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$EVWUDFW²�3ULPDU\�UHTXLUHPHQWV�RI�ZLUHOHVV�PXOWLPHGLD�

KDQGKHOG� FRPSXWHUV� DUH� KLJK�SHUIRUPDQFH�� IOH[LELOLW\��
HQHUJ\�HIILFLHQF\� DQG� ORZ� FRVWV�� ,Q� WKLV� SDSHU� DQ� LQWHJUDO�
DSSURDFK� WR� WDFNOH� WKHVH� FRQWUDGLFWLQJ� UHTXLUHPHQWV� LV�
RXWOLQHG��$�6\VWHP�RQ�&KLS��6R&��WHPSODWH�WKDW�FRPSULVHV�
KHWHURJHQHRXV� SURFHVVLQJ� WLOHV� LV� SURSRVHG�� 7KLV� 6R&�
WHPSODWH�RIIHUV�D�EDODQFH�EHWZHHQ�IOH[LELOLW\��HIILFLHQF\�DQG�
SHUIRUPDQFH��7KH�FRDUVH�JUDLQHG�UHFRQILJXUDEOH�0RQWLXP�
SURFHVVLQJ�WLOH�LV�LQWURGXFHG��7KH�LPSOHPHQWDWLRQ�RI�D�&���
FRPSLOHU� IRU� WKH� 0RQWLXP� LV� DOVR� GLVFXVVHG�� +LJK�OHYHO�
ODQJXDJH�FRPSLOHUV�DUH�FUXFLDO�IRU�WKH�HFRQRPLF�YLDELOLW\�RI�
D� UHFRQILJXUDEOH� DUFKLWHFWXUH�� VLQFH� WKH\� DFFHOHUDWH�
SURGXFW�GHYHORSPHQW�DQG�WKXV�VDYH�FRVWV��6RIWZDUH�GHILQHG�
UDGLR� LV�XVHG�DV� D� VDPSOH�DSSOLFDWLRQ� IRU� WKH�G\QDPLFDOO\�
UHFRQILJXUDEOH� 0RQWLXP� SURFHVVLQJ� WLOHV�� 7KH� VDPH�
KDUGZDUH� FDQ� EH� XVHG� WR� LPSOHPHQW� WKH� EDVHEDQG�
SURFHVVLQJ�RI�ERWK�D�+LSHU/$1���DQG�D�%OXHWRRWK�UHFHLYHU��
7KH� LQKHUHQW� RYHUKHDG� RI� UHFRQILJXUDEOH� DUFKLWHFWXUHV�
FRPSDUHG� WR� GHGLFDWHG� DUFKLWHFWXUHV� LV� DPRUWL]HG� E\� WKH�
EHQHILWV�RI�IOH[LELOLW\��
�

.H\ZRUGV²�G\QDPLF�UHFRQILJXUDWLRQ��HQHUJ\�HIILFLHQF\��
6\VWHP�RQ�&KLS�
�

,�� ,1752'8&7,21�
)XWXUH� ZLUHOHVV� WHUPLQDOV� PXVW� PHHW� VHYHUDO� �RIWHQ�

FRQIOLFWLQJ�� UHTXLUHPHQWV�� KLJK� SHUIRUPDQFH�� JRRG�
HQHUJ\�HIILFLHQF\��KLJK�IOH[LELOLW\��VXSSRUW�IRU�4XDOLW\�RI�
6HUYLFH� �4R6��� VPDOO� VL]H�� DQG� ORZ� FRVW�� ,Q� DGGLWLRQ� WR�
WKDW�� WKH� WLPH� WR� PDUNHW� LV� D� FUXFLDO� IDFWRU�� 7KLV� SDSHU�
DGGUHVVHV� WKH� GHVLJQ� RI� D� UHFRQILJXUDEOH� SODWIRUP� IRU�
ZLUHOHVV� PXOWLPHGLD� FRPPXQLFDWLRQ� ZLWKLQ� WKH�
&hameleon� SURMHFW� >��@�� 7KH� IOH[LELOLW\� RIIHUHG� E\� WKLV�
SODWIRUP� DOORZV� XSJUDGLQJ� WKH� V\VWHP� ZLWK� QHZ� RU�
HQKDQFHG� DSSOLFDWLRQV� RU� VWDQGDUGV� DQG� HQDEOHV� WKH�
V\VWHP� WR� DGDSW�G\QDPLFDOO\� WR�FKDQJLQJ�HQYLURQPHQWDO�
FRQGLWLRQV��

5HFRQILJXUDEOH� V\VWHPV� RIIHU� WKH� IOH[LELOLW\� DQG�
DGDSWDELOLW\� QHHGHG� IRU� IXWXUH� 4R6� EDVHG� V\VWHPV��
5HFRQILJXUDEOH�FRPSXWLQJ�FDQ�HQKDQFH�WKH�HIILFLHQF\�RI�
WKHVH�V\VWHPV��GRLQJ�PRUH�ZRUN�ZLWK�WKH�VDPH�DPRXQW�RI�
UHVRXUFHV��5HFRQILJXUDELOLW\�UHGXFHV�ULVNV��WKHVH�V\VWHPV�
FDQ�DGDSW� WR�VWDQGDUGV�WKDW�PD\�FKDQJH�GXULQJ�DQG�DIWHU�
SURGXFW� GHYHORSPHQW� DQG� WKH� WLPH� WR� PDUNHW� FDQ� EH�
VKRUWHQHG��,W�ZLOO�HQDEOH�V\VWHPV�ZLWK�WUXH�PXOWL�VWDQGDUG�
FDSDELOLW\� WKDW� H[WHQGV� WKH� SURGXFW¶V� OLIH� F\FOH��:KHQ� D�
JRRG�DUFKLWHFWXUH�LV�FKRVHQ�DW�GHVLJQ�WLPH�� LW� LV�SRVVLEOH�
WR� HQKDQFH� WKH� V\VWHP� ODWHU� IRU� DSSOLFDWLRQV� WKH� V\VWHP�
ZDV�QRW�RULJLQDOO\�GHVLJQHG�IRU��
:H� H[SHFW� WKDW� WKH� FRPELQDWLRQ� RI� KLJK�OHYHO� GHVLJQ�

WRROV� DQG� UHFRQILJXUDEOH� KDUGZDUH� DUFKLWHFWXUHV� ZLOO�
HQDEOH�GHVLJQHUV�WR�GHYHORS�KLJKO\�IOH[LEOH��HIILFLHQW�DQG�
DGDSWLYH� V\VWHPV�DQG�DSSOLFDWLRQV� IRU� IXWXUH�PXOWLPHGLD�
WHUPLQDOV�� 3HUIRUPDQFH� DQG� SRZHU� FRQVXPSWLRQ� ZLOO�
LPSURYH� E\� DSSO\LQJ� G\QDPLFDOO\� UHFRQILJXUDEOH�
�KHWHURJHQHRXV�� DUFKLWHFWXUHV�� ,Q� WKLV� DSSURDFK�
DSSOLFDWLRQ�VSHFLILF� FKLS�GHVLJQ� LV� UHSODFHG� E\� G\QDPLF�
UHFRQILJXUDWLRQ�DQG�UHSURJUDPPLQJ���
,Q� WKH�&KDPHOHRQ� SURMHFW�ZH� GHILQHG� DQ� DUFKLWHFWXUDO�

WHPSODWH�IRU�D�KHWHURJHQHRXV�6R&�IRU�PRELOH�FRPSXWLQJ��
$� VDPSOH� &KDPHOHRQ� DUFKLWHFWXUH� LV� JLYHQ� LQ� )LJXUH� ���
6XFK� D� KHWHURJHQHRXV� 6R&� FRPELQHV� SHUIRUPDQFH��
IOH[LELOLW\� DQG� HQHUJ\�HIILFLHQF\�� ,Q� WKH� WHPSODWH� IRXU�
SURFHVVRU�W\SHV�DUH�GLVWLQJXLVKHG��
�

• JHQHUDO�SXUSRVH�±�L�H��JHQHUDO�SXUSRVH�
SURFHVVRUV�DQG�GLJLWDO�VLJQDO�SURFHVVRUV��

• ILQH�JUDLQHG�UHFRQILJXUDEOH�±�L�H��)3*$V��
• FRDUVH�JUDLQHG�UHFRQILJXUDEOH�±�H�J��0RQWLXP�

WLOHV��VHH�EHORZ��DQG�
• DSSOLFDWLRQ�VSHFLILF�±�L�H��$6,&V��

�

)OH[LELOLW\�RI�WKH�0RQWLXP�:RUG�/HYHO�
5HFRQILJXUDEOH�3URFHVVLQJ�7LOH�

3DXO�0��+H\VWHUV��*HUDUG�-�0��6PLW��%HUW�0ROHQNDPS��*HUDUG�.��5DXZHUGD�
8QLYHUVLW\�RI�7ZHQWH���(OHFWULFDO�(QJLQHHULQJ��0DWKHPDWLFV�DQG�&RPSXWHU�6FLHQFH�

3�2��%R[�����������$(�(QVFKHGH��7KH�1HWKHUODQGV�
3KRQH���������������������)D[���������������������

(�PDLO��S�P�KH\VWHUV#XWZHQWH�QO 
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)LJXUH���7KH�&KDPHOHRQ�6R&�WHPSODWH��

7KH� SURJUDPPDELOLW\� RI� WKH� DUFKLWHFWXUH� HQDEOHV� WKH�
V\VWHP�WR�EH�WDUJHWHG�DW�PXOWLSOH�DSSOLFDWLRQV��$FKLHYLQJ�
D� KLJK� FORFN� VSHHG� LV� QRW� D� SULPDU\� JRDO� IRU� HQHUJ\�
HIILFLHQW� DUFKLWHFWXUHV�� ,QVWHDG�� PDVVLYH� SDUDOOHOLVP� LV�
XVHG�WR�DFKLHYH�D�KLJK�SHUIRUPDQFH��

,,�� 5(/$7('�:25.�
%RWK� DFDGHP\� DQG� LQGXVWU\� VKRZ� LQWHUHVW� LQ� FRDUVH�

JUDLQHG� UHFRQILJXUDEOH� DUFKLWHFWXUHV�� 7KH� 3OHLDGHV�
SURMHFW� DW� 8&� %HUNHOH\� >�@� IRFXVHV� RQ� DQ� DUFKLWHFWXUDO�
WHPSODWH� IRU� XOWUD� ORZ�SRZHU� KLJK�SHUIRUPDQFH�
PXOWLPHGLD� FRPSXWLQJ�� ,Q� WKH� 3OHLDGHV� DUFKLWHFWXUH�
WHPSODWH�D�JHQHUDO�SXUSRVH�PLFURSURFHVVRU�LV�VXUURXQGHG�
E\�D�KHWHURJHQHRXV�DUUD\�RI�DXWRQRPRXV��VSHFLDO�SXUSRVH�
VDWHOOLWH� SURFHVVRUV�� 7KH� 3OHLDGHV� 6R&� GHVLJQ�
PHWKRGRORJ\� DVVXPHV� D� �YHU\�� VSHFLILF� DOJRULWKP�
GRPDLQ�� $� SURFHVVRU� IRU� VSHHFK� FRGLQJ� DSSOLFDWLRQV��
FDOOHG�0DLD��ZDV�GHVLJQHG�XVLQJ�WKH�3OHLDGHV�DUFKLWHFWXUH�
WHPSODWH�� 4XLFNVLOYHU¶V� DGDSWLYH� FRPSXWLQJ� PDFKLQH�
�$&0��>�@�WHFKQRORJ\�LV�LQWHQGHG�IRU�ORZ�SRZHU�PRELOH�
GHYLFHV�� 7KHLU� NH\� REVHUYDWLRQ� LV� WKDW� DOJRULWKPV� DUH�
KHWHURJHQHRXV� E\� QDWXUH�� 7KH� DUFKLWHFWXUH� RI� WKH� $&0�
FRPSULVHV�KHWHURJHQHRXV�QRGHV�RI�GLIIHUHQW�JUDQXODULWLHV��
7KH� H[WUHPH� SURFHVVRU� SODWIRUP� �;33�� RI� 3$&7� >�@� LV�
EDVHG� RQ� FOXVWHUV� RI� FRDUVH�JUDLQHG� SURFHVVLQJ� DUUD\�
HOHPHQWV� �3$(V���ZKLFK� LV�HLWKHU�DQ�$/8�RU�D�PHPRU\��
$FWXDO� 3$(V� DUH� WDLORUHG� WR� WKH� DOJRULWKP� GRPDLQ� RI� D�
SDUWLFXODU�;33�SURFHVVRU��

,,,�� 7+(�0217,80�$5&+,7(&785(�
7KH� 0RQWLXP� ±� D� GHVFHQGHQW� RI� WKH� )LHOG�

3URJUDPPDEOH� )XQFWLRQ� $UUD\� >�@>��@>��@� ±� WDUJHWV� WKH�
���ELW�GLJLWDO�VLJQDO�SURFHVVLQJ��'63��DOJRULWKP�GRPDLQ��
$� VLQJOH�0RQWLXP� WLOH� LV� GHSLFWHG� LQ� )LJXUH� ��� $W� ILUVW�
JODQFH�WKH�0RQWLXP�DUFKLWHFWXUH�EHDUV�D�UHVHPEODQFH�WR�D�
9/,:� SURFHVVRU�� +RZHYHU�� WKH� FRQWURO� VWUXFWXUH� RI� WKH�
0RQWLXP� LV�YHU\�GLIIHUHQW��)RU� �HQHUJ\���HIILFLHQF\� LW� LV�
LPSHUDWLYH�WR�PLQLPL]H�WKH�FRQWURO�RYHUKHDG��7KLV�FDQ�EH�
DFFRPSOLVKHG� E\� VWDWLFDOO\� VFKHGXOLQJ� LQVWUXFWLRQV� DV�
PXFK�DV�SRVVLEOH�RQ�FRPSLOH�WLPH��

�
)LJXUH����7KH�0RQWLXP�SURFHVVLQJ�WLOH��

$�0RQWLXP�SURFHVVLQJ�WLOH�LV�GHSLFWHG�LQ�)LJXUH����7KH�
ORZHU� SDUW� RI� WKH� ILJXUH� VKRZV� WKH� &RPPXQLFDWLRQ� DQG�
&RQILJXUDWLRQ�8QLW� �&&8��DQG�WKH�XSSHU�SDUW�VKRZV�WKH�
UHFRQILJXUDEOH� 7LOH� 3URFHVVRU� �73��� 7KH� 73� LV� WKH�
FRPSXWLQJ� SDUW� WKDW� FDQ� EH� FRQILJXUHG� WR� LPSOHPHQW� D�
SDUWLFXODU�DOJRULWKP��
$�� &RPPXQLFDWLRQ�DQG�&RQILJXUDWLRQ�8QLW�
7KH� &&8� LPSOHPHQWV� WKH� LQWHUIDFH� IRU� RII�WLOH�

FRPPXQLFDWLRQ�� 7KH� GHILQLWLRQ� RI� WKH� RII�WLOH� LQWHUIDFH�
GHSHQGV� RQ� WKH� LQWHUFRQQHFW� WHFKQRORJ\� WKDW� LV� XVHG� LQ�
WKH�6R&��,W�LV�YHU\�ZHOO�SRVVLEOH�WKDW�WKH�73�KDV�LWV�RZQ�
FORFN� GRPDLQ� DQG� WKDW� WKH� &&8� QHHGV� WR� SURYLGH�
V\QFKURQL]DWLRQ�EHWZHHQ�WKH�FORFN�GRPDLQV��7KH�RQ�FKLS�
FRPPXQLFDWLRQ�QHWZRUN�IRU�RXU�H[SHULPHQWDO�6R&�LV�VWLOO�
VXEMHFW� RI� VWXG\�� &XUUHQWO\� ZH� KDYH� DQ� )3*$�EDVHG�
&&8�SURWRW\SH� WKDW�PLPLFV� D� VWDQGDUG�65$0� LQWHUIDFH�
>��@��1RWH�WKDW�WKLV�LQWHUIDFH�ZDV�VROHO\�FKRVHQ�IRU�TXLFN�
YHULILFDWLRQ�RI�FRQFHSWV���
7KH� WDVNV� RI� WKH� &&8� DUH� EHVW� LOOXVWUDWHG� E\� DQ�

H[DPSOH�� 6XSSRVH� WKDW� D� 0RQWLXP� 73� LV� WR� SHUIRUP� D�
SDUWLFXODU� DOJRULWKP�� )LUVW�� D� UHPRWH� FRQILJXUDWLRQ�
PDQDJHU� VHQGV� D� FRQILJXUDWLRQ� ELQDU\� WKDW� LPSOHPHQWV�
WKH� DOJRULWKP� WR� WKH�&&8��7KH�&&8�XVHV� WKH� ELQDU\� WR�
FRQILJXUH� WKH�73�� ,W�PD\�HYHQ�QHHG� WR� UHFRQILJXUH�SDUWV�
RI� LWVHOI� LI� WKHUH� LV� FRQILJXUDWLRQ� LQIRUPDWLRQ� UHJDUGLQJ�
FRPPXQLFDWLRQ��7KH�&&8�DOVR� UHFHLYHV� LQSXW�GDWD� IURP�
WKH� FRQWUROOHU�� 7KH� &&8� XVHV� GLUHFW� PHPRU\� DFFHVV� WR�
ZULWH�WKLV�GDWD�LQWR�WKH�ORFDO�PHPRULHV�RI�WKH�73��7KH�73�
LV�QRZ�FRQILJXUHG�DQG�WKH�LQSXW�GDWD�LV�VWRUHG�LQ�LWV�ORFDO�
PHPRULHV��7KH�&&8�VLJQDOV�WKH�VHTXHQFHU�RI�WKH�73�WKDW�
LW�FDQ�VWDUW�FRPSXWLQJ��7KH�&&8�WKHQ�ZDLWV�XQWLO�WKH�73�
VLJQDOV� WKDW� WKH� DOJRULWKP� KDV� ILQLVKHG�� ,W� UHWULHYHV� WKH�
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UHVXOWV� IURP� WKH� ORFDO� PHPRULHV� DQG� IRUZDUGV� WKHP� WR�
WKHLU�RII�WLOH�GHVWLQDWLRQ��6XEVHTXHQWO\��WKH�&&8�LV�UHDG\�
WR� UHFHLYH� HLWKHU� QHZ� LQSXW� GDWD� DQG� UXQ� WKH� DOJRULWKP�
DJDLQ� RU� WR� UHFHLYH� QHZ� FRQILJXUDWLRQ� LQIRUPDWLRQ� IRU�
DQRWKHU� DOJRULWKP�� $OWHUQDWLYHO\�� WKH� GDWD� FDQ� UHPDLQ�
UHVLGHQW� LQ� WKH� ORFDO� PHPRULHV� ZKLOH� WKH� WLOH� LV�
UHFRQILJXUHG� IRU� WKH� QH[W� DOJRULWKP�� 7KLV� SDUWLFXODU�
H[DPSOH� RSHUDWHV� RQ� EORFNV� RI� GDWD�� 7KH�0RQWLXP� FDQ�
DOVR�VWUHDP����ELW�VDPSOHV�LQ�FDVH�ODWHQF\�LV�DQ�LPSRUWDQW�
TXDOLW\� RI� VHUYLFH� SDUDPHWHU�� 7KH� &&8� FDQ� DFFHVV� WKH�
FRPPXQLFDWLRQ� EXVVHV� ZLWKLQ� WKH� 73� GXULQJ� WKH�
H[HFXWLRQ� RI� DQ� DOJRULWKP�� ,Q� WKLV� VWUHDPLQJ� PRGH� WKH�
&&8�V\QFKURQL]HV� WR� WKH�73��EXW� LW�FDQ�VXVSHQG� WKH�73�
LQ�FDVH�RI�D�IXOO�RU�HPSW\�EXIIHU��
7KH� 73� KDV� D� VSHFLDO� FRQILJXUDWLRQ� LQWHUIDFH� WKDW� WKH�

&&8�XVHV� IRU� FRQILJXUDWLRQ�� 7KH�0RQWLXP�73� FRQWDLQV�
WKH�IROORZLQJ�FRQILJXUDEOH�HQWLWLHV��
�

• FRQILJXUDWLRQ�UHJLVWHUV�WKDW�FDQ�KROG�ORFDO�
LQVWUXFWLRQV��������E\WHV���

• LQLWLDOL]DWLRQ�UHJLVWHUV�IRU�WKH�PHPRU\�DGGUHVV�
JHQHUDWLRQ�XQLWV��������E\WHV���

• GHFRGHUV�WKDW�FDQ�KROG�WLOH�LQVWUXFWLRQV������
E\WHV��DQG�

• LQVWUXFWLRQ�PHPRU\�IRU�WKH�VHTXHQFHU�RI�WKH�
73������.E\WH���

�
7KH�FRQILJXUDWLRQ�VSDFH� WKDW�FRQWDLQV�DOO�FRQILJXUDEOH�

HQWLWLHV� LV�PHPRU\�PDSSHG�� 7KH� FRQILJXUDWLRQ� LQWHUIDFH�
FRPSULVHV� D� ���ELW� DGGUHVV� SRUW� DQG� D� ���ELW�ZULWH�RQO\�
GDWD�SRUW��7KH�VL]H�RI�WKH�HQWLUH�73�FRQILJXUDWLRQ�VSDFH�LV�
DERXW����.E\WH��+RZHYHU��IRU�D�SDUWLFXODU�DOJRULWKP�RQO\�
D�IUDFWLRQ�RI�WKH�FRQILJXUDWLRQ�VSDFH�LV�DFWXDOO\�XVHG��)RU�
H[DPSOH��D���WDS�),5�ILOWHU�WKDW�ILOWHUV�����VDPSOHV�IURP�D�
ORFDO�PHPRU\� DQG� VWRUHV� WKH� UHVXOWV� LQ� DQRWKHU�PHPRU\�
UHTXLUHV� D� FRQILJXUDWLRQ� ELQDU\� RI� RQO\� ���� E\WHV��
8QVXUSULVLQJO\�� LW� WDNHV� ���� FORFN� F\FOHV� WR� ORDG� WKLV�
SDUWLFXODU�FRQILJXUDWLRQ�XVLQJ�WKH�FRQILJXUDWLRQ�LQWHUIDFH��
%�� 7LOH�3URFHVVRU�
7KH�7LOH�3URFHVVRU� LV� WDLORUHG�IRU�D�VSHFLILF�DOJRULWKP�

GRPDLQ��:H�FKRVH�WKH�UDWKHU�ORRVH�GRPDLQ�RI����ELW�'63�
DOJRULWKPV��EHFDXVH�ZH�DUH�SDUWLFXODUO\� LQWHUHVWHG� LQ� WKH�
IOH[LELOLW\� WKDW� FDQ� EH� DFKLHYHG� LQ� D� FRDUVH� JUDLQHG�
UHFRQILJXUDEOH�DUFKLWHFWXUH��7KH�DOJRULWKPV�WKDW�ZH�XVHG�
WR� UHILQH� WKH� GDWDSDWK� RI� WKH�0RQWLXP�73� LQFOXGH�� ),5�
ILOWHUV�� ))7�� FRUUHODWLRQ�� WXUER� GHFRGLQJ�� '&7�� PDWUL[�
PXOWLSOLFDWLRQ�DQG�OLQHDU�LQWHUSRODWLRQ�>�@>�@��$�WKRURXJK�
XQGHUVWDQGLQJ� RI� WKH� DOJRULWKP� GRPDLQ� LV� FUXFLDO� WR�
GHVLJQ�DQ��HQHUJ\���HIILFLHQW�UHFRQILJXUDEOH�DUFKLWHFWXUH��
7KH�DUFKLWHFWXUH�VKRXOG�LPSRVH�OLWWOH�RYHUKHDG�WR�UXQ�WKH�

DOJRULWKPV� LQ� LWV� GRPDLQ�� &RPPXQLFDWLRQ� LV� LQ� HVVHQFH�
DOVR� RYHUKHDG�� DV� LW� GRHV� QRW� FRQWULEXWH� WR� WKH�
FRPSXWDWLRQ� RI� DQ� DOJRULWKP�� 7KHUHIRUH�� WKHUH� QHHGV� WR�
EH� D� VRXQG� EDODQFH� EHWZHHQ� FRPSXWDWLRQ� DQG�
FRPPXQLFDWLRQ�� 7R� DFKLHYH� WKLV� EDODQFH�� WKH� 0RQWLXP�
KDV�FRPSDUDWLYHO\�ODUJH�FRPELQDWLRQDO�$/8V��7KH�$/8V�
FDQ�SHUIRUP�D�UHODWLYHO\�FRPSOLFDWHG�FRPSXWDWLRQ�EHIRUH�
WKH� FRPPXQLFDWLRQ� LQWHUFRQQHFW� LV� DFFHVVHG��7KH�$/8V�
DUH�QRW�SLSHOLQHG��DV� WKH\�LQWURGXFH�VLJQLILFDQW�RYHUKHDG�
WR� KDQGOH� FRQGLWLRQDO� H[HFXWLRQ� DQG� FRPSOLFDWH� D�
FRPSLOHU�WUHPHQGRXVO\��$FKLHYLQJ�D�KLJK�FORFN�VSHHG�LV�
QRW� D� SULPDU\� JRDO� IRU� HQHUJ\�HIILFLHQW� DUFKLWHFWXUHV��
,QVWHDG�� PDVVLYH� SDUDOOHOLVP� FDQ� EH� XVHG� WR� DFKLHYH� D�
KLJK�SHUIRUPDQFH��
)LJXUH���UHYHDOV�WKDW�WKH�KDUGZDUH�RUJDQL]DWLRQ�ZLWKLQ�

D� WLOH� LV� YHU\� UHJXODU�� 7KH� ILYH� LGHQWLFDO� $/8V�
�$/8�«$/8���LQ�D�WLOH�FDQ�H[SORLW�VSDWLDO�FRQFXUUHQF\�
WR� HQKDQFH� SHUIRUPDQFH�� 7KLV� SDUDOOHOLVP� GHPDQGV� D�
YHU\� KLJK� PHPRU\� EDQGZLGWK�� ZKLFK� LV� REWDLQHG� E\�
KDYLQJ���� ORFDO�PHPRULHV� �0��«0���� LQ�SDUDOOHO��7KH�
VPDOO� ORFDO�PHPRULHV� DUH� DOVR�PRWLYDWHG�E\� WKH� ORFDOLW\�
RI� UHIHUHQFH� SULQFLSOH�� 7KH� GDWDSDWK� KDV� D�ZLGWK� RI� ���
ELWV�DQG�WKH�$/8V�VXSSRUW�ERWK�VLJQHG�LQWHJHU�DQG�VLJQHG�
IL[HG�SRLQW� DULWKPHWLF��7KH�$/8� LQSXW� UHJLVWHUV�SURYLGH�
DQ�HYHQ�PRUH�ORFDO�OHYHO�RI�VWRUDJH��/RFDOLW\�RI�UHIHUHQFH�
LV�RQH�RI�WKH�JXLGLQJ�SULQFLSOHV�DSSOLHG�WR�REWDLQ�HQHUJ\�
HIILFLHQF\� LQ� WKH� 0RQWLXP�� $� YHUWLFDO� VHJPHQW� WKDW�
FRQWDLQV� RQH� $/8� WRJHWKHU� ZLWK� LWV� DVVRFLDWHG� LQSXW�
UHJLVWHU� ILOHV�� D� SDUW� RI� WKH� LQWHUFRQQHFW� DQG� WZR� ORFDO�
PHPRULHV� LV� FDOOHG� D� 3URFHVVLQJ� 3DUW� �33��� 7KH� ILYH�
3URFHVVLQJ� 3DUWV� WRJHWKHU� DUH� FDOOHG� WKH� 3URFHVVLQJ�3DUW�
$UUD\��33$���$�UHODWLYHO\�VLPSOH�VHTXHQFHU�FRQWUROV� WKH�
HQWLUH�33$���
�

��� 6HTXHQFHU�
7KH� VHTXHQFHU� VHOHFWV� FRQILJXUDEOH� 33$� LQVWUXFWLRQV�

WKDW�DUH�VWRUHG�LQ�WKH�GHFRGHUV�RI�)LJXUH�����,Q�)LJXUH���D�
PLQLVFXOH� VHTXHQFHU� SURJUDP� LV� OLVWHG�� 7KH� SURJUDP�
LPSOHPHQWV� WKH� HDUOLHU� PHQWLRQHG� ��WDS� ),5� ILOWHU�
H[DPSOH�� ,W� ILOWHUV� ���� LQSXW� VDPSOHV� IURP� D� ORFDO�
PHPRU\�0��DQG�VWRUHV� WKH� UHVXOWV� LQ�PHPRU\�0���)LUVW�
WKH� VHTXHQFHU�ZDLWV� XQWLO� WKH�&&8�KDV� ILQLVKHG� ORDGLQJ�
WKH� ���� VDPSOHV� DQG� WKH� ILOWHU� FRHIILFLHQWV�� 7KH�
LQVWUXFWLRQ� DW� DGGUHVV� �� UHDGV� WKH� ILUVW� VDPSOH� IURP�
PHPRU\� 0�� DQG� DW� WKH� VDPH� WLPH� RQH� RI� WKH� $/8V�
JHQHUDWHV� D� ]HUR��ZKLFK�ZLOO� EH� XVHG� WR� FOHDU� WKH� ³),5�
GHOD\´�UHJLVWHUV��7KH�QH[W�LQVWUXFWLRQ��DW�DGGUHVV����ORDGV�
WKH� ILUVW� VDPSOH� DQG� WKH� JHQHUDWHG� ]HUR� LQWR� WKH� $/8�
LQSXW�UHJLVWHUV��7KH�VDPH�LQVWUXFWLRQ�DOVR�WHOOV�WKH�$/8V�
WR� VWDUW� FRPSXWLQJ� WKH� ILUVW� ILYH� PXOWLSO\�DFFXPXODWH�
�0$&��RSHUDWLRQV��,Q�WKH�QH[W�LQVWUXFWLRQ�WKH�ILUVW�UHVXOW�
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LV� ZULWWHQ� WR� PHPRU\� 0��� $W� WKH� VDPH� WLPH� D� ORRS�
FRXQWHU�LV�VHW�LQ�WKH�VHTXHQFHU��7KH�³ORRS´�LQVWUXFWLRQ�DW�
DGGUHVV���ZLOO�ORRS�XQWLO�WKH�ORRS�FRXQWHU�LV�]HUR��,Q�WKLV�
FDVH��WKH�ORRS�ZLOO�EH�H[HFXWHG�����WLPHV��$W�WKH�HQG�RI�
WKH�ORRS�DOO�LQSXW�VDPSOHV�KDYH�EHHQ�UHDG��WKH�VKDUS�H\HG�
UHDGHU�ZLOO�QRWLFH�WKDW�0��LV�UHDG�����WLPHV��KRZHYHU�WKH�
LQVWUXFWLRQ�DW�DGGUHVV���GRHV�QRW�ORDG�WKH�YDOXH�WKDW�ZDV�
UHDG�ODVW�LQWR�WKH�LQSXW�UHJLVWHUV���:KHQ�WKH�ODVW�UHVXOW�KDV�
EHHQ� VWRUHG�� WKH� VHTXHQFHU� VLJQDOV� WKH� &&8� WKDW� LW� LV�
UHDG\��:KHQ�WKH�KDQGVKDNH�KDV�EHHQ�DFNQRZOHGJHG��WKH�
VHTXHQFHU� SURJUDP� VWDUWV� RYHU� DJDLQ� DQG� ZDLWV� IRU� WKH�
QH[W�EORFN�RI�VDPSOHV�WR�EH�ILOWHUHG��
�

$GGU�6HTXHQFHU�LQVWUXFWLRQ�33$�LQVWUXFWLRQ��
�����:DLW�IRU�GDWD�YDOLG���123�
�����123�������������������UGB0��DOX ��
�����123�������������������UGB0��OGBUHJ�DOX 0$&�
�����/RRS&RXQWHU� ���������UGB0��OGBUHJ�DOX 0$&�ZUB0��
�����/RRS�WR�DGGUHVV�������UGB0��OGBUHJ�DOX 0$&�ZUB0��
�����6LJQDO��GRQH����������ZUB0��
�����:DLW�IRU�GDWD�LQYDOLG�123�
�����&OHDU��GRQH�����������123�
�����-XPS�WR�DGGUHVV�������123��

)LJXUH����),5�ILOWHU�SVHXGR�FRGH�IRU�WKH�VHTXHQFHU��
��� /RFDO�PHPRULHV�
(DFK� ORFDO� 65$0� LV� ���ELW� ZLGH� DQG� KDV� D� GHSWK� RI�

���� SRVLWLRQV�� ZKLFK� DGGV� XS� WR� D� VWRUDJH� FDSDFLW\� RI�
�.ELW� SHU� ORFDO� PHPRU\�� $� PHPRU\� KDV� RQO\� D� VLQJOH�
DGGUHVV�SRUW�WKDW�LV�XVHG�IRU�ERWK�UHDGLQJ�DQG�ZULWLQJ��$�
UHFRQILJXUDEOH� $GGUHVV� *HQHUDWLRQ� 8QLW� �$*8��
DFFRPSDQLHV� HDFK� PHPRU\�� 7KH� $*8� FRQWDLQV� DQ�
DGGUHVV� UHJLVWHU� WKDW� FDQ� EH� PRGLILHG� XVLQJ� EDVH� DQG�
PRGLI\� UHJLVWHUV��7KH�$*8�DOVR� VXSSRUWV� F\FOLF� EXIIHUV�
DQG�ELWUHYHUVDO��,W�LV�DOVR�SRVVLEOH�WR�XVH�WKH�PHPRU\�DV�D�
ORRNXS� WDEOH� IRU� FRPSOLFDWHG� IXQFWLRQV� WKDW� FDQQRW� EH�
FDOFXODWHG�XVLQJ�DQ�$/8��VXFK�DV�VLQH�RU�GLYLVLRQ��ZLWK�
RQH� FRQVWDQW��� $� PHPRU\� FDQ� EH� XVHG� IRU� ERWK� LQWHJHU�
DQG�IL[HG�SRLQW�ORRNXSV���
��� ,QWHUFRQQHFW�
7KH� LQWHUFRQQHFW� SURYLGHV� IOH[LEOH� URXWLQJ� ZLWKLQ� WKH�

33$�� 7KH� FRQILJXUDWLRQ� RI� WKH� LQWHUFRQQHFW� FDQ� FKDQJH�
HYHU\�FORFN�F\FOH��7KHUH�DUH�WHQ�EXVVHV�WKDW�DUH�XVHG�IRU�
LQWHU�33� FRPPXQLFDWLRQ��7KHVH�EXVVHV� DUH� FDOOHG�JOREDO�
EXVVHV�� 1RWH� WKDW� WKH� VSDQ� RI� JOREDO� EXVVHV� LV� RQO\� WKH�
33$�ZLWKLQ� D� VLQJOH�73��7KH�&&8� LV� DOVR� FRQQHFWHG� WR�
WKH� JOREDO� EXVVHV�� 7KH� &&8� XVHV� WKH� JOREDO� EXVVHV� WR�
DFFHVV� WKH� ORFDO� PHPRULHV� DQG� WR� KDQGOH� GDWD� LQ�
VWUHDPLQJ� DOJRULWKPV��&RPPXQLFDWLRQ�ZLWKLQ� D� 33� XVHV�
WKH�PRUH�HQHUJ\�HIILFLHQW�ORFDO�EXVVHV��

IXQFWLRQ�
XQLW��

IXQFWLRQ�
XQLW��

IXQFWLRQ�
XQLW��

IXQFWLRQ�
XQLW��

PXOWLSOLHU

DGGHU�
VXEWUDFWHU

LQB$ LQB% LQB& LQB'

RXWB� RXWB�

LQB(DVW
RXWB:HVW

OHYHO��
OHYHO��

�
)LJXUH����7KH�0RQWLXP�$/8��

��� $/8V�
$�VLQJOH�$/8�KDV�IRXU����ELW�LQSXWV��(DFK�LQSXW�KDV�D�

SULYDWH� LQSXW� UHJLVWHU� ILOH� WKDW� FDQ� VWRUH� XS� WR� IRXU�
RSHUDQGV��7KH�LQSXW�UHJLVWHU�ILOH�FDQQRW�EH�E\SDVVHG��L�H��
DQ� RSHUDQG� LV� DOZD\V� UHDG� IURP� DQ� LQSXW� UHJLVWHU�� ,QSXW�
UHJLVWHUV�FDQ�EH�ZULWWHQ�E\�YDULRXV�VRXUFHV�YLD�D�IOH[LEOH�
LQWHUFRQQHFW��$Q�$/8�KDV�WZR����ELW�RXWSXWV��ZKLFK�DUH�
FRQQHFWHG� WR� WKH� LQWHUFRQQHFW�� 7KH� $/8� LV� HQWLUHO\�
FRPELQDWLRQDO� DQG�FRQVHTXHQWLDOO\� WKHUH�DUH�QR�SLSHOLQH�
UHJLVWHUV�ZLWKLQ�WKH�$/8��
7KH�0RQWLXP�$/8��ZKLFK� LV�GHSLFWHG� LQ�)LJXUH���� LV�

GLYLGHG�LQWR�WZR�OHYHOV��7KH�XSSHU�OHYHO��OHYHO����FRQWDLQV�
IRXU� IXQFWLRQ� XQLWV��$� IXQFWLRQ� XQLW� LPSOHPHQWV� JHQHUDO�
DULWKPHWLF� DQG� ORJLF� RSHUDWLRQV� WKDW� DUH� DYDLODEOH� LQ�
ODQJXDJHV� OLNH� &�� 0RVW� DULWKPHWLF� RSHUDWLRQV� DSSO\�
VDWXUDWLRQ� RQ� WKH� UHVXOW�� 6DWXUDWLRQ� FDQ� EH� GHWHFWHG� E\�
PHDQV�RI�WKH�RYHUIORZ�IODJ��1RUPDO�DGGLWLRQ�VXEWUDFWLRQ�
�L�H�� ZLWKRXW� VDWXUDWLRQ�� LV� DOVR� VXSSRUWHG�� 7KH� ORZHU�
OHYHO��OHYHO����FRQWDLQV�WKH�0$&�XQLW�DQG�LV�RSWLPLVHG�IRU�
DOJRULWKPV� VXFK� DV� ))7� DQG� ),5�� $GGLWLRQV� RU�
VXEWUDFWLRQV� RQ� OHYHO� �� DOZD\V� XVH� VDWXUDWHG� DULWKPHWLF��
/HYHOV�FDQ�EH�E\SDVVHG��LQ�VRIWZDUH��ZKHQ�WKH\�DUH�QRW�
QHHGHG�� ,I� LW� LV� NQRZQ� EHIRUHKDQG� WKDW� D� OHYHO� LV� QHYHU�
JRLQJ� WR�EH�XVHG� LQ� WKH�DLPHG�DOJRULWKP�GRPDLQ�� WKHQ�D�
0RQWLXP� 73� FDQ� EH� PDGH� LQ� ZKLFK� DQ� HQWLUH� OHYHO� LV�
UHPRYHG��)RU�H[DPSOH��LI�WKH�DOJRULWKP�GRPDLQ�LV�OLPLWHG�
WR�))7�DQG�),5�ILOWHUV�RQO\��WKHQ�OHYHO���LV�QRW�XVHG�DQG�D�
73� UHDOL]DWLRQ� ZLWK� RQO\� OHYHO� ��ZLOO� VXIILFH�� 7KH� OHYHO�
LQWHUIDFH�KDV�EHHQ�GHVLJQHG�LQ�VXFK�D�ZD\�WKDW�D�OHYHO�FDQ�
EH� OHIW� RXW� HDVLO\�� ,W� LV� LQ� SULQFLSOH� DOVR� SRVVLEOH� WR�
UHSODFH� D� OHYHO� RU� WR� LQVHUW� D� QHZ� RQH�� 7KH� H[DFW�
RUJDQL]DWLRQ� RI� WKH� $/8� VKRXOG� EH� RSWLPLVHG� IRU� WKH�
DLPHG� DOJRULWKP� GRPDLQ�� 7KH� FXUUHQW� OHYHO� �� RI� WKH�
0RQWLXP�$/8�LV�UDWKHU�JHQHUDO�SXUSRVH��EHFDXVH�ZH�GLG�
QRW� ZDQW� WR� UHVWULFW� WKH� DOJRULWKP� GRPDLQ� RI� RXU�
H[SHULPHQWDO�SURFHVVRU�WRR�PXFK���
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1HLJKERXULQJ�$/8V�FDQ�DOVR�FRPPXQLFDWH�GLUHFWO\�RQ�
OHYHO� ��� 7KH� :HVW�RXWSXW� RI� DQ� $/8� FRQQHFWV� WR� WKH�
(DVW�LQSXW� RI� WKH� $/8� QHLJKERXULQJ� RQ� WKH� OHIW� �WKH�
:HVW�RXWSXW� RI� WKH� OHIWPRVW� $/8� LV� QRW� FRQQHFWHG� DQG�
WKH�(DVW�LQSXW�RI�WKH�ULJKWPRVW�$/8�LV�DOZD\V�]HUR���7KH�
���ELW� ZLGH� (DVW�:HVW� FRQQHFWLRQ� PDNHV� LW� SRVVLEOH� WR�
DFFXPXODWH�WKH�0$&�UHVXOW�RI�WKH�ULJKW�QHLJKERXU�WR�WKH�
PXOWLSOLHU�UHVXOW��QRWH�WKDW�WKLV�LV�DOVR�D�0$&�RSHUDWLRQ���
7KLV� LV� SDUWLFXODUO\� XVHIXO� ZKHQ� SHUIRUPLQJ� D� FRPSOH[�
QXPEHU�PXOWLSOLFDWLRQ��RU�ZKHQ�DGGLQJ�D�ODUJH�DPRXQW�RI�
QXPEHUV� �XS� WR� ��� LQ� RQH� FORFN� F\FOH��� 7KH� (DVW�:HVW�
FRQQHFWLRQ�GRHV�QRW�LQWURGXFH�D�GHOD\�RU�SLSHOLQH��DV�LW�LV�
QRW�UHJLVWHUHG��

,9�� 7+(�0217,80�&203,/(5�
$Q� DUFKLWHFWXUH� ZLWK� D� UHFRQILJXUDEOH� LQVWUXFWLRQ� VHW�

SRVHV� D� FKDOOHQJH� IRU� GHYHORSLQJ� D� FRPSLOHU�� <HW�� WKH�
DYDLODELOLW\� RI� KLJK�OHYHO� GHVLJQ� HQWU\� WRROV� LV� HVVHQWLDO�
IRU� WKH� �HFRQRPLF�� YLDELOLW\� RI� DQ\� UHFRQILJXUDEOH�
DUFKLWHFWXUH�� ,W� LV� HVVHQWLDO� WKDW� QHZ� DSSOLFDWLRQV� FDQ� EH�
LPSOHPHQWHG�TXLFNO\�DQG�DW�ORZ�FRVW��7KH�0ontium�KDV�D�
VWUDLJKWIRUZDUG� FRQWURO� PHFKDQLVP� WKDW� KDV� PRGHUDWH�
RYHUKHDG�DQG�HQDEOHV�WKH�GHYHORSPHQW�RI�D�FRPSLOHU���
$�&���EDVHG�FRPSLOHU�LV�FXUUHQWO\�EHLQJ�GHYHORSHG�IRU�

WKH�Montium�73��$�IRXU�SKDVH�GHFRPSRVLWLRQ�LV�XVHG�IRU�
PDSSLQJ�D�&���SURJUDP�RQ�WKH�0RQWLXP�73��
$�� 3KDVH����7UDQVODWLRQ�
7KH� WUDQVODWLRQ� VWHS� JHQHUDWHV� D� &RQWURO� 'DWDIORZ�

*UDSK��&')*��IURP�WKH�&���VRXUFH�FRGH�>��@���
%�� 3KDVH����&OXVWHULQJ�
,Q� WKH� FOXVWHULQJ� SKDVH� WKH� &')*� LV� SDUWLWLRQHG� DQG�

PDSSHG� WR� DQ� XQERXQGHG� QXPEHU� RI� IXOO\� FRQQHFWHG�
0ontium� $/8V�� ZKLFK� FDQ� SHUIRUP� LQWHU�$/8�
FRPPXQLFDWLRQ� VLPXOWDQHRXVO\�� &OXVWHUV� DUH� VHOHFWHG�
VXFK�WKDW�WKH\�FDQ�EH�H[HFXWHG�RQ�RQH�$/8�LQ�RQH�FORFN�
F\FOH�>�@��
&�� 3KDVH����6FKHGXOLQJ��
,Q� WKH� VFKHGXOLQJ� SKDVH�� WKH� JUDSK� REWDLQHG� IURP� WKH�

FOXVWHULQJ�SKDVH�LV�VFKHGXOHG�DFFRUGLQJ�WR�WKH�PD[LPXP�
QXPEHU�RI�$/8V��LQ�RXU�FDVH�����7KH�FRQILJXUDWLRQV�IRU�
DOO� ILYH� $/8V� RI� RQH� FORFN� F\FOH� IRUP� D� ��$/8�
FRQILJXUDWLRQ�>�@��
'�� 3KDVH����$OORFDWLRQ�
,Q�WKH�DOORFDWLRQ�SKDVH��WKH�VFKHGXOHG�JUDSK�LV�PDSSHG�

WR�WKH�UHVRXUFHV�LQ�VXFK�D�ZD\�WKDW�ORFDOLW\�RI�UHIHUHQFH�LV�
H[SORLWHG�� 7KH� ODWWHU� LV� LPSRUWDQW� IRU� SHUIRUPDQFH� DQG�
HQHUJ\�UHDVRQV�>�@��

9�� 0217,80�73�6$03/(�$33/,&$7,21�
,Q�WKLV�VHFWLRQ��WKH�IHDVLELOLW\�RI�LPSOHPHQWLQJ�D�PXOWL�

VWDQGDUG� FRPPXQLFDWLRQ� V\VWHP� RQ� WKH�0ontium� 73� LV�
DQDO\VHG��7KH�PDSSLQJV�RI�WKH�PRVW�LPSRUWDQW�EDVHEDQG�
IXQFWLRQV�RI�ERWK�D�+LSHU/$1���>�@�DQG�D�%OXHWRRWK�>�@�
UHFHLYHU�DUH�GLVFXVVHG��
,Q� WKH� +LSHU/$1��� UHFHLYHU�� LQIRUPDWLRQ� LQ� WKH� WLPH�

GRPDLQ�KDV�WR�EH�WUDQVODWHG�WR�WKH�IUHTXHQF\�GRPDLQ��,Q�
RUGHU� WR� V\QFKURQL]H�� SUHDPEOHV� DUH� GHWHFWHG� ZLWK�
PDWFKHG� ILOWHUV�� $IWHU� V\QFKURQL]DWLRQ�� WKH� LQYHUVH�
2UWKRJRQDO� )UHTXHQF\� 'LYLVLRQ� 0XOWLSOH[LQJ� �2)'0��
IXQFWLRQ� WDNHV� FDUH� RI� WKH� WLPH�WR�IUHTXHQF\�GRPDLQ�
WUDQVODWLRQ��7KLV�IXQFWLRQ�LV�SHUIRUPHG�E\�D�)DVW�)RXULHU�
7UDQVIRUP� �))7��� ZKLFK� LV� DSSOLHG� RQ� ��� FRPSOH[�
VDPSOHV��)LQDOO\�� WKH�KDUG�RXWSXW�ELWV�DUH�GHWHUPLQHG�E\�
FRPSDULQJ�WKH�VRIW�RXWSXW�YDOXHV�ZLWK�YDOXHV�LQ�D�ORRNXS�
WDEOH��7KH� VL]H�RI� WKH� ORRNXS� WDEOH�GHSHQGV�RQ� WKH�XVHG�
PRGXODWLRQ� VFKHPH� �L�H��%36.��436.�����4$0�RU����
4$0���
7DEOH� �� VKRZV� WKH� QXPEHU� RI� FORFN� F\FOHV� DQG� WKH�

QXPEHU� RI� $/8� FRQILJXUDWLRQV� UHTXLUHG� IRU� UHFHLYLQJ�
RQH�+LSHU/$1���V\PERO��7KHVH�QXPEHUV�ZHUH�DFTXLUHG�
E\� PDSSLQJ� WKH� LQGLYLGXDO� IXQFWLRQ� EORFNV� RQ� WKH�
0ontium� 73�� 7KH� UHTXLUHG� SURFHVVLQJ� WLPH� RI� GH�
PDSSLQJ� GHSHQGV� RQ� WKH� XVHG� PRGXODWLRQ� VFKHPH��
$VVXPLQJ�WKH�WLOHV�UXQ�DW�D�FORFN�IUHTXHQF\�RI�����0+]��
WKH�UHFHLYHU�SDUW�FDQ�EH�LPSOHPHQWHG�LQ���RU���0ontium 
TP WLOHV��GHSHQGLQJ�RQ�WKH�PRGXODWLRQ�W\SH��
7KH�%OXHWRRWK� UHFHLYHU�FRQWDLQV�DQ�)0�GLVFULPLQDWRU��

D�/RZ�3DVV�)LOWHU��/3)��DQG�D�WKUHVKROG�GHWHFWRU��,Q�WKH�
)0�GLVFULPLQDWRU� )0�WR�$0� FRQYHUVLRQ� LV� SHUIRUPHG�
E\� PXOWLSO\LQJ� WKH� UHFHLYHG� VLJQDO� ZLWK� LWV� GHOD\HG�
YHUVLRQ�� $IWHU� )0�WR�$0� FRQYHUVLRQ�� WKH� VLJQDO� LV�
SDVVHG� WKURXJK� D� ORZ� SDVV� ),5� ILOWHU�� 7KLV� ),5� ILOWHU�
EORFNV�DOO�WKH�KLJK�IUHTXHQFLHV�WKDW�ZHUH�LQWURGXFHG�DV�D�
VLGH� HIIHFW� RI� WKH� PXOWLSOLFDWLRQ�� )LQDOO\�� D� WKUHVKROG�
GHWHFWRU�GHWHFWV�WKH�FRQVHFXWLYH�ELWV��
�

)XQFWLRQDO�EORFN� ��
FORFN�F\FOHV�

��$/8�
FRQILJXUDWLRQV�

3UHIL[�UHPRYDO� ���� ��
)UHTXHQF\�RIIVHW�FRUUHFWLRQ� ��� ��
,QYHUVH�2)'0� ���� ��
3KDVH�RIIVHW�FRUUHFWLRQ� ���� ��
&KDQQHO�HTXDOL]DWLRQ� ��� ��
'H�PDSSLQJ� ���±����� ��
7DEOH����&RPSXWDWLRQDO�UHTXLUHPHQWV�IRU�UHFHLYLQJ�RQH�

+LSHU/$1���V\PERO��
�
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)XQFWLRQDO�EORFN� ��FORFN�F\FOHV� ��$/8�FRQILJXUDWLRQV�
)0�GLVFULPLQDWRU� �� ��
1�WDSV�),5�ILOWHU� FHLO^1��`��� ��
7KUHVKROG�GHWHFWRU� �� ��
7DEOH����&RPSXWDWLRQDO�UHTXLUHPHQWV�IRU�UHFHLYLQJ�RQH�

%OXHWRRWK�ELW��

7KH� IXQFWLRQDOLW\� RI� WKH� %OXHWRRWK� UHFHLYHU� LV� UDWKHU�
VLPSOH��,W�FDQ�EH�LPSOHPHQWHG�RQ�WKH�0ontium�73�TXLWH�
ZHOO�� 7DEOH� �� VKRZV� WKDW� WKH� FRPSXWDWLRQ� GHOD\V� RI� WKH�
GLIIHUHQW� IXQFWLRQDO� EORFNV� DUH� D� IHZ� FORFN� F\FOHV�� 7KH�
SURFHVVLQJ�IRU�UHFHLYLQJ�RQH�ELW�WDNHV�DERXW�����QV��ZKHQ�
D�),5�ILOWHU�ZLWK����FRHIILFLHQWV�LV�DSSOLHG�DQG�WKH�FORFN�
IUHTXHQF\� RI� WKH� 0ontium TP LV� ���� 0+]�� 7KHVH�
H[DPSOHV� LOOXVWUDWH� WKH� IOH[LELOLW\� RI� WKH� 0ontium� 73�
WLOHV����RU���WLOHV��GHSHQGLQJ�RQ�WKH�PRGXODWLRQ�W\SH��FDQ�
LPSOHPHQW�WKH�EDVHEDQG�SURFHVVLQJ�RI�ERWK�+LSHU/$1���
DQG�%OXHWRRWK��

9,�� 7+(�&267�2)�)/(;,%,/,7<�
:H�EHOLHYH�WKDW�UHFRQILJXUDWLRQ�LV�LQHYLWDEOH�IRU�IXWXUH�

PRELOH� WHUPLQDOV�� +RZHYHU�� D� SULFH� KDV� WR� EH� SDLG� IRU�
UHFRQILJXUDELOLW\� LQ� ERWK� FKLS� DUHD� DQG� HQHUJ\�
FRQVXPSWLRQ��,Q�WKH�0ontium�DUFKLWHFWXUH�ZH�KDYH�WULHG�
WR�UHGXFH�WKH�FRVW��LQ�WHUPV�RI�DUHD��HQHUJ\�DQG�VSHHG��RI�
IOH[LELOLW\�LQ�VHYHUDO�ZD\V��
$�� $UHD�RYHUKHDG�
7KH�DUHD�RI�DQ�HQWLUH�0ontium�7LOH�3URFHVVRU�LQ�D������

µP�SURFHVV�LV�DERXW�DW���PP���5RXJKO\�VSHDNLQJ������LV�
XVHG�IRU�WKH�ORFDO�PHPRULHV�DQG�����LV�XVHG�IRU�WKH�DFWXDO�
GDWDSDWK�� 7KH� UHPDLQLQJ� ���� RI� WKH� DUHD� LV� XVHG� IRU�
FRQWURO� DQG� FRQILJXUDWLRQ�� ZKLFK� LV� WKH� DUHD� RYHUKHDG�
WKDW�KDV�WR�EH�SDLG�IRU�IOH[LELOLW\��
%�� &RQILJXUDWLRQ�RYHUKHDG�
7KH� VL]H� RI� WKH� HQWLUH� 0ontium� 7LOH� 3URFHVVRU�

FRQILJXUDWLRQ�VSDFH�WKDW�FRQWDLQV�DOO�FRQILJXUDEOH�HQWLWLHV�
LV�����.E\WH��+RZHYHU��IRU�D�SDUWLFXODU�DOJRULWKP�RQO\�D�
IUDFWLRQ�RI� WKH�FRQILJXUDWLRQ�VSDFH� LV�DFWXDOO\�XVHG��7KH�
FRQILJXUDWLRQ�PHPRU\�LV�UDQGRPO\�DGGUHVVDEOH��RQO\�WKH�
FKDQJHG� FRQILJXUDWLRQ� ZRUGV� QHHG� WR� EH� ZULWWHQ�� )RU�
H[DPSOH��IRU�WKH���WDS�),5�ILOWHU�H[DPSOH�RQO\�����E\WHV�
RI�FRQILJXUDWLRQ�GDWD�DUH�UHTXLUHG��
&�� &RQWURO�RYHUKHDG�
7KH�0ontium� DUFKLWHFWXUH�PDNHV� D� WUDGH�RII� EHWZHHQ�

FRQWURO�RYHUKHDG�DQG�IOH[LELOLW\��7KH�FRQWURO�PHFKDQLVP�
KDV�EHHQ�NHSW�VLPSOH�DQG�VWUDLJKWIRUZDUG��7KHUHIRUH��WKH�
LQVWUXFWLRQ� GHFRGLQJ� GRHV� QRW� UHVXOW� LQ� H[FHVVLYH�
VZLWFKLQJ�RI�FRQWURO�VLJQDOV��)RU�H[DPSOH��GXULQJ�WKH�),5�
ILOWHU�RSHUDWLRQ�DOO�WKH�FRQWURO�VLJQDOV�UHPDLQ�VWDEOH��RQO\�

WKH�GDWD�FKDQJHV���
'�� 3HUIRUPDQFH�
7KH�ODUJH�FRPELQDWLRQDO�SDWKV�RI�WKH�$/8V�GHWHUPLQH�

WKH� FULWLFDO� SDWK��7KH�ZRUVW�FDVH� FORFN� IUHTXHQF\�RI� WKH�
FXUUHQW� LPSOHPHQWDWLRQ� RI� WKH�0ontium� 73� LV� DERXW� ���
0+]�LQ�D������µP�SURFHVV��+RZHYHU��WKH�FULWLFDO�SDWK�RI�
DQ� DFWXDO� DOJRULWKP� LV� LQ� JHQHUDO� PXFK� VKRUWHU�� )RU�
H[DPSOH��WKH�VDPH�UHDOL]DWLRQ�FRXOG�FRPSXWH�D�),5�ILOWHU�
DW� D� FORFN� VSHHG� RI� DERXW� ����0+]�� 7KLV� LV� EHFDXVH� D�
),5�ILOWHU�XVHV�RQO\�OHYHO���RI�DQ�$/8�DQG�QR�(DVW�:HVW�
LQWHUFRQQHFWV�DUH�XVHG��

9,,�� )8785(�:25.�
7KH� QH[W� VWHS� LQ� RXU� UHVHDUFK� LV� WR� GHWHUPLQH� WKH�

HQHUJ\�HIILFLHQF\� RI� WKH� 0ontium� DUFKLWHFWXUH� WKURXJK�
SRZHU� VLPXODWLRQV�� (QHUJ\�HIILFLHQF\� LV� SXUVXHG� E\�
UHGXFLQJ� WKH� RYHUKHDG� RI� ERWK� FRPPXQLFDWLRQ� DQG�
FRQWURO��:H� H[SHFW� WKDW� VXEVWDQWLDO� SRZHU�� SHUIRUPDQFH�
DQG�DUHD� LPSURYHPHQWV�FDQ�EH�PDGH�E\�DEDQGRQLQJ�RXU�
KLJK�OHYHO� KDUGZDUH� GHVLJQ� DSSURDFK� DQG� PDNLQJ� D�
KLJKO\� RSWLPLVHG� GHVLJQ� E\� KDQG�� 7KLV� WHGLRXV� HIIRUW� LV�
IHDVLEOH� EHFDXVH� WKH� GHVLJQ� RI� D� 0RQWLXP� WLOH� LV� VPDOO�
DQG�LW�ZLOO�EH�UHSOLFDWHG�PDQ\�WLPHV�LQ�D�6R&��

9,,,�� &21&/86,21�
0RELOH� PXOWLPHGLD� GHYLFHV� QHHG� WR� EH� HQHUJ\�

HIILFLHQW�� IOH[LEOH� DQG� FRPSXWDWLRQDOO\� SRZHUIXO�� 7R�
DFKLHYH� WKLV� WKHUH� PXVW� EH� V\QHUJ\� EHWZHHQ� DOJRULWKPV�
DQG�KDUGZDUH��,Q�D�PRELOH�V\VWHP�D�YDULHW\�RI�DOJRULWKPV�
LV� XVHG�� +DUGZDUH� DUFKLWHFWXUHV� IRU� ORZ�SRZHU� GHYLFHV�
VKRXOG� DFNQRZOHGJH� WKLV� KHWHURJHQHLW\�� $OJRULWKPV�
VKRXOG�EH�H[HFXWHG�RQ�GRPDLQ�VSHFLILF�SURFHVVLQJ�XQLWV��
ZKLFK� FDQ� EH� VPDOO� DQG� OLJKWZHLJKW�� +DUGZDUH� WKDW�
WDUJHWV� D� OLPLWHG� DOJRULWKP� GRPDLQ� FDQ� PDNH� D� PXFK�
EHWWHU� WUDGH�RII� EHWZHHQ� HIILFLHQF\� DQG� IOH[LELOLW\� WKDQ�
JHQHUDO� SXUSRVH� RU� GHGLFDWHG� KDUGZDUH�� %HVLGHV� WKH�
*33V�� $6,&V� DQG� )3*$V�� DOVR� FRDUVH�JUDLQHG�
UHFRQILJXUDEOH�DUFKLWHFWXUHV�DUH�QHHGHG��
7KH� 0ontium� LV� DQ� H[SHULPHQWDO� FRDUVH�JUDLQHG�

UHFRQILJXUDEOH� DUFKLWHFWXUH�� ,Q� WKLV� SDSHU� WKH� GHVLJQ� RI�
WKH� 0ontium� SURFHVVLQJ� WLOH� ZDV� RXWOLQHG�� 7KH� GHVLJQ�
IRFXVHV� RQ� D� WUDGH�RII� EHWZHHQ� �HQHUJ\��� HIILFLHQF\��
IOH[LELOLW\� DQG� SHUIRUPDQFH�� 3HUIRUPDQFH� FDQ� EH�
REWDLQHG� E\� WKH� SDUDOOHOLVP� LQ� D� WLOHG� DUFKLWHFWXUH�� 7KH�
PDSSLQJV� RI� YDULRXV� DOJRULWKPV� KDYH� VKRZQ� WKH�
IOH[LELOLW\�RI�WKH�DUFKLWHFWXUH���
$�UHFRQILJXUDEOH�DUFKLWHFWXUH�OLNH�WKH�0ontium�LV�RQO\�

YLDEOH�LI�KLJK�OHYHO�GHVLJQ�HQWU\�WRROV�DFFRPSDQ\�LW��7KH�
GHVLJQ� RI� D� KLJK� OHYHO� FRPSLOHU� IRU� FRDUVH�JUDLQHG�
UHFRQILJXUDEOH� DUFKLWHFWXUHV� ZDV� DOVR� EULHIO\� GLVFXVVHG��
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7KH�DSSURDFK� ORRNV�YHU\�SURPLVLQJ�DQG�ZH�EHOLHYH� WKDW�
LQ� WKH�HQG� WKH�HQWLUH� IORZ� �IURP�&��� WR�D�FRQILJXUDWLRQ�
ELQDU\��FDQ�EH�DXWRPDWHG��
)LQDOO\�� ZH� VKRZHG� WKDW� D� 6R&� FRQWDLQLQJ� 0ontium�

SURFHVVLQJ� WLOHV� LV� IOH[LEOH� DQG� SRZHUIXO� HQRXJK� WR�
LPSOHPHQW� D�+LSHU/$1��� UHFHLYHU� DV�ZHOO� DV� D� IOH[LEOH�
%OXHWRRWK�UHFHLYHU�RQ�WKH�VDPH�DUFKLWHFWXUH��
�

5()(5(1&(6�
>�@� $EQRXV�$���³/RZ�3RZHU�'RPDLQ�6SHFLILF�3URFHVVRUV�IRU�'LJLWDO�

6LJQDO�3URFHVVLQJ´��3K�'�'LVVHUWDWLRQ��8QLYHUVLW\�RI�&DOLIRUQLD��
%HUNHOH\��86$��������

>�@� %DXPJDUWH� 9��� 0D\� )��� 1�FNHO� $��� 9RUEDFK�0�� 	�:HLQKDUGW�
0��� ³3$&7� ;33� ±� $� 6HOI�5HFRQILJXUDEOH� 'DWD� 3URFHVVLQJ�
$UFKLWHFWXUH´�� 3URFHHGLQJV� (QJLQHHULQJ� RI� 5HFRQILJXUDEOH�
6\VWHPV�DQG�$OJRULWKPV��SS���������/DV�9HJDV��86$��-XQH�������

>�@� %OXHWRRWK�6,*��³6SHFLILFDWLRQ�RI�WKH�%OXHWRRWK�6\VWHP�±�&RUH´��
7HFKQLFDO�6SHFLILFDWLRQ�9HUVLRQ���������)HEUXDU\�������

>�@� (76,��³%URDGEDQG�5DGLR�$FFHVV�1HWZRUNV��%5$1���+LSHU/$1�
W\SH����3K\VLFDO��3+<��OD\HU´��(76,�76���������9������������
�����������

>�@� *XR�<��� 6PLW�*�-�0���%URHUVPD�+���5RVLHQ�0�$�-��	�+H\VWHUV�
3�0���³0DSSLQJ�$SSOLFDWLRQV�WR�D�&RDUVH�*UDLQ�5HFRQILJXUDEOH�
6\VWHP´�� DFFHSWHG� IRU� 7KH� (LJKWK� $VLD�3DFLILF� &RPSXWHU�
6\VWHPV�$UFKLWHFWXUH�&RQIHUHQFH��������

>�@� *XR�<���6PLW�*�-�0���+H\VWHUV�3�0��	�%URHUVPD�+���³$�*UDSK�
&RYHULQJ�$OJRULWKP�IRU�D�&RDUVH�*UDLQ�5HFRQILJXUDEOH�6\VWHP´��
3URFHHGLQJV� RI� WKH� ����� $&0� 6,*3/$1� &RQIHUHQFH� RQ�
/DQJXDJHV�� &RPSLOHUV�� DQG� 7RROV� IRU� (PEHGGHG� 6\VWHPV�
�/&7(6
�����SS����������6DQ�'LHJR��86$��-XQH�������,6%1���
�������������

>�@� +HLGDUL� *�� 	� /DQH� .��� ³,QWURGXFLQJ� D� 3DUDGLJP� 6KLIW� LQ� WKH�
'HVLJQ� DQG� ,PSOHPHQWDWLRQ� RI�:LUHOHVV�'HYLFHV´��3URFHHGLQJV�
:LUHOHVV� 3HUVRQDO�0XOWLPHGLD�&RPPXQLFDWLRQV�� YRO��� SS�� ����
�����$DOERUJ��'HQPDUN��6HSWHPEHU�������

>�@� +H\VWHUV�3�0��	�6PLW�*�-�0���³0DSSLQJ�RI�'63�$OJRULWKPV�RQ�
WKH� 0RQWLXP� $UFKLWHFWXUH´�� 3URFHHGLQJV� RI� WKH� ��WK�
,QWHUQDWLRQDO� 3DUDOOHO� 	� 'LVWULEXWHG� 3URFHVVLQJ� 6\PSRVLXP�
5HFRQILJXUDEOH� $UFKLWHFWXUHV� :RUNVKRS� �5$:� ������� 1LFH��
)UDQFH��$SULO�������,6%1����������������

>�@� +H\VWHUV�3�0���6PLW�/�7���6PLW�*�-�0��	�+DYLQJD�3�-�0���³0D[�
/RJ�0$3�0DSSLQJ� RQ� DQ� )3)$´��3URFHHGLQJV� RI�(QJLQHHULQJ�
RI� 5HFRQILJXUDEOH� 6\VWHPV� DQG� $OJRULWKPV�� SS�� ������� /DV�
9HJDV��86$��-XQH�������

>��@�+H\VWHUV� 3�0��� 6PLW� -��� 6PLW� *�-�0�� 	� +DYLQJD� 3�-�0���
³([SORULQJ� (QHUJ\�(IILFLHQW� 5HFRQILJXUDEOH� $UFKLWHFWXUHV� IRU�
'63�$OJRULWKPV´��3URFHHGLQJV�RI�WKH��VW�352*5(66��ZRUNVKRS�
RQ� (PEHGGHG� 6\VWHPV�� SS�� ������� 8WUHFKW�� 7KH� 1HWKHUODQGV��
2FWREHU�������,6%1����������������

>��@�+H\VWHUV� 3�0��� %RXPD� +��� 6PLW� -��� 6PLW� *�-�0�� 	� +DYLQJD�
3�-�0��� ³5HFRQILJXUDEOH� 6\VWHP� 'HVLJQ�� 7KH� &RQWURO� 3DUW´��
3URFHHGLQJV� RI� WKH� �QG� 352*5(66� ZRUNVKRS� RQ� (PEHGGHG�
6\VWHPV��SS���������9HOGKRYHQ��7KH�1HWKHUODQGV��2FWREHU�������
,6%1�������������;��

>��@�+H\VWHUV�3�0���6PLW�*�-�0��	�0ROHQNDPS�%���³5HFRQILJXUDEOH�
$UFKLWHFWXUH� IRU� +DQGKHOG� 'HYLFHV´�� 3URFHHGLQJV� RI� WKH� �UG�
352*5(66� ZRUNVKRS� RQ� (PEHGGHG� 6\VWHPV�� SS�� �������
8WUHFKW��7KH�1HWKHUODQGV��2FWREHU�������,6%1����������������

>��@�5RVLHQ� 0�$�-��� *XR� <��� 6PLW� *�-�0��� .URO� 7��� ³0DSSLQJ�
$SSOLFDWLRQV�WR�DQ�)3)$�7LOH´��3URFHHGLQJV�RI�'$7(�������SS��
�����������0XQLFK��*HUPDQ\��0DUFK�������

>��@�6PLW�*�-�0���+DYLQJD�3�-�0���6PLW�/�7���+H\VWHUV�3�0���5RVLHQ�
0�$�-��� ³'\QDPLF� 5HFRQILJXUDWLRQ� LQ� 0RELOH� 6\VWHPV´��
3URFHHGLQJV�RI�)LHOG�3URJUDPPDEOH�/RJLF�DQG�$SSOLFDWLRQV��SS��
���������0RQWSHOOLHU��)UDQFH��6HSWHPEHU�������

>��@�9HOOLQJD�+�+���³&RPPXQLFDWLRQ�DQG�&RQILJXUDWLRQ�8QLW´��06F��
7KHVLV�� 8QLYHUVLW\� RI� 7ZHQWH�� (QVFKHGH�� 7KH� 1HWKHUODQGV��
)HEUXDU\�������


