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WHFKQLTXH
LLLLLL
�IRU�GLUHFW�HOHPHQWDO�DQDO\VLV�RI�FRQGXFWLYH�VROLG�VDPSOHV�ZLWKRXW�FRPSOH[�VDPSOH�SUHSDUDWLRQ��

,W� KDV� EHHQ� XVHG� IRU� EXON�� VXUIDFH� DQG� GHSWK� SURILOH� DQDO\VLV� RI� PHWDOV�� R[LGHV� DQG� VHPL� FRQGXFWLYH�

PDWHULDOV
LYY
�� 5)��*'�2(6� KDV� EHHQ� DSSOLHG� RQ� QRQ�FRQGXFWLYH�PDWHULDOV� VXFK� DV� JODVVHV� RU� FHUDPLFV� WR�

FKDUDFWHULVH� KHWHURJHQHLW\�� LQWHUSKDVH� DQG� FKHPLFDO� JUDGLHQWV�� *ODVVHV� ZLWK� LQFUHDVLQJ� VWUXFWXUDO�

FRPSOH[LW\� ZHUH� VHOHFWHG� �KRPRJHQHRXV�� PXOWL�OD\HUHG� HWF��� WR� DVVHV� WKH� DELOLW\� RI� *'� WR� SHUIRUP�

HOHPHQWDO� GHSWK� SURILOLQJ� DQG� HYDOXDWH� WKH� VSDWLDO� UHVROXWLRQ� RI� WKH� WHFKQLTXH�� $� -RELQ� <YRQ� *'�2(6�

V\VWHP������5)�ZDV�XVHG�IRU�GHSWK�DQDO\VLV��7KH�FKDUDFWHULVDWLRQ��WH[WXUH��VWUXFWXUH�DQG�FRPSRVLWLRQ��RI�

WKH� JODVVHV� ZDV� DOVR� FRQGXFWHG� XVLQJ� HOHFWURQ� PLFURVFRS\� �6(0� �;�('6�� WR� DVVHVV� WKH� FKHPLFDO� DQG�

SK\VLFDO�JUDGLHQWV�LQ�WKH�VDPSOHV��5)�*'�2(6��LV�DEOH�WR�RIIHU�D�UDSLG�FKDUDFWHULVDWLRQ�RI�WKH�VXUIDFH�RI�WKH�

JODVVHV�DQG�HOHPHQWDO�SURILOHV�LQ�WKH�PDWUL[�DW�D�UHVROXWLRQ�RI�IHZ�PDQRPHWHU�DORQJ�]�D[LV��
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,QWURGXFWLRQ�

7KH�VFLHQWLILF�FRPPXQLW\�YL�EXW�DOVR�WKH�LQGXVWULHVYLL��PDWHULDOV��HOHFWURQLFV�HWF��DVN�IRU�D�
WHFKQLTXH� UHTXLULQJ� QR� VDPSOH� SUHSDUDWLR� �� SURYLGLQJ� JRRG� VHQVLWLYLW\� �IHZ� SSP��� ZLGH�
HOHPHQWDO�FRYHUDJH��IURP�+�WR�KHDY\�HOHPHQWV���IDVW�DFTXLVLWLRQ�UDWH�DQG�DEOH�WR�GHWHFW�VPDOO�
FRQFHQWUDWLRQ� JUDGLHQWV� RYHU� D� ODUJH� DQDO\VLV� DUHD� DQG� DFFXUDWH� GHSWK� DQDO\VLV� �IHZ�
QDQRPHWHU���5)�*'�2(6�FDQ�PHHW�WKHVH�GHPDQGV��,W�FDQ�SURYLGH�GLUHFW�DQDO\VLV�RI��JODVVHV�
DQG� LW� RQO\� UHTXLUHV� WKH� XVH� RI� D� SULPDU\� YDFXXP��PDNLQJ� WKH� DQDO\VLV� HDV\�� ,WV� DELOLW\� WR�
SHUIRUP�GHSWK�DQDO\VLV�GRZQ�WR� WKH�QDQRVFDOH� LV�SDUWLFXODUO\�XVHIXO� LQ�DOWHUDWLRQ�VWXGLHV�� ,W�
KDV�D�IDVW�VSXWWHULQJ�UDWH���P�PLQ��DQG�RSHUDWHV�RQ�D�ODUJH�VXUIDFH�DUHD������PP���5)�*'�
2(6�FRXOG�SHUIRUP�TXDQWLWDWLYH�DQG�SURILOH�HOHPHQWDO�DQDO\VLV�RI�KRPRJHQHRXV�DQG�PXOWL�
OD\HUHG� JODVVHV� DQG� � VKRZ�FKHPLFDO� JUDGLHQWV� LQ� DOWHUHG�PDWHULDOV� �DWPRVSKHULF�RU� OHDFKLQJ�
VROXWLRQV��7KH�VSDWLDO�UHVROXWLRQ�DORQJ�]�D[LV�IRU�WKH�JODVVHV�ZDV�HVWLPDWHG�WR�EH�OHVV�WKDQ����
QDQRPHWHUV��
�

0DWHULDOV�DQG�0HWKRGV�

0DWHULDOV�

7R� LOOXVWUDWH� RXU� SXUSRVH� RQO\� RQH� VDPSOH� ZLOO� EH� SUHVHQWHG�� ,W� LV� DQ� LQGXVWULDO� JODVV��
SURYLGHG�E\�WKH�6FKRWW�FRPSDQ\YLLL�DV�WHVWLQJ�PDWHULDO��,W�LV�D�PXOWLOD\HUHG�VDPSOH��7KH�JODVV�
VXUIDFH� LV� FRYHUHG�E\� WKUHH� OD\HUV�PHDVXULQJ� UHVSHFWLYHO\�����������QP� �IURP� WKH� VXUIDFH�
WRZDUG�WKH�FRUH��DQG�WKH�VKDSH�RI�WKH�JODVV�LV�D�VPDOO�VTXDUH�RI���FP�E\���PP�LQ�WKLFNQHVV��
7KH�PDMRU�HOHPHQWV�FRQWDLQHG�LQ�WKH�JODVV�DUH�2��1D��0J��$O��6L��.��&D��7L��)H��DQG�6Q���7KH�
*'6�LV�SHUIRUPHG��WR�GLVWLQJXLVK�WKH�GLIIHUHQW�VXUIDFH�OD\HUV���

�
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0HWKRGV�

7KH�*'6�LQVWUXPHQW�ZDV�D�-<�����5)�PDQXIDFWXUHG�E\�-RELQ�<YRQ�+RULED��-<���)UDQFH��
7KLV� � LQVWUXPHQW�ZDV�HTXLSSHG�ZLWK�D�VWDQGDUG���PP�-<�JORZ�GLVFKDUJH�VRXUFH��DQ�RSWLFDO��
VSHFWURPHWHUV� �SRO\FKURPDWRU� ��� DQG� 4XDQWXP������9���� VRIWZDUH�� 7KH� VRXUFH� ZDV�
RSHUDWHG�ZLWK�FRQVWDQW�SUHVVXUH���$UJRQ��PRQLWRUHG�LQ�WKH�VRXUFH�DQG�ZLWK�WKH�-<�FODVV�(�
5)�JHQHUDWRU�DQG�PDWFKLQJ�ER[�SURYLGLQJ�RSWLPXP�SRZHU�WUDQVIHU�DW������0+]�IURP�WKH�
VRXUFH� WR� WKH� VDPSOHV�� 6(0� �-HRO� ������ ZDV� DOVR� SHUIRUPHG� IRU� FKHPLFDO� DQG� WH[WXUDO�
DQDO\VLV�� 'DWD� KDV� EHHQ� DFTXLUHG� DW� ��NH9� XVLQJ� D� VHFRQGDU\� HOHFWURQ� GHWHFWRU� IRU�
PRUSKRORJLFDO� LPDJH��DQG��ZLWK�WKH�EDFNVFDWWHULQJ�HOHFWURQ�GHWHFWRU�IRU�FKHPLFDO�FRQWUDVWV�
SLFWXUH��
�

5HVXOWV�DQG�'LVFXVVLRQ�

6FKRWW�*ODVV�

7KH�*'�GHSWK�SURILOH�IRU�WKH�6FKRWW�JODVV��)LJ�����VKRZV�WKH�KHWHURJHQHRXV�GLVWULEXWLRQ�LQ�
WKH�PDWUL[��)RU�VLPSOLILFDWLRQ��RQO\�WKH�HOHPHQWV�SUHVHQWLQJ�VLJQLILFDQW�YDULDWLRQ�DV�D�IXQFWLRQ�
RI�WLPH��L�H��GHSWK���DUH�VKRZQ��IRU�D�WRWDO�QXPEHU�RI��������7KHVH�HOHPHQWV�DUH�&��2��1D��6L��
7L�DQG�6Q��7KH�6Q�VLJQDO�LV�KLJK�GXULQJ�WKH�ILUVW����VHFRQGV��WKHQ�GHFUHDVH��EHWZHHQ����XS�WR�
��V���DQG�QRWLFHDEOH�DIWHU� LQ�DVVRFLDWLRQ�ZLWK�7L��7KH�VHFRQG�VHTXHQFH� �WLPH�UDQJH������V��
VKRZV�D�SHDN�RI�6L�ZLWK�D�SHDN�RI�1D�EHWZHHQ������V�ZKLFK�GHFUHDVH�DIWHU��7KH�7L� VLJQDO�
LQFUHDVHV�DIWHU���V�DQG�GHFUHDVH�SURJUHVVLYHO\�LQ�DVVRFLDWLRQ�ZLWK�6Q�VLJQDO�DQG�2��1D�ILQDOO\�
JURZWK�IURP���V�DQG�WKHQ�VWDELOLVHV�DIWHU����V��7KH�LQWHUSUHWDWLRQ�RI�WKLV�GHSWK�SURILOH�LV�WKDW�
WKHUH�LV�D�YHU\�WKLQ�6Q2��FRDWLQJ�RQ�WRS�RI�D�WKLFNHU�VLOLFLXP�IROORZHE�E\�D�7L2��DQG�6Q���
OD\HU� RQH� RQ� WRS� RI� D� YLWUHRXV�PDWUL[� FRQWDLQLQJ� �1D��ZKHUH�1D� GLIIXVHV� WR� WKH� LQWHUIDFH�
VLOLFLXP�7L2��JODVV��7KH�GHWHFWLRQ�RI�7L�RQ�WKH�ILUVW�OD\HU�FDQ�EH�GXH�WR�WKH�H[FLWDWLRQ�RI�WKH�
WKLUG�OD\HU�E\�WKH�*'�DQG�WKH�UHODWLYH�WUDQVSDUHQF\�RI�WKH�WZR�ILUVW�OD\HUV��6Q2��DQG�6L���7KH�
&�VLJQDO�LQGLFDWH�WKDW�SRWHQWLDO�SROXXWLRQ�FRXOG�EH�H[LVWHG�RQ�WKH�VXUIDFH�RI�WKH�VDPSOH��7KH�
WLPH� VFDOHV� DUH� UHODWHG� WR� WKH� UHOHYDQW� WKLFNQHVV�RI� WKH� OD\HUV� DQG� WR� WKH� UHODWLYH� VSXWWHULQJ�
UDWHV��7KH�6(0�REVHUYDWLRQ��)LJ����RI�WKH�FUDWHU�LQGXFHG�E\�WKH�*'�SURFHVV�VKRZV�VHYHUDO�
LQKRPRJHQHLWLHV��ZLWK�WKH�VHFRQGDU\�HOHFWURQ�PRGH��ILJ��D��DV�ZHOO�DV�ZLWK�WKH�EDFN�VFDWWHUHG�
HOHFWURQ� PRGH�)LJ��E��� 7KLV� GRXEOH� LPDJH� DOORZV� WKH� FRUUHODWLRQ� RI� WKH� WRSRJUDSKLF�
YDULDWLRQV� RI� VXUIDFH� WR� YDULDWLRQV� RI� WKH� FKHPLFDO� FRPSRVLWLRQ�� 7KH� EODFN� GRWWHG� DUURZ�
LQGLFDWHV� D� WKLQ� OD\HU� RI� OHVV� WKDQ� ���QP�ZKLFK� LV� DVVXPHG� WR� EH� 6Q�� ,W� LV� IROORZHG� E\� D�
GDUNHU�]RQH��GHHSO\�DOWHUDWHG��SUHVHQFH�RI�D�VPDOO�FUDWHU���LQGLFDWHG�E\�WKH�ZKLWH�DUURZ�DQG�
DWWULEXWHG�WR�WKH�VLOLFLXP�GHSRVLW��7KH�WKLUG�EODFN�DUURZ�LQGLFDWHV�WKH�WKLUG�WKLQ�OD\HU��7L�ULFK��
7KH�SUHVHQFH�RI�PRUSKRORJLFDO�KHWHURJHQHLW\��KROHV�RU�UHGHSRVLWLRQ�]RQHV��LQGLFDWHV�WKDW�WKH�
*'� VSXWWHULQJ� SURFHVV� LQGXFHV� D� WKHUPDO� FRQVWUDLQW� ZKLFK� E\� LWVHOI� PD\� H[SODLQ� WKH� 1D�
SHDNV� DW� WKH� LQWHUIDFHV� 6L�7L�*ODVV�� +RZHYHU� WKLV� PHFKDQLVP� RI� 1D� GLIIXVLRQ� KDV� EHHQ�
UHODWHG� WR� � WKH� SUHSDUDWLRQ� SURFHVV� RI� WKLV� PXOWLOD\HU� VDPSOH�� 7KXV� � WKH�*'� REVHUYDWLRQ�
FRXOG�EH�UHDO�DQG�QRW�DQ�DUWHIDFW�L[���
7KHVH� UHVXOWV� VKRZ� WKDW� *'� FDQ� JLYH� YHU\� TXLFNO\� VRPH� UHVXOWV� ZKHQ� FKDUDFWHULVLQJ�
PXOWLOD\HU�JODVVHV��
�

&RQFOXVLRQ�

7KH�SRWHQWLDO�RI�5)�*'�2(6�IRU�GHSWK�DQDO\VLV�RI��JODVVHV�KDV�EHHQ�HYDOXDWHG�WKURXJK�
VWXGLHV�RQ�D�FRPSOH[�VDPSOH��7KH�SHUIRUPDQFHV�RI�*'��HDVH�RI�XVH��GHSWK�UHVROXWLRQ�DQG�
VSHHG��KDYH�EHHQ�VKRZQ�DQG�WKH�QHHG�WR�FRXSOH�*'�UHVXOWV�ZLWK�PLFURVFRSLF�WHFKQLTXHV�KDV�



EHHQ�FOHDUO\�GHPRQVWUDWHG��9DULRXV�ZRUNV�DUH� LQ�SURFHVV� WR� LPSURYH� WKH�*'�SHUIRUPDQFH�
DQG� H[WHQG� LWV� FDSDELOLW\� EXW� WKH� DEVHQFH� RI� ODWHUDO� UHVROXWLRQ� DQG� WKH� DWRPLF� LQIRUPDWLRQ�
WKDW�WKH�WHFKQLF�SURYLGHV�ZLOO�VWLOO�UHTXLUH�FRPSOHPHQWDU\�LQYHVWLJDWLRQV�ZLWK�RWKHU�PHWKRGV��
$�PXOWLSOH�WHFKQLTXH�DSSURDFK�LV�KRZHYHU�D�NH\�LQ�VWXGLHV�RQ�JODVVHV�DQG�WR�WKDW�UHVSHFW�WKH�
5)�*'�2(6�FRPHV�RXW�DV�D�QHZ�DQG�YHU\�YDOXDEOH�H[SHULPHQW�WRRO����

�
$FNQRZOHGJPHQWV���7KDQN�WR�.ODXV�%DQJH�DQG�9LNWRU�5XSSHUWXV�IURP�6FKRWW�FRPSDQ\�WR�
SURYLGH�XV�VDPSOHV�DQG�VPDUW�GLVFXVVLRQ��
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)LJXUH�����6(0�SLFWXUH�RI�WKH�6FKRWW�JODVV��/HIW�RQH�LV�VHFRQGDU\�HOHFWURQ�LPDJH��ULJKW�

RQH�LV�EDFNVFDWWHUHG�HOHFWURQ�LPDJH���7KH�ZKLWH�EDU���P�OHQJWK��7KH�DUURZV�LQGLFDWH�WKH�

OD\HUV�GHSRVLWHG���
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