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7KH�ZRUN�XQGHUWDNHQ�WULHV�WR�PDNH�D�FRPSDUDWLYH�VWXG\�RI�WKH PRUSKRORJLFDO�FKDUDFWHULVWLFV�DQG�

FODXVH� IRUPDWLRQV� LQ�&DU 1LFREDUHVH DQG� 6DQHQ\R�� WKH� WZR� ODQJXDJHV� VSRNHQ� LQ� WKH� 1LFREDU�

,VODQGV�� 7KH� 1LFREDULF ODQJXDJHV� EUDQFK� LV� SDUW� RI� WKH� $XVWURDVLDWLF� ODQJXDJH� IDPLO\� DQG�

FRPSULVHV�RI�VL[�PDMRU�ODQJXDJHV��QDPHO\��&DU�1LFREDUHVH��&KDXUD��7HUHVVD��&HQWUDO�1LFREDUHVH��

6RXWKHUQ�1LFREDUHVH�DQG�6KRPSHQ�ZKLFK�DUH�DOVR�WKH�QDPHV�RI�WKH�UHVSHFWLYH�LVODQGV�ZKHUH�WKH\�

DUH�VSRNHQ��

7KH� GLVVHUWDWLRQ� KDV� ILYH� FKDSWHUV� WR� FRYHU� WKH� GLVFXVVLRQ� DQG� DQDO\VLV� VWDUWLQJ� ZLWK� DQ�

LQWURGXFWLRQ� WR� WKH� VXEMHFW� DQG� FRQFOXVLRQ� DW� WKH� HQG� &KDSWHU� �� SURYLGHV� D� GHWDLOHG�

PRUSKRORJLFDO�FRPSDULVRQ�RI�&DU DQG�6DQHQ\R� ,W�WDONV�DERXW�WKH�SKUDVDO�DQG�DJUHHPHQW�V\VWHP��

GLVFXVVLQJ�WKH�ZRUG�RUGHU��WHQVH��DVSHFW��QXPEHU�DQG�JHQGHU�PDUNLQJV��LQFOXGLQJ�WKH�SURQRPLQDO�

V\VWHP�H[LVWLQJ� LQ� WKH� WZR� ODQJXDJHV��7KH� FKDSWHU� DOVR�GHILQHV� WKH�QHJDWLRQ�� LQWHUURJDWLYH� DQG�

LPSHUDWLYH� FRQVWUXFWLRQV� RI� WKH� VDPH��&KDSWHU� �� GLVFXVVHV� WKH� FDVH�PDUNLQJ� IRXQG� LQ�&DU DQG�

6DQHQ\R DQG� H[SODLQV� WKH� YDULRXV� FRUH� DQG� QRQFRUH� JUDPPDWLFDO� UHODWLRQV� DQG� WKH� FDVHV� WKDW�

HQFRGH�WKHP��,Q�DGGLWLRQ�WR�WKDW��LW�WDONV�DERXW�WKH�SUHGLFDWHV�IRXQG�LQ�WKH�ODQJXDJHV��GLVFXVVLQJ�

FRPSRXQG�DQG�FRQYHUEV�DQG�VHULDO�YHUE�FRQVWUXFWLRQV��$SDUW�IURP�WKDW��LW�DOVR�SURYLGHV�LQSXWV�RQ�

KRZ� &DU� DQG� 6DQHQ\R� H[KLELW� JHUXQGV�� SDVVLYHV�� QXPHUDOV� DQG� UHGXSOLFDWLRQ� �HVSHFLDOO\� LQ�

6DQHQ\R��� ,Q� DGGLWLRQ�� WKH� V\QWDFWLF� FKDUDFWHULVWLFV� UHODWHG� WR� FODXVH� IRUPDWLRQ� XVLQJ� YDULRXV�

FRRUGLQDWRUV� DQG� VXERUGLQDWRUV� SUHVHQW� LQ� WKH� ODQJXDJHV� DUH DQDO\]HG� DQG� FRPSDUHG ZLWK� WKH�

HYLGHQFHV�IRXQG�LQ�WKH�FRXUVH�RI�WKH�ZRUN��
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7KH� OLQJXLVWLF� IHDWXUHV RI�&DU DQG�6DQHQ\R GLVFXVVHG�DQG�DQDO\]HG� WKURXJKRXW� WKH�ZRUN�EULQJ

RXW� VRPH� QRWDEOH� DQG� KLWKHUWR� GLVWLQFWLYH� OLQJXLVWLF� IDFWV� RI� WKH� ODQJXDJHV� ZKLFK� UHTXLUH

H[WHQVLYH�UHVHDUFK��7KXV��WKH UHVHDUFK�DLPV�WR�EULQJ LQ�QHZHU�LQVLJKWV�LQWR�RXU�XQGHUVWDQGLQJ�RI�

WKH�VWUXFWXUH�RI�1LFREDULF ODQJXDJHV�
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,�DFNQRZOHGJH�P\�JUDWLWXGH�WR�'U��$WDQX�6DKD��ZKRP�,�DP�PRVW�LQGHEWHG��+H�QRW�RQO\�VHW�WKH�

WRQH�DQG�SURYLGHG�WKH�LQLWLDO� LQVSLUDWLRQ�IRU� WKLV�UHVHDUFK�SURMHFW�EXW�DOVR�ZHQW� WKURXJK�WKH�WH[W�

DQG�SURYLGHG�LQVLJKWIXO�FRPPHQWV��FULWLFLVPV�DQG�DVVLVWDQFH�WR�LPSURYH�LWV�TXDOLW\���

*UDWHIXO� WKDQNV� DUH� GXH� WR� 3URI�� $QYLWD� $EEL�� IRU� HQULFKLQJ� P\� WKRXJKWV� DQG� ZKRVH�

HQFRXUDJHPHQW��IHHGEDFN�DQG�GLVFXVVLRQV�PDGH�WKLV�ZRUN�SRVVLEOH�

,�DP�DOVR�JUDWHIXO�WR�'U��6DPLU�.DUPDNDU�IRU�KLV�KHOS�DQG�FRQWLQXRXV�VXSSRUW�DQG�FRRSHUDWLRQ��

DOORZLQJ�PH�WR�FRQWLQXH�P\�UHVHDUFK�ZRUN�

,�DP�PRVW�JUDWHIXO�WR�WKH�PDQ\�VSHDNHUV�RI�&DU�DQG�6DQHQ\R�IRU�WKHLU�DVVLVWDQFH�DQG�KRVSLWDOLW\�

LQ�GDWD�FROOHFWLRQ�� ,�RZH�D�VHSDUDWH� WKDQNV� WR�6��5RGKD��7KRPDV�3DXO��(PPDQXHO��DQG�&KDULW\�

ZKR�ZHUH�HYHU�UHDG\�WR�KHOS�PH�DQG�DOZD\V�NHHQ�WR�DQVZHU�TXHVWLRQV�UHJDUGLQJ�WKH�GDWD��QHYHU�

RQFH�EHJUXGJLQJ�WKH�EXUGHQ�WKDW�,�FHUWDLQO\�ZDV�IRU�WKHP���

)LQDOO\�DQG�PRVW�LPSRUWDQW��,�DP�JUDWHIXO�WR�P\�SDUHQWV�DQG�P\�VLVWHU��WR�ZKRP�WKLV�UHVHDUFK�RI�

PLQH�LV�GHGLFDWHG��7KHLU�FRQVWDQW�HQFRXUDJHPHQW��XQGHUVWDQGLQJ�DQG�IDLWK�LQ�PH�NHSW�PH�JRLQJ��

HYHQ�ZKHQ�,� IDLOHG�WR�NHHS�P\�VSLULWV�KLJK�� ,�FDQQRW� WKDQN�WKHP�HQRXJK�IRU�EHLQJ�P\�FRQVWDQW�

FRPSDQLRQ�WKURXJK�DOO�WKH�KLJKV�DQG�ORZV�

6X\DVKL
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7DEOH�1R� 3DJH

7DEOH������$XVWURDVLDWLF�&ODVVLILFDWLRQ�E\�3LQQRZ�������6LGZHOO���������� �

7DEOH������%UDQFKHV�RI�$XVWURDVLDWLF��6LGZHOO���������� �

7DEOH������3URQRPLQDO�V\VWHP�RI�&DU ��

7DEOH������'HPRQVWUDWLYH�SURQRXQV�LQ�&DU ��

7DEOH������3URQRPLQDO�V\VWHP�RI�6DQHQ\R ��

7DEOH������4XHVWLRQ�SDUWLFOHV�LQ�&DU ��

7DEOH���� 4XHVWLRQ�3DUWLFOHV�LQ�6DQHQ\R ��

7DEOH������1XPHUDO�V\VWHP�RI�&DU�DQG�6DQHQ\R ��
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� $)),;�%281'$5<

 � &/,7,&�%281'$5<

�� )LUVW�SHUVRQ

�� 6HFRQG�SHUVRQ

� 7KLUG�SHUVRQ

$%/� DEODWLYH

$%6� DEVROXWLYH

$&&� DFFXVDWLYH

$'- DGMHFWLYH

$1,0� DQLPDWH

$775 DWWULEXWLYH�

$8;� DX[LOLDU\

&$86 FDXVDWLYH

&/)� FODVVLILHU

&203� FRPSOHPHQWL]HU

&225' FRRUGLQDWRU

&217� FRQWLQXRXV

'$7� GDWLYH

'()� GHILQLWH

'(0� GHPRQVWUDWLYH

'(7� GHWHUPLQHU

',5� GLUHFW

',675 GLVWULEXWLYH

'8� GXDO

',5� GLUHFWLRQ

',67� GLVWDO

(03+� HPSKDWLF

(5*� HUJDWLYH

(;&/� H[FOXVLYH

)� IHPLQLQH

)2&� IRFXV

)87 IXWXUH

*(1� JHQLWLYH

+80 KXPDQ�HQWLW\

,3)9 LPSHUIHFWLYH

,1$1� LQDQLPDWH

,1&/ LQFOXVLYH

,1'� LQGLFDWLYH

,16 LQVWUXPHQWDO

,17(5 LQWHUURJDWLYH

/2& ORFDWLYH

0� PDVFXOLQH
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1� QRQ��H�J��1367�QRQ� SDVW�

1(*� QHJDWLRQ

120� QRPLQDWLYH

1219,6� QRQ�YLVLEOH

2%-� REMHFWLYH

2%/� REOLTXH

3$66� SDVVLYH

3)9� SHUIHFWLYH

3/� SOXUDO

31� SURSHU�QRXQ

31* 3HUVRQ�1XPEHU�*HQGHU

3266� SRVVHVVLYH

352+ SURKLELWLYH�PRRG

352;� SUR[LPDO� �SUR[LPDWH

367� SDVW

37&3� SDUWLFLSOH

4� TXHVWLRQ�SDUWLFOH

5(&3 UHFLSURFDO

5()/� UHIOH[LYH

5(/� UHODWLYH

5() UHIHUHQWLDO

6(4� VHTXHQWLDO�PDUNHU

6*� VLQJXODU

68%� VXEMHFW

7$0� 7HQVH�$VSHFW�0RRG

75� WUDQVLWLYH

9,6� YLVLEOH

92/ YROLWLYH�PRRG
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7KH�FKDSWHU�GHDOV�ZLWK�WKH�LQWURGXFWLRQ�WR�WKH�$XVWURDVLDWLF�IDPLO\�DQG�WULHV�WR�GHVFULEH�WKH�JURXS�

GLYLVLRQV� RI� WKH� VDPH�� )XUWKHU�� LW� WULHV� WR� XQGHUVWDQG� WKH�1LFREDULF� GLYLVLRQ� LQ� WKH� IDPLO\� DQG�

VWXGLHV�WKH�SODFH�RI�6DQHQ\R�LQ�WKH�VDPH�JURXS��,Q�WKLV�FKDSWHU��IUHTXHQW�H[DPSOHV�IURP�WKUHH�RI�

WKH�ODQJXDJHV��QDPHO\��&DU��VSRNHQ�LQ�1LFREDU�UHJLRQ���6DQHQ\R �VSRNHQ�LQ�&KDXUD�LVODQG��DQG�

/XUR �VSRNHQ�LQ�7HUHVD�LVODQG��DUH�FLWHG��$Q�DWWHPSW�KDV�EHHQ�PDGH�WR�EULQJ�RXW�WKH�VLPLODULWLHV�

DQG�GLIIHUHQFHV�EHWZHHQ�WKHP�

7KH�WHUP�µ$XVWURDVLDWLF¶�LV�GHULYHG�IURP�WKH�/DWLQ�ZRUG�DXVWUDOLV PHDQLQJ�µRI�WKH�VRXWK¶�DQG�WKH�

$XVWURDVLDWLF� �$$�� IDPLO\� FRQVLVWV� RI� DOPRVW� ���� ODQJXDJHV� VSRNHQ� LQ� WKH�(DVW� DQG� WKH�1RUWK�

(DVW�,QGLD�DQG�LQ�6RXWKHDVW�$VLD��2XW�RI�DOO��RQO\�WZR�ODQJXDJHV��.KPHU�DQG�9LHWQDPHVH��ZKLFK�

DUH�DOVR�WKH�ODUJHVW�VSRNHQ�ODQJXDJHV��DUH�FRQVLGHUHG�DV�QDWLRQDO�ODQJXDJHV��7KH�FODVVLILFDWLRQ�RI�

WKH� $XVWURDVLDWLF� �$$�� ODQJXDJH� IDPLO\� KDV� EHHQ� WKURXJK� PDQ\� FRQWURYHUVLHV� VWDUWLQJ� ZLWK�

:LOOLDP�6FKPLGW� LQ������ZKR�SURSRVHG� WKH� LGHD�RI�DQ�µ$XVWULF¶� ODQJXDJH�IDPLO\�FRQVLVWLQJ�RI�

ERWK�$XVWURDVLDWLF�DQG�$XVWURQHVLDQ�ODQJXDJHV��7KH�NQRZOHGJH�WKDW�$$�WULEDO�SRVVHVVHV�WKH�³WKH�

KLJKHVW�IUHTXHQFLHV�RI�WKH�DQFLHQW�HDVW�$VLDQ�PW'1$�+*�0´�PDGH�WKH�VFKRODUV�DUJXH�WKDW�WKH\�

DUH�³WKH�HDUOLHVW�LQKDELWDQWV�RI�,QGLD�´��%DVX�HW�DO����������������+RZHYHU��RQH�ILQGV�D�ODFN�RI�DQ\�

GLVWLQFWLYH�DQG�FRPSUHKHQVLYH�MXVWLILFDWLRQ�RI�WKH�³LQWHUQDO�JHQHWLF�FODVVLILFDWLRQ�RI�WKH�SK\OXP�´�



Ϯ

�6LGZHOO�� ������ ���� � $IWHU� DOPRVW� FHQWXU\� RI� $XVWURDVLDWLF� VWXGLHV�� RQH� LV� VWLOO� DW� D� ORVV� RI�

FRQVHQVXV� RQ� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� OLQJXLVWLF� EUDQFKHV� RI� WKH� IDPLO\�� WKH� DJH� DQG�

PXOWLSOLFLW\�RI�WKH�SK\OXP�DQG�DSSURSULDWH�PRGHO�RI�VWXG\�DQG�UHVHDUFK�WR�DGGUHVV�WKHVH�LVVXHV��

$XVWURDVLDWLF�ODQJXDJHV�DUH�WKH�PRVW�SRRUO\�UHVHDUFKHG�RI�DOO�WKRVH�XQGHU�GLVFXVVLRQ�

0DQ\�DUH�QRW�GRFXPHQWHG�DW�DOO�DQG�VRPH�UHFHQWO\�GLVFRYHUHG� LQ�&KLQD�DUH� HIIHFWLYHO\�

QRW� FODVVLILHG�� 7KH� JHQHWLFV� RI� $XVWURDVLDWLF� VSHDNHUV� DUH� DOPRVW� XQUHVHDUFKHG��

$XVWURDVLDWLF� LV� FRQYHQWLRQDOO\�GLYLGHG� LQWR� WZR� IDPLOLHV��0RQ�.KPHU� �LQ�6(�$VLD��DQG�

0XQGƗ��LQ�,QGLD���'LIIORWK������������QRZ�FRQVLGHUV�$XVWURDVLDWLF�WR�KDYH�WKUHH�SULPDU\�

EUDQFKHV� EXW� QR� HYLGHQFH� IRU� WKHVH� UHDOLJQPHQWV� KDV� EHHQ� SXEOLVKHG�� ,QGHHG�

$XVWURDVLDWLF� FODVVLILFDWLRQ� KDV� EHHQ� GRJJHG� E\� D� IDLOXUH� WR� SXEOLVK� GDWD�� PDNLQJ� DQ\�

HYDOXDWLRQ�RI�FRPSHWLQJ�K\SRWKHVHV�E\�RXWVLGHUV�D�PHUHO\�VSHFXODWLYH�H[HUFLVH� �%OHQFK�

��������������

7DEOH����� $XVWURDVLDWLF�&ODVVLILFDWLRQ�E\�3LQQRZ��������6LGZHOO����������

:HVWHUQ�JURXS��1DKDOL�0XQGD�

�$��:HVW���1DKDOL��"�

�%��(DVW���0XQGD

�D��1RUWK

.KHUZDUL��6DQWDOL��0XQGDUL��.RUZD��HWF��

.XUNX

�E��6RXWK

���&HQWUDO ��.KDULD��-XDQJ

���6RXWK�(DVW���6RUD��3DUHQJ��*XWRE��5HPR
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(DVWHUQ�JURXS��.KPHU� 1LFREDU�

�$��:HVW���1LFREDUHVH��1DQFRZU\��&DU��HWF��

�%��(DVW���3DODXQJ� .KPHU

�D��:HVW���.KDVL

�E��1RUWK���3DODXQJ� :D��3DODXQJ��:D��5LDQJ��/DZD��HWF��

�F��(DVW�� 0RQ�.KPHU��0RQ��.KPHU��%DKQHU��6UH��HWF��

�G��6RXWK���0DODFFD

���6DNDL

���-DNXG

���6HPDQJ

)LJXUH��� $XVWURDVLDWLF�FODVVLILFDWLRQ�RI�0RQ�.KPHU�EUDQFK�GRQH�E\�'LIIORWK������



ϰ

0DS��� $XVWURDVLDWLF�&ODVVLILFDWLRQ�E\�'LIIORWK��UHSURGXFHG�E\�&KD]HH������

)ROORZLQJ�DUH�WKH�PDMRUO\�DFFHSWHG�EUDQFKHV�RI�$XVWURDVLDWLF�ODQJXDJH�IDPLO\�DQG�WKH�GRPLQDQW�

DUHDV�ZKHUH�WKH\�DUH�VSRNHQ��

7DEOH����� %UDQFKHV�RI�$XVWURDVLDWLF�6LGZHOO����������

�ƌĂŶĐŚ 0DLQ�UHJLRQV�ZKHUH�VSRNHQ

$VOLDQ 0DOD\�3HQLQVXOD

%DKQDULF &HQWUDO�,QGR�&KLQD

.DWXLF &HQWUDO�,QGR�&KLQD
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.KDVLF 0HJKDOD\D���6WDWH�RI�,QGLD

.KPHU &DPERGLD�DQG�QHLJKERULQJ�DUHDV

.KPXLF 1RUWKHUQ�/DRV

0RQLF 6RXWKHUQ�0\DQPDU�DQG�FHQWUDO�7KDLODQG

0XQGD (DVWHUQ�DQG�&HQWUDO�,QGLD

1LFREDULF 1LFREDU�,VODQGV�RI�,QGLD

3DODXQJLF 6KDQ�6WDWH�RI�0\DQPDU

3HDULF &DPERGLD�DQG�7KDLODQG

9LHWLF 9LHWQDP�DQG�&HQWUDO�/DRV

7KH�$XVWURDVLDWLF�ODQJXDJHV�DUH�GLVWLQFWO\�JURXSHG�LQWR�WKUHH�PDMRU�VXE�JURXSV�HDFK�VSUHDG�RYHU�

WKUHH�GLIIHUHQW�JHRJUDSKLFDO� ORFDWLRQV��7KH�0XQGD� ODQJXDJHV�DUH�VSUHDG�RYHU�HDVWHUQ�DQG�VRPH�

SDUWV� RI� FHQWUDO� ,QGLD� LQ� WKH� VWDWHV� RI� :HVW� %HQJDO�� %LKDU�� -KDUNKDQG�� 2ULVVD�� &KKDWWLVJDUK��

0DGK\D� 3UDGHVK�� 0DKDUDVKWUD� DQG� $QGKUD� 3UDGHVK�� :KLOH� WKH� 1RUWKHUQ� 0XQGD� ODQJXDJHV�

LQFOXGH�WKH�.KZHULDQ�ODQJXDJHV� +R��%KXPLM��6DQWDOL��WKLUG�ODUJHVW�$XVWURDVLDWLF�ODQJXDJH�DIWHU�

9LHWQDPHVH� DQG� .KPHU�� �� 0XQGDUL�� $VXUL�� %LUKRU�� 7XUL�� .RUZD� DQG� .RUNX�� 6RPH� KDYH�

GHYHORSHG� VFULSWV� OLNH� 2O� &KLNL IRU� 6DQWDOL�� :DUDQJ� &KLWL IRU� +R�� HWF��� 7KH� 0RQ� .KPHU�

ODQJXDJHV�DUH�VSUHDG�DOO�WKH�ZD\�IURP�0HJKDOD\D�LQ�,QGLD�WR�%DQJODGHVK��0DOD\VLD��&DPERGLD��



ϲ

9LHWQDP�� 7KDLODQG�� DQG� &KLQD��0RQ�.KPHU� KDV� ���PDLQ� EUDQFKHV� DQG� DOPRVW� ���� ODQJXDJHV�

ZLWK�0HJKDOD\D�KRXVLQJ�WKH�.KDVL�EUDQFK�RI�1RUWK�0RQ�.KPHU�ODQJXDJHV��FRPSULVLQJ�RI�.KDVL��

/DQJULQ� .KDVL�� 0QDU�� 3QDU�� :DU�� HWF�� 7KH� WKLUG� JURXS� RI� ODQJXDJHV� FDOOHG� WKH� 1LFREDUHVH�

ODQJXDJHV��QDPHO\��&DU�1LFREDUHVH��&KDXUD��7HUHVVD��&HQWUDO�1LFREDUHVH��6RXWKHUQ�1LFREDUHVH�

DQG�6KRPSHQ�DUH�VSUHDG�DFURVV�WKH�1LFREDU�,VODQGV�DQG�QDPHG�DIWHU�WKH�LVODQGV�ZKHUH�WKH\�DUH�

VSRNHQ��+RZHYHU�� VRPH� VFKRODUV�SODFH� WKH�1LFREDULF� ODQJXDJHV�XQGHU� WKH�0RQ�.KPHU�EUDQFK�

DQG�GR�QRW�FRQVLGHU� WKHP�DV�D�GLVWLQFW�JURXS�RI� ODQJXDJHV��7KH�H[LVWLQJ� W\SRORJLFDO� VWXG\�DQG�

UHVHDUFK�RQ�1LFREDULF� ODQJXDJHV�DUH�QRW�FRQFOXVLYH�HQRXJK� WR�VHH� LW�DV�D�VHSDUDWH�EUDQFK�� WKXV�

SODFLQJ� LW� XQGHU� WKH� 0RQ� .KPHU� EUDQFK� DV� LW� VKDUHV� WKH� JHRJUDSKLFDO� DQG� VRPH� W\SRORJLFDO�

IHDWXUHV� ZLWK� RWKHU� 0RQ� .KPHU� ODQJXDJHV�� 'LIIORWK� ������� PRGLILHG� WKH� 3LQQRZ� PRGHO� E\�

LQWURGXFLQJ� WKUHH�IDPLOLHV� 0XQGD��0RQ�.KPHU�DQG�1LFREDUHVH�ZKHUH� WKH�0RQ�.KPHU�IDPLO\�

ZDV� ODWHU� VXE�GLYLGHG�EDVHG�RQ� WKH� µOH[LFRVWDWLVWLFDO¶� ILQGLQJV�RI�7KRPDV�DQG�+HDGO\� LQ�������

+RZHYHU��'LIIORWK� ������� KLPVHOI�PHUJHG� WKH�1LFREDUHVH� LQWR�0RQ�.KPHU�ZLWK�$VOLDQ� DV� LWV�

VLVWHU�DQG�ODWHU�SURPRWHG�µ.KDVL�3DODXQJLF�.KXPLF¶�DV�WKH�WKLUG�IDPLO\��6LGZHOO��������

7KH�0XQGD ODQJXDJHV� DUH� JHQHUDOO\� GLYLGHG� LQWR� 1RUWK�0XQGD� ODQJXDJHV �RU� WKH�.KHZHULDQ�

/DQJXDJHV�� DQG� WKH� 6RXWK� 0XQGD� ODQJXDJHV� DQG� DUH� HVVHQWLDOO\� 9HUE� ILQDO� ODQJXDJHV� ZLWK�

DJJOXWLQDWLQJ� SURSHUWLHV� DOORZLQJ� GHULYDWLRQV� ZLWK� DIIL[HV�� � 7KH\� VKRZ� WKH� IOH[LELOLW\� RI�

JUDPPDWLFDO�FODVV�ZKHUH�WKH�PRUSKHPHV�DUH�DVVLJQHG�WR�D�YDULRXV�FODVV�EDVHG�RQ�WKH�FDWHJRULHV�

WKH\� JHW� DVVLJQHG� DQG� GR� QRW� \LHOG� DQ\� DIIL[HV� VKRZLQJ� WKHLU� VWDWXV� �.RVK\�� ������� 7KH�0RQ�

.KPHU� ODQJXDJHV� DUH� JHQHUDOO\�9HUE�PHGLDO�ZLWK� VRPH�GHULYDWLRQDO� SURFHVVHV� EXW�PRVWO\� DUH�

LVRODWLQJ��7KH�QDPH�HVVHQWLDOO\�FRPHV�IURP�.KPHU��WKH�ODQJXDJH�VSRNHQ�LQ�&DPERGLD�DQG�0RQ��

WKH� ODQJXDJH� RI� WKH� 0RQ� SHRSOH� RI� 0\DQPDU�� 2XW� RI� DOO� WKH� ODQJXDJHV� LQ� WKLV� EUDQFK�� RQO\�

9LHWQDPHVH��VSRNHQ�LQ�9LHWQDP��DQG�.KPHU�KDYH�RIILFLDO�VWDWXV��7KH�1LFREDULF ODQJXDJHV�DUH�



ϳ

JHQHUDOO\�9HUE�LQLWLDO� �ZLWK�D� IOH[LEOH�ZRUG�RUGHU��ZLWK� WKH�GHULYDWLRQ�DQG�FRPSRXQGLQJ�DORQJ�

ZLWK� DIIL[DWLRQ� �SUHIL[HV� VXIIL[HV�� LQIL[HV� DQG� FLUFXPIL[HV��� 8QOLNH� 0XQGD� DQG� 0RQ� .KPHU�

ODQJXDJHV�� 1LFREDULF� ODQJXDJHV� GR� QRW� VKRZ� DQ\� VXEVWDQWLDO� LQIOXHQFH� RI� WKH� 6RXWK� $VLDQ�

ODQJXDJHV� WKXV� SURYLQJ� WR� EH� GLIILFXOW� LQ� W\SRORJLFDO� SURILOLQJ� DQG� RIWHQ� FODLPHG� QRW� WR� EH�

GLVWLQFWLYH� HQRXJK� IRU� LQWHUQDO� FODVVLILFDWLRQ� RI� WKH� $XVWURDVLDWLF� ODQJXDJH� IDPLO\� LQ� WR� WKUHH�

GLIIHUHQW�JURXSV�

ͳǤʹǤ���������������������

0DS��� 0DS�RI�WKH�1LFREDU�,VODQGV RI�,QGLD



ϴ

7KH 1LFREDU� ,VODQGV DUH� DQ� DUFKLSHODJLF LVODQG� FKDLQ� LQ� WKH� HDVWHUQ� ,QGLDQ� 2FHDQ�� 7KH\� DUH�

ORFDWHG�LQ�6RXWKHDVW�$VLD����� NP�QRUWK�RI�6XPDWUD��DQG�DUH�VHSDUDWHG�IURP�7KDLODQG�WR�WKH�HDVW�

E\� WKH�$QGDPDQ� 6HD�� /RFDWHG� LQ� WKH� VRXWKHDVW� RI� WKH� ,QGLDQ� VXEFRQWLQHQW�� DFURVV� WKH� %D\� RI�

%HQJDO��WKH\�IRUP�D�SDUW�RI�WKH�8QLRQ�7HUULWRU\�RI�$QGDPDQ�DQG�1LFREDU�,VODQGV��,QGLD��

7KH�1LFREDULF�EUDQFK�LV�D�VPDOO�DQG�SRRUO\�GRFXPHQWHG�EUDQFK�RI�WKH�$$�IDPLO\��7KH�HDUOLHVW�

VRXUFHV�IRU�WKH�VWXG\�DUH�WKH�GLFWLRQDULHV�DQG�JUDPPDUV�PDGH�E\�0DQ���������5RHSVWURII���������

7HPSOH� �������� :KLWHKHDG� ������� DQG� VRPH� RWKHU� JUDPPDULDQV� OLNH� %UDLQH� ������� DQG�

5DGKDNULVKQDQ���������+RZHYHU��WKH\�PRVWO\�WDON�DERXW�RQO\�WZR�YDULHWLHV� &DU DQG�1DQFRZU\

DQG�KHQFH�WKH�UHVW�RI�WKH�EUDQFK�LV�DOPRVW�XQWRXFKHG�DQG�QRW�VWXGLHG�DW�DOO��7KH�PDMRU�ODQJXDJH�

VSRNHQ�LQ�WKH�1LFREDU�,VODQGV�LV�&DU�1LFREDUHVH �FDT��RU VLPSO\�&DU RU�3X��QDPHG�DIWHU�RQH�RI�

WKH�PRVW�IORXULVKLQJ�LVODQGV�RI�&DU�1LFREDU��ZKLFK�LV�VLWXDWHG�LQ�WKH�QRUWKHUQ�PRVW�RI�WKH�WZHQW\�

WZR� LVODQGV�RI�1LFREDU� LQ� WKH�$QGDPDQ�6HD��7KH� UHVW� RI� WKH� ODQJXDJHV�YDULHWLHV� VSRNHQ� LQ� WKH�

1LFREDU�DUH�PDMRUO\�FRQVWLWXWHG�RI�VL[�GLDOHFWV�WKDW�DUH�DOVR�QDPHG�DIWHU�WKH�LVODQGV�ZKHUH�WKH\�

DUH�VSRNHQ�

�� &DU

�� &KRZUD

�� 7HUHVVD�DQG�%RPSRND

�� &HQWUDO�1DQFRZU\��.DPRUWD��7ULQNHW��.DWFKDOO�

�� 6RXWKHUQ��*UHDW�DQG�/LWWOH�1LFREDU�

�� 6KRPSHQ��LQWHULRU�RI�*UHDW�1LFREDU�,VODQG�



ϵ

,W� LV� LPSRUWDQW� WR� QRWH� RQH� RI� WKH� HDUOLHVW� UHPDUNV�PDGH� E\� 7HPSOH� �������� DV� TXRWHG� LQ� WKH�

/LQJXLVWLF�6XUYH\�RI�,QGLD��������9RO�����SS������WKDW�µWKH�1LFREDUHVH�VSHDN�RQH�ODQJXDJH�LQ�VL[�

GLDOHFWV�VR�GLIIHUHQW�DV�WR�EH�PXWXDOO\�XQLQWHOOLJLEOH��7KHVH�VL[�GLDOHFWV�DUH��IURP�1RUWK�WR�6RXWK��

&DU�1LFREDU�� &KRZUD�� 7HUHVD�� &HQWUDO�� 6RXWKHUQ DQG� 6KRP� 3HQ�¶� (DUOLHU� WKH� 1LFREDULF�

ODQJXDJHV�ZHUH�FRQVLGHUHG� WR�EH�SDUW�RI� WKH�6KRPSHQ ODQJXDJH� �%OHQFK�	�6LGZHOO��������DQG�

VHHQ�DV�D�GLVWLQFW�EUDQFK�RI�$XVWURDVLDWLF�EXW�ZHUH� ODWHU�GLVPLVVHG�SODFLQJ�6KRPSHQ DORQH�DV�D�

6RXWK�1LFREDULF�ODQJXDJH��6LGZHOO����������7KH�FRQFOXVLRQ�GUDZQ�ZDV�WKDW�&DU ZDV�WKH�QRUWKHUQ�

PRVW� ODQJXDJH�� 6KRPSHQ ZDV� WKH� VRXWKHUQPRVW�� DQG� WKH� UHVW� UDWKHU� IRUP� D� FHQWUDO� FKDLQ� RI�

GLDOHFWV� GRPLQDWHG� E\� 1DQFRZU\ RU�0XRW�� $PRQJ� DOO� WKH� ODQJXDJHV� VSRNHQ� LQ� WKH� 1LFREDU�

,VODQGV��&DU�1LFREDU��3X DQG�0XRW �VSRNHQ�LQ�&HQWUDO�1LFREDU��DUH�WKH�RQO\�RQHV�WKDW�KDYH�EHHQ�

SURSHUO\� GRFXPHQWHG�� &KDWWRSDGK\D\� 	� 0XNKRSDGK\D\� ������� KDV� DERXW� ���� ZRUGV� RI�

6KRPSHQ� ODQJXDJH� DQG� %OHQFK� 	� 6LGZHOO� ������� SUHVHQWHG� D� SDSHU� ³,V� 6KRPSHQ� D� GLVWLQFW�

%UDQFK�RI�$XVWURDVLDWLF"´� � LQ� WKH� IRXUWK� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�$XVWURDVLDWLF�/LQJXLVWLFV�

�,&$$/���+RZHYHU��QR�SURSHU�GRFXPHQWDWLRQ�RI�WKH�ODQJXDJH�KDV�EHHQ�GRQH�\HW���1LFREDUL�KDV�

GHYHORSHG� D� ZULWLQJ� V\VWHP� NQRZQ� DV� 1LFREDUL� VFULSW� XVLQJ� 5RPDQ� DOSKDEHWV� DQG� KDYH�

GLFWLRQDULHV� PDGH� E\� :KLWHKHDG� ������� DQG� 0DQ� ������� UHVSHFWLYHO\�� ,Q� UHFHQW� WLPHV�� 'DV�

�������KDV�GRQH�ZRUN�RQ�SKRQRORJ\�DQG�OH[LFRQ�RI�1LFREDUL�ZKLOH�5DMDVLQJK��������KDV�ZRUNHG�

RQ�0XRW� DV� SDUW� RI� WKH� $QGDPDQ� FRPPLVVLRQHG� SURMHFW� ZLWK� &,,/��0\VRUH� LQ� ZKLFK� KH� KDV�

PHQWLRQHG�WKH�SKRQRORJ\��PRUSKR�V\QWDFWLF�DVSHFWV�RI�WKH�ODQJXDJH�DORQJ�ZLWK�D�GLFWLRQDU\�

7KH� 1LFREDULF� IDPLO\� VKDUHV� WKH� 9HUE� LQLWLDO� DQG� VXEMHFW� ILQDO� ZRUG� RUGHU� ZLWK� WKH� KHDG�

GHSHQGHQW� UHODWLRQVKLSV� QHJDWLRQ� SUHFHGHV� WKH� YHUE�� DGMHFWLYHV� SUHFHGH� WKH� QRXQV� DQG� VR� RQ��

+RZHYHU��WKH�GLVWULEXWLRQ�RI�DX[LOLDULHV�FDQ�EH�HLWKHU�EHIRUH�RU�DIWHU�WKH�YHUE�SKUDVH��$GYHUELDO�

SKUDVHV�DUH�SUHVHQW�DW�WKH�SHULSKHU\�DQG�FDQ�EH�HLWKHU DW�WKH�EHJLQQLQJ�RU�DW�WKH�HQG�GHSHQGLQJ�RQ�
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WKH�ODQJXDJHV��$Q\�PRGLILFDWLRQ�WR�WKH�QRPLQDO�FDWHJRU\�FDQ�EH�GRQH�E\�HLWKHU�LQIOHFWLRQ�RU�E\�

VLPSO\� DGGLQJ� WKH� PRUSKHPHV� RU� IXUWKHU� QRXQ� SKUDVHV�� ,Q� VRPH� ODQJXDJHV�� WKH\� XQGHUJR� WKH�

VDPH�FKDQJHV�DV�WKH�YHUE��H�J��LQ�QHJDWLRQ�ZKHUH�WKH�QHJDWLYH�SDUWLFOH�LV�SODFHG�EHIRUH�WKH�QRXQ�

SDUWLFOH� WR� FKDQJH� WKH� PHDQLQJ��

�� KΩW֍ VLƾURO����W֍ ΩQ���NΩҌSվ э �6DQHQ\R�

1(*��KRUQ���3266��FRZ

µ&RZ�GRHV�QRW�KDYH�KRUQV�¶

�� ҌΩW�������VLQUyӃOX���QXQ����Qѓ˾Ӄ����������������������KъҌ~Q �&DU�

1(*�������KRUQ���������3/�����352;�3/�,1$1���������SLJ

µ3LJV�KDYH�QR�KRUQV�¶

1RXQ�SKUDVHV�LQ�1LFREDULF�ODQJXDJHV�XVXDOO\�FRQWDLQ�IRXU�PDLQ�JUDPPDWLFDO�FDWHJRULHV��QDPHO\��

GHWHUPLQHU��DGMHFWLYH��QRXQ�DQG�SRVVHVVRU��+RZHYHU��LW�LV�DOVR�REVHUYHG�WKDW�VRPH�ODQJXDJHV�OLNH�

6DQHQ\R �VSRNHQ� RQ� &KDXUD� ,VODQG�� DQG� /XUR �VSRNHQ� RQ� 7HUHVVD�� %DPSRND� LVODQGV�� VKRZ�

PDUNHUV� �FDVH�� SRVVHVVLYH� RU� DQ� LQGLFDWLYH�PDUNHU�� DWWDFKHG� WR� WKH� DJHQW� RU� WKH� VXEMHFW� LQ� WKH�

FODXVH�VHQWHQFH�� ,Q� VXFK� FDVH� DV� VKRZQ� LQ� WKH� H[DPSOHV� ���� DQG� ����� WKH� PDUNHU� LPPHGLDWHO\�

SUHFHGHV�WKH�KHDG�QRXQ�DQG�DOO�WKH�RWKHU�PRGLI\LQJ�FDWHJRULHV�OLNH�WKH�DGMHFWLYH��QXPHUDOV�FRPH�

EHIRUH�WKDW�

�� KRO�������FX �&DU�

IULHQG���6*�2%/

µP\�IULHQG¶�
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�� NΩѪXLFվ W֍ ΩQ FΩ �6DQHQ\R�

SHQ�����3266�6*

µP\�SHQ¶��

�� OΩLSъ��LQ� Fъ �/XUR�

ERRN��120�����6*

µP\�ERRN¶

1RXQV�DUH� LGHQWLILHG�EDVHG�RQ� WKHLU� V\QWDFWLF�GLVWULEXWLRQV� DQG� WKH�KHDG�RI� D�QRXQ�SKUDVH�PD\�

RSWLRQDOO\�EH�LQIOHFWHG�IRU�QXPEHU��DQLPDF\��FDVH��JHQGHU��HWF��7KH�FRPPRQ�QRXQV�H[KLELW�ERWK�

DQLPDWH� DQG� LQDQLPDWH� VXEFODVV� DQG� LQ� ODQJXDJHV� OLNH� 6DQHQ\R� DQG� /XUR� WKHUH� LV� QR�

GLIIHUHQWLDWLRQ�LQ�WKH�GLVWULEXWLRQ�RI�RWKHU�JUDPPDWLFDO�FDWHJRULHV�OLNH�GHPRQVWUDWLYHV��SRVVHVVLYH�

SURQRXQV� RU� FODVVLILHUV�� +RZHYHU�� LQ� ODQJXDJHV� OLNH�&DU�� WKHUH� LV� D� VKDUS� GLIIHUHQFH� EHWZHHQ�

DQLPDWH� DQG� LQDQLPDWH� FRPPRQ� QRXQV� ZKLFK� LV� PDUNHG� E\� WKH� µGLVWULEXWLRQ� RI� WKH� GXDO� DQG�

SOXUDO�GHPRQVWUDWLYH�SURQRXQV��WKH�WKLUG�SHUVRQ�SOXUDO�SRVVHVVLYH�SURQRXQV��WKH�WKLUG�SHUVRQ�GXDO�

DQG�SOXUDO�VXEMHFW��DQG�LQWHUURJDWLYH�SURQRXQV���DQG�WKH�QXPHUDO�FODVVLILHUV�¶��7KH�+DQGERRN�RI�

$XVWURDVLDWLF�/DQJXDJHV 9RO���DQG�9RO���������

&ODVVLILHUV� DUH� µPRUSKRORJLFDOO\� VLPSOH¶� DQG� QXPHUDO� SKUDVHV� JHQHUDOO\� IROORZ� WKH� RUGHU�

QXPEHU�FODVVLIHU�QRXQ�� +RZHYHU�� WKH� XVH� RI� FODVVLILHUV� LV� REOLJDWRU\� DQG� WKH� LQVWDQFHV�ZKHUH�

RQH�FDQ�GURS�WKHP�DUH�QRW�FOHDU�\HW�

�� QѓӃW��PLN̗࠴ӃFΩ XKΩ̗ӃҌ ҌъQ �&DU�

WZR��&/)�������HJJ�����6*

µ,W�KDV�WZR�HJJV�¶�����

7KH� SURQRPLQDO� V\VWHP� LV� TXLWH� H[WHQVLYH� DQG� ZRUNV� GRQH� E\� %ULDQH� ������� DQG�:KLWHKHDG�

�������RQ�SURQRXQV�RI�&DU GLVFXVVHV�YDULRXV� IRUPV�EXW�GRHV�QRW�RIIHU� D�PRUSKRORJLFDO� VWXG\��



ϭϮ

7KH�ODQJXDJHV�RI�1LFREDULF�IDPLO\�FRQWDLQ�SURQRXQV�IRU�DOO�WKUHH�QXPEHUV�DQG�SHUVRQV�DQG�WKH�

GLIIHUHQFH�RI�LQFOXVLYH�H[FOXVLYH�LV�VRPHWLPHV�VKRZQ�E\�DGGLQJ�D�VHSDUDWH�PRUSKHPH�OLNH� �KƭӃ�

LQ� 6DQHQ\R WR� VKRZ� LQFOXVLYHQHVV� SODFLQJ� LW� EHIRUH� WKH� SURQRPLQDO� FDWHJRU\�� ,Q� &DU�� WKH�

GLIIHUHQFH� LV� VHHQ� LQ� WKH� FDVH� RI� LQWHUURJDWLYH� FRQVWUXFWLRQV�� EHWZHHQ� WKH� ILUVW� SHUVRQ� GXDO�

LQFOXVLYH��ҌъMъK�DQG�WKH�H[FOXVLYH��ҌъMΩ���,Q�DOO�VLWXDWLRQV��WKH�VXEMHFW�SURQRXQ�EDVH�JHQHUDWHV�LQ�

QRQ�LQWHUURJDWLYH�FRQVWUXFWLRQV��

�� NъKVHQ��ѓƾ����QΩ WǊKVL���WLWR �6DQHQ\R�

KRZ�����367�����6*���IDOO�����WLWR

µ+RZ�GLG�7LWR�IHOO"¶

9HUEV�RFFXU�FDQRQLFDOO\�DW�WKH�LQLWLDO�SRVLWLRQ�RI�WKH�VHQWHQFH��7KH�DX[LOLDU\�YHUEV��ZKLFK�DUH�SDUW�

RI�WKH�YHUE�SKUDVH��DUH�PRVWO\�SUH�YHUEDO�OLNH�WKH�WHQVH��DVSHFW�DQG�PRRG�DQG�QHJDWLRQ�PDUNHUV��

+RZHYHU�� LQ� FDVH� ERWK� WHQVH� DQG� DVSHFW�PDUNHUV� DUH� SUHVHQW� LQ� D� VHQWHQFH�� WKH� DVSHFW�PDUNHU�

JHQHUDOO\� WDNHV� WKH�VHQWHQFH�LQLWLDO�SRVLWLRQ�� ,W�PXVW�EH�QRWHG� WKDW� WKH� ODQJXDJHV�GR�QRW�KDYH�D�

IL[HG�926�RUGHU�DQG�WKH�FDWHJRULHV�FDQ�FKDQJH�SODFHV�LQ�FDVH�RI�QDUUDWLRQV�RU�WR�VKRZ�IRFXV��7KH�

YHUEDO� GRPDLQ� LQFRUSRUDWHV� DOO� NLQGV� RI� YHUEV�DFWLRQ�� SRVLWLRQ�� XWWHUDQFH�� ERG\� IXQFWLRQ�� HWF��

9HUEV�DUH�PDLQO\�FDWHJRUL]HG�DV�WUDQVLWLYH��LQWUDQVLWLYH��ZLWK�ODFN�RI�LQILQLWLYHV��DQG�GL�WUDQVLWLYH��

6HULDO� YHUE� FRQVWUXFWLRQ� LV� DOVR� IRXQG� ZLWKRXW� DQ\� GLVWLQFW� PRUSKHPHV� WR� VKRZ� WKH� RUGHU RI�

HYHQWV�H[FHSW�XVLQJ�FRQMXJDWLRQV�WR�PDUN�VHULDOL]DWLRQ��7KH�VHTXHQWLDO�YHUE�LQ�&DU FRQVLVWV�RI�D�

VWHP� IROORZHG� E\� PRUSKHPH�±KѓӃ� DQG� GRHV� QRW� UHTXLUH� DQ\� VXEMHFW� WR� EH� VWDWHG� ZKLOH� LQ�

ODQJXDJHV�OLNH�6DQHQ\R��/XUR WKHUH�LV�QR�DGGLWLRQDO�PDUNHU��7KH�VHTXHQWLDO�YHUE�LV�GHILQHG�E\�LWV�

SRVLWLRQ�LQ�WKH�VHQWHQFH�DQG�VHSDUDWH�PRUSKHPH�SUHFHGLQJ�WKH�YHUE�LV�XVHG�WR�PDUN�WKH�VHTXHQFH�



ϭϯ

�� UѓҌ ΩNƾэ˾N��ΩQ�����HQ����PΩOƾΩ KѓӃ�������LW֍ վ LΩN �6DQHQ\R�

6(4 HDW������120���6*��WKHQ����&217����VOHHS

µ$IWHU�HDWLQJ��KH�ZHQW�WR�VOHHS�¶

7KH�FRPSRXQG�YHUE�FRQVWUXFWLRQ�LV�UDUH��6HSDUDWH�PRUSKHPHV�DUH�XVHG�LQ�FDVH�RI�PDUNLQJ�WHQVH��

DVSHFW�DQG�PRRG��9HUEV�FDQ�DOVR�WDNH�DGYHUELDO�PRGLILHUV�DQG�WKH\�JHQHUDOO\�RFFXS\�WKH�LQLWLDO�

SRVLWLRQ� LQ� D� VHQWHQFH�� 9HUE� LQIOHFWLRQ� LV� REVHUYHG� LQ� ODQJXDJHV� OLNH�&DU�� ZKLFK� KDV� WKLUWHHQ�

PDMRU�LQIOHFWLRQDO�FRQVWUXFWLRQV�FRQWDLQLQJ�D�VWHP��DQG�XS�WR�WKUHH�VXIIL[HV��$FWLYH�DQG�SDVVLYH�

YHUEV�DUH�GLIIHUHQWLDWHG�ZKHUH�WKH�ODWWHU�LV�HLWKHU�KDV�D�SDVVLYH�PDUNHU�RU�D�GLUHFWLRQDO�VXIIL[�

�� ƾъ̗ӃWLMΩ�µERXQG¶��a��ƾъ̗ӃWL µEH�ERXQG¶ �&DU�

+RZHYHU��VRPH�ODQJXDJHV�UDUHO\�VKRZ�DQ\�SDVVLYH�FRQVWUXFWLRQV�DQG�LI�WKH�QHHG�DULVHV�LW�LV�GRQH�

E\� D� FKDQJH� LQ� VXEMHFW� DQG� REMHFW� RUGHU� NQRZQ� DV� YDOHQFH� WUDQVSRVLQJ� GHYLFH�� 7KH� YHUEV��

KRZHYHU��GR�QRW�JHW�LQIOHFWHG�IRU�DQ\�SDVVLYH�PDUNHU��,Q�VRPH�FDVHV��SDVVLYH�YHUEV�JHW�LQIOHFWHG�

IRUPLQJ� D� UHIOH[LYH� SDVVLYH� YHUE� LQ�&DU ZKHUH� WKH� YHUE� RFFXUV� DV� D� VWHP� H[WHQGHG� E\� D� ��Ω�

µUHIOH[LYH�VWHP�HQGLQJ�VXIIL[¶��IROORZHG�E\�D�UHIOH[LYH�SDUWLFOH����Uѓ��

��� NъIќ̗WΩ�Uѓ FLQ �&DU�

EUXVK�5()/ �6*

µ,�EUXVK�P\VHOI�RII�¶

0DMRU�PRUSKRORJLFDO� SURFHVVHV� LQYROYHG� DUH� LQIOHFWLRQ� �XVXDOO\� E\� VXIIL[DWLRQ�� DQG� GHULYDWLRQ�

�XVXDOO\� E\� DIIL[DWLRQ� DQG� FRPSRXQGLQJ��� :KLOH� ODQJXDJHV� OLNH� &DU DQG�0XRW XQGHUJR� ERWK�

LQIOHFWLRQ� DQG� GHULYDWLRQ�� ODQJXDJHV� OLNH� 6DQHQ\R� DQG� /XUR� EDUHO\� VKRZ� DQ\� LQIOHFWLRQ�� 7KH�

PDMRU�ZRUG�IRUPDWLRQ�WDNHV�SODFH�YLD�GHULYDWLRQ�DQG�FRPSRXQGLQJ��



ϭϰ

,Q�WKH�VXEVHTXHQW�FKDSWHUV��WKH�PRUSKRORJLFDO�DQG�V\QWDFWLF�FKDUDFWHULVWLFV�RI�6DQHQ\R DQG�&DU

ZLOO�EH�GLVFXVVHG�DQG�DQDO\]HG� WU\LQJ� WR�EULQJ�RXW� WKH�GLIIHUHQFHV�DQG�VLPLODULWLHV�EHWZHHQ� WKH�

WZR� ODQJXDJHV�� &KDSWHU� �� ZLOO� EH� GLVFXVVLQJ� WKH� ZRUG� RUGHU�� YDULRXV� SKUDVDO� V\VWHP�� 7HQVH��

$VSHFW�� 0RRG�� 3HUVRQ�� 1XPEHU� DQG� *HQGHU� DJUHHPHQW� DORQJ� ZLWK� SURQRPLQDO� V\VWHP� ZLWK�

QHJDWLRQV��LQWHUURJDWLYHV�DQG�LPSHUDWLYHV�FRQVWUXFWLRQV�LQ�ERWK�&DU DQG�6DQHQ\R��

7KH� DLP� LQ� WKH� QH[W� WZR� FKDSWHUV� ZLOO� EH� WR� H[SOLFDWH� WKH� WZR� ODQJXDJHV� LQ� WHUPV� RI�

PRUSKRORJLFDO�DQG�V\QWDFWLF�VWUXFWXUHV�DQG�WU\�WR�XQGHUVWDQG�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�WZR��,W�

LV�RIWHQ�GHEDWHG� WKDW�6DQHQ\R LV�RQH�RI� WKH�PDQ\�GLDOHFWV�RI�&DU KDYLQJ�PDQ\� ORDQ�ZRUGV�DQG�

FDOTXHV�IURP�WKH�ODWWHU�DQG�\HW�WKH\�DUH�PXWXDOO\�XQLQWHOOLJLEOH�DFFRUGLQJ�WR�WKH�QDWLYHV�RI�&KDXUD�

,VODQG��7KXV��E\�DWWHPSWLQJ�WR�XQGHUVWDQG�WKH�VWUXFWXUH�RI�WKH�WZR�ODQJXDJHV��LW�LV�DLPHG�WR�VKHG�

VRPH�OLJKW�RQ�WKLV�FRQIXVLRQ��

&KDSWHU���ZLOO�IRFXV�RQ�WKH�FDVH�PDUNLQJ��FRPSOH[�SUHGLFDWH�FRQVWUXFWLRQV�OLNH�FRPSRXQG�YHUEV��

FRQYHUEV�DQG�YHUE�VHULDOL]DWLRQ��XVH�RI�UHGXSOLFDWLRQ��SDVVLYH�FRQVWUXFWLRQV�DQG�JHUXQG�IRUPDWLRQ�

RI�ODQJXDJH��DV�WKHUH�KDV�QRW�EHHQ�DQ\�ZRUN�RQ�WKH�V\QWDFWLF�DVSHFW�RI�WKH�&DU�1LFREDU ODQJXDJH��

)XUWKHU��WKH�QXPHUDO�V\VWHP�DQG�WKH�FODXVDO�UHODWLRQVKLSV�DQG�VHQWHQFH�IRUPDWLRQ�SDWWHUQ�LQ�ERWK�

WKH�ODQJXDJHV�ZLOO�DOVR�EH�GLVFXVVHG�DQG�DQDO\]HG�LQ�WKH�VDPH�FKDSWHU��0DMRU�REVHUYDWLRQV�DQG�

FRQFOXVLRQV� ZLOO� EH� QRWHG� LQ� FKDSWHU� ��� 7KH� &DU GDWD� DQG� VHQWHQFH� H[DPSOHV� PHQWLRQHG�

WKURXJKRXW� WKH� WKHVLV� KDV� EHHQ� FLWLHG� IURP� WKH� 3K�'�� GLVVHUWDWLRQ� E\� -HDQ� &�� %UDLQH¶V� �����

8QLYHUVLW\� RI� &DOLIRUQLD� �%HUNHOH\�� 3K�'�� WKHVLV�1LFREDUHVH� *UDPPDU� �&DU� 'LDOHFW� DQG� WKH�

EUDFNHWHG� LWHPV� LQGLFDWH�SDJH�QXPEHUV� DQG�RUGHU�RQ� WKH�SDJH��)RU�6DQHQ\R�� WKH�GDWD�KDV�EHHQ�

FROOHFWHG�IURP�6DQHQ\R�VSHDNHUV�UHVLGLQJ�LQ�&KDXUD�DQG�7HUHVVD�,VODQG��1LFREDU�,VODQG�



ϭϱ

��������ʹ

������������������������ �������

�����������������������

ʹǤ ������������

7KH FKDSWHU� GHVFULEHV� WKH�PRUSKRORJLFDO� FKDUDFWHULVWLFV� RI� WKH�&DU� DQG� 6DQHQ\R� ODQJXDJH� DQG�

WULHV�WR�RXWOLQH�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�WZR���7KH�ODQJXDJH�&DU�1LFREDUHVH�,62�������FDT�

�DOVR�FDOOHG�&DU RU�3X��LV�VSRNHQ�LQ�WKH�&DU�1LFREDU�LVODQG�DQG�LV�DOVR� WKH�OLQJXD�IUDQFD�RI�WKH�

1LFREDU�,VODQGV��,W�LV�WKXV�WKH�PRVW�ZLGHO\�VSRNHQ�ODQJXDJH�RXW�RI�DOO�WKH�1LFREDUHVH�ODQJXDJHV�

DQG� WKH� ODQJXDJH� VWDWXV� LV� ��ZLGHU� FRPPXQLFDWLRQ����6DQHQ\R� ,62� ������ FUY� �VԥQ݄ޝܭԥ�� �DOVR�

FDOOHG� &KDXUD�� RU 7XWHW��� VSRNHQ� E\� WKH� &KDXUD� SHRSOH� RI� WKH� &KDXUD� LVODQG� LV� SDUW� RI� WKH�

1LFREDUHVH�EUDQFK�RI� ODQJXDJHV�RI� WKH�$XVWURDVLDWLF� ODQJXDJH�IDPLO\DQG� WKH� ODQJXDJH�VWDWXV� LV�

�E �7KUHDWHQHG����

%RWK� WKH ODQJXDJHV� VKRZSURGXFWLYH XVDJH� RI� FRPSRXQGLQJ� DQG� GHULYDWLRQ� SURFHVVHV �GHULYHG�

QRXQV�DQG�YHUEV���7KH�PDMRU�PRUSKRORJLFDO�SURFHVVHV�LQYROYHG�LQ�ZRUG�IRUPDWLRQ�DUH�'HULYDWLRQ

DQG�,QIOHFWLRQ �3UHIL[DWLRQ��6XIIL[DWLRQ��,QIL[DWLRQ��DQG�&LUFXPIL[DWLRQ���&RPSRXQGLQJ��&OLSSLQJ�

ϭ /HZLV��0��3DXO��*DU\�)��6LPRQV��DQG�&KDUOHV�'��)HQQLJ��HGV��������� (WKQRORJXH��/DQJXDJHV�RI�WKH�:RUOG��
(LJKWHHQWK�HGLWLRQ� 'DOODV��7H[DV��6,/�,QWHUQDWLRQDO��2QOLQH�YHUVLRQ� KWWS���ZZZ�HWKQRORJXH�FRP�
Ϯ (EHUKDUG��'DYLG�0���*DU\�)��6LPRQV��DQG�&KDUOHV�'��)HQQLJ��HGV��������� (WKQRORJXH��/DQJXDJHV�RI�WKH�
:RUOG� 7ZHQW\�VHFRQG�HGLWLRQ��'DOODV��7H[DV��6,/�,QWHUQDWLRQDO��2QOLQH�YHUVLRQ� KWWS���ZZZ�HWKQRORJXH�FRP�



ϭϲ

DQG�%RUURZLQJ��:KLOH�&DU�VKRZV�DJJOXWLQDWLQJ�IHDWXUHV�ZLWK�DIIL[HV�FKDQJLQJ�WKH�FDWHJRULHV�RI�

QHZO\�IRUPHG�PRUSKHPHV��6DQHQ\R�LV�PRVWO\�LVRODWLQJ�ODFNLQJ�DQ\�YDULDWLRQ�RI�ZRUGV�WR�UHIHU�WR�

GLIIHUHQW�JUDPPDWLFDO�FDWHJRULHV�7KH�EDVLF�ZRUG�RUGHU�RI� ERWK� WKH� ODQJXDJH� LV�9HUE�LQLWLDO� DQG�

VXEMHFW�ILQDO��DOWKRXJK�LW�LV�QRW�VWULFWO\�IL[HG�

�� Ѫъ PъƾNъ���ƾΩQ���NLNRѪΩ�������� �&DU�

HDW��PDQJR���6*�������ER\

µ%R\�HDWV�PDQJR�¶

�� Iѓ̗ӃQWΩ�Uѓ VXPNiP��FLQ��NDSiK �&DU�

IRXU�5()/ GD\����������6* GLH

µ,�ZLOO�GLH�LQ�IRXU�GD\V�¶

�%UDLQH�������

�� KԥMܧ VXWࡘࡧ ԥQ PԥKޝܭR �6DQHQ\R�

SOD\ EDOO 120 ER\

µ7KH�ER\�LV�SOD\LQJ�ZLWK�D�EDOO�¶

,Q�����DQG�����WKH�YHUE�FRPHV�DW�WKH�LQLWLDO�SRVLWLRQ�RI�WKH�VHQWHQFH��LQ�����WKH�YHUE�FRPHV�DW�WKH�

ILQDO�SRVLWLRQ�RI�WKH�VHQWHQFH�DIWHU�WKH�VXEMHFW�

,Q�H[DPSOH�����WKH�YHUE�FRPHV�EHIRUH�WKH�REMHFW�DQG�WKH�VXEMHFW�RFFXUV�EHIRUH�WKH�YHUE��7KLV�NLQG�

RI�PRYHPHQW�LV�DOORZHG�LQ�WKH�ODQJXDJH��HVSHFLDOO\�LQ�UXQQLQJ�VSHHFK�RU�GXULQJ�QDUUDWLRQV�



ϭϳ

�� OܭWࡧ ԥQ�����PԥKޝܭRܭ��ƾ���KԥP���KLSࡘ X �6DQHQ\R�

3)9 120 ER\�������367��HDW�����EDQDQD

µ7KH�ER\�KDG�HDWHQ�EDQDQD�¶

,Q�FDVH�RI�DVSHFW�PDUNHUV��ZKLOH�H[DPSOH�����IURP�&DU VKRZV�WKDW�LW�LV�DWWDFKHG�WR�WKH�YHUE�

SUHVHQW�DW�WKH�LQLWLDO�SRVLWLRQ�RI�WKH�VHQWHQFH��LQ�6DQHQ\R DV�VKRZQ�LQ�����WKH�DVSHFW�PDUNHU�

FRPHV�DW�WKH�LQLWLDO�SRVLWLRQ�DV�D�IUHH�PRUSKHPH�

�� ҌDK~ӄW�KD�ƾD������������������� FLQ �&DU�

QRRVH�,1&�2%-�3)9� �6*

µ,
YH�FDXVHG�WKH�QRRVLQJ��RI�VRPHWKLQJ���¶����������

�%UDLQH�������

ʹǤͳǤ �������������������������������������������

ʹǤͳǤͳǤ �����������������

7KH� DGMHFWLYHV LQ� &DU� DUH� XVXDOO\� DWWULEXWLYH� DQG� DUH� SUH�QRPLQDO� EXW� DJUHHPHQW� DQG�

GHPRQVWUDWLYH�PDUNHUV�FDQ�RFFXU�EHWZHHQ�WKH�DGMHFWLYH�DQG�WKH�QRXQ��

�� ѳ~KXO����������� NXPOpӄҌ�Ѷѓ ҌDQ����� ƾDP�������� FDQэ̗ӄFΩ

LQFUHDVH������� VWURQJ�5()/ $*5 '(0 VWRUP

µ7KH�VWRUP�LV�LQFUHDVLQJ�LWV�VWUHQJWK�¶

�%UDLQH�������



ϭϴ

�� N~ӄQ�Ω ҌDQ�������ƾDP���������WDѶtN

VPDOO�3(56 $*5'(0 PDQ


7KH�PDQ�LV�VPDOO�
����������

�%UDLQH�������

6LPLODUO\� LQ�6DQHQ\R�� WKH�DGMHFWLYHV�DUH�DOVR�DWWULEXWLYH� LQ�QDWXUH�SUHFHGLQJ� WKH�QRXQ�FDWHJRU\�

DQG�VRPHWLPHV�D� UHODWLYH�PDUNHU� �Fъ�� LV�SODFHG�EHWZHHQ� WKH�DGMHFWLYH� DQG�QRXQ�DORQJ�ZLWK� WKH�

LQGLFDWLYH PDUNHU��ΩQ��WR�PRGLI\�WKH�QRXQ� 7KH�LQGLFDWLYH�PDUNHU�LV�RSWLRQDO�DQG�FDQ�EH�GURSSHG�

LQ�UXQQLQJ�VSHHFK��WKDW�LV��WKH�RPLVVLRQ�RI�WKH�PRUSKHPH��ΩQ��ZLOO�QRW�PDNH�XQJUDPPDWLFDO��7KXV�

ERWK�����DQG�����LV�DFFHSWDEOH�

�� W֍ ΩPΩZX������Fъ�����ΩQ�����NΩҌѓW֍ QHΩҌ

LQWHOOLJHQW���5(/���,1'���FKLOG����WKLV

µ7KLV�LV�DQ�LQWHOOLJHQW�FKLOG¶

�� W֍ ΩPΩZX������Fъ�������NΩҌѓW֍ QHΩҌ

LQWHOOLJHQW���5(/�����FKLOG����WKLV

µ7KLV�LV�DQ�LQWHOOLJHQW�FKLOG¶

*UDGDEOH� DGMHFWLYHV� LQ� &DUFDQ� EH� PRGLILHG� XVLQJ� PRUSKHPHV� OLNH� �WΩNэҌ� µYHU\¶�� �SRM�� µELJ¶�

ZKHUH�DGYHUEV�IROORZ�WKH�DGMHFWLYHV��

��� SyӄM�KDƾѓ̗Q������� ҌDQэ̗KΩ Nѓ̗ӄO���������� ҌDQ

ELJ�'(/ EURNHQ���� DUP��������� �6

µ+H�KDV�D�YHU\�EDGO\�EURNHQ�DUP�¶�����

�%UDLQH�������



ϭϵ

��� WΩODOpӄҌ WDNэ̗ӄҌ ҌΩS�L�

VWURQJ���������� YHU\ �6�1219,6

µ,W�LV�YHU\�VWURQJ�¶ �%UDLQH�������

,Q�6DQHQ\R�JUDGDEOH�DGMHFWLYHV�DUH�FRQVWUXFWHG�XVLQJ�PRUSKHPHV�OLNH��NΩUX��µELJ��PRUH¶���IXOƾΩ��

µYHU\¶ ZKHUH�WKH�DGYHUEV�DUH�SODFHG�EHIRUH�WKH�DGMHFWLYHV�VXFK�DV�LQ�WH�IROORZLQJ�H[DPSOH�

��� IXOƾΩ OΩQXΩK

µYHU\�EHDXWLIXO¶

&DU�DGMHFWLYHV�IROORZ�WKH�FODVVLILHUV�DQG�D�SURQRXQ�FDQ�EH�SODFHG�EHIRUH�WKH�DGMHFWLYDO�FDWHJRU\�

LQ�VXFK�FDVHV�DV�LQ ����

��� KHƾ�������������WDND�������� ҌΩN����������������������������� WΩ�ҌDNiK�Ω WDѶtN

RQH�����������&/) �6*�367�1219,6 /,1.�JRRG���������SHUVRQ

µ7KHUH�ZDV�D�JRRG�PDQ�¶

�%UDLQH�������

6RPHWLPHV�D�OLQN�PDUNHU��WΩ��LV�SODFHG�DIWHU�WKH�SURQRPLQDO�PDUNHU�WR�LQFUHDVH�WKH�HPSKDVLV�

��� PDѶэӄҌ�Dƾѓ̗Q�����PLVtӄҌ������ ҌL���������������SXӄ�������� KHӄ�������������MLN�����

ORQJ�'(/ ORQJ�DJR�� /2& &DU������� ZKHQ����������3/�1219,6

Piӄ�PLVtӄҌ KHƾ����WDND����ҌΩN���������������������WΩ ҌDNiKD������WDѶtN

HOGHU�ORQJ�DJR�������RQH����&/)�6�367�1219,6/,1. JRRG���������SHUVRQ



ϮϬ

µ/RQJ�DJR�LQ�&DU�1LFREDU��GXULQJ�WKH�WLPH�RI�WKH�DQFHVWRUV��WKHUH�ZDV�D�FHUWDLQ�JRRG�PDQ�¶������������

�%UDLQH�������

6DQHQ\R�DGMHFWLYHV�DOVR�IROORZ�WKH�FODVVLILHUV��KRZHYHU� WKH�LQGLFDWLYH PDUNHU�LV�SODFHG�EHWZHHQ�

WKH�FODVVLILHU�DQG�WKH�DGMHFWLYH�IRU�HPSKDVLV��

��� URLF��W֍ ΩN�����ΩQ W֍ Ω� PLKRH��OLӃSъUH

WKUHH�&/�����,1' 2%-�±WKLQ��SDSHU

µWKUHH�WKLQ�VKHHWV�RI�SDSHU¶

$GMHFWLYHV�OLNH�µELJ¶��µVPDOO¶ RU�µPDQ\¶�FDQ�DOVR�IROORZ�WKH�QXPHUDOV WR�SURYLGH�HPSKDVLV�RQ�WKH�

DPRXQW� RU�VKDSH�VL]H�RI�WKH�KHDG�QRXQ�DV�LQ������

��� W֍ Ω �KLΩƾ���SΩPLѓF VLWXQ�����

2%- �RQH���VPDOO ERWWOH���

µRQH�VPDOO ERWWOH¶

ʹǤͳǤʹǤ ����������������

&DU� DGYHUEV� FDQ� EH� ERWK� SUH�YHUEDO� DV�ZHOO� DV� SRVW�YHUEDO� DV� LQ� ������ZLWK� D� QRPLQDO� SDUWLFOH�

SODFHG�EHWZHHQ�WKH�YHUE�DQG�DGYHUE�DV�LQ������

��� ҌΩW��������������KDѳэ̗K�KDѳD FLQ

1(* VOHHS�DW�DOO�6*

µ,�GLGQ
W�VOHHS�DW�DOO�¶

�%UDLQH�������



Ϯϭ

��� P~ӄO�KΩ�Ѷѓ MLQ�����QΩ ѪDӄҌ

WRJHWKHU�HDFK�RWKHU�5()/�3/68% HDW

µ7KH\�HDW�WRJHWKHU�¶��������

�%UDLQH�������

7KHUH�DUH�VHW�RI�VL[�WHPSRUDO�ORFDWLYHV�ZKLFK�SUHGLFW�WKH�ORFDWLRQ�LQ�WLPH�

D� �DPэK��µODVW�QLJKW¶

E� �KXUѠF���µWRPRUURZ¶

F� �PLVL�Ҍ� µORQJ�DJR¶

G� �WDKѠ\���µMXVW�QRZ¶

H� �WΩQDPXK��µWRGD\¶

I� �YDKѓU��µ\HVWHUGD\¶

6DQHQ\R�DGYHUEV�XVXDOO\�FRPH�EHIRUH�WKH�YHUE�ZLWK�WKH SUHVHQFH�RI�QRPLQDO�SDUWLFOH�EHWZHHQ�WKH�

DGYHUELDO�DQG�YHUEDO�SKUDVH DQG�WKH�DGYHUEV�DUH�SODFHG�DW�WKH�LQLWLDO�SRVLWLRQ RI�WKH�VHQWHQFH��7KH�

VDPH� SDWWHUQ� LV� REVHUYHG� LQ� DGYHUEV� RI� WLPH� RU� DWWLWXGH� ZKHUH� WKH\� DUH� SODFHG� DW� WKH LQLWLDO�

SRVLWLRQ RI�WKH�VHQWHQFH ZKLFK�PD\�RU�PD\�QRW�EH�IROORZHG�E\�WKH�PDLQ�YHUE��

��� KΩWUѠLF UH�������QΩ VXW

HYHU\GD\SOD\����6*����EDOO

µ+H�SOD\V�IRRWEDOO�HYHU\�GD\�¶



ϮϮ

��� KHҌΩ ΩQ����PΩ˾ UѠN

VXUHO\120���6*�FRPH

µ<RX�ZLOO�VXUHO\�FRPH�¶

7LPH�DGYHUELDO�SUHFHGHV�3ODFH�DGYHUELDOV��

��� W֍ Ω �ULӃΩLΩ XIѓ ΩQ������NΩҌѓW֍ XMэKΩUH���Nъ����SъUN

2%-����HYHQLQJ3/���120���FKLOG�����SOD\��������,1'��SDUN

µ,Q�WKH�HYHQLQJ��WKH�FKLOGUHQ�SOD\�LQ�WKH�SDUN�¶�

ʹǤͳǤ͵Ǥ �����������

&DU�HYLQFHV D�UHODWLYHO\ IL[HG�QRXQ�SKUDVH�VWUXFWXUH�ZLWK�IRXU�FDWHJRULHV�LQ�D�SDUWLFXODU�RUGHU��WKDW�

LV��D�GHWHUPLQHU�IROORZHG�E\�DQ DGMHFWLYH �L���IROORZHG�E\�WKH�QRPLQDO�FDWHJRU\ �LL���DQG�ILQDOO\�

IROORZHG�E\�WKH�SRVVHVVRU �LLL��� 6LQFH�WKH�ODQJXDJH�LV�HVVHQWLDOO\ ULJKW�EUDQFKLQJ��XVLQJ�'U\HU¶V�

%UDQFKLQJ� 'LUHFWLRQ� 7KHRU\�� WKH� EUDQFKLQJ� FDWHJRU\� �ZKLFK� LV� V\QWDFWLFDOO\� PRUH� FRPSOH[��

DSSHDUV� RQ� WKH� ULJKW� RI� WKH� QRQ�EUDQFKLQJ� FDWHJRU\� �ZKLFK� LV� FRPSDUDWLYHO\� OHVV� FRPSOH[��

�:KDOH\����������+HQFH��ZH�REVHUYH�WKDW�WKH�FRPSOHPHQW�SKUDVH�IROORZV�WKH�QRXQ�SKUDVH��7KH�

PRUSKHPH��WΩ� DFWV�DV�D�JHQHUDO�OLQNHU�DQG�LV�VRPHWLPHV�XVHG�WR�LQWURGXFH�FRPSOHPHQW�SKUDVHV�DV�

LQ������

��� QXS����������������WΩKDFiӄSΩ OtӄSΩѶѓ ҌΩN��������������������������WΩNXOyӄҌ�XΩ

�3/�1219,6������SLOH�������������� ERRN�������������� �6�367�1219,6 VWXSLG�3266

ѪLӄҌ FX

FKLOG������� �6*

µ7KH�SLOHG�ERRNV�RI�P\�VWXSLG�FKLOG�¶

�%UDLQH�������



Ϯϯ

��� KHƾ�� WDND���� ҌΩN����������� PLVtӄҌ WDItVL�������� WΩ

RQH�� &/) �6*�367�1219,6 ORQJ�DJR�� ZLGRZ����� /,1.

IѓӄQ��������� PDQ̗࠴N������ NXӄQ

IRXU�������� &/) VRQ

µ2QFH�WKHUH�ZDV�D�ZLGRZ�ZKR�KDG�IRXU�FKLOGUHQ�¶

�%UDLQH�������

,Q�DGMHFWLYDO�SDUWLFLSLDO�FODXVH�FRQVWUXFWLRQV��DV�PHQWLRQHG�HDUOLHU�WKH�DGMHFWLYHV�DUH�DWWULEXWLYH�LQ�

QDWXUH� SUHFHGLQJ� WKH� QRXQV� LQ� D� VLPSOH� FODXVH� ZLWK� WKH� RSWLRQDO� SUHVHQFH� RI� DJUHHPHQW� DQG�

GHPRQVWUDWLYH�PDUNHUV�

��� ҌDNiKD� WDѶtN��������

JRRG����� SHUVRQ����

µJRRG�SHUVRQ�¶

�%UDLQH��������

:KLOH�VKRZLQJ�SRVVHVVLRQ�RI�WKH�QRXQ�WKDW�LV�TXDOLILHG�XVLQJ�DGMHFWLYDO�FDWHJRULHV��WKH�SRVVHVVLYH�

PDUNHU�LV�DWWDFKHG�WR�WKH�DGMHFWLYH��VXFK�DV�LQ������DQG������

��� ҌXIy�YΩ NXQѶΩ̗ӄQ��� FLQ

FROG�3266��� IHHW��������� �6*

µ,�KDYH�FROG�IHHW�¶

�%UDLQH�������



Ϯϰ

��� WΩNXOyӄҌ�XΩ ѪLӄҌ FX

VWXSLG�3266�������FKLOG��������6*

µ«P\�VWXSLG�FKLOG�¶

�%UDLQH�������

7KH�DGMHFWLYH�VORW�FDQ�EH�WDNHQ�E\�D�QXPHUDWRU��ZKLFK�LV�IROORZHG�E\�DQ�RSWLRQDO�FODVVLILHU�DV�LQ�

������:H�DUH�DOVR�QRW�VXUH�DERXW�WKH�H[WHQW�WR�ZKLFK�WKH�FODVVLILHUV�DUH�REOLJDWRU\�

��� QѓӄW�������������� PLN̗࠴ӄFΩ ҌXKΩ̗ӄҌ ҌDQ

WZR�������������� &/) HJJ���������� �6*

µ,W��KDV��WZR�HJJV�¶�����������

�%UDLQH�������

6DQHQ\R LV�SULPDULO\�KHDG�LQLWLDO�ODQJXDJH�SODFLQJ�WKH�PRGLILHUV�DIWHU�WKH�FDWHJRULHV�WKH\�PRGLI\��

%HLQJ�ULJKW�EUDQFKLQJ��WKH�V\QWDFWLF�VWUXFWXUH�RI�FRPSOHPHQW�SKUDVH��ZKLFK�KDV�D�FRPSDUDWLYHO\�

PRUH�FRPSOH[�LQWHUQDO�VWUXFWXUH�DQG�LV�D�EUDQFKLQJ�FDWHJRU\��RFFXUV�ULJKW�RI�WKH�QRQ�EUDQFKLQJ�

QRPLQDO�FDWHJRU\��:KDOH\����������

��� Nъ���PΩKѓӃR���ZΩKѓ����������W֍ Ω����GLDUUKRHD OѓW֍ OѓW֍ ѓQ��ΩQUΩ NъW֍

,1'��ER\��������\HVWHUGD\��2%-��VLQS}LF3)9��ZHOO���QRZ���(;3

µ7KH�ER\�ZKR�KDG�IHYHU�\HVWHUGD\�LV�ZHOO�QRZ�¶



Ϯϱ

7KH�FODXVHV��KRZHYHU��GR�QRW�XVH�DQ�RYHUW� UHODWLYH�PDUNHU�RU�D�FRPSOHPHQWL]HU�EXW�GR�H[SUHVV

KHDG� ±LQLWLDO� SDUWLFLSLDO�DGMHFWLYDO� FODXVH� FRQVWUXFWLRQV ZKHUH� WKH� DGMHFWLYHV� DUH� XVXDOO\�

DWWULEXWLYH�SUHFHGLQJ�WKH�QRXQV�LQ�VLPSOH�VHQWHQFHV ZKHUH�WKH�LQGLFDWLYH PDUNHU�LV�RSWLRQDO�

��� SΩPΩMH���ΩQ�����NΩҌѓW֍

VK\���������,1'����FKLOG

µVK\�FKLOG¶

��� PΩQNΩҌOΩVH����ΩQ������NΩҌѓW֍

QDXJKW\���������,1'���FKLOG

µQDXJKW\�FKLOG¶

+RZHYHU�� WKH� DGMHFWLYHV� FDQ� ERWK� SUHFHGH DV� LQ� ����� ZKHUH� µVK\¶� SUHFHGHV� DQG� µLQWHOOLJHQW��

IROORZV� WKH� KHDG� QRXQ� µFKLOG¶� RU� IROORZ DV� LQ� ����� ZKHUH� ERWK� WKH� DGMHFWLYHV� µVK\¶� DQG�

µLQWHOOLJHQW¶�FRPHV�DIWHU WKH�KHDG�QRXQ��

��� SΩPΩMH���XIѓ Nъ����NΩҌѓW֍ HQ����W֍ HPΩZX�����MΩKQΩ

VK\���������3/������,1'��FKLOG���6* LQWHOOLJHQW��DQG

µ+HU�FKLOGUHQ�DUH�VK\�DQG�LQWHOOLJHQW�¶

��� XIѓ Nъ����NΩҌѓW֍ HQ�����SΩPΩMH��MΩKQΩ��W֍ HPΩZX

3/������,1'��FKLOG����6* VK\��������DQG�����LQWHOOLJHQW��

µ+HU�FKLOGUHQ�DUH�EHDXWLIXO�DQG�LQWHOOLJHQW�¶

*HQLWLYH�FRQVWUXFWLRQV DUH�DOVR�REVHUYHG� WR�EH�KHDG� LQLWLDO� LQ�ERWK�&DU�DQG�6DQHQ\R�ZKHUH� WKH�

KHDG�LV�IROORZHG�E\�WKH�GHSHQGHQW�



Ϯϲ

��� FiW�ƾѓQ���������ҌΩN��������QXmӄ��������FX����������� ҌΩN���������WΩ VLQѶyӄO�XΩ�&DU�

ORVW�DZD\������6*�367��EXOO����������6*�2%/�� �6*�367��/,1.KRUQ�3266

µ0\�EXOO�ZKLFK�KDV�KRUQV�LV�ORVW�¶�����

�%UDLQH�������

��� W֍ ΩҌ �UъP �6DQHQ\R�

PRWKHU����UDP

µ5DP¶V�PRWKHU¶

,Q�&DU�� WKH�JHQLWLYH�FRQVWUXFWLRQV�ZLWK�DQ�DGMHFWLYDO�SKUDVH�DUH�REVHUYHG�WR�\LHOG�DQ�REOLJDWRU\�

SRVVHVVLYH�PDUNHU��DWWDFKHG�WR�WKH�DGMHFWLYDO�SDUWLFOH�ZKLFK�TXDOLILHV�WKH�SRVVHVVHG�HQWLW\��

��� QXS����������������WΩKDFiӄSΩ OtӄSΩѶѓ ҌΩN��������������������WΩNXOyӄҌ�XΩ ѪLӄҌ FX������������3/�1219,6����SLOH��������������

ERRN���������6*�367�1219,6��VWXSLG�3266 FKLOG����6*

µ7KH�SLOHG�ERRNV�RI�P\�VWXSLG�FKLOG�¶

�%UDLQH�������

1R� VXFK� PDUNLQJ� LV� REVHUYHG� LQ� 6DQHQ\R� DQG� WKH� SRVVHVVRU�SRVVHVVHH� UHODWLRQVKLS� LV� VKRZQ�

XVLQJ�WKH�ZRUG�RUGHU�LWVHOI�

��� OLӃSΩUH���FΩ �6DQHQ\R�

ERRN�����6*

µ0\�ERRN¶



Ϯϳ

&DU KDV�QR�RYHUW�PDUNLQJ�WR�VKRZ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�DOLHQDEOH� LQDOLHQDEOH�SRVVHVVLRQ

EXW�6DQHQ\R KDV�D�SRVVHVVLYH�PDUNHU�XVHG�LQ�FDVH�RI�DOLHQDEOH�SRVVHVVLRQ DV�LQ������

x 3266(66,9(��>LQDOLHQDEOH@

��� ODҌyK�����������ҌΩQ������ƾLK��������NDO�ѶΩ̗ӄQ��� FX �&DU�

EUHDN�����������$*5 '(0 EDU�IRRW� �6*�2%/

µ0\�OHJ�LV�EURNHQ�¶���������

�%UDLQH�������

��� W֍ ΩҌ �HQ �6DQHQ\R�

PRWKHU�����6*

µ+LV�PRWKHU¶

x 3266(66,9(��>DOLHQDEOH@

��� ODѶiN�Ω NDQ~ӄF���� FLQ �&DU�

VSOLW�3266 SHQFLO����� �6*

µ0\�SHQFLO�VSOLW�¶�������������

�%UDLQH�������

,Q�6DQHQ\R�� WKH�PRUSKHPHV��Wࡧ ԥNܤ���IRU�±YLVLEOH��DQG��Wࡧ ԥQ���IRU��YLVLEOH��FDQ�EH�XVHG�EHIRUH�WKH�

SURQRPLQDO�WR�HPSKDVL]H�WKH�DOLHQDEOH�SRVVHVVLRQ�VXFK�DV LQ������DQG����D��

��� KLΩƾ���Nъ� NΩQ� KΩLӃΩP����W֍ ΩNъ� W֍ ΩҌ �FΩ �6DQHQ\R�

RQH������,1'�����IHPDOH����KHQ�� 3266 PRWKHU����6*

µ0\�PRWKHU�KDV�RQH�KHQ�¶



Ϯϴ

��D� URLF����Fъ��Nъ����XIѓ��NXQUΩSΩ��W֍ ΩQ FΩ �6DQHQ\R�

WKUHH��&/��,1'3/���VKRH�������3266�6*

µ,�KDYH�WKUHH�VKRHV�¶

(OVH� LW�FDQ�DOVR�EH�GURSSHG�VRPHWLPHV��XVXDOO\�LQ�UXQQLQJ�VSHHFK��DV�LQ������

��� QLMRҌ FΩ �6DQHQ\R�

QHFNODFH�����6*

µ0\�QHFNODFH¶�

ʹǤͳǤͶǤ �����������

9HUE� 3KUDVHV� LQ� ERWK� &DU DQG� 6DQHQ\R DUH� JHQHUDOO\� KHDG�LQLWLDO� IROORZHG� E\� D� GHSHQGHQW���

SKUDVH�

��� P̗࠴N�Ω FD����������� FLQ �&DU�

VHH�75�3/�2%/ �6*

µ,�VHH�WKHP�¶

�%UDLQH�������

��� KΩNΩS��OLSΩUѓӃ��ΩQ������UъP �6DQHQ\R�

UHDG����ERRN����120���UDP�

µ5DP�UHDGV�D�ERRN�¶

,W� LV� TXLWH� SODXVLEOH WKDW� WKH� KHOSLQJ� YHUE� KDV� ORVW� LWV� YHUEDO� FKDUDFWHU� DQG� EHFDPH�

JUDPPDWLFDOL]HG� DV� DQ� DVSHFW� PDUNHU�� 6DQHQ\R SODFHV� WKLVKHOSLQJ YHUE�WXUQHG�DVSHFW� PDUNHU

EHIRUH� WKH�PDLQ� YHUE�� XVXDOO\� SODFHG� DW� WKH� VHQWHQFH� LQLWLDO� SRVLWLRQ DV� LQ� ���� DQG�REMHFW� DQG�

VXEMHFW�FDQ�LQWHUFKDQJH�WKHLU�SRVLWLRQ�EDVHG�RQ�WKH�VSHDNHU¶V�GLVFUHWLRQ�WR�VKRZ�IRFXV��



Ϯϵ

��� KΩMэ VXWվ ΩQ PΩKѓӃR

SOD\ EDOO 120 ER\

µ7KH�ER\�LV�SOD\LQJ�ZLWK�D�EDOO�¶

��� OѓW֍ KΩMэ VXW֍ վ ΩQ PΩKѓӃR���ѓƾ

3)9���SOD\ EDOO 120 ER\��������367

µ7KH�ER\ KDG�SOD\HG�ZLWK�D�EDOO�¶

7KH� VDPH�REVHUYDWLRQ� FDQQRW� EH� \HW�PDGH� IRU�&DU GXH� WR� ODFN� RI� VXIILFLHQW� GDWD� DQG� UHVHDUFK�

GRQH�RQ�WKH�ODQJXDJH� +RZHYHU��ZH�REVHUYH�WKDW�WKH�DVSHFW�PDUNHUV�DUH�DWWDFKHG�WR�WKH�YHUEV�DQG�

DUH�QRW�IUHH�LQ�QDWXUH�DV�XQOLNH�6DQHQ\R�

��� ҌDNtӄ�ƾΩ�YiK������������������������ ҌΩS����������������� WtNVΩQΩѶtӄҌ FLQ

GHWHUPLQHG�3)9 �LQVLVWHQW���� �6*�1219,6 GLFWLRQDU\������ �6*

µ,�DP�RXW�WR�JHW�D�GLFWLRQDU\�¶�

�%UDLQH�������

��� KDVtӄQ�ƾΩ ҌLQVtӄQ�����FLQ���������� PLQ

ILW�3)9 EHDP�������6* 1367

µ,�ZLOO�SXW�XS�WKH�VWDELOL]LQJ�EHDPV��SUREDEO\�¶���

�%UDLQH�������

ʹǤͳǤͷǤ��������������������

&DU DQG�6DQHQ\RVKRZ�SUHSRVLWLRQV��&RQVLGHU�H[DPSOHV������DQG������

��� ҌL ҌDOiKD� KDҌ~Q� �&DU�

/2&ERG\��� SLJ

µ«��LQ�WKH�SLJ
V�ERG\�¶� �%UDLQH�������
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��� ѓъƾ��эO Fэƾ �6DQHQ\R�

JR����RQ VKLS

µJR�RQ�D�VKLS¶

ʹǤʹǤ �����������������������������������

ʹǤʹǤͳǤ �����

&DU VKRZV�WKUHH�ZD\�GLVWLQFWLRQ�LQ�WHUPV�RI�WHQVHV��WKDW�LV��SUHVHQW��SDVW�DQG�IXWXUH��+RZHYHU��

WKH�SUHVHQW� WHQVH�LV�QRW�RYHUWO\�PDUNHG�ZKLOH�WKH�SDVW�DQG�IXWXUH�WHQVHV DUH�REOLJDWRU\�PDUNHG��

7KHUH�LV�QR�FKDQJH�LQ�WKH�YHUE�IRUPV�ZLWK�D�FKDQJH�LQ�WHQVH�DQG�VHSDUDWH�WHQVH�PDUNHUV�IRU�SDVW�

DQG�IXWXUH�WHQVH�DUH�XVHG�

D� 6LPSOH�3UHVHQW�WHQVH�

��� Ѫъ PъƾNъ���ΩQ�������UъP

HDW��PDQJR���120 31

µ5DP�HDWV�PDQJR�¶

E� 6LPSOH�3DVW�WHQVH�

��� Ѫъ PъƾNъ����ΩQ������UъP�����WъKѠL

HDW���PDQJR���120���31367

µ5DP�DWH�D�PDQJR�¶



ϯϭ

F� 6LPSOH�)XWXUH�WHQVH

��� Ѫъ PъƾNъ����ΩQ�������UъP�������PLQΩ

HDW���PDQJR���120 31)87

µ5DP ZLOO�HDW�PDQJR�¶

6LPLODUO\��LQ�6DQHQ\R��WKHUH�DUH�WKUHH�WHQVHV� SUHVHQW��SDVW�DQG�IXWXUH DQG�WKH�SUHVHQW�WHQVH�LV�

QRW�PRUSKRORJLFDOO\�PDUNHG�ZKLOH�WKH�SDVW�DQG�IXWXUH�WHQVH�DUH�QHFHVVDULO\�PDUNHG��

G� 6LPSOH�3UHVHQW�WHQVH�

��� ΩNƾэN� ΩQ�������UъP

HDW������ 120����31

µ5DP�HDWV�¶

H� 6LPSOH�3DVW�WHQVH�

��� ΩNƾэN ΩQ UъP���ѓƾ

HDW� 120 31367

µ5DP�DWH�¶

I� 6LPSOH�)XWXUH�WHQVH

��� ΩNƾэN���ΩQ UъP�� PҌΩ

HDW� 120 31 )87

µ5DP�ZLOO�HDW�¶



ϯϮ

ʹǤʹǤʹǤ ������

&DU H[KLELWV�WKUHH�QXPEHUV� VLQJXODU��GXDO�DQG�SOXUDO ZKHUH�LW�KDV�DQ�RSWLRQDO�VLQJXODU�PDUNLQJ�

�LQ�FDVH�RI�QDUUDWLRQV�RU�GXULQJ�UXQQLQJ�VSHHFK��DQG�REOLJDWRU\�PRUSKHPHV�IRU�GXDO�DQG�SOXUDO�

PDUNLQJ��7KHUH�LV�DJDLQ�QR�FKDQJH�LQ�YHUE�IRUPV�ZLWK�D�FKDQJH�LQ�QXPEHU��6HSDUDWH�PRUSKHPHV

DUH�SODFHG�EHIRUH�WKH�VXEMHFW�WR�VKRZ�WKH�JUDPPDWLFDO�QXPEHU�

D� 6LQJXODU

��� Ѫъ PъƾNъ���ƾΩQ NLNRѪΩ

HDW��PDQJR���6*ER\

µ%R\�HDWV�PDQJR�¶

E� 'XDO

��� Ѫъ PъƾNъ���Qъ˾ NLNRѪΩ

HDW��PDQJR���'8�����ER\

µ%R\V�WZR��HDW�PDQJR�¶

F� 3OXUDO

��� Ѫъ PъƾNъ���QH NLNRѪΩ

HDW��PDQJR���3/���ER\

µ%R\V�HDWV�PDQJR�¶

6DQHQ\R DOVR�KDV WKUHH�QXPEHUV� VLQJXODU�� GXDO� DQG�SOXUDO ZKHUH� LW�KDV� VHSDUDWH�PRUSKHPHV�

RQO\�IRU�GXDO�DQG�SOXUDO�PDUNLQJ�DQG�OLNH�&DU� WKHUH�LV�QR�FKDQJH�LQ�YHUE�IRUPV�ZLWK�D�FKDQJH�LQ�

QXPEHU�



ϯϯ

G� 6LQJXODU

��� ΩNƾэN��ΩQ������PΩKѓӃR

HDW������120���ER\�

µ7KH�ER\�HDWV�¶

H� 'XDO

��� ΩNƾэN��XQΩ ΩQ PΩKѓӃR

HDW�������'8120����ER\�

µ7KH�ER\V�WZR��HDW�¶

I� 3OXUDO

��� ΩNƾэN��XIѓ ΩQ��������PΩKѓӃR

HDW�������3/120����ER\�

µ7KH�ER\V�HDW�¶

ʹǤʹǤ͵Ǥ 
�����

*HQGHU�DJUHHPHQWLV�DOVR�QRW�IRXQG LQ�ERWK�WKH�ODQJXDJH��+RZHYHU�� LQ�6DQHQ\R WKH�PRUSKHPHV�

>NRܼ݄@� IRU�PDOH� DQG� >NޝܤQ@� IRU� IHPDOH� DUH� XVHG� LQ� RUGHU� WR� GLIIHUHQWLDWH� QDWXUDO� JHQGHUV� RI� WKH�

QRXQV�XVLQJ�FRPSRXQGLQJ��/H[LFDOO\��>NRܼ݄@�PHDQV�KXVEDQG�DQG�>NޝܤQ@�PHDQV�ZLIH��

��� >NRܼ݄ KԥLޝԥP@�µFRFN¶�� >NޝܤQ�KԥLޝԥP@�µKHQ¶

��� >NRܼ݄ NޝܭL݄@�µPDOH�PRQNH\¶ >NޝܤQ�NޝܭL݄@�µIHPDOH�PRQNH\¶



ϯϰ

%RWK�&DU DQG�6DQHQ\R GRHV�KDYH�PRUSKHPHV�IRU�µER\¶�>NLNRѪΩ@�LQ�&DU DQG�>PΩKѓӃR@ LQ�6DQHQ\R

DQG� µJLUO¶� >NLNъѪΩ@� LQ�&DU DQG� >KXOLΩ˾@ LQ� 6DQHQ\R DQG� WKHVH� DUH� DOVR� XVHG� WR� GLIIHUHQWLDWH� IRU

JHQGHU�LQ�>�KXPDQ@�

��� >ѪLҌ ΩQNLNRѪΩ@�µER\�FKLOG¶ �&DU�

��� >ѪLҌ ΩQNLNъѪΩ@�µJLUO�FKLOG¶

��� >NԥޝܭݦWࡧ ԥQ�PԥKޝܭR@�µER\�FKLOG¶ �6DQHQ\R�

��� >NԥޝܭݦWࡧ ԥQ�KXOLԥѺ@�µJLUO�FKLOG¶

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

&DU�KDV�DQ�H[WHQVLYH�V\VWHP�RI�SURQRPLQDO�DQG�LW�RIWHQ�XQGHUJRHV�D�ORW�RI�DIIL[DWLRQ�DQG�FKDQJHV�

WR� DJUHH�ZLWK� WKH� VHPDQWLF� LQIRUPDWLRQ� LPSDUWHG� LQ� WKH� VHQWHQFH�� 7KH� SURQRXQV� FDUU\� D� ORW� RI�

LQIRUPDWLRQ� DQG� RIWHQ� DUH� IXVHG� ZLWK� YDULRXV� DIIL[HV� WR� JHQHUDWH� PHDQLQJ�� 7KH� SURQRXQV� DUH�

LQIOHFWHG� WR� VKRZ� GLVWLQFWLRQV� EHWZHHQ� LQFOXVLYH�H[FOXVLYH�� KXPDQ�QRQ�KXPDQ� HQWLW\� DQG�

YLVLEOH�QRQ�YLVLEOH� DVSHFW� RI� WKH� VXEMHFW�� 7KH� IROORZLQJ� GDWD� KDV� EHHQ� GLVFXVVHG� E\� %ULDQH�

��������������� DQG�:KLWHKHDG� ������� [[[LL�[OLL�� DQG� SXW� LQWR� D� WDEOH� E\� 6LGZHOO�����������

������



ϯϱ

7DEOH����� 3URQRPLQDO�V\VWHP�RI�&DU

6*

� � �

FLQ�FLQL PDQ�PDQD +80

9,6 19,6

ҌDQ�ҌDQD ҌDS�ҌΩS

1+80 ҌΩQ ҌDS�ҌΩS

'8 ,1&/

ҌDQ

QDQ QDQ QDS

(;&/

ҌDQ

3/ ,1&/

ҌLQ

MLQ��MLQD +80

1+80

MLQ�MLQD�

FDҌD

MLS

(;&/

ҌLQ

QXQ QXS

'HPRQVWUDWLYH� SURQRXQV� ³��DUH� GLVWULEXWHG� ERWK� DGMHFWLYHO\� DQG� SURQRPLQDOO\´� �6LGZHOO�

�����������DQG� WKH�DQLPDWH�LQDQLPDWH�GLIIHUHQFH�DUH� LQKHUHQWO\� LPSDUWHG�E\� WKH�GHPRQVWUDWLYH�

VWHP��
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7DEOH����� 'HPRQVWUDWLYH�SURQRXQV�LQ�&DU

3UR[LPDO� 'LVWDO

ƾэK�µWKLV��6*�$1,0�¶� ƾDPэ̗K�µWKDW��6*�$1,0�¶

YHӃ�µWKHVH��3/�$1,0�¶� Pѓ˾Ӄ�µWKRVH��3/�$1,0�¶

QiӃ�µWKHVH��'8�$1,0�¶� QDӃ�µWKRVH��'8�$1,0�¶

ƾLK�µWKLV��6*�,1$1�¶� ƾDP~K�µWKDW��6*�,1$1�¶

Qѓ˾ µWKHVH��3/�,1$1�¶� PLQѓ˾Ӄ�µWKRVH��3/�,1$1�¶

��� WDƾѓ̗˾ӄҌ ҌΩQ���������� ƾLK

ERQH������������ $*5 352;�6*�,1$1

µ7KLV�LV�D�ERQH�¶�������������

�%UDLQH�������

��� VDӄҌ PLѶ~Q������ ƾLK ҌΩQ������� ƾtҌm

UHVHPEOH������ VSRW�������� '(0�352; �6* 352;�63(&

µ7KLV��FRORU��LV�OLNH�WKLV�FRORU�¶��������������������

�%UDLQH�������

��� VDӄҌ Ҍѓ�������PDW���������ѳэƾ���������ƾэK�� ҌΩQ������ƾDPэ̗Ҍm

UHVHPEOH����/2& IDFH��������IUXLW��������'(0�352; �6*',67�6*

µ7KDW��FRORU��LV�OLNH��WKH�FRORU RI��WKLV�IUXLW�¶��������

�%UDLQH�������



ϯϳ

7KH� GHPRQVWUDWLYH� SURQRXQV� DUH� UHGXSOLFDWHG� DQG� DUH� SODFHG DIWHU� WKH� VXEMHFW� LQ� RUGHU� WR�

H[SUHVV�DQ HPSKDVLV�IRFXV RQ�WKH�SRVLWLRQ�RI�WKH�VXEMHFW�

��� WDYiӄM����������� QXQ��������� Qѓ MDQΩ̗˾ӄWΩ���� Qѓ

SUHWW\����������� $*5 '(0 MHZHO������� '(0

µ7KHVH�MHZHOV�DUH�SUHWW\�¶

�%UDLQH�������

,QWHUURJDWLYH�SURQRXQV�FDQ�DOVR�SHUIRUP�WKH�IXQFWLRQ�RI�H[FODPDWLRQ��

��� ҌLѳэ̗ӄƾΩ ҌDF����������������� YHӃ� WDѶtN

KRZ�PDQ\���� �3/�,17(5 352;�3/�$1,0 SHUVRQ

µ+RZ�PDQ\�PHQ��DUH�WKHUH��¶

�%UDLQH�������

6DQHQ\R� DOVR� KDV� DQ� H[KDXVWLYH� V\VWHP� RI� 3URQRPLQDO ZLWK� ILUVW�� VHFRQG� DQG� WKLUG� SHUVRQ�

PDUNLQJ�DORQJ�ZLWK�VLQJXODU��GXDO�DQG�SOXUDO�IRUPV�

7DEOH����� 3URQRPLQDO�V\VWHP�RI�6DQHQ\R

� � �

6* FΩҌ FLҌъL�a�FƭҌ FXҌX�a�FXҌ

'8 Pͅ LQΩ LӃKѓ

3/ HQ� XQΩ XIѓ
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7KH�ODQJXDJH�LV�SDUWLDOO\�SUR�GURS�ZKHUH�WKH�SURQRPLQDO�FDQ�EH�GURSSHG�LQ�WKLUG�SHUVRQ��

��� э˾LFƾΩ FΩ NъW֍

KXQJU\��6*��(;3

µ,�DP�KXQJU\�¶

��� э˾LFƾΩ NъW֍

KXQJU\� (;3

µ+H�LV�KXQJU\�¶

��� э˾LFƾΩ XIѓ NъW֍

KXQJU\���3/���(;3

µ7KH\�DUH�KXQJU\�¶

7KH� ODQJXDJH� XVHV� D VHSDUDWH� PRUSKHPH� �Kƭޝ� WR� VKRZ� LQFOXVLYHQHVV� WKXV� ODFNLQJ� GLVWLQFW�

SURQRPLQDO�IRUPV� ZKLFK�LV�DGGHG�EHIRUH�WKH�SURQRXQV�RU�EHIRUH�WKH�YHUE�LQ�FDVH�RI�GURSSLQJ�RI�

WKH�SURQRPLQDO�

)RU�VKRZLQJ�KRQRULILF�QRQ�KRQRULILF��YLVLEOH�QRQ�YLVLEOH��LQWLPDF\��SROLWHQHVV�RU�DQ\�RWKHU�VRFLDO�

YDOXHV�� ZH� VHH� WKH� DGGLWLRQ� RI� PRUSKHPHV� WR� VLJQDO� WKRVH YDOXHV ZLWKRXWDQ\ FKDQJH� LQ� WKH�

SURQRPLQDO�PRUSKHPHV��3RVVHVVLYHQHVV�LV REOLJDWRULO\�RPLWWHG�LQ�FDVH RI�LQDOLHQDEOH�SRVVHVVLRQ�

DV�VKRZQ�LQ������

��� W֍ ΩҌ �VLW֍ ъ

PRWKHU����VLWD

µ6LWD¶V�PRWKHU¶



ϯϵ

7KH�PRUSKHPHV��Wࡧ ԥNܤ���IRU�±YLVLEOH��DQG��Wࡧ ԥQ���IRU��YLVLEOH��FDQ�EH�XVHG�EHIRUH�WKH�SURQRPLQDO�WR�

HPSKDVL]H�WKH�DOLHQDEOH�SRVVHVVLRQ�

��� KLΩƾ���Nъ� NΩQ� KΩLӃΩP����W֍ ΩNъ W֍ ΩҌ �FΩ �6DQHQ\R�

RQH������,1'�����IHPDOH����KHQ�� 3266 PRWKHU����6*

µ0\�PRWKHU�KDV�RQH�KHQ�¶

��D��NΩѪXLFվ W֍ ΩQ FΩ

SHQ�����3266�6*

µ0\�SHQ¶��

(OVH� LW�FDQ�DOVR�EH�GURSSHG�DV�LQ������

��� NΩѪXLFվ FΩ

SHQ��������6*

µ0\�SHQ¶��

7KH�GHPRQVWUDWLYH�SURQRXQV�DUH��QHΩҌ��µWKLV¶�DQG��ъQΩ��µWKDW¶�DQG�LV�SODFHG�DIWHU�WKH�KHDG�QRXQ�

��� PΩKѓӃR��QHΩҌ MΩKQΩ KXOLΩ˾ ъQΩ

ER\�������WKLV DQG����JLUO�����WKDW

µ7KLV�LV�D�ER\�DQG�WKDW�LV�D�JLUO�¶

7KH�ODQJXDJH�GRHV�QRW�KDYH�DQ\�GXDO�RU�SOXUDO�GHPRQVWUDWLYHV�DQG�FKDQJH�LQ�QXPEHU�LV�GHQRWHG�

E\�DGGLQJ�WKH�QXPEHU�PDUNHU�EHIRUH�WKH�KHDG�QRXQ��

7KH� UHIOH[LYH� SURQRXQ� �Wࡧ ԥQUܭ� IRU� WKH� ILUVW� SHUVRQ� DQG� WKLUG� SHUVRQ� DQG� �Wࡧ ԥQPH�� IRU� WKH� VHFRQG�

SHUVRQ�IROORZV�WKH�SHUVRQDO�SURQRXQ�



ϰϬ

��� OXҌW֍ ъR��HQ����W֍ ΩQUѓ

OLNH�����6*���5()/

µ+H�OLNHV�KLPVHOI�¶

$V� VWDWHG� HDUOLHU� WKH WKLUG� SHUVRQ� VLQJXODU�SOXUDOSURQRXQV� FDQ� EH� GURSSHG� DQG� VLPSO\� WKH�

'8�3/PDUNHUV�IRU�UHVSHFWLYH�QXPEHUFDQ�EH�XVHG�LQVWHDG� IROORZHG�E\�WKH�UHIOH[LYH�SURQRXQ�

��� OXҌW֍ ъR��XQΩW֍ ΩQUѓ

OLNH������'85()/

µ7KH\ �WZR�SHRSOH��OLNH�WKHPVHOYHV�¶

��� OXҌW֍ ъR��XIѓ����W֍ ΩQUѓ

OLNH������3/������5()/

µ7KH\�OLNH�WKHPVHOYHV�¶

7KH�UHFLSURFDO�SURQRXQ�LV��Wࡧ ԥƾ�KLԥƾ��ZKLFK�IROORZ�GXDO�PDUNHU�DV�VKRZQ�LQ������

��� OXҌW֍ ъR��XQΩ�����W֍ ΩQ�KLΩƾ

OLNH������'8�����HDFKRWKHU

µ7KH\�OLNH�HDFK�RWKHU�¶

,QWHUURJDWLYHSURQRXQV� DUH� �NXQ����NΩҌ� LQ� FDVH� RI� WKH� VHFRQG� SHUVRQ�GXDO� ��'8� DQG� VHFRQG�

SHUVRQ��SOXUDO���3/�

x >LQԥ�Nԥݦ�ԥQ@�

��� NXQ OѓW֍ ΩNƾэ˾N LQΩ�NΩҌ�ΩQ

4 3)9 HDW� �'/�4 �,1'

µ'LG�\RX�WZR�HDW" ¶



ϰϭ

x >LޝKܭ�Nԥݦ�ԥQ@��

��� NXQ OѓW֍ ΩNƾэ˾N LӃKѓ�NΩҌ�ΩQ

4 3)9 HDW� �3/�4 �,1'

µ'LG�\RX�WKUHH�HDW" ¶

ʹǤͶǤ ��������������������������������������������

1HJDWLRQ�LV�REVHUYHG�WR�EH�SUH�YHUEDO DQG�SUH�QRPLQDO�LQ�&DU�

��� ҌΩW VLQѳyӄO�X������ QXQ��������� Qѓ˾ӄ KDҌ~Q

1(*KRUQ�*(1 $*5 '(0 SLJ

µ3LJV�KDYH�QR�KRUQV�¶�������

�%UDLQH�������

��� ҌΩW ҌDNiK�D�OyӄQ������������������� FLQ����������

1(* NQRZ�67$7 �WKLQN����������� �6*

µ,�GRQ
W�NQRZ«�¶��������

�%UDLQH�������

6RPHWLPHV�WKH�PRUSKHPH��IRU�µODFN¶�LV�DOVR�XVHG�WR�LPSDUW�WKH�QHJDWLYH�VHQVH�

��� WΩW�PDN�������� ҌLV~K������� ҌΩM����������� ҌDKΩ̗K

ODFNLQJ�ZDWHU������ZKHUH"���� �3/�68% VHDUFK

µ�:H�KDYH��QR�ZDWHU��ZKHUH�VKDOO�ZH�VHDUFK"¶�������

�%UDLQH�������
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&DU GRHV�QRW�KDYH�D�VHSDUDWH�SURKLELWLYH�PDUNHU�DQG� WKH�VDPH�1(*� PRUSKHPH�LV�XVHG� LQ ERWK�

VHQVHV�

��� ƾDF��������������ҌLQ���������� MLK����������� ҌΩW PѠN���������� NXMiӄMΩ

DQG�WKHQ�������3/ RK����������� QRW VHH���������� VKRUH

µ1RZ�ZH�GR�QRW�VHH�WKH�VHDVKRUH�¶�����

�%UDLQH�������

,Q� 6DQHQ\R�� QHJDWLRQ� LV� REVHUYHG� WR� EH� SUH�YHUEDO� DQG� H[KLELW� D� SURKLELWLYH� PDUNHU� XVHG� IRU�

SURKLELWLRQ�

��� ZъҌ PΩ ѓӃUH

352+ �6*��JR

µ<RX�PD\�QRW�JR�¶

��� ZъҌ PΩ MэWQL

352+ �6*��RXWVLGH

µ'R�QRW�JR�RXWVLGH�¶

7KH�ODQJXDJH�H[SOLFDWHV�D�VHSDUDWH�QHJDWLRQ�PDUNHU�ZKLFK�LV�VXIIL[HG�WR�WKH�SURQRPLQDO�FDWHJRU\�

RFFXULQJ�DW�WKH�LQLWLDO�SRVLWLRQ RI�WKH�VHQWHQFH�

��� FLW֍ �PѓK FXӃ

�3�6*����1(*JR

µ,�ZLOO�QRW�JR�¶



ϰϯ

��� FLW֍ �PѓK KѓӃR�OLSъUH��VLWъ

�3�6*����1(*JLYH���ERRN� VLWD

µ,�ZLOO�QRW�JLYH�WKH�ERRN�WR�VLWD�¶

��� PΩW֍ �PѓK FXӃ

�3�6*�����1(*JR

µ<RX�ZLOO�QRW�JR�¶

��� KΩW֍ �PѓK FXӃ

�3�6*��1(*JR

µ+H�ZLOO�QRW�JR�¶

7KH� QHJDWLRQ� RI� QRXQ� FODVV� LV� GRQH� LQ� WKH� VDPH�PDQQHU� DV� WKH� YHUE� FODVV�� L�H��� E\� DGGLQJ� WKH�

QHJDWLYH SDUWLFOH�EHIRUH�WKH�QRXQ��

��� VLƾURO�W֍ ΩQ����NΩSվ э

KRUQ���3266��FRZ

µ&RZ�KDV�KRUQ�¶

��� KΩW֍ VLƾURO��W֍ ΩQ���NΩSվ э

1(*KRUQ���3266��FRZ

µ&RZ�GRHV�QRW�KDYH�KRUQ�¶
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ʹǤͷǤ ����������������������������������������������

%RWK� &DU DQG� 6DQHQ\R SODFHVTXHVWLRQ� SDUWLFOH DW� VHQWHQFH� LQLWLDO� SRVLWLRQ� DORQJ� ZLWK� XVLQJ�

LQWRQDWLRQ� WR� IUDPH� LQWHUURJDWLYH� VHQWHQFHV�� 7KH� IROORZLQJ� WDEOHV� VKRZV� YDULRXV� W\SHV� RI�

LQWHUURJDWLYH�SDUWLFOHV SUHVHQW�LQ�ERWK�WKH�ODQJXDJHV�XVHG�LQ�YDULRXV�VLWXDWLRQV�

7DEOH������4XHVWLRQ�SDUWLFOHV�LQ�&DU

7LPH ¶HKH��µZKHQݦ�

���� ҌHKpӄ ҌΩP Yѓ̗ӄҌ�Ω�N~ӄҌ ƾLK OtӄSΩѶѓ"

ZKHQ �6*�68% VSHDN�,1&�2%- �IDFH 352;�6*�,1$1 ERRN

µ:KHQ�DUH�\RX�JRLQJ�WR�ZDQW�WKLV�ERRN"¶�����������������������������������%UDLQH�������

3ODFH �MLKݦ���LV~K�µZKHUH¶

��� ҌLV~K ҌΩP� PѓҌѓ˾

ZKHUH �6*�68% �6*

µ:KHUH�DUH�\RX"¶�%UDLQH�������

7KLQJ �ҌDV~K��µZKDW¶���ҌDFtKµZKLFK¶������

���� ҌDV~K ҌΩS ODҌѓ̗Q PѓK� ҌLƾ WΩ WDK̗࠴M

ZKDW �6*�1219,6 ZRUN �6*�2%/� '(0 /,1. WRGD\

������������������������������¶"\KDW�ZRUN�KDYH�\RX�GRQH�WRGD:ލ �%UDLQH�������

���� ҌDFtK ҌDS PLQ NLѶΩ̗ӄQ�ƾΩ�Ѷѓ� WΩ MLӄҌ

ZKLFK �6*�1219,6 1367 RQ�IRRW�3)9 �5()/� /,1. �3/

µ:KLFK�RI�\RX�ZLOO�JR"¶�����������������������������������������������������������������%UDLQH�������
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3HUVRQ �ҌDFtK� µZKR¶

���� ҌDFtK ҌDS OXPN~ƾ ҌDS ҌѓOPΩ̗ӄѶL

ZKR �6*�1219,6 UDWWOHU �6*�1219,6 FXSERDUG

µ:KR�LV�UDWWOLQJ�WKH�FXSERDUG"¶�������������������������������������������%UDLQH�������������

3URFHVV �VLWtK� µKRZ¶

���� VLWtK WtӄҌ ҌDS� QΩ Iѓ̗O�DQ

KRZ KDQG �6�1219,6� 68% EHDW��6*

µ+RZ�GLG�KH�EHDW�KLP"¶����������������������������������������������������������������%UDLQH�������

4XDQWLW\ ¶\P���µKRZ�PDQޞDݦ�

���� ҌDӄP PDQ̗࠴N NXӄQ ҌΩP

KRZ�PDQ\ &/) FKLOG �6*�68%

µ+RZ�PDQ\�FKLOGUHQ�GR�\RX��KDYH�"¶��������� �%UDLQH�������

7DEOH�����4XHVWLRQ�3DUWLFOHV�LQ�6DQHQ\R

7LPH �NXKܭ���µZKHQ¶

����� NXKѓ PΩ˾ UєN

ZKHQ �6* FRPH

µ:KHQ�ZLOO�\RX�FRPH"¶

3ODFH ¶FX��µZKHUHݦFܤ�

���� ъFҌFX Nъ ѪL PΩ

ZKHUH ,1' KRXVH �6*
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µ:KHUH�LV�\RXU�KRXVH"�¶

7KLQJ �NX����FLQ��µZKDW¶ ¶FX��µZKLFKݦFܤ����

���� FLQ OLΩƾ Pͅ

ZKDW QDPH �6*

µ:KDW�LV�\RXU�QDPH"�¶

���� NX ѓӃUΩƾ KΩP Pͅ

ZKDW ZDQW HDW �6*

µ:KDW�GR�\RX�ZDQW�WR�HDW"�¶

���� ъFҌFX FXN Nъ ѪL PΩ

ZKLFK URRP ,1' KRXVH �6*

µ:KLFK�LV�\RXU�KRXVH"�¶

5HDVRQ �NXQVH��µZK\¶

���� NXQVH QΩ UєL Nъ ZΩPΩFъUH

ZK\ �6* OHDYH ,1' MRE

µ:K\�GLG�VKH�OHDYH�WKH�MRE"�¶

3HUVRQ �FL��a��FLNܤ��µZKR¶ ���FLWࡧ ԥ� µZKRP¶ ���FXQ��µZKLFK¶

���� FL ъQΩ

ZKR WKDW

µ:KR�LV�WKDW"�¶

���� FLW֍ Ω ƾRS W֍ ΩQPH

ZKRP OLNH �6*
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µ:KRP�GR�\RX�OLNH"�¶

3URFHVV �NܤK�VHQ��a��NܤVH���µKRZ¶

���� NъKVHQ ѓƾ QΩ W֍ ǊKVL UъP

KRZ 367 �6* IDOO 31

µ+RZ�GLG�5DP�IHOO"¶

4XDQWLW\ �NܤK�ULVH��µKRZ�PXFK¶

���� NъKULVH W֍ ΩQΩƾΩVH ΩQ UъP W֍ Ω UXSLMΩ

KRZ�PXFK JHW 120 31 2%- PRQH\

µ+RZ�PXFK�PRQH\�5DP�JHW"¶

6DQHQ\R DOVR� KDV� ERWK� SRVLWLYH� ��KΩҌ�� DQG� QHJDWLYH� �KΩѠҌ�� WDJ� TXHVWLRQV� EXW� GRHV� QRW� KDYH� DQ\�

SRODU�TXHVWLRQ�SDUWLFOH��

ʹǤǤ ������������������������ ������������������

,PSHUDWLYHV� LQ� ERWK� WKH� ODQJXDJHV� DUH� IRUPHG� DV� VLPSOH� VWDWHPHQWV� IROORZLQJ� WKH� YHUE�VXEMHFW�

RUGHU� ZLWKRU� ZLWKRXW� WKH� DGGUHVVHH� RYHUWO\� H[SUHVVHG�� H[FHSW� WKDW� LQ� 6DQHQ\R�� LQWLPDWH� RU�

KRQRULILF�IRUPV�DUH�DOVR�PDUNHG�XVLQJ�VHSDUDWH�PRUSKHPHV�

��� ѓӃUH�PΩ˾ �6DQHQ\R�

JR���6*

µ*R�RUGHU�¶
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%XW�ZKLOH�DGGUHVVLQJ�DQ�HOGHU�SHUVRQ�� �URKPΩ ѓӃUH�� LV�XVHG�ZKLOH� LQ�FDVH�RI� LQWLPDWH� IRUPV� WKH�

PRUSKHPH��KXOэƾ��µIULHQG¶�IROORZV�WKH�YHUE��ѓӃUH��DQG�IRU�DGGUHVVLQJ�\RXQJHU���ѓӃUH�PΩVX��LV�XVHG��

2UGHUV�FDQ�EH�VRIWHQHG�XVLQJ�WKH�PRUSKHPH��KXNXOΩVѓ��µSOHDVH¶��7KH�ILUVW�SHUVRQ�LPSHUDWLYHV�DUH�

UHIHUUHG�E\�XVLQJ��KъҌ��IRU�'8$/�DQG��Kƭ� IRU�WKH�3/85$/�ZKLFK�LV�IROORZHG�E\�WKH�YHUE��

��� KъҌ ѓӃUH

,1&/�'8JR

µ/HW¶V�JR�¶

���� Kƭ ѓӃUH

,1&/�3/JR

µ/HW¶V�JR�¶

ʹǤǤ �������

%RWK� &DU DQG� 6DQHQ\R WKXV� KDYH D� 926� ZRUG� RUGHU� WKDW� LV� IOH[LEOH� LQ� FDVH� RI UXQQLQJ�

VSHHFK�QDUUDWLRQV�� 2IWHQ� WKH� DVSHFW� PDUNHULQ� 6DQHQ\R �LI� SUHVHQW��� RFFXUV� VWULFWO\� DW� VHQWHQFH�

LQLWLDO� SRVLWLRQ ZKLOH� LQ�&DU LW� LV� DWWDFKHG� WR� WKH�YHUE��%RWK� WKH� ODQJXDJHV� DUH�SULPDULO\� KHDG�

LQLWLDO� DV� ZH� REVHUYHG� LQ� GLIIHUHQW� SKUDVDO� FRQVWUXFWLRQV� ZLWK� KHDG� RFFXUULQJ� EHIRUH� WKH�

GHSHQGHQWV�DQG�PRGLI\LQJ�WKH�VDPH��H[FHSW�IRU�FDVHV�OLNH�DGMHFWLYDO�FRQVWUXFWLRQV� LQ�ZKLFK WKH�

DGMHFWLYHV� FDQ� RFFXU� ERWK� EHIRUH� DQG� DIWHU� WKH� QRXQ� IRU� SUDJPDWLF� SXUSRVHV� ,Q� DGGLWLRQ�� WKH�

ODQJXDJHV�DUH�FRQVLVWHQWO\�ULJKW�EUDQFKLQJ�ZKHUH�DOO�WKH�EUDQFKLQJ�FDWHJRULHV�DUH�SODFHG�DIWHU�WKH�

QRQ�EUDQFKLQJ�FDWHJRULHV��OLNH�WKH�FRPSOHPHQW�SKUDVH�IROORZLQJ�WKH�QRXQ�SKUDVH�HWF���*HQLWLYHV�

DUH� QRW� PDUNHG� DQG� RIWHQ� LQ� 6DQHQ\R�� WKH� GLIIHUHQFH EHWZHHQ� WKH� DOLHQDEOH� DQG� LQDOLHQDEOH�



ϰϵ

SRVVHVVLYH�FRQVWUXFWLRQV DUH�REVHUYHG�ZKLOH�LQ�&DU WKHUH�LV�QR�VXFK�GLIIHUHQFH�H[FHSW�LQ�FDVH�RI�

DGMHFWLYDO�SKUDVHV�ZKHUH�WKH�SRVVHVVLYH�PDUNHU�LV�DWWDFKHG�WR�WKH�DGMHFWLYHV�PRGLI\LQJ�WKH�QRXQ��

,Q�WKH�FDVH�RI�DGYHUELDO�FRQVWUXFWLRQV LQ�6DQHQ\R��WLPH�DGYHUE�SUHFHGHV�SODFH�DGYHUE�DQG�WKHUH�LV�

D�SRVVLELOLW\�WKDW�WKH�DVSHFW�PDUNHUV�DUH�HVVHQWLDOO\�WKH�JUDPPDWLFDOL]HG�KHOSLQJ�YHUEV�RFFXUULQJ�

DW�VHQWHQFH�LQLWLDO�SRVLWLRQ� 1R�VXFK�REVHUYDWLRQ�FDQ�EH�\HW�PDGH�IRU�&DU GXH�WR�WKH�ODFN�RI�GDWD�

7KH�ODQJXDJHV�GR QRW�PDUN�WKH�SUHVHQW�WHQVH�DQG�WKHUH�LV�QR�LQIOHFWLRQ�REVHUYHG�LQ�WKH�ODQJXDJH�

ZLWK�UHVSHFW�WR�WHQVH�DQG�DVSHFW DJUHHPHQW��7KH�ODQJXDJHV�KDYH DOO�WKUHH�SHUVRQ DQG�QXPEHU�DQG�

QR�RYHUW�JHQGHU�V\VWHP�DQG�DJDLQ�QR�LQIOHFWLRQ�LV�VHHQ�ZLWK�UHVSHFW�WR�SHUVRQ��QXPEHU�DQG�JHQGHU

DJUHHPHQW��

+RZHYHU�LQ�&DU��WKH�SURQRPLQDO�FDWHJRU\�LV�LQIOHFWHG�WR�VKRZ�LQFOXVLYHQHVV��KXPDQ�QRQ�KXPDQ�

DQG� YLVLELOLW\� ZKLOH� LQ� 6DQHQ\R WKHUH� LV� D� VHSDUDWH� PRUSKHPH� WR� VKRZLQFOXVLYHQHVV� DQG� IRU�

VKRZLQJ� KRQRULILF�� YLVLELOLW\�� LQWLPDF\�� SROLWHQHVV� HWF��ZH� VHH� DGGLWLRQ� RI�PRUSKHPHV�ZLWK� QR�

FKDQJH� LQ� WKH� SURQRPLQDO� PRUSKHPHV�� DORQJ� ZLWK� GHPRQVWUDWLYH�� UHIOH[LYH� DQG� LQWHUURJDWLYH�

SURQRXQV�RQO\�LQ�WKH�VHFRQG�SHUVRQ���

1HJDWLRQ� LQ� ERWK� ODQJXDJHV� LV SUH�YHUEDO� DQG� SUH�QRPLQDO�� $GGLWLRQDOO\�� 6DQHQ\R H[KLELWV�

VHSDUDWH� QHJDWLYH� SURQRPLQDO� IRU� GLIIHUHQW� QXPEHUV�� ,Q� WKH� FDVH� RI� LQWHUURJDWLYH� FRQVWUXFWLRQV��

&DU DQG� 6DQHQ\R SODFHV� TXHVWLRQ� SDUWLFOH� DW� VHQWHQFH� LQLWLDO� SRVLWLRQ� DQG� IRUP WDJ� TXHVWLRQV��

,PSHUDWLYHV�DOVR�IROORZ�WKH�EDVLF�ZRUG�RUGHU�RI�YHUE�VXEMHFW�ZLWK�VHSDUDWH�PRUSKHPHV�WR�VKRZ�

KRQRULILF�LQWLPDWH�FRQVWUXFWLRQV�

7KH�QH[W� FKDSWHU�GHDOV�ZLWK� WKH� FDVH� V\VWHP��SDVVLYH� FRQVWUXFWLRQV� DQG� WUDQVLWLYLW\� LQ�ERWK� WKH�

ODQJXDJHV�DORQJ�ZLWK�FODXVDO�IRUPDWLRQ��VLPSOH��UHODWLYH��FRRUGLQDWLRQ��DQG�DOVR�LW�GLVFXVVHV�WKH�

FRPSOH[�SUHGLFDWHV��FRPSRXQG�YHUE��YHUE�VHULDOL]DWLRQ��FRQMXQFW�YHUEV���JHUXQGLDO�FRQVWUXFWLRQV��

QXPHUDO�V\VWHP�DQG�UHGXSOLFDWLRQ�IRXQG�LQ�6DQHQ\R�
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&KDSWHU��

&ODXVH�OHYHO&RPSDULVRQ RI�&DU 1LFREDU

DQG�6DQHQ\R�

͵Ǥ�������������

7KLV� FKDSWHU� GHDOV� ZLWK� WKH� FKDUDFWHULVWLFV� RI� FODXVH� OHYHO� FRQVWUXFWLRQV� LQ &DU DQG� 6DQHQ\R

ODQJXDJH� DQG� IRFXVHV� RQ� WKH� FDVH� V\VWHP�� FRPSOH[� SUHGLFDWHV�� SDVVLYH� DV� ZHOO� DV� JHUXQG��

UHGXSOLFDWLRQ�� QXPHUDO� V\VWHP� DQG� IXUWKHU� DQDO\VLV� RI� WKHVH� FRQVWUXFWLRQV�� 7KH� FKDSWHU� DOVR�

GLVFXVVHV�YDULRXV�W\SHV�RI�VHQWHQFH�IRUPDWLRQ�DQG�GLVFXVVHV�WKH�FKDQJHV�LQ�WKH�ZRUG�RUGHU�ZLWK�

UHODWLRQ�WR�WKH�SUHIHUUHG�W\SHV�

͵ǤͳǤ�����������������������������������

&DVHV� LQ� WKH� ODQJXDJH� DUH�PDUNHG� XVLQJ ERWK� VHSDUDWH�PRUSKHPHV� RU� WKURXJK� WKH� SRVLWLRQ� RI�

QRXQV�LQ�WKH�VHQWHQFH��%DVHG�RQ�WKHLU�PRUSKR�V\QWDFWLF�DOLJQPHQW��&DU OLNH�9LHWQDPHVH�GRHV�QRW�

KDYH�DQ\�RYHUW�PRUSKRORJLFDO�FDVH�V\VWHP��6DQHQ\R� KRZHYHU� KDV�D�QRPLQDWLYH�DFFXVDWLYH�FDVH�

V\VWHP�ZKHUH�WKH VXEMHFW�RI�ERWK�WUDQVLWLYH�DQG�LQWUDQVLWLYH�YHUE�JHWV�D�QRPLQDWLYH�FDVH�DQG�WKH�

GLUHFW�REMHFW�JHWV�DQ�DFFXVDWLYH�FDVH��
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7KH�1RPLQDWLYH�&DVH��DOVR�UHIHUUHG�WR�DV�WKH�VXEMHFWLYH�FDVH��LV�XVHG�WR�PDUN�WKH�DJHQW�VXEMHFW�

RI� WKH� YHUE� LQ� WKH� FODXVH�� &DU� GRHV� QRW� KDYH� DQ\� QRPLQDWLYH� FDVH�PDUNLQJ� DQG� WKH VXEMHFW� LV�

LGHQWLILHG�EDVHG�RQ�WKH�GLVFRXUVH�SUDJPDWLF�XQGHUVWDQGLQJ�RI�WKH�VSHDNHU�UDWKHU�WKDQ�MXVW�KDYLQJ�

D�VHPDQWLF�UROH��

�� Kpƾ�KΩѪ FLQ���������� IѓӄO����������� WDѶtN

RQH�RXWZDUG �6*����������� NLOO���������� PDQ

µ,�KDYH�NLOOHG�RQH�PDQ�¶��

�%UDLQH�������

�� O~ӄM�KΩѪ FLQ

WKUHH�RXWZDUG��� �6*

µ,�FDXJKW�WKUHH�¶�

�%UDLQH�������

�� ƾэK��������������ҌΩQ�������FRӄQ�������� ѳDQѓ̗K������ WDQ̗࠴ӄF������ FX

352;$*5 WUHH��������� ILUVW��������� WR�SODQW��� �6*�2%/

µ7KLV�LV�WKH�ILUVW�WUHH�,�SODQWHG�¶����������

�%UDLQH�������

7KH�QRPLQDWLYH�PDUNHUV LQ�6DQHQ\R DUH �ΩQ� DQG��Nъ� ZKLFK�DUH SODFHG�EHIRUH�WKH�DJHQW�VXEMHFW�

RI�WKH�VHQWHQFH���ΩQ� DFWV�DV�WKH�GHLWLF��YLVLEOH�HYLGHQWLDO�PDUNHU�LQ�WKH�VHQWHQFH�GHQRWLQJ�WKDW�WKH�

VSHDNHU�FDQ�DFWXDOO\�VHH WKH�DJHQW�SHUIRUPLQJ�WKH�DFWLRQ�DV�LQ������

�� LW֍ վ LΩN�� ΩQ UъP

VOHHS���120UDP

µ5DP�LV�VOHHSLQJ��SRLQWLQJ�DW�5DP��¶
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�� LW֍ վ LΩN�����Nъ UъP

VOHHS���120UDP

µ5DP�LV�VOHHSLQJ�¶

2Q�WKH�RWKHU�KDQG��LI�WKH�VSHDNHU�FDQQRW�SK\VLFDOO\�VHH�WKH�DJHQW�SHUIRUPLQJ�WKH�WDVN�DV�LQ������

�Nъ�LV� XVHG�DV�QRQ�YLVLEOH� HYLGHQWLDO�PDUNHU��7KH�QRQ�YLVLEOH� HYLGHQWLDO�PDUNHU� FDQ�EH�XVHG� LQ�

PXOWLSOH�VFHQDULRV� VSHDNHU�PLJKW�KDYH�VHHQ�5DP�VOHHSLQJ�DQG�LV�QRZ�SDVVLQJ�WKH�LQIRUPDWLRQ�WR�

D�WKLUG�SHUVRQ�RU�WKH�VSHDNHU�LV�DZDUH�RI�5DP¶V�KDELW��WKXV�DVVXPLQJ�WKH�HYLGHQWLDOLW\�RU�KH�MXVW�

PLJKW�LQIHU�5DP�VOHHSLQJ�LI�KH�LV�QRW�DURXQG�DQG�KLV�URRP�LV�ORFNHG�IURP�LQVLGH�

7KH�$FFXVDWLYH�&DVHHQFRGHV WKH�GLUHFW�REMHFW�RI�WKH�WUDQVLWLYH�YHUE�LQ�D�VHQWHQFH��,Q�&DU��LW�LV�

PDUNHG�E\��WΩ� WKDW�DOVR�DFWV�DV�DQ�REMHFW�PDUNHU�DQG�LV�SODFHG�EHIRUH�WKH�GLUHFW�REMHFW�

�� KDѳyK���������WXP��������� WDӄN��������� NDKѓ̗ӄҌ WLӄҌ PDQ���� WΩ ѶXStӄҌ

VRPH��������� QXPEHU��� &/) WDNH KDQG�������� �6*������2%- PRQH\

µ*LYH�PH�VRPH�PRQH\�¶

�%UDLQH�������

�� KDѳyK�W~P�KΩ�WD����������������������������������������� PDQ������WΩ SLѶ~P

VRPH�QXPEHU�,1&�2%- �WRZDUGV����������������� �6*��������� 2%- OHDG

µ*LYH�PH�VRPH�OHDG�¶�����������������������������������

�%UDLQH�������

+RZHYHU��WKH�REMHFWLYH�PDUNLQJ�FDQ�EH�GURSSHG�DV�LQ�����ZKHUH�ZH�GR�QRW�VHH�DQ\�RYHUW�REMHFW�

PDUNHU�EHIRUH��OLӃSΩѶѓ��µERRN¶�
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�� NpӄҌ�WΩ OtӄSΩѶѓ FX����������� PDQ�������� KDѶy�W~PΩ

WDNH�WRZDUG�ERRN������� �6*�2%/ �6* VRPH�QXPEHU

µ*LYH�PH�VRPH�ERRNV�¶��

�%UDLQH�������

7KH�PRUSKHPH��WΩ�DOVR�DFWV�DV�D�JHQHUDO�OLQNHU�DQG�LV�VRPHWLPHV�XVHG�WR�LQWURGXFH�FRPSOHPHQW�

SKUDVHV�

�� ҌDNiK�Ω�OyӄQ������������������FLQ������WΩ Ҍэ PLQ��������QΩ MLK

NQRZ�$775 �WKLQN����������6��������/,1.�6*�2%/�����1367�����68% FRPH

µ,�NQRZ�WKDW�KH�ZLOO�FRPH�¶

�%UDLQH�������

,Q�6DQHQ\R��DFFXVDWLYH�PDUNLQJ�LV�DOVR�GRQH�E\��W֍ Ω���ZKLFK�LV�DOVR�SODFHG�EHIRUH�WKH�GLUHFW�REMHFW�

LQ�WKH�VHQWHQFH�

��� ƾRS����ΩQ������UъP��W֍ Ω HQ

ORYH��120� UDP��$&& �6*

µ5DP�ORYHV�KHU�¶

��� ƾRS���ΩQ�����XIѓ W֍ Ω FΩ

ORYH��120�3/��$&&�6*

µ7KH\�ORYH�PH�¶
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7KH�'DWLYH�&DVH�PDUNV�WKH�LQGLUHFW�REMHFW�RI�D�YHUE�DQG�RIWHQ�LQGLFDWHV�WKH�EHQHIDFWRU��SDWLHQW�LQ�

D� VHQWHQFH��&DU DQG� 6DQHQ\R� GR� QRW� RYHUWO\� PDUN� WKH� LQGLUHFW� REMHFW� DQG� WKH� GDWLYH� LQ� WKHVH�

ODQJXDJHV�LV�PDUNHG�RQ WKH�FRPSOHPHQWV��LQGLUHFW�REMHFW��³RI�VRPH�WZR�SODFH�YHUEV ORZ�RQ�WKH�

WUDQVLWLYLW\VFDOH� �H�J��YHUEV�VXFK�DV�+(/3��6((. RU/,.(�´��³���RI�D� IHZ�WKUHH�SODFH�YHUEV�VXFK�DV�

*,9(�DQG 6+2:´ DQG�WKRVH�SOD\�WKH�³���UROHV�RI�SXUSRVH����DQG�EHQHILFLDU\��´���%ODNH������

��� NDViO�Ω PѓK�������FLQ����ҌΩP�����������WLVэ̗N�ƾΩ NXM�������ƾLK��� PDN

GDUH�3(56�6*�2%/ �6*�����6*�68% MXPS�DZD\���RYHU�����352;�6�,1$1 ZDWHU

µ,�GDUH�\RX�WR�MXPS�DFURVV�WKLV�ZHOO�¶�

�%UDLQH�������������

��� KΩZъ��PъQ��UъKXO���ΩQ�����UъP

EX\����WR\����5DKXO���120��5DP

µ5DP�ERXJKW�D�WR\�IRU�5DKXO�¶�

7KH�*HQLWLYH�&DVH PDUNV�WKH�UHODWLRQ�EHWZHHQ�WKH�WZR�QRXQV�LQ�D�VHQWHQFH�ZKLFK�FDQ�EH�ERWK�

DEVWUDFW�DQG�SK\VLFDO�LQ�QDWXUH��&DU�DQG�6DQHQ\R GR�QRW�PDUN�JHQLWLYHV�PRUSKRORJLFDOO\�DQG�WKH�

KHDG�GHSHQGHQW� RUGHU� LV� REVHUYHG� WR� VKRZ� WKH� DWWULEXWLYH� UHODWLRQVKLS� EHWZHHQ� WKH� KHDG� DQG�

GHSHQGHQW�QRXQ�SURQRXQV�

�� *HQLWLYHRI� 3RVVHVVLRQ�7KH� JHQLWLYH� FDVH� VKRZV� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� SRVVHVVRU� DQG�

SRVVHVVHH��

��� QXmӄ�������� FX����������� �&DU�

EXOO��������� �6*�2%/

µ0\�EXOO��¶ �%UDLQH�������



ϱϱ

��� WDVtӄOΩ FX �&DU�

WDFNOH�ER[�����6*�2%/

µ«P\�WDFNOH�ER[�¶

�%UDLQH�������

��� W֍ ΩҌ �VLWD �6DQHQ\R�

PRWKHU����VLWD

µ6LWD¶V�PRWKHU¶

��� PHV��� FΩ �6DQHQ\R�

WDEOH����6*

µ0\�WDEOH¶

�� *HQLWLYH�RI�0DWHULDO�,W�SRLQWV�RXW�WKH�VSHFLILF�PDWHULDO�XVHG�WR�PDNH�VRPHWKLQJ��

��� W֍ Ω XKѓэƾ��ΩQ�����ѪL �6DQHQ\R�

2%-���VWRQH���,1'���KRXVH

µKRXVH�RI�VWRQH¶

��� KΩWZъ������ΩQ�������QъW �6DQHQ\R�

EDPERR���,1'���URSH

µURSH�PDGH�RI�EDPERR¶

,Q�&DU��DV�GLVFXVVHG�LQ�WKH�SUHYLRXV�FKDSWHU��LQ�FDVH�RI�DGMHFWLYDO�SKUDVH�KDYLQJ�JHQLWLYHV��WKHUH�

LV� DQ� REOLJDWRU\� SRVVHVVLYH� PDUNHU� DWWDFKHG� WR� WKH� DGMHFWLYDO� SDUWLFOH� ZKLFK� TXDOLILHV� WKH�

SRVVHVVHG�HQWLW\���
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��� QѓPDKXӄ�YΩ ƾLK��������������������������WΩ�FyӄF���������������� SDQDP

352;�3/ ZDYH�3266352;�6*�,1$12%-�URXJK���������� YLOODJH

µ7KHVH�ZDYHV�RI�WKLV�WURXEOHG�ODQG�¶����������������������������

�%UDLQH�������

7KH�,QVWUXPHQWDO�FDVH LV�XVHG�WR�PDUN�WKH�QRXQ�DFWLQJ�DV�DQ�LQVWUXPHQW�RU�PRGH�XVLQJ�ZKLFK�

WKH�DJHQW�VXEMHFW�RI�WKH�DFWLRQ�SHUIRUPHV�WKH�DFWLRQ��&DU�GRHV�QRW�DOZD\V�RYHUWO\�XVH�PRUSKHPHV�

WR� VKRZ� WKH�PRGH�RI�DFWLRQ�DQG� UHOLHV�RQ� WKHGLVFRXUVH�SUDJPDWLF�XQGHUVWDQGLQJ�RI� WKH� VSHDNHU�

XVLQJ� ZRUG� RUGHU DV� LQ� ����� RU� E\� YHUE�PRGLILFDWLRQV� �LQFUHDVLQJ� WKH� YDOHQF\� RI� WKH� YHUE� E\�

DGGLQJ�WKH�SDVVLYH�PRUSKHPH��DV�LQ������DQG������

��� FiӄW�OΩ�ƾΩ ҌDQ�������ƾDP��������� ѪLӄҌ��������� WΩ FX

OLIW�XSZDUG�DZD\�3$66$*5'(0 FKLOG������� 2%-� �6*�2%/

µ7KH�ER\�LV�EHLQJ�OLIWHG�E\�PH�¶�������

�%UDLQH�������

��� Oќ̗NOΩ WΩ KDY̗࠴ӄƾΩ Fi�ҌΩ����������������SэQ���������ODWэ̗NNΩWL��������������������������

FOLPELQJ�GHYLFH�� 2%- FREZHE�����3/�2%/�(03+ EHFDXVH���EURNHQ�GRZQ

QXN� WΩҌDƾܞӄҌ

�3/�1219,6FUHHSHU

µ7KH\�ZHQW�XS�E\�D�FREZHE�EHFDXVH�WKH�FUHHSHUV�ZHUH�EURNHQ�GRZQ�¶������������������

�%UDLQH�������



ϱϳ

��� KDҌD̗˾K�OΩƾΩ FiҌD�������� WΩ MLN���������KyO�Ѷѓ

IHHG�3$66� �3/�9,6�� 2%-����������3/�1219,6 IULHQG�5()/

µ7KH\�ZHUH�VHUYHG�E\�WKHLU�IULHQGV�¶��

�%UDLQH�������

7KH�LQVWUXPHQWDO�FDVH�LPSOLHV UHDVRQ�RU�FDXVH�RI�DQ�DFWLRQ� ZKLFK�LV�DOVR�H[KLELWHG LQ�&DU XVLQJ�

WKH�ZRUG�RUGHU�DQG�YHUE�PRGLILFDWLRQV�

��� ҌΩW�Nэ̗ӄҌFLQ�������WΩ Qѓӄ NLQOiKD�Ѷѓ

1(*�DEOH���� �6* 2%- '(0 WHPSWDWLRQ�5()/

µ,�ZDV�XQDEOH��EHFDXVH�RI��WKHVH��P\��WHPSWDWLRQV�¶

�%UDLQH�������

6DQHQ\R XVHV�SUHSRVLWLRQV OLNH�IURP��RQ��E\ HWF�� WR�LQGLFDWH�DQ�LQVWUXPHQW�RI�DQ�DFWLRQ�

��� Ω˾KWL W֍ Ω LQOXLƾ��ΩQ����HQ�����QΩ �ѓWVL��ΩSKэS�

IURP2%-����D[H�����,1'���6*�����6*����FXW��WUHH

µ+H�FXW�WKH�WUHH�ZLWK�DQ�D[H� ¶

7KH�PRUSKHPH�µΩ˾KW֍ L¶�LPSDUWV�WKH�LQVWUXPHQWDO�FDVH�WR�WKH�REMHFW�µD[H¶�XVLQJ�ZKLFK�WKH�DJHQW�µKH¶�

FXWV�WKH�µWUHH¶�

��� ѓъƾ���эO EΩV����FΩ ѓƾ

JR����RQ EXV����6*���367

µ,�ZHQW�E\�EXV�VLWWLQJ�RQ���¶

7KH�PRUSKHPH�µэO¶ LPSDUWV�WKH�LQVWUXPHQWDO�FDVH�WR�WKH�REMHFW�µEXV¶�RQ�ZKLFK�WKH�DJHQW�µ,¶�ZHQW�



ϱϴ

7KH� LQVWUXPHQWDO�FDVH� LV� DOVR�XVHG� WR� VSHFLI\� VRPHWKLQJ�VRPHRQH�DFFRPSDQ\LQJ�DQ�DFWLRQ�DQG�

6DQHQ\R�DOVR�XVHV�PRUSKHPHV�OLNH�ZLWK��WRJHWKHU WR�VKRZ�WKH�DFFRPSDQLPHQW�RI�WZR�QRXQV��

��� KXOэƾVL ѓ�UH��XQΩ UDP��XQΩ VLW֍D

ZLWK JR�����'8����31 '8���31

µ6LWD�LV�JRLQJ�ZLWK�5DP�¶

��� KLΩƾUL FXN����XIѓ QH����VLW֍XQ

WRJHWKHU NHHS���3/���5()���ERWWOH

µ7KH�ERWWOHV�DUH�NHSW�WRJHWKHU�¶

+RZHYHU��VRPHWLPHV�WKHUH�LV�QR�RYHUW�PDUNLQJ�DQG�WKH�UHODWLRQ�LV�LQGLFDWHG�XVLQJ�WKH�ZRUG�RUGHU�

��� OѓW֍ FXK���GLOOL�����XQΩ UъP���XQΩ����ѻMDP

3)9����JR����'HOKL '8�������31 '8���� 31

µ6K\DP�KDV�JRQH�ZLWK�5DP�WR�'HOKL��¶

7KH�FDVH�DOVR LQGLFDWHV UHDVRQ��FDXVH�RU�VLWXDWLRQ�RI�DQ�DFWLRQ�DQG�PRUSKHPHV�OLNH�EHFDXVH�RI��

IRU��RQO\�HWF��DUH�XVHG�WR�PDUN�WKH�FDVH��

��� KѓӃҌѪXW֍ ъR W֍ Ω ΩQ������SΩXҌѪLӃUH������QΩ ZLX

EHFDXVH�RI2%-����,1'�����IDPLO\��� �6*���ZRUN

µ+H�ZRUNV�EHFDXVH�RI�KLV�IDPLO\�¶

7KH�/RFDWLYH�&DVH�JHQHUDOO\�PDUNV�WKH�ORFDWLRQ�RI�WKH�KHDG�QRXQ�DQG�RIWHQ�XVHV�DGSRVLWLRQV�WR�

H[SUHVV�WKH�ORFDWLRQ��WKHUHIRUH�SHUIRUPLQJ�WKH�IXQFWLRQ�RI�DQ�DGYHUE��%RWK�&DU DQG�6DQHQ\RKDV�

$GSRVLWLRQDO�FDVH�V\VWHP�ZKHUH�WKH�QRXQV�DUH�DFFRPSDQLHG�E\�ZRUGV�WKDW�PDUN�FDVH�UDWKHU�WKDQ�

WKH\�EHLQJ�LQIOHFWHG��



ϱϵ

&DU LV�D�SUHSRVLWLRQDO�ODQJXDJH�DQG�LPSDUWV�ORFDWLYH�FDVH�XVLQJ�YDULRXV�PRUSKHPHV�WR�VKRZ�WKH�

GLUHFWLRQ�ORFDWLRQ�RI�WKH�QRPLQDO�FDWHJRU\�

��� O~ӄM�KΩO��������� PLWΩ̗ӄP����� FLQ���������� ҌL ѳRӄM�FRӄQ

WKUHH�XS������� QLJKWV������ �6*����������� ',5 EUDQFK�WUHH

µ,�ZDV�XS�LQ�D�WUHH�EUDQFK�WKUHH�QLJKWV�¶�

�%UDLQH�������

��� P̗࠴N���������SDWtӄҌ FLQ���������� IѓӄQ��������� ҌL NXӄM��������� Ѷэ̗ӄƾΩ

VHH���������KRXVH�������6*IRXU�������� ',5 WRS���������� KLOO

µ,�VHH�IRXU�KRXVHV�RQ�WKH�KLOO�WRS�¶������

�%UDLQH�������

��� SyӄM�OΩ�Ѷѓ ҌΩQ������ƾDP��������PDN���������ҌѓO ƾDP�������� WDKѓ̗ӄO

PXFK�XSZDUG�5()/$*5�����'(0ZDWHU�������/2& '(0 ULYHU

µ7KH�ZDWHU�LQ�WKH�ULYHU�LV�LQFUHDVLQJ�¶�

�%UDLQH�������

��� NDS������������ҌDQ���������ƾDPэ̗K����� NXӄҌ KLӄҌ������������������������WΩWPiN

WRUWRLVH������$*5 '(0������� IDFH�������� �3/�,1&/�2%/31

µ7KDW
V�D�WRUWRLVH�LQ�IURQW�RI�XV��7ԥWPDN�¶

�%UDLQH�������

7KHUH�DUH�DOVR� LQVWDQFHV�ZKHUH� WKHUH� LV�QR�RYHUW� ORFDWLYH�PDUNHU� LV�XVHG� LQ�D� VHQWHQFH�DQG� WKH�

VHQVH� RI� ORFDWLRQ� LV� LPSDUWHG� XVLQJ� ZRUG� RUGHU� RU� GLVFRXUVH�SUDJPDWLF� XQGHUVWDQGLQJ� RI� WKH�

VSHDNHU�
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��� ѳyӄOYiQ��������� FLQ���������� FXK��������� ҌtQWѓiӄ

PDQ\�WLPHV�� �6*����������� JR����������� ,QGLD

µ,�ZHQW�WR�,QGLD�PDQ\�WLPHV�¶ �%UDLQH�������

��� M̗࠴K�KѓQ��������� ҌLK����������������������������� ҌDQ

FRPH�5(&3 �3/�(;&/�2%/� �6*

µ+H�FDPH�WR�XV�¶���������������������������������

�%UDLQH�������

6DQHQ\R LV�D��SUHSRVWLRQDO�ODQJXDJH�DQG�XVHV�D�YDULHW\�RI�SUHSRVWLRQV�OLNH�LQ��LQVLGH��RXW��RXWVLGH��

QHDU��ULJKW��OHIW��EHKLQG��IURQW��DERYH��EHORZ HWF��WR�PDUN�WKH�ORFDWLYH�FDVH�

��� NъW֍ ΩҌэO LVNXO� Nъ�����W֍ ъR���������FΩ

LQ VFKRRO��120��EURWKHU �6*

µ0\�EURWKHU�LV�LQ�WKH�VFKRRO�¶

��� KѓҌOX IXO�����ΩQ������KLƾ���QΩVLΩSOΩ

LQ HDVW���120� VXQ��ULVH

µ7KH�VXQ�ULVHV�LQ�WKH�HDVW�¶

7KH�$EODWLYH� &DVH� LV� PDUNHG� WR� VKRZ� VHSDUDWLRQ� RU� VRPHWKLQJ� WKDW� LV� PRYLQJ� DZD\� IURP�

VRPHWKLQJ�DQG�LV�PDUNHG�RQ�QRXQV��SURQRXQV�DQG�DGMHFWLYHV��7KH�DEODWLYH�LQ�&DU DQG�6DQHQ\RDUH�

JRYHUQHG�E\�SUHSRVLWLRQV OLNH�IURP��RXW�RI WR�VKRZ�VHSDUDWLRQ�
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��� P̗࠴W�ƾΩ ҌΩN������������������FэӄQ������QΩ ѳiҌDƾ SDWtӄҌ�Ѷѓ �&DU�

UXQ�DZD\������6*�367�19,6����31���������68%IURP KRPH�5()/

µ-RKQ�UDQ�DZD\�IURP�KLV�KRPH�¶��������

�%UDLQH�������

��� ѳiӄҌ�ƾΩ MLK������������� ҌΩPѓK �&DU�

FRPH�DZD\�� ZKHUH�������� �6*�,17(5

µ:KHUH�KDYH�\RX�FRPH�IURP"¶��������

�%UDLQH�������

��� Kѓ˾ҌW֍X GLOOL����ΩQ������VLWD��PҌΩ �6DQHQ\R�

IURP 'HOKL��120��� 31)87

µ6LWD�ZLOO�FRPH�IURP�'HOKL� ¶

��� KѓӃҌ˾W֍X�NXL������ΩSKэS��ΩQ�������QΩ WǊKVL���ΩQ������UъL�ΩSKэS �6DQHQ\R�

IURP� KHLJKW��WUHH����120�����6*����IDOO�����120����OHDI�WUHH�

µ/HDYHV�DUH�IDOOLQJ�IURP�WKH�WUHH�¶

��� Kѓ˾ӃҌVX �эO��� ΩQ������VLWXQ�����ΩQ����UъNվ �6DQHQ\R�

IURP �LQVLGH���120����ERWWOH���,1'���ZDWHU

µ:DWHU�VSLOO�RXW�IURP�WKH�ERWWOH�¶

8VLQJ� WKH� WKHRU\� RI� ,QIOHFWLRQDO� FDVH� KLHUDUFK\� �%ODNH�� ������� WKH� SUHVHQFH� RI�

DEODWLYH�LQVWUXPHQWDO�FDVH� �ERWK� DUH�SUHVHQW� LQ�&DU DQG�6DQHQ\R DQG� WKXV� ODFNV� DQ\�KLHUDUFK\���
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FRQILUPV�WKH�SUHVHQFH�RI�DOO�WKH�FDVHV�FRPLQJ�DERYH�LW�LQ�WKH�KLHUDUFK\��7KHUHIRUH��ERWK�&DU DQG�

6DQHQ\R KDYH�VHYHQ�FDVH��HDFK�SHUIRUPLQJ�WKHLU�LQGLYLGXDO IXQFWLRQV��

7KHUH�DUH�VHYHUDO�ZD\V�WR�FODVVLI\�FDVHV��RQH�EHLQJ�VWUXFWXUDO�YV��QRQ�VWUXFWXUDO�FDVH��7KH�IRUPHU�

LV� GHSHQGHQW� RQ WKH� VWUXFWXUDO� SRVLWLRQ� RI� WKH� DUJXPHQWV� ZKLOH WKH� ODWWHU� LV� VHPDQWLFDOO\�

PRWLYDWHG��%ODNH� ������� DOVR�GLIIHUHQWLDWHV�EHWZHHQ�&RUH�&DVHV�ZKLFK� JHQHUDOO\� HQFRGH� ³RQH�

SODFH� DQG� WZR�SODFH� WUDQVLWLYH� YHUEV´� LQFOXGLQJ� QRPLQDWLYH�� HUJDWLYH� DQG� DFFXVDWLYH� DQG�

3HULSKHUDO� FDVHV� ZKLFK� FRPSULVHV� RI� WKH� UHVW� RI� FDVH� UHODWLRQV�� %DVHG� RQ� WKH� &DVH� KLHUDUFK\�

�%ODNH���������FDVHV�RQ�WKH�ORZHU�HQG�RI�WKH�VFDOH�DUH�PRUH�IUHTXHQWO\H[SUHVVHG�E\�FDVH PDUNHUV

RU�DGSRVLWLRQ�ZKLOH WKRVH�RQ�WKH�KLJKHU�HQGRI�WKH�KLHUDUFK\�XVXDOO\�UHPDLQ�XQPDUNHG� 7KH�QRXQ�

SKUDVHV� EHDULQJ� FRUH� UHODWLRQV� DUH� XQPDUNHG� DQG� WKH� QRXQ� SKUDVHV�ZKLFK� VKRZ� WKH� SHULSKHUDO�

UHDOWLRQV� DUH� XVXOO\� PDUNHG� E\� DGSRVLWLRQV�� 7KH� FRUH� JUDPPDWLFDO� UHODWLRQV� H[SUHVVLQJ� WKH�

UHODWLRQVKLS� EHWZHHQ� WKH� VXEMHFW�� REMHFW� DQG� LQGLUHFW� REMHFW� ZKLFK� XVH� V\QWKHWLF� PDUNHUV�

�LQIOHFWLRQV�� OLNH� WKH� VXIIL[HV DUH� DEVHQW� LQ� ERWK�&DU� DQG�6DQHQ\R��&DU DQG�6DQHQ\R ODFN� DQ\�

LQIOHFWLRQDO�FDVH�DQG�GR�QRW�VKRZ�DQ\�FDVH�VXIIL[HV�XVLQJ�VHSHUDWH�ZRUGV�WR�PDUN�WKH�UHODWLRQ�RI�

QRXQ� DQG� YHUE��&DU W\SLFDOO\� H[KLELWV� QR�PRUSKRORJLFDO� FDVH�PDUNLQJ�� EXW� LW� GRHV� HQFRGH� WKH�

REMHFW� XVLQJ� D� VHSHUDWH� PRUSKHPH� SODFHG� EHIRUH� WKH� GLUHFW� REMHFW�� 6DQHQ\R VKRZV� DFFXVDWLYH�

V\VWHP�ZKHUH�WKH�VXEMHFW�LV�PDUNHG�ZLWK�QRPLQDWLYH�DQG�WKH�REMHFW�ZLWK�DFFXVDWLYH�PDUNHUV���,Q�

FDVH� RI� PDUNLQJ� WKH� � SHULSKHUDO� FDVHV�� DQDO\WLF� FDVH PDUNHUV�DGSRVLWLRQV�� EHDU� WKH� EXUGHQ� RI�

PDUNLQJ� WKH� GHSHQGHQW� QRXQV� DQG� WKHUH� LV� DQ� DEVHQFH� RI� DQ\� FDVH� VXIIL[� OLNH� LQ� ,QGR�$U\DQ�

ODQJXDJHV�� 7KH�PDUNLQJ� RI� WKH� VXEMHFW� DQG� GLIIHUHQWLDWLQJ� LW�ZLWK� GLUHFW� DQG� LQGLUHFW� REMHFW� LV�

GRQH�XVLQJ�WKH�ZRUG�RUGHU�MXVW�OLNH�LQ�7KDL��,QGRQHVLDQ��9LHWQDPHVH HWF��*HQLWLYH�DUH�JHQHUDOO\�

IRXQG�WR�EH�XQPDUNHG�FDVH�DWWDFKHG�WR�RU�PRGLI\LQJ�WKH�QRXQ���7KH�UHVW�RI�WKH�SHULSKHUDO�FDVHV��

QDPHO\�� LQVWUXPHQWDO�� ORFDWLYH� DQG� DEODWLYH� VKRZLQJ� ORZHU�UDQN� UHODWLRQV� DUH� PDUNHG� XVLQJ�
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SUHSRVLWLRQV�ZKLFK�DUH�PRVWO\�OH[LFDO� WKDQ�JUDPPDWLFDO� LQ�QDWXUH��6RPH�ODQJXDJHV�OLNH�.RUHDQ

KDYH�DQDO\WLF�FDVH�PDUNHUV�H[KLELWLQJ�YDULDQWV�ZKLFK�DUH�SKRQORJLFDOO\�FRQGLWLRQHG�DQG�FKDQJH�

ZLWK�UHVSHFW�WR�WKH�QDWXUH�RI�WKH�VWHP��,Q�VXFK�FDVHV�WKH�FDVH�PDUNHU LQ�TXHVWLRQ�LV�HVVHQWLDOO\�DQ�

DIIL[��+RZHYHU�VXFK�FDVHV�DUH�QRW�REVHUYHG� LQ�&DU DQG�6DQHQ\R DV� WKH�PDUNHUV� VWDQG�RQ� WKHLU�

RZQ��H[FHSW�LQ�VRPH�FDVHV�ZKHUH�WKH\�PLJKW�EH�DIIHFWHG�E\�WKH�OH[LFDO�SKRQRORJLFDO�UXOHV�

͵ǤʹǤ��������������������������������������

&DU DQG� 6DQHQ\R KDYH VHOHFWLYH� FRPSOH[� SUHGLFDWH� FRQVWUXFWLRQV� DQG� PRVW� RIWHQ� H[KLELW WKH�

WHQGHQF\�WR�IRUP�VLPSOH�SUHGLFDWHV�UDWKHU�WKDQ�WKH�FRPSOH[�RQHV��

������ &RPSRXQG�YHUE�FRQVWUXFWLRQV

&DU� ODFNV� FRPSRXQG� YHUE� FRQVWUXFWLRQV� ZKHUH� YHUEV� GR� QRW� FRPELQH� WR� IRUP� PHDQLQJV� DQG�

VHSDUDWH�PRUSKHPH�LV�XVHG�WR�UHSUHVHQW�WKH�DFWLRQ�

��� MHӄQ�� SэѶэ̗ӄ QΩ NDSiK

LI��� DOWKRXJK� 68% GLH

µ«�HYHQ�WKRXJK�WKH\�DUH�GHDG�¶

�%UDLQH��������

+RZHYHU��ZH�GR�REVHUYH�WKH�DIIL[DWLRQ�RI�D�UHIOH[LYH�SDUWLFOH�WR�WKH�YHUE�LQ�RUGHU�WR�FRQYH\�WKH�

VHQVH�RI�VLWWLQJ�LQ�������IDOOLQJ�LQ������DQG�HDWLQJ�LQ������
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��� Ҍ~ӄF�Ω�Ѷѓ PDQ�������� ҌtҌD

VLW�ԥ�5()/ �6*����������� QH[W

µ6LW�GRZQ�QH[W�WR�PH�¶�����

�%UDLQH�������

��� V~N�WΩ�Ѷѓ ҌDQ���������� QΩ ҌѓO����������� PDN

IDOO�GRZQZDUG�5()/ �6*����������� 68% /2& ZDWHU

µ+H�IHOO�LQWR�WKH�ZDWHU�¶���

�%UDLQH�������

��� NѠK̗࠴W�ƾΩ ѪiҌm�Ѷѓ FLQ

ILQLVK�DZD\� HDWHQ�5()/�6*

µ,�ILQLVKHG�P\�GLQQHU�¶�����������������������

�%UDLQH�������

��� IRKҌDQ������FLQ�������� FX�ҌΩ

KLW�����������6*�6* �6�2%/�5()/

µ,�VDZ�KLP�P\VHOI�¶

�%UDLQH��������

6LPLODUO\�� LQ� 6DQHQ\R�� ZH� GR� QRW� REVHUYH� DQ\� FRPSRXQG� YHUE� FRQVWUXFWLRQV� DQG� OLNH� &DU��

LQGLYLGXDO�PRUSKHPHV�DUH�XVHG�WR�LPSDUW�WKH�DFWLRQ�LQ�WKH�VHQWHQFH�

��� OѓW֍ NΩSѓҌ ΩQ������HQ

3)9��GHDG����120����6*

µ+H�LV�GHDG�¶
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��� W֍ ǊKVL��ΩQ�������HQ

IDOO����120�����6*

µ+H�IHOO�¶�

6DQHQ\RGRHV� QRW� VKRZ DQ\� ([SOLFDWRU� FRPSRXQG� YHUEV�� 7KH� 7HQVH�� $VSHFW� DQG� 0RRGDUH

PDUNHG�XVLQJ�D�VHSDUDWH�PRUSKHPH�HLWKHU�DW�WKH�LQLWLDO�RU�ILQDO�SRVLWLRQ�RI�WKH�VHQWHQFH�DQG�WKHUH�

LV�QR�LQIOHFWLRQ�REVHUYHG�RQ�WKH�YHUEDO�FDWHJRU\�

��� OѓW֍ UєN��ΩQ�����HQ

3)9���IDOO��120���6*

µ+H�FDPH�¶

������ &RQYHUE�FRQVWUXFWLRQV

&RQYHUEV�DUH�WKH�LQIOHFWLRQDO�QRQ�ILQLWH�YHUEV�WKDW�DUH�XVHG�WR�H[KLELW�DGYHUELDO�VXERUGLQDWLRQ�

��� NҦD�NΩU VRQD �+LQGL�

HDW�&219� VOHHS

µ6OHHS�DIWHU�HDWLQJ�¶

��� 1RQ��� ъ҃H�QGROD� FKLъ҃H������QRQSRWq ъSULUH �,WDOLDQ�

>QRW� KDY�&219 WKH�NH\@����������QRW� FRXOG��RSHQ

µ1RW�KDYLQJ�WKH�NH\��VKH�FRXOGQ¶W�RSHQ��¶

�+DVSHOPDWK�������
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&DU DQG�6DQHQ\R GR QRW�KDYH�DQ\�FRQYHUEV�DQG�PRUSKHPHV�OLNH�WKHQ��DIWHU��EHIRUH�HWF��DUH�XVHG�

WR�VLJQLI\�WKH�DGYHUELDO�VXERUGLQDWLRQ��,Q�VRPH�FDVHV��WKH�RUGHU�RI�WKH�YHUEV�KHOSV�WR�HVWDEOLVK�D�

YHUE�DGYHUE�UHODWLRQVKLS�

��� Ѫъ ƾъLF���PΩO KъUΩK �&DU�

HDW���3)9�����WKHQ�� VOHHS

µ6OHHS�DIWHU�HDWLQJ�¶

��� XUHҌ ѪъƾΩNXΩ�Uѓ ΩS�����ƾъLF���PΩOQΩ FXKLP����LQUΩKΩ�Uѓ �&DU�

ILUVW�����HDWHQ�5()/�������6*����3)9����WKHQ��������JR�367����VOHHS�5()/

µ+DYLQJ�HDWHQ�KLV�IRRG��KH�ZHQW�WR�VOHHS�¶

��� UѓK�ΩNƾэN� PΩO LWվ LΩN �6DQHQ\R�

EHIRUH� HDW�� WKHQ� VOHHS

µ6OHHS�DIWHU�HDWLQJ�¶

��� UѓK��������ΩNƾэN��ΩQ������HQ�����PΩOƾΩ Kѓ �LWվ LΩN �6DQHQ\R�

EHIRUH����HDW������120����6*����WKHQ�����&217�VOHHS

µ+DYLQJ�HDWHQ�KLV�IRRG��KH�ZHQW�WR�VOHHS�¶

������ 6HULDO�YHUE�FRQVWUXFWLRQV�

&DU KDV�VHULDO�YHUE�FRQVWUXFWLRQV�ZKHUH�WKH�YHUE�VLJQLI\LQJ�WKH�ILUVW�DFWLRQ�LV�SODFHG�DW�VHQWHQFH�

LQLWLDO�SRVLWLRQ��VXIIL[HG�E\�D�VHTXHQWLDOPDUNHU�DQG�WKH�UHVW�RI�WKH�YHUEV�DUH�SODFHG�LQ�RUGHU�RI�WKH�

DFWLRQ��
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��� W̗࠴ƾ�Kѓ QΩ ҌL���������KDѪэ̗ӄF����ƾDF���������� ҌLOΩ̗ӄ KD�Ҍэ̗NΩ

DUULYH�6(468%/2& 0XV��������DQG�WKHQ LPPHGLDWHO\��� &$86�GULQN

µ$IWHU�DUULYLQJ�DW�0XV��WKH\�ZHUH�PDGH�WR�GULQN�¶�

�%UDLQH�������

��� FDOэ̗ӄҌ�Kѓ WΩ ҌΩN� PiӄҌ�������ƾDFPΩO���ҌΩM��������������OiҌѓY�ѳѓ̗Q������

DUULYH�6(42%- �6*�367�1219,6 FKLHI�������WKHQ��������3/�68% ZRUN�192/

µ:KHQ�WKH�FKLHI�FDPH��WKHQ�ZH�ZRUNHG�¶����������

�%UDLQH��������

��� NѠK̗࠴ӄW�Kѓ NiKD�������ҌΩF��������YRӄN�������� ƾDF KDYќ̗W�NΩ�Ѷѓ

ILQLVK�6(4 ERG\�������6�68% EDWKH������DQG�WKHQ DURXQG�',67�5()/

µ,PPHGLDWHO\�DIWHU�EDWKLQJ�,�ZDONHG�DURXQG�¶������

�%UDLQH�������

,Q� VRPH�FDVHV�� WKH�YHUEV� DUH�SODFHG�DFFRUGLQJ� WR� WKH�VHTXHQFH�RI� DFWLRQV� DQG�PRUSKHPHV� OLNH� µDOVR¶� LV�

DGGHG�WR�VLJQLI\�VHULDOL]DWLRQ�

��� ѪDӄҌ ҌDQ���������NXӄF���������ҌDQ��������� Yѓ̗ӄҌ�N~ӄ��� OtӄSΩѶѓ ҌLQѶHӄ

HDW���������������3����������ZULWH��������6*����������� VSHDN�IDFH�� ERRN������� DOVR

µ+H�HDWV��ZULWHV��DQG�UHDGV�¶��������������

�%UDLQH�������

6DQHQ\R KDV�VHULDO�YHUE�FRQVWUXFWLRQV�E\�FRQFDWHQDWLQJ�WZR�RU�PRUH�YHUEV�RU�YHUE�SKUDVHV�RIWHQ�

ZLWKRXW�DQ\�XVDJH�RI�VXERUGLQDWLQJ�FRQMXJDWLRQV�RU�DIIL[HV��
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��� UѓӃ���KΩUΩ

JR���VHH

µ*R�DQG�VHH�¶

��� Kƭ ѓӃUH���ѪX�����FъK

,1&/�3/ JR����GULQN��WHD

µ/HW�XV�JR�DQG�GULQN�WHD�¶

+RZHYHU�� IRU� VKRZLQJ� HPSKDVLV�� WKH�PDLQ� YHUE� LV�PDUNHG�E\� SODFLQJ� LW� DW� WKH� VHQWHQFH�LQLWLDO�

SRVLWLRQ�DQG�XVLQJ�WKH�FRQMXJDWLRQV�OLNH�µDQG¶�IRU�IXUWKHU�VHULDOL]DWLRQ��

��� OѓW֍ UєN ΩQ�����HQ����MΩKQΩ SΩLFƾΩUѓ MΩKQΩ ѓӃUH

3)9���FRPH120���6*���DQG������VLW�����������DQG����JR

µ+H�FDPH��VDW�DQG�OHIW�¶

ǤǤ �����������������������������������������

,Q� WKH� JLYHQ� VHFWLRQ�� WKH�3DVVLYH� FRQVWUXFWLRQV� LQ� ERWK� ODQJXDJHV ZLOO� EH� GLVFXVVHG��$�SDVVLYH�

FODXVH�LV�REVHUYHG WR�KDYH�D�JUDPPDWLFDO�VXEMHFW�VKRZLQJ�WKH�WKHPH�RI�WKH�PDLQ�YHUE�LQ�FRQWUDVW�

WR�DQ�DFWLYH�FODXVH�ZKHUH�WKH�VXEMHFW�LV�WKH�DJHQW�RI�WKH�YHUE��7KLV�LQWHUFKDQJH�LV�XVXDOO\�GRQH�E\�

HLWKHU�XVLQJ�WKH�REMHFW�DV�WKH VXEMHFW�RI�WKH�FODXVH�DQG�WKH�VXEMHFW�HLWKHU�LV�UHPRYHG�RU�ZRUNV�DV�

DQ� DGMXQFW� LQ� WKH� VHQWHQFH�� &DU KDV� DQ� H[KDXVWLYH� DQG� HODERUDWH� 3DVVLYH� VWUXFWXUH�� \LHOGLQJ

YHUE�VWHP� LQIOHFWLRQV UHVXOWLQJ� LQ� FKDQJH� LQ� WKH� YDOHQF\� RI� WKH� YHUE�� &DU DWWDFKHV� WKHPDWLF�

VXIIL[HV�DQG�SDVVLYH�PRUSKHPH�WR�YHUE�VWHPV�IRU�SDVVLYH�FRQVWUXFWLRQV�� WKXV�ZH�VHH�FKDQJH� LQ�

WKH�YHUE�IRUPV�� ,Q�RUGHU�WR�XQGHUVWDQG�WKDW�� LW� LV� LPSRUWDQW� WR�GLVFXVV�WKH� WKHPDWLF�VXIIL[HV�DQG�

W\SHV�RI� VWHPV�SUHVHQW� LQ� WKH� ODQJXDJH��%UDLQH �������GLYLGHV�&DU VWHPV� LQWR� WKUHH�FDWHJRULHV�
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&ODVV���VWHPV�WKDW�LQFOXGH�FDXVDWLYH�VWHPV�DQG�VLPSOH�WUDQVLWLYH�VWHPV��&ODVV���VWHPV�WKDW�LQFOXGH�

QRQ�DJHQWLYH�VWHPV�DQG�&ODVV��� VWHPV� WKDW�KDYH�VLPSOH� LQWUDQVLWLYH�VWHPV��0RYLQJ� WR� WKHPDWLF�

VXIIL[HV��&DU KDV�VHYHQ�WKHPDWLF�VXIIL[HV�DWWDFKHG�WR�WKH�WKHPDWLF�VWHP�VKRZLQJ�GLUHFWLRQ�DVSHFW�

�ԥ��� �KԥW��� �N��� �O��� �Q����ƾ��DQG��W���3DVVLYHV�LQ�&DU DUH�IRUPHG�RQO\�LQ�&ODVV���DQG���VWHPV�ZKHUH�

FODVV� �� VWHP� FRPELQHV�ZLWK� WKHPDWLF� VXIIL[�RSWLRQDO�� DQG� SDVVLYH�PRUSKHPH� �ԥ��ZKLOH� FODVV� ��

VWHPV�FRPELQHV�ZLWK�D�GLUHFWLRQDO�VXIIL[��KԥW��RU��W��RU��Q���DQG�SDVVLYH�PRUSKHPH��ԥ���,Q�WKH�ODWWHU�

ZH�DOVR�REVHUYH�DQ�H[WHQVLRQ�RI�VWHP�GRQH�E\�PRUSKHPH��Nԥ���7KH�SDVVLYH�PRUSKHPH��ԥ��RFFXUV�

RQO\�ZLWK�SDVVLYH�YHUEV�DQG�KDV�VL[ DOORPRUSKV�

D� �Ω��

E� �ъ�

F� ��

G� �ΩƾΩ�

H� �YΩ�

I� �X�

J� �X�Ω��

&ODVV���VWHPV�H[KLELW SDVVLYH�ZKLFK�VKRZ WKH�REMHFW�RI�WKH�YHUE�WR�EH�WKH�JUDPPDWLFDO�VXEMHFW�RI�

WKH�VHQWHQFH��

��� P̗࠴N�ND����������������ҌΩQ����������ƾLK���������� OtӄSΩѶѓ����� WΩ FHӄQ

VHH�,3)9�3$66$*5'(0 ERRN������� 2%- -DQH

µ7KLV�ERRN�LV�ORRNHG�DIWHU�E\�-DQH�¶��

�%UDLQH�������



ϳϬ

&ODVV��� VWHPV� IURP�KDYLQJ SDVVLYH�YHUEV�SRLQWV� RXW� WKDW� WKH� FRQGLWLRQ�PHQWLRQHG�E\� WKDW� YHUE�

UHODWHV�WR�WKH�VXEMHFW�DQG�WKXV�KDV�EHHQ�FDXVHG�

��� ODҌyK�KΩW�YΩ ҌΩN����������������������N~ӄҌ�Fэ̗N������� QΩ ҌL������ ҌDOiKD� KDҌ~Q

EUHDN�LQZDUG�3$66������6*�367�1219,6 IDFH�DUURZ�� 68%� /2& ERG\��� SLJ

µ7KH�DUURZ�SRLQW�ZDV�EURNHQ�LQ�WKH�SLJ
V�ERG\�¶������������

�%UDLQH�������

$QRWKHU�SDVVLYH�IRUPDWLRQ�LQ�FODVV���VWHPV�LV�REVHUYHG�ZLWKRXW�WKH�WKHPDWLF�VXIIL[�DQG�ZLWK�WKH�

SDVVLYH�PRUSKHPH��ԥ��

��� ѳyӄO�NΩ�WL������������������������� ѳэ̗ӄҌ FLQ���������� Yѓ̗ӄҌƾΩ�Qiƾ

PDQ\�,3)9�3$66�WRZDUG�����ZRUG������� �6*����������� WHOO�������HDU

µ,�IUHTXHQWO\�JRVVLS�¶�������

�%UDLQH�������

)ROORZLQJ� DUH� WKH� WZR� H[DPSOHV� LQ� ERWK� DFWLYH� DQG� SDVVLYH� YRLFH� WR� LOOXVWUDWH� WKH� GLIIHUHQFH�

EHWZHHQ�WKH�WZR�YRLFHV�

x $FWLYH�YRLFH�

��� Yѓ̗ӄҌ�ѪΩ QDƾ��������� FX����������� FэӄQ

WHOO�RXWZDUG� HDU���������� �6*�2%/ 31

µ-RKQ�WHOOV�PH�¶

�%UDLQH�������
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x 3DVVLYH�YRLFH

��� Yѓ̗ӄҌ�ѪX���������QDƾ��������� FLQ���������� WΩFRӄQ

WHOO�3$66 HDU���������� �6*����������� 2%- 31

µ,
P�WROG�E\�-RKQ�¶�����������

�%UDLQH�������

x $FWLYH�YRLFH

��� PѠN�������������� ƾDP�������� OtӄSΩѶѓ FLQ

VHH��������������� '(0 ERRN������� �6*

µ,�VHH�WKH�ERRN�¶�������������

�%UDLQH�������

x 3DVVLYH�YRLFH

��� P̗࠴N�ΩҌDQ���������ƾDP��������OtӄSΩѶѓ�����WΩ FX

VHH�3$66 $*5'(0ERRN�������2%- �6*�2%/


7KH�ERRN�LV�VHHQ�E\�PH�
��

�%UDLQH�������

͵Ǥ͵ǤͳǤ ������������ ���������������������

&DU DOVR�VKRZV�D�XQLTXH SDVVLYH�IRUPDWLRQ�ZKHUH�WKH�WKHPDWLF�VWHP��RI�DQ\�FODVV��RU�VLPSOH�VWHP�

FRPELQHV�ZLWK�SDVVLYH�PRUSKHPH���ԥ��DQG�UHIOH[LYH�PRUSKHPH���Uܭ���%UDLQH�UHIHUV�WR�WKLV�SDVVLYH�

PRUSKHPH�DV�³UHIOH[LYH�VWHP�H[WHQGLQJ�VXIIL[´�%UDLQH��������SJ������

��� �VъPѓWOΩ�Uѓ��µEH�WKH�RQH�WR�VWDE�RQHVHOI�XS¶

��� �OѓKΩ�Uѓ��µWR�KLW�RQHVHOI¶



ϳϮ

7KH�SDVVLYH�YHUEV�DUH� VXIIL[HG�ZLWK� WKH� UHIOH[LYH�PRUSKHPH�H[KLELWLQJ IROORZLQJ�YDULDWLRQV� LQ�

WKH�ODQJXDJH�

D� :KHQ� DQ� DFWLRQ� RFFXUV� EXW� QHLWKHU� WKH� DJHQW� QRU� WKH� JRDO� LV� VSHFLILHG�

��� P~ӄO�KΩ�Ѷѓ MLQ����������� QΩ ѪDӄҌ

WRJHWKHU�HDFK�RWKHU�5()/�3/��������� 68% HDW

µ7KH\�HDW�WRJHWKHU��WKHPVHOYHV��¶��

�%UDLQH�������

E� ,Q� FDVH� WKH� DJHQW� LV� VSHFLILHG�� WKH� VXEMHFW� EHFRPHV� WKH� JRDO� RI� WKH� DFWLRQ�

��� FtW�OΩ�Ѷѓ ҌDQ������ƾDP��������NDVэ̗ƾ������WΩ WLӄҌ FX

OLIW�XSZDUG�5()/�����$*5'(0 ER[���������2%- KDQG��������6*�2%/

µ7KH�ER[�LV�OLIWHG�XS�E\�PH�¶��������������

�%UDLQH�������

F� ,W� DOVR� LQGLFDWHV� WKH� LQFUHDVH� RI� DFWLRQ� ZLWKRXW� DQ\� UHIHUHQFH� WR� WKH� VXEMHFW�

��� SDѳ~ӄM�OΩ�Ѷѓ ҌDQ������������ƾDP����������� PDM

PXUN\�XSZDUG�5()/$*5 '(0 VHD

µ7KH�VHD�LV�JHWWLQJ�PXUN\�¶����������

�%UDLQH�������

G� )RU� QXPHUDWRUV�� VXIIL[HV� �WԥUܭ�� DQG� �OԥUܭ�� DUH� LQIOHFWHG�ZLWK� WKH� QXPHUDWRU� VWHP� � � VKRZLQJ�

LQFUHDVH��



ϳϯ

��� Iѓ̗ӄQ�WΩ�Uѓ VXPNiP����� FLQ���������� NDSiK

IRXU�GRZQ�5()/GD\������������ �6*����������� GLH

µ,�ZLOO�GLH�LQ�IRXU�GD\V�¶

�%UDLQH�������

��� WDQ̗࠴M�OΩѶѓ PDMO���� ҌDQ

ILYH�LQFUHDVLQJ�5()/ PLOH���� �6*

µ7KH�PHWHU�KDV�UHDFKHG�ILYH�PLOHV�¶���

�%UDLQH�������

6DQHQ\R GRHV�QRW�PDUN�DQ\�FKDQJH�LQ�WKH�YHUE��RU�DQ\�FKDQJH�LQ�WKH�VXEMHFW�REMHFW�G\QDPLFV�LQ�

WKH� DFWLYH� DQG� SDVVLYH� YRLFH�� 6LQFH� WKH� ODQJXDJH LV� ODUJHO\� LVRODWLQJ�� ZH� GR� QRW� REVHUYH� DQ\�

FKDQJH�LQ� WKH�YHUE�IRUPV�RU�DQ\�VSHFLILF�SDVVLYH�PRUSKHPH��3DVVLYHV�DUH�IRUPHG�E\�FKDQJH�RI�

³WKH�GLUHFWREMHFW�WR�VXEMHFW�DQG�WKH�GHPRWLRQ�RI�WKH�VXEMHFW�WR�D�SHULSKHUDO�UHODWLRQ´��%ODNH�������

���IRU� WKH�SXUSRVH�RI�IRFXV� 7KLV�SUDJPDWLF�XVDJH�RI�SDVVLYHV�DV�GLVFXVVHG�E\�.HHQDQ������D��

KLJKOLJKWV�WKH�FRQVWLWXHQW�RI�WKH�FODXVH�WKDW�QRUPDOO\�LV�QRW�DQG�WKXV�LV�³SUDJPDWLFDOO\�PDUNHG´�

�:KDOH\� ���������� 7KH� VSHDNHUV� LQ� JHQHUDO� EULQJ� WKH� OLVWHQHU¶V� DWWHQWLRQ� WR� WKH� QRQ�DJHQW�

FRQVWLWXHQW�WKDW ORRNV�OLNH�WKH�VXEMHFW��

x $FWLYH�YRLFH

��� IXWվVLFъ� UъL�ΩSKэS XIѓ ΩQ������ZΩPLKѓӃRP

EXUQ����� OHDI�WUHH 3/��120���IDUPHU

µ7KH�IDUPHUV�EXUQHG�WKH�OHDYHV�¶



ϳϰ

x 3DVVLYH�YRLFH

��� IXWվVLFъ�XIѓ���ΩQ�����ZΩPLKѓӃRP���ΩQ����UъL�ΩSKэS

EXUQ�����3/��120��IDUPHU�����������,1'���OHDI�WUHH

µ7KH�OHDYHV�ZHUH�EXUQW�E\�WKH�IDUPHUV�¶

x $FWLYH�YRLFH

��� NΩSѓӃҌ ΩQ������UъP����WLҌ���SѓҨF

NLOO�������,1'�����31 E\��VQDNH

µ7KH�VQDNH�NLOOHG�UDP�¶

x 3DVVLYH�9RLFH

��� NΩSѓӃҌ WLҌ SѓҨF����������ΩQ�����UъP

NLOO�������E\����VQDNH�������,1'����31

µ5DP�ZDV�NLOOHG�E\�VQDNH�¶

ǤͺǤ ���������������������������������

5HGXSOLFDWLRQ� UHIHUV� WR� WKH�ZRUGV� IRUPHG� ³HLWKHU� E\� GXSOLFDWLQJ� V\OODEOHV�� RU� E\� GXSOLFDWLQJ� D�

VLQJOH� ZRUG� �SKRQRORJLFDO� ZRUG��� SDUWLDOO\� RU� FRPSOHWHO\´� �$EEL� ������� 7KH� UHGXSOLFDWLRQ�

VWUXFWXUH� LQ� 6DQHQ\RLV� REWDLQHG� E\� UHSHDWLQJ� WKH� HQWLUH� OH[LFDO� LWHP� DQG� RSHUDWHV� DV� D� VLQJOH�

OH[LFDO� HQWLW\��7KH� UHGXSOLFDWLRQ� SURFHVV� LV� SUHVHQW LQ� DGYHUEV� DQG� VRPH� YHUE� VWHP�EXW� QRW� RQ�

DGMHFWLYHV�DV� VHHQ� LQ�RWKHU�6RXWK�$VLDQ� ODQJXDJHV��%DVHG�RQ� WKH�GDWD��6DQHQ\R�GRHV�QRW� VKRZ�

PRUSKRORJLFDO� UHGXSOLFDWLRQ�� &RPSOHWH� OH[LFDO� UHGXSOLFDWLRQ� LV� IRXQG� LQ� WKH� 6DQHQ\R� ZKHUH�

OH[LFDO� FDWHJRU\� LV� PDGH� XS� RI� WZR� ELPRGDO� ZRUGV� OLNH� KΩNLѪ� KΩNLѪ µZKLOH� ODXJKLQJ¶� RU� KΩW֍



ϳϱ

KѓFъҌ� KΩW֍ KѓFъҌ�µVORZO\¶�GHULYHG�IURP�YHUEKΩNLѪ� µODXJK¶DQG�PRGLILHU�KΩW֍ KѓFъҌ� µVORZ¶�,Q�

DGGLWLRQ��WKH�SURFHVV�LV�QRW�VWULFWO\�REVHUYHG�LQ�DOO�VFHQDULRV�DQG�WKXV�VRPHWLPHV�FDQ�EH�VNLSSHG�

7KH�UHGXSOLFDWLRQ�RI�DGYHUEV�FRQYH\V�WKH�UROH�RI�LQWHQVLILHU�DQG�PDQQHU�DGYHUEV�

������ ,QWHQVLILHU

��� KΩW֍ KѓFъҌ� KΩW֍ KѓFъҌ��� Nъ����W֍ ΩҌ� FΩ����QΩ����ΩNƾэN

1(*� IDVW�������1(*� IDVW������ ,1'����PRWKHU��6*����6*����HDW

µ0\�PRWKHU�HDWV�KHU�IRRG�VORZO\�VORZO\�¶���������

��� FΩWUѠLF� FΩWUѠLF�KΩUΩ ΩQ����FΩ

DJDLQ�����DJDLQ��VHH��120���6*

µ, VDZ�KHU�DJDLQ�DQG�DJDLQ� ¶

������ 0DQQHU�DGYHUE

��� KΩNLѪ� KΩNLѪ ΩQ�����HQ������MΩKQΩ NXURW

ODXJK� ODXJK��120����6*����DQG������PDG

µ6KH�NHSW ODXJKLQJ�DQG�ZHQW�PDG�¶

��� KΩƾ����VLURN� VLURN���QΩ ѓӃUH�

RQO\��MXPS��MXPS�����6*���JR

µ+H�RQO\�KRSHG�DQG�KRSHG�DQG�ZHQW�¶��

7KH� FRPLQJ� WRJHWKHU� RI� WKH� UHGXSOLFDQW� DQG� WKH� UHGXSOLFDWRU� LPSDUWV� DQ� ³H[WHQVLRQ� RI� WKH�

PHDQLQJ� LQKHUHQW� LQ� WKH� VLQJOH� OH[LFDO HQWU\´� �$EEL� ������ DQG� LV� PDLQO\� REVHUYHG� LQ� WKH�
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UHGXSOLFDWLRQ� RI� DGYHUEV�� 7KH� DGYHUELDO� UHGXSOLFDWLRQ� LV� KRZHYHU� QRW� REVHUYHG� VKRZLQJ

GLVWULEXWLYHQHVV�DQG�H[FOXVLYHQHVV�

��� ULUH��FXN������ΩQ����W֍ ΩҌ ѪL��������FΩ KΩOѓ ǊK

DOO����URRP���,1'���2%- KRXVH���6*��FROOHFW��ILUHZRRG

µ,�FROOHFWHG�ILUHZRRG�IURP�KRXVH�E\�KRXVH�¶

7KH� ODQJXDJH�GRHV�QRW� VKRZ�HFKR� IRUPDWLRQV�DQG� ODFNV� UHGXSOLFDWLRQ� IRU�RQRPDWRSRHLF�ZRUGV�

DQG�VHSDUDWH�PRUSKHPHV�DUH�XVHG�WR�UHIHU�WR�WKH�VRXQGV�SURGXFHG�GXULQJ�WKH�DFWLRQ�

��� FΩKѓRµVRXQG�PDGH�E\�GULSSLQJ�RI�ZDWHU¶

��� ZэVLµDFW�RI�ZDWHU�UXQQLQJ�GRZQ�WKURXJK�ZDOOV¶

��� OLΩƾX�NΩWOэSµ�VRXQG�PDGH�E\�WKH�WKURDW�ZKLOH�GULQNLQJ�ZDWHU¶

��� OLΩƾX�FDND�ΩQ�LΩOVLµVRXQG�PDGH�GXULQJ�FUDFNOLQJ�RI�ILUH¶

ǤͻǤ 
���������������������������������������

*HUXQGV� DUH� D� W\SH� RI� QRQ�ILQLWHYHUEV� WKDW IXQFWLRQ DV� D� QRXQ�� UHWDLQLQJ� WKH� SURSHUW\� RI� YHUEV

VXFK�DV�EHLQJ�PRGLILHG�E\�DQ�DGYHUE EXW�DOVR�IXQFWLRQLQJ�DV�WKH�VXEMHFW�RI�WKH�FODXVH��,Q�&DU��ZH�

REVHUYH�WKH�YHUEDO�QRXQ�RFFXUULQJ�DW�WKH�VXEMHFW�SODFH�DQG�ZRUNLQJ�DV�JHUXQGV�

��� NROR�����HODODKD���LQ����MHL�MRΩL

JRRG���KHDOWK�������"����VZLPPLQJ

µ6ZLPPLQJ�LV�JRRG�IRU�KHDOWK�¶



ϳϳ

��� ODHQ����FX��������������ҌDQ������ƾDP����KΩMΩQ

ZRUN���6*�2%/�����$*5�����'(0� KXQWLQJ

µ+XQWLQJ�LV�P\�ZRUN�

,Q�6DQHQ\R��WKH�YHUEDO�QRXQ�WRR�WDNHV�WKH�VXEMHFW�SODFH�IRUPLQJ�JHUXQGV�

��� OѓW֍ ZΩQLΩFъ�FΩ�����ΩQ������KΩQMΩQΩ�

3)9 ZRUN����6*��,1'����ZRUN

µ+XQWLQJ�LV�P\�ZRUN�¶

��� ΩQKROΩ ѓ˾ӃKΩKL���ΩQVHKL��MъO

KHDOWK����ERG\���IRU��������VZLPPLQJ

µ6ZLPPLQJ�LV�JRRG�IRU�KHDOWK\�ERG\�¶

��� OѓW֍ ZΩQLΩFъ�FΩ�����QH������FΩPLK�

3)9 ZRUN����6*��5()����ZHDYLQJ

µ:HDYLQJ�LV�P\�ZRUN�¶

ǤͼǤ �����Ǧ �����������������������������������������

,Q� WKLV� VHFWLRQ�� WKH� W\SHV� RI� FODXVHV� LQ� ERWK�&DU DQG�6DQHQ\R VKDOO� EH� GLVFXVVHG� DQG� KRZ� WKH�

YDULRXV� LQGHSHQGHQW� DQG� GHSHQGHQW� FODXVHV� DUH� IRUPHG�� %RWK� &DU DQG� 6DQHQ\R XVHV� YDULRXV�

FRRUGLQDWRUV�DQG�FRQMXQFWLYH�DGYHUEV�LQ�FDVH�RI�PDLQ�FODXVH�FRQVWUXFWLRQV�DQG�VXERUGLQDWRUV�LQ�

FDVH�RI�GHSHQGHQW�FODXVHV��

,QGHSHQGHQW�FODXVH��6LPSOH�VHQWHQFHV�DUH�IRUPHG�LQ�&DU DQG�6DQHQ\R XVLQJ�LQGHSHQGHQW�FODXVHV�

FRQWDLQLQJ�D� VXEMHFW�DQG�SUHGLFDWH��ZLWK�QR�FRQMXQFWLRQV�RU� VXERUGLQDWH�FODXVHV�� ,Q� WKH�FDVH�RI�
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FRPSRXQG� VHQWHQFHV�� WKH� LQGHSHQGHQW� FODXVHV� DUH� MRLQHG� XVLQJ� SXQFWXDWLRQV� RU� FRRUGLQDWLQJ�

FRQMXQFWLRQV�WR�VHUYH�YDULRXV�IXQFWLRQV�DV�PHQWLRQHG�LQ�WKH�IROORZLQJ�H[DPSOHV�

,� &DU�XVHV�PRUSKHPH��ҌLQUH� ³DQG´ DW�WKH�HQG�RI�WKH�VHQWHQFH�DV�LQ����������ZKLOH�6DQHQ\R�XVHV�

PRUSKHPH��MΩKQΩ��³DQG´�DV�LQ������WR DGG�PHDQLQJ�RU�LGHD�

��� ѪDӄҌ ҌDQ���������NXӄF���������ҌDQ������Yѓ̗ӄҌ�N~ӄ��� OtӄSΩѶѓ ҌLQѶHӄ �&DU�

HDW��������������6*���������ZULWH������6*�� VSHDN�IDFH�� ERRN������� DQG

µ+H�HDWV��ZULWHV��DQG�UHDGV�¶���������������

�%UDLQH�������

�&DU�

��� ND�O~ӄFWΩ PDN��������FLQ�������QΩ ҌL��������WXӄW��������ҌL��������ҌэN�����������������ҌLQѶHӄ

',675�PL[��ZDWHU������6*�����68%/2& PLON������/2& FRFRQXW�PLON����DOVR

µ,�PL[�ZDWHU�ZLWK�PLON�DQG�FRFRQXW�PLON�¶

�%UDLQH�������

��� XIѓ Nъ����NΩҌѓW֍ HQ�����SΩPΩMH��MΩKQΩ W֍ HPΩZX

3/������,1'��FKLOG����6* VK\��������DQG LQWHOOLJHQW��

µ+HU�FKLOGUHQ�DUH�EHDXWLIXO�DQG�LQWHOOLJHQW�¶

,,� 7R�VKRZ�WLPH�RU�VHTXHQFH��&DU�XVHV�PRUSKHPHV�OLNH��ƾDFPΩO��³WKHQ´�MRLQLQJ�WKH�WZR�FODXVHV�

WR� VKRZ� WKH� WLPH� RU� VHTXHQFH� RI� DFWLRQV�� ,W� DOVR� XVHV� WKH� VHTXHQWLDO� PRUSKHPH� ZKLFK� LV�

VXIIL[HG�WR�WKH�ILUVW�DFWLRQ��H[KLELWLQJ�VHULDOL]DWLRQ�RI�DFWLRQV�DV�LQ��������6DQHQ\R�DOVR�XVHV�

PRUSKHPHV�OLNH��PΩO��³WKHQ´�WR�VKRZ�WKH�VHTXHQFH�RI�DFWLRQV�DV�LQ�������

�&DU�



ϳϵ

���� FDOܧғӄҌ�Kѓ̗ӄ WΩ ҌΩN��������������������PiӄҌ�������ƾDFPΩO ҌΩM����������� OiҌѓY�ѳѓ̗Q

DUULYH�6(4��� 2%-����6�367�1219,6 FKLHI������WKHQ�3/�68% ZRUN�192/

µ:KHQ�WKH�FKLHI�FDPH��WKHQ�ZH�ZRUNHG�¶���������� �%UDLQH�������

�&DU�

���� W̗࠴ƾ�Kѓ̗ӄ QΩ ҌL�������KDѪэ̗ӄF����ƾDF ҌLOΩ̗ӄ KD�Ҍэ̗NΩ

DUULYH�6(468%/2& 0XV�������DQG�WKHQ LPPHGLDWHO\��� &$86�GULQN

µ$IWHU�DUULYLQJ�DW�0XV��WKH\�ZHUH�PDGH�WR�GULQN�¶��

�%UDLQH�������

���� UѓK������ΩNƾэN��PΩO LWվ LΩN �6DQHQ\R�

EHIRUH��HDW��WKHQ VOHHS

µ6OHHS�DIWHU�HDWLQJ�¶

,,,� 7R� VKRZ� FRQWUDVW�� &DU DQG� 6DQHQ\R XVHV� PRUSKHPHV� OLNH� �VѠQ�� ³\HW´ DQG� �SΩUL�� ³EXW´�

UHVSHFWLYHO\�DV�LQ�������DQG�������

�&DU�

���� SэѶэ̗ӄ FLQ��������KD�Nќ̗S�W�ѓQ���� Ҍэ������������WΩ KLViӄS�

DOWKRXJK����6&$86�NQRZ�WRZDUG�192/������ �6�2%/�����2%-������PDWK�

VѠQ�ƾΩ�Ѷѓ SΩѶt ҌDƾiK�ҌΩ�������������������QΩ ҌΩW�KѠY̗࠴ӄҌ

\HW�3)9�5()/ EXW���������6�,17(5�5()/ 68%1(*�NQRZ

µ$OWKRXJK�,�WDXJKW�KLP�PDWK��DV�\HW�KH�GRHVQ
W�NQRZ�¶�

�%UDLQH�������

���� WΩPΩZX���QΩ SΩXҌ KΩW֍ �OLΩN�������������������������SΩUL QΩ ΩƾVэƾ �6DQHQ\R�



ϴϬ

JRRG������6*���PDQ����1(*�OHDUQ�VRPHWKLQJ��EXW�6*FRRN

µ+H�LV�D�JRRG�PDQ�EXW�FDQQRW�FRRN�¶

���� LQΩWKѓR���WъƾWΩ����SΩUH WΩ ΩQ�����Fэƾ��� �6DQHQ\R�

ODWH���������UHDFK���\HW2%-�����,1'���VKLS��

µ+H�UHDFKHG�ODWH�\HW�KH�JRW�WKH�VKLS�¶

,9� 7R�VKRZ�UHVXOW��&DU�XVHV�PRUSKHPHV�OLNH��Oќ̗NWѓQ� ³WKHUHIRUH´�DQG�6DQHQ\R�XVHV�PRUSKHPHV�

OLNH��HQVH��³VR´��

���� Oќ̗NWѓQ ҌDQ��� QΩ WD�Ҍэ̗NΩ�������PLQѓ̗ӄҌ�ѪΩ����������ƾDP���WΩƾΩ �&DU�

WKHUHIRUH�6*����68%$'-�GUXQN���QDPH�RXWZDUG��'(0 ZKLFK�LV�WKXV���

PDQiK�������WΩ�Ҍэ̗NΩ

PHDQLQJ���$'-�GUXQN

µ7KHUHIRUH�LW�LV�FDOOHG�WԥܧݦғNԥ��ZKLFK�PHDQV� �ZKLFK�LV�GUXQN��¶ �%UDLQH�������

���� OѓW����эRLFվ ƾΩ ΩQ�����UъP���HQVH QΩ OѓWƾΩ KΩNƾэN�� �6DQHQ\R�

3)9���KXQJU\ 120��31VR�6*��3)9����HDW

µ5DP�ZDV�KXQJU\�VR�DWH�¶

9� 7R�LQWURGXFH�D�FKRLFH��&DU�XVHV�PRUSKHPHV�OLNH��MH��³RU´�DQG�6DQHQ\R�XVHV�PRUSKHPHV�OLNH�

�UэҌIL��³LI´�MRLQLQJ�WKH�WZR�FODXVHV�DQG�EULQJLQJ�RXW�WKH�QRWLRQ�RI�DOWHUQDWLYH��

���� ҌΩW������ҌDNiK�D�OyӄQ����������FLQ�����MHӄ Ҍэ������������QΩ MLK�������MHӄ���Ҍэ �&DU�



ϴϭ

1(* NQRZ�67$7 �WKLQN����6LI�6�2%/���68% FRPH����LI������6�2%/��

QΩ ѳΩ̗K�ҌΩӄ

68%� 1(*�(03+

µ,�GR�QRW�NQRZ�ZKHWKHU�KH�ZLOO�FRPH�RU�QRW�¶���������

�%UDLQH�������

���� URKPΩ ΩƾVэƾ�UэҌIL PΩ KΩPWLΩN�ƾΩPΩW֍ ΩQ�NΩҌѓW �6DQHQ\R�

HLWKHU����FRRN��RU�6*����&$86�VOHHS��',5��120�FKLOG

µ+H�ZLOO�HLWKHU�FRRN�RU�SXW�WKDW�FKLOG�WR�VOHHS�¶

������ 'HSHQGHQW�FODXVH

&RPSOH[�VHQWHQFHV�DUH�IRUPHG�LQ�&DU�DQG 6DQHQ\R� XVLQJ�DQ�LQGHSHQGHQW�FODXVH�ZLWK�GHSHQGHQW�

RU�VXERUGLQDWH�FODXVHV��ZKLFK�PD\�FRPH�EHIRUH�RU�DIWHU�WKH�PDLQ�FODXVH��XVLQJ�SXQFWXDWLRQV�RU�

VXERUGLQDWLQJ�FRQMXQFWLRQV��

,� 1RXQ�FODXVH

$�QRXQ�FODXVH�FRQVLVWV�RI�VXERUGLQDWLQJ�FRQMXQFWLRQ�ZKLFK�LV�IROORZHG�E\�WKH�FODXVH�SHUIRUPLQJ�

D�QRPLQDO� IXQFWLRQ�DQG�FDQ�DFW�DV� WKH�VXEMHFW�RI� WKH�YHUE�� WKH�REMHFW�RI�D�YHUE�� WKH�REMHFW�RI�D�

SUHSRVLWLRQ�RU�D�VXEMHFW�RU�DGMHFWLYH�FRPSOHPHQW��,Q�&DU��WKH�PDLQ�FODXVH�LV�VLPSO\�IROORZHG�E\�

WKH�GHSHQGHQW�QRPLQDO�FODXVH�WR�VKRZ�WKH�GHSHQGHQF\�DV�LQ�������ZKHUH�WKH�GHSHQGHQW�FODXVH�LV�

WKH� REMHFW� RI� WKH� YHUE�� 7KH� PRUSKHPH� �WΩ� DFWV� DV� D� JHQHUDO� OLQNHU� DQG� LV� XVHG� WR� LQWURGXFH�

FRPSOHPHQW�SKUDVHV�



ϴϮ

���� ҌDNiK�Ω�OyӄQ������������������FLQ������WΩҌэ PLQ��������QΩ MLK

NQRZ�$775 �WKLQN����������6��������/,1.�6*�2%/����� 1367�����68% FRPH

µ,�NQRZ�WKDW�KH�ZLOO�FRPH�¶

�%UDLQH�������

,Q�6DQHQ\R�� WKH�PDLQ� FODXVH� LV� IROORZHG�E\� VXERUGLQDWLQJ� FRQMXQFWLRQ� OLNH� µWKHQ¶� WR� VKRZ� WKH�

GHSHQGHQF\� RI� WKH� QRXQ� FODXVH� DV� LQ� ������ZKHUH� WKH� GHSHQGHQW� FODXVH� DOVR� EHKDYHV� OLNH� WKH�

REMHFW�RI�WKH�YHUE�

���� ъNъK�HQWъR��ΩQW֍ Ω���QHN KΩѪXWվ�UH������QΩ LW֍ ъ

NQRZ �6*��� WKDW����VKLUW�5()/���5()����KHUH

µ+H�NQRZV�WKDW�KLV�VKLUW�LV�KHUH�¶

,,��$GMHFWLYH�FODXVH

$GMHFWLYH�RU�5HODWLYH�FODXVH�LV�XVHG�WR�PRGLI\��TXDQWLI\�RU�GHVFULEH�WKH�QRXQ�RU�WKH�SURQRXQ�LQ�

WKH� PDLQ� FODXVH�� *HQHUDOO\�� WKH\� EHJLQ� ZLWK� D� UHODWLYH� SURQRXQ� OLNH� µZKR¶�� µZKHUH¶�� µZKRP¶��

µZKRVH¶� HWF�� LQ�(QJOLVK�� ,Q�&DU� WKH� DGMHFWLYDO� FODXVH�GHVFULEHV� WKH PDLQ� FODXVH� DQG� LV� XVXDOO\�

VHSDUDWHG�E\�WKH�REMHFW�PDUNHU�DQG�SXQFWXDWLRQV�DV�LQ��������

���� KHƾ��WDND���� ҌΩN������������������������PLVtӄҌ WDItVL�������WΩ IѓӄQ�����PDQ̗࠴N����NXӄQ

RQH��&/) �6*�367�1219,6 ORQJ�DJR��ZLGRZ����2%-��� IRXU��� &/) VRQ

µ2QFH�WKHUH�ZDV�D�ZLGRZ�ZKR�KDG�IRXU�FKLOGUHQ�¶

�%UDLQH�������

7KH�DGMHFWLYH�FODXVHV� LQ�6DQHQ\R�DOVR� ODFN�DQ\� UHODWLYH�SURQRXQV� WR�VKRZ�WKH�GHSHQGHQF\�DQG�

WKH\�XVXDOO\�IROORZ�WKH�PDLQ�FODXVH����



ϴϯ

���� MъR���������±FΩ�����ΩQW֍ Ω��� XXҌKΩUѓ

EURWKHU�± �6*�����6*�� VWDQG

µ7KH�ER\�ZKR�LV�VWDQGLQJ�WKHUH�LV�P\�EURWKHU� ¶

���� SΩѪLΩFΩ ΩQ�����ѪL���������ΩQ��������W֍ ΩҌ �FΩ

VPDOO�������,1'� KRXVH���120����PRWKHU����6*

µ7KH�KRXVH�WKDW�LV�VPDOO�LV�P\�PRWKHUµV�KRXVH� ¶

���� QHQKѓ KΩѪXWվ W֍ Ω �NΩUXVHъH���KъZъK���FΩ

WKLV�������VKLUW�����2%- �FRVWO\���������EX\��������6*

µ7KLV�VKLUW�WKDW�,�ERXJKW�LV�FRVWO\�¶

,,,��$GYHUE�FODXVH

$GYHUELDO�FODXVHV�DUH�WKH�VXERUGLQDWH�FODXVHV�ZKLFK�PRGLI\�RU�FRQWH[WXDOL]H�WKH�PDLQ�YHUE�RI�WKH�

VHQWHQFH� XVLQJ� VXERUGLQDWLQJ� FRQMXQFWLRQV� OLNH� ZKHQ� �� LI�� DOWKRXJK�� EHFDXVH� HWF���� $GYHUELDO�

FODXVHV� LQ�&DU H[KLELW� VLPLODU� SDWWHUQ� DQG� XVH� VXERUGLQDWLQJ� FRQMXQFWLRQV� DV�PHQWLRQHG� LQ� WKH�

H[DPSOHV�EHORZ�WR�PRGLI\�WKH�PDLQ�YHUE�LQ�WKH�LQGHSHQGHQW�FODXVH���)ROORZLQJ�DUH�WKH�YDULRXV�

W\SHV�RI� DGYHUELDO�FODXVHV� IRXQG� LQ� WKH� ODQJXDJH�XVHG�ZLWK� UHIHUHQFH� WR� WLPH�� UHDVRQ��SXUSRVH��

FRQGLWLRQ��FRQFHVVLRQ�HWF�

D� 7LPH�

���� Ҍ~ӄF�KDND�����FLQ������KHӄ PѓK�������� PLQ��������Oќ̗S�WΩ�N~ӄҌ ҌLQN~ӄS

VLW�&217�6*ZKHQ�6*�2%/��� 1367������FORVH�WRZDUG�IDFH������GRRU

µ,�ZLOO�EH�VLWWLQJ�ZKHQ�\RX�FORVH�WKH�GRRU�¶������������

�%UDLQH�������



ϴϰ

���� ѳэ̗NKΩѶѓ ѳэӄҌ ҌLQ������VHK���� ҌXQэ̗ӄF�ѶLW ҌΩN���������� ҌLQOpӄQ

DOO����������������VD\�����������3/ ERR����DIWHU�WDLO�� �6*�367�1219,6��� OHFWXUH

µ:H�DOO�VDLG��ERR��DIWHU�WKH�OHFWXUH�¶

�%UDLQH�������

E� 5HDVRQ�

���� Oќ̗NOΩ WΩ KDY̗࠴ӄƾΩ Fi�ҌΩ�������������������SэQ ODWэ̗NNΩWL������������������

FOLPELQJ�GHYLFH�����2%-���FREZHE����3/�2%/�(03+EHFDXVH EURNHQ�GRZQ�

QXN� WΩҌDƾܞӄҌ

�3/�1219,6� FUHHSHU

µ7KH\�ZHQW�XS�E\�D�FREZHE�EHFDXVH�WKH�FUHHSHUV�ZHUH�EURNHQ�GRZQ�¶������������������

�%UDLQH�������

F� 3XUSRVH�

���� KDƾѓ̗ӄҌ OLN̗࠴Q�Ѷѓ SΩPFΩ��������Kэ˾ӄ FX����������� ѶΩ̗ӄQ�OΩ�Ѷѓ�

VWUHWFK�����QHFN�5()/ �6*�2%/�����ZDQW�����6*�2%/ VWHS�XSZDUG�5()/���

ҌL�����������������PLQѓ̗ӄ VLQѶyӄO���������PѓK

/2&QDPH����������� KRUQ�������������6*�2%/

µ6WUHWFK�\RXU�QHFN�XS�DV�IDU�DV�\RX�FDQ��VR�WKDW�,�FDQ�VWDQG�RQ�\RXU�KRUQV�¶�

�%UDLQH�������

G� &RQGLWLRQ�

���� MHӄ ҌDM�������� NѠK̗࠴W�NXӄҌ ѪDӄҌ PLQ�������ƾDF��������� MLK

LI�'8�(;&/�2%/ ILQLVK�E\�KDQG���HDW������1367������DQG�WKHQ� FRPH

µ,I�ZH�ILQLVK�GLQQHU��ZH�ZLOO�FRPH�¶���������������������

�%UDLQH�������



ϴϱ

H� &RQFHVVLRQ�

���� SэѶэ̗ӄ ҌDƾ~K�ҌΩ QΩ NXPѳiK���Vќ̗Q�ƾΩ�Ѷѓ FX�ҌΩ�

DOWKRXJK����352;�6�,1$1�(03+� 68% UDLQ���������\HW�GRZQZDUG�5()/ �6*�5()/�

ҌΩF��������������� NLѶΩ̗ӄQ�ƾΩ�Ѷѓ

�6*�68% RQ�IRRW�DZD\�5()/

µ$OWKRXJK�LW�LV�UDLQLQJ��\HW�,�ZHQW�¶�����

�%UDLQH�������

6DQHQ\R VKRZV�VLPLODU�SDWWHUQV�ZKHUH�WKH�DGYHUELDO�VXERUGLQDWLQJ�FRQMXQFWLRQV�DUH�XVHG��-XVW�DV�

&DU��WKH\�QHYHU�FRPH�LQ�WKH�PLGGOH�RI�WKH�VHQWHQFH�DQG�DOZD\V�SUHFHGH�RU�VXFFHHG�WKH�

LQGHSHQGHQW�FODXVH��DGGLQJ�LQIRUPDWLRQ�DERXW ZKHQ��ZKHUH��ZK\��KRZ��KRZ�PXFK�RU�XQGHU�ZKDW�

FRQGLWLRQ�WKH�DFWLRQ�LQ�WKH�VHQWHQFH�WDNHV�SODFH�

D� 7LPH�

���� KͅN VHQΩ W֍ HXƾΩVH���W֍ ΩNъ���������������UXSLR����KъZъK��KL��ORUL��HQUΩ

ZKHQ�6*�������JHW����������,1'�1219,6����PRQH\���EX\������"����FDU����6*

µ:KHQ�KH�JRW�WKH�PRQH\��KH�ERXJKW�D�FDU�¶

E� 3ODFH

���� NъN���� W֍ Ωƾ����KHRNվ HQWъR���FX�ΩN FΩ

�6*��������GR����IHHO����GHVLUH���JR�ZKHUHYHU�6*

µ,�ZHQW�ZKHUHYHU�,�IHOW�OLNH�JRLQJ�¶

F� &DXVH

���� NѓZΩ ΩQ����NΩPLORҌ WLQΩW KѓӃ�����OѓK��QΩ WXO



ϴϲ

FDWFK��,1'���WKLHI�������EHFDXVH VORZ�±OHJ��5()��UXQ

µ7KH�WKLHI�ZDV�FDXJKW�EHFDXVH�KH�UDQ�VORZO\��¶�

���� эLFƾΩ QH�����NΩҌѓW֍ HQVH QΩ KΩOѓK

KXQJU\����,1'����FKLOG�����WKDW¶V�ZK\5()����FU\

µ7KH�FKLOG�LV�KXQJU\�WKDW¶V�ZK\�VKH�LV�FU\LQJ��¶

G� 3XUSRVH

���� HQ����Kѓ˾Fъ� QΩ����ΩƾVэƾ��KHN PΩ ΩNѪэN

�6*���TXLFNO\5()��FRRN���VR�WKDW�6*��HDW

µ6KH�FRRNHG�TXLFNO\�VR�WKDW�\RX�FRXOG�HDW�¶

H� 5HVXOW

���� KͅN WLN VΩQHKΩ FΩ KΩFLQ��Nъ����ORUL��FΩ�����PъKLVH

ZKHQ���YHU\��IDVW���������6*��GULYH���,1'��FDU����6*���DFFLGHQW

µ,�GURYH�WKH�FDU�VR�IDVW�WKDW�,�KDG�DQ�DFFLGHQW��¶

%RWK�&DU DQG� 6DQHQ\R H[KLELW� FRRUGLQDWLRQ� XVLQJ� WKUHH� GLVWLQFW� FRRUGLQDWLQJ� FRQMXQFWLRQV RU�

FRRUGLQDWRUV�WR�MRLQ�LWHPV�RI�HTXLYDOHQW�V\QWDFWLF�LPSRUWDQFH��,Q�FDVH�RI�GXDO DQG�SOXUDO�QRPLQDO�

QXPEHUV�� WKH� ODQJXDJHV� XVH� GXDO� DQG� SOXUDO� FRRUGLQDWRUV� UDWKHU� WKDQ� XVLQJ� QXPHUDOV� WR�

JUDPPDWLFDO�QXPEHUV��&DU KDV�WKUHH�FR�FRRUGLQDWRUV�

�� �LQUܭ� ³DQG��DOVR´���7KH�PRUSKHPH�RFFXUV�REOLJDWRULO\�DW�WKH�ILQDO�SRVLWLRQ�LQ�D�VHQWHQFH�DV�LQ�

������WR�VKRZ�FRRUGLQDWLRQ�



ϴϳ

���� ������������OݦޞғQ������������������KtܭғQ�ƾݦ ғܶP��������SRޞS�������� KLݦ�����������ݦޞLQܭݐғ ޞ

PDNH�TXLG�DZD\����3/�2%/ UROO��������WREDFFR��� �3/�2%/DOVR

µ3UHSDUH�EHWHO�OHDYHV�DQG�RXU�WREDFFR�DOVR�¶���������

�%UDLQH�������

�� �Qݦܤ���'XDO�FRRUGLQDWRU PDUNV�GXDO�QXPEHU�DQG�RFFXUV�EHIRUH�WKH�QRXQ��ILUVW�DQG�VHFRQG��DV�

LQ��������

���� QDӄҌ Iѳѓ̗W�������QDӄҌ OtYLƾ

'8�&225' 31 '8�&225' 31

µ)UHG�DQG�/LYLQJVWRQH�¶���

�%UDLQH�������

�� �KH���3OXUDO�FRRUGLQDWRU�PDUNV�SOXUDO�QXPEHU�DQG�LV�DOVR�SODFHG�EHIRUH�DOO�WKH�QRXQV�VKRZLQJ�

SOXUDOLW\�DV�LQ��������

���� KHӄ FэӄQ�������KHӄ Pѓ̗ѶL������KHӄ O~ӄVL

3/�&225'313/�&225'313/�&225' 31

µ-RKQ��0DU\�DQG�/XF\�¶���

�%UDLQH�������

+RZHYHU��LQ�FDVH RI�WKUHH�PRUH�QDPHV��WKH�PRUSKHPH��KH� LV�XVHG�RQO\�ZLWK�WKH�ILUVW�SURSHU�QRXQ�

DQG�WKH�ILQDO�SURSHU�QRXQ�FDQ�EH�IROORZHG�E\��LQUѓ��DV�LQ�������

���� KHӄ FэӄQ����KHӄ Pѓ̗ѶL�������� O~ӄVL��������� ҌLQѶHӄ

3/�&225'313/�&225' 31���������� 31 DOVR



ϴϴ

µ-RKQ��0DU\��DQG�/XF\�¶��

�%UDLQH�������

6DQHQ\R�DOVR�KDV�WKUHH�FRRUGLQDWRUV��

�� �MԥKQԥ�³DQG´�� 7KH�PRUSKHPH� RFFXUV� EHWZHHQ� WKH� WZR� FRQMXQFWV� WKDW� DUH� FRRUGLQDWHG� DV� LQ�

������������

���� ѓ˾Ӄ������KΩZъ���ΩQ�����FΩ�����WΩ������ъSSΩO���MΩKQΩ UXLFվ Nъ���PъƾNΩ

WZR���EX\�����120���6*���2%-�����DSSOHDQG WKUHH��,1'��PDQJR

µ,�ERXJKW�WZR�DSSOHV�DQG�WKUHH�PDQJRHV�¶

���� ΩNѪэN���ΩQ�������UъP�����MΩKQΩ ѪXӃ��������W֍ Ω �SLMъR������UъNվ

HDW��������120����UDP�����DQG GULQN����$'-����FROG�����ZDWHU

µ5DP�HDWV�DQG�GULQNV�FROG�ZDWHU�¶

�� �XQܤ���'XDO�FRRUGLQDWRU�DOVR�PDUNV�WKH�GXDO�QRXQV�DQG�LV�SODFHG�EHIRUH�WKH�QRXQV�DV�LQ��������

���� KΩP��PъƾNΩ��XQъ�����UъP���XQъ���VLWъ

HDW����PDQJR���'8������31'8������31

µ5DP�DQG�6LWD�HDW�PDQJR�¶

�� �XIܭ����3OXUDO�FRRUGLQDWRU�PDUNV�SOXUDO�QRXQV�DQG�LV�DJDLQ�SODFHG�EHIRUH�WKH�QRXQV�DV�LQ�������

���� ѓъƾ���эO������EΩV��� XIѓ UъP��� PҌΩ XIѓ VLWD�� XIѓ UъKXO

JR����RQ������EXV�� 3/���� 31 )87��� 3/�� 31 3/��� 31



ϴϵ

µ5DP��6LWD�DQG�5DKXO�ZLOO�JR�RQ�EXV�¶

ǤͽǤ ������� �������������������������

%RWK�&DU�1LFREDUHVH DQG�6DQHQ\R KDYH�PDLQWDLQHG�WKH�LQGLJHQRXV�QXPHUDO�V\VWHP�DQG�KDYH�D�

FRPSUHKHQVLYH� QXPEHU� V\VWHP� IRU� FDUGLQDO�ZKROH� QXPEHUV� KDYLQJ� D� GHFLPDO� QXPHUDO� V\VWHP��

7KH�IROORZLQJ�WDEOH�VKRZV WKH�FRXQWLQJ�V\VWHP�RI�WKH�WZR�ODQJXDJHV�

7DEOH������1XPHUDO�V\VWHP�RI�&DU�DQG�6DQHQ\R

)LJXUH &DU 6DQHQ\R

� NDKRӃN��KHƾ KLΩƾ

� QѓӃW ѓ˾Ӄ

� OXӃM URLF

� IѓӃQ IѓӃQ

� WDQѠM W֍ ъѓ

� WDIXӃO W֍ ΩIXΩO

� VDW LVъW֍

� KѓZKΩUѓ ΩQIѓӃQ
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&DU�� WKH� OH[LFDO� QXPHUDOV� IRU� HLJKW� DQG� QLQH� KDYH� VXIIL[� >�DUѓ@� DWWDFKHG� WR� WKH� EDVH� DQG� LQ�

6DQHQ\R PRUSKHPHV� IRU� µHLJKW¶� DQG� µQLQH¶� DUH IRUPHG� XVLQJ� WKH� EDVH� µIRXU¶�� WKXV� DUH�

SRO\PRUSKHPLF�

���� >ΩQIѓӃQ@µHLJKW¶ � >ΩQ�@�����>IѓӃQ@�µIRXU¶

���� >NΩOҌIѓӃQ@�µQLQH � >NΩOҌ�@��>IѓӃQ@�µIRXU¶

,Q�DGGLWLRQ��ERWK�WKH�ODQJXDJHV�KDYH�WKH�VDPH�PRUSKHPHV�IRU�WKH�QXPHUDO�IRXU��7KH�ODQJXDJHV�

H[SUHVV V\QWDFWLF� FRPELQDWLRQV� IRU� YDOXHV� DIWHU� WHQ�� 7KLV� SDWWHUQ� RI� ORZHU� QXPHUDO� EHLQJ�

PRQRPRUSKHPLF�ZKLOH�WKH�FRQVWUXFWLRQ�RI�KLJKHU�QXPHUDOV�XVLQJ�VRPH�PDWKHPDWLFDO�RSHUDWLRQV�

DUH� µFURVVOLQJXLVWLFDOO\¶� IUHTXHQW� �0RUDYFVLN� ������� � $QRWKHU� FURVVOLQJXLVWLF� WHQGHQF\� LV� IRU�

KLJKHU� QXPHUDOV� WR� JR� IRU� µODUJHU�EHIRUH�VPDOOHU¶� RUGHU� RI� FRQVWUXFWLRQ�FI�� *UHHQEHUJ� ����D��

������ +RZHYHU�� &DU IROORZV� WKH� ORZHU�EHIRUH�KLJKHU� UXOH� IRU� QXPHUDOV� ������ ZKHUH� ORZHU�

QXPHUDOV�OLNH�EDVH�µWHQ¶�>VLӃQ@�DUH DGGHG�WR�µWZR¶�>QѓӃW@�WR�PDNH µWZHOYH¶�>QѓӃW�VLӃQ@��,QWHUHVWLQJO\��

WKLV� SDWWHUQ� LV� FKDQJHG� DIWHU� WZHQW\� ZKHUH� IXUWKHU� QXPHUDOV� DUH� IRUPHG� E\� DGGLQJ� D� ORZHU�

QXPHUDO� WR� WKH� EDVH�� OLNH� µWZHQW\� WZR¶� LV� >QѓӃWҌDQDӃM� QѓӃW@�ZKHUH� µWZR¶� >QѓӃW@� LV� DGGHG� WR� EDVH�

µWZHQW\¶�>QѓӃWҌDQDӃM@��6DQHQ\R�XQLIRUPO\�IROORZV�WKH�ODUJHU�EHIRUH�VPDOOHU�UXOH��WKDW�LV��DOO�KLJKHU�

QXPHUDOV�DUH�GHULYHG�E\�DGGLQJ�D�ORZHU�QXPHUDO�WR�WKH�EDVH��OLNH�µWZR¶�>ѓ˾Ӄ@ LV�DGGHG�WR�EDVH�µWHQ¶�

>VэP@�WR�PDNH�µWZHOYH¶ >VэP�ѓ˾Ӄ@��

)RU�QXPEHUV�OLNH������������HWF��ERWK�&DU DQG�6DQHQ\R PXOWLSO\�WKH�ORZHU�QXPHUDO�WR WKH�EDVH��

VXFK�DV� >OXӃMҌDQDӃM@� µWKLUW\¶� �QXPHUDO� ��[�EDVH�� �&DU��RU� >URLF� W֍XP@� µWKLUW\¶� �QXPHUDO� ��[�EDVH��

�6DQHQ\R�� 7KLV�RUGHU�LV�DOVR�SUHVHQW�LQ�FDVH�RI�KLJKHU�QXPHUDOV�OLNH�KXQGUHG��WKRXVDQG�DQG�VR�

RQ�

���� >QѓӃW�UэӃƾ@�µWZR�KXQGUHG¶ � >QѓӃW@�µWZR¶���>UэӃƾ@�µKXQGUHG¶ �&DU�
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���� >ѓ˾Ӄ�Qэƾ@�µWZR�KXQGUHG¶� � >ѓ˾Ӄ@�µWZR¶��>Qэƾ@�µKXQGUHG¶ �6DQHQ\R�

͵ǤͺǤ �������

&DVH� UHIHUV� WR� ³PRUSKRORJLFDO� PDUNLQJ� RQ� QRXQV´� WKDW� HQFRGHV� VHPDQWLFDQG�RU� SUDJPDWLF�

LQIRUPDWLRQ� DERXW� WKH� QRPLQDO� DUJXPHQWV� DQG� LV� XVHG� WR� GLVWLQJXLVK� D� QRXQ� IURP� WKH� RWKHU�

SUHGLFDWH� DUJXPHQWV� %RWK&DU DQG� 6DQHQ\RVKRZ� FDVHV� ZKHUH� WKH� IRUPHU� ODFN� DQ\� RYHUW�

PRUSKRORJLFDO� FDVH� PDUNLQJ� ZKLOH� WKH� ODWWHU� VKRZV� QRPLQDWLYH�DFFXVDWLYH� FDVH� V\VWHP�

*RYHUQPHQW LV� VKRZQ� XVLQJ� ZRUG� RUGHU�� YHUE� LQIOHFWLRQV DQG� RQ� GLVFRXUVH�SUDJPDWLF�

XQGHUVWDQGLQJ� LQ&DU� ZKLOH� 6DQHQ\R H[SOLFLWO\� XVHV� D� QRPLQDWLYH� PDUNHU� WR� VKRZ� WKH� VDPH���

+RZHYHU�� &DU� GRHV� XVH� DQ� REMHFW� PDUNHU� EHIRUH� WKH� GLUHFW� REMHFW� LQ� D� VHQWHQFH�6DQHQ\RDOVR�

PDUNV DFFXVDWLYH�FDVH�SODFLQJ�WKH�REMHFW�PDUNHU�EHIRUH�WKH�GLUHFW�REMHFW�LQ�WKH�VHQWHQFH��$QRWKHU�

VLPLODULW\�EHWZHHQ�WKH�WZR�ODQJXDJHV�LV�LQ�FDVH�RI�'DWLYH�FDVH�ZKHUH�ERWK�RI�WKHP�GR QRW�KDYH�

DQ\�RYHUW�PDUNLQJ� DQG� WKH� GDWLYH� LQ� WKHVH� ODQJXDJHV� LV� HQFRGHG�RQ WKH� FRPSOHPHQWV� �LQGLUHFW�

REMHFW��� ,Q�DGGLWLRQ� WR� WKDW�� WKH�SRVLWLRQ�RI� WKH�LQGLUHFW�REMHFW� LQ�D�VHQWHQFH� LQ�&DU LV� UHODWLYHO\�

IL[HG�&DU DQG�6DQHQ\R DOVR�ODFN�DQ\�JHQLWLYH�PDUNLQJ�PRUSKRORJLFDOO\�VKRZLQJ�KHDG�GHSHQGHQW�

RUGHU� IRU� WKH� VDPH�� 7KH� SHULSKHUDO� FDVH� DUH� PDUNHG� XVLQJ� WKH� DQDO\WLF� FDVH� PDUNHUV�

�SUHSRVLWLRQV���+RZHYHU��WKH�LQVWUXPHQWDO�FDVH�LV UDUHO\�PDUNHG�LQ&DU��UHO\LQJ�RQ�WKH�ZRUG�RUGHU�

RI� WKH� VHQWHQFH DORQJ� ZLWK� GLVFRXUVH�SUDJPDWLF� XQGHUVWDQGLQJ� RI� WKH� VSHDNHU� RU� YHUE�

PRGLILFDWLRQV�6DQHQ\R KDV�VHSDUDWH�PRUSKHPHV�WR�VKRZ�WKH�PRGH�RU�PHDQV�RI�DFWLRQ��&DU DQG�

6DQHQ\R DUH�ERWK�SUHSRVLWLRQDO�LQ�QDWXUH�DQG LPSDUWV�ORFDWLYH�FDVH�XVLQJ�GLIIHUHQW�PRUSKHPHV�WR�

LOOXVWUDWH� WKH� GLUHFWLRQ�ORFDWLRQ� RI� WKH� VXEMHFW�� ,Q� WKH� FDVH� RI� WKH�$EODWLYH� FDVH�� ERWK�&DU DQG�

6DQHQ\R KDYH�VHSDUDWH�PRUSKHPHV�WR�VKRZ�VHSDUDWLRQ��



ϵϯ

&RPLQJ� WR� FRPSOH[� SUHGLFDWHV�� ERWK�&DU DQG�6DQHQ\R ODFN� DQ\� FRPSRXQG� YHUE� FRQVWUXFWLRQV�

DQG� VHSDUDWH� PRUSKHPHV� DUH� XVHG� WR� FRQYH\� WKH� DFWLRQV�� 7KHUH� LV� DOVR� D� ODFN� RI� H[SOLFDWRU�

FRPSRXQG�YHUEV�LQ�ERWK�ODQJXDJHV��&RQYHUEV�DUH�DOVR�DEVHQW�LQ�ERWK�WKH�ODQJXDJHV�DQG�WKH\�KDYH�

GLVWLQFW�PRUSKHPHV� WR� FRQYH\� WKH�YHUE�DGYHUELDO� UHODWLRQ�� ,Q� FDVH�RI� VHULDO� YHUE�FRQVWUXFWLRQV��

&DUXVHV D� GHGLFDWHG VXIIL[�� ZKLFK� LV� DWWDFKHG� WR� WKH� YHUE� SODFHG� DW� WKH LQLWLDO� SRVLWLRQ RI� WKH�

VHQWHQFH DQG�WKH�UHVW�RI WKH�YHUEV�DUH�SODFHG�DFFRUGLQJ�WR�WKH�VHTXHQFH�RI�WKH�DFWLRQV��6DQHQ\R

SODFHV�WKH�YHUEV�LQ�RUGHU�RI�WKHLU�RFFXUUHQFH�ZLWKRXW�DQ\�DIIL[DWLRQ��VLJQLI\LQJ�WKH�VHTXHQFH�RI�

DFWLRQV��

)RU�3DVVLYH�FRQVWUXFWLRQV��&DU KDV�D�VHW�RI�VXIIL[HV� WKDW�DUH DWWDFKHG� WR� WKH SDVVLYH�YHUE�DW� WKH�

VHQWHQFH�LQLWLDO�SRVLWLRQ�WR�VKRZ�WKH�FKDQJH�LQ�YRLFH��+RZHYHU��6DQHQ\R�GRHV�QRW�KDYH�SDVVLYH�

FRQVWUXFWLRQV� DQG� WKH� LQWHUFKDQJH� RI� VXEMHFW� DQG� REMHFW� SRVLWLRQ� LV� GRQH�� LQ� FDVH� WKH� VSHDNHU�

LQWHQGV�WR�FKDQJH�WKH�YRLFH�IRU�IRFXV��QDUUDWLYH�SXUSRVHV��

5HGXSOLFDWLRQ�LV�RIWHQ�VHHQ�LQ�6DQHQ\R LQ�FDVH�RI�VRPH�YHUEV�DQG�DGYHUEV�WR�LPSDUW�LQWHQVLW\�DQG�

PDQQHU�� WKRXJK�XVDJH�LV�RSWLRQDO� LQ�PDQ\�FDVHV��7KHUH�LV�QRW�HQRXJK�GDWD�LQ�&DU� WR�PDNH�DQ\�

REVHUYDWLRQV�UHJDUGLQJ�UHGXSOLFDWLRQ�SURFHVV��%RWK�&DU DQG�6DQHQ\RIRUP JHUXQG�E\�SDFLQJ�WKH�

YHUEDO�QRXQ�LQWKH�VXEMHFW�SRVLWLRQ�

7KH� FKDSWHU� VKRZV WKH� LQWHU�FODXVDO� UHODWLRQVKLSV�� GLVFXVVLQJ� WKH� LQGHSHQGHQW� DQG� GHSHQGHQW�

FODXVH� IRUPDWLRQ�� LQ� &DU DQG� 6DQHQ\R DQG� YDULRXV� FRRUGLQDWRUV�� FRQMXQFWLYH� DGYHUEV DQG�

VXERUGLQDWRUV XVHG� LQ� WKH� ODQJXDJHV� WR� IRUP�VHQWHQFHV� /DVWO\�� WKH�QXPHUDO� V\VWHP�RI�ERWK� WKH�

ODQJXDJHV�LV�GLVFXVVHG�ZKHUH�LW�LV�REVHUYHG�WKDW�WKH\�H[KLELW�GHFLPDO�QXPEHU�V\VWHP�DQG�ZKLOH�

VLPSOH� FDUGLQDO� QXPEHUV� KDYH� EDVLF� IRUPV�� FRPSRXQGLQJ� LV� XVHG� LQ� WKH� IRUPDWLRQ� RI� KLJKHU�

QXPHUDOV� XVLQJ� DGGLWLRQ� DQG�PXOWLSOLFDWLRQ� SURFHVVHV�� 7KLV� FKDSWHU� DOVR� HQGV� RXU� FRPSDUDWLYH�
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DQDO\VLV� RI� WKH� WZR� ODQJXDJHV� LQ� DQ� HIIRUW� WR� XQGHUVWDQG� WKH� SODFH� RI�&DU DQG�6DQHQ\R LQ� WKH�

$XVWURDVLDWLF�SK\OXP��7KH�QH[W�FKDSWHU�FRQFOXGHV�WKH DQDO\VLV�RI�WKH�WKHVLV�



ϵϱ

��������Ͷ

����������

,Q� WKH� OLJKW� RI� YDULRXV� WKHRUHWLFDO� XQGHUVWDQGLQJ� RI� WKH� EDVLF� JUDPPDWLFDO� SDWWHUQV� RI� WKH�

ODQJXDJHV�EHORQJLQJ� WR�$XVWURDVLDWLF�SK\OXP�DORQJ�ZLWK�GHWDLOHG� LQWURGXFWLRQ� WR� WKH�1LFREDULF�

IDPLO\�LQ�WKH�ILUVW�FKDSWHU�DQG�WKH�FRPSUHKHQVLYH�PRUSKRORJLFDO�DQG�FODXVH�IRUPDWLRQ RI�WKH�WZR�

ODQJXDJHV��QDPHO\��&DU DQG�6DQHQ\R��LQ�WKH�SUHFHGLQJ�FKDSWHUV��RQH�FDQ�LQIHU�D�ORW�RI�LQWHUHVWLQJ�

W\SRORJLFDO�IHDWXUHV�RI�1LFREDULF ODQJXDJH�IDPLO\��7KH�VWXG\�RI�WKHVH�WZR�ODQJXDJHV�DOVR�VKHGV

OLJKW� RQ� RQH� RI� WKH� OHDVW� UHVHDUFKHG� 1LFREDULF� EUDQFKHV RI� WKH� $XVWURDVLDWLF� IDPLO\�� EULQJLQJ�

VSHFLDO� DWWHQWLRQ� WR� WKH� DJUHHPHQW� SDWWHUQV�� SKUDVHV� DQG� FODXVHV� DQG�SUHGLFDWH� IRUPDWLRQV��7KH�

H[DPSOHV�DUH� LQGH[HG�KHUH� IURP� WKH�SUHYLRXV�FKDSWHUV�XVLQJ� WKH�SDWWHUQ�RI� �(�J��&K�;� ([�<���

ZKHUH�µ;¶�UHIHUV�WR WKH�FKDSWHU�QXPEHU�DQG�µ<¶�UHIHUV�WR�WKH�H[DPSOH�QXPEHU�LQ�WKDW�FKDSWHU�

7R� EHJLQ�ZLWK�� ERWK� WKH� ODQJXDJHV� VKRZ� FRPSUHKHQVLYH� XVH RI�ZRUG�IRUPDWLRQ� SURFHVVHV� OLNH�

&RPSRXQGLQJ��&OLSSLQJ��%RUURZLQJ�DQG�'HULYDWLRQ��+RZHYHU��EDVHG�RQ�WKH�GDWD�GLVFXVVHG�LQ�WKH�

SUHFHGLQJ� WZR� FKDSWHUV�� LW� FDQ� EH� VDLG� WKDW� ZKLOH�&DU H[KLELWV� DJJOXWLQDWLQJ� SURSHUWLHV� XVLQJ�

GLIIHUHQW� PRUSKHPHV� �XVXDOO\� VXIIL[HV�� DWWDFKHG� WR� WKH� EDVH� �RU� VWHP�� WR� GHWHUPLQH� WKHLU�

PHDQLQJV� EXW� UHPDLQV XQFKDQJHG� DIWHU� WKH� XQLRQ�� 7KLV� LV� GLIIHUHQW� IRU� 6DQHQ\R ZKHUH� WKH�

PRUSKHPH�SHU�ZRUG� UDWLR� LV TXLWH� ORZ�� ZLWK� EDUH� PLQLPXP� LQIOHFWLRQV�� 6DQHQ\R� FDQ� EH�

FRQVLGHUHG� DV� DQ� LVRODWLQJ� �RU DQDO\WLF� ODQJXDJH�� +RZHYHU�� WKH� ODQJXDJH� FRQWDLQV� PDQ\�

SRO\PRUSKHPLF�ZRUGV�GXH�WR�WKH�SUHVHQFH�RI�GHULYDWLRQDO�PRUSKHPHV�
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7KH�1LFREDULF EUDQFK�RI�ODQJXDJHV�LV�REVHUYHG�WR�EH�JHQHUDOO\�YHUE�LQLWLDO��ZKLFK�LV�IOH[LEOH�LQ�

FDVH� RI� UXQQLQJ� VSHHFK�QDUUDWLRQV�� 7KH\� JHQHUDOO\� IROORZ� WKH� KHDG�GHSHQGHQW� DUUDQJHPHQW� RI�

JUDPPDWLFDO� FDWHJRULHV�� +HQFH�� WKH� DGMHFWLYHV� FRPH� EHIRUH� WKH� QRPLQDO� KHDG� DUH� PDLQO\�

DWWULEXWLYH� DQG� SUH�QRPLQDO� LQ� QDWXUH��&DU HQJDJHV� WKH� XVDJH� RI� DJUHHPHQW� DQG� GHPRQVWUDWLYH�

PDUNHUV� LQ� DQ� DGMHFWLYDO� SKUDVH� �UHIHU� H[DPSOHV�� ����� ������ ZKHUHDV� ZH� GR� QRW� ILQG� DQ\� VXFK�

FRQVWUXFWLRQV� LQ�6DQHQ\R��7KHUH� LV� DQ�RSWLRQDO�XVH�RI� UHODWLYH�LQGLFDWLYH�PDUNHUV� IROORZLQJ� WKH�

DGMHFWLYHV��UHIHU�H[DPSOH����������7KH�FRQVWUXFWLRQ�RI�JUDGDEOH�DGMHFWLYHV�DOVR�GLIIHUV�VOLJKWO\�LQ�

WKH� WZR� ODQJXDJHV�� ,Q�&DU WKH� DGYHUELDO�PRGLILHUV� IROORZ� WKH�DGMHFWLYHV� �UHIHU� H[DPSOHV�� ������

������ZKLOH�LQ�6DQHQ\R�WKH\�SUHFHGH�WKH�DGMHFWLYHV��UHIHU�H[DPSOH���������%HLQJ�KHDG�LQLWLDO��WKH�

DGYHUEV� DOVR� SUHFHGH� WKH� YHUEDO� FDWHJRU\� DQG� RIWHQ� D� QRPLQDO� SDUWLFOH� LV� SODFHG� EHWZHHQ� WKH�

DGYHUE�DQG�WKH�YHUEDO�SDUWLFOH��UHIHU�H[DPSOHV���������������+RZHYHU��LW�LV�DOVR�REVHUYHG�WKDW�&DU�

DGYHUEV� FDQ�DOVR�EH�SRVW�YHUEDO� �UHIHU� H[DPSOHV������� DV�ZH�NQRZ� WKDW� DGYHUEV� FDQ� IORDW� LQ� D�

FODXVH��

%RWK�&DU�DQG�6DQHQ\R�FRPSOHPHQW�SKUDVHV�H[KLELW WR�EH�ULJKW�EUDQFKLQJ�ZKHUH�WKH�KHDG�RI�WKH�

SKUDVH�SUHFHGHV�LWV�FRPSOHPHQWV��UHIHU�H[DPSOHV���������������*HQLWLYH�FRQVWUXFWLRQV�LQ�&DUVKRZ�

REOLJDWRU\� SRVVHVVLYH� PDUNHU� TXDOLI\LQJ WKH� SRVVHVVRU �UHIHU� H[DPSOH� ������� ZKLOH� 6DQHQ\R

VKRZV�QR�VXFK�RYHUW�PDUNLQJ�IRU�WKH�VDPH��UHIHU�H[DPSOH���������2QH�DOVR�REVHUYHV�WKDW�WKHUH�LV�

QR� DSSDUHQW� GLVWLQFWLRQ� EHWZHHQ� WKH� W\SH� RI� SRVVHVVLRQ�� WKDW� LV�� EHWZHHQ� DOLHQDEOH� DQG� QRQ�

DOLHQDEOH� SRVVHVVLRQ� LQ�&DU EXW� 6DQHQ\R� \LHOG KDYH� DQ� RSWLRQDO� SRVVHVVLYH�PDUNHU� LQ� FDVH� RI�

LQDOLHQDEOH� SRVVHVVLRQ DQG� VKRZV YLVLEOH�QRQ�YLVLEOH� GLIIHUHQFHV� LQ� FDVH� RI� WKH� DOLHQDEOH�

SRVVHVVLRQ��UHIHU�H[DPSOHV����������������7KH�DVSHFW�PDUNHUV�LQ�6DQHQ\R�DUH�XVXDOO\�SODFHG�DW�WKH�

VHQWHQFH� LQLWLDO� SRVLWLRQ� �UHIHU� H[DPSOH�� ������� ,W� LV� TXLWH� SRVVLEOH� WKDW� WKH� DX[LOLDU\ YHUE� LQ�

6DQHQ\R�KDV�ORVW� LWV�YHUEDO�FKDUDFWHU�DQG�KDV�WXUQHG�LQWR�DQ�DVSHFW�PDUNHU��7KH�SRVLWLRQ�RI�WKH�
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DVSHFW� PDUNHU� LV� QRW� IL[HG� DQG� VSHDNHUV� VRPHWLPHV� SODFH� WKHP� DW� WKH� ILQDO� SRVLWLRQ� LQ� WKH�

VHQWHQFH�RU�EHWZHHQ� WZR�FODXVHV��+RZHYHU�� VXFK�PRYHPHQW� LV�PDLQO\�REVHUYHG� LQ� WKH� FDVH�RI�

QDUUDWLRQ� RU� UXQQLQJ� VSHHFK�� 6XFK� IUHHGRP� RI� PRYHPHQW� LV� QRW� REVHUYHG� LQ�&DU� YHUE� SKUDVH�

ZKHUH�WKH�DVSHFW�PDUNHUV�DUH�JHQHUDOO\�DWWDFKHG�WR�WKH�YHUEDO�FDWHJRU\�DQG�DUH�QRW�IUHH�LQ�QDWXUH�

�UHIHU�H[DPSOHV���������7KXV��&DU VKRZV�SRVLWLRQDO�UHVWULFWLRQV�ZLWK�UHVSHFW�WR�WKH�RFFXUUHQFH�RI�

DVSHFW�PDUNHUV��%HLQJ�KHDG�LQLWLDO�ODQJXDJHV��ERWK�&DU�DQG�6DQHQ\R�H[KLELW SUHSRVLWLRQV�

0RYLQJ�RQ�WR�WKH�DJUHHPHQW�V\VWHP�RI�WKH�ODQJXDJHV��ERWK�&DU�DQG�6DQHQ\RKDYH�WKUHH�WHQVHV�EXW�

LW�LV�RQO\�WKH�SDVW�DQG�IXWXUH�WHQVHV�WKDW�DUH�PRUSKRORJLFDOO\�PDUNHG��RSWLRQDOO\�PDUNHG�LQ�&DU

DQG�QHFHVVDULO\�PDUNHG�LQ�6DQHQ\R���UHIHU�H[DPSOHV���������������6LPLODUO\��ERWK�ODQJXDJHV�KDYH�

WKUHH�QXPEHUV�VLQJXODU��GXDO�DQG�SOXUDO�DQG�ZKLOH�&DU�KDV�D�VHSDUDWH�RSWLRQDO�VLQJXODU�PDUNLQJ�

�LQ�FDVH�RI�QDUUDWLRQV�RU�GXULQJ�UXQQLQJ�VSHHFK�6DQHQ\R�ODFNV�DQ\�RYHUW�VLQJXODU�PDUNLQJ� %RWK�

VKRZ REOLJDWRU\�PRUSKHPHV�IRU�GXDO�DQG�SOXUDO�PDUNLQJ��UHIHU�H[DPSOHV���������������7KHUH�LV�QR�

RYHUW� FKDQJH� LQ� YHUE� IRUPV�ZLWK� D� FKDQJH� LQ� WHQVH� RU� QXPEHU� LQ� HLWKHU� RI� WKH� WZR� ODQJXDJHV��

*HQGHU� PDUNLQJ� LV� QRW� RYHUWO\� SUHVHQW� LQ� ERWK� WKH� ODQJXDJHV� DQG� WKHUH� LV� QR� PRUSKRORJLFDO�

GLIIHUHQFH�EHWZHHQ�JHQGHU� LQ� WKH�KXPDQ�DQG�DQLPDWH�HQWLW\��+RZHYHU�� LQ�RUGHU� WR�GLIIHUHQWLDWH�

EHWZHHQ�WKH�ELRORJLFDO�JHQGHUV��FRPSRXQGLQJ�LV�GRQH�E\�XVLQJ�VHSDUDWH�PDOH�DQG�IHPDOH�JHQGHU�

PRUSKHPHV�ZLWK�WKH�DQLPDWH�KXPDQ�HQWLW\��UHIHU�H[DPSOHV����������������

7KH� SURQRPLQDO� V\VWHP� RI�&DU� DQG�6DQHQ\R� H[KLELW� ILUVW�� VHFRQG� DQG� WKLUG� SHUVRQ� DORQJ�ZLWK�

VLQJXODU�� GXDO� DQG� SOXUDO� IRUPV�� ,Q� &DU�� PDQ\ LQIOHFWLRQVDUH� REVHUYHG� ZKHUH� WKH� QRXQV DUH�

LQIOHFWHG� WR� GLIIHUHQWLDWH� EHWZHHQ� DQ LQFOXVLYH�H[FOXVLYH�� KXPDQ�QRQ�KXPDQ� HQWLW\� DQG�

YLVLEOH�QRQ�YLVLEOH�DVSHFW�RI�WKH�VXEMHFW��UHIHU�7DEOH�������7KH�GHPRQVWUDWLYH�SURQRXQV�DUH�RIWHQ�

UHGXSOLFDWHG�WR�LPSDUW�HPSKDVLV��UHIHU�H[DPSOH��������������DQG�WKH�GLVWLQFWLRQ�RI�>��B�DQLPDF\@��

LV�LQKHUHQWO\�SUHVHQW�LQ�WKH�GHPRQVWUDWLYH�SURQRPLQDO�VWHP��UHIHU�7DEOH�������6XFK�LQIOHFWLRQV�DUH



ϵϴ

QRW�VKRZQ�E\�6DQHQ\R SURQRXQV��UHIHU�7DEOH������DQG�IRU�VKRZLQJ�YDULRXV�LQIRUPDWLRQ�VXFK�DV�

KRQRULILF�QRQ�KRQRULILF�� YLVLEOH�QRQ� YLVLEOH�� LQWLPDF\�� SROLWHQHVV�� WKH� DGGLWLRQ� RI� VHSDUDWH�

LQGLYLGXDO�PRUSKHPH�LV�REVHUYHG��7KH�GHPRQVWUDWLYH�SURQRXQV�GR�QRW�KDYH�DQ\�QXPEHU�PDUNLQJ�

RQ� WKHP� DQG� DQ\� FKDQJH� LQ� QXPEHU� LV�PDUNHG� E\� DGGLQJ� WKH� QXPEHU�PDUNHU� EHIRUH� WKH� KHDG�

QRXQ�

1HJDWLRQ�LV�REVHUYHG�WR�EH�SUH�YHUEDO�DQG�SUH�QRPLQDO�LQ�&DU DQG�6DQHQ\R��UHIHU�H[DPSOH��������

������ DPRQJ� RWKHUV�� EXW� XQOLNH� 6DQHQ\R�� &DU� GRHV� QRW� KDYH� D� VHSDUDWH� SURKLELWLYH� PDUNHU�

6DQHQ\R DOVR�KDV�VHSDUDWH�QHJDWLRQ�VXIIL[�IRU�GLIIHUHQW�SHUVRQV�ZKLFK�LV�DWWDFKHG�WR�WKH�SURQRXQV�

�UHIHU�H[DPSOHV��������������

,Q� WKH� FDVH� RI LQWHUURJDWLYH� VHQWHQFH� FRQVWUXFWLRQV�� WKH� SUHIHUUHG� V\QWDFWLF� SRVLWLRQ� IRU� WKH�

TXHVWLRQ�SDUWLFOHV�RI�&DU DQG�6DQHQ\R� LV� WKH� LQLWLDO�SRVLWLRQ�LQ� WKH�VHQWHQFH��UHIHU� WDEOH�����IRU�

&DU DQG�WDEOH�����IRU�6DQHQ\R�� 7KH�LPSHUDWLYH�VHQWHQFHV��ZKLFK�DUH�XVHG�WR�VKRZ�LOORFXWLRQDU\�

DFWLRQV� RI� FRPPDQG�� SURKLELWLRQ�� UHTXHVW� RU� VXJJHVWLRQ� E\� WKH� VSHDNHUV�� DUH� FRQVWUXFWHG� XVLQJ�

VLPSOH� GHFODUDWLYH� VWDWHPHQWV� H[FHSW� WKDW� LQ� 6DQHQ\R�� LQWLPDWH� RU� KRQRULILF� IRUPV� DUH�PDUNHG�

XVLQJ�VHSDUDWH�PRUSKHPHV�ZKLOH�QR�VXFK�GDWD�KDV�EHHQ�IRXQG�LQ�&DU�

:KLOH� GLVFXVVLQJ� VRPH�RI� WKH� LPSRUWDQW� JUDPPDWLFDO� IHDWXUHV� LQ� WKH� ODQJXDJHV� XQGHUWDNHQ� IRU�

UHVHDUFK�� VRPH� GLIIHUHQFHV� DQG� VLPLODULWLHV� LQ� FDVH� PDUNLQJ� LQ� &DU DQG� 6DQHQ\R KDYH� EHHQ�

UHFRUGHG��%DVHG�RQ�WKH�GDWD��&DU H[KLELWV�ODFN�RI�PRUSKRORJLFDO�FDVH�DQG�WKXV�WKH�JUDPPDWLFDO�

UHODWLRQVDUH LQGLFDWHG�WKURXJK�GLVFRXUVH�SUDJPDWLF�XQGHUVWDQGLQJ�RI�WKH�VSHDNHU��ZRUG�RUGHU�RU�

LQIOHFWLRQV� LQ� YHUEV�ZKHUHDV� LQ� 6DQHQ\R D� FOHDU� QRPLQDWLYH�PDUNHU� LV� XVHG�� ,W� DOVR� SODFHV� WKH�

YLVLEOH�QRQ�YLVLEOH� HYLGHQWLDO� GLVWLQFWLRQ� RI� WKH� VXEMHFW� XVLQJ� WKH� QRPLQDWLYH� PDUNHUV�� ,W� LV�

LQWHUHVWLQJ� WR� QRWH� WKDW�&DUVKRZV� WKH SUHVHQFH� RI� DQ� RSWLRQDO� REMHFW� PDUNHU� ZKLFK� LV� SODFHG�



ϵϵ

EHIRUH�WKH�GLUHFW�REMHFW� LQ�D�VHQWHQFH��UHIHU�H[DPSOHV������������6DQHQ\R DOVR�KDV�DQ�DFFXVDWLYH�

PDUNHU�ZKLFK� LV� DOVR�SODFHG�EHIRUH� WKH�GLUHFW� REMHFW� LQ� WKH� VHQWHQFH��<HW� DQRWKHU� VLPLODULW\� LQ�

ERWK�WKH�ODQJXDJHV�QR RYHUW�FDVH�PDUNLQJ�LQ�GDWLYH�FDVH DQG�WKH�GDWLYH�UHODWLRQV�DUH�HQFRGHG�RQ�

WKH�LQGLUHFW�REMHFWV�RI�WKH�FRPSOHPHQWV��7R�DGG�DQRWKHU�VLPLODULW\� LQ&DU DQG�6DQHQ\R��JHQLWLYHV�

DQG�WKH�UHODWLRQVKLS�RI�WKH�SRVVHVVRU�SRVVHVVHH�LV�GHPRQVWUDWHG�XVLQJ�WKH�KHDG�GHSHQGHQW�ZRUG�

RUGHU� �UHIHU� H[DPSOHV� ������ �������+RZHYHU�&DU GRHV� KDYH� D� SRVVHVVRU�PDUNHU� ��YΩ�� ZKLFK� LV�

JHQHUDOO\�DWWDFKHG�WR�WKH�DGMHFWLYDO�FDWHJRU\�TXDOLI\LQJ�WKH�SRVVHVVHH��UHIHU�H[DPSOH��������7KH�

LQVWUXPHQWDO� FDVH� LQ� &DU LV� QRW� RYHUWO\� PDUNHG� DQG� LV� H[SUHVVHG� XVLQJ� ZRUG� RUGHU� DQG�

PRGLILFDWLRQV� LQ� WKH� YHUE� IRUP�� 6DQHQ\R XVHV�ZRUGV� OLNH� IURP�� RQ�� E\�� ZLWK� HWF�LPSDUWLQJ� WKH�

LQVWUXPHQWDO� FDVH�� +RZHYHU� WKHVH� DUH� VRPHWLPHV� GURSSHG� LQ� 6DQHQ\R� WRR�� DQG� OLNH� &DU�� LW�

H[KLELWV�WKH�DUJXPHQW�UHODWLRQ XVLQJ�ZRUG�RUGHU��UHIHU�H[DPSOH��������%RWK�&DU DQG�6DQHQ\R XVH�

D�YDULHW\�RI�ORFDWLYH�PDUNHUV�LQ�WKH�IRUP�RI LQGHSHQGHQW�SUHSRVLWLRQV �SURVRGLFDOO\� WR�VKRZ�WKH�

ORFDWLRQ�GLUHFWLRQ�RI� WKH�QRXQ�� ,Q� WKH�FDVH�RI�VHSDUDWLRQ��ERWK� ODQJXDJHV�XVH�ZRUG�RUGHU DQG�RU�

LQGHSHQGHQW�IXQFWLRQ�ZRUGV��UHIHU�H[DPSOHV��������������

%DVHG� RQ� WKH� GDWD� DQG� DQDO\VLV�� ,� DUJXH� WKDW� WKH� ODQJXDJHV� FRQWDLQ� UHODWLYHO\ VLPSOHU YHUE�

PRUSKRORJ\�� 7KH� ODQJXDJHV� VKRZ QHLWKHU� FRPSRXQG� YHUEV� ZLWK� QR� HYLGHQFH� RI� WZR� RU� PRUH�

YHUEV� FRPLQJ� WRJHWKHU�� QRU� DQ\� FRQYHUEV� DQG� WKH� DGYHUELDO� VXERUGLQDWLRQ� LV� LPSDUWHG� XVLQJ�

LQGHSHQGHQW�DGYHUEV�RU�VLPSO\�WKURXJK�YHUE�RUGHU��+RZHYHU��WKH�ODQJXDJHV�GR�VKRZ�VHULDOL]DWLRQ�

RI�YHUEV�ZKHUH�PRUH�WKDQ�RQH�YHUE�FDQ�RFFXU�VLPXOWDQHRXVO\��&DU DWWDFKHV�VHTXHQWLDO�VXIIL[���Kѓ��

WR�WKH�ILUVW�DFWLRQ��ZKLFK�LV�SODFHG�DW�WKH�VHQWHQFH�LQLWLDO�SRVLWLRQ��IROORZHG�E\�WKH�UHVW�RI�YHUEV�LQ�

RUGHU�RI�WKHLU�RFFXUUHQFH��UHIHU�H[DPSOH��������� ,Q�FRQWUDVW��6DQHQ\R VLPSO\�SODFHV�WKH�YHUEV�LQ�

VHTXHQFH�ZLWKRXW�DQ\�XVDJH�RI�VXERUGLQDWLQJ�FRQMXJDWLRQV�RU�DIIL[HV��UHIHU�H[DPSOH��������



ϭϬϬ

3DVVLYH� IRUPDWLRQ� DSSHDUV� WR� EH� H[WHQVLYH LQ� FDVH� RI� &DU ZKHUH� WKH� YHUE� VWHP� WHQGV WR� JHW�

LQIOHFWHG IRU� SDVVLYHV�� DV� WKH\� DUH� HLWKHU� VXIIL[HG� ZLWK� WKHPDWLF�GLUHFWLRQDO� VXIIL[HV� RU� ZLWK�

SDVVLYH�PRUSKHPH�ZKLFK�KDV�VL[�DOORPRUSKV�DQG�RFFXUV ZLWK�WKH�SDVVLYH�IRUP�RI�WKH�YHUE��UHIHU��

H[DPSOHV��������������$SDUW�IURP�WKH�UHJXODU�SDVVLYH�FRQVWUXFWLRQV��&DU VKRZV�D�UDWKHU�H[FOXVLYH�

IRUP� RI� SDVVLYL]DWLRQ� ZKHUH� WKH� VWHP� PHUJHV� ZLWK� SDVVLYH� PRUSKHPH� ��Ω�� DQG� D� UHIOH[LYH�

PRUSKHPH���Uѓ��FDOOHG�³UHIOH[LYH�VWHP�H[WHQGLQJ�VXIIL[´�%UDLQH��������SJ�������UHIHU�H[DPSOHV��

�������������9DULRXV�VFHQDULRV�ZKHUH�WKLV�FRQVWUXFWLRQ�RI�SDVVLYH�YHUE�ZLWK WKH�UHIOH[LYH�HQGLQJ�

LV�PHQWLRQHG�LQ�WKH�SUHFHGLQJ�FKDSWHU��UHIHU�H[DPSOHV���������������6DQHQ\RGRHV�QRW�H[KLELW�DQ\�

VXFK�FKDQJH�LQ� WKH�YHUE�IRUPV�LQ�FDVH�RI�SDVVLYH�FRQVWULFWLRQ�H[FHSW� LQWHUFKDQJLQJ�WKH�VXEMHFW�

REMHFW�SRVLWLRQ�LQ�WKH�VHQWHQFH�EXW�SUHIHUV�WKH�YDOHQFH�WUDQVSRVLQJ�

$GYHUELDO�DQG�LQ�VRPH�FDVHV�YHUEDO�UHGXSOLFDWLRQ�LV�REVHUYHG�LQ�6DQHQ\R WR�LQFUHDVH�WKH�LQWHQVLW\�

RU� VKRZ�PDQQHU�� +RZHYHU�� WKH� SURFHVV� LV� QRW� REOLJDWRU\� DQG� FDQ� EH� GURSSHG� �UHIHU� H[DPSOH��

�������*HUXQG�IRUPDWLRQ�LV�DOVR�SUHVHQW�LQ�ERWK�WKH�ODQJXDJHV�SODFLQJ�WKH�YHUEDO�QRXQ�LV�SODFHG�DW�

WKH�VXEMHFW�SRVLWLRQ��UHIHU�H[DPSOHV��������������DPRQJ�RWKHUV���

7KH� V\QWDFWLF� IHDWXUHV� RI� &DU DQG� 6DQHQ\R UHODWHG� WR� WKHLU� VHQWHQFH� FRQVWUXFWLRQV� DQG� LQWHU�

FODXVDO� UHODWLRQVKLSV� �VXERUGLQDWLQJ�� FRRUGLQDWLQJ�� GHSHQGHQW� DUH� GLVFXVVHG��&DU DQG�6DQHQ\R

LQGLFDWH YDULRXV� FRRUGLQDWRUV�� FRQMXQFWLYH� DGYHUEV� IRU� VLPSOH�� FRPSRXQG� VHQWHQFHV�� DQG�

VXERUGLQDWRUV�LQ�FDVH�RI�FRPSOH[�VHQWHQFHV�

7KH�QXPHUDO� V\VWHP�RI�&DU DQG�6DQHQ\R DUH�REVHUYHG� WR�KDYH�GHFLPDO� QXPEHU� V\VWHP�ZKHUH�

VLPSOH� QXPEHUV� KDYH� LQGHSHQGHQW� IRUPV� DQG� DV� WKH� YDOXH� LQFUHDVHV�� WKH� ODQJXDJHV� VKLIW WR�

FRPSOH[�IRUPV��XVLQJ�DGGLWLRQ�DQG�PXOWLSOLFDWLRQ���UHIHU�7DEOH�������



ϭϬϭ

7KH� PRUSKRORJLFDO� DQG� FODXVH� IRUPDWLRQV RI� &DU DQG� 6DQHQ\R GLVFXVVHG� DQG� DQDO\]HG�

WKURXJKRXW� WKH� ZRUN� EULQJ RXW� VRPH� UHPDUNDEOH� DQG� KLWKHUWR� XQLTXH� OLQJXLVWLF� IDFWV� RI� WKH�

ODQJXDJHV� ZKLFK� UHTXLUH H[WHQVLYH� UHVHDUFK�� 7KXV�� ZKLOH� WKLV� UHVHDUFK� KDV� EURXJKW� LQ� QHZHU�

LQVLJKWV� LQWR�RXU�XQGHUVWDQGLQJ�RI� WKH�VWUXFWXUH�RI�1LFREDULF ODQJXDJHV�DQG� LW�PD\�SURYH� WR�EH�

YDOXDEOH�IRU�IXWXUH�UHVHDUFK�LQ�WKH�ILHOG��D�ORW�RI�ZRUN�VWLOO�QHHGV�WR�EH�GRQH��7KH�PRUSKRORJLFDO

VWXG\�RI�WKHVH�WZR�ODQJXDJHV�ZKHQ�FRPSDUHG�WR�RWKHU�ODQJXDJHV�RI�WKH�0RQ�.KPHU�EUDQFK�ZLOO�

PHDVXUH�WKH ODFN�RI�SURSHU�ILQGLQJV�ZKLFK�KDV�FRQVWUDLQHG�WKH�OLQJXLVWLF�UHVHDUFKHUV�WR�VWXG\�ERWK�

WKH�GLVFUHSDQF\�DQG� WKH�SUHVHUYDWLRQ�RI�SURWR�0RQ�.KPHU�VWUXFWXUHV�LI� DQ\���7KXV�� LW�EHFRPHV�

GLIILFXOW� WR� EULQJ� RXW SURSHU� W\SRORJLFDO� SURILOLQJ� RI� WKH� EUDQFK�� 7KH� GHEDWH� UHJDUGLQJ� WKH�

UHODWLRQVKLS�EHWZHHQ�0RQ�.KPHU�ODQJXDJHV�DQG�1LFREDULF ODQJXDJHV�FDQ�DOVR�EH�HPEDUNHG�ZLWK�

DQ LPSURYHG�DQGPRUH�ZLGHVSUHDG�XQGHUVWDQGLQJ�RI�WKH�0RQ�.KPHU�ODQJXDJHV��VSRNHQ�LQ�,QGLD�

DV�ZHOO�DV�LQ�6RXWKHDVW�$VLD��DQG�1LFREDULF EUDQFK�RI�ODQJXDJHV�RI�,QGLD��



ϭϬϮ

����������

$EEL�� $QYLWD�� ������ 6HPDQWLFXQLYHUVDOV� LQ� ,QGLDQ� /DQJXDJHV�� 6KLPOD� ,QGLDQ� ,QVWLWXWH� RI�

$GYDQFHG�6WXGLHV�

����������������HG��������/DQJXDJHV�RI�WULEDO�DQG�LQGLJHQRXV�SHRSOH�RI�,QGLD��7KH�HWKQLF

VSDFH��1HZ�'HOKL��0/%'�

�������������������������� $� PDQXDO� RI� OLQJXLVWLF� ILHOGZRUN� DQG� VWUXFWXUHV� RI� ,QGLDQ� ODQJXDJHV��

0�QFKHQ��/LQFRP�(XURSD�

%DVX��$QDODEKD��1DPLWD�0XNKHUMHH��6DQJLWD�5R\��HW�DO��������(WKQLF�,QGLD��$�*HQRPLF

YLHZ��ZLWK�VSHFLDO�UHIHUHQFH�WR�SHRSOLQJ�DQG�VWUXFWXUH��*HQRPH�5HV����������� �����

%ODNH��%DUU\�-��������&DVH��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�

%OHQFK��5RJHU�� DQG�3DXO� 6LGZHOO�� ������ ³,V�6KRP�3HQ� D� GLVWLQFW�%UDQFK�RI�$XVWURDVLDWLF"´� ,Q�

6RSKDQD�6ULFKDPSD��3DXO�6LGZHOO� DQG�.HQQHWK�*UHJHUVRQ� �HGV���$XVWURDVLDWLF�6WXGLHV��SDSHUV�

IURP� ,&$$/��� 0RQ�.KPHU� 6WXGLHV� -RXUQDO� 6SHFLDO� ,VVXH� 1R�� ��� 'DOODV�� 6,/� ,QWHUQDWLRQDO��

6DOD\D��0DKLGRO�8QLYHUVLW\��&DQEHUUD��3DFLILF�/LQJXLVWLFV��SS������

%URZQ�� .� 	� 0LOOHU�� -� 	� +DVSHOPDWK�� 0DUWLQ�� ������ &RQYHUE� &RQFLVH� HQF\FORSHGLD� RI�

JUDPPDWLFDO�FDWHJRULHV���������������



ϭϬϯ

&DUQLH��$QGUHZ���������6\QWD[��2[IRUG��%ODFNZHOO�3XEOLVKHUV�

&HQVXV� RI� ,QGLD�� ������ 6HULHV� ���� 3DUW� ;,,�%�� $QGDPDQ� DQG� 1LFREDU� ,VODQGV�� 'LUHFWRUDWH� RI�

&HQVXV�2SHUDWLRQV��$QGDPDQ�	�1LFREDU�,VODQGV�

&KRPVN\�� 1RDP� DQG�0�� +DOOH�� ������ 7KH� 6RXQG� 3DWWHUQ� RI� (QJOLVK�� 1HZ�<RUN�� +DUSHU� DQG�

5RZ�

&RPULH��%HUQDUG���������$VSHFW��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�

&ULWFKILHOG�%UDLQH��-HDQ���������1LFREDUHVH�JUDPPDU��&DU�GLDOHFW���3K�'��WKHVLV�

8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\�

&UX]�� 6�� :LQVWRQ�� &RQWHPSODWLQJ� 0HPHV� FXOWXUDO� GRFXPHQWDWLRQ� RI� WKH� 1LFREDUHVH�� &HQWUDO�

,QVWLWXWH�RI�,QGLDQ�/DQJXDJHV�	�'LUHFWRUDWH�RI�6SRUWV��$UWV�	�&XOWXUH��0\VRUH�

&U\VWDO��'DYLG���������$�GLFWLRQDU\�RI�OLQJXLVWLFV�DQG�SKRQHWLFV �QG�HGLWLRQ��1HZ�<RUN�

%DVLO�%ODFNZHOO�

'LIIORWK��*HUDUG��	�1RUPDQ�+��=LGH��������$XVWUR�$VLDWLF�ODQJXDJHV��,Q�,QWHUQDWLRQDO

HQF\FORSHGLD�RI�/LQJXLVWLFV��9RO�����HG��E\�:LOOLDP�%ULJKW�����������1HZ�<RUN��283�

(EHUKDUG�� 'DYLG� 0��� *DU\� )�� 6LPRQV�� DQG� &KDUOHV� '�� )HQQLJ� �HGV���� ������ (WKQRORJXH��

/DQJXDJHV� RI� WKH� :RUOG�� 7ZHQW\�VHFRQG� HGLWLRQ�� 'DOODV�� 7H[DV�� 6,/� ,QWHUQDWLRQDO�� 2QOLQH�

YHUVLRQ��KWWS���ZZZ�HWKQRORJXH�FRP�



ϭϬϰ

*ULHUVRQ��*HRUJH�$��������/LQJXLVWLF�6XUYH\�RI�,QGLD�9RO�����&DOFXWWD��0RWLODO�%DQDUVLGDVV�

+DHJHPDQ��/��������,QWURGXFWLRQ�WR�*RYHUQPHQW�DQG�%LQGLQJ�7KHRU\� 2[IRUG��%DVLF�%ODFNZHOO�

+DVSHOPDWK�� 0DUWLQ�� ������ ,QGHILQLWH� 3URQRXQV�� 1HZ� <RUN�� 2[IRUG� 8QLYHUVLW\� 3UHVV�

+DVSHOPDWK��0DUWLQ�	�$QGUHD�'�� 6LPV� �HGV���� ������8QGHUVWDQGLQJ�0RUSKRORJ\� �QG� HGLWLRQ�

/RQGRQ��+RGGHU�(GXFDWLRQ��

+RFNHWW��&�)��������$�&RXUVH�LQ�0RGHUQ�/LQJXLVWLFV��1HZ�<RUN��7KH�0DFPLOODQ�&RPSDQ\��

-HQQ\��0DWKLDV��DQG�3DXO�6LGZHOO��HGV���������7KH�+DQGERRN�RI�$XVWURDVLDWLF�ODQJXDJHV��9ROV����

	����/HLGHQ��%ULOO�

.RVK\�� $QLVK�� ������ 7KH� 7\SRORJ\� RI� &OLWLFV� LQ� WKH� $XVWURDVLDWLF� /DQJXDJHV� RI� ,QGLD�� 3K�'��

WKHVLV��1HZ�'HOKL��-DZDKDUODO�1HKUX�8QLYHUVLW\��1HZ�'HOKL�

/HZLV��0��3DXO��*DU\�)��6LPRQV��DQG�&KDUOHV�'��)HQQLJ��HGV����������(WKQRORJXH��/DQJXDJHV�RI�

WKH� :RUOG�� (LJKWHHQWK� HGLWLRQ�� 'DOODV�� 7H[DV�� 6,/ ,QWHUQDWLRQDO�� 2QOLQH� YHUVLRQ��

KWWS���ZZZ�HWKQRORJXH�FRP�

0DOFKXNRY�� $QGUHM� 	� 6SHQFHU�� $QGUHZ�� �������� 7\SRORJ\� RI� &DVH� 6\VWHPV�� 3DUDPHWHUV� RI�

9DULDWLRQ����������R[IRUGKE������������������������



ϭϬϱ

0DQ��(�+�� ������$�'LFWLRQDU\� RI� WKH�&HQWUDO�1LFREDUHVH� /DQJXDJH� �(QJOLVK� 1LFREDUHVH� DQG�

1LFREDUHVH�(QJOLVK���/RQGRQ�

0RUDYFVLN��(GLWK�$��������,QWURGXFLQJ�/DQJXDJH�7\SRORJ\��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�

3UHVV�

3DUNLQ��5REHUW��������$�JXLGH�WR�$XVWURDVLDWLF�VSHDNHUV�DQG�WKHLU�ODQJXDJHV��+RQROXOX�

8QLYHUVLW\�RI�+DZDLL�3UHVV�

3HLURV��,��������&RPSDUDWLYH�/LQJXLVWLFV�LQ�6RXWKHDVW�$VLD��1R��������3DFLILF�/LQJXLVWLFV�

&DQEHUUD��$XVWUDOLD�1DWLRQDO�8QLYHUVLW\�

5DMDVLQJK�� 9�5�� ������ 7KH� 1LFREDUHVH�+LQGL�(QJOLVK� 'LFWLRQDU\�� &HQWUDO� ,QVWLWXWH� RI� ,QGLDQ�

/DQJXDJHV��0\VRUH�

6LGZHOO��3DXO��������&ODVVLI\LQJ�WKH�$XVWURDVLDWLF� ODQJXDJHV��+LVWRU\�DQG�VWDWH�RI� WKH�DUW��9RO��

����0XHQFKHQ��/LQFRP�(XURSD�

��������������������������� 7KH� $XVWURDVLDWLF� FHQWUDO� ULYHULQH� K\SRWKHVLV�� ,Q� -RXUQDO� RI� /DQJXDJH�

5HODWLRQVKLS��SS����������

���������������������������$XVWURDVLDWLF�FODVVLILFDWLRQ��,Q�7KH�+DQGERRN�RI�$XVWURDVLDWLF

/DQJXDJHV��9ROV�����HG��E\�0DWKLDV�-HQQ\�DQG�3DXO�6LGZHOO��/HLGHQ��%ULOO�



ϭϬϲ

7XLWH��.HYLQ��������%DUU\�-��%ODNH��&DVH�5��0��:��'L[RQ��(UJDWLYLW\��)XQFWLRQV�RI�/DQJXDJH�����

��������IRO�������WXL�

:KDOH\��/LQGVD\�-��������,QWURGXFWLRQ�WR�7\SRORJ\���7KH�8QLW\�DQG�'LYHUVLW\�RI�/DQJXDJH��86$��

6$*(�3XEOLFDWLRQV���3UR4XHVW�(ERRN�&HQWUDO��

KWWS���HERRNFHQWUDO�SURTXHVW�FRP�OLE�OLEHUW\�GHWDLO�DFWLRQ"GRF,' ��������&UHDWHG�IURP�OLEHUW\�

RQ���������������������

=LGH��1RUPDQ�+������E��6WXGLHV�LQ�&RPSDUDWLYH�$XVWURDVLDWLF�/LQJXLVWLFV��7KH�+DJXH�

0RXWRQ�


