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$EVWUDFW
(SLOHSV\ LV RQH RI WKH PRVW FRPPRQ QHXURORJLFDO GLVHDVHV ZLWK DURXQG �� PLOOLRQ FDVHV
JOREDOO\� DQG QHDUO\ ��� RI WKHP DSSHDU LQ ORZ� DQG PLGGOH�LQFRPH FRXQWULHV �/0,&V�� ,W
LV HVWLPDWHG WKDW DURXQG ��� RI HSLOHSV\ FDVHV LQ /0,&V DUH QRW WUHDWHG FRUUHFWO\ ZKHQ
IRU XS WR ��� RI WKRVH� LW ZRXOG EH SRVVLEOH WR OLYH VHL]XUH�IUHH WKDQNV WR WKH PHGLFLQHV�
2QH RI WKH PRVW FRQVLVWHQW SUHGLFWRUV RI VHL]XUH UHFXUUHQFH� DV ZHOO DV WKH PRVW FRPPRQ
WHVW XVHG WR GLDJQRVH HSLOHSV\ FRQGLWLRQ� LV HOHFWURHQFHSKDORJUDSK\ �((*�� D QRQLQYDVLYH
PHWKRG IRU UHFRUGLQJ EUDLQ HOHFWULFDO DFWLYLW\ >�@�

,Q WKLV VFHQDULR� VRPH FRPSDQLHV DUH GHYHORSLQJ VROXWLRQV WR EULQJ DIIRUGDEOH GHYLFHV
DEOH WR UHVSRQG WR /0,&V VHWXSV� H�J� H[SHUW�LQGHSHQGHQW DQG LQ D PRELOH HQYLURQPHQW�
7KHUHIRUH� WKHUH LV D QHFHVVLW\ IRU DQ LQWXLWLYH� DXWRPDWLF DQG UHDO�WLPH ((* UHFRUGLQJ
TXDOLW\ FRQWURO IHDWXUH UXQQLQJ RQ D PRELOH SKRQH�

7KH SUREOHP LQVSHFWHG LQ WKH WKHVLV LV WKH IHDVLELOLW\ RI VXFK D IHDWXUH� ,Q WKH ,QWURGXF�
WLRQ DQG 6WDWH RI WKH DUW FKDSWHUV� WKH SUREOHP LV VWDWHG DQG WKH VWDQGDUG PHWKRGV XVHG
DUH H[SRVHG WKURXJK WKH 35,60$ VWDQGDUG� 7KH 'HVLJQ 7KLQNLQJ 3URFHVV FKDSWHU
KLJKOLJKWV WKH IUDPHZRUN XVHG WR VWUXFWXUH WKH SURMHFW� 7KH XVHUV¶ QHHGV DQG V\VWHP
UHTXLUHPHQWV FKDSWHU DGGUHVVHV WKH QHFHVVLWLHV RI WKH XVHUV DQG GHILQHV WKHLU QHHGV�
7KH GDWD LV UHFRUGHG DQG RUJDQL]HG LQ WKH 'DWD FROOHFWLRQ FKDSWHU� 7KH DUWHIDFW GH�
WHFWLRQ DOJRULWKP LV GHVLJQHG DQG WXQHG IRU WKH VSHFLILF GDWD LQ WKH 5LHPDQQLDQ 3RWDWR
)LHOG �53)� DQG SUDFWLFDO GHVLJQ FKDSWHU� (YHQWXDOO\� WKH LPSOHPHQWDWLRQ DQG WKH GH�
YHORSPHQW RI WKH TXDOLW\ IHDWXUH LQ WKH PRELOH DSS DUH H[SODLQHG LQ 53) LPSOHPHQWDWLRQ
IRU HPEHGGHG V\VWHPV DQG 0RELOH DSS TXDOLW\ IHDWXUH SURWRW\SH FKDSWHUV� 7KH VSH�
FLILF PHWKRGV� UHVXOWV� FRQFOXVLRQV� GLVFXVVLRQV DQG IXWXUH ZRUNV DUH H[DPLQHG IRU HDFK
FKDSWHU� )LQDOO\� WKH RXWFRPHV RI HDFK FKDSWHU DQG WKH LQIOXHQFHG GLVFXVVLRQV DUH OLQNHG
WRJHWKHU LQ WKH ILQDO 'LVFXVVLRQV DQG FRQFOXVLRQV FKDSWHU�
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$EVWUDFW
/¶HSLOHVVLD q XQD GHOOH PDODWWLH QHXURORJLFKH SL� FRPXQL� FRQ FLUFD �� PLOLRQL GL FDVL D
OLYHOOR JOREDOH� GL FXL TXDVL O¶��� GL HVVL VL PDQLIHVWD QHL 3DHVL D EDVVR H PHGLR UHGGLWR�
6L VWLPD FKH FLUFD LO ��� GHL FDVL GL HSLOHVVLD QHL 3DHVL D EDVVR UHGGLWR QRQ VLD WUDWWDWR
FRUUHWWDPHQWH� PHQWUH SHU LO ��� GL TXHVWL VDUHEEH SRVVLELOH YLYHUH VHQ]D HSLVRGL HSLOHWWLFL
JUD]LH DL IDUPDFL� 8QR GHL SUHGLWWRUL SL� VWDELOL GL ULFRUUHQ]D GHOOH FULVL� QRQFKp LO WHVW SL� FR�
PXQHPHQWH XWLOL]]DWR SHU GLDJQRVWLFDUH OD FRQGL]LRQH GL HSLOHVVLD� q O¶HOHWWURHQFHIDORJUDPPD
�((*�� XQ PHWRGR QRQ LQYDVLYR SHU UHJLVWUDUH O¶DWWLYLWj HOHWWULFD GHO FHUYHOOR >�@�

,Q TXHVWR VFHQDULR� DOFXQH D]LHQGH VWDQQR VYLOXSSDQGR VROX]LRQL SHU IRUQLUH GLVSRVLWLYL D
SUH]]L DFFHVVLELOL LQ JUDGR GL ULVSRQGHUH DOOH SDUWLFRODUL QHFHVVLWj GHL 3DHVL PHQR VYLOXS�
SDWL� DG HVHPSLR VROX]LRQL FKH QRQ ULFKLHGDQR HVSHUWL GHO VHWWRUH� H LQ XQ VHWXS PRELOH�
3HUWDQWR� q QHFHVVDULR XQ PHWRGR GL FRQWUROOR GHOOD TXDOLWj GHOOD UHJLVWUD]LRQH ((* FKH
VLD LQWXLWLYR� DXWRPDWLFR H LQ WHPSR UHDOH� H FKH IXQ]LRQL VX XQD DSSOLFD]LRQH LQVWDOODWD VX
XQR VPDUWSKRQH�

,O SUREOHPD HVDPLQDWR QHOOD WHVL q OD IDWWLELOLWj GL WDOH PHWRGR� 1HL FDSLWROL ,QWURGXFWLRQ H
6WDWH RI WKH DUW� YLHQH HVSRVWR LO SUREOHPD H L PHWRGL QRUPDOPHQWH XWLOL]]DWL� DWWUDYHUVR OR
VWDQGDUG 35,60$� ,O FDSLWROR 'HVLJQ 7KLQNLQJ 3URFHVV HYLGHQ]LD LO IUDPHZRUN GL ULIHUL�
PHQWR XWLOL]]DWR SHU VWUXWWXUDUH LO SURJHWWR� ,O FDSLWROR XVHUV¶ QHHGV DQG V\VWHP UHTXLUH�
PHQWV DIIURQWD OH QHFHVVLWj GHJOL XWHQWL H GHILQLVFH L ORUR ELVRJQL� , GDWL YHQJRQR UHJLVWUDWL H
RUJDQL]]DWL QHO FDSLWROR 'DWD FROOHFWLRQ� /¶DOJRULWPR GL FODVVLILFD]LRQH GHJOL DUWHIDWWL YLHQH
SURJHWWDWR H QH YHQJRQR FDOLEUDWL L SDUDPHWUL� SHU L GDWL UDFFROWL� QHO FDSLWROR 5LHPDQQLDQ
3RWDWR )LHOG �53)� DQG SUDFWLFDO GHVLJQ� ,QILQH� O¶LPSOHPHQWD]LRQH H OR VYLOXSSR GHOOD
IXQ]LRQH GL FRQWUROOR GHOOD TXDOLWj QHOO¶DSSOLFD]LRQH SHU VPDUWSKRQH VRQR VSLHJDWL QHL FDSL�
WROL 53) LPSOHPHQWDWLRQ IRU HPEHGGHG V\VWHPV H 0RELOH DSS TXDOLW\ IHDWXUH SURWRW\SH�
3HU RJQL FDSLWROR YHQJRQR HVDPLQDWL L PHWRGL VSHFLILFL� L ULVXOWDWL� OH FRQFOXVLRQL� OH GLV�
FXVVLRQL H L ODYRUL IXWXUL� ,QILQH� L ULVXOWDWL GL FLDVFXQ FDSLWROR H OH GLVFXVVLRQL FKH QH VRQR
GHULYDWH VRQR FROOHJDWH WUD ORUR QHL FDSLWROL ILQDOL 'LVFXVVLRQV DQG FRQFOXVLRQV�
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&RQWHQWV
3UHIDFH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � LL

� ,QWURGXFWLRQ �
��� (SLOHSV\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� (OHFWURHQFHSKDORJUDSK\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� ([DPSOH RI HSLOHSV\ GLDJQRVLV LQ /0,&V � � � � � � � � � � � � � � � � � � � � �
��� 3UREOHP VWDWHPHQW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 6WDWH RI WKH DUW �
��� ((* PDUNHW IRU /0,&V � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� $UWLIDFW GHWHFWLRQ DQG UHPRYDO� /LWHUDWXUH UHYLHZ � � � � � � � � � � � � � � � �

� 'HVLJQ 7KLQNLQJ 3URFHVV � PHWKRGV RYHUYLHZ �
��� 7KHVLV RUJDQL]DWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 8VHUV¶ QHHGV DQG V\VWHP UHTXLUHPHQWV ��
��� 0HWKRGV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 5HVXOWV DQG FRQFOXVLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 'LVFXVVLRQ DQG IXWXUH ZRUN � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 'DWD FROOHFWLRQ ��
��� 0HWKRGV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 5HVXOWV DQG FRQFOXVLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 'LVFXVVLRQ DQG IXWXUH ZRUN � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 5LHPDQQLDQ 3RWDWR )LHOG �53)� DQG SUDFWLFDO GHVLJQ ��
��� ,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 0HWKRGV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 5HVXOWV DQG FRQFOXVLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 'LVFXVVLRQ DQG IXWXUH ZRUN � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 53) LPSOHPHQWDWLRQ IRU HPEHGGHG V\VWHPV ��
��� 0HWKRGV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 5HVXOWV DQG FRQFOXVLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 'LVFXVVLRQ DQG IXWXUH ZRUN � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 0RELOH DSS TXDOLW\ IHDWXUH SURWRW\SH ��
��� ,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 0HWKRGV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 5HVXOWV DQG FRQFOXVLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 'LVFXVVLRQ DQG IXWXUH ZRUN � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 'LVFXVVLRQV DQG IXWXUH ZRUN ��

�� &RQFOXVLRQV ��

%LEOLRJUDSK\ ��
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$ %& UHOHYDQW H[WUDFW RI WKH GRFXPHQW RQ ´8VHU UHTXLUHPHQWV´ ��

% $OUHDG\ DYDLODEOH LQWHUYLHZ ZLWK DQ ((* GRFWRU ���

& $OUHDG\ DYDLODEOH LQWHUYLHZ ZLWK DQ ((* WHFKQLFLDQ ���

' )XUWKHU LQWHUYLHZV ZLWK ((* WHFKQLFLDQV ���

( )XUWKHU LQWHUYLHZV ZLWK QRQ�H[SHUW RSHUDWRUV ���

) 3URWRFRO XVHG IRU GDWD UHFRUGLQJ ���
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� ,QWURGXFWLRQ
��� (SLOHSV\
(SLOHSV\ LV RQH RI WKH PRVW FRPPRQ QHXURORJLFDO GLVHDVHV JOREDOO\ >�@�

(SLOHSV\ ZDV GHILQHG FRQFHSWXDOO\ LQ ���� DV D GLVRUGHU RI WKH EUDLQ FKDUDFWHUL]HG E\ DQ
HQGXULQJ SUHGLVSRVLWLRQ WR JHQHUDWH HSLOHSWLF VHL]XUHV� 7KLV GHILQLWLRQ LV XVXDOO\ SUDFWLFDOO\
DSSOLHG DV KDYLQJ WZR XQSURYRNHG VHL]XUHV JUHDWHU WKDQ �� KRXUV DSDUW >�@�

$ VHL]XUH LV D EULHI HSLVRGH RI LQYROXQWDU\ PRYHPHQW WKDW LQYROYHV WKH HQWLUH ERG\ RU SDUWV
RI LW� ,W LV RIWHQ UHODWHG WR ORVV RI FRQVFLRXVQHVV RU EODGGHU IXQFWLRQ�

6HL]XUH HSLVRGHV DUH D UHVXOW RI H[FHVVLYH HOHFWULFDO GLVFKDUJHV LQ D JURXS RI EUDLQ FHOOV�
7KH\ FDQ DSSHDU LQ VHYHUDO GLIIHUHQW ZD\V� KLWWLQJ SDUWV RI WKH EUDLQ RU EHLQJ JHQHUDOL]HG�
7KH\ FDQ YDU\ IURP FDXVLQJ SURORQJHG FRQYXOVLRQV WR MXVW EULHI ODSVHV RI DWWHQWLRQ� )LQDOO\�
WKH\ FDQ YDU\ LQ IUHTXHQF\� IURP OHVV WKDQ RQH SHU \HDU WR VHYHUDO SHU GD\� >�@

$URXQG �� PLOOLRQ SHRSOH KDYH HSLOHSV\ LQ WKH ZRUOG� ZLWK DQ HVWLPDWLRQ RI � PLOOLRQ QHZ
SHRSOH GLDJQRVHG ZLWK HSLOHSV\ ZRUOGZLGH HYHU\ \HDU� 1HDUO\ ��� RI HSLOHSV\ FDVHV
DSSHDU LQ ORZ� DQG PLGGOH�LQFRPH FRXQWULHV �WKHQ /0,&V� >�@�

3HRSOH ZLWK HSLOHSV\ KDYH WKUHH WLPHV KLJKHU ULVN RI SUHPDWXUH GHDWK WKDQ WKH JHQHUDO
SRSXODWLRQ� ,W LV HVWLPDWHG WKDW DURXQG ��� RI HSLOHSV\ FDVHV LQ /0,&V DUH QRW WUHDWHG
FRUUHFWO\� 7KLV LV DOVR NQRZQ DV WKH ´WUHDWPHQW JDS´� 2Q WKH RWKHU VLGH� VHL]XUHV FDQ EH
FRQWUROOHG ZLWK WKH DSSURSULDWH XVH RI DQWLVHL]XUH PHGLFLQHV� )RU XS WR ��� RI SHRSOH
OLYLQJ ZLWK HSLOHSV\� LW ZRXOG EH SRVVLEOH WR OLYH VHL]XUH�IUHH WKDQNV WR WKH PHGLFLQHV >�@�

(OHFWURHQFHSKDORJUDSK\ �((*� LV RQH RI WKH PRVW FRQVLVWHQW SUHGLFWRUV RI VHL]XUH UHFXU�
UHQFH >�@� DV ZHOO DV WKH PRVW FRPPRQ WHVW XVHG WR GLDJQRVH HSLOHSV\ FRQGLWLRQ�

��� (OHFWURHQFHSKDORJUDSK\
(OHFWURHQFHSKDORJUDSK\ �((*� LV D QRQ�LQYDVLYH PHWKRG IRU UHFRUGLQJ EUDLQ HOHFWULFDO
DFWLYLW\ E\ PHDVXULQJ WKH YROWDJH EHWZHHQ SDLUV RI HOHFWURGHV ORFDWHG XQLIRUPO\ RQ WKH
VFDOS� 1RZDGD\V� ((* LV RQH RI WKH PRVW LPSRUWDQW WHFKQLTXHV IRU UHFRUGLQJ FRUWLFDO
EUDLQ DFWLYLWLHV� JLYHQ LWV EDODQFH EHWZHHQ DFFXUDF\ DQG SUDFWLFDOLW\� FRVW DQG HDVLQHVV RI
XVH�

7KH HOHFWULFDO DFWLYLW\ RI WKH EUDLQ LV PDLQO\ FDXVHG E\ WKH SRVW�V\QDSWLF SRWHQWLDOV �363V��
LQ SDUWLFXODU� IRU D FKDQJH LQ PHPEUDQH FRQGXFWDQFH DQG WUDQVPHPEUDQH SRWHQWLDO SUR�
YRNHG E\ WKH QHXURWUDQVPLWWHU UHOHDVHG E\ WKH WUDYHO RI WKH DFWLRQ SRWHQWLDO WR WKH QHUYH
WHUPLQDO >�@�

7KH VLJQDO FDQ OHDG WR DQ H[FLWDWRU\ SRVW�V\QDSWLF SRWHQWLDO �(363� RQ WKH GHQGULWHV RU
WR LQKLELWRU\ SRVW�V\QDSWLF SRWHQWLDOV �,363V� RQ WKH FHOO ERG\ RI WKH QHXURQ� 7KH FRP�
ELQDWLRQ RI (363V DQG ,363V LQGXFHV FXUUHQWV WKDW IORZ ZLWKLQ DQG DURXQG WKH QHXURQ�
7KH ((* LV HVVHQWLDOO\ PHDVXULQJ WKHVH YROWDJH FKDQJHV LQ WKH H[WUDFHOOXODU PDWUL[� 7KH
PHDVXUHPHQW LV WDNHQ RQ WKH VFDOS E\ D V\VWHP RI HOHFWURGHV DQG DPSOLILHUV >�@�

�



7KH LQWHUDFWLRQ EHWZHHQ WKH FRUWH[ DQG WKDODPXV DV ZHOO DV WKH IXQFWLRQDO SURSHUWLHV RI
ODUJH QHXURQDO QHWZRUNV LQ WKH FRUWH[ WKDW KDYH DQ LQWULQVLF FDSDFLW\ IRU UK\WKPLFLW\ FUHDWH
UHFRJQL]DEOH ((* SDWWHUQV� YDU\LQJ LQ GLIIHUHQW DUHDV RI WKH QHRFRUWH[ WKDW DOORZ XV WR
PDNH VHQVH RI WKH FRPSOH[ ZRUOG RI EUDLQ ZDYHV >�@�

2QH RI WKH GUDZEDFNV RI WKLV PHWKRG LV WKH VHQVLWLYLW\ WR H[WHUQDO VRXUFHV RI LQIRUPDWLRQ
RWKHU WKDQ EUDLQ DFWLYLW\� WKDW FRQWDPLQDWH WKH VLJQDO� 7KHVH H[WHUQDO VRXUFHV DUH FDOOHG
DUWLIDFWV� DQG WKH\ FDQ LQWHUIHUH ZLWK WKH EUDLQ VLJQDO LQ WKH WLPH�IUHTXHQF\�VSDFH GRPDLQ�
PDNLQJ WKH WDVNV RI GHWHFWLRQ DQG WKH UHPRYDO RI WKH QRLVH FXPEHUVRPH >�@�

7KH VRXUFHV RI DUWLIDFWV FDQ EH FODVVLILHG DV SK\VLRORJLFDO DFWLYLWLHV RI WKH XVHU �H�J� PRYH�
PHQWV� PXVFOH WHQVLRQV� (&*��� RU H[WHUQDO VRXUFHV VXFK DV HQYLURQPHQWDO LQWHUIHUHQFHV�
HOHFWURGH SRS�XSV RU FDEOH PRYHPHQW� 7KH\ FDQ EH SHULRGLF HYHQWV �H�J� (&*� RU WKH\
FDQ DSSHDU LUUHJXODUO\� ,Q DGGLWLRQ� WKH\ FDQ LQIOXHQFH D JURXS RI FKDQQHOV �JOREDO� RU RQO\
D VLQJOH FKDQQHO �ORFDO� >�@�

��� ([DPSOH RI HSLOHSV\ GLDJQRVLV LQ /0,&V
1XPHURXV FRPSDQLHV DUH DFWLYH LQ WKH ((* GHYLFH PDUNHW� ZLWK PRVW RI WKHP WDUJHWLQJ
KLJK�LQFRPH FRXQWULHV �+,&V�� DQG ZLWK GLIIHUHQW SXUSRVHV WKDQ HSLOHSV\ GLDJQRVLV >�@� )RU
WKHVH UHDVRQV� ((* PDFKLQHV DUH H[SHQVLYH WR EX\ ����N PLQ�� GLIILFXOW WR RSHUDWH� DQG
UDUH >�@�

%UDLQ&DSWXUH LV ´D 0HGLFDO 7HFKQRORJ\ &RPSDQ\ EULQJLQJ DIIRUGDEOH ((* VFDQV DQG LQ�
WHUSUHWDWLRQV WR HYHU\RQH´ >�@� (QDEOLQJ FKHDS GLDJQRVLV� D ODUJHU SRUWLRQ RI HSLOHSV\
FDVHV FRXOG JHW WKH QHHGHG WUHDWPHQW� VROYLQJ WKH FRVW DQG WKH GLVWULEXWLRQ SUREOHPV�

7KH ELJJHVW FKDOOHQJH WR EH IDFHG UHPDLQV WKH ODFN RI H[SHULHQFHG SURIHVVLRQDOV DEOH
WR DFTXLUH DQG YDOLGDWH ((* UHFRUGLQJV� ULVNLQJ WKDW DOO UHFRUGHG GDWD PXVW EH GLVFDUGHG
DQG UH�PHDVXUHG� 2Q WKLV VLGH� %UDLQ&DSWXUH LV DLPLQJ DW GHYHORSLQJ PHWKRGV DQG VWUDWH�
JLHV WR SURYLGH QRQ�SURIHVVLRQDO ((* RSHUDWRUV ZLWK WKH QHFHVVDU\ VXSSRUW WR SHUIRUP D
VXFFHVVIXO VFDQ�

7KH SULQFLSDO VROXWLRQ GHYHORSHG E\ WKH FRPSDQ\ FRQVLVWV RI D PRELOH DSSOLFDWLRQ WR VXS�
SRUW DQG JXLGH WKH ((* RSHUDWRU WKURXJK DOO WKH VWHSV QHFHVVDU\ WR SHUIRUP DQ HSLOHSV\
((* WHVW >�@�

)LJXUH ���� %UDLQ&DSWXUH¶V ODQGLQJ SDJH� 3LFWXUH IURP WKHLU ZHEVLWH >�@� 7KUHH GHOLYHU�
DEOHV DUH VKRZQ� DQG WKH ODVW LV WKH TXDOLW\ FRQWURO IHDWXUH� GHPRQVWUDWLQJ WKH FHQWUDOLW\
RI WKLV SURMHFW LQ WKHLU YLVLRQ�

�



��� 3UREOHP VWDWHPHQW
:KHQ D UHFRUGLQJ LV SHUIRUPHG E\ QRQ�H[SHUW WHFKQLFLDQV LW LV HDVLO\ DIIHFWHG E\ ((*
DUWLIDFWV� ZKLFK DUH H[WHUQDO VRXUFHV RI QRLVH WKDW FRQWDPLQDWH WKH EUDLQ VLJQDO� 7KHVH
UHFRUGLQJV UHVXOW LQ SRRU�TXDOLW\ WHVWV� ZKLFK DUH XQUHDGDEOH WR QHXURORJLVWV DQG WKHUHIRUH
QRW XVDEOH IRU GLDJQRVLV� 7KLV DVSHFW LV RI VXFK VLJQLILFDQFH WKDW LW LV FRQVLGHUHG D VHSDUDWH
GHOLYHUDEOH RQ %UDLQ&DSWXUH¶V ODQGLQJ SDJH� DV UHSRUWHG LQ )LJXUH ����

,Q WKLV ZRUN� DQ RSHUDWLYH VROXWLRQ WR WKLV SUREOHP LV UHVHDUFKHG� 7KH LGHD LV WR LQVSHFW LI LW
LV SRVVLEOH WR PDNH QRQ�H[SHUW ((* RSHUDWRUV DFTXLUH UHFRUGLQJV RI JRRG TXDOLW\� WKDW FDQ
EH XVHG IRU DQ HSLOHSV\ GLDJQRVLV� ,Q SDUWLFXODU� WKH PDLQ JRDO LV WR DQDO\VH WKH IHDVLELOLW\
RI DQ RQOLQH DUWLIDFW GHWHFWLRQ DOJRULWKP� UXQQLQJ RQ DQ HPEHGGHG GHYLFH� WR VXSSRUW WKHP
LQ WKH GDWD DFTXLVLWLRQ�

7KH SUREOHP LV FRPSRVHG RI WKUHH PDLQ SDUWV�

� 7KH HQG XVHUV RI WKHVH UHFRUGLQJV DUH QHXURORJLVWV� WKDW QHHG WR UHDG WKH VFDQV
WR SURYLGH D GLDJQRVLV� )RU WKLV UHDVRQ� LW LV LPSRUWDQW WR XQGHUVWDQG ZKDW D JRRG�
TXDOLW\ UHFRUGLQJ LV IRU WKHP� 7KXV� XQGHUVWDQGLQJ ZKDW WKHLU QHFHVVLWLHV DUH DQG
ZKLFK DVSHFWV DUH SUREOHPDWLF� ,Q DGGLWLRQ� WKH GLUHFW XVHUV RI WKH V\VWHP DUH WKH
QRQ�H[SHUW WHFKQLFLDQV� ,W LV IXQGDPHQWDO WR XQGHUVWDQG WKH GLIILFXOWLHV DQG GRXEWV
WKH\ PD\ IDFH GXULQJ WKH DFTXLVLWLRQ SURFHVV� DQG ZKLFK DUH WKH EHVW VWUDWHJLHV WR
VXSSRUW WKHP�

� $Q RQOLQH GHWHFWLRQ DOJRULWKP IRU ((* DUWLIDFWV KDV WR EH UHVHDUFKHG� FROOHFWLQJ WUDLQ�
LQJ GDWD� DQG DQDO\VLQJ LWV DFFXUDF\ DQG UHOLDELOLW\�

� )LQDOO\� WKH PDLQ JRDO RI WKLV SURMHFW� DQG RYHUDOO UHVHDUFK TXHVWLRQ� LV WR YHULI\ WKDW
WKH LPSOHPHQWDWLRQ RI WKH RQOLQH GHWHFWLRQ DOJRULWKP LV IHDVLEOH WR EH UXQ RQ DQ HP�
EHGGHG V\VWHP� LQWHJUDEOH RQ DQ H[LVWLQJ DSSOLFDWLRQ�

�



�



� 6WDWH RI WKH DUW
��� ((* PDUNHW IRU /0,&V
7KH UHYLHZ IRU WKH FRPSHWLWRUV¶ VLGH KDV EHHQ HODERUDWHG XVLQJ GLIIHUHQW VRXUFHV� 7KH
PRVW LQWHUHVWLQJ LQVLJKWV� DV RQH PLJKW H[SHFW� FDPH IURP FRQYHUVDWLRQV DQG SULYDWH GRF�
XPHQWV ZLWK FROOHDJXHV ZLWKLQ WKH FRPSDQ\ DQG LQ WKH FRPSDQ\ QHWZRUN >��@>��@>��@�
)URP WKDW SRLQW� WKH YDULRXV GHYLFHV PHQWLRQHG ZHUH DQDO\VHG LQ PRUH GHWDLO WKURXJK
WKHLU ZHEVLWHV DQG SULYDWH FRQYHUVDWLRQV� $ VXPPDU\ RI WKLV ZRUN LV JLYHQ EHORZ�

7KH IRXU NH\ DVVHWV QHFHVVDU\ WR XQORFN WKH /0,&V PDUNHW DUH DIIRUGDELOLW\� /0,& XV�
DELOLW\� H[SHUW LQGHSHQGHQFH DQG WHOHPHGLFLQH DFFHVVLELOLW\ WR QHXURORJLVWV >�@� 1XPHURXV
FRPSDQLHV DUH DFWLYH LQ WKH ((* GHYLFH PDUNHW >�@� 7KH\ FDQ EH FDWHJRUL]HG DV VWD�
WLRQDU\ �KLJKO\ UHOLDEOH� WUDGLWLRQDO PHGLFDO�JUDGH ((* DQG LQQRYDWLYH ZLUHOHVV VROXWLRQV
FRPSDQLHV�

7KH ELJJHVW SOD\HUV LQ WKH ILUVW FDWHJRU\ DUH� DPRQJVW RWKHUV� FRPSDQLHV OLNH 1DWXV >��@�
&DGZHOO >��@� DQG &RPSXPHGLFV >��@� 7KHVH DQG DOO WKH WUDGLWLRQDO FRPSDQLHV DUH 86$�
EDVHG DQG IRFXV RQ KLJKO\ SURILWDEOH 0HG7HFK GHYLFHV IRU KLJK�LQFRPH FRXQWULHV �+,&��
7KH GDWD UHFRUGHG ZLWK WKHVH GHYLFHV LV RI KLJK ILGHOLW\ DQG KLJK TXDOLW\� 2Q WKH RWKHU VLGH�
WKH PHGLFDO JUDGH LV H[SHQVLYH� ,Q DGGLWLRQ� WKH WUDGLWLRQDO ((* UHTXLUHV VSHFLDOLVWV RQ
VLWH DQG WKH QHFHVVLW\ RI KDYLQJ D VWDWLRQDU\ VHWXS ZLWK VWDEOH JULG SRZHU�

)RU WKH VHFRQG FDWHJRU\� LW LV ZRUWK FLWLQJ FRPSDQLHV OLNH =HWR >��@ DQG %UDLQ SURGXFWV
>��@� 7KH SURGXFWV RI WKHVH SOD\HUV WU\ WR RYHUFRPH VRPH RI WKH WUDGLWLRQDO SUREOHPV� )RU
H[DPSOH� WKH\ DUH ZLUHOHVV DQG GR QRW UHO\ RQ D VWDEOH VRXUFH RI SRZHU� 7KH ZHDNHVW
HGJH LV WKH TXDOLW\� DV WKH SURGXFWV DUH LQWHQGHG IRU FRQVXPHU RU UHVHDUFK SXUSRVHV� DQG
WKH UHVROXWLRQ LV LQVXIILFLHQW IRU NH\ PHGLFDO DSSOLFDWLRQV�

%UDLQ&DSWXUH¶V DLP LV WR NHHS WKH DGYDQWDJHV RI ERWK VLGHV� RYHUFRPLQJ WKH GLVDGYDQ�
WDJHV� 7KH VWURQJHVW FRPSHWLWLYH HGJH LV WKH KDUGZDUH SULFH� ZKLFK LV DERXW �� WLPHV
FKHDSHU WKDQ DQ\ RWKHU DYDLODEOH SURGXFW LQ WKH PDUNHW� ,Q DGGLWLRQ� WKH VROXWLRQ SURYLGHG
E\ %UDLQ&DSWXUH PHUJHV WRJHWKHU DOO WKH RWKHU WKUHH DVVHWV OLVWHG DERYH� LW LV EDVHG RQ
D PRELOH LQIUDVWUXFWXUH WKDW LV PRUH ZLGHO\ DYDLODEOH WKDQ JULG SRZHU� LW LV LQGHSHQGHQW
RI H[SHUW WHFKQLFLDQV� DV WKH PRELOH DSSOLFDWLRQ DLPV WR JXLGH WKH QXUVH WKURXJK DOO WKH
QHFHVVDU\ VWHSV� DQG WKH FORXG VWRUDJH RI WKH UHFRUGLQJV DOORZ QHXURORJLVWV WR DFFHVV WKH
GDWD LQ D WHOHPHGLFLQH PDQQHU�

%HORZ LV WKH FRPSHWLWLYH EXVLQHVV UDGDU FKDUW� KLJKOLJKWLQJ WKH NH\ DVVHWV DQG %UDLQ&DS�
WXUH SRVLWLRQLQJ ZLWK UHVSHFW WR WKH RWKHU FRPSHWLWLRQ FODVVHV �L�H� WUDGLWLRQDO DQG LQQRYD�
WLYH FRPSDQLHV��

�



)LJXUH ���� 4XDOLWDWLYH UDGDU JUDSK RI ((* PDUNHW IRU /0,&V� 7UDGLWLRQDO VROXWLRQV RYHU�
WDNH %UDLQ&DSWXUH LQ GDWD DFFXUDF\ EXW SHUIRUP SRRUO\ LQ DOO WKH RWKHU NH\ DVVHWV IRU
/0,&V� 2WKHU LQQRYDWLYH VROXWLRQV FDQ FRPSHWH RQ WKH UHPDLQLQJ DVVHWV� EXW DUH QRW DV
IRFXVHG DV %UDLQ&DSWXUH RQ HSLOHSV\ GLDJQRVLV� WKHUHIRUH OHVV VSHFLDOL]HG� 7KH IUDPH�
ZRUN XVHG LV TXDQWLWDWLYH� EXW WKH DQDO\VLV LV RQO\ TXDOLWDWLYH�

$V VKRZQ LQ WKH ILJXUH DERYH� WUDGLWLRQDO FRPSDQLHV RYHUWDNH %UDLQ&DSWXUH LQ WKH DFFX�
UDF\ RI WKH GDWD UHFRUGLQJV EXW DUH QRW FRPSHWLWLYH LQ WKH HDVH RI XVH DQG /0,& FRQGLWLRQV�
7KH LQQRYDWLYH VROXWLRQV� RQ WKH RWKHU KDQG� DUH PRUH FRPSHWLWLYH RQ WKH IRXU /0,& NH\
DVVHWV� EXW QRW DV IRFXVHG RQ WKHP DV %UDLQ&DSWXUH� DQG WKHUHIRUH OHVV VSHFLDOL]HG IRU
WKH SHFXOLDU FKDOOHQJHV�

�



��� $UWLIDFW GHWHFWLRQ DQG UHPRYDO� /LWHUDWXUH UHYLHZ
7R DQDO\VH WKH GLIIHUHQW PHWKRGV IRU DUWLIDFW GHWHFWLRQ� WKH 35,60$PHWKRGRORJ\ KDV EHHQ
IROORZHG� DQG LQ SDUWLFXODU WKH ´VWXG\ VHOHFWLRQ´ SRLQW� ´'HVFULEH WKH UHVXOWV RI WKH VHDUFK
DQG VHOHFWLRQ SURFHVV� IURP WKH QXPEHU RI UHFRUGV LGHQWLILHG LQ WKH VHDUFK WR WKH QXPEHU
RI VWXGLHV LQFOXGHG LQ WKH UHYLHZ� LGHDOO\ XVLQJ D IORZ GLDJUDP´ >��@>��@�

)LJXUH ���� )ORZ GLDJUDP IRU WKH V\VWHPDWLF UHYLHZ RI UHYLHZV� DV GHVFULEHG LQ WKH
35,60$ PHWKRG>��@� 7KH UHVXOWV RI WKH ILUVW UHVHDUFK KDYH EHHQ ILOWHUHG RXW WKURXJK
DXWRPDWLF WRROV DQG KXPDQ LQVSHFWLRQ� WR UHDFK WKUHH ILQDO UHYLHZV XVHG DV UHIHUHQFHV IRU
IXUWKHU DQDO\VLV�

,Q )LJXUH ��� WKH UHWULHYDO DQG ILOWHULQJ SURFHVV IRU FROOHFWLQJ WKH UHYLHZV RQ DUWLIDFW GHWHF�
WLRQ DQG UHPRYDO LV VKRZQ� )URP JHQHUDO UHVHDUFK� WKH UHVXOWV KDYH EHHQ ILOWHUHG RXW WR
ILQDOO\ REWDLQ � UHYLHZ SDSHUV >��@>��@>��@� 8VLQJ WKH PHWKRGV UHSRUWHG WKHUH DV D VWDUW�
LQJ SRLQW� D PRUH GHWDLOHG DQG WDUJHWHG DQDO\VLV KDV EHHQ SHUIRUPHG IRU HDFK SDUWLFXODU
PHWKRG�

:KLOH WKH SUREOHP RI DUWLIDFWV LV ZHOO NQRZQ LQ WKH OLWHUDWXUH>�@>��@>��@>��@>��@>��@� D VLQJOH
XQLYHUVDO DQG FRPSOHWH PHWKRG IRU DUWLIDFW GHWHFWLRQ DQG UHPRYDO GRHV VWLOO QRW H[LVW�

'LIIHUHQW PHWKRGV KDYH EHHQ HODERUDWHG RQ RYHU WKH ODVW \HDUV� 7KH PRVW SRSXODU WHFK�
QLTXHV DUH EDVHG RQ EOLQG VRXUFH VHSDUDWLRQ �H�J ,&$ DQG &&$� >��@� WLPH�IUHTXHQF\
UHSUHVHQWDWLRQ �H�J� ZDYHOHW WUDQVIRUP� >��@� DGDSWLYH ILOWHULQJ DQG PDFKLQH OHDUQLQJ DS�
SOLFDWLRQV >��@ >��@ >��@ >��@�

1RQH RI WKHP DORQH LV WKH VROXWLRQ WR DOO SUREOHPV RI ((* SUDFWLFDO DSSOLFDWLRQV� ,Q IDFW�
K\EULG PHWKRGV �H�J� (0'�%66� :DYHOHW�%66� %66�690� DUH UHFHQWO\ RYHUWDNLQJ WKH
FODVVLF VWDQGDORQH PHWKRGV >��@�

�



,Q SUDFWLFDO VROXWLRQV� WKHUH DUH VHYHUDO IDFWRUV WKDW FDQ DIIHFW WKH FKRLFH RI WKH WHFK�
QLTXH WR LPSOHPHQW� DQG HDFK FDVH KDV WR EH WUHDWHG VHSDUDWHO\� ,Q JHQHUDO� QRZDGD\V�
PRUH DSSOLFDWLRQV LQYROYH %&, DQG QHXURIHHGEDFN� UHTXLULQJ FRPSXWDWLRQDO OLJKW DQG RQ�
OLQH PHWKRGV >��@�

,Q WKH IROORZLQJ� D FRPSDUDWLYH DQDO\VLV RI WKH PRVW FRPPRQ PHWKRGV LV VKRZQ� 7KH
FDWHJRU\ XVHG UHIOHFWV WKH SULQFLSOH RI DGDSWDELOLW\ WR JHQHUDO VLWXDWLRQV�

RQOLQH HPEHGGHG DXWRPDWLF
5HJUHVVLRQ 1R 1R <HV
:DYHOHW 1R 1R <HV
,&$ <HV 1R 1R
&&$ <HV <HV 1R
$GDSWLYH ILOWHU <HV <HV <HV
%66 1R 1R 1R

7DEOH ���� &RPSDUDWLYH DQDO\VLV RI GLIIHUHQW DUWLIDFWV UHPRYDO�GHWHFWLRQ PHWKRGV

)RU PRVW DSSOLFDWLRQV� DUWLIDFW GHWHFWLRQ DQG UHPRYDO DOJRULWKPV KDYH WR UXQ LQ UHDO�WLPH
DQG ZLWKRXW WKH LQWHUYHQWLRQ RI KXPDQ DFWLRQV WR FODVVLI\ FOHDQ RU DUWLIDFW VLJQDOV� 1RZD�
GD\V� PRELOH DSSOLFDWLRQV DUH DOZD\V PRUH SRSXODU� HVSHFLDOO\ LQ SRUWDEOH DQG KRPH
KHDOWKFDUH HQYLURQPHQWV� VR DWWHQWLRQ WR HPEHGGHG�IULHQGO\ DOJRULWKPV LV DOVR LPSRUWDQW�

)LQDOO\� QXPHURXV WRROER[HV KDYH EHHQ GHYHORSHG RYHU WKH \HDUV WR ZRUN ZLWK ((* VLJ�
QDOV DQG WR SHUIRUP DUWLIDFWV GHWHFWLRQ� $PRQJ WKH PRVW LPSRUWDQW� ((*ODE LV D 0$7/$%
WRRONLW WKDW SURYLGHV D *8, IRU SURFHVVLQJ ((* VLJQDOV XVLQJ LQGHSHQGHQW FRPSRQHQW
DQDO\VLV �,&$� DQG WLPH�IUHTXHQF\ DQDO\VLV� ZLWK DUWLIDFW UHMHFWLRQ EXLOW�LQ IXQFWLRQDOLWLHV
>��@�

7ZR H[WHQVLRQV RI ((*ODE DUH RI SDUWLFXODU LQWHUHVW LQ WKLV FRQWH[W� %&,ODE DQG (5,&$ >��@�
%&,ODE >��@ LV D 0$7/$%�EDVHG WRROER[ EXLOW WR SURYLGH PHWKRGV IRU %&, GHYHORSPHQW DQG
WHVWLQJ� 7KLV H[WHQGV ((*ODE ZLWK UHDO�WLPH IXQFWLRQV� %&,ODE LV WKH ODWHVW RI D VHTXHQFH
RI WRRONLWV SXEOLVKHG IRU %&, SXUSRVHV� 7KLV VHULHV LQFOXGHV %LR6LJ� GHYHORSHG DW *UD]
8QLYHUVLW\ DQG IRFXVHG RQ WKH RIIOLQH DQDO\VLV RI D EURDG UDQJH RI ELRVLJQDOV >��@� DQG
2SHQ9L%(� D IUDPHZRUN WKDW DOORZV WKH GHVLJQ RI IXQFWLRQDO %&, XVLQJ D *8, >��@� (5,&$
LV DQ H[SHULPHQWDO HQYLURQPHQW IRU UHDO�WLPH LQWHUDFWLYH DQDO\VLV DQG FRQWURO RI PXOWLPRGDO
H[SHULPHQWV�

�



� 'HVLJQ 7KLQNLQJ 3URFHVV � PHWKRGV
RYHUYLHZ

7KH HQWLUH WKHVLV FRQFHSWLRQ DQG DFWXDWLRQ IROORZHG D IUDPHZRUN NQRZQ DV WKH ´'HVLJQ
7KLQNLQJ 3URFHVV´� SURSRVHG E\ WKH +DVVR 3ODWWQHU ,QVWLWXWH RI 'HVLJQ DW 6WDQIRUG >��@�

)LJXUH ���� 9LVXDOL]DWLRQ RI WKH 'HVLJQ WKLQNLQJ IUDPHZRUN� 3LFWXUH IURP ,QWHUDFWLRQ GHVLJQ
IRXQGDWLRQ >��@� � VWDJHV IRUP WKH IUDPHZRUN� (PSDWKL]H� 'HILQH� ,GHDWH� 3URWRW\SH DQG
7HVW� 7KH LQWHUDFWLRQV DUH QRW OLQHDU� ZLWK HDFK SKDVH LQIOXHQFLQJ DOO WKH RWKHUV�

7KLV IUDPHZRUN VFUDWFKHV VRPH JXLGHOLQHV WR GHYHORS VROXWLRQV IRU D SUREOHP� 7KLV IUDPH�
ZRUN LV FRPSRVHG RI � VWDJHV� (PSDWKL]H �UHVHDUFK \RXU XVHUV¶ QHHGV�� 'HILQH �VWDWH \RXU
XVHUV¶ QHHGV DQG SUREOHPV�� ,GHDWH �FKDOOHQJH DVVXPSWLRQV DQG FUHDWH LGHDV�� 3URWRW\SH
�VWDUW WR FUHDWH VROXWLRQV�� 7HVW �WU\ \RXU VROXWLRQV RXW� >��@�

�



,Q WKH HPSDWKLVDWLRQ SKDVH� DOO SRVVLEOH NQRZOHGJH DERXW WKH SUREOHP LV FROOHFWHG E\
FRQVXOWLQJ H[SHUWV DQG FRQGXFWLQJ PHHWLQJV WR HQJDJH DQG HPSDWKL]H ZLWK DOO WKH VWDNH�
KROGHUV� ,Q WKLV SKDVH� LW LV FRPPRQ WR JDLQ H[SHULHQFH DQG LQVLJKWV ZKLOH DOVR YLVLWLQJ WKH
XVHUV¶ SK\VLFDO HQYLURQPHQW�

,Q WKH GHILQLWLRQ SKDVH� WKH SUREOHP KDV WR EH GHILQHG DQG VFRSHG� DOZD\V FDULQJ DERXW
WKH KXPDQ�FHQWUHG VLGH� LQ D ´XVHU�FHQWULF SUREOHP VWDWHPHQW´�

,Q WKH WKLUG SKDVH� WKH NQRZOHGJH DFTXLUHG LQ WKH ILUVW WZR VWDJHV LV XVHG WR LGHDWH VROXWLRQV
WR WKH SUREOHP VWDWHPHQW� 'LIIHUHQW LGHDWLRQ WHFKQLTXHV KDYH EHHQ GHYHORSHG LQ WKH SDVW
\HDUV� OLNH ´%UDLQVWRUP´� ´%UDLQZULWH´� ´:RUVW 3RVVLEOH ,GHD´ DQG ´6&$03(5´ >��@�

,Q WKH SURWRW\SLQJ SKDVH� LQH[SHQVLYH DQG VFDOHG�GRZQ YHUVLRQV RI WKH SURGXFW� RU SDUWV RI
LW� DUH GHYHORSHG WR DQDO\VH WKH VROXWLRQV RI WKH ,GHDWH VWDJH� 7KLV VWDJH LV RI IXQGDPHQWDO
LPSRUWDQFH WR VWDUW IDFLQJ WKH UHDO SUREOHPV DQG XQGHUVWDQG EHWWHU WKH GLIIHUHQW OLPLWDWLRQV�

,Q WKH ODVW VWDJH� VFLHQWLILF PHWKRGV DQG PHWULFV DUH GHYHORSHG WR PHDVXUH WKH SHUIRU�
PDQFHV RI WKH EHVW VROXWLRQV SURWRW\SHG EHIRUH� DV ZHOO DV WKH XVHU LQWHUDFWLRQ�

)LQDOO\� LW LV LPSRUWDQW WR UHPHPEHU WKDW WKHVH VWDJHV DUH RQO\ ORJLFDOO\ VSOLW DQG LQ D VH�
TXHQFH� ZKHUHDV� LQ D UHDO FDVH� ERUGHUV DUH PRUH VKDGRZHG� 0RUHRYHU� HYHQ LI WKH
VWDJHV KDYH EHHQ H[SODLQHG LQ D OLQHDU RUGHU� WKH\ DUH VWURQJO\ LQWHUFRQQHFWHG� ,Q IDFW� DV
VKRZQ LQ )LJXUH ���� HDFK VWDJH FRQWULEXWHV WR UHILQLQJ� LGHDWLQJ� WHVWLQJ DQG LPSURYLQJ DOO
WKH RWKHU VHFWLRQV� LQ DQ LWHUDWLYH PDQQHU�

��� 7KHVLV RUJDQL]DWLRQ
)ROORZLQJ WKLV IUDPHZRUN� WKH WKHVLV KDV EHHQ VSOLW LQWR GLIIHUHQW FKDSWHUV� HDFK LQFOXGLQJ
WKH PHWKRGV XVHG� WKH UHVXOWV REWDLQHG DQG WKH UHODWLYH FRPPHQWV� DQG WKH ILQDO GLVFXV�
VLRQV DQG IXWXUH ZRUN� ,Q SDUWLFXODU� WKH VWUXFWXUH LV DV IROORZHG�

8VHUV¶ QHHGV DQG V\VWHP UHTXLUHPHQWV
7KLV FKDSWHU LV RI H[WUHPH LPSRUWDQFH� ,Q IDFW� LW LQFOXGHV SDUWV RI WKH (PSDWK\ VWDJH� WKH
'HILQH VWDJH DQG DOVR RI WKH ,GHDWH VWDJH�

)RU WKH (PSDWK\ VLGH� WKH SRLQWV RI YLHZ RI GRFWRUV DQG H[SHUW ((* WHFKQLFLDQV KDYH
EHHQ VWDUWHG WR EH DQDO\VHG WKURXJK VHPL�VWUXFWXUHG LQWHUYLHZV DOUHDG\ DYDLODEOH LQ WKH
FRPSDQ\� 7KHQ� WR UHILQH DQG VFRSH WKH NQRZOHGJH� DQG WR EHWWHU XQGHUVWDQG WKH HQWLUH
V\VWHP� IXUWKHU VHPL�VWUXFWXUHG TXHVWLRQQDLUHV KDYH EHHQ SHUIRUPHG WR H[SHUW WHFKQL�
FLDQV DQG QRQ�H[SHUW WHFKQLFLDQV� $ EULHI HSLOHSV\ OHVVRQ DQG D WULDO UHFRUGLQJ KDYH EHHQ
SURSRVHG WR WKH QRQ�H[SHUWV� EHIRUH OHWWLQJ WKHP DQVZHU WKH TXHVWLRQQDLUH� ,Q DGGLWLRQ�
GLIIHUHQW PHHWLQJV KDYH EHHQ FRQGXFWHG ZLWK FRPSDQ\ FROOHDJXHV WR KDYH D FOHDU LGHD RI
WKH HQWLUH V\VWHP�

,Q WKH GLIIHUHQW LWHUDWLRQV RI WKH LQWHUYLHZV� DOVR VHYHUDO LGHDV KDYH EHHQ SURSRVHG WKLQNLQJ
DERXW SRVVLEOH VROXWLRQV� 7KLV LV SDUW RI WKH ,GHDWH VWDJH�

$OO WKH NQRZOHGJH DFTXLUHG LQ WKLV FKDSWHU LQ DOO WKH GLIIHUHQW LWHUDWLRQV KDV EHHQ VXPPD�
UL]HG LQ D OHDQ FDQYDV �/&� DQG LQ D XVHU VWRU\ PDS �860�� 7KLV SURFHVV FRUUHVSRQGV WR
WKH 'HILQH SKDVH�

��



'DWD FROOHFWLRQ
7KLV FKDSWHU LV DOVR SDUW RI WKH (PSDWK\ DQG 'HILQH VWDJHV� ,Q IDFW� LQ WKLV SKDVH� GDWD
KDYH EHHQ FROOHFWHG DW WKH )LODGHOILD QHXURORJLFDO KRVSLWDO� 6HYHUDO VHVVLRQV KDYH EHHQ
VHW IRU WKH UHFRUGLQJV� IRU D WRWDO RI �� UHFRUGLQJV� 7KHVH SURYLGHG WKH SRVVLELOLW\ WR DF�
TXLUH KDQGV�RQ H[SHULHQFH E\ IDFLQJ WHFKQLFDO SUREOHPV� REVHUYLQJ DOO WKH FULWLFDO SRLQWV
RI DQ ((* VFDQ� DQG GLVFXVVLQJ WKHP ZLWK GRFWRUV DQG ((* WHFKQLFLDQV� ,Q DGGLWLRQ� QX�
PHURXV VFDQV KDYH EHHQ DQDO\VHG DQG DQQRWDWHG XQGHU WKH VXSHUYLVLRQ RI H[SHUW ((*
WHFKQLFLDQV� RI IXQGDPHQWDO LPSRUWDQFH IRU D GHHS XQGHUVWDQGLQJ RI WKH GLIIHUHQW DUWLIDFWV
LQYROYHG�

5LHPDQQLDQ 3RWDWR )LHOG �53)� DQG SUDFWLFDO GHVLJQ
$IWHU XQGHUVWDQGLQJ DQG VFRSLQJ WKH SUREOHP� DQG LGHDWLQJ VRPH VROXWLRQV LQ WKH SUHYLRXV
FKDSWHUV� LQ WKLV RQH WKH DUWLIDFWV GHWHFWLRQ DOJRULWKP LV SURWRW\SHG DQG WHVWHG� 7KH ILHOG LV
GHVLJQHG IURP D NQRZOHGJH�EDVHG SHUVSHFWLYH DQG WKH DOJRULWKP LV WXQHG ZLWK D PRGHO�
EDVHG RSWLPL]DWLRQ� ,Q SDUWLFXODU� K\SHUSDUDPHWHUV DUH WXQHG ZLWK D ED\HVLDQ RSWLPL]HU
DQG XVH WKH )� VFRUH� SDUWLDO GHSHQGHQFH SORWV� DQG YLVXDOL]DWLRQV RI WKH SUHGLFWLRQV WR
H[SODLQ WKH RSWLPL]DWLRQ SURFHVV� ,Q DGGLWLRQ� UXQQLQJ WLPH DQDO\VLV KDV EHHQ SHUIRUPHG
WR WHVW WKH IHDVLELOLW\ RQ HPEHGGHG SODWIRUPV�

53) LPSOHPHQWDWLRQ IRU HPEHGGHG V\VWHPV
7KH 3URWRW\SH DQG 7HVW VWDJHV FRQWLQXH LQ WKLV FKDSWHU� 7R DVVHVV WKH IHDVLELOLW\ RI WKH
RQOLQH TXDOLW\ IHDWXUH RQ DQ HPEHGGHG V\VWHP� WKH 53) DOJRULWKP KDG WR EH FRQYHUWHG
IURP 3\WKRQ ODQJXDJH WR -DYD� )RU WKLV UHDVRQ� DOO FODVVHV DQG PHWKRGV QHFHVVDU\ WR
LPSOHPHQW WKH 53) KDYH EHHQ UHIDFWRUHG WR -DYD ODQJXDJH� 7KLV UHTXHVWHG WR UH�GHVLJQ
WKH OLEUDULHV WR ILW WKH QHZ ODQJXDJH� WDNLQJ LQWR DFFRXQW DOVR WKH IXWXUH LQHYLWDEOH FRRS�
HUDWLRQ ZLWK .RWOLQ ODQJXDJH� IRU WKH ILQDO LPSOHPHQWDWLRQ LQ WKH DOUHDG\ H[LVWLQJ PRELOH
DSSOLFDWLRQ IURP %UDLQ&DSWXUH�

$OO WKH FRGH KDV EHHQ WHVWHG WR DVVXUH WKH H[DFW VDPH EHKDYLRXU ZLWK UHVSHFW WR WKH
3\WKRQ SURJUDP�

0RELOH DSS TXDOLW\ IHDWXUH SURWRW\SH
$OVR� WKLV FKDSWHU LQYROYHV WKH 3URWRW\SH DQG 7HVW SKDVHV� 7KH TXDOLW\ FRQWURO IHDWXUH LV
LPSOHPHQWHG LQ .RWOLQ XVLQJ WKH OLEUDULHV GHYHORSHG EHIRUH DQG 8, WRROV SURSHU IRU DQGURLG
GHYHORSPHQW� 'LIIHUHQW WHVWV KDYH EHHQ LGHDOL]HG WR DQDO\VH WKH ILQDO SHUIRUPDQFHV RI WKH
V\VWHP�
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� 8VHUV¶ QHHGV DQG V\VWHP UHTXLUHPHQWV
7KH SXUSRVH RI WKLV FKDSWHU LV WR DQDO\]H WKH QHHGV RI WKH XVHUV� LQWHUDFWLQJ ZLWK WKH
IHDWXUH DQG WR JHW WKH UHTXLUHPHQWV WKDW WKH 093 VKRXOG IXOILOO� 7KLV FKDSWHU LV RI H[WUHPH
LPSRUWDQFH LQ WKH HQWLUH SURFHVV� DV DOO WKH IXUWKHU ZRUN ZLOO EH VKDSHG DQG GHVLJQHG
IRFXVLQJ RQ WKH PRVW UHOHYDQW UHTXLUHPHQWV IRU WKLV SURMHFW�

��� 0HWKRGV
7KH PHWKRGV XVHG IRU WKLV DQDO\VLV FRQVLVW RI VXUYH\V DQG FRQWLQXRXV DQG LWHUDWLYH FRQ�
YHUVDWLRQV ZLWK DOO WKH GLIIHUHQW VWDNHKROGHUV DQG XVHUV RI WKH V\VWHP� 7KH FRQWLQXRXV
UHODWLRQVKLS ZLWK DOO WKH VWDNHKROGHUV DVVXUHG V\VWHPDWLF FRPPXQLFDWLRQ DQG DOORZHG IRU
NHHSLQJ WKH V\VWHP XSGDWHG DQG FRQWUROOHG DW HDFK VWDJH� $V D VWDUWLQJ SRLQW� LQLWLDO GLV�
FXVVLRQV KDYH EHHQ FDUULHG RXW ZLWK WKH FROOHDJXHV LQ %UDLQ&DSWXUH >��@�>��@�>��@ WR XQ�
GHUVWDQG WKH FRQWH[W DQG WKH SULRU QHHGV�

'RFXPHQWV SUHYLRXVO\ DYDLODEOH
6HFRQGO\� DOO WKH GRFXPHQWV DQG PDWHULDO FROOHFWHG E\ %UDLQ&DSWXUH KDYH EHHQ UHDG DQG
DQDO\]HG WR KDYH D VWDUWLQJ SRLQW IRU IXUWKHU LQVSHFWLRQV� ,Q SDUWLFXODU� WKH GRFXPHQWV DYDLO�
DEOH UHJDUG XVHUV DQG PDUNHW GHVFULSWLRQV� DV ZHOO DV WKH VFRSH RI WKH DPSOLILHU >DSSHQGL[
$@ >��@� ,Q DGGLWLRQ� DQ LQWHUYLHZ ZLWK D QHXURORJLFDO GRFWRU >DSSHQGL[ %@ DQG DQ LQWHUYLHZ
ZLWK DQ ((* WHFKQLFLDQ >DSSHQGL[ &@ RQ WKH LPSRUWDQW DVSHFWV RI ((* UHFRUGLQJV ZHUH
DYDLODEOH� )LQDOO\� D SULYDWH GRFXPHQW RQ ´7RS 7HFKQLFDO 7LSV´ >��@ IURP 7HOH((* >��@ ZDV
SURYLGHG� $OO WKHVH GRFXPHQWV WRJHWKHU VKDSHG DQ LQLWLDO SLFWXUH RI WKH RSSRUWXQLWLHV DQG
FKDOOHQJHV WKDW WKLV SURMHFW KDV WR IDFH� 7KH LQWHUYLHZV ZHUH QRW LQWHQGHG IRU WKH SDUWLFXODU
SXUSRVH RI WKLV HODERUDWH� VR LQIRUPDWLRQ KDG WR EH H[WUDSRODWHG IURP WKH GRFXPHQWV� DQG
VXEVHTXHQWO\ LQWHJUDWHG DQG HQULFKHG ZLWK IXUWKHU FRQYHUVDWLRQV ZLWK WKH FROOHDJXHV� LQ
DQ LWHUDWLYH VHWXS�

)XUWKHU DQDO\VLV
)URP WKH NQRZOHGJH DFTXLUHG ZLWK WKH LQLWLDO RYHUYLHZ� GHHSHU LQWHUYLHZV KDYH EHHQ SUR�
SRVHG ZLWK H[SHUW WHFKQLFLDQV DQG QRQ�H[SHUW XVHUV� ,Q SDUWLFXODU� WKUHH VHPL�VWUXFWXUHG
LQWHUYLHZV >DSSHQGL[HV '@ KDYH EHHQ FDUULHG RXW ZLWK H[SHUW ((* WHFKQLFLDQV DQG GRFWRUV
IURP )LODGHOILD QHXURORJLFDO KRVSLWDO >��@�

'XULQJ WKH VDPH SHULRG RI WKLV SURMHFW� XVDELOLW\ WHVWV KDYH EHHQ SHUIRUPHG LQ WKH FRPSDQ\�
7KH\ FRQVLVWHG RI WHDFKLQJ OHVVRQV WR QRQ�H[SHUW WHFKQLFLDQV DQG LQ SDUWLFXODU QXUVHV� )RU
HDFK QXUVH� D EULHI LQWURGXFWLRQ WR ((*� WR DUWLIDFWV� WR %&¶V GHYLFH� DQG WR WKH TXDOLW\ RI
((* UHFRUGLQJ LV JLYHQ� 7KHQ� DQ LQLWLDO GHPRQVWUDWLRQ RI WKH HQWLUH UHFRUGLQJ SURFHVV
LV SHUIRUPHG� IROORZHG E\ WKUHH SUDFWLFH UXQV IRU HDFK QXUVH� 'XULQJ WKH HQWLUH VHVVLRQ�
QRWHV RI WKH EHKDYLRU KDYH EHHQ WDNHQ� ,Q DGGLWLRQ� VHPL�VWUXFWXUHG LQWHUYLHZV KDYH EHHQ
WDNHQ ZLWK WKH QXUVHV� DW WKH HQG RI WKH GD\� 7KH UHVXOWLQJ DIILQLW\ PDS �WKH RQO\ UHVXOW
UHDG\ DW WKH WLPH RI WKLV WKHVLV� KDV EHHQ XVHG WR HQULFK WKH VFHQDULR >��@�

)LQDOO\� D VHPL�VWUXFWXUHG LQWHUYLHZ ZLWK WKH JRDO RI LQVSHFWLQJ GRXEWV DQG WHFKQLTXHV IRU
LPSURYLQJ WKH UHFRUGLQJV¶ TXDOLW\ KDV EHHQ SURSRVHG WR WKH QXUVHV� LQ WKH UROH RI QRQ�
H[SHUW ((* WHFKQLFLDQV� RQ D YROXQWDU\ EDVH� 8QIRUWXQDWHO\� QRQH RI WKHP UHSOLHG WR
WKH VXUYH\� )RU WKLV UHDVRQ� DV UHSUHVHQWDWLYHV RI WKH QRQ�H[SHUW RSHUDWRU� DQ H[SHUL�
PHQW KDV EHHQ SURSRVHG IRU VWXGHQWV ZLWKRXW SULRU NQRZOHGJH RI ((* DQG ((* UHFRUG�
LQJV� 7KH VFRSH RI WKH H[SHULPHQW ZDV WR JHW DQ LQ�GHHS XQGHUVWDQGLQJ RI WKH GRXEWV
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WKDW D QRQ�H[SHUW XVHU FDQ WKLQN RI ZKHQ UHFRUGLQJ DQ ((* VLJQDO� DQG ZKLFK UHTXLUH�
PHQWV WKH V\VWHP VKRXOG LPSOHPHQW WR PDNH WKH XVHUV DZDUH RI WKH TXDOLW\ RI WKH GDWD
UHFRUGHG� 7KH H[SHULPHQW UHSURGXFHG WKH WHVWV GHVFULEHG EHIRUH� D EULHI LQWURGXFWLRQ
DERXW HSLOHSV\� ((* VFDQ� DUWLIDFWV� DQG DFTXLVLWLRQ TXDOLW\ �DOO EDVHG RQ NQRZOHGJH IURP
WKH H[SHUW WHFKQLFLDQV�� IROORZHG E\ D KDQGV�RQ WULDO� FRQVLVWLQJ RI D UHFRUGLQJ H[HFXWHG
E\ WKH VXEMHFW� 6XEVHTXHQWO\� D VHPL�VWUXFWXUHG LQWHUYLHZ KDV EHHQ SHUIRUPHG ZLWK HDFK
SDUWLFLSDQW >DSSHQGL[ (@� 7KH SDUWLFLSDQWV ZHUH DOO PDOH EHWZHHQ �� DQG �� \HDUV ROG�
ZLWK QR SULRU NQRZOHGJH RI ((*� 2QH SDUWLFLSDQW ZDV D VWXGHQW RI D 8; FRXUVH� WKHUHIRUH
XQGHUVWDQGLQJ WKH SULQFLSOHV RI 8; DQG PRELOH GHYHORSPHQW DQG YLVXDOL]DWLRQ�

/DVWO\� ZLWK DOO WKH NQRZOHGJH DFTXLUHG� D OHDQ FDQYDV >��@ DQG D XVHU VWRU\ PDS �860�
>��@ KDYH EHHQ GHVLJQHG� WR VXPPDUL]H� RUJDQL]H DQG IRFXV RQ WKH UHTXLUHPHQWV IRU WKH
IHDWXUH IRU WKH PRELOH DSSOLFDWLRQ�
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��� 5HVXOWV DQG FRQFOXVLRQV
3DWLHQW MRXUQH\ DQG LQWHUDFWLRQV RI XVHUV

)LJXUH ���� 3DWLHQW MRXUQH\ DQG KRZ WKH XVHUV DUH FRQQHFWHG LQ WKH ((* GLDJQRVLQJ IORZ
LQ 'HQPDUN� 3LFWXUH IURP GRFXPHQW >��@� 7KH SDWLHQW� W\SLFDOO\ DIWHU WKH PDQLIHVWDWLRQ RI
VHL]XUHV� FRQVXOWV WKH *HQHUDO 3UDFWLWLRQHU �*3�� ZKR FDQ UHIHU WKH SDWLHQW WR WKH ((*
VFDQ SURFHGXUH� 2QFH WKH UHFRUGLQJV DUH DFTXLUHG� WKH\ DUH VHQW WR WKH QHXURORJLVW WKDW
LQWHUSUHWV WKHP DQG VHQGV EDFN WKH UHVXOWV WR WKH *3�

$V VKRZQ LQ WKH ILJXUH DERYH� WKH SDWLHQW ZKR H[SHULHQFHV VHL]XUHV ZLOO JR WR KLV *HQHUDO
3UDFWLWLRQHU �*3��QHXURORJLVW� )URP WKH *3�QHXURORJLVW� WKH SDWLHQW FDQ EH UHIHUUHG WR DQ
((* FOLQLF WR KDYH DQ ((* 6FDQ GRQH�

7KHUH DUH GLIIHUHQW W\SHV RI ((* UHFRUGLQJV� 6WDQGDUG ((*� ��KRXU VOHHS�GHSULYHG ((*�
��KRXU ((*� DQG ��� GD\ ((* UHFRUGLQJ ZKHUH WKH SDWLHQW LV DGPLWWHG WR WKH KRVSLWDO�
6LQFH WKH 6WDQGDUG ((* LV WKH PRVW FRPPRQO\ XVHG W\SH� WKH GHYLFH LV GHVLJQHG WR VXS�
SRUW WKLV SURFHVV >��@� 7KH VWDQGDUG SURFHGXUH FRQVLVWV RI GLIIHUHQW VWDJHV IRU FDOLEUDWLRQ
DQG VHL]XUH VWLPXODWLRQ WKDW LV RXW RI WKH LQWHUHVW IRU WKLV SURMHFW� DQG DW OHDVW �� PLQXWHV RI
UHVWLQJ VWDWH JRRG TXDOLW\ GDWD >��@� 7KLV WLPH LV LQWHQGHG WR KDYH SUREDELOLWLHV RI UHFRUGLQJ
DW OHDVW D VHL]XUH�

$W WKH FOLQLF� DQ ((* RSHUDWRU ZLOO SHUIRUP WKH ((* UHFRUGLQJ RQ WKH SDWLHQW DQG VHQG WKH
UHVXOW WR WKH QHXURSK\VLRORJLVW ZKR WKHQ ORRNV DW WKH UHFRUGLQJ DQG LQWHUSUHWV LW� 7KH LQWHU�
SUHWDWLRQ DQG FRQFOXVLRQ UHSRUW LV WKHQ VHQW WR WKH *3�QHXURORJLVW ZKR FDQ WKHQ GLDJQRVH
DQG VWDUW WUHDWPHQW RQ WKH SDWLHQW�

7KH VFRSH RI WKH DPSOLILHU� IRU ZKDW H[WHQGV WKLV SURMHFW� LV WR VXSSRUW WKH ((* UHFRUGLQJ
SURFHVV GRQH E\ WKH ((* RSHUDWRU� $V WKH V\VWHP LV GHVLJQHG IRU /0,&� DQG WKH ILUVW
PDUNHW LV H[SHFWHG WR EH .HQ\D� WKH GHYLFH VKRXOG DSSO\ WR ERWK IDFLOLWLHV WKDW DOUHDG\
SURYLGH HSLOHSV\ VHUYLFHV DQG VPDOOHU IDFLOLWLHV WKDW GRQ¶W KDYH DQ\ HSLOHSV\ VHUYLFHV \HW
EXW ZDQW WR WDNH WKHP RQ >��@� 7KHUHIRUH WKH XVHUV VWUHWFK IURP H[SHUWV LQ HSLOHSV\ GLDJ�
QRVLQJ� ((* UHFRUGLQJ� DQG ((* LQWHUSUHWLQJ WR QRQ�H[SHUWV WKDW KDYH QHYHU WULHG GRLQJ
((*�UHODWHG VHUYLFHV EHIRUH� )RU WKLV UHDVRQ� WKH DLP LV WR GHYHORS D V\VWHP�GHYLFH WKDW
FDQ DOVR EH XVHG E\ QRQ�VSHFLDOLVWV� 7KHUHIRUH WKH ((* RSHUDWRU XVHU LV GLYLGHG LQWR �
SHUVRQDV� ((* WHFKQLFLDQ DQG QXUVH�KHDOWKFDUH DVVLVWDQW�
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5HOHYDQW XVHU SHUVRQDV
7KH SDWLHQW LV DQ LQGLUHFW XVHU �LQWHUDFWV LQGLUHFWO\ ZLWK WKH V\VWHP�� 7KH SDWLHQW GRHV QRW
KDQGOH DQ\ SDUWV RI WKH ((* HTXLSPHQW GLUHFWO\ EXW LV H[SRVHG WR WKH HTXLSPHQW XSRQ KDY�
LQJ WKH ((* UHFRUGLQJ GRQH RQ KLP�KHU >��@� 7KLV XVHU LV LQWHUHVWHG LQ D FRPIRUWDEOH DQG
TXLFN ((* VHVVLRQ DQG LQ JHWWLQJ WKH ULJKW GLDJQRVLV DQG WUHDWPHQW �LQGLUHFWO\ PHDQLQJ D
TXDOLW\ ((* UHFRUGLQJ�� 7KLV XVHU JURXS FRQWDLQV D VHYHUH YDULDQFH DQG LQWUD�GLIIHUHQFHV
>DSSHQGL[ $� SDJ� ������@� )RU WKH SXUSRVH RI WKLV SURMHFW� WKH LPSRUWDQW FDWHJRULHV WR
IRFXV RQ DUH FRRSHUDWLYH DQG QRQ�FRRSHUDWLYH SDWLHQWV�

*HQHUDO 3UDFWLWLRQHU �*3��1HXURORJLVW LV DQ LQGLUHFW XVHU� 7KH *3�1HXURORJLVW LV WKH RQH
GLDJQRVLQJ WKH SDWLHQW� SUHVFULELQJ PHGLFLQH� DQG IROORZLQJ XS RQ WUHDWPHQW ZLWK WKH SD�
WLHQW� *3�1HXURORJLVW FDQ UHIHU WKH SDWLHQW WR DQ ((* 6FDQQLQJ WR VXSSRUW WKH GLDJQRVLV
>��@� 7KLV XVHU LV LQWHUHVWHG LQ GLDJQRVLQJ KLV SDWLHQWV FRUUHFWO\ DQG WKHUHIRUH QHHGV VRPH�
RQH WR GR D TXDOLW\ ((* UHFRUGLQJ DQG JHW D TXDOLW\ ((* UHSRUW EDFN >��@�

7KH ((* RSHUDWRU LV D GLUHFW XVHU� 7KH ((* RSHUDWRU LV WKH RQH DFWXDOO\ KDQGOLQJ WKH ((*
HTXLSPHQW DQG SHUIRUPLQJ WKH ((* UHFRUGLQJ RQ WKH SDWLHQW� >��@ 7KLV XVHU LV LQWHUHVWHG
LQ GRLQJ D JRRG� TXDOLW\ ((* 5HFRUGLQJ DQG KDQGOLQJ WKH SDWLHQW ZLWK FDUH >DSSHQGL[ $�
SDJ� �����@

((* DUWLIDFWV GHDOLQJ � H[SHUWV SRLQW RI YLHZ
7KH FRPSOHWH TXHVWLRQQDLUH GHYHORSHG IURP WKH NQRZOHGJH DFTXLUHG E\ WKH DOUHDG\ DYDLO�
DEOH GRFXPHQWV LV UHSRUWHG LQ >DSSHQGL[HV &@� ,Q WKH IROORZLQJ� DOO DOUHDG\ DYDLODEOH LQIRU�
PDWLRQ DV ZHOO DV WKH IROORZLQJ LQVSHFWLRQV KDYH EHHQ VXPPDUL]HG DQG RUJDQL]HG LQ D
GLVFXUVLYH PDQQHU�

)URP DQ H[SHUW SRLQW RI YLHZ� WKH PRVW LPSRUWDQW DVSHFWV WR NHHS XQGHU FRQWURO� LQ RUGHU
WR UHFRUG TXDOLW\ GDWD� DUH WKH LPSHGDQFH RI WKH HOHFWURGHV DQG WKH (0* DUWLIDFWV�

7KH LPSHGDQFH RI WKH HOHFWURGHV LQIOXHQFHV KHDYLO\ WKH TXDOLW\ RI WKH GDWD DQG LW LV WKHPRVW
HVVHQWLDO DVSHFW WR NHHS XQGHU FRQWURO� 7KLV LV EHFDXVH D KLJK LPSHGDQFH ORDG DFTXLUHV
QRLVH IURP H[WHUQDO VRXUFHV� HVSHFLDOO\ �����+] IURP WKH SRZHU JULG LQ WKH HQYLURQPHQW
>��@� 2QFH WKH LPSHGDQFH IRU HDFK HOHFWURGH LV ORZHU WKDQ D FHUWDLQ WKUHVKROG �XVXDOO\ ��
.2KP >��@�� WKH QH[W VWHSV FDQ EH SHUIRUPHG�

0XVFOHV DQG PRYHPHQW DUWLIDFWV DUH WKH GRPLQDQW DUWLIDFWV LQ ((* UHFRUGLQJV� 7KHVH DUH
SDUWLFXODUO\ VHHQ LQ EDELHV DQG FKLOGUHQ SDWLHQWV� DV ZHOO DV QRQ�FRRSHUDWLYH SDWLHQWV� 7KH
VROXWLRQ LQ PRVW FDVHV LV WR WU\ WR NHHS WKH SDWLHQW FDOP DQG WR QRW PRYH� DQG WR UHPHPEHU
WR UHOHDVH WKH VWUHVV DURXQG WKH MDZ DQG WKH VKRXOGHUV� ,Q QRQ�FRRSHUDWLYH RU H[WUHPH
FDVHV� WKH RQO\ VROXWLRQ LV WR SURORQJ WKH UHFRUGLQJ RU WR WDNH WKH EHVW RXW RI WKH GDWD
DFTXLUHG >DSSHQGL[HV %� &� '@�
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((* DUWLIDFWV GHDOLQJ � QRQ�H[SHUWV SRLQW RI YLHZ
$V H[SHFWHG� D XVHU ZLWKRXW SULRU NQRZOHGJH RI WKH ((* SURFHGXUH KDV GLIIHUHQW GRXEWV
ZLWK UHVSHFW WR DQ H[SHUW WHFKQLFLDQ� ,Q IDFW� WKH IRFXV RQ WKH WLPH VHULHV VLJQDO GLVDSSHDUV�
DQG WKH TXDOLW\ RI WKH GDWD LV QRW DVVHVVHG IURP WKH ZDYHV WKHPVHOYHV� 7KHUHIRUH� QHZ
VWDWLVWLFV DQG YLVXDOL]DWLRQV KDYH WR EH GHYHORSHG LQ RUGHU WR VKRZ WKH GDWD TXDOLW\�

7KH H[SHULPHQW FRQGXFWHG ZLWK WKH VWXGHQWV UHVXOWHG WKDW D QRQ�H[SHUW WHFKQLFLDQ VODY�
LVKO\ IROORZV WKH LQVWUXFWLRQV JLYHQ� 7KH\ IRFXVHG D ORW RQ WKH OLVW RI JRRG SUDFWLFHV WR
REWDLQ D JRRG TXDOLW\ VFDQ� H[SODLQHG LQ WKH WUDLQLQJ DQG VKRZQ EHORZ�

)LJXUH ���� /LVW RI JRRG SUDFWLFHV IRU D SURSHU TXDOLW\ VFDQ

)RU WKH VDPH UHDVRQ� WKH\ DVVHVV WKH TXDOLW\ RI WKH GDWD IURP WKLV OLVW� 7KH SUREOHP LV
WKDW VSHFLILF DUWLIDFWV �H�J� MDZ FOHQFKLQJ� WKH VWUHVV LQ WKH VKRXOGHUV� H\H PRYHPHQWV
ZLWK H\HV FORVHG���� DUH QRW YLVLEOH MXVW E\ ORRNLQJ DW WKH SDWLHQW� )RU H[DPSOH� WKH VHFRQG
SDUWLFLSDQW UHSRUWHG WKDW WKH SDWLHQW ZDV QRW PRYLQJ� ZKHQ WKH TXDOLW\ RI WKH VFDQ ZDV
FRUUXSWHG E\ VWUHVV RQ WKH MDZ DUHD� 0RUHRYHU� HYHQ WKRXJK DOO RI WKHP MXGJHG WKH VFDQ
WDNHQ RI JRRG TXDOLW\� QRQH RI WKHP KDG DQ H[SODQDWLRQ� EXW WKH\ ZHUH RQO\ UHIHUULQJ WR
WKH PHQWLRQHG OLVW� 7KLV PHDQV WKDW WKH\ GLGQ¶W KDYH FRQWURO RYHU WKLV DVSHFW� 7KLV LV
EHFDXVH WKH\ GLGQ¶W KDYH DQ\ PHDVXUHPHQW RU IHHGEDFN IURP WKH V\VWHP� DSDUW IURP WKH
LPSHGDQFH IHHGEDFN� 7KXV WKH LGHD RI JLYLQJ WKH XVHU D WRRO IRU FKHFNLQJ WKH TXDOLW\ RI
WKH GDWD� ZLWKRXW KDYLQJ SULRU ((* NQRZOHGJH DQG ZLWKRXW ORRNLQJ DW WKH VLJQDOV�
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7KHUHIRUH� LW KDV EHHQ DVNHG ERWK H[SHUW DQG QRQ�H[SHUW RSHUDWRUV ZKHWKHU WKH WZR WRROV
VKRZQ EHORZ FRXOG KHOS WKHP LQ DVVHVVLQJ WKH TXDOLW\ RI WKH GDWD UHFRUGHG�

�D� 3URJUHVVLRQ EDU IRU GDWD TXDOLW\ RYHU WLPH� $ FRORU VFDOH �JUHHQ� JRRG�
RUDQJH� PHGLXP� UHG� SRRU� LV XVHG WR YLVXDOL]H WKH TXDOLW\ RI WKH VHJPHQWV
RI GDWD�

�E� %XVW IRU GDWD TXDOLW\ RYHU VSDFH� 7KHPDLQ VRXUFHV RI DUWLIDFWV DUH YLVXDOL]HG
DV ERG\ UHJLRQV� (\HV UHJLRQ IRU H\H PRYHPHQWV� WKH MDZ UHJLRQ IRU VWUHVV LQ
WKH MDZ DUHD �FOHQFKLQJ� FKHZLQJ������ WKH VKRXOGHUV IRU DUWLIDFWV IURP WKH ERWWRP
SDUW RI WKH ERG\� DQG WRS DUURZV IRU KHDG PRYHPHQWV� 7KH VDPH FRORU VFDOH LV
XVHG WR YLVXDOL]H WKH TXDOLW\ RI WKH UHJLRQ�

)LJXUH ���� 3URSRVHG WRROV IRU DVVHVVLQJ GDWD TXDOLW\ RYHU WLPH �D� DQG VSDFH �E�� $ FRORU
VFDOH �JUHHQ� JRRG� RUDQJH� PHGLXP� UHG� SRRU� LV XVHG WR YLVXDOL]H WKH TXDOLW\ RI GDWD�

7KH YLVXDOL]DWLRQ RQ WRS� )LJXUH ����D�� UHSUHVHQWV WKH TXDOLW\ RI WKH GDWD RYHU WLPH� $
JUHHQ VHJPHQW LQGLFDWHV WKDW WKH TXDOLW\ LQ WKDW SRUWLRQ RI WKH UHFRUGLQJ ZDV JRRG� $Q
RUDQJH VHJPHQW VKRZV WKDW WKH TXDOLW\ LQ WKDW SRUWLRQ RI WLPH ZDV VWLOO DSSURSULDWH� ZKLOH
D UHG VHJPHQW LQGLFDWHV WKDW WKH TXDOLW\ LV SRRU� 7KH ZKLWH VHJPHQW DW WKH HQG UHSUHVHQWV
WKH WLPH WKDW VWLOO PLVVHV IRU WKH FRPSOHWLRQ RI WKH UHFRUGLQJ� 2Q WKH SURJUHVVLRQ EDU�
LQGLFDWLRQV RI WKH VWDJHV RI WKH VWDQGDUG SURWRFRO DUH JLYHQ� $Q DGGLWLRQDO FORFN ZLOO VKRZ
WKH RSHUDWRU WKH WLPH UHPDLQLQJ IRU �� PLQXWHV RI D JRRG UHFRUGLQJ� 7KH LPDJH RQ WKH
ERWWRP� )LJXUH ����E�� VKRZV WKH SXQFWXDO TXDOLW\� $W HYHU\ PRPHQW� WKH TXDOLW\ RI HDFK
SDUW RI WKH ERG\ LV VKRZQ� $ JUHHQ DUHD PHDQV WKDW WKH SDWLHQW LV FUHDWLQJ QRQH RU IHZ
DUWLIDFWV IURP WKDW SDUW RI WKH ERG\� +HQFH� QR IXUWKHU DFWLRQV KDYH WR EH WDNHQ� $Q RUDQJH
DUHD VKRZV WKDW� IURP WKDW VSHFLILF SDUW RI WKH ERG\� VRPH DUWLIDFWV DUH EHLQJ FUHDWHG�
$ UHG UHJLRQ PHDQV D ORW RI DUWLIDFWV DUH GXH WR PRYHPHQWV RU VWUHVV LQ WKDW SDUW� )RU
H[DPSOH� LQ WKH ILJXUH DERYH� WKH UHJLRQ RI WKH MDZ LV DIIHFWLQJ WKH VFDQ� VR WKH RSHUDWRU
ZLOO IRFXV RQ WDNLQJ DFWLRQV WR UHOHDVH WKH VWUHVV IURP WKHUH� VXFK DV RSHQLQJ D ELW WKH
PRXWK�

��



,W¶V LQWHUHVWLQJ KRZ WKH UHVXOWV EHWZHHQ H[SHUW DQG QRQ�H[SHUW RSHUDWRUV DJUHH� %RWK
JURXSV WHQG WR JLYH SRVLWLYH IHHGEDFN WR WKH SURJUHVVLRQ EDU� DSSUHFLDWLQJ LWV XVHIXOQHVV
DQG LQWXLWLYHQHVV� ,Q RWKHU ZRUGV� D SURJUHVVLRQ EDU LV DQ REMHFW WKDW DOO XVHUV DUH IDPLOLDU
ZLWK� DQG LQ D JODQFH JLYHV WKH LGHD RI KRZ PXFK WLPH WKH VFDQ KDV WR EH SURORQJHG� 2Q
WKH RWKHU VLGH� WKH EXVW KDVQ¶W EHHQ DSSUHFLDWHG� 7KH PDLQ UHDVRQV DUH WKDW LV QRW HDV\ WR
UHDG DQG WKDW WKH GLUHFW XVHU SUHIHUV WR IXOILO WKH OLVW DERYH LQ )LJXUH ���� DQG IHHOV FRQILGHQW
RI WKH TXDOLW\ FKHFNLQJ WKRVH� ,W LV WKH RSLQLRQ RI WKH DXWKRU WKDW WKLV DVSHFW KDV WR EH
LQYHVWLJDWHG PRUH� 7KHUH DUH FDVHV LQ ZKLFK WKH SDWLHQW VHHPV UHOD[HG DQG QRW PRYLQJ�
ZKHUHDV WHQVLRQV FDQ DIIHFW WKH TXDOLW\ RI WKH GDWD� )RU WKLV UHDVRQ� DQ LQGLFDWLRQ RI WKH
VRXUFH RI WKH QRLVH FRXOG LPSURYH WKH TXDOLW\ DQG WKH VLPSOLFLW\ RI ILQGLQJ WKH VROXWLRQ� ,Q
DQ\ FDVH� LW KDV EHHQ GHFLGHG WR LQFOXGH WKH SURJUHVVLRQ EDU LQ WKH 093 DQG WR LQVSHFW
WKH YLVXDOL]DWLRQ RI WKH DUWLIDFWV LQ WKH IROORZLQJ LWHUDWLRQ�

7RROV IRU V\VWHP UHTXLUHPHQWV RXWOLQH
)LQDOO\� DOO WKH LQIRUPDWLRQ DFTXLUHG LQ WKLV VHFWLRQ KDV EHHQ FROOHFWHG DQG RUJDQL]HG ZLWK
WZR 8;�VSHFLILF WRROV� WKH /HDQ &DQYDV �/&� DQG WKH 8VHU 6WRU\ 0DS �860��

)LJXUH ���� /HDQ &DQYDV IURP WKH SRLQW RI YLHZ RI D VWXGHQW LPSOHPHQWLQJ WKH 4XDOLW\
&RQWURO IHDWXUH� ,W VXPPDUL]HV SUREOHPV� VROXWLRQV� DQGPHWKRGV� VFRSLQJ RWKHU LPSRUWDQW
DVSHFWV�

)LJXUH ��� UHSRUWV WKH /HDQ &DQYDV IURP WKH SRLQW RI YLHZ RI DQ HPSOR\HU RI WKH FRPSDQ\�
GHYHORSLQJ WKH TXDOLW\ FRQWURO IHDWXUH LQWHJUDWHG LQWR WKH H[LVWLQJ PRELOH DSSOLFDWLRQ� 7R
VXPPDUL]H DOO NQRZOHGJH DERYH DVPXFK DV SRVVLEOH� WKH SUREOHP LV WR LPSURYH WKH TXDOLW\
DQG VXSSRUW WKH UHFRUGLQJ RI ((* GDWD IRU HSLOHSV\ GLDJQRVLV E\ QRQ�H[SHUW QXUVHV LQ WKH
/0,&V� 7KH VROXWLRQ LV D IHDWXUH LQ WKH H[LVWLQJ PRELOH DSSOLFDWLRQ WKDW LPSOHPHQWV DQ
RQOLQH TXDOLW\ FRQWURO DOJRULWKP IRU DUWLIDFW GHWHFWLRQ DQG DQ LQWXLWLYH YLVXDOL]DWLRQ RI WKH
TXDOLW\� LQ RUGHU WR H[WHQG WKH UHFRUGLQJ WR UHDFK D ���PLQXWH JRRG�TXDOLW\ VFDQ�

,Q )LJXUH ��� EHORZ� WKH 8VHU 6WRU\ 0DS IRU WKH TXDOLW\ IHDWXUH LV UHSRUWHG� ,Q SDUWLFXODU� WKH
PLQLPXP YDOXDEOH SURGXFW LV RQ WKH OHIW VLGH� $LPLQJ DW DFTXLULQJ DW OHDVW WZHQW\ PLQXWHV
RI XVHIXO ((* GDWD� WKH 093 IRFXVHV RQ HVWLPDWLQJ KRZ PXFK RI WKH GDWD UHFRUGHG DW DQ\
WLPH LV FOHDQ� DQG VXJJHVWV DQ HVWLPDWH SURORQJLQJ WLPH IRU UHDFKLQJ WKH JRDO� ,Q DGGLWLRQ�
D SURJUHVV EDU YLVXDOL]HV WKH VHJPHQWV RI WKH UHFRUGLQJ� FRORULQJ WKHP DFFRUGLQJO\ WR WKHLU
TXDOLW\�

��



2Q IROORZLQJ LWHUDWLRQV� WKH RSHUDWRU ZLOO EH QRWLILHG ZKHQ WKH GDWD LV FRUUXSWHG� VR WKDW WKH
XVHU FDQ WDNH LPPHGLDWH DFWLRQV� UHVXOWLQJ LQ D VPDOOHU ORRVLQJ RI WLPH� ,Q DGGLWLRQ� LQLWLDO
FKHFNV RQ WKH TXDOLW\ RI WKH GDWD ZLOO EH SHUIRUPHG ZLWK KHXULVWLFV HYHQ EHIRUH VWDUWLQJ WKH
UHFRUGLQJ� )RU H[DPSOH� DQ H[WUHPHO\ KLJK OHYHO RI ��+] QRLVH FDQPHDQ D QRW DSSURSULDWH
HQYLURQPHQW RU FRQQHFWLRQ� HYHQ KDYLQJ D SURSHU LPSHGDQFH RQ HDFK FKDQQHO� $OVR�
OHDNDJHV� FKDQQHO EULGJHV� EURNHQ HOHFWURGHV� DQG V\VWHPDWLF DUWLIDFWV FDQ EH FKHFNHG
LQ WKLV SKDVH� )LQDOO\� XVHU FXVWRPL]DWLRQ ZLOO EH LPSOHPHQWHG� IRU H[DPSOH IRU GHDFWLYDWLQJ
WKH IHDWXUH IRU QRQ�FRRSHUDWLYH XVHUV� RU IRU UHPRYLQJ VSHFLILF DUWLIDFWV IURP WKH GHWHFWLRQ�
)RU WLPH FRQVWUDLQWV� WKHVH IHDWXUHV DUH JRLQJ WR EH LPSOHPHQWHG LQ WKH IROORZLQJ VWDJHV
RI WKH DSSOLFDWLRQ�

)LJXUH ���� 8VHU VWRU\ PDS �860� IRU WKH TXDOLW\ FRQWURO IHDWXUH� 7KH 0LQLPXP 9DOXDEOH
3URGXFW �093� LV VKRZQ RQ WKH OHIW VLGH� )RU WKH 093� WKH TXDOLW\ IHDWXUH LV LPSOHPHQWHG
DQG WKH DUWLIDFW HSRFKV DUH YLVXDOL]HG ZLWK D SURJUHVVLRQ EDU VKRZLQJ VHJPHQWV RI WLPH
RI GDWD FRORUHG ZLWK UHVSHFW WR WKHLU TXDOLW\� ,Q DGGLWLRQ� D VXJJHVWHG SURORQJLQJ WLPH ZLOO
EH VKRZQ�

,Q WKH PRVW VFKHPDWLF ZD\� WKH RXWFRPHV DUH WKDW WKH SUREOHP WR EH DGGUHVVHG LV WR DF�
TXLUH ((* UHFRUGLQJV IRU ZKLFK WKH TXDOLW\ LV VXIILFLHQW WR GLDJQRVH HSLOHSV\� 7KH VWDQGDUG
VHWV �� PLQXWHV RI FOHDQ GDWD WKH PLQLPXP IRU KDYLQJ HQRXJK LQIRUPDWLRQ WR GLDJQRVH
HSLOHSV\ >��@� 7KHUHIRUH� WKH JRDO LV WR DFTXLUH DW OHDVW �� PLQXWHV RI FOHDQ GDWD� )RU
WKLV UHDVRQ� WKH LGHD LV WR GHYHORS D IHDWXUH IRU WKH DOUHDG\ H[LVWLQJ PRELOH DSSOLFDWLRQ
WR VXSSRUW WKH DFTXLVLWLRQ DQG WR VKRZ WKH RSHUDWRU WKH UHPDLQLQJ WLPH IRU UHDFKLQJ WKH
PLQLPXP UHTXLUHPHQWV�

��



2QH DVSHFW WKDW KDV QRW EHHQ \HW H[DPLQHG LQ GHWDLO LV WKH GHWHFWLRQ DOJRULWKP� )URP DOO
WKH LQIRUPDWLRQ LQ WKLV FKDSWHU� LW LV NQRZQ WKDW WKH DOJRULWKP LV JRLQJ WR UXQ LQ DQ HPEHGGHG
V\VWHP DQG WKDW LW QHHGV WR RSHUDWH LQ DQ RQOLQH PDWWHU� WR LPPHGLDWHO\ JLYH IHHGEDFN WR
WKH RSHUDWRU� ,Q DGGLWLRQ� LW LV UHTXHVWHG WR EH DXWRPDWLF� WR DVVHVV WKH QHHGV RI QRQ�H[SHUW
XVHUV� $OO WKHVH FRQVWUDLQWV DUH VKRZQ LQ WKH FRPSDULVRQ 7DEOH ��� LQ WKH OLWHUDWXUH UHYLHZ
FKDSWHU� $V VKRZQ LQ WKH WDEOH� WKH DGDSWLYH ILOWHU PHWKRGV DUH WKH PRVW SURPLVLQJ� 0DQ\
GLIIHUHQW DOJRULWKPV EHORQJ WR WKLV FDWHJRU\� )RU HDVH RI XQGHUVWDQGLQJ� DYDLODELOLW\ RI
H[DPSOHV DQG FRGH� DQG LQWHUHVW LQ DQDO\]LQJ 5LHPDQQ JHRPHWU\ DSSOLHG WR WKH GHWHFWLRQ
RI ((* DUWLIDFWV� WKH 5LHPDQQLDQ 3RWDWR )LHOG DOJRULWKP KDV EHHQ FKRVHQ >��@�

��� 'LVFXVVLRQ DQG IXWXUH ZRUN
7KLV FKDSWHU SOD\V WKH PRVW LPSRUWDQW UROH LQ JXLGLQJ DOO WKH IXUWKHU GHFLVLRQV� $V IUH�
TXHQWO\ KLJKOLJKWHG� WKLV SURFHGXUH LV DW WKH EHJLQQLQJ IURP D ORJLFDO SRLQW RI YLHZ� EXW
LW KDV WR EH LQWHQGHG DV D EDFNJURXQG SURFHVV DOZD\V HYROYLQJ DQG LPSURYLQJ IRU HDFK
LWHUDWLRQ�

7KH PHWKRGV XVHG IRU WKH XVHUV¶ QHHGV VXUYH\V DUH VWDQGDUG DQG QR RWKHU WHFKQLTXHV
KDYH EHHQ FRQVLGHUHG XVHIXO IRU VLJQLILFDQWO\ LPSURYLQJ WKH XQGHUVWDQGLQJ RI WKH SUREOHP
LQ WKLV ILUVW LWHUDWLRQ RI WKH SURMHFW� 7KH HPSDWKLVDWLRQ LQ WKLV VWDJH KDV EHHQ SHUFHLYHG DV
VXFFHVVIXO� $OO WKH H[FKDQJHV RI YLHZV� LGHDV� DQG LQIRUPDWLRQ SHUIRUPHG ZLWK FROOHDJXHV�
GRFWRUV� H[SHUWV� DQG QRQ�H[SHUW ((* WHFKQLFLDQV JDYH WKH ULJKW EDFNJURXQG WR FRQWLQXH
ZLWK WKH GHILQLWLRQ DQG LGHDWLRQ RI WKH SUREOHPV DQG WKHLU VROXWLRQV�

2Q WKH RWKHU KDQG� WKH VHW RI SHRSOH FRQWDFWHG FRXOG KDYH EHHQ HQODUJHG DQG HQULFKHG�
)RU H[DPSOH� DOWKRXJK IRU H[WHUQDO UHDVRQV� QR QXUVHV �L�H� WKH PDLQ WDUJHW DV QRQ�H[SHUW
RSHUDWRUV� FRXOG EH LQWHUYLHZHG� DQG LQVWHDG JHQHUDO ILJXUHV KDYH SOD\HG WKHLU UROH�

,Q DGGLWLRQ� IXUWKHU DVSHFWV FRXOG KDYH EHHQ LQVSHFWHG ZLWK VXEMHFWV IURP WKH WDUJHW FRXQ�
WULHV� HVSHFLDOO\ IRU WKH XVDELOLW\ DQG DUWLIDFW YLVXDOL]DWLRQ SDUWV� ,W LV EHOLHYHG WKDW IXUWKHU
LQYHVWLJDWLRQV FRXOG KDYH EURXJKW PRUH GHWDLOHG DQG IRFXVHG LQVLJKWV� $JDLQ� WKLV KDV QRW
EHHQ FRQVLGHUHG QHFHVVDU\ IRU WKH PLQLPXP YDOXDEOH SURGXFW� EXW DQ DVSHFW WR FRQVLGHU
LQ WKH IROORZLQJ LWHUDWLRQV LV WR LPSURYH DQG FXVWRPL]H WKH ILQDO IHDWXUH�

��



��



� 'DWD FROOHFWLRQ
7KLV FKDSWHU IRFXVHV RQ WKH DFTXLVLWLRQ RI WKH GDWD QHHGHG IRU WKH GHWHFWLRQ DOJRULWKP�
6HYHUDO DVSHFWV KDYH LQIOXHQFHG WKH SURFHVV DQG PDQ\ VXEMHFWV SOD\HG D UROH LQ WKH
GHVLJQ RI WKH SURFHGXUH� 0RUH SUHFLVHO\� WKH GDWD FROOHFWLRQ KDG WR GHDO ZLWK IRXU SURMHFWV�
WKLV WKHVLV� D 3K�'� ZRUN RQ DUWLIDFWV GHWHFWLRQ� D PHGLFDO VWXG\ RQ HSLOHSV\ GLDJQRVLV
WKURXJK ZLUHOHVV ((* GHYLFHV� DQG %&¶V WHVW GDWD FRPSDULVRQ EHWZHHQ WKHLU ZLUHOHVV
DPSOLILHU DQG D PHGLFDO DPSOLILHU >��@>��@� )RU WKLV UHDVRQ� WKH SURWRFRO KDV EHHQ DGMXVWHG
IRU IXOILOOLQJ DOO GLIIHUHQW QHHGV� EDODQFLQJ WKH WLPH DQG HIIRUW QHFHVVDU\ IRU HDFK UHFRUGLQJ�
7KH GDWD LV FRYHUHG E\ ,5% JLYHQ WR WKH SURMHFW E\ '78� )RU DFFHVVLQJ WKH GDWD� FRQWDFW
7RELDV $QGHUVHQ� WREDQ#GWX�GN�

��� 0HWKRGV
7KH UHFRUGLQJV KDYH EHHQ SHUIRUPHG LQ )LODGHOILD KRVSLWDO �WKHQ ),/�� )RU %&¶V GDWD FRP�
SDULVRQ �L�H� DQRWKHU SURMHFW LQ WKH FRPSDQ\�� WKH VLJQDO KDV EHHQ UHFRUGHG VLPXOWDQHRXVO\
E\ %&¶V DPSOLILHU DQG WKH PHGLFDO DPSOLILHU WKURXJK WKH XVH RI VSOLWWHUV� %&¶V FDS DQG (&*
SDGV ZHUH FRQQHFWHG DV DQ LQSXW WR WZR VSOLWWHUV� ZKLFK RXWSXWV ZHUH WKHQ GLUHFWHG RQH
WR %&¶V GHYLFH DQG RQH WR ),/¶V GHYLFH� DV VKRZQ LQ )LJXUH ��� EHORZ�

)LJXUH ���� 6\VWHP VHWXS RI WKH FDS�VSOLWWHUV�DPSOLILHUV� ((* DQG (&* VLJQDOV DUH FDS�
WXUHG E\ WKH ((* FDS DQG (&* SDGV �HQFDSVXODWHG E\ WKH JUHHQ RYDOV LQ WKH SLFWXUH��
7KH VSOLWWHUV �LQ \HOORZ� WDNH WKHVH VLJQDOV DQG VSOLW WKHP UHGLUHFWLQJ WKH GDWD WR WKH %UDLQ�
&DSWXUH¶V DPSOLILHU �UHG RQ WKH ULJKW� DQG WR WKH 1DWXV¶ DPSOLILHU �UHG RQ WKH OHIW�� 7KH
VLJQDOV DUH WKHQ UHFRUGHG E\ WKH UHODWLYH VRIWZDUHV� 7KH GDWD LV WKHUHIRUH UHFRUGHG VLPXO�
WDQHRXVO\ DQG IURP WKH VDPH HOHFWURGH SRVLWLRQV�

��



$V LW FDQ EH VHHQ IURP )LJXUH ���� WKH ((* FDS �JUHHQ RQ WRS� DQG WKH (&* SDGV �JUHHQ
RQ ERWWRP� DUH FRQQHFWHG UHVSHFWLYHO\ WR WKH ((* DQG WKH (&* VSOLWWHUV �\HOORZ DW WKH
FHQWHU�� )URP WKHUH� ERWK LQSXWV DUH VSOLW DQG UHGLUHFWHG RQH WR WKH PHGLFDO GHYLFH� DQG
IURP WKHUH WR WKH 3& YLD FDEOH �UHG FLUFOH RQ OHIW�� DQG WKH RWKHU WR %&¶V DPSOLILHU DQG
WKHQ WR D VPDUWSKRQH YLD %OXHWRRWK� ,Q WKLV ZD\� WKH VDPH VLJQDO FDQ EH UHFRUGHG DOPRVW
VLPXOWDQHRXVO\ DQG IURP WKH VDPH ORFDWLRQ�

7KH GHYLFH XVHG E\ ),/ KRVSLWDO LV WKH 1DWXV 1LFROHW &HSKDORQ 9��� DQG WKH VLJQDO ZDV
UHFRUGHG ZLWK 1DWXV 1LFROHW ,&8 0RQLWRU >��@ IRU ZKLFK WKH VDPH PRQWDJH KDG EHHQ VHW�
7KH PRQWDJH XVHG E\ %& LV D FKDQQHO�WR�UHIHUHQFH PRQWDJH� IROORZLQJ WKH ����� VWDQ�
GDUG V\VWHP >��@� 7KH FKDQQHOV XVHG DUH VKRZQ LQ )LJXUH ���� )RU %&¶V UHFRUGLQJ� %&¶V
DPSOLILHU KDV EHHQ XVHG DQG WKH GDWD ZDV UHFRUGHG ZLWK %&¶V PRELOH DSSOLFDWLRQ�

)LJXUH ���� 0RQWDJH RI WKH %& FDS� IROORZLQJ WKH ����� VWDQGDUG V\VWHP� 7KH UHG FLUFOHV
DUH WKH HOHFWURGHV XVHG LQ WKH ����� V\VWHP� WKH EOXH FLUFOH LV WKH ´*1'´ FKDQQHO DQG WKH
JUHHQ LV WKH ´5()´ FKDQQHO�

)RXUWHHQ SDUWLFLSDQWV MRLQHG WKH H[SHULPHQW� 0RVW RI WKHP ZHUH %&¶V HPSOR\HUV RU EH�
ORQJHG WR LWV QHWZRUN� � RI WKHP ZHUH EHWZHHQ �� DQG �� \HDUV ROG� WKH UHPDLQGHU ZHUH
IURP �� WR �� \HDUV ROG� ��� RI XVHUV ZHUH PDOH� $OO SDUWLFLSDQWV ZHUH KHDOWK\ DQG ZLWK
QR NQRZQ SUHYLRXV HSLOHSV\ VHL]XUHV� 1RQH RI WKHP KDG LPSDLUPHQWV RQ WKH VFDOS WKDW
UHTXHVWHG SDUWLFXODU VHWXSV�

)RU HDFK SDUWLFLSDQW� WKH ((* WHFKQLFLDQ DSSOLHG WKH JHO WR REWDLQ D YDOXH RI LPSHGDQFH
ORZHU WKDQ �� .2KP >��@ IRU HDFK HOHFWURGH� 7KHQ� DIWHU WKH SHUVRQ OD\ RQ D EHG� D RQH�
PLQXWH VFDQ RI WKH UHVWLQJ VWDWH ZLWK H\HV FORVHG ZDV UHFRUGHG WR DVVXUH WKDW WKH V\VWHP
ZDV ZRUNLQJ SURSHUO\ DQG IRU KDYLQJ D FDOLEUDWLRQ VFDQ� 'XULQJ WKLV PLQXWH� WKH WHFKQLFLDQ
FKHFNHG WKDW WKH SDUWLFLSDQW ZDV UHOD[HG� WKDW WKH H\HV ZHUH FORVHG� DQG WKDW QR DUWLIDFWV
ZHUH SURGXFHG RU� LQ FDVH� DQQRWDWHG�

��



6XEVHTXHQWO\� WR HDFK SDUWLFLSDQW� D VHULHV RI WDVNV KDG EHHQ DVVLJQHG� IROORZLQJ WKH
SURWRFRO VKRZQ LQ DSSHQGL[ )� 7KH SURWRFRO IXOILOOV WKH GLIIHUHQW QHHGV RI WKH SURMHFWV� DQG
LW LV LQWHQGHG WR KDYH D JURXQG WUXWK RQ ZKDW WKH XVHU LV GRLQJ DW WKDW PRPHQW� ,W FDQ
EH VHHQ DV GLYLGHG LQWR WKUHH SKDVHV� 7KH ILUVW RQH FRQVLVWV RI �� PLQXWHV RI UHVWLQJ
VWDWH� 7KH SDUWLFLSDQW LV DVNHG WR UHOD[ DV PXFK DV SRVVLEOH� NHHSLQJ WKH H\HV FORVHG�
DQG QRW IDOOLQJ DVOHHS� ,Q WKH FDVH RI V\VWHPDWLF DUWLIDFWV FUHDWHG� GLIIHUHQW VWUDWHJLHV
KDYH EHHQ DSSOLHG WR NHHS WKHP XQGHU FRQWURO �H�J� D OLJKW PDVN RQ WKH FORVHG H\HV WR
UHGXFH XQLQWHQWLRQDO ODWHU H\H PRYHPHQW�� 6SRUDGLF DUWLIDFWV KDYH EHHQ DQQRWDWHG� 7KH
VHFRQG SKDVH LQWURGXFHG DUWLIDFWV LQ WKH UHFRUGLQJ� 7R REWDLQ WKHP� WKH SHUVRQ ZDV DVNHG
WR SHUIRUP D VHULHV RI PRYHPHQWV WR JHQHUDWH WKH DUWLIDFWV� ,Q SDUWLFXODU� LQ VHTXHQFH DQG
IRU �� VHFRQGV IRU HDFK WDVN� WKH SDUWLFLSDQW ZDV DVNHG WR EOLQN WKH H\HV �ZLWKRXW IRUFLQJ
WKH PRYHPHQW >5()�@�� WR PRYH WKH H\HV IURP OHIW WR ULJKW DQG EDFN �UHSURGXFLQJ ODWHU H\HV
PRYHPHQW�� WR PRYH WKH KHDG IURP OHIW WR ULJKW DQG EDFN� WR FKHZ� WR UHSHDWHGO\ FOHQFK
WKH MDZ� DQG ILQDOO\ WR VKLYHU �L�H� PRYLQJ WKH ERG\ FRQYXOVLYHO\�� $OO WKH VHTXHQFH ZDV
UHSHDWHG WZR WLPHV� /DVWO\� WKH WKLUG SKDVH LQVSHFWV GLIIHUHQW VFHQDULRV RI UHVWLQJ VWDWHV�
7KH SDUWLFLSDQW� DOZD\V NHHSLQJ WKH H\HV FORVHG DQG UHOD[LQJ� ZDV DVNHG WR UHVW IRU �
PLQXWHV� 7KHQ� IRU DQRWKHU � PLQXWHV� DQ DULWKPHWLFDO H[HUFLVH FRQVLVWLQJ RI FRXQWLQJ
EDFN E\ VWHS RI �� IURP ���� ZDV SHUIRUPHG WR VWXG\ D IRFXV VWDWH� /DVWO\� WR VLPXODWH
HOHFWURGH SRSV� VRPH HOHFWURGHV� UDQGRPO\ FKRVHQ� ZHUH PRYHG DQG SRSSHG �DOZD\V
LQFOXGLQJ WKH ´5()´ FKDQQHO DV ODVW��

%&¶V DSSOLFDWLRQ DXWRPDWLFDOO\ DQQRWDWHV WKH EHJLQQLQJ DQG HQG WLPHV IRU HDFK WDVN� 2Q
WKH ),/¶V VFDQ� LQVWHDG� WKH WHFKQLFLDQ ZDV DVNHG WR DQQRWDWH HYHU\ QRW H[SHFWHG DUWLIDFW�
,Q WKH VHFRQG VWDJH� WKH WZR VLJQDOV �L�H� %&¶V DQG ),/¶V VFDQV� KDYH EHHQ V\QFKURQL]HG�
DQG WKH DQQRWDWLRQV DUH VKDUHG EHWZHHQ WKH WZR ILOHV� ,Q WKLV ZD\� HDFK ILOH KDV DQQRWD�
WLRQV IRU WKH UDQJHV RI WKH H[HUFLVHV� DQG� ZLWKLQ WKH H[HUFLVH� DOO WKH DUWLIDFWV SURGXFHG�
7KLV ZLOO PDNH WKH IROORZLQJ SURFHVVHV HDVLHU DQG PRUH DXWRPDWDEOH� )LQDOO\� HDFK VFDQ
KDV EHHQ UH�DQDO\]HG E\ WKH WHFKQLFLDQ� FKHFNLQJ WKDW DOO DQQRWDWLRQV ZHUH FRUUHFW�

��



��� 5HVXOWV DQG FRQFOXVLRQV
$OO WKH UHFRUGLQJV DFTXLUHG E\ WKH 1DWXV GHYLFH DUH FRUUHFW DQG VWDQGDUG� 2Q WKH RWKHU
VLGH� VRPH SUREOHPV DSSHDUHG RQ WKH %&¶V VFDQV� ,Q SDUWLFXODU� WKUHH VFDQV KDG EHHQ
FRUUXSWHG� WKHUHIRUH QRW XVHIXO� 7KH PDLQ UHDVRQ IRU FRUUXSWLRQ LV GXH WR WKH VSOLWWHU >��@�
0RUH GHWDLOV ZLOO EH JLYHQ LQ WKH QH[W VHFWLRQV�

,Q DOO WKH YLVXDOL]DWLRQV VKRZQ LQ WKLV FKDSWHU� %&¶V GDWD KDV EHHQ EDQG SDVVHG ZLWK D
IRXUWK�RUGHU %XWWHUZRUWK ILOWHU EHWZHHQ ��� DQG �� +]� DQG WKHQ D UHVRQDWRU PRGHO QRWFK
ILOWHU RI �� 4�IDFWRU DW �� +] KDV EHHQ DSSOLHG WR WKH GDWD� 7KLV LV EHFDXVH� ZKLOH ),/¶V
GHYLFH KDV LQWHUQDO DQDORJ ILOWHUV WKDW FOHDU WKH GDWD� %&¶V GHYLFH GRHV QRW FRQWDLQ DQ\�
DQG WKLV UHVXOWV LQ QRLV\ GDWD WKDW ZRXOG QRW EH SRVVLEOH WR YLVXDOL]H� DV VKRZQ EHORZ LQ
)LJXUH ����

�D� %&¶V UHFRUGLQJ EHIRUH ILOWHULQJ� 7KH [�GLYLVLRQ LV 1s� WKH \�GLYLVLRQ LV 100µV �

�E� %&¶V UHFRUGLQJ DIWHU ILOWHULQJ� 7KH [�GLYLVLRQ LV 1s� WKH \�GLYLVLRQ LV 100µV �

)LJXUH ���� %&¶V GDWD YLVXDOL]DWLRQ EHIRUH �D� DQG DIWHU �E� ILOWHULQJ� 7KH [�GLYLVLRQ LV 1s�
WKH \�GLYLVLRQ LV 100µV � 7KH VLJQDO DIWHU ILOWHULQJ LV FOHDUHU WKDQ EHIRUH� 7KLV LV HVSHFLDOO\
GXH WR WKH SRZHU OLQH 50Hz QRLVH FDSWXUHG E\ WKH XQILOWHUHG %&¶V DPSOLILHU� WKDW RYHUODSV
WKH EUDLQ VLJQDO�

��



&DOLEUDWLRQ

�D� ),/¶V UHFRUGLQJ �E� %&¶V UHFRUGLQJ

)LJXUH ���� 5HVWLQJ VWDWH GDWD XVHG IRU FDOLEUDWLRQ� 7KH [�GLYLVLRQ LV 1s� WKH \�GLYLVLRQ LV
100µV � 7KH SLFWXUHV DUH VKRZQ RQO\ IRU JLYLQJ DQ RYHUYLHZ RI WKH GDWD XVHG� 7KH\ DUH
QRW LQWXLWLYH� WKH GHWDLOV DUH VKRZQ LQ )LJXUHV ��� DQG ����

)LJXUH ��� VKRZV WZR H[DPSOHV RI FKXQNV RI UHFRUGLQJ IURP%& �E� DQG ),/¶V �D� DPSOLILHUV�
7KH SLFWXUHV DUH QRW LQWXLWLYH DW D JODQFH� VR WKH GHWDLOV ZLOO EH SRLQWHG RXW LQ WKH IROORZLQJ�
$SDUW IURP WKH RUGHU RI WKH FKDQQHOV VKRZQ E\ WKH YLHZHU SURJUDP� LW FDQ EH VHHQ WKDW WKH
FKDQQHOV UHFRUGHG DUH WKH VDPH� ZLWK WKH VDPH PRQWDJH �L�H� HDFK FKDQQHO UHIHUHQFHG WR
UHIHUHQFH�� 7KHUHIRUH� WKH VDPH SURFHGXUHV DQG DOJRULWKPV FDQ EH XVHG DOWHUQDWLYHO\ RQ
WKH WZR GLIIHUHQW ILOHV� 7KLV FDQ EH XVHIXO WR FRPSDUH WKH SHUIRUPDQFHV RI WKH WZR GLIIHUHQW
VRXUFHV RI GDWD� ,Q DGGLWLRQ� DV GHVFULEHG LQ WKH PHWKRGV� LW FDQ EH VHHQ LQ )LJXUH ���
WKDW LQ WKH ),/ UHFRUGLQJ �D�� WKH DUWLIDFW �HOHFWURGH SRS� RQ WKH FKDQQHO ´)�´ LV DQQRWDWHG�
DQG WKH EHJLQQLQJ RI WKH H[HUFLVH �L�H� ´7,0(5 67$57 H\HV FORVHG´� LV DQQRWDWHG RQ WKH
%& VFDQ �E��

�D� ),/¶V DQQRWDWLRQV� ,Q WKH ILOHV IURP ILODGHOILD¶V
V\VWHP� WKH DUWLIDFWV ZLWKLQ ´FOHDQ´ H[HUFLVHV
�L�H� UHVWLQJ VWDWH� H\HV FORVHG� H\HV RSHQ DQG
VWLOO� DQG H\HV FORVHG H[HUFLVHV� DUH DQQRWDWHG�

�E� %&¶V DQQRWDWLRQV� ,Q WKH ILOHV IURP%UDLQ&DS�
WXUH¶V V\VWHP� WKH EHJLQQLQJ DQG HQG RI HDFK
H[HUFLVH DUH DQQRWDWHG�

)LJXUH ���� $QQRWDWLRQV LQ ),/¶V �L�H� DUWLIDFWV� DQG %& �L�H� H[HUFLVHV H[WUHPHV� ILOHV� 7KH
[�GLYLVLRQ LV 1s� WKH \�GLYLVLRQ LV 100µV � 3XWWLQJ WKH DQQRWDWLRQV WRJHWKHU� LV JRLQJ WR EH
SRVVLEOH WR FUHDWH WKH JURXQG WUXWK IRU WUDLQLQJ DQ DOJRULWKP LQ DQ DXWRPDWLF ZD\�

��



)LQDOO\� LW FDQ EH VHHQ LQ )LJXUH ��� WKDW DUWLIDFWV LQ WKH FDOLEUDWLRQ SKDVH KDYH EHHQ DQ�
QRWDWHG� $V LW ZLOO EH VKRZQ LQ WKH IROORZLQJ FKDSWHUV� WKLV ZLOO EH RI H[WUHPH LPSRUWDQFH
LQ WKH FRUUHFWQHVV RI WKH FDOLEUDWLRQ� WR UHPRYH WKRVH SDUWV IURP LW�

)LJXUH ���� $QQRWDWLRQ RI WKH DUWLIDFWV LQ WKH FDOLEUDWLRQ SKDVH �),/ ILOH�� 7KH [�GLYLVLRQ LV
1s� WKH \�GLYLVLRQ LV 100µV � ,Q WKLV FDVH� RQO\ ),/¶V DQQRWDWLRQV DUH UHOHYDQW� EHFDXVH QR
H[HUFLVHV DUH EHLQJ SHUIRUPHG LQ WKH FDOLEUDWLRQ� EXW RQO\ UHVWLQJ VWDWH�

7KH FDOLEUDWLRQ VWDJH ZLOO EH XVHIXO LQ WKH IROORZLQJ VWDJHV RI WKH SURMHFW� LQ SDUWLFXODU� LV
QHHGHG IRU WKH DUWLIDFW GHWHFWLRQ DOJRULWKP� 7KH LGHD RI D FDOLEUDWLRQ VWDJH SRSSHG XS IURP
KDQGV�RQ H[SHULHQFHV FROOHFWHG IURP D SLORW VWXG\ IRU GHEXJJLQJ WKH HQWLUH V\VWHP�

5HVWLQJ VWDWH DQG PHQWDO DULWKPHWLF
$IWHU YHULI\LQJ ZLWK WKH FDOLEUDWLRQ VWDWH WKDW WKH HQWLUH V\VWHP ZDV ZRUNLQJ SURSHUO\� WKH
SURWRFRO VWDUWHG ZLWK WHQ PLQXWHV RI UHVWLQJ VWDWH� WKXV WKH SDUWLFLSDQW O\LQJ RQ D EHG� ZLWK
H\HV FORVHG DQG UHOD[HG� $V IRU WKH FDVH EHIRUH� WKH SLFWXUH RI WKH HQWLUH VFDQ ZRXOG QRW
EH LQIRUPDWLYH� WKHUHIRUH RQO\ VRPH SRUWLRQ RI WKHP ZLOO EH VKRZQ�

�D� $OSKD ZDYHV LQ ),/¶V UHFRUGLQJ

�E� $OSKD ZDYHV LQ %&¶V UHFRUGLQJ

)LJXUH ���� 9LVXDOL]DWLRQ RI DOSKD ZDYHV GXULQJ UHVWLQJ VWDWH� 7KH [�GLYLVLRQ LV 1s� WKH
\�GLYLVLRQ LV 100µV � $OSKD ZDYHV DUH FKDUDFWHUL]HG E\ KDYLQJ D IUHTXHQF\ EHWZHHQ ��
��+]� (DVLO\ YHULILHG LQ WKH SLFWXUHV DERYH DV �� SHDNV DUH SUHVHQW IRU HDFK WLPH GLYLVLRQ�
$OSKD ZDYHV DSSHDU ZKHQ WKH SDWLHQW LV FDOP DQG IRFXVHG� 7KLV LV WKH VWDWH LQ ZKLFK WKH
GRFWRUV SUHIHU WKH SDWLHQW WR EH� IRU WKH EHVW ((* UHDGDELOLW\�

��



,Q )LJXUH ��� D YLVXDOL]DWLRQ RI WKH UHVWLQJ VWDWH LV VKRZQ� ,W FDQ EH VHHQ WKDW D FOHDU
SDWWHUQ LV FUHDWHG HVSHFLDOO\ RQ WKH RFFLSLWDO OREHV� 7KLV SDWWHUQ� FDOOHG DOSKD ZDYHV�
KDV D SDUWLFXODU IUHTXHQF\ EHWZHHQ ���� +] >��@� ,W LV WKH QRUPDO EHKDYLRU RI WKH ((*
IRU WKH UHVWLQJ VWDWH� DQG LW LV WKH PRVW FRPPRQ IRU WKH VWDQGDUG HSLOHSV\ SURWRFRO >��@�
,Q WKLV PRGH� LW LV HDV\� IRU WKH GRFWRU� WR GHWHFW VHL]XUHV� DV WKH SDWWHUQ RI WKH GDWD LV
YHU\ VLPSOH DQG FOHDU� DQG DQ\ FKDQJH FDQ EH HDVLO\ YLVXDOO\ GHWHFWHG� $OVR LQ WKLV FDVH�
DOO WKH DUWLIDFWV KDYH EHHQ DQQRWDWHG� EXLOGLQJ WKH JURXQG WUXWK IRU DQ\ SRVVLEOH OHDUQLQJ
DOJRULWKP� ,Q )LJXUH ��� �D�� WKH ),/¶V GDWD LV VKRZQ� ZKLOH �E� YLVXDOL]HV %&¶V GDWD� ,W
FDQ EH VHHQ WKDW� DV H[SHFWHG� WKHUH DUH QR EHKDYLRUDO GLIIHUHQFHV LQ WKH GDWD� 6RPH
FKDQQHOV DUH WKRXJK QRLVLHU �H�J� ´)�´�� 7KLV LV D ZHOO�NQRZQ SUREOHP IURP WKH FRPSDQ\
WKDW� XS WR WKH HQG RI WKLV SURMHFW� GLGQ¶W ILQG D UHDVRQ IRU LW� 7KH UHVHDUFKHV DUH IRFXVHG
RQ WKH KDUGZDUH DQG RQ WKH VSOLWWHU VHWXS >��@�

$V WKHUH DUH QR UHOHYDQW GLIIHUHQFHV EHWZHHQ WKH YLVXDOL]DWLRQV RI WKH UHFRUGLQJV DFTXLUHG
E\ WKH WZR GLIIHUHQW GHYLFHV� IRU WKH QH[W FDVHV� RQO\ ),/¶V GDWD ZLOO EH VKRZQ�

)RU WKH PHQWDO DULWKPHWLF H[HUFLVH� QR UHOHYDQW GLIIHUHQFHV DSSHDU ZLWK UHVSHFW WR WKH
UHVWLQJ VWDWH� 7KH PRVW UHOHYDQW GLIIHUHQFH LV LQ WKH SUHVHQFH RI PRUH H\H PRYHPHQW�
GXH WR WKH GURZVLQHVV RI WKH SDUWLFLSDQW� DV WKH H[HUFLVH ZDV WKH VHPL�ODVW RI WKH SURWRFRO�
$Q H[DPSOH FDQ EH VHHQ LQ )LJXUH ��� EHORZ� ZKHUH VKLIWV RI WKH VLJQDOV FDQ EH VHHQ LQ
FKDQQHOV ´)�´ DQG ´)�´� LQGLFDWLQJ H\HV PRYHPHQWV�

)LJXUH ���� 9LVXDOL]DWLRQ RI ((* GDWD GXULQJ WKH PHQWDO H[HUFLVH� 7KH [�GLYLVLRQ LV 1s�
WKH \�GLYLVLRQ LV 100µV � $OVR LQ WKLV FDVH� DOSKD ZDYHV SUHGRPLQDWH WKH ((*� 7KH ((*
LV FOHDQ DQG UHDGDEOH E\ GRFWRUV�

,Q UDUH FDVHV >��@� PLGOLQH WKHWD UK\WKP� DOVR NQRZQ DV ´&LJDQHN´ >��@� FDQ DSSHDU RQ WKH
((* VFDQ� DV VKRZQ LQ WKH ILJXUH EHORZ� ,Q WKLV FDVH� LW FDQ EH VHHQ WKDW DOVR WKH (&* LV
YLVLEOH RQ WKH ((*�

��



)LJXUH ���� 9LVXDOL]DWLRQ RI ((* GDWD RI &LJDQHN UK\WKP RQ ´)=´� 7KH [�GLYLVLRQ LV 1s�
WKH \�GLYLVLRQ LV 100µV � (&* VLJQDO �´(.*�5()´ FKDQQHOV� KDV EHHQ UHVL]HG WR 500µV �
&LJDQHN UK\WKP LV YLVLEOH RQ WKH ´)=�5()´ FKDQQHO DQG VKRZQ ZLWK DQ DQQRWDWLRQ� ,Q WKLV
SDUWLFXODU VFDQ� LW FDQ EH VHHQ WKDW WKH (&* VLJQDO LV YLVLEOH DOVR LQ WKH ((* FKDQQHOV� )RU
H[DPSOH� LQ ´7��5()´ FKDQQHO D SHDN V\QFKURQL]HG ZLWK WKH (&* SHDN LV YLVLEOH� 7KLV LV
WKH UHDVRQ ZK\ (&* VLJQDO LV UHFRUGHG� ,Q WKLV ZD\� QHXURORJLVWV FDQ KDYH D UHIHUHQFH
DQG GR QRW FRQIXVH (&* SHDNV ZLWK HSLOHSWLF VHL]XUHV�

(\HV RSHQ

)LJXUH ����� 9LVXDOL]DWLRQ RI ((* GDWD IRU VWLOO RSHQ H\HV LQ D UHVWLQJ VWDWH� 7KH [�GLYLVLRQ
LV 1s� WKH \�GLYLVLRQ LV 100µV � :LWK H\HV RSHQ� DOSKD ZDYHV GLVDSSHDU >��@ >��@� (\HV
EOLQNLQJ LV YLVLEOH HVSHFLDOO\ RQ ´)3�´ DQG ´)3�´ FKDQQHOV� 7KHVH SRWHQWLDO FKDQJHV DUH
LQWURGXFHG E\ WKH FRUQHR�UHWLQDO GLSROH �&5'� DQG WKH H\HOLG�

7KH DERYH ILJXUH VKRZV KRZ ((* GDWD DSSHDUV ZKHQ WKH SDUWLFLSDQW LV UHOD[HG DQG NHHSV
WKHLU H\HV RSHQ� ,W FDQ EH VHHQ WKDW WKH DOSKD ZDYHV GLVDSSHDU� 7KLV IDFW LV VWLOO WKH VXEMHFW
RI GHEDWH DPRQJ UHVHDUFKHUV� ,Q WKH SDVW PXFK FUHGHQFH ZDV JLYHQ WR WKH WKHRU\ WKDW
WKH SUHVHQFH RI DOSKD ZDYHV LQGLFDWHV V\QFKURQL]DWLRQ RI EUDLQ DFWLYLWLHV GXH WR ´KDYLQJ
QRWKLQJ WR GR´ >��@ >��@� DQG� RQ WKH RSSRVLWH� VWLPXODWLQJ SULPDU\ VHQVRU\ DUHD JHQHUDWHV
ORZ�DPSOLWXGH� GHV\QFKURQL]HG ((* SDWWHUQV LQ ZKLFK WKH DOSKD UK\WKP LV DWWHQXDWHG RU
EORFNHG >��@� 1RZ� PDQ\ VWXGLHV GLVFUHGLW WKLV YLHZ� EULQJLQJ PRUH DQG PRUH H[DPSOHV RI
FDVHV ZKHUH WKLV LV FRQWUDGLFWHG E\ H[SHULPHQWV >��@ >��@ >��@�

��



$QRWKHU IDFW WR WDNH LQWR DFFRXQW LV WKDW� ZKHQ WKH H\HV DUH RSHQ� EOLQNLQJ DQG H\H PRYH�
PHQWV DUH PRUH OLNHO\ WR DSSHDU WKDQ ZKHQ WKH H\HV DUH FORVHG� ,I IRU EOLQNLQJ WKH UHDVRQ
LV FOHDU� IRU WKH H\HV PRYHPHQWV PRUH FRPPHQWV FDQ EH GRQH� ,Q IDFW� HYHQ WKRXJK ZLWK
H\HV RSHQ LW LV HDVLHU WKDQ WKH SDUWLFLSDQW PRYHV WR ORRN DURXQG� LW LV DOVR HDV\ WR LQVWUXFW
KLP �RI FRXUVH LI FRRSHUDWLYH� WR VWDUH DW D IL[HG SRLQW� EORFNLQJ DOO SRVVLELOLWLHV RI PRYH�
PHQW� 7KLV LV QRW SRVVLEOH ZKHQ WKH H\HV DUH FORVHG� LQ ZKLFK FDVH WKH SDWLHQW FDQQRW
IRFXV RQ D WDUJHW� ,W LV LQ IDFW ZHOO�NQRZQ >��@ WKDW ZKHQ WKH H\HV DUH FORVHG� WKH SUHVHQFH
RI ODWHUDO H\H PRYHPHQWV LQFUHDVHV� HVSHFLDOO\ ZKHQ WKH SDUWLFLSDQW LV WLUHG RU LV IDOOLQJ
DVOHHS� )RU VRPH SDWLHQWV� LW LV QHFHVVDU\ WR SODFH D OLJKW PDVN RYHU WKH H\HOLGV WR GH�
FUHDVH WKHVH PRYHPHQWV� 7KH FKDUDFWHULVWLFV RI EOLQNLQJ DQG H\H PRYHPHQWV DUH JRLQJ
WR EH H[SODLQHG LQ WKH QH[W VHFWLRQV�

(2* � (\HV EOLQNLQJ DQG ODWHUDO H\HV PRYHPHQW

)LJXUH ����� 9LVXDOL]DWLRQ RI ((* GDWD IRU H\HV EOLQNLQJ� 7KH [�GLYLVLRQ LV 1s� WKH \�GLYLVLRQ
LV 100µV � 7KH SDUWLFLSDQW LV UHTXHVWHG WR UHSHDWHGO\ EOLQN WKH H\HV� 7KH IUHTXHQF\ LV
GHFLGHG E\ WKH XVHU� EXW EHWZHHQ 0.5 DQG 1Hz� 7KH DUWLIDFW LV VWURQJHU RQ ´)3�´ DQG
´)3�´ FKDQQHOV EHFDXVH FORVHVW WR WKH H\HV� 7KHQ� WKH DPSOLWXGH RI WKH VLJQDO GHFUHDVHV
GLVWDQFLQJ IURP WKH H\HV UHJLRQ�

)LJXUH ���� YLVXDOL]HV ((* GDWD RI D SHUVRQ WKDW EOLQNV WKH H\HOLGV� $V WKH H\H PRYHV�
WKH FRUQHR�UHWLQDO GLSROH �&5'� DQG H\HOLG LQWURGXFH SRWHQWLDO FKDQJHV LQ WKH ((* DF�
WLYLW\ >��@� ,Q WKLV FDVH� WKH SDUWLFLSDQW ZDV DVNHG WR UHSHDWHGO\ EOLQN WKH H\HV� WKXV WKH
IUHTXHQW DUWLIDFW� ,W LV HDV\ WR VHH� DQG VXSSRUWHG E\ OLWHUDWXUH >��@ >��@� WKDW WKH EOLQNLQJ DU�
WLIDFW VKRZV WKH SHDN RQ WKH ´)3�´ DQG ´)3�´ FKDQQHOV �L�H� IRUHKHDG� DQG WKDW WKH SRZHU
GHFUHDVHV PRYLQJ DZD\ IURP WKH H\HV� )RU H[DPSOH� FKDQQHOV ´)�´ DQG ´)�´ KDYH GH�
FUHDVHG SHDNV� DQG ´&�´ DQG ´&�´ DUH HYHQ ORZHU� 7KH SDUWLFLSDQWV KDYH EHHQ LQVWUXFWHG
WR QDWXUDOO\ EOLQN WKHLU H\HV DQG WR QRW IRUFH WKH PRYHPHQW� OHDGLQJ RWKHUZLVH WR GLIIHUHQW
HIIHFWV >��@�

��



)LJXUH ����� 9LVXDOL]DWLRQ RI ((* GDWD IRU ODWHUDO H\HV PRYHPHQWV� ZLWK RSHQ H\HV� 7KH
[�GLYLVLRQ LV 1s� WKH \�GLYLVLRQ LV 100µV � 7KH SDUWLFLSDQW ZDV UHTXHVWHG WR NHHS WKH H\H
OLGV RSHQ DQG PRYH WKH H\HV KRUL]RQWDOO\� DW D SHULRGLF UK\WKP� 7KH FRUQHR�UHWLQDO GLSROH
LQGXFHV HYHQ PRUH GLIIXVH DUWLIDFWV WKHQ WKH H\H EOLQNV�

,Q )LJXUH ���� WKH DSSHDUDQFH RI ODWHUDO H\HPRYHPHQWV LV VKRZQ� 7KH LGHD LV WKH VDPH DV
IRU WKH H\HV EOLQNLQJ� WKH PRYHPHQW RI WKH FRUQHR�UHWLQDO GLSROH �&5'� LQGXFHV SRWHQWLDO
FKDQJHV LQ WKH ((* UHFRUGLQJV >��@� $V IRU WKH FDVH EHIRUH� WKH SHDN RI WKH DUWLIDFW
DSSHDUV RQ WKH IURQWDO FKDQQHOV� UHGXFLQJ LQ LQWHQVLW\ ZKLOH PRYLQJ DZD\ IURP WKH H\HV
�L�H� ´)3�´�´)3�´ WRZDUGV ´)�´�´)�´ DQG WKHQ ´&�´�´&�´� >��@ >��@� $OVR LQ WKLV FDVH� ZKLOH
LW LV HDV\ WR LQVWUXFW D FRRSHUDWLYH SDWLHQW WR QRW PRYH WKH H\HV ZKHQ WKH\ DUH RSHQ� LW LV
PRUH GLIILFXOW WR FRQWURO WKHPZKHQ WKH H\HOLGV DUH FORVHG� $JDLQ� LQ FHUWDLQ FLUFXPVWDQFHV�
H[WHUQDO VROXWLRQV KDYH WR EH WDNHQ� IRU H[DPSOH WKH H\HV PDVN >��@� $Q H[DPSOH RI WKLV
SUREOHP LV VKRZQ EHORZ�

)LJXUH ����� 9LVXDOL]DWLRQ RI ((* GDWD IRU ODWHUDO H\HVPRYHPHQWV ZKHQ FORVHG H\HV� 7KH
[ DQG WKH \�GLYLVLRQ DUH DV EHIRUH� 7KLV WLPH WKH H\HV DUH FORVHG DQG LW FDQ EH VHHQ WKH
RYHUODS RI ODWHUDO H\H PRYHPHQWV DQG DOSKD ZDYHV� ,Q WKLV FDVH� WKH ODWHUDO PRYHPHQWV
DUH XQLQWHQWLRQDO� WKXV WKH UK\WKP LV QRW IRUFHG�

,Q WKLV FDVH� LW FDQ EH UHFRJQL]HG WKDW WKH H\HV ZHUH FORVHG EHFDXVH RI WKH SUHGRPLQDQW
DOSKD ZDYHV� EXW WKH VKLIWV RI WKH VLJQDO YLVLEOH IRU H[DPSOH RQ ´)3�´� ´)3�´� ´)�´� DQG
´)�´� DUH FDXVHG E\ H\H PRYHPHQWV� 7KLV VRPHWLPHV FDQQRW EH DYRLGHG�

��



(0* � /DWHUDO KHDG PRYHPHQW� FKHZLQJ� MDZ FOHQFKLQJ DQG VKLYHULQJ

)LJXUH ����� 9LVXDOL]DWLRQ RI ((* GDWD IRU ODWHUDO KHDG PRYHPHQWV� [ DQG \�GLYLVLRQV DUH
1s DQG 100µV � 7KH SDUWLFLSDQW LV LQVWUXFWHG WR PRYH WKH KHDG KRUL]RQWDOO\� 7KH DUWLIDFWV
DUH GXH WR WKH PXVFOH PRYHPHQWV DQG VWUHVV RI WKH QHFN DQG VKRXOGHUV� DQG IURP WKH
PRYHPHQWV RI HOHFWURGHV LQ WKH VFDOS�

,Q WKH DERYH ILJXUH� LW FDQ EH VHHQ WKDW DQ LPSRUWDQW QRLVH LV DGGHG WR WKH VLJQDO� 7KLV
LV EHFDXVH DQ H[WUHPH QXPEHU RI PXVFOHV DUH LQYROYHG DQG D ORW RI PXVFOH WHQVLRQ LV
FUHDWHG >��@� 7KH PXVFOHV DUH GLVWDQW IURP WKH VFDOS� VR WKH HIIHFW LV OHVV YLVLEOH� ,W LV
JHQHUDOL]HG WR DOO FKDQQHOV� EXW LW LV RI SDUWLFXODU VWUHQJWK RQ WKH WHPSRUDO OREHV >��@�

)LJXUH ����� 9LVXDOL]DWLRQ RI ((* GDWD IRU D SHUVRQ FKHZLQJ� [ DQG \�GLYLVLRQV DUH 1s
DQG 100µV � 7KH SDUWLFLSDQW LV LQVWUXFWHG WR FKHZ� ZLWKRXW FORVLQJ WKH PRXWK� ,Q WKLV FDVH
WKH DUWLIDFWV DUH JHQHUDOL]HG LQ DOO FKDQQHOV� DQG DUH GXH WR WKH PXVFOH PRYHPHQWV DQG
VWUHVV RI WKH MDZ DUHD�

)LJXUH ���� YLVXDOL]HV WKH DUWLIDFWV SURGXFHG E\ D FKHZLQJ DFWLRQ� $JDLQ� DV VNHOHWDO
PXVFOHV DUH LQYROYHG� WKH QRLVH LV JHQHUDOL]HG DQG PRVW IRFXVHG RQ WHPSRUDO OREHV >��@�
7KLV DUWLIDFW� HYHQ LI UDUH� LV RI JUHDW LPSRUWDQFH� DV LW FDQ FRYHU WKH VLJQDO FRPSOHWHO\ >��@�

��



)LJXUH ����� 9LVXDOL]DWLRQ RI ((* GDWD IRU D SHUVRQ FOHQFKLQJ WKH MDZ� $V IRU EHIRUH�
[�GLYLVLRQ LV 1s DQG \�GLYLVLRQ LV 100µV � 7KH DUWLIDFW JHQHUDWHG DVNLQJ WKH SDUWLFLSDQW WR
UHSHDWHGO\ FOHQFK WKH MDZ LV VWURQJ DQG JHQHUDOL]HG� ,Q WKLV FDVH� WKH SDUWLFLSDQW ZDV
LQVWUXFWHG WR FOHQFK WKH MDZ KDUGO\� EXW VLPLODU HIIHFW DUH YLVLEOH DOUHDG\ IRU ORZ SUHVVXUHV
>��@�

)LJXUH ���� VKRZV WKH DSSHDUDQFH RI D FOHQFKLQJ DUWLIDFW� 7KLV DUWLIDFW LV RI H[WUHPH SRZHU
DQG LV SUHVHQW RQ DOO FKDQQHOV� 7KH LQWHQVLW\ GHSHQGV RQ WKH VWUHQJWK RI WKH FOHQFK� EXW LW
LV YLVLEOH DOUHDG\ DW ORZ SUHVVXUHV >��@� 7KH VLJQDO LV XQVWDEOH DOVR D OLWWOH EHIRUH DQG IRU
VRPH WLPH DIWHU WKH DFWLRQ LWVHOI� 7KH OHQJWK RI WKLV DUWLIDFW FDQ EH EHWZHHQ D IHZ KXQGUHG
PLOOLVHFRQGV WR VRPH VHFRQGV >��@�

)LJXUH ����� 9LVXDOL]DWLRQ RI ((* GDWD IRU D SHUVRQ VKLYHULQJ� [�GLYLVLRQ DQG \�GLYLVLRQ
DUH 1s DQG 100µV � 7KH VKLYHULQJ JHQHUDWHV D JHQHUDOL]HG DUWLIDFW GXH WR PXVFOHV DFWLYLW\
LQ WKH ERG\� DQG HOHFWURGH PRYHPHQWV LQ WKH VFDOS�

,Q )LJXUH ���� WKH VKLYHULQJ DUWLIDFW LV VKRZQ� ,Q WKLV FDVH� WKH DUWLIDFW LV QRW RI H[WUHPH
VWUHQJWK EXW LQ JHQHUDO FRXOG EH PRUH LQWHQVH� $V IRU WKH RWKHU (0* DUWLIDFWV� WKH QRLVH LV
JHQHUDOL]HG WR DOPRVW DOO FKDQQHOV� 7KH DUWLIDFW OHQJWK LV XVXDOO\ VKRUWHU WKDQ D VHFRQG� ,Q
WKLV FDVH� WKH QRLVH LV ORQJHU EHFDXVH WKH SDUWLFLSDQW ZDV DVNHG WR VLPXODWH LW E\ PRYLQJ
WKH ERG\ FRQYXOVLYHO\�

��



(OHFWURGH SRSV
,Q )LJXUH ���� EHORZ� DQ H[DPSOH RI DQ HOHFWURGH SRS DUWLIDFW LV VKRZQ�

)LJXUH ����� 9LVXDOL]DWLRQ RI ((* GDWD IRU DQ HOHFWURGH SRS DUWLIDFW RQ ´3�´� [�GLYLVLRQ
LV 1s DQG \�GLYLVLRQ LV 100µV � 7KLV DUWLIDFW LV FKDUDFWHUL]HG E\ D UDSLG FKDQJH RI D VLQ�
JOH FKDQQHO� LQ WKH FDVH RI D FKDQQHO�WR�UHIHUHQFH PRQWDJH� ,W LV QRUPDOO\ JHQHUDWHG E\
PRYHPHQWV RI WKH HOHFWURGHV�

7KH HOHFWURGH SRS LV XVXDOO\ HDV\ WR UHFRJQL]H DQG FKDUDFWHUL]HG E\ DQ DEUXSW FKDQJH RI
RQH FKDQQHO� ,Q D FKDQQHO�WR�UHIHUHQFH PRQWDJH �L�H� DV LQ WKLV GDWD�� LW FDQ LQYROYH RQO\
RQH VLQJOH FKDQQHO� DQG LW XVXDOO\ JRHV WR QRUPDOLW\ DIWHU D IHZ VHFRQGV� ,W FDQ EH FDXVHG
E\ PDQ\ IDFWRUV DV GU\QHVV RU VZHDWLQJ VNLQ� DV ZHOO DV UDSLG PRYHPHQWV RI WKH KHDG
RU DOVR IRU SK\VLFDO GDPDJH� 7KH FDVH LV GLIIHUHQW LI WKH HOHFWURGH SRS LQYROYHV ´5()´ RU
´*1'´ FKDQQHOV� ,Q IDFW� DOO YROWDJH GLIIHUHQFHV DUH FRPSXWHG ZLWK UHVSHFW WR ´5()´ �L�H�
FKDQQHO�WR�UHIHUHQFH PRQWDJH�� ZKLOH ´*1'´ LV LQYROYHG LQ D IHHGEDFN�ORRS FLUFXLW WR NHHS
WKH ´5()´ FKDQQHO VWDEOH �'5/ FLUFXLW >��@�� 7KHUHIRUH� SUREOHPV LQ ´5()´ RU ´*1'´ FDQ
DIIHFW DOO WKH RWKHU FKDQQHOV� DV VKRZQ LQ WKH ILJXUH EHORZ�

)LJXUH ����� 9LVXDOL]DWLRQ RI ((* GDWD IRU DQ HOHFWURGH SRS DUWLIDFW RQ ´5()´� [�GLYLVLRQ
LV 1s DQG \�GLYLVLRQ LV 100µV � 7KLV LV D SDUWLFXODU FDVH RI HOHFWURGH SRS� EHFDXVH DOO
FKDQQHOV DUH UHIHUHQFHG LQ WKLV PRQWDJH WR UHIHUHQFH� 6R� LI ´5()´ VKLIWV� DOO YDOXHV RI
DOO FKDQQHOV DUH DIIHFWHG� 7KH '5/ FLUFXLW LV GHVLJQHG IRU KDQGOLQJ VPDOO YDULDWLRQV LQ WKH
´5()´ FKDQQHOV� DQG QRW IRU WKHVH HYHQWV�

��



7HFKQLFDO SUREOHPV
%&¶V DPSOLILHU LV� DV RI ZULWLQJ� D EHWD GHYLFH DQG VRPH WHFKQLFDO SUREOHPV DSSHDUHG LQ
VRPH UHFRUGLQJV� ,Q SDUWLFXODU� WKH PRVW FRPPRQ SUREOHPV ZHUH WKDW VRPH FKDQQHOV
ZHUH MXVW UHFRUGLQJ QRLVH �H�J� )LJXUH ����� DQG WKDW WKH (&* VLJQDO ZDV VSUHDGLQJ RQ DOO
WKH FKDQQHOV �H�J� )LJXUH ������

�D� ([DPSOH RI D UHFRUGLQJ ZLWK MXVW QRLVH LQ ´)�´ DQG ´)�´ FKDQQHOV� [�GLYLVLRQ LV 1s DQG
\�GLYLVLRQ LV 100µV �

�E� 3RZHU VSHFWUXP KLVWRJUDP RI WKH ´)�´ FKDQQHO� ,W FDQ EH VHHQ WKDW WKH SRZHU RI WKH
VLJQDO LV HTXDOO\ GLVWULEXWHG RYHU WKH HQWLUH UDQJH� ZLWK D QHJDWLYH SHDN DW 50Hz DQG D GH�
FUHDVH DIWHU 70Hz GXH WR WKH QRWFK DQG WKH EDQGSDVV ILOWHUV DOZD\V DSSOLHG DW WKH %&¶V
UHFRUGLQJV� $ GHFUHDVH DOVR EHORZ 0.5Hz VKRXOG EH YLVLEOH IURP WKH WKHRU\� EXW WKLV SDUWLF�
XODU YLVXDOL]DWLRQ GRHVQ¶W VKRZ LW LQWXLWLYHO\�

)LJXUH ����� 9LVXDOL]DWLRQ RI UHFRUGLQJV ZLWK QRLV\ FKDQQHOV �D� DQG WKH SRZHU VSHFWUXP
IRU RQH RI WKRVH FKDQQHOV �E�� 7KH SRZHU VSHFWUXP RI WKH QRLV\ ´)�´ FKDQQHO LV DOPRVW
XQLIRUPO\ GLVWULEXWHG� VKRZLQJ WKH EHKDYLRXU RI ZKLWH QRLVH�

$V LW FDQ EH VHHQ IURP )LJXUH ���� �D� DERYH� ZKLOH WKH SDUWLFLSDQW LV EOLQNLQJ �VHH ´)3�´
DQG ´)3�´� WKH ´)�´ DQG ´)�´ FKDQQHOV DUH QRW VKRZLQJ DQ\ DUWLIDFWV� ,Q ���� �E�� WKH
SRZHU�IUHTXHQF\ KLVWRJUDP LV VKRZQ� ,W LV HDV\ WR VHH WKDW� LQVWHDG RI KDYLQJ D VLJQDO�
MXVW ZKLWH QRLVH LV UHFRUGHG� PRVW SUREDEO\ GXH WR WKH WKHUPDO HQHUJ\ RI WKH V\VWHP�
7KH URRW UHDVRQ LV VWLOO XQGHU DQDO\VLV IURP %&� DQG QR IRUPDO VROXWLRQV DUH JLYHQ� HYHQ
WKRXJK WKH PRVW SUREDEOH VRXUFH LV RQ WKH VSOLWWHU VHWXS >��@� ,W LV LQWHUHVWLQJ WR VHH WKH
DEVHQFH RI WKH ��+] DQG WKH GHFUHDVH RI SRZHU DIWHU ��+] GXH WR WKH ILOWHUV DSSOLHG IRU
WKH YLVXDOL]DWLRQ� DV GHVFULEHG EHIRUH�

��



)LJXUH ����� 9LVXDOL]DWLRQ RI ((* GDWD IRU WKH (&* OHDNDJH� [�GLYLVLRQ LV 1s DQG \�GLYLVLRQ
LV 100µV � 7KH SHDNV DPSOLWXGH IRU WKH (&* ´5�´ FKDQQHO KDV EHHQ UHVL]HG WR 500µV �
7KH (&* VLJQDO LV VSUHDG RYHU DOO WKH FKDQQHOV� 7KLV FDVH GLIIHUV IURP WKH RQH LQ )LJXUH
��� EHFDXVH WKH (&* LV SUHVHQW LQ DOO FKDQQHOV� DQG WKH DPSOLWXGH RI WKH DUWLIDFW LV LQGH�
SHQGHQW IURP WKH ORFDWLRQ� $OVR� QRLV\ FKDQQHOV DUH YLVXDOL]HG� IRU H[DPSOH ´7�´� ´&]´�
DQG ´3]´� WKDW LQ IDFW DUH QRW DIIHFWHG E\ WKH OHDNDJH� DV WKH\ DUH QRW DFTXLULQJ DQ\ VLJQDO�

,Q )LJXUH ����� WKH (&* OHDNDJH FDQ EH VHHQ WKURXJKRXW WKH VFDQ� $OVR WKLV SUREOHP KDV
VWLOO WR EH DVVHVVHG DQG QR H[SODQDWLRQV DUH DYDLODEOH IURP WKH FRPSDQ\ DW WKH PRPHQW�

��



��� 'LVFXVVLRQ DQG IXWXUH ZRUN
3URWRFRO
$V GRFWRUV DUH LQWHUHVWHG LQ WKH UHVWLQJ SHULRG DIWHU WKH VWLPXODWLRQV �VHH VHFWLRQ ���� RQ
WKH XVHU QHHGV� WKH EHVW WUDLQLQJ DQG WHVWLQJ GDWD ZRXOG KDYH EHHQ WR KDYH UHVWLQJ VWDWH
UHFRUGLQJV ZLWK ODEHOHG DUWLIDFWV QDWXUDOO\ SUHVHQW LQ WKH VFDQ� 7KLV ZRXOG KDYH LPSOLHG
DFTXLULQJ ORQJHU DQG PRUH QXPHURXV VHVVLRQV� DQG WR KDYH GRFWRUV ODEHO WKH UHFRUGLQJV�
DIIHFWLQJ WKH OLPLWHG EXGJHWV DQG WLPH RI WKH SURMHFWV� )RU WKLV UHDVRQ� LW KDV EHHQ RS�
WLRQHG WR LQVWUXFW WKH SDUWLFLSDQW WR DUWLILFLDOO\ FUHDWH DUWLIDFWV� QRW RQO\ IRU KDYLQJ VDPSOHV
RI WKHP EXW DOVR IRU KDYLQJ D JURXQG WUXWK� DV LW ZDV NQRZQ ZKHQ WKH DUWLIDFW DSSHDUHG�
6LGH HIIHFWV RI WKH LQWHQWLRQDOLW\ LQ WKH FUHDWLRQ RI DUWLIDFWV �H�J� GLIIHUHQW EHKDYLRU IRU WKH
EOLQNLQJ� LI IRUFHG >��@� KDYH EHHQ DVVHVVHG� WR EH DV FORVH DV SRVVLEOH WR QDWXUDO DSSHDU�
DQFHV� 7KLV FDQ DIIHFW DQG FUHDWH ELDVHV IRU D GHWHFWLRQ PDFKLQH OHDUQLQJ DOJRULWKP� )RU
H[DPSOH� WKH SHULRGLFLW\ DQG FRQVLVWHQF\ RI WKH VDPH DUWLIDFW� FUHDWHG E\ DQ LQWHQWLRQDO
UHSHWLWLRQ� FDQ JUHDWO\ DIIHFW SDUDPHWHUV VXFK DV ZLQGRZ VL]H DQG JHQHUDOL]DWLRQ HUURU�
0RUHRYHU� WKH GLVSURSRUWLRQ RI DUWLIDFWV�QRQ�DUWLIDFWV GDWD ZLWK UHVSHFW WR D UHDO FDVH FDQ
DIIHFW SHUIRUPDQFH PHDVXUHV EDVHG RQ XQEDODQFHG GDWD >��@�

,Q DGGLWLRQ� IRU FRRSHUDWLYH SDWLHQWV� HSLOHSV\ GLDJQRVLV LV SHUIRUPHG ZLWK H\HV FORVHG >��@
DQG WKHUHIRUH WKH DUWLIDFWV DUH GLIIHUHQW IURP WKH RQH UHFRUGHG �H�J� DOSKD ZDYHV�� ZLWK
H\HV RSHQ� 2Q WKH RWKHU KDQG� IRU QRQ�FRRSHUDWLYH XVHUV� PRVW RI WKH WLPH PXOWLPHGLD
VXSSRUW LV XVHG WR IRFXV WKH XVHU DQG FDOP KLP GRZQ >��@� VR H\HV DUH NHSW RSHQ DQG WKH
GDWD LV PRUH VLPLODU WR WKH RQH UHFRUGHG� $ EHWWHU RSWLRQ� IRU WKLV VWXG\� ZRXOG KDYH EHHQ
WR LQVWUXFW VRPH XVHUV WR NHHS WKHLU H\HV RSHQ DQG VRPH WR NHHS WKHLU H\HV FORVHG GXULQJ
WKH FUHDWLRQ RI WKH DUWLIDFWV�

0RUHRYHU� WKH RUGHU RI WKH WDVNV LV WKH VDPH IRU HDFK SDUWLFLSDQW� 7KLV FDQ DOVR OHDG WR
ELDVHV LQ WKH GDWD >��@� IRU H[DPSOH� EHFDXVH SDUWLFLSDQWV DUH PRUH WLUHG DW WKH HQG RI WKH
SURWRFRO� OHDGLQJ� IRU H[DPSOH� WR WKH PHQWDO DULWKPHWLF H[HUFLVH FUHDWLQJ IHZHU &LJDQHN
ZDYHV WKDQ H[SHFWHG� 7KXV� WKH RUGHU RI WKH H[HUFLVHV FRXOG KDYH EHHQ UDQGRPL]HG IRU
OHVV ELDVHG GDWD�

$GGLWLRQDOO\� SDUWLFLSDQWV ZHUH KHDOWK\ DQG UHOD[HG� WUDLQHG LQ WKH ((* UHFRUGLQJV� DQG
DZDUH RI WKH HIIHFWV RI WKHLU DFWLRQV� DQG WKH WHFKQLFLDQ ZDV DQ H[SHUW� $OO FRQGLWLRQV WKDW
GLIIHU IURP WKH SURMHFW¶V UHDO FDVH VFDQ� 7KLV LV DFFHSWDEOH IRU D SULRU VWXG\� EXW� DV IXWXUH
ZRUN� LW VKRXOG EH H[WHQGHG WR PRUH UHDO FDVHV� IRU KDYLQJ D EHWWHU XQGHUVWDQGLQJ RI WKH
WHFKQLFDO SUREOHPV WKDW FDQ DSSHDU� DQG IRU EHWWHU WUDLQLQJ WKH GHWHFWLRQ DOJRULWKPV�

'DWD DFTXLUHG
6RPH UHFRUGLQJV IURP %&¶V GHYLFH ZHUH DIIHFWHG E\ WHFKQLFDO LVVXHV� :KLOH WKLV FUHDWHG D
ORVV RI XVHIXO GDWD� LW DOVR JDYH PDQ\ RSSRUWXQLWLHV IRU KHXULVWLFV IRU VDQLW\ FKHFN RSWLRQV�
7KLV GLVFXVVLRQ ZLOO EH HQULFKHG LQ IXWXUH FKDSWHUV� 7KH FRUUHFWQHVV RI WKH GDWD KDV EHHQ
DVVHVVHG LQ SDUDOOHO E\ WKH DXWKRU DQG WKH WHFKQLFLDQ�

7KH GDWD DFTXLVLWLRQ WRRN D FRQVLGHUDEOH DPRXQW RI WLPH� 7KLV VDFULILFHG UHVRXUFHV IRU
RWKHU SDUWV RI WKH SURMHFW EXW JDYH H[WUHPHO\ XVHIXO KDQGV�RQ H[SHULHQFH FRQWULEXWLQJ WR
D EHWWHU XQGHUVWDQGLQJ RI WKH V\VWHP DQG RI WKH UHODWHG SUREOHPV�

��



� 5LHPDQQLDQ 3RWDWR )LHOG �53)� DQG
SUDFWLFDO GHVLJQ

,Q WKLV VHFWLRQ� WKH VWHSV XVHG WR GHVLJQ WKH EHVW SRWDWR ILHOG DQG WXQH WKH SDUDPHWHUV IRU
%UDLQ&DSWXUH¶V FDS DQG GDWD DUH GHVFULEHG� $V LW ZLOO EH VKRZQ� WKH SRWDWR ILHOG LV VSHFLILF
IRU D FHUWDLQ VHWXS�

��� ,QWURGXFWLRQ
7KH 5LHPDQQLDQ SRWDWR ILHOG �53)� >��@ LV DQ RQOLQH FODVVLILFDWLRQ DOJRULWKP� ,W DVVXPHV
WKDW WKH YDULDQFH RI DUWLIDFW VHJPHQWV RI WKH ((* VLJQDO LV JUHDWHU WKDQ ZKHQ QRW DUWL�
IDFW� 8QGHU WKLV DVVXPSWLRQ� LW EXLOGV D V\VWHP RI FRPSDULVRQ RI VLJQDO HSRFKV EDVHG
RQ FRYDULDQFH PDWULFHV SURFHVVHG E\ 5LHPDQQLDQ JHRPHWU\ >��@� DQG UHMHFWLRQ EDVHG RQ
VWDWLVWLFDO WHVWV >��@� 7KH 53) LV EDVHG RQ WKH SUHYLRXV 5LHPDQQLDQ SRWDWR �53� >��@ DO�
JRULWKP� LQ ZKLFK RQO\ RQH SRWDWR �L�H� IUHTXHQF\�VSDWLDO ILOWHU� LV DSSOLHG WR WKH VLJQDO� 7KH
53) H[WHQGV 53 E\ LQWURGXFLQJ WKH LGHD RI SRWDWRHV IRFXVLQJ RQ HDFK DUWLIDFW FODVV� DQG
E\ FRPELQLQJ WKHP� WKURXJK VWDWLVWLFDO WHVWV� WR DQ DJJUHJDWH HYDOXDWLRQ� ,Q RWKHU ZRUGV�
WKH 53) FDQ EH VHHQ DV PDQ\ 53V LQ SDUDOOHO� ZLWK HDFK 53 VLQJOH UHVXOW FRQWULEXWLQJ�
XVLQJ WKH ULJKW�WDLO )LVKHU¶V PHWKRG >��@ WR WKH ILQDO DVVHVVPHQW�

*HRPHWU\ RI &RYDULDQFH 0DWULFHV
)RU D PRUH LQ GHHS PDWKHPDWLFDO H[SODQDWLRQ RI WKH SURSHUWLHV RI 5LHPDQQLDQ JHRPH�
WU\ DSSOLHG WR FRYDULDQFH PDWULFHV� UHIHUHQFHV WR >��@ DQG >��@� ,Q WKH IROORZLQJ� D EULHI
LQWURGXFWLRQ LV JLYHQ�

:LWKX ∈ RCîN ((* VLJQDO HSRFK� ZLWK C FKDQQHOV�HOHFWURGHV DQG N WHPSRUDO VDPSOHV�
LWV FRYDULDQFH PDWUL[ Σ ∈ RCîC LV HVWLPDWHG HDVLO\ DQG IDVW >��@ �DVVXPLQJ N >> C >��@�
DQG WKH VLJQDO EHLQJ FHQWHUHG� H�J�� DIWHU EDQG�SDVV ILOWHULQJ�� DV�

Σ =
1

N − 1
XXT �����

:KHUH N − 1 LV XVHG IRU WKH XQELDVHG HVWLPDWLRQ YHUVLRQ� )RU WKH UHDVRQ WKDW FRYDULDQFH
PDWULFHV DUH V\PPHWULF SRVLWLYH GHILQLWH �63'�� WKH\ DUH FRQILQHG LQ D FRQH RI WKH (X�
FOLGHDQ VXEVSDFH GHILQHG E\ WKH &DXFK\�6FKZDU] LQHTXDOLW\ >��@� 7KLV VXEVSDFH LV VKRZQ
WR SRVVHVV WKH SURSHUWLHV RI D 5LHPDQQLDQ PDQLIROG MC � RI GLPHQVLRQ m = C(C + 1)/2
>��@�

7KH DIILQH�LQYDULDQW 5LHPDQQLDQ �$,5� GLVWDQFH EHWZHHQ Σ1 DQG Σ2� DQG WKH JHRPHWULF
PHDQ RI i = 1, ..., I PDWULFHVΣi �GHILQHG DV WKHPDWUL[ WKDW PLQLPL]HV WKH VXP RI WKH VTXDUH
GLVWDQFHV EHWZHHQ ΣiV RQ WKH PDQLIROG� >��@ FDQ EH FRPSXWHG MXVW XVLQJ WKH HLJHQYDOXH
GHFRPSRVLWLRQ RI WKH ΣV LQYROYHG >��@�

Σ = Udiag(λ1, ...,λC)U
T �����

ZKHUH λ1, ...,λC DUH WKH HLJHQYDOXHV DQG U WKH PDWUL[ RI HLJHQYHFWRUV RI Σ�

��



3ULQFLSOH RI WKH 53
7KH 53) LV DQ H[WHQVLRQ RI WKH 53� ,W LV VR UHDVRQDEOH WR VWDUW H[SODLQLQJ WKH 53� DV
PLQLPDO FRQVWUXFWLRQ RI WKH 53)� $JDLQ� WKH IROORZLQJ H[SODQDWLRQ LV FRQFLVH� WKH GHWDLOV
FDQ EH IRXQG LQ WKH RULJLQDO SDSHU >��@�

7KH LGHD EHKLQG 53 LV WR HVWLPDWH D FRYDULDQFH PDWUL[ Σ RI EDVHOLQH �L�H� QRW DUWLIDFWV�
DQG D PHDVXUH RI GLVSHUVLRQ �]�VFRUH�� 7KHQ� WKH 5LHPDQQLDQ GLVWDQFH EHWZHHQ Σ DQG
WKH FRYDULDQFH PDWUL[ DW ´WLPH´ t� Σt LV FRPSXWHG DQG UHMHFWHG LI KLJKHU WKDQ DQ REMHFWLYH
VWDWLVWLFDO FULWHULRQ >��@� 7KH FULWHULRQ LV EDVHG RQ WKH ]�VFRUH IRU WKH SDUWLFXODU FRYDULDQFH
PDWUL[ Σt DW WLPH t�

zt =
dt − µt−1

σt−1
�����

ZKHUH WKH PHDQ µ DQG WKH VWDQGDUG GHYLDWLRQ σ DUH FRPSXWHG XVLQJ WKH 5LHPDQQLDQ
GLVWDQFHV EHWZHHQ WKH SUHYLRXV PDWULFHV DQG WKH EDVHOLQH PDWUL[�

µt =
1

t

t∑

τ=1

dτ �����

σ2
t =

1

t

t∑

τ=1

(dτ − µτ )
2 �����

´7KLV ]�VFRUH PRGHOV WKH GLVWULEXWLRQ RI FRYDULDQFH PDWULFHV FRQVLGHUHG DV FOHDQ DQG
SURYLGHV D ]�VFRUH WKUHVKROG zth GHILQLQJ WKH KXOO RI DFFHSWDELOLW\� 7KH 5LHPDQQLDQ SRWDWR
WKHQ UHMHFWV HSRFKV ZKRVH FRYDULDQFH PDWULFHV OLH RXW RI WKLV UHJLRQ RI DFFHSWDELOLW\´ >��@�
DV VKRZQ EHORZ�

)LJXUH ���� �' SURMHFWLRQ RI WKH ]�VFRUH PDS RI D 5LHPDQQLDQ SRWDWR� IRU ��� VLPXODWHG
� î � PDWULFHV Σ �LQ UHG� DQG WKHLU UHIHUHQFH PDWUL[ �LQ EODFN�� 7KH FRORUPDS GHILQHV WKH
]�VFRUH DQG D FKRVHQ LVRFRQWRXU zth GHILQHV WKH SRWDWR� ,PDJH WDNHQ IURP >��@�

��



2Q D VWDQGDUG LPSOHPHQWDWLRQ� WKH DOJRULWKP DGDSWV WR WKH GDWD E\ XSGDWLQJ LWV SDUDPHWHUV
�L�H� Σt−1� µt−1� σt−1� ZKHQHYHU WKH SUHVHQW PDWUL[ �Σt� LV IUHH RI DUWLIDFWV �WKXV ZKHQ
zt < zth� IROORZLQJ�

Σ̄t = Σ̄
1
2
t−1(Σ̄

− 1
2

t−1ΣtΣ̄
− 1

2
t−1)

αΣ̄
1
2
t−1 �����

ZKHUH α ∈ [0, 1] GHILQHV WKH VSHHG RI DGDSWDWLRQ RU OHDUQLQJ UDWH� 7KLV RQOLQH XSGDWH LV
HTXLYDOHQW WR Σ̄t = (1− α)Σt−1 + αΣt LQ WKH (XFOLGHDQ JHRPHWU\ >��@� $QG�

µ2
t = (1− β)µt−1 + βdt �����

σ2
t = (1− β)σ2

t−1 + β(dt − µt)
2 �����

ZKHUH WKH VHFRQG OHDUQLQJ UDWH β LV XVXDOO\ FKRVHQ HTXDO WR α�

7R VXPPDUL]H� WKH SVHXGR�FRGH RI WKH 53 LV VKRZQ EHORZ�

)LJXUH ���� 3VHXGR�FRGH IRU WKH RQOLQH 5LHPDQQLDQ 3RWDWR DOJRULWKP

$V H[SODLQHG DERYH� WKH DOJRULWKP FROOHFWV D FHUWDLQ QXPEHU RI FRYDULDQFH PDWULFHV �L�H�
FRPSXWHV WKH FRYDULDQFH PDWULFHV RI WKH HSRFKV� DQG WKHQ FDOLEUDWHV WKH 3RWDWR �)LJXUH
���� OLQH ���� KHQFH� LW FRPSXWHV WKH PHDQ FRYDULDQFH PDWUL[ Σ̄Tinit ZLWK WKH 5LHPDQQLDQ
PHDQ� DQG LW FRPSXWHV WKH DYHUDJH DQG WKH VWDQGDUG GHYLDWLRQ RI WKH GLVWDQFHV ZLWK WKH
EDVHOLQH PDWUL[ �)LJXUH ���� OLQHV ����� 7KHQ� IRU HDFK QHZ PDWUL[� LW FRPSXWHV WKH 5LH�
PDQQLDQ GLVWDQFH WR WKH EDVHOLQH PDWUL[ DQG FRQYHUWV LW LQWR WKH ]�VSDFH �OLQHV ������� ,I
WKH ]�VFRUH LV ORZHU WKDQ WKH WKUHVKROG �L�H� WKH FRYDULDQFH PDWUL[ LV FOHDQ�� LW XSGDWHV WKH
LQQHU SDUDPHWHUV �OLQHV �������

´'XH WR LWV SRSXODULW\� WKH 53 DOJRULWKP KDV EHHQ LPSOHPHQWHG LQ GLIIHUHQW ODQJXDJHV OLNH
3\WKRQ� 0DWODE� 2SHQ9L%(� DQG 1HXUR57 6WXGLR´ >��@�

��



3ULQFLSOH RI WKH 53)
7KH PDLQ SUREOHP RI WKH 53 LV UHODWHG WR WKH FXUVH RI GLPHQVLRQDOLW\� :KHQ DQ DUWLIDFW
JHQHUDWHV YDULDWLRQV RQ D FKDQQHO� WKH GLVWDQFH EHWZHHQ WKH DFWXDO FRYDULDQFH PDWUL[
DQG WKH EDVHOLQH GRHVQ¶W LQFUHDVH VLJQLILFDQWO\ LI WKH GLPHQVLRQ RI WKH SRWDWR LV WRR ELJ
�WKH SUREOHP LV DOUHDG\ DSSUHFLDEOH IRU KHDGVHWV ZLWK � FKDQQHOV >��@�� 7KXV WKH 53)
LGHD RI GHILQLQJ DQG FRPELQLQJ VHYHUDO SRWDWRHV RI VPDOOHU GLPHQVLRQV LV W\SLFDOO\ GH�
VLJQHG WR FDSWXUH DUWLIDFWV DIIHFWLQJ VSHFLILF FKDQQHOV DQG IUHTXHQF\ EDQGV� 7KHQ� DOO
]�VFRUHV UHVXOWLQJ IURP WKH SRWDWRHV DUH FRPELQHG RQ DQ DJJUHJDWH S�YDOXH� %HORZ� LV D
YLVXDOL]DWLRQ RI WKH LGHD�

)LJXUH ���� 9LVXDOL]DWLRQ RI WKH 53) DOJRULWKP� 7KH LGHD LV WR DSSO\ WKH 53V DIWHU VSDWLDO�
IUHTXHQF\ ILOWHULQJ WKH VLJQDO� L�H� IRFXVLQJ RQ HDFK SDUWLFXODU DUWLIDFW�

7KH ILQDO S�YDOXH p LV REWDLQHG XVLQJ WKH ULJKW�WDLO )LVKHU¶V PHWKRG >��@ RQ WKH S�YDOXHV pj
IURP HDFK SRWDWR� FRPSXWHG DV�

pj = 1− cdfN0,1(zj) �����

ZKHUH cdfN0,1 LV WKH FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ RI WKH QRUPDO GLVWULEXWLRQ ZLWK PHDQ
� DQG VWDQGDUG GHYLDWLRQ ��

)LVKHU¶V PHWKRG FRPELQHV WKH S�YDOXHV pj DV�

q = −2
J∑

j=1

ORJ(pj), q ∼ X 2
2J ������

ZKHUH J LV WKH QXPEHU RI SRWDWRHV LQ WKH 53)� DQG X 2
2J LV WKH FKL�VTXDUH GLVWULEXWLRQ ZLWK

�- GHJUHHV RI IUHHGRP� 7KH ILQDO S�YDOXH LV WKXV�

p = 1− cdfX 2
2J
(q), p ∼ U0,1 ������

ZKHUH U0,1 LV WKH XQLIRUP GLVWULEXWLRQ EHWZHHQ � DQG � >��@�
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��� 0HWKRGV
7KH DOJRULWKP IRU WKH 5LHPDQQLDQ SRWDWR ILHOG FODVVLILHU FRQVLVWV RI WZR PDMRU GHVLJQ SDUWV�
WKH ILHOG LWVHOI �L�H� VSDWLDO�IUHTXHQF\ ILOWHUV� DQG WKH K\SHUSDUDPHWHUV IRU WKH GLIIHUHQW
FRQILJXUDWLRQV� IRU H[DPSOH� WKH WKUHVKROG GLVWDQFH DIWHU ZKLFK D FRYDULDQFH PDWUL[ LV
FRQVLGHUHG DUWLIDFW�

����� 'HVLJQ RI WKH ILHOG
$ SRWDWR ILHOG FRQVLVWV RI D FROOHFWLRQ RI VSDWLDO�IUHTXHQF\ ILOWHUV� HDFK RI WKHP IRFXVHG RQ
D SDUWLFXODU DUWLIDFW RU FODVV RI DUWLIDFWV� DQG HDFK GHVLJQHG IRU D SDUWLFXODU VHWXS� 7KLV
PHDQV WKDW� WKHRUHWLFDOO\� DOO WKH SRVVLEOH VHWV RI HOHFWURGHV � ZLWK UHSHWLWLRQV� DQG DOO WKH
SRVVLEOH FRPELQDWLRQV RI FXWRII IUHTXHQFLHV VKRXOG EH WHVWHG� 0RUHRYHU� SULRU NQRZOHGJH
LV SURYLGHG E\ D ULFK DUWLIDFWV OLWHUDWXUH >��@ >��@ >��@ >��@ >��@ >��@ >��@ >��@ >��@� 7KLV DOORZV
WKLQNLQJ DERXW WKH GHVLJQ RI WKH ILHOG PRUH IURP D NQRZOHGJH�EDVHG SHUVSHFWLYH ZLWK UH�
VSHFW WR D PRGHO�EDVHG RSWLPL]DWLRQ� 7KH PHWKRG FKRVHQ LV WR GHVLJQ VRPH ILHOGV� FROOHFW
WKHP LQ D VHW DQG XVH WKH VHW DV D GLVFUHWH SDUDPHWHU IRU WKH IROORZLQJ K\SHUSDUDPHWHU
RSWLPL]DWLRQ�

)URP WKH V\VWHP UHTXLUHPHQWV FKDSWHU� LW LV NQRZQ WKDW WKH PRVW LPSRUWDQW DUWLIDFWV WR
IRFXV RQ DUH WKH PRYHPHQW DUWLIDFWV DQG WKH DUWLIDFWV FUHDWHG E\ WKH VWUHVV LQ WKH MDZ
DUHD� ,Q DGGLWLRQ� H\H PRYHPHQWV DUH DOVR FRQVLGHUHG� HYHQ WKRXJK OHVV UHOHYDQW� )RU
WKLV UHDVRQ� WKH GHVLJQ ZLOO IRFXV RQ WKRVH FKDUDFWHULVWLFV� ,W¶V LPSRUWDQW WR KLJKOLJKW WKDW
WKH OLWHUDWXUH DJUHHV WR D FHUWDLQ H[WHQW RQ WKH WRSRORJ\ RI WKH DUWLIDFWV� KHQFH RQ WKH ILOWHUV
WR XVH� $OVR� IRU WKLV UHDVRQ� LW LV LPSRUWDQW WR WU\ GLIIHUHQW FRPELQDWLRQV� EHFDXVH GLIIHUHQW
LQGLFDWLRQV DUH UHWULHYHG IURP GLIIHUHQW VRXUFHV�

$UWLIDFWV FDQ EH SK\VLRORJLFDO �RULJLQDWHG EHFDXVH RI WKH HOHFWULFDO DFWLYLW\ RI RWKHU ERG\
SDUWV� RU H[WHUQDO DUWLIDFWV �WKH VRXUFHV RI WKHVH DUWLIDFWV DUH HOHFWURQLF JDGJHWV� WUDQVPLV�
VLRQ OLQHV� HWF�� >��@
(0*
(OHFWURP\RJUDP �(0*� FRQWDPLQDWLRQ GHULYHV IURP FRQWUDFWLRQV DQG PRYHPHQWV RI WKH
�LQ SDUWLFXODU� KHDG PXVFOHV� (0* KDV D EURDG IUHTXHQF\ GLVWULEXWLRQ� EXW LW KDV WKH JUHDW�
HVW DPSOLWXGH EHWZHHQ ��+] DQG ��+] IURQWDOO\ DQG ��+] DQG ��+] WHPSRUDOO\� >��@ >��@
>��@
(2*
(OHFWURRFXORJUDP �(2*� UHFRUGV RFXODU DFWLYLWLHV� *HQHUDOO\� RFXODU DFWLYLWLHV DUH VWURQJ
HQRXJK WR EH UHFRUGHG DORQJ ZLWK ((*� (\HV PRYHPHQWV DQG H\HV EOLQNLQJ DUH SULPDULO\
SLFNHG XS E\ WKH IURQWDO HOHFWURGHV LQ WKH �+] WR ��+] IUHTXHQF\ UDQJH� >��@ >��@
(&*
(&* LV QRW RI SDUWLFXODU LQWHUHVW WR WKLV DSSOLFDWLRQ� )LUVWO\ EHFDXVH (&* LV QRW DYRLGDEOH�
VHFRQGO\ EHFDXVH GRFWRUV DUH WUDLQHG WR UHDG WKH ((* RYHU WKH (&*� DQG WKLUGO\ EHFDXVH
DOVR WKH (&* LV UHFRUGHG� PDNLQJ WKH UHPRYDO RI WKLV QRLVH LQ SRVW�SURFHVVLQJ HDV\�
2WKHU DUWLIDFWV
7KH RWKHU PRVW LPSRUWDQW DUWLIDFW WR FDUH DERXW LV WKH HOHFWURGH SRS� (OHFWURGH SRS FDQ EH
FDXVHG E\ VHYHUDO FRQGLWLRQV� DPRQJ RWKHUV KHDY\ PRYHPHQWV� VZHDWLQJ RI WKH SDWLHQW�
DQG PDOIXQFWLRQLQJ RI WKH HOHFWURGH� 7KLV SKHQRPHQRQ UHVXOWV LQ D VXGGHQ GURS LQ WKH
FRYDULDQFH RI WKH WDUJHW HOHFWURGH ZLWK DQ\ RWKHU� &RQVHTXHQWO\� DQ\ WZR�E\�WZR SDLUV RI
HOHFWURGH EDQG�SDVV ILOWHUHG DURXQG � DQG �� +] ZRXOG HIIHFWLYHO\ GHWHFW WKHVH HYHQWV�
>��@

��



7KHUHIRUH� WKUHH GLIIHUHQW FRQILJXUDWLRQV KDYH EHHQ GHVLJQHG VWDUWLQJ IURP WKH DERYH FRQ�
VLGHUDWLRQV� ,Q SDUWLFXODU� EHORZ LV D YLVXDOL]DWLRQ RI WKH GLIIHUHQW FRPELQDWLRQV FKRVHQ�

�D� 9LVXDOL]DWLRQ RI WKH ILUVW GHVLJQ IRU WKH SRWDWR ILHOG

�E� 9LVXDOL]DWLRQ RI WKH VHFRQG GHVLJQ IRU WKH SRWDWR ILHOG

�F� 9LVXDOL]DWLRQ RI WKH WKLUG GHVLJQ IRU WKH SRWDWR ILHOG

)LJXUH ���� 9LVXDOL]DWLRQV RI WKH WKUHH SRWDWR ILHOG GHVLJQV IRU WKH ILUVW LWHUDWLRQ RI SDUDP�
HWHUV WXQLQJ

��



,Q )LJXUH ��� WKH WKUHH GHVLJQV IRU WKH SRWDWR ILHOG LQ WKH VHW IRU WKH ILUVW LWHUDWLRQ DUH VKRZQ�
$V D UHPLQGHU� D SRWDWR ILHOG LV D VHW RI VSDWLDO�IUHTXHQF\ ILOWHUV WR EH DSSOLHG WR WKH ((*
VLJQDO� DQG WKHQ WR SHUIRUP WKH 53 DOJRULWKP RQ HDFK RI WKHP�

7KH VSDWLDO VLGH RI WKH ILOWHU LV KLJKOLJKWHG RQ WKH VFDOS ILJXUH� ,Q PRUH GHWDLO� RQH FRORU LV
DVVLJQHG WR HDFK SRWDWR� VR FKDQQHOV FRORUHG GLIIHUHQWO\ EHORQJ WR GLIIHUHQW SRWDWRHV� DQG
FKDQQHOV RI WKH VDPH FRORU EHORQJ WR WKH VDPH SRWDWR� 7KH IUHTXHQF\ SDUW RI WKH ILOWHU LV
YLVXDOL]HG E\ ZULWLQJ WKH FXWRII IUHTXHQFLHV IRU HDFK FRORU �L�H� IRU HDFK SRWDWR��

,W FDQ EH VHHQ WKDW HDFK ILHOG LV DQ H[WHQVLRQ RI WKH GHVLJQ DERYH� ,Q SDUWLFXODU� LQ WKH
SRWDWR LQ )LJXUH ��� �D�� WKH ILHOG LV FRPSRVHG RI WKUHH SRWDWRHV� RQH IRU WKH H\H EOLQNV� RQH
IRU KLJK IUHTXHQFLHV DUWLIDFWV LQ WKH RFFLSLWDO DUHD� DQG WKH ODVW WKDW LQFOXGHV DOO FKDQQHOV
DQG IRFXVHV RQ ORZ IUHTXHQFLHV DUWLIDFWV� 7KH GHVLJQ LV QRW VSHFLILF DQG LW GRHVQ¶W WDNH
(0* DUWLIDFWV LQWR FRQVLGHUDWLRQ� 7KH VHFRQG GHVLJQ� LQ )LJXUH ��� �E�� LQWURGXFHV WZR
DGGLWLRQDO SRWDWRHV WR LQFOXGH UHVSHFWLYHO\ IURQWDO DQG WHPSRUDO (0* DUWLIDFWV� )LQDOO\�
)LJXUH ��� �F� VKRZV WKH WKLUG GHVLJQ� LQ ZKLFK� LQ DGGLWLRQ WR WKH VHFRQG� HOHFWURGH SRSV
DUWLIDFWV DUH WDNHQ LQWR DFFRXQW� E\ DGGLQJ HDFK SDLU RI HOHFWURGHV WR WKH ILHOG�

)RU DOO GHVLJQV� WKH ELJJHVW SRWDWR LV WKH H[WUHPHO\ XQVSHFLILF IRFXVHG RQ JHQHUDO ORZ IUH�
TXHQFLHV DUWLIDFWV� WKDW FRQWDLQ DOO �� FKDQQHOV �´)&�´ DQG ´&3�´ DUH GND DQG REF � QRW
FRQVLGHUHG�� ,Q DOO WKH RWKHU FDVHV� SRWDWRHV FRQWDLQ D PD[LPXP RI � FKDQQHOV� $OVR� WKH
ILUVW ILHOG LV FRPSRVHG RI � SRWDWRHV� WKH VHFRQG ILHOG RI �� DQG WKH WKLUG RI ��� 7KHUHIRUH�
WKH ILUVW ILHOG LV H[SHFWHG WR EH WKH IDVWHVW DQG WKH WKLUG WKH VORZHVW�

����� +\SHUSDUDPHWHU RSWLPL]DWLRQ
2WKHU WKDQ WKH FRQILJXUDWLRQ RI WKH ILHOG� WKH DOJRULWKP UHOLHV RQ IRXU RWKHU PDLQ K\SHUSD�
UDPHWHUV� WKH GLVWDQFH WKUHVKROG z WR FRQVLGHU D FKXQN RI VLJQDO IRU D SDUWLFXODU SRWDWR
DUWLIDFW� WKH SUREDELOLW\ WKUHVKROG p IRU WKH )LVKHU¶V WHVW IRU WKH JOREDO FKXQN DUWLIDFW� WKH
OHQJWK l DQG WKH RYHUODSSLQJ o RI WKH HSRFK RI GDWD WR WHVW� ,Q GHHS� WKH FODVVLILHU UHTXLUHV
PDQ\ RWKHU K\SHUSDUDPHWHUV� DPRQJ RWKHUV WKH DOSKD SDUDPHWHU α WKDW FRQWUROV IRU WKH
OHDUQLQJ UDWH� WKH WKUHVKROG SDUDPHWHUV IRU WKH WHVW SUREDELOLWLHV� DQG RWKHU KHXULVWLFV XVHG
LQ FRPSXWDWLRQV �H�J� 2$6 PHWKRG�� $OO WKHVH SDUDPHWHUV KDYH EHHQ OHIW RXW LQ WKH ILUVW
RSWLPL]DWLRQ LWHUDWLRQ IRU VLPSOLFLW\ SXUSRVHV�

7ZR K\SHUSDUDPHWHUV WHFKQLTXHV KDYH EHHQ XVHG LQ WKH SURFHVV� WKH JULG VHDUFK DQG WKH
ED\HVLDQ RSWLPL]DWLRQ >��@ >��@� 7KH IRUPHU ZDV JXLGHG E\ WKH HDVH RI FRQFHSWLRQ DQG
LPSOHPHQWDWLRQ� 7KLV WHFKQLTXH UHWXUQHG LPSRUWDQW LQIRUPDWLRQ RQ WKH WLPH DQG PHP�
RU\ VSHQW IRU HDFK FRQILJXUDWLRQ� 7KLV WHFKQLTXH KDV EHHQ DEDQGRQHG DW DQ HDUO\ VWDJH
RI WKH SURFHVV IRU ED\HVLDQ RSWLPL]DWLRQ� IDVWHU� DQG PRUH DXWRPDWHG� DQG LW JLYHV WKH
SRVVLELOLW\ WR VHDUFK RQ D FRQWLQXRXV VSDFH� 7KH DOJRULWKP XVHG LV LPSOHPHQWHG E\ WKH
VFLNLW�RSWLPL]H SDFNDJH >��@� 7KLV GHFLVLRQ ZDV PDGH EHFDXVH WKH QXPEHU RI FRQILJXUD�
WLRQV WR H[DPLQH IRUFHG WKH JULG VHDUFK WR UXQ IRU D QRW IHDVLEOH DPRXQW RI WLPH� 7KHUHIRUH�
WKH EDODQFH ZDV EHWZHHQ PRUH LWHUDWLRQV RI WKH WUDLQLQJ �L�H� PRUH WXQLQJ RI WKH ILHOG� DQG
PRUH DFFXUDF\ IRU HDFK LWHUDWLRQ �L�H� EHWWHU WXQLQJ RI WKH K\SHUSDUDPHWHUV��

��



7KH 53) KDV EHHQ XVHG IRU ELQDU\ FODVVLILFDWLRQ �L�H� �� ´DUWLIDFW HSRFK´� �� ´FOHDQ HSRFK´�
SUREOHP� )RU HDFK ((* UHFRUGLQJ� HYHU\ DUWLIDFW FKXQN RQ D ´FOHDQ´ H[HUFLVH� DQG HYHU\
´DUWLIDFW H[HUFLVH´ DUH DQQRWDWHG �VHH &KDSWHU �� 'DWD FROOHFWLRQ�� ,Q HDFK LWHUDWLRQ RI WKH
ED\HVLDQ RSWLPL]HU� ZKHQ WKH EHVW FRQILJXUDWLRQ �L�H� FRPELQDWLRQ RI WKH SDUDPHWHUV z� p�
l� o� DQG ILHOG f � KDV EHHQ SLFNHG� WKH ILOH LV VSOLW LQWR HSRFKV RI l VHFRQGV �ZLWK l ∈ R� DQG
o� RI RYHUODSSLQJ �ZLWK o ∈ R DQG o ∈ [0, 100)�� 2QO\ HSRFKV WKDW DUH FRPSOHWHO\ LQFOXGHG
LQ RQH DQQRWDWHG VHJPHQW DUH NHSW DQG ODEHOHG ZLWK UHVSHFW WR WKH DQQRWDWLRQ �L�H� �
LI DUWLIDFW� � LI FOHDQ� DQG � LI RI QR LQWHUHVW� IRU H[DPSOH ZKHQ WKH HSRFK LV QRW HQWLUHO\
LQFOXGHG LQ D VHJPHQW�� ,Q WKH ILJXUH EHORZ� DQ H[DPSOH LV VKRZQ� DQG VXFFHVVLYHO\
FRPPHQWHG RQ�

)LJXUH ���� 9LVXDOL]DWLRQ RI HSRFKV ODEHOLQJ VWUDWHJ\

,Q )LJXUH ��� D YLVXDOL]DWLRQ RI WKH PHWKRG WR ODEHO HDFK HSRFK LV VKRZQ� 7KH VLJQDO ZLWK
WKH DQQRWDWLRQV LV JLYHQ �VHH &KDSWHU �� 'DWD &ROOHFWLRQ�� ,Q WKH ILUVW H[HUFLVH� RI UHVWLQJ
VWDWH� DQ XQH[SHFWHG DUWLIDFW DSSHDUV �´XQH[SHFWHG´ EHFDXVH LW ZDV QRW VXSSRVHG WR EH
LQ WKDW H[HUFLVH� DQG VR LW LV DQQRWDWHG�� %HWZHHQ HDFK H[HUFLVH� D EUHDN SHULRG LV JLYHQ
WR WKH SDUWLFLSDQW WR H[SODLQ WKH QH[W H[HUFLVH DQG WR UHVW� 7KHQ� DQRWKHU H[HUFLVH VWDUWV
�LQ WKH FDVH DERYH� D EOLQNLQJ H[HUFLVH�� ´5HVWLQJ VWDWH´� ´H\HV RSHQ´� ´H\HV FORVH´� DQG
´PDWKHPDWLFDO H[HUFLVH´ DUH FRQVLGHUHG ´FOHDQ´ VHJPHQWV RI GDWD� LI QR DUWLIDFWV DUH DQQR�
WDWHG ZLWKLQ� ´%OLQNLQJ´� ´ODWHUDO H\H PRYHPHQW´� ´ODWHUDO KHDG PRYHPHQW´� ´MDZ FOHQFKLQJ´�
´FKHZLQJ´� DQG ´VKLYHULQJ´ DUH DOZD\V FRQVLGHUHG ´DUWLIDFW´ VHJPHQWV RI GDWD� %UHDNV LQ
EHWZHHQ H[HUFLVHV DUH FRQVLGHUHG VHJPHQWV RI ´QR LQWHUHVW´� )LQDOO\� GDWD LV VSOLW LQWR
HSRFKV RI l VHFRQGV �LQ WKH ILJXUH DERYH� l = 3.5s� ZLWK o� RI RYHUODSSLQJ �LQ WKH ILJXUH�
o = 30��� $V JURXQG WUXWK� HDFK HSRFK LV ODEHOHG DV WKH UHVSHFWLYH VHJPHQW LI FRPSOHWHO\
LQFOXGHG� ´QRW LQWHUHVW´ RWKHUZLVH�

7KXV� LQ )LJXUH ���� HSRFKV ��� DUH ´FOHDQ´ EHFDXVH FRPSOHWHO\ LQFOXGHG LQ D ´FOHDQ´
VHJPHQW� )RU WKH VDPH UHDVRQ� HSRFKV �� ��� DQG �� DUH ODEHOHG DV ´DUWLIDFW´� DQG ���
DQG �� DV ´QR LQWHUHVW´� /DVWO\� HSRFKV �� �� �� �� DQG �� DUH QRW FRPSOHWHO\ LQFOXGHG LQ RQO\
RQH VHJPHQW� WKXV� IROORZLQJ WKH PRVW FRQVHUYDWLYH FKRLFH� DUH ODEHOHG DV ´QR LQWHUHVW´�
,Q WKLV ZD\� WKH JURXQG WUXWK IRU HDFK UHFRUGLQJ LV EXLOW� DQG SHUIRUPDQFH PHWULFV �VFRUHV�
FDQ EH PHDVXUHG IRU WKH DOJRULWKP�

��



7KH VFRUH XVHG IRU WKH RSWLPL]DWLRQ LV WKH )EHWD VFRUH� ZLWK β = 2� WKXV )�� 7KLV LV
EHFDXVH LW LV LPSRUWDQW WR QRW ORVH DUWLIDFW FKXQNV� ZKHUHDV LW LV DFFHSWDEOH WR PLVFODVVLI\
FOHDQ HSRFKV� 7KH )� VFRUH IDYRUV UHFDOO RYHU SUHFLVLRQ� WKXV FRQVLGHULQJ IDOVH SRVLWLYHV
OHVV UHOHYDQW WKDQ IDOVH QHJDWLYHV�

$V IRU WKH JULG VHDUFK� WKH UXQQLQJ WLPH KDV EHHQ LQVSHFWHG IRU HDFK FRQILJXUDWLRQ� EXW LW
KDV QRW EHHQ XVHG LQ WKH VFRUH IRU WKH RSWLPL]DWLRQ� NHHSLQJ WKH WZR PHWULFV VHSDUDWHG�

'LIIHUHQW LWHUDWLRQV KDYH EHHQ SHUIRUPHG IRU ILQGLQJ WKH EHVW SDUDPHWHUV DQG UH�GHVLJQLQJ
WKH SRWDWR ILHOG LQ D WULDO�DQG�HUURU PDWWHU� )LUVWO\� IRU HDFK LWHUDWLRQ� WKH FRQYHUJHQFH SORW
LV DQDO\]HG IRU WXQLQJ WKH QXPEHU RI FRPELQDWLRQV WR LQVSHFW LQ WKH IROORZLQJ LWHUDWLRQ�
6HFRQGO\� D SDUWLDO GHSHQGHQFH SORW �3'3� >��@ RI WKH K\SHUSDUDPHWHUV �L�H� z� p� ZLQGRZ
GXUDWLRQ l� RYHUODSSLQJ o� DQG ILHOG f � LV DQDO\]HG WR XQGHUVWDQG WKH GHSHQGHQF\ RI WKH
VFRUH ZLWK UHVSHFW WR RQH K\SHUSDUDPHWHU DQG DOO FRXSOHV RI SDUDPHWHUV� DQG WR LPSURYH
WKH UDQJHV IRU WKH IROORZLQJ LWHUDWLRQ� 7KLUGO\� D YLVXDOL]DWLRQ RI WKH GDWD ZLWK JURXQG WUXWK
DQG SUHGLFWHG ODEHOV LV FUHDWHG WR YLVXDOO\ LQVSHFW WKH SHUIRUPDQFHV DQG WU\ WR ILQG SDWWHUQV
RI PLVFODVVLILFDWLRQ� WR LPSURYH WKH ILHOG¶V GHVLJQV� )LQDOO\� IRU WKH RQOLQH SXUSRVHV RI
WKH 53)� VFDWWHU SORWV RI WKH UXQQLQJ WLPH ZLWK UHVSHFW WR HDFK SDUDPHWHU RI WKH 53)
KDYH EHHQ DQDO\]HG WR EHWWHU XQGHUVWDQG WKH UHODWLRQVKLS EHWZHHQ K\SHUSDUDPHWHUV DQG
UXQQLQJ WLPH IURP DQ H[SHULPHQWDO SRLQW RI YLHZ� 7KHRUHWLFDOO\� IRU WKH 53)� ´WKH FRVW
RI WKH DOJRULWKP LV GRPLQDWHG E\ WKH FRPSXWDWLRQ RI HLJHQ GHFRPSRVLWLRQ UHTXLUHG IRU
L� WKH GLVWDQFH WR WKH UHIHUHQFH RI HDFK SRWDWR LQ WKH ILHOG� DQG LL� WKH XSGDWH RI HDFK
UHIHUHQFH PDWUL[� 7KH FRPSOH[LW\ RI DQ HLJHQYDOXH�HLJHQYHFWRU GHFRPSRVLWLRQ LV FXELF
ZLWK WKH QXPEHU RI HOHFWURGHV C DQG WKHUHIRUH LV GRPLQDWHG E\ WKH ODUJHVW SRWDWR RI WKH
53)� 7KLV LV D IDVW FRPSXWDWLRQ HYHQ IRU C = 100 RQ PRGHUQ FRPSXWHUV� KRZHYHU� LQ
SUDFWLFH ZKHQ C LV ODUJH DQG ODUJH SRWDWRHV DUH XVHG� GLPHQVLRQV FDQ EH UHGXFHG �E\
3&$�� LQ RUGHU WR NHHS WKH FRPSXWDWLRQDO FRVW DOZD\V YHU\ ORZ´ >��@� )RU WKLV UHDVRQ� LQ
WKH GHVLJQ VWDJH RI WKH ILHOG� WKH VL]H RI WKH SRWDWRHV ZDV NHSW VPDOO �L�H� EHORZ � >��@��
7KH QXPEHU RI SRWDWRHV LQIOXHQFHV WKH WLPH QHFHVVDU\ EHFDXVH PRUH SRWDWRHV PHDQ
PRUH FRYDULDQFH PDWULFHV� PRUH GLVWDQFH FRPSXWDWLRQV� DQG PRUH SUHGLFWLRQV IRU HDFK
FKXQN RI GDWD� ,QLWLDOO\� DOVR PHPRU\ XVDJH ZDV WDNHQ LQWR DFFRXQW EXW� DIWHU VRPH WHVWV�
LW ZDV FOHDU WKDW WKH VSDFH XVHG E\ WKH DOJRULWKP ZDV QRW UHOHYDQW IRU DQ\ FRPELQDWLRQV�
DQG UHPRYHG�

7KH RSWLPL]DWLRQ FRYHUV GLIIHUHQW VXEMHFWV¶ GDWD IRU JHQHUDOL]DWLRQ SXUSRVHV� 7UDLQLQJ WKH
FODVVLILHU ZLWK PRUH VXEMHFWV LPSURYHV WKH UREXVWQHVV RI WKH V\VWHP� ,Q SDUWLFXODU� WZR
VXEMHFWV¶ GDWD KDYH EHHQ XVHG� 7KLV QXPEHU LV QRW SDUWLFXODUO\ UHSUHVHQWDWLYH� EXW WKH
GHFLVLRQ KDV EHHQ PDGH IRU WLPH FRQVWUDLQWV UHDVRQV�

��



��� 5HVXOWV DQG FRQFOXVLRQV
����� &RQYHUJHQFH SORWV
,Q WKH IROORZLQJ� WKUHH FRQYHUJHQFH SORWV DUH VKRZQ UHVSHFWLYHO\ IRU WKH ILUVW� IRU D PLGGOH�
DQG IRU WKH ODVW LWHUDWLRQ RI SDUDPHWHUV WXQLQJ� 7KLV LV GRQH WR UHILQH WKH QXPEHU RI FRPEL�
QDWLRQV WR DQDO\]H LQ WKH %D\HVLDQ RSWLPL]DWLRQ� LQ RUGHU WR UHGXFH WKH DPRXQW RI WLPH IRU
HDFK LWHUDWLRQ� 1RWH WKDW� IRU FRQVWUDLQWV JLYHQ E\ VNOHDUQ OLEUDU\� WKH RSWLPL]HU FDQ RQO\
PLQLPL]H D WDUJHW IXQFWLRQ >��@� 7KHUHIRUH� WKH IXQFWLRQ WR PLQLPL]H LV f(.) = 1 − F2(.)�
HTXLYDOHQW WR PD[LPL]H f(.) = F2(.)� )RU WKLV UHDVRQ� LQ WKH JUDSKV EHORZ� WKH ORZHVW WKH
IXQFWLRQ YDOXH� WKH EHVW WKH )��

�D� &RQYHUJHQFH SORW IRU WKH ILUVW LWHUDWLRQ RI WKH SDUDPHWHUV WXQLQJ

�E� &RQYHUJHQFH SORW IRU D PLGGOH LWHUDWLRQ RI WKH SDUDPHWHUV WXQLQJ

�F� &RQYHUJHQFH SORW IRU WKH ODVW LWHUDWLRQ RI WKH SDUDPHWHUV WXQLQJ

)LJXUH ���� &RQYHUJHQFH SORWV IRU GLIIHUHQW VWDJHV RI SDUDPHWHUV WXQLQJ

,Q )LJXUH ��� �D�� LW FDQ EH VHHQ WKDW ���� FDOOV KDYH EHHQ SHUIRUPHG� EXW DIWHU ��� WKH
YDOXH RI WKH IXQFWLRQ GRHVQ¶W GHFUHDVH� )RU WKLV UHDVRQ� WKH QXPEHU RI FDOOV KDV EHHQ
UHGXFHG LQ HDFK LWHUDWLRQ WR ��� DW DQ HDUO\ VWDJH� DV VKRZQ LQ )LJXUH ��� �E�� $JDLQ� DIWHU
VRPH WULDOV� LW ZDV FOHDU WKDW WKH SHUIRUPDQFHV GLGQ¶W LPSURYH FRQVLGHUDEO\ HYHQ EHIRUH
��� FDOOV� ZKHUHDV WKH WUDLQLQJ WLPH LV KHDYLO\ DIIHFWHG E\ WKH QXPEHU RI FRPELQDWLRQV
FRQVLGHUHG� )RU WKLV UHDVRQ� WKH QXPEHU RI FDOOV KDV UHGXFHG WR ���� 7KDW JDYH WKH
RSSRUWXQLW\ WR UHGXFH WKH WUDLQLQJ WLPH ZLWKRXW DIIHFWLQJ WKH ILQDO VFRUH� DOORZLQJ IRU PRUH
WXQLQJ LWHUDWLRQV�

��



����� 3DUWLDO GHSHQGHQFH SORWV �3'3�
,Q WKLV VHFWLRQ� WKH 3'3V IRU WKH ILUVW DQG IRU ODVW LWHUDWLRQV DUH VKRZQ� ´7KH 3'3 VKRZV
WKH LQIOXHQFH RI HDFK VHDUFK�VSDFH GLPHQVLRQ RQ WKH REMHFWLYH IXQFWLRQ� 7KH GLDJRQDO
VKRZV WKH HIIHFW RI D VLQJOH GLPHQVLRQ RQ WKH REMHFWLYH IXQFWLRQ� ZKLOH WKH SORWV EHORZ
WKH GLDJRQDO VKRZ WKH HIIHFW RQ WKH REMHFWLYH IXQFWLRQ ZKHQ YDU\LQJ WZR GLPHQVLRQV� 7KH
3DUWLDO 'HSHQGHQFH LV FDOFXODWHG E\ DYHUDJLQJ WKH REMHFWLYH YDOXH IRU D QXPEHU RI UDQ�
GRP VDPSOHV LQ WKH VHDUFK VSDFH ZKLOH NHHSLQJ RQH RU WZR GLPHQVLRQV IL[HG DW UHJXODU
LQWHUYDOV� 7KLV DYHUDJHV RXW WKH HIIHFW RI YDU\LQJ WKH RWKHU GLPHQVLRQV DQG VKRZV WKH
LQIOXHQFH RI RQH RU WZR GLPHQVLRQV RQ WKH REMHFWLYH IXQFWLRQ� $OVR VKRZQ DUH VPDOO EODFN
GRWV IRU WKH SRLQWV WKDW ZHUH VDPSOHG GXULQJ RSWLPL]DWLRQ� $ UHG VWDU LQGLFDWHV SHU GHIDXOW
WKH EHVW REVHUYHG PLQLPXP´ >��@�

)LUVW LWHUDWLRQ

$JDLQ� DV IRU WKH FRQYHUJHQFH SORW� WKH RSWLPL]HU LV PLQLPL]LQJ 1 − F2� VR ORZHU YDOXHV
PHDQ EHWWHU SHUIRUPDQFHV�

)LJXUH ���� 3'3 IRU WKH ILUVW LWHUDWLRQ RI SDUDPHWHUV WXQLQJ

��



7KH VRXUFH VSDFH JLYHQ WR WKH %D\HVLDQ RSWLPL]HU LQ WKH ILUVW LWHUDWLRQV ZDV�

z ∈ [1, 5] ∈ N
p ∈ [1e− 8, 1) ∈ R
l ∈ [1, 8] ∈ N
o ∈ [0.3, 1) ∈ R
f ∈ {0, 1, 2}

,Q )LJXUH ��� WKH SDUWLDO GHSHQGHQFHV IRU WKH PRGHO SDUDPHWHUV DUH VKRZQ� 7KH VRXUFH
VSDFH IRU WKH ILUVW LWHUDWLRQ KDV EHHQ LQVSLUHG E\ WKH 53) SDSHU DQG H[DPSOHV >��@>��@� IRU
ZKLFK D ZLQGRZ VL]H l = 1s� RYHUODS o = 50�� p = 1e − 4� DQG z = 2.5 KDYH EHHQ WDNHQ�
)RU WKLV UHDVRQ� WKH UDQJHV KDYH EHHQ FHQWHUHG DURXQG WKRVH YDOXHV�

'LIIHUHQWO\ WKDQ H[SHFWHG� IRU HDFK RI WKH SDUDPHWHUV EXW p� D YDOXH RQ WKH UDQJH H[WUHPH
LV FKRVHQ �VKRZQ E\ WKH UHG VWDUV�� 7KLV IDFW KLJKOLJKWV WKH SRVVLELOLW\ WKDW WKH UDQJHV GR
QRW LQFOXGH WKH EHVW YDOXHV IRU WKH SDUDPHWHUV� DQG WKDW WKH SHUIRUPDQFHV ZRXOG LQFUHDVH
H[SDQGLQJ WKH UDQJH LQ WKDW GLUHFWLRQ� DV LW ZLOO VKRZ EHORZ�

)RU z� DQG l LW FDQ EH VHHQ WKDW WKH JUDSKV SUHVHQW VWHSV� 7KLV LV EHFDXVH WKH YDOXHV
EHORQJ WR WKH N VSDFH VR WKDW RQO\ GLVFUHWH YDOXHV DUH HYDOXDWHG� )RU WKLV UHDVRQ� LW KDV
WR EH FDUHIXO ZLWK WKH H[WHQVLRQV LQ WKH UHDO YDOXHV� IRU ZKLFK QR GDWD SRLQWV DUH DYDLODEOH�
f � RQ WKH RWKHU VLGH� LV D FDWHJRULFDO SDUDPHWHU� ,Q IDFW� LW LV D VHW FRQWDLQLQJ GLIIHUHQW
GHVLJQV� $OVR LQ WKLV FDVH SDUWLFXODU DWWHQWLRQ KDV WR EH WDNHQ WR WKH H[WHQVLRQV ZLWKLQ WKH
YDOXHV� )LQDOO\� p DQG o EHORQJ WR R� DQG PRUH XQLIRUP GLVWULEXWLRQV RI GDWD SRLQWV DUH
DYDLODEOH�

,W LV LQWHUHVWLQJ WR QRWH WKDW IRU p� WKH EHVW PRGHO SLFNHG D VXE�RSWLPDO YDOXH �LQGLFDWHG E\
WKH UHG OLQH RU VWDU�� 7KLV SRLQW LV RI JUHDW LPSRUWDQFH� )URP WKH FRXSOHV RI SDUWLDO GHSHQ�
GHQFH JUDSKV� LW PLJKW VHHP WKDW WKH YDULDEOHV DUH PXWXDOO\ LQGHSHQGHQW� ,Q IDFW� LW FDQ
EH VHHQ WKDW IRU HDFK SDUDPHWHU� LWV VLQJOH GLPHQVLRQ GHSHQGHQFH RQ WKH VFRUH �L�H� WKH
GLDJRQDO SORWV� LV DOPRVW H[DFWO\ UHSRUWHG RQ WKH GRXEOH GLPHQVLRQV GHSHQGHQFH JUDSKV�
ZLWKRXW DQ\ SDUDPHWHU LQIOXHQFLQJ WKH EHKDYLRU RI WKH RWKHUV LQ WKH ILQDO SHUIRUPDQFHV� ,I
WKLV ZDV WKH FDVH� WKH EHVW PRGHO ZRXOG KDYH SLFNHG WKH YDOXH WKDW LQGLYLGXDOO\ PLQLPL]HV
1−F2(.)� ,Q FRQWUDVW� WKH PRGHO WKDW PD[LPL]HV F2(.) SLFNHG D VXE�RSWLPDO VROXWLRQ IRU p
DORQH� VKRZLQJ UHODWLRQVKLSV DPRQJ SDUDPHWHUV RI D KLJKHU GHJUHH WKDQ WZR�

7KH EHVW PRGHO IRU WKH ILUVW LWHUDWLRQ� DV VKRZQ LQ )LJXUH ��� LQ WKH QH[W VHFWLRQ� DQG
KLJKOLJKWHG LQ WKH 3'3 ZLWK UHG VWDUV DQG UHG GDVKHG OLQHV� KDV SDUDPHWHUV HTXDO WR
z = 5� p = 5.3e − 2� l = 8� o = 30�� DQG ILUVW ILHOG� ,W PHDQV WKDW WKH 53)� DW WKLV VWDJH�
SUHIHUV WR KDYH WKH ORQJHVW DQG OHDVW RYHUODSSLQJ HSRFKV SRVVLEOH� 0RUHRYHU� LW WHQGV WR
KDYH WKH KLJKHVW ] WKUHVKROG� VR WR DFFHSW FRYDULDQFH PDWULFHV GLVWDQW IURP WKH EDVHOLQH
RQH� EXW WR KDYH D p VLPLODU WR WKH H[DPSOH RQH� $V WKH EHVW z� l� DQG o DUH DW WKH H[WUHPHV
RI WKH UDQJHV� WKRVH KDYH EHHQ HQODUJHG LQ WKH IROORZLQJ LWHUDWLRQV�

��



/DVW LWHUDWLRQ

7KH 3'3 LV UHSRUWHG� LQ )LJXUH ��� EHORZ� IRU WKH EHVW PRGHO LQ WKH ODVW LWHUDWLRQ RI WKH
WXQLQJ� $V VDLG EHIRUH� WKH UDQJHV IRU p� l� DQG z KDYH EHHQ FKDQJHG EHWZHHQ LWHUDWLRQV WR
DOZD\V WDNH PRUH FDVHV DQG WR KDYH D EHWWHU GLVWULEXWLRQ RI WKH VRXUFH VSDFH� ,Q DGGLWLRQ�
z DQG l UDQJHV KDYH EHHQ FRQYHUWHG WR FRQWLQXRXV LQWHUYDOV� 7KH VRXUFH VSDFH� LQ WKH
ODVW LWHUDWLRQ� ZDV�

z ∈ [0, 100] ∈ R
p ∈ [0, 0.1] ∈ R
l ∈ [0, 60] ∈ R
o ∈ (0, 1) ∈ R
f ∈ {0, 1, 2}

)LJXUH ���� 3'3 IRU WKH ODVW LWHUDWLRQ RI SDUDPHWHUV WXQLQJ

��



,Q )LJXUH ��� DERYH� LW FDQ EH VHHQ WKDW WKH JUDSKV DUH PRUH LQWHUGHSHQGHQW WKDQ EHIRUH�
,Q IDFW� IRU DOO SDUDPHWHUV H[FHSW f � VXE�RSWLPDO VROXWLRQV KDYH EHHQ SLFNHG� KLJKOLJKWLQJ
D PXWXDO GHSHQGHQFH EHWZHHQ WKH YDULDEOHV LQ WKH ILQDO )� VFRUH� 2QH SRVVLEOH H[SODQD�
WLRQ LV WKDW WKH UDQJHV LQ ZKLFK WKH YDULDEOHV ZHUH EHIRUH GLGQ¶W DOORZ WKH SDUDPHWHUV WR
LQIOXHQFH HDFK RWKHU�

2QH SURSHUW\ WR QRWH LV WKDW IRU HDFK FRQWLQXRXV UDQJH �L�H� DOO EXW f SDUDPHWHU�� WKH YDOXH
WKDW JLYHV WKH EHVW )� VFRUH LV LQ WKH EHWZHHQ RI WKH UDQJH� DQG QRW RQ WKH H[WUHPHV�
(YHQ WKRXJK WKLV FRXOG EH EHFDXVH RI D ORFDO PLQLPXP LQ WKH UDQJH� LW LV D EHWWHU VLWXDWLRQ
WKDQ EHIRUH� ,W LV OLNHO\ WKDW WKH UDQJHV DUH ELJ HQRXJK WR FRQWDLQ WKH JOREDO PLQLPXP RI
WKH VFRUH� 7KLV LV DOVR VXSSRUWHG E\ FRQVLGHULQJ WKDW WKH EHVW PRGHO� E\ WKH ILQDO VFRUH�
GRHVQ¶W KDYH DQ\ JOREDO PLQLPXP IRU HDFK VWDQGDORQH SDUDPHWHU �H[FHSW IRU f �� )RU
H[DPSOH� ORRNLQJ DW WKH z LQGHSHQGHQW JUDSK� WKH JOREDO PLQLPXP ZRXOG EH DW ���� EXW
WKH EHVW PRGHO KDV z ≈ 65� 0RUHRYHU� IRU DOO WKH SDUDPHWHUV EXW f � QHLWKHU ORFDO PLQLPXP
LV FKRVHQ� 2Q WKH RWKHU VLGH� LW GRHV VHOHFW WKH EHVW f DQG FORVH WR WKH EHVW l� ,W LV DOVR WUXH
WKDW WKH GLIIHUHQFH EHWZHHQ WKH EHVW DQG WKH ZRUVW )� LV EHWZHHQ 0.05 DQG 0.1 IRU HDFK
SDUDPHWHU� 7KLV SXWV WKH GLIIHUHQFH EHWZHHQ WKH EHVW DQG WKH ZRUVW PRGHO LQ D GLIIHUHQW
SHUVSHFWLYH� ,Q RWKHU ZRUGV� WKH EHVW PRGHO FDQ FKRRVH VXE�RSWLPDO VLQJOH SDUDPHWHUV
EHFDXVH WKH\ GHSHQG DOVR RQ RWKHU SDUDPHWHUV� EXW DOVR EHFDXVH WKH GLIIHUHQFH EHWZHHQ
WKH RSWLPDO DQG WKH VXE�RSWLPDO FKRLFH LV QRW WRR UHOHYDQW� 7KLV FRXOG DOVR EH QRWHG LQ WKH
FRQYHUJHQFH SORW LQ )LJXUH ��� �F�� IRU ZKLFK PDQ\ GLIIHUHQW FRPELQDWLRQV UHWXUQ D VLPLODU
VFRUH� 0RUH LQ GHHS� WKUHH FRPELQDWLRQV JLYH DQ )� VFRUH FORVHU WKDQ 2� ZLWK UHVSHFW WR
WKH EHVW PRGHO� 7KHVH PRGHOV SLFNHG FRPELQDWLRQV DV IROORZV�

� F2 = 0.760� z = 65.04� p = 5.58 · 10−2� l = 10� o = 40.48�� f : 0

� F2 = 0.756� z = 77.70� p = 5.74 · 10−2� l = 8.10� o = 55.82�� f : 0

� F2 = 0.751� z = 32.85� p = 6.65 · 10−2� l = 13.53� o = 70.19�� f : 0

$V LW FDQ EH QRWHG� GLIIHUHQW FRPELQDWLRQV UHVXOW LQ DQ DOPRVW�RSWLPDO VFRUH� $Q LQYHUVH
UHODWLRQVKLS FDQ EH VHHQ EHWZHHQ z DQG l� WKH ORQJHU l� WKH VPDOOHU z� 7KLV FDQ EH H[�
SODLQHG E\ WKH IDFW WKDW l FRQWUROV WKH GLPHQVLRQ RI WKH VLJQDO HSRFK� RU� LQ RWKHU ZRUGV�
KRZ PXFK LQIRUPDWLRQ LV FRQWDLQHG LQ WKH UHVSHFWLYH FRYDULDQFH PDWUL[� 7KH GDWD XVHG
WHQGV WR IDYRU ORQJHU HSRFKV EHFDXVH WKH DUWLIDFWV DUH FRQWLQXRXV DQG ERXQGHG LQ FKXQNV�
7KHUHIRUH� IRU ORQJHU HSRFKV� PRUH DUWLIDFW VLJQDO LV FRQWDLQHG DQG WKH FRYDULDQFH PDWUL[
UHVXOWV LQ D ELJJHU GLVWDQFH WR WKH EDVHOLQH RQH� ,Q DGGLWLRQ� IRU FOHDQ VHJPHQWV� ORQJHU
HSRFKV DYHUDJH RXW VPDOO IOXFWXDWLRQV RI WKH VLJQDO� UHVXOWLQJ LQ PRUH VWDEOH FRYDULDQFH
PDWULFHV� PDNLQJ WKHP FORVHU WR WKH EDVHOLQH� +HQFH� D VPDOOHU z RI WKUHVKROG LV QHHGHG
WR GLVWLQJXLVK FOHDQ DQG DUWLIDFW HSRFKV�

2Q WKH RWKHU KDQG� p LV VLPLODU LQ HDFK FRPELQDWLRQ� DQG ZLWK WKH VDPH RUGHU RI PDJQLWXGH
DV WKH RQH XVHG LQ WKH S\5LHPDQQ OLEUDU\ H[DPSOHV �p = 0.01 >��@��

,W LV DOVR LQWHUHVWLQJ WR QRWH WKDW DOO WKH EHVW PRGHOV SLFNHG WKH ILUVW ILHOG GHVLJQ� $OVR�
WKLV IDFW UHVXOWV IURP WKH FKRLFH RI WKH GDWDVHW� ,Q IDFW� IURP WKH GDWD� IHZHU DUWLIDFWV DUH
FRQVLGHUHG WKDQ WKH RQH LQLWLDOO\ SURVSHFWHG� )RU H[DPSOH� HYHQ WKRXJK ´HOHFWURGH SRS´
LV SUHVHQW RQ WKH GDWDVHW� LW KDV EHHQ OHIW RXW LQ WKH 093 �L�H� ODEHOHG DV ´QRW LQWHUHVW´��
WKHUHIRUH WKHUH DUH QR GLIIHUHQFHV EHWZHHQ WKH VHFRQG DQG WKH WKLUG ILHOG� 7KLV LV EHFDXVH�
DV VKRZQ EHIRUH LQ )LJXUH ���� WKH WKLUG ILHOG LV WKH VDPH DV WKH VHFRQG EXW ZLWK VSHFLILF
SRWDWRHV IRU WKH HOHFWURGH SRSV DQG� DV WKHVH DUWLIDFWV DUH QRW SUHVHQW LQ WKH WUDLQLQJ VHW�
WKH UHODWLYH SRWDWRHV FDQQRW FRQWULEXWH WR WKH SUHGLFWLRQ� DQG RQ WKH RSSRVLWH WKH\ GLOXWH
WKH SUREDELOLWLHV RI WKH RWKHU LQ WKH )LVKHU¶V PHWKRG� ZRUVHQLQJ WKH VSHFLILFLW\�

��



����� *URXQG WUXWK DJDLQVW SUHGLFWHG ODEHOV
)RU D EHWWHU XQGHUVWDQGLQJ RI WKH ILHOGV DQG WKH GLIIHUHQW SDUDPHWHUV� WKXV WR GLJ LQWR WKH
53) EODFN ER[� WKH JUDSKV RI WKH JURXQG WUXWK DQG WKH SUHGLFWHG ODEHOV E\ WKH 53) DOJR�
ULWKP IRU HDFK SHUVRQ DUH VKRZQ EHORZ� ,Q SDUWLFXODU� WKH JUDSKV UHSUHVHQW WKH GLIIHUHQW
HSRFKV DV D VHTXHQFH RI GRWV �RQH GRW IRU HDFK HSRFK�� %OXH GRWV UHSUHVHQW WKH JURXQG
WUXWK ODEHOV� REWDLQHG DV H[SODLQHG DERYH LQ )LJXUH ���� DQG \HOORZ GRWV YLVXDOL]H WKH UH�
VSHFWLYH 53) SUHGLFWLRQV �QRWH WKDW ´QR LQWHUHVW´ HSRFKV DUH QRW YLVXDOL]HG�� 7KH JUDSKV
DUH VSOLW LQWR GLIIHUHQW H[HUFLVHV�

)LUVW LWHUDWLRQ

)LJXUH ���� &RPSDULVRQ EHWZHHQ SUHGLFWHG ODEHOV DQG JURXQG WUXWK IRU WKH EHVW PRGHO E\
)� VFRUH IRU WKH ILUVW LWHUDWLRQ RI WKH SDUDPHWHUV WXQLQJ

)URP )LJXUH ��� LW FDQ EH VHHQ WKDW PDQ\ HSRFKV DUH PLVFODVVLILHG ERWK IRU WKH ´FOHDQ´
DQG ´DUWLIDFW´ ODEHOV� ,Q SDUWLFXODU� IRU WKH ILUVW SDUWLFLSDQW� ´FOHDQ´ HSRFKV DUH ZHOO SUHGLFWHG
DQG VRPH PLVWDNHV DSSHDU RQ WKH ´DUWLIDFW´ FODVVLILFDWLRQ� ,Q WKH VHFRQG FDVH� LQVWHDG�
ERWK ´FOHDQ´ DQG ´DUWLIDFW´ VHJPHQWV DUH SUREOHPDWLF�

:KHWKHU WKH EHKDYLRU RI WKH ILUVW SHUVRQ LV H[SHFWHG� WKH VDPH FDQQRW EH VWDWHG IRU WKH
VHFRQG SHUVRQ� ,Q IDFW� WKH )� VFRUH WHQGV WR JLYH PRUH LPSRUWDQFH WR DUWLIDFW GHWHFWLRQ�
WKXV LW ZRXOG EH H[SHFWHG WR KDYH PRUH IDOVH SRVLWLYHV �L�H� FOHDQ HSRFKV FODVVLILHG DV
DUWLIDFWV� WKDQ IDOVH QHJDWLYHV �L�H� DUWLIDFW HSRFKV FODVVLILHG DV FOHDQ��

7R EHWWHU XQGHUVWDQG WKLV EHKDYLRU� WKH GLIIHUHQFHV LQ WKH DUWLIDFWV EHWZHHQ WKH ILUVW DQG
WKH VHFRQG SHUVRQ DUH YLVXDOL]HG LQ WKH ILJXUHV EHORZ�

��



�D� 9L] RI KHDG PRYHPHQW DUWLIDFWV �E� 9L] RI MDZ FOHQFKLQJ

)LJXUH ����� 9LVXDOL]DWLRQ RI WZR FODVVHV RI DUWLIDFWV � KHDG PRYHPHQW LQ �D�� DQG MDZ
FOHQFKLQJ LQ �E� � IRU WKH ILUVW SDUWLFLSDQW� [�GLYLVLRQ LV 1s DQG \�GLYLVLRQ LV 100

�D� 9L] RI DUWLIDFWV LQ WKH UHVWLQJ VWDWH

�E� 9L] RI KHDG PRYHPHQW DUWLIDFWV �F� 9L] RI MDZ FOHQFKLQJ

)LJXUH ����� 9LVXDOL]DWLRQ RI WKUHH FODVVHV RI DUWLIDFWV � H\HV WHQVLRQ LQ WKH UHVWLQJ VWDWH LQ
�D�� KHDG PRYHPHQW LQ �E�� DQG MDZ FOHQFKLQJ LQ �F� � IRU WKH VHFRQG SDUWLFLSDQW� [�GLYLVLRQ
LV 1s DQG \�GLYLVLRQ LV 100

��



7KH LPSRUWDQFH RI WKH ILJXUHV DERYH LV LQ WKH PXWXDO GLIIHUHQFHV� )LUVW RI DOO� LW FDQ EH
VHHQ� LQ )LJXUH ���� �D� DJDLQVW �E� DQG �F�� WKDW WKH PDJQLWXGH RI WKH PDQXDOO\ DQQRWDWHG
DUWLIDFWV ZLWKLQ WKH UHVWLQJ VWDWH H[HUFLVH LV YLVXDOO\ ORZHU WKDQ WKH RQH IRU WKH DUWLIDFWV
H[HUFLVHV� 7KXV� LW LV HDVLHU WR GHWHFW WKRVH DUWLIDFWV WKDQ QRW WKH RQHV LQ WKH UHVWLQJ VWDWH�
DOVR ZLWK KLJK YDOXHV RI z� 7KLV FDQ H[SODLQ ZK\� IRU WKH VHFRQG SDUWLFLSDQW� QRQH RI WKH
DUWLIDFW HSRFKV LQ WKH UHVWLQJ VWDWH H[HUFLVH KDYH EHHQ GHWHFWHG�

6HFRQGO\� LW FDQ EH VHHQ WKDW WKH DUWLIDFWV FUHDWHG E\ ´SHUVRQ �´� LQ )LJXUH ���� �D� DQG
�E� KDYH D JUHDWHU PDJQLWXGH RI WKRVH FUHDWHG E\ ´SHUVRQ �´� LQ )LJXUH ���� �E� DQG �F��
PDNLQJ WKHLU GHWHFWLRQ HDVLHU IRU WKH 53) FODVVLILHU� 7KLV H[SODLQV ZK\ IRU ´3HUVRQ �´�
PRUH DUWLIDFW HSRFKV DUH FRUUHFWO\ FODVVLILHG ZLWK UHVSHFW WR ´3HUVRQ �´�

)LQDOO\� WKH )� VFRUH LV YLVXDOL]HG� FRPSDULQJ LW ZLWK D IHZ EDVHOLQH VFRUHV� ,Q SDUWLFXODU�
WKUHH EDVHOLQHV DUH FRPSXWHG� D ´UDQGRP´ EDVHOLQH� LQ ZKLFK� IRU HDFK HSRFK� D UDQGRP
������� ODEHO LV DVVLJQHG� DQ ´DUWLIDFW´ EDVHOLQH� LQ ZKLFK DOO HSRFKV DUH ODEHOHG DV DUWLIDFW�
DQG D ´SURSRUWLRQDO´ EDVHOLQH� LQ ZKLFK WR HDFK HSRFK� D UDQGRP ODEHO LV DVVLJQHG ZLWK
XQLIRUP GLVWULEXWLRQ �´FOHDQ ODEHO´�´WRWDO HSRFKV´�� ,Q WKLV FDVH� ´FOHDQ ODEHO´�´WRWDO HSRFKV´
 �����

)LJXUH ����� 5HDO GDWD )� FRPSDUHG ZLWK GLIIHUHQW EDVHOLQHV IRU WKH EHVW PRGHO IRU WKH
ILUVW LWHUDWLRQ RI WKH SDUDPHWHUV WXQLQJ

,W FDQ EH VHHQ LQ )LJXUH ���� WKDW WKH )� VFRUH IRU WKH EHVW PRGHO LQ WKH ILUVW LWHUDWLRQ
LV ����� 7KLV YDOXH LV EHWWHU WKDQ WKH RQHV UHVXOWLQJ IURP D UDQGRP JXHVV� LQ ZKLFK )�
VFRUH� LQ WKLV FDVH� LV ����� RU IURP D SURSRUWLRQDO JXHVV� ZLWK DQ )� RI ����� 2Q WKH RWKHU
KDQG� WKH SHUIRUPDQFH LV ZRUVH WKDQ ODEHOLQJ DOO HSRFKV DV DUWLIDFW� ,I LW ZRXOG QRW PDNH
VHQVH WR FRQVLGHU DOO HSRFKV QRW FOHDQ� WKH IDFW WKDW WKH )� VFRUH LV KLJKHU WKDQ WKH PRGHO
SUHGLFWLRQ KLJKOLJKWV WKDW WKH SHUIRUPDQFHV RI WKH PRGHO DUH SRRU�

,W LV LQWHUHVWLQJ WR QRWH WKH HIIHFW RI WKH ZHLJKW LQ WKH )�PHDVXUH� 7KH SURSRUWLRQDO EDVHOLQH
VFRUH LV ORZHU WKDQ WKH UDQGRP EDVHOLQH EHFDXVH )� ZHLJKWV UHFDOO �WUXH SRVLWLYH�JURXQG
SRVLWLYH� DUH KLJKHU WKDQ SUHFLVLRQ �WUXH SRVLWLYH�SUHGLFWHG SRVLWLYH�� 6R LW LV EHWWHU WR VSRW
DOO WKH DUWLIDFW HSRFKV �L�H� REWDLQLQJ KLJK UHFDOO� WKDQ UHWULHYLQJ RQO\ WKH FRUUHFW RQHV
�L�H� REWDLQLQJ KLJK SUHFLVLRQ�� ,Q WKH UDQGRP EDVHOLQHV� JXHVVLQJ ´FOHDQ´ 50� RI WKH WLPH
UHVXOWV LQ D EHWWHU UHFDOO WKDQ QRW JXHVVLQJ LW IRU 100− 61 = 39� RI WKH WLPH�

��



/DVW LWHUDWLRQ

,W LV LQWHUHVWLQJ WR VHH WKH GLIIHUHQFH LQ WKH FODVVLILFDWLRQ WDVN EHWZHHQ WKH EHVW 53) PRGHO
LQ WKH ILUVW DQG WKH ODVW LWHUDWLRQ RI WKH K\SHUSDUDPHWHUV WXQLQJ� )RU WKLV UHDVRQ� WKH VDPH
JUDSK DV EHIRUH KDV EHHQ UHSRUWHG IRU WKH ODVW LWHUDWLRQ�

)LJXUH ����� &RPSDULVRQ EHWZHHQ SUHGLFWHG ODEHOV DQG JURXQG WUXWK IRU WKH EHVW PRGHO
E\ )� VFRUH IRU WKH ODVW LWHUDWLRQ RI WKH SDUDPHWHUV WXQLQJ

'LIIHUHQWO\ IURP WKH ILUVW LWHUDWLRQ UHVXOWV� LW FDQ EH VHHQ� LQ )LJXUH ����� WKDW DOO HSRFKV IRU
WKH DUWLIDFWV KDYH EHHQ FODVVLILHG FRUUHFWO\� 2Q WKH RWKHU VLGH� PDQ\ RI WKH ´FOHDQ´ HSRFKV
KDYH EHHQ PLVFODVVLILHG� 7KXV� WKH 53) LV WRR VHQVLWLYH WR VPDOO YDULDWLRQV RI WKH VLJQDO�

,Q DQ\ FDVH� WKH EHKDYLRU WKLV WLPH LV FOHDUHU WKDQ EHIRUH� ,Q IDFW� WKH FODVVLILHU JLYHV
PRUH LPSRUWDQFH WR DUWLIDFW GHWHFWLRQ �L�H� UHFDOO�� WR WKH GHWULPHQW RI SUHFLVLRQ� DQG� DV
H[SHFWHG� DOO DUWLIDFW HSRFKV DUH UHWULHYHG�

)LQDOO\� DV EHIRUH� WKH )� VFRUH LV FRPSDUHG ZLWK WKH WKUHH EDVHOLQHV DQG VKRZQ LQ )LJXUH
����� 7KLV WLPH� WKH SURSRUWLRQ RI ´FOHDQ HSRFKV´�´WRWDO HSRFKV´ LV �����

,W FDQ EH VHHQ WKDW WKLV WLPH� WKH )� VFRUH IRU WKH WUDLQHG PRGHO RYHUWDNHV WKH EDVHOLQHV�
7KLV PHDQV WKDW WKH PRGHO FDQ DFWXDOO\ UHWULHYH PRUH LQIRUPDWLRQ IURP WKH GDWD WKDQ DQ\
JXHVVLQJ� ,W FDQ DOVR EH QRWHG WKDW WKH EDVHOLQHV DUH YHU\ VLPLODU WR WKH FDVH EHIRUH� DV
H[SHFWHG� 7KH GLIIHUHQFHV ZLWK WKH SUHYLRXV FDVH OLH LQ WKH SURSRUWLRQV EHWZHHQ FOHDU
DQG WRWDO HSRFKV� ,Q IDFW� D VOLJKWO\ KLJKHU SURSRUWLRQ UHVXOWV LQ D VOLJKWO\ ORZHU )� VFRUH�
EHFDXVH WKH XQEDODQFH DVVXPHV KLJKHU LPSRUWDQFH� )RU H[DPSOH� LQ WKH ´SURSRUWLRQDO´
EDVHOLQH� PRUH HSRFKV DUH ODEHOHG DV FOHDQ� RQ DYHUDJH� UHGXFLQJ WKH UHFDOO� 2Q WKH
´DUWLIDFW´ EDVHOLQH� KDYLQJ PRUH FOHDQ HSRFKV UHVXOW LQ D ORZHU SUHFLVLRQ�

��



)LJXUH ����� 5HDO GDWD )� FRPSDUHG ZLWK GLIIHUHQW EDVHOLQHV IRU WKH EHVW PRGHO IRU WKH
ODVW LWHUDWLRQ RI WKH SDUDPHWHUV WXQLQJ

��



����� 5XQQLQJ WLPH DQDO\VLV
,Q WKLV ODVW VHFWLRQ� WKH UHVXOWV RI WKH WLPH DQDO\VLV DUH VKRZQ� 7KH UHODWLRQ EHWZHHQ
WKH UXQQLQJ WLPH �ODWHU rt� ZLWK HDFK SDUDPHWHU LV VWXGLHG� 7ZR H[SHULPHQWV KDYH EHHQ
SHUIRUPHG� 7KH ILUVW E\ UXQQLQJ WKH 53) DOJRULWKP RYHU WKH IROORZLQJ JULGV RI SDUDPHWHUV�

z ∈ {20, 40, 80}
p ∈ {10−8, 10−4, 10−2}
l ∈ {1, 5, 10, 15, 20, 30}
o ∈ {0.1, 0.25, 0.5, 0.75, 0.9}
f ∈ {0, 1, 2}

7KH VHFRQG� NHHSLQJ DOO SDUDPHWHUV FRQVWDQW WR z = 20� p = 10−2� l = 10� o = 0.25
DQG FUHDWLQJ ILHOGV ZLWK pt ∈ N DPRXQW RI SRWDWRHV DQG ch ∈ N DPRXQW RI FKDQQHOV IRU
HDFK SRWDWR� :LWK fptBch WKH FRQILJXUDWLRQ LQ ZKLFK WKH ILHOG KDV pt SRWDWRHV� HDFK ZLWK ch
FKDQQHOV� WKH 53) DOJRULWKP KDV EHHQ UXQ RYHU WKH JULG RI SDUDPHWHUV�

z = 20

p = 10−2

l = 10

o = 0.25

f ∈ {fptBch, pt ∈ {1, 2, 4, 8, 16, 32, 64}, ch ∈ {2, 4, 8, 16, 27}}

$QDO\VLV RI UW YV FRQILJXUDWLRQ

)LJXUH ����� 6FDWWHU SORWV RI WKH UXQQLQJ WLPH RI WKH 53) ZLWK UHVSHFW WR f � (DFK FDOO
LV UHSUHVHQWHG E\ D SRLQW� 7KH GLPHQVLRQ RI WKH PDUNHU LV SURSRUWLRQDO WR WKH QXPEHU RI
HSRFKV HYDOXDWHG LQ WKDW FDOO�

��



,Q )LJXUH ���� WKH rt RI WKH 53) DOJRULWKP LV VFDWWHUHG ZLWK UHVSHFW WR WKH WKUHH ILHOG
GHVLJQV� (DFK GRW UHSUHVHQWV D FDOO RI WKH DOJRULWKP� DQG WKH VL]H RI WKH PDUNHU LV SUR�
SRUWLRQDO WR WKH QXPEHU RI HSRFKV �n� HYDOXDWHG LQ WKH FDOO� 7KH H[DFW n LQ HDFK FDOO LV
UHWXUQHG DV D YDULDEOH E\ WKH DOJRULWKP LWVHOI� )DVW HVWLPDWLRQ RI WKH QXPEHU RI HSRFKV
LV JLYHQ E\ n ≤ T/(l ∗ o)� ZKHUH T LV WKH WRWDO XVHIXO WLPH LQ WKH UHFRUGLQJ� L�H� WKH WRWDO
OHQJWK RI WKH VHJPHQWV QRW ODEHOHG DV ´QR LQWHUHVW´� 7KLV HVWLPDWLRQ LV LQ JHQHUDO JUHDWHU
WKDQ WKH DFWXDO QXPEHU RI HSRFKV EHFDXVH RI WKH ERUGHU HIIHFW EHWZHHQ VHJPHQWV� :KHQ
DQ HSRFK FRQWDLQV SDUWV RI WZR GLIIHUHQW VHJPHQWV DUH ODEHOHG DV ´QR LQWHUHVW´ DQG QRW
DQDO\]HG�

,W FDQ EH VHHQ WKDW WKH rt LV GHSHQGHQW ERWK RQ f DQG RQ n� .HHSLQJ LQ PLQG WKDW WKH \�D[LV
LV LQ ORJDULWKPLF VFDOH� LW LV HDV\ WR VHH WKDW� IRU WKH WKLUG FRQILJXUDWLRQ� WKH DYHUDJH rt LV
KLJKHU WKDQ IRU WKH VHFRQG� ZKLFK LV KLJKHU WKDQ IRU WKH ILUVW� $GGLWLRQDOO\� WKH FDOOV ZLWK
KLJKHU n �L�H� PDUNHUV RI ELJJHU VL]HV� DUH DVVRFLDWHG DOVR ZLWK KLJKHU UXQQLQJ WLPHV IRU
HDFK FRQILJXUDWLRQ�

7KLV ZDV H[SHFWHG IURP WKH WKHRU\ WUHDWHG LQ WKH LQWURGXFWLRQ RI WKLV FKDSWHU DQG LQ WKH
TXRWH UHSRUWHG LQ VHFWLRQ ����� +\SHUSDUDPHWHU RSWLPL]DWLRQ� IRU ZKLFK WKH FRVW RI WKH
DOJRULWKP LV GRPLQDWHG E\ WKH HLJHQYDOXH GHFRPSRVLWLRQ UHTXLUHG IRU WKH GLVWDQFH WR WKH
UHIHUHQFH RI HDFK SRWDWR LQ WKH ILHOG DQG WKH XSGDWH RI HDFK UHIHUHQFH PDWUL[� ,Q WKLV FDVH�
WKH XSGDWH RI WKH UHIHUHQFH PDWUL[ SOD\V D PLQRU UROH LQ WKH FRPSDULVRQ� DV LW LV SODXVLEOH
WR DVVXPH WKDW WKH QXPEHU RI FOHDQ HSRFKV GHWHFWHG E\ HDFK FDOO LV HVVHQWLDOO\ WKH VDPH
RYHUDOO� DV DOVR SURYHQ E\ WKH H[SHULPHQWDO GDWD� ,Q IDFW� RQ DYHUDJH� WKH PDUNHUV RI WKH
VDPH VL]H DQG FRORU DUH DOZD\V LQ WKH VDPH UHJLRQ� WKXV QRW PXFK YDULDELOLW\ LQ WLPH LV
JLYHQ E\ WKH XSGDWH LWVHOI� EXW PRUH IURP WKH QXPEHU RI HSRFKV WR DQDO\]H�

7KH WKLUG FRQILJXUDWLRQ KDV �� SRWDWRHV DJDLQVW WKH � RI WKH VHFRQG DQG WKH � RI WKH ILUVW�
7KHUHIRUH� ZLWK WKH VDPH QXPEHU RI HSRFKV SURFHVVHG� WKH WKLUG GHVLJQ LV H[SHFWHG WR EH
PRUH H[SHQVLYH WKDQ WKH VHFRQG� LQ WXUQ� VORZHU WKDQ WKH ILUVW� $OVR� LW LV H[SHFWHG WKDW WKH
KLJKHU n� WKH KLJKHU WKH RYHUDOO WLPH� WR DQDO\]H DOO WKH HSRFKV� 7KH ILJXUH DERYH LV JLYHQ
PRUH DV D TXDOLWDWLYH VWDUWLQJ SRLQW� D PRUH LQ GHHS DQDO\VLV ZLWK TXDQWLWDWLYH H[DPSOHV LV
JRLQJ WR EH VKRZQ LQ D ODWHU VWDJH�

��



$QDO\VLV RI UW YV ] DQG S

7KH SORWV RI WKH WZR SDUDPHWHUV WR ZKLFK WKH rt LV LQGHSHQGHQW DUH UHSRUWHG EHORZ LQ )LJXUH
����� $V EHIRUH� WKH VL]H RI WKH PDUNHUV LV SURSRUWLRQDO WR n� DQG WKH FRORUV FRUUHVSRQG WR
WKH GHVLJQ� z DQG p DUH FRQVLGHUHG FDWHJRULFDO FODVVHV� WKXV WKH VFDOH LV QRW UHVSHFWHG�
7KLV LV QRW D SUREOHP EHFDXVH� DV VKRZQ DIWHUZDUG� QR LQIRUPDWLRQ FDQ EH UHWULHYHG E\ WKH
[�D[LV� ,Q DGGLWLRQ� KRUL]RQWDO MLWWHU LV DGGHG WR EHWWHU YLVXDOL]H WKH RWKHUZLVH RYHUODSSLQJ
GDWD SRLQWV�

)LJXUH ����� 6FDWWHU SORWV RI WKH UXQQLQJ WLPH RI WKH 53) ZLWK UHVSHFW WR z �RQ WKH OHIW�
DQG p �RQ WKH ULJKW�� (DFK FDOO LV UHSUHVHQWHG E\ D SRLQW� 7KH GLPHQVLRQ RI WKH PDUNHU LV
SURSRUWLRQDO WR WKH QXPEHU RI HSRFKV HYDOXDWHG LQ WKDW FDOO� 1RWH WKDW WKH YDOXHV RQ WKH
[�D[LV DUH QRW LQ VFDOH�

,Q )LJXUH ���� WKH SORWV RI WKH rt ZLWK UHVSHFW WR z DQG p DUH YLVXDOL]HG� $JDLQ� ZH KDYH
WKH LQIRUPDWLRQ DERXW WKH FRQILJXUDWLRQ DQG n� DV EOXH ELJJHU SRLQWV DUH KLJKHU WKDQ EOXH
VPDOOHU SRLQWV� DQG EOXH SRLQWV DUH KLJKHU WKDQ WKH JUHHQ DQG UHG SRLQWV ZLWK WKH VDPH
VL]H�

1HZ NQRZOHGJH LV EURXJKW E\ WKH IDFW WKDW WKH GLVWULEXWLRQV RI rt DUH WKH VDPH IRU DOO WKH
YDOXHV RI z DQG p� 7KH FRQFOXVLRQ LV WKDW WKH UXQQLQJ WLPH� DV H[SHFWHG� LV LQGHSHQGHQW
RI z DQG p�

7KLV IDFW LV OHVV H[SHFWHG� ,Q IDFW� IURP WKH WKHRU\� ZH NQRZ WKDW WKH WLPH WR UXQ WKH DOJR�
ULWKP VKRXOG EH GHSHQGHQW DOVR RQ WKH QXPEHU RI XSGDWHV RI WKH EDVHOLQH PDWUL[� ZKLFK LV
GHSHQGHQW RQ WKH z DQG p YDOXHV� ,Q IDFW� IRU H[DPSOH� LI p = 1� DOO HSRFKV DUH FRQVLGHUHG
FOHDQ DQG HDFK VKRXOG PDNH WKH 53) EDVHOLQH XSGDWH� VORZLQJ WKH FRPSXWDWLRQ� 2Q WKH
RWKHU VLGH� p = 0 VKRXOG FRQVLGHU DOO HSRFKV DV DUWLIDFWV DQG QHYHU XSGDWH WKH PDWUL[ RI
EDVHOLQH�

$V FDQ EH VHHQ E\ WKH H[SHULPHQWV� WKRXJK� QRQH RI WKHVH LQIOXHQFH VLJQLILFDQWO\ WKH
FRPSXWDWLRQ� 1R LQ GHHS DQDO\VLV RQ WKLV DVSHFW DUH SUHVHQW LQ WKH SDSHU IURP %DUWKHOHP\
HW DO� >��@�

��



$QDO\VLV RI UW YV Q

)LQDOO\� rt ZLWK UHVSHFW WR n LV UHSRUWHG EHORZ� )LUVWO\� D OLQHDU SORW LV VKRZQ WR KLJKOLJKW WKH
OLQHDU GHSHQGHQFH EHWZHHQ n DQG rt� WKHQ D ORJ�ORJ SORW LV VKRZQ WR EHWWHU YLVXDOL]H WKH
GDWD� $OVR LQ WKLV FDVH� KRUL]RQWDO MLWWHU LV DGGHG WR FOHDUHU YLVXDOL]DWLRQV�

)LJXUH ����� 6FDWWHU SORWV RI WKH UXQQLQJ WLPH RI WKH 53) ZLWK UHVSHFW WR n�

$V H[SHFWHG� WKH rt GHSHQGV KHDYLO\ RQ WKH QXPEHU RI HSRFKV n� ,Q IDFW� ZKHQ n LQFUHDVHV�
WKH DYHUDJH rt LQFUHDVHV OLQHDUO\� DV VKRZQ LQ )LJXUH ����� 7KLV YLVXDOL]DWLRQ FOXVWHUV WKH
VPDOO YDOXHV� VR D ORJ�ORJ SORW LV UHSRUWHG EHORZ�

)LJXUH ����� 6FDWWHU SORWV RI WKH UXQQLQJ WLPH RI WKH 53) ZLWK UHVSHFW WR n�

,Q WKH ILJXUH DERYH� WKH VPDOO YDOXHV RI n DUH EHWWHU YLVXDOL]HG� )RU H[DPSOH� LW LV SRVVLEOH
WR QRWH WKDW IRU YDOXHV RI n < 1000� WKH rt LV ORZHU WKDQ WKH RQH H[SHFWHG IURP WKH ILWWLQJ�

��



7KLV PHDQV WKDW WKHUH DUH VRPH DGGLWLRQDO SURFHVVHV WKDW VORZ GRZQ WKH FRPSXWDWLRQ
ZKHQ WKH QXPEHU RI HSRFKV LQFUHDVHV� 0RVW SUREDEO\ WKLV LV GXH WR WKH LQWHUQDO FRVWV RI
WKH 3\WKRQ ODQJXDJH�

$QDO\VLV RI UW YV FK

,Q WKH IROORZLQJ JUDSK� WKH UXQQLQJ WLPHV ZLWK UHVSHFW WR WKH QXPEHU RI FKDQQHOV IRU HDFK
SRWDWR DUH VKRZQ� ,Q SDUWLFXODU� ERWK WKH WRWDO UXQQLQJ WLPH IRU WKH HQWLUH DOJRULWKP DQG
WKH WLPH IRU WKH FRYDULDQFH PDWUL[ FRPSXWDWLRQ LV UHSRUWHG� (DFK GDWD SRLQW LV VKRZQ ZLWK
D PDUNHU� IRU ZKLFK LWV GLPHQVLRQ LV SURSRUWLRQDO WR WKH QXPEHU RI SRWDWRHV LQ WKDW ILHOG�
,Q WKLV ZD\� LW¶V PRUH LQWXLWLYH WR FRPSDUH ILHOGV ZLWK WKH VDPH QXPEHU RI SRWDWRHV� EXW
D GLIIHUHQW QXPEHU RI FKDQQHOV IRU HDFK RI WKHP� $ ILW LV UXQ RYHU WKH GHVLJQV ZLWK WKH
PD[LPXP QXPEHU RI SRWDWRHV� WR VKRZ WKH UHODWLRQVKLS DYHUDJLQJ RXW WKH FRQWULEXWLRQ
JLYHQ E\ D GLIIHUHQW pt�

)LJXUH ����� 6FDWWHU SORWV RI WKH UXQQLQJ WLPH RI WKH 53) ZLWK UHVSHFW WR ch� (DFK SRLQW
UHSUHVHQWV D FRPELQDWLRQ RI pt DQG ch� 7KH VL]H RI WKH PDUNHU LV SURSRUWLRQDO WR pt

$V H[SHFWHG� WKH UHODWLRQVKLS LV RYHU WKDQ OLQHDU� 0RUH GDWD SRLQWV ZRXOG EH QHFHVVDU\
IRU DFKLHYLQJ D EHWWHU HVWLPDWLRQ� EXW LW LV FOHDU WKDW WKH UHODWLRQVKLS LV KLJKHU WKDQ WKH ILUVW
GHJUHH� ,W LV DOVR UDWLRQDO WKDW� ZLWK D SDULW\ RI FKDQQHOV IRU HDFK SRWDWR� D KLJKHU DPRXQW
RI SRWDWRHV UHVXOW LQ D VORZHU FRPSXWDWLRQ� DV WKH DOJRULWKP QHHGV WR EH UXQ PRUH WLPHV�

,Q DGGLWLRQ� DJDLQ SUHGLFWHG E\ WKH WKHRU\� WKH FRYDULDQFH WLPH GRPLQDWHV WKH WRWDO UXQQLQJ
WLPH RI WKH DOJRULWKP� ,Q IDFW� WKH FRPSXWDWLRQ RI WKH FRYDULDQFH PDWULFHV LV WKH KHDYLHVW
WDVN RI WKH 53)� 7KH SURSRUWLRQV RI FRPSXWDWLRQ WLPH RYHU WRWDO WLPH� ZKHQ WKH GHVLJQ KDV
�� SRWDWRHV� DUH [85.18, 86.69, 87.99, 89.60, 91.01] UHVSHFWLYHO\ IRU [2, 4, 8, 16, 32] FKDQQHOV
IRU HDFK SRWDWR� UHIOHFWLQJ WKH SUHGRPLQDQFH RI WKH FRYDULDQFH PDWULFHV FRPSXWDWLRQ WLPH�
,W LV DOVR LQWHUHVWLQJ WR QRWH WKDW WKH SURSRUWLRQ LQFUHDVHV ZLWK WKH QXPEHU RI FKDQQHOV�
7KH FRPSXWDWLRQ RI WKH PDWULFHV ZHLJKV LQFUHDVLQJO\ PRUH RQ WKH WRWDO WLPH EHFDXVH WKDW
RYHUWDNHV WKH FRUROODU\ IL[HG VHWXS FRVWV RI WKH SUDFWLFDO DOJRULWKP IURP 3\WKRQ�

��



$QDO\VLV RI UW YV SW

,Q WKH ILJXUH EHORZ� WKH UXQQLQJ WLPHV ZLWK UHVSHFW WR WKH QXPEHU RI FKDQQHOV IRU HDFK
SRWDWR DUH VKRZQ� $V EHIRUH� ERWK WKH WRWDO UXQQLQJ WLPH IRU WKH HQWLUH DOJRULWKP DQG WKH
WLPH IRU WKH FRYDULDQFH PDWUL[ FRPSXWDWLRQ DUH UHSRUWHG� $JDLQ DV LQ WKH SUHYLRXV FDVH�
HDFK GDWD SRLQW LV VKRZQ ZLWK D PDUNHU� EXW WKLV WLPH LWV GLPHQVLRQ LV SURSRUWLRQDO WR WKH
QXPEHU RI FKDQQHOV LQ WKDW ILHOG� ,Q WKLV ZD\� LW¶V PRUH LQWXLWLYH WR FRPSDUH ILHOGV ZLWK
WKH VDPH QXPEHU RI FKDQQHOV IRU HDFK SRWDWR� EXW D GLIIHUHQW QXPEHU RI SRWDWRHV� $ ILW
LV UXQ RYHU WKH GHVLJQV ZLWK WKH PD[LPXP QXPEHU RI FKDQQHOV� WR VKRZ WKH UHODWLRQVKLS
DYHUDJLQJ RXW WKH FRQWULEXWLRQ JLYHQ E\ GLIIHUHQW ch�

)LJXUH ����� 6FDWWHU SORWV RI WKH UXQQLQJ WLPH RI WKH 53) ZLWK UHVSHFW WR pt� (DFK SRLQW
UHSUHVHQWV D FRPELQDWLRQ RI pt DQG ch� 7KH VL]H RI WKH PDUNHU LV SURSRUWLRQDO WR ch�

)URP )LJXUH ���� DERYH� LW LV FOHDU WKDW WKHUH LV D OLQHDU UHODWLRQVKLS EHWZHHQ WKH QXPEHU
RI SRWDWRHV pt IRU D GHVLJQ DQG WKH UXQQLQJ WLPH RI WKH DOJRULWKP ZKHQ RQO\ GHVLJQV ZLWK
WKH VDPH QXPEHU RI FKDQQHOV SHU SRWDWR DUH WDNHQ�

7KLV ZDV H[SHFWHG IURP WKH WKHRU\� ,Q IDFW� WKH FRYDULDQFH FRPSXWDWLRQ WLPH LV SURSRUWLRQDO
WR WKH FXEH RI WKH QXPEHU RI FKDQQHOV IRU WKH SDUWLFXODU SRWDWR� EXW WKHQ WKH VLQJXODU SRWDWR
WLPHV DUH RQO\ DGGHG WRJHWKHU� ,Q WKLV H[SHULPHQWDO VHWXS LQ ZKLFK DOO SRWDWRHV KDYH WKH
VDPH QXPEHU RI FKDQQHOV� WKLV UHVXOWV LQ D PXOWLSOLFDWLRQ �L�H� VXPPLQJ WKH VDPH WLPH IRU
D pt DPRXQW RI WLPH� KHQFH LQ D OLQHDU UHODWLRQVKLS�

$V IRU WKH SUHYLRXV JUDSK� LW FDQ EH VHHQ WKDW WKH FRYDULDQFH WLPH GRPLQDWHV WKH WRWDO
WLPH� $ERXW ��� RI WKH WLPH LV VSHQW RQ WKH FRYDULDQFH PDWUL[ FRPSXWDWLRQ�

��



��� 'LVFXVVLRQ DQG IXWXUH ZRUN
$OO WKH WLPH DQDO\VLV UHVXOWV ZLWK UHVSHFW WR WKH GLIIHUHQW SDUDPHWHUV DQG GHVLJQV RSWLRQV
RI WKH ILHOGV �L�H� DPRXQW RI FKDQQHOV DQG QXPEHU RI SRWDWRHV� ZHUH H[SHFWHG IURP WKH
WKHRU\ DQG DUH FRPSDUDEOH ZLWK WKH RQHV REWDLQHG LQ WKH PDLQ UHIHUHQFHG SDSHUV >��@>��@�

2Q WKH RWKHU KDQG� LI VRPH SDUDPHWHUV REWDLQHG DUH VLPLODU WR WKH RQHV XVHG LQ >��@� IRU
H[DPSOH� WKH p YDOXH �L�H� p = 0.0058 YV p = 0.001� DQG WKH o YDOXH �L�H� o = 0.4 YV
o = 0.5�� WKH RWKHU SDUDPHWHUV �L�H� l DQG p� DUH YHU\ GLIIHUHQW� ,W LV LPSRUWDQW WR UHPHPEHU�
WKRXJK� WKH GLIIHUHQW PHWKRGV XVHG� ,Q WKH SDSHU IURP %DUWKHOHP\ HW DO�� z KDV EHHQ
FKRVHQ IURP D VWDWLVWLFDO SRLQW RI YLHZ� DQG l KDV EHHQ FKRVHQ DUELWUDULO\ IURP FRPPRQ
VHQVH� ,Q WKLV FDVH� WKH FKRLFH RI WKH SDUDPHWHUV KDV EHHQ GRQH IURP D K\SHUSDUDPHWHU
WXQLQJ SHUVSHFWLYH� KHQFH WKH SDUDPHWHUV JLYLQJ WKH EHVW UHVXOWV KDYH EHHQ VHOHFWHG�
7KLV GLIIHUHQFH KDV DOVR EHHQ KLJKOLJKWHG LQ WKH UHVXOWV DQG FRQFOXVLRQV VHFWLRQ� LQ ZKLFK
WKH LQYHUVH SURSRUWLRQ EHWZHHQ z DQG l LV VKRZQ� ,Q IDFW� XVXDOO\� DOVR WKH ZLQGRZ VL]H LV
WDNHQ LQWR DFFRXQW LQ WKH ]�VFRUH FRPSXWDWLRQ� DQG WKLV UHODWLRQ LV KLJKOLJKWHG� ,Q WKLV FDVH�
LQVWHDG� WKH FRPSXWDWLRQ RI WKH ]�VFRUH LV LQGHSHQGHQW RI WKH VDPSOH VL]H� DQG WKHUHIRUH�
XVLQJ D GLIIHUHQW ZLQGRZ VL]H l� DOVR z QHHGV WR DGDSW�

,W¶V QRW SRVVLEOH WR FRPSDUH WKH DFFXUDF\ REWDLQHG LQ WKLV SURMHFW ZLWK RWKHU ZRUNV� DQG WKLV
LV EHFDXVH WKH UHIHUHQFH SDSHU IRFXVHG RQ WKH FRPSDULVRQV DPRQJ GLIIHUHQW FDOLEUDWLRQV
DQG VHWXSV RI WKH 53)� DQG RQO\ FRPSDUDWLYH SHUIRUPDQFHV ZHUH JLYHQ� ,Q DGGLWLRQ� WKH
GHVLJQ LV VSHFLILF IRU HDFK KHDGVHW� VR QR EHQFKPDUNV ZHUH DYDLODEOH IRU %UDLQ&DSWXUH¶V
GDWD�VSHFLILF FDVH� )LQDOO\� PRVW RI WKH OLWHUDWXUH LQ WKH DXWRPDWLF ((* DUWLIDFW GHWHFWLRQ
XVHV WKH )� VFRUH LQVWHDG� WR EH LQGHSHQGHQW RI WKH XVXDO GDWDVHW XQEDODQFH� ,Q WKLV FDVH�
LQVWHDG� DV WKH JRDO ZDV GULYHQ E\ D UHDO DSSOLFDWLRQ DQG XVHUV¶ QHHGV� WKH )� VFRUH KDV
EHHQ SUHIHUUHG WR SULYLOHJH IDOVH SRVLWLYHV DQG WR EH VXUH QRW WR PLVV DQ\ DUWLIDFW HSRFK�
,Q WKLV FRQWH[W� DQ H[DPSOH RI WKH GLIIHUHQW VFRUHV WKDW ZRXOG KDYH EHHQ REWDLQHG IRU WKH
EHVW PRGHO E\ )� VFRUH LQ WKH ODVW LWHUDWLRQ RI K\SHUSDUDPHWHUV WXQLQJ LV VKRZQ LQ )LJXUH
����� ,Q SDUWLFXODU� $8&� )�� DQG )� VFRUHV DUH VKRZQ�

)LJXUH ����� &RPSDULVRQ RI GLIIHUHQW PHDVXUHPHQW VFRUHV �)�� )�� DQG 52& $8&�� )RU
HDFK VFRUH� WKH SUHGLFWLRQ RI WKH EHVW PRGHO E\ )� �FDOOHG ´$FWXDO YDOXHV´� LV FRPSDUHG
ZLWK WKUHH EDVHOLQHV� UDQGRP JXHVV� HDFK HSRFK ODEHOHG DUWLIDFW� DQG D JXHVV SURSRUWLRQDO
WR WKH ´FOHDQ´�´DUWLIDFW´ HSRFKV UDWLR LQ WKH UHFRUGLQJV�

��



2EYLRXVO\� WKH )� VFRUH LV WKH KLJKHVW IRU WKH DFWXDO PRGHO� ZKLFK KDV EHHQ RSWLPL]HG
ZLWK WKDW JRDO� ,W LV LQWHUHVWLQJ WR QRWH KRZ LW ZRXOG KDYH FKDQJHG ZLWK WKH RWKHU PHWKRGV�
,Q IDFW� IRU WKH )� VFRUH �WKDW ZHLJKWV UHFDOO DQG SUHFLVLRQ HTXDOO\�� WKH VFRUH LV ORZHU
EHFDXVH� LQ WKH ILQDO EHVW PRGHO� PDQ\ FOHDQ HSRFKV DUH SUHGLFWHG DV DUWLIDFWV WR QRW PLVV
DQ\ DUWLIDFW HSRFKV� 7KLV GHFUHDVHV WKH SUHFLVLRQ� ZKLFK KDV D PRUH VLJQLILFDQW LPSDFW
RQ WKH )� VFRUH� )RU $8& WKH H[SODQDWLRQ LV VLPLODU� DV LW LV LQGHSHQGHQW RI WKH EDODQFH
EHWZHHQ WKH FODVVHV� DQG LW LV D PHDVXUH RI VHSDUDELOLW\� $OVR� LQ WKLV FDVH� WKH KLJK UDWLR RI
IDOVH SRVLWLYHV GHFUHDVHV WKH ILQDO VFRUH� ([DFWO\ WKH VDPH FRQVLGHUDWLRQV FDQ EH PDGH
IRU WKH EDVHOLQHV� ,Q SDUWLFXODU� WKH ´DUWLIDFW´ EDVHOLQH LV KLJKHU IRU WKH )� VFRUH EHFDXVH LW
ZHLJKWV WKH UHFDOO PRUH� DQG WKH UHFDOO LV RI FRXUVH PD[LPXP LI DOO HSRFKV DUH FRQVLGHUHG
DUWLIDFWV� )RU DQ\ PHDVXUHPHQW� WKH DFWXDO PRGHO SHUIRUPV EHWWHU WKDQ WKH UHVSHFWLYH
EDVHOLQHV�

7KH EHVW RXWFRPHV IURP WKH UHIHUHQFHG SDSHU KDYH EHHQ XVHG IRU WKLV SURMHFW� 7KXV�
WKH 53) LQVWHDG RI WKH 53 DQG VHPL�RQOLQH FDOLEUDWLRQ KDYH EHHQ XVHG >��@� ([DFWO\ DV
LQ WKH SDSHU� PDQ\ RWKHU LPSURYHPHQWV FDQ EH LPSOHPHQWHG� )RU H[DPSOH� WKH IL[HG
SRLQW 5LHPDQQLDQ PHDQ LQVWHDG RI WKH JUDGLHQW� ZKLFK VKRXOG VSHHG XS WKH FRPSXWDWLRQV
NHHSLQJ WKH VDPH DFFXUDF\� IRU D KLJK DPRXQW RI PDWULFHV� $OVR� DOO HTXDWLRQV ������ ������
������ ������ DQG ����� FDQ EH UHSODFHG ZLWK WKHLU JHRPHWULF YHUVLRQV >��@� PRUH VWDEOH
WRZDUGV RXWOLHUV�

,W LV LPSRUWDQW WR UHPHPEHU WKDW WKH GHVLJQ RI WKH ILHOG LV ERXQG WR WKH VSHFLILF KHDGVHW� ,Q
RWKHU ZRUGV� D QHZ VHW RI VSDWLDO ILOWHUV PXVW EH GHVLJQHG IRU HDFK QHZ FDS� 7KLV IDFW LV
QRW SUREOHPDWLF DW WKLV VWDJH� DQG NQRZLQJ WKH YLVLRQ RI WKH FRPSDQ\ QHLWKHU LQ WKH QH[W
IXWXUH� %XW LW FRXOG EHFRPH D SUREOHP LI� IRU H[DPSOH� PDQ\ FDSV DQG FRQILJXUDWLRQV DUH
JRLQJ WR EH XVHG IRU GLIIHUHQW SXUSRVHV E\ %UDLQ&DSWXUH� ,Q JHQHUDO� WKLV LV D SUREOHP IRU
JHQHUDELOLW\ DQG WUDQVIHU OHDUQLQJ� ,Q WKH IROORZLQJ LWHUDWLRQV� IURP HOHFWURGH�EDVHG VSDWLDO
ILOWHUV� UHJLRQ�EDVHG VSDWLDO ILOWHUV FDQ EH GHVLJQHG� ZLWK D WUDQVODWLRQ PDS EDVHG RQ VFDOS
ORFDWLRQV RI WKH HOHFWURGHV�

$OVR� WKH WUDQVIHU OHDUQLQJ SRVVLELOLWLHV KDYH EHHQ H[SORUHG RQO\ EULHIO\� DQG WKH\ ZHUH
EDVHG RQ WKH JHQHUDOL]DWLRQ HUURU JLYHQ E\ WUDLQLQJ WKH DOJRULWKP LQ GLIIHUHQW VXEMHFWV� ,Q
WKH IXWXUH� LW LV IXQGDPHQWDO WR LQVSHFW DQG H[SORUH WKLV DVSHFW PRUH� WR XQGHUVWDQG WR
ZKLFK H[WHQW LW LV SRVVLEOH WR WUDQVIHU WKH NQRZOHGJH �L�H� K\SHUSDUDPHWHUV DQG EDVHOLQH
PDWUL[� WR QHZ VXEMHFWV� ,Q WKLV XVH FDVH� WKH WUDQVIHU OHDUQLQJ LV KHOSHG E\ WKH FDOLEUDWLRQ
VHFWLRQ� WKXV WKH VHPL�G\QDPLF PDQQHU� ,Q DGGLWLRQ� LQ WKH VWDQGDUG ((* VFDQ� WKH ILUVW
H[HUFLVHV FRQVLVW RI WKH FUHDWLRQ RI DUWLIDFWV WR JLYH WKH GRFWRU D UHIHUHQFH� 7KLV VHFWLRQ
FDQ EH XVHG DV JURXQG WUXWK LQ H[DFWO\ WKH VDPH ZD\ WKH WUDLQLQJ KDG EHHQ SHUIRUPHG LQ
WKLV SURMHFW�

$Q DVSHFW WKDW KDVQ¶W EHHQ H[SORLWHG EXW LV RI LQFUHGLEOH SRWHQWLDOLW\ IRU IXWXUH LWHUDWLRQV
LV WKH FRPSXWDWLRQ RI WKH S�YDOXH� ,Q IDFW� )LVKHU¶V PHWKRG FRPELQHV DOO WKH SRWDWRHV
JLYLQJ WKHP WKH VDPH ZHLJKW� $ VWXG\ RI KRZ GLIIHUHQW ZHLJKWV LQIOXHQFH WKH LPSRUWDQFH
DWWULEXWHG WR HDFK SRWDWR FRXOG EH DVVHVVHG� SULRULWL]LQJ FHUWDLQ DUWLIDFWV RYHU RWKHUV�

,Q DGGLWLRQ� WKH UROH RI WKH FDOLEUDWLRQ FDQ EH LQVSHFWHG LQ PRUH GHWDLO� ,Q IDFW� FDOLEUDWLRQ
LV D IXQGDPHQWDO DVSHFW IRU WKH ILQDO SHUIRUPDQFH� ,Q WKH UHIHUHQFH SDSHU >��@ D UREXVW
FDOLEUDWLRQ LV SURSRVHG� IROORZLQJ D SURFHGXUH VWDQGDUGO\ XVHG� +HQFH� FROOHFWLQJ WKH
FRYDULDQFH PDWULFHV LQ D VHW DQG DSSO\LQJ WKH ILUVW FDOLEUDWLRQ� WKHQ XVLQJ WKLV ILUVW EDVHOLQH
PDWUL[ WR UHMHFW DUWLIDFW HSRFKV IURP WKH LQLWLDO VHW� DQG UHSHDWLQJ WKH FDOLEUDWLRQ ZLWK RQO\
WKH PDWULFHV UHPDLQLQJ� 7KLV WZR�OD\HUV FDOLEUDWLRQ FDQ EH HDVLO\ LPSOHPHQWHG LQ WKH
IXWXUH�

��



7KH OHDUQLQJ UDWH KDV QRW EHHQ WDNHQ LQWR WKH DQDO\VLV EXW LW FDQ EH UHYHDOHG RI H[WUHPH
LPSRUWDQFH� ,Q IDFW� WKH DOSKD SDUDPHWHU KDV EHHQ VHW FRQVWDQW WR 0.01� 7KLV PHDQV WKDW�
IRU HDFK FOHDQ HSRFK� WKH EDVHOLQH PDWUL[ VKLIWV RI �� WRZDUG WKH QHZ PDWUL[� DV ZHOO
DV WKH PHDQ DQG WKH VWDQGDUG YDULDWLRQ RI WKH z VWDWLVWLF� 7KLV SDUDPHWHU FDQ SRWHQWLDOO\
FKDQJH GUDVWLFDOO\ WKH EHKDYLRU RI WKH FODVVLILHU� XSGDWLQJ WKH EDVHOLQH WR WKH GULIWV RI WKH
V\VWHP� ,Q IDFW� ELJJHU YDOXHV RI α LQGXFH WKH V\VWHP WR EH IOH[LEOH DQG WR IROORZ WKH
QDWXUDO V\VWHPDWLF FKDQJHV RI WKH VLJQDO DV EDVHOLQH GULIWV GXH WR SK\VLRORJLFDO FKDQJHV
�H�J� VZHDWLQJ� HOHFWURGH PRYHPHQWV������ RU SV\FKRORJLFDO GLIIHUHQFHV GXH WR IDWLJXH �H�J�
LQGXFLQJ PRUH H\HV PRYHPHQWV�� DWWHQWLRQ VWDWH �H�J� IHZHU DOSKD ZDYHV�� DQG UHOD[DWLRQ
�H�J� LQLWLDO VWUHVV GXH WR WKH QHZ HQYLURQPHQW DQG WHVWV�� 2Q WKH RWKHU KDQG� VPDOOHU
YDOXHV RI α NHHS WKH V\VWHP PRUH VWDEOH DQG SUHYHQW LW WR DGDSW WR UHSHWLWLYH DUWLIDFWV LQ
WKH VLJQDO� )RU DOO WKHVH UHDVRQV� WKLV SDUDPHWHU KDV WR EH GHHSO\ DQDO\]HG LQ WKH IXWXUH�

)LQDOO\� LW KDV WR EH UHPHPEHUHG WKDW WKH 53) DOJRULWKP KDV EHHQ WUDLQHG DQG JHQHUDOL]HG
RQO\ RQ WZR UHFRUGLQJV� WKXV WKH UHVXOWV FDQ EH LPSURYHG E\ DQQRWDWLQJ DQG LQVHUWLQJ LQ
WKH SLSHOLQH PRUH ILOHV�
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� 53) LPSOHPHQWDWLRQ IRU HPEHGGHG
V\VWHPV

��� 0HWKRGV
,Q WKLV VHFWLRQ� WKH PHWKRGV XVHG IRU LPSOHPHQWLQJ DQG WHVWLQJ WKH FRGH LQ 3\WKRQ DQG
-DYD IRU WKH 53) DOJRULWKP� DQG LQ .RWOLQ IRU WKH LQWHJUDWLRQ RI WKH DOJRULWKP LQ WKH $QGURLG
PRELOH DSS DUH GHVFULEHG�

����� 3\WKRQ SURJUDPPLQJ � XVDJH RI WKH S\5LHPDQQ OLEUDU\
3\WKRQ H[DPSOHV RI WKH 3RWDWR ILHOG ZHUH UHIHUHQFHG LQ WKH SDSHU E\ 4XHQWLQ %DUWKqOHP\
HW DO >��@� ,Q SDUWLFXODU� WKH S\5LHPDQQ >��@ S\WKRQ OLEUDU\ ZDV XVHG� 7KH OLEUDU\ S\5LH�
PDQQ LPSOHPHQWV VHYHUDO GLVWDQFH PHDVXUHPHQWV� FOXVWHULQJ� DQG OLQHDU DOJHEUD PHWK�
RGV EDVHG RQ WKH 5LHPDQQLDQ JHRPHWU\� XVHG IRU EXLOGLQJ XS WKH IXQFWLRQV QHFHVVDU\ IRU
WKH DOJRULWKP� 7KH H[DPSOHV JLYHQ KDYH EHHQ PRGLILHG WR FRPSO\ ZLWK WKH QHFHVVLWLHV IRU
WKH ILHOG GHVLJQ DQG WKH WXQLQJ RI WKH SDUDPHWHUV�
7KH FRGH GHYHORSHG FDQ EH IRXQG SXEOLVKHG RQ *LW+XE >��@� ,Q SDUWLFXODU� ZLWK UHVSHFW
WR WKH H[DPSOH IRXQG LQ WKH $3, JDOOHU\ H[DPSOHV� >��@� RQO\ WKH 5LHPDQQLDQ SRWDWR ILHOG
�53)� PHWKRG ZDV NHSW� OHDYLQJ RXW WKH 5LHPDQQLDQ SRWDWR �53� PHWKRG� 7KLV LV EH�
FDXVH� LQ WKH ILUVW LWHUDWLRQ RI WKH SURMHFW� RQO\ WKH 53) ZDV RI LQWHUHVW� ,Q DGGLWLRQ� WKH
YLVXDOL]DWLRQ RI WKH UHDO�WLPH VLPXODWLRQ KDV EHHQ UHPRYHG� DQG WKH )� PHDVXUHPHQW WHVW
KDV EHHQ LPSOHPHQWHG LQVWHDG� 0RUHRYHU� DOO WKH LPSOHPHQWDWLRQV IRU WKH DXWRPDWLF WXQ�
LQJ RI WKH SDUDPHWHUV � L�H� WHVWLQJ DOO WKH GLIIHUHQW FRQILJXUDWLRQV � KDYH EHHQ ZULWWHQ IURP
VFUDWFK� $OO WKH SLSHOLQH KDV EHHQ DXWRPDWL]HG�

����� -DYD SURJUDPPLQJ � WUDQVODWLRQ DQG UHIDFWRULQJ RI WKH S\WKRQ FRGH
DQG OLEUDULHV

$V WKH PDLQ REMHFWLYH RI WKH WKHVLV ZDV WR WHVW WKH IHDVLELOLW\ RI WKH TXDOLW\ IHDWXUH� LW ZDV
QHFHVVDU\ WR UH�LPSOHPHQW WKH 3\WKRQ OLEUDULHV DQG WKH 53) DOJRULWKP LQWR -DYD ODQJXDJH�
WR PDNH LW UXQQDEOH RQ DQ HPEHGGHG SODWIRUP � LQ SDUWLFXODU� WKH $QGURLG V\VWHP� $V
D VHFRQG VWHS� WKH DOJRULWKP ZLOO QHHG WR FRRSHUDWH ZLWK WKH .RWOLQ ODQJXDJH� )RU WKLV
UHDVRQ� D FRQVLGHUDEOH SDUW RI WKH SURMHFW KDV EHHQ IRFXVHG RQ WKH WUDQVODWLRQ RI 3\WKRQ
FRGH�

$IWHU D WKRURXJK H[DPLQDWLRQ RI WKH SURJUDP DQG DOO WKH OLEUDULHV LQ 3\WKRQ� D OLVW RI IXQF�
WLRQDOLWLHV QHFHVVDU\ IRU WKH ORJLF RI WKH DOJRULWKP ZDV GUDZQ XS� 7KH EDVLF RSHUDWLRQV
WKDW WKH SURJUDP PXVW FRPSOHWH DUH� ILUVW RI DOO� WKH FRPSXWDWLRQ RI FRYDULDQFH PDWULFHV�
QRUPDOL]HG FRYDULDQFH PDWULFHV �XVHIXO IRU QHJOHFWLQJ VLJQDO SRZHU�� DQG UHJXODULVHG FR�
YDULDQFH PDWULFHV �IRU VWDELOLW\ UHDVRQV��

6HFRQGO\� EDVLF IXQFWLRQV RI OLQHDU DOJHEUD DQG PDWUL[ FDOFXOXV VXFK DV PXOWLSOLFDWLRQ�
VXPPDWLRQ� SRZHU HOHYDWLRQ� LQYHUVLRQ� H[SRQHQWLDO� ORJDULWKP� DQG H[WUDFWLRQ RI HLJHQ�
YDOXHV RI PDWULFHV DUH QHHGHG WR PDQLSXODWH WKH IXQGDPHQWDO REMHFWV LQ HODERUDWLRQ� ,Q
DGGLWLRQ� LW LV QHFHVVDU\ WR KDYH VLJQDO SURFHVVLQJ IXQFWLRQDOLWLHV� LQ SDUWLFXODU� WR EH DEOH
WR ILOWHU WKH VLJQDO�

)XUWKHUPRUH� WKH ORJLFDO EXLOGLQJ EORFNV RQ ZKLFK WKH HQWLUH WKHRU\ LV EDVHG DUH WKH RSHU�
DWLRQV RI 5LHPDQQ JHRPHWU\ RQ WKH VSDFHV RI V\PPHWULF SRVLWLYH GHILQLWH �63'� PDWULFHV
� WKH FRYDULDQFH PDWULFHV � VXFK DV WKH 5LHPDQQ GLVWDQFH� WKH 5LHPDQQ PHDQ� WKH (X�
FOLGHDQ PHDQ� DQG JHRGHVLFV�

��



)LQDOO\� VRPH VWDWLVWLFDO WRROV DUH QHHGHG� VXFK DV WKH FXPXODWLYH GHQVLW\ IXQFWLRQ IRU
JDXVVLDQ DQG FKL�VTXDUH GLVWULEXWLRQV�

0RVW RI WKH RSHUDWLRQV DERYH KDYH EHHQ WUDQVODWHG LQWR VWDWLF IXQFWLRQV IRU XVDELOLW\ DQG
HDVH RI LPSOHPHQWDWLRQ� DQG WR DOLJQ ZLWK WKH .RWOLQ ODQJXDJH� ZKLFK SUHIHUV VWDQGDORQH
IXQFWLRQV� ,Q DQ\ FDVH� VRPH FODVVHV KDYH EHHQ LQWURGXFHG LQ WKH FRGH WR JLYH VWUXFWXUH
WR WKH SURJUDP� VXFK DV WKH FODVV ´3RWDWR´ DQG ´3RWDWR)LHOG´ ZKLFK FRQWDLQ GHILQLWLRQV
RI WKH VWUXFWXUDO HOHPHQWV RI WKH DOJRULWKP� ,Q SDUWLFXODU� DQ REMHFW RI WKH ´3RWDWR)LHOG´
FODVV PDLQWDLQV D OLVW RI ´3RWDWR´ REMHFWV� HDFK RI WKHP VWRUHV WKH SURSHUWLHV RI WKH SRWDWR
� FXW RII IUHTXHQFLHV DQG HOHFWURGHV RI LQWHUHVWV �L�H� IUHTXHQF\ DQG VSDWLDO ILOWHULQJ� � DQG
VXSSRUWLQJ IXQFWLRQV DV ´ILW´� ´SDUWLDOBILW´ DQG ´SUHGLFWBSUREDELOLW\´ IRU WKH FODVVLILFDWLRQ RI
WKH GLIIHUHQW VLJQDO¶V SRUWLRQV�

,Q )LJXUH ��� EHORZ� WKH FRQWDLQHU FODVVHV DQG WKHLU IXQFWLRQV DUH YLVXDOL]HG�

)LJXUH ���� 9LVXDOL]DWLRQ RI WKH FRQWDLQHU FODVVHV 3RWDWR DQG 3RWDWR )LHOG� ´�´� SXEOLF
DWWULEXWH RU PHWKRG�

,W FDQ EH VHHQ� IURP WKH ILJXUH� WKDW WKH FODVVHV LPSOHPHQW WKH PDLQ IXQFWLRQDOLWLHV RI WKH
53 DQG 53) DOJRULWKPV� 7KH 3RWDWR)LHOG FODVV UHOLHV RQ WKH 3RWDWR RQH� ,Q WKH PRELOH
DSSOLFDWLRQ� RQO\ PHWKRGV RI WKH 3RWDWR)LHOG FODVV DUH JRLQJ WR EH FDOOHG� ,Q SDUWLFXODU� DW
WKH LQLWLDOL]DWLRQ RI WKH DSS� DQ LQVWDQFH RI WKH 53) LV FUHDWHG ZLWK WKH FRQVWUXFWRU� $IWHU
FROOHFWLQJ WKH HSRFKV IRU WKH FDOLEUDWLRQ� WKH ´ILW)LHOG´ PHWKRG LV FDOOHG WR LQLWLDOL]H WKH ILHOG�
7KHQ WKH ´SUHGLFW)LHOG´ PHWKRG LV FDOOHG IRU HDFK QHZ HSRFK� DQG WKH ´SDUWLDO)LW)LHOG´
XSGDWHV WKH SRWDWRHV LI WKH HSRFK LV FOHDQ� ,QWHUQDOO\� WKH 3RWDWR)LHOG LQVWDQFH FDOOV WKH
UHVSHFWLYH 3RWDWR PHWKRGV IRU HDFK SRWDWR RI WKH ILHOG� KHQFH LPSOHPHQWLQJ WKH DOJRULWKPV
VKRZQ LQ WKH SUHYLRXV FKDSWHU�

,Q WKH IROORZLQJ )LJXUH ���� WKH DX[LOLDU\ FODVVHV IRU WKH PHWKRGV DERYH DUH VKRZQ� $OO
WKHVH PHWKRGV DUH FDOOHG E\ WKH FRQWDLQHU FODVVHV WR ILOWHU WKH LQFRPLQJ VLJQDO� FRPSXWH
WKH GLIIHUHQW YHUVLRQV RI FRYDULDQFH PDWULFHV� DSSO\ WKH 5LHPDQQLDQ RSHUDWLRQV VXFK DV
PHDQ DQG GLVWDQFH� FRPSXWH WKH ]�VFRUH RI DQ HSRFK� DQG FRPELQH DOO RI WKHP WRJHWKHU
WR REWDLQ WKH S�YDOXH�

��



)LJXUH ���� 9LVXDOL]DWLRQ RI WKH DX[LOLDU\ FODVVHV IRU WKH 53) DOJRULWKP� ´��´� SXEOLF DQG
VWDWLF PHWKRG�

��



����� 7HVWV � FRUUHFWQHVV RI WKH -DYD IXQFWLRQV
3DUDOOHO WR WKH ZULWLQJ RI WKH FRGH SDUWV� YDULRXV WHVWV ZHUH ZULWWHQ DQG H[HFXWHG WR YHULI\
WKDW DOO WKH IXQFWLRQDOLWLHV ZHUH FRUUHFW DQG WKDW WKH UHVXOWV ZHUH LQ OLQH ZLWK WKRVH REWDLQHG
LQ 3\WKRQ� 7KH WHVWV ZHUH GLYLGHG LQWR ILYH VHFWLRQV� EDVLF PDWUL[ RSHUDWLRQV� FUHDWLRQ RI
FRYDULDQFH PDWULFHV� 5LHPDQQ JHRPHWU\ RSHUDWLRQV� EDQGSDVV ILOWHULQJ� DQG FRQWDLQHU
FODVV WHVWV�

%DVLF PDWUL[ RSHUDWLRQV
)RU WKLV JURXS RI RSHUDWLRQV� WKH WHVWV FRQVLVW RI FUHDWLQJ UDQGRP YDOLG DQG QRW�YDOLG PDWUL�
FHV LQ 3\WKRQ� FRS\LQJ WKHP RQ -DYD� DQG UXQQLQJ WKH IXQFWLRQV RQ HDFK PDWUL[� FKHFNLQJ
WKDW WKHQ WKH UHVXOWV DUH WKH VDPH LQ ERWK YHUVLRQV RI WKH FRGH�

&UHDWLRQ RI WKH FRYDULDQFH PDWULFHV
)RU WKLV JURXS RI WHVWV� UDZ GDWD KDYH EHHQ LQMHFWHG LQWR WKH PHWKRGV IRU FRPSXWLQJ WKH
FRYDULDQFH PDWULFHV� WKHQ WKH UHVXOWLQJ PDWULFHV KDYH EHHQ HOHPHQW�ZLVH FRPSDUHG� ,Q
SDUWLFXODU� VWDQGDUG FRYDULDQFH PDWULFHV� QRUPDOL]HG FRYDULDQFH PDWULFHV� DQG UHJXODU�
L]HG FRYDULDQFH PDWULFHV FUHDWLRQ PHWKRGV KDYH EHHQ WHVWHG�

5LHPDQQLDQ JHRPHWU\ RSHUDWLRQV
)RU WKLV VHW RI WHVWV� WKH FRYDULDQFH PDWULFHV FUHDWHG DERYH KDYH EHHQ XVHG WR FRPSXWH
WKH 5LHPDQQLDQ GLVWDQFH� WKH 5LHPDQQLDQ PHDQ� WKH (XFOLGHDQ PHDQ� DQG WKH 5LHPDQ�
QLDQ JHRGHVLF DPRQJ 63' PDWULFHV DOZD\V ERWK LQ 3\WKRQ DQG LQ WKH LPSOHPHQWHG -DYD
FRGH� $OVR LQ WKLV FDVH WKH UHVXOWV �PDWULFHV RI YDOXHV� KDYH EHHQ FRPSDUHG HOHPHQW�
ZLVH�

%DQGSDVV ILOWHULQJ
,Q WKLV FDVH� VRPH UDZ VLJQDOV KDYH EHHQ ILOWHUHG LQ 3\WKRQ DQG LQ -DYD� WKHQ WKH IUHTXHQF\
GRPDLQ KDV EHHQ H[DPLQHG WR YHULI\ WKDW WKH GLVWULEXWLRQ LV WKH VDPH�

&RQWDLQHU FODVV WHVWV
)LQDOO\� WKH HQWLUH FRGH KDV EHHQ WHVWHG E\ UXQQLQJ WKH 3\WKRQ DQG -DYD LPSOHPHQWD�
WLRQV RI WKH 53) DOJRULWKP LQ SDUDOOHO DQG FKHFNLQJ WKDW WKH SUREDELOLWLHV RI GHWHFWLQJ WKH
DUWLIDFWV� IRU HDFK VHFWLRQ RI WKH VLJQDO� DUH WKH VDPH�

,Q )LJXUH ���� WKH WHVW FODVV LV YLVXDOL]HG�

��



)LJXUH ���� 9LVXDOL]DWLRQ RI WKH WHVW FODVV IRU WKH 53) DOJRULWKP� ´��´� SXEOLF DQG VWDWLF
PHWKRG�

,W FDQ EH VHHQ WKDW DOO WKH PHWKRGV RI WKH RWKHU FODVVHV DUH WHVWHG� 7KUHH ILUVW WKUHH
IXQFWLRQV DUH DX[LOLDU\ DQG QHHGHG WR VKDUH WKH UHVXOWV EHWZHHQ 3\WKRQ DQG -DYD� WR FKHFN
WKDW WKH UHVXOWV DUH WKH VDPH� 7KLV LV GRQH LQ 3\WKRQ IRU HDVH RI XVH� 7KH IROORZLQJ FKXQN
IRFXVHV RQ WHVWLQJ WKH FRPSXWDWLRQ RI WKH FRYDULDQFH PDWULFHV� L�H� QRUPDO� QRUPDOL]HG�
DQG UHJXODUL]HG� 7KHQ WKH GLIIHUHQW 5LHPDQQLDQ IXQFWLRQV DUH WHVWHG� YHULI\LQJ WKDW WKH
UHWXUQHG PDWULFHV DUH WKH VDPH DV 3\WKRQ� 7KH ILOWHULQJ LV WHVWHG ZLWK ´WHVW)LOWHUV´� )LQDOO\�
WKH FRQWDLQHU FODVVHV 3RWDWR)LHOG DQG 3RWDWR DUH WHVWHG ZLWK WKH ODVW VHW RI PHWKRGV�

��



��� 5HVXOWV DQG FRQFOXVLRQV
7KLV VHFWLRQ UHSRUWV WKH UHVXOWV REWDLQHG IRU WKH WHVWV RXWOLQHG DERYH�

����� 7HVWV � FRUUHFWQHVV RI WKH -DYD IXQFWLRQV
%DVLF PDWUL[ RSHUDWLRQV
(DFK UHVXOWLQJ PDWUL[ KDV EHHQ FRPSDUHG HOHPHQW�ZLVH DIWHU DSSO\LQJ WKH VDPH RSHUDWLRQ
RQ WKH VDPH LQLWLDO PDWULFHV� $IWHU VRPH GHEXJJLQJ LWHUDWLRQV� WKH UHVXOWLQJ PDWULFHV DUH
WKH VDPH� 7KH HOHPHQWV RI WKH PDWULFHV KDYH EHHQ WUXQFDWHG IRU SUHFLVLRQ LVVXHV LQ WKH
H[FKDQJLQJ RI GDWD EHWZHHQ -DYD DQG 3\WKRQ�

&UHDWLRQ RI WKH FRYDULDQFH PDWULFHV
7KH WHVWLQJ RI WKH FUHDWLRQ RI WKH FRYDULDQFH PDWULFHV DQG WKH GHEXJJLQJ LWHUDWLRQV WRRN
D FRQVLGHUDEOH DPRXQW RI WLPH� ,I IRU WKH EDVH FRPSXWDWLRQ D EXLOW�LQ PHWKRG ZDV SUR�
YLGHG LQ WKH OLEUDU\ >��@� WKH VDPH FDQQRW EH VWDWHG IRU WKH QRUPDOL]HG DQG WKH UHJXODUL]HG
FRYDULDQFH PDWULFHV� )RU WKH QRUPDOL]DWLRQ� WZR PHWKRGV KDYH EHHQ LPSOHPHQWHG DQG
WHVWHG� FRYDULDQFH�EDVHG DQG WUDFH�EDVHG >��@� %RWK PHWKRGV DUH XVHIXO ZKHQ� LQ WKH
SDUWLFXODU SRWDWR� WKH SRZHU RI WKH VLJQDO LV QRW UHOHYDQW� H�J� ZKHQ D ORZ�IUHTXHQF\ DUWL�
IDFW RQ WKH HQWLUH VFDOS LV VHDUFKHG� )XUWKHUPRUH� WKH UHJXODUL]DWLRQ KDV EHHQ SHUIRUPHG
YLD WKH 2UDFOH PHWKRG �2$6� >��@� ,Q WKH GHVLJQ VWDJH� ERWK /HGRLW�:ROI >��@ DQG 2$6
PHWKRGV KDYH EHHQ DQDO\]HG� (YHQWXDOO\� WKH 2$6 FRHIILFLHQW KDV EHHQ SUHIHUUHG RYHU
WKH /HGRLW�:ROI EHFDXVH FRQYHUJHQFH LV VLJQLILFDQWO\ IDVWHU DQG PRUH DFFXUDWH EHFDXVH LW
LV RI HDVLHU LPSOHPHQWDWLRQ DQG FRPSUHKHQVLRQ DQG EHFDXVH LW UHTXLUHV OHVV FRPSXWDWLRQ
WLPH DQG SRZHU >��@>��@>��@� 5HJXODUL]DWLRQ LV XVHG IRU VWDELOLW\ SXUSRVHV� ,Q IDFW� LQ WKH
FRPSXWDWLRQ RI WKH 5LHPDQQLDQ PHDQ� PDQ\ LQYHUWLRQV DQG SRZHU HOHYDWLRQV RI PDWULFHV
DUH UHTXLUHG� DQG WKRVH OHG WR QXPHULFDO LQVWDELOLWLHV WKDW FDQ EH VROYHG E\ WKH VKULQNDJH�
7KH VKULQNDJH FRQVLVWV RI VWDELOL]LQJ WKH YDOXHV LQ WKH PDWUL[ GLDJRQDO� WKXV UH�FHQWHULQJ
WKH PRVW H[WUHPH YDOXHV� $OO WHVWV OHG WR WKH VDPH UHVXOWV IRU DOO WKH EHJLQQLQJ PDWULFHV�
7KXV WKH IXQFWLRQV KDYH EHHQ SURYHG FRUUHFW�

5LHPDQQLDQ JHRPHWU\ RSHUDWLRQV
7KH LPSOHPHQWDWLRQV RI WKHVH IXQFWLRQV �L�H� 5LHPDQQLDQ GLVWDQFH� 5LHPDQQLDQ PHDQ�
(XFOLGHDQ PHDQ� DQG 5LHPDQQLDQ JHRGHVLF� KDYH EHHQ LQVSLUHG E\ >��@>��@>��@ DQG E\
WKH 3\WKRQ OLEUDU\ FRGH >��@� $OVR� LQ WKLV FDVH� DOO WKH UHVXOWV �HLWKHU PDWULFHV RU YDOXHV�
KDYH EHHQ HOHPHQW�ZLVH FRPSDUHG� $IWHU VHYHUDO LWHUDWLRQV� WKH LPSOHPHQWDWLRQV KDYH
EHHQ SURYHQ FRUUHFW DV EHIRUH� 7KH LPSOHPHQWDWLRQ RI WKH 5LHPDQQLDQ PHDQ UHTXLUHG
SDUWLFXODU HIIRUWV� ,Q SDUWLFXODU� DV H[SODLQHG DERYH� WKH UHJXODUL]DWLRQ PHWKRG IRU WKH
FRYDULDQFH PDWULFHV KDV EHHQ LQWURGXFHG WR FRPSHQVDWH IRU WKH QXPHULFDO LQVWDELOLWLHV
GXH WR LQYHUWLRQ RSHUDWLRQV�
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%DQGSDVV ILOWHULQJ
,Q )LJXUH ���� WKH UHVXOW RI WKH %XWWHUZRUWK EDQGSDVV ILOWHU LV VKRZQ IRU WKH VDPH VLJQDO�
SURFHVVHG ZLWK 3\WKRQ DQG ZLWK -DYD PHWKRGV�

)LJXUH ���� 9LVXDOL]DWLRQ RI WKH JUDQG DYHUDJH 36' UHVXOWLQJ IURP ILOWHULQJ WKH VDPH VLJQDO
ZLWK WKH VDPH EDQGSDVV ILOWHU LQ 3\WKRQ DQG LQ -DYD�

,W FDQ EH VHHQ WKDW WKH UHVXOWV DUH QRW H[DFWO\ WKH VDPH� 7KLV ZDV QRW H[SHFWHG� DV WKH
PHWKRGV DUH IURP WKH VWDQGDUG OLEUDULHV� DQG QR VRXUFHV RI GLIIHUHQFHV DUH PHQWLRQHG LQ
WKH GRFXPHQWDWLRQ�

,Q SDUWLFXODU� WKH JUHDWHVW GLIIHUHQFHV DUH QRWDEOH IRU IUHTXHQFLHV EHORZ �+] DQG DERYH
��+]� 7KLV UHIOHFWV D GLIIHUHQFH LQ WKH VXSSUHVVLRQ RI WKH VLJQDO RXWVLGH RI WKH FXWRII
UHJLRQV� 7KH PRVW SUREDEOH UHDVRQ IRU WKLV GLIIHUHQFH LV GXH WR LQQHU SDUDPHWHUV WKDW
KDYH QRW EHHQ HTXDOL]HG EHWZHHQ WKH WZR PHWKRGV�

7R GLJ GHHSHU LQWR WKH SUREOHP� WKH LPSOHPHQWDWLRQ OLEUDULHV RI WKH WZR PHWKRGV KDYH
EHHQ DQDO\]HG� 7KH PHWKRGV� WKRXJK� UHIHUUHG WR RWKHU PHWKRGV� HDFK RI WKHP LQ GLIIHUHQW
OLEUDULHV� UHVXOWLQJ LQ EURDG DQG WDQJOHG UHVHDUFK� (YHQWXDOO\� IRU WLPH FRQVWUDLQWV� LW KDV
EHHQ GHFLGHG WR SRVWSRQH WKLV DQDO\VLV IRU WKH IROORZLQJ LWHUDWLRQV RI WKH SURMHFW� DV WKH
GLIIHUHQFH LV QRW UHOHYDQW IRU 093 SXUSRVHV� 7KH IDFW WKDW WKLV GLIIHUHQFH LV QRW UHOHYDQW
ZLOO EH VKRZQ LQ WKH SUREDELOLW\ SUHGLFWLRQV VHFWLRQ� EHORZ�

&RQWDLQHU FODVVHV
%RWK LPSOHPHQWDWLRQV JDYH WKH VDPH UHVXOWV� 7KH SUREDELOLWLHV JLYHQ IURP WKH WZR DOJR�
ULWKPV DUH� DSDUW IURP QXPHULFDO URXQGLQJ� WKH VDPH� 6PDOO GLIIHUHQFHV LQ WKH SUREDELOLWLHV�
EXW QRW LQ WKH DUWLIDFW GHWHFWLRQ� DUH LQWURGXFHG ZLWK WKH ILOWHULQJ� 7KLV ZDV H[SHFWHG DV LW
KDV EHHQ VKRZQ DERYH WKDW WKH ILOWHULQJ LQWURGXFHV VPDOO GLIIHUHQFHV LQ WKH GDWD�

��



��� 'LVFXVVLRQ DQG IXWXUH ZRUN
1RW PDQ\ GHFLVLRQV KDYH EHHQ PDGH LQ WKLV FKDSWHU WKDW FRXOG KDYH KDG D UHOHYDQW LPSDFW
RQ WKH RXWFRPH RI WKH SURMHFW� ,Q RWKHU ZRUGV� EHFDXVH WKLV FKDSWHU WUHDWHG WKH UHIDFWRULQJ
RI WKH DOJRULWKP LQ -DYD ODQJXDJH� DQG RQO\ WKH FRUUHFWQHVV RI WKH LPSOHPHQWDWLRQ ZDV RI
LQWHUHVW� DOO WKH UHOHYDQW GHVLJQ GHFLVLRQV KDG DOUHDG\ EHHQ WDNHQ LQ WKH SUHYLRXV VHFWLRQV�
7KHUHIRUH� QRW PDQ\ GLVFXVVLRQ LQSXWV FDQ EH REVHUYHG� ,Q SDUWLFXODU� VWDQGDUG JRRG
SUDFWLFHV KDYH EHHQ DGRSWHG IRU WKH -DYD LPSOHPHQWDWLRQ� DQG QR IXUWKHU ZRUN FRXOG KDYH
EHHQ GRQH ZLWKLQ WKH SXUSRVH RI WKLV SURMHFW�

,Q WKH IROORZLQJ LWHUDWLRQV RI WKH SURMHFW� WKH FRGH VKRXOG EH UHIDFWRUHG DQG RSWLPL]HG XQGHU
PHPRU\ XVDJH� &38 ORDG� DQG UXQQLQJ WLPH� )RU H[DPSOH� WKH IL[HG SRLQW 5LHPDQQLDQ
PHDQ PHWKRG FRXOG EH LPSOHPHQWHG� ,Q DGGLWLRQ� WKH FRGH FRXOG EH FRPPHQWHG RQ LQ D
PRUH GHVFULSWLYH PDQQHU� DQG D VWDEOH YHUVLRQ FRXOG EH SXEOLVKHG IRU H[WHUQDO GHEXJJLQJ
DQG XVDJH� DV QR -DYD YHUVLRQ RI WKH 53) LV DYDLODEOH XS WR QRZ�
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� 0RELOH DSS TXDOLW\ IHDWXUH SURWRW\SH
,Q WKH FKDSWHU� WKH SURWRW\SLQJ RI WKH TXDOLW\ IHDWXUH IRU WKH PRELOH DSSOLFDWLRQ LV H[SODLQHG�
,Q SDUWLFXODU� IRU WKH 093� WKH YLVXDOL]DWLRQ RI WKH SURJUHVV EDU KDV EHHQ LPSOHPHQWHG�

��� ,QWURGXFWLRQ
7R WHVW WKH IHDVLELOLW\ RI WKH RQOLQH TXDOLW\ FRQWURO IHDWXUH LQ WKH PRELOH DSSOLFDWLRQ� WKH
IHDWXUH KDV EHHQ LPSOHPHQWHG� +DYLQJ WKH IHDWXUH UXQQLQJ UHWXUQHG LPSRUWDQW NQRZOHGJH
RQ WKH WHFKQLFDO DVSHFW VLGH� DV ZHOO DV WKH XVHU H[SHULHQFH� 7KH IHDWXUH QHHGHG WR
FRRSHUDWH ZLWK WKH DOUHDG\ H[LVWLQJ DSSOLFDWLRQ� 7KH SXUSRVH RI WKH DSS LV WR JXLGH QRQ�
H[SHUW WHFKQLFLDQV WKURXJK WKH VWDQGDUG ((* VFDQ� SURYLGLQJ WKH EHVW LQIRUPDWLRQ IRU
DFTXLULQJ JRRG�TXDOLW\ UHFRUGLQJV� 7KH JRDO RI WKH TXDOLW\ IHDWXUH LV LQGHHG RQ WKLV VLGH�
L�H� LPSURYLQJ WKH RYHUDOO TXDOLW\ E\ SURORQJLQJ WKH VFDQ RI DQ DPRXQW RI WLPH DW OHDVW HTXDO
WR WKH XVHOHVV GDWD UHFRUGHG� WKXV� WKH HSRFKV ODEHOHG DV DUWLIDFWV E\ WKH 53) DOJRULWKP�

)RU WKH 093� DQ LGHD RI WKH LQLWLDO UHTXLUHPHQWV ZDV JLYHQ E\ WKH UHVXOWV RI FKDSWHU �
8VHUV¶ QHHGV DQG V\VWHP UHTXLUHPHQWV� ,Q IDFW� LQ WKH LQWHUYLHZV SHUIRUPHG ZLWK H[SHUW
DQG QRQ�H[SHUW WHFKQLFLDQV� DV ZHOO DV IURP WKH XVDELOLW\ WHVWV SURYLGHG� WKH QHHG IRU D
SURJUHVV EDU WKDW FDQ VKRZ WKH SDUWV RI WKH FOHDQ GDWD DJDLQVW SRRU TXDOLW\ GDWD ZDV IRXQG�

7KH JHQHUDO DQG KLJK�OHYHO ZRUNIORZ RI WKH H[LVWLQJ DSS LV RYHUDOO OLQHDU DQG VKRZQ RQ WKH
QH[W SDJH LQ WKH ZLUHIUDPH LQ )LJXUH ���� 7KH YLVLRQ IRU WKH H[LVWLQJ PRELOH DSSOLFDWLRQ
LV WR JXLGH WKH RSHUDWRU WKURXJK DOO WKH VWHSV WR SHUIRUP DQ ((* VFDQ WKDW FDQ EH XVHG
E\ D GRFWRU WR GLDJQRVH HSLOHSV\� ,Q RWKHU ZRUGV� GRFWRUV QHHG DUWLIDFW�IUHH VHJPHQWV LQ
ZKLFK WKH ((* EUDLQ VLJQDO LV UHDGDEOH� ,W LV EHWWHU LI WKHVH VHJPHQWV DUH FRQVHFXWLYH
DQG ORQJ� UDWKHU WKDQ IUDJPHQWHG� )URP WKH ZHOFRPLQJ SDJH� LQ )LJXUH ����D� LQ WKH WRS�
OHIW FRUQHU� WKH QXUVH LV JXLGHG WKURXJK WKH UHJLVWUDWLRQ RI WKH SDWLHQW DQG WKH FRQQHFWLRQ
WR WKH %OXHWRRWK DPSOLILHU� )URP WKHUH� WKH ILUVW TXDOLW\ FKHFN LV SURYLGHG E\ WKH IHDWXUH
LPSOHPHQWHG LQ WKH WRS�ULJKW FRUQHU� 7KH DSSOLFDWLRQ UHDGV WKH LPSHGDQFH PHDVXUHG IRU
HDFK HOHFWURGH �DV D SURSRUWLRQ RI ���+] VLJQDO SRZHU UHDG E\ WKH HOHFWURGHV DJDLQVW
WKH RQH VHQW E\ *1' >��@� DQG YLVXDOL]HV WKH TXDOLW\ RI WKH FRQQHFWLRQ ZLWK D FRORU VFDOH�
JUHHQ � JRRG� RUDQJH � SRRU� ZKLWH � LQVXIILFLHQW�

,Q WKH VHFRQG URZ RI VFUHHQV LQ )LJXUH ����D�� LW LV DVVXPHG WKDW HYHU\WKLQJ LV IXQFWLRQ�
LQJ DQG ZHOO FRQQHFWHG� 7KH DSSOLFDWLRQ VWDUWV VDYLQJ WKH LQFRPLQJ ((* VLJQDO IURP WKH
%OXHWRRWK FRQQHFWLRQ� $ FXVWRPL]DEOH VHW RI H[HUFLVHV LV SURSRVHG� 7KLV LV D UHFXUVLYH
VWDJH� LQ ZKLFK WKH RSHUDWRU LQVWUXFWV WKH SDWLHQW RQ WKH QH[W H[HUFLVH �ERWWRP�OHIW VFUHHQ��
VWDUWV WKH WLPHU IRU WKH H[HUFLVH� DQG YLVXDOO\ FKHFNV WKDW WKH SDWLHQW GRHVQ¶W FUHDWH DUWL�
IDFWV� :KHQ WKH WLPHU VWRSV� LW FDQ JR WR WKH HQG RI WKH H[HUFLVH WR FRQWLQXH ZLWK WKH QH[W
RQH� (DFK H[HUFLVH FDQ EH VNLSSHG� $W WKH EHJLQQLQJ DQG DW WKH HQG RI HDFK H[HUFLVH�
DQ DQQRWDWLRQ LV DVVLJQHG WR WKH VLJQDO� WR PDNH WKH IROORZLQJ UHDGLQJ E\ WKH GRFWRU HDV�
LHU� :KHQ WKH VHW RI H[HUFLVHV LV FRQFOXGHG� WKH XSORDGLQJ SDJH LV VKRZQ �ERWWRP�ULJKW
VFUHHQ�� DQG WKH UHFRUGLQJ LV VDYHG�

$W HYHU\PRPHQW GXULQJ WKH UHFRUGLQJ� WKH RSHUDWRU FDQ FKHFN WKDW WKH GHYLFH LV FRQQHFWHG
DQG WKDW DOO WKH FKDQQHOV DUH DW D SURSHU LPSHGDQFH OHYHO� ,Q DGGLWLRQ� WKH RSHUDWRU FDQ
DQQRWDWH YLVXDOO\ UHFRJQL]HG DUWLIDFWV� OLNH WDONLQJ� VQRR]LQJ� RU PRYHPHQWV� 7KHVH WZR
IXQFWLRQV DUH SURYLGHG E\ WKH VFUHHQV LQ )LJXUH ��� �E�� DFFHVVLEOH DW DQ\ PRPHQW ZLWK
WKH WZR EXWWRQV LQ WKH H[HUFLVH VFUHHQV�
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�D� /LQHDU IORZ RI WKH DSS

�E� $GGLWLRQDO EUDQFKHV IRU GDWD LQVSHFWLRQ

)LJXUH ���� :LUHIUDPH YLVXDOL]DWLRQ RI WKH H[LVWLQJ PRELOH DSSOLFDWLRQ� XSGDWHG WR 6HSWHP�
EHU �����

��



7KH TXDOLW\ DVVHVVPHQW� LQ WKH H[LVWLQJ DSSOLFDWLRQ� LV JLYHQ E\ WKH LPSHGDQFH IHDWXUH�
DQG E\ WKH PDQXDOO\ DQQRWDWHG HYHQWV WKDW WKH RSHUDWRU FDQ GHWHFW� )RU D EHWWHU WUDFN RI
WKH DUWLIDFWV� DQG IRU DQ HVWLPDWLRQ RI WKH WLPH WR SURORQJ WKH UHFRUGLQJ WR KDYH D VWDQ�
GDUG WLPH �L�H� WZHQW\ PLQXWHV� RI D JRRG TXDOLW\ UHFRUGLQJ� WKH TXDOLW\ IHDWXUH KDV EHHQ
LPSOHPHQWHG�

,Q &KDSWHU � 8VHUV¶ QHHGV DQG V\VWHP UHTXLUHPHQWV� WKH QHFHVVLW\ IRU DQ LQWXLWLYH ZD\
WR YLVXDOL]H WKH DUWLIDFW VHJPHQWV RI ((* VLJQDO �L�H� WKH SURJUHVV EDU IRU WKH 093� KDV
EHHQ LQWHULRUL]HG� ,Q &KDSWHU � 5LHPDQQLDQ 3RWDWR )LHOG �53)� DQG SUDFWLFDO GHVLJQ� WKH
RQOLQH DQG HPEHGGHG IULHQGO\ PHWKRG IRU DUWLIDFW GHWHFWLRQ KDV EHHQ VWXGLHG DQG WXQHG IRU
%UDLQ&DSWXUH GDWD� DQDO\VLQJ DOVR WKH SHUIRUPDQFHV� ,Q FKDSWHU � 53) LPSOHPHQWDWLRQ
IRU HPEHGGHG V\VWHPV� WKH 53) DOJRULWKP KDV EHHQ FRQYHUWHG LQWR -DYD ODQJXDJH� WR
PDNH LW FRPSDWLEOH ZLWK DQ DQGURLG RSHUDWLQJ V\VWHP SRUWDEOH GHYLFH�

,Q WKLV FKDSWHU� WKH OLEUDULHV ZULWWHQ DUH H[SORLWHG WR LPSOHPHQW WKH TXDOLW\ IHDWXUH DQG WR
FRRSHUDWH ZLWK WKH H[LVWLQJ DSSOLFDWLRQ�

��� 0HWKRGV
����� $QGURLG GHYHORSPHQW
7KH VWUXFWXUH RI WKH 53) DOJRULWKP KDV EHHQ LPSOHPHQWHG LQ .RWOLQ� WKH ODQJXDJH LQ ZKLFK
WKH H[LVWLQJ DSS LV GHYHORSHG� .RWOLQ LV FRPSDWLEOH ZLWK QDWLYH -DYD FODVVHV DQG PHWKRGV�
VR WKH OLEUDULHV FDQ EH DSSOLHG ZLWK QR IXUWKHU ZRUN� -DYD OLEUDULHV KDYH EHHQ ZULWWHQ
IURP WKH EHJLQQLQJ ZLWK WKH SUDFWLFDO DSSOLFDWLRQ LGHD� VR WKH\ KDYH EHHQ GHVLJQHG DQG
LPSOHPHQWHG WR KDQGOH LQ WKH FRUUHFW ZD\ WKH GDWD UHFHLYHG� 7KXV� RQO\ PLQRU GHWDLOV DUH
JRLQJ WR EH FRUUHFWHG RQ WKH OLEUDU\¶V VLGH�

)URP WKH DSSOLFDWLRQ IXQFWLRQDO VLGH� VRPH IXQFWLRQV ZLOO EH PRGLILHG RU DGGHG WR LQFOXGH
WKH 53) DOJRULWKP� ,Q SDUWLFXODU� ´VWDUW5HFRUGLQJ´ LV WKH IXQFWLRQ FDOOHG ZKHQ WKH H[HUFLVHV
VWDUW DQG WKDW HPLWV WKH LPSHGDQFH YDOXHV DFTXLUHG IURP WKH %7 IORZ� 7KLV IXQFWLRQ LV
JRLQJ WR EH PRGLILHG EHFDXVH� GLIIHUHQWO\ IURP WKH FDVH EHIRUH LQ ZKLFK WKH ((* GDWD
ZHUH MXVW VDYHG WR WKH UHFRUGLQJ� QRZ WKH\ DUH JRLQJ WR EH UHDG DQG HYDOXDWHG ZLWK WKH
53)� 7KHUHIRUH� ´VWDUW5HFRUGLQJ´ LQLWLDOL]HV D QHZ IXQFWLRQ FDOOHG ´VWDUW(YDOXDWH((*´ WR
JHQHUDWH D IORZ RI TXDOLW\ REMHFWV� ,Q PRUH GHWDLO� WKLV IXQFWLRQ JHWV WKH ((* VDPSOHV IURP
´VWDUW5HFRUGLQJ´� LW EXIIHUV WKHP LQWR FKXQNV RI GDWD� DQG SDVVHV WKHP WR D QHZ IXQFWLRQ
´JHW&KXQN4XDOLW\´� ´JHW&KXQN4XDOLW\´ UHFHLYHV WKHVH FKXQNV RI GDWD DQG LW DSSOLHV WKH
53) DOJRULWKP WR HYDOXDWH WKHLU TXDOLW\� 7KH UHVXOWV RI ´JHW&KXQN4XDOLW\´ DUH JLYHQ DV LQSXW
WR WKH VPRRWKLQJ IXQFWLRQ ´JHW6HJPHQW4XDOLW\´� ZKLFK DSSOLHV DQ DYHUDJLQJ PHWKRG WR JHW
D VPRRWKHU YLVXDOL]DWLRQ� ,WV UHVXOW LV ILQDOO\ HPLWWHG LQ D QHZ IORZ E\ ´VWDUW(YDOXDWH((*´�
)LQDOO\� WKH TXDOLW\ REMHFWV DUH FROOHFWHG E\ WKH ´FROOHFW4XDOLW\)ORZ´ DQG VDYHG LQ D PXWDEOH
OLVW� 7KH SURORQJLQJ HVWLPDWHG WLPH LV FRPSXWHG IURP WKH QXPEHU RI FKXQNV ODEHOHG DV
DUWLIDFWV�

7KLUGO\� IURP WKH XVHU LQWHUIDFH VLGH� D QHZ EXWWRQ WKDW RSHQV D QHZO\ GHVLJQHG DQG LP�
SOHPHQWHG VFUHHQ ZLOO EH DGGHG WR WKH H[HUFLVH VFUHHQV� ,Q WKLV QHZ VFUHHQ� D ODEHO ZLWK
WKH SURORQJLQJ WLPH HVWLPDWLRQ LV YLVXDOL]HG� DV ZHOO DV WKH SURJUHVV EDU� 7KH EDU LV JRLQJ
WR EH LQLWLDOO\ GHVLJQHG DV D VHTXHQFH RI UHFWDQJOHV� HDFK FRORUHG ZLWK WKH UHVSHFWLYH VHJ�
PHQW TXDOLW\� 7KLV ODVW LQWHUIDFH REMHFW LV JRLQJ WR EH ERXQG WKURXJK WKH ´%LQGLQJ$GDSWHU´
QDPHG ´VHJPHQW4XDOLW\´� 7KLV ZLOO ELQG WKH FRORU RI HDFK VHJPHQW RI WKH EDU ZLWK WKH
UHVSHFWLYH YDOXH LQ WKH PXWDEOH OLVW�

7KH HQWLUH SURFHVV LV YLVXDOL]HG LQ )LJXUH ��� EHORZ�

��



)LJXUH ���� 9LVXDOL]DWLRQ RI WKH IORZ IRU WKH PRGLILHG RU DGGHG IXQFWLRQV IRU WKH TXDOLW\
IHDWXUH�

����� 8VHU ,QWHUIDFH YDOLGDWLRQ � $�% WHVWV
,Q RUGHU WR YDOLGDWH WKH YLVXDOL]DWLRQ RI WKH SURJUHVV EDU� $�% WHVWV KDYH EHHQ SUHSDUHG RQ
WKH XVHU LQWHUIDFH� ,Q WKH IROORZLQJ� WKH GLIIHUHQW WHVWV DUH VKRZQ�
$PRXQW RI TXDOLW\ OHYHOV
$Q $�E WHVW KDV EHHQ GHVLJQHG WR WHVW KRZ PDQ\ OHYHOV WR SUHVHQW WR WKH ((* RSHUDWRU� ,Q
SDUWLFXODU� ZKHWKHU XVLQJ WKUHH RU WZR OHYHOV� H�J� JUHHQ � JRRG TXDOLW\� RUDQJH � PHGLXP�
DQG UHG � EDG� RU JUHHQ � JRRG TXDOLW\� UHG � EDG TXDOLW\� 7KH WZR GLIIHUHQW GHVLJQV DUH
VKRZQ EHORZ�

)LJXUH ���� 9LVXDOL]DWLRQ RI WKH $�% WHVW IRU WKH QXPEHU RI TXDOLW\ OHYHOV�

7KH WHVW ZDV LQ D VHPL�VWUXFWXUHG TXHVWLRQQDLUH PDQQHU� ,Q SDUWLFXODU� WKH OHYHO RI FRP�
SUHKHQVLRQ RI WKH FRORUV DV ZHOO DV WKH VSHFLILFLW\ RI WKH GDWD VKRZQ KDYH EHHQ SODQQHG
WR EH WHVWHG� 'XH WR WLPH FRQVWUDLQWV� WKLV WHVW KDG QRW EHHQ SHUIRUPHG�
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)HDWXUH DFFHVVLQJ PRGH
)LUVW RI DOO� DQ $�% WHVW KDV EHHQ GHVLJQHG WR FKHFN WKH SUHIHUUHG PHWKRG WR DFFHVV WKH
QHZ IHDWXUH� ,Q SDUWLFXODU� GHVLJQ $ VKRZV WKUHH EXWWRQV RQ WKH H[HUFLVH VFUHHQV� DQG
WKH PLGGOH RQH GLUHFWO\ RSHQV WKH IHDWXUH VFUHHQ� 'HVLJQ %� LQVWHDG� VKRZV WZR EXWWRQV�
DQG WKH OHIW RQH EULQJV WR D PXOWLWDE VFUHHQ RSHQHG RQ WKH LPSHGDQFH WDE� LQ ZKLFK WKH
RSHUDWRU FDQ VZLWFK WR WKH TXDOLW\ WDE� 7KH WZR GLIIHUHQW GHVLJQV DUH VKRZQ LQ WKH ILJXUH
EHORZ�

)LJXUH ���� 9LVXDOL]DWLRQ RI WKH $�% WHVW IRU WKH IHDWXUH DFFHVVLQJ IORZ�

$OVR� WKLV WHVW KDV QRW EHHQ SHUIRUPHG IRU WLPH FRQVWUDLQWV� ,Q WKLV FDVH� WKH WLPH IRU
UHDFKLQJ WKH TXDOLW\ VWDWXV VFUHHQ ZRXOG KDYH EHHQ PHDVXUHG� DIWHU DVNLQJ WKH RSHUDWRU
WR FKHFN IRU WKH TXDOLW\ RI WKH UHFRUGLQJ� ,Q DGGLWLRQ� D VHPL�VWUXFWXUHG TXHVWLRQQDLUH ZRXOG
KDYH DVNHG IRU WKH LQWXLWLYHQHVV RI WKH RSWLRQV�

����� &RUUHFWQHVV DQG SHUIRUPDQFH WHVWLQJ
$IWHU WKH DQGURLG GHYHORSPHQW� WKH IHDWXUH KDV EHHQ WHVWHG ZLWK VLPXODWHG GDWD WR YHULI\
WKDW WKH UHVXOWV DUH FRQVLVWHQW ZLWK WKH SUHGLFWLRQV JLYHQ E\ 3\WKRQ� ,Q SDUWLFXODU� WKH VDPH
UHFRUGLQJ KDV EHHQ DQDO\]HG ZLWK WKH 3\WKRQ DOJRULWKP DQG JLYHQ DV VLPXODWHG GDWD WR WKH
$QGURLG DOJRULWKP� 7KHQ� WKH SUHGLFWLRQ RI HDFK HSRFK KDV EHHQ FRPSDUHG HOHPHQW�ZLVH�

6HFRQGO\� WKH SHUIRUPDQFH RI WKH DOJRULWKP KDV EHHQ PHDVXUHG� ,Q SDUWLFXODU� PHPRU\
DOORFDWLRQ� &38 ORDG� DQG EDWWHU\ GUDLQ KDYH EHHQ SURILOHG ZLWK WKH $QGURLG 6WXGLR SURILOHU
ZLWK DQG ZLWKRXW WKH IHDWXUH UXQQLQJ� WR FRPSDUH WKH GLIIHUHQFHV LQ WKH SHUIRUPDQFHV� 7KH
SURILODWLRQ KDV EHHQ SHUIRUPHG GXULQJ WKH ILUVW H[HUFLVH� WR UHPRYH RWKHU YDULDEOHV�
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��� 5HVXOWV DQG FRQFOXVLRQV
����� $QGURLG GHYHORSPHQW
7KH UHVXOWLQJ SVHXGRFRGH LV VKRZQ LQ )LJXUH ��� LQ WKH PHWKRGV� 7KH ILQDO FRGH FDQQRW EH
SXEOLVKHG IRU WKH FRPSDQ\ SROLF\� DV WKH IHDWXUH LV LQWHJUDWHG LQWR WKH HQWLUH DSSOLFDWLRQ�

,Q )LJXUH ��� EHORZ� WKH 8, IRU WKH QHZ TXDOLW\ IHDWXUH LV VKRZQ�

7KH EDU LV XSGDWHG HYHU\ WLPH D QHZ VHJPHQW LV UHFRUGHG� DQG WKH TXDOLW\ LV YLVXDOL]HG
ZLWK WKH WKUHH FRORUV� 7KH WLPHU VKRZV KRZ ORQJ WKH UHFRUGLQJ LV HVWLPDWHG WR EH SURORQJHG
WR UHDFK WZHQW\ PLQXWHV RI JRRG�TXDOLW\ GDWD VFDQ�

)LJXUH ���� 8, RI WKH QHZ TXDOLW\ IHDWXUH� UHDFKDEOH IURP WKH PLGGOH EXWWRQ SUHVHQW LQ
HYHU\ H[HUFLVH VFUHHQ�

��



����� &RUUHFWQHVV DQG SHUIRUPDQFH WHVWLQJ
,Q WKH IROORZLQJ� WKH UHVXOWV IRU WKH FRUUHFWQHVV RI WKH LPSOHPHQWDWLRQ DQG WKH FRPSDULVRQ
EHWZHHQ WKH SHUIRUPDQFHV RI WKH DSS ZLWK DQG ZLWKRXW WKH QHZ IHDWXUHV DUH VKRZQ�

&RUUHFWQHVV
7KH RXWFRPH RI WKH DOJRULWKP LQ -DYD DQG LQ 3\WKRQ KDV EHHQ FRPSDUHG� 7KH -DYD FRGH
DGGV WKH H[WUD VWHS RI DYHUDJLQJ HSRFKV IRU KDYLQJ VPRRWKHU VHJPHQWV LQ WKH SURWRFRO�
$IWHU ILOWHULQJ WKH 3\WKRQ UHVXOWV ZLWK WKH VDPH PHWKRG� WKH VHJPHQWV DUH HTXDO HOHPHQW�
ZLVH� SURYLQJ WKH FRUUHFWQHVV LQ D JHQHUDO FDVH�

&38 ORDG

�D� 9LVXDOL]DWLRQ RI WKH &38 ORDG ZLWKRXW WKH TXDOLW\ IHDWXUH

�E� 9LVXDOL]DWLRQ RI WKH &38 ORDG ZLWK WKH TXDOLW\ IHDWXUH UXQQLQJ

)LJXUH ���� 9LVXDOL]DWLRQV RI WKH &38 ORDG IRU WKH DSS ZLWK DQG ZLWKRXW WKH TXDOLW\ IHDWXUH�
,Q ERWK FDVHV� WKH SURILODWLRQ KDV EHHQ SHUIRUPHG GXULQJ WKH ILUVW H[HUFLVH�

$V LW FDQ EH VHHQ LQ )LJXUH ���� WKH GLIIHUHQFH EHWZHHQ WKH WZR YHUVLRQV RI WKH DSSOLFDWLRQ
LV QHJOLJLEOH� ,Q IDFW LQ )LJXUH ����D�� LW FDQ EH VHHQ WKDW WKH &38 ORDG ZLWKRXW WKH TXDOLW\
IHDWXUH LV 3�� ZKHUHDV LQ �E�� LW FDQ EH VHHQ WKDW WKH TXDOLW\ IHDWXUH DGGV 1� RI &38
SUHVVXUH� WR UHDFK D WRWDO RI 4� RI ORDG�

7KLV EHKDYLRU ZDV H[SHFWHG� DV WKH PHWKRG ZDV FKRVHQ WR EH FRPSXWDWLRQDO OLJKW�

,Q DGGLWLRQ� LW FDQ EH VHHQ WKDW URXWLQH EDFNJURXQG DSSOLFDWLRQV ZHLJKWV PRUH RQ WKH &38
WKDQ QRW WKH DSSOLFDWLRQ LWVHOI� 7KLV PHDQV WKDW LWV HQWLUH FRQWULEXWLRQ LV LQH[SHQVLYH�
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%DWWHU\ FRQVXPSWLRQ

�D� 9LVXDOL]DWLRQ RI WKH EDWWHU\ FRQVXPSWLRQ
ZLWKRXW WKH TXDOLW\ IHDWXUH

�E� 9LVXDOL]DWLRQ RI WKH EDWWHU\ FRQVXPSWLRQ ZLWK
WKH TXDOLW\ IHDWXUH UXQQLQJ

)LJXUH ���� 9LVXDOL]DWLRQV RI WKH EDWWHU\ FRQVXPSWLRQ IRU WKH DSS ZLWK DQG ZLWKRXW WKH
TXDOLW\ IHDWXUH� ,Q ERWK FDVHV� WKH SURILODWLRQ KDV EHHQ SHUIRUPHG GXULQJ WKH ILUVW H[HUFLVH�

7KH GLIIHUHQFH EHWZHHQ )LJXUH ����D� DQG �E� �L�H� ZLWKRXW �D� DQG ZLWK �E� WKH TXDOLW\ IHD�
WXUH� LV PLQLPDO� DV H[SHFWHG IURP WKH IDFW WKDW WKH GLIIHUHQFH RI &38 ORDG LV QRW UHOHYDQW�

,Q IDFW� HYHQ WKRXJK &38 SUHVVXUH DQG SRZHU FRQVXPSWLRQ DUH QRW SURSRUWLRQDO LQ JHQHUDO
>��@� LQ WKLV FDVH� WKH &38 ORDG GLIIHUHQFH LV D JRRG LQGLFDWLRQ WKDW WKH EDWWHU\ SUHVVXUH
LV QRW JRLQJ WR FKDQJH KHDYLO\ EHFDXVH DOO WKH RWKHU UHOHYDQW IDFWRUV DV VFUHHQ WLPH DQG
5$0 XVDJH DUH FRQVWDQW LQ WKH WZR YHUVLRQV�

��



0HPRU\ SUHVVXUH

�D� 9LVXDOL]DWLRQ RI WKH PHPRU\ SUHVVXUH ZLWK�
RXW WKH TXDOLW\ IHDWXUH

�E� 9LVXDOL]DWLRQ RI WKH PHPRU\ SUHVVXUH ZLWK
WKH TXDOLW\ IHDWXUH UXQQLQJ

)LJXUH ���� 9LVXDOL]DWLRQV RI WKH PHPRU\ SUHVVXUH IRU WKH DSS ZLWK DQG ZLWKRXW WKH TXDOLW\
IHDWXUH� ,Q ERWK FDVHV� WKH SURILODWLRQ KDV EHHQ SHUIRUPHG GXULQJ WKH ILUVW H[HUFLVH�

,Q )LJXUH ���� WKH PHPRU\ XVHG E\ WKH DSSOLFDWLRQ LV VKRZQ IRU WKH FDVH LQ ZKLFK WKH
TXDOLW\ IHDWXUH LV GLVDEOHG �D� DQG WKH RQH LQ ZKLFK LV UXQQLQJ �E�� 1RWH WKDW WKH VFDOH
IRU WKH WZR FDVHV LV QRW WKH VDPH� ,Q WKLV FDVH� WKH GLIIHUHQFH LV VPDOO EXW UHOHYDQW� ,Q
IDFW� UHPRYLQJ WKH FRQVWDQW LWHPV DV ´-DYD´� ´1DWLYH´� DQG ´2WKHUV´� WKH GLIIHUHQFHV OLH
LQ ´*UDSKLFV´ �+9.6��� LQ ZKLFK WKH QHZ IHDWXUH DGGV RQH VFUHHQ ZLWK WKH SURJUHVVLRQ
EDU� DQG ´&RGH´ �+18��� IRU WKH QHZ IXQFWLRQV DGGHG� 2Q WKH RWKHU KDQG� ´6WDFN´� L�H�
WKH /,)2 VWDFN RI REMHFWV� LV FRQVWDQW� 7KLV PHDQV WKDW WKH SRWDWR ILHOG GRHV QRW LPSDFW
PHPRU\ UHOHYDQWO\�

,W LV LPSRUWDQW WR QRWH WKDW WKH PHPRU\ SUHVVXUH KDV QRW EHHQ RSWLPL]HG LQ WKH GHVLJQ RI
WKH DOJRULWKP� DV LW ZDV RXW RI WKH VFRSH RI WKH SURMHFW� 6R WKHVH UHVXOWV FDQ EH LPSURYHG
LQ WKH IROORZLQJ LWHUDWLRQV�
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��� 'LVFXVVLRQ DQG IXWXUH ZRUN
7KH UHVXOWV UHLQIRUFH ZKDW ZDV DOUHDG\ NQRZQ IURP WKH WKHRU\� WKXV WKH RYHUORDG DGGHG
E\ WKLV IHDWXUH LV PLQLPDO� 7KH JRDO IRU WKLV ILUVW LWHUDWLRQ ZDV WR VWXG\ WKH IHDVLELOLW\ RI WKH
V\VWHP� DQG QRW WR RSWLPL]H LW� WKXV WKH ILQDO DGGLWLRQDO ORDG FDQ RQO\ LPSURYH�

7KLV FKDSWHU LV RSHQ WR DQ LPPHQVH DPRXQW RI IXWXUH ZRUN� )LUVW RI DOO� WKH WZR 8, WHVWV
FRXOG EH SHUIRUPHG DQG LPSOHPHQWHG� DQG DOO 8, DVSHFWV �H�J� LQIRUPDWLRQ VKRZQ� LQWHU�
DFWLRQV ZLWK WKH XVHUV� FRORUV���� VKRXOG EH YDOLGDWHG� 6HFRQGO\� PRUH SHUIRUPDQFH WHVWV
FRXOG EH H[HFXWHG LQ D PRUH V\VWHPDWLF DQG FRQWLQXRXV ZD\� 7KLUGO\� WKH HQWLUH VPRRWK�
LQJ PHWKRG VKRXOG EH YDOLGDWHG WKURXJK H[SHULPHQWV WR H[DPLQH WKH EHVW JUDQXODULW\ WR
UHWXUQ WR WKH RSHUDWRU� )LQDOO\� DW WKLV VWDJH� HYHU\WKLQJ LV UHDG\ WR WHVW WKH FDSDFLW\ RI WKH
V\VWHP WR VXSSRUW WKH ((* RSHUDWRUV DQG WR LPSURYH WKH RYHUDOO TXDOLW\ RI WKH UHFRUGHG
ILOHV� ,W LV EHOLHYHG WKDW WKHVH WHVWV ZLOO UHWXUQ D KXJH DPRXQW RI NQRZOHGJH WR JXLGH WKH
ZRUN WRZDUG WKH VHFRQG LWHUDWLRQ RI WKH SURMHFW�
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� 'LVFXVVLRQV DQG IXWXUH ZRUN
7KH IROORZLQJ FKDSWHU ZLOO FRYHU WKH GLVFXVVLRQV DQG IXWXUH ZRUN RI WKH SURMHFW� $V PHQ�
WLRQHG LQ WKH 0HWKRGV 2YHUYLHZ FKDSWHU� WKH HQWLUH SURFHVV IROORZHG D KROLVWLF DQG PXO�
WLGLVFLSOLQDU\ WHFKQLTXH� LQ ZKLFK HDFK FRPSRQHQW FRQWULEXWHV WR YDOLGDWLQJ� JLYLQJ IHHG�
EDFN� DQG LPSURYLQJ HDFK RWKHU� ,Q DOO WKH FKDSWHUV� WKH GLVFXVVLRQV DQG IXWXUH ZRUN
VHFWLRQV IRFXVHG RQ WKHLU VSHFLILF WRSLFV� ,Q WKLV FKDSWHU� LQVWHDG� WKH PXWXDO LQIOXHQFHV
DUH GLVFXVVHG� DQG WKH JHQHUDO IXWXUH ZRUN LV KLJKOLJKWHG�

,Q WKLV WRS�GRZQ VHWXS� WKH XVHUV¶ QHHGV FKDSWHU LQWURGXFHG WKH FRQVWUDLQWV DQG UHTXLUH�
PHQWV IRU WKH V\VWHP� 7KH NQRZOHGJH WKDW WKH IHDWXUH KDG WR UXQ RQ OLPLWHG FRPSXWDWLRQDO
UHVRXUFHV DQG LQ D UHDO�WLPH PDWWHU GLUHFWHG WKH UHVHDUFK RQ OLJKW�ZHLJKW GHWHFWLRQ DOJR�
ULWKPV� SUHIHUUHG WR KHDYLHU EXW SRVVLEO\ PRUH DFFXUDWH RQHV� 7KLV FKRLFH FDQ EH DUJXHG
LQ GLIIHUHQW ZD\V� 2QO\ WR FLWH RQH H[DPSOH� WKH WUDLQLQJ WDNHV PRUH WLPH IRU PDFKLQH
DQG GHHS OHDUQLQJ FODVVLILHUV� EXW RQFH WKH PRGHO LV WUDLQHG� WKH SHUVRQDO H[SHULHQFH VXJ�
JHVWV WKDW WKH SUHGLFWLRQ FDQ EH IDVW HQRXJK DQG FRPSXWDWLRQDOO\ LQH[SHQVLYH IRU D PR�
ELOH HQYLURQPHQW� WKXV FRPELQLQJ DFFXUDF\ ZLWK FRPSXWDWLRQDO SRZHU� ,Q DGGLWLRQ� QHZ
IUDPHZRUNV VXFK DV 7HQVRU)ORZ /LJKW >���@ KDYH EHHQ UHOHDVHG DQG FDQ EH XVHG WR UXQ
GHHS OHDUQLQJ PRGHOV RQ DQ DQGURLG GHYLFH� 6HYHUDO UHDVRQV KDYH WXUQHG DZD\ IURP
WKLV VROXWLRQ� )LUVW� ((* VLJQDOV DUH LQWULQVLFDOO\ GLIIHUHQW IRU XVHUV DQG VHVVLRQV DIIHFW�
LQJ WKH UH�XVDELOLW\ DQG JHQHUDOL]DWLRQ RI PRGHOV >���@� WKXV PDNLQJ WUDQVIHU OHDUQLQJ RI
IXQGDPHQWDO LPSRUWDQFH� )URP WKH 5LHPDQQLDQ JHRPHWU\ VWXG\ >��@� LW ZDV NQRZQ WKDW
5LHPDQQLDQ EDVHG DOJRULWKPV DUH SHUIRUPLQJ WUDQVIHU OHDUQLQJ SDUWLFXODUO\ GXH WR 5LHPDQ�
QLDQ JHRPHWULF SURSHUWLHV >��@� ,Q DGGLWLRQ� WKH EDVLV RI WKH 53) DOJRULWKP ZDV DOUHDG\
DYDLODEOH LQ 3\WKRQ� VSHHGLQJ XS WKH LQLWLDO VWDJHV DQG JLYLQJ WKH RSSRUWXQLW\ WR WHVW LW DQG
DVVHVV WKH IHDVLELOLW\ LQ D UHDO DSSOLFDWLRQ� $OVR� 53) SUHVHQWV WKH RXWFRPH LQ DQ LQWXLWLYH
PDQQHU� WKXV IDFLOLWDWLQJ WKH ZRUN RI YLVXDOL]LQJ DQG LQWHUSUHWLQJ WKH UHVXOWV� $OWKRXJK WKLV
SRLQW GRHV QRW VHHP RI PXFK LPSRUWDQFH DW WKLV VWDJH RI WKH SURMHFW� LW ZLOO EH FHQWUDO WR
IXWXUH LWHUDWLRQV� ZKHUH� LQVWHDG RI KDYLQJ D ELQDU\ FODVVLILHU� HDFK DUWLIDFW FDQ EH VHS�
DUDWHO\ FODVVLILHG DQG WKH RSHUDWRU FDQ IRFXV RQ HDFK RQH� DXJPHQWLQJ VSHFLILFLW\� 7KLV
DVSHFW LV QRW RQO\ LPSRUWDQW IRU WKH 8; DQG 8,� EXW DOVR IRU WKH GHVLJQ RI WKH ILHOG� ,Q IDFW�
D PXOWL�FODVV FODVVLILHU FDQ UHWXUQ H[WUHPHO\ XVHIXO LQVLJKWV RQ ZKLFK DUWLIDFWV DUH PRVWO\
PLV�FODVVLILHG� JLYLQJ WKH RSSRUWXQLW\ WR LPSURYH WKH ILHOG WR EHWWHU ILW WKH GDWD� ,Q WKLV FRQ�
WH[W� LW LV DOVR NQRZQ IURP WKH XVHUV¶ QHHGV FKDSWHU WKDW QRW DOO DUWLIDFWV KDYH WKH VDPH
LPSRUWDQFH DQG WKDW IRU H[DPSOH� H\HV EOLQNLQJ DUH OHVV LPSRUWDQW WKDQ KHDG PRYHPHQWV�
7KH 53) ILWV WKLV DVSHFW TXLWH ZHOO� ,Q IDFW� LQ WKLV LWHUDWLRQ� LQ WKH HYDOXDWLRQ RI WKH ILQDO S�
YDOXH� WKH VDPH LPSRUWDQFH LV DVVLJQHG WR HDFK SRWDWR� EXW LQ WKH QH[W LWHUDWLRQV� LW ZRXOG
EH SRVVLEOH WR DGMXVW WKH GLIIHUHQW ZHLJKWV RU WR JLYH FRPSOHWH FRQWURO� RQ ZKLFK DUWLIDFWV
WR NHHS DQG ZKLFK WR LJQRUH� WR WKH RSHUDWRU� WKXV LQFUHDVLQJ FXVWRPL]DWLRQ�

2YHU WKH VFRSH RI WKLV ILUVW VWDJH RI WKH WKHVLV� WKH 53) KDV QRW EHHQ FRPSDUHG WR RWKHU DO�
JRULWKPV LQ DQ H[SHULPHQWDO PDQQHU� )URP WKH ¶XQGHUVWDQGLQJ¶ SKDVH� WKRXJK� LW LV NQRZQ
WKDW VHYHUDO UHVHDUFKHUV DUH VWXG\LQJ GLIIHUHQW PHWKRGV� 7KHVH FDQ EH FRPSDUHG WKURXJK
WKH IUDPHZRUN EXLOW LQ WKH SURWRW\SH FKDSWHU� ,Q IDFW� WKH ´UHWXUQ USI&ODVVLILFDWLRQ�FKXQN�´
LQ OLQH �� RI WKH SVHXGR�FRGH LQ )LJXUH ���� FDOOHG E\ WKH ´JHW&KXQN4XDOLW\´ IXQFWLRQ� FDQ
EH UHSODFHG E\ DQ\ DOJRULWKP WKDW DFFHSWV DQ HSRFK DV LQSXW DQG UHWXUQV D ELQDU\ ODEHO�
,Q WKLV ZD\� WKH SHUIRUPDQFHV RI DQ\ QHZ PHWKRG FDQ EH H[SHULPHQWDOO\ SURILOHG� ,Q DGGL�
WLRQ� GDWD FROOHFWHG LQ SDUDOOHO IURP WKH )LODGHOILD GHYLFH KDV EHHQ XVHG WR WXQH WKH 53)�
)LODGHOILD GDWD LV OHVV QRLV\ EHFDXVH DQDORJXH ILOWHUV LQ WKH 1DWXV DPSOLILHU SURFHVV WKH

��



((* VLJQDO� $Q DQDO\VLV RI WKH GLIIHUHQFHV LQ WKH SDUDPHWHUV WXQLQJ DQG LQ WKH SHUIRU�
PDQFH RI 53) IRU %UDLQ&DSWXUH¶V GDWD LV RI LQWHUHVW LQ WKH IXWXUH�

7KH GDWD FROOHFWHG LV RI FRQVLGHUDEOH YDOXH QRW RQO\ IRU DOO WKH SURMHFWV WKDW UHTXHVWHG
WKHP EXW DOVR IRU IXWXUH RQHV� ,W LV RI JUHDW LPSRUWDQFH WR XQGHUVWDQG WKH LPSDFW RI WKH
SURWRFRO XVHG LQ WKH FODVVLILHU DOJRULWKPV� 7KH GDWD LV VWURQJO\ ELDVHG DURXQG WKH DUWLIDFWV�
,Q SDUWLFXODU� LW WDNHV WKH SURSRUWLRQ RI DUWLIDFWV WR WKH H[WUHPH� ORVLQJ WKH VSHFLILFLW\ RI WKH
UHDO�FDVH VFHQDULR� ,Q D VWDQGDUG ((* VFDQ� WKH SURSRUWLRQ RI FOHDQ HSRFKV LV PDUNHGO\
KLJKHU WKDQ WKH DUWLIDFW RQH� 0RUHRYHU� GHSHQGLQJ RQ WKH FODVV RI DUWLIDFW� DUWLIDFWV DSSHDU
UDQGRPO\ GXULQJ WKH UHFRUGLQJ DQG IRU D VKRUWHU SHULRG RI WLPH WKDQ WKH RQH SUHVHQWHG LQ
WKH SURWRFRO XVHG� 7KHVH WZR IDFWRUV FDQ LQIOXHQFH ERWK WKH SDUDPHWHU YDOXHV RI WKH 53)
DQG WKH SHUIRUPDQFH VFRUHV� 2Q RQH KDQG� WKH ZLQGRZ OHQJWK DQG RYHUODS �DQG� LQGLUHFWO\�
DOVR z DQG p WKUHVKROGV� DUH LQIOXHQFHG E\ WKH FRQVHFXWLYH UHSUHVHQWDWLRQ RI WKH VDPH
DUWLIDFW� 7KH 53) LV FRQYHQLHQW WR WDNH D ORQJ ZLQGRZ OHQJWK EHFDXVH LW HQFDSVXODWHV
PRUH RI WKH DUWLIDFW YDULDQFH� DQG LW LV HDVLHU WR VHSDUDWH LW IURP D FOHDQ HSRFK �WKXV
LQIOXHQFLQJ DOVR z DQG p�� 2Q WKH RWKHU KDQG� WKH UHVXOWLQJ EDODQFH EHWZHHQ WKH WZR
FODVVHV PDGH LW HDVLHU WR DSSO\ WKH )� VFRUH� ZKLFK ZRXOG KDYH EHHQ JUHDWO\ DIIHFWHG E\
GDWD XQEDODQFLQJ� ,W LV DOVR WUXH WKDW WKLV EDODQFH ZRXOG EH ORVW LQ DQ\ FDVH PRYLQJ WR D
PXOWL�DUWLIDFW FODVVLILHU� DV LQ WKDW FDVH HDFK FODVV RI DUWLIDFWV ZRXOG EH XQEDODQFHG ZLWK
WKH ´FOHDQ´ FODVV� ,Q WKDW HYHQWXDOLW\� GDWD VKRXOG EH UH�EDODQFHG UHPRYLQJ D SURSRUWLRQ RI
WKH ´FOHDQ´ HSRFKV IURP WKH WUDLQLQJ VHW RU DXJPHQWLQJ WKH DUWLIDFWV FODVVHV� 2WKHUZLVH�
PHWULFV QRW GHSHQGHQW RQ WKH EDODQFLQJ FDQ EH DGRSWHG� VXFK DV WKH 52& $8& VFRUH�
8VLQJ WKH $8& VFRUH� WKRXJK� WKH ELJJHU LPSRUWDQFH JLYHQ WR WKH DUWLIDFW FODVV ZRXOG EH
ORVW IRU EHWWHU VHSDUDELOLW\� %XW LW LV NQRZQ IURP WKH XVHUV¶ QHHGV� WKDW LQ WKLV FDVH UHFDOO
LV PRUH LPSRUWDQW WKDQ VHSDUDELOLW\� ,Q DGGLWLRQ� LW VKRXOG EH DOZD\V NHSW LQ PLQG DOO WKH
SUDFWLFDO YDULDEOHV WKDW FDQ LQIOXHQFH WKH FKRLFHV� VXFK DV WLPH FRQVWUDLQWV� +DYLQJ D
SURWRFRO LQ ZKLFK WKH DUWLIDFWV DUH FRQWUROOHG� DOORZV IRU DQQRWDWLQJ UHFRUGLQJV LQ D IDVWHU
ZD\ DQG ZLWK OHVV GHSHQGHQFH RQ H[SHUWV WKDQ LQ D VWDQGDUG UHFRUGLQJ� 7KLV DOORZV QRQ�
H[SHUW QHXURORJLVWV WR FUHDWH WKH JURXQG WUXWK� DQG LQ WKH IHZ ZHHNV DYDLODEOH IRU WKH
SURMHFW LW JDYH WKH RSSRUWXQLW\ WR LQVHUW LW LQ WKH SLSHOLQH� )LQDOO\� WKH FRPSDUWPHQWDOL]DWLRQ
LQ WKH SURWRFRO LV DOVR UHIOHFWHG LQ WKH FDOLEUDWLRQ H[HUFLVHV DW WKH EHJLQQLQJ RI WKH VWDQGDUG
((* VFDQ� 7KDW VWDJH FDQ EHFRPH RI IXQGDPHQWDO LPSRUWDQFH IRU WKH SHUIRUPDQFHV RI
DQ\ DOJRULWKP� EHFDXVH� IURP WKH EHJLQQLQJ DQG LQ DQ LQGLYLGXDOL]HG PDQQHU� H[DPSOHV RI
DQ\ FODVV RI DUWLIDFWV DUH DYDLODEOH EHIRUH VWDUWLQJ DQ\ UHFRUGLQJ�

7KH FDOLEUDWLRQ LV RQH DVSHFW WKDW FDQ ZHLJK HQRUPRXVO\ RQ WKH HQWLUH DQDO\VLV� 'HHS
LQYHVWLJDWLRQV RQ WKH FDOLEUDWLRQ VWDJH ZHUH RXW RI WKH VFRSH RI WKLV SURMHFW� $ WZR�VWHS
UREXVW FDOLEUDWLRQ WHFKQLTXH KDV DOUHDG\ EHHQ GLVFXVVHG LQ WKH 53) GLVFXVVLRQV VHFWLRQ�
2Q WRS RI WKDW� SDVW UHFRUGLQJV FDQ EH XVHG WR FUHDWH D JHQHUDOL]HG EDVHOLQH PDWUL[� XVHG
LQ WKH ILUVW VWHS RI WKH UREXVW FDOLEUDWLRQ WR UHPRYH WKH RXWOLHUV� $QRWKHU KXJH EUDQFK
WR LQVSHFW FRXOG EH WKH DGYDQWDJHV EURXJKW E\ XVLQJ WKH VWDQGDUGLVHG SURWRFRO� ,Q IDFW�
WKH DUWLIDFW H[HUFLVHV DW WKH EHJLQQLQJ� XVHIXO IRU WKH QHXURORJLVWV WR KDYH D UHIHUHQFH
ZKHQ WKH\ UHDG WKH VFDQV� FDQ UHWXUQ PRUH LQIRUPDWLRQ WKDQ WKH RQH XVHG QRZ� $ IXWXUH
H[SORUDWLRQ FDQ HYROYH E\ DSSO\LQJ 5LHPDQQLDQ FOXVWHULQJ PHWKRGV OLNH 0HDQ�VKLIW RU .�
PHDQ >���@ WR WKH VLJQDO� 7KLV FRXOG PHDQ KDYLQJ RQH EDVHOLQH IRU HDFK FODVV RI DUWLIDFWV
DQG FOXVWHULQJ WKH LQFRPLQJ HSRFKV ZLWK WKH FORVHVW EDVHOLQH�

��



-XVW WKH VXUIDFH RI WKH 8; GHVLJQ DQG SURWRW\SLQJ KDV EHHQ VFUDWFKHG� ,Q WKLV SDUW RI
WKH SURMHFW� LPPHQVH ZRUN FDQ EH GRQH WR LPSURYH DOO WKH RWKHU SDUWV� )RU H[DPSOH� LW LV
NQRZQ IURP WKH UHVXOWV RI WKH XVHUV¶ QHHGV FKDSWHU� WKDW WKH SDWLHQWV FDQ EH SDUWLFXODUO\
VWUHVVHG LQ WKH ILUVW SDUW RI WKH UHFRUGLQJ� DIIHFWLQJ WKH FDOLEUDWLRQ VHFWLRQ� 6LPSOH KHXULV�
WLFV RQ WKH VWDQGDUG YDULDQFH RI ((* FOHDQ VLJQDOV FDQ EH XVHG WR VWDUW ZLWK WKH H[HUFLVHV
RQO\ ZKHQ LW LV UHFRUGHG ZLWK SURSHU TXDOLW\� 6HFRQGO\� D EXQFK RI KHXULVWLFV FDQ EH XVHG
EHIRUH DQG GXULQJ WKH UHFRUGLQJ WR JLYH IHHGEDFN WR WKH RSHUDWRUV� )RU H[DPSOH� 50Hz
QRLVH OHYHO FDQ EH FRQVWDQWO\ PHDVXUHG WR PDNH VXUH WKDW WKH GND DQG REF HOHFWURGHV
DUH ZHOO FRQQHFWHG �SUDFWLFDO HYHQWXDOLW\� IRXQG LQ GDWD DFTXLUHG ZLWK DQ ROG YHUVLRQ RI
WKH %UDLQ&DSWXUH¶V GHYLFH LQ %KXWDQ >���@�� ,Q DGGLWLRQ� WKH HQWLUH VPRRWKLQJ SURFHVV WR
SDVV IURP HSRFK TXDOLW\ WR VHJPHQW TXDOLW\ KDV MXVW EHHQ VNHWFKHG� )URP WKH LQWHUYLHZV
ZLWK WKH GRFWRUV DQG WKH ((* WHFKQLFLDQV� LW LV FOHDU WKDW LV QRW UHOHYDQW WR DOHUW WKH RSHU�
DWRU IRU VPDOO DQG VSDUVH FKXQNV RI DUWLIDFW VLJQDO� )RU WKLV UHDVRQ� D VPRRWKLQJ IXQFWLRQ
FDQ EH GHVLJQHG WR VXPPDULVH WKH LQIRUPDWLRQ LQWR ELJJHU VHJPHQWV WR YLVXDOLVH LQ WKH
SURJUHVV EDU� 7KLV SDUW VWULFWO\ GHSHQGV RQ WKH ZLQGRZ VL]H SDUDPHWHU UHWXUQHG E\ WKH
K\SHUSDUDPHWHUV WXQLQJ�

)LQDOO\� WKH RXWFRPHV RI WKLV SURMHFW DOORZ IRU WHVWLQJ WKH DFWXDO LPSURYHPHQWV LQ WKH TXDOLW\
RI WKH VLJQDOV DFTXLUHG� E\ WKH GLIIHUHQFH LQ WKH GDWD DFTXLUHG ZLWK WKH TXDOLW\ IHDWXUH
DFWLYDWHG RU QRW�

��



��



�� &RQFOXVLRQV
7KH IHDVLELOLW\ RI DQ RQOLQH ((* DUWLIDFW GHWHFWLRQ DOJRULWKP� LPSOHPHQWHG RQ DQ HPEHGGHG
V\VWHP� KDV EHHQ VXFFHVVIXOO\ UHVHDUFKHG LQ WKLV DQDO\VLV� 7KH FRQFOXVLRQV RI WKH HQWLUH
SURMHFW DUH VNHWFKHG LQ WKLV FKDSWHU�

,Q SDUWLFXODU� DIWHU DQ LQLWLDO LQWURGXFWLRQ WR WKH SUREOHP DQG LQVLJKW LQWR WKH DQDO\VLV� D
EULHI RYHUYLHZ RI WKH VWDWH RI WKH DUW RI VROXWLRQV KDV EHHQ VXPPDUL]HG� VKRZLQJ WKDW
RQO\ D IHZ PHWKRGV DUH VXLWDEOH IRU WKH XVH FDVH�

'LIIHUHQW GRFXPHQWV SUHYLRXVO\ FROOHFWHG E\ WKH FRPSDQ\ KDYH EHHQ VWXGLHG WR HPSDWKLVH
ZLWK WKH XVHUV¶ QHHGV� )XUWKHU DQDO\VLV ZDV FRQGXFWHG WKURXJK H[SHULPHQWV DQG VHPL�
VWUXFWXUHG TXHVWLRQQDLUHV WR GRFWRUV� H[SHUW ((* WHFKQLFLDQV� DQG QRQ�H[SHUW YROXQWHHUV�
,Q DGGLWLRQ� VHYHUDO GDWD FROOHFWLRQ VHVVLRQV KDYH EHHQ SHUIRUPHG LQ D QHXURORJLFDO KRV�
SLWDO� WR LPPHUVH LQWR WKH HQYLURQPHQW DQG JHW KDQGV�RQ H[SHULHQFH� 7KH WKHRUHWLFDO
NQRZOHGJH RQ ((* VFDQ UHDGLQJ KDV EHHQ DFTXLUHG IURP GRFWRUV� XQGHUVWDQGLQJ WKHUH LV
D QHHG WR FOHDQ GDWD WR YLVXDOL]H DQG UHFRJQL]H VHL]XUH SDWWHUQV� )URP H[SHULHQFHG WHFK�
QLFLDQV DQG UHFRUGLQJ VHVVLRQV� GLIIHUHQW SUDFWLFDO H[SHGLHQWV WR REWDLQ FOHDQ VFDQV KDYH
EHHQ LQWHULRULVHG� $ OLVW RI JRRG SUDFWLFHV WR DYRLG WKH JHQHUDWLRQ RI DUWLIDFWV KDV EHHQ
FRPSLOHG� UHVHUYLQJ SDUWLFXODU LPSRUWDQFH WR WKH UHOD[DWLRQ SDUW� )LQDOO\� WKH EHVW PHWK�
RGV WR VXSSRUW QRQ�H[SHUW WHFKQLFLDQV KDYH EHHQ DVVHVVHG E\ WKH H[SHULHQFH JDLQHG E\
ZRUNLQJ EHVLGH WKHP�

7KH SUREOHP DQG WKH V\VWHP UHTXLUHPHQWV KDYH EHHQ GHILQHG DQG WKHQ VKRZQ XVLQJ
WKH OHDQ FDQYDV WRRO� 6XEVHTXHQWO\� VROXWLRQV KDYH EHHQ LGHDWHG DQG SUHVHQWHG WKURXJK
D XVHU VWRU\ PDS� 7KH RXWFRPHV DUH WKDW WKH GLUHFW XVHUV �L�H� QRQ�H[SHUW RSHUDWRUV� QHHG
DQ LQWXLWLYH V\VWHP WKDW VXSSRUWV WKHP GXULQJ WKH UHFRUGLQJ RI WKH GDWD� 7KLV VXSSRUW LV
JRLQJ WR EH LPSOHPHQWHG DV D QHZ IHDWXUH LQ WKH H[LVWLQJ PRELOH DSS IURP %UDLQ&DSWXUH�
VKRZLQJ D UHDO�WLPH TXDOLW\�EDVHG FRORU�FRGHG SURJUHVV EDU� ,Q DGGLWLRQ� DQ HVWLPDWLRQ
RI WKH GXUDWLRQ WR SURORQJ WKH UHFRUGLQJ LV YLVXDOL]HG RQ WKH VDPH VFUHHQ� 7KH LGHDWLRQ
SURFHVV DFFHGHG WR WKH VHOHFWLRQ RI WKH5LHPDQQLDQ 3RWDWR )LHOG �53)� IRU WKH GHVLJQ RI
WKH UHDO�WLPH DUWLIDFW GHWHFWRU� ,W KDV EHHQ WXQHG ILUVWO\ E\ GHVLJQLQJ GLIIHUHQW ILHOGV DQG WKHQ
DSSO\LQJ D K\SHUSDUDPHWHU RSWLPL]HU� PD[LPL]LQJ WKH )� VFRUH REWDLQHG E\ FRPSDULQJ WKH
SUHGLFWHG ODEHOV RI WKH HSRFKV ZLWK WKH JURXQG WUXWK UHWULHYHG IURP WKH HYHQWV DQQRWDWHG LQ
WKH VFDQV FROOHFWHG� 7KH UHVXOWV REWDLQHG KDYH EHHQ DQDO\VHG WR XQGHUVWDQG WKH PXWXDO
LQIOXHQFHV EHWZHHQ SDUDPHWHUV DQG WR DQDO\VH H[HFXWLRQ WLPH ZLWK D YLHZ WR UHDO�WLPH
LPSOHPHQWDWLRQ�

7R WHVW WKH IHDVLELOLW\� LQ UHVSRQVH WR WKH SUREOHP VWDWHPHQW� WKH 53) KDV EHHQ LPSOH�
PHQWHG IRU HPEHGGHG V\VWHPV� L�H� FRGHG LQWR -DYD ODQJXDJH� 7KH PRELOH DSSOLFD�
WLRQ TXDOLW\ IHDWXUH KDV DOVR EHHQ SURWRW\SHG DQG LQFRUSRUDWHG LQWR WKH H[LVWLQJ DQGURLG
DSSOLFDWLRQ� 7KH WHVWV FRQGXFWHG FRQVLVWHG RI FRPSDULQJ WKH SURILOHG &38 ORDG� PHP�
RU\ SUHVVXUH� DQG HQHUJ\ FRQVXPSWLRQ RI WKH PRELOH DSSOLFDWLRQ LQ ZKLFK WKH IHDWXUH LV
DFWLYDWHG DQG LQ ZKLFK LW LV GHDFWLYDWHG�

7KH UHVXOWV SURYH WKDW WKLV IHDWXUH LV IHDVLEOH WR UXQ RQOLQH DQG RQ D PRELOH GHYLFH� ,Q
DGGLWLRQ� DQ )� VFRUH RI ���� KDV EHHQ REWDLQHG IURP WKH GDWD XVHG� )LQDOO\� WKH SURFHVV
LV GHYHORSHG ZLWK D WRS�GRZQ VWUDWHJ\� DOZD\V NHHSLQJ WKH XVHUV¶ QHHGV DV WKH IRFDO SRLQW�
7KXV� WKH SURSRVHG VROXWLRQV DGGUHVV DOO WKH SUDFWLFDO TXHVWLRQV SRVHG E\ WKH UHVHDUFK
SUREOHP VXFFHVVIXOO\�
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%LEOLRJUDSK\
>�@ :RUOG KHDOW 2UJDQL]DWLRQ� (SLOHSV\� � )HEUXDU\ ����� 85/� ?iiTb,ffrrrXr?QXBMif

M2rb@`QQKf7�+i@b?22ibf/2i�BHf2TBH2Tbv�
>�@ 5REHUW 6 )LVKHU HW DO� ³,/$( RIILFLDO UHSRUW� D SUDFWLFDO FOLQLFDO GHILQLWLRQ RI HSLOHSV\´�

,Q� (SLOHSVLD ���� ������� SS� ���±����
>�@ (WKDQ0*ROGEHUJ DQG 'RXJODV $ &RXOWHU� ³0HFKDQLVPV RI HSLOHSWRJHQHVLV� D FRQ�

YHUJHQFH RQ QHXUDO FLUFXLW G\VIXQFWLRQ´� ,Q� 1DWXUH 5HYLHZV 1HXURVFLHQFH ����
������� SS� ���±����

>�@ /DUD 9 0DUFXVH� 0DGHOLQH & )LHOGV� DQG -L <HRXQ -HQQD <RR� 5RZDQ¶V 3ULPHU RI
((* (�%RRN� (OVHYLHU +HDOWK 6FLHQFHV� �����

>�@ 5LLWWD +DUL DQG $LQD 3XFH� 0(*�((* 3ULPHU� 2[IRUG 8QLYHUVLW\ 3UHVV� �����
>�@ 0RQD 6D]JDU DQG 0LFKDHO * <RXQJ� ³((* DUWLIDFWV´� ,Q� $EVROXWH HSLOHSV\ DQG

((* URWDWLRQ UHYLHZ� 6SULQJHU� ����� SS� ���±����
>�@ 3DXO /RRPLV� *UDQW DSSOLFDWLRQ� XQSXEOLVKHG� �����
>�@ %UDLQ&DSWXUH� %UDLQ&DSWXUH � (SLOHSV\� ����� 85/� ?iiTb,ff#`�BM+�Tim`2X/F�
>�@ %UDLQ&DSWXUH� %UDLQ&DSWXUH� ����� 85/� ?iiTb,ff#`�BM+�Tim`2X/F�
>��@ /XRLVH .ORN� SHUVRQDO FRPPXQLFDWLRQ� -XO\ �����
>��@ 3DXO /RRPLV� SHUVRQDO FRPPXQLFDWLRQ� 6HSW� �����
>��@ 5DGX *DWHM� SHUVRQDO FRPPXQLFDWLRQ� -XO\ �����
>��@ 1DWXV� 1DWXV ZHEVLWH� ����� 85/� ?iiTb,ffM�imbX+QK �YLVLWHG RQ ������������
>��@ &DGZHOO� &DGZHOO ZHEVLWH� ����� 85/� ?iiTb , f f rrr X +�/r2HH X +QK �YLVLWHG RQ

������������
>��@ &RPSXPHGLFV� &RPSXPHGLFV ZHEVLWH� ����� 85/� ?iiTb ,ffrrrX+QKTmK2/B+b X

+QKX�mf2Mf �YLVLWHG RQ ������������
>��@ ]HWR� ]HWR ZHEVLWH� ����� 85/� ?iiTb,ffx2iQ@BM+X+QK �YLVLWHG RQ ������������
>��@ EUDLQSURGXFWV� EUDLQSURGXFWV ZHEVLWH� ����� 85/� ?iiTb,ffrrrX#`�BMT`Q/m+ibX+QK

�YLVLWHG RQ ������������
>��@ $OHVVDQGUR /LEHUDWL HW DO� ³7KH 35,60$ VWDWHPHQW IRU UHSRUWLQJ V\VWHPDWLF UHYLHZV

DQG PHWD�DQDO\VHV RI VWXGLHV WKDW HYDOXDWH KHDOWK FDUH LQWHUYHQWLRQV� H[SODQDWLRQ
DQG HODERUDWLRQ´� ,Q� -RXUQDO RI FOLQLFDO HSLGHPLRORJ\ ����� ������� H�±H���

>��@ 0DWWKHZ - 3DJH HW DO� ³7KH 35,60$ ���� VWDWHPHQW� DQ XSGDWHG JXLGHOLQH IRU
UHSRUWLQJ V\VWHPDWLF UHYLHZV´� ,Q� 6\VWHPDWLF UHYLHZV ���� ������� SS� �±���

>��@ 0DOLN 0XKDPPDG 1DHHP0DQQDQ� 0XKDPPDG $KPDG .DPUDQ� DQG0\XQJ <XQJ
-HRQJ� ³,GHQWLILFDWLRQ DQG UHPRYDO RI SK\VLRORJLFDO DUWLIDFWV IURP HOHFWURHQFHSKDOR�
JUDP VLJQDOV� $ UHYLHZ´� ,Q� ,HHH $FFHVV � ������� SS� �����±������

>��@ ;LDR -LDQJ� *XL�%LQ %LDQ� DQG =HDQ 7LDQ� ³5HPRYDO RI DUWLIDFWV IURP ((* VLJQDOV�
D UHYLHZ´� ,Q� 6HQVRUV ���� ������� S� ����

>��@ &KL 4LQ /DL HW DO� ³$UWLIDFWV DQG QRLVH UHPRYDO IRU HOHFWURHQFHSKDORJUDP �((*�� $
OLWHUDWXUH UHYLHZ´� ,Q� ���� ,(((6\PSRVLXP RQ&RPSXWHU $SSOLFDWLRQV 	 ,QGXVWULDO
(OHFWURQLFV �,6&$,(�� ,(((� ����� SS� ���±����

>��@ 6KDLEDO %DUXD DQG 6KDKLQD %HJXP� ³$ UHYLHZ RQ PDFKLQH OHDUQLQJ DOJRULWKPV LQ
KDQGOLQJ ((* DUWLIDFWV´� ,Q� 7KH 6ZHGLVK $, 6RFLHW\ �6$,6� :RUNVKRS 6$,6� ���
����� 0D\ ����� 6WRFNKROP� 6ZHGHQ� �����

>��@ 0G .DILXO ,VODP� $PLU 5DVWHJDUQLD� DQG =KL <DQJ� ³0HWKRGV IRU DUWLIDFW GHWHFWLRQ
DQG UHPRYDO IURP VFDOS ((*� $ UHYLHZ´� ,Q� 1HXURSK\VLRORJLH &OLQLTXH�&OLQLFDO
1HXURSK\VLRORJ\ ������ ������� SS� ���±����
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>��@ /DXUD )U¡OLFK� 7RELDV 6 $QGHUVHQ� DQG 0RUWHQ 0¡UXS� ³&ODVVLILFDWLRQ RI LQGHSHQ�
GHQW FRPSRQHQWV RI ((* LQWR PXOWLSOH DUWLIDFW FODVVHV´� ,Q� 3V\FKRSK\VLRORJ\ ����
������� SS� ��±���

>��@ 9 .ULVKQDYHQL HW DO� ³$XWRPDWLF LGHQWLILFDWLRQ DQG UHPRYDO RI RFXODU DUWLIDFWV IURP
((*XVLQJZDYHOHW WUDQVIRUP´� ,Q�0HDVXUHPHQW VFLHQFH UHYLHZ ��� ������� SS� ��±
���

>��@ 9HUQRQ /DZKHUQ� : 'DYLG +DLUVWRQ� DQG .D\ 5REELQV� ³'(7(&7� $ 0$7/$% WRRO�
ER[ IRU HYHQW GHWHFWLRQ DQG LGHQWLILFDWLRQ LQ WLPH VHULHV� ZLWK DSSOLFDWLRQV WR DUWLIDFW
GHWHFWLRQ LQ ((* VLJQDOV´� ,Q� 3OR6 RQH ��� ������� H������

>��@ 'HPHWUHV .RVWDV� 6WHSKDQH $URFD�2XHOOHWWH� DQG )UDQN 5XG]LF]� ³%(1'5� XVLQJ
WUDQVIRUPHUV DQG D FRQWUDVWLYH VHOI�VXSHUYLVHG OHDUQLQJ WDVN WR OHDUQ IURP PDVVLYH
DPRXQWV RI ((* GDWD´� ,Q� DU;LY SUHSULQW DU;LY����������� �������

>��@ 1LHOV %LUEDXPHU HW DO� ³1HXURIHHGEDFN DQG EUDLQ±FRPSXWHU LQWHUIDFH� FOLQLFDO DS�
SOLFDWLRQV´� ,Q� ,QWHUQDWLRQDO UHYLHZ RI QHXURELRORJ\ �� ������� SS� ���±����

>��@ $UQDXG 'HORUPH DQG 6FRWW 0DNHLJ� ³((*/$%� DQ RSHQ VRXUFH WRROER[ IRU DQDO\�
VLV RI VLQJOH�WULDO ((* G\QDPLFV LQFOXGLQJ LQGHSHQGHQW FRPSRQHQW DQDO\VLV´� ,Q�
-RXUQDO RI QHXURVFLHQFH PHWKRGV ����� ������� SS� �±���

>��@ $UQDXG 'HORUPH HW DO� ³((*/$%� 6,)7� 1)7� %&,/$%� DQG (5,&$� QHZ WRROV IRU
DGYDQFHG ((* SURFHVVLQJ´� ,Q�&RPSXWDWLRQDO LQWHOOLJHQFH DQG QHXURVFLHQFH ����
�������

>��@ &KULVWLDQ $QGUHDV .RWKH DQG 6FRWW 0DNHLJ� ³%&,/$%� D SODWIRUP IRU EUDLQ±FRPSXWHU
LQWHUIDFH GHYHORSPHQW´� ,Q� -RXUQDO RI QHXUDO HQJLQHHULQJ ���� ������� S� �������

>��@ $ORLV 6FKO|JO DQG &OHPHQV %UXQQHU� ³%LR6LJ� D IUHH DQG RSHQ VRXUFH VRIWZDUH
OLEUDU\ IRU %&, UHVHDUFK´� ,Q� &RPSXWHU ����� ������� SS� ��±���

>��@ <DQQ 5HQDUG HW DO� ³2SHQYLEH� $Q RSHQ�VRXUFH VRIWZDUH SODWIRUP WR GHVLJQ� WHVW�
DQG XVH EUDLQ±FRPSXWHU LQWHUIDFHV LQ UHDO DQG YLUWXDO HQYLURQPHQWV´� ,Q� 3UHVHQFH
���� ������� SS� ��±���

>��@ +DVVR 3ODWWQHU� ³$Q LQWURGXFWLRQ WR GHVLJQ WKLQNLQJ´� ,Q� ,LQVWLWXWH RI 'HVLJQ DW 6WDQ�
IRUG ������� SS� �±���

>��@ ,QWHUDFWLRQ GHVLJQ IRXQGDWLRQ� 7KH � 6WDJHV LQ WKH 'HVLJQ 7KLQNLQJ 3URFHVV� �����
85/� ?iiTb,ffrrrXBMi2`�+iBQM@/2bB;MXQ`;fHBi2`�im`2f�`iB+H2f8@bi�;2b@BM@i?2@/2bB;M@
i?BMFBM;@T`Q+2bb�

>��@ /XRLVH .ORN� SHUVRQDO FRPPXQLFDWLRQ� 6HSW� �����
>��@ 5DGX *DWHM� SHUVRQDO FRPPXQLFDWLRQ� 6HSW� �����
>��@ 7XH /HKQ�6FKLROHU� SHUVRQDO FRPPXQLFDWLRQ� -XQH �����
>��@ %UDLQ&DSWXUH� ³%&�� 8VHU UHTXLUHPHQWV � ZRUNLQJ ILOH���SGI´� 1RW 3XEOLVKHG� �����
>��@ 7HOH((*� ³7RS 7HFKQLFDO 7LSV � ¶,Q D QXWVKHOO¶´� 3ULYDWH GRFXPHQW� �����
>��@ WHOHHHJ� WHOHHHJZHEVLWH� ����� 85/� ?iiTb,ffrrrXi2H222;XQ`; �YLVLWHG RQ ������������
>��@ )LODGHOILD +RVSLWDO� )LODGHOILD +RVSLWDO ZHEVLWH� ����� 85/� ?iiTb,ffrrrX7BH�/2H7B�X

/F �YLVLWHG RQ ������������
>��@ ,PDQ &KHOKL�8VHU WHVWV 4XDOLWDWLYH 'DWD� ����� 85/� ?iiTb,ffKB`QX+QKf�TTf#Q�`/f

msDoSahSx?y4f\b?�`2W8*nHBMFW8*nB/4RN9Red38ReN�
>��@ 0XOOHQ 6WHYH� $Q ,QWURGXFWLRQ WR /HDQ &DQYDV� ����� 85/� ?iiTb , f f K2/BmK X

+QK f !bi2p2 n KmHH2M f �M @ BMi`Q/m+iBQM @ iQ @ H2�M @ +�Mp�b @ 8+Rd+9eN/j2y �YLVLWHG RQ
������������

>��@ -HII 3DWWRQ� 8VHU 6WRU\ 0DSSLQJ� %HLMLQJ� 2¶5HLOO\� ����� ,6%1� ����������������
�� 85/� ?iiTb , ffrrrX b�7�`B#QQFbQMHBM2 X +QKf HB#`�`vfpB2rfmb2` @ biQ`v @ K�TTBM;f
Nd3R9NRNy93Njf�

>��@ *�QWKHU 'HXVFKO� ³5HFRPPHQGDWLRQV IRU WKH SUDFWLFH RI FOLQLFDO QHXURSK\VLRORJ\´�
,Q� JXLGHOLQHV RI WKH ,QWHUQDWLRQDO )HGHUDWLRQ RI &OLQLFDO 1HXURSK\VLRORJ\ �������
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>��@ :LNLSHGLD� +LJK LPSHGDQFH� ����� 85/� ?iiTb , ff 2M XrBFBT2/B� X Q`;frBFB f>B;?n
BKT2/�M+2�

>��@ 4XHQWLQ %DUWKpOHP\ HW DO� ³7KH 5LHPDQQLDQ SRWDWR ILHOG� D WRRO IRU RQOLQH VLJQDO
TXDOLW\ LQGH[ RI ((*´� ,Q� ,((( 7UDQVDFWLRQV RQ 1HXUDO 6\VWHPV DQG 5HKDELOLWDWLRQ
(QJLQHHULQJ ���� ������� SS� ���±����

>��@ 6DQGRU %HQLF]N\� SHUVRQDO FRPPXQLFDWLRQV� -XQH ��� �����
>��@ 7RELDV $QGHUVHQ� SHUVRQDO FRPPXQLFDWLRQV� -XQH ��� �����
>��@ 1DWXV� 1LFROHW ,&8 0RQLWRU� ����� 85/� ?iiTb,ffrrrX+2T?�HQMX2mfT`Q/m+ibf22;@

2`Tf�22;fOR8y8j3ey8Rekk@+#33989+@j7k#k�d2@e�ky �YLVLWHG RQ ������������
>��@ :LNLSHGLD� ��±�� V\VWHP �((*�� ����� 85/� ?iiTb,ff2MXrBFBT2/B�XQ`;frBFBfRyW

1kW3yWNjkynbvbi2KnU11:V �YLVLWHG RQ ������������
>��@ 3nO * /DUVVRQ� 2UYDU (HJ�2ORIVVRQ� DQG *|UDQ /DQW]� ³$OSKD IUHTXHQF\ HVWLPD�

WLRQ LQ SDWLHQWV ZLWK HSLOHSV\´� ,Q� &OLQLFDO ((* DQG 1HXURVFLHQFH ���� �������
SS� ��±����

>��@ 0LOD +DOJUHQ HW DO� ³7KH JHQHUDWLRQ DQG SURSDJDWLRQ RI WKH KXPDQ DOSKD UK\WKP´�
,Q� 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV ������ ������� SS� �����±
������

>��@ 5DGX *DWHM� SHUVRQDO FRPPXQLFDWLRQ� 1RY� �����
>��@ 1 7DNDKDVKL HW DO� ³)URQWDO PLGOLQH WKHWD UK\WKP LQ \RXQJ KHDOWK\ DGXOWV´� ,Q� &OLQ�

LFDO (OHFWURHQFHSKDORJUDSK\ ���� ������� SS� ��±���
>��@ ((*SHGLD� 0LGOLQH WKHWD UK\WKP �&LJDQHN�� ����� 85/� ?iiT,ffrrrX22;T2/B�XQ`;f

BM/2tXT?T\iBiH24JB/HBM2ni?2i�n`?vi?KnU*B;�M2FV�
>��@ *HUW 3IXUWVFKHOOHU� $ 6WDQFDN -U� DQG &K 1HXSHU� ³(YHQW�UHODWHG V\QFKURQL]DWLRQ

�(56� LQ WKH DOSKD EDQG²DQ HOHFWURSK\VLRORJLFDO FRUUHODWH RI FRUWLFDO LGOLQJ� D UH�
YLHZ´� ,Q� ,QWHUQDWLRQDO MRXUQDO RI SV\FKRSK\VLRORJ\ ������ ������� SS� ��±���

>��@ (GJDU 'RXJODV $GULDQ DQG %ULDQ +& 0DWWKHZV� ³7KH %HUJHU UK\WKP� SRWHQWLDO
FKDQJHV IURP WKH RFFLSLWDO OREHV LQ PDQ´� ,Q� %UDLQ ���� ������� SS� ���±����

>��@ 6LPRQ 3 .HOO\ HW DO� ³,QFUHDVHV LQ DOSKD RVFLOODWRU\ SRZHU UHIOHFW DQ DFWLYH UHWLQR�
WRSLF PHFKDQLVP IRU GLVWUDFWHU VXSSUHVVLRQ GXULQJ VXVWDLQHG YLVXRVSDWLDO DWWHQ�
WLRQ´� ,Q� -RXUQDO RI QHXURSK\VLRORJ\ ���� ������� SS� ����±�����

>��@ 7RQLD $ 5LKV� &KULVWRSK 0 0LFKHO� DQG *UHJRU 7KXW� ³0HFKDQLVPV RI VHOHFWLYH
LQKLELWLRQ LQ YLVXDO VSDWLDO DWWHQWLRQ DUH LQGH[HG E\ α�EDQG ((* V\QFKURQL]DWLRQ´�
,Q� (XURSHDQ -RXUQDO RI 1HXURVFLHQFH ���� ������� SS� ���±����

>��@ *UHJRU 7KXW HW DO� ³α�%DQG HOHFWURHQFHSKDORJUDSKLF DFWLYLW\ RYHU RFFLSLWDO FRUWH[
LQGH[HV YLVXRVSDWLDO DWWHQWLRQ ELDV DQG SUHGLFWV YLVXDO WDUJHW GHWHFWLRQ´� ,Q� -RXUQDO
RI 1HXURVFLHQFH ����� ������� SS� ����±�����

>��@ /DZUHQFH - +LUVFK DQG 5LFKDUG %UHQQHU� $WODV RI ((* LQ FULWLFDO FDUH� -RKQ :LOH\
	 6RQV� �����

>��@ 5HLQPDU - .REOHU HW DO� ³&RUQHR�UHWLQDO�GLSROH DQG H\HOLG�UHODWHG H\H DUWLIDFWV FDQ
EH FRUUHFWHG RIIOLQH DQG RQOLQH LQ HOHFWURHQFHSKDORJUDSKLF DQGPDJQHWRHQFHSKDOR�
JUDSKLF VLJQDOV´� ,Q� 1HXUR,PDJH ��� ������� S� �������

>��@ ,ULQD , *RQFKDURYD HW DO� ³(0* FRQWDPLQDWLRQ RI ((*� VSHFWUDO DQG WRSRJUDSKLFDO
FKDUDFWHULVWLFV´� ,Q� &OLQLFDO QHXURSK\VLRORJ\ ����� ������� SS� ����±�����

>��@ $OH[DQGHU - 6KDFNPDQ HW DO� ³(OHFWURP\RJHQLF DUWLIDFWV DQG HOHFWURHQFHSKDOR�
JUDSKLF LQIHUHQFHV´� ,Q� %UDLQ WRSRJUDSK\ ���� ������� SS� �±���

>��@ 0DVDNL ,ZDVDNL HW DO� ³(IIHFWV RI H\HOLG FORVXUH� EOLQNV� DQG H\H PRYHPHQWV RQ WKH
HOHFWURHQFHSKDORJUDP´� ,Q� &OLQLFDO 1HXURSK\VLRORJ\ ����� ������� SS� ���±����

>��@ 5HEHNND /LQGKROP 5RQQH +DQVHQ� SHUVRQDO FRPPXQLFDWLRQV� 6HSW�±'HF� �����

��

https://en.wikipedia.org/wiki/High_impedance
https://en.wikipedia.org/wiki/High_impedance
https://www.cephalon.eu/products/eeg-erp/aeeg/%231505386051622-cb88454c-3f2b2a7e-6a20
https://www.cephalon.eu/products/eeg-erp/aeeg/%231505386051622-cb88454c-3f2b2a7e-6a20
https://en.wikipedia.org/wiki/10%E2%80%9320_system_(EEG)
https://en.wikipedia.org/wiki/10%E2%80%9320_system_(EEG)
http://www.eegpedia.org/index.php?title=Midline_theta_rhythm_(Ciganek)
http://www.eegpedia.org/index.php?title=Midline_theta_rhythm_(Ciganek)


>��@ 'DULR )DULQD� 5REHUWR 0HUOHWWL� DQG 5RJHU 0 (QRND� ³7KH H[WUDFWLRQ RI QHXUDO
VWUDWHJLHV IURP WKH VXUIDFH (0*� DQ XSGDWH´� ,Q� -RXUQDO RI $SSOLHG 3K\VLRORJ\
������ ������� SS� ����±�����

>��@ -XQVKXL 0D HW DO� ³0XVFOH DUWLIDFWV LQ PXOWLFKDQQHO ((*� FKDUDFWHULVWLFV DQG UH�
GXFWLRQ´� ,Q� &OLQLFDO QHXURSK\VLRORJ\ ����� ������� SS� ����±�����

>��@ %UXFH % :LQWHU DQG -RKQ * :HEVWHU� ³'ULYHQ�ULJKW�OHJ FLUFXLW GHVLJQ´� ,Q� ,(((
7UDQVDFWLRQV RQ ELRPHGLFDO HQJLQHHULQJ � ������� SS� ��±���

>��@ %DUEDUD .LWFKHQKDP� ³$ SURFHGXUH IRU DQDO\]LQJ XQEDODQFHG GDWDVHWV´� ,Q� ,(((
WUDQVDFWLRQV RQ 6RIWZDUH (QJLQHHULQJ ���� ������� SS� ���±����

>��@ .3 6XUHVK� ³$Q RYHUYLHZ RI UDQGRPL]DWLRQ WHFKQLTXHV� DQ XQELDVHG DVVHVVPHQW
RI RXWFRPH LQ FOLQLFDO UHVHDUFK´� ,Q� -RXUQDO RI KXPDQ UHSURGXFWLYH VFLHQFHV ���
������� S� ��

>��@ 0DUFR &RQJHGR� $OH[DQGUH %DUDFKDQW� DQG 5DMHQGUD %KDWLD� ³5LHPDQQLDQ JHRP�
HWU\ IRU ((*�EDVHG EUDLQ�FRPSXWHU LQWHUIDFHV� D SULPHU DQG D UHYLHZ´� ,Q� %UDLQ�
&RPSXWHU ,QWHUIDFHV ��� ������� SS� ���±����

>��@ 5RQDOG $\OPHU )LVKHU� ³6WDWLVWLFDO PHWKRGV IRU UHVHDUFKZRUNHUV´� ,Q�%UHDNWKURXJKV
LQ VWDWLVWLFV� 6SULQJHU� ����� SS� ��±���

>��@ $OH[DQGUH %DUDFKDQW� $QWRQ $QGUHHY� DQG 0DUFR &RQJHGR� ³7KH 5LHPDQQLDQ
3RWDWR� DQ DXWRPDWLF DQG DGDSWLYH DUWLIDFW GHWHFWLRQ PHWKRG IRU RQOLQH H[SHULPHQWV
XVLQJ 5LHPDQQLDQ JHRPHWU\´� ,Q� 72%, :RUNVKRS O9� ����� SS� ��±���

>��@ *LRYDQQL *UHJR� *HRGHVLFV LQ WKH 5LHPDQQLDQ *HRPHWU\ IRU ((* $UWLIDFW GHWHF�
WLRQ� ����� 85/� ?iiTb,ff;Bi?m#X+QKf:BQp�MMB:`f_B2K�MMB�M:2QK2i`vaT2+B�H*Qm`b2f
#HQ#fK�BMfaT2+B�H*Qm`b2_B2K�MM@kXT/7�

>��@ (PPDQXHO . .DOXQJD HW DO� ³2QOLQH 669(3�EDVHG %&, XVLQJ 5LHPDQQLDQ JHRP�
HWU\´� ,Q� 1HXURFRPSXWLQJ ��� ������� SS� ��±���

>��@ 0DKHU 0RDNKHU� ³$ GLIIHUHQWLDO JHRPHWULF DSSURDFK WR WKH JHRPHWULF PHDQ RI V\P�
PHWULF SRVLWLYH�GHILQLWH PDWULFHV´� ,Q� 6,$0 MRXUQDO RQ PDWUL[ DQDO\VLV DQG DSSOLFD�
WLRQV ���� ������� SS� ���±����

>��@ -RVH $QWRQLR 8ULJ�HQ DQG %HJRxD *DUFLD�=DSLUDLQ� ((* DUWLIDFW UHPRYDO²VWDWH�
RI�WKH�DUW DQG JXLGHOLQHV� �����

>��@ $YLQDVK 7DQGOH HW DO� ³&ODVVLILFDWLRQ RI DUWHIDFWV LQ ((* VLJQDO UHFRUGLQJV DQG (2*
DUWHIDFW UHPRYDO XVLQJ (2* VXEWUDFWLRQ´� ,Q� &RPPXQ $SSO (OHFWURQ � �������
SS� ��±��

>��@ 0HKUGDG )DWRXUHFKL HW DO� ³(0* DQG (2* DUWLIDFWV LQ EUDLQ FRPSXWHU LQWHUIDFH
V\VWHPV� $ VXUYH\´� ,Q� &OLQLFDO QHXURSK\VLRORJ\ ����� ������� SS� ���±����

>��@ 0DWWKLDV )HXUHU DQG )UDQN +XWWHU� +\SHUSDUDPHWHU RSWLPL]DWLRQ� �����
>��@ /L <DQJ DQG $EGDOODK 6KDPL�2Q K\SHUSDUDPHWHU RSWLPL]DWLRQ RI PDFKLQH OHDUQLQJ

DOJRULWKPV� 7KHRU\ DQG SUDFWLFH� �����
>��@ &RQWULEXWRUV� VNRSW�JSminimize� ����� 85/� ?iiTb , ff b+BFBi @ QTiBKBx2 X ;Bi?m# X BQf

bi�#H2fKQ/mH2bf;2M2`�i2/fbFQTiX;TnKBMBKBx2X?iKHObFQTiX;TnKBMBKBx2�
>��@ &KULVWRSK 0ROQDU� ,QWHUSUHWDEOH PDFKLQH OHDUQLQJ� /XOX� FRP� �����
>��@ &RQWULEXWRUV� VNRSW�SORWV�SORWobjective� ����� 85/� ?iiTb,ffb+BFBi@QTiBKBx2X;Bi?m#X

BQfbi�#H2fKQ/mH2bf;2M2`�i2/fbFQTiXTHQibXTHQinQ#D2+iBp2X?iKHObFQTiXTHQibXTHQin
Q#D2+iBp2�

>��@ %DUWKpOHP\4XHQWLQ�2QOLQH $UWLIDFW 'HWHFWLRQ ZLWK 5LHPDQQLDQ 3RWDWR )LHOG� �����
85/� ?iiTb,ffTv`B2K�MMX`2�/i?2/Q+bXBQf2MfH�i2bif�miQn2t�KTH2bf�`iB7�+ibfTHQin
/2i2+in`B2K�MMB�MnTQi�iQn7B2H/n11:X?iKHObT?t@;H`@�miQ@2t�KTH2b@�`iB7�+ib@THQi@
/2i2+i@`B2K�MMB�M@TQi�iQ@7B2H/@22;@Tv�

>��@ 4XHQWLQ %DUWKqOHP\ DQG S\5LHPDQQ ��� &RQWULEXWRUV� ³S\5LHPDQQ´� ,Q� �������

��

https://github.com/GiovanniGr/RiemannianGeometrySpecialCourse/blob/main/SpecialCourseRiemann-2.pdf
https://github.com/GiovanniGr/RiemannianGeometrySpecialCourse/blob/main/SpecialCourseRiemann-2.pdf
https://scikit-optimize.github.io/stable/modules/generated/skopt.gp_minimize.html%23skopt.gp_minimize
https://scikit-optimize.github.io/stable/modules/generated/skopt.gp_minimize.html%23skopt.gp_minimize
https://scikit-optimize.github.io/stable/modules/generated/skopt.plots.plot_objective.html%23skopt.plots.plot_objective
https://scikit-optimize.github.io/stable/modules/generated/skopt.plots.plot_objective.html%23skopt.plots.plot_objective
https://scikit-optimize.github.io/stable/modules/generated/skopt.plots.plot_objective.html%23skopt.plots.plot_objective
https://pyriemann.readthedocs.io/en/latest/auto_examples/artifacts/plot_detect_riemannian_potato_field_EEG.html%23sphx-glr-auto-examples-artifacts-plot-detect-riemannian-potato-field-eeg-py
https://pyriemann.readthedocs.io/en/latest/auto_examples/artifacts/plot_detect_riemannian_potato_field_EEG.html%23sphx-glr-auto-examples-artifacts-plot-detect-riemannian-potato-field-eeg-py
https://pyriemann.readthedocs.io/en/latest/auto_examples/artifacts/plot_detect_riemannian_potato_field_EEG.html%23sphx-glr-auto-examples-artifacts-plot-detect-riemannian-potato-field-eeg-py


>��@ *LRYDQQL *UHJR� (PEHGGHG53)� ����� 85/� ?iiTb , ff;Bi?m# X +QKf:BQp�MMB:`f
2K#2//2/_S6�

>��@ &RQWULEXWRUV� &ODVV &RYDULDQFH� ����� 85/� ?iiTb,ff+QKKQMbX�T�+?2XQ`;fT`QT2`f
+QKKQMb@K�i?fD�p�/Q+bf�TB@jXeXRfQ`;f�T�+?2f+QKKQMbfK�i?jfbi�if+Q``2H�iBQMf
*Qp�`B�M+2X?iKH�

>��@ &RQWULEXWRUV�3\5LHPDQQ�&RYDULDQFH�S\� ����� 85/� ?iiTb,ff;Bi?m#X+QKfTv_B2K�MMf
Tv_B2K�MMf#HQ#fK�bi2`fTv`B2K�MMfmiBHbf+Qp�`B�M+2XTv�

>��@ <LOXQ &KHQ HW DO� ³6KULQNDJH DOJRULWKPV IRU 006( FRYDULDQFH HVWLPDWLRQ´� ,Q� ,(((
7UDQVDFWLRQV RQ 6LJQDO 3URFHVVLQJ ����� ������� SS� ����±�����

>��@ 2OLYLHU /HGRLW DQG0LFKDHO:ROI� ³$ ZHOO�FRQGLWLRQHG HVWLPDWRU IRU ODUJH�GLPHQVLRQDO
FRYDULDQFHPDWULFHV´� ,Q� -RXUQDO RI PXOWLYDULDWH DQDO\VLV ���� ������� SS� ���±����

>��@ 6FLNLW�OHDUQ�6KULQNDJH FRYDULDQFH HVWLPDWLRQ� /HGRLW:ROI YV2$6 DQGPD[�OLNHOLKRRG�
����� 85/� ?iiTb , f f b+BFBi @ H2�`M X Q`; f bi�#H2 f �miQ n 2t�KTH2b f +Qp�`B�M+2 f THQi n
+Qp�`B�M+2n2biBK�iBQMX?iKHObT?t@ ;H`@ �miQ@ 2t�KTH2b@ +Qp�`B�M+2@ THQi@ +Qp�`B�M+2@
2biBK�iBQM@Tv�

>��@ 6FLNLW�OHDUQ� /HGRLW�:ROI YV 2$6 HVWLPDWLRQ� ����� 85/� ?iiTb,ffb+BFBi@ H2�`MXQ`;f
bi�#H2f�miQn2t�KTH2bf+Qp�`B�M+2fTHQinHrnpbnQ�bX?iKHObT?t@;H`@�miQ@2t�KTH2b@
+Qp�`B�M+2@THQi@Hr@pb@Q�b@Tv�

>��@ %UDLQ&DSWXUH� ³%&� � WHFK VSHFLILFDWLRQV´� 1RW 3XEOLVKHG� �����
>��@ L%XJ� 5HODWLRQVKLS EHWZHHQ &38 8VDJH DQG %DWWHU\ 8VDJH� ����� 85/� ?iiTb ,

ff�M/`QB/Xbi�+F2t+?�M;2X+QKf[m2biBQMbfRedy98f`2H�iBQMb?BT@#2ir22M@+Tm@mb�;2@
�M/@#�ii2`v@mb�;2�

>���@ 7HQVRU)ORZ� 'HSOR\ PDFKLQH OHDUQLQJ PRGHOV RQ PRELOH DQG HGJH GHYLFHV� �����
85/� ?iiTb,ffrrrXi2MbQ`7HQrXQ`;fHBi2�

>���@ =LWRQJ :DQ HW DO� ³$ UHYLHZ RQ WUDQVIHU OHDUQLQJ LQ ((* VLJQDO DQDO\VLV´� ,Q� 1HX�
URFRPSXWLQJ ��� ������� SS� �±���

>���@ 5DJKDY 6XEEDUDR DQG 3HWHU 0HHU� ³1RQOLQHDU PHDQ VKLIW RYHU 5LHPDQQLDQ PDQL�
IROGV´� ,Q� ,QWHUQDWLRQDO MRXUQDO RI FRPSXWHU YLVLRQ ���� ������� SS� �±���

>���@ %UDLQ&DSWXUH� ³%KXWDQ VFDQV TXDOLW\ DVVHVVPHQW´� 1RW 3XEOLVKHG� �����

��

https://github.com/GiovanniGr/embeddedRPF
https://github.com/GiovanniGr/embeddedRPF
https://commons.apache.org/proper/commons-math/javadocs/api-3.6.1/org/apache/commons/math3/stat/correlation/Covariance.html
https://commons.apache.org/proper/commons-math/javadocs/api-3.6.1/org/apache/commons/math3/stat/correlation/Covariance.html
https://commons.apache.org/proper/commons-math/javadocs/api-3.6.1/org/apache/commons/math3/stat/correlation/Covariance.html
https://github.com/pyRiemann/pyRiemann/blob/master/pyriemann/utils/covariance.py
https://github.com/pyRiemann/pyRiemann/blob/master/pyriemann/utils/covariance.py
https://scikit-learn.org/stable/auto_examples/covariance/plot_covariance_estimation.html%23sphx-glr-auto-examples-covariance-plot-covariance-estimation-py
https://scikit-learn.org/stable/auto_examples/covariance/plot_covariance_estimation.html%23sphx-glr-auto-examples-covariance-plot-covariance-estimation-py
https://scikit-learn.org/stable/auto_examples/covariance/plot_covariance_estimation.html%23sphx-glr-auto-examples-covariance-plot-covariance-estimation-py
https://scikit-learn.org/stable/auto_examples/covariance/plot_lw_vs_oas.html%23sphx-glr-auto-examples-covariance-plot-lw-vs-oas-py
https://scikit-learn.org/stable/auto_examples/covariance/plot_lw_vs_oas.html%23sphx-glr-auto-examples-covariance-plot-lw-vs-oas-py
https://scikit-learn.org/stable/auto_examples/covariance/plot_lw_vs_oas.html%23sphx-glr-auto-examples-covariance-plot-lw-vs-oas-py
https://android.stackexchange.com/questions/167045/relationship-between-cpu-usage-and-battery-usage
https://android.stackexchange.com/questions/167045/relationship-between-cpu-usage-and-battery-usage
https://android.stackexchange.com/questions/167045/relationship-between-cpu-usage-and-battery-usage
https://www.tensorflow.org/lite


��



Document content 2

User requirements 3

Background 3
The market 3
The patient journey and interactions of users 3
User descriptions 4

The Kenyan market - multiple user roles 5
EEG recording types 5
The Standard EEG Recording 5
User personas (EEG operator) 7
Patient description 11

Scalp and hair 11

Scope 12
Kenya specifics 12
Cloud 12

User requirements 12
PATIENT 12
GP/Neurologist requirements 13
EEG operator 13
The EEG clinic 15
The neurophysiologist/reader of EEG 15
ENVIRONMENTAL REQUIREMENTS 16

1

$ %& UHOHYDQW H[WUDFW RI WKH GRFXPHQW RQ
´8VHU UHTXLUHPHQWV´

��



so that I can perform the
(relates to guidance for the operator of the device and putting the focus on the patient
not the equipment, technical issues etc.)

RR As a patient I need my personal data to be accessible only to relevant people involved in
my diagnosis and treatment like my GP or neurologist because I want to protect my
privacy.

As a patient I need a precise diagnosis so that I can get the correct treatment that will
help me live a normal life.
(relates to the quality of EEG recording and patient info given to the EEG reader)

BR As a patient I need a low cost EEG scanning and reading process since I have to pay
out of pocket if I don’t have insurance. (business requirement)

GP/Neurologist requirements = Referring and diagnosing doctor

As a GP/neurologist I need to be able to refer all my epileptic patients to an EEG scan
(neonates are out of scope for BC1) so that I can help all patients to the best of my
ability.
(relates to e.g. cap sizes and app UI)

As a GP/neurologist I need a quality report from the EEG reader so that I can diagnose
the patients and prescribe the right medicine.

EEG operator

The overall process

As the EEG operator I need to be able to perform the standard EEG scanning process
on patients so that I am in compliance with the medical procedure of scanning for
epilepsy.

As the EEG operator I need to be able to use the BC1 on all patient groups so that I
can help them all to get an EEG recording.
(this relates to the cap/electrodes and the app UI (questions, guidance and flexibility)
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As the EEG operator I need the BC1 to be easy to use so that I don’t need special
training or expert knowledge to operate it. I need to be able to operate the BC1 just by
reading the User Guide.

As the EEG operator I need the user guide to be easy to understand so that I can
quickly learn how to operate the BC1 and start scanning without further training time
and costs.

As an EEG operator I need the device to be small and mobile so that I can take it to the
location of the patient since the patient can sometimes be prohibited in coming to the
clinic (e.g. sick people, people living in rural areas etc)

As an EEG operator I need to be able to do EEG scans in rural areas where there is no
wifi so patients who live remotely can still get diagnosed and treated.

As an EEG operator I need to be able to do EEG scans in rural areas where there is no
or poor power supply so patients who live remotely can still get diagnosed and treated.

As an EEG operator I need the BC1 to be robust so that I can bring it to rural areas and
so that noncooperative patients don’t break it e.g. by pulling the amplifier to the floor by
moving around or pulling the cap/electrodes cables.

As an EEG operator I want the BC1 to look visually appealing and as little “medical” as
possible so that it induces trust and calm in patients (e.g. children and patients with
mental illnesses)

Install and setup phase - phone

As an EEG operator I need to be able to use a phone that is easily accessible for me,
so that I don’t need to buy a new phone to download and operate the app.

As an EEG operator I need it to be easy to find and install the app on my phone.
(or another person who does it)

As an EEG operator I need it to be easy to set up the phone and the app (if any initial
set up is needed) to start doing EEG recordings so that I don’t make mistakes or get
stuck in the process.

Prepare equipment phase

CA
P

As an EEG operator I need enough cap sizes to cover the range of my patient’s head
circumference so that I can do EEG recordings on all my patients.

CA
P

As an EEG operator I need it to be quick and easy to identify which cap size is right for
my patient so that I don’t waste time on picking the wrong cap and stress the patient by
trying to fit a wrong sized cap.

CA
P

As an EEG operator I need it to be easy to place the cap correctly on the patient’s head
so that I don’t place it askew and get reading from wrong electrode positions.

14

��



CA
P

As an EEG operator I need it to be intuitive and quick to connect the cap to the amp so
that I don’t make mistakes and cannot start an EEG recording.

As an EEG operator I need it to be easy to place ECG on the patient so that I don’t
stress the patient too much with the risk of inducing uncooperativeness.

As an EEG operator I need it to be intuitive and quick to connect the ECG to the amp
so that I don’t make mistakes and cannot start an EEG recording.

As an EEG operator I need it to be intuitive how to operate the amplifier (turn it on and
off, charge it etc.) so that I don’t make mistakes.

As an EEG operator I need it to be intuitive and easy to connect the app with the
amplifier so that I don’t make mistakes and get stuck or connect to the wrong amplifier.

CA
P

As an EEG operator I need it to be quick and easy to gel up the electrodes so that the
process is as short as possible for the patient and not stress the patient unnecessarily.

CA
P

As an EEG operator I need it to be easy to identify if the cap electrodes are connected
or not so that I don’t do mistakes like apply more gel and create bridges.

CA
P

As an EEG operator I need the cap to be difficult to move or take off once it is placed
correctly on the patient's head so that a non-cooperative patient does not manipulate
the cap and diminish the quality of the EEG recording.

CA
P

As an EEG operator I need the cap to be robust so that my patient doesn't break it
during recording by e.g. scratching the head, pulling the cords etc.

EEG recording phase

As an EEG operator I need to collect the patient information that the EEG reader needs
to interpret the EEG recording.

RA As an EEG operator I need to tie myself (my ID) to the EEG recording so that I can
identify my recordings from other operators' recordings.

As an EEG operator I need to add patient identification to the EEG recording so that
the EEG reader and the diagnosing doctor can identify the right person.

As an EEG operator I need to be able to identify which recordings I have done so that if
I have an interrupted recording that I need to finish later, I don’t open my colleagues
recordings and add notes etc. to the wrong recording.

As an EEG operator I need the app UI to be easy to use so that I don’t make mistakes
that could ruin the recording or the interpretation.

As an EEG operator I need to be well guided through the actual EEG recording
process so that I know what to do and when to do it.
(relates to the sequence of HV and PS, contraindications etc.)

As an EEG operator I need it to be clear which EEG recording type I choose (free form
or standard EEG), so that I don’t choose the wrong one.
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As an EEG operator I need it to be easy to evaluate how the recording session went
and send the right information to the EEG reader so that the EEG reader can interpret
the EEG recording correctly.

As an EEG operator I need to be able to add free notes to the recording in the moment
so that I can give any information to the EEG reader that I believe is important.
(e.g. patient needed a glass of water, patient was crying etc.)

As an EEG operator I need to be able to adjust the recording process (in the moment)
to fit the individual patient so that I adapt to the physical and mental capabilities of the
patient. (app UI needs to be flexible: skip, navigate back and forward, come back, finish
etc.)

As an EEG operator I need to be able to finish the started process (from the
pre-interview to the en evaluation) at any point so that I can stop causing any more
distress to a non-cooperative.

As an EEG operator I need it to be easy to identify if an electrode that has already
been connected loses its connectivity during recording so that I can take appropriate
actions to connect it again.

As an EEG operator I need to be able to report events that are important information
for the EEG reader, so that it is easier for the EEG reader to interpret the EEG
recording.
(relates to seizures, coughs, movements etc.)

EEG recordings - sending and handling

As an EEG operator I need it to be easy to send the EEG recording to the EEG reader
so that the diagnosing process can continue as soon as possible.

As an EEG operator I need to be able to re-send an EEG recording in case of
interruption from power cut’s or similar so that the diagnosing process can continue as
soon as possible.

As an EEG operator I need to be able to access and send an EEG recording that has
been taken in a rural area with no wi/fi or power network at a later stage so that the
diagnosing process can continue.

As an EEG operator I need only the finished recordings to be sent to the EEG reader.
Interrupted recordings should be stored on the phone and sent when I have finished
them at a later stage or accepted to send an unfinished recording.
(e.g. interrupted recordings due to non-cooperative patients where notes need to be
added later)

As an EEG operator I need to be able to free up space on my phone so that I can
continue doing EEG recordings.

Cleaning phase
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CA
P

As an EEG operator I need it to be easy to take the cap off the patient’s head so that it
does not give discomfort to the patient.

CA
P

As an EEG operator I need the cap/electrodes to be robust so that I don’t break them
during dismounting from the patient and cleaning.

CA
P

As an EEG operator I need it to be easy to disconnect the cap from the amplifier so
that I easily can move on to clean the cap.

As an EEG operator I need it to be easy to disconnect ECG from the amplifier so that I
can put my equipment away.

CA
P

As an EEG operator I need the cap to be easy to clean, so that I don’t risk using a
“dirty” cap on a new patient causing the impedances to be high or contaminating the
patient.

CA
P

As an EEG operator I need to be able to clean the cap/electrodes with water and
normal cleaning agents so that I don’t need to buy special, expensive cleaning agents
that might be hard to get.

CA
P

As an EEG operator I need the cap to be easy to hang (or otherwise place) to dry so
that it dries fast and in an orderly way.

CA
P

As an EEG operator I need the cap to dry fast so that I can quickly use it again with a
new patient and do as many scans as needed per day.

CA
P

As an EEG operator I need the cap to be robust against the soap agents I use. (relates
to the cap mesh etc.)

As an EEG operator I need it to be easy to clean the ECG so that I can use it right
away with another patient.

As an EEG operator I need to be able to swipe off the amplifier with commonly used
cleaning agents/wipes.

Maintenance

As an EEG operator I need to be able to see when the amplifier battery needs charging
so that I don’t start an EEG scan and run out of battery midway interrupting the scan..

As an EEG operator I need to be able to see when the amplifier is fully changed so that
I can stop the charging and use it for EEG scans.

As an EEG operator I need to be able to see the battery level if I go to rural areas with
poor power supply, so that I know if I have enough battery to do the needed EEG
scans.

CA
P

As an EEG operator I need it to be easy to identify the cap lifespan (electrodes and
mesh etc.) so that I don’t continue to use a cap that doesn’t perform optimally anymore.

Storage phase

17
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As an EEG operator I need the device to be easy to store in the clinic so that it doesn’t
take up too much space, does require special protection or hanging racks etc.

As an EEG operator I need the individual device to be easy to distinguish from other
devices (if I have purchased multiple devices), so that I can easily pick the right one.

FREE RECORDING MODE

As an EEG operator I need to be able to perform an EEG scan of any length not tied to
the standard EEG process or other specific medical processes so that I do a recording
for purposes free of choice.

As an EEG operator I need to be able to collect patient data to the free format EEG so
that the EEG reader can interpret the recording correctly.

As an EEG operator I need to be able to add free notes about the free format EEG
recording explaining the purpose of my recording.

The EEG clinic

As the EEG clinic owner I need the device to be low cost so that I can sell EEG scans at
a reasonable price that patients can afford to pay for.

As the EEG clinic owner I need to be able to use the device with a minimum of extra
costs of cotton swabs, syringes, conductive gel etc. so that I can sell EEG scans at a
price that patients can afford and or maximize profit.

As the EEG clinic owner I need to be able to use the device with an easily accessible
conductive gel so that I don’t run out of it and can’t do EEG scans.

As the EEG clinic I need fast delivery of my new bought BC1 product in order to start
helping my patients.

See comments from Lisbeth….

The neurophysiologist/EEG reader

As the EEG reader I need to receive high quality EEG recordings so that I can interpret
the EEG correctly and send a quality concluding report to the diagnosing doctor.
(relates to ease of use, impedance levels, patient information, supporting notes etc.)

As an EEG reader I need to be able to open the EEG recording (+ patient data) in a
program accessible to me so that I can access the data.

18

���



As an EEG reader I need to be able to send my EEG report to the diagnosing doctor so
that the patient can get the right diagnosis and treatment.

Information sharing platform - (Cloud)

EEG reader

UR-
XX

As an EEG reader I need to be able to access the cloud with a personal login so that
no one else can access the EEG recordings that I am handling.

As an EEG reader I need to be able to see if there are any new EEG recordings that I
need to interpret so that I can get to work and help the patient getting a diagnosis soon.

As an EEG reader I need to be able to see from which clinic the EEG recording is sent
from so that I know who I am collaborating with and can clarify any issues arising.

As an EEG reader I need to be able to download the EEG recordings to my reading
program in order to interpret the EEG.

As an EEG reader I need to be able to upload my interpretation report and address it to
the diagnosing doctor so that the patient gets diagnosed.

As an EEG reader I need to be able to see old recordings and interpretation reports so
that I can get an overview of what I have done, e.g. to check against my payment.

As an EEG reader I need recordings and interpretation reports to be tied to the
individual patient so that I can see how many recordings have been done for each
patient and go back and check previous recordings and compare with new recordings
for that particular patient.

As an EEG reader I need to have an overview of the date of the recordings and
interpretation reports so that I can easily see the recording history for each patient
without having to open the recordings/interpretation reports.
(EEG reader can see e.g. that the last recording was done three years ago etc.)

As an EEG reader I need a payment system to be connected to the cloud so that I can
get paid for the EEG reports that I have done.

Diagnosing doctor

As the diagnosing doctor I need to be able to access the cloud with a personal login so
that no one else can access the EEG recordings and reports that are connected to my
clinic.

As the diagnosing doctor I need to be able to see if there are any new EEG reports that
I need to read so that I can diagnose the patient and start treatment.

As the diagnosing doctor I need to be able to see which EEG reader has done the
interpretation report so that I know who I am collaborating with and can clarify any
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issues arising.

As the diagnosing doctor I need to be able to download the EEG report to my
computer, open and read it so that I can diagnose the patient and start treatment.

As the diagnosing doctor I need to be able to find the old EEG recordings and
interpretation reports for the individual patients so that I can get an overview of the
patient's EEG history. This helps me in diagnosing and evaluating if the medicine is
working.

As the diagnosing doctor I need to have relevant patient and EEG information
displayed in the cloud so that I can easily get an overview of the patient’s recordings,
i.e. patients name or ID, recording date, report date, no. of recordings etc.

As a diagnosing doctor I would like to be able to attach comments to a patient’s
profile/EEG reports in the cloud in order to have a quick overview of essential
information, like chosen medicine etc.

As a diagnosing doctor (GP/neurologist) I need to be able to create profiles of my EEG
operators in the cloud so that they can be assigned with a login to the mobile app and
upload EEG scans.

As a diagnosing doctor I need to be able to deactivate or delete profiles of my EEG
operators in the cloud if they are e.g. no longer employed with me.
(this should not delete any EEG recordings made by the EEG operator)

As the diagnosing doctor I need to be able to delete patients from the cloud system if
the person is no longer my patient.

As a diagnosing doctor I need to be able to delete EEG recordings or reports
connected to a patient so that I can clear out fault recordings, very old recordings etc.
so that they do not disturb my overview.

Clinic/admin

As a clinic I need to be able to create a profile in the cloud for each of my diagnosing
doctors (GP/neurologist) so that they have an account that they can log in to and find
recordings and reports.

As a clinic I need to have stats of my diagnosing doctors and their work to have an
overview of how well my clinic is doing.

As a clinic I need to be able to delete my diagnosing doctors from the cloud if e.g. they
are no longer employed at my clinic.

As a clinic I need to be able to delete my profile completely from the cloud if I no longer
need the BrainCapture services.
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Date: Tue 9th November
Participants: Steve Coates (TeleEEG), Charlotte Stow (TeleEEG), Paul Loomis (BrainCapture),
Louise Klok (BrainCapture)

Interview with Dr Coates on EEG reading
Q1: Which patient information is important in order to be able to read an EEG received remote?
Name, age, sex, conscoius state of the patient (sleep, drowsy, awake).
Family history of epilepsy (yes/no?)
How often the patient has seizures.
Nature of seizure. Helps to focus on where we will find a seizure and what sort (helpful in
planning the recording/tests or reading the EEG or both?)
Recovery period.
Other neurological problems
Diabetes
Cardiovascular problems (why?)
- Also look at standard guidance.

We get EEG’s where performa has been filled out by the person doing the EEG. (In EEG
reading programs). Tick-boxes (state of the patient etc.) and free hand (past history, nature of
seizure etc.).

Q2: Is there important information about how the recording session went?
Cooperative, non-cooperative, sedated.

A good technician will explicitly say “hyperventilation was performed well for 3 min”. Any less
than that they will also give an explanation. How well and how long. The same with photo
stimulation, they will say how well the patient tolerated it.
Not all do, but they should.
Every EEG should be annotated: Eyes closed, eyes open, patient coughed, patient had a
seizure. Sometimes it doesn’t happen nearly enough though.

(It could be possible to make something like “comment on the session using these phrases” and
then have pre-defines choices)

Q3: What is a standard recording? (Hyper, photo stimulation etc.?)
Routine adult EEG is 20-30 min. Depending on the patient's tolerance. And includes
hyperventilation and photo stimulation.
Neonate it’s 1 hour.

Q4: When do artefacts become too much to read the EEG?
I would not try to quantify something like that.
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We train technicians to comment on artefacts in the EEG. But they don’t always. All interpreters
can recognize artefacts and tell the difference between artefacts and epileptic signals. There are
some gray areas but usually.

Eye movements are not really a problem. Eye lit flitter can sometimes last the whole EEG, but
you can still read the EEG. Eye movement artefacts don't matter that much. Interpreter should
still be able to read what’s in the EEG. I don’t know when you would say it’s too much.

EMG artefacts (clenching jaws etc.), that’s usually only temporary. A Childs EEG is usually full
of EMG artefacts and all you can see is small gaps in between of background activity. So to
specify, now it’s too much, it’s hard to do.

In rare cases we have to decline reading an EEG because there’s not enough normal
background to pick out. If electrode impedance is not down there is often a lot of noise.
Moving artifacts are usually temp, especially in adults. Eye movement artefact we can see, they
are not a problem.

An experienced reader can look past the artefacts to the background.

Idea: Electrode impedance artefacts, EMG and movement are all high freq. maybe look at that
with the SW. If there is too much in this period of time reject the EEG, or if it’s too much within
the epox prompt the technician.

Q5: Initial test and checking montages in the beginning of a recording, what is the technician
checking for?
Not all clinics do this in their protocol. Most don’t. They just get on with the recording.

Usually good practice to change montages during recording to look at various areas of the
scalp. But a lot of EEG machines don’t have this capability so they don’t do that.

Montages: ref and bipolar.
Bipolar: see if there is a focus of epilepsy activity and where it is.
Ref: used to size and responses. You might pick up an epileptic signal that is small in Bipolar
montage but big in referential montage. But you don’t know where it is.

There is no fixed protocol to change montages. Because the interpreter can always change the
montages.
A reason for having a protocol for checking various montages in the beginning could be to
check that the electrodes are in the right area. But you would expect from a technician that the
electrodes are in the right place.

In the UK we don’t do this procedure of checking montages in the beginning of a recording.

***END**
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Date: Wed 10th November 2021
Participants: Anne Clarke (TeleEEG), Charlotte Stow (TeleEEG), Louise Klok (BrainCapture)

Interview with Anne Clarke (EEG technician) on EEG reading
Q1: Which patient information is important in order to be able to read an EEG received remote?
Basic demographics: Age, clinical history as to why they want the EEG, description of the
events, last known event - if 1-2 hours ago the EEG will be affected by it.

Button is needed for annotating if a patient seems to have a seizure.

Interpreter would like to know why we are seeing the patient? When did they have seizures,
how often, stiffness in limbs, vomiting.

Q2: Is there important information about how the recording session went?
If it’s a child, were they asleep, awake, sedated.
Certain medications will influence the EEG. Could it be done by a drop down menu? Yes, there
are probably 2-3 meds you could mention and then “other”.

Children: It’s kind of obvious in the EEG when they are moving around. It would be good to have
annotations that could be pressed saying “movement”, “restless”. Some artefacts can be
awkward and could make an interpreter uncertain if it’s a genuine seizure or an artefact.

Eye closure in a young child is in the lap of the Gods. Hard to get a child to calm down. Let’s get
a readable EEG rather than worry about the details on what they are doing.

Q3: What is a standard recording? (Hyper, photo stimulation etc.?)
Standard: Hyperventilation for 3 minutes. If less <3min it is noted/annotated. Patient could have
an absent seizure and then not respond. Annotation: “not responding”.

Hyperventilation is done not far into the recording. Not towards the end. Because after hyper
you are more likely to see abnormalities. So hyper after maybe the first 5 min.

We normally do photic towards the end.

Does it make sense to have a button to start/stop any kind of other provocations? Yes,
sometimes you might do a second hyperventilation, or (reflect epilepsy) doing crosswords etc.

Q4: When do artefacts become too much to read the EEG?
The important thing is that you can measure the impedance. That is a huge way of reducing a
lot of artefacts. Often it is poor contact that will lead to lots of artefacts.
Secondly is movements.
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In children moving around you will get it (artefacts), so the person recording needs to be trained
to calm children down. Distract them.

It’s a common thing to ask a patient to relax their jaws or stop chewing. Because you get bursts
of EMG activity going through.

When do you know an artefact is too much? It’s just something you recognize from seeing the
EEG. I suppose it’s when you can’t detect certain frequencies over certain channels.
If you have to put a limit on it, let’s say 2 seconds.

Q5: Initial test and checking montages in the beginning of a recording, what is the technician
checking for?
They are doing that to generate artefacts to be able to recognize the artefacts in the patient. I
tend to do that sometimes with patients doing 24 hours home recording because you can’t see
the patient. So when they come back you can recognize the artefacts because certain artefacts
can mimic epileptic signals so it’s only when you recognize it by eye that you know what you are
looking at.

Gel bridges are quite obvious. Then you just have a flat line.

It’s not like the old days when it was on paper then you had to change montages. But you don’t
have to do that now when it is all digital.

***END***
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Date: 12.09.2022 

Participants: Rebekka Lindholm Rønne Hansen (Filadelfia Hospital), indholm Rønne Hansen 

(Filadelfia Hospital), Rebekka Lindholm ansen (Filadelfia Hospital), Giovanni Grego 

(BrainCapture) 

 

Interview with experienced technicians on EEG quality 
assessment  
Q1: Which are the artifacts that most affect the reading? 

 
Participant 1: 
Answer: 

• Eye movement. Some patients with closed eyes can’t relax their eyes (they move from 

side to side, something they can’t always control), This can impact the EEG special in 

the frontal region, but can usually also effect the other channels too. So what we do in 

this case, is that we take a small sand bag, made for the eyes, and we lay it over the 

eyes, this usually relaxes the eyes so we don’t see artefacts.  

• Muscle artefact from the jaw and face. We see this a lot, when the patients do not relax 

their faces. Most people are tense in their face without even knowing, so I will normally 

tell my patients (in the beginning of the scan) to relax their faces and maybe to open 

their mouth just a little bit so that their teeth do not touches.  

• Movement in general. Example talking, moving their head and body.  

• 50 Hz noise. Usually from devises that are connected to electric power for example the 

socket (the electricity output from the wall, I’m not sure of the name) and the patient hold 

the devise ore is near it.   

 

Participant 2: 
Answer… Muscle artefacts. 

 
Participant 3: 
Movement artifacts, especially in small children, cognitive handicapped adults 

 

Q2: What do you usually keep under control when you take a scan? What do you look at on the 

waveforms? 

 

Participant 1: 
Answer:  

• Right placement of the electrodes.  

• Knowing our equipment works (no broken electrodes ore cables, and so on).  

• Impedance are fine. 

• Telling the patient to relax. If possible I make the patient relax in a bed without talking, 

telling them to relax all muscles in their face.  

• No devises or some kind of electricity near the patient. Don’t wanna have 50 hz noise.  
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• Closed eyes. During the EEG scan, I want the patient to have closed eyes as much as 

possible. Because the EEG is so much more readable and many rhythms are only 

shown with closed eyes.   

 

What do you look at on the waveforms? Answer:  

• “PDR” (posterior dominant rhythm - an Alfa rhythm over the occipital region (usually 

O1 and O2). 

•  Eye blinking, both open and closed eyes.  

• Epileptic pattern 

• Normal non epileptic pattern. 

 

Participant 2: 
Answer…Depends on the age and how the patients “normal” background looks.  

 
Participant 3: 
I suspect artifacts (motoric) especiallz when there is a extreme high amplitude, very sharp-

waveforms 

 

Other artifacts looking at the ECG bar/video 

 

 

 

 

Q3: What do you do if something goes wrong, if you see there is a lot of noise? 

 

Participant 1: 
Answer:  

• Check impedances. If they are bad, I will jell up and scrub, to be sure they are fine.  

• Ask the patient to relax and lay/sit still. Maybe they are moving or tense in their face. 

• Check the electrode is the impedance still bad maybe it’s because its broken, and need 

to be changed.  

• Check the head box. Is the electrodes pressed in right, no gab ore poor connection.  

• Check the cables. Are they too twisted or are they well connected.  

• 50 Hz noise. Check if there is any devises ore some kind of cable/power near the 

patient. 

• Eye movement. As mentioned before some patients can have a lot of eye movement, in 

that cases we have a small sand bag we can lay over the patient’s eyes. 

• Protocol and montage. Check if the protocol and montages is right, did anything change 

by mistake. 

 

Participant 2: 
Answer… Try to find out why. Is there good impedanse. Is the any loose wires ore 

chargingkabels near by. 
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Participant 3: 
Order a new EEG, evt. with sleep and melatonin 

Try to describe the quite parts of the EEG and conclude only with insecurity due to noise 

 

 

 

Q4: What statistics and information would you like to have to understand how the quality of the 

scan is, if you cannot have access to the waveforms? 

(Examples if no ideas: percentage of quality in real-time, percentage of the quality in the last 

minutes, visualization of the quality in real-time (colors), where the problems come from, 

progression bar, visual artifacts notes…) 

 

Participant 1: 
Answer:  

• I would like to know if the impedances are fine.  

• It would also be nice to know if there is a lot of “data-noise” in “real time”. So I could 

maybe go through a check list to make sure I get the best scan as possible. Maybe 

something like the steps I mentions above in Q3. 

 

Participant 2: 
Answer…I don’t understand the question. 

 
Participant 3: 
where the problems come from > Yes this would be nice 

 

visual artifacts notes > Yes please 

 

Q5: Would a progression bar to see the quality of data over time be useful? (E.g. I see there is a 

lot of red in one section and I decide to prolong that section for having better data) 

 
Participant 1: 
Answer:  

• Yes, I actually think this would be a great idea if you can’t read the EEG! Sometimes we 

will also prolong the scan if we know the scan have been affected with noise, artifact and 

so on.  
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Participant 2: 
Answer… I don’t understand the question. 

 
Participant 3: 
Answer… 

Yes, this would be nice, but most of the time our recordings are really good 

and otherwise if the patient is moving a lot most of the time > the whole EEG i disturbed 

 

It would not be necessary for a std EEG = 30min because I can screen the EEG fast 

Would help for recordings with more 1 hour 

 

 

 

 

 

Q6: Would a half-bust with colored sections be useful? To see, at the moment, if there are 

artifacts generated by which parts of the body. 

 

 

 
Participant 1: 
Answer:  

• Hmm I don’t know if I would need it.  

 
Participant 2: 
Answer… Maybe it could help. But I depends why there is artefacts. 

 
Participant 3: 
No, would give me extra information, since I am experienced in spotting and locate artifacts 
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Q7: Would a notification when the data is of bad quality be useful? If yes, do you think an audio 

alarm could be a problem for the patient? 

 

Participant 1: 
Answer:  

• Yes, if it was me running a scan without EEG I would like to be informed if the scan is 

suddenly doing bad. But is the notification to the patient ore the staff?  Because I think 

the staff should be there to help and assist the patient on what to do if an alarm sound 

goes on. 

About an audio alarm, I think it could work well if the patient beforehand is explained 

about the sound what it means and what to do if they hear it and maybe with some help 

fron the staff. I also think the alarm should be gentle and not “choking” ore with a lot of 

volume. 

 
Participant 2: 
Answer…That might be use full. The most important thing is good impedance 
 
Participant 3: 
During recording this would be nice, if the technician is as experienced as in our center it is not 

necessary 

An audio alarm would disturb th recording and stress most of the patients even more 

 

 

 

 

 

 

Q8: Would a notification when the patient is falling asleep useful? If yes, how do you understand 

from the data that the participant is sleeping? 

 
Participant 1: 
Answer:  

• First, I wanna mention that its not bad if a patient falls asleep. It’s actually something we 

really often wanna see in the proses of finding out if the patient have epilepsy or not. 

Example when we get a new patient to Filadelfia we will do 2 scans, one “standard scan” 

where the patient is awake, and one “sleep scan” where the patient is sleeping. At other 

hospitals, I know they often tell the patient to try sleep in the end of a “standard scan”.  

The reason for this is that 20-30 % of people with epilepsy will only have seizures during 

sleep.  

• But a notification when the patient falls asleep would be a great idea, because 

sometimes you can also have very sleepy patients there example will fall asleep during 

hyperventilation or other tasks we want them to do. Sometimes, we must remind the 

patient to stay awake.  

Another thought on why it could be a good idea, would be to maybe prolong the scan a 
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bit? Because who knows maybe that patient is one of those who only shows epileptic 

pattern during sleep. Just a thought.  

• How do I know if the patient is sleeping by looking at data.  

We look for different sleep patterns, there will tell us if the patient is sleeping or not.  

So people are sleeping in cycles, we have 4 sleep stages in one cycle and they repeat 

them self again and again.  

For each stage, we see different sleep pattern on the EEG. Example the first sign of 

sleep will be that the amplitude of the waves over O1 and O2 (that we call PDR 

(Posterior dominant rhythm) will be flat. You cannot see any waves, just a flat line. At the 

same time the eyes will begin flutter from side to side (lateral). It shows a very clear 

pattern in the EEG (look like eye flutter artefacts in the frontal and pre temporal regen). 

Also over CZ you will see something we call “vertex sharp waves” it’s a normal sleep 

pattern, where you will see a delta wave with a very high amplitude and often look very 

sharp.  

These are the first 3 signs that a patient is sleeping. Throughout the cycle, you will see 

many other different sleep patterns that will change during each stage.    

 
Participant 2: 
Answer…There will be Wertex in central midtline. 

 
Participant 3: 
No technician/me should be able to spot this 

interupted/disappeared backgound/diffuse slowing consistent for more than one epoche > 

pointing towards N1 

Not always difficult to tell since many patients in stnadard EEG tend to shift between 

drowsiness/awake state 

 

 

 

 

 

 

Q9: Would a notification when the data is continuously really noisy or when the data is 

constantly null be useful? (For example when there is a false positive in the impedance reading 

due to the hairs.) 

 
Participant 1: 
Answer:  

• Yes I think that would be a great idea. Like I answer in Q7, some kind of notification 

would be nice, so you can be sure the scan will be as good as possible.  

I think what I would like to have doing a scan without the EEG, would first be some kind 

of check list before the scan begin, to make sure my starting point is right. Then I would 

like some kind of visual “real time” picture of the impedances maybe in red/green color, 
so I always know the connection is fine. Then I think the idea of a progression bar would 

be nice, also with colors. Where I can see if the date have been too noisy and maybe if it 
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could show me if the patient is sleeping could be cool too.   

Then some kind of notification if the data is bad will be very useful to, in that case you 

can have some kind of “check list” ready, to go throw to solve the problem.  

 

Participant 2: 
Answer… I don’t understand the question. 

 
Participant 3: 
I am not sure if you mean during recording or describing 

During recording and describing af visual signal would be useful 

Not an audio signal, see answer Q7 
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Interview on EEG quality assessment with non-experts
Q1: What do you think is the quality of the data you took? How much a doctor can understand
from the data you took?

Answer… (From 1 to 6, where 1 is very bad, and 6 is very good)

Participant 1:
5
All electrodes were green. The patient was relaxed. I annotated the artifacts.

Participant 2:
4
We were in a noisy environment, we don’t have details but just the big picture of what was
happening.

Participant 3:
5
Some electrodes were yellow. The patient didn’t move.

Q2: How sure are you about the previous answer? Why? What went wrong or good?

Answer… (From 1 to 6, where 1 is “I answered randomly”, and 6 is “I’m very confident”)

Participant 1:
3
a- I am not sure. I just followed the points.
b - Nothing, everything worked smoothly.

Participant 2:
2
a - Some things were assumed to be correct (impedance, gelling…) but no other information is
given, I do not know about EEG.
b - Nothing went wrong. It was quick, all green things fast. It was not easy to relax if someone
tells you to relax, because relaxing is abstract and personal.

Participant 3:
1
a- I have no idea of the data. I did not have any information about it. The user didn’t move but
some electrodes were yellow. I don’t know how much it can affect.
b- Some electrodes were yellow
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Q3: What would give you a better understanding of the quality of the recording? (E.g. someone
tells you the final quality; or someone tells you each time something is going wrong; or every
time you want, you can ask for the quality in that moment; other ideas…)

Answer…
Participant 1:
At the end (or also during the scan) a doctor tells me how good the data is.

Participant 2:
A professional tells me what the quality is.
A list of important priorities.

Participant 3:
Yes, if someone tells me the quality of course I can know how good the scan was. No I don’t
want any other information.

Q4: Knowing that the important aspect of a scan is to collect 20 minutes of good quality data, do
you think it would help to have a bar that tells you how long it is of good quality? Why?
(Note: Green means: in this period the quality was good; yellow means: quality was enough; red
means that the quality was not enough)

Answer…
Participant 1:
Yes, perfect! With a clock that says how much time I miss.

Participant 2:
Yes, it would be very nice.
Do we need something more? No.

Participant 3:
Yes with this I would easily assess the quality, and understand if I have to take more data
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Q4: Would help you to have a visualization of why the quality is bad and from where the
problems come, like in the example below?
(Note: Green means: in this area the user is not creating artifacts; yellow means: quality is
enough; red means that the quality is not enough because of artifacts created in this area)

Answer…
Participant 1:
I think it is great. I can understand where is the problem from

Participant 2:
No I think it is confusing, I do not understand. As said before I think the bar is enough

Participant 3:
Yes it can help but I would prefer to follow the list without this.
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Protocol for Filadelfia Scans

● Set the environment up (connections of the electrodes to Natus, splitter…);
● Make the participant sign the consent form;
● Explain the procedure:

○ lying on the bed for the resting state;
○ artefacts (eye movements, head movements) plus arithmetic exercise;
○ electrode pops by touching the head;

● Gel the participant up;
● Start the recording: name the file “FIL_XX.edf” with “XX” the user_id given by

BrainCapture;
● Protocol:

Task Starting time Duration Notes

Resting State - Eyes
closed, just lie and
relax

0:30 10 min At the beginning of
the task, open and
close the eyes slowly
for 5 times.

Eyes Open 10:30 1 min Keep the gaze on a
fixed point

Eyes Blink 11:30 30 sec Don’t force the blink,
just open/close
without forcing

Lateral Eye
movements

12:30 30 sec Keep the head
straight and move
only the eyes

Lateral Head
Movement

13:30 30 sec Keep the body
straight. Move the
eyes with the head

Chewing 14:30 30 sec Without clenching too
hard

Jaw Clenching 15:30 30 sec Keep teeth in contact
and clench/release
the jaw

Shivering 16:30 30 sec Make many and
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small fast movements
with the body

Eyes opened 17:30 2 min

Eyes Blink 20:30 30 sec Don’t force the blink,
just open/close
without forcing

Lateral Eye
movements

21:30 30 sec Keep the head
straight and move
only the eyes

Lateral Head
Movement

22:30 30 sec Keep the body
straight. Move the
eyes with the head

Chewing 23:30 30 sec Without clenching too
hard

Jaw Clenching 24:30 30 sec Keep teeth in contact
and clench/release
the jaw

Shivering 25:30 30 sec Make many and
small fast movements
with the body

Eyes closed 26:30 2 min In the meanwhile,
explain the next
exercise

Mental arithmetic* 28:30 2 min Perform a focusing
task. Keep your eyes
closed.
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Electrode pops** 30:30 4 min Touch/move/remove
some electrodes.

*In the mental arithmetic task, the participant is asked to count down mentally, starting from 200,
by steps of 7; (i.e. 200, 193, 186, 179, 172, 165, 158…) and to notify the technician when
he/she finishes. If the track is lost, start again from 200. Stop the participant after 2 min. N.B. the
participant has to count mentally and with the eyes closed, without speaking.

**Electrode pop task consists in touching or moving or removing an electrode to study certain
types of noise in the channels. In particular: gently move/touch in order “FP1”, “P3” and “P8”
each for 5 sec, then wait for 1 min; then pull/remove in order “F4” and “T7” and wait for 1 min.
Finally, touch “REF” for 5 sec, wait 1 min, then pull/remove “REF” and wait for 1 min.

Save the file as “FIL_XX.edf” where “XX” is the user_id given by BrainCapture.
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