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2SWRHOHFWURQLFV�DQG�D�1HXUDO�1HWZRUN�3DFNHW�6ZLWFK�&RQWUROOHU
.��-��6\PLQJWRQ�DQG�-��)��6QRZGRQ�
KWWS���ZZZ�RSWLFDO�FRPSXWLQJ�FR�XN

:KR�DUH�ZH"&ROODERUDWLQJ�ZLWK�RWKHU�PHPEHUV�RI�WKH�RSWRHOHFWURQLFV�JURXS�DW +HULRW�:DWW�8QLYHUVLW\�:H�H[DPLQH�QRYHO�DSSOLFDWLRQV�DQG�DUFKLWHFWXUHV�WKDW�FDQ�EH�SXW�XQGHU�WKH�XPEUHOOD�RI�³2SWLFDOO\�,QWHUFRQQHFWHG�&RPSXWLQJ�6\VWHPV´�
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,QWURGXFWLRQ� 7KLV� SUHVHQWDWLRQ� H[DPLQHV� DQ� RSWRHOHFWURQLF� QHXUDO�QHWZRUN�WKDW�FDQ�EH�XVHG�WR�VROYH�D�YDULHW\�RI�SUREOHPV�� 7KH� GHVLJQ� DQG� PRWLYDWLRQ� IRU� WKH� V\VWHP� ZLOO� EH�GLVFXVVHG�� 5HVXOWV� ZLOO� EH� SUHVHQWHG� IURP� WKH� ILUVW� JHQHUDWLRQ�V\VWHP�� 3HUIRUPDQFH� DQG� RSWLFDO� V\VWHP� VFDODELOLW\� LVVXHV� IRU�FXUUHQW�KDUGZDUH�ZLOO�GLVFXVVHG�� 'HVLJQ�DQG�HQJLQHHULQJ�LVVXHV�ZLOO�EH�H[DPLQHG�
:LOO�HVVHQWLDOO\�H[DPLQH�WZR�GHPRQVWUDWRUV�)LUVW�JHQHUDWLRQ�FRPSOHWH�DQG�ZRUNLQJ�ZKLFK�ZDV�GHVLJQHG�ZLWK�D�VSHFLILF�WDVN�LQ�PLQG��LQ�WKLV�FDVH�WHOHFRPPV�URXWLQJ�6HFRQG�JHQHUDWLRQ�HQKDQFHV�URXWLQJ�FDSDELOLW\�EXW�DOVR�RSHQV�XS�D�UDQJH�RI�RWKHU�SRVVLEOH�DSSOLFDWLRQV�EHFDXVH�RI�LWV�SURJUDPPDELOLW\�
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7KH�$VVLJQPHQW�3UREOHP

6ROYLQJ�WKH�DVVLJQPHQW�SUREOHP�LV�FRPSXWDWLRQDOO\�LQWHQVLYH�1HXUDO�QHWZRUNV�DUH�FDSDEOH�RI�VROYLQJ�WKH�DVVLJQPHQW�SUREOHP�7KHLU�LQKHUHQW�SDUDOOHOLVP�DOORZV�WKHP�WR�RXWSHUIRUP�DQ\�RWKHU�NQRZQ�PHWKRG�DW�KLJKHU�RUGHUV�

7KLV�SUREOHP�FDQ�EH�IRXQG�LQ�VLWXDWLRQV�VXFK�DV�� 1HWZRUN�VHUYLFH�PDQDJHPHQW�� 'LVWULEXWHG�FRPSXWHU�V\VWHPV�� :RUN�PDQDJHPHQW�V\VWHPV�� *HQHUDO�VFKHGXOLQJ��FRQWURO�RU�UHVRXUFH�DOORFDWLRQ�

:KDW�LV�RXU�V\VWHP�GHVLJQHG�WR�GR"��6ROYH�DVVLJQPHQW�SUREOHPV�7KH� DVVLJQPHQW� SUREOHP� LV� HVVHQWLDOO\� WDVN� DOORFDWLRQ� RSWLPLVDWLRQ�DPRQJVW�DOO�DYDLODEOH�UHVRXUFHV�WR�PD[LPLVH�WKURXJKSXW�7KH�DVVLJQPHQW�SUREOHP�LV�FRPSXWDWLRQDOO\�H[SHQVLYH�DQG�LWV�FRPSOH[LW\�JURZV�H[SRQHQWLDOO\�ZLWK�SUREOHP�VL]H�7KH� LQKHUHQW� SDUDOOHOLVP�RI� QHXUDO� QHWZRUNV� DQG�PRGXV� RSHUDQGL� DOORZV�WKHP�HDVLO\�WR�RXWSHUIRUP�DQ\�RWKHU�NQRZQ�PHWKRG�DW�KLJKHU�RUGHUV�:H�ZLOO�VWDUW�ZLWK�D�ORRN�DW�WKH�RSWRHOHFWURQLFV�XVHG�WR�FUHDWH�WKLV�V\VWHP�



�

2SWRHOHFWURQLF�,QWHUFRQQHFWV

6LQFH�HOHFWURQV�FDUU\�PDVV�DQG�FKDUJH�WKH\�LQWHUDFW�VWURQJO\��&RXORPE�,QWHUDFWLRQ����,GHDOO\�VXLWHG�IRU�VZLWFKLQJ�
3KRWRQV�GR�QRW�FDUU\�PDVV�RU�FKDUJH�DQG�DUH�QRQ�LQWHUDFWLQJ�LQ�IUHH�VSDFH���7KH\�DUH�LGHDOO\�VXLWHG�WR�LQWHUFRQQHFWLRQ�

:H�VROYH�DQ�LQWULFDWH�LQWHUFRQQHFWLRQ�SUREOHP�XVLQJ�WKH�QRQ�LQWHUDFWLQJ�QDWXUH�RI�SKRWRQLFV�,QWHUFRQQHFWLRQ�LV�D�SUREOHP�ZKLFK�ZH�KDYH�LQ�WKH�QHXUDO�QHWZRUN V\VWHP�$V�IDU�DV�VZLWFKLQJ�LV�FRQFHUQHG��SKRWRQLFV�ZLOO�QRW�EH�DEOH�WR�EHDW�HOHFWURQLFV�IRU�WKH�IRUHVHHDEOH�IXWXUH�
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1RQ�/RFDO�,QWHUFRQQHFWLRQ

)UHH�VSDFH�RSWLFDO�FKDQQHOV�FDQ�SDVV�WKURXJK�HDFK�RWKHU�WR�IRUP�DQ\�GHVLUHG�LQWHUFRQQHFWLRQ�WRSRORJ\�ZLWKRXW�FURVV�WDON�,QWHUFRQQHFWV�VXFK�DV�WKH�SHUIHFW�VKXIIOH�DQG�WKH�K\SHUFXEH�WKXV EHFRPH�UHODWLYHO\�VLPSOH�WR�LPSOHPHQW�7KLV�DOVR�UHGXFHV�VNHZ�DV�YHU\�ODUJH�YDULDWLRQV�LQ�ZLUH�OHQJWK�FDQ�EH�DYRLGHG�
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7KH�9&6(/�$UUD\
7KH�9&6(/��9HUWLFDO�&DYLW\�6XUIDFH(PLWWLQJ�/DVHU��LV�D�ODVHU�GLRGHWKDW�HPLWV�IURP�WKH�VXUIDFHRI�WKH�VXEVWUDWH�7\SLFDO�VSHHGV�DUH�!�*+]�

)LUVWO\�OHW�XV�WDON�DERXW�VRPH�RI�WKH�FRPSRQHQWV�ZH�XVH�LQ�RXU�V\VWHP�7KH�9&6(/�DUUD\�LV�DQ�DUUD\�RI�ODVHU�GLRGHV�ZKLFK�DUH�IDEULFDWHG RQ�WKH�VDPH�FKLS�6XFK�DUUD\V�DUH�DWWUDFWLYH�DV�WKH\�KDYH�D�KLJK�RSWLFDO�RXWSXW�SRZHUV�,W�KDV�DOVR�EHHQ�VKRZQ�WKDW�9&6(/V FDQ�EH�GULYHQ�DW�GDWD�UDWHV�LQ�H[FHVV�RI���*+]�6SDFLQJ�LV�W\SLFDOO\�OHVV�WKDQ�RU�HTXDO�WR�����PLFURQV�:DYHOHQJWKV�DUH�W\SLFDOO\�����WR�����QP�
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'LIIUDFWLYH�2SWLF�(OHPHQWV��'2(V�

7KHVH�HOHPHQWV�DUH��XVHG�DV�DUUD\�JHQHUDWRUV�DQG�LQWHUFRQQHFWLRQ�HOHPHQWV
3KDVH�RQO\ '2(V DUH�FUHDWHG�E\�VHOHFWLYHO\�HWFKLQJ�IXVHG�VLOLFD�WR�IRUP�SKDVH�SURILOHV�ZKLFK�KDYH�EHHQ�RSWLPLVHG�WR�SURGXFH�WKH�GHVLUHG�LQWHQVLW\�SDWWHUQV�LQ�WKH�IDU�ILHOG�RI�D�)RXULHU�OHQV�(OHPHQWV�ZLWK�HIILFLHQFLHV�RI�!����DQG�QRQ�XQLIRUPLWLHV�RI�����DUH�URXWLQHO\�SURGXFHG�E\�WKH�'LIIUDFWLYH�2SWLFV�*URXS�DW�+HULRW�:DWW�8QLYHUVLW\�7KH\�FDQ�DOVR�EH�XVHG�IRU�PRUH�FRPSOH[�EHDP�VKDSLQJ�HOHPHQWV�IRU ODVHU�PDWHULDO�SURFHVVLQJ�&KHDS�WR�PDQXIDFWXUH�
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'HWHFWRU�$UUD\V3KRWRGHWHFWRUV�DFW�DV�LQSXW�GHYLFHV�DQG�DUH�FXUUHQWO\�DYDLODEOH�LQ�D�ZLGH�UDQJH�RII�WKH�VKHOI�
7KH\�DUH�DOUHDG\�UHVSRQVLYH�HQRXJK�WR�KDQGOH�LQSXW�IURP�DQ\�HPLWWHU��VSHHG�!�*+]���KRZHYHU�WKH�IDVWHU�WKH\�DUH�GULYHQ�WKH�PRUH�SRZHU�WKH\�UHTXLUH�

7KH�LPSRUWDQW�FRQVLGHUDWLRQV�DUH�LQSXW�VHQVLWLYLW\��SRZHU�GLVVLSDWLRQ��DUHD�XVDJH�DQG�VSHHG�7KH�SDFNHW�VZLWFK�FRQWUROOHU�GHVFULEHG�KHUH�XVHV�WKH�GHYLFH�VKRZQ�6SDFLQJ�LV�W\SLFDOO\�OHVV�WKDQ�RU�HTXDO�WR�����PLFURQV�&DQ�W\SLFDOO\�GHWHFW�EHWZHHQ�����DQG������QP��,Q*D$V��
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2SWRHOHFWURQLF�1HXUDO�1HWZRUNV
� 1HXUDO�QHWZRUNV�DUH�LQWUDFWDEOH�WR�EXLOG�WR�DQ\�H[WHQW�RQ�VLOLFRQ�� )UHH�VSDFH�RSWLFV�FDQ�EH�XVHG�WR�SHUIRUP�LQWHUFRQQHFWLRQ�� 2SWRHOHFWURQLFV�DOORZV�VFDOHDEOH�QHWZRUNV�� ,QSXW�VXPPDWLRQ�LV�DOVR�GRQH�LQ�DQ�LQKHUHQWO\�DQDORJXH�PDQQHU�� 1RLVH�DGGHG�QDWXUDOO\�

:H�KDYH�D�JRRG�VROXWLRQ�IRU�WKH�DVVLJQPHQW�SUREOHP�WKDW�SURYHV�VFDODEOH�LQ�RSWRHOHFWURQLFV�,QWHUFRQQHFWLRQ�RI�QHXUDO�QHWZRUNV�RQ�VLOLFRQ�EHFRPHV�SURKLELWLYH�DV�WKH�QXPEHU�RI�QHXURQV�LQFUHDVHV��)RU�H[DPSOH��LQ�D�+RSILHOG�QHXUDO�QHWZRUN�WKH�RXWSXW�RI�HYHU\�QHXURQ�QHHGV�WR�EH�IHG�EDFN�WR�WKH�LQSXW�RI�HYHU\�RWKHU���$V�QHWZRUN�VL]H�LQFUHDVHV��WKH�QXPEHU�RI�LQWHUFRQQHFWV�LQFUHDVHV�H[SRQHQWLDOO\���'LDJUDP�)UHH�VSDFH�RSWLFV�FDQ�EH�XVHG�WR�VXSSO\�D�YHU\�KLJK�FRQQHFWLYLW\ E\�LQWHUFRQQHFWLQJ�RXWSXW�IURP�DQ�RSWLFDO�HPLWWHU�WR�WDUJHW�GHWHFWRUV�XVLQJ�D�GLIIUDFWLYH�RSWLF�HOHPHQW�$�ODUJH�DPRXQW�RI�WLPH�FDQ�EH�FRQVXPHG�LQ�QHXUDO�QHWZRUNV�SHUIRUPLQJ�ZHLJKW�VXPPDWLRQ���7KLV�LV�GRQH�LQ�DQ�LQKHUHQWO\�DQDORJXH�PDQQHU KHUH�DV�WKH�GHWHFWRU�UHFHLYHV�DOO�QHXUDO�DFWLYDWLRQ�OHYHOV�RSWLFDOO\�DQG�WKHUHIRUH�JLYHV�DQ�DFWLYDWLRQ�OHYHO�SURSRUWLRQDO�WR�WKH�VXP�RI�DOO�LQFLGHQW�OLJKW�1RLVH�QHHGV�WR�EH�DGGHG�WR�D�QHXUDO�QHWZRUN�WR�VWLPXODWH�FRQYHUJHQFH���7KLV�LV�DGGHG�LQKHUHQWO\�E\�DQDORJXH�VXPPDWLRQ�2XU�RSWLFDO�VFKHPH�HQDEOHV�WKH�GHSOR\PHQW�RI�VFDOHDEOH�QHXUDO�QHWZRUNV���$OO�WKDW�QHHGV�WR�EH�SHUIRUPHG�LQ�VLOLFRQ�LV�WKH�DFWLYDWLRQ�IXQFWLRQ�,Q�RSWRHOHFWURQLFV�WKH�VXPPDWLRQ�LV�SHUIRUPHG�LQ�RSWLFV�
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&URVVEDU�6ZLWFKLQJ

7KLV�SURMHFW�H[DPLQHV� VSHFLILFDOO\� WKH�DVVLJQPHQW� SUREOHP� LQ�D� FURVVEDU�VZLWFK�IRU�SDFNHW�URXWLQJ��PD[LPLVLQJ�WKURXJKSXW�DQG�PLQLPLVLQJ�GHOD\�([SODLQ�WKH�GLDJUDP�&URVVEDU�VZLWFKHV�DUH�YHU\�FRPPRQ�LQ�WHOHFRPPXQLFDWLRQV�V\VWHPV�DQG�FRPSXWHU�QHWZRUNV��RQH�JRRG�H[DPSOH�EHLQJ�$70��$V\QFKURQRXV�7UDQVIHU�0RGH��QHWZRUNV�:LWK�WKH�LQFUHDVH�RI�WUDIILF�IURP�VRXUFHV�VXFK�DV�WKH�LQWHUQHW��HIILFLHQW�SDFNHW�VZLWFKLQJ�LV�EHFRPLQJ�D�YHU\�LPSRUWDQW�LVVXH�(PSKDVLVH�WKDW�WKLV�V\VWHP�LV�D�SDFNHW�VFKHGXOHU�DQG�QRW�D�VZLWFK�



��

$OJRULWKP

7KLV�VOLGH�VKRZV�WKH�XSGDWLQJ�UXOH�IRU�HDFK�QHXURQ�(DFK�QHXURQ�KDV�RQH�GHWHFWRU�DQG�RQH�9&6(/�PDSSHG�WR�LW�,QFLGHQW�OLJKW�RQ�D�QHXURQ¶V�GHWHFWRU�DFWV�LQ�DQ�LQKLELWRU\�IDVKLRQ�DV�FDQ�EH�VHHQ�IURP�WKH�XSGDWLQJ�UXOH�6LPLODU�WR�SODFLQJ�D�URRN�RQ�D FKHVV�ERDUG�
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2SWLFDO�,QWHUFRQQHFW

� '2(�LQWHUFRQQHFW�LV�VSDFH�LQYDULDQW�

7DON�DERXW�LQWHUFRQQHFWLRQ�PHWKRG�H[SODLQLQJ�KRZ�LW�LV�VSDFH�LQYDULDQW�%DQ\DQ�LQWHUFRQQHFW�LV�DQRWKHU�ZKLFK�LV�VWXGLHG�EXW�IRU�LOOXVWUDWLRQ�SXUSRVHV�WKH�FURVVEDU�VZLWFK�LV�HDVLHU�WR�FRPSUHKHQG�DQG�YLVXDOLVH�&DQ�FUHDWH�RWKHU�LQWHUFRQQHFWV�WR�VROYH�RWKHU�SUREOHPV�VXFK�DV�FKHVV�SUREOHPV�&URVVEDU�LQWHUFRQQHFW�LV�VLPLODU�WR�SODFLQJ�URRNV�RQ�D FKHVV�ERDUG�VR�QRQH�FDQ�WDNH�HDFK�RWKHU�&DQ�FUHDWH�'2(V�IRU�SUREOHPV�VXFK�DV���TXHHQV��NQLJKWV��ELVKRSV�HWF�7KH�V\VWHPV�VWUHQJWK�LV�LQ�DOORFDWLRQ�RI�UHVRXUFHV�RSWLPDOO\�WR�VROYLQJ�D�SUREOHP��



��

)LUVW�*HQHUDWLRQ�6\VWHP

� &RQVWUXFWHG�XVLQJ�GLVFUHWH�FRPSRQHQWV�� /DFNHG�WKH�DELOLW\�WR�SULRULWLVH�LQSXW�SDFNHWV�
([SODLQ�SURJUHVVLRQ�LQ�ILUVW�JHQHUDWLRQ�V\VWHP�6WDWH�WKDW�LW�ODFNHG�WKH�DELOLW\�WR�SULRULWLVH�
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9&6(/�$UUD\

/HQV����PP'2(����PP

3KRWRGHWHFWRU�$UUD\2SWLFDO�6\VWHP

$ERXW����PP�7KH�V\VWHP�LV�YHU\�VLPSOH�DQG�WKHUH�LV�OLWWOH�WR�JR�RXW�RI�DOLJQPHQW�:H�GRQ¶W�FUHDWH�D�ORW�RI�SUREOHPV�VXFK�DV�SRZHU�ORVV��PD[������RU�DEHUUDWLRQV�1RWH�WKDW�WKH�KHDW�VLQN�VKRZQ�KHUH�LV�RYHUNLOO�7KLV�LV�QRW�D���FP�SHQFLO�&RXOG�UHGXFH�V\VWHP�VL]H�WR�a��FP�RU�OHVV�E\�LQVHUWLQJ�D�PRUH�SRZHUIXO�OHQV�RU�E\�XVLQJ�D�PLFUROHQV DUUD\�
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&URVVEDU�6ZLWFK�5HVXOWV� +LVWRJUDP�RI�SDFNHWV�URXWHG�VXFFHVVIXOO\�LQ�D�FURVVEDU�VZLWFK�

([SODLQ�KLVWRJUDPV�(PSKDVL]H�WKDW�WKHVH�DUH�H[SHULPHQWDO�UHVXOWV�



��

%DQ\DQ�6ZLWFK�5HVXOWV� +LVWRJUDP�RI�SDFNHWV�URXWHG�VXFFHVVIXOO\�LQ�D�EDQ\DQ�VZLWFK�

([SODLQ�KLVWRJUDPV�(PSKDVL]H�WKDW�WKHVH�DUH�H[SHULPHQWDO�UHVXOWV�
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3HUIRUPDQFH

$�FRPSDULVRQ�RI�WKH�QHXUDO�QHWZRUN�FRQWUROOHU�DJDLQVW�D�VWDWH�RI WKH�DUW�VFKHGXOHU��,6/,3���FOHDUO\�LQGLFDWHV�LWV�DGYDQWDJH�DW�KLJK�OHYHOV�RI�RIIHUHG�ORDG���,6/,3��FDQQRW�EH�LPSOHPHQWHG�ODUJHU�WKDQ�DERXW���[���EHFDXVH�RI�IDEULFDWLRQ�FRQVWUDLQWV�1RW�VR�PDQ\�VDWXUDWLRQ�SUREOHPV�7KH�RXWSXW�TXHXLQJ�FXUYH�LQGLFDWHV�D�WKHRUHWLFDO�RSWLPXP�YDOXH��7KLV�EHVW�UHVXOW�LV�GHVFULEHG�DV�RXWSXW�TXHXLQJ�DQG�LV�FDOFXODWHG�XQGHU�WKH�DVVXPSWLRQ�RI�DQ�LGHDO�VZLWFKLQJ�IDEULF�LQ�ZKLFK�SDFNHWV�KDYH�RQO\�WR�ZDLW�IRU�D�YDFDQW�VORW�RQ�WKH�RXWSXW�OLQH�
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&XUUHQW�6\VWHP

7KLV�LV�WKH�VHFRQG�JHQHUDWLRQ�V\VWHP���,W�LV�FXUUHQWO\�XQGHU�FRQVWUXFWLRQ�:H�FDQ�DOVR�GULYH�9&6(/V�LQ�D�GLJLWDO�PDQQHU�ZKLFK�ZH�ZLOO�GLVFXVV�ODWHU�7KLV�V\VWHP�VXSSRUWV�SULRULWLVDWLRQ�
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$QDORJXH�6FDODELOLW\

6LPXODWLRQ�FORVHO\�PDSSHG�WR�FXUUHQW�FRPSRQHQW�YDOXHV�± DVVHVVLQJ�OLPLWV�RI�RXU�V\VWHP�ZLWK�FXUUHQW�WHFKQRORJ\�([SODLQ�WKH�PHWKRG�RI�FRQYHUJHQFH�1HWZRUN�VL]H�1�LV�ZKHUH�ZH�KDYH�DQ�HTXDO�QXPEHU�RI�LQSXWV�DQG�RXWSXWV��1��WKHUHIRUH�1[1�QHXURQV�2QH� LWHUDWLRQ� UHSUHVHQWV� D� VLQJOH� SDVV� WKURXJK� WKH� V\VWHP� DQG� LVDQDORJRXV�WR�ELW�UDWH�WKURXJK�WKH�V\VWHP�)RU�H[DPSOH��D�V\VWHP�ZLWK�FRPSRQHQWV�WKDW�KDYH�D�PD[LPXP�ELW�UDWH�RI��*+]�FDQ�SHUIRUP�XS�WR��*LJ�LWHUDWLRQV�SHU�VHFRQG�(UURU�EDUV�UHSUHVHQW�PLQLPXP�DQG�PD[LPXP�FRQYHUJHQFH�WLPHV�'LVWULEXWLRQ�RI�VROXWLRQV�LV�RI�D�JXDVVLDQ�QDWXUH�0D[LPXP� YDOXH� RQ� JUDSK� UHSUHVHQWV� OLPLW� EHIRUH� WKH� V\VWHP� FDQQRWIXQFWLRQ�FRUUHFWO\�DQ\�PRUH�,QYDOLG�UHVXOWV�EHFRPH�QRWLFHDEOH�DW�1 ���RU�PRUH�
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'LJLWDO�6FDODELOLW\

6XUSULVLQJO\�� D� GLJLWDOO\� GULYHQ� V\VWHP� FDQ� EH� VFDOHG� EHWWHU� WKDQ� DQ�DQDORJXH�RQH�7KLV� VHHPV� WR� EH� EHFDXVH� RI� LPSHWXV� JLYHQ� WR� WKH� QHXURQV� E\� GLJLWDO�GULYLQJ�&RXOG�FUHDWH�GLJLWDOO\�GULYHQ�V\VWHP�WKDW�WDNHV�WKH�UHVXOWV�DIWHU�D�JHQHURXV�����F\FOHV�,I�ZH�KDG�D�FXVWRP�$6,&�WKDW�VXSSRUWHG��*+]�WKHQ�ZH�FRXOG�SURGXFH�����PLOOLRQ�VZLWFK�FRQILJXUDWLRQV�SHU�VHFRQG�:KHWKHU� ZH� KDYH� DQ� �� LQSXW�� �� RXWSXW� FURVVEDU� RU� ��� LQSXW�� ��� RXWSXW�FURVVEDU�ZH�FDQ�VWLOO�UHDFK�D�GHFLVLRQ�LQ�����LWHUDWLRQV�
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'LJLWDO�YV��$QDORJXH

$QDORJXH��2SWLPDO�a������'LJLWDO��2SWLPDO�a����
$OZD\V�D�SULFH�WR�SD\�± QR�VXFK�WKLQJ�DV�D�IUHH�OXQFK�6OLJKW�UHGXFWLRQ�LQ�RYHUDOO�VROXWLRQ�RSWLPDOLW\�RI�1���QHXURQV�RQ�UDWKHU�WKDQ�1�QHXURQV�RQ�
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(QJLQHHULQJ�,VVXHV
:KHQ�XVLQJ�RSWLFV�LQ�DQ\�SUDFWLFDO�V\VWHP��YDULRXV�IDFWRUV�PXVW� EH�FRQVLGHUHG�� $FWLYH�HIIHFWV� ��+]�WKHUPDO�FKDQJHV�DQG�FRPSRQHQW�FUHHS�� 6WDWLF�HIIHFWV� 7ROHUDQFHV�LQ�IDEULFDWHG�FRPSRQHQWV�FRXOG�OHDG�WR�PLVDOLJQPHQW�LQ�ILQDO�V\VWHP�� $GDSWLYH�HIIHFWV� 9LEUDWLRQDO HIIHFWV�!�+]�� H�J����N+]�2QH�ZD\�DURXQG�WKHVH�SUREOHPV�LV�WR�XVH�DFWLYH�RSWLF�DOLJQPHQW�R U�DGDSWLYH�RSWLFV��$2��ZKLFK�SHUIRUP�PHDVXUHPHQW�DQG�FRUUHFWLRQ�RIIRFXVLQJ�DQG�SRVLWLRQDO�HUURU�LQ�UHDO�WLPH�7KH�FRPPHUFLDO�YLDELOLW\�RI�VXFK�WHFKQLTXHV�LV�HDVLO\�VHHQ�E\�ORRNLQJ�DW�D�&'�SOD\HU��QRZ�JHQHUDOO\�UHJDUGHG�DV�D�GLVSRVDEOH�SLHFH�RI�PDFKLQHU\��ZKLFK�PDLQWDLQV�IRFXV�DQG�SRVLWLRQ�RI�D�OLJK W�VSRW�LQ�UHDO�WLPH�RQ�D�UDSLGO\�URWDWLQJ�RSWLFDO�GLVN�
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(QFDSVXODWHG�6\VWHP

(QFDVLQJ�RXU�V\VWHP�LQ�DQ�RSWLFDO�PDWHULDO�ZRXOG�PDNH�LW�GHSOR\DEOH�6\VWHP�ZRXOG�EH����FP�VTXDUH�E\���FP�RU�OHVV�LQ�OHQJWK�
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2YHUODLG� 6\VWHPV

7KH� XVH� RI� RSWLFV� DOORZV�PXOWLSOH� V\VWHPV� WR� EH� FRPELQHG� LQ� WKH� VDPH�VSDFH�:LOG�FRQVWUXFWLRQ�RI�V\VWHPV�&DQ�FUHDWH�SLSHOLQHV�RI�V\VWHPV�
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)ROGHG�6\VWHP

6L�LV�XVHG�IRU�GHWHFWRU�DQG�SURFHVVLQJ�HOHPHQWV�ZLWK�D�*D$V�9&6(/�XQLW�7KH�RSWLFDO�V\VWHP�FDQ�EH�HQFDVHG�LQ�D�VROLG�ZDYHJXLGH�ZLWK�WKH�VPDUW�SL[HO�PRXQWHG�DW�RQH�HQG�
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