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PDWUL[� LV D VWHS LQ XQLILFDWLRQ RI

VHYHUDO PDWULFHV XVHG WR GHULYH WRSRORJLFDO LQGLFHV� L�H� RI WKH DGMDFHQF\ PDWUL[� WKH GLVWDQFH

PDWUL[� WKH UHFLSURFDO GLVWDQFH PDWUL[� HWF� )URP WKH Y
P

G
Q

PDWUL[ ZHUH GHULYHG ��� :LHQHU�

OLNH LQGLFHV :�P�Q�� $OO RI WKHP DUH RI WKH %,0�W\SH� L�H� WKH\ REH\ WKH 0HWKDQH�EDVHG

GHILQLWLRQ RI EUDQFKLQJ� 7KH LQGH[ :��f��f� OLQNV WKH %,0 LQGLFHV ZLWK WKH %,$ LQGLFHV
REH\LQJ WKH Q�$ONDQH�EDVHG GHILQLWLRQ RI EUDQFKLQJ� ,W LV D VLPSOH� SULPLWLYH� DQG

GHJHQHUDWHG� EXW D WUXH EUDQFKLQJ LQGH[ VKRZLQJ WKDW WKH SUHVHQFH DQG WKH QXPEHU RI PHWK\O
JURXSV �YHUWLFHV RI GHJUHH RQH� LV RI WKH KLJKHVW LPSRUWDQFH LQ EUDQFKLQJ �FRPSOH[LW\� RI

PROHFXOHV� 7KH LQGH[ :��f��� FRQWDLQV DOVR WKH LQIRUPDWLRQ RI WKH VL]H RI D PROHFXOH� 7KH

LQGLFHV :������ :������ :����f�� DQG :�����f� RQO\ SUHVHQW LQIRUPDWLRQ DERXW WKH VL]H RI

PROHFXOHV� 0RVW RI WKH :�P��f� DQG :�P��� LQGLFHV FRQWDLQ DOVR WKH LQIRUPDWLRQ WKDW D

EUDQFK RQ D TXDWHUQDU\ FDUERQ �L�H� RQ D YHUWH[ RI GHJUHH IRXU� FRQWULEXWHV PRUH WR
EUDQFKLQJ �FRPSOH[LW\� WKDQ D EUDQFK RQ D WHUWLDU\ FDUERQ �L�H� RQ D YHUWH[ RI GHJUHH WKUHH��

7KH LQGLFHV :��f�Q� DQG :���Q� SUHVHQW� EHVLGHV LQIRUPDWLRQ DERXW WKH VL]H RI D PROHFXOH
DQG WKH QXPEHU RI EUDQFKHV� DOVR LQIRUPDWLRQ DERXW WKH SRVLWLRQ RI EUDQFKHV DQG WKH

GLVWDQFH EHWZHHQ WKHP� 2WKHU :�P�Q� LQGLFHV SUHVHQW GLIIHUHQW� LQ VRPH FDVHV TXLWH H[WUHPH

FRPELQDWLRQV RI DOO WKHVH SDUWV RI LQIRUPDWLRQ�

�

�

�

,QWURGXFWLRQ�

6HYHUDO� KXQGUHG� WRSRORJLFDO� LQGLFHV� KDYH� EHHQ� GHYHORSHG� DQG� WHVWHG� IRU� WKHLU�

SHUIRUPDQFH�DV�EUDQFKLQJ�LQGLFHV�RU�LQGLFHV�RI�VXEVWDQFHV
�SURSHUWLHV��5DQGLü�HW�DO�
�
�DQG�

UHIHUHQFHV� FLWHG� WKHUHLQ��� $� VXEVWDQWLDO� SDUW� RI� WKHP� LV� GHULYHG� IURP� RQH� RU� DQRWKHU�

PDWUL[�� ,YDQFLXF
�
� PHQWLRQV� ��� GLIIHUHQW� W\SHV� RI� PDWULFHV� DV� VRXUFHV� RI� WRSRORJLFDO�

LQGLFHV�� 7KDW� WKHVH� W\SHV� RI� PDWULFHV� DUH� GLIIHUHQW� KDV� EHHQ� FRQVLGHUHG� DOVR� E\� RWKHU�

DXWKRUV
�
��7KH\�PDGH�FRQVLGHUDEOH�HIIRUWV�WR�GHILQH�D�JHQHUDO�PDWUL[���

7KH� LQGLFHV�KDYH�EHHQ� FRUUHODWHG�ZLWK� VHYHUDO� SK\VLFDO�� FKHPLFDO�� DQG�ELRORJLFDO�

SURSHUWLHV�RI�PROHFXOHV��+RZHYHU��HYHQ�VHYHUDO�SURSHUWLHV�RI�DONDQHV�VWLOO�FDQQRW�EH�ZHOO�
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GHVFULEHG�ZLWK�SDUWLFXODU�DYDLODEOH�LQGLFHV
�
�DQG�FRPELQDWLRQV�RI�WKHP�DUH�WR�EH�XVHG

�
��,Q�

VSLWH� RI� WKDW�� LQWHUHVW� LQ� WRSRORJLFDO� LQGLFHV� KDV� JURZQ� UHPDUNDEO\� GXULQJ� WKH� UHFHQW�

\HDUV�� 7KHUHIRUH�� WKH� VWXG\� RI� WKRVH� WRSRORJLFDO� LQGLFHV� WKDW�PLJKW� EH� JRRG� EUDQFKLQJ�

LQGLFHV�UHPDLQV�DQ�LPSRUWDQW�DUHD�RI�UHVHDUFK���

,Q�SUHYLRXV�SDSHUV
���
�WKH�VXLWDELOLW\�RI����WRSRORJLFDO�LQGLFHV�DV�EUDQFKLQJ�LQGLFHV��

DV� ZHOO� DV� RI� ��� SK\VLFRFKHPLFDO� SURSHUWLHV� DV� UHIHUHQFH� SURSHUWLHV� IRU� EUDQFKLQJ� RI�

DONDQHV� ZDV� VWXGLHG�� 7KH� SURSHUWLHV� ZHUH� GLYLGHG� LQWR� LQWULQVLF� DQG� LQWHUDFWLRQ�

GHSHQGHQW� RQHV� DQG� LW� ZDV� H[SODLQHG� ZK\�PRVW� RI� WKH� ODWWHU� RQHV� DUH� QRW� VXLWDEOH� DV�

SULPDU\� UHIHUHQFHV� IRU� EUDQFKLQJ�� 7KH� EHVW� UHIHUHQFH� SURSHUWLHV� WR� DVVHVV� EUDQFKLQJ�

LQGLFHV�ZHUH�IRXQG�WR�EH�'+IqJ��%3�7F��DQG�7F�3F��7ZR�GHILQLWLRQV�RI�EUDQFKLQJ�ZHUH�

SUHVHQWHG��WKH�0HWKDQH�EDVHG�GHILQLWLRQ�DV�D�JHQHUDO�GHILQLWLRQ�DQG�WKH�Q�$ONDQH�EDVHG�

GHILQLWLRQ� DV� LWV� VXEGHILQLWLRQ�� PRUH� IDPLOLDU� WR� FKHPLVWV� ZRUNLQJ� LQ� WKLV� ILHOG�� 7KH�

LQGLFHV�REH\LQJ� WKHVH�GHILQLWLRQV�ZHUH� ODEHOOHG�%,0� DQG�%,$� LQGLFHV�� UHVSHFWLYHO\��7KH�

VHDUFK�IRU�WUXH�EUDQFKLQJ�LQGLFHV�WKDW�ZRXOG�QRW�QHFHVVDULO\�ILW�SDUWLFXODU�SURSHUWLHV�EXW�

ZRXOG� RQO\� LQGH[�EUDQFKLQJ�KDV�EHHQ� HQFRXUDJHG�� ,Q� WKH�SUHVHQW� SDSHU�� DQRWKHU� VHW� RI�

LQGLFHV�WKDW�DUH�GHULYHG�IURP�WKH�GLVWDQFH�PDWUL[�LV�HYDOXDWHG��

7KH� YDOXHV� RI� EUDQFKLQJ� LQGLFHV� WHVWHG� LQ� SUHYLRXV� SDSHUV
���
� LQFUHDVH� ZLWK� WKH�

LQFUHDVLQJ�FDUERQ�QXPEHU�RI�DONDQHV��6HYHUDO�RI�WKHP��L�H��PRVWO\�WKRVH�GHULYHG�IURP�WKH�

GLVWDQFH� PDWUL[�� GHFUHDVH� ZLWK� LQFUHDVLQJ� EUDQFKLQJ�� ZKLOH� VRPH� RI� WKHP�� L�H�� PRVWO\�

WKRVH�GHULYHG� IURP� WKH�DGMDFHQF\�PDWUL[�� LQFUHDVH�� ,W� LV� D�JHQHUDO�RSLQLRQ� WKDW� WKH�EHVW�

ZD\�WR�GHVFULEH�VRPHWKLQJ�LV�WR�GR�WKDW�LQ�D�VLPSOH�DQG�VWUDLJKWIRUZDUG�ZD\��ZLWK�GLUHFW�

UHODWLRQVKLS� WR� WKH�SUREOHP� LQ�TXHVWLRQ��$� UHYHUVH� UHODWLRQVKLS� LV�DFFHSWDEOH� LI�D�GLUHFW�

RQH� LV� ODFNLQJ��$FFRUGLQJ� WR� WKLV�RSLQLRQ�� WKH� LQGLFHV� LQFUHDVLQJ�ZLWK�EUDQFKLQJ�ZRXOG�

EH�PRUH�VXLWDEOH�EUDQFKLQJ�LQGLFHV� WKDQ�WKH�RWKHUV�DQG�WKH�XVH�RI�WKH�DGMDFHQF\�PDWUL[�

PLJKW�JLYH�ULVH�WR�EHWWHU�EUDQFKLQJ�LQGLFHV�WKDQ�WKH�XVH�RI�WKH�GLVWDQFH�PDWUL[���

6WXG\LQJ� WKLV�DSSURDFK�ZH�EHFDPH�DZDUH�RI�DQRWKHU�SRVVLELOLW\�RI�JHQHUDOL]DWLRQ�

RI� VRPH� RI� DSSDUHQWO\� GLIIHUHQW�PDWULFHV�� 7KLV� JHQHUDOL]DWLRQ� HQDEOHV� GHULYDWLRQ� RI� DQ�

LQILQLWH� QXPEHU� RI� LQGLFHV� DQG� ZH� SUHVHQW� KHUH� WKLV� SRVVLELOLW\� WRJHWKHU� ZLWK� WKH�

SURSHUWLHV�RI�D�OLPLWHG�VHW�RI�����LQGLFHV�GHULYHG�LQ�WKLV�ZD\��

�

�

�
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'DWD�

7KH�VWUXFWXUHV�RI�DONDQHV�DUH�SUHVHQWHG� LQ�VKRUWKDQG��H�J��+S�LV�Q�KHSWDQH��2FW� LV�

Q�RFWDQH�� ���0�� LV� ������WULPHWK\OSHQWDQH�� �(W�0�� LV� ��HWK\O���PHWK\OSHQWDQH�� HWF��

7KH�RWKHU�WHUPV�DUH�H[SODLQHG�RQ������������DQG�����GLPHWK\O�KH[DQH����0�����0��DQG�

��0��� DV� H[DPSOHV�� 7KH� WZR� EUDQFKHV� ��T�� LQ� ��0�� DUH� SRVLWLRQHG� RQ� D� TXDWHUQDU\�

FDUERQ�SODFHG�RQ� WKH�SHULSKHU\� �SHU���RI� WKH�PROHFXOH��7KH� WZR�EUDQFKHV� LQ���0��DQG�

��0�� DUH� SRVLWLRQHG� RQ� WHUWLDU\� FDUERQV� ��W��� ,Q� ��0�� WKH� EUDQFKHV� DUH� DGMDFHQW� DQG�

WKRVH� LQ� ��0�� DUH� GLVWDQW�� 7KH� EUDQFKHV� RQ� FDUERQV� 1R�� �� DQG� �� DUH� SODFHG� RQ� WKH�

SHULSKHU\�RI�WKH�PROHFXOH��DQG�WKH�RQH�RQ�FDUERQ�1R����LV�SODFHG�QHDU�WKH�FHQWUH��FWU���RI�

WKH�PROHFXOH����0��LV�V\PPHWULF��ZKHUHDV���0��DQG���0��DUH�QRW��

6LQFH� ZH� RQO\� FRQVLGHU� DONDQHV�� ZH� XVH� WKH� ZRUGV� �YHUWH[�� DQG� �FDUERQ�� DV�

V\QRQ\PV� WKDW� UHIOHFW� GLIIHUHQW� FRQWH[WV�� 7KH� XVH� RI� �YHUWH[�� LPSOLHV� WKH� JUDSK�

WKHRUHWLFDO� FRQVLGHUDWLRQ�� ZKHUHDV� WKH� XVH� RI� �FDUERQ�� LPSOLHV� WKH� FKHPLFDO�

FRQVLGHUDWLRQ�RI�WKH�VDPH�WKLQJ��7KHLU�QXPEHU�LV�JLYHQ�DV�1&�RU�1Y��UHVSHFWLYHO\��

�

7KH�SK\VLFRFKHPLFDO�SURSHUWLHV�

7KH�GDWD�IRU�WKH�ERLOLQJ�SRLQW��%3���GHQVLW\��G���WKH�FULWLFDO�GDWD�7F��3F��9F��=F��DF��

DQG� GF�� DV� ZHOO� DV� WKH� VWDQGDUG� HQWKDOS\� RI� IRUPDWLRQ� IRU� WKH� LGHDO� JDV� �'+IqJ��� WKH�

HQWKDOS\� RI� YDSRULVDWLRQ� �'+Y��� WKH� $QWRLQH� FRQVWDQWV� $�� %�� DQG� &�� DV� ZHOO� DV� WKH�

3LW]HU
V� DFHQWULF� IDFWRU� �Z�� DQG� WKH� UHIUDFWLYH� LQGH[� �Q'�� ZHUH� WDNHQ� IURP� WKH� &5&�

+DQGERRN
�
�RU�IURP�/DQJH
V�+DQGERRN

��
��7KH�GDWD�IRU�WKH�OLTXLG�PRODU�YROXPH��9P���WKH�

LQWULQVLF� PRODU� YROXPH� �9L��� WKH� UDWLRV� 7F
�
�3F� DQG� 7F�3F� XVHG� LQVWHDG� RI� WKH� YDQ� GHU�

:DDOV�SDUDPHWHUV�D� DQG�E���%3�7F��DQG�WKH�PRODU�UHIUDFWLRQ��05��ZHUH�FDOFXODWHG�IURP�

GDWD�SUHVHQWHG�LQ�WKH�KDQGERRNV��

�

0HWKRGV�

7KH�VXVFHSWLELOLW\�IRU�WKH�LQFUHDVH�LQ�FDUERQ�QXPEHU�DQG�WKH�VXVFHSWLELOLW\�IRU�EUDQFKLQJ�

7KH� VXVFHSWLELOLW\� LV� GHILQHG� DV� WKH� QRUPDOLVHG� GLIIHUHQFH� RI� WKH� LQGLFHV
� RU�

SURSHUWLHV
�YDOXHV��(T�����

6 L�M� �;M�;L±�� � � � � � � � � � �����

ZKHUH�6L�M��LV�WKH�VXVFHSWLELOLW\��;�LV�DQ�LQGH[�RU�D�SURSHUW\��VXEVFULSW�L�UHIHUV�WR�WKH�OHVV�

EUDQFKHG�VWUXFWXUH�DQG�VXEVFULSW� M� UHIHUV� WR� WKH�PRUH�EUDQFKHG�VWUXFWXUH��:KLFK�RQH� LV�
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PRUH�EUDQFKHG�LV�FRQFOXGHG�E\�LQWXLWLRQ�DV�SUHVHQWHG�LQ�UHI�
��
�DV�ZHOO�DV�E\�WKH�0HWKDQH�

EDVHG�GHILQLWLRQ�DQG� WKH�Q�$ONDQH�EDVHG�GHILQLWLRQ
�
��7ZR�JURXSV�RI�VXVFHSWLELOLWLHV�DUH�

XVHG��,Q�WKH�VXVFHSWLELOLW\�IRU�WKH�LQFUHDVH�LQ�FDUERQ�QXPEHU��GHQRWHG�DV�6L�L����VXEVFULSW�L�

UHIHUV� PRVWO\� WR� WKH� VWUXFWXUH� KDYLQJ� WKH� VDPH� QXPEHU� DQG� W\SH� RI� EUDQFKHV� LI� QRW�

H[SOLFLWO\�VKRZQ�RWKHUZLVH��,Q� WKHVH�FDVHV�� WKH�WZR�DONDQHV�WDNHQ�LQWR�DFFRXQW�GLIIHU�LQ�

FDUERQ� QXPEHU� E\� RQH�� )RU� H[DPSOH�� LQ� 6���� WKH� GLJLW� ��PHDQV� DQ\� RFWDQH� KDYLQJ� WKH�

VDPH�QXPEHU�DQG�W\SH�RI�EUDQFKHV�DV�D�KHSWDQH�ZKLFK�LV�UHSUHVHQWHG�E\�WKH�GLJLW����,Q�

6+S�2FW� � WKH�GDWD�RI�Q�KHSWDQH��+S��DQG�Q�RFWDQH��2FW��DUH�XVHG��,Q�6�0���0�� WKH�GDWD�RI��

��PHWK\O� KH[DQH� ��0��� DQG� ��PHWK\O� KHSWDQH� ��0��� DUH� XVHG�� LQ�6�0���0�� WKH�GDWD�RI��

��PHWK\O�KH[DQH���0���DQG���PHWK\O�KHSWDQH���0����HWF���

,Q� WKH�VXVFHSWLELOLW\� IRU�EUDQFKLQJ��6Q�L�� WKH�VXEVFULSW�Q� UHIHUV� WR� WKH�Q�DONDQH�DQG�

WKH�VXEVFULSW�L�UHIHUV�WR�DQ\�DONDQH�RI�WKH�VDPH�FDUERQ�QXPEHU��)RU�H[DPSOH��LQ�6+S�L�+S�

UHIHUV�WR�Q�KHSWDQH�DQG�L�WR�DQ\�KHSWDQH��,Q�6+S��0����0��UHIHUV�WR���PHWK\O�KH[DQH��

�

�

5HVXOWV�DQG�GLVFXVVLRQ�

7KH�Y
P

G
Q

�PDWUL[�

7KH� DGMDFHQF\�PDWUL[� DQG� WKH� GLVWDQFH�PDWUL[� XVXDOO\� VHHP� WR� EH� FRQVLGHUHG� DV�

WZR� GLIIHUHQW� W\SHV� RI� PDWULFHV� DQG� DOVR� RWKHU� W\SHV� RI� PDWULFHV�� H�J�� WKH� UHFLSURFDO�

GLVWDQFH�PDWUL[��VHHP�WR�KDYH�EHHQ�FRQVLGHUHG�DV�GLIIHUHQW�PDWUL[�W\SHV�
����

�:H�QRWLFHG�

WKDW� WKH� DGMDFHQF\� PDWUL[�� WKH� GLVWDQFH� PDWUL[� DQG� WKH� UHFLSURFDO� GLVWDQFH� PDWUL[� DUH�

VSHFLDO� FDVHV� RI� D� PRUH� JHQHUDO� W\SH� RI� GLVWDQFH� PDWUL[�� 7KLV� PRUH� JHQHUDO� GLVWDQFH�

PDWUL[��*��KDYLQJ�JuJ�HOHPHQWV��KDV�WKH�PDLQ��EDFNVODVK��GLDJRQDO�HOHPHQWV��JLL� ����DQG�

DOO�WKH�RWKHUV��JLM��LzM�� �I�D��E�������Y������uI�GL�M���ZKHUH�D��E�������Y��HWF��DUH�VRPH�SURSHUWLHV�

RI� YHUWLFHV� L� DQG� M�� DQG� GL�M� LV� WKH� GLVWDQFH� EHWZHHQ� WKH� YHUWLFHV� L� DQG� M�� ,Q� WKH� SUHVHQW�

SDSHU�ZH�FRQVLGHU�WKH�HOHPHQWV�JLM��LzM�� �YM
PuGLM

Q

��ZKHUH�YM�LV�WKH�GHJUHH�RI�YHUWH[�M��LQ�

DONDQHV�LW�LV�WKH�QXPEHU�RI�WKH�&�&�ERQGV�ZKLFK�WKH�FDUERQ�LQ�TXHVWLRQ�LV�LQYROYHG�LQ��

DQG�GLM�LV�WKH�VKRUWHVW�GLVWDQFH�IURP�YHUWH[�L�WR�YHUWH[�M��LQ�DONDQHV�LW�LV�WKH�ORZHVW�QXPEHU�

RI�ERQGV�EHWZHHQ�WKH�FDUERQV�LQ�TXHVWLRQ���:H�ODEHO�WKLV�PDWUL[�WKH�Y
P

G
Q

�PDWUL[��,Q�WKH�

VLPSOH�GLVWDQFH�PDWUL[��P� ���DQG�Q� ����LQ�WKH�VLPSOH�UHFLSURFDO�GLVWDQFH�PDWUL[�P� ���

DQG� Q� ����� ZKHUHDV� LQ� WKH� VLPSOH� DGMDFHQF\� PDWUL[�P� ��� DQG� Q� � �f�� %HVLGHV� WKH�

PDWUL[�KDYLQJ�WKH�HOHPHQWV�JLM��LzM�� �YM
PuGLM

Q

��RWKHU�PRUH�JHQHUDO�PDWULFHV�DUH�SRVVLEOH��
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WRR�� )RU� H[DPSOH�� ,YDQFLXF
��
� WHVWHG� VRPH� LQGLFHV� GHULYHG� IURP� D� PDWUL[� KDYLQJ� WKH�

HOHPHQWV� JLM��LzM�� �YL
PuGLM

Q
�� DV� ZHOO� DV� IURP� D� PDWUL[� KDYLQJ� WKH� HOHPHQWV�

JLM��LzM�� �YL
PuYM

PuGLM
Q
��,W�FDQ�EH�VHHQ�WKDW�DOO�WKHVH�PDWULFHV�DUH�VSHFLDO�FDVHV�RI�DQRWKHU�

PRUH�JHQHUDO�PDWUL[�KDYLQJ�WKH�HOHPHQWV�JLM��LzM�� �YL
DuYM

EuGLM
F
��ZKHUH�LQ�RXU�FDVH�D� ����

E�  � P�� DQG� F�  � Q�� 7KHVH� PRUH� JHQHUDO� PDWULFHV� RIIHU� DQRWKHU� SRVVLELOLW\� IRU� D�

JHQHUDOL]DWLRQ� RI� VSHFLDO� PDWULFHV� DOORZLQJ� WKH� GHULYDWLRQ� RI� DQ� LQILQLWH� QXPEHU� RI�

LQGLFHV��LQ�DGGLWLRQ�WR�WKDW�SUHVHQWHG�UHFHQWO\�E\�(VWUDGD
�
��

7KH�Y
P
G
Q
�PDWUL[�ZDV�FKRVHQ�DV�RQH�RI�WKH�VLPSOH�JHQHUDOL]HG�PDWULFHV�WKDW�LQFOXGH�

WKH� GLVWDQFH�PDWUL[�� WKH� UHYHUVH� GLVWDQFH�PDWUL[�� DQG� WKH� DGMDFHQF\�PDWUL[�� DV�ZHOO� DV�

VHYHUDO�YDULDQWV�RI�WKHVH��)RUPDOO\�LW�SUHVHQWV�WKH�LQIOXHQFH�RI�YHUWH[�M�RQ�YHUWH[�L��ZKHUH�

YM� LV�RQH�RI�WKH�SURSHUWLHV�RI�YHUWH[�M�WKDW�LQIOXHQFH�YHUWH[�L�WKURXJK�WKH�GLVWDQFH�GL�M��,Q�

RXU�FDVH��YL�LV�VHW�WR�WKH�XQLW�YDOXH��0RUH�JHQHUDO�ZRXOG�EH�WKH�VWXG\�RI�LQGLFHV�GHULYHG�

IURP� D� PDWUL[� KDYLQJ� WKH� HOHPHQWV� JLM��LzM�� �YL
DuYM

EuGLM
F
�� ZKHUH� YL

DuYM
E
� UHSUHVHQWV� WKH�

PXWXDO� LQWHUDFWLRQ� RI� D� SURSHUW\� RI� ERWK� YHUWLFHV�� $� UHSUHVHQWDWLYH� RI� WKLV� JURXS� RI�

LQGLFHV� LV� RQH� RI� WKH�PRVW� XVHIXO� LQGLFHV�� WKH�5DQGLü
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)LJ�� ��� 7KH� GHJUHH� RI� WKH� VLPSOHVW� SRO\QRPLDO� GHVFULELQJ� ZHOO� �U
�
� !� ��������� WKH�

GHSHQGHQFH�RI�:�P�Q��RI�Q�DONDQHV��:�P�Q�Q��RQ�1&��Q�$ONDQHV�IURP�&��WR�&���

ZHUH�FRQVLGHUHG��

���7KH�LQFUHPHQW�RI�LQFUHDVH�RI�:�P�Q�Q�ZLWK�1&�LQFUHDVHV�DQG�DSSURDFKHV�D�FRQVWDQW�

YDOXH�

���7KH�LQFUHPHQW�RI�LQFUHDVH�RI�:�P�Q�Q�ZLWK�1&�GHFUHDVHV�DQG�DSSURDFKHV�D�FRQVWDQW�

YDOXH�

�����7KH�LQFUHPHQW�RI�LQFUHDVH�RI�:�P�Q�Q�ZLWK�1&�GHFUHDVHV�DW�ORZ�1&�DQG�WKHQ�

LQFUHDVHV�VOLJKWO\��DSSURDFKLQJ�D�FRQVWDQW�YDOXH�

,Q�SDUHQWKHVHV��WKH�DSSDUHQW�H[SRQHQW�RI�WKH�SRO\QRPLDO�

�

�

$QRWKHU� SRVVLELOLW\� RI� SUHVHQWLQJ� WKH� LQIOXHQFH� RI� H[SRQHQWV� P� DQG� Q� RQ� WKH�

GHSHQGHQFH�RI�:�P�Q�� LQGLFHV�RI�Q�DONDQHV�GXH�WR� WKH�LQFUHDVH�LQ�FDUERQ�QXPEHU�LV� WR�

XVH� WKH� VXVFHSWLELOLW\� IRU� WKH� LQFUHDVH� RI� FDUERQ� QXPEHU� E\� RQH�� 6L�L���� FI�� UHI�
�
� 7KLV�

SRVVLELOLW\�LV�SUHVHQWHG�LQ�)LJ����ZLWK�6�����L�H��IRU�WKH�LQFUHDVH�RI�FDUERQ�QXPEHU�IURP���

WR� ��� ,W� FDQ� EH� VHHQ� WKDW�:��f��f�Q� GRHV� QRW� LQFUHDVH�ZLWK� LQFUHDVLQJ� FDUERQ� QXPEHU��

7KH�GHSHQGHQFH�RQ�WKH�H[SRQHQW�RI�WKH�GHJUHH�RI�YHUWH[��P��LV�VLJPRLG�OLNH��ZKHUHDV�WKH�

GHSHQGHQFH� RQ� WKH� H[SRQHQW� RI� GLVWDQFH�� Q�� LV� SDUDEROLF�� 7KH� KLJKHVW� LQFUHDVH� ZLWK�

FDUERQ�QXPEHU�KDV�WKH�LQGH[�:�����Q��

�
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)LJ�����7KH�LQFUHPHQWV�RI�LQFUHDVH�RI�:�P�����ZLWK�1&��1Y���LOOXVWUDWLQJ�RI�WKH�PHDQLQJ�

RI�V\PEROV���������DQG���LQ�)LJ�����
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)LJ�����7KH�GHSHQGHQFH�RI�VXVFHSWLELOLW\�IRU�WKH�LQFUHDVH�LQ�FDUERQ�QXPEHU�IURP���WR����

6+S�2FW��RI�:�P�Q�Q�RQ�H[SRQHQWV�P�DQG�Q��

��

�

7KH�LQFUHDVH�RI�YDOXHV�RI�:�P�Q��LQGLFHV�GXH�WR�WKH�LQFUHDVH�RI�WKH�VL]H�RI�PROHFXOHV�RI�

RWKHU�DONDQH�LVRPHUV�

+RZ� WKH� YDOXHV� RI�:�P�Q�� LQGLFHV� RI� RWKHU� LVRPHUV� LQFUHDVH�ZLWK� WKH� VL]H� RI� D�

PROHFXOH�LV�WKH�PRVW�HDVLO\�SUHVHQWHG�E\�WKH�VXVFHSWLELOLW\�RI�W\SLFDO�VWUXFWXUDO�W\SHV�IRU�

WKH�LQFUHDVH�LQ�FDUERQ�QXPEHU�E\�RQH��6L�L����FI��UHI�
�
�:H�FRQVLGHU�6�����6�����DQG�6������

�

7KH�EUDQFKHG�VWUXFWXUH�LV�VKLIWHG�WR�WKH�SHULSKHU\�RI�WKH�PROHFXOH�

7KH�IROORZLQJ�WUDQVLWLRQV�ZHUH�FRQVLGHUHG�ILUVW��

,Q�6�����3H�o�+[���0�o�0�����0�o���0��

,Q�6�����+[�o�+S���0�o��0����0��o��0�����0�o���0�����0��o���0���

,Q�6�����+S�o�2FW���0��o��0����0��o��0����(W��o��(W�����0��o���0���

��0��o���0�����0��o���0�����0��o���0���DQG����0��o����0���

�

,Q� WKHVH� WUDQVLWLRQV� WKH� PDLQ� FKDLQ� RI� WKH� DONDQH� LV� HORQJDWHG� E\� LQVHUWLRQ� RI� D�

PHWK\OHQH� JURXS�� VR� WKDW� WKH� EUDQFKHG� VWUXFWXUH� LV� SUHVHUYHG� DV� PXFK� DV� SRVVLEOH�

DOWKRXJK�LW�LV�VKLIWHG�WR�WKH�SHULSKHU\�RI�WKH�PROHFXOH��6LQFH�WKH�LQIOXHQFH�RI�HORQJDWLRQ�

RI�WKH�Q�DONDQH�LV�SUHVHQWHG�LQ�)LJ�����RQO\�WKH�GLIIHUHQFH�EHWZHHQ�6L�L���RI�RWKHU�DONDQH�
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LVRPHUV� DQG�6L�L��� RI�Q�DONDQHV� LV� SUHVHQWHG� LQ�)LJ�� ������)LJ�� �� LOOXVWUDWHV�6����� L�H�� WKH�

FDVH�ZKHQ�FDUERQ�QXPEHU� LQFUHDVHV� IURP��� WR����DV�H[HPSOLILHG�E\�DONDQHV���0��DQG�

��0��� $� VLPLODU� VKDSH� RI� WKH� GLIIHUHQFH� RI� 6L�L��� DQG� 6+S�2FW� DV� WKH� VWUXFWXUH� ��0�

SUHVHQWHG�LQ�)LJ����FDQ�EH�VHHQ�LQ�WKH�VWUXFWXUHV��0���0���(W����0����0��DQG����0��,Q�

)LJ����LW�FDQ�EH�VHHQ�WKDW�IRU�WKH�PDMRULW\�RI�LVRPHUV�WKH�:�P�Q��LQFUHDVHV�ZLWK�FDUERQ�

QXPEHU�DW�Q�t���IDVWHU�WKDQ�:�P�Q�Q��2Q�WKH�RWKHU�KDQG��DW�ORZHU�Q�DQG�HVSHFLDOO\�ZKHQ�

�f���P������RU�ZKHQ�P�!����WKH�:�P�Q��LQGLFHV�RI�RWKHU�LVRPHUV�LQFUHDVH�ZLWK�FDUERQ�

QXPEHU�VORZHU�WKDQ�:�P�Q�Q��

2QO\� WKH� VWUXFWXUH� ��0�� )LJ�� ��� JLYHV� ULVH� WR� D� UDGLFDOO\� GLIIHUHQW� VKDSH�� ZKLFK�

LQGLFDWHV� WKDW� LQ� PRVW� FDVHV� :�P�Q���0� LQFUHDVHV� ZLWK� FDUERQ� QXPEHU� VORZHU� WKDQ�

:�P�Q�Q���

7KH�KLJKHVW�GLIIHUHQFHV�FRPSDUHG�WR�WKH�LQFUHDVH�RI�:�P�Q�Q�DUH�DW�WKH�IROORZLQJ�

FRPELQDWLRQV�RI�P�DQG�Q��ZKHUH�WKH�GHSDUWXUH�IURP�WKH�YDOXHV�RI�6+S�2FW�LV�DV�IROORZV���

�P� ����Q� ����� ���0�!���0�!���0�!��0�!��0�!����0�!�(W�!���0�

�P� ����Q� ����� ���0�!���0�!���0�!��0�!����0�!��0�!�(W�!���0�

�P� ����Q� ��f��� ��0� ��0� ��(W�!���0� ���0�!���0� ���0�!����0�
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LQGLFHV�RI���0��DQG�RI�Q�KHSWDQH��
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)LJ�� ��� 7KH� GLIIHUHQFH� RI� VXVFHSWLELOLW\� IRU� WKH� LQFUHDVH� LQ� FDUERQ� QXPEHU� RI�:�P�Q��

LQGLFHV�RI���0��DQG�RI�Q�KHSWDQH��
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$V� D� FRQVHTXHQFH�� WKH� ORZHVW� LQFUHDVH�ZLWK� FDUERQ�QXPEHU�RI� DOO� WHVWHG�:�P�Q��

LQGLFHV� LV� REVHUYHG�DW�:����f���7KH�PDJQLWXGH�RI� LQFUHDVH�RI� WKLV� LQGH[�RQ� LQFUHDVLQJ�

FDUERQ�QXPEHU�LQGLFDWHV�WKDW�WKH�PRUH�EUDQFKHG�WKH�VWUXFWXUH��WKH�ORZHU�LV�WKH�LQFUHDVH�

RI�:����f��� %HVLGHV� WKH� QXPEHU� RI� EUDQFKHV�� RQO\� WKH� W\SH� RI� EUDQFKHG� VWUXFWXUH� KDV�

VRPH�LQIOXHQFH��WHUWLDU\�FDUERQV�KDYH�D�OHVVHU�LQIOXHQFH�WKDQ�WKH�TXDWHUQDU\�RQHV��

�

7KH�EUDQFKHG�VWUXFWXUH�LV�VKLIWHG�WR�WKH�FHQWUH�RI�WKH�PROHFXOH�

7KHUH�DUH�DOVR�RWKHU�SRVVLELOLWLHV�WR�LQFUHDVH�WKH�FDUERQ�QXPEHU�E\����)RU�H[DPSOH��

WKH�LQVHUWLRQ�RI�D�PHWK\OHQH�JURXS�FDQ�EH�SHUIRUPHG�E\�VKLIWLQJ�WKH�EUDQFKHG�VWUXFWXUH�

PRUH� WR� WKH� FHQWUH� RI� WKH� PROHFXOH�� �0�o�0��� �0�o�0��� ��0�o��0���

��0�o��0���DQG����0�o���0���

7KH�LQIOXHQFH�RI�LQFUHDVLQJ�WKH�VL]H�RI�PROHFXOH�LQ�WKLV�ZD\�LV�SUHVHQWHG�LQ�)LJ�����

ZLWK�WKH�FRQYHUVLRQ���0�o��0��DV�D�JHQHUDO�H[DPSOH��DQG�LQ�)LJ�����ZLWK��0�o�0��

DV� DQ� H[FHSWLRQ�� )RU� PRVW� H[DPSOHV� RI� H[SRQHQWV�P� DQG� Q� SUHVHQWHG� LQ� )LJ�� ��� WKH�

LQFUHDVH� LV� OHVV� WKDQ� WKDW� RI� :�P�Q�Q�� 7KH� PDJQLWXGH� RI� LQIOXHQFH� LV� DV� IROORZV��

��0�o��0��!��0�o�0��!����0�o���0��a���0�o��0����
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)LJ������7KH�LQIOXHQFH�RI�LQFUHDVH�RI�FDUERQ�QXPEHU�E\�RQH��L�H��IURP���WR����RQ�:�P�Q��

LQGLFHV��ZKHQ�WKH�EUDQFKHG�VWUXFWXUH�LV�VKLIWHG�VLPXOWDQHRXVO\�WR�WKH�FHQWUH�RI�

WKH�PROHFXOH��3UHVHQWHG�LV�WKH�GLIIHUHQFH�EHWZHHQ�6L�L���RI�RWKHU�DONDQH�LVRPHUV�

DQG�6L�L���RI�Q�DONDQHV��
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)LJ������7KH�LQIOXHQFH�RI�LQFUHDVH�RI�FDUERQ�QXPEHU�E\�RQH��L�H��IURP���WR����RQ�:�P�Q��

LQGLFHV� IRU� WKH� FRQYHUVLRQ� RI� �0�� LQWR� �0��� 3UHVHQWHG� LV� WKH� GLIIHUHQFH�

EHWZHHQ�6L�L���RI�RWKHU�DONDQH�LVRPHUV�DQG�6L�L���RI�Q�DONDQHV��
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7KH� �VOLJKWO\�� SRVLWLYH� H[WUHPHV� RI� LQIOXHQFH� DUH� REVHUYHG� DW� :��f����� DQG�

:�������� 7KH� QHJDWLYH� H[WUHPHV� RI� LQIOXHQFH� DUH� REVHUYHG� DW� :������ DQG� DUH� OHVV�

H[SUHVVHG� DW� :����f��� � 2I� VLPLODU� VKDSH� DQG� PDJQLWXGH� LV� DOVR� WKH� LQIOXHQFH� RI�

HORQJDWLRQ� RI� WKH� H[LVWLQJ� EUDQFK� �LQ� RXU� FDVH�� WKH� FRQYHUVLRQ� RI�PHWK\O� LQWR� HWK\O� DW�

�0�o�(W��� ��0�o�(W�0��� DQG� ��0�o�(W�0���� 2Q� WKH� RWKHU� KDQG�� DW� WKH�

FRQYHUVLRQ�RI��0�o�0���ZKLFK�LV�DQ�H[FHSWLRQ��WKH�SRVLWLYH�H[WUHPHV�RI�LQIOXHQFH�DUH�

REVHUYHG�DW�Q� ����HVSHFLDOO\�DW�:�������EXW�DOVR�DW�:��f������7KH�QHJDWLYH�H[WUHPH�RI�

LQIOXHQFH� LV� REVHUYHG� DW�:����f���$OO� RI� WKHP� DUH� OHVV� H[SUHVVHG� WKDQ� LQ� WKH� SUHYLRXV�

FDVHV��

�

7KH�EUDQFKHG�VWUXFWXUH�LV�VKLIWHG�DSDUW�

$�PHWK\OHQH�JURXS�FDQ�EH�DOVR�LQVHUWHG�E\�VKLIWLQJ�WKH�EUDQFKHG�VWUXFWXUHV�DSDUW��

VR�WKDW�WKHUH�LV�VLPXOWDQHRXVO\�D�VKLIW�WRZDUGV�WKH�SHULSKHU\�RI�WKH�PROHFXOH�DV�ZHOO�DV�DQ�

LQFUHDVH� LQ� WKH� GLVWDQFH� EHWZHHQ� WKH� EUDQFKHV�� 7KLV� KDSSHQV� LQ� FRQYHUVLRQV�

��0�o��0��� ��0�o��0��� DQG� ���0�o���0��� 7KH� ODVW� RI� WKHP� LV� SUHVHQWHG� LQ�

)LJ������$W�Q�t���WKH�LQFUHDVH�RI�:�P�Q��LV�KLJKHU�WKDQ�WKDW�RI�:�P�Q�Q��7KH�PDJQLWXGH�

RI� WKLV� W\SH� RI� LQIOXHQFH� LV� DV� IROORZV�� ���0�o���0�� !!� ��0�o��0�� !�

��0�o��0��� 7KH� H[WUHPH� RI� WKH� LQFUHDVH� RI�:�P�Q��ZLWK� FDUERQ� QXPEHU� LV� LQ� WKLV�

FDVH� DW� :������� ZKHUH� WKH� DGGLWLRQDO� FRQWULEXWLRQ� RI� WKH� FKDQJH� LQ� WKH� VWUXFWXUH�

���0�o���0��LV�QHDUO\�HTXDO�WR�WKDW�RI�WKH�HORQJDWLRQ�RI�Q�KHSWDQH�LQWR�Q�RFWDQH��$W�

ORZHU�YDOXHV�RI�Q��L�H��ZKHQ�Q������WKH�WRWDO�LQFUHDVH�RI�WKH�:�P�Q��LV�ORZHU�WKDQ�WKDW�RI�

:�P�Q�Q��7KH�H[WUHPH�LV�DW�:�������RU�:��������

$OWRJHWKHU��WKH�ORZHVW�LQFUHDVH�RI�D�:�P�Q��LQGH[�ZLWK�FDUERQ�QXPEHU�LV�REVHUYHG�

IRU� FRQYHUVLRQV� �(W�o�(W��� ��0�o��0��� DQG� ��0�o��0�� DW� WKH� LQGH[�:��������

ZKHUHDV�IRU�WKH�FRQYHUVLRQ��0�o�0��LW�LV�REVHUYHG�DW�WKH�LQGH[�:��������DQG�IRU�WKH�

FRQYHUVLRQ�RI���0�o��0��DW�WKH�LQGH[�:��������$W�WKHVH�:�P�Q��LQGLFHV�WKH�VHULHV�RI�

LQFUHDVH�RI�:�P�Q��ZLWK�FDUERQ�QXPEHU�LV�DV�IROORZV��

:����f����0� ��0� ��(W�!���0� ���0�!���0� ���0�!����0��

:���������0�!��0�!��(W�!���0�!���0�!���0�!���0�!����0�

:���������0�!��(W�!��0�!���0�!���0�!���0�!���0�!����0�

:���������(W�!��0�!��0�!���0�!���0�!����0�!���0�!���0�
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)LJ������7KH�LQIOXHQFH�RI�LQFUHDVH�RI�FDUERQ�QXPEHU�E\�RQH��L�H��IURP���WR����RQ�:�P�Q��

LQGLFHV�� ZKHQ� WKH� GLVWDQFH� EHWZHHQ� WKH� EUDQFKHV� LQFUHDVHV�� 3UHVHQWHG� LV� WKH�

GLIIHUHQFH�EHWZHHQ�6L�L���RI�RWKHU�DONDQH�LVRPHUV�DQG�6L�L���RI�Q�DONDQHV��

�

7KHVH� VHTXHQFHV� RI� LQFUHDVH� RI� :�P�Q�� LQGLFHV� RQ� LQFUHDVLQJ� FDUERQ� QXPEHU�

LQGLFDWH� WKDW� DV� WKH� H[SRQHQW�Q� LQFUHDVHV� IURP� �f�� WKH� QXPEHU� RI� EUDQFKHV� DV�ZHOO� DV�

WKHLU� FHQWUDO� SRVLWLRQ� KDYH� OHVV� LQIOXHQFH��ZKHUHDV� RWKHU� VWUXFWXUDO� IHDWXUHV� KDYH�PRUH�

LQIOXHQFH��7KH�RWKHU�ZD\V�RI� LQFUHDVH�RI�FDUERQ�QXPEHU�E\�RQH��FI��)LJ�������� LQGLFDWH�

WKDW� WKH� LQIOXHQFH� LV� VWURQJHU�ZKHQ� WKH�EUDQFKHV� DUH�PRUH� FHQWUDO� DQG� HVSHFLDOO\�ZKHQ�

WKH\� DUH� VKLIWHG� WR� WKH� FHQWUH�� DV� ZHOO� DV� ZKHQ� WKH� EUDQFK� EHDULQJ� FDUERQ� EHFRPHV�

TXDWHUQDU\���:KHQ�Q�t����WKHQ�WKH�LQFUHDVH�LV�JUHDWHU�WKDQ�LQ�WKH�FDVH�RI�Q�DONDQHV��7KH�

FRQWUDU\�FDQ�EH�REVHUYHG�ZKHQ�WKH�EUDQFKHV�DUH�VKLIWHG�LQWR�D�PRUH�SHULSKHUDO�SRVLWLRQ��

,I�ZH�FRPSDUH�WKH�DERYH�ILJXUHV��HVSHFLDOO\�)LJ�����ZLWK�)LJ������ZH�FDQ�VHH�WKDW�

GLYHUVH�VWUXFWXUDO�IHDWXUHV�KDYH�GLIIHUHQW�FRQWULEXWLRQV�WR�YDULRXV�:�P�Q��LQGLFHV��2Q�WKH�

RWKHU�KDQG��1LNROLü�HW�DO�
�
�KDYH�VKRZQ�WKDW�D�FRPELQDWLRQ�RI�GLIIHUHQW�LQGLFHV�RIWHQ�KDV�D�

EHWWHU� FRUUHODWLRQ� ZLWK� D� SDUWLFXODU� SK\VLFRFKHPLFDO� SURSHUW\� WKDQ� HDFK� LQGH[� LWVHOI��

)URP� WKH� DERYH� REVHUYDWLRQV� ZH� FDQ� FRQFOXGH� WKDW� LI� D� SK\VLFRFKHPLFDO� SURSHUW\�

FRQWDLQV� D� FRQWULEXWLRQ� RI� SDUWLFXODU� VWUXFWXUDO� IHDWXUHV�� ZKLFK� LV� GLIIHUHQW� IURP� WKH�
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FRQWULEXWLRQ�FRQWDLQHG�LQ�HDFK�RQH�RI�WKH�XVHG�LQGLFHV��WKHQ�D�FRPELQDWLRQ�RI�LQGLFHV�FDQ�

ILW�WKH�FRQWULEXWLRQ�FRQWDLQHG�LQ�D�SURSHUW\�EHWWHU�WKDQ�HDFK�LQGH[�VHSDUDWHO\���

�

7KH�VHTXHQFHV�RI�LVRPHUV�GXH�WR�WKH�LQFUHDVH�RI�WKH�VL]H�RI�PROHFXOH�

5HJDUGLQJ� WKH� LQIOXHQFH�RI� LQFUHDVH� LQ�FDUERQ�QXPEHU�� WKHUH� LV� DQRWKHU�TXHVWLRQ��

ZKDW� DUH� WKH� VHTXHQFHV�RI� LVRPHUV�GHSHQGLQJ�RQ� H[SRQHQWV�P� DQG�Q�ZKHQ� WKH�FDUERQ�

QXPEHU�LV�LQFUHDVHG�E\�RQH"�)LJ�����SUHVHQWV�WKH�VLWXDWLRQ�LQ�WKH�FDVH�RI�6�����7KHUH�DUH�

VL[� SRVVLEOH� VHTXHQFHV� RI� 6���� GDWD� DQG� DOO� RI� WKHP� DUH� REVHUYHG� DPRQJ� WKH�:�P�Q��

LQGLFHV��

�

P� � � � � � � � � � � � � � � �

�� $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� &� '�

�� $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� &� '� '�

�� $p� $p� $p� $p� $p� (� (� (�  � '� '� '� '� '� '�
�
��� $p� $p� $p� (� %� %� %� $n� $n� $n� $n� '� '� '� '�
�
��� $p� $p� $p� (� %� %� %� $n� $n� $n� '� '� '� '� '�
�
��� $p� $p� $p� (� %� %� %� %� $n� '� '� '� '� '� '�

��  � $p� $p� (� %� %� %� %�  � &� &� &� &� '� '�

�
�
��� $n� $n� $p� $p� (� (� $p� $p� $p� $p� &� &� &� '� '�

�
�
��� $n� $n� $p� $p� $p� $p� $p� $p� $p� $p� $p� &� &� '� '�

�
�
��� $n� $n� $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� %� '� '�

���  � $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� %� '� '�

��� $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� %� '� '�

��� $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� $p� %� '� '�

��� $p� $p� $pr $p� (� (� (� (� $p� $p� $p� '� %� '� '�

�f� �� $pr $pr %� $n� $n� %� %�  � %� %� %� )� '� '�

� �f� ��� ��� ��� ��� �
�
��� �

�
��� �

�
��� ��

�
���

�
���

�
��� �� �� ��

� � � � � � � � � Q� � � � � � �

)LJ�� ���� 7KH� SRVLWLRQ� RI� YDULRXV� VHTXHQFHV� RI� 6���� RI�:�P�Q�� LQGLFHV� LQ� WKH� SODQH� RI�

H[SRQHQWV�P�DQG�Q��� 6HTXHQFHV��

$n��Q����0�����0�� $p����0����0���Q� %���0���Q�����0� &����0���Q����0��

'��Q�����0���0�������(���0�����0���Q�

���$OO�6���� ����

 ��$OO�6����DUH�HTXDO�DQG�!����

r��6RPH�RI�6����DUH�QHJDWLYH�DQG�VRPH�SRVLWLYH��

�

%\�LQWXLWLRQ��RQO\�WKH�VHTXHQFHV�$p�DQG�$n� LQ�)LJ�����VHHP�WR�EH�UHJXODU��,Q�WKH�

VHTXHQFH�$n��WKH�:�P�Q��LQGLFHV�LQFUHDVH�ZLWK�FDUERQ�QXPEHU�PRUH�ZKHQ�WKH�VWUXFWXUH�

LV�PRUH�EUDQFKHG��,Q�WKH�VHTXHQFH�$p�WKH�UHYHUVH�LV�WUXH��

�
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P� � � � � � � � � � � � � � � �

�� q�p� $p� 'p� 'p� 'p� 'p� 'p� 'p� q�p� $p� $p� %p� %p� S�� S��

�� q�p� $p� $p� 'p� 'p� 'p� 'p� 'p� q�p� %p� %p� %p� S�� S�� S��

�� q�p� $p� $p� F�� F�� F�� F�� F��  � S�� S�� S�� S�� S�� S��
�
��� q�p� $p� $p� F�� F�� F�� F�� F�� qn� S�� S�� S�� S�� S�� S��
�
��� q�p� $p� 'p� F�� F�� F�� F�� F�� qn� S�� S�� S�� S�� S�� S��
�
��� q�p� $p� 'p� F�� F�� F�� F�� F�� qn� S�� S�� S�� S�� S�� S��

��  � $p� 'p� F�� F�� F�� F�� F��  � S�� S�� S�� S�� S�� S��

�
�
��� qn� $n� F�� F�� F�� F�� F�� F�� q�p� S�� S�� S�� S�� S�� S��

�
�
��� qn� $n� 'p� F�� F�� F�� F�� F�� q�p� %p� S�� S�� S�� S�� S��

�
�
��� qn� $n� 'p� F�� F�� F�� 'p� 'p� q�p� %p� %p� S�� S�� S�� S��

���  � )p� 'p� 'p� 'p� 'p� 'p� 'p� q�p� %p� %p� %p� S�� S�� S��

��� q�p� '� )p� 'p� 'p� 'p� 'p� 'p� q�p� %p� %p� %p� S�� S�� S��

��� q�p� %p� %p� %p� 'p� 'p� 'p� 'p� q�p� %p� %p� S�� S�� S�� S��

��� q�p� %p� %pr %p� F�� F�� F�� F�� q�p� S�� S�� S�� S�� S�� S��

�f� �� %pr S�r� S�� %n� F�� F�� F��  � S�� S�� S�� S�� S�� S��

� �f� ��� ��� ��� ��� �
�
��� �

�
��� �

�
��� ��

�
���

�
���

�
��� �� �� ��

� � � � � � � � � Q� � � � � � �

)LJ������7KH�SRVLWLRQ�RI�VHTXHQFHV�RI�6����RI�:�P�Q��LQGLFHV�LQ�WKH�SODQH�RI�H[SRQHQWV�P�

DQG�Q���

6HTXHQFHV���

$n��Q����0����0�����0�����0�� $p����0����0����0����0���Q�

%n��Q����0����0�����0�����0� %p����0�����0����0����0���Q�

'p����0����0����0����0���Q�� )p����0������0�����0����0���Q�

*��Q����0����0�����0�����0���QRW�REVHUYHG�

F����0�����0���Q����0�����0� F����0���Q�����0����0�����0�

F����0�����0����0���Q�����0� F�����0����0����0���Q�����0�

F����0�����0����0�����0���Q� F�����0����0����0�����0���Q�

F�����0����0�����0����0���Q�

S�����0����0���Q����0�����0� S�����0����0���Q�����0����0�

S�����0����0�����0���Q����0� S�����0���Q����0����0�����0�

S���Q�����0����0����0�����0� S�����0����0�����0����0���Q�

���$OO�6���� ����

 ��$OO�6����DUH�HTXDO�DQG�!����

r��6RPH�RI�6����DUH�QHJDWLYH�DQG�VRPH�SRVLWLYH��

q��'HJHQHUDWHG�FDVHV���
n�,QFUHDVLQJ�QXPEHU�RI�EUDQFKHV��HVSHFLDOO\�RQ�TXDWHUQDU\�FDUERQV��HQKDQFHV�WKH�
LQFUHDVH�RI�6����FRPSDUHG�WR�WKH�LQFUHDVH�DW�Q�DONDQH���

p�,QFUHDVLQJ�QXPEHU�RI�EUDQFKHV��HVSHFLDOO\�RQ�TXDWHUQDU\�FDUERQV��GLPLQLVKHV�WKH�
LQFUHDVH�RI�6����FRPSDUHG�WR�WKH�LQFUHDVH�DW�Q�DONDQH��

�

7KH�6����RI�WKH����FRQVLGHUHG�SK\VLFRFKHPLFDO�SURSHUWLHV�RI�DONDQHV�EHORQJ�WR�WKH�

IROORZLQJ�RI�WKH�VHTXHQFHV�SUHVHQWHG�LQ�)LJ������QRQH�EHORQJV�WR�VHTXHQFHV�&�RU�(��7R�

VHTXHQFH�$p�EHORQJ��'+I�J��7F�3F��9P��DQG�9F��7R�VHTXHQFH�$n�EHORQJ��%3��'+Y��7F��
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3F����G��GF�r���Q'�� DQG�05��7R�VHTXHQFH�&�EHORQJ��%3�7F��Z��9���DQG�DF��ZKHUHDV� WR�

VHTXHQFH�%� EHORQJ�� 7F
�
�3F��$��%��&�� DQG�=F��5HJDUGLQJ� WKLV� IDFW� DQG� VRPH� SUHYLRXV

�
�

FRQFOXVLRQV��'+I�J�DQG�7F�3F�VHHP�EHWWHU�UHIHUHQFH�SURSHUWLHV�WKDQ�%3�7F��%3�DQG�'+Y�

IROORZ�WKHP�LQ�WKLV�UHVSHFW��

,Q�WKH�FDVH�RI�6�����)LJ������D�ODUJHU�QXPEHU�RI�GLIIHUHQW�VHTXHQFHV�LV�SRVVLEOH�WKDQ�

LQ� WKH� FDVH� RI� 6����� 2Q� WKH� RWKHU� KDQG�� D� ORZHU� QXPEHU� RI� WHVWHG� FRPELQDWLRQV� RI�

H[SRQHQWV�P�DQG�Q�JLYHV�ULVH�WR�D�UHJXODU�VHTXHQFH�RI�LVRPHUV��7KH\�DUH�SUHVHQWHG�DV�$n�

DQG�$p��:KHQ�Q�!���� WKHQ� LQ�DOO� WHVWHG�FDVHV� WKH� LQGH[� LQFUHDVHV�ZLWK�FDUERQ�QXPEHU�

PRUH�LI�WKH�EUDQFKHV�DUH�SODFHG�RQ�WKH�SHULSKHU\�RI�WKH�PROHFXOH�WKDQ�LI�WKH\�DUH�SODFHG�

QHDU� WKH� FHQWUH�� :KHQ� Q� �� ��� WKHQ� LQ� WKH� PDMRULW\� RI� FDVHV� WKH� UHYHUVH� LV� WUXH�� 7KH�

H[FHSWLRQV�DUH�WKH�LQGLFHV�LQ�WKH�DUHD�RI����!�P�!��f�����!�Q�!����7KH�H[WUHPH�FDVHV�DUH�

SUHVHQWHG�LQ�)LJ�����LQ�EROG�ORZHUFDVH�OHWWHUV��

7KH�VDPH�VHTXHQFH�DV�WKRVH�LQ�)LJ�����KDYH�WKH�IROORZLQJ�WHVWHG�SK\VLFRFKHPLFDO�

SURSHUWLHV��6HTXHQFH�%n��%p��DQG�'��QRQH��6HTXHQFH�$n��Z��6HTXHQFH�*��%3��

7KH�VLWXDWLRQ�LV�VWLOO�PRUH�FRPSOLFDWHG�LQ�WKH�FDVH�RI�6����DQG�LQ�WKLV�FDVH��)LJ������

RQO\�WKH�VHTXHQFHV�VHHPLQJ�WKH�PRVW�UHJXODU�DUH�SUHVHQWHG��2QO\�D�IHZ�:�P�Q��LQGLFHV�

KDYH�D� UHJXODU�VHTXHQFH�RI�6����GDWD�FRQVLGHUHG�KHUH��$W�Q� ����DOVR�VRPH�LQGLFHV�ZLWK�

GHJHQHUDWHG�6����GDWD�FDQ�EH�REVHUYHG��2QH�RI�WKHP�LV�WKH�:LHQHU
��
�LQGH[�:�{�:�������

1RQH�RI�WKH�WHVWHG�SURSHUWLHV�JLYHV�ULVH�WR�WKH�VHTXHQFHV�RI�6����SUHVHQWHG�DV��EHVW��

E\� LQWXLWLRQ� LQ�)LJ������7KH�SURSHUWLHV�Q'��05��7F
�
�3F��DF��Z��$��%��'+Y��9F��DQG�%3�

HYHQ�KDYH�QR�VHTXHQFH�RI�6����HTXDO�WR�WKDW�RI�D�WHVWHG�:�P�Q��LQGH[���

)LJV�� ������ DOVR� SUHVHQW� DQRWKHU� LQWHUHVWLQJ� IDFW�� 2Q� LQFUHDVLQJ� WKH� VL]H� RI� D�

PROHFXOH�RI�DONDQHV��WKH�YDOXH�RI�WKH�PDMRULW\�RI�WHVWHG�:�P�Q��LQGLFHV�LQFUHDVHV�DPRQJ�

DOO� LVRPHUV��$Q�H[FHSWLRQ�DUH� WKH�:�P�Q�� LQGLFHV� LQ� WKH� UHJLRQ�URXJKO\�UHSUHVHQWHG�E\�

WKH� IROORZLQJ� YDOXHV� RI� H[SRQHQWV�P� DQG�Q�� �f�d�P�d� ��� DQG� �f���Q�d�����ZKHUH� WKH�

:�P�Q�� LQGLFHV� RI� VRPH� LVRPHUV� LQFUHDVH� ZLWK� WKH� VL]H� RI� WKH� PROHFXOH� ZKHUHDV� WKH�

RWKHUV�GHFUHDVH��7KH�UHDVRQV�IRU�WKH�GHFUHDVH�DUH�WKH�PRVW�HDVLO\�VHHQ�RQ�WKH�LQFUHDVH�RI�

FDUERQ�QXPEHU�RI�DONDQHV�IURP���WR����7KH�LQFUHDVH�RI�WKH�YDOXH�RI�WKH�:�P�Q��LQGH[�IRU�

Q�DONDQH��L�H��ZKHQ�JRLQJ�IURP�Q�SHQWDQH�WR�Q�KH[DQH��LV�YHU\�VPDOO��7KH�GHFUHDVH�RI�WKH�

YDOXH�RI� WKH�:�P�Q�� LQGH[�RQ�LQFUHDVLQJ�WKH�QXPEHU�RI�EUDQFKHV�LV�KLJKHU�LQ�YDOXH��VR�

WKH�VXP�LV�QHJDWLYH��
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P� � � � � � � � � � � � � � � �

�� q�p� $p� � � � � � � q�p� � � � � � �

�� q�p� $p� � � � � � � q�p� � � � q� � �

�� q�p� $p� � � � � � �  � � � � � � �
�
��� q�p� $p� � � � � � � qn� � � � �
�
��� q�p� $p� � � � � � � qn� � � � � �
�
��� q�p� $p� � � � � � � qn� � � � � � �

��  � � � � � � � �  � � � � q� � �

�
�
��� qn� $n� � � � � � � q�p� � � � � � �

�
�
��� qn� $n� � � � � � � q�p� � � � � � �

�
�
��� qn� $n� %� � � � � � q�p� � � � � � �

���  � � � � � � � � q�p� � � � � � �

��� q�p� � � &� � � � � q�p� � � � � � �

��� q�p� � � � � � � � q�p� � � � � � �

��� q�p� � r� � � � � � q�p� � � � � � �

�f� �� r� r� � � � � �  � � � � q� � �

� �f� ��� ��� ��� ��� �
�
��� �

�
��� �

�
��� ��

�
���

�
���

�
��� �� �� ��

� � � � � � � � � Q� � � � � � �

)LJ������7KH�SRVLWLRQ�RI� WKH��EHVW��VHTXHQFHV�RI�6����RI�:�P�Q�� LQGLFHV� LQ� WKH�SODQH�RI�

H[SRQHQWV�P�DQG�Q��6HTXHQFHV��

$n�� �Q����0����0����(W�����0�����0�����0�����0������0�

$p�� ����0�����0�����0�����0�����0����(W���0����0���Q�

%�� ����0�����0�����0�����0�����0����0���0����(W���Q�

&�� ����0�����0�����0�����0�����0����0����(W����0���Q�

���$OO�6���� ����

 ��$OO�6����DUH�HTXDO�DQG�!����

r��6RPH�RI�6����DUH�QHJDWLYH�DQG�VRPH�SRVLWLYH��

q��'HJHQHUDWHG�FDVHV��
�

6KLIWLQJ� WKH�SRVLWLRQ�RI� WKH�EUDQFK�PRUH� WR� WKH�FHQWUH�RI� WKH�PROHFXOH�� L�H��JRLQJ�

IURP��0�� WR� �0��� FRQWULEXWHV� DQ� DGGLWLRQDO� GHFUHDVH�RI� WKH�:�P�Q��YDOXH��7KH� VDPH�

VLWXDWLRQ� LV�REVHUYHG�DOVR�ZKHQ�WKH�FDUERQ�QXPEHU�RI�DONDQHV�LQFUHDVHV�IURP���WR���RU�
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SUHVHQWHG�LQ�)LJ��������IRU�SHQWDQHV�WR�KHSWDQHV���
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p�� :�P�Q��GHFUHDVHV�ZLWK�EUDQFKLQJ�

n� :�P�Q��LQFUHDVHV�ZLWK�EUDQFKLQJ�

�� :�P�Q��SUHVHQWV�RQO\�WKH�VL]H��QRW�EUDQFKLQJ�

'RWWHG�OLQHV���LQWHUPHGLDWH�UHJLRQ�EHWZHHQ�:�P�Q��LQGLFHV�LQFUHDVLQJ�ZLWK�EUDQFKLQJ�

DQG�WKRVH�GHFUHDVLQJ�ZLWK�EUDQFKLQJ��,Q�WKLV�UHJLRQ�VRPH�:�P�Q��LQGLFHV�

LQGLFDWH�WKDW�VRPH�LVRPHUV�VHHP�PRUH�EUDQFKHG�WKDQ�WKH�PRVW�EUDQFKHG�SHQWDQH��

L�H����0���RU�OHVV�EUDQFKHG�WKDQ�WKH�OHDVW�EUDQFKHG�SHQWDQH��L�H��3H��
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7KUHH�UHJLRQV�DUH�LQGLFDWHG�LQ�WKH�SODQH�RI�H[SRQHQWV�P�DQG�Q��0RVW�RI�WKH�WHVWHG�

LQGLFHV� LQFUHDVH� ZLWK� EUDQFKLQJ��0RVW� RI� WKHP� DUH� REVHUYHG� DW�Q��� ���0DQ\� RI� WKHP�

LQFUHDVH� DOVR� DW� �� �� Q� �� ��� HVSHFLDOO\� LI�P� !� �� RU�P� �� ��� $W� Q� t� ��� HVSHFLDOO\� LI�

�����P������VHYHUDO�:�P�Q��LQGLFHV�GHFUHDVH�ZLWK�EUDQFKLQJ��LQFOXGLQJ�DOO�WHVWHG�LQGLFHV�

KDYLQJ�Q� ����7KHUH�LV�DOVR�D�UHJLRQ�RI�ORZ�Q��L�H��ZKHQ�Q������DQG������P������ZKHUH�WKH�

:�P�Q��LQGLFHV�GHFUHDVH�ZLWK�EUDQFKLQJ���

%HWZHHQ� WKH� UHJLRQV�RI�:�P�Q�� LQGLFHV� LQFUHDVLQJ�ZLWK�EUDQFKLQJ�DQG�UHJLRQV�RI�

WKRVH�GHFUHDVLQJ�ZLWK�EUDQFKLQJ��WKHUH�DUH�LQWHUPHGLDWH�UHJLRQV��ZKHUH�WKH�LQGLFHV�HLWKHU�

GR�QRW�GHSHQG�RQ�EUDQFKLQJ��L�H��WKH�LQGLFHV�:�������:�������:����f���DQG�:�����f���RU�

VHHP�WR�GHSHQG�RQ� LW� LQ�DQ� LUUHJXODU�PDQQHU�� ,Q� WKH�ODWWHU�SDUWV�RI� LQWHUPHGLDWH�UHJLRQV�

WKH�:�P�Q��LQGLFHV�LQGLFDWH�WKDW�VRPH�LVRPHUV�VHHP�WR�EH�PRUH�EUDQFKHG�WKDQ�WKH�PRVW�
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OHVV�EUDQFKHG�WKDQ�WKH�FRUUHVSRQGLQJ�Q�DONDQH���

�

P� � � � � � � � � � � � � � � �

�� n� n� n� n� n� n� n� n� n� n� n� n� n� $� p�

�� n� n� n� n� n� n� n� n� n� n� n� n� p� p� p�

�� n� n� n� n� n� n� n� n� �� p� p� p� p� p� p�
�
��� n� n� n� n� n� n� n� n� p� p� p� p� p� p� p�
�
��� n� n� n� n� n� n� n� n� p� p� p� p� p� p� p�
�
��� n� n� n� n� n� n� n� n� p� p� p� p� p� p� p�

�� �� n� n� n� n� n� n� n� �� p� p� p� p� p� p�

�
�
��� p� p� n� n� n� n� n� n� n� p� p� p� p� p� p�

�
�
��� p� p� n� n� n� n� n� n� n� '� p� p� p� p� p�

�
�
��� p� p� n� n� n� n� n� n� n� n� %� p� p� p� p�

��� �� n� n� n� n� n� n� n� n� n� n� %� p� p� p�

��� n� n� n� n� n� n� n� n� n� n� n� %� %� p� p�

��� n� n� n� n� n� n� n� n� n� %� %� %� %� &� p�
��� n� n� n� n� n� n� n� n� n� %� %� %� %� &� p�

�f� n� n� n� n� n� n� n� n� n� %� %� %� %� &� p�

� �f� ��� ��� ��� ��� �
�
��� �

�
��� �

�
��� ��

�
���

�
���

�
��� �� �� ��

� � � � � � � � � Q� � � � � � �

)LJ������7KH�GHSHQGHQFH�RI�:�P�Q��LQGLFHV�RQ�WKH�EUDQFKLQJ�RI�KH[DQHV��

p�� :�P�Q��GHFUHDVHV�ZLWK�EUDQFKLQJ�

n� :�P�Q��LQFUHDVHV�ZLWK�EUDQFKLQJ�

�� :�P�Q��SUHVHQWV�RQO\�WKH�VL]H��QRW�EUDQFKLQJ�

'RWWHG�OLQHV���7KH�LQWHUPHGLDWH�UHJLRQ�EHWZHHQ�WKH�:�P�Q��LQGLFHV�LQFUHDVLQJ�ZLWK�

EUDQFKLQJ�DQG�WKRVH�GHFUHDVLQJ�ZLWK�EUDQFKLQJ��,Q�WKLV�UHJLRQ�VRPH�:�P�Q��

LQGLFHV�LQGLFDWH�WKDW�VRPH�LVRPHUV�VHHP�WR�EH�PRUH�EUDQFKHG�WKDQ�WKH�PRVW�

EUDQFKHG�KH[DQH��L�H����0���WKH�RWKHUV�VHHP�WR�EH�OHVV�EUDQFKHG�WKDQ�WKH�OHDVW�

EUDQFKHG�KH[DQH��L�H��+[��
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)LJ������7KH�GHSHQGHQFH�RI�:�P�Q��LQGLFHV�RQ�WKH�EUDQFKLQJ�RI�KHSWDQHV��

p�� :�P�Q��GHFUHDVHV�ZLWK�EUDQFKLQJ�

n� :�P�Q��LQFUHDVHV�ZLWK�EUDQFKLQJ�

�� :�P�Q��SUHVHQWV�RQO\�WKH�VL]H��QRW�EUDQFKLQJ�

'RWWHG� OLQHV� �� 7KH� LQWHUPHGLDWH� UHJLRQ� EHWZHHQ� :�P�Q�� LQGLFHV� LQFUHDVLQJ� ZLWK�

EUDQFKLQJ� DQG� WKRVH� GHFUHDVLQJ� ZLWK� EUDQFKLQJ�� ,Q� WKLV� UHJLRQ� VRPH� :�P�Q��

LQGLFHV� LQGLFDWH� WKDW� VRPH� LVRPHUV� VHHP� WR� EH� PRUH� EUDQFKHG� WKDQ� WKH� PRVW�

EUDQFKHG� KHSWDQH�� L�H�� ���0��� 6RPH� RWKHU�:�P�Q�� LQGLFHV� LQGLFDWH� WKDW� VRPH�

LVRPHUV� VHHP� WR� EH� OHVV� EUDQFKHG� WKDQ� WKH� OHDVW� EUDQFKHG� KHSWDQH�� L�H��+S�� $�

QXPEHU�RI�:�P�Q��LQGLFHV�LQGLFDWH�WKDW�VRPH�LVRPHUV�VHHP�WR�EH�PRUH�EUDQFKHG�

WKDQ� WKH�PRVW�EUDQFKHG�KHSWDQH�� L�H�����0���ZKHUHDV�VRPH�RWKHU� LVRPHUV�VHHP�

WR�EH�OHVV�EUDQFKHG�WKDQ�WKH�OHDVW�EUDQFKHG�KHSWDQH��L�H��+S��
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WKH� WHVWHG� LQGLFHV� LV� :��
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)LJ������ FDVH� .�� :H� XQGHUVWDQG� WKHVH� IDFWV� QRW� DV� D� SURRI� WKDW� D� PROHFXOH� KDYLQJ�

FHQWUDOO\� SRVLWLRQHG� EUDQFKHV� LV� PRUH� EUDQFKHG� WKDQ� RQH� ZLWK� D� KLJKHU� QXPEHU� RI�

EUDQFKHV�� EXW� DV� DQ� LQGLFDWLRQ� WKDW� DW� VRPH� FRPELQDWLRQV�RI� H[SRQHQWV� WKH�SRVLWLRQ�RI�

EUDQFKHV�KDV�D�KLJKHU�LQIOXHQFH�RQ�WKH�FRUUHVSRQGLQJ�:�P�Q��LQGLFHV�WKDQ�WKH�QXPEHU�RI�

EUDQFKHV�LWVHOI��
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7KH�LQIOXHQFH�RI�VWUXFWXUDO�IHDWXUHV�

7R�JLYH�D�YLVXDO�LPSUHVVLRQ�RI�KRZ�WKH�:�P�Q��LQGLFHV�GHSHQG�RQ�WKH�H[SRQHQWV�

P�DQG�Q�DV�ZHOO�DV�RQ�VRPH�VWUXFWXUDO�IHDWXUHV��)LJ��������SUHVHQW�WKHLU�VXVFHSWLELOLWLHV�

IRU�EUDQFKLQJ��6Q�L��RU�WKHLU�GLIIHUHQFHV���
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D�VDGGOH�OLNH�PDQQHU��$W�SRVLWLYH�Q�DQG�GHSHQGLQJ�VRPHZKDW�RQ�P��WKH�LQGLFHV�WHQG�WR�

GHFUHDVH�ZLWK�EUDQFKLQJ��$W�QHJDWLYH�Q�DQG�GHSHQGLQJ�RQ�P��WKH\�PRVWO\�LQFUHDVH�ZLWK�

EUDQFKLQJ��7KH�LQFUHDVH�LV�WKH�ORZHVW�DW�P�|���DQG�LW�LV�WKH�KLJKHU�WKH�PRUH�P�LV�GLIIHUHQW�

IURP����)LJ�����VKRZV�WKH�GHSHQGHQFH�RQ�EUDQFKLQJ�ZKHQ�WKHUH�DUH�WZR�EUDQFKHV�SODFHG�

RQ� WKH� WHUWLDU\� FDUERQV� SUHVHQW� LQ� WKH� VWUXFWXUH�� )LJ�� ��� VKRZV� WKH� GHSHQGHQFH� RQ�

EUDQFKLQJ� ZKHQ� WKHUH� DUH� WZR� EUDQFKHV� SODFHG� RQ� D� TXDWHUQDU\� FDUERQ� SUHVHQW� LQ� WKH�

VWUXFWXUH��
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LQGLFHV� RQ� H[SRQHQWV�P� DQG� Q� ZKHUH� RQH� RI� WKH� WZR� DONDQHV� ZLWK� WKH� VDPH�

FDUERQ�QXPEHU�DQG�WKH�VDPH�QXPEHU�RI�EUDQFKHV�FRQWDLQV�D�TXDWHUQDU\�FDUERQ�

DQG�WKH�RWKHU�DONDQH�WZR�WHUWLDU\�RQHV��
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)LJ�� ��� VKRZV� WKDW� WKH� GLIIHUHQFH� LQ� FRQWULEXWLRQ� EHWZHHQ� D� TXDWHUQDU\� DQG� D�

WHUWLDU\�VWUXFWXUH� LV�QRWLFHDEOH�DW�DURXQG�Q� ����LI�P�����DQG�YHU\�H[SUHVVHG�DW�KLJK�P�

DQG� ORZ�Q�� ,Q�D� VPDOO� UHJLRQ� URXJKO\� UHSUHVHQWHG�E\� �����Q�����DQG�P��� ���� D�EUDQFK�

SODFHG�RQ�D�WHUWLDU\�FDUERQ�KDV�D�VOLJKWO\�JUHDWHU�FRQWULEXWLRQ�WKDQ�D�EUDQFK�SODFHG�RQ�D�

TXDWHUQDU\�FDUERQ��)LJ�����VKRZV�WKDW�WKH�FHQWUDO�SRVLWLRQ�RI�EUDQFKHV�FRQWULEXWHV�WR�WKH�

GHFUHDVH� RI�:�P�Q�� DW�Q�!���PRUH� WKDQ� D� SHULSKHUDO� SRVLWLRQ��$� VLPLODU� HIIHFW� FDQ� EH�

REVHUYHG� DW�P� �� �� DQG� �f���Q������� $W� Q� �� �� DQG� KLJK�P� DQ� DGGLWLRQDO� LQFUHDVH� LV�

REVHUYHG�� )LJ�� ��� VKRZV� D� VLPLODU� EXW� QRW� HTXDO� HIIHFW� LI� DV� D�EUDQFK� WKHUH� LV� DQ� HWK\O�

JURXS� LQVWHDG�RI�D�PHWK\O�RQH��7KLV� LV�QRW�VXUSULVLQJ�VLQFH�DPRQJ�DONDQHV�ZLWK�FDUERQ�

QXPEHU� �� RU� �� DQ� HWK\O� JURXS� FDQ� RQO\� EH� SODFHG� FHQWUDOO\�� 7KH� UHDO� HIIHFW� RI� WKLV�

VWUXFWXUDO�GHWDLO�PD\�EH�VHHQ�ZLWK�KLJKHU�DONDQHV��,Q�)LJ�����WKH�GLIIHUHQFHV�LQ�LQIOXHQFH�

RI�D�FHQWUDOO\�SODFHG�EUDQFK�YV��WKH�RQH�EHLQJ�SODFHG�RQ�WKH�SHULSKHU\�RI�WKH�PROHFXOH��DV�

ZHOO� DV� WKH� LQIOXHQFH� RI� WKH� LQFUHDVH� LQ� WKH� GLVWDQFH� EHWZHHQ� WKH� EUDQFKHV� DUH�

VXSHULPSRVHG��&RPSDUHG�WR�)LJ������WKHUH�LV�D�FOHDU�GLIIHUHQFH�DURXQG�Q� ����DW�P������
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)LJ������7KH�GLIIHUHQFH�RI�GHSHQGHQFH�RI�WKH�VXVFHSWLELOLW\�IRU�EUDQFKLQJ�RI�WKH�:�P�Q��

LQGLFHV� RQ� H[SRQHQWV�P� DQG� Q� ZKHUH� RQH� RI� WKH� WZR� DONDQHV� ZLWK� WKH� VDPH�

FDUERQ�QXPEHU�FRQWDLQV�D�TXDWHUQDU\�FDUERQ�LQ�WKH�FHQWUH�RI�WKH�PROHFXOH�DQG�

WKH�RWKHU�RQH�RQ�WKH�SHULSKHU\�RI�WKH�PROHFXOH��
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)LJ������7KH�GLIIHUHQFH�RI�GHSHQGHQFH�RI�WKH�VXVFHSWLELOLW\�IRU�EUDQFKLQJ�RI�WKH�:�P�Q��

LQGLFHV� RQ� H[SRQHQWV�P� DQG� Q� ZKHUH� RQH� RI� WKH� WZR� DONDQHV� ZLWK� WKH� VDPH�

FDUERQ�QXPEHU�DQG�WKH�VDPH�QXPEHU�RI�EUDQFKHV�FRQWDLQV�DQ�HWK\O�JURXS�DQG�WKH�

RWKHU�D�PHWK\O�RQH��
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)LJ������7KH�GLIIHUHQFH�RI�GHSHQGHQFH�RI�WKH�VXVFHSWLELOLW\�IRU�EUDQFKLQJ�RI�WKH�:�P�Q��

LQGLFHV� RQ� H[SRQHQWV�P� DQG� Q� ZKHUH� LQ� WZR� DONDQHV� ZLWK� WKH� VDPH� FDUERQ�

QXPEHU�DQG�WKH�VDPH�QXPEHU�RI�EUDQFKHV�WKHUH�LV�D�GLIIHUHQW�GLVWDQFH�EHWZHHQ�

WKH�EUDQFKHV���

�

�

7KH�LQIRUPDWLRQ�DERXW�EUDQFKLQJ�DQG�WKH�FRPSOH[LW\�LQ�WKH�:�P�Q��LQGLFHV�

�

7KH� FRPSOH[LW\� RI� PROHFXOHV
�����

� LQFUHDVHV� ZLWK� WKHLU� VL]H�� 7KH� VPDOOHVW�

K\GURFDUERQ�� PHWKDQH�� LV� WKH� OHDVW� FRPSOH[�� ZKHUHDV� WKH� KLJKHU� WKH� K\GURFDUERQ� WKH�

PRUH� FRPSOH[� LW� LV�� EHLQJ� EUDQFKHG� RU� QRW�� 7KLV� DJUHHV� ZLWK� WKH� 0HWKDQH�EDVHG�

GHILQLWLRQ�RI�EUDQFKLQJ
�
��ZKLFK�VHHPV�WR�KROG�WUXH�DOVR�LI�WKH�FRPSOH[LW\�LV�LQ�TXHVWLRQ��

2Q� WKH� RWKHU� KDQG�� D� VXIILFLHQW� VL]H� RI� D� K\GURFDUERQ� LV� D� QHFHVVDU\� FRQGLWLRQ� IRU�

EUDQFKLQJ�WR�EH�SRVVLEOH��

,I�ZH�ORRN�DW�WKH�:�P�Q��LQGLFHV��ZH�FDQ�VHH�WKDW�FHUWDLQ�JURXSV�RI�WHVWHG�:�P�Q��

LQGLFHV�VKRZ�D�FOHDU�LQIOXHQFH�RI�VRPH�VWUXFWXUDO�IHDWXUHV�RQ�WKHLU�YDOXHV��:H�FDQ�VHH�D�

JURXS�RI�:�P�Q��LQGLFHV�LQGLFDWLQJ�RQO\�WKH�VL]H�RI�PROHFXOHV��DQ�LQGH[�LQGLFDWLQJ�RQO\�

WKH�PRVW� IXQGDPHQWDO� FRQWULEXWLRQ� WR� EUDQFKLQJ�� L�H�� WKH� QXPEHU� RI� EUDQFKHV�� DQRWKHU�

LQGH[�LQGLFDWLQJ�WKH�FRQWULEXWLRQ�RI�WKH�VL]H�DQG�RI�WKH�QXPEHU�RI�EUDQFKHV��D�JURXS�RI�

LQGLFHV� LQGLFDWLQJ� WKH� FRQWULEXWLRQ� RI� WKH� VL]H� WRJHWKHU� ZLWK� WKH� FRQWULEXWLRQ� RI� WKH�

QXPEHU�RI�EUDQFKHV�DQG�WKH�W\SH�RI�EUDQFKHG�VWUXFWXUH��HWF��

�

�
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7KH�VL]H�RI�WKH�PROHFXOH�

7KH�VL]H�RI�PROHFXOHV�DV�WKH�RQO\�LQIRUPDWLRQ�LV�SUHVHQWHG�E\�WKH�LQGLFHV�:�������

:�������:����f���DQG�:�����f���ZKLFK�GR�QRW�GHSHQG�RQ�EUDQFKLQJ���

:����f�� �1Y��� ��

:�����f�� �1Y����

:������ ��1Y���u1Y��� �:�����f�u:����f����
:������ ��1Y���

�
� ��:����f����

ZKHUH�1Y� LV� WKH�QXPEHU�RI�YHUWLFHV� LQ� WKH�JUDSK�RI� WKH�DONDQH�RU� WKH�FDUERQ�QXPEHU�RI�

WKH� DONDQH�� 7KH� LQIOXHQFH� RI� DOO� RWKHU� VWUXFWXUDO� IHDWXUHV� RQ� WKHVH� LQGLFHV� LV� QXOO�� 7KH�

VLPSOHVW��L�H��OLQHDU�PHDVXUHV�RI�VL]H�DUH�WKH�LQGLFHV�:����f���DQG�:�����f���7KH�LQGLFHV�

:������� :������� :����f��� DQG� :�����f�� DUH�� RQ� WKH� RWKHU� KDQG�� WKH� VLPSOHVW� KLJKO\�

GHJHQHUDWHG�LQGLFHV�RI�%,0�W\SH��7KH\�REH\�WKH�0HWKDQH�EDVHG�GHILQLWLRQ�RI�EUDQFKLQJ��

SUHVHQWLQJ�WKH�LQIOXHQFH�RI�WKH�VL]H�RI�PROHFXOHV�DQG�QRWKLQJ�HOVH��

�

1XPEHU�RI�EUDQFKHV�

$PRQJ� WKH� RWKHU�:�P�Q�� LQGLFHV� LW� LV� WKH� HDVLHVW� WR�XQGHUVWDQG�:��f��f��� FI��)LJ������

:��f��f�� �1S��� ���1EU����ZKHUH�1S�LV�WKH�QXPEHU�RI�YHUWLFHV�RI�GHJUHH�RQH��
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,Q� K\GURFDUERQV� LW� LV� WKH� QXPEHU� RI� SULPDU\� FDUERQV�� DQG�1EU� LV� WKH� QXPEHU� RI�

EUDQFKHV�� 7KLV� UHVXOW� LQGLFDWHV� DJDLQ� WKDW� :�P�Q�� VKRXOG� UDWKHU� EH� GHILQHG� DV�

:�P�Q�� ��YM
PuGLM

Q

�DQG�QRW�DV�:�P�Q�� �
�
���YM

PuGLM
Q

��$�VLPLODU�LQIOXHQFH�RI�EUDQFKLQJ�

DV�WKH�LQGH[�:��f��f��SUHVHQWV�DOVR�WKH�LQGH[�:��f�����)LJ������DOWKRXJK�LW�DOVR�GHSHQGV�

RQ�WKH�VL]H�RI�PROHFXOH��

:��f��f��VHHPV�WR�EH�D� WUXH�EUDQFKLQJ�LQGH[��$W�ILUVW�JODQFH�LW�GRHV�QRW�VHHP�WR�

IROORZ�WKH�0HWKDQH�EDVHG�EXW�WKH�Q�$ONDQH�EDVHG�GHILQLWLRQ�RI�EUDQFKLQJ��7KXV��LW�VHHPV�

WR�EHORQJ�WR�WKH�%,$�W\SH�RI�LQGLFHV�DQG�QRW�WR�WKH�%,0�W\SH�RI�LQGLFHV��%XW�LI�ZH�UHFDOO�

WKDW� WKH� LQIRUPDWLRQ� DERXW� WKH� VL]H� RI� PROHFXOHV� DPRQJ� WKH� :�P��f�� LQGLFHV� LV�

�
P

1Y�����
P��

������� L�H���
�f
1Y�����

�f
������DW�WKH�:��f��f��LQGH[��WKHQ�ZH�FDQ�FRQFOXGH�WKDW�

WKH�:��f��f��LQGH[�EHORQJV�WR�WKH�%,0�DV�ZHOO�DV�WR�WKH�%,$�W\SH�RI�LQGLFHV��7KH�LQGH[�

:��f��f��LV�LQ�IDFW�D�OLQN�EHWZHHQ�WKH�%,0�DQG�%,$�W\SHV�RI�LQGLFHV���
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)LJ������7KH�GHSHQGHQFH�RI�LQGLFHV�:�P����RI�KHSWDQHV�RQ�EUDQFKLQJ��

�

�

:��f��f�� VHHPV� WR� EH� RQH� RI� WKH� PRVW� VLPSOH�� SULPLWLYH�� DQG� GHJHQHUDWHG�

EUDQFKLQJ�LQGLFHV�SUHVHQWLQJ�RQO\�WKH�PRVW�LPSRUWDQW�FRQWULEXWLRQ�WR�EUDQFKLQJ�RU�WR�WKH�
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FRPSOH[LW\
�����

� RI� EUDQFKHG� DONDQHV��7KH�PHVVDJH� RI�:��f��f�� LV� WR� EH�XQGHUVWRRG� DV�

IROORZV��7KH�VLPSOHVW�RQH��WKH�QRQ�EUDQFKHG�DONDQH�LV�PHWKDQH��RWKHU�DONDQHV�DUH�PRUH�

FRPSOH[��WKH\�FRQWDLQ�PHWK\O�JURXSV��7KH�PRUH�EUDQFKHV��PHWK\O�JURXSV��WKH\�FRQWDLQ��

WKH�PRUH�FRPSOH[�WKH\�DUH��

:��f��f�� LV� GHULYHG� IURP� WKH� PDWUL[� KDYLQJ� WKH� PRVW� UHGXFHG� FRQWHQW� RI�

LQIRUPDWLRQ��,W�VHHPV�WKDW�RQO\�WKH�PRVW�LPSRUWDQW�SDUW�RI�LQIRUPDWLRQ�DERXW�EUDQFKLQJ�

DQG�FRPSOH[LW\�RI�PROHFXOHV� LV�FRQWDLQHG�LQ� LW��7KH�SUHVHQFH�RI�YHUWLFHV�RI�GHJUHH�RQH�

KDV�WKH�KLJKHVW�FRQWULEXWLRQ�WR�WKH�FRPSOH[LW\�RI�PROHFXOHV��2U�LQ�RWKHU�ZRUGV��7KH�PRVW�

FRPSOH[� DUH� WKRVH� PROHFXOHV� FRQWDLQLQJ� WKH� YHUWLFHV� RI� GHJUHH� RQH�� $QG��0ROHFXOHV�

FRQWDLQLQJ�QR�YHUWLFHV�RI�GHJUHH�RQH�DUH� OHVV�FRPSOH[� WKDQ�WKRVH�FRQWDLQLQJ�WKHP��$V�

ZHOO�DV��7KH�PRUH�YHUWLFHV�RI�GHJUHH�RQH�DUH�FRQWDLQHG�LQ�D�VWUXFWXUH��WKH�PRUH�FRPSOH[�

LW� LV��7KLV� VHHPV� WR�EH� LQIRUPDWLRQ�RI� IXQGDPHQWDO� LPSRUWDQFH�� ,W� LV� FRQWDLQHG� LQ�PRVW�

RWKHU�LQGLFHV��WRR��EXW�LQ�VHYHUDO�LQVWDQFHV�LW�LV�REVFXUHG�E\�RWKHU�LQIRUPDWLRQ�FRQWDLQHG�

LQ�WKHP��

,Q�YLHZ�RI�:��f��f��WKH�VL]H�RI�PROHFXOH�VHHPV��SUHVHQWHG�DV�WKH�RQO\�LQIRUPDWLRQ�

LQ� LQGLFHV�:�����f���:������f���:�������DQG�:�������WR�EH�RI�ORZHU�LPSRUWDQFH�IRU�WKH�

FRPSOH[LW\�RI�PROHFXOHV� WKDQ�WKH�QXPEHU�RI�EUDQFKHV��7KH�VL]H�RI�PROHFXOHV�LV�RQH�RI�

DQG� RIWHQ� WKH� PRVW� LPSRUWDQW� IDFWRU� LQIOXHQFLQJ� WKH� SK\VLFRFKHPLFDO� SURSHUWLHV� RI�

DONDQHV�� ,W� LV� HVSHFLDOO\� LPSRUWDQW� DPRQJ� WKH� SURSHUWLHV� GHSHQGHQW� RQ� WKH�PRELOLW\� RI�

PROHFXOHV��,I�ZH�FRQVLGHU�EUDQFKLQJ��LW�FDQQRW�EH�H[SUHVVHG�XQWLO�WKH�VL]H�RI�D�PROHFXOH�

H[FHHGV�WKH�FULWLFDO�YDOXH��7KLV�PD\�EH�WKH�UHDVRQ�ZK\�WKH�VL]H�VHHPV�WR�DQG�LQGHHG�GRHV�

FRQWULEXWH�WR�WKHVH�SURSHUWLHV�PXFK�PRUH�WKDQ�EUDQFKLQJ��7KH�EUDQFKLQJ�DQG�FRPSOH[LW\�

FDQ�RQO\�RFFXU�ZKHQ�WKH�VL]H�RI�PROHFXOHV�LV�ODUJH�HQRXJK��$V�IDU�DV�WKH�LQGH[�:��f��f��

LV�FRQFHUQHG��LW�VHHPV�WR�QHJOHFW�WKLV�IDFW�RU�WR�FRQVLGHU�LW�DV�JUDQWHG���

:KLOH� WKH� LQGH[�:��f��f�� UHSUHVHQWV� D� OLQN� EHWZHHQ� WKH� %,0� DQG� %,$� W\SHV� RI�

LQGLFHV�� WKH� LQGH[� :��f���� IROORZV� WKH� 0HWKDQH� EDVHG� GHILQLWLRQ� RI� EUDQFKLQJ� DQG�

FOHDUO\�EHORQJV�WR�WKH�%,0�W\SH�RI�LQGLFHV��7KH�LQGH[�:��f����UHIOHFWV�D�VLWXDWLRQ�ZKLFK�

LV�PRUH� XVXDO� WR� XV�� LW� SUHVHQWV� LQIRUPDWLRQ� DERXW� WKH� VL]H� RI� WKH�PROHFXOH� DV�ZHOO� DV�

DERXW�WKH�QXPEHU�RI�EUDQFKHV��:��f���� ��1Y���1EU��������

�

�
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7KH�W\SH�RI�EUDQFKHV�

7KH�RWKHU�LQGLFHV�GHULYHG�IURP�WKH�PDWUL[�KDYLQJ�WKH�QRQ�GLDJRQDO�HOHPHQWV�Y
P

G
�f
��

L�H��WKH�LQGLFHV�:�P��f���FRQWDLQ�LQIRUPDWLRQ�DERXW�WKH�VL]H�RI�PROHFXOH��WKH�QXPEHU�RI�

EUDQFKHV��DV�ZHOO�DV� WKH�W\SH�RI� WKH�EUDQFKHG�VWUXFWXUH�� L�H��ZKHWKHU� WKH�EUDQFK�EHDULQJ�

FDUERQV�DUH�WHUWLDU\�RU�TXDWHUQDU\��

:��f��f�� �1S��� ���1EU��� ��1Y����1W�1T����

:����f�� ��1Y�������1W����1T��

:�����f�� ���1Y�������1W������1T��

:�����f�� ���1Y�������1W��������1T��

:�����f�� ���1Y���������1W�������1T��

ZKHUH�1W�LV�WKH�QXPEHU�RI�EUDQFKHV�RQ�YHUWLFHV�RI�GHJUHH�WKUHH�DQG�1T�LV�WKH�QXPEHU�RI�

EUDQFKHV� RQ� YHUWLFHV� RI� GHJUHH� IRXU�� 7KH� FRQWULEXWLRQ� RI� D� EUDQFK� LQ� D� TXDWHUQDU\�

VWUXFWXUH� LQGLFDWHV� DJDLQ� WKDW� WKH� GLYLVLRQ� E\� �� ZKHQ� FDOFXODWLQJ� WKH�:�P�Q�� LQGLFHV�

JLYHV� ULVH� WR� OHVV� VLPSOH� GDWD� DQG� VKRXOG� WKHUHIRUH�QRW� EH�SHUIRUPHG��7KH� LQIRUPDWLRQ�

DERXW� WKH� VL]H� RI� WKH� PROHFXOH� LV� LQ�:�P��f�� LQGLFHV� HTXDO� WR� �P1Y�����
P��

������� 7KH�

LQIRUPDWLRQ� DERXW� EUDQFKLQJ� LV� VLPSO\� DGGHG� WR� LW�� 7KH� FRQWULEXWLRQ� RI� D� EUDQFK� LQ� D�

TXDWHUQDU\�VWUXFWXUH�LV�KLJKHU�WKDQ�WKDW�RI�D�EUDQFK�LQ�D�WHUWLDU\�VWUXFWXUH�DQG�WKHLU�UDWLR�

LQFUHDVHV�ZLWK�P��7KH�UDWLR�RI�WKHVH�FRQWULEXWLRQV�FDQ�EH�GHVFULEHG�ZHOO�IRU������P�����

ZLWK� WKH� IROORZLQJ�SRO\QRPLDO��(T�����ZKHUHDV�HDFK�RQH�RI� WKHP�FDQ�QRW�EH�GHVFULEHG�

ZHOO�ZLWK�D�SRO\QRPLDO�RI�WKLV�W\SH�XS�WR�WKH�H[SRQHQW�RQ�P�RI����

T�W� �������P
�
���������P

�
���������P

�
���������P���������� � � ����

U
�
� ���

7KLV�SRO\QRPLDO�LV�RQO\�D��JRRG�ILW��RQH��VLQFH�DW�P� ��f��T�W� ����

(T����GHVFULEHV� WKH� UHODWLRQ�EHWZHHQ� WKH�FRQWULEXWLRQ�RI�D�EUDQFK� LQ�D�TXDWHUQDU\�

VWUXFWXUH��T��DQG�D�EUDQFK�LQ�D�WHUWLDU\�VWUXFWXUH��W���7KLV�LV�RQO\�D��JRRG�ILW��SRO\QRPLDO��

WRR��

T� �������W
�
���������W��������� � � � � � � ����

U
�
� ��������

�

7KH�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�PDMRULW\�RI�:�P��f��LQGLFHV��LQ�DGGLWLRQ�WR�WKDW�

FRQWDLQHG� LQ�:��f��f���:����f��� DQG�:�����f���LV� WKDW�D�TXDWHUQDU\� VWUXFWXUH� LV�PRUH�

FRPSOH[�WKDQ�WZR�WHUWLDU\�RQHV��)RU�WKLV�UHDVRQ��WKH�PDMRULW\�RI�:�P��f��LQGLFHV�VHHP�

WR� EH� WUXH� EUDQFKLQJ� LQGLFHV�� WRR�� 7KH\� DUH� TXLWH� VLPSOH� DQG� GHJHQHUDWHG� EUDQFKLQJ�
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LQGLFHV�SUHVHQWLQJ�EHVLGHV� WKH�LQIRUPDWLRQ�RQ�WKH�VL]H�RI�WKH�PROHFXOH�DQG�RQ�WKH�PRVW�

LPSRUWDQW� FRQWULEXWLRQ� WR� WKH� FRPSOH[LW\� RI� EUDQFKHG� DONDQHV�� L�H�� WKH� QXPEHU� RI�

EUDQFKHV�� DOVR� WKH� LQIRUPDWLRQ� WKDW� D� TXDWHUQDU\� VWUXFWXUH� LV� WR� EH� FRQVLGHUHG� PRUH�

EUDQFKHG� WKDQ� WZR� WHUWLDU\�RQHV��7KH� VDPH� LQIRUPDWLRQ� LV�FRQWDLQHG� LQ� WKH�PDMRULW\�RI�

LQGLFHV�:�P�����H[FHSW�LQ�:�������:�������DQG�:��f����FRQVLGHUHG�DERYH���

$PRQJ�RWKHU�:�P����LQGLFHV��WKH�UDWLR�RI�FRQWULEXWLRQ�RI�D�EUDQFK�LQ�D�TXDWHUQDU\�

VWUXFWXUH� DQG� RI� FRQWULEXWLRQ� RI� D� EUDQFK� LQ� D� WHUWLDU\� VWUXFWXUH�� FDQ� EH� ILWWHG� E\� WKH�

IROORZLQJ��JRRG�ILW��SRO\QRPLDO��(T�����

T�W� �������P
�
���������P

�
���������P

�
���������P���������� � � ����

U
�
� ���

�

$�FORVHU� LQVSHFWLRQ�RI� LQGLFHV�:�������:�������:�������DQG�:������LQGLFDWHV�WKDW�

WKH�GHJUHH�RI�YHUWH[�LWVHOI��L�H��Y
�
��GRHV�QRW�FRQWULEXWH�DQ\�LQIRUPDWLRQ�DERXW�EUDQFKLQJ�WR�

D�:�P�Q��LQGH[��2QO\�ZKHQ�P�z���DQG�P�z����WKHQ�YP�FRQWULEXWHV�WKH�LQIRUPDWLRQ�WKDW�

T�!� W�� L�H�� D� TXDWHUQDU\� VWUXFWXUH� �FRQWDLQLQJ� WZR�EUDQFKHV�� LV�PRUH�EUDQFKHG� WKDQ� WZR�

WHUWLDU\�RQHV��%XW�WKLV�KROGV�WUXH�RQO\�LI�Q� ���RU����$W�RWKHU�YDOXHV�RI�Q�WKH�FRQWULEXWLRQ�

RI�Y
�
�LV�VOLJKWO\�GLIIHUHQW�WKDQ�WKDW�RI�Y

�
���������U

�
������,Q�RWKHU�ZRUGV��D�JUDSK�FRQWDLQLQJ�

RQH� YHUWH[� RI� GHJUHH� IRXU� LV� PRUH� EUDQFKHG� WKDQ� D� JUDSK� FRQWDLQLQJ� WZR� YHUWLFHV� RI�

GHJUHH� WKUHH�� 2U�� DW� DQ� HTXDO� QXPEHU� RI� EUDQFKHV� LQ� DQ� DONDQH�� WKRVH� SODFHG� RQ�

TXDWHUQDU\�FDUERQV�FRQWULEXWH�PRUH� WR�EUDQFKLQJ� WKDQ�WKRVH�SODFHG�RQ�WHUWLDU\�FDUERQV��

7KH�KLJKHU�WKH�P��WKH�PRUH�H[SUHVVHG�WKLV�FRQWULEXWLRQ�LV��

�

3RVLWLRQ�RI�EUDQFKHV�

2WKHU� JURXSV� RI� :�P�Q�� LQGLFHV� WKDW� PLJKW� EH� HDV\� WR� XQGHUVWDQG� GXH� WR� WKH�

UHGXFHG� DPRXQW� RI� LQIRUPDWLRQ� DUH� WKH� JURXSV� RI� :��f�Q�� DQG� :���Q�� LQGLFHV��

&RPSDULQJ�)LJ�����DQG����ZLWK�)LJ�����DQG����ZH�FDQ�VHH�WKDW�ZKLOH�WKH�LQGH[�:��f��f��

SUHVHQWV� RQO\� WKH� LQIOXHQFH� RI� WKH� QXPEHU� RI� EUDQFKHV� DQG� WKH� LQGLFHV�:�P��f�� DQG�

:�P����SUHVHQW�DOVR�WKH�LQIOXHQFH�RI�WKH�W\SH�RI�EUDQFKHG�VWUXFWXUH��WKH�LQGLFHV�:��f�Q��

DQG�:���Q��SUHVHQW�D�GLIIHUHQW�NLQG�RI�LQIRUPDWLRQ���

7R�VHH�ZKDW�WKLV�LQIRUPDWLRQ�LV��OHW�XV�ORRN�DW�WKH�VHTXHQFH�RI�LQFUHDVLQJ�EUDQFKLQJ�

RI�KHSWDQHV�SUHVHQWHG�E\�WKH�LQGH[�:��f�����+S����(W������0�����0������0������0��

�� ��0�� �����0�������0���2EYLRXVO\�� WKH� LQGH[�:��f���� VXJJHVWV� WKDW� WKH� VWUXFWXUH�
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KDYLQJ�D�KLJKHU�QXPEHU�RI�EUDQFKHV�LV�PRUH�EUDQFKHG�WKDQ�WKDW�KDYLQJ�D�ORZHU�QXPEHU�

RI� EUDQFKHV��$PRQJ� WKH� VWUXFWXUHV� KDYLQJ� DQ� HTXDO� QXPEHU� RI� EUDQFKHV�� WKRVH� KDYLQJ�

PRUH� FHQWUDOO\� SRVLWLRQHG� EUDQFKHV� VHHP� WR� EH� OHVV� EUDQFKHG� WKDQ� WKRVH� KDYLQJ� WKH�

EUDQFKHV� SODFHG� PRUH� WR� WKH� SHULSKHU\� RI� WKH� PROHFXOH�� 7KH� VWUXFWXUHV� FRQWDLQLQJ�

TXDWHUQDU\� FDUERQV� VHHP� WR� EH� SUHVHQWHG� E\� WKLV� LQGH[� DV� OHVV� EUDQFKHG� WKDQ� WKRVH�

FRQWDLQLQJ� WHUWLDU\� VWUXFWXUHV�� 7KH� TXHVWLRQ� LV� ZKHWKHU� WKH� VWUXFWXUHV� FRQWDLQLQJ�

TXDWHUQDU\� FDUERQV� DUH� UHDOO\� SUHVHQWHG� E\� WKH� :��f�Q�� DQG� :���Q�� LQGLFHV� DV� OHVV�

EUDQFKHG�WKDQ�WKRVH�FRQWDLQLQJ�WHUWLDU\�VWUXFWXUHV��
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)LJ������7KH�VXVFHSWLELOLW\�IRU�EUDQFKLQJ�RI�WKH�:��f�Q��LQGLFHV�RI�KHSWDQHV��
�

�

,I�ZH�WDNH�D�FORVHU�ORRN�DOVR�DW�WKH�LQGLFHV�:�������{:��DQG�:�������SUHVHQWLQJ�WKH�

VHULHV� RI� KHSWDQHV� RI� GHFUHDVLQJ� YDOXHV� RI� WKH� LQGH[� ZKLFK� LQGLFDWHV� WKH� VHULHV� RI�

LQFUHDVLQJ�EUDQFKLQJ�DV�+S�!��0��!��0��!��(W�� ���0��!���0�� ���0��!���0��!�

���0���ZH�FDQ�VHH�DPRQJ�WKH�KHSWDQHV�KDYLQJ�RQH�EUDQFK�WKDW�WKH�VWUXFWXUH�KDYLQJ�WKH�

EUDQFK� FORVHU� WR� WKH� FHQWUH� RI� WKH� PROHFXOH� LV� SUHVHQWHG� DV� PRUH� EUDQFKHG� �PRUH�

FRPSOH[��� 7KLV� LV� FRQWUDU\� WR� ZKDW� LV� SUHVHQWHG� E\� WKH� LQGH[� :��f����� 7KH� VDPH�
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FRQFOXVLRQ� LV� UHDFKHG� LI� WZR� EUDQFKHV� DUH� SUHVHQW�� ,Q� WKLV� FDVH� D� TXDWHUQDU\� VWUXFWXUH�

VHHPV� DW� ILUVW� VLJKW� WR� EH� SUHVHQWHG� DV� PRUH� EUDQFKHG� WKDQ� WZR� WHUWLDU\� RQHV�� 7R�

XQGHUVWDQG� WKH� VLWXDWLRQ� OHW� XV� PDNH� WKH� IROORZLQJ� FRPSDULVRQV�� ,Q� WKH� SUHVHQW� FDVHV�

:���RU�������0��  �:���RU�������0�� DOWKRXJK�� DV� SUHVHQWHG� E\� WKH� LQGLFHV�:�P��f�� DQG�

:�P����� D�TXDWHUQDU\� VWUXFWXUH� VKRXOG�EH� IHOW�PRUH�EUDQFKHG� WKDQ� WZR� WHUWLDU\�RQHV�� ,I�

ZH�FRPSDUH� WKH�YDOXHV�RI� LQGLFHV�ZLWKLQ� WKH�SDLUV�:���RU�������0��DQG�:���RU�������0���

:���RU�������0�� DQG� :���RU�������0��� :���RU�������0�� DQG� :���RU�������0��� DV� ZHOO� DV�

:���RU�������0��DQG�:���RU�������0���ZH�FDQ�VHH�WKDW�WKH�WZR�VWUXFWXUHV�LQ�D�SDLU�GLIIHU�LQ�

WKH�SRVLWLRQ�RI�EUDQFKHV���
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)LJ������7KH�VXVFHSWLELOLW\�IRU�EUDQFKLQJ�RI�WKH�:���Q��LQGLFHV�RI�KHSWDQHV��

�

�

:LWKLQ�WKH�IRUPHU�WKUHH�SDLUV��WKHUH�LV�DOVR�D�GLIIHUHQFH�LQ�WKH�GLVWDQFH�EHWZHHQ�WKH�

EUDQFKHV��ZKHUHDV�LQ�WKH�ODVW�SDLU�WKHUH�LV�WKH�VDPH�GLVWDQFH�EHWZHHQ�WKH�EUDQFKHV��ZKLFK�

LV� HTXDO� QXOO�� :LWKLQ� WKH� SDLUV� :���RU�������0�� DQG� :���RU�������0�� DV� ZHOO� DV�

:���RU�������0��DQG�:���RU�������0���WKHUH�LV�D�WKH�GLIIHUHQFH�LQ�WKH�SRVLWLRQ�RI�EUDQFKHV�
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DQG� LQ� WKHLU� GLVWDQFH� LQ� WKH� VDPH� GLUHFWLRQ�� 7KH� YDOXHV� RI� WKHLU� LQGLFHV� DUH� GLIIHUHQW��

:LWKLQ� WKH� SDLUV� :���RU�������0�� DQG� :���RU�������0�� DV� ZHOO� DV� :���RU�������0��� DQG�

:���RU�������0��� WKH�GLIIHUHQFH�LV�HLWKHU� LQ� WKH�SRVLWLRQ�RI�EUDQFKHV�RU� LQ� WKHLU�GLVWDQFH��

7KH� YDOXHV� RI� WKHVH� SDLUV� RI� LQGLFHV� DUH� GLIIHUHQW�� WRR�� ,I� LQ� WKH� SDLU�:���RU�������0���

:���RU�������0��� RQ� WKH� RWKHU� KDQG�� WKH� SRVLWLRQ� RI� EUDQFKHV� FKDQJHV� LQ� RQH� GLUHFWLRQ��

WKHQ� WKH�GLVWDQFH�EHWZHHQ�WKHP�FKDQJHV�LQ� WKH�RSSRVLWH�GLUHFWLRQ��$V�D�UHVXOW�� WKH\�DUH�

HTXDO��

)URP�WKHVH�REVHUYDWLRQV�LW�IROORZV�WKDW�LQ�WKH�:��f�Q��DQG�:���Q��LQGLFHV�ZKHUH�

G
Q

� FRQWULEXWHV� HVVHQWLDO� LQIRUPDWLRQ�� WKH� LQIRUPDWLRQ� DERXW� WKH� VL]H� RI� PROHFXOHV� LV�

SUHVHQWHG��7KHUH�LV�D�GLVWLQFWLRQ�EHWZHHQ�WKH�EUDQFKHV�SRVLWLRQHG�LQ�RU�QHDU�WKH�FHQWUH�RI�

WKH� PROHFXOH� DQG� WKRVH� SRVLWLRQHG� RQ� WKH� SHULSKHU\� RI� WKH� PROHFXOH�� 7KHUH� LV� DOVR� D�

GLVWLQFWLRQ� UHJDUGLQJ� WKH� GLVWDQFH� EHWZHHQ� WKH� EUDQFKHV�� :KHQ� D� VWUXFWXUH� KDYLQJ� D�

FHQWUDO� SRVLWLRQ� RI� EUDQFKHV� LV� SUHVHQWHG� DV�PRUH� EUDQFKHG� �PRUH� FRPSOH[�� WKDQ� RQH�

KDYLQJ� D� SHULSKHUDO� SRVLWLRQ�� WKHQ� DOVR� D� VPDOOHU� GLVWDQFH� EHWZHHQ� WKH� EUDQFKHV� LV�

SUHVHQWHG� DV� FDXVLQJ� WKH� VWUXFWXUH� WR� VHHP�PRUH� EUDQFKHG�� DQG� YLFH� YHUVD�� 7KXV�� WKH�

GLVWDQFH� EHWZHHQ� EUDQFKHV� GLVWLQJXLVKHV� D� TXDWHUQDU\� VWUXFWXUH� IURP� WHUWLDU\� RQHV� DQG�

QRW�WKH�GLIIHUHQFH�LQ�WKH�W\SH�RI�EUDQFKHG�VWUXFWXUH�DV�LW�ZDV�REVHUYHG�DERYH�FRQVLGHULQJ�

WKH�LQIOXHQFH�RI�Y
P

��

,Q�FRQFOXVLRQ��ZH�FDQ�VWDWH�WKDW�LQ�:�P�Q��LQGLFHV�GHULYHG�IURP�WKH�PDWUL[�KDYLQJ�

WKH� QRQ�GLDJRQDO� HOHPHQWV� Y
PuGQ�� WKH� YP� � �ZKHQ� P� z� �� DQG�P� z� ��� FRQWULEXWH� WKH�

LQIRUPDWLRQ� DERXW� WKH� LQIOXHQFH�RI� WKH�QXPEHU�RI�EUDQFKHV�� DV�ZHOO� DV� WKH� LQIRUPDWLRQ�

WKDW� D� VWUXFWXUH� KDYLQJ� WKH� EUDQFKHV� RQ� TXDWHUQDU\� FDUERQV� �L�H�� RQ� YHUWLFHV� RI� GHJUHH�

IRXU��LV�PRUH�EUDQFKHG�WKDQ�WKDW�KDYLQJ�DQ�HTXDO�QXPEHU�RI�EUDQFKHV�RQ�WHUWLDU\�FDUERQV�

�L�H��RQ�YHUWLFHV�RI�GHJUHH�WKUHH���EXW�QR�LQIRUPDWLRQ�DERXW�WKH�LQIOXHQFH�RI�WKH�SRVLWLRQ�

RI�EUDQFKHV��7KH�G
Q

��ZKHQ�Q�z��f�DQG�Q�z�����RQ�WKH�RWKHU�KDQG��FRQWULEXWHV�LQIRUPDWLRQ�

DERXW�WKH�LQIOXHQFH�RI�WKH�QXPEHU�RI�EUDQFKHV��RI�WKH�SRVLWLRQ�RI�EUDQFKHV��DV�ZHOO�DV�WKH�

LQIOXHQFH�RI�WKH�GLVWDQFH�EHWZHHQ�WKH�EUDQFKHV��DQG�QRWKLQJ�HOVH���

7KH�FRQWULEXWLRQV�RI�Y
P

� DQG�G
Q

� FDQ� WKXV�EH�V\QHUJLVWLF��7KH\�FDQ�DOVR� OHDG� WR�DQ�

DSSDUHQW� RYHU�H[SUHVVLRQ� RI� WKH� LPSRUWDQFH� RI� D� SDUWLFXODU� VWUXFWXUDO� IHDWXUH�� $V� DQ�

H[DPSOH�ZH�FDQ�SUHVHQW� WKH� LQGH[�:��
�
���

�
�����ZKHUH� WKH�SRVLWLRQ�RI�EUDQFKHV�VHHPV�WR�

KDYH�WKH�KLJKHVW�LQIOXHQFH��
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&RUUHODWLRQ�RI�SK\VLFRFKHPLFDO�SURSHUWLHV�ZLWK�:�P�Q��LQGLFHV�

,Q�RUGHU�WR�VHH�WKH�VXLWDELOLW\�RI�:�P�Q��LQGLFHV�DV�LQGLFHV�RI�SURSHUWLHV��WKH\�ZHUH�

FRUUHODWHG�ZLWK����SUHYLRXVO\�WHVWHG�SK\VLFRFKHPLFDO�SURSHUWLHV�
���
�

�7KH�SRVLWLRQ�LQ�WKH�SODQH�RI�H[SRQHQWV�P�DQG�Q��ZKHUH�WKH�FRUUHODWLRQ�EHWZHHQ�D�

SDUWLFXODU�SK\VLFRFKHPLFDO�SURSHUW\�DQG�D�:�P�Q��LQGH[�LV�WKH�KLJKHVW�DPRQJ�WKH�WHVWHG�

RQHV��LV�SUHVHQWHG�LQ�)LJ������IRU�GDWD�IURP�SURSDQH�WKURXJK�RFWDQHV��)RU�FRPSDULVRQ��WKH�

SRVLWLRQV�RI�VRPH�SUHYLRXVO\�NQRZQ�LQGLFHV�DUH�LQFOXGHG�LQ�)LJ�������

�

P� � � � � � � � � � � � � � � �

�� � � � � � � � � � � � � � � �

�� � � � � GF� � � Q'� � � � � � � �

�� � � � � � � � � � � � � 97� � �
�
��� � � � � � � � � � � � �
�
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�
��� � � � � � � � � � � � � � Z� $�
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�
�
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�
�
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�
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)LJ������7KH�SRVLWLRQV�RI�LQGLFHV�:��+��DQG�97,L��LQ�LWDOLFV���DV�ZHOO�DV�RI����

SK\VLFRFKHPLFDO�SURSHUWLHV�GHWHUPLQHG�E\�WKH�KLJKHVW�FRUUHODWLRQ�FRHIILFLHQW�

�GDWD�LQ�SDUHQWKHVHV��VHH�EHORZ��IRU�GDWD�RI�DONDQHV�IURP�SURSDQH�WKURXJK�

RFWDQHV��LQ�WKH�SODQH�RI�H[SRQHQWV�P�DQG�Q��

6LQJOH�VWDQGLQJ�RQHV��U���GF����������Q'����������Z����������$����������05����������

3F���������

��97,����G����������

���%3�7F����������&�����������DF����������=F������������
����'+I�J���������7F��3F����������7F�3F����������%3����������7F����������'+Y����������
%����������9F����������9P����������9����������

�

6HYHUDO� SURSHUWLHV� �L�H�� ��� RXW� RI� ��� WHVWHG�� SUHVHQWHG� LQ� )LJ�� ��� KDYH� WKH�

FRUUHODWLRQ�FRHIILFLHQW�ZLWK�D�:�P�Q�� LQGH[�U�!������� ILYH�RI� WKHP�HYHQ�U�t�������7R�D�

VXEVWDQWLDO� H[WHQW� WKLV� LV� GXH� WR� WKH� PXWXDO� GHSHQGHQFH� RQ� FDUERQ� QXPEHU�� ,I� WKH�

LQIOXHQFH�RI� WKH�VL]H�RI�PROHFXOH� �L�H�� WKH�FDUERQ�QXPEHU�� LV�H[FOXGHG�� WKH�FRUUHODWLRQV�
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DUH�ZRUVH��(LJKW� WHVWHG�SK\VLFRFKHPLFDO�SURSHUWLHV�KDYH�~U~!������DQG�RQO\���RI�WKHP�

KDYH� ~U~!� ������ 7KHVH� UHVXOWV� UHODWH� WR� WKH� WHVWHG� H[SRQHQWV�� ,W� FRXOG� EH� UHDVRQDEO\�

H[SHFWHG�WKDW�ILQH�WXQLQJ�RI�H[SRQHQWV�PLJKW�JLYH�ULVH�WR�EHWWHU�FRUUHODWLRQV��EXW�WKLV�LV�

EH\RQG�WKH�VFRSH�RI�WKH�SUHVHQW�SDSHU��7KH�SRVVLEOH�SULPDU\�UHIHUHQFHV
�
�KDYH�WKHLU�EHVW�

FRUUHODWLRQ�FRHIILFLHQWV�~U~!�������L�H��Z�a�7F�3F�!�7F��3F�!�&�!�'+I�J��IROORZHG�E\�3F�

DQG�'+Y��7KLV�LV�DQ�DGGLWLRQDO�UHDVRQ�ZK\�WKH\�FDQ�EH�FRQVLGHUHG�DV�VXLWDEOH�UHIHUHQFH�

SURSHUWLHV��

&RPSDULQJ�)LJ����ZLWK�)LJ�����ZH�FDQ�VHH�WKDW�WKH�LQGLFHV�+�DQG�:�EHORQJ�WR�WKH�

PHGLXP�GHJHQHUDWHG�RQHV��ZKHUHDV�WKH�RWKHU�LQGLFHV�SUHVHQWHG�LQ�)LJ�����DUH�HLWKHU�OLWWOH�

RU�QRW�GHJHQHUDWHG�DW�DOO��

�

7KH�:�P�Q��LQGLFHV�WKDW�PLJKW�EH�JRRG�EUDQFKLQJ�LQGLFHV��

�

:KLFK� WRSRORJLFDO� LQGH[� PLJKW� EH� D� JRRG� EUDQFKLQJ� LQGH[� UHPDLQV� DQ� RSHQ�

TXHVWLRQ��7KHUH�LV�QR�FOHDU�FXW�FULWHULRQ�WR�HYDOXDWH�LW��6HYHUDO�DWWHPSWV�KDYH�EHHQ�PDGH�

WR� XVH� RQH� RU� DQRWKHU� SK\VLFRFKHPLFDO� SURSHUW\� DV� D� VWDQGDUG�� EXW� QRQH� RI� WKH� WHVWHG�

SK\VLFRFKHPLFDO� SURSHUWLHV� FDQ� EH� FRQVLGHUHG� DV� WKH� VLQJOH� EHVW� SULPDU\� UHIHUHQFH� IRU�

EUDQFKLQJ�
���
�7KHUHIRUH��LQWXLWLRQ

��
�UHPDLQV�DQ�LPSRUWDQW�WRRO�WR�DVVHVV�WKH�FDQGLGDWHV�IRU�

JRRG�EUDQFKLQJ�LQGLFHV���

&RPELQLQJ� LQWXLWLRQ� ZLWK� WKH� UHVXOWV� REWDLQHG� E\� VWXG\LQJ� WKH� GHSHQGHQFH� RI�

SK\VLFRFKHPLFDO� SURSHUWLHV� RQ� GLIIHUHQW� FRQWULEXWLRQV� WR� EUDQFKLQJ�
�
� D� JRRG� FDQGLGDWH�

IRU�D�EUDQFKLQJ�LQGH[�ZRXOG�GHSHQG�ILUVW�RI�DOO�RQ�WKH�QXPEHU�RI�EUDQFKHV��IROORZHG�E\�

WKH� W\SH� RI� EUDQFKHG� VWUXFWXUH�� L�H�� ZKHWKHU� WKH� EUDQFK� EHDULQJ� FDUERQ� LV� WHUWLDU\� RU�

TXDWHUQDU\��E\� WKH�SRVLWLRQ�RI�EUDQFKHV��HWF��$V�D�UHVXOW��D�UHJXODU�VHTXHQFH�RI� LVRPHUV�

RQ� LQFUHDVLQJ� EUDQFKLQJ�ZRXOG� EH� REWDLQHG�� 6RPH� UHJXODU� VHTXHQFHV� DUH� VXJJHVWHG� LQ�

)LJ������ZKHUH�WKH�SRVLWLRQ�RI�WKH�:�P�Q��LQGLFHV�KDYLQJ�WKHVH�VHTXHQFHV�LV�SUHVHQWHG�LQ�

WKH�SODQH�RI�H[SRQHQWV�P�DQG�Q��WKHVH�LQGLFHV�DUH�FDQGLGDWHV�IRU�JRRG�EUDQFKLQJ�LQGLFHV��

0RVW�FDQGLGDWHV�IRU�JRRG�EUDQFKLQJ�LQGLFHV�KDYH�Q������

2I� WKH����SK\VLFRFKHPLFDO� SURSHUWLHV� WDNHQ� LQWR� DFFRXQW�� DPRQJ�KHSWDQHV�Z� KDV�

WKH�VHTXHQFH�$��ZKHUHDV�7F
�
�3F�LV�FORVH�WR�LW��KDYLQJ���0��!���0���7KH�VHTXHQFH�&�LV�

REVHUYHG�DW�'+Y��2I�WKH�RWKHU�SK\VLFRFKHPLFDO�SURSHUWLHV� WDNHQ�LQWR�DFFRXQW��9P��9���

G�� GF�� 3F�� 9F�� 7F�3F�� DQG�05� LQGLFDWH� WKDW� WKH� VWUXFWXUHV� KDYLQJ� FHQWUDOO\� SRVLWLRQHG�
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EUDQFKHV�DUH�PRUH�EUDQFKHG�WKDQ�WKRVH�KDYLQJ�EUDQFKHV�RQ�WKH�SHULSKHU\�RI�PROHFXOHV��

$�VLPLODU�LQGLFDWLRQ�LV�SUHVHQWHG�E\�WKH�LQGLFHV�:�������:�������:����WR��f�����:�������

:��������HWF��7KH�SK\VLFRFKHPLFDO�SURSHUWLHV�%3��7F��Q'��DQG�%�LQGLFDWH�WKH�FRQWUDU\��

�

P� � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � �

�� �� $� $� $� $� $� $� $� �� &� &� &� � � F�

�� �� $� $� $� $� $� $� $� �� &� &� S� F� � F�

�� �� $� $� $� $� $� $� $�  � %� %� %� %� � S�
�
��� �� $� $� $� $� F� �� %� %� %� %� � �
�
��� �� $� $� $� $� � � F� �� %� %� %� %� �
�
��� �� $� $� $� $� � � F� �� %� %� %� %� � �

��  � $� $� $� $� $� $� $�  � %� %� %� %� � �

�
�
��� �� %� $� $� $� $� $� $� �� F� F� � � � �

�
�
��� �� %� $� $� $� $� $� $� �� S� F� � � � �

�
�
��� �� %� &� $� $� $� $� $� �� � S� F� � � �

���  � &� &� $� $� $� $� $� �� � � � F� � �

��� �� &� &� � � $� $� $� �� &� � � F� F� �

��� �� &� &� � � � � $� �� � � � � F� �

��� �� &� &� � � � � � �� � � � � F� �

�f� x� &� &� � � � � �  � � � � � F� �

� �f� ��� ��� ��� ��� �
�
��� �

�
��� �

�
��� ��

�
���

�
���

�
��� �� �� ��

� � � � � � � � � Q� � � � � � �

)LJ������7KH�SRVLWLRQ�RI�:�P�Q�� LQGLFHV�RI�KHSWDQHV�FRQVLGHUHG�DV� WKH�EHVW�FDQGLGDWHV�

IRU�JRRG�EUDQFKLQJ�LQGLFHV� LQ� WKH�SODQH�RI�H[SRQHQWV�P�DQG�Q��7KH�VHTXHQFHV�

RI�LVRPHUV���

$��+S�!��0��!��0��!��(W��!���0��!���0��!���0��!���0��!����0��

%�����0��!���0��!���0��!���0��!���0��!��(W��!��0��!��0��!�+S�

&��+S�!��(W��!��0��!��0��!���0��!���0��!���0��!���0��!����0��

F��7KH�:�P�Q��LQGH[�LQGLFDWHV�WKDW�EUDQFKHV�SRVLWLRQHG�DW�WKH�FHQWUH�RI�WKH�PROHFXOH�

JLYH�ULVH�WR�KLJKHU�EUDQFKLQJ�WKDQ�WKRVH�SRVLWLRQHG�DW�WKH�SHULSKHU\��

S��7KH�:�P�Q��LQGH[�LQGLFDWHV�WKDW�EUDQFKHV�SRVLWLRQHG�DW�WKH�SHULSKHU\�RI�WKH�PROHFXOH�

JLYH�ULVH�WR�KLJKHU�EUDQFKLQJ�WKDQ�WKRVH�SRVLWLRQHG�DW�WKH�FHQWUH��

����3RVLWLRQ�RI�EUDQFKHV�DQG�WKH�GLVWDQFH�EHWZHHQ�WKHP�KDV�QR�LQIOXHQFH��

x��7KH�LQGH[�LQGLFDWHV�RQO\�WKH�LQIOXHQFH�RI�WKH�QXPEHU�RI�EUDQFKHV��
�

$PRQJ�WKH�WHVWHG�LQGLFHV��:��
�
���

�
����LQGLFDWHV�WKH�PRVW�VWURQJO\�WKDW�WKH�VWUXFWXUHV�

KDYLQJ�SHULSKHUDOO\�SRVLWLRQHG�EUDQFKHV� DUH� WR�EH� FRQVLGHUHG� WKH�PRVW�EUDQFKHG��PRUH�

WKDQ����0���ZKHUHDV�WKRVH�KDYLQJ�FHQWUDOO\�SRVLWLRQHG�EUDQFKHV�DUH�OHVV�EUDQFKHG�WKDQ�

Q�KHSWDQH��7KLV�LQGH[�REYLRXVO\�JLYHV�PRUH�LPSRUWDQFH�WR�WKH�SRVLWLRQ�RI�EUDQFKHV�WKDQ�

WR�WKHLU�QXPEHU��FI��)LJ������VHTXHQFH�.��
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7R� SURSRVH� ZKLFK�:�P�Q�� LQGH[� PLJKW� EH� D� JRRG� EUDQFKLQJ� LQGH[�� ZH� VKRXOG�

FRPSDUH� WKH� UHVXOWV�SUHVHQWHG� LQ�)LJ�����ZLWK�WKRVH�SUHVHQWHG�LQ�)LJ���������DV�ZHOO�DV�

)LJ�����7KLV�FRPSDULVRQ�VXJJHVWV� WKDW� WKH� LQGLFHV�PDUNHG� LQ�)LJ�����DV��EHVW��FRXOG�EH�

FDQGLGDWHV� IRU�JRRG�EUDQFKLQJ� LQGLFHV��7KH�FRPSDULVRQ�RI�)LJ��������DOVR� VXJJHVWV�DQ�

H[WUDSRODWLRQ�WR�WKH�DVVXPSWLRQ�WKDW�WKHUH�PLJKW�EH�QR�LGHDO�EUDQFKLQJ�LQGH[�DPRQJ�WKH�

:�P�Q�� LQGLFHV�� 7KH� UHDVRQ� IRU� WKLV� DVVXPSWLRQ� LV� WKH� IDFW� WKDW� WKH� KLJKHU� WKH� FDUERQ�

QXPEHU�RI� WKH� FRQVLGHUHG� DONDQHV�� WKH� OHVVHU�QXPEHU�RI� WHVWHG�:�P�Q�� LQGLFHV�KDV� WKH�

VHTXHQFH�RI�LVRPHUV�SURSRVHG�E\�LQWXLWLRQ��7KH�KLJKHU�WKH�FDUERQ�QXPEHU��WKH�ORZHU�Q�LV�

WR�EH�XVHG�WR�IXOILO�WKLV�FRQGLWLRQ��:LWK�LQFUHDVLQJ�FDUERQ�QXPEHU�RI�DONDQHV��WKH�XVHIXO�

YDOXHV� RI� H[SRQHQW� Q� GHFUHDVH� WRZDUGV� �f�� $W� Q� ��f�� WKHUH� GR� H[LVW� WUXH� EUDQFKLQJ�

LQGLFHV� EXW� WKH\� DUH� WRR� GHJHQHUDWHG� WR� EH� FRQVLGHUHG� DV� �JRRG�� RQHV�� 7KXV�� LW� LV�

SUREDEO\�QRW�SRVVLEOH�WR�ILQG�DQ�LGHDO��JHQHUDOO\�XVHIXO�EUDQFKLQJ�LQGH[��%XW�WKHUH�VHHPV�

WR�EH�D�VXIILFLHQW�QXPEHU�RI�SRVVLELOLWLHV� WR�ILQG�VHYHUDO�:�P�Q�� LQGLFHV� WKDW�DUH��JRRG�

HQRXJK��EUDQFKLQJ� LQGLFHV� WR�EH�XVHG� LQ� WKH� UDQJH�RI�FDUERQ�QXPEHUV� LQ�TXHVWLRQ��:H�

VKRXOG� QRW� IRUJHW� WKDW� PRVW� RI� WKH� FRPSRXQGV� XVHG� LQ� HYHU\GD\� OLIH�� LI� SRO\PHUV� DUH�

QHJOHFWHG��KDYH�WKH�PRODU�ZHLJKW�RI�XS�WR�D�IHZ�WKRXVDQG��

,I�� KDYLQJ� LQ� PLQG� WKHVH� VWDWHPHQWV�� ZH� ORRN� DW� WKH� PRVW� SRSXODU� WRSRORJLFDO�

LQGLFHV�ZH�VHH� WKDW�RQH�RI� WKHP�� WKH�5DQGLü
��
� LQGH[�F� IDOOV� LQWR� WKH� UHJLRQ�RI� WKH�EHVW�

FDQGLGDWHV� IRU� JRRG� EUDQFKLQJ� LQGLFHV�� ,W� LV� QRW� D� :�P�Q�� LQGH[� EXW� D� �OHW� XV� VD\��

:�D�D�F�� LQGH[�� ,Q� IDFW�� LW� LV� D� �UHFLSURFDO� JHRPHWULF� PHDQ� RI� WKH� GHJUHH� RI� DGMDFHQW�

YHUWLFHV�� LQGH[�� GHULYHG� IURP� WKH� PDWUL[� KDYLQJ� WKH� QRQ�GLDJRQDO� HOHPHQWV�

�YLuYM�
����uGLM

�f
�� ,W� FRXOG� EH� H[WHQGHG� E\� LQFOXVLRQ� RI� H[SRQHQWV� RWKHU� WKDQ� �f�� H�J��

�f���F��� ���� SUHIHUDEO\� ���d� F�d� ���� IRU� H[DPSOH�� F�  � ���� L�H�� LQ� WKH� UHJLRQ� DURXQG� WKH�

H[SRQHQWV�RI�WKH�/HQQDUG�-RQHV�SRWHQWLDO���

�

�

&RQFOXVLRQV�

�

6HYHUDO� WRSRORJLFDO� LQGLFHV� DUH�GHULYHG� IURP�PDWULFHV�� H�J�� WKH� DGMDFHQF\�PDWUL[��

WKH� GLVWDQFH�PDWUL[�� WKH� UHFLSURFDO� GLVWDQFH�PDWUL[��ZKLFK� DUH� VSHFLDO� FDVHV� RI� D�PRUH�

JHQHUDO�Y
P

G
Q

�PDWUL[��ZKLFK�LV�DJDLQ�D�VSHFLDO�FDVH�RI�WKH�JHQHUDO�YHUWH[�SURSHUW\��YHUWH[�

GLVWDQFH�� I�D�E�� ����� Y�� ����uI�G�� PDWUL[�� 1LQH� RI� WKH� ���� :LHQHU�OLNH� LQGLFHV�� :�P�Q���
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GHULYHG�IURP�WKH�Y
P

G
Q

�PDWUL[�DQG�WHVWHG�KHUH�FRUUHODWH�ZHOO�ZLWK�D�SDUWLFXODU�RU�VHYHUDO�

RI� WKH� ��� WHVWHG� SK\VLFRFKHPLFDO� SURSHUWLHV� RI� DONDQHV�� L�H�� :�����f��� :���������

:��
�
����f���:��

�
��������:�

�
�������:�

�
�������:�

�
�������:��������DQG�:����

�
������

7R� D� VXEVWDQWLDO� H[WHQW� WKLV� LV� GXH� WR� WKH�PXWXDO� GHSHQGHQFH� RQ� WKH� VL]H� RI� WKH�

PROHFXOH�� 7KH� YDOXHV� RI�:�P�Q�� LQGLFHV� LQFUHDVH� ZLWK� WKH� VL]H� RI� WKH� PROHFXOH�� 7KH�

LQFUHDVH�LV�LQ�JHQHUDO�QRQ�OLQHDU��2WKHU�VWUXFWXUDO�IHDWXUHV��H�J��WKH�QXPEHU�RI�EUDQFKHV��

WKH� W\SH� RI� EUDQFKHG� VWUXFWXUH�� WKH� SRVLWLRQ� RI� EUDQFKHV�� DQG� WKH� GLVWDQFH� EHWZHHQ� WKH�

EUDQFKHV��FDQ�KDYH�D�VXEVWDQWLDO�LQIOXHQFH�RQ�WKH�YDOXH�RI�:�P�Q��LQGLFHV�ZKHQ�WKH�VL]H�

RI� WKH� PROHFXOH� LQFUHDVHV�� 'HSHQGLQJ� RQ� WKH� YDOXH� RI� H[SRQHQWV� P� DQG� Q�� WKHVH�

VWUXFWXUDO� IHDWXUHV� FDQ� HQKDQFH� RU� GLPLQLVK� WKH� LQFUHDVH� RI�:�P�Q�� LQGLFHV� GXH� WR� WKH�

LQFUHDVH�RI�WKH�VL]H�RI�WKH�PROHFXOH��

,Q� WKH� FDVH� RI� DONDQHV�ZLWK� WKH� VDPH� FDUERQ� QXPEHU�� WKH� VWUXFWXUDO� IHDWXUHV� FDQ�

KDYH�D�FUXFLDO�LQIOXHQFH�RQ�WKH�YDOXHV�RI�:�P�Q��LQGLFHV�DV�ZHOO��7KH�H[SRQHQWV�P�DQG�Q�

VLJQLILFDQWO\� LQIOXHQFH� WKH� YDOXHV� RI� :�P�Q�� LQGLFHV�� 7KH� FRPELQDWLRQ� RI� H[SRQHQWV�

GHFLGHV�ZKHWKHU� D�:�P�Q�� LQGH[� LQFUHDVHV� RU� GHFUHDVHV�ZLWK� EUDQFKLQJ�� DV�ZHOO� DV� WR�

ZKDW�H[WHQW��7KH�GHSHQGHQFH�LV�LQ�JHQHUDO�VDGGOH�OLNH��L�H��VPDOO�DURXQG�P� ���DQG�Q� ����

DQG�KLJK�DW�PXFK�KLJKHU�DQG�PXFK�ORZHU�YDOXHV�RI�P�DQG�RU�Q���

7KH�LQGLFHV�:�������:�������:����f���DQG�:�����f��SUHVHQW�RQO\�WKH�LQIRUPDWLRQ�

DERXW�WKH�VL]H�RI�PROHFXOHV��:����f��DQG�:�����f��DUH�OLQHDU�PHDVXUHV�RI�WKH�VL]H��7KH�

LQGH[� :��f��f�� LV� D� VLPSOH�� SULPLWLYH� DQG� GHJHQHUDWHG�� EXW� D� WUXH� EUDQFKLQJ� LQGH[�

OLQNLQJ�WKH�%,0�LQGLFHV�REH\LQJ�WKH�0HWKDQH�EDVHG�GHILQLWLRQ�RI�EUDQFKLQJ�ZLWK�WKH�%,$�

LQGLFHV�REH\LQJ�WKH�Q�$ONDQH�EDVHG�GHILQLWLRQ�RI�EUDQFKLQJ��7KH�LQIRUPDWLRQ�FRQWDLQHG�

LQ�LW�VHHPV�WR�EH��WKH�SUHVHQFH�DQG�WKH�QXPEHU�RI�PHWK\O�JURXSV��YHUWLFHV�RI�GHJUHH�RQH��

LV� RI� WKH� KLJKHVW� LPSRUWDQFH� LQ� WKH� EUDQFKLQJ� �FRPSOH[LW\�� RI� PROHFXOHV�� 7KH� LQGH[�

:��f���� LV� D� VLPSOH�� SULPLWLYH�� DQG� GHJHQHUDWHG�� EXW� D� WUXH�%,0� W\SH� EUDQFKLQJ� LQGH[�

REH\LQJ� WKH�0HWKDQH�EDVHG� GHILQLWLRQ� RI� EUDQFKLQJ�� ,W� FRQWDLQV� LQIRUPDWLRQ� DERXW� WKH�

VL]H� RI� WKH� PROHFXOH�� DV� ZHOO� DV� LQIRUPDWLRQ� FRQWDLQHG� LQ� WKH� LQGH[�:��f��f��� 2WKHU�

:�P��f�� LQGLFHV��H[FHSW�:����f��DQG�:�����f���DV�ZHOO�DV�WKH�:�P����LQGLFHV��H[FHSW�

:������ DQG�:������� VXJJHVW� WKDW� D� EUDQFK� RQ� D� TXDWHUQDU\� FDUERQ� �L�H�� RQ� D� YHUWH[� RI�

GHJUHH� IRXU�� FRQWULEXWHV� PRUH� WR� EUDQFKLQJ� �FRPSOH[LW\�� WKDQ� D� EUDQFK� RQ� D� WHUWLDU\�

FDUERQ� �L�H�� RQ� D� YHUWH[� RI� GHJUHH� WKUHH��� 7KH� LQGLFHV� :��f�Q�� DQG� :���Q�� SUHVHQW��
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EHVLGHV� WKH� LQIRUPDWLRQ� DERXW� WKH� VL]H� RI� WKH� PROHFXOH�� DOVR� LQIRUPDWLRQ� DERXW� WKH�

SRVLWLRQ� RI� EUDQFKHV� DQG� WKH� GLVWDQFH� EHWZHHQ� WKHP�� 2WKHU� :�P�Q�� LQGLFHV� SUHVHQW�

GLIIHUHQW��LQ�VRPH�FDVHV�TXLWH�H[WUHPH�FRPELQDWLRQV�RI�DOO�WKHVH�SDUWV�RI�LQIRUPDWLRQ��$Q�

H[WUHPH�FDVH�LV�:��
�
���

�
�����ZKHUH�WKH�FRQWULEXWLRQ�RI�WKH�SRVLWLRQ�RI�EUDQFKHV�LV�JUHDWHU�

WKDQ�WKDW�RI�WKH�QXPEHU�RI�EUDQFKHV��$SSURSULDWH�FRPELQDWLRQV�RI�GLIIHUHQW�LQGLFHV�VHHP�

WR� HQDEOH� WKH� IRUPDWLRQ� RI� DQ� DSSURSULDWH� PL[WXUH� RI� SDUWLFXODU� SDUWV� RI� LQIRUPDWLRQ�

SUHVHQWHG� DERYH� WKDW� ILWV� D� SK\VLFRFKHPLFDO� SURSHUW\� EHWWHU� WKDQ� WKDW� FRQWDLQHG� LQ� D�

VLQJOH� LQGH[��$PRQJ� WKH�:�P�Q�� LQGLFHV� WKHUH�PD\�EH�QR� LGHDO�DQG�JHQHUDO�EUDQFKLQJ�
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