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7KH� +RSILHOG� QHXUDO� QHWZRUN� LV� FRPSRVHG� RI� DQ� DUUD\� RI� WKUHVKROGLQJ� SURFHVVLQJ� HOHPHQWV�� FDOOHG�QHXURQV��DQG�LQKLELWRU\�LQWHUFRQQHFWLRQV�EHWZHHQ�WKHVH�QHXURQV��7KH�HTXDWLRQV�JRYHUQLQJ�WKH�G\QDPLF�EHKDYLRXU�RI�WKLV�QHWZRUN�DUH�
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ZKHUH�[L LV�WKH�VWDWH�RI�WKH�L�WK�QHXURQ��\L LV�LWV�RXWSXW�DQG�W�LV�WKH�WKUHVKROG�RU�ELDV�IRU�WKH�QHXURQ��,I�D�SDUWLFXODU� QHXURQ� LV� WR� EH� HQWHUHG� LQWR� WKH� FRPSHWLWLRQ� EHWZHHQ� QHXURQV� GXULQJ� WKH� FXUUHQW� QHWZRUN�F\FOH� WKHQ� ,L LV� HTXDO� WR� �� RWKHUZLVH� LW� HTXDOV� ���7KH�RYHUDOO� HIIHFW� RI� WKH� LQKLELWRU\� LQWHUFRQQHFWLRQV��:LM�� LV� WR�SHUPLW�RQO\�D�OLPLWHG�VXEVHW�RI� WKH�QHXURQV�LQ�WKH�QHWZRUN� WR�DFKLHYH�DQ�³RQ´�VWDWH�GXULQJ�DQ\�SDUWLFXODU�RSHUDWLQJ�F\FOH��%\�FDUHIXO�VHOHFWLRQ�RI�WKH�LQKLELWRU\�LQWHUFRQQHFWLRQ�SDWWHUQ�WKH�QHWZRUN�FDQ� EH� PDGH� WR� RSWLPLVH� VRPH� DUELWUDU\� IXQFWLRQ��� ,Q� WKH� VSHFLILF� FDVH� SUHVHQWHG� LQ� WKLV� SDSHU� WKH�LQKLELWRU\�LQWHUFRQQHFWLRQV�DUH�GHVLJQHG�WR�PDNH�WKH�QHWZRUN�RSWLPLVH�WKH�QXPEHU�RI�SDFNHWV�ZKLFK�FDQ�EH�VZLWFKHG�WKURXJK�D�VWDQGDUG�FURVVEDU�VZLWFK�GXULQJ�RQH�F\FOH��7KH� RSWRHOHFWURQLF� VFKHGXOHU� IRU� D� SDFNHW� VZLWFK� GHVFULEHG� SUHYLRXVO\� VXFFHVVIXOO\�GHPRQVWUDWHG� WKH� YDOLGLW\� RI� WKH�+RSILHOG� DSSURDFK� WR� WKLV� SUREOHP��+RZHYHU�� WKH� V\VWHP� LWVHOI�ZDV�SK\VLFDOO\� ODUJH� DV� ZHOO� DV� UHTXLULQJ� FRQVWDQW� REVHUYDWLRQ� WR� HQVXUH� WKDW� WKH� GLYHUVH� HOHFWURQLF� DQG�RSWLFDO�FRPSRQHQWV�UHPDLQHG�RSHUDWLRQDO�DQG�LQ�DOLJQPHQW��7KH�QH[W�JHQHUDWLRQ�GHPRQVWUDWRU�KDV�EHHQ�GHVLJQHG� WR�IDFLOLWDWH�³KDQGV�RII´�RSHUDWLRQ�RI�WKH�GHPRQVWUDWRU�E\�XVLQJ�DQ�RSWRPHFKDQLFDO�EDVHSODWH�LQ� FRQMXQFWLRQ� ZLWK� ERWK� RII�WKH�VKHOI� DQG� FXVWRP� GHVLJQHG� RSWLFDO�� HOHFWURQLF� DQG� RSWRHOHFWURQLF�VXEV\VWHPV��,Q�WKLV�SDSHU�ZH�VKDOO�UHSRUW�RQ�WKH�SURJUHVV�RI�HDFK�RI�WKHVH�HOHPHQWV�RI�WKH�V\VWHP�DV�ZHOO�DV�LQYHVWLJDWLQJ�WKH�OLPLWDWLRQV�RQ�WKH�VFDODELOLW\�RI�WKH�V\VWHP�LPSRVHG�E\�WKH�GLIIHUHQW�VXEV\VWHPV��

���2SWLFDO�6XEV\VWHPV
7KH� RSWLFDO� VXEV\VWHP� RI� WKH� QHXUDO� QHWZRUN� KDUGZDUH� LPSOHPHQWV� WKH� LQKLELWRU\� LQWHUFRQQHFWLRQV�EHWZHHQ� WKH� QHXURQV� E\� PHDQV� RI� D� GLIIUDFWLYH� RSWLFDO� HOHPHQW� �'2(�� DQG� OHQV� FRPELQDWLRQ�� 7KLV�DSSURDFK�DOORZV�PD[LPXP� IOH[LELOLW\�RI� LQWHUFRQQHFWLRQ�SDWWHUQ�DV� WKH� LQWHUFRQQHFWLRQ�SDWWHUQ�FDQ�EH�FKDQJHG� E\� SODFLQJ� D� GLIIHUHQW� '2(� LQ� WKH� V\VWHP�� 7KH� QHXURQV� WKHPVHOYHV� DUH� LPSOHPHQWHG�HOHFWURQLFDOO\� XVLQJ� D� QXPEHU� RI� 'LJLWDO� 6LJQDO� 3URFHVVRUV� DQG� ZLOO� EH� GLVFXVVHG� LQ� 6HFWLRQ� ��� 7KH�HOHFWURQLF�RSWLF� FRQYHUVLRQ� LV� SHUIRUPHG� E\� D� �'� ��[��� DUUD\� RI� 9HUWLFDO� &DYLW\� 6XUIDFH� (PLWWLQJ�/DVHUV��RSHUDWLQJ�DW�O ���QP��DQG�D��'���[���DUUD\�RI�6L�SKRWRGHWHFWRUV�LV�XVHG�WR�FRQYHUW�WKH�RSWLFDO�VLJQDOV�EDFN�WR�HOHFWURQLF�VLJQDOV��7KH�HQWLUH�RSWLFDO�VXEV\VWHP��ZKLFK� LQFOXGHV�WKH�RSWRPHFKDQLF�DQG�RSWRHOHFWURQLF�VXEV\VWHPV��LV�VKRZQ�LQ�)LJXUH � ZLWK� WKH�RSWLFDO�VLJQDOV�SDVVLQJ�IURP�ULJKW�WR�OHIW��7KH�OHQV� �HIIHFWLYH� IRFDO� OHQJWK�  � ��FP�� XVHG� LQ� WKLV� DVVHPEO\� ZDV� FKRVHQ� WR� SURYLGH� WKH� QHFHVVDU\� [��PDJQLILFDWLRQ� WR� PDWFK� WKH� 9&6(/� SLWFK� ����PP�� WR� WKH� SKRWRGHWHFWRU� SLWFK� ����PP��� 7KH�RSWRPHFKDQLFDO� VORWWHG� EDVHSODWH� GHVLJQ� VLPSOLILHV� WKH� DOLJQPHQW� RI� WKH� 9&6(/� DUUD\� ZLWK� WKH�SKRWRGHWHFWRU� DUUD\�DV�ZHOO� DV� DOORZLQJ� WKH� UHODWLYH� ORQJLWXGLQDO�SRVLWLRQV�RI� WKH� OHQV�DQG�'2(�WR�EH�DOWHUHG�ZLWKRXW�FKDQJLQJ�WKHLU�WUDQVYHUVH�SRVLWLRQV��



9&6(/�$UUD\

/HQV,QKLELWRU\�'2(

3KRWRGHWHFWRU�$UUD\

9&6(/�+HDWVLQN

)LJXUH�� ��2SWRPHFKDQLFDO�%DVHSODWH�DQG�2SWLFDO�6XEV\VWHP�IRU�2SWRHOHFWURQLF�+RSILHOG�1HWZRUN�6FKHGXOHU7KH� GLIIUDFWLYH� RSWLFDO� HOHPHQW� ZDV� GHVLJQHG� XVLQJ� D� FRPELQDWLRQ� RI� DQ� LWHUDWLYH� )RXULHU� WUDQVIRUP�DOJRULWKP� �,)7$��DQG�D�FORVHG�IRUP�WUDSH]RLGDO�DOJRULWKP��� ,Q�JHQHUDO��WKHVH�VWDQGDUG�GHVLJQ�PHWKRGV�DOORZ�WKH�FUHDWLRQ�RI�'2(V�ZLWK�HIILFLHQFLHV�RI�!�����DQG�UHFRQVWUXFWLRQ�HUURUV�RI�������+RZHYHU��GXH�WR�WKH�UHVWULFWLRQV�SODFHG�XSRQ�WKH�'2(�SHULRG�E\�WKH�RSWLFDO�V\VWHP�GHVFULEHG�DERYH��D�UHGXFWLRQ�LQ�WKH�RYHUDOO� HIILFLHQF\�RI� WKH�'2(� WR� ����ZDV� UHTXLUHG� WR�HQVXUH�WKDW� WKH� UHFRQVWUXFWLRQ� HUURU�ZDV� RI�DQ�DFFHSWDEOH�OHYHO��7KH�SHULRG�RI�WKH�'2(�LV�JLYHQ�E\�
VQI7 O 

ZKHUH�Q�LV�WKH�QXPEHU�RI�RUGHUV�EHWZHHQ�FR�OLQHDU�³RQ´�GLIIUDFWLRQ�RUGHUV��I�DQG�O DUH�WKH�IRFDO�OHQJWK�DQG�ZDYHOHQJWK�UHVSHFWLYHO\�DQG�V�LV�WKH�VHSDUDWLRQ�EHWZHHQ�³RQ´�GLIIUDFWLRQ�RUGHUV���)LJXUH � VKRZV�WKH�RXWSXW� IURP� WZR�GLIIHUHQW� LQKLELWLRQ�'2(V�� WKH�ILUVW�ZDV�GHVLJQHG�ZLWK� WKH�FR�OLQHDU� VSDFLQJ�EHWZHHQ�WKH�³RQ´�GLIIUDFWLRQ�RUGHUV�VHW�DW�RQH�GLIIUDFWLRQ�RUGHU�DQG�WKH�VHFRQG�ZLWK�WKH�FR�OLQHDU�VSDFLQJ�VHW�WR�WZR�GLIIUDFWLRQ�RUGHUV��
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� �� �� �� �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���3RVLWLRQ��$UE��8QLWV�
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6LQJOH�RUGHU�VSDFLQJ 'RXEOH�RUGHU�VSDFLQJ

)LJXUH�� ��&URVV�VHFWLRQ�WKURXJK�LQKLELWLRQ�LQWHUFRQQHFWLRQ�'2(



,W�FDQ�EH�VHHQ�IURP�)LJXUH � WKDW�WKH�ODUJHU�SHULRG�SURGXFHG�E\�WKH�GRXEOH�RUGHU�VSDFLQJ�KDV�LPSURYHG�WKH� RYHUDOO� XQLIRUPLW\� RI� WKH� HOHPHQW�� � 7KLV� LPSURYHPHQW� LQ� ILQDO� XQLIRUPLW\� LV� GXH� WR� WKH� ODUJHU�PLQLPXP�IHDWXUH�VL]H�RI� WKH�GRXEOH�RUGHU�VSDFLQJ�HOHPHQW�DQG�WKH�FRPPHQVXUDWH� LPSURYHPHQW�LQ�WKH�SKRWROLWKRJUDSKLF�WUDQVIHU�RI�WKH�SKDVH�SURILOH�RQWR�WKH�JODVV�VXEVWUDWH��
���(OHFWURQLF�6XEV\VWHPV

7KH�HOHFWURQLF�VXEV\VWHP�RI�WKH�QHXUDO�GHPRQVWUDWRU�FRQVLVWV�RI�ILYH�VWDJHV��HDFK�SHUIRUPLQJ�D�VSHFLILF�WDVN�DV�VKRZQ�LQ�)LJXUH ���
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)LJXUH�� ��(OHFWURQLF�DQG�2SWLFDO�VXEV\VWHP�FRPSRQHQWV�6WDUWLQJ�DW�WKH�RSWLFDO�LQSXW�WKHUH�LV�D�GHWHFWLRQ�V\VWHP�WKDW�FRQYHUWV�WKH�SKRWRFXUUHQWV�JHQHUDWHG�E\�WKH�SKRWRGHWHFWRU� DUUD\� LQ� WR� YROWDJHV�� 7KHVH� YROWDJHV� DUH� SDVVHG� WKURXJK� ��ELW� DQDORJXH�WR�GLJLWDO�FRQYHUWHUV� �$'&V��DQG�WKH�FRQYHUWHG�VLJQDOV�DUH� WLPH�PXOWLSOH[HG�RQWR�WKH�'LJLWDO�6LJQDO�3URFHVVRUV��ZKLFK�FRPSULVH�WKH�QH[W�VWDJH��7KLV�VWDJH�FRQVLVWV�RI���7H[DV�,QVWUXPHQWV�706���&�;�'63V�WKDW��WDNH�WKH� GLJLWDO� LQIRUPDWLRQ� IURP� WKH� $'&V� DQG� SHUIRUPV� WKH� G\QDPLF� XSGDWH� DQG� WUDQVIHU� IXQFWLRQV�VSHFLILHG�HDUOLHU��7KH�IRXUWK�VWDJH�FRQYHUWV�WKH�GLJLWDO�YDOXHV�JHQHUDWHG�E\�WKH�'63V�EDFN�LQWR�DQDORJXH�YROWDJHV�� XVLQJ� ��ELW�GLJLWDO�WR�DQDORJXH�FRQYHUWHUV�� IRU� GHOLYHU\� WR� WKH� ILQDO� VWDJH�ZKLFK� LV� WKH�GULYHU�FLUFXLWU\� IRU� WKH� 9HUWLFDO� &DYLW\� 6XUIDFH� (PLWWLQJ� /DVHU� DUUD\�� 7KH� XVH� RI� RII�WKH�VKHOI� '63V� WR�LPSOHPHQW� WKH�QHXUDO� WKUHVKROGLQJ� IXQFWLRQV�DOORZV�WKH�IXQFWLRQDOLW\�RI� WKH�QHWZRUN� WR�EH�DOWHUHG�DQG�QHZ� SUREOHPV� WR� EH� WDFNOHG� ZLWK� PLQLPDO� DOWHUDWLRQ� RI� HOHFWURQLF� DQG� RSWRHOHFWURQLF� KDUGZDUH��&XUUHQWO\�� WKHUH� DUH� IRXU�'63V� RSHUDWLQJ� LQ� D� WLPH�PXOWLSOH[HG�PDQQHU ZKHUH� HDFK�'63�KDQGOHV� ���LQSXWV�DQG����RXWSXWV�LQ�DQ\�RQH�QHWZRUN�F\FOH��7KH�'63V�DFW�DV�VODYHV�WR�D�PDVWHU�&38��LQ�WKLV�FDVH�D�3&��ZKLFK�FDQ�EH�XVHG�WR�UHSURJUDP�WKH�'63V�
7ZR� GLIIHUHQW� 9&6(/� GULYHU� FLUFXLWV� ZHUH� GHVLJQHG�� WKH� ILUVW� XVLQJ� GLVFUHWH� GLJLWDO� FRPSRQHQWV� WR�SURYLGH� WKH�QHFHVVDU\� GULYH� FXUUHQW� DQG� WKH� VHFRQG�D� FXVWRP�GHVLJQHG�DSSOLFDWLRQ� VSHFLILF� LQWHJUDWHG�FLUFXLW��$6,&��IDEULFDWHG�WKURXJK�WKH�026,6�EURNHUDJH�VHUYLFH��)LJXUH � VKRZV�WKH�SKRWRGHWHFWRU�GULYHU�FLUFXLW� RXWSXW� YROWDJH� VZLQJ� JHQHUDWHG� E\� WKH� IDU�ILHOG� RXWSXW� RI� WKH� LQKLELWRU\� LQWHUFRQQHFWLRQ�'2(�XQGHU�LOOXPLQDWLRQ�IURP�D�VLQJOH�9&6(/�PRGXODWHG�DW��N+]��
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� ��� ��� ��� ��� ��� ��� ��� ��� ��� �7LPH��$UE��8QLWV�
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'LJLWDO�'ULYHU���([SHULPHQW $QDORJXH�'ULYHU���6LPXODWLRQ

)LJXUH�����2XWSXW�9ROWDJH�JHQHUDWHG�E\�SKRWRGHWHFWRU�GULYHU�FLUFXLW�XQGHU�LOOXPLQDWLRQ�IURP�PRGXODWHG�9&6(/�RXWSXW�7KH� PRGXODWLRQ� IUHTXHQF\� LV� VLJQLILFDQWO\� EHORZ� WKH� WKHRUHWLFDO� PD[LPXP� PRGXODWLRQ� IUHTXHQF\� RI�ERWK�GULYHU� FLUFXLWV� �����0+]� IRU� WKH�GLJLWDO�GULYHU�DQG����0+]� IRU� WKH�DQDORJXH�GULYHU�� DQG� LW�ZDV�FKRVHQ� WR� DOORZ� WKH� GDWD� DFTXLVLWLRQ� FDUG� XVHG� LQ� WKH� H[SHULPHQWDO� V\VWHP� WR� DFFXUDWHO\�PHDVXUH� WKH�YROWDJH�� 7KH� H[SHULPHQWDO� GLJLWDO� GULYHU� ZDV� PRGXODWHG� XVLQJ� D� 77/� ����9�� VTXDUH� ZDYH� DQG� WKH�VLPXODWHG�DQDORJXH�GULYHU�ZDV�GULYHQ�XVLQJ�D��9��9�VLQXVRLGDO�ZDYH��ERWK�EHLQJ�VXIILFLHQW�WR�SURGXFH�HQRXJK�FXUUHQW� WR�VZLWFK� WKH�9&6(/�EHWZHHQ�QR�RSWLFDO�RXWSXW�DQG�DQ�RSWLFDO�RXWSXW�RI�a�P:��7KH�WRWDO� DPRXQW� RI� RSWLFDO� SRZHU� LQFLGHQW� XSRQ� D� VLQJOH� SKRWRGHWHFWRU� IURP� RQH� 9&6(/� KDV� EHHQ�FDOFXODWHG�WR EH�
9&6(/'2(RSWLFVEXONJOH 313 u� ����BVLQ KK

ZKLFK� IRU� WKH� GHPRQVWUDWRU� KDUGZDUH� SUHVHQWHG� LQ� WKLV� SDSHU� �1 ���KEXONBRSWLFV  ������K'2(  ���� DQG�39&6(/ �P:�� LV� HTXDO� WR� a��P:�� 7KH� REVHUYHG� YROWDJH� VZLQJ� RI� ��P9� �FRUUHVSRQGLQJ� WR� DQ�RSWRHOHFWURQLF�DPSOLILFDWLRQ�RI�������IRU�D�VLQJOH�LQFLGHQW�EHDP�LPSOLHV�WKDW�WKH�WRWDO�YROWDJH�VZLQJ�IRU�D�SKRWRGHFWHFWRU�ZLWK�WKH�PD[LPXP�QXPEHU������RI�RSWLFDO�LQSXWV�LQFLGHQW�XSRQ�LW�ZLOO�EH�a�9��)LJXUH � VKRZV�WKH�IDEULFDWHG�DQDORJXH�9&6(/�GULYHU��ZKLFK�LV�FXUUHQWO\�EHLQJ�WHVWHG�DQG�ZLOO�UHSODFH�WKH�GLJLWDO�GULYHU�FLUFXLW�LQ�WKH�FRPSOHWHG�GHPRQVWUDWRU�V\VWHP�

)LJXUH�� ��0LFURJUDSK�RI�DQDORJXH�9&6(/�GULYHU�FLUFXLW�GHVLJQHG�XVLQJ�D���SRO\���PHWDO����PP�SURFHVV�



���6FDODELOLW\�RI�WKH�2SWRHOHFWURQLF�+RSILHOG�1HWZRUN�
,Q� SULQFLSOH�� WKH� +RSILHOG� QHWZRUN� DUFKLWHFWXUH� GLVFXVVHG� LQ� WKLV� SDSHU� LV� KLJKO\� VFDODEOH� ZLWK� WKH�PD[LPXP� VL]H� RI� QHWZRUN� EHLQJ� VHW�� DW� SUHVHQW�� E\� WKH� VL]H� RI� DYDLODEOH� �'� DUUD\V� RI�9&6(/V� DQG�SKRWRGHWHFWRUV��+RZHYHU�� LQ�SUDFWLFH�D�PRUH� IXQGDPHQWDO� OLPLWDWLRQ�RQ� WKH�PD[LPXP�VL]H�RI�QHWZRUN�ZKLFK�FDQ�EH�UHDOLVHG�LV�LPSRVHG�E\�WKH�QRQ�XQLIRUPLW\�RI�WKH�GLIIUDFWLYH�RSWLFDO�HOHPHQW��7KLV�TXDQWLW\��DOVR� NQRZQ� DV� WKH� UHFRQVWUXFWLRQ� HUURU�� LV� D� PHDVXUH� RI� WKH� GLYHUJHQFH� RI� WKH� REVHUYHG� IDU�ILHOG�GLIIUDFWLRQ�SDWWHUQ�IURP�WKH�LGHDO�SDWWHUQ�XVHG�LQ�WKH�RSWLPLVDWLRQ�RI�WKH�SKDVH�SURILOH���7KLV�LV�H[SUHVVHG�PDWKHPDWLFDOO\�DV�

WDUJHW
REVHUYHG��PD[ PQ
PQ,,0QPU �� '

ZKHUH� 0� LV� WKH� VHW� RI� � GLIIUDFWLRQ� RUGHUV� XVHG� WR� VSHFLI\� WKH� IDU�ILHOG� RXWSXW RI� WKH� SKDVH� HOHPHQW��7\SLFDOO\��WKH�QRQ�XQLIRUPLW\�RI�ELQDU\����OHYHO��SKDVH�HOHPHQWV�LV�RI�WKH�RUGHU�RI������DIWHU�WKH�GHVLJQ�SURFHVV�DQG������DIWHU�IDEULFDWLRQ��7KH�REVHUYHG�LQFUHDVH�LQ�QRQ�XQLIRUPLW\�DIWHU�IDEULFDWLRQ�LV�GXH�WR�LQDFFXUDFLHV�LQ�WKH�HWFKLQJ�RI�WKH�JODVV�VXEVWUDWH�DV�ZHOO�DV�SRRU�SKRWROLWKRJUDSKLF�WUDQVIHU�RI�ILQH��KLJK�VSDWLDO� IUHTXHQF\�� IHDWXUHV� IURP� WKH� H�EHDP� ZULWWHQ� PDVN� WR� WKH� JODVV� VXEVWUDWH�� )LJXUH � VKRZV� D�VHFWLRQ� RI� D� JUDWLQJ� ZLWK� PLQLPXP� IHDWXUH� VL]HV� RI� a���PP�ZKLFK� LV� WKH� OLPLW� RI� WKH� LQ�KRXVH�'2(�IDEULFDWLRQ� IDFLOLWLHV� DW� +HULRW�:DWW� 8QLYHUVLW\�� 7KH� VKDUS� IHDWXUHV� RI� WKH� LGHDO� SKDVH� SURILOH� KDYH�EHFRPH�URXQGHG�DQG�VRPH�RI�WKH�ILQHVW�IHDWXUHV�KDYH�GLVDSSHDUHG��

)LJXUH�� ��6HFWLRQ�RI�LQKLELWLRQ�SDWWHUQ�'2(�VKRZLQJ�SKRWROLWKRJUDSKLF�EOXUULQJ�RI�VKDUS�IHDWXUHV�,Q� RUGHU� WR� TXDQWLI\� WKH� HIIHFW� RI� '2(� QRQ�XQLIRUPLW\� RQ� WKH� RSWRHOHFWURQLF� +RSILHOG� QHWZRUN� D�VLPXODWLRQ�RI� WKH� V\VWHP�ZDV� LPSOHPHQWHG�ZLWK� D�QRQ�XQLIRUP LQKLELWLRQ� LQWHUFRQQHFWLRQ��%\�YDU\LQJ�WKH�WRWDO�QRQ�XQLIRUPLW\�RI�WKLV�LQWHUFRQQHFWLRQ�DQG�REVHUYLQJ�WKH�DFFHSWDQFH�UDWLR��GHILQHG�KHUH�DV�WKH�SURSRUWLRQ�RI� WHVW� F\FOHV�ZKHUH� WKH�RSWLPDO�QXPEHU� RI� GDWD� FKDQQHOV� DUH� URXWHG� WKURXJK� WKH�FURVVEDU�VZLWFK�� DQ� HVWLPDWH� RI� WKH� OLPLWDWLRQ� RQ� QHWZRUN� VL]H� GXH� WR� LQWHUFRQQHFWLRQ� QRQ�XQLIRUPLW\� FDQ� EH�GHULYHG���7KH�RSWLPDO�QXPEHU�RI�GDWD�FKDQQHOV�ZKLFK�FDQ�EH�URXWHG�WKURXJK�DQ�1[1�FURVVEDU�VZLWFK�LV�1�� )LJXUH � VKRZV� WKH� YDULDWLRQ� RI� DFFHSWDQFH� UDWLR� ZLWK� LQFUHDVLQJ� OHYHOV� RI� LQWHUFRQQHFWLRQ� QRQ�XQLIRUPLW\�IRU� WKUHH�GLIIHUHQW�+RSILHOG�QHWZRUN�VL]HV���,Q�HDFK�FDVH�������F\FOHV�RI�WKH�QHWZRUN�ZHUH�DQDO\VHG�DQG�LW�ZDV�REVHUYHG�WKDW�ZKHQ� WKH�QHWZRUN�ZDV�RSHUDWLQJ�FRUUHFWO\��WKH�DFFHSWDQFH�UDWLR�ZDV�DERYH������
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� � � � � �� �� ��,QWHUFRQQHFWLRQ�1RQXQLIRUPLW\����

$FFHS
WDQFH

�5DWLR

��,QSXW�����2XWSXW�1HWZRUN ��,QSXW�����2XWSXW�1HWZRUN ��,QSXW�����2XWSXW�1HWZRUN

)LJXUH�� ��9DULDWLRQ�RI�$FFHSWDQFH�5DWLR�ZLWK�,QWHUFRQQHFWLRQ�1RQ�XQLIRUPLW\
,W� FDQ� EH� VHHQ� WKDW� DV� WKH� VL]H� RI� WKH� QHWZRUN� LQFUHDVHV� WKH� PD[LPXP� QRQ�XQLIRUPLW\� WKDW� FDQ� EH�WROHUDWHG� GHFUHDVHV�� 7KLV� VLPXODWLRQ� ZDV� UHSHDWHG� IRU� D� UDQJH� RI� GLIIHUHQW� QHWZRUN� VL]HV� DQG� WKH�PD[LPXP�QRQ�XQLIRUPLW\�DW�ZKLFK�WKH�DFFHSWDQFH�UDWLR�EHJLQV�WR�GHFOLQH�LV�SORWWHG�LQ�)LJXUH ��
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)LJXUH�� ��0D[LPXP�,QWHUFRQQHFWLRQ�1RQ�XQLIRUPLW\
7KH� OLQH� LQ� )LJXUH � LV� D� ILW� WR� WKH� VLPXODWHG� SRLQWV� DOORZLQJ� WKH� WUHQG� WR� EH� H[WUDSRODWHG� WR� ODUJHU�QHWZRUNV� WKDW� FDQQRW� EH� VLPXODWHG� LQ� UHDVRQDEOH� WLPH��7KH�PD[LPXP� LQWHUFRQQHFWLRQ�QRQ�XQLIRUPLW\�IRU�DQ�1[1�+RSILHOG�QHWZRUN�LV�JLYHQ�E\�

��������&DQG������&�ZKHUH�� ����PD[ �  �u ' &1&U
%\� DVVXPLQJ� WKDW� WKH� PLQLPXP� QRQ�XQLIRUPLW\� RI� DQ\� LQWHUFRQQHFWLRQ� '2(� LV� ��� DQG� VROYLQJ� WKH�DERYH�HTXDWLRQ�� WKH�PD[LPXP�VL]H�RI�+RSILHOG�QHWZRUN�ZKLFK� FDQ�EH� LPSOHPHQWHG�XVLQJ� WKH�FXUUHQW�'2(�IDEULFDWLRQ�WHFKQRORJ\�LV���[����%\�FKDQJLQJ�WKH�RSWLFDO�VXEV\VWHP�WR�DOORZ�D�ODUJHU�'2(�SHULRG�WKH� PLQLPXP� QRQ�XQLIRUPLW\� FDQ� EH� UHGXFHG�� SURYLGHG� FDUH� LV� WDNHQ� WR� UHPRYH� H[FHVVLYHO\� VKDUS�



IHDWXUHV� IURP� WKH� SKDVH� SURILOH� GXULQJ� WKH� GHVLJQ� SKDVH�� ,Q� DGGLWLRQ�� LPSURYHPHQWV� LQ� WKH�SKRWROLWKRJUDSKLF� WHFKQLTXHV� XVHG� LQ� WKH� IDEULFDWLRQ� RI� GLIIUDFWLYH� RSWLFDO� HOHPHQWV� ZLOO� DOORZ� ILQHU�IHDWXUHV�WR�EH�UHVROYHG�ZKLFK�ZLOO�DJDLQ�UHGXFH�WKH�PLQLPXP�QRQ�XQLIRUPLW\���$�FRPELQDWLRQ�RI�WKHVH�PHWKRGV� ZLOO� DOORZ� WKH�PD[LPXP� VL]H� RI�+RSILHOG� QHWZRUN� WR� EH� LQFUHDVHG� WR� DURXQG� ��[��� EHIRUH�XQDYRLGDEOH�V\VWHPLF�HUURUV��H�J��LQ�WKH�HWFK�GHSWK��LQ�WKH�IDEULFDWLRQ�SURFHVV�EHFRPH�VLJQLILFDQW�
���&RQFOXVLRQV

:H� KDYH� SUHVHQWHG� WKH� FXUUHQW� VWDW H� RI� WKH� QH[W�JHQHUDWLRQ� +RSILHOG� QHXUDO� QHWZRUN�GHPRQVWUDWRU��7KH�GLIIHUHQW� VXEV\VWHPV�KDYH�EHHQ�GHVLJQHG�DQG�FRQVWUXFWHG�DQG�KDYH�EHHQ�VKRZQ�WR�EH�RSHUDWLQJ�LQ�WKH�GHVLUHG�PDQQHU��6HYHUDO�DUHDV�ZKHUH�V\VWHP�SHUIRUPDQFH�FDQ�EH�LPSURYHG� KDYH� EHHQ� LGHQWLILHG�� IRU� H[DPSOH�� E\� XVLQJ� ODUJHU� RUGHU� VHSDUDWLRQV� DQG� KHQFH�ODUJHU�SHULRG�'2(V�� WKH�HIIHFW�RI�'2(�IDEULFDWLRQ �LQGXFHG�QRQ�XQLIRUPLW\�FDQ�EH�UHGXFHG��LQFUHDVLQJ� WKH� VFDODELOLW\� RI� WKH� +RSILHOG� QHXUDO� QHWZRUN� DUFKLWHFWXUH�� 7KH�9&6(/� GULYHU�FLUFXLWU\��ERWK�GLJLWDO�DQG�DQDORJXH��KDV�EHHQ�VKRZQ�WR�RSHUDWH�LQ�WKH�GHVLUHG�PDQQHU�DQG��LQ�FRPELQDWLRQ� ZLWK� WKH� SKRWRGHWHFWRU� VXEV\VWHP�� WR� SURGXFH� D� VXIILFLHQW� YROWDJH� VZLQJ� IRU�GHWHFWLRQ�E\�WKH�GLJLWDO�VLJQDO�SURFHVVRU�QHXURQV����
���5HIHUHQFHV

�� -�-�+RSILHOG� DQG� '�:�7DQN� �� ³1HXUDO� FRPSXWDWLRQ� RI� GHFLVLRQV� LQ� RSWLPL]DWLRQ�SUREOHPV´��%LRORJLFDO�&\EHQHWLFV ���������������������� 7�;�%URZQ�� ³1HXUDO� QHWZRUNV� IRU� VZLWFKLQJ´�� ,(((� &RPPXQLFDWLRQV� 0DJD]LQH���������������������� 5�3�:HEE�� $�-�:DGGLH�� .�-�6\PLQJWRQ�� 0�5�7DJKL]DGHK� DQG� -�)�6QRZGRQ��³2SWRHOHFWURQLF�QHXUDO�QHWZRUN� VFKHGXOHU� IRU�SDFNHW�VZLWFKHV´�� $SSOLHG�2SWLFV���������������������� )�:\URZVNL��³,WHUDWLYH�TXDQWLVDWLRQ�RI�GLJLWDO�DPSOLWXGH�KRORJUDPV´�� $SSOLHG�2SWLFV����������������������� $�9DVDUD�� 0�5�7DJKL]DGHK�� -�7XUXQHQ�� -�:HVWHUKROP�� (�1RSRQHQ�� +�,FKLNDZD��-�0�0LOOHU�� 7�.DDNNROD� DQG� 6�.XLVPD�� ³%LQDU\� VXUIDFH �UHOLHI� JUDWLQJV� IRU� DUUD\�LOOXPLQDWLRQ�LQ�GLJLWDO�RSWLFV´��$SSOLHG�2SWLFV����������������������


