6(16,1* 3/$7)250 $1' 2%-(&7 027,21 '(7(&7,21 %$6(' 21
3$66,9( 8+) 5),' 7$*6 86,1* $ +,"'(1 0$5.29 02'(%$6(’
&/$66,),(5
E\

<281* +2 /((

$GLVVHUWBRBARIRMWHG WR WKH
*UDGXDWH BFHKRRQ XQVZLFN
5XWJHUV 7KH 6WDWH 8QLYHUVLW\ RI 1HZ -HUV
,Q SDUMDDIOO GRR HMKMH UHTXLUHPHQWYV
JRU WKH GHJUHH RI
'RFWRBKRIORVRSK\
*UDGXDWH 3URJUDP LQ (OHFWULFDO DQG &RPSXWH
"ULWWHQ XQGHU WKH GLUHFWLRQ RI
,YDQ ODUVLF
$QG DSSURYHG E\

1HZ %UXQVZLFN 1HZ -HUVH\
2&72% (5



<
<281* +2 /((
$// 5,*+765(6(59("



$%675%$&F) 7+( '(66(57%$7,21
6HQVLQJ SODWIRUP DQG 2EMHFW ORWLRQ '"HWHFWLRQ %D

7DJV 8VLQJ D +LGGHQ ODAIONRG O&KGHWOV LILHU

E\ <281* +2 /((

‘'LVVHUWDWLRQ "'LUHFWRU

,9%1 0%$56,&

JRFROQWHAWUH V\VWHPFRAERQWN VHWWHLYHIID O WISHV RI VHC
KDYH EBSQ0MWRG FDSZARUBNH+WLYLWLQOQWURGRSHHVIBDQW

VHQVLQJ SODWHRUBFRWQLGHRVHFWLRQ V\DWHR GNQQIUDUNRY
&ODVVLILHU EDVHG RQ DP8+PBWFDWYWHIPEGO VWUIHQJIWK
SDVVLYH 8+) 5 VMDWDJVHON RMRGURYLGLQJ LQIRUPDWLRQ
PRYHPHQW. GKCGWIARUREMHFWWKHDWGED QJH RNMISDH 8+)

5)," EURDGHQV XBHWRIUV FRPSDRHMEGHWRUJDQJH RI +) 5),'
SDVVLYH WDJV KDYH EHHQ XVHG IRU PDQ\ DSSOLFDWLRC
GHYLFHVY DQG REMHFWYV RI GDLO\ OLYLQJ 7KH 5) FRPPX
UHDGHU DQWHQQD DQGVWDKME LRY ILQGRRM IRV WHQ QD OR

UHFHSWLR@GWHQO® RULHQWDWQEQ HOLNPBWARKY ZLWKLQ

LL



DQWHQQD FRYHUDJH DUHD :H SURSRVH D GHVLJQ RI
WUDENLQJ REMHFWV XVLQJ D 8+) 5)," VIVWHP ZLWK SDV\
FRQWLQXRXV VLIJQROHUHWKSWERYHUDJH DUHD :H ILUVW
FDXVHV RI SRZHU ORVV IRU SDVVLYH WDJV DQG WKHQ C
VROXWLRQ XVLQJ DQWHQQD GLYHUVLW\ 7KH FDXVHV
HOLPLQDWHG ZLWK DQJOH DQG VSDWLDO GLYHUWLW\ F
DUELWUDU\ DUHD Rl LQWHUHVW :H LPSOHPHQWHG WKLYV
D WUDXPD UHVXVFLWDWLRQ URRP DQG HYDOXDWHG LW E
RI VLJQDO VWUHQJWK DW GLIIHUHQW SRLQWV DQG DQJO
VHQVLQJ SODWSRUWHG®XSRPSOHWH FRYHUDJH DQG
LOQWHUURJDWLRQ RI WDJV DV WKH\ PRYHG LQ WKH DUHD
WKLY VHQVLQJ SODWIRUP ZLOO EH VXLWDEOH IRU XQLQ\
8+) 5),' WHFKQRORJ\ LQ JHQHULRILYGRRIIR GSKOH HAHQVL Q.
SODWIRHBHYLOQREMIRRW LR®WHFWLRQ V\VWHP XVLQJ SDV
5)," WIVJDWWDFKHG RQ PHGLFDO WKEMIHEDW? \7\RBXDH W K
DFFXUDWH GHWHFWLRQ RI REMHFW P RKHPGEW NRY SURS
PRGHO ZLWK FRQWYDWRB®&R BWHLS UR FH V VEROW HIG DEPIHW D
VHIPHQWDMWQBERRWLRQDQVLWLRQ: HIDOGMKH FKDIQQH
EDFMNDWWHUK®O VWUHQJIJWK FDM®RGE DR HRALIBERW H F W
PRYHPHQW RI REMMHABR PD[LPL]H WKH DEEXUDF\ RI PF

GHWHRIXQ+00 EDVHG FODVVLILKUDIOQG GHWDMWEBHGDPLF

LLL



VHWW IDQUG LIIHUHQW REMHFGHMNORBEVG)," VIVWHP LQ D
KRVSLWDO WUDXPD ED\ DQGSSHRDENKWHBEWRXUHFRUGHG L
WUDXPRREXULQJ VLPXODWHG SHWIRWPHED BALRQB XPD WH

2XWPRWLRQ GHWWWWERRAXKRZV D MFKKUVMD ERPOQLQ

LY



$FNQRZOHGJHPHQWYV

, ZRXOG ILUVW OLNH WR WKDQN P\ DGYLVRU 3URI ,YDQ O
VXSSRYM SURYLGHR FPTRUVWKHWRLMRQGXFW UHWHBORK HGKDW
DYDULRWNHOGV WKURXJK DQG WUXO\ HQMR\HG

, DP JUDWHIXO WR 3URI *DMLF 3URI 6SDVRMHYLF D
SDUWLFLSDWLRQ LQ P\ WKHVLV FRPPHQWNH DQG YDOXDE
$ YHU\ VSHFLDO JUDWLWXGH JRHV RXWLBWLRQDX 0B CLWI
FHQWHU IRU OHWWLQYUDPKPDFFHVV WKH

, DP DOVBWMWIRK®\ ZLIH DQG GDXJKWHX SR (WRWILRH D O

7TKDQNV IRU DOO \RXU HQFRXUDJHPHQW



'"HGLFDWLRQ

, GHGLFDWH WKLV WR P\ PRWKWHURD @G IZDWK BH L @ K DNMN\H U

PH

YL



7DEOH RI &RQWHQWYV

,1752'8&7,21

6HQVLQJ 30DWIRUP
&KDOOHQJHYV

&RQWULEXWLRQV

2EMHFW ORWLRQ '"HWHFWLRQ 6\VWHP
&KDOOHQJHYV

&RQWULEXWLRQV

%$&.*5281' $1' 5(/$7(" :25.

6HQVLQJ 30DWIRUP

2EMHFW ORWLRQ '"HWHFWLRQ 6\VWHP

YLL



5),' 7(&+12/2%< )250(',&$/ 6(77,1*6

3DVVLYH 5)," )UHTXHQFLHYV

3DVVLYH DQG $FWLYH 5)," 6\VWHP

6<67(0 02'(/

6HQVLQJ 3ODWIRUP &RQILIXUDWLRQ
+XPDQ 2FFOXVLRQ
3RZHU /R\RP $QWHQQD 2ULHQWDWLRQ OLVPDWEK

%UHDNSRLQWYV

6HQVLQJ 3ODWIRUP "HVLJQ

([SHULPHQWDO 5HVXOWYV
+DUGZDUH 6HWXS IRU WKH 6HQVLQJ 30DWIRUP
([SHULPHQWDREBOVREWNYHUVLW\

([SHULPHQWD RBRYWXOQWQ®J %UHDNSRLQWYV

'LVFXVVLRQ

$QDO\WLYVY DQG 3URFHVVLQJ RI 566,
566, SHDG 5DWB W\LVQHJIV H6A | H

566, 'LVWULEXWLRQ

YLLL



SUREDELOLW\ 'LVWULEXWLRQ RI 566,
566, SBURFHVVLQJ
566, 6HIPHQWDWLRQ

7UDQVLWLRQ 'HWHFWLRQ

+00 &ODVVLILHU
IDLYY HGGHQ ODOURNRYO 1+00
$XIPHQWHGGHQ ODOURNRYO $+00

6LPSOLILHG $+00 6%$+00

6<67(0 (9$/8%$7,21

,QGLYLGXDO &RPSRQHQW (YDOXDWLRQ

6\VWHPUGZDUH

7DJIJHG 3DVVLYH OHGLFDO 2EMHFWYV

'‘DWRROOHFWERQ XOJBXWR WD

([SHULP HBRHVX® W V

&21&/86,21

5()(5(1&(6

L
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, QWURGXFWLRQ

JRFRQWIHZWUH V\VWHPFREWN VHWWHYGHIWDO W\SHV RI VHC
KDYH EBSQO0MHRG FDSIWRWUBFWLYEVW@AE@@®$SPRQJ WKH VHQVRU
WGUBHTXH@HQWLILFDWLRQ 5)," WHFKQRORJ\ KDV EHHQ
DUHDV IRU LWV SULPDU\ IXQFWLRQERD®E@HQ®IIAIORQ DRE M |
D VHFRQGDU\ IXQFWUIRMF MPREVHMEVEDWKEB BROFHLYHG VLJC(
VWUHQJIJWK LQGLFDWLRHQHPIBBILQI UHVHDUFMBKEWLWYH\ LV
UHFRJQLWLRQ ZLWK SBYVVVWPRGBYWRIQPRWLEBRWHFRMLRQ

PHGLFDO WE/MBI DYWLV IRU DFWLYQWD WH BRI DIRDW

SDFHG WLYK HQYLURQPHQW Rl WUDXPD UHVXVFLWDWLI
FRQWHZWUH V\VWHP ZKHUH FRQWH[W UHIHUV WR WKH
DFWLYLW\ :KLOH PRVW DFWLYH GHYY DF WV XXX EEKDHW U X P F
SDWLHQW PRQLWRULQJ V\WVWHP SXOVH R[LPHWHUV D
SURYLGH YDOXDEOH LQIRUPDWLR Q@ @SWK \SLKA\N LRDRLIFEHFD
WRROV VXFKRIIDO/NHDIDVN %90 FHUYLEGHBW HRORW WD Q&2 H\
QHHGEG GLWYRQPMRUV WR GIRRWPIDGMH.RQ RQIRWKMPRH BGRBWH[W
DZDUH V\¥V@HPWHFWLQJ WK @ R\G HRW IRL SDWNVRYM REMHF
LQ WKH ED\ FDQ VHUYH DV UHOLDERH AXQUBHWWWWRE NWR

WHDP DFWLYLWLHYVY EHFDXVH PRVW PHGLRFBLD VRE G HAWAK



GLIIHUHQW V@DVNYV

7KH SDVVLYH 5)," WDJ LWHRQRURI| WWKIHW K D VK RM B QWYO\CH G
HQYLURQ@PRQW HWHFWLQV RIKRHGWBWX REMHFWV GXH W
DGYDQWDJHRXV DVSHEWV WKDQ RWKHU VHQVRUV VXEK
FRPSXWHU YLVLRQ 3DVVLYH 5),' WHFKQRORJ\ SURYLG
GHDOLQJ ZLWK GLIIHUHQW VKDSHV@L.E®G O/ IV]HW VRIL RIEM HEHN
D SDVVLYH WDJ RSHUDWHV LXK BAK FOX W HED WM R SQHV VW U X
UHTXLUHV QR PDLQWHRPMWIFHF WRLAEH DBGGO\ DSSOLFDEOH W
LWHPV LQFOXGLQJ GLVSRVDEOH RQHV &RPSXWHU YLVLR
EXWDLVHV SULYDF\ FRQFHUQV DQG LV OHVV VHQVLWLY
RULHQWHG REMHFWV RI YDULRXV VKDSHV WKDQ 5),' W
IXQFWLRQ LV LGHQWLI@ Q@ , R EWHKH WW G BH® @ @
SDVVLYH 5)," WDJV DUH DSSOLHG WR GHWHFW WKH SUHVI
URRP DQG QRW FDSDEOH RI SURFHIGQAD X LRGR R BIW LR IQHR/ &
VIVWHPV DUH LQWUXVLYH DQG UHTXLUH PHGLFmMO VWDII
SDVVLYH 5)," VIVWORRXVFRIQWIGHU VLIJQDBDXWBBWTXYHHG
5)," WDJV KDUYHVW HQHUJ\ |UR PUBVGHRL@MOHRIDFEMHRW L R Q
DFWLYDWARQWLQXLWLHY LQ WKH UHDGHU VLJ@D@OZLWK!
FDXVH SRZHU ORVV, ®REWHKFWVY U\D DNV IRROWVS IS IERJ LWLFDO

SDVVLYH WDJV UHFHLYH DFWLYDWLRQ SRZHU FRQWLQXR



UHDGHUV FDQQRW SURYLGH SDVVLYH WDJV ZLWK SURS
DFWLYDWRUWHYGRQG WR UHDGHU-V LQWHUURJDWUIORQ PDN
GLIILFXOW $V WKH ZRUNLQJ UDHJ$D QRG H8G )X ) NWRIU V
FRPSDUHG WR PHWHU RI KLJK IUHTXHQF\ +) 5),' 8+) VL
PRUH IRU VLJQDO GLVFRQWLQXLWLHV ZLWKLQ WKH FRY
LQGLFDWHG SRZHU ORVE+RISWK W BBVDLE® @

,Q WKMKHVZIN SUHVHQW D VHQVLQJ SODWIRUP DQG D PRW
IRU SDVVLYH REMHFWV LQ D WUDXPD ED\ XVRRUW SDVVL
VHQVLQJ S GHWLRRFPMRHBURYDRBRQWLQXRXV VLIQDO UHFH!
WUDFENLQJ REMHEWV EIKLHE&YVRWKBEBAMMGIQDO VWUHQJIW
LQIRUPDRQ REDENVEDWIV D VURFBIWVE KH UMBIGPRWLRQ
GHWHFWLRQ V\VWHP XVHV D KEDGH® DO/ QBN PRIEH O
LQIRUPDRMLR®YLQJ DQG VWDWLRQDU\ VWDWHWRHGDVVL"
RQD SDWLHEHG RI D WUD:XP B HEBUGHEM D LFKD® OHQ JH
FRQWULEX®HRRQIGHDIRWPDQBAWYWSDUNVWFWLRQV IRU Wk

VHQVLQJ SODWIRUP DQG WKH PRWLRQ GHWHFWLRQ V\VWHI

6HQVLQJ 30ODWIRUP

$ 8+) 5)," UHDGHU UDGLR V\VWHP LV D WUDQVFHLYHU



UHFHLYH WLURD®WDQNKRXYO\WKH VDPH U KT @D F\
LQYHVWLIJDWHG WKH EFDXVHV Rl SRZHUR®RG M QA RUJ VS-DQY/WILLQY
SODWIRUP VROXWLRQ XVLQJ DQJOH DQG VSDWLDO GLYH
WKLY SODWIRUP WR D FURZBWE L XQRR RH WHWFWWQWRRQ U
IDVSWFHG WLVYK KRVSLWDO HQYLURQPHQWYVY VXFK DV WUD
VXUJLEDMUDWLRQ FDQ EHQHDZW UM RRVAVRHPWVHWKDW UHERJ
DQDO\]H FXUUHQWO\ SHUIRUPHG DFEWLYLWLHV 2WKHU VW
WDJV IRU WUDFNLQJ PHGLFDO REMHMHRADWH W\SD/HER RIXD
SURYLGHG QR VSHFLILFWW®@®VEBD GZDWKRERZHU ORVV RI
> 8B’ 8 @

,OQWKH VHQVLQJ SODWIRU E HR[IDWK®N NV KB XY WVSREZ MAD J
ORVV LQ LQGRFH@MWWHVHQW D SODWIRUP EDVHG RQ L
VIVWHP WR SURYLGH VHQVLQJ U RYVIRHIWOIDIRMV [IRU
GHVLJQLMLR SURYLGH XQLQWH U U XBY\WHLG WKHD 6 H H DV RI QLOOA
ZLWK QRQLQWUXVLMHM BPEHE @YDV RU RWKGKHYURBYWHG
DQ5)," VIVWMRRXOG QRW EBWRY SHKRISOH -V ZRUN DQG HTX
PRYHPHQWH ORQJ UDQJH RDBGRZWDAV WR LQVWDOO 5),

DQWHQQDV RQ WKH URRP FHLOLQJ



&KDOOHQJHYV

7R SURYLGH XQLQWHUUXSWHG UHDGHU VLJQDO ZH LQYH
FDXVLQJ WKH SRZHU ORVV KXPDQ RFFOXVLRQ LQGRR
DQWHQQD RULHQWDWLRQ PLVPDWFK EHWZHHQ WKH UHD(
EHEFDXVH WKH UDGLR VLYQWDWNPRFID@QRW SHQHWUDWH K>
WDJV RFFOXGHG E\ SHRSOH DUH UDUHO\ DFWLYDWHG 7F
UHDGHU VLJQDO ZH HPSOR\HG PXOWLSOH UHRKRHRPU DQW
FHLOLQJ 7KH QXHBRAW D®EDWLRQV RI WKRVBWHMEQQD\
DFFRXQWLQJ IRU WKH RULHQWDWLRQ PLVPDWFK DQG W
RULHQWDWLRQ PLVPDWFK FDXVHV SRZHU ORVV OHDYLQ.
XQDEOH WR SURYLGH LQIRUPDWLRQ WR WKH UHDGHU

GLUHFWLRQDO WXKHWHWHQ XIRZIHRQ GXH WR WKH RULHQ
EHWZHHQ WKH UHDGHU DQG WKH WDJ &RPSOHWH RULHQ
JHUR SRZHU GHOLYHUHG WR WKH WDJ :H LQWURKBMNFHG D
SRZHU ORVWHKHRRULHQWDWLRQ PLVPDWFNKSRIKIWEG DWKI
DFFRXQW IRU SRZHU ORVV RI SDVVLYH WDJV ,QGRRU UD(
PXOWLSDWK DQG GHOD\ VSUHDG DQG WKH HIIHFWV RI
FRQVWUXFWLYH DQG GHVWUX® VE YaK LLQM MAKI H UFHRQF/HV U X F'
LOQWHUIHUHQFH VWUHQJWKHQV WKH UDGLR VLJQDO WKF

PDNHV GHHS IDGHV FDOOHG "EUHDNSRLQWYV p LQ ZKLFK



HYHQ ZLWKLQ WKHDZRHNE Q® @7R FRYWKLV HIIHFW

LQYHVWLIJDWHG EUHDNSRLQWY DQG LQWURGXFHG DQW
UHDGHU DQWHQQDV DW GLIIHUHQ WQNMHITRVEVRGY bl VW KWK B
DERYH FKDOOHQJHVY DQG GHYHORS D VHQVLQJ SODWIR
ZRUNVSDFH LQ RXU ODERUDWRU\ EHFDXVH WKH DFWXDO
WLAFHRQVXPLQJ VI\VWHP GHYHORBFPRBMH U IAHRCH O |

&276V\VWHBRLFK LQFOXGHV DQ 5)," DIQDGHWDWHDGE WDV YV

8+) WDJV

&ERQWULEXWLRQV

7KH VHQVLQJ SONWVRWRUHH FRQWULEXWLRQV )LUVW XV
H[SHULPHQWDO PHDVXUHPHQWY ZH FKDUDFWHUL]HG SI
GHPRQVWUDWHG WXWMQD IV EQJOFHRY FRQWLQXRXVO\ WUD'
RZQ UDQJH GXH WR EUHDNSRLRIW P DDMFRX FBWIRHEDRPE® L R Q
ZH SUHVHQWHG D VHQVLQJ SODWIRUP GHVLJQ RI D 8+) !
DQG VSDWLDO GLYHUVLW\ DV D VROXW L R)G VDS SADK_HH G RN
WR D FURZGHG LQGRRU VSDFH :H WKHQ HPSLULFDOO\ Yt
E\ PHDVXULQJ 566, DW GLIIHUHQW ORFDWLRQV DQG DC

LOQWHUHVW 7TKLUG ZH VXFFHVVIXOO\ DGGUHVVHG SR



FRQWLQXRXV 5)," UDWDRRQFTHKQLPLQDWLQJ SRZHU ORVV F
LOQWHUHVW 7KLV VHQVLQJ SODWIRUP ZLWK VPDOO PRGL
XQLQWHUUXSWHG REMHFW WUDFNLQJ ZLWK 8+) 5)," WHFK

LQGRRU VSDFHYV

2EMHFW ORWLRQ '"HWHFWLRQ 6\VWHP

2XU REWMHRQ PRWLRQ GHVWHRVYMQ RIPHWERPRYLQJ DQG
VWDWLRQDU\ VWDWHVY RI SDVDWWD RHHFEAKF B, ' RE BHE W V
,PSRUWDQW SURSHUWLHV RIQRRUQWURFHEBWURQ DQG
SUHVIHWIY WKH SULYDF\ RI PHRGLMXKM WQRHRWYAMY DQG SULYDF
SUHVHUYLQJ V\WRSHPRKZAH SDVVLYH 8+) 5)," WDJV ZKRVH
URQIH LV XS RHRVH UV ORKILD Q DD ORZ),' UHDGHU DQWHQQDV \
PRXQWHG RQWR WEKRYFAH (ZIRQUN DBB[LPKHRDQJH RI
PHWHUV LV VRLQWHHQ®RDWWHIRP WKH UHDGHU DQWHQQD
VLQFH KMKHRW FHLOLQJ LV W\SLFDOO P HVRH B'RU & HWKLFQV
PRYHPHQW Rl PHGLFDO REMHFEFWWYW WHK@OWHK FIBMWLHR® VE8 QT
RI WKH WDJ LV XVHG 566P HD VERHIQRM DAGKHU SRZHHFHLYHG
UDGYRJWYDWRP DQ 5)," WDJ 6LQFH WKH VWUHQJWK RI W

YDULHV ZLWK WKH ORFDWLRQ DQG @ U8 HED \@B&6L RY Bl WK



JRRG LQGLFDWRU IRU GHWHFWLQJ PRYHPHQ VO RAEDWLR® C
RU DQJOH DUHURRD@WBY®WKH UHDGHU DQWHQQD WKH WD

QHZ ORFDWLRQ ZLOO EH GLIITHUHQW DURIPR@KDW DW WKH

&KDOOHQJHYV

'KHQ GHYHORSLQJ D SUDFWLFDO V\VWH FE K DNOKOHUQH HOVU +
LQYROYHG56PHDVXUHRHQMGY WR EH VLIJQLILFDQWO\ DIl
WKHUPDO QRLVHGHW WIKGH ZKLFKDPBHVXCREWVRQUHPHQW
EHFDXVH GBBHBWOMHMQGY RQ ZHDN EVENMERFWWHURB WKH
WDJ 7KH SRZHU RI WKH EDFNVFDWWHWRG VLDWDWKHY W\
UHDGH@® $OWKRXJK WKH GLVWULEXWLRQ RI 566, LV
*DXVVBD@ @UDFWIPHDO/OWHG 566, GLVWULEXWLRQV DUH
*DXVVLDQ GOXQH WHGLEWOERBIRSDIDWKBIWEXPEHU DFFXUDW
FDOFXODWER® ® ® @7KHVH YDWLRWULEXWHRXQOG EH
DGGUHVWHREKDVWLF SURFHVVLQ36RQ PFEBY X UHFRPQ Y
IDVARRYLQUDRYHU D VKRUW \LOIWEVYDQVXIILFLHQW LQIRUF
PRYLQJ VWDWWHKHIFDXVWHP VXIIHHY HIRIPORRYVE® @
UHVXOWLQJ LQ ODFNLQJ RI WKH QXPEHU RI GDWD VDPSO

7KHGHYLFIHYHUVLW)\ LQ 566, PHDVXUHPBQ@L WDQG\A6S , H[ W U D



'LIIHUHQW 5)," WDJV UHDGHUV DQG DQWHQQDV HYHQ U]
GLIIHUHQW FK D UIDANVIQDICA\E UENVEW ®UD/ QX PEH W KRR V H
GHYLFRIY HPROUDPWHHIXLWHWHDW GHDO RI7TKX@GERMN
GLYHUVLW\ IDFWRUV LQ 566, PHDVXUHPHQW VER&OG EH L
IURP X OW LGHOYH. FH V 7UDXPD URRPV DUH FURZGHG ZLV
DURXQG WKH DUHD RI LQWHUHVW FDXVD@¥ L@@WEUIHUH
UHVXOWLQJ LQ QRLV\ 566,

‘H GHYHORSHG D GHWHFWLRQ V\VWHD O\RH G/BHVXNIDAHN @/H H
&KDOOHQJH DQG @& QWW V MERIWIRSQMD QG UHDG UDWH
PXOWLBDH LQ WKH DUHDVRH ISOMHBIQWN EHG ZH GHVLJ
SUHSURFHVVRU WRDUHDRIFH6®W KBLVWULEXWLRQ LQWURG:
WKHUPDO QRLVH DQG LQGRRU SURSDJDWLRQ DQG PDNH
IROORZ *DXVVLDQ 'XH WR &RDXAVQHOBIWKDY @B 566,
FDXVHG E\ LWV UHORF DIVE\RROD XUNDHVKAERD WHKHD BRYLQJ WD J
LQWURGXFH IUDPH EDVHG VHJPHQWDWLRQ RI 566, GDWD
XVH LW IRU REVHUYDWLRQV RI WKH +00 FODVVLILHU ¢
PDNHY PRYHPHQW GHWHFWDROQYR QG BYHDPHWBRYVYRWLRQ
ILQGHU WRLGQHWMKH H[DFW PRYHPHQW WLPH ZLWRLQ D IU
WDFNE&BOOHQJAH FUHDWH D FRPWHNQWRMMRIUVLWIRMHUPYV

KLGGHQ ODrOMY¥LIHHXVH GLIITHUHQFH RI 566, EDVHG RQ L



UDWKHU WKDEVVREBMHYDOXHELIYHUHQWLDWLQJ 566, YD
WZR FRQVHEXWLYH IUDPHWDBRPWREGHHDPWKDIUDPH 566,
LOQWURGXFHG E\ GLYHUVHWLRDOWRBWOFIND HH.KDOOHQJH
GHYHORS DEODMYVEDLHHG RQ P DHIDWUMH @G G LWILR QVK H
LOWHQRHHIBFK Rl PHGLFDO REMHEWYV KDNTXWR FEZQ XV D JH
XVHG/RHE UH DGAHIHUSDQUD PHWH UV ORDOVWKHUHHD FK REMHFW
WUDRQQ WKH SUHVHQGMW HU | MARHIQFG E\ KXPD@®BYLQJ
HQYLURQAKE QY ZMYHDE@XJRHVHG +00 FODVVLILHYHURP Wt

ROQWRQ F U HIDHWAH BRMIUR R U PIXQUMHK H U

&ERQWULEXWLRQV

‘H PDNH WKH |RERORZUREX)WUR®YYV ZH LQYHVWLIJDWH GLVW
566, LQ WKHH@GLRRIPHAW.QG RXW WKDW WKH GLVWULE>
YDUWLWK ORFDWLRQV DQG KDYH ODUJH YDULDQFHV :H S
WKDW SURFHVV G566 NEWHFWDQPRWLRQ DQG PDNH DFF)
DSSUR[LPDMRLRWKWH *DXVVLDQ GLVWULEXWLRQ IRU VWDWL
IRU WKH GHWHFWLRQHVBQPRY ZHH PHWKRG RIKERBGWWUXFV
ODUNRY PRGHOV ZLWK FRQWLQXRXV REVHUYDWLRQV LQ

VHIPHQWDWRRWLR@GQVLWLRDKH PEWWKRG UHFQUWD LK D



LQ GHWHFWLRQ HUURRRROPMWMHMREQDLYH7#DOGZH LQVWDOO
DQ5)," VIVWHP LQ D KRVSLWDO WUDXPD ED\ DQG HYDOXDYV
7KLV UHVXOW LQGUKHEHDVNYYWK®ONY WRUOV D QHZ VRXUFH R
SURYL®ERW RQO\ LGHQWLILFDWLRQ RI RIQGREPDRRRNHFW

WKHLU PRYRBREWBRD UH V\VWHRPAS IV BVQV L Q J V

% DFNJURXQ®E ODWRGN:

6HQVLQJ 30ODWIRUP

$ VW XBQ DGLZRYSURSDJMDWIGRBD FN FRPP WO UF DWQ RQ

RIILFH HQYLURQPHQW XVLQJ D QHWZRUN DQDO\]JHU
‘EUHDNSRHYW® ZLWEBL@WLIJKW@KHGHPRQVWUDWHG WKD
VLPSOH VOOWEKDQGHOLPREHXHUDO GRHVRQRMQ GRROWG
SURSDJDMWIRQPKHU VWXG\ HYDOXDWHG WKH PLQLPXP DFW
WDJ G%PXVLQJ D DQHFKR DR 6KDREHUG WK DWUW R BWHK JQD
RI HDFK 8+) 5)," FKDF&KBQ Q HOKHLQD QJH? 0+]

PHW WKIB%P WRQQWKUHVKBDFHG RQ WKHIK RGO W V
WKEUHDNSRLQWYV E\WHKIHD \BXEX®Y LQ WKH DUHDDRG LQWH !

FKHENLQWKHZWDHEORZ WKHR®YXWIQU HYER® CRIRAWNV U KBWSR Q



L QW H ULLRRQIHD W V H/GR/HE U H D N SRR BOW\OL\R GW VLIQUD P HRW H U
RXVUHQVLQJ SODWIRUP

7DIWLIQDO SRZHU DWWHQXDWLRQ IURP RULWBWDWLRQ F
DQG UHDGHU DQWHQQD KD ¥H @& K QH MHYXIGKHR® H Y H U
SURY&EGQRGHVLVROXWLRQW IBRZWWD IRV W KGBHQ VLRQDO
YLVXDOL]DWLRQ RI WK KVKD AR EBRADIEFRAHY® WLRQ SRZHU R
WDJ DW FHUW FDXVFRPGOWWH SRZKUFRRAH/ DOVR YHULII
H[SHULPBQWAD DO UHVXOW LQ DQ LQGRRU HQYLURQPHQW
DQG RULH@WDRDWVREX HV Z L WRKWLIQ KWOW®BW FDXVH WDJ-V S
LQ WKH FRYHUDJH RI D UHDGHU DQWHQQD

3UHLRXV VWXGLHV XVLQUDSDIVQUYBSSELHG D VLQJOH UHD
WR FRYHU WDJV LQ WKK DE)WH®Qds VDQJEH DQWHQQD
KRZHYHU LQDGHTXDWH WR VHQVH WDJV DW DOO GLVWD
WKH RULHQWDWLRQ PLVPDWFK DQG EUHDNSRLQWVY DQ
FRQWLQXRXV WDJ UHDGLQJ HYHQ IRU WDROWERWKHQ LWV
KDQG VWWEDMAMHG PXOWLSOH DQWHRQKBNS BH@EE\]HG
DSSOLFBWURRUPDQFH BBFBUDHUHQW FRQ IWBGXD\EDRW |
DQWHQODBNWWHUPLQH WKHWEBRYHLQSRUX® W H QMDD ¥R Y H U
WKH DUHD RI>L@VEBWRIHWYHWKH\ GLG QRW DQDO\]H SRZHU

WDORGBHVHI®P VHQVLQJ SODWIRUP V\VWHPDWLFDOO\ X\



VSHFLILFHWL.REBRGPXOWLSOH DQWHQQBY® FRULQWHUHVW
KRZHYHQY HV VGIUIDGHR VSHFLIIQB) W IDRQVRIQ R IV KD & V H V

RI SRZHWIRSRVVLYHDWBJIJSURBYLMGHOVLQJ SODWIRUP

2EMHFW ORWLRQ "HWHFWLRQ 6\VWHP

,Q DFWW\ DQG PRWLRQ UHFRJQLWLRQ VHYHUDO W\SHV
> ® @FFHOHURPWWDNAG 5)," W @DYH EHHQ$BWH® XJIK
YLVIERIQVHG VHQVRUMO WUKWERRWHGLFDO WHDPV DQG SURY
FRQWH[WXDO LQIRUPDWLRQ WKH\ UDLVH SULYDF\ FRQFH
RXU FROWKARPSDUHG WR 5),'VWHMIR ZAKRNDREBFWHG E\
LQGRRU SUR SKIVWRRE&H O H U RSMNWDH D UH GILDUHIMIGR X J K
KDZGUH VR DFFHOHURRWWWURMBEW WR LQGRRU SURSE
KRZHYHU UHBDXMWHIUQLEGNUFXMRUYZRALNVK FRQVLGHUDEOH \
UHVXQIWAL QDSSOLFNEHQWLWREHVPDOO PHGLFDO REMHEWYV
SDVVLYH 5), GMFLBMGXVH LQ RXU V\VWHP

,Q KRVSLWDORUHRQWDIIXUH VI\VWHPY VRPH GRIDWWXKBHHYV
5)," WDJV WR GHWHFW WKH SUHVHQFH R+ @8&DNBIORVWD
VXUJLESOUDWLR®QXUVRBWLY¥L\@DQG FOLQLFDO EQ@WHUYHC

EXW WKH\ GHWHFW RQ®\ WKOHVSUQVWKRHHU DSSOLFDWLI



GHWHFWLQJ WKH PRYHPHQW R R EMFHEG\Q JREHME RAWVFRB H \
XVHG RU QRW WKHUB HWH@RWKY\ RUR DRV RMKH SUHVHQFFL
7KHUH DUH VRPH VWXGLHW RYH B H@W FRV L5) ) REIHFWY  $
VWXS\@VHAVOLGAIQIGRZY DQG VD FERPI PHDLR® WDBHDG
UDWHW WRIDS66, :LWKXIVEHQDWKRY VKRZV DQ DFEXUDF\
IRVWDWLREBHEWY ZLWKRXW KXPDQ SUHVHWKH DQGDPRIY L
LOQWHBXWWNKH D @QRRUNMRRUO\ IRU PRYLQJ REMHEWYV VKR.
DFFXUDF\ $QRWXKH®VWWXIGVOLGLEXDMWBEFRID QWHQQDYV
DQG GD@WH U S RIDDBWAKRIHY HYHODWLYHO\ ORZ DFFXUDF\ R
SHRSOH PRYLQJ DURXQG WKH DUHD RI LQWHUHVW
7RLQFUHDKM DEEXUDF\ IRU FURZGHGGWXUU® XOWMGL G R\ VIHU
D KLGGBHQNRY PRGHO FODVVLILHREAMKY BFRQRQ DKW
FDQ BHDLIRHDWHHUHQFH XURR X QGQQWWRD XVLQJ VOLGLQ.
ZLQGRZ ZH GPRRWDRGDQVLWLRQUILYGAW GHWHFWLRQ WI
IUDPH EDVHG GDWD VHJPHQWDWLRQ WR SURYLGH XQFRI
+00 FODVVLILHWWDWERFDDO®\ZLWK FRQWYDWRRYVREQBUUH G X
WKH YDULDQFHV Rl QRLV\ 566, ZH LQYHVWLJDWH GLVW!
PLVVLQJ UDWHV RI 566, DQG WKHQ GHYHORSSH&GRODFKUHS
DFKLWMYIHQ DFEXUDF\ RI ZLWK IRXU SHRSOH PRYLQJ |

DFWLYLWHBVGHRYIJQV RI +00 FODVVLILHU DROGLFPAGHSUHSL



WKH V\VWHP DFEYUDFAAMONLQJV ZLWK KXPDQ PRYLQJ DQ

E\ DERXW LQ FURZGHG VHWWLQJVY FRPSDUHG WR QDL

5)," THFKQRORJ\ IRU OHGLFDO VHWWLQJV

5)," VIVWHPV FRQVVMVIQGRUMIDGHUYV 5)," WDJV DQG UHDG
XVH WKH VDPH IUHTXHQF\ WR EH DEOH WR FRPPXQLFDV
WKUHH GLITHUHQW W\SHV E\ WKH IUHTXHQF\ EDQG ORZ
DQG XOWUD KLJK I[UHTXHQF\ $FFRUGLQJ WKRDEKBWWNR X
WZR FDWHJRULHYV SDVVLYH DQG DFWLYH VA\VWHPV :H HIJL

ILQG DSSOLFDEWHIBY,'RUVPHGLFDO VHWWLQJV

3DVVLYH PUHTXHQFLHV

7KH PRVW FRPPRQ IUHTXHQFLHVY DW ZKLFK 5)," VIVWHPV
ORZ IUHTXHQFKLJK IUHTXHQF\ +) KIDIXGI XHDTAXBHE) F\

EDQGV 5DGLR ZDYHV EHKDYH GLIIHUHQWO\ DW GLIIHUH
DGYDQWDJHV DQG GLVDGYDQWDJHV LQ XVLQJ HDFK E
IUHTXHQE\ 5)," VIVWHPV ZKLFK XVH ORQJ ZDYH OHQJWK
DQG VKRUW UHDG UDQJHELBXWLENWRVHIHBBEQJ RQ PHW

VXUIDFHVIUHDTXKHQF\ 5)," VIVWHPV ZKLFK XVH VKRUW ZD



IDVW GDWD UDWHY DQG ORQJ UHDG UDQJHV EXW DUH P
IURP PHWDO X0 .GGPOWHULDOV +RHARQPYWHDE) ZLWHFKRRORJILH\

LV SRVVLEOH WR XVH 8+) 5)," VIVWHPV>R@ OLTXLGY DQG

IRZ YUHTXHQF\ /) 5)," 6\VWHP
7KH /) EDQG IUHTXHQFLHMIDBH,' VIVWHPYV LQ WKH EDQG
VKRUW UHDG UDQJHV RI FP DQG VORZMWK IED WDJKHID (

IUHTXHQF\ VA\VWHPV EXW DUH OHVV VHQVLWLYH WR UDGL

+LJK JUHTXHQF\ +) 5)," 6\WWHP
7KH +) EDQG IUHTXHQF\ LV 0+] +) VAIVWHPV KDYH UHEL
FP DQG P 'DWD WUDQVIHU VSHHG DQG UDGLR ZD

PRGHUDWH

B8OWUD +LJK 8+) JUHTXHQF\ 5)," 6\VWHP

7KH 8+) EDQG IUHTXHQFLHW]DIUM (XURSH DQGO+] LQ
1RUWK $PHULFD 8+) VIVWHPV KDYH ORQJ UHDG UDQJHV
GDWD WUDQVIHU VSHHGV WKDQ /) DQG +) VPADWHPULERW P

DQG LQWHUIHUHQFH +RZHYHU WKHUH DUH GLITHUHQW 8-

PDWHULDO VW @ @ @ @



3SDVVDQHBFWILYH 6\VWHP

$FWLYH 5)," 6\VWHP

7\SLFDOO\ DFWLYH 5)," WDJV KDYH D ORQJ OLIH EDWWH L
WR WUDQVPLW LQIRUPDWLRQ DQG UX® WRIG RMLKEH RIPKQLIH \
RI WKH DFWLYH V\WVWHPV LV XS WR P $FWLYH 5)," V\\
UHDGHUV DQG DQWHQQDV DQG W\SLFDOO\ RSHUDWH LQ ¢
DQG FLUFXLWU\ WKH DFWLYH WDJV DUH ELJJHU LQ VL]H
ODMWIREMHFWYVY VXFK DV UDLO FDUV DQG ELJ UHXVDEOH FI

> @

3DVVLYH 5)," 6\WVWHP

8QOLNH DFWLYH 5)," VIVWHPV LQ SDVVLYH 5)," VIVWHP
EDWWHU\ DQG DUH SRZHUHG E\ D UDGWR QIR @ D@ WHRIR UN
SDVVLYH WDJV KDYH RQO\ D WDJ FKLS DQG DQWHQQD DC

VLIH DQG HDV\ WR EH PDGH LQ GLIIHUHQW VL]HV DQ

DSSOLFDWLRQV

,Q PHGLFDO VHWWLQJYV WKH GHWHFWLQJ VI\VWHP VKRXC



WJ-V VLIH DQG VKDSH VKRXOG EH DSS{AIFEDO R RROD Ui
REMHFWVIQ 7WKVYV VVBOEFVBFHS5)," VIVWHP LV XVHG GXH W

ORQJ UDJH DQG VPDOO VL]H

6\VWHRGHO

2XU VIVWHP LV GHVLJQHG WR GHWHFW WRK QPR \DIQRQRRY P
WKH SDWLHQW EHG LDQI WRPSWDREDNWY D VHQVLQJ SOD
WKDW DOORZV FRQWLQXRXV GDWD DFTXLVLWLRQV IURP

PHGLFDO REMG DV +HDVHG FODVVLILHU LWKPW BRERR QG H V
PRYLQJ DQG VWDMWUIRQWMY Rl SDVVLYH REGGHED@RREMH
HQYLURQPHQWY 7KLV VHEFWLRQ GHVFULEHV NH\ GHVLJQ

FKDOOHQJHYV

6HQVLQJ 30ORQIRURUDWLRQ

7KLV VHFWLRQ SUHVHQWY D SODWIRUP EDVHG RQ D 8+)
VHQVLQJ IUHH RI SRZHU ORVV IRU 8+) SDVVLYH WDJV LQ
SRZHU ORVV RI WDJV LQ LQGRRU HQYLURQPHQWY FDXVH

LOQYHVWLIDWHG WKH ERXVHRWRISBRYHYH WDJV DQG SURY|



SODWIRUP VROXWLRQ XVLQJ DQJOH DQG VSDWLDO GLYH
WKLV SODWIRUP WR D FURZGHG LQGRRU VHWWLQJ 2WK
5)," WDJV IRU WUDFENLQJ PHGLFDO REMHABWN DW WBBW EXIW
SURYLGHG QR JHQHULF VHQVLQJ SODWIRUPV WR GHDO Z|
> ® ® ® @2XU NH\ GHVLJQVEDRRLRW SODWIRUP LV WR
XQLQWHUUXSWHG UHDGHU FRYHUDJH RYHU WKH DUHD R
VIVWHP WKH UHDGHU DQWHQQDV RU UHODWHG GHYLFH\
SHRSOH:V ZRUN DQG HTXLSPHQW PRYHPHQW 7KH ORQJ
PHWHUDOORZV LQVWDOOLQJ 5)," UHDGHU DQWHRQDV R
SURYLGH XQLQWHUUXSWHG UHDGHU VLJQDO ZH LQYHV)
FDXVLQJ WKH SRZHU ORVV KXPDQ RFFOXVLRQ LQGRR
DQWHQQD RULHQWDWLRQ PLVMHDWGHIQWHOQ2BNQDYE&HWD.
%HFDXWKH UDGLRIVROQD)O' V\VWHFEVRUEKBDE) ERM\JYV
EHKLRR SIHFHLYYXIILEREZEAW IRU DEFWBYRWDB& HUQDWLYH
SDWKV IRULWIBHRZHU IURP WKH UHDGHRX @MRL SWKHH WHIIG
DQWHQIBVLQWURGXGREDWEAG DW WKH URIRX @G L\OKBJ
PLQLPXP QXMEHSURSEBRFDWLRQV RI WK RBHD COL@OW HILQADK/
RULHQWDWLRQ PLVPDWFK DIERWKHWEBHRNISRIQIRZHU OR
WDJ RYVLHQWDWLRQ PN VPDMHAK WYY HG DQG XQDEOH

SURYLGH LQIRUPDWLRBYWR WKRXUHKDWKHUH EVNOXK LKRXP D C



%HFDXVHHUVWLUG FRIMVWRKH WBWY FORVH WR RASB®HWH Q
RULHQWDWLRQ PLVPDWGRFAL O DUAHNVIXODWLRQ SREZHU IRU
FRPELQRI®@H GLYHWWVKAVPXYWRWLSOH BQMWHHQIM WWR SRZHU
IURP WKH RULHQWD WAKRHQ ERIIIMPNDEIRABKDM® RWKHU FDXVH R
SRZHU ORVV RI SDVVLYH WDRSDJOOWHRRY UWFERENVARGCXFW\YLY H
DQG GHVWUXFWLYH LQWH URIQWMQURH W:LIKY_ KD HHYYKHBIDFHHMNH Q F
UHDGHU UDGLR VIMIKIDGHRYBIXFWLYHHO@W BWIHHE HOEH V
FDOOHG "EUHDNSRLQWYV p LQ ZKLFK WDJV EHFRPH XQG
ZRUNLQJ UDQJH 'H LQYHVWLIJDWHG EUHDNSRLQWYV D
GLYHWV E\ DUUDQJLQJ UHDGHU DQWHQQDV DW GLIIHUHQ
LOQWHUHVW

,Q WKH QH[W VHFWLRQV ZH DGGUHVV DOO WKH FKDOOHQ

SODWIRUP LQ GHWDLO

+XPDQ 2FFOXVLRQ

20H RPSHGLRMWRWVUDFNLQJ REMHFWYV XVHG LQ ZRUN ZLW
LV KXPDQ RFFOXVLRQ :KHQ REMHFWY DUH XVHG GXULQJ
GLUHFW UDGLR VLIJQDOV RI UHDGHU DQWHQQDV ZLOO EI

SDVVLYH WDJV XQUHDGDEOH L QRHY¥ DXWB GWIRH) G Q UFHIFUU I0H \



WKH PRVW SRZHU WR DFWLYDWH SDVVLYH WDJV EXW FD
RFFOXGHG WDJV UHFHLYH LQVXIILFLHQW HQHUJ\ WR DF
ORVV RI VLIQDO IURP WDJV ZKLOH SDUWLDOHRBMIXXVLRC(
DQG UHVXOWY LQ IODZHG LQIRUPDWLRQ UHDGV 7R DGG
UHDGHU DQWHQQDV ZKHUH LW ZRXOG PRVW OLNHO\ KDY
XVHGRQ WKH FHLOLQJ DERYH WKH DUHD RI LQWHUHVW
REVHUYHG WKHDXRODNWRHDWVY VEXDXRPD UHVXVFLWDWLRQ D
WKDW WKH FHLOLQJ DUHD MXVW DERYH WKHRIESDWMWQW I

EHWZHHQ UHDGHU DQWHQQDV DQG WDJJHG PHGLFDO RENMN

3RZHU /RNRP $QWHQQD 2ULHQWDWLRQ OLVPDWFK

,Q W\SLFDO ZRUN VJHX BEMR\FEWDREXOGWHG LQ RQ\ GLUH
WKUGIHPHQVLRQDO VSDFH 3DVVLYH 5),' WDJV KDUYHVW
VLIJQDOV RI WKH 5)," UHDGHU IRU WKHLU RSHUDWIGRQ 7K
UHDGHU DQWHQQD LV DW RRX®®R E H DROREH BXIDID M/D BIDEW D L ¢
DQJOHV GXH WR SRZHU ORVV IURP DQWHQQD RULHQWD\
VLIJQLILFDQW SRZHU ORVV LQ KDUYHVWLQJ HQHUJ\ WDJ\
WR WKH UHDGHU LQWHUURJDWLRQ ,| WK& WD®QQWHQQI

WKH VKRUW VLGH RI WDJ LV SHUSHQGLFXODU WR UHDG



UHFHLYHG E\ WKH WDJ WHRGNDWR7KH WDR SDUDOOHO WR

DQWHQQD D[LV UHFHLYHV WKH PD[LPXPLSRUIHEJ IURP WKH

v vv ~eW}A E 0}**E} %}A E 0}ee
JLIXUH3RZHU ORVV GXH WR WKH RULHQWDWLRQ PLVPDW
UHDGHU DQWHQQD D 7KH WDJ SHUSHQGLFXODU WR WK
PLQLPXP SRZHUWRAORVHEKH WDJ SDUDOOHO WR WKH UH]

UHFHLYHV WKH PD[LPXP SRZHU Rl UHDGHU VLJQDO UHJDL
DLV

7KH RO\ SRZHU ORVYV IDFWRWG SRZHU ORVV LQ G% DUH

3RZHU /RVV )DEWRRBV3/)

3RZHU /RVV 3/ LQORRV

ZKHUMHV WKH DQJOH EHWZHHQ WKH UHDGHU DQWHQQD I
WDJ-V ORQUJIJXUGH

‘H PRGHOHG WIGHPWRVHRRDHOU ORVV YHUVXWVRQLHQWD



(TXDWLRDKH FRORU Rl HDFK SDWPRKJRUMRKB LWBWXY MX F
SRZHU DWWHQX®% URQ HDFK GLUHFWLRQ RI 5) VLJQDO

DOQOWHQQD ,Q WKGHHVEBRUMFWLRQ RI WKH WDJ WKH SRZHI

G% ZKLOH WKHUH LV QR SRY¥YHGHOBNVVHRWWK® RIRWEKH W

>G%@

JLIXUH7KUBHPHQVLRQDO PRGHO RI SRZHU ORVV GXH WR
PLVPDWFK XVLQJ (TQVLGKHGOR®BWLRQ RI WKH WDJ UHF

SRZHU DQG UHFHLYHG SRZHUW LQHWXKIHU WHEW L\R ¢ KLKR/U /W W H
PRUH WK D&o



‘H PHDVXUGR XRXU ODBRKWBH¥FRIUYHG VLIJQDO VWUHQJWK DW
RULHQWDWLRQY $00 PHDVXUHPHQWY ZHUH SHUIRUPHG
GLVWDQFH RI PHWHUV IURP WKH UHDGHU DQWHQQD U
RULHQWDWLRQ DQGHSB$HWDREHWDEEHEB DW RULH@WDWLRC

PDNLQJ WKH WDJ XQUHDGDEOH GXH WR FRPSOHWH SRZHL

566,

5RWDWLRQ GHJUHHYV

JLIXUKBHFHLYHG VLIJQDO VWUHQJWK YV WKH WDJ:-V URWD
DOQWHQQD



7R FRPSHQVDWH IRU JHUR YDOXHV RI 3/) DQRWKHU UHD
SOB6 DW DQ DQJOH GLIIHUHQW IURP WKDW EHWZHHQ WK
7KH DQWHQQDV VKRXOG EH DW GLIIHUHQW DQJOHV WR I
WDJ LV SHUSHQGLFXODU WR ERWK UHDGHU DQWHQQDYV
RPQLGLUHFWLRQDO 5), WPHQVWWDWHDWR RULHQWDWLRC
ELJJHU VTXDUH DQWHQQDV FRPSDUHG WR VOLP UHFWDQ.
5)," WDJV +RZHYHU GXH WR WKH VTXDUH VKDSH DQG OD

wbDJV PD\ EH GLIILFXOW RU LPSRVVLEOH WR DWWDFK WR

WIHDNSRLQWYV

$QRWKHU VRXUFH RI VLIJQDO ORVV IRU SDVVLYH WDJ
%YUHDNSRLQWY RFFXU EHFDXVH RI PXOWLSDWK IDGLQJ
QDWXUDO LQGRRU BHQ¥WL @WRQ@AHIWW WDJ LV ORFDWHG
EUHDNSRLQW LW PD\ EH XQUHD@DEQRQIHHR | AN KH LUH DMK
DQWHQQD $ WDJ RXWVLGH RI EUHDNSRLQWY XVXDOO\ SL
TXHU\ UHVSRQVIXUBWHNDJ ZLWKLQ D EUHDNSRLQW UHFHI
VLIQDO SRZHU WR DFWLYDWH DQG SURGXFHV ORZ 566
UHVSRQVH UDWHV EHORZ DOGBLQRARW WRZ GBHSHOKH V

ZLWKLQ D EUHDNSRLQW



7K XPHBHHWHY S RQRMHND J
4XHU\ UHVSRQVHKEXW HRHTUX HWW W HENVSKIHWD G H U

7R DQDO\|H PXOWLSDWK@IDEEQ@®VRPH VWXGLHYV KDYH )
PLFURFHOO PRGHOLRDVAHGN R SWHD [&$ W\SLFEDWDG

PRGHO IRU WKH UHFHL®HG SRZHU LV
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ZKHUHYV WKH ZDYHOHQJWK Rl WKHDRD)GWDUHTYHQEMHFWLY H
WKH UHFHLYHG DQG WU IXQMBPIUVWMWHICGH SRIZIHIKW YV RI WKH UFE
WDJ DQWHQURDWH WKH DQWHQQGBGBLYVDWRN OLYB&/DQFH EHWZE
wWDJ DQG UHDGHU DQWHQQD
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4XHU\ WULDOV 4XHU\ WULDOV

D $ WDJ RXW RI EUHDNSRLEWY WDJ LQ EUHDNSRLQWYV

JLIXUH4XHU\ UHVSRQMXU UDWHBDV RXWVLGH RI DQG LQVLG!
JHUR YDOXHV RI 566, LQGLFDWHNE RURHDIWR@QVIHD WDJ RX
EUHDNSRLQWY SURGKUFRI V60O MABRRXHY ZLWK TXHU\ Ul
E.QWHUURJDWLQJ D WDJ LQVLGH D EUHUDR $BI6Q W DIOXRIG/X

ZLWK TXHU\ UHVSRQVH

,Q RXU VHQVLQY SIHOPMWIR®BEHU DQWHQW DV KIHEH WRILOLQJ
DQG WD JNWONBFKREMMWRWY XVHG GXULQJDDRUHNYODEE ERW
KDYIH[HG JDIKXWYK KwJu DQGWDUH LQYDUGDEOKW DRQQ EH

VLPSOLILAGWRRQ



Y §89 v B
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ZKHWDQ@DUH FRQVALDQMKWH ZDYHOHQJWK RI WK3 5),' IUl
DQGWUH UHVSHFWLYHO\ WKH UHFHLY HGLNQW KM UDLQNPD. Q/F
EHWZHHQ WKH WDJ DQG UHDGHU DQWHQQD

,Q WIKIRGH®KH SDUDPHWHUV WKDW DIIHFW WKH EUHDNS
RSHUDWIHIXHQFWR®IGVYWDQFH EHWZHHQ HD @HJN B Q G DD
%DVHG RO@WLRAH PRGHOKEBJHDNSRQOQWXNUHFFRUGLQJ WR
WKH GLVWDQFH EHWZHHQ WKH ZD@\W HIQ® D XH@E DR EHRW D J

0+] SDVVLYH 8+) 5)," IUHTXH Q\FKGDD WG G @ WEDMVHE W H @

2 0+]> @7KH 8+) 5),' EDQG LV GL FKOWEMI®/ RQH RI
WK H FKDOWMBE UDQ\GRRP VHFR QGRWWMKDIWKIHUHTXHQF\
GLIIHUHQWHW 183) 5),' EDQPE EPRV\MIHEWRBRFDWLRQ RI

EUHDNSRL QX



G%P

rrrrrrrrrrrrrrrr SHFHLYHG 3RZHU|RI  0+]
SHFHLYHG 3RZHU|RI  0+]
OLQLPXQ $FWLYDWLRQ 3RZHU

S5HFHLYHG 3RZHU DW 7DJ

5DGHU WR 7DJ 'LVWDQFH P

JLIXUH%UHDNSRLQWY ZLWK 8+) 5)," IUHTXHQBEHV RI
REWDDQH®J WKH DQDO\WLDVOL R@EHOE {ADNSRLQWYV DU
ORFDWLRQV EHORZ WKH PLQLPXP DFWLKRWL]RQ \8BDHUL QG
7KLV PRGHO IGRZAHY BRW [RAFRNOHF W LE BN BEGR PO O
REMHFQUW®Y V XIRWKDW VEBDWWRG X OHDG B4 10 D W VKFKI DVH V
ZDOCGV@QONKH EUHDNSRLEWNVQFRQVLVWH@WH | DRW XD O

EUHDNSRROWNVQGRAYNURQPHQW ZLWERQ 3R W& RE XIUHHF W V

TKHUHIRHHHVWLPFDWMABD NSRLQWY E\S5BEDVYRUOXBWKUHHD RI



LOQOWHUHVW HURPL YBRILR®H KXPDQ RFFOXVLRQ WKH UHDC
VXSSRY WR EH ORFREM HGLRPQQJ DERBWKERBEMLQJ DUHD
SDWLHQWREHWKH VHWRHIVX 66, YDOXHV ZLWK WKH Ut
DQWHRWDIRXU GLIIHUHQW ORFDWLRQV WKDW PDNH DQJO
DQWH®QDHQ WHDIW PRYBRIKR EOHFH |RXRFDWLWRMQWLIKW DERYt
ROQWKLNGG WZR WKLUG RI WZR ZORRUNILDRUIMSIH W HRF VINBKEH) O H
PHDVXUHPHQW RI WKH \LIVJ QDANVAKUB QWWHK DUHD RI LQW
W U D N J JRIEBM H F WX QZLQWMKH UU KM B WH@J R1 SDVVLY)HJIXUHWDJV
VKRZW6, YHUVXV GLVWDQFHREMPUYWKGEH ORKIDRVER,V
YDOXI\GLAEDMBNSRBLOWM QGLEFDWHY KREZONVHBRGHW D J
DUH ORFDWHBHD XW K P%IDPAMD XVH DQWHQQD KHLJKWV DQC
IL[IHG DQG RQO\ WKH DQWHDRIDNOR FIMRMHBYIJRG WKW KLQ Wi
DUHD RI LQWHUHVW WKH YDU\LQJ RI WK HR EEVUHLDMHIRLQ
ORFDWLHRRDLQV ZLAPKLQPSHULPOGI®WDWXUHG EUHDNSRLQWYV

WKH 18RBDWLFSHDW DQGPHWHUYV ZLWK D WRPMHUDQFH

JURP WRHBVXUHPHQW ZH WKHQ GMRUQEHIWKNMSBREOWW LRQG
UHDGHU DQWHQQD FRYHUDJKHRQBMXH G DWRLE WL EGI GVKH
SODWIRUP 7KH GBHADWSRDQRWPVIURP WKH UHDGHU DQWHQ
WKH DQWHQQD FRYHUDJHHY PRQRVKGHE HG WERFOXGH

PDUJLQ IRU VBEN-DFEDDAVIKM\ G LVEWDWFHHQ WKH HQG RI WKH



EUHDNSRLEW DQGDWMHKRBUOMHIH ERXQGDBRR LV TXLWH VKRU
ZLWHORWRHURRZHU DUHDV 'XH WR EUHDNSRLQWY RQH DQ
GRHV QRW [IXOO\ FRYHQ H W\Q GJ HDIGROPWH QMDY QHHG WR
FRPSHQVDWHWHKEBERKNDNSRLQWYV %DKHDEBRH@WVSDWLDO
GLYHUVLWHPWBERWOWLSOH DWW HQQIHWVUHQW 78S RYHWLRQYV
VHFWGRHY FUIRBHNVHQVLQJ SODWIRWRDWBIMLIMKIBERYH

LPSHGLPHRMN¥WSDVVLYH 8+) 5),'

566,

'LVWDQFH FP



JLIXUHWOHDVXUHG 566, YHUVXV WKH WDJ GLVWD@Q@GEHUURP V
WKH UHDGHUI DROPVNWE® /DI 5J X UH

&HLOLQU
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TVWDOPRH

JLIXUH 7KH VHWRSEDRXYULQJ 5,66 LV PROGHG DAKHD WUDX
UHDGHU DQWHQQD LV RQ RVKHIKRKHILIDERQJIDGRZQ WR WKH IC(
WDJ LV DRANDERYH WKH JURXQG DQG PRYHG KRUL]JRQWDOO
XSRW P DZD\ IURP WKH RULJLQ



6HQVLQJ 30BWILRBQP

$V PHQWLRQHG SK\VLHFADDEXREQRPHGXVILRQ WKH KDQGOL
RI WDJJHG REMHEFWV KLQKR@RFRSDVVQXRXY),'7 MHD\IN
LPSHGLPAR@MWWUDLQ WKH ORFDWLR QWK HJFABIGHLLY D W H Q Q
UHTXLUH DQWHQQD PAMYIHIDMME/RZWER ORVV IURP RULHQ\
PLVPDWFK DQG EUHDRWERBRQWW UDLWWH GLVWDQFH EHWZ?E
UHDGHU DQWHQQD DQG WKH DUHD RI LQWHUHVW EHF]
LQWHUURVDJDIBRIUIR SRUWLR QDIOH GLVWDQFHLIXRIHVKH WD
6LQJORRPQGRHRQYLURQXKNWWOIVWWKHWFRY BUB DR U
H[DPSOW P GLVWEMMZHHQ WKH UHDGHU DQWHQQD RQ
5)," WDJV R@HWKNKARYHUDJHLY UL FOHD®IL P 2XU
WKHRUHWLFDO VROXWLRQ IRU DQWHQQD FRQILIJXUDWLRG

UHTXLUHPHQWYV

5 7KH DUHD RI LQWHUHVW VKRXOG EH FRPSOHWHO\
DQWHQWOERKLHYHQJIOH GLDPOGBGVHOLPLQDWHPRYPH@MW RVWLUR Q
WKH UHDGHU DQG WDODGLQWHGOBALDO GLYHUVLW\ WR

EUHDNSRLQWYV

5 YWHDNSRHQWRQV RI GLIITHUHQW DQWHQQDV PXVW QI



DQ\ UHPD EQHDPNSRLQWYV

5 7KH QXPEHU Rl DQWHQQDV VKRXOG EH WLOQRL]HG

HVWKHWLF UHDVRQV

$OWKRXJK RXU PHWKRG ZRUNV IRU DQ\ VKDSH RI WKt
VLPSOLFLW\ ZH DVVXPH D UHFWDAQD®G DALBDWKXUH OHQJ\
D LQ RXU WDUJHW GRPDLQ RI WUDWRPDQBHVXVELWDWLR
7KH EHDP SDWWHUQ RI D UHDGHWD DHBVXQHD @V F&R Q H
WKDW DOO DQMIHEHXDYH LGH@®WHEDOHP UDGLXNQG
EUHDNSRIAL@WYH FLUFPUDRILXDN VKRIQIXQHE 7R PHHW
SHTXLUHPHGWXYQHG WKH JIDAW/QXPSWLR®BDUDPRAW KWW D
JHRPHWBBEEHRDFIGHWHUPLDG BT X@KAE HU DROVA WRIRW K H

UHD @HUUNHQ' QYW Q WKH LGHQWLFDO FKDUDFWHULVWLEV R
LUUHJXODU SRVLWLRQLQJ RI DQWHQQDV ZRXOG UHTX
DQWHQQDV YiHRROAOWHRHQWUS5ZRXOG KDYH JDSV LQ FF
YLRODMWHIXLUHPHQWW5 IROORZV WKBWX®DW\SBVLWLRQLC
DQWHQQDV ZRXOG PHHW DOQLYWKIH DHTXKHKHPHRWY WK UL
UHJXODU WLOLQJW ROWKKHH \8ODMMIXODU WLOLQJ WKH VT

WKH KH[DJRQREZRKRLWKCADQY EH REWDLQHG WWUWERRBSRUDW LWQO



JLIXUH F W LV NQRZQ WKDW WKH KH[DJRQDO WLOLQJ
WULDQJXODU WLOLQJ SURGXFHVIWIQHWXHY 67 ® HFFIKU F O H
PHDQV WKDW LW SDFNV WKH JUHDWHVW QXPEHU RI DQWF
PHHSMHMTXLUHPHQ@W BKRVH WKH VTXDUH WLOLQJ WR FRYHU
ZKLFK SURGXFHV WKH OHDVW GHQRHUHIRWAHDHVEISDFN L
SHTXLUHPHQ@WY DBGGUHVWKERUREOHPMWEURIDNSRDQW®WYV

RULHQWDWLR Q) IPIDMPHDGV F K

E} %}A & }use]
}H( u

5DGLWDQ '

YLIXUH5DGLR VLJQDODBBMIRJWARWLRQ IRU D GLUHFWLRQD
DQWHQQD
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JLIXUH D 7KH VL]H RI WKH SDWLHQW EHG E 7RS YLHZ R
FRYHUDIJHRQHWEKIHDNSRLQW



[ g
OOOO) GE"
N@UUUU@9
Ao
NN

JLIXUH D 5HJXODU WLOLQJ RI DQ DUHD RI LQWHUHVW WF
FRYHULQJ ZLWK DW OHDVW WZR DQWHG@KRDFH® FR'SIHDWLIH
DUHD DFKLHYHG XVLQJ IRXU DQWHQQMDM 18X B HGH FW D
FRYHUDJH DUHD DFKLHYHG XVLQJ IRXU DQWHQQDV LQ

FRPELQHG PDNHV KH[DJRRXW DNQWHQQOD\GDUUDQJIHG LQ U
WLOLQJ FRYHU WKH ZKROH ZRUNLQJ DUHD ZLWK DW OH
DQWHQQD GEYWKVRWXIILFLHQW PDUJLQ



([SHULPHQWDO 5HVXOWYV

+DUGZDUH 6HWXS IRU WKH 6HQVLQJ 3ODWIRUP

'H EXWWKH VHQVLQJ SODWIRUP XVLWKHKFHRCIPHEEL® O R
HTXLSPHQW IURP $OLHQ 7THFKQRORJ\ UKDEKHU @O XGH
IRXU FLUFXODUO\ SRODUL]HGS5/VQDVHE® @DWVEYH 8+) WDJ $
7KH RSHUDWLQJUIDMHAHK MEH VA\VWHP 2LV 0+]
ZLWK ITUHTXHQF\ KRSSLQJ 7KH QXPEHU VSDFLQJ DQG
FKDQQHOV DUH] DQG VHFRQGWSHFWILIKNKHOGRZHU RI1 5)
wWubDQVPLWWHIUW P 7KH UHDGHU DQWHQQD GLPHQVLRQV
ZLGWK DUH FP G%L PDQG g 7TKBLPHQVDR@GVUHDG
UDQJH RI WKH WODJ DU PP DQG XS WR @7KH 5),'
UHDGHU DQG D GHVNXMBEB FRR®XWWHG ZLWK QHWZRUN
URXWHU IRU 7&3 ,3 FRPPXQLFDWLR®G56€H DUHDGHRI SUR
SDVVLYH WDV QRW FDSDEOH RI GHWHNWVYIQIQBKD VHHRI
FRPPXQLFDWLRQ SURWRFRDGHMWXGGE QVWHK K DVVLYH WDJV
&ODVVHQHUDWYWOQQGDW@WGKHWHQVLQJ S @HWYW HRQUEPQ HREX U
ODELIJXUH G ZDV GHSOR\WGUDXPRI EDYHYWODXPD FHQWHU
JLIXUH 7KH IRXU D QZ\H i &/DWD RQHGHH. OLWJ P KHLJIJKW

IDFLQJ GRZQ WR WRHDISIRRANM IURP HIDFKQRWKRHBK]|RQWDO



DLV

5800mm.

PP

5HDGHU
$QWHQQDV

JLIXUH7UDXPD ED\ IORRU SODQ ZLWK IRXU DQWHQQDV RQ
PHDVXUHG DW 3RLQWV $ % DQG & WR YHULI\ RXU GHVLJC

([SHULPHQWD (REQVREWNYHUVLW\

7RYHUMKBQWH®QDOH GLYHUVLW\ |R\QWHKBIHNRWYBE HR |

SDWLEHK® PHDVXUHGERZGHSHQGWDR@ULHQWDWLRQ DW S
$ % DQGLIXUH 3RLOW DQG ZHJHKRVBAQWKLQ WKH DUHD
LQWH UH WK HDW D WG MWV DIRP WKH GLYHUVLWWQJIDHWHQQ

GLIITHUHQFRWW®LO MBQVRNYXZXHLEKHDQV SRDMBIW QG %



ZHWH WRH¥FDVSRLQWY IRU DQJOH G LI2YDARKARWAR) S\RALDW VEZ R
DQWHRQQDPQG DQG WKAHWMDD\LQJ RQDID WK@K HK WDV

DW ORAKHLIKIRLQWDEDOVR WKH UDQJH RI DMEHQQD
JLIXUH ZKLEKWKH RWKHU GLYHUVLWIKD® VVHRQLQEY RWKHU
SRLOMWQWKH DUHD RI ZIH)M HOBDWNY YRHPOHW UWRVKOHHD GH U
DOWHQ@DXUH 3RM3IW%» DQG & UHISDO YU EBRIFDNSRLQWYV

IRU DQJOH GUYIKUWNIRVKRA566 GHSHQGWDRQLHQWDWLRQ
WKWHWKUHH SRKGWS66&DV PHDVXUHG WIURHQ WDDAW L R Q
LQFUHPRQWYH GHW DQG DWKHUIQPJIHG =HURGLREF®BWHG JHUF
SRZHUHGWR FRPSOHWH SRZHU ORVVWURR POWADOQNHK RURE
RI JHUR ®EBJOHV DW 3RLQWYV $ % DEEWHRXHBHIUVBQSHGI
SODWIROQPPLQDHWERBZHU SRLOQWVWAU LRI W BWMWKHYWDJ LQ WK

DUHD RI LQWHUHVW
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5RWDWLRQ LQ GHJUHHV DW5S5RRLMWLRQ LQ GHJUHHYV DW5S5RRALMWLBQ LQ GHJUHHV DW 3RLQW

JLIXUH566, DV IXQFWLRQ RI WDJ URWDWLRQ DW 3RLQWYV
DQWHQQDV PQRUH =HUR GHJUHHV LQGLFDWHV WKDW
VLGH SRLQWHG WR WKH UHDGHUUBRQWHQQD DV LQ

([SHULPHQWPORBRYHULQJ %UHDNSRLQWYV

‘H PHDVXUHG WKH IRXU FLUFXODU EUHDNSRLQWYV LQ WKH
EHG FRYHWHG ERXU DQWHQPDE 7RHDVXUHPHQWV ZHU
REWDLQW&DWR RQH DQWHQQD DW D WLPH ZDV DEWLYDWH
DORQJ WKHR® D JYLIXUH RYHU WKH SDWLHQW EHG ZLWE
VLGH IDFLQJ WKH DFWLYH DQWHQQD )RU HDFK ORFDWL

DFTXLUHG ZLWK wuLDOV %UHDNSRLQWYVY ZHUH LGHQW



PHDVXUMKEBU\ UHVSRQVXDWRW@&DYTEHORZ )LQDOO\ DO«
DQWHQQD FHQWHUV ZHUH DOLJQHG DQG WWRLWSHBHIDNS
WKH PD[LPXP DEBHHDNBIRIKHVVXUWKHVW EUHDNSRLQWYV R
DERXWP IURP DQ DQMIK@®D 7KHUHIRUH LI WKH GLVWDQF
D@HQQDV LV JUHDWHU WKDQ FP WKHUH ZLOO EH QR
%HFDXVH LQ RXU VHQMLQXUI$@GDWWKIH DQWHQQDYV DUH D\
DSDWIURP HDFK RWKHDN®RHQWY GLG QRW RYHUODS DQG
ZDV IXOO0\ PHW

1RWH WKDW WKH ZLGHVW EUHDNSRLQWY DSSHDUHG DERY
GLUHFWLRQ RI HDFK PLQWHIQ QD EH®P WKH FHQWHU RI WK
EHGLJXUHG 7KH EUHDNSRLQWYV RRI M&IH EHO® ZFHW HROSD
DQG QDUURZ 7KH EHG HGJHV ZHUH OHVV DIIHEWHG ZLW}

H[SHULHQFHG IHZHU UHIOHFWHG UDGLR VLIJQDOV WKDQ W



JLIXUH 7KH EUHDNSRLQWYV PHDV XU HGHQRPVWKH WKXUSDQ/
EHGQLJXUH G DUH RYHU®OBE8SBIGWHQQD LV ORFDWHG LQ
ODEHOHG ZLWK D ER[(DEGWHIQWDU ED W KK GZILFRDMHWRI D
EUHDNSRLQW

'LVFXVVLRQ

TKHH[SHULPHUHNXOWY DW GLIITHUHQW ORFDWLRQV DQG |
LOQWHUHVW VKRZ LMMR\CHY IBRIAMLIRID WWIRY HEN @D QJOH DQG
VSDWLDO GRMWHKWRIOM\ FRQFOXGH WKDW WKLV GHVLJQ R

SODWIRUP ZLOFRQUWRREGMFW WUDFNLQJ ZLWKRXW ORVL(



WDJV LQ HQGRBRQPHQWYV

$QDO\WRG 3URFHVVLQJ RI 566,

‘H XVH UHFHLYHG VLJQDO VWUHQJSMKYVQBGH FDNY LRDJI V5 6R
GHWHFWLQJ WKH PRWLRQ5RB ,PHG DFB R ZRIEIMMHFDWX UHP HQ W
UHDGHU GHYLFH RI D UHFHLYHG UIHGIDRX WH JWREO YVWRFH QJ)
WKH UHFHLYHG SRZHU GHSHQGV RQ WKH GLVWDQFH EHW
WDJ 566, LV D JRRG LQGLFDWRRZHYRRYL O/ VRRERNPH BW V
RQ SDVVLYH 5)," WDJV HVWLPDWLRWKRI SBEH LRV VWDIHEGL\Y
GLVWD@FHQKHUHQWO\ ORZODEFEHUBBXVH 566, UHOLHV RC
ZHDN EDFNVHF® WWH D & KRW® HLLV DHIWFVON G E\ WKH WKHUPD
RQWKH UHFHLYHU VLGH $V D UHVXOW WKHKBVUDFWLF
FRQVLGHUDEDH IODQREY @Q WKLV VHFWLRQ DG, DLY/G

SURFHVVHG WR XVH LQ DQ +00 FODVVLILHU

566, SHDG ZDWIB U\LQJJVHEBA]H

‘H VWXGKHGHWHFWY RI GVNHAMAWNQWMWRQ® UHDXXHIWDWHY D
PLVVLWQWDWHWDWLR@HFDXVH ZH DUH WUDFNLQJ PXOWLSO

DUHD RI LWRXUHVIVQHR XV O\



TKIXPERWPLVVIUHV S RIQRIWKRMD J
AXHWLVVLQ] UDWKXPERIXHDWWHRSMBHD GHU

‘H XVHG$DQHQ 7HFKUHDORBS WRYLGHY 566EILW DHVROXWLR
FRYHULRD[LPXBHDGUWDRI PHWHWBVHG RQ REVHUYDWLRQV
WDUJHW GRPDLQ WUDXPD IRK\DGY ALKDIWWBQN RBMRBEMHF W
FDQ EH XVREOWDQHRXWEKRUBUHBDWLHQW EHGPRU
WDJJHG REMHEWYV PD\ EH SUHVHQW LQ WKH URRP EXW [
WKH ZRUN DUHD WR DYRLG FOXWI/ W@ DDKH Q M REEWH FRVH/O D
DUH ZLWKLQ WKH FRYHUDJH Rl DOQWHQQI¥& RFXWWHG RQ
*HQHUDWYRQ@QGD@XSSRUWYV DFEFRXOWIPHWKRG NEIVJPXOWL
LQW H U URI\DWVQLIRE Y D U VDWW WRNH B BROWRRP@DKH UHDG UDWH L
WKBXPEHI WDQWHUILRGIHY VHFERQGH WXIHKEB/HP L VAVG
EHEDXVAHR DY VZRMIXOWLSOHHWSORYG VLPXODMIQHEXROV
LQ ZLUHEOWNVFBRMPKOQLFDWLRQ

‘H GLVSHUVHG D VHW RILADNKNHUDQBRMRI\LQWHUHVW DUR
IURP WKH UHDGHU DIDQW®Q® DW D J SDY\N BR) EMDRIMI D G H U
DQWH@W®&DPD[LPL]H WKH UHDG UDW MW D @/®& RIMHM DAGKHI WD J

ZDVWRPPDQGHGWLPWWR LQWHDORNMVEZWWKLQ WKW IEHH



WDJVHW VL]H ICQFKMRPWEO QXPHMNGVREHFBLIE WLDOO\ LQFUHD
EXW WEHRUHDWHRX QG WYHWWWUI]H RKL®@WH UHDGSBLWH
VLQJO HP RVPRIWR QRXNWODNDVHGUH ‘H REVHUGHBUBDVH IURP
LOWHUURSHWLREY ZLWK D VLQIJOH WDJ WR SHU V
WDJA/XHWLVVLQDWIHRWDJUHW VWLX8 WR VD@WBBDUHG QRW W
GHSHQG RQ WHwW WDH DQG BHHPRMLAYHBE.IJXUH XQLWV RQ
WKH ULJKW VLGH RHDGHI) FRDIWNVHEWW YL]IHYV ZLWK
RU PRUHDVWHHVORZEXW DV QRWHG HDUOLHHWY XAKXDOO VK |
QRW DSSHDU ZLWKLQ WKW URVKRDMWWBRDW KRZ PDQ\ 566, G

FDQ EH REWDLQHG ZLWHWYDWUH QO WDIL[HG WLPH SHULRG
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VHFRQG

[ ]7KH UHDG UDWH SHU wDJ
[ ]7KH WRWDO QXPEHU RI WDJ UHDGV
B 4 XHU\ PLVVLQJ UDWH T

1XPEHU RI UHDGV

J)LIXUH 5HDG UDWBVTXRMHWAVLQJ DBRRUV/GLWHHVAXPEHU RI

LLRARA L

JiJiJiL

1XPEHU RI WDJV LQ WKH UDQJH

4XHU\ PLVVLQJ UDWH

WDDW DURRGWHUVWHRIPDGHU DQWRWWEROQDKH DIWB XQLWYV RQ
WKH OHIW VLG DYEXXWHHIXQLWY RQ WKH ULJKW VLGH RI

566, 'LVWULEXWLRQ

" HLOQYHVVEMWIBPMW K LVWULPXWVRBHER3 D VW G WEHRFHVV
566, WR XVH LQ RXUYLFODNVKRMEKHRIEY OHY MK HRI566,

YDOXHWH 564DPSAHWVWH FDSWXUHG

UHDO WUDXM™H BAD[LPXP

IOXFWXDWLRQ VVPBIBRIWUH RI

IURP D WDJ DW D VLQJ

L \



LV WKH SRZHU VSHFWUXP RDRIDX4Z asR DDWOWBWLRQDUN\
DQG VKRZV WKH QRLVH RI WKH 566, LV FURZGHGKPIRVWO\
wWDJ UHDG UDWH LYQ SUVHWRBIE WZR VHWV Rl 566, GDWI
DGMDFHQW OPRODWRIYRQEBEDXVI)RRNV\ 56 DUDFWHULVWLF
"KHQPDSSLQJ 56BOXHWK UHVSBBWOWRRDWXRRYHUODS
UHVXOWHWRFWLRO QFGUULRDELGLWHUWRWLDWH D ORFDW
DQRWKHU ORFRPWH RQ VKRVAR PHDVWBHG DALY WULEXWLRQ\
HDHAKYHU® JR{YY HU ORAFODUWHRIPSOH XVLQJ UDZ 566, GDWD
SURELOLW\ IRU WKH GHFHPVPRYWHRHOQM PKLFK LV FORVH WR
PD[LPXP HUURU SUREDEKDVWRBLRIHUURU UDWH GXH WR
GLVWULBERAWIGEQ LV RBKDB®OHWRHXVH QRLV\ 566, LQ ORF
PDSSLQJ :H WBFNDAHOHQ@ VWHKH VHFWLRQ DIWHU 3UREDELOI

RI1 566,
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— WKH PHDQ RI|[VDPSOHV

, 9DOXHV

566
éﬁz
- =

VDPSOHYV

JLIXUH566, YDOXHVMWRRWDRQDU\ WDJ FDSWXUHG LQ D UF



5HFHLYHG SRZHU

'\ H T
i N LR

JLIXUH7KH SRZHU VSHFWUXP RI 566, YDOXHV IURP D V

SUREDELOLW\ 'LVWULEXWLRQ RI 566,

,Q RUGHU WR XVH 566, LQ D PGEMMVAILEMDRG N BIHPLW\

GLVWURBXM 566, LV GUREDEBGVWWUWLEXWLRQV SOD\ D JUH
FODVVLILFBMWKIHHBHEBG UHDGYV |G RAH UWRFW WRLCR QOKUHH D

RI LOQOWBAKHNRDLSDWLHQW EHG DQG GUHZ WKHLU IUHTXHC
JLIXUH: KLOH D IHZ RI WKH GLVWUYUDRDEXWLREHX Q KK WOV DR

XQSUHGLFWDEOH DQG ZLGHO\ GLIITHUHQW WR HDFK RWKH



SUREDEGDYWULEXWLRQV RI

UHJDUGOHVV RI ORFDWL

ODUJH GLVWULEXWLRQV RI 566, E\ SURFHVVLQJ 566, LQ W
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PHDQ
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PHDQ
E
o
I
X
l_
I
-]
PHDQ
566,

JLIXUH ' 'LVWULEXMHRMWXUHG 566,

PHDQ

PHDQ

PHDQ

PHDQ

PHDQ
566,

PHDQ
566,

DW GLIMLQOH®Y WHOIRWIB DV L

RI LOWHWHRWAWWWLRQV RXW RI ZKBUH MRREQVHW FRQWDLQ\
VDPSOMW EHOO FXUY HAD BVUHIAML WWHICEEXWLRQV



566, SBURFHVVLQJ

‘H REVHUYHG WKDW 566, GLVW U LEQWH BR@NW B UW IO DIH DR
FPORFDWLRQ PDSSLQJ DQ®\WAKHNVBUREDWELRQV DUH QRW
XQSUHGLBWBEORI YDU\LQJ IURP RQH ORFDWLRQ WR DQRW
KLGGHQ ODUNRY PRGHO FODVVLILHU UHTXLUHV SURE
REVHUYD®WAGR QWR FRPSXWH WKMHPRWVWRUUHVSRQGLQJ VHT
VWDWH WKH SUREDELOLW\ GLVWULEXWLRQV RI 566, LQ

LOQWHUHVW VKRXOG EH NQRZQ

7KH GHVLUHG SURSHUWUM\HURSUW DHRXEH & R Q WOH/[KVMH D U H

ODJ RWSWRFHVMW.QUHGLEDEKOFHURFHWHKRXOG QRW VPHDU |
VKDWSUDQVLWLRQV KQ "WKEH RGFHWRN VW ZRUN IRU QRQOLQ
PRYLQJ REMHFWYV LQ FWR2EKIE IRRPHNVVLQIJ VKRXOG UHG
GLVWULEXWLRQV DQG H WKH SURFHVVLUREDEXOGWIU

GLVWWLRQV

7R AHW WKH SURSHDSSGIVHG WKIHP KIK@WRUBB 7/ DV D
566, SUHSURFHVVRU 7 IRH \& DL EOXXRIMDSINEH R [ L P DIMR. RVQKWH
*DXVYQ GLVWUDEXREBRMDWKER RI UDQGRP YDUBUVWERHYV

VDPSUH|H LQFUHDNWYLFO®@O\ WKH GLVWULEXWLRQ RI WK



DYHUWJH FRQINHWWRHR QP DO GLVWU LETKXDLVRIOR Q
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ZKHUH [[: DUBDQGRP YDULDEOH VDP8ODQ\G 2DNHK/ PG PH)

SQRWHWH )WY DQWDSHREMUWKYIPSOH DYHUDJWR UHGXFH WK
YDULDERAFH IDFWRRK 566, UHDG LV D UDQGRP YDULDEOH
WKDW UHSUHVHQWY WKH UHFHLYHG SBQBUVYXRI MIXIDWK (
WKH YDULWEWHEPREIOH DYHUPRHV\ 566, LV SURSRUWLRQDO

WKH QXPEHU RI VXEVHW VDPSOHYV

1 Q 1 Q
_(|L6L 9 L 6HDQ—(IL9LL



W% % Y% ¥ Y

ZKHUHLV WXAPERU LQSEWYV D 566, YDOXH ZLWKRWXW QRLYV
XQFRUUHODWHG *DXVVLDQ UDQGRP QRLVHWULWKUHAUR PH

566, DG 9LUHSUHVHQWYV QRLV\ UDZ 566,

'LWK LQFUHDVLQJ ¥ WKHOH6 &L MDEGHBQRBWHY UDWH RI
+RZHYHU WKH VDESOWHGU]HNR EH EHODXWRR GG,
WUDQVLWLRQV IURP VPNV VP REHH PHNAWDJHG RXW WHHRXQ
PLQLPXP UHTXLUHG G LV W DROEANHAIFRE WELHRIQHIEVR E@ P LEX L Q J
WUDXBBVXVFLWIKWERQIW RXU DSSOLFDWLRQWERBDLQ
FRQGLWKBWMXH RYRBQREHVVHG LSS U L EDX\W WRERD SDUW
ORFDWLMRQRVH RROMHWYY WKD@GHW HUE VOKDKPILQLP X P
VDPSOH VL]HTXDOVE\FDOFXOWMH RY BUMBRURFHVVHG 566,
JLIXUH E VKRZV WKDW WKH RYHUODSSHGDSWRFHVVHG 5
ZLWK WKH VDPSOHKWP|HO QH\DVG UDWKH WHDW XIS] RV R

LV UHDGVYMHMH VR DSSUR[LRBIWRQGH QHHGHGDWR UHD
OHDVW VDPSORNHUHIRWH X8 Q VHFRQ@GQGRZ IRU 566,
SUHSURFHVWKWH FOWHEMWRWKDQ WD JYHLVIUKWMIK R XEDRSQ
PRUMWKDQ VDPSOHYQ @®HFRQG ZLQBRAWKLV ZLOO UHVXC

VPDOOHU RYHUODS DUHDV WKDQ WKIXWHIMRRZV WIH SO



SURFHVVHG BWALEBXWLRQV ZLWK WKH VB®OSOMIKWL]H RI
PHDVXUHG 566, GLVWUXEX WIHRGVRFHVVEGVNG L\EXW LRQ

DOO O R FIODWLARM)\WV O R SIS U R [ L P DW/RVRK®IV * D X VG/LL\DWQU L EXW LR Q
EHEFDXWHAKRII &/7 7KH VWDQGD U @& IGHVYALIDPDIVRHIG 3616, GDWD
EHWZHHQ DQG Rl WKH PHDQ DQ DYHUDJH RI

UHGXFHV WKH VWDQGDUG GHYLDWLRQ RAHPMDUKDEBH5R6
SURFHVVHG W6 X BARG Rl WKH YDULDQFH RI PHDVXUHG

GLVWULEXWLRQ RI SURFHVVHG X\6KEBAJIRF H BB &,GLEB® U

GHWHRAWVYLWREGP DV DQ LQSXW

JLIXUH'LVWULEXWLRQMWRG BB, DQG SURFHVVHG 566, IUR
RIGLITHLUHRPWWLRQV VKRZQ DV EHOO FXUYHV ,Q ERWK FI
VKRZV GLVWULEXWLRQ DYHUDJKGHIGQR P X UHORF® WWLKRHD V

ULJKW FXUYH VKRZV GLVWULEXWLRQ IURP WDQGHP O
IURP WKH RULJLQDO 7KH GHFLVLRQ ERXQGDU\ WKLFN



PLGSRLQW RI WKH PHDQV RI WZK KGL VWA BEW.L RE@W D
GLVWULEXWLRQV RYHUDKE GMVWULEXWLRQV RI SURFHVV
RYHUODS RQO\ E\

m
o
I
X
|_
I
-]
PHDQ PHDQ PHDQ
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PHDQ PHDQ PHDQ
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PHDQ PHDQ PHDQ
566, 566, 566,

J)LIXUH 3URFHWWHG GLVWULEXWWWKEO®VORFDWLRAQM RMRRIUHYV
WKRVHLIRUHXVUIQWKHUHSURFHWIR U 7TKH EHOO FXUYHV D
ILWWDBHGYVIAYWULEXWLRQV



566, 6HIPHQWDWLRQ

%HFDXVH DQ LQVWDQW RI 566, LV DDSPOGREKDNWLFE
SURFHDVANUWEBUQRGPH RI 56BH T UMKGUH DUH WZR W\SL
GDWYHIJPHQWDWRREBUODSSLQJRDQGODBEQQJ OHRQXVH
RYHUODSSLPHQWUDPHVYRJIJXUH RISURFHWWEHGDY WKH
REVHUYDWLRQV WR DQ ZHI0PROMNHNA E LVDEB/QND F K \WMLFPMH
LQVWDKQM®RWLRQDQVLWLR A DU B IGHIJVE KIWHCLHFWOHRGR U
WKH[DEFW WLRMUDQVLWLRQ IURP VW DAWLIRMPRIQ WARIRPR'Y L Q.
IUDPEDVHG VHJPHRWOIOLVGIRQGREIJPHQWDWLRQ

J)LIXUH FDPDMVGHFLVDRWQWDFK VDPSOH WMPREHYWWDQW
VK DWAMR VW WG D WDWKLQ WKH DGMD PHMEWSDIRGXERY KLJIK
FRUUHODWHG LPDRIUBPIGN MW GRXGMWWMK®S LI IHUHEHWZ HHQ

WZR FRQVHFXWLYH ZLQGRZV
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JLIXUH)UDPH EDRBRYHUODSSLQJ VHIJPHQWDWLRQ RI WLI
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JLIXUH 60LGLQJ ZIRYGRDD FD\QHG VHIPHRIWWWAHR YHULHYV

GDWD

7UDQVLWLRQ '"HWHFWLRQ

7KH DGYDQWDJH RI 1UD RHVEDALRG PRV WHDEWY WDH I UD P H V

KDYH QR FRUUHODWLRQ LQWURGXFHG IURP WKH VHJF
VHIPHQWDWLRQ SURG X FGHINFDVEVRIQDVE FIXU DMLARH WKDQ WKH
ZLQGR® WKH FDVH Rl VOLGUGUHLGOREIPHQW MWIHR QV

JHQHUMWMHEBYHU\ LQVWD QW HRVHFBBUBR @ BDGH DW WKH V
WLPH) WKH |IWBIRRHQWDWDRVD VHIJPHQWDWLRQV DUH JH(
PXOWLSOH GDSHULRGWDQBNGHWHFWLRQ FDQQRW EH PDGt

GDWD WLPH 7KXV ZHPROWMMIBODAFHWRLRQ ILQGHU WR ILQC(



GHWHFWLRQ WLPH
(DFK IUDPH LV IHG WHRO D\KHDM.GDREE VHUY DW GR %K B
FODVVRDUHLY HIDPKZ L WHKL W KRHRJY LIGRIUV W D W L|R @ IV DWKHH Q
PRWLWQDQVLWLR/MDUGE&HVWKHIDFW \DVQBUWQ & WLP/WDWH
WUDQV ) MIDRIHVKRZW IBRM |UD RNWE\PRWLRQDQVLWLRQ ILQG
ZLWKWDWLRQDPPY P RYLQUDPHM XVWZRLQH VHJIMRHQWYV
FXUYHLQUWWHFDXWDWQRYDWHSURRKHVVHGDEB6EH ILWWHG
ZLWK D KRUL]JRQWIOPRGLGWDWHY DIWHU D VWDWHRQDU\ V
ILWWHG ZLWK D 78 HQIH BN P HQWWOR UL]RQMBFOUUHVSRQGLQJ
WRKH PNDQRHWKH ILUVW VWDWLRB DRHIYWMHRH R OKEH IR UH
VWDWLRQDIM GMWDHBHFRQQHFWLQJ WKH KRULJRQWDO OLQ
WKPMRYLYWDOIWKHRQQHFWLQJ SLQW RI WIEZRDAMWM W HHG DG MQ H \
VWDUW DQG WHQ® WHFRY&WWDWH WUDRQVLWLKRHD EHILQQL

DQG WKH HQG RI REMHFW PRYHPHQW
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JLIXUH$ VHW RI |UPRAWLRQD QVLWLRQOALLWGMILQJ FXUYH

+00 &ODVVLILHU

IDLYYHGGHQ ODOURNRHO 1+00

'H ILUWMMVLIRQDHGO0O0 )LIXUH D WKDW PDNHV GHFLVLRQV ZKH

WDJJREMHFW LV PRYLQJ RU VWDWLRQDU\ DQGLBKGHQ LQW



ODUNPWRGH®+00 DQ&LPSOLB+HAG 6%$+00 *LYHIHO0O
WKH 9LWHUEL $O@RWUWLWKEB WRKPARY® OLNHO\ VWDWH VH
WKURXJK WKHL WKWHHOB EYPD [LPL]MDKIH DERBD LW\ RI WKH PR

SUREDEOH VWDWHMWLRIQQFH (T
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JLIXUH D 6WDWH GLDJUDF RIKW&E&EHQ ODUNRVLFREBKI
HPLVVLRQ SUREDELOLW\ ®RLVWREY KWWY B IKZBLRK E
7TUHO®IPWKH 9LWHUEL WARIJRREWXKWH WKNHHPRWVWWRUUHVSRQG
VHTXHQFH RI VWDWH



Y ,RJT"S ,Q LWaWDW H

YW YW " RTD,

TW DWPIDF W
T

ZKHUKHW?7 R, EVHUYDWLRQWYWDWLRQDU\ VWDWHS PRYLQJ \
LQLWSIREDE LRILWRHVSUREDELOLWLHYV RI WUWRBVRDYEGRQLQ.
WKH PRVW OLNHO\ VWIDWH VHTXHQFH

$00 WKH SDUDPHWHUV RI 1+00 DUH GHOL@RID/ DQG H[SODL
2EVHUYDWLRQV

2XU VHMPWLYV EDVE6G RIQLAR Q' DIALWKLYHUVUWD ®HU DQWHQQI
JDLQ DQG WDQIDDIDNKY DVVRFLDWHG ZLWEKKBWM LEHWKD UG Z
GLYHUVLW)\ DFOXMMMRIQMA W XGH\E66, PHD VXU QMK H
DGGLWLRQDO PDJQLWXGHV DUH GLIIHUHQW ZLWK GLIIHU
% VXEWUDF68L. YDOXRY WKH VIRRHDVIDDPH EDVLYV ZH HOLF
WKH FRPPEBGLWPPYQROWRIGHDFK IUDPH 566, LQWKRGXFH(

GLYHUVWMRADXVH 566SURYLGHG LQ D ORJDULWKPLF VFD



DGGLWLRQDO PDJQLWXGH LV DGGHG WR)RGK LQVWDBRBV
WHGLIIHUR@PWSOH PHBER, RDOXHV VWRRDR@ DI WHQGYV W
EH JHUR UHJRID@OMNWEDJQLWXGHG6L QDO XHVWKERHY LFH

GLYHUVKWY ZH GHILQHREVHOYDWR EGVWKH GLIIHUHQFH E

WKH PHDQ 566, YDOXHV RI WKH FXUUHQW IUDPH DQG WKH

ZKHUMWKIWDPEDVHG WLPHLD Q\KH PISDQFRISE6,GYDOXHV
LQ IUDWPH

7KH HPLVVLRQ SUREDELOLWLHV LQ WKH VWDWHYV

BURFHVVHGLY6B *DXVVLDQ UDQDBRB QADWIVPHEIZY IRUPDWLRC

RI SURFHVVHG 566D GR\REMOVH D Q UD(CD)(EJFRBBGB(IX?W

Fe, Ve, Pu Fe, Ve, pQaR b, Fe, Fe,

Vg, Vs, Y, DUH *DXVVLDQ UDQGRP YDULDEOHV (TXDWLF
3 ééH[“séiz'H[“sé—b—'G[ L, [GJGJ
OSKY% T oW oVt ¢ C




ZKHWA LV D GHOWD IXQFWLRQ

%HFDXVH WKH SUREDELOLW\ GLVWULEXW IDRQXRIVWEK® LQS
LW.V SRV WL EGH UH\DHQDW\WLFRBROWLQXRXYV REVHUYDWL
HPLVVLRQ SURRDHL@LAGDHDVDXVVLDQ GLVESWMLIEXWIKRIQ

*DXVVLDQ GLVWULEXWLRQ RI WKH R ES/AHRE/DENIBR QWM HWK

REVHUYDWLRQV LQ WKH VWDWLRQDU\ VWDWH DQG PRYLQ

$Q HPLVSUREDEROIREVHUYHMIL RMEKH VWDWLRK D BN WD W H
» R wowlrdRQORZV *DXVHLDQ Vg Vo W ,Q  WKH

VWDWLRQD Uk MWDWHFRFDXVFH RIFp,

$Q HPLV\BILRRE DIE RO LRE VH U YHMQL RKH PR Y L GH. @ WIBAV H

, R_TrvLgJROORZV *DX¥VLBQ Ffp, Vg Vo, Vs,

7KH PHDQ WDNBQ GHNMAEADWLRQ LQ HDFK VWDWEWILPH]BE FLC

ZLWKUDLGQGDWD VHWYV



2SWLPDROLWHULRQ
7KHWD UM WG HWHEWH WK H LR DMHPRRW L QD OV H S RWIUW RWH
JHQHUDWHY IDOVH LQIRUPDWLRQ RQ WKID VIR VQLHRI® VRL Y P
HUURHV X O /RVIMGKIH PRMQLIRQPDWLRQ %RWK W\SHV RI HUU
PLQLPL]JHG RXU FRQWH[W VL]HV Rl WKH) G RYHNLW HY HP
VWDWLRQDU\ FODVVHV DUH GLIIHUHQW 7KH QXPEHU
RFHUWXKH QXPEHU RI WKH RRQE®JRENMMHWWY DUH PRUH
VWDWLR@GDXVH ODWWKHZ V &RUUHODW LR Q@&TKIDMWLLRLQ QW
DVQ@RSWLPFULWHBURRXU +00 FOBNWNRXWVHU LMV ZRUN
ZLWK VNHZHG FODVV LPEDODQFH DQGDWIMNHYREQWRYHBFF

IDOVH QHIDVUWRUY @




"KHUH 73 LV WKH QXPEHU RI WUXIQSREHW IRY HWU XH QW JDRA
)3 LV WKH QXPEHU RI IDOVH SRVLWLYHV DQG )1 LV WKH Q

,QLWLDW DQ@Q\GLWREQ EHO LW
%\ VXSHUYLVHG WUDLQLQJ LQLWLDO DQG WUDQVLWLRQ

UHVSHFWLYH IUHTXHQVLWVY RRQ W WDREBHDWID DVH W V

$XIPHQWHGGHQ O DIURNGHOH0O0

'LWK WXHRSHWWDW UHGXFLQULWEKHHD 566, GLVWULEXWI
FRQWULEXWHY WHR YHRUESHEQRWMEBHW ULEXWLRQV RI GLIITHUFE
VHWYV ZKLFK UHVXOWYXU®@ HUURBHWLIQ $EORUH WR

UHGXFH WKH YDULDQFHRRI XKWL R BEVH WKBHVVWDWLRQDU\ \

,Q BHULRIGIUDPHY LQ ZKLFK WKH VWDWLRQDU\ VWDWH N

PHDQ RI WKH IUDPH GDWD FRQYHUJHV WKH RHPQ®RI WKH

EH UHSODFH® ZINWMKREVHUYDWLRQ RI FRQWLQXLQJ VWDW

R Py R



ZKHUHMY WKH QXPEHU RI FRQWLQXLQJ VWDWLRQDU\ VWDW

%\ SURFHVVLQJVRCOMLIREIMMJHNY  WKH YDULDQFI@, IRV DYHUI
UHGXFHG VR WKH REVHUYDWLRQ YDULDQFH LQ FRQV

W, %, Y%, EHFRPHV VPDOOHU WKDQ WKH REVHUYDWL

(TXDWLR @6\ WKH X$RIXUWK@BUHDWIQJ FRQYHWHUR VR
WKH REVHUYDWLRQ GLVWULEXWLRQ LQ FRQWLQXLQJ VWEL

Vo, JLUXUHVKRZQHISHULPHQWDO UHVXO W W DRAHH VRARIWLLRXXD

RQ DYHUDJH YDBWDRBHVURGXFLQJ TXLFNGO) EWORZ

FROWLQXLQJ VWDWLRQDU\ VWDWH 7KH XVHG 566, YDOX
WLPHV IURP D VWDWLRQDU\ WD JLOWUWKHIGUBWKRRZFDW LR
WKH VWDWHYV RI $+00 WR UHGXFH WHKH RERH UNDDWLIRRQ &
VWDWHV ,OWDDAKQDURY LV XSGXWHGIXDWLR®QG

UHVXIOQNVHGXFHG YDULDQFHV RI WKH REVHUYDWLRQ



JLIXUH7KH VWDWH GLDJUDP RI $+00
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)LIXUH 7KH UDWLR RI YO%) UWDRPFHDRI WKH VWDWLRQDU\
FRQWLO®&EHVGDWD DQHWDIMKH VDPH QLQH)DRADINLRQV DV

6LPSOL$EHG 6$+00

7KH FULWLFDO LPSHGLPHQW LQ UWIROMWDWLR Q@D RY XPHEHU

VWDWHVY VLQFH VXSHUYLVHG WUDLQLQJ\LNORBNVBEOHQ R



SDUDPHWHUV RI DOO WKH ILQH VWDWLRQDU\ VWDWHV W
WUDLQLQJ GD\RRMEPGVEYRQY D JUHDW DPRXQW RI ILQH K
7KXVZHVLPSODLIQXPEHU RI WKH VWDWLRQDU\ VWDWHV RI
VWDWLRQDU\ VWDWH LRQDRIHDH INHMS WKH SURSHUW\ RI U
REVHUYDWLRQ GLVWULEXWLRQ VWDW 168 @MIWKID ¥ QRAQ IR Q H

PRYLQJ VWDWH DV LQ 1+00 EXW XVHV WKH VDPH REVHUYL

2EVHUYDWLRQV

‘H XVH WKH REVHUYDWLRQV WRXPVIDREWIEGQAHEPLQ/ KH

SUHYLRXV SNFWKRQ/WDWLRQDU\ V&Y D R FRH \G HGQWHHMP L Q H

zLWR, DQA®), WKDW LV IURP WKH SUH WIVRXW HV WD W KRG

XVLQJ DOO WKW KLVWRU\ RI

B, B LN P, N

ZKHUMLY WKH QXPEHU RI FRQWLQXLQRIJXNWDWLRQDU\ VWD

7KXV WKH REVHUYDWLRQ WR 6+00 FDQ EH UHD]HG LQ D

Py, DOd% ZLWKRXW XVLQJ A-EFRUNHRG DIXUWKHU KLVWRU

GDWD



(PLVVILI®R®@EDELOLWLHV RI WKH VWDWHYV

(PLVVLRQ SUREDELRIMIIHYG 2 T wowr¥HPDLQ XQFKDQJIHG

DV LQ $+00 ZKLOH ZLWK WUDWRHURULGRWR KFHWFLVVLRQ

SUREDELOLWLHYV LV WUDLQHG

,QLWRQ®W D QVLWREQEGOMWULEXWLRQYV
%\ VXSHUYLVHG WUDLQLQJ WKRVH GLVWULEXWLRQV D

1+00

6\VWHPDOXDWLRQ

,QGLYL&ERPORQH@PW XDWLRQ

,Q WKLV VHFW L KR Z2ZBIFKRIR QRIQWKH GHWHFWIRRM V\VWH
ZLWWKUHSHMLPHQRMHDID YLRWUH2 )LIXUH 7TKRWHFHQDULRYV
RQVIRMWKH FDVIRXRISHREBOHPURXQG RQH SHUVRQ PRYL(
PRQRWRQARVHPHQW RI 566, ZLWK UH\BWMHE W HMN@ QKXP D Q
GHWHFW®EBE CFHK D QIXIW UHD R L Q WHKBHB WWHIQWD ECH @& UD X P D

UHVXVFLWDW VXY URKRRKG H @ HIBF MOPHDWUHDWLQJ WKH SDW



JLIXUH ,QWKWFHQDRILRRXU SHRSOH PRYLQJ MPXEXQG WK
ELIJJHU ULSOHWLRYDWIH 566, ZHIOGIXRIEVHRIFFHIU AWK W R
VFHQDALWVRRQKBHUVRQ PRYIRQUH 1+00 DQG®G$+00 ZHJH
WUDLRWIADPI VHW RI 566,/ X\NHKWH ILUVWLYXHR DDIQR
DSSOWHR® O WWKHRHHHY WolHR- D RWHKH WUD L Q L QKIHDMM SZ3 AWKV
ERWK 6$+00 DQG 1+00 PLJKW PLVV VPDOO FKDR®XHUHN LQ 5
'‘XH WR WKH YBGXBRXEEU D FWHRU IBWWOLAMB HWHFWY DOO W
PRYRHOWLYRLIXUH H[FHSWWIRK VPDO O RPWWY WANRIXH H

1+00 KRZHYMHIWVHVY PRVW RI WKH VBPDDOHNVW FKDQJHV



D OHDVXUHG DQG 3URFHVVHG 566, DQG
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E 6%$+00 &ODVVLILHU
ORYLQJ
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F 1+00 &ODVVLILHU
ORYLQJ

566, 5SHDGYV

JLIXUH $ VFHQDULBD QGWRDRRYAFHQB/Q GRXU SHRBVIHY J
UDQGRPO\ LQ WKH DUHBSRINLIQQWHR/RENDW X BB, YDOXHYV
WKWHPRRWKVBREMIRFHE¥6,0 QAHFWD QB R[HMKIR Z \MKDHF W
WUDQVLWLRQURFLRWLRODQVUWQBREUWK 6$+00 RXWSXWYV
E' HWHFWLRQ RXWSXW FRHVBIBFOWLRQ RXW S XDW RH DIFHO 0
IUDPHQ VWD QW



D OHDVXUHG DQG 3URFHVVHG 566, DQG

, 9DOXHYV

566

LRI ‘»7 qq

E 6$+00 &ODVVLILHU

F 1+00 &ODVVLILHU

566, SHDGV

JLIXUHS$ VFHQDUL® QGRROPFRYAHQIMQ BQH SHPRROQQ
WKH DUHD RI LQWHUHNWK DD WIVR'H PHD QLQJIXIH L Q



D OHDVXUHG DQG 3URFHVVHG 566, DQG

T

9DOXHYV

HA. i ‘””
il 'fHH’

‘, lh

566,

i ﬂ o J

E 6%$+00 &ODVVLILHU

F 1+00 &ODVVLILHU

566, SHDGV

JLIXUH $ VFHQMUMRWKH WDURWDWRQSURERBEH®S6,
LOQFUHRFHQWPRQRWARPIBSHUVRQ PRYLKXH DUHD RI LQWH
&KDUWY¥ FD KDYH WKH VDPH PHDRUBAJ DV LQ

6\VWHPUGZDUH

'HXVHG DQBWHBAPHE' HTXLSPHQW |URPFEQIRER@\Q G
&RQILGH[ ZKLFK LQFOXGHV WZR Rl 5)]RXHIUGFKO DUB\
SRODUL]HG ZLGH DQJOH DQWAGQDZR/BN\SHV RI SDVVLYH &

$/1 DQRG &RQILGH] 6WHHOZD®H KWKRFKWRIDGHU DQWHQQD



SRLQWHSRWLE® IURP GLIIHUHQN OHWHADQ WHQQDV DOOR:
WRQWHJIJWDWH D@L DBPWIQRQ DOWRG $EH,LQ D DWW KD W
PHGLFDO VWDIIV PLIJKW REVEXU IR®HLEK W KHL DQBIQ Q D
UHVXOWGEBJIUD®LQQDO VWUHQLU@MXDQBLEQW GDWD VHW L
7KH 5)," UHDGHUV DQG D GHVNWRS FRPSXWHU DUH FRC
7&3 ,3 FRPPXQLFDWLRQ 7KH UHDGHU KDV D ORFDO FORF
L@® PLOOLVHEFRWGRQHNRRIOHDFK 566, UHDG 7KH WLPHVWDF
IL[IHG IUDRMLREZR GLIIHUHQW W\SHV R| SDWN LXWHG&+)RWD.
GLIIHWPDQWHURDPNGLFDO REMHEFWYV 2QHRWQBRHWDSIDLF
REMHFWVY PH@VDRAVL PP DQG WKH UHDG UDQJH LV »
P 7KH RWKHU W\SH LV &RQILGH[ 6WHHOZDYH OLFUR ,, IR
ODU\QJRVFRS B LPGI® LMRGVUHDG UDQJH DUMPDQG XS

WR P RQ PHWDO 7KH FRPPXQLFDWLRQ SURWRFRO XVH(

WKH SDVVLYH WDJV LV WH®HWBBWILWIPFG GD U G

7DJIJBGVVIOHGLREUHFWYV

1LQH SDVVLYH PHGLFDO REMHFWY DUH VHOHFWHG DQG
QHDU WR WKH SDWLHQW EHG LQ UHVXVFLWDWLRQV VXF

FROODU ODU\QJRVFRSH (7WXEH (77 6WHWKRVFRSH )



WXELQJ DQG WKHUKXRMHWHU

JLIXUH7KH WDJJHG SDVVLYH PHGLFDO REMHFWYV ITURP XS
NLWNKHUPRPHWHU DQG WRWPHORRNBODBERHQOQMRVFRSH FROOD
WXELQJ IOXLG EDJ DQG %90

'DWRROOHFW I R@ XO@BEX W R W D

'LWK WKH GHSRWXHH &)W V\VWHP 5),' &R WDHDQGDB®RH
DUH UHFRUGHG GXULQJ VLPXODWHG UHVXVFLWDWLRQYV
7KH UHFRXGWHBL OOIDEHRY DUH XVHG WR PDNH JURXQG WU
DUH IRXU UHVXVFLWDWLRQ VF H QOUHIRVDHYEE Q1 DVFELKP IR\D HE \Z

GLITHWHODKPD WHKBPDYYHUDJH QRREHEDRD IV PRYLQJ DURX(



WKH DUHD RI LQWHUHYMV KWHIRMDK HOVWKERDULRY LQFOXGF
VSHHG PRWR B ROXUSHERY WWIDXFN DW DSSWRIVWWPEBKQHG

SDVVHQUMHUKHDODELG FROOLVLRQ DQG SHGHVWULDQ VWUXFN
LOQYRQY WKH QLQH SDVVLYH PHGABHODWRBMXWKWWYVIRU
HHGRWKIHDDODQW XEDWLRQ DGPLQLVWUDWLRQ RI IOXLG\

WHPSHUDWXUH FRYWBERQ @QWHUWLRQ

([SHULP HBNWX®D W V

JURP WKH UHVXVELWDWLRQV UHVXVFLWDWLRQV HE
IRXU GLIIHUHQW VFHQDULRY DUH WIBNH®UDWQURQGRPOD
DQG 6$+00 HQGKMWVXVFLWDWLRQV DUH XVRGHI RIW \HXYDVDX |
DUMKRZIQQLIJXUH (DFK RI WDJJHG RENWMAVAWRLIDWH D Q G

PRYQBKDUDFWWR IGHW IBFWXBRD\F VOHJIJIGWOHUHQW 566, GDV
DUH HIWUDFWHG DRFRUBQGQJWKR WQWHQQD DQG IHHG WR
VIVWHP ZLWK GLVWLQFW SDUDPHWHUWQWHHDPIDANKWRP G L
SURGXFH FRQWUDVW KW GHWHGEWWRGWLRQ ZLWK D KLJKE

WDNHQ EHFDXVH EHW S\NURMXIQDWLQ KLIKHU GDWD UDWH

6$+00 VKRZV LPSURYHPHQW LQ DFFXUDF\ RQ DYHU



1+00 7KH REMHFW PRYHPHQW LV LGHQWLILHG ZLWK
E\ 6360 7KH VWHWKRVFRSH VKREZMXWERFH O RIHRPWW K H
IDFW WKDW PRAWYDORMR WKH WDJ DUH DEVRUEHG E\ |
UHVXOWLQJ LQ ORZ GDWD UDWHV ,Q JHQHUDO PHGLFD!
WKH FKHVW RU DURXQG WK M VQHRF K XPCHR ERW ERLOE V
ERWK VLJQDOV IURP D UHDGHU DQWHQQD DQG EDFNVFI
DWWDFKHG RQ WKH VWHWKR WFREHWVXOW VDEY RRLEMAL.D J !

UHDGV DQG D ORZ DFFXUDF\
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JLIXUH ORWLRQ GHWHEWIUIRP@RQFHODVVLILFHWWKOWY [IURP
6$+00 ESHVXOWY IURP 1+00

&RQFOXVLRQ

$SSOLFDWLRQV RI 8+) 5),' SDVVLYRGWGJVURMP YWLRAFO)\
LQGHQWLI\LQJ REMHFWV W& WRDLFRRX\Q Z ARUENWY HBFWBNLKRIA/H

+RZHYHUWQWQIRUPHG FRQILRKWHDDNGHRWQWOMHOQRIEEHULHQFH



SRZHU ®RWWDJINYHQ ZLWKLQ WKHLU FRYHUDJH DUHD
LOQDGHTXDWH |RUWARIAMRIGOR¥NVLGHQWLILHG WKH FDXVHYV
SRZHU D¥EWMDNSRLQWYV DVDE DAHN P IQEDNVZAMIQH UHD G H U
DQ®UDQGRPO\ RULHQWHG WDJ %UHDNSRLQWVY DUH FU
VLIJQDO SURSDJDWLRQ DQG FEDQGRWVEHRWH®RLIHG) 5),'
VHQVLQJ S ONDKNIWGRHWKHY SRZHU ORV X VI@REDHP\D QG
VSDWLDO GLYHUVLWURYXGHW X RLAF\R M H URIBABIGHD
LOQWHUHYMWPLQDWLQJ WKH SRZHU ORVURIUBEWBEPX DQG
WUDENLQJ RI WDJW KNYDBSMUH SO0 D VKIRWPLMMPDDX PD ED\

‘H PHDVK@566,DQG TXHU\ UHVSRQVH UDWHV IRU EUHDNSE
PLVPDWFKG IRRBRLQWY ZLWK BRIMHULERQW :H FRQFOXGH
WKLV VHQVLQJ SOBWOQRQRV S URYSW REQ,) WD JIRIEBMHFW

LQ LQGRRU VHWWLQJV

+DYLQJ WKH VHQVFRIH\SQ W | BWMH VHRNW BFWYRIP IR U
SURYLGRQRUPDRQ FPRYLQJ DQG VWDWLRQDU\ PRWLRQ RI
REMHFM\J XVHG LQ WKH DXWHDBR) 1) QWMHHK@RORJI\ 7KH
QRYHO PHWKRGVY WR DFKLHYH D KLJK DFEXUDF\ DUH 56|
FODVVLILHU IUDPH EDVHG VH JRHOQDMDANIWRGSADH G6BRW LR Q
SUHSURFHVVRU UHDGHLIDWRNF B\66H GLVWULEXWLRQ LQWURG X

WKHUPDO QRLVH DQG PDNHV DFFXUDWH DSSUR[LPDW



GLVWULEXWLRQ 7R GHMW HREW RDD JOM X \REBEFWKDQJH RI |
EDVHG RQ LWV UHORFDWLRQ ZLWK IUDPH EDVHG VHJPH
PRWLWQQVLWRRBGWWHUPLQHY WKH H[DEW PRYHPHQW WLP
EDVHG SHULRG 6$+00 LV WUDLQHG IRU FURZGHG VHWW
DQWKH PRYHPHQMWVBQGHTXHQF\ RI HDFK WDJJHG REMHEW
GHWHFWLRQ DFF X BDNML WDERQDMHDO HBHSRVHG 6$+00
LQFUHDVHY WKH GHWHFWLRQ DFFEXUDF\ E\ FRPSDUH:!
LV HYDOXDWHG ZLWK 566, @DOIVDNXBPRWGHBPIDQED\ LQ VL
UHVXVEFLWDWLRQV SHUIRUPHG E\ WUDXPD WHDPV DQG V
KXPDQ PRYLQJ DURXQG WKH DUHD RI LQWHUHWXDWRP V
SDVVLYH 8+) 5)," WHFKQRORSURFLYP BW KRGS U RGrH.
LQIRUPDWLRQ RQ ERWK WKH PRYHPHQW DQG LGHQWLIL

REMHFWYV IRDZBRGWHMWWHPV
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@HYLQH : OH\HU 0 %U]JHJLQVNL 3 5REELQ
E&QRPSXWHU $XWRPDWHG 7RWDBO&RRASMNWISHUDWLYH
5DGLRORJ\ DQG 6XUJHU\

@DWDYDEBPHOHVXUJHU\ URERWLFV DQG WKHE IXWXUH
(XURSHDQ 6XUJHUMW

@DUGUDP - E$SSOLFDWLRQV REDIRQWRPEBXV
+RVSLWDO:RUN ([DPSOHV DQG EH@L3IQREFVIHEHALLSOHV
$&0 6\PSRVLXP RQ $SSOLHG &RPSXWLQJ

@ /HKSDPBY,' '"HVLJQ 3UL ERLB/MOHINK +RXVH ,QF

@ &DQJLDORVL - ORQDOVWHMNHUBILP®IIZ),' LQ
SDWLHQW /LIH &\FOH DQG ORELQUIW\RPHPUQPEAREWLYHV
ODJDJLQH YRO QAR 6HSWHPEHU

@ %RIOLBHWHFKQRDBB\\RX UHD&\,(RUOLRPUR?Z
ODJD]JLQH YRO QR '8B

@ 'RENLQ DQG 7 'DEGUQPHRWHQWHG LQWURGEFWLRQ
+LJK JUHTXHQF\ (OHFWURXEN SS

@ $JDUZDO $ -RVKL 7 )LQLQ < <HVESDSHWG 7 *DQY
FRPSXWLQJ V\WVWHP IRU WKH RSHUDWIEQUREIRRP RI
1HWZRUNV DQG $SSOLFDWLR®S/ YRO QR

@5 %DQHUMHH 5 -HVPH D@EEBEHBIRUBDOQGHWL
VKRUW UDQJH 8+) SURSDJDWLRQ DV DSSEDQFDEOH WR
(((5), &RQIHUHQFH SS

6 3DUODN $ 6DUFHYLF , ODUVERWQRGEFIE %XUG
WHGRORJ\ LQ G\QDPLFF WD\ ARIOPHWHWWLQJV
FKDOOHQBNWYWQDO RI %LRPHGLFDO ,QIRUPDWLFV YRO

-RKR & 30DJHPDQQ DQGEORGHKOUQUG),'
VWUHQJIJWK DQG WDJ GHWR®WLER® ARBSQRIDFROAL]DW L
,Qf &RQI 5RERWLFV DQG $XWRPDWLRQ SS
- 7RUBR®LV 7 + )DON D@ UHWKIZXRI LQGRR

WHFKQRORJLHV WRZDUGV QDYLJDWLRQDO
GLVRULHEGWPBWHROW ,QWHOOLJHQFH SS



- ( %DUGUDP $ 'RU\DE 5 0 -HQVHQIBHOVHXQJH . /

6 7 S3HWHEYKOVH UHFRJQLWLRQ GXULQJ VXU

HPEHGGHG DQARUERGAHEVRUV3IHUYDVLYH &RP

&RPPXQLFDWLRQV 3HU&RP ,((( ,QWHUQDWLRQDO &R
ODUFK

7 ,QRPDWD ) 1DXWDKDUD ) +DWWRUL DEHBWL .RIXUH

UHFRJQLWLRQ IURP LQWHUDFWLRQV ZLWK R

QHWZRUN 3URFHHGLQJV RI WKH UG $&0 ,QWt}

&RQWS$IZWUHQHVV DRWBHBIOYJ 6\VWHPV SS 0D\

% /RJDQ - +HDOH\ 0 3KLOLSRVH ( 78SQRWHQG 6 ,Q

HYDOXDWLRQ RI VHQVLQJ PRGDOLWLHV6SRUCDFWLYL

%HUOLQ +HLGHOEHUJ SS

. 2KDVKL 6 2WD ODFXOEBER DQG + EBPQDWDP}

HQWURQPHQW DW WKH SR MWD RN LRDUMHO LSXIWR O

WKH EHG VLGH XVLQJ 5)E QRRBKQRIORI\LQ %

OHGLFLQH YRO QR SsS

0 %XHWWQHU 5 3UDVDG 0 3KLOLSEBHFRDQG ' :HW

GLO\ DFWLYLWLHEDXHEKVHQYRIWVRFHHGLQJIV

LOQWHUQDWLRQDO FRQIHUHQFH RQ S8ELTXLMWRXV FRP:

.LP 0% ,QJUDP DQG : H&6PMWXKHPHQWVVRIL VPDOO
IDGLQJ DQG SDWK ORVV IRU EBR@¢ WDRQNDF)V WDJIV
$QWHQQDYV DQG 3URSDJDWLRQ YRQRY QR SS
/ © OD\HU 0 :UXOLFK DQGHOHDX¥REBOHEHQ®W VKI
PRGHOLQJ IRU VKRUW UDQJH LQGRBRF$HGRLRSOLFDWL
(XURSHDQ &RQIHUHQFH RQ $QWHQQDV DQG 3URSDJDW|
6 3UHUDGRYLF DQG 1 E5DPDUPDNDGHUNY UHYIEHZ
,QWHUQDWLRQDO &RQIHUHQFH RQ (OHF DQBKBl &RPS |

0 5H\QROGV DQG & E:MVUD@®GERQVLGHUDWLRC(
VRIWZOMH. QHG 5),' UBOBHUYLQJ 7HFKQRORJ\ SS
$XIXVW

6 3DUODN DQG EFHWWNWEQJ REMHFW PRWLRQ
WUDXPUHVXVFLWDWLRXR (FODYHDOWXGQOVWUXP 0

QR SS 6HSW



\Y

6 3DUODN 6 $\\HU < < /LXEDHYEGJQ MDQS/I(F¥D!

5)," '"HSOR\PHQWYV LQ D 7UDXPD 5HWXIVFRM®VWFLRQ %D
+HDOWK ,QMRREMWD, ((( -RXUQDO RI YRO QR SS

$ &KDWWRSDGK\D\ DQE @D GIVWNVVRI ORZ UDQJF
WUDFNLQJ WHFKQLTXHV XVLQJ SIEWBWRMH 8+) 5)," WDJ)
5DGLR DQG :LUHOHVV 6\PSRVER®XBSH\

39 ILNLWLQ DQG .ERQ&WH@@®DY DQG SURSDJDW
VI\VWHRAM 3URF (@0 &RWQI 5),' /DV 9HJDV 19 SS

-6 &KRL + /HH 5 (OPDVUL D@ FDO L [1DIWIOR/

XVLQJ SDVVLYH &RBURF' J)LIWK ,QWHUQDWLRQD

,1& ,06 DQG ,'& SS $XIXVW

$ 1HPPDOXUL 0' &RUQHU DEHKEHYORKMQRXOWRPDWLF
ORFDWLQJ REMHFWYUIRRRU BEX@PDR¥L6\V SS

6 & 0 3BHUHUD $ * :LOLDPVRQ BBQG G L% WEiRIOHR |
GLVWDQFH LQ PLFURFHOOKQOWMFWQRRDURQPHIQWYV

QR SS -X 0\

% -LDQJ . 3 )LVKNLQ 6 5R\ DEBG®REWKXDLBRVIRQ.
UDQJH GHWHFWLRQ RI SDVVLY¥H, Q5JW UW BB QPARIW L R Q
OHDVXUHPHQW ,((( 7TUDQVDFWLRQV RQ YRO QR

6 =KRX DQG - EROQME®UHTHQW 8VLQJ BsOXHWRRWK
7UDQVDFWLRQV RQ &RQVXPHU (OHFWURKQLFUYDYRO

< &KHQ DQG + .REQA\DMXKQ 6WUHQJIJWK %DVHG EFQGRRU *
((( , QWHUQDWLRQDO &RQIHUHQFH RQ &RPRXQLFDWLR

5 $NO ' 7XPPDOD DEGGRRW 3URSDJDWLRQ !

*+= |RU ,((( 1HWERUBIWOHVY 1HWZRUNYV
7HEFKQRORJLHV -XO\

- | %UFKDQ / =KDR - :X 5 ( :LOOLDR® UHD® / &

WLPH 5),' ORFDOL]DWLRQ H[SHULPHQW X&8QBP SURSD
((( , OWHUQDWLRQDO &RQIHUHQFH RQ 5),' SS
$]DGHK .XVKNL .RQVWDQWLQRV 1 $GDODWDWQLRWLYV
9HQHWVDQRSERNOFEDVHG SRVLWLRQLQJ LQ Z
QHWZRUKN 7UDQVDFWLRQV RQ ORELOH &RPSXWLQJ Y



-XQH
3DKODYDQ :LQURQJ /L DQEBQGRRWDNRORBFI
DQG WHFKEDKRPORIXQLFDWLRQV 0DJDJLQH , (((

6 5RHKU 3 *XOGHQ DQG 0 9RMWIB®FBUHFLVH
PHDVXUHPHQW IRU UHDOWLPH ORFDWLQJ LQ

IUHT XHRRFG XODWHG FROWH QMHERWQ GDUWBDERY(DSS
7UDQVDFWLRQV RQ OLFURZDYH 7KHRU\ DQG 7HFKQLTX

6 9HQNDWHVK DQG 5 GElRQHEBWHIKW LGHQW
XOWMLBHEDQG V\WWHPV EDVHG RQ UHFHLYHG VLJQI
OLFURZDYHV $QWHR®DM DQR ®BU
= =KDQJ &/ /DZ DQG ( BXQWZBQWK PLWLJD
EDVHG RQ SDUWLDO DXWRFRUUHOPDWHR®Y 3XQFWLR
&RPPXQLFDWLRQV Y Q S
/] <DQJ < &KHQ ; < /L & ;LDR 0E/DJRUDP <UHIDXO
WLPH WUDFNLQJ RI PRELOH 5)," WDJV WR K
GHYLEHY 3URFHHGLQJV RI WKH WK DQQXDO 1
ORELOH FRPSXWLQJ DQG QHWZREBOBNLQJ SS
3 =KDQJ - *XPPHVRQ DQG EA®DQNVBQKLJIK V
OLQN OD\HU IRU EDFNVFDWEVBIWRFRRBKQIL¥DRVLRQ
LQWHUQDWLRQDO FRQIHUHQFH RQ ORELOH V\
$&0 SS
/ : OD\HU 0 :UXOLFK DQGHDERBEBBO®HQWYV D
PRGHOLQJ IRU VKRUW UDQJH LQG&ERQU$SBWHDRYSOLFDW
BURSDJDWLRQ (X&$3 JLUVW (XURSHDQ &RQIH!I
» (((

'RENLEQGRRU SURSDJDWIURQL UWDHHAES)/ $HV L
SS 6HSWHPEHU
$OLHQ 7THFKQRORJ\ RQOLQH DW KWWS Z7ZZZ DOLHQW

JLONHQ]JHOOHU 5)," +DQGERRN UG HG $
3XEOLFDLRQ SS
5 3RSEH VXUYH\ RQEDMH®R EXPDQ DFWLRE, RIMFRIQLW I
DQG YLVLRQ FRPSXWLQJ YRO QR SS

'HLQODQG 5 5RQIDUG DEFGVKUWHR\HRI BEOLWLRQ
PHWKRGVY IRU DFWLRQ UHSUHVHQWDWLRQ KEHJPHQW



&RPSXWHU 9LVLRQ DQG ,PDJH 8QGHUVWDQGLQJ YRO

$ 0 .KDQ < . /HH 6 < J/HH .IDQG$ 7WWBL
DFFHOHUEPNWG@ US KDFWFDYOLW\ UHFRJQLWLRWLYLD DXJF
IHDWXUHV DQG D KLHUDUEKQFROPDWERQQIHFU
%LRPHGLFLQH ,((( TUDQVDFWLRQV RQ YRO QR S
,03,1- RQOLQ@H DWSEZQM FRPIDERMRBHMGVWHPYV

% /HH DQG ®&RPSDFW VWUXFWXUH RI 8+) EDC
PRXQWHG RQ PHWEBODRFRRENBPMWVYHFKQRO /H

SsS A

+ /LQ 6 / &KHQ D/QOWEBFDSDFLWLYHO\ FRX
VORW DQWHQQD IRU PHWDOB LF(55QWHDD BWHVLIQ
3URSDJ /HWW YRO SS

6 *HQRYHVL DQG $ BRZEKRURKLRH DWRUHHO GH(
DQWHQQD IRU 8+) EDQ®XR%DPWDEIXVHPRQPHWDQOLF REMF
$QWHQQDV :LUHOHVYV 3URSDJ MWW YRO SS

3 + <DQJ < /L / -LDQJ : & &KHERRPE®HRFW 7P <H
5)," WDJ DQWHQQDV IHGWRHERRBIUDQV $QWH
3URSDJ YRO QRA SS

% ' %UDDWHQ * - 2ZHQ ' 9DVHODDE PWIE 5 0 1F
UDPSDDUWH DQWHQQD ZLWK D GLHOHFWULF
DSSOLFIEWIQRQVY( ,QWHUQDWLRQDO &RQIHUHRQFH RQ 5

5 .DQDQ DQG $B$)LH)," WUDQVSRQGHUV DQW
PHWDO DQG ZRRBLOXU(DBAWYUQDWLRQDO &RQII
SsS A

5),' -3851%$/ RQOLQH DW ZZZ UILGMRXUQDO FRP IDT V
6 3DUODN 6 $\WHU < < /LXEBWQIGIQ DRGV(QLYD

5)," '"HSOR\PHQWV LQ D 7UDXPD 5HWVFRMMDWLRQ %D
+HDOWK ,QIRUPDWLFV ,((( -RXUQDO RI YRO QR

- -XQJ HWEDOHFWLRQDO FRXSOHU IRU 8+) ERELOH
OLFURZDYH DQG 2SWLFDO 7HFKQRORJ\ /HWWHUV YRO
$SULO

+ B6RQ HWEBWLIJQ RI FRPSDFW 5)," UHDGHU
WUDQVPLW UHFHEYHFURFONYWLRQG 2SWLFDO W



\Y

YRO QR SS 'HFHPEHU
.LP HW E® SDVVLYH FLUFXODWRU ZLWK k
GUHFWLRQDO FRXSHOHU PREFURZDYH 6\PSRVLXF
A -XQH
3 9 1LNLWLQ DQG .BBHWRYEPRQFH OLPLWDWLF
5)," VIVWHPY(( $OQWHQQDV DQG 3URSDJDWLRQ 6\PSRVL

6 5 %DQHUMHH 5 -HVPH DQBHUIRUBDREBWL
VKRUW UDQJH 8+) SURSDJDWLRQ DV DSEQ(HEDEOH WH
5)," &RQIHUHQFH SS

7 &KDX % :HOW : (EMHIDONDIGW DQG FKDUTL
WUDQVSRQ®QWH QRVMH 5),' VEBWHRDJILQJ 7HFKC
6FLHQFH YRO AR SS

6 < 7DQ DQG + 6E,PIPURYHG WKUHH GLPHOQVI
WHFKQLTXH IRU PLFURFHOOXOHRJOSHRSDRQWARQ PRG
YRO QR SS WK $XIXVW

$ - 5XVWDNR -U 1 $PLWD\ * - 2ZHQVESD@G 5 6 5
SURSDJDWLRQ DW PLFURZDYH RMNHTDXKMQFIHW IRU OL
PRELOH DQG SHUVRQDO EFRP{P XQDRDMW LR® VO H K
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