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6RORY\HY�9�'����,YDQRY�9�9����	�$NKWLDPRY�5�%��

$EVWUDFW

7KH�SDSHU�GHVFULEHV�WKH�ILUVW�VWDJH�RI�D�SURMHFW�RQ�FUHDWLQJ�DQ�HOHFWURQLF�GLFWLRQDU\�
ZLWK�QXPHULFDO�HVWLPDWHV�RI�WKH�GHJUHH�RI�DEVWUDFWQHVV�DQG�FRQFUHWHQHVV�RI�5XVVLDQ�
ZRUGV��2XU�DSSURDFK�LV�WR�LQWHJUDWH�GDWD�REWDLQHG�IURP�VHYHUDO�GLIIHUHQW�VRXUFHV��WH[W�
FRUSRUD�� SV\FKROLQJXLVWLF� H[SHULPHQWV�� SXEOLVKHG� GLFWLRQDULHV�� PDUNHUV� RI�
DEVWUDFWQHVV��FHUWDLQ�VXIIL[HV��DQG�D�WUDQVODWLRQ�RI�D VLPLODU�GLFWLRQDU\�IRU�(QJOLVK��
7KH�DUWLFOH�GHVFULEHV�LQ�GHWDLO�WKH�PHWKRG�IRU�REWDLQLQJ�GDWD��:H�SURYLGH�FRUUHODWLRQ�
FRHIILFLHQWV�FDOFXODWHG�XVLQJ�GLIIHUHQW�PHWKRGV��:H�SD\�VSHFLDO�DWWHQWLRQ�WR�FDVHV�RI�
LQFRQVLVWHQW�UHVXOWV�REWDLQHG�E\�GLIIHUHQW�PHWKRGV� 7KH�VWDWLVWLFDO�PRGHO�EHKLQG�WKH�
H[SHULPHQWDO�GDWD� LV�GLVFXVVHG��7KH�UHVXOWV�RI�H[SHULPHQWV�ZLWK� WKH�*RRJOH�%RRNV�
1JUDP�FRUSXV�RQ�WKH�FRH[LVWHQFH�RI�FRQFUHWH�ZRUGV�DUH�JLYHQ��3RVVLEOH�DSSOLFDWLRQV�
RI� WKH� GLFWLRQDU\� DUH� GHPRQVWUDWHG� RQ� WKH� H[DPSOH� RI� WKH� IUHTXHQF\� RI� XVLQJ� WKH�
GLFWLRQDU\�LQ�5XVVLDQ�WH[WERRNV�IRU�KLJK�VFKRROV�

.H\ZRUGV� $EVWUDFW�:RUGV��&RQFUHWH�:RUGV��5XVVLDQ�/DQJXDJH��'LFWLRQDU\�

�� ,QWURGXFWLRQ

$EVWUDFWQHVV�LV�DQ�LPSRUWDQW�VHPDQWLF�FRQFHSW��WKH�VWXG\�RI�ZKLFK�LV�GHYRWHG�
D�VLJQLILFDQW�QXPEHU�RI�ZRUNV��$W�WKH�VDPH�WLPH��WKHUH�LV�VWLOO�QR�VWULFW�GHILQLWLRQ�RI�
DEVWUDFWLRQ�� DQG� WKHUH� LV� D� GHEDWH� DERXW� WKLV� �+LOO�� .RUKRQHQ�� 	� %HQW]�� ������
9LJOLRFFR�HW�DO��������� 0HDQZKLOH��FRQFUHWHQHVV���DEVWUDFWQHVV�LV�ZLGHO\�VWXGLHG�DQG�
XVHG� LQ� YDULRXV� WDVNV�� ,Q QHXURSK\VLRORJ\�� WKH� UHSUHVHQWDWLRQ�RI� FRQFUHWH�� DEVWUDFW�
FRQFHSWV� LQ� WKH� KXPDQ� EUDLQ� KDV� EHHQ� VWXGLHG� IRU� PRUH� WKDQ� D� GHFDGH� �VWDUWLQJ��
SUREDEO\��IURP�:DUULQJWRQ����������,Q�HGXFDWLRQ��LW�VKRXOG�EH�QRWHG�F\FOH�RI�ZRUNV�

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�

6RORY\HY��9�'���,YDQRY�9�9���	�$NKWLDPRY�5�%� ������� 'LFWLRQDU\�RI�DEVWUDFW�DQG�FRQFUHWH�
ZRUGV� RI� WKH� 5XVVLDQ� ODQJXDJH�� $� PHWKRGRORJ\� IRU� FUHDWLRQ� DQG� DSSOLFDWLRQ� -RXUQDO� RI�
5HVHDUFK�LQ�$SSOLHG�/LQJXLVWLFV�����63�����������

�.D]DQ�)HGHUDO�8QLYHUVLW\��.D]DQ��5XVVLDQ�)HGHUDWLRQ
��,QQRSROLV�8QLYHUVLW\��,QQRSROLV��5XVVLDQ�)HGHUDWLRQ
��&RUUHVSRQGLQJ�DXWKRU
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DQG�D�QXPEHU�RI�VRIWZDUH�V\VWHPV��&RK�0HWUL[��7$$&2��6L1/3��IRU�DQDO\]LQJ�WH[WV��
OHDUQLQJ� WR� UHDG�� XQGHUVWDQG� DQG�ZULWH� WH[WV�� LQ� ZKLFK� RQH� RI� WKH�PRVW� LPSRUWDQW�
FRPSRQHQWV�LV�D�GLFWLRQDU\�RI�DEVWUDFW�ZRUGV��6FRWW HW�DO����������&RUSXV�DQDO\VLV�DQG�
PHWKRGV� RI� FRPSXWDWLRQDO� OLQJXLVWLFV� SURYLGH� QHZ� RSSRUWXQLWLHV� IRU� VWXG\LQJ�
DEVWUDFWQHVV���FRQFUHWHQHVV��7XUQH\��1HXPDQ��$VVDI��	�&RKHQ��������)UDVVLQHOOL�	�
:DOGH����������,Q�WKH�DEVHQFH�RI�D�IRUPDO�GHILQLWLRQ�RI�DEVWUDFWQHVV��GLFWLRQDULHV�RI�
DEVWUDFW�YRFDEXODU\�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKHRUHWLFDO�DQG�DSSOLHG�UHVHDUFK��)RU�WKH�
(QJOLVK�ODQJXDJH��D�GLFWLRQDU\��PRUH�WKDQ���WKRXVDQG�ZRUGV��ZLWK�DQ�LQGLFDWLRQ�RI�
WKH�QXPHULFDO�PHDVXUH�RI�DEVWUDFWQHVV���FRQFUHWHQHVV�RI�ZRUGV�ZDV�FUHDWHG�DV�HDUO\�
DV�������&ROWKHDUW��������DQG�LV�VWLOO�XVHG�LQ�UHVHDUFK��/DWHU��E\�SROOLQJ�������QDWLYH�
VSHDNHUV�� D� GLFWLRQDU\� RI� ��� WKRXVDQG�ZRUGV�ZDV� FUHDWHG� �%U\VEDHUW��:DUULQHU��	�
.XSHUPDQ���������)RU� WKH�5XVVLDQ� ODQJXDJH� WKHUH�DUH�QR�VXFK�GLFWLRQDULHV��ZKLFK�
PDNHV�WKH�WDVN�RI�FUHDWLQJ�VXFK�D�GLFWLRQDU\�LPSRUWDQW��7KH�SXUSRVH�RI�WKLV�ZRUN�LV�
WR�GHVFULEH�WKH�PHWKRGRORJ\�XVHG�LQ�WKLV�SDSHU�DQG�WKH�UHVXOWV�RI�WKH�ILUVW�VWDJH�RI�
ZRUN�RQ�WKH�FUHDWLRQ�RI�VXFK�GLFWLRQDU\�

�� /LWHUDWXUH�5HYLHZ

7KH� DUWLFOH� �6QHIMHOOD�� *pQpUHX[�� 	� .XSHUPDQ�� ������ SUHVHQWV� WKH�
PHWKRGRORJ\�IRU�FRQVWUXFWLQJ�D�GLFWLRQDU\�RI�DEVWUDFW� ��FRQFUHWH�ZRUGV�EDVHG�RQ�D�
FRUSXV�RI�WH[WV��7KH�EDVLF�LGHD�LV�WR�LVRODWH�D�VPDOO�FRUH�IURP�SUHFLVHO\�FRQFUHWH�DQG�
SUHFLVHO\�DEVWUDFW�ZRUGV�DQG�WKHQ�XVH�ZRUG�YHF�WR�FODVVLI\�ZRUGV�LQWR�PRUH�DEVWUDFW�
DQG�PRUH� FRQFUHWH� RQHV�XVLQJ� VWDQGDUG�PHWKRGV� IRU� FDOFXODWLQJ�GLVWDQFHV��6LPLODU�
GLFWLRQDULHV�ZHUH�FUHDWHG�IRU�RWKHU�ODQJXDJHV�EHVLGHV�(QJOLVK��$�GHVFULSWLRQ�RI�WKH�
FRQVWUXFWLRQ�RI�D�GLFWLRQDU\�RI�DEVWUDFW���FRQFUHWH�ZRUGV�IRU�WKH�&KLQHVH�ODQJXDJH�LV�
JLYHQ� LQ� :DQJ� DQG� &KHQ� ������� VWXG\�� ,Q� RWKHU� ZRUNV� �%KDVNDU� HW� DO��� ������
)UDVVLQHOOL�HW�DO���������1DXPDQQ��)UDVVLQHOOL��	�:DOGH���������WKH�PHWKRGV�RI�FRUSXV�
DQDO\VLV�KDYH�HVWDEOLVKHG� WKDW�³FRQFUHWH�ZRUGV�KDYH�D�SUHIHUHQFH� WR�FR�RFFXU�ZLWK�
RWKHU�FRQFUHWH�ZRUGV��ZKLOH�DEVWUDFW�ZRUGV�FR�RFFXU�PRUH�IUHTXHQWO\�ZLWK�DEVWUDFW�
ZRUGV´�

/HW� XV� JLYH� H[DPSOHV� RI� VRPH� RI� WKH� PRVW� LQWHUHVWLQJ� DSSOLHG� ZRUNV�
SXEOLVKHG� UHFHQWO\�� 7KHVH� H[DPSOHV� GHPRQVWUDWH� WKH� LPSRUWDQFH� RI� DEVWUDFWQHVV� ��
FRQFUHWHQHVV�DQG�WKH�EUHDGWK�RI�UHVHDUFK��,Q��%DUVDORX��'XWULDX[��	�6FKHHSHUV���������
WKH� FODVVLILFDWLRQ� RI� FRQFHSWV� DV� FRQFUHWH� RU� DEVWUDFW� IURP� WKH� VWDQGSRLQW� RI�
SV\FKRORJLFDO� PHFKDQLVPV� IRU� XQGHUVWDQGLQJ� VLWXDWLRQV� LV� VWXGLHG�� 7KH� DUWLFOH�
�%LQQH\�� =XFNHUPDQ�� 	� 5HLOO\�� ������ SURYLGHV� DQ� RYHUYLHZ� RI� WKHRULHV� IRU� WKH�
UHSUHVHQWDWLRQ�RI�DEVWUDFW���FRQFUHWH�ZRUGV�DLPHG�DW�VWXG\LQJ�PHQWDO�GLVRUGHUV��7KH�
DUWLFOH��3RQDUL�HW�DO�������� VKRZV�WKDW�FKLOGUHQ�ZLWK�ODQJXDJH�GHYHORSPHQW�GLVRUGHUV�
�'/'��HTXDOO\�ZLWK�RUGLQDU\� FKLOGUHQ� OHDUQ�DEVWUDFW�FRQFHSWV��7KH�DUWLFOH� �3RQDUL��
1RUEXU\� 	�9LJOLRFFR������� VKRZV�WKDW�FKLOGUHQ�QHHG�HPRWLRQDO�UHLQIRUFHPHQW�WR�
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DVVLPLODWH� DEVWUDFW� ZRUGV�� 7KH� FRQFUHWHQHVV� UDWLQJ� RI� ���� ZRUGV� RI� WKH� ,WDOLDQ�
ODQJXDJH�UHODWHG�WR�WKH�GHVLJQDWLRQ�RI�SDLQ�LV�GHVFULEHG�LQ��%RUHOOL��&UHSDOGL��3RUUR��
	�&DFFLDUL�������� ,Q�WKH�DUWLFOH��5HQX�%DO\DQ�HW�DO����������WKH�DEVWUDFW���FRQFUHWH�
YRFDEXODU\�GLFWLRQDU\�LV�XVHG�WR�DVVHVV�WKH�FRPSOH[LW\�IRU�WKH�SHUFHSWLRQ�RI�WH[WV��7KH�
DUWLFOH� �6QHIMHOOD�HW� DO�������� VKRZV� WKDW�RYHU� WLPH�� WKH�XVH�RI�FRQFUHWH�ZRUGV� �LQ�
(QJOLVK��LQFUHDVHV�DV�FRPSDUHG�ZLWK�DEVWUDFW�RQHV��DV�ZHOO�DV�DQ�LQFUHDVH�LQ�WKH�GHJUHH�
RI�FRQFUHWHQHVV�RI�D�QXPEHU�RI�GLIIHUHQW�JURXSV�RI�ZRUGV��ZKLFK�FRQWUDGLFWV�VRPH�
SUHYLRXV�VWXGLHV��7KH�DUWLFOH�LV�EDVHG�RQ�GDWD�IURP�WKH�FRUSXV�RI�WKH�PRGHUQ�$PHULFDQ�
ODQJXDJH�&2+$�

�� 0HWKRGV�DQG�'DWD

7KH� JHQHUDO� VWUDWHJ\� IRU� FUHDWLQJ� D� GLFWLRQDU\� RI� DEVWUDFW� ZRUGV� IRU� WKH�
5XVVLDQ�ODQJXDJH�LV�DV�IROORZV��3URSRVHG���LQGHSHQGHQW�PHWKRGV�IRU�REWDLQLQJ�OLVWV�
RI�ZRUGV��:H�EULHIO\�GHVFULEH�WKHVH�PHWKRGV��,Q�WKH�5XVVLDQ�OLQJXLVWLF�WUDGLWLRQ��WKH�
FDWHJRU\�RI�DEVWUDFWQHVV�UHIHUV�RQO\�WR�QRXQV��6KDQVN\�	�7LNKRQRY���������WKHUHIRUH��
ZH�ZLOO�PDLQO\�IRFXV�RQ�H[WUDFWLRQ�RI�QRXQV�LQ�WKLV�VWXG\�

���&UHDWLQJ�OLVWV�RI�DEVWUDFW�DQG�FRQFUHWH�ZRUGV�H[WUDFWHG�IURP�WKH�5XVVLDQ�
VHPDQWLF�GLFWLRQDU\��FUHDWHG�E\�1�<X��6KYHGRYD��>��@��2YHUDOO��IURP�WZR�YROXPHV�RI�
WKH�GLFWLRQDU\��YROXPHV���DQG����ZH�H[WUDFWHG������DEVWUDFW�ZRUGV�DQG������FRQFUHWH�
ZRUGV��%\�WKHPVHOYHV��WKHVH�OLVWV�DUH�LQVXIILFLHQW�EHFDXVH�ZH�VHW�WKH�WDVN�RI�REWDLQLQJ�
D�YRFDEXODU\�RI�ZRUGV�ZLWK�DQ�LQGLFDWLRQ�RI�WKH�GHJUHH�RI�DEVWUDFWQHVV���FRQFUHWHQHVV�
RI�ZRUGV��D�FKDUDFWHULVWLF�LQ�WKH�VSLULW�RI�IX]]\�ORJLF��6DQGOHU�	�7VLWRORYVN\����������
VLPLODU�WR�GLFWLRQDULHV�IRU�WKH�(QJOLVK�ODQJXDJH��&ROWKHDUW��������%U\VEDHUW��:DUULQHU��
	�.XSHUPDQ��������

���2Q�WKH�EDVLV�RI�WKH�OLVW�RI�VXIIL[HV�RI�DEVWUDFW�ZRUGV�GHVFULEHG�LQ�>��@��DOO�
WKH�ZRUGV�ZLWK�WKHVH�HQGLQJV�ZHUH�VHOHFWHG�IURP�D�ODUJH�GLFWLRQDU\�RI�WKH�5XVVLDQ�
ODQJXDJH��ZH�XVH�WKH�GLFWLRQDU\�>��@���7KH�OLVW�FRQVLVWV�RI�WKH�IROORZLQJ�VXIIL[HV�� �
ɬɶɟ���ɶɺ���ɧɢɟ���ɜɢɟ���ɫɬɜɨ���ɚɰɢɹ���ɨɫɬɶ���ɟɫɬɶ���ɢɡɦ���ɢɡɧɚ���ɨɬɚ���ɬɢɤɚ���ɬɢɜɚ��8VLQJ�
WKLV� PHWKRG�� D� OLVW� RI� ������ ZRUGV� FODLPLQJ� WR� EH� DEVWUDFW� ZDV� REWDLQHG�� 7KLV�
GLFWLRQDU\�UHTXLUHV�H[SHUW�YHULILFDWLRQ��'HVSLWH�LWV�FRQVLGHUDEOH�VFRSH��LW�FRYHUV�RQO\�
D�SDUW�RI�DEVWUDFW�ZRUGV�

��� &RQGXFWLQJ� SV\FKRVHPDQWLF� H[SHULPHQWV� LQ� WKH� IRUP� RI� VXUYH\V� RI�
VSHDNHUV�RI�WKH�5XVVLDQ�ODQJXDJH�ZLWK�LQVWUXFWLRQV�WR�DVVHVV�WKH�GHJUHH�RI�DEVWUDFW�
ZRUGV�RQ�D���SRLQW�VFDOH��7KH�PHWKRG� LQ� WKH� WHVW�PRGH� LV�DSSOLHG� WR� WKH�����PRVW�
IUHTXHQW�ZRUGV�RI WKH�5XVVLDQ�ODQJXDJH�LQ�WKH�GLFWLRQDU\��/\DVKHYVND\D�	�6KDURY��
�������)RU�HDFK�ZRUG��HVWLPDWHV�RI�QRW�OHVV�WKDQ����QDWLYH�VSHDNHUV�ZHUH�REWDLQHG��
VWXGHQWV� RI� WKH� 3KLORORJLFDO� GHSDUWPHQW� RI�.D]DQ� )HGHUDO� 8QLYHUVLW\�� )XOO� VXUYH\�
UHVXOWV� DUH� SRVWHG� RQ� WKH� SURMHFW� ZHEVLWH� �KWWSV���NSIX�UX�WHKQRORJL\D�VR]GDQL\D�



'LFWLRQDU\�RI�$EVWUDFW�DQG�&RQFUHWH�:RUGV«�_����

VHPDQWLFKHVNLK�HOHNWURQQ\K�KWPO���7KHUH�DUH�DOVR�DYHUDJHG�HVWLPDWHV�RI�DEVWUDFWQHVV�
�� FRQFUHWHQHVV� XS� WR� ����ZRUGV��7KH� ��SRLQW� VFDOH�ZDV� FKRVHQ� E\� DQDORJ\�ZLWK� D�
VLPLODU�VXUYH\�IRU�(QJOLVK�>�@��,Q�WKH�IXWXUH��LW�LV�SODQQHG�WR�LQFUHDVH�WKH�QXPEHU�RI�
ZRUGV�LQ�WKH�VXUYH\�WR���WKRXVDQG�

���([WUDFWLRQ�RI�DEVWUDFW���FRQFUHWH�ZRUGV�E\�DXWRPDWLF�PHWKRGV�IURP�WKH�
VXSHU�ODUJH� FRUSXV� RI� WKH� 5XVVLDQ� ODQJXDJH� � *RRJOH%RRNV1JUDP�
�KWWSV���ERRNV�JRRJOH�FRP�QJUDPV��� 2QH� RI� WKH� SRVVLEOH� DSSURDFKHV� WR� DXWRPDWLF�
H[WUDFWLRQ�RI�DEVWUDFW���FRQFUHWH�ZRUGV�LV�IXUWKHU�GHVFULEHG�LQ�GHWDLO�LQ�WKLV�DUWLFOH�

)RU� WKH� VXE�FRUSXV� RI� WKH� 5XVVLDQ� ODQJXDJH� LQ� WKH� FRPSRVLWLRQ� RI�
*RRJOH%RRNV1JUDP� FRQWDLQV�PRUH� WKDQ� ���PLOOLRQ� GLIIHUHQW� ELJUDPV�� IRU� HDFK� RI�
ZKLFK�WKH�IUHTXHQF\�RI�RFFXUUHQFH�LQ�WKH�FRUSXV�LV�LQGLFDWHG��:H�VHOHFWHG�ELJUDPV�
GDWDVHW�EDVHG�RQ� WKH�K\SRWKHVLV� WKDW�FRQFUHWH�ZRUGV�KDYH�D�SUHIHUHQFH� WR�FR�RFFXU�
ZLWK� RWKHU� FRQFUHWH� ZRUGV�� ZKLOH� DEVWUDFW� ZRUGV� FR�RFFXU� PRUH� IUHTXHQWO\� ZLWK�
DEVWUDFW�ZRUGV��8VLQJ�WKH�6KYHGRYD¶V�GLFWLRQDU\��LW�EHFRPHV�SRVVLEOH�WR�FKRRVH�VXFK�
SDLUV�RI�ZRUGV�LQ�ZKLFK�FRQFUHWHQHVV�RI�RQH�ZRUG�LQ�D�ELJUDP�LV�IL[HG�WKH�ZRUG�LV�
HLWKHU�DQ�DEVWUDFW��RU�FRQFUHWH��QRXQ��DQG�WKH�VHFRQG�ZRUG�UHPDLQV�DUELWUDU\��1H[W��
ZH�DQDO\]H�WKH�UHVXOWLQJ�OLVWV�LQ�WHUPV�RI�WKH�IUHTXHQF\�RI�RFFXUUHQFH�RI�ZRUGV�DQG�
FDOFXODWH�D�PHDVXUH�RI�FRQFUHWHQHVV�

���� 0HWKRGRORJ\�IRU�WKH�$XWRPDWLF�&UHDWLRQ�RI�D�'LFWLRQDU\�8VLQJ�D�&RUSXV�RI�
7H[WV

7R� H[WUDFW� FRQFUHWH� DQG� DEVWUDFW� ZRUGV�� D� VHW� RI� ZRUGV� LV� XVHG�� WKH�
FRQFUHWHQHVV�RI�ZKLFK�LV�DOUHDG\�NQRZQ��)RU�WKH�5XVVLDQ�ODQJXDJH��VXFK�D�VHW�LV�JLYHQ�
E\�WKH�GLFWLRQDU\�RI�1��<X��6ZHGLVK��%HORZ�LV�D�GHVFULSWLRQ�RI�WKH�PHWKRG�IRU�WKH�
FDVH�ZKHQ�WKH�DGMHFWLYHV�DUH�H[WUDFWHG��7KH�GHJUHH�RI�FRQFUHWHQHVV�RI�HDFK�ZRUG�LV�
HYDOXDWHG�RQ�WKH�EDVLV�RI�FR�RFFXUUHQFH�ZLWK�FRQFUHWH�QRXQV��/HW�WZR�VHWV�RI�QRXQV�
1DEV�IURP�WKH�GLFWLRQDU\�RI�DEVWUDFW�ZRUGV�DQG�1FRQ�IURP�D�GLFWLRQDU\�RI�FRQFUHWH�
ZRUGV�EH�JLYHQ��)RU�HDFK�DEVWUDFW�QRXQ�[BDEV�IURP� WKH� OLVW�RI�1DEV�ZH�H[WUDFW�DOO�
ELJUDPV��IURP�WKH�*RRJOH%RRNV1JUDPV�GDWDVHW���(DFK�VXFK�ELJUDP�VKRXOG�IROORZ�
WKH�SDWWHUQ�

>$'-@�BDEV���[BDEV�

ZKHUH�LQVWHDG�RI�>$'-@�BDEV�WKHUH�FDQ�EH�DQ\�DGMHFWLYH��7KXV��IRU�HDFK�LQSXW�
QRXQ�[BDEV��D�OLVW�RI�ELJUDPV�LV�H[WUDFWHG��DQG�HDFK�HOHPHQW�LQ�WKLV�OLVW�KDV�D�QXPEHU�
RI�RFFXUUHQFHV�FDOFXODWHG�IURP�WKH�*RRJOH%RRNV�FRUSXV��

7KHQ�HDFK�OLVW�LV�VRUWHG�LQ�GHVFHQGLQJ�RUGHU�DQG�IRU�IXUWKHU�DQDO\VLV�RQO\�WKH�
WRS�.�HOHPHQWV�RI�WKH�OLVW�DUH�VDYHG�LQ�RUGHU�WR�FRQVLGHU�RQO\�WKH�PRVW�IUHTXHQW�ZRUG�
SDLUV��7KXV��LI�WKH�VHW�RI�DEVWUDFW�QRXQV��1DEV���FRQWDLQV�_1DEV_�ZRUGV��WKHQ�ZH�HQG�
XS�ZLWK�OLVWV�_1DEV_�RI�DGMHFWLYHV��%LJUDPV�WKDW�DUH�UDUHO\�HQFRXQWHUHG�FDQ�DGG�QRLVH��
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EXW�WKH�FKRLFH�RI�WKH�YDOXH�IRU�WKH�WRS�.�SDUDPHWHU�LV�QRW�REYLRXV��,Q�WKH�H[SHULPHQWV�
FRQGXFWHG� LQ� WKLV� SDSHU�� QR� IRXQG� ELJUDPV� ZHUH� GLVFDUGHG� UHJDUGOHVV� RI� WKHLU�
IUHTXHQF\��DQG� WKH�SRVVLEOH�QRLVH� LV�FRQWUROOHG LQ�DQRWKHU�ZD\��ZKLFK� LV�GHVFULEHG�
EHORZ�

(DFK�DGMHFWLYH��LI�LW�DSSHDUV�LQ�D�OLVW�IRU�VRPH�QRXQ��LV�LQFOXGHG�LQ�D�OLVW�QR�
PRUH�WKDQ���WLPH��ZKLOH�WKH�VDPH�DGMHFWLYH�FDQ�DSSHDU�LQ�VHYHUDO�OLVWV��7KHUHIRUH��IRU�
HDFK�DGMHFWLYH�]��LW�LV�SRVVLEOH�WR�FRXQW�WKH�QXPEHU�RI�RFFXUUHQFHV�RI�WKLV�DGMHFWLYH�LQ�
DOO� WKH� FRQVWUXFWHG� OLVWV�� 7KLV� YDOXH�� ZKLFK�ZH� GHQRWH� E\� =)�]��� YDULHV� IURP� �� WR�
_1DEV_��7KH�YDOXH�RI�WKLV�PHWULF�LQGLFDWHV�QRW�RQO\�WKH�IUHTXHQF\�RI�WKH�FRPELQDWLRQ�
ZLWK�VRPH�IL[HG�DEVWUDFW�QRXQ��EXW�DOVR�KRZ�RIWHQ�WKH�DGMHFWLYH�]�LV�FRPELQHG�ZLWK�
YDULRXV�DEVWUDFW�QRXQV��IRUP�WKH�1DEV�VHW���/RZ�YDOXHV�RI�=)��]���RQ�WKH�FRQWUDU\��
FDUU\�OLWWOH�LQIRUPDWLRQ�DERXW�WKH�DGMHFWLYH�]�DQG�LW�MXVW�PDNHV�VHQVH�WR�ILOWHU�RXW�VXFK�
FDVHV�

'HVSLWH�WKH�IDFW�WKDW�=)��]��FDQ�EH�XVHG�WR�UDQN�WKH�OLVW�RI�DGMHFWLYHV�E\�WKH�
GHJUHH�RI�WKHLU�DEVWUDFWQHVV��QRQ�DEVWUDFW�DGMHFWLYHV�FDQ�DOVR�KDYH�VXIILFLHQWO\�KLJK�
YDOXHV�RI�WKLV�PHWULF��7KLV�KDSSHQV��IRU�H[DPSOH��GXH�WR�WKH�IDFW�WKDW�VRPH�ZRUGV�RQ�
DYHUDJH�KDYH�D�KLJKHU�IUHTXHQF\�RI�XVH�LQ�FRPSDULVRQ�ZLWK�RWKHU�ZRUGV�

7R�FRUUHFW�VXFK�FDVHV��LW�LV�SURSRVHG�WR�XVH�D�VHW�RI�FRQFUHWH�QRXQV�1FRQ�WR�
FDOFXODWH�WKH�PHDVXUH�=)�]���EXW�WKLV�WLPH�WR�HYDOXDWH�WKH�FRQFUHWHQHVV�RI�DGMHFWLYHV��
7KH�ZKROH�SURFHGXUH�GHVFULEHG�DERYH�LV�SUHVHUYHG��ILUVW�WKH�ELJUDPV�WKDW�IROORZ�WKH�
SDWWHUQ�DUH�H[WUDFWHG�

>$'-@�BFRQF���[BFRQF�

KHUH�[BFRQF�LV�D�QRXQ�WKDW�EHORQJV�WR�WKH�1FRQ�VHW��1H[W�LQ�HDFK�RI�_1FRQ_�
OLVWV��RQO\�WRS�.�HOHPHQWV�DUH�VDYHG��DQG�IRU�HDFK�DGMHFWLYH�]�� WKH�PHDVXUH�D�YDOXH�
8)�]��DV�D�QXPEHU�RI�WLPHV�WKH�DGMHFWLYH�]�DSSHDUHG�LQ�GLIIHUHQW�OLVWV��7KH�PHWULF�8)�
�]��VKRZV�KRZ�RIWHQ�WKH�DGMHFWLYH�]�LV�FRPELQHG�ZLWK�YDULRXV�FRQFUHWH�QRXQV�IURP�
WKH�1FRQ��)LQDOO\��DV�D�PHDVXUH�RI�WKH�FRQFUHWHQHVV�RI�WKH�DGMHFWLYH�]�LV�FRPSXWHG�DV�

&RQFUHWHQHVV��]�� �8)��]����=)��]��

6LPLODUO\��DV�D�PHDVXUH�RI�WKH�DEVWUDFWQHVV�RI�DGMHFWLYH�]�LV�FRPSXWHG�DV�WKH�
UHFLSURFDO�

$EVWUDFWQHVV��]�� �=)��]����8)��]�� �����&RQFUHWHQHVV��]��

%RWK�PHWULFV�&RQFUHWHQHVV��]��DQG�$EVWUDFWQHVV��]��DUH�GHILQHG�LI�8)��]��DQG�
=)��]��DUH�GHILQHG��7KH�ODWWHU FRQGLWLRQ�LV�VDWLVILHG�LI�WKH�DGMHFWLYH�]�LV�FRPELQHG�ZLWK�
DW�OHDVW�RQH�FRQFUHWH�QRXQ�IURP�WKH�OLVW�RI�1FRQ�DQG�RQH�DEVWUDFW�QRXQ�IURP�WKH�1DEV��
DQG� WKH�FRUUHVSRQGLQJ�ELJUDPV�DUH�SUHVHQW� LQ� WKH�FRUSXV��7KH�GHVFULEHG�SURFHGXUH�
GRHV� QRW� GHSHQG� RQ� WKH� ODQJXDJH� DQG� UHTXLUHV� RQO\� D� ODUJH� FRUSXV� RI� WH[WV� DQG� D�
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SUHOLPLQDU\� FODVVLILFDWLRQ� RI� ZRUGV� �QRXQV�� LQWR� WZR� W\SHV�� DEVWUDFW� DQG� FRQFUHWH�
QRXQV�

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�IRU�5XVVLDQ�ODQJXDJH�WKH�SURFHGXUH�PD\�H[WUDFW�
YDULRXV�IRUPV�RI�WKH�VDPH�ZRUG��,Q�WKLV�FDVH��GLIIHUHQW�IRUPV�ZLOO�UHFHLYH�GLIIHUHQW�
YDOXHV�RI�WKH�&RQFUHWHQHVV�PHWULF��,I�QHFHVVDU\��YDULRXV�ZRUG�IRUPV�FDQ�EH�UHGXFHG�
WR� WKH� LQLWLDO� IRUP� RI� WKH� ZRUG�� DQG� WKH� YDOXHV� RI� &RQFUHWHQHVV� FDQ� EH� DYHUDJHG��
+RZHYHU��DGGLWLRQDO�GLIILFXOWLHV�DUH�FRQQHFWHG�ZLWK�WKLV�VWHS��KRPRQ\P\�FDQ�OHDG�WR�
LQFRUUHFW�QRUPDOL]DWLRQ��VLQFH�ZRUG�IRUPV�FDQ�FRLQFLGH��$OVR�� WKH�UHGXFWLRQ�RI� WKH�
H[WUDFWHG�ZRUG� IRUPV� WR� WKH� LQLWLDO� IRUP�ZLOO� HQWDLO� WKH� UHGXFWLRQ� RI� DOO� H[WUDFWHG�
DGMHFWLYHV�WR�WKH�PDVFXOLQH�JHQGHU��EXW�LQ�WKH�PDVFXOLQH�JHQGHU�WKH�DGMHFWLYH�FDQQRW�
IUHTXHQWO\�RFFXU�QH[W�WR�QRXQV�RI�WKH�IHPLQLQH�JHQGHU��+DYLQJ�REWDLQHG�FRQFUHWHQHVV�
HVWLPDWHV� IRU� DGMHFWLYHV�� ZH� FDQ� XVH� WKLV� LQIRUPDWLRQ� WR� FDOFXODWH� FRQFUHWHQHVV�
HVWLPDWHV�IRU�QRXQV��7KLV�VWHS�LV�LPSRUWDQW�IRU�HYDOXDWLRQ�RI�WKH�TXDOLW\�RI�WKH�GHULYHG�
GLFWLRQDU\��7R�GR�WKLV��LW�VXIILFHV�WR�H[WUDFW�V\PPHWULF�ELJUDPV�RI�WKH�IRUP�

[BDEV���>1281@�BDEV�

ZKHUH�[BDEV�LV�DQ�DEVWUDFW�DGMHFWLYH��DQG�DV�D�>1281@�BDEV�FDQ�EH�DQ\�QRXQ��
,W�VKRXOG�EH�QRWHG�WKDW�WKH�RUGHU�RI�WKH�HOHPHQWV�LQ�WKH�ELJUDP�SDWWHUQ�KDV�FKDQJHG��
$W�WKH�VDPH�WLPH��WKH�JHQHUDO�PHWKRGRORJ\�LV�IXOO\�SUHVHUYHG��ZKLFK�PDNHV�LW�SRVVLEOH�
WR�FDOFXODWH�WKH�&RQFUHWHQHVV�PHDVXUH�IRU�QRXQV��XVLQJ�WKH�&RQFUHWHQHVV�HVWLPDWHV�
IRU�DGMHFWLYHV��$V�PHQWLRQHG�DERYH��LQ�WKLV�FDVH�� WKH� UHGXFWLRQ�RI�DGMHFWLYHV�WR�WKH�
LQLWLDO�IRUP�LV�DOVR�XQGHVLUDEOH�

���� ([SHULPHQWV

7KH�TXDOLW\�DVVHVVPHQW�RI� WKH�SURSRVHG�PHWKRG�FRQVLVWV� LQ�FRPSDULQJ� LWV�
UHVXOWV� ZLWK� H[LVWLQJ� GLFWLRQDULHV�� )RU� WKH� 5XVVLDQ� ODQJXDJH�� GLUHFW� PDSSLQJ� LV�
SRVVLEOH�RQO\�ZLWK�WKH�6KYHGRYD�GLFWLRQDU\�FRQWDLQLQJ�RQO\�QRXQV��)RU�H[SHULPHQWV�
WR�DVVHVV�WKH�TXDOLW\�RI�WKH�PHWKRG�IRU�WKH�5XVVLDQ�ODQJXDJH�ZH�KDYH�GLVFDUGHG�DOO�
QRXQV�������LQ�WRWDO��WKDW�DSSHDUHG�VLPXOWDQHRXVO\�LQ�ERWK�SDUWV�RI�WKH�6KYHGRYD¶V�
GLFWLRQDU\� DQG� H[SHULPHQWHG�ZLWK� QRQ�RYHUODSSLQJ� OLVWV�� 7KH� WZR� QRQ�LQWHUVHFWLQJ�
OLVWV� ZHUH� ILUVW� EDVHG� RQ� WKH� 6KYHGRYD¶V� GLFWLRQDU\�� DEVWUDFW� ������ ZRUGV�� DQG�
FRQFUHWH��������QRXQV��DIWHU�ZKLFK�WKHVH�OLVWV�ZHUH�XVHG�WR�H[WUDFW�DQG�HYDOXDWH�WKH�
DEVWUDFWQHVV� RI� DGMHFWLYHV�� $W� WKH� ILQDO� VWDJH�� WKH� UHVXOWLQJ� OLVWV� RI� DEVWUDFW� DQG�
FRQFUHWH� DGMHFWLYHV� ZHUH� XVHG� WR� H[WUDFW� QRXQV�� *UDSKLFDOO\�� WKH� HVVHQFH� RI� WKH�
H[SHULPHQW�LV�VKRZQ�LQ�)LJXUH���
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)LJXUH��� 3URFHVV�RI�QRXQV�H[WUDFWLRQ�EDVHG�RQ�WKH�OLVW�RI�H[WUDFWHG�
DGMHFWLYHV�

7DEOH��� VKRZV� WKH� UHVXOW� RI� DSSO\LQJ� WKH�PHWKRG� DW� WKH� ILUVW� VWDJH�RI� WKH�
H[SHULPHQW�� ��� PRVW� DEVWUDFW� DQG� PRVW� FRQFUHWH� �DFFRUGLQJ� WR� WKH� &RQFUHWHQHVV�
PHWULF��DGMHFWLYHV�ZLWK�HVWLPDWHV�RI�WKH�GHJUHH�RI�FRQFUHWHQHVV��,Q�WRWDO�� WKH�OLVW�RI�
H[WUDFWHG�DGMHFWLYHV�FRQWDLQHG�������ZRUG�IRUPV��RI�ZKLFK�������ZRUGV�ZHUH�UDWHG�
&RQFUHWHQHVV� ����)XUWKHU��WKHVH�ZRUG�IRUPV�ZHUH�H[FOXGHG�IURP�FRQVLGHUDWLRQ��7KH�
UHPDLQLQJ�ZRUG�IRUPV�ZHUH�GLYLGHG�LQWR�WZR�FODVVHV��&RQFUHWHQHVV!���������ZRUG�
IRUPV��DQG�&RQFUHWHQHVV�����������ZRUG�IRUPV���7KH�OLVWV�RI�DEVWUDFW�DQG�FRQFUHWH�
DGMHFWLYHV� WKXV�REWDLQHG�ZHUH�XVHG� WR� H[WUDFW� QRXQV��$V�GHVFULEHG� LQ� WKH�SUHYLRXV�
VHFWLRQ��WKH�SURFHGXUH�IRU�H[WUDFWLQJ�QRXQV�DQG�FDOFXODWLQJ�WKH�&RQFUHWHQHVV�PHWULF�
IRU�QRXQV�LV�DOPRVW�LGHQWLFDO�WR�H[WUDFWLQJ�DGMHFWLYHV��$V�D�UHVXOW��������ZRUG�IRUPV�
ZHUH�H[WUDFWHG��RI�ZKLFK������ZRUG�IRUPV�KDYH�WKH�HVWLPDWH�&RQFUHWHQHVV� ����7DEOH�
��VKRZV�WKH�PRVW�YLYLG�H[DPSOHV�RI�DEVWUDFW�DQG�FRQFUHWH�QRXQV�

7DEOH��� 7RS�/LVWV�RI�WKH�0RVW�&RQFUHWH�DQG�0RVW�$EVWUDFW�$GMHFWLYHV�([WUDFWHG�ZLWK�
WKH�3URSRVHG�0HWKRG
&RQFUHWH�DGMHFWLYH $EVWUDFW�DGMHFWLYH
:RUG 7UDQVODWLRQ &RQFUHWHQHVV :RUG 7UDQVODWLRQ &RQFUHWHQHVV

ɧɨɜɟɧɶɤɢ
ɣ

QHZ �� ɨɬɤɪɨɜɟɧɧɚɹ IUDQN ������

ɤɨɠɚɧɚɹ OHDWKHU �� ɱɪɟɡɜɵɱɚɣɧɭ
ɸ

H[WUHPH ������

ɫɚɦɨɞɟɥɶ
ɧɵɣ

KRPHPDG
H

�� ɞɭɲɟɜɧɭɸ VRXOIXO ������

ɲɟɪɫɬɹɧɨ
ɣ

ZRROHQ �� ɧɟɜɨɥɶɧɨɟ LQYROXQWDU
\

������

ɬɨɧɟɧɶɤɚ
ɹ

WKLQ �� ɷɦɨɰɢɨɧɚɥɶɧ
ɨɟ

HPRWLRQDO ������

ɫɬɚɪɟɧɶɤ
ɢɣ

ROG �� ɧɟɨɛɵɤɧɨɜɟɧ
ɧɭɸ

H[WUDRUGLQD
U\

������
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7KH� UHPDLQLQJ� ������ ZRUG� IRUPV� RI� QRXQV� ZHUH� GLYLGHG� LQWR� �� FODVVHV��
&RQFUHWHQHVV!����������ZRUG�IRUPV��DQG�&RQFUHWHQHVV����������ZRUG�IRUPV��DQG�
DUH�JLYHQ�WR�WKH�LQLWLDO�IRUPV��HVWLPDWHV�RI�&RQFUHWHQHVV�IRU�GLIIHUHQW�IRUPV�RI�RQH�
ZRUG�ZHUH� DYHUDJHG���$IWHU� UHGXFWLRQ� WR� WKH� LQLWLDO� IRUPV�� WKH� OLVWV� RI� QRXQV�ZHUH�
UHGXFHG�� FRQFUHWH� ������ ZRUG� IRUPV��� DEVWUDFW� ������� ZRUG� IRUPV��� )LQDOO\�� WKH�
UHVXOWLQJ�OLVWV�ZHUH�FRPSDUHG�ZLWK�WKH�GLFWLRQDU\�6KYHGRYD�

,Q�WKLV�FDVH��LW�LV�SRVVLEOH�WR�PHDVXUH�KRZ�DFFXUDWHO\�WKH�SURSRVHG�PHWKRG�
FODVVLILHV�QRXQV��)RU�WKLV��\RX�FDQ�FRXQW�WKH�QXPEHU�RI�DEVWUDFW�QRXQV�DPRQJ�WKRVH�
WKDW� UHFHLYHG� ODUJH� DEVWUDFWQHVV� VFRUHV� DQG� WKH� QXPEHU� RI� FRQFUHWH� QRXQV� DPRQJ�
ZRUGV�WKDW�UHFHLYHG�KLJK�FRQFUHWHQHVV�VFRUHV�

7DEOH��� 7RS�/LVWV�RI�WKH�0RVW�&RQFUHWH�DQG�0RVW�$EVWUDFW�1RXQV�([WUDFWHG�ZLWK�WKH�
3URSRVHG�0HWKRG

&RQFUHWH�QRXQ $EVWUDFW�QRXQ
:RUG� 7UDQVODWL

RQ
&RQFUHWHQ
HVV

:RUG� 7UDQVODWLR
Q

&RQFUHWHQ
HVV

ɬɭɮɟɥɶɤɢ VKRHV �� ɛɥɢɡɨɫɬɶ SUR[LPLW\ ������
ɲɚɪɨɜɚɪɵ WURXVHUV �� ɢɡɦɟɧɟɧɢɟ FKDQJH ������
ɫɚɩɨɠɤɢ ERRWV �� ɪɚɡɥɢɱɢɟ GLIIHUHQFH ������
ɝɨɪɫɨɜɟɬɚ &LW\�

&RXQFLO
�� ɭɫɥɨɜɢɟ FRQGLWLRQ ������

ɩɥɚɳɢ UDLQFRDWV �� ɜɨɩɥɨɳɟɧɢɟ HPERGLPH
QW

������

ɞɠɢɧɫɵ MHDQV �� ɹɜɥɟɧɢɟ SKHQRPHQ
RQ

������

ɤɨɥɨɤɨɥɶɱɢ
ɤɢ

EHOOV �� ɭɬɜɟɪɠɞɟɧɢ
ɟ

VWDWHPHQW ������

ɤɨɦɨɱɤɢ OXPSV �� ɧɟɨɛɯɨɞɢɦɨ
ɫɬɶ

QHHG ������

ɤɭɛɢɤɢ FXEHV �� ɩɪɢɡɧɚɧɢɟ FRQIHVVLRQ ������
ɬɭɮɥɢ VKRHV ����� ɫɨɱɟɬɚɧɢɟ FRPELQDWL

RQ
������

ɦɟɯɨɜɨɣ IXU �� ɫɨɰɢɚɥɶɧɭɸ VRFLDO ������
ɞɨɳɚɬɵɣ ERDUGZDON �� ɪɚɞɨɫɬɧɨɟ MR\IXO ������

ɛɟɬɨɧɧɚɹ FRQFUHWH �� ɢɫɤɥɸɱɢɬɟɥɶ
ɧɭɸ

H[FHSWLRQD
O

������

ɦɭɠɫɤɢɟ PDQ
V �� ɬɪɚɝɢɱɟɫɤɚɹ WUDJLF ������
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�� 5HVXOWV

:KHQ�DQDO\]LQJ�WKH�UHVXOWV�IRU�FODULW\��DIWHU�UHWULHYLQJ�QRXQV��WZR�VXEVHWV�
ZHUH�VHOHFWHG�

1&�����LV�D�VHW�RI�����ZRUGV�ZLWK�PD[LPXP�YDOXHV�&RQFUHWHQHVV

1$�����LV�D�VHW�RI�����ZRUGV�ZLWK�PLQLPXP�&RQFUHWHQHVV�

7KH�UHVXOWV�RI�WKH�PDWFKLQJ�ZLWK�WKH�GLFWLRQDU\�RI�6KYHGRYD�

���ZRUGV�IURP�WKH�VHW�RI�1&�ZHUH�IRXQG�LQ�WKH�GLFWLRQDU\�RI�FRQFUHWH�ZRUGV�
RI�6KYHGRYD�

���ZRUGV�IURP�WKH�VHW�1$�ZHUH�IRXQG�LQ�WKH�GLFWLRQDU\�RI�DEVWUDFW�ZRUGV�RI�
6KYHGRYD�

$�VLPLODU�SLFWXUH�LV�REVHUYHG�LI�\RX�PDNH�XS�D�VHW�RI�1&������DQG�1$�����
RI������ZRUGV�HDFK��7KH�1$������VHW�FRQWDLQV�����ZRUGV�IURP�6YHGRYD¶V�GLFWLRQDU\�
RI�DEVWUDFW�ZRUGV��WKH�1&������VHW�FRQWDLQV�����ZRUGV�IURP�D�6YHGRYD¶V GLFWLRQDU\�
RI�FRQFUHWH�ZRUGV��,W�VKRXOG�EH�QRWHG�WKDW�WKH�REWDLQHG�UHVXOWV�RI�H[WUDFWLQJ�DEVWUDFW�
DQG�FRQFUHWH�QRXQV�PD\�QHHG�WR�EH�FODULILHG��VLQFH�VRPH�FRQFUHWH�QRXQV�DUH�PLVVLQJ�
LQ�6KYHGRYD¶V�GLFWLRQDU\��%HORZ�ZH�SURYLGH�FRQFUHWH�ZRUGV�IURP�WKH�1&�����VHW��
QRW� LQ� WKH� GLFWLRQDU\� RI� FRQFUHWH� ZRUGV�� ɧɨɡɞɪɹ� �D� QRVWULO��� ɩɟɪɱɚɬɤɚ� �D� JORYH���
ɛɨɬɢɧɨɤ� �D� ERRW��� ɫɚɩɨɠɨɤ� �D� ERRW��� ɩɨɝɨɧ� �D� VKRXOGHU� VWUDS��� $OVR�� ZH� SUHVHQW�
DEVWUDFW� ZRUGV� IURP� WKH� VHW� 1$������ ZKLFK� DUH� SUHVHQW� ZKLFK� DUH� DEVHQW� LQ� WKH�
6KYHGRYD¶V� GLFWLRQDU\� RI DEVWUDFW� ZRUGV�� ɞɟɫɬɚɛɢɥɢɡɚɰɢɹ�� �GHVWDELOL]DWLRQ���
ɞɟɲɢɮɪɢɪɨɜɚɧɢɟ� �LQWHUSUHWDWLRQ��� ɩɪɨɝɪɟɫɫɢɹ� �SURJUHVVLRQ��� ɪɟɚɤɰɢɨɧɧɨɫɬɶ�
�UHDFWLRQDU\��� ɰɢɤɥɢɱɧɨɫɬɶ� �F\FOLFLW\��� 7KXV�� ZH� FDQ� FRQFOXGH� WKDW� WKH� SURSRVHG�
PHWKRG�QRW�RQO\�H[WUDFWV�WKH�ZRUGV�WKDW�ZHUH�RULJLQDOO\�SUHVHQW�LQ�WKH�GLFWLRQDU\��EXW�
DOVR�ILQGV�QHZ�ZRUGV��ZKLFK�PD\�EH�LPSRUWDQW�IRU�NHHSLQJ�VXFK�GLFWLRQDULHV�XS�WR�
GDWH�

$SSOLFDWLRQ�RI�WKH�GLFWLRQDU\

,Q� WKLV� VHFWLRQ� ZH� GHVFULEH� RQH� SRVVLEOH� DSSOLFDWLRQ� RI� WKH� GLFWLRQDU\� RI�
DEVWUDFW�ZRUGV��,Q &URVVOH\�HW�DO���������VWXG\��WKH�FRPSOH[LW\�RI�WH[WV�LQ�(QJOLVK�LV�
VWXGLHG��7KH�QXPEHU�RI�DEVWUDFW�ZRUGV�LQ�WKH�WH[W�LV�LQWHUSUHWHG�DV�RQH�RI�WKH�PDLQ�
LQGLFDWRUV�RI�LWV�FRPSOH[LW\��:H�FKHFNHG�WKLV�SRVLWLRQ�RQ�VRFLDO�VFLHQFH�WH[WERRNV�IRU�
VHFRQGDU\�VFKRROV� LQ�5XVVLD��:H�KDYH�FUHDWHG�D�FRUSXV�RI� WH[WERRNV� IURP��� WR����
FODVVHV��7KH�KRXVLQJ�LV�DYDLODEOH�DW��KWWSV���NSIX�UX�VOR]KQRVW�WHNVWRY��������KWPO��$�
GHWDLOHG�GHVFULSWLRQ�RI�WKH�FRUSXV�DQG�YDULRXV�SDUDPHWHUV�RI�WKH�FRPSOH[LW\�RI�WH[WV�
LQ� 5XVVLDQ� FDQ� EH� IRXQG� LQ� �6RORY\HY�� ,YDQRY�� 	� 6ROQ\VKNLQD�� ������� 7DEOH� ��
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SUHVHQWV�GDWD�RQ�WKH�QXPEHU�RI�DEVWUDFW�ZRUGV�LQ�VRFLDO�VFLHQFH�WH[WERRNV�IRU�GLIIHUHQW�
FODVVHV��FDOFXODWHG�RQ�WKH�EDVLV�RI�WKH�6YHGRYD¶V�GLFWLRQDU\�

$V�FDQ�EH�VHHQ�IURP�WKH�WDEOH�ZLWK�WKH�FODVV�QXPEHU��WH[W�FRPSOH[LW\���WKH�
SURSRUWLRQ�RI�DEVWUDFW�ZRUGV�LV�JURZLQJ��7KXV��DEVWUDFW�ZRUG�GLFWLRQDULHV�FDQ�EH�XVHG�
ZLWK�RWKHU�SDUDPHWHUV�WR�DVVHVV�WKH�FRPSOH[LW\�RI�VFKRRO�WH[WERRNV�

7DEOH��� 7KH�1XPEHU�RI�$EVWUDFW�:RUGV�LQ�7H[WERRNV�RI�'LIIHUHQW�*UDGH�/HYHOV

*UDGH�
OHYHO

7RNHQV�LQ�D�
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�� &RQFOXVLRQ

7KH�DUWLFOH�GHVFULEHV�WKH�PHWKRGRORJ\�ZH�XVH�WR�FRQVWUXFW�D�GLFWLRQDU\�ZLWK�
DQ� LQGLFDWLRQ�RI� WKH�GHJUHH�RI�DEVWUDFWQHVV� �� FRQFUHWHQHVV�RI�ZRUGV� LQ� WKH�5XVVLDQ�
ODQJXDJH��$�IHDWXUH�RI�RXU�DSSURDFK�LV�WKH�GHYHORSPHQW�RI���LQGHSHQGHQW�PHWKRGV�IRU�
GHWHUPLQLQJ�WKH�GHJUHH�RI�DEVWUDFWQHVV���FRQFUHWHQHVV�RI�ZRUGV��$Q�RULJLQDO�PHWKRG�
IRU�H[WUDFWLRQ�RI�DEVWUDFW���FRQFUHWH�ZRUGV�IURP�DQ�H[WUD�ODUJH�FRUSXV�RI�*RRJOH%RRNV�
WH[WV� LV� SURSRVHG�� 7R� GDWH�� �� PHWKRGV� KDYH� EHHQ� IXOO\� LPSOHPHQWHG� DQG� RQH�
�SV\FKRVHPDQWLF� H[SHULPHQWV�� ZDV� LPSOHPHQWHG� SDUWLDOO\�� RQ� D� VPDOO� VDPSOH� RI�
ZRUGV�� $IWHU� FRPSOHWLQJ� D� VHULHV� RI� H[SHULPHQWV�� D� GHWDLOHG� FRPSDULVRQ� RI�
GLFWLRQDULHV� REWDLQHG� E\� GLIIHUHQW�PHWKRGV� DQG� WKH� JHQHUDWLRQ� RI� D� VLQJOH� XSGDWHG�
GLFWLRQDU\� LV� DVVXPHG�� 7HVWLQJ� KDV� VKRZQ� WKH� DGHTXDF\� RI� WKH� PHWKRG� RI�
DXWRPDWLFDOO\�GHWHUPLQLQJ� WKH�GHJUHH�RI� DEVWUDFWQHVV�RI�ZRUGV� IURP� WKH� FRUSXV�RI�
WH[WV��8VLQJ�WKH�H[DPSOH�RI�RQH�FROOHFWLRQ�RI�VFKRRO�WH[WERRNV��LW�LV�VKRZQ�WKDW�WKH�
SURSRUWLRQ�RI�DEVWUDFW�ZRUGV�FRUUHODWHV�ZLWK�WKH�FRPSOH[LW\�RI�WKH�WH[W��3UHYLRXVO\��
VXFK� GLFWLRQDULHV�ZHUH� FUHDWHG� IRU� (QJOLVK� DQG� VRPH� RWKHU� ODQJXDJHV�� EXW� QRW� IRU�
5XVVLDQ��2XU�ZRUN�ILOOV� WKH�JDS�LQ�WKLV�DUHD�IRU�WKH�5XVVLDQ�ODQJXDJH�DQG�PDNHV�LW�
SRVVLEOH�WR�FRQGXFW�YDULRXV�DSSOLHG�UHVHDUFK�RQ�WKH�DEVWUDFW�OH[LFRQ�RI�WKH�5XVVLDQ�
ODQJXDJH��VLPLODU WR�WKH�UHVHDUFK�RQ�WKH�PDWHULDO�RI�WKH�(QJOLVK�ODQJXDJH�

$FNQRZOHGJHPHQWV

7KLV�UHVHDUFK�ZDV�VXSSRUWHG�E\�WKH�VXEVLG\�RI�WKH�5XVVLDQ�*RYHUQPHQW�WR�
VXSSRUW� WKH� 3URJUDP�RI�&RPSHWLWLYH�*URZWK� RI�.D]DQ�)HGHUDO�8QLYHUVLW\� DQG� E\�
*UDQW�������������RI�5XVVLDQ�)XQG�RI�)XQGDPHQWDO�5HVHDUFK��
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0XOWL�0RGDO�7H[W�,PDJH�0RGHOV�WR�'LVWLQJXLVK�EHWZHHQ�$EVWUDFW�DQG�&RQFUHWH�
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DEVWUDFW�ZRUGV�DQG�FRQFHSWV�� LQVLJKWV� IURP�GHYHORSPHQWDO�ODQJXDJH�GLVRUGHU��
3KLO��7UDQV��5��6RF�

3RQDUL��0���1RUEXU\��&�)���	�9LJOLRFFR��*����������$FTXLVLWLRQ�RI�DEVWUDFW�FRQFHSWV�
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��� _ 3URFHHGLQJV�RI� WKH��WK� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$SSOLHG�/LQJXLVWLFV� ,VVXHV��6DLQW�3HWHUVEXUJ��
5XVVLD��6XPPHU�DQG�$XWXPQ������

Ʉɪɢɨɧɢ� ɇ�� Ʉ��� ɇɢɤɢɧ� Ⱥ�� Ⱦ��� Ɏɢɥɢɩɩɨɜɚ� Ⱥ�� ȼ�� Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ� ɫɢɫɬɟɦɚ�
ɚɧɚɥɢɡɚ� ɫɥɨɠɧɨɫɬɢ� ɭɱɟɛɧɵɯ� ɬɟɤɫɬɨɜ� ��ȼɟɫɬɧɢɤ� ɍɮɢɦɫɤɨɝɨ�
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ� ɚɜɢɚɰɢɨɧɧɨɝɨ� ɬɟɯɧɢɱɟɫɤɨɝɨ� ɭɧɢɜɟɪɫɢɬɟɬɚ�� ± ������± Ɍ��
����± ʋ����

Ȼɨɥɶɲɨɣ�ɬɨɥɤɨɜɵɣ�ɫɥɨɜɚɪɶ�ɪɭɫɫɤɨɝɨ�ɹɡɵɤɚ��Ɋɟɞ��ɋ�Ⱥ��Ʉɭɡɧɟɰɨɜ��Ɇɨɫɤɜɚ�������
ɝ�

Ɋɭɫɫɤɢɣ� ɫɟɦɚɧɬɢɱɟɫɤɢɣ� ɫɥɨɜɚɪɶ�� Ɍ���� ɬ���� Ɋɟɞ�� ɇ�ɘ�� ɒɜɟɞɨɜɚ�� Ɇɨɫɤɜɚ��
Ⱥɡɛɭɤɨɜɧɢɤ�������������


