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$Q� H[WHQVLYH� UXOH� VHW� IRU� JUDSKHPH�WR�DOORSKRQH
FRQYHUVLRQ� RI� 6ORYHQH� WH[WV� KDV� EHHQ� GHILQHG� DQG
HYDOXDWHG�� $QRWKHU� UXOH� VHW� KDV� EHHQ� GHYHORSHG� IRU
SURQXQFLDWLRQ�RI�QDPHV��7KH�HIILFLHQF\�RI�ERWK�6�� UXOH
VHWV�ZDV�FRPSDUHG�WR�WKH�RQH�RI�WKH�2QRPDVWLFD�UXOH�VHW
RQ�WZR�PDQXDOO\�WUDQVFULEHG�WHVW�GDWD�VHWV�

$� SHUIRUPDQFH� WHVW� DSSOLHG� RQ� WKH� 6�� SURQXQFLDWLRQ
GLFWLRQDU\�VKRZHG�HUURU�UDWHV�RI�DERXW�����LQ�WKH�VWUHVV
DVVLJQPHQW� DQG� FRQVHTXHQWO\� LQ� WKH� SKRQHWLF
WUDQVFULSWLRQ�� ,Q� FDVH� VWUHVV� DVVLJQPHQW� DQG� WKH
WUDQVFULSWLRQV� RI� JUDSKHPLF� �H�� DQG� �R�� LQ� VWUHVVHG
V\OODEOHV� KDG� EHHQ� PDUNHG� LQ� DGYDQFH� D� WUDQVFULSWLRQ
VXFFHVV� UDWH� RI� QHDUO\� ����� ZDV� DFKLHYHG� ERWK� RQ
QDPHV� DQG� RQ� VWDQGDUG� ZRUGV�ZLWK� WKH� 6�� QDPHV� UXOH
VHWV�DQG�WKH�6��VWDQGDUG�ZRUGV�UXOH�VHW�UHVSHFWLYHO\�
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2QH�RI�WKH�LPSRUWDQW�DVSHFWV�LQ�WH[W�WR�VSHHFK�V\QWKHVLV
LV� WKH� JUDSKHPH�WR�SKRQHPH� FRQYHUVLRQ� RI� WKH� LQSXW
WH[W�� $OWKRXJK� WKHUH� DUH� PDQ\� GLIIHUHQW� DSSURDFKHV� WR
WKLV�FRQYHUVLRQ��WKLV�FRQWULEXWLRQ�IRFXVHV�RQ�D�FRPELQHG
XVH� RI� SURQXQFLDWLRQ� GLFWLRQDU\� DQG� FRQWH[W� GHSHQGHQW
SURQXQFLDWLRQ� UXOHV� LQ� WKH� 6�� 6ORYHQH� WH[W�WR�VSHHFK
V\VWHP��64(/�6ORYHQH�7H[W�WR�6SHHFK�6\VWHP��>�@�

,QSXW� WR� WKH� 6�� WH[W�WR�VSHHFK� V\VWHP� LV� DUELWUDU\
6ORYHQH�WH[W��,W� LV�WUDQVODWHG�LQWR�D�VHULHV�RI�DOORSKRQHV
LQ�WZR�FRQVHFXWLYH�VWHSV�

)LUVW�� LQSXW� WH[W� QRUPDOL]DWLRQ� LV� SHUIRUPHG�� 7KH
XQUHVWULFWHG� LQSXW� WH[W� LV� VSOLW� LQWR� VHQWHQFHV� DQG�ZRUG
HQG� LV� GHWHFWHG�� 7KH� IXQFWLRQ� RI� SXQFWXDWLRQ� PDUNV
QHHGV� WR� EH� LQWHUSUHWHG� FRUUHFWO\�� $EEUHYLDWLRQV� DQG
DFURQ\PV� DUH� H[SDQGHG� WR� IRUP� HTXLYDOHQW� IXOO� ZRUGV
XVLQJ�D�VSHFLDO�OLVW�RI�OH[LFDO�HQWULHV�DQG�VSHOOLQJ�UXOHV�
7KH�WH[W�QRUPDOL]HU�FRQYHUWV�IXUWKHU�VSHFLDO�IRUPDWV�OLNH
QXPEHUV�� GDWHV� DQG� QRQ�DOSKDQXPHULF� V\PEROV� LQWR
VWDQGDUG� JUDSKHPH� VWULQJV�� 7KH� UHVW� RI� WKH� WH[W� LV
VHJPHQWHG�LQWR�LQGLYLGXDO�ZRUGV�DQG�EDVLF�SXQFWXDWLRQ
PDUNV�

7KH�QRUPDOL]HG�ZRUGV� DUH� SDVVHG� WR� WKH� SURQXQFLDWLRQ
PRGXOH��ZKLFK�XVHV�D�UDQJH�RI�GLFWLRQDU\�DQG�UXOH�EDVHG
PHWKRGV�WR�DVVLJQ�D�SURQXQFLDWLRQ�WR�HDFK�ZRUG��7KHVH

PHWKRGV� DUH� DUUDQJHG� LQ� RUGHU� RI� DFFXUDF\�� ZLWK
GLFWLRQDU\� ORRNXS� DV� WKH� PRVW� DFFXUDWH�� 7KH\� DUH
GLVFXVVHG� LQ� GHWDLO� DQG� HYDOXDWHG� LQ� WKH� IROORZLQJ
VHFWLRQV�

���352181&,$7,21�',&7,21$5<

7KH� 6�� SURQXQFLDWLRQ� GLFWLRQDU\� ZDV� RULJLQDOO\
GHYHORSHG� ZLWK� WKH� LQWHQWLRQ� RI� FDSWXULQJ� DV� ODUJH� D
SHUFHQWDJH� RI� ZRUGV� LQ� FRQWLQXRXV� UXQQLQJ� WH[W� DV
SRVVLEOH��7KLV�ZDV�DFKLHYHG�E\�D� VWDWLVWLFDO� DQDO\VLV�RI
PDQ\� GLIIHUHQW� W\SHV� RI� 6ORYHQH� WH[WV�� PDLQO\� ILFWLRQ�
QHZVSDSHU�DQG�MRXUQDO�DUWLFOHV��LQ�WRWDO�QHDUO\����������
ZRUGV��

,W�ZDV�IRXQG�WKDW�WKDW�DERXW��������PRVW�IUHTXHQW�ZRUGV
DFFRXQWHG�IRU�DSSURDFKLQJ�����RI�DOO�ZRUGV�XVHG�LQ�WKH
WH[W� FRUSXV� >�@��7KHVH�ZRUGV�ZHUH� XVHG� DV� WKH� FRUH� RI
WKH�GLFWLRQDU\��7KH\�ZHUH� DXWRPDWLFDOO\� WUDQVFULEHG�E\
WKH� 6�� JUDSKHPH�WR�DOORSKRQH� UXOHV�� /DWHU� WKHLU
SURQXQFLDWLRQ�ZDV�PDQXDOO\�FRUUHFWHG�

7KH� 6�� SURQXQFLDWLRQ� GLFWLRQDU\� FRYHUV� RYHU� ������
PRVW� IUHTXHQW� LQIOHFWHG� 6ORYHQH� ZRUG� IRUPV�
FROORFDWLRQV� DQG� SURSHU� QDPHV�� )RU� ZRUGV� WKDW� DUH
SURQRXQFHG�GLIIHUHQWO\�IRU�GLIIHUHQW�SDUWV�RI�VSHHFK�WKH
PRVW�IUHTXHQW�SURQXQFLDWLRQ�LV�FKRVHQ�

����&ROORFDWLRQV

7KH� LGHQWLILFDWLRQ� RI� FROORFDWLRQV�� L�H�� FXUUHQW
FRPELQDWLRQV� RI� ZRUGV� DV� WKH\� DSSHDU� LQ� FRQWH[W�� FDQ
FRQVLGHUDEO\� LQFUHDVH� WKH� QDWXUDOQHVV� RI� V\QWKHWLF
VSHHFK� >�@�� ,Q� KXPDQ� VSHHFK�� FROORFDWLRQV� DFW� DV
SURVRGLF� XQLWV� DQG� DUH� VXEMHFW� WR� D� KLJKHU� GHJUHH� RI
UHGXFWLRQ�DQG�LQWHUQDO�FRDUWLFXODWLRQ�WKDQ�WKH\�ZRXOG�EH
KDG� WKH\� EHHQ� RUGLQDU\�� VHSDUDWH� ZRUGV�� :H� KDYH
FKRVHQ� D� OH[LFDO� DSSURDFK� IRU� KDQGOLQJ� FROORFDWLRQV�
7KH�PRVW�FRPPRQ�FROORFDWLRQV�DUH�VWRUHG�LQ�D�VHSDUDWH
SURQXQFLDWLRQ�GLFWLRQDU\�LQFOXGLQJ�UHIOH[LYH�YHUEV�

���/(;,&$/�675(66�$66,*10(17

,Q� FDVH� ZKHUH� GLFWLRQDU\� GHULYDWLRQ� IDLOV�� LQSXW� ZRUGV
PXVW� EH� WUDQVFULEHG� DXWRPDWLFDOO\�� )LUVW�� WKH� OH[LFDO
VWUHVV�SRVLWLRQ�KDV�WR�EH�GHWHUPLQHG��D�TXLWH�IUXVWUDWLQJ
WDVN�JLYHQ� WKDW� LQ�6ORYHQH� OH[LFDO�VWUHVV�FDQ�EH� ORFDWHG
DOPRVW� RQ� DQ\� V\OODEOH� REH\LQJ� QR� VSHFLILF� UXOHV�� 7KH
VWUHVVHG�V\OODEOH�LQ�6ORYHQH�PD\�IRUP�WKH�XOWLPDWH�� WKH
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SHQXOWLPDWH� RU� WKH� SUHDQWHSHQXOWLPDWH� V\OODEOH� RI� D
SRO\V\OODELF�ZRUG�

7KH� DXWRPDWLF� VWUHVV� DVVLJQPHQW� DOJRULWKP� ZH
GHYHORSHG� LV� WR� D� ODUJH� H[WHQW� GHWHUPLQHG� E\
�XQ�VWUHVVDEOH�DIIL[HV��SUHIL[HV�DQG�VXIIL[HV�RI�PRUSKV�
EDVHG� XSRQ� REVHUYDWLRQV� RI� OLQJXLVWV� >�@�� )RU� ZRUGV
ZKLFK� GR� QRW� EHORQJ� WR� WKHVH� FDWHJRULHV�� WKH� PRVW
SUREDEOH�VWUHVVHG�V\OODEOH� LV�SUHGLFWHG�XVLQJ� WKH� UHVXOWV
ZH� REWDLQHG� E\� D� VWDWLVWLFDO� DQDO\VLV� RI� VWUHVV� SRVLWLRQ
GHSHQGLQJ�RQ�WKH�QXPEHU�RI�V\OODEOHV�ZLWKLQ�D�ZRUG�>�@�

7KH� DQDO\VLV� ZDV� SHUIRUPHG� RQ� WKH� 6�� SURQXQFLDWLRQ
GLFWLRQDU\� ZKHUH� OH[LFDO� VWUHVV� SRVLWLRQV� KDG� EHHQ
PDQXDOO\� LQVHUWHG�� $FFRUGLQJ� WR� WKH� UHVXOWV� RI� WKH
VWDWLVWLFDO� DQDO\VLV� GLV\OODELF�� WULV\OODELF� DQG
TXDGURV\OODELF�ZRUGV�DUH�PRVW� OLNHO\� WR�EH� VWUHVVHG�RQ
WKH�SHQXOWLPDWH�V\OODEOH�

7KH� UXOHV� DVVXPH� WKDW� DOO� PRQRV\OODEOHV� DUH� VWUHVVHG�
VLQFH�VWUHVVOHVV�PRQRV\OODEOHV��IRUPLQJ�D�OLPLWHG�VHW�RI
IXQFWLRQ� ZRUGV�� ZRXOG� DOUHDG\� EH� IRXQG� LQ� WKH
SURQXQFLDWLRQ� GLFWLRQDU\� RU� WKH\� ZRXOG� EH� KDQGOHG� DV
FROORFDWLRQV��7KH� UHVW� RI� WKH� UXOHV� UHIHU� WR�SRO\V\OODELF
ZRUGV�
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)LQDOO\�� D� FROOHFWLRQ� RI� RYHU� ���� FRQWH[W�VHQVLWLYH� DQG
FRQWH[W�IUHH� JUDSKHPH�WR�DOORSKRQH� UXOHV� WUDQVODWHV
HDFK�JUDSKHPH�VWULQJ�LQWR�D�VHULHV�RI�DOORSKRQHV�

7KH� UXOHV� DUH� DFFHVVHG� VHTXHQWLDOO\� XQWLO� D� UXOH� WKDW
VDWLVILHV�WKH�FXUUHQW�SDUW�RI�WKH�LQSXW�VWULQJ�LV�IRXQG��7KH
WUDQVIRUPDWLRQ� GHILQHG� E\� WKDW� UXOH� LV� WKHQ� SHUIRUPHG�
DQG� D� SRLQWHU� LV� LQFUHPHQWHG� WR� SRLQW� DW� WKH� QH[W
XQSURFHVVHG�SDUW�RI�WKH�LQSXW�VWULQJ��DQG�VR�RQ�XQWLO�WKH
ZKROH�VWULQJ�KDV�EHHQ�FRQYHUWHG�

7KH�FRQWH[W� IUHH�UXOHV�DUH�UDUH�DQG�WKH\� LQFOXGH�D�RQH�
WR�RQH�FRUUHVSRQGHQFH�� WZR�WR�RQH�FRUUHVSRQGHQFH�DQG
RQH�WR�WZR�FRUUHVSRQGHQFH�

7KH� YDVW� PDMRULW\� RI� WKH� UXOHV� IRU� JUDSKHPH�WR�
DOORSKRQH� WUDQVFULSWLRQ� IRU� 6WDQGDUG� 6ORYHQH� DUH
FRQWH[W�VHQVLWLYH�� 7KLV� PHDQV� WKDW� D� JUDSKHPH� RU� D
VWULQJ�RI�JUDSKHPHV�LV�WUDQVFULEHG�GLIIHUHQWO\�DFFRUGLQJ
WR� LWV� SKRQHWLF� HQYLURQPHQW�� &HUWDLQO\� DOO� UXOHV� IRU
GHWHUPLQLQJ�ZKLFK�DOORSKRQH�RI�D�FHUWDLQ�SKRQHPH�LV�WR
EH�XVHG�LQ�D�SKRQHWLF�VHTXHQFH�DUH�FRQWH[W�GHSHQGHQW�

(DFK� FRQWH[W�VHQVLWLYH� UXOH� FRQVLVWV� RI� IRXU� SDUWV�� WKH
OHIW�FRQWH[W��WKH�VWULQJ�WR�EH�WUDQVFULEHG��LWV�ULJKW�FRQWH[W
DQG� WKH� SKRQHWLF� WUDQVFULSWLRQ�� $� QXPEHU� RI� ZULWLQJ
FRQYHQWLRQV� KDV� EHHQ� DGRSWHG� LQ� RUGHU� WR� NHHS� WKH
QXPEHU�RI� UXOHV� UHODWLYHO\� VPDOO�DQG� UHDGDEOH��7KH� OHIW
DQG� WKH� ULJKW� FRQWH[W� PD\� FRQWDLQ� ZLOG� FKDUDFWHUV
GHVFULELQJ� ODUJHU� SKRQHWLF� VHWV�� H�J��� µ�¶� VWDQGV� IRU
YRZHOV��µ�¶�IRU�FRQVRQDQWV��µB¶�IRU�ZKLWH�VSDFH�

7KH� UXOHV� IRU� FRQVRQDQWV� DUH� UDWKHU� VWUDLJKWIRUZDUG�
ZKLOH� WKRVH� IRU� YRZHOV� PXVW� KDQGOH� YRZHO� OHQJWK� DQG
WKH� YDULDQW� UHDOL]DWLRQV� RI� WKH� RUWKRJUDSKLF� �H�� DQG� WKH
RUWKRJUDSKLF��R��LQ�VWUHVVHG�V\OODEOHV�

7\SLFDO� FRQWH[W�VHQVLWLYH� UXOHV� KDYH� WKH� IROORZLQJ
VWUXFWXUH�

OHIW
FRQWH[W

JUDSKHPH
VWULQJ

ULJKW
FRQWH[W

SKRQHWLF
VWULQJ

� �HU� B >#U@

 �Q� N >1@

7KH�DERYH� UXOHV� VWDWH� WKDW� WKH�ZRUG� ILQDO� �HU�� SUHFHGHG
E\� D� FRQVRQDQW� LV� WUDQVFULEHG� DV� >#U@� �H�J�� �JDEHU�� �!
>
JD��E#U@���DQG�WKDW�DQ\��Q��IROORZHG��N��LV�WUDQVFULEHG
LQWR�>1@��>1@�LV�WKH�DOORSKRQH�RI�>Q@�ZKHQ�IROORZHG�E\
�N��RU��J���H�J��LQ��DQND���!�>
D�1�ND@��

2XU� LQLWLDO� UXOH� VHW�SURGXFHG� LQ������>�@�ZDV�EDVHG�RQ
YDULRXV� REVHUYDWLRQV� RI� H[SHUW� OLQJXLVWV�� H�J�� >�@� DQG
RWKHU�EDVLF�UXOH�VHWV�IRU�6ORYHQH�JUDSKHPH�WR�DOORSKRQH
WUDQVFULSWLRQ�>�@�>�@�

7KH�LQLWLDO�VHW�RI�UXOHV�KDV�EHHQ�XQGHUJRLQJ�FRQWLQXRXV
UHILQHPHQW� HYHU� VLQFH� DQG� UHVXOWHG����� UXOHV� RI� WKH�6�
VWDQGDUG� ZRUG� UXOH� VHW�� 5XOHV� IRU� SURQXQFLDWLRQ
FRUUHFWLRQV� RI� ZRUGV� DFFRUGLQJ� WR� WKH� OHIW� DQG� WR� WKH
ULJKW�FRQWH[W�RI�WKH�ZRUG�ZHUH�DOVR�DGGHG�

,Q� WKH� UHFHQW� \HDUV�� WHOHFRPPXQLFDWLRQ� DSSOLFDWLRQV� RI
VSHHFK� V\QWKHVLV� KDYH� LQFUHDVHG� LQ� LPSRUWDQFH�� H�J�
DXWRPDWLF� WHOHSKRQH� GLUHFWRU\� LQTXLU\� V\VWHPV�� 1DPHV
RI� ORFDWLRQV� �FLWLHV�� VWUHHWV�� HWF��� DQG� SURSHU� QDPHV
FDQQRW�EH�PHQWDOO\�UHFRQVWUXFWHG�IURP�WKH�FRQWH[W�ZKHQ
OLVWHQLQJ�WR�WKH�PHVVDJHV��FRUUHFW�QDPH�SURQXQFLDWLRQ�LV
UHTXLUHG� >�@�� 6�� VWDQGDUG� ZRUG� UXOHV� GHYHORSHG� IRU� D
VWDQGDUG�6ORYHQH�YRFDEXODU\�GR�QRW�OHDG�WR�VDWLVIDFWRU\
UHVXOWV� ZKHQ� DSSOLHG� RQ� QDPHV�� 7KHUHIRUH�� DGGLWLRQDO
µQDPH�VSHFLILF¶� UXOHV� ZHUH� DGGHG� WR� WKH� 6�� VWDQGDUG
ZRUGV�UXOH�VHW�UHVXOWLQJ�LQ�WKH�6��QDPHV�UXOH�VHW�

���(9$/8$7,21

2QH� ZD\� RI� LQVXULQJ� DFFXUDWH� SURQXQFLDWLRQ� IRU� PDQ\
WHOHSKRQH� DSSOLFDWLRQV� LV� WR� FUHDWH� KXJH� GLFWLRQDULHV
FRQWDLQLQJ� DOO� WKH� QDPHV� QHHGHG�� 7KLV� ZDV� RQH� RI� WKH
PRWLYDWLRQV�EHKLQG�WKH�/5(�DQG�&23�(XURSHDQ�IXQGHG
SURMHFWV� 2QRPDVWLFD� WKDW� DLPHG� WR� SURGXFH� PDFKLQH�
UHDGDEOH� SKRQHWLF� GLFWLRQDULHV� IRU� QDPHV� LQ� YDULRXV
(XURSHDQ�ODQJXDJHV�

,Q������WKH�&23�2QRPDVWLFD�&'�520�ZDV�SXEOLVKHG
DQG� GLVWULEXWHG� E\� (/5$� >�@�� 7KH� &'�520� FRQWDLQV
PDQXDO� WUDQVFULSWLRQV� RI� �������� 6ORYHQH� QDPHV
PDUNHG� E\� DQ� H[SHUW� SKRQHWLFLDQ� �DOO� RI� WKHP�4XDOLW\
%DQG� ,�� DQG� DOVR� D� VHW� RI� ���� UXOHV� IRU� 6ORYHQH
JUDSKHPH�WR�DOORSKRQH�WUDQVFULSWLRQ�



,Q� RXU� WHVW� ZH� KDYH� FRPSDUHG� WKH� WUDQVFULSWLRQ
HIILFLHQF\�RI�WKUHH�UXOH�VHWV�

• WKH�2QRPDVWLFD�UXOH�VHW������UXOHV��

• WKH�6��VWDQGDUG�ZRUGV�UXOH�VHW������UXOHV��DQG

• WKH�6��QDPHV�UXOH�VHW������UXOHV�

RQ�WZR�PDQXDOO\�WUDQVFULEHG�SURQXQFLDWLRQ�GLFWLRQDULHV�

• WKH�2QRPDVWLFD�SURQXQFLDWLRQ�GLFWLRQDU\�FRQVLVWLQJ
RI� �������� QDPHV�� IRU� QDPHV� ZLWK� PXOWLSOH
SURQXQFLDWLRQV� RQO\� WKH� PRUH� SUREDEOH� RQH� �WKH
ILUVW� RQH�� ZDV� WDNHQ�� FRPSDQ\� QDPHV� ZHUH
H[FOXGHG�IURP�WKH�WHVW�LQSXW�GDWD�

• WKH� 6�� SURQXQFLDWLRQ� GLFWLRQDU\� FRQVLVWLQJ� RI
�������PRVW�IUHTXHQW�6ORYHQH�ZRUGV�

2Q� WKH� 2QRPDVWLFD� SURQXQFLDWLRQ� GLFWLRQDU\� WKH
2QRPDVWLFD� UXOH� VHW� DQG� WKH� 6�� QDPHV� UXOH� VHW� ZHUH
FRPSDUHG�� 6LQFH� WKH� 2QRPDVWLFD� UXOH� VHW� PXVW� EH
DGDSWHG� WR� SURQXQFLDWLRQ� RI� QDPHV� LW� ZDV� QRW� HQWLUHO\
IDLU� WR� FRPSDUH� LWV� SHUIRUPDQFH� ZLWK� WKH� 6�� VWDQGDUG
ZRUGV� UXOH� VHW� RQ� WKH� VHFRQG� SURQXQFLDWLRQ� GLFWLRQDU\�
:H� ZRXOG� KDYH� WDNHQ� WKH� ��� UXOHV� VHW� IRU� VWDQGDUG
ZRUGV�PHQWLRQHG�LQ�>�@�LI�LW�ZHUH�SXEOLFO\�DYDLODEOH�

����'DWD�3UHSDUDWLRQ

7KH�2QRPDVWLFD� UXOH� VHW� DQG� SURQXQFLDWLRQ� GLFWLRQDU\
XVH�WKH�EURDG�SKRQHWLF�OHYHO�RI�WUDQVFULSWLRQ�DV�RSSRVHG
WR� WKH�QDUURZHU�RQH� DSSOLHG� LQ� WKH�6�� FDVH��7KHUHIRUH�
WKH�6��UXOH�VHWV�DQG�WKH�6��SURQXQFLDWLRQ�GLFWLRQDU\�KDG
WR�EH�JHQHUDOL]HG�WR�ODUJHU�SKRQHWLF�JURXSV�

7KH�6ORYHQH�2QRPDVWLFD� UXOH� VHW�GRHV�QRW�FRQWDLQ�DQ\
UXOHV�RQ�VWUHVV�PDUN�DVVLJQPHQW��)XUWKHUPRUH��WKH�UXOHV
IRU� JUDSKHPLF� �H�� DQG� �R�� DUH� UDWKHU� YDJXH� ZKHQ� LW
FRPHV�WR�>H@�DQG�>(@�RU�>R@�DQG�>2@�GLVDPELJXDWLRQ�LQ�D
VWUHVVHG�V\OODEOH�>�@�
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'RHV�WKH�ILUVW�UXOH�DSSO\�WR�D��(��LQ�D�VWUHVVHG�V\OODEOH"
1RW� DOO� �(�� LQ� VWUHVVHG� V\OODEOHV� DUH� WUDQVFULEHG� DV� >H@�
PDQ\�RIWHQ�DUH�WUDQVIRUPHG�LQ�WR�>(@�

$V�UHSRUWHG�LQ�>�@��WKH�VWUHVV�PDUN�SRVLWLRQ�ZDV�LQVHUWHG
PDQXDOO\�� :H� DVVXPH� WKDW� WKH� �H�� DQG� �R�� LQ� VWUHVVHG
V\OODEOHV�ZHUH�WUDQVFULEHG�E\�KDQG�DV�ZHOO�

7KHUHIRUH�� LQ� WKH� HYDOXDWLRQ� RQO\� QDPHV� ZKHUH� VWUHVV
SRVLWLRQ� ZDV� DXWRPDWLFDOO\� FRUUHFWO\� GHWHFWHG� E\� RXU
VWUHVV� DVVLJQPHQW� UXOHV� ZHUH� XVHG�� >2@�>R@� DQG� >(@�>H@
WUDQVFULSWLRQV�ZHUH�UHJDUGHG�DV�HTXDO�GXH�WR�WKH�ODFN�RI

GLVDPELJXDWLRQ�FDSDELOLWLHV� LQ� WKH�2QRPDVWLFD� UXOH� VHW�
7KH�UHVXOWLQJ�VL]HV�RI�ERWK�WHVW�GDWD�VHWV�ZHUH�

• 2QRPDVWLFD� SURQXQFLDWLRQ� GLFWLRQDU\�� ������
ZRUGV�

• 6��SURQXQFLDWLRQ�GLFWLRQDU\��������ZRUGV�

���5(68/76

7KH� SKRQHPLVDWLRQ� HUURUV� ZHUH� GHWHUPLQHG� E\
FRPSDULQJ� WKH�DXWRPDWLF� WUDQVFULSWLRQ�RXWSXWV�ZLWK� WKH
PDQXDO�SURQXQFLDWLRQ�GLFWLRQDU\�WUDQVFULSWLRQV�

$Q� LQLWLDO� FRXQW� RI� WKH� UHVXOWV� RQ� WKH� 2QRPDVWLFD
SURQXQFLDWLRQ�GLFWLRQDU\�VKRZHG�WKDW�����RI�WKH�������
QDPHV�ZHUH�LQFRUUHFWO\�RXWSXW�XVLQJ�WKH�6��QDPHV�UXOHV
VHW�� L�H�� D� VXFFHVV� UDWH� RI� ������ �7DEOH� ���� $� FORVHU
H[DPLQDWLRQ� RI� WKH� HUURUV� UHYHDOHG� WKDW� WKH\� FRXOG� EH
JURXSHG�LQWR�YDULRXV�FDWHJRULHV�

UXOH�VHW IDOVH
WUDQVFU�

WUDQVFU�
VXFFHVV
UDWH�>�@

2QRPDVWLFD ���� ����

6��QDPHV��DOO�HUURUV� ��� ����

6��QDPHV��UHYLVHG�HUURUV� �� ����

7DEOH� ��� 1XPEHU� RI� IDOVH� WUDQVFULSWLRQV� DQG
WUDQVFULSWLRQ� VXFFHVV� UDWH� RQ� WKH� 2QRPDVWLFD
SURQXQFLDWLRQ�GLFWLRQDU\

7KHUH� ZHUH� ���� ZRUGV� DPRQJ� WKH� ���� HUURUV� ZKHUH
ZRUG� ILQDO� JUDSKHPH� �O�� ZDV� PDQXDOO\� WUDQVFULEHG� DV
>Z@� ��QLNRO�� �!� >QL�
NR�Z@�� �VWLO�� �!� >
VWL�Z@� RU� �JULO�� �!
>
JUL�Z@���:H�DJUHH�ZLWK�WKHVH�WUDQVFULSWLRQV�LQ�RQO\���
FDVHV� ��VWRO�� �!� >V
W2�Z@��� (YHU\ZKHUH� HOVH� ILQDO� �O�
VKRXOG�EH�WUDQVFULEHG�DV�>O@�

,Q� ��� FDVHV� WKH� GLSKWKRQJV� �DL�� RU� �HL�� ZHUH� PDQXDOO\
WUDQVFULEHG�DV� >DL@>(L@� DQG�DV� >DM@>(M@�E\� WKH�6�� QDPHV
UXOHV��ZKLFK�LV�MXVW�D�PDWWHU�RI�WUDQVFULELQJ�FRQYHQWLRQ�
,Q���FDVHV��XH��ZDV�PDQXDOO\�WUDQVFULEHG�DV�>Z(@�DQG�DV
>XH@�E\� WKH�6��QDPHV� UXOHV��7KH�GRXEOH�FRQVRQDQW� �NN�
ZDV�PDQXDOO\� WUDQVFULEHG�DV�>NN@��� WLPHV���EUDQNND�� �!
>E
UD�QN�ND@��DQG�DV�>N@�E\�WKH�6��QDPHV�UXOHV��ZKLFK�LV
FORVHU�WR�WKH�UHDO�SURQXQFLDWLRQ�

*LYHQ�WKLV�UHYLVHG�LQWHUSUHWDWLRQ�RI�WKH�GDWD��WKH�UHVXOWV
VKRZ�RQO\����HUURUV�RXW�RI���������LQSXW�ZRUGV��ZKLFK
LV�D�������VXFFHVV�UDWH�

:KHQ� WUDQVFULELQJ� WKH� 6�� SURQXQFLDWLRQ� GLFWLRQDU\
XVLQJ�WKH�6��VWDQGDUG�ZRUGV�UXOH�VHW�RQO\���ZRUGV�ZHUH
WUDQVFULEHG� LQFRUUHFWO\� �7DEOH� ���� L�H�� D� ������ VXFFHVV
UDWH�



7KHVH�UDZ�UHVXOWV�GR�QRW��KRZHYHU��SURSHUO\�UHIOHFW� WKH
DFFXUDF\� RI� WKH� WUDQVFULSWLRQ� UXOHV� VLQFH� LW� KDV� EHHQ
DVVXPHG� WKDW� OH[LFDO� VWUHVV� DVVLJQPHQW� DQG� >H@�>(@� DQG
>R@�>2@� GLVDPELJXDWLRQ� KDYH� EHHQ� GRQH� PDQXDOO\�
7KHUHIRUH�� WKH� 6�� VWDQGDUG� ZRUG� UXOH� VHW� ZDV� WHVWHG
RQFH�DJDLQ�RQ�WKH�6��SURQXQFLDWLRQ�GLFWLRQDU\��WKLV�WLPH
ZLWK�WKH�IXOO�DOORSKRQH�VHW�

UXOH�VHW IDOVH
WUDQVFU�

WUDQVFU�
VXFFHVV
UDWH�>�@

2QRPDVWLFD ���� ����

6��VWDQGDUG�ZRUGV � ����

7DEOH� ��� 1XPEHU� RI� IDOVH� WUDQVFULSWLRQV� DQG
WUDQVFULSWLRQ� VXFFHVV� UDWH� RQ� WKH� 6�� SURQXQFLDWLRQ
GLFWLRQDU\

)RU� ������ RI� WKH� WHVW� ZRUGV� WKH� JHQHUDWHG� DOORSKRQH
VHTXHQFH�PDWFKHG� WKH�PDQXDO� WUDQVFULSWLRQ� H[DFWO\�� ,Q
������ RI� WKH� ZRUGV�� WKH� VWUHVVHG� V\OODEOH� ZDV
LQFRUUHFWO\� SUHGLFWHG� ZKLFK� UHVXOWHG� LQ� DQ� LQFRUUHFW
SKRQHWLF�WUDQVFULSWLRQ��,Q�WKH�UHVW�RI�WKH�WH[W��>H@�>(@�DQG
>R@�>2@�� ZHUH� FRQIXVHG� LQ� ������� RI� WKH� ZRUGV�� RWKHU
SURQXQFLDWLRQ�HUURUV�ZHUH� IRXQG� LQ������RI� WKH� UHVW� RI
WKH�WHVW�VHW�

3URYLGHG�RYHU�����RI�WKH�LQSXW�WH[W�FDQ�EH�IRXQG�LQ�WKH
SURQXQFLDWLRQ� OH[LFRQ��RQO\����RI� WKH�ZRUGV�ZRXOG�EH
SURFHVVHG�LQFRUUHFWO\��,Q�RWKHU�ZRUGV��LQ�DQ�DYHUDJH�WH[W
RI�������ZRUGV��LQFOXGLQJ�RI�FRXUVH�PDQ\�UHSHWLWLRQV�RI
WKH�PRUH�FRPPRQ�ZRUGV������ZRUGV�ZRXOG�EH�H[SHFWHG
WR� EH� FRUUHFW� DVVXPLQJ� WKDW� WKH� REWDLQHG� FRUSXV
IUHTXHQFLHV�FDQ�EH�VDLG�WR�UHDVRQDEO\�SUHGLFW�WKH�DFWXDO
IUHTXHQFLHV�HQFRXQWHUHG�E\�D�WH[W�WR�VSHHFK�V\VWHP�

���&21&/86,21

$Q� H[WHQVLYH� UXOH� VHW� IRU� JUDSKHPH�WR�DOORSKRQH
FRQYHUVLRQ� RI� 6ORYHQH� WH[WV� KDV� EHHQ� GHILQHG� DQG
HYDOXDWHG�� $QRWKHU� UXOH� VHW� KDV� EHHQ� GHYHORSHG� IRU
SURQXQFLDWLRQ� RI� QDPHV�� 5XOHV� IRU� VWUHVV� SRVLWLRQ
SUHGLFWLRQ�DUH�GHVFULEHG�DV�ZHOO�

$� SHUIRUPDQFH� WHVW� DSSOLHG� RQ� WKH� 6�� SURQXQFLDWLRQ
GLFWLRQDU\�VKRZHG�HUURU�UDWHV�RI�DERXW�����LQ�WKH�VWUHVV
DVVLJQPHQW� DQG� FRQVHTXHQWO\� LQ� WKH� SKRQHWLF
WUDQVFULSWLRQ�� ,Q� FDVH� VWUHVV� DVVLJQPHQW� DQG� WKH
WUDQVFULSWLRQV� RI� JUDSKHPLF� �H�� DQG� �R�� LQ� VWUHVVHG
V\OODEOHV� KDG� EHHQ� PDUNHG� LQ� DGYDQFH� D� WUDQVFULSWLRQ
VXFFHVV� UDWH� RI� QHDUO\� ����� ZDV� DFKLHYHG� ERWK� RQ
QDPHV�DQG�RQ�VWDQGDUG�ZRUGV�ZLWK�WKH�6��QDPHV�UXOH�VHW
DQG� WKH� 6�� VWDQGDUG� ZRUGV� UXOH� VHW� UHVSHFWLYHO\�� 7KH
2QRPDVWLFD� UXOH� VHW� SURGXFHG� D� ORZHU� WUDQVFULSWLRQ
VXFFHVV�UDWH�

$� VOLJKW� LPSURYHPHQW� RI� VWUHVVHG� �H�� DQG� �R�
WUDQVFULSWLRQ� PD\� EH� REWDLQHG� E\� XVLQJ� VWDWLVWLFDO� RU

SURQXQFLDWLRQ�E\�DQDORJ\� DSSURDFKHV� >��@� FRPELQHG
ZLWK�D�VXIIL[�VWULSSHU�SURSRVHG�LQ�>��@��+RZHYHU�� WKHUH
DUH�LQQXPHUDEOH�FDVHV�ZKHUH�DOVR�WKLV�ZRXOG�IDLO��H�J��DV
IRU� 6ORYHQH� ZRUGV� �OHWR���WHWR���þHWR���þHOR�� DQG� �SHOR��
ZLWK� WKH� WUDQVFULSWLRQV� >
OH��W2@�� >
W(��W2@�� >
W6H��W2@�
>
W6(��O2@�DQG�>
SH��O2@��7KH�RQO\�ZD\�WR�HQVXUH�SURSHU
ZRUG� WUDQVFULSWLRQ� LQ� 6ORYHQH� LV� WR� XVH� WKH� GHULYDWLYH
PRUSKRORJ\�DSSURDFK�EDVHG�RQ�D�OHPPDWL]HG�GLFWLRQDU\
RI�FDQRQLF�6ORYHQH�IRUPV�DORQJ�ZLWK�DOO� LQIOHFWLRQ�DQG
H[FHSWLRQ�UXOHV�

5()(5(1&(6

>�@�*URV��-����������$�6ORYHQH�776�6\VWHP��3K'�7KHVLV�
8QLYHUVLW\�RI�/MXEOMDQD���LQ�6ORYHQH�

>�@�/LQGVWU|P��$���/MXQJTXYLVW��0��� DQG�*XVWDIVRQ��.�
�������� $� PRGXODU� DUFKLWHFWXUH� VXSSRUWLQJ� PXOWLSOH
K\SRWKHVHV� IRU� FRQYHUVLRQ� RI� WH[W� WR� SKRQHWLF� DQG
OLQJXLVWLF� HQWLWLHV�� 3URFHHGLQJV� RI� WKH
(85263((&+¶����%HUOLQ��SS�����������

>�@�7RSRULãLþ�� -�� ��������6ORYHQVND� 6ORYHQLFD� �6ORYHQH
*UDPPDU���=DORåED�2E]RUMD�0DULERU���LQ�6ORYHQH�

>�@�*URV��-���3DYHãLü��1��DQG�0LKHOLþ��)����������$�WH[W�
WR�VSHHFK� V\VWHP� IRU� WKH� 6ORYHQLDQ� ODQJXDJH�
3URFHHGLQJV� RI� WKH� (86,3&2
���� 7ULHVWH�� SS�� �����
����

>�@�+ULEDU��-����������6LQWH]D�XPHWQHJD�JRYRUD�L]�WHNVWD�
3K'�7KHVLV��8QLYHUVLW\�RI�/MXEOMDQD���LQ�6ORYHQH�

>�@�:HLOJXQ\��6����������*UDIHPVNR�IRQVPHNL�PRGXO�]D
VLQWH]R� L]ROLUDQLK� EHVHG� VORYHQVNHJD� MH]LND�� 06F
7KHVLV��8QLYHUVLW\�RI�/MXEOMDQD���LQ�6ORYHQH�

>�@� %HOKRXOD�� .��� .UDIW�� 9��� 5LQVFKHLG�� $�� DQG� 5�KO�
+�:����������([WHQVLRQ�RI�D�776�V\VWHP�WR�UXOH�EDVHG
SURQXQFLDWLRQ� RI� QDPHV�� 3URFHHGLQJV� RI� WKH
&5,0�)25:,66�:RUNVKRS�RQ�3URJUHVV�DQG�3URVSHFWV
RI��6SHHFK�5HVHDUFK�DQG�7HFKQRORJ\��0XQLFK��SS������
���

>�@� ��������2120$67,&$�&RSHUQLFXV�'DWDEDVH��&'�
520��(8�3URMHFW�&23�����GLVWULEXWHG�E\�WKH�(XURSHDQ
/DQJXDJH�5HVRXUFHV�$VVRFLDWLRQ��(/5$

>�@�.DþLþ�� =�� �������� 'HILQLUDQMH� OHNVLNRQD� L]JRYDUMDY
ODVWQLK� LPHQ� ]D� VORYHQVNL� MH]LN�� 3URFHHGLQJV� RI� WKH
(5.
��� &RQIHUHQFH�� 3RUWRURå�� 6ORYHQLD�� SS�� ��������
�LQ�6ORYHQH�

>��@� 'HGLQD�� 0�-�� DQG� 1XVEDXP�� +�&�� �������
3URQRXQFH�� D� SURJUDP� IRU� SURQXQFLDWLRQ� E\� DQDORJ\�
&RPSXWHU�6SHHFK�DQG�/DQJXDJH��9RO�����SS�������

>��@�0DQQHOO�5��DQG�&ODUN��-�(����������7H[W�WR�VSHHFK
UXOH� DQG� GLFWLRQDU\� GHYHORSPHQW�� 6SHHFK
&RPPXQLFDWLRQ��9RO����SS���������


