
�
�

6HPDQWLF�6HDUFK�IRU�$UDELF�

$\D�0��$O�=RJKE\���DQG�.KDOHG�6KDDODQ��
��)DFXOW\�RI�&RPSXWHUV�DQG�,QIRUPDWLRQ�6\VWHPV��0DQVRXUD�8QLYHUVLW\��(J\SW�

D\DBHOB]RJKE\#PDQV�HGXD�HJ�
��7KH�%ULWLVK�8QLYHUVLW\�LQ�'XEDL��8$(�

NKDOHG�VKDDODQ#EXLG�DF�DH�
�

$EVWUDFW�
7KHUH� LV� D� JURZLQJ� LQWHUHVW� LQ� $UDELF� ZHE� FRQWHQW� ZRUOG�
ZLGH� GXH� WR� LWV� LPSRUWDQFH� IRU� FXOWXUH�� UHOLJLRQ�� DQG� HFR�
QRPLFV�� ,Q� WKH� OLWHUDWXUH�� UHVHDUFKHV� WKDW� DGGUHVV� VHDUFKLQJ�
$UDELF�ZHE�FRQWHQW�XVLQJ�VHPDQWLF�ZHE�WHFKQRORJ\�DUH�VWLOO�
LQVXIILFLHQW� FRPSDUHG� WR� $UDELF¶V� DFWXDO� LPSRUWDQFH� DV� D�
ODQJXDJH�� ,Q� WKLV� UHVHDUFK��ZH�SURSRVH� DQ�$UDELF� VHPDQWLF�
VHDUFK�DSSURDFK�WKDW�LV�DSSOLHG�RQ�$UDELF�ZHE�FRQWHQW��7KLV�
DSSURDFK�LV�EDVHG�RQ�WKH�9HFWRU�6SDFH�0RGHO��960���,W�XV�
HV�WKH�8QLYHUVDO�:RUG1HW�RQWRORJ\�WR�EXLOG�D�ULFK�FRQFHSW�
VSDFH�LQGH[�LQVWHDG�RI�WKH�WUDGLWLRQDO�WHUP�VSDFH�LQGH[��7KH�
SURSRVHG� LQGH[� LV� XVHG� IRU� HQKDQFLQJ� WKH� FDSDELOLW\� RI� WKH�
VHPDQWLF�EDVHG�960��0RUHRYHU�� WKH�DSSURDFK�LQWURGXFHV�D�
QHZ� LQFLGHQFH�PHDVXUHPHQW� WR� FDOFXODWH� WKH� VHPDQWLF� VLJ�
QLILFDQFH�GHJUHH�RI� WKH�GRFXPHQW
V�FRQFHSWV�ZKLFK�LV�PRUH�
VXLWDEOH� WKDQ� WKH� WUDGLWLRQDO� WHUP� IUHTXHQF\� PHDVXUH�� )XU�
WKHUPRUH�� D� QRYHO� PHWKRG� IRU� FDOFXODWLQJ� WKH� VHPDQWLF�
ZHLJKW�RI�WKH�FRQFHSW�LV�LQWURGXFHG�LQ�RUGHU�WR�GHWHUPLQH�WKH�
VHPDQWLF�VLPLODULW\�RI�WZR�YHFWRUV���$V�D�SURRI�RI�FRQFHSW��D�
V\VWHP� LV� DSSOLHG�RQ�D� IXOO�GXPS�RI� WKH�$UDELF�:LNLSHGLD��
7KH� H[SHULPHQWDO� UHVXOWV� LQ� WHUPV� RI� 3UHFLVLRQ��5HFDOO� DQG�
)�PHDVXUH�KDYH�VKRZHG�LPSURYHPHQW�LQ�SHUIRUPDQFH�IURP�
����������DQG�����WR�����������DQG������UHVSHFWLYHO\��

,QWURGXFWLRQ �
7KH� VXFFHVV� RI� VHPDQWLF� ZHE� WHFKQRORJ\� ZLWK� /DWLQ� ODQ�
JXDJHV�FDQ�DOVR�EH�XVHG� WR�EULGJH� WKH�JDS�LQ�RWKHU�XQGHU�
GHYHORSHG� ODQJXDJHV�VXFK�DV�$UDELF� �$O�=RJKE\��$KPHG��
	�+DP]D��$UDELF�6HPDQWLF�:HE�$SSOLFDWLRQV��$�6XUYH\��
������ 6KDDODQ�� -XQH� ������� +RZHYHU�� WKHUH� DUH� OLQJXLVWLF�
FKDOOHQJHV� DQG� FKDUDFWHULVWLFV� IDFLQJ� WKH� GHYHORSPHQW� RI�
VHPDQWLF� ZHE� V\VWHPV� LQ� RUGHU� WR� EH� DEOH� WR� HIIHFWLYHO\�
VHDUFK�WKH�$UDELF�ZHE�FRQWHQW��7KLV�LV�GXH�WR�WKH�ULFKQHVV�
RI�WKH�$UDELF�PRUSKRORJ\�DQG�WKH�VRSKLVWLFDWLRQ�RI�LWV�V\Q�
WD[�� 0RUHRYHU�� WKH� KLJKO\� DPELJXRXV� QDWXUH� RI� WKH� ODQ�
JXDJH�PDNHV�NH\ZRUG�EDVHG�DSSURDFKHV�RI� WKH� WUDGLWLRQDO�
VHDUFK�HQJLQHV�LQDSSURSULDWH��+DKDVK�������$O�.KDOLID�DQG�
$O�:DELO�������(ONDWHE�HW�DO���������
7KLV� UHVHDUFK� SURSRVHV� DQ� HQKDQFHG� VHPDQWLF� 960�

�������������������������������������������������
&RS\ULJKW���������$VVRFLDWLRQ�IRU�WKH�$GYDQFHPHQW�RI�$UWLILFLDO�,QWHOOL�
JHQFH��ZZZ�DDDL�RUJ���$OO�ULJKWV�UHVHUYHG��5HDG�������
�

EDVHG� VHDUFK� DSSURDFK� IRU� $UDELF� ,QIRUPDWLRQ� 5HWULHYDO�
DSSOLFDWLRQ� DQG� WKH� OLNH�� ,Q� RXU� SURSRVHG� DSSURDFK�� ZH�
EXLOG� D� FRQFHSW�VSDFH� IURP� ZKLFK� ZH� FRQVWUXFW� D� 960�
LQGH[��7KLV�PRGHO� KDV� HQDEOHG�XV� WR� UHSUHVHQW�GRFXPHQWV�
E\� VHPDQWLF�YHFWRUV�� LQ�ZKLFK� WKH�KLJKHVW�ZHLJKWV� DUH� DV�
VLJQHG�WR�WKH�PRVW�UHSUHVHQWDWLYH�FRQFHSW��7KH�FRQVWUXFWLRQ�
RI�WKH�FRQFHSW�VSDFH�LV�GHULYHG�IURP�VHPDQWLF�UHODWLRQVKLSV�
REWDLQHG�IURP�WKH�8QLYHUVDO�:RUG1HW��8:1����
$V�D�SURRI�RI�FRQFHSW��D�V\VWHP�LV�DSSOLHG�RQ�D�IXOO�GXPS�

RI� WKH� $UDELF� :LNLSHGLD�� �� 7KH� H[SHULPHQWDO� UHVXOWV� LQ�
WHUPV� RI� 3UHFLVLRQ�� 5HFDOO� DQG� )�PHDVXUH� KDYH� VKRZHG�
LPSURYHPHQW�LQ�SHUIRUPDQFH�IURP�����������DQG�����WR�
����������DQG������UHVSHFWLYHO\��
7KH� QH[W� VHFWLRQV� ZLOO� SUHVHQW� WKH� PDLQ� DVSHFWV� RI� WKH�

SURSRVHG� DSSURDFK�� WKH� DUFKLWHFWXUH� RI� WKH� SURSRVHG� V\V�
WHP��H[SHULPHQWDO�UHVXOWV��DQG�WKH�FRQFOXGLQJ�UHPDUNV��

7KH�0DLQ�$VSHFWV�RI�WKH�3URSRVHG�$SSURDFK�

&RQFHSWXDOL]DWLRQ�DQG�&RQFHSW�6SDFH�,QGH[LQJ�
�,Q�VHPDQWLF�ZHE�QRWDWLRQV��WHUPV�DUH�XVHG�WR�H[SODLQ�FRQ�
FHSWV� DQG� UHODWLRQVKLSV� DPRQJ� WKHP�� L�H�� WKH� FRQFHSW� LV�
LGHQWLILHG� E\� WKH� PHDQLQJ� LQGLFDWHG� E\� LWV� UHODWHG� WHUPV�
�8QQL� DQG� %DVNDUDQ� ������ 5HQWHULD�$JXDOLPSLD� HW� DO��
������� ,Q� WKH� WUDGLWLRQDO� V\QWDFWLF� 960�� WHUPV� DUH� XVHG�
VHSDUDWHO\� LQ� RUGHU� WR� IRUP� D� term-space��ZKLFK� GRHV� QRW�
FRQVLGHU�WKH�GHILQLWLRQ�RI�WKHLU�FRUUHVSRQGLQJ�FRQFHSWV���$V�
D� UHVXOW�� WKH� JHQHUDWHG� YHFWRUV�ZLOO� VWUD\� LQ� WKH� VSDFH� EH�
WZHHQ�WKH�VHW�RI�WHUPV��0RUH�LPSRUWDQW��WKH�PHDVXUH�RI�WKH�
PRVW�IUHTXHQW�WHUP�LQ�WKH�GRFXPHQW�PLJKW�QRW�LQGLFDWH�WKH�
PRVW� H[SUHVVLYH� RQH�� :HOO�VWUXFWXUHG� GRFXPHQWV� XVXDOO\�
KDYH� RQH� RU�PRUH� FHQWUDO� FRQFHSW�V�� GHVFULELQJ� WKH� GRFX�
PHQW��LQGLFDWHG�E\�D�JURXS�V��RI�UHODWHG�WHUPV��VHH�7DEOH����
7KHUHIRUH�� WKH� GRFXPHQW
V� YHFWRU� LV� DFFXUDWHO\� GLUHFWHG� LI�
LWV� KLJKHVW� ZHLJKW�V�� LV� DVVLJQHG� WR� LWV� FHQWUDO� FRQFHSW�V����
Table 1: Concept Representation by Different Terms 

&RQFHSW� *URXS�RI�UHODWHG�7HUPV�

ΔΑΎ
Θϛ�

��N
WD
EK
��

:
ULW
LQ
J� ΔΑΎΘϛ� �NWDEK�� :ULWLQJ� ϞϴΠδΗ� �WVM\O�� 5HJLVWUDWLRQ�

ϦϳϭΪΗ� �WGZ\Q�� 1RWDWLRQ� ΐΘϜϳ� �\NWE�� :ULWHV�
ήϳήΤΗ� �WKU\U�� (GLWLQJ� έήΤϳ� �\KUU�� (GLWV�
ϖϴΛϮΗ� �WZWK\T�� 'RFXPHQWDWLRQ� «� «� «�
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+HQFH��ZH�GHFLGHG�WR�UHSODFH�WKH�WUDGLWLRQDO�WHUP�VSDFH�E\�
D�concept-space�WKDW�LV�VHPDQWLFDOO\�PRUH�H[SUHVVLYH��7KLV�
KDV� WKH� HIIHFW� RI� RYHUFRPLQJ� WKH� GLVSHUVLRQ� RI� WHUPV� DQG�
DFFXPXODWLQJ� WKH� ZHLJKWV� RI� WKH� LQGLYLGXDO� WHUPV� WR� JHW�
HIIHFWLYH� ZHLJKWV� IRU� WKH� FRUUHVSRQGLQJ� GHVFULSWLYH� FRQ�
FHSWV�� 7KH� GHWDLOV� RI� WKLV� SURFHVV� DUH� IXOO\� GHVFULEHG� $O�
=RJKE\�HW�DO����������

$�1HZ�,QFLGHQFH�0HDVXUHPHQW��6HPDQWLF�6LJQLIL�
FDQFH�'HJUHH��66'��
7KH� ZHLJKW� RI� WHUP� t� LQ� GRFXPHQW� d� UHIHUV� WR� WKH� WHUP
V�
FDSDELOLW\�RI�GLVWLQJXLVKLQJ�WKH�GRFXPHQW��7UDGLWLRQDOO\��LW�
LV�GHILQHG�LQ�WHUPV�RI�LWV�IUHTXHQF\�tfd,��+RZHYHU��ZKHQ�WKH�
VHPDQWLF�EDVHG�FRQFHSWXDO�VHDUFK�DSSURDFK�LV�DGRSWHG��WKLV�
HTXDWLRQ�ZLOO�QR�ORQJHU�EH�DFFXUDWH�IRU�WKH�IROORZLQJ�WKUHH�
UHDVRQV��)LUVW��WKH�WHUP�QHHGV�WR�EH�PDWFKHG�DJDLQVW�DOO�LWV�
LQIOHFWHG�IRUPV�DORQJ�ZLWK�WKHLU�ZRUG�VHQVHV�WKDW�RFFXU�LQ�d
UDWKHU� WKDQ� WKH� LQSXW� RU� SULPLWLYH� �QRUPDOL]HG�� IRUP��
7KHUHIRUH�� QRW� DOO� PDWFKHV� ZRXOG� KDYH� WKH� VDPH� GHJUHH��
6HFRQG��WKH�VHPDQWLF�H[SDQVLRQ�RI�WHUPV�QHHGV�WR�EH�WDNHQ�
LQWR� FRQVLGHUDWLRQ��7KH� VHPDQWLF� H[SDQVLRQV�RI� WHUPV� FDQ�
EH� FODVVLILHG� LQWR� ILYH� GLIIHUHQW� W\SHV�� Synonyms,� Sub-
Classes,�+DV,QVWDQFHV (Specialization expansions)��Super-
Classes,�DQG�InstancesOf (Generalization expansions)��,W�LV�
REYLRXV� WKDW� WKH�H[SDQVLRQV�RI�Synonyms�DUH�VHPDQWLFDOO\�
FORVHU� WR� WKH� RULJLQDO� WHUP� WKDQ� HLWKHU� LWV� JHQHUDOL]HG� RU�
VSHFLDOL]HG�H[SDQVLRQV��0RUHRYHU�� WKH�H[SDQVLRQV�RI�Sub-
Classes�DQG�SuperClasses�DUH�ZRUWKLHU� WKDQ�WKRVH�RI�Has-
Instances�RU�InstancesOf��VLQFH�WKH�IRUPHU�UHSUHVHQW�FODVVHV�
WKDW� HQFRPSDVV� D� VHW� RI� UHODWHG� FRQFHSWV� ZKLOH� WKH� ODWWHU�
W\SHV� DUH� LQVWDQFHV� UHIHUULQJ� WR� VSHFLILF� UHODWHG� WHUPV��
7KLUG��SRVVLEOH�H[SDQVLRQV�RI�HDFK�W\SH�KDYH�GLIIHUHQW�FRQ�
ILGHQFHV� EHFDXVH� QRW� DOO� H[SDQVLRQV� DUH� UHOHYDQW� WR� WKH�
RULJLQDO�WHUP�DW�WKH�VDPH�GHJUHH�RU�ZHLJKW���
7KH� DIRUHPHQWLRQHG� UHDVRQV� GLVFRXUDJH� WKH� XVH� RI� WHUP�

IUHTXHQF\� LQ�VHPDQWLF� VHDUFK��+HQFH��ZH� LQWURGXFH�D�QHZ�
incidence measurement� RI� WKH� WHUP� t�� FDOOHG� WKH Semantic 
Significance Degree�(SSD)��DQG�FRQVHTXHQWO\��WKH�FRQFHSW�
c�� 7KH�SSD� LV� FRPSXWHG� LQ� WHUPV� RI� D� QHZ� IDFWRU�� FDOOHG�
association factor,�GHILQHG�IRU�HDFK�H[SDQVLRQ�RI�WKH�WHUP.�
,W�LV�D�PXOWLSOLFDWLRQ�RI�WZR�SDUDPHWHUV��WKH�distance�RI�WKH�
H[SDQVLRQ
V� W\SH�� DQG� WKH� confidence� RI� WKH� H[SDQVLRQ� LW�
VHOI��:H�GHILQHG� WKH�GLVWDQFH�RI� WKH�H[SDQVLRQ
V� W\SH�DV�D�
PXOWLSO\LQJ� FRHIILFLHQW�� ZKLFK� LV� KHXULVWLFDOO\� GHWHUPLQHG�
E\� WKH� VHPDQWLF� FORVHQHVV� RI� WKH� H[SDQVLRQ�� 7KH� VHW� RI�
Synonyms�KDV�WKH�VDPH�GHJUHH��RU�DQ�H[DFW�PDWFKLQJ�WR�WKH�
RULJLQDO�WHUP��7KHUHIRUH��ZH�GHFLGHG�WR�VHW�LWV�GLVWDQFH�YDO�
XH�WR�1��2Q�WKH�RWKHU�KDQG��WKH�Sub/Super classes�DUH�PRUH�
UHODWHG� WKDQ� Instances VLQFH� WKH\� LQGLFDWH� D� JHQHULF� SHU�
VSHFWLYH� RI� WKH� PHDQLQJ�� 7KHUHIRUH� ZH� GHFLGH� WR� VHW� WKH�
YDOXH�RI� WKH�GLVWDQFH�RI�Sub/Super�FODVVHV� WR�0.75 DQG�WKH�
YDOXH�RI�WKH�GLVWDQFH�RI�Has-Instances/Instances�RI�FODVVHV�
WR� 0.5�� 7KH� YDOXH� RI� WKH� FRQILGHQFHV� LV� GLUHFWO\� REWDLQHG�
IURP�WKH�8:1��

)RUPDOO\�� OHW�AFi� GHQRWHV� WKH�Association Factor� RI� WKH�
H[SDQVLRQ�i���
� AFi� ��ܿ݊݋ ௜݂ כ �௜ݐݏ݅݀ ����
7KH�Term's Semantic Significance Degree (TSSD)�RI�WKH�

WHUP�t�DW�GRFXPHQW�d�LV�GHILQHG�DV��

� ௗǡ௧ܦܵܵܶ ൌ෍ݐ ௜݂ כ ୧ܨܣ
௡

௜ୀଵ
����

:KHUH� n� LV� WKH� QXPEHU� RI� DOO� H[SDQVLRQV� RI� WKH� WHUP� t�
IURP�DOO�W\SHVݐ�� ௜݂�LV�WKH�IUHTXHQF\�RI�H[SDQVLRQ�i�LQVWDQFHV�
RFFXUUHG� LQ�GRFXPHQW�d��confi� LV� WKH�FRQILGHQFH�RI�H[SDQ�
VLRQ�i�LQ�UWN��DQG�݀݅ݐݏ୧�LV�WKH�GLVWDQFH�RI�H[SDQVLRQ�i��
/HW� 6HP-IDFt denotes the� VHPDQWLF� LQYHUVH� GRFXPHQW�

IUHTXHQF\�RI�WKH�WHUP�t��,W�LV�GHILQHG�DV�IROORZV��
� 6HP�,')W� ��ORJ� ȁ஽ȁ

ȁሼ௘ᇲא ௗᇲ ȁ ௘ᇲא ௧௘�Ƭ�ௗᇲא�஽ሽȁ� ����
:KHUH��te�LV�D�VHW�RI�DOO�VHPDQWLF�H[SDQVLRQV�RI�WKH�WHUP�t��

e�LV�FHUWDLQ�H[SDQVLRQ�LQ�WKH�GRFXPHQW�d��DQG�D� LV�WKH�HQ�
WLUH�GRFXPHQWV�VSDFH��7KXV�� WKH�VHPDQWLF�ZHLJKW�RI� WHUP� t�
LQ�GRFXPHQW�d�LV��
�
�

6HP�ZG�W�� �ܶܵܵܦௗǡ௧�
�6HP�,')W� ����

,Q�WHUPV�RI�FRQFHSWV��OHW�stj�GHQRWHV�WKH�VHW�RI�WKH�VHPDQ�
WLF� H[SDQVLRQV� RI� WKH� WHUP� j� DQG�Ci� GHQRWHV� WKH� FRQFHSW� i�
WKDW�LV�GHILQHG�E\�D�VHW�RI�m�VHPDQWLFDOO\�H[SDQGHG�WHUPV��
7KH�H[SDQVLRQ�XQLRQ�RI�Ci� LV�GHILQHG�E\�PHUJLQJ� WKH�VHWV�
RI� DOO� VHPDQWLF� H[SDQVLRQV� RI� DOO� GHILQLWLYH� WHUPV� DV� IRO�
ORZV��
� &L� �Expansions-Merge��^VW���VW����«�VW�M��«��VW�P`�� ����
7KH�&RQFHSW
V�6HPDQWLF�6LJQLILFDQFH�'HJUHH� �&66'�� LV�

GHILQHG�DV�IROORZV��

� ௗǡ௖೔ܦܵܵܥ ൌ ෍ܶܵܵܦௗǡ௦௧ೕ

௠

௝ୀଵ
����

)LQDOO\��OHW�6HP�,')F�GHQRWHV�WKH�6HPDQWLF�,QYHUVH�'RF�
XPHQW�)UHTXHQF\�RI�WKH�FRQFHSW�F�LV�GHILQHG�DV��
� 6HP�,')F� ��ORJ� ȁ஽ȁ

ȁሼ௘ᇲא ௗᇲ ȁ ௘ᇲא ௖௘�Ƭ�ௗᇲא�஽ሽȁ� ����
:KHUH�� ce� LV� WKH� VHW� RI� DOO� VHPDQWLF� H[SDQVLRQV� RI� WKH�

FRQFHSW�c��7KH�Semantic Weight�RI�HDFK�FRQFHSW�LQ�WKH�QHZ�
&RQFHSW�6SDFH�Sem-wd,c LV�GHILQHG�DV��
� 6HP�ZG�F�� ܌ܦܵܵܥ�ǡܑࢉ�
�6HP�,')F� ����
�
$Q�,OOXVWUDWLYH�([DPSOH�
)LJ�� �� VKRZV� DQ� H[DPSOH� WKDW� FODULILHV� WKH� UHODWLRQVKLSV�
VXUURXQGLQJ�D�FRQFHSW�WKDW�LV�UHSUHVHQWHG�E\�WKH�WZR�V\QR�
Q\PV� ϡΎψϨϟ΍�ϲδϤθϟ΍ /alnzam alshmsy/ (Solar System)�� DQG�
ΔϴδϤθϟ΍� ΔϋϮϤΠϤϟ΍�  /almjmw'eh alshmsyh /(Solar Group)��

7KH ΔϋϮϤΠϤϟ΍�ΔϴδϤθϟ΍�  /almjmw'eh alshmsyh/ (Solar Group)�LV�
FORVHU�WR�LWV�V\QRQ\P� ϡΎψϨϟ΍�ϲδϤθϟ΍  /alnzam alshmsy/ (Solar 
System)� WKDQ� LWV� VXSHU�FODVV� ΓήΠϣ�  /mjrh/(Galaxy)� DQG� LWV�
VXE�FODVV� ΐϛϮϛ /kwkb/(Planet)�� +RZHYHU�� WKHVH� VXE�VXSHU�
FODVVHV� DUH� FORVHU� WR� WKH� RULJLQDO� WHUP� ΔϴδϤθϟ΍� /alshmsyh / 
(Solar)�WKDQ�LWV�LQVWDQFHV�VXFK�DV�βϤθϟ΍ /alshms/ (Sun)�DQG�
νέϷ΍ /alard/(Earth)���
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1RGH��� 1RGH�QDPH�
�� ΔϴΠϠϴϠϫϹ΍�ΓήΠϤϟ΍� �DOPMUK�DOHKO\OM\K�� �(OOLSWLFDO�JDOD[\�
�� ϠδϠδϤϟ΍�Γ΃ήϤϟ΍�ΓήΠϣΔ � �PMUK�DOPUDK�DOPVOVOK��� �$QGURPHGD�
�� ϪϧΎΒΘϟ΍�ΏέΩ�ΓήΠϣ� �PMUK�GUE�DOWEDQK��� �0LON\�:D\ JDOD[\�
�� ϟ΍βϤθ � �DOVKPV�� �6XQ��
�� ΩέΎτϋ� �
HWDUG�� �0HUFXU\�
�� νέϷ΍� �DODUG�� �(DUWK��
�� ϞΣί� �]KO�� �6DWXUQ��

)LJXUH����$Q�LOOXVWUDWLYH�H[DPSOH�RI�WKH�GLIIHUHQW�NLQGV�RI�PDWFK�
LQJ�EHWZHHQ�H[SDQVLRQV��7KH�QXPEHUV�LQ�WKH�ILJXUH�UHIHUV�WR�WKH�

1RGH���LQ�WKH�DVVRFLDWHG�WDEOH���
��$VVXPH� WKDW�ZH� KDYH� ��� GRFXPHQWV� LQ� WKH� VSDFH�� ILYH�

GRFXPHQWV�KDYH�RFFXUUHQFHV�RI�WKH ΔϋϮϤΠϣ�ΔϴδϤη  /mjmw'eh 
shmsyh / (Solar Group) UHODWLRQVKLSV��,Q�WKLV�FDVH�WKH�Doc-
ument Frequency (df) LV�� DQG�WKH�Inverse Document Fre-
quency (IDF) LV� /RJ�������  � ����� 7DEOH� �� SUHVHQWV� WKUHH�
PHWKRGV� WR� FDOFXODWH� WKH� ZHLJKW� RI� Solar Group� WHUP��
0HWKRG� �� LV� WKH� WUDGLWLRQDO� ZD\� WR� FRPSXWH� WKH� ZHLJKWV��
0HWKRG� �� FRPSXWHV� WKH� ZHLJKWV� XVLQJ� WKH� UWN Confi-
dence (conf.)�� 0HWKRG� �� FRPSXWHV� WKH� ZHLJKWV� XVLQJ� WKH�

�������������������������������������������������
��1RWH�WKDW�WKH�H[SHULPHQWV�DUH�H[HFXWHG�XVLQJ�$UDELF�WH[W�ZLWKRXW�YRFDOL�
]DWLRQ� V\PEROV�� 0RUHRYHU�� WKH� 8:1� LV� GHVLJQHG� WR� UHWULHYH� UHVXOWV� LQ�
$UDELF�VFULSW��

SURSRVHG� Association Factor (AF)�� 7KH� ZHLJKW� ������ LV�
PRUH� DFFXUDWH� WKDQ� ����� DQG� ���� VLQFH� LW� UHIOHFWV� WKH� UHDO�
VLJQLILFDQFH� RI� HDFK� VHPDQWLF� H[SDQVLRQ�� DQG� WKXV� WKH�
RYHUDOO�ZHLJKW�RI� WKH�FRQFHSW
V�UHSUHVHQWDWLRQ�LQ�WKH�GRFX�
PHQW��

6HPDQWLF�6LPLODULW\�
$V�IDU�DV�VHPDQWLF�RI�FRQFHSWV�DUH�FRQVLGHUHG��ZH�QHHG�WR�
DFFXUDWHO\�PDWFK�HDFK�H[SDQGHG�FRQFHSW�LQ�WKH�LQSXW�TXHU\�
ZLWK�HDFK�FRQFHSW� LQ� WKH�VSDFH��+RZHYHU��QRW�DOO�PDWFKHV�
EHWZHHQ� DOO� LQVWDQFHV� RI� HDFK� VHPDQWLF� H[SDQVLRQ� W\SH�
KDYH�WKH�VDPH�PDWFKLQJ�FRQVLVWHQF\�RU�GHJUHH��)RU�H[DP�
SOH�� RQH� RI� WKH� V\QRQ\PV� RI� WKH� ILUVW� TXHU\� ZRUG�� VD\�
qw1s1,�PD\�PDWFK�RQH�RI�WKH�super-classes�RI�D�FRQFHSW�LQ�
WKH�VSDFH�FL��7KLV�TXHU\�ZRUG�PLJKW�DOVR�PDWFK�RQH�RI�WKH�
synonyms� RI� DQRWKHU� FRQFHSW� FM�� ,Q� WKLV� H[DPSOH�� WKH� VHF�
RQG� PDWFK� LV� VWURQJHU� WKDQ� WKH� ILUVW�� � 7KHUHIRUH�� IRU� HIIL�
FLHQF\� UHDVRQV�� HDFK� FDVH� KDV� WR� EH� KDQGOHG� VHSDUDWHO\��
RWKHUZLVH��ZH�PLJKW�JHW�XQH[SHFWHG�UHVXOWV�� �$V�WKHUH�LV�D�
SRVVLELOLW\�WKDW�ZHDN�PDWFKHV�PLJKW�WDNH�ZHLJKWV�VLPLODU�WR�
VWURQJHU� PDWFKHV�� ZH� GHULYHG� IRUPXODV� ���� DQG� ����� IRU�
FRQVWUXFWLQJ�HQWULHV�RI�WKH�Matching-Sensitive�YHFWRU�RI�WKH�
LQSXW�TXHU\��
/HW�n�GHQRWHV�WKH�QXPEHU�RI�H[SDQVLRQV�WKDW�DUH�PDWFKHG�

EHWZHHQ� WKH� TXHU\� DQG� WKH� FRQFHSWV� LQ� WKH� VSDFH�� DQG�mx�
GHQRWHV�WKH�IUHTXHQF\�RI�HDFK�PDWFK��7KH�6HPDQWLF�6LJQLI�
LFDQFH�'HJUHH�RI�WKH�FRQFHSW�c�LQ�TXHU\�Q is:�
� ொǡ௖ܦܵܵܳ ൌ σ௡௫ୀଵ P[�
�F$)[�
�TZ$)[� ����
:KHUH��cAFx�LV�WKH�Association Factor�RI�WKH�FRQFHSW�c�RI�

WKH�PDWFK�#x�� DQG�qwAFx� LV� WKH�Association Factor RI� WKH�
TXHU\�ZRUG� RI� WKH�PDWFK�#x�� 7KH� VHPDQWLF�ZHLJKW� RI� WKH�
FRQFHSW�c�LQ�TXHU\�Q LV��
� 6HP�Z4�F�� �ܳܵܵܦொǡ௖�
�6HP�,')F� �����
7KXV�� WKH�VHPDQWLF�VLPLODULW\�EHWZHHQ�TXHU\�Q�DQG�GRF�

XPHQW�di� LV�FDOFXODWHG� LQ� WHUPV�RI� WKH�VHPDQWLF�ZHLJKWV�RI�

WKH�FRQFHSW�FM�LQ�ERWK�WKH�TXHU\�Q�DQG�WKH�GRFXPHQW�di�E\�
WKH�HTXDWLRQ��

Table 1: The  weight of the semantic expansion of the term Δϳγϣη�ΔϋϭϣΟϣ /mjmw'eh shmsyh / (Solar Group)�

6HPDQWLF��
5HODWLRQVKLS� 6HPDQWLF�([SDQVLRQ�

&
RQ
IL�

GH
QF
H�

FR
QI
��

'
LVW
DQ
FH
�

GL
VW
��

$
VV
RF
LD
�

WLR
Q�
)D
F�

WR
U�$

)�

�
,QFLGHQFH�0HDVXUHPHQW�

�
0HWKRG��� 0HWKRG��� 0HWKRG���

tf� tf * conf.� TSSDd,t�

6\QRQ\PV� ΔϴδϤη�ΔϋϮϤΠϣ�� �PMPZ
HK�VKPV\K�� �6RODU�*URXS�� ���� �� ���� �� ���� ����
ϲδϤη�ϡΎψϧ�� �Q]DP�VKPV\��� �6RODU�6\VWHP�� ���� ���� �� ���� ����

6XSHU�&ODVVHV�
�ΓήΠϣ� �PMUK�� �*DOD[\�� ����

�����
������ �� ���� �����

ϲΒϛϮϛ�ϡΎψϧ�� �Q]DP�NZNE\�� �3ODQHWDU\�6\VWHP�� ���� ������ �� ���� ������
ϪϴϤΠϧ�ΕΎόϤΠΗ�� �WMP
HDW�QMP\K�� �6WDU�&OXVWHUV�� ���� ����� �� ���� �����

6XE�&ODVVHV�

ΐϛϮϛ�� �NZNE�� �3ODQHW�� ����

�����

������ �� ���� ������
ϙΰϴϧ�� �Q\]N�� �0HWHRU�� ���� ���� �� ���� ����
ΐϧάϣ�� �PGQE�� �&RPHW�� ���� ������ �� �� ��
ϢΠϧ�� �QMP�� �6WDU�� ���� ������ �� ���� �������

+DV�,QVWDQFH� βϤθϟ΍�� �DOVKPV�� �6XQ�� ���� ���� ����� �� ���� ����
νέϷ΍�� �DODUG�� �(DUWK�� ���� ����� �� ���� ����

,QVWDQFHV�±�RI� ΔϧΎΒΘϟ΍�ΏέΩ�ΓήΠϣ�� �PMUK�GUE�DOWEDQK�� �0LON\�:D\�JDOD[\�� ���� ���� ����� �� ���� ����
CSSDd,c � � � � ��� ��� �������
6HP�:G�F� � � � � ���
�� ��� ���
�� ����� ���
������� �������
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̴ܵ݁݉ܵ݅݉ሺ݀௜ǡ ܳሻ ��
ൌ

σ ܵ݁݉ െ ொǡ௖ೕݓ כ �ܵ݁݉ െ ௗ೔ǡ௖ೕୡ୭୬ݓ
୨ୀଵ

ටσ ܵ݁݉ െ ொǡ௖ೕଶ௖௢௡ݓ
୨ୀଵ כ �ටσ ܵ݁݉ െ ௗ೔ǡ௖ೕଶ௖௢௡ݓ

୨ୀଵ

� �����

:KHUH�con�LV�WKH�FRXQW�RI�FRQFHSWV�LQ�WKH�VSDFH��

6\VWHP�$UFKLWHFWXUH�
7KH�RYHUDOO�DUFKLWHFWXUH�RI�WKH�SURSRVHG�V\VWHP�LV�GHSLFWHG�
LQ�)LJ�����7KH�Document Acquisition�PRGXOH�DFTXLUHV�GRF�
XPHQWV�IURP�WKH�ZHE�ZKLFK�ZH�XVH�DV�D�NQRZOHGJH�VRXUFH��
7KH�Arabic NEs Extraction�PRGXOH�H[WUDFWV�$UDELF�1DPHG�
(QWLWLHV� �1(V�� IURP� WKH� DFTXLUHG�GRFXPHQWV� XVLQJ�$1((�
WRRO��2XGDK�DQG�6KDDODQ��������$IWHUZDUGV��WKHVH�1(V�DUH�
H[SDQGHG��YLD�WKH�8:1��ZLWK�WKHLU�DOLDVHV���7KH�Text Nor-
malization�PRGXOH�VSOLWV� WKH� IXOO�GXPS�RI�:LNLSHGLD�GRF�
XPHQWV� LQWR�VHSDUDWH�DUWLFOHV��7KHQ�� WKH� WH[W� LV�QRUPDOL]HG�
E\�ILOWHULQJ�RXW�QRQ�$UDELF�OHWWHUV���)LQDOO\��VWRS�ZRUGV�DUH�

�������������������������������������������������
��)RU�H[DPSOH��<DVVHU�$UDIDW��$UDELF��ΕΎϓήϋ�ήγΎϳ���<ƗVLU�C$UDIƗW��DQG�KLV�
DOLDVHV�$EX�$PPDU��$UDELF�� ϮΑ΃�έΎϤϋ ���
$Eǌ�C$PPƗU���
��7KLV� LV� VSHFLILF� WR� WKH�FXUUHQW�YHUVLRQ�RI� WKH�5',�6ZLIW� LQGH[HU� WKDW� LV�
DYDLODEOH�WR�XV�ZKLFK�UHTXLUHV�QRUPDOL]LQJ�WKH�WH[W�XVLQJ�WKH�5',�PRUSKR�
ORJLFDO�DQDO\]HU��

HOLPLQDWHG�� 7KH Conceptualization and Vectors Building�
PRGXOH�LV�WKH�FRUH�RI�WKH�SURSRVHG�V\VWHP��7KH�YHFWRUV�DUH�
JHQHUDWHG�XVLQJ�WKUHH�GLIIHUHQW�LQGH[LQJ�PHWKRGV�ZLWK�GLI�
IHUHQW� LQFLGHQFH�PHDVXUHPHQWV,�VHH�7DEOH��� 7KH�WKUHH�UH�
VXOWDQW� LQGLFHV� DUH� JUDGXDOO\� GHYHORSHG�� Morphological 
Term-Space (MTS), Semantic Term-Space (STS), and Con-
cept-Space (CS),� ZKLFK� ZH� XVH� LQ� HYDOXDWLQJ� WKH� SHUIRU�
PDQFH�RI�WKH�SURSRVHG�DSSURDFK��$Q�HQWU\�RI�WKH�MTS�LQ�
GH[�FRQVLGHUV�DOO�LQIOHFWHG�IRUPV�RI�WKH�WHUP��:KHUHDV��WKH�
HQWU\�RI�WKH�STS� LQGH[�LV�JHQHUDWHG�IURP�WKH�VHPDQWLF�H[�
SDQVLRQ�RI�DQ�MTS� HQWU\�XVLQJ�UWN��$Q�HQWU\�RI� WKH�CS�
LQGH[� FRQVLVWV� RI� D�PDLQ� WHUP� WKDW� UHSUHVHQWV� WKH� FRQFHSW�
DQG�H[SDQVLRQV�RI� DOO� HQFDSVXODWHG� WHUPV�DORQJ�ZLWK� WKHLU�
PRUSKRORJLFDO� DQG� VHPDQWLF� H[SDQVLRQV�� 7DEOH� �� JLYHV�
H[DPSOHV�WKDW�SURJUHVVLYHO\�VKRZ�KRZ�DQ�HQWU\�LV�JHQHUDW�
HG� IURP�076� WR� 676� DQG� IURP�676� WR�&6�� UHVSHFWLYHO\��
7KH� Query Preprocessing� PRGXOH� QRUPDOL]HV� WKH� TXHU\�
DQG� VHPDQWLFDOO\� H[SDQGV� LW�� )LQDOO\�� WKH� Semantic Simi-
larity and Ranking� PRGXOH� XVHV� HTXDWLRQ� ��� WR� FDOFXODWH�
WKH� VLPLODULW\� EHWZHHQ� XVHU
V� TXHU\� DQG� GRFXPHQWV�VSDFH��
7KHQ��WKH�UDQNLQJ�LV�DSSOLHG�DFFRUGLQJ�WR�VLPLODULW\��

$Q�([DPSOH�RI�8WLOL]DWLRQ�DQG�7HVWLQJ�

7KH�&RQFHSWXDOL]DWLRQ�3URFHVV�
7KH� shrinking algorithms� �$O�=RJKE\� HW� DO��� ������� DUH�
DSSOLHG� RQ� WKH� WHUP�VSDFH� WR� JHQHUDWH� D� FRQFHSW�VSDFH��
ZKLFK�UHVXOWV�LQ�D�FRQFHSW�VSDFH�RI��������FRQFHSWV��$V�D�
UHVXOW�� WKH�QXPEHU�RI� WKH�FRQFHSWV�VSDFH�HQWULHV� VKUDQN� WR�
MXVW������RI� WKDW�RI� WKH�PRUSKRORJLFDO�VSDFH��7KH�DPSOHU�
FRQFHSW�LV�GHILQHG�E\����PHUJHG�WHUPV�ZKLOH�WKH�QDUURZHU�
RQH�LV�MXVW�RI�WZR��6RPH�WHUPV�FDQQRW�EH�PHUJHG��PRVW�RI�
WKHP� DUH� 1(V�� RXW� RI� YRFDEXODU\� ZRUGV�� DQG� PLVVSHOOHG�
ZRUGV�� 7KLV� OHDGV� WR� WKH� LQFUHPHQW� RI� WKH� UHSUHVHQWDWLRQ�
SRZHU�RI�HDFK�LWHP�LQ�WKH�VSDFH��VLQFH�WKH�DYHUDJH�RI�LWHPV�

ZHLJKWV�LV�LQFUHDVHG�DV�VKRZQ�E\�WKH�ODVW�FROXPQ�RI�7DEOH�
���,W�LV�QRWLFHDEOH�WKDW�WKH�ZHLJKWV�RI�WKH�VHPDQWLF�LQGH[LQJ�
�676���DUH�KLJKHU�WKDQ�WKRVH�RI�WKH�PRUSKRORJLFDO�LQGH[LQJ�
�076���/LNHZLVH��WKH�ZHLJKWV�RI�WKH�FRQFHSWXDO�LQGH[LQJ��

Table 2: The Indexing and Incidence Measurement methods, and the overall results of the Conceptualization Process. 
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HQ
W�

,Q
GH
[�

LQ
J�

0
HW
KR
G� ,QFLGHQFH�0HDVXUHPHQW�

�(QWULHV� 7\SH�RI�([�
SDQGLQJ�

$YHUDJH�RI�([SDQVLRQV���(QWU\�
Freq.�
$YH�� df�$YH� W�

$YH��0HDVXUH� 'HVFULSWLRQ� �� &ODVVLILFDWLRQ�

9�� 076�
7HUP
V�0RUSKRORJ�
LFDO�)UHTXHQF\�
�70)��

,W� LV� WKH� FRXQW� RI� WKH� PRUSKRORJLFDO�
LQIOHFWLRQV�RFFXUUHQFHV�RI�WKH�WHUP��

�������

0RUSKRORJLFDOO\� �� 0RUSKRORJLFDO�
,QIOHFWLRQV� ���� ���� ����

9�� 676�
�

7HUP
V�6HPDQWLF�
6LJQLILFDQFH�'H�
JUHH��766'��
�

,Q�WKLV�PHDVXUHPHQW��WKH�YDULDWLRQ�RI�WKH�
DVVRFLDWLRQ� GHJUHH� RI� HDFK� H[SDQVLRQ�RI�
WKH�WHUP�LV�WDNHQ�LQWR�FRQVLGHUDWLRQ��

6HPDQWLFDOO\� ���

,QIOHFWLRQV� ��

���� ���� ����

6\QRQ\PV� ��
6XE�&ODVVHV� ��
6XSHU�&ODVVHV� ��
+DV�,QVWDQFHV� ��
,QVWDQFH�2I� ��

9�� &6�
&RQFHSW
V�6HPDQWLF�
6LJQLILFDQFH�'H�
JUHH��&66'��

,W� LV� WKH� HTXLYDOHQW� RI� WKH�766'�� EXW� LQ�
WHUPV�RI�FRQFHSWV�� ������� &RQFHSWXDOO\� ��� &RQFHSW�RI���676�HQWULHV� ���� ���� ����

)LJXUH����6\VWHP�$UFKLWHFWXUH�
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��&6��DUH�KLJKHU�WKDQ�WKH�ZHLJKWV�RI�WKH�VHPDQWLF�LQGH[LQJ�
�676��� 7KH� LPSRUWDQW� REVHUYDWLRQ� LV� WKDW� WKH� UHVXOWV� KDYH�
GHPRQVWUDWHG� WKH� HIILFLHQF\�RI� WKH�FRQFHSWXDO� LQGH[LQJ� LQ�
GLVWLQJXLVKLQJ� GRFXPHQWV� E\� PHDQV� RI� FRUUHVSRQGLQJ�
ZHLJKWV��

5HWULHYDO�&DSDELOLW\�
)RU� WKH� VDNH�RI� HYDOXDWLRQ�� D�JROG� VWDQGDUG� WHVW� VHW�RI� WKH�
ILUVW�����GRFXPHQWV�IURP�WKH�AWDS�LV�H[WUDFWHG��DQG�FODV�

VLILHG�DFFRUGLQJ�WR�WKHLU�UHOHYDQF\�WR�WKH�WHVW�TXHU\��έΩΎμϣ
ΔϗΎτϟ΍ /msadr altaqh/ (Energy Resources)�� ��� GRFXPHQWV��
RXW� RI� WKH� ���� GRFXPHQWV�� DUH� V\QWDFWLFDO�
O\�VHPDQWLFDOO\�FRQFHSWXDOO\�UHOHYDQW��ZKHUHDV�WKH�UHVW�DUH�
LUUHOHYDQW��7KH�VHPDQWLF�H[SDQVLRQ�DQG� WKH�FRQFHSWXDOL]D�
WLRQ� RI� WKH� TXHU\� ZRUGV� DUH� SUHVHQWHG� LQ� 7DEOH� ��� 7KUHH�
H[SHULPHQWV�ZHUH�FRQGXFWHG� WKDW�XVHV�076��676��DQG�&6�
LQGH[LQJ� PHWKRGV�� 7KH� SHUIRUPDQFH� RI� WKH� V\VWHP� LV�
VKRZQ�LQ�7DEOH����)URP�WKLV�WDEOH��ZH�REVHUYH�WKH�IROORZ�
LQJ��7KH�ILUVW�H[SHULPHQW�XVHV�WKH�076�LQGH[��7KH�UHDVRQ�
RI� LWV� KLJK� 3UHFLVLRQ� LV� WKDW� WKH� VHW� RI� XQUHODWHG�� \HW� UH�
WULHYHG��GRFXPHQWV� LQ� WKLV�FDVH� LV� WKH�VPDOOHVW��7KH\�ZHUH�
MXVW����LUUHOHYDQW�GRFXPHQWV�RI�D�WRWDO�RI������,W�RQO\�FRQ�
WDLQV� WKH� GRFXPHQWV� WKDW� KDYH� HLWKHU� WKH� ZRUG� έΩΎμϣ
/msadr/ (Resources)�RU�WKH�ZRUG ΔϗΎρ /taqh/ (Energy)�LQ�DQ�
LUUHOHYDQW�FRQWH[W��VHH� IRU�H[DPSOH�7DEOH����+RZHYHU��GH�
VSLWH�LWV�KLJK�SUHFLVLRQ��WKLV�H[SHULPHQW
V�Recall�LV�WKH�ORZ�
HVW�� VLQFH�VRPH�RI� WKH�VHPDQWLFDOO\�DQG�FRQFHSWXDOO\� UHOH�
YDQW�GRFXPHQWV�DUH�QRW�FRQVLGHUHG�� WKH\�DUH����RXW�RI� WKH�
WRWDO����UHOHYDQW�GRFXPHQWV���
�,Q� WKH� VHFRQG� H[SHULPHQW�� XVLQJ� 676� LQGH[LQJ� OHDG� WR�

GHJUDGLQJ� WKH� 3UHFLVLRQ�� 7KLV� LV� PDLQO\� GXH� WR� LVVXHV� LQ�
UHFRJQL]LQJ� multiword expressions, or phrases,� ZKLFK� LV�
FDXVHG� E\� VRPH� OLPLWDWLRQV� LPSRVHG� E\� WKH� 5',��6ZLIW�
LQGH[HU��)RU�H[DPSOH�� WKH�ZRUG�ΔϗΎρ /taqh/ (energy)� LV�H[�
SDQGHG� WR� WKH�H[SUHVVLRQ� ΔϗΎρ�ϭϮϧΔϳ  /taqh nwwyh/ (Nuclear 
energy)��ZKLFK�LV�KDQGOHG�DV�WZR�LQGLYLGXDO�ZRUGV��&RQVH�
TXHQWO\�� GRFXPHQWV� UHODWHG� RQO\� WR� WKH�ZRUG�ϱϭϮϧ /nwwy/ 

�������������������������������������������������
���(QHUJ\�&LW\�4DWDU��(&4��LV�WKH�ILUVW�HYHU�LQWHJUDWHG�HQHUJ\�KXE�LQ�WKH�
*&&�DQG�0(1$�UHJLRQV��
KWWS���ZZZ�HQHUJ\FLW\�FRP�

���7DTDK�&DVWOH��ΔϗΎρ�ϦμΣ��LV�WKH�PRVW�SRSXODU�FDVWOH�WR�YLVLW�LQ�WKH�UHJLRQ�
RI�'KRIDU�LQ�WKH�6RXWK�RI�2PDQ��
KWWS���ZZZ�RPDQWULSSHU�FRP�WDTDK�FDVWOH�GKRIDU��

�� 7DT� ZD� 6DQ� RU� 7DT�H� %RVWDQ�.XUGLVK�� ϥΎγ� ϩϭ� ϕΎΗ�� �DUFK� RI�
6WRQH����3HUVLDQ�� ϕΎρ�ϥΎΘδΑ �� �DUFK�RI�%RVWDQ��� LV�D� VLWH�ZLWK�D� VHULHV�RI�
ODUJH�URFN�UHOLHI�IURP�WKH�HUD�RI�6DVVDQLG�(PSLUH�RI�3HUVLD��WKH�,UDQLDQ�
G\QDVW\�ZKLFK�UXOHG�ZHVWHUQ�$VLD�IURP�����WR�����$'��
KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�7DTB%RVWDQ�

���KWWS���ZZZ�UGL�HJ�FRP�WHFKQRORJLHV�DUDELFBQOS�KWP��
KWWS���UGL�HJ�FRP�'HPR�6:LIW6HDUFK(QJLQH�'HIDXOW�DVS[��
KWWS���ZZZ�UGL�HJ�FRP�'RZQORDGV�6ZLIW�:KLWH3DSHU�GRF��

Table 3: An example that progressively shows how an STS entry 
is generated from MTS and an  CS entry is generated from STS 
076�(QWU\� 676�(QWU\� &6�(QWU\�
΢Αέ� �UEK�� �3URILW�� ΢Αέ� �UEK�� �3URILW�� ΢Αέ� �UEK�� �3URILW��
΢Αήϣ��PUEK��3URILWDEOH��΢Αήϣ� �PUEK�� �3URILWDEOH�� ΢Αήϣ� �PUEK�� �3URILWDEOH��
΢Α΍έ��UDEK���:LQQHU�� ΢Α΍έ� �UDEK�� �:LQQHU�� ΢Α΍έ� �UDEK�� �:LQQHU��
�

� �

ίϮϓ� �IZ]�� �:LQQLQJ�� ίϮϓ� �IZ]�� �:LQQLQJ��
ΰ΋Ύϓ� �ID
H]�� �:LQQHU�� ΰ΋Ύϓ� �ID
H]�� �:LQQHU��
ήμϧ� �QVU�� �7ULXPSK�� ήμϧ� �QVU�� �7ULXPSK��
μΘϨϳή � �\QWVU�� �&RQTXHUV�� ήμΘϨϳ� �\QWVU�� �&RQTXHUV��
ΓΪ΋Ύϓ� �ID
HGK�� �,QWHUHVW�� ΓΪ΋Ύϓ� �ID
HGK�� �,QWHUHVW��
ΩΎϔΘγ΍ϪΗ �DVWIDGWK��+LV�%HQHILW�� ΗΩΎϔΘγ΍Ϫ � �DVWIDGWK��+LV�%HQHILW��
ϔΘδϳΪϴ � �\VWI\G�� �%HQHILWV�� ϴϔΘδϳΪ � �\VWI\G�� �%HQHILWV��

ΐδϛ� �NVE�� �*DLQ�� ΐδϛ� �NVE�� �*DLQ��
δϜΘϳΐ ��\WNVE�� �(DUQ�PRQH\��ΐδϜΘϳ� �\WNVE�� �(DUQ�PRQH\�

�

� � � � �

ΐϠϐϳ� �\JKOE�� �2YHUFRPHV��
ϳΐϠϐΘ � �\WJKOE�� �%HDW��

΢ΠϨϳ� �\QMK�� �7R�VXFFHHG��
ΡΎΠϧ� �QMDK�� �6XFFHVV��

� � � � � � Ρϼϓ� �IODK�� �SURVSHULW\��
� � � � � � ΢ϟΎϓ� �IDOK�� �3URVSHURXV��
� � � � � � ΓϭήΛ� �WKUZK�� �5LFKHV��
� � � � � � ˯΍ήΛ� �WKUD
�� �:HDOWKLHU��
� � � � � � ˯ΎϳήΛ΃� �DWKU\D
�� �:HDOWK\��
� � � � � � ΔϴϫΎϓέ� �UIDK\K�� �:HOO�EHLQJ��
� � � � � � ϑήΗ� �WUI�� �/X[XU\��
� � � � � � ϑήΘϣ� �\JKOE�� �/X[XULDQW��

Table 4: Expansion of the query ΔϗΎρϟ΍ �έΩΎλϣ  /msadr altaqh/ (En-
ergy Resources) 

([SDQVLRQ�
7\SH�

8VHU
V�4XHU\�
.H\ZRUGV� 6HPDQWLF�([SDQVLRQ�

6H
P
DQ
WLF
��

([
SD
QV
LR
Q�

�έΩΎμϣ�PVDGU��
�5HVRXUFHV�� έΩΎμϣ�� �PVDGU�� �5HVRXUFHV��

ΔϗΎτϟ΍��DOWDTK��
�(QHUJ\��

ΔϗΎρ�� �WDTK�� �(QHUJ\��
ΩϮϗϭ�� �ZTZG�� �)XHO��
˯ΎΑήϬϛ�� �NKUED
�� �(OHFWULFLW\��
ΔϳϭϮϧ�ΔϗΎρ�� �WDTK�QZZ\K�� �1XFOHDU�(QHUJ\��

&
RQ
FH
SW
XD
OL]
DW
LR
Q�

6\QRQ\PV�

έΎϴΗ�� �W\DU�� �(OHFWULFLW\��
Δϴ΋ΎΑήϬϛ�ΔϗΎρ�� �WDTK�NKUED
H\K�� �(OHFWULFDO�HQHUJ\��
ΩϮϗϭ�� �ZTZG�� �IXHO��
ΔϳϭϮϧ�ΔϗΎρ�� �WDTK�QZZ\K�� �1XFOHDU�(QHUJ\��
βϤθϟ΍�ωΎόη�� �VK
HD
H�DOVKPV�� �6XQEHDP��
ϱέϮϔΣ΃�ΩϮϗϭ�� �ZTZG�DKIZU\�� �)RVVLO�IXHOV��
ΔϴδϤη�ΎϳϼΧ�� �NKOD\D�VKPV\K�� �6RODU�&HOOV��
βϤθϟ΍�Γέ΍ήΣ�� �KUDUK�DOVKPV�� �+HDW�RI�WKH�VXQ��
ϝϭήΘΑ�� �EWUZO�� �3HWUROHXP���
ςϔϧ�� �QIW�� �3HWURO��
ΩϮΛΎϜϟ΍�Δόη΃�� �DVK
HK�DONDWKZG�� �&DWKRGH�UD\��
ϡΎΨϟ΍�Ζϳΰϟ΍�� �DO]\W�DONKDP�� �&UXGH�2LO��
ϱϭϮϧ�� �QZZ\�� �1XFOHDU��

6XE�&ODVVHV�

˯ΎΑήϬϛ�� �NKUED
�� �(OHFWULFLW\��
ϝΰϳΩ�� �G\]O�� �'LHVHO��
ϦϳΰϨΑ�� �EQ]\Q�� �*DVROLQH��
έϻϮγ�� �VZODU�� �6RODU��
Ϧϴγϭήϴϛ�� �N\UZV\Q�� �.HURVHQH��
ϢΤϓ� �IKP�� �&RDO��
ϝϭήΘΒϟ΍�Ζϳί� �]\W�DOEWUZO�� �3HWUROHXP�RLO��

6XSHU�&ODVVHV�
Ζϳί� �]\W�� �2LO��
ϪΟϮϣ
ΔϴδϴρΎϨϐϣϭήϬϛ�

�PZMK�NKUZPJKQDW�
\V\K��

�(OHFWURPDJQHWLF�:DYH��
�

Table 6: The Retrieval Capabilities of the indices: MTS, STS, and CS 

([SHULPHQW� ,QGH[LQJ3UHFLVLRQ5HFDOO)�0HDVXUH
9�� 076� ���� ���� �������
9�� 676� ���� ��� ����
9�� &6� ���� ��� �������

Table 7: Irrelevant context to the words: έΩΎλϣ /msadr/ (Resources)�
and ΔϗΎρ /taqh/ (Energy)�

ΔϗΎρ��WDTK���(QHUJ\�� έΩΎμϣ��PVDGU���5HVRXUFHV��

ΔϗΎρ�ΔϨϳΪϣ��PG\QK�WDTK���(QHUJ\�
&LW\���

ΕΎϣϮϠόϤϟ΍�έΩΎμϣ��PVDGU�DOP
HOZPDW���7KH�
LQIRUPDWLRQ�UHVRXUFHV��

ϕϮϘΤϟ΍�ΓέΩΎμϣ��PVDGUK�DOKTZT���&RQILVFDWLRQ�
RI�ULJKWV��ϪϗΎρ�ϦμΣ��KVQ�WDTK���7DTDK�&DV�

WOH��� ΔΣϮΘϔϤϟ΍�έΩΎμϤϟ΍��DOPVDGU�DOPIWZKK���7KH�RSHQ�
VRXUFHV��

ϥΎΘδΑ�ϕΎρ��WDT�EVWDQ���7DT�%RV�
WDQ���� ϊϳήθΘϟ΍�έΩΎμϣ���PVDGU�DOWVKU\
H���7KH�VRXUFHV�

RI�OHJLVODWLRQ��
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(nuclear or atomic)� VKRXOG� KDYH� EHHQ� FRQVLGHUHG� LUUHOH�
YDQW��VRPH�H[DPSOHV�DUH�VKRZQ�XQGHU�*URXS�$�LQ�7DEOH����
,Q�WKLV�FDVH��WKH�QXPEHU�RI�WKH�LUUHOHYDQW�GRFXPHQWV�RI�WKH�
VHFRQG� H[SHULPHQW� EHFRPHV� ����ZKLFK� FKDQJHV� LWV�Preci-
sion WR�EH�ORZHU�WKDQ�WKDW�RI�WKH�ILUVW�H[SHULPHQW���
7KH� Recall, RQ� WKH� RWKHU� KDQG�� LV� LQFUHDVHG� VLQFH� WKH�

PLVVLQJ�UHOHYDQW�GRFXPHQWV�DUH�GHFUHDVHG�IURP����WKDW�DUH�
DFKLHYHG�E\�WKH�ILUVW�H[SHULPHQW�WR����DW�WKH�VHFRQG�H[SHU�
LPHQW��7KLV� LPSURYHPHQW� LV� DFKLHYHG�GXH� WR� WKH� VHPDQWLF�
H[SDQVLRQV� WKDW� LQFOXGHG� WKH�ZRUGV�VXFK�DV� ˯ΎΑήϬϛ /khrba'/ 
(Electricity),� DQG� WKH� SKUDVHV� VXFK� DV� ΔϳϭϮϧ� ΔϗΎρ /taqh 
nwwyh/ (Nuclear energy).�
7KLUG��DV� IRU� WKH� WKLUG�H[SHULPHQW��ZKHUH� WKH�FRQFHSWXDO�

LQGH[�&6� LV�DGRSWHG�� WKH�3UHFLVLRQ� LV� LQFUHDVHG�DJDLQ��EXW�
QRW� WR� WKH� H[WHQW�RI� WKDW�RI� WKH� ILUVW� H[SHULPHQW�� VLQFH� WKH�
LVVXH� RI� UHFRJQL]LQJ� PXOWLZRUG� H[SUHVVLRQV� RU� SKUDVHV� LV�
VWLOO�DIIHFWLQJ�LW��7KLV�WLPH�� WKH�LQGLYLGXDO�ZRUGV�RI�DQ�H[�
SUHVVLRQ� VXFK� DV� ΔϴδϤη� ΎϳϼΧ/ khlaya shmsyh/ (Solar Cells) 
FDXVH� WKH� UHWULHYDO� RI� �� DGGLWLRQDO� LUUHOHYDQW� GRFXPHQWV�
UHODWHG�WR�WKH�WHUP�ΎϳϼΧ�NKOD\D���&HOOV���VRPH�H[DPSOHV�DUH�
DOVR�VKRZQ�XQGHU�*URXS�%�LQ�7DEOH����7KH�5HFDOO��KRZHY�
HU�� LV� LQFUHDVHG�WR� WKH�H[WHQW� WKDW�PDNHV� WKH�)�0HDVXUH�RI�
WKHVH�H[SHULPHQWV�WKH�KLJKHVW��7KLV�PHDQV�WKDW�WKH�FRQFHS�
WXDO�UHWULHYDO�FDXJKW�PRVW�RI�WKH�UHOHYDQW�GRFXPHQWV��2QO\�
WKUHH�GRFXPHQWV�DUH�HVFDSHG��7KH\�FRQFHUQ�WKH�WHUPV�ωΎόη·�
��HVK
HD
H���5DGLDWLRQ���DQG� ΔϛήΣ�ϩΎϴϤϟ΍ ��KUNK�DOP\DK���:DWHU�
IORZ���VLQFH�WKH\�DUH�QRW�FRYHUHG�LQ�WKH�FRQFHSW
V�GHILQLWLRQ�
LWVHOI�� 7KH� UHVXOWV� VKRZHG� DQ� HQKDQFHPHQW� RI� WKH� )�
0HDVXUH� YDOXH� WR� ������� XVLQJ� RXU� SURSRVHG� VHPDQWLF�
FRQFHSWXDO� LQGH[LQJ� DV� FRPSDUHG� WR� WKH� EDVHOLQH� �������
WKDW�LV�DFKLHYHG�ZKHQ�XVLQJ�WKH�VWDQGDUG�LQGH[LQJ�PHWKRG��

&RQFOXVLRQ�DQG�)XWXUH�:RUN�
7KH�LQHIILFLHQF\�LQ�KDQGOLQJ�WKH�$UDELF�/DQJXDJH�VHPDQWL�
FDOO\�PD\� EH� DVFULEHG� WR� WKH� VRSKLVWLFDWLRQ� RI� WKH�$UDELF�
ODQJXDJH� WKDW�PDNHV� LW� FRPSOH[� WR� WKH�H[WHQW� WKDW�KLQGHUV�
LWV� WUHDWPHQW� HOHFWURQLFDOO\�� 1HYHUWKHOHVV�� WKLV� VKRXOG� QRW�
VWRS�PRUH�HIIHFWLYH�HIIRUWV� IRU� DFKLHYLQJ� WKH�EHVW�SRVVLEOH�
VROXWLRQV�WKDW�HQDEOH�WKH�$UDELF�/DQJXDJH�DQG�LWV�XVHUV�WR�
WDNH� WKH� DGYDQWDJHV� RI� WKH� QHZ� HOHFWURQLF� WHFKQRORJLHV�
JHQHUDOO\��DQG�WKH�VHPDQWLF�ZHE�SDUWLFXODUO\���
�,Q� DQ� DWWHPSW� WR� WDNH� D� VWHS� LQ� WKDW� ORQJ� SDWKZD\�� ZH�

SURSRVHG�DQ�$UDELF�VHPDQWLF�VHDUFK�DSSURDFK�WKDW�LV�EDVHG�
RQ� 960�� 960� LV� RQH� RI� WKH� PRVW� FRPPRQ� LQIRUPDWLRQ�
UHWULHYDO�PRGHOV�IRU�WH[WXDO�GRFXPHQWV�GXH�WR�LWV�DELOLW\�WR�
UHSUHVHQW� GRFXPHQWV� LQWR� D� FRPSXWHU� LQWHUSUHWDEOH� IRUP��
+RZHYHU�� DV� LW� LV� V\QWDFWLFDOO\� LQGH[HG�� LWV� VHQVLWLYLW\� WR�
NH\ZRUGV� UHGXFHV� LWV� UHWULHYDO� HIILFLHQF\�� ,Q� RUGHU� WR� LP�

SURYH�LWV�HIIHFWLYHQHVV��WKH�SURSRVHG�V\VWHP�LV�H[WUDFWLQJ�D�
FRQFHSW�VSDFH�LQGH[��XVLQJ�WKH�8:1�RQWRORJ\��WR�EH�XVHG�
DV�D� VHPDQWLF� LQGH[�RI�960�VHDUFK�V\VWHP� LQVWHDG�RI� WKH�
WUDGLWLRQDOO\� XVHG� WHUP�VSDFH�� 7KH� SURSRVHG� V\VWHP� HQD�
EOHV� D� FRQFHSWXDO� UHSUHVHQWDWLRQ� RI� WKH� GRFXPHQW� VSDFH��
ZKLFK� LQ� WXUQ� SHUPLWV� WKH� VHPDQWLF� FODVVLILFDWLRQ� RI� WKHP�
DQG�WKXV�REWDLQLQJ�WKH�VHPDQWLF�VHDUFK�EHQHILWV��0RUHRYHU��
ZH� LQWURGXFHG� D� QHZ� LQFLGHQFH�PHDVXUHPHQW� WR� FDOFXODWH�
WKH�VHPDQWLF�VLJQLILFDQFH�GHJUHH�RI�WKH�FRQFHSW�LQ�D�GRFX�
PHQW� LQVWHDG� RI� WKH� WUDGLWLRQDO� WHUP� IUHTXHQF\�� )XUWKHU�
PRUH��ZH�LQWURGXFHG�D�QHZ�IRUPXOD�IRU�FDOFXODWLQJ�WKH�VH�
PDQWLF�ZHLJKW�RI�WKH�FRQFHSW�LQ�RUGHU�WR�GHWHUPLQH�WKH�VH�
PDQWLF� VLPLODULW\� RI� WZR� YHFWRUV�� 7KH� V\VWHP
V� H[SHUL�
PHQWDO� UHVXOWV� VKRZHG� DQ� HQKDQFHPHQW� RI� WKH� )�PHDVXUH�
YDOXH� WR� EH� ���� XVLQJ� WKH� VHPDQWLF� FRQFHSWXDO� LQGH[LQJ�
LQVWHDG�RI�����XVLQJ�WKH�VWDQGDUG�V\QWDFWLF�RQH��
$V�D�IXWXUH�ZRUN��ZH�SODQ�WR�VROYH�WKH�DPELJXLW\�SUREOHP�
E\�GLVFULPLQDWLQJ�WKH�PHDQLQJ�FRQWH[WXDOO\��$OVR��ZH�QHHG�
WR�DGGUHVV�UHILQLQJ�WKH�SURFHVVLQJ�RI�WKH�PXOWLZRUG�H[SUHV�
VLRQ�H[SDQVLRQV��7KDW� VKRXOG� LPSURYH� WKH� UHVXOWV�QRWLFHD�
EO\�VLQFH�WKH\�IRUP������RI�WKH�VHPDQWLF�H[SDQVLRQV���

5HIHUHQFHV�
$O�.KDOLID��+��6��� DQG�$O�:DELO��$��6��������7KH�$UDELF�/DQJXDJH� DQG�
WKH�6HPDQWLF�:HE��&KDOOHQJHV�DQG�2SSRUWXQLWLHV��7KH�,QWHUQDWLRQDO�6\P�
SRVLXP� RQ� &RPSXWHUV� DQG� $UDELF� /DQJXDJH� 	� ([KLELWLRQ� ����� �������
5L\DGK��6DXGL�$UDELD��
$O�=RJKE\��$��0���$KPHG��$��6���DQG�+DP]D��7��+��������$UDELF�6HPDQ�
WLF�:HE� $SSOLFDWLRQV�� $� 6XUYH\�� -RXUQDO� RI� (PHUJLQJ� 7HFKQRORJLHV� LQ�
:HE�,QWHOOLJHQFH��������������
$O�=RJKE\��$��0���$KPHG��$��6���DQG�+DP]D��7��+��������8WLOL]LQJ�&RQ�
FHSWXDO� ,QGH[LQJ� WR� (QKDQFH� WKH� (IIHFWLYHQHVV� RI� 9HFWRU� 6SDFH�0RGHO��
,QWHUQDWLRQDO� -RXUQDO� RI� ,QIRUPDWLRQ� 7HFKQRORJ\� DQG�&RPSXWHU� 6FLHQFH�
�,-,7&6���������������
(ONDWHE��6���%ODFN��:���9RVVHQ��3���)DUZHO��'���3HDVH��$���DQG�)HOOEDXP��
&��������$UDELF�:RUG1HW�DQG�WKH�&KDOOHQJHV�RI�$UDELF��,Q�SURFHHGLQJV�RI�
$UDELF�1/3�07�&RQIHUHQFH��/RQGRQ�8�.���
+DKDVK��1��<��������,QWURGXFWLRQ�WR�$UDELF�1DWXUDO�/DQJXDJH�3URFHVVLQJ��
$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLVWLFV��
2XGDK�� 0��� DQG� 6KDDODQ�� .�� ������ $� 3LSHOLQH� $UDELF� 1DPHG� (QWLW\�
5HFRJQLWLRQ�8VLQJ�D�+\EULG�$SSURDFK��3URFHHGLQJV�RI� WKH���WK� ,QWHUQD�
WLRQDO�&RQIHUHQFH�RQ�&RPSXWDWLRQDO�/LQJXLVWLFV� �&2/,1*��������������
������0XPEDL��LQGLD��
5HQWHULD�$JXDOLPSLD�� :��� /ySH]�3HOOLFHU�� )�� -��� 0XUR�0HGUDQR�� 3�� 5���
1RJXHUDV�,VR��-���DQG�=DUD]DJD�6RULD���)��-��������([SORULQJ�WKH�$GYDQF�
HV� LQ�6HPDQWLF�6HDUFK�(QJLQHV�� ,QWHUQDWLRQDO�6\PSRVLXP�RQ�'LVWULEXWHG�
&RPSXWLQJ� DQG� $UWLILFLDO� ,QWHOOLJHQFH� ����� �'&$,
������� $GYDQFHV� LQ�
,QWHOOLJHQW�DQG�6RIW�&RPSXWLQJ��6SULQJHU��YRO����������������
6KDDODQ�� .�� ������ $� 6XUYH\� RI� $UDELF� 1DPHG� (QWLW\� 5HFRJQLWLRQ� DQG�
&ODVVLILFDWLRQ�� &RPSXWDWLRQDO� /LQJXLVWLFV� ��� ����� ��������� 86$�� 0,7�
3UHVV���
8QQL��0���DQG�%DVNDUDQ��.��������2YHUYLHZ�RI�$SSURDFKHV� WR�6HPDQWLF�
:HE�6HDUFK��,QWHUQDWLRQDO�-RXUQDO�RI�&RPSXWHU�6FLHQFH�DQG�&RPPXQLFD�
WLRQ��,-&6&���������±������

�������������������������������������������������
��7KLV�SHUFHQWDJH�LV�FDOFXODWHG�IURP�WKH�8:1�H[SDQVLRQ�UHVXOWV��
��KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�$O�1DZDZL�

Table 8: Sample of concepts related to words but not to phrases 

� 3KUDVH� ��5HODWHG�'RF�V

$�
ΔϳϭϮϧ�νΎϤΣ΃� �DKPDG�QZZ\K�� �1XFOHLF�DFLG�� �
ϱϭϮϧ�ΞϣΎϧήΑ�� �EUQDPM�QZZ\�� �1XFOHDU�SURJUDP�� �
ϱϭϮϨϟ΍�ϡΎϣϹ΍�� �DOHPDP�DOQZZ\�� �,PDP�$O�1DZDZL��� �

%� ϪϴΗΎΒϧ�ΎϳϼΧ�� �NKOD\D�QEDW\K�� �9HJHWDEOH�FHOOV�� �
ΔϴϋάΟ�ΎϳϼΧ�� �NKOD\D�MG
H\K�� �6WHP�&HOOV�� �
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