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7HVWLQJ ,QWUXVLRQ�'HWHFWLRQ

6\VWHPV�

&ODLPV 	 (YLGHQFH

5R\ $� 0D[LRQ

'HSHQGDEOH 6\VWHPV /DERUDWRU\

&RPSXWHU 6FLHQFH 'HSDUWPHQW

&DUQHJLH 0HOORQ 8QLYHUVLW\

3LWWVEXUJK� 3$ �����
(PDLO� PD[LRQ#FV�FPX�HGX

,),3 ���� ZRUNVKRS RQ

'HSHQGDELOLW\ DQG 6XUYLYDELOLW\

�� -XQH ����

+LOWRQ +HDG ,VODQG� 6RXWK &DUROLQD

&RS\ULJKW� 5R\ 0D[LRQ ���� � �

3ODQ

� %ULHI RYHUYLHZ RI LQWUXVLRQ�GHWHFWLRQ V\VWHPV

� &ODLPV DQG WKH TXDOLW\ RI HYLGHQFH VXSSRUWLQJ WKHP

� 'LVFXVVLRQ RI VHOHFWHG DVSHFWV RI WHVWLQJ�HYLGHQFH�

� 'HILQLWLRQV

� 'DWD

� 0HWKRGRORJ\

� )LJXUHV RI PHULW IRU LQWUXVLRQ GHWHFWLRQ V\VWHPV

� )RFXV RQ DFFXUDF\ DQG LPSHGLPHQWV WR LW

� ([DPSOHV IURP UHVHDUFK 	 FRPPHUFLDO OLWHUDWXUH

� 5HFRPPHQGDWLRQV

&RS\ULJKW� 5R\ 0D[LRQ ���� � �

&DYHDWV

� 7KLV WDON LV DERXW UHVHDUFK V\VWHPV UHSRUWHG LQ WKH

WHFKQLFDO OLWHUDWXUH� QRW DERXW FRPPHUFLDO V\VWHPV�

� 7KHUH LV OLWWOH SXEOLF LQIRUPDWLRQ DERXW KRZ

FRPPHUFLDO HQWHUSULVHV WHVW WKHLU V\VWHPV�

� 7KH WDON DGGUHVVHV REVHUYDWLRQV DERXW FHUWDLQ

VKRUWFRPLQJV LQ H[WDQW ,'6 WHVWLQJ HIIRUWV�

� 'HPRQVWUDWLRQ E\ H[DPSOH�

&RS\ULJKW� 5R\ 0D[LRQ ���� � �

7KUHH VWXGLHV �IRU FRPSDULVRQ�

� >3XNHW]D@ 3XNHW]D HW DO� ����� $ 0HWKRGRORJ\ IRU

7HVWLQJ ,QWUXVLRQ 'HWHFWLRQ 6\VWHPV

� >$77@ 6FKRQODX HW DO� ����� &RPSXWHU ,QWUXVLRQ �

'HWHFWLQJ 0DVTXHUDGHV

� >'UDJRQ@ 0XHOOHU 	 6KLSOH\� ����� 'UDJRQ &ODZV LWV

:D\ WR WKH WRS�

&RS\ULJKW� 5R\ 0D[LRQ ���� � �

:KDW¶V EHLQJ WHVWHG"

,QWUXVLRQ�GHWHFWLRQ V\VWHP �,'6��

$ FRPELQDWLRQ RI KDUGZDUH DQG VRIWZDUH WKDW PRQLWRUV DQG

FROOHFWV V\VWHP DQG QHWZRUN LQIRUPDWLRQ DQG DQDO\]HV LW WR

GHWHUPLQH LI DQ DWWDFN RU DQ LQWUXVLRQ KDV RFFXUUHG� >$OOHQ HW

DO�� ����@

3HUWDLQLQJ WR WHFKQLTXHV ZKLFK DWWHPSW WR GHWHFW LQWUXVLRQ

LQWR D FRPSXWHU RU QHWZRUN E\ REVHUYDWLRQ RI DFWLRQV� VHFXULW\

ORJV� RU DXGLW GDWD� 'HWHFWLRQ RI EUHDN�LQV RU DWWHPSWV HLWKHU

PDQXDOO\ RU YLD VRIWZDUH H[SHUW V\VWHPV WKDW RSHUDWH RQ ORJV

RU RWKHU LQIRUPDWLRQ DYDLODEOH RQ WKH QHWZRUN� >16$ JORVVDU\@

&RS\ULJKW� 5R\ 0D[LRQ ���� � �

7ZR NLQGV RI ,'6

� 6LJQDWXUH�EDVHG

� 'HWHFWLRQ RI SUHYLRXVO\ VHHQ ³DWWDFNV´

� 8VHV VRPH IRUP RI SDWWHUQ UHFRJQLWLRQ

� 5HDVRQDEOH KLW UDWHV� ORZ IDOVH�DODUP UDWHV

� &RPELQHV GHWHFWLRQ DQG GLDJQRVLV

� $QRPDO\�EDVHG

� 'HWHFWLRQ RI QRYHO ³DWWDFNV´

� 8VHV VRPH IRUP RI PRGHOLQJ RI QRUPDO EHKDYLRU

� 7\SLFDOO\ KLJK IDOVH�DODUP UDWHV

� 'HWHFWLRQ RI V\PSWRP �DQRPDO\� RQO\� GLDJQRVLV LV D

VHSDUDWH GHFLVLRQ�PDNLQJ SURFHVV �EXW RIWHQ WKRXJKW RI

�HUURQHRXVO\� DV EHLQJ SDUW RI WKH GHWHFWLRQ SURFHVV�



�

&RS\ULJKW� 5R\ 0D[LRQ ���� � �

+RZ DQ ,'6 ZRUNV

� 9LRODWLRQ RI D PRGHO RI EHKDYLRU�

� 0RGHOV FDQ EH EXLOW E\ PDQ\ PHWKRGV�

� /LEUDU\ RI SDWWHUQV �IRU VLJQDWXUH�EDVHG V\VWHPV�

� 6LPSOH PHDQ 	 VWDQGDUG GHYLDWLRQ

� 1HXUDO QHWZRUNV

� *HQHWLF DOJRULWKPV

� 0DUNRY FKDLQV

� 8QLTXHQHVV PHDVXUHV

� 1DwYH %D\HV

� 1�JUDP OLEUDULHV

&RS\ULJKW� 5R\ 0D[LRQ ���� � �

:KDW LV WHVWLQJ"

� 7R H[DPLQH� REVHUYH RU HYDOXDWH FULWLFDOO\�

� 7R H[DPLQH RU MXGJH FRQFHUQLQJ WKH ZRUWK� TXDOLW\�

VLJQLILFDQFH� DPRXQW� GHJUHH� RU FRQGLWLRQ RI�

� 7R VXEPLW D FODLP WR VXFK FRQGLWLRQV RU RSHUDWLRQV

DV ZLOO OHDG WR LWV SURRI RU GLVSURRI RU WR LWV

DFFHSWDQFH RU UHMHFWLRQ D WHVW RI D VWDWLVWLFDO

K\SRWKHVLV�

� Ö « FRQGXFWHG DQG GHVFULEHG LQ VXFK D ZD\ WKDW

RWKHU LQYHVWLJDWRUV FDQ UHSOLFDWH �RU DW OHDVW MXGJH�

ZKDW KDV EHHQ GRQH�

&RS\ULJKW� 5R\ 0D[LRQ ���� � �

7HVW�HYDOXDWLRQ JRDOV

� (YDOXDWLRQV DUH GHFLVLRQ�PDNLQJ DLGV�

� 7KHUHIRUH� WKH\ QHHG WR EH�

� &RQYLQFLQJ� SHUVXDVLYH� GHSHQGDEOH LQ WKHPVHOYHV

� 5HOLDEOH � RXWFRPH LV FRQVLVWHQW RYHU UHSHDWHG

REVHUYDWLRQV� PXOWLSOH REVHUYHUV ZLOO DJUHH

� 5HSHDWDEOH � RXWFRPH FDQ EH YHULILHG E\ LQGHSHQGHQW

REVHUYHUV

� 9DOLG � PHDVXUHV DUH WUXH� PHWULFV PHDVXUH ZKDW WKH\

SXUSRUW WR PHDVXUH� YDULDEOHV LQIOXHQFH ZKDW WKH\ SXUSRUW

WR LQIOXHQFH

� 2EMHFWLYH � XQELDVHG� ODFNLQJ LQ V\VWHPDWLF HUURU

� 'HIHQVLEOH � FODLPV DUH VXSSRUWHG ZLWK HYLGHQFH « DV LQ D

GHSHQGDELOLW\�VDIHW\ FDVH

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

'HSHQGDELOLW\�VDIHW\ FDVH

� $ GRFXPHQWHG �ZULWWHQ� ERG\ RI HYLGHQFH WKDW

SURYLGHV D FRQYLQFLQJ DQG YDOLG DUJXPHQW WKDW D

V\VWHP LV DGHTXDWHO\ GHSHQGDEOH�VDIH LQ D JLYHQ

HQYLURQPHQW� �$GDSWHG IURP %LVKRS�%ORRPILHOG �� 	 ����

$ GHSHQGDELOLW\ FDVH FRQWDLQV�

� DQ H[SOLFLW VHW RI FODLPV DERXW WKH V\VWHP�

� D ERG\ RI HYLGHQFH WR VXSSRUW WKRVH FODLPV�

� D VHW RI DUJXPHQWV OLQNLQJ FODLPV WR HYLGHQFH�

� D FOHDU OLVW RI WKH DVVXPSWLRQV DQG MXGJHPHQWV XQGHUO\LQJ

WKH DUJXPHQWV�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

&ODLPV

� 0DNH D VSHFLILF FODLP DERXW D SURSHUW\ RI WKH

V\VWHP RU VXEV\VWHP�

� 7KLV GRFXPHQW LV GHSHQGDEOH� LW FDQ EH XVHG

DFFXUDWHO\ DV D UHDG\ UHIHUHQFH IRU ��� RI LQTXLULHV�

IRU ��� RI QRYLFH XVHUV� ZLWKLQ � PLQXWHV RI ILUVW

FRQWDFW�

� 7KLV LQWUXVLRQ�GHWHFWLRQ V\VWHP ZLOO GHWHFW DOO

DWWDFNV GLUHFWHG DJDLQVW LW� ZLWK D GHWHFWLRQ ODWHQF\

RI � VHFRQGV� DQG D GLDJQRVWLF DFFXUDF\ RI �����

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

7\SHV RI FODLPV

� &ODLPV FDQ EH DERXW DQ\ DWWULEXWH RI D V\VWHP�

� &ODLPV DERXW VHFXULW\ �IURP H[WHUQDO DWWDFNV� RU

IURP PDVTXHUDGHUV�

� &ODLPV DERXW ��� IXQFWLRQDO FRUUHFWQHVV� UHVSRQVH

WLPH� PDLQWDLQDELOLW\� XVDELOLW\ �E\ RSHUDWRUV RU

FOLHQWV�� DFFXUDF\ RI UHVXOWV� UREXVWQHVV WR RYHUORDG�

PRGLILDELOLW\� XSJUDGDELOLW\� HWF�

� 6RPH FODLPV �LQ LQWUXVLRQ GHWHFWLRQ� DUH LPSOLHG�



�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

(YLGHQFH

� (YLGHQFH VKRXOG VXSSRUW WKH FODLP EHLQJ PDGH�

� (YLGHQFH FDQ FRPH IURP PDQ\ VRXUFHV�

� WKH GHVLJQ �H�J�� Q�PRGXODU UHGXQGDQF\�

� WKH GHYHORSPHQW SURFHVV �H�J�� 6(, OHYHO ��

� VLPXODWHG H[SHULHQFH �H�J�� WHVWLQJ�

EHQFKPDUNLQJ� HWF��

� SULRU ILHOG H[SHULHQFH �H�J�� �D SUHYLRXV

GHSOR\PHQW ZRUNHG ZHOO��

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

)RUPV RI HYLGHQFH

� )DFWV � EDVHG RQ VFLHQWLILF SULQFLSOHV DQG SULRU

UHVHDUFK

� $VVXPSWLRQV � EDVHG RQ SULRU H[SHULHQFH

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

:KDW FRQVWLWXWHV HYLGHQFH"

� )RUPDO SURRI

� 0RGHO FKHFNLQJ

� ,QVSHFWLRQ

� 7HVW

Ö ([WUDRUGLQDU\ FODLPV UHTXLUH H[WUDRUGLQDU\ HYLGHQFH�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

:KHUH LV WKH HYLGHQFH"

� $EVWUDFW

� ,QWURGXFWLRQ

� 3UREOHP EHLQJ VROYHG

� 5HODWHG ZRUN

� $SSURDFK

� Ö 0HWKRG

� Ö 'DWD

� $QDO\VLV

� 5HVXOWV

� 'LVFXVVLRQ

� &RQFOXVLRQ

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

([SHULPHQWDO PHWKRG

� $Q H[SHULPHQW SURSHUO\ GRQH VKRXOG

DGGUHVV �DW OHDVW� WKHVH LVVXHV�

� 'HILQLWLRQV

� 0DWHULDOV 	 DSSDUDWXV

� 6XEMHFWV� GDWD VHWV� ZRUNORDGV� DOJRULWKPV� HWF�

� 0HWULFV� PHDVXUHV 	 DQDO\VHV

� ([SHULPHQWDO GHVLJQ �H�J�� IXOO IDFWRULDO�

� 3URFHGXUH

� 5HVXOWV

� 'LVFXVVLRQ

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

,'6 FODLPV � ILJXUHV RI PHULW

� 6SHHG

� $FFXUDF\ �LQ WHUPV RI GHWHFWLRQ 	 GLDJQRVLV�

� 3HUIRUPDQFH � WKURXJKSXW � FDSDFLW\

� (DVH RI XVH IRU RSHUDWRUV 	 V\VWHP DGPLQLVWUDWRUV

� 'HWHFWLRQ�GHFLVLRQ ODWHQF\

� $WWDFN �HYHQW� FRYHUDJH

� 6WUHVV

� 5HVRXUFH XVDJH

� 5HVLOLHQF\



�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

$GGLWLRQDO ILJXUHV RI PHULW

� 5REXVW HQJLQHV �GR QRW FUDVK�

� 7LPHO\ 	 VWURQJ VLJQDWXUH EDVHV

� 5HPRWH PDQDJHDELOLW\ 	 PDQDJHPHQW IUDPHZRUN

� 6FDODELOLW\

� 8VDEOH LQWHUIDFHV

� 'DWD PLQLQJ 	 FRUUHODWLRQ IXQFWLRQDOLW\

� &RVW HIIHFWLYHQHVV

� &XVWRPL]DELOLW\

)URP� >'UDJRQ@ 1HWZRUN &RPSXWLQJ� $XJXVW ����

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

$FFXUDF\

� )RFXV LV RQ GHWHFWLRQ DFFXUDF\�

� $FFXUDF\ � IUHHGRP IURP >XQTXDQWLILHG@ HUURU

� ,I DQ LQWUXVLRQ�GHWHFWLRQ V\VWHP LVQ¶W DFFXUDWH� WKHQ

RWKHU DVSHFWV RI LWV SHUIRUPDQFH GRQ¶W PHDQ PXFK�

� $FFXUDF\ LQFOXGHV QRW RQO\ KLWV� PLVVHV DQG IDOVH

DODUPV� EXW DOVR LQIRUPDWLRQ DERXW WKH NLQGV RI

HUURUV PDGH� DV ZHOO DV FRYHUDJH ERXQGDULHV�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

,PSHGLPHQWV WR DFFXUDF\

7KHUH DUH PDQ\ LPSHGLPHQWV� EXW ZH IRFXV

RQ WKHVH WKUHH� EHFDXVH WKH\ DUH VR

FRQVLVWHQWO\ IRXQG LQ ,'6 HYDOXDWLRQV� DQG

EHFDXVH WKH\ DUH VR IXQGDPHQWDO�

� ,QDGHTXDWH GHILQLWLRQV

� ,QFRPSHWHQW RU ³XQWUXWKIXO´ GDWD VHWV

� )DXOW\ H[SHULPHQWDO PHWKRGV

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

$FFXUDF\ DQG GHILQLWLRQV

� *RRG GHILQLWLRQV DUH HVVHQWLDO LQ VHYHUDO DVSHFWV RI

DQ DFFXUDWH HYDOXDWLRQ� WR ZLW�

� 6WDWLQJ WKH JRDOV RI WKH HYDOXDWLRQ�

� 'HILQLQJ WKH V\VWHP ERXQGDULHV� H�J�� LV WKH HQWLUH V\VWHP

EHLQJ HYDOXDWHG� RU RQO\ FHUWDLQ FRPSRQHQWV"

� /LVWLQJ WKH V\VWHP VHUYLFHV �VKRXOG EH LQ WKH VSHF��

� 'HOLQHDWLQJ WHUPV VXFK DV VORZ DQG IDVW� RU KDUG DQG HDV\�

RU H[SHUW DQG QRYLFH�

� 2WKHU SHRSOH ZLOO QHHG WR XVH WKHVH GHILQLWLRQV LQ

WKH VDPH ZD\ \RX GR� VR RSHUDWLRQDOL]H DOO

GHILQLWLRQV�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

2SHUDWLRQDO GHILQLWLRQV

� 2SHUDWLRQDO GHILQLWLRQV WHOO XVHUV KRZ GDWD DUH

FROOHFWHG� ,I WKH PHWKRG RU GHILQLWLRQ FKDQJHV� WKH

UHVXOW FKDQJHV� :KHQ XVHUV RI GDWD GR QRW NQRZ

KRZ WKH GDWD ZHUH FROOHFWHG� WKH\ HDVLO\ PDNH

LQYDOLG DVVXPSWLRQV� OHDGLQJ WR LQFRUUHFW

LQWHUSUHWDWLRQV� LPSURSHU DQDO\VHV� DQG HUURQHRXV

FRQFOXVLRQV�

� ,I GHILQLWLRQV DUHQ
W PDGH RSHUDWLRQDO� \RX ZLOO

HVVHQWLDOO\ EH VD\LQJ� �, GRQ
W FDUH KRZ \RX GR LW �

\RX PDNH WKH GHFLVLRQV��

� ([DPSOH� 0HDVXULQJ WKH KHLJKW RI VFKRRO FKLOGUHQ�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

0DQ\ IX]]\ GHILQLWLRQV LQ ,' ZRUOG

� ,QWUXVLRQ

� �� SHRSOH� �� GHILQLWLRQV ���

� 3ULYLOHJH HVFDODWLRQ" %UHDN LQ� EXW GR QRWKLQJ"

� ,QWUXVLRQ GHWHFWRU �7ULSZLUH"�

� $WWDFN �SRUW VFDQ"�

� ([SORLW

� 9XOQHUDELOLW\

� 5HDO WLPH

� )DXOW WROHUDQFH

� 6WUHVV

� ,QVLGHU� RXWVLGHU

� $FFXUDF\ ���



�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

'HILQLQJ DFFXUDF\ PHDVXUHV

� +LWV� PLVVHV� IDOVH DODUPV

� 'UDZQ IURP VLJQDO�GHWHFWLRQ WKHRU\

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

6LJQDO GHWHFWLRQ WKHRU\

+LWV0LVVHV�

)DOVH

$ODUPV

&RUUHFW

5HMHFWLRQV

�

6LJQDO

��

2EVHUYDWLRQ

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

5HFHLYHU RSHUDWLQJ FKDUDFWHULVWLF �52&�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

([DPSOH RI HPSLULFDO 52& FXUYHV

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

%RJXV 52& FXUYHV

� ([DPSOH RI SRRU RU PLVVLQJ GHILQLWLRQV�

� 52& IURP RQH ZHOO�NQRZQ H[SHULPHQW �//����

VKRZHG IDOVH DODUPV SHU GD\ RQ WKH ;�D[LV�

� 7KLV YLRODWHV WKH GHILQLWLRQ RI 52&�

� )$�GD\ LV QRW XVHIXO EHFDXVH WKH GDWD UDWH ZDV QRW

SURYLGHG�

� 7ZR FRQVHTXHQFHV�

� 0LVOHDGLQJ FRQFOXVLRQV FRXOG EH GUDZQ

� 2WKHU SHRSOH XQZLWWLQJO\ PDNH VDPH NLQG RI PLVWDNH

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

+RZ WKH\ IDUHG� GHILQLWLRQV

� >3XNHW]D@

� 7HUPV GHILQHG� EXW QRW RSHUDWLRQDOL]HG

� >$77@

� 7HUPV ZHOO GHILQHG

� *RRG HQRXJK WR NQRZ WKDW WKHUH ZHUH SUREOHPV

� >'UDJRQ@

� 7HUPV QRW GHILQHG



�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

5HPLQGHU ���

� 'HILQLWLRQV DUH LPSRUWDQW�

� (YHQ LI D GHILQLWLRQ LV ZURQJ� LW¶V FULWLFDO WR VWDWH

ZKDW RQH WKLQNV LW LV� RWKHUV FDQ FRUUHFW LW�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

$FFXUDF\ DQG GDWD

� $FFXUDF\ FDQ¶W EH PHDVXUHG XQOHVV UHIHUHQFH LV

PDGH WR VRPH EDVLV RI FRPSDULVRQ� RU RUDFOH�

� 7KLV RUDFOH LV RIWHQ FDOOHG JURXQG WUXWK « D

VWDWHPHQW RI XQGLVSXWHG IDFW�

� *URXQG�WUXWK GDWD DUH QHHGHG IRU�

� HVWLPDWLQJ HQYLURQPHQWDO 	 ZRUNORDG IDFWRUV �0D[LRQ�7DQ

���

� FRQVWUXFWLQJ PRGHOV RI QRUPDO EHKDYLRU �6FKRQODX ���

� PDSSLQJ GHWHFWRU SHUIRUPDQFH UHJLRQV �7DQ�0D[LRQ ���

� VFRULQJ HYDOXDWLRQ FRPSHWLWLRQV �//����

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

*URXQG�WUXWK GDWD

� 9(5< KDUG WR DFTXLUH� EXW ZRUWK WKH WURXEOH

� 6XEMHFW WR WKH VDPH GHILQLWLRQDO UHTXLUHPHQWV DV

WHUPLQRORJ\

� ([DPSOH IURP $77�6FKRQODX ��

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

$FFXUDF\ DQG PHWKRGRORJ\

� 7KH PHWKRG E\ ZKLFK DQ H[SHULPHQW LV FRQGXFWHG

FDQ FKDQJH WKH RXWFRPH�

� )DXOW�LQMHFWLRQ PHWKRGRORJ\� LQ SDUWLFXODU� QHHGV WR

EH GRQH FDUHIXOO\ VR WKDW WKH REMHFWLYHV RI WKH

H[SHULPHQW DUH UHDOL]HG� H�J��

� :KLFK RI VHYHUDO FODVVLILHUV�GHWHFWRUV LV EHWWHU"

� :KDW NLQGV RI HUURUV GR GHWHFWRUV PDNH� DQG ZK\"

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

,OOXVWUDWLYH H[DPSOH

� 0DVTXHUDGHU VWXG\ « ³LUUHJXODULWLHV´

� 'DWD�JDWKHULQJ PHWKRGRORJ\

� ([SHULPHQWDO SURFHGXUH

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

0DVTXHUDGHU GHILQLWLRQ

� &ROORTXLDOO\� PDVTXHUDGLQJ LV«

WKH DFW RI VXEVWLWXWLQJ RQHVHOI IRU DQRWKHU�

� 7R PDVTXHUDGH LV«

� 7R GLVJXLVH

� 7R DVVXPH WKH DSSHDUDQFH RI VRPHWKLQJ RQH LV QRW

� 7R IXUQLVK ZLWK D IDOVH DSSHDUDQFH RU DQ DVVXPHG LGHQWLW\

� 7R REVFXUH WKH H[LVWHQFH RU WUXH VWDWH RU FKDUDFWHU RI

VRPHWKLQJ

� 7KHVH YDULDQWV FKDUDFWHUL]H WKH FRPSXWHU

PDVTXHUDGHU� D XVHU ZKR LPSHUVRQDWHV DQRWKHU

XVHU� XVXDOO\ ZLWK PLVFKLHYRXV LQWHQW�

� $ VSHFLDO FDVH LV WKH LQVLGHU� D OHJLWLPDWH XVHU ZKR

VXEVWLWXWHV RQH PLVVLRQ IRU DQRWKHU�
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&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

7KH PDVTXHUDGHU TXHVWLRQ

� 7KHUH DUH WZR IRUPV RI WKH PDVTXHUDGHU TXHVWLRQ�

*LYHQ DQ XQLGHQWLILHG VDPSOH RI XVHU EHKDYLRU�

� ,V WKH XQNQRZQ VDPSOH D PDWFK IRU D SDUWLFXODU

XVHU� RU QRW"

� :KLFK XVHU� RI D JLYHQ SRSXODWLRQ� GRHV WKH

VDPSOH PDWFK"

� 2XU ZRUN IRFXVHV RQ WKH ILUVW TXHVWLRQ�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

6DPSOH RI XVHU FRPPDQGV

IHFF
GULYHU
SXULI\�V
VK
PDNH
DUUD\?BWH
H[
H[SU
KRVWQDPH
LG
QDZN
JHWRSW
SSRVW
DZN
SSRVW
EF
GDWH
FDW
VHG
FDW
FDW
SRVWSULQ

QHWVFDSH
VORJLQ
VVK�DGG
[DXWK
VK
OV
VVK
VFS
KHDG
J]LS
WDU
OV
FRQILJXU
IHF
EH
OG��B
GULYHU
VHQGPDLO
PDLO[
NVK
VHQGPDLO
7RXFK

VHG
HTQ
WURII
GSRVW
HFKR
VK
VK
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&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

'HVFULSWLRQ RI WKH GDWD

� 2XWSXW RI 8QL[ acct DXGLWLQJ SDFNDJH

� .H\ERDUG FRPPDQGV �WUXQFDWHG � ZLWKRXW FRPPDQG�OLQH DUJXPHQWV�
H[WUDFWHG IURP 8QL[ SURFHVV DFFRXQWLQJ ORJV �QRW GLUHFWO\ IURP WKH VKHOO�

� �� XVHUV� ������ FRPPDQGV HDFK

� �� XVHUV VHOHFWHG IRU WHVW FRPPXQLW\

� &ROOHFWHG RYHU D SHULRG RI VHYHUDO GD\V WR VHYHUDO PRQWKV �GHWDLOV QRW JLYHQ�

� 8VHUV JHQHUDWHG WKHLU ������ FRPPDQGV DW GLIIHUHQW UDWHV� GD\V WR PRQWKV
�GHWDLOV QRW JLYHQ�

� &RPSULVHG RI XVHU QDPHV DQG FRPPDQG VHTXHQFHV

� $UJXPHQWV WR FRPPDQGV DUH RPLWWHG GXH WR SULYDF\ FRQFHUQV �EXW IODJV DQG
VKHOO JUDPPDU �H�J�� SLSHV� DOVR RPLWWHG�

� &RPPDQGV JURXSHG LQWR ��� EORFNV RI ��� �FKRVHQ IRU FRQYHQLHQFH�

� )LUVW �� EORFNV ������ FRPPDQGV� DUH XQFRQWDPLQDWHG

� 6WDUWLQJ DW EORFN ��� PDVTXHUDGH EORFNV PD\ UDQGRPO\ FRQWDPLQDWH

� 6RPH FRPPDQGV QRW W\SHG H[SOLFLWO\ E\ XVHUV� 6KHOO� PDNH� �SURILOH

� 6L]H RI DOSKDEHW� ��� LQ WUDLQLQJ GDWD � ��� LQ WHVWLQJ GDWD

� 0D[ V\PEROV XVHG E\ DQ\ RQH XVHU� ���

� 0LQ V\PEROV XVHG E\ DQ\ RQH XVHU� �

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

0HWKRGRORJ\ IURP SULRU ZRUN

� )DXOW �PDVTXHUDGHU� LQMHFWLRQ�

� �� SUREDELOLW\ RI LQMHFWLRQ� IROORZHG E\ �� SUREDELOLW\ RI VDPH

PDVTXHUDGHU� HOVH UHVHW WR ��

� $GYDQWDJHV�

� $WWHPSWV WR UHSOLFDWH QDWXUDO FLUFXPVWDQFHV �QRW WRR PDQ\

PDVTXHUDGHUV�

� 'LVDGYDQWDJHV�

� 5HVXOWV DUH QRW IDLU WR GHWHFWLRQ DOJRULWKPV� EHFDXVH SDUWLFXODU

XVHU�PDVTXHUDGHU FRPELQDWLRQV PD\� E\ FKDQFH� EH HVSHFLDOO\

IRUWXQDWH RU XQIRUWXQDWH� FRLQFLGHQWDO LQWHUDFWLRQV PD\ RYHU�

UHSUHVHQW GHWHFWLRQ VXFFHVV RU IDLOXUH�

� 1RUPDO XVHU GDWD XVHG DV SUR[\ IRU PDVTXHUDGHU GDWD�

� 1RW DOO XVHUV ZHUH LQMHFWHG ZLWK PDVTXHUDGHUV�

� (DFK XVHU ZDV QRW VXEMHFWHG WR VDPH PDVTXHUDGHUV�

� 'RHVQ
W IDFLOLWDWH HUURU DQDO\VLV�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

%DG WKLQJV LQ WKH GDWD

� 0XOWLSOH PDVTXHUDGH HYHQWV ZHUH ODUJHO\ GUDZQ IURP WKH

VDPH PDVTXHUDGHU�

� 1R XVHU ZDV LQMHFWHG ZLWK GDWD IURP PRUH WKDQ WKUHH GLIIHUHQW

PDVTXHUDGHUV�

� ������ RI KLWV ZHUH DFKLHYHG E\ UHSHDWHGO\ LGHQWLI\LQJ EORFNV

WDNHQ IURP WKH VDPH PDVTXHUDGHU�

� &KRRVLQJ WKH PDVTXHUDGHU�XVHU SDLUV GLIIHUHQWO\ PLJKW KDYH

KDG D VLJQLILFDQW LPSDFW RQ WKH VXFFHVV SURILOHV UHSRUWHG�

� 8VLQJ GDWD GUDZQ UDQGRPO\ IURP QRUPDO XVHUV DV

PDVTXHUDGHU GDWD KDV LWV SHULOV�

� 7KH PDVTXHUDGH HYHQWV HPEHGGHG LQ WKH GDWD RI 8VHU ��

FRQVLVW RI �� DGMDFHQW EORFNV RI D VLQJOH FRPPDQG� L�H�� RQH

ORQJ VHTXHQFH RI ���� ³SRSSHU´ FRPPDQGV�

� 7KH UHODWLYHO\ VWURQJ SHUIRUPDQFH RI HYHU\ DOJRULWKP DJDLQVW

8VHU ��� H[FHSW FRPSUHVVLRQ� LV WKHUHIRUH KDUGO\ VXUSULVLQJ�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

7ZR H[SHULPHQWDO PHWKRGV

� $77 FRQILJXUDWLRQ

� $V GHVFULEHG

� �Y�� FRQILJXUDWLRQ

� *HQHUDO PHWKRG� 7UDLQ RQ 8VHU; ����� WHVW RQ ����  ��

�QRQVHOI� SOXV ������ PLQXV LQMHFWLRQV RI XVHUV �����

�VHOI��

� 1R SURILOH RI QRQVHOI� EHFDXVH WKH WUDLQLQJ GDWD RI WKH RWKHU

�� XVHUV LV XVHG DV WHVWLQJ GDWD�



�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

0HWKRGV UDQNHG E\ FRVW� 0 � )$

5DQNLQJ� &RVW  0LVVHV � )DOVH $ODUPV

���������������&RPSUHVVLRQ

���������������6HTXHQFH 0DWFKLQJ

���������������8QLTXHQHVV

���������������,3$0

���������������+\EULG 0DUNRY

���������������1DwYH %D\HV �XSGDWLQJ�

���������������1DwYH %D\HV �QR XSGDWLQJ�

���������������%D\HV ��6WHS 0DUNRY

&RVW)$0LVVHV+LWV0HWKRG

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

0HWKRGV UDQNHG E\ FRVW� 0 � �)$

� �� IDOVH DODUPV SXWV XQLTXHQHVV DW WKH WRS RI WKH $77 UDQNLQJ� LPSO\LQJ WKDW
XQLTXHQHVV LV WKHLU EHVW PHWKRG� )RU WKLV WR EH WKH FDVH� D IDOVH DODUP PXVW
FRVW � WLPHV DV PXFK DV D PLVV�

� 7KH UDQJH RI FRHIILFLHQWV IRU WKH IDOVH DODUP WHUP IRU ZKLFK WKH ZKROH UDQNLQJ
ZLOO EH WKH VDPH DV WKDW REVHUYHG ZLWK D FRHIILFLHQW RI �� LV ���� WR �����

5DQNLQJ� &RVW  0LVVHV � �  �)DOVH $ODUPV�

���������������&RPSUHVVLRQ

���������������6HTXHQFH 0DWFKLQJ

���������������,3$0

���������������%D\HV ��6WHS 0DUNRY

���������������+\EULG 0DUNRY

���������������8QLTXHQHVV

���������������1DwYH %D\HV �QR XSGDWLQJ�

���������������1DwYH %D\HV �XSGDWLQJ�

&RVW)$0LVVHV+LWV0HWKRG

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

:KDW PDNHV D VXFFHVVIXO PDVTXHUDGHU"

� %DVHG RQ FRQIXVLRQ PDWUL[ ��� QXPEHU RI PDVTXHUDGH
EORFNV WKDW ZHUH XQGHWHFWHG�

� :KR DUH WKH WRS PDVTXHUDGHUV"

� ��� ���������  ���

� ��� ���������  ���

� ��� ���������  ���

� +RZ VXFFHVVIXO DUH WKH\"

� 6XFFHVVIXO PRUH WKDQ ��� RI WKH WLPH� PRUH WKDQ KDOI RI WKHLU
��[��  ���� PDVTXHUDGH DWWHPSWV ZHUH VXFFHVVIXO�

� 7RS PDVTXHUDGHUV DUH VXFFHVVIXO DFURVV WKH ERDUG� PRUH WKDQ
KDOI WKH XVHUV IDOVHO\ DFFHSWHG �� RU PRUH RI WKHLU EORFNV DV VHOI�

� :KDW PDNHV WKHP VXFFHVVIXO"

� +LJK XVH RI SRSXODU VKDUHG WXSOHV �8VHU ���

� 0RGHUDWH XVH RI YHU\ SRSXODU VKDUHG WXSOHV �8VHUV ��� ���

� 1RW XVLQJ DQ\ FRPPDQG WRR RIWHQ

� 1RW XVLQJ OHVV SRSXODU WXSOHV KLJKO\ IUHTXHQWO\

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

8VHU ��� JRRG PDVTXHUDGHU

� %HVW PDVTXHUDGHU

� 0RVW VKDUHG WXSOHV

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

:KDW FDXVHV IDOVH DODUPV"

� &RQFHSW GULIW �QRQVWDWLRQDULW\��

� 8VHU
V EHKDYLRU FKDQJHV DIWHU WKH SURILOH LV EXLOW
�DQG VXUSDVVHV XSGDWLQJ��

� %ORFN ERXQGDULHV ���� FRPPDQGV� LQFRQVLVWHQW �
LQFRPSDWLEOH ZLWK EHKDYLRU FKDQJHV�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

8VHU ��� PRVW IDOVH DODUPV

� 8SGDWLQJ GRHVQ
W KHOS

KHUH�

� 6TXLJJOHV IDOO DFURVV

EORFN ERXQGDULHV�

GRQ
W XSGDWH DV D

EORFN�

� ([WUHPH

GLVFRQWLQXLWLHV

EHWZHHQ WUDLQLQJ DQG

WHVWLQJ GDWD �H[WUHPH

QRQVWDWLRQDULW\��



	

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

6KDUHG�WXSOH K\SRWKHVLV

� 7KHUH LV D FRUUHODWLRQ EHWZHHQ�

� 1XPEHU RI VKDUHG WXSOHV LQ D XVHU
V GDWD�

� 8VHU
V VXFFHVV DV D PDVTXHUDGHU�

7KH PRUH VKDUHG WXSOHV� WKH JUHDWHU WKH XVHU
V

VXFFHVV DV D PDVTXHUDGHU�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

6KDUHG�WXSOH K\SRWKHVLV �FRQW��

� 6KDUHG WXSOHV

� 'HILQLWLRQ� 6HTXHQFH RI DW OHDVW WZR FRPPDQGV ZKLFK

RFFXUUHG LQ WKH GDWD RI DW OHDVW �� XVHUV� RYHUODSV ZHUH

UHPRYHG�

� 7KH ORQJHVW VXFK VHTXHQFH FRQWDLQHG �� FRPPDQGV� DQG

ZDV VKDUHG E\ �� RXW RI �� XVHUV�

� 6KDUHG VHTXHQFHV DFFRXQW IRU ������ RI WKH WUDLQLQJ GDWD�

DFURVV DOO �� XVHUV�

� 7KH DPRXQW RI WUDLQLQJ GDWD DFFRXQWHG IRU E\ VKDUHG

WXSOHV UDQJHV EHWZHHQ � DQG ������

� 6KDUHG WXSOHV PD\ DULVH IURP FRPPRQ VFULSWV EXLOW LQWR

WKH FRPSXWLQJ HQYLURQPHQW� 7KH IROORZLQJ ���WXSOH

RFFXUUHG PXOWLSOH WLPHV LQ WKH GDWD RI �� XVHUV� hostname, id,
nawk, getopt, true, true, grep, date, lp, find.

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

&RUUHODWLRQ� 0DVTXHUDGHU VXFFHVV 	 VKDUHG WXSOHV

� ��� %HVW PDVTXHUDGHU

� ��� 3RRU PDVTXHUDGHU

� /DUJH SRUWLRQ RI

VKDUHG WXSOHV ����

RQH ��JUDP�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

5HPRYLQJ 6KDULQJ 7XSOHV

� �� GLVWLQFW VHTXHQFHV ZHUH VKDUHG E\ DW OHDVW �� XVHUV�

� 7RJHWKHU� WKHVH VHTXHQFHV DFFRXQWHG IRU ������ RI WKH ROG WUDLQLQJ GDWD�

� 7KH ORQJHVW VHTXHQFH FRQWDLQHG �� FRPPDQGV DQG ZDV VKDUHG E\ �� XVHUV�

� 7KH IROORZLQJ ���WXSOH RFFXUUHG PXOWLSOH WLPHV LQ WKH GDWD RI �� XVHUV�

� KRVWQDPH� LG� QDZN� JHWRSW� WUXH� WUXH� JUHS� GDWH� OS� ILQG

� 5HPRYLQJ WKHVH WXSOHV HQWLUHO\ OHG WR D GUDVWLF UHGXFWLRQ LQ WKH DPRXQW RI

WUDLQLQJ GDWD DYDLODEOH IRU FHUWDLQ XVHUV� VR H[SHULPHQW ZDV EDVHG RQ MXVW

���� FRPPDQGV RI WUDLQLQJ GDWD�

7DEOH �� 'HWXSOHG 'DWD ([SHULPHQWV

$FWLRQ ZLWK UHVSHFW WR 6KDUHG 7XSOHV

1$1$1$)DOVH $ODUPV �

������������0LVVHV �

������������+LWV �

5HPRYHG&RQGHQVHG/HIW LQWDFW

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

(QULFKHG FRPPDQG�OLQH GDWD

HQVFULSW ��*U �/�� �3DOZ �K �F SULQW�� �FHQVFULSW

OV ±) ±O aFDQG\P��HP O �O aFDQG\P��HPOV

QURII ±PH SURSRVDO _ PRUHQURII

VHW SURPSW  ³9$;&^�` >�FZG�W@ ��! ³VHW SURPSW

UZKR �DUZKR

VHWHQY 7(50 DPE DPEVHWHQY

OSU ±3MS VXVDQ�OVWOSU

GLII VXVDQ�OVW MXOLH�OVWGLII

PRUH VXVDQ�OVWPRUH

FG FSVF���FG

(QULFKHG7UXQFDWHG

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

:KDW¶V GLIIHUHQW DERXW WKH QHZ GDWD VHW"

� ��� XVHUV YHUVXV ��

� 8VHUV JURXSHG DFFRUGLQJ WR H[SHULHQFH

� 'DWD FDSWXUHG IURP VKHOO� QRW ORJ � QR VFULSWV

� $GGLWLRQDO LQIRUPDWLRQ

� ,QIRUPDWLRQ DERXW ZKR WRRN KRZ ORQJ WR SURGXFH KRZ PXFK GDWD

�������

1RQ�SURJUDPPHU&RPSXWHU 6FLHQWLVW([SHULHQFHG1RYLFH

� 'LUHFWRU\ IURP ZKLFK FRPPDQG

ZDV LVVXHG

� ,' RI [WHUP LQ ZKLFK FRPPDQG

ZDV LVVXHG

� 'DWH

� 8VH RI KLVWRU\

� 5HFRUG RI HUURUV PDGH

� $OO FRPPDQGV LQ FRPPDQG�OLQH�

QRW MXVW ILUVW RQH

� $UJXPHQWV WR WKH FRPPDQGV

� )ODJV

� *UDPPDU �SLSHV� VHPL�FRORQV�

HWF��

� :KHWKHU FRPPDQG ZDV DOLDV� DQG

LI VR� IRU ZKDW



�


&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

5HVXOWV 1DwYH %D\HV� QR XSGDWLQJ� EORFN VL]H ��

7DEOH �� $YHUDJH UHVXOWV IRU 1% RQ ROG DQG QHZ GDWD

�����������������&RVW �)$ �0LVV�

����������������&RVW �HTXDO ZHLJKWV�

�������������)DOVH $ODUPV �

����������������0LVVHV �

����������������+LWV �

��������������������$PRXQW RI WUDLQLQJ

GDWD

(QULFKHG7UXQFDWHG7UXQFDWHG7UXQFDWHG7\SH RI GDWD

1HZ1HZ2OG2OG'DWD

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

52& FXUYH� H[WHQGHG YV� WUXQFDWHG GDWD

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

/HVVRQV OHDUQHG

� &ODVVLILHU
� 1DwYH %D\HV SHUIRUPV ZHOO� EXW LW
V QRW FOHDU ZKHWKHU LWV
IDLOLQJV DUH GXH WR LQWULQVLF VKRUWFRPLQJV LQ WKH FODVVLILHU RU
LQ WKH GDWD�

� &RQFHSW GULIW
� ,V D VHULRXV LQIOXHQFH RQ IDOVH DODUPV�

� 6KDUHG WXSOHV
� 6KDUHG WXSOHV �VFULSWV� DUH D VHULRXV SUREOHP IRU LQVLGHU
PDVTXHUDGHU GHWHFWLRQ�

� 'DWD WUXQFDWLRQ
� 7KH SRRU SHUIRUPDQFH RI HYHU\ PHWKRG WULHG VR IDU RQ WKLV
GDWD LQGLFDWHV WKDW WUXQFDWHG FRPPDQG�OLQH GDWD DORQH LV
QRW HQRXJK WR SURILOH D XVHU�

� 8VHIXO DGGLWLRQV PLJKW EH� DUJXPHQWV WR FRPPDQGV� W\SH
DQG OHQJWK RI VHVVLRQV� XVHU FDWHJRULHV �MRE�W\SH�
GHSDUWPHQW�� HWF�

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

+RZ WKH\ IDUHG� GDWD 	 PHWKRGRORJ\

� 'DWD
� >3XNHW]D@

� +LJK�OHYHO GHVFULSWLRQV RQO\� QR GHWDLOV

� >$77@

� $GHTXDWH GHWDLOV� EXW LQFRPSOHWH

� /HIW RSHQ DVVXPSWLRQV DERXW GDWD�JDWKHULQJ PHWKRGRORJ\

� >'UDJRQ@

� 1R GHWDLOV� HYHQ KLJK�OHYHO GHVFULSWLRQV ZHUH ODFNLQJ

� >2WKHU@
� 0LVOHDGLQJ GHILQLWLRQ RI DYHUDJH $)%

� &DQQRW SUHGLFW HIIHFWV RI HQYLURQPHQW

� 0HWKRGRORJ\
� >3XNHW]D@

� 1R GHWDLOV� FDQQRW UHSOLFDWH RU MXGJH

� >$77@

� $GHTXDWH GHWDLOV� EXW QRW VXLWHG WR SXUSRVH

� *RRG HQRXJK WR UHFRJQL]H XQVXLWDELOLW\ DQG WR HIIHFW UHPHG\

� >'UDJRQ@

� 1R GHWDLOV� FDQQRW UHSOLFDWH RU MXGJH

&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

,V ,'6 WHVWLQJ GLIIHUHQW�KDUGHU" �QR�

� 7RR PDQ\ GHJUHHV RI IUHHGRP� GXH WR LQJHQXLW\ RI KXPDQ

KDFNHUV

� &RQWLQXRXVO\ FKDQJLQJ HQYLURQPHQW

� 1R VLQJOH DJUHHG�XSRQ GDWDVWUHDP WKDW ,'6V XVH

� ,'6V PXVW GHWHFW PDQ\ WKLQJV DV RSSRVHG WR MXVW RQH WKLQJ

� 'LIIHUHQW ,'6V DUH IRFXVHG RQ GLIIHUHQW W\SHV RI DWWDFNV

� 7KH ,'6 FRPPXQLW\ LV WU\LQJ WR JHW D RQH�QXPEHU PHWULF

� +DUG WR FKDUDFWHUL]H WKH DWWDFN VSDFH � ! ���� YXOQHUDELOLWLHV

� +DUG WR FROOHFW DWWDFN VFULSWV

� +DUG WR JHW YLFWLP VRIWZDUH

� 1R WD[RQRP\ RI IDXOWV DQG WKHLU PDQLIHVWDWLRQV

� 7HVWLQJ UHTXLUHPHQWV DUH GLIIHUHQW EHWZHHQ VLJQDWXUH�EDVHG

DQG DQRPDO\�EDVHG ,'6 V\VWHPV

� 7HVWLQJ UHTXLUHPHQWV GLIIHUHQW IRU QHWZRUN�KRVW�EDVHG

V\VWHPV
&RS\ULJKW� 5R\ 0D[LRQ ���� � ��

5HFRPPHQGDWLRQV

� 7HVW LQ LGHDO HQYLURQPHQW�

� 'HWHUPLQHV ZKDW GHWHFWRU FDQ�FDQ
W VHH�

� ([SORUH OLPLWV� SHUIRUP VHQVLWLYLW\ DQDO\VHV

� :KDW LV VFRSH RI H[SORLW�WHFKQLTXH" &DQ IDPLO\

RI DOORZDEOH PDQLIHVWDWLRQV EH FKDUDFWHUL]HG"

� 7HVW XQGHU VWUHVV

� ,QIOXHQFH RI EDFNJURXQG WUDIILF 	 LWV FRQWHQW

� 'HILQH 	 FKDUDFWHUL]H FDUHIXOO\ 	 WKRURXJKO\

� $WWHQG WR GDWD JDWKHULQJ�PDQLSXODWLRQ

PHWKRGV

� 6XSSRUW FODLPV ZLWK HYLGHQFH


