
9DOLGDWLRQ RI WKH 021$5& 6LPXODWLRQ 7RROV

<� 0RULWD� IRU WKH 021$5& &ROODERUDWLRQ

� .(. &RPSXWLQJ 5HVHDUFK &HQWHU� ��� 2KR� 7VXNXED� ,EDUDNL� -DSDQ

$EVWUDFW

7KH REMHFWLYH RI WKH 021$5& SURMHFW LV WR LGHQWLI\ EDVHOLQH FRPSXWLQJ PRGHOV WKDW FRXOG

SURYLGH YLDEOH VROXWLRQV PHHWLQJ WKH GDWD DQDO\VLV QHHGV RI /+& H[SHULPHQWV� $ SRZHUIXO

DQG IOH[LEOH VHW RI VLPXODWLRQ WRROV KDV EHHQ GHYHORSHG WR PRGHO WKH SHUIRUPDQFH RI

GLVWULEXWHG FRPSXWLQJ UHVRXUFHV IRU D VHW RI UHFRQVWUXFWLRQ DQG DQDO\VLV WDVNV� ,Q WKLV

SDSHU ZH UHSRUW WKH YDOLGDWLRQ RI WKH VLPXODWLRQ WRROV XVLQJ WKH WHVWEHG HQYLURQPHQWV ZLWK

2EMHFWLYLW\�'% RYHU /$1 DQG :$1 FRQQHFWLRQV�

.H\ZRUGV� 021$5&� 5HJLRQDO &HQWHU� 3HUIRUPDQFH 6LPXODWLRQ� 2EMHFWLYLW\� 2'%06

� ,QWURGXFWLRQ

7KH JRDO RI WKH 021$5& SURMHFW >�@ LV WR LGHQWLI\ EDVHOLQH FRPSXWLQJ PRGHOV WKDW FRXOG

SURYLGH YLDEOH DQG FRVW�HIIHFWLYH VROXWLRQV IRU WKH GDWD DQDO\VLV RI WKH /+& H[SHULPHQWV�

7KHUH DUH IRXU ZRUNLQJ JURXSV LQ WKH FROODERUDWLRQ� ��� WKH 6LWH DQG 1HWZRUNV $UFKLWHFWXUH

:RUNLQJ *URXS� ��� WKH $QDO\VLV 3URFHVV 'HVLJQ :RUNLQJ *URXS� ��� WKH 6LPXODWLRQ :RUNLQJ

*URXS DQG ��� WKH 7HVWEHGV :RUNLQJ *URXS� $ SRZHUIXO DQG IOH[LEOH VHW RI VLPXODWLRQ WRROV

KDV EHHQ GHYHORSHG E\ WKH 6LPXODWLRQ :* WR PRGHO DQG WR HYDOXDWH WKH SHUIRUPDQFH RI WKH

GLVWULEXWHG FRPSXWLQJ UHVRXUFHV >�@�

7KH VLPXODWLRQ WRROV DUH EDVHG RQ -DYD� DQG WKH UHVRXUFH XWLOL]DWLRQ VXFK DV &38� GLVN

DQG QHWZRUN DUH FDOFXODWHG ZLWK D WHFKQLTXH FDOOHG �SURFHVV RULHQWHG GLVFUHWH HYHQW

VLPXODWLRQ�� 7KH GHWDLO RI WKH VLPXODWLRQ WRROV KDV EHHQ GHVFULEHG LQ UHIHUHQFH ��

(YDOXDWLRQ RI WKH FRPSXWHU DQG QHWZRUN V\VWHP LV WKH LWHUDWLRQ RI WKH SURFHVVHV VXFK DV

PHDVXUHPHQW� PRGHOLQJ RI WKH V\VWHP EHKDYLRU� GHYHORSPHQW RI WKH VLPXODWLRQ WRROV DQG WKH

YDOLGDWLRQ RI WKH VLPXODWLRQ WHFKQLTXHV �)LJ� �� >�@� :LWK VXIILFLHQW LWHUDWLRQV RI WKH DERYH

F\FOH� RQH FRXOG SUHGLFW WKH EHKDYLRU RI WKH V\VWHP IRU YDULRXV W\SHV RI ORDGV ZLWK HQRXJK

DFFXUDF\� 7KHUHIRUH WKH YDOLGDWLRQ RI WKH 021$5& 6LPXODWLRQ WRROV VKRXOG EH FORVHO\

UHODWHG WR WKH �OHYHO RI GHWDLO� DV WKH SURMHFW DLPV IRU JUHDWHU DFFXUDF\ ZLWK JUHDWHU GHWDLOV RI

WKH V\VWHP PRGHOLQJ�

7R YDOLGDWH WKH 021$5& VLPXODWLRQ WRRO�

IROORZLQJ DVSHFWV RI PRGHOLQJ DUH RI SDUWLFXODU

FRQFHUQ�

� VKDULQJ RI WKH &38 DQG ,�2 UHVRXUFH

- TXHXLQJ PHFKDQLVP

- SHUIRUPDQFH RI WKH 2'%06 ZLWK QHWZRUN

- VKDULQJ RI WKH QHWZRUN EDQGZLGWK

2I WKHVH� $� 'RURNKRY KDV FRPSDUHG WKH EHKDYLRU

RI WKH VLPXODWLRQ WRRO WR WKH TXHXLQJ PRGHO� $

JRRG DJUHHPHQW ZDV REWDLQHG ZLWK WKH DQDO\WLFDO

FDOFXODWLRQV RI WKH PRGHO >�@�

V\VWHP

UHVXOW

WRROV
HYDOXDWLRQ

PHDVXUH DFFXUDF\

PRGHO

WHFKQLTXH

)LJ� � 3HUIRUPDQFH (YDOXDWLRQ &\FOH >�@�



� 7HVWEHG 0HDVXUHPHQWV

$ VHYHUDO WHVWEHG HQYLURQPHQWV KDYH EHHQ VHW XS LQ WKH 7HVWEHGV :RUNLQJ *URXS LQ &(51�

.(.� ,1)1� &DOWHFK� DQG 6/$&� 7KHVH VLWHV DUH FRQQHFWHG ZLWK YDULRXV W\SHV RI ZLGH DUHD

QHWZRUNV� VXFK DV GHGLFDWHG VDWHOOLWH $70 39& FLUFXLWV DQG 4R6 VHUYLFHV� 6HYHUDO H[DPSOH

+(3 DQDO\VLV DSSOLFDWLRQV� ZKLFK XWLOL]H 2EMHFWLYLW\�'% DV 2'%06� KDYH EHHQ GHYHORSHG

DQG WHVWHG RYHU WKHVH HQYLURQPHQWV�

7R WHVW WKH SHUIRUPDQFH RI 2EMHFWLYLW\�'% LQ D FOLHQW�VHUYHU PRGH RYHU /$1� IROORZLQJ VHW

RI PDFKLQHV ZHUH LQLWLDOO\ XVHG DW &(51 >�@�

- PDFKLQH $� 681 (QWHUSULVH ��� ����0+] [ � &38V�� ��� 0%� WZR � *% GLVNV

- PDFKLQH %� 681 8OWUD� ����0+] &38�� ��� 0% PHPRU\ �2EMHFWLYLW\�'% ORFN VHUYHU�

- PDFKLQH &� 681 (QWHUSULVH��� ���� 0+] GXDO &38�� ��� 0% PHPRU\� 5$,' 'LVNV

$OO PDFKLQHV DUH UXQQLQJ 681 6RODULV ��� ZLWK &�� Y���� DQG 2EMHFWLYLW\�'% Y�����

0RQWH&DUOR VLPXODWHG $7/$6 UDZ GDWD LV FRQYHUWHG LQWR 2EMHFWLYLW\�'% GDWDEDVH� $

VLPSOH &�� SURJUDP ZDV ZULWWHQ WR UHDG HYHU\ REMHFW LQ WKH HYHQW XVLQJ LWHUDWRU� 0XOWLSOH

MREV ZHUH UXQ RQ WKH V\VWHP ZLWK WKUHH FRQILJXUDWLRQV� ��� /RFDO ILOH GDWDEDVH DFFHVV RQ

PDFKLQH $� ��� /RFDO ILOH GDWDEDVH DFFHVV RQ PDFKLQH &� ��� PDFKLQH & DV DQ 2EMHFWLYLW\�'%

$06 VHUYHU� PDFKLQH $ DV D FOLHQW�

-RE H[HFXWLRQ WLPH DQG &38 XWLOL]DWLRQ ZDV PHDVXUHG ZLWK 81,; WLPH FRPPDQG� /RFDO

GLVN ,�2 VSHHG LV PHDVXUHG E\ D VLPSOH & SURJUDP ZLWK UHDG�� DQG ZULWH�� V\VWHP FDOOV�

1HWZRUN VSHHG EHWZHHQ PDFKLQH $ DQG & LV PHDVXUHG E\ )73� 5HVXOWV RI WKH

PHDVXUHPHQWV DUH JLYHQ LQ 7DEOH � >�@�

� &RPSDULVRQ ZLWK 6LPXODWLRQ

7R VLPXODWH D EHKDYLRU RI D JLYHQ WHVWEHG DSSOLFDWLRQ� &38 F\FOHV SHU HYHQW� &38 6,��� VL]H

RI HYHQW GDWD� GLVN ,�2 VSHHG� QHWZRUN VSHHG PXVW EH NQRZQ WR WKH VLPXODWLRQ WRROV�

%\ PDNLQJ D VLPSOH DVVXPSWLRQ� KRZ WR H[WUDFW WKHVH YDULDEOHV IURP WKH WHVWEHG

PHDVXUHPHQWV KDV EHHQ HVWDEOLVKHG� 7KHVH YDULDEOHV DUH H[WUDFWHG IURP D VLQJOH MRE

DFFHVVLQJ ORFDO ILOH GDWDEDVH �FDVHV ��� DQG ��� DERYH��

��� PDFKLQH $ ORFDO DFFHVV � � MRE  ����� VHF� &38�  �����

&38 � ���� 63(&LQW�� 'LVN 5HDG � ��� 0%�V

��� PDFKLQH & ORFDO DFFHVV � � MRE  ����� VHF� &38�  �����

&38 � ����� 63(&LQW�� 'LVN 5HDG� �� 0%�V

6XSSRVH WKH MRE ZDOO�FORFN WLPH 7MRE FDQ EH GLYLGHG LQWR 7MRE  7GLVNUHDG � 7SURFHVV � WKHQ WKH UDWLR

RI 7SURFHVV DQG 7GLVNUHDG DUH WKH LQYHUVH RI WKH &38 UDWLQJV DQG WKH GLVN ,�2 VSHHGV�

7SURFHVV�PDFKLQH $� � 7SURFHVV�PDFKLQH &�  ����� � ����

7GLVNUHDG�PDFKLQH $� � 7GLVNUHDG�PDFKLQH &�  �� � ���

8QGHU WKLV DVVXPSWLRQ� 7SURFHVV DUH FDOFXODWHG DV ����� VHF �PDFKLQH $� DQG ����� VHF

PDFKLQH $ ORFDO PDFKLQH & ORFDO PDFKLQH & DQG $

MREV WLPH �V� UPV FSX� WLPH �V� UPV FSX� WLPH �V� UPV FSX�

� ����� ���� ���� ����� ���� ���� ����� ���� ����

� ����� ���� ����� ����� ���� ����� ����� ���� �����

� ����� ���� ����� ����� ���� ����� ����� ���� �����

� ����� ���� ����� ����� ���� ����� ����� ���� �����

�� ����� ���� ����� ������ ���� ����� ����� ���� �����

�� ������ ���� ����� ������ ����� ����� ������ ����� �����

7DEOH � -RE H[HFXWLRQ WLPH DQG &38 XWLOL]DWLRQ



�PDFKLQH &� UHVSHFWLYHO\� DQG WKH &38 XWLOL]DWLRQ ����� DQG ����� UHSURGXFHV WKH

PHDVXUHG YDOXH�

%\ XVLQJ WKLV VHW RI VLQJOH MRE SDUDPHWHUV� WKH VLPXODWLRQ WRRO UHSURGXFHV WKH PXOWLSOH MRE

FRQILJXUDWLRQV IRU WKH ORFDO GDWDEDVH DFFHVV YHU\ ZHOO� 7KLV LV DQ LQGLFDWLRQ WKDW WKH

VLPXODWLRQ WRRO KDQGOHV WKH FRQFXUUHQW DFFHVV RI &38 DQG GDWDEDVH ILOH SURSHUO\� $OWKRXJK

WKH PDFKLQHV $ DQG & DUH �� DQG ��&38 603 PDFKLQHV UHVSHFWLYHO\� LW KDV EHHQ

GHPRQVWUDWHG WKDW WKHVH PDFKLQHV DFW OLNH D &38 IDUP FRQQHFWHG ZLWK KLJK VSHHG QHWZRUNV

IRU WKLV WHVWEHG DSSOLFDWLRQ�

,Q 2EMHFWLYLW\�'% ���� DSSOLFDWLRQ OD\HU KDQGVKDNLQJ ZLWK SDJH VL]H LV REVHUYHG >�@� )RU

WKH $06 FOLHQW�VHUYHU FRQILJXUDWLRQ ���� E\ LQWURGXFLQJ QHWZRUN ODWHQF\ SHU SDJH DV D XQLW RI

WUDQVDFWLRQ� DJDLQ WKH VLPXODWLRQ WRRO UHSURGXFHV WKH PHDVXUHPHQWV TXLWH ZHOO �)LJ� ���

$OWKRXJK WKH VLPXODWLRQ SDUDPHWHUV DUH QRW WXQHG IRU LQGLYLGXDO MREV� VLPXODWHG TXDOLWDWLYH

EHKDYLRU RI WKH MRE H[HFXWLRQ WLPH ORRNV YHU\ VLPLODU WR WKH PHDVXUHPHQWV �)LJ� [[�� 7KLV

DJUHHPHQW LQGLFDWHV WKDW WKH WLPH VKDULQJ RI WKH &38 UHVRXUFHV ZLWK PXOWLSOH MREV DV ZHOO

DV WKH GDWDEDVH ,�2 TXHXLQJ LQ WKH V\VWHP LV ZHOO PRGHOHG DQG VLPXODWHG�
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)LJ� � 6LPXODWHG DQG PHDVXUHG MRE H[HFXWLRQ WLPH LQ 2EMHFWLYLW\

FOLHQW DQG VHUYHU FRQILJXUDWLRQ

)LJ� � 6LPXODWHG DQG PHDVXUHG GLVWULEXWLRQ RI

MRE H[HFXWLRQ WLPH



� 2WKHU 7HVWEHG 0HDVXUHPHQWV

+� 6DWR KDV PHDVXUHG WKH SDFNHW�OHYHO EHKDYLRU RI 2EMHFWLYLW\�'% $06 DQG '52 �'DWDEDVH

5HSOLFDWLRQ 2SWLRQ� ZLWK �0ESV VDWHOOLWH OLQN EHWZHHQ &(51 DQG -DSDQ >�@� ,W ZDV

UHDOL]HG WKDW D IXUWKHU RSWLPL]DWLRQ LV QHHGHG WR XWLOL]H KLJK�EDQGZLGWK� ORQJ�ODWHQF\

QHWZRUN HIIHFWLYHO\� 6RPH VXJJHVWLRQV IRU WKH SHUIRUPDQFH LPSURYHPHQWV ZHUH PDGH WR

2EMHFWLYLW\�

,WDOLDQ PHPEHU RI WKH 7HVWEHG :RUNLQJ *URXS KDV PDGH DQ H[WHQVLYH VWXG\ RI

2EMHFWLYLW\�'% $06 WUDQVDFWLRQ RYHU :$1 >�@� 7KHLU PHDVXUHPHQWV ZHUH DOVR ZHOO

UHSURGXFHG ZLWK WKH VLPXODWLRQ WRRO E\ ,� /HJUDQG >�@� ,W ZDV DOVR QRWHG WKDW WKH VSHFLDO

FDUH VKRXOG EH WDNHQ IRU WKH $06 VHUYHU ZKHQ KLJK�VSHHG FOLHQW DQG ORZ VSHHG FOLHQW FR�H[LVW

RQ WKH VDPH $06 VHUYHU�

� &RQFOXVLRQV

7KH 021$5& SURMHFW KDV GHYHORSHG D SRZHUIXO VHW RI VLPXODWLRQ WRROV WR HYDOXDWH WKH

SHUIRUPDQFH RI WKH FRPSOH[ FRPSXWLQJ DQG QHWZRUN V\VWHPV� ZKLFK FRQVLVW RI &38 IDUPV�

GDWDEDVH VHUYHUV DQG ORFDO DQG ZLGH DUHD QHWZRUNV� ,W KDV EHHQ GHPRQVWUDWHG WKDW WKH

-DYD EDVHG SURJUDP XVLQJ D SURFHVV RULHQWHG GLVFUHWH HYHQW VLPXODWLRQ WHFKQLTXH

UHSURGXFHV WKH SUHGLFWLRQV RI DQDO\WLFDO TXHXLQJ PRGHOV� DV ZHOO DV D FRPSOH[ VHW RI

WUDQVDFWLRQV RI 2'%06 ZLWK ORFDO DQG ZLGH DUHD QHWZRUNV�

+RZHYHU� LW LV LPSRUWDQW WR XQGHUVWDQG WKDW WKH HYDOXDWLRQ RI WKH V\VWHP SHUIRUPDQFH LV

D FRQWLQXRXV F\FOH RI UHILQLQJ WKH PRGHOLQJ� WHVWLQJ DQG YDOLGDWLRQ� 7R PDNH D UHOLDEOH

SUHGLFWLRQ RI WKH V\VWHP SHUIRUPDQFH DW WKH VWDUWXS WLPH RI /+& HUD� FDUHIXO FRQVLGHUDWLRQV

RI WKH IXWXUH VRIWZDUH SHUIRUPDQFH SUHGLFWLRQV DV ZHOO DV KDUGZDUH WHFKQRORJ\ WUDFNLQJ DUH

QHFHVVDU\� $Q HIIRUW RI VLPXODWLQJ EDVHOLQH /+& FRPSXWLQJ PRGHOV KDV DOUHDG\ EHHQ

VWDUWHG LQ WKH SURMHFW >�@�

(YDOXDWLRQ RI WKH KLHUDUFKLFDO PDVV VWRUDJH V\VWHP UHTXLUHV D VHW RI SHUIRUPDQFH

PHDVXUHPHQWV ZLWK D FRPELQDWLRQ RI 2'%06� +RZ WR DFKLHYH DQ HIIHFWLYH XVH RI 2'%06

RQ WDSH URERWLFV ZLWK YDULRXV SRVVLEOH REMHFW UHFOXVWHULQJ VWUDWHJLHV EDVHG RQ WKH UHDO +(3

GDWD DQDO\VLV XVH FDVHV� ZLOO EH RQH RI WKH PDMRU IRFXV IRU WKH QH[W SKDVH RI WKH SURMHFW

>��@>��@�

(IIHFWLYH XVH RI WKH ZLGH DUHD QHWZRUN LV DOVR RQH RI WKH PRVW FUXFLDO DVSHFW LQ WKH /+&

HUD FRPSXWLQJ� 5HODWLYHO\ ODUJH ODWHQF\ �VHYHUDO KXQGUHGV RI PLOOLVHFRQGV LQ URXQG WULS

WLPH� W\SLFDOO\ VHHQ LQ ZRUOG�ZLGH :$1 DQG LQ VDWHOOLWH FRQQHFWLRQV� FRPELQHG ZLWK D KLJK

EDQGZLGWK �VHYHUDO KXQGUHGV RI 0ESV WR D IHZ *ESV� IRUHVHHQ IRU WKH IXWXUH� LPSRVHV D

VHULRXV LQHIILFLHQF\ SUREOHP IRU WKH FXUUHQW LPSOHPHQWDWLRQ RI 7&3�,3 DSSOLFDWLRQV� $Q

LPSURYHG DOJRULWKP RI 7&3�,3 VORZ�VWDUW KDV DSSHDUHG LQ WKH OLWHUDWXUH >��@� $OVR VHYHUDO

HIIRUWV DUH QRZ XQGHUZD\ WR LPSOHPHQW EHWWHU LPSOHPHQWDWLRQV RI QHWZRUN DSSOLFDWLRQV�

VXFK DV JVLIWS� 'HYHORSPHQWV RI /+& HUD ZRUOG�ZLGH VRIWZDUH VKRXOG EH QHWZRUN ODWHQF\�

VDYY\� DQG WKH 021$5& SURMHFW VKRXOG FRQWLQXH WR WHVW DQG YDOLGDWH WKH PRGHOV RI

QHWZRUNHG +(3 GDWD DQDO\VLV ZLWK WKH QHZ JHQHUDWLRQV RI VRIWZDUH�

5HIHUHQFHV

� 021$5& 3URMHFW� KWWS���ZZZ�FHUQ�FK�021$5&�



� ,� /HJUDQG� �0XOWL�WKUHDGHG� GLVFUHWH HYHQW� VLPXODWLRQ RI GLVWULEXWHG FRPSXWLQJ

V\VWHPV�� WR EH SUHVHQWHG LQ WKLV FRQIHUHQFH�

� %� 5� +DYHUNRUW� �3HUIRUPDQFH RI &RPSXWHU &RPPXQLFDWLRQ 6\VWHPV�� -RKQ :LOH\ 	

6RQV /WG�

� $� 'RURNKRY� �6LPXODWLRQ VLPSOH PRGHOV DQG FRPSDULVRQ ZLWK TXHXHLQJ WKHRU\��

021$5&������ KWWS���ZZZ�FHUQ�FK�021$5&�GRFV�PRQDUFBGRFV�KWPO

� .� $PDNR HW DO�� �021$5& WHVWEHG DQG D SUHOLPLQDU\ PHDVXUHPHQW RQ 2EMHFWLYLW\ $06

VHUYHU�� 021$5&������ KWWS���ZZZ�FHUQ�FK�021$5&�GRFV�PRQDUFBGRFV�KWPO

� +� 6DWR� �(YDOXDWLRQ RI 2EMHFWLYLW\�$06 RQ WKH :LGH $UHD 1HWZRUN�� WR EH SUHVHQWHG LQ

WKLV FRQIHUHQFH�

� $� %UXQHQJR HW DO�� �:$1 7HVW�EHG ZLWK 2EMHFWLYLW\ ��� LQ D PXOWL�VHUYHU FRQILJXUDWLRQ��

WR EH SUHVHQWHG LQ WKLV FRQIHUHQFH�

� ,� /HJUDQG� /&% 0DUVHLOOH :RUNVKRS� ���� 6HSWHPEHU

� ,� *DLQHV� �0RGHOLQJ /+& 5HJLRQDO &RPSXWLQJ &HQWHUV ZLWK WKH 021$5& 6LPXODWLRQ

7RROV�� WR EH SUHVHQWHG LQ WKLV FRQIHUHQFH�

�� .� +ROWPDQ� �'DWD FOXVWHULQJ UHVHDUFK LQ &06�� WR EH SUHVHQWHG LQ WKLV FRQIHUHQFH�

�� 021$5& 3KDVH � /HWWHU RI ,QWHQW� KWWS���ZZZ�FHUQ�FK�021$5&�GRFV�SKDVH�BORL�GRF

�� <� 1LVKLGD� -� 0XUDL� &RPSXWHU 6RIWZDUH� 9RO� ��� 1R� � ������ ���


