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$%675$&7
7KH�REMHFWLYH�RI�WKLV�SDSHU�LV�WR�SUHVHQW�D�PHWKRGRORJ\�WR�H[WUDFW�DQG�UDQN�DXWRPDWLFDOO\�ELRPHGLFDO�WHUPV�
IURP�IUHH�WH[W��7KH�DXWKRUV�SUHVHQW�QHZ�H[WUDFWLRQ�PHWKRGV�WDNLQJ�LQWR�DFFRXQW�OLQJXLVWLF�SDWWHUQV�VSHFLDOL]HG�
IRU�WKH�ELRPHGLFDO�GRPDLQ��VWDWLVWLF�WHUP�H[WUDFWLRQ�PHDVXUHV�VXFK�DV�&�YDOXH�DQG�VWDWLVWLF�NH\ZRUG�H[WUDFWLRQ�
PHDVXUHV�VXFK�DV�2NDSL�%0����DQG�7),')��7KHVH�PHDVXUHV�DUH�FRPELQHG�LQ�RUGHU�WR�LPSURYH�WKH�H[WUDFWLRQ�
SURFHVV�DQG�WKH�DXWKRUV�LQYHVWLJDWH�ZKLFK�FRPELQDWLRQV�DUH�WKH�PRUH�UHOHYDQW�DVVRFLDWHG�WR�GLIIHUHQW�FRQWH[WV��
([SHULPHQWDO�UHVXOWV�VKRZ�WKDW�DQ�DSSURSULDWH�KDUPRQLF�PHDQ�RI�&�YDOXH�DVVRFLDWHG�WR�NH\ZRUG�H[WUDFWLRQ�
PHDVXUHV�RIIHUV�EHWWHU�SUHFLVLRQ��ERWK�IRU�VLQJOH�ZRUG�DQG�PXOWL�ZRUGV�WHUP�H[WUDFWLRQ��([SHULPHQWV�GHVFULEH�
WKH�H[WUDFWLRQ�RI�(QJOLVK�DQG�)UHQFK�ELRPHGLFDO�WHUPV�IURP�D�FRUSXV�RI�ODERUDWRU\�WHVWV�DYDLODEOH�RQOLQH��
7KH�UHVXOWV�DUH�YDOLGDWHG�E\�XVLQJ�80/6��LQ�(QJOLVK��DQG�RQO\�0H6+��LQ�)UHQFK��DV�UHIHUHQFH�GLFWLRQDU\�

7RZDUGV�D�0L[HG�$SSURDFK�
WR�([WUDFW�%LRPHGLFDO�

7HUPV�IURP�7H[W�&RUSXV
-XDQ�$QWRQLR�/RVVLR�9HQWXUD��/,500��8QLYHUVLW\�0RQWSHOOLHU����0RQWSHOOLHU��)UDQFH�	�

&156��3DULV��)UDQFH

&OHPHQW�-RQTXHW��/,500��8QLYHUVLW\�0RQWSHOOLHU����0RQWSHOOLHU��)UDQFH�	�&156��3DULV��
)UDQFH

0DWKLHX�5RFKH��805�7(7,6��&LUDG��,UVWHD��$JUR3DULV7HFK��0RQWSHOOLHU��)UDQFH

0DJXHORQQH�7HLVVHLUH��805�7(7,6��&LUDG��,UVWHD��$JUR3DULV7HFK��0RQWSHOOLHU��)UDQFH

.H\ZRUGV�� %LRPHGLFDO�1DWXUDO�/DQJXDJH�3URFHVVLQJ��%LR1/3���%LRPHGLFDO�7HUP�([WUDFWLRQ��%LRPHGLFDO�
7HUPLQRORJLHV�DQG�2QWRORJLHV��%LRPHGLFDO�7KHVDXUXV��6WDWLVWLF�0HDVXUH��7H[W�0LQLQJ

,1752'8&7,21

7KH�KXJH�DPRXQW�RI�GDWD�DYDLODEOH�RQOLQH�WRGD\�
LV�RIWHQ�FRPSRVHG�RI�SODLQ� WH[W� ILHOG�� IRU� LQ�
VWDQFHV��FOLQLFDO�WULDO�GHVFULSWLRQV��DGYHUVH�HYHQW�
UHSRUWV�RU�HOHFWURQLF�KHDOWK�UHFRUGV��7KHVH�WH[WV�
RIWHQ� FRQWDLQ� WKH� UHDO� ODQJXDJH� �H[SUHVVLRQV�
DQG�WHUPV��XVHG�E\�WKH�FRPPXQLW\��$OWKRXJK�
LQ�WKH�ELRPHGLFDO�GRPDLQ�WKHUH�H[LVW�KXQGUHG�RI�

WHUPLQRORJLHV�DQG�RQWRORJLHV�WR�GHVFULEH�VXFK�
ODQJXDJHV��1R\�HW�DO����������WKRVH�WHUPLQROR�
JLHV�RIWHQ�PLVV�FRQFHSWV�RU�SRVVLEOH�DOWHUQDWLYH�
WHUPV� IRU� WKRVH� FRQFHSWV�� 2XU�PRWLYDWLRQ� LV�
WR� LPSURYH� WKH� SUHFLVLRQ� RI� DXWRPDWLF� WHUPV�
H[WUDFWLRQ� SURFHVV�� WKH�PDLQ� UHDVRQ� IRU� WKLV��
LV�WKDW�ODQJXDJH�HYROYHV�IDVWHU�WKDQ�RXU�DELOLW\�
WR�IRUPDOL]H�DQG�FDWDORJ�LW��7KLV�LV�HYHQ�PRUH�
WUXH�IRU�)UHQFK�LQ�ZKLFK�WKH�QXPEHU�RI�WHUPV�

'2,����������LMNGE�����������
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IRUPDOL]HG�LQ�WHUPLQRORJLHV�LV�VLJQLILFDQWO\�OHVV�
LPSRUWDQW�WKDQ�LQ�(QJOLVK�

1/3��QDWXUDO� ODQJXDJH�SURFHVVLQJ�� WRROV�
DQG�PHWKRGV�HQDEOH�WR�HQULFK�ELRPHGLFDO�GLF�
WLRQDULHV�IURP�WH[WV��$XWRPDWLF�7HUP�5HFRJQL�
WLRQ��$75��LV�DQ�DSSURDFK�LQ�ODQJXDJH�WHFKQRO�
RJ\� WKDW� LQYROYHV� WKH� H[WUDFWLRQ�RI� WHFKQLFDO�
WHUPV�IURP�GRPDLQ�VSHFLILF�ODQJXDJH�FRUSRUD�
�=KDQJ� HW� DO��� ������� ,Q� DGGLWLRQ��$XWRPDWLF�
.H\ZRUG�([WUDFWLRQ��$.(��LV�WKH�SURFHVV�RI�
H[WUDFWLQJ�WKH�PRVW�UHOHYDQW�ZRUGV�RU�SKUDVHV�
LQ�D�GRFXPHQW��.H\ZRUGV��ZKLFK�ZH�GHILQH�DV�
D�VHTXHQFH�RI�RQH�RU�PRUH�ZRUGV��SURYLGH�D�
FRPSDFW�UHSUHVHQWDWLRQ�RI�D�GRFXPHQW¶V�FRQWHQW��
7ZR�SRSXODU�$.(�PHDVXUHV�DUH�2NDSL�%0���
DQG�7),')�� DOVR�FDOOHG�ZHLJKWLQJ�PHDVXUHV��
7KHVH�WZR�ILHOGV�DUH�VXPPDUL]HG�LQ�7DEOH���

,Q�RXU�ZRUN��ZH�DGRSW�DV�EDVHOLQH�PHDVXUHV�
DQ�$75�PHWKRG��&�YDOXH��)UDQW]L�HW�DO����������
DQG�WKH�EHVW�WZR�$.(�PHWKRGV��+XVVH\�HW�DO���
�������,QGHHG��WKH�&�YDOXH��FRPSDUHG�WR�RWKHU�
$75�PHWKRGV��RIWHQ�JHWV�EHVW�SUHFLVLRQ�UHVXOWV�
DQG� HVSHFLDOO\� LQ� ELRPHGLFDO� VWXGLHV� �.QRWK�
HW�DO���������=KDQJ�HW�DO���������=KDQJ�HW�DO���
�������0RUHRYHU��WKLV�PHDVXUH�LV�GHILQHG�IRU�
PXOWL�ZRUG�WHUP�H[WUDFWLRQ�EXW�FDQ�EH�HDVLO\�
DGDSWHG�IRU�VLQJOH�ZRUG�WHUP��SUHVHQWHG�ODWHU�
RQ�� DQG� LW� KDV� QHYHU� EHHQ� DSSOLHG� WR�)UHQFK�
WH[W��ZKLFK�LV�DSSHDOLQJ�LQ�RXU�FDVH��2NDSL�DQG�
7),')�DUH�WKH�EHVW�$.(�PHWKRGV��+XVVH\�HW�
DO����������:H�SURSRVH�WR�GHILQH�QHZ�H[WUDFWLRQ�
PHWKRGV� E\� FRPELQLQJ� LQ� GLIIHUHQW�PDQQHUV�
$75�DQG�$.(�PHDVXUHV��LQ�RUGHU�WR�UDQN�WKH�
EHVW�FDQGLGDWH� WHUPV��2XU�H[SHULPHQW�UHVXOWV�
XQGHUOLQH�WKH�SUHFLVLRQ�HIILFLHQF\�JDLQ�ZLWK�WKH�
SURSRVHG�PHWKRGV��:H�JLYH�SULRULW\�WR�SUHFLVLRQ�
LQ�RUGHU� WR� IRFXV�RQ� H[WUDFWLRQ�RI�QHZ�YDOLG�

WHUPV��SUHFLVLRQ��UDWKHU�WKDQ�RQ�PLVVHG�WHUPV�
�UHFDOO���L�H���IRU�D�FDQGLGDWH�WHUP�WR�EH�D�YDOLG�
ELRPHGLFDO�WHUP�RU�QRW�

7KH�UHVW�RI�WKH�SDSHU�LV�RUJDQL]HG�DV�IRO�
ORZV��VHFWLRQ�³5HODWHG�:RUN´�GHVFULEHV�WKH�VWDWH�
RI�WKH�DUW�LQ�WKH�ILHOG�RI�$75��DQG�VSHFLDOO\�WKH�
PHWKRGV�EDVHG�RQ�&�YDOXH��VHFWLRQ�³3URSRVHG�
$SSURDFK´� SUHVHQWV� RXU� SURSRVDO� RI� UDQNLQJ�
PHDVXUHV��VHFWLRQ�³([SHULPHQWV�DQG�5HVXOWV´�
GHWDLOV�DQG�GLVFXVVHV�WKH�FRQGXFWHG�H[SHULPHQWV�
DQG�WKH�DVVRFLDWHG�UHVXOWV��DQG�VHFWLRQ�³&RQFOX�
VLRQ´�FRQFOXGHV�WKH�SDSHU�

5(/$7('�:25.

$75� VWXGLHV� FDQ� EH� GLYLGHG� LQWR� IRXU� PDLQ�
FDWHJRULHV�� �L�� UXOH�EDVHG� DSSURDFKHV�� �LL��
GLFWLRQDU\� EDVHG� DSSURDFKHV�� �LLL�� VWDWLVWLFDO�
DSSURDFKHV��DQG��LY��K\EULG�DSSURDFKHV��5XOH�
EDVHG�DSSURDFKHV�IRU�LQVWDQFH��*DL]DXVNDV�HW�
DO����������DWWHPSW�WR�UHFRYHU�WHUPV�WKDQNV�WR�
WKH�IRUPDWLRQ�SDWWHUQV��WKH�PDLQ�LGHD�LV�WR�EXLOG�
UXOHV�LQ�RUGHU�WR�GHVFULEH�QDPLQJ�VWUXFWXUHV�IRU�
GLIIHUHQW�FODVVHV�XVLQJ�RUWKRJUDSKLF��OH[LFDO��RU�
PRUSKRV\QWDFWLF� FKDUDFWHULVWLFV�� 'LFWLRQDU\�
EDVHG� DSSURDFKHV� XVH� H[LVWLQJ� WHUPLQRORJ\�
UHVRXUFHV�LQ�RUGHU�WR�ORFDWH�WHUP�RFFXUUHQFHV�
LQ�WH[WV��.UDXWKDPPHU�HW�DO����������6WDWLVWLFDO�
DSSURDFKHV�DUH�RIWHQ�EXLOW�IRU�H[WUDFWLQJ�JHQHUDO�
WHUPV��(FN�HW�DO����������7KH�PRVW�EDVLF�PHDVXUH�
LV�IUHTXHQF\��&�1&�YDOXH��)UDQW]L�HW�DO���������
LV�DQRWKHU�VWDWLVWLFDO�PHWKRG�ZHOO�NQRZQ�LQ�WKH�
OLWHUDWXUH�WKDW�FRPELQHV�VWDWLVWLFDO�DQG�OLQJXLVWLF�
LQIRUPDWLRQ�IRU�WKH�H[WUDFWLRQ�RI�PXOWL�ZRUG�DQG�
QHVWHG�WHUPV��:KLOH�PRVW�VWXGLHV�DGGUHVV�VSH�
FLILF�W\SHV�RI�HQWLWLHV��&�1&�YDOXH�LV�D�GRPDLQ�
LQGHSHQGHQW�PHWKRG��XVHG�IRU�H[WUDFWLQJ�WHUPV�

7DEOH����'LIIHUHQFHV�EHWZHHQ�$75�DQG�$.(�

$XWRPDWLF�7HUP�5HFRJQLWLRQ��$75� $XWRPDWLF�.H\ZRUG�([WUDFWLRQ��$.(�

,QSXW RQH�ODUJH�FRUSXV��L�H���QRW�H[SOLFLWO\�VHSDUDWHG�
LQ�GRFXPHQWV�

VLQJOH�GRFXPHQW�ZLWKLQ�D�GDWDVHW�RI�GRFXPHQWV

2XWSXW WHFKQLFDO�WHUPV�RI�D�GRPDLQ NH\ZRUGV�WKDW�GHVFULEH�WKH�GRFXPHQW

'RPDLQ YHU\�VSHFLILF QRQH

([HPSOHV &�YDOXH 7),')��2NDSL
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IURP�ELRPHGLFDO�OLWHUDWXUH��+OLDRXWDNLV�HW�DO���
�������7KH�&�1&�YDOXH�PHWKRG�ZDV�DOVR�DSSOLHG�
WR�PDQ\�GLIIHUHQW� ODQJXDJHV�EHVLGHV�(QJOLVK�
�)UDQW]L�HW�DO���������VXFK�DV��6HUELDQ��1HQDGLF�
ғ�HW�DO����������6ORYHQLDQ��9LQWDU���������3ROLVK�
�.XSVF���������&KLQHVH��-L�HW�DO����������6SDQ�
LVK��%DUUyQ�HW�DO����������DQG�$UDELF��.KDWLE�HW�
DO����������7R�WKH�EHVW�RI�RXU�NQRZOHGJH��LW�KDV�
QHYHU�EHHQ�XVHG�WR�)UHQFK�WH[WV�

7KH�PDLQ�REMHFWLYH�RI�RXU�ZRUN�LV�WKXV�WR�
FRPELQH�WKLV�PHWKRG�ZLWK�$.(�PHWKRGV�DQG�
WR�HYDOXDWH�WKHP�ERWK�IRU�(QJOLVK�DQG�)UHQFK��
,QGHHG��ZH�DUJXH�WKDW�WKH�FRPELQDWLRQ�RI�ELR�
PHGLFDO�WHUP�H[WUDFWLRQ�DQG�NH\ZRUGV�H[WUDF�
WLRQ�PHWKRGV�FRXOG�KLJKOLJKW�UHOHYDQW�WHUPV�RI�
ELRPHGLFDO�GRPDLQ�

352326('�$3352$&+

7KLV�VHFWLRQ�GHVFULEHV�WKH�EDVHOLQH�PHDVXUHV�DQG�
WKHLU�FXVWRPL]DWLRQV�DV�ZHOO�DV�QHZ�FRPELQD�
WLRQV�RI�WKHVH�PHDVXUHV�IRU�DXWRPDWLF�ELRPHGLFDO�
WHUPV�H[WUDFWLRQ��,Q�VXEVHFWLRQ�$��ZH�GHWDLO�WKH�
H[WHQVLRQV�RI�WKH�EDVHOLQHV�PHDVXUHV��3DUWLFX�
ODUO\��ZH�LPSURYH�WKH�&�YDOXH�PHWKRG�E\�WDNLQJ�
LQWR�FRQVLGHUDWLRQ�OLQJXLVWLF�SDWWHUQ�VSHFLDOL]HG�
IRU�ELRPHGLFDO�GRPDLQ��,Q�DGGLWLRQ��ZH�DGDSW�
WKH�VWDWLVWLF�PHDVXUH�LQ�RUGHU�WR�H[WUDFW�VLQJOH�
DQG�PXOWL�WHUPV��7KHVH�DSSURDFKHV�DUH�DSSOLHG�
ERWK�WR�)UHQFK�DQG�(QJOLVK�ODQJXDJHV��:H�DOVR�
XVH�2NDSL�%0����KHUHDIWHU�2NDSL��DQG�7),')��
6XEVHFWLRQ�%�SUHVHQWV�VRPH�SURSRVHG�FRPEL�
QDWLRQV�RI�WKH�EDVLF�PHDVXUHV���L��&RPSXWLQJ�
KDUPRQLF�PHDQ�FRPELQDWLRQV���LL��7DNLQJ�LQWR�
DFFRXQW� WKH�2NDSL�YDOXHV�DQG�7),')�YDOXHV�
ZLWKLQ�WKH�FDOFXOXV�RI�&�YDOXH�

2XU� PHWKRG� IRU� DXWRPDWLF� WHUP� H[WUDF�
WLRQ�KDV�IRXU�PDLQ�VWHSV��/RVVLR�HW�DO����������
GHVFULEHG�LQ�)LJXUH���

���� 3DUW�RI�6SHHFK�WDJJLQJ�RI�WKH�FRUSXV�
���� &DQGLGDWH� WHUPV� H[WUDFWLRQ� IROORZLQJ�

SDWWHUQV�
���� 5DQNLQJ�RI�FDQGLGDWH�WHUPV�
���� &RPSXWLQJ�QHZ�FRPELQHG�PHDVXUHV�

:H� H[HFXWH� WKRVH� IRXU� VWHSV� E\� WDNLQJ�
HLWKHU�&�YDOXH��ULJKW�EUDQFK��RU�2NDSL�7),')�

�OHIW�EUDQFK��DV�EDVHOLQH�PHWKRGV��1RWLFH�WKDW�
DV� WKH� LQSXW� RI�&�YDOXH� LV� D� XQLTXH� HOHPHQW�
DQG� WKH�ZHLJKWLQJ�PHDVXUH�GHDOV�ZLWK�PDQ\�
GRFXPHQWV��FI��7DEOH�����ZH�QHHG�WR�PHUJH�DOO�
GRFXPHQWV�WR�EXLOG�D�VLQJOH�WH[WXDO�HOHPHQW��$�
SUHOLPLQDU\�VWHS�QRW�UHSUHVHQWHG�LQ�)LJXUH���LV�
WKH�FUHDWLRQ�RI�SDWWHUQV�IRU�)UHQFK�DQG�(QJOLVK��
DV�GHVFULEHG�KHUHDIWHU�

%XLOGLQJ�%LRPHGLFDO�3DWWHUQV

:H� FRQVLGHU� WKH� IROORZLQJ� DVVXPSWLRQ�� ELR�
PHGLFDO�WHUPV�KDYH�VLPLODU�V\QWDFWLF�VWUXFWXUH��
7KHUHIRUH��ZH�EXLOG�D�OLVW�RI�WKH�PRVW�FRPPRQ�
OH[LFDO�SDWWHUQV�DFFRUGLQJ�WKH�V\QWDFWLF�VWUXF�
WXUH�RI�WHUPV�WKDW�DUH�LQ�ELRPHGLFDO�GDWDEDVHV��
80/6���8QLILHG�0HGLFDO�/DQJXDJH�6\VWHP��
IRU�(QJOLVK�DQG�0H6+���0HGLFDO�6XEMHFW�+HDG�
LQJV��IRU�)UHQFK�

)LUVW��D�SDUW�RI�VSHHFK�WDJJLQJ�RI�WKH�ELR�
PHGLFDO� WHUPV� LV�GRQH�E\�XVLQJ�7UHH7DJJHU���
7KH�IUHTXHQF\�RI�V\QWDFWLF�VWUXFWXUHV� LV� WKHQ�
FRPSXWHG��7KH�WRS�����DUH�VHOHFWHG�DV�SDWWHUQV�
IRU�HDFK�ODQJXDJH��7KH�QXPEHU�RI�WHUPV�XVHG�
WR�EXLOG�WKH�OLVW�ZDV�����������IRU�(QJOLVK�DQG�
�������IRU�)UHQFK��([DPSOHV�RI�SDWWHUQV��VRUWHG�
E\�IUHTXHQF\��DUH�JLYHQ�LQ�7DEOH���

3DUW�RI�6SHHFK�7DJJLQJ�
�6HH�3DUW�����LQ�)LJXUH���

3DUW�RI�VSHHFK� �326�� WDJJLQJ� DVVLJQV� HDFK�
ZRUG� LQ� D� WH[W� WR� LWV� JUDPPDWLFDO� FDWHJRU\�
�H�J���QRXQ��DGMHFWLYH���7KLV�SURFHVV� LV�EDVHG�
RQ�WKH�GHILQLWLRQ�RI�WKH�ZRUG�RU�RQ�WKH�FRQWH[W�
LQ�ZKLFK�LW�DSSHDUV��$W�WKLV�VWHS��DV�VXJJHVWHG�
LQ� WKH�&�YDOXH�PHWKRG�� WKH�SDUW�RI�VSHHFK� LV�
DSSOLHG� RQ� WKH� ZKROH� FRUSXV��:H� HYDOXDWHG�
WKUHH�WRROV��7UHH7DJJHU��6WDQIRUG�7DJJHU�DQG�
%ULOO¶V� UXOHV�� DQG� ILQDOO\� FKRRVH� 7UHH7DJJHU�
ZKLFK�JDYH�EHWWHU� UHVXOWV� DQG� LV� XVDEOH� ERWK�
IRU�)UHQFK�DQG�(QJOLVK�

&DQGLGDWH�7HUPV�([WUDFWLRQ�
%DVHG�RQ�%LRPHGLFDO�3DWWHUQV�
�VHH�3DUW�����LQ�)LJXUH���

%HIRUH� DSSO\LQJ� DQ\�PHDVXUHV� ZH� ILOWHU� RXW�
WKH�FRQWHQW�RI�RXU�LQSXW�FRUSXV�XVLQJ�SDWWHUQV�
SUHYLRXVO\�FRPSXWHG��:H�VHOHFW�RQO\�WKH�WHUPV�
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ZKLFK�V\QWDFWLF�VWUXFWXUH�LV�LQ�WKH�SDWWHUQV�OLVW��
2I�FRXUVH��WKH�SDWWHUQ�ILOWHULQJ�RFFXUV�VSHFLIL�
FDOO\�E\�ODQJXDJH��L�H���ZKHQ�WH[W�LV�LQ�)UHQFK��
RQO\�)UHQFK�OLVW�RI�SDWWHUQV�LV�XVHG��

�� 8QLRQ�'RFXPHQWV��7KH�&�YDOXH�PHWKRG�
QHHGV�D�VLQJOH�WH[W�GRFXPHQW�DV�LQSXW��7KLV�
VWHS�PHUJHV�DOO�WH[WV�RI�WKH�FRUSXV�LQWR�RQH�
GRFXPHQW�

)LJXUH����:RUNIORZ�RI�ELRPHGLFDO�WHUP�H[WUDFWLRQ
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5DQNLQJ�RI�&DQGLGDWH�7HUPV�
�6HH�3DUW�����LQ�)LJXUH���

���� 5DQNLQJ�7HUPV�ZLWK�&�9DOXH�� 7KH�&�
YDOXH� PHWKRG� FRPELQHV� OLQJXLVWLF� DQG�
VWDWLVWLFDO�LQIRUPDWLRQ��)UDQW]L�HW�DO����������
7KH�OLQJXLVWLF�LQIRUPDWLRQ�LV�EDVHG�RQ�WKH�
XVH�RI�D�JHQHUDO�UHJXODU�H[SUHVVLRQ��L�H���
OLQJXLVWLF�SDWWHUQV���7KH�VWDWLVWLFDO�LQIRUPD�
WLRQ�LV�WKH�YDOXH�DVVLJQHG�ZLWK�WKH�&�YDOXH�
PHDVXUH�EDVHG�RQ�WKH� WHUP�IUHTXHQF\�WR�
FRPSXWH�WKH�WHUP�KRRG��L�H���WKH�DVVRFLDWLRQ�
VWUHQJWK�RI�D�WHUP�WR�GRPDLQ�FRQFHSWV���7KH�
DLP�RI�WKH�&�YDOXH�PHWKRG�LV�WR�LPSURYH�
WKH�H[WUDFWLRQ�RI�QHVWHG�WHUPV��,W�KDV�EHHQ�
VSHFLDOO\�GHILQHG�IRU�H[WUDFWLQJ�PXOWL�ZRUG�
WHUPV�

C_

,

value a

w a f a

( ) =
( )× ( ) !!!!!!!! ! !

!
!

! ! ! ! !
! !

!

if a nested

w a f a
S

f b
a b Sa

∉

( )× ( )− × ( )





∈
∑

1

















,!!otherwise

�

���

:KHUH�D�LV�WKH�FDQGLGDWH�WHUP��Z�D�� �ORJ��_D_���
_D_�WKH�QXPEHU�RI�ZRUGV�LQ�D��I�D��WKH�IUHTXHQF\�
RI�D�LQ�WKH�XQLTXH�GRFXPHQW��6D�WKH�VHW�RI�WHUPV�
WKDW�FRQWDLQ�D�DQG�_6D_�WKH�QXPEHU�RI�WHUPV�LQ�

6D��,Q�D�QXWVKHOO��&�YDOXH�HLWKHU�XVHV�IUHTXHQF\�
RI�WKH�WHUP�LI�WKH�WHUP�LV�QRW�LQFOXGH�LQ�RWKHU�
WHUPV��ILUVW�OLQH���RU�GHFUHDVH�WKLV�IUHTXHQF\�LI�
WKH�WHUP�DSSHDUV�LQ�RWKHU�WHUPV��E\�XVLQJ�WKH�
IUHTXHQF\�RI�WKRVH�RWKHU�WHUPV��VHFRQG�OLQH��

:H�PRGLILHG�WKH�PHDVXUH�LQ�RUGHU�WR�H[WUDFW�
DOO�WHUPV��VLQJOH�ZRUG���PXOWL�ZRUGV�WHUPV���DV�
VXJJHVWHG�LQ�%DUUyQ�HW�DO���������LQ�GLIIHUHQW�
PDQQHUV�� LQ� WKH� IRUPXOD�Z�D�� � ORJ��_D_���ZH�
XVH�Z�D�� �ORJ��_D_������LQ�RUGHU�WR�DYRLG�QXOO�
YDOXHV��IRU�VLQJOH�ZRUG�WHUPV��DV�LOOXVWUDWHG�LQ�
7DEOH����1RWH�WKDW�ZH�GR�QRW�XVH�D�VWRS�ZRUG�
OLVW� QRU� D� WKUHVKROG� IRU� IUHTXHQF\� DV� LW� ZDV�
RULJLQDOO\�SURSRVHG�

7DEOH���VKRZV�WKH�SURSRVHG�FKDQJHV�IRU�
WKH�FRPSXWDWLRQ�RI�Z�D��ZLWK�WKH�RULJLQDO�DQG�
PRGLILHG�&�YDOXH�GHILQLWLRQV�

���� 5DQNLQJ�7HUPV�ZLWK�2NDSL� �� 7),')��
,Q�D�QXWVKHOO��WKHVH�PHDVXUHV�DUH�XVHG�WR�
DVVRFLDWH�HDFK�RFFXUUHQFH�RI�D�WHUP�ZLWK�
D�ZHLJKW�UHSUHVHQWLQJ�LWV�UHOHYDQFH�WR�WKH�
PHDQLQJ�RI�WKH�GRFXPHQW�LW�DSSHDUV�LQ�DQG�
UHODWLYHO\� WR� WKH� FRUSXV� LW� LV� LQFOXGHG� LQ�
�DQG�DOVR�UHODWLYHO\�WR�WKH�VL]H�RI�WKH�GRFX�
PHQW�LQ�WKH�FDVH�RI�2NDSL���7KH�RXWSXW�LV�
D�UDQNHG�OLVW�RI�WHUPV�IRU�HDFK�GRFXPHQW��
7KH\�VHUYH�DV�UDQNLQJ�PHDVXUHV�WR�RUGHU�
GRFXPHQWV� E\� WKHLU� LPSRUWDQFH� JLYHQ� D�
TXHU\��5REHUWVRQ�HW�DO����������2NDSL�FDQ�
EH�VHHQ�DV�DQ�LPSURYHPHQW�RI�WKH�7),')�
PHDVXUH��WDNLQJ�LQWR�DFFRXQW�WKH�GRFXPHQW�

7DEOH����([DPSOHV�RI�WKH���PRVW�IUHTXHQW�SDWWHUQV�IRU�(QJOLVK�DQG�)UHQFK�

(QJOLVK )UHQFK

� 3URSHU1RXQ 1RXQ

� 1RXQ 1RXQ�$GM

� 3URSHU1RXQ�3URSHU1RXQ 1RXQ�3UHS�1RXQ

� 1RXQ�1RXQ 1RXQ�$GM�$GM

� $GM�1RXQ 1RXQ�3UHS�GHW�1RXQ

� 1RXQ�1RXQ�3URSHU1RXQ 1RXQ�3UHS�3URSHU1RXQ

� $GM�3URSHU1RXQ�3URSHU1RXQ 1RXQ�3URSHU1RXQ

� 1RXQ�3URSHU1RXQ�3URSHU1RXQ 1RXQ�1RXQ

� 1RXQ�1RXQ�3UHS�1RXQ 1RXQ�3UHS�1RXQ�$GM
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&RS\ULJKW���������,*,�*OREDO��&RS\LQJ�RU�GLVWULEXWLQJ�LQ�SULQW�RU�HOHFWURQLF�IRUPV�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�RI�,*,�*OREDO�LV�SURKLELWHG�

����,QWHUQDWLRQDO�-RXUQDO�RI�.QRZOHGJH�'LVFRYHU\�LQ�%LRLQIRUPDWLFV��������������-DQXDU\�0DUFK�����

OHQJWK��%RWK�PHDVXUHV�DUH�PRVWO\�XVHG�IRU�
LQIRUPDWLRQ�UHWULHYDO�DQG�WH[W�PLQLQJ�

D��� 1RUPDOL]DWLRQ�� 7KH� 2NDSL� DQG�
7),')�PHDVXUHV�DUH�FDOFXODWHG�ZLWK�
D�YDULDEOH�QXPEHU�RI�HOHPHQWV��VR�WKDW�
WKH�REWDLQHG�YDOXHV�DUH�KHWHURJHQHRXV��
,Q� RUGHU� WR� PDQLSXODWH� WKHVH� UHVXOW�
OLVWV��WKH�ZHLJKWV�REWDLQHG�IURP�HDFK�
GRFXPHQW�PXVW�EH�QRUPDOL]HG�IRU�WKH�
ZKROH�FRUSXV��7KHUHIRUH��WKH�UHVXOWV�RI�
HDFK�PHDVXUH�KDYH�WR�EH�QRUPDOL]HG��
IRU�LQVWDQFH�EHWZHHQ���DQG���

E��� 0HUJLQJ�/LVWV��2QFH�YDOXHV�QRUPDO�
L]HG��ZH�KDYH�WR�PHUJH�WKH�WHUPV�LQWR�
D�VLQJOH� OLVW� LQ�RUGHU� WR�HYDOXDWH� WKH�
UHVXOWV�� &OHDUO\�� WKH� SUHFLVLRQ� ZLOO�
GHSHQG�RQ�WKH�PHWKRG�XVHG�WR�SHUIRUP�
VXFK�PHUJLQJ��:H�PHUJHG�IROORZLQJ�
W K U H H � I X Q F W L R Q V � � 6 XP � 6 � ��
0D[LPXP�0���DQG�$YHUDJH�$��ZKLFK�
FDOFXODWH� UHVSHFWLYHO\� WKH� VXP��PD[�
DQG�DYHUDJH�RI� D� WHUP� LQ� WKH�ZKROH�
FROOHFWLRQ��$W�WKH�HQG�RI�WKLV�WDVN��ZH�
REWDLQ�WKUHH�OLVWV�IURP�2NDSL�DQG�WKUHH�
OLVWV� IURP�7),')�� 7KH� QRWDWLRQ� IRU�
WKHVH� OLVWV� DUH� Okapi aX ( ) � DQG�
TFIDF aX ( ) ��ZKHUH�D�LV�WKH�WHUP��;�
WKH�IDFWRU�∈ �^0��6��$`��)RU�LQVWDQFH��
Okapi aM ( ) � LV� WKH� OLVW� REWDLQHG� E\�
WDNLQJ�WKH�PD[LPXP�2NDSL�YDOXH�IRU�
D�WHUP�D�LQ�WKH�ZKROH�FRUSXV�

&RPSXWLQJ�WKH�1HZ�&RPELQHG�
0HDVXUHV��6HH�3DUW�����LQ�)LJXUH���

:LWK�DLP�RI�LPSURYLQJ�WKH�SUHFLVLRQ�RI�WHUPV�
H[WUDFWLRQ�� ZH� KDYH� FRQFHLYHG� WZR� QHZ��

FRPELQHG� PHDVXUH� VFKHPHV�� WDNLQJ� LQWR� DF�
FRXQW�WKH�UHVXOWV�REWDLQHG�LQ�WKH�DERYH�VWHSV��
7KH�ILUVW�RQH�LV�EDVHG�RQ�WKH�KDUPRQLF�PHDQ�
RI�WZR�YDOXHV��7KH�VHFRQG�RQH�LV�REWDLQHG�E\�
UHSODFLQJ� WKH� IUHTXHQF\��ZLWKLQ� WKH�(TXDWLRQ�
����RI�&�YDOXH��E\�WKH�YDOXH�RI�WKH�ZHLJKWLQJ�
PHDVXUHV�

)�2&DSL�DQG�)�7),')�&��&RQVLGHUHG�DV�WKH�
KDUPRQLF�PHDQ�RI�WKH�WZR�XVHG�YDOXHV��WKLV�
PHWKRG�KDV�DV�DGYDQWDJH�WR�XVH�DOO�YDOXHV�
RI�WKH�GLVWULEXWLRQ�

F OCapi a
Okapi a C value a

Okapi a C valueX

x

x

− ( ) = ×
( )× − ( )
( )+ −

2! !
! ! !

! ! aa( )
�

���

F TFIDF C a
TFIDF a C value a

TFIDF a C valuX

x

x

− − ( ) = × ( )× − ( )
( )+ −

2! !
! ! !

! ee a( )
�

���

&�2NDSL� DQG� &�7),')�� )RU� WKLV� PHDVXUH��
RXU� DVVXPSWLRQ� LV� WKDW� &�YDOXH� FDQ� EH�
PRUH� UHSUHVHQWDWLYH� LI� WKH� IUHTXHQF\�� LQ�
WKH�(TXDWLRQ������RI�WKH�WHUPV�LV�UHSODFHG�
ZLWK�D�PRUH�VLJQLILFDQW�YDOXH��LQ�WKLV�FDVH�
ZLWK� WKH�2NDSL¶V�DQG�7),')¶V�YDOXHV�RI�
WKH�WHUPV��RYHU�WKH�ZKROH�FRUSXV��

C− ( ) =
( )× ( ) ∉

m a
m

x

xw a a if a neste! ! ,!!!!!!!!!!!!!!!!!!!!!!!!!! ! ! dd

w a
S

ot
a b Sa

!
!

! ! ! ! ! ,!!
! !

!

( )× ( )− × ( )










∈
∑m a m bx x

1
hherwise











�

���

7DEOH����&DOFXODWLRQ�RI�Z�D��

2ULJLQDO�&�YDOXH 0RGLILHG�&�YDOXH

Z�D�� �ORJ��_D_� Z�D�� �ORJ��_D_�����

DQWLSKRVSKROLSLG�DQWLERGLHV ORJ����� �� ORJ��������� ����

ZKLWH�EORRG ORJ����� �� ORJ��������� ����

SODWHOHW ORJ����� �� ORJ��������� ��
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&RS\ULJKW���������,*,�*OREDO��&RS\LQJ�RU�GLVWULEXWLQJ�LQ�SULQW�RU�HOHFWURQLF�IRUPV�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�RI�,*,�*OREDO�LV�SURKLELWHG�

,QWHUQDWLRQDO�-RXUQDO�RI�.QRZOHGJH�'LVFRYHU\�LQ�%LRLQIRUPDWLFV��������������-DQXDU\�0DUFK���������

:KHUH�m ax ( ) � � Okapi TFIDFX X{ }� ��DQG�;�
∈{ }! , , .M S A

7DEOH���VKRZV�GLIIHUHQW�UDQNLQJ�RI�WHUPV�
ZLWK�GLIIHUHQW�PHDVXUHV��7KLV� H[DPSOH�KLJK�
OLJKWV�VSHFLILF�DQG�YHU\�UHOHYDQW�WHUPV�VXFK�DV�
´DQWLSKRVSKROLSLG�DQWLERGLHV´�DQG�´SODWHOHW´��
,QGHHG�WKHVH�WHUPV�REWDLQ�D�EHWWHU�UDQNLQJ�E\�
XVLQJ�RXU�PHDVXUHV�VXFK�DV�)�7),')�&0�

,PSOHPHQWDWLRQ�DQG�$YDLODELOLW\

:H�GHYHORSHG�%LR7H[��D�ZHE�DSSOLFDWLRQ��LO�
OXVWUDWHG�LQ�)LJXUH����WKDW�LPSOHPHQWV�WKH�HQWLUH�
ZRUNIORZ�SUHVHQWHG�LQ�WKLV�SDSHU��IRU�D�JLYHQ�
WH[W� FRUSXV� DV� LQSXW�%LR7H[�ZLOO� H[WUDFW� DQG�
UDQN�ELRPHGLFDO�WHUPV�DFFRUGLQJ�WR�WKH�VHOHFWHG�
H[WUDFWLRQ�PHDVXUH�LQFOXGHG�LQ�&�YDOXH��2NDSL��
7),')�RU�RQH�RI�WKH�QHZ�SURSRVHG�FRPELQD�
WLRQV�� ,Q� DGGLWLRQ��%LR7H[� DOORZV� WR� YDOLGDWH�
DXWRPDWLFDOO\� WHUPV� DOUHDG\� H[LVWLQJ� LQ� WKH�
DYDLODEOH�80/6�0H6+�IU�WHUPLQRORJLHV��:H�
KDYH� LPSOHPHQWHG�DQG�HYDOXDWHG�%LR7H[� IRU�
ERWK�(QJOLVK� DQG� )UHQFK��7KH� DSSOLFDWLRQ� LV�
DYDLODEOH�RQOLQH�EXW� FDQ�DOVR�EH�XVHG� LQ�DQ\�
SURJUDP�WKURXJK�D�MDYD�$3,��KWWS���WXER�OLUPP�
IU������ELRWH[�

,Q� WKH� IROORZLQJ� VHFWLRQ�� ZH� HYDOXDWH� D�
ODUJH�OLVW�RI�H[WUDFWHG�DQG�UDQNHG�WHUPV�ZLWK�RXU�
QHZ�PHDVXUHV�DQG�WKHLU�GLIIHUHQW�FRPELQDWLRQV�
�XVLQJ�RXU�ZHE�DSSOLFDWLRQ��

'$7$�$1'�(;3(5,0(17$/�
35272&2/

7HVW�&ROOHFWLRQ

:H�XVHG�ELRORJLFDO�ODERUDWRU\�WHVWV�DV�FRUSXV��
REWDLQHG� IURP� /DE7HVWV2QOLQH�RUJ�� 7KLV� VLWH�
SURYLGHV� LQIRUPDWLRQ� LQ�VHYHUDO� ODQJXDJHV� WR�
SDWLHQW�RU�IDPLO\�FDUHJLYHU�RQ�FOLQLFDO�ODE�WHVWV��
(DFK�WHVW��ZKLFK�LV�FRQVLGHUHG�DV�D�GRFXPHQW�LQ�
RXU�FRUSXV��LQFOXGHV�WKH�IRUPDO�ODE�WHVW�QDPH��
LWV� V\QRQ\PV� DQG� PDQ\� DOWHUQDWH� QDPHV� DV�
ZHOO�DV�D�GHVFULSWLRQ�RI�WKH�WHVW��2XU�H[WUDFWHG�
FRUSXV�FRQWDLQV�����FOLQLFDO�WHVWV��DERXW�����
����ZRUGV��IRU�(QJOLVK�DQG������DERXW���������
ZRUGV��IRU�)UHQFK�

9DOLGDWLRQ�'DWD

,Q�RUGHU�WR�DXWRPDWLFDOO\�YDOLGDWH�RXU�FDQGLGDWH�
WHUPV�ZH�FRPSXWH�D�YDOLGDWLRQ�GLFWLRQDU\�WKDW�
LQFOXGH� WKH�RIILFLDO�QDPH�� WKH�V\QRQ\PV�DQG�
DOWHUQDWH�QDPHV�RI�WKH�ODEWHVWRQOLQH�WHVWV�SOXV�DOO�
80/6�WHUPV�IRU�(QJOLVK�DQG�WKH�0H6+�WHUPV�
IRU�)UHQFK��:H�FDQ�QRZ�HYDOXDWH�SUHFLVLRQ�ZLWK�
D�SURSHU�UHIHUHQFH�IRU�YDOLG�WHUPV��1RWH�WKDW�DV�
D�FRQVHTXHQFH��WKH�UHFDOO�LV�HTXDO�WR������ZLWK�
WKH�ZKROH�OLVW�RI�H[WUDFWHG�WHUPV�

(;3(5,0(176�$1'�5(68/76

$� ILUVW� HYDOXDWLRQ� ZDV� GRQH� DXWRPDWLFDOO\��
ZLWKRXW�WKH�YHULILFDWLRQ�RI�DQ�H[SHUW�WR�YDOLGDWH�
RU�LQYDOLGDWH�WKH�WHUPV�WKDW�DUH�QRW�IRXQG�LQ�RXU�
YDOLGDWLRQ�GLFWLRQDU\��5HVXOWV�DUH�HYDOXDWHG�LQ�
WHUPV�RI�3UHFLVLRQ�REWDLQHG�RYHU�WKH�WRS�N�WHUPV�
DW�GLIIHUHQW�VWHSV�RI�RXU�ZRUNIORZ�SUHVHQWHG�LQ�

7DEOH����5DQN�RI�WHUPV�EDVHG�RQ�GLIIHUHQW�PHDVXUHV�

5DQNLQJ�RI�WKH�WHUPV

&�YDOXH 7),')0 2NDSL0 )�7),')�&0 )�2&DSL0 &�7),')0 &�2NDSL6
DQWLSKRVSKROLSLG�
DQWLERGLHV

��� ��� ��� �� ��� � ����

ZKLWH�EORRG ��� ��� ��� ��� ��� ��� ���

SODWHOHW ��� ��� ��� �� �� ��� ���
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&RS\ULJKW���������,*,�*OREDO��&RS\LQJ�RU�GLVWULEXWLQJ�LQ�SULQW�RU�HOHFWURQLF�IRUPV�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�RI�,*,�*OREDO�LV�SURKLELWHG�

����,QWHUQDWLRQDO�-RXUQDO�RI�.QRZOHGJH�'LVFRYHU\�LQ�%LRLQIRUPDWLFV��������������-DQXDU\�0DUFK�����

SUHYLRXV�VHFWLRQ��2NDSL�DQG�7),')�SURYLGHG�
WKUHH� OLVWV� RI� UDQNHG� FDQGLGDWH� WHUPV� �0�� 6��
$���)RU�HDFK�FRPELQHG�PHDVXUH�XVLQJ�2NDSL�
RU�7),')��WKH�H[SHULPHQWV�DUH�FRQGXFWHG�ZLWK�
WKH�WKUHH�OLVWV��7KHUHIRUH��WKH�QXPEHU�RI�UDQNHG�
OLVW� WR�FRPSDUH� LV�����&�YDOXH������2NDSL����
��7),')������)�2&DSL������)�7),')�&����
��&�2NDSL������&�7),')�����,Q�DGGLWLRQ�ZH�
H[SHULPHQWHG�WKH�ZRUNIORZ�HLWKHU�IRU�DOO��VLQJOH�
DQG�PXOWL��RU�PXOWL�WHUPV�ZKLFK�ILQDOO\�JLYH����
UDQNHG�OLVWV��7KHQ��ZH�VHOHFW�DOO�WHUPV��VLQJOH�
DQG�PXOWL�� RU� RQO\�PXOL�WHUPV� ����î� �� � ���
H[SHULPHQWV�IRU�HDFK�ODQJXDJH��

7KH�IROORZLQJ�VHFWLRQV�VKRZ�SDUW�RI� WKH�
H[SHULPHQW� UHVXOWV� GRQH� DOO� RU� PXOWL� WHUPV��
RQO\�DQG�FRQVLGHULQJ�WKH�WRS���������DQG�����
H[WUDFWHG�WHUPV��EHFDXVH�LW�LV�DSSURSULDWH�DQG�

HDVLHU�IRU�DQ�H[SHUW�WR�WR�HYDOXDWH�RQO\�WKH�WRS�N�
H[WUDFWHG�WHUPV��:H�HYDOXDWHG�ILUVW�WKH�EDVHOLQHV�
PHDVXUHV�DQG�VHFRQG�ZLWK�WKH�QHZ�FRPELQHG�
PHDVXUHV�IRU�(QJOLVK�DQG�)UHQFK�

([SHULPHQWV�ZLWK�$.(�
0HWKRGV��2NDSL�DQG�7),')

7KH� H[SHULPHQWV� ZLWK� WKHVH� PHWKRGV� ZHUH�
SHUIRUPHG�DIWHU�DSSO\LQJ�WKH� OLQJXLVWLF�ILOWHU��
7KH�H[SHULPHQWV�ZHUH�FDUULHG�IRU�$OO�DQG�0XOWL�
WHUPV�H[WUDFWLRQ��7DEOH���DQG�7DEOH���VKRZ�WKH�
UHVXOWV�RI�WHUP�H[WUDFWLRQ�ZLWK�OkapiX ��%HVW�
UHVXOWV�ZHUH�RIWHQ�REWDLQHG�ZLWK�OkapiM �IRU�
ERWK�ODQJXDJHV�

7DEOH���DQG�7DEOH��� VKRZ� WKH� UHVXOWV�RI�
WHUPLQRORJ\� H[WUDFWLRQ� ZLWK� TFIDFX �� %HVW�

)LJXUH����%LR7H[�ZHE�DSSOLFDWLRQ�WKDW�LPSOHPHQWV�WKH�ELRPHGLFDO�WHUP�H[WUDFWLRQ�ZRUNIORZ
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&RS\ULJKW���������,*,�*OREDO��&RS\LQJ�RU�GLVWULEXWLQJ�LQ�SULQW�RU�HOHFWURQLF�IRUPV�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�RI�,*,�*OREDO�LV�SURKLELWHG�

,QWHUQDWLRQDO�-RXUQDO�RI�.QRZOHGJH�'LVFRYHU\�LQ�%LRLQIRUPDWLFV��������������-DQXDU\�0DUFK���������

UHVXOWV�ZHUH�REWDLQHG�ZLWK�TFIDFM � IRU�$OO�
WHUPV�IRU�ERWK�ODQJXDJHV��)RU�0XOWL�WHUPV��WKH�
EHVW�UHVXOWV�ZHUH�REWDLQHG�ZLWK�TFIDFS ��IRU�
ERWK�ODQJXDJHV�

([SHULPHQWV�ZLWK�&�YDOXH

,Q� WKLV� VXEVHFWLRQ�� ZH� HYDOXDWHG� WKH� $75�
PHWKRG��&�YDOXH��VHH�7DEOHV���DQG�����

([SHULPHQWV�ZLWK�1HZ�
&RPELQHG�0HDVXUHV

7KH�QHZ�PHDVXUHV�ZHUH�DOVR�HYDOXDWHG��7DEOH�
���DQG�7DEOH����SUHVHQW�WKH�UHVXOWV�RI�WHUPLQRO�
RJ\� H[WUDFWLRQ� ZLWK� WKHVH� QHZ�PHDVXUHV�� ,Q�
JHQHUDO��WKH�EHVW�SUHFLVLRQ�UDWH�LV�REWDLQHG�ZLWK�
F TFIDF CM− − � I R U � ( QJ O L V K � D Q G�
F OCapiM− �IRU�)UHQFK�

0DQXDO�9DOLGDWLRQ

,Q�RUGHU�WR�NQRZ�WKH�WUXH�SUHFLVLRQ��EHFDXVH�LQ�
WKH�PDQXDO�YDOLGDWLRQ�WKHUH�DUH�WHUPV�WKDW�DUH�
QRW�LQ�RXU�GLFWLRQDULHV��6R��ZH�H[SRUW�D�OLVW�RI�
H[WUDFWHG�WHUPV�WR�EH�PDQXDOO\�YDOLGDWHG��)RU�
WKLV��ZH�FKRRVH�WKH�OLVW�ZLWK�WKH�EHVW�SUHFLVLRQ�
UDWH�LQ�WKH�DXWRPDWLF�YDOLGDWLRQ�SURFHVV��7DEOH�
���DQG�7DEOH����FRPSDUH�WKH�EHVW�UHVXOWV�RI�WKH�
DERYH� HYDOXDWHG� PHDVXUHV�� ,Q� JHQHUDO��
F TFIDF CM− − � REWDLQHG� WKH� EHVW� UHVXOWV�
IRU�(QJOLVK�H[WUDFWLRQ�WHUPV�DQG�F OCapiM− �
REWDLQV�KLJKHVW�SUHFLVLRQ�IRU�ELRPHGLFDO�)UHQFK��
([SHUWV�YDOLGDWHG�WKHVH�WZR�OLVWV��FRPSRVHG�RI�
���� WHUPV��7DEOH� ��� DQG�7DEOH� ��� VKRZ� WKH�
SUHFLVLRQ�FRPSXWHG�ZLWK�WKH�PDQXDO�YDOLGDWLRQ�
FRPSDUHG�WR�WKH�RQH�ZLWK�WKH�DXWRPDWLF�YDOLGD�
WLRQ��1RWH�WKDW�WKH�PDQXDO�YDOLGDWLRQ�FRQILUPV�
WKDW�RXU�UDQNLQJ�IXQFWLRQ�KDV�D�JRRG�EHKDYLRU�
EHFDXVH�WKH�SUHFLVLRQ�YDOXH�LV�EHWWHU�IRU�ILUVW�
WHUPV�

7DEOH����3UHFLVLRQ�RI�OkapiX RQ�(QJOLVK�FRUSXV�

$OO�7HUPV 0XOWL�7HUPV

���WHUPV ����WHUPV ����WHUPV ���WHUPV ����WHUPV ����WHUPV

OkapiM ���� ���� ���� ���� ���� ����

OkapiS ���� ���� ���� ���� ���� ����

OkapiA ���� ���� ���� ���� ���� ����

7DEOH����3UHFLVLRQ�RI�OkapiX RQ�)UHQFK�FRUSXV�

$OO�7HUPV 0XOWL�7HUPV

���WHUPV ����WHUPV ����WHUPV ���WHUPV ����WHUPV ����WHUPV

OkapiM ���� ���� ���� ���� ���� ����

OkapiS ���� ���� ���� ���� ���� ����

OkapiA ���� ���� ���� ���� ���� ����
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',6&866,21

,Q�WKH�UHVXOWV�RI�$.(�PHWKRGV��7),')�REWDLQV�
EHWWHU�UHVXOWV�WKDQ�2NDSL��7KH�PDLQ�UHDVRQ�IRU�
WKLV��LV�EHFDXVH�WKH�VL]H�RI�WKH�(QJOLVK�FRUSXV�

LV� ODUJHU� WKDQ� WKH� )UHQFK� RQH�� DQG� 2NDSL� LV�
NQRZQ�WR�SHUIRUP�EHWWHU�ZKHQ�WKH�FRUSXV�VL]H�
LV�VPDOOHU��/Y�HW�DO���������

7DEOH����VKRZV�WKDW�&�YDOXH�FDQ�EH�XVHG�
WR� H[WUDFW� )UHQFK� ELRPHGLFDO� WHUPV� ZLWK� D��

7DEOH����3UHFLVLRQ�RI�TFIDFX RQ�(QJOLVK�FRUSXV�

$OO�7HUPV 0XOWL�7HUPV

���WHUPV ����WHUPV ����WHUPV ���WHUPV ����WHUPV ����WHUPV

TFIDFM ���� ���� ���� ���� ���� ����

TFIDFS ���� ���� ���� ���� ���� ����

TFIDFA ���� ���� ���� ���� ���� ����

7DEOH����3UHFLVLRQ�RI�TFIDFX RQ�)UHQFK�FRUSXV�

$OO�7HUPV 0XOWL�7HUPV

���WHUPV ����WHUPV ����WHUPV ���WHUPV ����WHUPV ����WHUPV

TFIDFM ���� ���� ���� ���� ���� ����

TFIDFS ���� ���� ���� ���� ���� ����

TFIDFA ���� ���� ���� ���� ���� ����

7DEOH����3UHFLVLRQ�RI�&�YDOXH�RQ�(QJOLVK�FRUSXV�

$OO�7HUPV 0XOWL�7HUPV

���WHUPV ����WHUPV ����WHUPV ���WHUPV ����WHUPV ����WHUPV

&�YDOXH ���� ���� ���� ���� ���� ����

7DEOH�����3UHFLVLRQ�RI�&�YDOXH�RQ�)UHQFK�FRUSXV�

$OO�7HUPV 0XOWL�7HUPV

���WHUPV ����WHUPV ����WHUPV ���WHUPV ����WHUPV ����WHUPV

&�YDOXH ���� ���� ���� ���� ���� ����
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EHWWHU�SUHFLVLRQ�WKDQ�ZKDW�KDV�EHHQ�REWDLQHG�LQ�
SUHYLRXV�FLWHG�ZRUNV�LQ�RWKHU�ODQJXDJHV��7KH�
SUHFLVLRQ� RI�&�YDOXH� IRU� WKH� SUHYLRXV�ZRUNV�
ZDV�EHWZHHQ�����DQG�����

)RU�WKH�QHZ�FRPELQHG�PHDVXUHV��WKH�EHVW�
UHVXOWV� DUH� REWDLQHG� E\� FRPELQLQJ� &�YDOXH�
ZLWK�WKH�EHVW�UHVXOWV�IURP�$.(�PHWKRGV��L�H���
)�7),')�&0� DQG� )�2&DSL0�� 7DEOH� ��� DQG�
7DEOH����FRPSDUH� WKH�SUHFLVLRQ�EHWZHHQ� WKH�
EHVW�EDVHOLQHV�PHDVXUHV�DQG�WKH�EHVW�FRPELQHG�
PHDVXUHV��%HVW�UHVXOWV�ZHUH�REWDLQHG�LQ�JHQHUDO�
ZLWK�)�7),')�&0�IRU�(QJOLVK�DQG�)�2&DSL0�IRU�
)UHQFK��7KHVH�ILJXUHV�SURYH�WKDW�WKH�FRPELQHG�
PHDVXUHV�EDVHG�RQ�WKH�KDUPRQLF�PHDQ�DUH�EHWWHU�
WKDQ�WKH�EDVHOLQHV�PHDVXUHV��DQG�VSHFLDOO\�IRU�
PXOWL�ZRUG�WHUPV��IRU�ZKLFK�WKH�JDLQ�LQ�SUHFL�
VLRQ� UHDFKHV� �����7KLV� UHVXOW� LV� SDUWLFXODUO\�
SRVLWLYH�EHFDXVH�LQ�WKH�ELRPHGLFDO�GRPDLQ�LW�

LV�RIWHQ�PRUH�LQWHUHVWLQJ�WR�H[WUDFW�PXOWLZRUG�
WHUPV�WKDQ�VLQJOH�ZRUG�WHUPV��+RZHYHU��RQH�FDQ�
QRWLFH�WKDW�UHVXOWV�REWDLQHG�WR�H[WUDFW�DOO�WHUPV�
ZLWK�WFRNDSL�DQG�FWILGI�DUH�QRW�EHWWHU�WKDQ�RNDSL�
RU�WILGI�XVH�GLUHFWO\��7KH�PDLQ�UHDVRQ�IRU�WKLV�LV�
EHFDXVH�WKH�SHUIRUPDQFH�RI�WKRVH�QHZ�FRPELQHG�
PHDVXUHV�DUH�DEVRUEHG�E\�WKH�HIIHFW�RI�H[WUDFW�
LQJ�DOVR�VLQJOH�ZRUOG�WHUPV��'HILQLWLYHO\��DOO�WKH�
QHZ�FRPELQHG�PHDVXUHV�DUH�UHDOO\�SHUIRUPLQJ�
EHWWHU�IRU�PXOWL�ZRUG�WHUPV�

6HYHUDO� WHUPV� SURSRVHG� E\� RXU� V\VWHP�
DUH� FRQVLGHUHG� DV� LUUHOHYDQW� �L�H��� IDOVH� SRVL�
WLYH�H[DPSOHV��ZLWK�RXU�DXWRPDWLF�YDOLGDWLRQ�
SURWRFRO�EHFDXVH�WKH\�DUH�QRW�SUHVHQW�LQ�NQRZQ�
ELRPHGLFDO�GLFWLRQDULHV��ZKLFK�GRHV�QRW�PHDQ�
WKDW�WKH\�DUH�LUUHOHYDQW��$FWXDOO\�HOHPHQWV�WKDW�
DUH� QRW� IRXQG� LQ� ELRPHGLFDO� UHVRXUFHV� FDQ�
EH� UHOHYDQW� WKDQNV� D� PDQXDO� YDOLGDWLRQ�� )RU�

7DEOH�����3UHFLVLRQ�FRPSDULVRQ�RI�QHZ�PHDVXUHV�IRU�(QJOLVK�

$OO�7HUPV 0XOWL�7HUPV

���WHUPV ����WHUPV ����WHUPV ���WHUPV ����WHUPV ����WHUPV

F OCapiM− ���� ���� ���� ���� ���� ����

F TFIDF CM− − ���� ���� ���� ���� ���� ����

C OkapiS− ���� ���� ���� ���� ���� ����

C TFIDFS− ���� ���� ���� ���� ���� ����

7DEOH�����3UHFLVLRQ�FRPSDULVRQ�RI�QHZ�PHDVXUHV�IRU�)UHQFK�

$OO�7HUPV 0XOWL�7HUPV

���WHUPV ����WHUPV ����WHUPV ���WHUPV ����WHUPV ����WHUPV

F OCapiM− ���� ���� ���� ���� ���� ����

F TFIDF CM− − ���� ���� ���� ���� ���� ����

C OkapiS− ���� ���� ���� ���� ���� ����

C TFIDFS− ���� ���� ���� ���� ���� ����
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�����,QWHUQDWLRQDO�-RXUQDO�RI�.QRZOHGJH�'LVFRYHU\�LQ�%LRLQIRUPDWLFV��������������-DQXDU\�0DUFK�����

7DEOH�����3UHFLVLRQ�RI�WKH�EHVW�PHDVXUHV�IRU�WKH�H[WUDFWLRQ�RI�DOO�WHUPV�IRU�(QJOLVK�

$OO�7HUPV

���WHUPV ���WHUPV ����WHUPV �����WHUPV

F TFIDF CM− − ���� ���� ���� ����

C TFIDFS− ���� ���� ���� ����

&�YDOXH ���� ���� ���� ����

OkapiM ���� ���� ���� ����

TFIDFM
���� ���� ���� ����

7DEOH�����3UHFLVLRQ�RI�WKH�EHVW�PHDVXUHV�IRU�WKH�H[WUDFWLRQ�RI�DOO�WHUPV�IRU�)UHQFK�

$OO�7HUPV

���WHUPV ���WHUPV ����WHUPV �����WHUPV

F OCapiM− ���� ���� ���� ����

C TFIDFS− ���� ���� ���� ����

&�YDOXH ���� ���� ���� ����

OkapiM ���� ���� ���� ����

TFIDFM ���� ���� ���� ����

7DEOH�����3UHFLVLRQ�RI�F TFIDF CM− − IRU�(QJOLVK�ZLWK�DXWRPDWLF�DQG�PDQXDO�YDOLGDWLRQV�

0XOWL�7HUPV�E\�F TFIDF CM− −

���WHUPV ���WHUPV ���WHUPV ����WHUPV ����WHUPV ����WHUPV

$XWRPDWLF�
9DOLGDWLRQ

������ ������ ������ ������ ������ ������

0DQXDO�
9DOLGDWLRQ

������� ������� ������ ������ ������ ������
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,QWHUQDWLRQDO�-RXUQDO�RI�.QRZOHGJH�'LVFRYHU\�LQ�%LRLQIRUPDWLFV��������������-DQXDU\�0DUFK����������

LQVWDQFH��WKH\�FDQ�UHSUHVHQW�QHZ�WHUPV�WR�DGG�
LQ�ELRPHGLFDO�GLFWLRQDULHV��6R�LQ�7DEOHV����DQG�
����WKH�SUHFLVLRQ�UDWH�LV�QDWXUDOO\�KLJKHU�ZLWK�D�
PDQXDO�YDOLGDWLRQ�

,Q�DGGLWLRQ�WR�/DEWHVWRQOLQH�RUJ��ZH�DOVR�
KDYH�GRQH�H[SHULPHQWV�ZLWK�WZR�PRUH�FRUSXV��
�L�� WKH�'UXJV� GDWD� IURP�0HGOLQH3OXV��ZKLFK�
FRQWDLQV�DERXW������PLOOLRQ�RI�ZRUGV�LQ�(QJOLVK��
ZH�KDYH�YHULILHG�WKDW�WKH�QHZ�FRPELQHG�PHD�
VXUHV�DUH�SHUIRUPLQJ�EHWWHU��SDUWLFXODUO\�WKHVH�
EDVHG� RQ� WKH� KDUPRQLF�PHDQ�� )�7),')�&0�
DQG�)�2&DSL0���LL��3XE0HG��FLWDWLRQV¶� WLWOHV�
LQ� (QJOLVK� DQG� )UHQFK��ZKLFK� FRQWDLQ� DERXW�
�����WLWOHV�RI�DUWLFOHV��WKH�UHVXOWV�VKRZ�D�VPDOO�
GLIIHUHQFH�EHWZHHQ�WKH�EDVHOLQH�PHDVXUHV�DQG�
WKH�QHZ�FRPELQHG�PHDVXUHV�PDLQO\�EHFDXVH�
WLWOHV�DUH�VPDOO�SLHFH�RI�WH[W�DQG�WKHUHIRUH�WKH�
QHZ�FRPELQHG�PHDVXUHV�FDQQRW�WDNH�DGYDQWDJH�
RI�WKH�IUHTXHQF\�

&21&/86,21�$1'�
)8785(�:25.

7KLV� SDSHU� SUHVHQWV� D� QHZ� PHWKRGRORJ\� WR�
DXWRPDWLFDOO\�H[WUDFW�ELRPHGLFDO�WHUPLQRORJ\�
WR�SURSRVH�UHOHYDQW�WHUPV�WR�H[SHUWV��)RU�WHUP�
UDQNLQJ�����PHDVXUHV�KDYH�EHHQ�SURSRVHG�IRU�
WZR�ODQJXDJHV��)UHQFK�DQG�(QJOLVK�

:H�KDYH�DGDSWHG�&�YDOXH�WR�H[WUDFW�)UHQFK�
ELRPHGLFDO�WHUPV��ZKLFK�ZDV�QRW�SURSRVHG�LQ�
WKH� OLWHUDWXUH�EHIRUH��7KH�SUHFLVLRQ�RI� WKH�&�
YDOXH�LQ�SUHYLRXV�ZRUNV�ZDV�EHWZHHQ�����DQG�
�����:LWK�WKLV�SURSRVDO��ZH�JUHDWO\�LPSURYHG�
WKHVH�UHVXOWV��7KLV�PHDVXUH�KDV�EHHQ�LPSURYHG�

E\�ILUVW�DGGLQJ�OLQJXLVWLF�SDWWHUQV�RI�ELRPHGL�
FDO�ILHOG��6HFRQG��WKH�VWDWLVWLFDO�DVSHFWV�RI�WKH�
PHDVXUH�KDYH�EHHQ�FKDQJHG� LQ�RUGHU� WR� WDNH�
LQWR�DFFRXQW�DOO�W\SHV�RI�WHUPV��L�H���VLQJOH��DQG�
PXOWL�ZRUG�WHUPV��

:H�DSSOLHG�WZR�$.(�PHWKRGV��IRU�H[WUDFW�
LQJ�NH\ZRUGV�IURP�D�GRFXPHQW��PHUJLQJ�WKH�
WHUPV� IROORZLQJ� WKUHH�PHUJLQJ� IDFWRUV� LQWR�D�
VLQJOH�OLVW�

:H� SUHVHQWHG� DQG� HYDOXDWHG� WZR� QHZ�
PHDVXUHV� WKDQNV� WR� WKH�FRPELQDWLRQ�RI� WKUHH�
H[LVWLQJ�PHWKRGV��7KH�HYDOXDWLRQ�VKRZHG�WKDW�
WKHVH� FRPELQDWLRQV�REWDLQ� WKH�EHVW� SUHFLVLRQ�
UDWHV�IRU�ERWK�FDVHV��DOO�DQG�PXOWL�WHUP�H[WUDF�
WLRQ�IRU�)UHQFK�

)XWXUH�ZRUN�ZLOO�EH�GHGLFDWHG�WR��L��D�ZHE�
UDQNLQJ�LQ�RUGHU�WR�LPSURYH�WKH�SUHFLVLRQ�RI�WKH�
WHUPLQRORJLHV� OLVWV��DQG��LL�� WKH� LPSURYHPHQW�
RI�WKH�%LR7H[�ZHE�DSSOLFDWLRQ�	�ZHE�VHUYLFH�
LQRUGHU�WR�HQDEOH�DQ\RQH�WR�TXHU\�WR�XVH�DQ\�
RI�RXU�SURSRVHG�ELRPHGLFDO� WHUP�H[WUDFWLRQV�
PHWKRGV�RQ�RWKHU�GDWDVHWV��:H�DUH�DOVR�FRQ�
VLGHULQJ� WR�HQULFK�RXU�YDOLGDWLRQ�GLFWLRQDULHV�
ZLWK�%LR3RUWDO��WHUPV�IRU�(QJOLVK�DQG�&,60H)��
WHUPV�IRU�)UHQFK�

$&.12:/('*0(17

7KLV�ZRUN�ZDV�VXSSRUWHG�LQ�SDUW�E\�WKH�)UHQFK�
1DWLRQDO� 5HVHDUFK�$JHQF\� XQGHU� -&-&� SUR�
JUDP��JUDQW�$15����-6����������DV�ZHOO�DV�E\�
8QLYHUVLW\�0RQWSHOOLHU���DQG�&156�DQG�,%&�
3URMHFW��ZZZ�LEF�PRQWSHOOLHU�IU��

7DEOH�����3UHFLVLRQ�RI�F OCapiM− IRU�)UHQFK�ZLWK�DXWRPDWLF�DQG�PDQXDO�YDOLGDWLRQV�

0XOWL�7HUPV�E\�F OCapiM−

���WHUPV ���WHUPV ���WHUPV ����WHUPV ����WHUPV ����WHUPV

$XWRPDWLF�
9DOLGDWLRQ

������ ������ ������ ������ ������ ������

0DQXDO�
9DOLGDWLRQ

������� ������ ������ ������ ������ ������
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�����,QWHUQDWLRQDO�-RXUQDO�RI�.QRZOHGJH�'LVFRYHU\�LQ�%LRLQIRUPDWLFV��������������-DQXDU\�0DUFK�����

5()(5(1&(6

$O�.KDWLE��.���	�$PHU�%DGDUQHK����������$XWRPDWLF�
H[WUDFWLRQ�RI�$UDELF�PXOWL�ZRUG�WHUPV��,Q�3URF��RI�
&RPSXWHU� 6FLHQFH� DQG� ,QIRUPDWLRQ� 7HFKQRORJ\�
�,0&6,7���SS�����������

%DUUyQ�&HGHxR��$���6LHUUD��*���'URXLQ��3���	�$QD�
QLDGRX�� 6�� �������� $Q� LPSURYHG� DXWRPDWLF� WHUP�
UHFRJQLWLRQ�PHWKRG�IRU�6SDQLVK��SS�����±������3URF��
RI�&RPSXWDWLRQDO�/LQJXLVWLFV�DQG� ,QWHOOLJHQW�7H[W�
3URFHVVLQJ��GRL��������������������������B��

&LOLEUDVL��5��/���	�9LWDQ\L�� 3��0��%�� ��������7KH�
*RRJOH� VLPLODULW\� GLVWDQFH�� ,(((� 7UDQVDFWLRQV�
RQ� .QRZOHGJH� DQG� 'DWD� (QJLQHHULQJ�� ���±�����
GRL���������7.'(��������

(FN��1��-���:DOWPDQ��/���1R\RQV��(��&��0���	�%XWHU��
5��.����������$XWRPDWLF�WHUP�LGHQWLILFDWLRQ�IRU�ELEOLR�
PHWULF�PDSSLQJ��6SULQJHU/LQN�6FLHQWRPHWULFV��������

)UDQW]L�� .���$QDQLDGRX�� 6��� 	�0LPD�� +�� ��������
$XWRPDWLF� UHFRJQLWLRQ� RI� PXOWL�ZRUG� WHUPV�� 7KH�
&�YDOXH�1&�YDOXH� PHWKRG�� ,QWHUQDWLRQDO� -RXUQDO�
RQ�'LJLWDO�/LEUDULHV�����������±�����GRL���������
V������������

*UDFLD��-���7ULOOR��5���(VSLQR]D��0���	�0HQD��(����������
4XHU\LQJ�WKH�ZHE��$�PXOWLRQWRORJ\�GLVDPELJXDWLRQ�
PHWKRG�� ,Q� 3URFHHGLQJV� RI� WKH� �WK� ,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�:HE�(QJLQHHULQJ��SS�����±�����

*UDFLD�� -��� 7ULOOR�� 5��� (VSLQR]D��0��� 	�0HQD�� (��
��������:HE�EDVHG�PHDVXUH�RI�VHPDQWLF�UHODWHGQHVV��
,Q�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
:HE�,QIRUPDWLRQ�6\VWHPV�(QJLQHHULQJ��SS�����±�����

+OLDRXWDNLV��$��� =HUYDQRX�� .��� 	� 3HWUDNLV�� (�� *��
0�� ��������7KH�$07([�DSSURDFK� LQ� WKH�PHGLFDO�
GRFXPHQW�LQGH[LQJ�DQG�UHWULHYDO�DSSOLFDWLRQ��'DWD�
	�.QRZOHGJH�(QJLQHHULQJ�����±�����GRL���������M�
GDWDN������������

+XVVH\�� 5���:LOOLDPV�� 6��� 	�0LWFKHOO�� 5�� ��������
$XWRPDWLF�NH\SKUDVH�H[WUDFWLRQ��$�FRPSDULVRQ�RI�
PHWKRGV��,Q�3URF��RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�
RQ�,QIRUPDWLRQ�3URFHVV��DQG�.QRZOHGJH�0DQDJH�
PHQW��SS���������

-L��/���6XP��0���/X��4���/L��:���	�&KHQ��<����������
&KLQHVH�WHUPLQRORJ\�H[WUDFWLRQ�XVLQJ�ZLQGRZ�EDVHG�
FRQWH[WXDO�LQIRUPDWLRQ��,Q�3URFHHGLQJ�RI�&,&/LQJ�
�SS����±�����/1&6��GRL�������������������������
�B�

.QRWK�� 3��� 6FKPLGW��0��� 6PU]�� 3��� 	� =GUDKDO�� =��
��������7RZDUGV�D�IUDPHZRUN�IRU�FRPSDULQJ�DXWR�
PDWLF�WHUP�UHFRJQLWLRQ�PHWKRGV��,Q�3URFHHGLQJV�RI�
WKH�&RQIHUHQFH�=QDORVWL�

.UDXWKDPPHU�� 0��� 	� 1HQDGLF�� *�� �������� 7HUP�
LGHQWLILFDWLRQ�LQ�WKH�ELRPHGLFDO�OLWHUDWXUH��-RXUQDO�
RI�%LRPHGLFDO�,QIRUPDWLFV�����±�����GRL���������M�
MEL�������������30,'���������

.XSVF��$����������([WUDFWLRQ�DXWRPDWLTXH�GH�WHUPHV�
DC�SDUWLU�GH�WH[WHV�SRORQDLV��-RXUQDO�/LQJXLVWLTXH�GH�
&RUSXV��/DE7HVW2Q/LQH���Q�G����5HWULHYHG�IURP�KWWS���
ODEWHVWVRQOLQH�RUJ�

/RVVLR�9HQWXUD��-��$���-RQTXHW��&���5RFKH��0���	�7HLV�
VHLUH��0����������&RPELQLQJ�&�YDOXH�DQG�NH\ZRUG�
H[WUDFWLRQ�PHWKRGV�IRU�ELRPHGLFDO�WHUPV�H[WUDFWLRQ��
,Q�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�6\PSRVLXP�
RQ�/DQJXDJHV�LQ�%LRORJ\�DQG�0HGLFLQH�

/Y��<���	�=KDL��&��;����������:KHQ�GRFXPHQWV�DUH�
YHU\�ORQJ��%0���IDLOV��,Q�3URFHHGLQJV�RI�WKH���WK�
,QWHUQDWLRQDO�$&0�6,*,5�&RQIHUHQFH�RQ�5HVHDUFK�
DQG� 'HYHORSPHQW� LQ� ,QIRUPDWLRQ� 5HWULHYDO� �SS��
����±������

0HGHO\DQ��2���(LEH��)���	�:LWWHQ��,��+����������+X�
PDQ�FRPSHWLWLYH�WDJJLQJ�XVLQJ�DXWRPDWLF�NH\SKUDVH�
H[WUDFWLRQ��,Q�3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&RQ�
IHUHQFH�RI�(PSLULFDO�0HWKRGV�LQ�1DWXUDO�/DQJXDJH�
3URFHVVLQJ��(01/3���6LQJDSRUH�

0H6+� �0HGLFDO� 6XEMHFW� +HDGLQJV�� LV� WKH� 1/0�
FRQWUROOHG�YRFDEXODU\�WKHVDXUXV�XVHG�IRU�LQGH[LQJ�
DUWLFOHV�IRU�3XE0HG����������5HWULHYHG�IURP�KWWS���
ZZZ�QFEL�QOP�QLK�JRY�PHVK

1HQDGLF��*��� 6SDVLF�� ,���	�$QDQLDGRX�� 6�� ��������
0RUSKR�V\QWDFWLF�FOXHV�IRU�WHUPLQRORJLFDO�SURFHVVLQJ�
LQ�6HUELDQ��,Q�3URFHHGLQJV�RI�WKH�($&/�:RUNVKRS�
RQ�0RUSKRORJLFDO�3URFHVVLQJ�RI�6ODYLF�/DQJXDJHV�
�SS����±����

1R\��1��)��� 6KDK��1��+���:KHW]HO�� 3��/���'DL��%���
'RUI��0���	�*ULIILWK��1��%��HW�DO����������%LR3RUWDO��
2QWRORJLHV�DQG�LQWHJUDWHG�GDWD�UHVRXUFHV�DW�WKH�FOLFN�
RI�D�PRXVH��1XFOHLF�$FLGV�5HVHDUFK���������±�����
GRL���������QDU�JNS����30,'���������

5REHUWVRQ��6��(���:DONHU��6���	�%HDXOLHX��0����������
2NDSL�DW�75(&����$XWRPDWLF�DG�KRF��ILOWHULQJ��9/&�
DQG�LQWHUDFWLYH�WUDFN��,1���������±����

6FODQR��)���	�9HODUGL��3����������7HUP([WUDFWRU��$�
ZHE�DSSOLFDWLRQ�WR�OHDUQ�WKH�FRPPRQ�WHUPLQRORJ\�
RI� LQWHUHVW� JURXSV� DQG� UHVHDUFK� FRPPXQLWLHV�� ,Q�
(QWHUSULVH�,QWHURSHUDELOLW\�,,��SS�����������

6SHOD�9LQWDU����������&RPSDUDWLYH�HYDOXDWLRQ�RI�F�
YDOXH�LQ�WKH�WUHDWPHQW�RI�QHVWHG�WHUPV��,Q�3URFHHGLQJV�
RI�WKH�:RUNVKRS��0HWKRGRORJLHV�DQG�(YDOXDWLRQ�RI�
0XOWLZRUG�8QLWV�LQ�5HDOZRUOG�$SSOLFDWLRQV���/5(&�
�SS����±����
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&RS\ULJKW���������,*,�*OREDO��&RS\LQJ�RU�GLVWULEXWLQJ�LQ�SULQW�RU�HOHFWURQLF�IRUPV�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�RI�,*,�*OREDO�LV�SURKLELWHG�

,QWHUQDWLRQDO�-RXUQDO�RI�.QRZOHGJH�'LVFRYHU\�LQ�%LRLQIRUPDWLFV��������������-DQXDU\�0DUFK����������

7UHH7DJJHU�� �Q�G���� 5HWULHYHG� IURP� ZZZ�FLV�XQL��
PXHQFKHQ�GH�aVFKPLG�WRROV�7UHH7DJJHU

8QLILHG�0HGLFDO�/DQJXDJH�6\VWHP��80/6�����������
5HWULHYHG� IURP� KWWS���ZZZ�QOP�QLK�JRY�UHVHDUFK�
XPOV

=KDQJ��<���0LOLRV��(���	�=LQFLUKH\ZRRG��1����������$�
FRPSDULVRQ�RI�NH\ZRUG�DQG�NH\WHUP�EDVHG�PHWKRGV�
IRU�DXWRPDWLF�ZHE�VLWH�VXPPDUL]DWLRQ��,Q�3URFHHGLQJV�
RI�WKH�$$$,���:RUNVKRS�RQ�$GDSWLYH�7H[W�([WUDFWLRQ�
DQG�0LQLQJ��SS����±����

=KDQJ��=��� ,ULD�� -���%UHZVWHU��&���	�&LUDYHJQD�� )��
��������$�FRPSDUDWLYH�HYDOXDWLRQ�RI�WHUP�UHFRJQLWLRQ�
DOJRULWKPV��,Q�3URFHHGLQJV�RI�WKH�6L[WK�,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�/DQJXDJH�5HVRXUFHV�DQG�(YDOXDWLRQ�
�/5(&����

(1'127(6
��� KWWS���ZZZ�QOP�QLK�JRY�UHVHDUFK�XPOV
��� KWWS���PHVK�LQVHUP�IU
��� KWWS���ZZZ�FLV�XQL�PXHQFKHQ�GH�×VFKPLG�

WRROV�7UHH7DJJHU�
��� KWWS���ZZZ�QOP�QLK�JRY�PHGOLQHSOXV
��� KWWS���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG
��� KWWS���ELRSRUWDO�ELRRQWRORJ\�RUJ
��� KWWS���ZZZ�FKX�URXHQ�IU�FLVPHI�
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