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$EVWUDFW
7KH WDVN RI UHFRJQL]LQJ HYHQW W\SHV IURP WKH RXWSXW RI &RPSDFW 0XRQ 6ROHQRLG GHWHFWRU >���@ DW WKH /DUJH
+DGURQ &ROOLGHU >�@ UHTXLUHV LQWHQVH FRPSXWDWLRQ� DV WKH VSDQ RI HYHQW W\SHV LV ODUJH DQG WKH REMHFWV WKDW
EHORQJ WR GLIIHUHQW HYHQWV FDQ EH TXLWH VLPLODU� 7R LQYHVWLJDWH KRZ PDFKLQH OHDUQLQJ FDQ EH XVHG LQ DLGLQJ
HYHQW UHFRJQLWLRQ� D GDWD SLSHOLQH ZKLFK WUDQVIRUPV ODEHOHG HYHQW GDWD LQWR LPDJHV ZDV EXLOW� ZLWK
SDUDPHWHUV GHGXFHG E\ SHUIRUPLQJ DQDO\VLV RI PXOWLSOH VLPXODWHG HYHQW GDWDVHWV� 7KH RXWSXW RI WKLV GDWD
SLSHOLQH ZDV WKHQ XVHG WR WUDLQ D FRQYROXWLRQDO QHXUDO QHWZRUN LQ WKH WDVN RI FODVVLILFDWLRQ EHWZHHQ WKH
HYHQWV FRQWDLQLQJ� 6SKDOHURQV >�@� 0LFURVFRSLF %ODFN +ROHV >�@� DQG 6WDQGDUG 0RGHO SURFHVVHV� 8VLQJ
WUDQVIHU OHDUQLQJ RQ D SUHWUDLQHG 5HVQHW PRGHO >�@� VHYHUDO QHZ PRGHOV ZHUH EXLOW EDVHG RQ YDULRXV
K\SRWKHVHV IRU ZKDW FRXOG SURGXFH WKH PRVW DFFXUDWH UHVXOW RQ UHDO HYHQWV IURP WKH &06 GHWHFWRU� )RU
WKH ODEHOHG LQSXW GDWD D ODUJH VHW RI HYHQWV ZHUH JHQHUDWHG XVLQJ VLPXODWRU VRIWZDUH 3\WKLD� >�@ DQG
'HOSKHV >�@� ZLWK SDUDPHWHUV ZKLFK DUH H[SHFWHG WR \LHOG WKH VDPH UHVXOWV LQ WKH GHWHFWRU DV ZKHQ WKH
UHDO HYHQW RFFXUV� &RQIXVLRQ PDWULFHV ZHUH FUHDWHG IRU WKH WUDLQHG PRGHOV� DQG D FODVVLILFDWLRQ DFFXUDF\
RI ����� ����� ZDV DFKLHYHG LQ RQH RI WKH PRGHOV ZKLFK ZDV WUDLQHG WR UHFRJQL]H D SOHWKRUD RI GLIIHUHQWb

%ODFN +ROH W\SHV� 7KH FRGH� PRGHOV� GDWDVHWV DQG RXWSXW LPDJHV SURGXFHG GXULQJ WKLV SURMHFW KDYH EHHQ
XSORDGHG DQG PDGH SXEOLFO\ DYDLODEOH IRU IXUWKHU XVH� DQG FRXOG IRUP D JRRG IRXQGDWLRQ IRU H[SORULQJ D
JHQHUDO�FODVVLILFDWLRQ�SLSHOLQH�IRU�&RPSDFW�0XRQ�6ROHQRLG�GHWHFWRU�GDWD�LQ�/+&�2O\PSLFV�>����@�IRUPDW�



��,QWURGXFWLRQ
3DUWLFOH FROOLGHU H[SHULPHQWV VXFK DV WKRVH SHUIRUPHG LQ WKH /DUJH +DGURQ &ROOLGHU� \LHOG LQFUHGLEOH
DPRXQWV RI H[FLWLQJ GDWD� ZKLFK DUH WKHQ SURFHVVHG DQG DQDO\]HG WR DLG LQ RXU XQGHUVWDQGLQJ RI WKH ODZV
RI SK\VLFV� $7/$6 >�����@ DQG &RPSDFW 0XRQ 6ROHQRLG �&06� DUH PXOWLSXUSRVH GHWHFWRUV DW WKH /DUJH
+DGURQ &ROOLGHU GHVLJQHG WR VHH D ZLGH VSHFWUXP RI SRVVLEOH QHZ SKHQRPHQD� DV ZHOO DV WR SHUIRUP
SUHFLVH PHDVXUHPHQWV RI 6WDQGDUG 0RGHO SK\VLFV� 7R XVH DOO WKLV GDWD� GLIIHUHQW DSSURDFKHV DUH WDNHQ�
DQG DQ DSSURDFK UHFHQWO\ JDLQLQJ LQ SRSXODULW\ LV WR DSSO\ PDFKLQH OHDUQLQJ PHWKRGV RQ WKH GDWD WR KHOS
LGHQWLI\�LI�WKH�H[SHULPHQWDO�ZRUN�PDWFKHV�WKH�WKHRUHWLFDO�

$V SDUW RI WKH SURMHFW ³9RHIVWXERHMRK XLI )EVP] 9RMZIVWI� MRXIVTPE] SJ XLISV] ERH GSPPMHIV I\TIVMQIRXW´
>��@ ZKLFK DLPV WR H[SDQG RXU NQRZOHGJH RI WKH HDUO\ 8QLYHUVH XVLQJ NQRZOHGJH JDLQHG IURP FROOLGHU
H[SHULPHQWV� DQG WR H[SORUH SK\VLFV EH\RQG WKH 6WDQGDUG 0RGHO� WKH IROORZLQJ WDVN KDV EHHQ GHILQHG�
³,QYHVWLJDWLQJ WKH VSKDOHURQ DQG PLQL�EODFN KROH SURGXFWLRQ DW WKH /+& DQG LWV GHSHQGHQFH RQ WKH
PHFKDQLVP RI WKH HOHFWURZHDN SKDVH WUDQVLWLRQ´� 7KLV WDVN LV IXUWKHU VSOLW LQWR WKUHH VXEWDVNV� ZKHUH
WKH ILUVW WDVN LV WR GHWHUPLQH ZKDW WKH FKDUDFWHULVWLFV RI 6SKDOHURQ DQG %ODFN +ROH HYHQWV DUH� DQG XVH WKH
NQRZOHGJH JDLQHG IURP WKLV WR FUHDWH VHQVLEOH SDUDPHWHUV IRU SURFHVVLQJ HYHQW GDWD DQG WUDLQLQJ D
PDFKLQH OHDUQLQJ PRGHO� 7KLV FDQ IXUWKHU EH XVHG WR HVWLPDWH ZKDW FROOLGHU HQHUJLHV DQG OXPLQRVLWLHV DUH
QHFHVVDU\ WR FODVVLI\ 6SKDOHURQ DQG EODFN�KROH HYHQWV� 7KLV SURMHFW LV FHQWHUHG DURXQG WKH ILUVW RI WKHVH
VXEWDVNV� ZKHUH WKH HQG JRDO LV WR FUHDWH D WUDLQHG PXOWLFODVV PDFKLQH OHDUQLQJ PRGHO ZLWK DV KLJK DQ
DFFXUDF\ DV SRVVLEOH IRU FODVVLI\LQJ HYHQWV LQWR WKH FODVVHV 6SKDOHURQ� %ODFN +ROH� WWEDU� DQG WWEDU ZLWK
ODUJH�WUDQVYHUVH�PRPHQWXP�MHWV�

��3UREOHP�%DFNJURXQG
7KH 6WDQGDUG 0RGHO GHVFULEHV ZHOO WKUHH RI WKH IXQGDPHQWDO LQWHUDFWLRQV� DOWKRXJK LW OHDYHV VRPH
TXHVWLRQV� *UDYLW\ LV D PXFK ZHDNHU IRUFH WKDQ WKH UHVW RI WKH IXQGDPHQWDO LQWHUDFWLRQV� 7KH ODUJH
GLIIHUHQFH LQ IRUFHV LV ZKDW LV FDOOHG WKH KLHUDUFK\ SUREOHP� 7KH 6WDQGDUG 0RGHO GRHV QRW H[SODLQ WKH
DEXQGDQFH RI PDWWHU DV RSSRVHG WR DQWLPDWWHU LQ WKH 8QLYHUVH� NQRZQ DV WKH PDWWHU DQWLPDWWHU
DV\PPHWU\� 0DQ\ VROXWLRQV WR WKHVH SUREOHPV DPRQJ RWKHUV KDYH EHHQ SURSRVHG� DOVR NQRZQ DV %H\RQG
6WDQGDUG�0RGHOV�

$WWHPSWV DW VROYLQJ WKH KLHUDUFK\ SUREOHP KDYH EHHQ PDGH� VRPH E\ VXJJHVWLQJ WKH SUHVHQFH RI H[WUD
GLPHQVLRQV DW VPDOO VFDOHV� LQ ZKLFK RQO\ JUDYLW\ SURSDJDWHV >��@� 7KH PRGHOV VXJJHVW WKDW WKH
JUDYLWDWLRQDO IRUFH LV IXQGDPHQWDOO\ VWURQJHU� EXW WKH H[WUD VSDFH LW DFWV LQ� GLPLQLVKHV LWV DSSDUHQW
VWUHQJWK� DQG UHVXOWV LQ WKH DSSDUHQW VWUHQJWK ZH H[SHULHQFH� $ FRQVHTXHQFH RI WKH H[WUD GLPHQVLRQV WKH
WKHRU\ VXJJHVWV� DUH PLFURVFRSLF %ODFN +ROHV� 7KHUHIRUH D GLVFRYHU\ RI PLFURVFRSLF %ODFN +ROHV FRXOG
KHOS�H[SODLQ�WKH�KLHUDUFK\�SUREOHP�

7KH PDWWHU�DQWLPDWWHU DV\PPHWU\ LQ WKH 8QLYHUVH� VXJJHVWV WKH H[LVWHQFH RI SURFHVVHV EUHDNLQJ WKH
FRQVHUYDWLRQ ODZV RI EDU\RQ DQG OHSWRQ QXPEHU� ,Q HOHFWURZHDN EDU\RJHQHVLV� D SRVVLEOH QRQSHUWXUEDWLYH
TXDQWXP SURFHVV FDOOHG D 6SKDOHURQ� FRXOG FKDQJH WKH EDU\RQ DQG OHSWRQ QXPEHU� ZKLOH NHHSLQJ

� EUHDNLQJ WKH V\PPHWU\� >��@� 7KHUH KDYH EHHQ GLVFXVVLRQV ZKHWKHU WKH 6SKDOHURQV FRXOG�	1 a ;
 g W

EH�SURGXFHG�LQ�KLJK�HQHUJ\�FROOLGHUV�IRU�GHFDGHV>��@�

%RWK 6SKDOHURQV DQG PLFURVFRSLF %ODFN +ROHV DUH H[SHFWHG WR GHFD\ WR D ILQDO VWDWH RI KLJK PXOWLSOLFLW\�
6SHFLILFDOO\� PXOWL�MHW ILQDO VWDWHV DUH FKDUDFWHULVWLF IRU D ³ZLGH FODVV RI EH\RQG 6WDQGDUG 0RGHOV�´ >��� ��@�
'LVWLQJXLVKLQJ EHWZHHQ WKHP FRXOG EH GLIILFXOW� 7KHLU VLJQDWXUHV DUH VLPLODU� EXW WKHLU RULJLQV DUH GLIIHUHQW�

�



DV %ODFN +ROHV ZLOO HYDSRUDWH DQG FUHDWH 6WDQGDUG 0RGHO SDUWLFOHV DFFRUGLQJ WR WKH WKHUPDO EODFNERG\
UDGLDWLRQ >��@� ,I WKHVH GLIIHUHQFHV DUH VLJQLILFDQW� WKH\ FRXOG EH GLIIHUHQWLDWHG E\ PDFKLQH OHDUQLQJ� ZKLFK
FRXOG�SURYH�WR�EH�D�YDOXDEOH�WRRO�LQ�DQDO\VLQJ�KLJK�HQHUJ\�FROOLVLRQV�

��(TXLSPHQW�6RIWZDUH
7R SHUIRUP WKLV SURMHFW� WKH SURJUDPPLQJ ODQJXDJH 3\WKRQ >��@ ZDV FKRVHQ DV LW RIIHUV PDQ\ UHDGLO\
DYDLODEOH OLEUDULHV IRU PDFKLQH OHDUQLQJ DQG GDWD DQDO\VLV ZLWK D ORZ EDUULHU RI HQWU\ WR VWDUW XVLQJ WKHVH�
$V FRGLQJ ZDV SHUIRUPHG DV D WHDP LQ S\WKRQ� *RRJOH &RODE >��@ ZDV XVHG WR EH DEOH WR HDVLO\ SHUIRUP
SURWRW\SLQJ DQG FROODERUDWLYH FRGLQJ� ZLWKRXW WKH LQLWLDO QHHG IRU VHWXS RI D GHGLFDWHG PDFKLQH WR UXQ WKH
FRGH� $V WKH FRGH UHDFKHG D PRUH PDWXUH VWDJH� D GHGLFDWHG PDFKLQH ZLWK D PRGHUQ JUDSKLFV FDUG
�1YLGLD 57; ���� WL� ZDV WDNHQ LQWR XVH DV D EDFNHQG IRU WKH *RRJOH &RODE GRFXPHQW� *RRJOH FRODE
LQWHJUDWHV ZLWK MXS\WHU EDFNHQGV >��@� VR D MXS\WHU VHUYHU ZDV VHW XS RQ D PDFKLQH RZQHG E\ WKH $7/$6
SURMHFW DW WKH 'HSDUWPHQW RI 3K\VLFV DQG 7HFKQRORJ\� DQG WKURXJK DQ VVK WXQQHO ZDV PDGH DYDLODEOH WR
&RODE IRU UXQQLQJ WKH WUDLQLQJ RI WKH PRGHOV ZLWK GHHSHU QHWV DQG PRUH HSRFKV� $OWKRXJK *RRJOH &RODE
ZLWK KRVWHG UXQWLPH LQ WKH IUHH WLHU KDG *38V DYDLODEOH� WKH\ ZHUH OLPLWHG LQ SHUIRUPDQFH� DQG WKH
DYDLODELOLW\�RI�WKHVH�*38V�ZDV�XQSUHGLFWDEOH��VR�WKHUHIRUH�D�ORFDO�UXQWLPH�ZDV�XVHG�

,Q WKH VWDUW RI WKH SURMHFW� IDVWDL ZDV XVHG IRU SURWRW\SLQJ D PDFKLQH OHDUQLQJ SLSHOLQH� EXW GXH WR FHUWDLQ
OLPLWDWLRQV LQ IOH[LELOLW\ RI WKH DSL� 3\7RUFK ZDV VHWWOHG RQ DV WKH IUDPHZRUN WR XVH IRU SHUIRUPLQJ PDFKLQH
OHDUQLQJ WDVNV� $V 3\7RUFK RIIHUHG SUHWUDLQHG PRGHOV ZKLFK FRXOG EH XVHG IRU WUDQVIHU OHDUQLQJ� LW ZDV
SRVVLEOH WR MXVW GRZQORDG H[DFWO\ WKH QHWZRUN VWUXFWXUH ZLWK VRPH GHIDXOW ZHLJKWV WKDW ZDV GHVLUHG� 7R
GHWHUPLQH KRZ WKH LQSXW GDWD VKRXOG EH SURFHVVHG IRU XVDJH ZLWK WKH PDFKLQH OHDUQLQJ PRGHO� QXPS\
DQG�PDWSORWOLE�ZHUH�XVHG�IRU�SHUIRUPLQJ�GDWD�DQDO\VLV�DQG�SORWWLQJ�
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����)LUVW�ORRN�DW�WKH�GDWD
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)LJXUH�����GDWD�ZLWK�H[DPSOH�REMHFWV�IRU�D�VLQJOH�HYHQW�

(DFK HYHQW LV WKH UHVXOW IURP D SURWRQ�SURWRQ FROOLVLRQ� ZLWK D OLVW RI REVHUYHG REMHFWV DQG WKHLU SURSHUWLHV�
DV UHFRQVWUXFWHG LQ WKH &06 GHWHFWRU 7KH PRVW UHOHYDQW GDWD IRU WKLV SURMHFW IURP HDFK HYHQW ZDV WKH
³W\S´ FROXPQ� ZKLFK GHVFULEHV ZKLFK W\SH RI REMHFW� LV SUHVHQWHG LQ WKH URZ� ,Q DGGLWLRQ WKH HWD DQG SKL
FROXPQV ZKLFK GHVFULEH WKH SVHXGRUDSLGLW\ DQG D]LPXWKDO DQJOH RI WKH REMHFWV ZHUH FUXFLDO LQ WKH GDWD
SLSHOLQH��7KH�PRPHQWXP�RI�REMHFWV�LV�DOVR�GHVFULEHG�LQ�WKLV�IRUPDW�

7KH QHXUDO QHWZRUN RI W\SH 5HV1HW ZDV FKRVHQ IRU WKH UHFRJQLWLRQ WDVN� DV LW LV UHDGLO\ DYDLODEOH DV D
SUHWUDLQHG PRGHO� LV IDVW WR WUDLQ DQG KDV EHHQ VXFFHVVIXOO\ XVHG RQ &06 WDVNV E\ RWKHU WHDPV>��@� 7R EH
DEOH WR XVH WKH SUHWUDLQHG 5HV1HW PRGHO DQG DSSO\ WUDQVIHU OHDUQLQJ WR DGMXVW WKH ZHLJKWV RI WKH PRGHO�
WKH LQSXW GDWD QHHGV WR EH LQ WKH VDPH IRUPDW DV WKH 5HV1HW ZDV RULJLQDOO\ WUDLQHG ZLWK� 7KLV HQWDLOV DQ
H[SHFWDWLRQ RI DQ 5*% LPDJH RI D VSHFLILF VL]H� 7KHUHIRUH WKH RXWSXW RI WKH GDWD SLSHOLQH QHHGV WR EH DQ
5*% LPDJH� DQG D VHQVLEOH VL]H KDV WR EH FKRVHQ VR WKDW LW FDQ EH VFDOHG WR WKH VL]H WKDW WKH QHXUDO
QHWZRUN�H[SHFWV�
0DSSLQJ WKH HYHQW GDWD WR DQ LPDJH ZDV GRQH ZLWK EDVLV RQ VRPH RI WKH NQRZOHGJH JDLQHG IURP>�@ ZKLFK
OHDG WR DQ DOJRULWKP ZKLFK WUDQVODWHV WKH HWD DQG SKL YDOXHV RI DQ REMHFW LQWR D FDUWHVLDQ LQWHJHU �[� \�
FRRUGLQDWH V\VWHP� DQG DQ HQHUJ\ FDOFXODWLRQ ZKLFK DGGV WKH REMHFW
V HQHUJ\ WR WKH FDOFXODWHG �[�
\��FRRUGLQDWH� $ VXEVHW RI WKH REMHFW W\SHV ZHUH FRQVLGHUHG� DV WKH PDSSLQJ WR 5*% LV SHUIRUPHG WKURXJK
ILUVW FUHDWLQJ D �' LPDJH SHU REMHFW W\SH LQ DQ HYHQW� DQG WKHQ GHVLJQDWHG WKH LPDJHV WR GLIIHUHQW FRORXU
FKDQQHOV� 0XRQV� (OHFWURQV DQG -HWV ZHUH FKRVHQ WR EH JHQHUDWHG LPDJHV IRU� $V WKH QXPEHU RI REMHFWV
SHU HYHQW ZDV VR ORZ� D GHFLVLRQ ZDV PDGH WR XVH D ORZ UHVROXWLRQ LPDJH RI �� E\ �� SL[HOV� ZKHUH HDFK
SL[HO KDV D YDOXH LQ WKH UDQJH >�� ���@� ZKLFK FRUUHVSRQGV WR D VWDQGDUG ��ELW FRORXU FKDQQHO� $V WKH
QHXUDO QHWZRUN KDV DQ H[SHFWDWLRQ RI PLQLPXP LPDJH VL]H ��� [ ���� D UHVL]LQJ VWHS ZDV XVHG ZKHQ
WUDLQLQJ WKH QHWZRUN� 7KH PDSSLQJ IURP (WD DQG 3KL WR �[� \� FRRUGLQDWHV ZDV GRQH E\ HPSLULFDO
NQRZOHGJH JDLQHG IURP SORWWLQJ WKH (WD DQG 3KL GLVWULEXWLRQ RI REMHFWV� DQG XQGHUVWDQGLQJ RI KRZ WKH
&06 GHWHFWRU ZRUNV� )URP ILJXUH �� WKH SRVVLEOH YDOXHV IRU HWD FDQ EH VHHQ� DQG WKH PDMRULW\ RI REMHFWV
DUH VKRZQ WR EH ZLWKLQ >����� ���@� ZKLFK ZDV FKRVHQ WR EH WKH FXWRII SRLQWV IRU HWD YDOXHV XVHG LQ LPDJH
JHQHUDWLRQ� 7KLV PHDQV WKDW REMHFWV ZLWK HWD RXWVLGH RI WKLV YDOXH UDQJH DUH QRW LQFOXGHG LQ WUDLQLQJ WKH
QHXUDO QHWZRUN� RU ZKHQ FRQYHUWLQJ IXWXUH HYHQWV LQWR LPDJHV IRU HYDOXDWLRQ E\ WKH QHXUDO QHWZRUN�
/RRNLQJ DW WKH SUREDELOLW\ GLVWULEXWLRQ RI HWD� �¥ ZDV IRXQG WR FRYHU WKH UDQJH RI HWD IURP DSS[ >����� ���@�
WKXV RYHU ��� RI DOO REMHFWV ZLOO EH LQFOXGHG LQ WKH ILQDO LPDJH ZLWK WKH FKRVHQ FXWRII� 6LQFH WKH YDOXHV RI
SKL�JR�IURP�>�¢��¢@�DV�VHHQ�LQ�ILJXUH����D�URXQGHG�YDOXH�RI�>�����������@�ZDV�XVHG�DV�WKH�FXWRII�WKHUH�

� %\�REMHFWV�ZH�UHIHU�WR�WKH�SKRWRQV��HOHFWURQV��PXRQV��WDXV��MHWV��DQG�PLVVLQJ�WUDQVYHUVH�HQHUJ\��ZKLFK�DUH�UHSUHVHQWHG�E\�WKH
QXPEHUV����������������DQG���UHVSHFWLYHO\�
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:KHUH 0 LV WKH QXPEHU RI FODVVHV� \ LV D ELQDU\ LQGLFDWRU RI ZKHWKHU FODVV ODEHO F LV WKH FRUUHFW
FODVVLILFDWLRQ�IRU�REVHUYDWLRQ�R��DQG�S�LV�WKH�SUHGLFWHG�SUREDELOLW\�REVHUYDWLRQ�R�LV�RI�FODVV�F�

7KH RSWLPL]HU XVHG LV 6*'�6WRFKDVWLF *UDGLHQW 'HVFHQW� ZKLFK LV JXLGHG WRZDUGV WKH PLQLPD E\ WKH ORVV
IXQFWLRQ UHVXOWV� $JDLQ WKLV LV XVHG DV QR VSHFLILF NQRZOHGJH RI DQ\ DGYDQWDJHV DQG GLVDGYDQWDJHV RI
RWKHU�RSWLPL]HUV�RQ�WKLV�GDWD�VHW�DUH�NQRZQ�
7KH PRGHOV ZHUH WKHQ WUDLQHG ZLWK WKH GLIIHUHQW GDWDVHWV� ,Q WRWDO� �� WUDLQHG PRGHOV ZHUH FUHDWHG� (YHU\
PRGHO ZDV WUDLQHG ZLWK 6SKDOHURQV� WWEDU� DQG WWEDU ODUJH MHWV DV SRVVLEOH RXWSXW FODVVHV� LQ DGGLWLRQ RQH
RI WKH %ODFN +ROH GDWDVHWV ZHUH DGGHG WR HDFK RI WKH PRGHOV� 7KLV ZDV DOVR GRQH ZLWK WKH FRPELQHG
%ODFN KROH GDWDVHW� 7KXV �� RI WKH PRGHOV ZHUH WUDLQHG LQ UHFRJQL]LQJ D VSHFLILF %ODFN +ROH W\SH� ZKLOH
WKH ODVW PRGHO ZDV WUDLQHG WR UHFRJQL]H DOO W\SHV RI %ODFN +ROHV HTXDOO\� 7KH QXPEHU RI 7KH PRGHOV ZHUH
WKHQ VWRUHG� DQG FRQIXVLRQ PDWULFHV ZHUH SURGXFHG IRU DOO WKH PRGHOV RQ ERWK WKH FRUUHVSRQGLQJ
YDOLGDWLRQ VHWV IRU WKH FODVVHV WKH\ ZHUH WUDLQHG RQ� DQG HYDOXDWHG ZLWK WKH LQFOXVLRQ RI DOO WKH RWKHU %ODFN
+ROH�GDWDVHWV�WR�VHH�KRZ�ZHOO�WKH\�ZRXOG�UHFRJQL]H�WKH�FODVVHV�WKH\�ZHUH�QRW�WUDLQHG�RQ�

7KH DFFXUDF\ RI WKH YDOXHV LQ WKH FRQIXVLRQ PDWULFHV DUH FDOFXODWHG XVLQJ ZKHUH 1 LV WKH\	=
 g =

QXPEHU�RI�HYHQWV�RI�WKDW�HYHQW�W\SH�LQ�WKH�YDOLGDWLRQ�VHW�

��5HVXOWV

7KH UHVXOWLQJ WUDLQHG PRGHOV JDYH YDU\LQJ DFFXUDFLHV ZKHQ UXQQLQJ RQ WKH YDOLGDWLRQ GDWD VHWV� EXW WKH
JHQHUDO DFFXUDF\ ZDV IDU DERYH D UDQGRP VHOHFWLRQ� 7ZR PRGHOV VWRRG RXW WKH PRVW� WKH ILUVW ZDV WKH RQH
WUDLQHG RQ WKH VDPSOHG %ODFN +ROH VHW� DV LW KDG DQ ����� ����� DFFXUDF\ ZKHQ UXQQLQJ RQ WKH YDOLGDWLRQb
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Example Limit on BH and SPH  with numbers  from Figure 18.

   Fig 18       BH eff    ttbar_eff   ttbar_high_pt_eff  

BHn4M8      0.86     0.0044          0.018
BHn4M10   0.84     0.0033           0.022
BHn6M10   0.87     0.0039           0.025

With the  ttbar crossection 523000 fb   and ttbar_high_pt crossection 1500 pb (that is contained in the ttbar crossection)
we expect the following number of background events for the Run 2 luminosity of LUMI= 139/fb :

                    ttbar_eff  events from ttbar   ttbar_High_pt_eff   events from ttbar_high_pt  2sigma (95%) xsection limit

BHn4M8    0.0044        319867+-566            0.018                                3753+-61                                            9.5 fb
BHn4M10  0.0033       239900+-490            0.022                                4587+-68                                            8.4 fb
BHn6M10  0.0039       283518+-532            0.025                                5212+-72                                            8.8 fb

The ttbar_high_pt events are expected to  contained in ttbar events thus the limit on BH cross-section is
calculated as 2sigma(ttbar)/(BH eff)/LUMI . These are limits in absence of any signal. Limits
from the CMS paper are 0.1-10 fb depending on the BH mass (n=6). We still have a way to go, but
it is not bad for the first trial, we need to spend more time on background rejection procedure.

Example limit on sphalerons:

                 eff    ttbar_eff    ttbar_high_pt_eff  events from ttbar       2sigma (95%) xsec limit
THR9     0.83   0.0017                    0.0078              123585+-351                       6.1 fb

--------------------------------------------------------------------------

After we improve the background estimation/rejection one can produce limits on BH assuming a presence
of a given SPH signal and vice-versa.
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