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*HQHULF SURJUDPPLQJ

+RZ WR ZULWH SURJUDPV WKDW GRQ¶W

TXLWH NQRZ ZKDW WKH\¶UH GRLQJ

2YHUYLHZ

� 7KH WUDGLWLRQDO YLHZ RI DOJRULWKPV DQG
GDWD VWUXFWXUHV WLHV WKHP FORVHO\
WRJHWKHU

� ,W GRHVQ¶W KDYH WR EH WKDW ZD\

± HVSHFLDOO\ QRW IRU VLPSOH DOJRULWKPV«

± ZKLFK WXUQ RXW WR EH XVHIXO LQ VXUSULVLQJO\
PDQ\ FRQWH[WV

� 7KHVH LGHDV WDNH GLIIHUHQW IRUPV LQ
GLIIHUHQW ODQJXDJHV

7KH IXQGDPHQWDO LGHD

� ,QVWHDG RI GHVLJQLQJ DOJRULWKPV WR GHDO

ZLWK VSHFLILF GDWD VWUXFWXUHV� ZH FDQ

GHVLJQ WKHP LQ WHUPV RI DEVWUDFWLRQV RI

GDWD VWUXFWXUHV

� %\ ILWWLQJ DQ DSSURSULDWH DEVWUDFWLRQ WR

HDFK RI VHYHUDO GDWD VWUXFWXUHV� ZH FDQ

PDNH WKH VDPH DOJRULWKP ZRUN ZLWK

VHYHUDO GLIIHUHQW GDWD VWUXFWXUHV

:KDW LV DQ DEVWUDFWLRQ RI D

GDWD VWUXFWXUH"

� $ VHW RI RSHUDWLRQV WKDW DUH

± FRPPRQ WR VHYHUDO GDWD VWUXFWXUHV

± XVHIXO IRU VHYHUDO DOJRULWKPV

� $ ZD\ RI WKLQNLQJ DERXW GDWD VWUXFWXUHV

LQ JHQHUDO WKDW GRHV QRW UHO\ RQ DQ\

VSHFLILF GDWD VWUXFWXUH

� )XQGDPHQWDO H[DPSOH� WKH LGHD RI D

VHTXHQFH

$EVWUDFWLQJ D VHTXHQFH

� :KDW VHTXHQFH RSHUDWLRQV DUH

IXQGDPHQWDO"

± H[DPLQH HDFK HOHPHQW LQ WXUQ

± JHQHUDWH D VHTXHQFH

� 2WKHU RSHUDWLRQV DUH OHVV IXQGDPHQWDO

± VHDUFK IRU D SDUWLFXODU HOHPHQW

± UHYHUVH WKH HOHPHQWV

± VRUW WKHP� HWF�

:KDW NLQGV RI VHTXHQFHV DUH
WKHUH"

� $UUD\V

� /LVWV

� )LOHV DUH SDUWLFXODUO\ LQWHUHVWLQJ

± HOHPHQWV PLJKW QRW DOO EH DYDLODEOH

± UHDGLQJ LV SRWHQWLDOO\ GHVWUXFWLYH

± ZKHQ \RX ZULWH LV LPSRUWDQW

� :KDW HOVH FDQ \RX GUHDP XS"
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,QSXW DQG RXWSXW GLIIHU

� ,I ZH DUH JRLQJ WR WUHDW ILOHV DV

VHTXHQFHV� WKH GLVWLQFWLRQ LV HVVHQWLDO

� 0DQ\ DOJRULWKPV DOVR PDNH WKH

GLVWLQFWLRQ

± FRS\LQJ UHDGV WKH LQSXW� ZULWHV WKH RXWSXW

± VHDUFKLQJ MXVW UHDGV� DOWKRXJK ZKDWHYHU

UHTXHVWHG WKH VHDUFK PLJKW ZULWH ODWHU

± UHYHUVLQJ D VHTXHQFH UHDGV DQG ZULWHV

$ VDPSOH DOJRULWKP

� 6HDUFK D VHTXHQFH IRU D SDUWLFXODU YDOXH

± VWDUW ZLWK WKH ILUVW HOHPHQW

± NHHS ORRNLQJ XQWLO WKH HOHPHQW LV IRXQG RU
WKH VHTXHQFH LV H[KDXVWHG

± VWRS DV VRRQ DV \RX ILQG ZKDW \RX ZDQWHG

� +RZ PLJKW ZH ILQG DQ DEVWUDFWLRQ RI

VHTXHQFHV WKDW ZLOO OHW XV LPSOHPHQW

WKLV DOJRULWKP"

:KDW GRHVQ¶W ZRUN

� :H FDQ¶W DVVXPH WKDW DOO VHTXHQFHV ZLOO

VXSSRUW WKH VDPH RSHUDWLRQV

� 7KHUHIRUH� ZH FDQQRW UHO\ VROHO\ RQ

RSHUDWLRQV GHILQHG DORQJ ZLWK WKH

VHTXHQFHV WKHPVHOYHV

� 2XU DEVWUDFWLRQV ZLOO KDYH WR EH GHILQHG

VHSDUDWHO\

6WUDWHJ\ �FODVVLFDO DSSURDFK�

� ,QYHQW DQ LQWHUIDFH WKDW GRHV ZKDW ZH

ZDQW

� 'HFODUH D EDVH FODVV WKDW FDSWXUHV WKDW

LQWHUIDFH

� 'HULYH D FODVV IRU HDFK GDWD VWUXFWXUH

ZH FDUH DERXW

$ FRQFUHWH H[DPSOH

� 7R NHHS LW VLPSOH� DVVXPH ZH DUH

UHDGLQJ �QRW ZULWLQJ� VHTXHQFHV RI

LQWHJHUV

� :KDW DUH WKH NH\ RSHUDWLRQV"

± 'HWHUPLQH ZKHWKHU WKHUH DUH DQ\ HOHPHQWV
OHIW LQ WKH VHTXHQFH

± )HWFK WKH QH[W HOHPHQW LQ WKH VHTXHQFH

$Q DEVWUDFW EDVH FODVV

FODVV ,Q6HT ^
SXEOLF�

YLUWXDO ERRO DYDLO��  ��
YLUWXDO LQW QH[W��  ��
YLUWXDO a,Q6HT�� ^ `

`�

� :H DVVXPH WKDW HDFK FDOO WR QH[W ZLOO

EH SUHFHGHG E\ D FDOO WR DYDLO
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+RZ PLJKW ZH XVH LW"

ERRO ILQG�,Q6HT	 V� LQW [�
^

ZKLOH �V�DYDLO��� ^
LI �V�QH[W��   [�

UHWXUQ WUXH�
`
UHWXUQ IDOVH�

`

8VLQJ ,Q6HT

� 6XSSRVH ZH KDYH DQ LQWHJHU DUUD\

FDOOHG D� ZLWK Q HOHPHQWV

� +RZ GR ZH GHWHUPLQH ZKHWKHU D

FRQWDLQV D YDOXH HTXDO WR ["

± 'HULYH D FODVV IURP ,Q6HT WKDW OHWV XV XVH
DQ DUUD\ DV D VHTXHQFH

± &DOO ILQG ZLWK DQ DSSURSULDWH REMHFW RI
WKDW GHULYHG FODVV

'HULYLQJ IURP ,Q6HT

FODVV ,QW$UUD\6HT� SXEOLF ,Q6HT ^
SXEOLF�

,QW$UUD\6HT�FRQVW LQW
� LQW��
YLUWXDO ERRO DYDLO���
YLUWXDO LQW QH[W���

SULYDWH�
LQW Q�
FRQVW LQW
 S�

`�

,QW$UUD\6HT PHPEHU

GHILQLWLRQV

,QW$UUD\6HT��,QW$UUD\6HT
�FRQVW LQW
 S�� LQW Q���

S�S��� Q�Q�� ^ `

ERRO ,QW$UUD\6HT��DYDLO��
^

UHWXUQ Q ! ��
`

LQW ,QW$UUD\6HT��QH[W��
^

��Q� UHWXUQ 
S���
`

8VLQJ ,QW$UUD\6HT WR VHDUFK
DQ DUUD\

LQW D>���@�

,QW$UUD\6HT V�D� �����

LI �ILQG�V� ���� ^
�� D FRQWDLQV WKH YDOXH ��

`

:K\ GRHV LW ZRUN"

� &ODVV ,Q6HT KDV GHILQHG D JHQHUDO

LQWHUIDFH

� &ODVV ,QW$UUD\6HT KDV VSHFLDOL]HG

WKDW LQWHUIDFH IRU DUUD\V

� (DFK WLPH ILQG FDOOV V�DYDLO�� RU

V�QH[W��� WKDW LV D YLUWXDO FDOO WKDW

H[HFXWHV WKH FRUUHVSRQGLQJ

,QW$UUD\6HT RSHUDWLRQ
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$GYDQWDJHV RI WKLV DSSURDFK

� :H KDYH WR GHILQH RQO\ RQH DEVWUDFW

LQWHUIDFH IRU HDFK RYHUDOO VWUDWHJ\ IRU

DFFHVVLQJ VHTXHQFHV

� :H FDQ GHILQH DQRWKHU GHULYHG FODVV

IURP ,Q6HT IRU HDFK NLQG RI VHTXHQFH

ZH FDUH DERXW

� (DFK GHULYHG FODVV LV SRWHQWLDOO\ XVHIXO

WR PDQ\ DOJRULWKPV

'LVDGYDQWDJHV RI WKLV
DSSURDFK

� (DFK FDOO WR DYDLO�� RU QH[W�� LV D
YLUWXDO FDOO� ZLWK DVVRFLDWHG RYHUKHDG

� 8VLQJ DQ ,QW$UUD\6HT GHVWUR\V LW

� :H ZRXOG OLNH WR EH DEOH WR FRS\
,QW$UUD\6HT REMHFWV
±:H VKRXOG EH DEOH WR VDYH DQ
,QW$UUD\6HT EHIRUH ZH GHVWUR\ LW

± $IWHU ZH ILQG D SDUWLFXODU YDOXH� ZH ZRXOG
OLNH WR EH DEOH WR UHPHPEHU ZKHUH LW ZDV

� :H GRQ¶W ZDQW WR GHDO MXVW ZLWK LQWHJHUV

2YHUFRPLQJ WKH

GLVDGYDQWDJHV

� 7KH GLIILFXOW\ LQ FRS\LQJ LV SHFXOLDU WR

&��

� 7KH RYHUKHDG LW QRW� EXW VRPH

ODQJXDJHV MXVW OLYH ZLWK LW

� &�� FDQ VROYH ERWK SUREOHPV E\ XVLQJ

WHPSODWHV� ZKLFK DOORZ FRPSLOH�WLPH

SRO\PRUSKLVP

7HPSODWHV� RYHUDOO LGHD

� ,QVWHDG RI KDYLQJ D VLQJOH W\SH ,Q6HT

WR UHSUHVHQW LQWHJHU LQSXW VHTXHQFHV

RQO\� ZH GHILQH D IDPLO\ RI W\SHV�
WHPSODWH �FODVV 7! FODVV ,Q6HT ^
SXEOLF�

YLUWXDO ERRO DYDLO��  ��

YLUWXDO 7 QH[W��  ��
YLUWXDO a,Q6HT�� ^ `

`�

7ZR NLQGV RI WHPSODWHV

� &ODVV WHPSODWHV� :H PXVW VXSSO\ W\SH

DUJXPHQWV HYHU\ WLPH ZH XVH D FODVV

WHPSODWH

� )XQFWLRQ WHPSODWHV� :H JHQHUDOO\ GR

QRW VXSSO\ W\SH DUJXPHQWV EHFDXVH

WKH\ DUH LQIHUUHG IURP WKH IXQFWLRQ

DUJXPHQWV

$ VLPSOH FODVV WHPSODWH

WHPSODWH�FODVV 7! FODVV 9HFWRU ^
SXEOLF�

9HFWRU�LQW Q��� Q�Q��� S�QHZ 7>Q�@�
^ `

a9HFWRU�� ^ GHOHWH >@ S� `
7	 RSHUDWRU>@�LQW N�

^ UHWXUQ S>N@� `
SULYDWH�

LQW Q�

7
 S�
`�
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$ VLPSOH IXQFWLRQ WHPSODWH

WHPSODWH�FODVV 7!
7 VXP�9HFWRU�7!	 Y� LQW Q�

^
7 UHVXOW  ��
IRU �LQW L  �� L � Q� ��L�

UHVXOW � Y>Q@�
UHWXUQ UHVXOW�

`

8VLQJ WKHVH WHPSODWHV

9HFWRU�GRXEOH! Y������

IRU�LQW L  �� L � ���� ��L�

Y>L@  L 
 L�

GRXEOH V  VXP�Y� �����

:H FRXOG GHILQH ILQG WKLV
ZD\���

ERRO ILQG�,Q6HT�LQW!	 V� LQW [�
^

ZKLOH �V�DYDLO��� ^
LI �V�QH[W��   [�

UHWXUQ WUXH�
`
UHWXUQ IDOVH�

`

%XW LW¶V PRUH XVHIXO WR GHILQH
LW WKLV ZD\�

WHPSODWH�FODVV ;!
ERRO ILQG�,Q6HT�;!	 V� ; [�

^
ZKLOH �V�DYDLO��� ^

LI �V�QH[W��   [�
UHWXUQ WUXH�

`
UHWXUQ IDOVH�

`

:H QRZ GHFODUH $UUD\6HT DV D
JHQHUDOL]DWLRQ«

WHPSODWH�FODVV 7!
FODVV $UUD\6HT� SXEOLF ,Q6HT�7! ^

SXEOLF�
$UUD\6HT�FRQVW 7
� LQW��
YLUWXDO ERRO DYDLO���
YLUWXDO 7 QH[W���

SULYDWH�
LQW Q�

FRQVW 7
 S�
`�

« DQG GHILQH LW WKLV ZD\�

WHPSODWH�FODVV 7! $UUD\6HT�7!��$UUD\6HT
�FRQVW 7
 S�� LQW Q���

S�S��� Q�Q�� ^ `

WHPSODWH�FODVV 7!
ERRO $UUD\6HT�7!��YDOLG�� ^

UHWXUQ Q ! ��
`

WHPSODWH�FODVV 7! 7 $UUD\6HT�7!��QH[W��
^

��Q� UHWXUQ 
S���
`
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1RZ ZH FDQ XVH ILQG DOPRVW

DV EHIRUH�

LQW D>���@�

$UUD\6HT�LQW! V�D� �����

LI �ILQG�V� ���� ^
�� D FRQWDLQV WKH YDOXH ��

`

:KHUH DUH ZH QRZ"

� :H FDQ GHILQH DQ $UUD\6HT FODVV IRU

DQ DUUD\ RI REMHFWV RI DQ\ W\SH

� :H FDQ GHULYH RWKHU FODVVHV IURP

,Q6HT IRU RWKHU FRQWDLQHUV

� %XW ZH VWLOO KDYH WKH YLUWXDO�IXQFWLRQ

RYHUKHDG IRU HDFK FDOO

� 0RUHRYHU� LW¶V VWLOO XQFOHDU ZKDW WKH

ULJKW ,Q6HT LQWHUIDFH LV

:KDW LV DQ ,Q6HT� UHDOO\"

� $ VHSDUDWH REMHFW WKDW JUDQWV DFFHVV WR

D GDWD VWUXFWXUH

� $Q ,Q6HT FDSWXUHV WKH LGHD RI VWHSSLQJ

WKURXJK DQ �XQNQRZQ� GDWD VWUXFWXUH

� :H FDQ WKHUHIRUH FDOO ,Q6HT �DQG

VLPLODU FODVVHV� LWHUDWRUV

� 7KH QH[W OHFWXUH ZLOO ORRN DW RWKHU IRUPV

RI LWHUDWRUV

+RPHZRUN �GXH 0RQGD\�

� 'HULYH DQRWKHU FODVV IURP ,Q6HT WKDW

UHDGV LQSXW IURP D ILOH� UDWKHU WKDQ IURP

DQ DUUD\

� 8VH WKDW FODVV WR FRPSXWH WKH VXP RI D

VHTXHQFH RI IORDWLQJ�SRLQW YDOXHV UHDG

IURP WKH VWDQGDUG LQSXW

� ,W¶V 2. WR XVH DQ REMHFW�RULHQWHG

ODQJXDJH RWKHU WKDQ &�� LI \RX OLNH


