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7KLQ� ILOPV� EDVHG� RQ� RFWDGHF\ODPLQH� �2'$��PDWHULDO� KDYH� EHHQ� VXFFHVVIXOO\�
IDEULFDWHG� E\� GLIIHUHQW� PHWKRGV�� /DQJPXLU�%ORGJHWW� �/%�� PHWKRG�� VSLQ�FRDWLQJ��
VSUD\�FRDWLQJ� DQG� GLS�FRDWLQJ�PHWKRGV�� 7KH� ILOPV� REWDLQHG� RQ� WKH� JODVV� VXEVWUDWH�
ZHUH� LQYHVWLJDWHG� IRU� WKHLU� RSWLFDO� SURSHUWLHV� �8Y�YLV��� ILOP� PRUSKRORJ\� �GLJLWDO�
PLFURVFRSH��6(0��DQG�FRQWDFW�DQJOH��7KH�VROXWLRQ�DQG�WKLQ�ILOP�DEVRUSWLRQ�VSHFWUD�
RI� 2'$� DQG� WKH� PL[WXUHV� RI� 2'$� DQG� SRO\PHU� 579�65� GR� QRW� DEVRUE� LQ� WKH�
ZDYHOHQJWK�RI�WKH�YLVLEOH�OLJKW�UHJLRQ��7KH�6(0�DQDO\VLV�UHVXOWV�VKRZ�WKDW�WKH�ILOP�
PRUSKRORJ\�RI�2'$�VWURQJO\�GHSHQGV�RQ� WKH�QDWXUH�RI� WKH�2'$�VROXWLRQ� DQG� WKH�
PHWKRG� RI� ILOP� IRUPDWLRQ� DQG� WKHVH� DUH� LPSRUWDQW� IDFWRUV� DIIHFWLQJ� WKH� GLIIHUHQW�
K\GURSKRELFLW\�RI�2'$�ILOPV��&RPSDULVRQ�RI�WKH�GURSOHW�FRQWDFW�DQJOH�RI�WKLQ�ILOPV�
REWDLQHG�E\�WKH�DERYH�PHWKRGV�VKRZV�WKDW�WKH�ILOPV�IDEULFDWHG�E\�/%��VSLQ�FRDWLQJ�
DQG� VSUD\�FRDWLQJ� DOO� LQFUHDVH� WKH� K\GURSKRELFLW\� RI� WKH� JODVV� VXEVWUDWH� ZLWK� WKH�
GURSOHW� FRQWDFW� DQJOH� UDQJH� IURP� ���R����R�� ZKLOH� GLS�FRDWLQJ� LW� LV� SRVVLEOH� WR�
IDEULFDWH�VXSHUK\GURSKRELF�ILOPV�ZLWK�FRQWDFW�DQJOHV�XS�WR����R��

.H\ZRUGV��2FWDGHF\ODPLQH��WKLQ�ILOP��/DQJPXLU�%ORGJHWW��/DQJPXLU�6FKDHIHU��
SK\VLFDO�FKHPLFDO�PHWKRGV��VXSHUK\GURSKRELF��579�65��
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3RO\FDSURDPLGH� �3&$�� LV� D� SRO\PHU�� FKDUDFWHUL]HG� E\� KLJK�ZHDU� UHVLVWDQFH��
PHFKDQLFDO� VWUHQJWK�� FKHPLFDOO\� UHVLVWDQW�� UHVLVWDQW� WR� PRVW� VROYHQWV�� ,W� LV� D�
SURPLVLQJ� VWUXFWXUDO� PDWHULDO� DQG� LV� ZLGHO\� XVHG� LQ� LQGXVWU\�� IRU� H[DPSOH�� LQ�
VKLSEXLOGLQJ�� PHFKDQLFDO� HQJLQHHULQJ�� HWF�� >�@�� +RZHYHU�� LW� KDV� VHYHUDO�
GLVDGYDQWDJHV�� ORZ�YDOXHV�RI�VSHFLILF� WRXJKQHVV��HODVWLFLW\�DQG� WKHUPDO�VWDELOLW\��DV�
ZHOO�DV�D�ODUJH�ZDWHU�DEVRUSWLRQ��ZKLFK�GRHV�QRW�DOORZ�WR�XVH�SURGXFWV�IURP�3&$�LQ�
HQYLURQPHQWV� ZLWK� KLJK� KXPLGLW\�� ,Q� DGGLWLRQ�� VRPHWLPHV�� 3&$� SURGXFWV� FUDFN�
SUHPDWXUHO\� DQG� FROODSVH� GXULQJ� RSHUDWLRQ�� 7KLV� LV� GXH� WR� WKH� KHWHURJHQHRXV�
VXSUDPROHFXODU�VWUXFWXUH�RI�WKH�SRO\PHU��REWDLQHG�E\�DQLRQLF�SRO\PHUL]DWLRQ�LQ�EXON�
>���@���

,W�LV�SRVVLEOH�WR�LPSURYH�WKH�FKDUDFWHULVWLFV�RI�3&$�XVLQJ�LQRUJDQLF�DGGLWLYHV��
LQ�SDUWLFXODU��PHWDO�R[LGHV��6ROLG�SDUWLFOHV�RI�PHWDO�R[LGHV�DFW�DV�DUWLILFLDO�QXFOHDWLQJ�
DJHQWV�� $GGLWLRQ� WKHP� LQWR� WKH� SRO\PHU� FDQ� LQIOXHQFH� RQ� WKH� VXSUDPROHFXODU�
VWUXFWXUH�DQG��FRQVHTXHQWO\��WKH�SURSHUWLHV�RI�SRO\PHUV��$UWLILFLDO�QXFOHDWLQJ�DJHQWV�
LQ�WKH�SURFHVV�RI�SRO\PHU�V\QWKHVLV�OHDG�WR�DQ�LQFUHDVH�LQ�WKH�VWUHQJWK��WKHUPDO�DQG�
PHFKDQLFDO�SURSHUWLHV��DQG�DOVR�LQFUHDVH�WKHLU�VKHOI�OLIH�>���@��

,W�ZDV�RI�LQWHUHVW�WR�VWXG\�WLWDQLXP�GLR[LGH��7'��DV�DQ�LQRUJDQLF�DGGLWWLYH��7'�
LV�ZLGHO\�XVHG�LQ�LQGXVWU\�DV�D�ZKLWH�SLJPHQW��LQ�DGGLWLRQ��LW�LV�FKHPLFDOO\�LQHUW��QRQ�
WR[LF�� GRHV� QRW� GLVVROYH� LQ� SRO\PHUV�� ,W� LV� FKDUDFWHUL]HG� E\� KLJK� WKHUPDO� VWDELOLW\�
XQGHU� WKH�PRVW� VHYHUH�SURFHVVLQJ� FRQGLWLRQV��7'�H[LVWV� LQ� WKUHH� FU\VWDOOLQH� IRUPV��
VXFK�DV�DQDWDVH��UXWLOH�DQG�EURRNLWH��%URRNLWH�LV�UDUH�LQ�QDWXUH��,Q�DGGLWLRQ��LW�GRHV�QRW�
UHSUHVHQW� FRPPHUFLDO� LQWHUHVW� >�@�� $QDWDVH� DQG� UXWLOH� IRUPV� RI� 7'� KDYH� GLIIHUHQW�
FU\VWDO� ODWWLFHV��7KHUHIRUH�� WKH\�KDYH�GLIIHUHQW�SURSHUWLHV��7KH�DQDWDVH�KDV�D�JUHDWHU�
DPRXQW� RI� R[\JHQ� YDFDQFLHV� WKDQ� UXWLOH�� ZKLFK� FDXVHV� LWV� JUHDWHU� FKHPLFDO� DQG�
SKRWRFDWDO\WLF�DFWLYLW\��,W�DOVR�KDV�D�KLJKHU�FKHPLFDO�DQG�SKRWRFDWDO\WLF�DFWLYLW\�>�@��
$W� WKH�VDPH�WLPH��UXWLOH�GLIIXVHV�OLJKW�EHWWHU� WKDQ�DQDWDVH�� LW¶V�PRUH�VWDEOH�DQG�OHVV�
SKRWRGHVWUXFWLYH��

0DWHYD�HW�DO�� VKRZHG� WKDW� WKH�DGGLWLRQ� UXWLOH�DW�D�FRQFHQWUDWLRQ�RI���ZW��� LQ�
3&$�OHDGV�WR�DQ�LQFUHDVH�LQ�WKH�PROHFXODU�ZHLJKW�RI�WKH�SRO\PHU�DQG�DQ�LQFUHDVH�LQ�
WKHUPDO�VWDELOLW\�>��@��7KH�DYDLODEOH�LQIRUPDWLRQ�RI�WKH�HIIHFW�7'�RQ�3&$�GRHV�QRW�
JLYH�D�FRPSOHWH�SLFWXUH�RI�WKH�UHVHDUFK�WRSLF��

,Q�WKLV�UHJDUG��WKH�SXUSRVH�RI�WKLV�ZRUN�ZDV�WR�VWXG\�WKH�HIIHFW�RI�DQDWDVH�DQG�
UXWLOH� LQ� YDULRXV� FRQFHQWUDWLRQV� ������ 0�� ����� 0�� ����� 0�� RQ� WKHUPDO��
SK\VLFRPHFKDQLFDO� DQG� RSHUDWLRQDO� SURSHUWLHV� RI� 3&$�� REWDLQHG� E\� DQLRQLF�
SRO\PHUL]DWLRQ�RI�İ�FDSURODFWDP���



EŐŚŝġŶ�ĐӈƵ�ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ�

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ�ŶŚŝҵƚ�ĜӀŝ͕�^Һ�Ϯϴ͕�ϭϮͲϮϬϮϮ� ϴϳ

���(;3(5,0(7$/�

�����0DWHULDOV�

7KH�İ�FDSURODFWDP�PRQRPHU�������ZDV�VXSSOLHG�E\�6LJPD�$OGULFK��7KH�FDWDO\VW�
%UXJJROHQ�&����VRGLXP�FDSURODFWDPDWH�LQ�İ�FDSURODFWDP���DFWLYDWRU�%UXJJROHQ�&���3�
�EORFNHG�GLLVRF\DQDWH�LQ�İ�FDSURODFWDP��ZHUH�VXSSOLHG�E\�%UXJJHPDQQ�&KHPLFDO���

7KH� İ�FDSURODFWDP�ZDV�GULHG� LQ� D�YDFXXP�RYHQ�DW� ���&� IRU����K�EHIRUH�XVH��
$QDWDVH� �3XULW\�� ����� $36�� ��� QP�� 66$�� ���� P��J�� &RORU�� ZKLWH�� 0RUSKRORJ\��
VSKHULFDO��%XON�GHQVLW\�������J�FP���7UXH�GHQVLW\������J�FP���6LJPD�$OGULFK��DQG�UXWLOH�
�3XULW\�������$36�����QP��66$�����P��J��&RORU��ZKLWH��0RUSKRORJ\��VSKHULFDO��%XON�
GHQVLW\������J�FP���7UXH�GHQVLW\������J�FP���6LJPD�$OGULFK��7'�SRZGHU�ZDV�XVHG�DV�D�
PRGLI\LQJ�DGGLWLYH��7'�ZDV�GULHG����K�DW���������&�LQ�WKH�DLU���

�����$QLRQLF�SRO\PHUL]DWLRQ��

3&$� ZDV� V\QWKHVL]HG� E\� DQLRQLF� SRO\PHUL]DWLRQ� RI� İ�FDSURODFWDP� >�@�� 7KH�
UHDFWLRQ�ZDV�FDUULHG�RXW�LQ�D�WKUHH�QHFNHG�IODVN�ZLWK�VWLUUHU��UHIOX[�FRQGHQVHU�DQG�QLWURJHQ�
LQOHW�V\VWHP��7KH�İ�FDSURODFWDP�ZLWK�FDWDO\VW����ZW����ZDV�PHOWHG�DW�D�WHPSHUDWXUH�RI�
����&�� WKHQ� WKH� WHPSHUDWXUH�ZDV� UDLVHG� WR�����&�� DQG� DFWLYDWRU�ZDV� DGGHG��7KH� ILQH�
GLVSHUVHG� 7'� ZDV� DGGHG� LQWR� WKH� SRO\PHUL]DWLRQ� V\VWHP� VLPXOWDQHRXVO\� ZLWK� WKH�
DFWLYDWRU�� 7KH� UHDFWLRQ� ZDV� FRQGXFWHG� IRU� ���� PLQXWHV�� 7KH� UHVXOWLQJ� SURGXFW� ZDV�
H[WUDFWHG�LQ�DFHWRQH��GULHG��DW�WKH�YDFXXP�WR�D�FRQVWDQW�ZHLJKW�DW����&���ZHLJKHG�DQG�
DQDO\]HG��,Q�RUGHU�WR�DYRLG�H[SHULPHQWDO�HUURUV��HDFK�VDPSOH�ZDV�V\QWKHVL]HG�WKUHH�WLPHV��

�����0HDVXUHPHQWV�DQG�HTXLSPHQW�

3&$� VDPSOHV�ZDV� H[DPLQHG� RQ� WKH�'��$GYDQFH�%UXNHU� GLIIUDFWRPHWHU�ZLWK�
&X.Į� UDGLDWLRQ�� VFDQ� VSHHG�ZDV� �� VHFRQG�VWHS�� (DFK� VDPSOH� ZDV�PHDVXUHG� WKUHH�
WLPHV��DQG� WKHQ�GDWD�RI� WKUHH�GLIIUDFWRJUDPV�ZHUH�VXPPDUL]HG��7KHUPRJUDYLPHWULF�
DQDO\VLV��7*$��ZDV�FDUULHG�RXW�ZLWK�D�3HUNLQ�(OPHU�,QVWUXPHQW�V\VWHP��67$������
DW� D�KHDWLQJ� UDWH� RI���&�PLQ� XQGHU� D� GLQLWURJHQ� DWPRVSKHUH�� LQ� WKH� UDQJH� RI� URRP�
WHPSHUDWXUH� WR� ����&��7KHUPRPHFKDQLFDO� FXUYHV�ZDV� REWDLQHG� RQ� WKH�70$����)�
�1HW]VFK��*HUPDQ\��XQGHU�QLWURJHQ�IORZ�DW�D�KHDWLQJ�UDWH�RI���&�PLQ��&RQVWDQW�ORDG�
ZDV� �� 1�� 'LIIHUHQWLDO� VFDQQLQJ� FDORULPHWULF� DQDO\VLV� �'6&�� ZDV� SHUIRUPHG� RQ� D�
'6&��67$5H�6\VWHP��0HWWOHU�7ROHGR��86$���7KH�KHDWLQJ� UDWH�RI� WKH�VDPSOH�ZDV�
��&�PLQ��0HOW�IORZ�LQGH[��0),��ZDV�GHWHUPLQHG�E\�FDSLOODU\�YLVFRPHWHU�,,57��ௗ0�
�5XVVLD���7KH�GLDPHWHU�RI�D�FDSLOODU\�ZDV���������������FP��0),�ZDV�PHDVXUHG�DW�
WKH� WHPSHUDWXUH� RI� ����&� DQG� WKH� ORDG� RI� ����� NJ�� 7KH� PHDVXUHPHQWV� RI� WKH�
HORQJDWLRQ�DW�EUHDN��İ��DQG�WHQVLOH�VWUHQJWK��ı��ZHUH�FDUULHG�RXW�RQ�WKH�,QVSHNW�PLQL���
N1�WHQVLOH�WHVWLQJ�PDFKLQH��7ULORJLFD��*HUPDQ\���7KH�WUDYHOLQJ�VSHHG�RI�FODPSV�ZDV�
���� PP�PLQ�� 0LFURJUDSKV� RI� WKH� VDPSOHV� ZHUH� REWDLQHG� RQ� 2OLPSXV� %;���
SRODUL]LQJ�PLFURVFRSH��:DWHU� DEVRUSWLRQ�ZDV� GHWHUPLQHG� E\� NHHSLQJ� WKH� REWDLQHG�
VDPSOHV� LQ� GLVWLOOHG�ZDWHU�XQWLO� WKH�ZHLJKW� RI� WKH� VDPSOH� FHDVHG� WR� FKDQJH��:DWHU�
DEVRUSWLRQ�ZDV�FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�IRUPXOD��

ܯ ൌ
௠ି௠బ

௠బ
����������������������������������������������������������ͳͲͲΨݔ



EŐŚŝġŶ�ĐӈƵ�ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ�

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ�ŶŚŝҵƚ�ĜӀŝ͕�^Һ�Ϯϴ͕�ϭϮͲϮϬϮϮ�ϴϴ

ZKHUH�0�LV�ZDWHU�DEVRUSWLRQ��P�LV�PDVV�RI�WKH�SRO\PHU�DIWHU�VZHOOLQJ�LQ�ZDWHU��
P��LV�WKH�PDVV�RI�WKH�GU\�SRO\PHU���

7KH� VWXG\� RI� VDPSOHV� E\� HDFK� PHWKRG� ZDV� FDUULHG� RXW� DW� OHDVW� WKUHH� WLPHV�
LQGHSHQGHQWO\�RI�HDFK�RWKHU��7KH�DULWKPHWLF�PHDQ�YDOXH�ZDV�WDNHQ�DV�WKH�WHVW�UHVXOW��

���5(68/76�$1'�',6&866,21�

7KH� DQLRQLF� SRO\PHUL]DWLRQ� RI� İ�FDSURODFWDP� LQ� WKH� SUHVHQFH� RI� DQDWDVH� DQG�
UXWLOH�VKRZHG�WKH�LQIOXHQFH�RI�VHOHFWHG�DGGLWLYHV�RQ�WKH�PRUSKRORJ\�RI�WKH�3&$��$V�
VHHQ�IURP�)LJXUH����WKH�7'�OHDGV�WR�WKH�IDFW�WKDW�WKH�VWUXFWXUH�EHFRPHV�PRUH�XQLIRUP�
RYHU�WKH�HQWLUH�FURVV�VHFWLRQ�RI�WKH�VDPSOH��

'6&� FXUYHV� RI� 3&$� VDPSOHV� FRQWDLQLQJ� DQDWDVH� DQG� UXWLOH� KDYH� D� VHFRQG�
PHOWLQJ�SHDN�ZKLFK�LV�DEVHQW�LQ�WKH�XQPRGLILHG�VDPSOH�RI�3&$��7KH�SUHVHQFH�RI�WKH�
VHFRQG�SHDN� LV� REVHUYHG� LQ� DOO� VDPSOHV� REWDLQHG� E\� UHSHDWHG� V\QWKHVLV��0RUHRYHU��
WKLV�PHOWLQJ� SHDN� SHUVLVWV� GXULQJ� WKH� UHSHDWHG� F\FOH� RI� FRROLQJ� DQG� KHDWLQJ� RI� WKH�
VDPSOH��)LJXUH�����

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

)LJXUH����0LFURJUDSKV�RI�SRO\FDSURDPLGH�VDPSOHV��ZLWKRXW�DGGLWLYHV�������
PRGLILHG�ZLWK�UXWLOH�����DQG�DQDWDVH�����DW�D�FRQFHQWUDWLRQ�RI������0�

)LJXUH����'6&�FXUYHV�RI�SRO\FDSURDPLGH��ZLWKRXW�DGGLWLYHV������
FRQWDLQLQJ�DQDWDVH�����DQG�UXWLOH�����DW�D�FRQFHQWUDWLRQ�RI������0�

0RVW�OLNHO\��WKH�DSSHDUDQFH�RI�WKH�VHFRQG�PHOWLQJ�SHDN�LV�GXH�WR�WKH�IDFW�WKDW�
WKH�QXFOHDWLRQ�SURFHVV�GXULQJ�FU\VWDOOL]DWLRQ�RI�WKH�SRO\PHU�FRQWDLQLQJ�7'�SURFHHGV�
YLD�WZR�SRVVLEOH�PHFKDQLVPV��KRPRJHQHRXV�DQG�KHWHURJHQHRXV��$V�D�UHVXOW�RI�RQO\�
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KRPRJHQHRXV�QXFOHDWLRQ�IRU�XQPRGLILHG�SRO\FDSURDPLGH�� WKH�FU\VWDOOLWH�VL]H��/�� LV�
FKDUDFWHUL]HG�E\�D� ODUJH�YDOXH������c��FRPSDUHG�ZLWK� WKH�PRGLILHG�VDPSOH��7DEOH�
����7KH�FU\VWDOOLWH�VL]H�RI�SRO\FDSURDPLGH�REWDLQHG�LQ�WKH�SUHVHQFH�RI������0�RI�7'�
LV����c�IRU�WKH�UXWLOH�DQG����c�IRU�WKH�DQDWDVH��

$Q�LQFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI�WLWDQLXP�GLR[LGH�IURP������WR������0�OHDGV�
WR�WKH�IRUPDWLRQ�RI�VPDOOHU�FU\VWDOV�����c�DQG����c��UHVSHFWLYHO\��IRU�WKH�UXWLOH�DQG�
DQDWDVH���0RVW�OLNHO\��WKLV�LV�GXH�WR�WKH�IDFW�WKDW�D�ODUJH�QXPEHU�RI�QXFOHDWLQJ�DJHQWV�
LQWHUIHUHV�ZLWK�WKH�JURZWK�RI�FU\VWDOV�LQ�WKH�SRO\PHU��

7DEOH����&KDUDFWHULVWLFV�RI�WKH�VXSUDPROHFXODU�VWUXFWXUH�RI�WKH�SRO\FDSURDPLGH��
FDOFXODWHG�DFFRUGLQJ�WR�;�UD\�VWUXFWXUDO�DQDO\VLV�

0RGLILHU� &RQFHQWUDWLRQ��0� /
��c� Ȥɫ
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/�LV�FU\VWDOOLWH�VL]H��

Ȥɫ�LV�GHJUHH�RI�FU\VWDOOLQLW\���

7KH�SUHVHQFH�RI�FU\VWDOV�RI�GLIIHUHQW�VL]HV�LQ�WKH�SRO\PHU�VWUXFWXUH�VKRXOG�OHDG�
WR�D�FKDQJH� LQ� WKH�GLIIXVLRQ�RI�PHOWLQJ��7DEOH����� ,Q� WKLV�FDVH��VPDOO�VL]HG�FU\VWDOV�
PHOW�DW�ORZHU�WHPSHUDWXUHV�WKDQ�ODUJH�RQHV���

7KH�SUHVHQFH�RI�7'�LQ�WKH�SRO\PHU�V\VWHP�DW�D�FRQFHQWUDWLRQ�RI������0�OHDGV�
WR�DQ� LQFUHDVH� LQ� WKH�GHJUHH�RI�FU\VWDOOLQLW\��DV�HYLGHQFHG�E\� WKH�DPRXQW�RI�HQHUJ\�
FRQVXPHG�WR�PHOW���J�RI�WKH�VXEVWDQFH��DV�GHWHUPLQHG�E\�'6&���

7DEOH����(IIHFW�RI�WLWDQLXP�GLR[LGH�RQ�PHOWLQJ�HQHUJ\��GLIIXVLRQ�RI�PHOWLQJ��¨Ɍ���
DQG�HTXLOLEULXP�PHOWLQJ�WHPSHUDWXUH��7P��RI�SRO\FDSURDPLGH�

0RGLILHU
&RQFHQWUDWLRQ��

0�

5HODWLYH�
ZHLJKW�RI�

HDFK�SHDN���

0HOWLQJ�
HQHUJ\�
-�J�

ɌP��
Rɋ�

¨Ɍ��
�Rɋ�

<LHOG��
��

�� �� ���� ������ ���� ��� ���

$QDWDVH�

����
��SHDN� ���

�������
���� ���

���
��SHDN� ��� ���� ���

����
��SHDN� ���

�������
���� ���

���
��SHDN� ��� ���� ��

����
��SHDN� ���

�������
���� ���

���
��SHDN� ��� ���� ���
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0RGLILHU
&RQFHQWUDWLRQ��

0�

5HODWLYH�
ZHLJKW�RI�

HDFK�SHDN���

0HOWLQJ�
HQHUJ\�
-�J�

ɌP��
Rɋ�

¨Ɍ��
�Rɋ�

<LHOG��
��

5XWLOH�

����
��SHDN� ���

������
���� ��

���
��SHDN� ��� ���� ���

����
��SHDN� ���

�������
���� ���

���
��SHDN� ��� ���� ��

����
��SHDN� ���

�������
���� ���

���
��SHDN� ��� ���� ��

$V�VKRZQ�LQ�WKH�7DEOH����WKH�\LHOG�RI�DOO�SRO\PHUV�ZDV�DERYH������

7KH�DGGLWLRQ�RI�7'�OHDGV�WR�DQ�LQFUHDVH�LQ�WKH�WKHUPDO�VWDELOLW\�RI�WKH�VDPSOHV��
7KH�7*$�FXUYHV� VKRZ� WKDW� VDPSOHV� FRQWDLQLQJ� UXWLOH�DW� D� FRQFHQWUDWLRQ�RI������0�
DQG� DQDWDVH� DW� ������ �����0� ORVH�ZHLJKW� DW� D� KLJKHU� WHPSHUDWXUH� WKDQ�3&$� VDPSOH�
ZLWKRXW�DGGLWLYHV��)LJXUH��������

)LJXUH����7*$�FXUYHV�RI�SRO\FDSURDPLGH�FRQWDLQLQJ�DQDWDVH��
DW�D�FRQFHQWUDWLRQ����0�����������0�����������0�����������0�����

)LJXUH����7*$�FXUYHV�RI�SRO\FDSURDPLGH�FRQWDLQLQJ�UXWLOH�DW�D�FRQFHQWUDWLRQ���
��0�����������0�����������0�����������0�����
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7KH� EHVW� WKHUPDO� VWDELOLW\� RI� 3&$� PRGLILHG� ZLWK� DQDWDVH� DQG� UXWLOH� LQ� D�
FRQFHQWUDWLRQ� RI� �����0� FDQ� EH� H[SODLQHG� E\� WKH� XQLIRUP� GLVWULEXWLRQ� RI�PRGLILHU�
SDUWLFOHV� EHWZHHQ� VSKHUXOLWHV�� ZKLFK� OHDGV� WR� D� ORZHU� GHQVLW\�� D� GHFUHDVH� LQ� WKH�
ERXQGDU\�YROWDJH�EHWZHHQ� WZR�SKDVHV�DQG�GLIILFXOW\� LQ� WKHLU� JURZWK��7KLV�� LQ� WXUQ��
ZLOO�OHDG�WR�D�KLJKHU�VWUDLQ�UHVLVWDQFH�RI�WKH�SRO\PHU�REWDLQHG�GXH�WR�WKH�ORZ�GHJUHH�
RI�FU\VWDOOLQLW\�DQG�WKH�VPDOOHU�VL]H�RI�WKH�FU\VWDOV��$QDWDVH��LQ�FRQWUDVW�WR�WKH�UXWLOH��
LQ�D�FRQFHQWUDWLRQ�RI������0�DOVR�LQFUHDVHV�WKH�WKHUPDO�VWDELOLW\�RI�3&$��0RVW�OLNHO\��
WKLV�LV�GXH�WR�WKH�IDFW�WKDW�LQ�DQDWDVH�LV�PRUH�DFWLYH�DQG�H[KLELWV�D�JUHDWHU�DIILQLW\�IRU�
WKH�HOHFWURQ�WKDQ�UXWLOH�>��@��

7'�KDV�QRW�VLJQLILFDQWO\�HIIHFW�RQ�WKH�ZDWHU�DEVRUSWLRQ�DQG�WKH�KDUGQHVV�RI�WKH�
SRO\PHU��7DEOH�����$QDO\VLV�RI�WKH�SK\VLFR�PHFKDQLFDO�SURSHUWLHV�RI�WKH�V\QWKHVL]HG�
SRO\PHUV� VKRZHG� WKDW� WKH�DQDWDVH� DQG� UXWLOH�DW� D� FRQFHQWUDWLRQ�RI������0�DOORZ� WR�
LQFUHDVH� WKH� VWUHQJWK� SURSHUWLHV� RI� 3&$�� DW� WKH� VDPH� WLPH� LQFUHDVLQJ� WKH�
FRQFHQWUDWLRQ� WR� �����0� OHDGV� WR� D�GHFUHDVH� LQ� SK\VLFDO� DQG�PHFKDQLFDO� SURSHUWLHV�
�7DEOH������

7DEOH����3K\VLFR�PHFKDQLFDO�SURSHUWLHV��PHOW�IORZ�LQGH[��ZDWHU�DEVRUSWLRQ�
DQG�VKRUH�'�KDUGQHVV�RI�SRO\FDSURDPLGH�

0RGLILHU
&RQFHQWUDWLRQ��

0�
0),��

J����PLQ

3K\VLFR�
PHFKDQLFDO�
SURSHUWLHV 


 :DWHU�

DEVRUSWLRQ
6KRUH�'�
KDUGQHVV

İ���
ı��

ɆɊɚ
(�E���
03D�

�� �� ����� ��� ��� ���� ���� ���

$QDWDVH�

����� ����� ��� ��� ���� ���� ���

����� ����� ��� ��� ���� ���� ���

����� ����� ��� ��� ���� ���� ���

5XWLOH��

����� ����� ��� ��� ���� ���� ���

����� ����� ��� ��� ���� ���� ���

����� ����� ��� ��� ���� ���� ���




ı ��WHQVLOH�VWUHQJWK��İ�HORQJDWLRQ�DW�EUHDN��(�E���HODVWLF�PRGXOXV��

���&21&/86,21�

,W�ZDV�VKRZQ�WKDW�DQDWDVH�DQG�UXWLOH�KDYH�DQ�LQIOXHQFH�RQ�WKH�VXSUDPROHFXODU�
VWUXFWXUH� RI� 3&$�� REWDLQHG� E\� DQLRQLF� SRO\PHUL]DWLRQ� RI� İ�FDSURODFWDP�� 7KHUPDO�
VWDELOLW\�DQG�VWUHQJWK�SURSHUWLHV�RI�3&$�FRQWDLQLQJ�DQDWDVH�DQG�UXWLOH�DW������0��DUH�
KLJKHU�WKDQ�IRU�XQPRGLILHG�VDPSOHV���
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5()(5(1&(6�

�� *DULIXOOLQ� ,�� ,��� $NKPHWRYD� $�� $��� )HGRUFKXN� $�� 1��� 6SLULGRQRYD� 5�� 5���
6\QWKHVLV� DQG� SURSHUWLHV� RI� SRO\FDSURDPLGH� PRGLILHG� E\� VLOLFRQ� GLR[LGH��
+HUDOG�RI�.D]DQ�7HFKQRORJLFDO�8QLYHUVLW\�������������������

�� 3DURGL� (���3HWHUV� *�� :��� *RYDHUW� /�� (���3UHGLFWLRQ� RI� SODVWLFLW\ఆFRQWUROOHG�
IDLOXUH�LQ�SRO\DPLGH����,QIOXHQFH�RI�WHPSHUDWXUH�DQG�UHODWLYH�KXPLGLW\��-RXUQDO�
RI�$SSOLHG�3RO\PHU�6FLHQFH������������������

�� %LHUQDFNL�3���:ORGDUF]\N�0���$�VWXG\�RI�PROHFXODU�ZHLJKW�RI�SRO\FDSURDPLGH�
REWDLQHG� E\� DQLRQLF� SRO\PHUL]DWLRQ� RI� FDSURODFWDP� LQ� VROYHQW�� (XURSHDQ�
3RO\PHU�-RXUQDO���������������������

�� 0DWHYD�5���'HOHY�2���.DVFKFLHYD�(���6WUXFWXUH�RI�SRO\FDSURODFWDP�REWDLQHG�LQ�
DQLRQLF� EXON� SRO\PHUL]DWLRQ�� -RXUQDO� RI� $SSOLHG� 3RO\PHU� 6FLHQFH�� ������
��������������

�� 6XEHUO\DN�Ɉ��9���.UDVLQVN\L�9��9���0RUDYVN\L�9��9���*HUODFK�+���-DFKRZLF]�7���
,QIOXHQFH� RI� DOXPLQRVLOLFDWH� ILOOHU� RQ� WKH� SK\VLFRPHFKDQLFDO� SURSHUWLHV� RI�
SRO\SURS\OHQH�SRO\FDSURDPLGH��&RPSRVLWHV�0DWHULDOV�6FLHQFH���������������������

�� &DURWHQXWR�*���3RO\PHU�EDVHG�QDQRFRPSRVLWHV��3RO\PHU�1HZV�������������������

�� =KDQJ�-�� 3���+XDQJ� ;�� &��� &KHQ� ;�� 0��� 6XSUDPROHFXODU� LVRPHULVP� LQ�
FRRUGLQDWLRQ�SRO\PHUV��&KHPLFDO�6RFLHW\�5HYLHZV����������������������

�� &KHQ� ;���0DR� 6�� 6��� 7LWDQLXP� GLR[LGH� QDQRPDWHULDOV�� V\QWKHVLV�� SURSHUWLHV��
PRGLILFDWLRQV��DQG�DSSOLFDWLRQV��&KHPLFDO�5HYLHZV�����������������������

�� 2KQR� 7��� 6DUXNDZD� .��� 0DWVXPXUD�0���&U\VWDO� IDFHV� RI� UXWLOH� DQG� DQDWDVH�
7L2�� SDUWLFOHV� DQG� WKHLU� UROHV� LQ� SKRWRFDWDO\WLF� UHDFWLRQV�� 1HZ� -RXUQDO� RI�
&KHPLVWU\����������������������

��� 0DWHYD� 5��� ,VKWLQNRYD� 2��� 1LNRORY� 5�� 1��� 'MDPERYD� &��� .LQHWLFV� RI�
SRO\PHUL]DWLRQ� RI� FDSURODFWDP� LQ� WKH� SUHVHQFH� RI� LQRUJDQLF� GLVSHUVHG�
DGGLWLYHV��(XURSHDQ�3RO\PHU�-RXUQDO����������������������

��� 6FDQORQ� '�� 2��� HW�� DO��� %DQG� DOLJQPHQW� RI� UXWLOH� DQG� DQDWDVH� 7L2��� 1DWXUH�
0DWHULDOV��������������������

6800$5<�

7KH� HIIHFW� RI� DQDWDVH� DQG� UXWLOH� IRUPV� RI� WLWDQLXP� R[LGH� RQ� WKH� WKHUPDO��
SK\VLFRPHFKDQLFDO� SURSHUWLHV�� ZDWHU� DEVRUSWLRQ� DQG� KDUGQHVV� RI� SRO\FDSURDPLGH�
ZDV�VWXGLHG�� ,W�ZDV� VKRZQ� WKDW� WLWDQLXP�GLR[LGH�KDV�DQ� LQIOXHQFH�RQ� WKH�GHJUHH�RI�
FU\VWDOOLQLW\� DQG� WKH� FU\VWDOOLWH� VL]H�� 7*$�PHWKRG� VKRZV� WKDW� VDPSOHV� FRQWDLQLQJ�
UXWLOH�DQG�DQDWDVH�ORVH�ZHLJKW�DW�D�KLJKHU�WHPSHUDWXUH�WKDQ�SRO\FDSURDPLGH�VDPSOH�
ZLWKRXW�DGGLWLYHV��$QDO\VLV�RI� WKH�SK\VLFRPHFKDQLFDO�SURSHUWLHV�RI� WKH�V\QWKHVL]HG�
VDPSOHV� VKRZHG� WKDW� WLWDQLXP� GLR[LGH� LQ� D� FRQFHQWUDWLRQ� RI� �����0� LQFUHDVHV� WKH�
VWUHQJWK� SURSHUWLHV� RI� SRO\FDSURDPLGH�� $W� WKH� VDPH� WLPH� LQFUHDVLQJ� WKH�
FRQFHQWUDWLRQ� RI� WLWDQLXP� GLR[LGH� WR� ����� 0� OHDGV� WR� D� GHFUHDVH� LQ� SK\VLFDO� DQG�
PHFKDQLFDO�SURSHUWLHV��$QDWDVH�DQG�UXWLOH�GR�QRW�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�ZDWHU�
DEVRUSWLRQ�DQG�SRO\PHU�KDUGQHVV��
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.H\ZRUGV��$GGLWLYHV��WKHUPDO�SURSHUWLHV��VXSUDPROHFXODU�VWUXFWXUHV��SRO\DPLGHV��

1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ���QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

����)DFXOW\�RI�&KHPLFDO�DQG�(QYLURQPHQWDO�7HFKQRORJ\��9LHW�7UL�8QLYHUVLW\�RI�
,QGXVWU\��9LHWQDP��

����.D]DQ�1DWLRQDO�5HVHDUFK�7HFKQRORJLFDO�8QLYHUVLW\�� ,QVWLWXWH�RI�3RO\PHUV��
7HFKQRORJ\�RI�6\QWKHWLF�5XEEHU�'HSDUWPHQW��5XVVLDQ�)HGHUDWLRQ��

/LrQ�K͏��%�L�ĈuQK�1KL�

7UѭӡQJ�ĈҥL�KӑF�&{QJ�QJKLӋS�9LӋW�7Uu��7LrQ�.LrQ��/kP�7KDR��3K~�7Kӑ�

ĈLӋQ�WKRҥL��������������(PDLO��QKLEG#YXL�HGX�YQ�


