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0RGHOOLQJ��6LPXODWLRQ�DQG�'HVLJQ�6LJPD±'HOWD�
&RQYHUWHUV�LQ�6LOLFRQ�0LFURV\VWHPV�

0LFKDá�6]HUPHU��0DUFLQ�'DQLHO��.U]\V]WRI� OXVDUF]\N��$QGU]HM�1DSLHUDOVNL

� $EVWUDFW� ±� 7KH� SXUSRVH� RI� WKLV� SDSHU� LV� WKH� QHZ�

DSSURDFK� RI� PRGHOLQJ� DQG� GHVLJQV� WKH� VLJPD±GHOWD�

FRQYHUWHUV�LQ�VLOLFRQ�PLFURV\VWHPV��0LFURV\VWHP�GHVFULEHG�

LQ�WKLV�SDSHU�EDVHV�RQ�WZR�PDMRU�SDUWV��)LUVW�SDUW�FRQVLVWV�

RI�YDULRXV�VHQVRUV�DQG�WKH�VHFRQG�SDUW�FRQVLVWV�RI�DQDORJXH�

WR�GLJLWDO�FRQYHUWHUV�DV�ZHOO�DV�RWKHU�VWDQGDUG�HOHFWURQLFV�

FLUFXLWV�� 7KH� DQDORJXH� WR� GLJLWDO� FRQYHUVLRQ� LV� SHUIRUPHG�

XVLQJ�VLJPD�±�GHOWD�PRGXODWRUV��0RGXODWRUV�ZHUH�GHVLJQHG�

LQ� &$'� &$'(1&(� HQYLURQPHQW� DQG� VLPXODWHG� XVLQJ�

63(&57(6��DQG�(/'2�VLPXODWRUV��
,Q� WKLV� SDSHU� WKH� VLPXODWLRQ� UHVXOWV� ZHUH� SUHVHQWHG�� DQG�

GLVFXVVLRQ�RI�WKH�DGYDQWDJHV�RI�VLJPD±GHOWD�FRQYHUVLRQ�LQ�

WKLV�NLQG�RI�PHDVXUHPHQW�ZDV�XQGHUOLQHG��

� .H\ZRUGV���VLJPD±GHOWD�PRGXODWRU��VLOLFRQ�PLFURV\VWHP��

&$'(1&(��6<1236<6��(/'2��

,��,1752'8&7,21�

� 'XULQJ� ODVW� \HDUV� DQ� LQFUHDVH� LQ� LQWHUHVW� RI� VLOLFRQ�
PLFURV\VWHP�KDV�EHHQ�GHQRWHG��7KH\�FDQ�EH�PRUH�RIWHQ�IRXQG�
LQ�PDQ\�GLIIHUHQW�LQGXVWULDO�UHDOLVDWLRQV��7KH�GHYHORSPHQW�ZDV�
SRVVLEOH�GXH�WR�QHZ�PLFURPDFKLQH�WHFKQRORJLHV��ZKLFK�DOORZ�
PDNLQJ� HWFKHG� DUHDV� LQ� VLOLFRQ� EXON�� 2YHU� DQ� HWFKHG� DUHD� D�
VLOLFRQ�EULGJH�LV�H[SDQGHG��7KH�SULQFLSOH�RI�RSHUDWLRQ�LV�EDVHG�
RQ� FRQWUROOHG� KHDW� WUDQVIHU� DORQJ� WKH� EULGJH� WKDW� FRQWDFWV� WKH�
EXON� RQ� LWV� HQGV�� 2Q� WKH� EULGJH� D� ZKROH� YDULHW\� RI�
PLFURVHQVRUV� �H�J�� WHPSHUDWXUH�� SUHVVXUH�� DQG� LQIUDUHG�
UDGLDWLRQ�� FDQ� EH� SODFHG�� 7KH� VL]H� RI� WKHVH� VHQVRUV� LV� YHU\�
VPDOO� �WKRXVDQGV� RI� PLFURPHWHUV�� VR� WKH\� DUH� H[WUHPHO\�
VHQVLWLYH�RQ�FKDQJLQJ�RI�PHDVXUHG�YDOXH��7R�REWDLQ�WKH�UHVXOWV�
RI� WKH� PHDVXUHPHQW� WKH� H[WHUQDO� QRLVH� VKRXOG� EH� PLQLPLVHG��
7KLV� FDQ� EH� REWDLQ� E\� XVLQJ� PRGXOH� WKDW� FRQYHUWV� DQDORJXH�
VLJQDOV� LQWR�GLJLWDO�� ZKLFK� LV� PXFK� PRUH� UHVLVWDQW� WR�H[WHUQDO�
LQWHUIHUHQFH� DQG� FDQ� EH� HDVLO\� XVHG� LQ� IXUWKHU� FRPSXWHU�
FDOFXODWLRQV�� )RU� SURSHU� GHVLJQLQJ� RI� VLOLFRQ� PLFURV\VWHP��
VSHFLDOLVHG� &$'� VRIWZDUH� LV� QHHGHG� L�H�� &$'(1&(�� ZKLFK�
DOORZV�GHVLJQLQJ�D�VFKHPH�DQG�OD\RXW�RI�WKH�PLFURV\VWHP�DQG�
VLPXODWLRQ� RI� $�'� FRQYHUWHUV�� ,W� LV� DOVR� QHFHVVDU\� WR� XVH�
(/'2� VLPXODWRU� IRU� DSSURSULDWH� PRGHOOLQJ� WKH� ZKROH�
PLFURV\VWHP��

,,��6,/,&21�0,&526<67(0�

� ,Q� 'HSDUWPHQW� RI� 0LFURHOHFWURQLFV� DQG� &RPSXWHU� 6FLHQFH�
DW� 7HFKQLFDO� 8QLYHUVLW\� RI� /RG]�� VLOLFRQ� PLFURV\VWHPV� ZHUH�
GHVLJQHG� E\� XVLQJ� VSHFLDOLVHG� &$'� VRIWZDUH�� 7KH� VHFRQG�
JHQHUDWLRQ� KDG� DQ� LPSOHPHQWDWLRQ� RI� VHQVRUV� DQG� $�'�
FRQYHUWHUV�³RQ�FKLS´��7KLV�FKLS�FRQVLVWV�RI� WZR�SDUWV��)LUVW� LV�

WKH� 0(06� �0LFUR�(OHFWUR�0HFKDQLFDO�6WUXFWXUH�� XQLW�
HQFORVHV� D� VHW� RI� VHQVRUV�� 7KH� GHVLJQ� SDWK� LV� QRW� VR�
FRPSOLFDWHG�� )LUVWO\� SDUDPHWHULVHG� FHOOV� RI� FHUWDLQ� VHQVRUV�
ZHUH�FUHDWHG��6HFRQGO\�FHOOV�ZHUH�FROOHFWHG�LQ�D�OLEUDU\�ILOH��VR�
D�VHQVRU�RI�D�FHUWDLQ�SDUDPHWHUV�FDQ�EH�IXUWKHU�HDVLO\�GHVLJQHG��
)LQDOO\��XVLQJ�SUHYLRXVO\�GHVLJQHG�FHOOV��D�VHW�RI�PLFURVHQRUV�
ZDV� FUHDWHG�� ,Q� WKDW� ZD\� D� 0(06� XQLW� RI� PLFURV\VWHP� ZDV�
GHVLJQHG�� 7KH� GDWD� SURFHVVLQJ� XQLW� ZDV� FUHDWHG� YHU\� VLPLODU�
ZD\�� E\� XVLQJ� D� OD\RXW� HGLWRU� DQG� VFKHPDWLF� HGLWRU� LQ�
&$'(1&(� VRIWZDUH�� 7KLV� SDUW� FRQVLVWV� RI� WKH� VLJPD±GHOWD�
PRGXODWRU� DQG� GHFLPDWLRQ� ILOWHU�� 7KH� EORFN� VFKHPH� LV�
SUHVHQWHG�RQ�ILJ����

�

)LJ����%ORFN�GLDJUDP�RI�WKH�GDWD�SURFHVVLQJ�XQLW�

� 0RUHRYHU� VLJPD±GHOWD� PRGXODWRU� FRQVLVWV� RI� LQWHJUDWRU� �±
ELW�DQDORJXH�WR�GLJLWDO�FRQYHUWHU�DQG��±ELW�GLJLWDO�WR�DQDORJXH�
FRQYHUWHU��7KLV�LV�WKH�VLPSOHVW�FRQILJXUDWLRQ�RI�WKLV�FRQYHUWHU��
7KH� GDWD� SURFHVVLQJ� XQLW� ZDV� GHVLJQHG� LQ� &$'(1&(�
VFKHPDWLF� HGLWRU� DQG� VLPXODWHG� E\� XVLQJ� 63(&75(6�
VLPXODWRU�� 7KH� UHVXOWV� RI� VLPXODWLRQV� ZHUH� SUHVHQWHG� LQ� WKLV�
SDSHU�� ��

,,,��02'(//,1*�2)�7+(�6,*0$±'(/7$�02'8/$7256�

� $V� LW� ZDV� PHQWLRQHG� LQ� WKH�SUHYLRXV�SDUW�RI� WKLV�SDSHU� WKH�
VHFRQG� FUXFLDO� SDUW� RI� SUHVHQWHG� PLFURV\VWHP� LV� GDWD�
SURFHVVLQJ� XQLW�� ,W� FRQVLVWV� RI� VLJPD±GHOWD� PRGXODWRUV� DQG�
GHFLPDWLRQ�ILOWHU��$OO�SDUWV�RI�PHQWLRQHG�DERYH�ZHUH�GHVLJQHG�
LQ�&$'(1&(�VFKHPDWLF�HGLWRU�WRRO��7R�VLPXODWH�PLFURV\VWHP�
PRGHOV� RI� VLJPD±GHOWD� PRGXODWRU� ZHUH� SHUIRUPHG� LQ� 63,&(�
DQG� WHVWHG� LQ� PXOWLGRPDLQ� (/'2� VLPXODWLRQ� SURJUDP�� 7KH�
WZR� PRGXODWRUV� ZHUH� WHVWHG�� $OO� ZHUH� UHDOLVHG� LQ� 6&�
WHFKQLTXHV�� )LUVW� RQH� ZDV� DV� D� ILUVW� RUGHU� PRGXODWRU� DQG� WKH�
VHFRQG� RQH� ZDV� DV� D� VHFRQG� RUGHU� PRGXODWRU�� 7KH� HOHFWULFDO�
VFKHPH�RI�VLPXODWHG�PRGXODWRU�ZDV�SUHVHQWHG�RQ�ILJ����

� 'HSDUWPHQW�RI�0LFURHOHFWURQLFV�	�&RPSXWHU�6FLHQFH�
7HFKQLFDO�8QLYHUVLW\�RI�/RG]�
� $O��3ROLWHFKQLNL������������/RG]��3RODQG�
(�PDLO��V]HUPHU#GPFV�S�ORG]�SO��
6XSSRUW�IURP�6(:,1*�SURJUDP�,67±����±������LV�WUXO\�
DSSUHFLDWHG��
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)LJ����(OHFWULFDO�VFKHPH�RI�WKH�ILUVW�RUGHU�VZLWFKHG�FDSDFLWRU�
PRGXODWRU�

�

)LJ����,QSXW�DQG�RXWSXW�VLJQDOV�RI�VLJPD±GHOWD�PRGXODWRU�

� 7KH�VLPXODWLRQ�UHVXOWV�RI�ILUVW�RUGHU�VLJPD±GHOWD�PRGXODWRU�
ZDV�SUHVHQWHG�RQ�ILJ����8VLQJ�PRGXODWRUV�WKH�DQDORJXH�VLJQDO�
LV� FKDQJHG� LQ� IUHTXHQF\� PRGXODWHG� VLJQDO�� 7KDW� LV� ZK\� WKH�
H[WHUQDO�LQWHUIHUHQFH�RQ�DQDORJXH�VLJQDO�LV�PLQLPLVHG��

,9��'(6,*1�$1'�6,08/$7,21�2)�7+(�'$7$�

352&(66,1*�81,7�

� 7KH� VHFRQG� SDUW� RI� PLFURV\VWHP� FDQ� EH� GLYLGHG� LQWR� WZR�
VHSDUDWH� SDUWV�� 7KH� ILUVW� SDUW� RI� FLUFXLW� LV� D� VLJPD±GHOWD�
PRGXODWRU� SUHVHQWHG� LQ� SUHYLRXV� FKDSWHU�� 7KH� VHFRQG� SDUW� RI�
GDWD� SURFHVVLQJ� XQLW� LV� GHFLPDWLRQ� ILOWHU�� 7KLV� FLUFXLW� LV�
QHFHVVDU\� WR� FUHDWH� GLJLWDO� RXWSXW� ZRUG�� 7KH� ILOWHU� ZDV�
GHVFULEHG� LQ� 9+'/� ODQJXDJH�� ZKLFK� LV� GHGLFDWHG� WR� GHVLJQ�
GLJLWDO� FLUFXLWV�� 1H[W� VWHS� ZDV� GHVLJQHG� DQG� YHULILFDWLRQ� LQ�
6<1236<6� VRIWZDUH�� /DVW� VWHS� ZDV� OD\RXW� JHQHUDWLRQ� E\�
XVLQJ� &$'(1&(� HQYLURQPHQW�� 7KH� IXOO� GHVLJQ� IORZ� ZDV�
SUHVHQWHG�RQ�ILJ������
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)LJ����'HVLJQ�SDWK�RI�GHFLPDWLRQ�ILOWHU�

� 7KH� GHVFULSWLRQ� RI� D� SDUW� RI� GHFLPDWLRQ� ILOWHU� RI� GDWD�
SURFHVVLQJ�XQLW�LQ�9+'/�ODQJXDJH�LV�SUHVHQWHG�EHORZ��

�

)LJ����'HVFULSWLRQ�RI�GHFLPDWLRQ�ILOWHU�LQ�9+'/�ODQJXDJH�

� 7KH� EHKDYLRXU� RI� WKH� FLUFXLWV� ZDV� GHVFULEHG� LQ� 9+'/�
ODQJXDJH�� 7KH� QH[W� RI� GHVLJQ� SDWK� UHTXLUHV� VFKHPDWLF�
JHQHUDWLRQ�� ,W� LV� REWDLQHG� ZLWK� XVDJH� RI� 6<1236<6�
HQYLURQPHQW��7KH�UHVXOWV�RI�WKLV�DUH�SUHVHQWHG�RQ�ILJ����
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)LJ����(OHFWULFDO�VFKHPH�RI�WKH�GHFLPDWLRQ�ILOWHU�
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� 7KH� ODVW� VWHS� ZDV� WR� FRQQHFW� PRGXODWRU� DQG� GHFLPDWLRQ�
ILOWHU� XVLQJ� &$'(1&(� VFKHPDWLF� HGLWRU�� ,Q� WKLV� ZD\� WKH�
ZKROH�GDWD�SURFHVVLQJ�XQLW�ZDV�GHVLJQHG���

9��&21&/86,216�

7KH�VLOLFRQ�PLFURV\VWHP�SUHVHQWHG�LQ�WKLV�SDSHU�KDG�EHHQ�IXOO\�
GHVLJQHG� LQ� &$'(1&(� HQYLURQPHQW�� 8VLQJ� 63(&75(6�
VLPXODWRU� WKH� GDWD� SURFHVVLQJ� XQLW� ZDV� VLPXODWHG�� 5HVXOWV� RI�
WKH� VLPXODWLRQV� ZHUH� SUHVHQWHG� RQ� WKLV� SDSHU�� 7KHUH� DUH� DOVR�
OLEUDU\� ILOHV� WKDW� LQFOXGH� EDVLF� HOHFWURQLF� FHOOV� DV� V\PERO�
VFKHPDWLFV�� OD\RXWV� DQG� PRGHOV� ZHUH� FUHDWHG�� 7KH� PDLQ� DLP�
RI� WKLV�ZRUN�ZDV� WR�VLPSOLI\�GHVLJQ�SURFHVV�RI� WKH� LQWHJUDWHG�
FLUFXLWV��

9,��$&.12:/('*(0(176�

� 7KH� DXWKRUV� ZLVK� WR� WKDQN� 0�6F�� .U]\V]WRI� 6]DQLDZVNL�
IURP�'HSDUWPHQW�RI�0LFURHOHFWURQLF�DQG�&RPSXWHU�6FLHQFH�DW�
7HFKQLFDO�8QLYHUVLW\�RI�/RG]�IRU�NLQG�VKDULQJ�RI�LQIRUPDWLRQ�
RQ�KLV�UHVHDUFK�UHVXOWV�UHODWHG�WR�GHVLJQLQJ�DQG�PDQXIDFWXULQJ�
PLFURV\VWHPV���

5()(5(1&(6�
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�0L[HG� 'HVLJQ� RI� 9/6,� &LUFXLWV� ±� (GXFDWLRQ� RI�
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