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,QWURGXFWLRQ



-XJJOH

,QWURGXFWLRQ

:KR DQG :KHQ� 5RDG DV D 5HVHDUFKHU

:KR DQG :KHQ� 5RDG DV D 5HVHDUFKHU

0\ QDPH LV -RVÄ 'HYH]DV� , KDYH EHHQ D UHVHDUFK VFLHQWLVW IRU RYHU WKUHH \HDUV� ZRUNLQJ
DW /DERUDWÎULR 6$32�8�3RUWR� DV ZHOO DV &5$&6�,1(6& 7(& LQ SURMHFWV LQYROYLQJ�

! &RPPXQLW\ 'HWHFWLRQ

! 1HWZRUN $QDO\VLV

! ,QIRUPDWLRQ 5HWULHYDO

! 'DWD 9LVXDOL]DWLRQ

! 7H[W 0LQLQJ

! 0DFKLQH /HDUQLQJ

! 5HFRPPHQGHU 6\VWHPV



-XJJOH

,QWURGXFWLRQ

:K\� 7KH /RYH IRU &RQQHFWLQJ .QRZOHGJH 8VLQJ *UDSKV

:K\� 7KH /RYH IRU &RQQHFWLQJ .QRZOHGJH 8VLQJ *UDSKV

,oYH ZRUNHG LQ VRPH GLƪHUHQW DUHDV RI NQRZOHGJH DURXQG LQWHOOLJHQW LQIRUPDWLRQ
V\VWHPV� EXW , KDYH DOZD\V IRFXVHG RQ XVLQJ JUDSKV WR VROYH SUREOHPV�

! , KDYH GLUHFWO\ DQDO\]HG QHWZRUNV DQG WKHLU FRPPXQLW\ VWUXFWXUH�

! ,Q LQIRUPDWLRQ UHWULHYDO� , KDYH IRFXVHG RQ OLQN DQDO\VLV� XVLQJ OLQN�EDVHG IHDWXUHV WR LPSURYH VHDUFK �H�J�
ZRUNHG ZLWK 6ÄUJLR 1XQHV DQG &ULVWLQD 5LEHLUR RQ DSSO\LQJ WKH K�LQGH[ IURP ELEOLRPHWULFV WR EORJV�
FRPSDULQJ LW ZLWK WKH LQ�GHJUHH DV EDVHOLQH��



-XJJOH

,QWURGXFWLRQ

:K\� 7KH /RYH IRU &RQQHFWLQJ .QRZOHGJH 8VLQJ *UDSKV

! , KDYH ZRUNHG RQ GDWD YLVXDOL]DWLRQ� DSSO\LQJ VRPH RI WKH VWDWH RI WKH DUW PHWKRGRORJLHV WR WKH
YLVXDOL]DWLRQ RI QHWZRUNV�

! , ZRUNHG ZLWK PXOWLGLPHQVLRQDO QHWZRUNV GHƬQHG E\ WKH FR�RFFXUUHQFH RI HQWLWLHV� PLQHG IURP RQOLQH
QHZV� DQG H[SHULPHQWHG ZLWK FRPPXQLW\ GHWHFWLRQ LQ PXOWLGLPHQVLRQDO QHWZRUNV�

! /DWHO\� ,oYH EHHQ ZRUNLQJ ZLWK PXOWLPRGDO QHWZRUNV� LPSOHPHQWLQJ D NQRZOHGJH�EDVHG UHFRPPHQGHU
V\VWHP� -XJJOH�



-XJJOH

,QWURGXFWLRQ

3K' LQ WKH &RQWH[W RI /DERUDWÎULR 6$32�8�3RUWR

3K' LQ WKH &RQWH[W RI /DERUDWÎULR 6$32�8�3RUWR

! ,oP DOVR D ƬUVW \HDU &RPSXWHU 6FLHQFH 3K' VWXGHQW DW WKH )DFXOW\ RI 6FLHQFHV RI WKH 8QLYHUVLW\ RI 3RUWR�

! 0\ 3K' ZRUN LV RQ FRPPXQLW\�GULYHQ PXVLF GLVFRYHU\�

! 7KH PDLQ JRDO ZHoYH VHW IRU WKH ƬUVW \HDU LV WR XQGHUVWDQG KRZ SHRSOH OLVWHQ WR DQG GLVFRYHU PXVLF�
QRW RQO\ DV DQ LQGLYLGXDO EXW DOVR DV D JURXS�

! )RU WKLV� ZHoYH EHHQ XVLQJ /DVW�IP SXEOLF GDWDVHWV� EXW LW ZRXOG EH D ORW PRUH LQWHUHVWLQJ WR H[SORUH D
GLƪHUHQW GDWDVHW� VSHFLƬFDOO\ 0XVLF%R[� ZKLFK VKRXOG EH UHSUHVHQWDWLYH RI WKH 3RUWXJXHVH SHRSOHoV
WDVWHV�



+\EULG /DUJH�6FDOH 0XVLF
5HFRPPHQGDWLRQ



-XJJOH

+\EULG /DUJH�6FDOH 0XVLF 5HFRPPHQGDWLRQ

'DWD DQG *RDOV

'DWD DQG *RDOV

! 0XVLF FROOHFWLRQ� 0LOOLRQ 6RQJ 'DWDVHW�

! %XW WKH JRDO LV WR DGDSW IRU 0XVLF%R[ ��� PLOOLRQ VRQJV��

! ,Q RXU GHPR� XVHUV GHFLGH RQ D SOD\OLVW UHƮHFWLQJ WKHLU WDVWHV
E\ HLWKHU�

! 6HOHFWLQJ D SUHPDGH SOD\OLVW EDVHG RQ PXVLFDO JHQUH�
! 6HDUFKLQJ IRU PXVLF EDVHG RQ DYDLODEOH WH[WXDO

IHDWXUHV� XVLQJ DQ DGDSWDWLRQ RI 'SLNWoV UHWULHYDO
PHWKRGRORJ\�

! -XJJOH XVHV LWV NQRZOHGJH�EDVHG UHFRPPHQGHU WR VXJJHVW
WKH EHVW VRQJV IRU WKH JLYHQ XVHU SOD\OLVW�



-XJJOH

+\EULG /DUJH�6FDOH 0XVLF 5HFRPPHQGDWLRQ

%DVLF $SSURDFK

%DVLF $SSURDFK

! 7KH IRFXV LV RQ PXVLF GLVFRYHU\� VR ZH ERRVW UHVXOWV LQ WKH ORQJ
WDLO�

! 7KH ƬUVW DOJRULWKP ZHoYH FRPH XS ZLWK XVHV WZR IHDWXUHV� WDJV
DQG XVHUV�

! 7KH ,') LV SUHFRPSXWHG IRU HDFK WDJ DQG� GXULQJ UHFRPPHQGDWLRQ�
WDJV DUH ZHLJKWHG DFFRUGLQJ WR WKHLU 7)�,') ZLWKLQ HDFK WUDFN�

! 7KH WDJ�EDVHG UHFRPPHQGDWLRQ PRGXOH WDNHV WZR SDUDPHWHUV�

! )UDFWLRQ RI WRS WDJV WR FRQVLGHU IRU HDFK LQSXW WUDFN�
! )UDFWLRQ RI WRS WUDFNV WR FRQVLGHU IRU WKH ƬOWHUHG WDJV RI

HDFK LQSXW WUDFN�

! 7KH XVHU�EDVHG UHFRPPHQGDWLRQ PRGXOH WDNHV DGYDQWDJH RI XVHU
SOD\ FRXQWV WR UHFRPPHQG VLPLODU VRQJV �WUDGLWLRQDO FROODERUDWLYH
ƬOWHULQJ��

! 7KH UHVXOWV RI WKH WZR PRGXOHV DUH FRPELQHG XVLQJ D IUHTXHQWLVW
DSSURDFK�



-XJJOH

+\EULG /DUJH�6FDOH 0XVLF 5HFRPPHQGDWLRQ

2XU 6HWXS

2XU 6HWXS

0LOOLRQ�6RQJ�'DWDVHW

DUWLVWVBLQGH[�WVY UHOHDVHVBLQGH[�WVY

UHODWLRQVKLSV�WVYQRGHV�WVY

WDJVBLQGH[�WVY

WUDFNVBLQGH[�WVYXVHUVBLQGH[�WVY

!�PRQR�-XJJOH&/,�H[H�([SRUW769�PLOOLRQ�VRQJ�GDWDVHW��RXWSXW�

!�PYQ��H�FOHDQ�WHVW�FRPSLOH�H[HF�MDYD�?
�'H[HF�PDLQ&ODVV RUJ�QHR�M�EDWFKLPSRUW�,PSRUWHU�?
�'H[HF�FODVVSDWK6FRSH WHVW�?
�'H[HF�DUJV �JUDSK�GE��QRGHV�WVY�UHODWLRQVKLSV�WVY�WUDFNVBLQGH[�WVY
UHOHDVHVBLQGH[�WVY�DUWLVWVBLQGH[�WVY�WDJVBLQGH[�WVY�XVHUVBLQGH[�WVY�

7UDFN 5HOHDVH

$UWLVW7DJ

8VHU

KDV7DJ
ZHLJKW���LQW�������!

OLVWHQHG7R
FRXQW���LQW!

KDV5HOHDVH

KDV$UWLVW

Q

Q

Q

Q

Q �

Q

�

1HR�M

! 0LOOLRQ 6RQJ 'DWDVHW LV PRVWO\ WH[W ƬOHV DQG 64/LWH
GDWDEDVHV FRQWDLQLQJ WUDFN PHWDGDWD� WDJV DQG DXGLR
IHDWXUHV�

! :H XVHG0RQR�&� WR SUHSDUH RXU VWDUWLQJ JUDSK�

! $W ƬUVW� ZH WULHG GLUHFWO\ UHDGLQJ WKH GDWD DV ZH ORDGHG
LW WR 1HR�M �RXU JUDSK GDWDEDVH��

! 7KLV ZDV QRW ZRUNLQJ� VR ZH GHFLGHG WR ƬUVW FUHDWH D
QRGHV DQG UHODWLRQVKLSV 769 ƬOH� DORQJ ZLWK RQH 769
ƬOHV IRU HDFK LQGH[ DVVRFLDWHG ZLWK GLƪHUHQW W\SHV RI
QRGHV RU UHODWLRQVKLSV�

! 7KLV ZD\� ZH FRXOG VNLS LQGH[ TXHU\LQJ GXULQJ
LQVHUWLRQ� VLQFH QRGH ,'V ZHUH SUHFRPSXWHG GXULQJ
769 JHQHUDWLRQ� ZKLFK HQDEOHG D PXFK IDVWHU EDWFK
LQVHUWLRQ XVLQJ WKH EDWFK�LPSRUW WRRO DYDLODEOH RQOLQH�



-XJJOH

+\EULG /DUJH�6FDOH 0XVLF 5HFRPPHQGDWLRQ

3UHSDULQJ WKH 0XVLF *UDSK

3UHSDULQJ WKH 0XVLF *UDSK

! 7KLV LV *UHPOLQ� D '6/ �GRPDLQ�VSHFLƬF
ODQJXDJH� IRU JUDSK WUDYHUVDO�

! ,WoV DQ LPSOHPHQWDWLRQ RI 7LQNHUSRSoV 3LSHV
IRU %OXHSULQWV�DFFHVVLEOH JUDSK GDWDEDVHV�
ZULWWHQ LQ *URRY\�

! ,I \RX OLNH WKH 8QL[ FRPPDQG OLQH� \RXoOO OLNH
*UHPOLQ� ,WoV VLPLODUO\ GHVLJQHG DV SLSHOLQH�
VR \RXU WUDLQ RI WKRXJKW VKRXOG EH WKH
VDPH� DVVXPLQJ \RX NQRZ ZKDW \RX ZDQW WR
GR ZLWK WKH JUDSK�

! 7KH ,QYHUVH 'RFXPHQW )UHTXHQF\ �,')� LV KLJKHU IRU
WDJV WKDW DUH OHVV FRPPRQ�

! ,')(WDJ, WUDFNV) = ORJ
|WUDFNV|

|W ∈ WUDFNV : WDJ ∈ WDJV(W)|
! 6LQFH� WKLV YDOXH LV TXHU\�LQGHSHQGHQW� ZH

SUHFRPSXWH LW IRU HDFK WDJ XVLQJ $/*25,7+0 ��

! )LUVW� ZH FRXQW WKH QXPEHU RI GRFXPHQWV
�WUDFNV��

! 7KHQ� ZH FRXQW WKH QXPEHU RI WUDFNV WKDW XVH WKH
JLYHQ WDJ�

! $QG ƬQDOO\� IRU HDFK WDJ� ZH FDOFXODWH WKH
FRUUHVSRQGLQJ ,')�



-XJJOH

+\EULG /DUJH�6FDOH 0XVLF 5HFRPPHQGDWLRQ

3UHSDULQJ WKH 0XVLF *UDSK

! &RPPXQLW\ PHPEHUVKLS DFFRUGLQJ WR ODEHO SURSDJDWLRQ
GHƬQHG LQ $/*25,7+0 ��

! 7KH ODEHO RI HDFK QRGH LV LQLWLDOL]HG ZLWK LWV ,'�
! 7KHQ ZH LWHUDWH WKURXJK DOO QRGHV DQG FKRRVH WKH PRVW

IUHTXHQW ODEHO DPRQJ WKHLU GLUHFW QHLJKERUV �\RX FDQ WKLQN
RI LW DV D YRWLQJ V\VWHP RU VLPSO\ DV pSHHU SUHVVXUHq��

! 7LHV DUH EURNHQ UDQGRPO\ DQG XQLIRUPO\�
! 7ZR YDULDQWV RI WKLV DOJRULWKP H[LVW�

�� ,WHUDWH WKURXJK WKH JUDSK� EXW VWRUH WKH QHZ ODEHOV
VHSDUDWHO\ WR EH XSGDWHG DW WKH HQG RI WKH LWHUDWLRQ�

�� 2U LWHUDWH WKURXJK WKH JUDSK DQG XSGDWH ODEHOV
GLUHFWO\�

! 7KH\ ERWK FRQYHUJH WR WKH VDPH UHVXOW� EXW ZH XVHG WKH
VHFRQG YDULDQW VLQFH LW FRVWV OHVV PHPRU\ DQG LV IDVWHU WR
FRQYHUJH�

! )RU HDFK LWHUDWLRQ� DSSUR[LPDWHO\ ��0 UHODWLRQVKLSV DUH WUDYHUVHG PRUH WKDQ RQFH� 7KLV LV FOHDUO\ D
SUREOHP� 7KH JRRG QHZV LV WKDW WKLV DOJRULWKP LV pVWXSLGO\ SDUDOOHOq� VLQFH LQGHSHQGHQW HJR QHWZRUNV FDQ
EH SURFHVVHG VLPXOWDQHRXVO\ LQ HDFK LWHUDWLRQ�

! $FFRUGLQJ WR WKH DOJRULWKPoV DXWKRU� WKHUH VKRXOG EH D FRQYHUJH YHULƬFDWLRQ� VR WKDW LW FDQ EH WHUPLQDWHG
EHIRUH WKH GHƬQHG QXPEHU RI LWHUDWLRQV� KRZHYHU WKLV LV SRLQWOHVVO\ FRVWO\ DQG ZH GLGQoW GR LW�



-XJJOH

+\EULG /DUJH�6FDOH 0XVLF 5HFRPPHQGDWLRQ

5HFRPPHQGDWLRQ $OJRULWKPV

5HFRPPHQGDWLRQ $OJRULWKPV

! 2XU EDVHOLQH DSSURDFK ZDV WR XVH VLPLODULW\ E\ WDJV DQG
XVHUV WR UHFRPPHQG QHZ VRQJV�

! 7KH WRWDO XQLYHUVH RI WDJV XVHG LQ WKH LQSXW SOD\OLVW
DSSHDUV IUHTXHQWO\ LQ WKH UHFRPPHQGHG WUDFNV�

! 8VHUV ZKR OLVWHQHG WR HDFK RI WKH LQSXW SOD\OLVWoV WUDFNV
DOVR OLVWHQHG WR WKH UHFRPPHQGHG WUDFNV�

! 5HFRPPHQGHU V\VWHPV DUH LQIRUPDWLRQ ƬOWHULQJ V\VWHPV�
WKXV ZH JDLQ IURP OLPLWLQJ GDWD�

! *UHPOLQ ZRUNV ZLWK LWHUDWRUV� VR LWoV OD]\� )RU H[DPSOH� LI \RX
UXQ D *UHPOLQ TXHU\ LQ WKH *UHPOLQ�*URRY\ FRQVROH� LW
UHWXUQV DQ LWHUDWRU� KRZHYHU� E\ GHIDXOW� WKH FRQVROH
H[HFXWHV LWHUDWRUV LI WKH\ DUH WKH ODVW FRPPDQG SURYLGHG
GXULQJ LQSXW �KHQFH WKH FDOO WR LWHUDWH�� \RX VHH RQ WKH OHIW��



-XJJOH

+\EULG /DUJH�6FDOH 0XVLF 5HFRPPHQGDWLRQ

5HFRPPHQGDWLRQ $OJRULWKPV

5HFRPPHQGDWLRQ $OJRULWKPV

! :H VWDUW IURP WKH TXHULHG WUDFN QRGHV�

! :H WUDYHUVH RXWZDUGV WKURXJK WKH KDV7DJ UHODWLRQVKLSV ZLWK
ZHLJKW KLJKHU WKDQ ��� WKXV UHWXUQLQJ WDJV WKDW DUH XVHG
PRUH WKDQ ��� RI WKH WLPHV WR UHSUHVHQW D WUDFN�

! :H WUDYHUVH LQZDUGV WKURXJK WKH KDV7DJ UHODWLRQVKLSV ZLWK
ZHLJKW KLJKHU WKDQ ��� WKXV UHWXUQLQJ WUDFNV WKDW XVH WKH
JLYHQ WDJ PRUH WKDQ ��� RI WKH WLPHV FRPSDUHG WR RWKHU
WDJV�

! :H UDQN WUDFNV E\ WKH QXPEHU RI WLPHV RXU ZDONHU SDVVHV E\
WKHP�
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+\EULG /DUJH�6FDOH 0XVLF 5HFRPPHQGDWLRQ

5HFRPPHQGDWLRQ $OJRULWKPV

! 7KH ƬQDO DOJRULWKP ZH DUH JRLQJ WR SUHVHQW LV VLPLODU WR
WKH SUHYLRXV RQH� H[FHSW QRZ WKH WUDYHUVDOV DUH
ƬOWHUHG LQ D GLƪHUHQW ZD\� XVLQJ FXVWRP SLSHV�

! ,Q $/*25,7+0 �� \RX FDQ VHH WKH SLSHV WRS7DJV DQG
WRS7UDFNV ZKLFK WDNH D ƮRDWLQJ YDOXH EHWZHHQ 0 DQG 1�
UHSUHVHQWLQJ WKH IUDFWLRQ RI LWHPV WR WUDYHUVH�

! 6R� RQO\ WKH WRS IUDFWLRQ RI WDJV RU WUDFNV� DFFRUGLQJ WR
WKH 7)�,')� LV WUDYHUVHG�

! )RU H[DPSOH� LI D WUDFN KDV �� WDJV DQG ZH XVH 0.1 LQ WKH
WRS7DJV SLSH� WKHQ RQO\ WKH WRS �� WDJV DFFRUGLQJ WR
WKH 7)�,') DUH UHWXUQHG DQG WUDYHUVHG�

! 7KH UHVXOWV RI WKLV DOJRULWKP DUH TXLWH GLƪHUHQW IURP
$/*25,7+0 �� WKH PDLQ GLƪHUHQFHV EHLQJ WKH ODFN RI
DUWLVW UHSHWLWLRQ �SUHYLRXV UHVXOWV PRVWO\ IRFXVHG RQ
RWKHU WUDFNV IURP WKH VDPH DUWLVWV�� DQG WKH ERRVW RI
UDUHU WUDFNV WR WKH WRS� ZKLFK LV EHWWHU IRU GLVFRYHU\� DV
OHVV REYLRXV UHVXOWV DUH UHWXUQHG�
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+\EULG /DUJH�6FDOH 0XVLF 5HFRPPHQGDWLRQ

/DWHVW $GGLWLRQV WR WKH *UDSK

/DWHVW $GGLWLRQV WR WKH *UDSK

! :KHQ \RX YLVLWHG ZLWK XV DW 3RUWR� ZH ZHUH DERXW WR VWDUW ZRUNLQJ RQ XVLQJ WKH DXGLR IHDWXUHV IRU PXVLF
UHFRPPHQGDWLRQ�

! $V ZH H[SHFWHG� WKLV ZDV D ELW RI D FKDOOHQJH� PDLQO\ EHFDXVH RI VFDOH DQG IRUPDW�

! 6FDOH⇒ $ GLƪHUHQW VWUDWHJ\ ZDV QHHGHG WR FRPSDUH VRQJV DPRQJ HDFK RWKHU� XVLQJ DXGLR
IHDWXUHV� VLQFH WKLV GDWD LV GHQVH� DV RSSRVHG WR WKH WDJ DQG XVHU LQIRUPDWLRQ� ZKLFK LV VSDUVH DQG
WKHUHIRUH UHVXOWHG LQ D PRUH WUHDWDEOH SUREOHP�

! )RUPDW⇒2XU NQRZOHGJH PRGHO ZDV VXSSRUWHG RQ D JUDSK GDWDEDVH� ZKLFK HVVHQWLDOO\ PHDQV WKDW
LWoV IRUPDWWHG DV OLQNHG GDWD� WKHUHIRUH UHTXLULQJ XV WR JHQHUDWH VRPH NLQG RI UHODWLRQVKLS WKDW LV
XVDEOH GXULQJ UHFRPPHQGDWLRQ�

! :H GHFLGHG WR FUHDWH QHZ UHODWLRQVKLSV LQ WKH JUDSK WR LOOXVWUDWH GLUHFW FRQQHFWLRQV EHWZHHQ WUDFNV E\
FRPSDULQJ WKHP WKURXJK DXGLR VLPLODULW\�
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+\EULG /DUJH�6FDOH 0XVLF 5HFRPPHQGDWLRQ

/DWHVW $GGLWLRQV WR WKH *UDSK

! 1DLYHO\ GRLQJ WKLV ZRXOG UHVXOW LQ DERXW 102 = 1, 000, 000, 000, 000 FDOFXODWLRQV RI VLPLODULW\�

! $VVXPLQJ HDFK RSHUDWLRQ WDNHV DERXW ��� VHFRQGV� WKH ZKROH SURFHVV ZRXOG WDNH QHDUO\ 2, 315, 000 GD\V
WR FRPSOHWH�

! )RU WKLV� ZHoYH DGDSWHG )LOLSH &RHOKRoV 3K' ZRUN RQ WH[W LOOXVWUDWLRQ DQG LPDJH UHWULHYDO WR WKH FRQWH[W RI
PXVLF UHWULHYDO�

! :H JHQHUDWHG D WULH VWUXFWXUH VXSSRUWHG RQ 0RQJR'%� EDVHG RQ WUDFN SLYRWLQJ� WR SUHSDUH WKH
ZRUNEHQFK IRU TXLFNO\ REWDLQLQJ WKH �� WUDFNV ZLWK WKH PRVW VLPLODU DXGLR VLJQDO WR D JLYHQ WUDFN�

! 7KLV HQDEOHG XV WR JHQHUDWH D N�1HDUHVW 1HLJKERU *UDSK� HVWDEOLVKLQJ D UDQNHG UHODWLRQVKLS EHWZHHQ
WUDFNV DFFRUGLQJ WR WKHLU DXGLR IHDWXUHV�

! 6LQFH DQ\ UHODWLRQVKLS FDQ HDVLO\ EH LQFRUSRUDWHG LQWR WKH UHFRPPHQGHU HQJLQH� ZH EHOLHYH WKLV LV DQ
H[WHQVLEOH DQG LQWHUHVWLQJ ZD\� EDVHG RQ D NQRZOHGJH JUDSK� WR LPSOHPHQW PXVLF UHFRPPHQGDWLRQ�



7KH 1HZ 8, �%XLOW ZLWK 6$32 ,QN�
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7KH 1HZ 8, �%XLOW ZLWK 6$32 ,QN�



6WDUWLQJ )URP D &XUDWHG 3OD\OLVW
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7KH 1HZ 8, �%XLOW ZLWK 6$32 ,QN�

6WDUWLQJ )URP D &XUDWHG 3OD\OLVW



-XJJOH

7KH 1HZ 8, �%XLOW ZLWK 6$32 ,QN�

6WDUWLQJ )URP D &XUDWHG 3OD\OLVW



-XJJOH

7KH 1HZ 8, �%XLOW ZLWK 6$32 ,QN�

6WDUWLQJ )URP D &XUDWHG 3OD\OLVW
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7KH 1HZ 8, �%XLOW ZLWK 6$32 ,QN�

6WDUWLQJ )URP D &XUDWHG 3OD\OLVW
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7KH 1HZ 8, �%XLOW ZLWK 6$32 ,QN�

6WDUWLQJ )URP D &XUDWHG 3OD\OLVW



6HDUFKLQJ DQG $GGLQJ 6RQJV WR 6WDUW 3OD\OLVW
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7KH 1HZ 8, �%XLOW ZLWK 6$32 ,QN�

6HDUFKLQJ DQG $GGLQJ 6RQJV WR 6WDUW 3OD\OLVW
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7KH 1HZ 8, �%XLOW ZLWK 6$32 ,QN�

6HDUFKLQJ DQG $GGLQJ 6RQJV WR 6WDUW 3OD\OLVW
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7KH 1HZ 8, �%XLOW ZLWK 6$32 ,QN�

6HDUFKLQJ DQG $GGLQJ 6RQJV WR 6WDUW 3OD\OLVW



-XJJOH

7KH 1HZ 8, �%XLOW ZLWK 6$32 ,QN�

6HDUFKLQJ DQG $GGLQJ 6RQJV WR 6WDUW 3OD\OLVW
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7KH 1HZ 8, �%XLOW ZLWK 6$32 ,QN�

6HDUFKLQJ DQG $GGLQJ 6RQJV WR 6WDUW 3OD\OLVW
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7KH 1HZ 8, �%XLOW ZLWK 6$32 ,QN�

6HDUFKLQJ DQG $GGLQJ 6RQJV WR 6WDUW 3OD\OLVW



-XJJOH

7KH 1HZ 8, �%XLOW ZLWK 6$32 ,QN�

6HDUFKLQJ DQG $GGLQJ 6RQJV WR 6WDUW 3OD\OLVW



&RQFOXVLRQV
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&RQFOXVLRQV

$GGLWLRQDO .QRZOHGJH

$GGLWLRQDO .QRZOHGJH

! 7KH FRPSOHWH JUDSK� FRQWDLQLQJ WUDFN PHWDGDWD� WDJV� XVHU LQIRUPDWLRQ DQG DXGLR IHDWXUHV� MXVW WDNHV
DERXW �� *% RI VSDFH RXW RI WKH ��� *% IRU WKH ZKROH PXVLF FROOHFWLRQ�

! /RDGLQJ WKLV LQWR PHPRU\ VKRXOG EH WULYLDO� ZKLFK RXJKW WR WUDQVODWH LQWR D FRQVLGHUDEOH VSHHGXS�
! �:H ZHUHQoW DEOH WR WHVW WKLV ZLWK RXU JUDSK IRU ODFN RI UHVRXUFHV DQG ODFN RI WLPH WR JHQHUDWH D

VPDOOHU VXEVHW��

! $FFRUGLQJ WR RWKHU DXWKRUV �H�J� %HQ )LHOGV�� FRPPXQLW\ VWUXFWXUH LV JRRG WR SUHGLFW JHQUH�
! :H KDYH FRPSXWHG WKH FRPPXQLW\ PHPEHUVKLS IRU WKH WUDFNsWUDFN JUDSK LQGXFHG E\ WDJ

FR�RFFXUUHQFH DFFRUGLQJ WR WKH ODEHO SURSDJDWLRQ DOJRULWKP�
! 7KLV KDVQoW EHHQ IXUWKHU H[SORUHG GXH WR ODFN RI WLPH� EXW WKH DOJRULWKP KDV EHHQ VKRZQ EHIRUH DQG

LV DYDLODEOH WR XVH LQ WKH *UHPOLQ ODQJXDJH�

! )RU DXGLR IHDWXUHV� ZH IRFXVHG RQ WKH SLWFK DQG WLPEUH� ZKLFK DUH UHSUHVHQWHG E\ DQ DUUD\ RI WZHOYH UHDO
QXPEHUV IRU HDFK VHJPHQW LQ D VRQJ�

! 7KH SUREOHP LV WKDW WKH QXPEHU RI VHJPHQWV LV YDULDEOH IRU HDFK VRQJ�
! 7R FDOFXODWH VLPLODULW\� YHFWRUV QHHG WR EH WKH VDPH GLPHQVLRQ�
! 2QH JRRG ZD\ WR VROYH WKLV LV WR FDOFXODWH WKHPHDQ SLWFK DQG WLPEUH DORQJ ZLWK �� FRYDULDQFHV

IRU HDFK � 12×(12−1)
2 + 12�� UHSUHVHQWLQJ DOO WKH PHDQLQJIXO FRPELQDWLRQV RI SLWFKHV DQG WLPEUHV

�LQFOXGLQJ WKH FRYDULDQFH RI WKH YDULDEOH ZLWK LWVHOI� ZKLFK UHSUHVHQWV WKH YDULDQFH��
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! (YHQ WKRXJK WKLV LV QRW RXU PDLQ IRFXV� ZH SRLQW RXW WKDW WKH SHUIRUPDQFH RI UHFRPPHQGDWLRQ
DOJRULWKPV VWLOO QHHGV WR EH LPSURYHG�

! :H QRWH KRZHYHU WKDW� VLQFH D JUDSK GDWDEDVH SRVVHVVHV LQGH[�IUHH DGMDFHQF\� RQFH WKHVH
SUREOHPV DUH VROYHG� LQFUHDVLQJ WKH VL]H RI WKH FROOHFWLRQ VKRXOG RQO\ EH D PDWWHU RI DGGLQJ
UHVRXUFHV �GLVN VSDFH DQG DGGLWLRQDO FRPSXWHUV IRU D 1HR�M KLJKO\ DYDLODEOH FOXVWHU��

! 2XU DOJRULWKPV DUH EDVHG RQ WUDYHUVDOV� VR VROYLQJ WKH SUREOHP LV D PDWWHU RI GHFUHDVLQJ WKH
QXPEHU RI YLVLWHG QRGHV �D PRUH DJJUHVVLYH ƬOWHULQJ WHFKQLTXH FRXOG EH DQ RSWLRQ��

! $V IXWXUH ZRUN� ZH ZRXOG OLNH WR IRFXV RQ FRPPXQLW\�GULYHQ PXVLF GLVFRYHU\� ZKLFK LV DQ LGHD ZH DUH
GHYHORSLQJ IRU P\ 3K'�

! 7KH ƬUVW DSSURDFK LV WR XQGHUVWDQG KRZ SHRSOH OLVWHQ WR PXVLF DQG LGHQWLI\ GLVFRYHU\ SDWWHUQV�
! )RU WKDW� ZH QHHG DFFHVV WR XVHU GDWD OHWWLQJ XV NQRZ ZKLFK XVHU OLVWHQHG WR ZKDW VRQJ ZKHQ�
! :HoG ORYH WR VWXG\ 0XVLF%R[ GDWD LQVWHDG RI WKH WUDGLWLRQDO /DVW�IP GDWDVHW� ZKLFK JHQHUDWHV YDOXH

IRU RXU ZRUN DV ZHOO DV NQRZOHGJH WKDW ZLOO FRQWULEXWH WR \RXU ZRUN�
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