�IX]]\�UXOHV�LV�WKH�SURGXFW�RSHUDWRU��
$���7KH��ERXQGHG��VXP�RSHUDWRU�LV�XVHG�IRU�WKH�DJJUHJDWLRQ�DQG�IRU�WKH�RU�FRQQHFWLYH�LI�LW�LV�XVHG��
$��� &ULVS� FRQVHTXHQWV� IRU� WKH� LQGLYLGXDO� IX]]\� UXOHV� DUH� FRQVLGHUHG� DQG� WKHLU� FKRLFH� LV� PDGH� LQ�

DFFRUGDQFH�ZLWK�WKH�OLQHDU�FRQWUROOHU�HTXDWLRQ� G[F\ ��c ��
$��� 7KH� IX]]\�PHDQ� GHIX]]LILFDWLRQ� PHWKRG� LV� XVHG� �WKLV� LPSOLHV� WKH� FKRLFH� IRU� WKH� DJJUHJDWLRQ�

RSHUDWRU�LQ�$����
7KH� DVVXPSWLRQV�$�� WR�$�� LPSO\� WKDW� WKHUH� H[LVWV� D� IX]]\� UXOH� IRU� HYHU\� LQSXW� FRPELQDWLRQ�� 7KH�

DVVXPSWLRQV� $�� DQG� $�� �XVLQJ� WKH� VXPPDWLRQ� DQG� SURGXFW� RSHUDWRUV� LQVWHDG� RI� WKH� PD[� DQG� PLQ�
RSHUDWRUV���DUH�QHFHVVDU\�EHFDXVH�WKH�HPXODWLRQ�RI�OLQHDU�FRQWUROOHUV�UHTXLUHV�RSHUDWRUV�WKDW�UHVXOW�LQ�OLQHDU�
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LQWHUSRODWLRQ��$FWXDOO\��WKHUH�DUH�VRPH�UHDVRQV�WR�SUHIHU�WKH�ERXQGHG�VXP��ZKLFK�HOLPLQDWHV�WKH�RFFXUUHQFH�
RI�VXSHUQRUPDO�IX]]\�VHWV�DQG�WKXV�FRQIRUPV�WR�IX]]\�VHW�WKHRU\��

¹̧
·

©̈
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7KH�PRVW� LPSRUWDQW� DVVXPSWLRQ� WR� EH�PHW� LV�$��� EHFDXVH�� GXH� WR� WKH� UHVW� RI� WKH� DVVXPSWLRQV�� WKH�
RXWSXW�RI�D� IX]]\�FRQWUROOHU�ZLWK� Ë1 � LQSXWV�UHVXOWV� LQ�DQ� LQWHUSRODWLRQ�EHWZHHQ� WKH�FRQVHTXHQFHV�RI�DW�
PRVW� Ì

Í� �DFWLYH�UXOHV�LQ�D� Ë1 �GLPHQVLRQDO�VSDFH��,QGHHG��LI�HDFK�IX]]\�SDUWLWLRQ�FRQWDLQV�RQO\�QRUPDO�
DQG�FRQYH[� IX]]\� VHWV�� WKHQ�DW� DQ\�YDOXH� ÎÎ ;[ c�c � WKHUH� DUH�QR�PRUH� WKDQ� WZR�FRQVHFXWLYH�RYHUODSSLQJ�
IX]]\�VHWV� ÏÐÑ$ �DQG� ÒÓÕÔÖ×$ ��VXFK�WKDW��

���Ø !cÙÚ [ÛÝÜP ���DQG��� ���Þß !cà áâ [ãÝäP �
�
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�

)LJXUH����&ULVS�LQSXW�PDWFKLQJ�WZR�FRQVHFXWLYH�RYHUODSSLQJ�IX]]\�VHWV�RI�D�IX]]\�SDUWLWLRQ�
�
7KH�QXPHULFDO�FRQVHTXHQFHV�RI�WKH�DW�PRVW� å

æ� �FRQWULEXWLQJ�IX]]\�UXOHV�GHWHUPLQH�ZKHWKHU�RU�QRW�D�
OLQHDU�UHODWLRQ�E\�LQWHUSRODWLQJ�EHWZHHQ�WKHVH�SRLQWV��K\SHUSODQH���H[LVWV��:KHQ�WKLV�K\SHUSODQH�H[LVWV��WKH�
LQSXW�RXWSXW�PDSSLQJ�RI�WKH�IX]]\�V\VWHP�VDWLVILHV�WKH�OLQHDU�HTXDWLRQ� G[F\ ��c ��

�
�����(PXODWLQJ�D�3,'�FRQWUROOHU�E\�PHDQV�RI�D�OLQHDU�IX]]\�FRQWUROOHU�

$Q�HDV\�DQG�RIWHQ�FRQYHQLHQW�ZD\�WR�VWDUW�WKH�GHVLJQ�RI�D�QRQOLQHDU�IX]]\�FRQWUROOHU�LV�WR�HPXODWH�D�
FRQYHQWLRQDO�3,'��SURSRUWLRQDO�LQWHJUDO�GHULYDWLYH��FRQWUROOHU�E\�PHDQV�RI�D�OLQHDU�IX]]\�FRQWUROOHU�DQG�
WR�PDNH�LW�SURJUHVVLYHO\�QRQOLQHDU��

,Q�WKH�FDVH�RI�D�FRQYHQWLRQDO�3,'�FRQWUROOHU��WKH�FRQWURO�YDULDEOH� ��WX �LV�GHILQHG�LQ�WHUPV�RI�
GHYLDWLRQV�RU�HUURUV� ��WH �EHWZHHQ�D�UHIHUHQFH�YDOXH� ç è é\ �DQG�WKH�SURFHVV�RXWSXW� ��W\ ��L�H���

���� W\\WH ê ë ì � ���
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ZKHUH� ò* �� ó* �DQG� ô* �DUH�WKH�SURSRUWLRQDO��LQWHJUDO�DQG�GHULYDWLYH�JDLQV��UHVSHFWLYHO\���
:KHQ� ZH� DUH� FRQFHUQHG�ZLWK� GLJLWDO� FRQWURO�� D� GLVFUHWH� DSSUR[LPDWLRQ� RI� WKH� SUHYLRXV� UHODWLRQ� LV�

QHFHVVDU\��,W�FDQ�EH�REWDLQHG�E\�UHSODFLQJ�WKH�GHULYDWLYH�WHUP�ZLWK�D�EDFNZDUG�GLIIHUHQFH�DQG�WKH�LQWHJUDO�
ZLWK�D�VXP�XVLQJ�UHFWDQJXODU�LQWHJUDWLRQ��
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ZKHUH� �7 �LV�WKH�VDPSOLQJ�SHULRG��LQ�HFRQRPLF�DSSOLFDWLRQV�� �7 �LV�QRUPDOO\�DVVXPHG�WR�EH�����
� ,Q� RUGHU� WR� HPXODWH� WKH� FRQYHQWLRQDO�3,'� FRQWUROOHU� WKURXJK� D� OLQHDU� IX]]\� FRQWUROOHU��ZH�KDYH� WR�

UHSODFH�WKH�VXPPDWLRQ�LQ�3,'�FRQWURO�E\�D�IX]]\�UXOH�EDVH�DFWLQJ�OLNH�D�VXPPDWLRQ�� 7KH� FORVHG� ORRS� V\VWHP�
VKRXOG�WKXV�VKRZ�H[DFWO\�WKH�VDPH�VWHS�UHVSRQVH��WKLV�LV�D�FKHFN�WKDW�WKH�LPSOHPHQWDWLRQ�LV�FRUUHFW���

� +HQFH��D� IX]]\�3,'��)3,'��FRQWUROOHU�XVH�YDULDEOHV�DV�HUURU� H ��FKDQJH�RI�HUURU� FH ��DQG� LQWHJUDO�
HUURU� LH �LQ�WKH�DQWHFHGHQW�RI�LI���WKHQ�UXOHV�DQG�WKH�FRQWURO�YDULDEOH� X ��ZKLFK�PD\�EH�UHSODFHG�E\�FKDQJH�RI�
FRQWURO�FX ��ZKHQ��ZH�KDYH�WR�GHDO�ZLWK�LQFUHPHQWDO�FRQWURO��LQ�WKH�FRQVHTXHQW�RI�UXOHV���

$�IX]]\�FRQWUROOHU�EDVHG�RQ�0DQGDQL�W\SH�IX]]\�LQIHUHQFHV�ZRXOG�FRQVLVW�RI�UXOHV�KDYLQJ�WKH�IRUP��
�U � LI��H �LV� �$ �� ��DQG��FH �LV� �$ �� ���DQG�� LH �LV� �$ �� ��WKHQ��X�LV� �% ��
$�3,'�OLNH�IX]]\�FRQWUROOHU�EDVHG�RQ�6XJHQR�W\SH�IX]]\�LQIHUHQFHV�KDV�UXOHV�RI�WKH�IRUP��
�U � LI��H �LV� �$ � ��DQG��FH �LV� �$ � ���DQG�� LH �LV� �$ �� ��WKHQ� LHDFHDHDX ����� ��� �
:H�WXUQ�QRZ�WR�WKH�UHSUHVHQWDWLRQ�RI�D�IX]]\�FRQWUROOHU�DV�DQ�LQSXW�RXWSXW�PDSSLQJ�� ,Q� WKH�JHQHUDO�

FDVH� LW�PD\� UHVXOW� LQ� D� QRQOLQHDU� VKDSHG� FRQWURO� K\SHUVXUIDFH��:KHQ� WKUHH� LQSXWV� � H �� FH �� LH �� DQG�RQH�
RXWSXW��X ��DUH�FRQVLGHUHG��WKLV�PDSSLQJ�EHFRPHV��

���� LHFHHIX  �
+RZHYHU��WKH�DVVXPSWLRQV�LQWURGXFHG�LQ�VHFWLRQ���DOORZ�XV�WR�GHVLJQ�D�IX]]\�UXOH�EDVH�DFWLQJ�OLNH�D�

VXPPDWLRQ�DQG�UHVXOWLQJ�LQ�D�OLQHDU�PDSSLQJ��
���� FH*GLH*LH*SX ����� �

,Q�FRQYHQWLRQDO�FRQWURO��WKH�JDLQV�DUH�PDLQO\�XVHG�IRU�WXQLQJ�WKH�UHVSRQVH��,Q�IX]]\�FRQWURO��VFDOLQJ�WKH�
LQSXWV�RQWR�D�VWDQGDUG�XQLYHUVH�RI�GLVFRXUVH�LW�LV�DOVR�LPSRUWDQW�DQG�VXJJHVWV�WR�LQWURGXFH�RQH�PRUH�SDUDPHWHU�
WR�GHDO�ZLWK���

6R��WKH�QH[W�VWHS�LQ�WKH�GHVLJQ�SURFHGXUH�LV�WR�WUDQVIHU�WKH�WKUHH�JDLQV���*S ��*L �DQG�*G ��XVHG�
LQ� WKH� FRQYHQWLRQDO� 3,'� FRQWUROOHU� LQWR� IRXU� JDLQV� �VD\� )*S �� � )*L �� )*G � DQG� )*X � WKDW� DUH�
QHFHVVDU\�IRU�WXQLQJ�DQG�VFDOLQJ�WKH�)3,'�FRQWUROOHU��7KH�ODWWHU�HPXODWHV�WKH�IRUPHU�LI�WKH�IROORZLQJ�
FRQGLWLRQ�LV�PHW��

> @
���

�������
LH)*X)*LFH)*X)*GH)*X)*S

)*XLH)*LFH)*GH)*SLH*LFH*GH*SX
�������� 

 ������ ����� �

&RPSDULQJ� WKH�JDLQV�RI� WKH�)3,'�FRQWUROOHU�ZLWK� WKH�JDLQV�RI� WKH� FRQYHQWLRQDO�3,'�FRQWUROOHU�� WKH�
IROORZLQJ�UHODWLRQV�FDQ�EH�GHULYHG��

*S)*S)*X*S)*X)*S � � � � �

*S
*G)*S)*G*G)*X)*G � � � �

*S
*L)*S)*L*L)*X)*L � � � �

/HW� XV� QRZ� DVVXPH� WKDW� WKH� HUURU� LV� LQ� WKH� UDQJH� @�> ((� � DQG� IRU� WKH� IX]]\� FRQWUROOHU� ZH� VHW� D�
VWDQGDUG�LQSXW�XQLYHUVH��VD\�>���������@��,Q�VXFK�D�FDVH��ZH�KDYH��

> @ > @ > @��������� � �������� ()*S()*SH)*S((H �
7KXV��ZH�FDQ�VHW���
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7KH�RWKHU�JDLQV�DUH�QRZ�IL[HG�DV�IROORZV��

*S()*X � ��� ������� *S
*G

()*G � ��� ������� *S
*L

()*L � ��� �

7KH� FRQYHQWLRQDO� 3,'� FRQWUROOHU� PD\� EH� WXQHG� XVLQJ� WKH� =LHJOHU�1LFKROV� IUHFTXHQF\� UHVSRQVH�
PHWKRG��UHVXOWLQJ�LQ�RSWLPDO�YDOXHV�IRU�WKH�SDUDPHWHUV�*S �� *L �DQG�*G ��$IWHUZDUGV��ZH�ZLOO�REWDLQ�WKH�
HTXLYDOHQW�)3,'�FRQWUROOHU��GHULYLQJ�LWV�SDUDPHWHUV�� )*S ��� )*L �� )*G �DQG� )*X ��IURP�WKRVH�RI�WKH�3,'�
RQH��

�
� �����7KH�3KLOOLSV
�6WDELOL]DWLRQ�0RGHO�IRU�D�&ORVHG�(FRQRP\�DQG�LWV�)X]]\�([WHQVLRQ�

7KH�3KLOOLSV
�PRGHO�QDWXUDOO\�DVVXPHV�WKDW�WKH�OHYHO�RI�DJJUHJDWH�GHPDQG�GHWHUPLQHV�WKH�OHYHO�RI�QDWLRQDO�
LQFRPH��7KH�IRUPHU�LV�PDGH�XS�RI�D�SDUW�RULJLQDWLQJ�IURP�SULYDWH�HFRQRPLF�DJHQWV�DQG�RI�D�SDUW�RULJLQDWLQJ�
IURP�WKH�JRYHUQPHQW��7KH�VWDELOL]DWLRQ�SROLF\�FRQVLVWV�RI�WKH�DGMXVWPHQW�RI�JRYHUQPHQW�H[SHQGLWXUH�LQ�RUGHU�
WR� LQFUHDVH� RU�GHFUHDVH� WKH� DJJUHJDWH�GHPDQG�� UHVXOWLQJ� LQ� D�GHVLUHG� OHYHO� RI� WKH�QDWLRQDO� LQFRPH��)DFH� WR�
PRGLILFDWLRQV� LQGXFHG�LQ�DJJUHJDWH�GHPDQG�� WKH�SURGXFHUV�UHDFW�E\�PDNLQJ�VRPH�DGMXVWPHQWV� LQ�RXWSXW�� LI�
DJJUHJDWH�GHPDQG�H[FHHGV�WKH�FXUUHQW�RXWSXW��WKH�ODWWHU�ZLOO�EH�LQFUHDVHG��RWKHUZLVH��LW�ZLOO�EH�GHFUHDVHG��

7KH�VWDELOL]DWLRQ�PRGHO�LV�JLYHQ�E\�WKH�HTXDWLRQV��
����������������������� � � �������� !�� DW<W'DW<� ������ ����
�������������������� ������������ ������ "" YW*W<W' � ����
��������������������� � � �������� � !�� EW*W*EW*� � ����
��������������� �� W* ���JLYHQ�LQ�WKH�IRUP�RI�D�FRQWURO�SROLF\� ����

ZKHUH�� ��W< �LV�WKH�QDWLRQDO�LQFRPH�� ��W' �LV�WKH�DJJUHJDWH�GHPDQG�� D �LV�D�UHDFWLRQ�FRHIILFLHQW��UHSUHVHQWLQJ�
WKH� YHORFLW\� RI� DGMXVWPHQW� WR� D� GLVFUHSDQF\�EHWZHHQ� DJJUHJDWH�GHPDQG�DQG� FXUUHQW� RXWSXW��� ��� "� � LV� WKH�
PDUJLQDO�SURSHQVLW\�WR�VSHQG��L�H��WKH�PDUJLQDO�SURSHQVLW\�WR�FRQVXPH�SOXV�WKH�PDUJLQDO�SURSHQVLW\�WR�LQYHVW��
� Y �LV�DQ�H[RJHQRXV�GLVWXUEDQFH��LQGLFDWLQJ�D�GHFUHDVH�LQ�DJJUHJDWH�GHPDQGH�� ��W* � LV� WKH� DFWXDO�
JRYHUQPHQW�GHPDQG�� �� W* �LV�WKH�SRWHQWLDO�JRYHUQPHQW�GHPDQG��ZKLFK�VWDQGV�IRU�WKH�VWDELOL]DWLRQ�SROLF\��E �
LV�D�UHDFWLRQ�FRHIILFLHQW��LQGLFDWLQJ�WKH�VSHHG�RI�UHVSRQVH�WR�D�GLVFUHSDQF\�EHWZHHQ�SRWHQWLDO�DQG�DFWXDO�SXEOLF�
H[SHQGLWXUH��

� $��&RQYHQWLRQDO��3,'�OLNH��PRGHV�RI�FRQWURO��
,Q� RUGHU� WR� VLPSOLI\� WKH� DQDO\VLV�� WKH� YDULDEOHV� DUH�PHDVXUHG� LQ� WHUPV�RI� GHYLDWLRQ� IURP� WKHLU� GHVLUHG�

OHYHOV��VR�WKDW�D�QHJDWLYH�YDOXH�VLPSO\�PHDQV�WKDW�WKH�DFWXDO�YDOXH�LV�VPDOOHU�WKDQ�WKH�GHVLUHG�YDOXH��7KXV��ZH�
DUH�OHG�WR�FRQVLGHU�WKH�UHIHUHQFH�YDOXH� ! "$#< �DV�EHLQJ���DQG�WKH�HUURU�DV�EHLQJ��
� ���������������������� ������ % &$' W<W<<WH � � � ����

/HW�XV�DVVXPH� WKDW�QDWLRQDO� LQFRPH� LV� LQLWLDOO\�DW� WKH�GHVLUHG� OHYHO�DQG� WKDW�DQ�H[RJHQRXV�GHFUHDVH� LQ�
DJJUHJDWH�GHPDQG�RFFXUV��

7KH�VWDELOL]DWLRQ�SROLF\�SURSRVHG�E\�3KLOOLSV��ZDV�GHILQHG�LQ�WHUPV�RI�D�SURSRUWLRQDO��3���RU�GHULYDWLYH�
�'��� RU� LQWHJUDO� �,��PRGH� RI� FRQWURO�� RU� D� FRPELQDWLRQ� RI� WKHVH� WKUHH�PRGHV�� WKDW� LV� LQ� WHUPV� RI� D� 3,'�
FRQWURO�SROLF\��,Q�WKH�ODWWHU�FDVH��WKH�UHODWLRQ�GHILQLQJ�WKH�FRQWURO�YDULDEOH�WDNHV�WKH�IRUP��
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ZKHUH� .* �� /* �DQG� 0* �DUH�WKH�SURSRUWLRQDO��LQWHJUDO�DQG�GHULYDWLYH�JDLQV��UHVSHFWLYHO\���
7KH�3KLOOLSV
�PRGHO�FDQ�EH�PDQLSXODWHG�LQ�RUGHU�WR�UHGXFH�LW�WR�D�VLQJOH�HTXDWLRQ��)LQDOO\�ZH�REWDLQ��

� ������������� YDE*DE<DE<ED< � ���� 1�� "�"�� � ����
:KHQ� ZH� FRQVLGHU� RQH� XQLW� GHFUHDVH� � Y � LQ� DJJUHJDWH� GHPDQG�� WKH� GLIIHUHQWLDO� HTXDWLRQ� RI� WKH�

PRGHO�EHFRPHV��
������������������������������������������������� DE*DE<DE<ED< � ���� 2�� "�"�� � ����

,QVHUWLQJ� WKH�YDULRXV�PRGHV�RI�FRQWURO�GHILQLQJ� ���� 3 W*WX  �DV� LV�JHQHULFDOO\�H[SUHVVHG�E\������ZH�
FDQ�GHWHUPLQH�WKH�WLPH�SDWK�RI�QDWLRQDO�LQFRPH��

7KH�FRQYHQWLRQDO�3,'�FRQWURO�VFKHPH�IRU�3KLOOLSV
�VWDELOL]DWLRQ�PRGHO�LV�VKRZQ�LQ�ILJXUH����
�

�
)LJXUH����&RQWURO�VFKHPH�IRU�WKH�FODVVLFDO�3KLOOLSV
�PRGHO�

�
/HW�XV�DVVXPH�WKH�IROORZLQJ�SDUDPHWHUV�IRU�WKH�PRGHO�GHVFULEHG�DERYH�� � D �� � E �� ���� " ���
,Q�ILJXUH���D���FXUYH� ��� �GHSLFWV�WKH�WLPH�SDWK�RI�QDWLRQDO�LQFRPH��PHDVXUHG�LQ�WHUPV�RI�GHYLDWLRQ�IURP�LWV�

GHVLUHG�OHYHO���ZLWKRXW�DQ\�VWDELOL]DWLRQ�SROLF\��WKHUH�LV�D�VWDWLRQDU\�HUURU�RI� �� ���&XUYH� ��� �GHSLFWV�WKH�FDVH�

ZKHUH� ED
ED* 4 �
�� 5� " ��LQGLFDWLQJ�WKH�IURQWLHU�EHWZHHQ�D�PRQRWRQLF�DQG�DQ�RVFLOODWRU\�EHKDYLRXU��&XUYH� ��� �

LOOXVWUDWHV�WKH�FDVH�ZKHQ�D�VWHDG\�VWDWH�VROXWLRQ�RI� �6 � \ �LV�GHVLUHG��LQYROYLQJ� �����  � "7* ��7KH�WLPH�
SDWKV�LQ�ILJXUH���E��VKRZ�WKDW�WKH�HIIHFW�RI�DQ�LQWHJUDO�SROLF\�LV�WR�REWDLQ�D�QXOO�VWDWLRQDU\�HUURU��ZKLOH�WKH�HIIHFW�
RI�D�GHULYDWLYH�SROLF\�LV�WR�RIIVHW�WKH�RVFLOODWRU\�ELDV�RI�RWKHU�SROLFLHV��
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)LJXUH����7LPH�SDWKV�IRU�VSHFLILF�FKRLFHV�RI�FRQWUROOHU�JDLQV�

�
%��7KH�OLQHDU�IX]]\�FRQWUROOHU�HPXODWLQJ�WKH�3,'�OLNH�3KLOOLSV
�VWDELOL]DWLRQ�PRGHO�
7KH�GHVLJQ�SURFHGXUH�RI�WKH�)3,'�FRQWUROOHU�ZDV�H[SRVHG�LQ�GHWDLO�LQ�WKH�SUHYLRXV�VHFWLRQV��6R��ZH�

DUH�QRZ�LQ�D�SRVLWLRQ�WR�UHSUHVHQW�WKH�VFKHPH�RI�WKLV�IX]]\�FRQWUROOHU��,W�LV�VKRZQ�LQ�ILJXUH����ZKHUH�WKH�
LQSXW�UDQJH� @�> ((� �ZDV�IL[HG�WR� @���>� ��
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)LJXUH�����)X]]\�3,'�FRQWURO�VFKHPH�IRU�WKH�3KLOOLSV
�VWDELOL]DWLRQ�PRGHO�
�
7KH�)3,'�FRQWUROOHU�VFKHPH�LV�VKRZQ�LQ�ILJXUH����
�
�
�
�
�
�
�
�

�
)LJXUH����)X]]\�3,'�FRQWUROOHU��)3,'��

�

'HULYDWLYH�

,QWHJUDO�

3URSRUWLRQDO

0X[�

)*S�

)*G�

)*L�

H���>�(��(@�

)X]]\�
FRQWUROOHU�

)*X�
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w u � )*LLH�

)*GFH�
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,QWHJUDO�

3URSRUWLRQDO�

� �

V���DO�E�V�DEO��X�W��

<�W��
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6RPHWLPHV��D�UXOH�EDVH�ZLWK�RQO\�WZR�LQSXWV�LV�PRUH�FRQYHQLHQW��$Q�HDV\�ZD\�WR�UHGXFH�WKH�QXPEHU�
RI�IX]]\�FRQWUROOHU�LQSXWV�LV�WR�VHSDUDWH�WKH�LQWHJUDO�DFWLRQ�DV�LQ�WKH�IX]]\�3'�,��)3'�,��FRQWUROOHU�VKRZQ�
LQ�ILJXUH�����

7KH�FRQWUROOHU�IXQFWLRQ�LV�WKXV�VSOLW�LQWR�WZR�DGGLWLYH�SDUWV��
�������������������������������������� ����� LHIFHHIXXX ��M�M���M�M� � � � ����
7KH�ILUVW�RQH�FRUUHVSRQGV�WR�WKH�)3'�FRQWUROOHU�DQG�LV�UHSUHVHQWHG�E\�D�VXUIDFH��,Q�WKH�LQLWLDO�VWDJH�RI�

WKH�GHVLJQ��WKLV�VXUIDFH�LV�D�SODQH��EXW�LW�PD\�EH�PDGH�QRQOLQHDU�LQ�D�VXEVHTXHQW�VWDJH��)RU�H[DPSOH��ZH�
FDQ�PRGLI\� WKH�VKDSH�RI� WKH�VXUIDFH�E\�PDQLSXODWLQJ� WKH�PHPEHUVKLS� IXQFWLRQV�� ,WV�DVVRFLDWHG�SORW� LV�D�
GHVLJQ�DLG�E\�YLVXDO�LQVSHFWLRQ�ZKHQ�VHOHFWLQJ�PHPEHUVKLS�IXQFWLRQV�DQG�FRQVWUXFWLQJ�UXOHV���
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�
)LJXUH����)X]]\�3'�,��)3'�,��FRQWUROOHU�

�
1RZ�OHW�XV�LOOXVWUDWH�WKH�FRQVWUXFWLRQ�RI�D�IX]]\�UXOH�EDVH�IRU�D�)3'�,�FRQWUROOHU��
:H� FRQVLGHU� D� VWDQGDUG� XQLYHUVH� RI� GLVFRXUVH� �VD\� @�������>� �� IRU� ERWK� LQSXWV�� HUURU� DQG�

FKDQJH�RI�HUURU��)RU�WKH�VDNH�RI�VLPSOLFLW\��WKH�VDPH�IX]]\�SDUWLWLRQ�ZLOO�EH�FRQVLGHUHG�LQ�ERWK�FDVHV�
�VHH� ILJXUH� ��� ZKHUH� ³1´�� ³$=´� DQG� ³3´� VWD\� IRU� ³1HJDWLYH´�� ³$ERXW� =HUR´� DQG� ³3RVLWLYH´��
UHVSHFWLYHO\���

�
�
�
�
�
�
�
� �

�
)LJXUH����)X]]\�SDUWLWLRQ�RQ�WKH�VWDQGDUG�XQLYHUVH�RI�GLVFRXUVH�>���������@�

�
'XH�WR�WKH�VXPPDWLRQ��WKH�VWDQGDUG�XQLYHUVH�IRU�WKH�RXWSXW�YDULDEOH�X �ZLOO�EH� @�������>� ��

$FFRUGLQJ�WR�WKH�DVVXPSWLRQ�$��LQWURGXFHG�LQ�VHFWLRQ����IX]]\�VLQJOHWRQV��ZKRVH�SRVLWLRQV�DUH�GHWHUPLQHG�
E\�WKH�VXP�RI�WKH�SHDN�SRVLWLRQV�RI�WKH�LQSXW�VHWV��ZLOO�EH�FKRVHQ�DV�FRQVHTXHQWV�IRU�IX]]\�UXOHV��VHH�ILJXUH�
�����

�

'HULYDWLYH�

,QWHJUDO�

3URSRUWLRQDO�

0X[�

)*S�
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)LJXUH����)X]]\�VLQJOHWRQV�FKRVHQ�DV�FRQVHTXHQWV�IRU�IX]]\�UXOHV�
�
&KRRVLQJ�WKH�GHVLJQ�SDUDPHWHUV�DFFRUGLQJ�WR�WKH�DVVXPSWLRQV�$��WR�$���WKH�FRQWURO�VXUIDFH�

GHJHQHUDWHV�WR�D�GLDJRQDO�SODQH��ILJXUH�������
�

)LJXUH�����/LQHDU�FRQWURO�VXUIDFH�

&��0DNLQJ�WKH�/LQHDU�)X]]\�&RQWUROOHU�3URJUHVVLYHO\�1RQOLQHDU�

7KHUH�DUH�WKUHH�VRXUFHV�RI�QRQOLQHDULW\�LQ�D�IX]]\�FRQWUROOHU��
x� 7KH� UXOH� EDVH�� 7KH� SRVLWLRQ�� WKH� VKDSH� DQG� WKH� QXPEHU� RI� IX]]\� VHWV� DV� ZHOO� DV� WKH�

QRQOLQHDU� LQSXW�VFDOLQJ�FDXVH�QRQOLQHDU� WUDQVIRUPDWLRQV��7KH� UXOHV�RIWHQ�H[SUHVV�D�QRQOLQHDU�FRQWURO�
VWUDWHJ\��

x� 7KH�LQIHUHQFH�HQJLQH��,I�WKH�FRQQHFWLYHV�DQG�DQG�RU�DUH�LPSOHPHQWHG�DV�IRU�H[DPSOH�PLQ�
DQG�PD[��UHVSHFWLYHO\��WKH\�DUH�QRQOLQHDU��

x� 7KH�GHIX]]LILFDWLRQ��6HYHUDO�GHIX]]LILFDWLRQ�PHWKRGV�DUH�QRQOLQHDU��
$OO�WKH�FKDUDFWHULVWLFV�HQXPHUDWHG�DERYH�FDQ�EH�XVHG�WR�JUDGXDOO\�PDNH�WKH�OLQHDU�IX]]\�FRQWUROOHU�

QRQOLQHDU��7KH�VKDSH�RI�WKH�VHWV�DQG�WKH�FKRLFH�RI�UXOHV�DUH�WKH�HDVLHVW�WR�EH�DSSOLHG��
7KH�VKDSHV�RI�WKH�FRQWURO�VXUIDFH�LQGXFHG�E\�FHUWDLQ�LQSXW�IDPLOLHV�RI�IX]]\�VHWV�DUH�VKRZQ�LQ�ILJXUH�
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)LJXUH�����1RQOLQHDU�FRQWURO�VXUIDFHV�LQGXFHG�E\�GLIIHUHQW�LQSXW�IDPLOLHV�
�
7KH�FRQWURO�FKDUDFWHULVWLFV�SURGXFLQJ�QRQOLQHDULWLHV�WKDW�DIIHFW�WKH�FORVHG�ORRS�V\VWHP�G\QDPLF�PXVW�

EH�FKRVHQ�E\�DQDO\VLQJ�KRZ�WKH�UHVSRQVH�UHDFWV�WR�HDFK�RI�WKHP��

'��)LQH�7XQLQJ�WKH�1RQOLQHDU�)X]]\�&RQWUROOHU�

7KH�ILQDO�SKDVH�LQ�WKH�GHVLJQ�SURFHGXUH�LV�WR�ILQH�WXQH�WKH�JDLQV�DWWDFKHG�WR�WKH�QRQOLQHDU�IX]]\�
FRQWUROOHU��7KLV�RSHUDWLRQ�FRPELQHV�WKH�LQWXLWLRQ�ZLWK�VRPH�UXOHV�RI�WKXPE�GHULYHG�IURP�H[SHULHQFH��,Q�
VLPXODWLRQ�LW�LV�SRVVLEOH�WR�H[SHULPHQW�ZLWK�GLIIHUHQW�FRQWURO�VXUIDFHV�DQG�JHW�DQ�LGHD�RI�WKH�JDLQ�PDUJLQ�
DQG�FKDUDFWHULVWLFV�RI�UHVSRQVH��

7KHUH�LV�D�ODUJH�SRWHQWLDO�IRU�WKH�GHVLJQ�DSSURDFK�LQ�IX]]\�3,'�FRQWUROOHUV��GXH�WR�WKH�ZLGHVSUHDG�
DSSOLFDWLRQ�RI�3,'�FRQWURO�DQG�WKH�ZHOO�NQRZQ�WXQLQJ�UXOHV��

$�SURFHGXUH�IRU�KDQG�WXQLQJ�DQ�)3'�,�FRQWUROOHU�PD\�EH�VNHWFKHG�DV�IROORZV��
��� $GMXVW�)*S�DFFRUGLQJ�WR�WKH�UHIHUHQFH�VWHS�VL]H�DQG�WKH�XQLYHUVH�RI�GLVFRXUVH�LQ�RUGHU�WR�

H[SORLW�IXOO\�WKH�UDQJH�RI�WKH�LQSXW�XQLYHUVH��
��� 5HPRYH� LQWHJUDO�DFWLRQ�DQG�GHULYDWLYH�DFWLRQ�E\�VHWWLQJ� �  )*L)*G ��7XQH� )*X � WR�

JLYH�WKH�GHVLUHG�UHVSRQVH��LJQRULQJ�DQ\�ILQDO�YDOXH�RIIVHW��
��� ,QFUHDVH�WKH�SURSRUWLRQDO�JDLQ�E\�PHDQV�RI� )*X ��DQG�DGMXVW�WKH�GHULYDWLYH�JDLQ�E\�PHDQV�

RI� )*G �WR�GDPSHQ�WKH�RYHUVKRRW���
��� $GMXVW�WKH�LQWHJUDO�JDLQ�E\�PHDQV�RI� )*L �WR�UHPRYH�DQ\�ILQDO�YDOXH�RIIVHW��VWHDG\�VWDWH�

HUUURU����
��� 5HSHDW�WKH�ZKROH�SURFHGXUH�XQWLO� )*X �LV�DV�ODUJH�DV�SRVVLEOH���

�

�����7KH�3KLOOLSV
�6WDELOL]DWLRQ�0RGHO�IRU�DQ�2SHQ�(FRQRP\�DQG�LWV�)X]]\�([WHQVLRQ�

$��7KH�FRQWURO�VFKHPH�XVLQJ�D�FRQYHQWLRQDO�VWDWH�IHHGEDFN�FRQWUROOHU�

1RZ��OHW�XV�PRGLI\�WKH�3KLOOLSV
�PRGHO�LQ�RUGHU�WR�WDNH�DFFRXQW�RI�IRUHLJQ�WUDGH�IORZV�LQ�HFRQRP\��
:H�VKDOO�FRQVLGHU�DJDLQ�WKH�JRYHUQPHQW�H[SHQGLWXUH�DV�FRQWURO�YDULDEOH��7KLV�WLPH��WKH�DJJUHJDWH�GHPDQG�
LV�H[SUHVVHG�E\�WKH�HTXDWLRQ��

���������������������� ������������ W,W&W0W=W*W' ���� � �����

Ó$Ô�ÕÖÕ Ó ×ÖÕ Õ ×ÖÕ Ô�ÕÖÕÕ
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6LQFH�WKH�DJJUHJDWH�GHPDQG�XVXDOO\�GLIIHUV�IURP�WKH�DJJUHJDWH�VXSSO\��WKH�VWDELOL]DWLRQ�SROLF\�KDV�WR�
GDPS� VXFK� D� GLIIHUHQFH� �H[SUHVVHG� E\� WKH� H[FHVV� GHPDQG� �W�<�W�'�W�( � ��ZKHQHYHU� LW� RFFXUV�� 7KH�
IROORZLQJ�HTXDWLRQV�FRPSOHWH�WKH�PRGHO��

�������������������������������������������� � � � �W,W<Y  � � � �����
������������������������������������ � � � � � �� �W<W'W, �� V � �����
��������������������������������������� � � � � � �W<VW& �� � � �����
������������������������������������������ � � � �W<]W= � � �����
������������������������������ � � � � � � � �W<W'W<PW0 ��� � �����

ZKHUH� ��W0 �DUH�LPSRUWV�� ��W= �DUH�H[SRUWV�DQG� �!Y �� �!V �� �� �� V �� �!] �� �!P �DUH�FRQVWDQWV��
7KH�EDVLF�G\QDPLF�PHFKDQLVP�RI�WKLV�PRGHO�LV�RI�PXOWLSOLHU�DFFHOHUDWRU�W\SH��HTXDWLRQ������EHLQJ�RI�

DFFHOHUDWRU�W\SH�DQG�HTXDWLRQ������RI�PXOWLSOLHU�W\SH����
$IWHU� VXFFHVVLYH� VXEVWLWXWLRQV�RI�YDULDEOHV� ��W' �� ��W= �� ��W0 �� ��W& �� ��W, � LQWR� HTXDWLRQV� ����������

DQG�VRPH�VLPSOH�PDQLSXODWLRQV��WKH�G\QDPLF�HTXDWLRQ�RI�DJJUHJDWH�VXSSO\�UHVXOWV�LQ�WKH�IRUP��
������������������������������������� � � � � � �W*W<W< � D� � ������

ZKHUH��

���������������������������������������� � �� �V
VD �

�� �Y
VP] � �����

������������������������������������ � �V
VE � �Y ����� �zV � �����

/HW�XV�DVVXPH�WKDW� ã��� <<  �DW� � W ��7KH�HTXDWLRQ������KDV�D�XQLTXH�VROXWLRQ� ��W< ��IRU�DQ\�IL[HG�
FRQWURO�VWUDWHJ\� ��W* ��

$Q�HTXLOLEULXP�VROXWLRQ�LV�D�VROXWLRQ�ZKHUH�DOO�TXDQWLWLHV� ��W' �� ��W< �� ��W= �� ��W0 �� ��W& �� ��W, �� ��W* �
DUH�FRQVWDQW�DV�WLPH�IXQFWLRQV�DQG�WKH�DJJUHJDWH�GHPDQG�HTXDOV�WKH�DJJUHJDWH�VXSSO\��7KXV��D�QHFHVVDU\�
FRQGLWLRQ�IRU�WKH�FRQVWDQWV� äääääää ����� *,&0=<'  �WR�GHVLJQDWH�DQ�HTXLOLEULXP�VROXWLRQ�RI�WKH�DERYH�
PRGHO�LV�WR�YHULI\�WKH�HTXDWLRQV�� åååååå ,&0=*< ���� ����������� �æ  , �

çç ��� <V& �� ��������� èè <]= � ��������� éé <P0 � �
6ROYLQJ�WKLV�V\VWHP�ZLWK�UHVSHFW�WR� ê* ��ZH�REWDLQ��

P]V
*< �� 
ëë ��� � � ìì � *P]V

V& ��
� ��� ìì *P]V

]= �� ��
íí *P]V

P0 �� ��� �î  ,

/HW�XV�GHQRWH�E\�� ï���� <W'W' � ���� ð���� <W<W< � ���� ð���� *W*W* � ���� ñ���� =W=W= � �
ò���� 0W0W0 � ���� ò���� &W&W& � ���� ���� W,W,  �
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WKH� GHYLDWLRQV� RI� YDULDEOHV� ��W' �� ��W< �� ��W= �� ��W0 �� ��W& �� ��W, �� ��W* � IURP� WKHLU� HTXLOLEULXP� VWDWHV��
&OHDUO\��VXFK�GHYLDWLRQV�VDWLVI\�WKH�HTXDWLRQV��

������������ W,W&W0W=W*W' ���� ����� ������� W<VW& �� ����� ���� W,W<Y  � � ��
���� W<]W= � ����� �������� W<W'W, ��V ���� �������� W<W'W<PW0 ��� �

$V�SUHYLRXVO\��E\�VXFFHVVLYH�VXEVWLWXWLRQV��RQH�FDQ�UHGXFH�WKH�PRGHO�WR�D�VLQJOH�GLIIHUHQWLDO�HTXDWLRQ��
����������������������������������������������� � � � � � �W*W<W< �E��D � � �����

ZKHUH�D�DQG�E�DUH�JLYHQ�E\������DQG�������
:H�GHQRWH�E\� ��W6 �WKH�IRUHLJQ�WUDGH�EDODQFH��FXPXODWHG�RYHU�WKH�WLPH�LQWHUYDO�>���W@��

� � � � � �> @ � ������� óó 6G=06G6W6
ôô

�WW�W �WW ³³ �

'LIIHUHQWLDWLQJ��ZH�KDYH� ������ W=W0W6 � � ��([SUHVVLQJ� ��W0 �DQG� ��W= �ZLWK�UHVSHFW�WR� ��W< �DQG�
��W* �OHDGV�WR��

���������������������������������������������� � � � � � �W*W<W6 �G��J � � �����
ZKHUH�� �

������������������������������������ � �� �
V�

�V�� J ]
V]P � ����� V� G �

� � �����

7KH�VWDWH�VSDFH�GHVFULSWLRQ�RI�WKH�V\VWHP�LV�ILQDOO\�JLYHQ�E\�WKH�HTXDWLRQV������DQG�������

����������������������������������� � � � � � � � �
� � � � � � � �°̄

°®  �G��J 
 �E��D 

õ
õ

��
��

66W*W<W6
<<W*W<W<

�

�

� �����

:LWK�WKH�IROORZLQJ�QRWDWLRQV��

� � � �� � � � � � ���
���� ö

öö ¸̧¹
·¨̈©

§
G
E ¸̧¹

·¨̈©
§
J
D ¸̧¹

·¨̈©
§  ¸̧¹

·¨̈©
§ %$6

<[W*WXW6
W<W[ �

WKH�VWDWH�VSDFH�GHVFULSWLRQ�RI�WKH�V\VWHP�EHFRPHV��
����������������������������������������� � � � � � � ÷���� [[WX%W[$W[  ��� � ����������������������� �����
� ,Q�RUGHU� WR�VWDELOL]H� WKH�V\VWHP��ZH�QHHG� WR�GHVLJQ�D�VWDWH�IHHGEDFN�FRQWUROOHU��GHVFULEHG�E\� WKH�

FRQWURO�ODZ��
�������������������������������������������������������������� ���� W[+WX � ������������������������������������������� �����
7KH� IHHGEDFN� JDLQ� PDWUL[� � �øù KK+  � PXVW� EH� GHWHUPLQHG� VXFK� WKDW� WKH� FORVHG�ORRS� V\VWHP�

� � � �W[%+$W[ �� ��� �LV�DV\PSWRWLFDOO\�VWDEOH��L�H���DOO�HLJHQYDOXHV�RI� %+$� �KDYH�QHJDWLYH�UHDO�SDUWV���
7KHUH�DUH�WZR�DOWHUQDWLYH�GHVLJQ�PHWKRGV��WKH�ILUVW�RQH�LV�EDVHG�RQ�D�SROH�SODFHPHQW�WHFKQLTXH�DQG�

WKH� VHFRQG� RQH� RQ� D� OLQHDU� TXDGUDWLF� RSWLPL]DWLRQ� WHFKQLTXH�� ,Q� ERWK� FDVHV�� WKH� GHVLJQ� VROXWLRQ� FDQ� EH�
HDVLO\�LPSOHPHQWHG�LQ�0DWODE��

7KH�VWDWH�IHHGEDFN�FRQWURO�VFKHPH�LV�GHSLFWHG�LQ�ILJXUH����DQG�FDQ�EH�VLPXODWHG�YLD�6LPXOLQN��
�
�
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)LJXUH�����&RQYHQWLRQDO�VWDWH�IHHGEDFN�FRQWUROOHU�

� %��7KH�OLQHDU�IX]]\�FRQWUROOHU�HPXODWLQJ�WKH�FRQYHQWLRQDO�VWDWH�IHHGEDFN�FRQWUROOHU�

$Q� HTXLYDOHQW� IX]]\� FRQWUROOHU� WKDW� HPXODWHV� WKH� FRQYHQWLRQDO� VWDWH�IHHGEDFN� FRQWUROOHU� VKRXOG�
UHSURGXFH�WKH�VDPH�G\QDPLF�EHKDYLRXU�RI�WKH�FORVHG�ORRS�V\VWHP��WKLV�LV�FKHFNLQJ�WKDW�WKH�LPSOHPHQWDWLRQ�
LV�FRUUHFW��

,Q� RXU� FDVH�� WKH� JDLQ�PDWUL[� + � LV� RI� WKH� IRUP� � �úû KK+  � DQG� KHQFH�� WKH� FRQWURO� ODZ� FDQ� EH�
ZULWWHQ�RXW��

������������������� � � ������
������ üýüý W6KW<KW6
W<KKW[+WX ��� ¸̧¹
·¨̈©

§� � � �����

� 7KH�IHHGEDFN�JDLQV�IURP�WKH�SUHYLRXV�FRQWURO�ODZ�KDYH�WR�EH�WUDQVIHUUHG�WR�WKH�IX]]\�FRQWUROOHU��
+RZHYHU��VLQFH�WKH�IX]]\�FRQWUROOHU�LV�QRUPDOO\�HTXLSSHG�ZLWK�LQSXW�JDLQV�DV�ZHOO�ZLWK�DV�DQ�RXWSXW�JDLQ��
WKLV�WUDQVIHU�ZLOO�LQWURGXFH�VRPH�GHJUHH�RI�IUHHGRP��0RUH�SUHFLVHO\��WKH�IX]]\�FRQWUROOHU�FDQ�EH�ZULWWHQ�DV��
�������������������������������������������������� � � þÿ� ������� *W6*W<*IWX ��� �
DQG�DVVXPLQJ�WKDW�LW�DFWV�DV�D�VXPPDWLRQ��ZH�REWDLQ�WKH�IROORZLQJ�OLQHDU�FRQWURO�ODZ��

������������� � � ���������� ������� W6**W<***W6*W<*WX ����� ���� � ��������
&RPSDULQJ�WKH�JDLQV�RI�WKH�FRQYHQWLRQDO�VWDWH�IHHGEDFN�FRQWUROOHU�LQ������ZLWK�WKH�JDLQV�RI�WKH�OLQHDU�

IX]]\�FRQWUROOHU�LQ��������WKH�IROORZLQJ�UHODWLRQV�FDQ�EH�GHWHUPLQHG��

�������������������������������������������� ��
���� � K****K � �� � �����

������������������������������� �
�������� �
K
K*K****K  � �� � �����

�
:LWK� WKUHH�JDLQV� WR�EH�GHWHUPLQHG�DQG� WZR�HTXDWLRQV�� WKHUH� LV�RQH�GHJUHH�RI� IUHHGRP�� ,I� WKH� LQSXW�

XQLYHUVHV�DUH�FKRVHQ�WR�EH�VWDQGDUG�XQLYHUVHV� @�������>� ��WKHQ�ZH�KDYH�WKH�IROORZLQJ�IXUWKHU�FRQVWUDLQW��
LQ�RUGHU�WR�DYRLG�WKH�VDWXUDWLRQ�LQ�WKH�XQLYHUVHV��

X�W��

6�W�
$��������V��

��
���� ��

�� ��V
��
��

$�����

%���

K��
<�W��

,QWHJUDWRU��� ,QWHJUDWRU��

'LVWXUEDQFH
RQ�<�W�

'LVWXUEDQFHRQ�6�W��

K��

%���
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� dW<* �

7KXV��IURP� > @ > @���������� ���  ����� <*<*W<* ��ZH�GHGXFH��

�� ���
<*  �

7KH�RWKHU�WZR�JDLQV�DUH�QRZ�IL[HG�DV�IROORZV��

�
�

�
��� K<* � ����� �

��� ���
K
K

<* � �

:LWK� WKLV� SURFHGXUH� RI� WUDQVIHUULQJ� JDLQV�� WKH� FRQWURO� VFKHPH�RI� IX]]\� FRQWUROOHU� LV� REWDLQHG� DV� LQ�
ILJXUH�����
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�
�
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�
�
�
�
�
�
�
�
�
�
�
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�
�

)LJXUH�����)X]]\�FRQWUROOHU�HPXODWLQJ�D�FRQYHQWLRQDO�VWDWH�IHHGEDFN�FRQWUROOHU�

���&RQFOXGLQJ�5HPDUNV�

,Q�WKLV�SDSHU�ZH�DQDO\VHG�WKH�SRWHQWLDO�RI�VRIW�FRPSXWLQJ�PHWKRGV�WR�FDSWXUH�QRQOLQHDU�FKDUDFWHULVWLFV�
ZKHQ� PRGHOOLQJ� HFRQRPLF� SURFHVVHV�� 6RIW� FRPSXWLQJ� SURYLGHV� PRUH� IOH[LEOH� WRROV� IRU� GHDOLQJ� ZLWK�
QRQOLQHDULWLHV�ZKHQ�FRQVLGHULQJ�ERWK�HFRQRPHWULF�DQG�VWDELOL]DWLRQ�PRGHOV��

$SSO\LQJ�VWDELOL]DWLRQ�VWUDWHJLHV�WR�QRQOLQHDU�HFRQRPLF�V\VWHPV�LV�FKDOOHQJLQJ�DQG�DGYDQFHG�FRQWURO�
WHFKQLTXHV� VKRXOG� EH� DGGUHVVHG� LQ� VXFK� FDVHV�� 6LQFH� IX]]\� FRQWURO� FDQ� EH� GHVFULEHG� DV� D� QRQ�OLQHDU�
PDSSLQJ�� WKH� FRUUHVSRQGLQJ� IX]]\� FRQWUROOHU� DFWV� DV� D� QRQ�OLQHDU� FRQWUROOHU� DQG� KHQFH� SURYLGHV� DQ�
LQFUHDVLQJ�IOH[LELOLW\��:H�LQWURGXFHG�D�PXOWL�VWDJHV�PHWKRGRORJ\��3ULPDULO\�LW�IRFXVHV�RQ�WKH�HPXODWLRQ�RI�
D�FRQYHQWLRQDO�FRQWUROOHU��HLWKHU�D�3,'�RU�D�VWDWH�IHHGEDFN�FRQWUROOHU��WKURXJK�D�OLQHDU�IX]]\�FRQWUROOHU�DV�D�
VWDUWLQJ�SRLQW�IRU�IXUWKHU�H[SORLWDWLRQV�RI�WKH�IXOO�FDSDELOLWLHV�RI�WKH�QRQ�OLQHDU�IX]]\�FRQWUROOHU��*LYHQ�WKDW�
D�IX]]\�FRQWUROOHU�FRQWDLQV�D�OLQHDU�FRQWUROOHU�DV�D�VSHFLDO�FDVH��LW�LV�WUXH�WR�VD\�WKDW�LW�SHUIRUPV�DW�OHDVW�DV�
ZHOO� DV� WKH� ODWWHU�� :H� DOVR� EULHIO\� VXJJHVWHG� KRZ� WR� PDNH� LW� QRQ�OLQHDU� DQG� KRZ� WR� XVH� ILQH�WXQLQJ�
SURFHGXUHV� IRU� DFKLHYLQJ� WKH� YDOLGDWLRQ� REMHFWLYH� RI� WKH� FRQWUROOHU�� 7KH� SRWHQWLDO� IRU� SHUIRUPLQJ� EHWWHU�
GHSHQGV� RQ� WKH� GHVLJQHU� FDSDELOLW\� WR� H[SORLW� WKH� QRQ�OLQHDU� RSWLRQV� LQ� WKH� IX]]\� FRQWUROOHU� WR� KLV�
DGYDQWDJH��2I�FRXUVH�� WKLV�WRSLF�QHHGV�LWVHOI�D�ODUJH�GLVFXVVLRQ��ZKLFK�H[FHHGV�WKH�JRDO�RI�WKLV�SDSHU��LQ�
WKLV�UHVSHFW��WKH�UHDGHU�PD\�FRQVXOW�WKH�H[LVWLQJ�OLWHUDWXUH���

X�W��

6�W��
$�������V���

��
���� ��

�� ��V
��
��

$�����
%���

����< �

<�W��

,QWHJUDWRU��� ,QWHJUDWRU���

'LVWXUEDQFH
RQ�<�W�

'LVWXUEDQFHRQ�6�W��

< � ����K��

%���

�����< � �K��K
��)X]]\�

FRQWUROOHU

�

0X[�

u�
���

*��
*��

*��
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2XU� DSSOLFDWLRQ�ZDV� LQVSLUHG� E\� D� SLRQHHULQJ�ZRUN� GXH� WR�$�:�� 3KLOOLSV�� ,Q� D�ZHOO�NQRZQ� DUWLFOH�
SXEOLVKHG� LQ� ������ KH� WDFNOHG� WKH� SUREOHP�RI� HFRQRPLF� VWDELOL]DWLRQ� IURP� WKH� SRLQW� RI� YLHZ�RI� FRQWURO�
V\VWHP� HQJLQHHULQJ�� ,W� LV� WKH� KLVWRULFDO� UHOHYDQFH� RI� WKLV� PRGHO� WKDW� SURYLGHG� XV� WKH� PDLQ� UHDVRQ� IRU�
DGDSWLQJ�LW�WR�LQFRUSRUDWH�D�IX]]\�FRQWURO�PHFKDQLVP��

)X]]\�FRQWURO�FRXOG�EH�DSSOLHG�WR�VRPH�VWDELOL]DWLRQ�PRGHOV�ZLWK�FXUUHQW�UHOHYDQFH��FRQFHUQLQJ��IRU�
H[DPSOH�� WKH�(XURSHDQ�0RQHWDU\�8QLRQ��7KLV� ILHOG� LV�RI�JUHDW� LQWHUHVW� IRU� WKH� ILQDQFLDO�FRPPXQLW\� DQG�
FOHDUO\�LQYROYHV�D�FRQWURO�PHFKDQLVP��2QH�FDQ�WU\�WR�VLPXODWH�WKH�FRQVHTXHQFHV�RI��VD\��D�IL[HG�H[FKDQJH�
UDWH�SROLF\�YHUVXV�D�IL[HG�LQIODWLRQ�SROLF\��7KH�FRQWURO�PHFKDQLVP�PD\�FRQVLVW�RQ�D�IX]]\�3,'�FRQWUROOHU�
WR�EHJLQ�ZLWK��)LQDOO\��WKH�HIIHFWV�RQ�PRGHO�SHUIRUPDQFHV�RI�YDULRXV�WXQLQJ�SDUDPHWHUV�FRXOG�EH�FRPSDUHG�
DQG�DQ�DSSURSULDWH�FRQWURO�VWUDWHJ\�FRXOG�EH�GHULYHG��

5HIHUHQFHV�
��� 'ULDQNRY��'���+��+HOOHQGRRUQ�DQG�0�5HLQIUDQN����������$Q�LQWURGXFWLRQ�WR�IX]]\�FRQWURO��6SULQJHU�

9HUODJ��1HZ�<RUN�
��� *HRUJHVFX��9�� �������� �&DSWXULQJ� DQG�7XQLQJ�1RQOLQHDU�&KDUDFWHULVWLFV� RI�(FRQRPLF�6WDELOL]DWLRQ�

6\VWHPV�E\�)X]]\�&RQWURO�7HFKQLTXHV���&RPSXWDWLRQDO�(FRQRPLFV��9RO�����1R����SS����������
��� *HRUJHVFX�� 9�� �������� �)X]]\� &RQWURO� $SSOLHG� WR� (FRQRPLF� 6WDELOL]DWLRQ� 3ROLFLHV��� 6WXGLHV� LQ�

,QIRUPDWLFV�DQG�&RQWURO��9RO�����1R����SS��������
��� *HRUJHVFX��9�����������)OH[LEOH�(VWLPDWLRQ�RI�&RVW�)XQFWLRQV�%DVHG�RQ�)X]]\�0RGHOOLQJ�$SSURDFK���

)X]]\�(FRQRPLF�5HYLHZ��9RO�,,,��1R����SS��������
���� *XSWD��0�0�DQG�-��4L����������'HVLJQ�RI�IX]]\�ORJLF�FRQWUROOHUV�EDVHG�RQ�JHQHUDOL]HG�7�RSHUDWRUV���

)X]]\�6HWV�DQG�6\VWHPV�����SS�����������
���� *XSWD��0�0�DQG�-��4L������E����7KHRU\�RI�7�QRUPV�DQG�IX]]\� LQIHUHQFH�PHWKRGV���)X]]\�6HWV�DQG�

6\VWHPV�����SS�����±�����
���� -DQW]HQ��-�����������$�UREXVWQHVV�VWXG\�RI�IX]]\�FRQWURO� UXOHV��� LQ��(8),7��(G����3URFHHGLQJV�)LIWK�

(XURSHDQ� &RQJUHVV� RQ� )X]]\� DQG� ,QWHOOLJHQW� 7HFKQRORJLHV�� (/,7(� )RXQGDWLRQ�� 3URPHQDGH� ���
'�������$DFKHQ��SS��������������

���� /DUVHQ��3�0�����������,QGXVWULDO�DSSOLFDWLRQV�RI�IX]]\�ORJLF�FRQWURO���,QWHUQDWLRQDO�-RXUQDO�RI�0DQ�
0DFKLQH�6WXGLHV��������SS���±����

���� /HH�� &�&�� �������� �)X]]\� ORJLF� LQ� FRQWURO� V\VWHPV�� IX]]\� ORJLF� FRQWUROOHU� �� SDUW� L� 	� LL�� ,(((�
7UDQVDFWLRQV�RQ�6\VWHPV��0DQ�DQG�&\EHUQHWLFV��������SS�����������

���� /L��0�;��� 3�0��%UXLMQ� DQG�+�%��9HUEUXJJHQ� �������� �7XQLQJ� FDVFDGH� 3,'� FRQWUROOHUV� XVLQJ� IX]]\�
ORJLF���0DWKHPDWLFV�DQG�&RPSXWHUV�LQ�6LPXODWLRQ��������SS�����������

���� 0DONL��+�$���+��/L��DQG�*��&KHQ�����������1HZ�GHVLJQ�DQG�VWDELOLW\�DQDO\VLV�RI�IX]]\�SURSRUWLRQDO�
GHULYDWLYH�FRQWURO�V\VWHPV���,(((�7UDQVDFWLRQV�RQ�)X]]\�6\VWHPV�������SS�����������

���� 0DPGDQL�� (�+�DQG� 6�� $VVLOLDQ� �������� �$Q� H[SHULPHQW� LQ� OLQJXLVWLF� V\QWKHVLV� ZLWK� D� IX]]\� ORJLF�
FRQWUROOHU���,QWHUQDWLRQDO�-RXUQDO�RI�0DQ�0DFKLQH�6WXGLHV����SS���±����

���� 0L]XPRWR��0�����������5HDOL]DWLRQ�RI�3,'�FRQWUROV�E\�IX]]\�FRQWURO�PHWKRGV���LQ�,(((��(G����)LUVW�
,QW�� &RQI�� RQ� )X]]\� 6\VWHPV�� QXPEHU� ��&+�������� 7KH� ,QVWLWXWH� RI� (OHFWULFDO� DQG� (OHFWURQLFV�
(QJLQHHUV��,QF��6DQ�'LHJR��SS������������

���� 3HGU\F]�� :�� �������� )X]]\� FRQWURO� DQG� IX]]\� V\VWHPV� �� VHFRQG�� H[WHQGHG�� HGLWLRQ�� 7DXQWRQ��
6XPPHUVHW��5HVHDUFK�6WXGLHV�3UHVV�/WG���/RQGRQ�

���� 3KLOOLSV��$�:�����������6WDELOL]DWLRQ�3ROLF\�LQ�D�&ORVHG�(FRQRP\���(FRQRPLF�-RXUQDO������SS������
����

���� 7VRXNDODV�� /�� DQG�5��8KULJ� ��������)X]]\� DQG�1HXUDO� $SSURDFKHV� LQ� (QJLQHHULQJ�� -RKQ�:LOH\�	�
6RQV��1HZ�<RUN�

���� 7]DIHVWDV�� 6�� DQG� 1�3�� 3DSDQLNRORSRXORV� �������� �,QFUHPHQWDO� IX]]\� H[SHUW� 3,'� FRQWURO��� ,(((�
7UDQVDFWLRQV�RQ�,QGXVWULDO�(OHFWURQLFV��������SS�����±�����

���� 7]DIHVWDV��6�*��DQG�$�1��9HQHWVDQRSRXORV��(GV�����������)X]]\�5HDVRQLQJ�LQ�,QIRUPDWLRQ��'HFLVLRQ�
DQG�&RQWURO�6\VWHPV��.OXZHU�$FDGHPLF�3XEOLVKHUV���

���� =DGHK��/�$�����������)X]]\�VHWV���,QIRUPDWLRQ�DQG�&RQWURO����SS�����±�����
���� =DGHK��/�$�����������$�WKHRU\�RI�DSSUR[LPDWH�UHDVRQLQJ���,Q�-�(��+D\HV��'��0LWFKLH�DQG�/�,��

0LNXOLFK��(GV����0DFKLQH�,QWHOOLJHQFH��9ROXPH����SS�����±����:LOH\��1HZ�<RUN��
���� =DGHK��/�$�������D����6RIW�FRPSXWLQJ�DQG�IX]]\�ORJLF���,(((�6RIWZDUH��SS����±����
���� =DGHK��/�$�������E����:K\�WKH�VXFFHVV�RI�IX]]\�ORJLF�LV�QRW�SDUDGR[LFDO���,(((�([SHUW���$�)X]]\�

/RJLF�6\PSRVLXP�������SS����±����
���� <DJHU��5�5�����������$OWHUQDWLYH�VWUXFWXUHV�IRU�NQRZOHGJH�UHSUHVHQWDWLRQV�LQ�IX]]\�ORJLF�FRQWUROOHUV���

LQ�.DQGHO��$���/DQJKRO]��(GV����)X]]\�&RQWURO�6\VWHPV��&KDSWHU����SS����������&5&�3UHVV��
�
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��� 237,0,=,1*� 7+(� ),1$1&(� 2)� &2//(&7,9(� &2168037,21� 86,1*�
(92/87,21$5<�&20387$7,21�
$XWKRUV��$VVLVWDQW�3URIHVVRU�6LPRQD�*DEULHOD�ùHUEX��3K'�&DQGLGDWH�

/HFWXUHU�'LDQD�$QGUDGD�)LOLS��3K'��
$VVLVWDQW�3URIHVVRU�9RLFD�$GULDQD�&OHFLX��3K'�&DQGLGDWH�
3K'�&DQGLGDWH�5RGLFD�,RDQD�/XQJ�

���Ä%DEHV�%RO\DL´�8QLYHUVLW\�RI�&OXM��5RPDQLD�
�

$EVWUDFW�
�

2Q� WKH� PDUNHW� RI� FROOHFWLYH� JRRGV�� WKH� VWDWH� LV� D� SURYLGHU� RI� VHUYLFHV� DQG� WKH� LQGLYLGXDOV� DUH�
FRQVLGHUHG� WR� EH� WKH� EHQHILFLDULHV�� 7KH� FRUUHFW� UHVL]LQJ� RI� SXEOLF� H[SHQVHV� IRU� ILQDQFLQJ� LQGLYLVLEOH�
FROOHFWLYH� FRQVXPSWLRQ� LV� QHFHVVDU\� PRVWO\� GXH� WR� WKH� XQSURGXFWLYH� FKDUDFWHU� RI� WKHVH� FRVWV�� 7KH�
RSWLPL]DWLRQ� RI� WKH� SXEOLF� JRRGV� VXSSO\� PXVW� WDNH� LQWR� DFFRXQW� WKH� LQGLYLGXDOV� SUHIHUHQFHV� IRU� SXUH�
FROOHFWLYH�JRRGV�WKDW�DUH�H[SUHVVHG�DV�D�FROOHFWLYH�SUHIHUHQFHV�IXQFWLRQ��7KLV�IXQFWLRQ��WRJHWKHU�ZLWK�WKH�
FRQVWUDLQWV�UHVXOWLQJ�IURP�EXGJHWDU\�HTXLOLEULXP�IRUPV�D�PD[LPL]DWLRQ�SUREOHP�WKDW�FDQ�EH�VROYHG�XVLQJ�
HYROXWLRQDU\�DOJRULWKPV��

�
��� ,QWURGXFWLRQ�
�

7KH�SURSHU�VL]LQJ�RI�SXEOLF�EXGJHW�FRQVWLWXWHV�D�UHDO�SUHRFFXSDWLRQ�IRU�DQ\�SXEOLF�DXWKRULW\��7KH�VL]H�
RI� 6WDWH¶V� EXGJHW� LV� D� FRQWURYHUVLDO� SUREOHP� HVSHFLDOO\� IRU� D� FRXQWU\� WKDW� KDG� WKH� H[SHULHQFH� RI� D�
FHQWUDOL]HG�HFRQRP\��7KLV�NLQG�RI�HFRQRP\�PHDQV�D�VXEVWDQWLDO�FRPPLWPHQW�IURP�WKH�SDUW�RI�WKH�6WDWH��
7KH� SDVVLQJ� WR� WKH� PDUNHW� HFRQRP\� LQYROYH� WKH� UHFRQVLGHUDWLRQ� RI� WKH� SDUW� RI� WKH� 6WDWH� LQWR� WKH�
HFRQRPLFDOO\�OLIH��

7KH�IDFW�WKDW�WKH�6WDWH¶V�LQWHUIHUHQFH�KDYH�D�ERXQG�LV�DQ�DFFHSWHG�LGHD��ZKLFK�LV�WKH�WKUHVKROG�RYHU�WKDW�
WKH�FRPPLWPHQW�RI�WKH�6WDWH�LV�H[FHVVLYH�LV�WKH�UHPDLQLQJ�TXHVWLRQ��7KH�OHYHO�RI�WKH�6WDWH¶V�FRPPLWPHQW�
LQWR� WKH� HFRQRPLFDO� HQYLURQPHQW� FDQ� SHUWXUEV� WKH�PHFKDQLVP� RI� WKH� PDUNHW� HFRQRP\� DQG� EHFRPHV� D�
SUREOHP�� 7KLV� SUREOHP� LV� QRW� XVXDOO\� GLVFXVVHG� LQ� FRQQHFWLRQ� ZLWK� WKH� FRPPLWPHQW� RI� WKH� 6WDWH� DV� D�
SURYLGHU�RI�SXUH�FROOHFWLYH�JRRGV�±�QDWLRQDO�GHIHQVH��SXEOLF� VDIHW\�� MXVWLFH��7KH�SURSHU�VL]LQJ�RI�6WDWH¶V�
H[SHQGLWXUHV�ZLWK� LQGLYLVLEOH� FROOHFWLYH� JRRGV� LV� GHVLUDEOH� EHFDXVH� RI� WKH� XQSURGXFWLYH� QDWXUH� RI� WKHVH�
H[SHQGLWXUHV���
%HFDXVH�WKH�6WDWH� LV�WKH�SURYLGHU�RI�SXEOLF�VHUYLFHV�ZH�FDQ�VSHDN�DERXW�D�³PDUNHW´�RI�FROOHFWLYH�JRRGV��
WKHUHIRUH�DERXW�WKH�GHPDQGLQJ�RI�WKH�LQGLYLGXDOV��SRSXODWLRQ���7KH�FRQVXPHU�RI�WKH�SXEOLF�JRRGV�SD\V�D�
PDVNHG�SULFH�±�WKH�HFRQRPLFV�OLWHUDWXUH�DGPLWV�WKH�WD[�DV�D�SDLG�SULFH�IRU�WKH�LQGLYLGXDO¶V�DGYDQWDJHV�DIWHU�
WKH�6WDWH�DFWLYLW\��(TXLYDOHQFH�DQG�VDIHW\�WKHRU\��7XODL�&����������

,W�LV�NQRZQ�WKDW�ZH�KDYH�DQ�DJJUHJDWH�PDQDJHPHQW�RI�WD[HV��WRJHWKHU�ZLWK�WKH�RWKHU�LQFRPHV�DWWUDFW�WR�
WKH� EXGJHW� RI� WKH� 6WDWH�� DQG� LW� LV� QRW� DOORZHG� WR�PDNH� D� VSHFLDO� OLQN� EHWZHHQ� D� VSHFLILF� LQFRPH� DQG� D�
VSHFLILF�H[SHQGLWXUH�RI�WKH�6WDWH��<HW�ZH�PDNH�WKH�DVVXPSWLRQ�WKDW�WKH�LQFRPH�WD[�GXH�E\�WKH�ZDJH�HDUQHUV�
DV� D� ³SULFH´� SDLG� IRU� KDYLQJ� DFFHVV� WR� WKH� SXUH� FROOHFWLYH� JRRGV��:H�PDNH� WKH� DUJXPHQWDWLRQ� WKDW�� LQ�
5RPDQLD�WKH�SUHVVXUH�RI�WD[DWLRQ�DUH�VXSSRUWHG�PRVWO\�E\�LQGLYLGXDOV�QRW�E\�WKH�FRPSDQLHV��7KHUHIRUH��WKH�
UHVRXUFHV�PDGH�IURP�WKH�LQFRPH�WD[HV�RI�QDWXUDO�SHUVRQ�ILQDQFH�D�ODUJH�SDUW�RI�SXEOLF�H[SHQGLWXUHV��WKH�
LQFRPH�WD[�RI�WKH�ZDJH�HDUQHUV�LV�������IURP�WKH�EXGJHWDU\�LQFRPHV��WKH�LQFRPH�WD[�RI�WKH�QDWXUDO�SHUVRQ�
LV�������ZKLOH�WKH�SURILW�WD[�LV����������7KH�6WDWH�%XGJHW��������,Q�WKH�PHDQWLPH��ZH�VSHDN�DERXW�QRQ�
H[FOXVLRQ�E\�SULFH�WKDW�PHDQV�WKDW�WKHUH�DUH�LQGLYLGXDOV�ZKR�DUHQ¶W� LQ�GHEW�WD[��EXW�EHQHILW�E\�FROOHFWLYH�
JRRGV��1RQ�H[FOXVLRQ�E\�SULFH�DQG�ULYDOU\�DUH�WKH�DWWULEXWHV�RI�WKH�SXUH�FROOHFWLYH�JRRGV��7KH\�PDNH�IURP�
WKH� SXEOLF� DXWKRULW\� WKH� PDLQ� SURYLGHU� RI� WKHVH� JRRGV�� (DFK� FRQVXPHU� XVHV� WKH� HQWLUH� TXDQWLW\� RI� WKH�
FROOHFWLYH�JRRG��EHQHILWV�RQ�WKH�6WDWH¶V�H[SHQGLWXUH�ZLWK�WKH�FROOHFWLYH�FRQVXPSWLRQ�WDNHQ�DV�D�ZKROH��DQG�
SD\V�WKH�³SULFH´��WKH�LQFRPH�WD[�SDLG�E\�WKH�VRFLHW\�LV�WKH�VXP�RI�DOO�LQFRPH�WD[HV�SDLG�E\�HDFK�LQGLYLGXDO���

&RPSDULQJ�³WKH�GHPDQG´�DQG�³WKH�VXSSO\´�ZH�PXVW�KDYH�DQ�RSWLPDO�TXDQWLW\�RI�WKH�FROOHFWLYH�JRRGV�
WR�GHOLYHU���



�
���

*HQHUDOO\��WKH�SURSHU�VL]LQJ�RI�WKH�VXSSO\�VXSSRVHV�WKDW�WKH�GHPDQG�LV�NQRZQ�DQG�LQ�RXU�FDVH�LV�DOVR�
NQRZQ�WKH�LQGLYLGXDOV¶�SUHIHUHQFHV�YLV�j�YLV�E\�WKH�SXUH�FROOHFWLYH�JRRGV��6R�WKDW��LQ�RUGHU�WR�RSWLPL]H�WKH�
FROOHFWLYH�H[SHQGLWXUHV�ILQDQFHG�WKURXJK�WKH�6WDWH¶V�EXGJHW��ZH�IROORZ�WKUHH�VWHSV��
L���.QRZOHGJH�RI�WKH�UHDO�LQGLYLGXDOV¶�SUHIHUHQFHV�YLV�j�YLV�E\�WKH�SXUH�FROOHFWLYH�JRRGV��
LL���'HWHUPLQLQJ�WKH�IXQFWLRQ�RI�FROOHFWLYH�SUHIHUHQFH�RQ�WKH�EDVLV�RI�WKH�LQGLYLGXDOV¶�SUHIHUHQFHV��
LLL���3URGXFLQJ�WKH�RSWLPDO�TXDQWLW\�RI�FROOHFWLYH�JRRGV���
�
���(FRQRPLFDO�SUREOHP�
�
� /HW� FRQVLGHU� WKH� XWLOLW\� IXQFWLRQ� �3HUFHERLV� -��� ������ ZULWWHQ� LQ� WKH� IRUP� 8 � �[�\ � ��� ZKHUH� [�
UHSUHVHQWV�WKH�FRQVXPHG�TXDQWLW\�RI�D�SXUH�FROOHFWLYH�JRRG��H[SUHVVHG�LQ�PRQHWDU\�XQLWV���\ � �LV�WKH�DQQXDO�
LQFRPH� DIWHU� WD[HV� XVHG� IRU� EX\LQJ� SULYDWH� JRRGV�� L�GHQRWHV� WKH� LQGLYLGXDO� DQG� `��������̂ QL� �� Q� LV� WKH�
QXPEHU�RI�FRQVXPHUV�IURP�WKH�QDWLRQDO�HFRQRP\���7KH�DQQXDO�LQFRPH�DIWHU�WD[HV�\ � �LV�FRPSXWHG�DVVXPLQJ�
WKDW� WKH�ZKROH� LQFRPH� LV�XVHG� IRU�FRQVXPSWLRQ�ZLWKRXW�DQ\�VDYLQJV��DV� IROORZV��\ � ] � �W � ��ZKHUH�] � � LV� WKH�
LQFRPH�EHIRUH�WD[HV�DQG�W � �UHSUHVHQWV�WKH�WD[HV��
� 7KH�PDWKHPDWLFDO�H[SUHVVLRQ�RI�WKH�XWLOLW\�IXQFWLRQ�FDQ�KDYH�WKH�IRUP������� \[\[8 � ��� �����D�E!���D�E ��
ZKHUH�D�DQG�E�VKRZ�WKH�LQGLYLGXDO¶V�SUHIHUHQFH�IRU�D�FROOHFWLYH�RU�SULYDWH�JRRG��UHVSHFWLYHO\��

.QRZLQJ�WKH�LQGLYLGXDO�XWLOLWLHV�REWDLQHG�DIWHU�WKH�FRQVXPSWLRQ�RI�FRPPRQ�DQG�LQGLYLVLEOH�JRRGV��
D�FROOHFWLYH�SUHIHUHQFH�IXQFWLRQ��L�H��FROOHFWLYH�ZHOIDUH�IXQFWLRQ��FDQ�EH�GHGXFHG��

¦� � 
�
� ��� \[8: � ���D � � � � � � ����

ZKHUH� � � LV� WKH�ZHLJKW� JUDQWHG� � E\� WKH�6WDWH� WR� WKH� VDWLVIDFWLRQ� RI� LQGLYLGXDO� L� LQ� WKH� FROOHFWLYH�ZHOIDUH�
IXQFWLRQ��WKH�6WDWH�LV�WKH�EHDUHU�RI�WKH�LQWHUHVWV�RI�FHUWDLQ�JURXSV���
� 7KH�6WDWH¶V�WDUJHW�LV�WR�PD[LPL]H�WKH�FROOHFWLYH�ZHOIDUH�IXQFWLRQ�:�VXEMHFWHG�WR�WKH�FRQVWUDLQW�RI�
WKH�EXGJHW�HTXLOLEULXP��XQGHU� WKH�DVVXPSWLRQ� WKDW� WKH�6WDWH¶V� IXQFWLRQV�DUH� OLPLWHG� WR� WKH�SURGXFWLRQ�RI�
FROOHFWLYH�JRRGV���
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2XU�DSSURDFK�WDNHV�LQ�FRQVLGHUDWLRQ�WKH�ZDJH�HDUQHUV�IURP�5RPDQLD��ZKLFK�SD\V�RU�GR�QRW�SD\�
WD[HV��DV�WKH�EHDUHUV�RI�FROOHFWLYH�JRRGV�GHPDQGV��,Q�WKLV�DLP�ZH�KDYH�PDGH�D�FODVVLILFDWLRQ�RI�WKH�ZDJH�
HDUQHUV�LQ�QLQH�FODVVHV�DFFRUGLQJ�WR�WKHLU�LQFRPH��WKHLU�IDPLO\�VLWXDWLRQ��QXPEHU�RI�SHUVRQV�WR�VXSSRUW��DQG�
WKH�2(&'�SURFHGXUH��7DEOH�����1RWH�WKDW�WKH�QLQH�FODVVHV�FRQVLGHUHG�PD\�QRW�FRYHU�DOO�SRVVLEOH�VLWXDWLRQV���
�
7DEOH����7KH�LQFRPH�GLVWULEXWLRQ�LQ�QLQH�FODVVHV�
&ODVV� ,QFRPH����IURP�$3: $ �� �

��� � ��� :LWKRXW�SHUVRQV�WR�VXSSRUW�
��� � ��� :LWKRXW�SHUVRQV�WR�VXSSRUW�
��� � ���� :LWKRXW�SHUVRQV�WR�VXSSRUW�
��� � ���� :LWKRXW�SHUVRQV�WR�VXSSRUW�
��� � ��� ��FKLOG�WR�VXSSRUW�
��� � ���� ��FKLOG�WR�VXSSRUW�
��� � ��� ��FKLOGUHQ�WR�VXSSRUW�
��� � ���� ��FKLOGUHQ�WR�VXSSRUW�
��� � ���� ��FKLOGUHQ�DQG�D�KXVEDQG�ZLIH�WR�VXSSRUW�$ $3:�LV�WKH�DYHUDJH�SURGXFWLRQ�ZRUNHU��LQ�5RPDQLD�LQ�-DQXDU\������$3: ����������52/�

�
� 7DEOH���FRPSULVHV�WKH�HOHPHQWV�XVHG�WR�ILQG�WKH�DQQXDO�LQFRPH�DIWHU�WD[HV�IRU�HDFK�FODVV�DOORFDWHG�
IRU�DFTXLULQJ�RI�SULYDWH�JRRGV��H[SUHVVHG�LQ�WKRXVDQGV�52/���
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� $FFRUGLQJ�WR�WKH�DERYH�FODVVLILFDWLRQ��WKH�FROOHFWLYH�ZHOIDUH�IXQFWLRQ�:�EHFRPHV��
%&%%

'% S\[: ��� ¦( ) * D ��

ZKHUH�S � �LV�WKH�QXPEHU�RI�ZDJH�HDUQHUV�IURP�WKH�FODVV�L�DQG� QSSS  ��� +,- ��� ��Q� ����������DW�WKH�
HQG�RI�������
� 6XSSRVLQJ�WKDW�WKH�6WDWH�LV�LPSDUWLDO�ZH�FDQ�FRQVLGHU�WKDW� �

�./0     DDD � �KHQFH�WKH�
PD[LPL]DWLRQ�SUREOHP�����FDQ�EH�ZULWWHQ�LQ�WKH�IRUP��

� �
°°¯

°°®


������d
 �

 ���
o�������� 

112233

123
112233

���
�

���
PD[����

�

$,7S$,7S$,7S[
ED

QSSS
S\S\S\[: 4445

� � � ����

7KH�DLP�RI�WKLV�SDSHU�LV�WR�ILQG�WKH�RSWLPDO�TXDQWLW\�RI�FROOHFWLYH�JRRGV�RIIHUHG�E\�WKH�6WDWH�WKDW�
EHVW�UHVSRQGV�WR�LQGLYLGXDOV¶�SUHIHUHQFHV��VWDUWLQJ�ZLWK�WKH�DVVXPSWLRQ�RI�WKH�XQLIRUP�GLVWULEXWLRQ�RI�WKH�
ZDJH�HDUQHUV�LQ�WKH�QLQH�FODVVHV���7KH�UHVXOWV�ZLOO�EH�FRPSDUHG�ZLWK�WKH�DPRXQWV�DOUHDG\�H[LVWHQW�LQ�WKH�
VWDWH�EXGJHW�IURP�������$IWHU�ZH�ZLOO�GHWHUPLQHG�[�RSWLPDO��ZH�ZLOO� ORRN�IRU�VXFK�GLVWULEXWLRQ�RI�ZDJH�
HDUQHUV�ZKLFK�PD[LPL]H�WKH�FROOHFWLYH�ZHOIDUH�IXQFWLRQ��)RU�WKLV�GLVWULEXWLRQ�ZH�ZLOO�ILQG�D�QHZ�YDOXH�IRU�
[�RSWLPDO��
�
���(YROXWLRQDU\�DOJRULWKPV�
�

'XULQJ�WKH�ODVW�\HDUV�WKHUH�KDV�EHHQ�D�JURZLQJ�LQWHUHVW�LQ�SUREOHP�VROYLQJ�WHFKQLTXHV�EDVHG�RQ�WKH�
SULQFLSOHV�RI� HYROXWLRQ�DQG�KHUHGLWDU\��$� ORW�RI� FRPSXWDWLRQDO�PRGHOV�KDYH�EHHQ�SURSRVHG�DQG� VWXGLHG��
7KH� GRPDLQ� FRYHULQJ� DOO� WKHVH� WHFKQLTXHV� LV� FDOOHG� (YROXWLRQDU\� &RPSXWDWLRQ� �(&�� DQG� LW� LV� QRZ�
FRQVLGHUHG� WR� EH� D� VWDEOH� VSKHUH� RI� $UWLILFLDO� ,QWHOOLJHQFH�� 7KH� WHFKQLTXHV� WKDW� PRGHO� WKH� HYROXWLRQDU\�
SURFHVV�DUH�FDOOHG�HYROXWLRQDU\�DOJRULWKPV��

7KH�PRVW�HPSOR\HG�FODVVHV�RI�HYROXWLRQDU\�DOJRULWKPV�DUH��*HQHWLF�DOJRULWKPV��+ROODQG���������
(YROXWLRQDU\� SURJUDPPLQJ� �)RJHO��2ZHQV� DQG�:DOVK�� ������� (YROXWLRQ� VWUDWHJLHV� �5HFKHQEHUJ�� �������
*HQHWLF�SURJUDPPLQJ��.R]D���������

7KH�FRPPRQ�LGHD�RI�DOO�HYROXWLRQDU\�DOJRULWKPV�LV�WR�HYROYH�D�SRSXODWLRQ�RI�FDQGLGDWH�VROXWLRQV�
WR� WKH�SUREOHP�XVLQJ�VHDUFK�RSHUDWLRQV� LQVSLUHG�E\�ELRORJ\�� OLNH� UHFRPELQDWLRQ��PXWDWLRQ�DQG�VHOHFWLRQ��
7KH�HYROXWLRQ�SURFHVV�WDNHV�SODFH�XQWLO�D�WHUPLQDWLRQ�FRQGLWLRQ�LV�PHW��7KH�ILQDO�SRSXODWLRQ�LV�H[SHFWHG�WR�
FRQWDLQ�WKH�EHVW�VROXWLRQV�IRU�WKH�JLYHQ�SUREOHP��
�



�
���

7DEOH�����
� � � 6 7��FODVV� � 8 9�FODVV� � : 9�FODVV� � 7 ;�FODVV� � 7 ;�FODVV� � 7 ;�FODVV� � 7 ;�FODVV� � 7 ;�FODVV� � 7 ;�FODVV�

���� � *URVV�LQFRPH� ����� ����� ����� ������ ����� ����� ����� ����� �����
���� � &RQWULEXWLRQV�

�&$6��&$66��)6��
������� ������� ����� �������� ������� ����� ������� ����� �����

���� � 3HUVRQDO�H[SHQVHV�
�'SE��

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

���� � 3URIHVVLRQDO�H[SHQVHV��
�����'SE��

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

���� � 0RQWKO\�QHW�LQFRPH��
� �������������

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

���� � 6XSSOHPHQWDU\�
SHUVRQDO�H[SHQVHV�
�'SV��

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

���� � $QQXDO�DQG�JOREDO�
LQFRPH�EHIRUH�WD[�
 ������������������

QHJDWLYH� ��������� ������ ��������� �������� ������ QHJDWLYH� ������ QHJDWLYH�

����� $QQXDO�LQFRPH�WD[�
�$,7��

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

����� $QQXDO�LQFRPH�DIWHU�
WD[HV��
\ ����������������

��������� ���������� ��������� ���������� ���������� ��������� ��������� ��������� ������
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�����*HQHWLF�DOJRULWKPV�*HQHWLF�DOJRULWKPV�ZHUH�GHYHORSHG�E\�-RKQ�+ROODQG��8QLYHUVLW\�RI�0LFKLJDQ�LQ�
$QQ� $UERU�� LQ� WKH� HDUO\� ����V�� *HQHWLF� DOJRULWKPV� HYROYH� D� SRSXODWLRQ� RI� FKURPRVRPHV� �FDQGLGDWH�
VROXWLRQV���+HUH�WKH\�DUH�HQFRGHG�DV�ELQDU\�VWULQJV��7KH�VHDUFK�RSHUDWRUV�DUH�W\SLFDOO\�FURVVRYHU��PXWDWLRQ�
DQG�VRPHWLPHV�LQYHUVLRQ��&KURPRVRPHV�DUH�HYDOXDWHG�XVLQJ�D�ILWQHVV�IXQFWLRQ��
6XSSRVH�ZH�KDYH�D�PD[LPL]DWLRQ�SUREOHP��

®̄ �
o

[
I�[� PD[ ��

ZKHUH�I�LV�D�UHDO�YDOXHG�IXQFWLRQ 5I o:� �� <5�: ��
*HQHWLF�DOJRULWKPV�HYROYH�D�VHW�RI�FKURPRVRPHV�WKDW�DUH�HQFRGHG�DV�ELQDU\�VWULQJV�LQ�RUGHU�WR�GHWHFW�WKH�
PD[LPD�RI�WKH�IXQFWLRQ��$�ILWQHVV�IXQFWLRQ�LV�XVHG�LQ�RUGHU�WR�HYDOXDWH�WKH�FKURPRVRPHV��7KH�HYROXWLRQ�
SURFHVV� WDNHV� SODFH� IRU� D� QXPEHU� RI� JHQHUDWLRQV� XQWLO� D� WHUPLQDWLRQ� FRQGLWLRQ� LV� IXOILOOHG�� $W� HDFK�
JHQHUDWLRQ� W� D� QHZ� SRSXODWLRQ� RI� FKURPRVRPHV� LV� FUHDWHG� XVLQJ� JHQHWLF� RSHUDWRUV� OLNH� VHOHFWLRQ��
UHFRPELQDWLRQ�DQG�PXWDWLRQ���
7KH�VWUXFWXUH�RI�WKH�FDQRQLFDO�JHQHWLF�DOJRULWKP�LV�SUHVHQWHG�KHUH��
�

6WHS���� �W� ���
6WHS����*HQHUDWH�UDQGRPO\�SRSXODWLRQ�3�W���
6WHS����(YDOXDWH�3�W��E\�XVLQJ�D�ILWQHVV�IXQFWLRQ��
6WHS����:KLOH�QRW�WHUPLQDWLRQBFRQGLWLRQ�GR�

EHJLQ�
6WHS������ 6HOHFW� IURP�3�W�� WKH� LQGLYLGXDOV� WKDW�ZLOO�XQGHUJR�FKDQJHV�XVLQJ�YDULDWLRQ�RSHUDWRUV�

�UHFRPELQDWLRQ��PXWDWLRQ���/HW�3¶�EH�WKH�VHW�RI�VHOHFWHG�LQGLYLGXDOV��&KRRVH�LQGLYLGXDOV�IURP�
3¶�WR�HQWHU�WKH�PDWLQJ�SRRO��03���

6WHS������ 5HFRPELQH�FKURPRVRPHV�LQ�03�IRUPLQJ�SRSXODWLRQ�3´��
6WHS������ 0XWDWH�FKURPRVRPHV�LQ�3´�IRUPLQJ�3´¶��
6WHS������ 6HOHFW�IRU�UHSODFHPHQW�IURP�3¶´�DQG�3�W��IRUPLQJ�3�W�����
6WHS������ W� W����
HQG�

�
5HPDUNV��

�L�� 7KH�VL]H�RI�WKH�SRSXODWLRQ�XVHG�LV�D�SDUDPHWHU�RI�WKH�DOJRULWKP���
�LL��7KH�WHUPLQDWLRQBFRQGLWLRQ�LQ�6WHS���FDQ�EH�D�PD[LPXP�QXPEHU�RI�JHQHUDWLRQ�WR�EH�DFKLHYHG��RU�

VRPH�RWKHU�FRQGLWLRQ�RQ�SRSXODWLRQ�3�W���
�LLL��$QRWKHU� GHFLVLRQ� WKDW� KDV� WR� EH�PDGH� LV�ZKLFK� W\SHV� RI� JHQHWLF� RSHUDWRUV� WR� XVH� IRU� VHOHFWLRQ��

UHFRPELQDWLRQ�DQG�PXWDWLRQ��
*HQHWLF�DOJRULWKPV�DUH�DOVR�YHU\�XVHIXO�IRU�SURYLGLQJ�D�SUDFWLFDO�LQVLJKW�LQWR�WKH�SUREOHP��2IWHQ�WKH\�DUH�
XVHG�WR�VLPXODWH�FHUWDLQ�UHDO�VLWXDWLRQV�LQ�RUGHU�WR�EHWWHU�XQGHUVWDQG�WKH�G\QDPLF�RI�WKH�SUREOHP��,Q�WKLV�
SDUWLFXODU�FDVH�ZH�KDYH�XVHG�D�JHQHWLF�DOJRULWKP�WR�VLPXODWH�DQG�WR�VWXG\�WKH�EHKDYLRU�RI�WKH�FROOHFWLYH�
ZHOIDUH�IXQFWLRQ��
�
���5HVXOWV�
�
� 7KH�GLVWULEXWLRQ�RI�WKH�SRSXODWLRQ�LQWR�WKH�QLQH�FODVVHV�FDQ�QRW�EH�FRQWUROOHG�E\�WKH�VWDWH��7KLV�IDFW�
PDNHV�GLIILFXOW�WKH�HVWLPDWLRQ�RI�WKH�IXQFWLRQ�RI�WKH�FROOHFWLYH�ZHOIDUH��)RU�WKHRUHWLFDO�UHDVRQV��LQ�RUGHU�WR�
VROYH� WKH� SUREOHP�� ZH� VWDUWHG� ZLWK� WKH� DVVXPSWLRQ� WKDW� HDFK� FODVV� KDV� DQ� HTXDO� QXPEHU� RI�
LQGLYLGXDOV SSSS     =>?

� ��
7KHQ�WKH�IXQFWLRQ�:�EHFRPHV�
� ���

� @AB CCCD \\\[S: ������ � � ����
&RQVLGHU�DOVR� ��� D �DQG ��� E ���
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,I�� SSSS     =>?
� �DQG� ���������� EFG  ��� SSS ��WKH�VLWXDWLRQ�DW�WKH�HQG�RI��������WKHQ��

����������
�������  � SS �

%\�UHSODFLQJ S � HIJ ������ \\\ �LQ������ZH�KDYH��
K[[: � ������������������ � � � � � ����

VXEMHFWHG�WR� LLMMNN ��� $,7S$,7S$,7S[ ������d ���7KH�IXQFWLRQ�����UHDFKHV�WKH�PD[LPXP�YDOXH�IRU�
[ OQPSR  ����������������������DQG�WKH�PD[LPXP�YDOXH�LV�: OQPSR  �������(�����
� 8VLQJ� WKHVH� UHVXOWV� ZH� WRRN� GLIIHUHQW� YDOXHV� IRU� WKH� SDUDPHWHUV� D� DQG� E� DQG� XVLQJ� D� JHQHWLF�
DOJRULWKP�ZH�HVWLPDWHG�WKH�RSWLPDO�GLVWULEXWLRQ�RI�LQGLYLGXDOV�LQ�FODVVHV��DV�ZH�FDQ�VHH�LQ�7DEOH�����7KH�
SDUDPHWHUV�XVHG�WR�UXQ�WKH�JHQHWLF�DOJRULWKP�DUH�SUHVHQWHG�LQ�7DEOH�����
�
7DEOH����3DUDPHWHUV�XVHG�WR�UXQ�WKH�JHQHWLF�DOJRULWKP�
1U��&UW�� 3DUDPHWHU� 9DOXH�

���� � 1XPEHU�RI�JHQHUDWLRQV� ������
���� � 3RSXODWLRQ�VL]H� ����
���� � &URVVRYHU�SUREDELOLW\� ����
���� � 0XWDWLRQ�UDWH� �����
���� � T�WRXUQDPHQW�VHOHFWLRQ� ���

�
)RU�HDFK�SDLU��D�E��ZH�UXQ�WKH�DOJRULWKP�WZR�WLPHV��)RU�WKH�FDVHV���D�E��^�������������������������

������������`� WKH�HVWLPDWHG�GLVWULEXWLRQ�RI� LQGLYLGXDOV� LQ�FODVVHV�ZDV� UHSUHVHQWHG� LQ�)LJ������� ,Q� WKH� ODVW�
FROXPQ�RI�7DEOH���ZH�SUHVHQWHG�WKH�FRUUHVSRQGLQJ�RSWLPXP�YDOXH�RI�[�IRU�HDFK�GLVWULEXWLRQ�RI�LQGLYLGXDOV�
LQ�FODVVHV��
�
���&RQFOXVLRQV�
�
� $V�ZH�FDQ�VHH��LI�ZH�KDYH�DQ�XQLIRUP�GLVWULEXWLRQ�RI�WKH�ZDJH�HDUQHUV�LQWR�WKH�QLQH�FODVVHV��WKH�
FROOHFWLYH�ZHOIDUH�LV�PD[LPXP�IRU�DQ�H[SHQGLWXUH�RI�FROOHFWLYH�JRRGV�DERXW������������ELOOLRQ�52/��2Q�
WKH�RWKHU�KDQG�ZH�FDQ�VD\� WKDW� WKH�FRQVXPSWLRQ�RI�D�TXDQWLW\�RI�FROOHFWLYH�JRRGV�DERXW��������ELOOLRQV�
52/� EULQJV� WR� WKH� ZDJH� HDUQHUV� WKH� PD[LPXP� VDWLVIDFWLRQ�� ,Q� IDFW�� WKLV� LV� WKDW� SDUW� RI� WKH� SXEOLF�
H[SHQGLWXUHV�WKDW�WKH\�DFFHSW�WR�ILQDQFH�WKURXJK�WKH�LQFRPH�WD[HV���$OVR�WKH\�XQGHUVWDQG�WKH�SRVLWLRQ�RI�
WKH�6WDWH�DV�D�SURYLGHU�RI�WKH�JRRGV��%H\RQG�WKLV�ERXQG�ZH�VSHDN�DERXW�³D�FRPSXOVLRQ´�DV�D�PRGDOLW\�RI�
EULQJLQJ�LQFRPH�WD[HV�WR�WKH�EXGJHW�IRU�ILQDQFH�WKH�UHVSHFWLYH�JRRGV��7KH�VXPV�IURP�WKH�6WDWH¶V�%XGJHW�LQ�
�����DUH�ELJJHU� WKHQ� WKDW�RSWLPDO�YDOXH�� WKH� H[SHQGLWXUH� IRU�GHIHQVH��SXEOLF�RUGHU� DQG�JHQHUDOO\�SXEOLF�
VHUYLFHV�DUH�DERXW����������ELOOLRQV� �LQFUHDVLQJ�� LQ������DURXQG��������ELOOLRQV�� LQ������DURXQG��������
ELOOLRQV���
� ��
�
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Y cecec^cecec
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7KH�FRPSDULVRQ�OHDGV�XV�WR�WKH�FRQFOXVLRQ�RI�DQ�RYHUUDWLQJ�RI�WKH�FROOHFWLYH�JRRGV�VXSSO\��7KHUH�LV�D�
VXSSO\� WKDW� KDV� QR� DQVZHU� LQ� WKH� GHPDQG�� LW� GRHV� QRW�PD[LPL]H� WKH� FROOHFWLYH� VDWLVIDFWLRQ��:H� DUH�
WHPSWHG�WR�VD\�WKDW�LW�LV�D�ZDVWH�RI�SXEOLF�PRQH\�EXW�RXU�DQDO\VLV�EHJLQV�ZLWK�D�K\SRWKHWLFDO�VLWXDWLRQ�
WKDW�ZH�KDYH�D�XQLIRUP�GLVWULEXWLRQ�RI�WKH�ZDJH�HDUQHUV�LQ�WKH�QLQH�FODVVHV��,Q�WKH�DEVHQFH�RI�UHDO�GDWD�
RI� WKH� GLVWULEXWLRQ�ZH� ORRNHG� IRU� WKH� RSWLPXP�RQH� LQ� RUGHU� WR� KDYH� WKH�PD[LPXP�RI� WKH� FROOHFWLYH�
ZHOIDUH�IXQFWLRQ��LQ�WKH�FRQGLWLRQV�JLYHQ�E\�WKH�SUHIHUHQFHV�RI�WKH�ZDJH�HDUQHUV�IRU�D�SXEOLF�JRRG�RU�D�
SULYDWH�RQH��WKH�D�DQG�E�SDUDPHWHUV���)RU�HDFK�RSWLPXP�GLVWULEXWLRQ�ZH�IRXQG�WKH�QHZ�RSWLPDO�YDOXHV�
IRU�[�DQG�ZH�UHPDUN�WKDW�WKH�YDOXHV�DUH�JUHDWHU�WKHQ�WKRVH�DVVLJQHG�LQ�WKH�EXGJHW���
� (YHQ�ZKHQ�WKH�SDUDPHWHUV�D�DQG�E�WDNH�GLIIHUHQW�YDOXHV��ZH�KDYH�WKUHH�VLWXDWLRQV��D�E��D!E�
DQG�D E���WKH�RSWLPDO�YDOXH�RI�[�LV�YHU\�ELJ�DQG�WKH�RSWLPDO�GLVWULEXWLRQ�LQGLFDWHV�WKH�SUHGRPLQDQFH�RI�
WKH�LQGLYLGXDOV�ZLWK�KLJK�LQFRPH�DQG�ZLWKRXW�SHUVRQV�WR�VXSSRUW���q r �FODVV���
� $QDO\]LQJ�WKH�UHVXOWV�ZH�FRQFOXGH�WKDW�WKH�FROOHFWLYH�ZHOIDUH�UHDFKHV�D�PD[LPXP�LQ������LQ�
5RPDQLD�LI��������IURP�WKH�ZDJH�HDUQHUV�ZRXOG�KDYH�LQFRPHV�DERXW�����$3:�DQG�KDYH�QR�SHUVRQ�
WR�VXSSRUW��EHORQJLQJ�WR�WKH��q r �FODVV���7KH\�DUH�ZLOOLQJ�WR�SD\�LQFRPH�WD[HV�ELJ�HQRXJK�WR�ILQDQFH�D�
ELJ�RSWLPXP�YDOXH�IRU�[���7KH�ILUVW�SDUW�RI�WKH�UHVXOW�LV�REYLRXV��2Q�WKH�RWKHU�KDQG�ZH�PHQWLRQ�WKDW�RXU�
DQDO\VLV�DOVR�LV�QRW�FRQVLGHULQJ�VRFLDO�DVSHFWV�OLNH�ELUWK�UDWH�DQG�WKDW�H[SODLQ�WKH�SDUW�WZR�RI�WKH�UHVXOW��
7KH�ILQDO�DVSHFW�VKRZV�XV�WKDW�WKH�SHRSOH�DFFHSW�WR�SD\�ELJ�LQFRPH�WD[HV�ZKHQ�WKHLU�LQFRPHV�DUH�ELJ��
%XW� WKH� H[SHULHQFH� VKRZV� WKDW� WKLV� IDFW� LV�SRVVLEOH�RQO\� LI� WKH�SHRSOH�KDYH�FRQILGHQFH� LQ� WKH�SXEOLF�
DXWKRULW\��FRQILGHQFH�WKDW�WKH�SXEOLF�PRQH\�ZLOO�EH�XVHG�LQ�WKH�EHVW�LQWHUHVW�RI�WKH�FLWL]HQ��LQ�WKLV�FDVH�
E\�RIIHULQJ�SXUH�FROOHFWLYH�JRRGV���
� )LQDOO\��WKH�PDWKHPDWLFDO�DQG�FRPSXWDWLRQDO�GHYLFHV�SURSRVHG�LQ�WKLV�SDSHU�DUH�GHVLUHG�WR�EH�D�
KHOSIXO�WRRO�WR�EH�XVHG�LQ�RUGHU�WR�LPSURYH�WKH�PDFUR�HFRQRPLF�GHFLVLRQV��
�
5HIHUHQFHV��
��� '��'XPLWUHVFX�� %�� /D]]HULQL�� /�&�� -DLQ�� $�� 'XPLWUHVFX�� (YROXWLRQDU\� FRPSXWDWLRQ�� (G�� &5&�

3UHVV��86$�������
��� '��'XPLWUHVFX��$OJRULWPL� JHQHWLFL� VL� VWUDWHJLL� HYROXWLYH� ±�$SOLFDWLL� LQ� LQWHOLJHQWD� DUWLILFLDOD� VL�

GRPHQLL�FRQH[H��(G��$OEDVWUD��&OXM�1DSRFD�������
��� 1��+RDQWD��(FRQRPLH�VL�ILQDQWH�SXEOLFH��(G��3ROLURP��,DVL��������
��� -�+��+ROODQG��2XWOLQH�IRU�D�ORJLFDO�WKHRU\�RI�DGDSWLYH�V\VWHPV��-��$&0��86$�����������S������±�

����
��� -��/HFDLOORQ��$QDO\VH�PLFUR�HFRQRPLTXH��(G��&8-$6��3DULV��������



�
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��� =��0LFKDOHZLF]�� *HQHWLF� DOJRULWKPV� ��'DWD� VWUXFWXUHV�  � (YROXWLRQ� SURJUDPV�� (G�� 6SULQJHU� ±�
9HUODJ��%HUOLQ��������

��� -��1HPHF��*��:ULJKW��)LQDQWH�SXEOLFH�±�WHRULH�VL�SUDFWLFD�LQ�WUDQ]LWLD�FHQWUDO��HXURSHDQD��(G��$UV�
/RQJD��,DVL��������

��� 2(&'��������7D[LQJ�ZDJHV�����������
��� -��3HUFHERLV��(FRQRPLH�GHV�ILQDQFHV�SXEOLTXHV��(G��$UPDQG�&ROLQ��3DULV��������
���� 6�� 6HUEX�� &�� 'UDJRV�� 3UREOHPD� GH� RSWLP� LQ� ILQDQWDUHD� FRQVXPXOXL� FROHFWLY�� 6WXGLD� 8%%��

2HFRQRPLFD��;/9,,�����������
���� &��7XODL���)LVFDOLWDWH�VL�ILQDQWH�SXEOLFH��(G��&DVD�&DUWLL�GH�6W���������
���� ZZZ�PILQDQWH�UR�
���� ZZZ�RHFG�RUJ�
���� ZZZ�ODERUVWD�LOR�RUJ��
�
���%8,/',1*�&86720�+70/�)2506�:,7+�$63�)25�60$//�%86,1(66(6�

$XWKRU��/HFWXUHU�&ODXGLD�&kUVWHD��3K'�&DQGLGDWH�
� ³*HRUJH�%DUL LX´�8QLYHUVLW\��%UDúRY��5RPDQLD�
�

$EVWUDFW�
�

7KH�3XEOLVK�WR�WKH�:HE�:L]DUG�LV�D�JUHDW�ZD\�WR�JHW�VWDUWHG�ZLWK�:HE�SDJHV��7KLV�LV�ILQH�IRU�
DQ� LQWUDQHW� VHUYHU� LQ� ZKLFK� \RX� FRQWURO� WKH� EURZVHU� WKURXJK� ZKLFK� VXUIHUV� FDQ� YLHZ� \RXU� SDJHV��
+RZHYHU�� LW� LV� QRW� RSWLPDO� IRU� DQ� ,QWHUQHW� VLWH� LQ�ZKLFK� \RX�ZDQW� WR� VHUYH� SDJHV� WR� MXVW� DERXW� DQ\�
EURZVHU�WKDW�VKRZV�XS�DW�\RXU�VLWH��,Q�WKH�ODWWHU�VLWXDWLRQ��\RX�FDQ�XVH�$63�VFULSW�RQ�WKH�VHUYHU�DORQJ�
ZLWK�+70/�IRUPV�WR�OHW�XVHUV�VKRZ�DQG�HGLW�$FFHVV�GDWDEDVHV�YLD�IRUPV�RQ�EURZVHUV��7KH�0D\������
LVVXH� RI�0LFURVRIW�2IILFH�	�9%$�'HYHORSHU� IHDWXUHV� D�ZKROH� DUWLFOH� GHPRQVWUDWLQJ� KRZ� WR� DUWIXOO\�
DSSO\�WKLV�WHFKQLTXH���

+70/� IRUPV� UHTXLUH� D� URXQG�WULS� WR� WKH� VHUYHU�� ,Q� WKLV�ZD\�� WKH\� DUH� QRW� XQOLNH� WKH� SDJHV�
JHQHUDWHG�E\�WKH�3XEOLVK�WR�WKH�:HE�:L]DUG��7KH�XVHU�FRPSOHWHV�VRPH�LQIRUPDWLRQ�RQ�WKH�IRUP��DQG�
WKHQ�FOLFNV� WKH�6XEPLW�EXWWRQ��7KLV� VHQGV� WKH� IRUP
V�FRQWHQWV�RII� WR� WKH�VHUYHU��7KH�VHUYHU� UHDGV� WKH�
IRUP
V� FRQWHQWV� DQG� GRHV� VRPHWKLQJ�� �7KH� VHUYHU�EDVHG� SURJUDP� FDQ� XSGDWH� D� GDWDEDVH�� VHQG� D�
UHVSRQVH�EDFN�WR�WKH�EURZVHU��RU�ERWK���:HE�GHYHORSHUV�WUDGLWLRQDOO\�XVHG�&*,�FRGH�IRU�WKHLU�VHUYHU�
EDVHG�SURJUDPV�WKDW�UHDG�WKH�IRUP�DQG�SHUIRUP�D�WDVN��0LFURVRIW� LQWURGXFHG�$63�DV�D�UHSODFHPHQW�
RSWLRQ�IRU�WKDW��$63�FRGH�SODFHV�OHVV�RI�D�EXUGHQ�RQ�WKH�VHUYHU�WKDQ�&*,�FRGH��$63�FDQ�EH�EURZVHU�
QHXWUDO�EHFDXVH�LW�LV�FDSDEOH�RI�ZULWLQJ�SXUH�+70/�EDFN�WR�EURZVHUV��7KLV�ZLOO�ZRUN�LQ�MXVW�DERXW�DQ\�
EURZVHU���

7KLV� DUWLFOH� VKRZV� D� YHU\� VLPSOH� EURZVHU� DSSOLFDWLRQ� WKDW� WDSV� DQ� $FFHVV� GDWDEDVH� YLD� DQ�
+70/�IRUP�DQG�VRPH�$63�FRGH��7KLV�SDUWLFXODU�DSSOLFDWLRQ�LOOXVWUDWHV�KRZ�WR�XVH�D�GURS�GRZQ�VHOHFW�
ER[��ZKLFK�LV�D�SRSXODU�PHDQV�RI�JDWKHULQJ�XVHU�LQSXW�RQ�IRUPV��$�K\SHUOLQN�RQ�WKH�SDJH�VKRZLQJ�WKH�
LQIRUPDWLRQ�WKH�XVHU�UHTXHVWHG�OHWV�WKH�VXUIHU�UHWXUQ�HDVLO\�WR�WKH�RULJLQDO�TXHU\�SDJH��

,Q�WKH�+70/�ERG\�VHFWLRQ�RI�WKH�:HE�SDJH��D�IRUP�WDJ�FRQWDLQV�ERWK�WKH�VHOHFW�WDJ�DQG�WKH�
EXWWRQ��+RZHYHU��LW�G\QDPLFDOO\�VHWV�WKH�RSWLRQV�IRU�WKH�VHOHFW�ER[�LQVLGH�RI�D�GR�ORRS��(DFK�VHOHFW�ER[�
RSWLRQ�FDQ�KDYH�D�YDOXH�WKDW�LW�WDNHV�ZKHQ�D�XVHU�PDNHV�D�VHOHFWLRQ�DQG�D�ODEHO�WKDW�LW�VKRZV�ZKHQ�D�
XVHU�FOLFNV�LW�RSHQ��$�VWDWHPHQW�LQ�WKH�ORRS�DVVLJQV�ERWK�RI�WKHVH�IRU�HDFK�UHFRUG��$IWHU�SHUIRUPLQJ�WKH�
DVVLJQPHQWV�� WKH�$63�VFULSW�PRYHV�WR�WKH�QH[W�UHFRUG��7KH�GR�ORRS�DXWRPDWLFDOO\�WHUPLQDWHV�ZKHQ�LW�
HQFRXQWHUV�DQ�HRI�IRU�WKH�UHFRUGVHW���

7KHUH�DUH�WKUHH�GLVWLQFW�ZD\V�RI�ZRUNLQJ�ZLWK�$FFHVV�GDWDEDVHV�YLD�:HE�EDVHG�IRUPV��(DFK�RI�
WKHVH�ZD\V�KDV�GLVWLQFW�DGYDQWDJHV���

x� )LUVW��WKH�3XEOLVK�WR�WKH�:HE�:L]DUG�LV�H[FHSWLRQDOO\�HDV\�WR�XVH��,Q�PDQ\�VLWXDWLRQV��\RX�FDQ�
XVH�LW�ZLWKRXW�DQ\�FRGLQJ��,Q�DGGLWLRQ��ZLWK�D�OLWWOH�HIIRUW�\RX�FDQ�H[WHQG�LWV�EDVLF�VROXWLRQV�LQ�
FXVWRP�ZD\V��%HFDXVH�WKH�3XEOLVK� WR�WKH�:HE�:L]DUG�UHOLHV�RQ�$FWLYH;�FRQWUROV�� LW�UHVWULFWV�
WKH�EURZVHUV�WKDW�FDQ�XVH�LW�WR�,QWHUQHW�([SORUHU�YHUVLRQ�����RU�ODWHU���

x� 6HFRQG��\RX�FDQ�GHYHORS�FXVWRP�VROXWLRQV�WR�WDS�$FFHVV�GDWDEDVHV�RYHU�WKH�:HE�ZLWK�+70/�
IRUPV� DQG� $63� ILOHV�� 7KLV� SRZHUIXO� DQG� UREXVW� VROXWLRQ� ZRUNV� ZLWK� DOO� NLQGV� RI� EURZVHUV��
+RZHYHU��LW�UHTXLUHV�KDQG�FRGLQJ��7KHUH�DUH�QR�ZL]DUGV�WR�VLPSOLI\�WKLV�DSSURDFK��<RXU�FRGH�
KDV� WR�PL[� $63� DQG�+70/� LQ� WKH� VDPH� ILOH� IRU�PD[LPXP� LPSDFW�� $OWKRXJK� QRW� LQKHUHQWO\�



�
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GLIILFXOW��WKLV�NLQG�RI�FRGLQJ�LV�D�K\EULG�WKDW�UHTXLUHV�GHYHORSHUV�WR�EHFRPH�SURILFLHQW�DW�WZR�
GLIIHUHQW�FRGLQJ�ODQJXDJHV���

x� 7KH� WKLUG� DSSURDFK� LV� DWWUDFWLYH� EHFDXVH� LW� EXLOGV� RQ� 0LFURVRIW
V� PRVW� UHFHQW� FOLHQW�VLGH�
GHYHORSPHQW� WHFKQRORJ\� ��� '\QDPLF� +70/� �'+70/��� 'DWD� ELQGLQJ� UHTXLUHV� D� VLQJOH�
VFULSWLQJ� ODQJXDJH� ��� SXUH� '+70/�� ,W� KDV� WKH� PDMRU� GLVDGYDQWDJH� RI� EHLQJ� UHVWULFWHG� WR�
YHUVLRQ� �� RU� ODWHU� RI� ,QWHUQHW� ([SORUHU�� +RZHYHU�� LI� 0LFURVRIW� FRQWLQXHV� WR� GHYHORS� WKLV�
LQQRYDWLYH�:HE�VFULSWLQJ�WHFKQRORJ\��\RX�ZLOO�ILQG�\RXU�LQLWLDO�LQYHVWPHQW�LQ�OHDUQLQJ�LW�SD\V�
JUHDW�GLYLGHQGV���
0DQ\�VPDOO�EXVLQHVVHV�DQG�GHSDUWPHQWV� LQ� ODUJH�RUJDQL]DWLRQV�UHO\�RQ�0LFURVRIW�$FFHVV�IRU�

GDWD� DFFHVV� DQG� GDWD�PDQDJHPHQW�� 2QH� IDFWRU� FRQWULEXWLQJ� WR� WKH� VXFFHVV� RI� $FFHVV� LQ� WKLV� WDUJHW�
PDUNHW� LV� WKH�GHSWK�RI� LWV�GDWD�SURFHVVLQJ�FDSDELOLWLHV�YHUVXV� LWV�HDVH�RI�XVH��:KLOH�$FFHVV�GRHV�QRW�
VFDOH�OLNH�VRPH�RWKHU�GDWDEDVH�PDQDJHUV��IRU�H[DPSOH�0LFURVRIW�64/�6HUYHU��LW�RIIHUV�H[FHOOHQW�HDVH�RI�
XVH�DQG�IOH[LEOH�SURFHGXUHV�IRU�SXEOLVKLQJ�WR�WKH�:HE��7KH�UDSLGO\�HVFDODWLQJ�SRSXODULW\�RI�WKH�:HE�
PDNHV�WKH�GDWDEDVH�SXEOLVKLQJ�FDSDELOLWLHV�RI�$FFHVV�SDUWLFXODUO\�QRWHZRUWK\��$FFHVV�VHUYHV�ZHOO�RQ�
GHSDUWPHQWDO�LQWUDQHWV�DQG�,QWHUQHW�VLWHV�IRU�VPDOO�EXVLQHVVHV�WKDW�GR�QRW�HQFRXQWHU�D�ODUJH�QXPEHU�RI�
FRQFXUUHQW�KLWV��

�
�

�� 3DJLQLOH�$63� JHQHUDWH� FX�$FFHVV� FRQ LQ� FRG� WH[W�� vQ� OLPEDMHOH�+70/� úL�9%6FULSW�� 3UDFWLF�
SDUWHD�GH�GHVLJQ�HVWH�JHQHUDW �vQ�+70/��LDU�SDUWHD�GH�DFFHV�OD�ED]D�GH�GDWH�HVWH�JHQHUDW �vQ�9%6FULSW��
3HQWUX�DFFHVXO� OD�R�ED] �GH�GDWH� OLPEDMXO�9%6FULSW�VH�XWLOL]HD] �FROHF LD�GH�RELHFWH�$'2��$FWLYH;�
'DWD%DVH�2EMHFW��úL�GH�OLPEDMXO�64/���
� *HQHUDUHD�SURSULX�]LV �D�XQHL�SDJLQL�$63�VH�UHDOL]HD] �SULQ�SDUFXUJHUHD�PDL�PXOWRU�SDúL��
�� FUHDUHD�'61�XOXL�SHQWUX�UHDOL]DUHD�OHJ WXULL�GLQWUH�SDJLQD�:HE�úL�ED]D�GH�GDWH��
�� VH�VHOHFWHD] �RELHFWXO�SHQWUX�FDUH�VH�GRUHúWH�JHQHUDUHD�SDJLQLL��GLQ�IHUHDVWUD�ED]HL�GH�GDWH�VDX�VH�

GHVFKLGH��
�� VH�DFWLYHD] �PHQLXO�)LOH��RS LXQHD�([SRUW��VH�VHOHFWHD] �vQ�FDVHWD�6DYH�DV�7\SH�YDULDQWD�0LFURVRIW�

$FWLYH�6HUYHU�3DJHV��VH�SUHFL]HD] �QXPHOH�SDJLQLL�vQ�FDVHWD�)LOH�1DPH��VH�DF LRQHD] �EXWRQXO�GH�
FRPDQG �6DYH��

�� vQ�IHUHDVWUD�0LFURVRIW�$FWLYH�6HUYHU�3DJHV�2XWSXW�2SWLRQ�VH�FRQILJXUHD] �XUP WRULL�SDUDPHWUL��
�� GDF �H[LVW �XQ� úDEORQ�GXS �FDUH� VH�YD�GHILQL�SDJLQD�� VH� LQGLF �QXPHOH� úL� FDOHD� vQ� FDVHWD�+70/�

7HPSODWH��
�� QXPHOH�'61�XOXL�HVWH�REOLJDWRULX�úL�VH�SUHFL]HD] �vQ�FDVHWD�'DWD�6RXUFH�1DPH��
�� GDF �VH�GRUHúWH�FRQHFWDUHD�OD�ED]D�GH�GDWH�XQ�DQXPLW�XVHU��WHUEXLH�SUHFL]DW�QXPHOH�DFHVWXLD��XVHU�WR�

FRQQHFW�DV��úL�SDUROD��SDVVZRUG�IRU�XVHU���
�� VHUYHU�85/��LQGLF �VLWH�XO�XQGH�VH�YD�J ]GXL�SDJLQD��
�� VHVLRQ� WLPH�RXW� �PLQ���SHULRDG � vQ�FDUH� VH� vQFHDUF � UHDOL]DUHD�FRQH[LXQLL� FX� VXUVD�GH�GDWH��GXS �

H[SLUDUHD�DFHVWHL�SHULRDGH��GDF �QX�V�D�UHDOL]DW�FRQH[LXQHD�HVWH�UHWXUQDW �R�HURDUH��
2ELHFWHOH� GH� WLS� 'DWD� $FFHVV� 3DJHV� VXQW� JHVWLRQDWH� vQ� VHF LXQH� 3DJHV� GLQ� IHUHDVWUD� ED]HL� GH� GDWH�
�'DWDEDVH�:LQGRZ���/D�VDOYDUHD�XQXL�DVWIHO�GH�RELHFW�VH�FUHD] �DXWRPDW�XQ�ILVLHU�VHSDUDW�GH�ED]H�GH�
GDWH��FDUH�YD�FRQ LQH�SDJLQD�:HE�JHQHUDW �GLQ�RELHFWXO�$FFHVV��2ELHFWXO�GLQ�ED]D�GH�GDWH�PHPRUHD] �
R�OHJ WXU ��VKRUWFXW��F WUH�DFHVW �SDJLQ ��ùWHUJHUHD�ILVLHUXOXL�+70/�GH�GLVF��HVWH�HFKLYDOHQW �SUDFLF�FX�
úWHUJHUHD�RELHFWXOXL�GLQ�ED]D�GH�GDWH��DFHVWD�FKLDU�GDF �QX�HVWH�úWHUV� IL]LF��GHYHQLQG� LQXWLOL]DELO� I U �
SDJLQD�:HE��$FHVW� RELHFW� HVWH� DVHP Q WRU� FX� XQ� RELHFW� GH� WLS�)RUPXODU�� QXPDL� F � VH� XWLOL]HD] � vQ�
FRQWH[WXO�DFFHV UL�ED]HL�GH�SH�,QWHUQHW��2ELHFWXO�VDOYDW�vQ�ED]D�GH�GDWH�VH�SRDWH�XWOL]D�úL�GLQ�ED]D�GH�
GDWH�$FFHVV��vQV �HOH�HVWH�WRWXúL�FRQFHSXW�SHQWUX�D�IL�DFFHVDW�GH�SH�,QWHUQHW��0LFURVRIW�$FFHVV�PDL�PXOW�
SHQWUX� SURLHFWDUHD� SDJLQLL�:HE�� GHFkW� SHQWUX� DFWXDOL]DUHD� GDWHORU�� 3DJLQLOH�:HE�GH� WLS�'DWD�$FFHVV�
3DJHV� VXQW� SURFHVDWH� FRUHFW� vQ� SURJUDPXO� GH� QDYLJDUH� GH� ,QWHUQHW� 0LFURVRIW� ,QWHUQHW� ([SORUHU��
vQFHSkQG� FX� YHUVLXQHD� ����� 3HQWUX� SURLHFWDUHD�PDQXDO � D� XQXL� RELHFW�GH� WLS� SDJLQ �:HE�HVWH� SXV� OD�
GLVSR]L LH� XQ� VHW� GH� FRQWURDOH� JUXSDWH� vQWU�R� EDU � GH� LQVWUXPHQWH�7RRO� %R[�� XWLOL]DUHD� DFHVWRUD� ILLQG�
DVHP Q WRDUH�FX�D�FHORU�GLQ�FDGUXO�RELHFWHORU�GH�WLS�UDSRUW�VDX�IRUPXODU��
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0DUFDMXO�+70/�SULQFLSDO�SHQWUX� UHIHULQ H�H[WHUQH�HVWH��$!��PDUFDMXO� DQFRU � HVWH�XQ�PDUFDM�GH� WLS�
SHUHFKH��GHFL�VH�vQFKHLH�FX���$!��0DUFDMXO�DQFRU �WUHEXLH�V �FRQ LQ �DWULEXWH��DOWIHO�QX�DUH�QLFL�XQ�VHQV�
úL� QX� HIHFWXHD] � IRUPDWDUHD� LQIRUPD LHL�� 3HQWUX� FD� R� OHJ WXU � V � ILH� DFWLY �� DGLF � V � FRPDQGH�
SURJUDPXOXL�GH�QDYLJDUH�V �H[HFXWH�FHYD��WUHEXLH�V �ILH�VSHFLILFDW�XQ�DWULEXW�GH�UHIHULQ �K\SHUWH[W�úL�
DQXPH� +5() �µ¶YDORDUHµ¶�� 9DORDUHD� SRDWH� IL� YLG � GDF � QX� VH� FXQRDúWH� LQIRUPD LD� UHVSHFWLY �� GDU�
WUHEXLH� VSHFLILFDW� DWULEXWXO� +5()� �+\SHUWH[W� 5()HUHQFH�� SHQWUX� FD� OHJ WXUD� V � DSDU � DFWLY � vQ�
SURJUDPXO�GH�QDYLJDUH��
� )RUPDWXO�PDUFDMXOXL��$!�HVWH���
� �$�+5() �µ¶YDORDUHµ¶!7H[W�IRUPDWDW��$!�
�
� 7H[WXO� FH� DSDUH� vQWUH� PDUFDMHOH� �$!� úL� ��$!� �PDUFDMHOH� GH� DQFRU �� YD� IL� DILúDW� FRORUDW� vQ�
DOEDVWUX�úL�VXEOLQLDW�VDX�HYLGHQ LDW�vQWU�R�DOW �IRUP ��,QIRUPD LD�FDUH�DSDUH�vQWUH�JKLOLPHOH�HVWH�85/�XO�
SDJLQLL�:HE�F WUH�FDUH�VH�IDFH�UHIHULQ D��
� 2� SUREOHP � GHYHQLW � FODVLF � vQ� FRGXO� +70/� HVWH� XWLOL]DUHD� VLPEROXULORU� URWXQMLWH� SHQWUX�
JKLOLPHOH�� VHUYHUHOH� :HE� QX� úWLX� FH� VHPQLILF � DFHVWHD�� 7UHEXLH� YHULILFDW� GDF � JKLOLPHOHOH� GLQ�
GRFXPHQWHOH�:HE�VXQW�WRDWH�GUHSWH�¶¶DúD¶¶�úL�QX�µµDúDµµ��$FHODúL�OXFUX�HVWH�YDODELO�úL�SHQWUX�DSRVWURDIH��
� 3HQWUX� D� UHDOL]D� SDJLQL�:HE� SURIHVLRQDOH� DWkW� FD� vQI LúDUH� FkW� úL� FD� XWLOL]DUH� HVWH� LQGLFDW �
FRPELQDUHD�DOWRU�PDUFDMH�+70/�FX�UHIHULQ H�DWkW�LQWHUQH�FkW�úL�H[WHUQH��
� 8UP WRUXO�H[HPSOX�SUH]LQW �FUHDUHD�OHJ WXULORU�F WUH�DOWH�VHUYLFLL���

�+70/!�
� �+($'!�
� �7,7/(!'HVWLQD LL�SH�UH HD��7,7/(!�
� ��+($'!�
� �%2'<!�
� �+�!0XOWL�6HUYLFH�7UDYHO�'HVWLQDWLRQ�RQ�WKH�µ1HW��+�!�
�,!'LG�,�PLVV�RQH"�$�+5() ¶¶PDLOWR�WD\ORU#LQWXLWLYH�FRPH´!'URS�PH�D�
QRWH���$!��,!�

�+5!�
�%!�*RSKHU!��%!�
�8/!�

�/,!�$�+5() ¶¶JRSKHU���JRSKHU�ORF�JRY��¶¶!/LEUDU\�RI�&RQJUHVV�*RSKHU�
6HUYLFH���$!�
�/,!�$� +5() ¶¶JRSKHU���RZO�HQJOLVK�SXUGXH�HGX�¶¶!7KH� 3XUGXUH�
8QLYHUVLW\�2Q�OLQH�:ULWLQJ�/DE���$!�

��8/!�
�%!)73��%!�
�8/!�

�/,!�$� +5() ¶¶IWS���JDWHNHHSHU�GHF�FRP�¶¶!$� YLVLW� WR� WKH� '(&�
*DWHNHHSHU�DUFKLYH���$!�

�/,!�$� +5() ¶¶IWS���IWS�HII�RUJ�´!7KH� (OHFWURQLF� )URQWLHU�
)RXQGDWLRQ��$!�

�8/!�
�%!7HOQHW��%!�
�8/!�

�/,!�$�+5() ¶¶WHOQHW���ZHOO�FRP�´!]LS�WR�WKH�:KROH�(DUWK�µ/HFWURQLF�
/LQN����$!�
�/,!�$� +5() ¶¶WHOQHW���EEV�SDFNDUGEHOO�FRP�¶¶!«� RU� FKHFN� LQ� DW� WKH�
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5HIHUHQFHV������ 'DYH�7D\ORU��&UHDUHD�SDJLQLORU�:HE�FX�+70/����(G��7HRUD������
��� 9LFWRU�3DNRQGL��'LF LRQDU�,QWHUQHW�	�7HKQRORJLL�:RUOG�:LGH�:HE��(G��.RQG\OL������
��� -RVHSK�:��/RZHU\��'UHDP:HDYHU���%LEOH��(G��+XQJU\�0LQGV�

:KLWPLUH�� 6�$�� ±�2EMHFW�2ULHQWHG� GHVLJQ�0HDVXUHPHQW�� -RKQ�:LOH\� 	� 6RQV�� ,QF��� 1HZ�
<RUN��������

�
�

���38%/,6+,1*�'$7$6+((76�72�7+(�:(%�,1�$&&(66�
$XWKRU��/HFWXUHU�&ODXGLD�&kUVWHD��3K'�&DQGLGDWH�

� ³*HRUJH�%DUL LX´�8QLYHUVLW\��%UDúRY��5RPDQLD�
�

$EVWUDFW�
�

7KLV� SUHVHQWDWLRQ� IRFXVHV� RQ� SXEOLVKLQJ� GDWDVKHHWV� WR� WKH� :HE�� $� GDWDVKHHW� LV� D� WDEXODU�
UHSUHVHQWDWLRQ�RI�GDWD��,W�FDQ�EH�DQ�LQGLYLGXDO�WDEOH�RU�D�TXHU\�WKDW�H[WUDFWV�UHVXOWV�IURP�RQH�RU�PRUH�
WDEOHV��'DWDVKHHWV�RIWHQ�IRUP�WKH�FRUH�FRPSRQHQW�RI�D�:HE�GDWDEDVH�UHSRUW��7KHUH�DUH�DW�OHDVW�WKUHH�
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PDMRU�DSSURDFKHV�WR�SXEOLVKLQJ�$FFHVV�GDWDVKHHWV��)LUVW��\RX�FDQ�XVH�WKH�3XEOLVK�WR�WKH�:HE�:L]DUG�
LQ�$FFHVV��7KLV�EXLOW�LQ�IHDWXUH�KROGV�D�XVHU
V�KDQG�WKURXJK�WKH�SURFHVV�RI�SXEOLVKLQJ�GDWD��7KH�ZL]DUG�
RIIHUV�WKUHH�GLVWLQFW�ZD\V�WR�SXEOLVK�GDWD��6HFRQG��$FFHVV�GHYHORSHUV�FDQ�ZULWH�$63�VFULSW�DQG�+70/�
FRGH�WR�SXEOLVK�GDWD�IURP�D�:HE�VHUYHU�WR�EURZVHUV��7KLUG��\RX�FDQ�SXEOLVK�$FFHVV�GDWD�ZLWK�'\QDPLF�
+70/��'+70/���7KLV��DJDLQ��UHTXLUHV�FXVWRP�FRGH�GHYHORSPHQW��EXW� LW�FDQ�VSHHG�GDWD�DFFHVV�DQG�
VLPSOLI\�FRPPRQ�GDWD�SURFHVVLQJ�WDVNV��

6WDWLF�SXEOLVKLQJ�LV�DWWUDFWLYH�IRU�GDWD�WKDW�FKDQJHV�LQIUHTXHQWO\�DQG�IRU�VLWXDWLRQV�ZKHUH�\RX�
ZDQW� WR� FRQWURO� SUHFLVHO\�ZKHQ� D� VHW� RI� SDJHV� XSGDWHV�� $� SULFH� OLVW� DQG� D�PRQWKO\� VDOH� UHSRUW� DUH�
H[DPSOHV� RI� GDWD� VRXUFHV� WKDW� PLJKW� EHQHILW� IURP� VWDWLF� UHSRUWLQJ�� '\QDPLF� SXEOLVKLQJ� EHVW� VHUYHV�
VLWXDWLRQV� ZKHUH� WKH� ZRUWK� RI� D� UHSRUW� GHSHQGV� RQ� LWV� WLPHOLQHVV� DQG� ZKHUH� WKH� XQGHUO\LQJ� GDWD�
FKDQJHV�RIWHQ���

7KH�'DWDEDVH�$FFHVV�FRPSRQHQW�LQ�$63�SHUPLWV�WKH�JHQHUDWLRQ�RI�GDWDVKHHWV�RQ�WKH�IO\��7KLV�
FRPSRQHQW� UHOLHV� RQ� $FWLYH;� 'DWD� 2EMHFWV� �$'2��� 0LFURVRIW� SURPLVHV� WR� PDNH� '$2� DQG� 5'2�
REVROHWH�ZLWK� LWV�QHZHU�$'2�GDWD�DFFHVV�WHFKQRORJ\��6RPH�RI�WKH�FRUH�EHQHILWV�RI�$'2�DUH�HDVH�RI�
XVH��ORZ�PHPRU\�RYHUKHDG��DQG�D�VPDOO�GLVN�IRRWSULQW��<RX�FDQ�FUHDWH�D�UHFRUGVHW�UHIHUHQFH�E\�VHWWLQJ�
D� UHIHUHQFH� LQ� D� VFULSWLQJ� ODQJXDJH�� GHILQLQJ� DQ� 64/� VWDWHPHQW�� DQG� SRLQWLQJ� WR� DQ� 2'%&� GDWD�
VRXUFH��

7KH� �DVS� ILOH� VWDUWV� E\� FUHDWLQJ� D� FRQQHFWLRQ� RU� XVLQJ� DQ� H[LVWLQJ� RQH�� 7KHQ�� LW� FUHDWHV� D�
UHFRUGVHW� WKDW� LQFOXGHV� DOO� WKH� ILHOGV� LQ� DOO� UHFRUGV� RI� WKH� 6KLSSHUV� WDEOH�� 9%6FULSW� FRGHV� WKH�
FRQQHFWLRQ�DQG�UHFRUGVHW�VSHFLILFDWLRQ��1H[W��+70/�FRGH�GHILQHV�WKH�WDEOH�DQG�FROXPQ�KHDGLQJV��7KH�
FRQFOXGLQJ�EORFN�RI�FRGH�LQWLPDWHO\�PL[HV�+70/�FRGH�DQG�$63�VFULSW���

$V� \RX�FDQ� VHH�� WKHUH�DUH�PDQ\�ZD\V� WR�SXEOLVK�$FFHVV�GDWDVKHHWV� WR� WKH�:HE��7KHUH� LV�QR�
LQIHULRU�ZD\��7KHLU�GLYHUVLW\�VHUYHV�ZHOO�WKH�FROOHFWLYH�QHHGV�RI�$FFHVV�GHYHORSHUV�DQG�XVHUV�ZKR�ZDQW�
WR�SXEOLVK�GDWD�WR�WKH�:HE��

2QH�REYLRXV�GLVWLQFWLRQ�LV�VWDWLF�YHUVXV�G\QDPLF�SXEOLVKLQJ��6WDWLF�SXEOLVKLQJ�LV�OLNH�WDNLQJ�D�
VQDSVKRW��,W�VKRZV�WKH�GDWD�DW�D�VLQJOH�SRLQW�LQ�WLPH��$�GDWDVKHHW�SXEOLVKHG�ZLWK�VWDWLF�+70/�DOZD\V�
UHWXUQV� WKH� VDPH� GDWDVKHHW� YDOXHV�� 7KHUH� DUH� VRPH� VLWXDWLRQV�� VXFK� DV� D�PRQWKO\� VDOHV� UHSRUW�� WKDW�
UHTXLUH�D�VWDWLF�SXEOLFDWLRQ��,WV�PDLQ�VWUHQJWK�LV�WKDW�LW�LV�HDV\�WR�GR��<RX�GR�QRW�KDYH�WR�ZRUU\�DERXW�
VHWWLQJ�DQG�PDQDJLQJ�2'%&�FRQQHFWLRQV��6WDWLF�+70/�FDQ�UXQ�RQ�DQ\�VHUYHU��

'\QDPLF�SXEOLVKLQJ� LV�DWWUDFWLYH� IRU�RQH�REYLRXV�UHDVRQ��5HYLVLRQV� WR�GDWDEDVHV�XQGHUO\LQJ�
WKHVH�GDWDVKHHWV�DSSHDU�DXWRPDWLFDOO\�ZKHQ�YLVLWRUV�OLQN�WR�WKHP��6XUIHUV�DOZD\V�JHW�WKH�IUHVKHVW�GDWD�
ZLWKRXW�DQ\� UH�SXEOLFDWLRQ� RI� WKH� GDWDVKHHW�� 7KLV� NLQG� RI� SXEOLFDWLRQ� LV� JUHDW� IRU� GDWD� WKDW� FKDQJHV�
RIWHQ�RU�LUUHJXODUO\���

7KLV� DUWLFOH� VKRZV� \RX� KRZ� WR� XVH� 0LFURVRIW� $FFHVV� WR� GHYHORS� DSSOLFDWLRQV� WKDW� UHWULHYH��
SXEOLVK��DQG�VKDUH�LQIRUPDWLRQ�RQ�WKH�,QWHUQHW�RU�D�ORFDO�DUHD�QHWZRUN��/$1���)RU�H[DPSOH��\RX�FDQ�
FUHDWH�DSSOLFDWLRQV�WKDW�GLVSOD\�+70/�GRFXPHQWV�LQ�IRUPV��RU�\RX�FDQ�SXEOLVK�RU�VKDUH�LQIRUPDWLRQ�
IURP�D�GDWDEDVH�ORFDWHG�RQ�D�:HE�VHUYHU��<RX�FDQ�DOVR�FUHDWH�K\SHUOLQNV�WKDW�\RX�FOLFN�WR�QDYLJDWH�WR�
GDWDEDVH�REMHFWV�DQG�RWKHU�0LFURVRIW�2IILFH�GRFXPHQWV�ORFDWHG�RQ�D�ORFDO�KDUG�GLVN�RU�D�ORFDO�DUHD�
QHWZRUN���

7KH�SURFHVV�RI�FRQYHUWLQJ�D�0LFURVRIW�$FFHVV�GDWDEDVH�WR�D�0LFURVRIW�64/�6HUYHU�GDWDEDVH�LV�
FDOOHG�XSVL]LQJ��7\SLFDOO\��D�:HE�DSSOLFDWLRQ�XVLQJ�D�0LFURVRIW�$FFHVV�EDFN�HQG�ZLOO�EH�DSSURSULDWH�
IRU�D�:HE�VLWH�RQ�PRVW�FRUSRUDWH�LQWUDQHWV�RU�IRU�XVH�RQ�D�:RUOG�:LGH�:HE�VLWH�LQ�VLWXDWLRQV�ZKHUH�
\RXU�DSSOLFDWLRQ�ZLOO�EH�DFFHVVHG�E\�D�OLPLWHG�QXPEHU�RI�XVHUV��,I�\RXU�:HE�VLWH�JURZV�WR� WKH�SRLQW�
ZKHUH� LW� JHWV� WKRXVDQGV� RI� KLWV� SHU� GD\� RU� KDV� PDQ\� XVHUV� DFFHVVLQJ� DQG� XSGDWLQJ� WKH� GDWDEDVH�
FRQFXUUHQWO\��\RX�VKRXOG�FRQVLGHU�XSVL]LQJ�WKH�GDWDEDVH�WR�0LFURVRIW�64/�6HUYHU���

(YHQ� LI� \RX� LQWHQG� WR� XVH� 64/� 6HUYHU� IURP� WKH� VWDUW�� VWDUWLQJ� GHYHORSPHQW� RI� DQ� ,QWHUQHW�
DSSOLFDWLRQ�LQ�0LFURVRIW�$FFHVV�LV�D�JRRG�LGHD�IRU�VHYHUDO�UHDVRQV���

x� <RX�FDQ�OHYHUDJH�\RXU�NQRZOHGJH�RI�D�IDPLOLDU�WRRO���
x� 7KH�0LFURVRIW�$FFHVV�LQWHUIDFH�IRU�GHYHORSLQJ�\RXU�WDEOHV��UHODWLRQVKLSV��DQG�TXHULHV�SURYLGHV�

JUDSKLFDO�GHVLJQ�WRROV�DQG�ZL]DUGV�WKDW�DUH�HDVLHU�WR�XVH���
x� 'DWDEDVH� GHYHORSPHQW� W\SLFDOO\� UHTXLUHV� PDQ\� LWHUDWLRQV� EHIRUH� FRPSOHWLRQ�� 'RLQJ� VR� LQ�

0LFURVRIW� $FFHVV� LV� OHVV� FRPSOH[�� VR� \RX� FDQ� UDSLGO\� SURWRW\SH� WKH� EDFN� HQG� IRU� \RXU�
DSSOLFDWLRQ���
<RXU�DSSOLFDWLRQ�FDQ�JURZ�ZLWK� \RXU�QHHGV�� ,I� WKH� UHTXLUHPHQWV�RI� \RXU�DSSOLFDWLRQ� UHPDLQ�

VPDOO�� WKHUH� LV�QR�QHHG� WR�DGG� WKH�DGGLWLRQDO�RYHUKHDG�RI�64/�6HUYHU�� ,I� \RXU�DSSOLFDWLRQ�EHFRPHV�
PRUH�FRPSOH[�DQG�PXVW�VXSSRUW�PRUH�XVHUV��\RX�FDQ�VFDOH�XS�WR�WKH�LPSURYHG�SHUIRUPDQFH��VHFXULW\��
DQG�UHOLDELOLW\�RI�64/�6HUYHU��
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�)RUPXODUHOH� DVLJXU � FRQVWUXLUHD� XQRU� SDJLQL�:HE� FDUH� SHUPLW� XWLOL]DWRULORU� V � LQWURGXF � HIHFWLY�
LQIRUPD LL�úL�V �OH�WUDQVPLW �VHUYHUXOXL��&DOHD�GH�FRPXQLFDUH�vQWUH�SURJUDPXO�GH�QDYLJDUH�:HE�úL�VHUYHU�
VH�QXPHúWH�LQWHUID �&*,��&RPPRQ�*DWHZD\�,QWHUIDFH���7RDWH�IRUPXODUHOH��:HE�VXQW�DVHPDQDWRDUH��
GDU�H[LVW �QXPDL�GRX �F L�SULQ�FDUH�LQIRUPD LLOH�SRW�IL�WUDQVPLVH�GH�OD�SURJUDPXO�GH�QDYLJDUH�:HE�OD�
VHUYHUXO�VLWXDW�vQ�FHO ODOW�FDS W�DO�UH HOHL��'DF �LQIRUPD LLOH�VXQW�WUDQVPLVH�FXSULQVH�vQWU�XQ�IRUPXODU��úL�
85/�XO� GH� GHVWLQD LH� LQFOXGH� LQIRUPD LLOH� LQWURGXVH�� DYHP� GH�D� IDFH� FX� XQ� IRUPXODU� GH� WLS� µ¶JHWµ¶�
�0(7+2' *(7���$OWHUQDWLYD�FRQVW � vQ� WUDQVPLWHUHD� LQIRUPD LLORU��85/�XO�GH�GHVWLQD LH�QX�FRQ LQH�
DOWH� HOHPHQWH� VXSOLPHQWDUH� DG XJDWH� OD� VIkUúLW�� DYHP� GH�D� IDFH� FX� XQ� IRUPXODU� GH� WLS� µ¶SRVWµ¶�
�0(7+2' 3267���

)RUPXODUHOH�+70/�VXQW�GHOLPLWDWH�GH�PDUFDMXO��)250!��FDUH�VH�VSHFLILF �SULQ��
�)250�$&7,21 XUO�0(7+2' PHWRG !�

� «�
� ��)250!�
� ÌQ�FDGUXO�PDUFDMXOXL��)250!��SDJLQD�:HE�SRDWH�FXSULQGH�RULFH�LQIRUPD LH�+70/�VWDQGDUG�
GH�IRUPDWDUH��JUDILF ��OHJ WXUL�F WUH�DOWH�SDJLQL�úL�R�PXO LPH�GH�QRL�PDUFDMH��VSHFLILFH�IRUPXODUHORU��8Q�
PDUFDM� LPSRUWDQW�SULQ�FDUH�VH�SHUPLWH�LQWURGXFHUHD�GDWHORU�HVWH�PDUFDMXO��,1387!��8UP WRUXO�WDEHO�
SUH]LQW �DWULEXWHOH�PDUFDMXOXL��,1387!�vQVR LWH�GH�VHPQLILFD LH��
�
$WULEXW� 6HPQLILFD LH�

7<3( RSW� 7LSXO�FkPSXOXL�GH�LQWUDUH��,1387!�
1$0( QXPH� 1XPHOH�VLPEROLF�DO�YDORULL�FkPSXOXL�
9$/8( YDORDUH� &RQ LQXWXO�SUHVWDELOLW�DO�FkPSXOXL�GH�WLS�WH[W�
&+(&.(' RSW� %XWRQ�FDVHW �YDOLGDW �vQ�PRG�SUHVWDELOLW�
6,=( [� 1XP UXO�GH�FDUDFWHUH�DO�FDVHWHL�GH�WH[W�DILúDWH�
0$;/(1*7+ [� 1XP UXO�PD[LP�DFFHSWDW�GH�FDUDFWHUH�
��
� 3URJUDPHOH�GH�QDYLJDUH�:HE�FXUHQWH�SHUPLW�OXFUXO�FX�GRX �WLSXUL�GH��,1387!��ILHFDUH�GLQWUH�
DFHVWHD�GHWHPLQkQG�XQ�WLS�GLIHULW�GH�LHúLUH��7LSXULOH�GH�LQWU UL�XWLOL]DWRU�VXQW�� �

x� 7(;7� HVWH� WLSXO� SUHVWDELOLW�� FX� 6,=(� XWLOL]DW� SHQWUX� D� VSHFLILFD� P ULPHD� SUHVWDELOLW � D�
FDVHWHL�FDUH�VH�FUHHD] ��

x� 3$66:25'��SDUROD��HVWH�XQ�FkPS�GH�WH[W��LDU�GDWHOH�LQWURGXVH�GH�XWLOL]DWRU�VXQW�DILúDWH�
SULQ�FDUDFWHUXO�µ¶µ¶�VDX�DOWH�VLPEROXUL��GLQ�PRWLYH�GH�VHFXULWDWH��2S LXQHD�0$;/(1*7+�
SRDWH�IL�XWLOL]DW �SHQWUX�D�VSHFLILFD�QXP UXO�PD[LP�GH�FDUDFWHUH�SHUPLVH�SHQWUX�SDURO ��

x� &+(&.%2;� �FDVHWD� GH� YDOLGDUH�� DVLJXU � R� VLQJXU � FDVHW � �QHJUXSDW �� GH� YDOLGDUH��
RS LXQHD�&+(&.('�SHUPLWH� V � VH� VSHFLILFH� GDF � DFHDVW � FDVHW � XUPHD] � VDX� QX� V � ILH�
PDUFDW �vQ�PRG�SUHVWDELOLW��2S LXQH�9$/8(�VSHFLILF �WH[WXO�DVRFLDW�FDVHWHL�GH�YDOLGDUH��

x� +,''(1��DVFXQV��SHUPLWH�WUDQVPLWHUHD�LQIRUPD LLORU�SURJUDPXOXL�FDUH�SUHOXFUHD] �GDWHOH�
XWLOL]DWRU��I U �FD�XWLOL]DWRUXO�V �OH�YDG �SH�HFUDQ��(VWH�XWLO��vQ�PRG�GHRVHELW�vQ�FD]XO�vQ�FDUH�
SDJLQD�FDUH�FRQ LQH�IRUPXODUXO�+70/�HVWH�JHQHUDW �DXWRPDW�GH�XQ�VFULSW�&*,��

x� 5$',2� DILúHD] � XQ� EXWRQ� FX� LQWHUEORFDUH�� GLIHULWHOH� EXWRDQH� FX� LQWHUEORFDUH� FDUH� DX�
DFHODúL�QXPH�1$0( YDORDUH�VXQW�JUXSDWH� vQ�PRG�DXWRPDW��DVWIHO� vQFDW�XQ�VLQJXU�EXWRQ�
GLQ�JUXS�SRDWH�IL�VHOHFWDW��

x� ),/(��ILúLHU��RIHU �SRVLELOLWDWHD�GH�D�SHUPLWH�XWLOL]DWRULORU�V �WUDQVPLW �VHUYHUXOXL�XQ�ILúLHU��
x� 68%0,7��WUDQVPLWH��GHWHUPLQ �DSDUL LD� vQ�IRUPXODU�D�XQXL�EXWRQ��FDUH��DWXQFL�FkQG�HVWH�

DS VDW��WUDQVPLWH�FRQ LQXWXO�vQWUHJXOXL�IRUPXODU�OD�VHUYHUXO�DIODW�OD�GLVWDQ ��
x� ,0$*(�HVWH�LGHQWLF�FX�68%0,7��QXPDL�FD�vQ�ORFXO�XQXL�EXWRQ��SHUPLWH�VSHFLILFDUHD�XQHL�

LPDJLQL� JUDILFH� SHQUX� WUDQVPLVLD� GDWHORU� VDX� XQ� EXWRQ� GH� (17(5�� ÌQ� FD]XO� vQ� FDUH�
XWLOL]DWRULL� DX� RSWDW�� SULQ� FRQILJXUDUHD� SURJUDPXOXL� GH� QDYLJDUH�� SHQWUX� QHDILúDUHD�
LPDJLQLORU��VH�SRDWH�XWLOL]D�DWULEXWXO�$/7�FH�SHUPLWH�LQFOXGHUHD�XQXL�WH[W�SHQWUX�D�UH]ROYD�
DFHDVW �SUREOHP ��

x� 5(6(7��FDUH�SHUPLWH�XWLOL]DWRULORU�V �úWHDUJ �FRQ LQXWXO�WXWXURU�FkPSXULORU�IRUPXODUXOXL��
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$OWH�GRX �PDUFDMH�VSHFLILFH�IRUPXODUHORU�VXQW���6(/(&7!�FH�GHILQHúWH�XQ�JUXS�GH�FDVHWH�GH�
YDOLGDUH�úL��7(;7$5($!�FH�GHILQHúWH�XQ�FkPS�GH�LQWUDUH�GH�WLS�WH[W�SH�OLQLL�PXOWLPSOH��

0DUFDMXO� �6(/(&7!� GHILQHúWH� XQ�PHQLX� GHUXODQW� GH� RS LXQL�� DYkQG�PDUFDMXO� GH� vQFKLGHUH�
��6(/(&7!�úL�SDUDPHWUXO��237,21!�FDUH�GHILQHúWH�ILHFDUH�RS LXQH�D�PHQLXOXL��7UHEXLH�VSHFLILFDW�úL�
DWULEXWXO�1$0(�FDUH�LGHQWLILF �vQ�PRG�XQLF�vQWUHJXO�PHQLX�GHILQLW�GH�PDUFDMXO��6(/(&7!��ÌQ�FDGUXO�
PDUFDMXOXL� VH� SRDWH� VSHFLILFD� XQ� DWULEXW� 6,=(�� FDUH� LQGLF � QXP UXO� DUWLFROHORU� GH�PHQLX� FDUH� YRU� IL�
DILúDWH�R�GDW �úL�DWULEXWXO�08/7,3/(��FDUH�VSHFLILF �GUHSWXO�XWLOL]DWRULORU�GH�D�VHOHFWD�PDL�PXOW�GH�R�
RS LXQH��'DF �H[LVW �R�YDORDUH�SUHVWDELOLW ��WUHEXLH�DG XJDW�DWULEXWXO�6(/(&7('��
0DUFDMXO��7(;7$5($!�SHUPLWH�FRQVWUXLUHD�XQHL�FDVHWH�GH�LQWUDUH�SH�OLQLL�PXOWLPSOH��7UHEXLH�
VSHFLILFDW�DWULEXWXO�1$0(�FH�UHSUH]LQW �XQ�QXPH�XQLF�DO�FDVHWHL��0DUFDMXO��7(;7$5($!�SHUPLWH�
GHILQLUHD�GLPHQVLXQLORU�FDVHWHL�GH�LQWUDUH�GH�WLS�WH[W��FX�DMXWRUXO�DWULEXWHORU�52:6��OLQLL��úL�&2/6�
�FRORDQH���0DUFDMXO��7(;7$5($!�DUH�PDUFDMXO�GH�WHUPLQDUH���7(;7$5($!��

�+70/!�
«�
�)250!�
�%!1XPHOH��%!��
�,1387�7\SH WH[W�1DPH ´QXPHOH´!�%5!�
�%!3UHQXPHOH��%!��
�,1387�7\SH WH[W�1DPH ´SUHQXPHOH´!�3!�
�%!3RVW��79�SUHIHUDWH��%!��
�6(/(&7�1DPH ´RS LXQL´!�
�237,21�6(/(&7('!�DOHJH�FHYD��
�237,21!5RPDQLD���
�237,21!795���
�237,21!$QWHQD���
�237,21!3UR79�
�237,21!3ULPD�79�
��6(/(&7!�3!�
�%!&RPHQWDULL��%!��%5!�
�7(;7$5($�1DPH ´FRPHQWDULX´�52:6 ��&2/6 ���!�
��7(;7$5($!�3!�
�&(17(5!�
�,1387�7\SH 68%0,7�9DOXH ´��2.��´!�
�,1387�7\SH 5(6(7�9DOXH ´&DQFHO´!�
��&(17(5!�
��)250!�
«�
��+70/!�

��+70/!�
� �+($'!�
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� � �0(7$�+773�(48,9 �&RQWHQW�7\SH��&217(17 �WH[W�KWPO��FKDUVHW LVR��������!�
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6RQV��,QF���1HZ�<RUN���������
���&DUPLFKDHO��$�5��±�2EMHFW�'HYHORSPHQW�0HWKRGV��$QG\�&DUPLFKDHO��HG����6,*6�%RRNV��1HZ�
<RUN��1<��������
���&RDG��3���<RXUGRQ��(��±�2EMHFW�RULHQWHG�DQDO\VLV��6HFRQG�(GLWLRQ��<RXUGRQ�3UHVV��3UHQWLFH�+DOO�
%XLOGLQJ��(QJOOHZRRG�&OLIIV��1HZ�-HUVH\��������������
���'LJLWDO�±�$�*XLGH�WR�86(�'LJLWDO�3URJUDP�0HWKRGRORJ\��������
���<RXUGRQ��(���$UJLOD��&�� ±�&DVH�6WXGLHV� LQ�2EMHFW�2ULHQWHG�$QDO\VLV�	�'HVLJQ��<RXUGRQ�3UHVV��
3UHQWLFH�+DOO�%XLOGLQJ��8SSHU�6DGGOH�5LYHU��1-��������������
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���(�%86,1(66�352&(66�$1'�&8/785$/�&+$//(1*(6�
$XWKRU��/HFWXUHU�(PLOLD�/HQJKHO��3K'�&DQGLGDWH�

³6SLUX�+DUHW´�8QLYHUVLW\��%XFKDUHVW��5RPDQLD�
�

$EVWUDFW�
�

7KH� ,QWHUQHW� ±� LW� LV� WKH�PRVW� LQQRYDWLYH� ZD\� RI� VKDULQJ� LQIRUPDWLRQ�� 7KLV� UHYROXWLRQ� LQ� WKH�
VKDULQJ�RI� LQIRUPDWLRQ�UHSUHVHQWV� WKH�EHVW� LQ� WHFKQRORJLFDO�GHYHORSPHQWV�RI�PRGHUQ�KLVWRU\�� � ,W� KDV�
PDQLIHVWHG� FRPSOHWHO\� QHZ� VHWV� RI� EXVLQHVV� UXOHV� DQG� WHFKQRORJLFDO� LVVXHV�� ,Q� DGGLWLRQ�� WKLV� PXOWL�
SKDVHG�PHGLXP�LV�LQ�LWV�VLPSOHVW�RI�WHUPV��D�EUDQG�EXLOGLQJ�WRRO��D�ZD\�RI�JHQHUDWLQJ�VDOHV��OHDGV�DQG�
HQKDQFLQJ�FXVWRPHU�VXSSRUW��RU�DOO�RI�WKHP��

7KH�QHZ�JURZLQJ�:HE�HFRQRP\�LV�GULYLQJ�FRPSDQLHV¶�ZRUOGZLGH�WR�GHYHORS�HIIHFWLYH�EXVLQHVV�
VWUDWHJLHV��DQG�WKH\�DUH�QRZ�IRFXVLQJ�RQ�WKH�QHHG�RI�UHGHILQLQJ�WKHP��$Q�HIIHFWLYH�H�EXVLQHVV�VWUDWHJ\�
ZLOO�KDYH� WR�FRQVLGHU�QRW�RQO\� WKH�H[LVWHQFH�RI�D�FRUSRUDWH�SRUWDO� WR� WKH�RXWVLGH�ZRUOG��EXW�DOVR� WKH�
HQWLUH�EXVLQHVV�SURFHVV�DQG�WKH�ZD\V�WR�LPSURYH�LW���

6RPH� IXQGDPHQWDO�H�EXVLQHVV�FKDOOHQJHV�DGGUHVVHG�E\� WKLV� WHFKQRORJ\� LV� WKH� OLPLWHG� WUXVW� LQ�
WUDGLQJ�SDUWQHU� UHODWLRQVKLSV��SRRU�XQGHUVWDQGLQJ�RI�H[LVWLQJ�SURFHVVHV�RU� WKH� LQDELOLW\� WR�DXWRPDWH�
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WKHP��FXOWXUDO�DVSHFWV�UHODWHG�WR�ERWK� LQWHUQDO�DQG�H[WHUQDO�FXVWRPHUV��EXW�PRVW� LPSRUWDQWO\��E\� WKH�
LQDGHTXDFLHV�LQ�FXUUHQW�EXVLQHVV�UXOHV��

7KH� PRGHUQ� FRPSDQ\¶V¶� QHHGV� PDQGDWHV� DQ� LQQRYDWLYH� EXVLQHVV� PRGHO� ZLWK� D� JOREDOL]HG�
V\VWHP�GHVLJQ� LQ�PLQG��7KH�QHZ�EXVLQHVV�PRGHO�OD\HUV�RI��LQWHUQDWLRQDOL]DWLRQ���DORQJ�ZLWK�WKRVH�RI�
�ORFDOL]DWLRQ��� QHHG� WR� VHULRXVO\� DGGUHVV� FURVV�FXOWXUDO� FRPPXQLFDWLRQV�� 7KH� PRGHUQ� FRPSDQ\� LV�
UHTXLUHG� WR� VHHN� WKH�PRVW�HIILFLHQW�ZD\V�RI� V\QFKURQL]LQJ� � �EXVLQHVV�PRGHOLQJ�REMHFWV�ZLWK� VWUDWHJLF�
EXVLQHVV�UXOHV��

�
���7KH�3URPLVH�RI�(�%XVLQHVV��
7KH�UDSLGO\�LQFUHDVLQJ�VFRSH�DQG�XVDJH�RI�,&7�DQG�DFFHVV�WR�ZRUOGZLGH�FRPPXQLFDWLRQ�E\�FRPSDQLHV�
RI� DOO� VL]HV� DFURVV� ZRUOG� KDV� DOUHDG\� OHG� WR� LQFUHGLEOH� FKDQJHV� WR� WKH� EXVLQHVV� HQYLURQPHQW� DQG�
HFRQRPLF� GHYHORSPHQW� SROLF\�� 'HVSLWH� WKH� ,QWHUQHW� SURPLVH� RI� FROODERUDWLRQ�� ORZHUHG� WUDQVDFWLRQ�
FRVWV�� LQFUHDVHG� UHYHQXHV�� DQG� PDVV� FXVWRPL]DWLRQ�� H�EXVLQHVV� DOVR� UDLVHV� D� FRPSOHWHO\� QHZ� VHW� RI�
EXVLQHVV�DQG�WHFKQRORJ\�LVVXHV�DQG�LV�GULYLQJ�FRPSDQLHV�ZRUOGZLGH�WR�GHILQH�ZKDW�RSSRUWXQLWLHV�GRHV�
WKH�,QWHUQHW�RIIHU�WR�LPSURYH�WKHLU�EXVLQHVV�PRGHO�DQG�WR�FRPH�XS�ZLWK�HIIHFWLYH�H�EXVLQHVV�VWUDWHJLHV��
LQ� RUGHU� WR� LPSURYH� H[LVWLQJ�� WUDGLWLRQDO� EXVLQHVV� SURFHVVHV�� ,Q� DGGLWLRQ�� FRPSDQLHV� EHJLQ� WR� WKLQN�
PRUH� VWUDWHJLFDOO\� DQG� JOREDOO\� DQG� UHWKLQN� IXQGDPHQWDOO\� WKH� SURFHVVHV� E\� ZKLFK� WKH\� LGHQWLI\��
FRPPXQLFDWH��DQG�GHOLYHU�FXVWRPHU�YDOXH��6XFFHVVIXO�FRPSDQLHV�GHYHORSPHQW�HIIRUWV�ORRN�WR�IDFLOLWDWH�
D�PRUH�LQWHUQDWLRQDO�RULHQWDWLRQ��
7KH� ,QWHUQHW� FDSDELOLWLHV� WR� GLUHFWO\� FRQQHFW�PDUNHW� RIIHU� WR� SURGXFHUV� WKH� RSSRUWXQLW\� WR� RSHQ�QHZ�
GHOLYHU\�FKDQQHOV�DQG�LQWURGXFH�QHZ�H[FKDQJH�PHWKRGV��7KH�QHZ�WHFKQRORJ\�LPSDFW�GHSHQGV�RQ�WKH�
JRDOV�RI�WKH�RUJDQL]DWLRQ�WKDW�SODQ�WR�PDNH�XVH�RI�,QWHUQHW�DQG�WKH�:RUOG�:LGH�:HE��6RPH�FRPSDQLHV�
EHQHILW�E\�XVLQJ�WKLV�UHYROXWLRQDU\�FRPPXQLFDWLRQ�WRRO�IRU�GLUHFW�VDOHV��RWKHUV�XVH�LW�IRU�DQ�LPPHGLDWH�
UHGXFWLRQ�LQ�WKH�FRVW�RI�FXVWRPHU�VHUYLFH��DQG�RWKHUV�YLHZ�WKH�:HE�DV�DQ�RSSRUWXQLW\�WR�GHYHORS�QHZ�
PDUNHWV��WR�FUHDWH�DQG�VHOO�QHZ�VHUYLFHV�DOWRJHWKHU��%XVLQHVVHV�DOVR�ILQG�PDQ\�XVHV�IRU�FRPPXQLFDWLRQ�
RYHU�WKH�,QWHUQHW��IURP�ORZHULQJ�WKH�FRVWV�RI�ID[HV�VHQGLQJ��WR�VXSHULRU�LQWHUQDO�FRPPXQLFDWLRQ��ZKLFK�
OHDG�WR�IDVWHU�WLPH�WR�PDUNHW���
6RPH�RI�WKH�FKDOOHQJHV�WKDW�FRPSDQLHV�PXVW�RYHUFRPH�WR�EHFRPH�H�EXVLQHVV�OHDGHUV�DUH���

x� /LPLWHG�WUXVW�LQ�WUDGLQJ�SDUWQHU�UHODWLRQVKLSV��
x� 3RRU�XQGHUVWDQGLQJ�RI�H[LVWLQJ�SURFHVVHV�RU�LQDELOLW\�WR�DXWRPDWH�WKHP��
x� &XOWXUDO�DVSHFWV�UHODWHG�WR�ERWK�LQWHUQDO�DQG�H[WHUQDO�FXVWRPHUV��
x� ,QDGHTXDFLHV�LQ�FXUUHQW�EXVLQHVV�UXOHV��
x� ([WHUQDO�IDFWRUV�GULYH��FRPSHWLWRUV��RU�D�PDMRU�WUDGLQJ�SDUWQHU�GLFWDWLQJ�WKDW�D�FRQWLQXHG�

UHODWLRQVKLS�KLQJHV�RQ�FRQGXFWLQJ�H�EXVLQHVV����
�
$OO�RI�WKHVH�UHTXLUHV�D�ORW�RI�SURFHVV�DQG�FXOWXUDO�FKDQJHV�WR�EH�PDGH��EHIRUH�LPSOHPHQWLQJ�H�EXVLQHVV�
LQLWLDWLYHV����$Q�HIIHFWLYH�H�EXVLQHVV�VWUDWHJ\�ZLOO�FRQVLGHU�D�FRPSDQ\¶V�EXVLQHVV�SURFHVV�DQG�WKH�ZD\�LW�FDQ�EH�LPSURYHG�DQG�DXWRPDWHG�E\�WKH�LQVWDQW��JOREDO�FRPPXQLFDWLRQ�PHFKDQLVP�WKH�,QWHUQHW�RIIHUV��
7R�VXFFHHG��H�EXVLQHVV�PXVW�FUHDWH�DQG�EH�DEOH�WR�VXSSRUW�WKH�HOHFWURQLF�GLDORJ��%XVLQHVV�SHUIRUPDQFH�
UHOLHV�XSRQ�WKH�FRQVLVWHQF\�DQG�WRQH�RI�WKLV�GLDORJ��
���&XOWXUDO�&KDOOHQJHV�

&OHDUO\� WKH�'LJLWDO�5HYROXWLRQ�KDV� FKDQJHG� WUDGLWLRQDO�EXVLQHVV�SUDFWLFHV�E\�SURYLGLQJ�GLUHFW�JOREDO�
DFFHVV� WR� SURGXFWV� DQG� VHUYLFHV�� $� FRPSDQ\¶V� ZHE� VLWH� FDQ� QRZ� HQDEOH� FRPSDQLHV� WR� LQWHUDFWLYH�
FRPPXQLFDWH� ZLWK� FXVWRPHUV� WKURXJK� RQOLQH� GLVFXVVLRQ� JURXSV�� EXOOHWLQ� ERDUGV�� HOHFWURQLF�
TXHVWLRQQDLUHV��PDLOLQJ� OLVWV�� QHZVOHWWHUV�� DQG� H�PDLO�� WKHVH� EHLQJ� RQO\� VRPH� RI� WKH� RSSRUWXQLWLHV� LW�
RIIHU�� &RPSDQLHV� DUH� DEOH� WR� EXLOG� QRZ� FORVH� UHODWLRQVKLSV�ZLWK� WKHLU� FXVWRPHUV� DQG� WDLORU� VSHFLILF�
EHKDYLRU�WR�LQGLYLGXDO�FXVWRPHU�QHHGV�DQG�ZDQWV��E\�LQWHUDFWLYHO\�LQYROYLQJ�WKHP�LQ�WKH�GHYHORSPHQW��
PDUNHWLQJ��VDOHV��DQG�VXSSRUW�RI�SURGXFWV�DQG�VHUYLFHV��DORQJ�ZLWK�WKH�FRPSDQ\¶V�PDUNHW�UHVHDUFKHUV��
SURGXFWV�GHVLJQHUV��PDUNHWLQJ��VDOHV�DQG�WHFKQLFDO�WHDP���
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%XW� D� JOREDO� DSSURDFK� UHTXLUHV� D� IRFXVHG� LQWHJUDWHG� VWUDWHJ\� DPRQJ� SHRSOH�� ODQJXDJHV�� HFRQRPLHV��
QDWLRQV��FXOWXUHV�DQG�WHFKQRORJLHV�DQG�PXVW�EH�FRQVLGHUHG�IURP�WKH�EHJLQQLQJ�RI�DQ\�EXVLQHVV�VWDUW�XS��
'HILQLWHO\�� SURFHVV�PXVW� QRW� EH� VHSDUDWHG� IURP� FXOWXUDO� LVVXHV� UHODWHG� WR� ERWK� LQWHUQDO� DQG� H[WHUQDO�
FXVWRPHUV��(YHU\ZKHUH� EXVLQHVV� OHDGHUV� DUH� IUHWWLQJ� DERXW�KRZ� WR� DGGUHVV� WKH�EXVLQHVV�SURFHVV� DQG�
FXOWXUDO� FKDOOHQJHV� RI� 
JRLQJ� JOREDO
��*OREDOL]DWLRQ� UHIHUV� WR� WKH� SURFHVV� RI� LQWHUQDWLRQDOL]DWLRQ� DQG�
ORFDOL]DWLRQ� RI� :HE� VLWHV� DQG� RI� VRIWZDUH� DSSOLFDWLRQV�� ,W� GHPDQG� DQ� LQIUDVWUXFWXUH� WKDW� FDQ� KHOS�
FRPSDQLHV�PDQDJH�WKH�UDSLG�FKDQJH�RI�FRQWHQW�DFURVV�PXOWLSOH�ODQJXDJHV�DQG�KHOS�WKHP�WR�DUFKLWHFW�DQ�
H�EXVLQHVV�VROXWLRQ�WKDW�FDQ�VFDOH�DFURVV�YDULRXV�WDUJHW�PDUNHWV��
,QWHUQDWLRQDOL]DWLRQ�LPSOLHV�GHVLJQLQJ�D�VRIWZDUH�RU�:HE�DSSOLFDWLRQ�WR�KDQGOH�OLQJXLVWLF�DQG�FXOWXUDO�
FRQYHQWLRQV� ZLWKRXW� DGGLWLRQDO� HQJLQHHULQJ�� &HQWUDO� WR� LQWHUQDWLRQDOL]DWLRQ� LV� WKH� VHSDUDWLRQ� RI�
ODQJXDJH� DQG� FXOWXUDO� GDWD� IURP� WKH� VRXUFH� FRGH���
,QWHUQDWLRQDOL]DWLRQ�LQYROYHV��

x� (QVXULQJ�WKDW�DOO�ORFDOL]DEOH�HOHPHQWV�DUH�H[WUDFWHG�IURP�WKH�VRXUFH�FRGH��
x� (QVXULQJ� WKDW� WKH�GHVLJQ� RI� WKH� XVHU� LQWHUIDFH� �8,�� LV� SHUVRQDOL]HG�� DFFHVVLEOH��G\QDPLF� DQG�

QHXWUDO��
x� (QVXULQJ�WKDW�WKH�UHOHYDQW�FKDUDFWHU�VHW�LV�VXSSRUWHG���
x� (QVXULQJ�WKDW�UHJLRQDO�VWDQGDUGV�DUH�VXSSRUWHG��LQFOXGLQJ�SROLWLFDO�DQG�HFRQRPLF�RQHV�ZKLFK�

PD\�LPSOLHV�VSHFLILF�PDQDJHULDO�DSSURDFKHV�SUDFWLFHV����
x� )RU�:HE�VLWHV��HQVXULQJ�WKDW�WH[W�HPEHGGHG�LQ�JUDSKLFV�LV�HDVLO\�ORFDOL]DEOH���

/RFDOL]DWLRQ�LPSOLHV�DGDSWLQJ�D�SURGXFW�WR�WKH�UHTXLUHPHQWV�RI�D�ORFDOH�PDUNHW�VHJPHQW��7KLV�LQYROYHV�
WKH�WUDQVODWLRQ�RI�WKH�XVHU�LQWHUIDFH��8,���WH[W�PHVVDJHV��LFRQV��EXWWRQV�HWF���RI�WKH�RQOLQH�KHOS��DQG�RI�
DQ\� GRFXPHQWDWLRQ� DQG� SDFNDJLQJ�� DQG� WKH� DGGLWLRQ� RI� FXOWXUDO� GDWD� DQG� ODQJXDJH�GHSHQGHQW�
FRPSRQHQWV�� VXFK� DV� VSHOO�FKHFNHUV�� LQSXW�PHWKRGV� DQG� VR� IRUWK��/RFDOL]DEOH� LQFOXGHV� DOO�PHVVDJHV��
LFRQV��EXWWRQV�HWF��RI�DQ�XVHU� LQWHUIDFH��8,��DQG�DOO� WKH�RWKHU�KXPDQ�UHDGDEOH�FRQWHQW� WKDW�VKRXOG�EH�
WUDQVODWHG�LQ�WKH�XVHU
V�ODQJXDJH���
,VVXHV�WKDW�WKH�GHYHORSHU�VKRXOG�WDNH�LQWR�DFFRXQW�DW�8,�GHVLJQ��

x� 7H[W�H[SDQVLRQ��H[WUD�VSDFH�VKRXOG�EH�DGGHG�WR�FRQWURO�EXWWRQV��PHQX�WUHHV�DQG�GLDORJ�ER[HV�
WR�DFFRXQW�IRU�ODQJXDJH�VSHFLILF�WH[W�H[SDQVLRQ��

x� &XOWXUDO�GHSHQGHQW�RU�DPELJXRXV�V\PEROV�VKRXOG�EH�DYRLGHG��ERG\�SDUWV��H�J���KDQG�JHVWXUHV���
UHOLJLRXV�V\PEROV��JUDSKLFV�ZLWK�PRUH�WKDQ�RQH�PHDQLQJ�DQG�FXOWXUDO���VSHFLILF�V\PERO��H�J���
WKH�VWRS�VLJQ���DV�WKH\�PD\�OHDG�WR�PLVXQGHUVWDQGLQJV���

$GGLWLRQDO��WKH�ZHE�VLWH�KRVWLQJ�PXVW�EH�UHJLRQDO��DQG�PLUURUHG��WR�HQVXUH�UHVSHFWDEOH�GRZQORDG�WLPHV��
7KH�QHFHVVDU\�UHJLRQDO�VWDQGDUGV��ZKLFK�VKRXOG�EH�VXSSRUWHG�E\� WKH�VRIWZDUH�DQG�:HE�DSSOLFDWLRQ��
LQFOXGH��

x� 0HDVXUHPHQW�IRUPDWV��H�J���FHQWLPHWHUV�YV��LQFKHV����
x� 1XPEHU�IRUPDWV��H�J���GLIIHUHQW�WKRXVDQG�VHSDUDWRUV����
x� 7LPH�IRUPDWV��XVH�RI�WKH����KRXU�RU����KRXU�FORFN����
x� 'DWH�&DOHQGDU�IRUPDWV��H�J���WKH�PP�GG�\\�IRUPDW�YV��WKH�GG�PP�\\��WKH�&KLQHVH�FDOHQGDU���
x� &XUUHQF\�IRUPDWV��QDWLRQDO�FXUUHQFLHV��DQG�UHODWHG�LVVXH����
x� 3KRQH�1XPEHU�IRUPDWV��H�J���QXPEHU�VHSDUDWRUV����
x� 6RUWLQJ�UXOHV��GLIIHUHQW�DOSKDEHWLFDO�RUGHUV���

,Q�PRVW�GHYHORSHG�EXVLQHVV� HQYLURQPHQWV�� UHJLRQDO� VWDQGDUGV� DQG�FKDUDFWHU� HQFRGLQJ�DUH�GHDOW�ZLWK�
VSHFLILF� ORFDOH� VWDQGDUGV�� UXOHV� DQG� GDWD� UHODWHG� WR� D� ODQJXDJH� DQG� JHRJUDSKLFDO� DUHD�� $� )UHQFK�
8QLFRGH�/RFDOH�� IRU� LQVWDQFH��ZLOO� LQFOXGH� UHJLRQDO�GHILQLWLRQV� IRU� FXUUHQF\�� WKH�(XUR� V\PERO�� GDWH��
WLPH��QXPHULFDO�QRWDWLRQ�DQG�WH[W�PHVVDJHV��$Q�$VLDQ�/RFDOH��H�J��D�-DSDQHVH�ORFDOH��ZLOO�DOVR�LQFOXGH�
LQSXW�PHWKRGV�DQG�GLFWLRQDU\�HGLWLQJ�GHILQLWLRQV��
�
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���

$�VLPSOH�GHPRQVWUDWLRQ�RI�FXOWXUDOO\�GLVWLQFW�GHVLJQ�LV�JLYHQ�E\�6WHIDQ�3HWHUVRQ��0DUNHWLQJ�0DQDJHU�
RI�%RNXV�FRP��WKH�ODUJHVW�6FDQGLQDYLDQ�RQOLQH�ERRNVHOOHU��+H�SRLQWV�RXW�WKH�FODULW\�DQG�ODFN�RI�FOXWWHU�
LQ� WKH�:HE� VLWH� GHVLJQ�� (YHQ� KLV� 'DQLVK� DQG� )LQQLVK� FXVWRPHUV� WHOO� KLP� WKDW� WKH� VLWH� ORRNV� 
UHDOO\�
6ZHGLVK
�� &RPSDULQJ� LW�ZLWK�%DUQHV	�1REOH�FRP�RU�$PD]RQ�FRP�ZH� FDQ� IRXQG� WKDW� WKH�$PHULFDQ�
GHVLJQV�ILOO�WKH�SDJH�ZLWK�HYHU\�RSWLRQ�WKH\�FDQ�ILW�LQ�WKHUH��
�
'RXZH� 0LN�� 0DQDJLQJ� 'LUHFWRU� RI� /RJLJR�FRP�� DQ� H�PDUNHW� VWDUWXS� LQ� ORJLVWLFV�� RIIHUV� DQRWKHU�
H[DPSOH�� +H� KDG� KLV� QHZ� FRPSDQ\
V� QDPH� FKHFNHG� IRU� ZRUOGZLGH� FXOWXUDO� DFFHSWDQFH�� 7KH� UHSRUW�
FRQFOXGHG�� �:H�KDYH� ORRNHG� DW� WKLV� IURP� WKH�&KLQHVH��0DOD\� �VQLS�� DQG�ZH� WKLQN� WKDW� SHUKDSV� WKH�
SURQXQFLDWLRQ� RI� WKH� ZRUGV� FRXOG� EH� FORVH� WR� D� ORFDO� H[SUHVVLRQ� �/DX�FKHH�NR�� ZKLFK� URXJKO\�
WUDQVODWHG� LQ� D� &KLQHVH� GLDOHFW� XVHG� ORFDOO\� PHDQV� ³GLUW\� ROG� PDQ´�� $OVR� &RFD�&ROD� &RPSDQ\�
LQVWLWXWHG�D�QDPH�FKDQJH��LQ�&KLQD��DIWHU�LW�IRXQG�WKDW�LQ�&KLQHVH��³&RFD�&ROD´�PHDQV�³ELWH�WKH�ZD[�
WDGSROH´��
�
���&RQFOXVLRQV��
:KHQHYHU�D�FRPSDQ\�ZLOO�H[SDQG�DFURVV�ERUGHUV��RU�GHYHORS�D�QHZ�H�EXVLQHVV��ZLOO�IDFH�ZLWK�WKH�LVVXH�
RI� HLWKHU� VWLFNLQJ� WR� LWV� SURGXFW� ZLWKRXW� DQ\� FKDQJH�� DGDSWLQJ� WKH� SURGXFW� WR� WKH� QHZ� PDUNHW� RU�
GHYHORSLQJ�DQ�HQWLUHO\�QHZ�SURGXFW��7KH�GHFLVLRQ� WDNHQ�ZLOO�GHSHQG�SULPDULO\�RQ� WKH�SUHIHUHQFHV�RI�
FRQVXPHUV� EXW� LV� DOVR� FORVHO\� OLQNHG� ZLWK� WKH� FRVW� RI� PDQXIDFWXULQJ� DQG� JRYHUQPHQW� UHJXODWLRQV��
$GGLWLRQDOO\� WKH� HQWLUH� FRPPXQLFDWLRQDO� DSSURDFK�ZLWK� WKH� FXVWRPHUV� KDV� WR� EH� FRQVLVWHQW�ZLWK� WKH�
ODQJXDJH�� FXOWXUDO� QRUPV�� UHOLJLRXV� PRUH� DQG� SHUFHSWLYH� FDSDFLWLHV� RI� WKH� VRFLHW\� IRU� ZKLFK� LW� LV�
LQWHQGHG��LQ�RUGHU�WR�DYRLG�LQWHUSUHWDWLRQV�RI�WKH�SURPRWLRQDO�PHVVDJH�LQ�XQLQWHQGHG�ZD\V��$OWKRXJK�
WKLV�VKRXOG�EH�REYLRXV��HYHQ�WKH�PRVW�VXFFHVVIXO�PDUNHWHUV�RFFDVLRQDOO\�RYHUORRN�WKH� LPSRUWDQFH�RI�
XQGHUVWDQGLQJ�WKH�LQWULFDFLHV�RI�FRQVXPHU�SHUFHSWLRQV��
�
5HIHUHQFHV�����%LOO�0F&DUWK\��(XURSHDQ�93�IRU�XVHU�H[SHULHQFH��&DPEULGJH�7HFKQRORJ\�3DUWQHUV��Ä$OO�(�%XVLQHVV�

,V�*OREDO´����-XQH������
���(WWD�&DULJQDQL��6HFUHWDU\�*HQHUDO�)&(0��³(�%XVLQHVV�FKDOOHQJHV�DQG�RSSRUWXQLWLHV´��
6HFRQG�5HJLRQDO�)RUXP�RI�:RPHQ�(QWUHSUHQHXUV��*HQHYD��������0DUFK������
���-RKQ�6��+LOO�DQG�5LFKDUG�5��+LOO��³$GDSWLQJ�SURGXFWV�WR�/'&�WDVWHV´��+DUYDUG�%XVLQHVV�5HYLHZ��

0DUFK�$SULO�������SS���������
���3DXOO�$OOHQ��Ä6RIWZDUH�(QJLQHHULQJ��(�EXVLQHVV�&KDOOHQJHV´�����$XJXVW������
:HE��ZZZ�FXWWHU�FRP�
���3KLOLS�.RWOHU��Ä.RWOHU�RQ�0DUNHWLQJ� ��+RZ� WR�&UHDWH��:LQ��DQG�'RPLQDWH�0DUNHWV´��+DUGFRYHU��

)UHH�3UHVV��$SULO�������SS�����������
:HE��ZZZ�NRWOHUPDUNHWLQJ�FRP�
���3KLOLS�-� ,UYLQJ��8QLYHUVLW\�RI�6XQGHUODQG� ,QWHUQDWLRQDO��Ä(�FRPPHUFH��&KDOOHQJHV�DQG�%DUULHUV´��

-RXUQDO�RI�H�%XVLQHVV�6WUDWHJ\�0DQDJHPHQW��)HEUXDU\�0DUFK������
:HE��ZZZ�ZLQWKURS�SXEOLFDWLRQV�FR�XN��
��� 5REHUW� 6NLQVWDG�� 6U� 'LUHFWRU� 362�� (XURSH�� 1HWILVK� 7HFKQRORJLHV�� ,QF��� ³%XVLQHVV� SURFHVV�

LQWHJUDWLRQ�WKURXJK�;0/���-XQH������
:HE��ZZZ�QHWILVK�FRP�
��� :LOH\� +�� ,QPRQ�� 5�� +�� 7HUGHPDQ�� -�� 1RUULV�0RQWDQDUL�� '�� 0HHUV�� ³'DWD� :DUHKRXVLQJ� IRU� (�

%XVLQHVV���7KH�2SSRUWXQLWLHV�DQG�&KDOOHQJHV�RI�(�%XVLQHVV´��:LOH\��3DSHUEDFN��0D\������
:HE��ZZZ�FWS�FRP��
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���180(5,&$/�0(7+2'6�)25�7+(�678'<�2)�/2$16�5(,0%856(0(17�
$XWKRUV��3URIHVVRU�$QWRQ�6��0XUHVDQ��3K'�

6HQLRU�/HFWXUHU�0DULD�0LKRF��3K'�
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/HFWXUHU�'LDQD�$QGUDGD�)LOLS��3K'�
$VVLVWDQW�3URIHVVRU�9RLFKLWD�$GULDQD�&OHFLX��3K'�&DQGLGDWH�
$VVLVWDQW�3URIHVVRU�$OLQ�5RúFD�

Ä%DEHV�%RO\DL´�8QLYHUVLW\�RI�&OXM��5RPDQLD�
�

$EVWUDFW�
�

,Q� RUGHU� WR� HVWDEOLVK� WKH� UHLPEXUVHPHQW� WDEOH�� WKH� IRUPXODV� WKDW� DSSHDU� FDQ� EH� HDVLHU�
FDOFXODWHG� XVLQJ� VRPH� QXPHULFDO� PHWKRGV�� 7KHVH� SURFHGXUHV� PD\� SHUPLW� WR� HYDOXDWH� WKH� FRVW� UDWH�
XVLQJ� D� SRO\QRPLDO� IXQFWLRQ� RI� Q�RUGHU�� ZKHUH� Q� LV� WKH� QXPEHU� RI� WKH� \HDUV� LQ� ZKLFK� WKH� ORDQ� LV�
UHLPEXUVHG��$OVR�ZH�FDQ�HVWDEOLVK�WKH�FRVW�UDWH�DQG�WKH�RSWLPDO�SHULRG�RI�UHLPEXUVHPHQW�IRU�WKH�ERQGV�
HPLWWLQJ�VRFLHW\��)RU�WKLV�SXUSRVH�ZH�KDYH�XVHG�VRPH�QXPHULFDO�PHWKRGV�OLNH�OLQHDU�LQWHUSRODWLRQ�DQG�
QRPRJUDSKV��

�
��� ,QWURGXFWLRQ��

/HW�FRQVLGHU�D�ORDQ�ZLWK�ERQGV�ZKHUH�WKH�QXPEHU�RI�LVVXHG�ERQGV�LV��1��
7KH�ERQGV�DUH�XQGHUYDOXHG�DW�WKH�GDWH�RI�LVVXH��XQGHUZULWH�GD\��DQG�DUH�VROG�DW�WKH�LVVXH�YDOXH�9 } ��7KH�
UHJLVWHUHG�YDOXH�LV� �9 ~ �t�9 } � �DQG�WKH�UHGHHPDEOH�YDOXH�LV� �9 � �t�9 ~ ��8VXDOO\��WKH�ERQGV�DUH�OLTXLGDWHG�
RYHU�YDOXH��:LWK�WKH�UHJLVWHUHG�YDOXH��9 ~ ��LV�FRPSXWHG�WKH�LQWHUHVW�FRXSRQ��������&� �9 ~ ���,���ZKHUH��L��LV�
WKH�LQWHUHVW�UDWH��

$W�WKH�XQGHUZULWH�GD\��WKH�FRPSDQ\��RU�WKH�JRYHUQPHQW��FROOHFW�WKH�JURVV�DPRXQW������1��9 } ��,Q�
WKH�PHDQ�WLPH��WKH�FRPSDQ\�PDNH�VRPH�H[SHQGLWXUH�IRU�WKH�LVVXH�RI�VHFXULWLHV�GHQRWHG�E\��)��,Q�IDFW��
WKH�FRPSDQ\�FROOHFW�WKH�QHW�DPRXQW��1��9 } �±�)��

7KH�UDWH�RI�UHWXUQ�IRU�WKH�FRPSDQ\�FDQ�EH�H[SUHVV�DV�D�FRVW�UDWH��7KH�FRVW�UDWH�LV�WKH�EULQJ�XS�
WR�GDWH� UDWH�XVHG� LQ�RUGHU� WR� H[SUHVV� WKH�SUHVHQW�YDOXH� �DW� WKH�XQGHUZULWH�GD\��RI� WKH� FYDVL�FRQVWDQW�
LQVWDOPHQWV�XVHG�IRU�WKH�ERQGV�SD\�RII��7KH�SUHVHQW�YDOXH�RI�WKH�FYDVL�FRQVWDQW�LQVWDOPHQWV�KDG�WR�EH�
HTXDO�ZLWK�WKH�QHW�DPRXQW�ERUURZHG�E\�WKH�FRPSDQ\��

7KH�IROORZLQJ�UHODWLRQ�GHILQH�WKH�FRVW�UDWH��GHQRWH�E\��W�
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ZKHUH��Q��LV�WKH�QXPEHU�RI�\HDUV�EHWZHHQ�WKH�GDWH�RI�LVVXH�DQG�WKH�VHWWOLQJ�GD\�DQG��U��LV�WKH�FYDVL�
FRQVWDQW�LQVWDOPHQW�ZKLFK�LV�JLYHQ�E\�WKH�H[SUHVVLRQ��
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LQ�WKH�FDVH�ZKHQ��9 ~ � �9 � ���WKH�UHJLVWHUHG�YDOXH�LV�HTXDO�ZLWK�WKH�UHGHHPDEOH�YDOXH���RU�
� ������������
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LQ�WKH�FDVH�ZKHQ��9 ~ ���9 � ���WKH�UHJLVWHUHG�YDOXH�LV�OHVV�WKHQ�WKH�UHGHHPDEOH�YDOXH���ZKHUH�WKH�UDWLRQDO�
LQWHUHVW�UDWH�LV�JLYHQ�E\�WKH�UHODWLRQ�
������������������������ L9

9L �
� � 
 � �������������������������������������������������������������������������������������������

� &RQVLGHU�QRZ�WKH�HTXDWLRQ�����ZLWK�WKH�H[SUHVVLRQ�����IRU�WKH�FYDVL�FRQVWDQW�LQVWDOPHQW��U��:H�
REWDLQ�
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� 7KLV�HTXDWLRQ�LV�DQ�Q�±�GHJUHH�HTXDWLRQ�ZLWK�WKH�XQNQRZQ� W��7KH�RWKHU�YDULDEOHV�DUH�NQRZQ��
7KH�SUREOHP�LV�WR�VROYH�WKH�HTXDWLRQ������
� )LUVW��ZH�KDYH�DSSOLHG� WKH� OLQHDU� LQWHUSRODWLRQ� LQ�RUGHU� WR�REWDLQ�DQ�DSSUR[LPDWH�VROXWLRQ�RI��
WKH�HTXDWLRQ�������
� )RU�H[DPSOH��DV�VWDUWLQJ�YDOXHV�ZH�FRQVLGHU��1� ���������ERQGV�KDYLQJ�WKH�UHJLVWHUHG�YDOXH��9~ �
 ��������52/�� � WKH� LVVXH�YDOXH� �9 } � ��������52/�� WKH�H[SHQGLWXUH� IRU� WKH� LVVXH�RI� VHFXULWLHV� �)� �
����������52/�� WKH�QXPEHU�RI�\HDUV�XQWLO� WKH�VHWWOLQJ�GD\� �Q� ���� WKH� LQWHUHVW� UDWH� � L� ����� �DQG�WKH�
UHGHHPDEOH�YDOXH�HTXDO�ZLWK�WKH�UHJLVWHUHG�YDOXH��9 � � ��������52/� �9 ~ ��ZH�REWDLQ�WKH�FYDVL�FRQVWDQW�
LQVWDOPHQW��U� ��������������� � �52/��
� 1RWLQJ�E\�
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�
ZH�REWDLQ�IURP�����WKH�HTXDWLRQ�
�
������������������������ � � �FWK  �����������������������������������������������������������������������������������������������
ZKHUH��F � �LV�JLYHQ�E\�����DQG�FDQ�KDYH�GLIIHUHQW�YDOXHV�GHSHQGLQJ�RQ�GLIIHUHQW�VWDUWLQJ�YDOXHV���

)RU�WKH�DERYH�H[DPSOH�ZH�ILQG��F �  F � �  �����������KHQFH�����EHFRPHV�
�

������������������������ � � ��������� WK �
�
,Q�WKLV�HTXDWLRQ�WKH�YDULDEOH��F � �EHLQJ�NQRZQ�ZH�ORRNLQJ�IRU�WKH�YDULDEOH��W��)RU�WKLV�SXUSRVH�ZH�FDQ�
ILQG�DQ�DSSUR[LPDWH�YDOXH�IRU��W��XVLQJ�OLQHDU�LQWHUSRODWLRQ��&RPSXWLQJ��K�W���IRU�GLIIHUHQW�YDOXHV�RI��W��
ZH�WU\�WR�REWDLQ�WZR�YDOXHV��F � � ���DQG��F � � ���L�H��F � � ���F � � ���F � � ��DV�QHDU�DV�SRVVLEOH��
� ,Q�RXU�H[DPSOH��IRU��W �  ������LW�LV��F � �  �����������DQG�IRU��W �  �������F � �  �����������
� ,Q�RUGHU�WR�DSSO\�WKH�OLQHDU�LQWHUSRODWLRQ�ZH�FRQVLGHU�WKH�HTXDWLRQ�RI�VWUDLJKW�OLQH�GHWHUPLQHG�
E\�WZR�SRLQWV�RI�FRRUGLQDWHV���W � �F � � �����W � �F � � ���&RQVLGHULQJ�QRZ�WKDW�WKH�SRLQW���W�F � � ���EHORQJV�WR�WKLV�
OLQH�� ZH� DUH� DEOH� WR� ILQG� WKH� XQNQRZQ� YDOXH� RI� � W� � �)LJ�� ���� 8VLQJ� WKLV� SURFHGXUH� ZH� REWDLQ� � W�  �
������������
� )RU� WKH� VDPH� H[DPSOH� EXW� KDYLQJ� WKH� UHGHHPDEOH� YDOXH� � 9 �  ������� 52/� � ZH� REWDLQ��
W ������������

7KH� DLP� RI� WKLV� SDSHU� LV� WR� DSSO\� RWKHU� QXPHULFDO� PHWKRGV� IRU� VROYH� WKH� HTXDWLRQ� ����� $Q�
LQWHUHVWLQJ�LGHD�LV��IURP�WKH�SRLQW�RI�YLHZ�RI�WKH�FRPSDQ\��WR�DGMXVW�VRPH�GDWD�OLNH��9 } ��9 ~ ��9 � ��L��Q��LQ�
RUGHU�WR�PLQLPLVH�WKH�FRVW�UDWH���
�



�
���

��
2QH� RI� WKH� QXPHULFDO� PHWKRGV�� ZKLFK� SHUPLW� XV� WR� PDNH� VXFK� DGMXVWPHQW�� FRQVLVWV� LQ�

QRPRJUDSKLFDO�SURFHGXUHV��
�
�
��� 7KH�QRPRJUDSKLFDO�PHWKRG���

:H�ZLOO�DSSO\�D�QRPRJUDSKLFDO�SURFHGXUH�IRU�VROYLQJ�WKH�HTXDWLRQ������ZULWWHQ�LQ�WKH�IRUP�
������������������������� � � WF

W
� ��

��  �� �����������������������������������������������������������������������������������
�7R�EH�PRUH�VSHFLILF��ZH�ZLOO�EXLOG�D�QRPRJUDP�IRU�WKLV�HTXDWLRQ��
� &HUWDLQ� PHWKRGV� IRU� VROYLQJ� WKH� HTXDWLRQV� ZLWK� PRUH� YDULDEOHV� DUH� WKH� QRPRJUDSKLFDO�
SURFHGXUHV��H�J��WKH�QRPRJUDPV��,Q�WKLV�FDVH��WKH�IXQFWLRQDO�UHODWLRQV�EHWZHHQ�WKH�YDULDEOHV�EHFRPH�WKH�
JHRPHWULF�RQHV��)RU� H[DPSOH�� WKH� ³DOLJQPHQW´�SRLQWV�� HTXDOLWLHV�RI� VHJPHQWV��SDUDOOHOLVP�RI� VWUDLJKW�
OLQHV�� HWF�� :H� REWDLQ� D� QRPRJUDP�� ZKLFK� FRQVLVWV� RI� VFDOHV�� IDPLO\� RI� PDUNHG� FXUYHV�� XQPDUNHG�
FXUYHV��SDUDOOHO�SODQH�DQG�VR�RQH��7KH�DQDO\WLFDO�HTXDWLRQV�RI�WKH�QRPRJUDP¶V�HOHPHQWV�GHSHQG�RQ�WKH�
IXQFWLRQV� IURP� WKH� JLYHQ� HTXDWLRQ�� 7KHVH� IXQFWLRQV� PD\� KDYH� RQH� RU� WZR� YDULDEOHV�� 8VLQJ� WKH�
QRPRJUDPV�ZH� ILQG� WKH�YDOXH�RI� WKH�YDULDEOH� �YDULDEOHV��DV�EHLQJ�DQ�DOLJQPHQW�SRLQWV��HTXDOLWLHV�RI�
VHJPHQWV��FRQWDFW�SRLQWV�RI�WZR�SODQHV��SRLQWV�VLWXDWHG�LQ�WKH�VDPH�SODQH��DQG�VR�RQH��
� )RU� QRPRJUDSKLFDO� UHSUHVHQWDWLRQ�� WKH� HTXDWLRQV� KDYH� WR� EH� LQ� D� FDQRQLFDO� IRUP�� 7KHUH� DUH�
NQRZQ�PXOWLSOHV�FDQRQLFDO� IRUPV� IRU� WKH�HTXDWLRQV�ZLWK� WKUHH�RU�PRUH�YDULDEOHV��$OVR��ZH�KDYH� WKH�
QHFHVVDU\� FRQGLWLRQV� WR� REWDLQ� WKHVH� IRUPV�� 7KH� QRPRJUDPV� DOORZHG� XV� WR� YDU\� WKH� YDOXHV� RI� WKH�
YDULDEOHV�ZLWKLQ�WKH�VSHFLILF�ERXQGV��7KHVH�ERXQGV�EHORQJ�WR�WKH�GHILQLWLRQ�GRPDLQ�RI�WKH�IXQFWLRQV��
)RU�HDFK�YDOXH�RI� WKH�NQRZQ�YDULDEOHV��ZH�REWDLQ�WKH�YDOXHV�RI�XQNQRZQ�YDULDEOHV��+HQFH��ZH�KDYH�
PRUH� YDOXHV� RI� WKH� XQNQRZQ� YDULDEOHV� DQG� VR� ZH� FDQ� FKRVH� WKH� PRVW� FRQYHQLHQW� YDOXHV� IRU� WKH�
SUDFWLFDO�SUREOHP��
� $OWKRXJK�WKH�QRPRJUDPV�DUH�HDV\�WR�XVH�DQG�WKH�UHVXOWV�DUH�TXLFNO\�REWDLQHG��WKHUH�LV�D�VPDOO�
GLVDGYDQWDJH��,W�FRQVLVWV�LQ�UHGXFHG�DFFXUDF\�RI�UHVXOWV�FRPSDULQJ�WR�WKRVH�REWDLQHG�ZLWK�WKH�FRPSXWHU�
DLG��7KH�UHGXFHG�DFFXUDF\�FDQ�EH�DFFHSWHG�LQ�SUDFWLFDO�SUREOHPV�RU�FDQ�EH�LPSURYHG�E\�HQODUJHPHQW�
FHUWDLQ� SDUWV� RI� QRPRJUDP�� 6R�� ZH� FDQ� REWDLQ� D� QHZ� QRPRJUDP� ZLWK� GLPLQLVKHG� ERXQGV� RI� WKH�
YDULDEOHV���
� ,Q�WKLV�SDSHU�ZH�IROORZ�WR�MRLQ�WKH�EXLOGLQJ�DQG�WKH�XVLQJ�RI�WKH�QRPRJUDP�ZLWK�WKH�DFFXUDF\�
DQG�WKH�VSHHG�RI�WKH�FRPSXWHU�IRU�GUDZLQJ�DV�PXFK�DV�FRPSOLFDWHG�FXUYHV��7R�DFKLHYH�WKLV�ZH�KDYH�
GUDZQ�XS�SURJUDPV�LQ�0$7/$%�3URJUDPPLQJ�/DQJXDJH���



�
���

� /HW�FRQVLGHU�WKH�HTXDWLRQ�ZLWK�WKUHH�YDULDEOHV��ZKHUH��F � ��LV�JLYHQ�E\������7KH�ERXQGV�RI�WKH�
YDULDWLRQV�IRU�WKH�HTXDWLRQ�YDULDEOHV�DUH���

�
����F � ���� � ����Q������ � �������W�������
�
%\� DSSO\LQJ� WKH� QDWXUDO� ORJDULWKPLF� IXQFWLRQ� WR� WKH� ERWK� PHPEHUV� RI� WKH� HTXDWLRQ� ���� ZH�

REWDLQ�
�������������������������� � �> @ � �WFWQ ���� � � OQ�OQ �������������������������������������������������������������������������
�
:H�ZLOO�EXLOG�IRU�WKH�DERYH�JLYHQ�HTXDWLRQ�����D�QRPRJUDP�ZLWK�WKH�QHWV��ZKLFK�FRQVLVWV�IURP�
WKUHH�PDUNHG� IDPLO\� RI� FXUYHV��)RU� WKH� VLPSOLFLW\� RI� EXLOGLQJ� DQG� XVLQJ� RI� WKH� QRPRJUDP�ZH�
FRQVLGHU� WKDW� WZR� IDPLOLHV� RI� WKH� QHW� DUH� VWUDLJKW� OLQHV� PDUNHG� IDPLOLHV�� ZLWK� WKH� SDUDPHWULF�
HTXDWLRQV�FRQVLGHUHG�LQ�WKH�UHFWDQJXODU�V\VWHP�RI�WKH�FRRUGLQDWHG��;2<���

WKH�IDPLO\��F � ����[ F � �
�
WKH�IDPLO\��Q���� \ Q�
�
WKH�IDPLO\��W���� � \�OQ�>�����W�@� �OQ����[W��

�
7KH�VWUDLJKW�OLQHV���F � ���LV�IRUPHG�IURP�SDUDOOHO�VWUDLJKW�OLQHV�ZLWK�WKH��2<��D[LV�DQG�WKH�VWUDLJKW�

OLQHV���Q���LV�IRUPHG�IURP�SDUDOOHO�VWUDLJKW�OLQHV�ZLWK�WKH��2;��D[LV���
7KH�IDPLO\�RI�FXUYHV���W���ZLOO�EH�EXLOW�IRU�WKH�ERXQGV�RI�WKH�YDULDEOH��W��ZLWK�WKH�VWHS���������
7KH�FRUUHVSRQGLQJ�QRPRJUDP�LV�UHSUHVHQWHG�LQ�WKH�)LJ�����
�
7KH�IDPLO\�RI�FXUYHV���W���ZLOO�EH�FRQVWUXFWHG�IRU�WKH�ERXQGV���������W���������ZLWK�WKH�VWHS���������

WKHQ�IRU��������W���������ZLWK�WKH�VWHS���������WKHQ�IRU���������W��������ZLWK�WKH�VWHS�������DQG�WKH�ODVW�
RQH��������W��������ZLWK�WKH�VWHS���������

�
7KH�FRUUHVSRQGLQJ�QRPRJUDP�LV�UHSUHVHQWHG�LQ�WKH�)LJ�����
�
7KH�XVLQJ�RI�WKH�QRPRJUDP�LV�VLPSOH��7KH�YDOXHV�RI�WKH�NQRZQ�YDULDEOHV�DUH�JLYHQ��

F � �  ��������Q � � ����:H�DVN�IRU�WKH�YDOXHV�RI�WKH�YDULDEOH��W��
�

7KH�VWUDLJKW�OLQHV�RI�PDUNHG��F � �  ��������Q � � ����IURP�WKH�IDPLOLHV���F � ���DQG���W���DUH�FURVVLQJ�LQ�
D�SRLQW���3��7KURXJK�WKLV�SRLQW�SDVV�D�FXUYH�IURP�WKH�IDPLO\���W���PDUNHG�E\�����������W � �§������ZKLFK�LV�WKH�
ORRNLQJ� IRU� YDOXH� RI� YDULDEOH� W��7KH� VDPH�YDOXH� RI� � W� �ZDV� REWDLQHG� WKURXJK�D�GLUHFW� FDOFXODWLRQ� E\�
OLQHDU�LQWHUSRODWLRQ�LI��F �  F � � � ������������)LJ������

�
)RU� RWKHU� SDLUV� � �F � �� Q�� � ZH� REWDLQ� QHZ� SRLQWV�� 7KH�PDUNHG� FXUYHV��ZKLFK� SDVV� WURXJK� WKHVH�

SRLQWV��DOORZ�WKH�ORRNLQJ�IRU�YDOXHV�RI��W��
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� �
��� 5HPDUNV�DQG�FRQFOXVLRQV���
L��$V�ZH�PHQWLRQ�EHIRUH�ZH�FDQ�GLPLQLVK�WKH�ERXQGV�RI�WKH�YDULDEOHV�IURP�WKH�HTXDWLRQ������:H�REWDLQ�DQ�
HQODUJHPHQW�RI�D�FHUWDLQ�SDUW�RI�WKH�QRPRJUDP��FRUUHVSRQGLQJ�WR�WKH�YDOXHV�RI�WKH�YDULDEOHV��

�
������F � ������ � ������Q�������� � �������W��������

�
,Q�WKLV�FDVH�ZH�REWDLQ��)LJ������

�
W � � ��������IRU��F � � � ����������Q � � ����������DQG�������W � � ���������IRU��F � � � ���������Q � � ���

�

��
,Q�)LJ����WKH�QRPRJUDP�DUH�PRUH�HQODUJHG�ZLWK�WKH�ERXQGV�YDU\LQJ�EHWZHHQ��
�

�������F � ������ �� ������Q�������� � �������W��������
�

6R��WKH�YDOXH�RI�WKH�YDULDEOH��W�LV��W � � ����������
�

LL��$Q�DGYDQWDJH�RI�WKH�EXLOGLQJ�QRPRJUDP�FRQVLVWV�LQ�WKH�IDFW�WKDW�DQ\�YDOXHV�JLYHQ�DW�WZR�YDULDEOHV�RI�
WKH�HTXDWLRQ�����SHUPLW�XV�WR�ILQG�WKH�WKLUG�YDULDEOH��)RU�H[DPSOH��LI��F � � �������DQG��W� �������LW�UHVXOW��Q� �
����)LJ������LI��Q� ����DQG��W� �������ZH�JHW��F � � �������)LJ�������
�
LLL�� )RU� WKH� FRVW� UDWH� HTXDO�ZLWK� LQWHUHVW� UDWH� � W�  � L� � ���� LW� FDQ� EH� QRWLFH� WKH� ELJJHVW� YDULDWLRQ� RI� F � ��
GHSHQGLQJ�RQ�Q��7KH�FRVW�UDWH�LQFUHDVH�DV�ZHOO�DV�WKH�YDULDWLRQ�RI��F � ��GHFUHDVH��)RU�H[DPSOH��LI��W� �����
DQG��������F � �������DQ\�YDOXHV�RI��Q��EHWZHHQ����DQG������FDQ�EH�FRQVLGHUDWH�FRQYHQLHQW��)XUWKHU�IRU��W� �
�����DQG��������F � ������DQ\�YDOXHV�RI��Q��EHWZHHQ�����DQG������FDQ�EH�FRQVLGHUDWH�FRQYHQLHQW��,Q�FRQFOXVLRQ�
IRU� VPDOO�FRVW� UDWHV� WKH� LQFUHDVLQJ�RI� WKH�QXPEHU�RI� WKH�\HDUV�XQWLO� WKH�VHWWOLQJ�GD\� LQYROYH�VLJQLILFDQW�
FKDQJLQJ�RI��F � ��2Q�WKH�RWKHU�KDQG��IRU�ELJJHU�FRVW�UDWHV�WKH�LQFUHDVLQJ�RI�WKH�QXPEHU�RI�WKH�\HDUV�XQWLO�
WKH�VHWWOLQJ�GD\�LQYROYHV�LQVLJQLILFDQW�FKDQJLQJ�RI��F � ���)LJ����)LJ������
�
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LY��/RRNLQJ�DW�WKH�)LJ�����DW�WKH�IDPLO\�RI�FXUYHV�RI�WKH�QRPRJUDP��LW�FDQ�EH�HDVLO\�HVWDEOLVK�WKDW�IRU�D�
FRVW�UDWH���������W��������DQG�IRU�WKH�QXPEHU�RI�\HDU��Q� ����ZH�ILQG�D�YDULDWLRQ�IRU��F � ��RI��������������F � ��
�������IRU��Q� ����D�YDULDWLRQ�RI��������L�H����������F � ���������DQG�IRU��Q� ����WKH�YDULDWLRQ�LV����������������
F � ����������
�
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��� )XWXUH�UHVHDUFK��
:H�PHQWLRQ� WKDW� IRU� HTXDWLRQ� ���� RWKHU� W\SHV� RI� QRPRJUDPV� FDQ�EH� EXLOW��2QH� LV� WKH� QRPRJUDP�ZLWK�
PRELOH�SODQH�DQG�WKH�RWKHU�RQH�ZLWK�WZR�SDUDOOHO�VFDOHV�DQG�D�ELQDU\�QHW��
�

7KH�UHVHDUFK�IRU�HTXDWLRQ�����FDQ�EH�H[WHQGHG�LQ�RUGHU�WR�DQDO\VH�WKH�GHSHQGHQFH�RI�WKH�YDULDEOH��
F � ��RQ�WKH�RWKHU�YDULDEOHV�IURP�WKH�HTXDWLRQ������7KHQ�ZH�ZLOO�VWXG\�WKH�HTXDWLRQ�ZLWK�ILYH�YDULDEOHV��
�
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ZKHUH��1��DQG��)��DUH�JLYHQ��FRQVWDQWV��
�

5HIHUHQFHV�
�
��� *�� $EUDKDP� ±� )URLV�� (OHPHQWV� GH� G\QDPLTXH� HFRQRPLTXH� �IOXFWXDWLRQV� HW� FURLVVDQFH��� 0HPRQWV�

'DOOR]��3DULV�������
��� '��'XPRXLOLQ��0DWKHPDWLTXHV�GH�*HVWLRQ��&RXUV�HW�$SSOLFDWLRQV��(G��(FRQRPLFD��3DULV�������
��� '��$��)LOLS��&DOFXOH�ILQDQFLDUH��(G��'DFLD��&OXM�1DSRFD�������
��� 5��*LEVRQ��2EOLJDWLRQV�HW�FODXVHV�RSWLRQQHOOHV��(G��38)��3DULV�������
��� *�6��.KRYDQVNL��(OHPHQWV�GH�QRPRJUDSKLH��0RVFRX�������
��� :��0DVLHUL��0DWKHPDWLTXHV�ILQDQFLHUHV��(G��6LUH\��3DULV�������
��� 0��0LKRF��2Q�WKH�FODVVLILFDWLRQ�RI�WKH�QRPRJUDSKLF�IXQFWLRQ�RI�IRXU�YDULDEOHV��,���3X�0�$�����������

�������S����������
��� $�6��0XUHVDQ��2SWLPL]DUHD�RSHUDWLLORU�ILQDQFLDUH��(G��7UDQVLOYDQLD�3UHVV��&OXM�1DSRFD�������
��� ,��3XUFDUX��0DWHPDWLFL�ILQDQFLDUH��(G��(FRQRPLFD��YRO�,�úL�,,��%XFXUHVWL�������
����-�&��5RFKHW��*��'HPDQJH��0HWKRGHV�0DWKHPDWLTXHV�GH�OD�)LQDQFH��(G��(FRQRPLFD��3DULV�������
����3��5RJHU��/HV�RXWLOV�GH�OD�PRGHODWLRQ�ILQDQFLHUH��(G��38)��3DULV�������

�
�

����67$67,67,&6¶�52/(�,1�7+(�(8523($1�,17(*5$7,21�352&(66�
$XWKRU��/HFWXUHU�0DULDQD�%DOX��3K'�

$VVLVWDQW�3URIHVVRU�'LDQD�&U FLXQDú��3K'�&DQGLGDWH��
³6SLUX�+DUHW´�8QLYHUVLW\��%XFKDUHVW��5RPDQLD�

�
$EVWUDFW�

�
(XURSHDQ�8QLRQ�LV�DQ�LQWHJUDWLRQLVW�HFRQRPLF�IRUPDWLRQ�ZKLFK�UHXQLWHV�DQ�LPSRUWDQW�QXPEHU�RI�

QDWLRQDO�HFRQRPLHV��,W¶V�LPDJLQH�LV�NQRZQ�LQ�ZRUOG�WKURXJK�LWV�PDMRU�GHYHORSPHQWDO�HFRQRPLF�UHVXOW�DQG�
VRFLDO�SURVSHULW\�WRR��
� �7KH� LQWHUQDWLRQDO� HFRQRPLFV� LQWHJUDWLRQ� LGHD� DSSHDUV� DV� D� FRPSOH[� SURFHVV� RI� XVHV� WKH�
LQWHUGHSHQGHQFHV�DPRQJ� WKH� LQWHUQDWLRQDO� HFRQRPLHV��7KH�DLP�RI� WKLV�SURFHVV� LV� WKH�DFKLHYHPHQW�RI�D�
QXPEHU�RI�REMHFWLYHV�E\�FRPPRQ�LQWHUHVW��)RU�D�VFLHQWLILF�NQRZOHGJH�RI�QDWLRQDO�HFRQRPLHV�D�WKH�EDVLF�
FHOOV� RI� YDULRXV� LQWHUQDWLRQDO� LQWHJUDWLRQLVW� IRUPV��218�� )0,�� %,5'�� HWF�� � FODVVLILHV� WKHVH� HFRQRPLHV�
GHSHQGLQJ�RQ�D�ORW�RI�FULWHULD��
� 7KHVH�FULWHULD�DUH��

��WKH�HFRQRPLF�SRWHQWLDO��
��WKH�GHJUHH�RI�FDSLWDOL]DWLRQ�RI�SRWHQWLDO��

� �7KH�GHYHORSPHQWDO�OHYHO�RI�D�FRXQWU\�LV�FKDUDFWHUL]HV�RI�D�PDFURHFRQRPLFV�LQGLFDWRUV�V\VWHP��
7KH�HYDOXDWLRQ�RI�WKHVH�LV�WKH�DWWULEXWH�RI�VRFLDO�DQG�HFRQRPLFV�VWDWLVWLFV��7KH�GHWHUPLQDWLRQ�RI�WKHVH�LV�
GRQH�ZLWK� WKH�KHOS�RI�1DWLRQDO�$FFRXQW�6\VWHP��1$6���7KLV� LV�D� VWDWLVWLF� WRRO��ZKLFK�SHUPLW� WKH�ZKROH�
SUHVHQWDWLRQ�RI��IXQGDPHQWDO�HTXLOLEULXP�RI�D�QDWLRQDO�HFRQRP\��
� )RU� WKH� KDUPRQL]DWLRQ� DQG� VHWWOHPHQW� UHODWLRQV� EHWZHHQ� 1$6� RI� WKH� GLIIHUHQW� (XURSHDQ�
FRXQWULHV��ZDV�HODERUDWLQJ�D�UHIHUHQFH�IUDPH���7KH�(XURSHDQ�1DWLRQDO�DQG�5HJLRQDO�$FFRXQW�6\VWHP�±�



� ��

������ 7KLV� KDV� D� VWDWLVWLFDO� UROH� ZKLFK� LV� SHUPLWV� DQ� DQDO\WLF� DQG� V\VWHPDWLF� GHVFULSWLRQ� RI� ZKDW� DUH�
DSSRLQWHG�DV�³WRWDO�HFRQRP\´��RI�KHU�FRPSRQHQWV�DQG�UHODWLRQV�ZLWK�RWKHU�HFRQRPLHV��
� )RU�GHFLVLRQ¶V�EDVHPHQW�RI�HFRQRPLF�SROLWLFV�LV�UHTXLUHG���

���WKH�DQDO\VLV�DQG�NQRZOHGJH�RI��VRFLDO�DQG�HFRQRPLF�SKHQRPHQD��
���WKH�UHODWLRQVKLS�EHWZHHQ�WKHVH��
���WKH�RULJLQDO�FDXVHV�RI�WKHVH��
���WKHVH�PDQLIHVWDWLRQ�IRUPV��

� 7KH�PDLQ�LQWHUQDWLRQDO�SDWKV�RI�WKH�GLIIHUHQW�HFRQRPLFV�VWDWLVWLFV�DUH�LQ�WRWDO�SDUDOOHOLVP�ZLWK�GH�
FRQFHSWV�ZKLFK� DUH� XVH� LQ� 6(&��7KLV� FRKHUHQFH� RI� WKH� FRQFHSWV� LV� HVVHQWLDO� IRU� VWDWLVWLFV� FRPSDUDWLYH�
HYDOXDWLRQ�RI�WKH�GLIIHUHQW�FRXQWULHV��
� 1$6� LV� UHSUHVHQW� WKH� VSLQDO� FROXPQ� RI� VWDWLVWLFV� �� ERWK� RI� WKHP� DUH� VLWXDWH� LQ� D� UHFLSURFDO�
UHODWLRQVKLS��� �

.H\�:RUGV��6WDWLVWLFV��(XURSHDQ�,QWHJUDWLRQ��1DWLRQDO�$FFRXQW�6\VWHP��(XURSHDQ�1DWLRQDO�DQG�
5HJLRQDO�$FFRXQW�6\VWHP�

�
�

�� $�PDMRU�REMHFWLYH�RI�(8�LV�WR�FUHDWH�RQH�(XURSH�ZKLFK�UHVSHFW�WKH�LGHQWLW\�DQG�IUHHGRP�RI�ZKROH�SHRSOHV�FRPSRVH�LW�DQG�WR�EH�D�VWURQJ�JURXS�RI�VWDWHV�DV�D�SDUW�RI�LUUHYHUVLEOH�SURFHVV�RI�JOREDOL]DWLRQ��7KH� HFRQRPLF� LQWHUVWDWH� LQWHJUDWLRQ� LV� RXWSXW� LQWHUGHSHQGHQFHV� DV� D� UHVXOW� RI� LQWHUQDWLRQDO� GLYLVLRQ� RI�ODERU�DQG�LQWHUQDWLRQDO�VSHFLDOL]DWLRQV���7KH�UHDOL]DWLRQ�IRU�REMHFWLYHV�ZKLFK�DUH�PHQWLRQHG�LQ�WKH�$JUHHPHQW�DERXW�(8��HVSHFLDOO\�DERXW�(FRQRPLF� DQG� 0RQHWDU\� 8QLRQ�� UHTXLUH� TXDOLW\� VWDWLVWLFDO� WRROV�� 7KHVH� LQVWUXPHQWV� SHUPLW� WR� WKH�&RPPXQLWDU\� ,QVWLWXWLRQV��*RYHUQPHQWV� DQG� (FRQRPLF� $JHQWV� WR� WDNH� GHFLVLRQV� RQ� WKH� VWUHQJWK� RI� D�KDUPRQL]HG�DQG�UHOLDEOH�VWDWLVWLFV��� ,QWHUQDWLRQDOO\� VLQFH� \HDU� ����� ZLWK� WKH� RFFDVLRQ� RI� (XURSHDQ� &RXQFLO� 6SHFLDO� 6HVVLRQ� IURP�/LVERQ�ZDV�UHFRJQL]HG�D�QHZ�IDFWR�1HZ�(FRQRP\��KLV�REMHFWLYH�LV�WKH�VHWWOHPHQW�RI�V\VWHP�(XURSH�RQ�OLQH�WR�FRQWDLQ�SHUVRQV�FRPSDQLHV�DQG�SXEOLF�MREV��� 7KXV�ZH�SXW� WKH�SUREOHP� LI� VWDWLVWLFV�FDQ�DQVZHU� WR�UHTXLUHPHQW�RI� LQIRUPDWLRQV�GHPDQGHG�E\�JRYHUQPHQWV��6WDWLVWLFV�FDQ�WDFNOH�QHZ�HFRQRP\�IURP�GLIIHUHQW�SRLQWV�RI�YLHZ����RI�ELG��VWDWLVWLFV�DERXW�VRFLHWLHV�DQG�SURGXFWV�LQYROYHG�� � � ������������ RI� LQIUDVWUXFWXUH� ZKLFK� FUHDWH� WKH� FRQGLWLRQV� WR� SHQHWUDWH� QHZ� HFRQRPLHV� �EXV\� SRSXODWLRQ��HGXFDWLRQ��SURIHVVLRQDO�SUHSDUDWLRQ�� � � ���RI�LPSDFW�DQDO\VHV�PDUNHW�ODERU�LQGLFDWRU��SULFHV��WKH�ODERU�SURGXFWLYLW\�� ����1HDU�DOO�VWDWLVWLFDO�DUHDV�ZLOO�SUHSDUH�UHFRUGV�WR�QHZ�HFRQRP\�DQG�VKDOO�FKDQJH�WKH�ZD\�ZH�ZRUN��OHDUQ�DQG�WKLQN��� � � � 5RPDQLDQ� SUHSDUDWLRQ� IRU� WKH� HQWUDQFH� LQ� (XURSHDQ�8QLRQ�PXVW�WR�FRQWDLQ�WKH�DFFRPPRGDWLRQ�RI�6WDWLVWLFDO�,QVWLWXWLRQ�WR�(XURVWDWLVWLFV�UHTXLUHPHQW�WR�PLFUR�DQG�PDFURHFRQRPLFV� OHYHO��7KH� LQVWLWXWH�RI� VWDWLVWLFV�PXVW� FUHDWH� D� VWDWLVWLFDO� V\VWHP�ZLWK�D� IXQFWLRQDO�FRQFHSWLRQ� DQG� D� JHQHUDO� VWUXFWXUH��7KH�FRPPXQLWDU\� VWDWLVWLFV�(XURVWDW�PXVW� KDYH� D� JHQHUDO� VWUXFWXUH�ZKLFK�FRQWDLQV����WKH�LQIUDVWUXFWXUH�SDUW��FODVVLILFDWLRQV��UHJLVWHUV���� � �GHPRJUDSKLF�DQG�VRFLDO�VWDWLVWLFV��SRSXODWLRQ��ODERU��HGXFDWLRQ�VWDWLVWLFV���� � �UHJLRQDO�VWDWLVWLFV��HQYLURQPHQW�VWDWLVWLFV��UHJLRQDO�DQG�JHRJUDSKLF�VWDWLVWLFV��VFLHQFH�DQG�WHFKQRORJ\�VWDWLVWLFV���� � �HFRQRPLF�VWDWLVWLFV��� � ��PDFURHFRQRPLFV�VWDWLVWLFV��� � ��EXVLQHVV�VWDWLVWLFV��� � ��PRQHWDU\��ILQDQFLDO�DQG�FRPPHUFLDO�VWDWLVWLFV��� � ��$JULFXOWXUH�DQG�ILVKLQJ�VWDWLVWLFV��0DFURHFRQRPLFV� VWDWLVWLFV� DV� D� SDUW� RI� FRPPXQLWDU\� VWDWLVWLFV�� KDV� DV� ILUVW� SDUW� WKH� HFRQRPLHV�DFFRXQW� �\HDUO\� DQG� FDUU\� WR� FRQWDLQ� (XURSHDQ� $FFRXQW� 6\VWHP��($6��� 7KH� 1DWLRQDO� ,QVWLWXWH� RI�6WDWLVWLFV� KDV� WR� LPSOHPHQW� WKH� ($6� WKURXJK� D� UDWLRQDO� DQG� FRPSOH[� SURFHVV�� SUHVXSSRVHG� WKH�LQWHUSUHWDWLRQ�RI�VSHFLILF�FRQFHSWV�DQG�SURYLGLQJ�DQ�RSHUDWLYH�LQIRUPDWLRQDO�EDVH�IURP�VWDWLVWLFDOO\�UHSRUW�RU�IURP�DQRWKHU�VRXUFH�RI�GDWH��$OWKRXJK�WKH�HFRQRPLVWV�GLVWLQJXLVK�WZR�OHYHOV�IRU�DQDO\VLV�� ��0LFURHFRQRPLFV��IRU�WKH�LQWHUSUHWDWLRQ�RI�LQGLYLGXDO�EHKDYLRUV� � � ��0DFURHFRQRPLFV�IRU�WKH�H[DPLQDWLRQ�EHKDYLRUV�WR�FROOHFWLYH�OHYHO���� 2QO\� WKDW� PDFURHFRQRPLFV� VSDFH� UHPDLQV� WKH� VSHFLDO� SODFH� RI� UHIOHFWLRQ�� RIIHULQJ� D� FRKHUHQW�HQVHPEOH�IRU�DQDO\VLV�DQ�LQFRUSRUDWH�PDUNHW��PRQHWDU\�XQLW�WKH�ILHOG�RI�D�SROLWLFDO�SRZHU��� 7KH� 1DWLRQDO� $FFRXQW� 6\VWHP� �1$6�� ZHUH� FUHDWHG� MXVW� IRU� PDFURHFRQRPLFV� DQDO\VLV� DQ�LQVWUXPHQW� IRU� WKH�YHULILFDWLRQ�KLV�K\SRWKHVHV� DQG�SURSRVHG�HFRQRPLF�PHDVXUHV��1$6�JLYH� VWDWLVWLFV� D�GXUDEOH�XWLOL]DWLRQ��RSHQLQJ�D�VSDFH�RI�UHIOHFWLRQ�IRU�VWDWLVWLFDO�SURGXFWLRQ�� � �� 7KXV��WKH�XWLOL]DWLRQ�RI�1$6�LV�H[SDQGHG��
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� �LQIRUP�XV�DERXW�VWUXFWXUH�DQG�HYROXWLRQV�RI�D�VWURQJ�HFRQRP\��� �LV�DQ�LQVWUXPHQW�XVHG�LQ�HFRQRPLF�SUHYLVLRQ��VXSSO\�PDFURHFRQRPLFV�PRGHOV����� ��LV�D�SHGDJRJLF�LQVWUXPHQW�IRU�OHDUQLQJ�PDFURHFRQRPLFV�� � � �������LV�DQ�LQVWUXPHQW�XVHG�LQ�LQWHUQDWLRQDO�FRPSDULQJ�� � � � �7KH�0DDVWULFKW� 7UHDW\� UHSUHVHQWV� D� QHZ� VWDJH� LQ� WKH�1$6� XWLOL]DWLRQ�EHFDXVH� KH� HVWDEOLVKHV� WKH�FRQYHUJHQW�FULWHULD¶V�EDVHG�RQ�QDWLRQDO�DFFRXQW�LQGLFDWRUV��$PRQJ�LQWHUQDWLRQDO�FRPSDULVRQ�SULQFLSOHV�RI�PDFURHFRQRPLFV�GDWHV��FDQ�HVWDEOLVK�� �����WKH�RQHQHVV�FRQGLWLRQ�IRU�HYHU\�LQGLFDWRU�FRQWDLQHG�LQ�FRPSDUHV���� �WKH�RQHQHVV�FRQGLWLRQV�IRU�VWDWLVWLFDO�FDOFXODWLRQ�PHWKRGV��� �WKH�VDPH�UHIHUHQFH�\HDU�IRU�DOO�FRPSDUHG�GDWHV��� �WKH�H[SUHVVLRQ�RI�DOO�HFRQRPLF�DJJUHJDWHV�LQ�D�XQLTXH�FXUUHQF\��� 7KH�PDFURHFRQRPLFV�FDOFXODWLRQ�SUREOHPV�DUH�UHVROYHG�E\�XVLQJ�1$6��� %XW� LQWHUQDWLRQDO� FRPSDULVRQV�PXVW� OLPLWHG� LQ� UHDO� WHUPV� DW� VWUXFWXUH� DQG�G\QDPLF� FRPSDULQJ��:H� FDQ¶W� GR� FRPSDULVRQV� LQ� DEVROXWH� GLJLWV� EHFDXVH� WKH�PDFURHFRQRPLFV� LQGLFDWRUV� DUH� H[SUHVVHG� LQ�HYHU\�QDWLRQDO�FXUUHQF\���7KH�LQGLFDWRUV�H[SUHVVLRQ�LQ�XQLTXH�FXUUHQF\��86$�GROODU�DV�D�UXOH��DFKLHYHG��� ��WKURXJK�PLGGOH�FXUUHQF\�UDWH�RI�H[FKDQJH�LPSOHPHQW��RU��� ��WKURXJK�XVLQJ�QDWLRQDO�FXUUHQF\�SXUFKDVLQJ�SRZHU�SDULW\�LQ�UHSRUW�ZLWK�86$�GROODU��� 7KH�PLGGOH�FXUUHQF\�UDWH�RI�H[FKDQJH�LV�DQ�XQOLNH�SURFHVV��EHFDXVH�RQH�FRXQWU\�FXUUHQF\�UDWH�RI�H[FKDQJH�LV�LQIOXHQFHG�E\�GHPDQG�DQG�FDSLWDO�PRYHPHQW��� �,Q�RUGHU�WR�UHDOL]H�SULFH�DQG�YROXPH�FRPSDULVRQV�WR�LQWHUQDWLRQDO�OHYHO�DUH�XVHG�SULFH�DQG�YROXPH�LQGH[HV�HVWDEOLVKHG�IRU�FRXQWU\�FRXSOHV��:H�DSSO\�VDPH�LQGH[�IRUPXODV�OLNH�LQ�FDVH�RI�IOXFWXDWLRQV�IURP�D�SHULRG�WR�DQRWKHU�� � � �(15$6´���UHFRJQL]HV�WKH�QHFHVVLW\�RI�SULFHV�DQG�YROXPHV�LQWHUQDWLRQDO�FRPSDULVRQV��� �,I�WKH�SULFHV�DUH�LQ�QDWLRQDO�FXUUHQF\�WKH�LQWHUSUHWDWLRQ�RI�SULFH�FRHIILFLHQWV�FDXVH�WKH�LQWURGXFWLRQ�QRWLRQ�RI��SXUFKDVLQJ�SRZHU�SDULW\� �333��)RU� D�JLYHQ�SURGXFW�333�EHWZHHQ�FXUUHQF\�$�DQG�%�FDQ�EH�GHILQH�DV� D� QXPEHU� RI� XQLWV� IURP�%� FXUUHQF\�QHHGHG� WR� EX\� LQ� FRXQWU\�%� WKH� VDPH�TXDQWLW\� RI� JRRGV�ZKLFK�LV�EX\HG�LQ�FRXQWU\�$�ZLWK�D�XQLW�RI�$�FXUUHQF\�� � � � � � �333� HYDOXDWLRQ� PHWKRG� FRQVLVW� LQ� XVLQJ� SULFH� LQGH[HV� FDOFXODWHG� RQ� WKH� VWUHQJWK� RI� JRRGV� DQG�VHUYLFHV�SULFH�IURP�FRXQWU\�ZKLFK�GRHV�WKH�FRPSDUDWLYH�FDOFXOXV�UHSRUWHG��JRRGV�DQG�VHUYLFHV�SULFH�IURP�VWDQGDUG�FXUUHQF\�FRXQWU\�� � �7KXV�ZH�FDQ�XVH�SULFH�LQGH[HV�3$$6&+(�DQG�/$63(<5(6��� � � ���3ULFH�LQGH[�3DDVFKH�������� �� � � TS�TS, 66 �
�:KLFK�ZLOO�EH�IRU�$�DQG�%�FRXQWULHV��� ��� �� �   TS�TS, 66 �� ��3ULFH�LQGH[�/D\VSH\UHV������� ¡� � � TS�TS, 66 ���:KLFK�ZLOO�EH�IRU�$�DQG�%�FRXQWULHV��   �� ¡� �   TS�TS, 66 ��
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SULFH�LQGH[�),6&+(5��ZKLFK�LV�D�JHRPHWULF�DYHUDJH�RI�3DDVFKH�DQG�/DVSH\UHV�LQGH[HV�� �
� � � � �� � ¢£¤

£££ ¥§¦©¨ª¥§¥©¨ª¥§«©¨ª ,,, u ��)LVFKHU�LQGH[�VDWLVILHV�GLIIHUHQWO\�WHVWV�VXFK�DV��´WLPH�UHYHUVLELOLW\´�DQG�ÄIDFWRUV�UHYHUVLELOLW\´�DQG�LV�XVHG�PDLQO\� LQ�HFRQRPLF�VWDWLVWLFV��7KLV�LQGH[�SUHVHQWV�DOVR�D�FRQFHSWXDO�DQG�SUDFWLFDO�GLVDGYDQWDJH�VXFK�DV��� � ��� UHTXLUH� DV� ERWK� /DVSH\UHV� DQG� 3DDVFKH� LQGH[� WR� EH� FDOFXODWH� ±ZKDW� OHDGV� WR� JURZWK� FRVWV� DQG�GHOD\�UHVXOWV�SXEOLFDWLRQ�� � � � � ���WKH�)LVFKHU�LQGH[�LV�QRW�HDV\�WR�FRQVWUXH�DV�WKH�/DVSH\UHV�DQG�3DDVFKH�LQGH[HV�� �� %XW� WKH� )LVFKHU� LQGH[�� EHLQJ� D� V\PPHWULFDO� DYHUDJH� RI� /DVSH\UHV� DQG� 3DDVFKH� LQGH[HV�� FDQ�HVWLPDWH�FRUUHFW�WKH�WKHRUHWLFDO�LQGH[��,Q�VSHFLDOW\�VWXGLHV�LV�VSRNHQ�DERXW�DQRWKHU�V\PPHWULFDO�LQGH[��WKH�7RUQTYLVW�LQGH[�ZKLFK�LV�D�JHRPHWULF�ZHOO�EDODQFHG�DYHUDJH�RI�LQGLYLGXDO�YROXPH�LQGH[HV��� �� � � � �
»¼º«¬ª3 ¬®°¯¯±²\³ L, ��´µ¶
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7KH� SULFH� LQGH[� 7RUQTYLVW� FDQ� EH� REWDLQHG� UHSODFLQJ� WKH� UHODWLYH� DPRXQWV� �T��TR�� WKURXJK� WKH�UHODWLYH�SULFH���S » �S ¼ ���WKXV�WKH�)LVFKHU�LQGH[�FDQ�EH�REWDLQHG��� � � ½¾¿
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�
,� ËÍÌ DQG�,� ËÎË ��SULFH�LQGH[HV�/DVSH\UHV�DQG�3DDVFKH��Ï§ÐÑ, DQG� Ò§ÓÔ, �� SULFH� LQGH[HV� 7RUQTYLVW� FDOFXODWHG� LQ� WKH� FXUUHQW� \HDU� DQG� UHVSHFWLYH� EDVLF� \HDU�FRQGLWLRQV��,I�ZH�WDNH�LQWR�DFFRXQW�WKDW���� �Õ§Ö×ÕÇÕ× Ø Ù �,, DQG� � �ÕÇÚ× Ø ÙÕ§ÖÙ �,, �DUH������ WKDW�PHDQ�)LVFKHU� LQGH[� LV�ELJJHU� WKHQ�/DVSH\UHV� LQGH[��RQO\� LI�� �Õ§ÖÙÕ§Ö× �,, �LV�ELJJHU�WKHQ� � �� �ÛÇÛÜ Ý ÞÛ§ßÜÛ§ßÞÛÇàÜ Ý Þ �,,�,, ��)URP�WKLV�UHVXOW�WKH�LPSRUWDQFH�RI�FRUUHODWLRQV�EHWZHHQ�WKH�)LVKHU�LQGH[�DQG�WKH�7RUQTYLVW�LQGH[�DPRQJ�WKH�EDVLF�\HDU�RI�WKH�LQGLFDWRU�DQDO\]HG�� ��� LQFUHDVLQJ� RU� GHFUHDVLQJ� ZHLJKW� RI� LQGLFDWRU� FRPSRQHQWV� ZKLFK� DQDO\VHV� WKH� KLJKHU� YDOXHV�LQGH[HV�� � � � � � � � ����LQFUHDVLQJ�RU�GHFUHDVLQJ�FRQFHQWUDWLRQ�GHJUHH�RI�WKH�DQDO\]HG�LQGLFDWRU��(FRQRPLF�WKHRU\�VXJJHVWV�WKDW�D�V\PPHWULFDO�LQGH[�ZKLFK�XWLOL]H�HTXDO�ZHLJKWV�LQ�WZR�VLWXDWLRQV�LV�SUHIHUDEOH�ERWK�/DVSH\UHV�DQG�3DDFKH�� �3UDFWLFDO�FKRRVH�V\PPHWULFDO�LQGH[HV�)LVFKHU�DQG�7RUQTYLVW�KDV�D�VHFRQGDU\�LPSRUWDQFH��EHFDXVH�DOO�V\PPHWULFDO�LQGH[HV�DUH�HVWLPDWHG�HDFK�RWKHU�� �)RU�VHWWOHPHQW�333��WKH�FROOHFWHG�SULFHV�XVH�WR�WKH�SULFHV�UHSRUW�FDOFXOXV�IRU�HDFK�JRRG�DQG�VHUYLFH��7KHQ�ZH�FDOFXODWH�DYHUDJHV�IRU�WKHVH�UHSRUWV�LQ�RUGHU�WR�REWDLQ�WKH�XQ�ZHLJKWHG�SDULWLHV�HOHPHQWDU\�UXEULF�OHYHO��7KH�SDULWLHV�HOHPHQWDU\�UXEULFV�SDULWLHV�DUH�DJJUHJDWHV��XVLQJ�DV�ZHLJKWV�WKH�QDWLRQDO�H[SHQGLWXUHV�VWUXFWXUH���� )RU�HDFK�FRXSOH�RI�FRXQWULHV��$�DQG�%���ZH�KDYH�WKH�IROORZLQJ�VWDJHV�RI�SDULWLHV�HVWLPDWLRQ���� �� � WKH� XQ� �� ZHLJKWHG� JHRPHWULF� DYHUDJH� HVWLPDWLRQ� IRU� LQGLYLGXDO� SULFH� UHSRUWV�� HVWLPDWLYH� IRU�LOOXVWUDWLYH�SURGXFWV�LQ�WKH�FRXQWU\�$��EDVH�RI�FRPSDUH��±�/DVSH\UHV�SDULW\��� �� WKH� XQ� ±� ZHLJKWHG� JHRPHWULF� DYHUDJH� HVWLPDWLRQ� IRU� LQGLYLGXDO� SULFH� UHSRUWV�� HVWLPDWHG� IRU�LOOXVWUDWLYH�SURGXFWV�%����3DDVFKH�SDULW\���� ���REWDLQ�RI�SDULW\��)LVFKHU�W\SH��DV�JHRPHWULF�DYHUDJH�SDULWLHV�RI�/DVSH\UHV�DQG�3DDVFKH�SDULWLHV���� 7KHUHZLWK�PHWKRG�� LV�REWDLQHG�IRU�HDFK�SULPDU\�JURXS�D�PDWUL[�RI�ELQDU\�XQ�WUDQVLWLYH�SDULWLHV��WKH�SDULW\�EHWZHHQ�WKH�FRXQWU\�$�DQG�&�LV�QR�HTXDO�ZLWK�WKH�SURGXFHG�DPRQJ�WKH�SDULW\�IRU�WKH�FRXQWULHV�$� DQG�%� DQG� UHVSHFWLYH� WKH� SDULW\� IRU� WKH� FRXQWULHV�%� DQG�&���7KURXJKRXW�(.6� �(OWHWR�.RYH]�6]XOH��SURFHGXUH�FDXVHG�D�SRVLWLYH�SDULWLHV�PDWUL[��7KH�SDULWLHV�RI�SULPDU\�JURXSV�DUH�ZHLJKWHG�WKHQ��RQ�HDFK�DJJUHJDWLRQ�OHYHO�IURP�GRZQ�XS�WR�*',�OHYHO���� 6HWWOHPHQW� RI� 333�� LQ� WKH� (XURSHDQ� &RPSDUH� 3URJUDP� �(&3�� LV� D� SDUW� RI� 8QLWHG� 1DWLRQ¶V�,QWHUQDWLRQDO�&RPSDUH�3URJUDP��ZKLFK�ZDV�ODXQFKHG�LQ��������7KH�DLP�RI�WKLV�SURJUDP�LV�WR�UHDOL]H�DQ�LQWHUQDWLRQDO� FRPSDUHV� RI� *',� YROXPH� DQG� LWV� H[SHQGLWXUHV� FRPSRQHQWV�� (&3� UHSUHVHQW� D� YROXPH�FRPSDUHV� RI� *',� UHDOL]H� DIWHU� H[SHQGLWXUHV� PHWKRG�� ZLWK� WKH� LGHQWLILFDWLRQ� RI� XOWLPDWH� GHPDQG�FRPSRQHQWV���FRQVXPSWLRQ��LQYHVWPHQW��LPSRUW�DQG�H[SRUW���� ,QWHUQDWLRQDO�*',�FRPSDUH�SUHVXSSRVHV�WKH�DFKLHYHPHQW�RI�WKUHH�FRQGLWLRQV����� ��7KH�XWLOL]DWLRQ�RI�WKH�VDPH�GHILQLWLRQ�IRU�*',�� ���WKH�VDPH�FXUUHQF\�HYDOXDWLRQ�IRU�*',���� ���WKH�VDPH�SULFH�OHYHO�IRU�*',�HVWLPDWLRQ���� 7KH� FRXQWULHV�ZKLFK� DVVLVW� LQ�(XURSHDQ�*',� FRPSDUH� FDUU\� RXW� JHQHUDOO\� ILUVW� FRQGLWLRQ��7KH�RWKHU�FRQGLWLRQV�DUH�QRW�DYDLODEOH�EHFDXVH�*',�YDOXH�LV�VKRZQ�LQ�QDWLRQDO�FXUUHQF\��333�GRHV�IHDVLEO\�WKHVH�FRQGLWLRQV�DFKLHYHPHQW��� 7KH�PDLQ�H[SHQGLWXUHV�HOHPHQWV�RI�*',�DUH����� �� WKH� XOWLPDWH� FRQVXPSWLRQ� RI� KRXVH�NHHSLQJV�� RI� SXEOLF� DGPLQLVWUDWLRQV� DQG� RI� SULYDWH�DGPLQLVWUDWLRQV���������� WKH� JURVV� IRUPDWLRQ� RI� FDSLWDO� �FRQWDLQV� WKH� JURVV� IRUPDWLRQ� RI� IL[HG� FDSLWDO� DQG� VWRFNV�YDULDWLRQ���� �� LPSRUW�H[SRUW� EDODQFH� �WKH� QHW� H[SRUW��� ,Q� WKH� FDVH� RI� ILQDO� FRQVXPSWLRQ�� WKH� FODVVLILFDWLRQ�DFKLHYHG�DIWHU� DLP��)RU� WKH�JURVV� IRUPDWLRQ�RI� IL[HG�FDSLWDO�� WKH� FODVVLILFDWLRQ� LV� UHDOL]HG�E\�SURGXFW¶V�W\SH��7KH�JHQHUDO�FODVVLILFDWLRQ�VKDOO�EH�DOLNH�IRU�WKH�FRXQWULHV�RI�D�FHUWDLQ�JURXS��
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� )RU�LOOXVWUDWH�WKH�LQ�WDEOH���5RPDQLDQ¶V�*',�HOHPHQWV���7DEOH�������������������������������������������������������*',�� áSâ ��������������������������������PLO��86'�������������������������������������������������������������������������������������������������������������������8OWLPDWH�FRQVXPSWLRQ��8&�������������������������������������������������������������������������,QYHVWPHQWV��,�� ãxâ �����������������������������������������������������������������������������������������������������������������JRRGV�DQG�VHUYLFHV�H[SRUW��(���������������������������������������������������������������������*',��8&�,�(�����������������������������������������������������������������������������������������6RXUFH��51%�±�DQQXDO�UHSRUW�±����������*',�FDOFXODWHV�WR�WKH�DYHUDJH�FRXUVH�86'�±�52/������7KH�LQYHVWPHQWV�FRQWDLQLQJ��7KH�JURVV�IRUPDWLRQ�RI�IL[HG�FDSLWDO��VWRFNV�YDULDWLRQ�DQG�VWDWLVWLFDO�GLIIHUHQFH����� )RU�WKH�\HDU������ZH�FDQ�REVHUYH�D�JURZWK�RI�*',�DJDLQVW�������7KLV�IDFW�FRQILUPV�D�JURZWK�RI�5RPDQLDQV�HFRQRP\���� �������*',�ZDV�ZLWK��������ELJJHU�WKHQ�������RQ�WKH�EDFNJURXQG�RI�JRRGV�DQG�VHUYLFHV�H[SRUW�DQG�SULYDWH�LQYHVWPHQWV�GHYHORSPHQW����� *',�LQFUHDVLQJ�ZDV�LQLWLDOO\�SURJQRVHG���WR�����VXEVHTXHQWO\�UHYLVHG�WR��������DUULYHG�LQ�WKH�ODVW�WR���������WKH�KLJKHVW�UK\WKP�RI�JURZWK�UHJLVWHUHG�LQ�WKH�FDQGLGDWH�FRXQWULHV�IRU�WKH�HVSRXVDO�RI�(8���� 5HODWLRQ�*',�ZLWK�DQRWKHU�HFRQRPLF�LQGLFDWRU�SRLQWV�XV�WKH� LPSRUWDQFH�RI� LW¶V�FDOFXODWLRQ�LQ�D�XQLWDU\�ZD\��7KXV�LQ�WKH�LQWHUQDO�DQG�H[WHUQDO�SXEOLFDWLRQV�LV�VSRNHQ�RI�HTXLOLEULXP�UHODWLRQ�DPRQJ�WKH�VDYHV�XS�LQYHVWPHQW�DQG�WKH�FXUUHQW�DFFRXQWV�EDODQFH����������������������������������������������������������������������������������������������������������*',�������������������������������������������������������������������PLO��������������������PLO����&XUUHQW�DFFRXQW�EDODQFH��&$%���������������������������������������������������������*URVV�VDYHV�XS��*6 &$%�,����������������������������������������������������������������6RXUFH��15%�±�DQQXDO�UHSRUW��������� ,Q�WKLV�PRGH�ZH�FDQ�FDOFXODWH�WKH�VDYHV�XS�UDWH��65���� ��65�� �*6�*',�;� ������������������������7KH�LQYHVWPHQW�UDWH���,5�����,5�  � ,�*',� ;� ������&XUUHQW�DFFRXQW�EDODQFH�ZHLJKW�LQ�*',��&$%:����&$%:� �&$%���*',�[����������7KH� HTXLOLEULXP� UHODWLRQ�ZLOO�EHFDPH��� �&$%�*',� �*6��*',��,�*',��������&$%:� �65���,5��7KH�REWDLQHG�UHVXOWV�SRLQWV�WKDW�LQ������WKH�HTXLOLEULXP�UHODWLRQ�ZDV�UHJLVWHUHG�WKH�ORZHVW�OHYHO�RI�FXUUHQW�DFFRXQW�GHILFLWV�LQ�*',���������RI�WKH�SUHYLRXV�WZR�\HDUV��GXH�WR�SRVLWLYH�HYROXWLRQV�RI�WKH�WZR�FRPSRQHQWV��VDYHV�XS�UDWH�ZKLFK�DUULYHG�DW����������WKH�KLJKHVW�YDOXH�DIWHU�������DQG�LQYHVWPHQW�UDWH�ZKLFK�DUULYHG�DW�����LQ��������� ,QWHUQDWLRQDO� FRPSDULVRQ�RI�5RPDQLDQ�HFRQRP\�PXVW�GR�PDLQO\� LQ�ZLWK� WKH� HFRQRPLHV�RI� WKH�FRXQWULHV�IURP�WKH�&HQWUDO�DQG�(DVWHUQ�(XURSH��� ,Q�WKH�\HDU�������WKH�HFRQRPLHV�RI�WKHVH�FRXQWULHV�HYROYHG�IDYRUDEO\�LQ�FRPSDULVRQ�ZLWK�86$�DQG�(8��7KH�HFRQRPLF�G\QDPLFV�RI�WKHVH�FRXQWULHV�PDLQWDLQHG�WKH�UK\WKP�RI�JURZWK�WR�DSSUR[LPDWH����DV�DQG�LQ�WKH�\HDU�������LOOXVWUDWH�LQ�WKH�WDEOH�������
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����� ����� ����� ����� ����� ����� ����� ����� ����� �����
%XOJDULD� ���� ���� ���� ����� ����� ���� ������� ������� ����� �����
&]HFK�
5HS��

���� ���� ����� ����� ����� ����� �������� ������ ����� �����
3RODQG� ���� ���� ���� ���� ���� ���� ������ ������ ����� �����
5RPDQLD� ���� ���� ���� ����� ����� ����� ������ ������ ����� �����
6ORYDNLD� ���� ���� ���� ����� ����� ����� �������� �������� ����� �����
6ORYHQLD� ���� ���� ���� ����� ���� ���� ����� ���� ���� ����
+XQJDU\� ���� ���� ����� ���� ���� ���� ������ ������ ����� ������6RXUFH���51%�±DQQXDO�UHSRUWV�������DQQXDO�DQG�PRQWKO\�UHSRUWV�RI�WKHVH�FRXQWULHV�QDWLRQDO�EDQNV�±�������,0)�DQG�RWKHUV�SDSHUV����� )URP�DQDO\VLV� �*',� LQFUHDVLQJ� UDWHV� DUH� QRWLFHG� WKH� ORZ�SHUIRUPDQFH� RI�3RODQG� ������ �� � DQG�&]HFK�5HSXEOLF���������WKH�RWKHUV��FRXQWULHV�UHJLVWHULQJ�UDWHV�EHWZHHQ������DQG���������� &]HFK�5HS���6ORYDNLD�DQG�+XQJDU\�WULHG�WR�SDVV�WKH�HFRQRPLF�JURZWK�IURP�RQH�EDVHG�RQ�H[SRUW��WR�RQH�VWLPXODWHG�E\� LQWHUQDO�GHPDQG�� OHG� WR� WKH�JURZWK�RI�EXGJHWDU\�GHILFLWV�DQG� LQWHUQDO�XQEDODQFHV��5RPDQLD�DQG�%XOJDULD�UHJLVWHUHG�WKH�KLJKHVW�HFRQRPLF�JURZWK�UDWHV��������DQG�UHVSHFWLYH��������RQ�WKH�EDFNJURXQG�FRQVROLGDWLRQ�LQYHVWPHQWV�FRQVROLGDWLRQ��RI�UHGXFH�WKH�QHW�LPSRUWV�DQG�SULYDWH�FRQVXPSWLRQV�VWLPXODWLRQ���� 7KH� H[SRUWV� RI� WKH� FRXQWULHV� IURP� &HQWUDO� DQG� (DVWHUQ� (XURSH� LQFUHDVH� VLJQLILFDQWO\�� 7KHLU�DYHUDJH�ZDV�H[FHHGHG�WKH�ZRUOG�H[SRUWV�DYHUDJH��7KLV�GXH�WR�86'�GHSUHFLDWLRQ�FRPSDUH�WR�(XUR�DQG�RI�WKH�DGYDQWDJHV�RI�WKH�IRUFHV�RI�ODERU�FRVWV��� $QDO\]H� RI� WKH� FXUUHQW� DFFRXQWV� EDODQFH� VKRZ� WKH�GHILFLWV�RI�FXUUHQW�DFFRXQW�LQFUHDVLQJ��LQ�PDMRULW\�RI�FRXQWULHV��� :HLJKW�GHILFLWV�RI�FXUUHQW�DFFRXQW�LQ�*',�VKRZ�XV�DV�WKDW�����2QO\�+XQJDU\�LV�WKH�FRXQWU\�ZKLFK�EUHG�LQ�RUGHU�IRU�WKH\�GLPLQLVKHG�7KH�LQFRPHV�IURP�WRXULQJ��JRRG�DQG�VHUYLFHV�LPSRUWV�LQFUHDVLQJ�������������,Q�3RODQG�ZDV�KHOG�EHORZ�FKHFN�WKURXJK�SURSHU�PRQHWDU\�SROLWLFV�������������&]HFK�5HSXEOLF�DQG�6ORYDNLD�DUH�UHJLVWHUHG�HDV\�GLPLQXWLRQV�RI�GHILFLWV�ZLWK�KHOS�&RPPHUFLDO�EDODQFH�LPSURYHPHQW�����5RPDQLD�DQG�%XOJDULD�UHJLVWHUHG�WKH�ELJJHVW�GHFUHDVHV�DOH�GHILFLWV��5RPDQLD�GXH�WR�GLPLQLVK�WKH�LPSRUWV�DQG�EUHHG�WKH�FXUUHQW�WUDQVIHUV��%XOJDULD�E\�UHDVRQ�RI�GLPLQXWLRQ�FRPPHUFLDO�GHILFLWV��EUHHG�WKH�LQFRPHV�IURP�WRXULQJ�DQG�UHGXFH�WKH�LQWHUHVW�SD\V�����6ORYHQLD�ILQLVKHV�WKH�FXUUHQW�DFFRXQW�ZLWK�VXUSOXV�LQ�WKH�ODVW�WZR�\HDUV��GXH�WR�EUHHG�HOVH�TXLFN�H[SRUWV�DJDLQVW�LPSRUW���� 7KXV� DV� WKH� VL]H� GHILFLWV� ���� RU� VXUSOXV� ���� SHUPLWV� XV� WR� DVVHV� (DVWHUQ� DQG�&HQWUDO� (XURSHDQ�FRXQWULHV�LQ�KLHUDUFKLF�RUGHU��%XW�WKH�JUDYHQHVV�XQEDODQFH�FRPSDUHG�ZLWK�*',�EHHQ�EHWWHU�H[SUHVVHG�LQ�SHUFHQWV��FXUUHQW�DFFRXQWV�EDODQFH�ZHLJKW� LQ�*',�±�&&%���*',�� �� LQ� WKLV�PRGH�WKH�KLHUDUFK\�EHWZHHQ�WKHVH�FRXQWULHV�FKDQJHV��%HJLQQLQJ�ZLWK�WKH�\HDU�������FDOFXOXV�FRQFHUQLQJ�WKH�333�GLG�\HDUO\��WKLV�IDFW�SHUPLWV�XV�D�JRRG�DQDO\VLV�RI�FRXQWULHV�GHYHORSPHQW�OHYHOV���� )URP�DQDO\VLV�UHVXOWV�WKH�UROH�RI�VWDWLVWLFV�LQ�WKH�IXWXUH�GHYHORSPHQW�RI�HFRQRPLHV�DQG�LV�REYLRXV�DV�WKH�VWDWLVWLFV�LV�D�IXWXUH�VFLHQFH��7KXV�VWDWLVWLFLDQV�VKDOO�SUHSDUHG�DQVZHUV�WR�QHZ�HFRQRPLF�SUREOHPV��,QGLFDWRUV�IRU�WKH�FKDUDFWHUL]DWLRQ�RI�WKH�QHZ�VW\OH�RI��LQFUHDVLQJ�DQG�GHOLYHU�WKH�LQFRPHV��WKH�LQHTXDOLWLHV�LQ�WKH�LQFRPLQJ�OHYHO��QHZ�FRPPXQLWLHV��HWF��-XVW�DV��*ULJRUH�&��0RLVLO�VDLG��³�VWDWLVWLFV�LV�WKH�VWURQJHVW�PRGH�WR��UHVHDUFK��WKH�VRFLDO�IDFWV�´����� �� 5HIHUHQFHV������ 6WHIDQHVFX�'��'XPLWUHVFX�,�±�Ä(VWH�VWDWLVWLFD�SUHJDWLWD�D�DVSXQGH�FHULQWHORU�GDWH�DOH�QRLL�(FRQRPLL´����5HYLVWD��GH�6WDWLVWLFD����������� %DFHVFX�&DUEXQDUX�$����Ä6LVWHPXO�6WDWLVWLFLL�&RPXQLWDUH´��5HYLVWD�GH�VWDWLVWLFD����������� %DGLWD�0�����%DURQ�7��.RUND�0����±�Ä6WDWLVWLFD�SHQWUX�DIDFHUL´���(G��(ILFLHQW���%XF����������� %HJX�/�6�±�Ä�6WDWLVWLFD�,QWHUQDWLRQDOD´��(G��$OO�EHFN���%XF����������� ,YDQ�8QJXUHDQX�&��±�Ä�&RQWDELOLWDWHD�1DWLRQDOD´�±�FRQFHSWH� ��PHWRGRORJLL�VL�DSOLFDWLL� ��&DVD�GH�HG��,5(&621���%XF�������
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��� &DSDQX�,��:DJQHU�3����6HFDUHDQX�&��±�Ä�6WDWLVWLFD�PDFURHFRQRPLFD�Ä�±�HG��(FRQRPLFD���%XF����������� 3DYHOHVFX�)�0��±�Ä�3URSULHWDWL�DOH�LQGLFHOXL�)LVFKHU�´���5HYLVWD�5RPDQD�GH�6WDWLVWLFD�����������5DSRUWXO�DQXDO�%15���������
�
����.12:/('*(�$1'�0($1,1*�2)�)250$7,21��$�3266,%/(�&+5,67,$1�02'(/�2)�
,17(535(7$7,21�
$XWKRU��'LSO��(QJ���'XPLWUX�*ULJRUH�
(SDUFK\�RI�$UJHV�DQG�0XVFHO�
�

$EVWUDFW�
�

,I�WKH�PHDVXUH�RI�WKH�VFLHQFH�LQ�WKH�HQODUJHPHQW�RI�WKH�KRUL]RQ�RI�NQRZOHGJH�PDNHV�JRRG�HIIHFWV�
DQG�PD\EH�WKH�VDPH�QXPEHU�RI�GHVWUXFWLYH�HIIHFWV��WKH�PRUDO�UDWH�VHWWLQJ�RI�WKH�FRJQLWLYH�DFW��LV�LPSRVHG�
QRW�RQO\�IURP�UHOLJLRXV�SURVSHFWLYH��7KH�PHDQLQJ�RI�KXPDQ�IRUPDWLRQ�LV�IXQGDPHQWDOO\�FRQGLWLRQHG�E\�DQ�
HWKLFDO� LQYDULDQW�V\VWHP�DQG� WKH�VFLHQFHV�DUH�FDOOHG�WR�EULQJ�WKHLU�FRQWULEXWLRQ�LQ� LWV�UHDIILUPDWLRQ��$Q�
HWKLF�V\VWHP�PDUNV�RXW�WKH�NQRZOHGJH�PHDQLQJ��WKH�GHYLDWLRQV�SURGXFLQJ�WKH�SHUWXUEDWLRQ��WKH�FULVLV��WKH�
FROODSVH��

$Q�HWKLF�V\VWHP�LQ�NQRZOHGJH�NHHSV� WKH�KXPDQ�EHLQJ� LQ� WKH�QRUPDOLW\�VSDFH��7KH�UHDOW\�RI� WKH�
ZRUOG� LV� QRW� RQO\� D� VFLHQWLILF� RQH� EXW� D� UHOLJLRXV� RQH�� 7KH� ZRUOG� UHDOLW\� LV� LQWHJUDO�� 7KH� VFLHQWLILF�
NQRZOHGJH�GRHV�QRW�H[FOXGH�DQRWKHU�RUGHU�RI�UHDOLW\��EXW�SXWV�LW�LQ�HYLGHQFH��HPSKDVL]HV�LW�FRQWLQXDOO\��
7KH� UHODWLRQ� EHWZHHQ� WKH� ZRUOG� UHDOLW\� DQG� LWV� QRUPDOLW\� GHWHUPLQHV� WKH� FR�RUGLQDWHV� RI� KXPDQ�
IRUPDWLRQ���6SHDNLQJ�RI�DQ�HWKLF�RI�VFLHQFH��ZH�VSHDN�DERXW�DQ�HWKLF�RI�NQRZOHGJH��7KHUH�LV�D�SRVLWLYH��
EHQHILF� NQRZOHGJH� DQG� WKHUH� LV� DOVR� D�PDOHILF�� GHVWUXFWLYH� NQRZOHGJH�� 7KH� QRUPDOLW\� VHHPV� WR� EH� WKH�
PRVW�IDLWKIXO�ZD\�WR�IROORZ��

:KDW�ZRXOG� EH�� EXW� IRUELGGHQ� LQ� NQRZOHGJH"�'RHV� WKH� QRUPDWLYH� HWKLF� V\VWHP� WUDQVPLWWHG� E\�
UHYHODWLRQ�FRQVHUYH� WKH�EHLQJ�QRUPDOLW\"�&DQ� VFLHQFH� LJQRUH� WKH� VSLULWXDO� IXQGDPHQWDOV�RI�ZRUOG� LW� LV�
UHVHDUFKLQJ� DQG� GLVFRYHULQJ"� $W� OHDVW� RQ� WKHVH� TXHVWLRQV� LW� FDQ� EH� LQWHUGLVFLSOLQDU\� GLVFXVVHG� WKH�
NQRZOHGJH�DQG�WKH�PHDQLQJ�RI�IRUPDWLRQ�RI�KXPDQ�EHLQJ��
�

��� ,1752'8&(5(�
�'DF ��GHPHUVXO��úWLLQ HL�vQ��O UJLUHD�RUL]RQWXOXL��FXQRDúWHULL��SURGXFH���HIHFWH��EHQHILFH��úL��SRDWH��WRW��

DWkWHD��HIHFWH��GLVWUXFWLYH���QRUPDUHD��PRUDO ��D��DFWXOXL��FRJQLWLY��VH��LPSXQH��QX��GRDU��GLQ��SHUVSHFWLY �
UHOLJLRDV ��6HQVXO��GHYHQLULL��XPDQH��HVWH��vQ��PRG��IXQGDPHQWDO��FRQGL LRQDW��GH�XQ��VLVWHP��HWLF�LQYDULDQW�
úL� � vQ� � UHDILUPDUHD� � DFHVWXLD�� � VXQW� � FKHPDWH� úWLLQ HOH� V �úL� DGXF � � DSRUWXO��8Q� � VLVWHP� � HWLF� � MDORQHD] ��
vQVXúL��VHQVXO��FXQRDúWHULL��DEDWHULOH��SURGXFkQG��SHUWXUED LD���FUL]D���FRODSVXO��
8Q��VLVWHP��HWLF�vQ��FXQRDúWHUH��S VWUHD] ��ILLQ D�XPDQ ��vQ��DUHDOXO��QRUPDOLW LL��5HDOLWDWHD��OXPLL��QX��HVWH��
XQD��GRDU��úWLLQ LILF ��VDX��GRDU��UHOLJLRDV ��5HDOLWDWHD��OXPLL��HVWH��LQWHJUDO ��&XQRDúWHUHD��úWLLQ LILF ��QX��
H[FOXGH��R��DOW ��RUGLQH��D��UHDOLW LL���FL��GLPSRWULY ��R��UHOHY ���R��HYLGHQ LD] ��QHFRQWHQLW��5HOD LD���GLQWUH��
UHDOLWDWHD��OXPLL��úL��QRUPDOLWDWHD��VD���GHWHUPLQ ��FRRUGRQDWHOH��GHYHQLULL��XPDQH��9RUELQG��GHVSUH�R�HWLF ��
D��úWLLQ HL��YRUELP��GHVSUH��R��HWLF ��D��FXQRDúWHULL��([LVW �R��FXQRDúWHUH��SR]LWLY ���EHQHILF ���GXS ��FXP��
H[LVW ��úL��R��FXQRDúWHUH��PDOHILF ���GLVWUXFWLY ���1RUPDOLWDWHD��SDUH��D��IL��LQGLFDWRUXO��FHO��PDL��ILGHO��DO��
F LL��GH��XUPDW����

&H��DQXPH��DU��IL���GDU���LQWHU]LV��vQ��FXQRDúWHUH"��6LVWHPXO��HWLF��QRUPDWLY��WUDQVPLV��SULQ��UHYHOD LH��
FRQVHUY � �QRUPDOLWDWHD� � ILLQ HL"�([LVW �R�DOWHUQDWLY �YLDELO � � vQ� � WLPS� �FDUH� � V � �H[FOXG � �QRUPDOLWDWHD"��
3RDWH��LJQRUD��úWLLQ D�IXQGDPHQWHOH��VSLULWXDOH��DOH��OXPLL��SH��FDUH��R��FHUFHWHD] ��úL��R��GHVFRSHU "�&HO��
SX LQ� SH� DFHVWH� � vQWUHE UL� � VH� �SRDWH� � SUREOHPDWL]D� � LQWHUGLVFLSOLQDU� �FXQRDúWHUHD� � úL� � VHQVXO� �GHYHQLULL��
ILLQ HL� � XPDQH�� vQ� � IDSW� � XQ� � GLDORJ� � LPSOLFLW� vQWUH� � UHOLJLH� � úL� � úWLLQ �� vQ� � FRQWH[WXO� � SHUPDQHQWHORU��
WUDQVIRUP UL��SHWUHFXWH��vQ��FkPSXO��FXQRDúWHULL��vQ��FDUH��ILLQ D��XPDQ �vúL� �UHDILUP ��SHUPDQHQW��úDQVD��
OLEHUW LL��úL��D�SURJUHVXOXL���

�
��� &812$ù7(5($��

��VFXUW ��LQFXUVLXQH��vQ�WLPS����
2��VFXUW ��LQFXUVLXQH��vQ��LVWRULD�FXQRDúWHULL��QH��YD��WULPLWH��PDL��vQWkL��vQ�WLPS��SULQ��VHFROXO��DO�9,�

OHD�v�G�+���DWXQFL��FkQG��úWLLQ D���ILOR]RILD��úL��UHOLJLLOH��RFXSDX��DFHODúL��ORF��vQ��JkQGLUHD��YUHPLL��6LQJXUXO��
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VFRS��DO��F XW ULORU�HUD��DIODUHD��HVHQ HL��WXWXURU��OXFUXULORU���GHVSUH��FDUH��vQF ��GH��SH��DWXQFL��VH��LQWXLD��
F ��HVWH��DGHY UXO��DEVROXW��3H��DFHVWD��ILOR]RILL��úFROLL��GLQ��0LOHW��vO��QXPHDX��ÄSK\VLV´��DVWIHO���GLQ��DFHVW��
FXYkQW��JUHFHVF��GHULYkQG��WHUPHQXO��GH��ÄIL]LF ´��

$GHS LL� � úFROLL� � GLQ� �0LOHW� � QX� � I FHDX� � GLVWLQF LH� � vQWUH� � VSLULW� � úL� �PDWHULH��'LQ� � DFHVW� �PRWLY��
ILOR]RILD��ORU��DYHD��XQ��SURQXQ DW��FDUDFWHU��PLVWLF��8QLYHUVXO��HUD��Y ]XW��FD��XQ��LPHQV��RUJDQLVP��DQLPDW��
GH��UHVSLUD LD��FRVPLF ���WRDWH��OXFUXULOH��ILLQG��vQGXPQH]HLWH��OD��$QD[LPDQGUX��úL��7KDOHV���

+HUDFOLW��GLQ��(IHV��FUHGHD��vQWU�R��VFKLPEDUH��SHUSHWX ��D��OXPLL��ÄGHYHQLUHD´��HWHUQ ����(O�DGPLWH��
DVHPHQHD� �PLVWLFLORU� � RULHQWDOL� � F � � WRDWH� � VFKLPE ULOH� � vúL� � DX� � L]YRUXO� � vQWU�XQ� � GLQDPLVP� � FLFOLF� � DO��
FRQWUDULLORU��FDUH��IRUPHD] ��R��XQLWDWH���úL��DFHDVW ��XQLWDWH��WUDQVFHQGHQW ��D��OXFUXULORU��HO��R��QXPHúWH��
ORJRV��

3ULPD��VFLQGDUH��VXUYLQH��vQ��JkQGLUHD��úFROLL��HOHDWH��FDUH��IL[HD] ��XQ��3ULQFLSLX��'LYLQ��GHDVXSUD��
WXWXURU��]HLORU��úL��RDPHQLORU���SULQFLSLX��OXDW��FD��]HLWDWH��GHILQLW ��úL��LQWHOLJHQW ��FDUH��FRQGXFH��OXPHD��
$SDU��DVWIHO��]RULL��GLKRWRPLHL��FDUDFWHULVWLFH��JkQGLULL��RFFLGHQWDOH�±�VHSDUDUHD��VSLULWXOXL��GH��PDWHULH��

3DUPHQLGH��LQWURGXFH��SULQFLSLXO��FRQIRUP��F UXLD��)LLQ D��HVWH��XQLF ��úL��LQGLYL]LELO ���RSXQkQGX�L�
VH��DVWIHO��OXL��+HUDFOLW��'XS ��3DUPHQLGH���WRDWH��VFKLPE ULOH��VXQW��LOX]LL��GDWRUDWH��VLP XULORU���6XEVWDQ D��
HVWH��LQGHVWUXFWLELO ��FRQGHQVDW ��vQ��IRUPH��FX��SURSULHW L��GLIHULWH��úL��DFHVW��FRQFHSW��VH��YD��UHJ VL��OD��
ED]D��JkQGLULL��RFFLGHQWDOH��

)LLQ D� � XQLF � � úL� � LQGLYL]LELO � �OD� � 3DUPHQLGH�� � úL� �(WHUQD� �'HYHQLUH� �OD� �+HUDFOLW�� � DX� � UHXúLW� � R��
FRQFLOLHUH� � SULQ� � VHFROXO� �9� � v�G�+�� OD� � ILOR]RILL� � JUHFL�� � 6�D� � DMXQV� � OD� � FRQFHSWXO� � GH� � DWRP� ±� XQLWDWH��
LQGLYL]LELO � � D� � PDWHULHL�� � DGPL kQGX�VH� � F � Ä)LLQ D´� VH� � PDQLIHVW � � vQ� � IRUPH� � LPXDELOH� � DOH� � F URU��
FRPELQD LH��úL��VHSDUDUH��JHQHUHD] ��WUDQVIRUPDUHD��

'H��DLFL���vQ��VHFROHOH��XUP WRDUH��V�DX��IL[DW��úL��PDL��PXOW��HOHPHQWHOH��HVHQ LDOH��D]L��vQ��JkQGLUHD��
RFFLGHQWDO �±�GLKRWRPLD��VSLULW�PDWHULH���FRUS�VXIOHW��

$ULVWRWHO��HVWH��FHO��FDUH��FUHHD] ��VLVWHPXO��FH��FRQVWLWXLH�FDGUXO��FRQFHS LHL��RFFLGHQWDOH��DVXSUD��
OXPLL��SkQ ��vQ��]LOHOH��QRDVWUH���ÌQF ��GH��DWXQFL��vQV ���ILOR]RILD��OXL��FRQVLGHUD��F ��SUREOHPD��VSLULWXOXL��úL��
FRQWHPSODUHD��SHUIHF LXQLL��GLYLQH��VXQW��PXOW��PDL��LPSRUWDQWH��GHFkW��LQYHVWLJDUHD��OXPLL��PDWHULDOH��

'H�D��OXQJXO��(YXOXL��0HGLX��FRQFHS LD��DULVWRWHOLDQ ��D��IRVW��VSULMLQLW ��GH��%LVHULFD��&UHúWLQ ���vQV ��
vQ��HSRFD��UHQDúWHULL��VH��SURGXFH��SULPD��GHVSULQGHUH��GLQ��FDGUXO��ILORVRILFR�WHRORJLF��vQ��JkQGLUH���DVWIHO��
LGHLOH��VSHFXODWLYH��GHVSUH��QDWXU ��vQFHS��V �úL��J VHDVF ��YHULILFDUHD��vQ��H[SHULHQ ��

6H� �QDúWH� �DVWIHO� �úWLLQ D� �SULQ� � vPELQDUHD� �H[SHULPHQWXOXL� �FX� �DSDUDWXO�PDWHPDWLF��SXU� � WHRUHWLF���
SXQkQGX�VH��OD��SXQFW��WHRULL��úWLLQ LILFH��ULJXURDVH��

3UHFHGkQG��QDúWHUHD��úWLLQ HL��PRGHUQH��úL��FKLDU��vQVR LQG�R���JkQGLUHD��ILOR]RILF ��IRUPXOHD] ��XQ��
GXDOLVP� � H[WUHP� � VSLULW�PDWHULH�� � 3ULQ� � VHFROXO� � DO�;9,,�� OHD�� �'HVFDUWHV� � SURGXFH� � XQ� � FRQFHSW� � FDUH��
GLYL]HD] ��OXPHD��vQ��VSLULW��úL��PDWHULH��SHUPL kQG��RDPHQLORU��GH��úWLLQ ��V ��WUDWH]H�PDWHULD��FD��ILLQG��
ÄPRDUW ´���OXPHD��ILLQG��XQ��DQVDPEOX��XULDú��DOF WXLW��GLQ��PLFL��S UWLFHOH��GLIHULWH��QHFHVDUH��vQWUHJXOXL��

'DF ��úWLLQ D��PRGHUQ ��VH� �QDúWH��FX��*DOLOHR� �*DOLOHL�� �HD� �J VHúWH� �OD� �1HZWRQ� �VXV LQ WRUXO� �úL��
IRQGDWRUXO� � FRQFHS LHL� �PHFDQLFLVWH�±� IXQGDPHQW� � DO� � IL]LFLL� � FODVLFH� ±�PRGHO� � FDUH� �GRPLQ � � JkQGLUHD��
úWLLQ LILF ��SkQ ��vQ��SUDJXO��VHFROXOXL��;;��

,PDJLQHD��OXL��'XPQH]HX��U PkQHD��vQ��FRQWLQXDUH��QHDOWHUDW ���/HJLOH��QDWXULL��HUDX��DFFHSWDWH��FD��
OHJL��DOH��OXL��'XPQH]HX���HWHUQH��/RU���OXPHD��OL��VH��VXSXQH��

'H��OD��'HVFDUWHV���JkQGLUHD��RFFLGHQWDO ��LGHQWLILF ��ILLQ D��FX��UD LXQHD���GDU��DFHDVWD��D��GXV��OD��
VHSDUDUHD��VSLULWXOXL��GH��FRUS���SULPXO��FRQWUROkQGX�O��SH��FHO��GH�DO��GRLOHD���UH]XOWkQG�GH��DLFL��XQ��FRQIOLFW��
DSDUHQW�vQWUH��YRLQ ��úL��LQVWLQFW��)UDJPHQWDUHD��LQWHULRDU ��GHWHUPLQ ��QHIDVW��R��YL]LXQH��DVXSUD��OXPLL��
ÄH[WHULRDUH´��FD��R��PXOWLWXGLQH��GH��RELHFWH��úL� �IHQRPHQH��VHSDUDWH�� �$VWIHO��QRL� �DP��IL� �DOF WXL L� �GLQ��
IUDF LXQL���PHGLXO��vQFRQMXU WRU���VRFLHWDWHD���ILLQG��LQGHSHQGHQWH���$FHDVWD��D��GXV��OD��vQ HOHJHUHD��JUHúLW ��
D��OXPLL���OD��QHSDUWLFLSDUH��SULQ��vQ HOHJHUH��OD��DUPRQLD��vQWUHJLL��FUHD LL��

6�D� � DVRFLDW� � GH�D� � OXQJXO� � WLPSXOXL�� � FXQRDúWHULL� � UD LRQDOH�±� úWLLQ D� � úL� � FXQRDúWHULL� � LQWXLWLYH� ±�
UHOLJLD�� � DFHVWH� � GRX � � IRUPH� � GH� � FXQRDúWHUH� � ILLQG� � FDUDFWHULVWLFH� � PHQWDOXOXL� � XPDQ�� &XQRDúWHUHD��
UD LRQDO ��R��YRP��SXQH��vQ��OHJ WXU ��FX��H[SHULHQ D���FX��SHUFHS LD��RELHFWHORU���IHQRPHQHORU��SULQ��FHOH��
FLQFL��RUJDQH��GH��VLP ��FX��FDUH��DP��IRVW��vQ]HVWUD L��$VWIHO��DFWXO��GH��FXQRDúWHUH��UD LRQDO ��VH��GHVI úRDU ��
vQWU�R� � ]RQ � � D� � LQWHOHFWXOXL� � FDUH� � RSHUHD] � � vQ� � DFHVW� � VHQV� � FX� GLYL]DUHD�� FRPSDUDUHD�� HYDOXDUHD� úL��
FODVLILFDUHD��

&XQRDúWHUHD��UD LRQDO �DEVWUDFWL]HD] ��$EVWUDFWL]DUHD��SUHVXSXQH��VHOHF LD��GRDU��D��XQRU��SURSULHW L��
VHPQLILFDWLYH� � GLQWU�XQ� � DQVDPEOX� � GH� � VWUXFWXUL� � VDX� � IHQRPHQH�� � SULQ� � FRPSDUDUH� � úL� � FODVLILFDUH���
$EVWUDFWL]kQG� � vQV �� � GLPLQX P� � HQRUP� � vQ HOHVXO� � UHDOLW LL�� � DFHDVWD� � QHvPSLHGLFkQGX�QH� � FD� � SULQ��
DOF WXLUHD��XQRU��VLVWHPH��GH��FRQFHSWH��DEVWUDFWH���XQRU��PRGHOH���V ��QH��SXWHP��FRPXQLFD��XQLL���DOWRUD��
H[SHULHQ HOH���JkQGXULOH��
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5HSUH]HQWDUHD� �DSUR[LPDWLY � �D� � UHDOLW LL� �SULQ� � VLVWHPXO� �QRVWUX� �DEVWUDFW� �GH� �JkQGLUH� � IDFH� �FD��
DFHVW��JHQ��GH��FXQRDúWHUH��V ��ILH��OLPLWDW���ÌQV ���SHQWUX��F ��QH��HVWH��PXOW��PDL��XúRU��V ��FXSULQGHP��FX��
PLQWHD� � UHSUH]HQWDUHD� � UHDOLW LL� � GHFkW� � UHDOLWDWHD� � vQV úL�� � DSURDSH� � vQ� � PRG� � ILUHVF� � WLQGHP� � V � � OH��
FRQIXQG P��SH��DFHVWHD��GRX ���FRQIXQGkQG��VLPEROXULOH��QRDVWUH��FX��UHDOLWDWHD��

([SHULHQ D��OD��DOW ��VFDU ��GH��vQ HOHJHUH��D��I FXW��vQV ��FD��UHDOLWDWHD��V ��ILH��FXQRVFXW ��SULQWU�R��
WUDQVFHQGHUH� � DWkW� � D� LQWHOHFWXOXL� � FkW� � úL� � D� � SHUFHS LHL� � VHQ]RULDOH�� � (D� � D� � IRVW� � QXPLW � � FXQRDúWHUH��
DEVROXW ���SHQWUX��F ��QX��DUH��OD��ED] ��GLVFULPLQ UL���DEVWUDF LL���FODVLILF UL��UHODWLYH��úL��DSUR[LPDWLYH���2��
H[SHULHQ � � vQ� � vQWUHJLPH� � QRQ�LQWHOHFWXDO �� � H[SHULHQ � � FDUH� � VH� � QDúWH� � GLQWU�R� � VWDUH� � GHRVHELW � � D��
FRQúWLLQ HL���QXPLW ��VWDUH��GH��PHGLWD LH��VDX��VWDUH��PLVWLF ����

$VRFLLQG� � DFHVW� � IHO� � GH� � FXQRDúWHUH�� FXQRDúWHULL� � GH� � 'XPQH]HX�� � YRP� � FRQVWDWD� � GLIHUHQ H��
FDWHJRULFH� � vQWUH� � H[SHULHQ D� � WHRORJLF � � FUHúWLQ � � úL� � FHD� � PLVWLF � � RULHQWDO �� 'DF � � vQ� � GRFWULQHOH��
VSLULWXDOLVWH� � RULHQWDOH� � GHV YkUúLUHD� � SULQ� � FXQRDúWHUH� � DEVROXW � � úL� � XQLUHD� � FX� � 'XPQH]HX� � LPSOLF ��
HOLEHUDUHD� � RPXOXL� � GH� � SURSULD� � QDWXU �� � SULQ� � DEDQGRQDUHD� � QDWXULL� � FD� � DWDUH�� � WHRORJLD� � GRJPDWLF ��
RUWRGR[ ��DUH��vQ��YHGHUH��WUDQVILJXUDUHD��vQV úL��D��QDWXULL��vQ��+ULVWRV�±�'XPQH]HX��SULQ��'XKXO��6IkQW��
'HFL�� � R� � FXQRDúWHUH� FH� � GHS úHúWH� � úL� � VLP LULOH� � úL� � UD LXQHD�� � FXQRDúWHUH� � FH� � QX� � SXUFHGH� � QLFL� � GLQ��
UHDOLWDWHD��VHQVLELO ���QLFL��GLQ��DUJXPHQWH��RPHQHúWL���ILLQG��vQWHPHLDW �SH��&XYkQWXO��UHYHODW���'H��DFHHD��
'LRQLVLH��$UHRSDJLWXO��VSXQH��F �ÄPRGDOLWDWHD��GH��D�/��FXQRDúWH��SH��'XPQH]HX��FHD��PDL��GHPQ ��GH��(O��
HVWH��FXQRDúWHUHD��vQ��IHOXO��QHFXQRDúWHULL���vQWU�R��XQLUH��PDL��SUHVXV��GH��vQ HOHJHUH´�vQ��DFFHS LXQHD��VD��
DGHY UDWD� � WHRORJLH� � DSRIDWLF � � LGHQWLILFkQGX�VH� � FX� � XQLXQHD� � PLVWLF �� � FX� � S WUXQGHUHD� � RPXOXL� � GH��
HQHUJLLOH��GXPQH]HLHúWL��FDUH��vO��WUDQVILJXUHD] ��

,DW � � GH� � FH� � FXQRDúWHUHD� vQ� �'XK� � vQVHDPQ �PXOW�PDL�PXOW��'DF � UD LXQHD�QX�DU� IL� VSULMLQLW � GH�
OXFUDUHD�'XKXOXL�6IkQW��SRDUWD�VSUH�$GHY U�DU�U PkQH�vQFKLV ��1X��H[LVW ��HYROX LH��VSLULWXDO ��vQ��DIDUD��
FDGUXOXL��VXEVWDQ LDO�±HQHUJHWLF��GXS ��FXP��QLFL��FHUFHWDUH��úWLLQ LILF ��vQ��OLSVD��PHFDQLVPHORU��SVLKLFH��
SULQ��FDUH��VXQW��SRVLELOH���LQWXL LD���REVHUYD LD��úL��H[SHULPHQWXO���PHFDQLVPH��SH��FDUH��vQVXúL��VSLULWXO�OH��
SURGXFH��úL� � OH� �SHUIHF LRQHD] �� �ùWLLQ D�DU�WUHEXL�VD�GHD�UD LXQLL�FHHD�FH�vQ�WHRORJLH�VH�QXPHúWH�F OGXUD�
GUDJRVWHL� úL� OXPLQD� FUHGLQ HL�� 3H� WHPHLXO� DFHVWD� FO GHúWH� %LVHULFD� vQY WXULOH� VDOH� FDUH� VH� DGUHVHD] �
RPXOXL��GkQGX�L�DFHVWXLD�Q GHMGHD�F �SULQ�LXELUH�úL�FUHGLQ �VH�SRDWH�vQDLQWD�OD�LQILQLW�vQ�FXQRDúWHUHD�OXL�
'XPQH]HX�úL�D�FUHD LHL�6DOH��ÌQ�OXPLQD�DFHVWXL�DGHY U��úWLLQ D�GHYLQH�R�WUHDSW �LPSRUWDQW �D�FXQRDúWHULL��
FDUH� vO� SRDWH� DGXFH� SH� RPXO� YHúQLF� F XW WRU� vQ� DSURSLHUHD� DGHY UDWHORU� U VSXQVXUL�� 'LQ� DFHVW� SXQFW��
PLQWHD�RPHQHDVF �WUHEXLH�V �úL�UHFXQRDVF �QHSXWLQ D�úL�V �VH�ODVH�F O X]LW �GH�OXFUDUHD�KDUXOXL��&HUFHWkQG�
DP QXQ LW�WDLQHOH�YLH LL��RPXO�GH�úWLLQ �J VHúWH�DFHODúL�U VSXQV�SH�FDUH�FUHGLQFLRVXO�VLPSOX�vO�úWLH�GH�OD�
EXQ�vQFHSXW��H[LVW �'XPQH]HX��

'DF �OD�WHPHOLD�úWLLQ HL�HVWH�DúH]DW �DVSLUD LD�XPDQLW LL�VSUH�D�VH�GHVFRSHUL�SH�VLQH�úL�PDWHULDOLWDWHD�
vQ�FDUH�VH�PDQLIHVW ��WDLQHOH�DGHY UDWHL�FXQRDúWHUL�GHVSUH�OXPH�VXQW�UHYHODWH�vQ�UHIHUDWXO�6ILQWHL�6FULSWXUL��
�=LXD�]LOHL�VSXQH�FXYkQW�VL�QRDSWHD�QRS LL�YHVWHúWH�úWLLQ ���3V����������

1RL� � FUHúWLQLL� � FUHGHP� � F � WRDWH� vQVXúLULOH� VSLULWXOXL� RPHQHVF�� FH� VH� SRW� PDQLIHVWD� vQ� GRPHQLXO�
úWLLQ LILF��WRDWH�IDFXOW LOH�XPDQH�FUHDWRDUH�GH�FXOWXU �VXQW�LQVSLUDWH�úL�F O X]LWH�GH�SXWHUHD�SURQLDWRDUH�
D�OXL�'XPQH]HX��1RL��FUHGHP��F ��RPXO��DUH��PHQLUHD��GH�D�IL�FRODERUDWRUXO�VL�FRQWLQXDWRUXO�FUHD LHL��
VXEOLPkQG�QDWXUD�FH�L�D�IRVW�vQFUHGLQ DW ���'H��DFHHD���P VXUD�vQ�FDUH�RPXO�YD�vQ HOHJH�V �FRODERUH]H�
OD�FUHD LH���YD��GD��VHQV��úL�ILQDOLWDWH�RSHUHL�VDOH���
'RDU��DúD��SXWHP��vQ HOHJH��GH��FH���vQF �GLQ��SULPHOH��YHDFXUL��FUHúWLQH���%LVHULFD��V�D��PDQLIHVWDW��FD��
XQ� DúH] PkQW� FRVPLF�� VSLULWXDO�� GH� SLHWDWH� úL� FXOWXU ��'RDU� � DúD� � QH� � H[SOLF P� � GH� � FH� SH� ]LGXULOH�
DOWDUHORU�QRDVWUH�VXQW�XQHRUL�]XJU YL L��+RPHU��3LWDJRUD��6RFUDWH��3OXWDUK��3ODWRQ��$ULVWRWHO��)LORQ�VDX�
6RIRFOH��3UH]HQ D�DFHVWRU�vQ HOHS L�DL�OXPLL�YHFKL�vQ�SLFWXUD�VDFU �D�%LVHULFLL�QRDVWUH�QX�HVWH�R�GRYDG �
GH� LJQRUDQ �� FL� DUDW � OLPSHGH� F � OXPHD� YHFKH� SUHFUHúWLQ � SDUWLFLSD� OD� Q GHMGHD� vQ� YHQLUHD�
0kQWXLWRUXOXL��ÌQ�FXOWXUD�DQWLF ��vQGHRVHEL�vQ�OLWHUDWXU �úL�ILOR]RILH��J VLP�PXOWH�LGHL�PRUDOH�FDUH�VH�
DSURSULH�VHQVLELO�GH�vQY WXUD�FUHúWLQ ��$VWIHO��&OHPHQW�$OH[DQGULQXO�vQFHUFkQG�R�VDYDQW �DVLPLODUH�D�
FXOWXULL� SURIDQH� vQ� FUHúWLQLVP�� GHFODU � F � ILOR]RILD� JUHDF � MRDF � SHQWUX� DQWLFKLWDWH� UROXO� 9HFKLXOXL�
7HVWDPHQW��GH��F O X] �F WUH�+ULVWRV���)HULFLWXO�$XJXVWLQ��GHVOXúHúWH�vQ�ILOR]RILD�OXL�3ODWRQ�LGHHD�GH�
7UHLPH��(XVHELX�GH�&H]DUHHD�GHVFRSHU �OD�3ODWRQ�HOHPHQWH�DOH�GRFWULQHL�FUHúWLQH��-XVWLQ�0DUWLUXO�VL�
)LORVRIXO�FRQVLGHU �F �/RJRVXO���)LXO�OXL�'XPQH]HX���6�D�UHYHODW�vQ�PRG�SDU LDO�úL�ILORVRILORU�S JkQL��
FD� R� OXPLQ � DúH]DW � vQ� UD LXQHD� ILORVRILF �� � ÌQ� VIkUúLW�� 6IkQWXO�9DVLOH� FHO�0DUH�� vQ� GLVFXUVXO� GHVSUH�
HGXFD LD�WLQHULORU��VSXQH�F �RULFH�OXPLQ �QDWXUDO �D�VSLULWXOXL�RPHQHVF�FDUH�FRQILUP �DGHY UXO��ELQHOH�
VL�IUXPRVXO���UHYHODWH�GH�%LVHULF ���SRDWH�IL�VRFRWLW �FD�R�OXPLQ �G UXLW �GH�'XPQH]HX�VSUH�D�OXFUD�
DVXSUD�I SWXULL�6DOH���
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(VWH��GUHSW���XQHRUL�GLQ�JULMD�SUHD�PDUH�GH�D�QX�SXQH�vQ�SHULFRO�SXULWDWHD�FUHGLQ HL��DX�DS UXW�vQ�OXPH�
XQHOH�FXUHQWH�UHOLJLRDVH�FDUH�QHJDX�FXOWXUD�SURIDQ ��6�D�VSXV�FKLDU�F ��ILOR]RILD�QX�HVWH�LQGLVSHQVDELO �
úL�F �XQ�FUHúWLQ��úL�I U �ILOR]RILH��úWLH�F �'XPQH]HX�HVWH�&UHDWRUXO�OXPLL��'DU�6ILQ LL�3 ULQ L�SUHFXP�
*ULJRULH�GH�1D]LDQ]��*ULJRULH�GH�1\VVD��*ULJRULH�3DODPD��0D[LP�0 UWXULVLWRUXO�úL�,RDQ�'DPDVFKLQ�
DX� SXV� vQ� YDORDUH� DWkW� vQ� ODWXUD� JkQGLULL�PLVWLFH�� FkW� úL� vQ� FHD�D� IRUPXO ULORU� GRJPDWLFH� �� LQIOXHQ D�
FXOWXULL�ILOR]RILFH��ÌQV úL�LGHHD�F �úWLLQ HOH�SURIDQH�VXQW�DX[LOLDUHOH�QHFHVDUH�7HRORJLHL�HUD�vPEU LúDW �
GH�úFROLOH�FDWHKHWLFH�DQWLRKLHQH�úL�DOH[DQGULQH��ÌQ��+H[DLPHURQ���6IkQWXO�9DVLOH�FHO�0DUH�IDFH�DSHO�OD�
úWLLQ HOH�QDWXUDOH��OD�FRVPRORJLH��OD�DQWURSRORJLH�úL�OD�JkQGLUHD�DULVWRWHOLF ��6IDQWXO�,RDQ�'DPDVFKLQ��
vQ� FDSLWROHOH� FRVPRORJLFH� úL� DQWURSRORJLFH� GLQ� �'RJPDWLFD�� VD�� XWLOL]HD] � WRDWH� GDWHOH� úWLLQ HORU�
SURIDQH�DOH� WLPSXOXL��GH� OD�SVLKRORJLH�úL�PHGLFLQ ��SkQ � OD�JHRJUDILH� úL�DVWURQRPLH��([HPSOHOH�SRW�
FRQWLQXD��
(VWH��ELQH��V ��SUHFL] P��vQV ��F ��QLFLRGDW �3 ULQ LL��%LVHULFLL��Q�DX��FRQIXQGDW��úWLLQ D��FX��FUHGLQ D��úL��
QLFL��Q�DX��VXEVWLWXLW��5HYHOD LHL��GLYLQH��ELEOLFH��ILOR]RILD��DQWLF ��VDX��úWLLQ HOH��SURIDQH��DOH��WLPSXOXL��
ORU��(L� �úWLDX� �F � �³UD LRQDOL]DUHD� �H[FHVLY � �D� �PLVWHUXOXL� �H[LVWHQ HL� �GXFH� �OD�UHGXF LRQLVPXO� �FDUH�
vPSLHGLF ��DGHY UDWD��FXQRDúWHUH�´ á �����
'DF � � 3 ULQ LL� � %LVHULFLL�� � J VHVF� � vQ� � YUHPHD� � ORU� � PDQLHUD� � GH� � D� � LQWHUDF LRQD� � FRQVWUXFWLY� � úL��
SURJUHVLVW�FX��úWLLQ HOH��SURIDQH��YRP��vQWkOQL��vQV ��GH��OD��'HVFDUWHV��SkQ ��vQ��WLPSXULOH��PRGHUQH��
SUHRFXSDUHD� �PXOWRU� VDYDQ L� úL� JkQGLWRUL� GH� � D�O� � GHILQL� � SH� �'XPQH]HX�� � GH� � D�O� SRVWXOD�� � GH� � D�L��
GHPRQVWUD�vQWU�XQ��IHO��VDX��DOWXO��H[LVWHQ D����
'HVFDUWHV��������������GH��SLOG ���DVHP QkQGX�VH��FD��PHWRG ��OXL��1LFRODXV��&XVDQXV���FX��SULYLUH��OD��
PHWDIRUD�SHUIHF LXQLL��FRUHOHD] ��H[LVWHQ D��FD��SHUIHF LXQH��FX��H[LVWHQ D��OXL��'XPQH]HX��'XPQH]HX��
H[LVW ��GHRDUHFH��H[LVWHQ D��HVWH��R��SHUIHF LXQH��ùL��FXP��SHUIHF LXQHD��SRDWH��GHFXUJH��QXPDL��GLQWU�R��
ILLQ ��LQILQLW ���'XPQH]HX��HVWH��LQILQLW ã ���
6SLQR]D��������������XUPkQG��PRGHOXO��GH��JkQGLUH��DO��JHRPHWULHL��OXL��(XFOLG�DILUP ��F ��'XPQH]HX��
HVWH��VLQJXUD��VXEVWDQ ���VLQJXUD��ILLQ ���FX��LQILQLW��GH��PXOWH��DWULEXWH���GLQ��FDUH��QRL��FXQRDúWHP��
GRDU��H[WHQVLD��úL��JkQGLUHD��(VWH��GHVLJXU��FHD��PDL��ULJXURDV ��IRUP ��GH��SDQWHLVP ä ���
1HZWRQ� ������������ vO� � YD� � UHSUH]HQWD� � SH� � 'XPQH]HX� � FX� � DMXWRUXO� � PHWDIRUHL� � PHFDQLFLL��
GHWHUPLQLVWH��/HLEQLW]�������������YD�FUHGH��F ��H[LVWHQ D��OXL��'XPQH]HX��GHFXUJH��GLQ��SRVLELOLWDWHD��
VD å ��
.DQW� YD� � VXV LQH� � F � ³UD LXQHD� � SUDFWLF ´� � QH� � REOLJ � � V � � SRVWXO P� � DWkW� � SH� �'XPQH]HX� � FkW� � úL��
LPRUWDOLWDWHD�� +HJHO� YD� � VSXQH� � F � � 'XPQH]HX� � HVWH� � 6SLULWXO� � $EVROXW�� (LQVWHLQ� � YD� � FUHGH� � F ��
'XPQH]HX��HVWH��UHYHODW��vQ��OHJLOH��QDWXULL��úL��vQ��FRHUHQ D��ORU� æ ���,QWHUHVDQW��GH��Y ]XW��F ��H[DFW�vQ��
DFHVW��IHO��GDU��FX��SDLVSUH]HFH��VHFROH��PDL��GHYUHPH��vúL�SURSRY GXLD��0D[LP�0DUWXULVLWRUXO������
������vQY WXUD��VD���
([HPSOHOH��YRU��FRQWLQXD�úL�SHQWUX��WLPSXUL��PDL��UHFHQWH��FkQG��2GLIUHGGL��������YD��OHJD��H[LVWHQ D��
OXL��'XPQH]HX��GH��XOWLPHOH��GHVFRSHULUL��GLQ��ORJLF ��úL��GLQ��LQIRUPDWLFD��WHRUHWLF ���WLPS��vQ��FDUH��DO L��
DXWRUL��IDF��UHIHULUL��OD��IL]LFD��FXDQWLF ���ELRORJLH���FRVPRORJLH��úL��ILOR]RILH��'H��SLOG ��)ULMRI��&DSUD��
DUPRQL]HD] � �PLVWLFD� RULHQWDO � FX� QRXD� IL]LF �� �%HUQDUG� � G¶(VSDJQDW� � vO� � YHGH� �SH� �'XPQH]HX� � vQ��
VSDWHOH��LQWHOLJLELOLW LL��WRWDOH�D�OXPLL��-HDQ��.RYDOHYVNL��DGXFH��DUJXPHQWH��F ��UHYHOD LD��HVWH���SHQWUX��
UHOLJLH� � FHHD� � FH� � VXQW� � PRGHOHOH� � FRJQLWLYH� � SHQWUX� � úWLLQ �� � 7KLHUU\� � 0DJQLQ�� DF LRQkQG� � SULQ��
LQWHUPHGLXO� � ORJLFLL� � OXL� � /XSDúFX� � D� � WHU XOXL� � LQFOXV� � úL� � DO� � WUDQVGLVFLSOLQDULW LL� � OXL� � %DVDUDE��
1LFROHVFX� �������� � ³UDSRUWHD] � � SHUHFKHD� �,LVXV�'XPQH]HX�� ,LVXV�ILLQ � XPDQ �� OD� � PHWDIRUD��
FRPSOHPHQWDULW LL��FXDQWLFH³ ç ��-HDQ��)UDQFRLV��/DPEHUW��vO��UDSRUWHD] ��SH��'XPQH]HX��OD��IHQRPHQXO��
LQFRPSOHWXOXL��'DYLG��%RKP��vO�SULYHVWH��SH��'XPQH]HX��SULQ��PHWDIRUD��KRORJUDPHL���HWF��$U��PDL��IL��
GH��DG XJDW�DLFL��DERUGDUHD��H[WUHP �D��SUREOHPHL��SULQ��SULVPD�PHWDIRUHL��DXWRRUJDQL] ULL��SH��FDUH��R��
IDF�DXWRUL� � LPSRUWDQ L� �FXP��DU� � IL� ,O\D� �3ULJRJLQH� �VDX� �)UDQFLVFR� �9DUHOOD�� �SHQWUX� �HL� �'XPQH]HX��
ILLQG��LGHQWLF��FX��FUHD LD��VD���
) U ��D��FRPHQWD�DFXP��SDQWHLVPXO��OXL��6SLQR]D���QHRSDQWHLVPXO��OXL��3ULJRJLQH��VDX��&DSUD��YL]LXQHD�

KROLVW � � D� OXL� � %RKP� � FDUH� � DSHOHD] � � IUHFYHQW� � OD� � GLYHUúL� � WHUPHQL� � QHZ�DJH�� WUHEXLH� � UHPDUFDW ��
SUHRFXSDUHD��OD��VFDU �LVWRULF ��DWkW��D��WHRORJLORU��FkW��úL��D�RDPHQLORU��GH��úWLLQ ��SHQWUX��UHDOL]DUHD��XQHL���
LQHGLWH��vQWkOQLUL��vQ��FXQRDúWHUH��
�
�
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��� 3RVLELOH��GLUHF LL��SHQWUX��XQ��GLDORJ��SRVLELO�
D���6HPQLILFD LD��úL��VFRSXO��XQLYHUVXOXL è2�SULP ��LQL LDWLY �vQ�DQJDMDUHD��XQXL��GLDORJ��XWLO��SRDWH��IDFH��FD��SH��ED]D��FHUFHW ULL��úL��DQDOL]HL��

úWLLQ LILFH��DVXSUD��VWUXFWXULL��XQLYHUVXOXL��SH��GH��R��SDUWH��úL��SULQ��FUHGLQ �SH��GH��DOW ��SDUWH���vQ��OXPLQD��
5HYHOD LHL��GLYLQH��V ��GLVFHUQHP��VFRSXO��XOWLP��DO��V X��6 ��vQ HOHJHP��GH��SLOG ���FXP��SULQ��FRPELQD LD�
HOHPHQWHORU��VWUXFWXUDOH��GH��ED] ��DOH��XQLYHUVXOXL���OXDW ��FD��OLPEDM�LQIRUPD LRQDO��PXOWLSOX��QRQ�YHUEDO���
&UHDWRUXO��vQVXúL��FRPXQLF ��VHQVXUL��úL��LQWHQ LL��FUHD LHL��VDOH���GH]Y OXLQGX�VH��FD��,QWHOLJHQ ��FUHDWRDUH��
WUDQVFHQGHQW é �� ÌQ� � DFHVW� � IHO� � DWkW� � úWLLQ D� � FkW� � úL� � UHOLJLD� � SRW� � U PkQH� � ILHFDUH� � vQ� � DUHDOXO� � V X� � GH��
GH]EDWHUH�� �FX� �PHWRGHOH� �úL� � LQVWUXPHQWHOH� �GH� � OXFUX� � VSHFLILFH��) U � �GHS úLUHD� �FRPSHWHQ HORU�� � IDSW��
FDUH���GXS ��FXP�DUDW ��(LQVWHLQ��DU�GHVFULH��UDSRUWXO��úWLLQ ���UHOLJLH���vQ��WHUPHQLL��XQXL��FRQIOLFW��I U ��
VROX LH��$VWIHO�GXS �RSLQLD� � OXL��ÄùWLLQ D� �HVWH� � VWU GDQLD� � VHFXODU � �GH� �D� �DGXQD� � ODRODOW �� �FX� �DMXWRUXO��
JkQGLULL��VLVWHPDWLFH���IHQRPHQHOH��SHUFHSWLELOH��DOH��DFHVWHL��OXPL��vQWU�R��FRUHOD LH��FkW��PDL��GHSOLQ «��
UHOLJLD��HVWH��VWU GDQLD��GH��YHDFXUL��D��RPHQLULL��GH��D��GHYHQL��FODU��úL��GHSOLQ��FRQúWLHQW ��GH��DFHVWH��YDORUL��
úL��VFRSXUL��VXSUDSHUVRQDOH���VL��GH��D��vQW UL��úL��O UJL��vQ��PRG��FRQVWDQW��HIHFWHOH��ORU«�XQ��FRQIOLFW��vQWUH��
HOH��QH��DSDUH��LPSRVLELO���& FL��úWLLQ D��QX��SRDWH��GHFkW��V ��VWDELOHDVF ��FH��HVWH���QX��úL��FHHD��FH��WUHEXLH��
V ��ILH«5HOLJLD���SH��GH��DOW ��SDUWH���DUH��GH�D��IDFH��GRDU��FX��HYDOX UL��DOH��JkQGLULL��úL��DF LXQLL��XPDQH��HD��
QX��SRDWH��YRUEL��FX��WHPHL��GHVSUH��IDSWH��úL��UHOD LL��GLQWUH��IDSWH�´ ê �

�
E�� &RPXQLXQH��GLQWUH��LQWHOLJHQ D��QHFUHDW ��úL��LQWHOLJHQ D��FUHDW áSë ���
5D LXQHD��XPDQ ��DFWLY �vQ��FHUFHWDUHD��úWLLQ LILF ��SRDWH�IL�GH��DVHPHQHD��LQWHUSUHWDW ��FD��UHIOH[��úL��

GDU� � DO� � 5D LXQLL� � GLYLQH�� vQ� � SHUPDQHQW� � GUXP� � F WUH� � $FHDVWD�� � 6FRSXO� � QX� � SRDWH� � IL� � DOWXO� � GHFkW��
³FRPXQLXQHD��GH��LXELUH��PXOWLSO ��úL��LQHSXL]DELO ��vQ��QRXWDWHD��HL���FDUH��QX��GHVILLQ HD] ��UD LXQHD��FL��R��
WUDQV�ILLQ HD] � � FD�� � GLQ� � IRU � � GH� � F XWDUH� � úL� � FXSULQGHUH� � H[WHULRDU �� � V � � GHYLQ � � FDSDFLWDWH� � GH��
vPS UW úLUH� � GLQ� � LQWHULRULWDWH� � UHFLSURF � � GLQWUH� � &UHDWRU� � úL� � FUHD LH�´�0LWURSROLWXO� � 'DQLHO��� $VWIHO���
LQWHULRULWDWHD��VSLULWXDO � �D��SHUVRDQHL� �UHIOHFWkQGX�VH��vQ��FRPSRUWDPHQWXO� �HL� �H[WHULRU��VH��YD��vQ HOHJH��
PDL� � ELQH� � úL� �PDL� � UHVSRQVDELO� � SHULFROXO� �GHVILJXU ULL� � vQ� � FUHD LH� � SUHFXP�� � OD� � IHO� � GH� � FODU�� � úDQVD�
WUDQVILJXU ULL��YLH LL���QDWXULL���RPXOXL áxá ��

�
F�� 6SUH�R�HWLF ��D��úWLLQ HL�'DF ��DU��IL��V �O��FUHGHP��SH��-DFTXHV��0RQRG��DSHOXO��OD��UHOLJLR]LWDWH��QX��YD��UH]ROYD�FUL]D��GH��YDORUL��

D� � VRFLHW LL�� � úWLLQ D� � ILLQG� �DFHHD� �FDUH� �HVWH� �FKHPDW � � V � � IRUPH]H� �XQ� �QRX� � VLVWHP� �HWLF��(VWH�SX LQ��
SUREDELO��vQV ��FD��úWLLQ D��V ��SRDW ��vPSOLQL��VLQJXU ��DFHVW��GH]LGHUDW��SHQWUX��F �vQV úL��SR]L LD��VD��HWLF ��
HVWH��DPELJX ��úL��FRQWURYHUVDW á�ã ��'DF ��QH��UHIHULP��GRDU��OD��ÄGXSOLFLWDWHD´�UH]XOWDWHORU��VDOH���FDUH��SRW��
IL��EHQHILFH��úL��GLVWUXJ WRDUH��vQ��DFHODúL��WLPS��DQJDMDUHD��XQHL��DQXPLWH��SLHW L��vQ��DFWXO��GH��FXQRDúWHUH�
SRDWH��GHVLJXU��vQFOLQD��EDODQ D��vQ��LQWHUHVXO��IXQGDPHQWDO��DO��YLH LL��úL��OLEHUW LL��&KLDU��GDF ��vQ��PRG��
SDUDGR[DO�ÄPXOWH��GLQ��DSOLFD LLOH��SDúQLFH��DOH��úWLLQ HL��FDG��GH��OD��PDVD��vPEHOúXJDW ��D��FKHOWXLHOLORU��
PLOLWDUH��GH��FHUFHWDUH��«��H[HPSOXO��]ERUXULORU��FRVPLFH��VDX��DO��LQWHUQHWXOXL´ áSä �0���0DOL D��

([LVW ��GHVLJXU��UHVXUVH��vQ��DFHVW��VHQV��2��HWLF ��SURIHVLRQDO �D��RPXOXL��GH��úWLLQ ��SURELWDWH��UHVSHFW��
SHQWUX��DGHY U���ULJRDUH��SHUVHYHUHQ ���G UXLUH�HWF��3H��GH��DOW ��SDUWH��IDSWXO��F ��DQXPLWH��WHRUHPH��DX��
VWDELOLW� �OLPLWHOH��VDX��FRQWUDGLF LLOH��PRGHOHORU��UD LRQDOH��H[��7HRUHPD��OXL� �*RGHO����IDSWXO� �F ��D� �IRVW��
GHPRQVWUDW ��SXWHUHD��UHGXV ��D��UD LRQDPHQWXOXL��GLQ��vQ]HVWUDUHD��QDWXUDO ��D��PLQ LL��RPHQHúWL���DX��I FXW��
FD��RPXO��GH��úWLLQ ��UHVSRQVDELO��V ��GHYLQ ��PDL��PRGHVW���PDL��XPLO��vQ��DFWXO��GH��FXQRDúWHUH��=LOQLF��
SXWHP��XUP UL��vQ��GRFXPHQWDUHOH��úWLLQ LILFH���GLIX]DWH��SH��SRVWXUL��GH��WHOHYL]LXQH��GHGLFDWH���P UWXULVLUL��
SOLQH��GH��XLPLUH�DOH��XQRU��RDPHQL��GH��úWLLQ ��GLQ��GRPHQLL��IRDUWH��YDULDWH��vQ��ID D��YDVWXOXL��VSD LX��DO��
FXQRDúWHULL��8Q� � VLQJXU� �H[HPSOX� �DU� � IL� � HGLILFDWRU� �DLFL�� � úL� � DQXPH�� UHYHOD LD� �SH� �FDUH� �DX� �SURGXV�R��
DVWURQRPLORU��GLQ��vQWUHDJD��OXPH��SULPHOH��LPDJLQL��WUDQVPLVH��GH��WHOHVFRSXO��+XEEOH��GXS ��FH��RJOLQGD��
DFHVWXLD��D��IRVW��UH�DOLQLDW �SULQWU�R��LQWHUYHQ LH�vQ��VSD LX��FX��XQ��HIRUW��úL��FX��ULVFXUL��GH��QHLPDJLQDW��8Q��
OXFUX��SDUH��V ��U PkQ ��LQFHUW��SHQWUX��RPXO��GH��úWLLQ �UHOLJLRV��GXS ��XQ��DVWIHO��GH��H[SHULPHQW�OD��OLPLW ��
úL��DQXPH��FkW��HVWH��SUHFL]LH��úWLLQ LILF ��úL��FkW��HVWH��DMXWRU��GH��OD��'XPQH]HX�"����

&UHGHP��F ���VSUH��GHRVHELUH��GH��VHFROXO��WUHFXW���vQ��UHOD LLOH��FX��UHOLJLD���RPXO��GH��úWLLQ ��HVWH��DFXP��
SUHJ WLW��V ��PDQLIHVWH��WROHUDQ ��úL��vQ HOHJHUH��GHVFKLGHUH��VSUH��XQ��GLDORJ�QHFHVDU�úL��VLQFHU��GDU�SXUWDW�
vQ��OLPLWHOH��GH��FRPSHWHQ ��&UHGHP��F ��RPXO��GH��úWLLQ ��HVWH��SUHJ WLW��V �� LQ ��FRQW��vQ��GHPHUVXO��V X�úL��
GH��IXQGDPHQWHOH��VSLULWXDOH��DOH��OXPLL��SH��FDUH��R��FHUFHWHD] ��úL��R��GHVFRSHU ��
�
�
�
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G�� 2��OXPH��XQLF ��SHQWUX��R��RPHQLUH��VROLGDU �6 ��ILH��RDUH��QHYRLH��GH��PRPHQWH��GH��FUL] ��SHQWUX��FD��RPHQLUHD��V �úL��UHHYDOXH]H��DSDUWHQHQ D��OD��
DFHHDúL��PDUH��úL��XQLF ��IDPLOLH"�'LQ��S FDWH������VHSWHPEULH�������D��SUREDW�DFHDVWD��ÌQWU�R��OXPH��FH��
SDUF ��vúL��SLHUGXVH��UHSHUHOH��PRUDOH���R��OXPH��FH��S UHD��F �O��XLWDVH��GH��PXOW�SH��'XPQH]HX����ÄWUDJHGLD�
DPHULFDQ �D�I FXW�GLQ�WUHL�VXWH�GH�PLOLRDQH�GH�RDPHQL�R�PkQ �VWUkQV �SH�LQLP «�&H�'XPQH]HX�SRDWH�
V �L� XQHDVF � SH� DPHULFDQL� vQWU�XQ� DVHPHQHD� ³KDO´"�3 PkQWXO� DFHOD"� ,VWRULD� ORU� JDORSDQW "�3XWHUHD�
HFRQRPLF "�%DQXO"�«1XPDL�OLEHUWDWHD�SRDWH�IDFH�DVHPHQHD�PLQXQL�´ á�å �&RUQHO��1LVWRUHVFX���'XS �����
VHSWHPEULH��������vQWUHDJD�FRPXQLWDWHD��LQWHUQD LRQDO ��V�D��PRELOL]DW��vQ��DS UDUHD��FLYLOL]D LHL��XQLFH��1X��
SHQWUX��XQ��SRSRU��DQXPH��FL��SHQWUX��LGHHD��VROLGDU ��GH��XPDQLWDWH��$VWIHO��WRDWH��DOH��OXPLL��S UkQG��vQ��
SHULFRO�� � FRQúWLLQ D� �RPHQLULL� � V�D� � VSULMLQLW� � SH� � IDFWRULL� � LQWHJUDWRUL�� � SH� �XQLWDWH��8QLWDWH� � vQ� �DS UDUHD��
DFHOXLDúL��SDWULPRQLX�FXOWXUDO�XQLYHUVDO���DFHOXLDúL��VLVWHP��GH��YDORUL��7LPS��vQ��FDUH��XQDQLP��vQ��SXEOLFXO�
ODUJ��DO� � WXWXURU�� ULORU�OXPLL�HVWH��UHVSLQV ��IHUP��RULFH��DVRFLHUH��D�� WHURULVPXOXL��FX��UHOLJLD��FUHGLQ D��
UHOLJLRDV ��ILLQG��SULPXO��FRPDQGDPHQW��vQ��UHFXSHUDUHD��GLQ��VLWXD LD��GH��FUL] ��ÌQ��IDSW�úL��SULQ��DFHDVWD��
UHOLJLD� � vúL� YD� IL� UHGLPHQVLRQDW�PLVLXQHD� �PLOLWDQW � � SHQWUX� � FRQVWUXLUHD� � XQHL� � OXPL� � XQLFH� � SHQWUX� � R��
RPHQLUH� � VROLGDU �� $FXP�PHVDMXO� � GH� � SDFH� � úL� � WROHUDQ � � DO� � WXWXURU� � UHOLJLLORU� � SRDWH� � IL� � VXELHFWXO��
UHFRQFLOLHULL��ORU��ÌQVXúL�FRQFHSWXO��GH��FRQFLOLOLHUH��vQV ��FHUH�XQ��DUHDO��PDL��ODUJ��GH��GH]EDWHUH��úL��úWLLQ D��
QX��SRDWH��OLSVL��GH��OD��DFHVW�GLDORJ� á æ ��

�
���&XQRDúWHUHD��WUDQVGLVFLSOLQDU �±�VSUH��R��QRX ��vQ HOHJHUH�D��VDFUXOXL��

%DVDUDE� � 1LFROHVFX� � GH]YROW � � FRQFHSWXO� � GH� � FHUFHWDUH� � WUDQVGLVFLSOLQDU áSç � � GLQ� � GRULQ D� � GH� � D���
vQ HOHJH� � FRPSOHW� � OXPHD� � DFWXDO �� � 7UDQVGLVFLSOLQDULWDWHD� � YL]HD] � � FHHD� � FH� � HVWH� � vQWUH� � GLVFLSOLQH��
7UDYHUVkQG� � GLVFLSOLQHOH�� VH� � YD� � VLWXD� � GLQFROR� � GH� � RULFDUH� � GLVFLSOLQ �� &D� � PHWRG �� FHUFHWDUHD��
WUDQVGLVFLSOLQDU ��HVWH��WRWDO��GLIHULW ��GH��FHUFHWDUHD��GLVFLSOLQDU ���ILLQGX�L��FRPSOHPHQWDU ��DFHVWHLD���(D��
LQH��FRQW��GH��GLQDPLFD��JHQHUDW ��SULQ��DF LXQHD��VLPXOWDQ ��D��PDL��PXOWRU��QLYHOXUL�GH�� 5HDOLWDWH��
vQFHUFkQG��V � �UH]ROYH��FRUHVSRQGHQ D��GLQWUH��OXPHD��H[WHULRDU ��D� �2ELHFWXOXL� �úL�� OXPHD��LQWHULRDU ��D��
6XELHFWXOXL�� ÌQ� � DFHDVW � � DERUGDUH� � VH� � LPSXQH� � V � � IDFHP� �GLVWLQF LD� �GLQWUH� �5HDO� �FHHD� � FH� � HVWH�� � úL��
5HDOLWDWH��FHHD��FH��SHUFHSHP���5HDOXO��HVWH��DVFXQV���5HDOLWDWHD��HVWH��DFFHVLELO ��1LYHOXO��GH��5HDOLWDWH��
HVWH��XQ��DQVDPEOX��GH��VLVWHPH��LQYDULDQWH��OD��DF LXQHD��XQXL��QXP U��GH��OHJL��JHQHUDOH��'RX ��DVWIHO��GH��
QLYHOXUL��DOH��5HDOLW LL��VXQW��GLIHULWH��GDF ���SULQ��WUHFHUHD��GH��OD��XQXO��OD��FHO ODOW��DUH��ORF��R��UXSWXU ��D��
OHJLORU� � úL� � FRQFHSWHORU� � IXQGDPHQWDOH� áSì �$VWIHO� GRX � � QLYHOXUL� � DGLDFHQWH� � VXQW� � OHJDWH� � SULQ� � HOH� � SULQ��
ORJLFD� � WHU XOXL� � LQFOXV áné �� ÌQ� � YLUWXWHD� � DFHVWXL� � SURFHV� � GH� � D� � OHJD� � vQWUH� � HOH� � QLYHOXUL� � GH� � UHDOLWDWH��
DGLDFHQWH�� �FXQRDúWHUHD��5HDOLW LL� �HVWH�SUDFWLF��QHOLPLWDW ��GHVFKLV �� �$FHDVWD��YLQH��vQ��DFRUG��FX��XQD��
GLQWUH��FHOH��PDL��LPSRUWDQWH��UH]XOWDWH��úWLLQ LILFH��DOH��VHFROXOXL��;;��WHRUHPD��OXL��*RGHO��FDUH��DILUP ��F ��
XQ� � VLVWHP� � GH� � D[LRPH� � VXILFLHQW� � GH� � ERJDW� � GXFH� � LQHYLWDELO� � OD� � UH]XOWDWH� � ILH� � LQGHFLGDELOH�� � ILH��
FRQWUDGLFWRULL��ÌQ��DFHDVW ��FRUHVSRQGHQ ���HVWH��LPSRVLELO��V ��VH��FRQVWUXLDVF ��R��WHRULH��FRPSOHW ��SHQWUX��
GHVFULHUHD��WUHFHULL��GH��OD��XQ��QLYHO��DO��5HDOLW LL��OD��DOWXO���ùL��GDF ��H[LVW ��R�XQLWDWH��FDUH��XQHúWH��WRDWH��
QLYHOXULOH� �5HDOLW LL�� � DWXQFL� �DFHDVWD� � WUHEXLH� � V � � ILH� �GHVFKLV �� ,PSOLFD LLOH� �GH� �DLFL� � VXQW� �GHRVHELWH��
&RHUHQ D��GLQWUH��QLYHOXULOH��5HDOLW LL���FHO��SX LQ��vQ��OXPHD��QDWXUDO ��LPSOLF ��R��]RQ ��GH��QRQ�H[LVWHQ ��
vQ��FDUH��QX��H[LVW ��QLFL��XQ��QLYHO��GH��5HDOLWDWH��(D��HVWH��QXPLW �]RQ ��GH��WUDQVSDUHQ �DEVROXW �úL��HVWH��
DVRFLDW � � VDFUXOXL�� $QVDPEOXO� � QLYHOXULORU� � GH� � 5HDOLWDWH� � úL� � DFHDVW � � ]RQ � � FRPSOHPHQWDU �
FRUHVSXQ] WRDUH� � VDFUXOXL�� � FRQVWLWXLH� � 2ELHFWXO� � WUDQVGLVFLSOLQDU�� 6H� � GHVFKLGH� � DVWIHO� � R� � QRX ��
SHUVSHFWLY � �DVXSUD� �FXOWXULL�� � UHOLJLHL�� �SROLWLFLL�� �DUWHL�� �HGXFD LHL� �úL� �YLH LL� �VRFLDOH� �SULQ� � LQWURGXFHUHD��
XQXL��QRX��3ULQFLSLX��DO��5HODWLYLW LL��QLFL��XQ��QLYHO��GH��5HDOLWDWH��QX��HVWH��XQ��ORF��SULYLOHJLDW��GLQ��FDUH��
DU��SXWHD��IL��vQ HOHVH��WRDWH��FHOHODOWH��QLYHOXUL��DOH��5HDOLW LL� áSê

$VRFLLQG��DFXP��ILHF UXL� �QLYHO� �GH��5HDOLWDWH��XQ��QLYHO� �GH��SHUFHS LH��ÌQ��YLUWXWHD��FRHUHQ HL��
QLYHOXULORU� �GH� �SHUFHS LH�� �DU� � WUHEXL� � �V � �H[LVWH� �R� �HFKLYDOHQW � �]RQ � �GH� � WUDQVSDUHQ � � OD� �SHUFHS LH��
$QVDPEOXO� � QLYHOXULORU� � GH� � SHUFHS LH� � úL� � ]RQD� � VD� � GH� � WUDQVSDUHQ � YRU� � FRQVWLWXL� 6XELHFWXO��
WUDQVGLVFLSOLQDU�� ,Q� �VIkUúLW�� �SHQWUX� �FD� �6XELHFWXO� � WUDQVGLVFLSOLQDU� �V � �SRDW � �FRPXQLFD� �FX� �2ELHFWXO��
WUDQVGLVFLSOLQDU��FHOH��GRX ��]RQH��GH��WUDQVSDUHQ ��WUHEXLH��V ��ILH��LGHQWLFH���&RPXQLFDUHD��DU��SUHVXSXQH��
R� � LQWHUVHF LH� �GLQWUH� �EXFOHOH� � DVRFLDWH� �GH� � LQIRUPD LH� � úL� � FRQúWLLQ ��$FHDVW � � LQWHUVHF LH� � úL� �EXFOHOH��
DVRFLDWH��GH��LQIRUPD LH��úL��FRQúWLLQ �GHVFULX��WHUPHQXO��,QWHUDF LXQLL��GLQWUH��2ELHFW��úL��6XELHFW��úL�HO�HVWH��
DO��WUHLOHD��WHUPHQ��DO��FXQRDúWHULL��WUDQVGLVFLSOLQDUH����

&RQVWUXF LD� � OXL� � %DVDUDE� � 1LFROHVFX�� � vPL� � VXJHUHD] � � DFHO� � ÄDWWLQJLWXU� � LQDWWLQJLELOH��
LQDWWLQJLELOLWHU´�FRQFOX]LRQDW��GH��1LFRODXV��&XVDQXV��vQ�GHPHUVXO��V X��GH��D�/�FXSULQGH��FRQFHSWXDO��SH��
'XPQH]HX���SHQWUX��F ��&HO��FDUH��QX��SRDWH��IL��DWLQV���WUHEXLH��DWLQV��vQWU�XQ��IHO��vQ��FDUH��QX��HVWH��DWLQV��



� ��

'H��IDSW���WUDQVGLVFLSOLQDULWDWHD��vQFHDUF ��V ��XQLILFH��GRX ��WLSXUL��GH��FXQRDúWHUH��FXQRDúWHUHD�DSRIDWLF ��
PLVWLF � D� 3 ULQ LORU� U V ULWHQL� vQ� � ODWXUD� � HL� � H[SHULPHQWDELO � � GDU� � QRQ�UD LRQDELO �� úL� � FHD� � QRQ�
H[SHULPHQWDELO � � úL� � QRQ�UD LRQDELO �� � VXSUD�UD LRQDO � �WUDQVUD LRQDO ��� Ä&XQRDúWHUHD� � vQ� � IHOXO��
QHFXQRDúWHULL�� � vQWU�R� � XQLUH� � PDL� � SUHVXV� � GH� � vQ HOHJHUH´�'LRQLVLH� � $UHRSDJLWXO��� � XQLILF � QHFRQWHQLW��
FRQWUDULLOH���GHS úLQGX�OH��ÌQ�DFHVW��PRG��SXWHP��vQ HOHJH��FXQRDúWHUHD��DSRIDWLF ���(D��vQ��PRG��VWUXFWXUDO��
HVWH��R��FXQRDúWHUH��D��WHU XOXL� ãgë �

��
��� 3UHILJXUkQG��R��WHRORJLH��D��LQIRUPD LHL��

�XQ��SRVLELO��PRGHO��FUHúWLQ���
� 7HRORJLD�HVWH�GLVFLSOLQD��FDUH��VH��RFXS ��FX��H[SXQHUHD��úL��MXVWLILFDUHD��UD LRQDO ��D��L]YRDUHORU���D��
GRJPHORU� � úL� � ULWXULORU� � XQHL� � UHOLJLL� ã§á 'HDOWIHO� �PDL� � SRDWH� � IL� � vQ HOHDV � � WHUPLQRORJLF� GUHSW� � YRUELUH��
GHVSUH��'XPQH]HX��8WLOL]DW��vQ��H[WHQVLH��LQWHUGLVFLSOLQDU��WHUPHQXO��SRDWH��DFRSHUL��XQ��GRPHQLX��QRX��GH��
DERUGDUH�D�UHOD LHL��&UHDWRU�±�FUHD LH��GLQ��SHUVSHFWLYD�ILLQ HL��LQIRUPD LRQDOH��

$IODW � � vQWU�R� � SHUPDQHQW � � UHOD LH� � GH� � VFKLPE� � LQIRUPD LRQDO� � FX� �PHGLXO� � V X� � GH� � YLD �� � ILLQ D��
XPDQ �±�VLVWHP��LQIRUPD LRQDO��FRPSOH[���QH��GH]Y OXLH��UDSRUWXUL��VSHFLDOH��SH��FDUH��OH��DUH��FX��OXPHD��úL��
&UHDWRUXO��V X���

0DL��vQWkL��YRP��IDFH��DSHO��OD��PRGHOHOH��QRL��GH��LQWHUSUHWDUH��D��OXPLL��PLFUR��úL��PDFURXQLYHUVXOXL��
(OH�QH��YRU��GHVFKLGH��SHUVSHFWLYD��XQHL��DQDOL]H��VLVWHPDWLFH��D��UDSRUWXOXL��vQ��FDUH���VLVWHPHOH��vQ��JHQHUDO���
VH� �DIO � �FX� � UHDOLWDWHD��$VWIHO�SULQ� �SULVPD� �VWUXFWXUDOLW LL� � OXPLL� �SRW� � IL� � UHPDUFDWH� �GRX � � WLSXUL� �GH��
FXSODMH��GH��LQWHUHV��PDMRU��vQ��vQ HOHJHUHD��DWkW��D��JHQH]HL��FkW��úL��D��GH]YROW ULL��VLVWHPHORU��vQ��FDX] ��
FXSODMXO��VXEVWDQ ���FkPS��FXSODMXO��HQHUJLH���LQIRUPD LH��

'LQ��SXQFW��GH��YHGHUH��DO�� IXQF LRQDOLW LL�OXPLL�� �XQLWDWHD��DFHVWHLD��UH]XOW � �GLQ��OHJHD��FLUFXLWXOXL��
HQWURSLF���OHJHD��FRQWLQXLW LL��LQIRUPD LRQDOH��

9L]LXQHD��VWUXFWXUDO���IXQF LRQDO ��DVXSUD��OXPLL��DWULEXLH��FHORU��WUHL��SDOLHUH��PDWHULDOH��DOH��UHDOLW LL��
FkWH��XQ��SODQ��QHVWUXFWXUDW��SURIXQG����������������RUWRH[LVWHQ D����úL��XQ��SODQ��VWUXFWXUDW��GH��VXSUDID ���
H[LVWHQ D����$VWIHO��SXWHP��YRUEL��GHVSUH��FRUHVSRQGHQ HOH���
� ��PDWHULH��PLQHUDO ���SODVP ��IL]LF ��
� ��PDWHULH��YLH���ELRVLF �����ELRSODVP ��
� ��PDWHULH��SVLKLF ���SVLKRSODVP ��

6LVWHPDWL]kQG��DVSHFWHOH��LQIRUPD LRQDO���HQHUJHWLFH��FDUH��LQWHUYLQ��vQ��LQWHUDF LXQHD��VLVWHPHORU��YLL��
FX��UHDOLWDWHD��OXPLL���DP�SURSXV��XQ��PRGHO ãxã ��FH��HYLGHQ LD] ��DWkW��SODQXULOH��UHDOLW LL��FkW��úL��LQIOXHQ HOH��
LQGXVH��VLVWHPHORU��UHVSHFWLYH��SH��DFHVWH��SODQXUL��

9RP��DYHD��DVWIHO��R��LQIOXHQ ��WRWDO ��3��VSHFLILF ��RULF UXL��VLVWHP��YLX���FX��FRPSRQHQWH��SH��ILHFDUH��
SDOLHU��LQGLFDW��

&RUHVSXQ] WRU��FRPSRQHQWHORU��VDOH���LQIOXHQ D��WRWDO �3�YD��QHFHVLWD��XQ��QXP U��GH��F L��GH��WUDQVIHU��
LQIRUPD LRQDO���HQHUJHWLF���& L��VSHFLILFH���vQ��VXEGRPHQLXO��IL]LF����VDX��QHVSHFLILFH����vQ��VXEGRPHQLXO��
ELRSODVPDWLF� � VDX� � SVLKRSODVPDWLF� ��� ÌQV úL� � VWXFWXUD� � XQXL� � DVWIHO� � GH� � VLVWHP� � HVWH� � DOF WXLW � � GH� � DúD��
PDQLHU ��vQFkW��V ��S VWUH]H��ORJLFD��VSHFWUXOXL��GH��LQIOXHQ H��vQ��WRDWH��SDOLHUHOH��FRQVLGHUDWH���

$SOLFkQG� � PRGHOXO� � vQ� � FD]XO� � ILLQ HL� � XPDQH�� � YRP� � GHVFULH� � SUDFWLF� � vQ� � OLPEDM� � LQIRUPD LRQDO��
LQWHUDF LXQHD��XQXL��VLVWHP�GHVFKLV�FX��R��UHDOLWDWH��LQWHJUDO ��3UREOHPD��WHRORJLF �VH��YD��SXQH��vQ��P VXUD�
vQ��FDUH���ILLQ D��QH��GH]Y OXLH��SRWHQ LDOLW L��HYDOXDWH��LQIRUPD LRQDO��FDUH��WULPLW��vQ��WHRORJLD��PRUDO ��
$VWIHO���vQWUHDJD��WHRORJLH��PRUDO ��FUHúWLQ ��SRDWH��IL��UHFRQILJXUDW ��vQ��OLPEDM�LQIRUPD LRQDO��vQ��DFHOHDúL��
VHPQLILFD LL�GRJPDWLFH ãgä ��SXWkQGX�VH��GH]Y OXL�ÄLQIRUPD LRQDO´��VSUH�H[HPSOX���ÄF PDUD��GH��VXV´��GHVSUH��
FDUH��YRUEHVF��3 ULQ LL��RUWRGR[LHL���ÄORFXO´���VSHFLDO��FDUH��OHDJ ��ILLQ D��XPDQ ��GH��&UHDWRUXO��V X��SULQ��
HQHUJLLOH��QHFUHDWH��VHPQLILFD LD��úL��UROXO��WDLQHORU�RUWRGR[H��vQ��YLD D�FUHúWLQLORU��VHQVXO��OXFU ULL��KDUXOXL��
vQ��OXPH���

2� � H[WLQGHUH� � D� � DFHVWHL� �PHWRGH� � DVXSUD� � WH[WXOXL� � VDFUX� � YD� � GXFH� � GHVLJXU� � OD� � GHVFRSHULUHD� �GH��
VHQVXUL� �QRL� �FDUH� �SULYHVF��'HFDORJXO�� UHJXOLOH� �GH� �YLD � � WUDQVPLVH� �GH��F WUH� �'XPQH]HX� � OXL� �0RLVH��
SHQWUX��SRSRUXO��DOHV���YH]L�/HYLWLFXO���FDS������������������������

7HRORJLD��LQIRUPD LRQDO ��DU�vQGHSOLQL��DVWIHO��DWkW�FULWHULXO��GH��FRQWDFW��FkW��PDL��DOHV��SH��DFHOD��GH��
FRQILUPDUH� � SURSXVH� � GH� �+DXJKW ãxå �� (D� � SRDWH� � U PkQH� � GHRSRWULY � � vQ� � FDGUHOH� � WUDQVGLVFLSOLQDULW LL��
GHVFULVH��GH��%DVDUDE��1LFROHVFX����RSHUkQG��FX��QLYHOXULOH��UHDOLW LL��ELR��úL��SVLKR�SODVPDWLFH���FHOH�DOH��
UHDOLW LL��WUDQV�IL]LFH� �úL��WUDQV�SVLKLFH�DOH��F URU��FRHUHQ ��úL��H[WHQVLH��DVLJXU ��vQWkOQLUHD�PLUDFXORDV ��
GLQWUH��VHQVLELO��úL��LQWHOLJLELO���DFROR��XQGH��ILLQ D��vúL��vQWkOQHúWH��&UHDWRUXO��vQWU�R��XQLUH��PDL��SUHVXV��GH��
vQ HOHJHUH��&RRUGRQDWHOH��HL��GH��GH]EDWHUH���UHSRWHQ kQG��PRUDOD��FUHúWLQ ���SRW��IXQGDPHQWD��R���PRUDO ��



� ��

PDL��DFFHVLELO ��RPXOXL��PRGHUQ���PXOW��PDL��H[SOLFLW ���GDU��QHJUHúLW���PXOW��PDL��UDGLFDO ���(VWH��R��FDOH��
QRX � � GH� � D� � QH� � UHGHVFRSHUL� � LQWHULRULWDWHD�� � GH� � D� � QH� � UHHYDOXD� � UDSRUWXULOH� � vQ� � OXPLQD� � HQHUJLLORU��
WUDQVILJXUDWRDUH���GH��D��QH��UHJ VL��QRUPDOLWDWHD���OLEHUWDWHD�vQ��FRPXQLXQHD��FX��'XPQH]HX�����

���
��� �&RQFOX]LL��

6HQVXO��GHYHQLULL��XPDQH��HVWH��XQXO��WHDQGULF��2��PLUDFXORDV �úDQV �DFRUGDW ��ILLQ HL��FUHDWH��GH��F WUH��
vQVXúL��&UHDWRUXO��HL���7HDQGULD��HVWH��GLPSUHXQ �OXFUDUHD��HQHUJLLORU��QHFUHDWH��FX��FHOH��FUHDWH��(VWH��R��
SUH]HQ ��GLQDPLF ��GH��QDWXU �� LQIRUPD LRQDO�HQHUJHWLF ��DYkQG��XQ��VLQJXU��VFRS��QRUPDOLWDWHD��$FHHD��
JkQGLW ��GH��&UHDWRU��PDL��vQDLQWH��GH��D��IL��OXPHD��$VWIHO��VHQVXO��GHYHQLULL��XPDQH��HVWH��XQXO��SURSULX��
VW ULL��GH��QRUPDOLWDWH��2ULFH��H[FHV���RULFH��LQVXILFLHQ ��GHS UWHD] ��SHUVRDQD��GH��FRPXQLXQHD�SURPLV ���
YHVWLW ���SURSRY GXLW ���ÌQ��DIDUD��DVLVWHQ HL��KDULFH��WU LP��DQRUPDO��JkQGLP��DQRUPDO���V YkUúLP��OXFUXUL��
DQRUPDOH��'H��DFHHD�XQ�VLVWHP��D[LRORJLF�� �GH��YDORUL� � WUHEXLH��V � �SHUIHFWH]H��DFWXO� �GH��FXQRDúWHUH��vQ��
SHUVSHFWLYD��S VWU ULL��DFHVWHL��VW UL��GH��QRUPDOLWDWH��D��ILLQ HL��XPDQH��&D��YLUWXWH��WHRORJLF ��D��UD LXQLL���
FUHGLQ D� � ³IXQF LRQHD] ´� � FD� �XQ� � ³UHJXODWRU´�� �'LQFROR� �GH� � vQGRLDOD� � ILORVRILF �� � FUHGLQ D� �SRWHQ HD] ��
Q GHMGHD��DOW ��PDUH��YLUWXWH���vPSOLQLQG��ILLQ D��vQ��OXFUDUHD��LXELULL���FHD��GH�D��WUHLD��YLUWXWH��FDUH��ULGLF ��
RPHQLWDWHD� � OD� � vQ O LPHD� � SXUW ULL� � GH� � 'XK� � 6IkQW��0LUDFROXO� � DFHVWD� � HVWH� � VWDUHD� � GH� � QRUPDOLWDWH��
RQWRORJLF ��D��OXPLL���(VWH��RDUH��SUHD��PXOW��VSXV��F ��PLUDFROXO��GHYLQH��DVWIHO��VWDUH��GH��QRUPDOLWDWH"�1X���
GHVLJXU�� $EDWHULOH� � FH� � VXUYLQ�� SURGXFkQG� � DGHY UDWH� � PXWD LL� � vQ� � WRDWH� � SODQXULOH� � DFHVWHL� � UHDOLW L��
LQWHJUDOH��D��ILLQ HL��XPDQH��VXQW��PDL��GHJUDE ��UHVWXO��QHvPSOLQLULL���$FHVWHD��WUHEXLH���QX��DWkW��GHQXPLWH���
FkW� �vQ HOHVH��úL��DVXPDWH��%LODQ XO���SkQ ��OD� �³DF LXQHD´��PLUDFROXOXL� �LHUW ULL��GLQ��LXELUHD��&UHDWRUXOXL��
SHQWUX� � FUHD LD� � 6D�� � WUHEXLH� � HYDOXDW�� � VL� � QRUPDW�� &RPXQLXQHD� � SUHVXSXQH� � vQ� � SULPXO� � UkQG��
UHVSRQVDELOLWDWH��úL��DFHDVWD��QX��SRDWH��IL��HGLILFDW ��GHFkW��SULQ��DFWXO��GH��FXQRDúWHUH��&XQRDúWHUHD��vQV ���
DU��WUHEXL��V ��QH��UHDGXF ��OD��³VWDUHD��GH��HFKLOLEUX´��SLHUGXW ��FkQGYD��&LQH���FkQG��úL��FXP��YD��GHFLGH��
DVXSUD��DFHVWHL���³VW UL��GH��HFKLOLEUX´�"�$FHVW��IHHGEDFN��QH��UHDGXFH��vQ��OXFUDUHD��FRPXQLXQLL���'H��DFHHD��
HVWH�DWkW��GH��QHFHVDU��GLDORJXO��GLQWUH��RPXO��GH��úWLLQ ��úL��P UWXULVLWRUXO�GH��'XPQH]HX��'H��DFHHD��LHúLQG��
GLQ��WLSDUH���YD��WUHEXL�V ��YRUELP��vQ��OLPEDM��úWLLQ LILF��FRQVFUDW��GHVSUH��OXFUXUL��JUHX��GH��QXPLW��úL��GH��
H[SHULPHQWDW���GH��DFHHD���VXUPRQWkQG��XQHRUL��GRJPHOH��YD��WUHEXL��V ��UHIDFHP��HFKLOLEUXO��O XQWULF��DO��
ILLQ HL�SHUVRDQH��úL��DO��OXPLL��

�
���&RQIOLFWXO��&RQYLQJHUH��FRQIRUP��F UHLD��úWLLQ D��úL�UHOLJLD��VXQW��IXQGDPHQWDO��LUHFRQFLOLDELOH��

$UH��OD��ED] ��DUJXPHQWXO��F ��UHOLJLD��QX��SRDWH��GHPRQVWUD��vQ��PRG��GLUHFW��DGHY UXO��LGHLORU��VDOH��vQ��
WLPS��FH��úWLLQ D��R��SRDWH��IDFH��5HOLJLD��VH��ED]HD] ��SH��SUHVXSXQHUL��úL��R��LPDJLQD LH��I U ��PDUJLQL��
vQ��WLPS��FH��úWLLQ D��VH��OLPLWHD] ��OD��IDSWH��FH��SRW��IL��REVHUYDWH��
3H��GH��DOW ��SDUWH���PXO L��FUHúWLQL��vQYD ��F ��úWLLQ D��WUHEXLH��UHVSLQV ��GDF ��QX��FRUHVSXQGH��OLWHUHL��
6FULSWXULL��8QHRUL��úWLLQ D��HVWH��SHUFHSXW ��FD��R��IRU ��GHPRQLF ��FH��D��JROLW��FXOWXUD��GH��VXEVWDQ D��
VSLULWXDO ��

���&RQWUDVWXO�� � �3XQFW� �GH��YHGHUH��SRWULYLW� �F UXLD��QX��H[LVW � �YUHXQ��FRQIOLFW� �UHDO� � vQWUH��FHOH��
GRX ���UHOLJLD��úL��úWLLQ D��U VSXQ]kQG���ILHFDUH��OD��vQWUHE UL��WRWDO��GLIHULWH��(OH�QX��WUHEXLH��MXGHFDWH��
GXS � � DFHOHDúL� � VWDQGDUGH�� � ÌQWUHE ULOH� � SH� � FDUH� � úL� � OH� � SXQ� � ILHFDUH� � VXQW� � FRPSOHW� � GHRVHELWH���
FRPSDUD LD��QX��DUH��VHQV��5HOLJLD��úL��úWLLQ D��QX��WUHEXLH��V ��VH��DPHVWHFH��XQD��vQ��WUHEXULOH��FHOHLODOWH��
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