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7KH�UHFHQW�DGYHQW�RI�5DPEXV�WHFKQRORJ\�KDV�VLJQLILFDQWO\�LPSURYHG�SURFHVVRU
DFFHVV�WR�PHPRU\�LQ�FRPSXWHU�EDVHG�GHVLJQV��7KLV�WHFKQRORJ\�LV�EDVHG�RQ�D
YHU\�KLJK�VSHHG��FKLS�WR�FKLS�LQWHUIDFH�DQG�KDV�EHHQ�LQFRUSRUDWHG�LQWR�QHZ
'5$0�DUFKLWHFWXUHV�FDOOHG�5DPEXV�'5$0�RU�5'5$0���,W�FDQ�DOVR�EH�XVHG
ZLWK�FRQYHQWLRQDO�SURFHVVRUV�DQG�FRQWUROOHUV�WR�DFKLHYH�D�SHUIRUPDQFH�UDWH
WKDW�LV�RYHU����WLPHV�IDVWHU�WKDQ�FRQYHQWLRQDO�'5$0V��$OWKRXJK�5DPEXV
V\VWHPV�HOLPLQDWH�WKH�PHPRU\�DFFHVV�ERWWOHQHFN��WKH\�RSHUDWH�DW�WKH�IULQJHV�RI
GLJLWDO�SHUIRUPDQFH�FDSDELOLW\��7KH�5DPEXV�&KDQQHO�WUDQVIHUV�GDWD�RQ�HDFK
HGJH�RI�D�����0+]�GLIIHUHQWLDO�FORFN�WR�DFKLHYH�DQ�����0%�V�GDWD�UDWH�
0RUHRYHU��WKH�GDWD��FORFN�DQG�FRQWURO�OLQHV�KDYH�����P9�ORJLF�OHYHOV�WKDW
PXVW�RSHUDWH�LQ�D�VWULFWO\�FRQWUROOHG�LPSHGDQFH�HQYLURQPHQW�DQG�PHHW
VSHFLILF�KLJK�VSHHG�WLPLQJ�UHTXLUHPHQWV�

'HVLJQ�5HTXLUHPHQWV
:KLOH�RIIHULQJ�PDQ\�DGYDQWDJHV��WKH�5DPEXV�PHPRU\�DUFKLWHFWXUH�FUHDWHV
WKUHH�PDMRU�V\VWHP�GHVLJQ�DQG�YHULILFDWLRQ�FKDOOHQJHV�IRU�WKH�V\VWHP
GHYHORSHU��)LUVW��WKHUH�DUH�VWULFW�UHTXLUHPHQWV�LPSRVHG�E\�WKH�5DPEXV
&KDQQHO
V�KLJK�VSHHG�VLJQDOV��7KH����KLJK�VSHHG��KLJK�TXDOLW\�VLJQDOV�PXVW
WUDYHO�RQ�FRQWUROOHG�LPSHGDQFH�WUDQVPLVVLRQ�OLQHV�WKDW�DUH�FORVHO\�PDWFKHG�LQ
OHQJWK�WR�PLQLPL]H�WLPLQJ�VNHZ��7KHVH�VLJQDOV�IRUP�WKH�DFWLYH�SDUW�RI�WKH
5DPEXV�&KDQQHO�ZKHQ�WUDQVIHUULQJ�LQIRUPDWLRQ�DQG�LQWHUDFW�ZLWK�VWDQGDUG
&026�FLUFXLWV�XVLQJ�D�VSHFLDO�����P9�ORJLF�OHYHO��7KLV�VWUHDPOLQHG�VWUXFWXUH
PDNHV�LW�FRPSOLFDWHG�WR�H[DPLQH�UHDO�WLPH�V\VWHP�LQWHUDFWLRQV�ZLWK�D�VFRSH�RU
ORJLF�DQDO\]HU��7R�JHW�D�JRRG�ORRN�DW�ZKDW�LV�JRLQJ�RQ�WKH�5DPEXV�&KDQQHO�
WKH�GHVLJQHU�KDV�WR�VLIW�WKURXJK�D�ZHOWHU�RI�KLJK�VSHHG�LQIRUPDWLRQ�FDUULHG�RQ
DOO����OLQHV�WR�YHULI\�SHUIRUPDQFH�DQG�FKDUDFWHUL]H�WKH�RSHUDWLRQ�RI�WKH
V\VWHP�

7KH�ORJLFDO�VLJQDOV�XVHG�LQ�WKH�5DPEXV�&KDQQHO�SRVH�VRPH�QHZ�UHTXLUHPHQWV
IRU�WKH�V\VWHP�GHVLJQHU�GXH�WR�WKHLU�VPDOO�ORJLF�VZLQJ�DQG�IDVW�WUDQVLWLRQV��$OO
GHYLFHV�LQ�WKH�V\VWHP�UHFHLYH�WKHVH�ORZ�YROWDJH�VZLQJ�VLJQDOV�WKURXJK�D
GLIIHUHQWLDO�LQSXW�FLUFXLW��7KH�ULVH�WLPH�FKDUDFWHULVWLF�IRU�FORFN�DQG�GDWD
VLJQDOV�LV�UHFRPPHQGHG�WR�EH�QR�VORZHU�WKDQ�����SV��)XUWKHUPRUH��VLQFH�WKHUH
DUH�QR��RXWSXW�HQDEOH��VLJQDOV�SLSHG�DURXQG�DQG�HDFK�OLQH�LV�D�ZLUHG�25
VWUXFWXUH��DQ\�OLQH�FDQ�EH�SXOOHG�GRZQ�WR�D�����E\�DQ\�HOHPHQW�RQ�WKH�EXV�

7KH�VHFRQG�FKDOOHQJH�KDV�WR�GR�ZLWK�WKH�WLPLQJ�UHTXLUHPHQWV�UHVXOWLQJ�IURP
WKH�V\QFKURQRXV�QDWXUH�RI�WKH�GDWD�WUDQVIHU�RQ�WKH�5DPEXV�&KDQQHO�DQG�LWV
KLJK�VSHHG�RSHUDWLRQ��%HFDXVH�FORFN�DQG�GDWD�VNHZ�PXVW�EH�FDUHIXOO\�PDWFKHG



WR�HQVXUH�SURSHU�RSHUDWLRQ��WKH�����0+]�FORFN�DQG�GDWD�PXVW�WUDYHO�DORQJ
QHDUO\�LGHQWLFDO�SDWKV�ERWK�WR�DQG�IURP�WKH�0DVWHU��'DWD�LV�WUDQVIHUUHG�RQ�ERWK
ULVLQJ�DQG�IDOOLQJ�HGJHV�RI�WKH�����0+]�FORFN��UHVXOWLQJ�LQ�D����*%�V�GDWD
WUDQVIHU�UDWH��(DFK�GDWD�WUDQVIHU�RFFXUV�RQ�D������QV�LQWHUYDO�GHWHUPLQHG�E\�D
ULVLQJ�RU�IDOOLQJ�HGJH��:LWK�LQIRUPDWLRQ�PRYLQJ�DW�WKLV�UDWH��WKHUH�LV�OLWWOH
PDUJLQ�IRU�HUURU�

7KH�WKLUG�FKDOOHQJH�LV�FUHDWHG�E\�WKH�ORJLFDO�OD\HU�RI�WKH�5DPEXV�&KDQQHO�
ZKLFK�FRQVLVWV�RI�WKH�GDWD�WUDQVIHU�EHWZHHQ�WKH�PDVWHU��H�J���D�&38��DQG�VODYH�
'DWD�LV�WUDQVIHUUHG�WKURXJKRXW�D�5DPEXV�V\VWHP�LQ�EORFNV��7KHVH�EORFNV�DUH
PRYHG�LQ�WUDQVDFWLRQV�PDGH�XS�RI�WKUHH�W\SHV�RI�SDFNHWV�³�UHTXHVW�
DFNQRZOHGJH�DQG�GDWD�SDFNHWV�

+LJK�6SHHG�9HULILFDWLRQ�5HTXLUHG
7R�YHULI\�RYHUDOO�V\VWHP�WLPLQJ�IRU�WKH�5DPEXV�PHPRU\�DUFKLWHFWXUH�LQ�D
GHVLJQ��WKH�HQJLQHHU�ZLOO�QHHG�WR�UHO\�RQ�WKH�7'6����&�WR�YHULI\�WKH�H[WUHPHO\
KLJK�VSHHG�VLJQDO�FKDUDFWHULVWLFV�VLQJOH�VKRW��,WV�IXOO���*+]�EDQGZLGWK�RQ�HDFK
FKDQQHO�DQG����N�SRLQWV�SHU�FKDQQHO�HQVXUHV�DOO�WKH�GHWDLOV�ZLOO�EH�FDSWXUHG
DQG�GLVSOD\HG��7KH�7/$�����VHULHV�ORJLF�DQDO\]HUV�ZLOO�DOVR�EH�LQYDOXDEOH�IRU
REVHUYLQJ�WKH�LQWULFDWH�DQG�GHWDLOHG�LQWHUDFWLRQ�EHWZHHQ�WKH�5DPEXV�FRQWURO
VLJQDOV�DQG�WKH�GDWD�IORZ��7KHVH�ORJLF�DQDO\]HUV�QRW�RQO\�SURYLGH�KXQGUHGV�RI
FKDQQHOV�IRU�REVHUYLQJ�DOO�RI�WKH�5DPEXV�RXWSXWV�VLPXOWDQHRXVO\��EXW�DOVR
KDYH�WKH�EDQGZLGWK�DQG�UHVROXWLRQ�WR�FUHDWH�DQ�DFFXUDWH�SLFWXUH�RI�WKH�EXV·
RSHUDWLRQ�

:KHQ�YLHZLQJ�WKHVH�KLJK�VSHHG�VLJQDOV��SUREH�ORDGLQJ�DQG�VNHZ�PDQDJHPHQW
DUH�WKH�WZR�ELJJHVW�LVVXHV��PDNLQJ�KLJK�LPSHGDQFH��ORZ�FDSDFLWDQFH�SUREHV�D
PXVW��1HZ�DFWLYH�SUREHV�MXVW�LQWURGXFHG�E\�7HNWURQL[�FRPSOHPHQW�WKH�7'6
���&�FDSDELOLWLHV�E\�VXSSRUWLQJ�D�V\VWHP�EDQGZLGWK�DW�WKH�SUREH�WLS�RI�XS�WR
��*+]��:LWK�UHPDUNDEO\�ORZ�ORDGLQJ�³�RQO\���S)�ZLWK����NΩ�ORDGLQJ�³
GHVLJQHUV�FDQ�UHVW�DVVXUHG�WKDW�ZKDW�WKH\�DUH�VHHLQJ�GLVSOD\HG�RQ�WKH
RVFLOORVFRSH�WUXO\�UHSUHVHQWV�WKH�5DPEXV�VLJQDO�DFWLYLW\��,Q�DGGLWLRQ��D�QHZ
����*+]�DFWLYH�GLIIHUHQWLDO�SUREH��WKH�3������ZDV�GHVLJQHG�VSHFLILFDOO\�IRU
GLJLWDO�GHVLJQV�WKDW�XWLOL]H�D�KLJK�VSHHG�GLIIHUHQWLDO�FORFN���;�SURYLGLQJ
���*+]�DQG���;�SURYLGLQJ������*+]�>�;�DQG���;�²�W\SLFDO�SUREH�RQO\@���$QG
WKH�KLJK�GHQVLW\��FRQWUROOHG�LPSHGDQFH�SURELQJ�VROXWLRQ�IRU�WKH�7/$����
HQVXUHV�WKH�IDLWKIXO�DFTXLVLWLRQ�DQG�GLVSOD\�RI�KLJK�VSHHG�VLJQDOV�

2QH�RI�WKH�PRVW�LPSRUWDQW�FRPSRQHQWV�LQ�FKDUDFWHUL]LQJ�DQG�WHVWLQJ��5DPEXV
V\VWHP�GHVLJQ�LV�V\VWHP�VWLPXODWLRQ��7KH�GHVLJQHU�QHHGV�WR�VLPXODWH�V\VWHP
RSHUDWLRQ�E\�FUHDWLQJ�W\SLFDO�PDVWHU�VLJQDOV�WR�YHULI\�GHYLFH�RSHUDWLRQ�XQGHU
ZRUVW�FDVH�WLPLQJ�FRQGLWLRQV��7KLV�UHTXLUHV�D�VLJQDO�JHQHUDWRU�WKDW�FDQ
JHQHUDWH�IOH[LEOH�RXWSXW�ZLWK�H[WUHPHO\�SUHFLVH�WLPLQJ��:LWK�WKLV�JHQHUDWRU�



WKH�GHVLJQHU�FDQ�SUHFLVHO\�SURJUDP�WKH�VNHZ�RI�WKH�5DPEXV�15=�VLJQDOV�WR
YHULI\�WKDW�WKH�5'5$0�FRPSRQHQWV�ZRUN�DFURVV�DOO�OHJDO�LQSXW�WLPLQJV�

2QO\�WKH�7HNWURQL[�'*������ZLWK�LWV�XQLTXH�����*+]�GDWD�JHQHUDWLRQ
FDSDELOLWLHV�DQG������SV�UHVROXWLRQ��SURYLGHV�WKH�NLQG�RI�JHQHUDWHG�RXWSXW
QHHGHG�WR�VLPXODWH�WKH�PDVWHU�5'5$0�EXV�GHYLFH�IRU�ZRUVW�FDVH�FORFN
FRQGLWLRQV�DQG�ZRUVW�FDVH�FORFN�GDWD�WLPLQJ�FRQGLWLRQV��7KH�RXWSXW�VWDJH�RI�D
'*�����DFWV�YHU\�PXFK�OLNH�DQ�5'5$0�GHYLFH��,WV�RXWSXW�FKDQQHO�FDQ�EH
SURJUDPPHG�WR�SXOO�GRZQ�WR�9KLJK�WKURXJK�D�VRXUFH�LPSHGDQFH�RI����RKPV
DQG�WKH�15=�VLJQDO�W\SH�XVHG�WR�VLPXODWH�WKH�V\QFKURQRXV�QDWXUH�RI�DQ
5'5$0�GHYLFH��6LQFH�WKH�5DPEXV�&KDQQHO�XVHV�D�ZLUHG�25�WRSRORJ\��QR
�75,67$7(��LV�UHTXLUHG�WR�KDYH�WKH�PDVWHU�UHOHDVH�DQG�WKH�VODYH�WDNH�RYHU�WKH
EXV�

7KH�'*�����FDQ�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�7'6����&·V�MLWWHU�DQDO\VLV
VRIWZDUH��FUHDWLQJ�D�IXOO\�IXQFWLRQDO�MLWWHU�JHQHUDWRU�DQDO\VLV�V\VWHP��$�GHHS
PHPRU\�RI�����.�ELWV�EHKLQG�ERWK�RI�WKH�JHQHUDWRU·V�RXWSXWV�DOORZV�ORQJ
FRPSOH[�GDWD�SDWWHUQV�WR�EH�FUHDWHG��7KH�HGJH�FRQWURO�LQ�WKH�JHQHUDWRU�HQDEOHV
WKH�GHVLJQHU�WR�UHWDUG�RU�DGYDQFH�E\������SV�LQ���SV�VWHSV�RU�FRQWLQXRXVO\
MLWWHU�WKH�UHODWLYH�WLPLQJ�RI�WKH�VHOHFWHG�HGJHV�RI�WKH�GDWD�VWUHDP��7KLV�IHDWXUH
LV�SDUWLFXODUO\�XVHIXO�ZKHQ�HYDOXDWLQJ�VHWXS�DQG�KROG�WLPH�PDUJLQV��LQMHFWLQJ
FORFN�MLWWHU�LQWR�D�GLJLWDO�FLUFXLW�RU�HYDOXDWLQJ�FRQGLWLRQV�RI�PHWD�VWDELOLW\�
7KLV�HGJH�FRQWURO�IXQFWLRQ�DOVR�SHUPLWV�DQ�H[WHUQDO�PRGXODWLQJ�VLJQDO�WR
FRQWLQXRXVO\�MLWWHU�VHOHFWHG�HGJHV�E\�XS�WR������SV�³�D�YDOXDEOH�FDSDELOLW\�IRU
HYDOXDWLQJ�WKH�HIIHFWV�RI�MLWWHU�RQ�WKH�5DPEXV�V\VWHP�

$�3URGXFWLYH�6WUDWHJ\
,QFRUSRUDWLQJ�WKH�5DPEXV�PHPRU\�DUFKLWHFWXUH�LQWR�DQ�DGYDQFHG�GLJLWDO
GHVLJQ�JLYHV�QH[W�JHQHUDWLRQ�SURFHVVRUV�WKH�KLJK�VSHHG�DFFHVV�WR�PHPRU\�WKH\
UHTXLUH��7R�YHULI\�ZKHWKHU�WKLV�H[WUHPHO\�VRSKLVWLFDWHG�EXV�WHFKQRORJ\�LV
SHUIRUPLQJ�DV�LW�VKRXOG��GHVLJQHUV�FDQ�UHO\�RQ�7HNWURQL[·�LQWHJUDWHG�VHW�RI�WHVW
DQG�PHDVXUHPHQW�WRROV��%\�XVLQJ�WKH�OHDGLQJ�HGJH�7'6����&�RVFLOORVFRSH�LQ
WDQGHP�ZLWK�WKH�7/$�����VHULHV�ORJLF�DQDO\]HUV�DQG�WKH�'*�����JHQHUDWRU�
GHVLJQHUV�FDQ�TXLFNO\�DQG�HIIHFWLYHO\�DGGUHVV�DQ\�V\VWHP�GHVLJQ�DQG
FKDUDFWHUL]DWLRQ�FKDOOHQJHV�UHODWHG�WR�XVLQJ�WKH�5DPEXV�WHFKQRORJ\��

7KH�3�����LV�JXDUDQWHHG�DW�����*+]�RYHU�WKH�RSHUDWLQJ�WHPSHUDWXUH�UDQJH�²�2�&�WR����&��7KH
SUREH�W\SLFDOO\�ZLOO�KDYH�D������*+]���;��DQG���������;��EDQGZLGWK�DW�URRP�WHPSHUDWXUH����
&�WR����&�



7HNWURQL[�LV�D�UHJLVWHUHG�WUDGHPDUN�RI�7HNWURQL[��,QF���5DPEXV�DQG�5'5$0�DUH�UHJLVWHUHG
WUDGHPDUNV�RI�5DPEXV�,QF��$OO�RWKHU�WUDGH�QDPHV�UHIHUHQFHG�DUH�WKH�VHUYLFH�PDUNV��WUDGHPDUNV
RU�UHJLVWHUHG�WUDGHPDUNV�RI�WKHLU�UHVSHFWLYH�FRPSDQLHV�


