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26, ��OD\HU UHIHUHQFH PRGHO�

� 7KH SK\VLFDO OD\HU SURYLGHV DQ XQUHOLDEOH ELW�WUDQVPLVVLRQ IDFLOLW\ � XQUHOLDEOH ELW

SLSH�

� 7KH GDWD OLQN IROORZV VSHFLDO SURFHGXUHV �GDWD OLQN SURWRFROV� LQ RUGHU WR WUDQVPLW

SDFNHWV UHOLDEO\ RYHU XQUHOLDEOH ELW SLSHV � UHOLDEOH SDFNHW OLQN�

� 0DLQ IXQFWLRQV RI WKH GDWD OLQN OD\HU�

�� IUDPLQJ � PDQGDWRU\ IRU WKH GDWD OLQN OD\HU�

�� HUURU FRQWURO � FDQ DSSHDU LQ RQH RI WKH XSSHU OD\HUV�

�� IORZ FRQWURO W\SLFDOO\ LQ WKH WUDQVSRUW OD\HU

4XHVWLRQ�

6RPHWLPHV� HUURU FRQWURO LV SHUIRUPHG ZLWKLQ WKH WUDQVSRUW OD\HU�

,I \RX DUH JLYHQ D UHOLDEOH�XQUHOLDEOH SK\VLFDO PHGLXP �ILEHU�ZLUHOHVV�� ZKHUH ZRXOG

\RX SODFH WKH HUURU FRQWURO IXQFWLRQ" �$W WKH GDWD OLQN RU DW WKH WUDQVSRUW OD\HU"�
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�� )UDPLQJ

SDFNHW ↔ QHWZRUN OD\HU

IUDPH ↔ GDWD OLQN OD\HU

�$ IUDPH FRQVLVWV RI DQ HPEHGGHG SDFNHW DQG VRPH FRQWURO �KHDGHU� LQIRUPDWLRQ��

IUDPH  > IUDPH PDUNHU � SDFNHW � FKHFNVXP � IUDPH PDUNHU @

���� &KDUDFWHU FRXQW
�$ ELW LQ WKH KHDGHU VSHFLILHV WKH QXPEHU RI FKDUDFWHUV LQ WKH IUDPH�

���� 6WDUWLQJ DQG HQGLQJ FKDUDFWHUV� ZLWK FKDUDFWHU VWXIILQJ
�(DFK VHTXHQFH VWDUWV ZLWK WKH $6&,, FKDUDFWHU VHTXHQFH '/( 67; DQG HQGV

ZLWK WKH VHTXHQFH '/( (;7�

- VHQGHU LQVHUWV DQ DGGLWLRQDO '/( EHIRUH HDFK 
DFFLGHQWDO
 '/( LQ WKH GDWD

- UHFHLYHU UHPRYHV WKH '/( EHIRUH WKH GDWD DUH JLYHQ WR WKH QHWZRUN OD\HU�

���� 6WDUWLQJ DQG HQGLQJ IODJV� ZLWK ELW VWXIILQJ
�(DFK IUDPH EHJLQV DQG HQGV ZLWK D VSHFLDO ELW SDWWHUQ �������� � IODJ E\WH�

:KHQHYHU WKH VHQGHU HQFRXQWHUV � FRQVHFXWLYH RQHV LQ WKH GDWD� LW VWXIIV D �

ELW LQWR WKH RXWJRLQJ ELW VWUHDP� «�

���� 3K\VLFDO OD\HU FRGLQJ YLRODWLRQV
�(DFK ELW RI GDWD LV HQFRGHG E\ XVLQJ � SK\VLFDO ELWV� �� RU ���

7KH FRPELQDWLRQV �� DQG �� DUH QRW XVHG IRU GDWD��

�7H[WERRN� 3UREOHP ��

7KH IROORZLQJ GDWD IUDJPHQW RFFXUV LQ WKH PLGGOH RI D GDWD VWUHDP IRU ZKLFK WKH

FKDUDFWHU VWXIILQJ DOJRULWKP LV XVHG� '/(� 67;� $� '/(� %� '/(� (7;�

:KDW LV WKH RXWSXW DIWHU VWXIILQJ"

�7H[WERRN� 3UREOHP ��

:KHQ ELW VWXIILQJ LV XVHG� LV LW SRVVLEOH IRU WKH ORVV� LQVHUWLRQ� RU PRGLILFDWLRQ RI D

VLQJOH ELW WR FDXVH DQ HUURU QRW GHWHFWHG E\ WKH FKHFNVXP" ,I QRW� ZK\ QRW" ,I VR�

KRZ" 'RHV WKH FKHFNVXP OHQJWK SOD\ D UROH KHUH"

�+RZ GRHV WKLV SUREOHP UHODWH WR WKH SUREOHP RI LQFRUUHFW V\QFKURQL]DWLRQ DW $70"�
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�� (UURU FRQWURO

HUURU FRQWURO  ^HUURU GHWHFWLRQ� HUURU FRUUHFWLRQ`

� (UURU FRUUHFWLRQ FRGHV LQFOXGH HQRXJK UHGXQGDQW LQIRUPDWLRQ ZLWK HDFK EORFN RI

GDWD WR HQDEOH ERWK WKH GHWHFWLRQ 	 FRUUHFWLRQ RU HUURQHRXV GDWD�

+DPPLQJ GLVWDQFH � WKH QXPEHU RI ELW SRVLWLRQV LQ ZKLFK WZR FRGHZRUGV GLIIHU�

([DPSOH� +' ������ �����  �

� 7R GHWHFW G HUURUV ZH QHHG D GLVWDQFH �G��� FRGH� ZKHUHDV WR FRUUHFW G HUURUV ZH

QHHG D �+DPPLQJ� GLVWDQFH ��G��� FRGH�

(5525 '(7(&7,21 )2//2:(' %< 5(75$160,66,21 ,6 35())(5('

%(&$86( ,7 ,6 025( ()),&,(17�

�7H[WERRN� 3UREOHP ��

&DQ \RX WKLQN RI DQ\ FLUFXPVWDQFHV XQGHU ZKLFK 
HUURU�FRUUHFWLRQ
 EDVHG SURWRFRO

PLJKW EH SUHIHUDEOH WR WKH 
HUURU�GHWHFWLRQ
 W\SH RI SURWRFRO �VXFK DV $%3� 653� «�"

4XHVWLRQ� 3$5,7< %,7 FRGH � WKH SDULW\ ELW LV FKRVHQ VR WKDW WKH QXPEHU RI � ELWV

LQ WKH FRGHZRUG LV HYHQ �RU RGG��

HYHQ SDULW\� ��� → ��� � RGG SDULW\� ��� → ��� �

$ FRGH ZLWK D VLQJOH SDULW\ ELW KDV D GLVWDQFH ' �� +RZ PDQ\ ELWV FDQ WKLV FRGH

FRUUHFW� L�H� GHWHFW"

�7H[WERRN� 3UREOHP ��

2QH ZD\ RI GHWHFWLQJ HUURUV LV WR WUDQVPLW GDWD DV D EORFN RI Q URZV RI N ELWV SHU URZ

DQG DGGLQJ SDULW\ ELWV WR HDFK URZ DQG HDFK FROXPQ� :LOO WKLV VFKHPH GHWHFW DOO VLQJOH

HUURUV" 'RXEOH HUURUV" 7ULSOH HUURUV"
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� 6HUYLFHV 3URYLGHG WR WKH 1HWZRUN /D\HU XVLQJ HUURU GHWHFWLRQ EDVHG

SURWRFROV�

�� 8QDFNQRZOHGJHG FRQQHFWLRQOHVV VHUYLFH
- WKH UHFHLYHU
V GDWD OLQN OD\HU VLPSO\ GURSV WKH LQFRUUHFW SDFNHWV

�� $FNQRZOHGJHG FRQQHFWLRQOHVV VHUYLFH
- HDFK IUDPH VHQW LV LQGLYLGXDOO\ DFNQRZOHGJHG

- LI DQ DFNQRZOHGJPHQW KDV QRW DUULYHG ZLWKLQ D VSHFLILHG WLPH LQWHUYDO� LW FDQ

EH VHQW DJDLQ

�� $FNQRZOHGJHG FRQQHFWLRQ�RULHQWHG VHUYLFH
- HDFK IUDPH VHQW LV LQGLYLGXDOO\ DFNQRZOHGJHG

- DW WKH QHWZRUN OD\HU HDFK IUDPH LV UHFHLYHG H[DFWO\ RQFH DQG DOO IUDPHV DUH

UHFHLYHG LQ WKH ULJKW RUGHU

- H[DPSOHV� $%3� 653� *R EDFN 1

7KH XVH RI HUURU GHWHFWLRQ� WLPHUV� DFNQRZOHGJPHQWV� DQG UHWUDQVPLVVLRQ LV

UHIHUUHG WR DV $XWRPDWLF 5HSHDW UH4XHVW �$54��

- SDFNHWV PXVW EH QXPEHUHG

- $&. PXVW EH QXPEHUHG

:H DUH ORRNLQJ IRU GDWD OLQN SURWRFROV WKDW QHFHVVLWDWH WKH VWRUDJH RI RQO\

OLPLWHG QXPEHU RI SDFNHWV�

5HFHLYHU

6HQGHU
3��� 3���

$&.

7� 7� 7� 7� 7�

5HFHLYHU

6HQGHU
3��� 3���

$&.

7� 7� 7� 7� 7�

WLPHRXW

5HFHLYHU

6HQGHU
3��� 3���

$&.

7� 7� 7� 7� 7�

3���

$&.

7�

WLPHRXW
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$OWHUQDWLQJ %LW 3URWRFRO �$%3  VWRS 	 ZDLW�

� WKH VHQGHU WUDQVPLWV D IUDPH DQG ZDLWV IRU LWV $&. EHIRUH VHQGLQJ WKH QH[W RQH

� WKH UHFHLYHU ZDLWV DQG DFFHSWV FRUUHFW SDFNHWV� DQG LJQRUHV WKH LQFRUUHFW RQHV

� WKH SDFNHWV DQG WKHLU $&. DUH QXPEHUHG ��������«

$GYDQWDJHV RI $%3�

�� LWV VLPSOLFLW\

�� LWV VPDOO EXIIHULQJ UHTXLUHPHQWV� WKH VHQGHU QHHGV WR NHHS RQO\ D FRS\ RI

WKH SDFNHW WKDW LW ODVW WUDQVPLWWHG� DQG WKH UHFHLYHU GRHV QRW QHHG WR

EXIIHU SDFNHWV DW WKH GDWD OLQN OD\HU

'LVDGYDQWDJHV RI $%3�

�� LW LV QRW YHU\ HIILFLHQW � WKH VHQGHU PXVW ZDLW IRU HDFK SDFNHW WR EH $&.

EHIRUH LW FDQ VHQG WKH QH[W SDFNHW

()),&,(1&< ,1 7+( $%6(1&( 2) (5525�

()),&,(1&< ,1 7+( 35(6(1&( 2) (5525�

5HFHLYHU

6HQGHU
3��� 3���

$&.�

� �

WLPHRXW

$&.�

� �

3��� 3���

� UHFHLYHG � UHFHLYHG � GLVFDUGHG � UHFHLYHG

5HFHLYHU

6HQGHU

75$1633523 352& 75$16$

3523 352&

6  75$163 � 75$16$�� �3523 � �352&
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4XHVWLRQ � 3UREOHP ��� IURP 6WDOOLQJV
 ERRN��

&RQVLGHU D KDOI�GXSOH[ SRLQW�WR�SRLQW OLQN XVLQJ D VWRS�DQG�ZDLW VFKHPH�

D� :KDW LV WKH HIIHFW RQ OLQH XWLOL]DWLRQ RI LQFUHDVLQJ WKH QXPEHU RI IUDPHV IRU D

FRQVWDQW PHVVDJH VL]H"

E� :KDW LV WKH HIIHFW RQ OLQH XWLOL]DWLRQ RI LQFUHDVLQJ IUDPH VL]H"

/ � OHQJWK RI D IUDPH

5 � GDWD UDWH RQ WKH OLQN >ESV@

G � GLVWDQFH RI WKH OLQN EHWZHHQ WZR VWDWLRQV

9 � YHORFLW\ RI SURSDJDWLRQ RI WKH VLJQDO DORQJ WKH OLQN

4XHVWLRQ �9DULDWLRQ RQ 3UREOHP �� IURP 7H[WERRN��

7KH HIILFLHQF\ RI D FKDQQHO WKDW XVHV VWRS�DQG�ZDLW SURWRFRO �$%3� LV ���� :KDW LV

WKH ELW�UDWH RI WKH FKDQQHO� LI WKH IUDPH VL]H LV ���>ELW@ DQG WKH SURSDJDWLRQ GHOD\ LV

��>PVHF@�

4XHVWLRQ �9DULDWLRQ RQ 3UREOHP IURP :DOUDQG
V %RRN�

D� &RQVLGHU D WUDQVPLVVLRQ OLQH RI ���>NP@ DW ��>NESV@� ,I WKH SDFNHWV DQG $&.V KDYH

����>ELWV@� 352& �>PVHF@� DQG WKH SURSDJDWLRQ VSHHG LV �[���>P�VHF@� ILQG WKH

FKDQQHO HIILFLHQF\�

E� &RQVLGHU QRZ DQ RSWLFDO ILEHU RI ���>NP@ DW ��>0ESV@� DQG DVVXPH WKDW WKH

SDFNHWV DQG $&.V KDYH ����>ELWV@� 352& DQG SURSDJDWLRQ VSHHG DUH WKH VDPH DV LQ

D�� :KDW LV WKH FKDQQHO HIILFLHQF\ LQ WKLV FDVH"

F� 'LVFXVV UHVXOWV�
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6HOHFWLYH 5HSHDW 3URWRFRO �653�

� 7KH 653 LPSURYHV RQ WKH HIILFLHQF\ RI $%3 E\ SHUPLWWLQJ PRUH WKDQ D VLQJOH

XQDFNQRZOHGJHG SDFNHW�

� WKH VHQGHU DQG UHFHLYHU XVH EXIIHUV RI VL]H :

� WKH SDFNHWV DUH QXPEHUHG ������ « �:��

� SDFNHWV IURP DQRWKHU ZLQGRZ FDQQRW EH WUDQVPLWWHG ZKLOH D SDFNHW IURP WKH

SUHYLRXV ZLQGRZ LV VWLOO XQDFNQRZOHGJHG

� WKH UHFHLYHU DFNQRZOHGJHV WKH UHFHSWLRQ RI D FRUUHFW SDFNHW ZLWK DQ $&. WKDW

KDV WKH VDPH QXPEHU DV WKH SDFNHW

� WKH UHFHLYHU VWRUHV WKH SDFNHW LW UHFHLYHV RXW RI RUGHU� DQG LW GHOLYHUV WKH

SDFNHW LQ RUGHU

()),&,(1&< ,1 7+( $%6(1&( 2) (5525�

$GYDQWDJHV RI 653�

,W LV PRUH HIILFLHQW LQ WHUPV RI WKH EDQGZLGWK WKDQ $%3�

'LVDGYDQWDJHV RI 653�

,W UHTXLUHV EXIIHULQJ SDFNHWV DW ERWK WKH VHQGHU DQG WKH UHFHLYHU�
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*R %DFN 1

� 7KH HIILFLHQF\ RI WKH *R %DFN 1 SURWRFRO IDOOV EHWZHHQ $%3 DQG 653�

� WKH VHQGHU XVHV D EXIIHU RI VL]H :

� WKH SDFNHWV DUH QXPEHUHG FRQVHFXWLYHO\ ������« :

� WKH UHFHLYHU GHOLYHUV SDFNHW LQ RUGHU� DQG LW GLVFDUGV SDFNHWV UHFHLYHG RXW RI

RUGHU

� WKH VHQGHU FDQ KDYH XS WR : XQDFNQRZOHGJHG SDFNHWV

� ZKHQ WKH VHQGHU GRHV QRW UHFHLYH WKH DFNQRZOHGJPHQW RI D SDFNHW EHIRUH D

WLPHRXW� LW UHWUDQVPLWV FRSLHV RI WKDW SDFNHW DQG RI DOO WKH VXEVHTXHQW SDFNHWV�

()),&,(1&< ,1 7+( $%6(1&( 2) (5525�

$GYDQWDJHV RI *R %DFN 1�

1R EXIIHULQJ LV UHTXLUHG DW WKH UHFHLYHU�

'LVDGYDQWDJHV RI *R %DFN 1�

,W LV OHVV HIILFLHQW WKDQ 653 LQ WKH SUHVHQFH RI HUURUV�
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�7H[WERRN� 3UREOHP ���

)UDPHV RI ���� ELWV DUH VHQW RYHU D ��0ESV VDWHOOLWH FKDQQHO� $FNQRZOHGJPHQWV DUH

DOZD\V SLJJ\EDFNHG RQWR GDWD IUDPHV� 7KH KHDGHUV DUH YHU\ VKRUW� 7KUHH�ELW

VHTXHQFH QXPEHUV DUH XVHG� :KDW LV WKH PD[LPXP DFKLHYDEOH FKDQQHO XWLOL]DWLRQ IRU

D� VWRS�DQG�ZDLW

E� 653

F� *R %DFN 1


