7ZR $LUFUDIW $FRXVWLF 2SWL
SUREOHP 643 DOJRUL

) 1DKD\B .KDUGLGLPXEDQ®IGGRX+DPDGLFKH

7KH)UHQFK 1DWLRQDO ,QVWLWXWH IRU 7UDQVSRUW DQG 6DIHW
(QYLURQPHQW /\RQ JUDQFH IXOJHQFH QDKD\R#LQUHWV U

ODWKHPDWLFV 'HSDUWPHQW )DFXOW\RIBFLHQFH 8QLYHUVLW
ODWKHPDWLFVDQG $SSOLFDWLRQV ODWKHPDWLFV 3K\VLFV RI
/IDERUDWRU\RI)OXLGV OHFKDQLFV DQG $FRXVWLFV 8QLYHUVL)

5e680e/D FURLVVDQFH GH O<DYLDWLRQ FRPPHUFLDOH FRQWULEXH j OD F
GHV HPSORLV HW IDFLOLWH OH FRPPHUFH LQWHUQDWLRQDO 'DQV FH F
HQ SDUWLFXOLHU DXWRXU GHV DpURSRUWY HVW GHYHQXH XQH SULRULV
PRGGOH G(RSWLPLVDWLRQ DFRXVWLTXH GHV WUDMHFWRLUHV GH YRO G}
HQ PLQLPLVDQW OHEUXLW SHU0OXDX VRO 7RXWHV OHV FRQWUDLQWHV Gt
G\QDPLTXH GH YRO DVVRFLpH DX FREW JpQqUH XQ SUREOQPH GH FRQWU{:
GLIIpUHQWLHOOHY RUGLQDLUHY QRQ OLQpDLUHV 3RXU UpVRXGUH FH S
VDLUHV G(RSWLPDOLWpP SRXUGHV SUREOqPHY GH FRPPDQGH RSWLPDOH
GpYHORSSpH &HFL VH FDUDFWpULVH SDU XQH VROXWLRQ RSWLPDOH ORI
XWLOLVpH HQ WHQDQW FRPSWH GHVY FRQGLWLRQV G<RSWLPDOLWp GH .
TXDGUDWLTXH VpTXHQWLHOOH /HV PpWKRGHV 643 VRQW SURSRVpHV FRF
JDJH GH SURJUDPPDWLRQ $03/ 3DUPL SOXVLHXUV VROXWLRQV DGPLVVL
RSWLPDOHV PHQDQW j XQH UpGXFWLRQ GX QLYHDX GH EUXLW DX VRO /H
WLRQ DpURSRUWXDLUH Q<HVW SDV GLVFXWp

$%675$&7KH LQFUHDVH RI FRPPHUFLDO DYLDWLRQ FRQWULEXWHYV WR HFI
IDFLOLWDWHY LQWHUQDWLRQDO WUDGH 7KH TXDOLW\RIHQYLURQPHQV
FRQWULEXWLRQ DLPVWR GHYHORS DQ DFRXVWLF RSWLPL]DWLRQ PRGHO
FHLYHG QRLVH RQ WKH JURXQG ,W LV DERXW PLQLPL]LQJ WKH QRLVH W
RI ALJKW ZLWKRXW FRQALFW 7KH ALJKW G\QDPLFV DVVRFLDWHG ZLWK
RSWLPDO FRQWURO SUREOHP JRYHUQHG E\ RUGLQDU\ QRQ OLQHDU GLI
OHP WKHWKHRU\RIQHFHVVDU\FRQGLWLRQV IRURSWLPDO FRQWURO St
ZHOO XVHG 7KLV FKDUDFWHUL]JHVY WKH RSWLPDO VROXWLRQ DV D ORFD(
EHHQ XVHG DORQJVLGH WKH RSWLPDOLW\ FRQGLWLRQV RI .DUXVK .XKQ
SURJUDPPLQJ 7KH 643 PHWKRGV DUH VXJJHVWHG DV DQ RSWLRQ E\ FRP
$03/ SURJUDPPLQJ ODQJXDJH $PRQJVHYHUDO SRVVLEOH VROXWLRQ LV
PDO WUDMHFWRU\ IRUHDFK DLUFUDIW OHDGLQJWR D UHGXFWLRQ RI Q
RIWKHDLU WUDIAF ZLOO QRW EH GLVFXVVHG )XUWKHU UHVHDUFK LV QH
WR DLUSRUW FDSDFLW\

0276 &/e6&RPPDQGH 2SWLPDOH %UXLW GHV DYLRQV $OJRULWKPH 643 S
.(<:25'6 2SWLPDO FRQWURO SUREOHP $LUFUDIW QRLVH 643 DOJRULWK
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,QWURGXFWLRQ

&RQVLGHULQJWKHFXUUHQW WUHQGLQWKHAHOGRIDL
FRQVLGHUDWLRQV UHODWHG WR WKH ULVLQJ FRVW RI RL
LPSRVHPRUH VHYHUH FRQVWUDLQWY RQ WKH QH[W JHQH
RQH Rl WKH $&$5( REMHFWLYHV> @ ,Q RUGHU WR UHC
DQG QRLVH LPSDFW $&$5( UHTXLUHV D UHGXFWLRQ RI
JRDO UHSUHVHQWYV D GLIAFXOW VFLHQWLAF DQG HQJLQF
QDPLF PRGHOV DQG PDWKHPDWLFDO RSWLPL]DWLRQ> ¢
KDV EHHQ FDUULHG RXW 7KH PDMRULW\ RI WKLV ZRUN D
RIDLUFUDIW QRLVH DURXQG WKH DLUSRUW E\ FRQVLGHU
FRQFHUQV WKH VWRFKDVWLF FRQALFW GHWHFWLRQ IRU
ALIJKW> @ DQG WKHFRPSUHKHQVLYHDQDO\VLV RIWUDQV

2XUDLP LQ WKLV ZRUNLV WKH GHYHORSPHQW RI D WKHI
ZKLOH PDLQWHQLQJD UHOLDEOH HYROXWLRQ RI WKH ALJ
RQ DSSURDFK 7KLV QRQ OLQHDUDQG QRQ FRQYH[RSWLI
VIVWHP RIRUGLQDU\QRQ OLQHDUGLIIHUHQWLDO HTXDW

JRUVROYLQJWKLY SUREOHP WKHWKHRU\RIQHFHVVDL
OHPV ZLWK LQVWDQWDQHRXV FRQVWUDLQWV LV ZHOO G|
VROXWLRQ DV D ORFDO VROXWLRQ ZKHQ WKH QHZWRQLD
TXHQWLDO TXDGUDWLF SURJUDPPLQJDUH XVHG> @

ORGHOL]DWLRQ RI WKHWZR DLUFUDIW RSWLP

7TKHPLQLPLIDWLRQRIWKHQRLVHIJHQHUDWHG E\WKH W
OHP /HWWKHPDWKHPDWLFDO JHQHUDO IRUPXODWLRQ E

> @

ZKHUH LVWKHVWDWHRIWKH VA\VWHWKH FRQ
WURODQG WKHFRVWIXQFWLRQ QRLVHRIWKHDLUFUDIW
VKRZV WKH PLIHG FRQVWUDLQWY 7KLV IRUPXODWLRQ L'
DQGUHDOLVWLFIRUPRIDOO WKHHTXDWLRQV FLWHG DEF
7KH '\QDPLFV HTXDWURQR/RGKO SUHVXSSRVHV WZR $
SURDFKZLWKRXW FRQALFW 7KHODQGLQJODZLV)LUVW &
WLRQ RIHDFK SODQUWWKUHH GLPHQVLRQDO DQDO\]JHG ZL'
PDUN WKHSODQHIUDPH DQGWKHDHURG\QDP
ZKHUH > @ 7KHWUDQVLWLRQ EHWZHHQ W
VKRZQ HDVLO\ ZLWK WKUHH VXFFHVVLYH URWDWLRQV> ¢
HDFK DLUFUDIW DUH VXPPDUL]J]HG LQ WZR EDVLF UHODWL
UHODWLRQVKLS RINLQHPDWLFV

- >@

7KH LQGH[ L UHAHFWV WKH AUVW DQG VHFRQBSSODQ
UHVHQW WKH HIWHUQDO IRUFHVWKHWRDQV\R R | WWKHA/ [EOIHUURRULL
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DLUVSHHG RI DLWAHUHD RKWVLGH PRPHQWYV RI HDKHK IDQHB UL

WLD PDWUWKIHWBRWDWLRQ DQJXODU 7KH H[WHUQDO IRUFF

DUH 7KH WKUXVW WKH ZHLJKW WKH OLIW

- WKH GUDJ- DQG WKH ODWHUDO IRUF
,Q WKHVH H[SUHVVLRQ\IL‘GW\KFHUULEI—I—BJIBI\@IFHI—DUHI

FRHIAFLHQWVRIKBN’IB-IWGH FRHIAFLHQW R IVOIOMWFHRIDIAFRH O MW

oLIwWDMXG GHQVLWARIDLU 7KLVOHDGVY WRWKHIROORZLQ

. * € o £

> @
ZKHUH WKH H[SUHVV¥LRQ RI DUHWKHLQHUWLD PRF
WKH DLURUWKM DLUIGH@KHWLUFUDIW UHIHUHQFH DUHD O
OHQJWK JLV WKH DFFHOH UDMW\Y R GX Bl IWR BWARKHG\WD W H U
IRUFHV FRHIAPMLWRWOLIW FRMMIKHRUQWOLQJ PRPHIQW FRHI
WKH SLWFKLQJPRPHQW WRHIMOAIHQWRPHQW FRHIAFLHQW
LV WKH SRVLWLRQ Rl WKH HQJLQH LQ WKIHVERIGN ISIDPSFX O V
IRUFH LV WKH DHURG\QDPLF VSHHIGV WKH FRPSOH
PHQWDU\DFFHOHUDW LR/QWKHGZLQG YHORFLW\ 7KH VHSDU

WZR SODQHV UHVXOWV LQ WKEKHHFW R U DQG
7UDQVIRUPLQJWKHV\VWHP LQ VWDWH IX

te
-I-Y
ZKHUH WKHVWDWH YHFWRU,LV.., € , , , ,

7KH H[SUHVVLRQV ., €,

L , DUH UHVSHFWLYHO\WKH DWWDFN DQJOH WKH
LOQFOLQDWLRQDQJOH WKHFXS WKHUROODQJOH WKHDLI
RIWKHDLUFUDIWUHODWLYHWRWKHHDUWK WKHSLWFKY
\DZ YHORFLW\RIWKHDLUFUDIW UHODWLYH WR WKHHDUWI
LV

L ) > @

: . LT > @
ZKHUH WKH H[SUHVVLRQ , DUH UHVSHFWLYHO\ WKH UR(
SLWFK FRQWURO WKH\DZ FRQWURODQG WKH WKUXVW 7|
DV
o I , ., , %0 ® . > @
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7KH DQJOHYV FRUUHVSRQGLQJ UHVSHFWLYHO\ WR W
DQJOH WKHDHURG\QDPLFD]LPXWKDQG WKHDLU SDWK EC
PRGHO

2EMHFWLYH IKQFWDRABDXODWLRQ RI REMHFWLYH IXQFWLRQ
SRVXUH /HYHO 6(/ — ZKHUHVY WKH WLPH UHIHU
WDNHQ HTPRG WRVKH QRLVH HYHQW L@WBUYDDUH WKH
UHVSHFWLYHLQWHUYDOV LQ ZKLFK WKH QRLVH RI WKH AU\

> @
ZKHUH LV WKHWZR DLUFUDIW Q RIEHLINQCEKW R/HR R Q B IDOBVGR
H[SUHVVLRQY WKH UFUDIW MHW QRLVHJLYHQ E\WKH IRUPX

— ‘KHUH RQH KMWKH MHW VSHHG DW W

RI'WKH QRW&H VSHHG MHW D W WWHH LGQRO HOOH W IHIPVME HU D W X U H

WKH WHPSHUDWXUH DWKMW &H QWL WWVHRH [DIWP RVSKHULF GH
WKHHQWUDQFH RI WKHDWHRWSKHULF GMQKVH. WQIWW DQRNK @
RI WKH QR]]JOH K\GUMNWXMH. ARMHQNWQRJ VXUIDFH RI WKH QR]]C

WKHLQOHW GLDPHWHU RI WKH QR]]JOH K\GUDXOLF HQJL!
WKH HIITHFWLYHWSHHKHGDQJOH EHWZHHQ WKH D[LV RI WKH
WKH DLUWWKBIWRXUFH REVHWXHUHGER YVIDQWH DULDEOH GHA

WKH VRXQG YHORWKW\HPKLELWLQJ YDULDEO

RQ WKH W\SH RI DLUFUDIW — WKH

WHUP PHDQV WKH 'RSSOHU FRQC
ZKHQ WKH ODF 1XPEHU MMKHUD W
FRQYHFWLRQODF 1XPEHU LVWKH %HDP DQJOH

7TKHH[SUHVVULRMOWKH QRLVH RI W®&E DWULNMUDUWWWHQ DV D
OHDGV WR WKH REMHFWLYH IXQFWLRQ - .

7KH IXQFWLRQDO PHDQV WKH WZR DLUFUDIW QRLVH
WLRQ RIHTXDWLRQ +LV¥ =« .« e e

e+ ZKHQ WKHIXQFWLR@DO WKH VA\VWHP DER®
EHFRPHYV . e e . . .

e e S IRWH WKDW WKH I

WLRQ DERYHUHAHFWY WKHFRXSOLQJEHWZHHQ WKH WZR
S5HWXUQLQIJWR WKHWKLUGHTXDWLRQRIV\VWHP RQH
IROORZLQJVHFWLRQ WKHH[DFWIRUPXODWLRQRIWKLVH
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7KH FRQVWUDL QMW IKREWALBRLQWY DUH WKH FRQVWUD
DOWLWXGH DQJOH RI DWWDFN WKH DHURG\QDPLF VLGH'
DQJOH UROO DQJOH WKH SRVLWLRQ RI WKH WKURWWOH
WKH SLWFK FRQWURO WKH SRVLWLRQ RI WKH \DZ FRQW
ORQJLWXGXQDO DQG ODWHUDO SODQHV VHSDUDWLRQ W
HDUWK WKHSLWFK YHORFLW\RIWKHDLUFUDIWUHODWLY
UHODWLYH WR WKHHDUWK DQG WKH DLUFUDIW PDVV BRP
> @ RWKHUVDUHLQGLYLGXDO> @ $0O0F
UHODWLRQVKLS

> @

ZKHUH
JURP HTXDWLRQV WKH
SUREOHP LVJLYHQDVIROORZ

> @
JRUVROYLQJWKHSUREOHPDV SRVLWHGLQUHODWLRQ
PHWKRG DSSURDFKDQG 643 PHWKRGYV

643 PHWKRGV DQG ..7 RSWLPDOLW\FRQGLWLF

7TKHRSWLPDOLW\FRQGLWMQPWHPU WKRRARIBDYV D SUREOI
FRQWURO ZLWK PL[HG FRQVWUDLQWY 7KH SUREOHPFDQ |
1/3 5HZULWH WKLV VA\IVWHP DVIROORZYV

> @

7KH H[SUHVVRLBQ@WKH VHWV RI HTXDOLW\DQG LQHTXDOLV
WKH VI\VWHP LV GHAQHG E\ WKH IXQFWLRQ

ZKHUH WKHLWHWWIR UDJUD Q HKPIX D WXBIOLKKQ 7XFN
RSWLPDOLW)\ RRRQC/LVEHRONVQBWLR FORNVDPRBOXWLRQ RI
SUREOHP ZKLFK VDWLVAHV D FRQVWUDLQWVVYXPBIOLAF
WKDW 7KHVH HTXDWLF
DUHFDOOHG WKHFRQGLWLRQVRI.DUXVK .XKQ 7XFNHU
WLPDOLW\ WKH VHFRQG DQG WKLUG WKHIHDVDELOLW\ FFI
FRQGLWLRQVDQG/DJUDQJHPXOWLSOLHUV FRUBHMERQG
7KH FRXSONXFK WKDW WKH ..7 FRQGLWLRQV DUH VDWLVA
WLRQRI LVSRDOOHG D VWDWLRQDU\SRLQW
7KH QHFHVVDU\ RSWLPDOLW)\ FRS G@W I B iIVQRR VIHE R @ G RW
Rl DQGVDWLVI\LQJD TXDOLAFDWLRQ FRQ G LWKIERQV MIKWM
WKH .. 7 FRQGLWLRQV DUH YHULAHG 6R ZH KZKHJH V
DFULWLFDO FRQH
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7KH VXIAFLHQW RSWLPDOLW)\ FR® G@W BRSO 8 RV H/ M/KRDMWG WRK
ZKLFK VDWLVI\WKH .. 7FRQGLWLRQVDQG VXFK WKDW
6R LV D ORFDO PLQLPXP RIWKH V\VWHP
643 OHWKR®B643 PHWKRG VROYHV D VXFFHVVLRQ RI TXDC

> @

7R VROYH WKLY SUREOHP OLVWHG DERYH RQHOMFKRKRIVH®
VI\VWHP EHFRPHV RQO\V\VWHP ZLWK HTXDOLW\FRQVWUD

> @

ZKHUH DQG WKH YNFOIWKRWLPDO GXDO GLWSKHFHP
+HVVLDQ PDWUL[RIWKH /DJUDQJLDQ WKHPHWKRG XVHG
643 DOJRULWKP
&KRRVHWKHHOLJLEOH LQLWLDO FRQGLWLRQV IRUWKH
3UREOHP DSSUR[LPDWLRQ ZLWK D TXDGUDWLF SURJUDF
DWWLPH W
6ROYH WKH SUREOHPIRUDQHOLJLEOH GHVFHQW GLUHF
JWKHDUUHVW FRQGLWLRQVDUHUHVSHFWHG ZULWH W
PDWUL[ WKH SULPDODQG GXDO YDULDEOHY GR D OLQHD!
,QFUHPHQW WKH VRO XWDRG YUHI FWKRID DWR \§ WHS
7KLV DOJRULWKP LV XVHG WR PDNHDQ $03/ SURJUDP ZK|

I1XPHULFDO UHVXOWY IRUWKH WZR DLUFUDIW

7KH IROORZLQJUHVXOW DUH REWDLQHG ZLWK $03/ ODC

VROYHU ODWODE LV UHTXHVWHG DV WKH JUDSKLFE YLVXD
1,752 RXWSXW RSWLPDOLW\ FRQGLWLRQV WKH ORFDO R
IHDVDELOLW\ HUURU DEV UHO H H WKH AQDC

H WKH WRWDO SURJUDP WLPH VHFV
VSHQW LQ HYDOXDWLRQV VHFV

7KH AJXUH LV SORWWHG ZLWKRXW FRQVLGHULQJRS
QRLVH LPSDFW DUHD DURXQG WKH DLUSRUW LQ QRUPDO
PRGHO LV YHU\ LPSRUWDQW DQG ZKLFK JDLQ LV FDUULHC
VLWXDWLRQ 7KLV UHVXOW DERYHVKRZ WKDW WKH QRLV't
WLPH VHSDUDWURMKLW FDV DERYH WKH PD[LPXP OHYHO L
7KH AJXUH VKRZ WKH RSWLPXP UHVXOWYV 7KHVH UHVXO
FRUGLQJWR WKH REVHUYHU-V SRVLWLRQ DQG GHFUHDVH
DPLQLPXP YDOXH G% $ 7KHRSWLPDO WUDMHFWRU\ L
SHUIHFWO\D ODQGLQJZKHQ WKHVHSDUDWLRQ WLPH LV
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7KH $ SLUFUDIW DOWLWXGH HYROXWLRQ YHU'

DOWLWXGH

WLPH Vv

TKH VHFRQG $LUFUD\W vau o»wuov G% $ DURXQ

‘LVWDQFH P

= 7xn QRLVH GHYHOV DU
7KH REVHUYHU<V SRVLW{R
# 7KH WRXFK GRZQ SRLQ

G WKH

‘LVWDQFH P

'LVWDQFH P

'LVWDQFH P

7KH ILUVWiSLUFUDIW QRLVH OHYHOV G%

> 7KH QRLVH OHYHOV DU
7KH REVHUYHU<«V SRVLWILR
* 7KH WRXFK GRZQ SRLQ

i
'LVWDQFH P

7KH WZR SLUFUDIW QRLVH OHYHOV G% §

> 7KH QRLVH OHYHOV DU
7KH REVHUYHU«V SRVLWILLR
* 7KH WRXFK GRZQ SRLQ

&\g

'LVWDQFH P

$ DURXQG WKH DLUSRUW

PQG WKH UXQZD\

DURXQG WKH DLUSRUW

PQG WKH UXQZD\

JLIXUWWKH DLUFUDIWDOWLWXGHHYROXWLRQDQG QRLVH G% $

SOWLWXGH P

JLIXUWKH WZR DLUFUDIWDOWLWXGHV DQG QRLVH G% $

L

FOWLWXGH HYROXWLRQ DQG QRLVH OHYHO IURP ERWK DLUF

WwWLPH Vv

&RQFOXVLRQ

$ QXPHULFDO FRPSXWDWLRQRIWZR DLUFUDIWRSWLPD
$Q RSWLPDO VROXWLRQ RI WKH SUREOHP LVIRXQG ZLWK D

GHULYDWLYH 643 PHWKRG LV XVHG

IRLVH OHYHO G% §

HYROX

SURDFKE\FRQVLGHULQJWKHFRQAJXUDWLRQRIVHYHUDO
UHVXOWY SUHVHQW LQWHUHVWLQJDQGDFRXVWLFDOO\HI/

\

5HVXOWY VKRZ D QRL\

$FNQRZOHGIRHWIRWUN ZDV VXSSRUWHG E\WKH®© $JHQFH8QL
5pJLRQ $IULTXH &HQWUDOH 2
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%LEOLRJUDSKLH

@ $/8321( &RPSUHKHQVLYH DQDO\VLV RI WUDQ VERQWH'LUFU
UHFMWDQFKHVWHU O 4' 'HFHPEHU

@ 0(1%5( /HV FKDOOHQJHV HQYLURQQHP HQ&SDXY 1S B QUDGID &/ KD
WHFKQRORJLTXHQ GWEWOP®WWURQDO

@ 2$3%2=+(769 , 27.$5(9 SUHGLFWHG )OLJKW3URFHGXUHV IRUOI
(OVHYLHU 6FLHQFH /W® O UH I&NAUDILVQBIL Q

@ -83*-1 %55,(7< /D YRLH GH OD VFLHQFH 'HV RXWLOV SRXU RS
DYLRQV HQ SKDVKRULFBQREKHD 0LGIR X\WRXQHH\HFHPEHU

@ /%%//$+ OLQLPLVDWLRQ GHV EUXLWV GHV DYLRQV FRPPHUF
HW DpURG\QEBBVYHXGH ODWKpPDWLTXHV $SBEHSWHHRE GH O -8 &%
@ /%%s//$+ O %28 6 +$5', 2SWLPL]DWLRQ RI RSHUDWLRQDO
UHGXFLQJ QRLVUBIORLMB(RE /D) UDQFH

@ .. % 6WRFKDVWLF FRQALFW GHWHFWQORIRFRRQMLWROUPSAE P
FHQWUH 3XEO L FD)W DREW 2 $S-H O

@ - 2,9 (5 7TKH '\QDPLFV RI)OLJKW GX3I$¢FXDMIRR & (B 7
7RXORXVH -DQYLHU

@ %58&72)0 /087 643 PHWKRGV IRUVROYLQJRSWLPDO FRQW!I
DQG VWDWH FRQVWUDLQWY DGMRLQW YDULDEOMWLWHEUYLW
6FLHQFH -RXUQDO RI &RPSXWDWLRQ BDHOUPQ®$SSOLHG 0DWKH

@ %5%/$<3 (% 643 PHWKRGV DQG WKHLU DSSOLFDWLRQ WR
SUREOHRSDUWPHQW RI ODWKHPDWLFV @BIHYSHRUIML WS RI &BO DRI
'LHIJR 86%

@ 6(7$7 &RPPDQGH RSWILYPHWOH. W\ RI)2DAH V

@ -2, 9% (5 '\QDPLTXH GH YROX®pDRLRGDUWHPHQ®YV GHV
7TRXORXVH 1RYHPEUH

@ '*$& OpPHQWR jO-XVDJH GHV XWLOLVDWHXUV GHV SURF
LQVW U XPIHISBRVY W G H FPH*BELYVEROQNV

@ €56 6pSDUDWLRQ HW FRQOWHW@BWLRRQBQ 9LUWXDO $YLDW
OLJQH@GLVSRQLEOH VXU KWW RFWREUFHP\ LYDR DHUR

@ '*$& OpWKRGHV HW PLQLPXPV GH VpSDUD Wi RKRS/RAMW ®H L
OD '*$& )HYULHU

@ &5 ORGgOH GHORQJXHXU GH SLVWH DX GpFROODJH DWW
683$(52 21(5@

@5%1&( )LFKHVY WHFKQLTXHV KLVWRULTXHV HW SKRWRYV G|
OLIQH@GLVSRQLEOH VXU KWWS ZZZ LIUDQFH FRP YRO Q

@ 20,1,48( &LVDLOOHPHQW GH YKMDW/SR X AZYGIVKIHDWLRQ U L

@ e85 3RXUXQHDSSURFKHDQDO\WLTKH\GH 6836 (DR ILT5H C
Q 1IRYHPEUH

@ &26¢$ $QDO\WH UHSUpVHQWDWLRQ HWRSWLPLVDWLRQ GH
IRUPH DpURSRKIQVXDAMKH @ -, QVWLWXW QDWLRQDO SRODWHFKQL

@ O(s%281,28; 2SWLPLVDWLRQ HW &RQWUROH GHV V\VWgPHV
FRUULJp\KQR®B

@ - R%(57 (OpPHQWV G-RSWLPLVDWLRQ GLIIpUHGWLDEOH 7K
TXHQFRYUWQFH MXLQ
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