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6\VWHPLF /XSXV (U\WKHPDWRVXV �6/(� LV D PXOWLV\VWHP DXWRLPPXQH

GLVHDVH� ,WV PDQLIHVWDWLRQV DUH SURWHDQ DQG YLUWXDOO\ DQ\ RUJDQ V\VWHP FDQ

EH LQYROYHG� 7KH GLVHDVH LQ FKLOGUHQ LV JHQHUDOO\ PRUH DFXWH DQG PRUH

VHYHUH WKDQ WKDW LQ DGXOW�

5HFHQWO\ LW KDV EHHQ QRWLILHG WKDW LQWUDYHQRXV LPPXQRJOREXOLQV �,9,*� LQ

SDWLHQWV ZLWK FHUHEUDO OXSXV KDYH LPSURYHG IDLUO\� ,Q WKLV UHSRUW� ZH

SUHVHQW D FDVH RI V\VWHPLF OXSXV HU\WKHPDWRVXV LQYROYLQJ PXOWLSOH RUJDQ

V\VWHPV� LQFOXGLQJ SV\FKRVLV ZKLFK GLG QRW UHVSRQG WR KLJK�GRVH

LQWUDYHQRXV FRUWLFRVWHURLG WKHUDS\� $IWHU DSSOLFDWLRQ RI ,9,* ���� PJ�NJ���
KU� � GD\�PRQWK� DV DQ DGMXQFWLYH DJHQW� SV\FKRVLV RI WKH SDWLHQW ZDV

FRPSOHWHO\ LPSURYHG� 7KLV UHSRUW VXSSRUWV WKH ILQGLQJ WKDW ,9,* WKHUDS\

PD\ VXFFHVVIXOO\ EH XVHG IRU QRQUHVSRQGHUV WR FRQYHQWLRQDO WUHDWPHQWV RI
6/(� HVSHFLDOO\ IRU WKRVH ZLWK FHUHEUDO FRPSOLFDWLRQV�

.H\ ZRUGV� 6\VWHPLF /XSXV (U\WKHPDWRVXV� LQWUDYHQRXV

LPPXQRJOREXOLQV� FKLOG�

/XSXV SVLNR]X WHGDYLVLQGH LQWUDYHQ|] LPP�QRJOREXOLQOHULQ

NXOODQÕPÕ� ROJX VXQXPX

6LVWHPLN OXSXV HULWHPDWRVXV �6/(� RWRLPPXQ ELU PXOWLVLVWHP KDVWDOÕ÷ÕGÕU�
%HOLUWLOHUL oRN \|QO�G�U YH KHPHQ KHU RUJDQÕ WXWDELOLU� 6/( JHQHOOLNOH

oRFXNODUGD HULúNLQOHUGHQ GDKD DNXW EDúODU YH D÷ÕU VH\UHGHU�

6RQ ]DPDQODUGD VHUHEUDO OXSXVOX KDVWDODUGD LQWUDYHQ|] LPPXQJORE�OLQOHULQ

ROGXNoD L\L VRQXoODU YHUGL÷L ELOGLULOPHNWHGLU� %X PDNDOHGH� SVLNR] YH ELUGHQ

ID]OD RUJDQ WXWXOXPX RODQ� \�NVHN GR] LQWUDYHQ|] NRUWLNRVWHURLGH \DQÕW

YHUPH\HQ� ,9,* X\JXODPDVÕQÕ WDNLEHQ ���� PJ�NJ�J�Q� � J�Q�D\� SVLNR]

WDEORVX WDPDPHQ G�]HOHQ ELU 6/( ROJXVX VXQXOGX�

%X EXOJX� ,9,*¶LQ 6/(¶QLQ NRQYDQVL\RQHO WHGDYLVLQH \DQÕW YHPH\HQ ROJXODUGD�

|]HOOLNOH GH VHUHEUDO OXSXV GD EDúDUÕOÕ ELU úHNLOGH NXOODQÕODELOHFH÷LQL

GHVWHNOHPHNWHGLU�

$QDKWDU NHOLPHOHU� 6LVWHPLN OXSXV HULWHPDWRVXV� LQWUDYHQ|]

LPPXQJORE�OLQ� oRFXN�
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6\VWHPLF /XSXV (U\WKHPDWRVXV �6/(�� DOWKRXJK

KDV XQFOHDU HWLRORJ\� LV D GLVHDVH WKDW PRVW OLNHO\

RFFXUV EHFDXVH RI LPPXQH UHJXODWLRQ

GLVWXUEDQFH
���� ,W PD\ FDXVH QHXURSV\FKLDWULF

VLJQV LQ ��� RI SDWLHQWV� VXFK DV SHUVRQDOLW\

FKDQJHV� VHL]XUHV� FHUHEURYDVFXODU DFFLGHQWV�

SRO\QHXURSDWKLHV DQG SV\FKRVLV� 7KH SV\FKRVLV

VLJQV DUH VHHQ DW WKH UDWH RI �� DQG IROORZLQJ

VHL]XUHV ���� DQG EUDLQ V\VWHP G\VIXQFWLRQ

���� LQ FHUHEUDO 6/(� 1HXURORJLFDO VLJQV LQGLFDWH

SRRU SURJQRVLV� DQG UHTXLUH DFXWH DQG DFWLYH

PDQDJHPHQW����

5HFHQWO\� PDQ\ VWXGLHV KDYH UHSRUWHG WKH

DGYDQWDJHV RI ,9,*V LQ WUHDWPHQW RI DOO VHYHUH

IRUPV RI 6/(
���

LQFOXGLQJ FHUHEUDO OXSXV
����

EHVLGHV LWV HPSOR\PHQW LQ PDQ\ RWKHU

DXWRLPPXQH GLVHDVHV�

:H UHSRUW D FDVH RI 6/( ZLWK PXOWLSOH RUJDQ

LQYROYHPHQW� SUHVHQWLQJ ZLWK D FOLQLFDO SLFWXUH RI

SV\FKRVLV ZKLFK ZDV QRW UHVSRQVLYH WR KLJK�

GRVH FRUWLFRVWHURLGV WUHDWPHQW EXW LPSURYHG

ZLWK ,9,* WUHDWPHQW DQG GLVFXVV WKH LPSRUWDQFH

RI ,9,* WUHDWPHQW LQ 6/( ZLWK FHQWUDO QHUYRXV

V\VWHP LQYROYHPHQW�
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7KH SDWLHQW� ���\HDU�ROG JLUO� KDG WKH V\PSWRPV

RI IHYHU� SDLQ DQG VZHOOLQJ DW MRLQWV� UDVKHV

VZHOOLQJ RQ WKH VNLQ IRU D PRQWK DJR�

$GGLWLRQDOO\� VKH H[KLELWHG DEQRUPDO EHKDYLRUV�

DQG ODFN RI LQWHUHVW RI GXULQJ ODVW PRQWK� )DPLO\

KLVWRU\ UHYHDOHG QR VSHFLDO IHDWXUH� 9LWDO VLJQV
ZHUH DV IROORZV� IHYHU ���� °& �D[LOODU\�� KHDUW

UDWH ����PLQ� DUWHULDO EORRG SUHVVXUH �������

PP+J� EUHDWKLQJ UDWH ���PLQ� 3K\VLFDO

H[DPLQDWLRQ UHYHDOHG UDVKHV RQ IDFH �)LJ��� DQG

ZKROH ERG\ VXUIDFH� KHSDWRVSOHQRPHJDO\�

JHQHUDOL]HG O\PSKDGHQRSDWK\� DUWKULWLV DW ERWK

NQHH MRLQWV DQG WKH OHIW DQNOH MRLQW� DEQRUPDO

EHKDYLRUV� LQFRKHUHQFH DQG DJLWDWLRQ�

/DERUDWRU\ UHVXOWV ZHUH DV IROORZV� KHPRJORELQ

� J�GO� ZKLWH EORRG FHOO FRXQW �����PP
�
�

HU\WKURF\WH VHGLPHQWDWLRQ UDWH ��� PP�KRXU�

%81 �� PJ�GO� FUHDWLQLQH � PJ�GO� XULF DFLG

���� PJ�GO� WRWDO OLSLG ���� PJ�GO� FKROHVWHURO

��� PJ�GO� 6*27 ��� 8�/� 6*37 ��� 8�/�

DONDOLQH SKRVSKDWDVH ���� 8�/� DPPRQLD ��

µJ1�GO� WRWDO SURWHLQ ��� J�GO� DOEXPLQ � J�GO

DQG &D
��

��� PJ�GO� 8ULQH H[DPLQDWLRQ VKRZHG

PLFURVFRSLF KHPDWXULD DQG SURWHLQXULD

���� J�/�GD\�� *ORPHUXODU ILOWUDWLRQ UDWH �*)5�

ZDV �� PO�PLQ�����P�� O� $V RWKHU GLDJQRVWLF

WHVWV� GV�DQWL�'1$ ZDV ��� ����� ,8�PO� &��ZDV

�� ������� PJ�GO DQG DQWL�6P DQWLERGLHV ZDV ��

�<��� ,8�PO� 5KHXPDWLF IDFWRU� DQWL�QXFOHDU

DQWLERG\� GLUHFW FRRPEV� &53� 6DOPRQHOOD DQG

%UXFHOOD DJJOXWLQDWLRQ� DQG FXOWXUHV �EORRG�

WKURDW� XULQH� FHUHEURVSLQDO IOXLG� ZHUH QHJDWLYH�

7KH FHUHEURVSLQDO IOXLG �&6)� SURWHLQ ZDV ���

PJ�GO� &UDQLDO WRPRJUDSK\ ZDV QRUPDO� DQG

PDJQHWLF UHVRQDQFH LPDJLQJ FRXOG QRW EH GRQH�

(OHFWURHQFHSKDORJUDSK\ �((*� GLVFORVHG GLIIXVH

LUUHJXODULW\ LQ EDFNJURXQG DFWLYLW\� 0LOG PLWUDO

LQVXIILFLHQF\ RQ HFKRFDUGLRJUDSK\ DQG VLQXV

WDFK\FDUGLD �����PLQ� RQ (OHFWURFDUGLRJUDSK\

ZHUH GHWHFWHG� 7KH SV\FKRVLV SLFWXUH RI WKH

SDWLHQW ZDV HYDOXDWHG DV OXSXV SV\FKRVLV

EHFDXVH RI QRUPDO EORRG DPPRQLD OHYHO WKRXJK

KLJK OLYHU HQ]\PHV� DEVHQFH RI FHUHEUDO

KHPRUUKDJH DQG LQIDUFW� *)5 ZKLFK ZDV QRW

FRQVLVWHQW ZLWK XUHPLF HQFHSKDORSDWK\�

DEQRUPDO ((* DQG LQFUHDVHG SURWHLQ OHYHO LQ

FHUHEURVSLQDO IOXLG� 7KH SDWLHQW ZDV GLDJQRVHG

DV 6/( ZLWK PXOWLSOH RUJDQ LQYROYHPHQW� +LJK�

GRVH RI PHWK\OSUHGQLVRORQH WKHUDS\

���PJ�NJ�GD\� PD[LPXP � J�GD\� ZDV

DGPLQLVWHUHG IRU WKUHH GD\V ZLWK VWDQGDUG

VWHURLG WKHUDS\ LQ DGGLWLRQ WR V\PSWRPDWLF

WUHDWPHQW
���
� 1R UHVSRQVH ZDV REVHUYHG DW WKH

HQG RI �� GD\V RI WUHDWPHQW� )RU WKLV UHDVRQ WKH

VWHURLG GRVH ZDV GHFUHDVHG WR � PJ�NJ�GD\ DQG

,9,* ���� PJ�NJ�GD\� � GD\�PRQWK��

FRQVHFXWLYH GD\V D PRQWK � ZDV DGGHG WR WKH

WKHUDS\ VFKHGXOH
�����

� )HYHU DQG DFXWH SKDVH

)LJXUH �� 7KH SDWLHQW VKRZLQJ WKH UDVK LQYROYLQJ WKH PDODU

DUHD DQG H[WHQGLQJ RYHU WKH EULGJH DQG WKH XSSHU OLS�
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UHDFWDQWV ZHUH GHFUHDVHG DQG WKH VLJQV RI

SV\FKRVLV ZDV LPSURYHG RQ WKH �WK GD\ RI ,9,*

WUHDWPHQW� $OVR KHU ((* KDV UHWXUQHG WR QRUPDO�

7KH SDWLHQW ZDV GLVFKDUJHG LQ D VWDEOH FRQGLWLRQ

DW WKH HQG RI KRVSLWDOL]DWLRQ SHULRG� 6KH KDV

EHHQ IROORZHG IRU WKUHH PRQWKV DV DQ

RXWSDWLHQW ZLWK QR QHXURORJLFDO FRPSODLQWV EXW D

IHZ FRPSODLQWV UHODWHG WR RWKHU V\VWHPV� $

SURJUHVVLYH FOLQLFDO DQG ODERUDWRU\ LPSURYHPHQW

ZDV REVHUYHG LQ WKH SDWLHQW GXULQJ ,9,*

WKHUDS\�

',6&866,21

7KH PRVW LPSRUWDQW FULWHULD GHWHUPLQLQJ WKH

SURJQRVLV RI 6/( DUH SDWLHQW¶V DJH �PRUH VHULRXV

LQ FKLOGUHQ� PDMRU RUJDQ LQYROYHPHQW DQG

HIILFDF\ RI WUHDWPHQW
���
� 7KH DLP RI WUHDWPHQW LV

WR VXSSUHVV WKH LPPXQH UHDFWLYLW\ DQG

LQIODPPDWLRQ� 7KH EHVW LQGLFDWRU RI WKDW LV

SDWLHQW¶V ZHOO FRQGLWLRQ ERWK DV FOLQLFDO DQG

ODERUDWRU\ ILQGLQJV
�
� 7KH PDLQ GUXJV XVHG IRU

WUHDWPHQW DUH QRQVWHURLG DQWL�LQIODPPDWRU\

GUXJV �16$,'� DQG DQWLPDODULDO DJHQWV� VWHURLGV

DQG F\WRWR[LF GUXJV���� $GGLWLRQDOO\�

SODVPDSKHUHVLV DQG ,9,* PD\ EH DSSOLHG LQ

WUHDWPHQW
�
� 7KH WUHDWPHQW VKRXOG EH GHVLJQHG

DFFRUGLQJ WR RUJDQ LQYROYHPHQW LQ 6/(�

/XSXV SV\FKRVLV DSSHDUV WKH SRRU DQG DFWLYH

IRUPV RI WKH GLVHDVH� ,W PD\ EH HSLVRGLF DQG

PD\ QRW EH UHFXUUHQFH ZKHQ WKH DFWLYH VWDJH LV

WUHDWHG VXFFHVVIXOO\
���
� )RU WKLV UHDVRQ� LW VKRXOG

EH VWDUWHG DFXWH WUHDWPHQW� 7KHUH DUH PDQ\

UHSRUWV ZKLFK UHYHDO HIILFDF\ RI VWHURLGV DQG RUDO

RU LQWUDYHQRXV F\FORSKRVSKDPLGH LQ FHUHEUDO

OHVLRQV GXH WR 6/(
�����

�

5HFHQWO\� ,9,* KDV EHHQ VXFFHVVIXOO\ XVHG LQ

PDQ\ DXWRLPPXQH GLVHDVHV
��
� ,WV PHFKDQLVP LV

FRQWURYHUVLDO� +RZHYHU� LW LV VXJJHVWHG WKDW LW

DFWV RQ WKH LPSDLUHG 7 DQG % FHOOV SURGXFLQJ

DQWLERGLHV ZKLFK DIIHFW WKH SDWKRORJLF DQWLERGLHV
����

� 7KHUH DUH PDQ\ DUWLFOHV DERXW WKH

VXFFHVVIXO DSSOLFDWLRQ RI ,9,* LQ V\VWHPLF 6/(
����

�
DQG 6/( ZLWK &16 LQYROYHPHQW

����
� +RURVKRYVNL

HW DO
�
UHSRUWHG D FDVH ZLWK SVHXGRWXPRU FHUHEUL

GXH WR 6/( ZKLFK ZDV XQUHVSRQVLYH WR VWHURLGV

EXW UHVSRQGHG WR WKH ,9,* WUHDWPHQW� 7RPHU HW

DO
��

VXFFHVVIXOO\ WUHDWHG D SDWLHQW ZLWK OXSXV

SV\FKRVLV ZLWK ,9,*�

2XU SDWLHQW ZDV D 6/( FDVH ZLWK PDMRU RUJDQ

LQYROYHPHQW� 7KH PRVW VWULNLQJ ILQGLQJ RI WKH

SDWLHQW ZDV SV\FKRVLV� /XSXV SV\FKRVLV PD\ EH

GXH WR RUJDQ�VSHVLILF DQWLERGLHV ZKLFK DUH

GHWHFWHG LQ 6/(� &LUFXODWLQJ DQWLERGLHV DJDLQVW

QHXURQHV ZHUH GHPRQVWUDWHG LQ SDWLHQWV ZLWK

FHUHEUDO 6/(���
� :H VWDUWHG KLJK�GRVH

FRUWLFRVWHURLGV WUHDWPHQW EHVLGHV WKH JHQHUDO

V\PSWRPDWLF DSSURDFK� 'XULQJ WKLV WUHDWPHQW�

VLQJV RI SV\FKRVLV EHFRPH ZRUVH DQG WKHUH ZDV

QR LPSURYHPHQW LQ WKH RWKHU V\PSWRPV� ,W LV

NQRZQ WKDW VWHURLGV KDYH VRPH DGYHUVH HIIHFWV

RQ &16� 7KHVH HIIHFWV DUH ((* FKDQJHV�

GHFUHDVLQJ FRQYXOVLRQ WKUHVKROG� DSSHDULQJ WKH
SV\FKLDWULF SLFWXUH VXFK DV GHSUHVVLRQ DQG

SV\FKRVLV� DQG RFFXUULQJ SVHXGRWXPRU FHUHEUL LQ

KLJK�GRVHV RI VWHURLGV
����

� 6R� ZH GHFUHDVHG

VWHURLG GRVH DQG VWDUWHG ,9,*� ,PSURYHPHQW LQ

RWKHU V\VWHPLF V\PSWRPV DV ZHOO DV LQ WKH

SV\FKRWLF SLFWXUH ZHUH REVHUYHG � GD\V DIWHU WKH

LQLWLDWLRQ RI ,9,* WKHUDS\� 7KH GHFUHDVH LQ DFXWH

SKDVH UHDFWDQWV ZDV FRUUHODWHG ZLWK UHVSRQVH WR

WKH WUHDWPHQW� 2XU ILQGLQJV ZHUH FRQVLVWHQW ZLWK

WKRVH RI WKH +RURVKRYVNL¶V
�
DQG 7RPHU¶V

��
�

3HUVLVWHQFH RI WKH FOLQLFDO DQG ODERUDWRU\

LPSURYHPHQW LQ WKLV SDWLHQW VXSSRUWV WKH UDSLG

DQG SHUVLVWHQW HIILFDF\ RI ,9,* LQ FHUHEUDO OXSXV�

7KHUHIRUH ,9,* WKHUDS\ PD\ EH XVHG IRU QRQ

UHVSRQGHUV WR FRQYHQWLRQDO WUHDWPHQWV�

HVSHFLDOO\ IRU WKRVH ZLWK FHUHEUDO FRPSOLFDWLRQV�

+RZHYHU� PRUH VWXGLHV DUH QHHGHG WR VKRZ

HIILFDF\ RI ,9,* RQ OXSXV SV\FKRVLV�

5()(5(1&(6

�� /HKPDQ 7-$� $ 3UDFWLFDO *XLGH WR 6/(� 7KH 3HGLDWU &OLQ 1 $P ����� ��� �������

�� )HVVOHU %-� %RXPSDV '7� 6HYHUH PDMRU RUJDQ LQYROYHPHQW LQ V\VWHPLF OXSXV

HU\WKHPDWRVXV� 'LDJQRVLV DQG PDQDJHPHQW� 5KHXP 'LV &OLQ $P ����� ��� �����

�� 6LEOH\ -7� 2OV]\QVNL :3� 'HFRWHDX :(� 6XQGDUDP 0%� 7KH LQFLGHQFH DQG SURJQRVLV RI

FHQWUDO QHUYRXV V\VWHP GLVHDVH LQ V\VWHPLF OXSXV HU\WKHPDWRVXV� - 5KHXPDWRO ����� �� �

������

�� 7HNLQ 1� .XUDO 1� .RoDN $'� .|VH 6� 'LDEHWHV LQVLSLGXV LQ D SHGLDWULF SDWLHQW ZLWK V\VWHPLF

HU\WKHPDWRVXV� $ FDVH UHSRUW� 7XUN - 3HGDWU ����� ��� ������

�� )UDQFLRQL &� )LRUDYDQWL $� *HOOL 5� HW DO� /RQJ�WHUP WUHDWPHQW ZLWK L�Y� LPPXQRJOREXOLQ LQ

WKH WKHUDS\ RI V\VWHPLF OXSXV HU\WKHPDWRVXV� 5HFHQW 3URJ 0HG ����� �� � ������

�� 6DQ\ -� ,QWUDYHQRXV LPPXQRJOREXOLQ WKHUDS\ IRU UKHXPDWLF GLVHDVHV� &XUU 2SLQ 5KHPDWRO

����� �� �������

�� /HSRUH /� ([SHULPHQWDO WUHDWPHQW ZLWK KLJK�GRVH JDPPD JOREXOLQH LQ DXWRLPPXQH

GLVHDVHV� 3HGLDWU 0HG &KLU ����� ��� �������

�� %HFNHU %1� )XFKV +� +DNLP 5� ,9,* LQ WKH WUHDWPHQW RI SDWLHQWV ZLWK V\VWHPLF OXSXV

HU\WKHPDWRVXV DQG HQG�VWDJH UHQDO GLVHDVH� - $P 6RF 1HSKURO ����� �� ��������

�� +RURVKRYVNL '� $PLWDO +� .DW] 0� HW DO� 3VHXGRWXPRXU FHUHEUL LQ 6/(� &OLQ 5KHXPDWRO �����

����������

��� 7RPHU <� 6KRHQIHOG <� 6XFFHVVIXO WUHDWPHQW RI SV\FKRVLV VHFRQGDU\ WR 6/( ZLWK KLJK GRVH

,9,*� &OLQ ([S 5KHXPDWRO ����� ��� ������

��� 1HFWRX[ )� (XOOHU =/� *ULVRW &� HW DO� /XSXV FKRUHD UHYHDOLQJ� 5HY 5KXP 0DO 2VWHRDUWLF

����� ��� ������

��� DO $UIDM +)� 1DGGDI +2� &HUHEHOODU DWURSK\ LQ V\VWHPLF OXSXV HU\WKHPDWRVXV� /XSXV �����

��������

��� /DNH ')� /DQGVSHUJHU :-� %HUQVWHLQ 50 HW DO� &KDUDFWHUL]DWLRQ RI DXWRDQWLERGLHV GLUHFWHG

DJDLQVW 7 FHOO UHFHSWRUV� $GY ([S 0HG %LRO ����� ���� ������

��� *ROGILHQ $� $GUHQRFRUWLFRVWHURLGV 	 $GUHQRFRUWLFDO $QWDJRQLVWV� ,Q� .DW]XQJ %* �HG�� %DVLF

	 &OLQLFDO 3KDUPDFRORJ\� &DOLIRUQLD� $SSOHWRQ 	 /DQJH&R� ���������


