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$EVWUDFW
1RXQ�&RPSRXQG� �1&� IRU� VKRUW�� LV� D� YHU\� SRSXODU� SKHQRPHQRQ� LQ�PDQ\� ODQJXDJHV

�HVSHFLDOO\� LQ�PDWHULDOV� RI� 6FLHQFH�	�7HFKQRORJ\�� DQG� LW � SOD\V� D� YHU\� LPSRUWDQW� UROH
LQ� XQGHUVWDQGLQJ� QDWXUDO� ODQJXDJHV�� 6R�� WKLV� SDSHU� ZLOO � SUHVHQW� D� VHPDQWLF� JUDPPDU
DSSURDFK� WR� SDUVLQJ� 9LHWQDPHVH� 1RXQ� &RPSRXQGV� LQ� WKH� DVSHFW� RI� V\QWDFWLF
VWUXFWXUHV�� VHPDQWLF� UHODWLRQ� DQG� DXWRPDWLF� SURFHVVLQJ� PRGHOV� �:H� DOVR� PDNH� XVH� RI
WKH�UHVHDUFKHV�RQ� WKH�FRQFHSWXDO�KLHUDUFKLFDO�V\VWHPV�:RUG1HW�DQG� WKH�FDVH�JUDPPDU
RI� )LOOPRUH�� )URP� WKH� EDVLV� RI� WKLV� 1&� PRGHO� � ZH� FDQ� GHGXFH� PDQ\� SRVVLEOH
LQWHUSUHWDWLRQV�RI�9LHWQDPHVH�1&�

1 Introduction

,Q� VWXG\LQJ� (QJOLVK� 1&V�� PDQ\� VRSKLVWLFDWHG� ZRUNV� KDYH� EHHQ� FDUULHG� RXW� ZLWK
YDULRXV� DSSURDFKHV�� LQ� ZKLFK� WKHUH� ZHUH� WZR� IROORZLQJ� W\SLFDO� ZRUNV�� 0DF� 'RQDOG
�UHIHU� >�@�� PDGH� XVH� RI� WKH� VHPDQWLF� UHODWLRQDO� PRGHO� EDVHG� RQ� WKH� FRQFHSWXDO
UHSUHVHQWDWLRQ�1(7/�DQG�)LOOPRUHtV� FDVH� JUDPPDU�� DQG�0DUN�/DXHU� �UHIHU� >�@�� XVHG
WKH� u6WDWLVWLFDO� /DQJXDJH� /HDUQLQJv� PRGHO�� ,Q� VWXG\LQJ� 9LHWQDPHVH� 1&V�� 1JX\HQ
7DL� &DQ� �UHIHU� >�@�� PHQWLRQHG� WR� 1&V� ZKLOH� KH� ZURWH� DERXW� WKH� VWUXFWXUH� RI
9LHWQDPHVH�1RXQ� 3KUDVHV��+H� FRQVLGHUHG�1&V� DV� WKH� VKRUW�IRUP� �KHDG�1RXQ� DQG� LWV
PRGLILHUV��RI�WKH�1RXQ�3KUDVH�

,Q�WKLV�SDSHU��ZH�DSSO\�WKH�VHPDQWLF�JUDPPDU�DQG�)LOOPRUHtV�FDVH�JUDPPDU�ZKLFK
DUH� VLPLODU� WR� WKRVH�RI�0DF�'RQDOG�EXW�ZH�EDVH�RXUVHOYHV� RQ� WKH�$PHULFDQ�:RUG1HW
IRU� (QJOLVK� WR� EXLOG� WKH� 1&�PRGHO� IRU� 9LHWQDPHVH�� 7KH� 1&� LQ� WKLV� SDSHU� ZLOO� EH
XQGHUVWRRG� DV� D� FRPELQDWLRQ� RI� RQH� KHDG� 1RXQ� DQG� LWV� PRGLILHU�V�� WR� IRUP� D
FRPSRXQG� ZKLFK� IXQFWLRQV� DV� D� QRXQ� ZLWK� LWV� RZQ� PHDQLQJ� DV� D� ZKROH�� VXFK� DV�� KH Æ
WKR ÃQJ�PDÛ\� WÏQK� �FRPSXWHU � V\VWHP� � �:H�ZRQtW� H[DPLQH�1&V� WKDW� KDYH� VXFK� LGLRPDWLF
PHDQLQJV� DV�� N\ Ý � OXD Æ W � VD Ë W � �LURQ� GLVFLSOLQH� � � 7KH� ZRUG� RUGHU�� V\QWDFWLF� VWUXFWXUH�
VHPDQWLF�UHODWLRQ�RI�1&V�LQ�WKLV�SDSHU�ZLOO�EH�WKH�QRUPDO��XQPDUNHG�IRUPV�
� 6WUXFWXUH�RI�9LHWQDPHVH�1RXQ�&RPSRXQGV

,Q�RUGHU� WR�VWXG\� WKH�9LHWQDPHVH�1&V�� ILUVWO\��ZH�PXVW� VWDUW� IURP� WKH�RUJDQL]DWLRQ�RI
9LHWQDPHVH�1RXQ�3KUDVHV� �13��� DQG� WKHQ�ZH� GHWHUPLQH� RXU� ERXQGDU\� RI�9LHWQDPHVH
1&V� LQ� 13V�� ,Q� V\QWD[� DVSHFW�� WKH� PRGLILHU� DOZD\V� SOD\V� WKH� PRGLI\LQJ� UROH� WR� WKH
KHDG�QRXQ��,Q�ZRUG�RUGHU�DVSHFW�� WKH�KHDG�QRXQ�LV�DOZD\V�LQ�WKH�ILUVW�SRVLWLRQ��EHIRUH
WKH�SRVLWLRQV� RI�PRGLILHUV�� ,Q� VHPDQWLFV� DVSHFW�� WKH�PRGLILHU� LV� XVHG� WR� QDPH� D� WKLQJ



ZKLFK� LV� WKH� IHDWXUH� RI� WKH� WKLQJ� LGHQWLILHG� E\� WKH� KHDG� QRXQ�� RU� WR� SRLQW� RXW� D� WKLQJ
ZKLFK� LV� UHODWHG� WR� WKH� WKLQJ� LGHQWLILHG� E\� WKH� KHDG� QRXQ�� WKLV� UHODWLRQ� PD\� EH
SRVVHVVLRQ��PDWHULDO��FRQWHQW�� WLPH��VSDFH�DWWULEXWHV�� � UHDVRQ��SXUSRVH � �HWF�� ,Q�RUGHU� WR
UHFRJQL]H� WKHVH� LPSOLFLW� VHPDQWLF� UHODWLRQVKLSV� DXWRPDWLFDOO\�� ZH� QHHG� D
VHPDQWLFDOO\�DSSURDFK�WR�H[WUDFW��uSDUVHv��WKHVH�SRVVLEOH�UHODWLRQV�
� 6HPDQWLFV�RI�9LHWQDPHVH�1RXQ�&RPSRXQGV

7KLV� SDSHU� ZLOO� WDNH� DGYDQWDJH� RI� WKH� FRQFHSWXDO� WUHH� LQ� :RUG1HW� WR� FRQVWUXFW� WKH
9LHWQDPHVH� 1&�� :RUG1HW� V\VWHP�� KRZHYHU�� ZDV� EXLOW� IRU� � (QJOLVK� ZRUGV�� VR�� ZH
PXVW� UH�FRPSLOH� LQWR� 9LHWQDPHVH� FRQFHSWXDO� WUHH� ZLWK� WKH� VDPH� RULJLQDO� LGHDV�� 7KH
FRQFHSWXDO� V\VWHP� KHUH� LV� WKH� NQRZOHGJH�EDVHG� V\VWHP� FRQVWUXFWHG� RQ� WKH
KLHUDUFKLFDO� PRGHO� FRQVLVWLQJ� RI� QRGHV� DQG� UHODWLRQV�� 7KH� PRGHO� FRQVLVWV� RI� �� PDLQ
W\SHV��FRQFHSW�DQG�UHODWLRQ�
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Figure 1: Semantic network of typical concepts and relations.

,Q� ILJXUH� ��� WKHUH� DUH� PDLQ� UHODWLRQV� DV� IROORZV�� +DVB$WWULEXWH � �SRLQW� WR
$GMHFWLYHV���+DVB)XQFWLRQ � �SRLQW� WR� 9HUEV���+DVBSDUW � �SRLQW� WR� 1RXQV��� HWF��:e also

see the concepts: Human, Boy, Woman, Perceive, Feel, Afraid, Age, Old, Young,  and

relationships between concepts: Has_Attribute,  Has_Part,  etc.

� 9LHWQDPHVH�1RXQ�&RPSRXQG�0RGHO

,Q� WKLV�PRGHO��ZH� ILUVW� RUJDQL]H� WKH� FRQFHSWXDO� GLFWLRQDU\� DV� IROORZV�� HDFK�ZRUG�ZLOO
EH� OLVWHG� ZLWK� DOO� LWV� SRVVLEOH� SDUWV�RI�VSHHFK�� LQ� HDFK� RI� ZKLFK� ZLOO� FRQVLVW� RI
GLVWLQJXLVKHG� PHDQLQJV� ZKLFK� ZLOO� EH� OLQNHG� �SRLQWHG�� WR� DQ� REMHFW� x� LWV
FRUUHVSRQGLQJ� VHPDQWLF� IUDPH� VWUXFWXUH�� 7KHQ�� IROORZLQJ� WKH� ILHOGV� LQ� HDFK� REMHFW�
ZH� GHWHUPLQH� SRVVLEOH� VHPDQWLF� UHODWLRQVKLSV� EHWZHHQ� �� REMHFWV� DQG� ILQDOO\� ZH
FKRRVH�WKH�PRVW�UHDVRQDEOH�UHODWLRQVKLS�EHWZHHQ�WKHP�

)LUVWO\��ZH� EXLOG� REMHFWV�ZLWK� LWV� VHPDQWLF� IUDPH� VWUXFWXUH� IRU� HDFK�PHDQLQJ� RI
HDFK�ZRUG�RI�HDFK�SDUW�RI�VSHHFK��1��9��$GM��� WKHQ�XVLQJ�FDVH�JUDPPDU��UHIHU� >�@�� WR
SDUVH�9LHWQDPHVH�1&V�



��� 3DUVLQJ�D�W\SLFDO�9LHWQDPHVH�1&
)RU� H[DPSOH�� FRQVLGHULQJ� WKH� 1&�� uVD ÄQ� JD ÑFKv� FRQVLVWLQJ� RI� �� ZRUGV�� uVD ÄQv� DQG
uJD ÑFKv���:H�ZLOO�JR�WKURXJK���IROORZLQJ�VWHSV�
6WHS����WR�ORRN�XS�9LHWQDPHVH�GLFWLRQDU\�WR�JHW�SDUWV�RI�VSHHFK�DQG�LWV�PHDQLQJ�V��
� :RUG� � uVD ÄQv� LQ� 9LHWQDPHVH� KDV� RQO\� RQH� SDUW�RI�VSHHFK� ZLWK� WKH� PHDQLQJ� DV�

uWKH�ODQG�DURXQG�WKH�KRXVH�RU�SODFH�IRU�DPXVHPHQW��VSRUWV�gv��SOV�UHIHU�>�@��
� :RUG�uJD ÑFKv�KDV� ���SDUWV�RI�VSHHFK�ZLWK���PDLQ�PHDQLQJV�DV�D�1RXQ�����0DWHULDO

IRU� FRQVWUXFWLQJ � � ���0DWWHU� RI� �OLYHU�� HJJ�� LQ� FUDEV�� ZLWK� �� PHDQLQJ� DV� D� 9HUE�� WR
PDNH�D�OLQH �

� %DVLQJ� RXUVHOYHV� RQ� V\QWDFWLFDO� SDUVLQJ� RI�9LHWQDPHVH�1&��ZH� NQRZ� WKDW�� WKH� � V W

ZRUG� �uVD ÄQv�� PXVW� EH� D� 1RXQ� DQG� WKH� KHDG� 1RXQ� �DVSHFW� RI� JUDPPDU� DV� ZHOO� DV
VHPDQWLFV���DQG�WKH��QG �ZRUG��uJD ÑFKv��PD\�EH�1RXQ��9HUE��$GMHFWLYH��6R��ZH�RQO\
H[DPLQH�DERYH�PHQWLRQHG�FDVHV�

6WHS����WR�H[DPLQH�WKH�VHPDQWLF�IUDPH�RI�ZRUGV�LQ�1&�
� 7KH�VHPDQWLF�IUDPH�RI�1RXQ��uVD ÄQv�DQG�uJD ÑFKv��PHDQLQJ���DQG����
� 7KH�VHPDQWLF�IUDPH�RI�9HUE��uJD ÑFKv�
6WHS����WR�H[DPLQH�WKH�VHPDQWLF�UHODWLRQ�RI�ZRUGV�LQ�1&�
� 7R�H[DPLQH� WKH� VHPDQWLF� UHODWLRQ� EHWZHHQ� WKH� KHDG� QRXQ�uVD ÄQv� �VD ÄQBGW�� DQG� WKH

� V W �PHDQLQJ�RI� WKH� VXE�QRXQ�uJD ÑFKv� �JD ÑFKBGW���� WKHQ� WKH� �QG �PHDQLQJ� RI� WKH� VXE�
QRXQ�uJD ÑFKv��JD ÑFKBGW����DQG�ILQDOO\�WKH�PHDQLQJ�RI�YHUE�uJD ÑFKv�

� ,I� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� KHDG� QRXQ� DQG� LWV� PRGLILHUV� LV� FORVHU� RU� FOHDUHU�
WKLV� UHODWLRQ� ZLOO� EH� HYDOXDWHG� ZLWK� KLJKHU� PDUNV� �KLJKHU� SRWHQWLDO��� )LQDOO\�� ZH
FKRRVH� WKH�KLJKHVW�PDUN� UHODWLRQ��)RU�H[DPSOH�� LQ� WKH�DERYH�PHQWLRQHG� FDVH�� WKH
PDWHULDO�UHODWLRQ�u\DUG�PDGH�RI �EULFNv�ZLWK�KLJKHVW�PDUN�LV�FKRVHQ�

��� 6HPDQWLF�5HODWLRQV�EHWZHHQ�2EMHFWV
����� 7KH�UHODWLRQ�EHWZHHQ�1RXQ�DQG�1RXQ�
•• ,I� WKH� KHDG� QRXQ� PDWFKHV� WKH� ILHOG� u0HURQ\Pv� RU� u+\SRQ\Pv� RI� WKH� VXE�QRXQ�

ZH�KDYH�WKH�3$57�2)�UHODWLRQ��([��uFKD ÄQ�ED ÚQv��FKD ÄQ�FX ÝD �FD Û L �ED ÚQ��OHJ�RI �WDEOH��
•• ,I� WKH� VXE�QRXQ� LV� UHODWHG� WR� �H�J��� 2EMHFWLYH�� 5HDVRQ�� 3XUSRVH�� g� RI� 9HUEV�� WKH

ILHOG�u)XQFWLRQv�RI� WKH�KHDG�QRXQ��ZH�KDYH� WKH�385326(�UHODWLRQ��([��uO\�QØÖ ÛFv
�ZDWHU�JODVV�� !�uO\��JODVV���FKØÛD ��WR�FRQWDLQ��QØÖ ÛF��ZDWHU�v�

•• ,I� WKH� KHDG� QRXQ� EHORQJV� WR� FODVV� uPDWHULDO� REMHFWv�� LWV� VXE�QRXQ� PRGLILHV� WKH
PDWHULDO� DWWULEXWHV�� H[WHUQDO� IRUPV� RI� WKH� KHDG� QRXQ�� H�J��� uVD ÄQ� JD ÑFKv� �EULFN
\DUG�� !�uVD ÄQv�\DUG���OD ÚP�ED ÊQJ � ��PDGH�RI��uJD ÑFKv�EULFN����

•• ,I� WKH� VXE�QRXQ� LV� QRXQ� RU� SURQRXQ� RI� KXPDQ�� LWV� UHODWLRQ� LV� RIWHQ� 3266(66,21
UHODWLRQ��H�J���uVD ÛFK�JLD ÛR�YLH ÄQv��uVD ÛFKv�FX ÝD �uJLD ÛR�YLH ÄQv���ERRN�RI �WHDFKHU��

•• ,Q�DGGLWLRQ�� WKHUH�DUH�RWKHU� UHODWLRQV�EHWZHHQ���QRXQV��H�J���uKH Æ � WKR ÃQJ�PDÛ\� WÏQKv
�FRPSXWHU� V\VWHP��  !� uKH Æ � WKR ÃQJ� �V\VWHP�� EDR� JR ÂP� FD ÛF � �FRQVLVWV� RI�� PDÛ\� WÏQKv
FRPSXWHU��WKH�&217(17�UHODWLRQ�

����� 7KH�UHODWLRQ�EHWZHHQ�1RXQ�DQG�9HUE�
•• ,I�WKH�YHUE�PDWFKHV�WKH�ILHOG�u)XQFWLRQv�RI� WKH�KHDG�QRXQ��ZH�KDYH�WKH�385326(

UHODWLRQ��([��uVD ÄQ�FKÖLv��VD ÄQ�ÓH Ç �FKÖL���\DUG �WR�SOD\��
•• ,I� WKH� KHDG� 1� LV� WKH� QRPLQDOL]DWLRQ� RI� 9� �uVØ Ñv�� uYLH ÆFv������ WKH� VXE�1� ZLOO� EH

UHODWHG� WR� WKH� KHDG�1� WKURXJK� UROHV� LQ�&DVH�*UDPPDU� RI� WKDW� QRPLQDOL]HG�9�� )RU
H[DPSOH��uYLH ÆF�VØX�WD ÂP�WHPv��VWDPS�FROOHFWLRQ�� !�uWHPv��VWDPS��LV� WKH�REMHFW �RI
uVØX�WD ÂPv��WR�FROOHFWv��



����� 7KH�UHODWLRQ�EHWZHHQ�1RXQ�DQG�$GMHFWLYH�
•• ,I� WKH� KHDG� QRXQ� EHORQJV� WR� FODVV� uPDWHULDO� REMHFWv�� LWV� DGMHFWLYH� PRGLILHV� WKH

PDWHULDO� DWWULEXWHV� RU� WKH� H[WHUQDO� IRUPV� RI� WKH� KHDG� QRXQ�� H�J��� uFD Û L � ED ÚQ� GD Ú Lv
�ORQJ� WDEOH��  !� uFD Û L � ED ÚQv� �WDEOH�� KDV� VL]H� uGD ÚLv� �ORQJ��� uKRD� YD ÚQJv� �\HOORZ
IORZHU�� !�uKRDv��IORZHU��KDV�FRORU�uYD ÚQJv��\HOORZ�����

•• ,I� WKH� KHDG� QRXQ� EHORQJV� WR� FODVV� uDEVWUDFW� WKLQJv�� LWV� DGMHFWLYH� PRGLILHV� WKH
VSLULWXDO� DWWULEXWHV� RU� WKH� LQWHUQDO� FRQWHQW� RI� WKH� KHDG� QRXQ�� H�J��� uER Æ � SKLP� KD\v
�LQWHUHVWLQJ�ILOP�� !�uER Æ �SKLPv��ILOP��KDV�FRQWHQW�uKD\v�LQWHUHVWLQJ�����

•• ,I� LWV� DGMHFWLYH� LV�'HVFULSWLYH�� LW�ZLOO� GHVFULEH� WKH� DWWULEXWHV� RI� WKH� QRXQ�ZKLFK� LW
PRGLILHV�� H�J��� uVD ÛFK� ÓH ÑSv� �SUHWW\� ERRN��� ,I� LWV� DGMHFWLYH� LV� 5HODWLRQDO�� LW� ZLOO
GHVFULEH� WKH� UHODWLRQ� EHWZHHQ� WKH� KHDG� QRXQ� DQG� WKH� WKLQJ� ZKLFK� WKDW� DGMHFWLYH
LQGLFDWHV�� H�J��� u1JØÖÚL� ED ÑQ� FX ×v� �ROG� IULHQG��  !� � WKH� UHODWLRQ� �EHZHHQ� ,� DQG� P\
IULHQG��LV�ROG�
7KH� VHPDQWLF� UHODWLRQVKLS� EHWZHHQ� WKH� KHDG� QRXQ� DQG� LWV�PRGLILHU� LV� GHWHUPLQHG

E\� WKH� OLQNDJHV� EHWZHHQ� WKH� VHPDQWLF� IUDPH� RI� HDFK�PHDQLQJ� RI� HDFK�ZRUG�� ,Q� HDFK
VHPDQWLF� IUDPH�� WKHUH� DUH� SRLQWHUV� LQGLFDWLQJ� WR� WKH� UHODWHG� REMHFWV� �H�J��� OLQN� WR
+\SHUQ\P��+\SRQ\P��0HURQ\P�� )XQFWLRQ��$JHQW�� g���:H�ZLOO� EDVH� RXUVHOYHV� RQ� WKH
PHDVXUHPHQW� RI� GLVWDQFH� RI� WKHVH� OLQNDJHV� WR� GHWHUPLQH� ZKHWKHU� LWV� VHPDQWLF
UHODWLRQ�LV�FORVH�RU�IDU�LQ�RUGHU�WR�FKRRVH�WKH�PRVW�UHDVRQDEOH�UHODWLRQ�

� &RQFOXVLRQ

7KH� DERYH�PRGHO� LV� RQO\� D� VXJJHVWLRQ� WR� SDUVLQJ�9LHWQDPHVH�1&��ZKLFK� EDVHV� LWVHOI
RQ� WKH� VHPDQWLF� UHODWLRQ� PRGHO� LQ� (QJOLVK� 1&� DQG� VHPDQWLF� GDWDEDVH� RI� (QJOLVK
ZRUGV� �:RUG1HW��� ,Q� RUGHU� WR� FRPSOHWH� WKLV� PRGHO�� KRZHYHU�� ZH� PXVW� VROYH� PDQ\
GLIILFXOW� LVVXHV�� VXFK� DV�� WR� UH�EXLOG� WKH� VHPDQWLF� GDWDEDVH� IRU� 9LHWQDPHVH� ZRUGV�
ZKLFK�ZLOO� FRQVXPH�PXFK� WLPH� DQG� HIIRUW��:H� DOVR�PXVW�PDNH� VWDWLVWLFDO� FDOFXODWLRQ
IRU� DOO� IRUPV� RI� 9LHWQDPHVH� 1&� DQG� GHWHUPLQH� WKH� VHPDQWLF� UHODWLRQ� IRU� HDFK� W\SH
DQG�OLPLW�RXUVHOYHV��WR�W\SHV�WKDW�FDQ�EH�VROYHG�E\�WKLV�PRGHO�
5HIHUHQFHV

>�@ ³RÅ� +Ø ×X� &KD ÄX�� /H[LFRJUDSK\� DQG� 6HPDQWLFV� RI� 9LHWQDPHVH � � 3XEOLVKHU� RI� 1DWLRQDO
8QLYHUVLW\�RI�+D Ú �1R ÆL� �91��LQ�9LHWQDPHVH��������

>�@ *HRUJH� $�0LOOHU�� ,QWURGXFWLRQ� WR� :RUG1HW � � �RQOLQH� OH[LFDO� GDWDEDVH�
KWWS���ZZZ�FRJVFL�SULQFHWRQ�HGX�aZQ��3DSHUV�SGI���3ULQFHWRQ��86$�������

>�@ +RDÚQJ� 3KH Ä � � 9LHWQDPHVH� 'LFWLRQDU\ � � &HQWHU� RI� /H[LFRJUDSK\�� 3XEOLVKHU� RI� ³D Ú
1D ÞQJ��LQ�9LHWQDPHVH���91�������

>�@ 0DF� 'RQDOG�� 8QGHUVWDQGLQJ� 1RXQ� &RPSRXQGV � � &DUQHJLH�0HOORQ� 8QL�� 3LWWVEXUJK�
3$��86$�������

>�@ 0DUN� /DXHU�� 'HVLJQLQJ� 6//�� H[SHULPHQWV� RQ� 1RXQ� &RPSRXQGV � � 0DFTXDULH� 8QL
16:��$XVWUDOLD��3K'�WKHVLV��������

>�@ 1JX\HÅQ�7D Ú L �&D ÇQ��9LHWQDPHVH�6\QWD[ � �3XEOLVKHU�RI�1DWLRQDO�8QLYHUVLW\�RI�+D Ú �1R ÆL�
91��LQ�9LHWQDPHVH��������


