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3RQWLI��FLD 8QLYHUVLGDGH &DW�ROLFD GR 5LR GH -DQHLUR� 'HSDUWDPHQWR GH (QJHQKDULD 0HFADQLFD

5XD 0DUTXAHV GH 6aDR 9LFHQWH� ��� � ��������� � 5LR GH -DQHLUR � %UDVLO

)HUQDQGR $� 5RFKLQKD

8QLYHUVLGDGH )HGHUDO GR 5LR GH -DQHLUR� 'HSDUWDPHQWR GH (QJHQKDULD 0HFADQLFD

&�3�� ������ &(3 ��������� � 5LR GH -DQHLUR � %UDVLO

5XEHQV 6DPSDLR

3RQWLI��FLD 8QLYHUVLGDGH &DW�ROLFD GR 5LR GH -DQHLUR� 'HSDUWDPHQWR GH (QJHQKDULD 0HFADQLFD

5XD 0DUTXAHV GH 6aDR 9LFHQWH� ��� � ��������� � 5LR GH -DQHLUR � %UDVLO

$EVWUDFW� ,VRODWLRQ V\VWHPV DUH XVHG LQ D ODUJH YDULHW\ RI DSSOLFDWLRQV WR UHGXFH WKH

WUDQVPLVVLRQ RI PHFKDQLFDO YLEUDWLRQV FDXVHG E\ RU WUDQVPLWWHG WR HTXLSPHQW� ,Q RUGHU WR

PHDVXUH WKH H�FDF\ RI DQ\ LVRODWLRQ V\VWHP WKHUH DUH HVVHQWLDOO\ WZR PHWKRGV� RQH EDVHG

LQ WKH WUDQVPLVVLELOLW\ DQG DQRWKHU LQ WKH WUDQVPLWWHG SRZHU� :H FRPSDUH WKH WZR PHWKRGV

LQ D VLPSOH V\VWHP FRPSRVHG RI D �H[LEOH EDVH �EHDP VXSSRUWHG LQ VL[ SRLQWV� IRXU RI ZKLFK

�[HG DQG WKH RWKHU WZR WR EH FKRVHQ VR DV WR PLQLPL]H WKH YLEUDWLRQ RI WKH EDU�� D �H[LEOH

LVRODWRU DQG D ULJLG VRXUFH� 7KH H[FLWDWLRQ FDQ EH HLWKHU D IRUFH RU D PRPHQW� :H VKRZ

WKH DPELJXLW\ WKDW DULVHV GXH WR WKH XVH RI WKH FODVVLFDO WUDQVPLVVLELOLW\ DQG LWV OLPLWDWLRQV�

ZKHUHDV IRU WKH SRZHU WKHUH LV QR DPELJXLW\ DQG WKH FRQFHSW LV HDVLHU WR DSSO\�

.H\ZRUGV� 9LEUDWLRQ LVRODWLRQ� 7UDQVPLVVLELOLW\� 7UDQVPLWWHG SRZHU�

�� ,1752'8&7,21

,VRODWLRQ V\VWHPV DUH XVHG LQ D ODUJH YDULHW\ RI DSSOLFDWLRQV �DXWRPRELOHV� EXLOGLQJV�

VSDWLDO VWUXFWXUHV OLNH DLUFUDIW DQG VDWHOOLWHV DQG� LQ URWDWLQJ PDFKLQHV� VR DV WR UHGXFH

WKH WUDQVPLVVLRQ RI PHFKDQLFDO YLEUDWLRQV JHQHUDWHG E\ RU WUDQVPLWWHG WR HTXLSPHQW� ,Q

JHQHUDO WKH LVRODWLRQ SUREOHPV FDQ EH FODVVL�HG LQ WZR W\SHV� DV VKRZQ LQ ?)LJ� �� �

,Q WKH �UVW FDVH �OHIW�KDQG VLGH� WKH HQYLURQPHQW LV LVRODWHG IURP WKH YLEUDWLRQV

JHQHUDWHG E\ WKH PDFKLQH� D W\SLFDO H[DPSOH RI ZKLFK LV WKH LVRODWLRQ RI D FDU ERG\ IURP

WKH YLEUDWLRQV JHQHUDWHG E\ WKH HQJLQH� ,Q WKH VHFRQG FDVH VHQVLWLYH HTXLSPHQW LV SURWHFWHG

DJDLQVW WKH SHUWXUEDWLRQV WUDQVPLWWHG WR WKH VXSSRUW VWUXFWXUH� D FRPPRQ H[DPSOH ZKLFK

LV WKH LVRODWLRQ RI D EHQFK ZLWK ODVHU HTXLSPHQW�
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)LJXUH �� 9LEUDWLRQ LVRODWLRQ W\SHV�

,VRODWLRQ LV REWDLQHG E\ LQVHUWLQJ D PHFKDQLFDO FRPSRQHQW �LVRODWRU� ZKLFK DFWV DV D

OLQN EHWZHHQ WKH VXE�V\VWHP WKDW FRQWDLQV WKH SHUWXUEDWLRQ DQG WKH RQH WR EH LVRODWHG�

$ PHDVXUH H[WHQVLYHO\ XVHG WR HYDOXDWH WKH H�HFWLYHQHVV RI DQ LVRODWLRQ V\VWHP LV WKH

FODVVLFDO WUDQVPLVVLELOLW\� ZKLFK LV LQ JHQHUDO GHVFULEHG LQ WKH IUHTXHQF\ GRPDLQ� 'HSHQG�

LQJ RQ WKH XVH� WKLV TXDQWLW\ FDQ EH H[SUHVVHG DV WKH UHODWLRQ EHWZHHQ WKH WUDQVPLWWHG

IRUFH WR WKH EDVH DQG WKH H[FLWDWLRQ IRUFH� RU DV WKH UHODWLRQ EHWZHHQ WKH PRWLRQ DPSOLWXGH

�GLVSODFHPHQW RU YHORFLW\� RI WKH SURWHFWHG HTXLSPHQW DQG WKH PRWLRQ DPSOLWXGH RI WKH

VXSSRUW� +\EULG IRUPXODWLRQV DUH DOVR SRVVLEOH� H�J�� WKH UHODWLRQ EHWZHHQ WKH IRUFH DQG

WKH GLVSODFHPHQW �RU YHORFLW\� DQG YLFH�YHUVD� $ H[SRVLWLRQ RI LWV XVH LQ VLPSOH V\VWHPV

RI RQH GHJUHH RI IUHHGRP LV VKRZQ LQ �,QPDQ� ������ DQG IRU V\VWHPV ZLWK VHYHUDO GHJUHHV

RI IUHHGRP LQ �3RQVOHW 	 (OGUHG� ������

$QRWKHU PHDVXUH LV WKH WUDQVPLWWHG SRZHU� ZKLFK KDV EHHQ PRUH DQG PRUH VWXGLHG

DQG XVHG� DQG LV PRUH DSSURSULDWH WR EH PLQLPL]HG EHFDXVH LW FDUULHV WKH GLVSODFHPHQWV

�RU YHORFLWLHV� DQG WKH IRUFHV LQ D VLQJOH VFDODU TXDQWLW\�

,Q UHFHQW \HDUV LW KDV EHHQ UHFRJQL]HG WKH LPSRUWDQFH LQ WKH YLEUDWLRQ WUDQVPLVVLRQ

RI WKH URWDWLRQDO GHJUHHV RI IUHHGRP� LQ DGGLWLRQ WR WKH WUDQVODWLRQDO RQHV� HVSHFLDOO\ LQ WKH

KLJK IUHTXHQF\ UDQJH �6DQGHUVRQ� ������ ,Q FRQYHQWLRQDO VWXGLHV RI LVRODWLRQ V\VWHPV� ZKHQ

WKH VRXUFH DQG�RU WKH EDVH DUH QRW ULJLG �6QRZGRQ� ������ RQO\ WUDQVODWLRQDO PRYHPHQWV

QRUPDO WR WKH VXSSRUW VXUIDFH RI WKH LVRODWRU ZHUH FRQVLGHUHG� %XW LW LV ZHOO NQRZQ WKDW

WKH YLEUDWRU\ SRZHU H[FLWLQJ D EHDP RU D SODWH GXH WR WKH PRPHQWV LV PRUH VHYHUH LQ

WKH KLJK IUHTXHQF\ UDQJH �FDXVHG E\ WKH SURSDJDWLRQ RI �H[XUDO ZDYHV� WKDQ WKH SRZHU

UHODWHG WR WKH IRUFHV�

7KH XQLI\LQJ FRQFHSW RI YLEUDWRU\ SRZHU KDV EHHQ XS WR QRZ WKH RQO\ ZD\ WR RYHUFRPH

WKH KDUG SUREOHP RI LQFRPSDWLEOH XQLWV ZKLFK DULVHV ZKHQ LW LV QHFHVVDU\ WR FRPSDUH WKH

H�HFWV RI D PXOWL�GLUHFWLRQDO H[FLWDWLRQ LQ D LVRODWLRQ V\VWHP�

$QRWKHU SUREOHP ZLWK WKH XVH RI WKH FODVVLFDO WUDQVPLVVLELOLW\ DULVHV ZKHQ DQ LVRODWLRQ

V\VWHP KDV VHYHUDO GHJUHHV RI IUHHGRP DQG WKH LVRODWHG HTXLSPHQW KDV PDQ\ ULJLG ERG\

PRGHV� ,Q WKLV FDVH WKH HYDOXDWLRQ RI WKH LVRODWLRQ TXDOLW\ FRQVLGHULQJ DOO GHJUHHV RI

IUHHGRP LV D GL�FXOW SUREOHP� ,Q RUGHU WR VROYH WKLV SUREOHP WKHUH DUH VRPH VWXGLHV WKDW

XVH YDULDWLRQV RI WKH WUDQVPLVVLELOLW\ FRQFHSW� EXW WKH\ GR QRW HYDOXDWH WKH H�HFW RI WKH

PRPHQWV �3RQVOHW 	 (OGUHG� ������
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&RQVLGHULQJ ?)LJ� ��� LW ZLOO EH SUHVHQWHG WKH H[SUHVVLRQV XVHG LQ WKLV ZRUN� WKH
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8VLQJ WKH SULQFLSOH RI DFWLRQ DQG UHDFWLRQ IRU WKH IRUFHV DQG HQIRUFLQJ WKH FRQWLQXLW\

IRU WKH YHORFLWLHV� LW IROORZV WKDW�
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:KHUH 7 LV D WUDQVIRUPDWLRQ PDWUL[ WKDW UHODWHV WKH GLVSODFHPHQWV� YHORFLWLHV RU
IRUFHV LQ WKH VRXUFH �RU EDVH� ZLWK WKRVH LQ WKH LVRODWRU H[WUHPLWLHV�
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�� ,VRODWLRQ PRGHO ZLWK D �H[LEOH EDVH ZLWK � VXSSRUWV DQG D �H[LEOH LVRODWRU

7KH LVRODWLRQ PRGHO ZKLFK LV XVHG WR FRPSDUH WKH WUDQVPLVVLELOLW\ DQG WKH WUDQV�

PLWWHG SRZHU LV VKRZQ LQ ?)LJ� ��� ,W LV FRPSRVHG RI D ULJLG VRXUFH XQGHU D YHUWLFDO

IRUFH RU D PRPHQW H[FLWDWLRQ �WKH PRGHO DOORZ XV WR XVH D PXOWL�GLUHFWLRQDO H[FLWDWLRQ�

D YHUWLFDO IRUFH� D KRUL]RQWDO IRUFH DQG D PRPHQW�� VR DV WR SHUPLW WKH FRPSDULVRQ ZLWK

WKH WUDQVPLVVLELOLW\ EHFDXVH LW LV OLPLWHG WR VLPSOH H[FLWDWLRQV� 7KH LVRODWRU ZDV PRGHOHG

DQDO\WLFDOO\ DV D FRQWLQXXP �LW KDV LQ�QLWH UHVRQDQFHV�� 7KH EDVH ZDV DOVR PRGHOHG DV D

FRQWLQXXP DQG LWV PRELOLW\ H[SUHVVLRQV �VLQFH WKH\ DUH PRUH FRPSOH[� ZHUH FDOFXODWHG E\

WKH )LQLWH (OHPHQW 0HWKRG XVLQJ D VXEVWUXFWXULQJ WHFKQLTXH�

7KH DLP LV WR SRVLWLRQ VXSSRUWV � DQG � RI WKH EDVH VR DV WR PLQLPL]H LWV YLEUDWLRQ�

6XSSRUW � LV WR EH SRVLWLRQHG EHWZHHQ � DQG �� DQG VLPLODUO\ � EHWZHHQ � DQG ��

,Q ?)LJ� �� LW LV VKRZQ WKH LQSXW� LQWHUPHGLDWH DQG WUDQVPLWWHG SRZHUV� ZKHQ WKH

H[FLWDWLRQ LV D YHUWLFDO IRUFH� ,Q WKLV FDVH VXSSRUWV � DQG � ZHUH ORFDWHG FORVH WR � DQG ��
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)LJXUH �� ,VRODWLRQ PRGHO

UHVSHFWLYHO\ �/�  /�  ����P�� ,W FDQ EH QRWHG WKDW WKHUH DUH D UHVRQDQFH RI WKH VRXUFH

FORVH WR �� +]� DQG WZR �H[LEOH PRGHV RI WKH LVRODWRU RQ WKH ��� � ���� +] IUHTXHQF\

UDQJH�

,Q ?)LJ� �� LW LV XVHG WKH VDPH H[FLWDWLRQ WR FRPSDUH WKH SRZHU WUDQVPLWWHG WR WKH

EDVH ZKHQ VXSSRUWV � DQG � DUH FORVH WR � DQG � �/�  /�  �� ��P�� DQG ZKHQ WKH\ DUH

FORVH WR � DQG � �/�  /�  ����P��

,Q ?)LJ� � DQG �� LW LV VKRZQ KRZ WKH SRZHU WUDQVPLWWHG WR WKH EDVH YDULHV ZLWK

WKH ORFDWLRQ RI VXSSRUWV � DQG �� ,W FDQ EH VHHQ WKDW ZKHQ WKH\ DUH LQ D UHJLRQ FORVH WR

VXSSRUWV � DQG �� UHVSHFWLYHO\� WKH SRZHU LV PLQLPL]HG IRU WKH WZR H[FLWDWLRQ W\SHV ZH

DQDOL]HG� D YHUWLFDO IRUFH )]  � DQG D PRPHQW 7[  ��

?)LJXUH �� VKRZV WKH WUDQVPLVVLELOLW\ YDULDWLRQ� ZKLFK LV GH�QHG LQ WKLV FDVH DV WKH

UHODWLRQ EHWZHHQ WKH YHUWLFDO YHORFLW\ RI WKH EDVH �DW WKH FRQWDFW SRLQW ZLWK WKH LVRODWRU��

DQG WKH H[FLWDWLRQ IRUFH �YHUWLFDO XQLWDU\�� $FFRUGLQJ WR WKLV �JXUH� WKH UHJLRQ ORFDWHG

FORVH WR VXSSRUWV � DQG � PLQLPL]H WKLV WUDQVPLVVLELOLW\� ZKLFK DJUHHV ZLWK ?)LJ� �� RI

WKH WUDQVPLWWHG SRZHU�

,Q ?)LJ� �� LW LV VKRZQ WKH WUDQVPLVVLELOLW\ YDULDWLRQ� QRZ GH�QHG DV WKH UHODWLRQ

EHWZHHQ WKH YHUWLFDO IRUFH RQ WKH EDVH �DW WKH FRQWDFW SRLQW ZLWK WKH LVRODWRU� DQG WKH

H[FLWDWLRQ IRUFH �YHUWLFDO XQLWDU\�� ,Q WKLV FDVH� WKH UHJLRQ WKDW PLQLPL]HV WKLV IXQFWLRQ LV

FORVH WR VXSSRUWV � DQG � UHVSHFWLYHO\� ZKLFK GLVDJUHHV ZLWK ?)LJ� � DQG ���

?)LJXUHV �� DQG ��� VKRZ WKH WUDQVPLVVLELOLW\ XQGHU DQRWKHU H[FLWDWLRQ� D XQLWDU\

PRPHQW� ,Q ERWK FDVHV� WKH WUDQVPLVVLELOLWLHV DUH FDOFXODWHG ZLWK WKH YHUWLFDO FRPSRQHQWV

RI WKH YHORFLWLHV RU IRUFHV� VLQFH LW LV ZHOO NQRZQ WKDW WKH\ DUH HDVLHU WR EH PHDVXUHG

WKDQ WKH URWDWLRQDO FRPSRQHQWV� ,Q ERWK �JXUHV LW LV VKRZQ WKDW WKHUH DUH �� SRLQWV WKDW

PLQLPL]H WKHVH WUDQVPLVVLELOLWLHV DQG QRW RQO\ RQH�

,Q ?)LJ� �� DQG ��� DUH VKRZQ WUDQVPLVVLELOLWLHV XQGHU WKH VDPH H[FLWDWLRQ �D XQLWDU\

PRPHQW�� EXW LQ WKLV FDVH WKH URWDWLRQDO FRPSRQHQW RI WKH YHORFLW\ DQG WKH PRPHQW LQ

WKH EDVH ZHUH FRQVLGHUHG� 7KH UHJLRQ WKDW PLQLPL]HV WKH PRPHQW LV FRPSOHWHO\ RSSRVHG

WR WKDW RI ?)LJ� � DQG ����
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7KH FODVVLFDO WUDQVPLVVLELOLW\ DQG WKH WUDQVPLWWHG SRZHU� WKH PRVW XVHG PHWKRGV WR

HYDOXDWH WKH H�HFWLYHQHVV RI DQ LVRODWLRQ V\VWHP� ZHUH FRPSDUHG� 7KH WUDQVPLVVLELOLW\

�ZKLFK LV ROGHU DQG WKH PRUH XVHG� LV LQFRQVLVWHQW LQ LWV UHVXOWV ZKHQ LV GH�QHG LQ IXQFWLRQ

RI WKH YHORFLWLHV RU IRUFHV� 0RUHRYHU LW LV QRW HDV\ WR IRUPXODWH D VLPSOH GH�QLWLRQ ZKHQ

WKH H[FLWDWLRQ DQG�RU WKH UHVSRQVH DW WKH VDPH SRLQW KDV PRUH WKDQ RQH FRPSRQHQW�

,Q WKLV FRQWH[W WKH SRZHU DFWV DV D XQL�HG FULWHULRQ VLQFH LW DOORZV XV WR HYDOXDWH

V\VWHPV XQGHU PXOWL�GLUHFWLRQDO H[FLWDWLRQV� ZLWK VHYHUDO LVRODWRUV DQG FRPSRQHQWV WKDW

SUHVHQW �H[LEOH PRGHV� 0RUHRYHU LW LQFRUSRUDWHV LQ D VLQJOH TXDQWLW\ WKH H�HFWV RI WKH

IRUFHV DQG YHORFLWLHV HOLPLQDWLQJ E\ WKLV ZD\ DQ\ DPELJXLW\�

5()(5(1&(6

&RURQDGR� 0� $�� ����� (QHUJ\ SURSDJDWLRQ LQ YLEUDWLRQ LVRODWLRQ V\VWHPV �LQ 3RU�

WXJXHVH�� 0�6F� 7KHVLV� 3RQWLI��FLD 8QLYHUVLGDGH &DW�ROLFD GR 5LR GH -DQHLUR� 5LR

GH -DQHLUR� %UDVLO� KWWS���ZZZ�PHF�SXF�ULR�EU�SURI�UVDPSDLR�UVDPSDLR�KWPO

*DUGRQLR� 3�� (OOLRW 6� -� DQG 3LQQLQJWRQ 5� -�� ����� $FWLYH LVRODWLRQ RI VWUXFWXUDO YLEUD�

WLRQ RQ D PXOWLSOH�GHJUHH�RI�IUHHGRP V\VWHP� 3DUW ,� 7KH G\QDPLFV RI WKH V\VWHP�

-RXUQDO RI 6RXQG DQG 9LEUDWLRQ� �������������

,QPDQ� '� -�� ����� (QJLQHHULQJ 9LEUDWLRQ� 3UHQWLFH�+DOO ,QF�

3RQVOHW (�5� DQG (OGUHG� 0� 6�� ����� 'LVFUHWH RSWLPL]DWLRQ RI LVRODWRU ORFDWLRQV IRU

YLEUDWLRQ LVRODWLRQ V\VWHPV� $Q DQDO\WLFDO DQG H[SHULPHQWDO LQYHVWLJDWLRQ� 5HSRUW

6$1'�������� 0D\ ��� 6WUXFWXUDO '\QDPLFV 'HSDUWPHQW� 6DQGLD 1DWLRQDO /DER�

UDWRULHV�

6DQGHUVRQ� 0� $�� ����� 9LEUDWLRQ LVRODWLRQ� 0RPHQWV DQG URWDWLRQV LQFOXGHG� -RXUQDO RI

6RXQG DQG 9LEUDWLRQ� ������� ��������

6QRZGRQ� -� &�� ����� &RPSRXQG PRXQWLQJ V\VWHPV WKDW LQFRUSRUDWH G\QDPLF YLEUDWLRQ

DEVRUEHUV� -RXUQDO RI (QJLQHHULQJ IRU ,QGXVWU\� $60(� 1RYHPEHU� ����������


