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� $Q�DG�KRF�QHWZRUN�LV�D�FROOHFWLRQ�RI�ZLUHOHVV�PRELOH�
KRVWV�IRUPLQJ�D�G\QDPLF��QHWZRUN�ZLWKRXW�WKH�DLG�RI�DQ\�
FHQWUDOL]HG� DGPLQLVWUDWLRQ� RU� IL[HG� QHWZRUN�
LQIUDVWUXFWXUH�� ,Q� VXFK� DQ� HQYLURQPHQW�� PRELOH� KRVWV�
FRRSHUDWH� WR� SHUIRUP� DV� KRVWV� DV� ZHOO� DV� URXWHUV�� DQG�
IRUZDUG�SDFNHWV�WR�HDFK�RWKHU�LQ�RUGHU�WR�FRPPXQLFDWH��
6XFK� QHWZRUNV� KDYH� IOXLG�� UDSLGO\� FKDQJLQJ� DQG� PXOWL�
KRS� WRSRORJLHV� FRPSRVHG� RI� EDQGZLGWK�FRQVWUDLQHG�
ZLUHOHVV�OLQNV��+RVWV�HQWHU�DQG�OHDYH�WKH�DG�KRF�QHWZRUN�
DV� WKH\� GHVLUH�� DFFRUGLQJ� WR� WKHLU� WUDQVPLVVLRQ�
FDSDELOLWLHV�� 7KH� DG� KRF� QHWZRUN� KHQFH� FRQWLQXRXVO\�
DGDSWV�DQG�PRGLILHV�LWV�FRQILJXUDWLRQ�RYHU�WLPH��6XFK�DG�
KRF�QHWZRUNV�KDYH�WUHPHQGRXV�SRWHQWLDO�LQ�FRPPHUFLDO��
PLOLWDU\� DQG� GRPHVWLF� DSSOLFDWLRQV�� 7KH\� FDQ� HQDEOH�
FRQQHFWLYLW\�EHWZHHQ�PRELOH�QRGHV�ZKHQ�WKHUH�LV�OLWWOH�RU�
QR� LQIUDVWUXFWXUH� DYDLODEOH�� RU� LW� LV� LQFRQYHQLHQW� WR�XVH��
:KHQ� LQWHJUDWHG� ZLWK� WKH� ,QWHUQHW�� WKH\� FDQ� SURYLGH�
URDPLQJ�QHW�FRQQHFWLYLW\�WR�PRELOH�QRGHV��
�

�� 7KLV� SDSHU� SURYLGHV� DQ� LQWURGXFWLRQ� LQWR� WKH� IDVW�
GHYHORSLQJ�DUHD�RI� DG�KRF�QHWZRUNV�DQG� WKH� LQVSLUDWLRQ�
EHKLQG� LW�� ,W� SUHVHQWV� D� JHQHUDO� RYHUYLHZ� RI� WKH�
WHFKQRORJLHV� DQG� PHWKRGRORJLHV� UHODWLQJ� WR� DG� KRF�
QHWZRUNV��DQG�FRPSDUHV�LW�WR�UHODWHG�PRELOH�WHFKQRORJLHV�
OLNH� 0RELOH� ,3�� &KDUDFWHULVWLF� IHDWXUHV� DQG� GHVLJQ�
FRQVLGHUDWLRQV� LQ� DG� KRF� QHWZRUNV� DUH� HOXFLGDWHG�� 7KH�
SDSHU�DOVR�FRYHUV�WKH�LQWHUHVWLQJ�DUHD�RI�URXWLQJ�LQ�DG�KRF�
QHWZRUNV�� ,Q� WKLV� UHJDUG�� WKH�YDULRXV� URXWLQJ�DOJRULWKPV�
GHYHORSHG� IRU� DG� KRF� QHWZRUNV� DUH� GHVFULEHG� DQG�
FRPSDUHG�� 7KH� UDQJH� RI� FRQVWUDLQWV� LPSRVHG� RQ�
SHUIRUPDQFH� VXFK� QHWZRUNV� GXH� WR� ORZ� SRZHU�
OLPLWDWLRQV�� DQG� FDSDELOLW\� RI� FXUUHQW� GD\� WUDQVPLVVLRQ�
PHGLD� DUH� DOVR� FRQVLGHUHG�� $V� D� JOLPSVH� LQWR� IXWXUH�� LW�
YHQWXUHV� XSRQ� WKH� SRVVLEOH� DSSOLFDWLRQV� RI� DG� KRF�
QHWZRUNV�DQG�SURYLGHV�D�EULHI�RYHUYLHZ�RI�WKH�FKDOOHQJHV�
IDFLQJ�WKH�LPSOHPHQWDWLRQ�RI�DG�KRF�QHWZRUNV��
�
6ULYDV�1��&KHQQX� � � ��
9LVKZDV�1��
�K�6HPHVWHU�&6(�
5�9�&�(��
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�
8ELTXLWRXV� DFFHVV� WR� LQIRUPDWLRQ�� DQ\ZKHUH��
DQ\SODFH�� DQG� DQ\WLPH��ZLOO� FKDUDFWHUL]H�ZKROH�QHZ�
NLQGV� RI� LQIRUPDWLRQ� V\VWHPV� LQ� WKH� ��VW� &HQWXU\��
7KHVH� DUH� EHLQJ� HQDEOHG� E\� UDSLGO\� HPHUJLQJ�
ZLUHOHVV�FRPPXQLFDWLRQV�V\VWHPV��7KHVH�V\VWHPV�DUH�
EDVHG� RQ� UDGLR� DQG� LQIUDUHG� WUDQVPLVVLRQ�
PHFKDQLVPV�� DQG�XWLOL]H� FHOOXODU� WHOHSKRQ\��ZLUHOHVV�
GHYLFHV��DQG�PRELOH�DG�KRF�QHWZRUNV��7KH\�KDYH�WKH�
SRWHQWLDO� WR� GUDPDWLFDOO\� FKDQJH� VRFLHW\� DV�ZRUNHUV�
EHFRPH� XQWHWKHUHG� IURP� WKHLU� LQIRUPDWLRQ� VRXUFHV�
DQG�FRPPXQLFDWLRQV�PHFKDQLVPV��
�
$� PRELOH� DG� KRF� QHWZRUN�� DOVR� NQRZQ� DV� D�
0$1(7�� LV� D� FROOHFWLRQ�RI�ZLUHOHVV� QRGHV�ZLWK�QR�
SUH�HVWDEOLVKHG� LQIUDVWUXFWXUH�� IRUPLQJ� D� G\QDPLF�
QHWZRUN��(DFK�RI�WKH�QRGHV�KDV�D�ZLUHOHVV�LQWHUIDFH�
DQG� FRPPXQLFDWH� ZLWK� HDFK� RWKHU� RYHU� UDGLR� RU�
LQIUDUHG�WUDQVPLVVLRQ�WHFKQRORJLHV��

�
6XFK� DQ� DG� KRF� QHWZRUN� GRHV� QRW� KDYH� DQ\�
FHQWUDOL]HG� DGPLQLVWUDWLRQ�� 7KLV� HQVXUHV� WKDW� WKH�
QHWZRUN� UHPDLQV� IXQFWLRQDO� ZKHQ� RQH� RU� PRUH�
PRELOH�QRGHV�PRYH�RXW�RI�WKH�WUDQVPLVVLRQ�UDQJH�RI�
WKH�RWKHU�QRGHV��1RGHV�WKXV�FDQ�HQWHU�DQG�OHDYH�WKH�

QHWZRUN�DV�WKH\�ZLVK��,Q�DUHDV�LQ�ZKLFK�WKHUH�LV�OLWWOH�
RU� QR� FRPPXQLFDWLRQ� LQIUDVWUXFWXUH� DYDLODEOH��
ZLUHOHVV� PRELOH� XVHUV� PD\� VWLOO� EH� DEOH� WR�
FRPPXQLFDWH� WKURXJK� WKH� IRUPDWLRQ� RI� DQ� DG� KRF�
QHWZRUN�� ,Q� VXFK� D� QHWZRUN�� HDFK� PRELOH� QRGH�
RSHUDWHV� QRW� RQO\� DV� D� KRVW� EXW� DOVR� DV� D� URXWHU��
IRUZDUGLQJ� SDFNHWV� IRU� RWKHU� PRELOH� QRGHV� LQ� WKH�
QHWZRUN� WKDW� PD\� QRW� EH� ZLWKLQ� GLUHFW� ZLUHOHVV�
WUDQVPLVVLRQ� UDQJH� RI� HDFK� RWKHU�� (DFK� QRGH�
SDUWLFLSDWHV� LQ� DQ� DG� KRF� URXWLQJ� SURWRFRO� WKDW�
DOORZV� LW� WR� GLVFRYHU� PXOWL�KRS� SDWKV� WKURXJK� WKH�
QHWZRUN�WR�DQ\�RWKHU�QRGH���

�
7KH� LGHD� RI� DG� KRF� QHWZRUNLQJ� LV� VRPHWLPHV� DOVR�
FDOOHG� LQIUDVWUXFWXUH�OHVV� QHWZRUNLQJ�� VLQFH� WKH�
PRELOH� QRGHV� LQ� WKH� QHWZRUN� G\QDPLFDOO\� HVWDEOLVK�
URXWLQJ� DPRQJ� WKHPVHOYHV� WR� IRUP� WKHLU� RZQ�
QHWZRUN� RQ� WKH� IO\�� 7KHVH� PRELOH� QRGHV� DUH�
HTXLSSHG� ZLWK� ZLUHOHVV� WUDQVPLWWHUV� DQG� UHFHLYHUV�
XVLQJ� DQWHQQDV� WKDW�PD\�EH� HLWKHU�RPQL� GLUHFWLRQDO�
RU� KLJKO\� GLUHFWLRQDO�� 7KLV� DG� KRF� WRSRORJ\� PD\�
FKDQJH�G\QDPLFDOO\�ZLWK�WLPH�DV�WKH�QRGHV�PRYH�RU�
DGMXVW� WKHLU� WUDQVPLVVLRQ� DQG� UHFHSWLRQ�SDUDPHWHUV��
7KH� ZLUHOHVV� KDUGZDUH� LPSOHPHQWHG� LQ� 0$1(7V�
FDQ�XVH�%OXHWRRWK��:$3�RU�VLPLODU�IRUPV�RI�ZLUHOHVV�
FRQQHFWLYLW\��
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6RPH� RI� WKH� DSSOLFDWLRQV� RI� DG� KRF� QHWZRUNV� DUH�
OLVWHG�EHORZ��

x� ,QGXVWULDO�DQG�FRPPHUFLDO�DSSOLFDWLRQV��
x� &RRSHUDWLYH�PRELOH�GDWD�H[FKDQJH��
x� 5REXVW�� LQH[SHQVLYH� DOWHUQDWLYHV� WR� FHOOXODU�

QHWZRUNV��
x� 0LOLWDU\�QHWZRUNLQJ��
x� :HDUDEOH�FRPSXWLQJ�DQG�FRPPXQLFDWLRQV��
x� 5HPRWH� FRPPXQLFDWLRQV� XVLQJ� VDWHOOLWH�EDVHG�

LQIRUPDWLRQ�GHOLYHU\��
x� 8ELTXLWRXV�&RPSXWLQJ�DSSOLFDWLRQV��
x� 0XOWLPHGLD� FRPSXWLQJ� DQG� FROODERUDWLYH�

QHWZRUNLQJ�DSSOLFDWLRQV��
�

�� $1�29(59,(:�

�
7KH� YLVLRQ� RI� PRELOH� DG� KRF� QHWZRUNLQJ� LV� WR�
VXSSRUW� UREXVW� DQG� HIILFLHQW� RSHUDWLRQ� LQ� PRELOH�
ZLUHOHVV� QHWZRUNV� E\� LQFRUSRUDWLQJ� URXWLQJ�
IXQFWLRQDOLW\�LQWR�PRELOH�QRGHV���6XFK�QHWZRUNV�DUH�
HQYLVLRQHG� WR� KDYH� G\QDPLF�� UDQGRP� UDSLGO\�
FKDQJLQJ� DQG� PXOWL�KRS� WRSRORJLHV� WKDW� DUH�
FRPSRVHG�RI�EDQGZLGWK�FRQVWUDLQHG�ZLUHOHVV�OLQNV��
��

%URDGO\�VSHDNLQJ��WKHUH�DUH�WZR�GLVWLQFW�DSSURDFKHV�
IRU�HQDEOLQJ�ZLUHOHVV�FRPPXQLFDWLRQ�EHWZHHQ�KRVWV��
7KH�ILUVW�DSSURDFK�LV�WR�OHW�H[LVWLQJ�FHOOXODU�QHWZRUN�
LQIUDVWUXFWXUH� FDUU\� GDWD� DV� ZHOO� DV� YRLFH�� 7KLV�
PHWKRG� LV� OLPLWHG� E\� WKH� SUREOHP� WKDW� VXFK�
QHWZRUNV� DUH� OLPLWHG� WR� SODFHV� ZKHUH� WKHUH� H[LVWV�
VXFK� D� FHOOXODU� QHWZRUN� LQIUDVWUXFWXUH�� $� VHFRQG�
DSSURDFK� LV� WR� IRUP� DQ� DG� KRF� QHWZRUN� DPRQJ� DOO�
XVHUV�ZDQWLQJ�WR�FRPPXQLFDWH�ZLWK�HDFK�RWKHU��7KLV�
PHDQV� WKDW� DOO� XVHUV� SDUWLFLSDWLQJ� LQ� WKH� QHWZRUN�
PXVW�EH�ZLOOLQJ�WR�IRUZDUG�SDFNHWV�WR�PDNH�VXUH�WKDW�
WKH� SDFNHWV� DUH� GHOLYHUHG� IURP� VRXUFHV� WR�
GHVWLQDWLRQ�� 6RPH�RI� WKH� DGYDQWDJHV�RI� WKLV� V\VWHP�
LQFOXGH� RQ� GHPDQG� VHWXS�� IDXOW� WROHUDQFH� DQG�
XQFRQVWUDLQHG�FRQQHFWLYLW\��
&XUUHQWO\�� WKH� WUDQVPLVVLRQ� FDSDELOLWLHV� RI� WKH�
LQGLYLGXDO� QRGHV� OLPLW� WKH� UDQJH� DG� KRF� QHWZRUNV��
6WDQGDUGV� IRU� URXWLQJ� SURWRFROV�� SHUIRUPDQFH��
VHFXULW\�DQG�4XDOLW\�RI�6HUYLFH�DUH�SULPDU\�UHVHDUFK�
DUHDV�� 7KLV� SDSHU� YHQWXUHV� D� JHQHUDO� RYHUYLHZ� RI�
FXUUHQW� WUHQGV� LQ� PRELOH� DG� KRF� QHWZRUNV�� DQG� D�
JOLPSVH� LQWR� WKH� IXWXUH� LVVXHV� ZKLFK� QHHG� WR� EH�
DGGUHVVHG�� LQ�RUGHU�WR�WUXO\�KDUQHVV�WKH�SRWHQWLDO�RI�
DG�KRF�QHWZRUNV��
�
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:LWKLQ�WKH�,QWHUQHW�FRPPXQLW\��URXWLQJ�VXSSRUW�IRU�
PRELOH� KRVWV� LV� SUHVHQWO\� EHLQJ� IRUPXODWHG� DV�
0RELOH� ,3� WHFKQRORJ\�� � 7KLV� LV� D� WHFKQRORJ\� WR�
VXSSRUW�QRPDGLF�KRVW�URDPLQJ��$�PRELOH�QRGH�KDV�
D�KRPH�QHWZRUN�DVVRFLDWHG�ZLWK� LW��:KHQ� LW�PRYHV�
LQWR� D� IRUHLJQ� QHWZRUN�� VXLWDEOH� DUUDQJHPHQWV� DUH�
PDGH� WR� IRUZDUG� SDFNHWV� WR� WKH� IRUHLJQ� QHWZRUN�
IURP�WKH�KRPH�QHWZRUN��7KLV�LV�NQRZQ�DV�WXQQHOLQJ��
$V� LV� REYLRXV�� WKLV� WHFKQRORJ\� VWLOO� GHSHQGV�RQ� WKH�
DYDLODELOLW\�WR�IL[HG�QHWZRUNV��HLWKHU�DW�KRPH�RU�DW�D�
IRUHLJQ� ORFDWLRQ�� IRU� WKH� PRELOH� QRGH� WR� UHFHLYH�
SDFNHWV�IURP��7KH�DERYH�WHFKQRORJ\�LV�LOOXVWUDWHG�LQ�
WKH� ILJXUHV� EHORZ�� 7KH� FKDQJHV� WKDW� RFFXU�ZKHQ� D�
PRELOH� QRGH� PRYHV� WR� D� IRUHLJQ� QHWZRUN� DUH� DOVR�
VKRZQ��

�
�
�
�

�

�

�
�
7KH�0RELOH� +RVW� �0+�� LV� DWWDFKHG� WR� LWV� +RPH�
1HWZRUN�� 3DFNHWV� IURP� D� 6RXUFH� 1RGH� �6�� DUH�
DGGUHVVHG� WR� WKH�+RPH� $JHQW�� 7KH� KRPH� DJHQW�
IRUZDUGV�WKHVH�SDFNHWV�WR�WKH�0RELOH�+RVW��

�

�

�

�
�
�
�
7KH�0RELOH�+RVW��0+��PRYHV�WR�D�IRUHLJQ�QHWZRUN��
7KH�+RPH� DJHQW� WXQQHOV� SDFNHWV� IURP� WKH� VRXUFH�
�6��WR�WKH�)RUHLJQ�$JHQW��7KH�)RUHLJQ�$JHQW�WKHQ�
IRUZDUGV�WKHVH�SDFNHWV�WR�WKH�0+��
7KXV�� LQ� 0RELOH� ,3� WHFKQRORJ\�� WKH� QXPEHU� RI�
ZLUHOHVV� KRSV� WR� WKH� GHVWLQDWLRQ� QRGH� LV� H[DFWO\�
RQH�� LQ� ERWK� FDVHV� LOOXVWUDWHG� DERYH�� &RQWUDVWHG�
EHORZ��LV�D�W\SLFDO�ZLUHOHVV�DG�KRF�QHWZRUN�WRSRORJ\��

�
�
�
�
�
�
�
$V� FDQ� EH� VHHQ� IURP� WKH� GLDJUDP�� ZLUHOHVV�
WUDQVPLVVLRQ� UDQJHV�RI� WKH�0$1(7�QRGHV�RYHUODS�
ZLWK� RQH� DQRWKHU�� 3DFNHWV� WUDQVPLWWHG� EHWZHHQ�
UHPRWH�KRVWV�QHHG�WR�WUDYHO�RYHU�PXOWLSOH�ZLUHOHVV�
KRSV� WR� UHDFK� GHVWLQDWLRQ�� 7KHVH� SDFNHWV� DUH�
WUDQVPLWWHG� YLD� LQWHUPHGLDWH� ZLUHOHVV� KRVWV� LQ� WKH�
0$1(7�LQ�D�VWRUH�DQG�IRUZDUG�IDVKLRQ��
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,Q� WKH� GLDJUDP� DERYH�� PRELOH� QRGHV� LQ� D� W\SLFDO�
0$1(7�FKDQJH�WKHLU�UHODWLYH�SRVLWLRQ�DV�WKH�DG�KRF�
QHWZRUN� WRSRORJ\� FKDQJHV� RYHU� WLPH��7KH�QHWZRUN�
URXWH� EHWZHHQ� WKH� QRGHV� $� DQG� %� FKDQJHV� DV� D�
UHVXOW�� 7KLV� LPSOLHV� WKDW� LQWHUPHGLDWH� QRGHV� RQ� WKH�
SDWK�PXVW�XSGDWH� WKHLU� URXWLQJ� WDEOHV� WR� UHIOHFW� WKH�
FKDQJH�� VR� WKDW� SDFNHW� URXWLQJ� DQG� IRUZDUGLQJ�
EHWZHHQ�$�DQG�%�FDQ�FRQWLQXH�XQLQWHUUXSWHG��
�

�� 0$1(7�&+$5$&7(5,67,&6�� ��� � �

�

���� '<1$0,&�7232/2*,(6�

1RGHV�DUH�IUHH�WR�PRYH�DUELWUDULO\��WKXV�WKH�QHWZRUN�
WRSRORJ\� WKDW� LV� W\SLFDOO\� PXOWLKRS�� PD\� FKDQJH�
UDQGRPO\� DQG� UDSLGO\� DW� XQSUHGLFWDEOH� WLPHV�� DQG�
PD\�FRQVLVW�RI�ERWK�ELGLUHFWLRQDO�DQG�XQLGLUHFWLRQDO�
OLQNV��
�
���� %$1':,'7+�&21675$,1('��

9$5,$%/(�&$3$&,7<�/,1.6�

:LUHOHVV� OLQNV� ZLOO� FRQWLQXH� WR� KDYH� VLJQLILFDQWO\�
ORZHU�FDSDFLW\�WKDQ�WKHLU�KDUGZLUHG�FRXQWHUSDUWV��,Q�

DGGLWLRQ�� WKH� UHDOL]HG� WKURXJKSXW� RI� ZLUHOHVV�
FRPPXQLFDWLRQV� LV� PXFK� OHVV� WKDQ� D� UDGLR
V�
PD[LPXP� WUDQVPLVVLRQ� UDWH�� &RQJHVWLRQ� LV� D�
FRPPRQ�RFFXUUHQFH�LQ�VXFK�QHWZRUNV��
�
���� 75$160,66,21�(55256�

'XH� WR� WKH� KLJKHU� HUURU� SUREDELOLW\� LQKHUHQW� LQ�
ZLUHOHVV�OLQNV��KLJKHU�ELW�HUURU�UDWHV�DUH�LQHYLWDEOH��
���� (1(5*<�&21675$,1('�

23(5$7,21�

6RPH�RU�DOO�RI�WKH�QRGHV�LQ�D�0$1(7�PD\�UHO\�RQ�
EDWWHULHV� RU� RWKHU� H[KDXVWLEOH� PHDQV� IRU� WKHLU�
HQHUJ\��)RU�WKHVH�QRGHV��WKH�PRVW�LPSRUWDQW�V\VWHP�
GHVLJQ� FULWHULD� IRU� RSWLPL]DWLRQ� PD\� EH� HQHUJ\�
FRQVHUYDWLRQ��
�
���� /,0,7('�3+<6,&$/�6(&85,7<�

0RELOH�ZLUHOHVV�QHWZRUNV� DUH�JHQHUDOO\�PRUH�SURQH�
WR� SK\VLFDO� VHFXULW\� WKUHDWV� WKDQ� ZLUHG� QHWZRUNV���
7KH� LQFUHDVHG� SRVVLELOLW\� RI� HDYHVGURSSLQJ��
VSRRILQJ��DQG�GHQLDO�RI�VHUYLFH�DWWDFNV�LQFUHDVH�WKHLU�
YXOQHUDELOLW\��2Q�WKH�SRVLWLYH�VLGH��WKH�GHFHQWUDOL]HG�
QDWXUH� RI� QHWZRUN� FRQWURO� LQ� 0$1(7V� SURYLGHV�
DGGLWLRQDO� UREXVWQHVV� DJDLQVW� WKH� VLQJOH� SRLQWV� RI�
IDLOXUH��
�

$� %� $�
%�
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,Q�D�PRELOH�DUFKLWHFWXUH�RI� WKH� OLNH�HPSOR\HG� LQ�DG�
KRF� QHWZRUNV�� DYDLODELOLW\� RI� FHQWUDO� ORFDWLRQV� IRU�
FRQWURO� DUH� LPSRVVLEOH�� +HQFH�� WKH� QHWZRUN�
PDQDJHPHQW� UHVSRQVLELOLWLHV� LQ� 0$1(7V� DUH�
HVVHQWLDOO\�GLVWULEXWHG�DPRQJ�WKH�FXUUHQWO\�DFWLYH�VHW�
RI�QRGHV��7KLV�IHDWXUH�DIIHFWV� WKH�URXWLQJ�SURWRFROV�
HPSOR\HG�LQ�0$1(7V��
�

�� ,17(*5$7,21�:,7+�7+(�
,17(51(7�

�
$Q� LPSRUWDQW� DFKLHYHPHQW� LQ� DG� KRF� QHWZRUN�
WHFKQRORJ\�ZRXOG�EH� LWV� VXFFHVVIXO� LQWHJUDWLRQ�ZLWK�
WKH� H[LVWLQJ� ZLUHG� ,QWHUQHW� LQIUDVWUXFWXUH�� 7KLV�
LPSOLHV� WKDW� D� PRELOH� ,3� SURWRFRO� QHHGV� WR� EH�
GHYHORSHG�� ZKLFK� FDQ� EH� GHSOR\HG� LQ� WKH� XQLTXH�
VFHQDULR� RI� DG� KRF� QHWZRUNV�� 6XFK� DQ� LPSURYHG�
PRELOH�URXWLQJ�FDSDELOLW\�DW�WKH�,3�OD\HU�FDQ�SURYLGH�
D� EHQHILW� VLPLODU� WR� WKH� LQWHQWLRQ� RI� WKH� RULJLQDO�
,QWHUQHW�� ZKLFK� ZDV� WR� SURYLGH� DQ� LQWHURSHUDEOH�
LQWHUQHWZRUNLQJ� FDSDELOLW\� RYHU� D� KHWHURJHQHRXV�
QHWZRUNLQJ�LQIUDVWUXFWXUH��,Q�FDVH�RI�0$1(7V��WKH�
LQIUDVWUXFWXUH� LV� ZLUHOHVV�� UDWKHU� WKDQ� KDUGZLUHG��
FRQVLVWLQJ�RI�PXOWLSOH�ZLUHOHVV�WHFKQRORJLHV��FKDQQHO�
DFFHVV�SURWRFROV��HWF��
,Q� RWKHU� ZRUGV�� ,3� URXWLQJ� LQ� D�0$1(7�PXVW� EH�
GHYHORSHG� WR� SURYLGH� FRQVLVWHQF\� IRU� PXOWLKRS�

QHWZRUNV� FRPSRVHG� RI� QRGHV� XVLQJ� D� PL[WXUH� RI�
SK\VLFDO�OD\HU�PHGLD��:LWK�WKH�GHYHORSPHQW�RI�WKHVH�
WHFKQRORJLHV�� DORQJ� ZLWK� DYDLODELOLW\� RI� XVHU�
DSSOLFDWLRQV�� PRELOLW\� VXSSRUW�� DQG� D� ULFK� UDQJH� RI�
KDQGKHOG� DQG� SRUWDEOH� FRPSXWLQJ� GHYLFHV�� PRELOH�
LQWHUQHWZRUNLQJ�ZLOO�EHFRPH�WUXO\�XELTXLWRXV��
�
���� ,17(5$&7,21�:,7+�67$1'$5'�

,3�5287,1*�

,Q� WKH�QHDU� WHUP�� LW� LV� FXUUHQWO\� HQYLVLRQHG� WKDW�
0$1(7V�ZLOO� IXQFWLRQ� DV� VWXE� QHWZRUNV��PHDQLQJ�
WKDW�DOO� WUDIILF�FDUULHG�E\�0$1(7�QRGHV�ZLOO�HLWKHU�
EH� VRXUFHG�RU� VLQNHG�ZLWKLQ� WKH�0$1(7��%HFDXVH�
RI� EDQGZLGWK� DQG� SRVVLEO\� SRZHU� FRQVWUDLQWV��
0$1(7V� DUH� QRW� SUHVHQWO\� HQYLVLRQHG� WR� IXQFWLRQ�
DV� WUDQVLW� QHWZRUNV� FDUU\LQJ� WUDIILF� WKDW� HQWHUV� DQG�
WKHQ� OHDYHV� WKH� 0$1(7�� 6XEVHTXHQW� WHFKQRORJ\�
DGYDQFHV� PD\� UHPRYH� WKLV� UHVWULFWLRQ�� 7KLV���
VXEVWDQWLDOO\� UHGXFHV� WKH� DPRXQW� RI� URXWH�
DGYHUWLVHPHQW� UHTXLUHG� IRU� LQWHURSHUDWLRQ� ZLWK� WKH�
H[LVWLQJ� IL[HG� ,QWHUQHW�� )RU� VWXE� RSHUDWLRQ�� URXWLQJ�
LQWHURSHUDELOLW\� LQ� WKH� QHDU� WHUP� PD\� EH� DFKLHYHG�
XVLQJ� VRPH� FRPELQDWLRQ� RI� PHFKDQLVPV� VXFK� DV�
0$1(7�EDVHG�DQ\FDVWLQJ�DQG�PRELOH�,3��

���)XWXUH� LQWHURSHUDELOLW\�PD\�EH�DFKLHYHG�XVLQJ�
PHFKDQLVPV�RWKHU� WKDQ�PRELOH�,3��,QWHUDFWLRQ�ZLWK�
6WDQGDUG� ,3� 5RXWLQJ� ZLOO� EH� JUHDWO\� IDFLOLWDWHG� E\���
XVDJH� RI� D� FRPPRQ�0$1(7� DGGUHVVLQJ� DSSURDFK�
E\� DOO�0$1(7�URXWLQJ�SURWRFROV��'HYHORSPHQW�RI�
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VXFK� DQ� DSSURDFK� LV� XQGHUZD\� ZKLFK� SHUPLWV���
URXWLQJ� WKURXJK� D� PXOWL�WHFKQRORJ\� IDEULF�� SHUPLWV�
PXOWLSOH� KRVWV� SHU� URXWHU� DQG� HQVXUHV� ORQJ�WHUP�
LQWHURSHUDELOLW\� WKURXJK� DGKHUHQFH� WR� WKH� ,3�
DGGUHVVLQJ�DUFKLWHFWXUH��

�
�� 0$1(7�5287,1*�

�
0DQ\� GLIIHUHQW� URXWLQJ� SURWRFROV� KDYH� EHHQ�

GHYHORSHG� IRU�0$1(7V��6RPH�RI� WKHP�KDYH�EHHQ�
DGDSWHG� IURP� WUDGLWLRQDO� ZLUHG� QHWZRUNV�� ZKLOH�
RWKHUV� KDYH� EHHQ� VSHFLILFDOO\� GHYHORSHG� IRU�
0$1(7V�� %HIRUH� GHOYLQJ� WR� WKH� SURWRFROV�
WKHPVHOYHV�� VRPH� RI� WKH� GHVLUDEOH� SURSHUWLHV� DQG�
SHUIRUPDQFH� PHWULFV� RI� URXWLQJ� SURWRFROV� DUH�
DUWLFXODWHG� EHORZ�� 7KHVH� PHWULFV� VKRXOG� EH�
LQGHSHQGHQW�RI�DQ\�JLYHQ�URXWLQJ�SURWRFRO� 

�
���� 48$/,7$7,9(�0(75,&6�

x� 'LVWULEXWHG�RSHUDWLRQ�
x� /RRS�IUHHGRP�
x� 'HPDQG�EDVHG�RSHUDWLRQ�
x� 3URDFWLYH�RSHUDWLRQ�
x� 6HFXULW\��
x� 6OHHS�SHULRG�RSHUDWLRQ�
x� 8QLGLUHFWLRQDO�OLQN�VXSSRUW�
�

���� 48$17,7$7,9(�0(75,&6�

x� (QG�WR�HQG�GDWD�WKURXJKSXW�DQG�GHOD\�
x� 5RXWH�$FTXLVLWLRQ�7LPH�
x� 3HUFHQWDJH�2XW�RI�2UGHU�'HOLYHU\�
x� (IILFLHQF\�
�
���� ,17(51$/�0(75,&6�)25�

()),&,(1&<�

x� $YHUDJH� QXPEHU� RI� GDWD� ELWV� WUDQVPLWWHG� SHU�
GDWD�ELW�GHOLYHUHG�

x� $YHUDJH�QXPEHU�RI�FRQWURO�ELWV�WUDQVPLWWHG�SHU�
GDWD�ELW�GHOLYHUHG�

x� $YHUDJH� QXPEHU� RI� FRQWURO� DQG� GDWD� SDFNHWV�
WUDQVPLWWHG�SHU�GDWD�SDFNHW�GHOLYHUHG�

�

���� 1(7:25.�3$5$0(7(56�

x� 1HWZRUN�6L]H�

x� $YHUDJH�&RQQHFWLYLW\�RI�D�1HWZRUN�1RGH�

x� 5DWH�RI�FKDQJH�RI�1HWZRUN�7RSRORJ\�

x� (IIHFWLYH�/LQN�&DSDFLW\�

x� 3UHVHQFH�RI�8QLGLUHFWLRQDO�/LQNV�

x� 7UDIILF�3DWWHUQV�
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x� 0RELOLW\�

x� )UDFWLRQ�DQG�IUHTXHQF\�RI�VOHHSLQJ�QRGHV�

�

�� 0$1(7�5287,1*�35272&2/6�

�

���� 352$&7,9(�35272&2/6�

3UR�DFWLYH�DOJRULWKPV�WU\�WR�PDLQWDLQ�FRQVLVWHQW��XS�
WR�GDWH� URXWLQJ� LQIRUPDWLRQ� IRU� DOO� QRGHV� LQ� WKH�
QHWZRUN��7KH\�UHTXLUH�HDFK�QRGH�WR�PDLQWDLQ�WDEOHV�
RI� URXWLQJ� LQIRUPDWLRQ�� DQG� UHVSRQG� WR� FKDQJHV� LQ�
QHWZRUN� WRSRORJ\� E\� SURSDJDWLQJ� XSGDWHV�
WKURXJKRXW� WKH� QHWZRUN� LQ� RUGHU� WR� PDLQWDLQ� D�
FRQVLVWHQW�QHWZRUN�YLHZ��
�

������ '(67,1$7,21�6(48(1&('�
',67$1&(�9(&725�5287,1*�
�'6'9��

'6'9� LV� EDVHG� RQ� WKH� GLVWDQFH� YHFWRU� SURWRFRO�
FRPPRQO\� XVHG� LQ�ZLUHG� QHWZRUNV�� ,W�PDNHV� VRPH�
PRGLILFDWLRQV� WR� DGDSW� LW� IRU� URXWLQJ� LQ�0$1(7V��
,Q�'6'9��SDFNHWV�DUH�URXWHG�EHWZHHQ�QRGHV�RI�DQ�
DG�KRF�QHWZRUN�XVLQJ� URXWLQJ� WDEOHV� VWRUHG�DW� HDFK�
QRGH�� (DFK� QRGH� FRQWDLQV� D� URXWLQJ� WDEOH� ZLWK� DQ�
HQWU\�IRU�HYHU\�QRGH�LQ�WKH�QHWZRUN��FRQWDLQLQJ�WKH�
QH[W� KRS� QRGH� WR� UHDFK� WKDW� QRGH�� %URNHQ� OLQNV�

FDXVH� FDVFDGLQJ� FKDQJHV� LQ� URXWLQJ� WDEOHV� LQ� WKH�
0$1(7��DV�DQG�ZKHQ�WKH\�DUH�GLVFRYHUHG��
�

������ &/867(5+($'�*$7(:$<�6:,7&+�
5287,1*��&*65��

�7KLV� LV� EDVHG� RQ� WKH� '6'9� DOJRULWKP�� ,W� LV�
KLHUDUFKLFDO� LQ� QDWXUH� LQ� DQ� DWWHPSW� WR� LPSURYH�
VFDODELOLW\��,W�LV�GLIIHUHQW� LQ�WKDW�LW�GLYLGHV�WKH�QRGHV�
LQ�WKH�QHWZRUN�LQWR�FOXVWHUV�DQG�HDFK�FOXVWHU�HOHFWV�D�
QRGH�DV�D�FOXVWHUKHDG��$�QRGH�WKDW�LV�LQ�UDQJH�RI�WZR�
FOXVWHUKHDGV�LV�FDOOHG�D�JDWHZD\��5RXWLQJ�WDNHV�SODFH�
IURP� FOXVWHUKHDG� WR� JDWHZD\� WR� FOXVWHUKHDG� WLOO� WKH�
PHVVDJH�UHDFKHV�WKH�FOXVWHU�RI�WKH�GHVWLQDWLRQ��(DFK�
QRGH�PDLQWDLQV� D� WDEOH�RI� DOO�QRGHV� LQ� WKH�QHWZRUN�
DQG� WKHLU�FOXVWHUKHDGV��7KHVH�FOXVWHUKHDG� WDEOHV�DUH�
SURSDJDWHG� UHJXODUO\� WKURXJK� WKH� QHWZRUN� DV� LQ�
'6'9���
�
���� 5($&7,9(�$/*25,7+06�

7KH� UHDFWLYH� DSSURDFK� WR� URXWLQJ� LQ� 0$1(7V� LV�
FKDUDFWHUL]HG� E\� URXWHV� EHLQJ� FUHDWHG� RQO\� ZKHQ�
UHTXLUHG� E\� VRPH� QRGH�� :KHQ� D� QRGH� UHTXLUHV� D�
URXWH� WR� D� GHVWLQDWLRQ�� LW� LQLWLDWHV� D� URXWH� GLVFRYHU\�
SURFHVV� ZLWKLQ� WKH� QHWZRUN�� 2QFH� D� URXWH� LV�
HVWDEOLVKHG�� VRPH� IRUP� RI� URXWH� PDLQWHQDQFH�
PDLQWDLQV� LW�� WLOO� WKH� URXWH� LV� HLWKHU� LQYDOLG� RU�
XQQHFHVVDU\��



02%,/(�$'�+2&�1(7:25.6�

��

������ '<1$0,&�6285&(�5287,1*��'65��

'65� LV� GHVLJQHG� WR� DOORZ� QRGHV� WR� G\QDPLFDOO\�
GLVFRYHU� D� VRXUFH� URXWH� DFURVV� PXOWLSOH� QHWZRUN�
KRSV� WR� DQ\� GHVWLQDWLRQ� LQ� WKH� DG� KRF� QHWZRUN��
:KHQ� XVLQJ� VRXUFH� URXWLQJ�� HDFK� SDFNHW� WR� EH�
URXWHG�FDUULHV�LQ�LWV�KHDGHU�WKH�FRPSOHWH��RUGHUHG�OLVW�
RI�QRGHV�WKURXJK�ZKLFK�WKH�SDFNHW�PXVW�SDVV��7KXV�
LQWHUPHGLDWH�KRSV�GR�QRW�QHHG� WR�PDLQWDLQ� URXWLQJ�
LQIRUPDWLRQ�� '65� GRHV� QRW� UHTXLUH� WKH� SHULRGLF�
WUDQVPLVVLRQ�RI�URXWHU�DGYHUWLVHPHQWV�RU� OLQN�VWDWXV�
SDFNHWV�� UHGXFLQJ� PHVVDJLQJ� RYHUKHDG� ZKHQ�
PRELOLW\� LV� ORZ�� '65� KDV� DOVR� EHHQ� GHVLJQHG� WR�
FRPSXWH� FRUUHFW� URXWHV� LQ� WKH� SUHVHQFH� RI�
XQLGLUHFWLRQDO�OLQNV��
�

������ $'�+2&�21�'(0$1'�',67$1&(�
9(&725�5287,1*��$2'9��

$2'9� 5RXWLQJ� WULHV� WR� LPSURYH� '6'9� E\�
PLQLPL]LQJ� WKH� QXPEHU� RI� EURDGFDVWV� E\� FUHDWLQJ�
URXWHV� RQ� DQ� RQ�GHPDQG� EDVLV�� 5RXWH� GLVFRYHU\� LV�
LQLWLDWHG�E\�WKH�VHQGLQJ�RI�D�5RXWH�5HTXHVW��55(4��
SDFNHW� WR� LWV�QHLJKERXUV��ZKLFK�LQ�WXUQ�IRUZDUG�WKH�
SDFNHW� WR� WKHLU�QHLJKERXUV� WLOO�D� IUHVK�HQRXJK�URXWH�
LV�IRXQG��'HVWLQDWLRQ�VHTXHQFH�QXPEHUV�DUH�XVHG�WR�
NHHS�URXWHV�ORRS�IUHH�DQG�IUHVK��2Q�UHDFKLQJ�D�QRGH�
ZLWK� D� IUHVK� URXWH�� WKH� QRGH� VHQGV� D� URXWH� UHSO\�
�55(3��SDFNHW��5RXWH�PDLQWHQDQFH�LV�VLPLODU�WR�WKH�
SROLF\�IROORZHG�LQ�'65��
�

������ 7(0325$//<�25'(5('�
5287,1*�$/*25,7+0��725$��

725$� LV� EDVHG� RQ� WKH� FRQFHSW� RI� OLQN� UHYHUVDO��
725$� LV� GHVLJQHG� WR� ZRUN� LQ� D� KLJKO\� G\QDPLF�
0$1(7�� ,W� DOVR� SURYLGHV� PXOWLSOH� URXWHV� WR� DQ\�
GHVLUHG�GHVWLQDWLRQ��7KLV�SURWRFRO�KDV� WKUHH�SKDVHV��
,Q� WKH� ILUVW� DQG� VHFRQG�� URXWH� FUHDWLRQ� DQG�
PDLQWHQDQFH��QRGHV�XVH�D�KHLJKW�PHWULF�WR�HVWDEOLVK�
D�'LUHFWHG�$F\FOLF�*UDSK� �'$*���7KHUHDIWHU�� OLQNV�
DUH� DVVLJQHG� D� GLUHFWLRQ�� XSVWUHDP� RU� GRZQVWUHDP�
EDVHG�RQ�WKH�UHODWLYH�KHLJKW�RI�QHLJKERXULQJ�QRGHV��
:KHQ� D� OLQN� LV� EURNHQ�� D� QRGH� JHQHUDWHV� D� QHZ�
KHLJKW��ZKLFK�SURSDJDWHV�DQG�FDXVHV�WKH�GLUHFWLRQ�RI�
OLQNV� WR� FKDQJH�� 7KH� WKLUG� SKDVH� LV� DQ� HUDVH� SKDVH�
ZKHUH�LQYDOLG�URXWHV�DUH�HUDVHG��
�

������ $662&,$7,9,7<�%$6('�5287,1*�
�$%5��

$%5� GHILQHV� DQ� LQWHUHVWLQJ� PHWULF� IRU� URXWHV� LQ�
0$1(76��GHJUHH�RI�DVVRFLDWLRQ�VWDELOLW\��,Q�$%5��D�
URXWH� LV�VHOHFWHG�EDVHG�RQ�WKH�GHJUHH�RI�DVVRFLDWLRQ�
VWDELOLW\� RI� QRGHV�� (DFK� QRGH� JHQHUDWHV� UHJXODU�
EHDFRQV� RQ� ZKLFK� QHLJKERXULQJ� QRGHV� XSGDWH� D�
FRXQW�� 7KH� FRXQW� LQFUHDVHV� SURSRUWLRQDO� WR� WKH�
DVVRFLDWLRQ�VWDELOLW\�EHWZHHQ�QRGHV��$�KLJK�YDOXH�RI�
WKLV� PHWULF� JHQHUDOO\� LQGLFDWHV� ORZ� PRELOLW\�� 7KH�
IXQGDPHQWDO� REMHFWLYH� RI�$%5� LV� WR� GHULYH� ORQJHU�
OLYHG�URXWHV�LQ�D�0$1(7��
�
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������ 6,*1$/�67$%,/,7<�5287,1*��665��

665�LV�VLPLODU�WR�$%5��EXW�XVHV�WKH�PHWULF�RI�VLJQDO�
VWDELOLW\� EHWZHHQ� QRGHV�� 7KLV� DOJRULWKP�� WKHUHIRUH��
WHQGV� WR� JHQHUDWH� URXWHV� WKDW� KDYH� VWURQJ� VLJQDO�
VWUHQJWK��
�
���� +<%5,'�35272&2/6�

3UR�DFWLYH� VFKHPHV� SURYLGH� YDOLG� URXWHV� LQVWDQWO\��
%XW�� WKH\� UHVXOW� LQ� PRUH� PHVVDJLQJ� RYHUKHDG� DQG�
FRPSXWDWLRQ�IRU�URXWH�PDLQWHQDQFH��7KH\�DUH�XVHIXO�
LQ� UHDO�WLPH� DSSOLFDWLRQV�� ,Q� WKH� FDVH� RI� UHDFWLYH�
SURWRFROV�� SUHYHQWLQJ� FRQVWDQW� PDLQWHQDQFH� RI�
URXWHV� VDYHV� SRZHU� DQG� EDQGZLGWK�� EXW� WKHUH� LV�
ODWHQF\� LQYROYHG� LQ� ILQGLQJ� D� URXWH�� 3UR�DFWLYH�
SURWRFROV�FDQ�SURYH�HYHQ�PRUH�H[SHQVLYH�ZKHQ�WKH�
GHJUHH�RI�PRELOLW\�LQYROYHG�LV�KLJK��7KHUH�DOVR�H[LVWV�
D� K\EULG� FRPELQDWLRQ� RI� WKH� WZR� LQ� WKH� =RQH�
5RXWLQJ�3URWRFRO��
�

������ =21(�5287,1*�35272&2/�

7KLV� URXWLQJ� DOJRULWKP� WULHV� WR� FRPELQH� WKH� SUR�
DFWLYH� DQG� UHDFWLYH� DSSURDFKHV�� )RU� HYHU\� QRGH�� D�
]RQH� LV� PDLQWDLQHG� WKDW� FRQWDLQV� DOO� QRGHV� ZLWKLQ�
]RQH� UDGLXV� KRSV� IURP� WKH� QRGH�� 7ZR� URXWLQJ�
SURWRFROV� DUH� HPSOR\HG�� WKH� ,QWUD]RQH� 5RXWLQJ�
3URWRFRO� �,$53�� DQG� WKH� ,QWHU]RQH� 5RXWLQJ�
3URWRFRO� �,(53��� 7KH� ,$53� LV� SUR�� DFWLYH� DQG� WKH�

,(53� LV� UHDFWLYH�� 7KH� ]RQH� UDGLXV� FDQ� EH� YDULHG�
DFFRUGLQJ�WR�WKH�QHHGV�RI�WKH�DSSOLFDWLRQ��
�
���� /2&$7,21�%$6('�$/*25,7+06�

/RFDWLRQ� EDVHG� DOJRULWKPV� VWRUH� DQG� XWLOL]H�
LQIRUPDWLRQ� DERXW� WKH�0$1(7� WRSRORJ\� REWDLQHG�
IURP� H[WHUQDO� VRXUFHV�� 7KHVH� VRXUFHV� SURYLGH� WKH�
QRGHV� ZLWK� JHRJUDSKLFDO� LQIRUPDWLRQ� DERXW� QRGH�
SRVLWLRQV��

7KLV� LQIRUPDWLRQ� FDQ� EH� XVHG� WR� GHVLJQ� PRUH�
HIILFLHQW� URXWLQJ� DOJRULWKPV� WKDW� PLQLPL]H� WKH�
URXWLQJ�RYHUKHDGV� LQ� WKH�V\VWHP��$W� WKH�VDPH� WLPH��
WKHVH�DOJRULWKPV�UHTXLUH�DGGLWLRQDO�FRPSOH[LW\�DW�WKH�
QRGHV�DQG�WKH�QHHG�WR�PDLQWDLQ�SHULRGLFDOO\�XSGDWHG�
ORFDWLRQ�LQIRUPDWLRQ��

������ /2&$7,21�$,'('�5287,1*�

/$5�PDNHV�WKH�XVH�RI�JHRJUDSKLF�ORFDWLRQ�RI�QRGHV�
LQ�D�0$1(7�E\�XVLQJ�D�*OREDO�3RVLWLRQLQJ�6\VWHP�
�*36��UHFHLYHU�ZLWK�HDFK�QRGH��%DVHG�RQ�WKLV��HYHU\�
QRGH�GHILQHV� D� UHTXHVW� ]RQH� DQG� DQ� H[SHFWHG�]RQH�
ZKHUH�WKH�GHVWLQDWLRQ�LV�WR�EH�IRXQG��:KHQ�D�URXWH�
UHTXHVW�SDFNHW� LV� VHQW��RQO\� WKRVH�QRGHV� WKDW�DUH� LQ�
WKH� H[SHFWHG� ]RQH� IRUZDUG� WKH� SDFNHW� WKXV�
PLQLPL]LQJ�WKH�DUHD�LQ�ZKLFK�IORRGLQJ�LV�WR�EH�GRQH��
7KLV� EULQJV� DERXW� D� VDYLQJ� LQ� WKH� QXPEHU� RI�
PHVVDJHV�UHTXLUHG�IRU�ILQGLQJ�D�URXWH��
�
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�� &855(17�,668(6�,1�0$1(76�

�
���� 6(&85,7<�

0RELOH�ZLUHOHVV�QHWZRUNV� DUH�JHQHUDOO\�PRUH�SURQH�
WR�SK\VLFDO�VHFXULW\�WKUHDWV�WKDQ�DUH�IL[HG��KDUGZLUHG�
QHWZRUNV�� ([LVWLQJ� OLQN�OHYHO� VHFXULW\� WHFKQLTXHV�
�H�J�� HQFU\SWLRQ�� DUH� RIWHQ� DSSOLHG� ZLWKLQ� ZLUHOHVV�
QHWZRUNV� WR� UHGXFH� WKHVH� WKUHDWV�� 6HYHUDO� OHYHOV� RI�
DXWKHQWLFDWLRQ�SROLFLHV�DUH�EHLQJ�H[SORUHG���
�

������ 56$�%$6('�6(&85,7<�35272&2/6�

56$� LV� RQH� RI� WKH� FRPPRQO\� XVHG� FU\SWRV\VWHPV�
IRU�HQVXULQJ�VHFXULW\� LQ�QHWZRUNV�WRGD\��DQG�FDQ�EH�
H[WHQGHG� WR� PRELOH� HQYLURQPHQWV�� 3XEOLF� .H\� ²�
6HFUHW� .H\� SDLUV� FDQ� EH� XVHG� WR� DXWKHQWLFDWH�
FRPPXQLFDWLRQ�LQ�WKH�V\VWHP��DORQJ�ZLWK�WKH�XVH�RI�
VKDUHG�FHUWLILFDWHV� WR� IXUWKHU�HQVXUH� WKDW�VHFXULW\�RI�
WKH�KRVWV�LQ�WKH�V\VWHP�LV�QRW�FRPSURPLVHG���
�

������ '(6,*1�,668(6�

6RPH�RI�WKH�GHVLJQ�FKDOOHQJHV�LQ�WKH�VHFXULW\�V\VWHP�
GHVLJQ�DUH�H[SODLQHG�EHORZ��
�

�������� 6HFXULW\�EUHDFK�

:LUHOHVV�WUDQVPLVVLRQV�DUH�SURQH�WR�VHFXULW\�DWWDFNV��
DQG� LW� LV� YHU\� OLNHO\� WKDW� DGYHUVDULHV�ZLOO� HYHQWXDOO\�
EUHDN�LQWR�D�OLPLWHG�QXPEHU�RI�HQWLWLHV�RYHU�WLPH��
�

�������� 0RELOLW\�DQG�VHUYLFH�XELTXLW\�

0RELOH�XVHUV� LQFXU�G\QDPLF� WRSRORJLFDO� FKDQJHV��$�
PRELOH� XVHU� PD\� EH� DEOH� WR� SHUIRUP� HIIHFWLYH� DQG�
WLPHO\� FRPPXQLFDWLRQ� ZLWK� LWV� ORFDO� QHLJKERUV� EXW�
QRW�ZLWK�UHPRWH�HQWLWLHV��
�

�������� 1HWZRUN�G\QDPLFV�DQG�VFDOH�

&KDQQHO�HUURUV��DQG�QRGH�IDLOXUHV�DOO�LQFXU�G\QDPLFV�
LQWR� WKH� QHWZRUN�� %HVLGHV�� DQ� HQWLW\� PD\� MRLQ� DQG�
OHDYH� WKH� QHWZRUN� RYHU� WLPH�� 7KH� QXPEHU� RI�
QHWZRUNLQJ� GHYLFHV� FDQ� EH� ODUJH�� WKXV� D� VFDODEOH�
VROXWLRQ�LV�FULWLFDO��
�
���� 48$/,7<�2)�6(59,&(�

4XDOLW\� RI� 6HUYLFH� JXDUDQWHHV� SURYLGHG� E\� D�
SDUWLFXODU�QHWZRUN� LQIUDVWUXFWXUH�VSHFLILHV�D� OHYHO�RI�
SHUIRUPDQFH� WKDW� FDQ� EH� H[SHFWHG� E\� DSSOLFDWLRQV�
ZLWK� UHVSHFW� WR� WUDQVIHU�RI� LQIRUPDWLRQ��6SHFLILFDOO\�
4R6� JXDUDQWHHV� LQFOXGH� UHGXFWLRQ� RI� HUURU�
SUREDELOLWLHV�� PLQLPDO� SDFNHW� ORVV�� RXW�RI�VHTXHQFH�
SDFNHWV�DQG�WUDQVIHU�GHOD\V���
�
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7KH� IROORZLQJ� UHTXLUHPHQWV� FDQ� EH� LGHQWLILHG� IRU� D�
ZLUHOHVV�QHWZRUN�WKDW�RIIHUV�4R6�JXDUDQWHHV��
�

�������� 9&��EDQGZLGWK�UHVHUYDWLRQ�

7KH� ZLUHOHVV� QHWZRUN� PXVW� LPSOHPHQW� YLUWXDO�
FLUFXLWV� LQ� RUGHU� WR� VXSSRUW� UHDO� WLPH� FRQQHFWLRQV�
DQG� DOORFDWH� EDQGZLGWK� WR� WKHP� DW� FDOO� VHWXS� WLPH��
9&�EDQGZLGWK�UHVHUYDWLRQ� LQ�D�PRELOH�QHWZRUN�LV�D�
PDMRU�FKDOOHQJH��VLQFH�WKH�SDWK�FKDQJHV�G\QDPLFDOO\��
�

�������� 4R6�URXWLQJ�

7R� VXSSRUW� 4R6� IRU� UHDO� WLPH� WUDIILF� ZH� QHHG� WR�
NQRZ� QRW� RQO\� WKH� PLQLPXP� GHOD\� SDWK� WR�
GHVWLQDWLRQ�� EXW� DOVR� WKH� EDQGZLGWK� DYDLODEOH� RQ� LW��
2WKHUZLVH��LW�ZRXOG�GLVUXSW�WKH�H[LVWLQJ�9&V��
�

�������� &RQJHVWLRQ�FRQWURO�

1HWZRUN�FRQJHVWLRQ�RFFXUV�GXH�WR�WKH�G\QDPLFV�RI�
PRELOLW\� DQG� RI� WUDIILF� SDWWHUQV�� 6RPH� RI� WKH�
FRQFHSWV� VXFFHVVIXOO\� XVHG� LQ� RWKHU� QHWZRUN�
LQIUDVWUXFWXUHV�� L�H�� VHOHFWLYH� SDFNHW� GURSSLQJ� DQG�
LQSXW�UDWH�FRQWURO��FDQ�EH�DSSOLHG�KHUH��
�

������ '<1$0,&�5693�

G5693� LV� D� PRGLILFDWLRQ� RI� WKH� 5HVHUYDWLRQ�
3URWRFRO��5693���GHYHORSHG�IRU�DG�KRF�QHWZRUNV��,W�
SURYLGHV�DFFRPPRGDWLRQV�IRU�WKH�G\QDPLF�QDWXUH�RI�
0$1(7V�� ,W� SURYLGHV� IRU� UHVHUYDWLRQ� RI� UDQJHV� RI�
UHVRXUFH� YDOXHV�� UHDO�WLPH� YDULDWLRQ� RI� UHVRXUFH�
DOORFDWLRQ� DQG� DZDUHQHVV� RI� ERWWOHQHFNV� LQ� WKH�
QHWZRUN��
�

�� &21&/86,21�

�
7KLV� SDSHU� KDV� DLPHG� WR� SURYLGH� D� OXFLG� FRYHUDJH�
WKH�DUHD�RI�PRELOH�DG�KRF�QHWZRUNV��0RELOH�$G�+RF�
1HWZRUNV� UHSUHVHQW� D� SDUDGLJP� VKLIW� LQ� WKH� ZD\�
ZKLFK�QHWZRUNV�DUH�DUFKLWHFWHG��0$1(7V�VKLIW�WKH�
IRFXV� IURP�WKH� WUDGLWLRQDO�FOLHQW�VHUYHU�KLHUDUFK\�WR�
HPSKDVL]H� D� V\VWHP� LQ� ZKLFK� DOO� WKH� QRGHV� LQ� WKH�
V\VWHP� FRRSHUDWH� ZLWK� HDFK� RWKHU� WR� HVWDEOLVK� DQG�
PDLQWDLQ� D� FROODERUDWLYH� QHWZRUNLQJ� HQYLURQPHQW��
6XFK�FDSDELOLWLHV�DOEHLW�UHTXLUH�DGGLWLRQDO�FRPSOH[LW\�
DW�WKH�QHWZRUN�QRGHV�LQ�WKH�0$1(7��
�
$�FRQVLGHUDEOH�UDQJH�RI�WRSLFV�KDV�EHHQ�FRYHUHG�LQ�
WKH� SDSHU�� 7KH� DXWKRUV� KRSH� WKDW� WKLV� SDSHU� ZLOO�
SURYLGH� D� XVHIXO� LQVLJKW� LQWR� WKH� FRQFHSWV� DQG�
WHFKQRORJLHV� EHLQJ� GHYHORSHG� LQ� DG� KRF� QHWZRUNV��
DQG�SURYH�DV�D�FRPSUHKHQVLYH�LQWURGXFWLRQ�LQWR�WKLV�
H[FLWLQJ�QHZ�DUHD�RI�PRELOH�FRPSXWLQJ��
�
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�
3DFNHW� ²� 7KH� EDVLF� QHWZRUN� OHYHO� XQLW� RI� GDWD�
WUDQVIHU��
�
3URWRFRO� ²� 6HW� RI� UXOHV�GHYLVHG� IRU�JRYHUQLQJ�GDWD�
WUDQVIHU�RYHU�D�QHWZRUN��
�
5RXWHU� ²�+DUGZDUH�RU� VRIWZDUH�GHYLFHV� WKDW�GLUHFW�
SDFNHWV�LQ�D�QHWZRUN��IURP�VRXUFH�WR�GHVWLQDWLRQ��
�
,3�²�7KH�,QWHUQHW�3URWRFRO��RU�WKH�VHW�RI�UXOHV�XVHG�
WR�URXWH�SDFNHWV�RYHU�WKH�,QWHUQHW��
�
9LUWXDO� &LUFXLW� ²� 9LUWXDO� SDWK� VHWXS� EHWZHHQ� WZR�
FRPPXQLFDWLQJ�QRGHV�LQ�D�QHWZRUN��
�
%OXHWRRWK� ²� 6WDQGDUG� XVHG� WR� HQDEOH�
FRPPXQLFDWLRQV�EHWZHHQ�ZLUHOHVV�GHYLFHV��
�
8ELTXLWRXV� &RPSXWLQJ� ²� &RPSXWLQJ� WHFKQRORJ\�
LQ� WKH� LQWHUIDFHV� DUH� LPELEHG� LQWR� WKH� XVHU·V�
VXUURXQGLQJ�HQYLURQPHQW��
�
�

��� 5()(5(1&(6�

�
>�@�$QGUHZ�6��7DQHQEDXP��´&RPSXWHU�1HWZRUNVµ��
�UGHG��3UHQWLFH�+DOO�,QGLD�������
�
>�@�(�0��5R\HU�DQG�&�.��7RK��$�5HYLHZ�RI�&XUUHQW�
5RXWLQJ� 3URWRFROV� IRU� $G�+RF� 0RELOH� :LUHOHVV�
1HWZRUNV�� ,(((� 3HUVRQDO� &RPPXQLFDWLRQV�
0DJD]LQH��$SULO�������SS���������
�
>�@�&KDUOHV�(��3HUNLQV��0RELOH�,3��'HVLJQ�3ULQFLSOHV�
DQG� 3UDFWLFH�� $GGLVRQ�:HVOH\� /RQJPDQ�� 5HDGLQJ��
0DVV���������
�
>�@� 6�� &RUVRQ� 	� -�� 0DFNHU�� ´0RELOH� $G� KRF�
1HWZRUNLQJ� �0$1(7��� 5RXWLQJ� 3URWRFRO�
3HUIRUPDQFH� ,VVXHV� DQG� (YDOXDWLRQ�
&RQVLGHUDWLRQVµ��,(7)�5)&�������-DQXDU\������


