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,Q�YLHZ�RI�WKH�H[SDQVLRQ�RI�GLJLWDO�WHOHYLVLRQ�DQG�WKH�LQFUHDVLQJ�GHPDQG�WR�PDQLSXODWH�DXGLRYLVXDO�FRQWHQW��WRROV�SURGXFLQJ�VXEWLWOHV�LQ�
D� PXOWLOLQJXDO� VHWWLQJ� EHFRPH� LQGLVSHQVDEOH� IRU� WKH� VXEWLWOLQJ� LQGXVWU\�� 2SHUDWLQJ� LQ� WKLV� VHWWLQJ�� WKH� 086$� SURMHFW� DLPV� DW� WKH�
GHYHORSPHQW� RI� D� V\VWHP� ZKLFK� FRPELQHV� VSHHFK� UHFRJQLWLRQ�� DGYDQFHG� WH[W� DQDO\VLV�� DQG� PDFKLQH� WUDQVODWLRQ� WR� KHOS� JHQHUDWH�
PXOWLOLQJXDO�VXEWLWOHV��D�V\VWHP�WKDW�FRQYHUWV�DXGLR�VWUHDPV�LQWR�WH[W�WUDQVFULSWLRQV��FRQGHQVHV�WKH�FRQWHQW�WR�PHHW�WKH�VSDWLR�WHPSRUDO�
FRQVWUDLQWV�RI�WKH�VXEWLWOLQJ�SURFHVV�DQG�SURGXFHV�GUDIW�WUDQVODWLRQV�LQ�WZR�ODQJXDJH�SDLUV��7KUHH�(XURSHDQ�ODQJXDJHV�DUH�VXSSRUWHG��
(QJOLVK�DV�VRXUFH�DQG�WDUJHW�DV�IDU�DV�VXEWLWOLQJ�JHQHUDWLRQ�LV�FRQFHUQHG��)UHQFK�DQG�*UHHN�DV�VXEWLWOH�WUDQVODWLRQ�WDUJHW�ODQJXDJHV��,Q�
RUGHU�WR�WUDLQ�DQG�HYDOXDWH�V\VWHP�FRPSRQHQWV��DQ�DUUD\�RI�DSSOLFDWLRQ�VSHFLILF�UHVRXUFHV�LV�QHFHVVDU\��3ULPDU\�DXGLRYLVXDO�GDWD�FRQVLVW�
in BBC TV documentaries and “newsy” current affairs programmes. For each programme, the foOORZLQJ�GDWD�DUH�FDSWXUHG��WKH�DFWXDO�
YLGHR��LWV�WUDQVFULSW�RU�VFULSW��(QJOLVK��*UHHN�DQG�)UHQFK�VXEWLWOHV��DQG�WRSLFDOO\�UHOHYDQW�QHZVSDSHU�RU�ZHE�VRXUFHG�H[WUDFWV��
�

���,QWURGXFWLRQ�
'HYHORSPHQWV� LQ� PDVV� PHGLD� DQG� FRPPXQLFDWLRQ��

VXFK�DV�GLJLWDO�79�DQG�'9'��DUH�ERXQG�WR�RYHUFRPH�WKH�
OLPLWHG� SK\VLFDO� ERUGHUV� RI� FRXQWULHV�� OHDGLQJ� WR� WKH�
FUHDWLRQ�RI�D�JOREDOLVHG�PHGLD�DXGLHQFH��,Q�VXFK�D�XQLILHG�
IUDPHZRUN�RI�PDVV�FRPPXQLFDWLRQ��VXEWLWOLQJ�LV�SOD\LQJ�D�
FULWLFDO� UROH�� ,Q� PDQ\� FRXQWULHV�� VXEWLWOLQJ� LV� WKH� PRVW�
FRPPRQO\� XVHG� PHWKRG� IRU� FRQYH\LQJ� WKH� FRQWHQW� RI�
IRUHLJQ� ODQJXDJH� QDUUDWLYH� RU� GLDORJXH� WR� WKH� DXGLHQFH��
+RZHYHU��VXEWLWOLQJ�LV�IDU�IURP�WULYLDO�DQG�LV�GHHPHG�WR�EH�
D�YHU\� H[SHQVLYH� DQG� WLPH�FRQVXPLQJ� WDVN�� VLQFH� H[SHUWV�
PDLQO\� FDUU\� LW� RXW� PDQXDOO\�� 7\SLFDOO\�� D� ��KRXU�
SURJUDPPH�QHHGV�DURXQG������KRXUV�RI�HIIRUW�E\�KXPDQV��

,Q�YLHZ�RI� WKH�H[SDQVLRQ�RI�GLJLWDO� WHOHYLVLRQ�DQG� WKH�
LQFUHDVLQJ� GHPDQG� WR� PDQLSXODWH� DXGLRYLVXDO� FRQWHQW��
WRROV�SURGXFLQJ�VXEWLWOHV�LQ�D�PXOWLOLQJXDO�VHWWLQJ�EHFRPH�
LQGLVSHQVDEOH�IRU�WKH�VXEWLWOLQJ�LQGXVWU\��2SHUDWLQJ�LQ�WKLV�
VHWWLQJ��WKH�086$��0XOWLOLQJXDO�6XEWLWOLQJ�RI�0XOWLPHGLD�
&RQWHQW�� SURMHFW� �KWWS���VLIQRV�LOVS�JU�PXVD��� DLPV� DW� WKH�
GHYHORSPHQW� RI� D� V\VWHP� WKDW� FRPELQHV� VSHHFK�
UHFRJQLWLRQ�� DGYDQFHG� WH[W� DQDO\VLV�� DQG� PDFKLQH�
WUDQVODWLRQ� WR� KHOS� JHQHUDWH� PXOWLOLQJXDO� VXEWLWOHV�� 7KH�
V\VWHP� FRQYHUWV� DXGLR� VWUHDPV� LQWR� WH[W� WUDQVFULSWLRQV��
FRQGHQVHV�DQG�RU�UHSKUDVHV�WKH�FRQWHQW�WR�PHHW�WKH�VSDWLR�
WHPSRUDO� FRQVWUDLQWV� RI� WKH� VXEWLWOLQJ� SURFHVV�� DQG�
SURGXFHV�GUDIW� WUDQVODWLRQV� LQ�DW� OHDVW� WZR�ODQJXDJH�SDLUV��
7KUHH� (XURSHDQ� ODQJXDJHV� DUH� FXUUHQWO\� VXSSRUWHG��
(QJOLVK�DV�VRXUFH�DQG�WDUJHW�DV�IDU�DV�VXEWLWOH�JHQHUDWLRQ�LV�
FRQFHUQHG��)UHQFK�DQG�*UHHN�DV�VXEWLWOH�WUDQVODWLRQ�WDUJHW�
ODQJXDJHV��
���5HTXLUHPHQWV�DQG�VWDQGDUGV�IRU�VXEWLWOH�SURGXFWLRQ�DQG�YLVXDO�SUHVHQWDWLRQ�

&XUUHQW� SUDFWLFHV� DQG� VWDQGDUGV� IROORZHG� E\� WKH� ELJ�
PHGLD� JURXSV� IRUP� WKH� EDVLV� RQ� ZKLFK� WKH� VXEWLWOLQJ�

FRPSRQHQW�RI�WKH�086$�SURWRW\SH�FRQYHUWV�WUDQVFULSWV�WR�
VXEWLWOHV��7KH\�DLP�WR�SURYLGH�D�XQLI\LQJ�IRUPXOD�EDVHG�RQ�
WKH� GLIIHUHQW� VXEWLWOLQJ� FRQYHQWLRQV� FXUUHQWO\� RSHUDWLQJ�
ZLWKLQ� WKH� YDULRXV� (XURSHDQ� FRXQWULHV�� 7KH\� FDWHU� IRU�
VWDQGDUGL]DWLRQ� DORQJ� WKH� IROORZLQJ� SDUDPHWHUV�� VSDWLDO�
SDUDPHWHUV� �OD\RXW��� WHPSRUDO� SDUDPHWHUV� �GXUDWLRQ���
SXQFWXDWLRQ�DQG�OHWWHU�FDVH��DQG�WDUJHW� WH[W�HGLWLQJ��7KHVH�
DUH� WKH� PRVW� ODQJXDJH�WHFKQRORJ\�EDVHG� DQG� GHPDQGLQJ�
UHTXLUHPHQWV� DQG� LQFOXGH�� VLQJOH�OLQH� YV�� WZR�OLQH�
VXEWLWOHV�� VXEWLWOH� VHJPHQWDWLRQ� DW� WKH� KLJKHVW� OLQJXLVWLF�
QRGHV�� VXEWLWOH� VHJPHQWDWLRQ� DQG� OLQH� OHQJWK�� VSRNHQ�
XWWHUDQFHV� DQG� VXEWLWOHG� VHQWHQFHV�� VXEWLWOHV� ZLWK� PRUH�
WKDQ� RQH� VHQWHQFHV�� RPLVVLRQ� RI� OLQJXLVWLF� LWHPV� RI� WKH�
RULJLQDO��OLNH�SDGGLQJ�H[SUHVVLRQV��WDXWRORJLFDO�FXPXODWLYH�
DGMHFWLYHV�DGYHUEV�� UHVSRQVLYH� H[SUHVVLRQV��� UHWDLQLQJ� RI�
OLQJXLVWLF� LWHPV� RI� WKH� RULJLQDO�� DOWHUDWLRQV� RI� V\QWDFWLF�
VWUXFWXUHV��HWF���.RQVWDQWLQRX��������

���0XOWLOLQJXDO�6XEWLWOLQJ�6\VWHP�
$UFKLWHFWXUH�

7KH�DUFKLWHFWXUH�RI�WKH�PXOWLOLQJXDO�VXEWLWOH�SURGXFWLRQ�
OLQH� LQFOXGHV� WKH� IROORZLQJ� IXQFWLRQDO�EORFNV��'HPLURV�HW�
DO���������
��� DQ� (QJOLVK� DXWRPDWLF� VSHHFK� UHFRJQLWLRQ� �$65��
VXEV\VWHP�IRU�WKH�WUDQVFULSWLRQ�RI�DXGLR�VWUHDPV�LQWR�WH[W��
LQFOXGLQJ� VHSDUDWLRQ� RI� VSHHFK� YV�� QRQ�VSHHFK�� VSHDNHU�
LGHQWLILFDWLRQ�DQG�DGDSWDWLRQ�WR�speaker’s style �
���D�VXEWLWOLQJ�VXEV\VWHP�SURGXFLQJ�(QJOLVK�VXEWLWOHV�IURP�
(QJOLVK�DXGLR� WUDQVFULSWLRQV�DLPLQJ� WR�SURYLGH�PD[LPXP�
FRPSUHKHQVLRQ� ZKLOH� FRPSO\LQJ� ZLWK� VSDWLR�WHPSRUDO�
FRQVWUDLQWV�DQG�OLQJXLVWLF�SDUDPHWHUV�
��� D� PXOWLOLQJXDO� WUDQVODWLRQ� VXEV\VWHP� LQWHJUDWLQJ�
PDFKLQH� WUDQVODWLRQ�� WUDQVODWLRQ� PHPRULHV� DQG�
WHUPLQRORJLFDO� EDQNV�� IRU� (QJOLVK�*UHHN� DQG� (QJOLVK�
)UHQFK���
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7KH� FRPSRQHQW� PRGXOHV� RI� WKH� DXWRPDWLF� VSHHFK�
UHFRJQL]HU�� GHYHORSHG� E\� .�8�/HXYHQ�(6$7�� LQFOXGH� D�
SUH�SURFHVVLQJ� VWDJH�� WKH� DFRXVWLF� PRGHO� �$0��� WKH�
ODQJXDJH�PRGHO��/0���WKH�OH[LFRQ�DQG�WKH�VHDUFK�HQJLQH��
7KH�LQSXW�WR�WKH�VSHHFK�UHFRJQLVHU�LV�DQ�DXGLR�ILOH��3&0��
ELJ�HQGLDQ��RI�LQ�SULQFLSOH����ELW�VDPSOHV�DW����N+]��DQG�
WKH� RXWSXW� D� WLPH�WDJJHG� WH[W� WKDW� LV� WKH� ZRUG�E\�ZRUG�
WUDQVFULSW� RI� WKH� LQSXW� DXGLR��ZLWK� VHJPHQWV� RI� WUDQVFULSW�
FRUUHVSRQGLQJ� WR� VHQWHQFHV�� 7KH� VXEWLWOLQJ� VXEV\VWHP�
FRPSULVHV� WKH� FRQVWUDLQW� IRUPXODWLRQ� DQG� FDOFXODWLRQ�
PRGXOH�� WKH� WH[W� FRQGHQVDWLRQ� PRGXOH� DQG� WKH� VXEWLWOH�
HGLWLQJ� PRGXOH�� 7KH� LQSXW� WR� WKH� VXEWLWOLQJ� VXEV\VWHP� LV�
(QJOLVK� WUDQVFULSW� ZLWK� WLPH� FRGHV�� ZRUGV�� VHJPHQWV��
LQWHUQDO� SXQFWXDWLRQ� DQG� VSHDNHU� WXUQV�� DQG� WKH� RXWSXW� LV�
(QJOLVK�VXEWLWOHV��7KH�WUDQVODWLRQ�VXEV\VWHP�FRPSULVHV�WKH�
7U$,'�WUDQVODWLRQ�PHPRU\�PRGXOH��3LSHULGLV�HW�DO��������
DQG�WKH�6\VWUDQ�PDFKLQH�WUDQVODWLRQ�HQJLQH��6\VWUDQ�:KLWH�
SDSHUV�� ������� 7KH� LQSXW� WR� WKH� WUDQVODWLRQ� VXEV\VWHP� LV�
(QJOLVK�VXEWLWOHV�DQG�WKH�RXWSXW�)UHQFK�RU�*UHHN�VXEWLWOHV�
ZLWK� WLPH� FRGHV�� $OO� GDWD� H[FKDQJH� EHWZHHQ� WKH� V\VWHP�
FRPSRQHQWV� LV� SHUIRUPHG� YLD� ;0/� ILOHV� REH\LQJ�
SUHGHILQHG�'7'V��*UHHN�)UHQFK�VXEWLWOHV�DUH�OLQJXLVWLFDOO\�
SURFHVVHG� DQG� FRQYHUWHG� LQWR� WKH�67/� IRUPDW��)RUPDWWHG�
VXEWLWOHV�DUH�WKHQ�YLHZHG�DQG�HGLWHG�LQ�D�VXEWLWOH�HGLWRU��

)LJXUH����086$�DUFKLWHFWXUH�
���5HVRXUFHV�IRU�PXOWLOLQJXDO�VXEWLWOLQJ�
�,Q� RUGHU� WR� WUDLQ� DQG� HYDOXDWH� V\VWHP� FRPSRQHQWV�� D�

FRPSOH[� DUUD\� RI� DSSOLFDWLRQ� VSHFLILF� UHVRXUFHV� LV�
QHFHVVDU\�� 7KH� SULPDU\� DXGLRYLVXDO� GDWD� XVHG� LQ�086$�
FRQVLVW� LQ� %%&� 79� SURJUDPPHV� RI� WKH� W\SH� RI�
documentaries and “newsy” current affairs programmes. 
$YDLODEOH� SULPDU\� GDWD� KDYH� EHHQ� ILOWHUHG� EDVHG� RQ� WKH�
H[LVWHQFH� RI� *UHHN� VXEWLWOHV�� )RU� HDFK� WHOHYLVLRQ�
SURJUDPPH�� WKH� IROORZLQJ� GDWD� KDYH� EHHQ� FDSWXUHG���
D�� WKH�DFWXDO� YLGHR�RI� WKH�SURJUDPPH��E�� LWV� WUDQVFULSW�RU�
VFULSW��F��(QJOLVK��*UHHN�DQG�)UHQFK�VXEWLWOHV��G��WRSLFDOO\�
UHOHYDQW�QHZVSDSHU�DQG�ZHE�VRXUFHG�H[WUDFWV���

$� WRWDO� RI� FD�����KRXUV�RI� UXQQLQJ�SURJUDPPHV� KDYH�
EHHQ�VRXUFHG��DVVRFLDWHG�ZLWK�D�WRWDO�RI���������ZRUGV�LQ�

WUDQVFULSWV� DQG�RU� VFULSWV�� �������� ZRUGV� LQ� (QJOLVK�
VXEWLWOHV�� �������� ZRUGV� LQ� *UHHN� VXEWLWOHV� DQG� ��������
ZRUGV�LQ�)UHQFK�VXEWLWOHV��.DUDYLGDV����������
����6SHHFK�SURFHVVLQJ�
7ZR�W\SHV�RI�GDWD�KDYH�EHHQ�XVHIXO� IRU�DXWRPDWLF�VSHHFK�
UHFRJQLWLRQ�� DXGLR� DQG� WH[W�� 3RUWLRQV� RI� WKH� GDWD� ����
GRFXPHQWDULHV��������PLQXWHV�HDFK��WRWDO�RI���K��P��KDYH�
EHHQ�XVHG� WR�FUHDWH�D�QHZ�DXGLR�FRUSXV�VLQFH� WKLV�GDWD� LV�
PRUH� VLPLODU� WR� ZKDW� WKH� VSHHFK� UHFRJQLVHU� ZLOO� KDYH� WR�
RSHUDWH�RQ��DV�FRPSDUHG�WR�WKH�:6-�FRUSXV�RULJLQDOO\�XVHG�
E\� WKH� VSHHFK� UHFRJQLWLRQ� V\VWHP�� )RU� WKH� VDPH� VHW� RI�
GDWD�� DFFXUDWH� WUDQVFULSWV�ZHUH� DOVR� FDSWXUHG� DQG� XVHG� WR�
DOLJQ�WKH�DXGLR�DW�SKRQHPH�OHYHO��$�VHFRQG�W\SH�RI�GDWD�WR�
EH�FROOHFWHG�ZLWKLQ�086$�IRU�LPSURYLQJ�WKH�SHUIRUPDQFH�
RI� WKH� VSHHFK� UHFRJQLVHU� LV� WH[W� GDWD�� QHFHVVDU\� WR� EXLOG�
QHZ� ODQJXDJH� PRGHOV� EXW� DOVR� QHFHVVDU\� IRU� PDNLQJ�
VSHHFK�DXGLR�XVHIXO�IRU�DFRXVWLF�PRGHO�WUDLQLQJ��6LQFH�IRU�
EXLOGLQJ� D� ODQJXDJH� PRGHO� D� PXFK� ODUJHU� DPRXQW� RI�
WH[WXDO� GDWD� LV� UHTXLUHG�� WUDQVFULSWV� RI� DOO� %%&�
GRFXPHQWDULHV� KDYH� EHHQ� VRXUFHG�� )LQDOO\�� QHZVSDSHU�
WH[WV�FRYHULQJ�WKH�GRFXPHQWDULHV�DW�KDQG�KDYH�EHHQ�PDGH�
DYDLODEOH�DQG�KDYH�SURYHG�XVHIXO� IRU� WXQLQJ� WKH� ODQJXDJH�
PRGHO�ZLWK� LPSRUWDQW� NH\ZRUGV� �OLNH�SURSHU�QDPHV�� LQ�D�
JLYHQ�GRFXPHQWDU\���
������&UHDWLRQ�RI�D�VSHHFK�GDWD�FRUSXV�
:LWK� WKH� DXGLR� GDWD� GHVFULEHG�� ILUVW� RI� DOO� FRQWH[W�
LQGHSHQGHQW�DFRXVWLF�PRGHOV�KDYH�EHHQ�EXLOW��7R�WKLV�HQG��
WKH� UDZ� GDWD� KDV� EHHQ� SURFHVVHG� LQWR� D� VWUXFWXUHG� GDWD�
FRUSXV�� WKLV� LQYROYHG� DFFXUDWH�SKRQHPH�DOLJQPHQW�RI� WKH�
DXGLR�ZLWK�WKH�WUDQVFULSWV��ZKLFK�WKHUHIRUH�ILUVW�QHHGHG�WR�
EH�WRNHQLVHG��$XWRPDWLF�DOLJQPHQW�VRIWZDUH�ZDV�DYDLODEOH�
DQG� KDV� EHHQ� XVHG�� ZKLOH� WRNHQLVDWLRQ� VFULSWV� ZHUH�
GHYHORSHG�IURP�VFUDWFK�VLQFH�WKH\�KDG�WR�EH�VSHFLILF�WR�WKH�
IRUPDW� RI� WKH� %%&� WUDQVFULSWV�� DQG� WR� UHIOHFW� WKH� GHVLJQ�
FKRLFHV� PDGH� IRU� WKH� OH[LFRQ�� YL]�� WKH� GLVWLQFWLRQ� RI�
FDSLWDOLVHG� DQG� QRQ�FDSLWDOLVHG� ZRUGV�� DQG� WKH� H[SOLFLW�
UHSUHVHQWDWLRQ� RI� SDXVHV� VXFK� DV� FRPPDV� DQG� IXOO� VWRSV��
%RWK� RI� WKHVH� DUH� XQXVXDO� LQ� WKH� FODVVLFDO� IUDPHZRUN� RI�
VSHHFK� UHFRJQLWLRQ� EXW� DUH� RI� FUXFLDO� LPSRUWDQFH� WR� D�
VXEWLWOLQJ�IUDPHZRUN���
������&RQVWUXFWLRQ�RI�ODQJXDJH�PRGHOV�
7KH� PRVW� LPSRUWDQW� GHVLJQ� FKRLFH� KDV� EHHQ� WR� LQFOXGH�
SXQFWXDWLRQ� �IXOO�VWRSV�� TXHVWLRQ� PDUNV� DQG� FRPPDV�� DV�
HQWULHV� LQ� WKH� ODQJXDJH�PRGHO�� DQG� WR�PDNH� D� GLVWLQFWLRQ�
EHWZHHQ� FDSLWDOLVHG� DQG� QRQ�FDSLWDOLVHG� ZRUGV� �OLNH� H�J��
“WXUNH\” vs. “7XUNH\”).� )LUVW�� D� QHZ� WULJUDP� ODQJXDJH�
PRGHO� ZDV� EXLOW� IURP� WKH� :6-� GDWD�� QRZ� FRQWDLQLQJ�
SXQFWXDWLRQ� DQG� FDSLWDOLVDWLRQ� �ZKLFK� ZDV� QRW� WKH� FDVH�
ZLWK� WKH� H[LVWLQJ�:6-�PRGHOV��� 1H[W�� D� ODQJXDJH� PRGHO�
ZDV�EXLOW�XVLQJ�%%&�WUDQVFULSWV��7KLV�ZDV�QHFHVVDU\�VLQFH�
WKH� :6-� PRGHOV� DUH� EDVHG� RQ� $PHULFDQ� (QJOLVK�
QHZVSDSHU�WH[WV��ZKLFK�KDYH�WRR�GLIIHUHQW�LGLRPDWLFV�WR�EH�
DFFHSWDEOH� IRU� WUDQVFULELQJ� %%&� SURJUDPPHV�� 2Q� WKH�
RWKHU�KDQG��WKH�:6-�FRUSXV�LV�PXFK�ODUJHU�WKDQ�WKH�QHZO\�
created BBC corpus, hence its “coverage” of general 
ODQJXDJH� SKHQRPHQD� LV� EHWWHU�� 7KHUHIRUH�� ZH� WULHG� WR�
FRPELQH� WKH� DGYDQWDJHV� RI� WKH� WZR�� ,Q� DGGLWLRQ� WR� WKLV�
JHQHULF�ODQJXDJH�PRGHO��ZH�KDYH�DOVR�GHYHORSHG�DQ�DGG�
on “sub�model” to this L0� WR� FRSH� ZLWK� QXPEHUV��
RUGLQDOV��DQG�ZRUGV�ZKLFK�DUH�QRW� LQ� WKH� OH[LFRQ��PDLQO\�
SURSHU�QDPHV���

SPEECH
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Words
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Punctuation
Speaker Turns

Input: BETA, VHS, DVD,
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PCM 16 bits/sample,
16KHZ, uncompressed
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English subtitles with Time
Codes
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TRANSLATION
TM
MT
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French/Greek subtitles with
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������$OLJQPHQW�RI�DXGLR�ZLWK�WUDQVFULSWV�
$� FRQWH[W� LQGHSHQGHQW� DFRXVWLF� PRGHO� HVVHQWLDOO\�

FRQVLVWV� RI� D� VHW� RI� SUREDELOLW\� GLVWULEXWLRQV� LQ� ���
GLPHQVLRQDO� IHDWXUH� VSDFH�� RQH� 3')� SHU� SKRQHPH�� 7R�
EXLOG� DQ� DFRXVWLF�PRGHO� IURP� DQ� DXGLR� FRUSXV�� LW� LV� WKXV�
QHFHVVDU\� DQG� VXIILFLHQW� WR� NQRZ� IRU� HDFK� IUDPH� RI� WKH�
DXGLR�GDWD�WR�ZKLFK�SKRQHPH�LW�EHORQJV��

7R� WKLV� HQG�� ILUVW� WKH� DXGLR� PXVW� EH� DOLJQHG� ZLWK� DQ�
DFFXUDWH� WUDQVFULSW�� JLYLQJ� D� ZRUG�OHYHO� DOLJQPHQW� WKDW�
PXVW� WKHQ� EH� IXUWKHU� UHILQHG� WR� D� SKRQHPH�OHYHO�
DOLJQPHQW�� ,Q� SUDFWLFH�� RQO\� SKRQHPH�OHYHO� DOLJQPHQW� LV�
GRQH��VLQFH� WKH� WUDQVFULSW� LV� ILUVW�FRQYHUWHG� WR�D�SKRQHPH�
VWULQJ�� RU� DFWXDOO\� D� SKRQHPH� JUDSK�� DV� WKH� OH[LFRQ� PD\�
VSHFLI\�PRUH� WKDQ�RQH�SKRQHPH�WUDQVFULSWLRQ� IRU�D�ZRUG��
2QH� PD\� ORRN� DW� WKLV� DOLJQPHQW� DV� D� OLQHDU� PDSSLQJ�
SUREOHP�� ZKHUH� WKH� RQO\� XQFHUWDLQW\� LV� WKH� GXUDWLRQ� RI�
HDFK�RI�WKH�SKRQHPHV�LQ�WKH�SKRQHPH�VWULQJ���

3UREOHPV� HQFRXQWHUHG� GXULQJ� WKH� VSHHFK� UHFRJQLWLRQ�
SURFHVV�PDLQO\� LQFOXGH� QRLVH� FRQGLWLRQV� RI� WKH� GDWD�� DQG�
WKH� SUREOHP� RI� QRQ�QDWLYH� VSHDNHUV��0RVW� RI� WKH� VSHHFK�
FRQWDLQV�EDFNJURXQG�PXVLF��ZKLFK�LV�QRW�WKH�NLQG�RI�DXGLR�
GDWD�RQ�ZKLFK�WKH�VSHHFK�UHFRJQLVHU�ZLOO�EH�RSHUDWLQJ�LQ�D�
studio setup. In a “ real�life”  application, use of the 
XQPL[HG� DXGLR� IURP� WKH� VSHDNHUV� FDQ� EH� HQYLVDJHG�� WR�
DOOHYLDWH� WKH� QRLVH� SUREOHP�� )RU� WUDLQLQJ� SXUSRVHV��
KRZHYHU��ZRUN�SURFHHGV�ZLWK�RQO\�WKRVH�DXGLR�IUDJPHQWV�
ZKHUH�PXVLF�RU�EDFNJURXQG�YRLFHV�DUH�DEVHQW�RU�YHU\�ORZ�
OHYHO��6LPLODUO\��IRU�QRQ�QDWLYH�VSHDNHUV��ILOWHULQJ�RXW�QRQ�
%ULWLVK�VSHHFK�IURP�WKH�GDWD�ZDV�WKH�DGRSWHG�VROXWLRQ���
����6XEWLWOLQJ��

7KH� WDVN� RI� DXWRPDWLF� VXEWLWOLQJ� SUHVXSSRVHV� WKH�
FRQGHQVDWLRQ� RI� VHQWHQFHV�� RU� VHJPHQWV�� WR� D� VKRUWHU�
OHQJWK��LQ�QXPEHU�RI�ZRUGV�DQG�QXPEHU�RI�FKDUDFWHUV��DV�D�
IXQFWLRQ�RI�WKH�DYDLODEOH�VSDFH�RQ�WKH�VFUHHQ�DQG�WKH�SDFH�
RI� WKH� WUDQVFULSW� EHLQJ� VXEWLWOHG�� 7KH� 086$� VXEWLWOLQJ�
FRPSRQHQW� FRPSULVHV� D�� WKH� FRQVWUDLQW� IRUPXODWLRQ� DQG�
FDOFXODWLRQ� PRGXOH�� E�� WKH� WH[W� FRQGHQVDWLRQ� �� VHJPHQW�
FRPSUHVVLRQ���PRGXOH�DQG�F��WKH�VXEWLWOH�HGLWLQJ�PRGXOH��
������&RQVWUDLQW�IRUPXODWLRQ�DQG�FDOFXODWLRQ�

$YDLODEOH� VSDFH� RQ� VFUHHQ� DQG� SDFH� RI� WUDQVFULSW� DUH�
WUDQVODWHG� LQWR� D� VHW� RI� H[WHUQDO� FRQVWUDLQWV� E\� WKH�
&RQVWUDLQW� )RUPXODWLRQ� DQG� &DOFXODWLRQ� PRGXOH��
&RQVWUDLQWV�DUH�SDVVHG�RQ�WR�WKH�WH[W�FRQGHQVDWLRQ�PRGXOH��
*LYHQ�IRU�HDFK�VHJPHQW��RXWSXW�IURP�6SHHFK�5HFRJQLWLRQ��
DQ�;0/�ILOH�FRQWDLQLQJ�WKH�VHJPHQW�DQG�FRQVWUDLQWV�DW�WKH�
ZRUG� DQG� FKDUDFWHU� OHYHO�� WKH� WH[W� FRQGHQVDWLRQ� PRGXOH�
JHQHUDWHV� D� VXEWLWOH� FRQIRUPLQJ� WR� WKHVH� FRQVWUDLQWV� DV�
PXFK�DV�SRVVLEOH��DQG�SURYLGHV�WKLV�RXWSXW�LQ�DQ�;0/�ILOH�
IRU� IXUWKHU�SURFHVVLQJ��7KH�FRPSUHVVHG�DQG� OLQJXLVWLFDOO\�
SURFHVVHG� VHJPHQWV� DUH� SDVVHG� RQ� WR� WKH� VXEWLWOH� HGLWLQJ�
PRGXOH� WKDW�GHFLGHV�ZKHUH� WR�VSOLW�VXEWLWOHV�� LI�PRUH� WKDQ�
RQH� VXEWLWOHV� KDYH� WR� EH� SURGXFHG� FRUUHVSRQGLQJ� WR� D�
VLQJOH� VHJPHQW�� RU� VXEWLWOH� OLQHV�� LI� WKH� FRPSUHVVHG�
VHJPHQW�FDQQRW�ILW�LQ�D�VLQJOH�OLQH�VXEWLWOH��

&RQVWUDLQWV� WDNH� LQWR� DFFRXQW� DYDLODEOH� VSDFH� �OD\RXW��
DQG� WLPH� �GXUDWLRQ��� DQG� DUH� H[SUHVVHG� LQ� WHUPV� RI� ZRUG�
UDWH��OHDGLQJ�LQ�WLPH��EUDLQ�GHOD\��GHOD\�EHWZHHQ�VXEWLWOHV��
FKDUDFWHUV� DQG� ZRUGV� LQ� IXOO� WZR�OLQH� DQG� VLQJOH�OLQH�
VXEWLWOHV�� &RPELQLQJ� WLPH� LQIRUPDWLRQ� SURYLGHG� E\� WKH�
VSHHFK� UHFRJQL]HU�� D� VHW� RI� WZR� FRQVWUDLQWV� IRU� HDFK�
VHJPHQW�KDV�EHHQ�GHVLJQHG��WKH�QXPEHU�RI�ZRUGV�WKDW�KDYH�

WR�EH�UHPRYHG��DQG�WKH�QXPEHU�RI�FKDUDFWHUV�WKDW�KDYH�WR�
EH�UHPRYHG���

7KH�LQSXW�WR�WKH�6XEWLWOLQJ�&RPSRQHQW�LV�WKH�RXWSXW�RI�
WKH� 6SHHFK� 5HFRJQL]HU�� LQ� ;0/� IRUPDW�� 7KH� WUDQVFULSW�
FRQWDLQV� ZRUGV� DQG� SDXVHV�� DV� ZHOO� DV� WLPH� LQIRUPDWLRQ�
VXFK�DV�WKH�VWDUW�DQG�WKH�GXUDWLRQ�RI�HDFK�HOHPHQW��,Q�RUGHU�
WR�FUHDWH�YDOLG�VXEWLWOHV��WKH�VWUHDP�RI�WUDQVFULEHG�ZRUGV�LV�
VHJPHQWHG� WR� VHPDQWLFDOO\�PHDQLQJIXO� XQLWV� WKDW� URXJKO\�
FRUUHVSRQG� WR� VHQWHQFHV�� DOWKRXJK� WKH� SURSHU� QRWLRQ� RI�
VHQWHQFH�LV�QRW�DSSOLFDEOH�WR�VSRNHQ�GDWD�DV�LW�LV�WR�ZULWWHQ�
GDWD�� 7KH� GHYHORSPHQW� RI� WKH� VXEWLWOLQJ� HQJLQH� UHTXLUHG�
SHUIHFW� WUDQVFULSW� VHJPHQWDWLRQ� LQWR� FKXQNV� WKDW� ZRXOG�
IHHG� WKH�HQJLQH��7H[W�FRQGHQVDWLRQ� WHFKQLTXHV�KDYH�EHHQ�
DSSOLHG� WR� JROG� �HUURU�IUHH�� WUDQVFULSW� HQULFKHG� ZLWK�
SXQFWXDWLRQ� WKDW� ZDV� WKH� UHVXOW� RI� WKH� DOLJQPHQW� RI� WKH�
VSHHFK�UHFRJQL]HU�RXWSXW�WR�WKH�FRUUHVSRQGLQJ�VFULSW���
������7H[W�FRQGHQVDWLRQ�

7KH� WH[W� FRQGHQVDWLRQ� PRGXOH� LPSOHPHQWV� D� K\EULG�
approach that combines the following modules (Hothker, 
HW�DO����������
��� /RRNXS� IURP� D� WDEOH� RI� SDUDSKUDVHV�� H[WUDFWHG� VHPL�
DXWRPDWLFDOO\� IURP� DYDLODEOH� WUDQVFULSWV� DQG� WKHLU� KDQG�
PDGH�VXEWLWOHV���3UDJPDWLF�$SSURDFK���
��� +DQG�FUDIWHG� GHOHWLRQ� UXOHV� �/LQJXLVWLF� $SSURDFK���
7KHVH� UXOHV� XVH� DV� LQIRUPDWLRQ�� D� VKDOORZ�SDUVH� RI� WKH�
VHJPHQWV�DQG�VXUSULVH�YDOXHV�IRU�HDFK�ZRUG��FRPSXWHG�RQ�
WKH�EDVLV�RI�D�ODUJH�WH[W�FRUSXV��

)LUVW�WKH�SUDJPDWLF�PRGXOH�LV�LQYRNHG�DQG�LI�LW�FDQQRW�
DFKLHYH�WKH�UHTXLUHG�FRQGHQVDWLRQ��WKH�OLQJXLVWLF�DSSURDFK�
PRGXOH� LV� DFWLYDWHG�� *LYHQ� WKDW� VRPHWLPHV� WKH�
FRQGHQVDWLRQ� FRQVWUDLQWV� DUH� IDLUO\� ZHDN�� SDUDSKUDVHV�
SURYLGH�D�UHOLDEOH�DQG�DFFXUDWH�ZD\�RI�DFKLHYLQJ�VHQWHQFH�
FRPSUHVVLRQ�� ([DPSOHV� LQFOXGH�� >:LWKLQ� WKH� QH[W� IHZ�
\HDUV��!�6RRQ��'XULQJ�WKH�\HDUV�ZKHQ��!�:KLOH��:KHWKHU�
RU�QRW��!�,I�@���

7KH� SDUDSKUDVHV� XVHG� E\� WKH� SUDJPDWLF� PRGXOH� ZHUH�
GHULYHG� IURP� WKH� DFWXDO� %%&� GDWD�� )RU� WKLV� SXUSRVH� WKH�
WUDQVFULSWV� RI� ��� GRFXPHQWDULHV� �a���.� ZRUGV�� ZHUH�
DXWRPDWLFDOO\�DOLJQHG�RQ�VHQWHQFH�OHYHO�ZLWK�WKHLU�VXEWLWOHV�
LQ�WKH�FRUUHVSRQGLQJ�VXEWLWOH�ILOHV��7KLV�ZDV�GRQH�XVLQJ�DQ�
DOJRULWKP� GHYHORSHG� LQ� WKH� IUDPHZRUN� RI� WKH� $WUDQRV�
SURMHFW��7MRQJ�.LP�6DQJ���������7KH�DOLJQPHQW�DOJRULWKP�
HVWLPDWHV� WKH� SUREDELOLW\� WKDW� VHQWHQFHV� EHORQJ� WRJHWKHU�
EDVHG�RQ�WKH�ZRUGV�WKDW�WKH\�FRQWDLQ��7KH�V\VWHP�EHQHILWV�
IURP�PDNLQJ� VHYHUDO� SDVVHV� RYHU� WKH� GDWD�� �7R�PLQLPLVH�
WKH� QXPEHU� RI�PLVDOLJQPHQWV�� ZH� FKHFNHG� DOLJQPHQWV� LQ�
ZKLFK�WKH�UDWLR�RI�WUDQVFULSW�ZRUGV�ZLWK�QR�FRXQWHUSDUW�LQ�
WKH�VXEWLWOLQJ�VHQWHQFH�H[FHHGHG�D�WKUHVKROG��

)RU� HYHU\� WUDQVFULSW�VXEWLWOH� SDLU�� D� ZRUG� DOLJQPHQW�
ZDV� SHUIRUPHG� E\� OLQNLQJ� LGHQWLFDO� ZRUGV� LQ� WKH� WZR�
DOLJQPHQW�SDUWV��,I� WKH�ZRUG�VHTXHQFHV�EHWZHHQ�WZR�VXFK�
DQFKRUV� LQ� WKH� WUDQVFULSW� DQG� WKH� VXEWLWOH� ZHUH� GLIIHUHQW��
WKH� SDLU� ZDV� DGGHG� WR� WKH� OLVW� RI� SDUDSKUDVH� FDQGLGDWHV��
3DUDSKUDVH� FDQGLGDWHV� ZHUH� PDQXDOO\� FKHFNHG� WR� GHFLGH�
ZKLFK�RI�WKHP�ZHUH�VXLWDEOH�IRU�RXU�SXUSRVHV��UHVXOWLQJ�LQ�
�����HQWULHV�IRU�WKH�FXUUHQW�SDUDSKUDVH�WDEOH��6HH�%DU]LOD\�
HW� DO�� ������� DQG� /LQ� DQG� 3DQWHO�� ������� IRU� VLPLODU�
DSSURDFKHV���

3DUDSKUDVHV� DUH� DSSOLHG� LQ� QR� SDUWLFXODU� RUGHU�� VLQFH�
WKH\�GR�QRW�FKDQJH�WKH�FRQWHQW�RI�D�VHQWHQFH��7KH�ORRNXS�
SURFHVV� LV� UHSHDWHG� XQWLO� HLWKHU� FRPSUHVVLRQ� UDWHV� DUH�
VDWLVILHG�RU�QR�PRUH�SDUDSKUDVHV�DUH�IRXQG��$IWHU�WKDW�WKH�
VHJPHQW�LV�VKDOORZ�SDUVHG�ZLWK�0%63��'DHOHPDQV�HW�DO���
������%XFKKRO]�HW�DO���������7KLV�LV�QHFHVVDU\�HYHQ�LI�QR�
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FRPSUHVVLRQ� LV� UHTXLUHG�� VLQFH� OLQJXLVWLF� LQIRUPDWLRQ� LV�
SDVVHG�WR�WKH�VXEWLWOLQJ�HGLWLQJ�PRGXOH�WR�DLG�WKH�GHFLVLRQ�
ZKHUH� WR� VSOLW� D� VXEWLWOH�� ,I�PRUH� FRPSUHVVLRQ� LV� QHHGHG��
WKH� UXOH�EDVHG� PRGXOH� LV� FDOOHG�� 7KLV� PRGXOH� XVHV� WKH�
OLQJXLVWLF� DQQRWDWLRQ� WR� PDUN� SDUWV� RI� WKH� VHQWHQFHV� WKDW�
FDQ� EH� GHOHWHG� ZLWKRXW� DIIHFWLQJ� WKH� V\QWDFWLFDO�
FRUUHFWQHVV� RI� WKH� VHJPHQW�� ([DPSOHV� IRU� VXFK� GHOHWLRQV�
DUH� DGYHUEV�� SUHSRVLWLRQDO� SKUDVHV� HWF�� 7KH� GLIIHUHQW�
VXJJHVWLRQV� DUH� UDWHG� LQ� RUGHU� WR� ILUVW� GHOHWH� WKH� OHVV�
LQIRUPDWLYH�VHFWLRQV�DQG�GHOHWH�PRUH�LPSRUWDQW�SDUWV�RQO\�
LI� QHFHVVDU\�� 7R� HVWLPDWH� WKH� LPSRUWDQFH� RI� ZRUG�
VHTXHQFHV� ZH� XVHG� WKH� %1&�� 7KH� VXUSULVH� YDOXH� IRU� D�
ZRUG� LV� GHWHUPLQHG� E\� WKH� ORJ�OLNHOLKRRG� RI� LWV� XQLJUDP�
IUHTXHQF\�LQ�WKLV�FRUSXV��7R�FRPSXWH�WKH�LQIRUPDWLYHQHVV�
RI�D�VHTXHQFH�RI�ZRUGV�ZH�FDOFXODWH� WKH�DYHUDJH�VXUSULVH�
YDOXH� RI� DOO� LWV� FRQWHQW� ZRUGV�� :H� NHHS� GHOHWLQJ�
VXEVHQWHQFHV�XQWLO�HLWKHU�FRPSUHVVLRQ�UDWHV�DUH�VDWLVILHG�RU�
QR�VXJJHVWLRQV�DUH�OHIW��
����7UDQVODWLRQ�GDWD�

7KH� WUDQVODWLRQ� VXEV\VWHP� RI� 086$� LQWHJUDWHV� WKH�
7U$,'� WUDQVODWLRQ� PHPRU\� FRPSRQHQW� ZLWK� WKH�
6<675$1� PDFKLQH� WUDQVODWLRQ� HQJLQH�� 7R� SRSXODWH� WKH�
WUDQVODWLRQ� PHPRU\� PRGXOH� GDWDEDVHV�� (QJOLVK�*UHHN�
VXEWLWOH� ILOHV� KDYH� EHHQ� DOLJQHG� XVLQJ� WKH� 7U$,'� DOLJQHU�
WRRO�DQG�ORDGHG�LQ�WKH�WUDQVODWLRQ�PHPRU\�GDWDEDVH�

&XVWRPLVDWLRQ� RI� WKH� OH[LFDO� UHVRXUFHV� RI� WKH�
WUDQVODWLRQ� VXEV\VWHP� FRQVLVWHG� LQ� D�� FXVWRPL]DWLRQ� E\�
VHOHFWLRQ� RI� WKH� V\VWHP� GLFWLRQDULHV� DSSURSULDWH� WR� WKH�
FRQWHQW�� DQG� E�� FXVWRPL]DWLRQ� E\� FUHDWLRQ� RI� H[WHUQDO�WR�
WKH� V\VWHP� GLFWLRQDULHV�� 7KH� HQWULHV� RI� WKH� WUDQVODWLRQ�
GLFWLRQDULHV� LQ� TXHVWLRQ� DUH�� D�� QRW� IRXQG� ZRUGV� �1):���
i.e. missing words from the system’s lexical resources, b) 
GR� QRW� WUDQVODWH� HQWULHV� �'17��� L�H�� SURSHU� QRXQV� DQG�
IUR]HQ� VHTXHQFHV� WKDW� PXVW� QRW� EH� WUDQVODWHG�� DQG� F��
WHUPLQRORJLFDO� GLFWLRQDULHV�� 7KH� ILUVW� WZR� ZHUH� H[WUDFWHG�
IURP�WKH�%%&�FRUSXV�DQG�HQULFKHG�E\�WKH�IHHGEDFN�RI�WKH�
DXWRPDWLF� VSHHFK� UHFRJQLWLRQ� FRPSRQHQW�� HVSHFLDOO\�
UHJDUGLQJ� SURSHU� QDPHV�� 7KHVH� HQWULHV� KDYH� EHHQ� FRGHG�
ZLWK� HOHPHQWDU\� JUDPPDWLFDO� LQIRUPDWLRQ� DQG� WDNHQ� WKH�
IRUP� RI� D� WH[WXDO� ELOLQJXDO� GLFWLRQDU\� UHDG\� IRU�
FRPSLODWLRQ�� ,Q� WKH� FRPSLOHG� YHUVLRQ� OH[LFDO� HQWULHV� DUH�
HQULFKHG� ZLWK� PRUH� PRUSKRV\QWDFWLF� DQG� VHPDQWLF�
SURSHUWLHV� UHQGHULQJ� WKHLU� LQWHJUDWLRQ� LQWR� WKH� WUDQVODWLRQ�
RXWSXW�DFFXUDWH���

7HUPLQRORJLFDO� GLFWLRQDULHV� ZHUH� REWDLQHG� DV� D� UHVXOW�
RI�H[SORLWDWLRQ�RI�WKH�DOLJQHG�ELOLQJXDO�VXEWLWOH�ILOHV��7KHVH�
ZHUH�SURFHVVHG�XVLQJ�WKH�7U$,'�ELOLQJXDO�WHUP�H[WUDFWLRQ�
WRROV�DQG�UHVXOWHG�LQ� WKH�H[WUDFWLRQ�RI�H�J��������(QJOLVK�
*UHHN� OH[LFDO� HTXLYDOHQFHV�� 7KH�086$� SDUDOOHO� DOLJQHG�
FRUSXV�FRQVLVWHG�RI�����VXEWLWOH� ILOHV��2Q�RQH�VLGH�RI� WKH�
FRUSXV��H�J��*UHHN��D�WHUP�H[WUDFWRU�ZDV�DSSOLHG�SURGXFLQJ�
D�OLVW�RI�FDQGLGDWH�WHUPV��7KLV�OLVW�ZDV�VXEVHTXHQWO\�IHG�WR�
WKH�7U$,'�ELOLQJXDO�FRQFRUGDQFLQJ�WRRO��$QWRQRSRXORV�HW�
DO��������H[WUDFWLQJ�DOO�(QJOLVK�WUDQVODWLRQ�HTXLYDOHQWV��$W�
WKH� HQG�� DOO� DXWRPDWLFDOO\� SURGXFHG� UHVXOWV� ZHUH� KDQG�
YDOLGDWHG�� 7KHVH� WHUPV� ZHUH� XVHG� WR� XSGDWH� WKH�
WHUPLQRORJLFDO�DQG�OH[LFDO�UHVRXUFHV��LQFOXGLQJ�HQWULHV�WKDW�
ZHUH�QRW�IRXQG�LQ�GLFWLRQDULHV��WKDW�WKH�WUDQVODWLRQ�V\VWHP�
XWLOL]HV�LQ�RUGHU�WR�DGYDQFH�LWV�WUDQVODWLRQ�DFFXUDF\���

7UDQVODWHG� VXEWLWOHV� DUH� OLQJXLVWLFDOO\� DQQRWDWHG�
IROORZLQJ� WKH� SULQFLSOHV� RXWOLQHG� LQ� VHFWLRQ� ������� 7KH�
,/63� OLQJXLVWLF� SURFHVVLQJ� WRROV� �3DSDJHRUJLRX� HW� DO��
������%RXWVLV�HW�DO��������DUH�XVHG� IRU�DQQRWDWLQJ�*UHHN�

WUDQVODWHG� VXEWLWOHV�� ZKLOH� IRU� )UHQFK� WKH� 6\VWUDQ� WRROV�
KDYH�EHHQ�WULHG��

7KH� UHVRXUFHV� LQIUDVWUXFWXUH� F\FOH� FRPSOHWHV� ZLWK�
ELEOLRJUDSKLF� GDWD� IRU� HDFK� EURDGFDVW� WKDW�� DV� ZHOO� DV�
DQQRWDWLRQV� IURP� DOO� VRIWZDUH� FRPSRQHQWV�� DUH� VWRUHG� LQ�
;0/�GRFXPHQWV��7KH� ILQDO�RXWSXW� LV�FRQYHUWHG� LQWR� ILOHV�
WKDW� REH\� WKH� (XURSHDQ� %URDGFDVW� 8QLRQ� VXEWLWOH� ILOH�
VSHFLILFDWLRQV��(XURSHDQ�%URDGFDVWLQJ�8QLRQ���������
�
$FNQRZOHGJHPHQW�
7KLV� ZRUN� KDV� EHHQ� VXSSRUWHG� E\� WKH� ,67������������
086$�SURMHFW����

5HIHUHQFHV��
$QWRQRSRXORV�� 9��� 0DODYD]RV�� &��� 7ULDQWDI\OORX�� ,���
3LSHULGLV�� 6��� ������� (QKDQFLQJ� 7UDQVODWLRQ� 6\VWHPV�
ZLWK� %LOLQJXDO� &RQFRUGDQFLQJ� )XQFWLRQDOLWLHV��
:RUNVKRS� RQ� %DONDQ� /DQJXDJH� 5HVRXUFHV� DQG� 7RROV��
*UHHFH�KWWS���LLW�GHPRNULWRV�JU�VNHO�EFL��BZRUNVKRS�SD
JHV�SURJUDPPH�KWPO��

%DU]LOD\�� 5�� 	� 0F.HRZQ�� .�� �������� ([WUDFWLQJ�
3DUDSKUDVHV� IURP� D�3DUDOOHO�&RUSXV�� LQ� 3URFHHGLQJV� RI�
$&/�($&/�

%RXWVLV�� 6��� 3�� 3URNRSLGLV�� 9�� *LRXOL� 	� 3LSHULGLV�� 6��
������� $� 5REXVW� 3DUVHU� IRU� 8QUHVWULFWHG� *UHHN� 7H[W���
3URFHHGLQJV� RI� WKH� �QG� /5(&� &RQIHUHQFH�� �SS�� ����
������$WKHQV��*UHHFH��

%XFKKRO]�� 6��� 9HHQVWUD�� -�� 	� 'DHOHPDQV�� :�� �������
&DVFDGHG� *UDPPDWLFDO� 5HODWLRQ� $VVLJQPHQW�� ,Q��
3URFHHGLQJV� RI� (01/3�9/&����� 8QLYHUVLW\� RI�
0DU\ODQG��86$��-XQH�������

'DHOHPDQV�� :��� %XFKKRO]�� 6��� 9HHQVWUD�� -�� �������
0HPRU\�%DVHG� 6KDOORZ� 3DUVLQJ�� LQ� 3URFHHGLQJV� RI�
&R1//�����%HUJHQ��1RUZD\��-XQH����

'HPLURV�� ,��� 9DQURRVH�� 3��� 'DHOHPDQV�� :��� 6NODYRXQRX��
(���3URNRSLGLV��3���3LSHULGLV��6����������086$�SURMHFW���
'������'HVFULSWLRQV�RI�WKH�VRIWZDUH�FRPSRQHQW�PRGXOHV�
DQG�WHFKQLFDO�VSHFLILFDWLRQV�IRU�WKHLU�LQWHJUDWLRQ�

(XURSHDQ�%URDGFDVWLQJ�8QLRQ���������6SHFLILFDWLRQ�RI�WKH�
(%8�6XEWLWOLQJ�GDWD�H[FKDQJH�IRUPDW��7(&+�������(��

Hothker, A., Daelemans, W., Demiros, I., Piperidis, S., 
������� � 086$� SURMHFW�� '���� ,QLWLDO� SURWRW\SH� RI� WKH�
6XEWLWOLQJ�FRUH�HQJLQH�
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