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�

1DPHG�HQWLWLHV� �1(�� FRQVWLWXWH� VLJQLILFDQW� SDUW� RI�
QDWXUDO�ODQJXDJH�WH[WV�DQG�DUH�ZLGHO\�H[SORLWHG�LQ�YDULRXV�
1/3�DSSOLFDWLRQV��$OWKRXJK�FRQVLGHUDEOH�ZRUN�RQ�QDPHG�
HQWLW\� UHFRJQLWLRQ� �1(5�� IRU� IHZ�PDMRU� ODQJXDJHV�H[LVWV��
UHVHDUFK� RQ� WKLV� WRSLF� LQ� WKH� FRQWH[W� RI� 6ODYRQLF�
ODQJXDJHV � �KDV�EHHQ�DOPRVW�QHJOHFWHG��6RPH�1(5�V\VWHPV�
IRU� %XOJDULDQ� DQG� 5XVVLDQ� FRQVWUXFWHG� E\� DGDSWLQJ� WKH�
IDPRXV� LQIRUPDWLRQ� H[WUDFWLRQ� SODWIRUP� *$7(�
�&XQQLQJKDP�HW�DO���������ZHUH�SUHVHQWHG�DW�D�UHFHQW�,(6/�
ZRUNVKRS� �&XQQLQJKDP� HW� DO�� ������� ,Q� WKLV� SDSHU�� ZH�
SUHVHQW�VRPH�DWWHPSWV�WRZDUGV�FRQVWUXFWLQJ�D�1(5�V\VWHP�
IRU�3ROLVK�� EXLOW� RQ� WRS�RI�63UR87 � � �%HFNHU� HW� DO���������
'UR G \ VNL�HW�DO����������D�QRYHO�JHQHUDO�SXUSRVH�PXOWL�
OLQJXDO�1/3�SODWIRUP�DQG�E\�GHSOR\LQJ�VWDQGDUG�PDFKLQH�
OHDUQLQJ� WHFKQLTXHV�� 3ROLVK� LV� D�:HVW� 6ODYRQLF� ODQJXDJH�
DQG�� DQDORJRXVO\� WR� RWKHU� ODQJXDJHV� LQ� WKH� JURXS�� LW�
H[KLELWV� D� KLJKO\� LQIOHFWLRQDO� FKDUDFWHU� �H�J��� QRXQV� DQG�
DGMHFWLYHV�GHFOLQH�LQ�VHYHQ�FDVHV��DQG�KDV�D�UHODWLYHO\�IUHH�
ZRUG�RUGHU� � ZLG]L VNL� DQG� 6DORQL�� ������� 'XH� WR� WKHVH�
VSHFLILFV� DQG� JHQHUDO� ODFN� RI� OLQJXLVWLF� UHVRXUFHV� IRU�
3ROLVK�� FRQVWUXFWLRQ� RI� D� 1(5� V\VWHP� IRU� 3ROLVK� LV� DQ�
LQWULJXLQJ�WDVN��

���63UR87�
����6\VWHP�RYHUYLHZ�
�
$QDORJRXVO\�WR�WKH�ZLGHO\�NQRZQ�*$7(�V\VWHP��63UR87�
LV�HTXLSSHG�ZLWK�D�VHW�RI�UHXVDEOH�8QLFRGH�FDSDEOH�RQOLQH�
SURFHVVLQJ� FRPSRQHQWV� IRU� EDVLF� OLQJXLVWLF� RSHUDWLRQV��
LQFOXGLQJ� WRNHQL]DWLRQ�� VHQWHQFH� VSOLWWLQJ�� PRUSKRORJLFDO�
DQDO\VLV��JD]HWWHHU� ORRNXS��DQG�UHIHUHQFH�PDWFKLQJ��6LQFH�
W\SHG�IHDWXUH�VWUXFWXUHV��7)6��DUH�XVHG�DV�D�XQLIRUP�GDWD�
VWUXFWXUH�IRU�UHSUHVHQWLQJ�WKH� LQSXW�DQG�RXWSXW�E\�HDFK�RI�
WKHVH�SURFHVVLQJ�UHVRXUFHV��WKH\�FDQ�EH�IOH[LEO\�FRPELQHG�
LQWR� D� SLSHOLQH� WKDW� SURGXFHV� VHYHUDO� VWUHDPV� RI�
OLQJXLVWLFDOO\�DQQRWDWHG�VWUXFWXUHV��ZKLFK�VHUYH�DV�DQ�LQSXW�
IRU� WKH� VKDOORZ� JUDPPDU� LQWHUSUHWHU�� DSSOLHG� DW� WKH� QH[W�
VWDJH���
������������������������������������������������������� �6ODYRQLF�ODQJXDJHV�FRQVWLWXWH�D�ODUJH�JURXS�RI�WKH�
,QGRHXURSHDQ�ODQJXDJH�IDPLO\�DQG�DUH�IXUWKHU�VSOLW�LQWR�:HVW��
(DVW�DQG�6RXWK�6ODYRQLF�VXEJURXSV���� �63UR87�–�6KDOORZ�3URFHVVLQJ�ZLWK�7\SHG�)HDWXUH�6WUXFWXUHV�
DQG�8QLILFDWLRQ��

7KH�JUDPPDU�IRUPDOLVP�LQ�63UR87�LV�D�EOHQG�RI�YHU\�
HIILFLHQW� ILQLWH�VWDWH� WHFKQLTXHV� DQG� XQLILFDWLRQ�EDVHG�
IRUPDOLVPV� ZKLFK� DUH� NQRZQ� WR� JXDUDQWHH� WUDQVSDUHQF\�
DQG� H[SUHVVLYHQHVV�� 7R� EH� PRUH� SUHFLVH�� D� JUDPPDU� LQ�
63UR87�FRQVLVWV�RI�SDWWHUQ�DFWLRQ�UXOHV��ZKHUH�WKH�/+6�RI�
D� UXOH� LV� D� UHJXODU� H[SUHVVLRQ� RYHU� 7)6V�ZLWK� IXQFWLRQDO�
RSHUDWRUV� DQG� FRUHIHUHQFHV�� UHSUHVHQWLQJ� WKH� UHFRJQLWLRQ�
SDWWHUQ��DQG�WKH�5+6�RI�D�UXOH�LV�D�7)6�VSHFLILFDWLRQ�RI�WKH�
RXWSXW� VWUXFWXUH��&RUHIHUHQFHV� H[SUHVV� VWUXFWXUDO� LGHQWLW\��
FUHDWH�G\QDPLF�YDOXH�DVVLJQPHQWV��DQG�VHUYH�DV�PHDQV�RI�
LQIRUPDWLRQ� WUDQVSRUW� LQWR� WKH� RXWSXW� GHVFULSWLRQV��
)XQFWLRQDO� RSHUDWRUV � � SURYLGH� D� JDWHZD\� WR� WKH� RXWVLGH�
ZRUOG�� DQG� WKH\� DUH� SULPDULO\� XWLOL]HG� IRU� IRUPLQJ� WKH�
RXWSXW� RI� D� UXOH� �H�J��� FRQFDWHQDWLRQ� RI� VWULQJV�� DQG� IRU�
LQWURGXFLQJ�FRPSOH[�FRQVWUDLQWV�LQ�WKH�UXOHV��WKH\�FDQ�DFW�
DV�SUHGLFDWHV� WKDW�SURGXFH�%RROHDQ�YDOXHV���)XUWKHUPRUH��
JUDPPDU�UXOHV�FDQ�EH�UHFXUVLYHO\�HPEHGGHG��ZKLFK�LQ�IDFW�
SURYLGHV�JUDPPDULDQV�ZLWK�D�FRQWH[W�IUHH�IRUPDOLVP��7KH�
IROORZLQJ�UXOH�IRU�WKH�UHFRJQLWLRQ�RI�SUHSRVLWLRQDO�SKUDVHV�
JLYHV�DQ�LGHD�RI�WKH�V\QWD[�RI�WKH�JUDPPDU�IRUPDOLVP��
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where #core_np=Append(#noun1,” “,# @���G�@�IWE+X
�
7KH�ILUVW�7)6�PDWFKHV�D�SUHSRVLWLRQ��,W�LV�IROORZHG�E\�]HUR�
RU� PRUH� DGMHFWLYHV�� )LQDOO\�� RQH� RU� WZR� QRXQ� LWHPV� DUH�
FRQVXPHG�� 7KH� YDULDEOHV� �F�� �Q�� �J� HVWDEOLVK�
FRUHIHUHQFHV� H[SUHVVLQJ� WKH� DJUHHPHQW� LQ� FDVH�� QXPEHU��
DQG� JHQGHU� IRU� DOO� PDWFKHG� LWHPV� �H[FHSW� IRU� WKH� LQLWLDO�
SUHSRVLWLRQ�LWHP�ZKLFK�VROHO\�DJUHHV�LQ�FDVH�ZLWK�WKH�RWKHU�
LWHPV���7KH�5+6�RI�WKH�UXOH�WULJJHUV�WKH�FUHDWLRQ�RI�D�7)6�
������������������������������������������������������Y �63UR87�FRPHV�ZLWK�D�VHW�RI�FLUFD����SUHGHILQHG�IXQFWLRQDO�
RSHUDWRUV��



RI� W\SH� SKUDVH�� ZKHUH� WKH� VXUIDFH� IRUP� RI� WKH� PDWFKHG�
SUHSRVLWLRQ� LV� WUDQVSRUWHG� LQWR� WKH� FRUUHVSRQGLQJ� VORW� YLD�
WKH�YDULDEOH��SUHS��$�YDOXH�IRU�WKH�DWWULEXWH� '���#�( B - � � LV�
FUHDWHG� WKURXJK� D� FRQFDWHQDWLRQ� RI� WKH� PDWFKHG� QRXQV�
�YDULDEOHV��QRXQ�� DQG��QRXQ���� 7KLV� LV� UHDOL]HG� YLD� D�
FDOO� WR� D� IXQFWLRQDO� RSHUDWRU� FDOOHG� $SSHQG�� *UDPPDUV�
FRQVLVWLQJ�RI�VXFK�UXOHV�DUH�FRPSLOHG�LQWR�H[WHQGHG�ILQLWH�
VWDWH� QHWZRUNV�ZLWK� ULFK� ODEHO� GHVFULSWLRQV� �7)6V��� 6LQFH�
IXOO\�VSHFLILHG�7)6V�XVXDOO\�GR�QRW�DOORZ�IRU�PLQLPL]DWLRQ�
DQG� HIILFLHQW� SURFHVVLQJ� RI� VXFK� QHWZRUNV�� D� KDQGIXO� RI�
PHWKRGV� JRLQJ� EH\RQG� VWDQGDUG� ILQLWH�VWDWH� WHFKQLTXHV�
KDYH� EHHQ� GHSOR\HG� WR� UHPHG\� WKLV� SUREOHP� �.ULHJHU� 	�
3LVNRUVNL���������

63roUTs’ shallow grammar interpreter comes with 
VRPH� DGGLWLRQDO� IXQFWLRQDOLWLHV�� LQFOXGLQJ� UXOH�
SULRULWL]DWLRQ��RXWSXW�PHUJLQJ�PHFKDQLVP��%XVHPDQQ�DQG�
.ULHJHU���������DQG�UHIHUHQFH�PDWFKLQJ�WRRO��ZKLFK�FDQ�EH�
DFWLYDWHG� RQ� GHPDQG�� 7KH� ODWWHU� WRRO� WDNH� DV� LQSXW� WKH�
RXWSXW� VWUXFWXUHV� JHQHUDWHG� E\� WKH� LQWHUSUHWHU�� SRWHQWLDOO\�
FRQWDLQLQJ� XVHU�GHILQHG� LQIRUPDWLRQ� RQ� YDULDQWV� RI� WKH�
UHFRJQL]HG�HQWLWLHV�IRU�FHUWDLQ�1(�FODVVHV��DQG�SHUIRUPV�DQ�
DGGLWLRQDO� SDVV� WKURXJK� WKH� WH[W�� LQ� RUGHU� WR� GLVFRYHU�
PHQWLRQV� RI� SUHYLRXVO\� UHFRJQL]HG� HQWLWLHV Z �� 7KH� YDULDQW�
VSHFLILFDWLRQ� LV� GRQH� H[SOLFLWO\� E\� GHILQLQJ� DGGLWLRQDO�
DWWULEXWHV�� H�J��� [ %�# , % - R �� RQ� WKH� 5+6� RI� JUDPPDU� UXOHV��
ZKLFK�FRQWDLQ�D�OLVW�RI�DOO�YDULDQW�IRUPV��H�J���REWDLQHG�E\�
FRQFDWHQDWLQJ�VRPH�RI�WKH�FRQVWLWXHQWV�RI�WKH�IXOO�QDPH����
����$GRSWLQJ�63UR87�WR�WKH�3URFHVVLQJ�RI�3ROLVK�
�
6LQFH�63UR87�SURYLGHV� VRPH� OLQJXLVWLF� UHVRXUFHV� IRU� WKH�
SURFHVVLQJ� FRPSRQHQWV� IRU� *HUPDQLF� DQG� 5RPDQ�
ODQJXDJHV��ZH�FRXOG�H[SORLW�WKHVH�UHVRXUFHV�LQ�WKH�SURFHVV�
RI� ILQH�WXQLQJ� 63UR87� WR� SURFHVVLQJ� 3ROLVK� Z�U�W�� 1(5��
,QLWLDOO\�� WKH�SURYLGHG�WRNHQL]HU�UHVRXUFHV�FRXOG�EH�HDVLO\�
DGRSWHG�E\�H[WHQGLQJ�WKH�FKDUDFWHU�VHW�ZLWK�VRPH�VSHFLILF�
3ROLVK� FKDUDFWHUV� DQG� DGMXVWLQJ� VRPH� RI� FLUFD� ���
SUHGHILQHG� WRNHQ� FODVVHV�� 6XEVHTXHQWO\�� 0RUIHXV]�� D�
PRUSKRORJLFDO�DQDO\]HU�IRU�3ROLVK�ZKLFK�XVHV�D�ULFK�WDJVHW�
EDVHG� RQ� ERWK� PRUSKRORJLFDO� DQG� V\QWDFWLF� FULWHULD�
�3U]HSLyUNRZVNL�DQG�:ROL VNL��������KDV�EHHQ�LQWHJUDWHG��
,W� LV� FDSDEOH� RI� UHFRJQL]LQJ� FLUFD� ���������� 3ROLVK�
FRQWHPSRUDU\� ZRUG� IRUPV�� 6RPH� ZRUN� KDV� EHHQ�
DFFRPSOLVKHG� LQ� RUGHU� WR� LQIHU� DGGLWLRQDO� LPSOLFLW�
LQIRUPDWLRQ� �H�J��� WHQVH�� KLGGHQ� LQ� WKH� WDJV� JHQHUDWHG� E\�
0RUIHXV]���

([WHQVLYH� JD]HWWHHUV� FRQVWLWXWH� DQ� HVVHQWLDO� UHVRXUFH�
LQ� D� UXOH�EDVHG� 1(5� V\VWHP�� 7KHUHIRUH�� VRPH� ZRUN� KDV�
IRFXVHG� RQ� DFTXLVLWLRQ� RI� VXFK� UHVRXUFHV�� $SDUW� IURP�
DGDSWLQJ� D� VXEVHW� RI� FLUFD� ������� JD]HWWHHU� HQWULHV� IRU�
*HUPDQLF� ODQJXDJHV� �PDLQO\� ILUVW� QDPHV�� ORFDWLRQV��
RUJDQL]DWLRQV���ZKLFK�DSSHDU� LQ�3ROLVK� WH[WV��ZH�DFTXLUHG�
DGGLWLRQDO� ODQJXDJH�VSHFLILF� UHVRXUFHV� IURP� YDULRXV�:HE�
VRXUFHV�� )XUWKHU�� ZH� PDQXDOO\� DQG� VHPL�DXWRPDWLFDOO\�
SURGXFHG�DOO�RUWKRJUDSKLF�DQG�PRUSKRORJLFDO�YDULDQWV� IRU�
WKH� VXEVHW� RI� WKH� DFTXLUHG� JD]HWWHHU� UHVRXUFHV� �H�J��� ZH�
LPSOHPHQWHG�D�EUXWH�IRUFH�DOJRULWKP�ZKLFK�JHQHUDWHV�IXOO�
GHFOHQVLRQ� RI� ILUVW� QDPHV��� 6LQFH� 63UR87� DOORZV� IRU�
DVVRFLDWLQJ� JD]HWWHHU� HQWULHV� ZLWK� D� OLVW� RI� DUELWUDU\�
DWWULEXWH�YDOXH�SDLUV�� WKH�FUHDWHG�HQWULHV�ZHUH�DGGLWLRQDOO\�
HQULFKHG� ZLWK� VHPDQWLF� WDJV� DQG� VRPH� EDVLF�
������������������������������������������������������\ �7KH�VL]H�RI�WKH�FRQWH[WXDO�IUDPH��H�J���D�SDUDJUDSK��IRU�WUDFNLQJ�
HQWLW\�PHQWLRQV�LV�SDUDPHWUL]DEOH�

PRUSKRORJLFDO� LQIRUPDWLRQ�� H�J��� IRU� WKH� ZRUG� IRUP�
‘$UJHQW\Q\’ (genitive form for $UJHQW\QD�� WKH� IROORZLQJ�
HQWU\�KDV�EHHQ�FUHDWHG���
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7KH� FUHDWHG� ODQJXDJH�VSHFLILF� UHVRXUFHV� DUH� VXPPDUL]HG�
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)LJXUH����/DQJXDJH�VSHFLILF�JD]HWWHHU�HQWULHV�
�
6LQFH�SURGXFLQJ� DOO� YDULDQW� IRUPV� LV� D� ODERULRXV� MRE�� DQG�
EHFDXVH� WKH� SURFHVV� RI� FUHDWLQJ� QHZ� QDPHV� LV� YHU\�
SURGXFWLYH��D�IXUWKHU�ZD\�RI�HVWDEOLVKLQJ�D�EHWWHU�LQWHUSOD\�
EHWZHHQ� WKH� JD]HWWHHU� DQG� WKH� PRUSKRORJ\� PRGXOH� ZDV�
DFKLHYHG�WKURXJK�DQ�H[WHQVLRQ�RI�WKH�JD]HWWHHU�SURFHVVLQJ�
PRGXOH� VR�DV� WR�DFFHSW� OHPPDWL]HG� WRNHQV�DV� LQSXW��7KLV�
VROXWLRQ�LV�EHQHILFLDO�LQ�FDVH�RI�VLQJOH�ZRUG�1(V�FRYHUHG�
E\� WKH� PRUSKRORJLFDO� FRPSRQHQW�� +RZHYHU�� VLQFH�
GHFOHQVLRQ�RI�PXOWL�ZRUG�1(V� LQ�3ROLVK� LV�YHU\�FRPSOH[��
DQG� IUHTXHQWO\� VRPH� RI� WKH� ZRUGV� WKH\� FRPSULVH� RI� DUH�
XQNQRZQ�� WKH� QH[W� WHFKQLTXH� IRU� ERRVWLQJ� WKH� JD]HWWHHU�
H[SORLWV� WKH� JUDPPDU� IRUPDOLVP� LWVHOI� E\� LQWURGXFLQJ�
63UR87� UXOHV� IRU� WKH� H[WUDFWLRQ�� OHPPDWL]DWLRQ� DQG�
JHQHUDWLRQ� RI� GLYHUVH� YDULDQWV� RI� WKH� VDPH� 1(� IURP� WKH�
DYDLODEOH�WH[W�FRUSRUD���

7KH� HVVHQWLDO� LQIRUPDWLRQ� IRU� FUHDWLRQ� RI� YDULDQWV�
FRPHV� IURP� WKH� FRUUHFW� OHPPDWL]DWLRQ� RI� SURSHU� QDPHV��
ZKLFK� LV�D�FKDOOHQJLQJ� WDVN�ZLWK� UHJDUG� WR�3ROLVK��/HW� XV�
EULHIO\�DGGUHVV�OHPPDWL]DWLRQ�RI�SHUVRQ�QDPHV��,Q�JHQHUDO��
ERWK� ILUVW� QDPH� DQG� VXUQDPH� RI� D� SHUVRQ� XQGHUJR�
GHFOHQVLRQ�� /HPPDWL]DWLRQ� RI� ILUVW� QDPHV� LV� KDQGOHG� E\�
WKH�JD]HWWHHU�ZKLFK�SURYLGHV� WKH�PDLQ� IRUPV� �DW� OHDVW� IRU�
WKH� IUHTXHQWO\� XVHG� 3ROLVK� ILUVW� QDPHV��� ZKHUHDV�
OHPPDWL]DWLRQ� RI� VXUQDPHV� LV� D� PRUH� FRPSOH[� WDVN��
)LUVWO\�� ZH� KDYH� LPSOHPHQWHG� D� UDQJH� RI� URXJK� VXUH�ILUH�
UXOHV��H�J���UXOHV�WKDW�FRQYHUW�VXIIL[HV�OLNH�^�VNLHJR���VNLP��
�VNLHPX`� LQWR� WKH� PDLQ�IRUP� VXIIL[� �VNL�� ZKLFK� FRYHUV� D�
VLJQLILFDQW� SDUW� RI� WKH� VXUQDPHV�� 6HFRQGO\�� IRU� VXUQDPHV�
ZKLFK� GR� QRW� PDWFK� DQ\� RI� WKH� VXUH�ILUH� UXOHV�� VOLJKWO\�
PRUH�VRSKLVWLFDWHG�UXOHV�DUH�DSSOLHG�WKDW�WDNH�LQWR�DFFRXQW�
VHYHUDO� IDFWRUV� LQFOXGLQJ�� WKH� SDUW�RI�VSHHFK� RI� WKH�
VXUQDPH��H�J���QRXQ��DGMHFWLYH��RU�XQNQRZQ���JHQGHU�RI�WKH�
VXUQDPH� �LQ� FDVH� LW� LV� SURYLGHG�E\� WKH�PRUSKRORJ\��� DQG�
HYHQ� FRQWH[WXDO� LQIRUPDWLRQ�� VXFK� DV� WKH� JHQGHU� RI� WKH�
SUHFHGLQJ�ILUVW�QDPH��SRVVLEO\�SURYLGHG�E\�WKH�JD]HWWHHU���
)RU� LQVWDQFH�� LI� WKH� JHQGHU� RI� WKH� ILUVW� QDPH� LV� IHPLQLQH�
�H�J��� 6WDQLVáDZD��� DQG� WKH� VXUQDPH� LV� D� PDVFXOLQH� QRXQ�
�H�J��� *U]\E� µPXVKURRP¶��� WKHQ� WKH� VXUQDPH� GRHV� QRW�
XQGHUJR�GHFOHQVLRQ��H�J��PDLQ�IRUP��6WDQLVáDZD�*U]\E�YV��
DFFXVDWLYH�IRUP��6WDQLVáDZ �*U]\E���,I�LQ�WKH�VDPH�FRQWH[W�
WKH� ILUVW� QDPH� LV� PDVFXOLQH� �H�J��� 6WDQLVáDZ��� WKHQ� WKH�
VXUQDPH�ZRXOG� XQGHUJR� GHFOHQVLRQ� �H�J�� QRP��6WDQLVáDZ�
*U]\E� YV�� DFF�6WDQLVáDZD�*U]\ED���2Q� WKH� RWKHU� KDQG�� LI�
WKH� VXUQDPH� LV� DQ� DGMHFWLYH� LW� DOZD\V� GHFOLQHV�� 1R� ODWHU�



WKDQ� QRZ�� FDQ� ZH� ZLWQHVV� KRZ� XVHIXO� WKH� LQIOHFWLRQDO�
LQIRUPDWLRQ� IRU� WKH� ILUVW� QDPHV�SURYLGHG�E\� WKH�JD]HWWHHU�
LV�� $� PD]H� RI� VLPLODU� OHPPDWL]DWLRQ� UXOHV� ZDV� GHULYHG�
IURP� WKH� EL]DUUH� SURSHU� QDPH� GHFOHQVLRQ� SDUDGLJP�
SUHVHQWHG� LQ� �*U]HQLD�� ������� 1HYHUWKHOHVV�� LQ� VHQWHQFHV�
OLNH�� H�J���3RZLDGRPLRQR�ZF]RUDM�ZLHF]RUHP�*��%XVKD�R�
DWDNX ‘[They have informed] [yesterday] [evHQLQJ@� >*��
%XVK@� >DERXW@� >WKH� DWtack]’ , correctly  inferring the main 
IRUP� RI� WKH� VXUQDPH� %XVKD� ZRXOG� DW� OHDVW� LQYROYH� D�
VXEFDWHJRUL]DWLRQ� IUDPH� IRU� WKH� YHUE� SRZLDGRPLü ‘to 
inform’  (it takes accXVDWLYH� 13� DV� DUJXPHQW��� 6LQFH�
VXEFDWHJRUL]DWLRQ� OH[LFD� DUH�QRW�SURYLGHG�� VXFK� FDVHV� DUH�
QRW�FRYHUHG�DW�WKH�PRPHQW��7KH�OHPPDWL]DWLRQ�FRPSRQHQW�
LV� LQWHJUDWHG� LQ�63UR87�VLPSO\�YLD�D� IXQFWLRQDO�RSHUDWRU��
+HQFH��DQ\�H[WHQVLRQV�RU�DGDSWDWLRQV� WR�SURFHVVLQJ�RWKHU�
ODQJXDJHV� Z�U�W�� OHPPDWL]DWLRQ� DUH� VWUDLJKWIRUZDUG��
/HPPDWL]DWLRQ�RI�RUJDQL]DWLRQ�QDPHV�LV�GRQH�LPSOLFLWO\�LQ�
WKH�JUDPPDU�UXOHV�DV�ZH�ZLOO�VHH�LQ�WKH�QH[W�VHFWLRQ��
����1(�JUDPPDU�IRU�3ROLVK�

�
:LWKLQ� WKH� KLJKO\� GHFODUDWLYH� JUDPPDU� SDUDGLJP� RI�
63UR87��ZH�KDYH�GHYHORSHG�JUDPPDUV�IRU�UHFRJQLWLRQ�RI�
08&�OLNH� 1(� W\SHV� �&KLQFKRU� DQG� 5RELQVRQ�� �������
LQFOXGLQJ��SHUVRQV��ORFDWLRQV��RUJDQL]DWLRQV��HWF���

,Q�WKH�ILUVW�VWHS��WR�DYRLGLQJ�VWDUWLQJ�IURP�VFUDWFK��ZH�
UHF\FOHG� VRPH� RI� WKH� H[LVWLQJ�1(�JUDPPDUV� IRU�*HUPDQ�
DQG�(QJOLVK�YLD�VLPSO\�VXEVWLWXWLQJ�FUXFLDO�NH\ZRUGV�ZLWK�
WKHLU� 3ROLVK� FRXQWHUSDUWV�� $V� 1(V� PDLQO\� FRQVLVWV� RI�
QRXQV�DQG�DGMHFWLYHV��PDMRU�FKDQJHV�IRFXVHG�RQ�UHSODFLQJ�
WKH�RFFXUUHQFHV�RI�WKH�DWWULEXWH� ��"�#�$&%�'�( �ZLWK�WKH�DWWULEXWH���R�(�= � �PDLQ� IRUP�� DQG� VSHFLI\LQJ� VRPH� DGGLWLRQDO�
FRQVWUDLQWV� WR� FRQWURO� WKH� LQIOHFWLRQ��&RQWUDU\� WR�*HUPDQ�
DQG� (QJOLVK�� WKH� UROH� RI� PRUSKRORJLFDO� DQDO\VLV� LQ� WKH�
SURFHVV� RI� 1(5� IRU� 3ROLVK� LV� HVVHQWLDO�� DV� WKH� IROORZLQJ�
UXOH�LOOXVWUDWHV�
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7KLV� UXOH� LGHQWLILHV� GLYHUVH� PRUSKRORJLFDO� IRUPV� RI�
NH\ZRUGV�� VXFK� DV� XU] G ‘office’ , or NRPLWHW ‘comitee’ �
IROORZHG� E\� D� JHQLWLYH� 13� �UHDOL]HG� E\� WKH� VHHN�
VWDWHPHQW���7KH�5+6�RI�WKH�UXOH�JHQHUDWHV�D�QDPHG�HQWLW\�
REMHFW��ZKHUH�WKH�IXQFWLRQDO�RSHUDWRU�&RQF:LWK%ODQNV�
VLPSO\� FRQFDWHQDWHV� DOO� LWV� DUJXPHQWV� DQG� LQVHUWV� EODQNV�
EHWZHHQ� WKHP�� )RU� LQVWDQFH�� WKH� DERYH� UXOH� PDWFKHV� DOO�
YDULDQWV� RI� WKH� SKUDVH� 8U] G� 8EH]SLHF]H � =GURZRWQ\FK�
�+HDOWK�,QVXUDQFH�2IILFH���,W�LV�LPSRUWDQW�WR�QRWLFH�WKDW�LQ�
WKLV� SDUWLFXODU� W\SH� RI� FRQVWUXFWLRQV�� RQO\� WKH� NH\ZRUG�
XQGHUJRHV� GHFOHQVLRQ� �XU] G��� ZKHUHDV� WKH� UHVW� UHPDLQV�
XQFKDQJHG�� +HQFH�� WKH� PDLQ� IRUP� LV� UHFRQVWUXFWHG� YLD�
FRQFDWHQDWLQJ� WKH� VWHP� RI� WKH� NH\ZRUG� DQG� WKH� VXUIDFH�
IRUPV� RI� WKH� UHPDLQLQJ� FRQVWLWXHQWV� � '�� - '�(���R DWWULEXWH���
$FWXDOO\�� DV� VRRQ� DV� ZH� KDG� DGGUHVVHG� WKH� LVVXH� RI�

OHPPDWL]DWLRQ�� WKH�PDMRU� SDUW� RI� WKH� UXOHV� FUHDWHG� VR� IDU�
IRU� WKH�SDUWLFXODU�1(�FODVVHV�KDG� WR�EH�EURNHQ�GRZQ�LQWR�
VHYHUDO� UXOHV�� ZKHUH� HDFK� QHZ� UXOH� FRYHUV� GLIIHUHQW�
OHPPDWL]DWLRQ� SKHQRPHQRQ�� 'XH� WR� WKH� IDFW� WKDW�
RUJDQL]DWLRQ� QDPHV� DUH� IUHTXHQWO\� EXLOW� XS� RI� QRXQ�
SKUDVHV�� WKHLU� OHPPDWL]DWLRQ� LV� FRPSOH[� DQG� UHOLHV� RQ�
SURSHU� UHFRJQLWLRQ� RI� WKHLU� LQWHUQDO� VWUXFWXUH�� 7KH�
IROORZLQJ� IUDJPHQW� RI� WKH� OHPPDWL]DWLRQ� VFKHPD� IRU�
RUJDQL]DWLRQ�QDPHV�YLVXDOL]HV�WKH�LGHD��
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7KLV� SRVHV� D� VHULRXV� FRPSOLFDF\� LQ� WKH� FRQWH[W� RI�
OHPPDWL]DWLRQ�� QRW� WR� PHQWLRQ� VLQJXODU�SOXUDO� DPELJXLW\�
RI� WKH� ZRUG� ELEOLRWHNL� �VLQJXODU�JHQ� YV�� SOXUDO�QRP�DFF���
HWF�� ,Q� RUGHU� WR� WDFNOH� WKLV� SUREOHP�� VRPH� H[SHULPHQWV�
SURYHG� WKDW� DQ� LQWURGXFWLRQ� RI� PXOWLSOH� NH\ZRUGV� �H�J���
‘%LEOLRWHND� *áyZQD’  in the example above) would�
SRWHQWLDOO\�UHGXFH�WKH�QXPEHU�RI�DPELJXLWLHV��

/DVW� EXW� QRW� OHDVW�� WKHUH� H[LVWV� DQRWKHU� LVVXH� ZKLFK�
FRPSOLFDWHV� OHPPDWL]DWLRQ� RI� SURSHU� QDPHV� LQ� 63UR87��
:H� PLJKW� HDVLO\� LGHQWLI\� WKH� VWUXFWXUH� RI� RUJDQL]DWLRQ�
QDPHV� VXFK� DV�.RPLVML�(XURSHMVNLHM�3UDZ�&]áRZLHND� �RI�
WKH�(XURSHDQ�&RPPLVVLRQ�IRU�+XPDQ�5LJKWV���EXW�WKH�SDUW�
ZKLFK�XQGHUJRHV�GHFOHQVLRQ��YL]��.RPLVML�(XURSHMVNLHM��RI�
WKH�(XURSHDQ�&RPPLVVLRQ��FDQ�QRW�EH�VLPSO\�OHPPDWL]HG�
YLD�D�FRQFDWHQDWLRQ�RI�WKH�PDLQ�IRUPV�RI�WKHVH�WZR�ZRUGV��
7KLV� LV� EHFDXVH�0RUIHXV]� UHWXUQV� WKH� QRPLQDO� PDVFXOLQH�
IRUP� DV� WKH�PDLQ� IRUP� IRU� DQ� DGMHFWLYH��ZKLFK� JHQHUDOO\�
GLIIHUV� LQ� WKH� HQGLQJ� IURP� WKH� FRUUHVSRQGLQJ� IHPLQLQH�
IRUP��PDVF��(XURSHMVNL�YV��IHP��(XURSHMVND���ZKHUHDV�WKH�
ZRUG�.RPLVMD�LV�D�IHPLQLQH�QRXQ��2QFH�DJDLQ��IXQFWLRQDO�
RSHUDWRUV� ZHUH� XWLOL]HG� WR� ILQG� D� URXJK� ZRUNDURXQG� DQG�
PLQLPL]H�WKH�SUREOHP��

8OWLPDWHO\��VRPHZKDW� 
PRUH�UHOD[HG
� UXOHV�KDYH�EHHQ�
LQWURGXFHG� LQ� RUGHU� WR� FDSWXUH� HQWLWLHV� ZKLFK� FRXOG� QRW�
KDYH� EHHQ� FDSWXUHG� E\� WKH� RQHV� EDVHG� RQ�PRUSKRORJLFDO�
IHDWXUHV� DQG� RQHV� ZKLFK� SHUIRUP� OHPPDWL]DWLRQ�� )RU�
H[DPSOH��VXFK�UXOHV�FRYHU�VHTXHQFHV�RI�FDSLWDOL]HG�ZRUGV�
DQG� VRPH� NH\ZRUGV�� )RU� WKH� UXOH� SUHVHQWHG� DW� WKH�
EHJLQQLQJ�RI�VHFWLRQ������DQG�IRU�VLPLODU�UXOHV���D�UHOD[HG�
YDULDQW� KDV� EHHQ� LQWURGXFHG�� ZKHUH� WKH� FDOO� WR� WKH� VXE�
JUDPPDU� IRU� JHQLWLYH�13V� ZDV� UHSODFHG�ZLWK� D� FDOO� WR� D�
UXOH� ZKLFK� PDSV� D� VHTXHQFH� RI� FDSLWDOL]HG� ZRUGV� DQG�



FRQMXQFWLRQV�� &RQVHquently, SProUTs’  mechanism for 
UXOH� SULRULWL]DWLRQ� KDV� EHHQ� GHSOR\HG� LQ� RUGHU� WR� JLYH�
KLJKHU� SUHIHUHQFH� WR� UXOHV� FDSDEOH� RI� SHUIRUPLQJ�
OHPPDWL]DWLRQ�� L�H��� WR� ILOWHU� WKH� PDWFKHV� IRXQG� E\� WKH�
LQWHUSUHWHU� DQG� UXOHV� ZKLFK� SRWHQWLDOO\� LQVWDQWLDWH� KLJKHU�
QXPEHU� RI� VORWV� LQ� WKH� RXWSXW� VWUXFWXUHV�� 7KH� FXUUHQW�
JUDPPDU�FRQVLVWV�RI�����UXOHV��
����1(�JUDPPDU�HYDOXDWLRQ�
�
$�FRUSXV�FRQVLVWLQJ�RI�����ILQDQFLDO�QHZV�DUWLFOHV�IURP�DQ�
RQOLQH� YHUVLRQ� RI� OHDGLQJ� 3ROLVK� QHZVSDSHU� KDV� EHHQ�
VHOHFWHG� IRU� DQDO\VLV� DQG� HYDOXDWLRQ� SXUSRVHV�� 7KH�
SUHFLVLRQ�UHFDOO� PHWULFV� IRU� WLPH�� PRQH\� DQG� SHUFHQWDJH�
H[SUHVVLRQV� DUH� ������������� ������������ DQG� ����
������ UHVSHFWLYHO\�� 6RPHZKDW� ZRUVH� UHVXOWV� ZHUH�
REWDLQHG� IRU�SHUVRQV� �������������� ORFDWLRQV� ������������
DQG� RUJDQL]DWLRQV� ������������� GXH� WR� WKH� SUREOHPV�
RXWOLQHG� LQ� WKH� SUHYLRXV� VHFWLRQV�� ������ RI� WKH� GHWHFWHG�
1(V� ZHUH� OHPPDWL]HG� FRUUHFWO\�� 7KH� SHFXOLDULWLHV� RI�
3ROLVK�SLQSRLQWHG�LQ�WKLV�DUWLFOH�UHYHDO�WKH�LQGLVSHQVDELOLW\�
RI� LQWHJUDWLQJ� DGGLWLRQDO� QLFH�WR�KDYH� FRPSRQHQWV�
LQFOXGLQJ� OHPPDWL]HU� IRU� XQNQRZQ� PXOWL�ZRUGV� �(UMDYHF�
DQG�'åHURVNL���������valence dictionary (Przepiórkowski, 
������� PRUSKRV\QWDFWLF� WDJJHU� �' ERZVNL�� ������� DQG�
PRUSKRORJLFDO� JHQHUDWLRQ�PRGXOH�� LQ�RUGHU� WR�JDLQ� UHFDOO�
DQG� LPSURYH� WKH� RYHUDOO� SHUIRUPDQFH� RI� WKH� SUHVHQWHG�
JUDPPDU�EDVHG�DSSURDFK��

���0/�EDVHG�1(�'HWHFWLRQ��
�
7KH� VHFRQG� DSSURDFK� GHSOR\V� VWDQGDUG�PDFKLQH� OHDUQLQJ�
WHFKQLTXHV� �&����� IRU�JHQHUDWLQJ�D�FODVVLILHU� LQ� IRUP�RI�D�
GHFLVLRQ� WUHH� XVHG� IRU� GHWHUPLQLQJ� ZKHWKHU� D� WRNHQ� LV� D�
SDUW� RI� D� 1(�� 7KH� VFRSH� ZDV� OLPLWHG� WR� UHFRJQLWLRQ� RI�
RUJDQL]DWLRQV�� ORFDWLRQV� DQG� SHUVRQ� QDPHV��:H� FRPELQH�
VHYHUDO�VRXUFHV�RI�VWDWLVWLFDO�HYLGHQFH�RI�WKH�WRNHQV�LQ�WKH�
WUDLQLQJ� FRUSXV�� ,Q� SDUWLFXODU�� ZH� XVH� IHDWXUHV� VXFK� DV�
WRNHQ� W\SH� �H�J��� QXPEHU�� FDSLWDOL]DWLRQ�� SXQFWXDWLRQ��
EUDFNHW��� DQG� D� IHDWXUH� ZKLFK� FRUUHVSRQGV� WR� WKH�
REVHUYDWLRQ� WKDW� DQ� DEVHQFH� LQ� WKH� GLFWLRQDU\� LV� D� ZHDN�
HYLGHQFH� RI� EHLQJ� D� QDPH�� $GGLWLRQDOO\�� FHUWDLQ� SDUW�RI�
VSHHFK� WDJV� ZHUH� XVHG� DV� IHDWXUHV� �H�J��� DGMHFWLYH�� QRXQ��
YHUE��� ,Q� RUGHU� WR� LQFUHDVH� WKH� QXPEHU� RI� HIIHFWLYH� UXOHV�
WKDW� DUH� OHDUQHG�� ZH� FROODSVHG� DGMDFHQW� V\QWDFWLFDOO\�
VLPLODU� WRNHQV� LQWR� D� VLQJOH� WRNHQ�� )RU� OHDUQLQJ� WKH�
IHDWXUHV�ZKLFK� VWURQJO\� FRUUHODWH�ZLWK� QDPHV�ZH� XWLOL]HG�
WKH� VDPH� FRUSXV� VHOHFWHG� IRU� WKH� HYDOXDWLRQ� RI� WKH� UXOH�
EDVHG�DSSURDFK��7KH�SUHOLPLQDU\�UHVXOWV�DUH�SURPLVLQJ�DQG�
UHYHDO�WKDW�FRPELQLQJ�YDULRXV�LQIRUPDWLRQ�VRXUFHV�UHVXOWV�
LQ� EHWWHU� DFFXUDF\� RI� WKH� FODVVLILHU� ������ ���� 7KH�
FRQYHUVLRQ�RI�WKH�WUDLQLQJ�FRUSXV�LQWR�D�VHW�RI�IHDWXUHV�ZDV�
UHDOL]HG� YLD� WKH� DSSOLFDtion of a pipeline of SProUTs’  
SURFHVVLQJ� UHVRXUFHV�� )XUWKHU� FRQWH[WXDO� VRXUFHV� RI�
LQIRUPDWLRQ�IRU�LPSURYLQJ�WKH�GLVFULPLQDWLRQ�SRZHU�RI�WKH�
FODVVLILHU� DUH� XQGHU� LQYHVWLJDWLRQ� �LQ� SDUWLFXODU� YDULRXV�
VL]HV�RI�WKH�FRQWH[WXDO�ZLQGRZ���

���&RQFOXVLRQV�DQG�$FNQRZOHGJHPHQWV�
�
:H� KDYH� SUHVHQWHG� D� SUHOLPLQDU\� DWWHPSW� WRZDUGV�
FRQVWUXFWLQJ� D� 1(5� V\VWHP� IRU� 3ROLVK� YLD� ILQH�WXQLQJ�
63UR87�� D� IOH[LEOH� PXOWL�OLQJXDO� 1/3� SODWIRUP�� E\�

LQWURGXFLQJ� VRPH� ODQJXXDJH�VSHFLILF� FRPSRQHQWV� ZKLFK�
FRXOG�EH�HDVLO\�LQWHJUDWHG�YLD�IXQFWLRQDO�RSHUDWRUV��DQG�E\�
GHSOR\LQJ� VWDQGDUG� PDFKLQH� OHDUQLQJ� WHFKQLTXHV��
$OWKRXJK� WKH� UHFDOO� YDOXHV� DUH� VWLOO� IDU� DZD\� IURP� WKH�
VWDWH�RI�WKH�DUW� UHVXOWV� REWDLQHG� IRU� WKH� PRUH� VWXGLHG�
ODQJXDJHV�� WKH� LQLWLDO� HYDOXDWLRQ� UHVXOWV� DUH� YHU\�
SURPLVLQJ��3UR[LPDWH�ZRUN�ZLOO�FHQWHU�DURXQG�LQWHJUDWLRQ�
RI� IXUWKHU� ODQJXDJH�VSHFLILF�UHVRXUFHV�DQG�FRPSRQHQWV� LQ�
RUGHU�WR�EHWWHU�WDFNOH�WKH�OHPPDWL]DWLRQ�WDVN��

,� DP� JUHDWO\� LQGHEWHG� WR�:LWROG�'UR G \ VNL�� $QQD�
'UR G \ VND� DQG� 0DUFLQ� 5]HSD� IRU� WKHLU� FRQWULEXWLRQ��
7KH�ZRUN�UHSRUWHG�KHUH�ZDV�VXSSRUWHG�E\�WKH�(8�IXQGHG�
SURMHFW�0(03+,6� XQGHU� JUDQW� QR�� ,67������������ DQG�
E\� DGGLWLRQDO� QRQ�ILQDQFHG� SHUVRQDO� HIIRUW� RI� WKH� DXWKRU�
DQG�WKH�SHUVRQV�PHQWLRQHG�DERYH��

���5HIHUHQFHV��
0��%HFNHU��:��'UR G \ VNL��+�8��.ULHJHU�� -�� 3LVNRUVNL��

U. SchäfeU�� DQG� )�� ;X�� ������ 63UR87� �� 6KDOORZ�
3URFHVVLQJ� ZLWK� 7\SHG� )HDWXUH� 6WUXFWXUHV� DQG�
8QLILFDWLRQ�� ,Q� 3URFHHGLQJV� RI� ,&21� ������ 0XPEDL��
,QGLD��

6�� %XVHPDQQ�� +��8�� .ULHJHU�� ������ 5HVRXUFHV� DQG�
7HFKQLTXHV� IRU�0XOWLOLQJXDO�,QIRUPDWLRQ�([WUDFWLRQ��,Q�
3URFHHGLQJV�RI�/5(&�������/LVVDERQ��3RUWXJDO��

1�� &KLQFKRU� DQG� 3�� 5RELQVRQ�� ������ 08&��� 1DPHG�
(QWLW\�7DVN�'HILQLWLRQ� �YHUVLRQ������� ,Q�3URFHHGLQJV�RI�
WKH�08&����)DLUID[��9LUJLQLD��86$��

+��&XQQLQJKDP��'��0D\QDUG��.��%RQWFKHYD��9�� 7DEODQ��
������ *$7(�� $� )UDPHZRUN� DQG� *UDSKLFDO�
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