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$OWKRXJK� FHUWDLQ� FRPSRQHQWV� �VXFK� DV� GLDSKUDJPV� RU�EHDPV��DUH�XVHG�UHFXUUHQWO\� LQ�PLFURPHFKDQLFV�� WKH�GHJUHH�RI� VWDQGDUGL]DWLRQ�RI�FRPSRQHQWV� WKDW� LV� IDPLOLDU� LQ�FODVVLF�PHFKDQLFDO�HQJLQHHULQJ�LV�VWLOO�WR�D�JUHDW�H[WHQW�XQNQRZQ�LQ�WKLV�ILHOG��7KLV�LV�GXH�LQ�SDUW�WR�WKH�VFRSH�RI�0(06�IRU�LQ�WHJUDWLQJ� WKH� PHFKDQLFV� DQG� WKH� �HYDOXDWLRQ�� HOHFWURQLFV�WRJHWKHU�RQ�D�VLQJOH�FKLS��PRQROLWKLF�LQWHJUDWLRQ���7KLV�SDSHU�SUHVHQWV�D�IRUP�RI�VWDQGDUGL]DWLRQ�RI�PLFUR�PHFKDQLFDO� FRPSRQHQWV�� XVLQJ� PLFURPHFKDQLFDO� GLD�SKUDJPV� DV� DQ� LOOXVWUDWLRQ�� 7KLV� LQYROYHV� GHILQLQJ� YDULRXV�GLDSKUDJP�VL]HV�DQG�VKDSHV�DV�VWDQGDUG��DQG�DGDSWLQJ�WKHP�WR� LQGLYLGXDO� WDVNV� E\� PRGLI\LQJ� WKHP� ZLWK� VSHFLILF� DGGL�WLRQDO� HOHPHQWV�� 7KLV� PRGXODU� SULQFLSOH� SHUPLWV�VWDQGDUGL]DWLRQ�GHVSLWH�PRQROLWKLF�LQWHJUDWLRQ���.H\ZRUGV�� PLFURPHFKDQLFV�� GLDSKUDJP�� VWDQGDUGL]DWLRQ��ILQLWH�HOHPHQW�PHWKRG��)(0�FRPSXWDWLRQ�PHPEUDQH��
�� ,1752'8&7,21�

7KH� GHYHORSPHQW� RI� QHZ� PLFURPHFKDQLFDO� V\VWHPV��VXFK� DV� VHQVRUV�� IROORZV�D� IXQGDPHQWDOO\�GLIIHUHQW�SDWWHUQ�WR� WKH�GHYHORSPHQW�RI�FRPSRQHQWV�DQG�PDFKLQHV�LQ�FODVVLF�PHFKDQLFDO�HQJLQHHULQJ�RU�SUHFLVLRQ�PHFKDQLFV��%HVLGHV�WKH�RIW�SUHVHQWHG��QHZ��PDQXIDFWXULQJ�WHFKQRORJLHV�IRU�0LFUR�(OHFWUR�0HFKDQLFDO�6\VWHPV��0(06��>����������@��PDQ\�RI�ZKLFK� DUH� EDVHG� RQ� WKH� PLFURHOHFWURQLFV� PDQXIDFWXULQJ�SURFHVV�� WKH� DSSURDFK� WDNHQ� WR� DFWXDO� GHYHORSPHQW� DQG�GHVLJQ�ZRUN�LV�IXQGDPHQWDOO\�GLIIHUHQW��,Q� FODVVLF� PHFKDQLFDO� HQJLQHHULQJ�� GHVLJQ� ZRUN� LV�RXWOLQHG�SUHFLVHO\� LQ�9',�'LUHFWLYHV������DQG������>����@�DQG� VXEGLYLGHG� LQWR� IRXU� PDLQ� SKDVHV�� SODQQLQJ� ��FODULILFDWLRQ�� FRQFHSWLRQ�� GHVLJQ� DQG� GHYHORSPHQW�� $� NH\�FRPSRQHQW� RI� WKH� ODWWHU� WZR� SKDVHV� LV� WKH� QHHG� WR� FKHFN�FRPSRQHQWV� ZLWK� UHVSHFW� WR� WKHLU� VWDQGDUGL]DWLRQ� DQG��ZKHUHYHU� SRVVLEOH�� WR� XWLOL]H� VWDQGDUGL]HG� FRPSRQHQWV��FRQIRUPLQJ� WR�',1�,62�� >�@��$GYDQWDJHV� RI� VWDQGDUGL]HG�

FRPSRQHQWV� LQFOXGH�� HDVH� RI� UHSODFHPHQW�� ORZ� LQYHQWRU\�KROGLQJ�FRVWV��ORZHU�XQLW�SULFHV�GXH�WR�KLJK�YROXPHV�HWF��+RZHYHU�� VWDQGDUGL]DWLRQ� LV� VWLOO� WR� D� JUHDW� H[WHQW�XQNQRZQ� LQ� WKH� ILHOG� RI� PLFURPHFKDQLFV�� HYHQ� WKRXJK�FHUWDLQ�FRPSRQHQWV�DUH�XVHG� UHFXUUHQWO\� �H��J��GLDSKUDJPV��EHDPV�HWF����%HFDXVH�RI�WKLV��GHVLJQHUV�RI�QHZ�FRPSRQHQWV�DUH� XQDEOH� WR� GUDZ� RQ� SDVW� H[SHULHQFH� DQG�� IRU� LQVWDQFH��REWDLQ� GLUHFW� DFFHVV� WR� PLFURPHFKDQLFDO� FRPSRQHQWV� ZLWK�NQRZQ� GDWD� DQG� NQRZQ� FKDUDFWHULVWLFV� YLD� D� VXLWDEOH�&$'�V\VWHP� GXULQJ� WKH� GHVLJQ� SURFHVV�� 7KH� FRPSRQHQW�GLPHQVLRQV� DQG� WKH� DVVRFLDWHG� GXUDELOLW\� FDOFXODWLRQV�WKHUHIRUH�KDYH�WR�EH�UHGHILQHG�IRU�HDFK�FRPSRQHQW��ZKHWKHU�E\� FRPSXWDWLRQ� �H�� J�� XVLQJ� WKH� )LQLWH� (OHPHQW� 0HWKRG� ��)(0��RU�E\�SHUIRUPLQJ�FRPSOH[�H[SHULPHQWV��2Q� WKH�RWKHU�KDQG��0(06� LQ�SDUWLFXODU�GR�QRW�� DW� ILUVW�JODQFH�� DSSHDU� WR� EH� HDV\� WR� VWDQGDUGL]H� EHFDXVH� RI� WKH�GHVLUH� IRU�PRQROLWKLF� LQWHJUDWLRQ� RI� WKH�PHFKDQLFV� DQG� WKH��HYDOXDWLRQ��HOHFWURQLFV�RQ�D�FKLS��6FRSH� IRU� LQWURGXFLQJ� VWDQGDUGV� IRU� PLFURPHFKDQLFDO�FRPSRQHQWV� ZDV� LQYHVWLJDWHG� GXULQJ� WKH� FRXUVH� RI� D�UHVHDUFK�SURMHFW�FRQGXFWHG�LQ�*5.������7KH�UHVXOWV�ZLOO�EH�SUHVHQWHG�KHUH�LQ�D�FDVH�VWXG\�RI�WKH�GLDSKUDJP�FRPSRQHQW���
�� 6(1625�&21&(37�

&RPPRQ�DUHDV�RI�DSSOLFDWLRQ� IRU�PLFURPHFKDQLFDO�GLD�SKUDJPV� LQFOXGH� SUHVVXUH� PHDVXUHPHQWV�� +RZHYHU�� DV� WKH�GHVLUHG�SUHVVXUH�UDQJHV�YDU\�FRQVLGHUDEO\�GHSHQGLQJ�RQ�WKH�DSSOLFDWLRQ� DQG� WKH� SUHVVXUH� VHQVRUV� FRQVHTXHQWO\� QHHG� WR�EH�UHGHVLJQHG�IRU�HDFK�QHZ�DSSOLFDWLRQ��WKLV�FRPSRQHQW�LV�D�VXLWDEOH� UHVHDUFK� VXEMHFW�� 7KH� REMHFWLYH� LV� WR� GHYHORS� D�SUHVVXUH�VHQVRU�FRQVLVWLQJ�RI�VWDQGDUGL]HG�PLFURPHFKDQLFDO�FRPSRQHQWV�DQG�ZLWK�DQ�RYHUDOO�PRGXODU�GHVLJQ���6XFK�D�VHQVRU�LGHDOO\�FRQVLVWV�RI�D�EDVLF�HOHPHQW�ZKLFK�FRQWDLQV�D�SUHVVXUH�GLDSKUDJP�DQG� WKH�HYDOXDWLRQ�HOHFWURQ�LFV��7KH�VFKHPDWLF�VWUXFWXUH�LV�VKRZQ�LQ�)LJXUH����7KH�WHFK�QLFDO� SURGXFWLRQ� RI� D� EDVLF� HOHPHQW� RI� WKLV� W\SH� LV� ZHOO�NQRZQ�DQG� LV� SUDFWLVHG� LQ� WKH� FDVH�RI� WKH�SUHVVXUH� VHQVRUV�WKDW�DUH�QRZ�EHLQJ�PDQXIDFWXUHG�RQ�DQ�LQGXVWULDO�VFDOH��2Q�WKH�RWKHU�KDQG�� LW� LV�D�QHZ�IHDWXUH� WR�FRQFHQWUDWH�RQ�D�OLP�LWHG� QXPEHU� RI� EDVLF� HOHPHQWV� ZLWK� YDULRXV� GLDPHWHUV� RI�



GLDSKUDJP��7KLV�SHUPLWV�ODUJH�EDWFKHV�RI�WKH�EDVLF�PRGXOH��DQG�LQ�WXUQ�KDV�D�EHQHILFLDO�HIIHFW�RQ�WKH�LWHP�SULFHV�RI�WKH�PRGXOHV�DQG�WKHUHIRUH�RQ�WKH�RYHUDOO�FRVW�RI�WKH�VHQVRU����

)LJXUH����EDVLF�HOHPHQW�RI�D�SUHVVXUH�VHQVRU���,I� D� VHQVRU� LV� UHTXLUHG� ZLWK� FKDUDFWHULVWLFV� WKDW� FDQQRW�LPPHGLDWHO\� EH� VDWLVILHG� E\� WKH� OLPLWHG� QXPEHU� RI� EDVLF�HOHPHQWV�� WKH� EDVLF� HOHPHQW� LV� VXSSOHPHQWHG� ZLWK� SDUWV�IURP� D� �WRRONLW�� XQWLO� WKH� GHVLUHG� SURSHUWLHV� DUH� DFKLHYHG�ZLWK�VXIILFLHQW�DFFXUDF\��7KH�ZD\�WKHVH�PRGXODU�DGGLWLRQDO�HOHPHQWV�LQWHUDFW�ZLWK�WKH�EDVLF�HOHPHQW�LV�NQRZQ��,Q� WKH� FDVH�RI� WKH�SUHVVXUH� VHQVRU��PRGLILFDWLRQ� FDQ�EH�SHUIRUPHG� VWUDLJKWIRUZDUGO\� E\� LQFRUSRUDWLQJ� VSDFHUV�ZKLFK� SDUWO\� RU� IXOO\� VXSSRUW� WKH� GLDSKUDJP� DQG� WKXV� LQ�FUHDVH� WKH� UHVLVWDQFH� RI� WKH� GLDSKUDJP� H�J�� WR�KLJKHU� SUHV�VXUHV��7KLV�W\SH�RI�PRGLILFDWLRQ�LV�VKRZQ�LQ�)LJXUH�����

�)LJXUH����SUHVVXUH�VHQVRU�FRQVLVWLQJ�RI�WKH�EDVLF�HOHPHQW�PRGLILHG�ZLWK�DQ�DGGLWLRQDO�HOHPHQW���'HSHQGLQJ�RQ� WKH�DSSOLFDWLRQ��YDULRXV�IRUPV�RI�VSDFHUV�DUH�FRQFHLYDEOH��7KHVH�DUH�VKRZQ�LQ�)LJXUH����)LJXUH��D�LV�D�SODWH� RI� FRQVWDQW� WKLFNQHVV�� VXSSRUWLQJ� WKH� GLDSKUDJP�DFURVV� LWV� IXOO� VXUIDFH� �WKH� GLDSKUDJP� WKLFNQHVV� LV� LQ�FUHDVHG��� WKXV� PDNLQJ� WKH� EDVLF� HOHPHQW� DOVR� VXLWDEOH� IRU�KLJKHU� SUHVVXUHV�� )LJXUH� �E� UHGXFHV� WKH� HIIHFWLYH� UDGLXV�RI�WKH�GLDSKUDJP�DQG�VHUYHV�WKH�VDPH�SXUSRVH�DV�WKH�VSDFHU�LQ�)LJXUH��D�� ,Q�)LJXUHV��F�DQG��G�� WKH�HQWLUH�GLDSKUDJP�VXU�IDFH� LV� DYDLODEOH� DW� ORZ�SUHVVXUH�� EXW�DW�KLJKHU�SUHVVXUHV�±�ZKHUH� WKH� FXUYDWXUH� RI� WKH� GLDSKUDJP� LV� FRUUHVSRQGLQJO\�KLJKHU��� WKH�GLDSKUDJP�UHVWV�DJDLQVW�WKH�VSDFHU��WKXV�UHGXF�LQJ�WKH�HIIHFWLYH�DUHD�RI�WKH�GLDSKUDJP��$W�ORZ�SUHVVXUH��WKH�VHQVRU� LV� WKXV� DEOH� WR� GHWHFW� HYHQ� VOLJKW� IOXFWXDWLRQV� LQ� WKH�SUHVVXUH� WKDQNV� WR� WKH� ODUJH� DUHD� RI� WKH� GLDSKUDJP�� EXW� LV�

DOVR�DEOH�WR�PHDVXUH�KLJKHU�SUHVVXUHV��DOEHLW�ZLWK�D�VOLJKWO\�ORZHU�UHVROXWLRQ����

�)LJXUH����YDULRXV�IRUPV�RI�VSDFHUV�IRU�DGDSWLQJ�WKH�GLD�SKUDJP�WR�VSHFLDO�DSSOLFDWLRQ�FRQGLWLRQV���
�� &20387$7,21�81'�6,08/$7,21�
,Q�RUGHU�WR�DGDSW�WKH�EDVLF�HOHPHQW�H[DFWO\�WR�WKH�GHVLUHG�WDVN�E\�PHDQV�RI�WKH�VSDFHU��LW�LV�QHFHVVDU\�WR�NQRZ�KRZ�WKH�LQGLYLGXDO�HOHPHQWV� LQWHUDFW�ZLWK� WKH�EDVLF�HOHPHQW��$V� WKH�FXUYDWXUH�RI� WKH�GLDSKUDJP�GHSHQGV�RQ� WKH�SUHVVXUH�DFWLQJ�RQ�LW��WKH�SUHVVXUH�FDQ�EH�GHWHUPLQHG�E\�WKH�FXUYDWXUH��H�J��FDSDFLWLYHO\���)RU� WKLV� UHDVRQ�� RQO\� WKH�FXUYDWXUHV�DQG�GLD�SKUDJP� WHQVLRQV� DUH� FRQVLGHUHG� LQ� WKH� IROORZLQJ� FRPSXWD�WLRQV�DQG�VLPXODWLRQV��

���� %DVLF�HOHPHQW��DQDO\WLFDO�FRPSXWDWLRQ��
'XH�WR�WKH�SURSHUWLHV�RI�WKH�GLDSKUDJP��ZKLFK�LV�PDQX�IDFWXUHG� IURP� D� SLHFH� RI� VLOLFRQ� ZDIHU� H�J�� E\� DQLVRWURSLF�HWFKLQJ�� WKH� FXUYDWXUH� RI� D� GLDSKUDJP� FDQ� EH� GHWHUPLQHG�DQDO\WLFDOO\�XVLQJ�.LUFKKRII
V�HTXDWLRQ����

.
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� ZKHUH��  � /DSODFH�RSHUDWRU�Z��  �� &XUYDWXUH�S��  �� 3UHVVXUH�.��  �� )OH[XUDO�VWUHQJWK��7KH�HTXDWLRQ�IRU�WKH�HODVWLF�OLQH�RI�D�FLUFXODU�GLDSKUDJP�LV�WKXV���
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� ZKHUH�5�LV�WKH�UDGLXV�RI�WKH�GLDSKUDJP�DQG�U�WKH�UDGLXV�DW�WKH�SRLQW�WR�EH�LQYHVWLJDWHG��7KH� PD[LPXP� FXUYDWXUH�� ZKLFK� LV� WR� EH� IRXQG� DW� WKH�FHQWUH�RI�WKH�GLDSKUDJP��U ����FDQ�EH�GHWHUPLQHG�DV�IROORZV�IURP�������
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�
���� %DVLF�HOHPHQW��)(0�FRPSXWDWLRQ��

7KH�DQDO\WLFDO�FDOFXODWLRQ�LV�QRZ�YHULILHG�ZLWK�WKH�DLG�RI�ILQLWH�HOHPHQW� VLPXODWLRQ� �)(0��� 9HUVLRQ� ���� RI� WKH�$16<6�SURJUDP�LV�XVHG�IRU�WKLV�SXUSRVH����

�)LJXUH�����'LPHQVLRQ�RI�WKH�GLDSKUDJP�XVHG�IRU�)(0�VLPX�ODWLRQ��

� )LJXUH����)(0�FRPSXWDWLRQ�RI�D�EDVLF�HOHPHQW���GLVSODFHPHQW���PP���

�$Q� DYHUDJH� PRGXOXV� RI� HODVWLFLW\� RI� ���
����� 1�P�� LV�DVVXPHG�IRU�SRO\VLOLFRQ��WKH�GLUHFWLRQDOO\�GHSHQGHQW�PRGXOL�RI� HODVWLFLW\� IRU�PRQRFU\VWDOOLQH� VLOLFRQ� FDQ� EH�GHWHUPLQHG�IURP�WKH�PDWUL[�RI�FRHIILFLHQWV�RI�HODVWLFLW\�>�@��7KH�YDOXHV�IRU� WKH� PRGXOL� RI� HODVWLFLW\� WKHQ� IOXFWXDWH� IURP� ����
�����1�P�� LQ� WKH� ������ SODQH�� WKURXJK� ����
����� 1�P�� LQ� WKH�������SODQH��WR�����
�����1�P��LQ�WKH�������SODQH���7KH� FRPSXWDWLRQ� UHVXOWV� RI� WKH� DQDO\WLFDO� FRPSXWDWLRQV�SHUIRUPHG� WR�YHULI\� WKH�)(0�PRGHO� DJUHH�ZLWK� WKH� UHVXOWV�RI� WKH� )(0� FRPSXWDWLRQV� LQ� HYHU\� FDVH� FRQVLGHUHG�� 2QH�H[DPSOH� RI� DQ� )(0� FRPSXWDWLRQ� RI� D� EDVLF� HOHPHQW� LV�VKRZQ�LQ�)LJXUHV���DQG�����
���� &RPSOHWH�HOHPHQW��)(0�FRPSXWDWLRQ��

)(0� FRPSXWDWLRQ� RI� WKH� FRPSOHWH� HOHPHQW� �L�H�� EDVLF�HOHPHQW�SOXV�VSDFHU��LV�EDUHO\�SRVVLEOH�E\�DQDO\WLFDO�PHDQV�LQ�YLHZ�RI�WKH�JHRPHWULFDO�FRPSOH[LW\��7KHVH�FRPSXWDWLRQV�DUH� WKHUHIRUH� FRQGXFWHG� H[FOXVLYHO\� E\� PHDQV� RI� WKH� )(�PHWKRG�� ,Q� WKH� FDVH� RI� WKH� FRPELQDWLRQV� LQ� )LJXUH� �D� DQG��E�� WKH� FRPSXWDWLRQ� LV� UHODWLYHO\� VLPSOH� WR� KDQGOH�� DV� WKH�PRGHO� IURP� FKDSWHU� ���� LV� XVHG� DQG� HODERUDWHG� RQ�� 7KH�FRPELQDWLRQV��F�DQG��G��RQ�WKH�RWKHU�KDQG��UHSUHVHQW�D�FRQ�WDFW� SUREOHP�� DV� WKH� GLDSKUDJP� LQLWLDOO\�PDNHV� QR� FRQWDFW�ZLWK� WKH�VSDFHU��EXW� WKHQ�PRYHV�XS�DJDLQVW� LW�XQGHU� WKH� LQ�IOXHQFH�RI�SUHVVXUH���7KHVH� FRQWDFW� SUREOHPV� QHFHVVLWDWH� RQ� WKH� RQH� KDQG�JUHDWHU� DWWHQWLRQ� GXULQJ� FUHDWLRQ� RI� WKH� JHRPHWU\�� DQG� RQ�WKH� RWKHU� KDQG� VLJQLILFDQWO\� PRUH� FRPSXWLQJ� ZRUN� DQG�WKHUHIRUH� FRPSXWLQJ� WLPH�� 7KHVH� FRQWDFW� SUREOHPV� FDQ��KRZHYHU�� OLNHZLVH� EH� FRPSXWHG� ZLWK� $16<6�� )LJXUH� ��VKRZV�DQ�$16<6�FRPSXWDWLRQ�IRU�FDVH��F���7KH�IROORZLQJ�SUHVVXUH�FXUYDWXUH�GLDJUDP�VKRZV�WKH�UH�VXOWV� RI� WKH� FRPSXWDWLRQV�� 7KLV� DOORZV� WKH� UHVXOWV� WR� EH�PDGH�DYDLODEOH�LQ�D�VLPSOH�IRUP�WR�WKH�VHQVRU�GHVLJQHU��,I�D�FXUYH�PDWFKHV� WKH�GHVLUHG�FKDUDFWHULVWLF�� WKH�FRUUHVSRQGLQJ�VSDFHU�LV�XVHG�DQG�WKH�VHQVRU�DVVHPEOHG�RQ�D�PRGXODU�EDVLV����������������
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�� &21&/86,21�$1'�287/22.�
7KH� SURFHGXUH� GHVFULEHG� LQ� WKLV� SDSHU�PHDQV� WKDW� LW� LV�QRZ� SRVVLEOH� LQ� PLFURV\VWHPV� WHFKQRORJ\� WR� SXW� WRJHWKHU�FRPSRQHQWV� �LQ� WKLV� FDVH� VHQVRUV�� IURP� D�PRGXODU� WRRONLW��DORQJ�WKH�OLQHV�FXVWRPDULO\�XVHG�LQ�PHFKDQLFDO�HQJLQHHULQJ��H�J�� ZKHQ� VHOHFWLQJ� EHDULQJV��� DQG� WR� DGDSW� WKHP� WR� WKH�GHVLUHG�UHTXLUHPHQWV�� ,Q�YLHZ�RI� WKH� ODUJH�QXPEHU�RI�FRP�PRQ� SDUWV�� ORZ�FRVW� SURGXFWLRQ� RI� WKH� FRPSRQHQWV� LV� DV�VXUHG� DQG� WKH� H[WHQW� RI� FRPSXWDWLRQV� DQG� VLPXODWLRQV� UH�TXLUHG�IRU�WKH�GHVLJQ�SURFHVV�LV�PLQLPL]HG��DV�WKH�FRPSXWD�WLRQV�GR�QRW�DOZD\V�QHHG�WR�EH�SHUIRUPHG�DIUHVK�DQG�H[LVW�LQJ� UHVXOWV�� WDEOHV� DQG�GLDJUDPV� FDQ�EH�XVHG��7KLV� IRUP�RI�VWDQGDUGL]DWLRQ�WKHUHIRUH�IDFLOLWDWHV�ZRUNLQJ�ZLWK�PLFURV\V�WHPV�WHFKQRORJ\�FRPSRQHQWV�IRU�WKH�GHVLJQHU��)XWXUH� GHYHORSPHQWV� LQFOXGH� FRQVLGHULQJ� ZKHWKHU� WKH�IRUP� RI� VWDQGDUGL]DWLRQ� SUHVHQWHG� FDQ� EH� WUDQVIHUUHG� WR�RWKHU� FRPSRQHQWV� LQ�PLFURV\VWHPV� WHFKQRORJ\� LQ� D� VLPLODU�ZD\��&RXOG�WKHUH�IRU�LQVWDQFH�EH�RWKHU�VFRSH�IRU�VWDQGDUGL�]DWLRQ�RI�RWKHU�FRPSRQHQWV�LQ�PLFURV\VWHPV�WHFKQRORJ\"�

5()(5(1&(6�
�>�@�� (��:HLVV���6WDQG�GHU�0LNURPHFKDQLN������>6LWXD�WLRQ�DV�UHJDUGV�0LFURPHFKDQLFV� LQ�����@���SUHVHQWDWLRQ� LQ�*5.�����������������
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