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$EVWUDFW��:H� SUHVHQW� D� QRYHO� DSSURDFK� WR� DXWRPDWLF� WH[W� PLQLQJ� RQ� WKH�:RUOG:LGH�:HE��&RQVLGHULQJ� WKH� IDFW� WKDW� WKH� HQRUPRXVO\� G\QDPLF� JURZWK� RI� WKH�:::UHVXOWV�LQ�D�QHHG�IRU�QHZ��PRUH�SRZHUIXO�LQIRUPDWLRQ�H[WUDFWLRQ�WRROV�ZH�GHVLJQHG�DQGLPSOHPHQWHG� D� V\VWHP��ZKLFK� DGDSWV� WHFKQLTXHV� RULJLQDOO\� LQWURGXFHG� LQ� WKH� ILHOG� RIGDWD�PLQLQJ��:H�EHOLHYH�WKDW�VLPLODU�V\VWHPV��ZKLFK�XVXDOO\�EDVH�RQ�PDFKLQH�OHDUQLQJRU�QDWXUDO�ODQJXDJH�SURFHVVLQJ�PHWKRGV��FDQ�SURYH�WR�EH�LQHIIHFWLYH�ZKHQ�GHDOLQJ�ZLWKWKH� YHU\� ODUJH� QXPEHUV� RI� K\SHUWH[W� GRFXPHQWV� RI� GLIIHUHQW� VWUXFWXUH� DQG� VXEMHFW�0RUHRYHU��VXFK�V\VWHPV�WHQG�WR�WUHDW�+70/�GRFXPHQWV�DV�SODLQ� WH[WV�QRW� WDNLQJ� LQWRDFFRXQW�WKH�DGGLWLRQDO�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKHLU�PDUNXS�WDJV�

��,QWURGXFWLRQ
7KH�:RUOG�:LGH�:HE�KDV�LQGLVSXWDEO\�EHFRPH�RQH�RI�WKH�ODUJHVW�DQG�PRVW�GLYHUVHVRXUFHV�RI�LQIRUPDWLRQ�RQ�YLUWXDOO\�DQ\�VXEMHFW�LQWHUHVWLQJ�WR�KXPDQV��$W�WKH�VDPH�WLPHLW�KDV�PDGH�LW�LPSRVVLEOH�WR�KDQGOH�WKH�LQIRUPDWLRQ�PDQXDOO\��7KH�SUREOHP��NQRZQ�DVWKH�LQIRUPDWLRQ�RYHUORDG RQ�WKH�:::�FRQVWLWXWHV�VWLOO�D�QHZ�FKDOOHQJH�IRU�UHVHDUFKHUVLQ�QDWXUDO�ODQJXDJH�SURFHVVLQJ��PDFKLQH�OHDUQLQJ��DQG�UHODWHG�$,�GLVFLSOLQHV��DOVR�EHLQJD VXEMHFW� RI�PDQ\� FRPPHUFLDO� DSSOLFDWLRQV� >�@�� 6LQFH� WKH�PDMRULW\� RI� LQIRUPDWLRQ� LVHPEHGGHG�LQ�K\SHUWH[W�GRFXPHQWV��ZKLFK�DUH�XQGHUVWDQGDEOH�RQO\�WR�KXPDQV��WKH�LVVXHRI� FUHDWLQJ� HIIHFWLYH� VRIWZDUH� WRROV� IRU� SURFHVVLQJ� LW� DXWRPDWLFDOO\� UHPDLQV� DQ� RSHQSUREOHP�


 ,QVWLWXWH� RI� &RPSXWLQJ� 6FLHQFH�� 3R]QD� 8QLYHUVLW\� RI� 7HFKQRORJ\�� 3LRWURZR� �$�� ������� 3R]QD��3RODQG



$OWKRXJK�LQ�UHFHQW�\HDUV�D�FRQVLGHUDEOH�DPRXQW�RI�ZRUN�KDV�EHHQ�GRQH�LQ�DSSO\LQJPDFKLQH�OHDUQLQJ�DQG�QDWXUDO�ODQJXDJH�SURFHVVLQJ�DOJRULWKPV�WR�D�YDULHW\�RI�SUREOHPVLQ�FODVVLI\LQJ�DQG�H[WUDFWLQJ�LQIRUPDWLRQ�IURP�WKH�WH[W�>�@>�@>�@>�@>�@>��@>��@��PDQ\�RIWKH�SURSRVHG�PHWKRGV�ODFN�VFDODELOLW\�DQG�JHQHUDOLW\��L�H��WKH\�GR�QRW�WDNH�LQWR�DFFRXQWWKH� RYHUZKHOPLQJ� DPRXQWV� RI� GRFXPHQWV� RIWHQ� QHHGHG� WR� EH� SURFHVVHG� DQG� WKHFRVPRSROLWDQ�FKDUDFWHULVWLF�RI�WKH�:::��ZKLFK�UHVXOWV�LQ�WKH�IDFW�WKDW�WKH�ODQJXDJH�LQXVH�GRHV�QRW�QHFHVVDULO\�KDYH�WR�EH�(QJOLVK�,Q� WKLV� SDSHU� ZH� SUHVHQW� D� V\VWHP� GHVLJQHG� WR� H[WUDFW� UHOHYDQW�� KXPDQ�XQGHUVWDQGDEOH� LQIRUPDWLRQ� IURP� ODUJH� FROOHFWLRQV� RI� K\SHUWH[W� GRFXPHQWV�� 2XUV\VWHP��FDOOHG�-XLFHU��RSHUDWHV�RQ�GRFXPHQWV�IRUPLQJ�WKHPDWLF�GRPDLQV��DSSOLHV�D�QHZXQLYHUVDO�PHWKRG� WR� ILQGLQJ� UHSUHVHQWDWLYH� NH\ZRUGV� DQG� DVVLJQLQJ�ZHLJKWV� WR� WKHP�ILQGV�SRWHQWLDOO\� LQWHUHVWLQJ�DVVRFLDWLRQV�EHWZHHQ�NH\ZRUGV��DQG�SUHVHQWV� WKHP� WR� WKHXVHU�PDNLQJ�LW�SRVVLEOH�WR�DXWRPDWLFDOO\�GLVFRYHU�LQWHUHVWLQJ�LQIRUPDWLRQ�ZLWKRXW�HYHQVNLPPLQJ� WKH�GRFXPHQWV�RU� WR� LGHQWLI\� DQG� DFFHVV�RQO\� UHOHYDQW� GRFXPHQWV� LQ� D� IDVWDQG�HIIHFWLYH�ZD\�7R� FRSH� ZLWK� WKH� HQRUPRXVO\� ODUJH� FROOHFWLRQV� RI� GRFXPHQWV� SRVVLEOH� WR� REWDLQIURP�WKH�:::�ZH�SURSRVH�D�QRYHO�DSSURDFK��ZKLFK�DGDSWV�WKH�$SULRUL DOJRULWKP�>�@RULJLQDOO\�GHVLJQHG�WR�LQGXFH�DVVRFLDWLRQ�UXOHV�IURP�YHU\�ODUJH�GDWDEDVHV��9/'%��,Q� WKLV� SDSHU�� ZH� ILUVW� GHVFULEH� WKH� IXQFWLRQDOLW\� RI� -XLFHU�� 1H[W�� ZH� SUHVHQWSURSRVHG� PHWKRGV� DQG� DOJRULWKPV� FRPSDULQJ� WKHP� WR� WKH� FRPPRQO\� DSSOLHG� RQHV�)LQDOO\� ZH� JLYH� RXU� FRQFOXVLRQV� RQ� WKH� V\VWHP� SHUIRUPDQFH� DQG� WKH� SRVVLEOH� IXWXUHGHYHORSPHQW�RI�PHWKRGV�XVHG�LQ�-XLFHU�

��7KH�-XLFHU�V\VWHP
-XLFHU�KDV�EHHQ�GHYHORSHG�DV�D�%�6F��WKHVLV�LQ�WKH�,QVWLWXWH�RI�&RPSXWLQJ�6FLHQFH�3R]QD� 8QLYHUVLW\�RI�7HFKQRORJ\�>�@�7KH� V\VWHP� LV�ZULWWHQ� HQWLUHO\� LQ� -DYD��XVHV�2UDFOH� GDWDEDVH� DQG� FRQVLVWV� RI� WZRPDLQ�VRIWZDUH�PRGXOHV��/HPRQ�DQG�*UDSH��/HPRQ�LV�DQ�DGPLQLVWUDWLYH�WRRO�±�D�VWDQG�DORQH� -DYD� DSSOLFDWLRQ�� *UDSH� LV� WKH� XVHU� IURQW�HQG� LPSOHPHQWHG� DV� -DYD� VHUYOHWV�DFFHVVLEOH�WKURXJK�DQ\�:::�EURZVHU�OLNH�1HWVFDSH�1DYLJDWRU�RU�0LFURVRIW�,QWHUQHW([SORUHU��$Q�DGGLWLRQDO�DSSOLFDWLRQ�FDOOHG�2UDQJH�KDV�EHHQ�ZULWWHQ��ZKLFK�FDQ�EH�XVHGWR�FUHDWH�ORFDOL]HG�LQWHUIDFHV�IRU�/HPRQ�DQG�*UDSH�$Q� RYHUYLHZ� RI� -XLFHU¶V� VWUXFWXUH� DQG� IXQFWLRQDOLW\� LV� JLYHQ� LQ� )LJ���� ,WV� WKUHHVRIWZDUH� PRGXOHV� �L�H��� /HPRQ�� 2UDQJH�� DQG� *UDSH�� DUH� GLVWLQJXLVKHG� E\� EUDFNHWVHQFORVLQJ�WKHLU�IXQFWLRQDO�VXE�PRGXOHV��7KH�DUURZV�WKDW�FDQ�EH�VHHQ�EHWZHHQ�SDUWLFXODUV\VWHP�VXE�PRGXOHV�DQG�GDWDEDVHV�UHSUHVHQW�WKH�GDWD�IORZ�LQ�WKH�V\VWHP�



)LJ����7KH�RYHUYLHZ�RI�-XLFHU

ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
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ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL

ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL

3URJUHVVLYH�5RFN

&RPSXWHU�6FLHQFH

%LRORJ\
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL

ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL

ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL

ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL

ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL

H[WUDFWLQJGRFXPHQWNH\ZRUGV
ILOWHULQJ�DQ\IRUPDW�WRSODLQWH[WVWUHDP

VWRULQJVHQWHQFHVRI�WKHGRFXPHQW

DVVRFLD�WLRQVGRFXPHQWVNH\ZRUGV GRPDLQNH\ZRUGVGRFXPHQWVFRQWHQWV

H[WUDFWLQJFRPPRQZRUGV
GLVFRYHULQJDVVRFLDWLRQVLQ�GRPDLQV

.QRZOHGJH�DFTXLULQJ�FRUH

FRPPRQZRUGV

H[WUDFWLQJGRPDLQNH\ZRUGV

-DYD�VHUYOHWHQG�XVHUHQJLQH OD\RXWLQJHQJLQH
NH\ZRUG��EDVHGGRFXPHQWVHDUFKLQJ

PDWFKLQJQHZGRFXPHQWVWR�GRPDLQV
VHDUFKLQJIRU�UHODWHGWHUPV

8WLOL]LQJ�V\VWHP�NQRZOHGJH

-XLFHU�GDWDEDVH���GRFXPHQWV -XLFHU�GDWDEDVH���GRPDLQV
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1HWZRUN �HQG�XVHU�LQWHUIDFH

+773�3URWRFRO��+70/�SDJHV
*5$3(

/(021

6WULQJPDQDJHPHQWXVHU�DSSOHW�DGPLQ�WRRO�
3URJUDP�VWULQJV�ORFDOL]DWLRQ

6WULQJORFDOL]DWLRQPRGXOH

25$1*(

ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL

6SLNH�/HH
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL

ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL
ERD VLKGVLRGKD VVRLKGRD VLKVGRLKVVXRVKGVRVL

/HPRQ� ZUDSV� WKH� FRUH� RI� WKH� V\VWHP� ±� NH\ZRUG� DQG� DVVRFLDWLRQV� GLVFRYHULQJHQJLQH�� ,W� KDV� QXPHURXV� IHDWXUHV� VXFK� DV� ZHE�VSLGHU�� 64/� FRQVROH� ZLWK� RXWSXWIRUPDWWLQJ� �IRU� DGYDQFHG�V\VWHP�DGPLQLVWUDWRUV�� DQG��PRVW�RI�DOO�� JUDSKLFDO� DFFHVV� WRPDQ\�V\VWHP�YDULDEOHV�DQG�GDWD�VWRUHG�LQ�WKH�GDWDEDVH�*UDSH�LV�D�VHW�RI�+70/�SDJHV�FRPELQHG�ZLWK�VHUYOHWV��,W�DOORZV�XVHUV�WR�PDNH�XVHRI� IRXU� V\VWHP� VHUYLFHV�� GLVSOD\LQJ� GRPDLQV� DQG� WKHLU� DVVRFLDWLRQV�� VHDUFKLQJ� IRUUHODWHG�WHUPV��NH\ZRUG�ORRNXS�RI�GRFXPHQWV��DQG�DVVLJQLQJ�QHZ�GRFXPHQWV�WR�H[LVWLQJGRPDLQV�



)LJ����/HPRQ�±�DGPLQLVWUDWLYH�DSSOLFDWLRQ�RI�-XLFHU

,Q�)LJ���RQH�FDQ�QRWLFH�DQ�H[DPSOH�RI�WKH�IXOO\�FXVWRPL]DEOH�XVHU�LQWHUIDFH��ZKLFKLV�D�XQLTXH�IHDWXUH�LQ�ZHE�VHDUFKLQJ�V\VWHPV�
)LJ����*UDSH�±�XVHU�IURQW�HQG�RI�-XLFHU



7KH��GRPDLQ� LQIR� VHUYLFH�GLVSOD\V� VSHFLILF� LQIRUPDWLRQ�DERXW�GRPDLQV� VWRUHG� LQWKH�V\VWHP��2QH�FDQ�VHH�WKH�GRPDLQ¶V�VWURQJHVW�DVVRFLDWLRQV��LWV�NH\ZRUGV��WKH�QXPEHURI�GRFXPHQWV�FRQVWLWXWLQJ�WKH�GRPDLQ��HWF�7KH� �NH\ZRUGV� VHUYLFH� LV� H[DFWO\� ZKDW� RWKHU� VHDUFK� HQJLQHV� OLNH� $OWDYLVWD� RU*RRJOH�RIIHU�±�LW�OLVWV�GRFXPHQWV�WKDW�VRPHKRZ�UHIHU�WR�WKH�OLVW�RI�NH\ZRUGV�SURYLGHGE\�WKH�XVHU��,Q�WKLV�IXQFWLRQDO�DUHD�-XLFHU�SURYLGHV�WKH�VDPH�RSWLRQV�DV�DQ\�RWKHU�VHDUFKV\VWHP�7KH� WZR� UHPDLQLQJ� VHUYLFHV�PDNH�XVH�RI� WKH� DVVRFLDWLRQ� UXOHV
 ±� D� IHDWXUH�ZKLFKGLVWLQJXLVKHV�-XLFHU�DPRQJ�RWKHU�LQIRUPDWLRQ�H[WUDFWLRQ�V\VWHPV���:RUGV�DVVRFLDWLRQV�LV�D�VLPSOH�VHUYLFH�WKDW�DOORZV�QDYLJDWLQJ�WKURXJK�DVVRFLDWLRQV�IRXQG�RQ�WKH�GDWD�VWRUHGLQ� WKH�V\VWHP��)RU� LQVWDQFH� IRU� WKH�ZRUG��ULJKW�� LQ�RQH�RI� WKH�GRPDLQV�ZH�ZRXOG�JHWDVVRFLDWLRQV�OLNH��ULJKWÆFRRUGLQDWH�����ULJKWÆOHIW��RU��ULJKWÆFRUQHU���%\� ORFDWLRQ� LV� D� VLPSOH� DVVLVWDQFH� VHUYLFH� WKDW� OHWV� WKH� XVHU� PDWFK� DQ� +70/GRFXPHQW��SRLQWHG�E\�LWV�85/�DGGUHVV��WR�RQH�RI�V\VWHP�GRPDLQV��6XFK�KHOS�LV�XVHIXO�LIZH�KDYH�D�GRFXPHQW�RI�ZKLFK�ZH�DUH�QRW�VXUH�ZKDW�LW�FRQWDLQV�DQG�ZH�ZDQW�WR�ILQG�RXWZLWKRXW�UHDGLQJ�LW�WKRURXJKO\�

��,QIRUPDWLRQ�H[WUDFWLRQ�LQ�-XLFHU
����([WUDFWLQJ�NH\ZRUGV�IURP�GRFXPHQWV
.H\ZRUG�H[WUDFWLRQ�LV�ZKDW�DFWXDOO\�VWDUWV�WKH�SURFHVV�RI�GLVFRYHULQJ�DVVRFLDWLRQVLQ�-XLFHU��$�JRRG�NH\ZRUG�LV�D�ZRUG�WKDW�LV� LQ�VRPH�ZD\�UHSUHVHQWDWLYH RI�WKH�WH[W� LWZDV� SLFNHG� IURP�� ,Q� -XLFHU
V� FDVH� LW� LV� FUXFLDO� WR� SLFN� RXW� YHU\� UHSUHVHQWDWLYH� DQGLQWHUHVWLQJ�ZRUGV�EHFDXVH�D�XVHU�ZDQWV�WKH�GLVFRYHUHG�ZRUG�DVVRFLDWLRQV�WR�KDYH�ERWKRI�WKRVH�IHDWXUHV��,I�ZH�GLGQ¶W�SD\�HQRXJK�DWWHQWLRQ�WR�WKLV�SKDVH��ZH�ZRXOG�EH�DSW�WRFKRRVH� ZRUGV� WKDW� DUH� IUHTXHQW� LQ� WKH� WH[W�� EXW� DUH� XVHOHVV� IRU� GLVFULPLQDWLQJ� RISDUWLFXODU�GRPDLQV�WKH�WH[W�FRPHV�IURP��ZRUGV�OLNH�³WKH´��³WKDW´�RU�³WKLV´�±�ZH�UHIHU�WRWKHP�DV�FRPPRQ�ZRUGV RU�MXQN�ZRUGV��:H�GHFLGHG�WKDW�DOO�RI�ZRUG�DVVRFLDWLRQV�ZRXOG�LQFOXGH�UHODWLRQV�EHWZHHQ�GRPDLQNH\ZRUGV��IRU�WKH�GHILQLWLRQ�RI�D�GRPDLQ��UHIHU�WR�VHFWLRQ�������$Q�DVVRFLDWLRQ�EHWZHHQRFFDVLRQDO� ZRUGV� FDQQRW� KDYH� D� KLJK� VXSSRUW� YDOXH� EHFDXVH� WKH� VXSSRUW� RI� DQDVVRFLDWLRQ� LV� DOZD\V� VPDOOHU� WKDQ� DOO� VXSSRUWV� RI�ZRUGV� FRQVWUXFWLQJ� LW� DQG� LI� WKRVHZRUGV�KDG�KLJK�VXSSRUW�YDOXH�� WKH\�ZRXOGQ
W�EH�RFFDVLRQDO��7KHUHIRUH�WKH�DVVRFLDWLRQZRXOG� EH� UHPRYHG� ODWHU� RQ� DQ\ZD\� EHFDXVH� RI� LWV� VXSSRUW� YDOXH� EHLQJ� EHORZ� WKHVXSSRUW�WKUHVKROG��UHIHU�WR������7KH�PRVW�FRPPRQ�SUDFWLFH�DSSOLHG� WR� ILQG�RXW�ZKLFK�ZRUGV� DUH� FKDUDFWHULVWLF� WRWKH� GRFXPHQW�� LV� WR� XVH� VRPH� IUHTXHQF\�EDVHG� PHWKRG� >��@>��@�� 6RPHWLPHV� LW� LV


 ,Q�IDFW��ZH�VHDUFK�IRU�IUHTXHQW�VHWV��VHH�FKDSWHU���������QRW�VWDQGDUG�DVVRFLDWLRQ�UXOHV�



HQRXJK�WR�FDOFXODWH�KRZ�PDQ\�WLPHV�D�JLYHQ�ZRUG�RFFXUV�LQ�WKH�GRFXPHQW�DQG�GLYLGHWKDW� ILJXUH�E\� WKH� WRWDO�QXPEHU�RI�ZRUGV� LQ� LW��6LPSOH�DV� LW� LV�� WKDW�PHWKRG�KDV�PDQ\GUDZEDFNV�� 7KH� UDWLR� GHSHQGV� VWURQJO\� RQ� WKH� OHQJWK� RI� WKH� GRFXPHQW� IRU� LQVWDQFH�%HVLGHV� LQ� +70/� GRFXPHQWV� WKHUH� LV� DQRWKHU� SLHFH� RI� LQIRUPDWLRQ� WKDW� WKH� DERYHVLPSOH� PHWKRG� GRHVQ¶W� FRXQW� LQ� DQG� ZKLFK� VHHPHG� YHU\� WHPSWLQJ� WR� XVH� ±� +70/PDUNXS� WDJV�� 7KRVH� WDJV� GHVFULEH� WKH� VWUXFWXUH� RI� D� GRFXPHQW� �IRU� H[DPSOH� WKH�7,7/(! WDJ� LQGLFDWHV� WKH� WLWOH� RI� WKH� GRFXPHQW��� 0DQ\� RI� +70/� HOHPHQWV� FDUU\DGGLWLRQDO�LQIRUPDWLRQ�DERXW�ZRUGV�WKH\�DIIHFW��OLNH�EROGIDFH�RU�XQGHUOLQH�XVXDOO\�PHDQHPSKDVLV�SXW�RQ� WKRVH�ZRUGV� �RQH�FDQ�GHGXFH� WKH\�PXVW�EH�PRUH� LPSRUWDQW� WKDQ� WKHRWKHU�RQHV��VR�SHUKDSV�WKH\�DUH�NH\ZRUGV��,Q� WKLV� VHFWLRQ�ZH�GHVFULEH� WKH�PHWKRGV� DQG� IRUPXODV�XVHG� WR� DVVLJQ�ZRUGV� WKHLULPSRUWDQFH YDOXH��ZRUGV�KDYLQJ�LPSRUWDQFH�KLJKHU�WKDQ�VRPH�WKUHVKROG�DUH�FRQVLGHUHGNH\ZRUGV��
������&DOFXODWLQJ�ZRUGV�LPSRUWDQFH�IRU�DQ�+70/�GRFXPHQW
7KH� NH\ZRUG� LPSRUWDQFH�� ZKLFK� ZH� GHILQH� ODWHU� LQ� WKLV� SDUDJUDSK�� LV� WKH� YHU\EDVHOLQH� IRU� IXUWKHU� GLVFRYHULQJ� RI� DVVRFLDWLRQ� UXOHV�� ,WV� FDOFXODWLRQ� LV� QRWVWUDLJKWIRUZDUG�DQG�LW�FRQVLVWV�WKUHH�SKDVHV�)LUVW� ZH� FDOFXODWH� WKH� ZHLJKW� RI� HDFK� VLQJOH� ZRUG� ZKLFK� LV� D� GHULYDWLYH� RI� WKHZRUG¶V� FRQWH[W�� 7KH� FRQWH[W� ZH� DUH� WDONLQJ� DERXW� LV� D� UHVXOW� RI� +70/� WDJV¶� VFRSH�,QLWLDOO\�DOO�ZRUGV�LQ�D�GRFXPHQW�KDYH�WKH�VDPH�ZHLJKW�YDOXH��Z� ���7KDW�YDOXH�LV�WKHQPRGLILHG� XVLQJ� VR�FDOOHG� UHZDUGV DQG� SHQDOWLHV�� GHSHQGLQJ� RQ� WKH� WDJV� WKH� ZRUG� LVZLWKLQ��+HUH�LV�D�VKRUW�H[DPSOH�RI�ZKDW�ZH�XQGHUVWDQG�XQGHU�WKRVH�WHUPV��/HW¶V�DVVXPHWKH�IROORZLQJ�VHQWHQFH�FRPHV�IURP�DQ�+70/�GRFXPHQW�

<RX�VKRXOG�WDNH�SDUW�LQ�RXU�YHU\�VSHFLDO�SURPRWLRQ�
$V� RQH� FDQ� VHH�� SDUW� RI� WKH� VHQWHQFH� LV� GLVSOD\HG� LQ� EROGIDFH� DQG� RQH� ZRUG� LVXQGHUOLQHG��7KH�VRXUFH�+70/�FRGH�IRU�WKDW�VHQWHQFH�FRXOG�ORRN�DV�VKRZQ�EHORZ�
<RX�VKRXOG�WDNH�SDUW�LQ�RXU��%!YHU\�VSHFLDO��8!SURPRWLRQ��8!��%!�
7KH� LQLWLDO�ZHLJKW�Z��HTXDOV� �� IRU� HDFK�ZRUG� LQ� WKH� VHQWHQFH��7KH��%! WDJ� VFRSHZLOO�EH�UHZDUGHG�ZLWK�VRPH�KLJKHU�YDOXH��H�J����DQG�WKH��8! WDJ�ZLOO�EH�JLYHQ�D�SHQDOW\RI�±���MXVW�IRU�WKH�QHHG�RI�WKH�H[DPSOH��DOWKRXJK�LW�LV�QRW�QHFHVVDULO\�DGHTXDWH�WR�KRZXQGHUOLQHG�WH[W� LV�XVXDOO\�SHUFHLYHG���7R�FDOFXODWH�ZRUGV¶�ZHLJKWV�ZH�QHHG�RQH�PRUHHOHPHQW� ±� WKH� WDJ� LQIOXHQFH� DJJUHJDWLRQ� IXQFWLRQ�� 7KDW� IXQFWLRQ� FDQ� EH� GHILQHG� LQ� DQXPEHU�RI�ZD\V��IRU� GHWDLOV�� UHIHU� WR� >�@���ZH� XVHG� WKH�),)2�GHILQLWLRQ� LQ�ZKLFK� WKHVHTXHQFH� RI� WDJV� LQ� WKH� ILOH� LPSRVHV� WKH� RUGHU� RI� SHQDOWLHV�UHZDUGV� XVHG� WR� PRGLI\ZRUGV
� ZHLJKWV�� ,Q� RXU� H[DPSOH� WKH� ILUVW� WDJ� WR� DIIHFW� WKRVH� ZHLJKWV� ZRXOG� EH� �%!EHFDXVH�LW�FRPHV�EHIRUH��8!�



7KH�),)2�IXQFWLRQ�DJJUHJDWLQJ� UHZDUGV� DQG�SHQDOWLHV� IRU� D�ZRUG� LQ� FRQWH[W� RI�QWDJV�]��]������]Q LV�GHILQHG�EHORZ��)RU�HDFK�WDJ�]L D�SHQDOW\�RU�UHZDUG�YDOXH�RI�WL LVGHILQHG�� 7KDW� YDOXH� LV� LQ� UDQJH� >�ZPLQ�ZPD[@�� LI� LW¶V� OHVV� WKDQ� ]HUR� LW� PHDQV� SHQDOW\�UHZDUG�RWKHUZLVH� Z Z�IRU�L ��WR�Q�GRLI��WL! ���WKHQ���WL LV�D�UHZDUGZ� �Z���WL
�ZPD[�Z���ZPD[�ZPLQ�HOVH ���WL LV�D�SHQDOW\Z� �Z�±�_WL_
�Z�ZPLQ���ZPD[�ZPLQ�1RZ�ZH�FDQ�FDOFXODWH�ZHLJKWV�IRU�WKUHH�VDPSOH�ZRUGV�LQ�RXU�H[DPSOH�±�³VKRXOG´�³YHU\´�DQG�³SURPRWLRQ´�
ZPD[ �����ZPLQ ����Z� ���UHZDUG�%� ���UHZDUG�8� ��³6+28/'´��Z Z� �³9(5<´��Z� ���Z Z� ���
���������������� �³352027,21´��Z� ���Z� ���
���� ���Z Z� ��_��_
���� ���7KH�FRQWH[W�ZHLJKWLQJ�DQG�WKH�),)2�SURFHGXUH�ZH�GHVFULEHG�VHHP�YHU\�VXLWDEOH�IRUPRGHOLQJ�XVHU�SHUFHSWLRQ�RI� WKH�GLVSOD\HG�WH[W��7KURXJK�WKH�FXVWRPL]HG�GHILQLWLRQ�RIUHZDUGV�DQG�SHQDOWLHV�IRU�WDJV��WKH�V\VWHP�XVHU�FDQ�DFKLHYH�YHU\�VLPSOH�ILOWHU� WKURXJKZKLFK�KH�RU�VKH�FDQ�SXW�VRPH�PRUH�HPSKDVLV�RQ�GHVLJQ�VW\OHV�WKDW�KH�RU�VKH�ILQGV�PRUHLPSRUWDQW�,Q� VRPH�FDVHV�KRZHYHU� DVVLJQLQJ�ZHLJKWV� WR�ZRUGV�EDVHG�RQ�+70/� WDJV�FDQ�EHPLVOHDGLQJ�±�OHW¶V�LPDJLQH�WKDW�DQ�DXWKRU�IRUJHWV�WR�FORVH�D�WDJ��:KDW�KDSSHQV�WKHQ�LVWKDW�WKH�WDJ�UHZDUGV�PDMRULW\�RI�ZRUGV��ZKLFK�LQ�IDFW�ZRXOG�EH�XQIDLU�RU�PHDQLQJOHVV�EHFDXVH�JLYLQJ�D�UHZDUG�WR�DOO�ZRUGV�LV�WKH�VDPH�DV�QRW�JLYLQJ�LW�DW�DOO���$OVR��LW�YHU\RIWHQ�KDSSHQV�WKDW�DXWKRUV�RYHUXVH�VRPH�WDJV��H�J��WR�PDNH�WKH�GRFXPHQW�YLVXDOO\�PRUHDWWUDFWLYH�� ,Q� VXFK�FDVH� LW�ZRXOG�EH�XQIDLU� WR� UHZDUG�ZRUGV� LQ� VXFK�D�GRFXPHQW�ZLWKKLJK�ZHLJKWV�ZKHQ�LW�LV�D�PDWWHU�RI�PLVLQWHUSUHWDWLRQ�RI�VW\OHV�LQ�+70/���,Q� -XLFHU� ZH� WULHG� WR� DYRLG� VLWXDWLRQV� DV� PHQWLRQHG� DERYH� E\� LQWURGXFLQJ� WKHGHYDOXDWLRQ�RI�FRPPRQO\�XVHG�WDJV��,W¶V� WKH�VHFRQG�SKDVH�RI�WKH�SURFHVV�RI�H[WUDFWLQJNH\ZRUGV�IURP�WKH�GRFXPHQW�7KH�GLPLQLVKLQJ�LQIOXHQFH�RI�D�SDUWLFXODU��YHU\�FRPPRQO\�XVHG�WDJ��LV�DFKLHYHG�E\GHFUHDVLQJ� LWV� UHZDUG� RU� SHQDOW\�� .QRZLQJ� ZKDW� SHUFHQWDJH� RI� DOO� ZRUGV� LQ� WKHGRFXPHQW� WKH� WDJ�DIIHFWV��ZH� FDQ� UHFDOFXODWH� LWV� UHZDUG�RU� SHQDOW\� XVLQJ� WKH� IRUPXODJLYHQ�EHORZ�

IUHTUHZDUGLQLWLDOUHZDUGDFWXDO � �
BB
:KHUH� IUHT LV� WKH� UDWLR�RI�DOO�ZRUGV�ZLWKLQ� WKDW� WDJ� VFRSH� WR� WKH� WRWDO�QXPEHU�RIZRUGV�LQ�WKH�GRFXPHQW�1DWXUDOO\� WKH� DFWXDO� UHZDUG� RU� SHQDOW\� YDOXH� KDV� WR� EH� NQRZQ� EHIRUH� ZHLJKWLQJZRUGV��:H�VZDSSHG�WKH�WZR�SKDVHV�EHFDXVH� LW� VHHPHG�PRUH�UHDVRQDEOH� WR� ILUVW� VKRZKRZ�ZH�ZHLJKW�ZRUGV�DQG�WKHQ�KRZ�ZH�PRGLI\�WKDW�SURFHVV�

���

���



7KH�ODVW�SKDVH�RI�NH\ZRUG�H[WUDFWLRQ�DJJUHJDWHV�WKH�ZHLJKWV�RI�LGHQWLFDO�ZRUGV�WRRQH�YDOXH��ZKLFK�ZH�FDOOHG�ZRUG�LPSRUWDQFH��)RU�D�WKRURXJK�H[SODQDWLRQ�RI�WKH�XVHGIRUPXOD��SOHDVH�UHIHU�WR�>��@�
L

6V M
L 6

VZ6LPSRUWDQFH LM¦� ����
:KHUH�6L LV�WKH�VHW�RI�LGHQWLFDO�ZRUGV�VM LQ� WKH�GRFXPHQW��Z�VM� LV� WKH�ZHLJKW�RI�DVLQJOH�ZRUG�VM�IURP�WKDW�VHW��,Q�RWKHU�ZRUGV��LPSRUWDQFH�LV�D�VXP�RI�ZHLJKWV�IRU�VRPHSDUWLFXODU�ZRUG�GLYLGHG�E\�WKH�VTXDUH�URRW�RI�WKH�QXPEHU�RI�RFFXUUHQFHV�WKDW�ZRUG�KDVLQ�WKH�GRFXPHQW�(YHQWXDOO\�ZH�VRUW�DQG�QRUPDOL]H� WKH� UHVXOW��:RUGV�KDYLQJ� WKH�KLJKHVW� UDQNV� DUHVXSSRVHG� WR� EH� NH\ZRUGV� �VRPH� RI� WKHP� FDQ� VWLOO� EH� FRPPRQ� WHUPV�� ZKLFK�ZLOO� EHUHPRYHG�ODWHU�RQ�DIWHU�FRPPRQ�ZRUGV�H[WUDFWLRQ�SKDVH��
����([WUDFWLQJ�NH\ZRUGV�IURP�GRPDLQV
$OO� GRFXPHQWV� VWRUHG� LQ� -XLFHU
V� GDWDEDVH� DUH� JURXSHG� LQ� ORJLFDO� VHWV� FDOOHGGRPDLQV�� 0RUH� IRUPDOO\�� D� GRPDLQ� PD\� EH� VSHFLILHG� DV� D� VHW� RI� GRFXPHQWV�� ZKLFKUHODWH� WR� WKH� VDPH�� RU� YHU\� FORVH�� VXEMHFW�� $OVR� RWKHU� GHILQLWLRQV� PD\� EH� JLYHQ�� IRULQVWDQFH� D� GRPDLQ� LV� D� VHW� RI� GRFXPHQWV� ZLWK� D� YRFDEXODU\� IURP� WKH� VDPH� ILHOG RIVFLHQFH��FXOWXUH�HWF�,W� VHHPV� LPSRVVLEOH� WR�JLYH� DQ\� VWULFW�GHILQLWLRQ�RI� D� GRPDLQ��([DPSOHV� RI� WKHPVXFK�DV��FDUV��FRPSXWHU�VFLHQFH��ELRORJ\�RU�KHDY\�LQGXVWU\�DUH�DOO�FRUUHFW�EXW�DV�ZHOO�ZHFRXOG�VSOLW�FRPSXWHU�VFLHQFH�WR�SURJUDPPLQJ�ODQJXDJHV��KDUGZDUH�DQG�QHWZRUNLQJ�DQGWKH\�ZRXOG�VWLOO�UHPDLQ�D�SHUIHFW�H[DPSOH�RI�GRPDLQV��2XU�LQWHQWLRQ�ZDV�WR�OHDYH�WKDWSDUW�WR�V\VWHP�DGPLQLVWUDWRU��ZKR�FDQ�DVN�RWKHU�SHRSOH��L�H��V\VWHP�XVHUV��H[SHUWV��IRUKHOS��7KHUH�DUH� VRPH�KLQWV�DERXW�JRRG�GRPDLQV� WKRXJK��$�GRPDLQ� VKRXOG� FRQWDLQ� DWOHDVW� WZHQW\� PLG�VL]HG� GRFXPHQWV�� VR� WKDW� WKH� SURFHVV� RI� H[WUDFWLQJ� NH\ZRUGV� LVUHOLDEOH�DQG�WKH�DVVRFLDWLRQV�IRXQG�LQ�VXFK�D�GRPDLQ�DUH�UHSUHVHQWDWLYH��$OVR�LW�VKRXOGQRW� EH� WRR� ELJ� VLQFH� �RYHUVL]HG�� GRPDLQV� WHQG� WR� LQWURGXFH� D� ORW� RI� XQLPSRUWDQWLQIRUPDWLRQ� �QRLVH��� ZKLFK� GUDVWLFDOO\� UHGXFHV� V\VWHP� SHUIRUPDQFH� DQG� GRHV� QRWLPSURYH�UHVXOWV�DW�DOO��$�JRRG�SLHFH�RI�DGYLFH�LV�WR�FKRRVH�GRFXPHQWV��ZKLFK�DUH�YHU\VSHFLILF WR�D�GRPDLQ�7KH� TXHVWLRQ� DULVHV� LI� LW
V� ZRUWK� WKURZLQJ� DOO� WKDW� H[WUD� ZRUN� RQ� DGPLQLVWUDWRU
VVKRXOGHUV�DQG�ZKDW�DUH� WKH�EHQHILWV�RI�KDYLQJ�GRPDLQV� LQ� WKH� V\VWHP��:H�ZLOO� WU\� WRSRLQW�RXW�D�IHZ�$Q� LPSRUWDQW� DGYDQWDJH�RI�NHHSLQJ� WKH� GRFXPHQWV� JURXSHG� QHDWO\� LQ� GRPDLQV� LVWKDW� LW� PDNHV� LW� SRVVLEOH� WR� XVH� D� YHU\� VLPSOH� \HW� HIIHFWLYH� MXQN�ZRUGV� GLVFRYHULQJDOJRULWKP�WKDW�LV�EDVHG�RQ�GRPDLQV��7KHUH�LV�QR�QHHG�RI�LQVWDOOLQJ�DGGLWLRQDO�VRIWZDUHRU�GLFWLRQDULHV�IRU�JHWWLQJ�ULG�RI�FRPPRQ�ZRUGV�OLNH�SURQRXQV�IRU�LQVWDQFH��0RUHRYHU�LW

���



LV�SRVVLEOH�WR�JHW�ULG�RI�FRPPRQ�ZRUGV�IURP�YLUWXDOO\�DQ\ ODQJXDJH�WKDW�KDV�UHODWLYHO\VLPSOH�LQIOH[LRQ��:H�GLVFXVV�WKLV�VXEMHFW�LQ�WKH�QH[W�VXEVHFWLRQ�$QRWKHU� DVVHW� RI�KDYLQJ�GRPDLQV� LV� WKDW� DIWHU� WKH�NQRZOHGJH�EDVH� LV� FUHDWHG� RQHFDQ�XVH�WKH�V\VWHP�WR�DVVLJQ�D�GRFXPHQW�WR�VRPH�GRPDLQ��ZLWKRXW�HYHQ�UHDGLQJ�LW��7KHDVVLJQPHQW�LV�EDVHG�RQ�DVVRFLDWLRQV�GLVFRYHUHG�LQ�GRPDLQV��DV� LW�ZLOO�EH�H[SODLQHG�LQVHFWLRQ�������
������3UHSDULQJ�WKH�OLVW�RI�NH\ZRUGV�IRU�D�GRPDLQ
+DYLQJ� H[SODLQHG� WKH� LPSRUWDQW� UROH� RI� DQ� HIIHFWLYH� NH\ZRUG� H[WUDFWLRQ� IRU� DGRFXPHQW�� ZH� FDQ� SURFHHG� WR� WKH� GHVFULSWLRQ� RI� WKH� FRUUHVSRQGLQJ� SURFHVV� IRU� WKHZKROH�GRPDLQ�7KH� VLPSOHVW� DSSURDFK�ZRXOG�EH� WR�PDNH�XVH�RI�NQRZQ�NH\ZRUGV� FDOFXODWHG� IRUVHSDUDWH�GRFXPHQWV��7KDW� LQGHHG�ZRXOG�EH�YHU\�VLPSOH��KRZHYHU� LW� LV�ZRUWK�QRWLFLQJWKDW�D�ZRUG�ZKLFK�LV�UHSUHVHQWDWLYH�RI�D�GRFXPHQW�LV�QRW�QHFHVVDULO\�UHSUHVHQWDWLYH�RIWKH� GRFXPHQW¶V� GRPDLQ�� 7KXV�� LQVWHDG� RI� LQWURGXFLQJ� D� PHWKRG� IRU� DJJUHJDWLQJNH\ZRUGV� IURP� VHSDUDWH� GRFXPHQWV� ZH� GHFLGHG� WR� XVH� D� SUREDELOLVWLF� WHFKQLTXHGHVFULEHG�EHORZ�7KH�JHQHUDO�LGHD�RI�WKH�SUREDELOLVWLF�NH\ZRUG�H[WUDFWLRQ�LV�WR�WUHDW�HYHU\�GRPDLQ�DVD�ZKROH�� L�H��RQH�ELJ�GRFXPHQW��)RU� HDFK�ZRUG�VN LQ�GRPDLQ�'L ZH�FDQ� FDOFXODWH� WKHSUREDELOLW\�WKDW�VRPH�UDQGRPO\�GUDZQ�ZRUG�IURP�'L ZLOO�EH�VN�¦� 

LLM 'G LMLMNNWRWDO G3GV3V3 ��
����
:KHUH�VN LV�VRPH�SDUWLFXODU�ZRUG�IURP�GRPDLQ�'L��GLM LV� L�WK�GRFXPHQW� IURP� WKDWGRPDLQ��3�VN_GLM��LV�WKH�SUREDELOLW\�RI�GUDZLQJ�ZRUG�VN IURP�GRFXPHQW�GLM��3�GLM� LV�WKHSUREDELOLW\�RI�FKRRVLQJ�GRFXPHQW�GLM IURP�GRPDLQ�'L�,PSOHPHQWDWLRQ�RI�WKDW�IRUPXOD�LV�HYHQ�OHVV�VRSKLVWLFDWHG�±�ZH�GLYLGH�WKH�VXP�RIZHLJKWV��VHH�IRUPXOD����RI�DOO�RFFXUUHQFHV�RI�D�SDUWLFXODU�ZRUG�E\�WKH�VXP�RI�ZHLJKWVIRU�DOO�ZRUGV�LQ�WKH�GRPDLQ��6LPSOH�DV� WKDW�� WKH�UHVXOWLQJ�SUREDELOLW\� LV�UHSUHVHQWDWLYHDQG�QRUPDOL]HG�IRU�WKH�ZKROH�GRPDLQ�7KH� WHUPV� KDYLQJ� KLJKHVW� SUREDELOLW\� DUH� DSW� WR� EHFRPH� NH\ZRUGV� LI� RQH� PRUHFRQGLWLRQ� LV� IXOILOOHG�� /HW
V� DVVXPH� D� ZRUG� RFFXUV� RQO\� LQ� D� YHU\� VPDOO� IUDFWLRQ� RIGRPDLQ
V� GRFXPHQWV�� EXW� LW� KDV� YHU\� KLJK� LPSRUWDQFH� LQ� WKHP�� 6XFK� D� ZRUG� LVLQGLVSXWDEO\�QRW�D�NH\ZRUG� IRU� WKH�ZKROH�GRPDLQ��7R� UHPRYH� VXFK�³VXSHUZRUGV´��DVZH�FDOO�WKHP��IURP�WKH�NH\ZRUG�FDQGLGDWHV��ZH�DGGHG�WKH�PHQWLRQHG�FRQGLWLRQ�WKDW�DNH\ZRUG� KDV� WR� RFFXU� LQ� VRPH�PLQLPXP�QXPEHU� RI� GRFXPHQWV� �PRUH� VSHFLILFDOO\� LWPXVW�EH�D�IUHTXHQW WHUP�LQ�WKH�GRPDLQ�±�VHH�IRUPXOD����

���



����'LVFRYHULQJ�FRPPRQ�ZRUGV��MXQN�ZRUGV�
&RPPRQ�ZRUGV DUH�WKRVH��ZKLFK�EXLOG�WKH�VHQWHQFH��FUHDWH�LWV�VWUXFWXUH�EXW�GR�QRWFDUU\� DQ\� LQIRUPDWLRQ� RU� PHDQLQJ� LPSRUWDQW� WR� WKH� GRPDLQ� ILHOG�� )RU� H[DPSOH�VHQWHQFHV��$PLJD�ZDV�RQH�RI� WKH�EHVW�FRPSXWHUV�,
YH� KDG��DQG��7KH� ILQHVW� FRPSXWHU,
YH� ZRUNHG� RQ� ZDV� DQ� $PLJD�� FDUU\� SUHWW\� PXFK� WKH� VDPH� LQIRUPDWLRQ� EXW� XVH� DGLIIHUHQW�YRFDEXODU\�WR�DFKLHYH�WKH�JRDO�RI�LQIRUPLQJ�DERXW�DXWKRU
V�IDYRULWH�PDFKLQH�7KH�FRQFOXVLRQ�LV�WKDW�LQ�PRVW�FDVHV�LW�LV�XQQHFHVVDU\�WR�ZDVWH�SURFHVVLQJ�WLPH�RQ�VRPHZRUGV��:H�FRXOG�JHW�ULG�RI�WKHP�EHIRUH�DSSO\LQJ�VRPH�PRUH�DGYDQFHG�DOJRULWKPV�DQGWKXV�VSHHG�XS�WKH�V\VWHP�,Q� WKH� FDVH� RI� -XLFHU� UHPRYLQJ� FRPPRQ� ZRUGV� IURP� WKH� LQSXW� GDWD� ZDV� D� YHU\LPSRUWDQW� LVVXH�EHFDXVH�RI� UHVRXUFH�FRQVWUDLQWV� �PHPRU\�DQG� WLPH���)RU� V\VWHPV� OLNHRXUV� WKH� SURFHVV� RI� ILOWHULQJ� WKH� FRPPRQ� ZRUGV� RXW� PDNHV� WKH� UHVXOWV� EHWWHU� DQGSURFHVVLQJ� IDVWHU��7KH� DPRXQW�RI�GDWD� WR� EH� SURFHVVHG� E\�PRUH� DGYDQFHG� DOJRULWKPVGHFUHDVHV�RYHU�WZLFH��VR�WKH�JDLQ�DFKLHYHG�IURP�ILOWHULQJ�GRFXPHQWV�VKRXOG�EH�FOHDU��,QVRPH� DSSOLFDWLRQV�� KRZHYHU�� WKDW� DSSURDFK� LV� QRW� SRVVLEOH�� /LNH� LQ� ODQJXDJH�VSHFLILFV\QWD[�GHFRPSRVLWLRQ��ZH�FDQQRW�UHPRYH�DQ\WKLQJ�IURP�WKH�LQSXW�WH[W�VWUHDP��EHFDXVHZKDW�ZH�JHW�DIWHU�ILOWHULQJ�PD\�ORRN�OLNH�EDEEOLQJ�
������$XWRPDWLF�FRPPRQ�ZRUGV�GLVFRYHULQJ�LQ�-XLFHU
$�W\SLFDO�DSSURDFK�WR�WKH�SUREOHP�RI�ILOWHULQJ�RXW�WKH�FRPPRQ�ZRUGV�LV�WR�XVH�WKHLUSUHGHILQHG�� KDQGFUDIWHG� GLFWLRQDU\� >�@�� $Q� DXWRPDWLRQ� RI� WKH� GLFWLRQDU\� FUHDWLRQSURFHVV� KDV� EHHQ� LQWURGXFHG�� ZKLFK� VHDUFKHV� WKH� GRFXPHQWV� IRU� WKH� PRVW� IUHTXHQWZRUGV� DQG� WUHDWV� WKHP� DV� MXQN� ZRUGV� >�@>�@�� 7KH� ODWWHU� PHWKRG� KDV� DQ� REYLRXVGLVDGYDQWDJH�WKDW�LW�FDQ�HOLPLQDWH�WKH�PRVW�UHSUHVHQWDWLYH�NH\ZRUGV�LI�WKH\�IUHTXHQWO\RFFXU�LQ�D�GRFXPHQW��.HHSLQJ�WKDW�LQ�PLQG�EXW�VWLOO�ZDQWLQJ�WR�GLVFRYHU�FRPPRQ�ZRUGVDXWRPDWLFDOO\�ZH�LQWURGXFHG�DQ�DOWHUQDWLYH�PHWKRG�:H� VWDUWHG� IURP� DQDO\]LQJ� VHYHUDO� GRFXPHQWV� IURP� GLIIHUHQW� GRPDLQV�� WU\LQJ� WRILQG� WKH� VKDUHG�DWWULEXWH�RI�FRPPRQ�ZRUGV��PDUNLQJ� WKHP�RXW� IURP�RWKHU� WHUPV��:HILQDOO\� JRW� WR� DQ� LGHD� WKDW� WKH\� DUH� LQGHHG� FRPPRQ�� RUGLQDU\�� VR� DOO� GRFXPHQWV�UHJDUGOHVV�RI� WKHLU� FRQWHQWV�� VKRXOG�FRQWDLQ�DW� OHDVW� D� VXEVHW�RI� WKRVH� IUHTXHQWO\� XVHGWHUPV�ZH
UH� ORRNLQJ�IRU��7KH�JUDSKLFDO� UHSUHVHQWDWLRQ�RI� WKLV�REVHUYDWLRQ� LV�SUHVHQWHGRQ� WKH�SLFWXUH�EHORZ��$OO�GRFXPHQWV�VKDUH VRPH�YRFDEXODU\� WKDW� LV�XVHG� WR� VWUXFWXUHWKH�PHVVDJH�LQWR�VHQWHQFHV��VHH�)LJ����7KXV� WKH� VLPSOHVW� DOJRULWKP� IRU� GLVFRYHULQJ� FRPPRQ� ZRUGV� LV� WR� WDNH� DQLQWHUVHFWLRQ�RI�GRFXPHQWV
�YRFDEXODU\��+RZHYHU�VHYHUDO� LPSRUWDQW� LVVXHV�VWLOO�KDYH�WREH�VROYHG�7KH� ILUVW� WKUHDW� LV� WKDW� ZH� PD\� WDNH� DQ� LQWHUVHFWLRQ� RI� VHYHUDO� GRFXPHQWVFRQFHUQLQJ�WKH�VDPH�VXEMHFW��,Q�VXFK�FDVH�WKH�FRPPRQ�ZRUGV�ZRXOG�LQFOXGH�QRW�RQO\IUHTXHQW� WHUPV�� EXW� DOVR� NH\ZRUGV�� ZKLFK�� DV� LW� ZDV� H[SODLQHG� LQ� VHFWLRQ� ����� DUH



IUHTXHQW� WRR�� 7R� DYRLG� WKLV��ZH� KDYH� WR� WDNH� WKH� LQWHUVHFWLRQ� RI� WKH�ZKROH� GRPDLQV�$FFRUGLQJ� WR� WKHLU� GHILQLWLRQ�� GRPDLQV� GLIIHU� LQ� VXEMHFW� DQG� KHQFH� WKH\� PXVW� KDYHGLIIHUHQW� NH\ZRUGV�� 7KHUHIRUH� WKH� LQWHUVHFWLRQ� RI� WKHP�ZRXOG� LQFOXGH� RQO\� FRPPRQZRUGV��ZLWKRXW�WKRVH�WKDW�DUH�IUHTXHQW��EXW�SRVVLEO\�LPSRUWDQW�WR�WKH�GRPDLQ
�
)LJ����'LIIHUHQW�GRFXPHQWV�XVXDOO\�VKDUH�D�VXEVHW�RI�WKHLU�YRFDEXODU\

$QRWKHU�GDQJHU�LV�WKDW�VRPH�WHUPV�PD\��OHDN�RXW��IURP�WKH�LQWHUVHFWLRQ�VHW��,I�ZHXVHG�D� VWULFW� LQWHUVHFWLRQ�RSHUDWRU�� HYHU\�FRPPRQ�ZRUG�ZRXOG�KDYH� WR� H[LVW� LQ� HYHU\GRPDLQ��:KLOH� WKLV� LV� WUXH� LQ�PRVW�FDVHV�� LW�PLJKW�KDSSHQ� WKDW�D�QHZ�GRPDLQ�ZDV� VRVPDOO� WKDW� LW� ZRXOGQ
W� LQFOXGH� VRPH� ZRUGV�� WKXV� UHVWULFWLQJ� WKHP� IURP� EHFRPLQJFRPPRQ�WHUPV��'HPRFUDWLF�OLNH�VROXWLRQ�SURSRVHG�E\�XV�LV� WR�GHPDQG�IRU�D�FRPPRQZRUG�WR�EH�SUHVHQW�LQ�DW�OHDVW�VRPH�SHUFHQWDJH�RI�DOO�GRPDLQV�7KH�ILQDO�VHW�RI�FRPPRQ�ZRUGV�LV�FRQVWUXFWHG�XVLQJ�IRUPXOD�JLYHQ�EHORZ�^ ` ¿¾½®̄­ t��  FRPPRQNNQ
L L WQ 3V33V& ����

:KHUH�WKH�Q LV�WKH�QXPEHU�RI�GRPDLQV�LQ�WKH�V\VWHP��V�GHQRWHV�D XQLTXH�ZRUG�DQGWFRPPRQ LV�WKH�XVHU�WKUHVKROG�IRU�FRPPRQ�ZRUGV��7KH�DERYH�IRUPXOD�UHSUHVHQWV�WKH�IDFWWKDW�D�ZRUG�LQ�RUGHU�WR�EH�FRPPRQ��KDV�WR�EH�IUHTXHQW�LQ�DW�OHDVW�WFRPPRQ SHUFHQW�RI�DOOGRPDLQV��D�ZRUG�LV�IUHTXHQW�LQ�'L LI�LW�EHORQJV�WR�LWV�VHW�3L��7KH� IUHTXHQW� VHW�3L IRU� GRPDLQ�'L FRQWDLQV� DOO� WKRVH� WHUPV� WKDW� DUH� SUHVHQW� LQ� DWOHDVW� WIUHTXHQW SHUFHQW� RI� DOO� GRFXPHQWV� LQ� WKDW� GRPDLQ�� 7KLV� FRQGLWLRQ� LV� QHHGHG� WRSUHYHQW� D� VLWXDWLRQ� LQ� ZKLFK� D� ZRUG�� ZKLFK� LV� QRW� IUHTXHQW� LQVLGH� DQ\� GRPDLQ�� EXWSUHVHQW�LQ�DOO�RI�WKHP��EHFRPHV�D�FRPPRQ�ZRUG�LQ�WKH�V\VWHP��7KH�3L VHWV�DUH�EXLOW�LQ�DIDVKLRQ�YHU\�VLPLODU�WR�WKH�RQH�FRQVWUXFWLQJ�WKH�VHW�&�^ ` °¿°¾
½°̄°®­ t��¸̧¹·¨̈©§ ¿¾½®̄­ ��   IUHTXHQWNLNP

M LMLL WP GV'G'GV'P3 ��_�_ ��

 $VVXPLQJ�WKDW�GRPDLQV�DUH�ORRVHO\�UHODWHG�LQ�VXEMHFW�DQG�YRFDEXODU\�

���

���



:KHUH�P LV�WKH�QXPEHU�RI�GRFXPHQWV�LQ�GRPDLQ�'L� WIUHTXHQW LV�WKH�XVHU�WKUHVKROG�IRUIUHTXHQW�WHUPV�:H�FODLP�WKDW�WKH�SURSRVHG�PHWKRG�IRU�FRPPRQ�ZRUGV�GLVFRYHULQJ�LV�YHU\�VLPSOH\HW�IDVW�DQG�DFFXUDWH��,W�SUHYHQWV�NH\ZRUGV�IURP�EHLQJ�LQFOXGHG�LQ�WKH�FRPPRQ�ZRUGVVHW�ZLWKRXW� XVLQJ� DQ\� H[WHUQDO� GLFWLRQDU\��ZKLFK� LV� LWV�PDLQ� DGYDQWDJH��$OVR� LW� LV� WRVRPH� H[WHQW� ODQJXDJH� LQGHSHQGHQW ±� WKH� DOJRULWKP� UHPDLQV� WKH� VDPH� IRU� PRVWODQJXDJHV��ZLWK�VRPH�VSHFLDO�LQIOHFWLRQ�PRGLILFDWLRQV�LI�WKH\�DUH�QHHGHG�$�PDMRU�GUDZEDFN�RI�WKH�PHWKRG�LV� WKH�UHTXLUHPHQW�IRU�XQUHODWHG�GRPDLQV�LQ� WKHV\VWHP�� 7KLV� FRQVWUDLQW� LV� KDUG� WR� YHULI\� DQG� UHTXLUHV� �VHQVLWLYLW\�� RI� WKH� V\VWHPDGPLQLVWUDWRU�ZKHQ�VHOHFWLQJ�GRPDLQV�IRU�LQWHUVHFWLQJ�$�PRUH� H[KDXVWLYH� GHVFULSWLRQ� RI� WKH� PHWKRG� FRYHULQJ� DOO� WKH� SHUIRUPDQFH� DQGTXDOLW\�IDFWRUV��DV�ZHOO�DV�LPSOHPHQWDWLRQ�KLQWV�XVHG�LQ�-XLFHU�PD\�EH�IRXQG�LQ�>�@�
����'LVFRYHULQJ�DVVRFLDWLRQV�EHWZHHQ�ZRUGV
������$VVRFLDWLRQ�UXOHV�DQG�WKHLU�UROH�LQ�GDWD�PLQLQJ
,Q� WKLV� VHFWLRQ� ZH� SUHVHQW� WKH� EDVHOLQH� NQRZOHGJH� FRQFHUQLQJ� DVVRFLDWLRQ� UXOHVQHHGHG� WR� XQGHUVWDQG� IXUWKHU� FRQWHQWV� RI� WKLV� DUWLFOH�� D� UHDGHU� DFTXDLQWHG� ZLWK� WKHVXEMHFW�PD\�ZDQW�WR�VNLS�WKLV�SRLQW�/HW�XV�EHJLQ�ZLWK�D�PDQGDWRU\�SHDQXW�EHHU�VDOHV�H[DPSOH��,Q�D�VDOHV�GHSDUWPHQW�RID�IRRG�VWRUH�FDOOHG�7H\�0DUW��ORFDWHG�LQ�3R]QD���DOO�WUDQVDFWLRQV�DUH�NHSW�LQ�D�GDWDEDVH�$� UHFRUG� RI� WKDW� GDWDEDVH� FRQVLVWV� RI� XQLTXH� WUDQVDFWLRQ� QXPEHU� �7,'�� DQG�%RROHDQ�WUXH�� YDOXHV� LQ� FROXPQV� UHIHUHQFLQJ� WR� LWHPV� ERXJKW� LQ� WKDW� WUDQVDFWLRQ�� $� SDUWLDOSULQWRXW�RI�WKH�GDWDEDVH�KDV�EHHQ�SUHVHQWHG�WR�WKH�VDOHV�PDQDJHU�IRU�DQDO\VLV�

7DE����$�SLHFH�RI�7H\�PDUW�VDOHV�SULQWRXW

7KH� VDOHV� PDQDJHU� VKRXOG� QRWLFH� WKDW� FKHHVH� DQG� EHHU� DUH� WKH� PRVW� FRPPRQO\ERXJKW�LWHPV��VR�PD\EH�WKHUH�LV�D�QHHG�WR�RUGHU�PRUH�RI�WKHP���,I�WKH�PDQDJHU�LV�GRLQJD� SDLQVWDNLQJ� DQDO\VLV�� KH� RU� VKH� FDQ� SRLQW� RXW� WKH� IDFW� WKDW� ZKHQ� D� FXVWRPHU� EX\V



SHDQXWV�� LW� ZLOO� ZLWK� ����� FHUWDLQW\� JR� DORQJ� ZLWK� EHHU�� 6XFK� LQIRUPDWLRQ� LV� YHU\YDOXDEOH� VLQFH� WKH� VWRUH�PDQDJHPHQW� FDQ� ORFDWH�EHHU� ULJKW�QH[W� WR�SHDQXWV� RU�� RQ� WKHFRQWUDU\��SXW�EHHU�RQ�WKH�RWKHU�VLGH�RI�WKH�VWRUH�VR�WKDW�FXVWRPHU�KDV�WR�JR�DOO�WKH�ZD\GRZQ�WR�LW��SHUKDSV�EX\LQJ�VRPHWKLQJ�H[WUD�RQ�KLV�ZD\�7KH� DERYH� H[DPSOH� LV� KXPRURXV�� EXW� QRW� ILFWLRQDO�� DFWXDOO\� PRVW� VWRUHV�� DQGEXVLQHVV�LQVWLWXWLRQV�LQ�JHQHUDO��VXSSRUW�WKHLU�DQDO\VLV�ZLWK�VXFK�DVVRFLDWLRQV EHWZHHQGDWD� NHSW� LQ� WKHLU� GDWDEDVHV�� *RLQJ� EDFN� WR� RXU� LOOXVWUDWLRQ� RI� WKH� SUREOHP�� WKHFRQFOXVLRQ�ZDV� �FXVWRPHU� IRU� ���� SHUFHQW� EX\V�EHHU�ZKHQ� KH� RU� VKH� EX\V�SHDQXWV��6XFK� UHVXOW� REWDLQHG� IURP� VRPH� GDWD� VHW� LV� FDOOHG� DQ� DVVRFLDWLRQ� UXOH DQG� FDQ� EHZULWWHQ� V\PEROLFDOO\� DV� ^SHDQXWV`Æ^EHHU`�� )RUPDO� GHILQLWLRQV� RI� DQ� DVVRFLDWLRQ�� LWVVXSSRUW DQG�FRQILGHQFH DUH�TXRWHG�EHORZ�IURP�$JUDZDO¶V�DQG�6ULNDQW
V�ZRUN�>�@��
'HI����'HILQLWLRQ�RI�DQ�DVVRFLDWLRQ�UXOH��LWV�VXSSRUW�DQG�FRQILGHQFH

/HW� ,, ^L��L������LP`� EH� D� VHW� RI� OLWHUDOV�� FDOOHG� LWHPV�� /HW� ' EH� D� VHW� RIWUDQVDFWLRQV�� ZKHUH� HDFK� WUDQVDFWLRQ� 7 LV� D� VHW� RI� LWHPV� VXFK� WKDW� 7�,,�$VVRFLDWHG�ZLWK� HDFK� WUDQVDFWLRQ� LV�D�XQLTXH� LGHQWLILHU�� FDOOHG� LWV� 7,'��:H� VD\WKDW�D�WUDQVDFWLRQ�7 FRQWDLQV ;��D�VHW�RI�VRPH�LWHPV�LQ�,,��LI�;�7��$Q�DVVRFLDWLRQUXOH LV�DQ�LPSOLFDWLRQ�RI�WKH�IRUP�;Æ<��ZKHUH�;�,,��<�,,�DQG�;�< I��7KH�UXOH;Æ<�KROGV�LQ�WKH�WUDQVDFWLRQ�VHW�' ZLWK�FRQILGHQFH F LI�F�SHUFHQW�RI�WUDQVDFWLRQVLQ� ' WKDW� FRQWDLQ� ;� DOVR� FRQWDLQ� <�� 7KH� UXOH� ;Æ<� KDV� VXSSRUW V LQ� WKHWUDQVDFWLRQ�VHW�' LI�V�SHUFHQW�RI�WUDQVDFWLRQV�LQ�' FRQWDLQ�;�<�
,Q�RWKHU�ZRUGV��DQ�DVVRFLDWLRQ�FDQ�EH�VHHQ�DV�D�UHODWLRQ�EHWZHHQ�WZR�VHWV�RI�LWHPV�,WV� OHIW� VLGH� LV�;�� LWV� ULJKW� LV� <�� ,Q� RXU� H[DPSOH�� WKH� VXSSRUW� RI� DQ� DVVRFLDWLRQ� UXOH^SHDQXWV�FKHHVH`Æ^EHHU` LV� RQO\� ���� EHFDXVH� DPRQJ� DOO� �� WUDQVDFWLRQV�� RQO\WUDQVDFWLRQV���DQG���FRQWDLQ�DOO�WKUHH�LWHPV��SHDQXWV��FKHHVH�DQG�EHHU���7KH�FRQILGHQFHRI� VXFK� DVVRFLDWLRQ� LV� ������ EHFDXVH� DOO� WUDQVDFWLRQV� FRQWDLQLQJ� ERWK� FKHHVH� DQGSHDQXWV�DOVR� LQFOXGH�EHHU��7KH��UHYHUVHG��DVVRFLDWLRQ� UXOH��^EHHU`Æ^SHDQXWV�� FKHHVH`PXVW�KDYH�WKH�VDPH�VXSSRUW�YDOXH��EXW�LW�GLIIHUV�LQ�FRQILGHQFH�±�WKLV�WLPH�LW�HTXDOV�RQO\���� EHFDXVH� DPRQJ� DOO� IRXU� WUDQVDFWLRQV� FRQWDLQLQJ� EHHU�� RQO\� WZR� DOVR� LQFOXGHSHDQXWV�DQG�FKHHVH�6XSSRUW�WHOOV�XV�KRZ�RIWHQ�DQ�DVVRFLDWLRQ�RFFXUV�LQ�WKH�GDWD�VHW��ZKLOH�FRQILGHQFHH[SUHVVHV� WKH�FHUWDLQW\� RI� HQFRXQWHULQJ� WKH� ULJKW� VLGH�RI� DQ� DVVRFLDWLRQ�ZKHQ� WKH� OHIWVLGH� KDV� EHHQ� IRXQG� LQ� D� WUDQVDFWLRQ�� 7KH� WZR� SDUDPHWHUV� DUH� ZLWKRXW� D� GRXEWLPSRUWDQW�� EXW� LW� VHHPV� WKDW� VXSSRUW� IRU� DQ� DVVRFLDWLRQ� LV� VRPHKRZ� �SULPDU\��ZKHQMXGJLQJ� LI� LW� LV� LQWHUHVWLQJ� RU� QRW�� )RU� D� UXOH� ZLWK� VPDOO� VXSSRUW� ZH� FDQ� QHYHU� WHOOZKHWKHU� LWV� KLJK� FRQILGHQFH� LV� MXVW� FRLQFLGHQWDO� RU� QRW�� ,Q� RXU� H[DPSOH� LW� ZRXOGFRUUHVSRQG�WR��VRGD���ZKHQ�ZH�PLJKW�VD\��ZKHQ�D�FXVWRPHU�EX\V�VRGD�KH�RU�VKH�ZLOOIRU������EX\�FKHHVH�DQG�EHHU���EXW�LW�LV�REYLRXVO\�QRW�VR�FHUWDLQ�VLQFH�ZH�KDG�RQO\�RQHFXVWRPHU�WR�SURYH�WKDW�UXOH��VXSSRUW�LV�RQO\������$V� ZH� KDYH� DOUHDG\� PHQWLRQHG�� DVVRFLDWLRQ� UXOHV� DUH� XVHG� LQ� GDWD� PLQLQJ�2EYLRXVO\� QR� RQH� LV� DEOH� WR� VFDQ�PDQXDOO\� WKURXJK� GDWDEDVHV� FRXQWLQJ� KXQGUHGV� RIWKRXVDQGV�WXSOHV��7KH�SUREOHP�GHPDQGHG�DQ�DOJRULWKPLF�VROXWLRQ�DQG�D�JUHDW�QXPEHURI� DSSURDFKHV� ZHUH� SXEOLVKHG�� PRVW� RI� WKHP� EDVHG� RQ� WKH� $SULRUL DOJRULWKP�



LQWURGXFHG� E\� $JUDZDO� DQG� 6ULNDQW� >�@�� )RU� PRUH� LQIRUPDWLRQ� DERXW� WKH� WKHRU\� RIPLQLQJ� DVVRFLDWLRQ� UXOHV�� SOHDVH� UHIHU� WR� WKH� OLWHUDWXUH�� ,Q� WKH� IROORZLQJ� VHFWLRQV� ZHGLVFXVV� WKH�ZD\�ZH�DGDSWHG� WKH�RULJLQDO�$SULRUL� DOJRULWKP�� WKXV� FUHDWLQJ� D�KHXULVWLFVFDSDEOH�RI�PLQLQJ�WH[W�GRFXPHQWV�IRU�DVVRFLDWLRQV�EHWZHHQ�ZRUGV�
������*RDOV�RI�VHDUFKLQJ�IRU�DVVRFLDWLRQV�EHWZHHQ�ZRUGV�LQ�WH[W�ILOHV
7KH�GHILQLWLRQ�RI�DQ�DVVRFLDWLRQ�UXOH��'HI����LV�QR�ORQJHU�DSSOLFDEOH�ZKHQ�LW�FRPHVGRZQ� WR� VSRNHQ� RU� ZULWWHQ� ODQJXDJH�� 8QGRXEWHGO\� ZH� GRQ
W� KDYH� DQ\� WUDQVDFWLRQV�7,'V�� RU� LWHPV�� 7KH� DVVRFLDWLRQ EHWZHHQ� ZRUGV� LV� XQGHUVWRRG� DV� D� UHODWLRQ�� HLWKHUV\QWDFWLFDO�RU�VHPDQWLFDO��EHWZHHQ�WZR�RU�PRUH�WHUPV��/HW
V�DVVXPH�WKH�ZRUG�WR�ZKLFKZH� DUH� ORRNLQJ� IRU� DVVRFLDWLRQV� LV� �GRJ��� $� V\QWDFWLFDO� DVVRFLDWLRQ� FRXOG� EH^GRJ`Æ^KRW`�� EHFDXVH� WKHVH� ZRUGV� RIWHQ� RFFXU� QH[W� WR� HDFK� RWKHU�� UHSUHVHQWLQJ� DQHGLEOH� �VRPH�SHRSOH� GRXEW�� UROO�ZLWK� D� VDXVDJH� LQVLGH�� 6HPDQWLFDO� UHODWLRQ�ZRXOG� EH^GRJ`Æ^DQLPDO` EHFDXVH�GRJV�DUH�DQLPDO�VSHFLHV��,Q�-XLFHU�ZH�DUH�PRUH�LQWHUHVWHG�LQWKH� IRUPHU� NLQG� RI� DVVRFLDWLRQV� KRZHYHU� WKHUH� DUH� VRPH� IXUWKHU� SRVVLELOLWLHV� IRUGLVFRYHULQJ�WKH�ODWWHU�RQHV�DV�ZHOO�$� TXHVWLRQ� DULVHV�� ZK\� ZH� VHDUFK� IRU� VRPHWKLQJ�� ZKLFK� VHHPV� REYLRXV� DQGLPSUDFWLFDO��,Q�IDFW�WKHUH�DUH�DW�OHDVW�WKUHH�ILHOGV�ZKHUH�ZH�FDQ�XWLOL]H�VXFK�NQRZOHGJH�)LUVW�RI�DOO��EURZVLQJ�VXFK�DVVRFLDWLRQV�LV�D�YHU\�DEVRUELQJ�DFWLYLW\��,Q�VRPH�ZD\�LWLV� OLNH�EURZVLQJ�D� WKHVDXUXV��EXW�ZULWWHQ�E\�KXQGUHGV�RI� WKRXVDQGV�RI� UHJXODU�SHRSOH�DVVXPLQJ�WKH�VRXUFH�GRFXPHQWV�ZHUH�WDNHQ�IURP�WKH�,QWHUQHW�UHVRXUFHV��,Q�VRPH�FDVHVLW� LV� HYHQ�PRUH�SRZHUIXO� VLQFH� LW� FDQ� UHODWH� QHZ� WHUPV�� HVSHFLDOO\� WHFKQLFDO�� WR� RWKHUILHOGV�RI� VFLHQFH��KHQFH�FUHDWLQJ�D� �PLQL�GLFWLRQDU\���)RU� H[DPSOH� WKH� WHUP��-DYD�� LQPRVW�(QJOLVK�GLFWLRQDULHV�LV�GHVFULEHG�DV�DQ�LVODQG�RI�,QGRQHVLD��ZKLOH�WKH�ZHE�VHDUFKZRXOG�PRVW�FHUWDLQO\�UHODWH�LW�WR�FRPSXWHU�VFLHQFH�DQG�SURJUDPPLQJ�ODQJXDJHV�7KLV�OHDGV�GLUHFWO\�WR�WKH�XWLOL]DWLRQ�RI�ZRUG�DVVRFLDWLRQV�LQ�ZHE�VHDUFKLQJ�HQJLQHVRI�PDQ\� NLQGV�� /HW
V� LPDJLQH� D� VFHQDULR� LQ� ZKLFK� D� XVHU� W\SHV� �GRJ�� LQ� KLV� RU� KHUVEURZVHU� ZLQGRZ�� 7KH� �LPSURYHG�� VHDUFK� HQJLQH� ZRXOG� QRW� RQO\� UHWXUQ� WKH� OLVW� RIGRFXPHQWV�FRQWDLQLQJ�WKH��GRJ��ZRUG��EXW�KHQFH�WKH�ZRUG�LV�YHU\�FRPPRQO\�XVHG�� LWZRXOG�WU\�WR�JLYH�XVHU�D�KLQW�WR�QDUURZ�WKH�VHDUFK��6R�LW�FRXOG�ORRNXS�WKH�DVVRFLDWLRQVDQG�ILQG�RXW�WKDW�D��GRJ��LV�DVVRFLDWHG�ZLWK��D�GRPDLQ���DQLPDOV��DOVR�LV�RIWHQ�XVHG�ZLWKD�ZRUG� �VKHSKHUG��� EXW� DV�ZHOO�ZLWK� �KRW�� DQG� WKH�ZKROH� �KRW� GRJ�� SKUDVH� VWURQJO\UHODWHV�WR�IRRG��,Q�VXFK�IDVKLRQ�WKH�XVHU�FRXOG�QDUURZ�RU�EURDGHQ�KLV�RU�KHUV�TXHU\��,WFRXOG� EH� RI� JUHDW� KHOS� WR� XVHUV� OHVV� H[SHULHQFHG� ZLWK� ,QWHUQHW� DQG� LWV� HQRUPRXVUHVRXUFHV�7KH� ODVW�DSSOLFDWLRQ�RI�DVVRFLDWLRQV� LV�PRUH�FRPSXWHU�VFLHQFH�RULHQWHG��:H� WKLQNWKH\�FRXOG��WR�VRPH�H[WHQW��UHSODFH�WKH�NH\ZRUG�YHFWRUV�KHJHPRQ\�IRU�GHVFULELQJ�WH[WGRFXPHQWV�DQG�WKHLU�VHWV��8QOLNH�NH\ZRUGV��DVVRFLDWLRQV�FDUU\�VRPH�PRUH�LQIRUPDWLRQWKDQ� VLPSOH� ZRUG� RFFXUUHQFH� VWDWLVWLFV�� VR� WKH\� SURYLGH� EHWWHU� �ILQJHUSULQWV�� RIGRFXPHQWV�:H�LQWURGXFHG�WKH�WKUHH�DERYH�IXQFWLRQDOLWLHV�LQ�-XLFHU��DQG�WKH\�ZLOO�EH�H[SODLQHGIXUWKHU�RQ�LQ�VHFWLRQ�����



������7H[W�RULHQWHG�$SULRUL�DOJRULWKP
7KH�QHHG�IRU�PRGLI\LQJ�WKH�RULJLQDO�$SULRUL�DOJRULWKP�DURVH�IURP�VHYHUDO�UHDVRQV�,Q� WKLV� VHFWLRQ� ZH� SUHVHQW� WKRVH�PRGLILFDWLRQV� WRJHWKHU� ZLWK� UHDVRQV� IRU� ZKLFK� WKH\ZHUH�LQWURGXFHG�'HI���VWDWHV�FOHDUO\�WKDW�DOO�WKH�GDWD�FRQVLVW�RI�HOHPHQWV��FDOOHG�LWHPV��ZKLFK�IRUPVHW� ,�� %HFDXVH� ZH� DUH� ORRNLQJ� IRU� UHODWLRQV� EHWZHHQ� ZRUGV�� ZH� ZLOO� QDWXUDOO\� WUHDWZRUGV� DV� LWHPV��+RZHYHU� LQ� WKH�RULJLQDO� DOJRULWKP�ZH�NQRZ�KRZ�ELJ� WKDW� VHW� LV� DQGZKDW�HOHPHQWV�EHORQJ�WR�LW��:KHQ�DQDO\]LQJ�WH[WXDO�GRFXPHQWV��LW�LV�QRW�VR�FOHDU�±�ZHFDQ
W�GLVWLQJXLVK�DQ\�VHW�RI�ODQJXDJH�WHUPV�IURP�ZKLFK�ZH�DUH�WR�GLVFRYHU�DVVRFLDWLRQVEHFDXVH� LW� ZRXOG� EH� DJDLQVW� WKH� PDLQ� JRDO� RI� WKH� V\VWHP�� ZH� ZDQW� WR� GLVFRYHU� DQ\SRVVLEOH�DVVRFLDWLRQ��QRW�RQO\� WKRVH��DERXW�ZKLFK�ZH�NQRZ�ZKDW�ZRUGV� WKH\�FRQWDLQ�+HQFH�ZH�QHHG�WR�DOORZ�DOO�ZRUGV�WR�EH�LWHPV��WKH�UHVXOW�LV�WKDW�VHW�, UHPDLQV�XQNQRZQDW�WKH�VWDUW�RI�WKH�DOJRULWKP�

)LJ����0RGLILHG�$SULRUL�DOJRULWKP
6HW�RI�VHQWHQFHV�IRU�DGRPDLQ��IURP�DOOGRFXPHQWV� 6HW�RI�GRPDLQNH\ZRUGV

67$57

6HW�RI�DVVRFLDWLRQVIRU�D�GRPDLQ

&KRRVH�NH\ZRUGV �ZLWKKLJKHVW�VXSSRUWV��EXWQR�PRUH�WKDQ�7��RIWKHP�7KH\�DUH���ODUJHLWHPVHWV �
([WUDFW�NH\ZRUGV�IRUHDFK�GRPDLQ�

�-RLQ�SKDVH���&UHDWH�QHZFDQGLGDWH�VHWV��ZKLFK�DUH�RQHHOHPHQW�ELJJHU�WKDQ�WKHLUSUHGHFHVVRUV�
�3UXQH�SKDVH���5HPRYH�WKRVHFDQGLGDWHV�WKDW�FDQQRW�UHDFKPLQLPXP�VXSSRUW�YDOXH�

�&KHFN�SKDVH���&DOFXODWHVXSSRUWV�IRU�FDQGLGDWHV�5HPRYH�WKRVH�EHORZ�PLQLPDOVXSSRUW�WKUHVKROG�

$UH� WKHUHDQ\�VHWV�IRUMRLQ�SKDVH"(1'
/LPLW�WKH�QXPEHU�RI�ODUJHLWHPVHWV� IRU�WKH�QH[W�MRLQ�SKDVHWR�VRPH�WKUHVKROG�7���RQO\�7�ODUJH�LWHPVHWV�DUH�SURPRWHG�WRWKH�QH[W�SKDVH�

&DOFXODWH�SRWHQWLDO�IRU�ODUJHLWHPVHWV�DQG�VWRUH�WKHP�DVRXWSXW�DVVRFLDWLRQV1R

<HV

$QRWKHU� SUREOHP� FRQFHUQV� ³WUDQVDFWLRQV´�� :H� GHFLGHG� WR� WUHDW� VHQWHQFHV� OLNHWUDQVDFWLRQV� ±� WKH\� FRQWDLQ� ZRUGV� UHODWHG� WR� RQH� DQRWKHU�� DQG� DUH� WR� VRPH� SRLQWLQGHSHQGHQW�RI�RWKHU�VHQWHQFHV��2I�FRXUVH� LW� LV�D�VLPSOLILFDWLRQ�RI� WKH�SUREOHP�� VLQFHWH[W� GRFXPHQWV� KDYH� WKHLU� VWUXFWXUH� DQG� FRPSRVLWLRQ� IURP�ZKLFK�ZH� FDQ� FRQFOXGH� DJUHDW� GHDO� RI� LQIRUPDWLRQ� �IRU� LQVWDQFH� DIWHU� UHDGLQJ� DQ� DEVWUDFW� ZH� NQRZ� ZKDW� WKHZKROH�GRFXPHQW�LV�DERXW���1HYHUWKHOHVV�LW�LV�VWLOO�D�ELJ�DGYDQFHPHQW�FRPSDULQJ�WR�WKH



PRVW�FRPPRQ�%D\HVLDQ�DSSURDFK� LQ�ZKLFK� LQGHSHQGHQFH�EHWZHHQ�DOO� WKH�ZRUGV� LQ� DGRFXPHQW�LV�DVVXPHG�>�@�7KHUH� LV� RQH� PRUH� LPSRUWDQW� GLIIHUHQFH� EHWZHHQ� VHQWHQFHV� DQG� GDWDEDVHWUDQVDFWLRQV�WKDW�PLJKW�KDYH�D�GLVWRUWLQJ�LPSDFW�RQ�UHVXOWV�JHQHUDWHG�E\�WKH�V\VWHP��,Q�DVSRNHQ� RU� ZULWWHQ� ODQJXDJH� RQH� PLJKW� XVH� VHYHUDO� ZRUG� PDQ\� WLPHV�� ZKLOH� LQ� DWUDQVDFWLRQ� DQ� LWHP� FDQ� RFFXU� RQO\� RQFH�� $OVR� WKH� PHDQLQJ� RI� D� ZRUG� FDQ� EHGHWHUPLQHG� E\� LWV� SRVLWLRQ� LQ� D� VHQWHQFH�� /DQJXDJH� VHQWHQFHV� DUH� PRUH� OLNH� OLVWV� RIZRUGV��ZKLOH�WUDQVDFWLRQV�FDQ�EH�VHHQ�DV�WKHLU�VHWV��,Q�-XLFHU�ZH�WUDQVIRUP�VXFK�OLVWV�WRVHWV�RI�ZRUGV��VR�LW�GRHV�QRW�PDWWHU�KRZ�PDQ\�WLPHV��RU�ZKHUH�LQ�WKH�VHQWHQFH�D�ZRUGH[LVWV�� LW� LV� VHHQ� RQO\� RQFH��$�PRUH� DGHTXDWH� WUDQVIRUPDWLRQ� LV� D� VXEMHFW� IRU� IXUWKHUUHVHDUFK�$ORQJ�ZLWK� WKH� SUREOHPV� RI� WUDQVIRUPLQJ� WKH�$SULRUL� DOJRULWKP�� ZH� DOVR� KDG� WRIDFH� WKH� GLIILFXOWLHV� FRQFHUQLQJ� XQFRQWUROOHG� JURZWK� RI� WKH� QXPEHU� RI� DVVRFLDWLRQVGLVFRYHUHG�DW�VHYHUDO�VWHSV�LQ�WKH�DOJRULWKP��FDXVLQJ�SLWLIXO�V\VWHP�SHUIRUPDQFH�GXH�WRPHPRU\�VZDSSLQJ��HWF�7KH�UHDVRQ�IRU� WKH�DERYH�PHQWLRQHG�SKHQRPHQRQ�LV� WKDW� LQ�PRVW� ODQJXDJHV� WKHUHDUH�ZRUGV�WKDW�DUH�RIWHQ�XVHG�WRJHWKHU��6XFK�³IULHQGV´� LQFOXGH�FROORFDWLRQV�RU�SKUDVDOYHUEV�IRU�LQVWDQFH��LI�WKH�ODQJXDJH�LQ�PLQG�LV�(QJOLVK��$VVRFLDWLRQV� OLNH�WKHVH�XVXDOO\KDYH�KLJK�VXSSRUW��ZKLFK�PHDQV�WKH\�DUH�RIWHQ�XVHG���EXW�DUH�UDUHO\�LQWHUHVWLQJ�WR� WKHXVHU��7KH�RQHV�ZH�ZRXOG�EH�LQWHUHVWHG�LQ�DUH�PXOWLZRUG�DVVRFLDWLRQV��XVXDOO\�RI�KLJKHUWKDQ�DYHUDJH��EXW�VWLOO�UHODWLYHO\�VPDOO�VXSSRUW�YDOXH��7R�GLVFRYHU�WKHP��ZH�PXVW�VHW�WKHVXSSRUW� WKUHVKROG� EHORZ� WKH� OHYHO� RI� ³FRPPRQQHVV´� ±� XQIRUWXQDWHO\� VXFK� GHFLVLRQUHVXOWV�LQ�D�KXJH�QXPEHU�RI�GLVFRYHUHG�DVVRFLDWLRQV�IURP�ZKLFK�LW�LV�YHU\�KDUG�WR�SLFNWKH�LQWHUHVWLQJ�RQHV�2QH� RI� WKH� DSSURDFKHV� XVHG� E\� XV� WR� OLPLW� WKH� QXPEHU� RI� GLVFRYHUHG� ³MXQN´DVVRFLDWLRQV� LV� WR�JHW� ULG�RI� WKRVH�ZLWK�FRPPRQ�ZRUGV�RU�EHWZHHQ�FRPPRQ�ZRUGV�� ,WKHOSV� WKH� SUREOHP�� EXW� GRHVQ¶W� HQWLUHO\� VROYH� LW�� ,Q� -XLFHU�ZH� GHILQHG� RQH� DGGLWLRQDOSDUDPHWHU�GHVFULELQJ�IUHTXHQW�VHWV
��ZKLFK�ZH�FDOOHG SRWHQWLDO�� ,W�KHOSHG�XV�WR�IXUWKHUOLPLW� WKH� QXPEHU� RI� DVVRFLDWLRQV� VWRUHG� LQ� WKH� GDWDEDVH� EHFDXVH� ZH� GLGQ
W� JHQHUDWHDVVRFLDWLRQ�UXOHV�DQ\PRUH��VWRSSLQJ�RQ�IUHTXHQW�VHWV��ZKLFK�ZH�FDOO�DVVRFLDWLRQV��/HW�XV�ILUVW�GHILQH�SRWHQWLDO�DQG�WKHQ�LOOXVWUDWH�KRZ�LW�ZRUNV�RQ�D�VPDOO�H[DPSOH�
'HI����'HILQLWLRQ�RI�D�IUHTXHQW�VHW
V�SRWHQWLDO

)RU� D� IUHTXHQW� VHW�;�� FRQVLVWLQJ� RI� 1� LWHPV� ^H��� H��� ����� H1`� ZKHUH� ^VH��VH������VH1`�DUH�VXSSRUWV�IRU�HOHPHQWV�H���H��������H1��DQG�6; LV�WKH�VXSSRUW�RI�WKH�ZKROHVHW��SRWHQWLDO LV�GHILQHG�E\�WKH�IRUPXOD�
°¿°¾½°̄°®­  LHV6;; ���1LS �PLQ

,Q� RWKHU� ZRUGV� SRWHQWLDO� LV� WKH� PLQLPXP� FRQILGHQFH� RI� DQ\� UXOH� RI� WKH� IRUP;?^H`Æ^H`��ZKHUH�;�LV�WKH�IUHTXHQW�VHW�DQG�H LV�DQ\�RI�HOHPHQWV�H���H��������H1��,W�LV�ZRUWK

 $�IUHTXHQW�VHW LV�ZKDW�ZH�FDOO�WKH�XQLRQ�RI�LWHPV�IURP�WKH�OHIW�DQG�ULJKW�VLGH�RI�DQ�DVVRFLDWLRQ�UXOH��,Q$JUDZDO�DQG�6ULNDQW
V�SDSHU�LW�LV�FDOOHG�N�ODUJH�LWHPVHW��ZKHUH�N�LV�WKH�QXPEHU�RI�HOHPHQWV�LQ�LW�



QRWLFLQJ� WKDW� VR�GHILQHG�SRWHQWLDO� LV� LQ� IDFW� HTXDO� WR� WKH�PLQLPXP�FRQILGHQFH� RI� DQ\UXOH�RI�WKH�IRUP�;�Æ;���ZKHUH�;�� ;��;��;��;� ;��DQG�;��;� I�/HW
V� DVVXPH� ZH� KDYH� D� IUHTXHQW� VHW� ^-DYD�� ODQJXDJH�� 3DVFDO`�� ZKHUH� HOHPHQWVVXSSRUWV� HTXDO� ^����� ����� ���` DQG� WKH� VXSSRUW� RI� WKH�ZKROH� VHW� LV� ����� 7KH� SRWHQWLDOHTXDOV������EHFDXVH�WKDW�LV�WKH�PLQLPXP�FRQILGHQFH�RI�DQ\�DVVRFLDWLRQ�UXOH�WKDW�FDQ�EHGHULYHG� IURP� WKDW� VHW�� ,Q� WKLV� FDVH� WKH� UXOH� LV� ^ODQJXDJH�� 3DVFDO`Æ^-DYD`�� ZKLFKUHIOHFWV� WKH� IDFW� WKDW� RQH� LV� OHDVW� OLNHO\� WR� HQFRXQWHU� WKH� �-DYD�� ZRUG� LQ� WKHQHLJKERUKRRG�RI�WKH�RWKHU�WZR�ZRUGV�(YHQ�DIWHU�UHGXFLQJ�WKH�QXPEHU�RI�GLVFRYHUHG�DVVRFLDWLRQV�DQG�DIWHU�FKDQJLQJ�WKHIDVKLRQ�WKH\�DUH�VWRUHG�LQ�WKH�V\VWHP��WKH�PHPRU\�ORDG�FDQ�VWLOO�EH�VLJQLILFDQW��6\VWHPDGPLQLVWUDWRU� PXVW� KDYH� D� ZD\� WR� SUHYHQW� �VWXIILQJ�� WKH� V\VWHP� ZLWK� XQFRQWUROOHGDPRXQWV� RI� GDWD�� :H� LQWURGXFHG� VXFK� FRQWURO� LQ� -XLFHU� E\� DGGLQJ� VHYHUDO� FXWWLQJWKUHVKROGV��7KH\�OLPLW�ERWK�WKH�SDUDPHWHUV�GHVFULELQJ�DVVRFLDWLRQV�DQG� WKH�QXPEHU�RIWKHP� DW� VHYHUDO� VWDJHV� RI� WKH� DOJRULWKP�� 7KH� ILQDO� EORFN� GLDJUDP� RI� WKH� PRGLILHG$SULRUL�LV�VKRZQ�LQ�)LJ���,W� LV�FOHDU� WKDW�VRPH�RI� WKRVH�PRGLILFDWLRQV�ZH� LQWURGXFHG� WR� WKH�RULJLQDO�$SULRULPDNH�LW�D�KHXULVWLFV��+RZHYHU�ZH�PXVW�UHPHPEHU�WKDW��XQOLNH�LQ�GDWDEDVH�DSSOLFDWLRQV�ZH�DUH�QRW�SDUWLFXODUO\�LQWHUHVWHG�LQ�SUHFLVH�YDOXHV�RI�VXSSRUW�RU�FRQILGHQFH��1HLWKHU�ZHDUH�LQ�ILQGLQJ�DOO�DVVRFLDWLRQV��:KDW�ZH�ZRXOG�OLNH�WR�JHW�RXW�DV�D�UHVXOW�RI�SURFHVVLQJLV� VRPH�QXPEHU�RI� VWURQJHVW� UHODWLRQV�DERXW�ZKLFK�ZH�FDQ�VD\� WKH\�DUH�SUREDEO\�QRWFRLQFLGHQWDO�
����0DNLQJ�XVH�RI�WKH�GLVFRYHUHG�DVVRFLDWLRQV�LQ�-XLFHU
)URP�WKH�YHU\�EHJLQQLQJ�LW�ZDV�RXU�LQWHQWLRQ�WR�ZRUN�ZLWK�DVVRFLDWLRQV�DQG�WR�XVHWKHP�LQ�HYHU\�SRVVLEOH�IXQFWLRQDO�DUHD�RI�WKH�V\VWHP��-XLFHU�LV�DV��ZH�WKLQN��D�SLRQHHU�RIVXFK� DSSURDFKHV� WR� WH[W� PLQLQJ� DQG� ZH� WKRXJKW� LW� ZRXOG� EH� LQWHUHVWLQJ� WR� JDLQNQRZOHGJH� DERXW� WKH� SRVVLELOLWLHV� RI� SRUWLQJ� RQH� RI� WKH� PDLQVWUHDP� GDWD�PLQLQJPHWKRGV�WR�WKLV�QHZ�JURXQG�:H�H[SORLWHG�DVVRFLDWLRQV�LQ�WZR�RXW�RI�WKUHH�-XLFHU�VHUYLFHV��VHDUFKLQJ�IRU�UHODWHGWHUPV�DQG�PDWFKLQJ�QHZ�GRFXPHQWV� WR�H[LVWLQJ�GRPDLQV�� ,Q� VHDUFKLQJ� IRU�GRFXPHQWVZLWK�VSHFLILHG�WHUPV�ZH�KDG�WR�XVH�D�GLIIHUHQW�PHWKRG�±�WKH�QHDU�QHLJKERU�VHDUFK��,W�LVVR�EHFDXVH�ZH�KDYH�DVVRFLDWLRQV�IRU� WKH�ZKROH�GRPDLQV��QRW�VHSDUDWH�GRFXPHQWV��DQGFRPSDULQJ� WKH�DVVRFLDWLRQV� IURP�D�QHZ�GRFXPHQW� WR� WKH� UHVXOWDQW� DVVRFLDWLRQV� RI� WKHGRPDLQV�SURYHG�WR�EH�LQHIIHFWLYH�
������6HDUFKLQJ�IRU�UHODWHG�WHUPV
7KLV�DSSOLFDWLRQ�RI�DVVRFLDWLRQV�LV�SUREDEO\�WKH�PRVW�LQWHUHVWLQJ�LQ�WKH�OLJKW�RI��VRSRSXODU�QRZDGD\V��ZHE�VHDUFKLQJ�HQJLQHV� OLNH�<DKRR��$OWDYLVWD�RU�*RRJOH�� ,W� DOORZV



WKH�XVHU�WR�QDYLJDWH�WKURXJK�WKH�QHW�RI�ZRUGV�WKDW�RIWHQ�RFFXU�WRJHWKHU��WKXV�SURYLGLQJ�DYHU\�UHOLDEOH�WRRO�IRU�QDUURZLQJ�WKH�VHDUFK�,Q�-XLFHU��XVHU�VHQGV�D�TXHU\�WR�V\VWHP�VHUYHU��7KH�TXHU\�FRQVLVWV�RI�RQH�RU�VHYHUDOWHUPV�� IRU�ZKLFK� DVVRFLDWLRQV� DUH� WR� EH� GLVSOD\HG�� 6\VWHP� VFDQV� LWV� NQRZOHGJH� EDVH�WU\LQJ�WR�ILQG�DVVRFLDWLRQV�ZLWK�DW�OHDVW�RQH�ZRUG�IURP�WKH�VHW�SURYLGHG�E\�WKH�XVHU�DQGWKHQ�VRUWV�WKHP�GXH�WR�WKHLU�PDWFKLQJ�IDFWRU�DQG�WKHQ�SRWHQWLDO�LI�LW
V�QRW�HQRXJK��7KHPDWFKLQJ� IDFWRU� LV� WKH� SHUFHQW� RI�ZRUGV� IURP� WKH� TXHU\� WKDW� H[LVW� LQ� WKH� DVVRFLDWLRQIRXQG�DQG� LV� XVHG� WR�PDNH� VXUH� WKDW� DVVRFLDWLRQV� VKDULQJ�PRVW�ZRUGV�ZLWK� WKH� TXHU\ZLOO�EH�GLVSOD\HG�DW�WKH�WRS�RI�WKH�OLVW�:H�FRQVLGHU�DVVRFLDWLRQV�D�YHU\�XVHIXO�DGGLWLRQDO�QDYLJDWLRQ�WRRO�LQ�VHDUFK�HQJLQHV�VHH�VHFWLRQ���������7KH�QHHG�IRU�VXFK�KLQWLQJ�KHOS�LV�EHFRPLQJ�PRUH�DQG�PRUH�FOHDU�DVWKRXVDQGV�RI�QHZ�ZHE�SDJHV�DSSHDU�RQ� WKH� ,QWHUQHW�HYHU\�GD\��$V�D� UHVXOW�ZRUGV�DUHEHLQJ� XVHG� LQ� PRUH� DQG� PRUH� FRQWH[WV� �H�J�� �>FRPSXWHU@� YLUXV��� �VSDP� >PDLO@���>SURFHGXUH@� OLEUDU\���� ZKLFK� DUH� RIWHQ� QRW� REYLRXV� DQG� KDUG� WR� ORRN� XS� LQ� SULQWHGSRSXODU�GLFWLRQDULHV��(YHQ�IRU�DQ�H[SHULHQFHG�XVHU�LW�LV�RIWHQ�GLIILFXOW�WR�VWDWH�WKH�TXHU\LQ�D�ZD\�WKDW�DOORZV�UHDFKLQJ�LQWHUHVWLQJ�GRFXPHQWV�TXLFNO\�DQG�DFFXUDWHO\��$�XVHU�WRZKLFK� WKH� UHODWHG� WHUPV� ZHUH� VKRZQ� FRXOG� HDVLO\� HLWKHU� QDUURZ� WKH� VHDUFK� RU� UHMHFWWHUPV�WKDW�KH�RU�VKH�GRHVQ¶W�ILQG�LQWHUHVWLQJ�6R�IDU�ZH�MXVW�SDUWO\�LPSOHPHQWHG�WKH�VFHQDULR�±�QDYLJDWLQJ�WKURXJK�DVVRFLDWLRQV�
������$VVLJQLQJ�QHZ�GRFXPHQWV�WR�GRPDLQV
7KH� WDVN�RI� DVVLJQLQJ�QHZ�GRFXPHQWV� WR� VRPH�KLHUDUFK\�RI�SUHGHILQHG�FODVVHV� LVYHU\� SRSXODU� LQ� ZHE�VHDUFKLQJ� HQJLQHV�� ZKHUH� WKH� KLHUDUFK\� LV� NQRZQ� DQG� XVXDOO\KDQGFUDIWHG� �IRU� LQVWDQFH� <DKRR� KLUHV� QXPEHUV� RI� SHRSOH� WR� GR� WKLV� WDVN��� 7KHDVVLJQPHQW�FDQ�KHOS�WKH�XVHU�LQ�ILQGLQJ�VRPH�RWKHU�UHODWHG�VRXUFHV�RI� LQIRUPDWLRQ��RUVLPSO\�WR�JDLQ�NQRZOHGJH�DERXW�WKH�GRFXPHQW
V�GRPDLQ�ZLWKRXW�UHDGLQJ�LW�HQWLUHO\�2XU�VROXWLRQ�WR� WKH�DERYH�SUREOHP�XWLOL]HV�DVVRFLDWLRQV��ZKLFK�ZH�GLVFRYHUHG�IRUGRPDLQV�� )RU� HYHU\� GRPDLQ� ZH� VWRUH� D� FHUWDLQ� QXPEHU� RI� DVVRFLDWLRQV� ZLWK� KLJKHVWVXSSRUW�� 7KRVH� SDLUV�� WULSOHWV� RU�� LQ� JHQHUDO�� VHWV� RI� ZRUGV� DUH� PRVW� FRPPRQ� DQGFKDUDFWHULVWLF� WR� WKH�VHW�RI�GRFXPHQWV�FDOOHG�D�GRPDLQ��7KH�SUREOHP� OLHV� LQ� ILQGLQJ�DPHDVXUH�WR�HVWLPDWH�KRZ��IDU��IURP�VXFK�FKDUDFWHULVWLF�RI�D�GRPDLQ�LV� WKH�FRQVLGHUHGGRFXPHQW��7KH�SURFHVV�RI�FDOFXODWLQJ�WKH�GLVWDQFH�IXQFWLRQ SURSRVHG�LQ�-XLFHU�FRQVLVWVRI�WZR�SKDVHV�7R�FDOFXODWH�WKH�GLVWDQFH�G EHWZHHQ�GRFXPHQW�$ DQG�GRPDLQ�'L ZH�PXVW�ILUVW�ILUHDVVRFLDWLRQV� IURP� WKH� GRPDLQ� RQ� WKH� GRFXPHQW�� 7KLV� LV� D� UHODWLYHO\� VLPSOH� DQG� IDVWSURFHVV�� UHYHUVHG� WR� GLVFRYHULQJ� DVVRFLDWLRQV� ±� ZH� UHFDOFXODWH� WKHLU� VXSSRUW� RQVHQWHQFHV� IURP� WKH�GRFXPHQW�� ,Q� VHFRQG�SKDVH�ZH� FDOFXODWH� WKH� GLVWDQFH�G XVLQJ� WKHIRUPXOD�
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1� LV� WKH� QXPEHU� RI� DVVRFLDWLRQV� VWRUHG� IRU� GRPDLQ�'L�� VM LV� WKH� VXSSRUW� RI� M�WKDVVRFLDWLRQ�LQ�WKH�GRPDLQ��V
M LV�WKDW�DVVRFLDWLRQ�VXSSRUW�LQ�WKH�GRFXPHQW��) LV�WKH�VHW�RILQGH[HV�RI�DVVRFLDWLRQV�ILUHG�RQ�WKH�GRFXPHQW�ZLWK�VXSSRUW�JUHDWHU�WKDQ�]HUR�%DVLFDOO\�WKH�DERYH�IRUPXOD�LV� WKH�(XFOLGHDQ�GLVWDQFH�PRGLILHG�E\�WKH�QXPEHU�RIDVVRFLDWLRQV� VXFFHVVIXOO\� ILUHG� RQ� WKH� GRFXPHQW�� 6XFK� DGMXVWPHQW� LV� QHHGHG� WR�PDNHVXUH�WKDW�WKH�QXPEHU�RI�VXFFHVVIXOO\�ILUHG�DVVRFLDWLRQV�KDV�WKH�LQIOXHQFH�RYHU�WKH�ILQDOGLVWDQFH�� 2QH� FRXOG� LPDJLQH� D� VLWXDWLRQ� LQ� ZKLFK� WZR� GRPDLQV� KDYH� WKH� VDPH�XQPRGLILHG��GLVWDQFH� WR� WKH�GRFXPHQW�� ,Q�VXFK�FDVH� LW� LV� WKH�QXPEHU�RI�DVVRFLDWLRQVWKDW�VKRXOG�GRPLQDWH�DQG�WKH�GRPDLQ�IURP�ZKLFK�PRUH�RI� WKHP�ZHUH�ILUHG�VKRXOG�EHFRQVLGHUHG��FORVHU��WR�WKH�GRFXPHQW�:H�FODLP�WKDW� WKH�SURSRVHG�PHWKRG�KDV�D�PDMRU�DGYDQWDJH�RYHU� WKH�QDLYH�%D\HVFODVVLILHU� >�@� DQG� WKH�7),')�YHFWRUV� >��@� FRVLQH� VLPLODULW\�PHDVXUH��PRVW� FRPPRQO\XVHG�IRU�WH[W�FODVVLILFDWLRQ�>�@>�@>�@>�@>��@��LQ�WKDW�ERWK�WKH�SRSXODU�DSSURDFKHV�LJQRUHGHSHQGHQFLHV� EHWZHHQ�ZRUG� RFFXUUHQFHV� LQ� D� GRFXPHQW�� 7KH� QDLYH� %D\HV� DOJRULWKPH[SOLFLWO\�DVVXPHV�WKDW�WKH�ZRUG�SUREDELOLWLHV�IRU�RQH�WH[W�SRVLWLRQ�DUH�LQGHSHQGHQW�RIWKH�ZRUGV�WKDW�RFFXU�LQ�RWKHU�ZRUG�SRVLWLRQV�LQ�WKH�GRFXPHQW��6XFK�GHSHQGHQFLHV�DUHREYLRXV�LQ�UHDO�ZRUOG�GRFXPHQWV�VLQFH�WKH\�DUH�QDWXUDO�IRU�HYHU\�KXPDQ�ODQJXDJH��DQGWKH\�DUH�WKH�NH\�LVVXH�RI�RXU�DVVRFLDWLRQ�EDVHG�DSSURDFK�

��&RQFOXVLRQV
:H�KDYH�SUHVHQWHG�DQ�DOWHUQDWH�DSSURDFK�WR�WKH�SUREOHP�RI�LQIRUPDWLRQ�H[WUDFWLRQIURP�WKH�:::�WH[W�GRFXPHQWV�7KH� SURSRVHG� DOJRULWKP� IRU� FRPPRQ�ZRUGV� GLVFRYHULQJ� VKRZV� WKH� DGYDQWDJH� RIEHLQJ�IDVW��VLQFH�LWV�EDVLF�LGHD�OLHV�LQ�ILQGLQJ�WKH�LQWHUVHFWLRQ�RI�JLYHQ�ZRUGV�VHWV��DQGJHQHUDO�±�LQ�WKDW�LW�FDQ�EH�XVHG�IRU�QRQ�(QJOLVK�GRFXPHQWV�7KH�VSHFLILF�IHDWXUHV�RI�+70/�GRFXPHQWV�DQG�XVHUV¶�LQGLYLGXDO�SHUFHSWLRQ�RI�WH[WIRUPDWWLQJ�KDYH�EHHQ�WDNHQ�LQWR�DFFRXQW�LQ�WKH�SURFHVV�RI�JHQHUDWLQJ�NH\ZRUGV�7KH� LPSOHPHQWDWLRQ� RI� -XLFHU� SURYHG� WKDW� LW� LV� SRVVLEOH� WR� SRUW� VRPH� LGHDVRULJLQDOO\�LQWURGXFHG�IRU�GDWD�PLQLQJ�LQ�9/'%�WR�WKH�JURXQG�RI� LQIRUPDWLRQ�UHWULHYDODQG�WH[W�FODVVLILFDWLRQ�7KH�UHVXOWV�RI�WKH�FRPSXWDWLRQDO�H[SHULPHQWV�ZH�KDYH�VR�IDU�SHUIRUPHG�VKRZ�WKDWWKH� V\VWHP�FDQ�EH� D�YHU\�XVHIXO� WRRO� IRU� DXWRPDWLF� SURFHVVLQJ� RI�:::�GRFXPHQWV�DOWKRXJK� VRPH� LPSOHPHQWDWLRQ� LVVXHV� QHHG� WR� EH� JLYHQ� IXUWKHU� FRQVLGHUDWLRQ�

���



6SHFLILFDOO\�WKH�SKDVH�RI DVVRFLDWLRQ�GLVFRYHULQJ�VLJQLILFDQWO\�VORZV�GRZQ�WKH�V\VWHP�VLQFH�LW�VXIIHUV�IURP�ODFN�RI�DGYDQFHG�9/'%�WHFKQLTXHV��H�J��LQGH[LQJ���0DNLQJ�XVH�RIVXFK�WHFKQLTXHV�ZRXOG�KHOS�WR�UHDOL]H�WKH�XQWDSSHG�SRWHQWLDO�RI�WKH�SURSRVHG�DSSURDFK�

��$FNQRZOHGJHPHQWV
7KH�DXWKRUV�ZLVK�WR�DFNQRZOHGJH�WKH�ILQDQFLDO�VXSSRUW�IURP�6WDWH�&RPPLWWHH�IRU6FLHQWLILF� 5HVHDUFK�� .%1� UHVHDUFK� JUDQW�� :H� DUH� DOVR� YHU\� JUDWHIXO� WR3URI� 5RPDQ 6áRZL�VNL� IRU�KLV� LQVSLULQJ� VXJJHVWLRQV�DQG� WR�'U� -HU]\ 6WHIDQRZVNL� IRUKLV� SHUFHSWLYH� DQG� KHOSIXO� FRPPHQWV��:H� ZRXOG� DOVR� OLNH� WR� VKRZ� RXU� JUDWLWXGH� WR0U� 3U]HP\VáDZ�:HVRáHN�IRU�KLV� UHYLHZ�DQG� WKRURXJK�LQVSHFWLRQ�RI� IRUPXODV��DQG� WR0U� 0DFLHM�6]NRSHN�IRU�KLV�WLPH�VSHQW�RQ�-XLFHU�PDLQWHQDQFH�DQG�GRFXPHQWDWLRQ�

��5HIHUHQFHV
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