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100!

/LWOH RI WKH 3DSHU

6U 1
!

6RODU 39 3RZHU ,QVWDOODWLRQV LQ \
&RPSUHKHQVILYH 5HYLHZ

3DJIRY
I

JRRWVWHS (QHUJ\ +DUYHVWLQJ XVLQJ

6 XVWDLQDEOH 6PDUW!,QIUDVWUXFWXU
|

TXQDEOH RSWLFDO UHVSRQVH RI 0Q GH

SRVVLEOH DSSURDFK IRU XVH IRU VSL(
|

6\QWKHVLY DQG FKDUDFWHUL]DWLRQ R

VROJHOI PHWKRG
|

"HVLJQ DQG ,PSOHPHQWR DV RG &P DWONS
6\WWHP 8VLQJ 6RLO ORLVWXUH 6HQVLQ
ZLWK 7KUWHDAKHR® GDWKHPDWLFDO ORGH(

67%$7,67,&6 ,1 :($7+(5 35('1&7,21

JURP ,QWHQW WR (UURU 8QGHUVWDQG
IRU $JHQWLF $,

6DIH+HWRELOH 6DIHW\ $SS IRU 5DSILG

&RPSDUDWLYH (YDOXDWLRQ RI ODFKLQ
$XWRLPPXQH $UWKULWLYV &ODVVLILFDV
6+%3 ,QWHUéUHWDELOLW\

6HHLQJ 7TKURXJK WKH 6\@QWRBWUP RHZ R
"HWHFWLHQQH DWHG 3KRWRYV DQG 9LGH

$Q (IILFLHQMWDYH\WLWDRPHWULF 6\VWHP

I[LIKWZHLIJKW YV 7UDGLWLRQDO &U\SW
&RPSDULVRQ RI (&& DQE@ H 63 LWVQHFHD O
!

$,%DVHG 5HFRPPHQGDWLRQ 6\VWHP 8V,
!




&11'ULYHQ $XWRPDWHG *UDGLQJ RI 'LD
I[LIKWZHLIJKW "HHS )HDWXUH /HDUQLQJ
$QDAO\VLYV

ILIKWZHLIKWBEWUREGPHU ZLWK $&SIEWH|
JHDWXUH ([WUDFDIMWMHR® 8RBEBRARVWUDLQH(

+\EULG ODFKLQH /HDUQLQJ $SSURDFK |

XVLQJ 1/3 JHDWXUHV
!

,PSURYLQJ *$1 6WDELOLW\ ZLWK 1RYHC(
:DVVHUVWHLQ /RVV 9DULDQW!V WR 5HG)

&RQFHSWV RI $SWPDQ DQG $QDWPDQ $
BHOIKRRG LQ ,QGLDQ 3KLORVRSK\

'"HHS /HDUQLQJ $SSURDFKHV IRU $XGLR
|

$, DOG ,R7 ,QWHJUDWLRQ IRU ,QWHOOL
&LWLHV!6ROXWLRQ

$QDO\VLV DQG $SSOLFDWLRQ RI ([SOD]
3UHGLFWLRQ 8VLQJ!:(.$ DQG 3\WKRQ

&RPSXWDWLRQDO ,QQRYDWLRQV LQ /LI

YRUZDUG
|

6WUHVYV B3UHGLFWLRQ ODQDIJHPHQW X
PRGHO

'L OD[ DV $ %DFNKDXO 6ROXWLR®Q IRU 6
|

$ BWXG\ Rl % XFNCORIQIRBHKRDYERMUNVR 7
WR %HDP &RQQHFWLRQV

6HLVPLF 3HUIRUPDQFH RI (FFHQWULFD
&RPSUHKHQVLYH 5HYLHZ RQ /LQN %HKI
3HUIRU P 'HVLJIQ

(I THFW RI VXSSOHPHQWDU\ FHPHQWLWL
PHFKDQLFDO SHUIRUPDQFH RI FRQFUH
FHPHQWHIYLHZ

SHYLHZ 3DSHU RQ ,PSOHPHQWLQJ WKH
([HEXWLRQ RI ,QGXVWULDO &RQVWUXF

7KH 5ROH RI )LEUH 6\VWHP LQ OLWLJDV
6SDOOLQJ $ &RPSUHKHQVLYH 5HYLHZ




$ SHYLHZ RQ WKH (IITHFW RI &RPELQHG
)O\ $VK DV 3IDUWLDO 5HSODFHPHQW RI
SHUIRUPDQFH

6 XVWDLQDEOH 3RURXV &RQFUHWH '"HVL

&RQVWUXFWLRQ DQIG '"HPROLWLRQ :DVYV
!

$GYDQFHV HIQBOWRDRBRQFH HW H* HRQH UH
, QIUDVWUXFWXUH

$ &RPSUHKHQVLYH 5HYLHZ RQ 3URJUHYV
&RQFUHWH &RPSRVLWH %XLOGLQJ 6XE

&RPSDUDWLYH $VVHVVPHQW RI 'LDJULC
BWUXFWXUDO 6\WWHP B6HLVPLF %HKDY
DQG OHFKPOHVIPHZ

$SSOLFDWLRQ RI +,58$ IRU &LYLO ,QIUD
6HDIRRG 3URFHVYVLQJ )DFLOLWLHV

$QDO\VLV ,PSDFW RQ /DQG DQG S8UEDQ
* 6 GXH WR OHWUR VWDWLRQ $ 'HWDL(

JORRG $QDO\VLVY DQG ODQDJHPHQW 6W
7HFKQRORJLHV $ 5HYLHZ

OHGLFKHFEN 6PDUW OHGLFL GH HU /E &I\LVQH\

$ 8QLILHG :HEKRRN ODQDJHPHQW 30DW
ORQLWRULQJ DQG 6HUYLF®%DQMWGE $SBW L

,GHD WR ODUNHW %ULGJH WKH JDS$ EH

'HVLIQ DQG ,PSOHPHQWDWLRQ RI D 6P
6FKHGXOLQJ 6\VWHP Z4dDWHK1 GQ WWHHZILUHDVOH
SHFRPPHQGDWLRQ

OXOWLPRGDO $, 6 \MWH P([IRRQS/HID$Q D O\V
JRUHFDVWLQJ

6PDUW)X]UL$YHQ ,QWHOOLJHQW IHE $S§

20H VWRS GLJLWDO VROXWLRQ!IRU JR

6PDUW)XTYLEFHQ ,QWHOOLJHQW IHE $SS

'HHSIDNH '"HWHFWLRQ XVLQJI'HHS /HDU

5HI$5HH 79HPMHO$5 2YHUOD\V IRWD:Q G H DV
LQ &&ULFNHW

%ULGJIJLQJ WKH 'LJLWDO 'LYLGH $Q 1/3
%DQMDUD *RU %ROL /DQJXDJH

$SSOLFDWLRQV RI' $, DQG ODFKLQH /HD
3DFNDJLQJ 6\VWHPV $ 5HYLHZ

&URS 'LVHDVH 3UHGLFWLRQ

OLGHROHHW $:B¥HB&ILGHR &RQIHUHQH
SROYWHWLQJ 6SHHFK 7UDQVFULSWLRQ [

OHHWLQJ *HOQOHUDWLRQ




&RQVHQRUFHG /DQG 5HBLYQDW XJRH¥K BOR
$XWKRULW\ %ORFNFKDLQ 3URRHZBREHI
7UDQVIHU LQ ,QGLD

$L ZHDWKHU SUHGLFWLRQ DQIG GHFLVL

SURPSW LOQMHFWLRQ DQG MDLOEUHDN

6PDUW $JULFXOWXUH $VVLVVWDQEFHI6\

$,%DVHG :RPHQ V 6DIHW\ $SSOLFDWLR(

$ 6GLOKRMEHWNMHSGDSWLYH 3RVHRUY VBHEH
([HUFLVH 9DOLGDV$FZR Q HD RIsSERADQNMINRYY

&HQWUDOL]HG $, )DFH 5HFRJQLWLRQ D
$FFRXQWDELOLW\ BODWIRUP IRU 3+&V

ODFKLQH /HODWVHXPDR BEPDUW 6\VWHP IRU 6
DQG +DWFKDELOLW\ '"HWHFWLRQ LQ 6H

"HYHORSHU 3UR G XFQ&ERYAMS$F YV YLK\ Q

0/ %DVHG ,QWHUDFWLYH :HE 6\VWHP IR
LQ /RIJILVWLFV DQG 6XSSIO\ &KDLQ 0DQL

$LU SROOXWLRQ PRQLWRULQJ V\VWHP

,QWHJUDWLQJ %ORFNFKDLQ ZLWK ,QWH
6FDODEOMH 6\VWHPYV

$ SHYLHZ RI1 $, DQG 'HHS /HDUQLQJ )UD
‘"HWHFWLRQ DQG +tHDOWK 3URWHFWLRQ

+REEULYHQ /HDUQLQJ DQG 3V\FKRORJL
3HUVRQDOL]MG (GXFDWLRQ

2QH 6WRS ,QWHOOLJHRRQ L LUH & D R Y3HUI)
'REXPHQW $FFHVYV

$, IRU F\EHUFULPH SUHYHQWLRQ

$, 'ULYHQ (OHFWURQLF +HDOWK 5HFRU

*HQHUDWLYH $, IRU &RQWH[W $ZDUH 61
'"HVLJQ

SKLVKLQU 6KLHOG

$ % ORFNIRXKDKRUHGLYSHQ @ROWQWHOOLJHK
JUDPHZRUN&ULPLQDO DQG OLVVLIQJ 3H\

/10 %DVHG $FDGHPLR®YYHUWDW W6 VRXG
&RPSUHKHQVILYH 5HYLHZ

OXOWHZ 'HHS /HDUQLQJ 6\VWHP IRUI)R

7KH &RQQHFWLRQ %HWZHHQ OLQG DQG
3DLQ IURP 6WUHVV DQG +RZ DQ 8QUHJ]
LQ 6XUYLYDO ORGH

' R7 LQ +HDOWKFDUH 5HPPWIE 3DIMLMHEQ
7HFKQRORJLHV

$17,1$7,21$/,60 ,1 02'5(01",$,'(2/2*,&$/
&217(675%$7,238/,7,8&%$/6&2856(1"
'(02&5%$7,& 7(16,216

S8VLQJ *®WDh¥YK G ,Q WHRW BJRWAFEL Q D WG

IHWZR@BY 5DLOV $ ) X0/ R &R OMRIFIKEKDLO




(ISODLQDEQFPHHDHSIDNH 9R ILIOH 1T'RIMVA F W
(QOYLURQPHQWY 8VLQJ +\EULG 6SHFWUI

&ODVV /LQN GWHHBHPEWQW ODQDJHRHQW
$FDGHPRFEPXQLFDWLRQ

SHFHQW *URZWK LQ WKH ILHOG RI *HQH
DQG &KDOOHQJHV

$ 6\VWHPDWRFHBANUBXLYH $UWLILFLDC
7THFKQLTXHV $SSOLFDWLRQ !DQG 5HVH

(YDOXDWLQJ WKH 5REXVWQHVV RI $FD(
$, (YDVLRQ BWUDWHJILHV

$ SHYLHZ Rl 6RFLDO (QJLQHHULQJ $WW

(OLPLQDWLQJ OLGGOHPHQ LQ $JULFXO
)DURRQVXPHU ORGHO

$ )UDPHZRUN IRU '"HWHFWL @JVEN DR8]
&RQVLVWHQF\ DQG %HKDQYDAWLO SIREY
7UXWK

, RPoDVHG 5 HPRWH 3DWLHQW ORQLWRUL

&DUHHUSIBMIPD QWLF WEWHEGE KQUHHU 5H
6\VWHP IRU ,QGLDQ 6WXGHQWYV

$,'ULYHQ 6NLOO 9HULILFDWLRQ DQG ,Q
&ROODERUDWLRQ 30DWIRUPV

6PDUW (QHUJ\ ODQDJHPHQW 6\VWHP 8V
, QWHUQHW RI 7KLOQJV LQ 6PDUW *ULGV

$, LQ 6RIVWQZDQUHHUJIQQQRBOWLYH $SSURD

SHOOQPH "HWHFWLRQ RI 9HQRPRXYV 6QDN
<2/2Y ZLWK 2II10LQH ORELOH 'HSOR\PH

[12*,&%] 48%,76 ,1 7<( &RBB6FDODEOH 4XI

&SRUUHFWULRYHG, HFRGHUV DQG +\EULG
|

6PDUW 3DUNLQJ 6\VWHP XVLQJ ORWLPG
SBUEDQ 3DUNLQJ 2SWLPL]DWLRQ

(QKDQFLQJ )RUHFDVW $F F XWLD/AH QVEKLRH
3UHGLFWLRQ 6\WWHPV

$,+tHDOWK PRQLWRULQJ EDWWHU\ PDQI

SQL+HRDWX $ 6HFXEHQEMWIE]HQILWDO !
O0DQDJLQJ +HDOWK 5HFRUGYV

,R7DVHG 'DLO\ (OHFWULFLW\ BR/AD 5H{ b F
DQG 6PDOO &RPPHUFLDO 8VHUYV

$ /HID@ORUFHDEOH 1)7 JUDPHZRUN IRU
8VLQJ +\EWKDPQEXKIDLQ &RQWURO

'RF,QWSHIX RFXPHQW 5%$* 6\WVWHP ZLWK
OHPRU\ D@®HWY$,66 ,VRODWLRQ IRU ,Q
$QVZHULQJ

$,%DVHG $QDO\VLV RI WKH ,PSDFW RI '
6\VWHP DQG %UDLQ 30ODVWLFLW\




$QHPLD&DUH $ 5XOH)%DVHG 'LJLWDO |
3UHYHQWLYH $QHPLD ODQDJHPHQW $PF

&\EHUVHFXULW\ &WERNXQMEWRD UH RDQ 'K
Z L W

6RLO 6 KDVWU B D$/,HIBQE&R|FD7 +HDOWHK 0R(

%ORFN®BIONVIHEG 6LIJQDO 'DWD ,QWHJULW\
OLOLWDU\ &RPPXQLFDWLRQ 6\VWHPYV

'HVLIQ DQG LPSOHPHQWDWLRQ RI D PR
FROQWUROOHU!XVLQJ (VS V

R®DVHG 6PDUW *QIRPHH 6 RIQ5/HDMA X D J H
&RQYHUVLRQ

3LSHOLQH OHDNDJH GHWHFWLRQ XVLQ

'UDLQDJH 6\WWHP ,QVSHFWLRQ 8VLQJ ,

$ FRPSDFW 3&% EDVHG VROXWLIRQ IRU

2P %DVHG 6WUHVV /HYHO ORQLWRU

2SHERXUFH 6&%$'$ IRU ,QGXVWULDO $XW,
DQG 3UHGLFWLYH ODLQWHQDQFH

' R7 %DVHG 6HFXUH 6ROGLHU +HDOWK (
ODFKLQH /HDUQLQJ

5) 6LJQDO -DPPHU '"HWHFWRU XVLQJ 5D

JUHTXIPRAG %DVHG $GDSWLYH 1RLVH §
6\VWHPV 8VLQJ /06 $OJRULWKP

6PDUW 6HHG 6RZLQJ ODFKLQH! XVLQJ 51

=HUR 8VHU  OWHUDFWLRQ ,UULJDWLRQ

9 ; &RPPXQLFDWLRQ IRU $FFLGHQW 3U}

,RW EDVHG KHDOWK PRQLWRULQJ V\VW

(;3/%$,13%/( $, )25 ((* $1' ¢BF6(' %,20(,&$%
' $*126,16

OLQL6DW &RMN (PEHGGHG 5) &RPPXQLHF
*HRORJLFDO DQG (QYLURQPHQWDO 0R(

JHGHUDWHG /HDUQU®R Y HRY LR FBW® WK
&RQVXPHU :HDUDEOHV DQG!I6PDUWSKR(

7TKLUGRUHE®SHRSOH XVLQJ XOWUDVRQLH

OXOMWMRQFWLRQDO :LUHOHVYV 6XUYHLOOD
SRYHU

(ISHULPHQWDO LQYHVWLJDWLRQ RQ VX
SODVWLF ZDVWH WH[WLOH ZDVWH ED

$ 6<67(0$7,& 5(9,(: 2) 3$57,%/ 5(3/$&(0(1
1$785%/ 6$1' :,7+ 48$55< '867 $1' )281'5<
6511

8VH RI 3R]]JRODQLE JRHVHRU BRBROQHYH HW H

3HQWDJRQDO 3\UDPLG 6RRBUPD/OL GAUGRY]
'LPHQVLRQDO $V¥RFSBHDW LDNZBLE® DET\X/|

3\UDPLG '"HVLJQV




7TKHUPDO 3HUIRUPDQFH ,PSURYHPHQW
JORZ 6\VWHPV

5HYLHZ RI $GYDQFHG 7KHUPDO ODQDJH
,RQ %DWWHU\ 3DFN LQ (OHFWULF 9HKL

'HVLIJQ DQG DQDO\WVLV ROBBU EKHNMOG
PDWHULDO IRU BDVVHQJHU VDIHW\

,QYHVWLIJDWLRQ RI $:-0 BURFHVYV 3DUD
-$63HDVHG 6WDWLUVWLFDO $QDO\VLYV

'"HYHORSRAHQ@WYV FKDVVLV XVLQJ ORGHU
HPLVIVLRQ

7R 6WXG\ RSHUDWLRQDO SDUDPHWULF

(I "THFW RI :DWHU 5HWWLQJ RQ WKH 3K\\
ORQRVSHUPD 5RRW )LEHUYV

([SHULPHQWDO ,QYHVWLJDWLRQ RI 6RC
&KDUJLQJ 6WDWLRQ

(ISHULPHQWDO ,QYHVWLJDWLRQ LQ HQ
VWUDLJKW WXEH KHDW H[FKDQJHU XVL
YOXLGV

'HVLIJQ DQG )DEULRIRWMR QHFIKDQG@REDOO
&URS 5HDSHU IRU 6PDOO!IDQG 0DUJLQD

'HVLIQ DQG 'HYHORSPHQW RI 7THMW %H

(UJRQRPLF $QDO\VLV RI ODFKLQH 2SHU

$GYDQFL@RWRZ 'HVNWRS )L O DPPWRWH ([W
(QKDQFHFOHDQWHW LD O &RPSDWLE LIRUW DI
$%G[WUXGHU 6\VWHPV LQ &RQWHPSRUI

&\FOH ) HUWLOLENSNFOWHWULEXWRU

'"HVLJQ RI(DEBIOFHG ,QWHUDFWLYH /HD

(QJLQHHULQJ 'UDZLQJ
|




S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%(6
U

6RODU 39 3RZHU ,QVWDOODWLRQV LQ WK
&RPSUHKHQVLYH 5HYLHZ

6DWLVK - $KHUi $NEDU . ,QDPGDU® 6DQGLS & 3DWLO"

'HSDUWPHQW RI (QJLQHHULQJ 6FLHQFH $PUXWYDKLQL &ROOHJIH F
ODKDUDVKWUD ,QGLD

6SUXFH (QHUJ\ 3XQH ODKDUDVKWUD ,QGLD

1HZ (QJOLVK 6FKRRO 3LPSDUL 1LUPDO ODKDUDVKWUD ,QGLD

(PDLO ," V VDWLVK HIPPGO FRPIPDAWXFRAQHUJ\#JPDLO FRP
PLQDOVDKHU#JPDLO FRP

$SEVWUDFW

(OHFWULFLW\ JHQHUDWLRQ WKURXJK VRODU HQHUJ\ LV PDNL
FRQVXPSWLRQ DQG GHYHORSPHQW LQ VWDWH RI ODKDUDVKW
Rl ,QGLD DQG ODKDUDVKWUD VWDWH JRYHUQPHQW DUH HQFR
WKH VWDWH RI ODKDUDVKWUD 5LVH LQ JULG FRQQHFWHG VR
DUH KHDGLQJ WKH VWDWH RI ODKDUDVKWUD WRZDUGV WKH V

7KLV UHVHDUFK SDSHU JLYHV DQ RYHUYLHZ RI HQHUJ\ VFHC
LQVWDOODWLRQVY DQG JHQHUDWHG HOHFWULFLW\ WKURXJK
HQHUJ\ VFHQDULR KDV EHHQ VXPPDUL]J]HG IURP WKH GDWD SX
VWDWH RI ODKDUDVKWUD DQG (OHFWULFLW\ DXWKRULW\ RI ,C
PD\ EHFRPH WKH HPHUJLQJ VWDWH LQ WKH LQVWDOODWLRQ |
LQ ,QGLD LI SURSHU SROLFLHV JRYHUQHG E\ WKH VWDWH R (
DERXW WKH RYHUDOO SRWHQWLDO RI JULG FRQQHFWHG VRO
WKH VWDWH RI ODKDUDVKWUD ZLWK FRQVLGHUDWLRQ RI SUH
GHPDQG RI VWDWH DQG SUHGLFW WKH IXWXUH FRQVXPSWLRQ
WKLV UHVHDUFK ZRUN WR DQDO\WH ZKHWKHU VWDWH RI 0D
JHQHUDWLRQ RI HOHFWULFLW\ WKURXJK VPDOO DQG PHGLXP

.H\ZRUGRODU 3KRWRYROWDLF (QHUJ\ 6FHQDULR 5R

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

, QWURGXFWLRQ

,QGLD LV EOHVVHG ZLWK DEXQGDQW VRODU HQHUJ\ VRXUFHV
DORQJ ZLWK HOHFWULFLW\ JHQHUDWLRQ WKURXJK VRODU SKI

WULOOLRQ 0ZK SHU \HDU RI HTXLYDOHQW VRODU HQHUJ\ /L
UDGLDWLRQ RI WR N:K SAG'XAXDR HWWWIRQUTXHHUJEBUUDSKL
VWDWH RI ODKDUDVKWUD UHFHLYH D KXJH DPRXQW RI VRODU
,Q WKH GHYHORSPHQW RI LQIUDVWUXFWXUH LQGXVWU\ DQG
OHDGLQJ VWDWH LQ FRXQWU\ 'HYHORSPHQWV FRPH ZLWK K
SRWHQWLDO LQ WKH LQVWDOODWLRQ RI VPDOO DQG PHGLXP
ZKLFK SURYLGH D FOHDQ DOWHUQDWLYH WR SURGXFLQJ HOH|

ODKDUDVKWUD 6WDWH LV RQH RI WKH KLJKO\ GHYHORSLQJ V)
IRU HQHUJ\ $V D WRS LQGXVWULDO VWDWH ODKDUDVKWUD F
JUHHQKRXVH JD@? 7HKMHL WQLHRQRIY VHFWRU FRQWULEXWHYV Rl &
JHQHUDWLRQ RI HOHFWULFLW\ WKURXJK IRVVLO IXHOV DQG
LPSOHPHQWLQJ YDULRXV VFKHPHV WR SURPRWH DQG LQVWD
VRODU SKRWRYROWDLF VPDOO DQG PHGLXP VFDOH SRZHU SC
QHZ LQVWDOODWLRQ RI URRIWRS VRODU SODQWV 7KH 6WDW
VXEVLG\ SROLF\ WR LQVWDOO JULG FRQQHFWHG VRODU SKR\
'XH WR WKH SROLFLHYV OLNH 30 6XU\D *KDU PXIW ELMLOL <RM
URRIWRS 60$57 VRODU 6FKHPH WR SURPRWH VRODU 39 LQV
VHFWRUV OXNK\DPDQWUL ,QQRYDWLYH /DJKX 8G\RJ 6DXU <RMN
ODJHO 7\DOD 6DXU .UXVKL 3XPS <RMDQD 7KURXJK WKHVH YD
SKRWRYROWDLF SRZHU SODQWYVY KDYH EHFRPH WKH PRVW SRS
SODQWYVY LQ WKH VWDWH RI ODKDUDVKWUD 'XH WR VXEVLG\ \

HFRQRPLFDO DQG SRSXODU $V RI WKH WRWDO URRIWR!
ZRUOGZLGH LV DSSUR[LPBM3HO\ 6% ,($ 7KH URRIWRS VF
ZLWQHVVHG D VLIQLILFDQW VXUJH RI LQ ZLWK LQVWD
FRPSDUHG WR *1 LQ 7KLY UHVHDUFK SDSHU PDLQO\ IR

VFHQDULR DQG FXUUHQW GHYHORSPHQW LQ WKH LQVWDOOD
SRZHU SODQWYV DQG LQVWDOODWLRQV WR JHW SRZHU IRU DJl

&XUUHQW (QHUJ\ 6FHQDULR RI ,QGLD

7R RYHUWDNH -DSDQ DIWHU WKH 8QLWHG 6WDWHV RI $PHU
GRPHVWLF SURGXFW ,QGLD LV QRZ WKH ZRUOGYV WKH WK O
UDWH RI LQ 'LWK> @ QVALIDDRDRQVKB KLJKHVW HQHUJ\ F

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



BURFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
) 6FLHQFHV ,&5%(6
U
HQHUJ\ XWLOL]DWLRQ LV EDVHG RQ HQHUJ\ JHQHUDWLRQ PDL
VRXUFHV (QHUJ\ FRQVXPHG E\ WKH FRXQWU\ LV PRVWO\ SUR
RI HQHUJ\ JHQHUDWHG E\ WKH FRDO LQ ODVW IHZ GHFDGF
FRQVXPSWLRQ ,QGLD KDV VKLIWHG WR UHQHZDEOH HQHUJ\ V
'LWK FRQVLGHUDWLRQ Rl WKH WRWDQXH®H B &#eXL & Q. 3218 X é
127 favue:i+au \Uj\6TUN\UIUL1I$:XUXB\:jXe6RU X:j21UQQO0@®U: U -
U:e0XU 06206Xie :2U \Ue X:j Ue:i+Ues & U \Ulee:jeUSWYQOL DRV e+
WRWDO LQVWDOOHG FDSDFLW\ RI SRZHU VWDWLRQV LV DUR;
FDSDFLW\ LQFOXGLQJ OLJQLWH QDWXUDO JDV DQG GLHVHO I
LV DURXQG >@ @G:HOHFWULFLW\ JHQHUDWLRQ WKURXJK DO
SKRWRYROWDLF SRZHU JHQHUDWLRQ SURGXFHV HOHFWULFLYV
RI WRWDO DOWHUQDWLYH HQHUJ\ VRXUFH SRZHU LQVW
-DQXDUV @)RU WKH VDPH SHULRG ZLQG SRZHU JHQHUDWLRQ
,QVWDOOHG FDSDFLW\ IRU HOHFWULFLW\ JHQHUDWLRQ E\ ELI
FRIJIHQHUDWLRQ LV RI DURXQG *» QGLD LV JHQHUDWLQJ
VPDOO K\GURSRZHU SODQW ZLWK LQVWDOOHG FDSDFLW\ LV
* 1XFOHDU SRZHU SODQW LQVWDOOHG FDSDFLW\ LV RI

,QGLDYV 1RQ &RQYHQWLRQDO (QHUJ\ 6FHQDULR

,QGLD KDV EHFRPH WKH WKLUG ODUJHV\Q HBRHQWFREVRBHY
JHQHUDWLRQ WKURXJK UHQHZDEOH HQHUJ\ VRXUFHV KDV LQ
JHQHUDWLRQ FDSDFLW\ ,Q WKH ODVW IHZ \HDUV ,QGLD KD\
FDSDFLW\ H[SDQVLRQ SURJUDP LQ WKH ZRUOG ,QGLD LV FR

HQHUJ\ FDSDFLW\ E\ DQG WR EHFRPH D QHW JHUR HPLWWH
WKH (XURSHDQ 8QLRQ E\ >LE), QVGUHD F\Q MRV [5G PIDGIG W U L FL W\
XS WR E\ GXH WR IDVW JURZLQJ L QESWWRIKDQXDWALR Q

,QGLD KDV D WRWDO ** Rl LQVWDOOHG UHQPHY®DEOH |
DQG PHGLXP SRZHU SODQW FRQWULEXWLQJ WKH PRVW 7KH J
FDSDFLW\ RI *: *ULG FRQQHFWHG VRODU URRIWRS DQG
FDSDFLW\ LV *: DQG *: UHVSHFWLYHO\

ODKDUDVKWUDYfV &XUUHQW 1RQ &RQYHQWLRQDO (C

ODKDUDVKWUD LV WKH KLIJIKHVW *'3 FRQWULEXWLQJ VWDWH |
7UDGH DQG ,QYHVWPHQW IDFLOLWDWLRQ 0%$75, VWDWH LV F
SURGXFW *'3 O0ODKDUDVKWUD LV PRYLQJ IDVWHU WR EHFRPH
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U
LQ XSFRPLQJ \HDUV ,Q WKH FRQWLQXRXV GHYHORSPHQW RI
KDV SOD\HG D FRQFOXVLYH DQG LPSRUWDQW UROH LQ VXS

ODKDUDVKWUD ,Q -DQXDU\ ODKDUDVKWUDTV SRZHU VHFW
5HSRUW@ 7KH VWDWH LV IXOILOOLQJ KLV KXJH HQHUJ\ GHPD
HQHUJ\ SRZHYDDQWXRU\ LV *» ZKLFK LV IDU DKHDG WKDC(

FDSDFLW\ GHFLGHG E\ LVVXLQJ D UHQHZDEOH HQHUJ\ SROLF
JHQHUDWLRQV XVLQJ QRQ FRQYHQWLRQDO HQHUJ\ VRXUFHYV

7KH VWDWH Rl ODKDUDVKWUD KDV DURXQG *: Rl WRWDO
LQFOXGHYV *> LQVWDOOHG FDSDFLW\ RI VRODU URRIWRS
30 VXU\D *KDU <RMDQD *: Rl JURXQG PRXQWHG VRODU 3
WKH LQVWDOOHG FDSDFLW\ RI HOHFWULFLW\ JHQHUDWLRQ E\
FRQWULEXWHY LQ FOHDQ HQHUJ\ JHQHUDWLRQ E\ ODUJH DQ
FDSDFLW\ RI *: DQG *: UHVSHFWLYHO\ :LWK D WRWDO
WKH VWDWH LV JHQHUDWLQJ HOHFWULFLW\ WKURXJK ELRPDV
SODQWYV

ODKDUDVKWUDTVY VRODU 3KRWRYROWDLF 3RZHU ,Q

ODKDUDVKWUD LV DW WKH OHDGLQJ SRVLWLRQ LQ LQVWDC
ODKDUDVKWUD LV WKH WRS UDQNHG LQGXVWULDO ,QGLDQ V
H[SDQGLQJ 7R JURZLQJ HFRQRP\ HQHUJ\ FRQVXPSWLRQ RI
SURSRUWLRQ RI LQGXVWULDO GHYHORSPHQW &XUUHQWO\ D\
FDSDFLW\ LQ WKH VWDWH LV *: DV SHU WKH RIILFLDO U
DYDLODEOH QRQ FRQYHQWLRQDO HQHUJ\ VRXUFHV O0ODKDUD\
HOHFWULFDO SRZHU IURP VRODU HQHUJ\ 7KH VWDWH FDQ D

PHIDZDWRW WKH \HDU WKH JUDSK RI VRODU SY LQVWDO
LQFUHDVLQJ ,Q WKH \HDU RI WKH WRWDO LQVWDOOHG
LQFUHDVHG RQ ODUFK WR 0: DV SHU WKH UHSRUWYV R

LV OHDGV EHFDXVH RI WKH QXPEHU RI VFKHPHYVY LPSOHPHQW|
GDWD DYDLODEOH RQ 015( RIILFLDO ZHEVLWH DV RQ 0D L

LQVWDOODWLRQ LV DURXQG 0: DQG XQGHU .8680 VFKHF
0: ,QVWDOOHG LQ ODKDUDVKWUD ,Q \HDU WKH WR
LQVWDOODWLRQ ZDV DURXQG 0: $ UHSRUW SXEOLVKHG E\
'KXOH -DOQD 'KDUDVKLY DQG 6DWDUD KDYH HPHUJHG DV OH
DV RI -DQXDU\ 8QGHU WKH VFKHPH OXNK\DPDQWUL 6LC
06.9< 6WDWH ZDV H[SHFWLQJ DERXW WR LQVWDOO WRWD(
l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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U
> GGHFHQWUDOL]HG VRODU SY SRZHU JHQHUDWLRQ IRU WKH
IDUPHUV RI ODKDUDVKWUD 7KH UDSLG JURZWK LQ VRODU 39L«
LPSOHPHQWDWLRQ RI FHQWUDO DQG VWDWH VFKHPHV LQ V!
FRPSDUHG WR WKH RWKHU OHDGLQJ VWDWHV LQ VRODU 39LQ"

)XWXUH 6FRSH

7KH IXWXUH RI VRODU HQHUJ\ LQ ODKDUDVKWUD GHSHQGV F
WHFKQRORJ\ LQOWHJUDWLRQ DQG EHWWHU SROLF\ GHYHORSP|
WZR PDMRU DUHDV ZKLFK DUH

X7KH LPSOHPHQWDWLRQ RI HQHUJ\ VWRUDJH V\VWHPV ZKLFK
X7KH DSSOLFDWLRQ RI DUWLILFLDO LQWHOOLJHQFH WHFKQRC

X 7TKH JURZWK Rl GHFHQWUDOL]J]HG VRODU SRZHU V\VWHPV Zk
ORFDWLRQV

X 7KH XWLOLW\ JULG V\VWHP QHHGY RSHUDWLRQDO HQKDQFH
VIVWHP LQWHJUDWLRQ 7KH VWDWH ZLOO DFKLHYH VRODU
GHYHORSPHQWY ZKLFK OHDG WR EHWWHU RSHUDWLRQDO
HQHUJ\ JHQHUDWLRQ

&RQFOXVLROQ

$V FRQFHUQ WKH DERYH GDWD LW LV REVHUYHG WKDW O0DK
FDSDFLW\ 7KH WRWDO VRODU HQHUJ\ SRWHQWLDO RI ODKDL
REVHUYHG LQ SRZHU JHQHUDWLRQ WKURXJK VRODU SKRWRY
SRZHU JHQHUDWLRQ VWDWH ODKDUDVKWUD LV HPHUJLQJ D
FKDOOHQJHV UHJDUGLQJ SROLF\ FKDQJHV %DVHG RQ EFXUUHC
LQVWDOODWLRQ VHFWRU LQ ODKDUDVKWUD LV H[SHULHQFLQJ
,QGLD V UHQHZDEOH HQHUJ\ WUDQVLWLRQ EXW LW IDFHV FI
FKDQJHYV

SHIHUHQFHYV

6RODU 2YHUYLHZ 015( >2QOLQH@ $YDLODEOH KWWSV |
>$FFHVVHG DSULO @
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U

lb“fi"~ “libU

,QGLD V UDSLG XUEDQL]DWLRQ XQGHU WKH 6PDUW &LWLHV 0
HQDEOHG LQIUDVWUXFWXUH $FFRUGLQJ WR WKH OLQLVWU\ R
DUH EHLQJ GHYHORSHG DFURVV ,QGLD HDFK UHTXLULQJ VX
VHQVRUV DQG PRQLWRULQJ GHYLFHV > @ :KLOH FRQYHQWL
JHRWKHUPDO KDYH DFKLHYHG ZLGHVSUHDG DGRSWLRQ LQ
HQYLURQPHQWDO GHSHQGHQFLHVY OLPLW WKHLU DSSOLFDELO
LQ LQGRRU DQG VHPL FRYHUHG XUEDQ VSDFHV > @

+XPDQ ORFRPRWLRQ LV DQ XQWDSSHG FRQWLQXRXVO\ D
,QGLDQ XUEDQ HQYLURQPHQWY 7UDQVSRUWDWLRQ KXEV VXF

OXPEDL KDQGOH RYHU IRRWIDOOV SHU GD\ 'HOKL OH
SDVVHQJHUV GDLO\ $ VLQJOH IRRWVWHS IURP DQ DYHUDJH ,
PHFKDQLFDO SRZHU > @ RI ZKLFK LV UHFRYHUDEOH L

WUDQVGXFWLRQ 3LH]JRHOHFWULF PDWHULDOV DUH ZHOO VX
ORDGLQJ KDYH QR PRYLQJ SDUWV DQG SURGXFH QR HOHFW
HOHFWURQLFV 3ULRU ZRUN KDV HVWDEOLVKHG WKH WHFKQ!
FRQWH[WY <HROH DQG 'HVKSDQGH > @ PHDVXUHG G\QDPLF Y
SRSXODWLRQ VXSSO\LQJ WKH ELRPHFKDQLFDO EDVHOLQH Z
DFKLHYHG FRQYHUVLRQ HIILFLHQF\ ZLWK D PXOWLOD\HU 3=
SDLULQJ EULGJH UHFWLILFDWLRQ ZLWK FDSDFLWLYH VWRUL
FRQWLQXRXVO\ DWKDWPKDAP EHHQ PLVVLQJ LV DQ HQG WR HC
,QGLDQ SHGHVWULDQ DQWKURSRPHWULFV IURP IRUFH SURI
GHSOR\PHQW VFDOH HQHUJ\ SURMHFWLRQV

7KLV ZRUN DGGUHVVHV WKDW JDS :H GHYHORS D QRQO|
IRUFH SURILOH LV ILWWHG GLUHFWO\ WR ,QGLDQ JDLW GDWD
FLUFXLW WKDW UHFRYHUHG D PHDQ PRUH HQHUJ\ WKDQ
VXEMHFWYV UDQJH DQG YDOLGDWH WKH IXOO V\VWHPF
5 EHWZHHQ SUHGLFWHG DQG PHDVXUHG YROWDJH 7KH
XVHG WR SURMHFW UHDOLVWLF GDLO\ HQHUJ\ \LHOGV IRU IRX
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S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6
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S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

PP U,IU 6Xi1 eU@1eaeFaU ,I QTTU, 6+:6+0eéeX eU 6Xi1 éa U,X:1j
@6X1i2...RU i2+ 26 RU }i +iee+064aU eeU\AaiiUseeRU €6XIi1 éR&:176
1iedX T+\Uiieed\\oiUieeRUQOQTYRU

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%(6
U

IXQDEOH RSWLFDO UHVSRQVH RI 0Q GRS
$ SRVVLEOH DSSURDFK IRU XVH IRU VSLQ

'U 'DUVKDQD ,QDPGDU
* + 5DLVRQL &ROOHJIH Rl (QJLQHHULQJ ODQDJHPHQW 3XQH
GDUVKDQD LQDPGDU#UDLVRQL QHW

$SEVWUDFW
ODQJDQHVH 0Q GRSHG =Q2 KDV HPHUJHG DV D TXDQW

VWUXFWXUDO RSWLFDO DQG PDJQHWLF SURSHUWLHV ,Q WK
YLD ZHW FKHPLFDO V\QWKHVLVY 'HIHFW PHGLDWHG WXQLQJ
GRSDQW B6XEVWLWXWLRQ LQFRUSRUDWLRQ RI GRSDQW OHDG
DQG LQWULQVLF R[\JHQ YDFDQFLHV 7KLV VLJQLILFDQWO\ D
FKDUDFWHUL]DWLRQ ;5" UHYHDOV D ZXUW]LWH SKDVH ZLWK
GRSLQJ DQG DVVRFLDWHG ODWWLFH VWUDLQ 89 9LV VSHEW
DEVRUSWLRQ HGJH DWWULEXWHG WR WKH K\EULGL]DWLRQ R
VWXG\ FRQILUPV WKH SUHVHQFH Rl FRPSOH[ GHIHFW FHQWUH
RI WKHVH RSWLFDO UHVSRQVHV OHDGV WR GHIHFW PHGLC
QDQRVWUXFWXUHV D IXWXUH JHQHUDWLRQ TXDQWXP PDWHUL
WHFKQRORJ\

.H\ZRUGV
=Q2 QDQRVWUXFWXUHY GHIHFW HQJLQHHULQJ 4XDC

,QWURGXFWLRQ

=LQF R[LGH LV D YHUVDWLOH PDWHULDOV ZLWK ZLGH EDQGJ
ELQGLQJ HQHUJ\ a PH9 ,WV ORZ VSLQ+*xRUELW FRXSOLQJ

SURPLVLQJ PDWHULDO IRU DSSOLFDWLRQV LQ YDULRXV ILHOC
SKRWRFDWDO\VLV HWF > @ > @ ,WV LQKHUHQW DGYDQWDJF
HDVH RI VIQOWKHVLYV LQ YDULRXV QDQRVWUXFWXUHG IRUPV K

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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3URFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%$(6
U
2SWLFDO UHVSRQVH RI =Q2 QDQRVWUXFWXUHV LV OLPLWHG
LWV HIILFLHQF\ IRU DSSOLFDWLRQ EDVHG RQ YLVLEOH OLJKW
DQG GHIHFW VWDWHY RI =Q2 LV QHHGHG H[WHQG LWV IXQFWL
LQ =Q2 FDQ VLJQLILFDQWO\ WXQH WKH HOHFWURQLF VWUXF
ORFDOL]JHG G HOHFWURQV DQG EDQG HOHFWURQV SOD\V D Y
'RSDQW LRQV 'RSDQW LRQV LQ =Q2 VI\VWHPV OHDGV WR D LQ\
LRQ DQG LQWULQVLF GHIHFWV SDUWLFXODUO\ R[\JHQ YDFDQ
FDQ HQDEOHV WXQLQJ Rl WKHVH GHIHFW VWDWHY ZKLFK LQI
G\QDPLFV > @

,Q WKLV ZRUN XQ GRSHG DQG O0DQJDQHVH 0Q GRSHG =Q
E\ D KLJK WHPSHUDWXUH ZHW FKHPLFDO PHWKRG 7KH URC
LOQWHUDFWLRQV LQ WXQLQJ RI EDQG JDS SKRWROXPLQHVFHC
FKDUDFWHUL]DWLRQ WHFKQLTXHV 7KH UHVXOWVGRIIIBERALV VV
EDVHG TXDQWXP ZAKHWWHUEBRQWUROOHG GHIHFW HQJLQHHULQ
TXDQWXP IXQFWLRQDOLWLHYV

(ISHULPHQWDO

=Q2 QDQRVWUXFWXUHY ZLWK DQG ZLWKRXW GRSLQJ ZHUH SU

KLJK SXULW\ =LQF DFHWDWH DQG 0ODQJDQHVH DFHWDWH
6WUXFWXUDO FKDUDFWHUL]DWLRQ ZDV FDUULHG RXW RQ

[ UD\ GLIITUDFWRPHWHU 'RSDQW LQ KRVW PDWHULDO ZDV GH

2SWLFDO UHVSRQVHV $EVRUSWLRQ DQG 3KRWROXPLQHVFHQ

IDPEGD DQG 3HUNLQ (OPHU /6 VSHFWURSKRWRPHWHU

SHVXOWY 'LVFXVVLRQ

D6WUXFWXUDO &KDUDFWHUL]DWLRQ

7TKH VWUXFWXUDO SURSHUWLHV RI XQGRSHG DQG ODQJDQHVFE
XVLQJ ; UD\ GLIIUDFWLRQ 7KH UHFRUGHG GLIIUDFWLRQ

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



3URFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%$(6
U
FRUUHVSRQGLQJ WR WKH ZXUW]JLWH VWUXFWXUH RI =Q2 VKF
&DUG 1R 1R VHFRQGDU\ SKDVHV RU LPSXULW\ SHDNV
$YHUDJH VL]H Rl XQGRSHG DQG 0Q GRSHG QDQRVWUXFWXUHYV

$ VOLJKW VKLIW LQ SHDN SRVLWLRQV WRZDUG ORZHU

LOQGLFDWLQJ ODWWLFH H[SDQVLRQ 7KLV EHKDYLRU FDQ EH L
LRQLF UDGLXV a c E\ 0Q8p ZLWK LRQLF UDGLXV a c OHD
VKLIW FROMKBRWMWKHWLRQDO LQFRUBRWIKWNUR®YKDIQGRGWY B WV MR
RU SKDVH VHJUHJDWLRQ $Q LQFUHDVH LQ ODWWLFH VWUDLQ
VDPSOHV VXJJHVWLQJ WKH JHQHUDWLRQ RI VWUXFWXUDO G
GHIHFWV SOD\ D YLWDO UROH LQ DOWHULQJ WKH HOHFWURQL
VWUXFWXUDO RSWLFDO DQG PDJQHWLF SURSHUWLHYV

>D@ =Q2
7 >E@ =Q2 0Q
>F@ =Q2 0Q

,QWHQVLW\ DUE XQLWYV

T 'HJUHH

JLIXUH 6WUXFWXUDO &KDUDFWHUL]DWLRQ ;

E2SWLFDO &KDUDFWHUL]DWLRQ

89 9LVLEOH RSWLFDO DEVRUSWLRQ

2SWLFDO UHVSRQVH RI ERWK XQGRSHG DQG 0Q GRSHG
UHFRUGHG XVLQJ 89+x9LVLEOH DQG SKRWROXPLQHVFHQFH P

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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BURFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%$(6

U

UHVSRQVHV ZHUH FDUULHG RXW E\ YDULQJ GRSLDEVRRISMR
VSHFWUD RI DOO VDPSOHV H[KLELW D VWURQJ DEVRUSWLRQ
LQWULQVLF EDQG JDS WUDQVLWLRQ RI =Q2 )RU XQGRSHG =
DURXQG a QP LQGLFDWLQJ JRRG FU\WWDOOLQLW\ DQG D G
VOLJKW VKLIW LQ WKH DEVRUSWLRQ HGJH LV REVHUYHG VXJ.
LV IXUWKHU HQKDQFHG LQ ZLWK YDULDWLRQ RI 0Q LQGLFDYV

GXH WR WKH VIQHUJLVWLF LQWHUDFWLRQ RI GRSDQWYV

—— D 8QGRSHQG =Q2

| E =Q2 0Q
1 % — F =Q2 0

$EVRUEDQFH $UE 8QLWYV

‘DYHOHQJWK QP

)LIXUH 2SWLFDO $EVRUSWLRQ VSHFWUD

7TKH FDOFXODWHG EDQG JDS YDOXHV VKRZ D VOLJKW LQFUHD®

x 8QGRSHG =Q2 : a # H9
0Q GRSHG =Q2 : VOLJKW LQFUHDVH a = H9

SKRWROXPLQHVFHQFH 6SHFWUD

3KRWROXPLQHVFHQFH VSHFWUD )LJXUH IRU XQGRSHG D¢
%DQG HGJH OXPLQHVFHQFH IRU XQGRSHG =Q2 DW QP 7KH
REVHUYHG LQ ERWK XQGRSHG DQG 0Q GRSHG =Q2 RULJLQDYV
R[\JHQ YDFDQFLHV DQG JLQF LOQWHUVWLWLDOV +RZHYHU XSI
VLIJQLILFDQWO\ LQFUHDVHV DQG EHFRPHV GRPLQDQW GXH WR

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%(6
U
DQG VXSSUHVVLRQ RI QHDU EDQG HGJH HPLVVLRQ 7KLV LQ
GHIHFW DVVLVWHG UHFRPELQDWLRQ SURFHVVHV LQ =Q2

QP

nonon
QOO0
NN

oo
loke]

,QWHQVLW\ DUE XQLWV

:DYHOHQJWK QP

JLIXUH 3KRWROXPLQHVFHQFH PHDVXUHPHQW RI XQGRS
QDQRVWUXFWXUHYV

&RQFOXVLRQV

=Q2 QDQRVWUXFWXUHVZHUMHKVEREHQ Y IKIO®DQ SUHSDUHG YLD D
7XQLQJ RI VWUXFWXUDO RSWLFDO DQG GHIHFW UHODWHG S
FRQILUP WKH IRUPDWLRQ RI D VLQJOH SKDVH KH[DJRQDO ZX
VHFRQGDU\ SKDVHV LQGLFDWLQJ VXFFHVVIXO VXEVWLWXWLR
REVHUYHG ODWWLFH GLVWRUWLRQ UHGXFHG FU\WWDOOLWH
VWUXFWXUDO GHIHFWV SDUWLFXODUO\ R[\JHQ YDFDQFLHV 8!
EDQG JDS HQJLQHHULQJ 3KRWROXPLQHVFHQFH DQDO\VLV IX
GHIHFW OHYHOV OHDGLQJ WR HQKDQFHG YLVLEOH HPLVVLR
7KH VXSSUHVVLRQ RI QHDU EDQG HGJH HPLVVLRQ DQG WKH
LQGLFDWH D VKLIW LQ UHFRPELQDWLRQ SDWKZD\V JRYHUQHG
l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

7KH UHVXOWY FOHPRUVIHMHY VPEQRENVHKVWKDANGHIHFW FRPSOI
URD®I FRQWUROOLQJ ERWK RSWLFDO DEVRUSWLRQ DQG HPLV\

JURP DQ DGYDQFHG DSSOLFDWLRQ SHUVSHFWLYH WKHVE
0Q GRSHG =Q2 QDQRXWQWKWXRPBHWHREDWLFXODU R[\JHQ YDI
WUDQVLWLRQ PHWDO UHODW HGR 6 B OH.E WG FRBIS® B RHNRVFHIUW R FRA
FHQWHUV LQ ZLGH EDQG JDS VHPLFRQGXFWRUV 7KHVH GHIF
ZLWKLQ WKH EDQG JDS DQG FDQ H[KLELW VSLQ GHSHQGHQW
FDQGLGMWEBNGIRWDWH TXELWYV

)XWXUH :RUN

;5" 89 DQG 3/ PHDVXUHPHQWY VKRZ WKH SUHVHQFH RI GHIHF\
ZLWK YDULDWLRQ LQ GRSLQJ LV REVHUYHG +RZHYHU (OHFW
UHVROYHG 3KRWROXPLQHVFHQFH PHDVXUHPHQWY DUH UHTXI
IXQFWLRQDOLWLHY DQG TXDQWXP FRPSXWLQJ DSSOLFDWLRQ

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%(6
U

SHIHUHQFHV

> @ 4 *DR HW DO 3*5ROH RI R[\JHQ YDFDIIDPLHVY LQ
6FL BHPLFRQG 3URFHVV

> @ 6 :XH HW DO 30DJQHWLF SURSKHBBWWHWY R &R 0C
> @ 3 /| OHHQD HW DO 3:&RI1GRRVEDTOQR YOV RURGV ’
> @0 0DOSDQL HW DO 3'HIHFW RQIBXBISC B/ 6L =Q 2

> @.XPDU 6 'XWWD DQG $ . 6LQJK 3'HIHFW LQGXF
PHWDO GRSHG =Q2 QDQRVWUXFWXUHV ~ ,((( 7UDQV

> @ < &KHQ HW DO 3(QKDQFHG RSWLFDO DQG PDJQ!
QDQRSDUWLFOHV IRU VSLQWURQLF DSSOLFDWLRQV ~

>@ + /L ; =KDQJ DQG / :DQJ 3, QIOXHQFH RI FR GF
HOHFWURQLF SURSHUWLHV RI =Q2 QDQRPDWHULDOV

> @ 3 6KDUPD DQG 9 *XSWD 322[\JHQ YDFDQF\ PHGLCL
GRSHG =Q2 QDQRVWUXFWXUHY ~ ODWHU &KHP 3K\V

> @ - 6LQJK HW DO 3%DQG JDS WXQLQJ DQG GHIHF
QDQRSDUWLFOHV ~ 2SWLN YRO

> @ 0 5DKPDQ DQG . +RVVDLQ B33KRWROXPLQHVFHC
WUDQVLWLRQ PHWDO FR GRSHG =Q2 "~ - /XPLQ YRO

> @ 6 9HUPD HW DO 3&RUUHODWLRQ EHWZHHQ GHI
=Q2 QDQRVWUXFWXUHYV =~ 3K\VLFD % YRO

> @ $ 'DVDQG 5 %DQHUMHH S3(IIHFW RI WUDQVLWL
PXOWLIXQFWLRQDO DSSOLFDWLRQV ~ &HUDP ,QW Y

> @/ =KRX HW DO 3)LUVW SULQFLSOHV VWXG\ RI O
QDQRVWUXFWXUHYV ~ &RPSXW O0ODWHU 6FL YRO

> @1 3DWHO DQG 6 OHKWD 3*'HIHFW HQJLQHHULQJ
=Q2 EDVHG GLOXWH PDJQHWLF VHPLFRQGXFWRUV ~ ,

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6
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3URFHHGLQJV RI WKH QG ,OWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%$(6
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3URFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%(6
U
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a:iRi< iQU i}dUiU +..UeX.. \ei++ 26U¢@ iXiéeedXRBRU« 2¢6Ue 6U\ILL
fUedlUbBXiejXdoU e+ 6X6Ue 6U fAa:iRUU I\6U \Uj2\eiae+6alU2:U fa:i
\eXjéejXdoRUU
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BURFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
) 6FLHQFHV ,&5%(6

U
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S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

> AP&U (26X ..U" \U6X\QoUszaXi..Uuu("3yU

D &X OR 6L2 &

U

RRSUY(a

X:1U> jX6UTUie:}6RU“ 6Ua:iRUI2IUPOTU jia:i< iQU“(alUU éejXd\
iIXxXeU2i2:éX .. \ei++ 26RU"“ 6U2iejXdUi2TU\ «6U: U\jUU:XediUe&iel+...
l<« bUbjlaedXaAaUXVWAXBETWPRAXXOAVUU U uUwuuwuuuuuuu
U



3URFHHGLQJV RI WKH QG ,OWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%$(6
U
“(laBUIl Ue 6X6U \UbB2:j Ue:2eXi\eUaxde+6062Ue 6U106ei+U:, TOUUI
\jUU:XeaU\juU:XedTUUIiXe &¢+0\Uei2Uxb6UidedeediBRU“(aliuu+ &i
c, TOUT \UBX\ :2RU 111 6\U\ :«07Ue feUi2UIl +:16Xie :2U: U2i2:UIX
X6eei2 j+IXU :X1U (11U :eejXX06iRU>:XU\8}oXi+UUX:1jeoiUeiei+. . \e
JIX 67U 06e+062UQOUI2IUROQU21RU“ 8\6U +27 2 \UIX0dUe&:2\ \ed22e
16i\jX6162e\RU
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BURFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
) 6FLHQFHV ,&5%(6
U
SROU :2é&+j\ :2\avuuU
bi2:Uelel+..\e\U jia:Ui21U%Xia:Us6X0Uj\0TU :XUiX:1le eU2 eXie :2
«0X0U:@el 207U 2Ub6,60++062eU... 6+TRBU“ \UUX:e€06\\U \U X062aU6¢
e 6U\...2e 6\ \U: U\6}oXi+U ,IU 2e6X167 ied\RUU
U
@'2:«+07 1688 ", U Xied j++..U [é&'2:«+0617 6\U e 6U *2i2& i+U \jUU:
« 1..TUdb6e aU’a Ueé:++06 6aU,j26ali2iUlb>1bl U<e 62e6\au,j26U0121

U

)XWXUH :RUN

6\QWKHVLV IRU "LITHUHQW FRPELQDWLRQ RI 1DQR FDWDO\VW
UHDFWLRQ RI $3, LQWHUPLGLDWHYV

S5HIHUHQFHYV

&KDUDFWHUL]JDWLRQ RI =LUFRQLXPi{6LOLFRQ %LQDU\ 2[L
OHWKRG 6DQJ &KXO ORRQ O )XMLQR + <DPDVKXWD I
3K\WVLFDO &KHPLVWU\ % +

$GVRUSWLRQ RI &X ,, DQG =Q ,, RQWR =U2 t6L2 FRPSR
DQG DSSOLFDWLRQ LQ ZDVWHZDWHU WUHDWPHQW 6 'U>
&LHVLHOF]\N 7 -HVLRQRZVNL 'HVDOLQDWLRQ DQG :DWH!
3URFHVV VDIHW\ HYDOXDWLRQ RI WKH QLWUDWLRQ V\QV
=KX /1L + <DR - -LDQJ = &KHQ 3URFHVV 6DIHW\ DQG

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U

U



U

3URFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R

6FLHQFHV ,&5%(6

U
BUHSDUDWLRQ RI SKHQ\O K\GUR[\TXLQROLQH + RC
DQWLFDQFHU DQG IOXRUHVFHQFH DJHQWYV %\ )XQN 3HYV
,URQ SKRWRUHGR[ GXDO FDWDO\VLV IRU DF\O QLWUHQ
SKWKDOLGHV %\ =KDQJ =KLGH HW DO &KHPLFDO &RP
.LQJGRP
OHWKRG Rl SURGXFLQJ OHQDOLGRPLGH DQG LWV LQW
YDUPD 5XVVLDQ )HGHUDWLRQ 58 &
6\QWKHVLY DQG DQWLYLUDO DFWLYLW\ RI 1 VXEVW
SKWKDOLPLGR PHWK\O EHQ]JLPLGD]ROHV E\ -\RWL $UFKI
6WXGLHV
2UJ 6\QWK ‘2, RUJV\Q
6\QWKHVLV Rl WLYR]DQLE K\GURFKORULGH PRQRK\GUDW
=D]KL
$Q LPSURYHG SURFHVV IRU WKH SUHSDUDWLRQ RI &DE
3KDUPDFHXWLFDOV /LPLWHG ,QGLD ,1 $
6LPSOH URXWH WR LQGRO\O SURSDQRQHV YLD D IX
$OH[DQGHU 9 HW DO 7HWUDKHGURQ
,QWHUQDWLRQDO -RXUQDO RI &KHPLFDO 6WXGLHV

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

'"HVLJQ DQG ,PSOHPHQWDWLRQ RI DQ $
JUULJDWLRQ 6\WWHP 8VLQJ 6RLO ORLVW)>
‘DWHU &RQWURO ZLWK 7KUHVKRO® %DV|

U
-\RWL 'KBQNHWD '6eBEWHUDP 5DQPDO
'"HSDUWPHQW RI (QJLQHHULQJ 6FLHQFH %KDUDWL 9LG\DSHHYV
ODKDUDVKWUWBW RELBVLIQ ,,7 *XZDKDWL $VVDP ,QC

/| 7 THFKQRORJ\ DQG 6HUYLFHVY 3XQH ODKDUDVKW
$..:e BT 12'6,e IXie } 7. 200DBie\RAT ::REHRY eil {2'6PV, 11 HRe:1

$SEVWUDFW

2SWLPDO XWLOL]DWLRQ RI ZDWHU UHVRXUFHV LV HVVHQWLD(
,Q WKLY UHVHDUFK SDSHU WKH GHVLJQ RI DQ HIILELHQW DQ
WKH KHOS Rl $UGXLQR 8QR DORQJ ZLWK D VRLO PRLVWXUH V|
PRLVWXUH FRQWHQW RI VRLO LQ UHDO WLPH DQG WXUQV RQ
FHUWDLQ WKUHVKROG $ VLPSOH PDWKHPDWLFDO PRGHO LV F
VRLO VWDWXV DQG FRQWURO RI LUULJDWLRQ /('V DUH XVHG |
XSGDWHV ZKLOH WKH 026)(7 SURYLGHV HIILFLHQW VZLWFKLQ

.H\ZRUGYV

6PDUW ,UULJDWLRQ $UGXLQR 8QR 6RLO ORLVWXUH 6HQVRU
6\VWHPYV

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

,QWURGXFWLRQ

W LV YLWDO WR PDQDJH ZDWHU HIIHFWLYHO\ ZKHQ IDUPLQJ
LUULJDWLRQ WHFKQLTXHV UHTXLUH KXPDQ ODERU DQG PD\ Ol
VXSSOLHG ORGHUQ DXWRPDWHG LUULJDWLRQ WHFKQRORJ\ |
VHQVRUV DQG FRQWURO XQLWV WR JRYHUQ WKH ZDWHU DPR>
EHHQ GHVLJQHG LQ WKLV VWXG\ E\ WDNLQJ DGYDQWDJH RI D
DW DQ\ PRPHQW $Q HOHPHQWDU\ ORJLF PDWKHPDWLFDO PRC
FRQWUROOLQJ WKH SURFHVV Rl ZDWHU GLVWULEXWLRQ

$V WKH DYDLODELOLW\ Rl ZDWHU VRXUFHV GLPLQLVKHVY FOLF
RI SHRSOH ZKR QHHG IRRG JURZV LW EHFRPHV FUXFLDO WR
2XWGDWHG LUULJDWLRQ DSSURDFKHV GR QRW LQFRUSRUDWI
DQG LPSURYLQJ WKH HIILFLHQF\ Rl LWV XVDJH ORUHRYHU H]J
H[SHQVLYH DQG FRPSOLFDWHG $W WKH VDPH WLPH ORZ FRYV
PDNH D GHFLVLRQ EDVHG RQ VSHFLILF FRQGLWLRQV 7KLV SD
DQ LQH[SHQVLYH DQG HIILFLHQW LUULJDWLRQ WHFKQLTXH W
GHWHFWRU DV LQSXWV IRU DQ HDV\ WR LPSOHPHQW PDWKHPI

ILWHUDWXUH 5HYLHZ

5HFHQW UHVHDUFKHY KDYH EHHQ FRQGXFWHG LQ DXWRPDWLF
DQG PLFURFRQWUROOHUV 5HFHQW ZRUNV VXFK DV WKH RQH
HW DO > @ FRQFHUQ DGYDQFHG VRLO VHQVLQJ WHFKQROF
PRQLWRULQJ LV GLVFXVVHG LQ > @ DQG > @ $IIRUGDEOH L
VXJIJHVWHG LQ > @ DQG > @ 7KH ZRUN GRQH E\ 6LGLN HW DO
XVLQJ VRLO PRLVWXUH VHQVLQJ DQG UHQHZDEOH HQHUJ\ W
1ILNRODRX HW DO LQYHVWLIJDWHG VXVWDLQDEOH LUULJ
UHVRXUFHV HIILFLHQF\ DQG FOLPDWH UHVLOLHQFH G5HPRW
HPSKDVL]HG LQ > @ ZKLFK ZDV GRQH E\ 6KDQJ HW DO
PLFURFRQWUROOHU EDVHG LUULJDWLRQ V\VWHP WKDW UXQV
WKHUH DUH VRPH OLPLWDWLRQV WKDW WKHVH VWXGLHV IDFH

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%(6
U
GHFLVLRQ PDNLQJ PRGHOV %XW PRVW Rl WKHVH WHFKQLTXH
WR LQFRUSRUDWH DQ\ PDWKHPDWLFDO GHFLVLRQ PDNLQJ PR

ODWKHPDWLFDO ORGHOLQJ RI 6RLO ORLVWXUH

7KH VRLO PRLVWXUH VHQVRU JHQHUDWHY DQ/DQBRRO YDOXH
PRLVWXUGHL YIKOXIWKROG PRLVWXUH YDOXH

OU :X1j+IU : XU XX le /U ﬂurgg%ﬁ?J.UdSWLUJUUUU

—e MZ77 F —— 7 < USPHRUZLafB™ < «—Ue B2k L U
7KLV LV WKH EDVLF ORJLF EHKLQG WKH V\VWHP
6HQVRU &DOLEUDWLRQ ORGHO

,Q RUGHU WR FDOLEUDWH VHQVRUV XQGHU GLITHUHQW VRLO '
PN
Mo Aiva
PRLVWXUH YDOXH IRU WRWDOO\ ZHW VRLO )URP D PDWKHPD)
IXQFWLRQ ZLWK QRUPDOL]DWLRQ ZKHUHE\ VHQVRU GDWD L'
VHQVLWLYLW\ DQG FDOLEUDWLRQ DFFXUDF\ DQG DOORZV IRU
RI YDULDWLRQV LQ VRLO FRQGLWLRQV
6\VWHP $UFKLWHFWXUH "RUNLQJ 3ULQFLSOH
7KH PDLQ FRPSRQHQW XVHG IRU LPSOHPHQWLQJ WKH DERYH
/IHW WKH RXWSXW RI WKH VRLO PRLVWXUB ¥ H@\WRHISHEH \GH) MDD
WKH PRLVWXUH FRQGLWLRQ R6 WNKNHMR LD QGKW KWHKEHK/KXRIORAJ YR
EH FROWUROOHG E\ WH H \GHTK WIRDQWIK W RWQRWKH SXPS LV WX
DQG+LE L r WKHQ WKH SXPS LV VZLWFKHG 2)) 7KLV JLYHV X
LQYROYLQJ FRFSSD ULK/HRQYVZLWFKLQJ RI WKH 026)(7 FDQ EH WK
VZLWFK ZRUNLQJ XQG#HU WKRKHRQGLWGRBEDRLRQ RXWEEXWV DL
<ras¥KH SURFHVV SURFHHGV G LR FAKHNHHOV ILAV P RIQUWWHUMD 6 R
IURP WKH VRLO LQ D SHULRGLF IDVKLRQ ®VMXRH XWKLIDFWKW WKH |
UHDG IURP WKH VHQVRU DV D FRQW4& QX &MH Y B UH[DE /N DQWKH

YD®BXHEKLFK GHWHUPLQHY ZKHWKHU WKH VRL@®/LM\GYXVRG WHRL
l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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3URFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%(6
U
GHWHUPLQH ZKHWKHU WKH ¥RLD 4LY :B;UD6R G P\R KXQ\GE WHKDW LV
/ :)B;R6 VXIILFLHQW 7KH GHFLVLRQ LV PDGH:RQZWIKFK VMWD W

GHWHUPLQHG E\ WKH GHFLVLRQ IXQFWLRQ

$OJRULWKP

7KH PRGHO FDQ EH YLHZHG DV D GLVFUHWH WLPH FRQWURO
RLGP ZKHPHYV WKH VDPSOLQJ WLPH ,Q WKH LQLWLDO SKDVF
GHWHUPLQHG ZKLFK LQFOXGH VRK HM K Q H VIKGRED BRI WIHQN R W D /3
SXPS DQG /('V 7KH VRLO:FRR \PW ¥ UHVYBDIDDAMHXUHG GXULQJ HDF

RSHUDWLRQ $QG FDQ:%;HL@}E’Q'?&PD@llﬂﬁ@)QUO\WLFDo FRQYHQLH
B:R; ®
B:R; B
7KLV IXQFWLRQ GHWHUPL QY WK AHODRKBRIIHY KHRBRPQJ D
VZLWFKLQJ FRQWURO ODZ 7KH VWDWH RI WKH /('V PD\ DOVR
UHSUHVHQWLQJ VI\VWHP VWDWXV 7K HPPRIGHQ [ZKEG K GMHKHDQGI!
VWDUWYV 7KXV WKH LUULJDWLRQ V\WWHP EHFRPHV D FORV|
VHQVLQJ GHFLVLRQ PDNLQJ DQG DFWXDaWeR 81 FeR ®iWt.R®U B LBH
\..\ed1lUe&6 I}6\UI\UiUe X0\ :+ifeei\diUe&:2eX:++6XaUes 6X06Ue 06U &
OXXARU L6 FH :R;RTUKH DOJRULWKP LWHUDWHY LQ WHRIPV RI Q3
QRUPDOL]LQJ LW DQG FRRBDAR@WURVOAHWKLY HYDOXDWHG ED
HUURRJVHQVXUH FROMBNIMHI@FHAaUe Ui+ :X e 1U edXie }6+..U\i1
@:1UIX6\Ue e Ue X6\ :+7ali2iUjUTied\Ue&:2eX:+U:jeUjeRU
“lee+dUPAaU«: +Ua: \ejXoUNUHLUU :2eX:+
7LPH 6HQVRIWRUP D Q [7]JHHBH V K'RIG GV|LRXP 5
I, | 9DOKH [ saaa ELwr :/; | 6BWDWH

21
21

2))

2))
21

“le+6UQaU(XX:XU>j2¢ée :2U 2i+...\ \U

7KH GHFLVLI%Q.VX‘QI-FWLDHDI:F@,QDR??E/

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

7TLPH| / 1| (UURU ;L € F /[ i, 2eX:+U
3XPS 21

3XPS 21
3XPS 2)
3XPS 2)
3XPS 21

0$7/$% &RGH

W
0o > @
;

ILIXUH

SORW R O/LQH:LGWK
KROG RQ

\OLQH 7/LQH:LGWK

[ODEHO 7LPH WBN

\ODEHO B6RLO ORLVWXUH 9DOXH

WLWOH B6RLO ORLVWXUH YV 7KUHVKROG
OHJHQG ORLVWXUH 7KUHVKROG

JULG RQ

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

SHVXOWY DQG '"LVFXVVLRQ

7KH VA\VWHP LV LPSOHPHQWHG XVLQJ WKH $UGXLQR ,'( $ UHV
WR WKH DQDORJ LQSXW SLQ 6LQFH $UGXLQR SLQV FDQQRW G
LQWHUIDFH 7KH WKUHVKROG YDOXH LV GHWHUPLQHG H[SHUL
7HVWLQJ ZDV FRQGXFWHG XQGHU GLIIHUHQW VRLO FRQGLWLR
WKH SXPS DQG ZKHQ VXIILFLHQW PRLVWXUH ZDV GHWHFWHC
HQVXULQJ FRQVLVWHQW RSHUDWLRQV DQG DFEXUDF\ LQ GHEF|
RI ZDWHU 7KH V\VWHP ZDV WHVWH G RI®@G U DU\ GXFRQGLW I
21 :HW 6RILR 6 ;L r: 3XPS 2)) ODWKHPDWLFDO PRGHOV ZHL
FRQVLVWHQW GHFLVLRQV DQG DYRLG ZDVWDJH RI ZDWHU 7KL
RI FRQWUROOLQJ RSHUDWLRQV ,Q DGGLWLRQ LW LV UHODW|
LUULJDWLRQ SXUSRVHV 7KLV VI\VWHP HQVXUHV RSWLPDO XV
)LQDOO\ LW LV VFDODEOH LQ WKDW PRUH FRPSRQHQWYV FDQ
7KH WHFKQRORJ\ FDQ EH HPSOR\HG DW KRPH JDUGHQV IDUP"
WKHUH LV QR QHHG IRU FRQVWDQW PRQLWRULQJ ,W DOVR DI
KRXVHV DQG RIILFHV OHDGLQJ WR HIIHFWLYH UHVRXUFH XWL

&RQFOXVLRQ

)YXWXUH DGYDQFHPHQWY FDQ LQYROYH WKUHVKROG DGMXVW
DSSURDFKHV IRU EHWWHU GHFLVLRQ PDNLQJ SURFHVVHV /L«

l<« bUbjlaed6XaUXVWAXBETWPRAXXOAVUU U uvUwuuwuuuuuuu
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BURFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%$(6
U
IDFLOLWDWH UHPRWH PRQLWRULQJ DQG UHJXODWLRQ 2WKH
KXPLGLW\ OHYHOV FDQ EH FRQVLGHUHG WR LQFUHDVH LUUL:
XVLQJ SDVW UHFRUGV FDQ ERRVW ZDWHU XWLOL]JDWLRQ $0Q
$UGXLQR DQG VRLO PRLVWXUH VHQVRUV KDV EHHQ VXFFHV
PDWKHPDWLFDO PRGHO LQFUHDVHV FRQWURO DFFXUDF\ DQG
WKXV DGDSWDEOH LQ GLIIHUHQW DUHDV 7KHRUHWLFDOO\ W
IRUHEDVWLQJ WHEKQLTXHV UHJUHVVLRQ DQG RSWLPL]DWLRC
WKH HUURUV DQG NHHS WKH V\VWHP VWDEOH YLD IHHGEDFN
JURP D PDWKHPDWLFDO VWDQGSRLQW VRSKLVWLFDWHG FR
PRGHOV DQG DGDSWLYH FRQWUROV FDQ DOVR EH HPSOR\HG
LQ EHWWHU SHUIRUPDQFH DQG FRQYHUJHQFH DORQJ ZLWK H

T0 6Xb62e06\

% .DVK\DS DQG 5 .XPDU 6HQVLQJ OHWKRGRORJLHV LQ $.
IXWULHQW ORIQLMRU&&\ YRO SS +
KWWSV GRL RUJ $&&(66

$ +DVVDQ + 0 $EGXOODK 8 )DURRT HW DO 3% :LUHOH\
,UULJDWLRQ 6\WWHP E\ V[$OREWLRY: £US RLDBRRO:2eXQR SS

* KWWSV GRL RUJ MUF
% S5LVNKDQ 1 1 +DQDVV 0 $ 8 6KHLNK HW DO 5,R7 ,L
S,XOUX BS =+ KWWSV GRL RUJ SUHSULQWYV 3

6 %DEDD 0 $KPHG 6 $ .KDQ HW DO 36PDUW ,UULJDWLF
3RZHIREOX2(e (2i+BV:jX2i+B: R(2 266X 2 R+6\0IXRMBIR“QR2: +:
SS KWWSV GRL RUJ ,-(579 ,6

3 BUHHVXGKD 36PDUW ,UULJDWLRQ 6\QWHIEFPQDIWLIR § DG XLROR

SHVHDUFK LQ $SSOLHG 6FLHQFH YROLQHHWJ #HFKQR
KWWSV GRL RUJ LMUDVHW

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

S6PDUW $IJULFXOWXUH 8VLQJ ,R7 IRU $XWRPDWHG ,UULJD)

$OH[DQGULD (QJLQHHULQJ SBHFKQR@RJ\
KWWSV GRL RUJ M DWHFK
6LGLN $ 5 7DZDNDO $ 6XPLUDW * 6 1IDUSXWUR 3

ORLVWXUH 6HQVRUV ZLWK 3KRWRYROWDLF (QHUJ\ IRU (IILF
6\VWHPDWLF ILWHUDWXUQHHIHYQHZ SURBBSHHG LQ JV

KWWSV GRL RUJ HQJSURF

1LNRODRX * 1HRFOHRXV ' &KULVWRX $ .LWWD (

6XVWDLQDEOH ,UULJDWLRQ LQ :DWHU 6BDURGFRMIIOBRY XQG!
+ KWWSV GRL RUJ DJURQRP\

6KDQJ 6 *DEULHO + ) =KDQJ 4 3+\GURORJ\ DQG :DWt

(FRORIMPRWH 6HQVL®S 0'3, KWWSV GRL RUJ uv

.HHUWKDQD * 36RODU 3RZHUHG 6PDUW ,UULJDWWURWK30ODC

,QWHUGLVFLSOLQDU\ -RXUQDO RI  S$SLHQFH SHVHI

KWWSV GRL RUJ LLLMVU

U

U

U

U

U

U

U

U

U

U

U

U
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S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

67$7,67,&6 ,1 1($7+(5 35(',&7,21
$VPLW 6DKRR $QVKXO *RVDYL <DVK 6KLQGH 3L\XVK 6D

$..:e BT (2'6,¢ IXie } T.UIUBOE ROT)

N1 eR\I ::fie:6+,a}UWRATRMR :\[} Ae:0+,}aBBIR 2216P#

&:0+,2}URGIPR.J\ R\iX'[edofie:0+, BPUWROT|R 2

'"HSDUWPHQW RI (QJLQHHULQJ 6FLHQFH %KDUDWL 9LG\DSHHYV
ODKDUDVKWUD ,QGLD

$SEVWUDFW

$PRQJ WRROV XVHG LQ VFLHQFH WKRVH WLHG WR QXPEHUV
DQWLFLSDWHG ,QVWHDG RI UHO\LQJ RQO\ RQ SDVW REVHUY
RXWFRPHYVY DKHDG 7KURXJK PHWKRGV EXLOW RQ FKDQFH WU
FRPH LQWR YLHZ 2QH DSSURDFK H[DPLQHV VHTXHQFHV RYHU
PLIKW PLVV $QRWKHU OLQNV WHPSHUDWXUH VKLIWYV WR DLU
HPHUJHV LV QRW FHUWDLQW\ EXW D FOHDUHU SLFWXUH RI Z
OLHV VWUXFWXUHG WKLQNLQJ GUDZQ IURP UHDO ZRUOG PHD!'
DV FRPSXWLQJ SRZHU H[SDQGV TXLHWO\ 3DWWHUQV HPHUJH
OLQNYVY EHWZHHQ HOHPHQWYV VXFK DV KHDW OHYHOV GDPSQ
LQWHQVLW\ <HW DQRWKHU OD\HU DSSHDUV WKURXJK FXUUH
EDVHG DQDO\VLV WRIJHWKHU ZLWK FRPSXWHU JHQHUDWHG VF
DQRG GHWHFWLRQ GHYLFHV (YHQ VR REVWDFOHV UHPDLQ G’
VWDWHV WKDW HYROYH TXLFNO\ DORQJVLGH WDQJOHG OD\}
SUHFLVLRQ $KHDG OLHV SRWHQWLDO VKDSHG E\ PHUJLQJ
UHFRIJQLWLRQ WRROV LQWR WUDGLWLRQDO FDOFXODWLRQ
QXPHULFDO UHDVRQLQJ VWUHQJIJWKHQV RXWORRN UHOLDELOL

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



3URFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%(6
U
.H\ZRUGV :HDWKHU VWDWLVWLFV SUREDELOLW\
, ,QWURGXFWLRQ

SBUHGLFWLQJ ZKDW WKH VN\ ZLOO GR FRPHV IURP VWXG\LQJ D
OLYHVY GHSHQG RQ LW SHRSOH ZDWFK FORVHO\ IDUPLQJ IO
%DFN WKHQ H\HV DQG LQVWUXPWRWEV\ IDMFKH IQHE BGXGH V SE\H}
,QVWHDG RI JXHVVZRUN QXPEHUV VKDSH XQGHUVWDQGLQJ
SRVWY VSDFH WRROV KLJK EHDPV )URP FKDRV HPHUJHV FO
SDWWHUQV ZLWKLQ DWPRVSKHULF GDWD RIWHQ UHYHDO FRQ
VWDWLVWLFDO DQDO\VLYV ([SORUDWLRQ RI WKHVH WRROV IR
FXUUHQW SUHGLFWLRQ IUDPHZRUNYV

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U

U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

'KHQ QXPEHUV DUH KDQGOHG FRUUHFWO\ WXUQLQJ VLPSOF
6KRXOG FRQGLWLRQV VKLIW VWDWLVWLFDO PHWKRGV DGMX\
WHFKQLTXHYVY HQKDQFH SUHFLVLRQ DFURVV ORQJ WHUP SL
HPHUJHQF\ UHDGLQHVVY FURS F\FOHV DQG DOORFDWLRQ RI
UROH LQ DWPRVSKHULF VFLHQFH

,, K\ 6WDWLVWLFV ODWWHU LQ )RUHFDVWLQJ :HDWKHU

(YHU\ GD\ ZHDWKHU V\VWHPV SURGXFH ODUJH YROXPHV RI L
JURP VXFK GDWD XVHIXO FRQFOXVLRQV HPHUJH WKURXJK VYV
VKLIWV RYHU WLPH UHSHDWLQJ F\FOHV DFURVV VHDVRQV
DWPRVSKHUH 1RWDEO\ WKH\ RIIHU ZD\V WR PHDVXUH GRXE\
DQWLFLSDWLQJ FKDQJHV

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

,,, 6WDWLVWLFDO OHWKRGV 8VHG

$ 3UREDELOLW\ 7TKHRU\

‘HDWKHU SUHGLFWLRQV RIWHQ UHO\ RQ FDOFXODWLQJ KRZ C
UHFRUGY DORQJVLGH SUHVHQW DWPRVSKHULF UHDGLQJV H|
WKDQ VWDWLQJ FHUWDLQWLHY IRUHEDVWYV PD\ VXJJHVW D
ILJXUHV HPHUJH ZKHQ HDUOLHU FRQGLWLRQV FORVHO\ PDWF
UHPDLQV VWDWLVWLFDO PHWKRGV VXSSRUW PRUH LQIRUP
VFHQDULRYV JXLGH SODQQLQJ DQG SUHSDUHGQHVV HIIRUWYV

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

% 5HIJUHVVLRQ $QDO\VLYV

JURP REVHUYHG GDWD SDWWHUQV FRPHV LQVLJKW LQWR YDU!
FDOOHG UHJUHVVLRQ DQDO\VLV 2QH IDFWRU V HIIHFW RQ

PHWKRGV ZLWKLQ PHWHRURORJLFDO VWXGLHV 7HPSHUDWX!
LQWHUDFW WKHVH OLQNV DUH H[SORUHG XVLQJ WKLV WHFKZC
GULYHUV PD\ EH HIDPLQHG WRJHWKHU YLD HIWHQGHG IRUPV F
FOLPDWH VWDWHY JDLQ SUHFLVLRQ E\ LQFRUSRUDWLQJ WKH\

& 7LPH 6HULHV $QDO\VLYV

2YHU WLPH REVHUYDWLRQV RI ZHDWKHU DUH UHFRUGHG DW
LQ FRQGLWLRQV EHJLQ WR HPHUJH FOHDUO\ 1RW RQO\ GR ¥
WKHPVHOYHYV VORZO\ 7THPSHUDWXUH UDLQ DORQJ ZLWK DWHF

KHQ YLHZHG DFURVV H[WHQGHG SHULRGV )RUHFDVWHUV UHC
IDU DKHDG :LWK HDFK SDWWHUQ FRQILUPHG IXWXUH HVWLPI
l<« bUbjlaedXaAaUXVWAXBETWPRAXXOAVUU U uUwuuwuuuuuuu
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

'DWD ORGHOLQJ DQG 6LPXODWLRQ

%HIJLQQLQJ ZLWK SDWWHUQV IURP SDVW REVHUYDWLRQV VL
DFURVV VNLHV %HFDXVH PDFKLQHVY QRZ SURFHVV LQIRUPDWI
WLPH )J)URP YDVW FROOHFWLRQV RI PHDVXUHPHQWY V\VWHP'
FKDQJLQJ IRUFHV :KHQ IUHVK LQSXWYV DUULYH DGMXVWPHQ
7TKRXJK EXLOW RQ PDWK UXOHV RXWFRPHV UHIOHFW VKLIWLC

,9 $SSOLFDWLRQV

JURP IDUPLQJ WR IOLJKW SDWKV ZHDWKHU IRUHFDVWLQJ VK
SODQWLQJ VFKHGXOHYV DGMXVW DFFRUGLQJO\ %HFDXVH VWI
DKHDG RI WLPH :KHUH VKLSV VDLO RU SODQHV IO\ SUHFLVH
VLPSOH FKRLFHVY VWHP IURP ZKDW WKH IRUHFDVW VKRZV QHI[

2IWHQ XQGHUPLQHV IRUHFDVW GHSHQGDELOLW\ +LVWRULFD
VKLIWLQJ FOLPDWH EHKDYLRUV :LWKLQ WKH DLU FRXQWOH)
UHSUHVHQWDWLRQ

9 &KDOOHQJHV

(YHQ ZLWK SURJUHVV IRUHFDVWLQJ ZHDWKHU FRQWLQXHV
LQIRUPDWLRQ &RPSXWDWLRQDO ERXQGDULHV IXUWKHU UH\
&RPSOH[LW\ JURZV ZKHQ VA\VWHP GHVLJQV FDQQRW IXOO\ FDS

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

9, )XWXUH 6FRSH

)XWXUH IRUHFDVWLQJ JDLQV VWUHQJWK ZKHQ QHZ WRROV P/
ZD\V FRPSXWHUV QRZ VSRW SDWWHUQV LQ YDVW DPRXQWYV |
GHOLYHU VKDUSHU LPDJHVY DQG OLYH XSGDWHYV RQ DWPRVSKF
IRUPXODV H[SHUWYV DGMXVW IRUHFDVWYV XVLQJ GHHSHU PDW
HDFK VWHS UHGXFHV XQFHUWDLQW\ LQ VHDVRQDO RXWORRN\

9,, &RQFOXVLRQ

JURP SDWWHUQV LQ DLU PHDVXUHPHQWY VWDWLVWLFV VKDS
KLVWRULFDO WUHQGV JXLGH PRGHOV IRUHFDVW SUHFLVLRQ .
XQFHUWDLQWLHV SHUVLVW SURJUHVV LQ FRPSXWDWLRQDO
PDFKLQH OHDUQLQJ HQWHULQJ WKH VFHQH IUHVK DQDO\WLF
l<« bUbjlee6XaUXVWAXRATWPRAXXOAVUUU U U U U
U



3URFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R

6FLHQFHV ,&5%(6

S5HIHUHQFHYV

" - 1RWW : 7 0 'XQVPXLU 5 .RKQ DQG ) :RRGFRFN 3
'"HWHUPLQLVWLF 1XPHULFDO :HRXWKHMO3IRH®KHVERHUORG®
$VVRFLDBWLRQ* YRO QR GRL

$ + OXUSK\ DQG 5 / :LQNOHU 33UREDELORWYU QPWHR D WW |
$PHULFDQ O6WDWLVWLFPO $NVRFYRWLRQ QR

$ 6 %DUMRXHL DQG 0 1DVHUL 3*$ &RPSDUDWLYH 6WX
B3UHGLFWLRQ RI OHWHRURORJLFDO-BR® 0 QRIFG RQ RDUWLSKL B F
DQG (QJLQESULQH YRO QR GRL MPVH

1 . 6DEDW 5 1D\DN + 6ULYDVWDYD 8 & 3DWL DOQ
OHWHRURORJLFDO 3DUDPHWHUV 8VLQ,D%\WDWDWYROD®D 7R
RI *OREDO :B3SPLQJH YRO QR GRL .

( 3 $JER 37KH 5ROH RI 6WDWLVWLFDO OHWKRGV DQG 1
ORGHOL@WHFK BSH Q+ GRL LQWHFKRSHQ

5 $JJDUZDO DQG 5 .XPDU 3% &RPSUHKHQVLYH 5HYLHZ RI
ORGHOYWHUQDWLRQDO -RXUQDO 8% &RPSXWR $S AR FDW |
GRL

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U

U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

JURP ,QWHQW WR (UURU 8QGHUVWDQC
(QJLQHHULQJ IRU $JHQWLF $,

$PH\ %RQGDOHiI -\RWL 'KDQNHOd 6KUDYDQ :DGQHUNDUA®

"HSODUWPHQW RI, (D %ABHHWLDQ ,QVWLWXWH RI 7THFKQRORJ\ %+8 9D

0 A"HEDUWPHQW RI (QJLQHHULQJ 6FLHQFH %KDUDWL 9LG\DSHHWKTV

ERQGDOH DPH\E FKHM\RWIWGEG KR CONFHEG K D WKW IDYYLD3) 7 DHGHIMKU K|
FRHO#EYSDHGMLEIHQGDOZDU SERH\DAHY SKHKEX HFRHO#EYS H

$SEVWUDFW

,Q HDUO\ WKH VRIWZDUH LQGXVWU\ XQGHUZHQW D VLJQL
RI YLEH FRGLQJ 7KLV QHZ DSSURDFK DOORZV XVHUV WR GH)
$, WDNHV FDUH Rl WKH FRGH LWVHOI 7KH FRPSDQLHV VHO
NQRZOHGJH 2ZLQJ WR WKLV WKH\ DUH EHLQJ HPEUDFHG E\
UDWH %XW WKHUH LV D JUHDW FRQWUDGLFWLRQ 7KHVH WRF
\HW WKH\ QHHG ULJLG ORJLF DQG DFFXUDWH SURPSW HQJLQ!
UHDVRQV ZK\ WKH XVH RI DJHQWLF FRGLQJ SODWIRUPV VXFK I
E\ QRQ GHYHORSHUV :H VXJJHVW D PL[HG PHWKRG UHVHDU
VWXGHQWY FRPPXQLFDWH ZLWK WKHVH V\VWHPV :H ZLOO DL
IDWLJXH E\ WKH 1$6$%$ 7DVN /RDG ,QGH[ DQG GHYHORS D QR
IDLOXUHV ,QLWLDO LQGXVWU\ GDWD LQGLFDWH WKDW QRQ \
LQVWUXFWLRQV ODFN RI FRQWH[W DQG DFFHSWDQFH RI X
SURYLGHV WRRO GHVLJQHUV ZLWK D FOHDU IUDPHZRUN LQ Zk

H\ZRU®VEH &RGLQJ $JHQWLF $, 3URPSW (QJLQHHULQJ &RJ
,QWHUDFWLRQ

,QWURGXFWLRQ

,Q )HEUXDU\ WKH VRIWZDUH HQJLQHHULQJ ZRUOG ZDV X!
.DUSDWK\ SRVWHG DQ H[DPSOH RI D ZRUNIORZ KH QDPHG YLI

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%(6
U
LQWHQW LQ SODLQ (QJOLVK LQ ZKLFK DOO WKH $, JHQHUDW
ZKLFK DQ\ HUURUV DUH UH HQWHUHG LQWR WKH FKDW 7KLV F
GROODU EXVLQHVV 7KHUH LV DQ LQFUHGLEOH JURZWK RI DJ
WKH WRROV RQ D UHJXODU EDVLYV ‘H DUH PRYLQJ DZD\ V
&RQYHUVDWLRQDO $, VLPSO\ SURYLGHV DQVZHUV 7KH DJHQW
DQG GHYHORS FRPSOHWH DSSOLFDWLRQV LQGHSHQGHQWO\

7KLY DXWRPDWLRQ KDV EURXJKW D KXJH LQIOX[ RI EXLOGHU
ZKR XVH YLEH FRGLQJ SODWIRUPVY ODFN WUDGLWLRQDO VRIW
DQRQG GHVLIJQHUV DUH XVLQJ WRROV OLNH &XUVRU 5HSOLW

EDUULHU WR VRIWZDUH FUHDWLRQ 7KHVH VLWHV VHOO WKHF

+RZHYHU WKHUH LV D IXQGDPHQWDO LVVXH EHKLQG WKLV PD
WKH NQRZOHGJH RI KRZ WR ZULWH JRRG SURPSWV LQ FRPSO
FRQYHQWLRQDO VHDUFK HQJLQHV 7KH\ SURYLGH XQFOHDU

DSSOLFDWLRQV $OWKRXJK WKH $, FDQ HDVLO\ SURGXFH FF
PDOIXQFWLRQLQJ RU YXOQHUDEOH ORUH WKDQ Rl XVHUV |
$, SURGXFHV FRGH WKDW LV DOPRVW FRUUHFW EXW QRW TX
SDSHU H ZLOO H[DPLQH WKH ZD\ DQG UHDVRQ QRQ GHYHOR
PDLQ UHVHDUFK FRQWULEXWLRQV WKDW ZH KDYH PDGH DUH

FRGH PDUNHWLQJ DQG WKH UHDOLW\ RI VIVWHP UHTXLUHPHQ

6XJIJHVWLQJ DQ H[SHULPHQW WR VWXG\ QRQ &6 HQJLQHHULQ.
'"HWHUPLQLQJ WKH SV\FKRORJLFDO EXUGHQ RI WKHVH XVHUV

'"HVLIQLQJ D XQLTXH IDLOXUH WD[RQRP\ FODVVLI\LQJ SUHFLV
RQ ZKDW LQWHUIDFH GHVLIQHUV FDQ GR WR HOLPLQDWH VXF
ILWHUDWXUH 5HYLHZ

7KH VWXG\ RI KXPDQ LOQOWHUDFWLRQ ZLWK $, LV DFFHOHUDWL
RI WKH PRGHOV 1RZ VFLHQWLVWY FRQFHQWUDWH RQ WKH SH
OLWHUDWXUH RQ SURPSW HQJLQHHULQJ KXPDQ FRPSXWHU L

SURPSW (QJLQHHULQJ DV D 'LVFLSOLQH

%BHWZHHQ DQG WKHUH ZDV D VLIJQLILFDQW VSHHG LQF
GD\V LW ZDV PRUH RI D ODQJXDJH SX]]JOH WR WKH UHVHDUF!
PDJLF ZRUGV WR UHFHLYH D JRRG UHVSRQVH 7KH LQGXVWU
&RQWH[W HQJLQHHULQJ UHIHUV WR WKH GHWHUPLQDWLRQ RI

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



BURFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%(6
U
D FRPPDQG 5HFHQW UHVHDUFK LQGLFDWHY WKDW WKH ILUVYV
FRQWH[W $Q LQYHQWLRQ RI IDNH LQIRUPDWLRQ E\ DQ $, LV F

+XPDQ &RPSXWHU ,QWHUDFWLRQ

SHVHDUFK LQ KXPDQ FRPSXWHU LQWHUDFWLRQ +&, LQGLFELC
HQYLURQPHQWY 1RYLFH SURJUDPPHUYVY EHKDYH LQ D UDGLFD(
$ VWXG\ FRQGXFWHG E\ DQ H[SORUDWRU\ DSSURDFK UHYHDOH
VSHHG UDWKHU WKDQ TXDOLW\ W LV SRVVLEOH WR FUHDW
I UDJLOH +&, HYLGHQFH VKRZV EHIJLQQHUV WHQG WR QRW WH
WKH $, 7KLV PDNHV XVHUV ZKR FDQ FUHDWH EXW QRW IL[ D S

&RIQLWLYH /RDG DQG 1RYLFH 8VHUV

7KH 1$6%$ 7DVN /RDG ,QGH[ 1%$6% 7/, LV D VXUYH\ XVHG WR TX!
D WDVN 1$6%$ 7/; LV D VLPSOH VXUYH\ LOQVWUXPHQW ZKLFK
IUXVWUDWLRQ 5HFHQW UHVHDUFK KDV LQGLFDWHG WKDW $,
VWXG\ RI WKH VWXGHQWY RI GHVLJQ ZKR KDG QR H[SHULHQF
FRGLQJ WRROV KDG LQFUHDVHG WKH OHYHO RI IUXVWUDWLRC
RXWSXWV RYHUZKHOPHG WKHLU FDSDFLW\ WR VROYH SUREOF

*DS $QDO\VLV

,Q VSLWH RI WKLV UHVHDUFK WKHUH LV VWLOO D GHILQLWH
WDUJHW SURIHVVLRQDO GHYHORSHUV 7KH SDWWHUQ RI LPP
YLEH FRGLQJ WRROV LV QRW VSHFLILFDOO\ LQYHVWLJDWHG
PHDQV RI FDWHJRUL]LQJ WKH IDLOXUH RI D PHFKDQLFDO HQJ
DSS 7KLV JDS LV DGGUHVVHG LQ WKLV SDSHU

SUREOHP 6WDWHPHQW

7KHUH LV D VWURQJ FRQWUDGLFWLRQ LQ WKH $, VRIWZDUH P
/IRYDEOH DV SODWIRUPV WKDW GR QRW QHHG FRGLQJ NQRZOF
DV WKH SURJUDPPLQJ ODQJXDJH %XW WKH IDFH RI HQJLQHHL
WR KDYH VWURQJ ORJLF DQG DUFKLWHFWXUH SODQQLQJ LQ F
WR QRQ WHFKQLFDO XVHUV WR FUHDWH \HW DJDLQ WKH\ GR
FDQ GULYH WKH $,

7KLV LV WKH FDXVH Rl KLJK HUURU UDWHYV 1RQ GHYHORSHU
FUHDWLQJ D ORJLQ SDJH $Q HQJLQHHU LV DZDUH RI D ORJLC
DQG GDWDEDVH OLQNV 6LQFH WKH QRQ GHYHORSHU GRHV
PHFKDQLVPV WKH $, FRQVWUXFWY DQ LQVHFXUH SUR[\ $FFRI
$, JHQHUDWHG SLHFHV RI FRGH LQFOXGH VHULRXV VHFXULW\

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

U

7TKHVH PDOIXQFWLRQV LQIOLFW DFWXDO KDUP $ VRIWZDUH G
-XO0\ XVLQJ D 5HSOLW $, DJHQW 7KHUH ZDV D PLVLQWHUSES
LOQGHSHQGHQW SURGXFWLRQ GDWDEDVH RI HIHFXWLYH U

KLV PLVWDNH ‘H DOVR REVHUYH D PRQXPHQWDO ZDVWH R
'"HY6HF2SV 5HSRUW WKH LQHIILFLHQF\ FDXVHG E\ $, FRVW W|
SHUVRQ SHU ZHHN

W LV HVVHQWLDO WR OHDUQ DERXW WKHVH IDLOXUHV 3RRL
VHFXULW\ WKUHDWYV 7KH DQDWRP\ RI WKHVH IDLOXUHV QHH(
H[SHUWV DQG HQKDQFH WKH WRROV

7KH JDS EHWZHHQ SODWIRUP PDUNHWLQJ FODLPV DQG DFWXEL
WHFKQLFDO XVHUV LV JUDSKLFDOO\ VKRZQ LQ JUDSK PHQWLF

*UDSK 7KH JDS EHWZHHQ SODWIRUP PDUNHWLQJ FODLP W BRIGQD F IVOX XYW WWDA/ NV
SURSRVHG OHWKRGRORJ\

,Q RUGHU WR UHVHDUFK WKH IDLOXUH RI QRQ GHYHORSHUYV
$ PL[HG PHWKRG VROXWLRQ LQYROYHV WKH FRPELQDWLRQ RI
ZRUGV ZK\ WKH\ ZHUH IUXVWUDWHG 7KLV SURMHFW LV VWU
E\ D WHDP RI FROOHJH VWXGHQWYV LQ FDPSXYV

SDUWLFLSDQW 3URILOH

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%(6
U
‘H ZLOO VHOHFW QRQ FRPSXWHU VFLHQFH PDMRUV XQC
PHFKDQLFDO FLYLO DQG HOHFURQLFV VWXGHQWV 7KH\ V
H[SHULHQFH 7KLV LV DQ LGHDO WDUJHW PDUNHW RI YLEH FR

7TDVN "HVLJIQ

(DFK Rl WKH SDUWLFLSDQWY ZLOO EH DVVLJQHG WKH VDPH W
ZKLFK RQH FDQ DGG FRPSOHWH GHOHWH WDVNV DQG VWRL
HOHPHQWDU\ GDWD VWRUDJH ORJLF EXW LV HDV\ HQRXJK WR
DIJHQW

2EVHUYDWLRQ DQG OHDVXUHPHQW

‘H ZLOO IROORZ WKHP PLOQXWHY DQG PRQLWRU FHUWDLQ L
WLPHO\ DWWHPSWV PDGH DQG WKH HQG UHVXOW RI DFFRPSO
WH[W RI HDFK SURPSW WKDW WKH\ ZULWH 6XEVHTXHQWO\

VXUYH\ 7KH\ ZLOO UDWH WKHLU PHQWDO HIIRUW DQG IUXVWL

7KH 1$6% 7/DVN /RDG ,QGH[ FRPSRVLWH VFRUH IRU HDFK SDUW

7TD[RQRPLF &ODVVLILFDWLRQ

$00 WKH ZULWWHQ SURPSWV ZLOO EH DQDO\]JHG DFFRUGLQJ !
WD[RQRP\ LV QRWKLQJ PRUH WKDQ D PHWKRG RI FDWHJRUL]
H[SODLQLQJ WKH YLVXDO OD\RXW RI WKH DSS ZH ZLOO SXW W
7KLY WUDQVIRUPV VORSS\ KXPDQ EHKDYLRU LQWR VWUXFWXL

)LIXUH '"HVFULSWLRQ RI 6WXG\ )ORZ 'LDJUDP

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U

U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

,PSOHPHQWDWLRQ ([SHULPHQWDO 6HWXS

7KH KDUGZDUH QHHGHG LQ WKLV H[SHULPHQW LV YHU\ VLPSO
WKH QRUPDO ODSWRSV ‘H GR QRW UHTXLUH FRVWO\ *38V RU

7TKUHH ODSWRSV ZLOO EH XVHG ZLWK WKH I[UHH YHUVLRQV RI
HGLWRU WKDW ZLOO EH UXQ RQ /DSWRS $ /DSWRS % ZLOO E
/IRYDEOH LV D VLPSOH FKDW EDVHG DSS EXLOGHU WKDW ZLOC

(WKLFDO &RQVLGHUDWLRQV

‘H ZLOO GHWHUPLQH LQIRUPHG FRQVHQW EHIRUH WHVWLQJ

NQRZ HYHU\WKLQJ DERXW WKH VWXG\ :H ZLOO DVVXUH WKHP
WKH VRIWZDUH $00O0 VFUHHQ UHFRUGY DQG VXUYH\ LQIRUPD
XSKROG WKHLU SULYDF\ $ UHVHDUFKHU ZLOO VLW TXLHWO\ D
RI WKH XVHU GXULQJ WKH WHVW

SHVXOWY DQG 'LVFXVVLRQ

7KLV LV D SURSRVHG VWXG\ VR ZH DUH QRW DEOH WR JLYH Il
UHDO OLIH VWDWLVWLFV EDVHG RQ LQGXVWU\ UHSRUW
HIWUDSRODWH RQ RXU DQWLFLSDWHG RXWFRPHYV

7KH GDWD LQ WKH LQGXVWU\ LV D JUHDW SURRI RI RXU K\SR)

RI SURIHVVLRQDOV LQGLFDWH VLIQLILFDQW LVVXHV GLUHF
,Q RUGHU WR DUUDQJH WKHVH LVVXHV ZH GHYHORSHG D QRY
VI\VWHPDWLFDOO\ 7DEOH FODVVLILHV WKH VL[ LGHQWLILHG

7TD[RQRP\ RI 1IRQ '"HYHORSHU 3URPSW )DLOXUHV

7R VWUXFWXUH WKHVH IDLOXUHV V\VWHPDWLFDOO\ 7DEOH
34, UDQJHVY GHULYHG IURP LQGXVWU\ GDWD

U
l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

)LIXUH 7TD[RQRP\ RI QRQ GHYHORSHU SURPSW HQJ!

)LJ 7KH GRPLQDQFH RI 9DJXH ,QWHQW DQG OLVVLQJ &RQWH]
DOO IDLOXUHV VXJJHVWV WKDW LQWHUIDFH OHYHO LQWHUYHQWLR
ILHOGV ZRXOG \LHOG WKH KLIJKHVW UHGXFWLRQ LQ RYHUDOO IDLC

&RQFOXVLRQ

7KLV SDSHU H[SORUHG WKH UHDVRQV EHKLQG WKH IDLOXUH
GHPRQVWUDWHG WKDW WKH PDUNHWLQJ SURPLVH RI JHUR FI
ORJLF WKDW LV LQYROYHG LQ GHYHORSLQJ VRIWZDUH :H GH’
$, IULFWLRQ E\ VXJIJHVWLQJ D PL[IHG PHWKRG UHVHDUFK DQG

7KH PDLQ FRQWULEXWLRQ RI WKH SDSHU LV 7D[RQRP\ Rl 1RQ
7KH SRVVLELOLW\ WR ILQG FHUWDLQ HUURUV VXFK DV 9DJXH ,
ZLWK D VWDQGDUG ODQJXDJH WR GHVFULEH D PHVV\ SUREOH
XVH Rl HPSW\ FKDW ER[HV 7KH\ VKRXOG GHYHORS RUJDQL]H
WKHLU DLPV SULRU WR WKH $, JHQHUDWLQJ DQ\ FRGH 7HDF
VIQWD[ Rl FRGH WR WHDFKLQJ RI VIVWHP DUFKLWHFWXUH DQ:

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

ILPLWDWLRQV

2XU UHVHDUFK LV OLPLWHG 6LQFH LW LV D SURSRVHG PHWK
LQGXVWU\ GbwD DV RSSRVHG WR GLUHFW ODE REVHUYDWLR
ZKLFK LV TXLWH VPDOO 7KH SK\VLFDO VWXG\ VKRXOG EH FRC
WR FRQILUP WKHVH SURYLVLRQDO ILQGLQJV XVLQJ KDUG VWL

)XWXUH :RUN

7KH VHFRQG VWHS ZLOO EH WR FDUU\ RXW WKLV HQWLUH OC
LQGLYLGXDOV LQ YDULRXV XQLYHUVLWLHV 6XFK D ELJJHU JU
7/, VFRUHV RQ FRIJQLWLYH ORDG

$QRWKHU VXJIJHVWLRQ LV WKDW DV D EHIJLQQHU ZH ZRXOG U
TXDOLW\ FKHFNHU 7KLV ZRXOG EH D WRRO EHWZHHQ WKH XV
OLVVLQJ &RQWH[W SURPSW WKH FKHFNHU ZRXOG FRPSDUH I
FODULI\LQJ TXHVWLRQV EHIRUH WKH PDLQ $, FRXOG ZULWH
WD[RQRP\ WR RWKHU ILHOGYVY O0ODSSLQJ IDLOXUH WR ZDUQ LQ
DVVLVW LQ VHWWLQJ FULWLFDO VDIHW\ VDIHIXDUGYV LQ DOO

SHIHUHQFHYV
$ .DUSDWK\ 9LEH &RGLQJ )XOO 7XWRULDO ZLWK &XUVRU °

7TDVNDGH 6WDWH RI 9LEH &RGLQJ ODUNHW 5HSRUW 7
6WDFN 2YHUIORZ '"HYHORSHU 6XUYH\ $, TRRO 6HC
2YHUIORZ

- )HQJ HW DO 9LEH &RGLQJ LQ B3UDFWLFH ORWLYDWLR

SXELRHW DO 'RU NORDG $VVHVVPHQW ZLWK 1$6%$ 7/; DQ
+HDOWK 1,+

30& 7KH 1HXURSK\VLRORJLFDO 3DUDGR[ RI $, ,QGXFHG )U
1,+

9HUDFRGH 3&RGH 6HFXULW\ $, *HQHUDWHG &RGH 5LVNV 9

O9LEH*UDYH\DUG $, &RGLQJ )DLOXUHV DQG 9XOQHUDELOLW
ORGDOO $, LQ 6RIWZDUH '"HYHORSPHQW 7UHQGYV DQG 6WI

ORFKD $, $SS %XLOGHU 6WDWLVWLFV *LW/DE 'HYBHF2SV ¢
l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U

U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

U
6RXUFH 3DJH

9LEH FRGLQJ SURJUDPPLQJ WKURXJK FRQYHUVDWLRQ Z
DFFHVVHG RQ $8WMWSV DUJ[LY RUJ KWPO Y
$ VHPDQWLF KLVWRU\ Rl YLEH FRGLQJ 7ZHHW PHPH DQG
$SULO KWWSV ZZZ FRGHUDEELW DL EORJ D VHPDQW.L
FRGLQJ ZHQW IURPW WZHHW WR SURG
6WDWH RI 9LEH &RGLQJ ODUNHW 6L]H $GRSWLRQ 7U
KWWSV ZZZ WDVNDGH FRP BBFORJ VWDWH RI YLEH FR
7KH $, GHYROXWLRQ LQ 7RS 7TUHQGV (YHU\ '"HYHORSHU
DFFHVVHG RQ $SKMW@WSV GHY WR MSHJJGHY WKH DL UHYR
HYHU\ GHYHORSHU WKRXOG NQRZ HE
$, LQ 6RIWZDUH '"HYHORSPHQW 7UHQGY 6B6WDWLVWLFV
KWWSVY PRGDOO FD EORJ DL LQ VRIWZDUH GHYHORS
$, $JHQWYV 6WDWLVWLFV ODUNHW 6L]H (QWHUSULVH $GRS
RQ $SULO KWWSV Z7ZZZ FPDUL[ FRP EORJ DL DJHQWV VWD)V
$, $SS % XLOGHU 6WDWLVWLFV .H\ 'DWD 3RLQWV 0]
KWWSV JHWPRFKD FRP EORU DL DSS EXLOGHU VWDWLVWI
JURP 3URPSWV WR +DUQHVVHV 2 )RXU <HDUV RI $, $JHQW
KWWSV ELWYV E\WHV QQ JLWKXE LR LQVLJKWYV DJI
DJHQWLF SDWIWHUQV HQ KWPO
7ZR ODMRU $, &RGLQJ 7RROV :LSHG 2XW 8VHU 'DWD $IWH
DFFHVVHG RQ $SHMONSVY KDUGZDUH VODVKGRW RUJ VWR
PDMRU DL FRGLQJ WRROV ZLSHG RXW XVHU GDWD DIWHU F

N o N & e N

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6
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$OVR WKH DSSOLFDWLRQ KDV HPHUJHQF\ YRFDO VRXQG UHV:
UHDO WLPH VLJQDOV .H\ IHDWXUHV LQFOXGH D SDQLF EXWWRQ W
ORFDWLRQ WR SUHGHILQHG FRQWDFWY D FRPPXQLW\ DOHUW V\VW
DFFHVV WR ORFDO HPHUJHQF\ VHUYLQJYV %\ H[SORLWLQJ *RRJOH |
FDSWXUH WKH OLYH LPDJH XVLQJ SDQLF EXWWRQ DQG H[SORUDWL
HYHQ LQ VLWXDWLRQV ZKHUH SK\WLFDO LQWHUIDFH LV GLIILFXOW

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%$(6
U
IXUWKHU HQKDQFH VDIHW\ E\ UHFRPPHQGLQJ URXWHV WKDW DYRL!
FRQGLWLRQV $OVR WKH DSS RIIHUV HQOLJKWHQLQJ UHVRXUFHV
QXUWXULQJ DZDUHQHVYV DQG SUHSDUHGQHVV %\ OD[LPL]LQJ PRELC
FUHDWH VXSSRUW WKH FRPPXQLW\ HQULFK VLWXDWLRQDO DZDUHC
LWHUDWLYH GHYHORSPHQW ZH DLP WR FRQWLQXRXVO\ LPSURYLQ.
LW WR SOD\ YLWDO UROH LQ ZRPHQ VDIHW\

.H\ZRUSQYGURLG %DVHG :RPHQ 6DIHW\ 9RLFH 5HFRJQLWLRQ
6SHHFK WR WH[W 6DIH +HU
U

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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BURFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R

‘ 6FLHQFHV ,&5%$(6
U
PRIbti"™ “libU
'RPHQTV KHDOWK DQG VDIHW\ KDV WXUQ RXW WR EH D JORE
&LW\ 7KH ULVH LQ SK\VLFDO DWWDFN DQG LUULWDQW LQVW
SHUVRQDO VDIHW\ DQG NHHS XS D VHQVH RI SHDFH :RPHQT"
HIITHFW WRROV WR PDNH VXUH VDIHW\ XVLQJ SURJUHVVLYH W
DQDO\WLFV 8VHG H[WHQVLYHO\ ZDUQLQJ PHWKRGV DUH VW.
FDSDEOH RI GHOLYHULQJ DOHUW PHVVDJHVY DOPRVW GLUHFW

6DIHW\ DSSV KDYH EHFRPH LQFUHDVLQJO\ SRSXODU LQ U
WUDYHOLQJ GDLO\ DQG LQ SXEOLF SODFHV 7KH DSSV RIIHU \
LQVWDQFH VRPH DSSV DOORZ \RX WR VHQG DQ HPHUJHQF\ I
FDQ RIIHU UHDO WLPH VROXWLRQV WR DYHUW ULVN E\ DVVHYV

7KLV VWXG\ LQWHQGV WR H[SORUH WKH FRPELQDWLRQ :L
PDFKLQH OHDUQLQJ PHWKRGVY ZH KDYH GHYHORSHG D ZR
VLWXDWLRQDO DZDUHQHVY DQG WLPHO\ DFWLRQ ORUHRYHU
$, DUH VHW WR DXJPHQW VDIHW\ VFKHPHY DOORZLQJ PDFKLQ
VRUURZ WKURXJK YRLFH VEFUXWLQ\ %XLOW D ELOLQJXDO VSt
ODGLHV Rl YDULRXV ODQJXDJHV > @ ,Q WKH VDPH YHLQ \
IUDPHZRUN WR PRQLWRU FKDQJHV LQ RQHYV YRLFH DQG GHW

QR+ “"F#(Ut(«I(®U

'XH WR WHFKQRORJLFDO DGYDQFHPHQWY WKHUH KDYH EHHQC
ZRPHQ VDIH 7R HQKDQFH VDIHW\ WKH\ HPSOR\ PRELOH DSSO
ZHOO DV LQVWDQW DOHUWY 6DQG\DO HW DO DLPHG DW RIIH
SUHGLFW VDIH ZD\V 7KHLU VFKHPH UHYLHZV SUHYLRXV FULP
WDNH KDUPOHVV SDWKZD\V 7KHVH SDWKV DUH LQWHQGHG W|

7KH 1DUL1IDYL V\VWHP E\ *DQHVDQ HW DO SURWHFWV ZR]|
VI\VWHP ZLOO KDYH UHDO WLPH WUDFLQJ SDQLF FRQWUROV
VDIHW\ Rl XVHU WUDYHOOLQJ E\ RSHQ WUDQVSRUW > @

$UXQGKDWL 6LQKD SURSRVHG V\VWHP WKDW D VXEVWLYV
l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



BURFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R

) 6FLHQFHV ,&5%(6
U
DQDO\WLV WR IRUHFDVW SRVVLEOH GDQJHU VR WKDW GHIHQ\
UHDO WLPH HPHUJHQF\ VLJQDOV ZLWK REYLRXVQHVV XQLWYV
LQWHUYHQWLRQ > @

$JUDZDO HW DO SUHVHQWHG D VHFXULW\ VWUXFWXUH
FOXVWHULQJ DOJRULWKPV W RQ UMKIRP 8 Bl QKU VIDX W KRIUW A A QYWR R
ZRPHQ WR GLUHFW KDUPOHVV LQ PHWURSROLWDQ DUHDV E\ XQ
VDIHW\ VXFK DV FULPKHOPUDWH DQG WUDIILF

7KH 0\JXDUG PRELOH DSSOLFDWLRQ GHYHORSHG E\ 0LVK
LQ UHDO WLPH DOORZLQJ ZRPHQ WR TXLFNO\ XVH WKH HPH!I
%HVLGHV PRELOH DSSV *XSWD HW DO DOVR VWXGLHG VSHI
VDIHW\ VROXWLRQV ZLWKRXW XVLQJ KDQGV %\ LVVXLQJ YRLF
HYHQ ZKHQ WRXFKLQJ GHYLFHV LV QRW SRVVLEOH LQ WKHLU

<HOODPPD HW DO FRQFHQWUDWHG RQ VSHHFK UHFRJQL
ODQJXDJHV :RPHQ ZKR GR QRW VSHDN WKH VDPH ODQJXDJH |
XVLQJ WHFK > @

.KRHL HW DO GHYHORSHG DQ VHQVLWLYH $, GHWHFWLRQ
RI D LQGLYLGXDO 7KH V\WWHP XVHV VSHHFK DQDO\VLV WR G
FDVH D ZRPDQ LV LQ WKUHDW > @

6 6 5 HW DO SURSRVHG D PRELOH VXUYHLOODQFH ZKLFK
RI XQDYDLODELOLW\ RI LQWHUQHW 7KH\ SURSRVH D ORZ FRYV
LQ UHDO WLPH DQG VHQG DOHUWYV > @

$ $Q $QGURLG EDVHG DSSOLFDWLRQ LV SURSRVHG E\ $+.,
WKH XUEDQ DUHD+ 7KH VI\VWHP SRWHQWLDO RI $QGURLG WK
DODUPV DQG HPHUJHQF\ FRQQHFWLRQ WR HQVXUH DSSUR
GLVWUHVVLQJ FLUFXPVWDQFHV ZKLFK ZLOO PDNH ODGLHV IH

6 . 6KDUPD DQG 3 5DQMDQD GHYHORSHG DQ $QGURLG I
6DYLRXU"~ ZKLFK RIIHUV D UHDO WLPH DOHUW IDFLOLW\ 7
HPHUJHQF\ QRWLILHV ,W KDV IHDWXUHV WR LPSURYH WKH V|
> @

$9 $JDUZDO HW DO WRJIJHWKHU GLG GHYHORSPHQW LQ\
l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



BURFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R

‘ 6FLHQFHV ,&5%$(6
U
DSSOLFDWLRQ WKDW SURYLGHV \RX D UHDO WLPH VDIHW\ UF
HTXLSPHQW SDQLF EXWWRQV SODFH WUDFNLQJ DQG HPHUJ
FLUFXPVWDQFHV RI GLVWUHVV > @

6XQLWKD HW DO SURSRVHG PDNHV XVH RI JOREDO SRVLYV
WHFKQRORJLHV WR WUDEN ZRPHQ V PRWLRQ DQG WR GHWHF\
DEUXSW HQYLURQPHQWDO DQG PRELOLW\ FKDQJHV RI WKH X\

7KH FRQVWUXFWLRQ RI WKH :RPHQ 6DIHW\ 6\WVWHP ZDV SL
KDV (PHUJHQF\ $OHUW $QDO\VLVY DQG 3UHGLFWLRQ ,W PRQL
LV XVHG WR DOHUW ZRPHQ RI WKUHDWVA VR WKH\ KDYH DQ
RFFXUV > @

RZ<«“(aU * FI“( “"t(U

7KH XVHU IULHQGO\ PRELOH DSSOLFDWLRQ WKDW FDQ EH »
XQGHUJRHV WKLV V\VWHP 7KH V\VWHP ODUJHO\ FRPSULVHV |
WKH 8VHU ,QWHUIDFH 8, D 9RLFH 5HFRJQLWLRQ 6HJPHQW
$QDO\VLV DQ (PHUJHQF\ $OHUW OHFKDQLVP DQG DQ $, GUL
8VHUV LQWHUIDFH FRQVHQWY WKH XVHUV WR DGPLWWDQFH V
URXWH UHFRPPHQGDWLRQ DQG LQWHUDFWLQJ ZLWK WKH V\\
@

7KH 9RLFH 5HFRJQLWLRQ 6HFWLRQ XVHV WKH 6SHHFK WR
XVHU WXUQ RQ WKH VI\VWHP XVLQJ YRLFH FRPPDQGV ,W LV X
VI\VWHP PDQXDOO\ WKURXJK EXWWRQV > @ 7KH SDWK (VWLF
XWLOL]HV PDFKLQH OHDUQLQJ DOJRULWKPV WR DVVHVV FXL
DFFRUGLQJ WR WKH FXVWRPHUYV ORFDWLRQ ZKLFK LV FRC
ORFDWLRQV > @

ORUHRYHU ZKHQ WKH XVHU WXUQV RQ WKH (PHUJHQF\ $0
EH VHQW WR WKHLU JHRJUDSKLFDO ORFDWLRQ WR SUHVHW
WLPH WR LQWHUYHQH > @ > @ 7KH $, %DVHG +D]DUG 3UHG
GDWD IURP SDVW FULPHV DQG FULPHV DV WKH\ KDSSHQ LQ U
l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U



BURFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R

‘ 6FLHQFHV ,&5%$(6
U
WKH SHRSOH DERXW WKH SRVVLEOH WKUHDWYV DURXQG WKHF

7KH PRELOH DSSOLFDWLRQ ZRUNV XVLQJ WKH PDVWHU Vi
JHQ IURP WKH VHUYHU DQG WKH VHUYHU UHVSRQGV ZLWK W|
ZLWK WKH PRELOH FOLHQW WR JHW GHWDLOV RI FULPHV LQ L
DQG SURYLGH DQ HGJH IRU XVHU FROODERUDWLRQ 7KH $,
DQDO\]LQJ WKUHDWYV DUH EHLQJ KRVWHG LQ D VHUYHU

7KH VHUYHU DOVR VWRUHV GDWD OLNH FULPH VWDWV H
8VHUV VXEPLW TXHULHV WR WKH VHUYHU ZKLFK WKHQ UHVSF
RQ VDIH URXWHV DQG KD]DUGV D UHDO WLPH UHFRUG RI XV
7KURXJK UHDO WLPH DOHUWYV DQG *36 FRRUGLQDWHY WKH F|
VHUYHU DQG HPHUJHQF\ FRQWDFWV 7KLV EULHI &RQQHFW
HPHUJHQF\ UHVSRQGHUVY DQG RWKHU SUH IRUPHG FRQWDFWV
U

c o o o o cCc cCc cCc oo

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

)L  B6\WWHP :RUNIORZ

7KH PHWKRG RI IORZ WDNHV SODFH LQ D VHTXHQFH ZKHUH W
8, RU YRLFH 7KH KDQGOHUYTV *36 SRVLWLRQ LV DOZD\V WU
DQDO\]HG DV SHU WKH FULPHV G6XEVHTXHQWO\ WKH V\VWHTF
GDQJHURXV DUHDV DQG FRQWLQXDOO\ XSGDWH WKLV LQIRU
DFWLYDWHV WKH HPHUJHQF\ DZDUH V\VWHP ZKLFK LQVWDQYV
ORFDO H[SHUWV DERXW WKH XVHU ORFDWLRQ 7KH $, EDVHG
DQDO\]LQJ ORFDWLRQ GDWD DQG FULPH ZDUQLQJ WKH XVHU
W XVHV *RRJOH 6SHHFK 7R 7H[W $3, WR UHFRJQL]H VSH
VI\VWHP XVLQJ YRLFH FRPPDQGYV LQVWHDG RI SUHVVLQJ WKH
XVHG WR URXWLQH FULPH GDWD DQG DXJPHQW SDWKV+ 7KHVI
WKHLU SUHGLFWLRQV EDVHG RQ QHZ LQIRUPDWLRQ > @> @+
LQIRUPDWLRQ DQG KLVWRULF ORFDWLRQ GDWD+ 7KH *36 UHD
DUH DEFHVVHG DQG XSGDWHG YLD *RRJOH 0DSV $3,A DV VKR:

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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SURFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
) 6FLHQFHV ,&5%(6
U
SRil (UF( i@bl“libU b"U(a(+®@ (b ~
7KH 9RLFH 5HFRJQLWLRQ PRGXOH XVLQJ *RRJOH 6SHHFK WR
5HVHUYH $OHUW ZKHQ WKH XVHU LV QRW DEOH WR H[WHQW \
D VPDOO QXPEHU RI SUHVHW XVHU FRPPDQGVA VXFK DV +H(
(PHUJHQF\ $SWWHQWLYH 6\WVWWHPA ZKLFK ZLOO VHQG WKH XVH
PHYVVDJH WR D OLVW RI GHVLIQDWHG FRQWDFWYVY DQG DXWKR
U

)LJ *RRJOH 7TH[W WR 6SHHFK UHFRJQLWLR
7KLV DOVR DOORZV LW WR UHVSRQG TXLFNO\ HYHQ ZKHQ W
FRPPDQGY DUH VWRUHG RQ WKH GHYLFHA DOORZLQJ WKH V\V
UHFHSWLRQ+ 7KH (PHUJHQF\ $OHUW 6\VWHP FDQ DOVR XVH ¢
VHQG HPHUJHQF\ DOHUWYVY WR WKH DSSURSULDWH FRQWDFW
XSGDWHV+ HPHUJHQF\ FRQWDFWYVY WKHUHE\ DOORZLQJ WKHP
GLDO HPHUJHQF\ VHUYLFHV ZLWK WKH SHUVRQ V ORFDWLRQ
7KH VA\VWHP V 6PDUW 5RXWH )LQGHU DQG 6DIHW\ 7ULD(
WKURXJK WKH VDIHVW ZD\ RSWLRQV EDVHG RQ DOJRULWKP 1]
SDVW PLVFRQGXFWY SUHVHQW FULPHV DQG WKH SUHVHQW
KDUPOHVYVY SDWK > @ ,W SURIHVVLRQDOO\ PHDVXUHVY HQG W
DQC:} VXLWDE‘OH DOW‘H‘UQDV‘\/H UF\iXWI‘-|‘ 7KHV\VWHPLQFRUSRU
l<« bUbjlae6 XAUXVWAXBEBTWPRAXXOAVUU U uUWwuuwuuuuuuu’
U



BURFHHGLQJV RI WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%$(6
U
GLUHFWLRQ ILQGLQJ VXSSRUW FXVWRPHUV WR UHDFK WKHL
PHWKRG

7KH 6HFXULW\ 7ULDQJXODWLRQ V\VWHP DOVR WDNLQJV

OHYHOV LQWR DFFRXQW DQG LQGRUVHV VXSHUQXPHUDU\ UR}
VEKHPH LQIRUPV WKH XVHU DERXW WKH SUREDEOH WKUHDW
JRQHV RU WUDIILF GLIILFXOWLHV VR WKDW WKH FXVWRPHU L
7KH VIVWHP FDQ DOVR FRPELQH UHDO WLPH IDEFWV IRU FRQW
ZD\V G\QDPLFDOO\ XSGDWLQJ WKHP ZLWK WKH ODWHVW LQI
ILQGLQJ LQWHOOLJHQFH GHYHORSYV SHUVRQDO VHEXULW\ E\
URXWHV ZKLOH DYRLGLQJ RWKHU GDQJHURXV DUHDV

, QWHOOLJHQW 5RXWH )LQGHU DQG 6DIHW\ 1DYLJDWLRQ

)LJ , QWHOOLJHQW URXWH ILQGHU

l<« bUbjlaedXaAaUXVWAXBETWPRAXXOAVUU U uUwuuwuuuuuuu
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S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
‘ 6FLHQFHV ,&5%(6
U

Tk <“(aUla,[(a(b® “libU b"U>( “"1(<U

)LJ  1HDUHVW 3ROLFH 6WDWLRQ )HDWXUF
7KH OHWKRG ,PSOHPHQWDWLRQ HQWDLOV PHUJLQJ GLIII
VHDPOHVV XVHU H[SHULHQFH WKDW HQKDQFHV VDIHW\ DQG L
FRQVWUXFWHG RQ $QGURLG EDVHG RQ DGYDQFHG IUDPHZRUN
DQG LQWHUDFWLRQ 7KH VI\VWHPTV YRLFH UHFRJQLWLRQ V\V
WKDW OHWV XVHU GR KDQGV IUHH DFWLYDWLRQ RI VIVWHP 7
XVHU FDQQRW LQWHUDFW ZLWK SK\VLFDO PHDQV > @
7KH XVHU IULHQGO\ LQWHUIDFH IXUWKHU DOORZV FLWL]H
FDQ DYRLG WKDW ORFDWLRQ 7R JHW DFFXUDWH ORFDWLRQ
FKDQJH VDIH URXWHVY DV SHU WKH SHUVRQYV ZKHUHDERXWV
FDQ VHQG DOHUWY WKURXJK 606 HPDLO RU SXVK QRWLILFE
XVLQJ WKH (PHUJHQF\ $OHUW 6\WVWHP :KHQ DFWLYDWHG LW
VWDJH DQG DOWHUQDWLYH W\SH WR GLUHFW WKH UHVSRQGH
7KH V\VWHP IHDWXUHV 5HDO 7LPH 8SGDWHV WKDW UHW
LQIRUPHG RI WKH SRVLWLRQ Rl WKH REVHUYDQW UHVSRQVH
LV DOVR HTXLSSHG ZLWK DQ ,QWHOOLJHQW 5RXWH )LQGHU 7
VXJIJHVWV URXWHV WKDW DYRLG DUHDV ZLWK VXFK LVVXHV
> @ 7KH 6DIHW\ 1DYLJDWLRQ PHFEKDQLVP XWLOL]JLQJ ZLWK *
7KH 8VHU ZLOO JHW QDYLJDWLRQ WR WKHLU GHVLUHG ORFEL

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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U

ORFDWLRQ ZLWK IHDU DQG VDIH

URE(<"[“<U b"U(« [~ Uib

)LJ *RRJOH 6SHHFK WR WH[W 1/3 YV %DVHOL
7KH (I THFWLYHQHVV RI 6SHHFK 5HFRIJQLWLRQ V\VWHP ZKLFK
$3, DQG D H[FOXVLYH 1/3 ZzDV LQVSHFWHG IRU SHUIRUPDQFH |
JHWWLQJ DOWHUQDWLYH YRFDO LQVWUXFWLRQV 'XULQJ VWX
R ZKLFK LV FDOOHG DFFXUDF\ HYHQ LQ OXULG DWPRVSK
7KH PRGHO ZDV WUDLQHG ZLWK SKUDVHV OLNH +HOS A 62
PLQLPL]H WKH FKDQFHV WKDW WKH SKUDVH ZRXOG EH PLVXQ
$OHUW 6\WVWHP+ ,Q DGGLWLRQA WKH WLPH LW WRRN IRU WKH
UHFRJQL]J]HG zZzDV DOZD\V OHVV WKDQ + VHFRQGV+

7KH PRGHO ZDV DOVR VWURQJ DFURVYV GLITHUHQW DFFHQW
VWUHVV 7KH &OHYHU 5RXWH )LQGHU XVHG 0/ WR DQDO\]H OLY
URXWH IRU GULYHUV KLVWRULFDO DQG UHDO WLPH DQDO\VL'
DSSOLFDWLRQ ZKLFK XVHG &ODVVLILFDWLRQ $OJRULWKPV V
690 WR FDWHJRUL]H WKH KDUPOHVY DQG XQVDIH DUHDV ED
7KH VA\VWHP ZDV FRPSDUHG WR VWDQGDUG URXWH ILQGLQJ V
WR KLJK ULVN VLWHY DORQJ WKH URXWH E\ WKDQNV WR

l<« bUbjlaedXaAaUXVWAXBETWPRAXXOAVUU U uUwuuwuuuuuuu
U



S3URFHHGLQJV Rl WKH QG ,QWHUQDWLRQDO &RQIHUHQFH R
6FLHQFHV ,&5%(6

7KH URXWH FDQ FRQVWDQWO\ EH PRGLILHGA DQG UHSRUW)
WKH URXWH WDNHQ+ 7UDIILFA FULPH VWDWLVWLFVA DQG HP
VXJIJHVW URXWHV+ 7KH VHUYLFH KDV EHHQ VKRZQ WR EH DE
UHFRPPHQGDWLRQV UHWXUQLQJ LQ D UHDOLVWLF PLQXV
HQYLURQPHQWY ZKLFK DUH SDUWLFXODUO\ SURQH WR UDSLG

)LJ &RPSDULVRQ RI 5RXWH )LQGHU 7HFKQLT:

.H\ HYDOXDWLRQ ILQGLQJY UHYHDOHG WKDW $, DQG 0/ P
VI\VWHP SHUIRUPDQFH 7KH SUHFLVLRQ DQG UHOLDELOLW\ RI
XVHU WR LQLWLDWH D EDFNXS DOHUW ZLWK HIIRUWOHVVQH
DFFHVVLEOH G\QDPLFDOO\ RSWLPL]HG SDWKV HQOLJKWHQLQ
7KH FRPELQDWLRQ RI OLYH GDWD ZKLFK ZLOO JHW DQG DGYL
FRXOG JLYH VHQVLEOH DFWLRQDEOH VXSSRUW LQ GDQJHUYV

VRib [“<libU
7KH SURMHFW SURSRVHV D ZRPHQ V VDIHW\ VA\VWHP 6DIHKH

EXWWRQ ZKLFK VHQGV HPHUJHQF\ DOHUWY DQG XVHV PDFKLC
WLPH 7KH 6DIHKHU DSSOLFDWLRQ DOORZV \RX WR TXLFNO\ F
D SDQLF EXWWRQ YRLFH FRPPDQG QHDUHVW SROLFH VWDWL
VKRZ D KLJK OHYHO RI DFFXUDF\ \HW IDOVH DODUPV DQG LQ
SURMHFWY ZLOO ZRUN RQ PRGHO HIILFLHQF\ DQG SUHGLFW|

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
U
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U
GHVLJQ RI VPDUW VDIHW\ VROXWLRQ ZKLFK LV WHFK EDVHG
LPSOHPHQWDWLRQ SURYLGHY D FRPSOHWH VDIHW\ VROXWLRC
WUDFNLQJ LQ UHDO WLPH FRPPXQLFDWLRQ LQ FDVH RI HPHU.
XVHUV WR WDNH TXLFN DFWLRQV LQ D GLUH VLWXDWLRQ
DXWRPDWLFDOO\ FDOOLQJ $3,V %\ PHDQV RI *RRJOH 0DSV 3

OLQNVY SHUVRQDO VDIHW\ WR DVVLVWDQFH WKURXJK D PDS D

WR>"“"f(U< i, (U

7KH SHUVRQDO VDIHW\ $SS IRU $QGURLG GHYLFHV FDQ EH H[
$,A 0/A DQG PDQ\ PRUH+ ,W HPSOR\V IRUZDUG WKLQNLQJ $,
SURPLVLQJ GLUHFWLRQ+ 6XFK DV HPRWLRQ UHFRJQLWLRQ W
PHDVXUH VRUURZ WKURXJK DQ FXVWRPHU V YRLFH DQG 5H
$GGLWLRQDOO\A PXOWLPRGDO KD]DUG GHWHFWLRQ FRXOG E
ZKLFK ZLOO EH JLYHQ DGGLWLRQDO LPSDFW RQ ZRPHQ VDIt
LGHQWLI\ WKUHDWV ZLWK DXGLR+ $V LW OHDUQV WR LGHQW
IDFH GHWHFWLRQ DQG UHFRJQLWLRQ IURP GURQH LPDJHV DQ
5()(5(1&(6
P RRU«BUI27...1+aU 2 \ faU RU«RU<«6$i+aU[RULtRU@jUeiUIi27U RU
e e U« 6Ut:jedU, X061 ée :2U"\V 2 U X 16U"iefla UQOQTURXIUI2¢
|12e6++ 062eU "lelU :11j2 eéie :2U “6¢& 2:+: 06\U i27U 12e06X206eU
02 [+jXjaul27 laUQOQTaUURUPWTTAPWUPAUT: AUORPPOXII" |
Q MU @i26\i2aUbRU aalU aBRU ,U aal ,RU «RU £617...U I27U0 aRU ,au
“Xi2\U:Xele :2U«i 6e..aUQOQSUI2ebdX2ie :2i+U :2 6X62e06U:2L
:XU<deéjX e...aU :11j2 eéle :2UI27U«<j\el 2iee+0U"6}06+:U162eUu 1.
QOQSaUUURUPTWAPUQaUT: AUPORPPOXi I< <"URRWPRQOQSR
R XU 27U @RU « 2 faU ®:162U0 «i de...U «...\ed1U » e U (16X 62¢&.
,X0T ée :2a UQOQSU> X\eUlI2e6X2ie :2i+U :2 6X62&06U :2U “6é

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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f}i2edU :1Uje 2 U u“l ia,yauU i+ au 127:26\ fauU QOQsaUu Ul
PORPPOXi“l ia,USPQTRQOQSROOORWRU

S RRU Xiei+UbdeUi+RaU «i 6t:jed\alU iXe 2 UiU«dejXo6U,ie i UF:+
i 6e..U“ X:j U 1}i2861U +jledX 2 Ui2tU@,<VUl2ed Xie :2a U 20U/
PUURUWARPUURWOAaAUQOQSaUi: 4UPORPPOXi (««<RQOQSRRSW

T BRU@jUelaUtRU \ eealUaBU®I2'IXUI21U RUa:2 fauU <Udde U1td
(2 128 2 U<l 6e...U :XU®:162U 2U j +eU (2} X:2162ea U QOQRL
iX 62ei+U ii«<" U I12edX2ie :2i+U :11 eed6dU XU e 6U :f:
cel21iX? \ie :2U: U«UbOE U"ieiai\d\UIi270 \\6\\162eU “6& 2 Wjb
"6+ aUl21 fAaUQOQRAUVUUURUPAUPTAUT: AUPORPPOXIifi i i<" UO

U RU 6++i1171aU,RUTRU«IXj2aUbRU RUbRU[RUbIXIi..I21aU RU :1
<i au je:lie eéUiI21VUaj+e + 2 ji+U<UBOBE Utde: 2 e :2U127U“Xi2\-
+:j7U ,1Aa UQOQSUTe Ul2e6X2ie :2i+U :2 6X62&86U:2Ua:e +6U
12 :X1ie €\U Ul a <lyauU [i+ eUjXxauU boéUI+alU QOQSau Ul
PORPPOXil a <«IUPTRURQOQSROOOWXRU

V B*“BU“RUX :6 aU BRU<« 2 UI21U,RU12aU 2U«U66& fi 1\6TU(1:e :
"6edeée 12U >Xi16+:X'a U QOQIYiY(U:PTje 2 U i27U :11j2 eéle :
®:X'\ :UUI27U :2 6X62e6UlL ® yaU[iI\U«od I\aUb«aU~« auQoQTal
PORPPOXi ® UQXOSRQOQTRPOXORXWRRU

W RBRU«BUTaURUXRUXaUaRU(\i'" fUUI2U127U RU*“I1 « \6+} aU a:
e X:j Ucaca UQOQTUI2ed6X2ie :2i+U :2 6X62¢06U:2Uaj+e i 062el
|12e6++ 626U 0l ac< lyaU (X:76aU 127 jau QoOQTau UUR
PORPPOXil a< IUQTUPRQOQTRPOWXSPWPRU

X BBUa \ XiaU RU,jX auUt \ eiUi2i0aBU« 2 aU Ua:e +6U UU+
a.. jiIXTaU QOQRU Te U I2e6X2ie :2i+U :2 6X62e6U :2U 1}I:
:11j2 éfe :2U :2eX:+Ui27iUbobes:X' 2 Uul RbyaU@X6iedXUb:
PUOPAPUOTAaUT: APORPPOXil RbDUOOQRRBRQOQRRPOTSPTWPR

l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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U

PO RUXaU<«BUTUI2TUIRUDbAU ®:162 \U«l 6e..U 2U e d\U"\ 2 U
2 6X62806U:2U¢d+ U«cjlel 2iee+0U Xe e [+Ul2ed++ 062&06Uc..\¢

QOQRAUUURUPRWRAPRWVaUi: AUPORPPOXil <« <TVXPWRQOQ

PP«RUXRU« IX1iUI21U,RUtI2%i271aU ®:162U«i de..f<l} :jXU 27X: 7l
I12edX2ie :2i+U :2 6X062e6U :2U 1}i2e6U :1Uje 2 U i27122:}ie }
(2 266X 2 U ul I“(yauU @Xxo6ied6XU b: fiau 127 fau QOQQau
PORPPOXil I“(TRVQQRQOQQRXWQRSXURU

PQ«RU IiXei+aU«BUc¢ 2 aU RUXIilae:$aU RU<« X: UIi2TU RUabd e:al
<l 6e...UcliXeU :26U UU+ éle :2AU <« XFIa UQOQRU*“ XiU l12ed
«0ejXoU ...a@06XU :1Uje 2 Ui21U :11j2 elie :2Uul <« vyauvi+i2i I3
QPQAQPVaUT: 4PORPPOXil <« TWUOWRQOQRRPOPVUVOPRU

PRaRU<«j2 e TaU RUFI 1}621XiauU RU +6'...10U%ti2 aURU «Xj$i2012
7}i2¢67U« 6e...Uc:+je 120"\ 2 U@ ,<Ui21U<H62\:XU“6¢& 2:+: 06\U
QOQSU I2edX2ie :2i+U :2 6X62e06U :2U «j\el 2iae+06U :11j2 el
UU+ ele :2U001 < b yau* 62 aul27 fauQoQsnruU

PSIRU Xj271 le Ui2TU@RU<« 2 faU ®:162U«i 6e..U«...\ed1lUs+ e U(1
i2TU,X67T ée :2a UQOQSU> X\eUl2e6X2ie :2i+U :2 6X62e0U:2U"
7}i2é6U :1Uje 2 Uu“l ia,yaU i+ aul27:26\ faUQOQSRUU

PTUVR RUaj\i+6U-U BU RUXITI1aU I[abbe bbaU:Ue 1 «ie :2Ub62ie
@\61Ul:e +626eU : XU [éd6UTbedée :2UiI21UX0&: 2 e :2U X:1UIX
21U« 76:U,X:e06\\ 2 dRiQOQTYyEX iIPORPOOVI\PRNVUOAOQTAOS™

PUUR/RUbj+..2U,j2 e iUaiX'i}ile aU«RU«i$ TaUXBUO6+}IXi$auUVRU
Uuautoi+na“ 16U(16X 62e&..UcliXeUtd\U:2\6Ue X:j U< i'6U"0e
+0Xe\a UQOQTUI2edX2ie :2i+U :2 6X062e6U:2U12ed++ 62eU

al I <«yau (X:16aU0 127 fau QOQTau UUBLAU TXT
PORPPOXil | <UTPXPRQM@QTRPOXWSUTWR
l« bUbjlaedXAUXVWAXRATWPRAXXOAVUUU U U U U
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