
3KDVH�6HSDUDWLRQ�DQG�&U\VWDOOL]DWLRQ�,QGXFHG�E\�WKH�$GGLWLRQ�

RI�0R�DQG�3�WR�D�&DOFLXP�6RGLXP�6LOLFDWH�*ODVV�

6��6FKXOOHU��)��%DUW�
&($�9DOUK{��',(&�6&'9�/(%0��%3��������������%DJQROV�VXU�&q]H�&HGH[��)UDQFH�

6LOLFDWH�JODVVHV�ZLWK�KLJK�PRO\EGHQXP�DQG�SKRVSKRUXV�FRQFHQWUDWLRQV�DUH�SDUWLDOO\�FU\VWDOOL]HG��7KHLU�

PLFURVWUXFWXUH�UHYHDOV�WKH�FRQWULEXWLRQ�RI�SKDVH�VHSDUDWLRQ�DQG�FU\VWDOOL]DWLRQ�SKHQRPHQD�GXULQJ�FRROLQJ��:H�

LQYHVWLJDWHG�WKHVH�SKHQRPHQD�LQ�D�VLPSOH�FDOFLXP�VRGLXP�VLOLFDWH�JODVV�DQG�LQ�JODVV�FRPSRVLWLRQV�PRGLILHG�E\�

DGGLQJ�YDULDEOH�TXDQWLWLHV�RI�SKRVSKRUXV��XS�WR���ZW���DQG�PRO\EGHQXP��XS�WR����ZW����9DULRXV�FRROLQJ�

VFHQDULRV�ZHUH�WHVWHG�IRU�HDFK�FRPSRVLWLRQ��TXHQFKLQJ�LQ�ZDWHU�RU�RQ�D�VWDLQOHVV�VWHHO�SODWH��RU�YHU\�VORZ�

FRROLQJ�� 7KH� UHVXOWLQJ� JODVV� VSHFLPHQV�ZHUH� WKHQ� FKDUDFWHUL]HG� E\� VFDQQLQJ� HOHFWURQ�PLFURVFRS\��;�UD\�

GLIIUDFWLRQ�DQG�GLIIHUHQWLDO�WKHUPDO�DQDO\VLV�WR�FRUUHODWH�WKH�PLFURVWUXFWXUH�ZLWK�WKH�FRROLQJ�UDWH�DFFRUGLQJ�WR�WKH�
JODVV�FRPSRVLWLRQ��7KH�UHVXOWV�VKRZ�WKDW�SKDVH�VHSDUDWLRQ�DQG�FU\VWDOOL]DWLRQ�RFFXU�VXFFHVVLYHO\��7KH�UROHV�RI�

PRO\EGHQXP�DQG�SKRVSKRUXV�LQ�WKLV�W\SH�RI�JODVV�ZHUH�LGHQWLILHG��PRO\EGHQXP�IDYRUV�SKDVH�VHSDUDWLRQ��ZKLOH�

SKRVSKRUXV�FRQWULEXWHV�WR�ERWK�SKDVH�VHSDUDWLRQ�DQG�FU\VWDOOL]DWLRQ��

,QWURGXFWLRQ�

0RO\EGHQXP�DQG�SKRVSKRUXV�DUH�WZR�HOHPHQWV�WKDW�PD\�EH�IRXQG�LQ�FRQWDLQPHQW�JODVVHV�
IRU�ILVVLRQ�SURGXFWV�JHQHUDWHG�E\�UHSURFHVVLQJ�VSHQW�IXHO��7KH�SUHVHQFH�RI�WKHVH�HOHPHQWV�DW�
KLJK� FRQFHQWUDWLRQV� LQ� VLOLFDWH� JODVVHV� FRXOG� UHVXOW� LQ� KHWHURJHQHLWLHV� DIIHFWLQJ� WKH� JODVV�
FRPSRVLWLRQ� DQG� PLFURVWUXFWXUH�� ,Q� RUGHU� WR� XQGHUVWDQG� WKH� PHFKDQLVPV� LQYROYHG�� ZH�
LQYHVWLJDWHG�D�FDOFLXP�VRGLXP�VLOLFDWH�JODVV�V\VWHP�WR�ZKLFK�YDULDEOH�TXDQWLWLHV�RI�0R�DQG�3�
ZHUH�DGGHG��2QH�RI�WKH�WHVW�FRPSRVLWLRQV�FRQWDLQLQJ�ERWK�0R�DQG�3�ZDV�VXEMHFWHG�WR�YDULRXV�
FRROLQJ� UDWHV�� 7KH� JODVV� VSHFLPHQV� REWDLQHG� ZHUH� FKDUDFWHUL]HG� E\� VFDQQLQJ� HOHFWURQ�
PLFURVFRS\�� E\� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\� FRXSOHG� ZLWK� HOHFWURQ� PLFURGLIIUDFWLRQ�
DQDO\VLV�� DQG� E\� ;�UD\� GLIIUDFWLRQ� DQDO\VLV�� 2Q� WKH� EDVLV� RI� WKH� UHVXOWV� REWDLQHG�� SRVVLEOH�
PHFKDQLVPV�ZHUH�SURSRVHG�WR�DFFRXQW�IRU�WKH�UROH�RI�HDFK�RI�WKHVH�HOHPHQWV��

([SHULPHQWDO�
*ODVV�&RPSRVLWLRQV�,QYHVWLJDWHG�

$�WHUQDU\�FDOFLXP�VRGLXP�VLOLFDWH�JODVV�V\VWHP�ZDV�VHOHFWHG�DV�WKH�EDVLF�H[SHULPHQWDO�PDWUL[��
$�JODVV�FRPSRVLWLRQ�RXWVLGH�WKH�SKDVH�VHSDUDWLRQ�UDQJH��ZDV�SUHSDUHG�DW������&��61&�JODVV���
9DULDEOH�TXDQWLWLHV�RI�0R�DQG�RU�3�ZHUH�WKHQ�DGGHG�WR�WKH�JODVV�PDWUL[��7DEOH�,���

7DEOH�,��([SHULPHQWDO�*ODVV�&RPSRVLWLRQV��R[LGH�ZW����0[��JODVV�ZLWK�0R�DORQH��3[��JODVV�ZLWK�

3�DORQH��[��ZHLJKW�SHUFHQWDJH�RI�0R2��RU�3�2���03��JODVV�ZLWK�����0R2��DQG������3�2��

'HVLJQDWLRQ� 6L2�� 1D�2� &D2� 0R2�� 3�2��
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*ODVV�)DEULFDWLRQ�&RQGLWLRQV�DQG�&RROLQJ�6FHQDULRV�

7KH�JODVV�VDPSOHV�ZHUH�PHOWHG�LQ�D�SODWLQXP�FUXFLEOH�LQ�D�PXIIOH�IXUQDFH�DW������&�DQG�
UHILQHG�IRU���KRXUV��7KH�VDPSOHV�FRQWDLQLQJ�3�RU�0R�DORQH�ZHUH�HLWKHU�SRXUHG�RQWR�D�PHWDO�
SODWH�RU�LQWR�DQ�DOXPLQD�FUXFLEOH�DQG�DQQHDOHG�IRU���KRXU�DW�����&��7KUHH�FRROLQJ�VFHQDULRV�ZHUH�
XVHG�IRU�WKH�03�JODVV��IDVW�FRROLQJ�E\�TXHQFKLQJ�LQ�ZDWHU��TXHQFKLQJ�LQ�DLU�E\�SRXULQJ�RQWR�D�
PHWDO�SODWH��DQG�YHU\�VORZ�FRROLQJ�LQ�DQ�DOXPLQD�FUXFLEOH�LQ�WKUHH�VWHSV��WKH�JODVV�ZDV�FRROHG�
IURP������&�WR������&�DW�D�UDWH�RI����&�K��PDLQWDLQHG�IRU����KRXUV�DW������&��WKHQ�DOORZHG�WR�
FRRO�WR�URRP�WHPSHUDWXUH�LQ�WKH�IXUQDFH���

&KDUDFWHUL]DWLRQ�0HWKRGV�

7KH�JODVV�VDPSOHV�ZHUH�REVHUYHG�ZLWK�D�ELQRFXODU�PDJQLILHU�RU�DQ�RSWLFDO�PLFURVFRSH�LQ�
SRODUL]HG� OLJKW�� 2QO\� WKH� JODVVHV� ZLWK� YLVLEOH� KHWHURJHQHLWLHV� ZHUH� FKDUDFWHUL]HG�� 7KH� ILUVW�
FKDUDFWHUL]DWLRQ�VWHS�XVHG�D�VFDQQLQJ�HOHFWURQ�PLFURVFRSH��6(0��ZLWK�DQ�HQHUJ\�GLVSHUVLYH�
;�UD\�VSHFWURPHWU\��('6��DQDO\]HU�WR�GHWHUPLQH�WKH�PRUSKRORJ\�DQG�TXDOLWDWLYH�FRPSRVLWLRQ�RI�
WKH�KHWHURJHQHLWLHV��7KH�VSHFLPHQV�ZHUH�WKHQ�DQDO\]HG�E\�;�UD\�GLIIUDFWLRQ��;5'��WR�LGHQWLI\�
WKH�SKDVHV��6RPH�VSHFLPHQV�ZHUH�DOVR�DQDO\]HG�E\�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��7(0��
FRXSOHG�ZLWK�HOHFWURQ�PLFURGLIIUDFWLRQ�WR�GHWHUPLQH�WKH�QDWXUH�RI�SKDVHV�ZHOO�EHORZ����P��DV�
VPDOO�DV�����QP���

&KDUDFWHUL]DWLRQ�5HVXOWV�

03�*ODVV�

7KH�03�JODVV�PHOW�FRQWDLQLQJ�ERWK�SKRVSKRUXV�DQG�PRO\EGHQXP�ZDV�VXEMHFWHG�WR�WKUHH�
GLIIHUHQW�FRROLQJ�UDWHV��

03�JODVV�TXHQFKHG�LQ�ZDWHU�IRUPHG�ILODPHQWV�DV�LW�ZDV�SRXUHG��3RODUL]HG�RSWLFDO�PLFURVFRSLF�
REVHUYDWLRQ�UHYHDOHG�PLON\�ZKLWH�]RQHV�H[WHQGLQJ�DORQJ�WKH�ILODPHQW�FHQWHUOLQH�DQG�D�PDWUL[�
ZLWK� D� GLIIHUHQW� GLIIUDFWLRQ� LQGH[�� 7KH� PLON\� ]RQHV� �)LJXUH� �D²�E�� FRQWDLQHG� EHDGV� ZLWK�
GLDPHWHUV�UDQJLQJ�IURP�����QP�WR����P��ZLWK�D�KLJK�DYHUDJH�DWRPLF�QXPEHU��,Q�WKH�FOHDU�ILHOG�
7(0�LPDJH��)LJXUH��F��WKH�EHDGV�DSSHDU�DV�GDUN�]RQHV��,QVLGH�WKH�EHDGV��OLJKWHU�RYDO�VKDSHG�
SKDVHV�ZLWK� ORZHU� DWRPLF�QXPEHUV� DUH�YLVLEOH��7KH�FRPSRVLWLRQV�RI� D� IHZ�EHDGV�QHDU�RQH�
PLFURPHWHU�LQ�VL]H�DQG�WKH�FRPSRVLWLRQ�RI�WKH�VXUURXQGLQJ�PDWUL[�ZHUH�GHWHUPLQHG��7DEOH�,,���
WKH�KHWHURJHQHLWLHV�ZHUH�KLJKO\�HQULFKHG�LQ�0R�DQG�VOLJKWO\�ULFKHU�LQ�3�WKDQ�WKH�UHVLGXDO�PDWUL[��
DQG� DOVR� FRQWDLQHG� VLOLFD�� ;5'� DQDO\VLV� UHYHDOHG� ORZ� GLIIUDFWLRQ� SHDNV� FRUUHVSRQGLQJ� WR�
1D�0R2���+�2�FU\VWDOV�VXSHULPSRVHG�RQ�WZR�GLIIXVH�KDORV�;5'��)LJXUH�����+RZHYHU��HOHFWURQ�
GLIIUDFWLRQ� DQDO\VLV� VKRZHG� WKDW� WKHVH� KHWHURJHQHLWLHV� GLIIUDFWHG� HOHFWURQV�� WKH� GLIIUDFWLRQ�
GLDJUDPV� FRUUHVSRQG� WR� D� VLQJOH� FU\VWDOOLQH� SKDVH�� 7KHVH� ILQGLQJV� LQGLFDWH� WKDW� WKH� EHDGV�
SUREDEO\�FRQVLVW�RI�D�PL[WXUH�RI�SKDVHV��D�YLWUHRXV�SKDVH�RI�ORZHU�GHQVLW\�WKDQ�WKH�VXUURXQGLQJ�
PDWUL[��DQG�D�PXFK�GHQVHU��0R�HQULFKHG�FU\VWDOOLQH�SKDVH��
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7DEOH�,,��6HPL�TXDQWLWDWLYH�('6�DQDO\VLV�UHVXOWV�

2[LGH�ZW�� 1D�2� 6L2�� &D2� 0R2�� 3�2��

6SKHULFDO�KHWHURJHQHLWLHV� ����� ����� ����� ����� ����
0DWUL[� ����� ����� ����� ���� ����
�

&D0R2����3RZHOOLWH��V\Q������������
����<������������G�[�E\�������:/������������7HWUDJRQDO���D���������E�����������F���������DOSKD�

1D&D32����6RGLXP�&DOFLXP�3KRVSKDWH������������
����<������������G�[�E\�������:/������������2UWKRUKRPELF���,�,F�3')�������

1D�0R2����6RGLXP�0RO\EGHQXP�2[LGH������������
����<������������G�[�E\�������:/������������&XELF���

1D�0R2�Â�+�2���6RGLXP�0RO\EGHQXP�2[LGH�+\GUDWH������������
����<�����������G�[�E\�������:/������������2UWKRUKRPELF���

03�JODVV�TXHQFKHG�LQ�ZDWHU���)LOH��'U[������UDZ���7\SH���7K�7K�ORFNHG���6WDUW�������������(QG�������������6WHS������������6WHS�WLP

03�VORZ�FRROHG�JODVV���)LOH��'U[������UDZ���7\SH���7K�7K�ORFNHG���6WDUW�������������(QG�������������6WHS������������6WHS�WLPH������

03�JODVV�SRXUHG�RQ�D�VWHHO�SODWH���)LOH��'U[������UDZ���7\SH���7K�7K�ORFNHG���6WDUW�������������(QG�������������6WHS������������6WH
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)LJXUH����03�JODVV�GLIIUDFWLRQ�GLDJUDPV�IRU�WHVWHG�FRROLQJ�VFHQDULRV��RSDOHVFHQW�YLWUHRXV�SKDVHV��

7KH�03�JODVV�SRXUHG�RQWR�D�VWHHO�SODWH�XQGHUZHQW�PDFURVFRSLF�SKDVH�VHSDUDWLRQ�GXULQJ�FRROLQJ��
$�ZKLWLVK�SKDVH�PRUH�GHQVH�WKDQ�WKH�JODVV�DSSHDUHG�EHQHDWK�DQ�RSDOHVFHQW�YLWUHRXV�SKDVH��;5'�
DQDO\VLV�RI�WKH�ZKLWLVK�SKDVH�UHYHDOHG�D�PL[WXUH�RI�FU\VWDOOLQH�SKDVHV��PDLQO\�1D�0R2���+�2�
ZLWK�PLQRULW\�&D0R2��DQG�1D&D32��SKDVHV��7KH�RSDOHVFHQW�YLWUHRXV�SKDVH�H[KLELWHG�WKH�VDPH�
IDFLHV� DV� WKH� JODVV� TXHQFKHG� LQ� ZDWHU�� PLON\� ]RQHV� FRQWDLQLQJ� EHDGV� QRW� H[FHHGLQJ� RQH�
PLFURPHWHU�LQ�GLDPHWHU��HQULFKHG�LQ�3�DQG�0R��;5'�DQDO\VLV�UHYHDOHG�ORZ�GLIIUDFWLRQ�SHDNV�
FRUUHVSRQGLQJ�WR�1D�0R2���+�2�FU\VWDOV�VXSHULPSRVHG�RQ�WZR�GLIIXVH�KDORV��)LJXUH�����

/LNH� WKH� VDPSOH� SRXUHG� RQWR� WKH� VWHHO� SODWH�� WKH�03� JODVV� VXEMHFWHG� WR� YHU\� VORZ� FRROLQJ�
VHSDUDWHG� LQWR�WZR�GLVWLQFWO\�GLIIHUHQW�SKDVHV��D�ZKLWLVK�SKDVH�GHQVHU�WKDQ�WKH�JODVV�DQG�DQ�
RSDOHVFHQW�YLWUHRXV�SKDVH��)LJXUH��D���7KH�RSDOHVFHQW�SKDVH�ZDV�LGHQWLILHG�E\�;5'�DQDO\VLV�DV�
FRQWDLQLQJ� 1D�0R2��� 1D�0R2���+�2�� 1D&D32�� DQG� &D0R2�� SKDVHV� �)LJXUH� ���� 7KH�
RSDOHVFHQW�YLWUHRXV�SKDVH�LQFOXGHG�ODUJH�QXPEHUV�RI�ZKLWH�QRGXOHV�DERXW������P�LQ�GLDPHWHU��
FRQWDLQLQJ�VHYHUDO�W\SHV�RI�FU\VWDOV��7KH�SUHGRPLQDQW�FU\VWDOOLQH�SKDVH�ZDV�1D�0R2���)LJXUH��F���
ZKLFK�LV�ZDWHU�VROXEOHD��'LS\UDPLGDO�VTXDUH�EDVH�&D0R2��FU\VWDOV�UDQJLQJ�LQ�VL]H�IURP����WR�
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�:KHQ�IXOO\�VROXELOL]HG�SKDVHV�DUH�SROLVKHG�XQGHU�ZDWHU��WKH�VXUIDFH�LV�SLWWHG�ZKHUH�WKH�FU\VWDOOLQH�SKDVHV�

DUH�DEVHQW��)LJXUH��E���



�����P�ZHUH�GLVWULEXWHG�ZLWKLQ� WKH� QRGXOHV��5RXQGHG�1D&D32�� FU\VWDOV� ���²����P��ZHUH�
REVHUYHG�DW�WKH�LQWHUIDFH�EHWZHHQ�WKH�JODVV�PDWUL[�DQG�WKH�VRGLXP�PRO\EGDWH�FU\VWDOV��7(0�
REVHUYDWLRQ�VKRZHG�WKDW�WKH�ODUJH�FU\VWDOOL]HG�QRGXOHV�ZHUH�VXUURXQGHG�E\�VPDOO�EHDGV�LGHQWLFDO�
WR�WKRVH�REVHUYHG�LQ�WKH�ZDWHU�TXHQFKHG�JODVV��DQG�ZKLFK�DOVR�GLIIUDFWHG�WKH�HOHFWURQ�EHDP��
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)LJXUH����,PDJHV�RI�03�JODVV�DIWHU�YHU\�VORZ�FRROLQJ�

*ODVV�ZLWK�0R�RU�3�DGGLWLYH�

7KH�KRPRJHQHLW\�RI�WKH�61&�JODVV�ZDV�QRW�DIIHFWHG�E\�DGGLQJ�XS�WR���ZW��0R2��DQG�
��ZW��3�2���7KH�JODVV�EHFDPH�RSDOHVFHQW��)LJXUH����ZKHQ�ODUJHU�TXDQWLWLHV�ZHUH�DGGHG��0���
0���DQG�3���JODVV�VSHFLPHQV���
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)LJXUH����%LQRFXODU�PDJQLILHU�LPDJHV��î����

7KH�JODVV�FRQWDLQLQJ����ZW��SKRVSKRUXV��3����ZDV�KLJKO\�RSDTXH��VKRZLQJ�EURDG�PLON\�ZKLWH�
YHLQV�XQGHU�D�ELQRFXODU�PDJQLILHU��)LJXUH��D���;�UD\�GLIIUDFWLRQ�DQDO\VLV�UHYHDOHG�D�KLJK�GHQVLW\�RI�
PL[HG�VRGLXP�DQG�FDOFLXP�SKRVSKDWH�FU\VWDOV��1D&D32����0DFURVFRSLF�SKDVH�VHSDUDWLRQ�ZDV�
REVHUYHG�WR�D�JUHDWHU�H[WHQW�LQ�WKH�JODVV�VSHFLPHQV�FRQWDLQLQJ�RQO\�0R�WKDQ�LQ�WKRVH�FRQWDLQLQJ�
ERWK�0R�DQG�3��$IWHU�FRROLQJ��DQ�RSDOHVFHQW�YLWUHRXV�SKDVH�VHSDUDWHG�E\�D�GHQVHU�FU\VWDOOL]HG�
ZKLWH� SKDVH� ZDV� REVHUYHG� LQ� WKH�0��� VSHFLPHQ� �)LJXUH� �E� DQG� �F��� ;5'� DQDO\VLV� RI� WKH�
FU\VWDOOL]HG�ZKLWH�SKDVH�VKRZHG�D�SUHGRPLQDQW�1D�0R2���+�2�FU\VWDOOLQH�SKDVH�ZLWK�PLQRU�
&D0R2��DQG�1D�0R�2��SKDVHV��7KH�RSDOHVFHQW�SKDVH�LQ�WKH�0���JODVV�VSHFLPHQ�LQFOXGHG�PLON\�
]RQHV� LQ� FXUYHG� SODQHV�ZLWKLQ� D� WUDQVOXFHQW�PDWUL[�� 6(0� DQDO\VLV� RI� WKHVH� ]RQHV� �)LJXUHD��
VKRZHG�QXPHURXV�VXEPLFURQ�VSKHULFDO�KHWHURJHQHLWLHV�RU�EHDGV�ZLWK�D�PHDQ�GLDPHWHU�RI�DERXW�
������P��8QGHU�7(0�REVHUYDWLRQ��)LJXUHE���WKHVH�EHDGV�VKRZHG�WKH�VDPH�FKDUDFWHULVWLFV�DV�
WKRVH�REVHUYHG�LQ�WKH�ZDWHU�TXHQFKHG�03�JODVV��7KH�GLIIUDFWLRQ�GLDJUDPV��)LJXUHF��FRUUHVSRQG�
WR�RQH�RU�PRUH�PRQRFU\VWDOV���

1D&D32��

&D0R2��

1D�0R2��

0DWUL[�



���
%DFNVFDWWHUHG�HOHFWURQ�6(0�LPDJH��
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(OHFWURQ�PLFURGLIIUDFWLRQ�GLDJUDP��

�F��

)LJXUH���6(0�DQG�7(0�FKDUDFWHUL]DWLRQ�RI�0���JODVV�

'LVFXVVLRQ�

7KLV�H[SHULPHQWDO�ZRUN�DGGUHVVHV�WKUHH�DVSHFWV��
�� WKH�UHVSHFWLYH�UROHV�RI�SKRVSKRUXV�DQG�PRO\EGHQXP�LQ�SKDVH�VHSDUDWLRQ�DQG�FU\VWDOOL]DWLRQ��
�� WKH�VWDEOH�RU�PHWDVWDEOH�QDWXUH�RI�SKDVH�VHSDUDWLRQ��
�� WKH� W\SH� RI� SKDVH� VHSDUDWLRQ� PHFKDQLVPV�� QXFOHDWLRQ� DQG� JURZWK�� RU� VSLQRGDO�
GHFRPSRVLWLRQ���

0R�RU�3�DGGHG�VHSDUDWHO\�H[KLELWHG�GLIIHUHQW�EHKDYLRU�LQ�WKH�FDOFLXP�VRGLXP�VLOLFDWH�PDWUL[��
3KRVSKRUXV� DORQH�UHVXOWHG� LQ�RSDFLILFDWLRQ�RI� WKH�JODVV�PDWUL[�GXH� WR� WKH�FU\VWDOOL]DWLRQ�RI�
1D&D32��ZLWKRXW�SULRU�SKDVH�VHSDUDWLRQ��$GGLQJ�PRO\EGHQXP�DORQH�UHVXOWHG�LQ�VLJQLILFDQW�
PDFURVFRSLF�SKDVH�VHSDUDWLRQ�IROORZHG�E\�FU\VWDOOL]DWLRQ�RI�WKH�VHSDUDWHG�SKDVHV��$GGLQJ�ERWK�3�
DQG�0R�WHQGHG�WR�GLPLQLVK�WKH�PDFURVFRSLF�SKDVH�VHSDUDWLRQ�DQG�LQFUHDVH�WKH�FU\VWDOOL]DWLRQ�RI�
1D&D32���

7KH�PLFURVWUXFWXUH�RI�WKH�03�JODVV�GHSHQGHG�RQ�WKH�FRROLQJ�VFHQDULR��:DWHU�TXHQFKLQJ�LQGXFHG�
SKDVH� VHSDUDWLRQ� IROORZHG�E\� SDUWLDO� FU\VWDOOL]DWLRQ� RI� WKH� VHSDUDWHG� SKDVHV��$LU� TXHQFKLQJ�
UHVXOWHG�LQ�PDFURVFRSLF�SKDVH�VHSDUDWLRQ��ZLWK�D�FU\VWDOOL]HG�SKDVH�DSSHDULQJ�GXULQJ�FRROLQJ��WKH�
YLWUHRXV�SKDVH�RI�WKLV�JODVV�ZDV�PRUSKRORJLFDOO\�VLPLODU�WR�WKH�ZDWHU�TXHQFKHG�JODVV��EXW�JUHDWHU�
FU\VWDOOL]DWLRQ�RI�WKH�VHSDUDWHG�SKDVHV�RFFXUUHG��*ODVV�VXEMHFWHG�WR�YHU\�VORZ�FRROLQJ�LQFOXGHG�
ODUJH� HQWLUHO\� FU\VWDOOLQH� QRGXOHV� FRPSULVLQJ� D� PL[WXUH� RI� WKUHH� FOHDUO\� LGHQWLILHG� SKDVHV��
1D�0R2���&D0R2��DQG�1D&D32���

([DPLQDWLRQ�RI�WKH�JODVV�VSHFLPHQV�VKRZHG�WKDW�SKDVH�VHSDUDWLRQ�DQG�FU\VWDOOL]DWLRQ�RFFXU�
VXFFHVVLYHO\��OLTXLG�OLTXLG�SKDVH�VHSDUDWLRQ�LV�IROORZHG�E\�FU\VWDOOL]DWLRQ�ZLWKLQ�WKH�VHSDUDWHG�
SKDVHV��3KDVH�VHSDUDWLRQ�FDQ�RFFXU�DERYH�WKH�PHOWLQJ�WHPSHUDWXUH�DV�D�VWDEOH�SKHQRPHQRQ��RU�
EHORZ�WKH�PHOWLQJ�SRLQW�DV�D�PHWDVWDEOH�SKHQRPHQRQ���$OWKRXJK�WKH�RFFXUUHQFH�RI�PDFURVFRSLF�
SKDVH�VHSDUDWLRQ�VXJJHVWV�WKDW�WKH�VHSDUDWLRQ�ZDV�VWDEOH�LQ�WKLV�FDVH��WKLV�REVHUYDWLRQ�LV�QRW�
VXIILFLHQW�WR�UHVROYH�WKH�LVVXH�VLQFH��LI�TXHQFKLQJ�LV�WRR�PLOG��PHWDVWDEOH�SKDVH�VHSDUDWLRQ�FDQ�
RFFXU�LQ�WKH�VXEOLTXLGXV�GRPDLQ��

5HJDUGOHVV�RI�WKH�FRROLQJ�VFHQDULR��WKH�VSKHULFDO�KHWHURJHQHLWLHV�UDQJLQJ�LQ�VL]H�IURP�����QP�WR�
���P�LQ�DOO�WKUHH�JODVVHV�ZHUH�GLVSHUVHG�LQ�WKH�PDFURVFRSLFDOO\�REVHUYHG�RSDOHVFHQW�]RQHV��7KHVH�
VSKHULFDO�SKDVHV�VKRZHG�OLWWOH�LQWHUFRQQHFWLRQ��DQG�FRUUHVSRQGHG�WR�D�GLVWLQFW�LQWHUIDFH��7KLV�
PRUSKRORJ\�VXJJHVWV�WKDW�WKH�SKDVH�VHSDUDWLRQ�SKHQRPHQRQ�LQ�WKHVH�JODVVHV�LV�JRYHUQHG�E\�D�
QXFOHDWLRQ�DQG�JURZWK�PHFKDQLVP�UDWKHU�WKDQ�E\�D�VSLQRGDO�GHFRPSRVLWLRQ�PHFKDQLVP�WKDW�
ZRXOG�KDYH�UHVXOWHG�LQ�JUHDWHU�LQWHUFRQQHFWLRQ�RI�WKH�VHSDUDWHG�SKDVHV��

&RQFOXVLRQ�±�2XWORRN�

7KH� LQYHVWLJDWLRQ� RI� D� VLPSOH� FDOFLXP�VRGLXP� VLOLFDWH� JODVV� V\VWHP� FRQWDLQLQJ� YDULDEOH�
TXDQWLWLHV�RI�0R�DQG�3�VKRZHG�WKDW�SKDVH�VHSDUDWLRQ�DQG�FU\VWDOOL]DWLRQ�RFFXUV�VXFFHVVLYHO\�LQ�
WKLV� W\SH�RI� V\VWHP��7KH� ILUVW� VWHS� LV� SKDVH� VHSDUDWLRQ� LQ� WKH� JODVV�� WKH�PRUSKRORJ\� RI� WKH�



VHSDUDWHG� SKDVHV� VXJJHVWV� WKDW� WKH� SKHQRPHQRQ� LV� WKH� UHVXOW� RI� D� QXFOHDWLRQ� DQG� JURZWK�
PHFKDQLVP��&U\VWDOOL]DWLRQ�WKHQ�RFFXUV�DV�FU\VWDOV�RI�GLIIHUHQW�FKHPLFDO�FRPSRVLWLRQV�IRUP�
ZLWKLQ�WKH�VHSDUDWHG�SKDVHV��1D�0R2���&D0R2��DQG�1D&D32���0R�DQG�3�DGGLWLYHV�UHYHDOHG�
GLIIHUHQW�EHKDYLRU��0R�DGGHG�DORQH�DW�KLJK�FRQFHQWUDWLRQV�LQ�WKH�FDOFLXP�VRGLXP�VLOLFDWH�JODVV�
IDYRUHG�SKDVH�VHSDUDWLRQ��ZKLOH�3�DIIHFWHG�ERWK�FU\VWDOOL]DWLRQ�DQG�SKDVH�VHSDUDWLRQ��

,W�LV�GLIILFXOW�WR�FRQFOXGH�UHJDUGLQJ�WKH�VWDEOH�RU�PHWDVWDEOH�QDWXUH�RI�WKH�SKDVH�VHSDUDWLRQ��9HU\�
UDSLG�TXHQFKLQJ�PXVW�EH�FDUULHG�RXW�WR�UHVROYH�WKLV�LVVXH��WKLV�FRROLQJ�VFHQDULR�ZLOO�DOVR�FRQILUP�
ZKHWKHU�FU\VWDOOL]DWLRQ�RFFXUV�DIWHU�SKDVH�VHSDUDWLRQ��

$FNQRZOHGJPHQWV�

7KH�DXWKRUV�DUH�JUDWHIXO�WR�-��3KDOLSSRX��/DERUDWRLUH�GHV�YHUUHV��8QLYHUVLWp�GH�0RQWSHOOLHU��
IRU�KLV�FRQWULEXWLRQ�WR�WKLV�ZRUN��DQG�WR�-�/��+HLW]��&5,77�0DWpULDX[��/1(�(VW��IRU�DVVLVWDQFH�
LQ�7(0�FKDUDFWHUL]DWLRQ�RI�WKH�JODVV�VSHFLPHQV��
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