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$EVWUDFW���:H SUHVHQW 3$1'$� DQ RSHQ�VRXUFH WRRO WKDW KDV
EHHQ SXUSRVH�EXLOW WR VXSSRUW ZKROH V\VWHP UHYHUVH HQJLQHHULQJ�
,W LV EXLOW XSRQ WKH 4(08 ZKROH V\VWHP HPXODWRU� DQG VR DQDO�
\VHV KDYH DFFHVV WR DOO FRGH H[HFXWLQJ LQ WKH JXHVW DQG DOO GDWD�
3$1'$ DGGV WKH DELOLW\ WR UHFRUG DQG UHSOD\ H[HFXWLRQV� HQDEOLQJ
LWHUDWLYH� GHHS� ZKROH V\VWHP DQDO\VHV� )XUWKHU� WKH UHSOD\ ORJ ÀOHV
DUH FRPSDFW DQG VKDUHDEOH� DOORZLQJ IRU UHSHDWDEOH H[SHULPHQWV�
$ QLQH ELOOLRQ LQVWUXFWLRQ ERRW RI )UHH%6'� H�J�� LV UHSUHVHQWHG
E\ RQO\ D IHZ KXQGUHG 0%� )XUWKHU� 3$1'$ OHYHUDJHV 4(08
V
VXSSRUW RI WKLUWHHQ GLIIHUHQW &38 DUFKLWHFWXUHV WR PDNH DQDO\VHV
RI WKRVH GLYHUVH LQVWUXFWLRQ VHWV SRVVLEOH ZLWKLQ WKH //90 ,5� ,Q
WKLV ZD\� 3$1'$ FDQ KDYH D VLQJOH G\QDPLF WDLQW DQDO\VLV� IRU
H[DPSOH� WKDW SUHFLVHO\ VXSSRUWV PDQ\ &38V� 3$1'$ DQDO\VHV
DUH ZULWWHQ LQ D VLPSOH SOXJLQ DUFKLWHFWXUH ZKLFK LQFOXGHV D
PHFKDQLVP WR VKDUH IXQFWLRQDOLW\ EHWZHHQ SOXJLQV� LQFUHDVLQJ
DQDO\VLV FRGH UH�XVH DQG VLPSOLI\LQJ FRPSOH[ DQDO\VLV GHYHORS�
PHQW� :H GHPRQVWUDWH 3$1'$
V HIIHFWLYHQHVV YLD D QXPEHU RI
XVH FDVHV� LQFOXGLQJ HQDEOLQJ DQ ROG EXW OHJLWLPDWH YHUVLRQ RI
6WDUFUDIW WR UXQ GHVSLWH D ORVW &' NH\� LQ�GHSWK GLDJQRVLV RI DQ
,QWHUQHW ([SORUHU FUDVK� DQG XQFRYHULQJ WKH FHQVRUVKLS DFWLYLWLHV
DQG PHFKDQLVPV RI D &KLQHVH ,0 FOLHQW�

,� 0RWLYDWLRQ

5HYHUVH (QJLQHHULQJ �5(� LV WKH SURFHVV RI GLVFRYHULQJ
XQGRFXPHQWHG LQWHUQDO SULQFLSOHV RI D SLHFH RI FRGH� :K\
ZRXOG DQ\RQH ZKR LV QRW D FULPLQDO ZDQW WR GR WKDW" :H
FDQ WKLQN RI DW OHDVW WKUHH VRFLDOO\ DFFHSWDEOH XVHV IRU 5(�
�� (QDEOH OHJDF\ FRGH WR FRQWLQXH WR IXQFWLRQ�
�� ,GHQWLI\ FULWLFDO YXOQHUDELOLWLHV�
�� 8QGHUVWDQG WKH WUXH SXUSRVH DQG DFWLRQV RI FRGH�
,W LV FRPPRQ IRU OHJDF\ FRGH WR VWRS ZRUNLQJ DV WKH

VRIWZDUH HFRV\VWHP VXUURXQGLQJ LW HYROYHV� ,Q WKDW HYHQW� DQG
ZKHQ FRUSRUDWH VXSSRUW KDV DOVR ORQJ WHUPLQDWHG� 5( LV WKH
PRVW FRVW�HIIHFWLYH DYHQXH WR FRQWLQXHG XVH� 9LD 5(� WKH
LQSXWV DQG RXWSXWV� WKH GHSHQGHQFLHV DQG UHTXLUHPHQWV FDQ

7KLV ZRUN LV VSRQVRUHG E\ WKH $VVLVWDQW 6HFUHWDU\ RI 'HIHQVH IRU 5HVHDUFK
	 (QJLQHHULQJ XQGHU $LU )RUFH &RQWUDFW �)$��������&������ 2SLQLRQV�
LQWHUSUHWDWLRQV� FRQFOXVLRQV DQG UHFRPPHQGDWLRQV DUH WKRVH RI WKH DXWKRU DQG
DUH QRW QHFHVVDULO\ HQGRUVHG E\ WKH 8QLWHG 6WDWHV *RYHUQPHQW�

EH HQXPHUDWHG LQ GHWDLO� DQG DSSURSULDWH VKLPV IDVKLRQHG WR
EH DEOH WR UXQ WKH ROG FRGH LQ D PRUH PRGHUQ HQYLURQPHQW�
$FFXUDWHO\ LGHQWLI\LQJ YXOQHUDELOLWLHV LV XVXDOO\ LPSRVVLEOH

ZLWKRXW GHWDLOHG 5( NQRZOHGJH� 7KDW LV� \RX PLJKW EH DEOH WR
REVHUYH D VHJPHQWDWLRQ YLRODWLRQ LQGLFDWLQJ DQ RXW�RI�ERXQGV
UHDG RU ZULWH� EXW KRZ GR \RX GHWHUPLQH LI LW LV H[SORLWDEOH
DQG WKHUHIRUH D FULWLFDO YXOQHUDELOLW\" 7KH DQVZHU LV WKDW
\RX QHHG WR GHWHUPLQH ZKDW LV LOOHJDOO\ UHDG RU ZULWWHQ DQG
RIWHQ WKDW GDWD LV SURGXFHG DQG FRQVXPHG E\ FORVHG VRXUFH
SURJUDPV� OLEUDULHV� GULYHUV� DQG NHUQHO� 7KXV� ZLWKRXW HLWKHU
SHUIRUPLQJ 5( RU PDNLQJ XVH RI WKH 5( HIIRUWV RI RWKHUV� LW LV
GLIÀFXOW WR GLVFULPLQDWH EHWZHHQ XQLPSRUWDQW EXJV DQG FULWLFDO
YXOQHUDELOLWLHV�
9HWWLQJ FRGH WR GHWHUPLQH LI LW GRHV ZKDW LW LV SXUSRUWHG WR

GR DQG QRWKLQJ HOVH LV DQ LPSRUWDQW DQG GLIÀFXOW WDVN� 7KLV
LV REYLRXV DQG XQFRQWURYHUVLDO ZKHQ WKH FRGH LV EHOLHYHG WR
EH PDOZDUH� +RZHYHU� ZH EHOLHYH WKDW WKLV LV DQ LQFUHDVLQJO\
ÀQH GLVWLQFWLRQ� &RQVLGHU D SURJUDP ZULWWHQ E\ D OHJLWLPDWH�
ODUJH� 86 FRPSDQ\� ,PDJLQH WKDW WKLV FRGH SHUIRUPV D KRVW
RI PDOLFLRXV DFWLRQV VXFK DV VWHDOLQJ SHUVRQDO LQIRUPDWLRQ
DQG PRGLI\LQJ V\VWHP VHWWLQJV� 1RQH RI WKLV EHKDYLRU LV
LQGLFDWHG LQ WKH GRFXPHQWDWLRQ RU DGYHUWLVLQJ OLWHUDWXUH� QRU
LV LW FOHDUO\ HVVHQWLDO IRU WKH SULPDU\ SXUSRVH RI WKH VRIWZDUH�
+RZ LV WKLV FRGH IXQFWLRQDOO\ GLVWLQFW IURP PDOZDUH" 7KLV LV
QRW VLPSO\ D WKRXJKW H[SHULPHQW��LQ ����� 0DUN 5XVVLQRYLFK
GLVFRYHUHG WKDW 6RQ\ %0* DXGLR &'V ZHUH LQVWDOOLQJ D URRWNLW
RQWR PLOOLRQV RI FRPSXWHUV >��@� 7KH 6RQ\ URRWNLW UHFRUGHG
LQIRUPDWLRQ DERXW XVHUV
 FRPSXWHUV WR VHQG EDFN WR 6RQ\ DQG
KLG HYHU\ ÀOH RQ WKH V\VWHP ZLWK D FHUWDLQ SUHÀ[� ZRUVH� WKHLU
XQLQVWDOOHU DOORZHG DQ\ ZHE SDJH WR GRZQORDG DQG H[HFXWH
DUELWUDU\ FRGH >��@�
,I ZH KDYH WKH WLPH� LQFOLQDWLRQ� RU PLVVLRQ ZH ZLOO ZDQW WR

5( FRGH WR VDWLVI\ RXUVHOYHV WKDW ZKDW LW GRHV LV DFFHSWDEOH WR
XV� ,I ZH ZHUH SKLORVRSKHUV� ZH PLJKW FODLP WKLV DV D EDVLF
ULJKW� ,QVWHDG� ZH PHUHO\ LQGLFDWH WKDW� LQ VRPH VLWXDWLRQV�
LW LV QHFHVVDU\ DQG LPSRUWDQW WR EH DEOH WR GLYLQH WKH WUXH
IXQFWLRQ RI FORVHG SURJUDPV� 7KH RQO\ SUDFWLFDO ZD\ WR GR
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)LJ� �� 5HSOD\�EDVHG 5HYHUVH (QJLQHHULQJ :RUNÁRZ�
3$1'$
V DELOLW\ WR UHFRUG DQG UHSOD\ ZKROH V\VWHP
H[HFXWLRQV LV WKH IRXQGDWLRQ RI LWV XVH LQ UHYHUVH HQJLQHHULQJ�
2QH FDSWXUHV D UHFRUGLQJ DQG WKHQ LWHUDWLYHO\ EXLOGV RQH RU
PRUH SOXJLQV WKDW SHUIRUP G\QDPLF DQDO\VHV�

WKLV LV WKURXJK 5(�

5( WKURXJK '\QDPLF $QDO\VLV
0XFK UHYHUVH HQJLQHHULQJ LV GRQH VWDWLFDOO\� 'LVDVVHPEOHUV

DQG GHFRPSLOHUV WUDQVODWH ELQDU\ FRGH LQWR D IRUP PRUH HDVLO\
UHDG� +XPDQV SDLQVWDNLQJO\ QDYLJDWH WKHVH UHSUHVHQWDWLRQV�
DGGLQJ H[WHQVLYH DQQRWDWLRQV WR XOWLPDWHO\ UHDVVHPEOH D SLF�
WXUH RI KRZ FRGH DQG GDWD RSHUDWH DW YDULRXV OHYHOV� 7KLV
SURFHVV FDQ EH YDOXDEOH DQG SURGXFWLYH� EXW LW LV QRW WKH
3$1'$ PRGHO� :KLOH LW RFFDVLRQDOO\ PDNHV XVH RI RIÁLQH
VWDWLF DQDO\VHV� 3$1'$ LV IXQGDPHQWDOO\ D G\QDPLF WRRO DQG LV
XVHG DV GHSLFWHG LQ )LJXUH �� )LUVW� RQH FDSWXUHV D UHFRUGLQJ RI
VRPH ZKROH V\VWHP H[HFXWLRQ ZKLFK RQH ZLVKHV WR XQGHUVWDQG
GHHSO\� 7KHQ� RQH ZULWHV DQDO\VLV FRGH LQ WKH IRUP RI SOXJLQV�
UHJLVWHULQJ FDOOEDFN IXQFWLRQV WR EH FDOOHG E\ 3$1'$ DW
RSSRUWXQH SRLQWV VXFK DV EHIRUH D EDVLF EORFN RI JXHVW FRGH
H[HFXWHV RU DW D YLUWXDO PHPRU\ UHDG� 7KHVH SOXJLQV FROOHFW
GDWD DQG FRQVXOW RU FRQWURO RWKHU SOXJLQV� 3OXJLQV DUH W\SLFDOO\
ZULWWHQ TXLFNO\ DQG LWHUDWLYHO\� UXQQLQJ WKH UHSOD\ RYHU DQG
RYHU WR FRQVWUXFW PRUH DQG EHWWHU DQG GHHSHU XQGHUVWDQGLQJ
RI WKH LPSRUWDQW DVSHFWV RI V\VWHP H[HFXWLRQ� JLYHQ WKH 5(
WDVN� $Q LQLWLDO SOXJLQ PLJKW MXVW JHW D URXJK RXWOLQH RI ZKDW
SURFHVVHV H[HFXWH DQG ZKHQ NH\ HYHQWV KDSSHQ� $ VHFRQG
SDVV PLJKW IRFXV LQ RQ WKH DFWLYLW\ RI D SDUWLFXODU SURJUDP
RU D SRUWLRQ RI WKH UHSOD\� )XUWKHU LWHUDWLRQV PLJKW LQYRNH
D WDLQW DQDO\VLV WKDW VHOHFWLYHO\ ODEHOV LQWHUHVWLQJ GDWD DQG
WUDFNV LW DV LW ÁRZV DURXQG WKH V\VWHP� :H KDYH IRXQG WKDW
WKLV ZRUNÁRZ SRZHUIXOO\ HQDEOHV UHYHUVH HQJLQHHULQJ� 7KH
XVH FDVHV VHFWLRQ RI WKLV SDSHU ZLOO GHWDLO WKUHH FRPSHOOLQJ
H[DPSOHV RI 3$1'$
V XVH�

,,� 3$1'$ 6\VWHP
,Q WKLV VHFWLRQ� ZH GHVFULEH WKH IRXU PDLQ QRYHO DVSHFWV RI

3$1'$� LWV UHFRUG�UHSOD\ IDFLOLW\� LWV SOXJLQ DUFKLWHFWXUH� LWV
DELOLW\ WR XVH D VLQJOH DQDO\VLV IRU PXOWLSOH DUFKLWHFWXUHV� DQG
LWV DELOLW\ WR HPXODWH $QGURLG V\VWHPV�

$� 5HFRUG � 5HSOD\
3$1'$
V UHFRUG DQG UHSOD\ IDFLOLW\ LV FRQFHSWXDOO\ VLPSOH�

7KH KLJK�OHYHO YLHZ LV GHSLFWHG LQ )LJXUH �� :H GUDZ DQ
LPDJLQDU\ OLQH DURXQG WKH &38 DQG PHPRU\ LQ WKH JXHVW� $W
WKH EHJLQQLQJ RI UHFRUGLQJ� ZH WDNH D VQDSVKRW RI WKH PDFKLQH
VWDWH� ZKLFK LQFOXGHV WKH FRQWHQWV RI UHJLVWHUV DQG PHPRU\�
7KHQ� ZH SURFHHG WR UHFRUG WR DQ 1' ORJ �QRQ�GHWHUPLQLVP
ORJ� WKUHH NLQGV RI LQSXWV ZKHQ WKH\ FURVV WKH LPDJLQDU\ OLQH�

CPU$
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RAM$

Time$

IN# INT# DMA#

)LJ� �� 3$1'$ 1RQ�GHWHUPLQLVP ORJ

5HSOD\ ,QVWUXFWLRQV /RJ VL]H ,QVWU�E\WH
IUHHEVGERRW�UU ���% ���0% ��
VSRWLI\�UU ��% ���0% ��
KDLNXXUO�UU ���% ���0% ��
FDUEHUS��UU ���% ��0% ���
ZLQ�LHVVO�UU ���% ���0% ���
6WDUFUDIW�UU ��0 ���0% ��

7$%/( ,� 1' ORJ VL]HV IRU YDULRXV UHSOD\V

�� ,1� 7KH GDWD HQWHULQJ WKH &38 RQ SRUW LQSXW�
�� ,17� $ KDUGZDUH LQWHUUXSW DQG LWV SDUDPHWHUV�
�� '0$� 7KH GDWD ZULWWHQ WR 5$0 GXULQJ D GLUHFW PHPRU\

DFFHVV RSHUDWLRQ IURP D SHULSKHUDO GHYLFH�
:KHQ DQ\ RI WKHVH LQSXWV LV ZULWWHQ WR WKH 1' ORJ� ZH
DOVR UHFRUG WKH WUDFH SRLQW ZKLFK LV HQRXJK LQIRUPDWLRQ WR
GHWHUPLQH ZKHQ WR UHSOD\ WKH LQSXW� 7KLV WUDFH SRLQW FXUUHQWO\
FRQVLVWV RI WKUHH YDOXHV� WKH SURJUDP FRXQWHU� WKH LQVWUXFWLRQ
FRXQW VLQFH UHFRUG EHJDQ� DQG WKH LPSOLFLW ORRS YDULDEOH �
RQ [���� 7KHVH WKUHH DUH� LQ SUDFWLFH� VXIÀFLHQW WR GLVDPELJXDWH
WUDFH SRLQWV >��@�
1RWH WKDW WKLV ÁDYRU RI UHFRUG�UHSOD\ GLIIHUV LQ RQH LPSRUWDQW

UHVSHFW IURP WKH RQH WKDW XVHG WR EH VXSSRUWHG E\� IRU LQVWDQFH�
90:DUH :RUNVWDWLRQ� 7KHUH� WKH 1' ORJ FRQVLVWV RI LQSXWV WR
GHYLFHV� 7KXV� 90:DUH
V 1' ORJ FDQ EH XVHG� GXULQJ UHSOD\�
WR CCJR OLYH

� EHFDXVH WKH HQWLUH 90 DQG DOO RI LWV GHYLFHV DUH
DOZD\V LQ D FRQVLVWHQW VWDWH� 3$1'$ GRHV QRW H[HFXWH DQ\
GHYLFH FRGH GXULQJ UHSOD\� VR WKHUH LV QR ZD\ WR JR OLYH���
EXW EHFDXVH RXU LQWHUHVW LV LQ GHHS� UHSOD\�EDVHG DQDO\VLV� ZH
KDYH QR QHHG WR JR OLYH� ,Q DGGLWLRQ� RXU VW\OH KDV WKH YLUWXH
RI VLPSOLFLW\� LQ WKDW QHZ DUFKLWHFWXUHV DQG GHYLFHV FDQ EH
VXSSRUWHG ZLWK HVVHQWLDOO\ QR DGGLWLRQDO HIIRUW�
3$1'$
V UHSOD\ LV TXLWH VWDEOH DQG HIIHFWLYH� :H KDYH

WHVWHG LW RQ WZR DUFKLWHFWXUHV ��� DQG ���ELW [�� DQG $50�
H[WHQVLYHO\� ,W FDQ UHFRUG ERRW IRU D YDULHW\ RI RSHUDWLQJ
V\VWHPV� ZKLFK LV FKDOOHQJLQJ JLYHQ WKH FRPSOH[LW\ RI WKDW
RSHUDWLRQ� ,W LV DOVR IDLUO\ FRPSDFW GHVSLWH WKH IDFW WKDW RXU 1'
ORJ PXVW FDSWXUH WKH FRQWHQWV RI '0$ LQSXWV� 7DEOH , JLYHV
WKH 1' ORJ VL]HV IRU D QXPEHU RI DUFKLWHFWXUHV� ZRUNÁRZV�
DQG UHSOD\ WLPHV� )URP WKLV GDWD� ZH FDQ VHH WKDW DQ\ZKHUH
IURP DERXW �� WR DOPRVW ���� LQVWUXFWLRQV H[HFXWH SHU E\WH
RI ORJ GDWD� 7KHVH UHSOD\V FRYHU D GLYHUVH VHW RI WDVNV IURP
ERRWLQJ )UHH%6' WR UXQQLQJ WKH &DUEHUS PDOZDUH WR LQVWDOOLQJ
6WDUFUDIW� 7KH PRGHVW VL]H RI WKHVH ÀOHV PDNHV WKHP LGHDO IRU



7LPH 6ORZGRZQ
(QYLURQPHQW LQ VHF ZUW 4HPX �����
4HPX ����� ���� ���
3$1'$ ���� ����

3$1'$�UHFRUG �� ����
3$1'$�UHSOD\ ��� ����

7$%/( ,,� 3$1'$� UHFRUG� DQG UHSOD\ VORZGRZQV

VKDULQJ� DQG LV WKXV D PDMRU HQDEOHU RI UHSHDWDEOH H[SHULPHQWV�
2QH RI WKH DXWKRUV KDV VHW XS D ZHE VLWH ZKHUH DQ\ RI WKHVH
DQG QXPEHU RI RWKHU UHSOD\ ÀOHV FDQ EH GRZQORDGHG��
)XUWKHUPRUH� WKH IXOO UHSHDWDELOLW\ RI UHSOD\V PDNHV WKHP

LQFUHGLEO\ XVHIXO IRU G\QDPLF DQDO\VLV� 7UDGLWLRQDOO\� PDQXDO
G\QDPLF DQDO\VLV LQYROYHV UXQQLQJ D SURJUDP LQVLGH D GHEXJ�
JHU DQG XVLQJ WKH GHEXJJHU WR LQWURVSHFW LQWR SURJUDP VWDWH�
+RZHYHU� GHEXJJHUV ODUJHO\ FDQQRW H[HFXWH EDFNZDUGV� VR LQ
RUGHU WR LQVSHFW DQ HDUOLHU SURJUDP VWDWH� DQ DQDO\VW PXVW
UHVWDUW WKH SURJUDP IURP VFUDWFK� 7KLV ZLOO FKDQJH HYHU\ KHDS
DGGUHVV XVHG E\ WKH SURJUDP� DQG ZLWKRXW GHEXJJLQJ V\PEROV�
HYHU\ GDWD VWUXFWXUH ORFDWLRQ ZLOO KDYH WR EH IRXQG PDQXDOO\�
:LWK 3$1'$ UHSOD\V� KHDS DGGUHVVHV DUH WKH VDPH HDFK WLPH�
VR LQIRUPDWLRQ DERXW WKH VWDWH RI PHPRU\ FDQ EH EXLOW XS SLHFH
E\ SLHFH� 7KLV DELOLW\ JUHDWO\ DFFHOHUDWHV UHYHUVH HQJLQHHULQJ�
5HFRUG DQG UHSOD\ SHUIRUPDQFH KDV QRW EHHQ D SULRULW\�

DV ZH KDYH EHHQ IRFXVHG RQ ÀGHOLW\ DQG V\VWHP XVH� &RQ�
VHTXHQWO\� LW LV FXUUHQWO\ IDLUO\ VORZ� :H UDQ WKH FRQÀJXUH DQG
FRPSLOH RI WKH VRIWZDUH DQG WKH WLPLQJ QXPEHUV
DUH JLYHQ LQ 7DEOH ,,� 3$1'$ LWVHOI LV DERXW �� VORZHU WKDQ
4(08 ������ 5HFRUGLQJ LQFXUV D VORZGRZQ RI DOPRVW �[� DQG
UHSOD\ DGGV DERXW DQRWKHU IDFWRU RI �� 7KXV� UHSOD\ LV DOPRVW
�[ VORZHU WKDQ VWDQGDUG 4(08� 7KLV PD\ VHHP VORZ� EXW
UHSOD\ LV QRQLQWHUDFWLYH� DQG� LQ PDQ\ FDVHV� DQDO\VLV SOXJLQV
LQFXU PXFK ODUJHU RYHUKHDGV RI ������[ DQG VR WKH UHSOD\
VORZGRZQ LV LQVLJQLÀFDQW� 7KH DQDO\VLV EHQHÀWV RI UHSOD\ DUH
GUDPDWLF� DV ZLOO EH REVHUYHG LQ 6HFWLRQ ,9�

%� 3OXJLQ $UFKLWHFWXUH

7R XQGHUVWDQG 3$1'$
V SOXJLQ V\VWHP� LW LV ÀUVW QHFHVVDU\
WR KDYH D EDVLF LGHD RI KRZ 4(08 H[HFXWHV FRGH LQ ZKROH�
V\VWHP PRGH� $V VHHQ LQ )LJXUH �� FRGH IURP WKH JXHVW 26
LV LQLWLDOO\ WUDQVODWHG E\ 4(08 WR DQ LQWHUQDO UHSUHVHQWDWLRQ
FDOOHG 7&*� ,I //90 LV QRW HQDEOHG� 4(08
V -,7 FRPSLOHU
ZLOO WKHQ JHQHUDWH KRVW FRGH DQG H[HFXWH LW� FDFKLQJ WKH
JHQHUDWHG FRGH IRU IXWXUH H[HFXWLRQV RI WKH VDPH EDVLF EORFN�
:KHQ //90 LV HQDEOHG� WKH 7&* ,5 LV DOVR WUDQVODWHG WR
//90 DQG WKH //90 -,7 FDQ EH XVHG WR JHQHUDWH DQG H[HFXWH
KRVW FRGH�
3$1'$ SOXJLQV WDNH WKH IRUP RI VKDUHG OLEUDULHV WKDW FDQ

EH ORDGHG DW DQ\ WLPH GXULQJ H[HFXWLRQ RI JXHVW FRGH� :KHQ D
SOXJLQ LV ORDGHG� LWV IXQFWLRQ ZLOO EH FDOOHG WR
SHUIRUP DQ\ VHWXS� ZKHQ WKH SOXJLQ LV XQORDGHG RU 3$1'$
H[LWV� ZLOO EH FDOOHG� ,Q EHWZHHQ� SOXJLQV
DUH HYHQW�GULYHQ� SHUIRUPLQJ ZRUN LQ UHVSRQVH WR WKLQJV WKDW
KDSSHQ LQ JXHVW FRGH�

�KWWS���ZZZ�UUVKDUH�RUJ

,QVLGH WKH LQLWLDOL]DWLRQ IXQFWLRQ� SOXJLQV FDQ VSHFLI\ ZKLFK
HYHQWV WKH\ ZDQW WR LQVWUXPHQW� 7KH DYDLODEOH LQVWUXPHQWDWLRQ
VLWHV DUH ORFDWHG DW PDQ\ SRLQWV WKURXJKRXW WKLV SURFHVV RI
JXHVW FRGH WUDQVODWLRQ DQG H[HFXWLRQ� 3OXJLQV FDQ EH QRWLÀHG
ZKHQ DQ LQGLYLGXDO LQVWUXFWLRQ LV WUDQVODWHG� DQG FDQ VLJQDO
WKDW WKH\ ZRXOG OLNH WR EH QRWLÀHG ZKHQHYHU LW H[HFXWHV �����
ODEHOV LQ WKLV SDUDJUDSK UHIHU WR )LJXUH ��� 7KH\ FDQ DOVR EH
QRWLÀHG EHIRUH DQG DIWHU WUDQVODWLRQ RI D EDVLF EORFN ���� DQG� LI
//90 LV HQDEOHG� DQDO\]H RU WUDQVIRUP WKH JHQHUDWHG //90
FRGH ���� $W UXQWLPH� SOXJLQV FDQ UHFHLYH FDOOEDFNV EHIRUH DQG
DIWHU EDVLF EORFN H[HFXWLRQ ���������� DQG DW PHPRU\ DFFHVV ����
7KHUH DUH D IHZ RWKHU FDOOEDFNV DYDLODEOH WR SOXJLQV� EXW WKH\
DUH PRUH UDUHO\ XVHG� WKH LQWHUHVWHG UHDGHU FDQ FRQVXOW WKH
3$1'$ GRFXPHQWDWLRQ IRU IXUWKHU GHWDLOV >�@�
3$1'$ H[SRVHV DQ $3, WKDW JLYHV SOXJLQV DFFHVV WR VRPH

FRPPRQ IXQFWLRQDOLW\� LQFOXGLQJ UHDGLQJ DQG ZULWLQJ PHPRU\�
ÁXVKLQJ WKH WUDQVODWHG FRGH FDFKH� SDUVLQJ FRPPDQG OLQH
DUJXPHQWV� DQG HQDEOLQJ YDULRXV IHDWXUHV VXFK DV PHPRU\
LQVWUXPHQWDWLRQ DQG SUHFLVH SURJUDP FRXQWHU WUDFNLQJ WKDW DUH
WRR H[SHQVLYH WR UXQ DOO WKH WLPH� ,Q DGGLWLRQ WR WKLV FRUH $3,�
SOXJLQV FDQ FDOO DQ\ SXEOLF IXQFWLRQ LQ 4(08�
0DQ\ SOXJLQV GHSHQG RQ VRPH FRPPRQ IXQFWLRQDOLW\� 7R

DYRLG GXSOLFDWLQJ IXQFWLRQDOLW\ WKURXJKRXW SOXJLQV ZKLOH NHHS�
LQJ WKH FRUH RI 3$1'$ VLPSOH� ZH KDYH LPSOHPHQWHG D
PHFKDQLVP IRU SOXJLQ�SOXJLQ LQWHUDFWLRQ� 7KLV DOORZV SOXJLQV
WR H[SRVH D SXEOLF $3, WKDW RWKHU SOXJLQV FDQ FDOO� DQG WR GHÀQH
WKHLU RZQ FDOOEDFNV WKDW RWKHU SOXJLQV FDQ XVH WR EH QRWLÀHG RI
HYHQWV� $OWKRXJK WKLV IXQFWLRQDOLW\ FRXOG EH LPSOHPHQWHG E\
HDFK SOXJLQ E\ XVLQJ DQG WR ORRN XS IXQFWLRQV
LQ RWKHU SOXJLQV� 3$1'$ SURYLGHV KHOSHUV WKDW PDNH H[SRVLQJ
$3,V DQG FDOOEDFNV WR RWKHU SOXJLQV HDVLHU DQG OHVV HUURU�SURQH�
7KURXJK MXGLFLRXV XVH RI SUHSURFHVVRU PDFUR PDJLF� SOXJLQV
FDQ GHÀQH FDOOEDFNV LQ MXVW D IHZ OLQHV RI FRGH� RWKHU SOXJLQV
FDQ WKHQ VLJQ XS WR EH QRWLÀHG E\ LQYRNLQJ D VLQJOH UHJLVWUDWLRQ
PDFUR� 3OXJLQV FDQ DOVR PDNH IXQFWLRQV SXEOLF E\ VLPSO\
OLVWLQJ WKHP LQ D VSHFLDOO\ QDPHG KHDGHU ÀOH� 3$1'$
V EXLOG
V\VWHP ZLOO WKHQ DXWRPDWLFDOO\ JHQHUDWH DQ H[WHUQDO KHDGHU WKDW
DOORZV RWKHU SOXJLQV WR FDOO WKHP DV WKRXJK WKH\ ZHUH ORFDO
IXQFWLRQV� 7KH SUHFLVH GHWDLOV RI WKH SOXJLQ�SOXJLQ LQWHUDFWLRQ
PHFKDQLVP DUH DYDLODEOH LQ WKH 3$1'$ GRFXPHQWDWLRQ >�@�
3OXJLQ�SOXJLQ LQWHUDFWLRQ DOORZV FRPSOH[ DQDO\VHV WR EH

UDSLGO\ EXLOW E\ FRPSRVLQJ H[LVWLQJ SOXJLQV� )RU H[DPSOH�
RQH FDQ VHDUFK IRU SRLQWV LQ WKH H[HFXWLRQ WKDW XVH D SDU�
WLFXODU VWULQJ XVLQJ WKH SOXJLQ �GHVFULEHG LQ
6HFWLRQ ,,,�$�� ZKLFK GHÀQHV D FDOOEDFN QDPHG WKDW
WULJJHUV ZKHQHYHU D VWULQJ PDWFK RFFXUV� $Q DQDO\VLV SOXJLQ
PLJKW XVH WKLV FDOOEDFN WR EH QRWLÀHG ZKHQHYHU D SDUWLFXODU
VWULQJ �VD\� D SDVVZRUG� LV XVHG� ,W FRXOG WKHQ WDLQW WKH VWULQJ
LQ PHPRU\ XVLQJ WKH SOXJLQ �6HFWLRQ ,,,�(� DQG UHJLVWHU
D FDOOEDFN ZLWK WKH SOXJLQ �6HFWLRQ ,,,�%� WKDW ÀUHV
ZKHQHYHU LV FDOOHG LQ WKH JXHVW DQG TXHULHV ZKHWKHU
WKH GDWD ZULWWHQ LV WDLQWHG� 7KLV ZRXOG HIIHFWLYHO\ LPSOHPHQW
D GHWHFWRU WKDW FRXOG WHOO ZKHQ GDWD GHULYHG IURP D XVHU
V
SDVVZRUG LV ZULWWHQ WR WKH QHWZRUN� 1RWH WKH VHSDUDWLRQ RI
FRQFHUQV KHUH� WDLQW WUDFNLQJ� V\VWHP FDOO DQDO\VLV� DQG VWULQJ
PDWFKLQJ DUH DOO LQGHSHQGHQW WDVNV UHOHJDWHG WR WKHLU RZQ



Guest Code

   push ebp
   mov ebp, esp
   mov eax, [edi]

TCG IR

st_i64 tmp12,env,$0xdae0    
ld_i64 tmp12,env,$0xdad0

LLVM IR

%3 = inttoptr i64 %2 to i64*
store i64 218737284, i64* %3

(2)

Host Code

(3)

Basic Block

Basic Block
(4),(5)

(4)

(6)

(5)

(1)

mov    %ebp,(%rdi)
mov    %ebp,%esi
xor    %edx,%edx

and    $0x1fe0,%esi
lea    0x528(%r14),%rsi
jmp    0x41cbf066
callq  ld_mmu

)LJ� �� 2YHUYLHZ RI 3$1'$ H[HFXWLRQ DQG LQVWUXPHQWDWLRQ� 'HWDLOHG GHVFULSWLRQV RI WKH VWHSV FDQ EH IRXQG LQ WKH PDLQ WH[W�

SOXJLQV� ZKLOH DQ DQDO\VLV SOXJLQ FRRUGLQDWHV WKHLU DFWLRQV�

&� $UFKLWHFWXUH 1HXWUDO $QDO\VLV
7KHUH DUH D QXPEHU RI LQVWUXFWLRQ�OHYHO G\QDPLF DQDO\VHV

WKDW DUH LQYDOXDEOH IRU UHYHUVH HQJLQHHULQJ� )RU LQVWDQFH� D
WDLQW DQDO\VLV� LQ ZKLFK GDWD LQ PHPRU\ RU UHJLVWHUV FDQ EH
SDLQWHG ZLWK ODEHOV DQG WKHQ WKRVH ODEHOV SURSDJDWHG WKURXJK
FRSLHV DQG FROOHFWHG LQ VHWV WR UHSUHVHQW FRPSXWDWLRQV� FDQ
SHUPLW GHWDLOHG XQGHUVWDQGLQJ RI WKH WUXH LQIRUPDWLRQ ÁRZ
SDWWHUQV DURXQG DQG RXW RI D V\VWHP� %XW WR SHUIRUP WKLV
IHDW� G\QDPLF WDLQW UHTXLUHV DQ DGGLWLRQDO DQDO\VLV EH VSHFLÀHG
DQG SHUIRUPHG DORQJVLGH HYHU\ LQVWUXFWLRQ WR SURSHUO\ WUDFN
ODEHOV� $QRWKHU H[DPSOH ZRXOG EH D G\QDPLF VOLFH RI WKH
VRUW XVHG E\ WKH 9LUWXRVR >��@ V\VWHP WR H[WUDFW RSHUDWLQJ
V\VWHP LQWURVSHFWLRQ JDGJHWV� 7KLV� OLNHZLVH� QHFHVVLWDWHV SHU�
LQVWUXFWLRQ GDWD�ÁRZ PRGHOV� 7KLUG� FRQVLGHU WKH SRSXODU V\P�
EROLF H[HFXWLRQ WHFKQLTXHV� RIWHQ FRXSOHG ZLWK 6$7�VROYLQJ�
7KHVH DUH RQO\ SRVVLEOH RQFH V\PEROLF H[HFXWLRQ PRGHOV
KDYH EHHQ LPSOHPHQWHG IRU HYHU\ LQVWUXFWLRQ� 7KH 4(08
HPXODWRU� XSRQ ZKLFK 3$1'$ LV EXLOW� VXSSRUWV RYHU D GR]HQ
DUFKLWHFWXUHV� &RPSOHWHO\ VSHFLI\LQJ D WDLQW DQDO\VLV IRU MXVW
RQH RI WKHVH LV D GDXQWLQJ WDVN� HVSHFLDOO\ IRU [�� ZLWK RYHU
D WKRXVDQG LQVWUXFWLRQ YDULDQWV�
3$1'$ DYRLGV WKLV SLWIDOO E\ DOORZLQJ HYHU\ EDVLF EORFN

RI HPXODWHG FRGH WR EH UHQGHUHG LQ WKH //90 LQWHUPHGLDWH
ODQJXDJH DQG WKXV IRU WKH DQDO\VLV WR WDNH SODFH LQ WKDW
VLPSOLÀHG� EXW VHPDQWLFDOO\ HTXLYDOHQW GRPDLQ� 7KLV PHDQV
WKDW� LQVWHDG RI KDYLQJ WR ZULWH WDLQW PRGHOV IRU WKRXVDQGV
RI [�� LQVWUXFWLRQ YDULDQWV� ZH KDYH WR ZULWH PRGHOV IRU
RQO\ WKH IHZ WHQV RI QHFHVVDU\ //90 LQVWUXFWLRQV� 7KLV
LV QRW RQO\ HDVLHU WR JHW ULJKW� LW DOVR JLYHV XV HTXLYDOHQW
DQDO\VHV LQ DOO WKH DUFKLWHFWXUHV 4(08 VXSSRUWV� ZLWK QR
DGGLWLRQDO ZRUN� //90 WUDQVODWLRQ LV PDGH SRVVLEOH YLD D
PRGXOH IURP WKH 6�( V\VWHP >�@� ZKLFK� LQ WXUQ� OHYHUDJHV
4(08
V RZQ 7&* LQWHUPHGLDWH ODQJXDJH LQ ZKLFK PRVW JXHVW
LQVWUXFWLRQV DUH LPSOHPHQWHG� :H KDYH PRGLÀHG DQG H[WHQGHG
WKLV //90 WUDQVODWLRQ WR HQDEOH VXSSRUW IRU [����� DQG $50
DUFKLWHFWXUHV� DQG WR HQVXUH FRPSOHWHQHVV WKURXJK WKH LQFOXVLRQ
RI FRPSOLFDWHG LQVWUXFWLRQV�
0DQ\ RI WKH PRUH FRPSOLFDWHG LQVWUXFWLRQV VXFK DV 00;

DQG 66( IRU [�� DQG ÁRDWLQJ SRLQW IRU $50 DUH DFWXDOO\

UHOHJDWHG WR & ODQJXDJH CCKHOSHU

 IXQFWLRQV LQ 4(08 IRU
SHUIRUPDQFH UHDVRQV� DQG� SUHVXPDEO\� EHFDXVH LW ZRXOG EH
WLUHVRPH WR UHQGHU WKHP DV 7&* RSV� 7KHVH DUH SRWHQWLDO
DQDO\VLV JDSV ZKLFK ZH EULGJH E\ JHQHUDWLQJ //90 IRU WKHVH
IXQFWLRQV YLD WKH FRPSLOHU� DQG PDNLQJ WKRVH ELWFRGH
UHSUHVHQWDWLRQV DYDLODEOH IRU WKH VDPH DQDO\VHV DV WKH EDVLF
EORFNV RI HPXODWHG FRGH� 7KXV� HIIHFWLYHO\ DOO FRGH ZKRVH
EXVLQHVV LV WKH HPXODWLRQ RI WKH JXHVW FDQ EH VXEPLWWHG WR
VRPHWKLQJ OLNH D WDLQW RU V\PEROLF H[HFXWLRQ DQDO\VLV�
//90 H[HFXWLRQ LV FXUUHQWO\ VORZHU WKDQ VWDQGDUG 4(08

H[HFXWLRQ �WKLV LV DOVR WUXH IRU 6�(� IURP ZKLFK RXU //90
H[HFXWLRQ LV GHULYHG�� :H REVHUYHG D VORZGRZQ RI DURXQG ��[
EHWZHHQ D VWDQGDUG 3$1'$ UHSOD\ DQG D UHSOD\ ZLWK //90
HQDEOHG� :H EHOLHYH WKLV FRXOG EH LPSURYHG E\ RSWLPL]LQJ WKH
//90 FRGH JHQHUDWHG IURP 7&*� SUHYLRXV ZRUN KDV HYHQ
VKRZQ WKDW LW LV SRVVLEOH WR PDNH 4(08 IDVWHU E\ WUDQVODWLQJ
WR //90 >��@�

'� $QGURLG 6XSSRUW
7KH $QGURLG 6'. SURYLGHG E\ *RRJOH LQFOXGHV D 4(08�

EDVHG HPXODWRU� ZKLFK HPXODWHV DQ $50 ERDUG QDPHG CC*ROG�
ÀVK

� 7KLV HPXODWRU LV EDVHG RQ 4(08 ��� �ZLWK VRPH FRGH
EDFNSRUWHG IURP 4(08 ������ :H SRUWHG WKH IHDWXUHV QHF�
HVVDU\ WR HPXODWH $QGURLG GHYLFHV WR 3$1'$� MXPSVWDUWLQJ
RXU HIIRUW ZLWK WKH ZRUN 3DWULFN -DFNVRQ GLG IRU WKH *RRJOH
6XPPHU RI &RGH LQ ���� DWWHPSWLQJ WR LQWHJUDWH WKH $QGURLG
FRGH LQWR PDLQOLQH 4(08 >��@� 6LJQLÀFDQW DGGLWLRQDO ZRUN
ZDV UHTXLUHG WR EH DEOH WR IXOO\ VXSSRUW PRGHUQ $QGURLG
HPXODWLRQ �WKURXJK ����� LQFOXGLQJ

• LQWHJUDWLQJ WHOHSKRQ\� FDPHUD� DQG $'% VXSSRUW
• LQWHJUDWLQJ 6' FDUG VXSSRUW
• LQSXW WUDQVODWLRQ IRU WKH 91& DQG 6'/ LQWHUIDFH PRGHV
WR *ROGÀVK
V LQSXW IRUPDW

• VXSSRUWLQJ 4(08
V 4&2:� GLVF LPDJH IRUPDW IRU WKH
VWRUDJH GHYLFHV

• DUUDQJLQJ WR VXSSRUW RXU UHFRUG�UHSOD\ PHFKDQLVP
• À[LQJ D YLGHR FRQYHUVLRQ EXJ
3$1'$ DOVR LQFRUSRUDWHV FRGH IURP WKH 'URLG6FRSH

SURMHFW >��@ IRU /LQX[�$QGURLG LQWURVSHFWLRQ� 'URLG6FRSH LV
FDSDEOH RI WUDFNLQJ /LQX[ SURFHVVHV� OLEUDULHV� DQG WKUHDGV�
UHVROYLQJ GHEXJ V\PEROV DJDLQVW D UXQQLQJ $QGURLG V\VWHP�
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)LJ� �� 0HPRU\ DFFHVVHV PDGH E\ D SURJUDP ZLWK YDU\LQJ
DPRXQWV RI FRQWH[W� �D� DV D VLQJOH VWUHDP RI LQIRUPDWLRQ IURP
WKH &38 WR 5$0 � �E� VSOLW XS DFFRUGLQJ WR SURJUDP DQG
ORFDWLRQ ZLWKLQ SURJUDP � �F� VSOLW XS DFFRUGLQJ WR SURJUDP�
ORFDWLRQ ZLWKLQ SURJUDP� DQG FDOOLQJ FRQWH[W� )LJXUH RULJLQDOO\
IURP >��@�

DQG WUDFLQJ WKH LQVWUXFWLRQV UXQ E\ D 'DOYLN LQWHUSUHWHU LQ
$QGURLG ���� :H LQWHJUDWHG WKH 'URLG6FRSH FRGH LQWR 3$1'$
DQG SURYLGHG LW ZLWK WKH QHFHVVDU\ OD\RXW LQIRUPDWLRQ IRU WKH
$QGURLG ��� DQG ��� 6'. NHUQHOV�
6HH 6HFWLRQ ,9�& IRU DQ H[DPSOH RI WKH NLQG RI GHHS UHYHUVH

HQJLQHHULQJ RI $QGURLG DSSV PDGH SRVVLEOH E\ LWV LQWHJUDWLRQ
LQWR 3$1'$�

,,,� 3OXJLQ 'HWDLOV
+HUH ZH GHWDLO D IHZ VSHFLÀF SOXJLQV FRPPRQO\ XVHG ZKHQ

UHYHUVH HQJLQHHULQJ ZLWK 3$1'$�

$� 7DSSDQ =HH �1RUWK� %ULGJH
5HYHUVH HQJLQHHULQJ WDVNV RIWHQ KLQJH RQ ÀQGLQJ RXW ZKDW

SLHFH RI FRGH LPSOHPHQWV VRPH KLJK OHYHO IXQFWLRQDOLW\ RU
KDQGOHV VRPH SDUWLFXODU GDWD� ,Q ODUJH SURJUDPV WKLV FDQ EH
TXLWH GLIÀFXOW� LQ WKH FDVH ZKHUH WKH GDWD LV VRPH À[HG VWULQJ
HPEHGGHG LQ WKH SURJUDP� LW LV HDV\ HQRXJK� EXW IRU G\QDPLF
GDWD RQH PXVW XVXDOO\ ODERULRXVO\ WUDFH WKH ÁRZ RI GDWD IURP
VRPH NQRZQ LQSXW VRXUFH WKURXJK D FKDLQ RI LQWHUPHGLDWH
IXQFWLRQV WR ZKHUH LW LV ÀQDOO\ XVHG� 0RUHRYHU� LQ FDVHV ZKHUH
WKH GDWD VRXJKW LV VRPH LQWHUPHGLDWH YDOXH QRW GLUHFWO\ GHULYHG
IURP WKH LQSXW� HYHQ WKLV DSSURDFK PD\ IDLO�
,Q SUHYLRXV ZRUN >��@� ZH GHYHORSHG D V\VWHP� 7DSSDQ

=HH �1RUWK� %ULGJH �7=% IRU VKRUW�� ZKLFK DWWHPSWHG WR
ORFDWH SRLQWV DW ZKLFK WR LQWHUSRVH RQ D V\VWHP IRU HYHQW
PRQLWRULQJ GXULQJ YLUWXDO PDFKLQH LQWURVSHFWLRQ� :H KDYH
VLQFH GLVFRYHUHG WKDW LW LV DOVR LPPHQVHO\ XVHIXO IRU UHYHUVH
HQJLQHHULQJ�
7KH FHQWUDO LGHD RI 7=% LV WKDW PHPRU\ DFFHVVHV FDQ

LOOXPLQDWH WKH LQWHUQDO GHWDLOV RI D V\VWHP� $V D SURJUDP UXQV�
IXQFWLRQV FDOOHG IURP GLIIHUHQW FRQWH[WV UHDG DQG ZULWH LQSXW�
RXWSXW� DQG LQWHUPHGLDWH UHVXOWV WR PHPRU\� %\ DSSURSULDWHO\
VHSDUDWLQJ RXW WKHVH PHPRU\ DFFHVVHV DFFRUGLQJ WR SURJUDP
DQG FDOOLQJ FRQWH[W �VHH )LJXUH ��� ZH REWDLQ FRKHUHQW VWUHDPV

RI GDWD WKDW FDQ WKHQ EH VHDUFKHG DQG DQDO\]HG IRU LQIRUPDWLRQ
RI LQWHUHVW� :H WHUP WKHVH VWUHDPV RI GDWD DFFHVVHG DW D
SDUWLFXODU SRLQW LQ D SURJUDP WDS SRLQWV DV WKH\ DUH SODFHV
RQH PLJKW CCWDS

 WR JHW XVHIXO LQIRUPDWLRQ IURP D V\VWHP�
,Q WKH VLPSOHVW FDVH� ZH PD\ ZLVK WR ÀQG RXW ZKDW SDUW RI D

SURJUDP KDQGOHV D FHUWDLQ ELW RI GDWD� VXFK DV D VWULQJ ZH W\SH
LQWR D SURJUDP� RU ZKDW IXQFWLRQ FDXVHV D SDUWLFXODU VWULQJ WR EH
SULQWHG WR WKH FRQVROH RU VKRZQ LQ WKH XVHU LQWHUIDFH� )RU VXFK
WDVNV ZH FDQ MXVW VHDUFK DOO WDS SRLQWV IRU VRPH À[HG VWULQJV�
ZKLFK ZLOO JLYH XV D VHW RI IXQFWLRQV WKDW ZHUH VHHQ WR UHDG
RU ZULWH GDWD PDWFKLQJ RXU VHDUFK VWULQJ� 7R DFFRPSOLVK WKLV
ZH KDYH FUHDWHG WKH SOXJLQ� ZKLFK WUDFNV DOO
PHPRU\ DFFHVVHV PDGH LQ WKH V\VWHP� VSOLWV WKHP XS DFFRUGLQJ
WR WKH FDOOLQJ FRQWH[W� SURJUDP FRXQWHU� DQG DGGUHVV VSDFH� DQG
WKHQ VHDUFKHV WKH UHVXOWLQJ VWUHDPV IRU D OLVW RI NH\ZRUGV�
,Q VRPH FDVHV ZH PD\ QRW NQRZ WKH H[DFW IRUPDW RI WKH GDWD�

EXW ZH PD\ NQRZ VRPH VWDWLVWLFDO IHDWXUHV RI LW� )RU H[DPSOH�
ZKHQ VHDUFKLQJ IRU D '50 GHFU\SWLRQ IXQFWLRQ� SUHYLRXV ZRUN
IURP :DQJ HW DO� >��@ WHOOV XV WKDW WKH LQSXWV WR VXFK IXQFWLRQV
KDYH KLJK E\WH HQWURS\ DQG DUH VWDWLVWLFDOO\ UDQGRP �DFFRUGLQJ
WR D WHVW VXFK DV 3HDUVRQ
V &KL�6TXDUHG WHVW�� EXW WKHLU RXWSXWV
DUH QRW UDQGRP� :H UHFHQWO\ XVHG WKLV WHVW WR ORFDWH WKH '50
GHFU\SWLRQ IXQFWLRQ ZLWKLQ 6SRWLI\ DQG VKRZHG LW FRXOG EH
XVHG WR H[WUDFW XQHQFU\SWHG DXGLR ÀOHV >��@�
7R VXSSRUW WKLV ODWWHU XVH FDVH� 3$1'$ FDQ FROOHFW XQ�

LJUDP DQG ELJUDP VWDWLVWLFV DERXW HDFK WDS SRLQW XVLQJ WKH
DSSURSULDWHO\ QDPHG DQG SOXJLQV� 7KHVH
IXQFWLRQV FROOHFW XQLJUDP DQG ELJUDP KLVWRJUDPV IRU GDWD
UHDG RU ZULWWHQ DW HDFK WDS SRLQW GXULQJ DQ H[HFXWLRQ� RQFH
WKLV VXPPDU\ GDWD LV JDWKHUHG DQ DQDO\VW FDQ ZULWH VFULSWV
WR FRPSXWH PHDVXUHV VXFK DV HQWURS\� FKL�VTXDUHG YDOXHV� RU
VRPH GLVWDQFH PHDVXUH �VXFK DV .XOOEDFN²/HLEOHU GLYHUJHQFH�
WR D SUHYLRXVO\ REVHUYHG GLVWULEXWLRQ�
$V ZH ZLOO VHH LQ 6HFWLRQ ,9� WKH DELOLW\ WR VHDUFK WKURXJK

WDS SRLQWV IRU GDWD RI LQWHUHVW FDQ DOORZ D UHYHUVH HQJLQHHU WR
TXLFNO\ ]HUR LQ RQ WKH SDUWV RI D SURJUDP RI JUHDWHVW LQWHUHVW�
RU WR H[WUDFW QRUPDOO\ XQREVHUYDEOH GDWD IURP D SURJUDP DV
LW UXQV� 1RWH WKDW 7=% GHSHQGV FUXFLDOO\ RQ 3$1'$
V UHFRUG
DQG UHSOD\ IXQFWLRQDOLW\� WUDSSLQJ RQ HYHU\ PHPRU\ DFFHVV DQG
LQVSHFWLQJ LWV FRQWHQWV RQ D OLYH H[HFXWLRQ ZRXOG FDXVH LW WR
JULQG WR D KDOW� EXW WKH RYHUKHDG LV QRW D SUREOHP LQ D UHSOD\HG
H[HFXWLRQ�

%� 6\VWHP &DOOV
7KH SOXJLQ LQWURVSHFWV RQ V\VWHP FDOOV LQ DQ

HPXODWHG [�� RU $50 JXHVW� 8SRQ HQFRXQWHULQJ DQ LQVWUXFWLRQ
LQLWLDWLQJ D V\VWHP FDOO� LW ORJV WKH LQVWUXFWLRQ DQG V\VWHP FDOO
QXPEHU� DQG WKHQ GLVSDWFKHV RQ WKH V\VWHP FDOO QXPEHU� 7KLV
GLVSDWFK FRGH LV WKH KHDUW RI WKH SOXJLQ DQG LV DXWRPDWLFDOO\
JHQHUDWHG IURP V\VWHP FDOO IXQFWLRQ SURWRW\SHV� 7KDW LV� LW
XVHV WKH NQRZQ 26 DSSOLFDWLRQ ELQDU\ LQWHUIDFH DORQJ ZLWK
WKH W\SHV LQ WKH SURWRW\SH WR PDNH V\VWHP FDOO DUJXPHQWV
DYDLODEOH WR FDOOEDFNV IRU DQDO\VLV� $W HDFK V\VWHP FDOO� WKH
SOXJLQ ORJV WKH V\VWHP FDOO QXPEHU DQG DUJXPHQWV� EXW WKHQ
FDOOV D IXQFWLRQ KDQGOHU� SDVVLQJ V\VWHP FDOO DUJXPHQWV� %\
GHIDXOW� WKLV KDQGOHU LV DQ HPSW\ IXQFWLRQ� EXW LW FDQ EH



RYHUULGGHQ� )RU LQVWDQFH� ZH RYHUURGH VHYHUDO GHIDXOW KDQGOHUV
WR EXLOG D ÀOH GHVFULSWRU PRGXOH ZKLFK PDLQWDLQV D SHU�SURFHVV
PDSSLQJ IURP RSHQ ÀOH GHVFULSWRUV WR ÀOH QDPHV IRU /LQX[�
7KH SOXJLQ DOVR KDV DQ LQWHUQDO PHFKDQLVP IRU
H[HFXWLQJ FDOOEDFNV ZKHQ JXHVW FRGH UHWXUQV IURP D V\VWHP
FDOO� ,Q RXU ÀOH GHVFULSWRU WUDFNHU� WKLV DOORZV XV WR DFFHVV
GDWD DIWHU LW LV UHDG IURP D ÀOH WR D EXIIHU� GHWHFW WKH UHWXUQ
FRGH IURP V\VWHP FDOOV� FRS\ WKH ÀOH GHVFULSWRU OLVW IURP D
SDUHQW WR FKLOG DIWHU D IRUN� HWF�

&� 6KDGRZ &DOOVWDFN
$ FRPPRQ QHHG LQ UHYHUVH HQJLQHHULQJ LV WR XQGHUVWDQG

WKH FRQWH[W LQ ZKLFK DQ HYHQW LV KDSSHQLQJ� ,Q SDUWLFXODU� ZH
RIWHQ QHHG WR REWDLQ WKH FDOOVWDFN���ZKR FDOOHG WKH FXUUHQW
IXQFWLRQ� ZKR FDOOHG WKDW IXQFWLRQ� DQG VR RQ� ,Q GHEXJJLQJ
FRQWH[WV� WKLV LV XVXDOO\ GRQH E\ ZDONLQJ WKH VWDFN DQG UHFRQ�
VWUXFWLQJ VDYHG VWDFN IUDPHV� +RZHYHU� WKLV SURFHVV LV KLJKO\
DUFKLWHFWXUH DQG RSHUDWLQJ�V\VWHP GHSHQGHQW� DQG SURJUDPV
FDQ PDQLSXODWH WKH FDOOVWDFN LI WKH\ ZDQW WR PLVOHDG DQDO\VLV�
7KLV LV HYHQ WUXH RI QRQ�PDOLFLRXV SURJUDPV OLNH :LQGRZV�
ZKLFK WULHV WR KLGH WKH FDOOVWDFN LQ LWV .HUQHO 3DWFK 3URWHFWLRQ
PRGXOH >��@�
7R VDWLVI\ WKLV QHHG ZH LQFOXGH LQ 3$1'$ D VKDGRZ

FDOOVWDFN SOXJLQ QDPHG � $IWHU HDFK EORFN LQ D
UHSOD\ H[HFXWHV� ZH FKHFN LI LW HQGHG ZLWK D LQVWUXFWLRQ�
DQG LI VR ZH SXVK WKH UHWXUQ DGGUHVV RQWR WKH VKDGRZ VWDFN�
%HIRUH HDFK EORFN H[HFXWHV� ZH FKHFN WR VHH ZKHWKHU LW
PDWFKHV D UHWXUQ DGGUHVV RQ WKH FDOOVWDFN� LI VR� ZH NQRZ WKDW
WKH FXUUHQW IXQFWLRQ KDV UHWXUQHG DQG ZH FDQ SRS LW IURP WKH
VWDFN� 7KLV DSSURDFK UHTXLUHV WKH DELOLW\ WR GLVDVVHPEOH EORFNV
RQ D JLYHQ DUFKLWHFWXUH� EXW VWURQJ OLEUDU\ VXSSRUW H[LVWV IRU
WKDW WDVN�
7KH SOXJLQ H[SRUWV DQ $3, WKDW DOORZV RWKHU

SOXJLQV WR REWDLQ WKH FXUUHQW VWDFN RI ERWK UHWXUQ DGGUHVVHV DQG
IXQFWLRQ HQWU\ SRLQWV� DQG WR UHJLVWHU FDOOEDFNV IRU IXQFWLRQ
FDOOV DQG UHWXUQV� 7RJHWKHU� WKHVH FDSDELOLWLHV DOORZ RWKHU
SOXJLQV WR TXLFNO\ DQG DFFXUDWHO\ REWDLQ LQIRUPDWLRQ DERXW
WKH VKDGRZ FDOOVWDFN� IXUWKHUPRUH� EHFDXVH WKH VKDGRZ VWDFN
LV RXWVLGH WKH FRQWURO RI LQ�JXHVW SURJUDPV� LW LV QRW VXVFHSWLEOH
WR PDQLSXODWLRQ�

'� 6FLVVRUV
2QH RI 3$1'$
V ELJJHVW FRQWULEXWLRQV LV WKH DELOLW\ WR

GR RIÁLQH DQDO\VLV� WR FROOHFW D UHFRUGLQJ RI H[HFXWLRQ DW
QRUPDO VSHHG DQG WKHQ UHSOD\ WKDW H[HFXWLRQ ZLWK KHDY\ZHLJKW
DQDO\VHV UXQQLQJ� SRWHQWLDOO\ RYHU D ORQJ SHULRG RI WLPH� 6WLOO�
WKRXJK� PDQ\ DQDO\VHV DUH WRR KHDY\ZHLJKW WR EH WUDFWDEOH
RYHU UHSOD\V ZLWK SRWHQWLDOO\ ELOOLRQV RI LQVWUXFWLRQV� H[DPSOHV
LQFOXGH V\PEROLF H[HFXWLRQ DQG FRPSOH[ WDLQW DQDO\VHV� 7R
DGGUHVV WKLV LVVXH� ZH FUHDWHG WKH VFLVVRUV SOXJLQ� ZKLFK
HQDEOHV WKH XVHU WR H[FLVH VPDOOHU SRUWLRQV RI UHSOD\V DQG
WKHQ DQDO\]H MXVW WKH VKRUWHQHG SRUWLRQ� &RPELQHG ZLWK WKH
DELOLW\ RI FRPSRQHQWV VXFK DV 7=% WR UDSLGO\ ORFDWH VHFWLRQV
RI LQWHUHVW LQ WKH UHSOD\� WKH VFLVVRUV SOXJLQ DOORZV DQDO\VWV
WR IRFXV KHDY\ DWWHQWLRQ RQ NH\ HYHQWV GXULQJ H[HFXWLRQ DQG
LJQRUH HYHU\WKLQJ HOVH�

7LPH
(QYLURQPHQW �VHFRQGV�

3$1'$�UHSOD\ � 1HWZRUN ����
3$1'$�UHSOD\�WDLQW � 1HWZRUN ����
3$1'$�UHSOD\ � (QFU\SWLRQ ����

3$1'$�UHSOD\�WDLQW � (QFU\SWLRQ ���

7$%/( ,,,� 3$1'$ WDLQW DQDO\VLV VORZGRZQV

(� 7DLQW $QDO\VLV
:H KDYH LPSOHPHQWHG D G\QDPLF WDLQW DQDO\VLV DV D SOXJLQ

IRU 3$1'$� ,W SHUPLWV SUHFLVH ODEHOLQJ RI GDWD LQ D QXPEHU
RI ZD\V� LQFOXGLQJ ÀOH FRQWHQWV� QHWZRUN LQSXW� 5$0� DQG
UHJLVWHUV� 7KHVH ODEHOV DUH WKHQ WUDFNHG DXWRPDWLFDOO\� DQG
VWRUHG LQ D VKDGRZ PHPRU\ WKDW DVVRFLDWHV WDLQWHG SK\VLFDO
DGGUHVVHV� UHJLVWHUV� DQG ,�2 EXIIHUV ZLWK ODEHO VHWV� 7KH
SURSDJDWLRQ RI ODEHOV LV KDQGOHG E\ D YLUWXDO WDLQW SURFHVVRU
ZKLFK H[HFXWHV EDVLF EORFNV RI WDLQW RSHUDWLRQV FRUUHVSRQGLQJ
WR EDVLF EORFNV RI HPXODWHG JXHVW RSHUDWLRQV� 7KHVH WDLQW
EDVLF EORFNV DUH GHULYHG IURP WKH //90 WUDQVODWLRQ GHVFULEHG
LQ 6HFWLRQ ,,�&� YLD DQ //90 CCSDVV

 ZKLFK JHQHUDWHV WDLQW
RSHUDWLRQV IURP LQWHUPHGLDWH ODQJXDJH RSHUDWLRQV RQH E\ RQH�
7KLV PHDQV WKDW RXU WDLQW DQDO\VLV LV DUFKLWHFWXUH�LQGHSHQGHQW�
ZH KDYH XVHG LW WR DQDO\]H [��� [������ DQG $50 UHSOD\V� DQG
ZH FDQ WULYLDOO\ H[WHQG LW WR DOO RI WKH DUFKLWHFWXUHV WKDW 4(08
VXSSRUWV� )LQDOO\� WKHUH DUH TXHU\ PHFKDQLVPV WR GHWHUPLQH LI
GDWD LV WDLQWHG DW VRPH UHSOD\ SRLQW� DQG� IXUWKHU� WR H[DPLQH
WKH VHW RI DVVRFLDWHG WDLQW ODEHOV�
0DQ\ RI WKH GHWDLOV RI KRZ WKLV VXEV\VWHP ZDV GHVLJQHG DQG

LPSOHPHQWHG KDYH EHHQ GHVFULEHG HOVHZKHUH >��@� %XW WKHUH
DUH IHZ VDOLHQW DQG HYHQ VRPH QHZ GHWDLOV ZKLFK ZH PHQWLRQ
KHUH�
�� :KROH�V\VWHP 3$1'$
V WDLQW WUDFNV ODEHOV HYHQ LI WKH\

ÁRZ EHWZHHQ SURFHVVHV LQFOXGLQJ WKH NHUQHO� DQG LV
LQGLIIHUHQW WR VKDUHG PHPRU\ VLQFH WKH 5$0 SRUWLRQ RI
WKH VKDGRZ PHPRU\ LV LQ WHUPV RI SK\VLFDO DGGUHVVHV�

�� ,�2 VXSSRUW 7KH VKDGRZ PHPRU\ LQFOXGHV WKH KDUG
GULYH� QHWZRUN FDUG� DQG DVVRFLDWHG ,�2 EXIIHUV� 7KLV
HQDEOHV XV WR SUHFLVHO\ LQWURVSHFW LQWR KRZ GDWD SURS�
DJDWHV WKURXJK WKH V\VWHP DW D ORZ OHYHO� DQG SURSHUO\
WUDFN KRZ GDWD PRYHV WKURXJK WKHVH GHYLFHV�

�� 5HSOD\�EDVHG 7DLQW LV DQ H[SHQVLYH DQDO\VLV DQG IRU
PDQ\ SODWIRUPV VXFK DV $QGURLG� HYHQ SXUH 4(08�
EDVHG H[HFXWLRQ LV EDUHO\ IDVW HQRXJK WR SUHYHQW WLPH�
RXWV� 7KHUHIRUH� WKH WDLQW SOXJLQ FDQ RQO\ UXQ GXULQJ
UHSOD\�

�� 'HWDLO DQG ÀGHOLW\ 7KH WDLQW DQDO\VLV LQ 3$1'$ LV
IRFXVHG PRUH RQ WKH GHWDLO WKDW FDQ EH REWDLQHG IURP
WKH DQDO\VLV UDWKHU WKDQ IDVW SHUIRUPDQFH� )RU LQVWDQFH�
D ÀOH FDQ EH ODEHOHG VXFK WKDW HYHU\ E\WH LQ WKH ÀOH JHWV
D GLIIHUHQW ODEHO� )XUWKHU� JXHVW FRPSXWDWLRQ LV PRGHOHG
ZLWK KLJK ÀGHOLW\ YLD VHW XQLRQV� 6R� LI KDV WKH ODEHO
VHW 1, 2 DVVRFLDWHG ZLWK LW LQ WKH VKDGRZ PHPRU\� DQG

KDV 3� WKHQ ZLOO KDYH WKH ODEHO
VHW 1, 2, 3�

�� 3HUIRUPDQFH 6XFK GHWDLOHG DQDO\VLV LV LQKHUHQWO\ KHDY\�
ZHLJKW� 7DEOH ,,, VKRZV WKH VORZGRZQ RI RXU V\VWHP IRU



WZR UHSUHVHQWDWLYH ZRUNORDGV� WDLQWLQJ �.% RI GDWD WKDW
LV WKHQ VHQW RYHU WKH QHWZRUN� DQG WDLQWLQJ D �.% ÀOH DQG
HQFU\SWLQJ LW ZLWK $(6�&%&����� 7KH QHWZRUN ZRUN�
ORDG H[KLELWHG D ����[ VORZGRZQ RYHU 3$1'$ UHSOD\�
ZKLOH HQFU\SWLRQ ZDV ����[ VORZHU� 7KLV LOOXVWUDWHV WKH
IDFW WKDW WDLQW SHUIRUPDQFH LV ZRUNORDG GHSHQGHQW� WKH
QHWZRUN ZRUNORDG LV PDGH XS PRVWO\ RI VLPSOH FRSLHV�
ZKHUHDV LQ WKH HQFU\SWLRQ ZRUNORDG HDFK E\WH RI RXWSXW
GHSHQGV LQ FRPSOH[ ZD\V RQ HYHU\ E\WH RI WKH LQSXW�

�� ,QWHUIDFH 7DLQW ODEHOLQJ DQG TXHU\LQJ FDQ EH HLWKHU
HYHQW�GULYHQ �YLD FDOOEDFNV UHJLVWHUHG ZLWK WKH WDLQW
SOXJLQ� RU LQYRNHG E\ FDOOLQJ WKH SOXJLQ $3,�

,9� &DVH 6WXGLHV
,Q WKLV VHFWLRQ� ZH SUHVHQW WKUHH FRPSHOOLQJ 5( XVH FDVHV

IRU 3$1'$� ,Q WKH ÀUVW� DQ ROG YHUVLRQ RI 6WDUFUDIW IRU
ZKLFK WKH &' NH\ KDV EHHQ ORVW LV UDSLGO\ PDGH ZKROH DJDLQ
E\ ORFDWLQJ WKH NH\ YHULÀFDWLRQ FRGH DQG KDUQHVVLQJ LW WR
SURGXFH NH\V RQ GHPDQG� ,Q WKH VHFRQG� D :LQGRZV ,QWHUQHW
([SORUHU YXOQHUDELOLW\ LV GLDJQRVHG LQ GHSWK IURP D ZKROH�
V\VWHP UHSOD\� LQGLFDWLQJ QRW PHUHO\ WKDW LW LV D XVH�DIWHU�IUHH
EXJ EXW SRLQWLQJ WKH ÀQJHU DW D SUHFLVH &9( QXPEHU� ,Q WKH
WKLUG� D &KLQHVH ,0 FOLHQW VXVSHFWHG RI FHQVRULQJ PHVVDJHV LV
TXLFNO\ GHWHUPLQHG WR EH GRLQJ VR YLD D EODFNOLVW ZKLFK LV DOVR
UHDGLO\ H[WUDFWHG� 1RWH WKDW� ZKLOH ZH HQG XS XVLQJ PDQ\ RI
WKH SOXJLQV PHQWLRQHG LQ 6HFWLRQ ,,,� QR DWWHPSW ZDV PDGH WR
FRYHU DOO RI WKHP ZLWK RXU XVH FDVHV� 5DWKHU� ZH DOORZHG WKH
WDVN DW KDQG WR GULYH WKH SOXJLQV HPSOR\HG�

$� 5HYLYLQJ /HJDF\ &RGH
:H XVHG 3$1'$ WR ÀQG DQG UDSLGO\ UHYHUVH HQJLQHHU WKH

���FKDUDFWHU &'�NH\ YDOLGDWLRQ DOJRULWKP IRU 6WDU&UDIW� )LUVW�
ZH FROOHFWHG D UHFRUGLQJ RI WKH 6WDU&UDIW LQVWDOOHU UHMHFWLQJ D
UDQGRP VHTXHQFH RI OHWWHUV DQG QXPEHUV� :H WKHQ SURYLGHG
ERWK WKLV LQFRUUHFW NH\ VHTXHQFH DQG WKH WH[W RI WKH UHMHFWLRQ
GLDORJ DV VHDUFKHV WR 3$1'$
V 7=%� ZKLFK SURPSWO\ IRXQG
ERWK LQ WKH UHSOD\� 7KLV IRFXVHG RXU DWWHQWLRQ RQ DERXW �������
LQVWUXFWLRQV RXW RI ��0 LQ WKH FRPSOHWH UHSOD\ �D UHGXFWLRQ RI
���[�� DQG ZH XVHG WKH SOXJLQ WR H[WUDFW MXVW WKLV
RSHUDWLYH VHJPHQW FRQWDLQLQJ WKH YDOLGDWLRQ DOJRULWKP�
9LD PDQXDO VWDWLF DQDO\VLV RI WKH FRGH LQ WKH UHPDLQLQJ

UHSOD\ VHJPHQW� ZH DVFHUWDLQHG WKDW WKH LQVWDOOHU GHFU\SWV WKH
&'�NH\ DQG FKHFNV WKH KLJK�RUGHU ELWV RI WKH UHVXOWLQJ ����
ELW LQWHJHU DJDLQVW D À[HG YDOXH� 7KLV PDJLF QXPEHU LV QRW
LPPHGLDWHO\ DSSDUHQW LQ WKH GLVDVVHPEO\� EXW D WULYLDO SOXJLQ
ZDV UDSLGO\ IDVKLRQHG WKDW SULQWHG LW RXW ZKHQ UHDG IURP
PHPRU\ ZKLOH UXQQLQJ RQ WKH VFLVVRUHG UHSOD\� 7KH PDJLF
QXPEHU WXUQV RXW WR EH ��� 0DQXDO UHYHUVH HQJLQHHULQJ IURP
WKHUH HDVLO\ UHYHDOHG WKH FRPSOHWH NH\ FRPSXWDWLRQ DOJRULWKP�
6RPH DGGLWLRQDO PDWKHPDWLFDO DQDO\VLV LQGLFDWHG D YHU\ ORZ
NH\ GHQVLW\� RQO\ � LQ ������ RI WKH SRVVLEOH NH\V DUH DFWXDOO\
YDOLG�
:H WKHQ SURFHHGHG WR H[WUDFW VRXUFH FRGH IRU WKH NH\

FRPSXWDWLRQ IXQFWLRQ� DV WKH ORZ NH\ GHQVLW\ LQGLFDWHG WKDW
KDUQHVVLQJ LW DQG WU\LQJ UDQGRP NH\V ZRXOG EH VXFFHVVIXO�
4(08
V SK\VLFDO PHPRU\ GXPS IHDWXUH UXQ DW WKH HQG RI
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)LJ� �� 0HDVXUH RI WDLQWHG FRPSXWDWLRQ DV D IXQFWLRQ RI LQ�
VWUXFWLRQ FRXQW UHYHDOV ZKHUH &' NH\ YDOLGDWLRQ FRPSXWDWLRQ
RFFXUV�

UHSOD\ SOXV WKH 9RODWLOLW\ )UDPHZRUN >�@ HDVLO\ H[WUDFWHG WKH
LQVWDOOHU ELQDU\� ,'$ 3UR
V +H[5D\V GHFRPSLOHU ZDV WKHQ XVHG
WR UHFUHDWH VRXUFH FRGH ZKLFK UHTXLUHG RQO\ OLJKW HGLWLQJ DQG
VRPH HUURU FRUUHFWLRQ WR FRPSLOH� 7KLV H[WUDFWHG IXQFWLRQ ZH
KDUQHVVHG DV DQ RUDFOH LQ D VPDOO & SURJUDP� IHHGLQJ LW UDQGRP
NH\V WR ÀQG YDOLG RQHV� ZKLFK ZH WKHQ YHULÀHG VXFFHVVIXOO\
XQORFNHG WKH LQVWDOOHU� ,W VKRXOG EH QRWHG WKDW� HYHQ ZLWKRXW
DQ\ PDQXDO UHYHUVH HQJLQHHULQJ� LW ZRXOG KDYH EHHQ IHDVLEOH
LQ WKLV FDVH WR JHQHUDWH D UDQGRP NH\ LQ WKLV ZD\� +RZHYHU�
WKDW PLJKW QRW KDYH EHHQ WKH FDVH� ,I WKH &'�NH\ V\VWHP KDG
EHHQ GHVLJQHG IRU D ORZHU NH\ GHQVLW\� ZH ZRXOG KDYH KDG
WR LQYHUW WKH GHFU\SWLRQ DOJRULWKP� ,Q 6WDU&UDIW
V FDVH� WKDW
ZRXOG QRW EH WHUULEO\ GLIÀFXOW� EXW IRU RWKHU JDPHV LW PLJKW EH
LPSRVVLEOH� %LQDU\ SDWFKLQJ RU VLPLODU WHFKQLTXHV ZRXOG WKHQ
KDYH EHHQ QHFHVVDU\ LQ RUGHU WR SOD\ WKH JDPH� ZKLFK ZRXOG
EH HDV\ JLYHQ WKH 5( NQRZOHGJH DOUHDG\ DVVHPEOHG LQ WKLV
HIIRUW�
7KLV 5( HIIRUW ZDV YHU\ VXFFHVVIXO� 3$1'$ DOORZHG XV WR

H[WUHPHO\ UDSLGO\ ORFDWH WKH FRGH RI LQWHUHVW� DV ZHOO DV ÀQG WKH
FRPSDULVRQ YDOXH RI WKH WHVW� 7KH SOXJLQ HQDEOHG
XV WR UHGXFH WKH UHSOD\ WR D VL]H ZKHUH FRPSOLFDWHG DQDO\VLV
ZDV LPPHGLDWHO\ WUDFWDEOH�
$GGLWLRQDOO\� ZH WULHG XVLQJ D PRUH FRPSOLFDWHG WDLQW�EDVHG

VHULHV RI SOXJLQV IRU WKLV 5( WDVN ZLWK YHU\ JRRG UHVXOWV� :H
XVHG 7=% WR DSSO\ WDLQW ODEHOV WR WKH &' NH\ DQG WKHQ FRPSXWH
D PHDVXUH RI KRZ PXFK FRPSXWDWLRQ KDV WDNHQ SODFH ZLWK
WDLQWHG GDWD� 7KLV PHDVXUH LV SORWWHG LQ )LJXUH � DV D IXQFWLRQ
RI WKH LQVWUXFWLRQ FRXQW LQ D SRUWLRQ RI WKH UHSOD\ IRU 6WDUFUDIW
LQVWDOO� DQG LW FOHDUO\ LQGLFDWHV D YHU\ VPDOO UHSOD\ UHJLRQ RI
DERXW ������ LQVWUXFWLRQV ZKHUH WKH NH\ LV GHFU\SWHG DQG VRPH
ELW�VSUHDGLQJ WDNHV SODFH� )XUWKHU� LI ZH DVN WKH WDLQW V\VWHP
WR LGHQWLI\ WKH FRGH UHVSRQVLEOH IRU WKRVH FRPSXWDWLRQV� WKH
UHVXOW LV MXVW WZHQW\ EDVLF EORFNV RI FRGH� 2I WKHVH� WKH EORFN
WKDW SHUIRUPV WKH PRVW FRPSXWDWLRQ LV WKH RQH WKDW GHFU\SWV
WKH NH\� 7KLV WDLQW�EDVHG DQDO\VLV LV SRZHUIXO EXW LW LV QRW IDVW�
7KH ��VHFRQG VFLVVRUHG UHSOD\ WKDW FRQWDLQV HYHU\WKLQJ IURP
ÀUVW 7=% PDWFK RI &' NH\ WR VHHLQJ WKH LQYDOLG NH\ GLDORJ
WDNHV RYHU ��� VHFRQGV WR DQDO\]H DQG SURGXFH WKH JUDSK LQ
WKLV SDSHU�



%� 'HHS 9XOQHUDELOLW\ 'LDJQRVLV

9XOQHUDELOLWLHV RIWHQ KDYH GHHS FDXVHV� ZKHUH WKH XQGHUO\LQJ
EXJ FDQ RFFXU ZHOO EHIRUH D SRWHQWLDO FUDVK RU H[SORLW� 2QH
FODVVLF H[DPSOH LV WKH XVH�DIWHU�IUHH EXJ LQ ZKLFK D SURJUDP
UHWDLQV D GDQJOLQJ SRLQWHU UHIHUHQFLQJ IUHHG PHPRU\� GHUHIHU�
HQFLQJ LW PXFK ODWHU� )UHTXHQWO\ WKLV GHUHIHUHQFH ZLOO FDXVH
WKH SURJUDP WR FUDVK E\ FRUUXSWLQJ SURJUDP RU KHDS GDWD
VWUXFWXUHV� EXW WKH FUDVK LWVHOI ZLOO JLYH QR KLQW DERXW WKH
GDQJOLQJ SRLQWHU���ZKHUH LW ZDV FUHDWHG� ZKHQ WKH PHPRU\
ZDV IUHHG� RU HYHQ WKDW WKH EXJ LQYROYHG D XVH�DIWHU�IUHH DW
DOO�
$V DQ H[HUFLVH� ZH KDG RQH WHDP PHPEHU SUHSDUH D UHSOD\

FRQWDLQLQJ D WULJJHUHG YXOQHUDELOLW\� 7KLV UHSOD\ ZDV WKHQ JLYHQ
RXW ZLWK QR LQIRUPDWLRQ RWKHU WKDQ WKDW DQ DSSOLFDWLRQ FUDVKHG
ZLWK WKH VWDQGDUG :LQGRZV HUURU PHVVDJH� CC$SSOLFDWLRQ KDV
VWRSSHG ZRUNLQJ�

 )LUVW� ZH XVHG WKH SOXJLQ WR
PDNH D VHULHV RI FDSWXUHV IURP WKH YLGHR FDUG IUDPHEXIIHU
DQG VWLWFK WKHP WRJHWKHU LQWR D YLGHR RI UHSOD\ H[HFXWLRQ� 7KLV
LQGLFDWHG WKDW WKH IDLOLQJ SURFHVV ZDV ,QWHUQHW ([SORUHU� DQG
WKDW WKH YXOQHUDELOLW\ ZDV WULJJHUHG E\ ORDGLQJ DQ +70/ ÀOH�
:H WKHQ XVHG 7=% WR VHDUFK IRU CC�+70/

 DQG CCKDV VWRSSHG
ZRUNLQJ

� WKLV JDYH XV WHPSRUDO ERXQGV LQ WKH UHSOD\ IRU ZKHUH
WKH EXJ PXVW EH� 7KH SOXJLQ HQDEOHG XV WR UHGXFH
WKH VL]H RI WKH UHSOD\ DQG PDNH KHDYLHU DQDO\VHV� 8VLQJ 7=%
DJDLQ� ZH H[WUDFWHG DOO IXUWKHU RXWSXW DW WKH �+70/ WDS SRLQW�
ZKLFK ZDV H[DFWO\ WKH IXOO +70/ ZKLFK WULJJHUHG WKH EXJ�
7KH +70/ LQGLFDWHG WKDW WKH YXOQHUDELOLW\ ZDV SUREDEO\ D
XVH�DIWHU�IUHH�
:H WKHQ ZURWH D FXVWRP XVH�DIWHU�IUHH GHWHFWRU SOXJLQ IRU

3$1'$ WR ORFDWH WKH XVH�DIWHU�IUHH� 7KH GHWHFWRU ZDV ZULWWHQ
IRU :LQGRZV� EXW FRXOG HDVLO\ EH DGDSWHG IRU RWKHU RSHUDWLQJ
V\VWHPV� ,W WUDFNV FDOOV WR :LQGRZV
V ORZ�OHYHO 5WO$OORFDWH�
+HDS� 5WO)UHH+HDS� DQG 5WO5H$OORFDWH+HDS� DQG LW PDLQWDLQV
VKDGRZ OLVWV RI DOORFDWHG DQG IUHHG PHPRU\� :KHQ D SRLQWHU
WR IUHHG PHPRU\ LV GHUHIHUHQFHG� D XVH�DIWHU�IUHH KDV RFFXUUHG
DQG WKH SOXJLQ GHWHFWV LW� 7KLV DSSURDFK SURGXFHV VRPH IDOVH
QHJDWLYHV �VLQFH D QHZ DOORFDWLRQ PD\ KDYH VLQFH RFFXSLHG
WKH IUHH VSDFH�� EXW LQ WKLV FDVH LW VXFFHVVIXOO\ GHWHFWHG WKH
XVH�DIWHU�IUHH EXJ� /RRNLQJ XS WKH UHOHYDQW IXQFWLRQ XVLQJ
:LQGRZV GHEXJ V\PEROV TXLFNO\ LGHQWLÀHG WKH EXJ DV &9(�
����������
,Q D UHDO VLWXDWLRQ� WKH DQDO\VW ZRXOG XVXDOO\ EH JLYHQ DQ

+70/ ÀOH ZKLFK WULJJHUHG WKH EXJ� EXW ZH IHOW WKLV H[DPSOH
ZRXOG LOOXVWUDWH KRZ 3$1'$
V EXLOW�LQ SOXJLQV LQWHJUDWH ZHOO
ZLWK FXVWRP DQDO\VHV WR JLYH GHHS LQVLJKW LQWR V\VWHP EH�
KDYLRU� 2QH SHUVRQ ZURWH WKH XVH�DIWHU�IUHH GHWHFWRU LQ DERXW
�� KRXUV RI ZRUNLQJ WLPH DQG DERXW ��� OLQHV RI FRGH DV
PHDVXUHG E\ VORF� )XUWKHU ZRUN FRXOG HDVLO\ DGG IXOO WUDFNLQJ
LQIUDVWUXFWXUH IRU GDQJOLQJ SRLQWHUV� IURP FUHDWLRQ WR XVH� 7KLV
DGGLWLRQ ZRXOG HQDEOH WKH GHWHFWLRQ RI H[SORLWV DV ZHOO DV
FUDVKHV�
,Q WKLV FDVH VWXG\� WKH UHSHDWDELOLW\ RI 3$1'$ UHSOD\V ZDV D

NH\ DGYDQWDJH� ,W LV PXFK HDVLHU WR ZULWH FXVWRP SOXJLQV ZKHQ
WKH\ DUH ZULWWHQ WR WDUJHW D VSHFLÀF UHSOD\� DV WKH DXWKRU GRHV
QRW KDYH WR ZRUU\ DERXW ZULWLQJ WKH SOXJLQ LQ IXOO JHQHUDOLW\�

LQVWHDG� WKH\ FDQ KDUGFRGH DGGUHVVHV DQG WUDFH SRLQWV WR JDWKHU
LQIRUPDWLRQ DW NH\ HYHQWV�

&� 8QFRYHULQJ &HQVRUVKLS %ODFNOLVWV

$V ZH GLVFXVVHG LQ 6HFWLRQ ,� ZH FDQQRW DOZD\V WUXVW WKDW WKH
VRIWZDUH ZH XVH LV DFWLQJ LQ RXU LQWHUHVWV� )RU H[DPSOH� PDQ\
LQVWDQW PHVVDJLQJ FOLHQWV DFWLYHO\ FHQVRU WKH FKDWV RI &KLQHVH
XVHUV >��@� >��@� 6XFK FHQVRUVKLS FDQ HLWKHU EH GRQH DW WKH
VHUYHU RU E\ XVLQJ D FOLHQW�VLGH EORFNOLVW WKDW LV SHULRGLFDOO\
XSGDWHG� ,Q WKH IRUPHU FDVH 3$1'$ FDQ EH RI QR KHOS� VLQFH
WKHUH LV QR FRGH DYDLODEOH WR UXQ DQG H[DPLQH LQ YLYR� KRZHYHU�
LQ WKH ODWWHU ZH FDQ XVH 3$1'$ WR H[WUDFW D OLVW RI FHQVRUHG
ZRUGV IURP WKH FOLHQW� :H H[DPLQHG /,1( PHVVHQJHU� ZKLFK
KDV EHHQ IRXQG >��@ WR FHQVRU &KLQHVH XVHUV� 7KH &LWL]HQ/DE
DQDO\VLV ZDV GRQH RQ YHUVLRQ ������ ZH XVHG WKH PRVW UHFHQW
YHUVLRQ DYDLODEOH� ������ ZKLFK ZH GRZQORDGHG IURP *RRJOH
3OD\�
$IWHU LQVWDOOLQJ /,1( LQVLGH 3$1'$� ZH IRXQG WKDW WKH

UHJLVWUDWLRQ SURFHVV UHTXLUHV 606 YHULÀFDWLRQ� EHFDXVH ZH GLG
QRW KDYH DFFHVV WR D &KLQHVH PRELOH QXPEHU� ZH VLJQHG XS
XVLQJ D 86 SKRQH QXPEHU� ZKLFK FDXVHV /,1( WR E\SDVV LWV
FHQVRUHG ZRUG FKHFNV� 5HIHUULQJ WR &LWL]HQ/DE
V SUHYLRXVO\
SXEOLVKHG DQDO\VLV� ZH ZHUH DEOH WR PRGLI\ /,1(
V
VHWWLQJV GDWDEDVH DQG FKDQJH RXU UHJLRQ WR � +DG ZH EHHQ
DEOH WR REWDLQ D &KLQHVH SKRQH QXPEHU �UHJLRQ FRGH ���
FDSDEOH RI UHFHLYLQJ 606 PHVVDJHV� WKLV VWHS FRXOG KDYH EHHQ
VNLSSHG�
2QFH RXU UHJLRQ ZDV FRUUHFWO\ VHW WR &KLQD� ZH FUHDWHG D

UHFRUGLQJ LQ ZKLFK ZH ODXQFKHG WKH /,1( PHVVHQJHU DQG VHQW
DQ LQVWDQW PHVVDJH WR DQRWKHU XVHU� 7KH PHVVDJH VHQW GLG QRW
LQFOXGH DQ\ FRQWHQW ZH WKRXJKW PLJKW EH FHQVRUHG� 6LPSO\ E\
VHQGLQJ WKH ,0� ZH VXSSRVHG WKDW /,1( ZRXOG VWLOO KDYH WR
ORDG LWV FHQVRUHG ZRUGV OLVW DQG FKHFN RXU PHVVDJH DJDLQVW LW�
ZKLFK ZRXOG OHDYH LW RSHQ WR H[WUDFWLRQ E\ 3$1'$�
7R ÀQG WKH HQFU\SWHG ZRUGOLVW� ZH HPSOR\HG 7=%� GH�

VFULEHG LQ 6HFWLRQ ,,,�$� *XHVVLQJ WKDW D FHQVRUVKLS OLVW IRU
&KLQD PLJKW FRQWDLQ WHUPV VXFK DV CC)DOXQ

 �֚ਆ� DQG
CC7LDQDQPHQ

 �ϳԥ՟�� ZH VHDUFKHG DOO PHPRU\ UHDGV DQG
ZULWHV PDGH E\ /,1( IRU WKH 87)�� HQFRGHG YHUVLRQV RI
WKHVH ZRUGV� 7KLV JDYH XV D VHW RI WDS SRLQWV WKDW FRQWDLQHG
WKH VHQVLWLYH ZRUGV� $V ZH VXVSHFWHG� WKH ZRUGV ZH VRXJKW
ZHUH LQGHHG LQFOXGHG LQ /,1(
V OLVW RI FHQVRUHG ZRUGV� IRXU
VHSDUDWH WDS SRLQWV FRQWDLQHG ERWK )DOXQ DQG 7LDQDQPHQ� DORQJ
ZLWK ��� RWKHU ZRUGV�
%HFDXVH DSSOLFDWLRQV RQ $QGURLG DUH ZULWWHQ LQ -DYD DQG

-,7HG XVLQJ WKH 'DOYLN YLUWXDO PDFKLQH� WKH ORFDWLRQ RI WKH
FRGH WKDW KDQGOHG WKH FHQVRUVKLS EODFNOLVW ZDV QRW SDUWLFXODUO\
LOOXPLQDWLQJ� LQ DGGLWLRQ� WKH GDWD SDVVLQJ WKURXJK WKH WDS SRLQW
LQFOXGHG D ODUJH DPRXQW RI LUUHOHYDQW GDWD� 7R H[WUDFW MXVW WKH
FHQVRUHG ZRUG OLVW� ZH LQVWHDG ORRNHG DW WKH DGGUHVV RI WKH
PHPRU\ WKDW ZDV DFFHVVHG� DQG ZURWH D QHZ SOXJLQ FDOOHG

WKDW UHFRUGV HYHU\ UHDG DQG ZULWH WR D JLYHQ PHPRU\
UHJLRQ� :H WKHQ UDQ WKH UHSOD\ D VHFRQG WLPH� SURYLGLQJ

WKH PHPRU\ UDQJH ZH VDZ WKH FHQVRUVKLS OLVW EHLQJ
ZULWWHQ WR� DQG IURP LWV RXWSXW REWDLQHG WKH IXOO OLVW ZLWKRXW



DQ\ H[WUDQHRXV LQIRUPDWLRQ�� 7R VDYH VSDFH� WKH FHQVRUVKLS
EODFNOLVW LWVHOI LV RPLWWHG IURP WKLV SDSHU� EXW FDQ EH IRXQG DW�

KWWS���FF�JDWHFK�HGX�aEUHQGDQ�OLQH�W[W

+DG WKH ZRUGV ZH WKRXJKW RI QRW EHHQ SUHVHQW LQ WKH
FHQVRUVKLS EODFNOLVW� ZH FRXOG KDYH SURFHHGHG ZLWK D PRUH
VRSKLVWLFDWHG DQDO\VLV� 3$1'$
V UHFRUG DQG UHSOD\ IXQFWLRQ�
DOLW\ DQG SOXJLQ V\VWHP DOORZ XV WR UXQ DQDO\VHV RI LQFUHDVLQJ
VRSKLVWLFDWLRQ RYHU WKH VDPH H[HFXWLRQ� ]HURLQJ LQ RQ WKH
GHVLUHG IXQFWLRQDOLW\ RU GDWD SUHVHQW LQ WKH SURJUDP ZH DUH
UHYHUVH HQJLQHHULQJ� 6XFK LWHUDWLYH DQDO\VHV DUH WUHPHQGRXVO\
VLPSOLÀHG LQ 3$1'$ FRPSDUHG WR WUDGLWLRQDO� QRQ�UHSOD\
EDVHG G\QDPLF DQDO\VLV� IRU H[DPSOH� ERWK WKH FHQVRUVKLS
ZRUGOLVW EXIIHU DQG WKH -,7HG 'DOYLN FRGH VWD\HG DW WKH VDPH
PHPRU\ DGGUHVV WKURXJKRXW WKH HQWLUH DQDO\VLV� PDNLQJ LW
WULYLDO WR DSSO\ DQDO\VHV WR WKH VDPH REMHFWV HDFK WLPH�
:H DOVR VLGHVWHSSHG VRPH FKDOOHQJHV E\ IRFXVLQJ RQ D

G\QDPLF DQDO\VLV� /,1(
V FHQVRUVKLS OLVWV DUH HQFU\SWHG ZLWK
$(6� DQG D VWDWLF DSSURDFK ZRXOG KDYH KDG WR ÀQG WKH NH\
HPEHGGHG LQ WKH SURJUDP LQ RUGHU WR JHW WKH FOHDUWH[W OLVW�
%\ ORRNLQJ DW PHPRU\ DFFHVVHV� ZH ZHUH HIIHFWLYHO\ DEOH WR
LJQRUH WKH HQFU\SWLRQ DOWRJHWKHU� ,Q DOO� RQFH WKH UHJLRQ ZDV
FRUUHFWO\ VHW LQ /,1(� WKH HQWLUH DQDO\VLV WRRN DERXW IRXU KRXUV�
LQFOXGLQJ WKH WLPH WR ZULWH DQG GHEXJ WKH SOXJLQ�

5HSURGXFLQJ WKHVH 5HVXOWV
:H KDYH GHVLJQHG 3$1'$ VR WKDW DQDO\VHV FDQ EH VKDUHG

ZLWK RWKHUV� $FFRUGLQJO\� ZH KDYH PDGH WKH UHSOD\ ORJV
DYDLODEOH RQ UUVKDUH�RUJ� LQFOXGHG WKH DQDO\VLV SOXJLQV LQ RXU
*LW+XE UHSRVLWRU\ >�@� DQG SRVWHG LQVWUXFWLRQV IRU UXQQLQJ
3$1'$ WR UHSURGXFH WKH XVH FDVHV LQ WKLV VHFWLRQ DW

KWWS���FF�JDWHFK�HGX�aEUHQGDQ�SDQGDBUHBUHSUR�KWPO

9� 5HODWHG :RUN
:H EHOLHYH WKDW 3$1'$
V FRPELQDWLRQ RI UHSHDWDEOH G\�

QDPLF DQDO\VLV� SRZHUIXO DUFKLWHFWXUH�QHXWUDO DQDO\VHV� DQG
PRGXODU DUFKLWHFWXUH IRUP D XQLTXHO\ SRZHUIXO HQYLURQPHQW
IRU UHYHUVH HQJLQHHULQJ� +RZHYHU� WKH LQGLYLGXDO FRPSRQHQWV
RI 3$1'$ DUH EXLOW RQ D ULFK ERG\ RI ZRUN RQ G\QDPLF ELQDU\
LQVWUXPHQWDWLRQ� UHFRUG DQG UHSOD\� DQG WDLQW DQDO\VLV� ZKLFK
ZH VXUYH\ LQ WKLV VHFWLRQ�
$ QXPEHU RI V\VWHPV KDYH DSSURDFKHG WKH SUREOHP RI

LQVWUXPHQWLQJ ELQDU\ SURJUDPV DW UXQWLPH� $W WKH OHYHO RI
DQ LQGLYLGXDO SURJUDP� V\VWHPV VXFK DV 3LQ >��@ DQG '\�
QDPR5,2 >�@ XVH G\QDPLF ELQDU\ WUDQVODWLRQ WR SURYLGH DQ
$3, VLPLODU WR 3$1'$
V WKDW DOORZV XVHUV WR LQVWUXPHQW EDVLF
EORFN H[HFXWLRQ� PHPRU\ DFFHVVHV� DQG VR RQ� $W WKH ZKROH�
V\VWHP OHYHO� WKH %LW%OD]H SURMHFW >��@ �DQG LQ SDUWLFXODU LWV
7(08 FRPSRQHQW�� 6�( >�@� DQG '(&$) >��@ DUH DOO 4(08�
EDVHG DQG KDYH IXQFWLRQDOLW\ WKDW RYHUODSV ZLWK SLHFHV RI
3$1'$ �LQGHHG� VRPH SDUWV RI 3$1'$ DUH GLUHFWO\ GHULYHG
IURP WKHVH SURMHFWV� RXU //90 WUDQVODWLRQ FRPHV IURP 6�(�
DQG VRPH RI WKH $QGURLG LQWURVSHFWLRQ FRGH LV GHULYHG IURP

�:H DOVR YHULÀHG WKDW WKH H[WUDFWHG OLVW ZDV FRUUHFW E\ PDQXDOO\ DQDO\]LQJ
D GHFRPSLOHG YHUVLRQ RI /,1(�

'URLG6FRSH� WKH SURJHQLWRU RI '(&$)�� 3$1'$
V QRYHOW\ DQG
HIIHFWLYHQHVV FRPH IURP WKH IRFXV RQ SURYLGLQJ UHSHDWDEOH�
PRGXODU DQDO\VHV WKDW FDQ GUDZ RQ VRSKLVWLFDWHG WHFKQLTXHV
VXFK DV WDLQW ZLWKRXW SHUWXUELQJ H[HFXWLRQ�
5HFRUG DQG UHSOD\ LWVHOI LV D ZHOO�VWXGLHG UHVHDUFK DUHD LQ

VRIWZDUH HQJLQHHULQJ� 7KH LGHD WKDW UHSOD\ FDQ DOORZ DQDO\VHV
WR EH GHFRXSOHG IURP H[HFXWLRQ ZDV ÀUVW UHFRJQL]HG E\ &KRZ
HW DO� LQ $IWHUVLJKW >�@� WKLV LQVLJKW LV FUXFLDO WR 3$1'$
V
PRGHO IRU UHYHUVH HQJLQHHULQJ� 7KHUH KDYH EHHQ D QXPEHU RI
ZKROH�V\VWHP UHFRUG DQG UHSOD\ HIIRUWV SULRU WR 3$1'$� WKH
PRVW SURPLQHQW RI WKHVH DUH 90:DUH
V �QRZ GLVFRQWLQXHG�
UHFRUG DQG UHSOD\ V\VWHP >��@� 7790 >��@� DQG 5H9LUW >��@�
7R WKH EHVW RI RXU NQRZOHGJH� KRZHYHU� 3$1'$ LV WKH ÀUVW
RSHQ�VRXUFH� ZLGHO\ DYDLODEOH V\VWHP WKDW VXSSRUWV UHFRUG DQG
UHSOD\ RI PXOWLSOH &38 DUFKLWHFWXUHV DQG SURYLGHV FRPSDFW
UHFRUGLQJ ORJV WKDW FDQ EH VKDUHG DQG UHSURGXFHG RQ RWKHU
PDFKLQHV�
7KH EDVLF SULQFLSOH RI WDLQWLQJ GDWD DQG WKHQ IROORZLQJ

LWV SURSDJDWLRQ WKURXJK D V\VWHP KDV EHHQ H[SORUHG DW OHDVW
VLQFH 3HUO
V LQWURGXFWLRQ RI WKH CC�7

 ÁDJ WR HQDEOH WDLQWHG
YDULDEOH FKHFNLQJ LQ ���� >�@� 8QGHU D VRPHZKDW EURDGHU
LQWHUSUHWDWLRQ RI WDLQW DQDO\VLV� RQH FRXOG DUJXH WKDW HDUOLHU
LQIRUPDWLRQ ÁRZ PRGHOV RI VHFXULW\ VXFK DV %HOO�/D3DGXOD >�@
IRUHVKDGRZHG PRUH UHFHQW DQDO\VHV� 7KH PRGHUQ VWUDLQ RI
UHVHDUFK LQ WDLQW DQDO\VLV� KRZHYHU� EHJLQV LQ ����� ZKHQ VHY�
HUDO SDSHUV LQGHSHQGHQWO\ SURSRVHG WUDFNLQJ WKH ÁRZ RI LQSXW
GDWD WR GHWHFW H[SORLWDWLRQ RI VRIWZDUH YXOQHUDELOLWLHV >��@�
>��@� >��@� 6XEVHTXHQW UHVHDUFK KDV IRFXVHG RQ LPSURYLQJ
WKH HIÀFLHQF\ DQG SUHFLVLRQ RI WDLQW DQDO\VLV >��@� >��@� 0RVW
UHFHQWO\� VHYHUDO RI WKH DXWKRUV RI WKLV SDSHU GHVLJQHG WKH
DUFKLWHFWXUH�QHXWUDO WDLQW DQDO\VLV V\VWHP XVHG LQ 3$1'$ >��@�
,QGHSHQGHQWO\� +HQGHUVRQ HW DO� KDYH DOVR SURSRVHG D 4(08�
EDVHG DUFKLWHFWXUH�QHXWUDO WDLQW DQDO\VLV V\VWHP >��@� 3$1'$
V
GLIIHUV PDLQO\ LQ EHLQJ EDVHG RQ //90 UDWKHU WKDQ 4(08
V
RZQ 7&* DQG LQ LWV DELOLW\ WR IROORZ WDLQW WKURXJK 4(08
V
CCKHOSHU IXQFWLRQV

� ZKLFK DUH LPSOHPHQWHG LQ &� 7KLV GLI�
IHUHQFH YDVWO\ HQODUJHV WKH VSDFH RI SURJUDPV 3$1'$ FDQ
DQDO\]H� DV LW FDQ SURFHVV ÁRDWLQJ SRLQW LQVWUXFWLRQV DQG RWKHU
SURFHVVRU H[WHQVLRQV�

9,� /LPLWDWLRQV DQG )XWXUH :RUN
3$1'$ FXUUHQWO\ KDV D QXPEHU RI OLPLWDWLRQV WKDW ZH KRSH

WR DGGUHVV LQ IXWXUH ZRUN� 7KLV VHFWLRQ JLYHV DQ RYHUYLHZ RI
LWV PDLQ GHÀFLHQFLHV DQG RXU SODQV WR DGGUHVV WKHP�

3HUIRUPDQFH� 3$1'$
V UHVSRQVLYHQHVV ZKHQ LQWHUDFWLQJ
ZLWK D JXHVW YLUWXDO PDFKLQH GXULQJ UHFRUG KDV VR IDU EHHQ
DGHTXDWH IRU RXU SXUSRVHV� DQG LWV UHSOD\�EDVHG DQDO\VHV GR
QRW UHTXLUH LQWHUDFWLRQ� 1HYHUWKHOHVV� ZH GR KRSH WR UHGXFH
UHFRUG�WLPH RYHUKHDG� 7KH SULPDU\ VRXUFH RI RYHUKHDG LV WKH
QHHG WR NHHS WUDFN RI WKH QXPEHU RI LQVWUXFWLRQV H[HFXWHG
DQG WKH FXUUHQW SURJUDP FRXQWHU DW WKH LQVWUXFWLRQ OHYHO� ,W
ZRXOG EH D PRGHUDWH HQJLQHHULQJ HIIRUW WR DGGUHVV WKLV� $
PXFK PRUH VLJQLÀFDQW VSHHGXS FRXOG EH DFKLHYHG E\ UHFRUGLQJ
XQGHU KDUGZDUH YLUWXDOL]DWLRQ YLD .90 >��@ DQG RQO\ XVLQJ
&38 HPXODWLRQ GXULQJ UHSOD\� 7KLV ZRXOG UHTXLUH D VLJQLÀFDQW
LPSOHPHQWDWLRQ HIIRUW� KRZHYHU� DV .90 GRHV QRW QDWLYHO\



VXSSRUW WKH PHFKDQLVPV RI RXU UHFRUG � UHSOD\� 2WKHU LQHI�
ÀFLHQFLHV PLJKW EH PRUH LPSRUWDQW WR DGGUHVV� VXFK DV WKH
��[ VORZGRZQ IRU H[HFXWLRQ XQGHU //90 WUDQVODWLRQ DQG WKH
������[ SHQDOW\ IRU WDLQW DQDO\VLV�

$UFKLWHFWXUH 6XSSRUW� $OWKRXJK 3$1'$ LV LQ SULQFLSOH
DUFKLWHFWXUH�QHXWUDO� WKHUH DUH D QXPEHU RI IHDWXUHV WKDW KDYH
QRW \HW EHHQ SRUWHG WR DOO DUFKLWHFWXUHV� 7KH PRVW VLJQLÀFDQW RI
WKHVH LV UHFRUG � UHSOD\� DOWKRXJK LQ SULQFLSOH VXSSRUWLQJ PRUH
DUFKLWHFWXUHV VKRXOG EH D VLPSOH PDWWHU RI GHWHUPLQLQJ WKH
DUFKLWHFWXUDO VRXUFHV RI QRQGHWHUPLQLVP DQG ZUDSSLQJ WKHP LQ
RXU H[LVWLQJ UHFRUG DQG UHSOD\ PHFKDQLVPV� ZH KDYH QRW \HW
PDGH WKLV HIIRUW RQ DOO DUFKLWHFWXUHV� 7KH KLJKHVW SULRULW\ FDVHV
DUH 0,36 DQG 3RZHU3&� DV WKHVH &38V DUH XVHG H[WHQVLYHO\ LQ
HPEHGGHG GHYLFHV WKDW ZH ZLVK WR DQDO\]H� //90 WUDQVODWLRQ
LV DOVR QRW FXUUHQWO\ HQDEOHG IRU DOO DUFKLWHFWXUHV� EXW WKLV ZLOO
UHTXLUH PXFK OHVV ZRUN� DV WKHUH DUH D UHODWLYHO\ VPDOO QXPEHU
RI FKDQJHV QHHGHG WR VXSSRUW //90 WUDQVODWLRQ DQG H[HFXWLRQ
RQ RWKHU DUFKLWHFWXUHV�

,QWURVSHFWLRQ� 6RPH DQDO\VHV PD\ UHTXLUH DGGLWLRQDO�
KLJKHU�OHYHO LQIRUPDWLRQ DERXW WKH VWDWH RI WKH UXQQLQJ V\VWHP�
)RU H[DPSOH� DQ DQDO\VLV SOXJLQ PLJKW ZLVK WR UHVWULFW LWV
DWWHQWLRQ WR MXVW RQH SURJUDP RU RQH PRGXOH ZLWKLQ D SURJUDP�
WKLV UHTXLUHV VRPH OHYHO RI 26 NQRZOHGJH� :H SODQ WR FUHDWH
QHZ SOXJLQV WKDW HQFDSVXODWH WKH GRPDLQ�VSHFLÀF NQRZOHGJH
QHFHVVDU\ WR UHWULHYH XVHIXO LQIRUPDWLRQ DERXW YDULRXV JXHVW
26HV DQG H[SRVH WKDW VWDWH YLD D SXEOLF $3,� HLWKHU E\
OHYHUDJLQJ H[LVWLQJ LQWURVSHFWLRQ WRROV VXFK DV 9RODWLOLW\ >�@ RU
UHO\LQJ RQ VPDOO FXVWRP�EXLOW LQWURVSHFWLRQ FRGH RI RXU RZQ�
7UXWK EH WROG� LW LV PRVW OLNHO\ WKDW ZH ZLOO SURGXFH PRUH

DQDO\VLV SOXJLQV WR VXSSRUW LQWHUHVWLQJ DQG FRPSOH[ UHYHUVH
HQJLQHHULQJ VFHQDULRV EHIRUH ZH DGGUHVV WKH DERYH OLPLWDWLRQV�
:KLOH LW ZRXOG EH QLFH WR KDYH D VOLJKWO\ IDVWHU DQG PRUH
IHDWXUHIXO 3$1'$� WKHVH OLPLWDWLRQV GR QRW FXUUHQWO\ UHSUHVHQW
CCSDLQ SRLQWV

 WKDW KDPSHU RXU GDLO\ ZRUN� DQG ZH DUH IDU PRUH
LQWHUHVWHG LQ QHZ DSSOLFDWLRQV RI 3$1'$� 2I FRXUVH� DV DQ
RSHQ VRXUFH SURMHFW ZH ZHOFRPH DQ\ FRQWULEXWLRQV IURP WKH
FRPPXQLW\�

9,,� &RQFOXVLRQ
:H KDYH EHHQ DFWLYHO\ XVLQJ 3$1'$ IRU WKH SDVW WZR \HDUV

WR TXLFNO\ UHYHUVH HQJLQHHU ODUJH� UHDO�ZRUOG ELQDU\ V\VWHPV�
,Q WKDW WLPH� ZH KDYH IRXQG LW WR EH LQYDOXDEOH IRU VSHHGLQJ
XS UHYHUVH HQJLQHHULQJ� LQ PRVW FDVHV HLWKHU HQWLUHO\ REYLDWLQJ
WKH QHHG IRU PDQXDO DQDO\VLV� RU SUHFLVHO\ GLUHFWLQJ KXPDQ
DWWHQWLRQ WR WKH FULWLFDO SRUWLRQV RI D ODUJH FRGH EDVH�
7KH DFDGHPLF VWXG\ RI UHYHUVH HQJLQHHULQJ KDV EHHQ VWDOOHG

E\ WKH ZLGHVSUHDG YLHZ WKDW UHYHUVH HQJLQHHULQJ LV D OHVV
WKDQ OHJLWLPDWH ÀHOG RI LQTXLU\� ,W LV RXU KRSH WKDW ZLWK
WKLV SDSHU ZH FDQ EHJLQ WKH UHKDELOLWDWLRQ SURFHVV� :H KDYH
SUHVHQWHG VHYHUDO FRPSHOOLQJ SURVRFLDO XVH FDVHV IRU UHYHUVH
HQJLQHHULQJ DQG SURYLGHG D SRZHUIXO QHZ WRRO WR IDFLOLWDWH
JRRG ZRUN� ,Q GRLQJ VR� ZH KRSH WR HQFRXUDJH IXUWKHU UHVHDUFK
LQWR WRROV DQG WHFKQLTXHV WKDW DXWRPDWH 5( RU PDNH PDQXDO
5( PRUH HIIHFWLYH� 0RUH IXQGDPHQWDOO\� WKRXJK� ZH ZDQW WR
GHPRQVWUDWH WKDW 5( LV D SRZHUIXO WRRO IRU LQYHVWLJDWLQJ WKH
FULWLFDO EXW RSDTXH SURJUDPV WKDW LQFUHDVLQJO\ UXQ RXU ZRUOG�
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=HH �1RUWK� %ULGJH� 0LQLQJ PHPRU\ DFFHVVHV IRU LQWURVSHFWLRQ� ,Q
3URFHHGLQJV RI WKH $&0 &RQIHUHQFH RQ &RPSXWHU DQG &RPPXQLFDWLRQV
6HFXULW\ �&&6�� �����

>��@ %UHQGDQ 'RODQ�*DYLWW� 7LP /HHN� 0LFKDHO =KLYLFK� -RQDWKRQ *LIÀQ� DQG
:HQNH /HH� 9LUWXRVR� 1DUURZLQJ WKH VHPDQWLF JDS LQ YLUWXDO PDFKLQH
LQWURVSHFWLRQ� ,Q 3URFHHGLQJV RI WKH ,((( 6\PSRVLXP RQ 6HFXULW\ DQG
3ULYDF\ �2DNODQG�� 0D\ �����

>��@ *HRUJH : 'XQODS� 6DPXHO 7 .LQJ� 6XNUX &LQDU� 0XUWD]D $ %DVUDL�
DQG 3HWHU 0 &KHQ� 5H9LUW� (QDEOLQJ LQWUXVLRQ DQDO\VLV WKURXJK YLUWXDO�
PDFKLQH ORJJLQJ DQG UHSOD\� ,Q 3URFHHGLQJV RI WKH �WK 86(1,;
6\PSRVLXP RQ 2SHUDWLQJ 6\VWHPV 'HVLJQ DQG ,PSOHPHQWDWLRQ �26',��
$&0� �����

>��@ (G )HOWHQ� 6RQ\
V ZHE�EDVHG XQLQVWDOOHU RSHQV D ELJ VHFXULW\ KROH�
6RQ\ WR UHFDOO GLVFV� KWWSV���IUHHGRP�WR�WLQNHU�FRP�EORJ�IHOWHQ�VRQ\V�
ZHE�EDVHG�XQLQVWDOOHU�RSHQV�ELJ�VHFXULW\�KROH�VRQ\�UHFDOO�GLVFV��
1RYHPEHU �����

>��@ 6HWK +DUG\� $VLD &KDWV� ,QYHVWLJDWLQJ UHJLRQDOO\�EDVHG NH\ZRUG FHQ�
VRUVKLS LQ /,1(� KWWSV���FLWL]HQODE�RUJ���������DVLD�FKDWV�LQYHVWLJDWLQJ�
UHJLRQDOO\�EDVHG�NH\ZRUG�FHQVRUVKLS�OLQH�� 1RY �����

>��@ $QGUHZ +HQGHUVRQ� $UDYLQG 3UDNDVK� /RN .ZRQJ <DQ� ;XQFKDR +X�
;XMLHZHQ :DQJ� 5XQGRQJ =KRX� DQG +HQJ <LQ� 0DNH LW ZRUN� PDNH LW
ULJKW� PDNH LW IDVW� %XLOGLQJ D SODWIRUP�QHXWUDO ZKROH�V\VWHP G\QDPLF
ELQDU\ DQDO\VLV SODWIRUP� ,Q 3URFHHGLQJV RI WKH ���� ,QWHUQDWLRQDO
6\PSRVLXP RQ 6RIWZDUH 7HVWLQJ DQG $QDO\VLV� ,667$ ����� SDJHV ����
����� 1HZ <RUN� 1<� 86$� ����� $&0�

>��@ 'LQJ�<RQJ +RQJ� &KXQ�&KHQ +VX� 3HQ�&KXQJ <HZ� -DQ�-DQ :X� :HL�
&KXQJ +VX� 3DQJIHQJ /LX� &KLHQ�0LQ :DQJ� DQG <HK�&KLQJ &KXQJ�
+4(08� $ PXOWL�WKUHDGHG DQG UHWDUJHWDEOH G\QDPLF ELQDU\ WUDQVODWRU
RQ PXOWLFRUHV� ,Q 3URFHHGLQJV RI WKH 7HQWK ,QWHUQDWLRQDO 6\PSRVLXP
RQ &RGH *HQHUDWLRQ DQG 2SWLPL]DWLRQ� &*2 
��� SDJHV ��������� 1HZ
<RUN� 1<� 86$� ����� $&0�



>��@ 3DWULFN -DFNVRQ� 8SVWUHDPLQJ WKH $QGURLG (PXODWRU� KWWS���JVRF���
THPX�DQGURLG�EORJVSRW�FRP�

>��@ 0LQ *\XQJ .DQJ� 6WHSKHQ 0F&DPDQW� 3RQJVLQ 3RRVDQNDP� DQG 'DZQ
6RQJ� '7$��� '\QDPLF WDLQW DQDO\VLV ZLWK WDUJHWHG FRQWURO�ÁRZ
SURSDJDWLRQ� ,Q 1HWZRUN DQG 'LVWULEXWHG 6\VWHPV 6\PSRVLXP �1'66��
�����

>��@ 6DPXHO 7� .LQJ� *HRUJH :� 'XQODS� DQG 3HWHU 0� &KHQ� 'HEXJJLQJ
RSHUDWLQJ V\VWHPV ZLWK WLPH�WUDYHOLQJ YLUWXDO PDFKLQHV� ,Q 3URFHHGLQJV
RI WKH ���� 8VHQL[ $QQXDO 7HFKQLFDO &RQIHUHQFH� �����

>��@ $YL .LYLW\� <DQLY .DPD\� 'RU /DRU� 8UL /XEOLQ� DQG $QWKRQ\ /LJXRUL�
NYP� WKH /LQX[ YLUWXDO PDFKLQH PRQLWRU� ,Q 3URFHHGLQJV RI WKH /LQX[
6\PSRVLXP� YROXPH �� SDJHV ��������� �����

>��@ -HIIUH\ .QRFNHO� -HGLGLDK 5� &UDQGDOO� DQG -DUHG 6DLD� 7KUHH 5H�
VHDUFKHUV� )LYH &RQMHFWXUHV� $Q (PSLULFDO $QDO\VLV RI 720�6N\SH
&HQVRUVKLS DQG 6XUYHLOODQFH� ,Q )UHH DQG 2SHQ &RPPXQLFDWLRQV RQ
WKH ,QWHUQHW� 6DQ )UDQFLVFR� &$� 86$� ����� 86(1,;�

>��@ &KL�.HXQJ /XN� 5REHUW &RKQ� 5REHUW 0XWK� +DULVK 3DWLO� $UWXU .ODXVHU�
*HRII /RZQH\� 6WHYHQ :DOODFH� 9LMD\ -DQDSD 5HGGL� DQG .LP +D]HO�
ZRRG� 3LQ� %XLOGLQJ FXVWRPL]HG SURJUDP DQDO\VLV WRROV ZLWK G\QDPLF
LQVWUXPHQWDWLRQ� ,Q 3URFHHGLQJV RI WKH ���� $&0 6,*3/$1 &RQIHUHQFH
RQ 3URJUDPPLQJ /DQJXDJH 'HVLJQ DQG ,PSOHPHQWDWLRQ� 3/', 
��� SDJHV
��������� 1HZ <RUN� 1<� 86$� ����� $&0�

>��@ -DPHV 1HZVRPH DQG 'DZQ 6RQJ� '\QDPLF WDLQW DQDO\VLV IRU DXWRPDWLF
GHWHFWLRQ� DQDO\VLV� DQG VLJQDWXUH JHQHUDWLRQ RI H[SORLWV RQ FRPPRGLW\
VRIWZDUH� ,Q 1HWZRUN DQG 'LVWULEXWHG 6\VWHPV 6\PSRVLXP �1'66�� �����

>��@ 0DUN 5XVVLQRYLFK� 6RQ\� URRWNLWV DQG GLJLWDO ULJKWV PDQDJHPHQW
JRQH WRR IDU� KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS���ZZZ�
V\VLQWHUQDOV�FRP�EORJ���������VRQ\�URRWNLWV�DQG�GLJLWDO�ULJKWV�KWPO�
2FWREHU �����

>��@ $GDP 6HQIW� $LP 6LQSHQJ� $QGUHZ +LOWV� %\URQ 6RQQH� *UHJ :LVH�
PDQ� ,UHQH 3RHWUDQWR� -DNXE 'DOHN� -DVRQ 4� 1J� .DWLH .OHHPROD�
0DVDVKL &UHWH�1LVKLKDWD� DQG 6HWK +DUG\� $VLD &KDWV� $QDO\]�
LQJ LQIRUPDWLRQ FRQWUROV DQG SULYDF\ LQ $VLDQ PHVVDJLQJ DSSOLFD�
WLRQV� KWWSV���FLWL]HQODE�RUJ���������DVLD�FKDWV�DQDO\]LQJ�LQIRUPDWLRQ�
FRQWUROV�SULYDF\�DVLDQ�PHVVDJLQJ�DSSOLFDWLRQV�� 1RY �����

>��@ 6N\ZLQJ� 3DWFK*XDUG UHORDGHG� $ EULHI DQDO\VLV RI 3DWFK*XDUG YHUVLRQ
�� KWWS���XQLQIRUPHG�RUJ�LQGH[�FJL"Y �	D �� 6HSWHPEHU �����

>��@ 'DZQ 6RQJ� 'DYLG %UXPOH\� +HQJ <LQ� -XDQ &DEDOOHUR� ,YDQ
-DJHU� 0LQ *\XQJ .DQJ� =KHQNDL /LDQJ� -DPHV 1HZVRPH� 3RQJVLQ
3RRVDQNDP� DQG 3UDWHHN 6D[HQD� %LW%OD]H� $ QHZ DSSURDFK WR FRPSXWHU
VHFXULW\ YLD ELQDU\ DQDO\VLV� ,Q ,QIRUPDWLRQ V\VWHPV VHFXULW\� �����

>��@ 90:DUH� (QKDQFHG H[HFXWLRQ UHFRUG�UHSOD\ LQ ZRUNVWDWLRQ ���� �����
KWWS���EORJV�YPZDUH�FRP�ZRUNVWDWLRQ���������HQKDQFHG�H[HFXW�KWPO�

>��@ 5XR\X :DQJ� <DQ 6KRVKLWDLVKYLOL� &KULVWRSKHU .UXHJHO� DQG *LRYDQQL
9LJQD� 6WHDO WKLV PRYLH� $XWRPDWLFDOO\ E\SDVVLQJ GUP SURWHFWLRQ LQ
VWUHDPLQJ PHGLD VHUYLFHV� ,Q 3UHVHQWHG DV SDUW RI WKH ��QG 86(1,; 6H�
FXULW\ 6\PSRVLXP �86(1,; 6HFXULW\ ���� SDJHV ��������� :DVKLQJWRQ�
'�&�� ����� 86(1,;�

>��@ 5\DQ :KHODQ� 7LP /HHN� DQG 'DYLG .DHOL� $UFKLWHFWXUH�LQGHSHQGHQW
G\QDPLF LQIRUPDWLRQ ÁRZ WUDFNLQJ� ,Q 3URFHHGLQJV RI WKH ��1G
,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSLOHU &RQVWUXFWLRQ� &&
��� SDJHV ����
����� %HUOLQ� +HLGHOEHUJ� ����� 6SULQJHU�9HUODJ�

>��@ /RN�.ZRQJ <DQ DQG +HQJ <LQ� 'URLG6FRSH� 6HDPOHVVO\ 5HFRQVWUXFWLQJ
WKH 26 DQG 'DOYLN 6HPDQWLF 9LHZV IRU '\QDPLF $QGURLG 0DOZDUH
$QDO\VLV� ,Q 3URFHHGLQJV RI WKH ��VW 86(1,; &RQIHUHQFH RQ 6HFXULW\
6\PSRVLXP� 6HFXULW\
��� SDJHV ������� %HUNHOH\� &$� 86$� �����
86(1,; $VVRFLDWLRQ�


