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��� 6WXGLHV�RI�WKH�$FRXVWLFV��
3HUFHSWLRQ��6\QWKHVLV��DQG�
0RGHOLQJ�RI�6SHHFK�6RXQGV

����� *ORWWDO�&KDUDFWHULVWLFV�RI�)HPDOH�DQG�
0DOH�6SHDNHUV��'DWD�IURP�$FRXVWLF�
DQG�3K\VLRORJLFDO�5HFRUGLQJV

7KH� FRQILJXUDWLRQ� RI� WKH� YRFDO� IROGV� GXULQJ� WKH� SUR�
GXFWLRQ�RI�ERWK�QRUPDO�DQG�GLVRUGHUHG�VSHHFK�KDV�DQ
LQIOXHQFH�RQ�WKH�YRLFLQJ�VRXUFH�ZDYHIRUP�DQG��WKXV�
DIIHFWV�SHUFHLYHG�YRLFH�TXDOLW\��9RLFH�TXDOLW\�FRQWDLQV
ERWK�OLQJXLVWLF�DQG�QRQOLQJXLVWLF�LQIRUPDWLRQ�ZKLFK�OLV�
WHQHUV� XWLOL]H� LQ� WKHLU� HIIRUWV� WR� XQGHUVWDQG� VSRNHQ
ODQJXDJH�DQG�WR� UHFRJQL]H�VSHDNHUV�� ,Q�FOLQLFDO�VHW�
WLQJV��YRLFH�TXDOLW\�DOVR�UHOD\V�LQIRUPDWLRQ�DERXW�WKH
KHDOWK�RI�WKH�YRLFH�SURGXFWLRQ�PHFKDQLVP��7KH�DELO�
LW\�WR�JOHDQ�YRLFH�TXDOLW\�IURP�VSHHFK�ZDYHIRUPV�KDV
LPSOLFDWLRQV�IRU�FRPSXWHU�EDVHG�VSHHFK�UHFRJQLWLRQ�
VSHDNHU�UHFRJQLWLRQ��DQG�VSHHFK�V\QWKHVLV��DQG�PD\
EH�RI�YDOXH�IRU�GLDJQRVLV�RU�WUHDWPHQW�LQ�FOLQLFDO�VHW�
WLQJV�

7KHRUHWLFDO�PRGHOV� KDYH� EHHQ�XVHG� WR� SUHGLFW� KRZ
FKDQJHV�LQ�YRFDO�IROG�FRQILJXUDWLRQ�DUH�PDQLIHVWHG�LQ
WKH� RXWSXW� VSHHFK� ZDYHIRUP�� ,Q� SUHYLRXV� ZRUN�� ZH
XVHG�DFRXVWLF�EDVHG�PHWKRGV� WR� VWXG\�YDULDWLRQV� LQ
YRFDO�IROG� FRQILJXUDWLRQ� DPRQJ� IHPDOH� VSHDNHUV

�QRQGLVRUGHUHG���:H�IRXQG�D�JRRG�FRUUHODWLRQ�DPRQJ
WKH�DFRXVWLF�SDUDPHWHUV�DQG�SHUFHSWLRQV�RI�EUHDWK\
YRLFH�� 3UHOLPLQDU\� HYLGHQFH� JDWKHUHG� IURP� ILEHU�
VFRSLF� LPDJHV� RI� WKH� YRFDO� IROGV� GXULQJ� SKRQDWLRQ
VXJJHVW�WKDW�WKHVH�DFRXVWLF�PHDVXUHV�PD\�EH�XVHIXO
IRU� FDWHJRUL]LQJ� WKH� IHPDOH� VSHDNHUV� E\� YRFDO�IROG
FRQILJXUDWLRQ�� 7KDW�ZRUN� KDV� EHHQ� H[WHQGHG� LQ� WZR
ZD\V�

)LUVW��ZH�FROOHFWHG�GDWD�IURP����PDOH�VSHDNHUV��DOVR
QRQGLVRUGHUHG��� %HFDXVH� PDOH� VSHDNHUV� DUH� OHVV
OLNHO\� WKDQ� IHPDOH�VSHDNHUV� WR�KDYH�SRVWHULRU�JORWWDO
RSHQLQJV� GXULQJ� SKRQDWLRQ�� ZH� H[SHFW� WR� ILQG� OHVV
SDUDPHWHU� YDULDWLRQ� DPRQJ�PDOH� VSHDNHUV�� LQ� DGGL�
WLRQ� WR�VLJQLILFDQW�GLIIHUHQFHV� LQ�PHDQ�YDOXHV��ZKHQ
FRPSDUHG�ZLWK�WKH�UHVXOWV�IURP�IHPDOHV��7KH�GDWD�DUH
FRQVLVWHQW�ZLWK�WKRVH�H[SHFWDWLRQV��7KH�DYHUDJH�YDO�
XHV� RI� WKH� DFRXVWLF� SDUDPHWHUV� ZHUH� VLJQLILFDQWO\
ORZHU�IRU�PDOHV�WKDQ�IRU�IHPDOHV��$OWKRXJK�WKHUH�DUH
LQGLYLGXDO�GLIIHUHQFHV�DPRQJ�WKH�PDOH�VSHDNHUV��WKH
YDULDWLRQ� LV� VPDOOHU� WKDQ� WKDW� DPRQJ� IHPDOH� VSHDN�
HUV�� 7KHVH� GLIIHUHQFHV� LQ� PHDQ� DQG� YDULDWLRQ� DUH
VWURQJHU� IRU� VRPH�SDUDPHWHUV� WKDQ� IRU�RWKHUV��6HY�
HUDO�RI�WKH�VXEMHFWV�GLVSOD\HG�HYLGHQFH�RI�D�VHFRQG�
DU\�H[FLWDWLRQ��SRVVLEO\� RFFXUULQJ� DW� JORWWDO� RSHQLQJ�
ZKLFK� ZDV� QRW� HYLGHQW� LQ� WKH� GDWD� IURP� WKH� IHPDOH
VSHDNHUV�� 7KLV� REVHUYDWLRQ� LV�DOVR� LQ� OLQH�ZLWK� JHQ�
GHU�EDVHG�GLIIHUHQFHV�LQ�JORWWDO�FRQILJXUDWLRQ�

,Q� D� IXUWKHU� DWWHPSW� WR� YHULI\� WKH� FRUUHODWLRQ� DPRQJ
WKH� DFRXVWLF�PHDVXUHV� DQG� DFWXDO� JORWWDO� FRQILJXUD�
WLRQV�� LPDJHV� RI� WKH� YRFDO� IROGV� GXULQJ� SKRQDWLRQ
ZHUH� FROOHFWHG� LQ� FROODERUDWLRQ� ZLWK� WKH� 5HVHDUFK
,QVWLWXWH� IRU� /RJRSHGLFV� DQG� 3KRQLDWULFV� DW� 7RN\R
8QLYHUVLW\��7KH�LPDJHV�ZHUH�REWDLQHG�XVLQJ�DQ�HQGR�
VFRSH� DQG� ZHUH� UHFRUGHG� YLD� D� KLJK�VSHHG� GLJLWDO
LPDJLQJ�V\VWHP��$V�ZLWK�WKH�HDUOLHU�ILEHUVFRSLF�GDWD�
SUHOLPLQDU\� DQDO\VLV� VXJJHVWV� WKDW� IHPDOH� VSHDNHUV
ZLWK� UHODWLYHO\� ODUJH� SRVWHULRU� JORWWDO� RSHQLQJV� DOVR
KDYH�UHODWLYHO\�ODUJH�GHJUHHV�RI�VSHFWUDO�WLOW�DQG�ZLGHU
ILUVW�IRUPDQW�EDQGZLGWKV�

����� &XHV�IRU�&RQVRQDQW�9RLFLQJ�IRU�
3RVWYRFDOLF�&RQVRQDQWV��7KH�:ULWHU�
5LGHU�'LVWLQFWLRQ

,W�LV�JHQHUDOO\�DVVXPHG�WKDW�WKH�YRLFLQJ�GLVWLQFWLRQ�RI
WKH�DOYHRODU�FRQVRQDQW� LQ�ZULWHU�YHUVXV� ULGHU� LV�QHX�
WUDOL]HG�LQ�WKH�IODS��EXW�WKDW�WKH�GLVWLQFWLRQ�LV�FXHG�E\
WKH� GXUDWLRQ� RI� WKH� SUHFHGLQJ� YRZHO�� $V� SDUW� RI� D
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355

  Chapter 1.  Speech Communication

ODUJHU�VWXG\�RI�WKH�YRLFLQJ�GLVWLQFWLRQ�IRU�FRQVRQDQWV�
ZH�KDYH�EHHQ�H[DPLQLQJ�LQ�GHWDLO�WKH�DFRXVWLF�FKDU�
DFWHULVWLFV�RI� WKH�VWUHVVHG�YRZHO�DQG� WKH�FRQVRQDQW
LQ�FRQWUDVWLQJ�ZRUGV�OLNH�ZULWHU�ULGHU��GRXJKW\�GRZG\�
ULFLQJ�ULVLQJ��HWF���SURGXFHG�E\�VHYHUDO�WDONHUV��,Q�WKH
FDVH�RI�ZULWHU�ULGHU��WKH�PHDVXUHG�DFRXVWLF�DWWULEXWHV
LQFOXGH�YRZHO�OHQJWK��WLPH�FRXUVH�RI�WKH�ILUVW�WZR�IRU�
PDQWV�LQ�WKH�YRZHO��DQG�FHUWDLQ�DFRXVWLF�SURSHUWLHV�RI
WKH�EXUVW��$Q�XQH[SHFWHG�ILQGLQJ�ZDV�WKDW�WKH�WUDMHF�
WRULHV�RI�WKH�IRUPDQWV�RI�WKH�GLSKWKRQJ�ZHUH�GLIIHUHQW
IRU� WKH� WZR� ZRUGV�� 7KH� RIIJOLGH� RI� WKH� GLSKWKRQJ
WRZDUG��L��ZDV�PRUH�H[WUHPH�IRU�ZULWHU�WKDQ�IRU�ULGHU�
WKDW�LV��WKH�ILUVW�IRUPDQW�IUHTXHQF\�ZDV�ORZHU�DQG�WKH
VHFRQG� IRUPDQW� IUHTXHQF\� ZDV� KLJKHU� LPPHGLDWHO\
SUHFHGLQJ�WKH�IODS�IRU�ZULWHU�WKDQ�IRU�ULGHU��$�SHUFHS�
WLRQ�H[SHULPHQW�ZDV�SUHSDUHG�ZLWK�V\QWKHVL]HG�YHU�
VLRQV� RI� WKHVH� ZRUGV�� LQ� ZKLFK� WKH� RIIJOLGHV� RI� WKH
IRUPDQWV�ZHUH�V\VWHPDWLFDOO\�YDULHG��7KLV�H[SHULPHQW
YHULILHG� WKDW� OLVWHQHUV� XVHG� WKHVH� RIIJOLGHV� WR� GLVWLQ�
JXLVK�EHWZHHQ�ZULWHU�DQG�ULGHU�

2QH� LQWHUSUHWDWLRQ� RI� WKLV� UHVXOW� LV� WKDW� WKH� PRUH
H[WUHPH�YRZHO�RIIJOLGH�IRU�ZULWHU�LV�D�PDQLIHVWDWLRQ�RI
D�PRUH�H[WUHPH�SKDU\Q[�H[SDQVLRQ��FUHDWLQJ�D�FRQGL�
WLRQ�WKDW�SUHYHQWV�IXUWKHU�H[SDQVLRQ�GXULQJ�WKH�IROORZ�
LQJ� FRQVRQDQW�� 6LQFH� H[SDQVLRQ� RI� WKH� YRFDO�WUDFW
YROXPH�LV�D�SUHUHTXLVLWH�IRU�D�YRLFHG�REVWUXHQW�FRQ�
VRQDQW�� WKHQ� WKH� PRUH� H[WUHPH� RIIJOLGH� FUHDWHV� D
FRQGLWLRQ� WKDW� LQKLELWV� YRLFLQJ� GXULQJ� WKH�FRQVRQDQW�
)RU�ULGHU��WKH�SKDU\QJHDO�H[SDQVLRQ�LQ�WKH�RIIJOLGH�LV
OHVV�H[WUHPH��DQG�WKHUH�LV�URRP�IRU�IXUWKHU�H[SDQVLRQ
LQ� WKH�FRQVRQDQW��6LPLODU�SDWWHUQV� IRU� WKH�YRZHO�RII�
JOLGH�DUH�DOVR�REVHUYHG�IRU�SDLUV�OLNH�ULFLQJ�ULVLQJ�DQG
GRXJKW\�GRZG\��7KLV�PHWKRG�RI�HQKDQFLQJ� WKH�YRLF�
LQJ�FRQWUDVW�IRU�SRVWYRFDOLF�REVWUXHQW�FRQVRQDQWV�FDQ
DSSDUHQWO\�EH�DGGHG�WR�WKH�LQYHQWRU\�RI�FXHV�IRU�YRLF�
LQJ�LQ�VXFK�FRQVRQDQWV�

����� %XUVW�DQG�)RUPDQW�7UDQVLWLRQ�&XH�
,QWHJUDWLRQ�DQG�6SHFWUDO�$V\QFKURQ\�
3HUFHSWLRQ�LQ�6WRS�&RQVRQDQW�
3HUFHSWLRQ

7ZR� SULPDU\� FXHV�� IRUPDQW� WUDQVLWLRQV� DQG� EXUVW
FXHV��KDYH�EHHQ�LPSOLFDWHG�LQ�WKH�SHUFHSWLRQ�RI�VWRS
FRQVRQDQWV�� +RZHYHU�� WKH� H[DFW� QDWXUH� RI� WKHVH
FXHV�� DQG� KRZ� WKH\� DUH� LQWHJUDWHG�� UHPDLQV
XQNQRZQ��7KLV�VWXG\�LQYHVWLJDWHG�WKH�LQWHUDFWLRQ�DQG
UHSUHVHQWDWLRQ� RI� WKHVH� FXHV� WKURXJK� WZR� H[SHUL�
PHQWV�

,Q� WKH� ILUVW� H[SHULPHQW�� OLVWHQHUV� LGHQWLILHG� V\QWKHWLF
V\OODEOH�LQLWLDO�FRQVRQDQW�YRZHO��&9��VWLPXOL�LQ�ZKLFK
WKH� VHFRQG� �)��� DQG� WKLUG� IRUPDQW� �)��� WUDQVLWLRQV�

DQG� WKH� EXUVW� ZHUH� LQGHSHQGHQWO\� YDULHG� LQ� ERWK� D
IURQW� YRZHO� ��ε��� DQG� EDFN� YRZHO� �� ��� FRQWH[W�� 7KH
UHVXOWLQJ� LGHQWLILFDWLRQ� VXUIDFH� VKRZV� VLPLODULWLHV
DFURVV�WKH�IRXU�VXEMHFWV�WHVWHG��:KHQ�WKHUH�ZDV�QR
EXUVW�FXH��PRVW�OLVWHQHUV�ZHUH�UHOLDEO\�DEOH�WR�LGHQWLI\
�E��G��LQ�WKH�EDFN�YRZHO�FRQWH[W�DQG��E��J��LQ�WKH�IURQW
YRZHO�FRQWH[W��DQG��PRVW�OLVWHQHUV�KDG�D�GLIILFXOW�WLPH
LGHQWLI\LQJ��J�� LQ� WKH�EDFN�YRZHO�FRQWH[W��DQG�KDOI�RI
WKH� OLVWHQHUV�KDG�GLIILFXOW\� LGHQWLI\LQJ� �G�� LQ� WKH� IURQW
YRZHO�FRQWH[W��:LWK� WKH�DGGLWLRQ�RI� WKH�EXUVW�� OLVWHQ�
HUV¶� SHUFHSWV� ZHUH� PRUH� FRQVLVWHQW� DQG� VKRZHG� D
WUDGLQJ� UHODWLRQ� EHWZHHQ� WKH� EXUVW� FXH� DQG� WKH� IRU�
PDQW�WUDQVLWLRQ�FXH��HVSHFLDOO\�IRU��G��J���,Q�WKH�EDFN
YRZHO� FRQWH[W�� WKH� LQIOXHQFH� RI� WKH� EXUVW� ZDV� WR
LQFUHDVH��J ��UHVSRQVHV�IRU� IRUPDQW� WUDQVLWLRQV�FRU�
UHVSRQGLQJ� WR� D� �J �� SHUFHSW�� DQG� LQFUHDVH� �J �
UHVSRQVHV�IRU�IRUPDQW�WUDQVLWLRQV�FRUUHVSRQGLQJ�WR�D
�G ��SHUFHSW�ZKHQ�WKH�EXUVW�IUHTXHQF\�LV�FORVH�WR�)�
�QHDU� �����+]��� ,Q� DGGLWLRQ�� IRU� D� KLJK� EXUVW� FHQWHU
IUHTXHQF\��PRVW�VXEMHFWV�WHQGHG�WR�KHDU��G ��HYHQ�LI
WKH� IRUPDQW� WUDQVLWLRQV�FRUUHVSRQGHG� WR�D� �J �� SHU�
FHSW�� ,Q� WKH� IURQW�YRZHO�FRQWH[W�� WZR�RI� WKH�VXEMHFWV
VKRZHG�OLWWOH�LQIOXHQFH�RI�WKH�EXUVW��7KH�RWKHU�WZR�OLV�
WHQHUV�VKRZHG�D�WUDGLQJ�UHODWLRQVKLS�EHWZHHQ��G��DQG
�J��ZKHQ�WKH�EXUVW�ZDV�QHDU������+]��L�H���QHDU�)��

%DVHG�RQ�WKH�LGHQWLILFDWLRQ�VXUIDFHV��LW�ZDV�K\SRWKH�
VL]HG�WKDW�WKH�EXUVW�FHQWHU�IUHTXHQF\�LV�OHVV�FULWLFDO�WR
LGHQWLILFDWLRQ� WKDQ� ZKLFK� IRUPDQW� WKH� EXUVW� LV� QHDU�
H�J���)���7KXV��D�VHFRQG�H[SHULPHQW�ZDV�SHUIRUPHG
XVLQJ�EXUVWOHVV��& ��VWLPXOL�LQ�ZKLFK�WKH�)��WUDQVLWLRQ
ZDV�YDULHG��,Q�DGGLWLRQ��WKH�VWLPXOL�HLWKHU�KDG�RQH�IRU�
PDQW�VWDUW�SULRU� WR� WKH�RWKHU� IRUPDQWV�RU�KDG�DOO� IRU�
PDQWV�VWDUW�DW�WKH�VDPH�WLPH��7KH�UHVXOWV�VKRZ�WKDW
ZKHQ�)��VWDUWHG�SULRU�WR�WKH�RWKHU�IRUPDQWV��OLVWHQHUV
LGHQWLILHG�DOO�VWLPXOL�DV��J ��HYHQ�WKRXJK�WKH�IRUPDQW
WUDQVLWLRQ� FXH� FRUUHVSRQGHG� WR� �E �� RU� �G ��� +RZ�
HYHU��LI�)��VWDUWHG�DKHDG�RI�WKH�RWKHU�VWLPXOL��WKHQ�OLV�
WHQHUV� EDVHG� WKHLU� LGHQWLILFDWLRQ� SULPDULO\� RQ� WKH
IRUPDQW� WUDQVLWLRQ�FXH��/LVWHQHUV�DSSHDU� WR�EH� LQWHU�
SUHWLQJ�WKH�EXUVW�DV�D�IRUPDQW�WKDW�VWDUWV�SULRU�WR�WKH
RWKHU� IRUPDQWV�� L�H��� D� �OHDGLQJ�� IRUPDQW�� 7KXV�� WKH
UHVXOWV� VXJJHVW� WKDW� OLVWHQHUV� LGHQWLI\� VWRS� FRQVR�
QDQWV� EDVHG� RQ� VSHFWUDO� DV\QFKURQ\� LQ� FRQMXQFWLRQ
ZLWK�IRUPDQW�WUDQVLWLRQ�FXHV�

����� $�/RQJLWXGLQDO�6WXG\�RI�6SHHFK�
3URGXFWLRQ

0HDVXUHPHQWV�KDYH�EHHQ�PDGH�RQ�D�FRUSXV�RI�ELV\O�
ODELF� QRQVHQVH� XWWHUDQFHV� VSRNHQ� E\� WKUHH� DGXOW
PDOH� WDONHUV� RQ� WZR� RFFDVLRQV� VHSDUDWHG� E\� ��
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\HDUV�� 7KH� ����� DQG� ����� UHFRUGLQJV� ZHUH� SUR�
FHVVHG�VLPLODUO\�VR�WKDW�FRPSDULVRQV�FRXOG�EH�PDGH
GLUHFWO\�� )RU� WKH� YRZHOV�� SURSHUWLHV� LQFOXGHG� PHD�
VXUHV� RI� VSHFWUXP� WLOW�� IRUPDQW� IUHTXHQFLHV�� IXQGD�
PHQWDO� IUHTXHQF\�� DQG� GXUDWLRQ�� &RQVRQDQWDO
PHDVXUHV� LQFOXGHG� GXUDWLRQV�� VSHFWUD� RI� IULFDWLRQ
QRLVH�IRU�VWRS�EXUVWV�DQG�IULFDWLYHV��VSHFWUD�RI�DVSLUD�
WLRQ�QRLVH�IRU�YRLFHOHVV�VWRS�FRQVRQDQWV��DQG�VSHFWUD
RI� QDVDO� FRQVRQDQWV� DQG� RI� WKH� DGMDFHQW� QDVDOL]HG
YRZHOV��,Q�LQIRUPDO�OLVWHQLQJ�WHVWV��VXEMHFWV�ZHUH�SUH�
VHQWHG�ZLWK� XWWHUDQFHV� IURP� WKH� WZR� UHFRUGLQJ� VHV�
VLRQV�DQG�DVNHG�WR�GHWHUPLQH�ZKLFK�XWWHUDQFHV�ZHUH
PDGH�E\�WKH�ROGHU�VSHDNHUV�

)RU� WKH�PRVW�SDUW�� WKH�DFRXVWLF�SURSHUWLHV� UHPDLQHG
UHPDUNDEO\�VWDEOH�RYHU�WKH����\HDU�LQWHUYDO��7KH�VWD�
EOH� SURSHUWLHV� LQFOXGHG� YRZHO� DQG� FRQVRQDQW� GXUD�
WLRQV� DQG� YRZHO� IRUPDQW� IUHTXHQFLHV�� 7KH
IXQGDPHQWDO�IUHTXHQF\�LQFUHDVHG�E\�D�VPDOO�EXW�FRQ�
VLVWHQW�DPRXQW�IRU�DOO�WDONHUV����WR���+]���7ZR�WDONHUV
VKRZHG� D� VLJQLILFDQW� GHFUHDVH� LQ� KLJK� IUHTXHQF\
DPSOLWXGH� IRU� YRZHOV�� VXJJHVWLQJ� D� UHGXFWLRQ� LQ� WKH
DEUXSWQHVV�RI�WKH�JORWWDO�VRXUFH�DW�WKH�WLPH�RI�JORWWDO
FORVXUH�GXULQJ�SKRQDWLRQ��)RU�DOO�WDONHUV�WKHUH�ZDV�D
UHGXFWLRQ� LQ� KLJK�IUHTXHQF\� DPSOLWXGH� RI� DVSLUDWLRQ
QRLVH� LQ� YRLFHOHVV� DVSLUDWHG� VWRS� FRQVRQDQWV�� 2QH
WDONHU� DOVR� VKRZHG� D� UHGXFWLRQ� ���� G%� RU� PRUH�� LQ
KLJK� IUHTXHQF\� DPSOLWXGH� RI� IULFDWLRQ� QRLVH� LQ� WKH

WRQJXH�EODGH�FRQVRQDQWV� �G��� �V���DQG� � ���6SHFWUXP
PHDVXUHPHQWV�LQ�QDVDO�FRQVRQDQWV�LQGLFDWHG�WKDW�IRU
RQH�WDONHU�WKHUH�ZHUH�FKDQJHV�LQ�WKH�DFRXVWLF�SURSHU�
WLHV� RI� WKH� QDVDO� FDYLW\� EHWZHHQ� WKH� WZR� UHFRUGLQJ
WLPHV��/LVWHQHUV�ZHUH�VRPHZKDW�LQFRQVLVWHQW�LQ�MXGJ�
LQJ�ZKLFK�XWWHUDQFHV�ZHUH�SURGXFHG�DW�WKH�ODWHU�DJH�
EXW�ZHUH�PRUH�VXFFHVVIXO�LQ�PDNLQJ�WKLV�MXGJPHQW�IRU
WKH�WDONHUV�ZKR�VKRZHG�DQ�LQFUHDVHG�VSHFWUDO�WLOW�ZLWK
DJH�

7KH�QXPEHU�RI�WDONHUV�LV��RI�FRXUVH��WRR�VPDOO�WR�SUR�
YLGH�UHOLDEOH�GDWD�RQ�FKDQJHV�LQ�WKH�DFRXVWLF�FKDUDF�
WHULVWLFV� RI� VSHHFK� ZLWK� DJH�� 7KH� GDWD� GR� VKRZ�
KRZHYHU�� WKDW� ODUJH� LQGLYLGXDO� GLIIHUHQFHV� FDQ� EH
H[SHFWHG�LQ�WKH�DWWULEXWHV�WKDW�XQGHUJR�FKDQJH��DQG
LQ�WKH�DPRXQW�RI�FKDQJH�RI�WKHVH�DWWULEXWHV��,W�VKRXOG
DOVR�EH�QRWHG�WKDW�IRU�WKH�WKUHH�WDONHUV�DWWULEXWHV�VXFK
DV�GXUDWLRQ�SDWWHUQV��IXQGDPHQWDO�IUHTXHQF\��DQG�IRU�
PDQW�IUHTXHQFLHV�ZHUH�TXLWH�GLIIHUHQW��DQG�WKHVH�GLI�
IHUHQFHV� WKDW� ZHUH� XQLTXH� WR� WKH� WDONHUV� GLG� QRW
FKDQJH�RYHU�WKH����\HDU�SHULRG�

����� 0(*�6WXGLHV�RI�9RZHO�3URFHVVLQJ�LQ�
$XGLWRU\�&RUWH[

,Q�FROODERUDWLYH�UHVHDUFK�EHWZHHQ�0,7��WKH�8QLYHUVLW\
RI�'HODZDUH��8QLYHUVLW\�RI�0DU\ODQG��DQG�WKH�8QLYHU�
VLW\� RI�&DOLIRUQLD�� 6DQ� )UDQFLVFR�� WKH� EUDLQ� LPDJLQJ
WHFKQLTXH�PDJQHWRHQFHSKDORJUDSK\��0(*��LV�EHLQJ
XVHG� WR� GHWHUPLQH� ZKLFK� DWWULEXWHV� RI� YRZHOV� JLYH
ULVH�WR�GLVWLQFWLYH�UHVSRQVHV�LQ�DXGLWRU\�FRUWH[��3UHYL�
RXVO\�� LW� ZDV� K\SRWKHVL]HG� WKDW� WKH�0���� ODWHQF\²
WKH� SHDN� QHXURPDJQHWLF� DFWLYLW\� WKDW� RFFXUV� DW
DSSUR[LPDWHO\�����PV�DIWHU�WKH�VWLPXOXV�RQVHW²ZDV
D�IXQFWLRQ�RI�WKH�ILUVW�IRUPDQW�IUHTXHQF\��)���DQG�QRW
WKH�IXQGDPHQWDO�IUHTXHQF\��)����7KLV�K\SRWKHVLV�ZDV
GHULYHG� IURP� WKUHH�IRUPDQW� YRZHOV�� VLQJOH�IRUPDQW
YRZHOV�� DQG� WZR�WRQH� FRPSOH[HV� WKDW� PDWFKHG� )�
DQG�)��LQ�WKH�VLQJOH�IRUPDQW�YRZHOV�

,Q� ������5DJRXW� DQG� /H3DXO�(UFROH� SUHVHQWHG� WZR�
IRUPDQW�YRZHOV�WR�VXEMHFWV�DQG�IRXQG�WKDW�WKH�0���
ODWHQF\�WUDFNHG�WKH�IXQGDPHQWDO� IUHTXHQF\��)���DQG
QRW�)���+RZHYHU�� WKHLU�VWLPXOL�GLG�QRW�PDWFK�QRUPDO
VSHHFK�� WKH\�XVHG�VWLPXOL� LQ�ZKLFK� WKH�DPSOLWXGH�RI
)��ZDV����G%�JUHDWHU�WKDQ�WKH�DPSOLWXGH�RI�)���OHDG�
LQJ� WR� D� �GXFN�OLNH�� VRXQG�� ,Q� RUGHU� WR� UHFRQFLOH
5DJRXW� DQG� /H3DXO�(UFROH¶V� UHVXOWV� ZLWK� WKH� DIRUH�
PHQWLRQHG�UHVXOWV��D�VHW�RI� WZR�IRUPDQW�YRZHOV�ZLWK
YDU\LQJ� IRUPDQW� DPSOLWXGHV� ZDV� SUHVHQWHG� WR� VXE�
MHFWV��3UHOLPLQDU\�UHVXOWV�LQGLFDWH�WKDW�ZKHQ�WKH�VHF�
RQG�IRUPDQW�DPSOLWXGH�EHFRPHV�JUHDWHU�WKDQ�WKH�ILUVW
IRUPDQW� DPSOLWXGH� E\� �� G%�� WKH� 0���� QR� ORQJHU
WUDFNV� )�� EXW� WUDFNV� )��� 7KXV�� WKH� 0���� ODWHQF\
VKLIWV�IURP�WUDFNLQJ�)��WR�)��DV�WKH�DPSOLWXGH�RI�)�
EHFRPHV� JUHDWHU� WKDQ� )��� L�H��� DV� WKH� VWLPXOL
EHFRPHV� OHVV� VSHHFKOLNH�� )XWXUH� H[SHULPHQWV� DUH
SODQQHG� WR� GHWHUPLQH� LI� WKLV� UHVXOW� LV� SURYLGLQJ� HYL�
GHQFH�IRU�D�VSHFLDO�VSHHFK�SURFHVVLQJ�PRGXOH�LQ�WKH
EUDLQ�

����� 6\QWKHVLV�RI�+LQGL

$�FROODERUDWLYH�SURMHFW�RQ�UXOH�JHQHUDWHG�V\QWKHVLV�RI
+LQGL� VSHHFK� KDV� EHHQ� LQLWLDWHG� ZLWK� WKH� &HQWUDO
(OHFWURQLFV�(QJLQHHULQJ�5HVHDUFK� ,QVWLWXWH� �&((5,�
&HQWHU�LQ�1HZ�'HOKL��XQGHU�VXSSRUW�IURP�WKH�'LYLVLRQ
RI� ,QWHUQDWLRQDO� 3URJUDPV� RI� WKH� 1DWLRQDO� 6FLHQFH
)RXQGDWLRQ�� 7KH� SURMHFW� DW� &((5,� KDV� OHG� WR� WKH
GHYHORSPHQW�RI� DQ� LQYHQWRU\�RI�+LQGL� V\OODEOHV�V\Q�
WKHVL]HG�ZLWK�D�.ODWW�IRUPDQW�V\QWKHVL]HU��DQG�WKH�IRU�
PXODWLRQ�RI�SURFHGXUHV�IRU�FRQFDWHQDWLQJ�WKH�FRQWURO
SDUDPHWHUV�IRU�WKHVH�V\OODEOHV�WR�SURGXFH�FRQWLQXRXV
XWWHUDQFHV��6RPH� FROODERUDWLRQ� LQ� WKH� ILQH�WXQLQJ�RI

V
∨
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WKH�V\OODEOHV�DQG�LQ� WKH�IRUPXODWLRQ�RI�UXOHV�IRU� LQWR�
QDWLRQ�KDV�EHHQ�SURYLGHG�E\�WKH�6SHHFK�&RPPXQL�
FDWLRQ�JURXS�

����� 0RGHOLQJ�DQG�6\QWKHVLV�RI�/DWHUDO�
&RQVRQDQW��O�

7KH� ODWHUDO� FRQVRQDQW� LQ� (QJOLVK� LV� JHQHUDOO\� SUR�
GXFHG�ZLWK�D�EDFNHG�WRQJXH�ERG\��D�PLGOLQH�FORVXUH
RI�WKH�WRQJXH�EODGH�DW�WKH�DOYHRODU�ULGJH��DQG�D�SDWK
DURXQG�RQH�RU�ERWK�RI�WKH�ODWHUDO�HGJHV�RI�WKH�WRQJXH
EODGH�� ,Q�SUH�YRFDOLF� ODWHUDO�FRQVRQDQWV�� WKH�UHOHDVH
RI� WKH�FORVXUH�FDXVHV�D�GLVFRQWLQXLW\� LQ� WKH�VSHFWUDO
FKDUDFWHULVWLFV�RI�WKH�VRXQG��3DVW�DWWHPSWV�WR�V\QWKH�
VL]H� V\OODEOH�LQLWLDO� ODWHUDO� FRQVRQDQWV� XVLQJ� IRUPDQW
FKDQJHV� DORQH� WR� UHSUHVHQW� WKH� GLVFRQWLQXLW\� KDYH
QRW� EHHQ� HQWLUHO\� VDWLVIDFWRU\�� 'DWD� IURP� SULRU
UHVHDUFK�KDYH�VKRZQ�UDSLG�FKDQJHV�QRW�RQO\� LQ� WKH
IRUPDQW� IUHTXHQFLHV� EXW� DOVR� LQ� WKH� JORWWDO� VRXUFH
DPSOLWXGH�DQG�VSHFWUXP�DQG�LQ�WKH�DPSOLWXGHV�RI�WKH
IRUPDQW�SHDNV�DW� WKH�FRQVRQDQW�UHOHDVH��1HZ�PHD�
VXUHPHQWV� RI� WKHVH� SDUDPHWHUV� KDYH� EHHQ� PDGH
IURP�DGGLWLRQDO�UHFRUGLQJV�RI�D�QXPEHU�RI�VSHDNHUV�
7KH�PHDVXUHPHQWV�KDYH�EHHQ�JXLGHG�E\�PRGHOV�RI
ODWHUDO�FRQVRQDQW� SURGXFWLRQ�� %DVHG� RQ� WKHVH� GDWD�
QHZ� DWWHPSWV� RI� V\QWKHVLV� KDYH� LQFRUSRUDWHG
FKDQJHV� LQ� VRXUFH�DPSOLWXGHV�� IRUPDQW�EDQGZLGWKV�
DQG�WKH� ORFDWLRQ�RI�D�SROH�]HUR�SDLU�� ,QFOXGLQJ�WKHVH
DGGLWLRQDO� SDUDPHWHUV� LPSURYHV� WKH� QDWXUDOQHVV� RI
WKH�V\QWKHVL]HG� ODWHUDO�YRZHO� V\OODEOHV� LQ� LQLWLDO� SHU�
FHSWLRQ�WHVWV�

����� 0RGHOLQJ�DQG�6\QWKHVLV�RI�1DVDO�
&RQVRQDQWV

'XULQJ�WKH�SURGXFWLRQ�RI�QDVDO�FRQVRQDQWV��WKH�WUDQV�
IHU� IXQFWLRQ� RI� WKH� YRFDO� WUDFW� FRQWDLQV� ]HURV� DQG
SROHV�ZLWK�FHUWDLQ�EDQGZLGWKV�DQG�IUHTXHQFLHV�ZKLFK
FKDQJH�DV�D�IXQFWLRQ�RI�WLPH��:H�DUH�WU\LQJ�WR�UHILQH
WKH� WKHRU\� UHODWHG� WR� KRZ� WKHVH� YDOXHV� FKDQJH��$Q
REMHFWLYH�LV�WR�GHYHORS�LPSURYHG�PHWKRGV�IRU�V\QWKH�
VL]LQJ�WKHVH�FRQVRQDQWV²PHWKRGV�ZKLFK�DUH�FRQVLV�
WHQW�ZLWK� WKH�WKHRU\��6RPH�DQDO\VLV�RI� WKH�VSHFWUXP
FKDQJHV� LQ� XWWHUDQFHV� RI� LQWHUYRFDOLF� QDVDO� FRQVR�
QDQWV� KDV� EHHQ� FDUULHG� RXW�� DQG� WKHVH� GDWD� KDYH
EHHQ� XVHG� WR� UHILQH� WKH� SDUDPHWHUV� IRU� QXPHULFDO
VLPXODWLRQ� RI�PRGHOV� RI� WKH� YRFDO� DQG� QDVDO� WUDFWV�
6\QWKHVLV�RI�VRPH�EULHI�XWWHUDQFHV�ZDV�FDUULHG�RXW�
EDVHG�RQ� WKHVH� VLPXODWLRQV�� 7KH� V\QWKHVL]HG�XWWHU�
DQFHV�VRXQGHG�EHWWHU�WKDQ�V\QWKHVLV�GRQH�XVLQJ�RQO\
WKH�ROG�PHWKRGV��0RUH�ZRUN� LV�EHLQJ�GRQH�WR�GHWHU�
PLQH� ZKDW� DFRXVWLF� FKDUDFWHULVWLFV� RI� QDVDO� FRQVR�

QDQWV� DUH� SHUFHSWXDOO\� LPSRUWDQW�� VR� WKDW� IRFXV� FDQ
EH�GLUHFWHG�WR�RQO\�WKH�DVSHFWV�RI�WKH�WKHRU\�WKDW�DUH
PRVW�VDOLHQW����

��� 6WXGLHV�RI�1RUPDO�6SHHFK�
3URGXFWLRQ

����� ([SHULPHQWDO�6WXGLHV�5HODWLQJ�WR�
6SHHFK�&ODULW\��5DWH��DQG�(FRQRP\�RI�
(IIRUW

&ODULW\�9HUVXV�(FRQRP\�RI�(IIRUW�LQ�6SHHFK�
3URGXFWLRQ�,��$�3UHOLPLQDU\�6WXG\�RI�,QWHU�
VXEMHFW�'LIIHUHQFHV�DQG�0RGHOLQJ�,VVXHV

7KLV�VWXG\�H[SORUHV�WKH�LGHD�WKDW�FOHDU�VSHHFK�LV�SUR�
GXFHG� ZLWK� JUHDWHU� �DUWLFXODWRU\� HIIRUW�� WKDQ� QRUPDO
VSHHFK��.LQHPDWLF�DQG�DFRXVWLF�GDWD�ZHUH�JDWKHUHG
IURP� VHYHQ� VXEMHFWV� DV� WKH\� SURQRXQFHG� PXOWLSOH
UHSHWLWLRQV�RI�XWWHUDQFHV� LQ�GLIIHUHQW�VSHDNLQJ�FRQGL�
WLRQV�� LQFOXGLQJ� QRUPDO�� IDVW�� FOHDU� DQG� VORZ�� 'DWD
ZHUH� DQDO\]HG� ZLWKLQ� D� IUDPHZRUN� EDVHG� RQ� D
G\QDPLFDO� PRGHO� RI� VLQJOH�D[LV� IULFWLRQOHVV� PRYH�
PHQWV��LQ�ZKLFK�SHDN�PRYHPHQW�VSHHG�LV�XVHG�DV�D
UHODWLYH�PHDVXUH�RI�DUWLFXODWRU\�HIIRUW��7KHUH�ZHUH�GLI�
IHUHQFHV� LQ� SHDN� PRYHPHQW� VSHHG�� GLVWDQFH� DQG
GXUDWLRQ� DPRQJ� WKH� FRQGLWLRQV� DQG� DPRQJ� WKH
VSHDNHUV�� 7KUHH� VSHDNHUV� SURGXFHG� �FOHDU�� XWWHU�
DQFHV�ZLWK�PRYHPHQWV�WKDW�KDG�ODUJHU�GLVWDQFHV�DQG
GXUDWLRQV�WKDQ�WKRVH�IRU��QRUPDO��XWWHUDQFHV��$QDO\�
VHV� RI� WKHVH� GDWD� ZLWKLQ� D� SHDN� VSHHG�� GLVWDQFH�
GXUDWLRQ� �SHUIRUPDQFH� VSDFH�� LQGLFDWHG� LQFUHDVHG
HIIRUW� �UHIOHFWHG� LQ� JUHDWHU� SHDN� VSHHG�� LQ� WKH� FOHDU
FRQGLWLRQ� IRU� WKH� WKUHH� VSHDNHUV�� 7KH� UHPDLQLQJ
VSHDNHUV�XVHG�RWKHU�FRPELQDWLRQV�RI�SDUDPHWHUV� WR
SURGXFH�WKH�FOHDU�FRQGLWLRQ��7KH�YDOLGLW\�RI�WKH�VLPSOH
G\QDPLFDO�PRGHO�IRU�DQDO\]LQJ�WKHVH�FRPSOH[�PRYH�
PHQWV� ZDV� FRQVLGHUHG� E\� H[DPLQLQJ� VHYHUDO� DGGL�
WLRQDO� SDUDPHWHUV�� 6RPH� PRYHPHQW� FKDUDFWHULVWLFV
GHSDUWHG� IURP� WKRVH� UHTXLUHG� IRU� WKH� PRGHO�EDVHG
DQDO\VLV� SUHVXPDEO\� EHFDXVH� WKH� DUWLFXODWRUV� DUH
VWUXFWXUDOO\� FRPSOLFDWHG� DQG� LQWHUDFW� ZLWK� RQH
DQRWKHU� PHFKDQLFDOO\�� 0RUH� UHILQHG� WHVWV� RI� FRQWURO
VWUDWHJLHV�IRU�GLIIHUHQW�VSHDNLQJ�VW\OHV�ZLOO�GHSHQG�RQ
IXWXUH�DQDO\VHV�RI�PRUH�FRPSOLFDWHG�PRYHPHQWV�ZLWK
PRUH�UHDOLVWLF�PRGHOV�
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&ODULW\�9HUVXV�(FRQRP\�RI�(IIRUW�LQ�6SHHFK�
3URGXFWLRQ�,,��.LQHPDWLF�3HUIRUPDQFH�
6SDFHV�IRU�&\FOLFDO�DQG�6SHHFK�0RYHPHQWV

7KLV�VWXG\�ZDV�GHVLJQHG� WR� WHVW� WKH�K\SRWKHVLV� WKDW
WKH� NLQHPDWLF� PDQLSXODWLRQV� XVHG� E\� VSHDNHUV� WR
FRQWURO� FODULW\� DUH� LQIOXHQFHG� E\� NLQHPDWLF� SHUIRU�
PDQFH�OLPLWV��$�UDQJH�RI�NLQHPDWLF�SDUDPHWHU�YDOXHV
ZDV�HOLFLWHG�E\�KDYLQJ�WKH�VDPH�VHYHQ�VXEMHFWV�SUR�
GXFH� F\FOLFDO� &9� PRYHPHQWV� RI� OLSV�� WRQJXH� EODGH
DQG�WRQJXH�GRUVXP���E ����G ����J ����DW�UDWHV�UDQJ�
LQJ� IURP� �� WR� �� +]�� 7KH� UHVXOWLQJ� PHDVXUHV� ZHUH
XVHG� WR� HVWDEOLVK� VSHDNHU�� DQG� DUWLFXODWRU�VSHFLILF
NLQHPDWLF� SHUIRUPDQFH� VSDFHV�� GHILQHG� E\� PRYH�
PHQW�GXUDWLRQ��GLVSODFHPHQW��DQG�SHDN�VSHHG��7KHVH
GDWD� ZHUH� FRPSDUHG� ZLWK� VSHHFK� PRYHPHQW� GDWD
SURGXFHG�E\�WKH�VXEMHFWV�LQ�VHYHUDO�GLIIHUHQW�VSHDN�
LQJ�FRQGLWLRQV�LQ�WKH�SUHFHGLQJ�VWXG\��7KH�DPRXQW�RI
RYHUODS�RI� WKH�VSHHFK�GDWD�DQG�F\FOLFDO� GDWD�YDULHG
DFURVV�VSHDNHUV�IURP�DOPRVW�QR�RYHUODS�WR�FRPSOHWH
RYHUODS�� *HQHUDOO\�� VSHHFK�PRYHPHQWV� ZHUH� ODUJHU
IRU� D� JLYHQ�PRYHPHQW� GXUDWLRQ� WKDQ� F\FOLFDO�PRYH�
PHQWV�� LQGLFDWLQJ� WKDW� WKH� VSHHFK�PRYHPHQWV�ZHUH
IDVWHU�DQG�SURGXFHG�ZLWK�JUHDWHU�HIIRUW��DFFRUGLQJ�WR
WKH�SHUIRUPDQFH�VSDFH�DQDO\VLV��,W�ZDV�K\SRWKHVL]HG
WKDW� WKH� F\FOLFDO�PRYHPHQWV� RI� WKH� WRQJXH� DQG� OLSV
ZHUH� VORZHU� WKDQ� WKH� VSHHFK� PRYHPHQWV� EHFDXVH
WKH\�ZHUH�PRUH�FRQVWUDLQHG�E\��FRXSOHG�WR��WKH�UHOD�
WLYHO\� PDVVLYH� PDQGLEOH�� 7R� WHVW� WKLV� K\SRWKHVLV�� D
FRPSDULVRQ�ZDV�PDGH�RI�F\FOLFDO�PRYHPHQWV�LQ�PD[�
LOODU\� YHUVXV� PDQGLEXODU� IUDPHV� RI� UHIHUHQFH�� 7KH
UHVXOWV�LQGLFDWH�WKDW�WKH�F\FOLFDO�PRYHPHQWV�ZHUH�QRW
VWURQJO\�FRXSOHG�WR�PDQGLEOH�PRYHPHQWV��7KH�RYHU�
DOO� UHVXOWV� LQGLFDWH�WKDW� WKH�F\FOLFDO� WDVN�GLG�QRW�VXF�
FHHG� LQ� GHILQLQJ� WKH� XSSHU� OLPLWV� RI� NLQHPDWLF
SHUIRUPDQFH� VSDFHV� ZLWKLQ� ZKLFK� WKH� VSHHFK� GDWD
ZHUH� FRQILQHG� IRU�PRVW� VSHDNHUV�� 7KXV�� WKH� SHUIRU�
PDQFH� OLPLWV� K\SRWKHVLV� FRXOG� QRW� EH� WHVWHG� HIIHF�
WLYHO\�� 7KH� GLIIHUHQFHV� EHWZHHQ� WKH� VSHHFK� DQG
F\FOLFDO� PRYHPHQWV� PD\� EH� GXH� WR� RWKHU� IDFWRUV�
VXFK�DV�GLIIHUHQFHV� LQ�VSHDNHUV¶� �VNLOO��ZLWK� WKH� WZR
W\SHV�RI�PRYHPHQW�

9DULDWLRQV�LQ�6SHHFK�0RYHPHQW�.LQHPDWLFV�
DQG�7HPSRUDO�3DWWHUQV�RI�&RDUWLFXODWLRQ�ZLWK�
&KDQJHV�LQ�&ODULW\�DQG�5DWH

7KLV�VWXG\�WHVWV�WKH�K\SRWKHVLV� WKDW�WKH�UHODWLYH�WLP�
LQJ� RI� DUWLFXODWRU\� PRYHPHQWV� DW� VRXQG� VHJPHQW
ERXQGDULHV�LV�FRQGLWLRQHG�E\�D�FRPSURPLVH�EHWZHHQ
HFRQRP\�RI� HIIRUW� DQG� D� UHTXLUHPHQW� IRU� FODULW\��2Q
WKH� RQH� KDQG�� DUWLFXODWRU\� PRYHPHQWV� �VXFK� DV� OLS
URXQGLQJ�PRYHPHQWV� IURP� �L�� WR� �X�� LQ� �L&�&

Q
�X��� DUH

SURJUDPPHG� WR�PLQLPL]H�HIIRUW� �H�J���SHDN�YHORFLW\��

WKHUHIRUH��WKH\�FDQQRW�EH�WRR�IDVW��2Q�WKH�RWKHU�KDQG�
LI�WKH�PRYHPHQWV�DUH�WRR�VORZ��WKH\�EHJLQ�WRR�HDUO\�RU
HQG� WRR� ODWH� �ZLWK� UHVSHFW� WR� WKH� � � � � � �L&�� DQG� �&X�
ERXQGDULHV��DQG�SURGXFH�OHVV�GLVWLQFW�YRZHOV��0RYH�
PHQW��(00$��DQG�DFRXVWLF�GDWD�ZHUH�FROOHFWHG�IURP
WKH�VDPH�VHYHQ�VXEMHFWV��7KH�VSHHFK�PDWHULDOV�ZHUH
GHVLJQHG� WR� LQYHVWLJDWH�FRDUWLFXODWLRQ� LQ�PRYHPHQWV
RI� WKH� OLSV� DQG� RI� WKH� WRQJXH�� 7KH\� LQFOXGHG
9

�
&�&

Q
�9

�
� VHTXHQFHV�HPEHGGHG� LQ� FDUULHU�SKUDVHV�

LQ�ZKLFK�9
�
�DQG�9

�
�ZHUH��L��DQG��X���)RU�H[DPSOH���6D\

OHDNHG� FRRW� DIWHU� LW��� �IRU� OLS� PRYHPHQWV��� �6D\� KH
PRR� DIWHU� LW��� �IRU� WRQJXH� PRYHPHQWV��� 7KH\� ZHUH
VSRNHQ� LQ� WKUHH� FRQGLWLRQV�� QRUPDO�� FOHDU� DQG� IDVW�
(DFK�VXEMHFW�UHFRUGHG�DERXW������WRNHQV��7KH�DQDO�
\VHV� IRFXVHG�RQ� WKH�DPRXQW�RI�FRDUWLFXODWLRQ��RYHU�
ODS�� RI� WKH� �L�X�� WUDQVLWLRQ� PRYHPHQW� ZLWKLQ� WKH
DFRXVWLF� LQWHUYDO� RI� WKH� �L��� DORQJ�ZLWK� VHYHUDO� RWKHU
PHDVXUHV��&RQVRQDQW�VWULQJ�GXUDWLRQ�ZDV�ORQJHVW�IRU
WKH�FOHDU�FRQGLWLRQ�DQG�VKRUWHVW�IRU�WKH�IDVW�FRQGLWLRQ�
3HDN�YHORFLWLHV�ZHUH�KLJKHU�LQ�WKH�IDVW�DQG�FOHDU�FRQ�
GLWLRQV� WKDQ� LQ� WKH�QRUPDO�FRQGLWLRQ��7KH�FRDUWLFXOD�
WLRQ�HIIHFWV�ZHUH�VPDOO�DQG�ZHUH�REVHUYHG�PRUH�IRU
WKH�OLS�WKDQ�WKH�WRQJXH�ERG\�PRYHPHQWV��*HQHUDOO\�
WKHUH�ZDV�PRUH�RYHUODS�LQ�WKH�IDVW�FRQGLWLRQ�WKDQ�WKH
QRUPDO� FRQGLWLRQ�� EXW� QRW� OHVV� RYHUODS� LQ� WKH� FOHDU
FRQGLWLRQ� WKDQ� WKH� QRUPDO� FRQGLWLRQ�� 7KH� HIIHFWV� RI
RYHUODS�RQ�IRUPDQW�YDOXHV�ZHUH�VPDOO��7KXV��SURGXF�
LQJ� WKH�FOHDU�FRQGLWLRQ� LQYROYHG� LQFUHDVHV�RI�FRQVR�
QDQW� VWULQJ� GXUDWLRQ� DQG� SHDN� YHORFLW\� EXW� QRW
FRDUWLFXODWLRQ� GLIIHUHQFHV�� :KLOH� WKHUH� ZHUH� VRPH
VPDOO�LQFUHDVHV�LQ�FRDUWLFXODWLRQ�LQ�WKH�IDVW�FRQGLWLRQ�
WKH\� GLG� QRW� VHHP� WR� DIIHFW� WKH� VSHFWUDO� LQWHJULW\� RI
WKH��L���(YHQ�WKRXJK�WKHUH�ZDV�HYLGHQFH�RI�LQFUHDVHG
HIIRUW��DV� LQGH[HG�E\�SHDN�YHORFLW\�� LQ� WKH�FOHDU�DQG
IDVW�FRQGLWLRQV��WKH�K\SRWKHVL]HG�HIIHFWV�RI�D�WUDGHRII
EHWZHHQ�FODULW\�DQG�HFRQRP\�RI�HIIRUW�ZHUH�PLQLPDOO\
HYLGHQW� LQ� IRUPDQW� YDOXHV� IRU� �L�� DQG� PHDVXUHV� RI
FRDUWLFXODWLRQ��RYHUODS��

,QWHUDUWLFXODWRU�&RRUGLQDWLRQ�LQ�$FKLHYLQJ�
$FRXVWLF�SKRQHWLF�*RDOV��0RWRU�(TXLYDOHQFH�
6WXGLHV

7KHVH�VWXGLHV�DUH�EDVHG�RQ�RXU�SUHOLPLQDU\�ILQGLQJV
RI� �PRWRU� HTXLYDOHQW�� WUDGLQJ� UHODWLRQV� EHWZHHQ� OLS
URXQGLQJ�DQG� WRQJXH�ERG\� UDLVLQJ� IRU� WKH�YRZHO� �X��
ZKLFK�ZH�KDYH�LQWHUSUHWHG�DV�VXSSRUWLQJ�RXU�K\SRWK�
HVLV� WKDW�VSHHFK�PRWRU�FRQWURO� LV�EDVHG�RQ�DFRXVWLF
JRDOV��:H�KDYH�K\SRWKHVL]HG�WKDW�ZKHQ�WZR�DUWLFXOD�
WRUV�FRQWULEXWH�WR�SURGXFLQJ�DQ�DFRXVWLF�FXH�DQG�WKH
SODQQHG�PRYHPHQW� RI� RQH� RI� WKH� DUWLFXODWRUV�PLJKW
PDNH�WKH�UHVXOWDQW�DFRXVWLF� WUDMHFWRU\�PLVV�WKH�JRDO
UHJLRQ� IRU� WKH� FXH�� D� FRPSHQVDWRU\� DGMXVWPHQW� LV
SODQQHG� LQ� WKH�PRYHPHQW� RI� WKH�RWKHU� DUWLFXODWRU� WR
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KHOS� NHHS� WKH� DFRXVWLF� WUDMHFWRU\� ZLWKLQ� WKH� JRDO
UHJLRQ�� )XUWKHUPRUH�� GXH� WR� HFRQRP\� RI� HIIRUW�� WKH
FRPSHQVDWLRQ�LV�OLPLWHG�WR�DQ�DPRXQW�WKDW�PDNHV�WKH
DFRXVWLF�WUDMHFWRU\�MXVW�SDVV�WKURXJK�WKH�HGJH�RI�WKH
JRDO� UHJLRQ� RQ� LWV� ZD\� WR� WKH� QH[W� JRDO�� 7KXV�� ZH
H[SHFW� WR� REVHUYH� VXFK� FRPSHQVDWRU\� FRYDULDWLRQ
PDLQO\� DPRQJ� WRNHQV� QHDU� WKH� HGJH� RI� WKH� JRDO
UHJLRQ��L�H���OHVV�FDQRQLFDO�WRNHQV��:H�DOVR�K\SRWKH�
VL]H�WKDW�WKH�PRVW�FDQRQLFDO�WRNHQV��QHDU�WKH�FHQWHU
RI�WKH�DFRXVWLF�JRDO�UHJLRQ��DUH�SURGXFHG�ZLWK��FRRS�
HUDWLYH�FRRUGLQDWLRQ���$�FDQRQLFDO�WRNHQ�RI��X��ZRXOG
EH�SURGXFHG�E\�FRRSHUDWLYH�OLS�URXQGLQJ�DQG�WRQJXH
ERG\� UDLVLQJ�PRYHPHQWV��2YHUDOO��ZH�H[SHFW� WR� ILQG
SRVLWLYH� FRUUHODWLRQV� RI� OLS� SURWUXVLRQ� DQG� WRQJXH
ERG\�UDLVLQJ�DPRQJ�WRNHQV�RI��X��WKDW�DUH�DFRXVWLFDOO\
PRVW� FDQRQLFDO� DQG� QHJDWLYH� FRUUHODWLRQV� DPRQJ
WRNHQV�WKDW�DUH�OHDVW�FDQRQLFDO�

:H�KDYH�WHVWHG�WKLV�K\SRWKHVLV�IRU�WKH�VRXQGV��X����U�
DQG��∫ � SURQRXQFHG�LQ�FDUULHU�SKUDVHV�E\�WKH�VHYHQ
VSHDNHUV��7KHVH�VRXQGV�ZHUH�FKRVHQ�EHFDXVH�WKH\
DUH� SURGXFHG� ZLWK� LQGHSHQGHQWO\� FRQWUROODEOH� FRQ�
VWULFWLRQV�IRUPHG�E\�WKH�WRQJXH�DQG�E\�WKH�OLSV��PDN�
LQJ� LW�SRVVLEOH� WR� ORRN� IRU�PRWRU�HTXLYDOHQW�EHKDYLRU
ZLWK�FRUUHODWLRQ�DQDO\VLV��(DFK�VXEMHFW�SURQRXQFHG�D
WRWDO� RI� DERXW� ���� WRNHQV� FRQWDLQLQJ� WKH� VRXQGV
HPEHGGHG� LQ� FDUULHU� SKUDVHV�� 7R� DYRLG� ELDVLQJ� WKH
FRUUHODWLRQV�XVHG�WR�WHVW�WKH�K\SRWKHVLV�WKURXJK�SDUWL�
WLRQLQJ� WKH� GDWD� VHW� LQWR� PRUH� DQG� OHVV� FDQRQLFDO
WRNHQV��ZH�DWWHPSWHG� WR� FUHDWH� OHVV�FDQRQLFDO� VXE�
VHWV�D�SULRUL��ZLWK�PDQLSXODWLRQV�RI�SKRQHWLF�FRQWH[W
DQG�VSHDNLQJ�FRQGLWLRQ�

,Q� RQH� DQDO\VLV� DSSURDFK�� ZH� KDYH� H[WUDFWHG� DQG
DQDO\]HG� DOO� RI� WKH� DUWLFXODWRU\� GDWD� �PLG�VRXQG
WRQJXH�DQG�OLS�WUDQVGXFHU�SRVLWLRQV��DQG�WKH�DFRXVWLF
GDWD�IRU� �X�� �IRUPDQWV��DQG� �∫ �� �VSHFWUDO�PHGLDQ�DQG
V\PPHWU\���

7KH� DFRXVWLF� PHDVXUHV� LQGLFDWH� WKDW� ZH� ZHUH� RQO\
SDUWO\�VXFFHVVIXO� LQ�HOLFLWLQJ�VXEVHWV�WKDW�ZHUH�PRUH
DQG� OHVV� FDQRQLFDO�� 7KHUH� LV� HYLGHQFH� VXSSRUWLQJ
PRWRU�HTXLYDOHQFH� IRU�DOO� WKUHH�VRXQGV��)RU� �X��� WKH
ILQGLQJV� DUH� JHQHUDOO\� UHODWHG� WR� KRZ� FDQRQLFDO� WKH
WRNHQV�ZHUH��LQ�PRVW�FDVHV�WKHUH�ZDV�FRPSHQVDWRU\
FRRUGLQDWLRQ� �PRWRU� HTXLYDOHQFH�� IRU� OHVV� FDQRQLFDO
WRNHQV�DQG�FRRSHUDWLYH�FRRUGLQDWLRQ�IRU�PRUH�FDQRQ�
LFDO� WRNHQV�� )RU� �∫ ��� WKHUH� ZHUH� VLJQLILFDQW� FRUUHOD�
WLRQV� LQ� ���� RI� WKH� SRVVLEOH� FDVHV�� $OO� UHIOHFWHG
PRWRU�HTXLYDOHQFH��ZKHQ� WKH� WRQJXH�EODGH�ZDV� IXU�
WKHU�IRUZDUG��WKH�OLSV�FRPSHQVDWHG�ZLWK�PRUH�SURWUX�
VLRQ��SUHVXPDEO\� WR�PDLQWDLQ�D�IURQW�FDYLW\� WKDW�ZDV
ODUJH� HQRXJK� WR� DFKLHYH� D� ORZ� VSHFWUDO� FHQWHU� RI
JUDYLW\��:KHQ�WKHUH�ZDV�D�GLIIHUHQFH�EHWZHHQ�D�VXE�

MHFW¶V�XWWHUDQFH�VXEVHWV�LQ�KRZ�FDQRQLFDO�WKH�WRNHQV
ZHUH��WKH�PRWRU�HTXLYDOHQW�WRNHQV�ZHUH�OHVV�FDQRQL�
FDO�� 1R� HYLGHQFH� RI� FRRSHUDWLYH� FRRUGLQDWLRQ� ZDV
IRXQG�IRU��∫ ��

$� VWXG\� RI� DFRXVWLF� YDULDELOLW\� GXULQJ� $PHULFDQ
(QJOLVK� �U�� SURGXFWLRQ�DOVR� WHVWV� WKH�K\SRWKHVLV� WKDW
VSHDNHUV�XWLOL]H�DQ�DFRXVWLF��UDWKHU�WKDQ�DUWLFXODWRU\�
SODQQLQJ�VSDFH�IRU�VSHHFK�SURGXFWLRQ��$FRXVWLF�DQG
DUWLFXODWRU\�UHFRUGLQJV�RI�WKH�VHYHQ�VSHDNHUV�UHYHDO
WKDW�VSHDNHUV�XWLOL]H�V\VWHPDWLF�DUWLFXODWRU\�WUDGHRIIV
WR� PDLQWDLQ� DFRXVWLF� VWDELOLW\� ZKHQ� SURGXFLQJ� WKH
SKRQHPH� �U���'LVWLQFW� DUWLFXODWRU�FRQILJXUDWLRQV�XVHG
WR�SURGXFH��U��LQ�YDULRXV�SKRQHWLF�FRQWH[WV�VKRZ�V\V�
WHPDWLF� WUDGHRIIV�EHWZHHQ� WKH�FURVV�VHFWLRQDO�DUHDV
RI�GLIIHUHQW�YRFDO� WUDFW�VHFWLRQV��$QDO\VLV�RI�DFRXVWLF
DQG� DUWLFXODWRU\� YDULDELOLWLHV� UHYHDOV� WKDW� WKHVH
WUDGHRIIV�DFW�WR�UHGXFH�DFRXVWLF�YDULDELOLW\��WKXV�DOORZ�
LQJ� ODUJH� FRQWH[WXDO� YDULDWLRQV� LQ� YRFDO� WUDFW� VKDSH�
WKHVH�FRQWH[WXDO�YDULDWLRQV�LQ�WXUQ�DSSDUHQWO\�UHGXFH
WKH� DPRXQW� RI� DUWLFXODWRU\� PRYHPHQW� UHTXLUHG� LQ
NHHSLQJ� ZLWK� WKH� SULQFLSOH� RI� HFRQRP\� RI� HIIRUW� LQ
VSHHFK�SURGXFWLRQ�

����� 3K\VLRORJLFDO�0RGHOLQJ�RI�6SHHFK�
3URGXFWLRQ

6WXGLHV�RI�9RFDO�WUDFW�$QDWRP\

,Q�FRRSHUDWLRQ�ZLWK�'U��&KDR�0LQ�:X�DW� WKH�8QLYHU�
VLW\� RI� :LVFRQVLQ�� VRIWZDUH� ZDV� GHYHORSHG� IRU� WKH
LQWHUDFWLYH� YLVXDOL]DWLRQ� DQG� PDSSLQJ� EHWZHHQ� WZR
GDWD� VHWV�� ���� DQDWRPLFDO� VHFWLRQV� IURP� WKH� 9LVLEOH
+XPDQ�SURMHFW�DQG�����D�VHULHV�RI�GHWDLOHG�GUDZLQJV
RI� KLVWRORJLFDO� VHFWLRQV� RI� WRQJXH�� 2QH� SDUW� RI� WKH
VRIWZDUH�FRPSLOHV�D�VHW�RI� LPDJHV� LQWR�D� VWDFN�DQG
FRPSXWHV�VSDWLDO� GLVSOD\� VHFWLRQV� WKURXJK� WKH�GDWD�
$QRWKHU�FRPSRQHQW�FDQ�EH�XVHG�WR�LGHQWLI\�KRPROR�
JRXV�SRLQWV�EHWZHHQ�WZR��'�LPDJH�GDWD�VHWV��7KHVH
SRLQW� SDLUV� FDOLEUDWH� D� PDSSLQJ� EHWZHHQ� WKH� GDWD
VHWV�WR�SDUWLDOO\�LQWHJUDWH�WKHP��7KHVH�PHWKRGV�ZHUH
LQFRUSRUDWHG�LQWR�WKH�FXUUHQW�ZRUN��GHVFULEHG�EHORZ�

3URWRW\SLQJ�DQ�$FFXUDWH�)LQLWH�HOHPHQW�
0RGHO�RI�WKH�9RFDO�7UDFW

3URJUHVV�ZDV�PDGH�LQ�SURWRW\SLQJ�DQ�DFFXUDWH�ILQLWH�
HOHPHQW�PRGHO�RI�WKH�WRQJXH�DQG�IORRU�RI�WKH�PRXWK�
EDVHG�PDLQO\� RQ� FU\R�VHFWLRQ� GDWD� IURP� WKH�9LVLEOH
+XPDQ�SURMHFW��6RIWZDUH�ZDV�GHYHORSHG�IRU�YDULRXV
YLVXDOL]DWLRQ�DQG�PHDVXUHPHQW� WDVNV��)RU�H[DPSOH�
PXOWLSOH� DUELWUDULO\� RULHQWHG� FURVV� VHFWLRQV� RI� D� �'
VWDFN�RI�VHFWLRQ�LPDJHV�DUH�FRPELQHG�LQWR�D��'�YLHZ�
PDNLQJ�LW�SRVVLEOH�WR�FDSWXUH�PHDVXUHPHQWV�RI�YRFDO�
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WUDFW� PRUSKRORJ\� IURP� WKH� FU\R�VHFWLRQ� GDWD�� &RP�
PHUFLDO�YLVXDOL]DWLRQ�DQG�PHDVXUHPHQW�SURJUDPV�DUH
XVHG�IRU�GUDIWLQJ�D�WRSRORJLFDOO\�DFFXUDWH�PRGHO��DQG
ORFDWLRQV�RI�QRGH�SRLQWV�DQG�VSOLQH�FRQWURO�SRLQWV�DUH
LPSRUWHG� IURP� WKH� SURJUDPV�� 7KHVH� WHFKQLTXHV�ZLOO
EH�XVHG�WR�LQFRUSRUDWH�GDWD�RQ�LQGLYLGXDO�YRFDO�WUDFW
PRUSKRORJ\�IURP�05�LPDJHV�LQWR�YRFDO�WUDFW�VLPXOD�
WLRQV�

����� 7KHRUHWLFDO�'HYHORSPHQWV�LQ�6SHHFK�
3URGXFWLRQ

,Q� D� WKHRUHWLFDO� SDSHU� RQ� VSHHFK�PRWRU� FRQWURO�� DQ
RYHUYLHZ� DQG� VXSSRUWLQJ� GDWD� DUH� SUHVHQWHG� DERXW
WKH� FRQWURO� RI� WKH� VHJPHQWDO� FRPSRQHQW� RI� VSHHFK
SURGXFWLRQ�� )LQGLQJV� RI� �PRWRU�HTXLYDOHQW�� WUDGLQJ
UHODWLRQV� EHWZHHQ� WKH� FRQWULEXWLRQV� RI� WZR� FRQVWULF�
WLRQV� WR� WKH�VDPH�DFRXVWLF� WUDQVIHU� IXQFWLRQ�SURYLGH
SUHOLPLQDU\�VXSSRUW�IRU�WKH�LGHD�WKDW�VHJPHQWDO�FRQ�
WURO� LV� EDVHG� RQ� DFRXVWLF� RU� DXGLWRU\�SHUFHSWXDO
JRDOV��7KH�JRDOV�DUH�GHWHUPLQHG�SDUWO\�E\�QRQ�OLQHDU�
TXDQWDO�UHODWLRQV��FDOOHG��VDWXUDWLRQ�HIIHFWV���EHWZHHQ
PRWRU� FRPPDQGV� DQG� DUWLFXODWRU\� PRYHPHQWV� DQG
EHWZHHQ� DUWLFXODWLRQ� DQG� VRXQG�� 6LQFH� SURFHVVLQJ
WLPHV�ZRXOG�EH�WRR�ORQJ�WR�DOORZ�WKH�XVH�RI�DXGLWRU\
IHHGEDFN�IRU�FORVHG�ORRS�HUURU�FRUUHFWLRQ�LQ�DFKLHYLQJ
DFRXVWLF� JRDOV�� WKH� FRQWURO� PHFKDQLVP�PXVW� XVH� D
UREXVW��LQWHUQDO�PRGHO��RI�WKH�UHODWLRQ�EHWZHHQ�DUWLFX�
ODWLRQ� DQG� WKH� VRXQG� RXWSXW� WKDW� LV� OHDUQHG� GXULQJ
VSHHFK�DFTXLVLWLRQ��

6WXGLHV�RI� WKH�VSHHFK�RI�FRFKOHDU� LPSODQW�DQG�ELODW�
HUDO� DFRXVWLF� QHXURPD� SDWLHQWV� SURYLGH� HYLGHQFH
VXSSRUWLQJ�WZR�UROHV�IRU�DXGLWRU\�IHHGEDFN�LQ�DGXOWV�
����PDLQWHQDQFH�RI�WKH�LQWHUQDO�PRGHO��DQG�����PRQL�
WRULQJ�WKH�DFRXVWLF�HQYLURQPHQW�WR�KHOS�DVVXUH�LQWHOOL�
JLELOLW\� E\� JXLGLQJ� UHODWLYHO\� UDSLG� DGMXVWPHQWV� LQ
�SRVWXUDO�� SDUDPHWHUV� XQGHUO\LQJ� DYHUDJH� VRXQG
OHYHO�� VSHDNLQJ� UDWH� DQG� DPRXQW� RI� SURVRGLFDOO\�
EDVHG�LQIOHFWLRQ�RI�)��DQG�63/�

����� /DU\QJHDO�%HKDYLRU�DW�WKH�%HJLQQLQJ�
RI�%UHDWK�*URXSV�'XULQJ�6SHHFK

(DFK� SHUVRQ� VSHDNV� ZLWK� D� SDUWLFXODU� WLPLQJ� WKDW
REYLRXVO\�GHSHQGV�RQ�KLV�RU�KHU� OLQJXLVWLF� LQWHQW�EXW
DOVR�PXVW�GHSHQG�RQ�WKH�SK\VLFDO�V\VWHP�JHQHUDWLQJ
WKH�VSHHFK��6SHHFK�LV�FUHDWHG�ZLWK�DQ�DHURG\QDPLF
HQHUJ\�VRXUFH� WKDW�PXVW�EH�UHSHDWHGO\� UHSOHQLVKHG�
7KLV� UHSHDWHG� DFWLYLW\� LPSRVHV� JURVV� WLPLQJ� FRQ�
VWUDLQWV� RQ� VSHHFK�� DQG� WKH� PHFKDQLFV� RI� FUHDWLQJ
WKLV� VRXUFH�PD\� LPSRVH� SDUWLFXODU� WLPLQJ� HIIHFWV� DW
WKH�EHJLQQLQJ�DQG�HQG�RI�HDFK�EUHDWK��:H�KDYH�LQLWL�
DWHG�DQ�H[SHULPHQWDO�VWXG\�RI�WKH�LQIOXHQFH�RI�UHVSL�

UDWRU\� FRQVWUDLQWV� RQ� WKH� WHPSRUDO� SDWWHUQV� RI
VSHHFK��)LUVW��ZH�DUH�H[DPLQLQJ�KRZ�XWWHUDQFHV�DUH
LQLWLDWHG�DW�WKH�EHJLQQLQJV�RI�EUHDWK�JURXSV�

:KHQ�D�SHUVRQ�GUDZV� LQ�D�EUHDWK�� WKH�DLU� SUHVVXUH
LQVLGH� WKH� OXQJV� LV� OHVV� WKDQ� DWPRVSKHULF� SUHVVXUH�
FUHDWLQJ�D�SUHVVXUH�JUDGLHQW�WKDW�FDXVHV�DLU�WR�PRYH
LQWR� WKH� OXQJV�� 7R� SURGXFH� VSHHFK�� WKH� VSHDNHU
QHHGV� WR� FRPSUHVV� WKH� DLU� LQ� WKH� OXQJV� WR� LQFUHDVH
WKH�SUHVVXUH�ZKLOH�PDQDJLQJ�WR�UHWDLQ�D�YROXPH�RI�DLU
LQ�WKH�OXQJV�GXULQJ�WKDW�FRPSUHVVLRQ��0XOWLSOH�VWUDWH�
JLHV� FRXOG� EH� XVHG� E\� WKH� VSHDNHU� WR� PHHW� WKHVH
UHTXLUHPHQWV��3UHVVXUH�PD\�DOVR�EH�EXLOW�XS�EHKLQG
D�FRPSOHWH�EORFNDJH�RI�WKH�DLUZD\�VXFK�DV�FORVXUH�RI
WKH�JORWWLV�RU�OLSV��3UHVVXUH�PD\�EH�EXLOW�XS�EHKLQG�DQ
LQFUHDVHG�LPSHGDQFH�RI�WKH�YRFDO�WUDFW�DV�LWV�FRQILJX�
UDWLRQ�LV�DGMXVWHG�LQ�DQWLFLSDWLRQ�RI�FUHDWLQJ�D�VSHHFK
VHJPHQW�� 7KH� SDUWLFXODU� PHWKRG� XVHG� PD\� GHSHQG
RQ� WKH� W\SH� RI� VRXQG� WR�EH�SURGXFHG�� WKH� OHQJWK�RI
XWWHUDQFH��WKH�ORFDWLRQ�RI�HPSKDVLV�LQ�WKH�XWWHUDQFH�
DQG�WKH�UHODWLYH�WLPLQJ�RI�WKH�PXVFOHV�RI�UHVSLUDWLRQ�

,Q�DQ�DWWHPSW�WR�GHWHUPLQH�ZKLFK�PHWKRG�RU�PHWKRGV
WKH� VSHDNHU� XVHV�� FRQFXUUHQW� UHFRUGLQJV� RI� WKH
DFRXVWLF�VLJQDO��WKH�VLJQDO�IURP�DQ�HOHFWURJORWWRJUDSK
�ZKLFK�SURYLGHV�DQ�HVWLPDWH�RI�WLPHV�RI�JORWWDO�RSHQ�
LQJV� DQG� FORVLQJV��� D� OXQJ� YROXPH� HVWLPDWH� �WKRUD[
DQG� DEGRPHQ�PHDVXUHV��� DQG� DQ� XQVWUREHG� HQGR�
VFRSLF�YLGHRWDSH�RI� WKH� ODU\Q[�ZHUH�FROOHFWHG�DW� WKH
IDFLOLWLHV� RI� WKH� 9RLFH� /DERUDWRU\� DW� 0DVVDFKXVHWWV
(\H�DQG�(DU�,QILUPDU\�XQGHU�WKH�GLUHFWLRQ�RI�'U��5RE�
HUW�+LOOPDQ��3UHOLPLQDU\�GDWD�VKRZ�WKDW�DW� WKH� LQLWLD�
WLRQ�RI�VRPH�XWWHUDQFHV��D�VSHDNHU�FUHDWHV�D�JORWWDO
FORVXUH��ZKLFK�LV�WKHQ�UHOHDVHG�ZKHQ�WKH�DUWLFXODWRUV
DUH�LQ�SODFH�IRU�WKH�LQLWLDO�VHJPHQW�RI�WKH�XWWHUDQFH�

��� 6SHHFK�5HVHDUFK�5HODWLQJ�WR�
6SHFLDO�3RSXODWLRQV

����� 6SHHFK�3URGXFWLRQ�RI�&RFKOHDU�
,PSODQW��&,��DQG�%LODWHUDO�$FRXVWLF�
1HXURPD��1)���3DWLHQWV

/RQJLWXGLQDO�6WXGLHV

:H�KDYH�PDGH�WKUHH�EDVHOLQH�SUH�LPSODQW�UHFRUGLQJV
RQ�HDFK�RI� ILYH�DGGLWLRQDO�&,�VXEMHFWV� LQ� WKH�VHFRQG
\HDU�RI�WKLV�SURMHFW��$GGLWLRQDOO\��DOO�VL[�UHVHDUFK�VXE�
MHFWV� KDYH� UHWXUQHG� IRU� SRVW�LPSODQW� UHFRUGLQJV� RQH
ZHHN�� RQH�PRQWK�� DQG� WKUHH�PRQWKV� IROORZLQJ� SUR�
FHVVRU� DFWLYDWLRQ�� 7KUHH� RI� RXU� VL[� LPSODQW� VXEMHFWV
KDYH� UHWXUQHG� IRU� WKHLU� VL[�PRQWK� YLVLWV� DQG� WKH
UHPDLQLQJ� WKUHH� VXEMHFWV� ZLOO� FRPSOHWH� VL[�PRQWK
UHFRUGLQJV� E\� -XQH�� $� WRWDO� RI� ��� UHFRUGLQJV� KDYH
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EHHQ�PDGH� WKLV�\HDU�ZLWK�&,�VXEMHFWV��2YHU�����RI
WKHVH�UHFRUGLQJV�KDYH�EHHQ�GLJLWL]HG�DQ�RYHU�����RI
WKH�GDWD�IURP�WKHVH�UHFRUGLQJV�KDYH�EHHQ�DQDO\]HG�

6KRUW�WHUP�6WLPXOXV�0RGLILFDWLRQ�6WXGLHV

2QH�&,�VXEMHFW�KDV�SDUWLFLSDWHG�LQ�D��VWLPXOXV�PRGLIL�
FDWLRQ��H[SHULPHQW��'XULQJ�WKH�UHFRUGLQJ�RI�WKH�VXE�
MHFW¶V� VSHHFK�� DQ� H[SHULPHQWDO� VSHHFK� SURFHVVRU
ZDV�XVHG�WR�PRGLI\�WKH�VXEMHFW¶V�DXGLWRU\�IHHGEDFN�
)HHGEDFN� DOWHUQDWHG� EHWZHHQ� WKH� VXEMHFW¶V� UHJXODU
SURJUDP� DQG� DQRWKHU� SURJUDP� WKDW� VLPXODWHG� QR
KHDULQJ�� 7KLV� UHFRUGLQJ� KDV� EHHQ� GLJLWL]HG� DQG� WKH
GDWD�DUH�FXUUHQWO\�EHLQJ�DQDO\]HG�

3HUFHSWXDO�6WXGLHV

$OO� VL[� &,� VXEMHFWV� SDUWLFLSDWHG� LQ� WKLV� VWXG\� DW� WKH
WLPH�RI�HDFK�VSHHFK�UHFRUGLQJ��6XEMHFWV�DUH�DVNHG�WR
GLVFULPLQDWH� HOHYHQ� FRQVRQDQWV� DQG� HLJKW� YRZHOV
IURP�WKH�QDWXUDO�VSHHFK�RI�D�VDPH�JHQGHU�VSHDNHU�
:H�DQWLFLSDWH�WKLV�WHVW�RI�SHUFHSWXDO�DELOLW\�ZLOO�UHVXOW
LQ� D� GLDJQRVWLF�PHDVXUH� RI� SHUFHSWXDO� EHQHILW� IURP
WKH� LPSODQW�DQG�VXEVHTXHQWO\� VXSSRUW� RU�GLVFRQILUP
RXU�K\SRWKHVHV�UHJDUGLQJ�UHODWLRQV�EHWZHHQ�VSHHFK
SHUFHSWLRQ�DQG�SURGXFWLRQ�

&RUUHODWHV�RI�3RVWXUH

)RXU�K\SRWKHVHV�LQVSLUHG�E\�RXU�WKHRU\�RI�WKH�UROH�RI
KHDULQJ� LQ� VSHHFK� SURGXFWLRQ� ZHUH� WHVWHG� XVLQJ
DFRXVWLF�DQG�DHURG\QDPLF�PHDVXUHV� IURP�VHYHQ�&,
VXEMHFWV�� WKUHH� VSHDNHUV�ZKR�KDG� VHYHUH� UHGXFWLRQ
LQ�KHDULQJ�ORVV�IROORZLQJ�VXUJHU\�IRU�1HXURILEURPDWR�
VLV����1)����DQG�RQH�KDUG�RI�KHDULQJ�FRQWURO�VSHDNHU�
7KHVH� VSHDNHUV� PDGH� UHFRUGLQJV� RI� WKH� 5DLQERZ
3DVVDJH�EHIRUH�DQG�DIWHU�LQWHUYHQWLRQ��(YLGHQFH�ZDV
IRXQG�WKDW�VXSSRUWV�WKH�IRXU�K\SRWKHVHV��

�� 'HDIHQHG�VSHDNHUV�ZKR�UHJDLQ�VRPH�KHDULQJ�
IURP�FRFKOHDU�SURVWKHVHV�ZLOO�PLQLPL]H�HIIRUW�
ZLWK�UHGXFWLRQV�LQ�VSHHFK�VRXQG�OHYHO��

�� 7R�KHOS�UHGXFH�VSHHFK�VRXQG�OHYHO��WKH\�ZLOO�
DVVXPH�D�PRUH�RSHQ�JORWWDO�SRVWXUH��

�� 7KH\�ZLOO�DOVR�PLQLPL]H�HIIRUW�E\�WHUPLQDWLQJ�
UHVSLUDWRU\�OLPEV�FORVHU�WR�WLGDO�HQG�UHVSLUDWRU\�
OHYHO��)5&��

�� $Q�HIIHFW�RI�SRVWXUDO�FKDQJHV�ZLOO�EH�WR�FKDQJH�
DYHUDJH�YDOXHV�RI�DLU�H[SHQGLWXUH�WRZDUG�QRU�
PDWLYH�YDOXHV�

&RDUWLFXODWLRQ

/HVV�FRDUWLFXODWLRQ� LV�SUHVXPDEO\�D� IHDWXUH�RI�FOHDU
VSHHFK�� DQG� RXU� WKHRU\� SUHGLFWV� WKDW� GHDIHQHG
VSHDNHUV�ZLOO�HQJDJH�LQ�FOHDU�VSHHFK��7KHUHIRUH��ZH
SUHGLFW�WKDW�GHDIHQHG�DGXOWV�ZLOO�VKRZ�OHVV�FRDUWLFXOD�
WLRQ�EHIRUH�DQG�PRUH�FRDUWLFXODWLRQ�DIWHU�WKHLU�LPSODQW
VSHHFK� SURFHVVRUV� KDYH� EHHQ� WXUQHG� RQ��:H� KDYH
EHJXQ� WR� WHVW� WKLV�SUHGLFWLRQ�E\�H[WUDFWLQJ�YDOXHV�RI
VHFRQG�IRUPDQW�IUHTXHQF\�IURP�UHDGLQJV�RI�WKH�YRZHO
LQYHQWRU\�LQ��E9W��DQG��G9W��FRQWH[WV�E\�VHYHQ�LPSODQW
XVHUV�� ,QLWLDO� ILQGLQJV� ZLWK� RQH� DGXOW� PDOH� UHYHDO� D
VWDWLVWLFDOO\� UHOLDEOH�RYHUDOO� LQFUHDVH� LQ�FRDUWLFXODWLRQ
IROORZLQJ�WKH�DFWLYDWLRQ�RI�KLV�LPSODQW�VSHHFK�SURFHV�
VRU�� ,Q�SDUWLFXODU� WKH�YRZHOV� �ε��� �æ���DQG� �X��VKRZHG
PDUNHG� DQG� UHOLDEOH� LQFUHDVHV� LQ� FRDUWLFXODWLRQ� LQ
VHVVLRQV�IROORZLQJ�WKH�ILUVW�VHVVLRQ�DIWHU�DFWLYDWLRQ�RI
WKH�SURFHVVRU�

����� 0RGHOLQJ�DQG�$QDO\VLV�RI�9RZHOV�
3URGXFHG�E\�6SHDNHUV�ZLWK�9RFDO�IROG�
1RGXOHV

6SHDNHUV� ZLWK� YRFDO�IROG� QRGXOHV� FRPPRQO\� XVH
JUHDWHU� HIIRUW� WR� VSHDN�� 7KLV� LQFUHDVHG� HIIRUW� LV
UHIOHFWHG�LQ�WKHLU�XVH�RI�KLJKHU�WKDQ�QRUPDO�VXEJORWWDO
SUHVVXUHV� WR� SURGXFH� D� SDUWLFXODU� VRXQG� SUHVVXUH
OHYHO� �63/��� 7KH� 63/� PD\� EH� ORZ� EHFDXVH� RI
GHFUHDVHG�PD[LPXP�IORZ�GHFOLQDWLRQ�UDWH��0)'5��RI
WKH� JORWWDO� IORZ� ZDYHIRUP�� LQFUHDVHG� ILUVW� IRUPDQW
EDQGZLGWK��RU�LQFUHDVHG�VSHFWUDO�WLOW�

$� SDUDOOHO� DFRXVWLF� DQG� DHURG\QDPLF� VWXG\� RI
VHOHFWHG�SDWLHQWV�ZLWK�YRFDO�QRGXOHV�KDV�EHHQ�FRQ�
GXFWHG��$W�FRPIRUWDEOH� YRLFH��DHURG\QDPLF� IHDWXUHV
DUH�VLJQLILFDQWO\�GLIIHUHQW�RQ�DYHUDJH�IRU�WKH�QRGXOHV
JURXS��DW�S� ���������ZKHUHDV�DFRXVWLF�IHDWXUHV�DUH
QRW� VLJQLILFDQWO\� GLIIHUHQW� �DW� S�  � ������� H[FHSW� IRU
63/�DQG�+��− $���WKH�DPSOLWXGH�GLIIHUHQFH�EHWZHHQ
WKH� ILUVW� KDUPRQLF� �+��� DQG� WKH� ILUVW� IRUPDQW� SURPL�
QHQFH� �$���� 3Q�� GHILQHG� DV� WKH� SHUFHQWDJH� RI� GDWD
DVVRFLDWHG� ZLWK� VSHDNHUV� ZLWK� QRGXOHV� ZKLFK� DUH
PRUH�WKDQ������VWDQGDUG�GHYLDWLRQV�IURP�WKH�QRUPDO
PHDQ�� LV�D�PHDVXUH� RI�KRZ�ZHOO� VHSDUDWHG� WKH� WZR
SRSXODWLRQV�DUH�IRU�D�SDUWLFXODU�IHDWXUH��(YHQ�WKRXJK
63/� DQG�+�� − $�� DUH� VLJQLILFDQWO\� GLIIHUHQW� VWDWLVWL�
FDOO\�� WKH� HIIHFW� VL]H� LV� VPDOO�� DV� LQGLFDWHG� E\� WKH
VPDOO�3Q�����DQG���SHUFHQW��UHVSHFWLYHO\���7KH�GLIIHU�
HQFH�LQ�PHDQV�IRU�63/�LV�����G%�DQG�IRU�+��− $��LV
����G%��,Q�FRQWUDVW��3Q�IRU�WKH�DHURG\QDPLF�IHDWXUHV
UDQJHV�IURP���WR����SHUFHQW��5DQNHG�LQ�RUGHU�RI�3Q�
WKH� DHURG\QDPLF� IHDWXUHV� DUH� VXEJORWWDO� SUHVVXUH�
DYHUDJH�IORZ��RSHQ�TXRWLHQW��PLQLPXP�IORZ��$&�IORZ�
DQG�0)'5��7KHVH�REVHUYDWLRQV�VKRZ�WKDW�LW�LV�HDVLHU
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WR� GLIIHUHQWLDWH� WKH� QRGXOHV� JURXS� IURP� WKH� QRUPDO
JURXS� XVLQJ� DHURG\QDPLF� UDWKHU� WKDQ� DFRXVWLF� IHD�
WXUHV��%\�SHUIRUPLQJ�OLQHDU�UHJUHVVLRQ�RQ�WKH�DFRXV�
WLF�IHDWXUHV�ZLWK�63/�DV�WKH�LQGHSHQGHQW�YDULDEOH��WKH
WZR� JURXSV� FDQ� EH� EHWWHU� VHSDUDWHG�� )RU� H[DPSOH�
WKH�GLIIHUHQFH�LQ�JURXS�PHDQV�IRU�+��− $��LQFUHDVHV
WR�����G%�IURP�����G%��DQG�3Q�LQFUHDVHV�WR����IURP��
SHUFHQW��7KH�UHVXOWV�RI�DHURG\QDPLF�PHDVXUHV�DJUHH
ZLWK�SUHYLRXV�ILQGLQJV�

7KH� SUHVHQFH� RI� D� JORWWDO� FKLQN� FDQ� ZLGHQ� WKH� ILUVW
IRUPDQW� EDQGZLGWK�� +RZHYHU�� EDVHG� RQ� WKH� JORWWDO
FKLQN�DUHDV�HVWLPDWHG�IURP�WKH�PLQLPXP�JORWWDO�IORZ�
WKH� EDQGZLGWK� LV� LQFUHDVHG� RQ� WKH� DYHUDJH� E\� RQO\
����WLPHV��,W�LV�QRW�FOHDU�LI�WKH�VSHFWUDO�WLOW�LV�LQFUHDVHG�
EDVHG� RQ� DFRXVWLF� IHDWXUHV�� $IWHU� UHJUHVVLRQ� ZLWK
63/�� WKH�PHDQ�+��− $�� �ZKHUH�$��  � DPSOLWXGH� RI
WKLUG�IRUPDQW�SURPLQHQFH��LV�����G%�ODUJHU�DQG�PHDQ
$��−�$��LV�����G%�VPDOOHU�IRU�WKH�QRGXOHV�JURXS�FRP�
SDUHG�ZLWK�WKH�QRUPDO�JURXS�

$�PRGLILHG�WZR�PDVV�PRGHO�RI�YRFDO�IROG�YLEUDWLRQ�LV
SURSRVHG� WR�VLPXODWH�YRFDO� IROGV�ZLWK�QRGXOHV��7KLV
PRGHO� VXJJHVWV� WKDW� WKH� 0)'5� FDQ� EH� GHFUHDVHG
EHFDXVH�RI�LQFUHDVHG�FRXSOLQJ�VWLIIQHVV�EHWZHHQ�WKH
PDVVHV�DQG�WKH�SUHVHQFH�RI�QRGXOHV�ZKLFK�LQWHUIHUH
ZLWK� WKH� QRUPDO� FORVXUH� DFWLYLW\� RI� WKH� YRFDO� IROGV�
7KH�PRGHO�DOVR�VXJJHVWV�WKDW�LQFUHDVLQJ�WKH�VXEJORW�
WDO� SUHVVXUH� FDQ� EH� XVHG� WR� FRPSHQVDWH� IRU� WKH
UHGXFHG�0)'5�� EXW� HQHUJ\� GLVVLSDWHG� GXH� WR� FROOL�
VLRQ� LV� LQFUHDVHG�� LPSO\LQJ� JUHDWHU� SRWHQWLDO� IRU
WUDXPD�WR�WKH�YRFDO�IROG�WLVVXHV�

,Q�VXPPDU\��WKH�JUHDWHU�HIIRUW�XVHG�E\�VSHDNHUV�ZLWK
YRFDO� QRGXOHV� UHVXOWV� LQ� GLIIHUHQFHV� LQ� WKH� DHURG\�
QDPLF�IHDWXUHV�RI�WKHLU�VSHHFK��+RZHYHU��WKH�DFRXV�
WLF� IHDWXUHV�VKRZ�D�VPDOOHU�GLIIHUHQFH��UHIOHFWLQJ�WKH
DFKLHYHPHQW�RI�UHODWLYHO\�JRRG�VRXQG�FKDUDFWHULVWLFV
GHVSLWH� DEHUUDQW� DHURG\QDPLFV�� $� PRGLILHG� WZR�
PDVV�PRGHO� LV� DEOH� WR� H[SODLQ� WKH� QHHG� IRU� KLJKHU
VXEJORWWDO�SUHVVXUHV�WR�SURGXFH�D�SDUWLFXODU�63/��DQG
LW� DOVR� GHPRQVWUDWHV� LQFUHDVHG� WUDXPD� SRWHQWLDO� WR
WKH�YRFDO�IROGV�DV�D�UHVXOW�RI�LQFUHDVHG�SUHVVXUHV�

����� )ULFDWLYH�&RQVRQDQW�3URGXFWLRQ�E\�
6RPH�'\VDUWKULF�6SHDNHUV��
,QWHUSUHWDWLRQV�LQ�7HUPV�RI�0RGHOV�IRU�
)ULFDWLYHV

7KH�DLP�RI�WKLV�UHVHDUFK�LV�WR�GHYHORS�DQ�LQYHQWRU\�RI
QRQLQYDVLYH� DFRXVWLF� PHDVXUHV� WKDW� FDQ� SRWHQWLDOO\
SURYLGH�D�TXDQWLWDWLYH�DVVHVVPHQW�RI� WKH�SURGXFWLRQ
RI��V��E\�WDONHUV�ZLWK�VSHHFK�PRWRU�GLVRUGHUV��,W�LV�SDUW
RI� D� EURDGHU� VWXG\� ZKRVH� JRDO� LV� WR� GHYHORS

LPSURYHG� PRGHOV� RI� QRUPDO� DV� ZHOO� DV� G\VDUWKULF
VSHDNHUV¶�VSHHFK�SURGXFWLRQ�DQG�WR�XVH�WKHVH�PRG�
HOV�WR�LQWHUSUHW�DFRXVWLF�GDWD�REWDLQHG�IURP�WKH�XWWHU�
DQFHV�RI�WKRVH�VSHDNHUV�

8WWHUDQFHV�RI�HLJKW�G\VDUWKULF�VSHDNHUV�DQG�WZR�QRU�
PDO�VSHDNHUV�ZHUH�XVHG�IRU�WKLV�VWXG\�� ,Q�SDUWLFXODU�
RQH� UHSHWLWLRQ� RI� HDFK� RI� QLQH� ZRUGV� ZLWK� LQLWLDO� �V�
VRXQG�ZDV� VHOHFWHG� IURP� D� ODUJHU� GDWDEDVH�� ZKLFK
ZDV�DYDLODEOH� IURP�SUHYLRXV�GRFWRUDO� WKHVLV�ZRUN�RI
+ZD�3LQJ�&KDQJ��7KH�LQWHOOLJLELOLW\�RI�WKH�ZRUGV�ZDV
GHWHUPLQHG�SUHYLRXVO\�E\�&KDQJ�

(LJKW� PHDVXUHPHQWV� ZHUH� PDGH� IURP� WKH� IULFDWLYH
SRUWLRQV�IRU�HDFK�RI�WKH�ZRUGV��7KHVH�LQFOXGHG�WKUHH
PHDVXUHPHQWV�WKDW�DVVHVVHG�WKH�VSHFWUXP�VKDSH�RI
WKH�IULFDWLYH�DQG�LWV�VSHFWUXP�DPSOLWXGH�LQ�UHODWLRQ�WR
WKH�YRZHO�DQG�ILYH�HVWLPDWHV�RI�WKH�GHJUHH�WR�ZKLFK
WKH� RQVHW�� RIIVHW�� DQG� WLPH� FRXUVH� RI� WKH� IULFDWLYH
GHYLDWHG� IURP� WKH� QRUPDO� SDWWHUQ�� 7KHVH� ILYH� HVWL�
PDWHV�ZHUH�PDGH� RQ� D� WKUHH�SRLQW� VFDOH� DQG�ZHUH
EDVHG�RQ�REVHUYDWLRQV�RI�VSHFWURJUDPV�RI�WKH�XWWHU�
DQFHV�

)RU� SXUSRVHV� RI� DQDO\VLV�� WKH� G\VDUWKULF� VSHDNHUV
ZHUH�GLYLGHG�LQWR�WZR�JURXSV�DFFRUGLQJ�WR�WKHLU�RYHU�
DOO�LQWHOOLJLELOLW\��D�ORZ�LQWHOOLJLELOLW\�JURXS��ZRUG�LQWHOOL�
JLELOLW\� LQ� WKH� UDQJH� ������ SHUFHQW�� DQG� D� KLJK�
LQWHOOLJLELOLW\�JURXS��������SHUFHQW���7KH�FRQWULEXWLRQV
RI�DOO�HLJKW�PHDVXUHV�WR�WKLV�FODVVLILFDWLRQ�ZHUH�VWDWLV�
WLFDOO\�VLJQLILFDQW��7KH�PHDVXUH�WKDW�VKRZHG�WKH�KLJK�
HVW� FRUUHODWLRQ� ZLWK� LQWHOOLJLELOLW\� ZDV� D� VSHFWUDO
PHDVXUH��LQ�WKH�IULFDWLYH��JLYLQJ�WKH�GLIIHUHQFH��LQ�G%�
EHWZHHQ�WKH�DPSOLWXGH�RI�WKH�ODUJHVW�VSHFWUXP�SHDN
DERYH���N+]��L�H���DERYH�WKH�WKLUG�IRUPDQW�UDQJH��DQG
WKH� DYHUDJH� VSHFWUXP� SHDN� FRUUHVSRQGLQJ� WR� WKH
VHFRQG�DQG�WKLUG�IRUPDQWV�

$�WDVN�RI�IXWXUH�VWXGLHV�LV�WR�DXWRPDWH�WKH�PHDVXUH�
PHQWV�WKDW�DUH�EDVHG�RQ�WKH�VFDOLQJ�PHWKRGV�XVHG�LQ
WKLV�UHVHDUFK�DQG�WR�DSSO\� WKH�PHDVXUHV�WR�D� ODUJHU
SRSXODWLRQ�RI�VSHDNHUV�DQG�XWWHUDQFHV��7KH�REMHFWLYH
PHDVXUHV�VKRXOG�DOVR�EH�UHODWHG�WR�DVVHVVPHQWV�RI
FOLQLFLDQV� DORQJ� VHYHUDO� GLIIHUHQW� GLPHQVLRQV�� 7KH
XOWLPDWH�DLP�LV�WR�VSHFLI\�DQ�LQYHQWRU\�RI�TXDQWLWDWLYH
DFRXVWLF� PHDVXUHV� WKDW� FDQ� EH� XVHG� WR� DFFXUDWHO\
DVVHVV� WKH�HIIHFWLYHQHVV�RI� LQWHUYHQWLRQV�DV�ZHOO�DV
WKH�DPRXQW�RI�VSHHFK�GHJHQHUDWLRQ�LQ�VSHDNHUV�ZLWK
QHXURPRWRU�GLVRUGHUV�
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����� 6WRS�FRQVRQDQW�3URGXFWLRQ�E\�
'\VDUWKULF�6SHDNHUV��8VH�RI�0RGHOV�WR�
,QWHUSUHW�$FRXVWLF�'DWD

$FRXVWLF� PHDVXUHPHQWV� KDYH� EHHQ� PDGH� RQ� VWRS
FRQVRQDQWV�SURGXFHG�E\�VHYHUDO�QRUPDO�DQG�G\VDU�
WKULF� VSHDNHUV�� 7KH� DFRXVWLF� GDWD� ZHUH� SUHYLRXVO\
UHFRUGHG� E\� +ZD�3LQJ� &KDQJ� DQG� +HOHQ� &KHQ� DW
0,7��,Q�WKH�SUHVHQW�VWXG\��YDULRXV�DVSHFWV�RI�SURGXF�
WLRQ�IROORZLQJ�UHOHDVH�RI�WKH�RUDO�FORVXUH�ZHUH�TXDQWL�
ILHG� WKURXJK� WKH� XVH� RI� DFRXVWLF�PHDVXUHV� VXFK� DV
VSHFWUD�DQG�GXUDWLRQV�RI�QRLVH�EXUVWV�DQG�DVSLUDWLRQ
QRLVH�� DV� ZHOO� DV� VKLIWV� LQ� IUHTXHQFLHV� RI� VSHFWUDO
SURPLQHQFHV�� 7KURXJK� FRPSDULVRQ� RI� WKHVH� PHD�
VXUHPHQWV� IURP� WKH� QRUPDO� DQG� G\VDUWKULF� VSHHFK�
DQG�EDVHG�XSRQ�PRGHOV� RI� VWRS�FRQVRQDQW�SURGXF�
WLRQ�� LQIHUHQFHV� ZHUH� GUDZQ� UHJDUGLQJ� DUWLFXODWRU
SODFHPHQW��E\�H[DPLQLQJ�EXUVW�VSHFWUD���UDWH�RI�DUWLF�
XODWRU� UHOHDVH� �IURP� EXUVW� GXUDWLRQ��� WRQJXH�ERG\
PRYHPHQWV��IURP�IRUPDQW�WUDQVLWLRQV���DQG�YRFDO�IROG
VWDWH� �IURP� ORZ�IUHTXHQF\� VSHFWUD��� 7KH� G\VDUWKULF
VSHDNHUV�GHYLDWHG�IURP�QRUPDO�VSHDNHUV�SDUWLFXODUO\
ZLWK� UHVSHFW� WR�DOYHRODU�FRQVWULFWLRQ� ORFDWLRQ�� UDWH�RI
UHOHDVH��DQG�WRQJXH�ERG\�PRYHPHQW�LQWR�WKH�IROORZ�
LQJ�YRZHO��)RU�H[DPSOH��WKH�ORZHVW�IURQW�FDYLW\�UHVR�
QDQFH� LQ� WKH� EXUVW� VSHFWUXP� RI� DQ� DOYHRODU� VWRS� LV
QRUPDOO\� LQ� WKH� UDQJH� ���������� +]�� )RU� WKUHH� RI
HLJKW�G\VDUWKULF�VSHDNHUV��WKH�UDQJH�ZDV�ORZHUHG�WR
���������� +]�� LQGLFDWLQJ� HLWKHU� SODFHPHQW� RI� WKH
WRQJXH�WLS�IXUWKHU�EDFN�RQ�WKH�SDODWH�RU�IRUPDWLRQ�RI
WKH� FRQVWULFWLRQ� ZLWK� WKH� WRQJXH� ERG\� LQ� D� ORFDWLRQ
VLPLODU�WR�WKDW�RI�D�YHODU�VWRS�

��� 6SHHFK�3URGXFWLRQ�3ODQQLQJ�DQG�
3URVRG\

����� /DEHOLQJ�6SHHFK�'DWDEDVHV

6SHHFK� ODEHOLQJ� SURMHFWV� LQFOXGH� WKH� GHYHORSPHQW
DQG�HYDOXDWLRQ�RI�VHYHUDO�QHZ�WUDQVFULSWLRQ�V\VWHPV
�IRU� WKH�SHUFHLYHG�UK\WKP�RI�VSRNHQ�XWWHUDQFHV�DQG
IRU�WKH�H[FLWDWLRQ�VRXUFH��ZKLFK�HQULFK�H[LVWLQJ�ODEHOV
IRU�SKRQHWLF�VHJPHQWV��SDUW�RI�VSHHFK��ZRUG�ERXQG�
DULHV� DQG� LQWRQDWLRQDO� SKUDVHV� DQG� SURPLQHQFHV�
6HYHUDO� QHZ� W\SHV� RI� VSHHFK� KDYH� EHHQ� DGGHG�
LQFOXGLQJ� VDPSOHV� IURP� WKH� &DOO+RPH� GDWDEDVH� RI
H[WUHPHO\� FDVXDO� VSRQWDQHRXV� WHOHSKRQH� GLDORJXHV
EHWZHHQ� IDPLO\� PHPEHUV� DQG� FORVH� IULHQGV�� DQG� D
JURZLQJ� VDPSOH� RI� GLJLWL]HG� VSHHFK� HUURUV�� ,Q� DGGL�
WLRQ��D�VXEVHW�RI�WKH�&DOO+RPH�XWWHUDQFHV�DUH�EHLQJ
ODEHOHG�IRU�GLVWLQFWLYH�IHDWXUHV��IROORZLQJ�WKH�PHWKRGV
GHVFULEHG�LQ�VHFWLRQ�������EHORZ��7KHVH�ODEHOHG�GDWD�
EDVHV� SURYLGH� WKH� EDVLV� IRU� HYDOXDWLRQ� RI� DFRXVWLF

FRUUHODWHV� RI� SURVRGLF� VWUXFWXUH�� DV� ZHOO� DV� D
UHVRXUFH� IRU�RWKHU� ODERUDWRULHV� WR�XVH� �IRU�H[DPSOH�
WKH�0HGLD�/DE�DW�0,7�PDGH�XVH�RI�WKH�7R%,�ODEHOHG
UDGLR�QHZV�VDPSOH�HDUOLHU�WKLV�\HDU��

����� $FRXVWLF�SKRQHWLF�&RUUHODWHV�RI�
3URVRGLF�6WUXFWXUH

:H�HYDOXDWHG�WKH�FRUUHODWHV�RI�SURVRGLF�VWUXFWXUH�LQ
VHYHUDO� SURGXFWLRQ� H[SHULPHQWV�� ,Q� RQH�� ZH� H[DP�
LQHG�GXUDWLRQDO�FXHV�WR�WKH�GLUHFWLRQ�RI�DIILOLDWLRQ�RI�D
UHGXFHG� V\OODEOH�� DV� LQ� �WXQD� FKRLU�� YHUVXV� �WXQH
DFTXLUH��YHUVXV� �WXQH�D�FKRLU���5HVXOWV� VKRZHG� WKDW
ULJKWZDUG� DIILOLDWLRQ� ZDV� UHOLDEO\� GLVWLQJXLVKHG� IURP
OHIWZDUG�E\�SDWWHUQV�RI�V\OODEOH�GXUDWLRQ��EXW�WKDW�WKH
QDWXUH�RI� WKH�ULJKWZDUG�DIILOLDWLRQ� �H�J��� OH[LFDO��DV� LQ
�DFTXLUH��� YHUVXV� SKUDVDO�� DV� LQ� �D� FKRLU��� ZDV� QRW�
0RUHRYHU�� WKH� OHIW�ULJKW�GLVWLQFWLRQ�ZDV�PRVW� UHOLDEO\
REVHUYHG� IRU�SLWFK�DFFHQWHG�ZRUGV�� ,Q� WKH�RWKHU��ZH
H[SORUHG� WKH� H[WHQW� RI� ERXQGDU\�UHODWHG� GXUDWLRQ
OHQJWKHQLQJ� LQ� FULWLFDO� SDLUV� RI� XWWHUDQFHV� VXFK� DV
��-RKQ�DQG�6XH��RU��%LOO��ZLOO�VWD\��YHUVXV���-RKQ��DQG
�6XH�RU�%LOO��ZLOO�VWD\���3UHOLPLQDU\�UHVXOWV�IRU�D�VLQJOH
VSHDNHU�VKRZ�WKDW�SUHERXQGDU\�OHQJWKHQLQJ�LV�PRVW
SURQRXQFHG� RQ� WKH� ILQDO� V\OODEOH� RI� DQ� LQWRQDWLRQDO
SKUDVH�� EXW� VLJQLILFDQW� OHQJWKHQLQJ� LV� DOVR� IRXQG� WR
WKH�OHIW�XS�WR�DQG�LQFOXGLQJ�WKH�PDLQ�VWUHVVHG�V\OODEOH
RI�WKH�ILQDO�FRQWHQW�ZRUG�

����� (YDOXDWLRQ�DQG�$SSOLFDWLRQ�RI�D�
7UDQVFULSWLRQ�6\VWHP�IRU�5HJXODU�
5K\WKP�DQG�5HSHDWHG�)��&RQWRXUV

,Q�DQ�RQJRLQJ�HIIRUW�WR�LQYHVWLJDWH�UK\WKP�DQG�LQWRQD�
WLRQ�LQ�UXQQLQJ�VSHHFK��D�ODEHOLQJ�V\VWHP�DQG�RQ�OLQH
WXWRULDO�KDYH�EHHQ�GHYHORSHG�IRU�LQGLFDWLQJ�SHUFHLYHG
UK\WKP�DQG� UHSHDWHG�)�� FRQWRXUV�� 7KH� FRQVLVWHQF\
RI�XVH�RI�WKLV�ODEHOLQJ�V\VWHP�ZDV�UHFHQWO\�HYDOXDWHG
DQG� D� KLJK� GHJUHH� RI� LQWHU�ODEHOHU� DJUHHPHQW� ZDV
REWDLQHG�� )XUWKHUPRUH�� WKH� V\VWHP� ZDV� DSSOLHG� WR
WKUHH� PLQXWHV� RI� FRQWLQXRXV� QDWXUDO� VSHHFK� DQG� D
QXPEHU� RI� UHJLRQV� RI� VSHHFK� ZHUH� LGHQWLILHG� IRU
ZKLFK�PXOWLSOH� OLVWHQHUV� KHDUG� UHJXODU� UK\WKPV�� )RU
WKHVH� UHJLRQV�� WKH� LQWHUYDO� EHWZHHQ� V\OODEOHV� KHDUG
DV��EHDWV��ZDV�IRXQG�E\�PHDVXULQJ�WKH�WLPH�EHWZHHQ
VXFFHVVLYH� YRZHO� PLGSRLQWV�� %HDW� LQWHUYDOV� ZHUH
IRXQG�WR�EH�LQ�WKH�UDQJH�RI���������PV��ZKLFK�LV�FRQ�
VLVWHQW� ZLWK� UHFHQW� ILQGLQJV� RI� RWKHU� LQYHVWLJDWRUV�
0RUHRYHU��ZH�IRXQG�WKDW�IRU�UHJLRQV�ZKHUH�ILYH�RXW�RI
ILYH� ODEHOHUV� DJUHHG�� WKH� VSHHFK� FRQWDLQHG� D� SHU�
FHLYHG� UHJXODU� UK\WKP�� VXFFHVVLYH� EHDW� LQWHUYDOV
ZHUH�OHVV�YDULDEOH�LQ�GXUDWLRQ�WKDQ�ZKHQ�IHZHU�WKDQ
ILYH�RXW�RI�ILYH�ODEHOHUV�DJUHHG�WKH�VSHHFK�ZDV�UK\WK�
PLF��7KLV�REVHUYDWLRQ�LV�FRQVLVWHQW�ZLWK�D�K\SRWKHVLV
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WKDW�VSHHFK�PD\�LQ�VRPH�FDVHV�EH�DFRXVWLFDOO\�UHJX�
ODUO\� WLPHG� DQG� ILWV� ZHOO� ZLWK� LQIRUPDO� REVHUYDWLRQV
WKDW� VSHHFK� IUHTXHQWO\� VRXQGV� UHJXODUO\� UK\WKPLF�
)XUWKHUPRUH�� UHJLRQV�ZKHUH� WKUHH� RU�PRUH� OLVWHQHUV
KHDUG� D� UHJXODU� UK\WKP� ZHUH� PRUH� OLNHO\� WR� KDYH
EHHQ�DOVR�KHDUG�DV�FRQWDLQLQJ�UHSHDWHG�)��FRQWRXUV
WKDQ�RWKHU�UHJLRQV�RI�VSHHFK��DQG�YLFH�YHUVD��,Q�RWKHU
ZRUGV�� UHJLRQV� SHUFHLYHG� DV� FRQWDLQLQJ� UHJXODU
UK\WKPV�WHQGHG�WR�EH�KHDUG�DV�DOVR�EHDULQJ�UHSHDWHG
LQWRQDWLRQ�� 7KLV� ILQGLQJ� LV� FRQVLVWHQW� ZLWK� REVHUYD�
WLRQV� IURP� WKH� OLWHUDWXUH� RQ� PXVLF� DQG� RWKHU� QRQ�
VSHHFK� DXGLWRU\� SHUFHSWXDO� VWLPXOL� WKDW� UK\WKP� DQG
LQWRQDWLRQ� PD\� EH� LQWHUGHSHQGHQWO\� SHUFHLYHG�� :H
DUH�FXUUHQWO\�ZRUNLQJ�RQ�D�WKHRU\�RI�SURVRG\�SHUFHS�
WLRQ�ZKLFK�XQLWHV� REVHUYDWLRQV� IURP�PXVLF�� DXGLWRU\
VWUHDP�DQDO\VLV��DQG�OLQJXLVWLFV�

����� ,QLWLDO�6WXGLHV�RI�WKH�3HUFHSWLRQ�RI�
3URVRGLF�3URPLQHQFH�

,QLWLDO� VWXGLHV� RI� SURPLQHQFH� SHUFHSWLRQ� KDYH� LQGL�
FDWHG�WKDW�ODUJH�)��H[FXUVLRQV�EHWZHHQ�WZR�DGMDFHQW
IXOO�YRZHO� V\OODEOHV� �DV� LQ� �WUDQVSRUW��� DUH� SHUFHSWX�
DOO\� DPELJXRXV� DV� WR� WKH� ORFDWLRQ� RI� WKH� SHUFHLYHG
SURPLQHQFH�DQG�WKDW� OLVWHQHUV�FDQ�KHDU�D�VHTXHQFH
RI�)��SHDNV�DQG�YDOOH\V�RQ�D�VHTXHQFH�RI�IXOO�YRZHO
V\OODEOHV� �H�J��� ³:H¶UH� DOO� ULJKW� QRZ´�� DV� SURPLQHQW
HLWKHU�RQ�WKH�SHDNV�RU�RQ�WKH�YDOOH\V��7KHVH�UHVXOWV
VXSSRUW�DQ�LQWHUSUHWLYH�PRGHO�RI�)��JRYHUQHG�SURPL�
QHQFH�SHUFHSWLRQ��LQ�ZKLFK�OLVWHQHUV�FRQVWUXFW�D�SDW�
WHUQ� RI� V\OODEOH� SURPLQHQFH� XVLQJ� LQIRUPDWLRQ� RI
VHYHUDO�NLQGV�ERWK�IURP�WKH�VLJQDO�DQG�IURP�WKHLU�ODQ�
JXDJH�NQRZOHGJH��6XFK�D�YLHZ�LV�DOVR�VXSSRUWHG�E\
SLORW� UHVXOWV� VKRZLQJ�D� GLIIHUHQFH� LQ�ZKLFK� V\OODEOHV
DUH�SHUFHLYHG�DV�SURPLQHQW� IRU�D�QRUPDO�SURGXFWLRQ
RI� D� V\OODEOH� VWULQJ�� ZKHUH� OH[LFDO� VWUHVV� LV� NQRZQ�
YHUVXV� LWV� UHLWHUDQW� LPLWDWLRQ�� ZKHUH� NQRZOHGJH� FDQ
SURYLGH� QR� VXFK� FRQVWUDLQWV�RQ� WKH� LQWHUSUHWDWLRQ�RI
WKH�DPELJXRXV�)��FRQWRXU�

��� 0RGHOV�RI�/H[LFDO�5HSUHVHQWDWLRQ�
DQG�/H[LFDO�$FFHVV

����� /DEHOLQJ�D�6SHHFK�'DWDEDVH�ZLWK�
/DQGPDUNV�DQG�)HDWXUHV

7KH� SURFHVV� RI� OH[LFDO� DFFHVV� UHTXLUHV� WKDW� D
VHTXHQFH� RI� ZRUGV� EH� UHWULHYHG� IURP� WKH� DFRXVWLF
VLJQDO�WKDW�LV�UDGLDWHG�IURP�D�VSHDNHU¶V�PRXWK��,Q�WKH
OH[LFDO�DFFHVV�SURFHVV�SURSRVHG�KHUH��DQ�LQLWLDO�VWHS
LV�WR�WUDQVIRUP�DQ�XWWHUDQFH�LQWR�DQ�LQWHUPHGLDWH�UHS�
UHVHQWDWLRQ� LQ� WHUPV�RI�D�GLVFUHWH� VHTXHQFH�RI�VXE�
OH[LFDO�RU�SKRQHWLF�XQLWV��7KLV�UHSUHVHQWDWLRQ�FRQVLVWV

RI�D�VHTXHQFH�RI� ODQGPDUNV�DW�VSHFLILF� WLPHV� LQ� WKH
XWWHUDQFH��WRJHWKHU�ZLWK�D�VHW�RI�IHDWXUHV�DVVRFLDWHG
ZLWK� HDFK� ODQGPDUN�� 7KH� ODQGPDUNV� DUH� RI� WKUHH
NLQGV�� DFRXVWLF� GLVFRQWLQXLWLHV� DW� FRQVRQDQWDO� FOR�
VXUHV� DQG� UHOHDVHV�� ORFDWLRQV� RI� SHDNV� LQ� V\OODELF
QXFOHL��DQG�JOLGH�JHQHUDWHG�PLQLPD�LQ�WKH�VLJQDO��7KH
LQYHQWRU\� RI� IHDWXUHV� LV� WKH� VDPH� DV� WKH� GLVWLQFWLYH
IHDWXUHV�WKDW�DUH�XVHG�LQ�SKRQRORJLFDO�GHVFULSWLRQV�RI
ODQJXDJH�

3URFHGXUHV� KDYH� EHHQ� GHYHORSHG� IRU� KDQG�ODEHOLQJ
XWWHUDQFHV�LQ�WHUPV�RI�WKHVH�ODQGPDUNV�DQG�IHDWXUHV�
7KH�VWDUWLQJ�SRLQW� LQ�WKH�ODEHOLQJ�RI�D�VHQWHQFH�LV�WR
JHQHUDWH� �DXWRPDWLFDOO\�� DQ� LGHDOL]HG� VHTXHQFH� RI
ODQGPDUNV��ZLWKRXW�WLPH�ODEHOV��DQG�IHDWXUHV�IURP�WKH
OH[LFDO� UHSUHVHQWDWLRQ� RI� HDFK� LQGLYLGXDO� ZRUG�� 7KLV
LGHDO� ODEHOLQJ� IRU� HDFK� FRQVRQDQW� ZRXOG� FRQWDLQ� D
VHTXHQFH�RI�WZR�ODQGPDUNV��HDFK�FRQWDLQLQJ�WKH�IHD�
WXUHV� RI� WKH� FRQVRQDQW�� (DFK� YRZHO� DQG� JOLGH� LV
DVVLJQHG�D�VLQJOH� ODQGPDUN�ZLWK� WKH� OH[LFDOO\�VSHFL�
ILHG�IHDWXUHV�DWWDFKHG��7KH�ODEHOLQJ�IRU�WKH�VHQWHQFH
FRQVLVWV� RI� DVVLJQLQJ� WLPHV� WR� WKH� ODQGPDUNV� DQG
PRGLI\LQJ�WKH�ODQGPDUNV��E\�GHOHWLQJ�RU�DGGLQJ�ODQG�
PDUNV�� DQG� WKH� IHDWXUHV� EDVHG� RQ� REVHUYDWLRQV� RI
WKH�VLJQDO��7KHVH�SURFHGXUHV� LQYROYH�D�FRPELQDWLRQ
RI�REVHUYDWLRQ�RI�GLVSOD\V�RI�ZDYHIRUPV��VSHFWUD��DQG
VSHFWURJUDPV��WRJHWKHU�ZLWK�OLVWHQLQJ�WR�VHJPHQWV�RI
WKH�XWWHUDQFH��/DEHOLQJ�KDV�EHHQ�FRPSOHWHG� IRU����
RGG�VHQWHQFHV�FRQWDLQLQJ�DERXW������ODQGPDUNV�

7KHUH� DUH� VHYHUDO� UHDVRQV� IRU� SUHSDULQJ� WKLV� GDWD�
EDVH��

�� &RPSDULVRQ�RI�WKH�KDQG�JHQHUDWHG�ODEHOV�ZLWK�
WKH�ODEHOV�DXWRPDWLFDOO\�JHQHUDWHG�IURP�WKH�
VHTXHQFH�RI�OH[LFDO�LWHPV�SURYLGHV�TXDQWLWDWLYH�
LQIRUPDWLRQ�RQ�WKH�PRGLILFDWLRQV�WKDW�DUH�LQWUR�
GXFHG�E\�D�WDONHU�ZKHQ�UXQQLQJ�VSHHFK�ZLWK�
YDULRXV�GHJUHHV�RI�FDVXDOQHVV�LV�SURGXFHG��

�� 7KH�ODQGPDUNV�DQG�IHDWXUHV�IRU�DQ�XWWHUDQFH�
FDQ�EH�XVHG�DV�DQ�LQSXW�IRU�WHVWLQJ�DQG�GHYHO�
RSLQJ�SURFHGXUHV�IRU�UHFRYHULQJ�WKH�ZRUG�
VHTXHQFH�IRU�WKH�XWWHUDQFH��DQG�

�� ,Q�WKH�GHYHORSPHQW�RI�DXWRPDWLF�SURFHGXUHV�
IRU�H[WUDFWLQJ�WKH�ODQGPDUNV�DQG�IHDWXUHV�IRU�
XWWHUDQFHV��WKH�KDQG�JHQHUDWHG�ODEHOV�FDQ�EH�
YLHZHG�DV�D�JRDO�DJDLQVW�ZKLFK�SRWHQWLDO�DXWR�
PDWLFDOO\�JHQHUDWHG�ODEHOV�FDQ�EH�FRPSDUHG��

,W�LV�KRSHG�WKDW�WKH�GDWDEDVH�RI�XWWHUDQFHV�DQG�ODEHOV
FDQ� EH� SXEOLFO\� DYDLODEOH� ZKHQ� D� VXIILFLHQWO\� ODUJH
QXPEHU�RI�XWWHUDQFHV�KDYH�EHHQ�ODEHOHG�
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����� 'HWHFWLRQ�RI�/DQGPDUNV�DQG�)HDWXUHV�
LQ�&RQWLQXRXV�6SHHFK��7KH�9RLFLQJ�
)HDWXUH

$� PDMRU� WDVN� LQ� LPSOHPHQWLQJ� D� PRGHO� IRU� OH[LFDO
DFFHVV� IURP� FRQWLQXRXV� VSHHFK� LV� WR� GHYHORS� ZHOO�
GHILQHG�SURFHGXUHV�IRU�GHWHFWLRQ�DQG�LGHQWLILFDWLRQ�RI
WKH�KLHUDUFK\�RI�ODQGPDUNV�DQG�IHDWXUHV�IURP�DQDO\�
VLV� RI� WKH� VLJQDO�� )RU� HDFK� ODQGPDUN� DQG� IHDWXUH
WKHUH� LV� D� VSHFLILF� LQYHQWRU\� RI� DFRXVWLF� SURSHUWLHV
WKDW�FRQWULEXWH� WR� WKLV�GHWHFWLRQ�SURFHVV��7KH� LQYHQ�
WRU\� RI� SURSHUWLHV� WKDW�PXVW� EH� WDSSHG� WR�PDNH� WKH
YRLFHG�YRLFHOHVV� GLVWLQFWLRQ� IRU� FRQVRQDQWV� LV� HVSH�
FLDOO\� ULFK��6RPH� LQLWLDO� SURJUHVV� KDV� EHHQ�PDGH� LQ
GHYHORSLQJ�VLJQDO�SURFHVVLQJ�PHWKRGV�WKDW�DUH�UHOH�
YDQW�WR�WKLV�GLVWLQFWLRQ�

,Q� WKLV� LQLWLDO� ZRUN� ZH� KDYH� H[DPLQHG� WKH� UDWH� RI
GHFUHDVH�RI�ORZ�IUHTXHQF\�VSHFWUXP�DPSOLWXGH�LQ�WKH
FORVXUH� LQWHUYDO� IRU� D� QXPEHU� RI� LQWHUYRFDOLF� YRLFHG
DQG�YRLFHOHVV�REVWUXHQW�FRQVRQDQWV�SURGXFHG�E\�WZR
VSHDNHUV��RQH�PDOH��RQH�IHPDOH���7KH�GDWD�VKRZ�WKH
H[SHFWHG� PRUH� UDSLG� GHFUHDVH� LQ� ORZ�IUHTXHQF\
DPSOLWXGH� IRU� WKH�YRLFHOHVV�FRQVRQDQWV� WKDQ� IRU� WKH
YRLFHG�� 7KH� DPRXQWV� RI� GHFUHDVH� IROORZLQJ� FRQVR�
QDQWDO�FORVXUH�DUH�FRQVLVWHQW�ZLWK�SUHGLFWLRQV�EDVHG
RQ� HVWLPDWHV� RI� YRFDO�WUDFW� ZDOO� H[SDQVLRQ� DQG� RI
WUDQVJORWWDO�WKUHVKROG�SUHVVXUHV�IRU�SKRQDWLRQ��7KHUH
LV��KRZHYHU��FRQVLGHUDEOH�YDULDELOLW\� LQ� WKLV�PHDVXUH
RI�ORZ�IUHTXHQF\�DPSOLWXGH��DQG�LW�LV�FOHDU�WKDW�DGGL�
WLRQDO�PHDVXUHV�DUH�QHHGHG�WR�LQFUHDVH�WKH�UHOLDELOLW\
RI�YRLFLQJ�GHWHFWLRQ�

����� 'HULYLQJ�:RUG�6HTXHQFHV�IURP�D�
/DQGPDUN��DQG�)HDWXUH�EDVHG�
5HSUHVHQWDWLRQ�RI�&RQWLQXRXV�6SHHFK

6HYHUDO� VWHSV� DUH� LQYROYHG� LQ� GHVLJQLQJ� DQG� LPSOH�
PHQWLQJ�D�OH[LFDO�DFFHVV�V\VWHP�EDVHG�RQ�ODQGPDUNV
DQG� IHDWXUHV�� 7KHVH� LQFOXGH� ORFDWLRQ� RI� ODQGPDUNV�
GHWHUPLQLQJ� IHDWXUHV� DVVRFLDWHG� ZLWK� WKHVH� ODQG�
PDUNV��FRQYHUWLQJ� WKLV� ODQGPDUN�IHDWXUH� UHSUHVHQWD�
WLRQ� WR� D� VHJPHQW�IHDWXUH� UHSUHVHQWDWLRQ�� DQG
PDWFKLQJ�WR�D�OH[LFRQ�WKDW�LV�VSHFLILHG�XVLQJ�WKH�VDPH
LQYHQWRU\�RI�IHDWXUHV��7KLV�SURMHFW�KDV�H[DPLQHG�WKH
FRQYHUVLRQ� DQG� PDWFKLQJ� VWHSV� RI� WKLV� SURFHVV�� ,W
XVHV� DV� LQSXW� ODQGPDUNV� DQG� IHDWXUHV� REWDLQHG� E\
KDQG�ODEHOLQJ� D� QXPEHU� RI� VHQWHQFHV� SURGXFHG� E\
VHYHUDO� WDONHUV�� 7KHVH� VHQWHQFHV� FRQWDLQ� ZRUGV
GUDZQ�IURP�D�VPDOO� OH[LFRQ�RI�DERXW����� LWHPV��7KH
ODQGPDUNV�LQ�WKH�VHQWHQFHV�LGHQWLI\�GLVFRQWLQXLWLHV�DW
FRQVRQDQWDO� FORVXUHV� DQG� UHOHDVHV�� YRZHO� SHDNV�
DQG�JOLGH�JHQHUDWHG�PLQLPD�LQ�WKH�VLJQDO�

7KH� FRQYHUVLRQ� IURP� WHPSRUDO� ORFDWLRQV� RI� ODQG�
PDUNV��WRJHWKHU�ZLWK�IHDWXUH�ODEHOV��WR�D�OH[LFDOO\�FRQ�
VLVWHQW� VHJPHQW�IHDWXUH� UHSUHVHQWDWLRQ� UHTXLUHV� WKDW
WHPSRUDO� LQIRUPDWLRQ�DQG�WKH�IHDWXUH�ODEHOV�EH�XVHG
WR� FROODSVH� FRQVRQDQWDO� FORVXUHV� DQG� UHOHDVHV� LQWR
VHTXHQFHV�RI�VHJPHQWV��)RU�H[DPSOH��VHTXHQFHV�RI
WZR�FRQVRQDQWV�EHWZHHQ�YRZHOV��9&

�
&

�
9��DUH�RIWHQ

SURGXFHG� ZLWK� MXVW� WZR� DFRXVWLFDOO\�HYLGHQW� ODQG�
PDUNV� �&

�
� FORVXUH� DQG� &

�
� UHOHDVH��� DQG� GXUDWLRQ

LQIRUPDWLRQ�PD\�EH�QHHGHG�WR�GHWHUPLQH�ZKHWKHU�WKH
ODQGPDUNV�VLJQDO�RQH�FRQVRQDQW�RU�WZR�FRQVRQDQWV�

0DWFKLQJ� RI� WKH� VHJPHQW�IHDWXUH� UHSUHVHQWDWLRQ� IRU
UXQQLQJ�VSHHFK�WR�VHTXHQFHV�RI�ZRUGV�IURP�D�VWRUHG
OH[LFRQ�UHTXLUHV�NQRZOHGJH�RI�UXOHV�VSHFLI\LQJ�PRGL�
ILFDWLRQV�WKDW�FDQ�RFFXU�LQ�WKH�IHDWXUHV�RI�WKH�OH[LFDO
LWHPV� GHSHQGLQJ� RQ� WKH� FRQWH[W�� $V� D� ILUVW� VWHS� LQ
DFFRXQWLQJ�IRU�WKHVH�PRGLILFDWLRQV��VRPH�RI�WKH�IHD�
WXUHV� WKDW�DUH�NQRZQ� WR�EH�SRWHQWLDOO\� LQIOXHQFHG�E\
FRQWH[W�DUH�PDUNHG�LQ�WKH�OH[LFRQ�DV�PRGLILDEOH��7KH
PDWFKLQJ� SURFHVV� DOVR� UHTXLUHV� WKDW� FULWHULD� EH
GHILQHG�IRU�PDWFKLQJ�RI�IHDWXUHV��VLQFH�PDQ\�IHDWXUHV
UHPDLQ� XQVSHFLILHG�� ERWK� LQ� WKH� ODEHOHG� UHSUHVHQWD�
WLRQ�DQG�LQ�WKH�VWRUHG�OH[LFDO�UHSUHVHQWDWLRQ��6HYHUDO
FULWHULD� IRU� DFFHSWLQJ� D�PDWFK� DUH� SRVVLEOH� ZKHQ� D
IHDWXUH�LV�XQVSHFLILHG�RU�LV�PDUNHG�DV�PRGLILDEOH�

,Q� WKLV�SURMHFW�� WKH�SHUIRUPDQFH�RI� WKH�PDWFKHU�ZDV
HYDOXDWHG�XVLQJ�VHYHUDO�GLIIHUHQW�FULWHULD�IRU�PDWFKLQJ
LQGLYLGXDO� IHDWXUHV�� )RU� H[DPSOH�� RQH� FULWHULRQ� ZDV
WKDW�D�OH[LFDO�LWHP�FRQWDLQLQJ�WKH�IHDWXUH�>�QDVDO@�ZDV
QRW�DFFHSWHG�XQOHVV�WKH� ODEHOHG�UHSUHVHQWDWLRQ�DOVR
FRQWDLQHG�>�QDVDO@��WKDW�LV��WKHUH�ZRXOG�EH�QR�PDWFK�LI
WKH�IHDWXUH�ZDV�XQVSHFLILHG�IRU�>QDVDO@��([SHULPHQWV
ZLWK� GLIIHUHQW� PDWFKLQJ� FULWHULD� OHG� WR� D� QXPEHU� RI
FDQGLGDWHV� IRU�ZRUG� VHTXHQFHV� IRU�PRVW� VHQWHQFHV
DQG�WKH�FRUUHFW�VHTXHQFH�ZDV�DOPRVW�DOZD\V�RQH�RI
WKHVH�FDQGLGDWHV��7KH�PRVW�HIIHFWLYH�PDWFKLQJ�FULWH�
ULRQ��ZKLFK�LQFOXGHG�D�PHWULF�IRU�WKH�QXPEHU�RI�PRGL�
ILFDWLRQV�WKDW�ZHUH�QHHGHG�WR�FUHDWH�WKH�PDWFKHV��OHG
WR�ZRUG�VHTXHQFHV�WKDW�ZHUH�LQ�WKH�WRS�WKUHH�FDQGL�
GDWHV�LQ����SHUFHQW�RI�WKH�VHQWHQFHV�

7KLV� H[HUFLVH� LV� OHDGLQJ� WR� WKH� IRUPXODWLRQ� RI� DQ
LPSURYHG�PRGHO� WKDW�VHSDUDWHV�WKH� OH[LFRQ�IURP�WKH
UXOHV�DQG�SURSRVHV�PDWFKLQJ�SURFHGXUHV�WKDW�LQYRNH
WKH�UXOHV�DV�DQ�LQWHJUDO�SDUW�RI�WKH�OH[LFDO�DFFHVV�SUR�
FHVV�
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����� $�0RGHO�IRU�WKH�(QKDQFHPHQW�RI�
3KRQHWLF�'LVWLQFWLRQV

0RGHOV�IRU� WKH�SURGXFWLRQ�DQG�SHUFHSWLRQ�RI�VSHHFK
JHQHUDOO\� DVVXPH� WKDW� OH[LFDO� LWHPV� DUH� VWRUHG� LQ
PHPRU\� LQ� WHUPV� RI� VHJPHQWV� DQG� IHDWXUHV�� ,Q� WKH
FDVH�RI�VSHHFK�SURGXFWLRQ��WKH�IHDWXUH�VSHFLILFDWLRQV
FDQ�EH�YLHZHG�DV�LQVWUXFWLRQV�WR�DQ�DUWLFXODWRU\�FRP�
SRQHQW� ZKLFK� SURGXFHV� DQ� DFRXVWLF� RXWSXW�� 7KH
VSHDNHU¶V�SHUFHSWXDO�NQRZOHGJH�RI� WKH�PLQLPDO�GLV�
WLQFWLRQV� LQ� WKH� ODQJXDJH� SOD\V� DQ� LPSRUWDQW� UROH� LQ
WKLV�SURGXFWLRQ�SURFHVV��&RXSOHG�ZLWK� WKH�VSHDNHU¶V
DZDUHQHVV�RI�WKH�SHUFHSWXDO�DFRXVWLF�PDQLIHVWDWLRQV
RI�WKH�PLQLPDO�GLVWLQFWLRQV�RI�WKH�ODQJXDJH�LV�NQRZO�
HGJH� WKDW� FHUWDLQ� DUWLFXODWRU\� JHVWXUHV� RYHU� DQG
DERYH� WKRVH� VSHFLILHG� E\� WKH� SKRQRORJLFDO� IHDWXUHV
FDQ�FRQWULEXWH�WR�VKDSLQJ�WKH�SURSHUWLHV�RI�WKH�VRXQG�
5HFUXLWLQJ�RI�WKHVH�DGGLWLRQDO�JHVWXUHV�FDQ�HQKDQFH
WKH�SHUFHSWLRQ�RI�WKHVH�GLVWLQFWLRQV�

:H� KDYH� IRUPXODWHG� VSHHFK� SURGXFWLRQ�PRGHO� ZLWK
FRPSRQHQWV� WKDW� LQFRUSRUDWH� WKHVH� HQKDQFLQJ� SUR�
FHVVHV�� )RXU� W\SHV� RI� HQKDQFHPHQW� KDYH� EHHQ
H[DPLQHG�� YRLFLQJ� IRU� REVWUXHQW� FRQVRQDQWV�� QDVDO�
L]DWLRQ�IRU�YRZHOV��SODFH�GLVWLQFWLRQV�IRU�WRQJXH�EODGH
FRQVRQDQWV��DQG�WRQJXH�ERG\�IHDWXUHV�IRU�YRZHOV��,Q
HDFK�FDVH��WKHUH�LV�D�JHVWXUH�WKDW�LV�LPSOHPHQWHG�LQ
UHVSRQVH� WR� VSHFLILFDWLRQV� IURP� D� SKRQRORJLFDO� IHD�
WXUH��DQG�D�VHSDUDWH�DUWLFXODWRU\�JHVWXUH�LV�UHFUXLWHG
WR�HQKDQFH�WKH�SHUFHSWXDO�FRQWUDVW�IRU�WKDW�IHDWXUH�

��� /DERUDWRU\�)DFLOLWLHV�IRU�6SHHFK�
$QDO\VLV�DQG�([SHULPHQWDWLRQ

)DFLOLWLHV�IRU�SHUIRUPLQJ�GLUHFW�WR�GLVN�UHFRUGLQJV��IRU
WUDQVIHUULQJ� VSHHFK� GDWD� IURP� D� GLJLWDO� DXGLR� WDSH
�'$7��WR�D�KDUG�GULYH�DQG�IRU�SHUIRUPLQJ�DXWRPDWHG
VSHHFK� SHUFHSWLRQ� H[SHULPHQWV� ZHUH� VHW� XS� LQ� D
VRXQG�DWWHQXDWHG�URRP�XVLQJ�D�0DFLQWRVK�FRPSXWHU
ZLWK�D�'LJLGHVLJQ�VRXQGFDUG�DQG�3V\VFRSH�VRIWZDUH�

,Q�DGGLWLRQ��GHYHORSPHQW�RI�DQ�LQ�KRXVH�VSHHFK�DQDO�
\VLV� VRIWZDUH� SURJUDP�� [NO�� LV� FRQWLQXLQJ�� ;NO� LV� DQ
;���0RWLI� EDVHG� SURJUDP� WKDW� SHUIRUPV� UHDO�WLPH
DQDO\VLV� RI� ZDYHIRUPV�� SOD\V� DQG� UHFRUGV� VRXQG
ILOHV�� FUHDWHV� VSHFWURJUDPV� DQG� RWKHU� VSHFWUD�� DQG
V\QWKHVL]HV�VSHHFK�

��� 3XEOLFDWLRQV

����� -RXUQDO�$UWLFOHV

&KHQ��0���$FRXVWLF�&RUUHODWHV�RI�(QJOLVK�DQG�)UHQFK
1DVDOL]HG� 9RZHOV��� -�� $FRXVW�� 6RF�� $P�� ����
���������������

&KHQ��0���DQG�5��0HWVRQ���(IIHFWV�RI�6LQXV�6XUJHU\
RQ�6SHHFK���$UFK��2WRODU\QJRO��+HDG�1HFN�6XUJ�
�������������������

*XHQWKHU��)���&��(VS\�:LOVRQ��6��%R\FH��0��0DWWKLHV�
0�� =DQGLSRXU�� DQG� -�� 3HUNHOO�� �$UWLFXODWRU\
7UDGHRIIV� 5HGXFH� $FRXVWLF� 9DULDELOLW\� GXULQJ
$PHULFDQ�(QJOLVK��U��3URGXFWLRQ���6XEPLWWHG�WR�-�
$FRXVW��6RF��$P�

+LOOPDQ��5�(���(�%��+ROPEHUJ��-�6��3HUNHOO��-��.REOHU�
3�� *XLRG�� &�� *UHVV�� DQG� (�(�� 6SHUU\�� �6SHHFK
5HVSLUDWLRQ� LQ� $GXOW� )HPDOHV� ZLWK� 9RFDO� 1RG�
XOHV���-��6SHHFK�+HDU��5HV��)RUWKFRPLQJ�

/DQH��+���-��3HUNHOO��0��0DWWKLHV��-��:R]QLDN��-��0DQ�
]HOOD��3��*XLRG��0��0DF&ROOLQ��DQG�-��9LFN�� �7KH
(IIHFW�RI�&KDQJHV� LQ�+HDULQJ�6WDWXV�RQ�6SHHFK
/HYHO� DQG� 6SHHFK� %UHDWKLQJ�� $� 6WXG\� ZLWK
&RFKOHDU� ,PSODQW� 8VHUV� DQG� 1)��� 3DWLHQWV��� -�
$FRXVW��6RF��$P��)RUWKFRPLQJ�

/DQH��+���-��:R]QLDN��0��0DWWKLHV��0��6YLUVN\��-��3HU�
NHOO��0��2¶&RQQHOO��DQG�-��0DQ]HOOD���&KDQJHV�LQ
6RXQG� 3UHVVXUH� DQG� )XQGDPHQWDO� )UHTXHQF\
&RQWRXUV�)ROORZLQJ�&KDQJHV�LQ�+HDULQJ�6WDWXV��
-��$FRXVW��6RF��$P����������������������

0DWWKLHV��0���3��3HUULHU��-��3HUNHOO��DQG�0��=DQGLSRXU�
�9DULDWLRQ� LQ�6SHHFK�0RYHPHQW�.LQHPDWLFV�DQG
7HPSRUDO� 3DWWHUQV� RI� &RDUWLFXODWLRQ� ZLWK
&KDQJHV� LQ� &ODULW\� DQG� 5DWH��� 6XEPLWWHG� WR� -�
6SHHFK��/DQJ��+HDU��5HV�

3HUNHOO��-���DQG�0��=DQGLSRXU�� �&ODULW\�9HUVXV�(FRQ�
RP\� RI� (IIRUW� LQ� 6SHHFK� 3URGXFWLRQ�� .LQHPDWLF
3HUIRUPDQFH� 6SDFHV� IRU� &\FOLFDO� DQG� 6SHHFK
0RYHPHQWV���6XEPLWWHG�WR�-��$FRXVW��6RF��$P�

3HUNHOO��-���0��=DQGLSRXU��0��0DWWKLHV��DQG�+��/DQH�
�&ODULW\�9HUVXV�(FRQRP\�RI�(IIRUW�LQ�6SHHFK�3UR�
GXFWLRQ��$�3UHOLPLQDU\�6WXG\�RI�,QWHU�6XEMHFW�'LI�
IHUHQFHV�DQG�0RGHOLQJ� ,VVXHV���6XEPLWWHG� WR�-�
$FRXVW��6RF��$P�

3HUNHOO��-�6���0�/��0DWWKLHV��+��/DQH��)��*XHQWKHU��5�
:LOKHOPV�7ULFDULFR�� -�� :R]QLDN�� DQG� 3�� *XLRG�
�6SHHFK�0RWRU�&RQWURO��$FRXVWLF�*RDOV��6DWXUD�
WLRQ� (IIHFWV�� $XGLWRU\� )HHGEDFN� DQG� ,QWHUQDO
0RGHOV���6SHHFK�&RPPXQ��������������������

6YLUVN\��0�$���.�1��6WHYHQV��0�/��0DWWKLHV��-��0DQ�
]HOOD�� -�6�� 3HUNHOO�� DQG� 5�� :LOKHOPV�7ULFDULFR�
�7RQJXH�6XUIDFH�'LVSODFHPHQW�'XULQJ�2EVWUXHQW
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6WRS�&RQVRQDQWV���-��$FRXVW��6RF��$P�����������
����������

:X��&���5��:LOKHOPV�7ULFDULFR�� DQG� -�$��1HJXOHVFR�
�/DQGPDUN�6HOHFWLRQ� IRU�&URVV�0DSSLQJ�0XVFOH
$QDWRP\� DQG�9ROXPHWULF� ,PDJHV� RI� WKH�+XPDQ
7RQJXH���6XEPLWWHG�WR�&OLQ��$QDW�

����� &RQIHUHQFH�3DSHUV

'LOOH\��/�&���DQG�6��6KDWWXFN�+XIQDJHO���$PELJXLW\�LQ
3URPLQHQFH�3HUFHSWLRQ�LQ�6SRNHQ�8WWHUDQFHV�LQ
$PHULFDQ� (QJOLVK��� 3URFHHGLQJV� RI� WKH� -RLQW
0HHWLQJ�RI�WKH�,QWHUQDWLRQDO�&RQJUHVV�RQ�$FRXV�
WLFV�DQG�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD��6HDW�
WOH��:DVKLQJWRQ��-XQH�������)RUWKFRPLQJ�

*RYLQGDUDMDQ��.�� �/DWHQF\�RI�0(*�0����5HVSRQVH
,QGH[HV�)LUVW�)RUPDQW�)UHTXHQF\���3URFHHGLQJV
RI� WKH� -RLQW� 0HHWLQJ� RI� WKH� ,QWHUQDWLRQDO� &RQ�
JUHVV�RQ�$FRXVWLFV�DQG�WKH�$FRXVWLFDO�6RFLHW\�RI
$PHULFD��6HDWWOH��:DVKLQJWRQ��-XQH�������)RUWK�
FRPLQJ�

3HUNHOO�� -��� 0�� 0DWWKLHV�� DQG� 0�� =DQGLSRXU�� �0RWRU
(TXLYDOHQFH� LQ� WKH�3URGXFWLRQ� RI� �∫ ����3URFHHG�
LQJV� RI� WKH� -RLQW� 0HHWLQJ� RI� WKH� ,QWHUQDWLRQDO
&RQJUHVV�RQ�$FRXVWLFV�DQG�WKH�$FRXVWLFDO�6RFL�
HW\�RI�$PHULFD��6HDWWOH��:DVKLQJWRQ��-XQH������
)RUWKFRPLQJ�

3RRUW��.�� �6WRS�&RQVRQDQW�3URGXFWLRQ�E\�'\VDUWKULF
6SHDNHUV�� 8VH� RI� 0RGHOV� WR� ,QWHUSUHW� $FRXVWLF
'DWD���3URFHHGLQJV� RI� WKH� -RLQW� 0HHWLQJ� RI� WKH
,QWHUQDWLRQDO� &RQJUHVV� RQ� $FRXVWLFV� DQG� WKH
$FRXVWLFDO�6RFLHW\�RI�$PHULFD��6HDWWOH��:DVKLQJ�
WRQ��-XQH�������)RUWKFRPLQJ�

3UDKOHU�� $�0�� �0RGHOLQJ� DQG� 6\QWKHVLV� RI� /DWHUDO
&RQVRQDQW��O����3URFHHGLQJV�RI�WKH�-RLQW�0HHWLQJ
RI� WKH� ,QWHUQDWLRQDO�&RQJUHVV� RQ�$FRXVWLFV� DQG
WKH� $FRXVWLFDO� 6RFLHW\� RI� $PHULFD�� 6HDWWOH�
:DVKLQJWRQ��-XQH�������)RUWKFRPLQJ�

6KDWWXFN�+XIQDJHO��6��DQG�$��7XUN�� �7KH�'RPDLQ�RI
3KUDVH�)LQDO� /HQJWKHQLQJ� LQ�(QJOLVK���3URFHHG�
LQJV� RI� WKH� -RLQW� 0HHWLQJ� RI� WKH� ,QWHUQDWLRQDO
&RQJUHVV�RQ�$FRXVWLFV�DQG�WKH�$FRXVWLFDO�6RFL�
HW\�RI�$PHULFD��6HDWWOH��:DVKLQJWRQ��-XQH������
)RUWKFRPLQJ�

6WHYHQV��.�1���7RZDUG�0RGHOV�IRU�+XPDQ�3URGXFWLRQ
DQG�3HUFHSWLRQ� RI�6SHHFK���3URFHHGLQJV� RI� WKH
-RLQW� 0HHWLQJ� RI� WKH� ,QWHUQDWLRQDO� &RQJUHVV� RQ
$FRXVWLFV�DQG�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD�
6HDWWOH��:DVKLQJWRQ��-XQH�������)RUWKFRPLQJ�

7XUN��$�(���DQG�6��6KDWWXFN�+XIQDJHO���'XUDWLRQ�DV�D
&XH� WR� 6\OODEOH� $IILOLDWLRQ��� 3URFHHGLQJV� RI� WKH
&RQIHUHQFH� RQ� WKH� 3KRQRORJLFDO� :RUG�� %HUOLQ�
*HUPDQ\��2FWREHU�������)RUWKFRPLQJ�

:LOKHOPV�7ULFDULFR�� 5��� DQG� &��0�� :X�� �$� %LRPH�
FKDQLFDO�0RGHO�RI� WKH�7RQJXH��� �3URFHHGLQJV�RI
WKH� ����� %LRHQJLQHHULQJ� &RQIHUHQFH�� %('�9RO�
�����(GV��.�%��&KDQGUDQ��5��9DQGHUE\��DQG�0�6�
+HI]\���1HZ�<RUN��$06(����������SS��������

����� &KDSWHU�LQ�D�%RRN

6KDWWXFN�+XIQDJHO�� 6�� �3KUDVH�OHYHO� 3KRQRORJ\� LQ
6SHHFK� 3URGXFWLRQ� 3ODQQLQJ�� (YLGHQFH� IRU� WKH
5ROH�RI�3URVRGLF�6WUXFWXUH��� ,Q�3URVRG\��7KHRU\
DQG� ([SHULPHQW�� 6WXGLHV� 3UHVHQWHG� WR� *RVWD
%UXFH�� (G��0��+RUQH��6WRFNKROP��6ZHGHQ��.OX�
ZHU��)RUWKFRPLQJ�

����� 7KHVLV

+DJHQ��$��/LQJXLVWLF�)XQFWLRQV�RI�*ORWWDOL]DWLRQV�DQG
WKHLU�/DQJXDJH�6SHFLILF�XVH�LQ�(QJOLVK�DQG�*HU�
PDQ��'LSORPDUEHLW� �0���&RPSXW��6FL���8QLYHUVLW\
RI�(UODQJHQ�1�UQEHUJ��*HUPDQ\�
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