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7RPDå�âHI��$OHã�'REQLNDU��0DWMDå�*DPV

'HSDUWPHQW�RI�,QWHOOLJHQW�6\VWHPV
-R]HI�6WHIDQ�,QVWLWXWH

-DPRYD�����6,������/MXEOMDQD��6ORYHQLD
H�PDLO��WRPD]�VHI#LMV�VL

$%675$&7

7KLV� SDSHU� SUHVHQWV� D� QHZ� WH[W�WR�VSHHFK� �776�� V\VWHP� WKDW� LV
FDSDEOH�RI�V\QWKHVLVLQJ�FRQWLQXRXV�6ORYHQLDQ�VSHHFK��,QSXW�WH[W
LV� SURFHVVHG� E\� D� VHULHV� RI� LQGHSHQGHQW� PRGXOHV�� WH[W
QRUPDOLVDWLRQ�� JUDSKHPH�WR�SKRQHPH� FRQYHUVLRQ�� SURVRG\
JHQHUDWLRQ� DQG� VHJPHQWDO� FRQFDWHQDWLRQ�� 7KDW� HQDEOHV� HDV\
LPSURYHPHQWV� RI� VHSDUDWH� SDUWV� RI� WKH� V\VWHP�� ,Q� RUGHU� WR
JHQHUDWH� UXOHV� IRU� RXU� V\QWKHVLV� VFKHPH��GDWD�ZDV� FROOHFWHG� E\
DQDO\]LQJ� WKH� UHDGLQJV� RI� WHQ� VSHDNHUV�� ILYH� PDOHV� DQG� ILYH
IHPDOHV�� $� WZR�OHYHO� DSSURDFK� KDV� EHHQ� XVHG� IRU� GXUDWLRQ
PRGHOOLQJ� DQG� VR�FDOOHG� VXSHUSRVLWLRQDO� DSSURDFK� DW� SLWFK
PRGHOOLQJ�� 6SHHFK� ZDYHIRUP� LV� V\QWKHVL]HG� XVLQJ� D
FRQFDWHQDWLYH� 7'�362/$� WHFKQLTXH�� $FRXVWLF� VHJPHQWV
LQYHQWRU\� FRQVLVWV� RI� GLSKRQHV� DQG� VRPH� IUHTXHQWO\� XVHG
SRO\SKRQHV�

2XU� V\VWHP� LV� XVHG� LQ� VHYHUDO� DSSOLFDWLRQV�� ,W� LV� EXLOW� LQWR� DQ
HPSOR\PHQW�DJHQW�(0$�WKDW�SURYLGHV�HPSOR\PHQW�LQIRUPDWLRQ
WKURXJK�WKH�,QWHUQHW��&XUUHQWO\�ZH�DUH�GHYHORSLQJ�D�V\VWHP�WKDW
ZLOO� HQDEOH� EOLQG� DQG� SDUWLDOO\� VLJKWOHVV� SHRSOH� WR�ZRUN� LQ� WKH
:LQGRZV�HQYLURQPHQW�

���,1752'8&7,21

:KLOH� WH[W�WR�VSHHFK��776��V\VWHPV�IRU�PDMRU�ZRUOG� ODQJXDJHV
DUH� TXLWH� DGYDQFHG�� VPDOOHU� ODQJXDJHV�� OLNH� RXU� 6ORYHQLDQ
ODQJXDJH�� ODFN� TXDOLW\� 776� V\QWKHVLV�� 7KH� QDWXUDOQHVV� RI� WKH
V\QWKHWLF� VSHHFK� VWURQJO\� GHSHQGV� RQ� WKH� JHQHUDWHG� SURVRGLF
FRQWRXUV� WKDW� GHSHQG� RQ� WKH� GHJUHH� RI� DYDLODEOH� NQRZOHGJH
ZKLFK�LV�IRU�WKHVH�ODQJXDJHV�UDWKHU�VPDOO�

6ORYHQLD�GRHV�QRW� KDYH� D� ORQJ� WUDGLWLRQ� LQ� WKH�GHYHORSPHQW�RI
776� V\VWHPV�� ,Q� WKH�EHJLQQLQJ� RI� WKH� ��
V�� DW� WKH� -R]HI� 6WHIDQ
,QVWLWXWH��ZH�VWDUWHG�WKH�ILUVW�DWWHPSW�DW�GHYHORSLQJ�D�UXOH�EDVHG
776�V\VWHP�>�@��WR�XWWHU�RQO\�LVRODWHG�ZRUGV�RQ�WZR�FRPPHUFLDO
V\QWKHVL]HUV�� &RYR[� VSHHFK� WKLQJ� DQG� /6,� SKRQHWLF
V\QWKHVL]HUV��:LWK�D�OH[LFRQ�DQG�H[SOLFLW�UXOHV��WKH�DFFHQWXDWLRQ
PRGXOH� ILUVW� SURGXFHG� D� VWUHVVHG� IRUP� IRU� D� JLYHQ�ZRUG��$IWHU
JUDSKHPLF�SKRQHPLF� FRQYHUVLRQ�� WKH� GXUDWLRQ� DQG� SLWFK� IRU
HDFK�SKRQHPH�ZDV�GHILQHG��7KH�GXUDWLRQV�GHSHQGHG�RQ�WKH�W\SH
RI� WKH� SKRQHPH�� RQ� ZKHWKHU� WKH� SKRQHPH� LV� VWUHVVHG� RU
XQVWUHVVHG�DQG�RQ�WKH�OHQJWK�RI�WKH�ZKROH�ZRUG��3LWFK�GHSHQGHG
RQ�WKH�VXUURXQGLQJ�SKRQHPHV�DQG�RQ� WKH�SRVLWLRQ� LQ� WKH�ZRUG�
$W� WKH� HQG�� WKH� /6,� SKRQHWLF� V\QWKHVL]HU� DQG� &RYR[� VSHHFK
WKLQJ� FRQYHUWHG� DOO� WKDW� LQIRUPDWLRQ� IRU� HDFK� SKRQHPH� LQWR
V\QWKHVL]HUV� SDUDPHWHUV� DQG� VHQW� WKHP� WR� WKHLU� '$� SRUWV�� 7KH
TXDOLW\� RI� WKH� UHVXOWV� ZDV� QRW� VDWLVIDFWRU\�� WKHUHIRUH� DQRWKHU
DSSURDFK�WR�XQUHVWULFWHG�VSHHFK�V\QWKHVLV�ZDV�XVHG�LQ������>�@�
:H� GHYHORSHG� D� V\VWHP� IRU� FRQFDWHQDWLQJ� DFRXVWLFDO� VSHHFK
XQLWV��XVLQJ�WKH�7'�362/$�WHFKQLTXH�
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7KH� GLIIHUHQW� SKDVHV� RI� WKH� V\QWKHVLV� WDVN� DUH� SHUIRUPHG� E\
VHYHUDO�VHTXHQWLDOO\�RSHUDWLQJ�LQGHSHQGHQW�PRGXOHV�DV�VKRZQ�LQ
)LJXUH���>�@��7KLV�HQDEOHV�HDV\� LPSURYHPHQWV�RI�VHSDUDWH�SDUWV
RI� WKH� V\VWHP� �KWWS���]ODWRXVW�LMV�VL�6776�6776�KWP��� 7KH� LQSXW
LQWR�WKH�V\QWKHVL]HU�LV�XQFRQVWUDLQHG�WH[W�SUHVHQWHG�LQ�LWV�GLJLWDO
IRUP��,Q�WKH�ILUVW�SODFH�RI�WKH�KLHUDUFKLFDO�V\VWHP�DUFKLWHFWXUH�D
WH[W� QRUPDOL]DWLRQ� PRGXOH� LV� ORFDWHG�� ,W� LV� IROORZHG� E\� D
JUDSKHPH�WR�SKRQHPH� FRQYHUVLRQ� DQG� SURVRG\� JHQHUDWLRQ
PRGXOH��$W�WKH�HQG��D�VHJPHQWDO�FRQFDWHQDWLRQ�PRGXOH�RXWSXWV
D�GLJLWDO�UHFRUG�RI�WKH�V\QWKHWLF�VSHHFK�ZKLFK�LV�SURGXFHG�E\�D
FRPSXWHU�VRXQG�FDUG�>�@�

7KH�V\QWKHVL]HU� LV�FRQWUROOHG�E\�D� ODUJH�QXPEHU�RI�SDUDPHWHUV�
7KH\� GHILQH� D� PRGH� RI� WH[W� SUH�SURFHVVRU� �QRUPDOL]HU��� ,Q
SURVRG\�JHQHUDWLRQ�PRGXOH� D� VSHDNLQJ� UDWH� �QRUPDO�� IDVW�� VORZ
RU� DQ\� LQWHUPHGLDWH� OHYHO��� SLWFK�� SDXVHV� GXUDWLRQ�� D� VW\OH� RI
ZRUGV�DFFHQWXDWLRQ��D�W\SH�RI�SKRQHPH�GXUDWLRQ�PRGLILFDWLRQV�
HWF���DUH�VHW�

)LJXUH����6ORYHQH�WH[W�WR�VSHHFK�V\VWHP�



���� 7H[W�1RUPDOL]DWLRQ

7KH� WH[W� QRUPDOL]HU� ILUVW� FRQYHUWV� ILOHV� IURP� GLIIHUHQW� IRUPDWV
LQWR� DQ� $6&,,� ILOH�� 7KHQ�� DOO� UHGXQGDQW� V\PEROV� DUH� UHPRYHG
DQG� DEEUHYLDWLRQV� DUH� H[SDQGHG� WR� HTXLYDOHQW� IXOO� ZRUGV�
6SHFLDO�IRUPDWV��OLNH�QXPEHUV��KRXUV�RU�GDWHV��DUH�FRQYHUWHG�LQWR
VWDQGDUG�JUDSKHPLF�VWULQJV�>�@��6HYHUDO�OLVWV�RI�UXOHV�DQG�OH[LFDO
HQWULHV�DUH�XVHG�ZKLFK�FDQ�HDVLO\�EH�H[SDQGHG�LQ�FDVH�RI�QHHG��$
EDVLF�VHPDQWLF�DQDO\VLV�SUHGLFWLQJ�WKH�SURSHU�LQIOHFWHG�IRUP�IRU
QXPHUDOV�LV�DOVR�LQFOXGHG�>�@�

(DFK� VHQWHQFH� LV� SURFHVVHG� VHSDUDWHO\�� $W� WKH� HQG�� WKH� ZKROH
WH[W� LV� VHJPHQWHG� LQWR� LQGLYLGXDO�ZRUGV� DQG� EDVLF� SXQFWXDWLRQ
PDUNV�� 7KH� WH[W� QRUPDOL]HU� FRUUHVSRQGV� WR� WKH� ILUVW� OHYHO� LQ
)LJXUH���

���� *UDSKHPH�WR�3KRQHPH�&RQYHUVLRQ

$�JUDSKHPH�WR�SKRQHPH�PRGXOH��WKH�VHFRQG�OHYHO�LQ�)LJXUH���
SURGXFHV�VWULQJV�RI�SKRQHPLF�V\PEROV�IURP�WKH�QRUPDOL]HG�WH[W�
7KLV�GHULYDWLRQ�LV�GRQH�LQ�WKUHH�VWHSV�>�@�

�� ILUVW� D� SURQXQFLDWLRQ� GLFWLRQDU\� LV� FKHFNHG� IRU� WKH
SUHVHQFH�RI�WKH�ZKROH�ZRUG�

�� LI�D�ZRUG�LV�IRXQG��LW�LV�WUDQVFULEHG�LQWR�LWV�SKRQHWLF�IRUP
FRQVLGHULQJ� LQWHUDFWLQJ� LQIOXHQFHV�EHWZHHQ� WZR�DGMDFHQW
ZRUGV�

�� IRU� ZRUGV�� ZKLFK� DUH� QRW� SUHVHQW� LQ� WKH� SURQXQFLDWLRQ
GLFWLRQDU\�� DQ� DXWRPDWLF� OH[LFDO� VWUHVV� DVVLJQPHQW� DQG
OHWWHU�WR�VRXQG�UXOHV�LV�XVHG�

7KH�SURQXQFLDWLRQ�GLFWLRQDU\�LV�GLYLGHG�LQWR�PRUH�FRPSRQHQWV�
QXPHUDOV��SURSHU�QRXQV��FROORFDWLRQV��FRPPRQ�ZRUGV��WKH�PRVW
H[WHQVLYH��� DSSOLFDWLRQ� VSHFLILF�ZRUGV� �HPSOR\PHQW�� MREV�� HWF��
,W�LV�HDV\�WR�DGG�D�QHZ�FRPSRQHQW�WR�WKH�GLFWLRQDU\�>�@�

$XWRPDWLF�JUDSKHPH�WR�SKRQHPH�FRQYHUVLRQ�LV�GRQH�E\�D�ODUJH
QXPEHU� RI� FRQWH[W�GHSHQGHQW� OHWWHU�WR�VRXQG� UXOHV�� %\� OH[LFDO
VWUHVV� DVVLJQPHQW�� OLVWV� RI� VWUHVVDEOH� DQG� XQVWUHVVDEOH� DIIL[HV�
SUHIL[HV� DQG� VXIIL[HV� DUH� XVHG� >�@�� )RU� RWKHU� ZRUGV�� WKH� PRVW
SUREDEO\�VWUHVVHG�V\OODEOH�LV�SUHGLFWHG�UHJDUGLQJ� WKH�QXPEHU�RI
V\OODEOHV� ZLWKLQ� D� ZRUG�� $V� OH[LFDO� VWUHVV� LQ� WKH� 6ORYHQLDQ
ODQJXDJH� FDQ� EH� ORFDWHG� DOPRVW� DUELWUDULO\� RQ� DQ\� V\OODEOH�
FRUUHFW� SURQXQFLDWLRQ� LV� YHU\� GLIILFXOW� DQG� SUDFWLFDOO\
LPSRVVLEOH��7KLV�LV�WKH�ZHDNHVW�SDUW�RI�RXU�V\VWHP�

���� 3URVRG\�3DUDPHWHUV�$VVLJQPHQW

3URVRG\� KDV� JUHDW� LPSDFW� RQ� LQWHOOLJLELOLW\� DQG� QDWXUDOQHVV� RI
VSHHFK� SHUFHSWLRQ�� 7KH� SURSHU� FKRLFH� RI� SURVRGLF� SDUDPHWHUV�
JLYHQ� E\� SKRQHPH� GXUDWLRQ� DQG� LQWRQDWLRQ� FRQWRXUV�� HQDEOHV
QDWXUDO�VRXQGLQJ�KLJK�TXDOLW\�V\QWKHWLF�VSHHFK�

3URVRGLF� SDUDPHWHUV� DUH� VHW� �WKLUG� OHYHO� LQ� )LJXUH� ��� LQ� WKUHH
VWHSV�>�@�

�� GXUDWLRQ�DVVLJQPHQW�

�� SLWFK�DVVLJQPHQW�

�� LQVHUWLRQ�RI�SDXVHV�

'XUDWLRQ�0RGHOOLQJ

$�WZR�OHYHO�DSSURDFK�KDV�EHHQ�XVHG�IRU�GXUDWLRQ�PRGHOOLQJ��7KH
LQWULQVLF�GXUDWLRQ�RI�ZRUGV� LV�GHWHUPLQHG�E\�XVLQJ�IDFWRUV�VXFK
DV�SKRQH�QDPH��SKRQH� W\SH��SKRQH�FRQWH[W��VHJPHQWDO� LGHQWLW\�
V\OODEOH�W\SH�DQG�V\OODELF�VWUHVV��7KH�KLJKHU�OHYHO�UK\WKPLF�DQG
VWUXFWXUDO� FRQVWUDLQWV� RI� D� SKUDVH� SUHGLFW� WKH� H[WULQVLF� GXUDWLRQ
RI�D�ZRUG��7KH�IROORZLQJ�IDFWRUV�KDYH�EHHQ�WDNHQ�LQWR�DFFRXQW�
WKH� FKRVHQ� VSHDNLQJ� UDWH�� WKH� ZRUG
V� SRVLWLRQ� ZLWKLQ� D� SKUDVH
DQG�WKH�QXPEHU�RI�V\OODEOHV�ZLWKLQ�D�ZRUG��$W�WKH�HQG��LQWULQVLF
VHJPHQW�GXUDWLRQV�DUH�PRGLILHG��VR�WKDW�WKH�HQWLUH�ZRUG�DFKLHYHV
LWV�SUHGHWHUPLQHG�H[WULQVLF�GXUDWLRQ�>����@��+RZHYHU��VWUHWFKLQJ
DQG�VTXHH]LQJ�GRHV�QRW�DSSO\�WR�DOO�VHJPHQWV�HTXDOO\�

7KH�UHVXOWV�RI�WKH�LQYHVWLJDWLRQV�PDGH�E\�7��6UHERW�5HMHF�DQG�-�
*URV� ZHUH� KHOSIXO�� 7KH� ILUVW� RQH� VWXGLHG� GLIIHUHQW� HIIHFWV� RQ
SKRQH�GXUDWLRQ��VWUHVVHG�XQVWUHVVHG�DQG�RSHQ�FORVHG�V\OODEOHV�DW
YRZHO� GXUDWLRQ� >�@�� &&� DQG� 9&9� FOXVWHUV� DW� FRQVRQDQW
GXUDWLRQ�� 7KH� VHFRQG� RQH� UHFRUGHG� D� ODUJH� FRQWLQXRXV� VSHHFK
GDWDEDVH� WR� VWXG\� WKH� LPSDFW� RI� VSHDNLQJ� UDWH� RQ� V\OODEOH
GXUDWLRQ�DQG�GXUDWLRQ�RI�SKRQHV�>�@�

3LWFK�0RGHOOLQJ

,Q� RUGHU� WR� JHQHUDWH� UXOHV� IRU� RXU� V\QWKHVLV� VFKHPH�� GDWD� ZDV
FROOHFWHG�E\�DQDO\]LQJ�WKH�UHDGLQJV�RI�WHQ�VSHDNHUV��$OO�RI�WKHP
DUH�QDWLYH�6ORYHQH�VSHDNHUV��ILYH�PDOHV�DQG�ILYH�IHPDOHV��(LJKW
RI� WKHP� DUH� SURIHVVLRQDO� VSHDNHUV� RQ� WKH� 6ORYHQLDQ� QDWLRQDO
UDGLR�� 7KH� ODUJHVW� SDUW� RI� WKH� VSHHFK� PDWHULDO� FRQVLVWV� RI
GHFODUDWLYH� VHQWHQFHV� LQ� VKRUW� VWRULHV�� PRQRORJXHV�� FRQWDLQLQJ
VHQWHQFHV� RI� YDULRXV� FRPSOH[LWLHV� DQG� W\SHV�� QHZV�� ZHDWKHU
UHSRUWV� DQG� FRPPHUFLDO� DQQRXQFHPHQWV�� 2WKHU� SDUWV� RI� WKH
FRUSRUD� DUH� LQWHUURJDWLYH� VHQWHQFHV� ZLWK� \HV�QR� DQG� ZK�
TXHVWLRQV�DQG�LPSHUDWLYH�VHQWHQFHV��7KH�ILUVW�SDUW�RI�WKH�FRUSRUD
FRQWDLQV� ���� GHFODUDWLYH� VHQWHQFHV�� XWWHUHG� E\� HLJKW� VSHDNHUV�
DQG� WKH� VHFRQG� SDUW� ���� TXHVWLRQV� DQG� ��� LPSHUDWLYH� FODXVHV
XWWHUHG�E\���VSHDNHUV�>�@�

)LJXUH����([DPSOH�UHVXOW�RI�)��FRQWRXU�PRGHOLQJ�IRU�WKH
6ORYHQH�:K�TXHVWLRQ�³.MH�MH�KRGLO�WROLNR�þDVD"´�(QJO���³:KHUH
GLG�KH�ZDON�VR�ORQJ"´�

7KH�)��FRQWRXU�LV�GHILQHG�ZLWK�WKH�IXQFWLRQ�FRPSRVHG�IURP�>�@�

�� D�JOREDO�FRPSRQHQW��UHODWHG�WR�WKH�ZKROH�LQWRQDWLRQ�XQLW�

�� ORFDO� FRPSRQHQWV�� UHODWHG� WR� DFFHQWHG� V\OODEOHV� RU
V\QWDFWLF�ERXQGDULHV�



7KH�JOREDO�FRPSRQHQW�JLYHV�WKH�EDVHOLQH�IRU�WKH�)��FRQWRXU�IRU
WKH� ZKROH� LQWRQDWLRQ� XQLW�� ,W� GHSHQGV� RQ� WKH� W\SH� RI� WKH
LQWRQDWLRQ�XQLW��GHFOHUDWLYH��LPSHUDWLYH��\HV�QR�RU�ZK�TXHVWLRQ��
SRVLWLRQ�RI� WKH� LQWRQDWLRQ�XQLW� LQ�D�FRPSOH[�VHQWHQFH�ZLWK� WZR
RU�PRUH� LQWRQDWLRQ� XQLWV� DQG� GXUDWLRQ� RI� WKH�ZKROH� LQWRQDWLRQ
XQLW��7KH� ORFDO�FRPSRQHQWV�SUHVHQW� ORFDO�PRYHPHQWV�RI� WKH�)�
VKDSH� DW� DFFHQWHG� V\OODEOHV� RU� V\QWDFWLF� ERXQGDULHV�� 7RQHPLF
DFFHQW�LQ�6ORYHQLDQ�ODQJXDJH� LV�VLJQHG�E\�D�SLWFK�ULVH�ZLWKLQ�D
VWUHVVHG� V\OODEOH�� IROORZHG� E\� D� IDOO�� ZKLFK� GHSHQGV� RQ� WKH
DFFHQW��DFXWH�RU�FLUFXPIOH[��DQG�V\OODEOH��EDULWRQH�RU�RFVLWRQH��

0DQ\� IXQFWLRQV� ZHUH� WHVWHG� �OLQHDU�� SRZHU�� WUDQVIHU�� GHFD\�
H[SRQHQWLDO�� IRU� WKH� EHVW� DSSUR[LPDWLRQ� RI� WKH� QDWXUDO� )�
FRQWRXU��,Q�WKH�V\VWHP�SUHVHQWHG��DQ�H[SRQHQWLDO�IXQFWLRQ�IRU�WKH
JOREDO� FRPSRQHQW� DQG� D� FRVLQXVRLGDO� IXQFWLRQ� IRU� DFFHQWV� DQG
ILQDO�ERXQGDU\�FRQWRXUV�ZHUH�DGRSWHG�

)LJXUH� �� LOOXVWUDWHV� WKH� UHVXOWV� REWDLQHG�� 7KH� VHQWHQFH� IRU
FRPSDULVRQ� LV�XWWHUHG�E\�D� IHPDOH� VSHDNHU��7KH�SDUDPHWHUV� IRU
WKH� V\QWKHVL]HG� )�� DUH� WKH� VDPH� IRU� WKH� ZKROH� VHQWHQFH�� 7KH
SDQHO� GLVSOD\V� WKH� RULJLQDO� )�� FRQWRXU� PRGHOHG� ZLWK� WKH
,176,17��,1WHUQDWLRQDO�7UDQVFULSWLRQ�6\VWHP� IRU� ,17RQDWLRQ�
V\VWHP� >��@�� LQGLFDWHG� E\� VTXDUHV�� DQG� WKH� V\QWKHVL]HG� )�
FRQWRXU�LQGLFDWHG�E\�FLUFOHV�

3DXVHV

3DXVHV�KDYH�D�YHU\�LPSRUWDQW�UROH�LQ�WKH�LQWHOOLJLELOLW\�RI�VSHHFK�
1RUPDO� FRQYHUVDWLRQV� W\SLFDOO\� KDOI� RI� WKH� WLPH� FRQVLVW� RI
SDXVHV�� LQ� WKH� DQDO\]HG� UHDGLQJV� WKH\� UHSUHVHQW� ��� �� RI� WKH
ZKROH�GDWDEDVH�GXUDWLRQ��7KH�REWDLQHG� UHVXOWV� VKRZ� WKDW�SDXVH
GXUDWLRQ�LV�DOPRVW�LQGHSHQGHQW�RI�WKH�GXUDWLRQ�RI�WKH�LQWRQDWLRQ
XQLW� EHIRUH� WKH� SDXVH�� RQO\� GXUDWLRQ� RI� WKH� SDXVHV� JUHDWO\
GHSHQGV�RQ�ZKHWKHU�WKHUH�LV�EUHDWKLQJ�LQ�RU�QRW�

3DXVHV�� WKH� FODVVLFDO� SRLQWV� RI� ERXQGDULHV� EHWZHHQ� VXFFHVVLYH
LQWRQDWLRQ�XQLWV�� DUH�FODVVLILHG� LQWR� IRXU�JURXSV�ZLWK� UHVSHFW� WR
W\SHV�DQG�GXUDWLRQV�

�� DW�SUHIDFHV��QHZ�WRSLFV�RI�UHDGLQJV�DQG�QHZ�SDUDJUDSKV�
QRWHG� ZLWKRXW� FODVVLF� RUWKRJUDSKLF� GHOLPLWHUV� �DOZD\V
UHSUHVHQW� WKH� ORQJHVW� SDXVHV�� DOZD\V� FRQQHFWHG� ZLWK
EUHDWKLQJ�LQ��

�� DW� WKH� HQG� RI� VHQWHQFHV�� PDUNHG� ZLWK� D� SHULRG�
H[FODPDWLRQ�PDUN��TXHVWLRQ�PDUN�RU�HOOLSVLV�

�� DW� SODFHV� RI� SURVRGLF� SKUDVHV� LQ� WKH� VHQWHQFHV�� PDUNHG
ZLWK� D� FRPPD�� VHPLFRORQ�� FRORQ�� GDVK�� SDUHQWKHVHV� RU
TXRWDWLRQ�PDUNV�

�� LQ� VHQWHQFHV� DW� SODFHV� RI� UK\WKPLFDO� GLYLVLRQV� RI� WKH
FODXVH��RIWHQ�EHIRUH�WKH�FRQMXQFWLRQ�RI�6ORYHQH�ZRUGV�LQ�
WHU��DQG���SD��EXW���DOL��RU������

7KH�VWRFKDVWLF�YDULDQFH�LQ�WKH�UDQJH�RI�SDXVH�GXUDWLRQV�SUHYHQWV
WKH�V\QWKHWLF��GLVFUHWH�QDWXUH�RI�SDXVHV�LQ�V\QWKHWLF�VSHHFK�

���� 6HJPHQWDO�&RQFDWHQDWLRQ

2QFH� WKH� SKRQHWLF� V\PEROV� DQG� SURVRG\� PDUNHUV� DUH
GHWHUPLQHG�� WKH� ILQDO� VWHS� LV� WR� SURGXFH� DXGLEOH� VSHHFK� E\
DVVHPEOLQJ� HOHPHQWDO� VSHHFK� XQLWV�� FRPSXWLQJ� SLWFK� DQG

GXUDWLRQ� FRQWRXUV�� DQG� V\QWKHVL]LQJ� WKH� VSHHFK� ZDYHIRUP� �WKH
ODVW�OHYHO�LQ�)LJXUH����

$FRXVWLF�6HJPHQWV�,QYHQWRU\

$Q�DQDO\VLV�RI�WKH�6ORYHQLDQ�SKRQRORJLFDO�V\VWHP�JLYHV���YRZHO
DQG� ��� FRQVRQDQW� SKRQHPHV�� :KHQ� DGGLQJ� DOORSKRQLF
YDULDWLRQV� IRU� VRPH� SKRQHPHV�� ZH� DUULYHG� DW� D� WRWDO� RI� ��
SKRQHV��2QH�GLSKRQH�IRU�HYHU\�DOORSKRQH�FRPELQDWLRQ�SRVVLEOH
LQ�D�JLYHQ�ODQJXDJH�LV�UHTXLUHG��2XU�GLSKRQH�LQYHQWRU\�FRQWDLQV
����� SLWFK�ODEHOHG� GLSKRQHV� >�@�� 7KH\� ZHUH� KDQG�VHJPHQWHG
DQG� KDQG�ODEHOHG� LQ� RUGHU� WR� HQDEOH� DV� JRRG� DV� SRVVLEOH
FRXSOLQJ� DW� FRQFDWHQDWLRQ� SRLQWV�� ,Q� RUGHU� WR� JXDUDQWHH� KLJK
V\QWKHVLV�TXDOLW\��WKH�GLSKRQHV�ZHUH�UHFRUGHG�E\�D�SURIHVVLRQDO
VSHDNHU�DQG�SODFHG�LQ�WKH�PLGGOH�RI�ORJDWRPV��SURQRXQFHG�ZLWK
D�VWHDG\�LQWRQDWLRQ�>�@�

&XUUHQWO\�ZH�DUH�DGGLQJ�WR�WKH�H[LVWHQW�GLSKRQH�LQYHQWRU\�VRPH
ODUJHU�XQLWV��SRO\SKRQHV�DQG�IUHTXHQWO\�XVHG�VKRUW�ZRUGV��7KLV
ZD\��WKH�ILQDO�TXDOLW\�RI�WKH�V\QWKHWLF�VSHHFK�LV�PXFK�EHWWHU�

6HJPHQWDO�&RQFDWHQDWLRQ

:H�XVHG�D�FRQFDWHQDWLYH�7'�362/$�WHFKQLTXH� LPSURYHG�ZLWK
D� YDULDEOH� OHQJWK� OLQHDU� LQWHUSRODWLRQ� SURFHVV� >��@�� 7KLV
DOJRULWKP�HQDEOHV�SLWFK�DQG�GXUDWLRQ�WUDQVIRUPDWLRQV�GLUHFWO\�RQ
WKH� ZDYHIRUP�� DW� OHDVW� IRU� PRGHUDWH� UDQJHV� RI� SURVRGLF
PRGLILFDWLRQV� ZLWKRXW� FRQVLGHUDEO\� DIIHFWLQJ� WKH� TXDOLW\� RI
V\QWKHVL]HG� VSHHFK�� ,Q� FRQWUDVW� WR� WKH� SXUH� 7'�362/$
DOJRULWKP�LW�DOVR�VXSSRUWV�VSHFWUDO�LQWHUSRODWLRQ�EHWZHHQ�YRLFHG
SDUWV� RI� VHJPHQWV�� 7KLV� LPSURYHPHQW� GHPDQGV� QR� H[FHVVLYH
LQFUHDVH�LQ�WKH�FRPSXWDWLRQDO�ORDG�>��@�

���$33/,&$7,216

���� (PSOR\PHQW�$JHQW�(0$

2XU�WH[W�WR�VSHHFK�V\VWHP�LV�XVHG�LQ�DQ�HPSOR\PHQW�DJHQW�(0$
�KWWS���ZZZ�DL�LMV�VL�aHPD���� (0$� LV� DQ� LQWHOOLJHQW� DJHQW� IRU
HPSOR\PHQW�WDVNV�RQ�WKH�,QWHUQHW�GHVLJQHG�LQ�FRRSHUDWLRQ�ZLWK
WKH� 1DWLRQDO� (PSOR\PHQW� 2IILFH�� (PD
V� EDVLF� WDVN� LV� WR� KHOS
SHRSOH�VHDUFKLQJ�IRU�HPSOR\PHQW��MREV��HPSOR\HHV��VFKRODUVKLSV
DQG�DQ\�RWKHU� IRUP�RI�HPSOR\PHQW� UHODWHG� WDVNV��)RU� H[DPSOH�
���� RI� DOO� DYDLODEOH� MREV� LQ� 6ORYHQLD� DUH� SUHVHQWHG� WKURXJK
(0$��,Q�DGGLWLRQ��(0$�FDQ�SHUIRUP�D�YDULHW\�RI�WDVNV��VXFK�DV
VHQGLQJ�PDLOV�ZKHQHYHU�DQ\�QHZ�LQIRUPDWLRQ�RQ�UHODWHG�,QWHUQHW
ILOHV�VLWHV�RFFXUV�� ,Q� WKH� ODVW�\HDU��(0$�ZDV�YLVLWHG�E\� DURXQG
RQH� WKLUG� RI� 6ORYHQLDQ� SRSXODWLRQ� ZLWK� DFFHVV� WR� WKH� ,QWHUQHW
DQG� LV� WKH� PRVW� RIWHQ� YLVLWHG� DQG� XVHG� LQWHOOLJHQW� V\VWHP� LQ
6ORYHQLD� >��@��:LWK� WKLV� V\VWHP��6ORYHQLD�ZDV� DPRQJ� WKH� ILUVW
(XURSHDQ�FRXQWULHV�WR�RIIHU�WKLV�W\SH�RI�LQIRUPDWLRQ�WKURXJK�WKH
,QWHUQHW�

7KH�776�V\VWHP�LV�DSSOLHG�WR�WKH�PRVW�RIWHQ�YLVLWHG�PRGXOH�RI
WKH� V\VWHP� WKDW� SURYLGHV� LQIRUPDWLRQ� DERXW� DYDLODEOH� MREV� LQ
6ORYHQLD�>�����@��7KH�WH[W�LV�EDVHG�RQ�D�FRPELQDWLRQ�RI�D�OLPLWHG
�H�J�� MRE� SRVLWLRQV�� DQG� SUDFWLFDOO\� XQOLPLWHG� LQSXW� �H�J�
ORFDWLRQ��GHVLUHV���:KHQ�D�XVHU�FKRRVHV�DQ�LQWHUHVWLQJ�MRE�RIIHU
DQG�WKH�VSHHFK�RSWLRQ��WKH�V\VWHP�VHQGV�D�:$9�ILOH�WKURXJK�WKH
,QWHUQHW�WR�XVHU
V�PDFKLQH��$�W\SLFDO�MRE�RIIHU�KDV�DERXW��������
FKDUV��DQG�W\SLFDO�:$9�ILOH�KDV�DERXW�����.%�



���� 6RXQG+LQW�6\VWHP�IRU�%OLQG�DQG
3DUWLDOO\�6LJKWOHVV�3HRSOH

7KH�776�V\VWHP�LV�DYDLODEOH�DV�D�SURJUDP�OLEUDU\�ZKLFK�FDQ�EH
LQFOXGHG� LQ� DQ\� DSSOLFDWLRQ�� &XUUHQWO\�� WKH� 6RXQG+LQW� V\VWHP
WKDW�ZLOO� HQDEOH�EOLQG�DQG�SDUWLDOO\� VLJKWOHVV�SHRSOH� WR�ZRUN� LQ
WKH�:LQGRZV�HQYLURQPHQW�LV�XQGHU�GHYHORSPHQW��KWWS���]ODWRXVW�
LMV�VL�6RXQG+LQW�6RXQG+LQW�KWP��

7KH�FRQVLGHUDEO\�XQLIRUP�VWUXFWXUH�RI�*UDSKLFDO�8VHU�,QWHUIDFHV
�*8,�� LQ� PRVW� RI� DSSOLFDWLRQV� DOORZ� GLVWLQFWLRQ� EHWZHHQ
VHSDUDWH�FRQVWUXFWLRQV��UHVSHFWLYHO\�FRPSRQHQWV�RI�WKH�LQWHUIDFH�
OLNH� ZLQGRZV�� EXWWRQV�� PHQXV�� ILHOGV�� VFUROO� EDUV�� HWF�� 7KLV
SURSHUW\� HQDEOHV� D� GHYHORSPHQW� RI� WKH� DOO�SXUSRVH� VRXQG
LQWHUIDFH�IRU�LQWHUSUHWDWLRQ�RI�DQ\�*8,�

,Q� WKH� EDFNJURXQG�� WKH� 6RXQG+LQW� LQVSHFWV� DOO� RFFXUUHQFHV
LQVLGH�:LQGRZV� HQYLURQPHQW�� ,W� LV� DEOH� WR� GHVFULEH� WKH� DFWLYH
ZLQGRZ�ZKLFK� HQDEOHV� WKH�XVHU� WR� LPDJLQH�ZKDW� LV� LQ� IURQW� RI
KLP�DQG�ZKDW�LV�KH�H[SHFWHG�WR�GR��7KH�FKDQJHV��OLNH�FURVVLQJ�WR
WKH�QH[W�ILHOG��PHQX�RU�EXWWRQ�DUH�VLPXOWDQHRXVO\�SDVVHG�WR�WKH
XVHU�� ,QGLYLGXDO� DFWLRQV�� OLNH� UHQHZHG� GHVFULSWLRQ� RI� DFWLYH
ZLQGRZ�� WH[W� UHDGLQJ�� UHDGLQJ� RI� WKH� SURJUDP� OLVW�� HWF�� DUH
HQDEOHG� E\� SUHVVLQJ� D� SUHGHILQHG� NH\� FRPELQDWLRQ� RQ� WKH
NH\ERDUG�

6XFK� DQ� DSSURDFK� FDQQRW� WDNH� WKH� IXOO� DGYDQWDJH� RI� SURJUDP
VSHFLILF� IXQFWLRQV�� 7KHUHIRUH�� DSSOLFDWLRQV� WKDW� DUH� HVSHFLDOO\
LQWHUHVWLQJ� IRU� EOLQG� DQG� SDUWLDOO\� VLJKWOHVV� SHRSOH� ZLOO� EH
VXSSRUWHG�VSHFLDOO\��7KH�DFFHVV�WR�WKH�,QWHUQHW�LV�DOUHDG\�RQH�RI
WKH�ILHOGV�WKDW�GHVHUYH�WKDW�

���7(676

7KH� DGHTXDF\� RI� WKH� V\QWKHVLV� V\VWHP� ZDV� WHVWHG� LQ� WHUPV� RI
DFFHSWDELOLW\� >�@�� 7KH� H[SHULPHQW� ZDV� SHUIRUPHG� ZLWK� ��
VXEMHFWV�ZLWKLQ�WKH�DJH�RI����DQG����\HDUV��WKUHH�RI�WKHP�EHLQJ
IHPDOH��0RVW� RI� WKHP�KDYH� KLJK� HGXFDWLRQ�� (LJKW� VXEMHFWV� GLG
QRW�KHDU�WKH�V\QWKHVL]HU�EHIRUHKDQG�

7KH�ZRUG�LQWHOOLJLELOLW\�UDWH�ZDV���������7KH�OLVWHQHUV�KDG�PRUH
SUREOHPV� ZLWK� VKRUW� ZRUGV�� 8VXDOO\� WKH\� PL[HG� XS� RQO\� RQH
OHWWHU�LQ�WKH�ZRUG�ZLWK�DQRWKHU�FORVHO\�UHODWHG�OHWWHU�

$OO� RI� WKH� VXEMHFWV� FRQVLGHUHG� WKDW� WKH� V\QWKHWLF� VSHHFK� LV
SOHDVDQW��HQRXJK�XQGHUVWDQGDEOH�DQG�TXLWH�QDWXUDO�VRXQGLQJ��7R
WKHLU� RSLQLRQ� WKH� V\VWHP� LV� DQ� DSSURSULDWH� WRRO� IRU� JHQHUDWLQJ
DXGLEOH�VSHHFK�IURP�WH[W�LQ�6ORYHQLDQ�ODQJXDJH�

���&21&/86,21

:H� GHYHORSHG� D� QHZ� FRPSOHWH� WH[W�WR�VSHHFK� V\VWHP� IRU
6ORYHQLDQ�ODQJXDJH�EDVHG�RQ�WKH�DFRXVWLFDO�XQLWV�FRQFDWHQDWLRQ�
7KH� V\VWHP� LV� FDSDEOH� RI� V\QWKHVL]LQJ� FRQWLQXRXV� 6ORYHQLDQ
VSHHFK� IURP� DQ� DUELWUDU\� LQSXW� WH[W�� 7KH� PRGXODU� DUFKLWHFWXUH
HQDEOHV�HDV\�LPSURYHPHQWV�RI�VHSDUDWH�SDUWV�RI�WKH�V\VWHP�

,Q� RUGHU� WR� JHQHUDWH� UXOHV� IRU� RXU� V\QWKHVLV� VFKHPH�� GDWD� ZDV
FROOHFWHG�E\�DQDO\]LQJ�WKH�UHDGLQJV�RI�WHQ�VSHDNHUV��$�WZR�OHYHO
DSSURDFK� KDV� EHHQ� XVHG� IRU� GXUDWLRQ� PRGHOOLQJ� DQG� VR�FDOOHG
VXSHUSRVLWLRQDO�DSSURDFK�DW�SLWFK�PRGHOOLQJ��6SHHFK�ZDYHIRUP
LV�V\QWKHVL]HG�XVLQJ�D�FRQFDWHQDWLYH�7'�362/$�WHFKQLTXH�

7KH� H[SHULPHQW� VKRZHG� WKDW� WKH� V\VWHP� LV� DQ� DSSURSULDWH� WRRO
IRU� JHQHUDWLQJ� DXGLEOH� VSHHFK� IURP� WH[W� LQ� WKH� 6ORYHQLDQ
ODQJXDJH�� 7KH� DGYDQFHV� LQ� WHFKQRORJ\� DQG� QHZ�PHWKRGV� KDYH
DOUHDG\�HQULFKHG�SUDFWLFDO�XVHIXOQHVV��7KH�TXDOLW\�RI�WKH�V\VWHP
LV� VWLOO� LQIHULRU� WR� KXPDQ� VSHHFK�� EXW� WKH� LPSURYHPHQWV� DUH
QRWLFHDEOH��FRPSDUHG�WR�ROGHU�V\VWHPV�

���5()(5(1&(6

��� 6��:HLOJXQ\��*UDSKHPH�WR�3KRQHPH�&RQYHUVLRQ�IRU�WKH
6\VWHP� IRU� 8WWHULQJ� ,VRODWHG� :RUGV�� 06F� 7KHVLV�
)DFXOW\�RI�HOHFWULFDO�HQJLQHHULQJ�DQG�FRPSXWHU� VFLHQFH�
8QLYHUVLW\�RI�/MXEOMDQD�������

��� $��'REQLNDU�� -�� %DNUDQ�� �$� QHZ� DSSURDFK� IRU� 6ORYHQH
WH[W�WR�VSHHFK� V\QWKHVLV��� 3URF�� 0,352¶���� SS�� ����
������&URDWLD�������

��� 7�� âHI�� $�� 'REQLNDU�� 0�� *DPV�� �7H[W�WR�6SHHFK
6\QWKHVLV� LQ� 6ORYHQLDQ� /DQJXDJH

�� 3URF�� RI� WKH� ,;
(XURSHDQ� 6LJQDO� 3URFHVVLQJ� &RQIHUHQFH� �(86,3&2

������������WR�DSHDU��

��� 7�� âHI�� 6\VWHP� IRU� VSHHFK� PHGLDWLRQ� RI� HPSOR\PHQW
RSSRUWXQLWLHV��0��6F��7KHVLV��)DFXOW\�RI�&RPSXWHU� DQG
,QIRUPDWLRQ�6FLHQFH��8QLYHUVLW\�RI�/MXEOMDQD�������

��� -�� 7RSRULãLþ�� 6ORYHQH� JUDPPDU�� =DORåED� 2E]RUMD�
0DULERU�������

��� 7�� 6UHERW� 5HMHF��:RUG� DFFHQW� DQG� YRZHO� GXUDWLRQ� LQ
VWDQGDUG� 6ORYHQH�� DQ� DFRXVWLF� DQG� OLQJXLVWLF
LQYHVWLJDWLRQ��6ODZLVWLVFKH�%HLWUlJH�������9HZUODJ�2WWR
6DJQHU��0�QFKHQ�������

��� -�� *URV�� $XWRPDWLF� WH[W�WR�VSHHFK� FRQYHUVLRQ�� 3K'
7KHVLV�� )DFXOW\� RI� &RPSXWHU� DQG� ,QIRUPDWLRQ� 6FLHQFH�
8QLYHUVLW\�RI�/MXEOMDQD�������

��� $��'REQLNDU��0RGHOLQJ�6HJPHQW�,QWRQDWLRQ�IRU�6ORYHQH
7H[W�WR�6SHHFK� 6\VWHP�� 3K'� 7KHVLV�� )DFXOW\� RI
&RPSXWHU� DQG� ,QIRUPDWLRQ� 6FLHQFH�� 8QLYHUVLW\� RI
/MXEOMDQD�������

��� +�� )XMLVDNL�� 6�� 2KQR�� �$QDO\VLV� DQG� 0RGHOLQJ� RI
)XQGHPHQWDO� )UHTXHQF\� &RQWRXU� RI� (QJOLVK
8WWHUDQFHV���3URF��(85263((&+¶����9RO�����SS������
�����0DGULG�������

���� '�� -��+LUVW�� �3URVRGLF� ODEHOOLQJ� WRROV���08/7(;7�/5(
3URMHFW��������5HSRUW��&HQWUH�1DWLRQDO�GH�OD�5HFKHUFKH
6FLHQWLILTXH��8QLYHUVLWp� GH�3URYDQFH��$L[�HQ�3URYHQFH�
�����

���� 7�� 'XWRLW�� +�� /HLFK�� 

0%5�362/$�� 7H[W�7R�6SHHFK
V\QWKHVLV�EDVHG�RQ�DQ�0%(�UH�V\QWKHVLV�RI�WKH�VHJPHQWV
GDWDEDVH

�� 6SHHFK� &RPPXQLFDWLRQ� ���� SS�� ��������
����

���� 0��*DPV��9��.ULåPDQ��7��âHI���$Q�(PSOR\PHQW�$JHQW
ZLWK� D�1/� ,QWHUIDFH���3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO
&RQIHUHQFH� RQ� 6\VWHPV�� 6LJQDOV�� &RQWURO�� &RPSXWHUV
�66&&
�����6RXWK�$IULFD���������WR�DSHDU��


