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Abstract

We present a linguistically-motivated technique for the recognition and grouping of simplex noun phrases
(SNPs) called LinkIT. Our system has two key features: (1) we efficiently gather  minimal NPs, i.e. SNPs,
as precisely and linguistically defined and motivated in our paper ; (2) we apply a refined set of post-
processing rules to these SNPs to link them within a document. The identification of SNPs is performed
using a finite state machine compiled from a regular expression grammar, and the process of ranking the
candidate significant topics uses frequency information that is gathered in a single pass through the
document.  We evaluated the NP identification component of LinkIT and found that it outperformed other
NP chunkers in precision and recall.  The system is currently used in several applications which are
described, such as web page characterization and multi-document summarization.

�� ,QWURGXFWLRQ
:H�SUHVHQW�D�OLQJXLVWLFDOO\�PRWLYDWHG�WHFKQLTXH�IRU�WKH�UHFRJQLWLRQ�DQG�JURXSLQJ�RI�VLPSOH[�QRXQ
SKUDVHV��613V��FDOOHG�/LQN,7���RXU�WRRO�KDV�EHHQ�XVHG�LQ�D�YDULHW\�RI�WH[W�DQDO\VLV�WDVNV�GHVFULEHG
LQ� WKH� SDSHU�� � /LNH� RWKHU� 13� LGHQWLILHUV�� ZH� XVH� D� SDUW� RI� VSHHFK� �326�� WDJJHU� DQG� D� UHJXODU
H[SUHVVLRQ�JUDPPDU���2XU�V\VWHP�GLIIHUV�IURP�RWKHU�DSSURDFKHV�LQ�WZR�UHVSHFWV������ZH�IRFXV�RQ
WKH� HIILFLHQW� JDWKHULQJ� RI� PLQLPDO� 13V�� L�H�� 613V�� DV� SUHFLVHO\� DQG� OLQJXLVWLFDOO\� GHILQHG� DQG
PRWLYDWHG�LQ�RXU�SDSHU������ZH�DSSO\�D�UHILQHG�VHW�RI�SRVW�SURFHVVLQJ�UXOHV�WR�WKHVH�613V�WR�UDQN
DQG�OLQN�WKHP�ZLWKLQ�D�GRFXPHQW�
$Q�13�LV�D�PD[LPDO�13�ZLWK�D�FRPPRQ�RU�SURSHU�QRXQ�DV�LWV�KHDG��ZKHUH�WKH�613�PD\�LQFOXGH
SUHPRGLILHUV� VXFK� DV� GHWHUPLQHUV� DQG� SRVVHVVLYHV� EXW� QRW� SRVW�QRPLQDO� FRQVWLWXHQWV� VXFK� DV
SUHSRVLWLRQV� RU� UHODWLYL]HUV�� ([DPSOHV� RI� 613V� DUH� DVEHVWRV� ILEHU� DQG� ���� ELOOLRQ� .HQW
FLJDUHWWHV��613V�FDQ�EH�FRQWUDVWHG�ZLWK�FRPSOH[�13V�VXFK�DV�����ELOOLRQ�.HQW�FLJDUHWWHV�ZLWK
WKH�ILOWHUV�ZKHUH�WKH�KHDG�RI�WKH�13�LV�IROORZHG�E\�D�SUHSRVLWLRQ��RU�����ELOOLRQ�.HQW�FLJDUHWWHV
VROG�E\�WKH�FRPSDQ\��ZKHUH�WKH�KHDG�LV�IROORZHG�E\�D�SDUWLFLSLDO�YHUE��:DFKROGHU��������
:LWK�/LQN,7��ZH�SURGXFH�D�UHSUHVHQWDWLRQ�RI�WKH�GRFXPHQW�WKDW�JRHV�EH\RQG�MXVW�ORRNLQJ�DW�WKH
OH[LFDO� IRUPV�RI� WKH�ZRUGV� LQ� WKH�GRFXPHQW�� �%\� LGHQWLI\LQJ�DQG�OLQNLQJ�613V� LQ�WKH�GRFXPHQW
DQG�GRLQJ�VRPH�VLPSOH�DQDO\VLV�RQ�WKH�YHUEV�LQ�WKH�GRFXPHQW��ZH�FDQ�LGHQWLI\�WKH�PDMRU�HQWLWLHV
DQG�FRQFHSWV� LQ� WKH�GRFXPHQW��DQG�FDQ� LJQRUH�RWKHU� HQWLWLHV� LQ� WKH�GRFXPHQW�ZKLFK�DUH� VLPSO\
ORZ� IUHTXHQF\� UHIHUHQFHV� �.ODYDQV�	�:DFKROGHU�� ������� �:H� K\SRWKHVL]H� WKDW� WKH� 613V� LQ� D
GRFXPHQW�SURYLGH�D�JRRG�UHSUHVHQWDWLRQ�RI�WKH�FRQWHQW�RI�WKH�GRFXPHQW�

                                                     
1 LinkIT may be freely licensed for research purposes.  Information can be found at
http://www.columbia.edu/cu/cria/LinkIT/ or contact the authors for more information.



1.1� System Descr iption
7KH� LGHQWLILFDWLRQ� RI� 613V� LV� SHUIRUPHG� TXLFNO\� XVLQJ� D� ILQLWH� VWDWH�PDFKLQH� FRPSLOHG� IURP� D
UHJXODU� H[SUHVVLRQ� JUDPPDU�� DQG� WKH� SURFHVV� RI� UDQNLQJ� WKH� FDQGLGDWH� VLJQLILFDQW� WRSLFV� XVHV
IUHTXHQF\� LQIRUPDWLRQ� WKDW� FDQ� EH� JDWKHUHG� LQ� RQH� SDVV� WKURXJK� WKH� GRFXPHQW�� � /LQN,7� FDQ
SURFHVV�DSSUR[LPDWHO\������0%�WDJJHG� WH[W�VHF�� �/LQN,7�XVHV�D�SDUW�RI� VSHHFK� WDJJHU�DYDLODEOH
IURP�0,75(�LQ�WKH�$OHPELF�8WLOLWLHV��D�IUHHO\�DYDLODEOH�VHW�RI�1/3�WRROV��$EHUGHHQ�HW�DO�������
IRU�WRNHQL]DWLRQ�DQG�WDJJLQJ���7KH�326�WDJJHG�WH[W�LV�LQSXW�WR�/LQN,7�DQG�LV�SDUVHG�VHTXHQWLDOO\
E\�D�ILQLWH�VWDWH�PDFKLQH�WKDW�H[WUDFWV�613V�DQG�RWKHU�V\QWDFWLF�HOHPHQWV���,I�WKH�H[WUDFWHG�HOHPHQW
LV�DQ�613��LW�LV�FRPSDUHG�WR�SUHYLRXVO\�SDUVHG�613V�ZLWK�UHVSHFW�WR�PRGLILHUV��KHDGV��DQG�RWKHU
SURSHUWLHV�� � ,I� WKH� HOHPHQW� LV� QRW� DQ� 613�� /LQN,7� UHFRUGV� LW� DQG� SHUIRUPV� HOHPHQW�VSHFLILF
SURFHVVLQJ��$IWHU�DOO�RI� WKH�613V�LQ�WKH�GRFXPHQW�KDYH�EHHQ�H[WUDFWHG�� WKH�613V�DUH�VRUWHG�E\
VLPLODULW\� RI� WKH� OH[LFDO� IRUP� RI� WKH� KHDG�� 7KH� JURXSV� RI� 613V� DUH� WKHQ� UDQNHG� XVLQJ� WKH
IUHTXHQF\� RI� WKH� KHDG� DV� DQ� DSSUR[LPDWLRQ� RI� WKHLU� UHODWLYH� VLJQLILFDQFH� ZLWKLQ� WKH� GRFXPHQW
�:DFKROGHU�������

1.2� Overview of processing
7KH�PDLQ�PRGXOH�KDV�DFFHVV�WR�D�OLVW�RI�WH[W�XQLWV�� LGHQWLILHG�E\� W\SH�DQG� LGHQWLILHG�E\� WKH�UXOH
XVHG�IRU�LGHQWLILFDWLRQ�RI�WKH�XQLW��,I�WKH�XQLW�LV�DQ�613��LQIRUPDWLRQ�DERXW�WKH�613�LV�H[WUDFWHG
IURP�WKH�PDUNHG�XS�WH[W��VXFK�DV�SDUW�RI�VSHHFK�DQG�UROH�LQIRUPDWLRQ��$Q�HQWU\�LV�FUHDWHG�IRU�WKH
613�LQ�D�OLVW�RI�613V�IRU�WKH�HQWLUH�GRFXPHQW��DQG�WKH�613�LV�FKHFNHG�IRU�OLQNV�WR�SUHYLRXV�13V
LQ�WKH�GRFXPHQW���,I�WKH�XQLW�LV�QRW�DQ�613��/LQN,7�SHUIRUPV�SURFHVVLQJ�DSSURSULDWH�WR�WKDW�W\SH�RI
XQLW�
7R� GHWHUPLQH� 13� ERXQGDULHV�� /LQN,7� XVHV� D� ILQLWH�VWDWH� OH[HU� EXLOW� IURP� D� VPDOO� KDQG�FUDIWHG
UHJXODU� H[SUHVVLRQ� JUDPPDU�� � 7KH� LQSXW� WR� WKH� OH[HU� LV� SDUW� RI� VSHHFK� WDJJHG� WH[W�� 7KH� OH[HU
FRQWDLQV�UHJXODU�H[SUHVVLRQV�WR�LGHQWLI\�613V��VHQWHQFH�ERXQGDULHV��SDUDJUDSK�ERXQGDULHV��GDWHV�
DQG�VLPSOH�YHUE�SKUDVHV�
7KH�OH[HU�WDNHV�WKH�LQSXW�WH[W�DQG�PDWFKHV�LW�WR�RQH�RI�WKH�LQSXW�SDWWHUQV��UHWXUQLQJ�WKH�WH[W�RI�WKH
ODUJHVW�PDWFK� IRXQG�� �:KHQ�PDWFKLQJ� WR� WKH� VHW� RI� UHJXODU� H[SUHVVLRQV�� SUHIHUHQFH� LV� JLYHQ� WR
H[SUHVVLRQV�WKDW�PLQLPL]H�WKH�DPRXQW�RI�LQSXW�WKDW�LV�XQDEOH�WR�PDWFK�WR�WKH�UHJXODU�H[SUHVVLRQ
EHIRUH� WKH� VWDUW� RI� WKH�PDWFKHG� WH[W�� � )RU� WKRVH� H[SUHVVLRQV� WKDW� VNLS� WKH� VDPH� DPRXQW� RI� WH[W
EHWZHHQ�WKH�SUHYLRXV�DQG�FXUUHQW�PDWFK��ORQJHU�PDWFKHV�DUH�SUHIHUUHG���7KH�WH[W�WKDW�PDWFKHG�WKH
ILQDO� UHJXODU� H[SUHVVLRQV�� DV� ZHOO� DV� WKH� WH[W� EHWZHHQ� WKH� ODVW� PDWFKHG� WH[W� DQG� WKH� FXUUHQW
PDWFKHG�WH[W�LV�UHWXUQHG�WR�WKH�/LQN,7�PDLQ�PRGXOH�� �7KH�OH[HU�DOVR�VHWV�YDULDEOHV�WKDW�LQGLFDWH
ZKLFK� UHJXODU� H[SUHVVLRQ� ZDV� XVHG�� ZKDW� VHQWHQFH� DQG� SDUDJUDSK� WKH� PDWFK� ZDV� LQ�� DQG� WKH
QXPEHU�RI�WKH�ILUVW�DQG�ODVW�WRNHQV�LQ�WKH�PDWFKHG�WH[W�
2QFH� DOO� RI� WKH� 613V� IRU� WKH� GRFXPHQW� KDYH� EHHQ� H[WUDFWHG�� WKH\� DUH� JURXSHG� EDVHG� RQ� WKH
VLPLODULW\�RI�WKH�OH[LFDO�IRUP�RI�WKH�KHDG���7ZR�613V�DUH�SODFHG�LQ�WKH�VDPH�JURXS�LI�WKH\�KDYH
WKH�VDPH�KHDG�� LJQRULQJ�GLIIHUHQFHV�LQ�SOXUDOLW\�RU�FDVH�� �7KHVH�613�JURXSV�DUH� WKHQ� UDQNHG� LQ
RUGHU�RI�WKHLU�UHODWLYH�VLJQLILFDQFH�DV�HVWLPDWHG�E\� WKH�IUHTXHQF\�RI�WKH�QXPEHU�RI�613V� LQ� WKH
JURXS���7KH�UHVXOWLQJ�OLVW�FDQ�EH�VRUWHG�DQG�RXWSXW�LQ�D�YDULHW\�RI�ZD\V���2SWLRQDOO\��IRU�HDFK�ZRUG
WKDW�LV�LQ�WKH�GRFXPHQW��LI�LW�LV�SDUW�RI�DQ�613��/LQN,7�FDQ�RXWSXW�D�OLVW�RI�WKH�613V�WKDW�WKH�ZRUG
LV�LQ��EURNHQ�GRZQ�E\�RFFXUUHQFH�RI�WKH�ZRUG�DV�WKH�KHDG�RI�DQ�613��DQG�DV�D�PRGLILHU�LQ�DQ�613�
1.3� SNP Processing
/LQN,7� FUHDWHV� D� GDWD� VWUXFWXUH� WR� VWRUH� LQIRUPDWLRQ� DVVRFLDWHG�ZLWK� HDFK� 613� UHWXUQHG� E\� WKH
OH[HU���$�OLVW�RI�WKH�ZRUGV�LQ�WKH�613�LV�FUHDWHG��DQG�IRU�HDFK�ZRUG�LQ�WKH�613��/LQN,7�H[WUDFWV
WKH� SDUW� RI� VSHHFK� WDJ�� DQG� DQ\� RWKHU� VSHFLDO� IHDWXUH� WKDW�PLJKW� EH� DVVRFLDWHG� ZLWK� WKDW� ZRUG�



EDVHG� HLWKHU� RQ� LQIRUPDWLRQ� SURYLGHG� E\�$OHPELF� RU� EDVHG� RQ� /LQN,7¶V� RZQ� SURFHVVLQJ�� � )RU
QDPHG�HQWLWLHV��$OHPELF�PD\�DVVLJQ�WKH�IHDWXUH�3267�RU�D�7,7/(�IHDWXUH��3267�LV�DVVLJQHG�WR
ZRUGV� WKDW� LQGLFDWHV�D� MRE�SRVLWLRQ�� VXFK�DV�JHQHUDO�RU� VHFUHWDU\�� �7,7/(� LV� DVVLJQHG� WR�KXPDQ
WLWOHV��VXFK�DV�'U��RU�0U���$�QDPHG�HQWLW\�LV�D�VHTXHQFH�RI�ZRUGV�WKDW�UHIHU�WR�D�ORFDWLRQ��SODFH��RU
RUJDQL]DWLRQ�� DV� WDJJHG� E\� WKH� $OHPELF� 8WLOLWLHV�� � 7KH� OLVW� RI� ZRUGV� DQG� WKHLU� DVVRFLDWHG
LQIRUPDWLRQ�DUH�VWRUHG�LQ�WKH�613�VWUXFWXUH�
,Q�RUGHU� WR�UHFRJQL]H�H[SUHVVLRQV�VXFK�DV��IDVW�DQG�FKHDS��� LI� WKH�SUHYLRXV�XQLW� UHWXUQHG�E\� WKH
OH[HU� FRQVLVWHG� RI� DQ� DGMHFWLYH� IROORZHG� E\� D� FRRUGLQDWLQJ� FRQMXQFWLRQ�� /LQN,7� FKHFNV� IRU
LQWHUYHQLQJ�WH[W�EHWZHHQ�WKH�SUHYLRXV�XQLW�DQG�WKH�FXUUHQW�613�� �,I� WKHUH�LV�QR�LQWHUYHQLQJ� WH[W�
WKH�DGMHFWLYH�DQG�FRRUGLQDWLQJ�FRQMXQFWLRQ�DUH�DWWDFKHG�WR�WKH�EHJLQQLQJ�RI�WKH�FXUUHQW�613��DQG
SURFHVVLQJ�FRQWLQXHV�DV�QRUPDO���,I�WKHUH�LV�VRPH�LQWHUYHQLQJ�WH[W��WKH�DGMHFWLYH�DQG�FRRUGLQDWLQJ
FRQMXQFWLRQ�YDULDEOH�LV�FOHDUHG��DQG�WKH�FXUUHQW�613�LV�QRW�PRGLILHG�
,I�WKH�KHDG�RI�WKH�FXUUHQW�613�LV�DQ�HPSW\�KHDG��L�H���D�QRXQ�ZKRVH�KHDG�PDNHV�D�UHODWLYHO\�VPDOO
FRQWULEXWLRQ� WR� WKH�VHPDQWLFV�RI� WKH�613��.ODYDQV�HW�DO�� �������� DQG� WKH�RQO\� WH[W�EHWZHHQ� WKH
FXUUHQW�613�DQG� WKH�SUHYLRXV�613� LV� WKH�ZRUG��RI��� WKH�GDWD� DVVRFLDWHG�ZLWK� WKH�SUHYLRXV� DQG
FXUUHQW� 613� LV� DGMXVWHG� WR� LQGLFDWH� WKDW� WKH� 613V�PD\� EH� SDUW� RI� D� ODUJHU� 13� WKDW� LQFOXGHV� D
SUHSRVLWLRQDO�SKUDVH�KHDGHG�E\�³RI´�� �7R� VXSSRUW� LGHQWLILFDWLRQ� RI� HPSW\� KHDG� QRXQV��ZH� KDYH
LPSOHPHQWHG�D�GLFWLRQDU\�PRGXOH�IRU�/LQN,7� ���
�������6SHFLDO�3URFHVVLQJ
$V�PHQWLRQHG� SUHYLRXVO\�� /LQN,7� SHUIRUPV� VRPH� VSHFLDO� SURFHVVLQJ� IRU� FHUWDLQ� XQLWV� UHWXUQHG
IURP� WKH� OH[HU�� 6SHFLILF� DFWLRQ� LV� WDNHQ� IRU� HDFK� RI� WKH� IROORZLQJ� FDVHV�� SRVVHVVLYH� �
V��� WLWOH�
VHQWHQFH� ERXQGDU\�� FRPPD�� QHZ� SDUDJUDSK�� DQG� WKH� VHTXHQFH� RI� DQ� DGMHFWLYH� IROORZHG� E\� D
FRRUGLQDWLQJ�FRQMXQFWLRQ�� � ,Q�HDFK�RI� WKHVH�FDVHV��/LQN,7�XSGDWHV�VWDWH� LQIRUPDWLRQ�SHUWLQHQW� WR
WKRVH� UHWXUQHG� XQLWV�� � 7KHUH� DUH� VL[� GLIIHUHQW� FDVHV� LQ� ZKLFK� /LQN,7� SHUIRUPV� VRPH� VSHFLDO
SURFHVVLQJ��WZR�RI�ZKLFK�±��VHQWHQFH�ERXQGDULHV�DQG�QHZ�SDUDJUDSKV�±�DUH�UHODWHG�WR�WKH�IRUP�RI
WKH�GRFXPHQW�
x� 6HQWHQFH� ERXQGDU\�� � 7KH� $OHPELF� XWLOLWLHV� GHWHFW� VHQWHQFH� ERXQGDULHV� XVLQJ� D� VWDWLVWLFDO

PHWKRG�� �7KH�OH[HU�UHWXUQV�D�VHQWHQFH�ERXQGDU\� WKDW�KDV�EHHQ�WDJJHG� LQ�WKH�LQSXW� ILOH��DIWHU
PDNLQJ�FRUUHFWLRQV�LQ�D�IHZ�FDVHV�ZKHUH�WKH�WDJJHU�PDNHV�FRQVLVWHQW�HUURUV���/LQN,7�XSGDWHV
LWV�FRXQW�RI�WKH�QXPEHU�RI�VHQWHQFHV�LW�KDV�VHHQ�RQ�UHFHLSW�RI�D�VHQWHQFH�ERXQGDU\�XQLW��7KH
VHQWHQFH�FRXQW�LV�XVHG�WR�GHWHUPLQH�ZKLFK�VHQWHQFH�DQ�613�LV�LQ�ZKHQ�LW� LV�UHWXUQHG�E\�WKH
OH[HU�

x� 1HZ�SDUDJUDSK�� �:KHQ�WKH� OH[HU�GHWHFWV�WZR�RU�PRUH�FDUULDJH�UHWXUQV� LQ�D�URZ�� LW� UHWXUQV�D
QHZ� SDUDJUDSK� XQLW�� � /LQN,7� VLPSO\� XSGDWHV� LWV� FRXQW� RI� WKH� QXPEHU� RI� SDUDJUDSKV� LQ� WKH
GRFXPHQW��VLPLODU�WR�UHFRJQLWLRQ�RI�D�QHZ�VHQWHQFH�XQLW�

7KH�RWKHU�IRXU�FDVHV�±�� WLWOHV��FRPPDV��DGMHFWLYH�IROORZHG�E\�FRRUGLQDWLQJ�FRQMXQFWLRQ��DQG� WKH
SRVVHVLYH��
V���±��DUH�PRUH�FORVHO\�UHODWHG�WR�WKH�FRQWHQW�RI�WKH�GRFXPHQW�
x� 7LWOHV��H�J��0U���'U���HWF���$OHPELF�8WLOLW\�PDUNV�WLWOHV��ZKLFK�DUH�UHWXUQHG�E\�WKH�OH[HU�WR�WKH

PDLQ�PRGXOH�DV�LQGHSHQGHQW�XQLWV���:KHQ�WKH�/LQN,7�PDLQ�PRGXOH�UHFHLYHV�D�WLWOH��LW�UHTXHVWV
WKH�QH[W�613�IURP�WKH�OH[HU��DWWDFKHV�WKH�WLWOH�WR�WKH�EHJLQQLQJ�RI�WKH�QH[W�13��DQG�PDUNV�WKDW
13�DV�OLNHO\�WR�EH�D�KXPDQ�HQWLW\���,W�ZRXOG�DOVR�KDYH�EHHQ�SRVVLEOH�WR�LQFOXGH�WKH�WLWOH�ZRUGV
LQ�WKH�13�UXOHV��KRZHYHU��E\�FUHDWLQJ�UXOHV�WKDW�DOORZ�D�VSHFLDO�WLWOH�WDJ�LQ�WKH�SKUDVH��WKH�VL]H
RI�WKH�UHVXOWLQJ�ILQLWH�VWDWH�PDFKLQH�ZRXOG�KDYH�EHHQ��LQFUHDVHG�



x� &RPPD���:KHQ�WKH�OH[HU�UHWXUQV�D�FRPPD��/LQN,7�FKHFNV�WR�VHH�LI�WKH�SUHYLRXV�WZR�613V�DUH
SRWHQWLDOO\� LQ�DSSRVLWLRQ��)RU�H[DPSOH�� LQ�³.LP�6PLWK�� WKH�ILUVW�SUL]H�ZLQQHU��FRQJUDWXODWHG
KHU�FRPSHWLWRUV�´��³.LP�6PLWK´�DQG�³WKH�ILUVW�SUL]H�ZLQQHU´�DUH�LQ�DSSRVLWLRQ���7R�FKHFN�IRU
DSSRVLWLYHV��/LQN,7�NHHSV�D�VWDFN�RI�WKH�SDVW�WKUHH�XQLWV���,I�XQLWV�LQ�WKH�VWDFN�DUH�DQ�613��D
FRPPD��DQG�DQ�613��LQ�WKDW�RUGHU��DQG��LI�WKH�FXUUHQW�XQLW�LV�D�FRPPD��WKH�WZR�SUHYLRXV�613V
PLJKW�EH�LQ�DSSRVLWLRQ���$�FRPPD�LV�SODFHG�RQ�WKH�VWDFN�RQO\�LI�WKHUH�DUH�OHVV�WKDQ�WKUHH�XQLWV
RQ� WKH� VWDFN�� DQG� WKHUH� LV� QR� LQWHUYHQLQJ� WH[W� EHWZHHQ� WKH� SUHYLRXV� 613� DQG� WKH� FXUUHQW
FRPPD���,I�WKHUH�LV�WH[W�EHWZHHQ�WKH�FXUUHQW�FRPPD�DQG�WKH�SUHYLRXV�13��WKH�HQWLUH�VWDFN�LV
FOHDUHG���,I�D�SRVVLEOH�DSSRVLWLRQ�LV�IRXQG��WKDW�UHODWLRQ�LV�PDGH�EHWZHHQ�WKH�WZR�613V��DQG
WKH�VWDFN�LV� UHVHW� WR�FRQWDLQ� MXVW�RQH�13�DQG�RQH�FRPPD��ZKLFK�UHSUHVHQW�WKH�WZR�SUHYLRXV
DSSRVLWLYH�613V�

x� $GMHFWLYH� IROORZHG� E\� FRRUGLQDWLQJ� FRQMXQFWLRQ�� � $QRWKHU� FDVH� WKDW� /LQN,7� KDQGOHV� LV
FRRUGLQDWLRQ� RI� DGMHFWLYHV�� DV� LQ� �IDVW� DQG� FKHDS� PDFKLQHV��� $Q� DGMHFWLYH� IROORZHG� E\� D
FRRUGLQDWLQJ� FRQMXQFWLRQ� LV� UHWXUQHG� DV� DQ� DGMHFWLYH�FRRUGLQDWLQJ�FRQMXQFWLRQ� XQLW�� � $
YDULDEOH�LV�VHW�WKDW�UHWDLQV�WKH�LQIRUPDWLRQ�IRU�WKH�UHWXUQHG�XQLW��DQG�LI�WKH�QH[W�XQLW�LV�DQ�13
ZLWK� QR� LQWHUFHGLQJ� ZRUGV�� WKH� DGMHFWLYH� DQG� FRRUGLQDWLQJ� FRQMXQFWLRQ� DUH� DGGHG� WR� WKH
EHJLQQLQJ� RI� WKH� QH[W� 613�� � 6LPLODU� WR� SRVVHVVLYH� �
V�� PRGLILFDWLRQ�� WKLV� LV� GRQH� ZLWK� D
YDULDEOH�WKDW�LV�VHW��DQG�D�FKHFN�LQ�WKH�PDLQ�/LQN,7�PRGXOH�

x� 3RVVHVVLYH� �
V��� /LQN,7� � WUHDWV� SKUDVHV�ZLWK� D� SRVVHVVLYH� �
V��� DV� LQ� �%RVWRQ
V�'DQD� )DUEHU
&DQFHU� ,QVWLWXWH���DV� WKUHH�VHSDUDWH�XQLWV�� �7KH� ILUVW� LV�³%RVWRQ´�� WKH�VHFRQG� LV� D�SRVVHVVLYH
�
V���DQG�WKH�WKLUG�LV�³'DQD�)DUEHU�&DQFHU�,QVWLWXWH´���/LQN,7�FRQVLGHUV�WKLV�UHODWLRQVKLS�WR�EH
VLPLODU� WR� �7KH�'DQD� )DUEHU�&DQFHU� ,QVWLWXWH� RI�%RVWRQ��� �:KHQ� WKH� /LQN,7�PDLQ�PRGXOH
UHFHLYHV�D�SRVVHVVLYH��
V��IURP�WKH�OH[HU��LW�VHWV�WKH�ILUVW�13�DV�D�SRVVLEOH�KHDG�RI�WKH�VHFRQG
13��DQG�WKH�VHFRQG�13�DV�D�SRVVLEOH�PRGLILHU�RI�WKH�ILUVW�13���$W�WKH�SRLQW�ZKHUH�D�SRVVHVVLYH
�
V�� LV� UHWXUQHG� IURP� WKH� OH[HU�� /LQN,7� GRHV� QRW� NQRZ� ZKDW� WKH� VHFRQG� 13� ZLOO� EH�� VR� D
YDULDEOH�LV�VHW�LQ�WKH�OH[HU�DQG�WKH�PDLQ�PRGXOH�FKHFNV�IRU�WKDW�YDULDEOH�

1.5�  Noun Phrase Linking
)LQDOO\��OH[LFDO�UHODWLRQV�DUH�PDGH�EHWZHHQ�WKH�ZRUGV�LQ�WKH�FXUUHQW�13�WR�WKH�ZRUGV�SUHYLRXVO\
VHHQ�LQ� WKH�GRFXPHQW�� �)RU�HDFK�PRGLILHU�LQ� WKH�FXUUHQW�13��ZH�FKHFN�IRU�RWKHU�RFFXUUHQFHV�RI
WKDW�ZRUG�ZLWKLQ�WKH�GRFXPHQW�� �(IILFLHQW�VHDUFK�LV�VXSSRUWHG�XVLQJ�D�KDVK�WDEOH�� �(DFK�ZRUG�LV
UHGXFHG�WR�LWV�VLQJXODU�IRUP��LUUHJXODU�ZRUGV�DUH�UHGXFHG�WR�WKHLU�FRUUHFW�IRUP�XVLQJ�D�GLFWLRQDU\�
&DVH�LV�LJQRUHG�LQ�WKH�FRPSDULVRQ���,I�WKHUH�KDV�EHHQ�D�SUHYLRXV�RFFXUUHQFH�RI�WKH�ZRUG��D�OLQN�LV
DGGHG�IURP�WKH�ZRUG�WR�WKH�SUHYLRXV�ZRUG���)RU�WKH�KHDG�RI�WKH�13��/LQN,7�VHDUFKHV�IRU�VLPLODU
ZRUGV�� EXW� DOVR� DVVLJQV� D� JURXS� QXPEHU� WR� WKH�13� EDVHG� RQ�ZKDW� LV�PDWFKHG�� � ,I� QR� SUHYLRXV
RFFXUUHQFHV� RI� WKH� ZRUG� H[LVW�� WKHQ� D� QHZ� JURXS� LV� IRUPHG�� DQG� WKH� 13� LV� DVVLJQHG� WKH� QH[W
VHTXHQWLDO� QXPEHU� IRU� D� JURXS�� �:KHQ� D� PDWFK� WR� D� KHDG� RI� DQRWKHU� 13� LV� IRXQG�� WKH� 13� LV
DVVLJQHG�WKH�JURXS�QXPEHU�RI�WKH�PDWFKLQJ�KHDG��DQG�D�SUHYLRXV�RFFXUUHQFH�UHODWLRQ�LV�PDGH�IURP
WKH�KHDG�RI�WKH�FXUUHQW�13�WR�WKH�PDWFKHG�KHDG���,I�WKH�PDWFKHG�ZRUG�ZDV�QRW�WKH�KHDG�RI�LWV�13�
WKHQ�D�QHZ�JURXS�LV�FUHDWHG�DV�LQ�WKH�FDVH�DERYH�ZKHQ�D�PDWFK�LV�QRW�IRXQG�
�� $SSOLFDWLRQV
:LWK� WKH� SUROLIHUDWLRQ� RI� LQIRUPDWLRQ� DYDLODEOH� YLD� WKH� ,QWHUQHW�� LW� KDV� EHFRPH� LQFUHDVLQJO\
FRPPRQ� IRU� QDWXUDO� ODQJXDJH� SURFHVVLQJ� WHFKQLTXHV� WR� DXJPHQW� VWDWLVWLFDO� EDVHG� PHWKRGV� IRU
LQIRUPDWLRQ�UHWULHYDO��GRFXPHQW�SURFHVVLQJ��DQG�GRFXPHQW�EURZVLQJ�� �$GYDQFHG�VHDUFK�HQJLQHV
QRZ�XVH�SKUDVHV�DQG�VLPSOH�QRXQ�SKUDVH� LGHQWLILFDWLRQ� WR�KHOS� LPSURYH� WKH�TXDOLW\�RI� VHDUFKHV
�(YDQV��'$�	�=KDQJ� ������� �(IILFLHQW� QDWXUDO� ODQJXDJH� DQDO\VLV� DSSOLFDWLRQV�� VXFK� DV�/LQN,7�
PDNH� LW� SRVVLEOH� WR� DSSO\� 1/� WHFKQLTXHV� LQ� DUHDV� WKDW� KDYH� WUDGLWLRQDOO\� HVFKHZHG� VXFK
DSSURDFKHV�GXH�WR�SURFHVVLQJ�FRQVWUDLQWV�



7KHUH�DUH�PDQ\�SRVVLEOH�DSSOLFDWLRQV�RI�KDYLQJ�VXFK�D�ULFK�UHSUHVHQWDWLRQ�RI�WKH��DERXWQHVV��RI
WKH�GRFXPHQW�� �7KH�/LQN,7� V\VWHP� LV� FXUUHQWO\� XVHG�E\� WKUHH� SURMHFWV� DW�&ROXPELD�8QLYHUVLW\�
8VLQJ�WKH�/LQN,7�RXWSXW�RYHU�D�FROOHFWLRQ�RI�GRFXPHQWV��D�WRSLF�GHWHFWLRQ�DQG�WUDFNLQJ�V\VWHP�KDV
EHHQ�EXLOW��1HJULOOD���������7KH�V\VWHP�ZRUNV�E\�ORRNLQJ�DW�WKH�/LQN,7�RXWSXW�IRU�HDFK�GRFXPHQW�
GHWHFWLQJ�VLPLODULWLHV�DQG�GLIIHUHQFHV��DQG� WUDFNLQJ�KRZ� WKDW� WRSLF��DV� UHSUHVHQWHG�E\� WKH�613V�
FKDQJHV� RYHU� WLPH�� � /LQN,7� KDV� DOVR� EHHQ� XVHG� LQ� D� SDUDJUDSK� OHYHO� VLPLODULW\� GHWHFWLRQ
FRPSRQHQW� RI� D� PXOWLSOH� GRFXPHQW� VXPPDUL]DWLRQ� V\VWHP� �+DW]LYDVVLORJORX� HW� DO��� �����
0F.HRZQ�HW�DO����������7KH�RXWSXW�IURP�/LQN,7�FRXOG�DOVR�EH�XVHG�DV�WKH�LQSXW�IRU�D�WHUP�YDULDQW
ILQGHU��VXFK�DV�)$675��-DFTXHPLQ���������,W�ZRXOG�EH�SRVVLEOH�WR�XVH�/LQN,7�RQ�D�VHOHFWLRQ�RI
GRFXPHQWV� WKDW� KDV�EHHQ� VKRZQ� OLNHO\� WR� EH� UHOHYDQW� E\� VRPH�RWKHU�PHWKRG�� LQ� RUGHU� WR�PDNH
PRUH� ILQH� GLVWLQFWLRQV� EHWZHHQ� WKH� GRFXPHQWV�� � 7KLV� FRXOG� EH� XVHG� DV� D� VHFRQG� VWDJH� WR
LQIRUPDWLRQ� UHWULHYDO� WR� KHOS� D� XVHU� YLVXDOL]H� WKH� FRQWHQW� RI� WKH� UHWXUQHG� GRFXPHQWV�� RU� DV� D
EURZVLQJ�WRRO�IRU�D�VWDWLF�FROOHFWLRQ�RI�GRFXPHQWV�LQ�D�GLJLWDO�OLEUDU\�
,Q� RXU� FXUUHQW� UHVHDUFK��ZH� DUH� H[SORULQJ� WKH� K\SRWKHVLV� WKDW�� FRPSDUHG� WR� MXVW� ORRNLQJ� DW� WKH
ZRUGV� LQ� WKH� GRFXPHQW� ZLWKRXW� UHJDUG� WR� WKHLU� V\QWDFWLF� UROH�� ZH� VKRXOG� EH� DEOH� WR� PRUH
DFFXUDWHO\�PDWFK�GRFXPHQWV�WR�XVHU�TXHULHV���:H�EHOLHYH�WKDW�ZH�ZLOO�QRW�EH�PLVOHG�E\�VSXULRXV
KLWV�FDXVHG�E\�D�GRFXPHQW�WKDW�PHQWLRQV��EXW�GRHV�QRW�DFWXDOO\�IRFXV�RQ��D�FHUWDLQ�WRSLF��:H�KDYH
GRQH�D�SLORW�VWXG\�ZKHUH�ZH�XVHG�/LQN,7�RXWSXW�DV�WKH�EDVLV�IRU�DQ�LQGH[�RI�D�GRFXPHQW�FROOHFWLRQ
DQG�KDYH�VKRZQ�WKDW�UHWULHYDO�SHUIRUPDQFH�XVLQJ�WKH�/LQN,7�RXWSXW�ILOHV�LV�FRPSDUDEOH�WR�UHWULHYDO
SHUIRUPDQFH�ZKHQ�XVLQJ�WKH�HQWLUH�WH[W�RI�WKH�GRFXPHQW��HYHQ�WKRXJK�WKH�EDVH�GRFXPHQW�OHQJWK
KDV� EHHQ� UHGXFHG� E\� DSSUR[LPDWHO\� ����� �:H� EHOLHYH� WKLV� LV� GXH� WR� WKH� LQIRUPDWLRQ� EHDULQJ
FRQWHQW�RI�WKH�613V��:DFKROGHU�HW�DO���LQ�SURJUHVV���
�� (YDOXDWLRQ
3.1� Experimental Design
:H� GHVLJQHG� DQ� H[SHULPHQW� WR� WHVW� /LQN,7
V� SHUIRUPDQFH� DW� 13� LGHQWLILFDWLRQ� DV� FRPSDUHG� WR
RWKHU�13�LGHQWLILHUV��7KH�WDVN�FRQVLVWV�RI�LGHQWLI\LQJ�WKH�13V�LQ�D�WHVW�FROOHFWLRQ�RI����GRFXPHQWV�
ZLWK� DQ� HYDOXDWLRQ� RI� WKH� UHVXOWV�� ,Q� WKLV� H[SHULPHQW��/LQN,7
V� DGGLWLRQDO� FDSDELOLWLHV� RI� OH[LFDO
FKDLQ�LGHQWLILFDWLRQ�DQG�QRXQ�JURXS�UDQNLQJ�DUH�QRW�HYDOXDWHG�
3.2� The Data Set
7KH� GDWD� VHW� FRQVLVWHG� RI�13V� IURP� GRFXPHQWV�ZVMB����� �� ZVMB����� RI� WKH� 3HQQ�:DOO� 6WUHHW
-RXUQDO�7UHHEDQN��0DUFXV��6DQWRULQL��	�0DUFLQNLHZLF]���������7KH�QRXQ�SKUDVHV�ZHUH�H[WUDFWHG
IURP�WKH�SDUVHG�GDWD�ILOHV�RI�WKH�7UHHEDQN���$Q�DXWRPDWLF�SURFHVV�ZDV�XVHG�WR�H[WUDFW�WKH�VPDOOHVW
XQLW�PDUNHG�DV�DQ�13�LQ� WKH�7UHHEDQN��DQG�HDFK�UHVXOWLQJ�ILOH�ZDV�WKHQ�H[DPLQHG� WR�YHULI\� WKH
FRUUHFWQHVV�RI�WKH�13V�H[WUDFWHG���,Q�FHUWDLQ�FDVHV��FRPSOH[�QRXQ�SKUDVHV�ZHUH�PDQXDOO\�VSOLW�LQWR
VPDOOHU�XQLWV�� IRU�H[DPSOH��13V� WKDW�FRQWDLQHG�D�FRQMXQFWLRQ�ZHUH�VSOLW� LI�ZH�MXGJHG� WKDW� WKHUH
ZDV�DPELJXLW\�UHJDUGLQJ�WKH�DSSOLFDELOLW\�RI�WKH�KHDG�RI�WKH�13�WR�HDFK�FRQVWLWXHQW�RI�WKH�SKUDVH�



doc 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14
ins 5 21 3 3 0 1 16 2 8 21 2 2 3 2 28
tot 264 358 54 38 142 344 63 43 114 168 46 55 20 46 282

Table 1: Number of manual cor rections and total number of NPs per file

,Q�7DEOH����WKH�GRF�URZ�LQGLFDWHV�WKH�GRFXPHQW�QXPEHU��ZKLOH�WKH�LQV�URZ�LQGLFDWHV�KRZ�PDQ\
13V� QHHGHG� WR� EH� LQVHUWHG� PDQXDOO\�� 7KH� WRW� URZ� LQGLFDWHV� WKH� WRWDO� QXPEHU� RI� 13V� LQ� WKDW
GRFXPHQW���7KHUH�ZDV�D�WRWDO�RI������13V�LQ�WKH�KDQG�FRUUHFWHG�WHVW�VHW�ZKLFK�ZH�WUHDWHG�DV�WKH
JROG�VWDQGDUG�IRU�WKLV�HYDOXDWLRQ�
3.3� Noun Phrase judgments
(DFK�V\VWHP�ZDV�WHVWHG�RYHU�WKH�SODLQ�WH[W�ILOHV�FRUUHVSRQGLQJ�WR�WKH�SDUVHG�GDWD�ILOHV�IRU�WKH�WHVW
QRXQ�SKUDVHV���)RU�WKH�LQLWLDO�HYDOXDWLRQ��ZH�FRPSDUHG�RXWSXW�RI�WKH�/LQN,7�V\VWHP�WR�RXWSXW�IURP
WKH� WH[W� FKXQNLQJ� WRRO� RI� �5DPVKDZ� 	� 0DUFXV�� ������� 7KH� 3HQQ� FKXQNHU� DSSOLHV� WKH
WUDQVIRUPDWLRQ�EDVHG�OHDUQLQJ�WHFKQLTXH��%ULOO�������WR�WKH�FKXQNLQJ�WDVN�
$�KXPDQ�MXGJH�UDWHG�WKH�DFFHSWDELOLW\�RI�HDFK�13�LQ�WKH�V\VWHP
V�RXWSXW�E\�DVVLJQLQJ�LW�WR�RQH�RI
VL[�FDWHJRULHV�UHSUHVHQWLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�13�LQ�WKH�JROG�VWDQGDUG�VHW�DQG�WKH�13�LQ
WKH�V\VWHP�RXWSXW��7KH�IROORZLQJ�MXGJPHQWV�ZHUH�DVVLJQHG�
��� &RUUHFW���$�SHUIHFW�PDWFK�RI��WKH�WZR�13V��L�H���ERWK�DUH�H[DFWO\�WKH�VDPH�ZLWKRXW�UHVSHFW�WR

SXQFWXDWLRQ� RU� RWKHU� DUWLIDFWV� RI� WKH� VSHFLILF� PDUN�XS� SURFHVV�� � )RU� H[DPSOH�� IRU� WKH� JROG
VWDQGDUG� 13� �%DWWOH�WHVWHG� -DSDQHVH� LQGXVWULDO� PDQDJHUV�� WKH� LGHQWLFDO� 13� �%DWWOH�WHVWHG
-DSDQHVH� LQGXVWULDO�PDQDJHUV��ZRXOG�EH� ODEHOHG� FRUUHFW��ZKLOH� WKH�13� �-DSDQHVH� LQGXVWULDO
PDQDJHUV��ZRXOG�QRW�

��� 0LVVLQJ���$�13�LQ�WKH�JROG�VWDQGDUG�LV�FRPSOHWHO\�PLVVLQJ�IURP�WKH�WHVW�VHW����)RU�H[DPSOH��LI
WKH�13��ORRVH�ZRUN�KDELWV��LV�LQ�WKH�JROG�VWDQGDUG�EXW�GRHV�QRW�H[LVW�DW�DOO�LQ�WKH�VHW�RI�13V
RXWSXW�E\�WKH�WHVW�V\VWHP��WKH�13�LV��ODEHOHG�DV�PLVVLQJ�

��� 8QGHU�JHQHUDWHG���$�13��LQ�WKH�V\VWHP�RXWSXW�SDUWLDOO\�PDWFKHV�D�13�LQ�WKH�JROG�VWDQGDUG
VHW��EXW�WKH�13�RXWSXW�E\�WKH�V\VWHP�LV�XQGHU�JHQHUDWHG��L�H���WKH�ZRUGV�LQ�WKH�13�LQ�WKH�WHVW
VHW� DUH� D� SURSHU� VXEVHW� RI� WKH�ZRUGV� LQ� WKH� JROG� VWDQGDUG� 13�� � )RU� H[DPSOH�� IRU� WKH� JROG
VWDQGDUG� 13� �FRQJUHVVLRQDO� HOHFWLRQV�� WKH� 13� �HOHFWLRQV�� ZRXOG� EH� ODEHOHG� DV� XQGHU�
JHQHUDWHG�

��� 2YHU�JHQHUDWHG� ��7KH�WHVW�VHW�13�FRQWDLQV�PRUH�ZRUGV� WKDQ� WKH�JROG�VWDQGDUG�13�� L�H�� WKH
ZRUGV�LQ�WKH�JROG�VWDQGDUG�13�DUH�D�SURSHU�VXEVHW�RI�WKH�ZRUGV�LQ�WKH�13�LQ�WKH�WHVW�VHW���)RU
WKH� JROG� VWDQGDUG�13� �D� SUHVXPSWLRQ�� WKH�13� �D� SUHVXPSWLRQ� VRPH��ZRXOG� EH� ODEHOHG� DV
RYHU�JHQHUDWHG�

��� 0LVPDWFK���7KHUH�LV�VRPH�RYHUODS�EHWZHHQ�WKH�WZR�13V�EXW�QHLWKHU�LV�D�SURSHU�VXEVHW�RI�WKH
RWKHU���,Q�WKLV�FDVH�WKH�WHVW�VHW�13�FRQWDLQV�VRPH�ZRUG�V��QRW�LQ�WKH�JROG�VWDQGDUG�13�DQG�WKH
JROG�VWDQGDUG�13�FRQWDLQV�VRPH�ZRUG�V��QRW�LQ�WKH�WHVW�VHW�13�

��� )DOVH�SRVLWLYH���$�13�LV�QRW�LQ�WKH�JROG�VWDQGDUG�VHW�DW�DOO���LW�LV�D�IDOVH�SRVLWLYH���)RU�H[DPSOH�
WKH�13��HJUHJLRXVO\��ZDV�QRW�LQ�WKH�JROG�VWDQGDUG��DQG�ZDV�MXGJHG�WR�EH�D�IDOVH�SRVLWLYH�

7KH�QXPEHU�RI�13�MXGJHPHQWV�IRU�HDFK�FDWHJRU\�SHU�V\VWHP�RYHU�WKH�WUDQVIRUPHG�HYDOXDWLRQV�FDQ
EH�VHHQ�LQ�7DEOH���EHORZ�



System Correct Mismatch Missing Under-generated Over-generated False
Positive

LinkIT 1689 6 45 329 94 12
Chunker 1368 8 245 69 339 72

Table 2: Individual category results per system

7DEOH���VKRZV�WKDW�WKH�GLVWULEXWLRQ�RI�WKH�V\VWHP
V�HUURUV�LV�GLIIHUHQW�DFURVV�MXGJHPHQW�FDWHJRULHV�
/LQN,7�WHQGHG�WR�SURGXFH�13V�WKDW�ZHUH�XQGHU�JHQHUDWHG��ZKLOH�83HQQ
V�&KXQNHU�WHQGHG�WR�RYHU�
JHQHUDWH�13V��7KLV�LV�SUREDEO\�LQGLFDWLYH�RI�WKH�GLIIHUHQW�XQGHUO\LQJ�DSSURDFK�DQG�PHWKRGRORJ\
RI�WKH�WZR�V\VWHPV���7KHVH�GLIIHUHQFHV�PD\�EH�WKH�UHVSRQVLEOH�IRU�VRPH�SHUSOH[LQJ�UHVXOWV�LQ�WKH
HYDOXDWLRQ��DV�GLVFXVVHG�LQ�6HFWLRQ�����
3.4� NP Evaluation Results
7ZR�IRUPV�RI�UHVXOWV�DUH�UHSRUWHG���)LUVW��WKH�UDZ�UHVXOWV�WKDW�FRPH�IURP�D�VWUDLJKWIRUZDUG�DQDO\VLV
RI� WKH� KXPDQ� MXGJPHQW� HYDOXDWLRQV� DUH� FROOHFWHG�� � 'XH� WR� GLIIHUHQFHV� LQ� ZKDW� WKH� SURJUDPV
LGHQWLI\� DV�13V� LQ� WKH�PRVW� VLPSOH� FDVH�� WKH� UDZ� UHVXOWV�ZHUH� WUDQVIRUPHG� WR� WU\� WR� QRUPDOL]H
SHUIRUPDQFH�RQ�VLPSOH�13V���)RU�H[DPSOH��VRPH�V\VWHPV�PLJKW�QRW�UHSRUW�SURQRXQV�DV�13V�VLQFH
WKH\�DUH�KLJK�IUHTXHQF\��ORZ�FRQWHQW�ZRUGV���%\�FKDQJLQJ�HYDOXDWLRQ�ODEHOV��ZH�DLPHG�WR�UHGXFH
WKH�HIIHFW�RQ�HYDOXDWLRQ�UHVXOWV�RI� WKH� W\SHV�RI�13V� LGHQWLILHG�E\�HDFK�V\VWHP��7UDQVIRUPDWLRQV
ZHUH�SHUIRUPHG�WR������FKDQJH�13V�WKDW�KDG�EHHQ�MXGJHG�DV�XQGHU�JHQHUDWHG�WR�D�FRPSOHWH�PDWFK
LI�WKH\�ZHUH�RQO\�PLVVLQJ�FHUWDLQ�ZRUGV�LQ�WKH�ILUVW�SRVLWLRQ��VSHFLILHG�LQ�WKH�ILUVW�FROXPQ�RI�7DEOH
����DQG�����FKDQJH�D�MXGJHPHQW�WKDW�D�13�ZDV�FRPSOHWHO\�PLVVLQJ�IURP�WKH�V\VWHP
V�RXWSXW�WR�D
FRPSOHWH�PDWFK�LI�WKH�PLVVLQJ�SKUDVH�ZDV�RQH�RI�WKH�RQHV�OLVWHG�LQ�WKH�VHFRQG�FROXPQ�RI�7DEOH���
7KH�HIIHFW�WKHVH�WUDQVIRUPDWLRQV�KDG�RQ� WKH�UHVXOWV�FDQ�EH�VHHQ�LQ�7DEOH����ZKLFK�WDEXODWHV�WKH
UHVXOWV�RYHU�ERWK�WKH�UDZ�DQG�WUDQVIRUPHG�HYDOXDWLRQV�
Allowable missing words in first position Allowable omissions
its, the, a, an, this, some, their, his, that, these,
$

itself, it, he, we, there, they, I, this, some, that,
them, those, us, she, you

Table 3: Transformations made to raw results

7KH�UHVXOWV�DUH�VXPPDUL]HG�IRU�HYDOXDWLRQV�XVLQJ� WKH�UDZ�UHVXOWV�DQG� WKH�WUDQVIRUPHG�UHVXOWV� LQ
7DEOH� �� EHORZ�� /LQN,7� DSSHDUV� WR� SHUIRUP� EHWWHU� RYHU� WKLV� GDWD� VHW� WKDQ� WKH� 83HQQ� &KXQNHU�
+RZHYHU��ZH�DUH�QRW�IXOO\�FRQILGHQW�WKDW�WKH�FRPSDULVRQV�DUH�SUHFLVH�
System Raw Results Transformed Results

Precision Recall Precision Recall
LinkIT 76% 78% 79% 83%
UPenn Chunker 72% 65% 74% 67%

Table 4: Recall and Precision per system for NP identification

3.5� NP Identification—Compar ison of LinkIT and the UPenn Chunker

7KH� HYDOXDWLRQ� RI� 13� LGHQWLILFDWLRQ� LV� D� GLIILFXOW� WDVN� VLQFH� GHILQLWLRQV� RI� 13V� YDU\�� � ,Q� WKLV
SDUWLFXODU�HYDOXDWLRQ�ZH�GHILQHG�VL[�GLIIHUHQW�FODVVHV�IRU�FKDUDFWHUL]LQJ�WKH�UHODWLRQVKLS�EHWZHHQ
DQ�13�LQ�WKH�WHVW�VHW�DQG�DQ�13�LQ�WKH�HYDOXDWLRQ�VHW���+RZHYHU��EHFDXVH�ZH�DUH�IRUFHG�WR�DVVLJQ
UHODWLRQVKLSV�EHWZHHQ�13V�WR�RQH�RI�WKHVH�VL[�FDWHJRULHV��ZH�ORVH�LQIRUPDWLRQ�



7KH�83HQQ�&KXQNHU�GLG�QRW�DSSHDU�WR�SHUIRUP�DV�ZHOO�DV�/LQN,7�LQ�WKH�WHVW�UHSRUWHG�LQ�WKLV�SDSHU�
/LQN,7¶V�SUHFLVLRQ�ZDV�����DQG�WKH�UHFDOO������LQ�FRPSDULVRQ�WR�����UHFDOO�DQG�����SUHFLVLRQ
IRU�WKH�83HQQ�&KXQNHU���+RZHYHU��5DPVKDZ�DQG�0DUFXV�UHSRUW�D�UHFDOO�DQG�SUHFLVLRQ�RI�����IRU
EDVH�13�FKXQNV�WUDLQHG�RQ�D�PXFK�ODUJHU�WHVW�VHW�����.�ZRUGV����:H�FDQ�RQO\�FRQFOXGH�WKDW�WKH
GLVFUHSDQF\�LV�GXH�WR�WKH�GLIIHUHQFH�LQ�ZKDW�FRXQWV�DV�DQ�13��ZH�SODQ�WR�LQYHVWLJDWH�WKLV�SUREOHP
IXUWKHU�
)RU�WKLV�LQLWLDO�HYDOXDWLRQ��ZH�XVHG�WKH�GHIDXOW�ELJUDP�VHWWLQJ�IRU�WKH�83HQQ�&KXQNHU��ZKLFK�PD\
KDYH�LPSOLFDWLRQV�IRU�7DEOH����:H�EHOLHYH� WKDW� WKH�VHWWLQJV�ZRXOG�REWDLQ�RSWLPDO�RXWSXW�IRU� WKH
:DOO�6WUHHW�-RXUQDO�GDWD�VHW��RI�ZKLFK�D�VXEVHW�ZDV�XVHG�IRU�WHVWLQJ�LQ�WKLV�H[SHULPHQW��XQGHU�WKH
DVVXPSWLRQ�WKDW�WKH�GDWD�ILOHV�WUDLQHG�RYHU�WKH�:DOO�6WUHHW�-RXUQDO�FRUSXV�ZLOO�JLYH�EHWWHU�UHVXOWV
WKDQ�ILOHV�WUDLQHG�RYHU�WKH�%URZQ�RU�RWKHU�FRUSRUD�
7KH� 83HQQ� &KXQNHU� ZDV� WKH� EHVW� DW� UHFRJQL]LQJ� ORQJ� 13V�� 7KLV� UHVXOWHG� LQ� VRPH� SUREOHPV
WKRXJK�� ORRNLQJ�DW�7DEOH���ZH�VHH� WKDW� WKH�83HQQ�&KXQNHU�RYHU�JHQHUDWHG�����13V������PRUH
WKDQ� /LQN,7�� � 'XH� WR� WKH� SDUWLFXODU� PHWKRGRORJ\� RI� WKLV� LPSOHPHQWDWLRQ�� WKLV� UHVXOWHG� LQ
SHQDOL]LQJ� WKH�83HQQ�&KXQNHU�� �+RZHYHU�� LI�13V�ZHUH� MXGJHG� VROHO\� RQ� WKHLU� JUDPPDWLFDOLW\�
PDQ\� RI� WKH�13V� WKDW� ZHUH� FDWHJRUL]HG� DV� RYHU�JHQHUDWHG� ZRXOG� EH� DFFHSWDEOH�� VLQFH� WKH� WZR
VHTXHQWLDO�613V�DUH�DFWXDOO\�SDUW�RI�D�ODUJHU�JUDPPDWLFDO�13�� � ,W� LV�QRW� WKH�FDVH��KRZHYHU�� WKDW
RQO\�WZR�SDUWV�RI�D�JUDPPDWLFDO�13�ZHUH�MRLQHG��WKHUH�ZHUH�DOVR�PDQ\�FDVHV�ZKHUH�D�ODUJHU�13
ZDV�LGHQWLILHG�WKDW�ZDV�QRQVHQVLFDO���)RU�H[DPSOH��SKUDVHV�OLNH��0H[LFR
V�UHVWULFWLYH�LQYHVWPHQW
UHJXODWLRQV��ZHUH�LGHQWLILHG�DV�13V�ZKHQ�WKH\�RFFXUUHG�DV�WKH�WZR�VHTXHQWLDO�13V��0H[LFR��DQG
�UHVWULFWLYH� LQYHVWPHQW� UHJXODWLRQV�� LQ� WKH� WHVW� VHW�� � 2Q� WKH� RWKHU� KDQG�� LQWHUHVWLQJ� FDVHV� ZHUH
IRXQG�VXFK�DV�H[DPSOHV�RI�D�QRXQ�IROORZHG�E\�SXQFWXDWLRQ�DQG�WKHQ�D�ZRUG�IURP�D�QHZ�VHQWHQFH�
VXFK�DV�WKH�WZR�ZRUG�SKUDVH�
XQIDPLOLDULW\���%HFDXVH
�
/LQN,7�FRQVLVWHQWO\�PDGH�FRUUHVSRQGLQJ�PLVWDNHV�LQ�WKH�XQGHU�JHQHUDWLRQ�FDWHJRU\���7KLV�LV�GXH
WR� WKH�GHVLJQ�RI�/LQN,7��ZKHUH�ZH� LQWHQWLRQDOO\�GHFLGHG� WR� IRFXV�RQ�6LPSOH�1RXQ�3KUDVHV� LQ�D
GRFXPHQW�� � ,Q� PDQ\� RI� WKH� WHVW� 13V�� /LQN,7� LGHQWLILHG� WZR� 613V� WKDW� WRJHWKHU� FRPSULVHG� WKH
HQWLUH�13���,W�VKRXOG�EH�QRWHG��KRZHYHU��WKDW�/LQN,7�GRHV�UHWDLQ�LQIRUPDWLRQ�RQ�WKH�OLQNV�EHWZHHQ
613V��DQG�LQ�FDVHV�VXFK�DV�SRVVHVVLYH�PRGLILFDWLRQ�DQG�DSSRVLWLRQ�WKRVH�OLQNV�DUH�UHFRUGHG��)RU
H[DPSOH��D�QRXQ�SKUDVH� OLNH��WKH�6HFUHWDU\�RI� WKH�+HDOWK�'HSDUWPHQW��ZRXOG�EH� VSOLW� LQWR��WKH
6HFUHWDU\��DQG��+HDOWK�'HSDUWPHQW��EXW�WKHUH�ZRXOG�EH�D�OLQN�UHODWLQJ�WKH�WZR���:KLOH�ZH�FRXOG
KDYH�JHQHUDWHG�D�GLIIHUHQW�IRUP�RI�WKH�RXWSXW�WR�MRLQ�WKHVH�VRUWV�RI�QRXQ�SKUDVHV��ZH�GLG�QRW�ZDQW
LQKHUHQWO\� ELDV� WKH� UHVXOWV� DQG� VR� UDQ� /LQN,7� XQGHU� LWV� GHIDXOW� VHWWLQJV�� � 8QOLNH� ZLWK� 83HQQ
V
&KXQNHU��WKHUH�DUH�YHU\�IHZ�FDVHV�ZKHQ�/LQN,7�ZLOO�VSOLW�D�ODUJHU�13�LQWR�WZR�VPDOOHU�613V�RI
ZKLFK� RQH� RI� WKHP�� RU� ERWK�� LV� XQJUDPPDWLFDO�� � 7KLV� LV� DJDLQ� GXH� WR� WKH� OLQJXLVWLF� GHFLVLRQV
XQGHUO\LQJ�WKH�/LQN,7�V\VWHP�

3.6� NP Identification—Compar ison of LinkIT and Ar izona Noun Phraser (AZNP)

'LIIHUHQW�WDVNV�FDOO�IRU�GLIIHUHQW�DSSURDFKHV�WR�QDWXUDO�ODQJXDJH�SURFHVVLQJ���:H�ZHUH�LQWHUHVWHG
DW� ORRNLQJ�DW� WKH�SHUIRUPDQFH�RI� WRROV� WDUJHWHG�IRU�SUHFLVLRQ� WDVNV� VXFK� LQGH[LQJ�� �$W� WKH� VDPH
WLPH��ZH� DOVR� DUH� LQWHUHVWHG� LQ� WDVNV� VXFK� DV� ,QIRUPDWLRQ� 5HWULHYDO� �,5�� ZKHUH� ZRUGV� WKDW� DUH
GHHPHG� WR� EH� �ORZ� FRQWHQW�� DUH� RIWHQ� LJQRUHG� LQ� IDYRU� RI�PRUH� KLJKHU� FRQWHQW�ZRUGV� GHHPHG
PRUH�GLVFULPLQDWLQJ��,Q� ,5�V\VWHPV�WKDW�LQWHJUDWH�VRPH�QDWXUDO�ODQJXDJH�SURSHUWLHV��D�FRPELQHG
DSSURDFK�PD\�EH�QHHGHG��)RU�H[DPSOH��LQ�VHDUFK�HQJLQHV�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�SKUDVHV��D
SHQQ\��DQG��WKH�SHQQ\��LV�OLNHO\�WR�EH�LQVLJQLILFDQW��,Q�FRQWUDVW��IRU�V\VWHPV�WKDW�UHTXLUH�ODQJXDJH
XQGHUVWDQGLQJ�� WKH�GLVWLQFWLRQ�EHWZHHQ� WKH�SKUDVHV� �WZR�DSSOHV��DQG��QR�DSSOHV�� FRXOG�ZHOO� EH
LPSRUWDQW���7R�ORRN�DW�KRZ�RQH�V\VWHP�WDUJHWHG�IRU�DQ�,5�DSSOLFDWLRQ�SHUIRUPHG�RYHU�WKLV�WDVN��ZH



SHUIRUPHG�DQ�HYDOXDWLRQ�RQ�WKH�$UL]RQD�1RXQ�3KUDVHU��7ROOH�	�&KHQ�������7ROOH���������,W�PXVW
EH� VWUHVVHG� WKDW� WKH� $UL]RQD� 1RXQ� 3KUDVHU� LV� WDUJHWHG� IRU� DQ� ,5� WDVN�� DQG� DV� VXFK� HPSOR\V� D
GHILQLWLRQ� RI�13V� WKDW� LV�PRUH� VXLWHG� WR� WKDW� GRPDLQ�� �+RZHYHU�� EHDULQJ� WKLV� DQG� WKH� VWULQJHQW
QDWXUH�RI�RXU�HYDOXDWLRQ� LQ�PLQG�� WKH�$UL]RQD�1RXQ�3KUDVHU�ZDV�DEOH� WR�DFKLHYH�DQ� LPSUHVVLYH
UHFDOO�RI�����DQG�SUHFLVLRQ�RI�����
,Q�WKH�FDVH�RI�WKH�$UL]RQD�1RXQ�3KUDVHU��PDQ\�13V�WHVWHG�IHOO�LQWR�WKH�PLVPDWFKHG�13�FDWHJRU\�
ZKHQ�D�PRUH�H[SUHVVLYH�VHW�RI�UHODWLRQVKLSV�PLJKW�QRW�KDYH�SHQDOL]HG�LW���)RU�H[DPSOH��IRU�WKH�WZR
VHTXHQWLDO�13V� �D�PDQ��DQG��H[WUDRUGLQDU\�TXDOLWLHV��� WKH�$UL]RQD�1RXQ�3KUDVHU� JHQHUDWHG� WKH
13� �PDQ� ZLWK� H[WUDRUGLQDU\� TXDOLWLHV��� � +DG� LW� JHQHUDWHG� WKH� 13� �D� PDQ� ZLWK� H[WUDRUGLQDU\
TXDOLWLHV�� LW� FRXOG�EH� DVVLJQHG� WR� WKH�RYHU�JHQHUDWLRQ�FDWHJRU\� WZLFH�� � 6LQFH� WKH�$UL]RQD�1RXQ
3KUDVHU�GLG�QRW�LQFOXGH�WKH��D���ZH�ZHUH�IRUFHG�WR�DVVLJQ�WKH�13��PDQ��WR�WKH�PLVPDWFK�FDWHJRU\
VLQFH� LW� FRQWDLQHG� WKH� �D�� IURP� WKH�13��D�PDQ�� DQG� WKH� �H[WUDRUGLQDU\� TXDOLWLHV��13� IURP� WKH
IROORZLQJ�QRXQ�SKUDVH�
3.7� Fur ther Evalution
7KH� HYDOXDWLRQ� SHUIRUPHG� LQ� WKLV� SDSHU� RQO\� WDUJHWHG� RQH� DVSHFW� RI� WKH� /LQN,7� V\VWHP�� 13
LGHQWLILFDWLRQ���:KLOH�WKDW�LV�D�FHQWUDO�DVSHFW�RI�WKH�V\VWHP��ZH�GLG�QRW�SHUIRUP�DQ�HYDOXDWLRQ�RI
WKH�OH[LFDO�OLQNLQJ�DQG�QRXQ�SKUDVH�JURXS�UDQNLQJ�IHDWXUHV�RI�WKH�V\VWHP�� �:KLOH�WKHVH�IHDWXUHV
DUH�LQWHJUDO�WR�WKH�XVDJH�RI�/LQN,7�IRU�FHUWDLQ�SURMHFWV��LW�LV�GLIILFXOW�WR�GHVLJQ�DQ�HYDOXDWLRQ�GXH�WR
WKH�FRPSOH[LW\�RI�FUHDWLQJ�DQ�HYDOXDWLRQ�PHWULF�IRU�WKHVH� WDVNV�� � ,Q� WKH�IXWXUH�ZH�ZRXOG� OLNH� WR
HYDOXDWH�WKHVH�FRPSRQHQWV�RI�WKH�V\VWHP�LQ�D�WDVN�EDVHG�HYDOXDWLRQ�
�� &RQFOXVLRQ
,Q�WKLV�SDSHU�ZH�KDYH�VKRZQ�WKDW�/LQN,7�RXWSHUIRUPV�RWKHU�WRROV�DW�WKH�WDVN�RI�13�LGHQWLILFDWLRQ�
7KH�/LQN,7�V\VWHP�ZDV�SUHVHQWHG�DQG�GHVFULEHG��DORQJ�ZLWK�D�VDPSOH�RI�DSSOLFDWLRQV� WKDW�KDYH
XVHG�/LQN,7�DV�D�FRPSRQHQW�
�� $FNQRZOHGJHPHQWV
7KLV� ZRUN� ZDV� VXSSRUWHG� E\� 16)� *UDQW� ,5,����������� DV� SDUW� RI� WKH� ,QIRUPDWLRQ� DQG� 'DWD
0DQDJHPHQW�:RUNVKRS��KWWS���ZZZ�FV�SLWW�HGX�aSDQRV�LGP�����DQG�DOVR�E\�16)�*UDQW�&'$����
������
:H�ZRXOG�OLNH�WR�WKDQN�.ULVWLQ�0��7ROOH�DQG�'U��+VLQFKXQ�&KHQ�IRU�WKHLU�KHOS�DQG�IRU�WKH�XVH�RI
WKH�$UL]RQD�1RXQ�3KUDVHU�� DQG� IRU� LPSRUWDQW�GLVFXVVLRQ�RI� WKH� UHVXOWV�� �:H�ZRXOG� DOVR� OLNH� WR
WKDQN�8QLYHUVLW\�RI�3HQQV\OYDQLD�IRU�PDNLQJ�WKHLU�WDJJHU�DQG�FKXQNHU�SXEOLFO\�DYDLODEOH�
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