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1HWZRUN�(QJLQHHULQJ1HWZRUN�(QJLQHHULQJ

� 5HOLDELOLW\�DQDO\VLV

² 3UHGLFWLQJ�WUDIILF�XQGHU�
SODQQHG�RU�XQH[SHFWHG�
URXWHU�OLQN�IDLOXUHV

� 7UDIILF�HQJLQHHULQJ

² 2SWLPL]LQJ�263)�ZHLJKWV�
WR�PLQLPL]H�FRQJHVWLRQ

� &DSDFLW\�SODQQLQJ

² )RUHFDVWLQJ�IXWXUH�
FDSDFLW\�UHTXLUHPHQWV

5RXWHV�FKDQJH�XQGHU�IDLOXUHV
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&DQ�ZH�GR�URXWH�RSWLPL]DWLRQ��RU�&DQ�ZH�GR�URXWH�RSWLPL]DWLRQ��RU�
QHWZRUN�HQJLQHHULQJ�LQ�JHQHUDO�"QHWZRUN�HQJLQHHULQJ�LQ�JHQHUDO�"

$�� �:HOO��ZH�GRQ
W�NQRZ�WKH�WRSRORJ\��ZH�GRQ
W�

NQRZ�WKH�WUDIILF�PDWUL[��WKH�URXWHUV�GRQ
W�

DXWRPDWLFDOO\�DGDSW�WKH�URXWHV�WR�WKH�WUDIILF��DQG�

ZH�GRQ
W�NQRZ�KRZ�WR�RSWLPL]H�WKH�URXWLQJ�

FRQILJXUDWLRQ��%XW��RWKHU�WKDQ�WKDW��ZH
UH�DOO�VHW���

�

)HOGPDQQ HW�DO������

�

6KDLNK�HW�DO������
� Fortz et al., 2002

� Roughan et al. 20037RPR�JUDYLW\
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&HQWUDO�3UREOHP��1R�7UDIILF�0DWUL[&HQWUDO�3UREOHP��1R�7UDIILF�0DWUL[

� )RU�ODUJH�,3�QHWZRUNV��GRQ·W�KDYH�JRRG�
WUDIILF�PDWUL[
² :LGHO\�DYDLODEOH�6103�PHDVXUHPHQWV�SURYLGH�
RQO\�OLQN�ORDGV
� (YHQ�WKLV�GDWD�LV�QRW�SHUIHFW��JOLWFKHV��ORVV��«�

� $V�D�UHVXOW��,3�QHWZRUN�HQJLQHHULQJ�LV�PRUH�
DUW�WKDQ�VFLHQFH
² <HW��QHHG�DFFXUDWH��DXWRPDWHG��VFLHQWLILF WRROV�
IRU�UHOLDELOLW\�DQDO\VLV��FDSDFLW\�SODQQLQJ��WUDIILF�
HQJLQHHULQJ



6/13/2003 SIGMETRICS ’2003 5

7RPR7RPR��JUDYLW\�6ROXWLRQJUDYLW\�6ROXWLRQ

� 7RPR�JUDYLW\�LQIHUV�WUDIILF�PDWULFHV�IURP�
ZLGHO\�DYDLODEOH�PHDVXUHPHQWV�RI�OLQN�ORDGV�
² $FFXUDWH��HVSHFLDOO\�DFFXUDWH�IRU�ODUJH�HOHPHQWV

² 5REXVW��FRSHV�HDVLO\�ZLWK�GDWD�JOLWFKHV��ORVV

² )OH[LEOH��H[WHQGV�HDVLO\�WR�LQFRUSRUDWH�PRUH�
GHWDLOHG�PHDVXUHPHQWV��ZKHUH�DYDLODEOH

² )DVW��IRU�H[DPSOH��VROYHV�$7	7·V�,3�EDFNERQH�
QHWZRUN�LQ�D�IHZ�VHFRQGV

� ,Q�GDLO\�XVH�IRU�$7	7�,3�QHWZRUN�HQJLQHHULQJ
² 5HOLDELOLW\�DQDO\VLV��FDSDFLW\�SODQQLQJ��DQG�WUDIILF�
HQJLQHHULQJ
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7KH�3UREOHP7KH�3UREOHP

:DQW�WR�FRPSXWH�WKH�WUDIILF�\ � DORQJ
URXWH�M IURP�PHDVXUHPHQWV�RQ�WKH�
OLQNV��[ �

2QO\�PHDVXUH�DW�OLQNV

�

�

�URXWHU

URXWH��

URXWH��

URXWH��
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7KH�3UREOHP7KH�3UREOHP

x = AT y

:DQW�WR�FRPSXWH�WKH�WUDIILF�\ � DORQJ
URXWH�M IURP�PHDVXUHPHQWV�RQ�WKH�
OLQNV��[ �

2QO\�PHDVXUH�DW�OLQNV

�

�

�URXWHU

URXWH��

URXWH��

URXWH��
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$SSURDFKHV$SSURDFKHV

� ([LVWLQJ�VROXWLRQV
² 1DwYH��6LQJXODU�9DOXH�'HFRPSRVLWLRQ�

² *UDYLW\�0RGHOLQJ

² *HQHUDOL]HG�*UDYLW\�0RGHOLQJ

² 7RPRJUDSKLF�$SSURDFK

� 1HZ�VROXWLRQ
² 7RPR�JUDYLW\



6/13/2003 SIGMETRICS ’2003 9

+RZ�WR�9DOLGDWH"+RZ�WR�9DOLGDWH"

� 6LPXODWH�DQG�FRPSDUH
² 3UREOHPV

� +RZ�WR�JHQHUDWH�UHDOLVWLF�WUDIILF�PDWULFHV

� 'DQJHU�RI�JHQHUDWLQJ�H[DFWO\�ZKDW�\RX�SXW�LQ

� 0HDVXUH�DQG�FRPSDUH
² 3UREOHPV�

� +DUG�WR�JHW 1HWIORZ �GHWDLOHG�GLUHFW�PHDVXUHPHQWV��DORQJ�
ZKROH�HGJH�RI�QHWZRUN

² ,I�ZH�KDG�WKLV��WKHQ�ZH�ZRXOGQ·W�QHHG�6103�DSSURDFK

� $FWXDOO\�SUHWW\�KDUG�WR�PDWFK�XS�GDWD�
² ,V�WKH�SUREOHP�LQ�\RXU�GDWD��6103� 1HWIORZ��URXWLQJ��«

� 2XU�PHWKRG
² 1RYHO�PHWKRG�IRU�XVLQJ�SDUWLDO��LQFRPSOHWH�1HWIORZ GDWD
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1DwYH�$SSURDFK1DwYH�$SSURDFK

,Q�UHDO�QHWZRUNV�WKH�SUREOHP�LV�KLJKO\�XQGHU�FRQVWUDLQHG
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6LPSOH�*UDYLW\�0RGHO6LPSOH�*UDYLW\�0RGHO

� 0RWLYDWHG�E\�1HZWRQ·V�/DZ�RI�*UDYLWDWLRQ
� $VVXPH�WUDIILF�EHWZHHQ�VLWHV�LV�
SURSRUWLRQDO�WR�WUDIILF�DW�HDFK�VLWH�

\� ∝ [� [�

\� ∝ [� [�

\� ∝ [� [�

� $VVXPH�WKHUH�LV�QR�V\VWHPDWLF�GLIIHUHQFH�
EHWZHHQ�WUDIILF�LQ�GLIIHUHQW�ORFDWLRQV
² 2QO\�WKH�WRWDO�YROXPH�PDWWHUV
² &RXOG�LQFOXGH�D�GLVWDQFH�WHUP��EXW�ORFDOLW\�RI�
LQIRUPDWLRQ�LV�QRW�VR�LPSRUWDQW�LQ�WKH�,QWHUQHW�
DV�LQ�RWKHU�QHWZRUNV
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6LPSOH�*UDYLW\�0RGHO6LPSOH�*UDYLW\�0RGHO

%HWWHU�WKDQ�QDwYH��EXW�VWLOO�QRW�YHU\�DFFXUDWH
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*HQHUDOL]HG�*UDYLW\�0RGHO*HQHUDOL]HG�*UDYLW\�0RGHO

� ,QWHUQHW�URXWLQJ�LV�DV\PPHWULF
² +RW�SRWDWR�URXWLQJ��XVH�WKH�FORVHVW�H[LW�SRLQW

� *HQHUDOL]HG�JUDYLW\�PRGHO
² )RU�RXWERXQG�WUDIILF��DVVXPHV�SURSRUWLRQDOLW\�RQ�
SHU�SHHU�EDVLV��DV�RSSRVHG�WR�SHU�URXWHU�

SHHU�OLQNV

DFFHVV�OLQNV
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*HQHUDOL]HG�*UDYLW\�0RGHO*HQHUDOL]HG�*UDYLW\�0RGHO

)DLUO\�DFFXUDWH�JLYHQ�WKDW�QR�OLQN�FRQVWUDLQW�LV�XVHG
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7RPRJUDSKLF7RPRJUDSKLF $SSURDFK$SSURDFK

� $SSO\�WKH�OLQN�FRQVWUDLQWV

�

�

�URXWHU

URXWH��

URXWH��

URXWH��

x = AT y



6/13/2003 SIGMETRICS ’2003 16

7RPRJUDSKLF7RPRJUDSKLF $SSURDFK$SSURDFK

� 8QGHU�FRQVWUDLQHG�OLQHDU�LQYHUVH�SUREOHP
� )LQG�DGGLWLRQDO�FRQVWUDLQWV�EDVHG�RQ�PRGHOV

² 7\SLFDO�DSSURDFK��XVH�KLJKHU�RUGHU�VWDWLVWLFV

� 'LVDGYDQWDJHV
² &RPSOH[�DOJRULWKP�² GRHVQ·W�VFDOH

� /DUJH�QHWZRUNV�KDYH�������QRGHV���������URXWHV

² 5HOLDQFH�RQ�KLJKHU�RUGHU�VWDWLVWLFV�LV�QRW�UREXVW�
JLYHQ�WKH�SUREOHPV�LQ�6103�GDWD
� $UWLIDFWV��0LVVLQJ�GDWD
� 9LRODWLRQV�RI�PRGHO�DVVXPSWLRQV��H�J��QRQ�VWDWLRQDULW\�
� 5HODWLYHO\�ORZ�VDPSOLQJ�IUHTXHQF\����VDPSOH�HYHU\���PLQ
� 8QHYHQO\�VSDFHG�VDPSOH�SRLQWV

² 1RW�YHU\�DFFXUDWH�DW�OHDVW�RQ�VLPXODWHG�70
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2XU�6ROXWLRQ��2XU�6ROXWLRQ��7RPR7RPR��JUDYLW\JUDYLW\
� ´7RPR�JUDYLW\µ� �WRPRJUDSK\���JUDYLW\ PRGHOLQJ
� ([SORLW�WRSRORJLFDO�HTXLYDOHQFH�WR�UHGXFH�SUREOHP�VL]H
� 8VH�OHDVW�VTXDUHV�PHWKRG�WR�JHW�WKH�VROXWLRQ��ZKLFK

² 6DWLVILHV�WKH�FRQVWUDLQWV
² ,V�FORVHVW�WR�WKH�JUDYLW\�PRGHO�VROXWLRQ
² &DQ�XVH�ZHLJKWHG�OHDVW�VTXDUHV�WR�PDNH�PRUH�UREXVW

FRQVWUDLQW�VXEVSDFH

OHDVW�VTXDUH�VROXWLRQ

JUDYLW\�PRGHO�VROXWLRQ
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7RPR7RPR��JUDYLW\��$FFXUDF\JUDYLW\��$FFXUDF\

$FFXUDWH�ZLWKLQ���������HVS��IRU�ODUJH�HOHPHQWV�
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'LVWULEXWLRQ�RI�(OHPHQW�6L]HV'LVWULEXWLRQ�RI�(OHPHQW�6L]HV

(VWLPDWHG�DQG�DFWXDO�GLVWULEXWLRQ�RYHUODS
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(VWLPDWHV�RYHU�7LPH(VWLPDWHV�RYHU�7LPH

&RQVLVWHQW�SHUIRUPDQFH�RYHU�WLPH
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6XPPDU\��6XPPDU\��7RPR7RPR��JUDYLW\�:RUNVJUDYLW\�:RUNV
� 7RPR�JUDYLW\�WDNHV�WKH�EHVW�RI�ERWK�WRPRJUDSK\ DQG�

JUDYLW\�PRGHOLQJ
² 6LPSOH��DQG�TXLFN�

� $�IHZ�VHFRQGV�IRU�ZKROH�$7	7�EDFNERQH

² 6DWLVILHV�OLQN�FRQVWUDLQWV
� *UDYLW\�PRGHO�VROXWLRQV�GRQ·W

² 8VHV�ZLGHO\�DYDLODEOH�6103�GDWD
� &DQ�ZRUN�ZLWKLQ�WKH�OLPLWDWLRQV�RI�6103�GDWD
� 2QO\�XVHV�ILUVW�RUGHU�VWDWLVWLFV�Æ LQWHUSRODWLRQ�YHU\�HIIHFWLYH

² /LPLWHG�VFRSH�IRU�LPSURYHPHQW�
� ,QFRUSRUDWH�DGGLWLRQDO�FRQVWUDLQWV�IURP�RWKHU�GDWD�VRXUFHV��H�J���
1HWIORZ ZKHUH�DYDLODEOH

� 2SHUDWLRQDO�H[SHULHQFH�YHU\�SRVLWLYH
² ,Q�GDLO\�XVH�IRU�$7	7�,3�QHWZRUN�HQJLQHHULQJ
² 6XFFHVVIXOO\�SUHYHQWHG�VHUYLFH�GLVUXSWLRQ�GXULQJ�VLPXOWDQHRXV�

OLQN�IDLOXUHV
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)XWXUH�:RUN)XWXUH�:RUN

� 8QGHUVWDQGLQJ�ZK\�WKH�PHWKRG�ZRUNV
² 6LJFRPP �����SDSHU�SURYLGHV�VROLG�
IRXQGDWLRQ�IRU�WRPR�JUDYLW\

� %XLOGLQJ�DSSOLFDWLRQV�
² 'HWHFW�DQRPDOLHV�XVLQJ�WUDIILF�PDWUL[�WLPH�
VHULHV
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7KDQN�\RX�7KDQN�\RX�
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%DFNXS�6OLGH��9DOLGDWLRQ�0HWKRG%DFNXS�6OLGH��9DOLGDWLRQ�0HWKRG

� 8VH�SDUWLDO��LQFRPSOHWH�1HWIORZ�GDWD
�� 0HDVXUH�SDUWLDO�WUDIILF�PDWUL[ yp

� 1HWIORZ FRYHUV������WUDIILF

�� 6LPXODWH�OLQN�ORDGV�xp = AT yp
• xp ZRQ·W�PDWFK�UHDO�6103�OLQN�ORDGV

�� 6ROYH�xp = AT y
�� &RPSDUH�y ZLWK�yp

� $GYDQWDJH
² 5HDOLVWLF�QHWZRUN��URXWLQJ��DQG�WUDIILF
² &RPSDULVRQ�LV�GLUHFW��ZH�NQRZ�HUURUV�DUH�GXH�WR�

DOJRULWKP�QRW�HUURUV�LQ�WKH�GDWD

² &DQ�WHVW�UREXVWQHVV�E\�DGGLQJ�QRLVH�WR�xp


