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JLYH WKH VDPH SHUIRUPDQFH LI WKH SDUDPHWHUV ZHUH SURSHUO\

WXQHG� ,Q WKLV SDSHU� ZH VWXG\ WKH HIIHFWV RI WXQLQJ WZR RI

WKH PRVW LPSRUWDQW SDUDPHWHUV LQ PHDVXUHPHQW�EDVHG

DGPLVVLRQ FRQWURO DOJRULWKPV� 0HDVXUHPHQW :LQGRZ DQG

8WLOL]DWLRQ 7DUJHW� :H VKRZ WKDW WKH PHDVXUHPHQW ZLQGRZ

LV QRW D JRRG WXQLQJ NQRE IRU HQIRUFLQJ ULJLG ORVV

SUREDELOLW\ FRQVWUDLQW� :H SURSRVH D QHZ SDUDPHWHU FDOOHG

6RIW 8WLOL]DWLRQ 7DUJHW FRPELQHG ZLWK D VLPSOH IORZ

DGPLWWDQFH SROLF\ FDOOHG WKH /DWFK DOJRULWKP� 7KH

VLPXODWLRQ UHVXOWV VKRZ WKDW WKLV VFKHPH FDQ DFKLHYH EHWWHU

HQIRUFHPHQW RI ORVV SUREDELOLW\ FRQVWUDLQW ZKLOH

PDLQWDLQLQJ KLJKHU OLQN XWLOL]DWLRQ�

.H\ZRUG� DGPLVVLRQ FRQWURO� PHDVXUHPHQW�EDVHG�

,QWHJUDWHG 6HUYLFHV� FRQWUROOHG�ORDG VHUYLFHV

�� ,QWURGXFWLRQ

7KH DSSURDFK RI 0HDVXUHPHQW�%DVHG $GPLVVLRQ

&RQWURO �0%$&� >�@ LV SUHIHUUHG LQ LQWHJUDWHG VHUYLFHV

QHWZRUNV >�@� >�@� >�@� >�@ LQ RUGHU WR DFKLHYH EHWWHU OLQN

XWLOL]DWLRQ� ,Q PHDVXUHPHQW�EDVHG DSSURDFK� D SULRUL VRXUFH

FKDUDFWHUL]DWLRQ LV XVHG RQO\ IRU LQFRPLQJ IORZV�

0HDVXUHPHQWV ZLOO EH XVHG WR FKDUDFWHUL]H DJJUHJDWHG

EHKDYLRU RI IORZV WKDW KDYH EHHQ LQ SODFH� 7KH JRDO LV WR

H[SORLW WKH SRWHQWLDO PXOWLSOH[LQJ JDLQ� 7KLV LV EDVHG RQ WKH

REVHUYDWLRQV WKDW WKH IORZ GHVFULSWLRQ JLYHQ DW WKH VHVVLRQ

VHWXS WLPH RU UHVRXUFH UHVHUYDWLRQ SKDVH LV XVXDOO\ D ORRVH

ERXQG RI WKH WUDIILF WKDW WKH IORZ DFWXDOO\ JHQHUDWHV� 7KH

DJJUHJDWHG OLQN XWLOL]DWLRQ ZRXOG EH ORZHU WKDQ WKH

H[SHFWDWLRQ HYDOXDWHG VLPSO\ E\ IORZ VSHFLILFDWLRQV�

0%$& LV SURSRVHG WR RYHUFRPH WKH SUREOHP ZKHUH

DGPLVVLRQ GHFLVLRQV DQG FRQWURO DUH EDVHG RQ RQ�OLQH

PHDVXUHPHQW�

6HYHUDO LVVXHV DUH UDLVHG LQ WKH XVH RI

PHDVXUHG�EDVHG DGPLVVLRQ FRQWURO� )LUVW LV WKH IHDVLELOLW\

RI LPSOHPHQWLQJ UHDO�WLPH RQ�OLQH PHDVXUHPHQW PHWKRGV

IRU KLJK�VSHHG QHWZRUNV LQ DSSUR[LPDWLQJ WUDIILF ORDGV�

7KH VHFRQG LVVXH LV WKH SRVVLEOH YLRODWLRQ RI 4R6

FRQVWUDLQWV VXFK DV WKH XWLOL]DWLRQ WDUJHW >�@ DQG ORVV

SUREDELOLW\ >�@� >�@� FDXVHG E\ WKH PHDVXUHPHQW HUURUV� 7KH

WKLUG LVVXH DJDLQ LV WR PD[LPL]H OLQN XWLOL]DWLRQ XQGHU WKH

4R6 FRQVWUDLQWV�

-DPLQ HW DO�� LQ >�@� SUHVHQWHG DQ DOJRULWKP LQ ZKLFK

WKUHH SHUIRUPDQFH�UHODWHG PHDVXUHPHQW SDUDPHWHUV DUH

GHILQHG� 0HDVXUHPHQW ,QWHUYDO VL]H 6� 0HDVXUHPHQW

:LQGRZ 7� DQG 8WLOL]DWLRQ 7DUJHW Y� 7KH\ VKRZHG WKDW KRZ

WKHVH SDUDPHWHUV DUH GHWHUPLQHG PD\ KDYH VLJQLILFDQW

LPSDFW RQ WKH SHUIRUPDQFH� ,Q >�@� WKH\ FRQWHQGHG WKDW WKH

0%$& DOJRULWKPV GHYHORSHG VR IDU FRXOG GHOLYHU WKH VDPH

SHUIRUPDQFH LI WKH SDUDPHWHUV ZHUH SURSHUO\ WXQHG� ,QVWHDG

RI GHYHORSLQJ QHZ DOJRULWKPV� SURSHUO\ WXQLQJ WKH

PHDVXUHPHQW SDUDPHWHUV RI WKH DOJRULWKP LQ >�@ ZRXOG EH D

JRRG FKRLFH� +RZHYHU� WKH\ GLG QRW SURYLGH VROXWLRQV RQ

KRZ WR WXQH WKHVH SDUDPHWHUV� )XUWKHUPRUH� WKH DOJRULWKP

LQ >�@ FDQ VDWLVI\ WKH XWLOL]DWLRQ WDUJHW FRQVWUDLQW EXW ZLWK

RFFDVLRQDO YLRODWLRQ RI WKH ORVV SUREDELOLW\ FRQVWUDLQW� ,W LV

DSSURSULDWH IRU SUHGLFWLYH VHUYLFHV� +RZHYHU� LW ZRXOG QRW

EH VXLWDEOH IRU DSSOLFDWLRQV ZLWK ULJLG 4R6 UHTXLUHPHQWV�

,Q WKLV SDSHU� ZH DGRSW WKH HYDOXDWLRQ PHWKRG IRU
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DJJUHJDWHG WUDIILF E\ WKH 1RUPDO GLVWULEXWLRQ

DSSUR[LPDWLRQ >�@ WR H[DPLQH KRZ FDQ ZH DFKLHYH WKH ORVV

SUREDELOLW\ FRQVWUDLQW E\ UHVL]LQJ WKH 0HDVXUHPHQW

:LQGRZ DQG 8WLOL]DWLRQ 7DUJHW LQ >�@� +HUH ZH GHILQH D

QHZ SDUDPHWHU FDOOHG 6RIW 8WLOL]DWLRQ 7DUJHW� GHQRWHG E\ Y
�

ZKLFK LV G\QDPLFDOO\ DGMXVWHG WR HQIRUFH SDFNHW ORVV

FRQVWUDLQW LQ FRQWUDVW WR WKH IL[HG XWLOL]DWLRQ WDUJHW XVHG LQ

>�@� :H ZLOO VKRZ WKDW 6RIW 8WLOL]DWLRQ 7DUJHW LV D ILQHU

SHUIRUPDQFH NQRE WKDQ WKH 0HDVXUHPHQW :LQGRZ� 2QH FDQ

HDVLO\ WXQH WKH YDOXH RI WKH 6RIW 8WLOL]DWLRQ 7DUJHW WR

GHOLYHU D FHUWDLQ ORVV SUREDELOLW\ FRQVWUDLQW� ZKLOH WKH

DSSURSULDWH 0HDVXUHPHQW :LQGRZ PD\ QRW H[LVW DW DOO� 7KH

PHWKRG IRU WXQLQJ 6RIW 8WLOL]DWLRQ 7DUJHW GHSHQGV RQ WKH

WUDIILF ZKLFK EHKDYLRU LV GLIILFXOW WR REWDLQ XVLQJ RQ�OLQH

PHDVXUHPHQWV� :H SURSRVH D /DWFK $OJRULWKP WR DGGUHVV

WKH LVVXH� ,Q WKH DOJRULWKP� QR QHZ IORZV DUH DGPLWWHG LI WKH

V\VWHP DGPLVVLRQ FRQWUROOHU IRUHFDVWV D SRVVLEOH IDLOXUH RQ

ORVV SUREDELOLW\ FRQVWUDLQW PD\ RFFXU XQWLO DQ\ IORZ

GHSDUWV�

7KH PHWKRG SURSRVHG LQ WKH SDSHU FDQ DOVR EH XVHG

WR VXSSRUW &RQWUROOHG�/RDG 6HUYLFHV >�@ WR VDWLVI\ ERWK

XWLOL]DWLRQ WDUJHW DQG ORVV SUREDELOLW\ FRQVWUDLQWV� $OWKRXJK

&RQWUROOHG�/RDG 6HUYLFHV GR QRW KDYH H[SOLFLW 4R6

FRQVWUDLQWV� WKH V\VWHP PDQDJHU FDQ WKXV VSHFLI\ WKH 4R6

FRQVWUDLQWV VXFK DV XWLOL]DWLRQ WDUJHW DQG ORVV SUREDELOLW\�

7KH UHVW RI RXU SDSHU LV RUJDQL]HG DV IROORZV� ,Q

6HFWLRQ �� ZH ILUVW UHYLHZ WKH 0%$& SDUDPHWHUV LQ >�@ DQG

LQWURGXFH WKH EDVLF PRGHO ZH XVH� 7KHQ ZH VKRZ WKH

ZHDNQHVV RI 0HDVXUHPHQW :LQGRZ LQ HQIRUFLQJ ORVV

SUREDELOLW\ FRQVWUDLQW DQG SUHVHQW RXU VROXWLRQ LGHD� ZKLFK

UHVL]HV 6RIW 8WLOL]DWLRQ 7DUJHW� ,Q 6HFWLRQ �� ZH GHULYH WKH

PHWKRG WR UHVL]H 6RIW 8WLOL]DWLRQ 7DUJHW IRU ORVV SUREDELOLW\

FRQVWUDLQW DQG LQWURGXFH WKH /DWFK $OJRULWKP� :H DOVR

DUUDQJHG WKH SVHXGR FRGHV RI WKH DGPLVVLRQ FRQWURO LQ WKLV

VHFWLRQ� 7KH VLPXODWLRQ UHVXOWV DUH JLYHQ LQ 6HFWLRQ �� ZH

ZLOO GLVFXVV WKH UHVXOW RI ORVV SUREDELOLW\ FRQVWUDLQW DQG

SHUIRUPDQFH RI WKH DGPLVVLRQ FRQWURO� 6HFWLRQ � FRQFOXGHV

RXU SDSHU�

�� 0HDVXUHPHQW :LQGRZ DQG /RVV 3UREDELOLW\

&RQVWUDLQW

��� 0HDVXUHPHQWV LQ D 0%$&

,Q >�@� WKH DGPLVVLRQ FRQWURO DOJRULWKP ZRUNV DV

IROORZV� 0HDVXUHPHQW :LQGRZ 7 VSHFLILHV WKH WLPH VSDQ RI

HDFK PHDVXUHPHQW� 0HDVXUHPHQW ,QWHUYDO RI VL]H 6

VSHFLILHV WKH WLPH LQWHUYDO EHWZHHQ WZR PHDVXUHPHQWV�

)LUVW� WKH 0%$& FRPSXWHV WKH DYHUDJH ORDG < RI D

PHDVXUHPHQW LQWHUYDO� )RU D PHDVXUHPHQW ZLQGRZ

FRQWDLQLQJ N PHDVXUHPHQW LQWHUYDOV� WKH KLJKHVW DYHUDJH

ORDG RI WKH N LQWHUYDOV LV WDNHQ DV WKH HVWLPDWHG ORDG RI WKH

QH[W PHDVXUHPHQW ZLQGRZ� )RU H[DPSOH� LQ )LJXUH ���� WKH

VL]H RI WKH PHDVXUHPHQW ZLQGRZ LV WKUHH� 7KHUH DUH WKUHH

PHDVXUHPHQW LQWHUYDOV � 6��� 6�� DQG 6�� ± LQ

PHDVXUHPHQW ZLQGRZ 7�� $W WKH HQG RI WKH SHULRG� WKH

KLJKHVW DYHUDJH ORDG <�� LV REWDLQHG DQG XVHG DV WKH

HVWLPDWHG ORDG RI WKH OLQN LQ WKH DGPLVVLRQ FRQWURO

GHFLVLRQV GXULQJ WKH QH[W PHDVXUHPHQW SHULRG� 1RWH WKDW LQ

WKLV PHWKRG� WKH ORDG HVWLPDWLRQ LV QRW G\QDPLFDOO\ XSGDWHG

GXULQJ WKH SHULRG� :KHQ WKHUH DUH VXGGHQ ORDG FKDQJHV GXH

WR WKH DUULYDO RI WUDIILF EXUVWV� ZLWKRXW LPPHGLDWH XSGDWH RQ

WKH QHWZRUN VWDWH� WKH DGPLVVLRQ GHFLVLRQV PD\ FDXVH

YLRODWLRQ RI 4R6 FRQVWUDLQWV�

$ QHZ IORZ UHTXHVWLQJ WKH UDWH U LV DGPLWWHG LI

U&Y= ��� (4���

ZKHUH = LV WKH ORDG HVWLPDWH REWDLQHG IURP WKH SUHYLRXV

PHDVXUHPHQW ZLQGRZ� Y LV WKH OLQN XWLOL]DWLRQ WDUJHW� DQG &

LV WKH OLQN FDSDFLW\� +HUH ZH QRWLFH WZR LPSRUWDQW

UHODWLRQVKLSV EHWZHHQ =� Y DQG WKH SHUIRUPDQFH RI

PHDVXUHPHQW�EDVHG DGPLVVLRQ FRQWURO� )LUVW� EHFDXVH WKH

ORDG HVWLPDWH XVHG LV EDVHG RQ WKH PHDVXUHPHQW RI WKH ODVW

SHULRG� WKH ORQJHU WKH GXUDWLRQ RI WKH PHDVXUHPHQW ZLQGRZ�

WKH OHVV UHVSRQVLYHQHVV RI WKH DGPLVVLRQ FRQWURO� WKXV WKH

KLJKHU WKH SRVVLELOLW\ RI YLRODWLQJ WKH 4R6 FRQVWUDLQWV�

6HFRQG� ZLWK D VPDOOHU YDOXH RI WKH XWLOL]DWLRQ WDUJHW� WKH

DGPLVVLRQ FRQWURO GHFLVLRQV ZRXOG EH PRUH FRQVHUYDWLYH LQ

DGPLWWLQJ QHZ IORZV� +HUH� ZH SURSRVH WR G\QDPLFDOO\

UHVL]H PHDVXUHPHQW ZLQGRZ RU XWLOL]DWLRQ WDUJHW WR DGMXVW
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Figure 2.1 Measurements in a Measurement-Based Admission Control Algorithm
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PD\ UHTXLUH ORQJ SHULRGV RI PHDVXUHPHQW� 8QIRUQDWHO\� ZH

FRXOGQ¶W ILQG WKH LQYHUVH IXQFWLRQ RI I � 7KDW PHDQV JLYHQ
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7DEOH ��� 7KH UHODWLRQVKLS EHWZHHQ PHDVXUHPHQW ZLQGRZ

VL]H DQG ORVV SUREDELOLW\ FRQVWUDLQW

7KH PHDVXUHPHQW ZLQGRZ�EDVHG VFKHPH LV

FRQFHSWXDOO\ VLPSOH� %XW LW PD\ QRW EH IHDVLEOH WR VXSSRUW

OLQNV ZLWK ORVV SUREDELOLW\ FRQVWUDLQW JUHDWHU WKDQ
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GXH WR WKH ODUJH VDPSOLQJ RYHUKHDG LQFXUUHG LQ WKH UXQ�WLPH

PHDVXUHPHQW� ,I WKH VDPSOLQJ LQWHUYDO LV IL[HG� ODUJHU

PHDVXUHPHQW ZLQGRZ VL]H PHDQV ORQJHU REVHUYDWLRQ

SHULRG� ,Q WKLV DSSURDFK� WKH VFKHPH PD\ QRW EH DEOH WR

TXLFNO\ UHVSRQG WR ORDG FKDQJHV� WKXV FRPSURPLVLQJ WKH

OLQN XWLOL]DWLRQ DQG LWV VHUYLFHDELOLW\ �$ QHZ IORZ UHTXHVW

PLJKW EH UHMHFWHG GXH WR WKH LQDFFXUDWH ORDG HVWLPDWLRQ���

2Q WKH RWKHU KDQG� LI RQH IL[HV WKH WLPH GXUDWLRQ RI WKH

PHDVXUHPQW ZLQGRZ� RQH ZRXOG QHHG WR LQFUHDVH WKH

VDPSOLQJ IUHTXHQF\� ,Q WKLV FDVH� WKH PHDVXUHPHQW

RYHUKHDG FDQ EHFRPH D FRQFHUQ WR WKH V\WHP SHUIRUPDQFH�
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�� 5HVL]LQJ 6RIW 8WLOL]DWLRQ 7DUJHW DQG /DWFK $OJRULWKP

IRU /RVV 3UREDELOLW\ &RQVWUDLQW

��� 6RIW 8WLOL]DWLRQ 7DUJHW

,Q WKH SUHYLRXV VHFWLRQ� ZH KDYH DQDO\]HG WKH

UHODWLRQVKLS EHWZHHQ GLIIHUHQW ORVV SUREDELOLW\ FRQVWUDLQWV

DQG WKH VL]HV RI WKH PHDVXUHPHQW ZLQGRZ� ,Q WKLV VHFWLRQ�

ZH ORRN DW DQRWKHU LPSRUWDQW SHUIRUPDQFH NQRE LQ

PHDVXUHPHQW�EDVHG DGPLVVLRQ FRQWURO VFKHPHV� L�H� WKH

XWLOL]DWLRQ WDUJHW� :H ZLOO VWXG\ KRZ WR VHW WKH XWLOL]DWLRQ

WDUJHW WR PHHW WKH ORVV SUREDELOLW\ FRQVWUDLQW� )LUVW� D QHZ

SDUDPHWHU FDOOHG 6RIW 8WLOL]DWLRQ 7DUJHW� GHQRWHG E\ Y¶� LV

XVHG WR EHWWHU HQIRUFH WKH ORVV SUREDELOLW\ FRQVWUDLQW� ,W LV

GLIIHUHQW IURP WKH XWLOL]DWLRQ WDUJHW ZKRVH YDOXH LV W\SLFDOO\

IL[HG DQG VHW E\ V\VWHP DGPLQLVWUDWRU DFFRUGLQJ WR VRPH

EDQGZLGWK VKDULQJ SROLF\ EHWZHHQ WKH 4R6�FRQVWUDLQHG

WUDIILF DQG EHVW�HIIRUW WUDIILF�

6LQFH WKH JRDO LV WR HQVXUH WKH SDFNHW ORVV SUREDELOLW\

DW DOO WLPHV LV XSSHU ERXQGHG E\ WKH ORVV SUREDELOLW\

FRQVWUDLQW DV JLYHQ LQ (4���� E\ UHZULWLQJ LW� ZH KDYH
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1RWH WKDW V LV WKH VWDQGDUG GHYLDWLRQ RI WKH PHDVXUHPHQWV
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`� ,I ZH UHSODFH Y DV Y¶ LQ (4���� WKH DGPLVVLRQ FRQWURO

GHFLVLRQ LQHTXDOLW\ HTXDWLRQ EHFRPHV DV IROORZV�
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7KH V LQ (4��� RQO\ GHVFULEHV WUDIILF YDULDWLRQ RI WKH

H[LVWLQJ IORZV� 7R FRPSXWH WKH YDULDQFH RI WKH IORZ

DJJUHJDWHG ZLWK WKH QHZO\�UHTXHVWHG IORZ� ZH DVVXPH WKH

H[LVWLQJ IORZV DQG QHZ RQH DUH LQGHSHQGHQW DQG WKH

YDULDQFH RI WKH DJJUHJDWHG WUDIILF LV WKH VXP RI
�

V DQG

�

U
V LI WKH IORZ LV DGPLWWHG� ZKHUH

�

U
V LV WKH YDULDQFH RI

WKH QHZO\�UHTXHVWHG IORZ� )RU OLQNV ZLWK KXQGUHGV DQG

WKRXVDQGV RI IORZV� RQH FDQ DVVXPH WKH YDOXH RI
�

V ZLOO

EH PXFK ODUJHU WKDQ WKDW RI
�

U
V � 7KXV� ZH ZLOO LJQRUH WKH

YDULDWLRQ HIIHFW LQWURGXFHG E\ WKH QHZ FDOO�

��� 7KH /DWFK $OJRULWKP

2QH RI WKH PDMRU FRQVLGHUDWLRQ LQ DGPLVVLRQ FRQWURO

LV QRW WR OHW WKH DGPLWWDQFH RI D QHZ IORZ DIIHFW WKH

SURPLVHG 4R6 WR H[LVWLQJ IORZV� ,Q PHDVXUHPHQW�EDVHG

DSSURDFK� LW UHOLHV RQ DFFXUDWH HVWLPDWLRQ RI WKH PHDQ DQG

VWDQGDUG GHYLDWLRQ RI WKH H[LVWLQJ WUDIILF ORDGV� +RZHYHU�

GXH WR PHDVXUHPHQW XQFHUWDLQW\� HVSHFLDOO\ LQ KHDY\ ORDG

FRQGLWLRQV� KRZ WR FRUUHFW RU KDQGOH HVWLPDWLRQ HUURU

EHFRPHV RQH RI WKH PDMRU LVVXHV LQ PHDVXUHPHQW�EDVHG

DGPLVVLRQ FRQWURO� $VVXPLQJ WKH HVWLPDWHG SDUDPHWHUV DUH

WKH UHDO SDUDPHWHUV FRXOG EH GDQJHURXV� )RU H[DPSOH� DQ

XQGHUHVWLPDWLRQ RI IORZ SDUDPHWHUV PD\ GHWHULRUDWH WKH

4R6 JXDUDQWHH WR DGPLWWHG IORZV� 2YHUHVWLPDWLRQ RI WKH

QXPEHU RI SHUPLVVLEOH IORZV PD\ DV ZHOO UHVXOW LQ

LQHIILFLHQW XVH RI QHWZRUN UHVRXUFHV DQG XQQHFHVVDU\

EORFNLQJ RI FDOO UHTXHVWV�

7R DGGUHVV WKH LVVXH� ZH SURSRVH D PHWKRG FDOOHG WKH

/DWFK DOJRULWKP WR G\QDPLFDOO\ DGMXVW WKH DGPLVVLRQ

FRQWURO SROLF\� )LUVW� LI WKHUH LV D YLRODWLRQ RI WKH SDFNHW ORVV

FRQVWUDLQW GXULQJ D PHDVXUHPHQW LQWHUYDO� WKH V\VWHP ZLOO

VWRS DGPLWWLQJ QHZ IORZV XQWLO DQ H[LVWLQJ IORZ GHSDUWV�

7KLV LV WR SUHYHQW IXUWKHU YLRODWLRQ RI WKH SDFNHW ORVV

FRQWUDLQW� 0RUHRYHU� ZH FRQVLGHU WKDW DQ RFFXUUHQFH RI ORVV

FRQVWUDLQW YLRODWLRQ PD\ LPSO\ IXUWKHU RFFXUUHQFH RI WKH

HYHQW� ,W FHUWDLQO\ VKRZV WKDW WKH WRWDO WUDIILF ORDG ZDV

JUHDWHU WKDQ WKH H[SHFWHG� 7KHUHIRUH� HYHQ WKRXJK WKH

FXUUQHW ORDG HVWLPDWH LV ORZ� RQH ZRXOG OLNH WR WHPSRUDULO\

FORVH IORZ DGPLWWDQFH WR UHGXFH WKH XQFHUWDLQWLHV

LQWURGXFHG E\ DGPLWWLQJ PRUH IORZV LQWR WKH V\VWHP�

*HQHUDOO\� VXFK YLRODWLRQ LV RZLQJ WR WKH IOXFXWDWLRQV RU

EXUVWLQHVV RI WKH DJJUHJDWHG WUDIILF� ,Q SUDFWLFH� LW LV VWLOO

YHU\ GLIILFXOW WR TXDQWL]H VXFK HIIHFW DW WKH IORZ DGPLVVLRQ

WLPH EDVHG RQ WKH IORZ SULRUL WUDIILF GHVFULSWLRQV� %\ GRLQJ

VR� LW ZLOO FHUWDLQO\ KHOS WR FRPSHQVDWH WKH HVWLPDWLRQ HUURU�

6HFRQG� LI WKH V\VWHP UHMHFWV D IORZ� WKH IORZ DGPLVVLRQ

ZLOO EH WHPSRUDULO\ FORVHG XQWLO D IORZ GHSDUWV� 7KH JRDO LV

WR FRPSHQVDWH SRVVLEOH XQGHUHVWLPDWLRQ RI WKH DJJUHJDWHG

WUDIILF ORDG�
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7KH WZR SROLFLHV SURSRVHG DUH VLPSOH DQG HIIHFWLYH

LQ HQIRUFLQJ ORVV SUREDELOLW\ FRQVWUDLQWV� 7KH VLPXODWLRQ

UHVXOWV VKRZQ LQ WKH QH[W VHFWLRQ ZLOO VKRZ WKH

SHUIRUPDQFH RI PD[LPL]LQJ OLQN XWLOL]DWLRQ ZLWKRXW ORVV

SUREDELOLW\ YLRODWLRQ E\ HPSOR\LQJ WKLV DOJRULWKP�

7KH SVHXGR FRGHV RI WKH SURSRVHG DGPLVVLRQ FRQWURO

SROLFLHV DUH VKRZQ LQ )LJXUH ����

H[WHUQ IORDW $FFXPXODWH� �� $FFXPXODWHG SDFNHW VL]H

YRLG 3DFNHWB0HDVXUHPHQWV�IORDW 3DFNHWBVL]H�
^

$FFXPXODWH� 3DFNHWBVL]H�
`

)LJXUH ��� �D� 3DFNHW PHDVXUHPHQW SURFHGXUH

H[WHUQ IORDW $FFXPXODWH� �� $FFXPXODWHG SDFNHW VL]H

H[WHUQ IORDW 7UDIILFB'DWD>@��� 7UDIILF GDWD VWRUDJH

H[WHUQ LQW 7UDIILFB'DWDB,QGH[�
H[WHUQ LQW /DWFK� �� /DWFK IODJ

YRLG 2QBOLQHB0HDVXUHPHQWV��
^

IORDW %XIIHUOHVVB/RVV 

�$FFXPXODWH�/,1.B%$1':,'7+��$FFXPXODWH�
LI �%XIIHUOHVVB/RVV!3B4R6�

/DWFK �� �� /DWFK SROLF\ �
7UDIILFB'DWDB,QGH[ 

�7UDIILFB'DWDB,QGH[����527$7(B6725$*(�

7UDIILFB'DWD>7UDIILFB'DWDB,QGH[@ $FFXPXODWH�
$FFXPXODWH �� �� 5HVHW WKH DFFXPXODWLRQ

`

)LJXUH ����E� 2Q�/LQH 0HDVXUHPHQWV SURFHGXUH

H[WHUQ IORDW 7UDIILFB'DWD>@��� 7UDIILF GDWD VWRUDJH
H[WHUQ LQW 7UDIILFB'DWDB,QGH[�

H[WHUQ LQW /DWFK� �� /DWFK IODJ
LQW 1HZB)ORZB$UULYDO�IORDW 5DWH�

^

IORDW 0HDQ� 6WGB'HY� 6RIWB87�
LI �/DWFK�

UHWXUQ�5(-(&7���� 5HMHFW LI EHLQJ ODWFKHG
6WGB'HY 

0RYLQJB6WGB'HY����� *HW WKH VWGHY

�� &DOFXODWH WKH 6RIW 8WLOL]DWLRQ 7DUJHW
6RIWB87 

���6WGB'HY�/,1.B&$3$&,7<�
8QB1RUPDO���3B4R6��
�� 0DNH WKH DGPLVVLRQ GHFLVLRQ

LI �7UDIILFB'DWD>7UDIILFB'DWDB,QGH[@

�6RIWB87
/,1.B&$3$&,7<�5DWH�
UHWXUQ�$&&(37�� �� $FFHSW D QHZ IORZ

HOVH ^
/DWFK �� UHWXUQ�5(-(&7��

` �� /DWFK SROLF\ �

`

)LJXUH ����F� 1HZ )ORZ $UULYDO SURFHGXUH

H[WHUQ LQW /DWFK�
YRLG )ORZB'HSDUWXUH��

^
/DWFK ��

`

)LJXUH ����G� )ORZ 'HSDUWXUH SURFHGXUH

,Q )LJXUH ����D�� LW LV WKH FRGH IRU SDFNHW

PHDVXUHPHQW WULJJHUHG E\ WKH HYHQW RI SDFNHW DUULYDO� ,Q

)LJXUH ����E�� LW VKRZV IRU WKH RQ�OLQH WUDIILF ORDG

HVWLPDWLRQ� 7KLV IXQFWLRQ LV WULJJHUHG E\ FORFN DODUP� RQFH

SHU 0HDVXUHPHQW ,QWHUYDO� ,W DOVR GHWHFWV WKH YLRODWLRQ RQ

WKH ORVV SUREDELOLW\ FRQVWUDLQW� )LJXUH ����F� LV WR KDQGOH

QHZ IORZ DUULYDOV� )LJXUH ����G� VKRZV WKH IXQFWLRQ IRU

KDQGOLQJ IORZ GHSDUWXUHV�

,Q WKLV IXQFWLRQ� ZKHQ D QHZ IORZ UHTXHVW LV UHFHLYHG�

WKH DGPLVVLRQ FRQWURO XQLW ZLOO ILUVW FKHFN LI WKH /DWFK IODJ

LV RII� ,I \HV� LW FRPSXWHV WKH FXUUHQW HVWLPDWH RI WKH

VWDQGDUG GHYLDWLRQ RI WKH WUDIILF ORDG WR REWDLQ D QHZ YDOXH

RI 6RIW 8WLOL]DWLRQ 7DUJHW� 7KHQ WKH DGPLVVLRQ FRQWURO

SURFHVV LV H[HFXWHG EDVHG RQ WKH QHZ XWLOL]DWLRQ WDUJHW� ,I

WKH IORZ LV UHMHFWHG� WKH ODWFK IODJ LV WXUQHG RQ DQG WKH IORZ

DGPLWWDQFH LV FORVHG� 7KH IXQFWLRQ RI ³)ORZ 'HSDUWXUH´ LV

LQYRNHG E\ D IORZ GHSDUWXUH HYHQW� ,W ZLOO WXUQ RII WKH /DWFK

IODJ DQG UHVXPH WKH DGPLVVLRQ FRQWURO SURFHVV�

�� 6LPXODWLRQ 5HVXOWV

,Q WKLV VHFWLRQ� ZH VWXG\ WKH SHUIRUPDQFH RI WKH

SURSRVHG PHWKRG WR G\QDPLFDOO\ UHVL]H WKH SDUDPHWHU RI

WKH WDUJHW XWLOL]DWLRQ LQ PHDVXUHPHQW�EDVHG DGPLVVLRQ

FRQWURO RQ HQIRUFLQJ ORVV SUREDELOLW\ FRQVWUDLQWV� ,Q WKH

VLPXODWLRQ� OLQNV ZLWK WZR GLIIHUHQW EDQGZLGWKV DUH

FRQVLGHUHG� �����0ESV �7�� DQG ��0ESV �(WKHUQHW�� 7KUHH

W\SHV RI WUDIILF VRXUFHV DUH VWXGLHG� 7KH ILUVW RQH LV WKH

21�2)) WUDIILF VRXUFH� ,Q WKH 21�2)) PRGHO� D IORZ

DOWHUQDWHV EHWZHHQ WKH 21 DQG 2)) VWDWH� WKH GXUDWLRQ RI

ERWK VWDWHV DUH DVVXPHG WR EH H[SRQHQWLDOO\ GLVWULEXWHG ZLWK

WKH PHDQ RI � VHFRQGV� 7KH IORZ VHQGV �.E\WHV�VHF

FRQVWDQW ELW UDWH GDWD LQ WKH 21 VWDWH DQG LV LGOH ZKHQ LQ WKH

2)) VWDWH� 7KH VHFRQG PRGHO LV WKH 3RLVVRQ SURFHVV ZLWK

WKH PHDQ RI �.E\WHV�VHF� 7KLUG� ZH VWXG\ WKH HIIHFW XQGHU

KHWHURJHQHRXV WUDIILF� +HUH ZH KDYH WUDIILF PL[HG RI WKH

DERYH WZR W\SHV RI IORZV ZLWK VHQGLQJ UDWH YDU\LQJ IURP

�.E\WH�VHF WR ��.E\WH�VHF� 7KH 0HDVXUHPHQW ,QWHUYDO LV

VHW WR RQH VHFRQG� :H XVH0RYLQJ�� PHWKRG IRU WKH RQ�OLQH

FDOFXODWLRQ RI WKH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH WUDIILF

ORDG� 1DPHO\� WKH PHPRU\ RI WKH RQ�OLQH PHDVXUHPHQW LV

HLJKW PHDVXUHPHQW LQWHUYDOV� 7KH PHDQ P DQG VWDQGDUG
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HYDOXDWHG HYHU\ ���� PHDVXUHPHQW LQWHUYDOV� ZKHUH
�
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HYDOXDWHV WKH SRVLWLYH SDUW RI WKH UHVXOW� ,W LV DVVXPHG WKDW

WKH WUDQVPLVVLRQ OLQN LV EXIIHU�OHVV�

$� (QIRUFLQJ /RVV &RQVWUDLQWV

)LJXUH ��� DQG ��� VKRZ WKH UHVXOWLQJ SDFNHW ORVV

SUREDELOLW\ YV� WKH WDUJHW ORVV FRQVWUDLQW IRU

PHDVXUHPHQW�EDVHG DGPLVVLRQ FRQWURO ZLWK RU ZLWKRXW

XVLQJ WKH /DWFK DOJRULWKP IRU OLQNV ZLWK �����0ESV DQG

��0ESV FDSDFLW\� UHVSHFWLYHO\� $ UHIHUHQFH OLQH LV VKRZQ WR

LQGLFDWH ZKHWKHU WKH ORVV SUREDELOLW\ FRQVWUDLQW LV VDWLVILHG

RU QRW� 7KH GDWD SRLQWV WKDW OLH EHORZ WKH UHIHUHQFH OLQH

FRUUHVSRQG WR WKRVH H[SHULPHQWV ZKHUH ORVV FRQVWUDLQWV DUH

QRW VDWLVILHG�
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)LJXUH ��� /RVV SUREDELOLW\ FRQVWUDLQW DQG VLPXODWHG ORVV

UDWH LQ WKH ��0ESV OLQN EDQGZLGWK

)URP WKH ILJXUHV� RQH FDQ VHH WKDW IRU WKH WUDQVPLVVLRQV

XQGHU WKH VDPH W\SH RI WUDIILF VRXUFHV� WKRVH XVLQJ

DGPLVVLRQ FRQWURO ZLWK WKH /DWFK DOJRULWKP DFKLHYH EHWWHU

SHUIRUPDQFH LQ HQIRUFLQJ SDFNHW ORVV FRQVWUDLQW WKDQ WKH

RQHV ZLWKRXW HPSOR\LQJ WKH /DWFK DOJRULWKP� 7KLV LV

PDLQO\ GXH WR WKH EORFNLQJ RI QHZ IORZV ZKHQ WKH OLQN ORDG

DSSURDFKHV WKH WDUJHW XWLOL]DWLRQ� 1H[W� ZH FRPSDUH WKH

SHUIRUPDQFH RI WKH WUDQVPLVVLRQV XVLQJ WKH SURSRVHG

PHWKRG XQGHU GLIIHUHQW W\SHV RI WUDIILF VRXUFHV� )URP WKH

VLPXODWLRQ UHVXOWV� RQH FDQ VHH EHFDXVH WKDW WKH 3RLVVRQ

WUDIILF VRXUFHV JHQHUDWH WKH OHDVW GHJUHH RI WUDIILF EXUVWLQHVV�

WKH FKDQFHV RI KDYLQJ ORVV FRQVWUDLQW YLRODWLRQ DUH ORZHUHG�

WKXV KDYLQJ WKH EHVW SHUIRUPDQFH� HVSHFLDOO\ IRU FDVHV ZLWK

PRUH ULJLG ORVV FRQVWUDLQW� :KHQ ZH FRPSDUH WKH

SHUIRUPDQFHV IRU WKH VDPH WUDQVPLVVLRQV EXW XQGHU

GLIIHUHQW OLQN FDSDFLWLHV� LW LV KDUG WR WHOO�
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)LJXUH ��� 3HUIRUPDQFH RI WKH DGPLVVLRQ FRQWURO LQ WKH

��0ESV OLQN EDQGZLGWK

%� /LQN 8WLOL]DWLRQ

1H[W� ZH ZRXOG H[DPLQH WKH OLQN XWLOL]DWLRQ

SHUIRUPDQFH XVLQJ WKH SURSRVHG PHWKRG� ,Q )LJXUH ��� DQG

)LJXUH ���� ZH FRPSDUH WKH OLQN XWLOL]DWLRQ IRU

WUDQVPLVVLRQV XQGHU GLIIHUHQW OLQN FDSDFLWLHV� ,Q DGGLWLRQ�
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WKH /RVV�/RDG &XUYHV >��@ DUH VKRZQ LQ HDFK ILJXUH IRU

FRPSDULVRQ� 7KH /RVV�/RDG &XUYH JLYHV WKH PD[LPXP

XWLOL]DWLRQ REWDLQHG WR VDWLVI\ WKH ORVV SUREDELOLW\ FRQVWUDLQW�

2QH FDQ VHH WKDW WKH SHUIRUPDQFH RI DGPLVVLRQ FRQWURO ZLWK

WKH /DWFK DOJRULWKP LV YHU\ FORVH WR WKH /RVV�/RDG FXUYHV�

,Q ILJXUH ���� WKH GLVWDQFH EHWZHHQ WKH 3RLVVRQ

SHUIRUPDQFH FXUYH DQG WKH FRUUHVSRQGLQJ /RVV�/RDG

&XUYH LV DERXW ���.ESV� *LYHQ WKDW HDFK 3RLVVRQ IORZ LV RI

��.ELWV�VHF DYHUDJH UDWH� WKH GLIIHUHQFH LV DERXW D IORZ� %XW

RQH FDQ DFKLHYH EHWWHU ORVV FRQVWUDLQW ZKHQ XVLQJ WKH /DWFK

DOJRULWKP� ,Q WKH FDVH RI WKH 21�2)) VRXUFHV� WKH

SURSRVHG PHWKRG DSSHDUV WR EH FRQVHUYDWLYH LQ DGPLWWLQJ

QHZ IORZV� ,W SHUIRUPV EHWWHU OLQN XWLOL]DWLRQ LQ WKH UDQJH RI

WLJKWHU ORVV FRQVWUDLQWV�

�� &RQFOXVLRQV

,W KDV EHHQ VKRZQ WKDW WXQLQJ FHUWDLQ SHUIRUPDQFH

NQREV VXFK DV WKH PHDVXUHPHQW ZLQGRZ VL]H LV LPSRUWDQW

WR WKH SHUIRUPDQFH RI WKH PHDVXUHPHQW�EDVHG DGPLVVLRQ

FRQWURO� ,Q WKLV SDSHU� ZH ILUVW DQDO\]H KRZ WKH VL]H RI WKH
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