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2WDNDU�6PUå��-DQ�âQDLGDXI��3HWU�=HPiQHN�

&KDUOHV�8QLYHUVLW\��3UDJXH��&]HFK�5HSXEOLF

$EVWUDFW

7KLV� FRQWULEXWLRQ� GHVFULEHV� D� SURMHFW� RI� 0XOWL�OHYHO� DQQRWDWLRQ� RI� D�FRUSXV�RI�$UDELF�ZLWK�WKH
IROORZLQJ� OHYHOV� RI� DQQRWDWLRQ�� PRUSKRORJLFDO�� DQDO\WLFDO��VXUIDFH�V\QWD[��DQG�WHFWRJUDPPDWLFDO
�URXJKO\�� GHHS� V\QWD[��� +HUH�� D�GHVFULSWLRQ�RI�WKH�SURFHGXUHV�RI�DQQRWDWLRQ�DW�UHVSHFWLYH�OHYHOV�LV
JLYHQ�� 0DMRU� DWWHQWLRQ� LV� JLYHQ� WR� WKH� DQDO\WLFDO� OHYHO��ZKHUH�D�QXPEHU�RI�H[DPSOHV�RI�VXUIDFH
GHSHQGHQF\�UHODWLRQV�LQ�$UDELF�VHQWHQFHV�LV�JLYHQ�

�� ,QWURGXFWLRQ

7KH� SURMHFW� RI� 0XOWL�OHYHO� $QQRWDWLRQ� RI� $UDELF� &RUSXV� LV�� LQ� ODUJHU� VFDOH��D�SDUW�RI�WKH�UHVHDUFK
FRQFHUQLQJ� PDFKLQH�WUDQVODWLRQ� IURP� $UDELF� WR� (QJOLVK�� 7KH� DFWLYLW\� KDV� EHHQ� LQLWLDWHG� E\� WKH
OLQJXLVWLFV� GHSDUWPHQWV�RI�&KDUOHV�8QLYHUVLW\��&]HFK�5HSXEOLF��DQG�-RKQV�+RSNLQV�8QLYHUVLW\��86$��
9LHZHG� VWDQG�DORQH�� PXOWL�OHYHO� DQQRWDWLRQ� RI�ODQJXDJH�FRUSRUD�JLYHV�VWUXFWXUH�WR�WKH�GDWD��DQG�WKXV
UHVXOWV�LQ�DQ�LQYDOXDEOH�UHVRXUFH�RI�OLQJXLVWLF�LQIRUPDWLRQ�

7KH� JHQHUDO� DLP� RI� WKH� ZRUN� LQ� SURJUHVV� LV� WR� SUHSDUH� WKH� UHSUHVHQWDWLRQ� RI� $UDELF� VKDULQJ�WKH
FRQFHSWLRQ� RI� WKH� 3UDJXH� 'HSHQGHQF\� 7UHHEDQN� IRU� &]HFK� �3'7�� >���@��� ZKHUH� WKH�QDWXUH�RI�WKH
ODQJXDJH� ZDV� VWXGLHG� LQ� WKUHH� OHYHOV�� 7KH� ORZHVW� OHYHO� FRPSULVHV�D�IXOO�PRUSKRORJLFDO�DQQRWDWLRQ
�PRUSKRORJLFDO� OHYHO��� WKH�QH[W�OHYHO�GHDOV�ZLWK�VXUIDFH�V\QWDFWLF�DQQRWDWLRQ�XVLQJ�GHSHQGHQF\�V\QWD[
�DQDO\WLFDO� OHYHO��� 7KH� KLJKHVW� OHYHO� RI� DQQRWDWLRQ� LV� WKH� OHYHO� RI� OLQJXLVWLF� PHDQLQJ�� FDOOHG� WKH
WHFWRJUDPPDWLFDO� OHYHO�� 7KH� OLQJXLVWLF� FRQFHSW�LV�EDVHG�RQ�D�GHSHQGHQF\�DSSURDFK��ZKHUH�WKH�YHUEDO
SDUW� RI� WKH� VHQWHQFH� SOD\V� D� PDMRU� UROH�� $� VLJQLILFDQW� SDUW� RI� WKH�ZKROH�FRUSXV�ZLOO�EH�DQQRWDWHG
PDQXDOO\��DQG�RQ�WKLV�SDUW��VWDWLVWLFDOO\�EDVHG�DQQRWDWLRQ�WRROV�ZLOO�EH�WUDLQHG�

7KH� WHDP� FRQVLVWV� RI� WKH� IROORZLQJ� PHPEHUV�� 2QG HM� %HUiQHN��0RQLND�.ROERYi��,YRQD�.XþHURYi�
2WDNDU�6PUå��-DQ�âQDLGDXI��0DUWLQ�âSiWD��3DYHO� XSHN�DQG�3HWU�=HPiQHN�

,Q� WKLV�FRQWULEXWLRQ��ZH�FRPPHQW�RQ�WKH�FRUSXV�GDWD�UHWULHYDO�DQG�FROOHFWLRQ��SURFHGXUHV�RI�DQQRWDWLRQ
DW� WKH�PRUSKRORJLFDO��DQDO\WLFDO�DQG�WHFWRJUDPPDWLFDO�OHYHOV��$W�WKH�HQG��DQ�DSSHQGL[�RI�DQ�DOWHUQDWLYH
UHSUHVHQWDWLRQ�RI�$UDELF�DX[LOLDU\�YHUEV�LV�JLYHQ�

�� &RUSXV�'DWD�5HWULHYDO�&ROOHFWLRQ

)RU� WKH� SXUSRVHV� RI� WKH� SURMHFW�� DQ� $UDELF�&RUSXV�RI�WKH�ODQJXDJH�RI�HFRQRPLFV��EXVLQHVV��ODZ�DQG
LQGXVWU\� KDV� EHHQ� FUHDWHG�� :H� WRRN�DGYDQWDJH�RI�WKH�FXUUHQWO\�DYDLODEOH�FRUSRUD��&/$5$�DQG�/'&
$UDELF� 1HZVZLUH� $� &RUSXV�� DQG� SHUIRUPHG� PDFKLQH�DVVLVWHG� H[WUDFWLRQ� RI� WKH�UHOHYDQW�GDWD��7KH
UHVXOWDQW�FRUSXV�FRXQWV�DERXW������������ZRUGV�

&/$5$� �&RUSXV�/LQJXDH�$UDELFDH��LV�D�WRSLFDOO\�FODVVLILHG�FRUSXV�RI�0RGHUQ�6WDQGDUG�$UDELF�ZKLFK
KDV� EHHQ� FRPSLOHG� DW� WKH� ,QVWLWXWH� RI� 1HDU� (DVWHUQ� 6WXGLHV��&KDUOHV�8QLYHUVLW\���F�I��>�@���&/$5$
FRQWDLQV� URXJKO\� ����������� ZRUGV�� RXW� RI� ZKLFK� ���������� UHSUHVHQW� WKH� ZULWWHQ� ODQJXDJH� RI
HFRQRPLFV�� EXVLQHVV� DQG� ILQDQFH�� 'DWD� KDYH� EHHQ� FROOHFWHG� IURP�D�VHULHV�RI�QHZVSDSHUV�DQG�RWKHU
SULQWHG�UHVRXUFHV�IURP�WKH�VHFRQG�KDOI�RI�WKH�QLQHWLHV�

7KH� $UDELF� 1HZVZLUH� $� &RUSXV� FRQVLVWV� RI� DUWLFOHV� IURP�WKH�$JHQFH�)UDQFH�3UHVVH��$)3��$UDELF
1HZVZLUH�� ZKLFK� GDWH� IURP�0D\������WR�'HFHPEHU�������7KH�FRUSXV�KDV�EHHQ�FUHDWHG�E\�/LQJXLVWLF
'DWD� &RQVRUWLXP�� 8QLYHUVLW\�RI�3HQQV\OYDQLD��DQG�LWV�VL]H�LV�DOPRVW������������ZRUGV��7KH�QHZVZLUH
�����������������������������������������������
��VPU]#XIDO�PII�FXQL�F]��VQDLGDXI#\DKRR�FRP��SHWU�]HPDQHN#II�FXQL�F]



WUDQVFULSWV� SURYLGH� DQRWKHU� VW\OH� RI�$UDELF��ZKLFK�LV�FORVHU�WR�D�VSRNHQ�ODQJXDJH��7KH�GRFXPHQWV�DUH
KRZHYHU� QRW� RUJDQL]HG�ZLWK�UHVSHFW�WR�WRSLF��DQG�D�VSHFLDO�DQDO\VLV�KDG�WR�EH�FDUULHG�RXW�WR�H[WUDFW�WKH
GDWD� RI� RXU� LQWHUHVW�� 6XEFRUSRUD� RI� &/$5$� ZHUH� XWLOL]HG� IRU� PRGHOOLQJ� WKH� SDUWLFXODU�ODQJXDJH
GRPDLQ�� DQG� HYHU\�VLQJOH�GRFXPHQW�RI�/'&�1HZVZLUH�&RUSXV�ZDV�WHVWHG�DJDLQVW�HDFK�RI�WKH�PRGHOV�
7KH� EHVW� VFRULQJ� FDQGLGDWHV� ZHUH� H[WUDFWHG� LQWR� SUHOLPLQDU\� FROOHFWLRQV�� FRQWHQWV� RI� ZKLFK�ZHUH
H[DPLQHG�E\�KXPDQV��,QFLGHQW�LQDGHTXDWH�DUWLFOHV�ZHUH�ILOWHUHG�RXW�

7KH� FRPSXWDWLRQDO� PHWKRG� XVHG� ZDV� GHWHUPLQHG� E\� WKH�VL]H�RI�WKH�GDWD�LQ�TXHVWLRQ��7KH�DUWLFOHV�WR
FODVVLI\� FRQWDLQHG� RQO\� ���� ZRUGV� RQ� DYHUDJH�� VSDQQLQJ� VD\� IURP� ��� WR� ����ZRUGV��2FFXUUHQFH
KLVWRJUDPV� RI� XQLJUDPV� ZHUH� WDNHQ� DV� WKH� FULWHULRQ��VLQFH�VHQVLEOH�ELJUDP�RU�WULJUDP�PRGHOV�FRXOG
KDUGO\�EH�FRQVWUXFWHG�RQ�VXFK�SRRU�VDPSOHV� �

&RUUHODWLRQ� FRHIILFLHQW� EHWZHHQ� WKH� KLVWRJUDP�RI�HYHU\��DUWLFOH�DQG�WKH�KLVWRJUDPV�RI�WKH�VXEFRUSRUD
ZDV�FRPSXWHG��7KH�KLJKHU�WKH�UHVXOW��WKH�EHWWHU�WKH�FRQIRUPDQFH�RI�WKH�VDPSOH�WR�WKH�PRGHO��

0RUH� WHFKQLFDO� GHWDLOV� DERXW� WKH� H[WUDFWLRQ� DUH� WR� DSSHDU� LQ� �3UDJXH� %XOOHWLQ� RI� 0DWKHPDWLFDO
/LQJXLVWLFV�� $XWXPQ� ������� 6HH�DOVR�RWKHU�VWXGLHV�RQ�/'&�$UDELF�1HZVZLUH�&RUSXV�$�FODVVLILFDWLRQ
�RI�GLIIHUHQW�PRWLYDWLRQ�DQG�UHVXOWV��KRZHYHU���>�@��

7KH� $UDELF� &RUSXV�IRU�WKH�$QQRWDWLRQ�3URMHFW�ZDV�FRPSLOHG�IURP�WKH�UHOHYDQW�VXEFRUSRUD�RI�&/$5$
�a����������� DQG� IURP� RXU� H[WUDFWLRQ� RI� /'&� 1HZVZLUH� &RUSXV� �a������������7KLV�UDWH�KDV�EHHQ
UHDVRQHG�E\�ZRUG�SHU�IRUP�UDWLR�LQGLFDWRUV��a���DQG�a����UHVSHFWLYHO\��

7KH� GDWD� PDQDJHU�LV�3DYHO� XSHN�ZLWK�DVVLVWHQFH�IURP�0RQLND�.ROERYi�DQG�0DUWLQ�âSiWD��DGGLWLRQDO
ZRUNV�RQ�WKLV�SDUW�RI�WKH�SURMHFW�DUH�FDUULHG�RXW�DOVR�E\�2WDNDU�6PUå�DQG�3HWU�=HPiQHN�

�� 0RUSKRORJLFDO�OHYHO�RI�DQQRWDWLRQ

2Q� WKLV� OHYHO�� D� VWDQGDUG� PRUSKRORJLFDO� DQDO\VLV�LV�EHLQJ�GRQH��+HUH��DOVR�WKH�FRPSOH[LW\�RI�$UDELF
IOH[LRQDO� V\VWHP� KDV� WR� EH� GHDOW� ZLWK�� DV� ZHOO� DV� WKH� YDVW� DPELJXLW\� FDXVHG� E\� WKH� JUDSKHPLF
UHSUHVHQWDWLRQ� RI� $UDELF�� %HVLGHV�� WKH� VWULQJV� LQ�$UDELF�VFULSW�FDQ�FRQWDLQ�PRUH�ZRUGV�LQ�RQH�VWULQJ
�XVXDOO\�DQ�DXWRVHPDQWLF�ZRUG�WRJHWKHU�ZLWK�FOLWLFV�OLNH�SDUWLFOHV��FRQMXQFWLRQV�DQG�VXIIL[HG�SURQRXQV��
ZKHUH� DW� OHDVW� VRPH� RI� WKHP� KDYH� WR� EH� DQDO\]HG� IRU� PRUSKRWDFWLFDO� ERXQGDULHV�� (�J��� D� VWULQJ
IV\NWEZQK� LV� UHDG� DV� ID�VD�\DNWXEXaQD�KX�� ZKLFK� FDQ� EH� DQDO\]HG� DV� DQG�WKHQ�)87�WKH\� ZLOO
ZULWH>PDVF�@�LW�� ,Q� RWKHU� ZRUGV�� D� PRUSKRORJLFDO� DQDO\VLV� RI� $UDELF� KDV� WR� EH� DFFRPSDQLHG� E\
PRUSKRORJLFDO�GLVDPELJXDWLRQ�DQG�WRNHQL]DWLRQ�

7KH� PRUSKRORJLFDO� DQDO\VLV� LV� EHLQJ� GRQH� VHPL�DXWRPDWLFDOO\�� (DFK� VWULQJ�RI�$UDELF�FKDUDFWHUV�LV
DVVLJQHG� D� YDOXH�E\�D�PRUSKRORJLFDO�DQDO\]HU��ZKLFK�DOVR�SURYLGHV�SRVVLEOH�VROXWLRQV�IRU�WRNHQL]DWLRQ
�PRUSKRWDFWLFDO� DQDO\VLV���7KH�DQDO\]HU�SURGXFHV�D�VXJJHVWLRQ�RI�OHPPDV�DQG�URRWV�DQG�D�FRPELQDWLRQ
RI�YDOXHV�RI�LQGLYLGXDO�PRUSKRORJLFDO�FDWHJRULHV�

2QFH� WRNHQL]DWLRQ� DQG� PRUSKRORJLFDO� GLVDPELJXDWLRQ� LV� GRQH�� WKH� UHVSHFWLYH� PRUSKRORJLFDO
LQIRUPDWLRQ� UHIHULQJ� WR� HDFK� WRNHQ� FDQ� EH� WUDQVIRUPHG� WR� D� ILQH�JUDLQHG� ³SRVLWLRQDO� WDJ´��ZKHUH
H[FOXVLYH� YDOXHV� RI� D� FDWHJRU\� PDS�WR�WKH�UHVHUYHG�SRVLWLRQ��7KLV�QRWDWLRQ�LV�XVHIXO�IRU�LWV�IL[�OHQJWK
DQG�WDEXODULW\��DQG�HDV\�PDFKLQH�LQWHUSUHWDWLRQ� �

:LWK� UHVSHFW� WR� $UDELF� PRUSKRORJ\�� WKH� VWUXFWXUH� FRQVLVWLQJ� RI� ��� VORWV� FDQ� EH� GHVLJQHG�� :H
GLVWLQJXLVK� VXFK� FDWHJRULHV�� DV� WHQVH�� PRRG�� JHQGHU��QXPEHU��FDVH��GHILQLWHQHVV��YRLFH��SHUVRQ��HWF��
WRJHWKHU� ZLWK� WKH� XQGHUO\LQJ� WHPSODWH� DQG� H[SOLFLW� URRW� �XS�WR�ILYH�UDGLFDOV���7KH�V\VWHP�KDV�VRPH
LQQHU� FRQGLWLRQLQJ� �� LQ� VRPH� FDVHV�� WKH� PHDQLQJ� RI� D� �OHWWHU�� LQ� D�SRVLWLRQ�LV�FRUUHFWO\�UHDG�RQO\
WRJHWKHU� ZLWK� VRPH� SUHFHGLQJ� WDJ�� 7KLV� PHDQV� WKDW� H�J�� D�3�RQ�WKH�VHFRQG�SRVLWLRQ�LV�WR�EH�UHDG�DV
3DVVLYH� 3DUWLFLSOH� LQ� FDVH� RI� 1� �1RXQ�� DV� D� SUHFHGLQJ� WDJ�� DQG� DV� 3HUIHFW�DIWHU�9��9HUE���,Q�WKLV
FRQWULEXWLRQ�� ZH�GR�QRW�SURYLGH�WKH�FRPSOHWH�V\VWHP�IRU�UHDGLELOLW\�UHDVRQV��7KH�IROORZLQJ�VKRZV�RQO\
WKH�EDVLF�SULQFLSOHV�RI�WDJ�FRQVWUXFWLRQ�

�����������������������������������������������
�� 7KLV� YDOXH�PD\�EH�LQWHUSUHWHG�HTXLYDOHQWO\�LQ�WHUPV�RI�YHFWRU�DQDO\VLV��,PDJLQH�WKDW��1�GLPHQVLRQDO�VSDFH�JHWV

JHQHUDWHG� E\� 1� ZRUG�IRUPV�� 7KH� KLVWRJUDPV� RI�WKH�VDPSOH�DQG�WKH�PRGHOV�ZLOO�WKHQ�EH�UHQGHUHG�DV�YHFWRUV�RI
WKLV� VSDFH�� 7KH� EHVW� FDQGLGDWHV� DUH�WKRVH�SRLQWLQJ�LQ�VLPLODU�GLUHFWLRQV�DV�WKH�GHVLUHG�PRGHOV�GR��&RVLQH�RI�WKH
GLIIHUHQFH�RI��GLUHFWLRQV�LV�HTXDO�WR�WKH�FRUUHODWLRQ�FRHILFLHQW� �
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6XFK� GDWD� DUH� WKHQ� SURFHVVHG� E\� D� WHDP� RI� PRUSKRORJ\� DQQRWDWRUV�� ZKR� FKRRVH� WKH�DSSURSULDWH
FRPELQDWLRQ� RI� OHPPD�DQG�WDJ�LQ�D�JLYHQ�FRQWH[W��GLVDPELJXDWLRQ���:H�XVH�WKH�WZR�OHYHO�)67�V\VWHP
GHYHORSHG� E\� ;HUR[� �;HUR[� $UDELF� 0RUSKRORJLFDO�$QDO\]HU���FI��H�J��>�@���DOWHUQDWLYHO\�ZH�ZLOO�XVH
WKH�PRUSKRORJLFDO�DQDO\]HU�EHLQJ�GHYHORSHG�E\�WKH�/'&� �

7KH� PDQXDO� GLVDPELJXL]DWLRQ� ZLOO� EH� GRQH� RQ� VWDQGDUG� VL]HG� VXEFRUSXV� ����������� ±����������
ZRUGV��� 2Q�WKHVH�GDWD��VWDWLVWLFDO�DQDO\]HUV�ZLOO�EH�WUDLQHG��7KLV�SURFHGXUH�ZLOO�EH�DSSOLHG�DOVR�WR�RWKHU
OHYHOV� RI�DQQRWDWLRQ��7KH�PDQXDO�DQQRWDWLRQ�LV�FDUULHG�RXW�E\�0RQLND�.ROERYi�DQG�0DUWLQ�âSiWD�XQGHU
WKH�VXSHUYLVLRQ�RI�2WDNDU�6PUå�DQG�3HWU�=HPiQHN�

)RU� WKH� PDQXDO� DQQRWDWLRQ� ZH� XVH�WKH�'$��'LV$PELJXDWRU��HGLWRU��ZKLFK�KDV�EHHQ�GHYHORSHG�DW�WKH
)DFXOW\�RI�0DWKHPDWLFV�DQG�3K\VLFV��&KDUOHV�8QLYHUVLW\��E\�-L t�+DQD�

�� $QDO\WLFDO�OHYHO�RI�DQQRWDWLRQ

$W� SUHVHQW�� WKH� DQDO\WLFDO� OHYHO� UHSUHVHQWV� WKH� PDLQ� OHYHO� IRU� VWUXFWXUDO� DQQRWDWLRQ�� +HUH�� OLQHDU
DQQRWDWLRQ� LV� DEDQGRQHG�� ZKHUH� HDFK� ZRUG�ZDV�WDNHQ�VHSDUDWHO\�LUUHVSHFWLYH�RI�FRQWH[W��DQG�LW�LV�WKH
VWUXFWXUH� RI�WKH�VHQWHQFH�WKDW�LV�LQWURGXFHG�LQWR�WKH�DQQRWDWLRQ�RI�WKH�WH[W��KRZHYHU��QRW�WKH�VWUXFWXUH�RI
WKH� WH[W��� $OO� WKH� RULJLQDO� ZRUGV� RI� WKH�WH[W�DUH�SUHVHUYHG�DQG�REWDLQ�WKHLU�IXQFWLRQV�LQ�WKH�UHVXOWLQJ
VWUXFWXUH�

7KLV� OHYHO� LV�EDVHG�RQ�WKH�GHSHQGHQF\�DSSURDFK��ZKHUH�WKH�V\QWDFWLF�UHODWLRQV�EHWZHHQ�³ZRUGV´��DIWHU
PRUSKRWDFWLFDO� DQDO\VLV�� LQ� D� VHQWHQFH� DUH� UHSUHVHQWHG�� � 7KH� VWUXFWXUH�LV�EDVHG�RQ�WKH�GHSHQGHQF\
UHODWLRQ� EHWZHHQ� D� JRYHUQRU� DQG� LWV� GHSHQGHQW� QRGH�� $� W\SH� RI�GHSHQGHQF\�UHSUHVHQWV�RQH�RI�WKH
DWWULEXWHV� RI� HDFK�QRGH�DQG�LV��XQGHUVWDQGDEO\��RULHQWHG��XSZDUGV���L�H���WRZDUGV�LWV��JRYHUQLQJ��QRGH�
(DFK� ZRUG� DQG� SXQFWXDWLRQ� PDUN� KDV� LWV� QRGH��WKHVH�QRGHV�DUH�FRQQHFWHG�E\�HGJHV��DUFV��WR�IRUP�D
VLQJOH��DF\FOLF��WUHH�JUDSK��1R�RWKHU�QRGHV�DUH�DGGHG��ZLWK�WKH�H[FHSWLRQ�RI�WKH��PDVWHU��VHQWHQFH�QRGH
�$X[6�� �

7KLV� OHYHO� RI� DQQRWDWLRQ� LV� LQ�IDFW�UDWKHU�D�WHFKQLFDO�OHYHO��FRYHULQJ�WKH�VXUIDFH�OHYHO�RI�V\QWD[��L�H��D
OHYHO� ZKLFK� FRYHUV� IXQFWLRQV� RI� DFWXDO� ZRUGV� DV�WKH\�DSSHDU�LQ�D�VXUIDFH�VKDSH�RI�D�VHQWHQFH��(DFK
ZRUG� �LQFOXGLQJ� V\QVHPDQWLF� ZRUGV��LV�DVVLJQHG�D�PDLQ�V\QWDFWLF�IXQFWLRQ��
DQDO\WLF�IXQFWRU
��
$IXQ
��
DQ� H[DPSOH� RI� VXFK� IXQFWLRQV� DUH� 6E�� 2EM�� $GY�� HWF�� �VWDQGLQJ� IRU� 6XEMHFW�� 2EMHFW� DQG�$GYHUE
UHVSHFWLYHO\��



2Q� WKH� DQDO\WLFDO� OHYHO�� LW�LV�QHFHVVDU\�WR�ZRUN�ZLWK�PRUSKRWDFWLFDOO\�DQDO\]HG�GDWD��7KLV�LV�GLIIHUHQW
IURP�WKH�FDVH�RI�&]HFK��ZKHUH�ERWK�W\SHV�RI�DQQRWDWLRQ�UDQ�VLPXOWDQHRXVO\�DQG�ZHUH�PHUJHG�ODWHU� �

7KH� PRUSKRORJLFDOO\�GLVDPELJXDWHG�GDWD�DUH�SURFHVVHG�E\�D�WHDP�RI�V\QWD[�DQQRWDWRUV��7KH�DQQRWDWLRQ
LV� GRQH� PRVWO\� PDQXDOO\� XS� WR� WKH�VL]H�ZKLFK�PDNHV�LW�SRVVLEOH�WR�XVH�VWDWLVWLFDOO\�EDVHG�DQQRWDWLRQ
WRROV� �

)RU� WKLV� OHYHO�RI�DQDO\VLV��ZH�KDG�WR�GHYHORS�D�V\VWHPDWLF�VSHFLILFDWLRQ�ZKLFK�DSSOLHV�WKH�SULQFLSOHV�RI
GHSHQGHQF\� V\QWD[� WR� $UDELF�� 7KHVH� JXLGHOLQHV� KDYH� WR� GHDO� ZLWK� SUREOHPV� VSHFLILF� WR� $UDELF�
HVSHFLDOO\� WKH� QRPLQDO� VHQWHQFH� ZLWKRXW� D� FRSXOD� RU� DX[LOLDU\� YHUE��WKH�SUHIHUDEOH�SDUHQW�QRGH�IRU
UHSUHVHQWDWLRQ� RI� GHSHQGHQF\� UHODWLRQV��7KHVH�JXLGHOLQHV�KDYH�EHHQ�SUHSDUHG�E\�D�WHDP�FRQVLVWLQJ�RI
2QG HM� %HUiQHN�� ,YRQD�.XþHURYi��2WDNDU�6PUå��-DQ�âQDLGDXI�DQG�3HWU�=HPiQHN��2QG HM�%HUiQHN�DQG
-DQ�âQDLGDXI�DOVR�FDUU\�RXW�WKH�PDQXDO�DQQRWDWLRQ�RI�WKLV�OHYHO�RI�DQDO\VLV�

)RU� WKH� PDQXDO� DQQRWDWLRQ��7U(G��7UHH�(GLWRU��LV�XVHG��7KH�V\VWHP�KDV�EHHQ�GHYHORSHG�DW�WKH�)DFXOW\
RI� 0DWKHPDWLFV� DQG� 3K\VLFV��&KDUOHV�8QLYHUVLW\��E\�3HWU�3DMDV��7U(G�LQWHUIDFH�KDV�EHHQ�H[WHQGHG�IRU
RXU�FRQYHQLHQFH��DQG�IXOO\�FRPSOLHV�ZLWK�WKH�ULJKW�WR�OHIW�$UDELF�VFULSW��&3�������

�� 0RGHO�6HQWHQFHV�$QDO\VLV

,Q�WKH�IROORZLQJ��D�IHZ�H[DPSOHV�LOOXVWUDWLQJ�RXU�DSSURDFK�ZLOO�EH�JLYHQ��,Q�WKH�ILUVW�SDUW��WKHUH�LV�D�OLVW
RI�DQDO\WLFDO�IXQFWLRQV�XVHG�LQ�WKH�H[DPSOHV��WKH�VHFRQG�SDUW�RIIHUV�DQDO\VLV�RI�PRGHO�VHQWHQFHV��,Q�WKH
H[DPSOHV��ZH�XVH�D�VOLJKWO\�DGDSWHG�WUDQVOLWHUDWLRQ�V\VWHP�GHYHORSHG�E\�7LP�%XFNZDOWHU��ZKLFK�LV
DOVR�EHLQJ�XVHG�E\�WKH�;HUR[�$UDELF�0RUSKRORJLFDO�$QDO\]HU��

���� /LVW�RI�DQDO\WLFDO�IXQFWLRQV�

7DEOH����/LVW�RI�DQDO\WLFDO�IXQFWLRQV

)XQFWLRQ 'HVFULSWLRQ
3UHG 3UHGLFDWH
33UHG 3UHGLFDWLYH�SUHSRVLWLRQ
3QRP 1RPLQDO�SDUW�RI�SUHGLFDWH
6E 6XEMHFW
2EM 2EMHFW
$GY $GYHUE
$WY &RPSOHPHQW
$QWH 6HQWHQFH�PHPEHU�LQ�DQWHSRVLWLRQ
&RRUG &RRUGLQDWLRQ
$X[3 3UHSRVLWLRQ
$X[9 $X[LOLDU\�YHUE
$X[0 3DUWLFOHV�PRGLI\LQJ�WKH�YHUE
$X[& &RQMXQFWLRQ
$X[( (PSKDVLV
$X[< 2WKHUV
$X[6 6HQWHQFH�EHJLQQLQJ
$X[. 6HQWHQFH�HQG
B&R 0HPEHU�RI�FRRUGLQDWLRQ
B$Q 5HIHUHQFH�WR�DQWHSRVLWLRQ
B0V 0DVGDU�DGYHUE

�����������������������������������������������
��7KH�%XFNZDOWHU
V�V\VWHP�KDV�EHHQ�SUHVHUYHG�ZLWK�WKH�H[FHSWLRQ�RI�WKH�WZR�IROORZLQJ�FKDQJHV���*��VWDQGV�IRU

JKDLQ��LQVWHDG�RI��J���DQG��9��VWDQGV�IRU�WKDa��LQVWHDG�RI��Y����7KH�V\VWHP�LV�DYDLODEOH�H�J��DW
KWWS���ZZZ�[UFH�[HUR[�FRP�UHVHDUFK�POWW�DUDELF�LQIR�EXFNZDOWHU�DERXW�KWPO



���� 9HUEDO�VHQWHQFH
6DEDa+D�\DZPL�DO�¶D+DGL�VD¶DODW�MDGGDWX�6DGLaT�La�DO�MDGLaGL�DO�NDELaUDWX�DO�'X\XaID�EL�
(LQDa\DWLQ�(DQ�UD*DEDaWL�KLP�ZD�D[EDaUL�KLP��±�6XQGD\�PRUQLQJ��WKH�ROG�JUDQGPRWKHU�RI�P\�QHZ
IULHQG�DVNHG�WKH�JXHVWV�ZLWK�FRQFHUQ�DERXW�WKHLU�QHZV�DQG�WKHLU�ZLVKHV�

��>$X[6@

VD¶DODW�>3UHG@� ��>$X[.@

6DEDa+D�>$GY@� MDGGDWX�>6E@� DO�'X\XaID�>2EM@� EL��>$X[3@� (DQ�>$X[3@

��\DZPL�>$WU@ � 6DGLaT�>$WU@� DO�NDELaUDWX�>$WU@� (LQDa\DWLQ�>$GY@� ZD�>&RRUG@

DO�¶D+DGL�>$WU@ �La�>$WU@� DO�MDGLaGL�>$WU@� D[EDaUL�>2EMB&R@� UD*DEDaWL�>2EMB&R@

�KLP�>$WU@� �KLP�>$WU@

&RPPHQWV��1RWH�WKH�VHSDUDWLRQ�RI�VXIIL[HG�SURQRXQV�DQG�WKH�ZD\�FRRUGLQDWLRQ�LV�XVHG��)XUWKHUPRUH�
SUHSRVLWLRQDO�SKUDVHV�UHVXOWLQJ�IURP�YHUEDO�JRYHUQPHQW�DUH�FRQVLGHUHG�LQGLUHFW�REMHFWV�

���� 1RPLQDO�VHQWHQFH

������ 3UHSRVLWLRQDO�QRPLQDO�VHQWHQFH��SUHVHQW�WHQVH�

D��ILa�DO�ED\WL�QDaIL
DWXQ�±�,Q�WKH�KRXVH�WKHUH�LV�D�ZLQGRZ�
E��OD�KX�ED\WXQ�MDGLaGXQ�±�+H�KDV�D�QHZ�KRXVH�
F��DO�MDZDaEX�PLQ�DO�PXPNLQL�±�,W�LV�SRVVLEOH�WR�UHSO\�

��>$X[6@� ��>$X[6@� ��>$X[6@

ILa�>33UHG@� ��>$X[.@� OD��>33UHG@� ��>$X[.@� PLQ�>33UHG@� ��>$X[.@

DO�ED\WL�>$GY@� QDaIL
DWXQ�>6E@� KX�>2EM@� ED\WXQ�>6E@� DO�MDZDaEX�>6E@ DO�PXPNLQL�>3QRP@�

MDGLaGXQ�>$WU@

&RPPHQWV��1RWH�WKH�GLIIHUHQW�DQDO\WLFDO�IXQFWLRQV�RI�VHFRQG�SDUW�H[SUHVVLRQV�LQ�SUHSRVLWLRQDO�SKUDVHV
ZLWK�D�SUHGLFDWLYH�SUHSRVLWLRQ�

������ 3XUH�QRPLQDO�VHQWHQFH��SUHVHQW�WHQVH�

D��DO�ED\WX�NDELaUXQ�±�7KH�KRXVH�LV�ELJ�
E��DO�IDWDaWX�6D*LaUDWXQ�ZD�MDPLaODWXQ�±�7KH�JLUO�LV�\RXQJ�DQG�QLFH�
F��PX+DPPDGXQ�ZD�PD+PXaGXQ�UDMXODaQL�±�0XKDPPDG�DQG�0DKPXG�DUH�PHQ�
G��KDa
Da�6D+La+XQ�ZD�
DaOLND�[Da7L¶XQ����7KLV�LV�ULJKW�DQG�WKDW�LV�IDOVH�



��>$X[6@� ��>$X[6@

NDELaUXQ�>3QRP@ ���>$X[.@� ZD�>&RRUG@� ��>$X[.@

DO�ED\WX�>6E@� DO�IDWDaWX�>6E@� 6D*LaUDWXQ�>3QRPB&R@� MDPLaODWXQ�>3QRPB&R@

��>$X[6@� ��>$X[6@

UDMXODaQL�>3QRP@ ���>$X[.@ �ZD�>&RRUG@� ��>$X[.@

ZD�>&RRUG@ �6D+La+XQ�>3QRPB&R@� [Da7L¶XQ�>3QRPB&R@

PX+DPPDGXQ�>6EB&R@ �PD+PXaGXQ�>6EB&R@ �KDa
Da�>6E@� 
DaOLND�>6E@

&RPPHQWV�� ,Q� RUGHU� WR� WUHDW� WKHVH� IRXU� H[DPSOHV� FRQVLVWHQWO\��RQO\�WKH�JLYHQ�W\SH�RI�DQDO\VLV�ZDV
IRXQG� DFFHSWDEOH� �L�H�� WKH� QRPLQDO� SDUW� RI� SUHGLFDWH� JRYHUQLQJ� WKH� VXEMHFW� LQ�WKH�WUHH���7KXV��LW�LV
FRQVLGHUHG� WHFKQLFDOO\� QHFHVVDU\� �QR� HPSW\� QRGHV� FDQ� EH� DGGHG�� ZKLOH� QRW�H[DFWO\�UHQGHULQJ�WKH
UHODWLRQV�LQ�D�QRPLQDO�VHQWHQFH�

������ 1RPLQDO�VHQWHQFHV�LQ�WKH�SDVW�±�VHH�WKH�QH[W�VHFWLRQ��6LVWHUV�RI�NDaQD�

���� 6LVWHUV�RI�NDaQD�DQG�FRPSRXQG�YHUEV
D��D6ED+D�PD+PXaGXQ�UD¶LaVDQ�±�0DKPXG�EHFDPH�GLUHFWRU
E��NDaQD�PX+DPPDGXQ�MDTUD¶X�DO�NLWDaED�DO�MDGLaGD�±�0XKDPPDG�ZDV�UHDGLQJ�WKH�QHZ�ERRN�

������ 7KH�WUDGLWLRQDO�YLHZ

��>$X[6@� ��>$X[6@

D6ED+D�>$X[9@ ���>$X[.@ �MDTUD¶X�>3UHG@ ���>$X[.@

PD+PXaGXQ�>6E@ �UD¶LaVDQ�>3QRP@ �NDaQD�>$X[9@ �PX+DPPDGXQ�>6E@� DO�NLWDaED�>2EM@

DO�MDGLaGD�>$WU@

������ $�QHZ�SURSRVDO�IRU�DQ�DOWHUQDWLYH�VROXWLRQ

��>$X[6@� ��>$X[6@

D6ED+D�>3UHG@ ���>$X[.@� NDaQD�>3UHG@ ���>$X[.@

PD+PXaGXQ�>6E@� UD¶LaVDQ�>$WY@ �PX+DPPDGXQ�>6E@ �MDTUD¶X�>$WY@

� DO�NLWDaED�>2EM@

DO�MDGLaGD�>$WU@



&RPPHQWV�� )RU� GHWDLOV� RQ� WKLV� DSSURDFK�WR�VLVWHUV�RI�NDaQD�DQG�FRPSRXQG�YHUEV�VHH�WKH�$SSHQGL[�
7KHUH� \RX� ZLOO� ILQG� D� VWXG\� WUHDWLQJ�WKLV�SUREOHP�ERWK�IURP�VWUXFWXUDO�DQG�VHPDQWLF�YLHZSRLQWV��$Q
HIIRUW�LV�PDGH�WR�LQWHJUDWH�WKHVH�VHHPLQJO\�GLIIHUHQW�YHUEDO�FODVVHV�ZLWKLQ�RQH�VLQJOH�V\VWHP�

���� 6HQWHQFH�HOHPHQWV�LQ�DQWHSRVLWLRQ
LQQD�DO�ODaKD�QX¶PLQX�EL�KL�7XaOD�+DMDZDaWL�QDa�±�,Q�*RG�ZH�EHOLHYH�WKURXJKRXW�RXU�OLYHV�

��>$X[6@

QX¶PLQX�>3UHG@� ��>$X[.@

LQQD�>$X[(@ � EL��>$X[3@� 7XaOD�>$X[3@

DO�ODaKD�>$QWH@ ��KL�>2EMB$Q@� +DMDZDaWL�QDa�>$GY@

&RPPHQWV��1RWH�WKH�IXQFWLRQ�VXIIL[�XVHG�WR�PDUN�WKH�UHIHUHQFLQJ�SURQRXQ�

���� &RPSDULVRQ
D��DO�
DNDa¶X�DNEDUX�DKDPPLa\DWDQ�PLQ�DO�TXaZDWL��,QWHOOLJHQFH�LV�PRUH�LPSRUWDQW�WKDQ�VWUHQJWK�
E��KXZD�D�KDUX�ILa�OXEQDaQD�PLQ�KX�ILa�VXaUL\Da��+H�LV�PRUH�IDPRXV�LQ�/HEDQRQ�WKHQ�LQ�6\ULD�

��>$X[6@� ��>$X[6@

¶DNEDUX�>3QRP@ ���>$X[.@ �¶D�KDUX�>3QRP@� ��>$X[.@

DO�
DNDa¶X�>6E@� DKDPPLa\DWDQ�>$WY@ �PLQ�>$X[3@� KXZD�>6E@ ILa�>$X[3@ �PLQ�>$X[3@

DO�TXaZDWL�>$WU@� OXEQDaQD�>$WU@ ���KX�>$WU@

ILa�>$X[3@

VXaUL\Da�>$WU@

&RPPHQWV�� /RRN� DW� WKH� FRPSRVLWLRQ� RI� FRPSDUDWLYH� VWUXFWXUHV�� 7KH� GHILQLQJ� FRPSOHPHQW
�DKDPPLa\DWDQ�� DV� ZHOO� DV� WKH� H[SUHVVLRQ� EHLQJ�FRPSDUHG�WR��PLQ�����DUH�ERWK�OLQNHG�GLUHFWO\�WR�WKH
HODWLYH�

���� $FFXVDWLYH�RI�WKH�LQQHU�REMHFW��ILJXUD�HW\PRORJLFD�
D��'DUDED�KX�PD+PXaGXQ�'DUEDQ�TDZLa\DQ�±�0DKPXG�KLW�KLP�VWURQJO\�
E��QD[DaIX�PLQKX�D�DGGD�FKDZILQ�±�:H�IHDU�KLP�PRVW�

��>$X[6@ � ��>$X[6@

'DUDED�>3UHG@� ��>$X[.@ � QD[DaIX�>3UHG@� ��>$X[.@

�KX�>2EM@ �PD+PXaGXQ�>6E@� 'DUEDQ�>$GYB0V@� PLQ�>$X[3@� D�DGGD�>$GY@

TDZLa\DQ�>$WU@� KX�>2EM@ FKDZILQ�>$WUB0V@



&RPPHQWV�� 1RWH� WKH� XVH� RI� WKH� IXQFWLRQ� VXIIL[� WR�LQGLFDWH�D�PDVGDU�DGYHUELDO�IRUP��7KLV�VR�FDOOHG
LQQHU� REMHFW� LQ� DFFXVDWLYH� LV� VHPDQWLFDOO\� HPSW\�� WKXV� UHTXLUHV� D�PDUNLQJ�LQ�RUGHU�WR�UHFRJQL]H�LWV
JUDPPDWLFDO�FRQQHFWLRQ�ZLWK�WKH�YHUE�

���� 1XPHUDOV
(D�UDWX�PDODa\LaQD�ZD�FKDPVDWXQ�ZD�(L�UXaQD�DOIDQ�ZD�WLV(X�PL¶DWLQ�ZD�VDE(DWXQ�ZD�DUED(XaQD
MXQGLa\DQ�±������������VROGLHUV

��>$X[6@

MDa¶D�>3UHG@� ��>$X[.@

ZD�>&RRUG@

(D�UDWX� FKDPVDWXQ� ZD� (L�UXaQD� ZD� WLV(X� ZD� VDE(DWXQ� ZD� DUED(XaQD
>6EB&R@�� >6EB&R@� �>$X[<@� >6EB&R@� >$X[<@� >6EB&R@� �>$X[<@� >6EB&R@� >$X[<@ �>6EB&R@

PDODa\LaQD�>$WU@� DOIDQ�>$WU@ �PL¶DWLQ�>$WU@� MXQGLa\DQ�>$WU@

&RPPHQWV��7KH�VWUXFWXUH�RI�QXPHUDOV�LV�HDV\�WR�XQGHUVWDQG�

7KH� H[DPSOHV�JLYHQ�DERYH�DUH�RQO\�WR�LOOXVWUDWH�RXU�DSSURDFK�WR�VSHFLILF�DQG�SDUWLFXODU�SUREOHPV�RI�WKH
GHSHQGHQF\� UHSUHVHQWDWLRQ� RI�$UDELF��$�IXOO�DQG�V\VWHPDWLF�GHVFULSWLRQ�RI�RXU�DSSURDFK�ZLOO�EH�JLYHQ
LQ�D�VHSDUDWH�SXEOLFDWLRQ�

�� 7HFWRJUDPPDWLFDO�OHYHO�RI�DQQRWDWLRQ

7KLV� OHYHO� GHVFULEHV� WKH� OLQJXLVWLF� PHDQLQJ� RI� D� VHQWHQFH�� GHULYHG� IURP� WKH� DQDO\WLFDO�OHYHO��7KH
)XQFWLRQDO� *HQHUDWLYH� 3HUVSHFWLYH� >����@�LV�DSSOLHG���,W�LV�WKH�KLJKHVW��XQGHUO\LQJ��OHYHO�RI�DQQRWDWLRQ�
$� WHFWRJUDPPDWLFDO� VHQWHQFH� UHSUHVHQWDWLRQ� SURWRW\SLFDOO\� KDV� WKH� VDPH� VWUXFWXUH�DV�WKH�DQDO\WLFDO
UHSUHVHQWDWLRQ�� KRZHYHU�� LQ� VSHFLILF� FDVHV� VRPH� QRGHV� PD\� EH�HOLPLQDWHG��VRPH�DGGHG��VR�WKDW�WKH
WHFWRJUDPPDWLFDO� VWUXFWXUH� RI� D� VHQWHQFH� FDQ� GLIIHU� IURP�WKDW�DW�WKH�DQDO\WLFDO�OHYHO��%DVLFDOO\��KHUH
RQO\� DXWRVHPDQWLF�ZRUGV�KDYH�D�QRGH�RI�WKHLU�RZQ��ZKLOH�WKH�FRUUHODWHV�RI�IXQFWLRQ�ZRUGV�DUH�DWWDFKHG
DV� LQGLFHV�WR�WKH�ZRUGV�WR�ZKLFK�WKH\�³EHORQJ´��L�H���DX[LOLDU\�YHUEV�DQG�VXERUGLQDWLQJ�FRQMXQFWLRQV�WR
YHUEV�� SUHSRVLWLRQV� WR� QRXQV�� HWF���� $QDO\WLF�IXQFWLRQV�DUH�VXEVWLWXWHG�E\�WHFWRJUDPPDWLFDO�IXQFWLRQV
�VXFK� DV� $FWRU�%HDUHU�� 3DWLHQW�� $GGUHVVHH�� HWF���� � 7KLV� PHDQV� WKDW� WKLV� OHYHO� FRUUHVSRQGV�WR�VXFK
FRQFHSWV�DV��GHHS�V\QWD[���HWF�

$W� WKH� WLPH� ZKHQ� WKLV� FRQWULEXWLRQ� ZDV� ZULWWHQ�� WKLV�OHYHO�KDV�QRW�EHHQ�GHDOW�ZLWK�LQ�JUHDWHU�GHWDLO�
+HUH��ZH�ZLOO�SUHVHQW�RQO\�D�IHZ�H[DPSOHV�ZKLFK�VKRXOG�GHPRQVWUDWH�WKH�QDWXUH�RI�WKLV�OHYHO�

D��DQ�H[DPSOH�RI�VWDQGDUG�WHFWRJUDPPDWLFDO�DQDO\VLV
WDE+D9X�(Da
L�DWX�(DQ�6DGLaTLQ�MDGLaGLQ
$LVKD�LV�ORRNLQJ�IRU�D�QHZ�IULHQG�

WDE+D9X
35('

(Da
L�DWX 6DGLaTXQ
$&7 3$7

MDGLaGXQ
5675



&RPPHQW�� QRWH� WKH� HOLVLRQ� RI� WKH� SUHSRVLWLRQ�� ZKLFK� LV� LQ� D� JLYHQ� H[DPSOH� QRW� QHFHVVDU\� IRU
XQGHUVWDQGLQJ� WKH� VHQWHQFH�� 35('� VWDQGV� IRU�3UHGLFDWH��$&7�IRU�$FWRU��3$7�IRU�3DWLHQW��5675�IRU
5HVWULFWLRQ�

E��DGGLWLRQ�RI�D�QRGH
ZDMDGXa�6DGLaTDQ
WKH\�IRXQG�D�IULHQG

ZDMDGXa

KXP�(/,'�$&7 6DGLaTDQ�3$7

&RPPHQW�� $� QHZ� QRGH� KDV� EHHQ� DGGHG�� ZKLFK� H[SOLFLWO\� H[SUHVVHV� WKH� $FWRU� RI� WKH� VHQWHQFH�
(/,'�$&7�VWDQGV�IRU�(OLGHG�$FWRU�

�� &RQFOXVLRQ

7KLV� SDSHU� GHVFULEHG� WKH� SURFHGXUHV� LQ�FRQVWUXFWLRQ�RI�D�ULFKO\�DQQRWDWHG�FRUSXV�RI�$UDELF�
:KLOH� WKH� PRUSKRORJLFDO� DQDO\VLV�LV�D�VWDQGDUG�RQH��LQ�WKH�V\QWDFWLF�UHSUHVHQWDWLRQ�ZH�FKRVH
DQ� DSSURDFK�� ZKLFK� LV� GLIIHUHQW� IURP� FRPPRQO\� XVHG�PHWKRGRORJLHV��EXW�ZKLFK�SURYHG�DV
FRPSXWDWLRQDOO\�LQWHUHVWLQJ��FI��WKH�3UDJXH�'HSHQGHQF\�7UHHEDQN�IRU�&]HFK��>����@��

5HIHUHQFHV

>�@� %|KPRYi�� $OHQD� ±� +DMLþ�� -DQ� ±� +DMLþRYi�� (YD�±�+ODGNi��%DUERUD��7KH�3UDJXH�'HSHQGHQF\�7UHHEDQN��$
7KUHH�/HYHO�$QQRWDWLRQ�6FHQDULR��,Q�SULQW�

>�@�3UDJXH�'HSHQGHQF\�7UHHEDQN��3'7����KWWS���XIDO�PV�PII�FXQL�F]�SGW�LQGH[�KWPO�

>�@� 6JDOO�� 3HWU� ±� +DMLþRYi�� (YD� ±� 3DQHYRYi�� -DUPLOD�� 7KH� 0HDQLQJ� RI� WKH� 6HQWHQFH� DQG�,WV�6HPDQWLF�DQG
3UDJPDWLF�$VSHFWV��5HLGHO�3XEOLVKLQJ�&RPSDQ\��'RUGUHFKW��$FDGHPLD��3UDJXH�������

>�@� 6JDOO��3HWU��8QGHUO\LQJ�VWUXFWXUH�RI�VHQWHQFHV�DQG�LWV�UHODWLRQV�WR�VHPDQWLFV��,Q��)HVWVFKULIW�I�U�9LNWRU�-XO�HYLþ
5R]HQFYHMJ� ]XP� ���� *HEXUWVWDJ��+UVJ��YRQ�7LOPDQQ�5HXWKHU��:LHQHU�6ODZLVWLVFKHU�$OPDQDFK��6RQGHUEDQG����
:LHQ�������S����������

>�@� %HHVOH\�� .HQQHWK� 5��� )LQLWH�6WDWH� 0RUSKRORJLFDO� $QDO\VLV� DQG� *HQHUDWLRQ�RI�$UDELF�DW�;HUR[�5HVHDUFK�
6WDWXV� DQG� 3ODQV� LQ� ������ ,Q�� $VVRFLDWLRQ� IRU� &RPSXWDWLRQDO� /LQJXLVWLFV�� ��WK� $QQXDO� 0HHWLQJ� DQG� ��WK
&RQIHUHQFH� RI� WKH� (XURSHDQ� &KDSWHU�� :RUNVKRS� 3URFHHGLQJV�� $UDELF� /DQJXDJH� 3URFHVVLQJ�� 6WDWXV� DQG
3URVSHFWV�� -XO\� �WK� ������ &156� �� ,QVWLWXW� GH� 5HFKHUFKH� HQ� ,QIRUPDWLTXH� GH� 7RXORXVH��DQG�8QLYHUVLWH�GHV
6FLHQFHV�6RFLDOHV��7RXORXVH��)UDQFH��SS������

>�@�6DZDI��+DVVDQ���=DSOR��-|UJ���1H\��+HUPDQQ��6WDWLVWLFDO�&ODVVLILFDWLRQ�0HWKRGV�IRU�$UDELF�1HZV�$UWLFOHV��,Q�
$VVRFLDWLRQ� IRU�&RPSXWDWLRQDO�/LQJXLVWLFV����WK�$QQXDO�0HHWLQJ�DQG���WK�&RQIHUHQFH�RI�WKH�(XURSHDQ�&KDSWHU�
:RUNVKRS� 3URFHHGLQJV�� $UDELF� /DQJXDJH� 3URFHVVLQJ�� 6WDWXV�DQG�3URVSHFWV��-XO\��WK�������&156���,QVWLWXW�GH
5HFKHUFKH�HQ�,QIRUPDWLTXH�GH�7RXORXVH��DQG�8QLYHUVLWH�GHV�6FLHQFHV�6RFLDOHV��7RXORXVH��)UDQFH��SS����������

>�@� =HPiQHN�� 3HWU�� &/$5$� �&RUSXV� /LQJXDH� $UDELFDH��� $Q� 2YHUYLHZ�� ,Q�� $VVRFLDWLRQ�IRU�&RPSXWDWLRQDO
/LQJXLVWLFV�� ��WK�$QQXDO�0HHWLQJ�DQG���WK�&RQIHUHQFH�RI�WKH�(XURSHDQ�&KDSWHU��:RUNVKRS�3URFHHGLQJV��$UDELF
/DQJXDJH� 3URFHVVLQJ�� 6WDWXV� DQG� 3URVSHFWV�� -XO\� �WK� ������&156���,QVWLWXW�GH�5HFKHUFKH�HQ�,QIRUPDWLTXH�GH
7RXORXVH��DQG�8QLYHUVLWH�GHV�6FLHQFHV�6RFLDOHV��7RXORXVH��)UDQFH��SS����������



$33(1',;

9HUEDO�VWUXFWXUHV�RQ�WKH�DQDO\WLFDO�OHYHO��6LVWHUV�RI�NDaQD´�	�FRPSRXQG�YHUEV�

-DQ�âQDLGDXI

�� ,QWURGXFWLRQ

7KLV�SURYLVLRQDO�ZRUNLQJ�SDSHU�VKRXOG�EH�UHJDUGHG�DV�D�JURXQGZRUN�IRU�GLVFXVVLRQ�

7KHUH� LV� D�WKHVLV�WKDW�,�ZLOO�WU\�WR�SURPRWH�LQ�WKLV�VWXG\��WKH�HTXDOLW\�RI�$UDELF�YHUEV�ZLWKLQ�RQH�VLQJOH
YHUEDO� V\VWHP�� :H� ZLOO� REVHUYH� VRPH� YLWDO� FKDUDFWHULVWLFV� RI� GLIIHUHQW� YHUE�VDPSOHV��LQWHQGLQJ�WR
GHPRQVWUDWH� WKDW�DOO�RI�WKHP��ZKHWKHU�VLVWHUV�RI�NDaQD�RU�QRQ�VLVWHUV��WUDQVLWLYH�RU�LQWUDQVLWLYH��DUH�SDUWV
RI� WKH� VDPH� V\VWHP�� ,W� PHDQV� ±� LQ� RWKHU� ZRUGV� ±� WKDW�WKHUH�LV�QR�QHHG�GHILQLQJ�D�VSHFLDO�FODVV�IRU
µDX[LOLDU\¶�YHUEV�VXFK�DV�µVLVWHUV�RI�NDaQD¶�

1RWH�� 0\� EULHI�DQDO\VLV�RI�WKLV�WUDGLWLRQDO�LVVXH�LV�WR�WKH�JUHDWHU�SDUW�EDVHG�RQ�D�PXWXDO�FRPSDULVRQ�RI
WKH� VHYHQ� IROORZLQJ� PRGHO� VHQWHQFHV��7KHUHIRUH��PLVWDNHV�GXH�WR�LQDSSURSULDWH�RU�LQVXIILFLHQW�FKRLFH
RI�WKHVH�PRGHOV�FRXOG�QRW�EH�H[FOXGHG��)RU�WUDQVOLWHUDWLRQ�DQG�IXQFWLRQ�WDEOHV�VHH�DERYH�

�� &RPSOHPHQWV�RI�VLPSOH�FODXVHV

0RGHO�VWDWHPHQWV�

�� UD¶Da�PX+DPPDGXQ�PD+PXaGDQ�>NDaWLEDQ@�
0XKDPPDG�VDZ�0DKPXG�>ZULWLQJ@�

�� L�WD*DOD�PX+DPPDGXQ�>PXKDQGLVDQ@�
0XKDPPDG�ZRUNHG�>DV�DQ�HQJLQHHU@�

�� �D**DOD�PD+PXaGXQ�PX+DPPDGDQ�>PXKDQGLVDQ@�
0DKPXG�HPSOR\HG�0XKDPPDG�>DV�DQ�HQJLQHHU@�

�� MD(DOD�PD+PXaGXQ�PX+DPPDGDQ�PXKDQGLVDQ
0DKPXG��PDGH�DQ�HQJLQHHU�RI�0XKDPPDG�

�� X(WXELUD�PX+DPPDGXQ�PXKDQGLVDQ�
0XKDPPDG�ZDV�FRQVLGHUHG�DQ�HQJLQHHU�

�� D6ED+D�PX+DPPDGXQ�PXKDQGLVDQ�
0XKDPPDG�EHFDPH�DQ�HQJLQHHU�

�� NDaQD�PX+DPPDGXQ�PXKDQGLVDQ�
0XKDPPDG�ZDV�DQ�HQJLQHHU

1RWH�� %UDFNHWV�LQGLFDWH�ZKHUH�WKH�FRPSOHPHQW�LV�RSWLRQDO��L�H��ZKHUH�LW�PD\�EH�RPLWWHG�RU�UHSODFHG�E\
D� SUHSRVLWLRQDO� SKUDVH� �ND�PXKDQGLVLQ��� ,Q� WKRVH� FDVHV�� WKH� VHQWHQFH� FDQ� EH� XVHG� ZLWKRXW� WKH
FRPSOHPHQW��FDXVLQJ�QR�KDUP�WR�WKH�JUDPPDWLFDO�FRUUHFWQHVV�

7KH� IROORZLQJ� WDEOH� �7DEOH� ��� OLVWV�DQDO\VHV�RI�WKH�JLYHQ�YHUEV��µ6LVWHUV�RI�NDaQD¶�LV�GHVFULSWLRQ�RI
YHUEV� WKDW� KDYH� D� GLUHFW� VHPDQWLF� UHODWLRQ� WR� WKH�IDFW�RI�EHLQJ��H[LVWHQFH��ZKLOH�LQWURGXFLQJ�D
VSHFLDO� FLUFXPVWDQWLDO� DVSHFW� �KH� EHFDPH�  �KH�KDG�QRW�EHHQ��WKHQ�KH�ZDV�±�WKH�FLUFXPVWDQFH�LV�WKH
SURFHVV� RI�DFKLHYLQJ�EHLQJ�H[LVWHQFH���7KXV��WKH�FRPSOHPHQW�LV�UHTXLUHG�DV�WKH�WDUJHW�L�H��WKH�ILQDO�VWDWH
RI�WKH�FLUFXPVWDQFH�

2WKHU� YHUEV�� KRZHYHU�� GR� QRW� UHTXLUH� D� FRPSOHPHQW� VLQFH� WKHUH� LV�QR�WDUJHWHG�FLUFXPVWDQFH��7KH
FRPSOHPHQW� LQ�VXFK�FDVHV�PHUHO\�H[WHQGV�WKH�PHDQLQJ�RI�WKH�YHUE��UHIHUULQJ�HYHQ�KHUH�WR�DQ�H[LVWHQFH
�KH� ZRUNHG�DQG�ZKLOH�KH�ZDV�DQ�HQJLQHHU���7KH�RSWLRQDO�FRPSOHPHQW�PD\�DOVR�EH�LQ�$UDELF�H[SUHVVHG
E\�D�SUHSRVLWLRQDO�SKUDVH��L�WD*DOD�ND�PXKDQGLVLQ��



1RWH�� 6XUSULVLQJO\��WKH�W\SH�RI�WKH�FRPSOHPHQW�LQ�WUDQVLWLYH�VHQWHQFHV�GRHV�QRW�GHSHQG�RQ�ZKHWKHU�WKH
YHUE� LV� D� ³VLVWHU´� RU� D� ³QRQ�VLVWHU´�� EXW� UDWKHU�RQ�WKH�VRXUFH�RI�WUDQVLWLYHQHVV��:KHUH�WUDQVLWLYHQHVV
UHVXOWV� IURP� WKH� VXEVWDQWLDO�PHDQLQJ��OLNH�VHHLQJ���LW�VHHPV�WR�SUHVXPH�D�VXEMHFW�FRPSOHPHQW��2Q�WKH
RWKHU�KDQG��ZKHUH�FLUFXPVWDQFH�LV�WKH�FDXVH��ZH�REVHUYH�DQ�REMHFW�FRPSOHPHQW��OLNH�HPSOR\��FRQVLGHU�
PDNH�VE��GR�HWF���

7DEOH����2YHUYLHZ�RI�YHUEDO�IHDWXUHV

6HPDQWLF
FRUH

$VSHFW
�FLUFXPVWDQFH�

7UDQVLWLYLW\ 9RLFH &RPSOHPHQW�LV
REOLJDWRU\

UD¶Da VHHLQJ�� QRQH \HV DFWLYH QR
L�WD*DOD ZRUNLQJ QRQH QR DFWLYH QR
�D**DOD ZRUNLQJ IDFWLWLYH�� \HV DFWLYH QR
MD(DOD EHLQJ IDFWLWLYH�� \HV DFWLYH \HV
X(WXELUD EHLQJ HVWLPDWLYH�� \HV SDVVLYH \HV
D6ED+D EHLQJ UHVXOWDWLYH QR DFWLYH \HV
NDaQD EHLQJ QRQH��GXUDWLRQ� QR DFWLYH \HV
��DQ�LQWHUDFWLYH�PHDQLQJ�����DQ�LQWHUDFWLYH�FLUFXPVWDQFH�±�ERWK�UHVXOWLQJ�LQ�WUDQVLWLYLW\

1RWH� WR� 7DEOH� ��� 9HUEDO� WUDQVLWLYLW\�PLJKW�HLWKHU�EH�DQ�HIIHFW�RI�WKH�YHUE¶V�LQWHUDFWLYH�PHDQLQJ�RU�LWV
LQWHUDFWLYH� FLUFXPVWDQFH�� ,Q�WKH�ILUVW�FDVH��WKH�DFWLRQ�LWVHOI�SUHVXPHV�D�QXPEHU�RI�SDUWLFLSDQWV��XVXDOO\
WZR�� H�J��VRPHRQH�VHHLQJ�VRPHWKLQJ���ZKHUHDV�LQ�WKH�RWKHU�RQH�WKH�WUDQVLWLYLW\�LV�FDXVHG�E\�UHODWLQJ�WKH
DFWLRQ�WRZDUGV�VRPHRQH�RU�VRPHERG\�LQ�D�VSHFLDO�ZD\��FRQVLGHU�VRPHRQH�HWF���

�� &RPSRXQG�YHUEV

7DEOH����3ULQFLSOHV�RI�EXLOGLQJ�FRPSRXQG�YHUEV
*LYHQ
IRUPV

6HPDQWLF
FRUH

$VSHFW
�FLUFXPVWDQFH�

7HQVH 0HDQLQJ

D6ED+D EHLQJ UHVXOWDWLYH ILQLVKHG�SDVW KH�EHFDPH
� � � � �
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X
W

MD�WD*LOX ZRUNLQJ QRQH XQILQLVKHG�SUHVHQW KH�ZRUNV

Ø Ø Ø Ø Ø

D6ED+D
>µEHLQJ¶�H[HUFLVHV�QR
VHPDQWLF�LQIOXHQFH@�� UHVXOWDWLYH >UHIHUV�WR�WKH

DVSHFW�FLUFXPVWDQFH@
� � � � Ø
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V
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UP
D
WL
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V

MD�WD*LOX ZRUNLQJ >�@ >UHIHUV�WR�WKH�DLP�RI�WKH
DVSHFW��LV�QRW�HVVHQWLDO@��

Ø Ø Ø Ø Ø

2
X
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W D6ED+D

MD�WD*LOX ZRUNLQJ UHVXOWDWLYH ILQLVKHG�SDVW�>RYHUDOO
WHQVH@

KH�EHJDQ�WR
ZRUN

�� /LNH� LQ�(QJOLVK��EHLQJ�ZULWLQJ�Ù�ZULWLQJ�����LQ�(QJOLVK�WKH�LQQHU�YHUE�LV�UHSUHVHQWHG�HLWKHU�E\�DQ�LQILQLWLYH�RU�D
JHUXQG� � IRUP� �KH�VWDUWHG�UHDGLQJ���WR�UHDG��ZKLFK�VXEVWDQWLDOO\�ODFNV�DQ\�WHPSRUDO�DVSHFW��ZKLOH�WKH�ILQLWH�IRUPV
RI�$UDELF�GR�ORVH�LW

7DEOH� �� VKRZV� KRZ�LQGLYLGXDO�IHDWXUHV�RI�WKH�RULJLQDO�YHUEV�SDUWLFLSDWH�LQ�GHILQLQJ�WKH�FKDUDFWHULVWLFV
RI� WKH� ILQDO�RQH��7KH�ILUVW�SDUW�RI�D�FRPSRXQG�YHUE�LV�JHQHUDOO\�RQH�RI�WKH�³VLVWHUV�RI�NDaQD´��ZKLFK�LQ
WKH� HQG� WUDQVIHUV�LWV�FLUFXPVWDQWLDO�DVSHFW�WR�WKH�VHFRQG�PHPEHU�RI�WKH�SDLU��,W�LV�DOVR�WKH�FDUULHU�RI�WKH
WHQVH��ZKLOH�WKH�VHFRQG�SDUW�DSSHDUV�LQ�WKH�WHQVH�QHXWUDO�IRUP�RI�LPSHUIHFW�LQGLFDWLYH�



2Q� WKH� V\QWDFWLFDO� OHYHO�� WKH� PHFKDQLVP� ZRUNV� LQ� H[DFWO\�WKH�VDPH�ZD\�DV�LW�GRHV�ZLWK�QRPLQDO
FRPSOHPHQWV� �H�J�� KH�VWDUWHG�ZRUNLQJ� �KH�ZDV�127�ZRUNLQJ��WKHQ�KH�ZDV�±�RQFH�DJDLQ��WKH�PDWWHU�LV
WKH�SURFHVV�RI�DFKLHYLQJ�H[LVWHQFH�IRU�ZRUNLQJ��

7KH� QH[W� TXHVWLRQ� VKRXOG� WKHQ�EH��ZKHWKHU�WKH�$UDELF�JUDPPDU�VXVWDLQV�D�FRQVWUXFWLRQ��ZKHUH�WKH��VW

SDUW� RI�D�FRPSRXQG�YHUE�LV�QRW�D�VLVWHU�RI�NDaQD�L�H��LV�ORDGHG�ZLWK�D�IXOO�VFRSH�VHPDQWLF�FRUH"�,I�VR��LV
LW� RQO\� WKH�FLUFXPVWDQWLDO�DVSHFW�ZKLFK�LV�DOZD\V�WUDQVIHUUHG�RQWR�WKH�VHFRQG�SRVLWLRQ�YHUE�RU�LV�LW�DOVR
WKH�PHDQLQJ"

7KH�JUHDWHVW�H[DPSOH�IRU�VXFK�D�FDVH�DUH�WKH�ZHOO�NQRZQ�YHUEV�RI�SHUFHSWLRQ��ZKLFK�LQFLGHQWDOO\�VKRZ
VRPH�VSHFLILF�EHKDYLRU�LQ�(QJOLVK�WRR�

7DEOH����3ULQFLSOHV�RI�EXLOGLQJ�FRPSRXQG�YHUEV�±�YHUEV�RI�SHUFHSWLRQ

*LYHQ�IRUPV 6HPDQWLF
FRUH

$VSHFW
�FLUFXPVWDQFH� 0HDQLQJ

UD¶Da�KDa� VHHLQJ QRQH KH�VDZ��KHU�
� � � �
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X
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WD�WD*LOX ZRUNLQJ QRQH VKH�ZRUNV
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UD¶Da�KDa�
WD�WD*LOX

VHHLQJ
ZRUNLQJ >�@ KH�VDZ�KHU�ZRUN

6LQFH� WKH� VXVWDLQDELOLW\� RI� WKH� V\VWHP� VHHPV� WR� EH� VXIILFLHQW�� ZH�PD\�HYHQ�GDUH�WR�PRYH�RQH�VWHS
IXUWKHU� DQG�H[WHQG�WKH�TXHVWLRQ��$UH�WKHVH�FRQVWUXFWLRQV�SRVVLEOH�HYHQ�DSDUW�IURP�WKH�SDUWLFXODU�FDVH�RI
³VHQVRULDO´�YHUEV"

$�VLPSOH�WHVW�PD\�EH�GRQH�XVLQJ�WZR�RI�WKH�VHQWHQFHV�IURP�RXU�OLVW�
�D**DODKDa�PX+DPPDGXQ�WDNWXEX�
0XKDPPDG�FKDUJHG�KHU�ZLWK�ZULWLQJ�
�0XKDPPDG�JDYH�KHU�ZRUN���VKH�ZULWHV�

6KRXOG� WKLV� FRQVWUXFWLRQ�EH�DFFHSWHG�E\�D�QDWLYH�VSHDNHU�RI�$UDELF�WKHQ�LW�ZRXOG�EH�WKH�ILQDO�HYLGHQFH
QRW� RQO\� WKDW� VLVWHUV� RI�NDaQD�DUH�QRW�SULQFLSDOO\�GLIIHUHQW�WKHQ�RWKHU�YHUEV��0RUHRYHU��LW�ZRXOG�GHQ\
DQ\�GLIIHUHQFHV�DW�DOO�

�� 5HSUHVHQWDWLRQ�RQ�WKH�DQDO\WLFDO�OHYHO

,W� KDV� EHHQ� VKRZQ� WKDW� WKHUH� LV�D�VWUXFWXUDO�KRPRJHQHLW\�DPRQJ�DOO�VHQWHQFH�FRPSOHPHQWV��ZKHWKHU
WKH\� DUH� DWWDFKHG� WR� VLVWHUV�RI�NDaQD�RU�QRQ�VLVWHUV��WUDQVLWLYH�RU�LQWUDQVLWLYH��$V�H[SODLQHG�LQ�SDUW�,,��
WKLV� DOVR�PDWFKHV�WKH�FRPSRXQG�YHUEV��VLQFH�WKH\�GLIIHU�QHLWKHU�V\QWDFWLFDOO\�QRU�VHPDQWLFDOO\�IURP�WKH
XVXDO�VWUXFWXUH�µYHUE�Ù�QRPLQDO�FRPSOHPHQW¶�

7KH� ORJLFDO� FRQVHTXHQFH� RI� WKLV� DSSURDFK� LV� WKDW� D� FRPSRXQG� YHUE� VWUXFWXUH�FRUUHVSRQGV�WR�D
K\SRWDFWLFDO� FRPSRXQG�VHQWHQFH��6R�WKH�VHFRQG�SDUW�RI�WKH�FRPSRXQG�YHUE�EHFRPHV�WKH�WRS�QRGH�RI
D�QHZ�VHQWHQFH�WUHH�ZKLFK�WDNHV�SODFH�LQ�WKH�VXSHULRU��PDLQ��VHQWHQFH�DV�WKH�FRPSOHPHQW�

$� JHQHUDO� UXOH� FRQFHUQLQJ� SDUDWDFWLFDO� FRPSRXQG� VHQWHQFHV� VD\V�WKDW�WKH�WRS�QRGH�RI�D�VXERUGLQDWH
FODXVH� ORVH� LWV� RULJLQDO�DQDO\WLF�IXQFWLRQ��3UHG��DQG�EH�DVVLJQHG�WKDW�IXQFWLRQ��ZKLFK�WKH�ZKROH�FODXVH
RFFXSLHV� LQ� WKH� IUDPH�RI�WKH�VXSHULRU�VHQWHQFH��)LQDOO\��WKLV�LV�ZKDW�ZH�QHHGHG�WR�DFKLHYH��LQ�RUGHU�WR
PDLQWDLQ� FRQVLVWHQF\� RI� RXU�PRGHO��WKH��QG�SDUW�RI�D�FRPSRXQG�YHUE��ZKLFK�PD\�HYHQ�EH�WKH�WRS�QRGH
RI� D� ODUJH� FRPSOH[� VXERUGLQDWH� FODXVH�� DVVXPHV� WKH� VDPH� DQDO\WLFDO� IXQFWLRQ� DV� DQ� RUGLQDU\
FRPSOHPHQW�



�� ([DPSOHV

,Q�RXU�SURMHFW��WKH�GHVFULSWLRQ�$WY�KDV�EHHQ�FKRVHQ�WR�LQGLFDWH�FRPSOHPHQWV�RI�DQ\�W\SH�
7KH�IROORZLQJ�ILJXUHV�VKRZ�D�IHZ�H[DPSOHV�

��� TDEOD�VDQDWD\QL�D6ED+D�PX+DPPDGXQ�QDa¶LED�DO�PXGLaUL�
7ZR�\HDUV�DJR��0XKDPPDG�EHFDPH�D�GHSXW\�PDQDJHU

��>$X[6@

D6ED+D�>3UHG@ �� ��� �����>$X[.@

TDEOD�>$X[3@ PX+DPPDGXQ�>6E@ QDa¶LED�>$WY@

VDQDWD\QL�>$GY@ DO�PXGLaUL�>$WU@

���� �D**DODKX�PD+PXaGXQ�PXKDQGLVDQ������0DKPXG�HPSOR\HG�KLP�DV�DQ�HQJLQHHU�

��>$X[6@

�D**DOD�>3UHG@ ����>$X[.@

�KX�>2EM@�� PD+PXaGXQ�>6E@�� PXKDQGLVDQ�>$WY@



���PXQ
X�ZXOXaGLKL�NDaQD�PD+PXaGXQ�\DTUD¶X�NXWXEDQ�ND9LaUDWDQ�EL�VXUXaULQ�NDELaULQ��6LQFH�KLV
FKLOGKRRG�0DKPXG�UHDG�PDQ\�ERRNV�ZLWK�D�JUHDW�SOHDVXUH�

��>$X[6@

NDaQD�>3UHG@ �����>$X[.@

PXQ
X�>$X[3@ PD+PXaGXQ�>6E@ \DTUD¶X�>$WY@

ZXOXaGL�>$GY@ NXWXEDQ�>2EM@ EL��>$X[3@

�KL�>$WU@ ����ND9LaUDWDQ�>$WU@ ��VXUXaULQ�>$GY@

����� ��NDELaULQ�>$WU@

��� UD¶DaDKDa�PD+PXaGXQ�WDNWXEX������0DKPXG�VDZ�KHU�ZULWH�

��>$X[6@

UD¶Da�>3UHG@ �����>$X[.@

�KDa�>2EM@�� PD+PXaGXQ�>6E@�� WDNWXEX�>$WY@

�� &RQFOXVLRQ
7KLV� VWXG\�LV�D�ILUVW�DWWHPSW�DW�DQ�DOWHUQDWLYH�YLHZ�RI�VWUXFWXUDO�UHSUHVHQWDWLRQ�RI�WKH�VR�FDOOHG�DX[LOLDU\
YHUEV� LQ� $UDELF�� ,WV� DLP�LV�WR�SURPRWH�WKH�DIILUPDWLRQ�WKDW�WKHVH�YHUEV��WKH�VLVWHUV�RI�NDaQD�DV�ZHOO�DV
RWKHU�RQHV�XVXDOO\�FRQVLGHUHG�VSHFLILF��DUH�LQ�IDFW�DQ�LQWHJUDO�SDUW�RI�WKH�RQH�RYHUDOO�V\VWHP� �


