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$EVWUDFW� 

7KLV� VWXG\� SURSRVHG� DQ� DOWHUQDWLYH� PHWKRG� WR� HDUWKTXDNH� JURXQG� PRWLRQ� FKDUDFWHUL]DWLRQ� EDVHG� RQ� FRPSRVLWH-
LQWHQVLW\� LQGH[� VSHFWUXP�� ,W� LV� D� FRPELQDWLRQ� RI� VSHFWUDO� DFFHOHUDWLRQ� �6D�7���� GXUDWLRQ� �'��-���� DQG� SHDN� JURXQG�
YHORFLW\� �3*9��� 7KH� VSHFWUXP�� FRQVLGHULQJ� WKH� HIIHFW� RI� WKUHH-FRPSRQHQW� PRWLRQV�� ZDV� ILUVWO\� LQWURGXFHG� LQ� WKH�
SDSHU�� ,W� ZDV� HVWDEOLVKHG� EDVHG� RQ� WKLUW\-RQH� WKUHH-FRPSRQHQW� VWURQJ� HDUWKTXDNH� UHFRUGV� WKDW� ZHUH� FROOHFWHG�
ZRUOGZLGH��7KH�LQGH[�ZDV�IXUWKHU�UHODWHG�WR�WKH�PRGLILHG�0HUFDOOL�LQWHQVLW\�VFDOHV�WR�DVVLJQ�LWV�GDPDJH�SRWHQWLDOV��
7KH�PHWKRG� UHYHDOHG�PRUH�PHDQLQJIXO� LQWHUSUHWDWLRQV� RI� HDUWKTXDNH� JURXQG�PRWLRQ� FKDUDFWHUL]DWLRQ� WKDQ� RWKHU�
SURFHGXUHV�� 

.H\ZRUGV� (DUWKTXDNH� PRWLRQ� FKDUDFWHUL]DWLRQ�� WKUHH� FRPSRQHQWV�� FRPSRVLWH-LQWHQVLW\� LQGH[�� DFFHOHUDWLRQ�
 VSHFWUXP��GXUDWLRQ��SHDN�JURXQG�YHORFLW\��00,� 

$EVWUDN 

6WXGL� LQL� PHQJXVXONDQ� PHWRGH� DOWHUQDWLI� WHUNDLW� NDUDNWHULVDVL� JHORPEDQJ� JHPSD� EHUGDVDUNDQ� VSHNWUXP� LQGHNV�
LQWHQVLWDV� NRPSRVLW�� ,QGHNV� LQL� DGDODK� JDEXQJDQ� GDUL� VSHNWUD� SHUFHSDWDQ� �6D�7���� GXUDVL� �'��-���� GDQ� NHFHSDWDQ�
SXQFDN� SHUPXNDDQ� �3*9��� 6SHNWUXP� LQGHNV� LQWHQVLWDV� NRPSRVLW�� GHQJDQ� WLQMDXDQ� JHORPEDQJ� JHPSD� WLJD-
NRPSRQHQ��DGDODK�\DQJ�GLXVXONDQ�SHUWDPD�NDOL�GDODP�PDNDODK� LQL��0HWRGH� LQL�GLNHPEDQJNDQ�EHUGDVDUNDQ� WLJD-
SXOXK�VDWX�JHORPEDQJ�JHPSD�WLJD-NRPSRQHQ�\DQJ�WHUVHEDU�GL�GXQLD��,QGHNV�WHUVHEXW�VHODQMXWQ\D�GLLNDWNDQ�GHQJDQ�
VNDOD� LQWHQVLWDV� 0HUFDOOL� WHUPRGLILNDVL� XQWXN� PHQXQMXNNDQ� SRWHQVL� NHUXVDNDQQ\D�� +DVLO� \DQJ� GLSHUROHK�
PHQXQMXNNDQ�EDKZD�NDUDNWHULVDVL�JHORPEDQJ�NXDW�GDSDW�GLODNXNDQ�EHUGDVDU�LQGHNV�LQWHQVLWDV�NRPSRVLW�OHELK�EDLN�
GDULSDGD�PHWRGH�ODLQ�\DQJ�WHUVHGLD�� 

.DWD�NXQFL� .DUDNWHULVDVL� JHORPEDQJ� JHPSD�� WLJD� NRPSRQHQ�� LQGHNV� LQWHQVLWDV� NRPSRVLW�� VSHNWUXP� SHUFHSDWDQ��
 GXUDVL��NHFHSDWDQ�SXQFDN��SHUPXNDDQ��VNDOD�00,� 


&RUUHVSRQGLQJ�$XWKRU 

���,QWURGXFWLRQ 

(DUWKTXDNH�JURXQG�PRWLRQ�HQJLQHHULQJ�FKDUDFWHUL]DWLRQ�
KDG� EHHQ� D� ORQJ-VWDQGLQJ� LVVXH�� ,W� DLPHG� DW� SUHGLFWLQJ�
WKH� GDPDJH� SRWHQWLDOV� RI� WKH� HPHUJLQJ� VWURQJ� JURXQG�
PRWLRQV�WKURXJK�IHZ�SDUDPHWHUV�FRPSXWHG�EDVHG�RQ�WKH�
UHFRUGHG� WLPH� VHULHV�� H�J��� DFFHOHUDWLRQV�� ,Q� WKH�
FKDUDFWHUL]DWLRQ�SURFHVV��LQWHQVLW\�PHDVXUHV��,0V��ZHUH�
FRPPRQO\� HVWDEOLVKHG� FRQVLVWLQJ� RI� RQH� RU� PRUH�
SDUDPHWHUV� �H�J��� SHDN� DPSOLWXGHV� DQG�RU� VSHFWUDO�
YDOXHV�� IRUPXODWHG� LQ� FHUWDLQ� UHODWLRQV�� 7KH� ,0V� ZHUH�
H[SHFWHG� WR� KDYH� D� FRUUHODWLRQ� ZLWK� GDPDJH� VWDWHV�
LQGXFHG�E\�HDUWKTXDNH�HYHQWV��7KH�GDPDJH�VWDWHV�FRXOG�
EH� LQ� WKH�IRUP�RI�GDPDJH�PHDVXUHV� �'0V���H�J��� LQWHU-
VWRU\� GULIW� DQJOH�� K\VWHUHWLF� HQHUJ\� GLVVLSDWLRQ�� SODVWLF�
FROODSVH� PHFKDQLVP�� RU� LQ� WHUPV� RI� PDFURVHLVPLF�
LQWHQVLW\�VFDOHV��H�J���PRGLILHG�0HUFDOOL�LQWHQVLW\�VFDOHV��
,Q� WKH� IRUPHU�� PRGHOV� RI� VWUXFWXUHV� ZHUH� LQYHVWLJDWHG�
YLD� FRPSXWDWLRQV� DQG�RU� H[SHULPHQWV� WR� ILQG�
FRUUHODWLRQV� EHWZHHQ� WKH� GHILQHG� ,0V� DQG� '0V�� 7KH�

,0V� VKRXOG� PHHW� WKH� FRQGLWLRQV� RI� HIILFLHQF\� DQG�
VXIILFLHQF\� �/XFR� DQG� &RUQHOO�� ������� +HQFH�� LQ� WKLV�
FDVH�� WKH� ,0V�KDG� VSHFLILF� UHODWLRQV�ZLWK� WKH�'0V� IRU�
VSHFLILF� PRGHOV� EHLQJ� LQYHVWLJDWHG�� ,Q� WKH� ODWWHU�� WKH�
,0V�ZHUH� UHODWHG� WR� WKH�PDFURVHLVPLF� LQWHQVLW\� VFDOHV�
YLD� UHJUHVVLRQ� DQDO\VHV� EDVHG� RQ� HDUWKTXDNH� JURXQG�
PRWLRQ� UHFRUGV� DVVRFLDWHG� ZLWK� WKH� REVHUYHG� GDPDJH�
VWDWHV�LQ�WKH�YLFLQLW\�RI�WKH�UHFRUGLQJ�VWDWLRQV��:DOG HW��
DO���������*DUFLD�DQG�%HUQDO���������8QOLNH�WKH�GDPDJH�
VWDWHV�LQIHUUHG�IURP�'0V�DV�LQ�WKH�IRUPHU�VFHQDULR��WKH�
GDPDJH� VWDWHV� LQIHUUHG� IURP� PDFURVHLVPLF� LQWHQVLW\�
VFDOHV� UHIOHFWHG� WKH� DVSHFWV� RI� EXLOGLQJ� FDWHJRU\�
TXDOLW\��PDWHULDO��ZRUNPDQVKLS��FRQVWUXFWLRQ�GDWH��HWF��
,Q� OLQH� ZLWK� WKH� ODWWHU�� WKH� DLP� RI� WKH� VWXG\� ZDV� WR�
SURSRVH� DQ� ,0�ZKLFK�ZDV� IRUPXODWHG� LQ� D� V\VWHPDWLF�
PDQQHU� EDVHG� RQ� WKUHH-FRPSRQHQW� RI� VHYHUDO�
HDUWKTXDNH� JURXQG� PRWLRQV�� 7KH� ,0� ZRXOG� WKHQ� EH�
FRUUHODWHG� ZLWK� WKH� 0HUFDOOL� PDFURVHLVPLF� LQWHQVLW\�
VFDOHV� WR� DVVLJQ� LWV� GDPDJH� SRWHQWLDOV�� 6XEVHTXHQWO\��
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WKH�,0�FRXOG�EH�XVHG�WR�SUHGLFW� WKH�GDPDJH�SRWHQWLDOV�
RI�WKH�HPHUJLQJ�HDUWKTXDNH�HYHQWV� 

0DQ\� JURXQG� PRWLRQ� LQWHQVLW\� PHDVXUHV� �,0V�� ZHUH�
DOUHDG\� SURSRVHG� �H�J��� .UDPHU� DQG� 0LWFKHOO�� ������
=KDQJ� HW�� DO��� ������� ,Q� PRVW� HDUWKTXDNH� JURXQG�
PRWLRQ� FKDUDFWHUL]DWLRQV�� WKH� SHDN-DPSOLWXGH�� DQG�
VSHFWUDO� YDOXHV� DV� ZHOO� DV� WKH� GXUDWLRQV� ZHUH�
GHWHUPLQHG� DQG� DQDO\VHG� WR� DVVHVV� WKH� GDPDJLQJ�
SRWHQWLDOV�RI�WKH�HDUWKTXDNH�HYHQW��)RU�LQVWDQFH��LQ�WKH�
FDVH� RI� &KL-&KL� HDUWKTXDNH� ������7DLZDQ��:X� HW�� DO��
�������IRXQG�WKDW�WKH�SHDN�JURXQG�YHORFLW\��3*9��ZDV�
PXFK� EHWWHU� FRUUHODWHG� WR� GDPDJH� WKDQ� ZLWK� 3*$��
6LPLODU� FRQFOXVLRQ� ZDV� UHSRUWHG� GXULQJ� WKH� �����
7RKRNX� HDUWKTXDNH� �:X� HW�� DO��� ������ ZKHUH� WKH�
GDPDJH�UDWLR�ZDV�EHWWHU�FRUUHODWHG�ZLWK�3*9��WKH�-0$�
PDFURVHLVPLF� LQWHQVLW\�� DQG� WKH� +RXVQHU� VSHFWUXP�
LQWHQVLW\� �VHH� (T�� ������� WKDQ� ZLWK� 3*$�� )XUWKHU��
%RPPHU� DQG� $ODUFRQ� ������� SRLQWHG� RXW� WKDW� PDQ\�
IRXQG� KLJK� FRUUHODWLRQ� EHWZHHQ� HDUWKTXDNH� GDPDJLQJ�
SRWHQWLDOV�ZLWK�3*9��%UDGOH\��������GHULYHG�HPSLULFDO�
UHODWLRQV�EHWZHHQ�3*9�DQG�3*$��VSHFWUXP�RI�SVHXGR-
DFFHOHUDWLRQ� �6SD�7 ����-��� VHFRQGV�� z ������ WKH�
DFFHOHUDWLRQ� VSHFWUXP� LQWHQVLW\ª�� DQG� WKH� +RXVQHU�
VSHFWUXP� LQWHQVLW\�� +RZHYHU�� WKH� FRQWUDU\� ZDV�
UHSRUWHG� E\� %LMXNFKKHQ� HW�� DO�� ������� DIWHU� WKH�
GHYDVWDWLQJ�*RUNKD� ������ 1HSDO�� HDUWKTXDNH�� 'HVSLWH�
LWV� KLJK� 3*9� RI� DERXW� ��� FP�VHF�� WKH� GDPDJH�� LQ�
JHQHUDO�� ZDV� UHODWLYHO\� ORZHU� WKDQ� WKDW� SUHYLRXVO\�
DQWLFLSDWHG�� +HQFH�� HDUWKTXDNH� FKDUDFWHUL]DWLRQ� EDVHG�
RQ� 3*9� DORQH� ZDV� LQDGHTXDWH�� )XUWKHU�� *RWR� DQG�
0RULNDZD� ������� SRLQWHG� RXW� WKDW� VRPH� RWKHU�
HDUWKTXDNH�SDUDPHWHUV�EHVLGH�3*9�DQG�3*$�QHHGHG�WR�
EH� DFFRXQWHG� IRU� DIWHU� WKH� 7RKRNX� ������ -DSDQ��
HDUWKTXDNH��VXSSRUWLQJ�HDUOLHU�YLHZV��:X�HW��DO��������� 

0DVVXPL� DQG� 6HONLVDUL� ������� VWXGLHG� WKH� FRUUHODWLRQ�
DPRQJ�,0V�ZLWK�GDPDJH�LQGLFHV�IRU�VRPH�GLIIHUHQW�5&�
IUDPHV�� :KLOH� DVVHUWLQJ� WKDW� WKHUH� ZDV� QR� VLQJOH� ,0�
WKDW� FRXOG� KDYH� D� KLJK� FRUUHODWLRQ�ZLWK� GDPDJH�� WKH\�
VKRZHG� WKDW� DPRQJ� WKH� VSHFWUDO� SDUDPHWHUV�� YHORFLW\�
VSHFWUXP� LQWHQVLW\§� �96,�� KDG� WKH� PD[LPXP�
FRUUHODWLRQ� ZLWK� 3DUN-$QJ� GDPDJH� LQGH[�� :LWK� D�
VLPLODU� PRGHO�� .DPDO� DQG� ,QHO� ������� IRXQG� WKDW� WKH�
+RXVQHU� VSHFWUXP� LQWHQVLW\� KDG� WKH� VWURQJHVW�
FRUUHODWLRQ�ZLWK�WKH�EXLOGLQJ�GDPDJH�SRWHQWLDOV�DPRQJ�
WKH� LQYHVWLJDWHG� ,0V�� 6DQGHHS� DQG� 3UDVDG� �������
VWXGLHG� IRXU� HDUWKTXDNHV� �L�H��� .REH� ������ &KDOIDQW�
9DOOH\� ������ :KLWWLHU� 1DUURZV� ������ DQG� &KL-&KL�
������ DQG� FRQFOXGHG� WKDW� WKH� YHORFLW\� VSHFWUXP�
LQWHQVLW\� VKRZHG� VWURQJHU� FRUUHODWLRQ� ZLWK� GDPDJH�
WKDQ�ZLWK�3*$��PDJQLWXGH��DQG�GLVWDQFH� 

(OHQDV� ������� IRXQG�D�KLJK�FRUUHODWLRQ�EHWZHHQ�3DUN-
$QJ� GDPDJH� LQGH[� RI� UHLQIRUFHG� FRQFUHWH� IUDPHG�
VWUXFWXUH� ZLWK� WKH� SVHXGR-DFFHOHUDWLRQ� VSHFWUXP� DQG�
LQSXW� HQHUJ\� DW� D� OHVVHU� GHJUHH�� =KDQJ� HW�� DO�� �������
SURSRVHG�JURXQG�PRWLRQ�,0�EDVHG�RQ�D�FRPELQDWLRQ�RI�
VSHFWUDO� DFFHOHUDWLRQ� YDOXHV� DW� VRPH� SHULRGV��

&RPSDULVRQV�ZLWK� VRPH�RWKHU� ,0V�ZHUH�H[SORUHG�DQG�
JRRG�FRQVLVWHQF\�ZDV�SURGXFHG��3HUUDXOW�DQG�*XpJXHQ�
�������� EDVHG� RQ� WKH� &DOLIRUQLD� HDUWKTXDNHV��
FRQVLGHUHG� QRW� RQO\� WKH� HIIHFW� RI� VHYHUDO� VSHFWUDO�
IUHTXHQFLHV� EXW� DOVR� WKH� FRPELQDWLRQ� RI� VHYHUDO�
HDUWKTXDNH�SDUDPHWHUV��WR�WKH�WRWDO�EXLOGLQJ�VWRU\�GULIWV�
DV� WKH� '0�� 7KH\� FRQFOXGHG� WKDW� WKH� FRPELQDWLRQ� RI�
IRXU� HDUWKTXDNH� SDUDPHWHUV�� L�H��� 3*$�� FXPXODWLYH�
DEVROXWH�YHORFLW\� �&$9���6G� �7����DQG� WKH�PHDQ�RI�6Y��
SURYLGHG� WKH� OHDVW� YDULDWLRQV� LQ� WKH� '0�� 0HDQZKLOH��
WKH�XVH�RI�WKH�VSHFWUDO�DFFHOHUDWLRQV�LQ�RQH�GLUHFWLRQ�RU�
WKH� DYHUDJH� WKDW� RI� WKH� WZR-GLUHFWLRQ� DV� ,0V� ZDV�
GLVFXVVHG�LQ�%DNHU�DQG�&RUQHOO�������� 

<DK\DDEDGL� DQG� 7HKUDQL]DGHK� ������� FRPSDUHG� WKH�
YHORFLW\� DQG� GLVSODFHPHQW� VSHFWUXP� LQ� UHODWLRQ� WR� WKH�
'0� RI� VWUXFWXUHV� �L�H��� WKH� PD[LPXP� LQWHU-VWRU\� GULIW�
DQJOH��� DQG� IRXQG� WKDW�� WKRXJK� WKH\�ZHUH� FRPSDUDEOH��
WKH� GLVSODFHPHQW� VSHFWUXP� \LHOGHG� OHVV� YDULDWLRQV��
7KHLU� SURSRVHG� ,0� ZDV� EDVLFDOO\� WKH� FRPELQDWLRQ� RI�
GLVSODFHPHQW� VSHFWUXP� DW� GLIIHUHQW� SHULRGV� RI�
VWUXFWXUHV�� 7KH� SHULRGV�� DOVR� FRQVLGHULQJ� WKHLU�
OHQJWKHQLQJ� HIIHFW� GXH� WR� VWUXFWXUHV¶� LQHODVWLF�
EHKDYLRXU�RI�WKH�ILUVW��7���DV�ZHOO�DV�KLJKHU�PRGHV��7����
ZHUH� HPSOR\HG� WR� GHWHUPLQH� VSHFWUDO� GLVSODFHPHQWV��
ZKLFK�ZDV� IXUWKHU�FRPELQHG� LQ�D�ZD\� WR�PLQLPL]H� LWV�
YDULDELOLW\���.DWVDQRV�HW��DO���������DVVHUWHG�WKDW�SHULRG�
OHQJWKHQLQJ�GLG�RFFXU� LQ� VWUXFWXUHV�ZKHQ� VXEMHFWHG� WR�
HDUWKTXDNH�JURXQG�PRWLRQV�HVSHFLDOO\�LQ�5&�VWUXFWXUHV��
DQG�WKLV�QHHGHG�WR�EH�FRQVLGHUHG�LQ�HVWLPDWLQJ�GDPDJH�
SRWHQWLDO�EDVHG�RQ�VSHFWUDO-UHODWHG�,0V�� 

7KH�HIIHFW�RI�GXUDWLRQ�RQ�VWUXFWXUDO�GDPDJH�KDV�EHHQ�RI�
LQWHUHVW�IRU�D�ORQJ�WLPH��7ULIXQDF�DQG�%UDG\���������$W�
OHDVW�DERXW�WKLUW\�GHILQLWLRQV�RI�WKH�GXUDWLRQ�RI�JURXQG�
PRWLRQ�UHFRUGV�ZHUH�VWXGLHG�E\�%RPPHU�DQG�0DUWLQH]
-3HUHLUD� �������� 7KH� QHHG� WR� FRQVLGHU� VWURQJ� PRWLRQ�
GXUDWLRQ� LQ� WKH� PDSSHG� SDUDPHWHUV� ZDV� DOVR�
HPSKDVL]HG� LQ� %R]RUJQLD� DQG� &DPSEHOO� ��������
+RZHYHU��GXUDWLRQ�DORQH�PLJKW�EH�XQDEOH�WR�UHIOHFW�WKH�
GDPDJH� SRWHQWLDO� RI� JURXQG� PRWLRQV� VXIILFLHQWO\�� EXW�
LWV� SURGXFW� ZLWK� RWKHU� VHLVPLF� SDUDPHWHUV�� H�J��� 3*9��
PLJKW� EHWWHU� UHIOHFW� LW� �%RPPHU� DQG� $ODUFRQ�� ������
)DMIDU HW�� DO�� ������� ,Q� DQRWKHU� VWXG\�� LW� ZDV� UHYHDOHG�
WKDW�WKH�VLJQLILFDQFH�RI�GXUDWLRQ�UHODWHG�WR�GDPDJH�ZDV�
RSHQ� WR� GHEDWH� GHSHQGLQJ� RQ� ZKDW� '0V� DQG� WKH�
VWUXFWXUDO�PRGHOV�XVHG��+DQFRFN�DQG�%RPPHU���������
+RZHYHU�� LQ� WKH� FDVH� RI� WKH� :HQFKXDQ� �����
HDUWKTXDNH��&KLQD��WKH�GXUDWLRQ�ZDV�YHU\�ORQJ�DQG�WKH�
KXPDQ� FDVXDOWLHV�� DV� ZHOO� DV� LQIUDVWUXFWXUH� GDPDJHV��
ZHUH� XQSUHFHGHQWHGO\� KLJK� �;LH HW�� DO�� ������� ,Q� WKH�
FDVH�RI�FRQFUHWH-IDFHG�URFNILOO�GDPV��;X� HW��DO �������
REVHUYHG� WKDW� WKH� FUHVW� GLVSODFHPHQWV� ZHUH� VWURQJO\�
FRUUHODWHG� ZLWK� GXUDWLRQ�� EXW� WKH� IDFH-VODE� GDPDJH�
LQGH[�FRUUHODWHG�ZLWK� WKH�3*$��7KDW� WKH�GXUDWLRQ�ZDV�
VWURQJO\� FRUUHODWHG� ZLWK� WKH� URFNLQJ� GHPDQG� RI� ULJLG�
VWUXFWXUHV� ZDV� REVHUYHG� E\ *LRXYDQLGLV� DQG�
'LPLWUDNRSRXORV�������� 

ª�7KH�DFFHOHUDWLRQ�VSHFWUXP�LQWHQVLW\�ZDV�WKH�LQWHJUDO�RI�WKH�6SD�7��] ����RYHU�����7�VHF��������9RQ�7KXQ�HW��DO��������� 
§ 7KH� YHORFLW\� VSHFWUXP� LQWHQVLW\� �96,��ZDV� WKH� LQWHJUDO� RI� 6SY�7�� ] ���� RYHU� ����7�VHF�� ����� �9RQ�7KXQ� HW�� DO��� �������
,QGHHG��WKLV�LV�WKH�VDPH�DV�WKH�+RXVQHU�VSHFWUXP�LQWHQVLW\��VHH�(T��������� 
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7KH� OLVW� RI� WKHVH� ,0V� FDQ� EH� H[WHQGHG� WR� LQFOXGH� PRUH�
SDUDPHWHUV� �.UDPHU� DQG� 0LWFKHOO�� ������ =KDQJ HW�� DO���
�������6RPH�,0V��IXUWKHUPRUH��FRXOG�EH�HVWLPDWHG�IURP�
RWKHUV�� IRU� H[DPSOH�� WKH� PRGLILHG� 0HUFDOOL� LQWHQVLW\�
FRXOG� EH� DVVHVVHG� IURP� 3*$� DQG� 3*9� �*DUFLD� DQG�
%HUQDO�� ������� DQG� VXFK� DV� LQ� WKH� 6KDNH0DSV� �:DOG HW��
DO��� ������� DQG� VXEVHTXHQWO\� YHULILHG� E\� ILHOG�
REVHUYDWLRQ��'HVSLWH�LWV�ORQJ�OLVW��SUHVHQWO\��PRVW�JURXQG�
PRWLRQ� FKDUDFWHUL]DWLRQV�ZHUH� EDVHG� RQ� RQH� FRPSRQHQW�
RI� WKH� UHFRUGV�� RU� WZR� EXW� VHSDUDWHO\�� DQG� QRQH� ZDV�
SHUIRUPHG�EDVHG�RQ� WKUHH-FRPSRQHQW�� DOEHLW� WKH�YHUWLFDO�
FRPSRQHQW�WRJHWKHU�ZLWK�WKH�KRUL]RQWDO�ZDV�IRXQG�WR�EH�
FDSDEOH�RI�FDXVLQJ�PRUH�GDPDJH�WR�VWUXFWXUHV��*KREDUDK�
DQG�(OQDVKDL�������� 

7KH� DERYH� GLVFXVVLRQV� VKRZHG� WKDW� WKH� HDUWKTXDNH�
FKDUDFWHUL]DWLRQ�SHUIRUPHG�WKXV�IDU�ZHUH�DPELJXRXV�DQG��
DW� EHVW�� UHYHDOHG� RQO\� SDUW� RI� WKH� SKHQRPHQD� RI� WKH�
VHLVPLF�HYHQWV��.DPDO�DQG�,QHO���������7KLV�ZDV�EHFDXVH�
WKH� ,0V� XVHG� ZHUH� QRW� V\VWHPDWLFDOO\� VWUXFWXUHG�� DQG�
QRQH� FRQVLGHUHG� WKH� HIIHFW� RI� WKUHH-FRPSRQHQW� PRWLRQV�
VLPXOWDQHRXVO\�� 7KH� ,0� SURSRVHG� LQ� WKLV� VWXG\� ZDV�
V\VWHPDWLFDOO\� VWUXFWXUHG�DQG�EDVHG�RQ� WKUHH-FRPSRQHQW�
PRWLRQV� DQG� ZHUH� FRUUHODWHG� ZLWK� WKH� PDFURVHLVPLF�
LQWHQVLW\� VFDOHV� �00,�� WR� DVVLJQ� LWV� GDPDJH� SRWHQWLDOV��
DQG� KHQFH�� LW� ZDV� H[SHFWHG� WR� EH� D� PRUH� UHDOLVWLF�
HQJLQHHULQJ�FKDUDFWHUL]DWLRQ�RI�JURXQG�PRWLRQV�� 

Ϯ��0HWKRGRORJ\ 

7KH�VWXG\�EHJDQ�ZLWK�VHOHFWLQJ�VRPH�HDUWKTXDNH�HYHQWV��
7KH�QXPEHU�RI�WKH�HYHQWV�LV�QRW�UHVWULFWHG�WR�DQ\�YDOXHV��
EXW� VWDWLVWLFDO� VLJQLILFDQFH�ZRXOG� EH� DFKLHYHG� IRU� DERXW�
WKLUW\� HYHQWV� RU�PRUH�� ,Q� 6HFWLRQ� �� WKH� JURXQG�PRWLRQV�
ZHUH� SUHVHQWHG� DQG� GLVFXVVHG�� )RU� HDFK� HDUWKTXDNH�
HYHQW�� VRPH� SDUDPHWHUV� EDVHG� RQ� WKUHH-FRPSRQHQW�
PRWLRQV� ZHUH� HYDOXDWHG�� 7KH� SDUDPHWHUV� LQFOXGHG� WKH�
SHDN� JURXQG� DFFHOHUDWLRQ�� YHORFLW\�� GLVSODFHPHQW�� HWF��
7KH� QXPEHU� RI� SDUDPHWHUV� ZDV� LPPDWHULDO�� EXW�
SDUDPHWHUV� FRPPRQO\� DGRSWHG� E\� RWKHU� LQYHVWLJDWRUV�
ZHUH� LQYHVWLJDWHG� KHUHLQ�� 7KHVH� SDUDPHWHUV� ZHUH�
TXDQWLILHG�LQ�6HFWLRQ���DQG�WKHUH�DUH�DERXW�QLQHWHHQ��7KH�
FRUUHODWLRQ� FRHIILFLHQWV� DPRQJ� WKH� SDUDPHWHUV� ZHUH�
FRPSXWHG� FRQVLGHULQJ� DOO� HDUWKTXDNH� HYHQWV�� DQG� WKH�
SDUDPHWHUV� ZHUH� JURXSHG� EDVHG� RQ� WKHVH� FRHIILFLHQWV��
7KUHH� SDUDPHWHUV� ZHUH� IXOO\� FRUUHODWHG�� OHDYLQJ� WKH�
UHPDLQLQJ�VL[WHHQ�IRU�IXUWKHU�DQDO\VHV��)RU�LOOXVWUDWLRQ��DW�
RQH� VHFRQG� SHULRG�� WKH� VSHFWUDO� DFFHOHUDWLRQ�� 6D�7 ����
WRJHWKHU� ZLWK� VSHFWUDO� YHORFLW\�� 6Y�7 ���� WKH� VSHFWUDO�
HQHUJ\� LQSXW��(LQ�7 ���� DQG� LQSXW� SRZHU��3LQ�7 ����ZHUH�
LQ� RQH� JURXS� EHFDXVH� DQ\� SDLU� ZHUH� FRUUHODWHG� YHU\�
VWURQJ� �DERYH� ��� SHUFHQW��� ,Q� WKH� JURXS�� RQH� SDUDPHWHU�
ZDV�VHOHFWHG�DV�WKH�OHDG�SDUDPHWHU�� LQ�WKLV�FDVH��6D�7 ���
ZDV� WKH� OHDG� SDUDPHWHU� RI� WKH� ILUVW� JURXS�� EHFDXVH� LW�
VKRZHG� WKH�KLJKHVW� FRUUHODWLRQ�� DQG�ZDV�ZLGHO\� XVHG� LQ�
RWKHU� VWXGLHV�� 2WKHU� JURXSV� ZHUH� LQYHVWLJDWHG� VLPLODUO\�
ZLWK� WKHLU�RZQ� OHDG�SDUDPHWHUV��7KH�JURXSV�DUH�GLVMRLQW�
VHWV�� DQG� WKHLU� PHPEHUV� YDU\� IURP� RQH� WR� IRXU�
SDUDPHWHUV��,Q�WRWDO�WKHUH�ZHUH�WHQ�JURXSV�WR�UHSUHVHQW�DOO�
VL[WHHQ� SDUDPHWHUV� ZLWK� KLJK� FRUUHODWLRQ� FRHIILFLHQWV�
�DERYH����SHUFHQW���2XW�RI�VL[WHHQ�SDUDPHWHUV��KRZHYHU��
WKH� ILUVW� WKUHH� JURXSV� ZLWK� WKH� VSHFWUDO� DFFHOHUDWLRQ� �6D
�7 ����� VLJQLILFDQW� GXUDWLRQ� �'��-���� DQG� SHDN� JURXQG�
YHORFLW\� �3*9�� DV� WKH� OHDG� SDUDPHWHUV� DOUHDG\�

UHSUHVHQWHG� WHQ�SDUDPHWHUV� �IRXU� IRU�6D�7 ���� DQG�HDFK�
WKUHH�IRU�WKH�RWKHU�WZR��ZLWK�KLJK�FRUUHODWLRQV��DERYH����
SHUFHQW���1H[W��D�GLDJRQDO�PDWUL[�FRQVLVWLQJ�RI�WKH�OHDG�
SDUDPHWHUV�ZDV�FRQVWUXFWHG��7KH�VWUHQJWK�RI�WKH�PDWUL[�
ZDV�PHDVXUHG�E\�LWV�QRUP��ZKLFK�ZDV�XVHG�DV�WKH�EDVLV�
WR� GHILQH� D� FRPSRVLWH-LQWHQVLW\� LQGH[�� 7KH� SURFHGXUHV�
ZHUH� UHSHDWHG� IRU� WZHQW\-IRXU� SHULRGV� VR� WKDW� D�
FRPSRVLWH-LQWHQVLW\� LQGH[� VSHFWUXP� FRXOG� EH� FUHDWHG��
7KH� LQGH[� ZDV� UHODWHG� WR� WKH� 0HUFDOOL� PDFURVHLVPLF�
LQWHQVLW\� VFDOHV� �00,�� WR�DVVLJQ� LWV�GDPDJH�SRWHQWLDOV��
&RQVHTXHQWO\�� VSHFLILF� GDPDJH� PHDVXUHV� �H�J��� GULIW��
SODVWLF� FROODSVH� PHFKDQLVP�� K\VWHUHWLF� HQHUJ\�
GLVVLSDWLRQ��ZHUH�QRW�UHTXLUHG�LQ�WKLV�VWXG\�� 

7KH� GHWDLOHG� SURFHGXUH� LV� GHVFULEHG� LQ� WKH� IROORZLQJ�
VWHSV� 

�� (DUWKTXDNH� HYHQW� FROOHFWLRQ�� 7KH� HDUWKTXDNH� GDWD�
ZHUH� FRPSLOHG� IURP� SXEOLF� GRPDLQ� GDWDEDVHV�� 7KH�
GDWD� VKRXOG� LQFOXGH� HYHQWV� ZLWK� YDU\LQJ� 0HUFDOOL�
PDFURVHLVPLF� LQWHQVLW\� �00,��� )RU� WKLV� SXUSRVH��
HYHQWV� ZLWK� LQWHQVLWLHV� KLJKHU� WKDQ� 9,,� 00,� ZHUH�
FRQVLGHUHG�� 7KH� QXPEHU� ZDV� VR� WKDW� VWDWLVWLFDO�
VLJQLILFDQFH� FRXOG� EH� UHSUHVHQWHG�� $� QXPEHU� PRUH�
WKDQ� WKLUW\� VKRXOG� VXIILFH�� 7KH\� VKRXOG� EH�
VWDWLVWLFDOO\�LQGHSHQGHQW�� 

�� 6HLVPLF�SDUDPHWHUV��3DUDPHWHUV�FRPSXWHG�EDVHG�RQ�
WKUHH-FRPSRQHQW� PRWLRQV� WR� FKDUDFWHUL]H� D� VHLVPLF�
HYHQW� VKRXOG� EH� GHILQHG�� H�J��� SHDN� JURXQG�
DFFHOHUDWLRQ� �3*$��� YHORFLW\� �3*9��� GLVSODFHPHQW�
�3*'��� SVHXGR-VSHFWUDO� DFFHOHUDWLRQ�� YHORFLW\��
GLVSODFHPHQW��6SD�7���6SY�7���6G�7����HWF��7KH\�FRXOG�
EH� DV� PDQ\� DV� SUDFWLFDEOH�� ,Q� WKLV� VWXG\� DERXW�
QLQHWHHQ�SDUDPHWHUV�ZHUH�LQYHVWLJDWHG�� 

�� &RUUHODWLRQ� FRHIILFLHQWV�� $OO� VHLVPLF� SDUDPHWHUV�
ZHUH� DVVXPHG� ORJQRUPDOO\� GLVWULEXWHG�� KHQFH�� WKHLU�
FRPPRQ� ORJDULWKP� YDOXHV� ZHUH� FRQVLGHUHG��
&RUUHODWLRQ� FRHIILFLHQWV� DPRQJ� WKH� ORJQRUPDOO\�
VHLVPLF� SDUDPHWHUV� FRYHULQJ� DOO� HDUWKTXDNH� HYHQWV�
ZHUH�FRPSXWHG�DQG�LGHQWLILHG��7R�DYRLG�GXSOLFDWLRQ��
SDUDPHWHUV� ZLWK� FRUUHODWLRQ� FRHIILFLHQWV� RI� XQLW\�
ZHUH�VFUHHQHG�RXW�IURP�IXUWKHU�DQDO\VHV�� 

�� 3DUDPHWHU�JURXSLQJ��3DUDPHWHUV�ZHUH�JURXSHG�EDVHG�
RQ� WKHLU� FRUUHODWLRQV��(DFK�JURXS�ZDV�SRSXODWHG�E\�
SDUDPHWHUV� ZLWK� FRUUHODWLRQV� KLJKHU� WKDQ� ����
DPRQJ� WKHP�� 7KH� ILUVW� JURXS� ZDV� WKH� PRVW�
SRSXODWHG�� WKH� ODVW� ZDV� WKH� OHDVW�� 7KH� JURXSV� ZHUH�
GLVMRLQW�� ZKHQ� WKHUH� ZHUH� WLHV�� WKH� OHVV� SRSXODWHG�
JURXS�JDYH�XS�LWV�WLHG�SDUDPHWHUV�� 

�� /HDG�SDUDPHWHUV��)RU�HDFK�JURXS��WKH�OHDG�SDUDPHWHU�
ZDV�VHOHFWHG�EDVHG�RQ�WKH�KLJKHVW�FRUUHODWLRQ�LQ�WKH�
JURXS��RU�WKH�PRVW�XVHG�LQ�RWKHU�VWXGLHV�� 

�� 1RUPDOL]DWLRQ� RI� SDUDPHWHUV�� 7KH� VHLVPLF�
SDUDPHWHUV� KDYH� GLIIHUHQW� XQLWV� DQG� YDOXHV�� VR� LW� LV�
QHFHVVDU\� WR�PDNH� WKHP�XQLWOHVV� DQG�QRUPDOL]HG� WR�
PDNH� WKHP� OHVV� OLNHO\� WR� SURGXFH� ELDVHV�� 7KH�
QRUPDOL]DWLRQ�SURFHVV�PDNHV�HDFK�SDUDPHWHU�KDYH�D�
XQLW� VWDQGDUG� GHYLDWLRQ�� D� PHDQ� YDOXH� RI� k� DQG�
EHFRPHV�DQ�LQGH[��7KH�YDOXH�RI�k� LV�VR�FKRVHQ�WKDW�
QR�SDUDPHWHU�KDV�QHJDWLYH�YDOXHV�IRU�DOO�HDUWKTXDNH�
HYHQWV� DIWHU� QRUPDOL]DWLRQ�� 7KLV� SURFHVV� GRHV� QRW�
DOWHU�WKH�FRUUHODWLRQV�DPRQJ�SDUDPHWHUV�� 
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7DEOH����7KH�HDUWKTXDNH�HYHQWV��SHDN�JURXQG�DFFHOHUDWLRQV��SHDN�JURXQG�YHORFLWLHV��DQG�WKHLU�RULJLQ� 

1R (DUWKTXDNH�HYHQW 6WDWLRQ 
3*$��J� 3*9��FP�V� 

67$7( 
� � 8' � � 8' 

� 7DEDV������ 7DEDV ���� ���� ���� ��� ��� �� ,UDQ 

� (U]LQLFDQ������ (U]LQLFDQ ���� ���� ���� �� ��� �� 7XUNH\ 

� /DQGHUV������ /XFHUHQH ���� ���� ���� �� �� �� 86$ 

� 1RUWKULGJH������ 5LQDOGL ���� ���� ���� ��� �� �� 86$ 

� .REH������ 7DNDWRUL ���� ���� ���� ��� �� �� -DSDQ 

� 0H[LFR������ 0LFKRDFDQ ���� ���� ���� �� �� �� 0H[LFR 

� ,PSHULDO�9DOOH\�������� (O�&HQWUR�� ���� ���� ���� �� �� � 86$ 

� ,PSHULDO�9DOOH\�������� &DOH[LFR ���� ���� ���� �� �� � 86$ 

� .REH������ $PDJDVDNL ���� ���� ���� �� �� �� -DSDQ 

�� 0DPPRWK�/DNHV������ 0DPPRWK�/DNHV ���� ���� ���� �� �� �� 86$ 

�� 1�3DOP�6SULQJ������ 1�3DOP�6SULQJV�
��� ���� ���� ���� �� �� �� 86$ 

�� 3DUNILHOG������ 7HPEORU ���� ���� ���� �� �� � 86$ 

�� %LJ�%HDU������ &LYLF�&HQWHU ���� ���� ���� �� �� �� 86$ 

�� +DZDL������ :DLPHD ���� ���� ���� �� �� �� 86$ 

�� /
$TXLOD������ 9��$WHUQR ���� ���� ���� �� �� �� ,WDO\ 

�� 1HZ�=HDODQG������ *UHHQGDOH ���� ���� ���� ��� ��� �� 1HZ�=HDODQG 

�� 6DQ�6LPHRQ������ 7HPSOHWRQ�+VSWO ���� ���� ���� �� �� �� 86$ 

�� $QFKRUDJH�$ODVND������ 6W�)LVK�	�*DPH ���� ���� ���� �� �� � 86$ 

�� 6RXWK�1DSD������ &URFNHWW��� ���� ���� ���� �� �� � 86$ 

�� 0DQDJXD������ 0DQDJXD�(662 ���� ���� ���� �� �� �� 1LFDUDJXD 

�� &KLOH������ $QJRO ���� ���� ���� �� �� �� &KLOH 

�� &DSH�0HQGRFLQR������ )HUQGDOH ���� ���� ���� �� �� � 86$ 

�� /RPD�3ULHWD������ &DSLWROD ���� ���� ���� �� �� �� 86$ 

�� &DOH[LFR������ 0HORODQG�5G� ���� ���� ���� �� �� �� 86$ 

�� )HUQGDOH������ (XUHND�	�'ROEHHU ���� ���� ���� �� �� � 86$ 

�� ,PSHULDO�9DOOH\������
 (O�&HQWUR�$UUD\�� ���� ���� ���� �� �� �� 86$ 

�� 0RUJDQ�+LOO������
 *LOUR\ ���� ���� ���� �� �� �� 86$ 

�� 1�3DOP�6SULQJ������
 '+63���� ���� ���� ���� �� �� �� 86$ 

�� &KLOH�/OROOHR������
 /OROOHR ���� ���� ���� �� �� �� &KLOH 

�� &KLOH�9LQD�'HO�0DU������
 9LQD�'HO�0DU ���� ���� ���� �� �� �� &KLOH 
�� 0H[LFR������
 0H[LFR�&LW\ ���� ���� ���� �� �� �� 0H[LFR 

�� :HLJKW� IDFWRUV� RI� WKH� OHDG� SDUDPHWHUV�� 7KH� WRWDO�
QXPEHU� RI� WKH� JURXSV� ZDV� VXFK� WKDW� WKH� WRWDO�
QXPEHU� RI� SDUDPHWHUV� ZDV� DOO� FRYHUHG�� $V�
LOOXVWUDWLRQ�� DW� SHULRG� RI�7 �� VHFRQG�� JURXS� ��ZDV�
SRSXODWHG� E\� SDUDPHWHUV� ������ DQG� �� RU� J�
�S��S��S��S���� VLPLODUO\� J��S��S��S���� J��S��S��S����� J�
�S�����J��S�����J��S�����J��S�����J������J��S�����J���S�����
IRU� DOO� VL[WHHQ� SDUDPHWHUV�� 7KH� EROWV� DUH� WKH� OHDG�
SDUDPHWHUV� LQ� JURXSV� ZLWK� PRUH� WKDQ� RQH�
SRSXODWLRQ�� ,Q� WKLV� FDVH�� DOO� VL[WHHQ� SDUDPHWHUV�
FRXOG� EH� UHSUHVHQWHG� E\� WHQ� JURXSV� ZLWK�
SDUDPHWHUV¶� FRUUHODWLRQV� KLJKHU� WKDQ� ���� LQ� HDFK�
JURXS�� 7KH� ZHLJKW� IDFWRU� RI� SDUDPHWHU� S�� LV�
Z� ������ Z� ����� IRU� S��� Z� ��� DQG� VR� RQ��
+RZHYHU�� LW� LV� SRVVLEOH� WR� FRQVLGHU� RQO\� WKH� WKUHH�
ILUVW�JURXSV�QDPHO\�J��S��S��S��S����J��S��S��S���DQG�
J��S��S��S���� FRYHULQJ� RQO\� WHQ� SDUDPHWHUV� RXW� RI�
VL[WHHQ�� ZLWK� FRQILGHQFH� OHYHO� RI� DERXW� ���� [�
������  � ����� 7KHQ� WKH� ZHLJKW� IDFWRUV� EHFDPH�
Z� ������Z� �Z� ����� IRU� S��� S��� S��� UHVSHFWLYHO\��
(DFK�ZHLJKWHG�OHDG�SDUDPHWHU�KDV�D�PHDQ�YDOXH�RI�
k�PXOWLSOLHG�E\� LWV� UHVSHFWLYH�ZHLJKW� IDFWRU�� DQG� D�
XQLW�VWDQGDUG�GHYLDWLRQ��7KLV�SURFHVV�GRHV�QRW�DOWHU�
WKH�FRUUHODWLRQV�DPRQJ�WKH�SDUDPHWHUV�� 

�� &RPSRVLWH� PDWUL[�� $� GLDJRQDO� PDWUL[� RI� WKH�
QRUPDOL]HG� OHDG� SDUDPHWHUV� DV� GLDJRQDO�
FRPSRQHQWV�ZDV� FUHDWHG��2WKHU�PDWULFHV�� D�PDWUL[�
RI� FRUUHODWLRQ� FRHIILFLHQWV� DPRQJ� WKH� OHDG�
SDUDPHWHUV� DQG� D� GLDJRQDO� PDWUL[� RI� WKH� ZHLJKW�
IDFWRUV� RI� WKH� OHDG� SDUDPHWHUV� ZHUH� DOVR�
FRQVWUXFWHG��7KH�FRPSRVLWH�PDWUL[�LV�WKH�SURGXFW�RI�
WKHVH�WKUHH�PDWULFHV�� 

�� &RPSRVLWH-LQWHQVLW\� LQGH[�� 7KH� LQWHQVLW\� RI� WKH�
HDUWKTXDNH�HYHQW�LV�PHDVXUHG�E\�WKH�VWUHQJWK�RI�WKH�
FRPSRVLWH�PDWUL[�LQGLFDWHG�E\�LWV�QRUP��$Q\�QRUP�
FDQ�EH�XVHG�DQG�WKH�VLPSOHVW�RQH��L�H���WKH�)UREHQLXV�
QRUP�� ZDV� DGRSWHG� LQ� WKLV� VWXG\�� 7KLV� QRUP� LV�
UHIHUUHG� WR�DV� WKH�FRPSRVLWH-LQWHQVLW\� LQGH[� LQ� WKLV�
VWXG\�� 

��� 'DPDJH�VWDWH��$V�REVHUYHG�LQ�6WHS����VRPH�VHLVPLF�
SDUDPHWHUV� DUH� SHULRG-GHSHQGHQWV�� +HQFH� WKH�
FRPSRVLWH-LQWHQVLW\� LQGH[� LQ�6WHS��� LV� DOVR�SHULRG-
GHSHQGHQW�� DQG� IRU� DQ� HYHQW� WKHUH� LV� D� PD[LPXP�
FRPSRVLWH-LQWHQVLW\� LQGH[� DW� D� VSHFLILF� SHULRG� DV�
ZHOO� DV� WKH� DVVRFLDWHG�00,� VFDOH�� 7KH� PD[LPXP�
FRPSRVLWH-LQWHQVLW\�LQGLFHV�IRU�DOO�HYHQWV�ZHUH�WKHQ�
UHODWHG� WR� WKHLU� UHVSHFWLYH�00,� VFDOHV� WR� SURGXFH�


�7ZR-KRUL]RQWDO�FRPSRQHQW�RQO\��7KH�YHUWLFDO�FRPSRQHQW�ZDV�FRQVWUXFWHG�DV�WZR�WKLUGV�RI�WKH�DYHUDJH�RI�WKH�KRUL]RQWDO�FRPSRQHQWV� 
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UHJUHVVLRQ� FRQVWDQWV�� 7KH� FRQVWDQWV� H[SUHVV� WKH�
UHODWLRQ� EHWZHHQ� WKH� PD[LPXP� FRPSRVLWH-LQWHQVLW\�
LQGH[� DQG� WKH� GDPDJLQJ� SRZHU� RI� WKH� HYHQW�� �1RWH��
7KH� 00,� VFDOHV� GHILQH� LWV� VFDOHV� WR� WKH� H[WHQW� RI�
GDPDJH� RI� EXLOGLQJV� VXEMHFWHG� WR� DQ� HDUWKTXDNH�
HYHQW��� %HFDXVH� WKH� FRPSRVLWH-LQWHQVLW\� LQGH[� LV�
SHULRG-GHSHQGHQW�WKHQ�WKH�GDPDJH�VWDWH�DW�DQ\�SHULRG�
FDQ� EH� DFFRUGLQJO\� FRPSXWHG�� VR� LV� WKH�00,� VFDOHV�
EDVHG�RQ�WKH�UHJUHVVLRQ�FRQVWDQWV�� 

7KHVH�VWHSV�ZHUH�HOXFLGDWHG�LQ�WKH�IROORZLQJ�VHFWLRQV�DQG�
VWDUWHG� ZLWK� WKH� JURXQG�PRWLRQV� DQDO\VHV� FRQVLGHUHG� LQ�
WKH�VWXG\�� 

���*URXQG�0RWLRQ�5HFRUGV 

)RU� WKH� LQYHVWLJDWLRQ� LQ� WKLV� VWXG\�� D� WRWDO� RI� WKLUW\-RQH�
HDUWKTXDNH�JURXQG�PRWLRQV�FROOHFWHG�ZRUOGZLGH��PRVWO\�
IURP�WKH�8QLWHG�6WDWHV��ZHUH�FRPSLOHG��7KH�QXPEHU�ZDV�
LPPDWHULDO��DQG�WKH�GDWD�VHW�ZDV�E\�QR�PHDQV�H[KDXVWLYH��
EXW� WKH� VWDWLVWLFDO� VLJQLILFDQFH� ZDV� H[SHFWHG� WR� EH�
VDWLVILHG��7KH\�FRQVLVWHG�RI�WZHQW\-ILYH�WKUHH-FRPSRQHQW�
DQG� VL[� WZR-FRPSRQHQW� VWURQJ� HDUWKTXDNH� UHFRUGV�� )RU�
WKH�ODWWHU��WKH�YHUWLFDO�FRPSRQHQW�ZDV�FRQVWUXFWHG�DV�WZR-
WKLUGV�RI� WKH�DYHUDJH�RI� WKH� WZR�KRUL]RQWDO� FRPSRQHQWV��
7KH\�DUH�DOO�WKH�VWURQJ�HDUWKTXDNHV�LQ�FKDUDFWHU�ZLWK�WKH�
PRGLILHG� 0HUFDOOL� LQWHQVLW\� VFDOHV� RI� 9,,-;� DQG� ZHUH�
OLVWHG� LQ�7DEOH����7R�YHULI\� WKH� VWDWLVWLFDO� LQGHSHQGHQFH�
RI� WKH� GDWD�� WKH� FURVV-FRUUHODWLRQ� FRHIILFLHQWV� ZHUH�
FRPSXWHG� IRU� DOO� QLQHW\-WKUHH� FRPSRQHQWV�� 7KH�
PD[LPXP� FRUUHODWLRQ� ZDV� ����� JLYHQ� E\� WKH� 0H[LFR�
����� HDUWKTXDNH� EHWZHHQ� KRUL]RQWDO-�� DQG� -��
FRPSRQHQWV��DOO�RWKHU�YDOXHV�ZHUH�OHVV�WKDQ�WKLV�� 

�� (DUWKTXDNH�3DUDPHWHUV�$QG�7KHLU�
 &RUUHODWLRQ�&RHIILFLHQWV 

7KH� G\QDPLFDO� HTXDWLRQ� RI� PRWLRQ� RI� D� PDVV� LQ� WKUHH-
RUWKRJRQDO�FRRUGLQDWH�V\VWHP�LV� 

 
ZKHUH�0��&��DQG�.�DUH���[���GLDJRQDO�PDWULFHV�RI�PDVV��
GDPSLQJ��DQG�VWLIIQHVV��UHVSHFWLYHO\��DQG����ӫ��DQG�X�DUH�
WKH� DFFHOHUDWLRQ�� YHORFLW\�� DQG� GLVSODFHPHQW� YHFWRUV� RI�
WKH�PDVV��)RU�LVRWURSLF�V\VWHP��(T������UHGXFHV�WR� 

  
ZKHUH� �J�  �J��� �J��� �J�� LV� WKH� WKUHH-FRPSRQHQW�
WUDQVODWLRQDO� JURXQG� DFFHOHUDWLRQ� YHFWRU�� z� LV� WKH�
GDPSLQJ��DQG�wQ� LV� WKH� V\VWHP¶V�QDWXUDO� IUHTXHQF\��7KH�
'XKDPHO� LQWHJUDO� VROXWLRQ� RI� (T�� ���� IRU� GLVSODFHPHQW�
YHFWRU�LV� 

  
:KHUH�������� 

 
7KH� IROORZLQJ� HDUWKTXDNH� SDUDPHWHUV� RI� D� WRWDO� RI�
QLQHWHHQ�ZKLFK�ZHUH�PRVWO\�GHYHORSHG�EDVHG�RQ�(T������
ZHUH�LQYHVWLJDWHG��7KH�GLVSODFHPHQW�VSHFWUXP�LV� 
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6D�wQ�z�� �PD[�|��wQ�z�W�����J��W�| 

3HDN� JURXQG� GLVSODFHPHQW�� YHORFLW\�� DQG� DFFHOHUDWLRQ�
DUH�GHILQHG�E\� 

3*'�  

 
3*9�  

 
3*$� �� 

 
ZKHUH�J� LV� WKH� JUDYLWDWLRQDO� DFFHOHUDWLRQ� DQG�$�� LV� WKH�
SHDN�JURXQG�DFFHOHUDWLRQ�FRHIILFLHQW� 

7KH�+RXVQHU�VSHFWUXP�LQWHQVLW\��6,�z���+RXVQHU���������
DQG� VHLVPLF� HQHUJ\� GHQVLW\�� 6('�z��� ZKLFK� LV� WKH�
DYHUDJH� RI� WKH� DEVRUEHG� HQHUJ\� SHU� XQLW� PDVV�� DUH�
GHILQHG�DV� 

 

 

 

ZKHUH�6SY��wQ�z�� �wQ�6G��wQ�z����LV�WKH�SVHXGR-YHORFLW\�
VSHFWUXP��DQG�WKH�GDPSLQJ�LV�WDNHQ�WR�EH�z ����7� �����
7� ����VHFRQGV� 

7KH�$ULDV�LQWHQVLW\��$ULDV��������LV�GHILQHG�DV� 

 

 

ZKHUH�WG�LV�WKH�HQG-WLPH�RI�WKH�UHFRUG� 
&DPSEHOO� DQG� %R]RUJQLD� ������� LQYHVWLJDWHG� WKH�
FXPXODWLYH� DEVROXWH� YHORFLW\� �&$9�� H[WHQVLYHO\�� 7KH\�
UHODWHG�&$9� WR� WKH�PDFURVHLVPLF� LQWHQVLWLHV� ,00� �86���
,-0$� �-DSDQ��� DQG� ,(06� �(XURSH��� 7KH\� VXJJHVWHG� WKDW�
&$9�ZDV� WKH�PRVW� VWDEOH� ,0� WR�FRUUHODWH�ZLWK�GDPDJH�
SRWHQWLDOV�� 7KHUH� ZHUH� VRPH� RWKHUV� ZKR� DOVR� VWXGLHG�
WKLV� &$9� RU� LWV� YDULDQWV� �H�J��� .UDPHU� DQG� 0LWFKHOO��
������� $� VOLJKWO\� GLIIHUHQW� YHUVLRQ�� GHQRWHG� KHUHLQ� DV�
&$900��LV�LQYHVWLJDWHG��DQG�GHILQHG�DV�� 
 

 

ZKHUH�+�LV�WKH�+HDYLVLGH�VWHS�IXQFWLRQ� 

 

 

 

7KH�FRUQHU�SHULRG��7F�� LV� WKH�RQH�DW�ZKLFK� WKH�FRQVWDQW�
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VSHFWUD��DQG�GHILQHG�E\� 
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ZKHUH� � 6SD� �wQ�z��  � wQ� 6SY� �wQ�z�� LV� WKH� SVHXGR-
DFFHOHUDWLRQ�VSHFWUXP� 

7KH�SRZHU�SHU�XQLW�PDVV�DEVRUEHG�E\�WKH�GDPSLQJ�DQG�WKH�
VSULQJ��3D�7�z��P��DQG�WKH�SRZHU�H[FLWHG�E\�WKH�JURXQG�
PRWLRQ�WR�WKH�V\VWHP��3LQ�7�z��P��DUH�H[SUHVVHG�DV� 

 

 

ZKHUH�P�LV�WKH�PDVV�RI�WKH�RVFLOODWRU��DQG��WKHUHE\�WKH�
LQSXW�HQHUJ\�GHQVLW\��(LQ�7�z��P��EHFRPHV� 

 

ZKHUH�WKH�WRWDO�JURXQG�DFFHOHUDWLRQ�LV��W��W�� ���W�����J��W���
DW�LV�WKH�WLPH�LQWHUYDO��DQG�WG�LV�WKH�HQG-WLPH�RI�WKH�UHFRUG� 

7KH�WLPH�SDUDPHWHUV�FRQVLVW�RI�WKH�VLJQLILFDQW�GXUDWLRQ�
'��-����7ULIXQDF�DQG�%UDG\���������EUDFNHWHG�GXUDWLRQ��
DQG� HODSVH� DUH� GHILQHG� DV� IROORZV� �VHH� )LJXUH� �� IRU�
HODERUDWLRQ�� 

 

 

(ODSVH� �WRWDO�YLEUDWLRQ�RI�WKH�UHFRUG  

ZKHUH 

 

 

DQG� ,1$� LV� WKH� QRUPDOL]HG� $ULDV� LQWHQVLW\�� (T�� �����
VLPSO\� VWDWHV� WKDW� '��-��� LV� HTXDO� WR� WKH� WLPH� UDQJH�
EHWZHHQ� WKH� DWWDLQPHQW� RI� ��� RI� WKH� $ULDV� LQWHQVLW\�
DQG�WKDW�RI������$QG�(T�������VSHFLILHV�GXUDWLRQ�DV�WKH�
WLPH� UDQJH� EHWZHHQ� WKH� DFFHOHUDWLRQ� KLW� WKH� VWDQGDUG�
GHYLDWLRQ� DW� WKH� LQFRPLQJ� DQG� DW� WKH� RXWJRLQJ� SRLQWV��
)LJXUH���JUDSKLFDOO\�HODERUDWHV�(TV������-����� 

%HVLGHV� WKRVH� UHIHUUHG� WR� LQ� (TV�� ���-������ WZR� PRUH�
SDUDPHWHUV�$�7F��ZKLFK�LV�D�PHDVXUH�RI�D�FKDUDFWHULVWLF�
YHORFLW\�� DQG� 00,� �WKH� PRGLILHG� 0HUFDOOL� LQWHQVLW\��
:RRG� DQG� 1HXPDQQ�� ������ ZHUH� FRQVLGHUHG��
FRPSOHWLQJ� QLQHWHHQ�� 7KH� 00,� ZDV� GHWHUPLQHG� LQ�
DFFRUGDQFH�ZLWK�:DOG�HW��DO����������1RWLFH�WKDW�VRPH�
RI�WKH�SDUDPHWHUV�LQYHVWLJDWHG�LQ�WKLV�VWXG\�ZHUH�SHULRG
-GHSHQGHQWV�ZKLOH� WKH�RWKHUV�ZHUH� QRW��)RU� WKRVH� WKDW�
ZHUH�SHULRG-GHSHQGHQWV��WKHLU�YDOXHV�ZHUH�HYDOXDWHG�DW�
7 ���-���� VHFRQGV� ZLWK� LQFUHPHQW� RI� ���� VHFRQGV�� 7�
 ���-����VHFRQGV�ZLWK�LQFUHPHQW�RI�����VHFRQGV��DQG�7�
 ���-���� VHFRQGV� ZLWK� LQFUHPHQW� RI� ���� VHFRQGV��
WRWDOOLQJ� WZHQW\-IRXU� SHULRGV�� +RZHYHU�� GXH� WR� VSDFH�
OLPLWDWLRQ� RQO\� FRPSXWDWLRQV� IRU�7� ���� VHFRQG� ZHUH�
SUHVHQWHG� LQ� WKH� SDSHU�� 7KH� UHVXOWV� RI� WKH� QLQHWHHQ�
SDUDPHWHUV�FRPSXWDWLRQV� IRU� WKLUW\-RQH�HDUWKTXDNHV�DW�
7�  ���� VHFRQG� ZHUH� SUHVHQWHG� LQ�7DEOH� ��� 1H[W�� WKH�

FRUUHODWLRQ� FRHIILFLHQWV� RI� DOO� HDUWKTXDNH� SDUDPHWHUV�
OLVWHG�LQ�7DEOH���ZHUH�GHWHUPLQHG�� 

7KH� H[SUHVVLRQ� IRU� WKH�3HDUVRQ� FRUUHODWLRQ� FRHIILFLHQW�
EHWZHHQ� DQ\� WZR� QRUPDO� UDQGRP� YDULDEOHV� LV�
H[SUHVVLEOH�DV��H�J���$QJ�DQG�7DQJ�������� 

 

ZKHUH�r;<� LV� WKH� FRUUHODWLRQ� FRHIILFLHQW� RI� SDUDPHWHUV�
;�<�� (� LV� WKH� HQVHPEOH� DYHUDJH�� DQG� s�� m� DUH� WKH�
VWDQGDUG� GHYLDWLRQ� DQG� WKH� PHDQ� YDOXH�� UHVSHFWLYHO\��
(PSOR\LQJ� (T�� ����� WR� DOO� QLQHWHHQ� HDUWKTXDNH�
SDUDPHWHUV�� WKH� UHVXOWLQJ� YDOXHV� ZHUH� SUHVHQWHG� LQ�
7DEOH����7KH� WDEOH�SUHVHQWHG� WKH�FRUUHODWLRQ�FRHIILFLHQWV�
RI�WKH�FRPPRQ�ORJDULWKP�RI�WKH�HDUWKTXDNH�SDUDPHWHUV�
ZKLFK�ZHUH�DVVXPHG�ORJQRUPDOO\�GLVWULEXWHG�� 

,Q�7DEOH���WKHUH�DUH�WKUHH-SDLU�SDUDPHWHUV�WKDW�DUH�IXOO\�
FRUUHODWHG�ZLWK� WKH�RWKHUV� �LQ�JUH\��� L�H��� 6,� DQG�6('��
3D�P�DQG�6Y��DV�ZHOO�DV�6G�DQG�6D��DQG�WKLV�LV�WUXH�IRU�DOO�
SHULRGV�LQYHVWLJDWHG�LQ�WKH�VWXG\��7KHUHIRUH�6('��3D�P��
DQG� 6G� ZHUH� GURSSHG� IURP� IXUWKHU� DQDO\VHV� WR� DYRLG�
GRXEOH� FRXQWLQJ�� WKXV�� WKH� UHPDLQLQJ� SDUDPHWHUV�
EHFRPH� VL[WHHQ�� )URP� WKH� WDEOH�� WKH� SDUDPHWHUV� ZLWK�
FRUUHODWLRQ�FRHIILFLHQWV�RI�����RU�KLJKHU�ZHUH�FROOHFWHG�
DQG�OLVWHG�LQ�7DEOH����)RU�LOOXVWUDWLRQ��LQ�WKH�ILUVW�URZ��
6D�7 ��� ZDV� FRUUHODWHG� ZLWK� 6Y�7 ���� 3LQ�7 ���P�� (LQ

�7 ���P�DV� KLJK� DV� ������ ������ ������ UHVSHFWLYHO\� �VHH�
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7DEOH����9DOXHV�RI�WKH�HDUWKTXDNH�SDUDPHWHUV�DW�SHULRG�7 ����VHFRQG� 

1R (DUWKTXDNH�HYHQW 

&$900 3*$ 3*9 3*' ,00 �,$ 7F $�7F (ODSVH 'XUDWLRQ '��-�� 6, 6(' 6D��� 6Y��� 6G��� 3D�P��� 3LQ�P��� (LQ�P��� 

J-V FP�V� FP�V FP   P�V V V V V V P P��V� FP�V� FP�V FP KS�WRQ KS�WRQ P��V� 

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

� �7DEDV������ ���� ����� ��� �� ,; ���� ���� ���� �� �� �� ���� ���� ��� ��� ���� ��� ��� ���� 

� �(U]LQLFDQ������ ���� ��� ��� �� 9,,, ��� ���� ���� �� � �� ���� ���� ��� ��� ���� ��� ��� ���� 

� �/DQGHUV������ ���� ��� ��� �� ,; ���� ���� ���� �� �� �� ���� ���� ��� �� ���� ��� ��� ���� 

� �1RUWKULGJH������ ���� ��� ��� �� ,; ���� ���� ���� �� �� � ���� ���� ����� ��� ���� ���� ���� ���� 

� �.REH������ ���� ��� ��� �� ; ���� ���� ���� �� �� �� ���� ����� ����� ��� ���� ���� ���� ����� 

� �0H[LFR������ ���� ��� �� �� ,; ���� ���� ���� �� �� �� ���� ���� ��� ��� ���� ��� ��� ���� 

� �,PSHULDO�9DOOH\�������� ���� ��� �� � 9,, ��� ���� ���� �� � � ���� ���� ��� �� ��� ��� ��� ���� 

� �,PSHULDO�9DOOH\�������� ���� ��� �� � 9,, ��� ���� ���� �� �� �� ���� ���� ��� �� ��� ��� ��� ���� 

� �.REH������ ���� ��� �� �� 9,,, ��� ���� ���� �� �� �� ���� ���� ��� ��� ���� ���� ��� ���� 

�� �0DPPRWK�/DNHV������ ���� ��� �� � 9,, ��� ���� ���� �� � � ���� ���� ��� �� ��� ��� ��� ���� 

�� �1�3DOP�6SULQJ������ ���� ��� �� �� ,; ��� ���� ���� �� � � ���� ���� ��� ��� ���� ��� ��� ���� 

�� �3DUNILHOG������ ���� ��� �� � 9,, ��� ���� ���� �� � � ���� ���� ��� �� ��� ��� ��� ���� 

�� �%LJ�%HDU������ ���� ��� �� � 9,,, ��� ���� ���� �� �� �� ���� ���� ��� �� ��� ��� ��� ���� 

�� �+DZDL������ ���� ����� �� � 9,,, ���� ���� ���� �� �� �� ���� ���� ��� �� ��� ��� ��� ���� 

�� �/
$TXLOD������ ���� ��� �� � 9,,, ��� ���� ���� �� � � ���� ���� ��� �� ���� ��� ��� ���� 

�� �1HZ�=HDODQG������ ���� ����� ��� �� ; ���� ���� ���� �� �� �� ���� ���� ����� ��� ���� ���� ���� ���� 

�� �6DQ�6LPHRQ������ ���� ��� �� �� 9,,, ��� ���� ���� �� �� �� ���� ���� ��� �� ���� ��� ��� ���� 

�� �$QFKRUDJH�$ODVND������ ���� ��� �� �� 9,,, ��� ���� ���� �� �� �� ���� ���� ��� �� ���� ��� ��� ���� 

�� �6RXWK�1DSD������ ���� ��� �� � 9,,, ��� ���� ���� �� � � ���� ���� ��� �� ��� ��� ��� ���� 

�� �0DQDJXD������ ���� ��� �� �� 9,,, ��� ���� ���� �� � � ���� ���� ��� �� ���� ��� ��� ���� 

�� �&KLOH������ ���� ����� �� �� 9,,, ���� ���� ���� �� �� �� ���� ���� ��� �� ���� ��� ��� ���� 

�� �&DSH�0HQGRFLQR������ ���� ��� �� �� 9,,, ��� ���� ���� �� �� �� ���� ���� ��� ��� ���� ��� ��� ���� 

�� �/RPD�3ULHWD������ ���� ��� �� � 9,,, ���� ���� ���� �� �� �� ���� ���� ��� �� ���� ��� ��� ���� 

�� �&DOH[LFR������ ���� ��� �� �� 9,,, ��� ���� ���� ��� �� �� ���� ���� ��� �� ��� ��� ��� ���� 

�� �)HUQGDOH������ ���� ��� �� �� 9,, ��� ���� ���� �� �� �� ���� ���� ��� �� ��� ��� ��� ���� 

�� �,PSHULDO�9DOOH\������ ���� ��� �� �� ,; ��� ���� ���� �� � � ���� ���� ��� �� ��� ��� ��� ���� 

�� �0RUJDQ�+LOO������ ���� ��� �� � 9,,, ��� ���� ���� �� �� �� ���� ���� ��� ��� ���� ��� ��� ���� 

�� 1RUWK�3DOP�6SULQJ������ ���� ��� �� �� 9,,, ��� ���� ���� �� �� � ���� ���� ��� �� ���� ��� ��� ���� 

�� �&KLOH�/OROOHR������ ���� ��� �� �� 9,,, ���� ���� ���� ��� �� �� ���� ���� ��� ��� ���� ��� ��� ���� 

�� �&KLOH�9LQD�'HO�0DU������ ���� ��� �� � 9,,, ���� ���� ���� ��� �� �� ���� ���� ����� ��� ���� ���� ��� ����� 

�� �0H[LFR������ ���� ��� �� �� 9,,, ��� ���� ���� �� �� �� ���� ���� ��� �� ��� ��� ��� ���� 

7DEOH� ���� 7KHUHIRUH�� WKH\� FRQVWLWXWHG� WKH� ILUVW� JURXS� RI�
IRXU� HOHPHQWV� �VHH� WKH� ILUVW� URZ� RI�7DEOH� ���� 7KH� QH[W�
JURXS�LQ�VHFRQG�URZ��'��-���ZDV�FRUUHODWHG�ZLWK�GXUDWLRQ�
DQG�HODSVH�DV�KLJK�DV������DQG�������DQG�WKHUHIRUH�� WKH\�
IRUPHG� WKH� VHFRQG�JURXS��7KLV�ZHQW�RQ� WR� WKH�QH[W� URZ�
RU� JURXS� �HDFK� URZ� FRQVWLWXWHG� D� JURXS�� LQ�7DEOH� ��� ,Q�
WKH� WDEOH� HDFK� FROXPQ� FDQ� RQO\� EH� RFFXSLHG� E\� RQH�
SDUDPHWHU��ZKHQ�WKHUH�ZDV�PRUH�WKDQ�RQH�WKHQ�WKH�ORZHU�
LQ� WKH� KLHUDUFK\� ZDV� LJQRUHG�� 7KH� FROXPQV� LQ� JUH\�
GHQRWHG� WKH� GURSSHG� SDUDPHWHUV� GXH� WR� WKHLU� IXOO�
FRUUHODWLRQ� ZLWK� WKH� RWKHUV�� )RU� WKLV� SHULRG� VRPH� OHDG�
SDUDPHWHUV� ZHUH� GHWHUPLQHG�� )RU� LQVWDQFH�� 6D� ZDV� WKH�
OHDG� SDUDPHWHU� IRU� WKH� RWKHU� WKUHH� SDUDPHWHUV� LQ�
FKHFNPDUNV��VHH� WKH�WDEOH¶V�ILUVW�URZ��ZLWK�D�FRUUHODWLRQ�
FRHIILFLHQW� RI� ���� RU� KLJKHU�� 7KHUHIRUH�� 6D� EHFDPH� WKH�
ILUVW� OHDG� SDUDPHWHU� IRU�7 ���� VHFRQG�� 7KH� VHFRQG� OHDG�
SDUDPHWHU� ZDV� '��-��� ZKLFK� UHSUHVHQWHG� WZR� RWKHU�
SDUDPHWHUV��7KH�WKLUG�OHDG�SDUDPHWHU�ZDV�WKH�3*9�ZKLFK�
UHSUHVHQWHG�WZR�RWKHU�SDUDPHWHUV��7KH�IRXUWK��ILIWK��VL[WK��
DQG� VHYHQWK�ZHUH� ,$�� ,00�� 7F�� DQG�$�7F��ZKLFK�ZDV� WKH�
OHDG�SDUDPHWHU�WR�LWVHOI��VLPLODUO\�IRU�QLQWK�DQG�WHQWK��7KH�
WRWDO�SDUDPHWHUV�UHSUHVHQWHG�E\�WKHVH�WHQ�OHDG�SDUDPHWHUV�
ZHUH� VL[WHHQ��DOO�ZLWK�D�FRUUHODWLRQ�FRHIILFLHQW�RI�����RU�
KLJKHU��7KLV�VWHS�ZDV�UHSHDWHG�IRU�RWKHU�SHULRGV�WRWDOOLQJ�
WZHQW\-IRXU�� 

7KH� QH[W� VWHS� LV� WR� SHUIRUP� WKH� FRXQWLQJ� RI� HDFK�
SDUDPHWHU� IRU� DOO� WZHQW\-IRXU� SHULRGV�� )RU� LOOXVWUDWLRQ��
6D� FRXQWV� WZHQW\-IRXU� WLPHV�DV� WKH� ILUVW� OHDG�SDUDPHWHU�
RYHU�DOO� WZHQW\-IRXU�SHULRGV��DQG� LQ� WRWDO� LW� UHSUHVHQWHG�
���� SDUDPHWHUV� LQFOXGLQJ� LWVHOI� �GHWDLO� FDOFXODWLRQ� QRW�
VKRZQ���'��-��� FRXQWV� WZHQW\-IRXU� WLPHV� DV� WKH� VHFRQG�
OHDG� SDUDPHWHU� DQG� UHSUHVHQWHG� ��� SDUDPHWHUV�� DQG� VR�
RQ�� 7KH� UHFRUG� ZDV� GRFXPHQWHG� LQ� 7DEOH� ��� 7KLV� LV�
FDUULHG� RXW� IRU� DOO� WHQ� SDUDPHWHUV�� 7KH� QXPEHUV� RI� WKH�
UHSUHVHQWHG�SDUDPHWHUV�ZHUH� LQGLFDWHG� DW� WKH� ULJKWPRVW�
FROXPQ��7KH�WRWDO�FRXQWV�PXVW�EH�����SDUDPHWHUV��[����
�SHULRGV�� ������ULJKW�ERWWRP���7DEOH���VKRZHG�WKDW� WR�
FKDUDFWHUL]H� DOO� WKLUW\-RQH� HDUWKTXDNHV� FRPSOHWHO\� LW�
WDNHV�WHQ�SDUDPHWHUV�ZLWK�FRUUHODWLRQ�FRHIILFLHQWV�RI�����
RU� KLJKHU�� 1RZ�� LW� LV� WKH� LQWHUHVW� WR� WDNH� WKH� IHZHVW�
SDUDPHWHUV� WR� FKDUDFWHUL]H� WKH� HDUWKTXDNHV� HYHQ� ZLWK�
ORZHU�UHSUHVHQWDWLRQ�� 

7KH� LQGH[LQJ� RI� HDFK� SDUDPHWHU� ZDV� FDUULHG� RXW�� IRU�
LQVWDQFH� IRU� 6D�� EDVHG� RQ� 7DEOH� ��� $V� WKH� ILUVW� OHDG�
SDUDPHWHU�� 6D� ZDV� JLYHQ� DQ� LQGH[� RI� LWV� UHVSHFWLYH�
FRXQWV� �����GLYLGHG�E\� WKH� WRWDO� �����DQG�PXOWLSOLHG�E\�
WKH� QXPEHU� WKLV� ILUVW� OHDG� SDUDPHWHU� UHSUHVHQWHG� ������
�VHH� 7DEOH� ��� RU� ������ [� ����  � ���� DQG� ZDV�
GRFXPHQWHG� LQ� 7DEOH� ��� $QG� DV� WKH� VHFRQG� OHDG�
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7DEOH��� &RUUHODWLRQ�FRHIILFLHQWV�DPRQJ�FRPPRQ�ORJDULWKP�RI�HDUWKTXDNH�SDUDPHWHUV�DW�SHULRG�7 ����VHFRQG�� 
 )XOO\�FRUUHODWHG�SDUDPHWHUV�DUH�LQ�JUH\� 

/RJ &$900 3*$ 3*9 3*' ,00 ,$ 7F $�7F (ODSVH 'XUDWLRQ '��-�� 6, 6(' 6D��� 6Y��� 6G��� 3D�P��� 3LQ�P��� (LQ�P��� 

/RJ   � � � � � � � � � �� �� �� �� �� �� �� �� �� �� 

&$900 � ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

3*$ � ���� ���� ���� ���� ���� ���� -���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

3*9 � ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

3*' � ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

,00 � ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

,$ � ���� ���� ���� ���� ���� ���� -���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

7F � ���� -���� ���� ���� ���� -���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

$��7F � ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

(ODSVH � ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

'XUDWLRQ �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

'��-�� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

6, �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

6(' �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

6D��� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

6Y��� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

6G��� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

3D�P��� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

3LQ�P��� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

(LQ�P��� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 

7DEOH��� )RU�HDFK�URZ��WKH�UHSUHVHQWDWLYHOHDG�SDUDPHWHU��LQ�EODFN�VTXDUHG��DQG�WKH�UHSUHVHQWHG�SDUDPHWHUV��FKHFNHG 
 PDUNV��ZLWK�FRUUHODWLRQ�FRHIILFLHQWV�RI�����RU�KLJKHU�DW�SHULRG�7 ����VHFRQG��6('��6G� DQG�3D�P�KDYH�EHHQ�GURSSHG�
 WR�DYRLG�GRXEOH�FRXQWLQJ��LQ�JUH\�� 

7 &$900 3*$ 3*9 3*' ,00 ,$ 7F $�7F (ODSVH 'XUDWLRQ '��-�� 6, 6(' 6D 6Y 6G 3D�P 3LQ�P (LQ�P 
6XP 7RWDO 

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

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

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

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

7DEOH��� 7KH�QRQ-]HUR�FRXQWLQJ�RI�OHDG�SDUDPHWHUV�IRU�DOO�WZHQW\-IRXU�SHULRGV�DQG�WKHLU�UHSUHVHQWHG�SDUDPHWHUV�LQFOXGLQJ�
 LWVHOI� 

7KH�OHDG 
SDUDPHWHU 3*$ 3*9 ,00 ,$ 7F '��-�� 6D 3LQ�P $�7F &$900 7RWDO 7KH�QXPEHU�RI�WKH�UHSUHVHQWHG 

3DUDPHWHUV�LQFOXGLQJ�LWVHOI 

� � � � � � � �� � � � �� ��� 

� � � � � � �� � � � � �� �� 

� � �� � � � � � � � � �� �� 

� � � � �� � � � � � � �� �� 

� � � �� � � � � � � � �� �� 

� � � � � �� � � � � � �� �� 

� � � � � � � � � �� � �� �� 

� � � � � � � � � � � � � 

� �� � � � � � � � � � �� �� 

�� � � � � � � � � � �� �� �� 

7RWDO �� �� �� �� �� �� �� � �� �� ��� ��� 

SDUDPHWHU� '��-��� ZDV� LQGH[HG� DV� ������ [� ���  � ����
&RQWLQXHG�� WKLV�ZDV�SHUIRUPHG� IRU� DOO� WHQ�SDUDPHWHUV��
7KH� LQGH[� VXP� IRU� 6D� ZDV� WKHUHIRUH� ���� RU� PHUHO\�

�������RI�����SRSXODWLRQV��VHH�ERWWRP�URZ�RI�7DEOH���
XQGHU� 6D��� $OO� RWKHU� OHDG� SDUDPHWHUV� ZHUH� LQGH[HG�
VLPLODUO\��7KH�ERWWRP�URZ�LQGLFDWHG� WKDW� WKHUH�ZDV�QR�
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7KH�PRVW�UHSUHVHQWDWLYH�
SDUDPHWHU 3*$ 3*9 ,00 ,$ 7F '��-�� 6D 3LQ�P $�7F &$900 7RWDO 

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

7RWDO �� �� �� �� �� �� ��� � �� �� ��� 

3HUFHQWDJH ����� ������ ����� ����� ����� ������ ������ ����� ����� ����� ���� 

7DEOH��� 6D��'��-����3*9��LQ�EODFN�FHOOV��DQG�WKHLU�UHSUHVHQWHG�SDUDPHWHUV��FKHFNHG�FHOOV��ZLWK�FRUUHODWLRQ�FRHIILFLHQWV�����RU�
 KLJKHU�IRU�7 ����VHFRQG��7KH�JUH\�FHOOV�LQGLFDWH�QRQ-UHSUHVHQWHG�SDUDPHWHUV�LQ�WKH�VFHQDULR�� 

7 &$900 3*$ 3*9 3*' ,00 ,$ 7F $�7F (ODSVH 'XUDWLRQ '��-�� 6, 6D 6Y 3LQ�P (LQ�P 
2XW 
RI��� 3HUFHQW  

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

��� 
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7DEOH����7KH�VWDWLVWLFDO�YDOXHV�HPSOR\HG�LQ�WKH�QRUPDOL]DWLRQ�SURFHVV�IRU�WKLUW\-RQH�HDUWKTXDNH�UHFRUGV 
7 
�V� 6�/RJ�6D�7� 6�>/RJ�6D�7�@

� 7��V� S /RJ�6D�7� S�>/RJ�6D�7�@� 
��� �� ��� ��� �� ��� 
��� �� ��� ��� �� ��� 
��� �� ��� ��� �� ��� 
��� �� ��� ��� �� ��� 
��� �� ��� ��� �� ��� 
��� �� ��� ��� �� ��� 
��� �� ��� ��� �� ��� 
��� �� ��� ��� �� ��� 
��� �� ��� ��� �� ��� 
��� �� ��� ��� �� ��� 
��� �� ��� ��� �� ��� 
��� �� ��� ��� �� �� 

 

S�/RJ�'��-��   �� 
S�>/RJ�'��-��@

�   �� 
S /RJ�3*9   �� 
S�>/RJ�3*9@�   �� 
6FDOH�IDFWRU   ������ 

VLQJOH�OHDG�SDUDPHWHU�VXIILFLHQW�WR�FKDUDFWHUL]H�DOO�WKLUW\-
RQH� HDUWKTXDNHV�� 6D� UHSUHVHQWHG� PHUHO\� �������� QH[W�
ZDV� '��-��� ZLWK� �������� DQG 3*9� RI� �������� WRWDOOLQJ�
�������� +HQFH�� LW� ZDV� FOHDU� IURP� WKH� WDEOH� WKDW�
FKDUDFWHUL]LQJ�HDUWKTXDNH�JURXQG�PRWLRQV�ZLWK�OHVV�WKDQ�
WKRVH�WKUHH�SDUDPHWHUV��QDPHO\�WKH�VSHFWUDO�DFFHOHUDWLRQ��
GXUDWLRQ�� DQG� SHDN� JURXQG� YHORFLW\�� ZRXOG� QRW� EH�
VXIILFLHQW�� 7KLV� DJUHHG�ZLWK� WKH� FDVHV� UHSRUWHG� E\� RWKHU�
LQYHVWLJDWRUV� �%LMXNFKKHQ� HW�� DO��� ������ *RWR� DQG�
0RULNDZD�� ������:X�HW�� DO��� �������0RUHRYHU��7DEOH���
DOVR�VKRZHG�WKDW�3*$�ZDV�D�SRRU�LQGLFDWRU�RI�GDPDJH�DV�
DJUHHG�ZLWK�RWKHU�YLHZV��:X�HW��DO���������6DQGHHS�DQG�
3UDVDG���������,W�ZDV�KRSHG�VXIILFLHQW�WR�FKDUDFWHUL]H�WKH�
HDUWKTXDNHV� EDVHG� RQ� WKHVH� WKUHH� OHDG� SDUDPHWHUV� ZLWK�
WKH� FRHIILFLHQWV� RI� FRUUHODWLRQ� ���� RU� KLJKHU�� ,Q� ZKDW�
IROORZV� WKH� GHWDLOV� RI� 6D�� '��-���� 3*9� SDUDPHWHUV� ZHUH�
LQYHVWLJDWHG��� 

7DEOH� �� IRU� 6D�� '��-��� DQG� 3*9� ZHUH� SURFHVVHG� LQ� D�
VLPLODU� PDQQHU� ZLWK� 7DEOH� ��� )RU� LQVWDQFH�� DW� SHULRG�

7DEOH����7KH�LQGH[�RI�WKH�UHSUHVHQWHG�SDUDPHWHU�LQFOXGLQJ�LWVHOI� 

7 ����VHFRQG��6D�UHSUHVHQWHG�IRXU�SDUDPHWHUV�LQFOXGLQJ�
LWVHOI�� WKUHH� SDUDPHWHUV� IRU� '��-��� DQG� DQRWKHU� WKUHH�
SDUDPHWHUV� IRU� 3*9�� WRWDOLQJ� WHQ�� RU� ���� RI� VL[WHHQ�
SDUDPHWHUV�� 7KH� UHPDLQLQJ� ���� QRQ-UHSUHVHQWHG� ZHUH�
&$900�� 3*$�� ,00�� ,$�� 7F�� DQG�$�7F� LQ� JUH\��2YHUDOO��
WKH�PLQLPXP�SHUFHQWDJH�RI� WKH�UHSUHVHQWHG�SDUDPHWHUV�
ZDV� ����� DQG� WKH� PD[LPXP� ����� %HFDXVH� WKH�
FRUUHODWLRQ� DPRQJ� WKH� SDUDPHWHUV� ZDV� ���� RU� KLJKHU��
WKHQ�WKH�FRQILGHQFH�OHYHO�EHFDPH���-�����RU�DERXW�WKH�
PHGLDQ�OHYHO��,Q�WRWDO��ILYH�SDUDPHWHUV�&$900��,00��,$��
7F��DQG�$�7F�ZHUH�QHYHU�UHSUHVHQWHG�LQ�WKLV�VFHQDULR��� 

���&RPSRVLWH-,QWHQVLW\�,QGH[�6SHFWUXP 

%HFDXVH� PRVW� YDULDEOHV� KDYH� GLIIHUHQW� XQLWV� WKHQ� D�
FKDQJH� RI� YDULDEOH� ZDV� LQWURGXFHG� WR� FRQYHUW� WKH�
SUREOHP� LQWR� GLPHQVLRQOHVV� YDOXHV�� ,Q� WKH� FRQYHUVLRQ��
WR�PLQLPL]H�WKH�ELDVHV��WKHLU�PHDQ�YDOXHV�ZHUH�VHW�WR�D�
VSHFLILF�YDOXH��k��7KH�YDOXH�RI�k�ZDV�GHWHUPLQHG�VR�WKDW�
DIWHU� WKH� FRQYHUVLRQ�� WKH� QRUPDOL]HG� YDOXHV� ZHUH�
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SRVLWLYHV�� 7KH� IROORZLQJ� H[SUHVVLRQ� ZDV� XVHG� WR�
QRUPDOL]H�WKH�QRUPDO�UDQGRP�YDULDEOH�� 

 

ZKHUH�[ƍ�LV�WKH�QRUPDOL]HG�UDQGRP�YDULDEOH�RI�[��DQG�k�
LV� D� FRQVWDQW� WR� EH� ODWHU��(T�� ����� \LHOGV�PHDQ� YDOXHV�
DQG�VWDQGDUG�GHYLDWLRQV�m;ƍ� �k�DQG�s;ƍ� �1��7KH�YDOXHV�
RI�WKH�S /RJ�6D�7���S�/RJ�'��-����S�/RJ�3*9��S�>/RJ�
6D�7�@

��� S� >/RJ� '��-��@
��� S� >/RJ� 3*9@�� DV� VKRZQ� LQ�

7DEOH� �� ZHUH� HPSOR\HG� LQ� WKH� QRUPDOL]DWLRQ� SURFHVV�
RI� /RJ� 6D�7��� /RJ�'��-���� DQG� /RJ� 3*9� E\�(T�� ������
UHVXOWLQJ� LQ� /RJ� 6D�7�ƍ�� /RJ� '��-��ƍ� DQG� /RJ� 3*9ƍ��
1H[W�� WKHVH� WKUHH� SDUDPHWHUV� ZHUH� ZHLJKWHG� E\� XVLQJ�
WKH� SHUFHQWDJH� RI� WKH� ULJKW� FROXPQ� RI� 7DEOH� ��� )RU�
H[DPSOH�� IRU� 7 ���� VHFRQG�� WKH� ZHLJKW� IDFWRUV� ZHUH�
ZD ������� ������ ZG ������� ������ ZY �����
��� ����� IRU�/RJ�6D�7�ƍ��/RJ�'��-��ƍ�� DQG�/RJ�3*9ƍ��
UHVSHFWLYHO\�� �7KHLU� FRPSOHWH� YDOXHV� FRYHULQJ� DOO�
WZHQW\-IRXU�SHULRGV�ZHUH�OLVWHG�LQ�7DEOH�����)ROORZLQJ�
WKLV� ZHLJKWHG� DYHUDJLQJ�� WKH� VXP� RI� DOO� SDUDPHWHU-
PHDQV�DQG�VWDQGDUG�GHYLDWLRQV�EHFDPH�Sm;ƍ� �SL(ZL k)=
k�DQG�Ss;ƍ�  SLZL� 1��UHVSHFWLYHO\��7KLV�RSHUDWLRQ�DQG�
WKDW� RI� (T�� ����� GLG� QRW� DOWHU� WKH� FRUUHODWLRQ�
FRHIILFLHQWV�FRPSXWHG�E\�(T�������� 

$� SHULRG� GHSHQGHQW� WKUHH-FRPSRQHQW� GLDJRQDO� PDWUL[�
&'�7� 'LDJ>&'��7��&'��&'�@�ZLWK�WKH�ZHLJKWHG�/RJ�6D
�7�ƍ�� /RJ� '��-��� ƍ�� DQG� /RJ� 3*9ƍ� DV� LWV� GLDJRQDO�
FRPSRQHQWV� ZHUH� FUHDWHG�� L�H�� &'��7� ZD�7�� /RJ� 6D
�7�ƍ��&'� ZG� /RJ� '��-��ƍ��&'� ZY� /RJ� 3*9ƍ�� ,Q� IDFW��
&'�7��FRXOG�EH�GHFRPSRVHG�LQWR�&'�7� :'�7�&'�7�ƍ��
ZKHUH� :'�7� 'LDJ>ZD�7��ZG�ZY@�� LV� D� ZHLJKW� IDFWRU�
GLDJRQDO� PDWUL[�� DQG�� VLPLODUO\�� &'�7�ƍ 'LDJ>/RJ� 6D
�7�ƍ�� /RJ� '��-��ƍ�� /RJ� 3*9ƍ@�� 7KH� FRUUHODWLRQ�
FRHIILFLHQWV� ZHUH� DFFRXQWHG� IRU� WKURXJK� PDWUL[�
PXOWLSOLFDWLRQ�ZLWK�&'�7�� WR�REWDLQ�&�7�� &'�7�U�7� �
:'�7�&'�7�ƍU�7��� 7KH� FRPSRVLWH-LQGH[� VSHFWUXP� LV�
GHILQHG�DV�WKH�VWUHQJWK�RI�&�7���DQG�ZDV�PHDVXUHG�E\�
LWV� )UREHQLXV� QRUP�� ZKLFK� FDQ� EH� H[SUHVVHG� DV� �H�J���
)RUG���������� 

 

ZKHUH� I&,�7��LV� WKH�FRPSRVLWH-LQGH[�VSHFWUXP���� LV� WKH�
WUDQVSRVH�� WU� LV� WKH� WUDFH� RU� WKH� VXP� RI� WKH� GLDJRQDO�
FRPSRQHQWV� DQG� r(T )� LV� D� �[�� SHULRG� GHSHQGHQW�
PDWUL[�RI�FRUUHODWLRQ�FRHIILFLHQWV�ZKLFK�ZHUH�H[WUDFWHG�
IURP� 7DEOH� �� IRU� SHULRG� 7 ���� VHFRQG�� DQG� LWV�
FRPSOHWH�YDOXHV�FRYHULQJ�DOO�WZHQW\-IRXU�SHULRGV�ZHUH�
SUHVHQWHG� LQ� 7DEOH� ��� )URP� WKH� WDEOH�� LW� FRXOG� EH�
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REVHUYHG� WKDW�/RJ�6D�7�ƍ�ZDV�EHWWHU�FRUUHODWHG�ZLWK�/RJ�
3*9ƍ� WKDQ� ZLWK� /RJ� '��-��ƍ� IRU� DOO� SHULRGV�� EXW� LW�
UHSUHVHQWHG�IHZHU�SDUDPHWHUV� �VHH�7DEOH� ���� ,W�ZDV�DOVR�
REVHUYDEOH� WKDW� WKH� FRUUHODWLRQ� FRHIILFLHQWV� DPRQJ� WKHP�
DV� ZHOO� DV� WKH� ZHLJKW� IDFWRUV� ZHUH� GHSHQGHQW� RQ� WKH�
SHULRGV����)XUWKHU����LW���FRXOG����EH����UHDGLO\����VKRZQ���WKDW 

�;[[[[[[[[[[[[[[[[[[[[[�ZKHUH��WKH��ORZHU�DQG�XSSHU 

�ERXQGV� DUH� DVVRFLDWHG� ZLWK� XQFRUUHODWHG� DQG� IXOO\�
FRUUHODWHG�HYHQWV��UHVSHFWLYHO\� 

7KH� FRPSRVLWH-LQGH[� FRPSXWHG� E\� (T�� ����� IRU� WKH�
ZHLJKWHG� QRUPDOL]HG� SDUDPHWHUV� ZHUH� FDUULHG� RXW� ����
WLPHV� FRYHULQJ� DOO� WKLUW\-RQH� HDUWKTXDNHV� DQG� WZHQW\-
IRXU� SHULRGV�� 7KH� PD[LPXP� YDOXH� ZDV� �������� ,W� ZDV�
VFDOHG�WR�DQ�DUELWUDU\�QXPEHU�DQG�ZDV�FKRVHQ�WR�EH������
LQ� WKH� VWXG\�� ZKLFK� LQGLFDWHG� WKH� KLJKHVW� FRPSRVLWH-
LQWHQVLW\�LQGH[��WKH�UHVWV�ZHUH�VFDOHG�SURSRUWLRQDOO\�E\�D�
VFDOH� IDFWRU� RI� ����������� �������� ,Q� WKLV� ZD\� HDFK�
HDUWKTXDNH� KDG� LWV� RZQ� FRPSRVLWH-LQWHQVLW\� LQGH[�
VSHFWUXP� VXFK� DV� VKRZQ� LQ� )LJXUH� �� IRU� VRPH�
HDUWKTXDNHV�� .REH� ����� �7DNDWRUL�� HDUWKTXDNH� ZDV� WKH�
VWURQJHVW� DPRQJ� WKH� WKLUW\-RQH� HDUWKTXDNHV� LQYHVWLJDWHG�
LQ�WKLV�VWXG\�VR�WKDW�LW�ZDV�VHW�DV�WKH�UHIHUHQFH�HDUWKTXDNH�
DQG�JLYHQ� WKH�PD[LPXP� LQGH[�RI� ,&,�PD[ ������ IROORZHG�
E\� 1HZ� =HDODQG� ������ DQG� 1RUWKULGJH� ������ 0H[LFR�
����� HDUWKTXDNH� VKRZHG� WKH� PRVW� GLVWLQFW� FKDUDFWHU�
DPRQJ� WKH� WKLUW\-RQH� HDUWKTXDNHV� VWXGLHG�� ,W� FRXOG� EH�
GHWULPHQWDO�WR�D�ZLGH�FODVV�RI�VWUXFWXUHV�ZLWK�SHULRGV�OHVV�
WKDQ� �� VHFRQGV� HVSHFLDOO\�ZKHQ� FRQVLGHULQJ� WKHLU� HIIHFW�
RI� WKH� SHULRG� OHQJWKHQLQJ�� 7KH� HIIHFW� PLJKW� VWHP� IURP�
WKH� LQHODVWLF�EHKDYLRXU�RI� WKH�VWUXFWXUHV�DQG�RU� IURP�WKH�
VRLO-VWUXFWXUH� LQWHUDFWLRQV� �0\ORQDNLV� DQG� 6\QJURV��

������� 0RUHRYHU�� IRU� VXFK�� FRQVLGHULQJ� RQO\� LWV� 3*$�
�����J�� DQG� 3*9� ���FP�VHF�� PLJKW� EH� LQDGHTXDWH� WR�
SURSHUO\� FKDUDFWHUL]H� WKH� HDUWKTXDNH� �*RWR� DQG�
0RULNDZD�� ������� DV� WKH\� UHSUHVHQWHG� PHUHO\� WKH�
KLJKHVW� DQG� ORZHVW� IUHTXHQFLHV� DV� VKRZQ� E\� (TV�� ����
DQG������ 

7KH� HDUWKTXDNHV� OLVWHG� LQ� 7DEOH� �� ZHUH� FODVVLILHG� DV�
VWURQJ�PRWLRQV�DV�VKRZQ�E\�WKHLU�00,�VFDOHV�RI�9,,�RU�
KLJKHU��0HDQZKLOH�� WKH�QRUP�DV�FRPSXWHG�E\�(T�������
ZDV�GHSHQGHQW�RQ�WKH�YDOXH�RI�k�LQ�(T��������7KH�YDOXH�
LV� VR� FKRVHQ� WKDW� QR�SDUDPHWHU� KDV�QHJDWLYH� YDOXHV� IRU�
DOO�HDUWKTXDNH�HYHQWV�DIWHU�QRUPDOL]DWLRQ��VHH�6HFWLRQ���
3RLQW�����7R�VDWLVI\�WKLV�FRQGLWLRQ��D�PLQLPXP�YDOXH�RI�
,&,�PLQ ��ZDV�VHW�LQ�WKH�VWXG\��DQG�WKLV�FRUUHVSRQGV�WR�k
 ����� $FFRUGLQJO\�� DPRQJ� WKH� ORZ� HDUWKTXDNHV� LQ� WKLV�
VFHQDULR��QXPEHUV��������DQG����LQ�7DEOH�����WKH�ORZHVW�
SRVVHVVHG� WKH�PD[LPXP� ,&,�PD[ ����� DQG� WKH�PLQLPXP�
,&,�PLQ �����IRU�HDUWKTXDNH�QXPEHU����,PSHULDO�9DOOH\����
������,00 9,,��� 

7R� LQFUHDVH� WKH� FRQILGHQFH� OHYHO�� LW� LV� SRVVLEOH� WR�
LQFOXGH� PRUH� SDUDPHWHUV� WKDQ� WKH� WKUHH� GLVFXVVHG�
SUHYLRXVO\�� 7HQ� SDUDPHWHUV� IURP� 7DEOH� �� ZHUH� WKHQ�
XVHG� WR� HVWLPDWH� DERXW� ����� RU� DERXW� WKH� PHDQ-SOXV-
VLJPD��RI�WKH�FRPSRVLWH-LQWHQVLW\�LQGH[��)XUWKHUPRUH��LI�
DOO�VL[WHHQ�SDUDPHWHUV�ZHUH�LQFOXGHG�LQ�WKH�SURFHVV��WKH�
FRQILGHQFH�OHYHO�ZRXOG�DFKLHYH�WKH�KLJKHVW�YDOXH�LQ�WKLV�
VWXG\� RU� DERXW� PHDQ-SOXV-WKUHH� VLJPD�� 7KH� UHVXOWV� IRU�
PHGLDQ�� PHDQ-SOXV-VLJPD� DQG� PHDQ-SOXV-WKUHH� VLJPD�
ZHUH� VKRZQ� LQ� )LJXUH� �� IRU� VRPH� HDUWKTXDNHV�� ,W�
UHIOHFWHG� WKH� YDULDELOLWLHV� RI� WKH� FRPSRVLWH-LQWHQVLW\�
LQGH[� IURP� HDUWKTXDNH� WR� HDUWKTXDNH� DQG� IURP�
IUHTXHQF\�WR�IUHTXHQF\�� 
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)LJXUH����&RPSRVLWH-LQWHQVLW\�LQGH[��,&,��VSHFWUD�IRU�VRPH�HDUWKTXDNHV�ZLWK��-����-��DQG���-SDUDPHWHUV� 
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)LJXUH����3ORWV�EHWZHHQ�,00�DQG�,&,�PD[�IRU��-����-��DQG���-SDUDPHWHUV�RI�WKH�WKLUW\-RQH�HDUWKTXDNHV��(UURU�EDUV�RI�PHDQ���
VLJPD�DQG�WKH�UHJUHVVLRQ�UHODWLRQV�RI�,00� �P�,&,�PD[���Q�DUH�LQGLFDWHG 

7DEOH���� 7KH�DFFHOHUDWLRQ�VSHFWUXP��VLJQLILFDQW�GXUDWLRQ��
 DQG�SHDN�JURXQG�YHORFLW\�RI�&KL-&KL�HDUWKTXDNH�
 �7&8������7DLZDQ�������� 

)LJXUH����&RPSRVLWH-LQWHQVLW\�LQGH[�DQG�,00�VSHFWUD�RI�&KL- 
&KL�HDUWKTXDNH��7DLZDQ��������VWDWLRQ�7&8������-SDUDPHWHU 
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'��-��   �����V 
3*9   ����FP�V 

���5HODWLRQVKLS�%HWZHHQ�,00�$1'�,&,�0$; 

7R� DVVHVV� WKH� VWUXFWXUDO� GDPDJH� SRWHQWLDOV�� WKH�
PRGLILHG� 0HUFDOOL� LQWHQVLW\�� ,00�� ZDV� HPSOR\HG� LQ�
FDOLEUDWLQJ�WKH�FRPSRVLWH-LQWHQVLW\�LQGH[��7KH�,00�GDWD�
LQ�7DEOH� �� RI� DOO� WKLUW\-RQH� HDUWKTXDNHV� ZHUH� SORWWHG�
DJDLQVW� WKH� PD[LPXP� YDOXHV� RI� WKH� ,&,�PD[� IRU� HDFK�
HDUWKTXDNH��)LJXUH� ��SUHVHQWHG� VXFK� SORWV� IRU� �-�� ��-�
DQG� ��-SDUDPHWHUV�� 7KH� OLQHDU� UHJUHVVLRQ� UHODWLRQV� RI�
,00�DQG�,&,�PD[�FDQ�EH�H[SUHVVHG�DV�� 

,00� �P�,&,�PD[���Q 

ZKHUH�P ������� DQG�Q ������� �VHH�)LJXUH� ���� )URP�
WKH�WKUHH�FDVHV�WKH�VORSH�DQG�WKH�LQWHUFHSW�ZHUH�VHW�WKH�
VDPH�� DQG� WKH� VWDQGDUG� HUURU� �6,00��� DV� ZHOO� DV� WKH�
FRHIILFLHQW�RI�GHWHUPLQDWLRQ��5����ZHUH�H[DPLQHG��7KH\�
ZHUH�RI�WKH�VDPH�RUGHU�� WKXV��VKRZHG�JRRG�DJUHHPHQW�
DPRQJ� WKH� WKUHH� FDVHV�� )XUWKHUPRUH�� E\� UHSODFLQJ�
,&,�PD[� ZLWK� ,&,�7���(T�� ����� FRXOG� EH� XVHG� WR� HVWLPDWH�
WKH� ,00�7�� DV� GHSHQGHQW� RQ� WKH� SHULRG�� 7�� RU� WKH�
VSHFWUXP� RI� ,00�� ZKLFK� ZDV� D� QHZ� FRQFHSW�� DOEHLW� LW�
ZDV�VXJJHVWHG�ORQJ�DJR��0HGYHGHY�DQG�6SRQKHXHU�������� 

���3UDFWLFDO�$SSOLFDWLRQ 

7KH� HDUWKTXDNH� FKDUDFWHUL]DWLRQ� SURFHGXUH� GHYHORSHG�
DERYH� ZDV� DSSOLHG� WR� SUDFWLFDO� DSSOLFDWLRQ�� )RU�
LOOXVWUDWLRQ� ZKHQ� RQH� DFTXLUHG� LWV� RZQ� VWURQJ�PRWLRQ�
WLPH�VHULHV��WKHQ�LWV�FRPSRVLWH-LQWHQVLW\�LQGH[�FRXOG�EH�
HVWLPDWHG� E\� WKH� IROORZLQJ� SURFHGXUH�� 6XSSRVH� WKH�
HDUWKTXDNH� VWURQJ� PRWLRQ� ZDV� &KL-&KL� HDUWKTXDNH��
7DLZDQ�� ������ VWDWLRQ�7&8�����ZKLFK�ZDV� QRW� LQ� WKH�
GDWD�VHW��7DEOH�����GRZQORDGHG�IURP�3((5���������,WV�
DFFHOHUDWLRQ� VSHFWUXP�� VLJQLILFDQW� GXUDWLRQ� DQG� SHDN�
JURXQG�YHORFLW\�ZHUH�SUHVHQWHG�LQ�7DEOH�����)RU�HDFK�
SDUDPHWHU� LQ� WKH� WDEOH�� WKH� PHDQ� DQG� YDULDQFH� RI� WKH�
FRPPRQ� ORJDULWKP� SDUDPHWHUV� ZHUH� FRPSXWHG� DV�
IROORZV�IRU�/RJ�3*9��DQG�VLPLODUO\�IRU�/RJ�6D�7��DQG�
/RJ�'��-����� 

 

 

ZKHUH� QRZ� Q ���� 7KH� QRUPDOL]HG� /RJ� 3*9ƍ� FRXOG�
WKHQ�EH�FRPSXWHG�E\�(T�������DV�/RJ�3*9ƍ �/RJ�3*9
-m/RJ�3*9�3.5 s/RJ�3*9�� s/RJ�3*9��DQG�VLPLODUO\�IRU�/RJ�
6D�7�� DQG� /RJ� '��-���� 0XOWLSO\� WKH� QRUPDOL]HG� /RJ�

3*9ƍ� E\� LWV� ZHLJKW� IDFWRUV� LQGLFDWHG� LQ� 7DEOH� ���
OLNHZLVH��SHUIRUP�WKLV�VWHS�IRU�/RJ�6D�7�ƍ�DQG�/RJ�'��-

��ƍ��0DNH�XVH�RI�(T�������IRU� WKH�ZHLJKWHG�SDUDPHWHUV�
DQG� FRHIILFLHQW� RI� FRUUHODWLRQ� r(T )� IURP�7DEOH� �� WR�
REWDLQ�WKH�QRUP�DQG�PXOWLSO\�WKH�UHVXOWLQJ�QRUP�E\�WKH�
VFDOH�IDFWRU�RI���������7DEOH���� WR�JHW� WKH�FRPSRVLWH-
LQWHQVLW\� LQGH[� VSHFWUXP�� DQG� WKHQ� HVWLPDWH� WKH� ,00�
VSHFWUXP�E\�(T��������7KH�UHVXOWLQJ�,&,�DQG�,00�VSHFWUD�
ZHUH� VKRZQ� LQ�)LJXUH� �� IRU� �-SDUDPHWHU�� ,00� YDOXHV�
ZHUH� URXQGHG� WR� WKH� FORVHVW� LQWHJHU�� ,W� FRXOG� EH�
REVHUYHG� WKDW� WKLV� HDUWKTXDNH� ZDV� PRUH� GDPDJLQJ� WR�
WKH� PRUH� IOH[LEOH� VWUXFWXUHV�� 7KRXJK�� LW� FRXOG� IHHO� DV�
,00 �� �7 ��� IRU� YHU\� VKRUW� VWUXFWXUHV�� IRU� PRGHUDWH�
KLJK-ULVH�VWUXFWXUHV�LW�ZDV�SHUFHLYHG�DV���RQ�WKH�VFDOH��
DQG�HYHQ���� IRU� WDOOHU�VWUXFWXUHV��0RUHRYHU�� WKH�HIIHFW�
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RI� SHULRG� OHQJWKHQLQJ� FRXOG� LQFUHDVH� WKH� GDPDJH�
SRWHQWLDO� RQH� VFDOH-XS� IRU� FHUWDLQ� FODVVHV� RI� VWUXFWXUHV��
6WUXFWXUHV� ZLWK� IXQGDPHQWDO� SHULRGV� RI�� VD\�� 7 ����
VHFRQGV�� ZRXOG� H[SHULHQFH� SHULRGV� OHQJWKHQLQJ� GXH� WR�
LQHODVWLF�GHIRUPDWLRQ�DQG�WKH�VRLO-VWUXFWXUH�LQWHUDFWLRQ�WR�
EHFRPH�� VD\�� �� VHFRQGV�� 7KLV� FRUUHVSRQGV� ZLWK� DQ�
LQFUHDVH� RI� RQH�00,� VFDOH� IURP� �� WR� ��� GXH� WR� SHULRG�
OHQJWKHQLQJ� SKHQRPHQRQ� �.DWVDQRV� HW�� DO�� ������� 6XFK�
DQ� LQFUHDVH� LQ�00,�VFDOH�FRXOG�QRW�EH�SUHGLFWHG�E\� WKH�
FXUUHQWO\�DYDLODEOH�PHWKRGRORJLHV�� 

7KH� VWXG\� ZDV� SHUIRUPHG� EDVHG� RQ� WKH� OLPLWHG�
HDUWKTXDNH�GDWD�VHW�OLVWHG�LQ�7DEOH����7KH�DFFXUDF\�RI�WKH�
UHVXOWV� FRXOG� EH� IXUWKHU� LPSURYHG� E\� FRQVLGHULQJ� PRUH�
GDWD�� RU� PRUH� VSHFLILF� HYHQWV� IRFXVLQJ� RQ� D� FHUWDLQ�
UHJLRQ�� 7KLV� LV� DOVR� WKH� FDVH� IRU� WKH� UHODWLRQ� VKRZQ� LQ�
)LJXUH���EHFDXVH�WKH�GDWD�LQ�7DEOH���PHUHO\�FRQVLGHUHG�
HDUWKTXDNHV� ZLWK� LQWHQVLW\� ,00���� +RZHYHU�� WKH�
PHWKRGRORJ\�GHYHORSHG�KHUHLQ�LV�VWLOO�DSSOLFDEOH���� 

���&RQFOXVLRQ 

%DVHG�RQ�WKH�LQYHVWLJDWLRQV�RXWOLQHG�DERYH��WKH�IROORZLQJ�
FRQFOXVLRQV�FDQ�EH�GUDZQ� 

�� $Q� DOWHUQDWLYH� PHWKRG� WR� VWURQJ� HDUWKTXDNH� JURXQG�
PRWLRQ� FKDUDFWHUL]DWLRQ� ZDV� IRUPXODWHG�� 7KH�
FKDUDFWHUL]DWLRQ� ZDV� EDVHG� RQ� WKH� VSHFWUDO�
DFFHOHUDWLRQ�� 6D�7��� WKH� VLJQLILFDQW� GXUDWLRQ�� '��-����
DQG� WKH� SHDN� JURXQG� YHORFLW\�� 3*9�� 7KH\� ZHUH�
FRPSXWHG� EDVHG� RQ� WKUHH-FRPSRQHQW� HDUWKTXDNH�
JURXQG� PRWLRQV�� (DFK� RI� WKHVH� WKUHH� SDUDPHWHUV�
FRUUHODWHG� WR�����RU�KLJKHU�ZLWK�RWKHU�SDUDPHWHUV� LW�
UHSUHVHQWHG�� $OWRJHWKHU�� WKH� WKUHH� SDUDPHWHUV�
UHSUHVHQWHG� QLQH� WR� WHQ� RWKHU� SDUDPHWHUV� RI� VL[WHHQ�
WRWDOO\�� RU� DERXW� ����� UHVXOWLQJ� LQ� D� PHGLDQ� YDOXH�
FRQILGHQFH� OHYHO�� 7KH� WKUHH� SDUDPHWHUV� ZHUH�
FRPELQHG�WR�\LHOG�WKH�FRPSRVLWH-LQWHQVLW\�LQGH[� 

�� 7KH� LQGH[�� ,&,�� ZDV� UHODWHG� WR� WKH�PRGLILHG�0HUFDOOL�
LQWHQVLW\��,00��WR�DVVLJQ�LWV�GDPDJH�SRWHQWLDOV��7KLUW\-
RQH� WKUHH-FRPSRQHQW� HDUWKTXDNH� UHFRUGV� FROOHFWHG�
ZRUOGZLGH� ZHUH� VWXGLHG�� $PRQJ� WKHVH� HDUWKTXDNHV��
WKH�ZHOO-NQRZQ�.REH�������7DNDWRUL���1HZ�=HDODQG�
������DQG�1RUWKULGJH������ZHUH�DPRQJ�WKH�VWURQJHVW�
HDUWKTXDNHV�� 7KH� 0H[LFR� ����� HDUWKTXDNH� VKRZHG�
WKH� PRVW� GLVWLQFW� FKDUDFWHU� ZKLFK� FRXOG� EH� PRUH�
GHWULPHQWDO� ZKHQ� FRQVLGHULQJ� WKH� SHULRG� HORQJDWLRQ�
RI�VWUXFWXUHV� 

�� 3UDFWLFDO� DSSOLFDWLRQ� WR� &KL-FKL� HDUWKTXDNH� VKRZHG�
PRUH�PHDQLQJIXO�LQWHUSUHWDWLRQV�RI�LWV�FKDUDFWHUV��7KH�
GDPDJH�SRWHQWLDOV�RI�&KL-FKL� VKRZHG� WKDW�DW� D� ORZHU�
SHULRG� WKDQ� DERXW� ���� VHFRQGV� LW�ZDV� SHUFHLYHG� DV� ��
00,�� EXW� LW� ZDV� ���00,� IRU� SHULRGV� KLJKHU� WKDQ� ��
VHFRQGV�� DQG� �� 00,� LQ� EHWZHHQ� WKHP�� ,W� EHFDPH�
FULWLFDO� DW� WKH� WUDQVLWLRQ� SHULRGV� DV� WKH� SHULRG�
HORQJDWLRQ�GXH�WR�LQHODVWLF�UHVSRQVH�DQG�VRLO-VWUXFWXUH�
LQWHUDFWLRQ�PLJKW�EH�DQ�LVVXH�� 

$FNQRZOHGJHPHQW 

7KH� DXWKRUV� DFNQRZOHGJHG� WKH� VXSSRUW� RI� WKH�
(QJLQHHULQJ� &HQWUH� IRU� ,QGXVWU\� DQG� WKH� &HQWUH� IRU�
,QIUDVWUXFWXUHV� DQG�%XLOW� (QYLURQPHQW�� ERWK� RI� ,QVWLWXWH�
RI� 7HFKQRORJ\� %DQGXQJ�� 7KH� DXWKRUV� DOVR� JUDWHIXOO\�

DFNQRZOHGJHG� WKH� FRQVWUXFWLYH� FRPPHQWV� E\� WKH�
DQRQ\PRXV�UHYLHZHU� 

5HIHUHQFHV 

$QJ�� $�� +�� 6�� DQG� 7DQJ�� :�� +�� ������� ³3UREDELOLW\�
FRQFHSWV� LQ� HQJLQHHULQJ�� (PSKDVLV� RQ�
DSSOLFDWLRQV� LQ� FLYLO� DQG� HQYLURQPHQWDO�
HQJLQHHULQJ�´�-RKQ�:LOH\�	�6RQV� 

$ULDV�$���������³$�PHDVXUH�RI�HDUWKTXDNH�LQWHQVLW\�´�LQ�
6HLVPLF�'HVLJQ�IRU�1XFOHDU�3RZHU�3ODQWV��HG��5��
-�� +DQVHQ� �0,7� 3UHVV�� &DPEULGJH�� 0$��� ���–
���� 

%DNHU�� -�:��DQG�&RUQHOO��&�$�� �������³:KLFK�6SHFWUDO�
$FFHOHUDWLRQ�$UH�<RX�8VLQJ"�´�(DUWKT��6SHFWUD��
�������-���� 

%LMXNFKKHQ��6���7DNDL��1���6KLJHIXML��0���,FKL\DQDJL��0��
DQG� 7VXWRPX�� 6�7�� ������� ³6WURQJ-0RWLRQ�
&KDUDFWHULVWLFV� DQG� 9LVXDO� 'DPDJH� $VVHVVPHQW�
DURXQG�6HLVPLF�6WDWLRQV� LQ�.DWKPDQGX�DIWHU� WKH�
����� *RUNKD�� 1HSDO�� (DUWKTXDNH�´� (DUWKT��
6SHFWUD�����6����6���-6���� 

%RPPHU�� -�-�� DQG� 0DUWtQH]-3HUHLUD�� $��� ������� ³7KH�
(IIHFWLYH� 'XUDWLRQ� RI� (DUWKTXDNH� 6WURQJ�
0RWLRQ�´�-��(DUWKT��(QJ������������-���� 

%RPPHU��-�-��DQG�$ODUFRQ��-�(���������³7KH�3UHGLFWLRQ�
DQG� 8VH� RI� 3HDN� *URXQG� 9HORFLW\�´� -�� (DUWKT��
(QJ��������-��� 

%R]RUJQLD�� <�� DQG� &DPSEHOO�� .�:�� �������
³(QJLQHHULQJ� &KDUDFWHUL]DWLRQ� RI� *URXQG�
0RWLRQ�´� LQ� (DUWKTXDNH� (QJLQHHULQJ�� )URP�
(QJLQHHULQJ� 6HLVPRORJ\� WR� 3HUIRUPDQFH-%DVHG�
(QJLQHHULQJ�� %R]RUJQLD�� <�� DQG� %HUWHUR�� 9�9���
&KDSWHU�������-���� 

%UDGOH\�� %�$�� ������� ³(PSLULFDO� &RUUHODWLRQV� EHWZHHQ�
3HDN� *URXQG� 9HORFLW\� DQG� 6SHFWUXP-%DVHG�
,QWHQVLW\�0HDVXUHV�´�(DUWKT��6SHFWUD��������-��� 

&DPSEHOO��.�:��DQG�%R]RUJQLD��<���������³&XPXODWLYH�
$EVROXWH�9HORFLW\� �&$9��DQG�6HLVPLF� ,QWHQVLW\�
%DVHG� RQ� WKH� 3((5-1*$� 'DWDEDVH�´� (DUWKT��
6SHFWUD������������-���� 

(OHQDV�� $�� ������� ³&RUUHODWLRQ� EHWZHHQ� 6HLVPLF�
$FFHOHUDWLRQ� 3DUDPHWHUV� DQG� 2YHUDOO� 6WUXFWXUDO�
'DPDJH� ,QGLFHV� RI� %XLOGLQJ�´� 6RLO� '\QDP�
(DUWKTXDNH�(QJ���������-���� 

)DMIDU�� 3��� 9LGLF�� 7�� DQG� )LVFKLQJHU�� 0�� ������� ³$�
PHDVXUH� RI� HDUWKTXDNH� PRWLRQ� FDSDFLW\� WR�
GDPDJH�PHGLXP-SHULRG�VWUXFWXUHV�´�6RLO�'\QDP�
(DUWKTXDNH�(QJ�����������-���� 

*DUFLD�� $�*�� DQG� %HUQDO�� $�*�� ������� ³5HODWLRQVKLSV�
EHWZHHQ� ,QVWUXPHQWDO� *URXQG� 0RWLRQ�
3DUDPHWHUV� DQG� WKH�0RGLILHG�0HUFDOOL� ,QWHQVLW\�
LQ�*XHUUHUR��0H[LFR�´���WK�:RUOG�&RQIHUHQFH�RQ�
(DUWKTXDNH�(QJLQHHULQJ��%HLMLQJ��&KLQD� 
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*KREDUDK��$��DQG�(OQDVKDL��$�6����������³&RQWULEXWLRQ�
RI�YHUWLFDO�JURXQG�PRWLRQ�WR�WKH�GDPDJH�RI�5�&�
EXLOGLQJV�´� 3URFHHGLQJV� RI� WKH� ��WK� (XURSHDQ�
&RQIHUHQFH� RQ� (DUWKTXDNH� (QJLQHHULQJ��
%DONHPD�����-���� 

*RWR�� +�� DQG� 0RULNDZD�� +�� ������� ³*URXQG� PRWLRQ�
FKDUDFWHULVWLFV� GXULQJ� WKH� ����� RII� WKH� 3DFLILF�
&RDVW� RI� 7RKRNX� (DUWKTXDNH�´� 6RLO 0HFK�
)RXQG�(QJ�������������-���� 

+DQFRFN�� -�� DQG� %RPPHU�� -�-�� ������� ³$� 6WDWH-RI-
.QRZOHGJH�5HYLHZ�RI� WKH�,QIOXHQFH�RI�6WURQJ-
0RWLRQ� 'XUDWLRQ� RQ� 6WUXFWXUDO� 'DPDJH�´�
(DUWKTXDNH�6SHFWUD������������-���� 

+RXVQHU��*�:���������³6SHFWUXP�LQWHQVLWLHV�RI�VWURQJ-
PRWLRQ� HDUWKTXDNHV�´� 6\PSRVLXP� RQ�
(DUWKTXDNHV� DQG� %ODVW� (IIHFWV� RQ� 6WUXFWXUHV��
/RV�$QJHOHV��&$� 

.DWVDQRV��(�,���6H[WRV��$�*��DQG�(OQDVKDL��$�6���������
³3UHGLFWLRQ� RI� LQHODVWLF� UHVSRQVH� SHULRGV� RI�
EXLOGLQJV� EDVHG� RQ� LQWHQVLW\� PHDVXUHV� DQG�
DQDO\WLFDO�PRGHO� SDUDPHWHUV�´�(QJ�6WUXFW� �� ����
���-���� 

/XFR�� 1�� DQG� &RUQHOO�� &�� �������� ³6WUXFWXUH-6SHFLILF�
6FDODU� ,QWHQVLW\�0HDVXUHV� IRU�1HDU-6RXUFH� DQG�
2UGLQDU\�(DUWKTXDNH�*URXQG�0RWLRQV�´�(DUWKT��
6SHFWUD������������-���� 

0DVVXPL��$��DQG�6HONLVDUL��0�5���������³&RUUHODWLRQV�
EHWZHHQ� 6SHFWUDO� 3DUDPHWHUV� RI� (DUWKTXDNHV�
DQG�'DPDJH�,QWHQVLW\�LQ�'LIIHUHQW�5&�)UDPHV�´�
(QJ�*HRO�������������-���� 

0HGYHGHY�� 6�9�� DQG�6SRQKHXHU��:�� ������� ³6FDOH� RI�
6HLVPLF� ,QWHQVLW\�´� �WK� :RUOG� &RQIHUHQFH�
(DUWKTXDNH� (QJLQHHULQJ�� 6DQWLDJR�� &KLOH�� $-���
���-���� 

0\ORQDNLV��*��DQG�6\QJURV��&�� ��������³7KH�&ROODSVH�
RI�)XNDH� �+DQVKLQ�([SUHVVZD\��%ULGJH��.REH��
������ 7KH� 5ROH� RI� 6RLO� DQG� 6RLO-6WUXFWXUH�
,QWHUDFWLRQ�´� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &DVH�
+LVWRULHV�LQ�*HRWHFKQLFDO�(QJLQHHULQJ����� 

3((5� ������� ³*URXQG� 0RWLRQ� 'DWDEDVH�´� 3DFLILF�
(DUWKTXDNH�(QJLQHHULQJ�5HVHDUFK�&HQWHU� 

3HUUDXOW�� 0�� DQG� *XpJXHQ�� 3�� �������� ³&RUUHODWLRQ�
EHWZHHQ� *URXQG� 0RWLRQ� DQG� %XLOGLQJ�
5HVSRQVH� 8VLQJ� &DOLIRUQLD� (DUWKTXDNH�
5HFRUGV�´�(DUWKT��6SHFWUD�������������-����� 

6DQGHHS�� *�6�� DQG� 3UDVDG�� 6�.�� ������� ³+RXVQHU�
,QWHQVLW\� DQG� 6SHFLILF� (QHUJ\� 'HQVLW\� IRU�
(DUWKTXDNH� 'DPDJH� $VVHVVPHQW� IURP�
6HLVPRJUDP�´� 3URFHHGLQJV� RI� ,QWHUQDWLRQDO�
&RQIHUHQFH� RQ� $GYDQFHV� LQ� $UFKLWHFWXUH� DQG�
&LYLO�(QJLQHHULQJ��.DUQDWDND��,QGLD� 

7ULIXQDF��0�'�� DQG�%UDG\��$�*�� ������� ³$� 6WXG\� RQ�
'XUDWLRQ� RI� 6WURQJ� (DUWKTXDNH� *URXQG�

0RWLRQ�´�%XOOHWLQ�RI� WKH�6HLVPRORJLFDO�6RFLHW\�
RI�$PHULFD���������-���� 

9RQ�7KXQ��-���5RHKP��/���6FRWW��*���:LOVRQ��-���������
�(DUWKTXDNH� *URXQG� 0RWLRQV� IRU� 'HVLJQ� DQG�
$QDO\VLV� RI� 'DPV��� (DUWKTXDNH� (QJLQHHULQJ�
DQG� 6RLO� '\QDPLFV� ,,-5HFHQW� $GYDQFHV� LQ�
*URXQG-0RWLRQ� (YDOXDWLRQ�� *HRWHFKQLFDO�
6SHFLDO�3XEOLFDWLRQ�����-���� 

:DOG�� '�� -��� 4XLWRULDQR�� 9��� +HDWRQ�� 7�� +�� DQG�
.DQDPRUL�� +�� ������� ³5HODWLRQVKLSV� EHWZHHQ�
SHDN�JURXQG�DFFHOHUDWLRQ��SHDN�JURXQG�YHORFLW\��
DQG�0RGLILHG�0HUFDOOL� ,QWHQVLW\� LQ�&DOLIRUQLD�´�
(DUWKT��6SHFWUD���������–���� 

:RRG�� +�2�� DQG� 1HXPDQQ�� )�� ������� ³0RGLILHG�
0HUFDOOL�,QWHQVLW\�6FDOH�RI������´�%XOO�6HLVPRO�
6RF�$P�������������-���� 

:X�� +��� 0DVDNL�� .��� ,ULNXUD�� .��� 6DJXFKL�� .���
.XUDKDVKL�� 6�� DQG� :DQJ�� ;�� �������
³5HODWLRQVKLS�EHWZHHQ�%XLOGLQJ�'DPDJH�5DWLRV�
DQG� *URXQG�0RWLRQ� &KDUDFWHULVWLFV� GXULQJ� WKH�
�����7RKRNX�(DUWKTXDNH�´�-���1DWXUDO��'LVDVWHU��
6FLHQFH������������-��� 

:X�� <�0��� 7HQJ�� 7�/��� 6KLQ�� 7�&�� DQG� +VLDR�� 1�&��
������� ³5HODWLRQVKLS� EHWZHHQ� 3HDN� *URXQG�
$FFHOHUDWLRQ�� 3HDN� *URXQG� 9HORFLW\�� DQG�
,QWHQVLW\� LQ� 7DLZDQ�´� %XOO� 6HLVPRO� 6RF� $P���
�������-���� 

;LH��-���:HQ��=��DQG�/L��;����������³&KDUDFWHULVWLFV�RI�
6WURQJ� 0RWLRQ� 'XUDWLRQ� IURP� WKH� :HQFKXDQ�
0Z�����(DUWKTXDNH�´���

WK�:RUOG�&RQIHUHQFH�RQ�
(DUWKTXDNH�(QJLQHHULQJ��/LVERD� 

=KDQJ�� <��� +H�� =�� DQG�<DQJ�� <�� ������� ³$� 6SHFWUDO-
$FFHOHUDWLRQ-%DVHG� /LQHDU� &RPELQDWLRQ-7\SH�
(DUWKTXDNH� ,QWHQVLW\� 0HDVXUH� IRU� +LJK-5LVH�
%XLOGLQJV�´�-��(DUWKT��(QJ��������������-����� 


