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��WULIOXRURPHWK\O�FRXPDULQH��� $F�<9$'�&+2�� 1�DFHW\O�7\U�9DO�$OD�

$VS�&+2� �DOGHK\GH��� *',�� *'3�GLVVRFLDWLRQ� LQKLELWRU�� ,&$'�� DQ

LQKLELWRU\� SURWHLQ� IRU� WKH� FDVSDVH�DFWLYDWHG� GHR[\ULERQXFOHDVH
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SRO\PHUDVH�

$EVWUDFW

'DXQRUXELFLQ�� DQ� DQWL�FDQFHU� GUXJ�� LV� NQRZQ� WR

LQGXFH�DSRSWRVLV�LQ�+/����FHOOV�LQ�D�GRVH�GHSHQGHQW

PDQQHU�WKURXJK�WKH�DFWLYDWLRQ�RI�FDVSDVH����&33����

&DVSDVH��� VHOHFWLYH� LQKLELWRU�� $F�'(9'�&+2�� SUH�

YHQWHG�ERWK� WKH�DFWLYDWLRQ�RI�FDVSDVH���DQG�FOHDY�

DJH�RI�SRO\�$'3�ULERVH��SRO\PHUDVH��3$53���'��*',

LV� D�*'3� GLVVRFLDWLRQ� LQKLELWRU� IRU� WKH�5DV�UHODWHG

5KR�IDPLO\�*73DVH�LQ�KHPDWRSRLHWLF�FHOOV��+HUH�ZH

UHSRUW�WKDW�'��*',�LV�D�VXEVWUDWH�IRU�WKH�FDVSDVH���

'��*',�ZDV�FOHDYHG�WR�D����N'D�IUDJPHQW�E\�GDXQR�

UXELFLQ� WUHDWPHQW� LQ� +/���� FHOOV� ZLWK� NLQHWLFV� WKDW

SDUDOOHO�WKH�RQVHW�RI�DSRSWRVLV��'��*',�FOHDYDJH�DV

ZHOO� DV� '1$� IUDJPHQWDWLRQ� ZDV� LQKLELWHG� E\� WUHDW�

PHQW� ZLWK� $F�'(9'�&+2� EXW� QRW� ZLWK� $F�<9$'�

&+2��D�FDVSDVH���LQKLELWRU��7KHVH�GDWD�VXJJHVW�WKDW

'��*',�RI�5KR�IDPLO\�*73DVH�PD\�EH�UHJXODWHG�GXU�

LQJ� DSRSWRVLV� WKURXJK� WKH� FDVSDVH��� PHGLDWHG

FOHDYDJH�RI�WKH�*',�SURWHLQ�

.H\ZRUGV��GDXQRUXELFLQ��FDVSDVH����'��*',��SRO\�$'3�

ULERVH��SRO\PHUDVH��DSRSWRVLV

,QWURGXFWLRQ

'DXQRUXELFLQ� LV� ZLGHO\� XVHG� LQ� WKH� WUHDWPHQW� RI� DFXWH

P\HORLG� OHXNHPLD� �$0/��� 'HVSLWH� WKH� H[WHQVLYH� DQG

JHQHUDOL]HG� XVH� IRU� PRUH� WKDQ� ��� \HDUV�� LWV� F\WRWR[LF

PHFKDQLVP� UHPDLQV� VWLOO� REVFXUH�� 6HYHUDO� K\SRWKHVHV

KDYH�EHHQ�VXJJHVWHG�LQFOXGLQJ�'1$�LQWHUFDODWLRQ�� LQKL�

ELWLRQ� RI� WRSRLVRPHUDVH� ,,�� IUHH� UDGLFDO� JHQHUDWLRQ�ZLWK

FRQVHTXHQW�'1$�GDPDJH�RU�OLSLG�SHUR[LGDWLRQ��'1$�DON\�

ODWLRQ� DQG� FURVV�OLQNLQJ�� DQG� GLUHFW� PHPEUDQH� HIIHFWV

�*HZLUW]���������5HFHQWO\��LW�KDV�EHHQ�VKRZQ�WKDW�VWLPX�

ODWLRQ�RI�FHUDPLGH�V\QWKHVLV��%RVH�HW�DO���������-DIIUH]RX

HW�DO���������RU�FDVSDVH�DFWLYDWLRQ��*DPHQ�HW�DO��������

7XUQEXOO�HW�DO���������PHGLDWH�GDXQRUXELFLQ�LQGXFHG�DS�

RSWRVLV�� $FWLYDWLRQ� RI� FDVSDVH�� D� IDPLO\� RI� F\VWHLQH

SURWHDVH��KDV�EHHQ�GHPRQVWUDWHG�LQ�GLIIHUHQW�SDWKZD\V

RI�DSRSWRVLV��3ROYHULQR�DQG�3DWWHUVRQ���������&DVSDVH

LV�V\QWKHVL]HG�DV�FDWDO\WLFDOO\�LQDFWLYH�SURHQ]\PHV�FRP�

SULVLQJ�D�ODUJH�DQG�D�VPDOO�VXEXQLW�ZLWK�D�YDULDEOH�OHQJWK

DPLQR�WHUPLQDO�SURGRPDLQ��2Q�DFWLYDWLRQ�� WKH�SURGRPDLQ

LV� ORVW� E\� FDWDO\WLF� FOHDYDJH� RI� FDUER[\�WHUPLQDO� DW� DQ

DVSDUWDWH� UHVLGXH�� ZLWK� KHWHURGLPHUL]DWLRQ� RI� WKH� ODUJH

DQG�VPDOO�VXEXQLWV�WR�IRUP�WKH�DFWLYH�HQ]\PH��1LFKROVRQ

DQG�7KRUQEHUU\���������1XPHURXV�VXEVWUDWHV�IRU�FDVSDVH

ZHUH�LGHQWLILHG��7KRVH�LQFOXGH�SRO\�$'3�ULERVH��SRO\PHU�

DVH��3$53���/D]HEQLN�HW�DO����������ODPLQ��2EHUKDPPHU

HW�DO����������'1$�IUDJPHQWDWLRQ�IDFWRU��'))�,&$'���/LX

HW� DO��� ������� DQG� JHOVROLQ� �.RWKDNRWD� HW� DO��� ������

$OWKRXJK�PDQ\�SURWHLQV�DUH�FOHDYHG�GXULQJ�DSRSWRVLV��D

UROH�RI�WKLV�FOHDYDJH�KDV�EHHQ�LGHQWLILHG�RQO\�LQ�D�IHZ�RI

WKHP��,&$'�LV�FOHDYHG�E\�FDVSDVH����ZKLFK�OHDGV�WR�WKH

UHOHDVH�RI�'1DVH�DQG�FDXVHV�VXEVHTXHQW�'1$�GLJHV�

WLRQ�GXULQJ�DSRSWRWLF�SURFHVV��(QDUL�HW�DO����������&OHDY�

DJH� RI� JHOVROLQ� DQG� ODPLQ� FDXVH� WKH� FKDUDFWHULVWLF

PRUSKRORJLFDO�FKDQJHV�IRU�DSRSWRVLV��5DR�HW�DO��������

.RWKDNRWD�HW�DO���������

,Q�UHVWLQJ�FHOOV��PHPEHUV�RI�WKH�5KR�IDPLO\�H[LVW�DV�DQ

LQDFWLYH�F\WRVROLF�FRPSOH[�ZLWK�D�FODVV�RI�UHJXODWRU\�SUR�

WHLQ�NQRZQ�DV�D�*'3�GLVVRFLDWLRQ�LQKLELWRU��*',���%RNRFK

DQG�'HU��������*H\HU�DQG�:LWWLQJKRIHU��������DQG�WKUHH

IRUPV�RI�*',�ZHUH�LGHQWLILHG��5KR*',����5KR*',����DOVR

FDOOHG�'��/\�*',���DQG�5KR*',����'��*',�LV�VSHFLILFDO�

O\�H[SUHVVHG�LQ�KXPDQ�DQG�PXULQH�KHPDWRSRLHWLF�WLVVX�

HV�� SUHGRPLQDWHO\� LQ� %�� DQG� 7�O\PSKRF\WH� FHOO� OLQHV

�/HOLDV� HW� DO��� ������6FKHUOH� HW� DO��� ������� 7KLV� SURWHLQ

ELQGV�WR�D�PDMRULW\�RI�WKH�5KR�IDPLO\�*73DVH�DQG�NHHSV

WKH�5KR�SURWHLQ�LQ�LWV�*'3�ERXQG�LQDFWLYH�VWDWH�LQFDSD�

EOH�RI�LQWHUDFWLQJ�ZLWK�HIIHFWRU�WDUJHWV�RU�RWKHU�UHJXODWRU\



&DVSDVH���GHSHQGHQW�FOHDYDJH�RI�'��*',�E\�GDXQRUXELFLQ ��

SURWHLQV� �%RNRFK�DQG�'HU��������2ORIVVRQ���������7KH

5KR� IDPLO\� RI� VPDOO� *73DVH� UHJXODWHV� PDQ\� FHOOXODU

SURFHVVHV� LQFOXGLQJ� DFWLQ� SRO\PHUL]DWLRQ� WKDW� OHDGV� WR

WKH�IRUPDWLRQ�RI�VWUHVV�ILEHUV�DQG�IRFDO�DGKHVLRQV��5LGOH\

DQG�+DOO��������6DVDNL�DQG�7DNDL���������JHQHUDWLRQ�RI

VXSHUR[LGH� LQ� DFWLYDWHG� QHXWURSKLOV� DQG� PDFURSKDJHV

�$ER�HW�DO���������*XLOOHPRW�HW�DO����������DQG�WKH�VWUHVV

UHVSRQVH� WKURXJK�DFWLYDWLRQ�RI�F�-XQ�1�WHUPLQDO�NLQDVH

DQG�S���0$3.���&RVR�HW�DO���������0LQGHQ�HW�DO��������

=KDQJ�HW�DO���������1DUXPL\D��������

,W� KDV� EHHQ� UHSRUWHG� WKDW� '��*',� LV� FOHDYHG� E\

FDVSDVH���LQ�/36��RU�QLJHUFLQ�WUHDWHG�LQIODPPDWRU\�FHOOV

�'DQOH\� HW� DO��� ������� '��*',� LV� DOVR� UHSRUWHG� WR� EH

FOHDYHG�E\�FDVSDVH���GXULQJ�DSRSWRVLV�LQ�-XUNDW�7�FHOOV

WUHDWHG�ZLWK�DQWL�)DV�DQWLERG\��VWDXURVSRULQH��1D�HW�DO��

������� DQG�RYHUH[SUHVVHG�%D[� �;LDQJ� HW� DO��� ������� LQ

%/���%XUNLWW�O\PSKRPD�FHOOV�WUHDWHG�ZLWK�DQWL�,J0��5LFNHUV

HW� DO��� ������ DQG� WD[RO� �(VVPDQQ� HW� DO��� ������� DQG� LQ

SRO\PRUSKRQXFOHDU�QHXWURSKLOV�WUHDWHG�ZLWK�71)�α��.HWWULW]
HW�DO����������,Q�WKLV�UHSRUW��ZH�DGG�WKH�REVHUYDWLRQV�WKDW

'��*',�LV�D�VXEVWUDWH�RI�FDVSDVH���LQ�+/����FHOOV�DIWHU

LQGXFWLRQ� RI� DSRSWRVLV� E\� GDXQRUXELFLQ�� %\� XVLQJ� FHOO

SHUPHDEOH� SHSWLGH� LQKLELWRUV��ZH�ZHUH� DEOH� WR� GHPRQ�

VWUDWH� WKDW� FDVSDVH��� LV� LQYROYHG� LQ� '��*',� FOHDYDJH

DQG�DSRSWRVLV�DIWHU� WUHDWPHQW�ZLWK�GDXQRUXELFLQ�

0DWHULDOV�DQG�0HWKRGV

&XOWXUH�FRQGLWLRQV

+/���� FHOOV�� KXPDQ� OHXNHPLD� FHOO� OLQH� ZDV� SXUFKDVHG

IURP�$PHULFDQ�7\SH�&XOWXUH�&ROOHFWLRQ��&HOOV�ZHUH�SODF�

HG� LQWR����FP��WLVVXH�FXOWXUH�IODVNV�DQG�JURZQ�DW���R&

XQGHU�D�KXPLGLILHG�����&2��DWPRVSKHUH�LQ�530,�����

PHGLXP� �*LEFR� %5/��*UDQG� ,VODQG�� 1<�� 86$�� VXSSOH�

PHQWHG� ZLWK� ���� IHWDO� ERYLQH� VHUXP� DQG� �� P0� JOXW�

DPLQH���������XQLWV�PO�SHQLFLOOLQ�����PJ�PO�VWUHSWRP\FLQ�

DQG�����µJ�PO�DPSKRWHULFLQ�%�

$VVD\�IRU�FHOO�YLDELOLW\

*HQHUDO� YLDELOLW\� RI� FXOWXUHG� FHOOV� ZDV� GHWHUPLQHG� E\

UHGXFWLRQ� RI� �������GLPHWK\OWKLD]RO���\O������GLSKHQ\OWHWUD�

]ROLXP� EURPLGH� �077�� WR� IRUPD]DQ� �2H]� HW� DO��� ������

$IWHU����K�LQFXEDWLRQ�ZLWK�GDXQRUXELFLQ��FHOOV������FHOOV�

ZHOO�� LQ� ��� ZHOO� SODWHV� ZHUH� ZDVKHG� WZLFH� ZLWK� SKRV�

SKDWH�EXIIHUHG�VDOLQH��3%6���077������µJ�����PO�3%6�

ZDV�DGGHG� WR�HDFK�ZHOO��&HOOV�ZHUH� LQFXEDWHG�DW���R&

IRU� �� K�� DQG� GLPHWK\O� VXOIR[LGH� �'062��ZDV� DGGHG� WR

GLVVROYH� WKH� IRUPD]DQ� FU\VWDOV�� 7KH� DEVRUEDQFH� ZDV

PHDVXUHG�DW�����QP�ZLWK�D�PRGHO�6SHFWUD�0$;�3/86

�0ROHFXODU�'HYLFHV��6XQQ\YDOH��&$��86$��

&DVSDVH�DFWLYLW\�DVVD\

$IWHU� WUHDWPHQW� ZLWK� GDXQRUXELFLQ� �6LJPD�� 6W�� /RXLV�

02�� 86$��� FHOOV� ZHUH� ZDVKHG� ZLWK� LFH�FROG� 3%6� DQG

O\VHG�LQ�7ULWRQ�;�����EXIIHU�������7ULWRQ�;���������P0

('7$��DQG����P0�7ULV�+&O��S+������IRU����PLQ�RQ�LFH�

&HOO�O\VDWHV�ZHUH�PL[HG�ZLWK�FDVSDVH�DVVD\�EXIIHU�����

JO\FHURO����P0�'77��DQG����P0�+(3(6��S+������FRQ�

WDLQLQJ�FDVSDVH�VXEVWUDWH�����P0�$F�'(9'�$)&��3KDU�

PLQJHQ��6DQ�'LHJR��&$��86$���DQG�LQFXEDWHG�IRU���K�DW

��R&��$)&�UHOHDVHG�E\�FDVSDVH�ZDV�PRQLWRUHG�XVLQJ�D

VSHFWURIOXRURPHWHU�ZLWK�DQ�H[FLWDWLRQ�ZDYHOHQJWK�RI����

QP�DQG�DQ�HPLVVLRQ�ZDYHOHQJWK�RI�����QP�

:HVWHUQ�EORW�DQDO\VLV�RI�3$53�DQG�'��*',�FOHDYDJH

&HOO�H[WUDFWV�ZHUH�VHSDUDWHG�E\�JHO�HOHFWURSKRUHVLV�RQ

D� UHGXFLQJ�6'6�SRO\DFU\ODPLGH� JHO�� 6XEVHTXHQWO\�� WKH

SURWHLQV� ZHUH� WUDQVIHUUHG� RQWR� D� QLWURFHOOXORVH� PHP�

EUDQH� �0LOOLSRUH�� %HGIRUG�� 0$�� 86$�� XVLQJ� D� VHPL�GU\

EORWWLQJ�DSSDUDWXV��%LR�5DG��0XQLFK��*HUPDQ\���3ULRU�WR

LQFXEDWLRQ�ZLWK�WKH�3$53��7UDQVGXFWLRQ�/DE��/H[LQJWRQ�

.<�� 86$�� DQG� '��*',� DQWLERGLHV� �3KDUPLQJHQ��� WKH

PHPEUDQH�ZDV�EORFNHG�ZLWK����%6$�IRU����PLQ��$IWHU

ZDVKLQJ�� WKH� SURWHLQV� ZHUH� GHWHFWHG� ZLWK� DQ� DONDOLQH�

SKRVSKDWDVH�FRXSOHG�VHFRQGDU\�DQWLERG\�

'HWHFWLRQ� RI� '1$� IUDJPHQWDWLRQ� E\� JHO� HOHFWUR�

SKRUHVLV

&HOO�SHOOHWV���×����FHOOV��ZHUH�UHVXVSHQGHG�LQ�����µO�RI
O\VLV� EXIIHU� ������7ULWRQ�;������ ���P0�('7$�� DQG� ��

P0�7ULV�+&O�� S+������ DW� URRP� WHPSHUDWXUH� IRU� ���PLQ

DQG�FHQWULIXJHG�DW������� J� IRU����PLQ��'1$�ZDV� WKHQ

H[WUDFWHG�WZLFH�ZLWK�SKHQRO�FKORURIRUP��� � ����SUHFLSLWDW�

HG�ZLWK� HWKDQRO�� DQG� UHVXVSHQGHG� LQ� 7ULV�('7$� EXIIHU

����P0�7ULV�+&O��S+������DQG���P0�('7$���'1$�ZDV

DQDO\]HG� DIWHU� VHSDUDWLRQ� E\� JHO� HOHFWURSKRUHVLV� ���

DJDURVH��

3URWHLQ�GHWHUPLQDWLRQ

3URWHLQ�FRQFHQWUDWLRQV�ZHUH�GHWHUPLQHG�E\�WKH�PHWKRG

RI�%UDGIRUG��%UDGIRUG��������ZLWK�ERYLQH�VHUXP�DOEXPLQ

DV� WKH� VWDQGDUG�� $OO� RI� WKH� VDPSOHV� ZHUH� DVVD\HG� LQ

WULSOLFDWH�

6WDWLVWLFDO�DQDO\VLV

6WDWLVWLFDO� DQDO\VLV� RI� WKH� GDWD�ZDV� SHUIRUPHG�ZLWK� DQ

XQSDLUHG�6WXGHQW¶V�W�WHVW��'LIIHUHQFHV�ZLWK�3 � �����ZHUH

FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW�

5HVXOWV

'RVH�GHSHQGHQW�UHGXFWLRQ�RI�FHOO�VXUYLYDO

077�FRQYHUVLRQ�DVVD\�ZDV�XVHG�WR�GHWHUPLQH� WKH�YLD�

ELOLW\�RI�+/����FHOOV�H[SRVHG�WR�GDXQRUXELFLQ��$V�VKRZQ

LQ� )LJXUH� ��� DERXW� ���� RI� FHOOV� ZHUH� YLDEOH� DIWHU

H[SRVXUH�WR�����Q0�GDXQRUXELFLQ�IRU����K��7KH�,&���RI

GDXQRUXELFLQ� IRU�FHOO� YLDELOLW\�ZDV�����Q0�



�� ([S��0RO��0HG��9RO��������������������

$FWLYDWLRQ�RI�FDVSDVH���GXULQJ�GDXQRUXELFLQ�LQGXF�

HG�DSRSWRVLV

'1$�IUDJPHQWDWLRQ�DQG�PHPEUDQH�FKDQJHV�ZHUH�JHQH�

UDOO\�XVHG�DV�PDUNHUV�RI�DSRSWRWLF�FHOO�GHDWK��+RZHYHU�

PDQ\� UHVHDUFKHUV� FRQVLGHU� FDVSDVH� DFWLYDWLRQ� DV� DQ

HYHQ� PRUH� UHOLDEOH� KDOOPDUN� RI� DSRSWRVLV� WKDQ� '1$

DOWHUDWLRQV��1DJDWD���������8QWLO�QRZ��VHYHUDO�IDPLOLHV�RI

FDVSDVH�KDYH�EHHQ�UHSRUWHG�DQG�WKH�FDVSDVH���LV�ZHOO

NQRZQ� LQ� DVVRFLDWLRQ� ZLWK� DSRSWRVLV� �1LFKROVRQ� DQG

7KRUQEHUU\���������7R�DGGUHVV�WKH�LQYROYHPHQW�RI�FDVS�

DVH��� LQ� GDXQRUXELFLQ�LQGXFHG� DSRSWRVLV�� $F�'(9'�

$)&�� IOXRURJHQLF� FDVSDVH��� VXEVWUDWH� ZDV� XVHG� IRU

FDVSDVH� DFWLYLW\� DVVD\�� $V� VKRZQ� LQ� )LJXUH� ��� GDXQR�

UXELFLQ�FDXVHG�GRVH��GHSHQGHQW�DFWLYDWLRQ�RI�FDVSDVH�

���+RZHYHU��GDXQRUXELFLQ�GLG�QRW�LQGXFH�WKH�FOHDYDJH�RI

$F�<9$'�$)&�� WKH� FDVSDVH��� VXEVWUDWH� �GDWD� QRZ

VKRZQ���7KLV�SURWHDVH�DFWLYLW\�ZDV�LQFUHDVHG�IURP����K

DQG� SHUVLVWHG� XQWLO� ��� K� �)LJXUH� �%��� DQG� UHDFKHG� LWV

VXEPD[LPDO� OHYHOV� DW� ���� Q0� DIWHU� ��� K� WUHDWPHQW

�)LJXUH� �$��� 7KLV� UHVXOW� ZDV� FRQILUPHG� E\� :HVWHUQ

EORWWLQJ� RI� 3$53�� D� ZHOO�� NQRZQ� FDVSDVH��� VXEVWUDWH�

7UHDWPHQW�ZLWK�����Q0�GDXQRUXELFLQ�LQGXFHG�SURWHRO\WLF

FOHDYDJH�RI�3$53��ZLWK�WKH�DFFXPXODWLRQ�RI�WKH����N'D

FOHDYHG�SURGXFWV�LQ�D�WLPH�GHSHQGHQW�PDQQHU��)LJXUH��&��

:HVWHUQ�EORW�DQDO\VLV�RI�'��*',�FOHDYDJH

7R� GHWHUPLQH� WKH� SDUWLFLSDWLRQ� RI� '��*',� FOHDYDJH� LQ

GDXQRUXELFLQ�LQGXFHG�DSRSWRVLV��'��*',�FOHDYDJH�ZDV

LQYHVWLJDWHG� E\� :HVWHUQ� EORW� DQDO\VLV� XVLQJ� D� UDEELW

SRO\FORQDO�DQWLERG\��)LJXUH���VKRZHG�WKDW�'��*',�FOHDY�

DJH�ZDV� LQGXFHG� DIWHU� ��� K� RI� LQFXEDWLRQ�ZLWK� GDXQR�

UXELFLQ� �)LJXUH� �$��� ,Q� RXU� PRGHO� V\VWHP�� WKH� WLPH

FRXUVH� RI� '��*',� FOHDYDJH� ZDV� VLPLODU� WR� WKRVH� RI

FDVSDVH� DFWLYDWLRQ� DQG� 3$53� FOHDYDJH�� 7KH� ��� N'D

'��*',� EDQG� ZDV� VSHFLILFDOO\� FOHDYHG� WR� D� ��� N'D

IUDJPHQW� LQ�D�GRVH�GHSHQGHQW�PDQQHU� �)LJXUH��%��

,QKLELWLRQ�RI�DSRSWRJHQLF�VLJQDOLQJ�HYHQWV�E\�FDVS�

DVH���LQKLELWRU

'1$� H[WUDFW� IURP� +/���� FHOOV� LQFXEDWHG� ZLWK� ���� Q0

GDXQRUXELFLQ�IRU����K�JHQHUDWHG�D�FKDUDFWHULVWLF� ODGGHU

SDWWHUQ�RI�GLVFRQWLQXRXV�'1$�IUDJPHQWV�RQ�DJDURVH�JHO

HOHFWURSKRUHVLV��)LJXUH����ODQH�����:KHQ�+/����FHOOV�ZHUH

SUHWUHDWHG�ZLWK���µ0�$F�'(9'�&+2��D�VHOHFWLYH�FDVS�

DVH��� LQKLELWRU�� ERWK� FDVSDVH��� DFWLYDWLRQ� DQG� 3$53

)LJXUH� ��� (IIHFW� RI� GDXQRUXELFLQ� RQ� FHOO� YLDELOLW\��+/���� FHOOV�ZHUH� WUHDWHG
ZLWK�GDXQRUXELFLQ� IRU����K�DQG� LWV�YLDELOLW\�ZDV�GHWHUPLQHG�E\�077�DVVD\�
7KH�SHUFHQWDJH�RI�FHOO� YLDELOLW\�ZDV�FDOFXODWHG�DV�D� UDWLR�RI�$����RI�FRQWURO
FHOOV� �WUHDWHG�ZLWK� ������3%6�YHKLFOH��� (DFK� YDOXH� LV� WKH�PHDQ � 6�(�� RI
IRXU� LQGHSHQGHQW�H[SHULPHQWV��

)LJXUH� ��� 'RVH�� DQG� WLPH�GHSHQGHQW� DFWLYDWLRQV� RI� FDVSDVH��� DIWHU
GDXQRUXELFLQ� WUHDWPHQW�� +/���� FHOOV� ZHUH� WUHDWHG� ZLWK� HLWKHU� D� UDQJH� RI
FRQFHQWUDWLRQV� �������� Q0�� RI� GDXQRUXELFLQ� IRU� ��� K� �$��� RU� ���� Q0
GDXQRUXELFLQ� IRU� WKH� LQGLFDWHG� WLPH� SHULRGV� �%��� &\WRVROLF� H[WUDFWV� ZHUH
SUHSDUHG�DQG�DVVD\HG�IRU�FDVSDVH���DFWLYLW\�DV�GHVFULEHG�LQ�0DWHULDOV�DQG
0HWKRGV�� 9DOXHV� UHSUHVHQW� PHDQ � 6�(�� RI� VL[� VHSDUDWH� H[SHULPHQWV�
�6LJQLILFDQW�GLIIHUHQFH��3�������3���������&��+/����FHOOV�ZHUH�WUHDWHG�ZLWK
����Q0�GDXQRUXELFLQ�IRU� LQGLFDWHG�SHULRGV�DQG�WKH�FOHDYDJH�RI�3$53�ZDV
DQDO\]HG�E\�:HVWHUQ�EORWWLQJ�DV�GHVFULEHG� LQ�0DWHULDOV�DQG�0HWKRGV�



&DVSDVH���GHSHQGHQW�FOHDYDJH�RI�'��*',�E\�GDXQRUXELFLQ ��

FOHDYDJH�ZHUH�FRPSOHWHO\�DEROLVKHG��)LJXUH�����)XUWKHU�

PRUH��WKH�FDVSDVH���LQKLELWRU�VKRZHG�VXEVWDQWLDO�LQKLEL�

WLRQ� RI� ERWK� '��*',� FOHDYDJH� �)LJXUH� ��� ODQH� ��� DQG

DSRSWRVLV�DW� FRQFHQWUDWLRQV�DV� ORZ�DV���µ0��)LJXUH���

ODQH�����7KH�VDPH�WUHDWPHQW�RI�+/����FHOOV�ZLWK�FDVSDVH�

�� LQKLELWRU� XS� WR� ��� µ0� GLG� QRW� LQKLELW� GDXQRUXELFLQ�

LQGXFHG� '��*',� FOHDYDJH� �)LJXUH� �&�� ODQH� ��� DQG

DSRSWRVLV� �)LJXUH���� ODQH�����7KHVH� UHVXOWV�SURYLGH� WKH

HYLGHQFH� WKDW� FDVSDVH��� LV� UHTXLUHG� IRU� ERWK� '��*',

FOHDYDJH�DQG�DSRSWRVLV��EXW�FDVSDVH���LV�QRW� LQYROYHG�

'LVFXVVLRQ

'��*',�� LQLWLDOO\� LGHQWLILHG�E\� LWV�KRPRORJ\� WR�5KR�*',�

IXQFWLRQV�DV�D�QHJDWLYH�UHJXODWRU�RI�5KR�IDPLO\�*73DVH�

,WV� H[SUHVVLRQ� LV� PDLQO\� UHVWULFWHG� WR� WKH� FHOOV� RI� WKH

KHPDWRSRLHWLF� V\VWHP� LQFOXGLQJ� ERQH�PDUURZ�� WK\PXV�

VSOHHQ�DQG�O\PSK�QRGHV��/HOLDV�HW�DO���������6FKHUOH�HW

DO����������$FWXDOO\��'��*',�NQRFNRXW�PLFH�ZHUH�YLDEOH

ZLWK�QRUPDO� WK\PRF\WH�VHOHFWLRQ�� O\PSKRLG�GHYHORSPHQW�

DQG�LPPXQH�UHVSRQVHV��<LQ�HW�DO����������7KH�PLFH�GLG�

KRZHYHU��VKRZ�GHFUHDVHG�DSRSWRVLV�RI�O\PSK�QRGH�FHOOV

DIWHU�,/���ZLWKGUDZDO��ZKLFK�LPSOLFDWHG�WKH�UHJXODWLRQ�RI

WKH�5KR�*73DVH�E\�'��*',� LQ� O\PSKRF\WH�VXUYLYDO� �RU

DSRSWRVLV��DQG� UHVSRQVLYHQHVV�

:H� LPSOLFDWHG� FDVSDVH��� DV�D� SRVVLEOH�PHGLDWRU� IRU

'��*',� FOHDYDJH� LQ� GDXQRUXELFLQ�WUHDWHG� +/���� FHOOV

XQGHUJRLQJ�DSRSWRVLV��&DVSDVHV�DUH�F\VWHLQ�FRQWDLQLQJ�

DVSDUWDWH�VSHFLILF�SURWHDVHV�DQG�NH\�DSRSWRVLV�PHGLDWRUV

LQ�PDQ\� FHOOV� �.LP�HW� DO��� ������.ZRQ�HW� DO�� LQ� SUHVV��

&DVSDVHV�FDQ�EH�GLYLGHG� LQWR�WZR�PDMRU�VXEJURXSV�RQ

WKH�EDVLV�RI�WKHLU�VXEVWUDWH�VSHFLILFLW\��VHTXHQFH�KRPR�

ORJ\�� DQG� ELRFKHPLFDO� IXQFWLRQ�� FDVSDVH��� �,&(�� OLNH

�FDVSDVH���� ���� DQG����DQG�FDVSDVH��� OLNH� �FDVSDVH���

����DQG������SURWHDVHV��1LFKROVRQ�DQG�7KRUQEHUU\��������

)LJXUH���� ,QKLELWLRQ�RI� FDVSDVH�DFWLYLW\� E\� FDVSDVH��� LQKLELWRU��+/���� FHOOV
ZHUH�SUHLQFXEDWHG�ZLWK���µ0�$F�'(9'�&+2�IRU���K�IROORZHG�E\�WUHDWPHQW
ZLWK�����Q0�GDXQRUXELFLQ�IRU�IXUWKHU����K��&\WRVROLF�H[WUDFWV�ZHUH�SUHSDUHG�
DQG�DVVD\HG�IRU�FDVSDVH���DFWLYLW\��$��RU�3$53�FOHDYDJH�ZDV�DQDO\]HG�E\
:HVWHUQ� EORWWLQJ� �%��� /DQH� ��� FRQWURO�� /DQH� ��� ���� Q0� GDXQRUXELFLQ�� DQG
/DQH��������Q0�GDXQRUXELFLQ�ZLWK���µ0�$F�'(9'�&+2

)LJXUH����,GHQWLILFDWLRQ�RI�'��*',�DV�D�VXEVWUDWH�RI�FDVSDVH����+/����FHOOV
ZHUH�WUHDWHG�ZLWK�����Q0�GDXQRUXELFLQ�IRU�YDULRXV�WLPHV��$���RU�D�UDQJH�RI
FRQFHQWUDWLRQV���������Q0��RI�GDXQRUXELFLQ�IRU����K��%���DQG�WKH�FOHDYDJH
RI�'��*',�ZDV�DQDO\]HG�E\�:HVWHUQ�EORWWLQJ��7R�GHWHUPLQH�WKH�UHVSRQVLEOH
FDVSDVH� IRU� '��*',�� +/���� FHOOV� ZHUH� SUHWUHDWHG� ZLWK� $F�'(9'�&+2� ��
µ0��RU�$F�<9$'�&+2�����µ0��IRU���K�DQG�IROORZHG�E\�WUHDWPHQW�ZLWK����
Q0� GDXQRUXELFLQ� IRU� IXUWKHU� ��� K� �&��� /DQH� ��� FRQWURO�� /DQH� ��� ���� Q0
GDXQRUXELFLQ��/DQH��������Q0�GDXQRUXELFLQ�ZLWK���µ0�$F�'(9'�&+2��DQG
/DQH��������Q0�GDXQRUXELFLQ�ZLWK����µ0�$F�<9$'�&+2��7KLV�H[SHULPHQW
ZDV� UHSHDWHG� WKUHH� WLPHV�ZLWK�VLPLODU� UHVXOWV�

)LJXUH����,QKLELWLRQ�RI�GDXQRUXELFLQ�LQGXFHG�'1$�IUDJPHQWDWLRQ�E\�FDVSDVH�
�� LQKLELWRU�� +/���� FHOOV� ZHUH� WUHDWHG� ZLWK� GDXQRUXELFLQ� IRU� ��� K� LQ� WKH
SUHVHQFH� RI� $F�'(9'�&+2� RU� $F�<9$'�&+2�� '1$� ZDV� H[WUDFWHG� DQG
DQDO\]HG�E\����DJDURVH�JHO�HOHFWURSKRUHVLV�DV�GHVFULEHG�LQ�0DWHULDOV�DQG
0HWKRGV��/DQH���� FRQWURO�� /DQH���� ����Q0�GDXQRUXELFLQ��/DQH���� ����Q0
GDXQRUXELFLQ�ZLWK���µ0�$F�'(9'�&+2��DQG�/DQH��������Q0�GDXQRUXELFLQ
ZLWK����µ0�$F�<9$'�&+2�



�� ([S��0RO��0HG��9RO��������������������

:KLOH�FDVSDVH���VHHPV�WR�EH�PDLQO\�LQYROYHG�LQ�LQIODP�

PDWLRQ��&RKHQ��������DQG�SDUWLDOO\�UHODWLQJ�WR�DSRSWRVLV

�6X]XNL�HW�DO����������WKH�FDVSDVH���SOD\V�DQ�LPSRUWDQW

UROH� LQ�DSRSWRVLV�

'��*',�LV�FOHDYHG�IURP�D����N'D�WR�D����N'D�VSHFLHV

DQG� LW� FRQWDLQV� WZR�FOHDYDJH�VLWHV��D�FDVSDVH���FOHDY�

DJH�VLWH�DQG�FDVSDVH���FOHDYDJH�VLWH��1D�HW�DO�� �1D�HW

DO���������UHSRUWHG�WKDW�FOHDYDJH�RI�'��*',�DQG�DSRSWR�

VLV�FRXOG�EH� LQKLELWHG�E\� WKH�DGGLWLRQ�RI� WKH�FDVSDVH��

LQKLELWRU��$F�<9$'�&0.�LQ�)DV�WUHDWHG�-XUNDW�7�FHOOV��,Q

WKHLU� LQ� YLWUR� H[SHULPHQWDO� V\VWHP�� WKH� DXWKRUV� DOVR

VKRZHG� WKDW� LQFXEDWLRQ� RI� '��*',� ZLWK� UHFRPELQDQW

FDVSDVH��� UHVXOWHG� LQ� WKH� FOHDYDJH� RI� '��*',� DIWHU

DVSDUWDWH�DQG�FRXOG�EH�EORFNHG�E\�WKH�DGGLWLRQ�RI�FDVS�

DVH��� LQKLELWRU�� 7R� FRQILUP� WKH� FOHDYDJH� VLWH� LQ� GDXQR�

UXELFLQ�WUHDWHG� +/���� FHOOV�� FHOOV� ZHUH� SUHWUHDWHG� ZLWK

FHOO�SHUPHDEOH� SHSWLGH� LQKLELWRUV�� DQG� WKHQ� '��*',

FOHDYDJH� DQG� DSRSWRVLV� ZHUH� VWXGLHG�� :H� XVHG� $F�

'(9'�&+2�RU�$F�<9$'�&+2��ZKLFK� LUUHYHUVLEO\� LQKLELWV

FDVSDVH���DQG�FDVSDVH���DFWLYLWLHV��UHVSHFWLYHO\��,Q�RXU

H[SHULPHQWDO�V\VWHP��FDVSDVH���LQKLELWRU��EXW�QRW�FDVSDVH�

�� LQKLELWRU�� SURWHFWHG� GDXQRUXELFLQ�LQGXFHG� FDVSDVH

DFWLYDWLRQ�� 3$53� FOHDYDJH�� '��*',� FOHDYDJH�� DQG

DSRSWRVLV��7KLV� LV� WKH� ILUVW� UHSRUW� WKDW�'��*',�FOHDYDJH

LV� LQGXFHG�E\�GDXQRUXELFLQ�DQG�VSHFLILFDOO\� FOHDYHG�E\

DFWLYDWHG�FDVSDVH��� LQ�+/����FHOOV�

0DQ\�SURWHLQV�DUH�FOHDYHG�GXULQJ�DSRSWRVLV��EXW�RQO\

D�IHZ�RI�WKHVH�VXEVWUDWHV�KDYH�VKRZQ�WR�EH�UHODWHG�ZLWK

DSRSWRWLF�SURFHVV��$FWLYDWLRQ�RI�FDVSDVH���FOHDYHV�3$53�

D�ZHOO�NQRZQ�VXEVWUDWH��7KLV�FOHDYDJH�OHDGV�WR�LWV�LQDFWL�

YDWLRQ� WR�SUHYHQW� IXWLOH�'1$� UHSDLU� F\FOHV� �/D]HEQLN�HW

DO��� ������� $OWKRXJK� 3$53� LV� QRW� HVVHQWLDO� IRU� FHOO

YLDELOLW\�� WKH� FOHDYDJH� RI� 3$53� LV� DQRWKHU� KDOOPDUN� RI

DSRSWRVLV��7HZDUL�HW�DO����������7UHDWPHQW�RI�+/����FHOOV

ZLWK�����Q0�GDXQRUXELFLQ� LQGXFHG�SURWHRO\WLF�FOHDYDJH

RI� ���� N'D� 3$53�� ZLWK� DFFXPXODWLRQ� RI� WKH� ��� N'D

FOHDYHG�SURGXFWV��3$53�FOHDYDJH�ZDV�DSSDUHQW�DW����K

DIWHU�GDXQRUXELFLQ�WUHDWPHQW�ZLWK�VLPLODU�WLPH�FRXUVH�RI

FDVSDVH�DFWLYLW\�DQG�SUHFHGHG�'1$� IUDJPHQWDWLRQ��

6HYHUDO� SURWHLQV� KDYH� EHHQ� VKRZQ� WR� WUDQVORFDWH� WR

WKH� QXFOHXV� LQ� GLIIHUHQW� PRGHOV� RI� DSRSWRVLV�� ,Q� WKH

DSRSWRWLF�SDWKZD\�� FDVSDVHV� FRXOG� GHJUDGH� ,&$'�DQG

FDXVH�LWV�GLVVRFLDWLRQ�IURP�&$'��&$'�FRXOG�WKHQ�HQWHU

WKH�QXFOHXV�WR�GHJUDGH�WKH�FKURPRVRPDO�'1$��(QDUL�HW

DO��� ������� '��*',� UHVLGHV� LQ� WKH� F\WRSODVP� RI� UHVWLQJ

FHOOV��)ROORZLQJ�FOHDYDJH�E\�FDVSDVH�� WKH����N'D�IRUP

RI� '��*',� WUDQVORFDWHG� WR� WKH� QXFOHXV� �.ULHVHU� DQG

(DVWPDQ���������)XUWKHU�HYDOXDWLRQ�LV�QHHGHG�WR�GHILQH

WKH�FOHDU�UHODWLRQVKLS�EHWZHHQ�WKH�QXFOHDU�WUDQVORFDWLRQ

RI�FOHDYHG�'��*',�DQG� WKH�GHPLVH�RI� WKH�FHOOV�

5HIHUHQFHV

$ER� $�� 3LFN� (�� +DOO� $�� 7RWW\� 1�� 7HDKDQ� &*�� 6HJDO� $:�

$FWLYDWLRQ� RI� WKH� 1$'3+� R[LGDVH� LQYROYHV� WKH� VPDOO� *73�

ELQGLQJ�SURWHLQ�S��UDF���1DWXUH����������������

%RNRFK�*0��'HU� &-�� (PHUJLQJ� FRQFHSWV� LQ� WKH� 5DV� VXSHU�

IDPLO\�RI�*73�ELQGLQJ�SURWHLQV��)DVHE�-��������������

%RVH�5��9HUKHLM�0��+DLPRYLW]�)ULHGPDQ�$��6FRWWR�.��)XNV�=�

.ROHVQLFN� 5�� &HUDPLGH� V\QWKDVH� PHGLDWHV� GDXQRUXELFLQ�

LQGXFHG� DSRSWRVLV�� DQ� DOWHUQDWLYH�PHFKDQLVP� IRU� JHQHUDWLQJ

GHDWK�VLJQDOV��&HOO���������������

%UDGIRUG� 00�� $� UDSLG� DQG� VHQVLWLYH� PHWKRG� IRU� WKH

TXDQWLWDWLRQ� RI� PLFURJUDP� TXDQWLWLHV� RI� SURWHLQ� XWLOL]LQJ� WKH

SULQFLSOH� RI� SURWHLQ�G\H� ELQGLQJ�� $QDO� %LRFKHP�������������

��

&RKHQ�*0��&DVSDVHV��WKH�H[HFXWLRQHUV�RI�DSRSWRVLV��%LRFKHP

-��������������

&RVR�2$��&KLDULHOOR�0��<X�-&��7HUDPRWR�+��&UHVSR�3��;X�1�

0LNL�7��*XWNLQG�-6��7KH�VPDOO�*73�ELQGLQJ�SURWHLQV�5DF��DQG

&GF���UHJXODWH�WKH�DFWLYLW\�RI�WKH�-1.�6$3.�VLJQDOLQJ�SDWKZD\�

&HOO����������������

'DQOH\�'(��&KXDQJ�7+��%RNRFK�*0��'HIHFWLYH�5KR�*73DVH

UHJXODWLRQ�E\�,/���EHWD�FRQYHUWLQJ�HQ]\PH�PHGLDWHG�FOHDYDJH

RI�'��*'3�GLVVRFLDWLRQ� LQKLELWRU�� -� ,PPXQRO���������������

(QDUL� 0�� 6DNDKLUD� +�� <RNR\DPD� +�� 2NDZD� .�� ,ZDPDWVX� $�

1DJDWD� 6�� $� FDVSDVH�DFWLYDWHG� '1DVH� WKDW� GHJUDGHV� '1$

GXULQJ�DSRSWRVLV��DQG�LWV�LQKLELWRU�,&$'��1DWXUH�������������

��

(VVPDQQ�)��:LHGHU� 7��2WWR� $��0XOOHU� (&��'RUNHQ�%��'DQLHO

37��*'3� GLVVRFLDWLRQ� LQKLELWRU� '��*',� �5KR�*',� ���� EXW� QRW

WKH� KRPRORJRXV� UKR�*',� ��� LV� FOHDYHG� E\� FDVSDVH��� GXULQJ

GUXJ�LQGXFHG�DSRSWRVLV��%LRFKHP�-����������3W���������

*DPHQ� 6�� $QHO� $�� /DVLHUUD� 3�� $ODYD� 0$�� 0DUWLQH]�/RUHQ]R

0-�� 3LQHLUR� $�� 1DYDO� -�� 'R[RUXELFLQ�LQGXFHG� DSRSWRVLV� LQ

KXPDQ�7�FHOO�OHXNHPLD�LV�PHGLDWHG�E\�FDVSDVH���DFWLYDWLRQ�LQ

D�)DV�LQGHSHQGHQW�ZD\��)(%6�/HWW����������������

*HZLUW]�'$��$�FULWLFDO�HYDOXDWLRQ�RI�WKH�PHFKDQLVPV�RI�DFWLRQ

SURSRVHG� IRU� WKH� DQWLWXPRU� HIIHFWV� RI� WKH� DQWKUDF\FOLQH

DQWLELRWLFV�DGULDP\FLQ�DQG�GDXQRUXELFLQ��%LRFKHP�3KDUPDFRO

��������������

*H\HU�0��:LWWLQJKRIHU� $��*()V��*$3V�� *',V� DQG� HIIHFWRUV�

WDNLQJ�D�FORVHU���'��ORRN�DW�WKH�UHJXODWLRQ�RI�5DV�UHODWHG�*73�

ELQGLQJ�SURWHLQV��&XUU�2SLQ�6WUXFW�%LRO��������������

*XLOOHPRW�-&��.UXVNDO�%$��$GUD�&1��=KX�6��.R�-/��%XUFK�3�

1RFND�.��6HHWRR�.��6LPRQV�(��/LP�%��7DUJHWHG�GLVUXSWLRQ�RI

JXDQRVLQH� GLSKRVSKDWH�GLVVRFLDWLRQ� LQKLELWRU� IRU� 5KR�UHODWHG

SURWHLQV��*','���QRUPDO�KHPDWRSRLHWLF�GLIIHUHQWLDWLRQ�EXW�VXEWOH

GHIHFW�LQ�VXSHUR[LGH�SURGXFWLRQ�E\�PDFURSKDJHV�GHULYHG�IURP

LQ� YLWUR� HPEU\RQDO� VWHP� FHOO� GLIIHUHQWLDWLRQ�� %ORRG� ��������

�������

-DIIUH]RX�-3��/HYDGH�7��%HWWDLHE�$��$QGULHX�1��%H]RPEHV�&�

0DHVWUH� 1�� 9HUPHHUVFK� 6�� 5RXVVH� $�� /DXUHQW� *�� 'DXQR�

UXELFLQ�LQGXFHG� DSRSWRVLV�� WULJJHULQJ� RI� FHUDPLGH� JHQHUDWLRQ

WKURXJK�VSKLQJRP\HOLQ�K\GURO\VLV��(PER�-����������������

.HWWULW]� 5�� ;X� <;�� )DDVV� %�� .OHLQ� -%�� 0XOOHU� (&�� 2WWR� $�

%XVMDKQ�$��/XIW�)&��+DOOHU�+��71)�DOSKD�PHGLDWHG�QHXWURSKLO

DSRSWRVLV�LQYROYHV�/\�*',��D�5KR�*73DVH�UHJXODWRU��-�/HXNRF

%LRO���������������



&DVSDVH���GHSHQGHQW�FOHDYDJH�RI�'��*',�E\�GDXQRUXELFLQ ��

.LP�+6��-HRQJ�6<��/HH�-+��.LP�%(��.LP�-:��-HRQJ�6:��.LP

,.�� ,QGXFWLRQ� RI� DSRSWRVLV� LQ� KXPDQ� OHXNHPLD� FHOOV� E\� ��

GHD]DDGHQRVLQH� LV� PHGLDWHG� E\� FDVSDVH���OLNH� DFWLYLW\�� ([S

0RO�0HG����������������

.RWKDNRWD�6��$]XPD�7��5HLQKDUG�&��.OLSSHO�$��7DQJ�-��&KX�.�

0F*DUU\�7-��.LUVFKQHU�0:��.RWKV�.��.ZLDWNRZVNL�'-��:LOOLDPV

/7�� &DVSDVH���JHQHUDWHG� IUDJPHQW� RI� JHOVROLQ�� HIIHFWRU� RI

PRUSKRORJLFDO�FKDQJH�LQ�DSRSWRVLV��6FLHQFH����������������

.ULHVHU�5-��(DVWPDQ�$��&OHDYDJH�DQG�QXFOHDU�WUDQVORFDWLRQ�RI

WKH�FDVSDVH���VXEVWUDWH�5KR�*'3�GLVVRFLDWLRQ� LQKLELWRU��'��

*',��GXULQJ�DSRSWRVLV��&HOO�'HDWK�'LIIHU��������������

.ZRQ�.%��<DQJ�-<��5\X�'*��5KR�+:��.LP�-6��3DUN�-:��.LP

+5�� 3DUN� %+��9LEULR� YXOQLILFXV� F\WRO\VLQ� LQGXFHV� VXSHUR[LGH

DQLRQ�LQLWLDWHG�DSRSWRWLF�VLJQDOLQJ�SDWKZD\�LQ�KXPDQ�(&9���

FHOOV��-�%LRO�&KHP�������������������

/D]HEQLN� <$�� .DXIPDQQ� 6+�� 'HVQR\HUV� 6�� 3RLULHU� **�

(DUQVKDZ�:&��&OHDYDJH�RI�SRO\�$'3�ULERVH��SRO\PHUDVH�E\

D�SURWHLQDVH�ZLWK�SURSHUWLHV�OLNH�,&(��1DWXUH����������������

/HOLDV� -0�� $GUD� &1�� :XOI� *0�� *XLOOHPRW� -&�� .KDJDG� 0�
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