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,Q WKLV SDSHU ZH SUHVHQW DQ DOJRULWKP IRU HVWLPDWLQJ PHDQ WUD�F VSHHG XVLQJ VLQJOH

LQGXFWDQFH ORRS PHDVXUHPHQWV RI YROXPH �FRXQWV RI YHKLFOH RYHU D GXUDWLRQ� DQG RF�

FXSDQF\ �WKH IUDFWLRQ RI VRPH WRWDO GXUDWLRQ GXULQJ ZKLFK WKH LQGXFWDQFH ORRS VHQVHV

WKH SUHVHQFH RI D YHKLFOH�� 0HFKDQLVPV WR HVWLPDWH VSHHG IURP VLQJOH ORRSV KDV EHHQ RI

LQWHUHVW WR WUD�F HQJLQHHUV IRU VRPH WLPH DV VSHHG LV QRW GLUHFWO\ REVHUYDEOH IURP VLQJOH

ORRS PHDVXUHPHQWV� �+DOO DQG 3HUVDXG� ����� /HXW]EDFK� ����� 3HUVDXG DQG +XUGOH�

����� +DOO DQG *XQWHU� ����� 3HUVDXG DQG +DOO� ����� +DOO� ����� 'LOORQ DQG +DOO� �����

*XQWHU DQG +DOO� ����� 'DLOH\� ������ 5HFHQW DGYDQFHG WUDYHOHU LQIRUPDWLRQ V\VWHP

�$7,6� LQLWLDWLYHV KDYH FUHDWHG D UHTXLUHPHQW IRU D UREXVW VROXWLRQ WR WKLV SUREOHP IRU

D QHZ FODVV RI DSSOLFDWLRQV� QDPHO\ WKRVH ZKLFK SURYLGH LQIRUPDWLRQ WR WUDYHOHUV� ,W LV

DV D UHVXOW RI VXFK DQ LQLWLDWLYH �6HDWWOH :LGH $UHD ,QIRUPDWLRQ IRU 7UDYHOHUV� 6:,)7�

WKDW WKH SUHVHQW DOJRULWKP ZDV IRUPXODWHG�

,Q WKLV SDSHU ZH DFNQRZOHGJH WKH VWDWLVWLFDO QDWXUH RI WKH PHDVXUHPHQWV PDGH

XVLQJ LQGXFWDQFH ORRSV DQG SUHVHQW DQ DOJRULWKP WR HVWLPDWH VSHHG WKDW DFFRXQWV IRU

WKH VWDWLVWLFDO QDWXUH RI WKH HVWLPDWH DV ZHOO DV SURYLGLQJ D UHOLDELOLW\ WHVW IRU RXU

HVWLPDWH� 7KHUH DUH IRXU PHDVXUHPHQWV WKDW DUH PDGH E\ D WUD�F PDQDJHPHQW V\VWHP�

9ROXPH 1�W�� 2FFXSDQF\ 2�W�� VSHHG V�W�� DQG YHKLFOH OHQJWK O�W� �EXW RQO\ YROXPH DQG

RFFXSDQF\ DUH DYDLODEOH IURP VLQJOH ORRSV�� 7KHVH PHDVXUHPHQWV DUH E\ WKHLU QDWXUH

UHDOL]DWLRQV WDNHQ IURP WKH SUREDELOLW\ GLVWULEXWLRQV RI WKH XQGHUO\LQJ YDULDEOHV� DW WKH

WLPH WKH PHDVXUHPHQW DUH PDGH� 2EVHUYDWLRQV RI WKHVH YDULDEOHV DUH W\SLFDOO\ FRPELQHG

WR FUHDWH HVWLPDWHV RI VSHHG� IRU H[DPSOH� VHYHUDO DXWKRUV KDYH XVHG D UDWLR RI YROXPH

�AQ� DQG RFFXSDQF\ �AR� ZLWK FRUUHFWLRQ �J� WR HVWLPDWH VSHHG AV  AQ JAR� �+DOO DQG

3HUVDXG� ����� /HXW]EDFK� ����� :DUGURS� ����� 3HUVDXG DQG +XUGOH� ����� .XUNMLDQ

HW DO�� ����� 1DKL� ����� 3D\QH HW DO�� ����� $7,6 H�RUWV W\SLFDOO\ UHTXLUH HVWLPDWHV

RI VSHHG DQG WUDYHO WLPHV EXW UHO\ DOPRVW FRPSOHWHO\ RQ WKH PHDVXUHPHQWV PDGH E\

WUD�F PDQDJHPHQW V\VWHPV� DQG DV VXFK� UHTXLUH WKH XVH RI VLQJOH LQGXFWDQFH ORRS
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VSHHG HVWLPDWHV�

3UHYLRXV ZRUN KDV QRW H[SOLFLWO\ LQFOXGHG WKH VWDWLVWLFV RI WKH HVWLPDWHG TXDQWLWLHV

ZKHQ PDNLQJ HVWLPDWHV RI YDULDEOHV WKDW DUH QRW REVHUYDEOH� 7KLV ZRUN H[SOLFLWO\

FRQVLGHUV WKH VWDWLVWLFV RI HVWLPDWHV FUHDWHG XVLQJ REVHUYDWLRQV IURP WUD�F PDQDJHPHQW

V\VWHPV� 7KH W\SLFDO PHDVXUHPHQWV DUH YROXPH �1L� DQG RFFXSDQF\ �2L�� DQG WKH

UHODWLRQVKLS EHWZHHQ YROXPH� RFFXSDQF\� VSHHG VLM � DQG OHQJWK RI WKH MWK YHKLFOH OLM LV
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DQG (I�J LV WKH H[SHFWHG YDOXH RSHUDWRU�
(DFK PHDVXUHPHQW SURGXFHV D SDLU RI YROXPH �1L� DQG RFFXSDQF\ YDOXHV �2L�� 7R

XVH WKH VWDWLVWLFV RI WKHVH PHDVXUHPHQWV� OHW (L GHQRWH WKH FRQGLWLRQDO H[SHFWDWLRQ RYHU

DOO UHDOL]DWLRQV WKDW KDYH WKH YROXPH 1L� 7KH FRQGLWLRQDO H[SHFWHG YDOXH RI HTXDWLRQ
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5HDUUDQJLQJ WKH 5+6� DVVXPLQJ WKDW WKH YDULDEOHV � �
�VLM

� DQG �OLM DUH LQGHSHQGHQW�

�ZH QRWH WKDW WKH FRUUHODWLRQ FRH�FLHQW �%HQGDW DQG 3LHUVRO� ����� EHWZHHQ � �
�VLM

�

DQG �OLM � ��OLM�
�

�VLM
�  ����� IRU WKH GDWD SUHVHQWHG ODWHU LQ WKLV SDSHU� WKLV ORZ YDOXH

IRU WKH FRUUHODWLRQ FRH�FLHQW GRHV QRW SURYH LQGHSHQGHQFH EXW GRHV VXJJHVW WKDW VXFK

DQ DVVXPSWLRQ LV UHDVRQDEOH� DQG UHFRJQL]LQJ WKDW (I�OLMJ  �� ZH JHW
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1RWLQJ WKDW (I�VLMJ  �� DSSUR[LPDWLQJ WKH VHULHV ZLWK WKUHH WHUPV� DQG LQVHUWLQJ WKH
UHVXOW LQ HTXDWLRQ ��� UHVXOWV LQ
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7KH YDULDQFH RI WKH VSHHG HVWLPDWH FDQ EH ZULWWHQ�  �V  (LI�V�LMJ� DQG E\ VXEVWLWXWLQJ
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7KH PHDVXUHPHQW RI WKH RFFXSDQF\ LV DOVR D UDQGRP YDULDEOH ZLWK VRPH PHDQ DQG

VRPH GHYLDWLRQ IURP WKDW PHDQ IRU WKH LWK PHDVXUHPHQW� ZH FDQ H[SUHVV WKLV DV
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7KLV IRUP KDV D GHWHUPLQLVWLF FRPSRQHQW FRQWDLQLQJ RQO\ PRPHQWV RI WKH VSHHG GLVWUL�

EXWLRQ DQG D VWRFKDVWLF FRPSRQHQW FRQWDLQLQJ �2L� :H FRQVLGHU WKH VROXWLRQ RI WKH

GHWHUPLQLVWLF FRPSRQHQW LQ WKH QH[W VHFWLRQ�
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,Q WKH FDVH ZKHUH WKHUH DUH SHUIHFW PHDVXUHPHQWV �H�J� �2L  �� DQG HDFK UHDOL]DWLRQ

RI YROXPH DQG RFFXSDQF\ LV HTXDO WR WKH PHDQ RI WKH SUREDELOLW\ GLVWULEXWLRQ IRU WKDW

PHDVXUHPHQW�
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3UHYLRXV DXWKRUV KDYH DVVHUWHG WKDW D UDWLR RI PHDVXUHG YROXPHV DQG RFFXSDQFLHV

FRQYHUWHG WR GHQVLW\ E\ D FRQVWDQW FDQ EH XVHG WR HVWLPDWH VSHHG� �+DOO DQG 3HUVDXG�

����� 3HUVDXG DQG +XUGOH� ����� +DOO DQG *XQWHU� ����� 5RVV� ����� 5HDUUDQJLQJ

HTXDWLRQ ���� WR WKH IRUP XVHG E\ WKHVH SHUYLRXV DXWKRUV�

1L

2L

¥
�O

7

��
 �V
�V�
� �

�
 �V� ����

GHPRQVWUDWHV WKDW DQ HVWLPDWH ZKLFK GRHV QRW FRQVLGHU WKH YDULDELOLW\ RI WKH VSHHG

�FRQWDLQHG LQ  �V� KDV D ELDV� $Q HVWLPDWH EDVHG RQ HUURU�IUHH PHDVXUHPHQWV FDQ EH

REWDLQHG E\ VROYLQJ
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IRU �V� (TXDWLRQ ���� KDV WKH IRUP I�V�  � DQG FDQ EH VROYHG IRU WKH UHDO URRW�� 7KLV

?URRW �QGLQJ� VROXWLRQ SURYLGHV DQ XQELDVHG HVWLPDWRU IRU �V ZKHQ WKHUH DUH LGHDOL]HG

QRLVHOHVV PHDVXUHPHQWV� KRZHYHU� VXFK LV QHYHU WKH FDVH� 7KH QH[W VHFWLRQ SURYLGHV DQ

DOJRULWKP WKDW DGGUHVVHV UHDO PHDVXUHPHQWV�

672&+$67,& 0($6850(176

0HDVXUHPHQWV IURP D WUD�F PDQDJHPHQW V\VWHP DUH UHDOL]DWLRQV IURP VWDWLVWLFDO GLVWUL�

EXWLRQV� 7R DGGUHVV WKH YDULDELOLW\ RI WKH REVHUYDWLRQV� ZH SUHVHQW D �OWHULQJ DSSURDFK�

�7KH IRUPXOD RI 'H0RLYUH DOORZV IRU RQH UHDO DQG WZR LPDJLQDU\ URRWV� �.UH\V]LJ� �����
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7KH JHQHUDO IRUP IRU WKH G\QDPLFV DQG REVHUYHU HTXDWLRQV IRU D .DOPDQ �OWHU DUH

�%R]LF� �����
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)RU WKH NWK WLPH VWHS� ZH VHOHFW RXU VWDWH YDULDEOHV WR EH WKH HVWLPDWH RI VSHHG IRU WKH

ODVW WZR WLPH VWHSV� 7KLV DXWRUHJUHVVLYH�OLNH DSSURDFK H[SOLFLWO\ LGHQWL�HV D WHPSRUDO

FRUUHODWLRQ EHWZHHQ VSHHG HVWLPDWHV DQG UHFRJQL]HV WKDW �V KDV VRPH LQKHUHQW YDULDWLRQ

LQ DGGLWLRQ WR WKH QRLVH FRPSRQHQW� )RU RXU REVHUYDEOHV� ZH XVH WKH UDWLR RI WKH PHD�

VXUHPHQWV IRU WKH WZR SUHYLRXV WLPH VWHSV� 7KH VHOHFWLRQ RI 2N
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XVHG WR QRUPDOL]H WKH REVHUYHG YDOXH RI 2L WR D SHU YHKLFOH EDVLV� )XUWKHU� ZKHQ 1L  ��

WKH REVHUYDWLRQ IURP WKDW WLPH VWHS LV XQGH�QHG �DV RSSRVHG WR KDYLQJ ]HUR YDOXH��

:H DOVR QRWH WKDW LQ HTXDWLRQ ���� WKHUH DUH GHWHUPLQLVWLF DQG VWRFKDVWLF FRPSRQHQWV�

:H XVH WKH GHWHUPLQLVWLF SRUWLRQ WR FRQVWUXFW WKH PHDVXUHPHQW IXQFWLRQ �KN�;N�� DQG
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ZKHUH WKH PHDVXUHPHQW HTXDWLRQ IRU KN�;N� LV QRQOLQHDU LQ WKH VWDWH YDULDEOHV� 7KH

OLQHDU .DOPDQ �OWHU HTXDWLRQV DUH ZULWWHQ �%R]LF� �����
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ZKHUH WKH PHDVXUHPHQW HTXDWLRQ LV D OLQHDU IXQFWLRQ RI WKH VWDWH YDULDEOHV� 7R XVH WKH

OLQHDU �OWHULQJ UHVXOW� ZH DGRSW WKH H[WHQGHG .DOPDQ �OWHU DSSURDFK ZKLFK OLQHDUL]HV

WKH PHDVXUHPHQW HTXDWLRQ IURP ���� DERXW D SRLQW ;S
N �IRU LPSOHPHQWDWLRQ ZH VHOHFW
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FRH�FLHQWV IRU WKH H[SHULPHQWDOO\ PHDVXUHG VSHHG� �3HUFLYDO DQG :DOGHQ� ����� 7KH

QRLVH FRQWULEXWLRQV DUH
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:LWK WKHVH GH�QLWLRQV� ZH FDQ XVH WKH OLQHDU �OWHU VROXWLRQ
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'�-� 'DLOH\� $ 6WDWLVWLFDO $OJRULWKP IRU (VWLPDWLQJ 6SHHG �

IURP UHIHUHQFH �%R]LF� ����� WR XSGDWH WKH VWDWH YDULDEOHV DW HDFK WLPH VWHS� 7KLV

SURYLGHV DQ DOJRULWKP WR FUHDWH WKH EHVW VLQJOH VWHS HVWLPDWH RI WKH VWDWH YDULDEOHV WKDW

PD[LPL]H WKH OLNHOLKRRG IXQFWLRQ JLYHQ LQ HTXDWLRQ ��� RI UHIHUHQFH �%HOO� ������ 7KH

FRQ�GHQFH ZH SODFH LQ WKLV HVWLPDWH FDQ EH WHVWHG E\ FDOFXODWLQJ WKH PHDQ OHQJWK IRU

HDFK HVWLPDWH XVLQJ
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DQG FRPSDULQJ WKLV HVWLPDWH ZLWK ORQJ WLPH HVWLPDWHV RI WKH PHDQ ��O� DQG VWDQGDUG

GHYLDWLRQ � �O� RI WKH OHQJWK GLVWULEXWLRQ� ,I �
�O � F� � �ON � ��O � G� �ZKHUH F DQG G DUH

VHOHFWHG EDVHG RQ WKH VWDWLVWLFV RI �O�� WKH VSHHG HVWLPDWH LV GHHPHG WR EH DFFHSWDEOH�

(03,5,&$/ 5(68/76

,Q WKLV VHFWLRQ ZH SUHVHQW HPSLULFDO UHVXOWV IRU WKH WZR HVWLPDWRUV SUHVHQWHG DQG FRP�

SDUH WKHVH UHVXOWV ZLWK HPSLULFDO VSHHG WUDS PHDVXUHPHQWV� 7KH WZR QHZ HVWLPDWRUV

SUHVHQWHG KHUH DUH� ��� WKH ?URRW �QGLQJ� PHWKRG EDVHG RQ WKH DVVXPSWLRQV RI GHWHU�

PLQLVWLF YDOXHV DQG ��� WKH �OWHULQJ PHWKRG� 7KH UHVXOWV DUH FRPSDUHG TXDQWLWDWLYHO\

RYHU D UDQJH RI WUD�F FRQGLWLRQV�

0HDVXUHPHQWV RI WUD�F RQ ,QWHUVWDWH � LQ 6HDWWOH ZHUH WDNHQ IURP WKH :6'27

7UD�F 0DQDJHPHQW 6\VWHP �706�� 7KH VLWHV VHOHFWHG IRU WHVWLQJ KDYH SDLUV RI ORRSV

WKDW DFW DV D VSHHG WUDS DV ZHOO DV PDNLQJ LQGLYLGXDO ORRS HVWLPDWHV RI YROXPH DQG RFFX�

SDQF\� 7KH ORRSV GHWHFWRU VWDWLRQV DYHUDJH �VXP� WKH YDOXHV IRU YROXPH DQG RFFXSDQF\

RYHU D WZHQW\�VHFRQG LQWHUYDO� DQG DOO WKH GDWD SUHVHQWHG KHUH DUH IRU WZHQW\�VHFRQG

DYHUDJHV�

,Q WKH DOJRULWKPV SUHVHQWHG KHUH� D PHDQ YDOXH IRU OHQJWK �O LV QHFHVVDU\� DV ZHOO DV DQ

HVWLPDWH RI WKH YDULDELOLW\ RI WKH VSHHG  V� 7R REWDLQ D PHDQ OHQJWK IRU WKH FDOFXODWLRQ�

ZH XVHG WKH HPSLULFDO OHQJWK HVWLPDWHV IURP WKH 706 RYHU D VL[�GD\ SHULRG� 7KH

KLVWRJUDP RI WKH REVHUYHG OHQJWKV LV VKRZQ LQ )LJXUH �� DQG WKH PHDQ YDOXH XVHG WR



'�-� 'DLOH\� $ 6WDWLVWLFDO $OJRULWKP IRU (VWLPDWLQJ 6SHHG �

VHHG WKH FDOFXODWLRQ LV ����� IHHW� 7KLV HPSLULFDOO\ JHQHUDWHG GLVWULEXWLRQ RI OHQJWKV

LV DOVR XVHIXO IRU WHVWLQJ WKH DFFHSWDELOLW\ RI WKH �OWHU HVWLPDWH� 7KLV WHVW LV GHVFULEHG

ODWHU LQ WKLV SDSHU�

7KH �UVW HPSLULFDO UHVXOW SUHVHQWHG KHUH LV WKH VSHHG HVWLPDWH IURP WKH URRWV RI

HTXDWLRQ ����� 7KHVH VSHHG HVWLPDWHV DUH XQELDVHG SRLQW HVWLPDWHV RI WKH VSHHG JLYHQ

 V DQG �O� $ FRPSDULVRQ RI WKH URRW VSHHG HVWLPDWH DQG WKH VSHHG PHDVXUHPHQW IURP WKH

VSHHG WUDS LV VKRZQ LQ )LJXUH �� 7KH HVWLPDWH KDV D ODUJHU YDULDQFH WKDQ WKH PHDVXUHG

GDWD EXW JHQHUDOO\ IROORZV WKH FKDUDFWHU RI WKH PHDVXUHG VSHHG� 7KH PRPHQWV RI WKH

GHYLDWLRQ RI WKH HVWLPDWHV RI VSHHG IURP WKH REVHUYHG WZHQW\�VHFRQG DYHUDJH VSHHG �H�J�

�H  (I�V�AVH�J � DUH LQGLFDWLYH RI WKH ELDV LQ WKH HVWLPDWRU� 7KH HVWLPDWHV XVLQJ D ?J�
IDFWRU �WDNHQ IURP WKH 706� KDYH D ELDV UHODWLYH WR WKH PHDVXUHPHQWV ��J  ����� 7KH

URRW PHWKRGRORJ\ HVWLPDWH KDV OLWWOH ELDV UHODWLYH WR WKH PHDVXUHPHQWV ��U  ������

7KH VHFRQG VSHHG HVWLPDWRU� WKH .DOPDQ �OWHU DSSURDFK� LV GHULYHG IURP HTXDWLRQV

���� WKURXJK ����� 7KH HVWLPDWH LV SORWWHG ZLWK WKH HPSLULFDO VSHHG IURP WKH VSHHG WUDS

DVVRFLDWHG ZLWK WKH ORRS GHWHFWRU IURP ZKLFK ZH REWDLQ WKH YROXPH DQG RFFXSDQF\� ,Q

WKLV FDVH� WKH HVWLPDWH UH�HFWV WKH YDULDELOLW\ LQ WKH VSHHG DV D IXQFWLRQ RI WLPH ZLWK D

VPDOOHU YDULDQFH WKDQ WKH PHDVXUHG VSHHG� ,W LV LPSRUWDQW WR QRWH WKDW WKH VSHHG WUDS

UHDOL]DWLRQ LV D SRLQW HVWLPDWH RI WKH WUD�F FRQGLWLRQV DQG LV QRW WKH PHDQ YDOXH RI WKH

VSHHG GLVWULEXWLRQ IRU WKH WUD�F FRQGLWLRQV DV WKH\ H[LVW� 7KH UHOLDELOLW\ RI WKH HVWL�

PDWH RI VSHHG FDQ EH DGGUHVVHG XVLQJ WKH NQRZOHGJH RI WKH VWDWLVWLFV IRU PHDQ OHQJWK DV

HPERGLHG LQ )LJXUH � DQG D FDOFXODWLRQ RI �OL IURP HTXDWLRQ ����� 6SHHG HVWLPDWHV WKDW

SURGXFH �OL YDOXHV WKDW DUH VX�FLHQWO\ IDU IURP WKH SUREDELOLW\ PDVV RI WKH GLVWULEXWLRQ

DUH OHVV UHOLDEOH WKDQ WKRVH QHDU WKH PRVW SUREDEOH OHQJWKV� 7KH HPSLULFDO GLVWULEXWLRQ

RI OHQJWK LV DQ DV\PPHWULF� VWURQJO\ SHDNHG GLVWULEXWLRQ FRQWDLQLQJ ��� RI WKH SURE�

DELOLW\ PDVV LQ WKH UDQJH RI ����� IHHW DQG ZLWK VPDOO SUREDELOLW\ RI RFFXUUHQFH �OHVV

WKDQ ������ RXWVLGH WKLV UDQJH� 7KH VHOHFWLRQ RI WKH FULWHULD IRU DFFHSWLQJ WKH YDOLGLW\

RI D VSHHG HVWLPDWH LV DQ HQJLQHHULQJ MXGJPHQW EDVHG RQ WKH SUREDELOLW\ RI RFFXUUHQFH�

:H GH�QH DFFHSWDEOH HVWLPDWHV RI VSHHG WR EH WKRVH HVWLPDWHV WKDW SURGXFH D OHQJWK

HVWLPDWH �IRU D WZHQW\�VHFRQG DYHUDJH OHQJWK� LQ WKH UDQJH RI ����� IHHW� DQG WKRVH



'�-� 'DLOH\� $ 6WDWLVWLFDO $OJRULWKP IRU (VWLPDWLQJ 6SHHG ��

RXWVLGH WKLV UDQJH DUH GHHPHG XQUHOLDEOH� 7KLV FULWHULD SURYLGHV DQ LQGHSHQGHQW PHDQV

WR HYDOXDWH WKH UHOLDELOLW\ RI RXU VSHHG HVWLPDWHV� )LJXUH � SUHVHQWV WKH PHDQ OHQJWKV

SURGXFHG XVLQJ WKH �OWHU HVWLPDWHV IRU VSHHG� )RU FRPSDULVRQ� )LJXUH � SUHVHQWV WKH

OHQJWKV DV PHDVXUHG E\ WKH 706� ,W LV FOHDU WKDW LQ VRPH FDVHV WKH HVWLPDWH PDGH E\

WKH �OWHU YLRODWHV WKH DFFHSWDELOLW\ FULWHULD DQG ZRXOG QRW EH XVHG IRU VXEVHTXHQW PRG�

HOLQJ FDOFXODWLRQV DQG WUDYHOHU LQIRUPDWLRQ V\VWHPV� 7KH DELOLW\ WR LGHQWLI\ HVWLPDWHV

WKDW DUH QRW DFFHSWDEOH VHWV WKLV PHWKRGRORJ\ DSDUW IURP SUHYLRXV ZRUN�
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7KLV SDSHU SUHVHQWV DQ DOJRULWKP WR HVWLPDWH VSHHG IURP VLQJOH LQGXFWDQFH ORRSV� DV

ZHOO DV SURYLGLQJ DQ DFFHSWDELOLW\ WHVW IRU WKH HVWLPDWHV� 7KH DOJRULWKP VSHFL�FDOO\

DFNQRZOHGJHV WKH VWDWLVWLFV RI WKH SUREOHP� DQG WKH DFFHSWDELOLW\ WHVW XVHV WKH VWDWLVWLFV

RI RQH RI WKH REVHUYDEOHV WR VHW FULWHULD IRU HYDOXDWLQJ WKH UHOLDELOLW\ RI WKH HVWLPDWH�

7KH DOJRULWKP� ZKHQ FRQYHUWHG WR DOJHEUDLF IRUP� LV DSSURSULDWH IRU XVH ZLWK VLQJOH

LQGXFWDQFH ORRS GDWD LQ ERWK WUD�F PDQDJHPHQW V\VWHPV DQG WUDYHOHU LQIRUPDWLRQ

V\VWHPV�

5HIHUHQFHV

%HOO� %� ������� 7KH ,WWHUDWHG .DOPDQ 6PRRWKHU DV D *DXVV�1HZWRQ 0HWKRG � 6,$0

-� 2SWLPL]DWLRQ� ��� ���^����

%HQGDW� -� DQG 3LHUVRO� $� ������� 5DQGRP 'DWD� $QDO\VLV DQG 0HDVXUHPHQW 3URFH�

GXUHV� -RKQ :LOH\ 	 6RQV� �QG HGLWLRQ�

%R]LF� 6� ������� 'LJLWDO DQG .DOPDQ )LOWHULQJ� (GZDUG $UQROG�

'DLOH\� '� ������� 7UDYHO WLPH HVWLPDWLRQ XVLQJ FURVV FRUUHODWLRQ WHFKQLTXHV� 7UDQVSQ

5HV� %� ��%�� ��^����



'�-� 'DLOH\� $ 6WDWLVWLFDO $OJRULWKP IRU (VWLPDWLQJ 6SHHG ��

'LOORQ� '� DQG +DOO� )� ������� )UHHZD\ RSHUDWLRQV DQG WKH FXVS FDWDVWURSKH� $Q

HPSLULFDO DQDO\VLV� 7UDQVSQ 5HV� 5HF�� ����� ��^���

*XQWHU� 0� DQG +DOO� )� ������� 7UDQVLWLRQV LQ WKH VSHHG��RZ UHODWLRQVKLS� 7UDQVSQ

5HV� 5HF�� ����� ��^���

+DOO� )� ������� $Q LQWHUSUHWDWLRQ RI VSHHG��RZ�FRQFHQWUDWLRQ UHODWLRQVKLSV XVLQJ FDWDV�

WURSKH WKHRU\� 7UDQVSQ 5HV� $� ��� ���^����

+DOO� )� DQG *XQWHU� 0� ������� )XUWKHU DQDO\VLV RI WKH �RZ�FRQFHQWUDWLRQ UHODWLRQVKLS�

7UDQVSQ 5HV� 5HF�� ����� �^��

+DOO� )� DQG 3HUVDXG� %� ������� (VWLPDWLQJ VSHHGV IURP IUHHZD\ WUD�F PDQDJHPHQW

V\VWHPV� ,7( ���� &RPSHQGLXP RI 7HFKQLFDO 3DSHUV� SDJHV ���^����

.UH\V]LJ� (� ������� $GYDQFHG (QJLQHHULQJ 0DWKHPDWLFV� -RKQ :LOH\ 	 6RQV� IRXUWK

HGLWLRQ�

.XUNMLDQ� $�� *HUVKZLQ� 6� %�� +RXSW� 3� .�� :LOOVN\� $� 6�� DQG &KRZ� (� <� �������

(VWLPDWLRQ RI URDGZD\ WUD�F GHQVLW\ RQ IUHHZD\V XVLQJ SUHVHQFH GHWHFWRU GDWD�

7UDQVSRUWDWLRQ 6FLHQFH�� ���� ���^����

/HXW]EDFK� :� ������� ,QWURGXFWLRQ WR WKH 7KHRU\ RI 7UD�F )ORZ� 6SULQJHU�9HUODJ�

1DKL� 1� (� ������� )UHHZD\�WUD�F GDWD SURFHVVLQJ� 3URFHHGLQJV RI WKH ,(((�� ����

���^����

3D\QH� +� -�� %URZQ� '�� DQG &RKHQ�� 6� /� ������� ,PSURYHG WHFKQLTXHV IRU IUHHZD\

VXUYHLOODQFH� 7UDQVSRUWDWLRQ 5HVHDUFK 5HFRUG ����� +LJKZD\ &DSDFLW\ DQG )ORZ

7KHRU\ DQG &KDUDFWHULVWLFV�� ����� ��^���

3HUFLYDO� '� DQG :DOGHQ� $� ������� 6SHFWUDO $QDO\VLV IRU 3K\VLFDO $SSOLFDWLRQV� &DP�

EULGJH 8QLYHUVLW\ 3UHVV�

3HUVDXG� %� DQG +DOO� )� ������� &DWDVWURSKH WKHRU\ DQG SDWWHUQV LQ ���VHFRQG IUHHZD\

WUD�F GDWD � LPSOLFDWLRQV IRU LQFLGHQW GHWHFWLRQ� 7UDQVSQ 5HV� $� ��� ���^����

3HUVDXG� %� DQG +XUGOH� 9� ������� 6RPH QHZ GDWD WKDW FKDOOHQJH VRPH ROG LGHDV DERXW

VSHHG��RZ UHODWLRQVKLSV� 7UDQVSQ 5HV� 5HF�� ����� ���^����



'�-� 'DLOH\� $ 6WDWLVWLFDO $OJRULWKP IRU (VWLPDWLQJ 6SHHG ��

5RVV� 3� ������� 6RPH SURSHUWLHV RI PDFURVFRSLF WUD�F PRGHOV� 7UDQVSQ 5HV� 5HF��

����� ���^����

:DUGURS� -� ������� 6RPH WKHRUHWLFDO DVSHFWV RI URDG WUD�F UHV� 3URF� RI WKH ,QVWLWXWLRQ

RI &LYLO (QJLQHHUV� �� ����
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