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(QHUJ\� PLJUDWLRQ� KDV� EHHQ� REVHUYHG� LQ� <E
��
� GRSHG� /L�2�0J2�3�2�� SKRVSKDWH� JODVVHV�� 7ZR�

FRPSRVLWLRQV�KDYH�EHHQ�LQYHVWLJDWHG��ZLWK�ORZ�DQG�KLJK�PRGLILHU�FRQWHQW��,Q�ERWK�VDPSOHV��D�GLSROH�GLSROH�
PHFKDQLVP� KDV� EHHQ� IRXQG� WR� GHVFULEH� WKH� HQHUJ\� WUDQVIHU� SURFHVV� XQGHUO\LQJ� WKH� VSHFWUDO� PLJUDWLRQ��

+RZHYHU�D�ODUJH�GLIIHUHQFH�LQ�WKH�DYHUDJH�WUDQVIHU�UDWH�LV�REVHUYHG�EHWZHHQ�WKH�VDPSOHV��7KH�ORZ�PLJUDWLRQ�

LQ�WKH�VDPSOH�ZLWK�KLJK�PRGLILHU�FRQWHQW�LV�DWWULEXWHG�WR�D�WUDSSLQJ�RI�H[FLWDWLRQ�LQVLGH�FOXVWHUV���

,QWURGXFWLRQ�

5DUH� HDUWK� �5(�� GRSHG� SKRVSKDWH� JODVVHV� KDYH� DWWUDFWHG� FRQVLGHUDEOH� LQWHUHVW� LQ�
SKRWRQLFV�DSSOLFDWLRQV�� OLNH�ZDYHJXLGH� ODVHUV� DQG�DPSOLILHUV��7R�GHVLJQ�HIILFLHQW�DQG�KLJKO\�
GRSHG� DFWLYH� JODVVHV�� 5(� FOXVWHULQJ�� ZKLFK� LQGXFHV� QRQ� UDGLDWLYH� GHH[FLWDWLRQV�� KDV� WR� EH�
UHGXFHG��$PRQJ�RWKHU�SURFHVVHV�UHODWHG�WR� LQWHU�LRQLF�VHSDUDWLRQ�� ORZ�WHPSHUDWXUH�VSHFWUDO�
PLJUDWLRQ� LV� RI� JUHDW� LQWHUHVW��� 7KLV� PHWKRG� LV� EDVHG� RQ� WKH� REVHUYDWLRQ� RI� WKH� HQHUJ\�
GLIIXVLRQ�� E\� WKH� PHDVXULQJ� RI� WKH� WLPH�UHVROYHG� OXPLQHVFHQFH� VSHFWUD�� DIWHU� VHOHFWLYH�
H[FLWDWLRQ� LQVLGH�DQ� LQKRPRJHQHRXVO\�EURDGHQHG�DEVRUSWLRQ�EDQG�� ,Q� WKLV�SDSHU�� WZR�JODVV�
FRPSRVLWLRQV�ZLWK�GLIIHUHQW� FOXVWHU� FRQWHQW� DUH� LQYHVWLJDWHG�� 6SHFWUDO�PLJUDWLRQ�SDUDPHWHUV�
�UDWH�� PXOWLSRODULW\�� DUH� GHWHUPLQHG� DQG� GLVFXVVHG� LQ� FRUUHODWLRQ� ZLWK� SUHYLRXV� UHVXOWV� RQ�
FRRSHUDWLYH�OXPLQHVFHQFH�������

([SHULPHQW�

,Q� WKLV� VWXG\�� SKRVSKDWH� JODVVHV� ZLWK� WKH� JHQHUDO� PRODU� FRPSRVLWLRQ� [�/L�2�0J2��

\3�2��� GRSHG�ZLWK� ����ZW��<E�2�� �≈� �����×� ����� FP���� KDYH�EHHQ� LQYHVWLJDWHG�� �7KH� JODVV�
PRGLILHU� WR� JODVV� IRUPHU� UDWLR� 5 [�\� ZDV� HLWKHU� ���� RU� ����� � 'HWDLOV� RI� WKH� V\QWKHVLV� DUH�
GHVFULEHG� HOVHZKHUH��� 6SHFWURVFRSLF�PHDVXUHPHQWV�ZHUH� FDUULHG�RXW� DW� ���.�XVLQJ� D�+HOL[�
FORVH�F\FOHG�+H� FU\RVWDW��([FLWDWLRQ�SXOVHV� ���QV��ZHUH�SURYLGHG�E\�D�7L�6D� ODVHU� �%0,�76�
������)OXRUHVFHQFH�ZDV�GHWHFWHG�E\�DQ�,Q$V�SKRWRGLRGH��ZLWK�D� WLPH�FRQVWDQW�DURXQG���V��
WKURXJK� D� -RELQ�<YRQ� +'� ���� VSHFWURPHWHU�� 7LPH�UHVROYHG� VSHFWUD� ZHUH� UHFRUGHG� E\� D�
FRPSXWHU�LQWHUIDFHG�GLJLWDO�RVFLOORVFRSH�7HNWURQL[�7'6�������

5HVXOWV�DQG�'LVFXVVLRQ�

<E��� KDV� ��� �I�HOHFWURQV� DQG� WKHUHIRUH� RQO\� WZR�PXOWLSOHWV� LQ� WKLV� FRQILJXUDWLRQ�� �)����

�JURXQG�VWDWH��DQG��)�����ZKLFK�DUH�VHSDUDWHG�E\�≈�������FP����,Q�JODVVHV�DW�ORZ�WHPSHUDWXUHV��
�)���� ↔� �)���� WUDQVLWLRQV� DUH� PDLQO\� LQKRPRJHQHRXVO\� EURDGHQHG� GXH� WR� VLWH� WR� VLWH�
HQYLURQPHQW� YDULDWLRQV�� (QHUJ\� PLJUDWLRQ� EHWZHHQ� GLIIHUHQW� VLWHV� KDV� EHHQ� REVHUYHG�� E\�

PRQLWRULQJ�WKH�WLPH�HYROXWLRQ�RI�WKH� �)�������→� �)�������HPLVVLRQ�VSHFWUXP�� �DIWHU� VHOHFWLYH�
H[FLWDWLRQV�LQVLGH�WKH�VDPH�WUDQVLWLRQ��)LJ��D�DQG�E�VKRZ�WKH�HPLVVLRQ�VSHFWUD�RI�ERWK�5 ����

DQG� 5 ���� VDPSOHV� UHFRUGHG� DIWHU� VKRUW� SXOVH� H[FLWDWLRQ� DW�λH[F�≈� ���� QP� DQG� ������ QP��
UHVSHFWLYHO\�� IRU� LQFUHDVLQJ� GHOD\V�� ,Q� ERWK� FDVHV�� WZR� FRPSRQHQWV� DUH� FOHDUO\� LGHQWLILHG�� D�



QDUURZ�SHDN�ZLWK�VSHFWUDO�ZLGWK�≈����FP����FRUUHVSRQGLQJ�WR�WKH�HPLVVLRQ�IURP�LRQV�GLUHFWO\�

H[FLWHG�E\�WKH�ODVHU��UHVRQDQW�IOXRUHVFHQFH���DQG�D�EURDG�EDQG�ZLWK�VSHFWUDO�ZLGWK�≈����FP����
GXH� WR� WKH� HPLVVLRQ� IURP� LRQV� H[FLWHG� WKURXJK� DQ� HQHUJ\� WUDQVIHU� SURFHVV� �EDFNJURXQG�
IOXRUHVFHQFH��� 7KH� H[FLWDWLRQ�ZDYHOHQJWKV� ZHUH� FKRVHQ� WR� JHW� WKH� VDPH� HQHUJ\� GLIIHUHQFH�
EHWZHHQ�WKH�H[FLWDWLRQ�ZDYHOHQJWK�DQG�WKH�EURDG�EDQG�LQ�ERWK�VDPSOHV��
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)LJ������)�������
�)�������HPLVVLRQ�VSHFWUD�UHFRUGHG�DW�LQFUHDVLQJ�GHOD\V�DIWHU�VHOHFWLYH�

H[FLWDWLRQ���D��5 �����λH[F ����QP���E��5 �����λH[F ������QP��

�



&RQFHUQLQJ� WKH�PLJUDWLRQ�SURFHVV�� WZR�PDLQ�GLIIHUHQFHV�IRU�WKH�WZR�FRPSRVLWLRQV�DUH�
REVHUYHG����� WKH�EDFNJURXQG� LQWHQVLW\� UHODWLYH� WR� WKH� UHVRQDQW� � LQWHQVLW\� LV�PXFK� ORZHU� IRU�
WKH�5 ����VDPSOH�WKDQ�IRU�WKH�5 ����VDPSOH��DQG����WKH�GHFD\�RI�WKH�UHVRQDQW�SHDN�LV�DOVR�
VORZHU�IRU�WKH�5 ����VDPSOH�WKDQ�IRU�WKH�5 ����VDPSOH��

,Q�RUGHU�WR�JHW�D�PRUH�TXDQWLWDWLYH�GHVFULSWLRQ��WKH�QDUURZ�DQG�EURDG�FRPSRQHQWV�KDYH�
EHHQ� GHFRQYROXWHG�� DQG� WKHLU� LQWHQVLWLHV� ,1� DQG� ,%� LQWHJUDWHG�� $W� ORZ� WHPSHUDWXUH�� L�H�� N7�
PXFK�ORZHU�WKDQ�WKH�LQKRPRJHQHRXV�EURDGHQLQJ��DQ�LUUHYHUVLEOH�WUDQVIHU�PRGHO�FDQ�EH�XVHG��
,Q� WKLV� PRGHO�� H[FLWDWLRQ� FDQ� RQO\� PLJUDWH� WR� VLWHV� ZLWK� ORZHU� HQHUJ\�� VLQFH� QRQUHVRQDQW�
WUDQVIHUV�LQYROYLQJ�FUHDWLRQ�RI�YLEUDWLRQV�DUH�PRUH�SUREDEOH��,Q�WKLV�FDVH��DQG�DVVXPLQJ�QR�
GLVSHUVLRQ�RI�WKH�UDGLDWLYH�GH�H[FLWDWLRQ�UDWHV��,1�DQG�,%�DUH�UHODWHG�E\�

���

,%�,1 �H[S��γ�W��V�������

ZKHUH� V� LV� WKH� PXOWLSRODULW\� RI� WKH� HQHUJ\� WUDQVIHU� PHFKDQLVP� DQG� γ� LV� D� PDFURVFRSLF�
SDUDPHWHU� UHIOHFWLQJ� WKH� DYHUDJH� UDWH� RI� WUDQVIHU�� 3ORWV� RI� OQ�,1�,%���� DV� D� IXQFWLRQ� RI� W

����
�FRUUHVSRQGLQJ� WR� D� GLSROH�GLSROH� SURFHVV�� V ���� IRU� GLIIHUHQW� H[FLWDWLRQ� ZDYHOHQJWKV� DUH�
SUHVHQWHG�LQ�)LJ����DQG���IRU�5 ����DQG�5 ����VDPSOHV��UHVSHFWLYHO\��
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)LJ������7LPH�HYROXWLRQ�RI�WKH�UDWLR�EHWZHHQ�WKH�QDUURZ�DQG�WKH�EURDG�FRPSRQHQWV�LQ�WKH�

5 ����VDPSOH��6TXDUHV��λH[F ������QP��FLUFOHV��λH[F ����QP��WULDQJOHV��λH[F ������QP��

GLDPRQGV��λH[F ������QP���
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)LJ������7LPH�HYROXWLRQ�RI�WKH�UDWLR�EHWZHHQ�WKH�QDUURZ�DQG�WKH�EURDG�FRPSRQHQWV�LQ�WKH�

5 ����VDPSOH��6TXDUHV��λH[F ������QP��FLUFOHV��λH[F ������QP���

WULDQJOHV��λH[F ������QP��

,Q� ERWK� VDPSOHV� WKH� GLSROH�GLSROH� PHFKDQLVP� JLYHV� D� VDWLVIDFWRU\� GHVFULSWLRQ� RI� WKH�
PLJUDWLRQ�SURFHVV� LQ� LWV� LQLWLDO�SDUW��:KHQ�GHOD\V� DUH� ORQJHU� WKDQ�DERXW�����PV�� LW�EHFRPHV�
GLIILFXOW�WR�REWDLQ�UHOLDEOH�GHFRQYROXWLRQV�RI�WKH�VSHFWUD��VR�WKDW�WKH�WLPH�GHSHQGHQFH�LQ�WKLV�
UHJLRQ�LV�QRW�FOHDUO\�HVWDEOLVKHG��2Q�WKH�RWKHU�KDQG��PHDVXUHPHQWV�DW�WLPHV�VKRUWHVW�WKDQ����

µV� PXVW� EH� GLVUHJDUGHG� VLQFH� WKH� QDUURZ� SHDN� LV� QRW� FRPSOHWHO\� IUHH� IURP� WKH� ODVHU�
H[FLWDWLRQ�� 7KH� VORSHV� RI� WKH� ILWV� GHSLFWHG� LQ� )LJ�� �� DQG� �� \LHOG� GLIIHUHQW� YDOXHV� IRU� WKH� γ�
SDUDPHWHU�� LQFUHDVLQJ� ZLWK� GHFUHDVLQJ� H[FLWDWLRQ� ZDYHOHQJWK�� 7KLV� UHVXOW� LV� QRW� VXUSULVLQJ��
VLQFH� WKH� HQHUJ\� PLJUDWLRQ� UDWH� GHSHQGV� RQ� WKH� QXPEHU� RI� DYDLODEOH� VLWHV� LQ� WKH� HQHUJ\�
WUDQVIHU�SURFHVV��WKDW�LV�GHSHQGHQW�RQ�WKH�HQHUJ\�H[FLWDWLRQ��7KLV�EHKDYLRU�LV�FOHDUO\�VKRZQ�LQ�

)LJ�� ��� ZKHUH� WKH� PLJUDWLRQ� UDWH� γ� LV� SORWWHG� YHUVXV� WKH� HQHUJ\� GLIIHUHQFH� EHWZHHQ� WKH�
H[FLWDWLRQ�EHDP�DQG�WKH�EURDGEDQG�SHDN��7KHVH�YDOXHV�DUH�RI�WKH�VDPH�RUGHU�RI�PDJQLWXGH�
DV� WKRVH� IRXQG� LQ� RWKHU� <E��� GRSHG� SKRVSKDWH� JODVVHV��� $V� H[SHFWHG� IURP� WKH� TXDOLWDWLYH�
GHVFULSWLRQ�RI�)LJ����D� ODUJH�GLIIHUHQFH�EHWZHHQ�WKH�DYHUDJH�WUDQVIHU�UDWHV�RI� WKH�5 ����DQG�

5 ����VDPSOHV� LV�REVHUYHG��ZLWK�D�γ YDOXH� DERXW� IRXU� WLPHV�KLJKHU� IRU� WKH�5� ���� VDPSOH��
3UHYLRXV�FRRSHUDWLYH�OXPLQHVFHQFH�LQWHQVLW\�PHDVXUHPHQWV����VKRZHG�WKDW�DQ�LQFUHDVH�RI�WKH�
PRGLILHU�FRQWHQW�LQ�WKHVH�SKRVSKDWH�JODVVHV��L�H��KLJK�5�YDOXHV��LQFUHDVHV�<E���FOXVWHULQJ��DQG�
WKHUHIRUH� WKH� LQWHUDFWLRQV� EHWZHHQ� QHLJKERULQJ� LRQV��2Q� WKH� RWKHU� KDQG�� WKLV�ZRUN� VKRZV�
WKDW�VSHFWUDO�PLJUDWLRQ�LV�JUHDWO\�UHGXFHG�LQ�WKH�VDPSOH�ZLWK�WKH�KLJKHVW�5�YDOXH��ZKLFK�FDQ�
EH�H[SODLQHG�E\�VPDOO�HQHUJ\�GLIIHUHQFHV�DPRQJ�FORVH�O\LQJ�LRQV�OHDGLQJ�WR�D�TXDVL�UHVRQDQW�
HQHUJ\�WUDQVIHU��$V�D�UHVXOW��WKH�HQHUJ\�LV�WUDSSHG�LQVLGH�WKH�FOXVWHUV�DQG�PLJUDWLRQ�LV�JUHDWO\�
UHGXFHG���
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)LJ������γ�DV�D�IXQFWLRQ�RI�WKH�DYHUDJH�HQHUJ\�GLIIHUHQFH�EHWZHHQ�H[FLWDWLRQ�DQG�HPLVVLRQ��
&LUFOHV��5 �����VTXDUHV��5 �����

�

&RQFOXVLRQ�

/RZ�WHPSHUDWXUH�VSHFWUDO�PLJUDWLRQ�KDV�EHHQ�REVHUYHG�LQ�WZR�SKRVSKDWH�JODVVHV�GRSHG�
ZLWK����ZW��<E�2���$IWHU�VHOHFWLYH�H[FLWDWLRQ�LQVLGH�WKH�

�)�������
�)�������WUDQVLWLRQ��D�QDUURZ�

SHDN�DQG�D�EURDG�EDQG�DUH�REVHUYHG�LQ�WKH�HPLVVLRQ�VSHFWUD��ZKLFK�DUH�DVVRFLDWHG�ZLWK�LRQV�
GLUHFWO\�H[FLWHG�E\�WKH� ODVHU�DQG�WKURXJK�HQHUJ\�WUDQVIHU��UHVSHFWLYHO\��,Q�ERWK�VDPSOHV�� WKH�
WLPH� HYROXWLRQ� RI� WKH� HPLVVLRQ� FDQ� EH� ZHOO� ILWWHG� XVLQJ� D� GLSROH�GLSROH� SURFHVV� IRU� WKH�
PLFURVFRSLF� HQHUJ\� WUDQVIHU� EHWZHHQ� <E��� LRQV�� +RZHYHU�� WKH� VDPSOH� ZLWK� WKH� KLJKHVW�
PRGLILHU�FRQWHQW�H[KLELWV�D�PXFK�VPDOOHU�PLJUDWLRQ�UDWH�WKDQ�WKH�RQH�ZLWK�D�ORZHU��PRGLILHU�
FRQWHQW�� 6LQFH� WKH� IRUPHU� VDPSOH� FRQWDLQV� D� KLJKHU� FOXVWHU� FRQFHQWUDWLRQ�� WKLV� UHVXOW� LV�
H[SODLQHG�E\� WKH�H[FLWDWLRQ� WUDSSLQJ� LQVLGH� WKH�FOXVWHUV�E\� D�TXDVL�UHVRQDQW� HQHUJ\� WUDQVIHU�
DPRQJ�FORVH�O\LQJ�LRQV���

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

��7�7��%DVLHY��9�$��0DO\VKHY�DQG�$�.��3U]KHYXVNLL��LQ�6SHFWURVFRS\�RI�6ROLGV�&RQWDLQLQJ�5DUH�(DUWK�
,RQV��HGLWHG�E\�$�$��.DSO\DQVNLL�DQG�5�0��0DFIDUODQH��(OVHYLHU��$PVWHUGDP���������

��3��*ROGQHU��%��6FKDXGHO��0��3UDVVDV�DQG�)��$X]HO��-��/XPLQ�����������S�������������

��%��6FKDXGHO��3��*ROGQHU��0��3UDVVDV�DQG�)��$X]HO��-��$OOR\V�&RPSG�����������S������������������
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