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3RVW�6\QWKHWLF�,QFRUSRUDWLRQ�RI�*D�LQWR�0HVRSRURXV�6LOLFHRXV�0&0���

-HRQJ�<HRQ�.LP��6HXQJ�-DH�/HH��DQG�-RQJ�6XQJ�<X

+DQQDP�8QLYHUVLW\��'HSDUWPHQW�RI�&KHPLVWU\��7DHMRQ����������.RUHD

5HFHLYHG�-XQH���������

7KH�UHFHQW�V\QWKHVLV�RI�0��6�IDPLO\�ZLWK�ODUJH�GLDPHWHU
DSHUWXUHV�KDV�JUHDWO\�H[SDQGHG�WKH�DGVRUSWLYH�DQG�FDWDO\WLF
FDSDELOLWLHV�RI�SRURXV�PDWHULDOV�WR�PHVRSRURXV�GLPHQVLRQV����

2I�SDUWLFXODU�LQWHUHVW�LV�0&0����ZKLFK�SRVVHVVHV�D�UHJXODU
KH[DJRQDO�DUUD\�RI�SDUDOOHO�RQH�GLPHQVLRQDO�VLOLFD�WXEHV��$Q
H[FLWLQJ�SURSHUW\�RI�WKLV�PDWHULDO�LV�WKH�SRVVLELOLW\�WR�FRQWURO
WKH�WXEH�VL]H�LQ�WKH�UDQJH�EHWZHHQ���QP�DQG����QP�E\�XVLQJ
VXUIDFWDQWV�ZLWK�GLIIHUHQW�PROHFXODU�FKDLQ�OHQJWKV�DQG�DX[LO�
LDU\�RUJDQLF�VSHFLHV�GXULQJ�FU\VWDOOL]DWLRQ�SURFHVV��
+RZHYHU��IRU�WKLV�PDWHULDO�WR�EH�XVHIXO�IRU�FDWDO\WLF�DSSOL�

FDWLRQV��LW�LV�HVVHQWLDO�WR�LQFRUSRUDWH�RWKHU�PHWDO�LRQV�LQWR�WKH
VLOLFHRXV�IUDPHZRUN�WR�FUHDWH�DQ�LRQ�H[FKDQJH�FDSDFLW\��7KH
LQFRUSRUDWLRQ� RI� WLYDOHQW�PHWDO� LRQV� VXFK� DV� DOXPLQLXP� RU
JDOOLXP�LQWR�D�SXUH�VLOLFD�0&0����IUDPHZRUN�FDXVHV�D�QHJ�
DWLYH�FKDUJH�RI�WKH�IUDPHZRUN�WKDW�UHQGHUV�DQ�LRQ�H[FKDQJH
SURSHUW\�WR�WKH�PDWHULDO��+RZHYHU��WKH�GLUHFW�V\QWKHVLV�XVLQJ
PL[HG�JHO�RI�WKH�PHWDO�FRQWDLQLQJ�0&0����KDV�SURYHG�WR�EH
FKDOOHQJLQJ��UHTXLULQJ�VSHFLDOL]HG�V\QWKHWLF�FRQGLWLRQV��7KH
LQFRUSRUDWLRQ� RI� HYHQ� VPDOO� DPRXQW� RI� WKH� PHWDO� LQWR� WKH
0&0����IUDPHZRUN�FDXVHV�D�GHFUHDVH�LQ�KH[DJRQDO�RUGHU�
LQJ�����$Q�DOWHUQDWLYH�V\QWKHWLF�DSSURDFK�LV�WKH�SRVW�V\QWKHWLF
LQFRUSRUDWLRQ�JUDIWLQJ�RI�PHWDO�LRQV�LQWR�VLOLFHRXV�0&0����
7KLV�LV�SRVVLEOH�GXH�WR�WKH�SUHVHQFH�RI�KLJK�GHQVLW\�RI�VLODQRO
JURXSV�RQ�WKH�SRUH�VXUIDFH�RI�WKH�0&0����WR�ZKLFK�JXHVW
VSHFLHV�PD\�EH�DWWDFKHG�����0DVFKPH\HU�HW�DO���UHSRUWHG�PRG�
LILHG�PHVRSRURXV�0&0����PDWHULDOV� REWDLQHG� E\� JUDIWLQJ
PHWDOORFHQH� FRPSOH[HV� RQWR�PHVRSRURXV� VLOLFD�� 3DOODGLXP
JUDIWHG�0&0����ZDV�V\QWKHVL]HG�E\�YDSRU�GHSRVLWLRQ�RI�D
YRODWLOH� SDOODGLXP� FRPSOH[� RQWR� WKH� LQVLGH� ZDOOV� RI� WKH
SRURXV�IUDPHZRUN���9HUVDWLOH�ODQWKDQLGH�VLO\ODPLGHV�ZHUH�DOVR
JUDIWHG� RQWR� PHVRSRURXV� 0&0������ +DPGDQ� HW� DO��� DQG
0RND\D�HW�DO����SUHSDUHG�$O�FRQWDLQLQJ�0&0����PDWHULDOV
E\�JUDIWLQJ�$O�RQWR�SXUHO\�VLOLFHRXV�0&0�����0RVWO\�UHFHQWO\�
5\RR� HW�DO���� UHSRUWHG�D�PRUH�JHQHUDO� URXWH� WKURXJK�ZKLFK
YDULRXV�HOHPHQWV�VXFK�DV�$O��6Q��=Q�DQG�0Q�FDQ�EH�LQFRUSR�
UDWHG�ZLWKLQ�YDULRXV�PHVRSRURXV�PDWHULDOV�DIWHU�WKH�V\QWKH�
VLV�LQ�SXUH�VLOLFD�IRUPV��7KHVH�QHZO\�SUHSDUHG�PHWDOORVLOLFDWHV
H[KLELWHG�DQ�LRQ�H[FKDQJH�SURSHUWLHV�DQG�D�KLJK�DFLGLW\��
7KHUH�KDYH�EHHQ�RQO\�D�IHZ�UHSRUWV�RQ�GLUHFW�K\GURWKHUPDO

V\QWKHVLV�RI�0&0����JDOORVLOLFDWH�������EXW�QR�UHSRUW�VR�IDU
KDV�EHHQ�PDGH�RQ�SRVW�V\QWKHWLF�JDOOLXP�LQFRUSRUDWLRQ�LQWR
0&0�����7KH�LQWURGXFWLRQ�RI�JDOOLXP�LQWR�VLOLFDWHV�RU�DOX�
PLQRVLOLFDWHV� UHVXOWV� LQ�KLJK� VHOHFWLYLW\� WR� DURPDWLFV� LQ� WKH
FDWDO\WLF� FRQYHUVLRQ� RI� ROHILQV� DQG� SDUDIILQV������� *DOOLXP
VLWHV�DOVR�H[KLELW�JRRG�FDWDO\WLF�DFWLYLW\�IRU�DONDQH�GHK\GUR�
JHQDWLRQ������� ,Q� WKLV�ZRUN��ZH� UHSRUW� IRU� WKH� ILUVW� WLPH� WKH
V\QWKHVLV� RI� PHVRSRURXV� 0&0���� JDOORVLOLFDWH� PDWHULDOV
WKURXJK�D�SRVW�V\QWKHWLF�JDOOLXP�LPSODQWDWLRQ�LQWR�D�SXUH�VLO�
LFD�0&0����IUDPHZRUN��:H�H[SHFW�WKDW�VXFK�SUHSDUHG�JDO�

OLXP� FRQWDLQLQJ� 0&0���� ZLOO� SRVVHVV� DQ� LRQ�H[FKDQJH
FDSDFLW\�DV�IRXQG�LQ�]HROLWHV�DQG�6$32�Q�PDWHULDOV��

([SHULPHQWDO�6HFWLRQ

$� W\SLFDO� PHVRSRURXV� VLOLFHRXV� 0&0���� PDWHULDO� ZDV
K\GURWKHUPDOO\� V\QWKHVL]HG� EDVHG� RQ� PRGLILFDWLRQ� RI� WKH
SURFHGXUHV� SUHYLRXVO\� UHSRUWHG� LQ� WKH� OLWHUDWXUH��������� 7KH
SUHFLSLWDWHG�SURGXFW��0&0���� VLOLFDWH�ZLWK�+7$� �KH[DGH�
F\OWULPHWK\ODPPRQLXP��WHPSODWH��ZDV�ILOWHUHG��ZDVKHG�ZLWK
GRXEO\�GLVWLOOHG�ZDWHU��DQG�GULHG�DW� URRP�WHPSHUDWXUH��7KH
GULHG�0&0���� VLOLFDWH� SURGXFW� ZDV� VWLUUHG� LQ� DQ� HWKDQRO�
K\GURFKORULF�DFLG�PL[WXUH������PRO�RI�+&O�SHU�/�RI�HWKDQRO�
IRU� �� K� XQGHU� UHIOX[� FRQGLWLRQV��6XEVHTXHQWO\�� WKH� SURGXFW
ZDV� ZDVKHG� ZLWK� HWKDQRO� DQG� GULHG� DW� URRP� WHPSHUDWXUH�
6XFK�VWLUULQJ�DQG�ZDVKLQJ�UHVXOWHG� LQ� WKH�UHPRYDO�RI�PRUH
WKDQ�����RI�WKH�VXUIDFWDQW��ZKLFK�ZDV�FRQILUPHG�E\�LQIUDUHG
DEVRUSWLRQ� VSHFWURVFRS\�� 6RPH�RI� SURGXFW�ZDV� FDOFLQHG� LQ
2�� IORZ� WR� UHPRYH� VXUIDFWDQWV� ZLWK� WHPSHUDWXUH� VORZO\
LQFUHDVHG�WR�����.�RYHU����K�DQG�PDLQWDLQHG�WKHUH�IRU����K�
7KH�PHVRSRURXV�0&0����VLOLFD�PDWHULDOV�DIWHU�WKH�UHPRYDO
RI�VXUIDFWDQW��HLWKHU�E\�WKH�VROYHQW�H[WUDFWLRQ�RU�FDOFLQDWLRQ�
ZHUH�VOXUULHG�LQ�DEVROXWH�DOFRKRO�VROXWLRQ�FRQWDLQLQJ�*D�12���
ZLWK� VWLUULQJ� IRU� �� K� DW� URRP� WHPSHUDWXUH�� 7KH� 0&0���
PDWHULDO�ZDV� WKHQ�ZDVKHG�ZLWK�DEVROXWH�HWKDQRO��GULHG�DQG
FDOFLQHG� LQ� DLU�2�� XVLQJ� D�PXIIOH� IXUQDFH�� FDOFLQDWLRQ�ZDV
FDUULHG�RXW�DW�VORZO\�LQFUHDVLQJ�WHPSHUDWXUH�XSWR�����.�RYHU
���K�ZKHUH�WHPSHUDWXUH�ZDV�PDLQWDLQHG�IRU���K��,Q�RUGHU�WR
LQFUHDVH� WKH� *D� LQFRUSRUDWLRQ� LQWR� D� SXUH� VLOLFD�0&0���
IUDPHZRUN�� WKH� VOXUU\� DQG� ILOWUDWLRQ�ZHUH� UHSHDWHG� VHYHUDO
WLPH�PRUH�EHIRUH�FDOFLQDWLRQ�WUHDWPHQW��6XFK�SRVW�V\QWKHWLF
*D�JUDIWHG�VDPSOHV�LQ�HWKDQRO�DUH�GHVLJQDWHG�DV�*D�0&0�
36(���*D�0&036(��DQG�*D�0&036(���UHVSHFWLYHO\��6RPH
VDPSOH�ZDV� VOXUUHG� LQ� DTXHRXV� VROXWLRQ� RI�*D�12����ZLWK
VWLUULQJ� DW� URRP� WHPSHUDWXUH� IRU� ���� K� LQVWHDG� RI� DOFRKRO
VROXWLRQ�DQG� WKHQ� ILOWHUHG��GULHG� LQ� DLU�DQG�FDOFLQHG��ZKLFK
DUH�GHVLJQDWHG�DV�*D�0&036:��DQG�*D�0&036:���*D
FRQFHQWUDWLRQ�ZDV����P0�LQ�HLWKHU�HWKDQRO�RU�ZDWHU��6LQFH
VRPH�*D�SUHFLSLWDWLRQ�ZDV�REVHUYHG�LQ�ERWK�ZDWHU�DQG�HWKD�
QRO�ZKHQ�*D�VROXWLRQ�ZDV�OHIW�RQ�WKH�EHQFKWRS�IRU�������K�
*D�VROXWLRQV�ZHUH�SUHSDUHG�MXVW�EHIRUH�XVH�

5HVXOWV�DQG�'LVFXVVLRQ

3RZGHU�;�UD\�GLIIUDFWRPHWHU� �;5'��PHDVXUHPHQWV�ZHUH
SHUIRUPHG�EHIRUH�DQG�DIWHU�*D�LQFRUSRUDWLRQ�LQWR�D�SXUH�VLO�
LFD�0&0����PDWHULDOV��$OO�PHVRSRURXV�VDPSOHV�REWDLQHG�E\
WKH� SUHVHQW� SRVW�V\QWKHWLF� *D�LPSODQWDWLRQ� JDYH� VDPH� ;5'
SDWWHUQV�DV�WKRVH�IRU�WKHLU�SDUHQW�SXUH�VLOLFD�ZLWK�DW�OHDVW�IRXU
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GLVWLQFWLYH�VLJQDOV�IRU�D�KH[DJRQDO�SKDVH�DV�VKRZQ�LQ�)LJXUH
�D���E���F�DQG��G��7KHUH�ZHUH�QR�VLJQLILFDQW�FKDQJHV�LQ�WKH
;5'� SHDN� LQWHQVLW\� DQG� OLQH� ZLGWKV� UHVXOWLQJ� IURP� *D
LPSODQWDWLRQ�LUUHVSHFWLYH�RI�*D�H[WHQW�DQG�W\SH�RI�*D�VROX�
WLRQ��HWKDQRO�RU�ZDWHU���0RVW�RI�SRVW�V\QWKHWLF�JUDIWLQJ�PHWK�
RGV�RI�PHWDOV�LQWR�SXUH�VLOLFD�IUDPHZRUN�ZHUH�SHUIRUPHG�LQ
GU\�QRQDTXHRXV�VROYHQWV�VXFK�DV�HWKDQRO��KH[DQH�DQG�FKORUR�
IRUP�LQ�RUGHU�WR�SUHYHQW�WKH�SUHFLSLWDWLRQ�RI�PHWDO�K\GUR[�
LGHV�HDVLO\�RFFXUULQJ�LQ�DTXHRXV�VROXWLRQ�����������,Q�WKLV�ZRUN�
ZH� VKRZHG� WKDW� YHU\� VLPLODU� UHVXOWV� DUH� REWDLQHG� HYHQ� LQ
DTXHRXV�VROXWLRQ��1R�DGGLWLRQDO�;5'�SHDNV�RFFXUUHG�RYHU
WKH��θ�UHJLRQ�KLJKHU�WKDQ���R��0HVRSRURXV�0&0����JDOOR�
VLOLFDWHV�� GHVLJQDWHG� DV�*D�0&00*�� DQG�*D�0&00*�
ZHUH�DOVR�SUHSDUHG�E\�K\GURWKHUPDO�V\QWKHVLV�ZLWK�JDOORVLOL�
FDWH�PL[HG� JHO���� ,Q� WKLV� FDVH��;5'� SHDN� LQWHQVLWLHV� ZHUH
GHFUHDVHG�DQG�OLQH�ZLGWKV�ZHUH�LQFUHDVHG�DV�*D�H[WHQW�ZDV
LQFUHDVHG�DV�VKRZQ�LQ�)LJXUHV��H�DQG��I��7KH�G�VSDFLQJV�DQG
ODWWLFH�SDUDPHWHUV�ZHUH�VOLJKWO\�GHFUHDVHG�DV�*D�FRQWHQWV�LQ
WKH� IUDPHZRUN� LQFUHDVHG�DV� VKRZQ� LQ�7DEOH����7KH�VLPLODU
FKDQJHV� ZHUH� DOVR� REVHUYHG� LQ� *D�0&0���� SUHSDUHG� LQ
GLUHFW� K\GURWKHUPDO� V\QWKHVLV������� 7KH� %(7� VXUIDFH� DUHDV
DOVR� GHFUHDVHG� XSRQ�*D� LQFRUSRUDWLRQ� LQWR� IUDPHZRUN� VLWH
FRPSDUHG�WR�WKDW�RI�SXUH�VLOLFD�0&0�����
$�SXUH�VLOLFD�0&0����KDV�D�QHXWUDO�IUDPHZRUN�DQG�WKXV

VKRZV� OLWWOH� LRQ�H[FKDQJH� SURSHUWLHV� DV� VKRZQ� LQ� 7DEOH� ��
7KH�LRQ�H[FKDQJH�FDSDFLW\�FDQ�WKHQ�EH�XVHG�DV�D�PHDQV�WR
SUREH� WKH� LQFRUSRUDWLRQ� RI�*D� LQWR� D� VLOLFD� IUDPHZRUN��7R
LQYHVWLJDWH�DQ�LRQ�H[FKDQJH�SURSHUWLHV�RI�*D�FRQWDLQLQJ�0&0�
����FDOFLQHG�SURGXFW�ZDV�LRQ�H[FKDQJHG�ZLWK����P0�VRGLXP
QLWUDWH� VROXWLRQ� �����P/�SHU�� J�FDOFLQHG� VDPSOH�� DW� URRP
WHPSHUDWXUH�ZLWK�VWLUULQJ�IRU�����K��7R�HQVXUH�PD[LPXP�1D�

LRQ� H[FKDQJH�� H[FKDQJH� ZDV� UHSHDWHG� �� WLPHV�� 7KH� 1D�

H[FKDQJHG�VDPSOH�ZDV� ILOWHUHG�DQG�ZDVKHG�ZLWK�GHLRQL]HG

ZDWHU� VHYHUDO� WLPHV� WR� UHPRYH� H[WHUQDO� H[FHVV� 1D�� LRQV�
7KHUH�ZHUH� QR� VLJQLILFDQW� FKDQJHV� LQ�;5'� SHDN� LQWHQVLW\
EHIRUH� DQG� DIWHU�1D�� LRQ� H[FKDQJH��(OHPHQWDO� DQDO\VLV� IRU
WKH�6L�*D�UDWLRV�DQG�1D��FRQWHQW�ZHUH�SHUIRUPHG�ZLWK�LQGXF�
WLYHO\� FRXSOHG� SODVPD� �,&3�� HPLVVLRQ� VSHFWURVFRS\� DQG
VXPPDUL]HG� LQ�7DEOH� ���7KHUH� DUH� UHPDUNDEOH� LQFUHDVHV� LQ
1D�LRQ�H[FKDQJH�FDSDFLWLHV�DIWHU�*D�LQFRUSRUDWLRQ�FRPSDUHG
WR�WKDW�RI�SXUH�VLOLFD�0&0�����&KDUJH�EDODQFLQJ�1D��LRQV�GR
LQFUHDVH��EXW�QRW�PXFK�DV�OLQHDUO\�DV�*D�FRQWHQW�LQFUHDVHV��,W
LV�XQOLNHO\�WKDW�DOO�WKH�FDWLRQ�VLWHV�DUH�LRQ�H[FKDQJHG�E\�1D�

LRQV��(YHQ�WKHQ��WKHUH�LV�VWLOO�SRVVLELOLW\�WKDW�VRPH�RI�*D�PD\
EH�H[WUDFWHG�IURP�IUDPHZRUN�VLWHV�DQG�ORFDWHG�DW�H[WUD�ODWWLFH
VLWHV�HVSHFLDOO\�ZKHQ�*D�FRQWHQW�LQFUHDVHV��&RQVLGHULQJ�WKDW
D�SXUH�VLOLFD�0&0����JDYH�OLWWOH�LRQ�H[FKDQJH��LW�LV�HYLGHQW
WKDW�1D��LRQ�H[FKDQJH�FDSDFLW\�RI�WKH�*D�FRQWDLQLQJ�0&0�
���PDWHULDOV�FRPHV�IURP�*D�LQFRUSRUDWLRQ�LQWR�WKH�0&0���
IUDPHZRUN��
7KH�LQFRUSRUDWLRQ�RI�*D�LQWR�WKH�VLOLFD�IUDPHZRUN�LV�DOVR

FRQVLVWHQW�ZLWK�D�UHPDUNDEOH�GHYHORSPHQW�LQ�WKH���*D�0$6
105� SHDN� LQWHQVLW\� IRU�*D�ZLWK� WHWUDKHGUDO� FRRUGLQDWLRQ�
XSRQ�FDOFLQDWLRQ�DV�VKRZQ�LQ�)LJXUH����7KH�105�VSHFWUXP
VKRZV� D� PXFK� ZHDNHU� SHDN� LQWHQVLW\� EHIRUH� FDOFLQDWLRQ
ZKLOH� VKRZV� SUHGRPLQDQW� GHYHORSPHQW� IRU� WHWUDKHGUDO� *D
QHDU�a����SSP�XSRQ�FDOFLQDWLRQ��$�ZHDN�VLJQDO�LV�REVHUYHG
QHDU�a��SSP�DQG�PDLQWDLQV�LWV�LQWHQVLW\�EHIRUH�DQG�DIWHU�FDO�
FLQDWLRQ��*D�ZLWK�RFWDKHGUDO�FRRUGLQDWLRQ�LV�H[SHFWHG�WR�VKRZ
UHVRQDQFH�QHDU�a��SSP��$�SXUH� VLOLFD�0&0���� VKRZHG� D
��*D�0$6�105�VSHFWUXP�VLPLODU�WR�WKDW�LQ�)LJXUH��D��7KXV
WKH�ZHDN� VLJQDO� REVHUYHG� QHDU� a�� SSP� LV� FRQVLGHUHG� DV� D
EDFNJURXQG�VLJQDO��2WKHU�*D�FRQWDLQLQJ�PHVRSRURXV�PDWH�
ULDOV�DQG�]HROLWH�DQDORJV�GLG�QRW�VKRZ�DQ\�UHVRQDQFH�QHDU�a�
SSP�IRU�RFWDKHGUDO�*D����������$�SUHGRPLQDQW�LQFUHDVH�RI�WKH
WHWUDKHGUDO� *D� VLJQDO� LQGLFDWHV� WKDW� LQLWLDOO\� GHSRVLWHG� *D
LRQV�RQ�WKH�VLOLFD�IUDPHZRUN�EHFRPH�LPSODQWHG�LQWR�WKH�VLO�
LFD�IUDPHZRUN�ZLWK�WHWUDKHGUDO�FRRUGLQDWLRQ�GXULQJ�FDOFLQD�
WLRQ��$OPRVW�LGHQWLFDO���*D�0$6�105�UHVXOWV�ZHUH�REVHUYHG

)LJXUH �� ;�UD\�GLIIUDFWLRQ�SDWWHUQV�RI��D��D�SXUH�VLOLFD�0&0����
�E�� *D�0&036(��� �F�� *D�0&036(��� �G�� *D�0&036:��� �H�
*D�0&00*��DQG��I��*D�0&000*��

7DEOH �� *D�LQFRUSRUDWLRQ�DQG�VRGLXP�LRQ�H[FKDQJH�RQ�PHVRSRU�
RXV�0&0����JDOORVLOFDWHV�SUHSDUHG�LQ�WKLV�ZRUN

6DPSOH G�c α�cI

%(7
VXUIDFH�DUHD�J

P�J−�

0&0���E � ������H ����� ����� �����

*D�0&036(�F ������ ������ ����� ����� �����

*D�0&036(�F ������ ������� ������ ����� �����

*D�0&036(�F ������ ������ ����� ����� �����

*D�0&036:�F ������ ������ ����� ����� �����

*D�0&036:�F ������ ������ ����� ����� �����

*D�0&00*�G ������ ������ ����� ����� �����

*D�0&00*�G ������ ������ ����� ����� �����
D$WRPLF� UDWLRV� GHWHUPLQHG� E\� LQGXFWLYHO\� FRXSOHG� SODVPD� HPLVVLRQ
VSHFWURVFRS\�� E$�FDOFLQHG�SXUH�VLOLFHRXV�0&0����� F*D�0&036(�DQG
*D�0&036:�UHSUHVHQW�0&0����VDPSOHV�SUHSDUHG�E\�SRVW�V\QWKHWLF
*D� LPSODQWDWLRQ� LQ� HWKDQRO� VROXWLRQ� DQG� ZDWHU�� UHVSHFWLYHO\�� G*D�
0&00*� UHSUHVHQWV� D� 0&0���� JDOORVLOLFDWH� VDPSOH� SUHSDUHG� E\
K\GURWKHUPDO�V\QWKHVLV�RI�JDOORVLOLFDWH�PL[HG�JHO�� H9DOXHV�LQ�SDUHQWKHVLV
LQGLFDWHV�1D�6L�PROH�UDWLRV�� Iα /DWWLFH�SDUDPHWHU�IURP�;5'�GDWD�XVLQJ
IRUPXOD�α �G �K�� J%(7�ZDV�GHWHUPLQHG�E\�$UJRQ�SK\VLVRUSWLRQ�
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LQ�*D�0&036:��SUHSDUHG� LQ�DQ�DTXHRXV�VROXWLRQ��:KHQ
SXUH� VLOLFD�0&0����ZDV� VOXUULHG� LQ�D�*D�FRQWDLQLQJ� VROX�
WLRQ��WKH�*D�VSHFLHV�PD\�EH�DWWDFKHG�RQ�WKH�VLODQRO�JURXSV�LQ
WKH�VLOLFD�IUDPHZRUN�DQG�WKHQ�GXULQJ�FDOFLQDWLRQ��DQFKRUHG
LQWR�IUDPHZRUN�VLWHV��SUREDEO\�LQLWLDOO\�YLD�ERQGLQJ�RI�VRO�
YDWHG� *D� WR� VRPH� RI� IUDPHZRUN� VLOLFRQ�R[\JHQ� JURXS�V�
�6FKHPH�����RU�DQG�HOHFWURVWDWLF�LQWHUDFWLRQ�EHWZHHQ�IUDPH�
ZRUN�VLOLFRQ�R[\JHQ�JURXSV�DQG�D�VROYDWHG�*D�FDWLRQ��6FKHPH
���DV�VXJJHVWHG�EHORZ�

�6L�2+�����*D�6ROYHQW�Q�

�6L�2+���[�6L�2��[�*D�6ROYHQW�Q�[ �6FKHPH���
PL[LQJ� RU�DQG

�6L�2−���*D���6ROYHQW�Q �6FKHPH���

FDOFLQDWLRQ
��6L�2����*D�2+

�6ROYHQW� �(W2+�RU�+�2���� [� ��

0HVRSRURXV� 0&0���� JDOORVLOLFDWH� PDWHULDOV� ZHUH� SUH�
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