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�������.ZDPH�1NUXPDK�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��.1867� 

-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\��9RO������1RV�������	�����������SS���–��� �� 

5(6($5&+�3$3(5 

KWWS���G[�GRL�RUJ���������MXVW�Y��L��� 

.H\ZRUGV��3DHGLDWULF��H[WHPSRUDQHRXV�IRUPXODWLRQV��PLFURELDO�LQWHJULW\��FRQWHQW�VWDELOLW\� 

$%675$&7 
7KH�.RPIR�$QRN\H�7HDFKLQJ�+RVSLWDO� �.$7+��SKDUPDF\�SUHSDUHV�SDHGLDWULF� IRUPXODWLRQV�RI� 
XQDYDLODEOH�GRVDJH�IRUPV�RQ�GDLO\�EDVLV�IRU�FKLOGUHQ�ZLWK�D�YDULHW\�RI�DFXWH�DQG�FKURQLF�GLVHDV�
HV�� 7KLV� VWXG\� DVVHVVHG� WKH� SK\VLFDO� DQG� PLFURELRORJLFDO� TXDOLW\�� DQG� FKHPLFDO� VWDELOLW\� RI� 
H[WHPSRUDQHRXV�RUDO� SUHSDUHG�LQ�WKLV�IDFLOLW\��7KH�VWXG\�WHDP�VXUYH\HG� 
WKH�KRVSLWDO�IRU�XQDYDLODEOH�IRUPXODWLRQV�ZKLFK�ZHUH�UHTXHVWHG�DQG�SUHSDUHG�H[WHPSRUDQHRXVO\� 
LQ�WKH�KRVSLWDO
V�SKDUPDF\��6WDELOLW\�VWXGLHV�ZHUH�WKHQ�FRQGXFWHG�RQ�WKH�VL[�����PRVW�IUHTXHQWO\� 
SUHSDUHG� SDHGLDWULF� VXVSHQVLRQ� IRUPXODWLRQV� QDPHO\�� DFHWD]RODPLGH�� VSLURQRODFWRQH�� 
SURSUDQRORO�� IXURVHPLGH�� SKHQREDUELWRQH� DQG� ODPLYXGLQH��7KHVH�ZHUH� SUHSDUHG� LQ� DFFRUGDQFH� 
ZLWK� .$7+� DSSURYHG� IRUPXODWLRQ� SURFHGXUHV�� +3/&� DQG� WKH� DJDU� GLIIXVLRQ� PHWKRGV� ZHUH� 
HPSOR\HG� LQ� WKH�DQDO\VLV�� 7KH� IRUPXODWHG� VXVSHQVLRQV� RI� VSLURQRODFWRQH� DQG� IXURVHPLGH�ZHUH� 
PLFURELRORJLFDOO\�DQG�FKHPLFDOO\�VWDEOH�XS� WR����GD\V��/DPLYXGLQH�VXVSHQVLRQ�ZDV�VWDEOH�ERWK� 
FKHPLFDOO\�DQG�PLFURELRORJLFDOO\�XS�WR����GD\V��7KH�DFHWD]RODPLGH�VXVSHQVLRQ�ZDV�QRW�VWDEOH�XS� 
WR� D� ��� GD\V
� PDUN�� 3KHQREDUELWRQH� DQG� SURSUDQRORO� VXVSHQVLRQV� ZHUH� KLJKO\� XQVWDEOH� HYHQ�
ZLWKLQ����GD\V�DQG�WKHUHIRUH��PLJKW�UHTXLUH�UHIULJHUDWLRQ�WR�PDLQWDLQ�WKHLU�VWDELOLW\��7KH�UHVXOWV�
VKRZHG�WKDW�WKH�IRUPXODWHG�VXVSHQVLRQV�KDG�VXIILFLHQW�PLFURELDO�LQWHJULW\�DQG�D�UDQJH�RI DFWLYH�
FRQWHQW�VWDELOLW\��ZKLFK�VXJJHVWHG�VXLWDELOLW\�IRU�XVH�DV�IROORZV��ODPLYXGLQH�VXVSHQVLRQ�XS�WR����
GD\V��VSLURQRODFWRQH�DQG�IXURVHPLGH�VXVSHQVLRQV�XS�WR����GD\V��DFHWD]RODPLGH��SKHQREDUELWRQH�
DQG�SURSUDQRORO�VXVSHQVLRQV�SRVVLEO\�XS�WR���ZHHNV��DIWHU�SUHSDUDWLRQ�� 
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 �3,&�6�� ������ $XVWUDOLDQ� *RYHUQPHQW�� ������
<LU-(URQJ�HW�DO����������,GHDOO\��SDHGLDWULF�RUDO�
GRVDJH� IRUPXODWLRQV� PXVW� EH� HDV\� WR� SUHSDUH�
DQG�DGPLQLVWHU��7KH�IRUPXODWLRQ�PXVW�KDYH�WKH�
DSSURSULDWH�GUXJ�FRQFHQWUDWLRQ�DQG�YROXPH� IRU�
DFFXUDWH� DGPLQLVWUDWLRQ�� 7KH� WDVWH� VKRXOG� EH�
SDODWDEOH� FRPSOLDQFH� DQG� WKH� IRUPXODWLRQ�
VKRXOG�EH�VWDEOH�XS�WR�WKH�H[SLU\�GDWH� DQG�
0F/DFKODQ�� ������� ,Q� H[WHPSRUDQHRXV� FRP�
SRXQGLQJ��WDEOHWV�DQG�FDSVXOHV�RI�WKH�GUXJV��DUH�
XVHG� WR� SUHSDUH� VXVSHQVLRQV�� 7KHVH� PRGLILFD�
WLRQV�RI� DGXOW� GRVDJH� IRUPV� IRU� SDHGLDWULF� SXU�
SRVHV�DUH�XVXDOO\�GRQH�IRU�LPPHGLDWH�XVH��RWK�
HUZLVH� SURRI� RI� VWDELOLW\� RI� WKH� UHIRUPXODWHG� 
PHGLFDWLRQ� VKRXOG� EH� DYDLODEOH�� 7KLV� LV� QHFHV�
VDU\� EHFDXVH� PDQXIDFWXUHUV� SURYLGH� VWDELOLW\�
GDWD� IRU� RQO\� WKHLU� RULJLQDO� SURGXFWV� DQG� YHU\�
IHZ� SKDUPDF\� XQLWV� DUH� HTXLSSHG� ZLWK� WKH�

WR� FRQGXFW�PLFURELRORJLFDO� TXDOLW\� DVVXU�
DQFH�DQG�FKHPLFDO�VWDELOLW\�VWXGLHV�RQ�H[WHPSR�
UDQHRXV� SURGXFWV� XVLQJ� VWDQGDUG� ODERUDWRU\�
PHWKRGV��%DUQHV��������� 
 
)RU�RYHU�IRXU�GHFDGHV�QRZ�WKH�.RPIR�$QRN\H�
7HDFKLQJ�+RVSLWDO��.$7+��LQ�.XPDVL��*KDQD��
KDV�EHHQ� WKULYLQJ� WR�PHHW�VRPH�RI� WKH�PHGLFD�
WLRQ� QHHGV� RI� QHRQDWHV�� LQIDQWV� DQG� FKLOGUHQ�
ZKR� DUH� EURXJKW� WR� WKH� KRVSLWDO�� 7KH� .$7+�
3KDUPDF\� SUHSDUHV� H[WHPSRUDQHRXV� SDHGLDWULF�
IRUPXODWLRQV� IURP� DGXOW� GRVDJH� IRUPV� VXFK� DV�
WDEOHWV�� FDSVXOHV� DQG� LQMHFWLRQV� WR� PHHW� WKH�
PHGLFDWLRQ�QHHGV�RI�WKHVH�FKLOGUHQ��.$7+�DV�D�
UHIHUUDO�KRVSLWDO� LQ�WKH�$VKDQWL�5HJLRQ�RI�*KD�
QD��VHUYHV�WKH�ZKROH�RI�WKH�QRUWKHUQ�SDUWV�RI�WKH�
FRXQWU\�� ,QIDQWV� DQG� FKLOGUHQ� GLDJQRVHG� ZLWK�
FKURQLF� GLVHDVH� FRQGLWLRQV� DQG� RQ� ORQJ� WHUP�
PHGLFDWLRQ� ZLWK� WKHVH� IRUPXODWLRQV� KDYH� WR�
FRPH�ZHHNO\�� IRUWQLJKWO\�RU�PRQWKO\�IRU�UHILOOV�
GXH�WR�IRUPXODWLRQ�VWDELOLW\�FRQFHUQV��$OWKRXJK�
VRPH�VWDELOLW\�UHSRUWV�DUH�FLWHG�DQG�XVHG�IRU�WKH�
IRUPXODWLRQV�� WKHUH� LV�FXUUHQWO\�QR�GRFXPHQWHG�
HYLGHQFH�RQ�VWDELOLW\�RI�WKHVH�SDHGLDWULF�GRVDJH�
IRUPXODWLRQV� SUHSDUHG� DW� .$7+�� $V� PRUH� LQ�
IDQWV� DQG� FKLOGUHQ� DUH� EHLQJ� GLDJQRVHG� ZLWK� 
GLVHDVHV�WKDW�DUH�NQRZQ�LQ�DGXOW�OLIH�ZLWKRXW�WKH�
DSSURSULDWH�GRVDJH�IRUPV�RI�PHGLFDWLRQV�� WKHUH�
LV�WKH�QHHG�WR�FDUU\�RXW�VWXGLHV�RQ�WKH�IRUPXOD�
WLRQV� WR� DVFHUWDLQ� WKH� VWDELOLW\�� HIILFDF\� DQG�
VDIHW\� RI� WKHVH� SUHSDUDWLRQV� WR� JXDUDQWHH� WKHLU�
FRQWLQXRXV�XVDJH�� 
 
7KLV�VWXG\�WKHUHIRUH�VRXJKW�WR�VXUYH\�WKH�W\SHV�

%D\RU�HW�DO� �� 

FDOO\�DXWKRUL]HG�IRU�XVH�LQ�LQIDQWV�DQG�FKLOGUHQ��
DQG� HYHQ� D� ORW� RI� WKRVH� DXWKRUL]HG� DUH� RIWHQ�
XQDYDLODEOH�LQ�VXLWDEOH�SDHGLDWULF�GRVDJH�IRUPV�
�<LU-(URQJ� HW� DO ������ 6LQKD� DQG� &UDQVZLFN��
�������)RU�LQVWDQFH��GUXJV�VXFK�DV�SKHQREDUEL�
WRQH�� DPLQRSK\OOLQH� DQG� VSLURQRODFWRQH� ZKLFK�
DUH�DXWKRUL]HG��E\�)'$�� IRU�SDHGLDWULF�XVH�DUH�
QRW� DYDLODEOH� LQ� WKH� DSSURSULDWH� GRVDJH� IRUPV�
�$XVWUDOLDQ� JRYHUQPHQW�� ������ 0DUULRW� HW� DO���
������� $V� VXFK�� FRPSRXQGLQJ� SDHGLDWULF� GRV�
DJH� IRUPV� RI� WKHVH� GUXJV� ZLWK� WKH� DSSURSULDWH�
H[FLSLHQWV� UHPDLQV� D� VLJQLILFDQW� SRUWLRQ� RI� WKH� 
3KDUPDFLVW
V� GDLO\� IXQFWLRQV� LQ� SDHGLDWULF� VHW�
WLQJV� RU� XQLWV� �%UHLWNUHXW]�� ������ &HFL� HW� DO���
�������,W� LV� WKHUHIRUH�HVVHQWLDO� WR�GHWHUPLQH�WKH�
VWDELOLW\�RI�YDULRXV�GUXJV�DW�FOLQLFDOO\�LPSRUWDQW� 
FRQFHQWUDWLRQV�DQG�VDIH�SUDFWLFDO�VWRUDJH�FRQGL�
WLRQV�� 
 
7KHUH�DUH�VLJQLILFDQW�FKDOOHQJHV�DVVRFLDWHG�ZLWK�
GUXJ� WUHDWPHQW� RSWLRQV� DYDLODEOH� IRU� SDHGLDWULF� 
SRSXODWLRQV��0RVW�FKLOGUHQ�VWUXJJOH�WR�VZDOORZ�
WDEOHWV� DQG� FDSVXOHV�� ZKLOH� D� ORW� PRUH� KDYH�
DFXWH� LQQDWH� UHVLVWDQFH� IRU� LQMHFWLRQV� GXH� WR�
SDLQ� DQG� WKH� IHDU� RI� QHHGOHV�� ZKLFK� OHDGV� WR�
VLJQLILFDQW�SDWLHQW�QRQFRPSOLDQFH��<LU-(URQJ�HW�

�������$OWKRXJK�PRVW�SDHGLDWULF�RUDO�PHGL�
FDWLRQV� FRPH� LQ� WKH� IRUP�RI� OLTXLGV�ZKLFK� DUH�
PRUH� HDVLO\� VZDOORZHG�� WKHVH� UHTXLUH� WKH� QHHG�
IRU�PDVNLQJ�RI�ELWWHU�WDVWH�DQG�XQSOHDVDQW�VPHOO�
RI�VRPH�DFWLYH�LQJUHGLHQWV��&XUUHQW�DSSURDFKHV�
XVLQJ�KLJK�VXJDU�FRQFHQWUDWLRQV�DQG�VZHHWHQHUV�
PD\�SUHVHQW�GHQWDO��REHVLW\�DQG�W\SH���GLDEHWHV�
FRQFHUQV��7KH�:+2�PRGHO�IRUPXODU\�IRU�FKLO�
GUHQ� SURYLGHV� LQGHSHQGHQW� SUHVFULEHU� LQIRU�
PDWLRQ� RQ� GRVDJH� DQG� WUHDWPHQW� JXLGDQFH� IRU�
PHGLFLQHV� EDVHG� RQ� WKH� :+2� PRGHO� OLVW� RI�
HVVHQWLDO� PHGLFLQHV� IRU� SDHGLDWULFV� �:+2��
������ %RDWHQJ�� ������� 6RPH� RI� WKH� GHVLUDEOH�
IHDWXUHV�WKDW�DUH�HVVHQWLDO�DQG�QHHG�WR�EH�WDNHQ�
LQWR� FRQVLGHUDWLRQ� ZKHQ� GHVLJQLQJ� SDHGLDWULF�
GRVDJH� IRUPV� LQFOXGH�� FRQYHQLHQW�� UHOLDEOH� DG�
PLQLVWUDWLRQ�DQG�SUHIHUDEO\�UHDG\-WR-XVH�IRUPX�
ODWLRQV�� PLQLPDO� PDQLSXODWLRQV� E\� KHDOWKFDUH�
SURIHVVLRQDOV�� SDUHQWV� RU� FDUHJLYHUV�� GRVH� DQG�
GRVH� YROXPH�ZHLJKW� DGMXVWHG� WR� WKH� LQWHQGHG�
DJH-JURXS�� DFFHSWDEOH� DQG� SDODWDEOH� GRVDJH�
IRUP�ZLWK�PLQLPXP�GRVLQJ�IUHTXHQF\��PLQLPDO�
LPSDFW�RQ� OLIHVW\OH�DQG�PLQLPXP�QRQWR[LF�H[�
FLSLHQWV�� WUDQVSRUWDEOH� DQG� ORZ� EXON�ZHLJKW� 
HDV\� WR� SURGXFH� DQG� VWDEOH� LQ� D� YDULHW\� RI� FOL�
PDWHV�� DIIRUGDEOH� DQG� FRPPHUFLDOO\� YLDEOH�



-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\����.1867������ 

 

 

RI� RUDO� SDHGLDWULF� IRUPXODWLRQV� H[WHPSRUDQH�
RXVO\�SUHSDUHG�DW�.$7+�DQG�WR�VHOHFW�WKH�PRVW�
IUHTXHQWO\�UHTXHVWHG��IRU�SK\VLFDO�DQG�FKHPLFDO�
VWDELOLW\� DQG� PLFURELRORJLFDO� TXDOLW\� DQDO\VLV��
5HDOL]DWLRQ�RI�DQ�DSSUHFLDEO\� ORQJ� WHUP�VWDELO�
LW\� RI� WKHVH� SURGXFWV� FRXOG� OHDG� WR� D� UHGXFHG�
IUHTXHQF\�RI�KRVSLWDO�YLVLWV�RI�SDUHQWV� IRU� WKHLU�
ZDUGV
�PHGLFDWLRQ�UHILOOV�� 
 
0$7(5,$/6�$1'�0(7+2'6� 
6XUYH\�DQG�VHOHFWLRQ�RI�IRUPXODWLRQV�IRU�WKH�
VWXG\� 
7KH� .$7+� &KLOG� +HDOWK-'LUHFWRUDWH�
�HVWDEOLVKHG� LQ� ������ LV� D� UHIHUUDO� &HQWUH� IRU�
QHRQDWHV�� LQIDQWV� DQG� FKLOGUHQ� IURP� WKH�1RUWK�
HUQ�DQG�VRPHWLPHV�WKH�:HVWHUQ�SDUWV�RI�*KDQD��
DVLGH�FDWHULQJ�IRU�WKH�$VKDQWL�5HJLRQ�DQG�WUDLQ�
LQJ� RI� FOLQLFDO� VWXGHQWV� �PHGLFDO�� GHQWDO�� SKDU�
PDF\�DQG�QXUVLQJ���2Q�D�\HDUO\�EDVLV�WKH�GLUHF�
WRUDWH� SURYLGHV� YDULRXV� IRUPV� RI� VHUYLFHV� WR�
QHDUO\� ������LQ-SDWLHQWV� DQG� ������� RXW-
SDWLHQWV��.$7+��������� 
 
'UXJ� WKHUDS\�SOD\V�D�YLWDO� UROH� LQ� WKH�PDQDJH�
PHQW� RI� GLVHDVHV� RI� WKHVH� SDHGLDWULF� SRSXOD�
WLRQV�� +RZHYHU�� PDQ\� RI� WKH� GUXJV� SUHVFULEHG�
IRU�WKHVH�SDWLHQWV�DUH�QRW�DYDLODEOH�LQ�SDHGLDWULF�
GRVDJH� IRUPV�� 3DHGLDWULF� GRVDJH� IRUPV� DUH�
WKHUHIRUH�H[WHPSRUDQHRXVO\�FRPSRXQGHG�DW�WKH�
.$7+�3KDUPDF\� IRU� WKHVH� SDWLHQWV�� )URP� RXU�
VXUYH\� LQ� -DQXDU\� WR� -XQH� ������ WKH� .$7+�
SKDUPDF\� GUXJ� SURGXFWLRQ� XQLW� UHFHLYHG� UH�
TXHVWV�DQG�SUHSDUHG�YDULRXV�TXDQWLWLHV�RI�SDHGL�
DWULF� IRUPXODWLRQV� IURP� DGXOW� GRVDJH� IRUPV��
WRWDOOLQJ������XQLWV�RI�SURGXFWV� �7DEOH�����7KH�
VL[� ���� PRVW� IUHTXHQWO\� SUHSDUHG� IRUPXODWLRQV�
�7DEOH�����FRQVWLWXWLQJ�������RI�DOO�WKH�SDHGLDW�
ULF�RUDO�GRVDJH�IRUPV�SUHSDUHG�ZLWKLQ�WKH�SHUL�
RG�ZHUH�VHOHFWHG�IRU�WKLV�VWXG\�� 
 
0DWHULDOV� 
3KDUPDFHXWLFDO� DGGLWLYHV� XVHG� LQ� WKH� IRUPXOD�
WLRQ�RI�WKH�VXVSHQVLRQV� 
0HWK\OFHOOXORVH� DQG� FDUER[\PHWK\OFHOOXORVH�
�&0&��DV�VXVSHQGLQJ�DJHQWV�KDYH�ZLGHO\�EHHQ�
UHSRUWHG� WR� EH� VXLWDEOH� DQG� FRPSDWLEOH� ZLWK�
PRVW�GUXJV��%DUQHV��������0DUULRW�HW�DO����������
$V� VXFK�� &0&� KDV� EHHQ� WKH� PDLQ� VXVSHQGLQJ�
DJHQW� HPSOR\HG� LQ� WKH� .$� 7+� SKDUPDF\� IRU�
PXODWLRQV��$VSDUWDPH�DQG�VRGLXP�EHQ]RDWH�DUH�
DOVR� XVHG� DV� VZHHWHQHU� DQG� SUHVHUYDWLYH�� UH�
VSHFWLYHO\��ZKLOH�VXQVHW�\HOORZ�VHUYHV�DV�D�FRO- 

�����������3K\VFLR-FKHPLFDO�DQG�PLFURELDO�TXDOLW\�RI�H[WHPSRUDQHRXV�SDHGLDWULF�RUDO�IRUPXODWLRQV���� �� 

RXUDQW�� 3XULILHG� ZDWHU� XVXDOO\� VHUYHG� DV� WKH�
YHKLFOH� DQG� ��� PO� FOHDU� DPEHU� SODVWLF� ERWWOHV�
ZLWK�FORVXUHV�ZHUH�XVHG�IRU�SDFNDJLQJ�� 
 
5HIHUHQFH�DFWLYH�SKDUPDFHXWLFDO�LQJUHGLHQWV� 
7KH� DFWLYH� SKDUPDFHXWLFDO� LQJUHGLHQWV� �$3,V��
XVHG� DV� VWDQGDUGV� ZHUH� REWDLQHG� IURP� (UQHVW�
&KHPLVWV� /WG�� *KDQD�� H[FHSW� /DPLYXGLQH�
ZKLFK� ZDV� REWDLQHG� IURP� *OREDO� 3KDUPD�
+HDOWK�)XQG��*3+)��� 
 
0DWHULDOV�IRU�PLFURELRORJLFDO�DQDO\VLV� 
$OO� WKH� PLFURELRORJLFDO� JURZWK� PHGLD� XVHG�
ZHUH� REWDLQHG� IURP� 2[RLG� &DPEULGJH�� 8.��
7KHVH�LQFOXGHG�1XWULHQW�DJDU��6DERXUDXG�DJDU��
0DF.RQNH\� DJDU� DQG� %LVPXWK� 6XOSKLWH� DJDU��
$OO� RWKHU� UHDJHQWV� DQG� VROYHQWV� XVHG� ZHUH� RI�
DQDO\WLFDO�DQG�+3/&�JUDGHV�� 
 
:RUNLQJ�HQYLURQPHQW� 
7KH� H[WHPSRUDQHRXV� FRPSRXQGLQJ� RI� � WKH�
SURGXFWV� ZDV� GRQH� LQ� WKH� .$7+� SKDUPDF\�
DVHSWLF�SUHSDUDWLRQ�URRP� 
 
0HWKRGV� 
3UHSDUDWLRQ�RI�WKH�SDHGLDWULF�VXVSHQVLRQV� 
7KH� VXVSHQVLRQV� ZHUH� SUHSDUHG� XVLQJ� D� PRGL�
ILHG� IRUP� RI� WKH� 863-1)� ������� PHWKRG� IRU�
IRUPXODWLQJ� SDHGLDWULF� RUDO� GRVDJH� IRUPV� IURP�
DGXOW�GRVDJH�IRUPV�ZLWK�D�PRUWDU�DQG�SHVWOH�� 
 
)RUPXOD� 
$FWLYH� LQJUHGLHQW� �L�H�� IURP� WKH� UHTXLUHG� QXP�
EHU�RI�WDEOHWV�� 
 
&DUER[\PHWK\OFHOOXORVH��&0&��ORZ�YLVFRVLW\��  
 
 
6RGLXP�%HQ]RDWH�������������������������������������������� 
 
$VSDUWDPH����������������������������������������������������� 
 
3XULILHG�ZDWHU�WR���������������������������������������������TV� 
 

7KH�UHTXLUHG�QXPEHU�RI� WDEOHWV� IRU���/�RI�VXV�
SHQVLRQ� RI� WKH� DSSURSULDWH� GUXJ� ZHUH� FUXVKHG�
DQG�WULWXUDWHG�LQWR�D�ILQH�SRZGHU�XVLQJ�D�SRUFH�
ODLQ� PRUWDU� DQG� SHVWOH�� 7KH� VRGLXP� EHQ]RDWH�
����J�� DQG� DVSDUWDPH� �O���J�� ZHUH� VHSDUDWHO\�
DQG� DFFXUDWHO\� DGGHG� ZLWK� IXUWKHU� WULWXUDWLRQ�
LQWR�D�VPRRWK�ILQH�PL[��7KH�ORZ�YLVFRVLW\�JUDGH� 

������ 
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� $FHWD]RODPLGH  � �      

� $F\FORYLU   � � � �   � ���� 

� 6SLURQRODFWRQH         

� $OORSXULQRO     � � �   � ���� 

� $PORGLSLQH         �  � ���� 

� $UWDQH       �     � ���� 

� $WHQRORO       � �   � ���� 

� $]DWKLRSLQH �           � ���� 

� $]LWKURP\FLQ   �         � ���� 

�� %XVFRSDQ       �     � ���� 

�� &LSURIOR[DFLQ � � � � � � �� ���� 

�� &OLQGDP\FLQ � �   �     � ���� 

�� &ORQD]HSDP �   �   �   � ���� 

�� 'H[DPHWKDVRQH           � � ���� 

�� 'HR[\FKROLF�DFLG       � � � � ���� 

�� 'LJR[LQ � � � � �   � ���� 

�� (QDODSULO � � � � � � �� ���� 

�� )OXFRQD]ROH   � � �     � ���� 

 )UXVHPLGH      ��   

�� +DORSHULGRO       �     � ���� 

�� ,VRQLD]LG         �   � ���� 

�� ,WUDFRQD]ROH         �   � ���� 

 /DPLYXGLQH �   � �    

�� /HYHWUDFHWDP   �     �   � ���� 

�� /LVLQRSULO     � � � � � ���� 

�� /RSHUDPLGH     �       � ���� 

�� /RVDUWDQ         �   � ���� 

�� 0HWK\OGRSD           � � ���� 

�� 1LWURIXUDQWRLQ � � � �   � �� ���� 

�� 2IOR[DFLQ �           � ���� 

�� 2PHSUD]ROH   � � � � � �� ���� 

�� 3HQLFLOOLQ�9       �   � � ���� 

 3KHQREDUELWRQH  �  �  ��   

�� 3KHQ\WRLQ           � � ���� 

�� 3UHGQLVRORQH � �     � � � ���� 

 3URSUDQRORO �  � � � �   

�� 3\ULGR[LQH         �   � ���� 

�� 6LOGHQDILO � � � �   � �� ���� 

�� 6RGLXP�9DOSRUDWH           � � ���� 
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&0&� ����J�� ZDV� WKRURXJKO\� PL[HG� ZLWK� ����
PO�RI� SXULILHG�ZDWHU� LQWR� D� XQLIRUP� V\UXS-OLNH�
VROXWLRQ�ZLWK�WKH�DLG�RI�D�PDJQHWLF�VWLUUHU��DIWHU�
ZKLFK� WKH� FRQWHQW� RI� WKH�PRUWDU�ZDV� FDUHIXOO\�
WUDQVIHUUHG� LQWR� LW�� (QRXJK� SXULILHG�ZDWHU� ZDV�
DGGHG� ZLWK� IXUWKHU� VWLUULQJ� DQG� WKH� SURGXFW�
PDGH�XS� WR��/� �7DEOH�����7KH�S+�RI�HDFK�IRU�
PXODWHG�VXVSHQVLRQ�ZDV�GHWHUPLQHG�XSRQ�SUHS�
DUDWLRQ��7DEOH�����7KH�SURGXFWV�ZHUH�WKHQ�SDFN�
DJHG�LQ����PO�SRUWLRQV�LQWR�FOHDU��DPEHU�SODVWLF�
ERWWOHV�� VHDOHG� ZLWK� FORVXUHV� DQG� ODEHOOHG� DS�
SURSULDWHO\�� 
 
6WRUDJH� DQG� DQDO\VLV� RI� IRUPXODWHG� VXVSHQ�
VLRQV 
7KH�VXVSHQVLRQV�ZHUH�VWRUHG�DW�URRP�WHPSHUD�
WXUH� ���� ႏ��� 6DPSOHV� ZHUH� WDNHQ� DW� WLPH�
LQWHUYDOV� RI� ��� ���� ���� ��� DQG� ���� GD\V� IRU�
SK\VLFDO� DQG� FKHPLFDO� VWDELOLW\�� DQG�PLFURELR�
ORJLFDO� TXDOLW\� DQDO\VLV�� 6DPSOHV� WKDW� VKRZHG�
HYLGHQFH� RI� LQVWDELOLW\� RU� GHWHULRUDWLRQ� DW� DQ\�
SRLQW�ZHUH�QRW�DQDO\VHG�IXUWKHU�� 
 
3K\VLFDO�VWDELOLW\�HYDOXDWLRQ� 
7KH�RUJDQROHSWLF�SURSHUWLHV�RI� WKH� VXVSHQVLRQV�
ZHUH� DVVHVVHG� RYHU� WKH� VWRUDJH� SHULRG� E\� RE�
VHUYLQJ� IRU� FKDQJHV� LQ� SURGXFW� FRORXU�� RGRXU�
DQG�IODYRXU� 
� 
6SHFWURSKRWRPHWULF�DVVD\�RI�IRUPXODWLRQV� 
+LJK� SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\�
�+3/&��ZDV�XVHG�WR�DQDO\VH�WKH�VXVSHQVLRQV�WR�
GHWHUPLQH� WKH�SHUFHQWDJH�FRQWHQW�RI� WKH�DFWLYH�
SKDUPDFHXWLFDO�LQJUHGLHQW�SUHVHQW��LPPHGLDWHO\�
DIWHU�IRUPXODWLRQ�DQG�DW�WKH�HQG�RI�WKH�VSHFLILHG�
VWRUDJH� SHULRGV� XQGHU� WKH� VHW� RXW� FRQGLWLRQV�
�863-1)���������7KH�VSHFLILF�DQDO\WLFDO�FRQGL�
WLRQV�HPSOR\HG�SHU�SURGXFW�ZHUH�DV�RXWOLQHG�LQ�
7DEOH���� 
 
0LFURELRORJLFDO�TXDOLW\�DQDO\VLV� 
7KH�PLFURELRORJLFDO�TXDOLW\�RI�WKH�VXVSHQVLRQV�
ZDV� DVVHVVHG� XVLQJ� WKH� PHWKRG� VWDWHG� LQ� WKH�
%ULWLVK�3KDUPDFRSHLD��������ZLWK�VOLJKW�PRGL�
ILFDWLRQV��*HQHUDOO\�����PO�TXDQWLWLHV�RI�PROWHQ�
1XWULHQW� DQG� 6DERXUDXG� DJDUV� �DW� ��ႏ�� ZHUH�
DVHSWLFDOO\� SRXUHG� LQWR� VWHULOH� SHWUL� GLVKHV� DQG�
����PO� DOLTXRWV� RI� WKH� VXVSHQVLRQV�ZHUH� WUDQV�
IHUUHG�DW�WLPH�LQWHUYDOV�RI���������������DQG�����
GD\V��LQWR�WKH�SODWHV�� 
 
$IWHU� WKRURXJK� PL[LQJ� RI� WKH� FRQWHQWV�� WKH� 
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7DEOH� +3/&�DQDO\WLFDO�WHVW�FRQGLWLRQV�IRU�WKH�IRUPXODWHG�VXVSHQVLRQV� 

SODWHV� ZHUH� DOORZHG� WR� VHW� DQG� LQFXEDWHG�
�1XWULHQW� DJDUDW� ��ႏ� IRU� ��� KDQG� 6DERXUDXG�
DJDU�DW���ႏ�IRU���GD\V���7ULSOLFDWH�H[SHULPHQWV�
ZHUH�SHUIRUPHG�

(VFKHULFKLD�FROL�
DOPRQHOOD�
����

$1'�',6&866,21� 

�7DEOH� ����
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�7DEOH������ 
 
$FHWD]RODPLGH��IXURVHPLGH�DQG�VSLURQRODFWRQH�
DUH� GLXUHWLFV� XVHG� LQ� WKH� PDQDJHPHQW� RI� FRQ�
JHQLWDO� FDUGLRYDVFXODU� DQRPDOLHV� LQ� QHRQDWHV��
LQIDQWV��DQG�FKLOGUHQ��/DPLYXGLQH��DQ�DQWLUHWUR�
YLUDO� DJHQW� LV� XVHG� LQ� WKH�PDQDJHPHQW�RI�+,9�
LQIHFWLRQ�� 3KHQREDUELWRQH� LV� XVHG� DV� DQ� DQWL�
FRQYXOVDQW�� ZKLOVW� WKH� SURSUDQRORO� �D� EHWD-
EORFNHU�� LV� XVHG� WR� WUHDW� WUHPRUV�� DQJLQD� DQG�
K\SHUWHQVLRQ�� DQG� KHDUW� UK\WKPLF� GLVRUGHUV�
�3RUWHU���������7KHVH�GUXJV� DUH� WKHUHIRUH�XVHG�
LQ� VSHFLDOL]HG� FDUH��+RZHYHU�� WKH� WRWDO� GRVDJH�
UHTXLUHPHQWV�RI�WKHVH�PHGLFDWLRQV�LQ�SDHGLDWULF�
GLVHDVH� PDQDJHPHQW� DUH� VPDOO� DQG� GHPDQG� LV�
UHODWLYHO\� ORZ�� VR� PDQXIDFWXUHUV� GR� QRW� ILQG�
VXFK� FKLOG� VSHFLILF� IRUPXODWLRQV� HFRQRPLFDOO\�
YLDEOH�WR�SXW�RQ�WKH�PDUNHW� 
 
7KHVH� VHOHFWHG� VSHFLDOL]HG� FDUH� GUXJV� ZLWK�
FKHPLFDO� VWUXFWXUHV� DV� VKRZQ� LQ� )LJ�� �� ZHUH 
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LQYHVWLJDWHG�IRU�SK\VLFDO�DQG�FKHPLFDO�VWDELOLW\��
DQG� PLFURELRORJLFDO� TXDOLW\� LQ� RUGHU� WR� DVFHU�
WDLQ� WKHLU� HIILFDF\� DQG� VDIHW\� WR� MXVWLI\� WKHLU�
FRQWLQXRXV�IRUPXODWLRQ�DQG�SURYLGH�LQGLFDWLRQV�
RI�VDIH�GXUDWLRQ�RI�XVH�� 
 
3K\VLFDO�VWDELOLW\� 
7KH� VXVSHQVLRQV� RI� WKH� VHOHFWHG� GUXJV� VKRZHG�
QR�FKDQJHV�LQ�FRORXU��RGRXU�DQG�IODYRXU�GXULQJ�
WKH�SHULRG�RI�WKH�VWDELOLW\�VWXGLHV�� 
 
0LFURELDO�TXDOLW\�DVVHVVPHQW� 
%RWK� WKH� 863-1)� ������� DQG� WKH� %3� �������
VWDWHV� WKH� DFFHSWDQFH� FULWHULD� RI� WRWDO� DHURELF�
PLFURELDO�FRXQW��7$0&��DQG�WRWDO�\HDVW�PRXOG�
FRXQW� �7<0&�� RI� QRQ-VWHULOH� SKDUPDFHXWLFDO�
GRVDJH� IRUPV� WR� EH� �� ���[����&)8�PO� DQG� ��
���[���� &)8�PO�� UHVSHFWLYHO\�� 7KH� PLFURELDO�
FRXQWV� RI� WKH� VXVSHQVLRQV� ZHUH� DOO� ZLWKLQ� WKH�
RIILFLDO� DFFHSWDQFH� OLPLWV� WKURXJKRXW� WKH� ����
GD\V�RI�VWRUDJH��)LJ������$OVR��(��FROL�DQG�6DO�
PRQHOOD�VSHFLHV�ZHUH�QRW�GHWHFWHG�LQ�DQ\�RI�WKH�
VXVSHQVLRQV�� 
 
6RGLXP�EHQ]RDWH�ZDV� XVHG� DV� WKH�SUHVHUYDWLYH�
LQ�WKHVH�VXVSHQVLRQV��7KH�HIIHFWLYHQHVV�RI�VRGL�
XP� EHQ]RDWH� DV� D� SUHVHUYDWLYH� LQFUHDVH� ZLWK� 

)LJ�� &KHPLFDO�VWUXFWXUHV�DQG�IRUPXODH�RI�WKH�VHOHFWHG�GUXJV 

 

GHFUHDVLQJ�S+��7KLV�LV�EHFDXVH�WKH�UDWLR�RI�XQ�
GLVVRFLDWHG� EHQ]RLF� DFLG� WR� WKH� LRQL]HG� IRUP�
LQFUHDVHV� DV� WKH� S+� GHFUHDVHV�� 7KLV� SUREDEO\�
H[SODLQV� ZK\� WKH� VRGLXP� EHQ]RDWH� ZDV� TXLWH�
PRUH� HIIHFWLYH� LQ� DOO� WKH� IRUPXODWLRQV�ZLWK�S+�
YDOXHV�ORZHU�WKDQ�DQG�XS�WR�DERXW�������WKDQ�LQ�
WKRVH� VXFK� DV� VSLURQRODFWRQH� VXVSHQVLRQ� ZLWK�
S+�YDOXHV�FORVH�WR�������7DEOH�
 
6RGLXP�EHQ]RDWH� LV� D�PLFURELRVWDWLF� DJHQW�� ,WV�
DFWLRQ�LV�E\�WKH�DEVRUSWLRQ�RI�EHQ]RLF�DFLG�LQWR�
WKH� FHOOV� RI�PLFURRUJDQLVP� �+RGJHV�� ������� ,I�
WKH�LQWUDFHOOXODU�S+�JHWV�WR�DERXW���RU�ORZHU��WKH�
DQDHURELF� IHUPHQWDWLRQ� RI� JOXFRVH� WKURXJK�
SKRVSKRIUXFWRNLQDVH� GHFUHDVHV� GUDVWLFDOO\�� UH�
VXOWLQJ�LQ�WKH�LQKLELWLRQ�RI�JURZWK�DQG�VXUYLYDO�
RI� PLFURRUJDQLVPV� WKDW� FDXVH� LQVWDELOLW\� LQ�
SKDUPDFHXWLFDO�SURGXFWV��,W�LV�DOVR�FOHDU�WKDW�WKH�
XVH� RI� VRGLXP� EHQ]RDWH� LQ� WKH� SUHVHUYDWLRQ� RI�
WKHVH�VXVSHQVLRQV�LV�SDUWO\�HFRQRPLF��DV�PDMRU�
LW\�RI�WKH�SDWLHQWV�FDQQRW�DIIRUG�UHODWLYHO\�PRUH�
H[SHQVLYH� SURGXFWV� UHVXOWLQJ� IURP� WKH� XVH� RI�
H[SHQVLYH�DOWHUQDWLYH�H[FLSLHQWV�� 
 
,Q�WKH�QXW�VKHOO��WKH������VRGLXP�EHQ]RDWH�ZDV�
HIIHFWLYH�LQ�SUHVHUYLQJ�DQG�HQVXULQJ�WKH�PLFUR�
ELDO� VDIHW\� RI� WKH� VXVSHQVLRQV� IRU� XVH�� PRUH� 
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�D��7$0&-$FFHSWDQFH�FULWHULD�IRU�QRQ-VWHULOH�GRVDJH�IRUPV�LV������[O����Q� ����%3�������� 

 

�E��7<0&-$FFHSWDQFH�FULWHULD�IRU�QRQ-VWHULOH�GRVDJH�IRUPV�LV������[O����Q� ����%3�������� 

dŝŵĞ�;ĚĂǇƐͿ 

)LJ�����D� E���0LFURELRORJLFDO�ORDG�RI�WKH�IRUPXODWHG�VXVSHQVLRQV� 

HVSHFLDOO\� XS� WR����GD\V� DIWHU� IRUPXODWLRQ� DQG�
VWRUDJH�DW�URRP�WHPSHUDWXUH�� 
 
&RQWHQW�RI�DFWLYH�LQJUHGLHQW 
1R�SKDUPDFHXWLFDO�SURGXFW�LV�VWDEOH�LQGHILQLWH�
O\�� ZKLFK� LV� ZK\� DOO� GUXJ� IRUPXODWLRQV� KDYH�
H[SLU\� GDWHV�� 2EYLRXVO\�� PLFURELDO� FRQWHQW� RU�
JURZWK�LV�QRW�WKH�RQO\�FDXVH�RI�GUXJ�LQVWDELOLW\��
7KH�LQVWDELOLW\�RI�SKDUPDFHXWLFDO�SURGXFWV�PD\�
EH�DV�D�UHVXOW�RI�GUXJ�DQG�RU�H[FLSLHQW�GHJUDGD�
WLRQ�� 7KH� GHJUDGDWLRQ� PD\� EH� H[DFHUEDWHG� E\� 

SRRU�IRUPXODWLRQ�SURFHVV��SDFNDJLQJ�DQG� LQDS�
SURSULDWH�VWRUDJH�FRQGLWLRQV��/LJKW��WHPSHUDWXUH�
DQG�KXPLGLW\�PD\�DOVR�LQIOXHQFH�FKHPLFDO�GHJ�
UDGDWLRQ�RI�SKDUPDFHXWLFDO�SURGXFWV��7KHUHIRUH��
WKH� DSSURSULDWH� SDFNDJLQJ� DQG� VWRUDJH� FRQGL�
WLRQV�PXVW�FDUHIXOO\�EH�VHOHFWHG�WR�UHGXFH�GHJ�
UDGDWLRQ�VR�DV�WR�LPSURYH�RQ�WKH�VWDELOLW\�RI�WKH�
SURGXFW�� ,QVWDELOLW\�RI�SKDUPDFHXWLFDO�SURGXFWV�
UHVXOWV� LQ� UHGXFWLRQ�RU� ORVV�RI�DFWLYH�GUXJ�FRQ�
WHQW�� 
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7KH�+3/&�DQDO\VLV�RI�WKH�VXVSHQVLRQV�JHQHUDO�
O\� LQGLFDWHG� D� JUDGXDO� UHGXFWLRQ� LQ� WKH� DFWLYH�
FRQVWLWXHQWV� RQ� VWRUDJH�� +RZHYHU�� WKH� ORVV� RI�
DFWLYH�FRQVWLWXHQW�ZDV�PRUH�UDSLG�LQ�VRPH�IRU�
PXODWLRQV� WKDQ� RWKHUV� �)LJ�� ���� 7KH� DFFHSWDEOH�
FULWHULD� IRU� FRQWHQW� RI� DFWLYH� FRQVWLWXHQWV� IRU�
PRVW� RI� WKH� IRUPXODWHG� VXVSHQVLRQV� LV� ��� -�
������ ZKHQ� VWRUHG� DW� URRP� WHPSHUDWXUH� �O3��
�������)URP�WKH�UHVXOWV�RI�WKH�VWXG\��WKH�IRUPX�
ODWHG�ODPLYXGLQH�VXVSHQVLRQ�KDG�DFWLYH�FRQWHQW�
RI� ����� �KHQFH� ZLWKLQ� WKH� DFFHSWDEOH� FULWHULD��
HYHQ�DIWHU����GD\V�RI�VWRUDJH��7KH�FRQWHQW�KRZ�
HYHU�GURSSHG�WR������ZHOO�EHORZ�WKH�DFFHSWHG�
UDQJH��E\�GD\�����7KH�DFWLYH�FRQWHQWV�RI�VSLUR�
QRODFWRQH�������DQG�IXURVHPLGH�������VXVSHQ�
VLRQV�ZHUH�ZLWKLQ�WKH�DFFHSWDEOH�UDQJH�IRU�XS�WR�
��� GD\V�� EXW� WKRVH� RI� DFHWD]RODPLGH� �������
SURSUDQRORO� ������� DQG� SKHQREDUELWRQH� ������
ZHUH�IDU�EHORZ�WKH�DFFHSWDEOH�OLPLWV�ZLWKLQ�WKLV�
VDPH�SHULRG�� 
 
7KH�UHVXOWV�VXJJHVW� WKDW� ODPLYXGLQH�VXVSHQVLRQ�
FRPSRXQGHG� LQ� .$7+� SKDUPDF\� LV� VDIH� DQG�
HIIHFWLYH�IRU�XVH�ZLWKLQ�D�SHULRG�RI����GD\V�RI�
SUHSDUDWLRQ��ZKLOH�WKH�VSLURQRODFWRQH�DQG�IXUR�
VHPLGH� VXVSHQVLRQV� PD\� EH� DFFHSWDEOH� ZLWKLQ�
��� GD\V�� 6XVSHQVLRQV� RI� DFHWD]RODPLGH�� SUR�
SUDQRORO� DQG� SKHQREDUELWRQH� ZLOO� KDYH� WR� EH�
XVHG� ZLWKLQ� PXFK� VKRUWHU� SHULRGV�� SUREDEO\� �� 

ZHHNV� DIWHU� SUHSDUDWLRQ� DQG� PD\� HYHQ� UHTXLUH�
UHIULJHUDWLRQ� WR� PDLQWDLQ� WKHLU� LQWHJULW\� DQG�
UHPDLQ�ZLWKLQ�VSHFLILFDWLRQV� 
 
7R�WKH�EHVW�RI�RXU�NQRZOHGJH��WKLV�VHHPV�WR�EH�
WKH�ILUVW�UHSRUW�RI�VWDELOLW\�VWXGLHV�RI�H[WHPSRUD�
QHRXVO\� SUHSDUHG� RUDO� ODPLYXGLQH� VXVSHQVLRQ��
DV� WKHUH� DSSHDUV� WR�EH�QR� DYDLODEOH�GDWD� LQ� WKH�
OLWHUDWXUH� WR� VXSSRUW� LW��7KH� DFFHSWDQFH� FULWHULD�
RI� VSLURQRODFWRQH� VXVSHQVLRQ� LV� ��� -����� DF�
WLYH� FRQWHQW� DW� D� VWRUDJH� FRQGLWLRQ� RI� �� -� �ႏ�
�6KDNLU� DQG� (O-JLHG�� ,Q� WKLV� VWXG\�� WKH�
VWRUDJH�ZDV�DW�URRP�WHPSHUDWXUH������ႏ��DQG�
WKH� FRQWHQW� ZDV� ZLWKLQ� DFFHSWDEOH� UDQJH� XS� WR�
��� GD\V�� 7KLV� LV� VXSSRUWHG� E\� 1DKDWD� HW� DO��
������� ZKR� UHSRUWHG� RI� VSLURQRODFWRQH� RUDO�
VXVSHQVLRQ� IRUPXODWHG� IURP� WDEOHWV�
PHWK\OFHOOXORVH��������DQG�VLPSOH�V\UXS�������
EHLQJ�VWDEOH�LQ�FRQWHQW�IRU���GD\V�DW�URRP�WHP�
SHUDWXUH�� $OVR� LQ� WKDW� VWXG\�� RUDO� IXURVHPLGH�
OLTXLG� SUHSDUHG� IURP� DQ� LQMHFWLRQ� IRUPXODWLRQ�
ZLWK�V\USDOWD��RUDO�V\UXS�YHKLFOH��DV�D�EDVH�DQG�
VWRUHG� DW� URRP� WHPSHUDWXUH� ZDV� VWDEOH� IRU� ���
GD\V��ZKLFK�DOVR�OHQGV�VXSSRUW�WR�WKH�UHVXOWV�RI�
WKLV�VWXG\��� 
 
+RZHYHU�� DQ� DFHWD]RODPLGH� RUDO� VXVSHQVLRQ�
IRUPXODWHG�XVLQJ���� WDEOHWV�� V\UXS� ��������
PHWK\OFHOOXORVH� �������� 9HHJXP� ��� ��� DQG� 

)LJ�� &RQWHQW�RI�DFWLYH�LQJUHGLHQW�LQ�WKH�VXVSHQVLRQV�RQ�VWRUDJH 
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SDUDEHQV� FRQFHQWUDWH� ZDV� VWDEOH� IRU� ��� GD\V��
7KLV�GRHV�QRW�VXSSRUW�RXU�ILQGLQJV��WKRXJK�GLI�
IHUHQW� DQG�PXFK� VXSHULRU� H[FLSLHQWV� ZHUH� HP�
SOR\HG� LQ� WKH� IRUPXODWLRQ� LQ� WKDW�VWXG\��7KHUH�
IRUH�� E\� SUREDEO\� PRGLI\LQJ� WKH� H[FLSLHQWV�
XVHG�� WKH� PHWKRG� RI� SUHSDUDWLRQ� DQG� VWRUDJH�
FRQGLWLRQ�� WKH� VWDELOLW\� RI� WKH� DFHWD]RODPLGH�
VXVSHQVLRQ� IRUPXODWLRQ� FRXOG� EH� HQKDQFHG��
6LPLODUO\�� LW�KDV�EHHQ�UHSRUWHG�WKDW�SURSUDQRORO�
VXVSHQVLRQ� IRUPXODWHG� IURP� WDEOHWV�� UHTXLUHG�
VWDELOL]DWLRQ�ZLWK�����FLWULF�DFLG�DQG�UHIULJHUD�
WLRQ�WR�UHPDLQ�VWDEOH�IRU����GD\V��ZKLOVW�SKHQR�
EDUELWRQH� RUDO� VXVSHQVLRQ� IRUPXODWHG� ZLWK� WKH�
SRZGHUHG�$3,�� ����JO\FHULQH� DQG� ���� VRUEL�
WRO�� UHTXLUHG� UHIULJHUDWLRQ� WR� UHPDLQ� VWDEOH� IRU�
���GD\V��1DKDWD�HW�DO��������:RQJ��������� 
 
7KHVH� UHSRUWV� DPSO\� VXSSRUW� WKH� LQVWDELOLWLHV�
REVHUYHG� ZLWK� WKH� H[WHPSRUDQHRXVO\� SUHSDUHG�
VXVSHQVLRQV� RI� DFHWD]RODPLGH�� SURSUDQRORO� DQG�
SKHQREDUELWRQH� LQ� WKLV� VWXG\�� DQG� HPSKDVLVHV�
WKH� QHHG� IRU� WKHVH� WR� EH� XVHG� ZHOO� EHIRUH� ���
GD\V� DIWHU� SUHSDUDWLRQ�� DQG� PRUH� LPSRUWDQWO\�
WKH� QHHG� IRU� � UHIULJHUDWLRQ� �ZKLFK� LV� RIWHQ� QRW�
DYDLODEOH�LQ�UXUDO�SRSXODWLRQV��RI�WKHVH�SURGXFWV�
HYHQ�ZLWKLQ�WKHVH�VKRUW�SHULRGV�� 
 
,W� LV� HYLGHQW� IURP� WKHVH� UHVXOWV� WKDW� WKH�H[FLSL�
HQWV� DQG�SURFHGXUHV�XVHG� LQ� WKH�SUHSDUDWLRQ�RI�
H[WHPSRUDQHRXV� SDHGLDWULF� IRUPXODWLRQV� IURP�
DGXOW�GRVDJH�IRUPV�DW�.$7+�PD\�EH�DGHTXDWH�
IRU� VRPH� RI� WKH� SURGXFWV�� EXW� D� JRRG� QXPEHU�
PD\� QHHG� WR� EH� UHYLHZHG� WRZDUGV� LPSURYLQJ�
WKH�FKHPLFDO�VWDELOLW\�RI�WKH�DFWLYH�FRQVWLWXHQWV��
7KHUH� VKRXOG� WKHUHIRUH� EH� D� FRQWLQXRXV� VWXG\�
DQG�HYDOXDWLRQ�RI�WKH�VWDELOLW\�RI�WKHVH�SUHSDUD�
WLRQV�� ZKLFK� VKRXOG� EH� ZHOO� GRFXPHQWHG�� ,W� LV�
QHFHVVDU\� IRU� FRQWLQXRXV� HGXFDWLRQ� RI� SDUHQWV�
DQG�FDUH�JLYHUV�RI�LQIDQWV�DQG�FKLOGUHQ�ZKR�DUH�
JLYHQ� WKHVH� SUHSDUDWLRQV� RQ� WKHLU� SURSHU� VWRU�
DJH�� HVSHFLDOO\� UHIULJHUDWLRQ� ZKHUH� SRVVLEOH��
KRZ� WR� GHWHFW� LQVWDELOLW\� RI� WKHVH� SURGXFWV��
ZKHQ� WR� GLVFRQWLQXH� XVDJH�� DQG� WR� UHSRUW� DQ\�
FKDQJHV�REVHUYHG�GXULQJ�XVDJH�RI� WKHVH�SUHSD�
UDWLRQV�� 
 
,W� LV� FUXFLDO� WR� FROODERUDWH� ZLWK� RWKHU� LQVWLWX�
WLRQV�DQG�DOO�VWDNHKROGHUV�LQYROYHG�LQ�SDHGLDWULF�
IRUPXODWLRQV�� HVSHFLDOO\� SUHSDUDWLRQV� IURP�
DGXOW� GRVDJH� IRUPV�� WR� H[FKDQJH� DQG� LPSURYH�
RQ� WKH� NQRZOHGJH� DQG� H[SHULHQFHV� WR� HQKDQFH�
SDHGLDWULF� IRUPXODWLRQV� HIILFDF\� DQG� HIILFLHQF\� 

%D\RU�HW�DO� �� 

IRU�LPSURYHG�WKHUDSHXWLF�RXWFRPHV�� 
 
&21&/86,21� 
)URP� WKLV� VWXG\�� WKH� IRUPXODWHG� ODPLYXGLQH�
VXVSHQVLRQ� KDG� VXIILFLHQW� PLFURELDO� LQWHJULW\�
ZLWK� DQ� DFWLYH� FRQWHQW� VWDELOLW\� XS� WR� ��� GD\V��
KHQFH� VXLWDEOH� IRU�XVH�XS� WR����GD\V� IROORZLQJ�
SUHSDUDWLRQ��6XVSHQVLRQV�RI�VSLURQRODFWRQH�DQG�
IXURVHPLGH�ZHUH�PLFURELRORJLFDOO\�VDIH��FKHPL�
FDOO\�VWDEOH��DSSURSULDWH�DQG�FRQYHQLHQW�IRU�XVH�
XS� WR� ��� GD\V��$FHWD]RODPLGH�� SKHQREDUELWRQH�
DQG�SURSUDQRORO�VXVSHQVLRQV�KDG�JRRG�PLFUREL�
DO� LQWHJULW\� EXW� ORZ� DFWLYH� LQJUHGLHQW� FRQWHQW�
ZLWKLQ� ��� GD\V�� DQG� WKHUHIRUH� FDQ� SRVVLEO\� EH�
XVHG�RQO\� LPPHGLDWHO\�RU�ZLWKLQ���ZHHNV�DIWHU�
SUHSDUDWLRQ�� (YHQ� LQ� WKH� ODWWHU� FDVH� UHIULJHUD�
WLRQ�� ZKLFK� LV� RIWHQ� ODFNLQJ� LQ� UXUDO� VHWWLQJV��
ZRXOG� EH� UHTXLUHG� WR� NHHS� WKHVH� VXVSHQVLRQV�
ZLWKLQ�VSHFLILFDWLRQV�� 
 
$&.12:/('*(0(17 
7KH�VWXG\�WHDP�LV�YHU\�JUDWHIXO�WR�WKH�PDQDJH�
PHQW�RI� WKH�.RPIR�$QRN\H�7HDFKLQJ�+RVSLWDO�
�.$� 7+��� .XPDVL�� *KDQD�� IRU� JUDQWLQJ� WKHP��
WKH� RSSRUWXQLW\� WR� XVH� WKHLU� IDFLOLW\� DQG� GDWD�
VRXUFHV�� $SSUHFLDWLRQ� DOVR� JRHV� WR� 0U�� 'DQ�
$ZLQGRU� RI� 796� 3KDUPD� �� $35,'(&�
�$02*��� 0U�� 1DQD� <DZ� 1\DUNR-6HID� DQG�
VWDII�RI�WKH�4&�XQLW�RI�(UQHVW�&KHPLVWV�/WG�� 
 
5()(5(1&(6� 
$XVWUDOLDQ� *RYHUQPHQW� �������� $� GLVFXVVLRQ�
SDSHU� RQ� UHJXODWLRQ� RI� H[WHPSRUDQHRXVO\�
SUHSDUHG� PHGLFLQHV� LQ� QRQ-KRVSLWDO� SKDUPD�
FLHV�� &DQEHUUD�� $XVWUDOLDQ� *RYHUQPHQW��
$YDLODEOH� DW�� KWWS���ZZZ�WJD�JRY�DX�
>$FFHVVHG��WK�0DUFK�����@ 

 
%DUQHV�� �������� 3URGXFW� VWDELOLW\� DQG�
VWDELOLW\� WHVWLQJ�� ,Q�� $XOWRQ�� �(G���
$XOWRQV�3KDUPDFHXWLFV��WKH�GHVLJQ�DQG�PDQX�
IDFWXUH� RI� PHGLFLQHV�� �UG� HG�� 3KLODGHOSKLD��
&KXUFKLOO� /LYLQJVWRQH�� (OVHYLHU�� SS�� ���� -�
����� 

 
%RDWHQJ�� ��������*OREDO�KHDOWK�FRPPHQWDU\�
-�'UXJ�GHOLYHU\�LQQRYDWLRQV�WR�DGGUHVV�JOREDO�
KHDOWK� FKDOOHQJHV� IRU� SHGLDWULF� DQG� JHULDWULF�
SRSXODWLRQV� �7KURXJK� LPSURYHPHQWV� LQ� SD�
WLHQW�FRPSOLDQFH���-RXUQDO�RI�3KDUPDFHXWLFDO�
6FLHQFHV�� ������������-������ KWWSV���
GRL�RUJ���������M�[SKV�������������� 
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3K\VFLR-FKHPLFDO�DQG�PLFURELDO�TXDOLW\�RI�H[WHPSRUDQHRXV�SDHGLDWULF�RUDO�IRUPXODWLRQV��� �� 

WLRQ�RI�PHGLFLQDO�SURGXFWV�LQ�KHDOWKFDUH�HVWD- 
EOLVKPHQWV�� *HQHYD�� 3KDUPDFHXWLFDO� ,QVSHF�
WLRQ� &RQYHQWLRQ� DQG� 3KDUPDFHXWLFDO� ,QVSHF�
WLRQ� &R-RSHUDWLRQ� 6FKHPH�� KWWS���
ZZZ�SLFVFKHPH�RUJ� >$FFHVVHG� DW� ��WK� 'H�
FHPEHU�����@� 

 
3RUWHU�5�6�� �������(G�� �7KH�0HUFN�0DQXDO� RI�
'LDJQRVLV� 7KHUDS\�� ��WK� HG�� 86$�� *DU\�
=HONR�� 

0�$�� DQG� (O-JLHG�� $�$�$�� �������� ([�
WHPSRUDQHRXV� SUHSDUDWLRQV� RI� SDHGLDWULF� RUDO�
IRUPXODWLRQV�� 6WDELOLW\� VWXGLHV� FRQGXFWHG� RQ�
6SLURQRODFWRQH� VXVSHQVLRQV�� SRZGHUV� DQG�
FDSVXOHV�LQ�6DXGL�+RVSLWDO�3KDUPDFLHV������� 

� 
DQG� (�� ��������+RZ� WR� XVH�

PHGLFLQHV� LQ� FKLOGUHQ�� 3ULQFLSOHV� RI� SDHGLDW�
ULF�FOLQLFDO�SKDUPDFRORJ\��-RXUQDO�RI�3DHGLDW�
ULFV�DQG�&KLOG�+HDOWK���������-����� 

/�$�� �������� 7ULVVHOV� VWDELOLW\� RI� FRP�
SRXQGHG� IRUPXODWLRQV�� �WK� HG�� :DVKLQJWRQ��
$PHULFDQ�3KDUPDFLVWV�$VVRFLDWLRQ�� 

 
8QLWHG�6WDWHV�3KDUPDFRSRHLD� DQG� WKH�1DWLRQDO�
)RUPXODU\� �863� ��� -� 1)� ����� �������� 7KH�
8QLWHG�6WDWHV�3KDUPDFRSRHLDO�&RQYHQWLRQ� 

� 
:+2���������:RUOG�+HDOWK�2UJDQL]DWLRQ�LQLWL�
DWLYH��0DNH�PHGLFLQH�FKLOG�VL]H��$YDLODEOH�DW��
KWWS���ZZZ�ZKR�LQW�PHGLDFHQWUH�QHZV�
UHOHDVH������SU���HQ���

:RQJ�� ��������0HGLFDWLRQ� HUURUV� LQ� FKLO�
GUHQ�� ,Q�� 3�)��/RQJ�� :RQJ��&��
7XOHX� DQG� 9�� <HXQJ�� �(GV��� 3DHGLDWULF� GUXJ�
KDQGOLQJ�� &RUQZDOO�� 3KDUPDFHXWLFDO� 3UHVV��
SS���-���� 

 
%��� %D\RU�� 0�7��� $\HQVX��

*EHGHPD�� 6�<�� DQG� %RDWHQJ�� �������� 7KH�
FKDOOHQJHV� DQG� NQRZOHGJH� JDSV� LQ� PDODULD�
WKHUDS\�� $� VWDNHKROGHU� DSSURDFK� WR� LPSURY�
LQJ�RUDO�TXLQLQH�XVH�LQ�WKH�WUHDWPHQW�RI�FKLOG�
KRRG�PDODULD�LQ�*KDQD��

KWWSV���
GRL�RUJ����������������������� 

%UHLWNUHXW]�� �������� (XURSHDQ� 3HUVSHFWLYHV�
RQ� SDHGLDWULF� IRUPXODWLRQV�� &OLQLFDO� 7KHUD�
SHXWLFV�����������-������� 

 
%ULWLVK� 3KDUPDFRSRHLD�� �������� +HU� 0DMHVW\
V�
6WDWLRQHU\�2IILFH��/RQGRQ��8.�� 

 
&HFL�� $��� )HOLVL�� 0��� %DLDUGL�� 3��� %RQLID]L�� )���
&DWDSDQR�� 0��� *LDTXLQWR�� &�� 1LFRORVL�� $���
6WXUNHQERRP��0���1HXEHUW��$��DQG�:RQJ�����
�������� 0HGLFLQHV� IRU� FKLOGUHQ� OLFHQVHG� E\�
WKH� (XURSHDQ� 0HGLFLQHV� $JHQF\� �(0($���
WKH�EDODQFH�DIWHU����\HDUV��(XURSHDQ�-RXUQDO�
RI�&OLQLFDO�3KDUPDFRORJ\����������-������ 

 
'DYLV�� -�0��� &RQQRU�� (�0�� DQG� :RRG�� $�-�-���
�������� 7KH� QHHG� IRU� ULJRURXV� HYLGHQFH� RQ�
PHGLFDWLRQ� XVH� LQ� SUHWHUP� LQIDQWV�� ,V� LW� WLPH�
IRU�D�QHRQDWDO�UXOH"�7KH�-RXUQDO�RI�$PHULFDQ�
0HGLFDO�$VVRFLDWLRQ��������������-������ 

 
*LDP�� DQG�0F/DFKODQ��$�� -�� ��������([�
WHPSRUDQHRXV� SURGXFW� XVH� LQ� SDHGLDWULF� SD�
WLHQWV�� $� V\VWHPDWLF� UHYLHZ�� ,QWHUQDWLRQDO�
-RXUQDO�RI�3KDUPDF\�3UDFWLFH��������-���� 

 
+RGJHV��1�$����������0LFURELDO�FRQWDPLQDWLRQ��
VSRLODJH� DQG� SUHVHUYDWLRQ� RI� PHGLFLQHV�� ,Q��
0�(�� $XOWRQ�� �(G���� $XOWRQ
V� 3KDUPDFHXWLFV��
WKH�GHVLJQ�DQG�PDQXIDFWXUH�RI�PHGLFLQHV���UG�
HG��3KLODGHOSKLD��&KXUFKLOO�/LYLQJVWRQH��(OVH�
YLHU��SS�����-����� 

 
,QWHUQDWLRQDO� 3KDUPDFRSRHLD�� �������� (LJKWK��
(GLWLRQ��:RUOG�+HDOWK�2UJDQL]DWLRQ�� 

 
.$7+� �������� 'LUHFWRUDWH� RI� &KLOG� +HDOWK-
.$7+-.1867�606��.XPDVL��5HSRUW�������� 

 
0DUULRW��- )���:LOVRQ��.�$���/DQJOH\��&�$ DQG�
%HOFKHU�� '�� �������� 3KDUPDFHXWLFDO� FRP�
SRXQGLQJ� DQG� GLVSHQVLQJ�� �QG� HG�� /RQGRQ��
3KDUPDFHXWLFDO�3UHVV��SS��-����� 

 
1DKDWD�� 0�&��� 3DL�� 9�%��� DQG� +LSSOH�� 7�)��
�������� 3HGLDWULF� GUXJ� IRUPXODWLRQV�� �WK� HG��
5HY�� DQG� 5HSU�� &LQFLQQDWL�� 2KLR�� +DUYH\�
:KLWQH\�%RRNV�&R���SS����� 

 
3KDUPDFHXWLFDO� ,QVSHFWLRQ� &RQYHQWLRQ� ��������

*XLGH�WR�JRRG�SUDFWLFHV�IRU�WKH�SUHSDUD- 


