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SRVVLEOH ZLWKRXW WKH WHUPPWWRIGQR®JRI UHIXODWRU\ SURFHVVHV LQ HFRV\VWHPV 6X
SURWRW\SH REHPWMG/ MHOKLQ WKH SURWHFWHG DUHDV 5XVVLD ZLWRKWWWH RV W K\H € U L8R
WLRQ p2Q %LRORJLFDO 'LYHUVLW\] EHDUV SULPDU\ UHVSRQVLELOLWUYWKH WX H XFURDQALHBULY I A
HVW HFRV\VWHP OHPHIOWVDMA®RQ RI WKLV PLVVLRQ GHSHQGV ILUVW RI DOO RQ UHSUHVHQ
FLDOO\ SURWHFWHG QDWXUDO WHUULWRULHV

,Q RXU DUWLFOH ZH UHSUHVHQW DQDO\VLV RI WKH UROH RI VRLO LRQFMHHLOWDMLRLQLKIEPR
GLYHUVLW\ DQG SURYLGH LQIRUPDWLRQ DERXW VRLOV DQG RI QDW X UMV H B8 VRIQ YWKH DFD® \@ R
LQIRUPDWIRR@VY 0DS Rl 5XVVLD VFDOH ZH HVWLPDWHG UHSUHVHQWDWLRQ RI QDWXUH U
FRQUMDWLRQ RI QDWXUDO VRLO GLYHUVLW\ :H FDOFXODWHG GLIIHUHQWQUDRLIOR/QB OHYBIQI
PHDQV RI $UF9LHZ *,6 VIVWHP FRQVLGHULQJ WKH QXPEHU DQG DUHDV Rl URLIODW\@KRZDQ\G

RI VRLOV DQ®&I FRPSOH[HV IURP 6RLOVY 0DS OHJHQG DUH QRW UHSUHVHQWHG LQ QDW)
DOVR IRXQG WKDW UHVHUYH DUHDV DUH LUUDWLRQDOO\ DOORFDWHG WHHRH GVIIGIRWDQE
JURXSV LQ WKH FRXQW W HD QERIMMFRALIQGWW HUULWRULH V

7KHUHIRUH WKH FRUUHFWLRQ RI D PRGHUQ V\WVWHP RI UHVHUYHV DQ G QD WWRIQD Q HFHWN
H[SDQG D QHWZRUN RI VWHSSH UHVHUYHYV DQG RI WDLJD UHVHUYHV L QO6VBHRYAHD RHORR G
FOXGH WKH RUJDQL]DWLRQ RI QHZ FOXVWHU UHVHUYHV LV D UHDO ZH FRW G RW VR Q YERN LK
WKURSRJHQLF LPSDFW 6XFK PHDVXUHV ZLOO DOORZ WR GLVWULEXWH RQUDVRX UMK H HAVBIQFW Y
WR FDSWXUH WKH PDLQ VRLO GLIIHUHQFHV KDYLQJ SOQRNUEBW LRIQHERWE K FOROUHGVHD § B EIDHG |

.H\ZRUGVELRORJLFDO GLYHUVLW\ VRLO GLYHUVLW\ VRLO PDSSLQJ QDWXUBDHWVHUYHG I

SHIHUHQFHYV

%RWDQ\ 'HFHPEHU (YHQLQJ 8QLWHG 6HVVLRQ RI WKH 6HRWHRQUVR

RI WK &RQJUHVV RI 5XVVLDQ 1DWXUDOLVWY DQG 3K\VLFLIRQ\NFRD
QR SS ,BXVVLDQ

'REURYROVN\ SRLONGRI 1DWXUH 5HVHUYHV DQG 1DWLR Q@RY F3FDA NV, QR R W
JRXQGDWLRQ 3XEOLVKHU 1,$ 3ULURGD 3XEOLVKHU S ,Q 5X

'REURYROVN\ * 9 &KHU®BRYKO, 5ROHHIEYDQ G PHRMLRHUY DWLR Q@ RV FR 26 LIRRGYL
VKFKHVWYR QDXFKQ\NK L]GDQL\ .0. 3XEOLVKHU S ,Q 5XVVL

'XUEDQ &KRUG ODWMKLBOY RERBEHIHVYV RQ WKBIR3IFRWE H FQWHASL WEKWUE R R
OLVKHU ,Q 58VVLDQ

JULGODQG BRL®\G 0DS RI 56)65 6FDOH ORVFRZ 8665 0DLQ 'HSDUWWHQ
WRJUDSK\ 3XEOLVKHU ,Q 5XVVLDOQ

*LO\DURY=RRORJLFDO PHWKRG RDR\LPRDRVMNNLY RN ECRIMKUSXVVLDQS
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(OHFWERIREGALHQWLILF (GLWLRQ $OPDQDF 6SDFH DQG 7LPH YRO LVVXH 7KH(DUWBODQKBWNHP
(OHNWURQLVFKH ZLVVHQVFKDIWOLFKH $XIODJH $OPDQDFK pu5DXP XQG =HLWp %G\VWKHRVIDDLGHW
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,VDFKHQNR $ * /DQGVFDSH 0DS RI 5XVVLD *H ROARDIQ A D O SOVIDRD/\WIE
FRZ DQG 6W 3HWRMDEXW3IXEOLVKAWLRQ ,Q 5XVVLDQ

.DVDWNLQD *$ G5DVWYRURYD 2 * B6FKDVWQXNIDNRE $)HGRDRYBQDO 1D
5HVHUYH " %HGBRIPRWLRUL 1DWXUH 5HVHUYHV DQG 1DWLRQORVBRDNY,
IRVSKHUH- )RXQGDWLRQ 3XEOLVKHU 1,$ 3ULUR®BBX3NWEDIQ/KHU

.OLPHQWLHDWLRQDO 1DWXUH %LRVSKHULF 6RNOIVYH 1DWNDQUEK B BIWNIL\Y H \
RI WKH 5XVVLD QRNGRIUDWIORRVSKHUH:- )RXQGDWLRQ 3XEOLVKHU 1

3 ,Q 5XVVLDOQ

.ULYROXWVBIRLO $DX@VLUBFPHQWDOORREOR® RULXND 3XEOLVKHU S

OHOFKHQNR 9 ( .KULVDQRY 95 OLWHQNR *9 <XULQ 92 6QDRL® 9 ¢
WXUH 5HVHUYHGWH) QG VAUIDRWHFWLRQ RI 1MWXUDO SHVRXQ FBXW QDS

IDWLRQDO $WODV Rl 6RLOV BRWHKREZ 5% VWU )FHNEOLNVWHRQ $67 3XEOLVKFE

6KLVKRY // 7RQNRQRJRY 9' /HEHGHYD&ODVVHUDADWRRQ DQONGRU G R\
BPROHQVN 2\NXPHQD 3XEOLVKHU S ,Q 5XVVLDQ

6KLVKRYD / / .RPRYD 1 9 B5RGLQD $ =6R)OL&RODHUE D @G0 /DHBG/ 5HV R XU FH
WLROCRVFRZ 9 9 'RNXFKDHY 6RLO ,QVWLWXWH GRW $XH B QLORL I$EB B HXE

S ,Q 5XVVLDQ
6QDNLQ 9 9 '\QDPLFV RI %LRGLYHUVLW\ 'ULIW RJH RO WQRHDODMLR O
,Q 5XVVLDOQ

6QDNLQ 9 9 O9HUHPHHYD $$ .KULVDQRY 9 5 H/PWIGWH BS\HWHFPD R\ LIDW K L
5XVVIBWYH DQG 3URWHFWLRQ RI 1DWXUDO SHVRXQ FBXW VY QDRXV VLD

7KH &RQYHQWLRQ RQ %LRORJLFDO 'LYHUVLW\ DGRSWHGDQ HRVEGIMH F
Q G :HE KIWESXQ RUJ UX GRFXPHQWY GHFOBFRQY FRQYHQWLRQV E

7LVKNRY $$ 7KH 3URWHFWHG 1DWXUDO 7HUULWRULHV QG YREPRQWLR
URQPHQW 4XDOLW\ DQG ORRFRILFI$G 008 WL @EKW B XFEIOLHRIUD 3 Ss
,Q 5XVVLDOQ

9LNWRURY 6 9 5HPORIGRFDWLRQ ORRERWDERVFRZ 6WDWH 8QLYHUVLW)\ 3X
5XVVLDQ

'RUOG 5HIHUHQFH %DVH IRURPRILQ$PHVRXUFHY

=DERHYD , HYDHBW =KDQJXURY (9 /DSWHYD (0 9W\XULQOXFXOMNRRD
IDWXUH %LRVSKHEOREOSHRHUDMW XUH 5HVHUYHV DQG 1DWLR QRY RO
T,QIRVSKHUH:- JRXQGDWLRQ 3XEOLVKHU SIS$ 3ULURGRVIXDALVKHU

&LWH 0/%
B3ULV\D]KQD\D $ $ 2 9 &KHUQRYD DQIBYHORSFPHMNL RI 1IDWXUH 5HVHUYHG $UHDV| 1H
&RQVHUYDWLRQ RI %LRORJLFDO 'LYHUV(LWH RN URPAMEU®FL B MWWHPKN (®IPWMLBQGS @ PPK) P FKIGIS
(DUWK 30DWHP B\ "HE H DSURY DM ' ,Q 5XVVLDQ
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