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$EVWUDFW 

7KH� DGYDQFHPHQW� RI� WKH� ZHE� DQG�

LQIRUPDWLRQ�WHFKQRORJ\�KDV�FRQWULEXWHG�WR�

WKH� UDSLG� JURZWK� RI� GLJLWDO� OLEUDULHV� DQG�

DXWRPDWLF�PDFKLQH�WUDQVODWLRQ�WRROV�ZKLFK�

HDVLO\� WUDQVODWH� WH[WV� IURP� RQH� ODQJXDJH�

LQWR� DQRWKHU�� 7KHVH� KDYH� LQFUHDVHG� WKH�

FRQWHQW� DFFHVVLEOH� LQ� GLIIHUHQW� ODQJXDJHV��

ZKLFK� UHVXOWV� LQ� HDVLO\� SHUIRUPLQJ�

WUDQVODWHG�SODJLDULVP��ZKLFK�DUH�UHIHUUHG�WR�

DV� ³FURVV�ODQJXDJH� SODJLDULVP´��

5HFRJQLWLRQ�RI�SODJLDULVP�DPRQJ� WH[WV� LQ�

GLIIHUHQW� ODQJXDJHV� LV� PRUH� FKDOOHQJLQJ�

WKDQ�LGHQWLI\LQJ�SODJLDULVP�ZLWKLQ�D�FRUSXV�

ZULWWHQ� LQ� WKH�VDPH�ODQJXDJH�� �7KLV�SDSHU�

SURSRVHV� D� QHZ� WHFKQLTXH� IRU� HQKDQFLQJ�

(QJOLVK�$UDELF� FURVV�ODQJXDJH� SODJLDULVP�

GHWHFWLRQ� DW� WKH� VHQWHQFH� OHYHO�� 7KLV�

WHFKQLTXH� LV� EDVHG� RQ� VHPDQWLF� DQG�

V\QWDFWLF� IHDWXUH� H[WUDFWLRQ� XVLQJ� ZRUG�

RUGHU�� ZRUG� HPEHGGLQJ� DQG� ZRUG�

DOLJQPHQW� ZLWK� PXOWLOLQJXDO� HQFRGHUV��

7KRVH�IHDWXUHV��DQG�WKHLU�FRPELQDWLRQ�ZLWK�

GLIIHUHQW� PDFKLQH� OHDUQLQJ� �0/��

DOJRULWKPV��DUH�WKHQ�XVHG�LQ�RUGHU�WR�DLG�WKH�

WDVN� RI� FODVVLI\LQJ� VHQWHQFHV� DV� HLWKHU�

SODJLDUL]HG� RU� QRQ�SODJLDUL]HG�� 7KH�

SURSRVHG�DSSURDFK�KDV�EHHQ�GHSOR\HG�DQG�

DVVHVVHG� XVLQJ� GDWDVHWV� SUHVHQWHG� DW�

6HP(YDO������� $QDO\VLV� RI� H[SHULPHQWDO�

GDWD� GHPRQVWUDWHV� WKDW� XWLOL]LQJ� H[WUDFWHG�

IHDWXUHV� DQG� WKHLU� FRPELQDWLRQV� ZLWK�

YDULRXV�0/�FODVVLILHUV�DFKLHYHV�SURPLVLQJ�

UHVXOWV� 

1 Introduction 

7KH�DGYDQFHPHQW�RI�WKH�,QWHUQHW�DQG�LQIRUPDWLRQ�

WHFKQRORJ\�KDYH�H[SDQGHG�UDSLGO\�WKH�DYDLODELOLW\�

RI� GLJLWDO� OLEUDULHV� DQG� DXWRPDWLF� PDFKLQH�

WUDQVODWLRQ�WRROV��ZKLFK�IDFLOLWDWH�WUDQVODWLQJ�D�WH[W�

IURP�RQH� ODQJXDJH�WR�DQRWKHU� ODQJXDJH��7KLV�KDV�

FDXVHG� WKH� QXPEHU� RI� FDVHV� RI� WUDQVODWHG�

SODJLDULVP�� UHIHUUHG� WR� DV� ³FURVV�ODQJXDJH�

SODJLDULVP´��WR�SHUIRUP�VXEVWDQWLDOO\��,W�LV�D�W\SH�RI�

SODJLDULVP� WKDW� RFFXUV� ZKHQ� WH[WXDO� FRQWHQW� LV�

WUDQVODWHG� LQWR� DQRWKHU� ODQJXDJH� ZLWKRXW� JLYLQJ�

DFNQRZOHGJPHQW�RI�RULJLQDO�VRXUFHV��7KLV�W\SH�RI�

SODJLDULVP� LV� PRUH� GLIILFXOW� WR� GHWHFW� VLQFH� HDFK�

ODQJXDJH�KDV�LWV�RZQ�VWUXFWXUH� 

6HYHUDO� SODJLDULVP� GHWHFWLRQ� WHFKQLTXHV� KDYH�

EHHQ�SURSRVHG�WR�DGGUHVV�PRQROLQJXDO�SODJLDULVP��

WKDW� LGHQWLI\� SODJLDULVP� LQVWDQFHV� ZULWWHQ� LQ� WKH�

VDPH� ODQJXDJH�� +RZHYHU�� WKHUH� KDYH� EHHQ� IHZ�

VWXGLHV� WKDW� FRQFHQWUDWH� RQ� UHVHDUFKLQJ� DQG�

GHYHORSLQJ�PHWKRGV�IRU�LGHQWLI\LQJ�FURVV�ODQJXDJH�

�DQG� LQ� SDUWLFXODU� (QJOLVK�$UDELF�� SODJLDULVP��

7KHVH� WHFKQLTXHV� FDQQRW� HIIHFWLYHO\� GHWHFW� PRUH�

H[WHQVLYHO\� GLVJXLVHG� FDVHV� RI� FURVV�ODQJXDJH�

SODJLDULVP��(LVD�HW�DO���������REVHUYHG�WKDW�H[LVWLQJ�

WHFKQLTXHV� KDYH� GLIILFXOW\� GHWHFWLQJ� OLQJXLVWLF�

PRGLILFDWLRQV�OLNH�UHSODFLQJ�ZRUGV�DQG�SKUDVHV�E\�

V\QRQ\PV��:KHQ�D�WH[W�LV�WUDQVODWHG�IURP�$UDELF�

LQWR� (QJOLVK�� V\QRQ\PV� DUH� LQWURGXFHG� DIWHU� WKH�

WUDQVODWLRQ��WKXV�LW�LV�GLIILFXOW�WR�LGHQWLI\�SODJLDULVP��� 

7KLV� SDSHU� SURSRVHV� D� QHZ� DSSURDFK� IRU�

HQKDQFLQJ� (QJOLVK�$UDELF� FURVV�ODQJXDJH�

SODJLDULVP� GHWHFWLRQ� DW� WKH� VHQWHQFH� OHYHO�� 7KLV�

WHFKQLTXH� LV� EDVHG� RQ� VHPDQWLF� DQG� V\QWDFWLF�

IHDWXUH� H[WUDFWLRQ� XVLQJ� ZRUG� DOLJQPHQW�� ZRUG�

RUGHU��ZRUG�HPEHGGLQJ�DQG�PXOWLOLQJXDO�HQFRGHU�

PRGHOV��:H�LQYHVWLJDWH�WKH�HIIHFWLYHQHVV�RI�XVLQJ�

WKRVH�IHDWXUHV�DQG�WKHLU�FRPELQDWLRQ�ZLWK�GLIIHUHQW�

PDFKLQH�OHDUQLQJ��0/��DOJRULWKPV�IRU�FODVVLI\LQJ�

VHQWHQFHV�DV�HLWKHU�SODJLDUL]HG�RU�QRQ�SODJLDUL]HG��

7KH� UHVW� RI� WKLV� SDSHU� LV� VWUXFWXUHG� DV� IROORZV��

6HFWLRQ� �� SUHVHQWV� D� UHYLHZ� RI� UHODWHG� ZRUN� RQ�

FURVV�ODQJXDJH�SODJLDULVP�GHWHFWLRQ�WHFKQLTXHV��,Q�

6HFWLRQ���ZH�LOOXVWUDWH�WKH�SURSRVHG�DSSURDFK��7KH�

H[SHULPHQWDO�UHVXOWV�DQG�GLVFXVVLRQ�DUH�SURYLGHG�LQ�
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6HFWLRQ� ��� )LQDOO\�� 6HFWLRQ� �� FRQFOXGHV� DQG�

SUHVHQWV�IXWXUH�ZRUN� 

2 Related Work 

$�QXPEHU�RI�VWXGLHV�KDYH�EHHQ�VFUXWLQL]HG�FURVV�

ODQJXDJH� SODJLDULVP� GHWHFWLRQ�� 3RWWKDVW� HW� DO��

�������SUHVHQWHG�D�FODVVLILFDWLRQ�RI�FURVV�ODQJXDJH� 

VLPLODULW\� GHWHFWLRQ� PHWKRGV� ZKLFK� ZDV�

VXEVHTXHQWO\� GHYHORSHG� E\� 'DQLORYD� ��������

7KHVH�DSSURDFKHV�ZHUH�FODVVLILHG�RQ� WKH�EDVLV�RI�

WKH� PHFKDQLVP� XVHG� IRU� GHWHFWLQJ� VLPLODULW\� DV�

VKRZQ�LQ�)LJXUH��� 

 

 

�)RU�DQ�LQVWDQFH��&URVV�/DQJXDJH�&KDUDFWHU�Q�

*UDPV� �&/�&1*��� ZKLFK� ZHUH� SUHVHQWHG� E\�

0F1DPHH�DQG�0D\ILHOG���������VHJPHQWLQJ���WH[WV�

LQWR�Q�JUDPV�IRU�SHUIRUPLQJ�FRPSDULVRQV�EHWZHHQ�

SDLUV�RI�WH[WV�DQG�PHDVXULQJ�WKH�VLPLODULW\�ZLWKRXW�

WUDQVODWLRQ�� $QRWKHU� VWXG\� ZDV� RQ� WKH� EDVLV� RI�

FRPSDUDEOH�FRUSRUD�DQG�ZDV�SUHVHQWHG�E\�3RWWKDVW�

HW�DO����������ZKR�LQWURGXFHG�WKH�&URVV�/DQJXDJH�

([SOLFLW�6HPDQWLF�$QDO\VLV��&/�(6$��PRGHO�WKDW�

ZHUH�XVHG�:LNLSHGLD�IRU�FRPSXWLQJ�WKH�VLPLODULW\�

EHWZHHQ�SDLUV�RI�GRFXPHQWV�LQ�GLIIHUHQW�ODQJXDJHV��

)RU�SDUDOOHO�FRUSRUD��%DUUyQ�&HGHxR�HW�DO���������

RIIHUHG�&URVV�/LQJXDO�$OLJQPHQW�EDVHG�6LPLODULW\�

PRGHO� �&/�$6$��� FUHDWLQJ� D� ELOLQJXDO� XQLJUDP�

GLFWLRQDU\�IRU�FRPSDULQJ�SDLUV�RI�WH[WV��*XSWD�HW�DO��

������� LQWURGXFHG� WKH� GLFWLRQDU\�EDVHG� &URVV�

/DQJXDJH�&RQFHSWXDO�7KHVDXUXV�6LPLODULW\�PRGHO�

�&/�&76��ZKLFK�GHWHFWV�VLPLODULW\�EHWZHHQ� WH[WV�

IURP� GLIIHUHQW� ODQJXDJHV�� )UDQFR�6DOYDGRU� HW� DO��

�������LQWURGXFHG�D�WHFKQLTXH�EDVHG�RQ�NQRZOHGJH�

JUDSKV� IRU� FRPSDULQJ� EHWZHHQ� GRFXPHQWV� LQ�

GLIIHUHQW� ODQJXDJHV�� %DUUyQ�&HGHxR� �������

SUHVHQWHG�D�PDFKLQH�WUDQVODWLRQ�PRGHO�WR�FRQYHUW�

WH[WV� LQWR� WKH� FRPPRQ� ODQJXDJH� IROORZHG� E\�

HPSOR\LQJ�D�PRQROLQJXDO�DQDO\VLV� 

�6RPH� SXEOLVKHG� UHVHDUFK� KDV� IRFXVHG� RQ�

(QJOLVK�$UDELF� FURVV�ODQJXDJH� SODJLDULVP�

GHWHFWLRQ��)RU�H[DPSOH��$OMRKDQL�DQG�0RKG��������

SURSRVHG� DQ� (QJOLVK�$UDELF� FURVV�ODQJXDJH�

GHWHFWLRQ�DSSURDFK�EDVHG�RQ�*RRJOH�7UDQVODWH� WR�

WUDQVODWH� WKH� WH[WV� DQG� DSSO\LQJ� D� ZLQQRZLQJ�

DOJRULWKP�� ZKLFK� SURSRVHG� E\� 6FKOHLPHU� HW� DO��

��������$QRWKHU�VWXG\�SUHVHQWHG�E\�+DWWDE��������

SURSRVHG� D� WHFKQLTXH� EDVHG� RQ� /DWHQW� 6HPDQWLF�

,QGH[LQJ� �/6,�� DQG� SDUDOOHO� FRUSRUD� WR� EXLOG� D�

FURVV�ODQJXDJH�VHPDQWLF�YHFWRU�VSDFH�WR�FRPSXWH�

VLPLODULW\�RI�WKH�FRQWH[W��$ODD�HW�DO���������XVHG�D�

ORJLVWLF� UHJUHVVLRQ� FODVVLILHU� EDVHG� RQ� ORQJHVW�

FRPPRQ� VXEVHTXHQFH� DQG� FRVLQH� VLPLODULW\�

PHDVXUHPHQWV� DQG� Q�JUDP� IHDWXUHV� DW� NH\SKUDVH�

OHYHO�� $� VWXG\� XWLOL]HG� VHPDQWLF� PHWULFV� DQG�

:RUG1HW� IRU� JDXJLQJ� WKH� GHJUHH� RI� VHPDQWLF�

VLPLODULW\�EHWZHHQ�ZRUGV�DQG�XVHG�LW� WR�FDOFXODWH�

WKH�VLPLODULW\�IRU�WH[WV�DQG�SDUDJUDSKV�RI�(QJOLVK�

)UHQFK� DQG� (QJOLVK�$UDELF� SODJLDULVP� LQVWDQFHV�

+DQDQH� HW� DO�� �������� (]]LNRXUL� HW� DO�� �������

HPSOR\HG� D� IX]]\� VHPDQWLF� DSSURDFK� WR� LGHQWLI\�

FURVV�ODQJXDJH� SODJLDULVP� FDVHV� HPSOR\LQJ� :X�

DQG� 3DOPHU¶V� ������� VLPLODULW\� PHWULFV� DQG�

:RUG1HW�WR�FRPSXWH�VHPDQWLF�VLPLODULW\�EHWZHHQ�

ZRUGV��� 

�%DVHG�RQ�WKLV�UHYLHZ��ZH�KDYH�RQO\�LGHQWLILHG�D�

IHZ�VWXGLHV�ZKLFK�KDYH�DWWHPSWHG�WR�GHWHFW�FURVV�

ODQJXDJH�SODJLDULVP�LQ�WKH�(QJOLVK�$UDELF�GRPDLQ��

0RVW� RI� WKHVH� VWXGLHV� KDYH� WULHG� WR� LGHQWLI\�

SODJLDULVP� EDVHG� RQ� VHPDQWLF� IHDWXUHV� DQG� NH\�

SKUDVHV�� 7R� WKH� EHVW� RI� RXU� NQRZOHGJH�� QRQH� RI�

WKHVH� VWXGLHV�KDV� WULHG� WR�GHWHFW�SODJLDULVP�XVLQJ�

(QJOLVK�$UDELF� SDLUV� EDVHG� RQ� VHQWHQFH� OHYHO�

DQDO\VLV�� QRU� KDV� DQ\� LQWHJUDWHG� VHPDQWLF� DQG�

V\QWDFWLF�IHDWXUHV�XVLQJ�ZRUG�HPEHGGLQJ�DQG�ZRUG�

DOLJQPHQW� IHDWXUHV� ZLWK� PXOWLOLQJXDO� HQFRGHU�

PRGHOV� 

3 Proposed Method 

7KH�NH\�LGHD�RI�WKH�SURSRVHG�SODJLDULVP�GHWHFWLRQ�

WHFKQLTXH�IRU�(QJOLVK�$UDELF�SDLUV�RI�VHQWHQFH� LV�

IRUPXODWHG�DV�D�FODVVLILFDWLRQ�WDVN��ZKLFK�FODVVLILHV�

HDFK�SDLU�RI�VHQWHQFHV�DV�HLWKHU�SODJLDUL]HG�RU�QRQ�

SODJLDUL]HG�� ,Q� RUGHU� WR� WDFNOH� WKLV� SUREOHP�� LW� LV�

QHFHVVDU\�WR�DQDO\]H�WH[WV�XVLQJ�GLIIHUHQW�IHDWXUHV�

H[WUDFWHG� DW� V\QWDFWLF� DQG� VHPDQWLF� OHYHOV��7KXV��

ZH� SURSRVH�PHWKRGV� EDVHG� RQ�ZRUG� HPEHGGLQJ��

ZRUG�RUGHU�DQG�ZRUG�DOLJQPHQW�ZLWK�PXOWLOLQJXDO�

Figure 1:  Classification of various techniques for 

cross-language similarity analysis (Potthast et al., 

2011; Danilova, 2013). 
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HQFRGHUV�WR�H[WUDFW�IHDWXUHV�DQG�WKHQ�XVH�WKHP�DV�

IHDWXUHV� IRU� VXSHUYLVHG� PDFKLQH� OHDUQLQJ�

DOJRULWKPV�� 7KH� JHQHUDO� IUDPHZRUN� RI� WKH�

SURSRVHG�DSSURDFK�LV�GHVFULEHG�LQ�)LJXUH��� 

3.1 Feature Extraction 

$QDO\VLV�RI�VHPDQWLF�DQG�V\QWDFWLF�IHDWXUHV�IRUPV�

DQ� HVVHQWLDO� VWHS� IRU� SODJLDULVP� GHWHFWLRQ�

DOJRULWKPV��9DULRXV�VHWV�RI�H[WUDFWLQJ�IHDWXUHV�DUH�

SURSRVHG� GHSHQGLQJ� RQ� ZRUG� HPEHGGLQJ�� ZRUG�

RUGHU� DQG� ZRUG� DOLJQPHQW� IRU� SDLU� RI� VHQWHQFH��

FRPSDULVRQ�� 7KH� IROORZLQJ� VXEVHFWLRQ� GHVFULEHV�

WKH�H[WUDFWLQJ�IHDWXUHV� 

3.1.1 Word Order Similarity Features 

6\QWDFWLF� IHDWXUHV� EDVHG� RQ� ZRUG� RUGHU� DUH�

HPSOR\HG� LQ� VLPLODULW\� DQG� SODJLDULVP� GHWHFWLRQ�

DOJRULWKPV� VXFK�DV� WKRVH�E\�/L� HW� DO�� ������� DQG�

$EGL�HW�DO����������7KHUHIRUH��ZH�SURSRVH�D�PHWKRG�

WKDW�UHOLHV�RQ�ZRUG�RUGHU�IHDWXUHV�EDVHG�RQ�PDFKLQH�

WUDQVODWLRQ�� VLQFH� ZRUG� RUGHU� H[KLELWV� EHQHILFLDO�

LQIRUPDWLRQ� DERXW� WKH� UHODWLRQVKLSV� EHWZHHQ�

ZRUGV�� ,Q� WKH� FDVH� ZKHUH� WZR� VHQWHQFHV� KDYH�

H[DFWO\� WKH� VDPH�ZRUGV�� EXW� LQ� D� GLIIHUHQW� RUGHU��

DQ\� DSSURDFK� WKDW� PHDVXUHV� VLPLODULW\� EHWZHHQ�

WH[WV�EDVHG�RQ�D�³EDJ�RI�ZRUGV´�ZLOO�VKRZ�WKHP�WR�

EH�H[DFWO\�WKH�VDPH��&RQVHTXHQWO\��WKH�LQIOXHQFH�RI�

WKH�ZRUG�RUGHU�VKRXOG�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�

ZKHQ� WH[W� VLPLODULW\� LV� FRPSXWHG�� 7KXV�� ZH� DUH�

PRWLYDWHG�E\�/L�HW�DO�¶V��������DSSURDFK��+RZHYHU��

WKH� SURSRVHG� PHWKRG� LV� EDVHG� RQ� D� SUH�WUDLQHG�

ZRUG�YHF�PRGHO�UHOHDVHG�E\�0LNRORY�HW�DO����������

UHSUHVHQWLQJ� ZRUGV� DV� YHFWRUV� WKDW� FKDUDFWHUL]H�

LGHQWLILFDWLRQ�RI�VHPDQWLF�DQG�V\QWDFWLF�IHDWXUHV� 

,Q�RUGHU�WR�JDXJH�ZRUG�RUGHU�VLPLODULW\�EHWZHHQ�

SDLUV�RI�VHQWHQFHV��LW�LV�UHTXLUHG�WR�FRQYHUW�ZRUGV�

LQWR� YHFWRUV� EDVHG� RQ� D� MRLQW�ZRUG� VHW�� ZKLFK� LV�

IRUPHG�XWLOL]LQJ�GLVWLQFW�ZRUGV�IURP�HDFK�SDLU�RI�

VHQWHQFHV��)RU�H[DPSOH��JLYHQ�D�SDLU�RI�VHQWHQFHV�

7��³$�TXLFN�EURZQ�GRJ�MXPSV�RYHU�WKH�OD]\�IR[´�

DQG�7��³$�TXLFN�EURZQ�IR[� MXPSV�RYHU� WKH� OD]\�

GRJ´��D�MRLQW�ZRUG�VHW�7�FRQWDLQV�DOO�GLVWLQFW� 

:RUGV�IURP�7��DQG�7���VR�7�LV�̂ $�TXLFN�EURZQ�GRJ�

MXPSV�RYHU�WKH�OD]\�IR[`��(DFK�ZRUG�LQ�7��DQG�7��

KDV�DQ�DVVLJQHG�XQLTXH�LQGH[�QXPEHU��UHSUHVHQWLQJ�

WKH�ZRUG
V�ORFDWLRQ�LQ�WKH�VHQWHQFH��$�ZRUG�RUGHU�

YHFWRU� LV� FUHDWHG� IRU� HDFK� VHQWHQFH� �U�� DQG� U��

UHVSHFWLYHO\��� EDVHG� RQ�ZRUG� HPEHGGLQJ� DQG� WKH�

MRLQW�ZRUG�VHW�7��7DNLQJ�7��DV�DQ�H[DPSOH��IRU�HDFK�

ZRUG�LQ�7��ZH�ORRN�IRU�WKH�VDPH�RU�WKH�PRVW�VLPLODU�

ZRUG�LQ�7��DV�WKH�IROORZLQJ� 

 

1. If the word exists in T1, the value for this 

word in r1 will take the same index 

number from T1. 

2.  If the word does not appear in T1, then 

we use the pre-trained word2vec model 

for finding the most similar word using 

Figure 2: The proposed English-Arabic cross-language detection approach 
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based on computing cosine similarity 

between the words. If the similarity score 

is greater than the predefined threshold 

(wt), the value of the word in r1 is set to 

the index number of the word in T1. 

3. If the above two processes fail, the value 

of the index number in r1 is set to 0. 

7KH� SURFHGXUH� XVHG� IRU� FUHDWLQJ� U�� ZLOO� EH�

DSSOLHG�IRU�FUHDWLQJ�U���ZKLFK�UHSUHVHQWV�WKH�VHFRQG�

VHQWHQFH�� � 7KHUHIRUH�� ZRUG� RUGHU� YHFWRUV� DUH�

FRQVWUXFWHG�DV� 

 

U� �>�����������������@ 

U� �>�����������������@ 

 

7KHQ�� WKH� ZRUG� RUGHU� VLPLODULW\� LV� FDOFXODWHG� E\�

XVLQJ�(TXDWLRQ�s� 

1N@AN5EI:Nsá Nt; L s F � �!Ns F Nt!�
!Ns E Nt! ��������������������:s; 

3.1.2 Sentence Embedding Features 

'XH�WR�WKH�GHWHFWLRQ�EHLQJ�EDVHG�DW�VHQWHQFH�OHYHO��

H[WUDFWLQJ�IHDWXUHV�IURP�D�SDLU�RI�VHQWHQFH�XVHV�WKH�

WHFKQLTXH� SURSRVHG� E\�$ORWDLEL� DQG� -R\� ��������

7KH\� SURSRVHG� DQ� DSSURDFK� IRU� FDOFXODWLQJ� WKH�

GHJUHH� RI� VHPDQWLF� VLPLODULW\� EHWZHHQ� WZR�

VHQWHQFHV�� 7KH� DXWKRUV� OHYHUDJH� PRGHOV� WKDW�

UHSUHVHQW� VHQWHQFHV� HPEHGGLQJ�� LQFOXGLQJ�

XQLYHUVDO� VHQWHQFH�PXOWLOLQJXDO� HQFRGHU� �086(��

DQG� DYHUDJLQJ�ZRUG� HPEHGGLQJ�� IRU� FRQVWUXFWLQJ�

VHQWHQFH� YHFWRUV�� 7KH\� UHSUHVHQW� VHQWHQFH�

HPEHGGLQJ�EDVHG�RQ���L��ZRUG�HPEHGGLQJ�DQG�WHUP�

ZHLJKW� VFKHPHV� �L�H��� WHUP� IUHTXHQF\� LQYHUVH�

GRFXPHQW� �7),')�� DQG� SDUW� RI� VSHHFK� �326����

UHIHUUHG� WR� DV� &/�:(�7Z�� DQG� �LL�� WKH� 086(�

PRGHO�� %DVHG� RQ� WKH� PHWKRGV�� FRPSXWLQJ� WKH�

GHJUHH� RI� VHPDQWLF� VLPLODULW\� EHWZHHQ� WZR�

VHQWHQFHV�LV�E\�IROORZLQJ�WKHVH�VWHSV�� 

x 6HQWHQFH� YHFWRU�EDVHG�RQ�&/�:(�7Z��

UHSUHVHQWV� YHFWRUV� IRU� HDFK� VHQWHQFH� E\�

WDNLQJ� WKH� DYHUDJH� YHFWRUV� ZLWK� WKHLU�

ZHLJKWLQJ�DFFRUGLQJ�WR�(TXDWLRQ�t 

5R L s

J
Í RA? Û k6(+&( Û 215:SE;o�
á

Ü@5

�:t; 

where Sv is sentence embedding, vec is a 

function that gets word vector, wi is the 

ith   word of text. 

x 6HQWHQFH�(PEHGGLQJ�EDVHG�RQ�086(��

XVHV�D�SUH�WUDLQHG�PRGHO�UHOHDVHG�E\�<DQJ�

HW�DO���������WR�UHSUHVHQW�VHQWHQFH�YHFWRUV�

WKHQ� FRVLQH� VLPLODULW\� LV� HPSOR\HG� WR�

PHDVXUH�VHPDQWLF�VLPLODULW\�EHWZHHQ�SDLU�

RI�YHFWRUV�DV�VKRZQ�LQ�(TXDWLRQ�u� 

x 6HPDQWLF� VLPLODULW\� PHDVXUH�� DIWHU�

UHSUHVHQWLQJ� YHFWRUV� IRU� HDFK� VHQWHQFH��

FRVLQH� VLPLODULW\� LV� DSSOLHG� WR� ILQG� WKH�

GHJUHH�IRU�SDLUV�RI�VHQWHQFH�DFFRUGLQJ�WR�

(TXDWLRQ�u� 

5OEI:RA'á R?#"; L � RA'ä RA#"

!RA'!ä !RA#"!
��������:u; 

where Ssim is sentence similarity that 

calculated using cosine similarity on 

sentence embedding, veE is the sentence 

vector for the English sentence, DQG�YH$¶�

is the sentence vector translated from the 

Arabic sentence.  

x )LQDOO\�� WKH�DXWKRUV�SURSRVHG�WR� LQWHJUDWH�

VHPDQWLF� VLPLODULW\� IHDWXUHV�� REWDLQHG�

IURP�WKH�&/�:(�7Z�DQG�086(�PHWKRGV�

JLYHQ�E\�(TXDWLRQ��� 

 5EI4OAJPAJ?A L :Ì´½7ÈÐ7Åâ>Ì¾ÆÄ¶;

6
  (4) 

where SCL-WE-Tw is the similarity score 

obtained from CL-WE-Tw method, and 

SMUSE is obtained from the MUSE model. 

 

3.1.3 Combined Similarity Measures 

Since semantic and syntactic features play an 

important role in interpreting the meaning of a 

sentence, we propose to combine all sentence 

similarity measure features, which are described 

in Section 3.1.1 and CL-WE-Tw, and refer to it as 

³CL-WET-WO´��Ds shown in Equation w. 

 

5:6sá6t; L Ü5OEI E :s F Ü;1N@AN5EI��������������:w; 
 

/L�HW�DO����������VXJJHVWHG�WKDW�������/������VKRXOG�

EH� WKH� WKUHVKROG� IRU� ZHLJKWLQJ� VLJQLILFDQFH�

EHWZHHQ� FRPSRQHQWV� EDVHG� RQ� ZRUG� RUGHU�

�2UGHU6LP��DQG�&/�:(B7Z��6VLP�� 

3.1.4 Word Alignment Features 

7KH� ZRUG� DOLJQPHQW� IHDWXUHV� DUH� HPSOR\HG� LQ�

GLIIHUHQW� QDWXUDO� ODQJXDJH� SURFHVVLQJ� WDVNV� OLNH�

VHQWHQFH� VLPLODULW\� �6XOWDQ� HW� DO��� ������ DQG�
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SDUDSKUDVH� LGHQWLILFDWLRQ� �0RKDPPDG� HW� DO���

������� 7KHUHIRUH�� ZH� SURSRVH� WR� XVH� VHPDQWLF�

EDVHG�IHDWXUHV�GHSHQGLQJ�RQ�ZRUG�DOLJQPHQW��7KH�

SURSRVHG� PHWKRG� LV� EDVHG� XSRQ� WKH� ZRUG�

DOLJQPHQW�DSSURDFK�RI�0LFKODVH�HW�DO���������DQG�

=KRX�HW�DO����������KRZHYHU��WKH�GLIIHUHQFH�LV�WR�XVH�

WKH�SUH�WUDLQHG�PXOWLOLQJXDO�HQFRGHU�PRGHO��VXFK�DV�

WKDW� UHOHDVHG�E\�<DQJ�HW�DO�� �������DV�D�ELOLQJXDO�

UHVRXUFH��,W�SURYLGHV�ULFK�VHPDQWLF�LQIRUPDWLRQ�DQG�

HQDEOHV�WKH�UHSUHVHQWDWLRQ�RI�ZRUGV�IURP�GLIIHUHQW�

ODQJXDJHV� �H�J��� (QJOLVK� DQG�$UDELF�� LQ� D� VLQJOH�

YHFWRU� VSDFH�� ZKHUH� LW� GLUHFWO\� GHWHUPLQHV�

VLPLODULW\� EHWZHHQ� ZRUGV� WKDW� DUH� ZULWWHQ� LQ�

GLIIHUHQW� ODQJXDJHV�� 6XFK� ZRUGV� DUH� DOLJQHG�

DFFRUGLQJ�WR�WKHLU�VHPDQWLF�VLPLODULW\�LQ�WKH�PRGHO��

DQG� FRVLQH� VLPLODULW\� LV� DSSOLHG� WR� ILQG� WKH�

VLPLODULW\� EHWZHHQ�SDLUV� RI�ZRUGV��7KH� SURSRVHG�

PHWKRG� FRQVLVWV� RI� WZR� FRPSRQHQWV�� WKDW� FDQ� EH�

XVHG� WR� GHVFULEH� SDLUV� RI� VHQWHQFHV�� 7KH� ILUVW�

FRPSRQHQW�ILQGV�WKH�VLPLODULW\�VFRUH�EHWZHHQ�SDLUV�

RI�VHQWHQFHV�DV�VKRZQ�LQ�(TXDWLRQ�x��ZKLFK�ZH�FDOO�

FURVV�ODQJXDJH� ZHLJKWHG� DOLJQPHQW� �&/�:$���

7KLV�FRPSRQHQW�FRQVLVWV�RI�WZR�SURFHVVHV� 

 

5 L s

t

É
ÈÇ

Ã kI=TOEI:Sá6t; Û E@B:S;oê�"<Í5=

Ã E@B:S;ê�"<Í5=

E �Ã kI=TOEI:Sá6s; Û E@B:S;oê�"<Í6=

Ã E@B:S;ê�"<Í6= Ì
ËÊ :x; 

 

7R�FRPSXWH�WKH�VHPDQWLF�VLPLODULW\�EHWZHHQ�WZR�

VHQWHQFHV� 7�� DQG� 7��� ZH� XVH� WKH� SUH�WUDLQHG�

PXOWLOLQJXDO� HQFRGHU� PRGHO� LQVWHDG� RI� D�

PRQROLQJXDO� GLFWLRQDU\�� WKHQ� FRVLQH� VLPLODULW\� LV�

HPSOR\HG�IRU�PHDVXULQJ�VLPLODULW\�EHWZHHQ�SDLUV�

RI�ZRUGV��7KH�IROORZLQJ�VWHSV�DUH�XVHG� 

 

1. According to Equation y, for each term in 

sentence T1 we determine its aligned 

word in the sentence T2 which gets the 

highest semantic similarity and is greater 

than the threshold (t1). This threshold is 

suggested to avoid excessive noise that 

leads to deterioration of overall 

performance. For example, when we 

align ZRUG�³ÊÀó´��ZKLFK�PHDQV�µSXW¶�LQ�
English language, with other words like 

³GDQFH´��³SXW´�DQG�³FRRN´, we find their 

vectors such [(vector (dance), vector 

(ÊÀó)), (vector (put), vector (ÊÀó)), 
(vector (cook), vector (ÊÀó)], then we 

determine the maximum degree of 

semantic similarity between their vectors 

by applying cosine similarity. 

 
���qgk:ugáX6; L ������:SEá6t;����������:y; 

2. Determine the importance of words in T1 

using inverse document frequency (idf).  

 

7KH� VDPH� SURFHVV� LV� HPSOR\HG� WR� GHWHUPLQH� WKH�

PRVW�VLPLODU�ZRUG�LQ�7��EHJLQQLQJ�ZLWK�ZRUGV�LQ�

7��� )LQDOO\�� WKH� VLPLODULW\� EHWZHHQ� WKH� LQSXW�

VHQWHQFH�7��DQG�7��LV�FRPSXWHG�XVLQJ�(TXDWLRQ�x� 

7KH� VHFRQG� FRPSRQHQW� LV� WR� FDOFXODWH� WKH�

VHPDQWLF�VLPLODULW\�IRU�JLYHQ�WZR�VHQWHQFHV�7��DQG�

7��DFFRUGLQJ�WR�(TXDWLRQ�z��ZKLFK�ZH�FDOO�³FURVV�

ODQJXDJH� DOLJQPHQW� �&/�$�´�� 7KH� SURFHVV� LV� DV�

IROORZV� 

 

1- For each term in an Arabic sentence, we 

try to determine the word in the English 

sentence that has the highest semantic 

similarity (i.e., using the pre-trained 

multilingual encoder model and 

employing cosine similarity) that is 

greater than the threshold (t2). This 

threshold is suggested to avoid excessive 

noise which causes deterioration of 

overall performance.  

 

2- Finally, we take the average score over all 

the maximal similarity scores as given by 

Equation z. 

OOEI:5á6; L s

I
Í���%KO:OEá PF;

E L sá å áJ
�

à

Ý@5

������:z; 

)LQDOO\�� WKH� RYHUDOO� VHQWHQFH� VLPLODULW\� VFRUH� LV�

FRPSXWHG�EDVHG�RQ�&/�:$�DQG�&/�$��ZKLFK�ZH�

QDPH�³&/�:$�&/�$´��DV�VKRZQ�LQ�(TXDWLRQ�{�� 

5AJPAJ?AæÜà L PD Û 5 E :s F PD;OOEI�������������������:{;   
ZKHUH�WKH�YDOXH�RI�WK�YDOXH�UDQJHV�ZLWKLQ�>�����@��

DQG� LV� WKH� WKUHVKROG� IRU� ZHLJKWLQJ� LPSRUWDQFH�

EHWZHHQ�FRPSRQHQWV�EDVHG�RQ�&/�:$��6��DQG�&/�

$��VVLP�� 

3.2 Classification Model 

0DFKLQH�OHDUQLQJ�DOJRULWKPV�KDYH�EHHQ�DSSOLHG�LQ�

VHYHUDO�ILHOGV��VXFK�DV�LPDJH�SURFHVVLQJ�DQG�QDWXUDO�

ODQJXDJH�SURFHVVLQJ��:H�XVH�WKH�H[WUDFWHG�IHDWXUHV��

EDVHG� RQ� V\QWDFWLF� DQG� VHPDQWLF� FRPSXWDWLRQ��

DORQJ�ZLWK�GLIIHUHQW�0/�FODVVLILFDWLRQ�IUDPHZRUNV�

IRU� GHWHFWLQJ� ZKHWKHU� DQ� (QJOLVK�$UDELF� SDLU� RI�

VHQWHQFHV� LV� SODJLDUL]HG� RU� QRW�� :H� LQYHVWLJDWH�
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GLIIHUHQW� 0/� FODVVLILHUV� VXFK� DV� /RJLVWLF�

5HJUHVVLRQ��/5���6XSSRUW�9HFWRU�&ODVVLILHU��69&���

/LQHDU�6XSSRUW�9HFWRU�&ODVVLILHU��/69&���'HFLVLRQ�

7UHH� �'7��� 5DQGRP� )RUHVW� �5)��� .� 1HDUHVW�

1HLJKERUV��.11���DQG�([WUHPH�*UDGLHQW�%RRVWLQJ�

�;*%RRVW���XVLQJ�WKRVH�H[WUDFWHG�IHDWXUHV� 

4 Experiments and Results 

7R� DVVHVV� WKH� SHUIRUPDQFH� RI� WKH� SURSRVHG�

WHFKQLTXHV�� ZH� KDYH� FRQGXFWHG� H[SHULPHQWV� WR�

H[DPLQH� WKH� LPSDFW� RI� ERWK� LQGLYLGXDO� DQG�

FRPELQHG�IHDWXUHV�XVHG�WR�WUDLQ�HDFK�FODVVLILHU��)RU�

HYDOXDWLQJ� WKH�SHUIRUPDQFH�RI� WKH� FODVVLILHUV��ZH�

KDYH� XVHG� ���IROG� FURVV�YDOLGDWLRQ� DQG� WKH� )��

PHDVXUH��)��VFRUH���ZKLFK�LV�WKH�KDUPRQLF�DYHUDJH�

RI�SUHFLVLRQ�DQG�UHFDOO��DV�VKRZQ�LQ�(TXDWLRQ�sr��

7KH� H[SHULPHQWV� KDYH� EHHQ� FDUULHG� RXW� XVLQJ�

3\WKRQ�ZLWK�WKH�VFLNLW��OHDUQ�OLEUDU\�WR�EXLOG�HDFK�

FODVVLILHU�� DQG� ZH� KDYH� XVHG� WKH� *ULG� 6HDUFK�

PHWKRG�WR�ILQG�WKH�EHVW�YDOXHV�RI�K\SHUSDUDPHWHUV�

IRU�FRQILJXUDWLRQ�RI�WKH�0/�PRGHOV�� 

 

( FIA=QNA L �t Û LNA?EOEKJ Û NA?=HH
LNA?EOEKJ E NA?=HH �������������:sr; 

 

 

4.1 Dataset 

:H� XVHG� 6HP(YDO������ �&URVV�OLQJXDO� $UDELF�

(QJOLVK��GDWDVHWV��UHOHDVHG�E\�&HU�HW�DO����������7KH�

WRWDO�VL]H�RI�WKH�GDWDVHW�LV������SDLUV�RI�VHQWHQFHV��

ZKLFK�ZHUH�XVHG�IRU�ERWK�WUDLQLQJ�DQG�WHVWLQJ�GDWD��

+XPDQV�KDYH�ODEHOHG�HDFK�SDLU�RI�VHQWHQFHV�RQ�DQ�

LQWHJHU�VFDOH�IURP��������LQGLFDWHV�H[DFWO\�VLPLODU��

ZKHUHDV���VKRZV�WKDW�WKH�WZR�VHQWHQFHV�LQ�WKH�SDLU�

DUH� FRPSOHWHO\� GLIIHUHQW��� ZKLFK� ZDV� OLQHDUO\�

VFDOHG� LQWR� WKH� LQWHUYDO� >���@� WKHQ� HDFK� SDLU� RI�

VHQWHQFHV�ZDV�ODEHOHG����PHDQV�SODJLDUL]HG��RU���

�PHDQV� QRQ�SODJLDUL]HG�� LI� WKH� KXPDQ� VLPLODULW\�

VFRUH�LV�JUHDWHU�WKDQ�RU�HTXDO�WR�D�WKUHVKROG�RI������

7DEOH� �� LOOXVWUDWHV� PRUH� LQIRUPDWLRQ� DERXW� WKH�

GDWDVHW�� 

4.2 Pre-processing Stage 

7KH�SUH�SURFHVVLQJ�SKDVH� LV� DQ� HVVHQWLDO� VWHS� IRU�

SUHSDULQJ� WKH� WH[W� IRU� IXUWKHU� HYDOXDWLRQ��$V� WKH�

ILUVW�WZR�H[WUDFWHG�IHDWXUHV�GHVFULEHG�LQ�������DQG�

&/�:(B7Z�DUH�EDVHG�RQ�PDFKLQH�WUDQVODWLRQ��ZH�

XVHG�WKH�*RRJOH�7UDQVODWLRQ�WRRO�WR�WUDQVODWH�$UDELF�

VHQWHQFHV� LQWR�(QJOLVK� VHQWHQFHV��7KHQ��ZH� XVHG�

WKH�1DWXUDO�/DQJXDJH�7RRONLW��1/7.��WRRO�IRU�WKH�

IROORZLQJ�SURFHVVLQJ������WRNHQL]DWLRQ������SDUW�RI�

VSHHFK� WDJJLQJ�� ���� UHPRYLQJ� SXQFWXDWLRQ�PDUNV�

DQG� ���� QRUPDOL]DWLRQ�� 2Q� WKH� RWKHU� KDQG�� WKH�

H[WUDFWHG�IHDWXUHV�GHVFULEHG�LQ�������DUH�EDVHG�RQ�D�

SUH�WUDLQHG� PXOWLOLQJXDO� HQFRGHU� PRGHO�� ZKLFK�

UHSUHVHQWV�GLIIHUHQW�ODQJXDJHV�RQ�WKH�VDPH�YHFWRU�

VSDFH�� WKHUHIRUH��ZH�XVHG�1/7.� IRU� SHUIRUPLQJ��

����WRNHQL]DWLRQ������UHPRYLQJ�SXQFWXDWLRQ�PDUNV�

DQG�����UHPRYLQJ�VWRS�ZRUGV�IRU�ERWK�(QJOLVK��H�J�� 

µWKDW¶��µLV¶�DQG�µZHUH¶��DQG�$UDELF�VXFK�DV�µ�òÓ¶��µ�ðß�¶�
DQG�µ�ò�ß�¶��PHDQLQJ�³LQ´��³WR´�DQG�³WKDW´�LQ�(QJOLVK�
UHVSHFWLYHO\� 

4.3 Parameters Setting 

7KH� SURSRVHG� PHWKRGV� RI� H[WUDFWLQJ� IHDWXUHV�

FRQWDLQ�D�QXPEHU�RI�SDUDPHWHUV�WKDW�DUH�UHTXLUHG�WR�

EH� WXQHG�SDUDPHWHUV� IRU� FRQVWUXFWLQJ�ZRUG� RUGHU�

YHFWRUV�� IRU� ZHLJKWLQJ� WKH� LPSRUWDQFH� EHWZHHQ�

V\QWDFWLF� DQG� VHPDQWLF� IHDWXUHV�� DQG� IRU� ZRUG�

DOLJQPHQW� IHDWXUHV�� 0DQ\� H[SHULPHQWV� DUH�

SHUIRUPHG�WR�GHWHUPLQH�D�VXLWDEOH�YDOXH�IRU�HDFK�

SDUDPHWHU��)RU� VHWWLQJ� WKHVH�SDUDPHWHUV��ZH�KDYH�

XVHG� SDLUV� RI� VHQWHQFHV� IURP� WKH� 0LFURVRIW�

5HVHDUFK�9LGHR�'HVFULSWLRQ� &RUSXV� GDWDVHW�� DQG�

FRPSXWHG�3HDUVRQ�FRUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�

KXPDQ� UDWHV� DQG� UHVXOWV� REWDLQHG� IURP� SURSRVHG�

DSSURDFKHV�� WKXV� WKH� EHVW� 3HDUVRQ� FRUUHODWLRQ�

LQGLFDWHV� VXLWDEOH� YDOXHV� IRU� WKHVH� SDUDPHWHUV��

7KHUHIRUH�� WKH� UHVXOWV� DFTXLUHG� IURP� WKH�

H[SHULPHQWV� VKRZ� WKH� VXLWDEOH� YDOXHV� RI� WKH�

SDUDPHWHUV��DQG�ZH�KDYH�IRXQG�WKH�EHVW�FRUUHODWLRQ�

FRHIILFLHQW� YDOXHV� IRU� GHWHUPLQLQJ� ZRUG� RUGHU�

VLPLODULW\�LV�DFKLHYHG�DW��ZW ��������)RU�ZHLJKWLQJ�

LPSRUWDQFH� RI� V\QWDFWLF� DQG� VHPDQWLF� VLPLODULW\�

IHDWXUHV�� ZH� KDYH� REWDLQHG� WKH� EHVW� UHVXOWV� DW�

�/ ������� ,Q� WHUPV� RI� WKH� SDUDPHWHUV� UHODWHG� WR�

ZRUG�DOLJQPHQW��WKH�EHVW�SHUIRUPDQFH�LV�DWWDLQHG�DW�

�W� � ������ W� � ����� DQG� WK �������$V� D� UHVXOW��ZH�

Datasets Source Pairs 

MSRvid MSR-Video, Microsoft 

Research Video 

Description Corpus 

735 

SNLI   Stanford Natural 

Language Inference 

corpus 

250 

SMTeu WMT2008 development 149 

MSR-Para Microsoft Research 

Paraphrase Corpus 

100 

Table 1: Evaluation dataset 
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KDYH�XVHG�WKHVH�SDUDPHWHUV�DQG�YDOXHV�RQ�WKH�UHVW�

RI�WKH�GDWDVHW� 

4.4 Results 

7KLV� VHFWLRQ� VKRZV� WKH� FRQWULEXWLRQ� RI� XVLQJ�

H[WUDFWHG�IHDWXUHV��GHVFULEHG�LQ�6HFWLRQ������DORQJ�

ZLWK� D� VHW� RI� FODVVLILHUV� IRU� GHWHFWLQJ� FURVV��

ODQJXDJH� SODJLDULVP�� 7DEOH� �� VKRZV� WKH�

SHUIRUPDQFH� UHVXOWV� RI� XWLOL]LQJ� WKH� SURSRVHG�

IHDWXUHV� DORQJ� ZLWK� /5�� 69&�� /69&�� '7�� 5)��

.11� DQG� ;*%RRVW� FODVVLILHUV�� ZKHUH� WKH� ILUVW�

FROXPQ�LOOXVWUDWHV�WKH�H[WUDFWHG�IHDWXUHV�ZKLOH�WKH�

UHVW�RI�WKH�FROXPQV�SUHVHQWV�WKH�UHVXOWV�DFFRUGLQJ�

WR�WKH�)��6FRUH�PHWULF� 

4.5 Discussion 

$V� SUHVHQWHG� LQ�7DEOH� ��� WKH� SHUIRUPDQFH� RI� WKH�

FODVVLILHUV� XVLQJ� VHWV� RI� H[WUDFWHG� IHDWXUHV� VKRZV�

HQFRXUDJLQJ� UHVXOWV� IRU� FODVVLI\LQJ� SDLUV� RI�

(QJOLVK�$UDELF� VHQWHQFHV�� :H� FDQ� VHH� WKDW� WKH�

LQWHJUDWLRQ�RI�VHPDQWLF�DQG�V\QWDFWLF�IHDWXUHV�ZLWK�

WKH� FODVVLILHUV� DV� RQH� IHDWXUH�� EDVHG� RQ� ZRUG�

HPEHGGLQJ�DQG�ZRUG�RUGHU�IHDWXUHV��GHPRQVWUDWHV�

HQKDQFHPHQW� RI� WKH� SHUIRUPDQFH� WKURXJK� /5��

/69&��.11�DQG�;*%RRVW���)XUWKHUPRUH��LW�FDQ�EH�

REVHUYHG�WKDW�XVLQJ�&/�:$�&/�$�IHDWXUHV�DORQJ�

ZLWK�WKH�GLIIHUHQW�FODVVLILHUV�REWDLQHG�EHWWHU�UHVXOWV�

WKDQ�&/�:$�DQG�&/�$�LQGLYLGXDOO\��,W�FDQ�EH�DOVR�

VHHQ� WKDW� FRPELQDWLRQV�RI� IHDWXUHV�EDVHG�RQ�&/�

:(7�:2�DQG�&/�:$�&/�$�ZLWK�WKH�FODVVLILHUV�

VKRZ� LPSURYHPHQWV� LQ� WKH� UHVXOWV�� ,QWHUHVWLQJO\��

XVLQJ� DOO� FRPELQHG� IHDWXUHV� EDVHG� RQ� &/�:(7�

:2�� &/�:$�&/�$� DQG� &/�:(�7Z�086(� LV�

HIILFLHQW� LQ� HQKDQFLQJ� WKH� SHUIRUPDQFH� RI� PRVW�

FODVVLILHUV�LQFOXGLQJ�/5��69&��/69&��'7�DQG�5)��

:H�EHOLHYH�WKLV�LPSURYHPHQW�FDQ�EH�DVFULEHG�WR�WKH�

ZRUG�HPEHGGLQJ�DQG�PXOWLOLQJXDO�HQFRGHU�PRGHOV�

FDSWXULQJ�VHPDQWLF�DQG�V\QWDFWLF�IHDWXUHV� 

5 Conclusion  

,Q�WKLV�SDSHU�ZH�LQWURGXFHG�D�WHFKQLTXH�EDVHG�RQ�

DQDO\]LQJ�VHQWHQFHV�XVLQJ�V\QWDFWLF�DQG�VHPDQWLF�

IHDWXUHV� ZLWK� 0/� FODVVLILHUV� WR� GHWHFW� (QJOLVK�

$UDELF� FURVV�OLQJXDO� SODJLDULVP��7KH� IHDWXUHV�ZH�

XVHG� LQYROYH� ZRUG� RUGHU�� ZRUG� HPEHGGLQJ� DQG�

ZRUG� DOLJQPHQW� ZLWK� PXOWLOLQJXDO� HQFRGHUV��:H�

DOVR�H[SORUHG�WKH�HIIHFWV�RI�XVLQJ�H[WUDFWHG�IHDWXUHV�

DQG� WKHLU� FRPELQDWLRQV� DORQJ� ZLWK� WKH� GLIIHUHQW�

FODVVLILHUV��7KH�SURSRVHG�PHWKRG�KDV�EHHQ�DVVHVVHG�

E\�XVLQJ�D�FRPSLODWLRQ�RI�IRXU�GDWDVHWV��$FFRUGLQJ�

WR� WKH� HYDOXDWLRQ�� WKH� LQWHJUDWLRQ� RI� FRPELQHG�

H[WUDFWHG�IHDWXUHV�ZLWK�WKH�FODVVLILHUV�GHPRQVWUDWHV�

LPSURYHG�SHUIRUPDQFH��2YHUDOO��WKH�69&�FODVVLILHU�

EDVHG�RQ�FRPELQDWLRQ�RI�DOO�IHDWXUHV�DFFRPSOLVKHV�

WKH�EHVW�UHVXOWV�ZLWK�WKH�)�VFRUH�RI���������,Q�IXWXUH�

ZRUN��WKH�DSSURDFK�ZLOO�EH�H[SDQGHG�WR�LQFOXGH�XVH�

RI�QHXUDO�QHWZRUN�WHFKQLTXHV� 
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