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$%675$&7
/RZ IUHTXHQF\ QRLVH �/)1� LV XELTXLWRXV LQ PDQ\ HOHF�

WURQLF GHYLFHV� KRZHYHU LWV HIIHFW RQ WKH RVFLOODWRUV DQG UHVR�
QDQW VHQVRUV WKDW XQGHUOLH PRGHUQ WHFKQRORJ\ LV UDUHO\ FRQVLG�
HUHG� +HUH ZH GHPRQVWUDWH /)1 XS�FRQYHUVLRQ� RU DOLDVLQJ� LQ
HQFDSVXODWHG PLFURHOHFWURPHFKDQLFDO V\VWHPV �0(06� UHV�
RQDWRUVPHDVXUHGZLWK D WKHUPRPHFKDQLFDO�QRLVH�OLPLWHG UHDG�
RXW� %\ GHOLQHDWLQJ DQG PLWLJDWLQJ WKH /)1 XS�FRQYHUVLRQ LQ
D VHW RI GHYLFHV� ZH LPSURYH WKH IUHTXHQF\ VWDELOLW\ OLPLW E\
DQ RUGHU�RI�PDJQLWXGH�

.(<:25'6
0(06 UHVRQDWRU� FDSDFLWLYH WUDQVGXFWLRQ� QRLVH DOLDVLQJ�

ORZ IUHTXHQF\ QRLVH� IUHTXHQF\ VWDELOLW\

,1752'8&7,21
0LFURHOHFWURPHFKDQLFDO V\VWHPV �0(06� RVFLOODWRUV DUH

JUDGXDOO\ UHSODFLQJ TXDUW]�EDVHG RVFLOODWRUV DV WLPLQJ UHIHU�
HQFHV LQ PRELOH GHYLFHV DQG RWKHU DSSOLFDWLRQV >�� �@� 7KH
IUHTXHQF\ VWDELOLW\ RI WKH UHVRQDQW HOHPHQW LV DQ LPSRUWDQW
FRQVLGHUDWLRQ IRU WKHVH GHYLFHV EHFDXVH LW LPSDFWV WKH SHUIRU�
PDQFH RI WKH WLPLQJ UHIHUHQFH� 7KHUH DUH VHYHUDO HPHUJLQJ
WHFKQLTXHV IRU LPSURYLQJ WKH IUHTXHQF\ VWDELOLW\ RI PLFURHOHF�
WURPHFKDQLFDO V\VWHPV RVFLOODWRUV E\ RSHUDWLQJ LQ WKH QRQOLQ�
HDU UHJLPH RI WKH UHVRQDWRU� VXFK DV RSHUDWLQJ DW ]HUR�GLVSHU�
VLRQ SRLQWV >�� �@� XWLOL]LQJ FRXSOLQJ EHWZHHQ PRGHV >�@� RU
LQFUHDVLQJ WKH OLQHDU RSHUDWLQJ UDQJH >�@� 7KHVH WHFKQLTXHV
DUH SURPLVLQJ EXW KDYH \HW WR EH LQFRUSRUDWHG LQWR RVFLOOD�
WRUV DQG UHVRQDQW VHQVRUV IDEULFDWHG XVLQJ ZDIHU�VFDOH HQFDS�
VXODWLRQ SURFHVV WKDW IRUPV WKH EDVLV RI FRPPHUFLDO GHYLFHV
>�@� )UHTXHQF\ VWDELOLW\ FDQ EH LPSURYHG E\ SXVKLQJ WKH RV�
FLOODWRU RSHUDWLRQ LQWR WKH QRQOLQHDU UHJLPH LI WKH RVFLOODWRU
QRLVH LV OLPLWHG E\ WKH IXQGDPHQWDO WKHUPRPHFKDQLFDO QRLVH
RI WKH UHVRQDWRU DQG RWKHU H[WULQVLF QRLVH PHFKDQLVPV DUH QRW
SUHVHQW�

2XU GHYHORSPHQW RI ORZ�QRLVH FDSDFLWLYH WUDQVGXFWLRQ LQ
HQFDSVXODWHG 0(06 UHVRQDWRUV HQDEOHV WKHUPRPHFKDQLFDO�
QRLVH�OLPLWHG IUHTXHQF\ VWDELOLW\ DW PRGHUDWH YLEUDWLRQ DPSOL�
WXGHV >�@� EXW VHYHUDO QRLVH VRXUFHV FRQVSLUH WR OLPLW WKH IUH�
TXHQF\ VWDELOLW\ DW YLEUDWLRQ DPSOLWXGHV DSSURDFKLQJ WKH UHV�
RQDWRU QRQOLQHDULW\ OLPLW� +HUH ZH LGHQWLI\ DQG GLUHFWO\ PLW�
LJDWH RQH VXFK QRLVH VRXUFH� ORZ IUHTXHQF\ QRLVH �/)1� XS�
FRQYHUVLRQ� DOVR NQRZQ DV ORZ IUHTXHQF\ QRLVH DOLDVLQJ >�@�

'ULYH
uac un

6HQVH

7,$
2XWSXW

Udc

)LJXUH �� $ GLDJUDP IRU WKH ORZ IUHTXHQF\ QRLVH �/)1� YROW�
DJH QRLVH XS�FRQYHUVLRQ PHFKDQLVP� DV DGGLWLRQDO YROWDJH
QRLVH LQ WKH GULYH HOHFWURGH OLQH� $ KDUPRQLF V\PERO LV XVHG
WR GHQRWH /)1 EHFDXVH XS�FRQYHUVLRQ FDQ DOVR RFFXU IRU LQ�
WHQWLRQDO ORZ IUHTXHQF\ KDUPRQLF YROWDJHV� 7R WUDFN WKH UHV�
RQDQFH IUHTXHQF\� ZH HVWDEOLVK D SKDVH�ORFNHG ORRS ZLWK D
=XULFK ,QVWUXPHQWV �=,� ORFN�LQ DPSOLILHU� 7KH EHDP PRGH
VKDSH DQG JDSV DUH H[DJJHUDWHG IRU FODULW\�

Udc

uout
�D� �E�

�

)LJXUH �� �D� 7KH WKHUPRPHFKDQLFDO�QRLVH�OLPLWHG DPSOL�
ILHU VHWXS IRU FDSDFLWLYH GHWHFWLRQ RI WKH HQFDSVXODWHG 0(06
EHDP PRWLRQ� 7KH SDUDVLWLF QRLVH LV PLQLPL]HG E\ ZLUH�
ERQGLQJ WKH VHQVH HOHFWURGH GLUHFWO\ WR WKH ILUVW VWDJH RSHU�
DWLRQDO DPSOLILHU LQSXW� �E� $ FKLS FRQWDLQLQJ D GHYLFH�XQ�
GHU�WHVW� VXVSHQGHG RII WKH VXEVWUDWH E\ WKH ZLUH�ERQGV WR WKH
GULYH� VHQVH� DQG ELDV YROWDJH HOHFWURGHV WR PLQLPL]H FODPS�
LQJ ORVV >��@�

/)1 LQFOXGHV DPELHQW HOHFWURPDJQHWLF QRLVH VXFK DV �� +]
KDUPRQLFV DQG YROWDJH QRLVH LQWURGXFHG E\ WKH YROWDJH VXSSO\
DQG WHPSHUDWXUH FKDPEHU� :H GLUHFWO\ PLWLJDWH WKHVH QRLVH
VRXUFHV E\ XWLOL]LQJ D EDWWHU\ VXSSO\� PLQLPL]LQJ WKH ORFN�LQ
DPSOLILHU GULYH FDEOH OHQJWK� DQG VKXWWLQJ RII WKH WHPSHUDWXUH
FKDPEHU�
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)LJXUH �� �D� 7KH DPSOLWXGH�IUHTXHQF\ UHVSRQVHV IRU GULYH
YROWDJH DPSOLWXGHV UDQJLQJ IURP ��� µ9 WR ���� µ9� LOOXV�
WUDWLQJ WKH DSSURDFK WR QRQOLQHDU EHKDYLRU� �E� 7KH PHDVXUHG
ORZ IUHTXHQF\ QRLVH �/)1� VSHFWUXP RQ WKH WUDQVLPSHGDQFH
DPSOLILHU �7,$� LQSXW ZKLOH FRQQHFWHG WR WKH GHYLFH VHQVH HOHF�
WURGH ZLWKRXW QRLVH PLWLJDWLRQ� LOOXVWUDWLQJ �� +] KDUPRQLFV�
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7KHUPRPHFKDQLFDO
QRLVH OLPLWV

�

)LJXUH �� 7KH IUHTXHQF\ VWDELOLW\ IRU D GHYLFH EHIRUH �JUHHQ�
DQG DIWHU �UHG� PLQLPL]LQJ /)1 XS�FRQYHUVLRQ� 7KH $OODQ GH�
YLDWLRQ RI WKH UHVRQDQFH IUHTXHQF\ IRU YDU\LQJ GULYH YROWDJH�
ZLWK WKH SUHGLFWHG WKHUPRPHFKDQLFDO FRQWULEXWLRQ �GDVKHG
OLQHV� >��@�

02'(/
/RZ IUHTXHQF\ QRLVH DW �! IUHTXHQF\ UHVXOWV LQ DQ XS�

FRQYHUWHG FXUUHQW RXW RI WKH VHQVH HOHFWURGH DW IUHTXHQFLHV !±

�! ZLWK DQ DPSOLWXGH JLYHQ E\ >�@�

in = 2(�c + �F,Lin + �F,NL + �k)uacun ���

ZKHUH WKH XS�FRQYHUVLRQ RI ORZ IUHTXHQF\ QRLVH DULVHV IURP
VHYHUDOPHFKDQLVPV� LQFOXGLQJ FXUUHQW DOLDVLQJ�c� IRUFH DOLDV�
LQJ �F,Lin DQG �F,NL� DQG VSULQJ DOLDVLQJ �k IROORZLQJ >�@�

7KH FXUUHQW DOLDVLQJ IDFWRU LV JLYHQ E\�

�c =
!0Q⌘2

2kUdc
, ���

ZKLFK DULVHV IURP WKH WLPH�YDU\LQJ GULYH HOHFWURGH JDS FDSDF�
LWDQFH DQG RQO\ UHTXLUHV D OLQHDU GHSHQGHQFH RI FDSDFLWDQFH RQ
GLVSODFHPHQW� H�J� ZKLFK RFFXUV IRU D FRPE GULYH�

7KH OLQHDU IRUFH DOLDVLQJ IDFWRU LV JLYHQ E\�

�F,Lin =
!0Q⌘2

2kUdc
, ���

ZKLFK DULVHV IURP PL[LQJ RI WKH GULYH YROWDJH ZLWK WKH QRLVH
YROWDJH LQ WKH TXDGUDWLF FDSDFLWLYH IRUFH DQG RQO\ UHTXLUHV D
OLQHDU GHSHQGHQFH RI FDSDFLWDQFH RQ GLVSODFHPHQW�

7KH QRQOLQHDU IRUFH DOLDVLQJ IDFWRU LV JLYHQ E\�

�F,NL = �j!0Q2⌘3

k2d
, ���

ZKLFK DULVHV IURP PL[LQJ RI WKH QRLVH YROWDJH ZLWK WKH '&
ELDV YROWDJH DQG WKH YLEUDWLRQ DPSOLWXGH DQG XVHV WKH TXDGUDWLF
GHSHQGHQFH RI FDSDFLWDQFH RQ GLVSODFHPHQW� H�J� ZKLFK RF�
FXUV IRU SDUDOOHO SODWH FDSDFLWDQFH�

7KH VSULQJ DOLDVLQJ IDFWRU LV JLYHQ E\�

�k =
j3⌘4!0Q2Udc

2k3d2
, ���

ZKLFK DULVHV IURPPL[LQJ LQ WKH QRQOLQHDU VSULQJ IRUFH DULVLQJ
IURP QRQOLQHDULW\ LQ WKH FDSDFLWDQFH�

7KH HOHFWURPHFKDQLFDO WUDQVGXFWLRQ IDFWRU ⌘ LV JLYHQ E\�

⌘ = Udc
@C

@x
⇡ UdcC0

d
, ���

ZKHUH WKH GULYH HOHFWURGH FDSDFLWDQFH DW ]HUR GLVSODFHPHQW LV
JLYHQ E\�

C0 =
✏0Ael

d
���

DQG ZKHUH uac LV WKH DPSOLWXGH RI WKH GULYH YROWDJH DW QHDU
WKH PRGH QDWXUDO IUHTXHQF\ !0� un LV WKH DPSOLWXGH RI WKH ORZ
IUHTXHQF\ QRLVH YROWDJH�Q LV WKH TXDOLW\ IDFWRU� k LV WKH PRGH
VSULQJ FRQVWDQW�Udc LV WKH '& ELDV YROWDJH� d LV WKH GULYH HOHF�
WURGH FDSDFLWLYH JDS VL]H� ✏0 LV WKH SHUPLWWLYLW\ RI IUHH VSDFH�
Ael LV WKH GULYH HOHFWURGH DUHD� DQG j LV DQ LPDJLQDU\ QXPEHU�

(;3(5,0(17$1' ',6&866,21
:H GHPRQVWUDWH WKH LQIOXHQFH RI /)1 DOLDVLQJ RQ RVFLO�

ODWRU IUHTXHQF\ VWDELOLW\ XVLQJ WKH PHDVXUHPHQW VHWXS LQ )LJ�
�� 7KH FKDUDFWHUL]HG GHYLFHV DUH GRXEO\ FODPSHG EHDP UHV�
RQDWRUV SUHYLRXVO\ GLVFXVVHG LQ >�@� ZKLFK DUH IDEULFDWHGZLWKLQ
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)LJXUH �� �D� 7KH PHDVXUHG UHVRQDQFH WKHUPRPHFKDQLFDO QRLVH VSHFWUXP IRU LQFUHDVLQJ GULYH DPSOLWXGH DW UHVRQDQFH UDQJLQJ
IURP � µ9 WR ��� µ9 �GDUN WR OLJKW JUD\�� ZLWK WKH RYHQ RII DQG WKH EDWWHU\ ELDV VXSSO\ RXWVLGH RI WKH RYHQ� LOOXVWUDWLQJ XS�
FRQYHUWHG �� +] KDUPRQLFV /)1� 7KH EODFN VSHFWUXP FRUUHVSRQGV WR WKH WKHUPRPHFKDQLFDO QRLVH ZLWKRXW DQ\ H[WHUQDO GULYH�
�E� 7KH QRLVH VSHFWUXP ZLWK WKH EDWWHU\ ELDV LQVLGH WKH RYHQ DQG WKH RYHQ RQ� LOOXVWUDWLQJ XS�FRQYHUWHG /)1 IURP WKH RYHQ� �F�
7KH QRLVH VSHFWUXP ZLWK WKH EDWWHU\ VXSSO\ LQVLGH WKH RYHQ� WKH RYHQ RII� DQG PLQLPL]LQJ GULYH FDEOH OHQJWK� �G� 7KH VDPH DV �F�
H[FHSW D ��VWDJH GULYH KLJK�SDVV ILOWHU LV XVHG RQ WKH GULYH�

DZDIHU�VFDOH HQFDSVXODWLRQ SURFHVVZKLFK HOLPLQDWHV JDV GDPS�
LQJ DQG FRQIHUV H[FHOOHQW ORQJ�WHUP IUHTXHQF\ VWDELOLW\� 7KHVH
GHYLFHV DUH VHOHFWHG IRU WKLV ZRUN EHFDXVH WKH\ KDYH QHDUO\
WKH VPDOOHVW DFKLHYDEOH OXPSHG PDVV IRU WKLV IDEULFDWLRQ WHFK�
QRORJ\ �m=55.15 QJ IRU WKH IXQGDPHQWDO IOH[XUDO PRGH� DQG
VWURQJ HOHFWURPHFKDQLFDO FRXSOLQJ WR WKH GULYH DQG VHQVH HOHF�
WURGHV� PDNLQJ WKHP KLJKO\ VXVFHSWLEOH WR WKH DPELHQW /)1 LQ
)LJ� ��E��

7KH QRLVH DOLDVLQJ IDFWRUV DUH HVWLPDWHG IRU WKLV GHYLFH LQ
7DEOH �� 7KH FXUUHQW DOLDVLQJ IDFWRU �c DQG WKH OLQHDU IRUFH
DOLDVLQJ IDFWRU �F,Lin KROGV HYHQ IRU D FRPSOHWHO\ OLQHDU FD�
SDFLWLYH WUDQVGXFWLRQ� ZKLOH WKH QRQOLQHDU IRUFH DOLDVLQJ IDFWRU
�F,NL DQG WKH VSULQJ DOLDVLQJ IDFWRU �k ERWK RFFXU EHFDXVH
RI QRQOLQHDULW\ LQ WKH FDSDFLWDQFH� :H VHH WKDW WKHVH QRQOLQ�
HDU PHFKDQLVPV DUH ODUJHO\ UHVSRQVLEOH IRU WKH /)1 DOLDVLQJ
LQ WKLV GHYLFH� DOWKRXJK D IXOO\ OLQHDU FDSDFLWLYH WUDQVGXFWLRQ
ZRXOG VWLOO H[KLELW VRPH /)1 DOLDVLQJ�

7KH IUHTXHQF\ VWDELOLW\ IRU WZR LGHQWLFDO EHDP GHYLFHV LV
PHDVXUHG YLD WKH $OODQ GHYLDWLRQ LQ )LJ� �� ZLWK DQG ZLWKRXW
/)1 XS�FRQYHUVLRQ PLQLPL]DWLRQ� $W VPDOO GULYH DPSOLWXGHV�
WKH $OODQ GHYLDWLRQV IRU WKH WZR GHYLFHV DW VKRUW WLPHVFDOHV
DJUHH ZLWK HDFK RWKHU� $W ODUJH GULYH DPSOLWXGHV� WKH $'(9
IRU WKH ILUVW GHYLFH SODWHDXV DW WKH IUHTXHQF\ VWDELOLW\ LPSRVHG
E\ WKH /)1 XS�FRQYHUVLRQ� ZKHUHDV WKH$'(9 IRU WKH VHFRQG
GHYLFH ZLWK /)1 PLWLJDWLRQ FRQWLQXHV WR LPSURYH�

7KH HIIHFW RI /)1 XS�FRQYHUVLRQ RQ WKH UHVRQDWRU QRLVH
VSHFWUXP LV GHSLFWHG LQ )LJ� �� DQG VKRZV WKH SUHVHQFH RI DP�

7DEOH �� 7KH HVWLPDWHG QRLVH DOLDVLQJ IDFWRUV IRU WKH GRXEO\
FODPSHG EHDP UHVRQDWRU GHYLFHV� 7KH DVVXPHG ELDV YROWDJH
LV Udc=11.2 9� DQG RWKHU GHYLFH SDUDPHWHU YDOXHV DUH GHOLQ�
HDWHG LQ >�@�

1RLVH
IDFWRU

9DOXH 'HVFULSWLRQ

|�c| 5.16⇥10�6 $�92 &XUUHQW
|�F,Lin| 5.16⇥10�6 $�92 /LQHDU IRUFH
|�F,NL| 1.07⇥10�2 $�92 1RQOLQHDU IRUFH
|�k| 8.40⇥10�3 $�92 6SULQJ

ELHQW /)1 DULVLQJ IURP �� +] KDUPRQLFV LQ WKH FDEOLQJ DQG
ELDV YROWDJH VXSSO\ DV ZHOO DV EURDGEDQG QRLVH IURP WKH WHP�
SHUDWXUH�VWDELOL]DWLRQ RYHQ� 7KHVH QRLVH VRXUFHV DUH PLWLJDWHG
DW WKHLU VRXUFH E\ XVLQJ D EDWWHU\ VXSSO\ LQ WKH RYHQ DQG WXUQ�
LQJ RII WKH RYHQ� 7KH XS�FRQYHUWHG QRLVH LV IXUWKHU PLQLPL]HG
E\ HPSOR\LQJ D KLJK�SDVV ILOWHU �+3)� RQ WKH GULYH�

7KH IUHTXHQF\ VWDELOLW\ DW D ��� PV LQWHJUDWLRQ WLPH LV
SORWWHG YHUVXV GULYH YROWDJH IRU IRXU FRPSDUDEOH EHDP UHV�
RQDWRUV LQ )LJ� �� 7KH ILUVW WKUHH GHYLFHV �$�%� DQG &� DUH
RSHUDWHG ZLWKRXW /)1 PLWLJDWLRQ� ZKHUHDV WKH IRXUWK GHYLFH
�'� LV RSHUDWHG ZLWK /)1 PLWLJDWLRQ� 7KH IUHTXHQF\ VWDELOLW\
RI WKH GHYLFH ZLWK /)1 PLWLJDWLRQ WUDFNV WKH OLPLW LPSRVHG
E\ WKHUPRPHFKDQLFDO QRLVH XQWLO WKH SUHGLFWHG RQVHW RI UHV�
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7KHUPRPHFKDQLFDO QRLVH OLPLW

/)1 XS�FRQYHUVLRQ OLPLW
5HVRQDWRU QRQOLQHDULW\ OLPLW

$PSOLILHU QRQOLQHDULW\ OLPLW

�

)LJXUH �� 7KH SORWWHG $OODQ GHYLDWLRQV �$'(9V� DW ��� PV
LQWHJUDWLRQ WLPH YHUVXV GULYH YROWDJH IRU GHYLFHV $� %� DQG &
ZKLFK GR QRW PLQLPL]H /)1 XS�FRQYHUVLRQ� DV ZHOO DV GHYLFH
' DIWHU PLQLPL]LQJ /)1 XS�FRQYHUVLRQ� 7KH /)1 XS�FRQYHU�
VLRQ OLPLW LV GHWHUPLQHG IURP LQVSHFWLRQ� DQG WKH QRQOLQHDU
OLPLW WR IUHTXHQF\ VWDELOLW\ LV GHULYHG IRU WKLV GHYLFH IURP >��@�

RQDWRU QRQOLQHDULW\� 7KH IUHTXHQF\ VWDELOLW\ IRU GHYLFH ' DW
ODUJH GULYH DPSOLWXGHV LV OLPLWHG E\ WKH RQVHW RI DPSOLILHU
QRQOLQHDULW\� ZKLFK PDVNV WKH HIIHFWV DULVLQJ IURP LQWULQVLF
UHVRQDWRU QRQOLQHDULW\� )XWXUH ZRUN ZLOO GHYHORS DQ DPSOL�
ILHU ZKLFK PDLQWDLQV WKHUPRPHFKDQLFDO�QRLVH�OLPLWHG UHVROX�
WLRQ ZKLOH H[WHQGLQJ WKH G\QDPLF UDQJH� HQDEOLQJ VWXGLHV RI
IUHTXHQF\ VWDELOLW\ LQ VWURQJO\ QRQOLQHDU HQFDSVXODWHG 0(06
UHVRQDWRUV�

:H LGHQWLI\ /)1XS�FRQYHUVLRQ DV DQ LPSRUWDQW QRLVHPHFK�
DQLVP ZKLFK FDQ OLPLW WKH IUHTXHQF\ VWDELOLW\ LQ 0(06 RV�
FLOODWRUV� DQG XVH GLUHFW WHFKQLTXHV WR PLWLJDWH WKH QRLVH� HQ�
DEOLQJ D WHQ�IROG LPSURYHPHQW LQ RVFLOODWRU IUHTXHQF\ VWDELOLW\
OLPLW� $OWHUQDWHO\� XWLOL]LQJ GULYH WRQH PL[LQJ >��� ��@ RU SDUD�
PHWULF WHFKQLTXHV >��@ FDQ HYDGH WKLV QRLVH VRXUFH E\ DYRLGLQJ
DSSO\LQJ D ODUJH DPSOLWXGH FDSDFLWLYH GULYH WRQH DW UHVRQDQFH�

$&.12:/('*0(176
)DEULFDWLRQZDV SHUIRUPHG LQ WKH QDQR#6WDQIRUG ODEV� ZKLFK

DUH VXSSRUWHG E\ WKH 1DWLRQDO 6FLHQFH )RXQGDWLRQ �16)� DV
SDUW RI WKH 1DWLRQDO 1DQRWHFKQRORJ\ &RRUGLQDWHG ,QIUDVWUXF�
WXUH XQGHU DZDUG (&&6��������� ZLWK VXSSRUW IURP WKH 'H�
IHQVH$GYDQFHG 5HVHDUFK 3URMHFWV$JHQF\ 3UHFLVH 5REXVW ,Q�
HUWLDO *XLGDQFH IRU 0XQLWLRQV �35,*0� 3URJUDP� PDQDJHG
E\ 5RQ 3ROFDZLFK DQG 5REHUW /XWZDN�

5()(5(1&(6

>�@ 6� =DOLDVO� -� &� 6DOYLD� *� &� +LOO� /� :� &KHQ� .� -RR�
5� 3DOZDL� 1�$UXPXJDP� 0� 3KDGNH� 6� 0XNKHUMHH� +��
&� /HH� HW DO�� ³$ � SSP ���⇥��� PP2 ��� µ$ ������
N+] 0(06�EDVHG RVFLOODWRU�´ ,((( -� 6ROLG�6WDWH &LU�
FXLWV� YRO� ��� SS� ���±���� �����

>�@ *�:X� -� ;X� (� -� 1J� DQG:� &KHQ� ³0(06 UHVRQDWRUV
IRU IUHTXHQF\ UHIHUHQFH DQG WLPLQJ DSSOLFDWLRQV�´ -� 0L�
FURHOHFWURPHFK� 6\VW�� YRO� ��� SS� ����±����� �����
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1DW� &RPPXQ�� YRO� �� S� ���� �����
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