
)HDWXUH�EDVHG�7KDL�8QNQRZQ�:RUG�%RXQGDU\�,GHQWLILFDWLRQ�8VLQJ�:LQQRZ

3DLVDUQ�&KDURHQSRUQVDZDW��%RRQVHUP�.LMVLULNXO
'HSDUWPHQW�RI�&RPSXWHU�(QJLQHHULQJ�&KXODORQJNRUQ�8QLYHUVLW\

3KD\DWKDL�5RDG��%DQJNRN��7KDLODQG�
3KRQH������������������)D[����������������

SFKDURHQ#QRWHV�QHFWHF�RU�WK��IHQJENV#FKXONQ�FKXOD�DF�WK
6XUDSDQW�0HNQDYLQ

1DWLRQDO�(OHFWURQLFV�DQG�&RPSXWHU�7HFKQRORJ\�&HQWHU
�����5DPD�9,�5RDG��5DMWKHYL��%DQJNRN��7KDLODQG�
3KRQH�����������������H[W������)D[����������������

VXUDSDQ#QHFWHF�RU�WK

$EVWUDFW
7KLV� SDSHU� DGGUHVVHV� WKH� SUREOHP� RI� 7KDL�

XQNQRZQ�ZRUG�ERXQGDU\�LGHQWLILFDWLRQ��8QNQRZQ�ZRUGV�
DUH� EHFRPLQJ� PDLQ� SUREOHP� LQ� PDQ\� WDVNV� RI� 1DWXUDO�
/DQJXDJH� 3URFHVVLQJ� VXFK� DV� ZRUG� VHJPHQWDWLRQ��
LQIRUPDWLRQ� UHWULHYDO� DQG�SDUW� RI� VSHHFK� WDJJLQJ� HWF��� ,Q�
7KDL�� DV� ZRUGV� DUH� ZULWWHQ� FRQVHFXWLYHO\� ZLWKRXW�
GHOLPLWHUV�� ILQGLQJ� XQNQRZQ�ZRUG� ERXQGDU\� LV� GLIILFXOW��
:H� SURSRVHG� D� IHDWXUH�EDVHG� DSSURDFK� WR� LGHQWLI\� 7KDL�
XQNQRZQ�ZRUG�ERXQGDU\��$�IHDWXUH�FDQ�EH�DQ\WKLQJ�WKDW�
WHVWV�IRU�VSHFLILF�LQIRUPDWLRQ�LQ�FRQWH[W�DURXQG�WKH�WDUJHW�
XQNQRZQ�ZRUGV��7R�DXWRPDWLFDOO\�H[WUDFW�IHDWXUHV�IURP�D�
WUDLQLQJ� FRUSXV�� ZH� XVHG� D� PDFKLQH� OHDUQLQJ� DOJRULWKP��
QDPHO\�:LQQRZ�

���,QWURGXFWLRQ
8QNQRZQ�ZRUGV� DUH� WKH�PDLQ�SUREOHP� LQ� WDVNV

RI� 1DWXUDO� /DQJXDJH� 3URFHVVLQJ� VXFK� DV� ZRUG
VHJPHQWDWLRQ�� LQIRUPDWLRQ� UHWULHYDO� DQG� SDUW� RI� VSHHFK
WDJJLQJ� HWF�� 7KH� SUREOHP� RI� XQNQRZQ� ZRUG� LV� PRUH
VHULRXV� LQ� ODQJXDJHV� ZKLFK� KDYH� QR� H[SOLFLW� ZRUG
ERXQGDU\� VXFK� DV� 7KDL�� -DSDQHVH�� HWF�� EHFDXVH� LWV
RFFXUUHQFH� PD\� PDNH� VXUURXQGLQJ� ZRUGV� LQFRUUHFWO\
UHFRJQL]HG� DQG� LWVHOI� PD\� EH� ZURQJO\� LGHQWLILHG�
8QNQRZQ� ZRUGV� FDQ� EH� FDWHJRUL]HG� LQWR� WZR� W\SHV�
H[SOLFLW� XQNQRZQ� ZRUG� DQG� KLGGHQ� XQNQRZQ� ZRUG� >�@�
$Q�H[SOLFLW�XQNQRZQ�ZRUG�LV�DQ�XQNQRZQ�ZRUG�RI�ZKLFK
QR� DQ\� VXEVWULQJV� DUH� NQRZQ� ZRUGV� LQ� D� GLFWLRQDU\�� $
KLGGHQ� XQNQRZQ�ZRUG�� RQ� WKH� RWKHU� KDQG�� DQ� XQNQRZQ
ZRUG�RI�ZKLFK�VRPH�VXEVWULQJV�DUH�NQRZQ�ZRUGV��,Q�WKLV
SDSHU� ZH� IRFXV� RQ� XQNQRZQ� ZRUGV� ZKLFK� DUH� SURSHU
QRXQV�EHFDXVH�PRVW�XQNQRZQ�ZRUGV�DUH�SURSHU�QRXQV�

7R� VROYH� WKH� SUREOHP� RI� LGHQWLI\LQJ� 7KDL
XQNQRZQ� ZRUG� ERXQGDU\�� ZH� SURSRVH� D� IHDWXUH�EDVHG
DSSURDFK�� $OWKRXJK� IHDWXUH�EDVHG� DSSURDFKHV>���@� KDYH
DOUHDG\� EHHQ� DSSOLHG� LQ� VHYHUDO� ILHOGV� RI� 1DWXUDO
/DQJXDJH�3URFHVVLQJ�� WKH\� KDYH� QRW� EHHQ� FRQVLGHUHG� LQ
XQNQRZQ�ZRUG�ERXQGDU\�LGHQWLILFDWLRQ��$�IHDWXUH�FDQ�EH
DQ\WKLQJ�WKDW�WHVWV�IRU�VSHFLILF�LQIRUPDWLRQ�LQ�WKH�FRQWH[W
DURXQG�WKH� WDUJHW�XQNQRZQ�ZRUG�� VXFK�DV�FRQWH[W�ZRUGV
DQG�FROORFDWLRQV��7KH� LGHD� LV� WR� OHDUQ�VHYHUDO�VRXUFHV�RI
IHDWXUHV� WKDW� FKDUDFWHUL]H� WKH� FRQWH[WV� LQ� ZKLFK� HDFK
XQNQRZQ�ZRUG� WHQGV� WR�RFFXU�� �:H� WKHQ� FRPELQH� WKHVH
IHDWXUHV�WR�LGHQWLI\�XQNQRZQ�ZRUG�ERXQGDU\�E\�VHOHFWLQJ

WKH� VHJPHQWDWLRQ� RI� NQRZQ� DQG� XQNQRZQ� ZRUGV� WKDW
\LHOGV� WKH�PRVW�SUREDEOH� VHTXHQFH�RI�ZRUGV� IRU� D�JLYHQ
FRQWH[W��7KH�:LQQRZ�DOJRULWKP�LV�HPSOR\HG�LQ�RXU� WDVN
IRU�H[WUDFWLQJ�VXFK�IHDWXUHV�

���3UREOHP�RI�8QNQRZQ�:RUG�%RXQGDU\
9DULRXV�IRUPV�RI�XQNQRZQ�ZRUGV�DUH�FDXVHG�E\�

WKH� FRPELQDWLRQ� RI� NQRZQ� DQG� XQNQRZQ� VWULQJV�� )RU�
H[DPSOH��WKH�YDULRXV�IRUPV�RI�XQNQRZQ�ZRUGV�DUH�VKRZQ�
LQ�)LJXUH���

8.8 8.. �.8.. ���8. �.8 �...

)LJXUH����8QNQRZQ�ZRUG�IRUPV

,Q� )LJXUH���8� LV� DQ� XQNQRZQ� VWULQJ� DQG� .� LV� D� NQRZQ
VWULQJ��$FFRUGLQJ� WR� XQNQRZQ�ZRUG� IRUPV�� DQ� XQNQRZQ
ZRUG�LV�FODVVLILHG�LQWR�WZR�PDLQ�FDWHJRULHV�

��� ([SOLFLW�XQNQRZQ�ZRUG
$Q�H[SOLFLW�XQNQRZQ�ZRUG�LV�DQ�XQNQRZQ�ZRUG

RI� ZKLFK� QR� DQ\� VXEVWULQJV� DUH� LQ� D� GLFWLRQDU\�
([DPSOHV� RI� H[SOLFLW� XQNQRZQ� ZRUG� DUH� OLVWHG
EHORZ�

��¤�
Ã¨�´
»�¸¥r��

��� +LGGHQ�XQNQRZQ�ZRUG
$�+LGGHQ�XQNQRZQ�ZRUG�LV�FRPSRVHG�RI�ZRUGV

LQ� WKH� GLFWLRQDU\�� $� KLGGHQ� XQNQRZQ� ZRUG� LV
FODVVLILHG�LQWR���VXEFDWHJRULHV�
���� 3DUWLDOO\�KLGGHQ�XQNQRZQ�ZRUG

$� SDUWLDOO\� KLGGHQ� XQNQRZQ� ZRUG� LV
FRPSRVHG�RI�NQRZQ�ZRUGV�DQG�XQNQRZQ�VWULQJV
IRU�H[DPSOH�

»¤µ�¸� ������Æ���»�¤µ��¸
��µ¡�«r� ������Æ�����µ�¡�«r
Å¤Ã�¦�°¢�r���Æ���Å¤�Ã��¦��°�¢�r

ZKHUH�³Æ´�PHDQV�³LV�FRPSRVHG�RI´�DQG�EROG
VWULQJV�DUH�NQRZQ�ZRUGV�

���� )XOO\�KLGGHQ�XQNQRZQ�ZRUG



$�IXOO\�KLGGHQ�XQNQRZQ�ZRUG�LV�FRPSRVHG
RI�RQO\�NQRZQ�ZRUGV�VXFK�DV

¤�µ¥�Æ¤���µ¥
���¡¦�Æ�����¡¦�

$FFRUGLQJ� WR� WKH� FKDUDFWHULVWLF� RI� XQNQRZQ
ZRUGV�� ZH� SURSRVH� WKH� PHWKRGV� WR� JHQHUDWH
FDQGLGDWHV� IRU� WKH� H[SOLFLW� DQG� KLGGHQ� XQNQRZQ
ZRUGV�EHORZ�

����*HQHUDWLQJ�&DQGLGDWHV�RI�8QNQRZQ�:RUGV�
:H� SURSRVH� WZR� KHXULVWLFV� WR� JHQHUDWH

FDQGLGDWHV� IRU� ERWK� W\SHV� RI� XQNQRZQ� ZRUGV�� $IWHU� DOO
FDQGLGDWHV� DUH� JHQHUDWHG�� WKH� EHVW� FDQGLGDWH� ZLOO� EH
VHOHFWHG� E\�:LQQRZ��:LQQRZ� ZLOO� EH� GHVFULEHG� LQ� WKH
QH[W�VHFWLRQ�

+DQGOLQJ�([SOLFLW�	�3DUWLDOO\�+LGGHQ�8QNQRZQ�:RUGV�
,Q� WKH� FDVH� WKDW� D� VWULQJ� GRHV� QRW� H[LVW� LQ� WKH

GLFWLRQDU\��FDQGLGDWHV�RI�XQNQRZQ�ZRUGV�ZLOO�EH�FUHDWHG
E\� PHUJLQJ� ZRUGV� DURXQG� WKDW� XQNQRZQ� VWULQJ� DQG� WKH
VWULQJ�LWVHOI�LQWR�D�QHZ�VWULQJ���$OO�FRPELQDWLRQV�RI�����.
ZRUGV� DURXQG� WKH� XQNQRZQ� VWULQJ� DUH� XVHG� WR� JHQHUDWH
FDQGLGDWHV�� :H� FDQ� GHILQH� WKH� HTXDWLRQ� IRU� FUHDWLQJ
XQNQRZQ�ZRUG�FDQGLGDWHV�DV�LQ�)LJXUH���

,Q�FDVH�WKDW�WKHUH�DUH�PDQ\�XQNQRZQ�VWULQJV��WKH
QHDUE\� XQNQRZQ� VWULQJV� ZLOO� EH� JURXSHG� LQWR� D� VLQJOH
XQNQRZQ� VWULQJ� IRU� XVLQJ� DV� D� FDQGLGDWH� LI� WKH\� DUH
VHSDUDWHG�E\�D�ZRUG�KDYLQJ�OHVV�WKDQ�WKUHH�FKDUDFWHUV�

)LJXUH����(TXDWLRQ�IRU�JHQHUDWLQJ�H[SOLFLW�DQG�SDUWLDOO\
KLGGHQ�XQNQRZQ�ZRUG�FDQGLGDWHV

+DQGOLQJ�)XOO\�+LGGHQ�8QNQRZQ�:RUGV�
2Q� WKH� RWKHU� KDQG�� LI� DOO� ZRUGV� DUH� LQ� WKH

GLFWLRQDU\�� LW� LV� PRUH� GLIILFXOW� WR� GHWHFW� WKH� XQNQRZQ
ZRUGV�

/HW�6HQWHQFH� �Z�Z�«ZQ�EH�WKH�LQSXW�VHQWHQFH�
ZL��EH�D�ZRUG�LQ�WKH�VHQWHQFH��DQG�WL�EH�WKH�SDUW�RI�VSHHFK
RI� WKH� ZRUG� ZL�� 7KH� ZRUG� WKDW� ZLOO� EH� VHOHFWHG� DV� DQ
XQNQRZQ�ZRUG�FDQGLGDWH�LV�
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)LJXUH����(TXDWLRQ�IRU�JHQHUDWLQJ�IXOO\�KLGGHQ
XQNQRZQ�ZRUG�FDQGLGDWHV

i� WKH�ZRUG�WKDW�KDV�3��ZL_WL���OHVV�WKDQ�D�WKUHVKROG�
RU

i� WKH� ZRUG� WKDW� KDV� 3�WL_WL���WL���� OHVV� WKDQ� D
WKUHVKROG�
,Q�FDVH�WKDW�3��ZL_WL���LV�OHVV�WKDQ�D�WKUHVKROG�WKH

ZL�ZLOO�EH�FRQVLGHUHG�DV�DQ�XQNQRZQ�ZRUG�� ,Q� FDVH� WKDW
WKH�SUREDELOLW\�3�WL_WL���WL����RI��ZL�LV�OHVV�WKDQ�D�WKUHVKROG�
QRW�RQO\�ZL�EXW� DOVR�ZL��� DQG�ZL���PXVW�EH� FRQVLGHUHG� DV
XQNQRZQ� ZRUGV� EHFDXVH� WKH� OHVV�WKDQ�WKUHVKROG
SUREDELOLW\� RI� ZL� PD\� FRPH� IURP� ZL��� RU� ZL���� :H� FDQ
GHILQH� WKH� HTXDWLRQ� RI� FUHDWLQJ� XQNQRZQ� ZRUGV� DV� LQ
)LJXUH���

���:LQQRZ�$OJRULWKP
:LQQRZ�DOJRULWKP�XVHG�LQ�RXU�H[SHULPHQW�LV�WKH

DOJRULWKP� GHVFULEHG� LQ� >�@�� :LQQRZ� LV� D� QHXURQ�OLNH
QHWZRUN� ZKHUH� VHYHUDO� QRGHV� DUH� FRQQHFWHG� WR� D� WDUJHW
QRGH�� (DFK� QRGH� FDOOHG� VSHFLDOLVW� ORRNV� DW� D� SDUWLFXODU
YDOXH�RI�DQ�DWWULEXWH�RI� WKH� WDUJHW�FRQFHSW��DQG�ZLOO�YRWH
IRU� D� YDOXH� RI� WKH� WDUJHW� FRQFHSW� EDVHG� RQ� LWV� VSHFLDOW\�
L�H�� EDVHG� RQ� D� YDOXH� RI� WKH� DWWULEXWH� LW� H[DPLQHV�� 7KH
JOREDO� DOJRULWKP� ZLOO� WKHQ� GHFLGH� RQ� ZHLJKWHG�PDMRULW\
YRWHV� UHFHLYLQJ� IURP� WKRVH� VSHFLDOLVWV�� 7KH� SDLU� RI
�DWWULEXWH YDOXH��WKDW�D�VSHFLDOLVW�H[DPLQHV�LV�D�FDQGLGDWH
RI�IHDWXUHV�ZH�DUH�WU\LQJ�WR�H[WUDFW��7KH�JOREDO�DOJRULWKP
XSGDWHV�WKH�ZHLJKW�RI�DQ\�VSHFLDOLVW�EDVHG�RQ�WKH�YRWH�RI
WKDW�VSHFLDOLVW��7KH�ZHLJKW�RI�DQ\�VSHFLDOLVW� LV� LQLWLDOL]HG
WR� ��� ,Q� FDVH� WKDW� WKH� JOREDO� DOJRULWKP� SUHGLFWV
LQFRUUHFWO\�� WKH� ZHLJKW� RI� WKH� VSHFLDOLVW� WKDW� SUHGLFWV
LQFRUUHFWO\�LV�KDOYHG�DQG�WKH�ZHLJKW�RI�WKH�VSHFLDOLVW�WKDW
SUHGLFWV� FRUUHFWO\� LV�PXOWLSOLHG� E\� ����� 7KH�ZHLJKW� RI� D
VSHFLDOLVW� LV�KDOYHG�ZKHQ� LW�PDNHV�D�PLVWDNH�HYHQ� LI� WKH
JOREDO�DOJRULWKP�SUHGLFWV�FRUUHFWO\�

,Q�RXU�H[SHULPHQWV��WR�WUDLQ�WKH�XQNQRZQ�ZRUGV�
ZH� VHOHFW� DOO� VHQWHQFHV� FRQWDLQLQJ� SURSHU� QRXQV� DQG
FRQVLGHU� WKRVH� SURSHU� QRXQV� DV� XQNQRZQ� ZRUGV�� 7KH
FRQWH[W�DURXQG�WKH�SURSHU�QRXQ�LV�XVHG� WR� IRUP�IHDWXUHV
LQ�LGHQWLI\LQJ�WKDW�WKH�SURSHU�QRXQ�LV�DQ�XQNQRZQ�ZRUG�
6LPLODU� SURFHVV� LV� GRQH� IRU� NQRZQ�ZRUGV� ZKLFK� DUH� DOO
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ZRUGV�QRW�EHLQJ�SURSHU�QRXQV��7KH�IHDWXUHV�XVHG�DUH�WKH
FRQWH[W�ZRUGV�DQG�FROORFDWLRQV��&RQWH[W�ZRUGV�DUH�XVHG
WR�WHVW�IRU�WKH�SUHVHQFH�RI�D�SDUWLFXODU�ZRUG�ZLWKLQ�������
ZRUGV�IURP�WKH�WDUJHW�ZRUG��&ROORFDWLRQV�DUH�D�SDWWHUQ�RI
XS� WR� �� FRQWLJXRXV� ZRUGV� DQG�RU� SDUW�RI�VSHHFK� WDJV
DURXQG� WKH� WDUJHW� ZRUG�� $IWHU� :LQQRZ� LV� WUDLQHG�� WKH
UHVXOWLQJ�QHWZRUN�LV�XVHG�WR�UDQN�WKH�VFRUH�RI�FDQGLGDWHV�
7KH�EHVW�VFRUH�FDQGLGDWH�ZLOO�EH�VHOHFWHG�DV�WKH�DQVZHU�

���$Q�RYHUYLHZ�RI�WKH�V\VWHP
2XU�DOJRULWKP�IRU�LGHQWLI\LQJ�XQNQRZQ�ZRUGV�FRQVLVWV�RI
IRXU�VWHSV�DV�IROORZV�
��� :RUG�6HJPHQWDWLRQ

�)RU�HDFK�LQSXW�VHQWHQFH��SUREDELOLVWLF�WULJUDP
PRGHO� >�@� LV� DSSOLHG� WR� VHSDUDWH� WKH� VHQWHQFH� LQWR
ZRUGV�DQG�DVVLJQ� WKHLU�SDUWV�RI� VSHHFK��DQG�1�EHVW
VHJPHQWHG� VHQWHQFHV� DUH� WKHQ� VHOHFWHG� DV
FDQGLGDWHV�� 7KH� SUREDELOLVWLF� WULJUDP� PRGHO�� WKDW
JHQHUDWHV� WKH�1�KLJKHVW�SUREDEOH� VHQWHQFHV��FDQ�EH
GHVFULEHG�IRUPDOO\�DV�IROORZLQJ�

/HW�&� �F�F�«FP���EH�DQ�LQSXW�FKDUDFWHU�VWULQJ�
:L� �Z�Z���ZQ� � � EH�D� SRVVLEOH�ZRUG� VHJPHQWDWLRQ�
DQG��7L� �W�W���WQ��EH�D�VHTXHQFH�RI�SDUWV�RI�VSHHFK�
)LQG� :��:����:1� ZKLFK� DUH� WKH� 1�KLJKHVW
SUREDELOLW\�RI�VHTXHQFH�RI�ZRUGV��:H�FDQ�FRPSXWH
3�:L��LQ��WKH��IROORZLQJ��IDVKLRQ�
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ZKHUH� 3�WL_WL��� WL���� DQG� 3�ZL_WL�� DUH� FRPSXWHG
IURP�WKH�FRUSXV�

������)RU�H[DPSOH��OHW��&� �³�´�Å�Á�¸É¥ª�ÎÊµ���¸¨°�¼�´�
Á¡ºÉ°�w�� 7KH� UHVXOWV� RI� RXU� ZRUG� VHJPHQWDWLRQ
DOJRULWKP�RI�ZKLFK�WKH�IRUPDW�LV�Z��W��Z��W��«�ZQ�WQ

DUH�VKRZQ�DV�IROORZV�

,�� �´��W�� Å��W�� Á�¸É¥ª�W�� �ÎÊµ���W�� �¸�W�� ¨°�¼�W�� �´��W�
Á¡ºÉ°��W�

,,���´��W��Å��W�� Á�¸É¥ª�W���ÎÊµ�W�����W���¸�W��¨°�¼�W���´��W�
Á¡ºÉ°��W�
7KH�ZRUG�¨°�¼�LV�DQ�XQNQRZQ�VWULQJ�DQG�WQ�LV�DQ

DSSURSULDWH�SDUW�RI�VSHHFK�WDJ�RI�HDFK�ZRUG�

��� *HQHUDWLQJ�&DQGLGDWHV�RI�8QNQRZQ�:RUGV
�)URP� WKH� UHVXOW� RI� VWHS� ��� JHQHUDWH� DOO

FDQGLGDWHV� RI� XQNQRZQ� ZRUGV� E\� WKH� H[SOLFLW� DQG
KLGGHQ� XQNQRZQ� ZRUG� KHXULVWLFV� GHVFULEHG� LQ
6HFWLRQ���

)RU�H[DPSOH��WKH�VHQWHQFH��,��IURP�VWHS����ZH

IRXQG�WKH�VHYHQWK�ZRUG��¨°�¼��LV�DQ�XQNQRZQ�VWULQJ�
7KHUHIRUH�ZH�XVH� WKH�PHWKRG� IRU� KDQGOLQJ� H[SOLFLW
	� SDUWLDOO\� KLGGHQ� XQNQRZQ� ZRUG� ZKLFK� LV
H[SODLQHG� LQ� VHFWLRQ� ��� 8QNQRZQ� ZRUG� FDQGLGDWHV

DUH� ¨°�¼�� �¸¨°�¼�� �ÎÊµ���¸¨°�¼�� ¨°�¼�´��� ¨°�¼�´�Á¡ºÉ°��
�¸¨°�¼�´��� �¸¨°�¼�´�Á¡ºÉ°��� �ÎÊµ���¸¨°�¼�´�� DQG� �ÎÊµ��
�¸¨°�¼�´�Á¡ºÉ°��ZKHUH�.��8��$�DQG�%�LQ�)LJXUH���DUH���
¨°�¼� �� ^H�� �¸�� �ÎÊµ���¸`� DQG� ^H�� �´��� �´�Á¡ºÉ°�`
UHVSHFWLYHO\��$OO�WKH�VHQWHQFHV�ZLOO�EH�SURFHVVHG� LQ
WKH� VDPH� ZD\�� $IWHU� WKDW� ZH� JHW� DOO� WKH� XQNQRZQ
ZRUG� FDQGLGDWHV� IRU� HYHU\� VHQWHQFH� ZKLFK� DUH
JHQHUDWHG�E\�WKH�ZRUG�VHJPHQWDWLRQ�

��� 7DJJLQJ�3DUW�RI�6SHHFK
7KH� QHZ� VHQWHQFHV� ZLOO� EH� IRUPHG� E\

FRPELQLQJ�FDQGLGDWHV�WKDW�DUH�REWDLQHG�IURP�VWHS��
ZLWK�WKH�UHVW�RI�ZRUGV�LQ�WKH�ROG�VHQWHQFH��7KH�SDUW
RI� VSHHFK� RI� ZRUGV� LQ� HDFK� VHQWHQFH� ZLOO� EH
UHDVVLJQHG� E\� WKH� WULJUDP� WDJJHU�� 7KH� XQNQRZQ
WRNHQV� DUH� DVVXPHG� WR�EH� WKH� SURSHU� QRXQ�� 3DUW� RI
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XQNQRZQ� ZRUG� FDQGLGDWHV� DUH� FUHDWHG� E\� WKH
SURFHGXUH�LQ�VWHS����,Q�WKLV�VWHS��WKH�QHZ�VHQWHQFHV
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WR� UDQN� WKH� VHQWHQFHV�� DQG� WKH� VHQWHQFH� ZLWK� WKH
KLJKHVW�VFRUH�ZLOO�EH�VHOHFWHG�DV�WKH�DQVZHU�
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������VHQWHQFH�FRUSXV�ZHUH�XVHG�LQ�RXU�H[SHULPHQW�

(YHU\� VHQWHQFH� LV� PDQXDOO\� VHSDUDWHG� LQWR� ZRUGV� DQG
WKHLU� SDUWV� RI� VSHHFK� DUH� WDJJHG� E\� OLQJXLVWV�� 7KH
UHVXOWLQJ� FRUSXV� LV� GLYLGHG� LQWR� �� SDUWV�� WKH� ILUVW� SDUW
DERXW�����RI�FRUSXV�LV�XWLOL]HG�IRU�WUDLQLQJ�DQG�WKH�UHVW
LV�HPSOR\HG�IRU�WHVWLQJ��7R�PHDVXUH�WKH�SHUIRUPDQFH�RI
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7KH� H[SHULPHQWDO� UHVXOW� VKRZV� WKDW� H[SOLFLW� DQG

SDUWLDOO\� KLGGHQ� XQNQRZQ� ZRUGV� FDQ� EH� FRPSOHWHO\
GHWHFWHG� EXW� IXOO\� KLGGHQ� XQNQRZQ� ZRUGV� FDQ� EH
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WR� DSSO\� LQ� RXU� WDVN�� ,Q� IXWXUH� ZRUN�� DOO� W\SHV� RI
XQNQRZQ� ZRUGV� LQFOXGLQJ� PLVVSHOOLQJ� ZRUGV� ZLOO� EH
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WR�GHWHFW�IXOO\�KLGGHQ�XQNQRZQ�ZRUGV�
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