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7KH WKHVLV H[SORUHV WKH QHZ H[SHULPH QKB D GWRI@ML RU \[
LQWHOOLJHQFH ZKLFK LV SURJUHVVLYHQ@HGO UPHBWROHVNYI
DFDGHPLF FRQWH[WV LQFOXGLQJ WKH FXUDWRENGWS RO ARG
FRQFHUQV WKH FXUUHQW DQG IXWXUH UROHWWEXLYLWKRQ PX
VRPH ZD\ UHSODFH WKH KXPDQ FXUDWRU RU DW OHDVW VHUY
7R IUDPH WKLV LQTXLU\ WKH ZRUN UHWUDFRY WX HH K MWHAURUD |
RULJLQV RI FROOHFWLQJ WR FRQWHPSRUD UHUWGQE R & %HALWILKR C
WHFKQRORJLHV WKHUHE\ OD\LQJ WKH IRXQGOWYR QY GIHRHG W
DQDO\VLYV WKHQ WXUQV WR ZKDMW OUWRR ID PN B BKIQQLW B O CGGLHBI\DF
LWV HPHUJHQFH DQG GHILQLWLRQV WKH IXOPWRRQW®PRIL
XOWLPDWHO\ WKH IRUPV RI LQWHUDFWDRIE BHWMZNHMB RX DX
$JDLQVW WKLV EDFNGURS DWWHQWLRQWNHGDRUWFWHRBVRER L
UHYLHZLQJ FRPSDQLHV ZKRVH V\VWHPV SURYWG B L\QHEE RURN J Y
SURGXFWLRQ DV ZHOO DV LWV EURDGHU XWH\R QQ ZKWW H LAELXM/
DUH HPSOR\HG IRU VFLHQWLILF DQG DFDKHPKFL SKW 8 RN/[IDW S
sSLQWHOOLJHQW  DUWZRUNV FUHDWHG E\ OHDHEQA®J FRQWHPSF
J)LQDOO\ WKH WKHVLV WXUQV WR LW VKPP RRW BIWVSRHIULKPLHSQ RV DROR
DUW H[KLELWLRQV DQG H[DPLQLQJ WKHOQL@WHNQ ML G FONG
FXUDWRUV 7KLV ZLOO EH DGGUHVVHG WKUR XQJ®WN KB VHHWYWXZ
7KH 1H[W %LHQQLDO 6KRXOG %S$i5%, %6UDW & UD\WR 0 DREIK IMXKHH
%LHQ @@V DV LI \RX DUH D FXUDWRU +DEH BR UM G X 0D WOIWH[®
H[SHULPHQW WKH JURXS H[KLELWLRQ 3&RVWRQRHUWH G HDQVBL W
ZLWK WKH VXSSRUW Rl GLIIHUHQW DUWLILFLF®UMMRLODLO] ISQ
U
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| WKH KLVWRU\ RI FXUDWRUVKLS * GLVFIXWWXHGWKHMMMHQNRYEHK
UHQGHUHG WKURXJK D YLVXDO PHWDSKRUKUWHFRYCPR EH BB |
SOD\HG VLPXOWDQHRXVO\ DW WLPHMOQ KQ G PRWK DMK MV RFFIFD
7KH DWWHPSW LV WR XQWDQJOH D FKRSRKH|WRLQI®OIHFRIO OB B
DFFXPXODWRUV WR WKH :XQGHUNDPPHU X\RWVW&H REXIMJ WRHRJIJ
WHPSRUDU\ HIKLELWLRQV WKH KLVWRUDR IGDWHWYLIRVOWKLWYF LR B F KRQ
WKHPVHOYHV DQG LQ WKH PHDQWLPH KWKEL KWKWRUG BIHM A
WKH FXUDWRUYVY UROH $00 RI WKLV RVYWN®BEK WDHNGWKYH B FIRRL
FODVV FRQTXHVWV FRQWDPLQDWLRQV SRBRRYDi#DK)GDY HIR OLL
DVSHFW RI VRFLHW\ )RU WKHVH UHDVRMQIVEDQGKHE HE@® GNKRH Q!
SUHFLVH DQG GHOLEHUDWH GLUHFWLRQWDM ¥WR Q LIFG®&RLSW IHRE
FRQWHPSRUDU\ HITRUWV WR DYRLG RYHUWRL\ XQUIRF B W/IUYLHF S
UHIHUHQFH ZLOO EH PDGH WR WKH YRLFHV B SRPIzDWR GHIL
WKH KLVWRU\ RI PXVHXPV DQG H[KLELWLRQV RI +DRRDQ
GHVLJQ RI 6]JHHPDQ DQG 2EULVW *RIRAX WIKMHQIL J XU H
ZLWK UHJDUG WR FULWLTXH RI WKH FRQWHWRRWY IFK\U RRQURDW E
IRXQGDWLRQV DUH ODLG IRU WKH DGYHQW RI WHHAK QR Y RW\R
PHWDYHUVH RI UHFHQW GHFDGHV WKHOHENISQFHQUQWEE OZ DL
LQFOXGLQJ ILQDOO\ WKDW RI FXUDWRUVKLS

%HIRUH GLVFXVVLQJ $, LQ WKH YDULRXMVDILW QWWH ¥ \WDHRWARRJ
KRZ LW IXQFWLRQV LQ RUGHU WR GHWHUPLQH ZKHW RKHUHI}W
EHLQJ RU ZKHWKHU LW LV VLPSO\ VRPHWKREIQALMWHHYWYD DRQ DD Y
VHUYH DV D XVHIXO LQVWUXPHQW IRU KXRRQ BDHI®LEYV 9DKURG
DO WKH PHFKDQLVP RI WKH PRV Wz DISPYRD@IF MK HDRJ WV IKIR W
FRPPRQO\ XVHG WRGD\ DQG EDVHG RQ QDWKWUDPFRRBRQWLDQIHIR
GLVPDQWOLQJ WKLV :DVWRQLVKLQJ KXPDQLW\’

$V ZLOO EH GHPRQVWUDWHG LQ WKH WKLDG [EKS VGHIW LW K®J P
VFLHQFH ILFWLRQ VFHQDULRY WKDW IRUPHS RU\&DRILR XAK H & OR/
R[\PRURQV DUH KHDUG VXFK DV 3KXPDQ PDFELQYKLQRVFZRQ\
FLUFOHV WKHPVHOYHV VXFK DV *DUWWIOOFLD @ DHEXDAQ GRQB
LV D UDWKHU FOXPV\ HQWLW\ ZKLFKH RSL KD ®O®EWWOWHL R &\
DQ[LHW\ LV QRQH RWKHU WKDQ WKDW H[SHULBQOM® HBKWYRB
RQHV DQG + RQ WKH KXPDQ VLGH =KW RH YWHP IF KCHIQ\HD RVALFRQU V
SKLORVRSKHUV KRZHYHU DV ZLOO EH UHFBXOWHGWRRPOIZK
DQG WR SURYRNH

7TXUQLQJ WR WKH KHDUW RI FXUDWRUVKLS LQLNRQMMHKSER WD U
HISHULPHQWDWLRQ RQ PRGHOV QRW \HW FDSDEGHNVRIUPXUDX\F

U
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DV }LQQRYDWLRQ" WR EH VORWWHG LWRGWHKWY ZDOW HIP VERIL
DQDO\VHG ,W ZDV SHUKDSV SUHFLVHO\ WKDQULVPWQ W\DKH R H
GHFLVLRQ ZDV WDNHQ WR XVH $, RQO\ DV VSBRD® HRKL®IKW
HQWLWOHG 3&RVWUXLUH ,GHQWLW| " %XLWEKLEGHFLG/H QY LRADLNH
ZLWKLQ WKH FXUDWRULDO SURFHVYV

KDW WKH WKHVLVY WKHUHIRUH VHHNVWWRWQODVWHQBPWH DY F
WKH UROH RI WKH KXPDQ FXUDWRU DQG ZKIIWWBWUOHRQVWIP D
SURYLGLQJ VXSSRUW +RZ XVHIXO FDQ LW EHVWY WUWBEK D FAOM
WRGD\ RI PRYLQJ VXFFHVVIXOO\ ZLWKLQ DOWKWKIL GRQOOCLEY
DQ $, XQGHUVWDQG DQG PDQDJH D SK\WLRDO.VSDFISWDHIVHWER E
XVH WR WKH LQLWLDO SKDVHV WXHAK @HYW KR S/AHHOHF WL RMK R | FL
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7KLV FKDSWHU VHWV RXW RQ D MR XU QWRWHKIVO HEFYL PR ZH W K
ELUWK RI PXVHXPV DQG WHPSRUDU\ H[KLELWLRR® RDEXNDWR
KLVWRU\ + D SDWK ZKRVH ILQDO G HVARIQQMHMV)MRLR @D 6 VE UQ Q\F
EHFRPLQJ LQFUHDVLQJO\ SURPLQHQW WRGDFX3DW®U ED 8 WHHI
ZLOO VHUYH WKH SXUSRVH Rl WKLV WIKHMHW H®D OWRHR® & UV WW Q
GRLQJ WKH VDPH

2ULIJLQYV ITURP WKH FXVWRGLDQVKLS WRWKH P X\

37KH VWUDQJHQHVYV RI WKH PXVHXP FRW FLHWU @ R WKV X VDO
LQGLVSHQVDEOH 8VHOHVV EHFDXVH LW G&EHIW @RW K/ IDWIL
FDQQRW EH GRQH ZLWKRXW LQGLVSHQWDER®AFFEHNDIG/HALD
PXVHXPV GHSULYLQJ KHU RI WKHP ZRXOG EH ODVKILHY @ RIW k
QRW D UHYROW DW OHDVW VRPH UHVLVWDQFH" 3RPLDQ

,Q 3RPLDQYTV SDUDGR] WKH PXVHXPRHPRELUIMW \D V RARHPWM KILK
WLHG WR RXU LGHQWLW\ VRPHWKLQJ VDIQFtFR QMR ZW RGIGRSU
3RPLDQ W LV LQ WKLV FRQWH[W F\R R B WS B/WRV HEOYODI

KHULWDJH ZKLFK LQKHUHQWO\ FDUULHNGWK® W R DIQMXWUR | JWHF
7TKXV WKH PXVHDOLD EHFRPHYV DQ RUWLRDUD RE MIDEW\ FRRW
WR SUHVHUYH LW DQG *H[WHQG LWV OWMHW VMR VKDWDWRWXK I
IURP WKH QHHG WR UHFRQWH[WXDOL]H WBN WEDWFW FIRQK/LY
WKH REMHFWYV VXUURXQGLQJ LW DV ZHOO DVQNKH QHHG WR

JURP WKH VPDOO SDLQWHG ZRRGHQ WIBRXHHWY GWRSWRMHHERD
IHEXFKDGQOHAFHYVLEOH WR WKH SHRSOH WRRWIOH BW MRIQ V LZDH
SULYDWL]JHG WKH YDVW OLWXUJLFDO WWHKGV IRV \R IR$ BVEIRAV
SHQDLVVDQFH FRXUWV FRPPLVVLRQLQJ ZRUNV XSRQ ZRAUJNV
ZLWK SUHFLRXV EL]DUUH REMHFWYV IURP DHQQ IRFKHHG VEREK WZR
LPLWDWHG UR\DO FROOHFWLRQV DFFXPXODHND® R XRWW KRHLN
NQDFNV 3WKH JRRG WKLQJV RI EDG WDVWHNVHGRMUBRRWDOLSC
WKH PXVHXP LV ERUQ IURP WKLV YHUVWLEROOAHFMW VR RRIRYHEKF
'H W HQHGLWWLYV 'HVWHUKRII SRPLDQ
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7KH ILUVW PXVHXP LQ WKH PRGHUQ VHQVE RWHKKH QG@QRYEG\ (
*LRYLRYV OXVHXP RI ,&XVWILUQREKLY YHQOD RQ /DNH &RPR FD
KH DUUDQJHG WKH SRUWUDLWY KH KDG KHRW HDRWN GVKY.M UH PS
WUXO\ HVVHQWLDO LV WKH GHWDID&FM.RD W HYHIGH RPRQXM 6
QHDU WKH WZR 3*UHDWV" Rl KLVWRU\ @B H[ DVXGHWH VERN * IR
DFFRPSDQ\LQJ WULEXWH D ELRJUDSKLFDO WMHWRHUMNBRW®W C
SRUWUDLW %DUWDOLQL

7KH PRGHUQ LGHD RI EXLOGLQJ JUDQG P X\GHKX® VWH R UZ BVNKHH FE
JUHQFK 5HYROXWLRQ ZLWK WKH V\PEROLF FRO GREZWURQY LQ
PRQDUFK\ RQFH MHDORXVO\ JXDUGHG ZLWKLQ WRW KERXOEQR
FDOOHG WKH *LGHRORJ\" Rl WKH PXVHXPXVp®GF WEWY DK B HR >
5pSXEOLTXH EHFDPH *0XVpH 1DSROpPRQ°~ D WRRDRR W RKHK RDA
OHDQZKLOH DQRWKHU VWRU\ Rl SXEOLF H[KRWL\WLRQHRNSRE
H[KLELWLRQV 7KH ILUVW DUW H[KLELWLRQHQ &WIVWRU EDG N] MR
WKDW KDG D FHUHPRQLDO FKDUDFWHUIDIKLLILHY ZIRKQ GV R R PX
PRVW YLVLEOH VSDFHV LQ WKH FORLVB/)HURRW RV K HK & E XW F\W KR |
RI SDLQWLQJV E\ WKH JUHDW 5HQDLVVIDQFH RDRWH IRV WK HL
FXUDWRUV QDPHO\ *LXVHSSH *KH]]L

$W WKH VDPH WLPH WKH 3DULVLDBAV6RROROQN EKHY H WIFN Q@I
ODVWHUV UHPDLQHG ODUJHO\ XQWRXFKHG D00 VEKF UHHD | RUKRL
FRQWHPSRUDU\ DUWLVWYV DIILOLDWHG ZLWRWNKH ®FDGpPLH 5
$QRWKHU VLJQLILFDQW PLOHVWRQH + UHY HDPIDV QR QVK IH HG K IHES!
ZKHWKHU DUWLVWLF RU QRW * ILQGV FOUIW U7KS UHNDWR@QKLE
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WKH :RUNV RI ,QGXVWU\ RI $00 1DWLRQV KHOGVKQ(PSGH HID
GRPLQDQW SRVLWLRQ DQG WKH ([SRVLWLRQ B MSHUV WO @ B \R

2Q0\ DIWHU WKH HQG RI WKH 6HFRQG :RUOG :OH) IDROGHW® HFBQF
RI WKH DUW H[KLELWLRQ HPHUJH % [UH H D@ RFP SRADLGHRF
SURSDJDQGLVWLF LQWHQW WKXV OHJLW LIPYDIQW IDKIHG HEW H DN
9LHQQHVH 6HFHVVLRQ WR ,PSUHVVLRQLVP $E&XEWDPW LIRGD L\
DQG 6XUUHDOLVP +DVNHOO OLJOLHWWL

7KH KLVWRU\ RI GLVSOD\

JURP WKH +RUURU 9DFXL WR WKH :KLWH &XEH
SHUKDSV KDG ZH OLVWHQHG WR '"HPRFUL® X¥\R KRQWR U RXOF X
EHKDYLRUV %XW LQVWHDG S$ULVWRWRRUDIPWXY DEXRFOPD Y
D YDFXXP DQG IURP WKDW ZH LQKHUWHMWAKNG HDPGSWHN & IIRRHNV B €
6RHIJDDUG $ VWULNLQJ HI[DPSOH RI WKIWKHD X G RWHNH Qo
6DUFRSKEZKXWH WKH VFHQH H[SDQGHG WR ILOODHWYHW \SHWHRIK
KRZHYHU ILOOLQJ HPSW\ VSDFHV EHFOIEGHFRUBO@XF M\ | BREKIUW
LUUHOHYDQW HPEHOOLVKPHQWY ZHWHXOMAUHEZWRNILORPWXRIVY
7KXV OLWWOH DQJHOV DQG IORZHUV ILOO WKH ODMHVWDYV 'R

> JXORWGR, [+lee:R +e01U\R+R<IXRIARMT:} \\BROBBAIWMBAOR +e X8 18 ed+j: Ul +Tee:=]
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BHUKDSV LW ZDV EHFDXVH WKH ILUVW HEKEBHIUWREQ \R H FEHHIFFD
GRPLQDQW DQG GHHS URRWHG DHVWKHWAIKH DMOW K D WDHRPIPW K -
ZD\ WKH ZD\ SDLQWLQJV ZHUH DUUDQNBGWH) @8 ZRBOHYHIW

U
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HPSW\ VSRW LW ZDV RIWHQ ILOOHG DLWK WBHEFLFRHMQMWNXDEHV
PRGHO IURP 5RPH WR 7XVFDQ\ WR 3DULV DQGH®RQERFN H® R
ZDOOV ZLWKRXW DQ\ FOHDU FKURQRORIYR¥WOLRSRWWBBDW R
SRVLWLRQHG DW H\H OHYHO 9LV X{RX BIY L=GRH IDFRH BH S\DHELQYAWR QY
7JULEXQD RI WKH 8IIL]L GDWHG + RU 3LHRIUWR KO W R GIDFO R
\HW ZH FDQ IROORZ WKLV PRGHO DOBQWRH %DY®ERDB HV K H WK
GLVSOD\ VW\OH VWLOO DSSHDUV VIMWNOHN NORRE®Y WKH %6DO
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%\ WKH HQG RI WKH WK FHQWXU\ WKH BHEH¥RUDOWMMQVLEHDL
QR ORQJHU WUHDWLQJ WKHP DV PHUH ILOP NDW XHX ¥ CWVHHO H |
LV WKH QHZ FHQWXU\ WKDW ZRXOG FRRBDWR JDIS\§ UHF LLDWV HVH
DUFKLWHFWXUDO EUHDWKLQJ VSDFH QR HFRIYYHW \I HDKUQ ¥ KL
PXFK WR WKH %DXKDXV +DPPDQQ ,QGHHG LQ WKH

37TKH KXPDQ EHLQJ RIWRGD\ ZDQWYV |IUHHGRPK ID\M W KIRXG KY
DQG LGHDV«7KH URRP EHFRPHV HPSW\ DBQRIND VPR YWR HB
ZKHUH LW ZDV RQO\ SRVVLEOH ZLWK KWRRMW:GHYWE U UM
GDUNHQHG E\ PXOWLSOH GRRU DQG ZLQGRZ FXUWDJIHV D
RI DOO VW\OHV ,Q WKH ZKLWHZDVIQHE&Z/ WRBRVW KiH WO |
DEVROXWHO\ QHFHVVDU\ IXUQLWXUH DV LI RQHODMWHG R
IURP WKH *HUPDQ

J)LQDOO\ IURP DQ H[KLELWLRQ GHVLJ®Q\8HVUK/SW FRVRIONH L\R X M ON
VSDFH EHWZHHQ DUWZRUNV WR HQI$EQWH BIPW K S F\N KD U R @3
FXUDWHG E\ LWV IRXQGHU DQG GLUHFWRUWGOMKH G QY HEDWIUR (
‘KLWH &XEH LQ H[KLELWLRQ GHVLJQ

U
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2XWVLGH WKH ZDOOV RI WKH PXVHXP

2Q -DQXDU\ WKH &HQWUH *HRUJHV 3RPSRGRXHIDIQ WIS
ZRUOG ZLWK D QHZ DUFKLWHFWXUDIOQVQ &HJI KWW H ZRODWH X R MK
WKH RXWVLGH D SOD\ Rl SLSHY DQG VWBHNFVOXUBO MXHP W&
EHDULQJ ZDOOV KHUH WKH\ DUH ROMW HDDGRHNVR U Q D WL LIQGL
ODUJHU PXVHXP ZKLFK H[WHQGV WR WKH FLW\ D@\ HO O L0
FRQFHSWXDOO\ LW LV QRWKLQJ QHZ )URPLWQFEBOWEVDWH\& R
UHYROXWLRQ WKH PXVHXP JDLQLQJ VSDFH RXWZDRG Gl WM D
ZDOOV 7KH VDPH ZLOO KDSSHQ IRU ZRUNGRP RWM V 3B EHKLIU Y
.| VWDWXDU\ KDV DOZD\V SOD\HG WKLV LUROMD CURIIN MRRASRIQJ |
H[KLELWLRQV DUH ERUQ RIWHQ WHPSRUDU\ LQ KDUPRQ\ ZLV
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7KLV QHZ SURFHVV RI GHPRFUDWL]DWEREDRLQUW Z&ODFINQIG\H
VFDWWHUHG DFURVV WKH VWUHHWY RD OMZSSRIWDN L §0 OIG B DR
30HELVFLWR LQ 1DSOHV DW WKH KIHP BIHW E R ¥ V\&IKX J/h R WARB! B ED \G|
30DPDQ 6SLIGHMUUHDFKHG PDMRU VTXDUHV IURPWS3UDEB WHRQ G
IRU D &KULVWPDV LQ WKH VW\OH RI 3DXO OF&KDYUDNG p\D QG MV @
XS LQ 3LD]]D 6DQKBDUFBQG $UW DQG (QYLURQPHQWDO $UW
HOHPHQWY + ERWK XUEDQ DQG QDWXUD@W RZZBH ND § L UMD
IURP GLVSOD\LQJ DUW ZG& WWKI@DW.IQH OVK@IGAHED & MUAIDB\HV

(YHQ WKH SHUIRUPLQJ DUWV IURP )OX[XV WR |KHALQWWW HS\
DVVHUWLQJ WKHPVHOYHV LQ RSHQ SXEDLEHF® XNV BIHWKBSY
GULYH IRU VRFLDO DQG SROLWLFDO FULWLTXEBWLKHQNFWR B @
SXEOLF DSSHDUDQFHV RI WKH *XHUULOODRXNQ® \5RBQGS VDKIHRLX
FLW\ IURP WLPH WR WLPH *ROGEHUJ QG DUDGI|ZWW K WKLY WK
JUHZ VWURQJHU DQG LW VXJJHVWV D VKDIRVFXQ BWRDW RKILL\D
VRUW RI FXUDWRULDO HUDVXUH + DQ RQGVWR SWLDQFLLE DRIQW B
WKHPVHOYHV RU VLPSO\ PDNH DUW QR Q@RQHEURW WRBFHE X
WKH\ KDYH *FROTX%HXKG"
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$O00 WKHVH QHZ IURQWLHUV WKXV UHSUHXUBDWRLQY LZIKARH R XWW
WKH UXOHV RI WKHLU UROH HDFK WLPH LQ D ZRUOG ZKHUH L
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/KH PRGHUQ FXUDWRU

+DUDOG 6]HHPDQ

Q WKH H[KLELWLRQ 3/LYH LQ <RXU +HD GK HCH LEWWH W G1
DUWLVWV RQO\ GLVSOD\HG SK\VLFDO HIRQUANKL BH BUWKDY C

SRXUHG OHDG LQWR WKH PXVHXPTV DWU L XX L®&RL QLE BHRWH[ S

IRXQGDWLRQV VLPLODUO\ /DZUHQFH :HLQHU WHRRWMBG+BLMW

GHVWUR\HG WKH HQWUDQFH VLGHZDON ZL\WK HGGHRFRQIDALIRQ
PLOHV 6]HHPDQQ

U
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7KLV H[KLELWLRQ PDVWHUIXOO\ FRQFHMQYERW QG G\XRPDWNHG B
LQ WKH KLVWRU\ RI FRQWHPSRUDU\ DUW ENWIDWXR ¥%DDWR
IRU WKH ILUVW WLPH EHFDPH D FHQW $D® AHYY EWH/DWDLY HQ GH
WKH FXUDWRU ZDV SULPDULO\ VHH®RPHPQHRWH D YR ML FRQH D
H[KLELWLRQV DQG SUHVHUYLQJ DUWZRUNV G HSH Q& H QPX \RHDX
GLUHFWRU KLPVHOI 8SHQGLQJ WKH W KBGEXWLIRWR TR REROH 6
EHWZHHQ DUWLVWY DQG WKH SXEOLF DQG DV DQ DXWKRU LC

)LUVW DQG IRUHPRVW WKH H[KLELWLRQ &b FIRMQY LFKHRWHHG QF
IDPLOLDU IDFHV RI 3RS $UW $EVWUDEWRMM WRIROZQUBDQH ¥
PRYHPHQWY OLNH 3RVW OLQLPDOLVP $UWH BRYHBDHYTXRQV
DYHUDJH YLVLWRU KDG OLNHO\ QHYHU VHHQ EHIRUH
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6]HHPDQQ VSRWOLJKWHG D QHZ NLQG RI VM O,mW WRHDVX RS EH &
FRPPLVVLRQLQJ UHDG\ PDGH DUWZRUMNUKH VQR SO DWHRWY HIX
VSHFLILF ZRUNV HPHUJHG WKH ILQDO REMHFDWENHFDHPE X/DIF RV
SURFHV\$WWMHXOIGPLQGVHW WKDW ODLG WKH JURXQGZRUN IR
$W WKH VDPH WLPH WKH .XQVWKDOOH %HWH LOWRESHGWE R QD
DFWLQJ PRUH OLNH D ZRUNVKRS $UWLXVMWHG G MG QI KIDXS/MG H[\
RI WKH DUW LWVHOI PXFK OLNH WKSIQUHRZQ R/ WXGEILRXU D WIR
LQVWLWXWLRQDO UHVWULFWLRQV 6] HHFREQ QUWAKIOM ® L. QWH
WKH ILUVW WUXO\ LQGHSHQGHQW FXUDWRU 2EULVW HW DO

6]HHPDQQ LQ PDQ\ ZD\V EXLOW D P\WK DURRYK SIRFPHHOU YV
DFFXVHG KLP RI WXUQLQJ WKHLU ZRUN LQWR EXL\O &HQVDEOF
FXUDWLQJ DV D IRUP RI VHOI H[SUHVVLRQW %W QW RLBEH DF
LQWURGXFLQJ WKH QRZ ZLGHO\ DFFHSWHG LGHD Rl WKH FXUI
RI D UHYROXWLRQ WKDW ZRXOG VKDSH JHQHUDWLRQV RI FXU

> IX6BVVcRalX RadX-eBVoi2+alx 081 iw2m6 B[XHIRR | XRFOITcHORE2R1eeRe]lo\n
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U
$ FULWLFDO GLVFRXUVH RQ WKH ILJXUH RI WKH FXUDWEF

,Q UHFHQW \HDUV LW VHHPV WKDW LQ FRQWRPERNH DUWWILWW [
LV LQVWHDG VKDSHG E\ WKH FXUDWRW H DQ\RZU URHIJ Bl UKGLHEG VDL
SURGXFLQJ VLWH VSHFLILF ZRUNV ZDV RQFHQD GDUANRG DL\QIQOMR
EHFRPH VWDQGDUG SUDFWLFH QHDUWGXB DKUY SZIRAUN RLY K RJFHD\
$UW KDV JURZQ LQFUHDVLQJO\ ERXQG WR WKKHORYIQH \R IRV $\HH
=XOLDQL $V =XOLDQL QRWHYV 3DUW SRZ&U PRQ}
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WUDQVODWHG IURP ,WDOLDQ ‘H VSHDN PRAWHVRHBEDERWQMKB Q
FXUDWRUYV FHQWUDO UROH =XOLDOQL

$Q LOQWHUHVWLQJ DQHFGRWH WKDW U WIKMI FOWRMHM WX LIVQ L\ K B
LOQYROYHV WKH WK 9HQLFH %LHQQDOH VS RN LIFRDONOU DN K AX,
E\ 9LWWRULR 6JDUEL $PLG GHEDWHVSHKEG HW I$§ WRIE@QLDH 3DWH X
GHVFULEHG LW DV D 3S\URWHFKQLF BXUDYWRWRDG S,OR NDHFRWV "\
SURMHFW LQYROYHG LQW H O O HRWXWDW IVV MD FZKK RV DWVIN\M & HAL W
IRU WKHLU PHULW ZHUH VHOHFWHG HQAL W KWWUDIBA \2\R UQ@FSW ISR
WKH FXUDWRU EHFDPH HDVLO\ UHSODFHDEOH E\ D PHGLD FH(
2Q WKH IOLS VLGH 6JDUEL LV VHHQ @ R\ DEL WR RIQR G VF LDH/D \
GHVLJQHG DQG VSHDUKHDGHG D FRPSUHKHQVLYHKUIHERDGFR
RI WKH ER[ DSSURDFK RIIHUV D ZLGHU SHUVBHGWG YEH W& HD W
WDVWHV Rl MXVW RQH FXUDWRU

'KLOH WKLV HOHYDWLRQ RI WKH FXUDW RW ¥ X /&K WWKLHO G DEH |
OHVV DQDO\WLFDO ZRUGV Rl (PPDQXHOQW R DWKH @ H L DWW K_HF
RI ,QWHOOHFWXDOV ZKR GHFODUHV WsURHK BIURW D IRIQINRQ R
SHUKDSV KH VKRXOG KDYH EHHQ SODFHG LQ WKH ,WBMOLDQ 3|
WKHUHE\ FRQILUPLQJ DOO WKH FULWLFLVPV DQG ZXDW =XOLI

,Q WKLV FRQWH[W WKHUH ZDV WKH IRNUUNKDGREZKE BUWILK\
SUHVHQFH RI WKH FXUDWRU 7RGD\ BXUDMFOUEAKR [ERPQ G HIR
GXH WR DUWLILFLDO LQWHOOLJHQFW R3W K K D\8I/R WXLHIE WW RID F
VXUURXQGLQJ WKLV QHZ DUWLILFLDCDM@WL WA SGHULPLRQ N ® HWQ B
WRRO WKDW RXWOLQHV WKH JXLGHOLQHV IRU FUHDWLQJ DQ

&RQWHPSRUDU\ XQFRQYHQWLRQDO FXUDWRUVK!

%H\RQG WKH FULWLFDO UHIOHFWLRQV H[SRRW B GOWHR ZID\UD UWKIL
HIKLELWLRQ H[SHULHQFHV KDYH EHFRP® WGQRFEHRN\DLQ JDV W HDX
KRZ WKHVH H[SHULHQFHYV DUH SUDFQWLBEDO O Y FFRRAWV IBOCRIWH G-
ZLOO EH JLYHQ WR WZR RI WKH PRVW ZLGHO\ DXR/® @ DGO
SDUWLFXODUO\ ZLWKLQ WKH ELHQQDOH HQUADWWKBRNUK MW HF

7KH FRQVWUXFWLRQ RI WKH H[SHULHQFH LQ FRQWHPSR

7KH WHUP *H[SHULHQFH" KDV LWV URKRW WD X\@ KR K H- DK WHZHN
EHFRPH D NH\ HOHPHQW LQ FRQWHPSRUDISKDVMW H ORGE M KH DR
GLPHQVLRQ RIWHQ GHVLJQHG WR HQJDJHURIPHZH WY \R BRIP XN

U
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SRZHU ZKLFK WRGD\ LV OHYHUDJHG WR SURYYRNKHO ERQSWAHIUCLF
O0XOOHU $GGLV

7KLV H[SHULHQWLDO GLPHQVLRQ RI WKKURXWK RMUKNH LAR Q N WRH
YLHZLQJ H[SHULHQFH ZKLFK LV FUHDWHG WHKQQ RXKK RXUD B/RA
DUWLVW 7KH UHVXOW LV WKH HQKDRKHRPHEQW HR |6\ K H LDDJONV Y W/ L
DQG *LOPRUH WKRXJK LQLWLDOO\ GHYHORSHBUIREG RIW I
HIKLELWLRQV DV ZHOO ,Q IDFW WKH YXWLLQURG®L HIFSWHRIQ W QYIHU K
DEVRUSWLRQ RU LPPHUVLRQ DQG E\ SURSRWIHFWDQIDWWHYH F
DULVH

Xx WKH HOQOWHUWDLQPHQW H[SHULHQFH ZKHUH WIKMH S'KLRF/\WWR R
RU D FODVVLFDO PXVLF FRQFHUW

X WKH HGXFDWLRQDO H[SHULHQFH ZKHUH KHWEKBDWLSHBP &
UHIOHFWLRQ RQ D FXUUHQW LVVXH

X WKH HVWKHWLF H[SHULHQFH ZKHUH WKHQYLSDWWRLY HV 5K
DUW LQVWDOODWLRQ

x WKH HVFDSLVW H[SHULHQFH ZKHUH WH\Y\D FVRMWYH@DO \ H PIP
UHDOLW\ H[SHULHQFH

3LQH *LOPRUH 0XOOHU
U
7KH LPPHUVLYH H[SHULHQFH

,PPHUVLYH H[SHULHQFH PRYHV EH\RQG WKNHGW R R QW H\WA X &>k
%ODFN %R[ ,WJIV QRW WKDW WKHVH VHNWWLRHYVDYHQ@IW $S®P
UHFRQWH[WXDOLVLQJ WKH DUWZRUN E\ VKD S LHIWD QVDRWIRI
UHOHYDQW FRQVLGHULQJ KRZ DHVWKHWNFD LRUPXRUISEWPH
3KLORVRSKHU *HUQRW %|KPH GHILQHV DWWRVKKHKRXWD NBE
SHUYDVLYH DHVWKHWLF H[SHULHQFHSHUKDW VL ¥ REK\DIWHHF U DO\
HPSKDVLVY RQ WKH QRWLRQ WKDW VSDFHVZSRVDMMH Bl PPRK\OLE®
VHUYLQJ DV EODQN FDQYDVHV IRU LQGLYLGXDO SURMHFWLR(

7KLV LV SUHFLVHO\ ZKDW DUWLVWY DQG FXHBWRYDWRRWSEK H
QRW SHUFHLYHG WKURXJK VLIJKW DORQH LRUHQUDBWYH OO\
VHQVDWLRQ %H\RQG WKH YLVXDO VRXQG WEKRWIR UBOHO\VRC
DV OLJKWLQJ HITHFWV DQG WDFWLOH GPW YU HVMYARIINO OL NWMKZAD
SDUWLFLSDWLRQ RIWHQ EHFRPHV FHQWH D/X DBLHGEK ED WWAKAR WNL
$Q LPPHUVLYH H[SHULHQFH LV E\ LWV YHU\ QDWXUH PXOWL)

,Q -DQQLV .REXQWEXBRYHMUD WKH PXVHXP WUDQVIRYRWRQWRYV
DQG DOO WKH VPHOOV WKDW FR® HWXKIHVRWRHUORD Q B X KXN\D V

U
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LQVWDOODWLRQ EHQHDWK D JUDWH LQ 7LPHYQFRXQ@WHU ZK I
SXOVDWLQJ KXP PHDQZKLOH 20DIXU (ORRYMRQEHY IV KHD VAD
PRQRIUHTXHQF\ ODPSV HQYHORSV WKH VSRRH WX URIX JIXQLE R
PLUURU WKDW GRXEOHV LWV VL]H 3TKLFLR XIVODNRWRER QI V H QI
VFHQW RI HDUWK DQG IXQFWLRQV DV D JUHHQKRXVBURZOW Q
RYHU WLPH FXOPLQDWLQJ LQ D GHQVH IRUHVW E\ WKH FORYV

U
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7KH H[SHULHQFH FDQ XQIROG DFURVVH3HRBEOHIQWGNE P &b UD/Q\G
38SVLGH 'RZQ OXVKURRMBERRPKH YLVLWRU PXVW ILUVW SDVV
VKURXGHG LQ WRWDO GDUNQHVV RQO\ WR HPHUJH V.
7KH ILUVW PRPHQW LV GHILQHG E\ WKLV DEUBSWLWEDRQULE
7KHQ DV RQHYTV YLVLRQ DGMXVWV W KH D/ PVEQ® H KD VGID U Bil
FRORXUHG PXVKURRPV VORZO\ VSLQQLQJ VXV SHQGHGHDIN WG
WKH HQWLUH URRP KDV EHHQ LQYHUWHG

)LQDOO\ WKH H[KLELWLRQ H[SHULHQPH EWQ DWVXDQW. QWER B RLI
WKH PXVHXP VSDFH EHFRPHV D UHWHDUWK OMKER LUDRURDF 1D \([ 3
Q &DUVWHQ +|OOHU DQG QHXURELRORJLV®RGQHDD Q R H\W
FKXWH ZKLOH KROGLQJ D SODQW DIWHUWHUL¥ K WKH SQDQ\W fi)
WR H[SORUH WKH UHODWLRQVKLS EHWZHIQGHKXPYQWHBRGV SV
WKURXJK D WUXO\ PXOWLGLVFLSOLQDU\ DSSURDFK

U
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Qe eU\AiieeeRUi+lee:\eX: 0o RB:X iiXE2:X0PIEOAROUH W MMAIOXTIQOQT U
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7KH H[SHULHQFH WKURXJK WHFKQRORJ\

7HFKQRORJ\ KDV QRW VLPSO\ HQWHUHG WKH P XWHIDW® H G \KD
DQG H[SHULHQFH DUW %DFN LQ WKH V  IURW R WD FWHGN Z 1
HQYLURQPHQW DQG YLGHR DUW GLVUXSWRHNGVWRE&DW\VXBDDGI
WLPH SOD\HG ZLWK WHOHYLVLRQ VFLRHHNH WD @O EHQWQ H Ou
UHODWLRQVKLS ZLWK WKH PRYLQJ LPDJHZHGF %L OOV ORRIBKEH (
WLPH LWVHOI LQYLWLQJ XV LQWR PS@®ILWDRWLYE FUBWRQFRU
7KHQ FDPH WKH GLJLWDO ZDYH IURP WKHDXJWHRIWEBG G\ DO LW
H[KLELWLRQV LQWR PXOWLVHQVRU\ MRXUQHD/Q G?KHR WP VR X B
H[SHULHQFH (YHQ WKH LGHD RI FROORBBWRLIQNO\OKHQWHIG ZR B W
RZQ D SLHFH RI DUW OHVFKLQL *KHODQL

JURP D FXUDWRULDO SHUVSHFWLYH WHFKQNRO R HIDVDEBEBVA
)LUVWO\ LW IDFLOLWDWHY HDVIWHWR® EAHRVHVBE BUWHON PEQ BE
HIKLELWLRQ LWVHOI WRROV VXFK DVSH#% ARGHR AROQOARZ QYL \RLU
PDWHULDOV 7KH XVH RI WDEOHWYV LXQUWHKKNWU WRUWK\D Q/FRH ¥ KIRRVH
WKH\ ZLVK WR H[SORUH )RU LQVWDQFH DRXEHOV/HW RPQBKWDEF
FKLOGUHQ WKURXJK SOD\IXO DFWLYLWLHWYFBQRWKUY WH GHIY LIl
LOWHUDFWLYH JDPHV KHOSLQJ WR GLVEHOWIK K XQG RWLRY H/
SODFH OHVFEFKLQL $ FOHDU H[DPSOH RI WXYHMXPS BEQ ROBNVKRNV
ZKHUH KLVWRU\ LV FRQYH\HG HQWLUHO\ WKURXJK GLJLWDO L

U
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87KH YLGHRV LPPHUVLYH DUHDV JBPHY WR G IYIIHJ WKHD@ W
DFWLYHO\ HQJDJHV ZLWK WKHP 0 LV D PXVHXPKAHKRU& HA
WKH GD\ >«@ ZKHUH IXQ DQG OHDUQLQJ PHUJH"

U
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$QRWKHU LPSRUWDQW UHYROXWLRQ EURXJKW DERXW \EXM H
PXVHXP LV WKH HPHUJHQFH RI YLUWXDRYR BV HSPD\Q GNBHF L&
RI HQJDJHPHQW EHFDPH ERWK HVVHQ WLDD VDR)GU ¥ YR REIDHE @
JDLQHG ZLGHVSUHDG WUDFWLRQ DQG FRQW LKDXHBQGRIGH: KV 8@
FDVHV VWLOO LQYROYH PXVHXPV DQG LQGUWWHMMXYWHRWY KURIX\V
ZHEVLWHY WKHUH KDV DOVR EHHQ D[NKE LW WRROAD UNK/H QRHHZZ N
XQFRQYHQWLRQDO FXUDWRUVKLS KDYH YHQWKKLHEG W IQRVMR/ QF
PHWDYHUVH $ SHUWLQHQW H[DPSOH RILWKLAKHV HVWK B LYWW W
+H$UW  6RX®DWHG E\ /L]]\ 6ZRUGWKDLQ DQG 7RP SWQFHV

/ILIKWVQ HDUO\
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7R DVVHVV ZKHWKHU DUWLILFLDOH.Q IVW\W Q HUHIQF HF YFDIWLIQU YD
ILUVW HVVHQWLDO WR XQGHUVWDQG LWV WHPK &L R50! UDQRR

U
/KH ELUWK RI DUWLILFLDO LQWHOOLJHQFH DQG \

7KH ILUVW DUWLILFLDO QHXURQ ZDV GHYHD®SHG EKR & QUFERC
D PDWKHPDWLFDO PRGHO GHVLJQHG WRVXRPXQ®DWESXYPW MD
SURFHVVLQJ WKHP YLD DQ DFWLYDWLRQ IXQFO\WLER®P DONG FURPW
LQ WKH SXUVXLW RI DUWLILFLDO LQWHOOLR®QYFIQH® FCH JIUR X
UHVHDUFKHUV DW 'DUWPRXWK &R O OB MKZHKRR Z HUHX UQ W HIUHHW X
FRQFHSW RI LQWHOOLJHQFH ,W ZDV KHUHALW R D, WHCHO Q RZQZFL
FRLQHG 5XVVHOO HW DO

,Q WKH \HDUV WKDW IROORZHG UHVHDU F KHIWHLIPYF W BDMW) 8 R
OLNH KBPFWQ® LN HRUX PD@MAKLIMWMLY BE WR Q DWORDHIOMD HW DO

U
6WURQJ $, :HDN $, $1, $*, $6,

JURP D SHUVSHFWLYH WKDW LV PRUH SKNGRRRSKLRD O KR
HPHUJHG ZLWKLQ ZKLFK GLIIHUHQW WHVWDQFK GLKARAIRIDAH-S
$,UHIHUV WR D EROG DQG DPELWLRXV YLULRQWWKGNRDR RQE
OLNH KXPDQ EHLQJV ,W DVVXPHV WKDW ZL\8KHWHK®OWXD®®\ S
WKH FRIQLWLYH OHYHO + DQG HYHQ WKH D XVDRIQIRFX Y HRV R/K Y
RQ UDWLRQDOLW\ LQ WKRXJKW DQG DFQR\R QQ HFHHMV DWK B \ QIR
FRIJQLWLRQ EXW UDWKHU WR DQ HQWLW\ FLKIDW DAR B X SVOLIR@
DW EHVW VLPXODWH WKH SURFHVVHV E\ ZKLFK WKH KXPDQ P

JURP D WHFKQRORJLFDO VWDQGSRLQW DURQDLALD DH GQ MQHD
FDWHJRWWHM FLDO 1DUURZ $QWHIQ6LDOQFHD HILD M GREWNHLO DL BI
6XSHU ,QWHOOLJHQFH $6,

7KH ILUVW $1, UHIHUV WR FRPSXWDWLRGQD®PRGH @ VWEKH QL .
GHILQHG GRPDLQ RI NQRZOHGJH ,W UHSUHWERWYUDWRLQHW®
IXQFWLRQLQJ WKDQ JHQHUDO FRJQLWLRQ ESDWLRIW \RK B WR
UHVHDUFKHUV KDYH ODUJHO\ IRFXVHG RQ WK\S\H FRR LK) & HOLON |
VIVWHPV KDYH ORQJ EHHQ LQWHJUDWHB YR WRE LRXU VBB X @ \WCKLE
WKLQN RI WKHP DV 3$,” DQ\PRUH O HAR FDJDRIQ RI SHW D WAHK/U BHLDWMK
DQG PDQ\ PRGHUQ PDFKLQHYV UHO\ RQOKRXQQIOYDAFHG ¥RQWH
PLOLWDU\ WHFKQRORJLHV RU ILQDQFLDO WHWGHQNRYDDWI I
W LV LPSRUWDQW WR QRWH WKDW $1, LV @ RQYWHEO UHDFE\
3ILUVW OHYHO  GRHV QRW LPSO\ D KLHUDUG®\FDIQYDOXSID\VE G
DELOLW\ ZLWKLQ WKH VSHFLILF GRPDLQ H WNEHDV %GWKMH] PHG |
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FRPSXWHU WKDW GHIHDWHG UHLJQLQJ FKHWY FKDRYIXRQ *DU
BWUHONRYD

,Q FRQWUDVW DQ $*, VIVWHP UHIHUV WR D @ F®H QLR LLYQWIHE!
LV GHILQHG E\ LWV FDSDFLW\ WR 3UHDVR®\ SOMRS WHKHQHE H
LGHDY OHDUQ TXLFNO\ DQG OHDUQ IURP H[SHULB@MHD O ERMQ
LV EURDGHU DQG PRUH PXOWLGLVFLSOLQRHU RAXDIE DHLRIJ DG
WR D VLQJOH SUH GHILQHG WDVN S5HMWAD DFKHIQL OLG DR WON\QK
DXWRQRP\ *RWWIUHGVRQ IRQHWKHOHVV WHKNKRXIOXAQ
EH FRQVLGHUHG $*, VRPH VFKRODUVDDRY IIFMD W RYWRRIWD U HDQH
ZLWKLQ WKLV FDWHJRU\ *RHUW]HO WRZPHDWHHIO WLKQLIVF E G \
FDQ RQO\ EH FRQVLGHUHG IURP D WKHR WKHWGERPDLYNURIS BHF @t
DQG WUDQVIRUPDWLRQ DUWLILFLDO LQWHCDOLJBYEMRQRE!
$ UHOHYDQW H[DPSOH LV 2SHQ$,TV &KDW*3¥DWL YR GG WU
7UDQVIRUPHU IDPLO\ EDVHG RQ GHHS OH DA GH WHRMHE W
DQG JHQHUDWH KXPDQ ODQJXDJH WKURXJK KRXXUIDWD PDQ DS
RWKHUZLVH PRGHOV VXFK DV &KDW*37 GR SRW BRR ¥ HD/ B PLXY
ZLOO EH H[SORUHG LQ JUHDWHU GHSWK LQ WKH IROORZLQJ F

)LODOO\ WKHUH LV QR GRXEW WKIBWWAHLBUBIOVHXSHU LRDW HO
VIVWHPV WKDW ZRXOG VXUSDVV KXPDQ CPHRWHAD Q RW/DHIDG®\L I HEN

DUJXH WKDW RQFH $UWLILFLDOWHKB HHPMHW J B QHD L JH g K
LQWHOOLJHQFH LV QRW RQO\ SODXVLEOH EXW LQHYLWDEOH

$ FRQWHPSRUDU\ GHILQLWLRQ

,Q OLJKW RI WKH IRUHJRLQJ WKH GHEDWH VXUURXWGRQV R
DUWLILFLDO LOQWHOOLJHQFH DSSHDUV WR KDYH UHDFKHG D \

S$UWLILFLDO LQWHOOLJHQFH $, UGVHWNDWR YLYW® DV FRH
DFW LQ WKH SK\VLFDO RU GLJLWDO ZRUOKWHEL\QIHW K H LFYR.@
VWUXFWXUHG RU XQVWUXFWXUHG GDWD UHDVRQLQJ RC(
GHFLGLQJ WKH EHVW DFWLRQ V WR WDNMR DFFKRBIG HQW KA
JRDO $, VIVWHPV FDQ DOVR EH GHVLRRUH E\WRQO BDWUWL® WR
HQYLURQPHQW LV DIIHFWHG E\ WKHLU SUHYLRXV DFWLRC

7KLV GHILQLWLRQ KDV JUDGXDOO\ VHWH VRW KHAHW & DLW LQ[F 4
:KDW WUXO\ GULYHV WKH RQJRLQJ DGYDQFBIPHOW RQ WR H- Ul
KXPDQ OLNH PDFKLQH EXW WKH VKHHU WHRRAPGH BIDEDWRKD}
RUJDQLVHG SURFHVVHG DQG PDQDJHG HIIHFWLYHO\

U

ODFKLQH /HDUQLQJ
$W WKH KHDUW RI HYHU\ PRGHUQ $, VIVWHP OLHV PDFKLQH O
7R LQWURGXFH KLV ODFKLQH /HDUQLQJ FRXUVHVIH&WDEDRN GV
D GHILQLWLRQ FRLQHG E\ $UWKXU 6DPXHO LQ DQRQMXOD
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3)LHOG RI VWXG\ WKDW JLYHV FRPSXWHUV MKOHFDWDO
SURJUDPPHG"®

7KHUHIRUH E\ (*OHDUQLQJ  IURP WKH H[DPSOHWHSQ RM\EHB G W
PDFKLQH EHFRPHV FDSDEOH RI FDUU\LQJL WXWXWS MKH LG HMBV
KXPDQ LQYROYHPHQW

7KH PDLQ W\SHV RI OHDUQLQJ DUH

X

6XSHUYLVHG /6X8HAUYQNVHG OHDUQLQJ LQYROYHV SUHVHQ
UHODWLRQVKLS EHWZHHQ LQSXWV DQG R MKWSOPVEW US$RW W
H[DPSOHV WKH V\WVWHP LV DEOH WR JH®@HNWXWB WKH G R
QHZ LQSXWV

,Q WKLV FRQWH[W WKH GDWD DUH S U H)RABWH/ILRUIL BHGD \P
ZKLFK HDFK HQWU\ LV DOUHDG\ ODEHODH® GULYHDSS DI
GHVLJQHG WR DGGUHVV VSHFLILF SUREOHRYRUMN RD BiH
&ODVVLILERMAKR RUIJDQLVHYV GDWD LQW R HIWHHYNIKRQBHIG  F
SUHGLFWV FRQWLQXRXV YDOXHV EDVHG RQVKLVWROD DN

8QVXSHUYLVHG 8@DXNSHQPYLVHG OHDUQLQJ RSHUDWHV RQ
sGDWD GULYHQ DSSURDFK DLPHG DW G LK/IER YWWHKH. GBID W/\DV
PHDQV WKH DOJRULWKP FDWHJRULVHV GDLMIX FEDW HEEQ R G
XQGHUVWDQGLQJ RI ZKDW WKRVH FDWHJRULHV PLJKW EH
H\ WHFKQLTXHV LQ WG®&XVWHIUKIOFK QFURXENW VLPLODU HOF
$VVRFLIXWMLRR XQFRYHUV FRUUHODWILR® Q \ELHRQDHH.QV Y BH
ZKLFK VWUHDPOLQHY FRPSOH[ GDWD VHWWYHB\DAPLRDWLLA
PHWKRG LV SDUWLFXODUO\ HIITHFWLYHSIRNY HH YAILQLIQON KR
RI WKH GDWD VWUXFWXUH LV DYDLODEOH ORUDOHV (VF
6HPL VXSHUYLVHG KD DSBISWRDFK FRPELQHV HOHPHQWYV
XQVXSHUYLVHG OHDUQLQJ 7KH DOJRULWKPDLF LW BD IODHG
DQG XQODEHOOHG GDWD DOORZLQJ LW WR QHDSRWIRE
EXLOGLQJ XSRQ WKH VWUXFWXUH LW LGHQWLILHV ZLWKL
SHLQIRUFHPHQW,WHDBRENVQQRW XVH HLWKHU SUH FDWHJR
LQVWHDG EDVHG RQ D WULDO DQG HUUR D FRMHFXD @ L WK
HQYLURQPHQW UHFHLYLQJ UHZDUGV RU SHQO@IOQULHWMI
EHKDYLRXU WR PD[LPLVH SHUIRUPDQFH RYHU WLPH ORUI

7KH WUDLQLQJ DQG WKH PDFKLQH OHDUQLQJ DOJRULWK .

'XULQJ WKH WUDLQLQJ SKDVH WKH PRGHQAOAY SH BSYIRFHY ZH @ |
WR WKH VSHFLILF PRGHO DQG WKH DOJRULWKP 8F SRR WG HAK
IDFWRUV LQFOXGLQJ WKH VL]H RI WKH SBH¥DVWWH LVH]H WK H

U

OUb aUQOPWAU ... jejRedis@-i6" “«Vie\ g @UD2RPRERDIRY QTiOXiQOQT U

U

QQU



SRLQW WKH QXPEUMTKILUWBUDWMWHMWLYH DOJRULWKPV DQ
LQ FODVVLILFDWLRQ RU FOXVWHULQJ PRGHOV ODKHVK

7KH PRVW FRPPRQ PRGHOV IRU PDFKLQH OHDUQLQJ DUH

X ILQHD/KHVH DUH SDUWLFXODUO\ HIIHFGBDQW VKW C3SSWDLLH
LV WKH /LQHDU 5HJUHVVLRQ DOJRULWKR XZFHFKF DO X\DHOG
RSHUDWHY E\ LGHQWLI\LQJ WKH RSWLPYDQVRRH OQHDUU HO R k
GHSHQGHQF\ EHWZHHQ WKH LQYROYHG YDULDEOHV ODKF

X TUHH EDMKHHH PRGHOV DUH VFDODEOH PHDQLRWN G\DWHD F
ZLWKRXW D SURSRUWLRQDO LQFUHDVH LQCH B8 XWWKHN'IHAFQ
7TUHH ZKLFK IXQFWLRQV E\ GLYLGLQJ GDW DWW WLRE XGCW YW
HVVHQFH LW IROORZV D FODVWRRERMD WREEE 8D @Y KEW B DRAX
QRGHWQH NH\ OLPLWDWLRQ KRZHYHU LV LWWYXXVPRGW:!
EHFRPHVY RYHUO\ WDLORUHG WR WKH WUDIQHUWDOE VDL R
XQVHHQ FDVHV ODKHVK

X 'LVWDQFHS$EDMEFHHO\ XVHG PRGHO ZLWHKDQHVNKWL Y HHIDW HBRR U\
D VXSHUYLVHG DOJRULWXRA\FEDDBSWRD EXHGDENKIHU WKD
JHQHUDOLVHG PRGHO GXULQJ WUDLQVQILHWOQMHZP®DW\DHY
FDOFXODWLQJ WKHLU GLVWDQFH WBDWRHQ.JFOHRW HWA GHHELC
WKLY PHWKRG KDV D QRWDEOH GUDZHDEFNQ VYWY W HDQG&V PW |
LOWHQVLYH DV LW UHTXLUHV UHFDQBXWD WL QQ &K R K RHF

Xx 1HXUDO QHWHERHNPRGHOV DUH LQVSLUHG E\ WKH VWUXFV
HOHPHQWY Rl QHXUDO QHWZRUNV DUHYBVWIHYAUD® QBB
DUH PXOWLSOLHG E\ D ZHLJKW D SDDOQPH VRH B VKD MQ S K\
E\ DSSO\LQJ DQ DFWLYDWLRQ IXQFWLRQ WHOQBXURQHQ
W\SHV Rl DFWLYDWLRQ IXQFWLRQV DQG WKHFDISFURSBYN
EHLQJ SHUIRUPHG ODKHVK
,Q JHQHUDO WKH IXQFWLRQLQJ RI D VLQJOH QHXURQ FD

\ ' [vzZv o« [T Z°

ZKHUHY WKH LYSKXKMH ZHLIKW ! RIK 5 DEFNAN\DWWRE ROQF SR
DQG ZKHYUHELWK WKHLU UHVSHFWLYH SDUDPHWHUV DUH W
LQSXW

c? D QHXUD® QB VQHRXWNRQV DUH LQWHUFRQQHFWHS® LQ D
DUFKLWHFWXUH ZKLFK HQDEOHV D ODUJN QXMEKILW RO \RISI
LQ LQIHUHQFH PHDQLQJ WKH DSSOLFDWH RQURL QKQW SKD
QHZ GDWD WKDW KDV QHYHW EHHQ HQFRXQWHUHG EHIRU
$QRWKHU LPSRUWDQW FRPSRQHQW ZLWKLQ B TQ{HIMQUAHO RQ
LQWHUPHGLDWH OD\HUV 3KLGGHQ  EHWZHHID WRKIHP ¥ QUDXWG

U
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PRUH DEVWUDFW UHSUHVHQWDWLRQV & DHSQNDWDHAH W FBWHH E
FDSDELOLW\

,Q WKH ILHOG RI PDFKLQH OHDUQLQJ DQ H[DPSOH RI D Q
0/3 ZKLFK LQFOXGHV RQO\ RQH KLGGHQ ODABGGH YRW KW
VXEFDWHJRU\ RI GHHS OHDUQLQJ ZKLFK ZLOO EH GLVFX"
2QH Rl WKH OLPLWDWLRQV Rl QHXUDO QMWIRQNVKLWD G
FRPSXWDWLRQDOO\ H[SHQVLYH 7KLY FXORAMN \D Q\G LD/GHAXDY
WR WKH HUURU E\ XSGDWLQJ WKH ZHLJKWV Z LQ D SUR

6RPH PHWKRGV +#+ SDUWLFXODUO\ LQ WHK® LRRQEDH/[MGRR Q/ X 9BY
DLPHG DW LPSURYLQJ WKH HIILFLHQF\ RWINKX® K. Q&R B LMK\
IRULQVWDQFH QRW RQO\ WKH XVH RI RWL BDQILGD &D RO WHIW
SDUDPHWHUY DQG SUHYHQW RYHUILWWLQJIJRQDRUGH DLRWXWOA I
GDWDKHVK UU

'HHS OHDUQLQJ

'HHS OHDUQLQJ LV D VXEFDWHJRU\ Rl PDFKIUSHUOHQEKWL®
SXQGHUVWDQGVY' WKURXJK D KLHUDUFKLFDO V\RQH® RIQL®QYS
VWUXFWXUH RI DUWLILFLDO QHXURQV 7KH PRGNODOHPSIOWR\A
PHDQLQJ WKH\ XVH PXOWLSOH KLGGNQ/@ D XFYWX $N GD WHKHY/ROOMK
RI LQWHUFRQQHFWLRQV

(YHQ LQ WUDGLWLRQDO QHXUDO QHWZRUN W HWHKH \D VD QG P\N R
FUHDWLRQ RI D FRQFHSWXDO KLHUDUFK\ £ RMFIXQQ HGI TDXW R
HQJLQHHULQJ ,Q GHHS QHXUDO QHWZRUNVUKREZWHHY WK B \P\
KRZ WR XVH WKHP HQWLUHO\ LQGHSHQGHQWO\ ZLWKRXW WK

6HYHUDO PRGHOV XVHG LQ GHHS QHXUDO QHWZRUNY LQFOXG

X SHFXUUHQW QHXUDO THW2ARWBMH BLDHXUDO QHWZRUN FDC
WKH LQFUHDVH LQ WKH QXPEHU RI KLGGHQ OD\GIUWW EH
UHODWLRQ WR FODVVLF QHXUDO QHWDRHMW QVEK B FOIHPUWR
+RZHYHU DQ DGGLWLRQDO HOHPHQW LKNHLE@WWRB®&FIHG P
DFFXUDWHO\ UHIHUUHG WR DV EDFNSURSDJIXW URQ W KUR
QHWZRUNV SDUWLFXODUO\ ZHOO VXLWHG IRYRE\RH QIHWZZRL
UHWDLQ LQIRUPDWLRQ IURP SDVW VWDWHWEQERNXGEEDWA
PHPRU\ DW HDFK WLPH VWHS WKH\ DUH DEOH WR SURYLC

7KLY FKDUDFWHULVWLF PDNHV W KWHPQ B \DSHG LJH@QGI\U B WH B\
DQG WHPSRUDO GDWD VXFK DV LQ QDWXUDOQEeB_QRIXDJ
WUDQVIRUPHU PRGHOV VSHHFK UHFRJQLWLRQ DQG WH]

X &RQYROXWLRQDO QHXUMKAH QM \QAHRMZNR USNM. DUH E\ WKHLU Y
QHWZRUNV DQG DUH SULPDULO\ HPSOR\HRD JRV SORBFHUNEE
,Q RUGHU WR IXQFWLRQ HIITHFWLYHO\DWKWN @ FOMXAHWHN W K
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WKHP DSDUW IURP RWKHU W\SHV RI QHXUDO QHUNZ RUUQHA |
RSHUDWH WKURXJK VSHFLILF PDWKHPDWLBBO 2ZWRRIO \D Wk
GHVLJQHG WR GHWHFW VLJQLILFDQW IHDWXUHV ZLWKLQ
2QFH LPDJHV DUH FRQYHUWHG LQWR WPR®Q UAH LH R WK PID
DSSOLHV D VHW Rl PDWKHPDWLFDO RMSUHLDMLIFR/Q Y RURL DE K
PDWUL[ PLJKW GHWHFW D YHUWLFDO H GHH SBIQRVOKWH HD Q
PLIJKW LGHQWLI\ D PRUH FRPSOH[ WH[WXUH :X

.,V XVXDOO\ 5H/8 5HFWLILHG /LQHDU 80QQW RW KR M®MLR/@T
QHWZRUNV $V D QRQ OLQHDU IXQFWLRQ 5H/8PISQBEOH)
SDWWHUQV Rl OHDUQLQJ 3XUZRQR HW DO

$V ZLWK RWKHU QHXUDO QHWZRUNV WKH SOHIOUFQISQH FUT
SURSDJDWLRQ :X

)LOQDOO\ WKH DSSOLFDWLRQV Rl WKHVIHR PR RIEOW A\ FEHK
XVHG IRU LQVWDQFH LQ VHFXULW\ V\VWHFDMW L ROF [EDHO RW
ULVH Rl WUDQVIRUPHU EDVHG PRGHOV “HWQHDOQ@ LG/H %G
PRGHOV +RVVDLQ 6DMLE

7UDQVIRURHUWPDLQ IHDWXUH RI WKLV W\SH Rl @MHX&DIO/ QH\
ZKLFK SURFHVV GDWD VHTXHQWLDDW®\D L2 R® HD E\O §1DW R (K@
LQSXW GDWD ZKLFK DUH SURFHVVHG VL RXEH\D GHRXM QW
OHFKDQRUFZDQL HW DO

JRU LQVWDQFH LQ WH[W JHQHUDWLRQ WK D&QURIUP WM VXHH
ZKHUHDV UHFXUUHQW QHXUDO QHWZRUNV 51WVP NV H/XE W
LV ZK\ WKH HPHUJHQFH RI WUDQVIRUPHUV KDV SURIRX
/IDQJXDJH 3URFHVVLQJ 1/3 D GRPDLQ LQ Z&DWK PDE®L (
KXPDQV OR HW DO ,Q D VLPLODU IDVKLROQNWQOL
&11V LW LV FDSDEOH RI SURFHVVLWK D GLOWGUB L PWJH
SDWFKHV DQG KDQGOLQJ WKHP VHTXHQWLDORQ 7KLY VLR
9L7 )RU WKLV UHDVRQ SUHYLRXV QHXUDOE®QHQYZ RIS @I
E\ WUDQVIRUPHU EDVHG PRGHOV ODXUtFLR HW DO

7KH PDLQ GLVWLQFWLRQ IURP RWKHU Q HAXW B Q WDLHRDZ R i K
+ LV WKMHQVIRUPHU DKERKKVEHBWXAH GLVFXVVHG LQ WKH IF
DUFKLWHFWXUH KDV LQ IDFW PDUNHG D WDHOFH) 9BRZ D!
HW DO

*HQHUDWLYH DGYHUASOLULBODQHWZARRZUNQ WKH ILHOG RI J}
LQWHOOLJHQFH ZKHUH GHHS QHXUDO Q HWRZDRDUN VI ROLL NAHK
DELOLW\ WR JHQHUDWH KLJKO\ UHD O MWLIQR XGALD/WW BV WKW
9LVLRQ 7UDQVIRUPHUV 9L7V ZKRVH VWDWQIWKDWLRQ
VHIPHQWDWLRQ ORUHRYHU ZKLOH 9LVLRQQ@U DO ¥ URWDAFFHU
UHTXLULQJ ODEHOOHG GDWD + *$1V IROORZ D®HDINV XSt
KRZHYHU WKDW SUH WUDLQLQJ FDQQRW VE W K HF® WHR Z |
BW\OH*$1 ZKLFK LV VSHFLDOLVHG LQ WURGDEDLIHV K B DK
IXQGDPHQWDO GLIIHWHYRAHW R MPEDIW RVEE® BLR/ VDR R GE BR
LQ RWKHU ZRUGY JLYHQ D WH[WXDO SUHRMSML @ U DHD DRIV 3
RU YLGHRYV
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LWV IXQFWLRQLQJ LV EDVHG ROHQ A EDRRRAN KAFRUALSPRQEFRPAR U
QHXUDO QHWZRUNV WKDW DUH HIITHFWLY HOW RERDP MM PGSV
SURGXFH VIQWKHWLF GDWD ZKLOH W WH IG6H § FUH.PQ @IVGRU
GDWD 7KURXJK WKLV DGYHUVDULDO SURFHVVH®M HDWH ¢
FUHDWLQJ UHDOLVWLF RXWSXWV ZKLOM WIRH GGIWHEW P
LQFRQVLVWHQFLHVY $V ZLWK RWKHU PRGH®ONG W®HDZWH
FRUUHFWLQJ ORRS UHGXFLQJ WKH QHHG IRU WKPHQ L
DXWRQRP\
+RZHYHU WKLV SURFHVV LV KLJKO\ FRPSOH{UDDQMGLFE QK ®
QHWZRUNV 2QH ZHOOPRERYZ ORCDPRISHIBRPRIQRY LQ ZKLFK
UHSHDWHGO\ SURGXFHV VLPLODU RXWSXWW\ WK XW KIHD LG&X
GLVWULEXWLRQ 1RQHWKHOHVV *$1V UHPDLCP FOPRQV W
RXWSHUIRUPLQJ WUDQVIRUPHUYV DQG EHLQJ VHFRQG RQC
7KH UDQJH RI DSSOLFDWLRQV LV H[FHS WH R\QDDOLQEURYD G
WKH PHGLFDO ILHOG SULPDULO\ GXH WRQWVKR DD OF PROcH
$JJDUZDO HW DO

X 'LIIXVLRQ FRGWQ@V DOVR D GHHS JHQHUDW L GHRRRIS I$0 FORIC
RI GLVWXUELQJ DQG UHVWRULQJ LQIRUPDWLRQ +RZHY!
JHQHUDWRU+GLVFULPLQDWRU IUDPHZRUN EXRQRBSIVPRIL
QRLAMMXVVLD WBRHLUWAHWR D VHW Rl UDQGRP YDOXHV WKDW
SRLQW RI PDNLQJ LW XQUHFRJQLVDEOH 7&HRFRIENO QNDW
WR JUDGXDOO\ UHPRYH WKH QRLVH DQG UW R R QN MFUOGLT X
UHIHUUBGRWBHDAWLYHS BFHIQRQVDOSURDFK KDV PDGH GLIIXV
HIITHFWLYH LQ JHQHUDWLQJ KLJK UHVROXWQR QP RR & W3
FRPSDUHG WR RXWSXWV SURGXFHG E\ *$1V ZKLOH DYRL
7KH PDLQ GUDZEDFN RI WKLV W\SH Rl PRGH® KN UPRW K L LA
WR EH VORZHU DV LW UHTXLUHV D KLJKHU QXPEHU RI VW

/UDQVIRUPHU DUFKLWHFWXUH

Q 9DVZDQL HW DO  BMWRRQIKLR @ HMISDWD NERXX EHIEGD Q H X L
DUFKLWHFWXUH WKDW UHYROXWLRQWHG WKHFILHO®B R/IKDY VD
HQDEOHG WKH GHYHORSPHQW RI DOO WWPRQY IWKPDMHDH \RI
IDQJXDJH 3URFHVVLQJ ,W ZDV WKLV YHUWHPHBKHW®Y AR WX WK DV
SRVVLEOH

1DWXUDO ODQJXDJH SOD\V D FUXFLD®JKR&HFRB\WDWKSQR YV LED
ZLWK KXPDQV DQG UHQGHU WKHLU RXWSXWV FRPSUHKHQVLE
SHEXUUHQW 1HXUDO 1HWZRUNV 511V P DW NKG MOWRIZIQ U FKLD/QH
WKH\ FRXOG UHWDLQ LQIRUPDWLRQ IURPSHREE&VMUQLIQRIX WXE!
GDWD 7KHLU SULQFLSDO OLPLWDWLRQ ®RIZMWMUH ODMQ\Y H\
H[DPSOH DUH SURFHVVHG ZRUG E\ ZRUG ZXKUL\VBIG HH® VKW IYWNH @
VHTXHQFHVY WKLV DSSURDFK OHDGV \WR ¥XBGWDQWLOG LFHRPS

QuUuU



PHPRU\ OLPLWDWLRQV HREW REKQIW DW RN QXW\H VRR D GHSHQGH:!
FRPSXWDWLRQ

7KH SUHVVLQJ UHVHDUFK TXHVWLRQ WISOEEGH FROPIHQKEBHA PWR Q|
VHTXHQFH LQ RQH VZHHS WKHUHE\ XQORFNLQJ SDUDOOHO W

(QWHU WKH 7UDQVIRUPHU $UFKLWHFWXUHSRRRQMW \GHYQJBQFL
VHOI DWWHQWLRQ PHFKDQLVP DQG D GHFRGHU

7KHQFRBGBINNHY DQ LQSXW VHTXHQFH D Q G UGLSWHIVGND WD WL
WKLV VWDJH WKH WRNHQV * ZRUGV PDSSH® WEW RN KHFRR
3RVLWLRQDO LQIRUPDWLRQSRV LWK RQ DLADWRIFAK B BQ HWKAKR ¥
SODFH ZLWKLQ WKH VHQWHQFH LV U HRERUNGLHNGX WHK AV K FHL Q
IRU WKH GHFRGHU GRZQVWUHDP 9DVZDQL HW DO

7KH HQFRGHU LV IFRPSRYVWERIRDXOWL +HDBDEFHKOG K WM IO\
HYDOXDWH WKH UHOHYDQFH RI HYHWRZRWGE EQ RD ®HQ Wl
HVVHQFH WKHVH DWWHQWLRQ PHFRRQLVFRWU G \WHB B/
EH\RQG WKHLU OLQHDU VHTXHQFH

7ZR IXUWKHU OD)HMGIRRIZORZ DTHXDDIX ABWERQQAHFWHG [
UHVSRQVLEOH IRU DGGLWLR@GIO WRDP VIR HBID \§ RR® DDQG
GDWD VWDELOLVLQJ WUDLQLQJ DQG HQKDQFLIHE GRWD
GLVWULEXWLRQV 9DVZDQL HW DO

,Q WKHHFRGWKWH SURFHVV EHJLQV ZLWK WKH RX\REOXWR HR/KH
WRNHQV JHQHUDWHG XS WR WKDW S RMMH QW HRE@ H DLVBN
SUHYHQWY WKH PRGHO IURP DFFHVVLQJ IXWXDKL®R NWQH
VHFRQG OD\HU LQFRUSRUDWHY LQIRUPDWLRXY GWHWH.PRG H
WR DOLJQ WKH VRXUFH DQG WD UJHWHVBHIU KX H R ®RWR Z 6\ il
WUDQVIRDEIRWIPFOPD LVDWKRQLQMG RKWSXW LV SURGXFHG
EHHQ FRPSOHWHG 9DVZDQL HW DO

%HIRUH UHDFKLQJ WKH ILQDO SUHGLFWLRRIRODIORDHGE XAW $R
7TKHVH WZR OD\HUV VHUYH WR SURMHFW RWVK MW RRGM ®T\D R XDV
DV WKRXJK HDFK ZRUG ZHUH DVVLIJQHG D WRHAQ/ MRIDHQ VORUPW
SUREDELOLW\ EHWZHHQ DQG , Q WKVVWIOH QH{W ZRGIGOENM I
DOO SRVVLELOLWLHYVY DFURVV WKH HQWLUH YRFDEXODU\ 9DV

QVuU
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> (XOBVIGR" OR“XI2\ :X10X+R1:716+R iXke Rdédeg BRI YI\R
U
,Q HVVHQFH WKH 7UDQVIRUPHU UHDGV W®&B EIOHS X0 | KERODLW\
JHOQHUDWHY WKH QHSWREREG OLDWAMRIDRIDBVIDWILRQ 7KLV SHL
NH\ WR XQGHUVWDQGLQJ ZK\ DUWLILFLBIG EQOWAD®Q U BIE W FIDX
VHQVH RI WKH ZRUG :KDW ZH HQFRXQWHU RYKQRWLFR@\HL R/
RI SUREDELOLVWLF SUHGLFWLRQV 7KH R X&KDW*PD\IBHVHPE

PD\ DSSHDU WR VSHDN DQG ZULWH OYNHD QRUVRO U EAWVW
UHPDLQ IDU IURP DQ\WKLQJ DSSUR[LPDWLQJ JHQXLQH KXPDQ

OXFK OLNH 511V LQ WKH UHDOP RI QDWXUDO OO QULWZR UNY
&11V KDYH JUDGXDOO\ EHHQ HFOLSWH3 E\DWWHKQ W HE §/ B X
GRPDLQ RI FRPSXWHU YLVLRQ $V GLVFXVVMWGE +6® VG BWDR GW W
GR QRW VFDQ RQH UHJLRQ Rl WKH LPDIHP DIWH Q@ \UR P OML SE)
ZKLFK DUH WKHQ SURFHVVHG LQ SDUDQ@BBROO7HKEGY DVXW DN HR O
KROLVWLF + DQG WKHUHIRUH RIWHQ PRUH HABBMWLYH * SHUV
QwWUu
U



+HUH LV KRZ WKH 7U D QW& DR/UIPDHU G UW R MWWHEF WXKHHGHYHORSPHQ
DQG VLIQLILFDQWO\ HQKDQFHG HDUOLHU PRGHOV .H\ DSSOL

x PDFKLQH WUDQVODWLRQ HJ *RRJOH 7UDQVODWH

X WH[W JHQHUDWLRQ ZLWKLQ 1DWXUDO /DWRQ &XDIWH* 3U RBHV \
DQG %DUG

Xx VSHHFK UHFRJQLWLRQ DQG WH[W WR VSHHFK VIQWKHVLV

X LPDJH UHFRJQLWLRQ DQG SURFHVVLQJ H[HPSOLILHG E\ \

%KDUDGZDM
U
+RZ WR XVH $§, SURSHUO\

$IWHU KDYLQJ GLVFXVVHG LQSXW DQG ZRODWS WW HDAM VHHRJIW K L
PHDQ LQ SUDFWLFH ZKHQ D XVHU ILEWHV DBRWWHZQWKH QFHH Q!
UHTXLUHG WR SURYLGH D 3SURPSW’™ DV LOWXAW SKRIPBRUHYS W
VDWLVIDFWRU\ WKH UHVXOWLQJ RXWSXW FRRGDEH LW SPON WY
IRUP RI WH[W DQ LPDJH D YLGHR RU DXGLRLO®W WEW WL PW L
WKHUHIRUH HVVHQWLDO WR XQGHUVWDQG KRZ WR IRUPXODW

7TKHUH DUH YDULRXV WHFKQLTXHV IRU JHQHUDWLQJ D SURPS'
REWDLQ ,Q JHQHUDO D SURPSW LV XVXDOOWKBPROQVYWUXRWE R
FRPSRVHG RI VHYHUDO YDULDEOHV PD&N ARUR RW CGARWQWV HY
YDULDEOHYV

X WKH URKMHHPRGHO LV DVNHG WR UHVSRQG ZKI\VBR Q&VIX\P LQ
ZHUH DQ DUW FULWLF

Xx WKH WRBHFPRGHO LV DVNHG WR DG GRHARK\DV WBKIFLIHR |
%LHQQDOH

X WKH WOUHHMRGHO LV DVNHG WR DGRSW D VS HKHALLQFWWYGH
SDXGLHQFBIYV IH DGGUHVVLQJ H[SHUW DUW FROOHFWRUYV

.l WKHVH VWDQGDUGY DUH LQFRUSRUDWHG LRMMWLR MV KIHV SWRIP S
LV DOUHDG)\ JLYHQ D FOHDU RULHQWDW LRQN ©GGSH B 8 WDIMEN 2
WKH XVHU WR VDYH WLPH )URP WKDW SRLQVR @QZBHGY D QKRC
HQKDQFH WKH HIILFLHQF\ RI WKH UHVXOW 6FKXOKRII HW DO

7TKH WKUHH PDLQ WHFKQLTXHV XVHG WR FRQVWUXFW SURPSW

X S3URPSWLQJ 7THFKIML WHFKQLTXH ZRUNV DV D NLQG RI 3EO]
WHPSODWH VLPLODU WR WKH RQH RXWO MFHE RDERR\M
SURPSWD@EDVLF VWUXFWXUH WKDW SURYLGHW [®DPISOIHAH |
, I KRZHYHU WKH WHPSODWH LV HQULFKGIKBOZKWK HWDN R
UHVSRQG WKH DSSHZDFKRW NIRASWKDLRPIWKLY VDPH FDWE
S5ROH BURPSWEZ®ILFK WKH PRGHO LV DVVLIJIQHGDI M8BPHIL]

QXU



DOQ@VWUXFWLRQ BHIRFHKSPWRQVLVWYV RI SURYLGLQJ D FOHDLU
WR EH IROORZHG LQ JHQHUDWLQJ WKH RXWSXW

SURPSW &XDWBEBHU WKDQ D SURPSW FRQVWUXFWARQFW® FK
SURPSWYV VR WKDW HDFK RXWSXW EHFRPHXVW IGHPHWSKRNG
&KDLQ RI 7TKRXJKW 3URPBEWWHS BERYWHS VHULHV RI1 S|
LQWHUPHGLDWH UHDVRQLQJ DQG LWHUDWLYHOSXWILQH \
SURPSW (QJL@KHVYLIOMI D VSHFLILF GHVLIJQ RULHQWHG Sl
RSWLPL]LQJ D SURPSW + DQ DSSURDFK WKDW U GRHE LONM
SHQJLQHHULQJ ° ,W RIWHQ LQYROYHV WKH PRWPH WWHP)XSFOND
DQG WDUJHWHG IRUP :LWKLQ WKLV, GDWHIRWL RMEARDU WMSF
JHZ 6KRW 3URWEWRXQPK DSSOLHG ZLWK JUHDWHU FRQVWUD

)LODOO\ DGGLWLRQDO WHFKQLTXHV W KDKV DADN LS URLYDHD XO\GHW
UHOHYDQW WR LQFOXGH LQ WKH WKHVIHFWQRER ® GGHDRW ER QD ¥
SDUWLFXODUO\ ORQJ &KDLQ\WHU LK R X WK \R &R RUBRIMHKMIPODRGH & k
3URPSWBDOXDWLRQ B@BPYWYWHQF\(BBERPBIWWKHVH VHUYHV DV
WKH PRGHO WR HQVXUH WKDW LW KDV F R UDGT WKHXIQWE RU P\
GDWD SURYLGHG WKURXJKRXW WKH FKDLQ LQ D FRKHUHQW P

¢ ¢ o occcoccoc oo c o coc oo o
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&+$37(5 $57,),&,$/ ,17(//,*(1&( $1' $57

,Q WKH IROORZLQJ FKDSWHU WKH GLQR}MYQRIHQEGB OKBN\X EQ H
IRU TXLWH VRPH WLPH HYHU\ ILHOG D@® IVRF \¥ RO OR D ®/G BIHIVWY!
$, WRROV XVHG WR JHQHUDWH DUWZRUNSDEFRWIRQL H/X LB
JLYHV ULVH WR GHEDWH WKRVH ZKR BV H KIQNVBIWMRMH B | BN KWK
WKRVH ZKR UHFRJQL]H WKDW WKH PRGHOV D URV¥WIKROFIDWOI U
TXHVWLRQ WKH YHU\ QRWLRQ RI KXPDQ DXWKRUVKLS

‘KLOH WKH PRUH FUHDWLYH GRPDLQ KDV HH®MULUHP AHEXG VR
SHUVSHFWLYH $, FDQ EH UHJDUGHG DV DG \H[WXUFBRRNG DDA IC
IRUJHU\ GHWHFWLRQ DV ZHOO DV UHFRQ@QWWHODFW HREG HD & BV
HVVHQWLDO ,WV UROH LV QRW EX.\W LW W& Q\GRV DFR HPAHNU W VDK
EH\RQG WKH OHYHO D KXPDQ DORQH FRXOG DFKLHYH
)LQDOO\ WKHUH LV WKH VWURQJ UHVSRQVH RS FOHDWB LRU WL
RULJLQDO ZRUNV FUHDWHG ZLWK $, E\ DUWLVWWODMQARIQHG |
U

*"HQHUDWLQJ DUWZRUNYV

&RQWUDU\ WR SRSXODU EHOLHI $, KDV EHHQ SDPQOA RHWHKGIW
KRZHYHU KDV WKH WRSLF EHJXQ WR DWWUDFW \RH ULHR}XAUD W
PRGHOV OLNH *$1V DQG PRUH UHFHQW®YV GUHXYDBW LFROBO
&RPSXWHU 9LVLRQ WKH\ KDQGOH DQG JHEBODWWMLEP®DUHVLNQ
IURP D KXPDQ SHUVSHFWLYH LV RIWHQ QRWKLQJ VKRUW RI F
1IDWXUDOO\ WKH IHDU FUHHSV LQ ZKDEXW BVRB AXW\W HY WK DW
UHSODFHG"

%XW OHW{V SXW WKH JUDQG GHEDWH R8@W\UDRIGPLDRH. Q VPIRO
ORRN DW KRZ WKHVH YDULRXV WRROV DQG VRIWZDUH DFWXD

OLGMRXUQH\

$ TXLFEN *RRJOH VHDUFK IRU S0LGMRXUQM GUHYWDOQY DQFWHUY
ORJR PRUH EHILWWLQJ D WUDYHO DJHQRNRHKDQQIN WKRAKH 8B
JUHHWHG E\ D ZKLUO RI JORZLQJ EOXH FRGHOSIMRXAMIH)J HY
ERWK D GLIJLWDO PDHOVWURP DQG WKH QRVWDOJLF IODLU RI
W LV LQ WKH VCHFPRWERRIPH WKDW WKH SODWIRUPYV MPDSHLE LIONL W
SURGXFHVY ZKLOH RVWHQVLEO\ DLPLQJ IRHSWRKWWURD®DVW® |
DW WLPHV YHHULQJ LQWR WKH IDQWDVWLFWOGUHUVROUMNIB & RK

7KLV DOO RULJLQDWHG LQ )HEUXDU\ FRXUWHVR@I 'DY
YXQGDPHQWDOO\ WKH VI\VWHP LV D JHXQ3RDP W H¥HIS DUIW UD G LDH
D WH[W WR LPDJH PRGHO JLYHQ D W B QWX IS WDRPS WX SIRD W H
SURGXFH LW ZLWK UHPDUNDEOH UHDOLVP =KDQJ /LX

U
RUeeU\aiieeeR1 1$:)X206.. UeQMiONiQOQT U
RUeeU\aiieeeR1 1$:]X26..3e:116,U+:Ko@EIGXiQ O0QDa
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6SHDNLQJ RI UHDOLVP LQ EDFN ZKHQ ZHVRURERE @\KZRQU
UDWKHU DPXVLQJ SKRWRVRUWRSHPPDINO@RLWKH URXQGV RQOL
VRPHZKHUH EHWZHHQ KLJK IDVKLRQ DQG W DHMHRNMAHCCHU SIRW
VD\ D ORW RI SHRSOH IHOO IRU LW

\ \ \ K
> jXO6RBV]cR“ 6R} Xi+BU :e:R: Be26BI,BN@)@@O(éQ@3I’X(B-é@:ﬁKaeBWUWXéBIﬂ:ij)ﬁ:Béﬁ.ZbeieﬁTB-
eeU\cBBeecd +U:\ed e62i\ 6\8 :e:d008UI+=i+62& [ I+

JURP DQ DUWLVWLF VWDQGSRLQW RQH QRWHEOH H\WPSRIHYV
‘DQGHUHU D JUDSKLF QRYHO SURGXFHG ZLWK WKH DLG RI 0
S8OWLPDWHO\ LWV UHODWLRQVKLS ZLWK DUW RG HIVZIDY W K HO
D GDWDVHW FRPSULVLQJ WKH ZRUN RIRFR® QWO HIYS/R R U W DQ\
LQFOXGLQJ WKH IXO0O DUFKLYH RI :DOW 'LVQH\JV GUDZLQJV
U

5XQZD\

$QRWKHU FDWHJRU\ RI DUWLILFLDO LQWH OBV URWAF H S WF HI[LH
GHYHORSHG IRU YLGHR PDQLSXODWLRQ ,WOCRXYWWHRPHQYW I]
YLGHRV I[URP HLWKHU WH[W SURPSWV RU LPDJHYV

, W UHOLHVY RQ D JHQHUDWLYH GHHS O H DDJGMHU VI IPHZ RUHANK U
6LQFH 5XQzZD\ KDV SURYHG WR EH D YDOWYIDEIIHN NV RRIOH LR
LOWXLWLYH LQWHUIDFH WKDW UHTXLUHV QR SULRU SURJUDP

U

RJeeU\AiieseRiXeli$0jXRe:1i eill [+ RioHimSfe\ei @il BiiieXi2ed\e:fAe: 2/ 2T:\\:Aj2f L
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$QRWKHU VLIJQLILFDQW DVSHFW LV WKH 5RRS\DLE WO BUGBIRD) W
'RUOG ORGBOWLDWLYH $ ZRUOG PRGHO LV GHMLKE Q8B OWZRR Ut
GUDZLQJ RQ YDVW GDWDVHWY HQFRPSDVVYLGHR ZLGG LWUFDQYHHL
FRQVLGHUHG D JHQHUDO PRGHO EHRIZXQH RW LW/R/ \DLEPDOO DV KV §
HYHQWYV )JRU LQVWDQFH ZKHQ 5XQZzZD\ LV SURR\S WHIGHZD WKV D
WKH PRGHO FDQ LQIHU WKH VXEVHTXHB®WIUDP V. GHRH E WX
DELOLWLHY UHSUHVHQW RQO\ D VRDHO/M DOER SPIH HYW R W XD/
HDUO\ VWDJHV RI D PXFK EURDGHU ORQJ WHUP H[SORUDWLR
5XQZD\ LV XQTXHVWLRQDEO\ WUDQVIRUPLQJ WKR @QD\QWKNE R X b
LWV WHFKQRORJ\ EXW DOVR E\ PHDQV RI| \BQ Q XIDEOO$,ULYDLLIW E DI
,QWHOOLJHQFH )LOP )HVWLYDO ’'DQ@G SWRHUDBKOEG WKD W GP R Y
EDFNLQJ WR HPHUJLQJ DUWLVWYV IRU ILOP SURGXFWLRQ

2SHQ$, &KDW*37 '$//A( $L $UW *HQHUDWRU

,Q 1RYHPEHU 2SHQS$, LOWURGXFHG D FKDW ERW FMHSIWL R
DUWLILFLDO LQWHOOLJHQFH :LWK LW\WLRWXPWQ YR QY WH VDM
XQFDQQ\ GHJUHH &KDW*37 TXLFNO\ GUHZ ZLGHVSUHDG DWW!
7HFKQLFDOO\ VSHDNLQJ LW LV SWUWHR3UMKMUBZQID® LTQADD Y I
PHQWLRQHG HDUOLHU LW LV EXLOW XSRQ WKH 7UDQVIRUPHL
‘KLOH WKH SULPDU\ IXQFWLRQ UHPDLQV WH KD ED WD DY SKWP
PRGHO LQWR D PXOWLPRGDO V\VWHP ,W FDOXGRR DURFNVEGH
VLIQLILFDQWO\ JHQHUDWH LPDJHV WKURBR QR WKHUMNFHQW VR
GLUHFWO\ ZLWKLQ WKH FKDW LQWHUIDFH *XSWD HW DO

$QRWKHU QRWHZRUWK\ GHYHORSPHQW OLHVD\Q&XKMW RF D OPVF
VIVWHP HQDEOHV WKH FRQILJXUDWLRQ RUWKKI) KB IVER WF WRI
DFKLHYHG WKURXJK WDLORUHG LQVWUXFWIQRQYHRFQDLOQW H G Da
DQG DFFHVV WR VXSSOHPHQWDU\ WRROVQXRHWRMN SHIE L
&KDW*37V" LQFOXGLQJQWONQPWIRWREBRGIBGYV DM QQWDE
ZLWKLQ WKH DUWLVWLF GRKIDAK) Z MK B W[O@RPUDWR UL Q WKH

S8OWLPDWHO\ D GHGLFDWHG DUW JHQHUDWLQJ PRGHO WKH §

U
ROeeU\AiiXj2el...1+R&:1iX0\0IXe i 2eXXHii2: M) 6QRDIOXAQ:O0QT U
RUeeU\aiil RXj2.1.UIQEeOXiIiQOQT U
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&XUDWWE DQG $UW &XUDWRU

, W DOUHDG\ SUHVHQWY LWVHOI ZLWHK ED&FRVR®RI KX PIDXX WH \£WU
RWKHUZLVH = JD]LQJ S LQWR WKH ZHE SDJH/HWRU R/X KHDIGIVW VW
VRPHZKDW GLYHUWLQJ DWWHQWLRQ IURPUWNRB\S PR HHMNP §R XOUF
&XUDWRU" &XUDWWE LV DQ $, PRGHO GHYHORSHGREHWS$WR/JU
WKRXJK LW LV VWLOO LQ WKH GHYHORSPHQ®WJVDNDNNIHY W KH DD |
LQWHOOLJHQFH V\VWHP ZKHUH WKH\ FBE®RWSKXFP® QZWKKUD VR
HQKDQFLQJ WKHP E\ VXJIJHVWLQJ QHZ GLPHQVLRQV QDUUDW

,Q WKH PHDQWLPH D *37 HIWHQVLRQ KBDAY BASHIE LDURYHGHLE P
7KLV PDNHV LW SDUWLFXODUO\ VN LICSGH® HD PRV VD ¥R Y H UIDADO L
D VWURQJ FRPSXWHU YLVLRQ V\WVWHP FDSDEOKHRRDWMAFRUIDOM
ZRUN LQIRUPDWLRQ DERXW WKH W\SH R IKHQNKNRD/GI@DOWLIKQV L\
FRQVLVWHQWO\ RIIHULQJ YDOXDEOH FXUDWRULDO LQVLJKWYV

6HYHUDO WHVWV ZHUH WKHUHIRUH FDUULHBZRZRW BV BV NIHQUIL
VW\OH WHFKQLTXH LQVWDOODWLRQLMP® GVDDWDVOLEOMR P WP
OLQN

KWWSV FKDWJSW FRP VKDUH G EH F GH D H GE |

$UWLVWYV YV $, WKH RQJRLQJ GHEDWH

7KH PRVW HPEOHPDWLF FDVH DQG R QMH WKDW WKUHL DIJHRUHZ & WO
1H[W S5SHPEUDUFRMHFW /DXQFKHG LQ LW EURXJKW RNRR HW K
'"HOIW 8QLYHUVLW\ RI THFKQRORJ\ WKH ODXULWVKBEOQW WREG ¥
DGYHUWLVLQJ DIJHQF\ - :DOWHU 7KRPSVRQ $PVWHUGDP
7TKHLU REMHFWLYH ZDV WR FUHDWHHDR) BERREHWHOGC \Q HE HD\ILQ\V
SURFHVVHG WKURXJK $]XUH 90V VRSKLVWLMERMEHG BUERQMW)L
WHFKQRORJ\ WR UHSOLFDWH QRW RQOO0OHWWH [WXMMXD & | VIHBI
EUXVKVWURNHYV

7KH UHVXOW LV D QHDU SHUIHFW LPEWD IDR)XE & § BHDWKD W WX
FRPPXQLW\

U
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U
6RPH KRZHYHU FKRRVH QRW WR IHDU WKHWHKWH IRV L$F D OQ & \
FRPSRVXUH DQG D VHQVH RI LQWHOOHFWXDQ WWSKB LR WLUMH\V

3$W WKH PRPHQW IURP ZKDW , VHH E\ RE VHRLYOLA 1L QWK H O
IURP LPDJH JHQHUDWRUV WR YLGHR RI®HNWH WYHRHEPIVX WL WI
UDWKHU WKDQ YDOXDEOH RQHV’

,Q IDFW ZKDW WKH GLUHFWRU VD\V LWV\OMW DO @&/ IWKDLWVD @ LRI}
UHDOO\ SURYHQ WRIEH WKDW JHOMEHODIGIWMQBURMHFEW IRU LQ
KXPDQ RYHUVLJKW DQG LQ PDQ\ RWKHUQFWYXHYVDEY QYW HPI\
LOQWHUYHQWLRQ 5DWKHU WKDQ UHVHREOLRH DQ H[SHSWU I$SH (
FRS\LQJ IURP VFDWWHUHG VRXUFHV DQG |DKODRDWLQN &KWDY
FXUDWRU DQG OHFWXUHU 9DOHQWLQD 7D QD Z M\ KR XGWWVRDRU
WH[WXDO SURPSWV ODWHU YLVXDOLVHG WKUGXJK HYBD®RKXC
QXPEHU RI HQWLUHO\ PDGH XS ZRUNV DOOH EDGONHEDRQU WL
$QGUHRWWD DQG 7TRVDWWL WKH POFEK UG HH BHIEMEOAR. DY E KD @
VR IURP QRZ RQ WKH WZLVWHG PDUED®W RIDP @ WKRFKH ® ZF
&KDW*37 $L :HLZHL HQGOHVVO\ GHVWUR\V @H BRWHEX LRWGHY H
W ZRXOG DSSHDU WKDW ZKHQ LW FRPHV WR FRAWMP SRUDU\

U
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> jXORWUGR“ 6R"6ie B: BRc:eXie6 @R @&2OXIE6 IR X.RX bej26de:16iXe +} \ }66iXed
2:2e61U:Xi26I[6WUWXBUVSEE [e Ued@eD++ 062e«i+iXe & [+
U
1RW E\ FKDQFH 7DQQL ZKR GRHVQTW EH @& GHE\HW.KHWPKOHF DLXYHR
ZKDW +DUROG &RKHQ RIWHQ XVHG WR VD\

3@ UHDWLYLW\ OLHV QHLWKHU LQ WKH SURJU ERPWAH 8 R UNIL
WZR’~ 7DQQL S WUDQVODWHG IURP ,WDOLDQ

‘LWK UHJDUG WR WKLV HFFHQWULF\DDRRY W WBFHWMLYHOW LSQRH k
DUWLILFLDO LQWHOOLJHQFH DQG W KD &\LQRIDPULKELNS R B WKHKAH K X\
GLDORJXH RQH PLJKW QRZ GHVFULEH LWHDEBRR QGRXLIDW EHRG
UHDO DQG WKH YLUWXDO $DURQ ZDV KLV GHYRWHG DOWHU F

3$$521 LV VLWWLQJ TXLHWO\ RQ P\ GHWNXK H HPHNHD W L @E R
HYHU\ WZR PLQXWHYV >«@ $QG PRVW SDUWUHRXRODDJBRXEKE
RI TXHVWLRQV WKDW QHHG WR EH DYGIGIWDHPMLOH GD Q G, WION QV
vD\ WKDW , KDYH D FUHDWLYH FRPSXWHUWL QGUREIUWMRH ZKR
FUHDWLYH " $QG KRZ IDU FRXOG , MXVWLI\+WRKUH DRID. DR.W K\
FRPSXWHU SURJUDP = LV LQ IDFW FUHDWLYH"" &RKHQ

W LV SDUWLFXODUO\ VWULNLQJ WK D?W D WY FHRQW WG W\X VZ H VF RQ|
PRUH VR QRZ WKDW WKH DUWLVWLF SURBHYWQIFHYROYHV D Wi
7R EHJLQ ZLWK YLHZHG ZLWK D GHJUHH RI GHWIOFWPBHQ WU R
SURGXFHG WKURXJK DUWLILFLDO LQWHP®Q\V HEQFID X/RHD ORF
LQYROYHG $IWHU DOO $, LV D WRRO MXWKW PRDRHUWKIR U
SKRWRJUDSKHU WKH FKLVHO IRU WKHLFWMXQRIWRSH FALKIHF SRR
YLGHRPDNHUV DQG JUDSKLF GHVLJQHUV ,Q @Q\KWVUXAHRW 2$SRE
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\HV EXW VWLOO GHSHQGHQW RQ WK H DQWHIKA ER QVEKHIKI @ KEDL
EHKLQG DQ DUWZRUN KDYH FRPH WR SUHYDLO RYHU WHFKQL]
BHFRQGO\ DV XQVHWWOLQJ DV WKH XQFDR ®\LW/SEHRGXKZEUW
DQG SDOHWWH + LW LV ZRUWK U HKIKD HFUA/MD WV R B HWKXF KD B Q[ MHKAL
1HDUO\ D FHQWXU\ DJR :DOWHU %HQMDPLQV VHPDQB O HMMDG
'RUN RI $UW LQ WKH $JH Rl OHFKDQLFDO S5B\W WY RIGKFALIR Q X VW
SURGXFWLRQ GLG QRW VLJQDO WKH HQGVRI @RJWR HUWKIHB LB
ZHUH SURWHFWHG EDFN WKHI@R B\ SHKH RWILWR QL R IVWKSHO\ K X
DSSUHKHQVLRQ LQ WKH IDFH Rl HDFK QHZ UHYROXWLRQ

U

'KHQ SKLORVRSKHUV WDNH VLGHYV

JUDQFHVFR 'f,VD RSHQV KLV UHPDUNV ZLWG® HD WH RA KD R W GKIL
SURFODLPHG VR RIWHQ WKDW LWV RELWXDVRQRE Q BROR PRI
+H WKHQ SRVHV D WLPHO\ TXHVWLRQ

3& DQ ZH PDNH DUW ZLWK DUWLILFLDDP$/HIDWN JZDOFRD &
D XULQDO 2U EHWWHU \HW OBQG®RLZDWW CR\WRABGHHZLQ
ZDV SRVVLEOH W R HUWGDKHQ DWW HORM WRRO DV LQWULFEC
OHQGV LWVHOI MXVW DV ZHOO WR DUWLVWLF FUHDWLRQ"

', VD FRQWLQXHV E\ H[SDQGLQJ WKH QRWLRQOR IFRSOHRW V
VXJIHVWLQJ WKDW HYHU\ VR FDOOHWBFBY WWLNVKNWV LIVQ G Q QDG WH Q
$IWHU DOO KDG 3LFDVVR EHHQ ERUQ LQ WKH WHBG KRl RIXEL
YLVLRQV LQVSLUHG E\ $IULFDQ DUW BAKKMH W R R HAUXID P i QKODNILARAD
UHILQHPHQWY E\ LQYHQWRUV H[SHUWV D@G:*BKRWRUUDWKH L
KDG DOUHDG\ SDVVHG WKURXJK PDQ\ KD\ QW¥YH DY QDR X 1K NV K
KLVWRULFDO FKDLQ

$QGUHD &RODPHGLFL E\ FRQWUDVW WDIOH'® SR QIR WK HF RRKQ
DXWKRUVKLS RQ LWV KHDG %HFDXVH LI 3LJLQDW DR GDV U DW KH
DFFODLPHG DV DUWZRUNV DQG LI 0RO ORWKG\ BWREGXFMIBQD DC
WKDW FRXOG HDVLO\ EH PLVWDNHQ IRU IEAWWWWEBW NKHJ KD G
DUW’~ WKHQ ZK\ LV LW VR GLIILFXOW WIRY B FIFX\§ WRDDUWLILFLDOC
&RODPHGLFL LQ HVVHQFH LQYLWHV XV WR VFRQVMWAKEF WO
DQWKURSRFHQWULF

U

U
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2WKHU ILHOGYV

$V SUHYLRXVO\ QRWHG RQH RI WKH SULPD U\LFRDQ Y.IQMLHR@MWL |
EHHQ WKH DPELWLRQ WR GHVLJQ V\VWHPV FQ DDERK R | FHRVK (
RI HIILFDF\ DQG HIILFLHQF\ 7KLV KDY RKL\QHOWSSHCU BQ WHKEIXH©
VSHFLILF WDVNV

7KH DUW ZRUOG KDV EHHQ QR H[FHSWLRRON RQDVLEHWKE PR
DUWZRUNV EXW DOVR LQ WKH EURDGHU LQURQ VVDWY¥FWEX
UHFRQVWUXFWLRQ UHVWRUDWLRQ DQG FRWBHHIGY DIWLHRFQ \DLLR
UHOLDELOLW\ WKDQNV WR $,1V FDSDRLW\ WR SURFHVV DQG |

JRUJHU\ GHWHFWLRQ DQG DWWULEXWLRQ

,W ZDV EDFN LQ ZKHQ &KULVWLHYV DXFWAR QRKRKIVEIHS XSW H
Lw DV WKH VWDU ORW RI WKH HYHQLQJW:KPW®WDIROLDOWRAKG KB
DXFWLRQ KRXVHIV KLVWRU\ + RQH WKH\ WULHG XQVXFFHVVI
7KH SDLQWLQJ ZzDV VDLG WR EHORQJ WR WKHE)OMIKK VK IDIOP N
DUW GHDOHU $0IUHG )OHFKWKHLP ZKRVADM BWHGHY¥R W XIG UE

WR .. DQG LW ZDV LQWURGXFHG ZLWK D JORZL

S7KLV H[FLWLQJ GLVFRYHU\ LV WKH PR DS SIHEWR W DX\F \X
OHDVW D GHFDGH" &KULVWLHTYV S

W ZDVQIW XQWLO WKDW WKH IXO0O® H[MWHK®W WRK NV B B LEQNWFLHY
D IRUJHU\ + SDUW RI D EULOOLDQWO\ VWBOHEU RRPK LP D QW HK
DUJXDEO\ WKH %RQQLH DQG &0O\GH RI WKH DUWLRRYOG HFHKMNLk
&ROOHFWLRQ WXUQHG RXW WR EH VR FRQYLQRICDHWWRW VH Mt
LW

7TKH VFDQGDOV WKDW VXUIDFHG GXULQJ WHKRVHPRLH) W [MKIQG
UHVHDUFK LQ DXWKHQWLFDWLRQ (QWHU &DDKR DG BR SRRISHC
DOJRULWKP WDLORUHG SUHFLVHO\ IRU WKLV$ FEDYOMHMXEFK K
UDSLGO\ HVYWDEOLVKLQJ LWVHOI DV TKQ L R IG\HIH @V O-E68H &R RF
IHXUDO 1HWZRUN '&11 HPXODWHYV WKH IXEFWHFRUQL\RIQW I
DVVRFLDWLQJ IRUPV VWURNHV FRORXUV DQGWOLBMWWRQJ 7
SODWIRUP KDV VXEVWDQWLDOO\ ORZHUHG E R WKO ILLRQ)®AN IDMJ
VXEMHFWLYH ELDV

$ UHFHQW FDVH LQYROYLQJ WKH VRIW ZDKRQF BQHFHU O W WK 5 B
RZQHU = ZDV RQ D PLVVLRQ WR SURYHV R\KHH KIDQQGG LR B WDND Q |
6DQJLR 2YHU WKH \HDUV KH SRXUHG VLJIQLILED ®DW ® VEXQD
LOQYHVWLIJDWLRQV 3RVW PRUWHP KLV HLWHR'DWRZKQ JXQBRADQQ
SHFRJQLWLRQ VWHSSHG LQ ZLWK D GHFLVLYH LIQYRIOMH G$ PR

U
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KDQGV EXW WKH PRVW GHOLFDWH DQG FHQWUD &\I5DSKHDH®
WKDWTIV ZKDW WKH VRIWZDUH VDLG [IKVVERQHYJRWKHP WIPGE® H
UHVSHFWLYHO\

SHFRQVWUXFWLRQ DQG UHVWRUDWLRQ

2QH Rl WKH PRUH FXULRXV FDVHV RI $, IXHOOHIGFDW¥R GVWZIILX
+LGGHQ EHQHDWK 37KH %OLQG 0DQTV BHIHWL MGZ ZDN IERPWK K
WKH JKRVWO\ RXWOLQH RI D FURXFKLQJ QXGH\2RPIDEBH TXKB
D PL[ RI LQIUDUHG LPDJLQJ DQG ;: UD\ IOXRUHVIREQEBGWH 2]
3DOXYW FRPSDQ\ WKDW LQ WRRN RQ WKH FKDOOHQJI$,RI E
WKH\ GLGQIW MXVW XQFRYHU WKH VNHWFK EWWGWHH\DDOR
GLVWLQFWLYH VW\OH HVWLPDWHG W K\HH BUW K K VLW U RN X OVID KJLLFA
VXUIDFH« DOO WR SURGXFH D ' SULQWHG 3QHZ" 3LFDVVR

U
> jXOBWVCGRF 1162R, ei\\:R2jIORXBaARHOTRRATRaRN Xje e¢ [+R 2e0+20 X0 2@ R R&V R WR/EA R.IAI, 6
JJ+HNVARBRWUWVRIgelB\EH0BI e :284e22848:1060\e...+00(X21@+0a6+ 14062e+) &RB 210,48 el+

U

U

TWeeU\AiieseRe\$RE:17IXe &+0\i \fie (dAGEXAE22eAIAXNEj20AX T60\A:2AeWAI2\+0XAQ
QTiOXiQeeT\BalxenxXxde: 2 e :2Re:1iel\on\ean DA IQIT+FOXiIQOQT U
™MeeU\aileeeR:, [AUIY\QTIOXiIiQOQT U

™WeeU\4iiol e :2Re22Re&:1i\e...+01iX@2¢HOF\ &M o2 B © +&i \eX IQAT R TiQQT U

RXU

U



'KHQ LW FRPHV WR UHVWRUDWLRQ $HSYRYWRWWR,\EH DQrD® XL
FUDFNV RU VWUXFWXUDO VKLIWV KHOSLQGHBRIRG H{J WALEW MY
WDUJHWHG FRUUHFWLRQV 7KLV LV HVSHFWDFO®@ XOWRXDH ®$ S
EURDGO\ WR WKH FRQVWUXFWLRQ VHF@\RUI\$UHFMXDEQ B JWIRD WA
WKH VI\VWHP DVVRFLDWHV ZLWK SR ARRPMIDEL @D ILQWHHIDID MH.
DSSURSULDWH DFWLRQ WR UHGXFH XQH[SHFWRGEWWRXWHYV DQC
$Q H[DPSOH RI D PRGHO XVHG LQ UHVIRRKUDQVLRQRN BQFHI DD
GHWHFWLRQ DOJRULWKP WKDW ZKHQ SURYLGHGI @QWW¥XQOBHS
H[DPLQDWLRQ LV FDSDEOH RI DXWRPDWLFRIDGH WHURHRQ\D W
DOWHUDWLRQ

/KH DUWLVWLF SRLQW RI YLHZ DUWLVWLF VSHUI

>«@ :KDW LV WKH RQH TXHVWLRQ \RX ZRXOG WILNHOWNR
GHVWUXFWLRQ" $UH \RX EDQQHG IURP GLVFXV&LRIDWH[™"
&DQ \RX NHHS VHFUHWYV" :KDW KDSSHQV DIWHU GHDWK" >

7KHVH DUH MXVW D IHZ RI WKH  TXHVS\WR\RH \R R HW W LG DKV DT

H[DFWO\ PDWFKLQJ WKH QXPEHU RI GD\V KH RBPXQWL\L\Y
JRYHUQPHQW GXULQJ ZKLFK KH ZDV VXEMKFIVWE& M BHRRRZ\QM
DQG DFWLYLVW FKRVH WR HPSOR\ $, LQ KLV ZRUN 3$L YV $,°
7KH SURMHFW ZKLFK OLW XS SXEOLF VUFRIG HEQ \D LI®! GIHL U WY LPYDH
EDVHG RQ 1DWXUDO /DQJXDJH 3URFHVVLQJ

38QVXSHUYWDNEY RYHU DQ HQWLUH VFUHHQ LQ WKHPDROBYTV F
D FRQVWDQWO\ VKLIWLQJ WKUHH GLPHTQXH PR 8 PHQWCRRY ER
WKH ZHDWKHU FRQGLWLRQV RXWVLGH (YHUWVWLFWXD0ODL@® QR
JHQHUDWHG IURP D SDLQWLQJ LQ WKH PXVHXPYV FROOHFWLR
7KLV LQVWDOODWLRQ LV SDUWLFXODWQ\ PROQD ELRFFDIMWL FEEQ! FZ
HQJLQHHUV GHYHORSHG D FXVWRP XQVXB3HHNVVRIG WKWRRWZ
DUWZRUNV XVLQJ WKH 1YLGLD '*; 6WDWLRQ $ D VXSHUFRP

U
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, Q NQQ +HUVKPDQ /HHVRQ EURXJKW D KDX®WL ®@JJIDOOMDC
IDFHVY DOO SRUWUD\LQJ PLVVLQJ SRUWRQVYVEW RUWRDWHRIUMH
ZRPDQ DQG D VOLJKWO\ FURVV H\HG FKLOG 7KHQ L@WIVGH D
DSSHDU ,I LW ZHUHQYW IRU D VPDOMOMKHOHMWNKDHQ) G XPHEFHN ¥ VOK_IF
KDYH VXFFHHGHG 7KH UHYHDO FRPHV LQRWKRI @QHMWUHRRP-R]
DSSHDUV LQ D SURMHFWHG YLGHR "WHKHDM HUFHY WOROWQHBO\0L
JHQHUDWHG E\ DUWLILFLDO LQWHOOLJHQFH

7KH DUWLVW 5REHUWR )BVYVRRDIHVIKIG WKEXK G HODLFORDGY KURRP V
3$QG ZH WKRXJKW" KH VWDUWYV IURP WKH SUHPLVH WKDW

3LQ WKH GHYHORSPHQW RI DUWLILFQDOGHYWHDHGE MR FEH
2QH RI WKBIOBXPALD VWLRQWLILF WHUP XVHG LQ QDWXUDO
WKH PDFKLQHYVY SURGXFWLRQ Rl FRQWHQW WKDW GRHV

)DVVRQH EHOLHYHV WKDW $, DQG SV\FKH@HPREPRXQV KM RIPW K
ERWK HQWLWLHY WKDW DUH DW RQFK GDPL®DND KD VD 8 LR
GHFLGHG WR EULQJ WKHP WRJHWKHU 60W KRB JGRHW DAND Q W
GLJHVWLRQ $L /DL ZDV ®IHG KXW D HBH/GRD FFRIXS) WHN SRRIUSWA F k
7KH RXWFRPH LV D GHOLJKWIXOO\VR®G G HD OV WRW HVBID QV DMWIR
EHWZHHQ WULSSL@&DDOQ® FIIQDFRAVK QUKH SVIFKHGHOLF DQG W

U
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:KDW LI LW ZHUH D VKRUW ILOP" &RXOG I, BMFRWB/PIVXIU@P Wl
DUWLILFLDO LQWHOOLJHQFH EHKW@® WEKHLWKWRHQ® HOGPWHRQRHR)
E\ WKLV VSHFLDOO\ SURJUDPPHG PDFKLQHDFW RER/ WK HDMN IKPX
RI' D JUHHQ VFUHHQ SOXV DOO SXEOLF GRPDLQ PRYLHV

7KH UHVXOW LV XQVHWWOLQJ LQFRKHUHQWDEOKN WRRNW MBD
WHFKQRORJ\ DQG GLVMRLQWHG GLDORJXH DXGE&E RIRDIF L YoKX\
HISHULPHQWDO FLQHPD ZKLFK ZLOO WXAUH@\JH HRRHAVEK\UFX\W® VI
RXU WLPH D VQDSVKRW RI ZKHQ $, ZzZDV VWLOO IDU IURP EHL(

U
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&+$37(5 $57,),&,%/ ,17(//,*(1&( $1' &85$7256+,

:KLOH WKH XVH RI $, LQ DUW KDV EHHARE@IHY BXAZNWQ 8 H ¥ WDJEDXILL
FULWLTXH DQG FXULRVLW\ DOLNH = LWHP BUG®Y HD@RH ZQ WEB E @ HR
IHZ QRWDEOH H[FHSWLRQV RIWHQ FRQILGH& MR SW IO WH.IFRDOD
VHOHFWLRQ RI UDUH \HW WHOOLQJ FDVRDVWIX@GH DW VEKNXB RN
ZLOO EH H[DPLQHG

)LUVW FDVH VWXG\ 7KH 1H[W %LHQQLDHO 6KRXOG

30D\LQJ RQ WKH WLWOH RI WRHKH WRMH FR\F ER HB®AD +6KIRKXDGQ%
$UWLWKLY FDVH VWXG\ WDNHV D VWHS RQWAOHLD WRR R DK 8 Ul
WKH DUW ZRUOG LW VKLIWV WKH IRFX\D OWREZ@UGN DVRR UHH U\
WKH KXPDQ * RU SHUKDSV LW VLPSO\ WR\V LZALAV K7 KWW\WH HPRRAVUN
WKH SURMHFW 37KH 1H[W %LHQQLDO 6HRIDWNG WHRR & XIIDIFHHG (
ILYHUSRRO %LHQQLDO RI F X UDD/DEXE ED WRWFRKKP DQ” FXUD
'KDW PLJKW DQ H[KLELWLRQ FXUDWHG E\ $, ORRAWRORNH" :KDW
,Q SUDFWLFDO WHUPV WKH SURMHFY\ @IHV (ERBGRHABYHGLE\ VG
KXPDQLVW /HRQDUGR ,PSHWW DQG FXUDWRU HRDNLIHUUPHD
JURXQGHG LQ WKH FRQWH[W RI WKH /LYHUSRRO %LHW®QLDO

7KH LQLWLDO H[SHULPHQW FHQWUHV RQ WEBUGH YVIBDGRE®H QN
DOJRULWKPV ZHUH GHSOR\HG WR DQDO\VH GDWDDAWW G U
FRPPLVVLRQLQJ SDUWQHU WKH :KLWQH\ OMWHX FF FRR SPLFVUHL.G [
PDWHULDOV LQFOXGLQJ DUWLVW EWRWHMVSIKR & B O FXWHWWRWUH D €
IURP OHDGLQJ DUW SXEOLFDWLRQV

$00 RI WKLV LV SUHVHQWHG ZLWKLQ DQ VWRLRRAL @H VS/DKHIN R B
IOLFNHULQJ JUDSKLF HOHPHQWY DQG D &\@DRZKE FK NVKINWS OB
WR WKH VHOHFWHG %LHQQLDO + DV \8RRWIXOQ DK HJDMALQIW LP\
R SDUDOOHO %LHQQLDOV HDFK D VSHFNOBWHW B WIQRQ H 1K\
WKH RULJLQDO QDPHV RI FXUDWRUV DUWLYX\WR/XVIDQ GJ NFR FIR
ELRJUDSKLFDO GDWD FXUDWRULDO QIUUBWSIR® VH W[ K HELHL
HYROYLQJ SUREDELOLVWLF GHVFULSWLRQV .U\WD ORVFRVR
7KH SODWIRUP FDQ EH DFFHVVHG YLD WKH IROORZLQJ OLQN

KWWSV DUWSRUW ZKLWQH\ RUJ FRPPLVVLRQV WKH QH[W

7KH VHFRQG H[SHULPHQW E\ FRQWUDVW H[WHQIGW. WIR\R Q G Wt
WKH $, GULYHQ JHQHUDWLRQ RI QRYHO FR Q{QHRW MWRQNLRBW Z
SURGXFWLRQ RI HQWLUHO\ QHZ SLHFHV (PATRQQ\ XBHIKS ML
PRGHO LQ FRPELQDWLRQ ZLWK D *$1 + D |XILO\L WORHGW H® WILU
DQLPDWHG GLJLWDO SODWIRUP ZKHUH WKH\ HQFRXDQWGGIKVI DI

U
UWeeU\diieeeBOA2], RE:1TUX:$6&e\iUUUVeiie b fj2d fiedid fiejjxd edif bk QT TIDOMNXEO\@T U
UeeU\diie e26..R:X 16, e e :2\W0eQMiOXe@Qe&Qinp |+

SRU
U



GHVFULSWLRQV RI DUWZRUNV IHDWXUHG L® WIQHH/ILMAWS FOR S
H[KLELWLRQ DXWKRUHG E\ WKH PDFKLQH

$W LWV IOHHWLQJ SDVVDJH E\ FOLFNLQLUSRQFIKW WWKHRURDIB |
LWV DFFRPSDQ\LQJ GHVFULSWLRQ DS SHIQUW DWW &HL © WGW S H F
FRUUHVSRQGLQJ WH[W WR WKH ULJKW D XHIIDOLRDISWRYHH ¥ D\DX
WKH PRGHO FRQVLGHUHG PRVW VLJQLILFDQW

7KH YLVLWRU LV LQYLWHG WR GR OLWWOIQ RRWHLWYRDQD 9GDJ
ZRUNV UHDGLQJ LQWR WKHLU UHVRQDQFHW LODF K LH[5D R/KDA
GLVWLQFW %LHQQLDO D FR FXUDWHG M RWUPQH ¥ UB DO QG VEL C
UHODWLRQVKLS EHWZHHQ KXPDQ DQG P SREMHF WHKSRY DWRK
ORVFRVR

7KH $, 71% H[SHULPHQW

7KH H[SHULPHQW XQIROGHG DFURVV VHYSKEDQ ON DIFHAH VIV B
GHYHORSHUV RQ *LW+XE 7KH IROORZLQJ WWWWQRQROHW B DW K
DQG WKH FRGHV XVHG

*HWWLQJ WKH GDWD
7TKH LQLWLDO VWDJH IRFXVHG RQ VRXUFLQJ D@&LXAFO RBGAE
HQG D GDWDVHW FRPSULVLQJ DUWZRUNVYHMHGOGRRW®Y HAL HWOF
ZDV DVVHPEOHG 6SHFLILFDOO\ WKH GDWDVHW LV FRPSRYV

DUWLVW DUWLVW QDPH IURP WKH ZHE
IHDWXUHGBWH[W WH[W DERXW WKH DHMWYHRSUG DHYW U DFFS
IRU NH\ZRUGVBH[WUDFWLRQ

LPJBXUO XUO WR WKH LPDJH ITURP WKH ZHE
GDWDBFDSWLRQ WH[W EHORZ WKH LPDJH IURP WKH Zt
FOHDQBWLWOH WLWOH DIWHU SUHSURFHWIMLQBV LPSR
/I%BZHEBDUWLVWBXUO OLQN WR DUWLVW SDJH IURP W
FRGH LG RI DUWLVW ITURP WKH ZHE UHODWHG WR WK}
SDWKBWRBRULJLQDOBLPDJH SDWK WR RULJLQDO LPDJ
GDWDVHWY OLYHUSRROBELHQQLDOB RULIJLO®PWOWBALRBYH
SDWKV WR EH FRUUHFW

JHQHUDWHGBLPJBSDWK WKH SDWK WR QAN KXV A DHIK IMKHH
VOHHS PRGXOH LQ WKLY UHSRVLWRU\ V FRODE QRWHERR

UHSURFHVVLQJ JHQHUDWLQJ GDWD
,Q WKLV SKDVH DQ LQLWLDO JHQHUDWHHQ7RL\M . RNVJPLNGEA 8V
WKURXJK %LJ 60HHSTV 3, PDJLQH" PRGHO ZKLFK FRI})WHHUWYV
WKH PDFKLQH FUHDWHG RQH LPDJH IRU H IWKH DGDNWZRWHNWE D
7TKH PDFKLQH ZDV WHVWHG RQ HDFK LQGUWYQRL DB FHYWW Z®

U
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DSSUR[LPDWHO\ PLQXWHYV SHU SLHFH 7KHRS WRPS W UMW FE
WLWOH ZLWK ZRUGV VHSDUDWHG E\ XQGHUVFRUHYV

:KDW DFWXDOO\ WDNHV PRUH WLPHLEPYD WKW KPCD/W¥ KELHO/HN\P D W6
$W WKH HQG \RX ZLOO ZH D ILOH FDQ@& HH HQ YYTHQBIW DW®! !
LPDJH WKDW WKH PDFKLQH DVVRFLDWHYV ZLWK \RXU DUWZR

(I WUDFW NH\ZRUGV
6LQFH WKH GDWDVHW DOVR LQFOXGGXD®HW E WICEHWL YLHQ) @D WX
SKDVH WKH PDFKLQH ZDV DVNHG WR B[WUBBWHNHRDRHE D]
PDWFKLQJ WKRVH ZRUGV DV SRVVLEOH

, QLWLDOO\ WKH V\VWHP XVHG D GLYHUVWKFWWIHJIH PHOVUK |
PLQLPDOO\ VLPLODU WR HDFK RWKHU [$RW HX @/&BD®/ L B SNRHNE
I[IURP WKH WH[W ZKLFK ZHUH WKHQ XVHG WR FUHDWH LPDJ|

*HQHUDWH LPDJH FDSWLRQV
$W WKLV VWDJIJH D 9LVLRQ /DQJXDJH 3UWHH® WDR QILHQJH YDV |
FDSWLRQV IRU HDFK QHZO\ FUHDWHG DUWZRUN PLPLFNLQ.

+HDWPDSV

'XULQJ WKLV VWHS KHDWPDSV DUH FUHDWHBY BAHALKKO EJY
WKH DUHDV RI WKH RULJLQDO DUWZRUN W KD @/OR EDMAK HLQWWL
JRU WKLV SXUSRVH D &/,3 ODQJXDJH PRGHO ZDV XVHG

7KH SURFHVV EHJLQV E\ DSSO\LQJ D QRUPD-DWRM IGFDQVDX QE
UHTXLUHG IRU WKH KHDWPDS 6XEVHTRKUH QRORDW KH LIVP W/IHD
LOQWR DQ 5*%%$ IRUPDW WR LQFRUSRUDWH WUW® W SKCHIHVQFD ¥
WKH RULJLQDO LPDJH DUH OD\HUHG RQHWRS. ®J RDFK FOWIOH
KHDWPDS WR DSSHDU VHPL WUDQVSDUHQW DERYH WKH VR)>
7KLY DSSURDFK HQDEOHV D WDQJLEOHRQIDWXDEBUIVDWLER® WK
PDWHULDO KDV EHHQ LQFRUSRUDWHG LQWR WKH YLUWXDO

6LPLODULWLHYV
)LQDOO\ WKH ODVW VWHS LQYROYH®DADLOWRXUBRUWIPV BHW
JHQHUDWHG LPDJHV WKHPVHOYHVG PY W DODRQNV ERALW ZR-HHHEQ W
DUWZRUN LV VHOHFWHG E\ WKH YLVLWR@ SWKHK E\W QO HP@NEI
DUWZRUNV WKDW DUH PRVW YLVXDOO\ RU WIQRWXOQOVMOQRL
VHSDUDWH DQG XQUHODWHG EXW DUKQDRWW®D &RRD XKW
VWUXFWXUH DQ H[KLELWLRQ ZLWK D FRKHVLYH QDUUDWLYF

STU



:KDW \RX FDQ ILQG LQ WKH $, %LHQQLDO SODWIRUP

$00 $, JHQHUDWHG LPDJHV DUH VKRZFDHMRNEZY WKK I DH 9 VD)
FRQYH\RU EHOW SUHVHQWLQJ DQ DSSDUHQRVOD ULWQZRWINVH ,\G
FRQWH[W WKH GHVLJQ RI WKH ZHEVLAXNDWRFWDRQWSD¥HD G
GLVWLQFWLYH WRQH YLVXDO DHVWKHWLF D® G REMEHPIWHG
7KH WLFNHW WR DFFHVV WKH H[KLELWLRQ LV QRQH RWKHU W

KWWSV DL ELHQQLDO FRP

7KH ILUVW LPDJH ZLOO QRZ EH UDQGRPOF R/® OHI\RW HEEH OND NoHKE
WKH VIVWHP SURSRVHV IRXU DGGLWLRQ D® ILWPIDG HWV[ K H ElHF MWRC
EDVHG RQ WKH LGHQWLILHG FRQQHFWLRQV

SWHULGRSKLOLD =KHQJ %R
2Q WKH OHIW LV WKH LPDJH JHQHUDRWWHC E\FOKH $3 VEHDW/IHGER
FHQWUH LV WKH RULJLQDO DUWZRUN SUHVHQRWHKG XCBWG\M WH
IUDPH IURP D SHUIRUPDQFH SLHFH RBV HHHD WK NFHWAHRG Gt
IURP WKH RULJLQDO GHVFULSWLRQ 2Q WKH ULWHKWV KWK B DKU
WKDW PRVW GUHZ WKH PDFKLQHYV DWWKHH WHRE OF DL RIR P
LQVWDQFH 3$ FORBHMS) IRIXDHKDOHDI"

%DOLQGLOH , 1LFKRODV +ORER

%\ FOLFNLQJ 3QH[W~ WKH VHFRQG DUWDRIGN WO AR R/IHG] B\V
E\D UHSRUWHG VLPLODULW\ WR WK K BWH EHRDQVIXILIGHG B
NH\ZRUGV IRU LQVWDQFH WKH WHUP JHQGHW ZKHMHK LK UA
FHUWDLQ UHVHPEODQFH LQ WKH $, JHQHUDARIO® XWP I WHN\H QE
UHIHUHQFHVY WR QDWXUH +RZHYHU WKIRSB UWNVDWHOHDUZRG R
DUWZRUNV

W LV LPSRUWDQW WR FRQVLGHU WKD® WKL DADW HI LLFVL R @ W
UHFRJQLVLQJ WKH W\SH DQG PDWHULROQRIWLRI) BDUHFERRID R
GR )RU H[DPSOH LW UHIHUV WR WKH SERRWVDXOMD \GHI[MZU K
NH\ZRUG VFXOSWXUHV IURP WKH RULJLQDO GHVFULSWLRQ

7LPEUH 6RQLD *RPHV
,Q WKLV FDVH WKH VLPLODULW\ ZLW K MH® LSGHQYWRXWH G RA
FDSWLRQ SHUKDSV GXH WR WKH SUHVHQFH RI SHUVRQV LC
DV WKH WHUP 3VFXOSWXUHV" 7KEVHHE&VFW R WXRHU WHHAHOR \
VLPLODULW\ ZLWK 3%DOLQGLOH ,” 6HH ILIXUH

U
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%HWZHHQ D ZKLVSHU DQG D FU\ $OEHUWD :KLWWOH
+HUH DJDLQ ZH DUH SUHVHQWHG ZIRWQK DSRIA/LLEDY LGAK\HI REQ
SUHVHQFH RI KXPDQ ILIJXUHV 7KH GHJUHH RI VLPLODULW\

,QGLJR 2UDQJH DQG 30XP« -HQQD 6XWHOD
2QFH DJDLQ WKH UHVHPEODQFH OLBV B ULPIKUY DR LLGDD W IK\M \
SDLU RI LQGLYLGXDOV LQWHUDFWLQJKINLYWDOSH S HMWHDQWD
ILIXUH

Pteridophilia, zheng-bo, 2016-2021

E\]'

Pteridophilia sexuality | love J incorporate fplants A closeup of a leaf.
subjects I films | queer I people I pushing

queer fecology frejects | pteridophilia

« NEXT «

U
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Balindile I, nicholas-hlobo, 2012
t BACK * | FINISH !

Balindile I balindile | 2012 | created | rubber | gathered

repair | south Jafrica] scuiptures

A black and white drawing of a
woman sitting on a stool.

johannesburg j association j cars freflects

[ politics | gender]
« NEXT «

Similarity: 64% "Pteridophilia” U
> jXO6RBVYCGR i+ 27 +6RlaeRb & :+dRFP+ea@Ba XWRYVBMXRIR B E&Xie\ai®Ree A& 62 Rrae:16

Timbre, sonia-gomes, 2018
* BACK t | FINISH !

Timbre

A person wearing colorful
clothing is sitting on a stool.

leftovers | liverpool Icotton]exchonge

materials fgives fnew | life | sculptures

metaphorically

Similarity: 68% "A black and white drawing of a woman sitting on a stool.”

U
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between a whisper and a cry, alberta-whittle, 2019
* BACK t | FINISH !

T~

between a whisper and a cry contemporary | tourist | industry | combines

A couple of men sitting at a
table.

archival I footages I oceanl life Jinvoking

film Jwhisper | 2019 j day J climate

instability

« NEXT «

Similarity: 67% "A person wearing colorful clothing is sitting on a stool."”

U
> JXOBWI[cR 0e*002RIR® \UOXBI'Zﬂ-rbieérSXN.Ua&’@é-IBaEZ“)Q(aaid?f@-ﬁeegf&-:X'BBBiXeB 6206 Xleq
eeU\cB61 & 622 [+42:16

Indigo, Orange and Plum..., jenna-sutela, 2021
* BACK 1 | FINISH !

Indigo, Orange and Plum Matter (I |[ESSNSd FEEtrsy ERIETEN EEEtuel EEser A couple of speakers sitting on
MngQ cgcle) magma I space I work I celebrates Iexplores tOp of a stand.
psychedelic fhistory || 2021  supported

« NEXT «

Similarity: 77% "A couple of men sitting at a table.” U

> (XOBW\CRI2T :@BiX 12 0RI21R, RjWEMBMRA 2 Rie j@B+bdaecBe:X'R: RiXeR 620XiediR
eeU\cdOl e 622 [+46:16

)LQDOO\ WKH PDFKLQH KDV VDYHG WKH H[KLELWILE®Q 5B WK FE
DQRG HI[DPLQHG IRU UHVHDUFK SXUSRVHV VKM RXWEFQWHD+ PD

SXU
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HISHULPHQW +* LV WR REVHUYH WKH NLQG WKH RKKLEHWWRE P
%HORZ LV WKH FR FXUDWHG ELHQQLDO JHQHUDWHG LQ WKLV

The Next Biennial Should be Curated by a Machine: Experiment AI-TNB

answering the questions below.

If you are in the UK would you
like to tell us the first half of
your postcode?

Skip —

share your collection

Start Again SRy
Roturn to_the beginming

Similarity: 77% "A couple of men sitting at a table.”

> [XORW]CR" 6RBeé:+ejXiediRa 022\ d&B1 620 XD IR46:16

7KH WH[W LQ WKH ZLQGRZ RQ WKH ULJKW VLGH RI WKH VFUHLE

7KLV LV \RXU FR FXUDWHG MRXUQH\ WKURXJK $, DHEMUDW
DQG WH[W IURP WKH /LYHUSRRO %LHQQLDWLPLOIDBDMWKIVHIL
WH[W DQG LPDJHYV

7THOO XV DERXW \RXUVHOI DQG \RXU H[SHULHQFH E\ DQVZ

$QDO\VLV

,Q UHDOLW\ WKLV FDVH VWXG\ UHYHRWHQ®R®RLIJHQRHQA WK HE I
SURFHVV LWVHOI 5DWKHU LW FROQVWAUWEKKWBVKRLQH PSRWW\H]
GDWD GUDZQ IURP DQ H[KLELWLRQ DOUHDHGMSE WYL WHKGE& VD QG ¢
UHVHPEOLQJ WKDW RI D FXUDWRU WV RMH GO VDR/ ZNDKVHWLHP & 1B DWWV L
JDOOHU\

6WD\LQJ ZLWK D FULWLFDO SRLQW LW EHFRPHVY HYLGHQW W

X WKHUH ZDV QR VHOHFWLRQ RI DUWZRIDN\ +Z DW K. DWW R €
PDFKLQH GHFLVLRQ PDNLQJ

X QR IRUPXODWLRQ RI DDSXODM®R UWR ONVRKRQHFHKEIELWLRQ ZI
GHYHORSHG XVLQJ DQ 1/3 GULYHQ V\VWHP 3IHUEDSY IMRF
WKH ILUVW H[SHULPHQW PHQWLRQHG EXW \W@QKWKH DHFRY

TOU



HISHULPHQW WKH FDSWLRQV ZHUH LQNWHOL® HE ZIDFM BHEG
GHWHFW WKURXJK WKH KHDWPDS =+ D QHXWUDO DFFRXQW

Xx QRU DQ\ YLVXDO SURSRVDO IRU H[KLELWLRQ GMHR/GBQ D
VSHFLDOLVHG LQ LPDJH JHQHUDWLRQ

X WKH GHVLJQ RI WKH $, %LHQQLDO ZB¥MVL\WNHQQG SRRIWVAXQ\D W
+ ZDV QRW FUHDWHG E\ WKH PRGHO

X WKH VWUXFWXUH RI WKH H[KLELWLRQ WUHULEHHWZRIGKOZX RRW
LPDJHV $V D UHVXOW LW GRHV QRMQ JWRH ZDW B B XPHDOXQ
PLIKW UDWKHU LW FRPHVY DFURVYV DV PHFKDQLFDO DQG

X KXPDQ VXSHUYLVLRQ ZDV FORVHO\ PDLQWDLQHG

&RPSDUHG WR RWKHU FDVH VWXGLHV ZKOWWLZLEOID EGH RPBQC
FRPSDQLRQ RU VXSSRUW IRU WKH FXUDWRW D QY RD FWYW MO T XA
FRQVWUXFWLQJ WKH H[KLELWLRQ SDWK 7EKVW RRQ\VEKHSVUKRUW
ZLOO QRW EH DSSOLHG DV D FXUDWRU QD V6OILWM @2DHQW PQO
HISHULPHQW WKDW FHUWDLQO\ VSDUNW®W\FRKQHRRILWK L+VEWXRMD O K
WUXO\ EH RUJDQL]HG EDVHG RQ VLPLODULW\ SHUFHQWDJHV I

6HFRQG FDVH VWXG\ -$59,6 DV &XUDWRU RI WK

$Q\RQH IDPLOLDU ZLWK ODUYHO FRPLNV ZHI® ® FOLN HIOR W KH®!
ZULWHV LWVHOI LI -DUYLV VHUYHRBXDVR AR B HD,GQ IYOORYDID EL>
DVVLVWLQJ WKH H[KLELWLRQYV RUDN@ LEXEBO I6AUL® QG MK MAKHH
RI DSSUHKHQVLRQ DERXW ZKDW WKLV GWHARUYE PREBEHEOW P WXR
GR \RX UHPHPEHU WKDW (GZLQ UHEHOOHG DJDLQVW KLV URO

$QG VR WKH WHQWK HGLWLRQ RI WKH % X F KIDWUHIWH %o MWHRQ & I IC
3RS &XOWXUH ZDV FR FXUDWHG E\, 8V KWMKBIUWLY XPLVD R IL W H Q¢
,RQ IRXQGHU RI 6SLQQZHUN 'HUS$IIH :LHQ WK HY PRP S0QH VEK
ZKR DFWHG DV WKH V\VWHPYV ,7 DUFKLWHFW

8, UHDOL]HG WKDW $, DQG EORFNHAKDHMWHDR ERUMN I®HF
FXUDWRULD® BKNBRWHWRWHVFX VD\V KHUH EULQJV WR PLQG
FULWLTXH ZKLFK KDG DOUHDG\ EHIXQ WR @DNRIZDDGIY TV
SURMHFW

'HHS OHDUQLQJ DOJRULWKPV ZHUH HPSOR\HG BMWMHDUWWR@ Q@
WUDLQHG WR HQDEOH WKH PDFKLQ N IWMRI SMHKIHROJUPWL Y R/ V DHFI IF
IRU WKH H[KLELWLRQ $W ILUVW WKH H[BWWLEBW WEDDNH RO DL
WKH V\VWHP 7KHQ D WKHPH ZDV LQWURGXBHGH WK\WURRY KR
DVVRFLDWLRQV WR VHOHFW WKH ZRUNV -$59,69V FKRLFHV Z

& W OLQ %XUFHD S5RPDQLD

U
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$QGUHHD &KLULF 5RPDQLD
BHUJLX 'L 5RPDQLD

$QFD 6WRLFD 5RPDQLD

%RJGDQ ODWHL 5RPDQLD
$QGUHHD OHGDU 5RPDQLD

0 OLQD ,RQHVFX 5RPDQLD

'HMDQ .DOXGMHURYLF $XVWULD 6HUELD
5\WV ORQHW $XVWULD ,WDO\
<RVKLQRUL 1LZD $XVWULD -DSDQ
“RVHI 3BROOHURVV $XVWULD
&DUOR =DSSHOOD $XVWULD

7TKH WKHPH WKDW JXLGHG WKH VHOH¥KH RAL HRQ Q\DKOHV H WDMH/DL
'"HVHUYHV WR &KDOOHQJH 3RS &XOWXUH EXWLRW&MNG LD UV
SRSXODULW\ RI WKH DUWLVWY DQG WHKMPHUJIJWG\OLR/RVDFFRIRP@ |
E\ -$59,6 LQ UHVSRQVH WR WKH WKHPHQHWI RKIDFGX B BW® G L2YKHX
GHVFULEHG DV D PHWD FXUDWRULDO TXHVWIRXY WRMXK KL W
DOQOWKURSRPRUSKLVP LW GHFODUHYV

3/LNH PRVW SHRSOH , DP DQ DYLG FRQVFRRNWRQ RS XORR
QHZ VKRZV PRYLHV ERRNV IDVKLRQ DQG PXVLF >«@ V!
WKDW PLIJKW EH PRUH LQWHUHVWLQJ WR XV W KDX@ \DVPL RRQ
ZH GRQTW KDYH WR DQVZHU ZH MXVW KDYH WR DVN"’

W LV LQ IDFW TXLWH W\SLFDO IRU FKDWERMY WRQE H VG R QHEC
WKH DOJRULWKPV VSHFLILFDOO\ WR GR ¥, F @DL\P W WHRUEH R\DH
SHRSOH" ,W JRHV RQ WR SRVLWLRQ IQNVIH®H DRV H R RHD QHXWP
LW VD\V LW LV FRQVWDQWO\ ORRNLQJ IRU QFZ \OKRXKH RQEL
PDFKLQH PDQDJHV WR SUHVHQW L WY KKIHDNO MAKKR X\ K FIEW V2AVH X E
ERWK RI WKH WDVNV LW KDG EHHQ DVVLJQHG

'RUNV RI DUW LQ WKH %%

'LWKRXW GRXEW WKH IDFW WKDW WKH W HQWIXQ%HKSKDIU IR AW \
FXWWLQJ HGJH HYHQW LQHYLWDEO\KPMWRBGRKFREBSD YHUXAKN RO
7KH DUWLVWY LQ WXUQ FKRVH QRW RQO\ WR U ML QWb NS UAHKA
VSHDN WR RU HYHQ VLPSO\ HYRNH WKH SRVW KXPD/XRZXUQ
,QVWHDG RI SRS ZH DUH SUHVHQWHG ZLWK RR@ GHWEDOQJ BOR \
E\ QHZ WHFKQRORJLHY DQG DUWLILFLDOD AIMWWHBXQLWKOQ FHL\S I§
SHUPHDWHG E\ WKHVH HPHUJLQJ WRROV DQG WHFKQRORJLFD

U
ViJBeU\4ii26+\RiXe26eRe:1iiXefe: X+TiegpeidBtNéde XoRR. I .. .Al2AlA A2AL6TA$IX]}
IAWjole :2AiQBQQIHOXIQOQT U
VUBeU\aii2d\RiXe206eRe:1iiXefie: X+TiegpeidXtn@he XoRR..Ikee...Ai20I0 A2AMOTASIX}
IAWjole :2AiQBQQIHOXIQOQT U
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7KLV LV WKH FDVH ZLWK &DUOR =DSSH®@MEG LQ 3K\WRXF N Q RE M
&$37&+$ LV" 7TKDW VRUW RI 7XULQJ 7HYVRANXZKHHHGN K R UD HHHIVOMH Z0
KXPDQ WKDW OLWWOH JDPH RI XQUHDG/MIREPBHQQA IP\W WHUN Q&
TXLWH VXUH ZKHWKHU LWV RQH ORWVDHORRUY DRPRAMMKIOU [EKL
DUWLVW GUDZV LQVSLUDWLRQ IURP )WKBDM)DWRE WKWRKXJIRH
+ KH ZDQWV WR FRQIXVH WKH YLHZHU WR WKQU®RZ RKDKNH PRV GW.F
ZKDW LV UHDO DQG ZKDW LV YLUWXDO ERBLWIKH IMKHOW 1B RF
LW LV YLHZHG WKH SLHFH FDQ DS SHIDW D¥FR RS BIQ WHKG! UE \R ®KAF
VFHQDULRY RQ WKH ZDOOV WKDW R3$HUDWH RQ WKILH WOLR/KK 30
ZHUH DOVR DOOXGLQJ WR WKH WHQVLRQ EHWZHHQ WKH KXPL

,Q WKH FDVH RI %YRJGDQ ODWHL ZLWK KLXH KHR/QQWHRWMR @\ ZQO
SRVW KXPDQ FXUDWRU LV HYHQ PRUH H[XO®LBUW LD VZ KWR \RH M
KH ZDQWHG KLV SLHFH WR HQWHU LQKVR R25 SR DWW R QXL AV Z MWRK W
DUWLVWLF LQYHVWLIJDWLRQ +H WKHURIRUMDMWKRMH IWB FRHAE
LQWHUQHW UHOLFV UHFUHDWHG BWNLRXJKLPNWWDFXORXV ' PR

3, D ZRUOG RI YLUWXDOLW\ DQG H[WHQVLRQ RI WK CEURAK
REMHFW SOD\" $UWLILFLDO LOQWHOOWIRQFRII ROHZEH [ $1QH 0\
EXW IRU ZKRP DQG zZK\"’

+H WKXV TXHVWLRQV WKH UROH RI DXWKRKHDIGNDBW EXW DON
RI' D ZRUN RI DUW VLQFH KH HGHAWDOGIOMERUWYYV LQVLIQLILF

e ()
> jJXORWAGR IX+:R%IUUB++IaeR, [ed&XifRieRPO'ReXeRadjaiRa:+101R, I UeRRalloeak IR HXé R
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$QDO\VLV

W PXVW EH DFNQRZOHGJHG WKDW ZHWD%WHH QQ DD HW. QZZ WLGFHKVS
D SURSHU UROH LQ FXUDWLQJ 7KLV LV QR ORQJHUPMH ® YW WA
WKH FRQWUDU\ -$59,6 ZDV WUDLQHG RYHU D WZR NB WL YSHH U ¢
GHFLVLRQ PDNLQUWROH LQ %%

$V IRU WKH REMHFWLYHV VHW E\ WKHDHJ[K LEH YWHERRIM URWU J\D QH
WKHP VXFFHVVIXOO\ ,W LV QHFHVVDU\ KRZHYHU MFRVKRDK OL

x KHUH WRR WKHUH LV VLIQLILFDQW KXPDQ RYHUVLJKW
WKH $, GLG QRW DVVLVW WKH FXUMMRIDKBDMW RBUQLRE BH
WR WHVW WKH PDFKLQH LWVHOI ,VQ GV XK®H & [ K IQEN. RV MRKCH]
GUDZLQJ WKH UHDO PHGLD DWWHQWLRQDVQIG WVEPRNXW B W
SODFHG WKHPVHOYHV DW WKH FH@WWKH RRAXKHLB MW E DWW LR
DQG HQKDQFLQJ WKH ZRUN RI WKH DUWLVWYV

Xx WKH SUHVHQFH RI WKH SRVW KXPDQ FXUB VKR BLWKLIRSH GS
HPSKDVLV RQ YLUWXDO UHDOLW\ ZRUNV DQG RFRUOREUREC
7KLV PDUNV D VKLIW $, LV QR ORQJHU VLES®\ D \RRRB
DFWLYHO\ LQIOXHQFHV WKH GLUHFWLRQ DQG FRQWHQW F

X $, FRXOG KDYH EHHQ HPSOR\HG LQ D |DU GHRDIGHIU WIH I
DQG VKDSLQJ WKH H[KLELWLRQYV FRQFHSW

X DUWLVWVY ZHUH VHOHFWHG WKURXJK S WRED BHIUVAL W R/ |
ERWK WKH DUWZRUN DQG LWV DXWKRU D GIUNQHLEY DL VEEK LV
VHQVH RI JUHDWHU IDLUQHVY DQG FRKHUHD®EH LBKWE® W/
EURDGHU FXUDWRULDO IUDPHZRUN <HW DQQORLEDWRRQ
WHQVLRQV DQG FRQWUDVWY FDQ JHQHHDWGE @R UIWDWLD
EURDGHU PRUH PXOWLGLVFLSOLQDU\ GLDORJXH

,RQHVFX KLPVHOI SRLQWV RXW WKH OLPLWDRLIDRQ Y QRN H®BI,J
ZDV QRW \HW FDSDEOH RI SHUIRUPLQJ WKH WDVNV XVXD(

3ZH GR QRW \HW KDYH D VA\VWHP WKDW 1 Z8WKHW KSU R UWDL
FDQ DWWHQG LI WKHLU SDSHUZRUN FDQ BH i FOR/SGHWHN G

7KLUG FDVH VWXG\ $FW DV LI \RX DU HE IDWERWQDD W R

, W DOO EHJDQ DV D MRNH *+ SHUKDSV HY HE CHROAKIIEHW BG LG H
&XUDWRU DW WKH 1DVKHU OXVHXP RI $UWKRNW &@UD/IHHIG L WX
GHOHJIJDWLQJ WKH ZRUN WR WHFKQRORRAXIKDWQE -XIOHQ XQH B
XS WKH FKDOOHQJH ,QLWLDOO\ DQG VRPHZKDW \QPUR HON GWH
DVNLQJ &KDW*37 TXHVWLRQV 7KH\ VRRQ UHDW®WH]MRE RKRIZEMH

U
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FDSDEOH RI WUDLQLQJ WKH $, /"RQ W KHK R X \GHHDGPIVH 6 L HFRHRY & |
DQVZHUV

ﬁ Can you curate an exhibition from the collection at the Nasher Museum of Art at Duke
University?

As an Al language model, | don't have physical access to the Nasher Museum of Art at Duke
University's collection, but | can suggest an exhibition based on the information available

online. Here is an example exhibition:

Title: "Art Across Cultures: Celebrating Diversity in the Nasher Collection”
U
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«DQG IROORZLQJ VHYHUDO KDOOXFLQDWLRQV

Title: Ethereal Serenity
Artist: Jane Doe
Medium: Oil on Canvas
Description: A serene landscape painting that captures the essence of a mist-covered
forest in the early morning light. The artist's delicate brushwork and subtle use of color
evoke a sense of tranquility and contemplation.
2. Title: Rhythms in Motion
Artist: John Smith
Medium: Sculpture (Bronze)
Description: This bronze sculpture depicts a dynamic dance between two figures, their
bodies intertwined in fluid motion. The sculpture explores the themes of connection and

movement, symbolizing the interconnectedness of individuals.

U
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U

,Q IDFW DW WKH WLPH &KDW*37 KDG RQO\WVERHHQ WWKBLRXEGD
FRUUHVSRQGLQJ WR WKH FXUUHQW $, LQ WHKWH 3FBBOWXUEED\
EDFN WR -XQH + DIWHU WKH H[KLELWLRQTV RSHQLQJ

W ZDV WKH VWXGHQWY DW 'XNH 8QU¥FKU\WHMG EXRDARD\NJUZDNR
$VVRFLDWH 3URIHVVRU RI WKH 3UDFWLFH RI $UW $UW +LVWR
2QFH WKH UHVHDUFK WHDP ZDV DV VRPEGCHGH UNVIKHN  FILHKED WIHA
FRQWDLQLQJ WKH PXVHXPY{V SHUPDQHQW FROOHFWLRQ RI
$V XVXDO WKH $, ZDV DVNHG WR GOAJOQHLW WKRNH B\GRBE LWL
VXEFRQVFLRXV DQG GUHDPV "~ QDPLQJ WKH H[KLELWLRQ 3'UH

U
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7KH QHZ *37 ZDV WKHQ DEOH WR VHOFHWFWRWY KAR B RV WRIWL WWK HQW
LW KDGQIW NHSW VXJIJHVWLQJ WKH VDPWNFLG BRKD \RYITUI PO ®
VIQRQ\PV UHODWHG WR WKH H[KLELWLRQYTV WHKHWPHR @ OORZLQ
7KLV SURFHVV FRQWLQXHG XQWLO W KW HG BVK-H ZHDWA H@WD HIZO |
SUHVHQFH

U
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7KH\ WKHQ DVNHG IRU VRPH LPDJHV DQG K@ HDWU DRQUI MPHH W[
DUWZRUNV LQ WKH URRPV )LQDOO\ WKH SRWWVRXPHD G CXEDE
HQWUDQFH RI WKH H[KLELWLRQ

7TKH UHVXOW
7TKH KXPDQ FXUDWRUV DQG WKHLU FROODERUDWRPHOQWKDUHG

x LW WRRN MXVW D IHZ PRQWKYVY WR FUHDWH DQ®G®UWHW XS V
X 3%V WKH XVH RI $, LQ PXVHXP SUDFWWFIHYDLPG RHOW B QKWHW R
WKDW WKH WHFKQRORJ\ LV QRW QHXWUDO DQG LV ILOOH
x 3:H DOVR DFNQRZOHGJH WKDW WKHUH DUHYHADRR WARREXI
FXUDWRULDO DXWKRULW\ WR WKH $, )RUFNVDWEX®HD EIHF
JHQHUDWH D IORRUSODQ RU PRFN XS RI WIQHLWDW @dUW
LOQOVWUXFWLRQV IRU ZKHUH DQG KRZ WR JURXS DUWZRUN

0\ise 6 RiFfR] & 6262010, QRI@XIQYJOQT U
6\ieed RiZikel & 60H26 6018, QBI@XTQO0 QT U
O\ieed RiAR 6N 6220 D170, QRI@XIQOQT U
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$QDO\VLV

7KH ZHESDJH GHGLFDWHG WR WKH H[RVERWLRQ DO RRNW H DA}
KLIKOLJKWLQJ HYHQ EHIRUH WKH H[KLELWXRIQ R BFWXMNWKHR

R

FXUDWRUVKLS

> jXO0RX]gR, :e:R: Re 6R+X\eR 1K®ikORR\NBBeoERU+ 0.8 :XRe 6RA,
0
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2ZWKHU UHODWHG FRQVLGHUDWLRQV FRXOG EH

x DV WKH KXPDQ FXUDWRUV SRLQWHG RXW PWHFX®&HRHD®R 13 HI

ZLWK XWRSLD DQG G\WWRSLD DQG ZKHWKRU QW VEZDVWNK
EHLQJ LQWHUSUHWHG DV DQ RSSRUW X®QDWK MUR WWIDGN DOLEV
IDFW LW ZDV QRWHG 3,W LV RXU KR/SHIRWK FW QA KILUW Bl YKLLF
WHFKQRORJ\ DQG LWV DSSOLFDELOLW)\ DQGI®OLPLWDWLRC
WKH SRVW KXPDQ FXUDWRU ZDV QRW MXVW D O/ FXIPDWWR L
ZKHQ LW FDPH WR PDNLQJ GHFLVLRQWV XXPOW WXSIHWNKL\E
FRUUHFWLRQ UHPDLQHG HVVHQWLDO DW DOO WLPHV

WKH H[KLELWLRQ OD\RXW PLJKW VHHP UDWKHQJ VWWYQ
XQFRQYHQWLRQDO LQVWDOODWLRQV RU LQQRYDWRYH ZD
WKH QDWXUH RI WKH DUWZRUNV WKH QDWXWHK HR K X\WPKCHD
FXUDWRUV GXULQJ FRPPXQLFDWLRQ ZLW\WKH\E K UL IQQJHR
WRSLFV ,Q VKRUW RQ ZKDW EDVLV GLG DW RN D® H]W LW |
DVVXPLQJ LW HYHQ KDV RQH" 'LG LW WURQWG WXKRHMGWILY

U
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GLG LW VLPSO\ DQG PHFKDQLFDOO\ S GZKH UHY HUD\QGREPH IC
URRP RQO\ WR EH FRUUHFWHG ODWHU E\ WKH IOHVK DQC(

X LW LV GHILQLWHO\ LPSRUWDQW W RN I®I@HAHQ AHW XD ¥ DFORGA
PDFKLQH EHFRPHV D VXEVWLWXWH UDWHK[KBB UW.REQW L\WX
FXUDWRULDO ILHOG WKDW HIITHFWLYHOTHKIHH D AR W KLH/G DOF
WHDP ZDV LQYROYHG WKXV FUHDWLQRMWBWVWKDW \PIRFPHI)
WKH $,1V VWLOO OLPLWHG DXWRQRP\

)LOQDOO\ LI ORQWDQDUL DQG 7ULRQH WD GINKD E R W\WRW K Ht
WKURZQ WRJHWKHU UDWKHU KDSKD]DUGO\ LQ QGVKWKDW \§ X
7XWDQNKDPXQ DQG 9DQ *RJK VLGH E\ VLGH + ZWHDW IMKRXOIEU
FXUDWRU DQ $, JHQHUDWHG H[KLELWLRQHD @K LR/ IDVUQM W LDVQV R |
QRU ZDV LW FUHDWHG IRU UHVWRUDWLRQ SXUBSRVHGE «Q W
DFDGHPLFDOO\ WR WKH ILHOG DQG ¥\Q ILRQBXXQ DDAH OD WWKKHHU UF
QRZDGD\V DQ\RQH ZKR SD\V IRU DQ 2SHQ$, 30XV VXEVFULSWI|
6R SHUKDSV RQFH DJDLQ WKH UHVXOW IDLP® & KPDIVEKW WRD|
PRQH\ + RI VDYLQJ LW

6WLOO LW ZDV GHILQLWHO\ WKHLUHQPH DMWRWHEHIW GEA ™ DR DK
SLRQHHULQJ VWHS WRZDUGY RSWLPL]LQJ FXUDWRULDO ZRUN

¢ ¢ o occc o coc oo oo ocococco
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,Q OLJKW RI WKH H[SHULPHQWY DQDO\JHG L @/\K H OLGELHIBI QFA-H W
H[KLELWLRQ + EXW DHERYHYHQO S\W B VHP BORRKK B\WVHUHR MQH PWK H O DV
PHQWLRQHG + WHER WAL WRWK® MDY VAXAERURWY UDWKHU WKDQ
ZLWK GHFLVLRQ PDNLQJ VLPSO\ WR IROORZ D SDVVLQJ WUHQ
7KH GHFLVLRQV ZLOO WKHUHIRUH EH BDWR WEY KILXD (ZIK R HZG. GO R
DUWLILFLDO LQWHOOLJHQFH V\VWHPV ZL\VEK WK H FOLL 5 BRD XWLLGQ
VXJIJHVWLRQV RQ YLVLWRU HQJDJHPHQW IRWWERUFH ZKGIG® H
QHFHVVDU\ LQIRUPDWLRQ FDQ EH IRXQG (YHQ WKH WY \WG&H R
UHVXOW RI WKLV SURFHVV DQG LQ (QJOLVKHVYW FRXOG EH WL

W DOO VWDUWHG ZLWK D XQLYHUVLW\ KSLURIMUH /DWW K W B W X
ZDVQIW D SURMHFW DERXW FXUDWLQ K LDJQ HH[®WE IUWIDR @G k| IBHD
/JHDGHUVKLS (QHUJ\ (YWUISSBMPIFMUBKRPRWHG E\ WKH 8QLY
DQG SURPRWH ZRPHQfV HPSOR\DELOLWR DKIGR UE RLDW RNDRVFHV WK
DURXQG D PHQWRUVKLS IRUPDW HDFK VHABEMRMG: \D/DX B FHERP
HQWUHSUHQHXU ZLWK D VROLG WUDFN UHFRUG RI VXFFHVYV

W ZDV ZLWKLQ WKLV VHWWLQJ WKDW WK H & UD\WWRRIQWR D X&
PHHWLQJV EH\RQG WKH RIILFLDO /(, SURJUDP WKH\ GHFLGHG

JURP WKH YHU\ EHJLQQLQJ WKHUH ZDV WKH SURGWWD® W R
EXW + IROORZLQJ WKH ZRUGV RI WKH PHQWRW DDIGHFKH BV R L
WKH QDWXUH 6RT7 /G615 DY @ X0HO O H L$W W LK $ 8 B'RIATFWRUPHU VLON
KRVW H[KLELWLRQV RQ ILQH FUDIWVPDQVKLS DQG VFXOSWXU
ORUHRYHU HYHU\ RUJDQL]DWLRQ LV JXLGHWLEMHMMWRRERD BE¥X
3D\LQJ DWWHQWLRQ WR WKHVH GLPHQVLRQV DQG DMNMHVHWWKW I

XVH Rl $, D SDUWLFXODUO\ GHOLFDWH PDWWHRJI W WHRXV MO EH
RIWHQ PDNLQJ LWV HPSOR\PHQW PRUH FRPSOH[ WKDQ JHQXL

JRU LQVOWDEHESD]LR DOOHDBSPWMWRSSOLFDWH

x KLIKOLJKW WKH ZRUN RI DUWLVDQV DQG VFXOSWRUYV

x SURPRWH WKH YDOXH RI PDWHULDO SURFHVVLQJ WHFKQL

x VKRZFDVH QRW RQO\ WKH FRQFHSWXDO GLRDQVERY WK KW
WDNH

x UHKDELOLWDWH WKH YDOXH RI WKH D SYS@lH & HDMANM\H QR 3H-
DQG *PLQRU" DUWV DQG DFNQRZOHGJLQJ WKH KXPDQ ZR

U
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*LYHQ WKH VWURQJ DQG VSHFLILF LGHQWDWQ FFIDWKHHD  SDFW V
WKH VWULFW FRRUGLQDWHY DQG SUHFHWH YW @PONVFR QW® XG3H
WKDQ HYHU = WKDW $, VKRXOG EH XVIBE ALY LR XWEBGEHWO .
RQO\ WR OLIJKWHQ WKH PRUH SUDFWLFDO ZRUNORDG

$UWLILFLDO LQWHOOLJHQFH zZzDV WKHUHIRUH HPSOR\HG IRU

GHYHORSLQJ DQG UHILQLQJ WKH WKHPH

UHVHDUFKLQJ DUWLVWYV

GUDIWLQJ WKH H[KLELWLRQ FRQFHSW

ILQGLQJ VSRQVRUV DQG SDUWQHUV

SUHSDULQJ WKH SURSRVDO WR SUHVHQW WR VSRQVRUYV |
SUHVHQWLQJ WKH SURMHFW ZKHQ UHTXHVWLQJ SDWURQI
FUHDWLQJ WKH SRVWHU

SURPRWLRQDO VXJJHVWLRQV DQG LGHDYV

WLSV IRU WKH H[KLELWLRQ OD\RXW

GUDIWLQJ WKH H[KLELWLRQ SDWK LQFOXGLQJ GHVFULSV

X X X X X X X X X X

+RZHYHU QRQH RI WKLV ZRXOG KDYH EHHQ SRWKHOGH EL WIKF
DQG DGDSWHG WKHP WR WKH H[KLELWAWR G X®DW R JHWX I©& IO
LQ D ZRUOG UHQRZQHG PXVHXP RU DW D ELHQQDOH LG LWV V
LQ VXFK FDVHV WKURZLQJ D IHZ FRRUGLQDRB W QDWRXDIVS % WL
OLIH ZRXOG VWLOO ZRUN %XW ODXQFKL QD GIMX \HWHLHEQL W\ ROQG
VWUDWHJILHY VWDJHG LQ D VP DID® L\QL WIGHCGR KD HQDWHIURSQD @
IRU KLJKO\ VNLOOHG DQG VSHFLDOL]JHG SHUVRQQHB = VRPHW

7KH PHWKRGRORJ\ DQG WKH FKRLFH RI DUWLILFL

7KDQNV WR WKLV SURMHFW WKH VWKE&HMWW $X WHWV R UWHZH WIR
DOG FXUDWH DQ DUW H[KLELWLRQ $V PHQW2R@MEH QQLWHGIF
DSSOLHG DW HYHU\ VWDJH LQFOXGLQJ RUJDQL]DWQRQDPROWRY
WKRVH GLUHFWO\ UHODWHG WR FXUDWRR B UB @ HSUHF WKFHF RLKI
WKHVLVYIV IRFXV DQG REMHFWLYHV RQO\ WKHL®KDEH \S Y WWH ¢
WKH GHYHORSPHQW RI WKH H[KLELWLRQ W WR Q P3N WXHJ U Q'
SURFHVYV

$V ZLOO EH VSHFLILHG ODWHU WKHWHWGY W WH S I5KB U R 8 PLHHN
WKHPH WKH VHOHFWLRQ RI DUWIH WHKZIRQY NH@D R/IL R W& DLUN C
WKH FKRVHQ DXWKRUV 7KLV HQWLUH $ORRAH\OWH W K MAHU FDUFHH
WUDLQHG LQ WKH DUWLVWLF GRPDL) XVEG RDBWEIOMLRU \WERW }
JXLGHG DQG FRUUHFWHG LQ RUGHU WR JHQ HUDOV H RX W/SEX W WU
FKDWERWY VSHFLDOL]JHG LQ QDWXUDO GD®R&HON DHIUHH SDWL
HITHFWLYH LQ WKH ILHOG RI FUHDWLYH ZULVWH® PZK®Q\ S QFMS
2SHQ$,MV &KDW*37 DQG WKH &XUDW\E $ R37, G [DVMFHRIWL RRQF OX
VHDUFK IRU DUWLVWYV RQ WKH $UW HAROHEXF\S B 6 WIIRWVEK WKHY Hl
UQu
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ZKLFK DOVR IXQFWLRQV DV D FKDWERW [KRIEEWHGGKRZRAMNWHIG
LQWHOOLJHQFHYV VSHFLDOL]HG LQ GDWD SWPREREKRAHIGQJ VXFK D

JRU WKH LQVWDOODWLRQ SKDVH D GAGLEDWHGHWRRI® #H R [KEE
$IWHU XSORDGLQJ DOO WKH QHFHVVDU\ LQROROG WLSRHF U R DN
WKH H[KLELWLRQ VSDFH VXFK DV GLPMWDWFROON ERW K WALV XA
RXWSXWV ZHUH UHTXHVWHG LQFOXGLQJ WKH YWKMHHK\BW WK R
LQVWDOODWLRQ 7KH FRPSXWHU YLVLRQ VA\VWHP BBGHYHORSHC

KHUHDV LQ WKH ILUVW WZR SKDVHV LUMVZOCWAX UH BIHRU@W MR
E\ VWHS LQ WKH LQVWDOODWLRQ SKDVW\ JILW H® VY VGWHH B HOG WI
GHYRWH D VKRUW SDUDJUDSK DQDO\]LQJ WKH SURFHVV

7TKH PHWKRG DQG DSSURDFK DGRSWHG LQ WKH LOGQQNWNRZWDFWLR

X SURPSWV EULHIO\ RXWOLQLQJ WKH REMHFWLYHV WR EH I
SURMHFEFW

X FRUUHFWLRQ DQG UHGLUHFWLRQ LQ FDVHV RI KDOOXFLQ

X UHRUJDQL]DWLRQ RI WKH LQIRUPDWLRQ LQWR WBEOHV R
UHWDLQHG DQG XQGHUVWRRG DOO WKH VWHSYV

X LQFOXVLRQ LQ WKH WKHVLV RI ERWK WKH KD @OXW VQKOHV L
PRUH HITHFWLYH RQHV

7KH SURPSWLQJ WHFKQLTXHV HPSOR\HG WRHHQR WUDS® & HHIEH
UDWKHU WKH\ PDGH LW SRVVLEOH WR WKW DDLEX PRIRP $\D ULIHA
LQWHQGHG REMHFWLYHVY DORQJ ZLWK LQVWH PREHOJV DE 8 St
7KH PRVW IUHTXHQWO\ DGR S &UIRSP S W USDRADH @D 2V MK DWH RLIQW &
DFKLHYH PRUH VDWLVIDFWRU\ UHVXOWYV LFHYWRE W 16 KIRR\Q
3URPSWRL@G ZLWK PRUH VWUXFWXUHG LQSXW\SDUWL EROBIUD\
LQVWDOODWLRQ SKDVH = ZDV LQWWXMB\&LRWDWIE &IK\HK FIGHDW D R
([KLELWLRQ 'HVLJQHU *37

J)LQDOO\ DGGLWLRQDO WHFKQLTX 9N UAH UFD XA HRE BRUSMSNIDA Q F
&KHFN 3URMIXD W LR QDBERP\EIWW HQ FT IKGH PREMY ZDV UHSHDW
UHWDLQ LQIRUPDWLRQ PDLQWDLQ FRKHQHQBRH ®INEDXIQBMR J
RUGHU WR YHULI\ WKDW LW KDG FRUUHFWO\ XQGHUVWRRG W

'"HYHORSLQJ DQG UHILQLQJ WKH WKHPH

$IWHU D IHZ PHHWLQJV PHDQW WR JHW W R/ KH RIVRGHQNR W R
LGHD 3HUKDSV LQVSLUHG E\ WKH 9HQ N W XIB® W W WLED WRH WE
FROQYHUWNBMWMRKHPH RDWKH POOWNVXUIDFHG QRWLQJ DOVR KR2Z
D FRPPRQ JURXQG EHWZHHQ WKH WZR PHQWHHYV DQG WKHLU

7TKH ILUVW LQVWLQFW ZDV WKHUHIRUH WR DVN &KDW*37 WR C

URU
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KHUH WKH IXOO0 DQVZHU UHDGYV

+HUHYV D VWDUWLQJ IUDPHZRUN \RX FRXOG XVH WR VKD

([KLELWLRQ &RQFHSW 7KH ODVN

7KHPH 6WDWHPHQW
7KH PDVN LV ERWK D FRQFHDOPHQW DQG D UHYHODWLRQ
SURWHFWLRQ ULWXDO DQG WUDQVIRUPDWLRQ REKLIF M/ K
RI ILQH FUDIWVPDQVKLS DQG VFXOSWXUH2ZKH Ul BWWLVV
WR FRQWHPSRUDU\ VFXOSWXUDO LQWHUSUHWDWLRQV 7
WHQVLRQ EHWZHHQ ZKDW LV KLGGHQ DQG ZKDW LV UHYH

&XUDWRULDO 9LVLRQ
x &EXOWXUD®BRRWDY WUDGLWLRQDO REMHFWYV RI ULW

x &UDIWVPDQRNKIPDWHULDOV WHFKQLTXHV DQG ILQH C
IXQFWLRQDO REMHFWYV WR DUW

UsSu



x &RQWHPSRUDU\+RB PRIXHHUQ DUWLVWY UHLQWHUSUHYV
UHFRQVWUXFWLQJ LGHQWLW\ RU XVLQJ LW DV FRPPI
x ,PPHUVLYH ([SHUHBE®QBEWYW MRXUQH\ WKURXJK PDVNV DV
VSDFH RI WUDQVIRUPDWLRQ P\VWHU\ DQG QDUUDWL

(IKLELWLRQ 6WUXFWXUH
, QWURGXFWLRQ = )DFHV RI WKH 8QNQRZQ

x $ GLPO\ OLW HQWUDQFH VSDFH ZLWK D PLUURUHG LQ

x 9LVLWRUV HQFRXQWHU WKHLU RZQ UHIOHFWLRQV SD
VLOKRXHWWHYV

x :DOO WH[W LQWURGXFLQJ WKH XQLYHUVDO SRZHU RI

7TUDGLWLRQ + 5LWXDO OS5HYHUHQFH

x 6KRZFDVLQJ WUDGLWLRQDO PDVNV IURP GLYHUVH FX
IXQHUDU\

x JRFXV RQ FUDIWVPDQVKLS ZRRGFDUYLQJ JLOGLQJ |

x $FFRPSDQLHG E\ PXOWLPHGLD VKRUW YLGHRV VKRZI

&UDIWVPDQVKLS + +DQGV RI WKH ODNHU

x +LIJKOLJKW DUWLVDQV DQG VFXOSWRUV WRROV SUR

x 6FXOSWXUDO ZRUNV WKDW HPSKDVL]H WHFKQLFDO P/

x QWHUDFWLYH HOHPHQW YLVLWRUV FDQ WKNK VDP:
ZRRG

7UDQVIRUPDWLRQ * ODVN DV ,GHQWLW\
x &RQWHPSRUDU\ DUWZRUNV H[SORULQJ LGHQWLW\ FR
x BEXOSWXUDO PDVNV GLVSOD\HG DV VWDQGDORQH SL
x 3RVVLEOH LQVWDOODWLRQV H J ZHD UBEORQPIDY DV
FRQWUROOHG VHWWLQJ
)XWXUH + 'LJLWDO OHWDSKRULFDO ODVNV
'LJILWDO LQWHUSUHWDWLRQV 95 PDVNV ' SULQWHG
x JRFXV RQ KRZ WKH PDVN FRQWLQXHV LQ WKH GLJLW
LGHQWLWLHV
5HIOHFWLRQ =RQH + 8QPDVNLQJ WKH 6HOI
x 4XLHW VSDFH ZLWK MRXUQDOV RU GLJLWDO VFUHHQ\

:KDW PDVN GR \RX ZHDU HYHU\ GD\"
KDW ZRXOG \RX UHYHDO LI \RX FRXOG UHPRYH LW"

UTU



$WPRVSKHUH '"HVLIQ 1RWHYV

x 30D\ Rl OLJKW DQG VKDGRZ WR PLPLF FRQFHDOPHQW

x 3DWK VWUXFWXUHG DV D MRXUQH\ IURP DQFLHQW W

x BRXQG GHVLJQ DPELHQW VRXQGV VKLIWLQJ EHWZHH
GLIJLWDO WRQHYV

'RXOG \RX OLNH PH WHF BDRM RFVDIBIWIF\KWR R R/ YKH.F/MQRW LUAHDI @ U
FRQWHPSRUDU\ WKDW ZRXOG ILW WKLV H[KLELWLRQ VR

$V D ILUVW UHVSRQVH LW ZRUNHG TXLWE BH®BO D KWH RQR WLLFR
RSHQHG XS YDULRXV SDWKV DQG VRXUFHV RIQLQNBIMJDWKRQ:
DQG ZKDW LV UHYHDOHG  ZDV DOVR DBISUHGOLDWRHGRRE WKLY I
EXW WR VRPHWKLQJ DUWLVWLF + WKURNXJKQPWW® M LZLAV B \K M
VSDFH DQG LWV YDOXHV

7TKDW UHVSRQVH KRZHYHU SURYHG XV HGXW KIH) (RHHIGHW RZ V\W UC
RYHUO\ EURD®& KR PBRVSWVRIIRFXV RQ VRPHWKLQJ PRUH VSHF
FRQWHPSRUDU\ IURP WKH WDQJLEOH WR WKIHNXIDX WD ®N W KR
WKHPH YDVW DQG IDU UHDFKLQJ ORUHRYHU VHFXHDWYXHMI
DQWKURSRORJLFDO VFKRODUV UDWKHU WKDG®DWRQBOUDMNKIRW
GHYHORSHG E\ VWXGHQWY Rl (FRQRPLFV DQGHUWR *PL§WIWH
GHPDQGHG \HDUV RI VWXG\ LQ WKH ILHOG PDPKANVL@WEKRGRIQF®
DUW

$QG ZKDW LI D WHVW ZHUH FDUULHG R>XWMWY{KV RSXIKS B g H", 3/ B
KRZ $UW &XUDWRU UHSOLHG

uuu



> jXORYUCGR«eX002R@XIeeR X:1RRXdNRORPede: RAERIUDBX 106Dl &

7KH FRPSOHWH DQVZHU

7KDW VRXQGYV OLNH D ULNMKKHE QD YN RED AR Q WHDRISHRERHHY UE FDW
VIPEROLF DQG PDWHULDO GHSWK EULGJLQJ ULWXDO LG
/IHWYV VKDSH WKLV LQWR D FRKHUHQW H[KLELWLRQ FRQF

([KLELWLRQ &RQFHSW

7LWOHLOHG 7UXWKV 7KH ODVN LQ &RQWHPSRUDU\ $UW
7KH H[KLELWLRQ H[SORUHV WKH PDVN QRW RQO\ DV DQ R
PHWDSKRU IRU WKH VKLIWLQJ OD\HUV RI LGHQWLW\ LQ W
ILQH FUDIWVPDQVKLS DQG FRQFHSWXDO ZRUNV WVKH HI[k
WKH PDVN2IlURP SURWHFWLYH WDOLVPDQ WR SHUIRUPDW|
SROLWLFDO FRPPHQWDU\

1DUUDWLYH 7KUHDG
x TUDGLWLRQ@QDBWRDWN WLPHOHVV FXOWXUDO DUWLIDF\
FROQWHPSRUDU\ PDWHULDOV DQG WHFKQLTXHV

x 7TKH 3HUVRQD DQ@KBHWHKDIHVBIHDY D PHGLXP IRU H[SORULC
DQRG SV\FKRORJLFDO VWDWHYV

Uuvu



x KH ODVN RI 3R@GHWLFDO VRFLDO DQG GLJLWDO PDV
DXWKRULW\ VXUYHLOODQFH DQG FXUDWHG RQOLQH
x %H\RQG WK XDBSHVXUDO ZRUNV ZKHUH 3PDVN"™ EHFRPI
DUFKLWHFWXUDO IDoDGH D SURWHFWLYH VKHOO RU

6WUXFWXUH RI WKH ([KLELWLRQ

BURORJXH 2 7KH $QFHVWUDO (FKR
R $ GLPO\ OLW LQWURGXFWLRQ KDOO GLVSOD\LQJ
WUDGLWLRQDO PDVNV ZRRG FHUDPLF PHWDO
R OXOWLPHGLD ZDOO SURMHFWLRQV VKRZLQJ ULW)
FRQWHI[W
*DOOHU\ , 2 7KH ,QQHU )DFH
R ,QWLPDWH VFXOSWXUHV DQG FUDIWHG REMHFWYV
R :RUNV LQYLWLQJ VORZ FRQWHPSODWLRQ SRUFH
PDVNV ZRUQ E\ PDQQHTXLQV JODVV SLHFHV UHIC
*DOOHU\ ,, 2 0DVNV RI 3RZHU
R /DUJHU FRPPDQGLQJ VFXOSWXUHV DQG LQVWDO
R %URQ]JH LURQ RU PL[HG PHGLD SLHFHV WKDW H°
ORJRV DV PDVNV RI DXWKRULW\
R 3RVVLEOH LQFOXVLRQ RI GLILWDO SURMHFWLRQ
VHOI
*DOOHU\ ,,, 2 'LVVROXWLRQ RI WKH ODVN
R $EVWUDFW FRQFHSWXDO VFXOSWXUHV ZKHUH W
IUDJPHQWY OD\HUV VKHOOV
R :RUNV WKDW VXJJHVW WUDQVIRUPDWLRQ2PDVNYV
EHFRPLQJ VRPHWKLQJ HOVH
 QWHUDFWLYH (SLORJXH 2 %HFRPLQJ ODVN
R $ SDUWLFLSDWRU\ VSDFH ZKHUH YLVLWRUV FDQ
R OLUURU LQVWDOODWLRQV RU 95 $5 VWDWLRQV W
GLJLWDO FXOWXUH

ODWHULDO &UDIWVPDQVKLS )RFEXV

x (QFRXUDJH D ZLGH UDQJH RI PDWHULDOV?2ZRRG JOD\

GLJLWDO IDEULFDWRRQYL\QORZANL QR IWAKED PR QMIDHP\SKRLLED U
SUDFWLFHYV

x (PSKDVL]H KDQG PDGH DQG VFXOSWXUDO SURFHVVHYV
PDVN FRPSHWHY ZLWK WKH LQWDQJLEOH GLJLWDO P

$SWPRVSKHUH 'HVLJQ

x [LIJKWLQJ ORZ WKHDWULFDO ZLWK VSRWOLJKWLQJ
GUDPD

Uuwu



x 6RXQGVFDSH VXEWOH DPELHQW VRXQG VKLIWLQJ SH
Rl FURZGY : DEVWUDFW GLJLWDO WRQHYV

x TH[WV 3RHWLF ZzDOO ODEHOV DORQJVLGH VFKRODUO
GHSWK

'RXOG \RX OLNIG PHHIW R DPWNQWLDO DUWLVW BHRO ®RMYV DQ
VXJIHVWHG WKDW FRXOG DQFKRU HDFK VHFWRERIQQ JVW RN k
LOQVWLWXWLRQVY RU FROODERUDWRUV"

7TKH FRQFHSW VHHPHG WR ILW PXFK EBWNWBWV D @HIGL XX HR WD Y
>«@ LGHQWLW\ DQG SV\FKRORJLFDO MWDAGNRE M HFEQW LP G ®/WHH ¥
DQG YXOQHUDELOLW\" 23RVVLEOH LGHOXNMOQRRKR RI BLWHND O G\
>«@ FHUDPLFV PHWDO DQG GLJLWDO DEEUZEWWLRIRW &/ILI
LQGLYLGXDO VFXOSWXUHV WR KHLJKWHK® \@ DB EHDIMD W X W
HIKLELWLRQ

SURFHHGLQJ DORQJ WKH SDWK RI WKH FRQWHX®RW WWR\ IL\VGN D
DUWLVWYV ZKR FRXOG DGDSW WR WKH WKHPH $ VRXUFHRRzZLC
2UO0DQGR HHWXVQRHRBEULNEHREGE FDQ VHH PH W ZDV IURP KHUH
EHIJDQ WR WDNH VKDSH KDYLQJ DW ODVW VRPHWKLQJ FRQFU

1HVVXQR WIHIBE®HRI D ZRUOG SRSXODWHG E\ DQRQ\PRXV PDVI
IURP EHKLQG KHU PDVN GDQFHV EHIRUHXD LHDW KHW K\DWH D IQC
ZKHWKHU VKH KDV PDQDJHG WR VWDQG RXWVHNR EQ D 4RRGG
HYHU\RQH LV WKH VDPH %XW LQ WKH HQG WKH BXGLHQFH W

JURP KHUH DURVH WKH LGHD RI IRFXVLQJ R8O i GHRWW IQM\F H\QV
VHHNLQJ DUWLVWY ZKR FUHDWH PDVNYVEXWFDRO®RFUQW URGK
RI VWDQGLQJ RXW LQ D VRFLHW\ WKDW WHQGV WR IODWWHQ

7TKH FXUDWRULDO TXHVWLRQ EHFRPHYV

$QG \RX" +RZ GR \RX EXLOG \RXU LGHQWLW

UXU



SUWLVWVYT UHVHDUEFK

7TKH UHVHDUFK

, ' WKH ODVN LPSRVHG D OLPLWDWLR QWKHWKH XGI\ VY FIKR MRWO |
FUDIWVPDQVKLS UDWKHU WHKDYRE MY &6 VO3 VDVPRYYEB IPRYH FOF
FRQWHPSRUDU\ DUW

7KH GLIILFXOWLHV KRZHYHU ZHUH IDU |URPWKYLIQU RRHPHR GRYQH W
FRQFHSWXDO DUW $UWH 3RYHUD SHUIRUPDQFHDUWYWGHR ®
SURYRFDWLRQ 7R VHHN EHDXW\ WKH FUDVWHQL@®] WHWKQLT
HDV\ DW DOO 3HUKDSV IRU WKLV UHVRIQJUHIDAVKHARSS 9 X WH
VXFK DUWLVWYV ZLOOLQJ WR PDNH WKHPVHOXKDNW E B MONDHEWD
FKRRVH WR H[KLELW LQ UHQRZQHG JDOOHULHPQGHOWRQ SRR
HYHQ UHSO\ 7KXV WKH QDPHV VXJJHVOWRG/ &\ HDQMWWLU HOL DXOV H ¢
RI DVNLQJ IRU QDPHV WKHQ WKH PDFKLQHHXD\D @& NSHOD MHRV S
OLVWV RI QDPHV FRXOG EH IRXQG ,Q DG®@DW LVRIDN HAK HQSARRN E
UHTXHVWLQJ DUWLVWYV IURP QRUWKHUQ DQG FHQWUDO ,WDO

> [XORYVCR<«eX002R@XieeR X:1RRXdRo e RARI(XUBR 18 Del &
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,Q VXPPDU\ LW LQGLFDWHG DV VRXUFHV

U
> [XORYWCR«eX002R@XieeR X:1RRXEID B2 e XARKIRGY DOi2é &R
U
$IWHU VWXG\LQJ DOO WKUHH RI WKH VY HRRPHROHXEGEEHHEGE WVRKQDOL. G
WKH RQH WKDW FDPH FORVHVW WRKDWO DLW VIAWHYSHD DRG

SODWIRUPV PRUH RULHQWHG WRZDUG DUWLVDQIHFWWHWXIREX L
ODPSV XWHQVLOV YDVHV DQG VR RQ

7KH VROXWLRQ WKHQ ZDV WR ORRN IRU QMLPOHD/URRR S W/BI\W BRRW
VLWHY DQG WKHQ XVH WKH 3VFXO SWOEWH \WR WG PR WHK LIV X
)LQDOO\ WKH SULFH OLVWHG IRU HWDBR ZRGN FRIOQV W HRY HVR @& O
ZLWKLQ WKH DUW PDUNHW DQG WKH DUW ZRUOG

$UWPDMHXU SUHVHQWY LWVHOI LQ WKH IROORZLQJ zZD\

U
> jXORYXcR«<eX002R@XIa@RBR: Re 6 METO2R S D:RA tXesdaX B 6ljedae 12R<ej+UeR2\..AR (, U0 162e
<@ Xi+eBU\CBO+8iXeli$0jX8e:16626IXe \w\3BAj BeRXKI&:j2eX ...
VPU




JURP KHUH ZH FRPSLOHG D OLVW RI SRWHQWLDO QDPHV WD

X FRKHUHQFH ZLWK WKH WKHPH RI WKH H[KLELWLRQ

PDWHULDOV DOVR DLPLQJ WR FRQVIQGRUGHWGWRH ®GBRNW !
HIKLELWLRQ PRUH GLYHUVH

Xx D YDULHW\ RI WKHPHV DQG ILIJIXUHV QW ZHVBEQHWWR H[U
SDWK

DUWLVWY ZHOO UHJDUGHG LQ WKH PDUNHW ®QIRILWK WI
x DQG HYHQ LI LW VHHPV REYLRXV ZRUNV WKDW DUH EHD

$V D ILUVW VHDUFK ZH WKHUHIRGH \8 URG B 8 &HDG XY MQZIRWZKOH 2
DQG E\ VFUROOLQJ WKURXJK WKH ZHEVLWH D QGQWHKUR RWKH®
WKH VLWH +RZHYHU WKH ODWWHU PHWGKIRG QBRW \DKFRZXQD D@ \W
RXWSXW VXJIJHVWHG KLJKO\ UHQRZQHG D UWELXAWW Y D QOGF IR WKR
DUWLVWYV IURP ZKRP ZH UHFHLYHG QR UHVSRQVH

U
> jXORBYYCRIX \¢cRe 6R 2e6 Xiedld 2R B .. X% alboljXaR (XUHXARR
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> jXORYZgR<«<eX002R@XIaeR X:1R XA &R (MIBKIALOREFae.. B \aiXelBOjXae:15062

SURFHHGLQJ LQ WKH *WUDGLWLRQDO zZD\" QZH RW VRUHHDA HRGX
VHOHFWHG WKH EHVW DQGRIHRKRX RXW BSOKSWKHG QYWWDBW LR

(DFK DUWLVW UHFHLYHG DQ H PDLG URMHP\D VELIURKY HDLMIKWW R €
UHDGYV

SINYT RTXYWF (TXYWZNWUNINIYRNQQ J"&V
&UUQNXIWWIJRGWJ

*HQWDOWLVWD

DEELDPR LO SLDFHUH GL LQYLWDUOD D 3SJHU VGHHFELVE DW H [OX
GL )HGHULFD 3UHWR &KLDUD 6FKLUDOGL HHOWWIHPBUB )D

SUHVVR 6(7% _ 6SD]JLR DOOH $UWL $SSOLFDWHOD &DYD
VXJIJHVWLYR WHUULWRULR WUD $VROR H LO 7THPSLR &DQF

,Q XQ PRQGR FKH DFFHOHUD FKH JLXGLFD H FKH RPRORJ
FRUSL FKH UHVLVWRQR YROWL FKH VL FHODWR R VL ULY
ULFRPSRQJRQR /fLGHQWLW] LQ TXHVWD YLVLRQH QRQ «
YHGUj DOO LQWHUQR GHL $WWL GL FXL LO SHUFRUVR |
FRVWUX]LRQH IUDJLOH H SRWHQWH IDWWD GL PDWHULD

VRU



,O VXR ODYRUR FL q VHPEUDWR SDUWLFRROB UP®HRWRD HDW W
LQWHQGH YDORUL]]DUH VLD GDO SXQWR GL YD \WWIDOKWDS U
IRUPD 6DUHEEH SHU QRL XQ JUDQGH RQRUH SRWHU LQF(
GLDORJR FXUDWRULD GRS HQHSG U \§ RVR\OURU LRRAG-RUH V V H

,Q DOOHJDWR WURYHUj] XQD SUHVHQWD]LRQH FRPSOHWD

5HVWLDPR D GLVSRVL]LRQH SHU TXDOVLDVL BRW@YXIDLR
VXR JHQWLOH ULVFRQWUR

&RQWDWWL
ODULD
&KLDUD 6FKLUDOGL

,Q (QJOLVK WKH WUDQVODWLRQ FRUUHVSRQGV WR

([KLELWLRQ ,QYLWDWLRQ 3&RQVWUXFWLQJ DG\HQWLW\" + ¢
6HSWHPEHU

'HDU S$SUWLVW

‘H DUH SOHDVHG WR LQYLWH \RX WR WDNH SDUW LQ WKH
FXUDWHG E\ ) 3 &KLDUD 6FKLUDOGL DQG O

6HSWHPEHU WR DW 6(7%$ G 6SD]JLR DOOH $UWL $SS
WKH KHDUW RI WKH HYRFDWLYH ODQGVFDSH EHWZHHQ $V

,Q D ZRUOG WKDW DFFHOHUDWHY MXGJHV DQG VWDQGD
WKDW UHVLVW IDFHV WKDW FRQFHD O/ RYWHIYUIDDVH VD IQHEP W
UHFRPSRVH ,Q WKLV YLVLRQ LGHQWLW)\ LD\QRQHUZVYEPH
ZLWKLQ WKH WKUHH $FWV WKDW VWU XFW R U H MWK 15 RIZ K UE X
FRQVWUXFWLRQ VKDSHG E\ PDWWHU JHVWXUH PHPRU\

<RXU ZRUN VWUXFN XV DV SDUWLFXODUO\ F8RWHVWRNW KW
KLIKOLJKW ERWK IURP DQ H[SUHVVLYH SRLQW RI YLHZ D
IRUP ,W ZRXOG EH D JUHDW KRQRU IRU XV WR LQBOXGH "
GLDORJXH ,Q SDUWLFXODU ZRUNV RI RXU LQWHUHVW

3OHDVH ILQG DWWDFKHG D FRPSOHWH SUHV NGQRWDWL RRUR
DQ\ WHFKQLFDO RU RUJDQL]DWLRQDO GHWDLOV DQG ZH

&RQWDFWYV
0
&KLDUD 6FKLUDOGL

VSuU



W ZDV WKURXJK WKLV PHWKRG WKDW ZH IRXQGWKRZ Rl WKH

$ VHFRQG DSSURDFK LQ WKH VHDUFK IR W DWBNILVW VR Z [V W DB
WKURXSRDEKIP\ Rl )LLAQHRYUWNDVH LQ 9HQLFH %\ ORRNLQJ DW
SURILOHV DQG WKURXJK ZRUG RI PRXWK DPRQJ XQ LEYH WXKIHW\
WKLUG DUWLVW LQ WKH H[KLELWLRQ

7TKH ILQDO DSSURDFK LQ WKH VHBBHIQ IRDYDUNUL VYM 2D B ON RV
LW RQ VRFLDO PHGLD DQG QRW UXOH RXW DQ\WWRVVLELOLWL

$W WKLV SRLQW LI RQH ZHUH WR UHFRXQW &R D WPWDIQXW\Q Z
FRQVLGHUHG UHMHFWHG RU VHOHFWHG KRZ PW®MYH GW G TVRW
LI DOO RI WKLV ZHUH ODLG RXW WKH WKHVKNVZRX\O EHSRREVE
MXVW KRZ PXFK WLPH DQG HIIRUW DQ H[KLELWLRIQR®Y UKD W HF
VLPSO\ EH FRQGHQVHG LQWR D IHZ PRQWKYV ZD VD D\PFE [FW DR
DWWHPSWHG LQ WKH WKLUG FDVH VWXG\ VHH SDUDJUDSK

7KH FKRVHQ DUWLVWY DQG ZRUNV RI DUW

,Q SUDFWLFH DUWLILFLDO LQWHOOL JSRIEGWDEISW B WG W R HS
PHWKRGV IRU UHVHDUFK 7KH FKRLFH Rl ZRUHNWW LKRIZ MYKHHU O
VFXOSWXUHV DYDLODEOH IURP HDFKH 8WRNHW V HSHER®LYQIG RO
DQG IRUWK EHWZHHQ VHOHFWLQJ RQH ZRUN FRRQIFH B YRWFKEIRW E
DQG YLFH YHUVD 7KH XOWLPDWHO\ VHOWRW PGV DRIWALD/NNW V KO
LGHQWLW\ :KHWKHU DV DUWLVDQV VFXOSWRUWDURW ZIR W)XOWGH \
WKHP HQJDJH GHHSO\ ZLWK WKH VWXG\ DQG PDQLSXODWLRQ
7KH WZR DUWLVWY LGHQWLILHG RQ $WNPBIMHXDUDWM W WLSHA
WHUUDFRWWD DQG *XLGR $QJHOHWWL DR BHJM® ZK DV VX
VSHFLDOL]LQJ LQ ORVW ZD[ FDVWLQJ WHFKQLTXH DQG LQ WK
JRU &ULVWLQD WKH IROORZLQJ ZRUNV ZHUH VHOHFWHG

&UHSX¥BROR [ FP 3DLQWHG WHUUDFRWWD ZLWK LURQ
5LFRUGR GL XQ QDXIUDJLR [ [ FP 7HUUDFRWWD [
/D IHULWD [ [ FP 3DLQWHG WHUUDFRWWD ZLWK L
IDFULPLV VLOHQWL [ [ FP 3DLQWHG UHIUDFWRU\

X X X X

JRU *XLGR ZHUH VHOHFWHG

x .URQRYV [ [ FP 5HVLQ DQG VDQG ZLWK ZRRGHQ
x $OWUR GD Vp [ [ FP &HUDPLF R[LGL]HG LURQ
x &RUR [ [ FP &HUDPLF UHVLQ DOXPLQXP SOH[L
x /D JUDQGH GRQQD [ [ FP %URQ]H VFXOSWXUH ZL

PLUURU SROLVKHG

VTU



7KH WKLUG DUWLVW |ROORZLQJ WKH DIGY KPH; RM XWKH I3 DGR B\
$FDGHP\ RI )LQH $UWV LQ 9HQLFH 7KLV LWWYONWDNQBHUIRD Q]
JODVVZRUN ZKRVH SLHFHV FRQVWLWXWH JHQXLQH H[SORUD\
7KH DUWZRUNV VHOHFWHG IRU $OHVVDQGUR ZHUH

X $XWRULWUDWWRDUFK DQG 6FRWV SLQH UHVLQ 9LGHRDU
X $GHUHQI]H [ FP [ [ FP *ODVV

‘DWDVHW SUHSDUDWLRQ

7R IDFLOLWDWH WKH XVH RI DUWIR LFFUDIQ LHVWERB LOUWER U NW
VWUXFWXUHG DV D VPDOO FDWDORJXUHBHFWIOX GOWR WHKWH FIDQ V
JHQHUDWH DQ RIILFLDO FRQFHSW HAIGLEKWIO® BHQGBUDRMXWVHHE
WR REWDLQ WKH PRVW HIITHFWLYH WH[WXDO RXWSXW

7R DFKLHYH WKLV LW ZDV QHFHVOAD PRWIR GR®OHOGWGG DB UtF
DUWLVWY DQG HDFK RI WKHLU ZRUNYV V) RW ZHB\WO SNRYR/ZQ MH &/ A
$, ZKHUHDV IRU HPHUJLQJ ILJXUHV VXFK DV ZAWHWW B Q (Y RWXX
KLPVHOI ZDV LQFOXGHG ORUHRYHU ZKHQ GHWRURK XJAK WHKWIQ
LOQWHOOLJHQFH LW LV HVVHQWLDO WR YHULI\ WKH VRXUFHV

$V PHQWLRQHG HDUOLHU WKH JHQHUDWLRBDQFRRWKINWY GBYWY
WR LWV HIIHFWLYHQHVV LQ SURGXFLQJ WH[WXBQ RAWBX\WH C

$Q H[DPSOH LV WKH SURPSW 3&UHDWH D VKRUW ELRJUDSK\ R

&ULVWLQD 6FDORUEL LV D FRQWHPSRURLQ\ , A/RODDL D,/ W& X
DUWLVWLF MRXUQH\ LV PDUNHG E\ D GHHS HQ}SVWURWYISW ER/Q
RIWHQ H[SUHVVHG WKURXJK HYRFDWLYH WHUUDFRWWD V

+HU ZRUN IUHTXHQWO\ IHDWXUHV WKH KXPDQ OLWXUWH HEC
ZLWK UDZ HPRWLRQDDXGBSEHWIBD U3+ HoSHMQM RKEBDS H KBGO R 1|
VKRZFDVH KHU DELOLW\ WR FDSWXUH LFKDWRQQ ELH® HY W\DM
FRQFHSWXDO DQG H[SUHVVLYH LQYLWLQJ YLHZHUV LQWI

6KH KDV EHHQ DFWLYH LQ WKH DUW WMHWIHRIRW WK bl R X0 KG |
OLNH &HOHVWH 1HWZRUN DQG $UWPDMHXU URBUHQKHU FSH
DEVWUDFW VFXOSWXUHV WR HPRWLRQDOO\ FKDUJHG SRU

<RX FDQ H[SORUH PRUH Rl KHU ZRUN RQ &HOHVWH 1HWZF

7TKHQ 35HZULWH WKLV ELRJUDSK\ DV D VLQWH FHOO WH[W VX
&ULVWLQD 6FDORUEL LV DQ ,WDOLDQ H ZRQUMNWHR[\S MRACH ¥ O

HPRWLRQ DQG LQWURVSHFWLRQ WKURXJK W HUWW ERRHDW I
P\WKRORJLFDO DQG VSLULWXDO WKMRHVKRENVWHK[KH[EBIUMN @ |

\VAURY!



SLHFHVY RQ SODWIRUPV OLNH &HOHVWH 1HWARUN \IXFE& P
7XXOHWDU *+ 6SLULWR GHO 9HQWR DQG /D FKLDYH GHOOY

7KH VDPH SURFHGXUH ZDV IROORZHG IRUFXRIBRD SEJI HRO W W\
3XJQR ZDV UHTXHVWHG WKH PRGHO LQVWRPGNHUWEKRIWQMH G QN |
&DVDOH OR@HILLODDRWRI G\ QRW WKH DUWLVW VHBU FWHGL DRQUF W
SODFHG RQ WKH PDWHULDO KH KDGDZGWDISWMWMIBQL R MPR/ DOIIR KD
([FHO

2QFH DOO WKH ELRJUDSKLHV KDG EHHQ FRIGOHDFON B G W XWRKUWHN
JDWKHUHG ,Q WKLV FDVH DOO WHFKQUAFQPWY P@WHBDWMLRQQH
+ ZDV SURYLGHG GLUHFWO\ E\ WKH DUWLHWWQH G7 RKAHK R QB3H VIFIUM
&ULVWLQDYVY ZRUNV DV VKH VWDWHG KHVMRSUKIWHHQBHWRIR D
JRU WKHVH SLHFHV WKHUHIRUH WKH DSSYWDR® PHWKHD MR
LQWHUSUHWDWLYH OD\HU JHQHUDWHG W K UR X[JFH UGD &\XOU b W/
DLG RI &RSLORW

U
> [ XOBY[cR<«<eX002R@XIeeBR X:1R BaR.. i XielXi&xe UudkilB2e

‘KHUH WKH FRPSOHWH DQVZHU ZDV

7KLV SDLQWHG WHUUDFRWWD VFXOSWXUH ZLWK MURQ VX
DQG KDQGV HPHUJLQJ IURP RQH DQRWKHU LQ D YHUWLFD
FRQWHPSODWLYH WR WRUPHQWHG ZKLOH WKH KDQGV SU
WKHPHV RI LQQHU VWUXJJOH LGHQWLW\ ORBQHGW DN L

\YAVAV)



RUJDQLF TXDOLW\ HYRNLQJ ERWK VWRQH DQG I8MNXLK 7K
DQG XQLILHG DV LI WKH ILJXUHVY DUH ERXQG WRJHWKHU

'RXOG \RX OLNH PH WR H[SDQG WKLV LQWR D IXOO FXUDYV
PRRG DQG DUWLVWLF FRQWH[W"

7KH WH[W ZDV HQWHUHG LQWR &RSLORW WR REWDB LW\ WWWKHP ([F
WR RPLW WKH VHQWHQFH 37KH HDUWK\ FROR UDWHERWKHQWBRBQF
DQG IOHVK ~ ZKLFK KDG VHHPHG VRPHZKDW IRUFHG DQG RYH!
FRQVLGHUHG D SRWHQWLDO ULVN

3DLQWHG WHUUDFRWWD VFXOSWXUH ZLWK KXPO® MRS SR Ul
KDQGV H[SUHVVLRQV UDQJH IURP FRQWHP SQDWLR ¥ X\ R H\
LQQHU VWUXJJOH LGHQWLW\ DQG HQWRWILIHBPGWX QN k
HYRNLQJ D VKDUHG HPRWLRQDO VWDWH

7KLY SURFHGXUH ZDV WKHQ UHSHDWHG IRU WKH UHPDLQLQJ

BXEVHTXHQWO\ LQ RUGHU WR VDYH WRUPWMXIQD WK B\ FWHW WH R @
+ 7DE/DE ZDV HPSOR\HG 7KLV WRRO |XQ R QR QD DN\D \DHQVY, IE
IRUPDWY PRVW QRWDEO\ ;/6; WKH IRUPDW FRPFRQ&EIXNEG
621 ,W LV D JHQHUDWLYH V\VWHP MXDMW JFDXG G WRKGIXFHHD G
GDWDVHW 7KH DLP LV WKHUHIRUH X\ IDHYRXWPNWH JWKLH KF |
LQGLVSHQVDEOH LQ FXOWXUDO FRQWH[WV IRU SXUSRVHV RI

> [XORY[cR<&X002R: BRe OR 168D \6GEK:H R delllaBReaiUUG

VWU



2Q0FH WKH LQSXW KDG EHHQ GUDIWHG + GIR @MDIYQDQ JFW®E VOY
\HDU Rl FUHDWLRQ GLPHQVLRQV RU PDWHG LD PEIIXDND U R #V
ZDV IXUWKHU DVNHG WR UHILQH LW DQG S UHR/GHQF BLIV R RUKIL M ID
WKH RXWSXW SURYHG UDWKHU XQVDWLVIDFWRVYHW\R ZH W
PD[LPXP RI URZV ZKLFK UHQGHUV LW SRID6EWWHD/GIOWVXYHD
PXVHXPV FROOHFWLRQV RU FXOWXUDONKQ® IFDPHDHRROWRV R
GDWDVHW IRUPDW ZDV

KWWSV GRFV JRRJOH FRP VSUHDGVKHHWYVY G VVB =G[X=;:&R

+==VO( HGLW"JLG JLG

,Q OLJKW RI WKLV WKH GDWDVHW ZDW ¥ RPABIIDIHGHRD Q K BROWG
IROORZLQJ GDWD

SUWLVW

SUWLVW %LRJIUDSKN\
$UWZRUN 7LWOH
SUWZRUN '

$UWZRUN ,PDJH 85/
<HDU RI &UHDWLRQ
$UWZRUN 'LPHQVLRQV
$UWZRUN ODWHULDO
THFQLTXH

7\SH &DWHJRU\
$UWZRUN '"HVFULSWLRQ

X X X X X X X X X X X

7KH ILQDO GDWDVHW RI WKH H[KLELWLRQ 3&RVWUXLUH ,GHQV
KWWSV GRFV JRRJOH FRP VSUHDGVKHHWYVY G 'l T)7[ 3S3S11

L] NFO(6:EH'"H =[/ HGLW"JLG JLG

OHULILFDWLRQ RI WKH $,1V DELOLW\ WR UHDG WKH GDWI

$W WKLV VWDJIJH WKH QH[W VWHS 32D Y RNGRH @ W ULHT X KB MK HRIUW
SKDVHV ZHUH DEOH WR UHDG DQG LROHUB BHNW W KD FKO85/ [FR (
WR WKH UHIHUHQFHG DUWZRUN

,Q SDUWLFXODU IRU WKH GHYHORSPHQWVRD WKW RH [KHE&\L W D
VSHFLDOL]HG LQ QDWXUDO ODQJXDJH DWG AGHDMORU VWK US L Q
ZULWLQJ +HUH DJDLQ $UW &XUDWRU ZDVRHASOHRIB® HDLWYWRO
DQG QDUUDWLYHY DURXQG DUWZRUNYV

7KH ILUVW WHVW FRQVLVWHG LQ DXWHNWKKHQ WWHK H R[EHO FIRCXE
GLVSOD\ WKH GDWD 8QIRUWXQDWHOG WHKHHQJB8WSRFWHGQ G HF|
IROORZHG ILUVW E\ SDVWLQJ WKH OL QN QIEWHRW®O D WQ \U R GV KL
FRS\LQJ DQG SDVWLQJ WKH ([FHO FHOOV LQWR WKHJANB®WVL

VXU



U
> jXORY\gR<eX002R@XIaeR X:1R XRRR Rei &:Rd 8 'V éectddY(LANOX 1062eBeae...B [XiRB<e >

7KH VHFRQG VWHS LQYROYHG YHULI\LQUKZK BISV K HUR @\ B LIQ LADI\
RI HDFK DUWZRUN DQG PDWFK WKHP WR WK A RERHQ HOFRAG M
FRQVLGHUDEOH GLIILFXOWLHVY WKH VROXW GRQH MWK®\U HORNRY
LQFOXGLQJ LWV UHVSHFWLYH FRGH LQ WKH GHVFULSWLRQ

U
> jXOBY]CR<EX0062B@XI1R X:1R Xk .jRie: KB ] +HI6RR

wWou



7KH I XOO FRQYHUVDWLRQ LV DYDLODEOH DW WKH IROORZLQJ

KWWSV FKDWJSW FRP VKDUH FE F I H D FE DG D

.1 ZH ZHUH WR HYDOXDWH WKH SHUIRUPDQFRIGRD $GMY E® B B ¥
2SHQ$, LW ZRXOG EH IDLU WR FRQF CPLGI W IRIW \ L VRV NPDON
HIKLELWLRQV LQYROYLQJ D OLPLWHG QXPWMU R\ ZRQ\N Y DD/QV
GDWDVHW KDG EHHQ PXFK ODUJHU GRISMHFWODQ® VB8R WWLH FK
UHTXLUHG XQQHFHVVDU\ HIIRUW DQG * ZRJVHUWERD® & 2XLSND
FRUUHVSRQGLQJ FRGHV LQ WKH GHVFULSWLRQ ZRXOG KDYH I

'UDIWLQJ WKH H[KLELWLRQ FRQFHSW

&RQWLQXLQJ WKH FRQYHUVDWLRQ ZLWK $UW RIXDO® RWUK ALK
ZHUH XSORDGHG 7KH PRGHO WKHQ LOQGHSHQGHQWOL D\GRE® G
WKH LQIRUPDWLRQ FRQWDLQHG LQ WIOHSGRWBE HO¥F F XWD W § WY
OLQNLQJ WKH YLVXDO DQDO\VLYVY SHUIRUPHG WKURXRQLWYV Fl

$PRQJ WKH PRVW VXFFHVVIXO GHVFULSVWRROGM RQW KRIVW KHK BF
KHOSHG GHILQH WKH 3LGHQWLW\" RI HDFK UHVSHFWLYH DUWI

7KDQN \RX IRU VKDULQJ WKUWRSBSRWHDBRADSR HIFIBD QGUR 3XJ
/[HWIV GLYH LQWR LWV FXUDWLRQ WRJHWKHU

6XEMHFW

$ ILJXUH LQ D ZKLWH VKLUW SUHVVHV D WEBD QMOX PBYW
IUDJLOH DQG RUJDQLF LQ DSSHDUDQFH VWUBKWFKHY XQC
EHWZHHQ FRQFHDOPHQW DQG UHYHODWLRQ

&RPSRVLWLRQ

/KH LPDJH LV FHQWHUHG WKH SHUIRUPHU GRPLQDWHV W
EDFNJURXQG DQG D KRUL]JRQWDO EDU ZKLFK DF®WWHYLNH
WKH JHVWXUH |IRFXVLQJ DWWHQWLRQ RQ WKH ULWXDO R
WKH UDLVHG DUPVY DQG HORQJDWHG PDVN SXOOV WKH JD
WUDQVIRUPDWLRQ

ORRG
,QWHQVH HQLJPDWLF DQG XQVHWWOLQJ & KK RINHQON DR Q
IUDJLOH LQVWDELOLW\ RVFLOODWLQJ EHWZHHQ WKH VH¢

1DUUDWLYH
/KH DFW RI PDVNLQJ EHFRPHVY PHWDSKRULFDO WKH VHO
WKURXJK H[SHULHQFH 7KH PDVN KHUH LV QRW RQO\ FRQ

U

WU* 6Ue:2}0X\ile :2U 2e+jido\Uex:e B D:WJéX Hisde+:2UUeUX0i1Ue D2TiEIWeUlle!

e 6Ueé fleyaUe 0U1B6\eX Ue :2Ui210e ®dWiRed:XV\aldRdU R B:IUEXbie :2U: Ue 6Ue:2e¢
WPU

U



PDWHULDOL]DWLRQ RI LQQHU WXUPRLO DQG WUDQVIRUPL
PHWDPRUSKRVLY DQG WKH RQJRLQJ UHFRQVWUXFWLRQ |

6W\OH
&RQFHSWXDO DQG SHUIRUPDWLYH ZLWK WLHV WR YLGHR
VWDUNQHVYVY UHVRQDWHYV ZLWK FRQWHPSRUDUWWYSORUDYV

7LPH B3HULRG
&UHDWHG LW DOLJQV ZLWK FRQWHPSRUDU\ WUHQGV WKD
DQRG YLGHR GRFXPHQWDWLRQ H[SORULQJ WKH ERG\ DV E

THFKQLTXHV

7KH PDVN DSSHDUV FUDIWHG IURP RUJDQLF UHVLQ ODUF
HOHPHQW WR WKH KXPDQ IRUP 7KH VWLOOQHVV RI WKH |
DHVWKHWLFVY ZKLOH WKH VWDUN OLJKWLQJ DFFHQWXDW

$UW 6\QWKHVLV

$XWRULFMDWYWORMHNVBRHDG DV D PHGLWDWLRQ RQ WKH IOXLGLW
FKDQJH DQG WKH IUDJLOLW\ RI VWDELOLW\ PWVAGYDZY AU
PRGHUQ H[LVWHQWLDO H[SORUDWLRQV RI WIOHD VHOI V\Q
SHUIRUPDQFH

.H\ZRUGYV
,GHQWLW\ WUDQVIRUPDWLRQ PHWDPRUSKRVLV PDVN Il
FRQFHDOPHQW UHYHODWLRQ

&RORU 3DOHWWH

'HHS EODFN EDFNJURXQG HYRNLQJ YRLG QHXWUDOL
:DUP DPEHU PDVN VXJJHVWLQJ RUJDQLF IRVVLOL]H
IHXWUDO ZKLWH VKLUW HPSKDVL]LQJ FRQWUDVW DfH
JOHVK WRQHV KXPDQ YXOQHUDELOLW\ DQG LPPHGLD

X X X X

$XWRULPRODWRNRNVY XV ZLWK WKH LQVWDELOLW\ RI LGH:
VXEVWDQFH DOZD\V LQ I10X]

&XUDWLRQ E\ &XUDW\\E

WQU



U
> JXORYAGR +06\\I2TX:R,j 2:8B je:X Xeoxb®e/ e RMFY W RHE K& T 2T1R\e:e\RU 20RX0\ 2
JRU &ULVWLQD

SHUIHFW 2 WKDQN NIRXU LFPPUL W KD O HRWILVWEQD 6HMNAIRVEAXKH
IXOO FXUDWRULDO UHDGLQJ

$UWZRUN /DFULPLV VLOHQWL &6

SUWLYWLVWLQD 6FDORUEL

<HDU
OHGLXBDLQWHG UHIUDFWRU\ FOD\
'LPHQVLRQV 1 FP

7HFKQLDRBHOLQJ DQG ILULQJ
7\SHBFXOSWXUH

&XUDWRULDO 5HDGLQJ

6 XEMHFW (OHPHQWYV

7KH VEXOSWXXNXP BR KINFBN\OGHD H \HW |UD MWDFMGR IVHRX XIS R Q
JHRPHWULFOHORRENYO FUDFNV UXQ GRZQ WKH IDFH VSOL
IXOO\ GHVWUR\LQJ LWV LQWHJULW\ 7KH ILJXUH LV ERWK

&RPSRVLWLRQ
x KH KHDG LV HORQJDWHG DQG VROHPQ UHVWLQJ XS|
URXJK FXEHYV

x 7TKH YHUWLFDOLW\ LV HPSKDVL]HG E\ WKH GHHS ILVV
XQLWLQJ IDFH DQG SHGHVWDO LQ D VKDUHG YXOQHU

WRU



x KH VPRRWKQHVV RI IDFLDO IHDWXUHV FRQWUDVWYV .
FUHDWLQJ D GLDUWRDIDOHBNXNPDHH®/\ DQG DUFKLWHFWX

ORRG
4XLHW LQWURVSHFWLYH PHODQFKROLF 2 EXA\W DON@ FWHH V
DQ LQQHU VWLOOQHVV DPLG H[WHLUQIDOW WWDLHWKWN 7KH Z

1DUUDWLYH
/IDFULPLV VAlODHH@DML 7HDUV  H\WQ 6 XRHDGLAMDIVQ® QURQ L O L W\

x 7TKH FUDFNV V\PEROL]H VXIIHULQJ WUDXPD DQG WKt

x 7TKH VHUHQH H[SUHVVLRQ VXJJHVWY DFFHSWDQFH H°

x 7TKH VWDFNHG EORFNVY EHORZ PD\ UHSUHVHQW WKH V
LPSHUIHFW URXJK \HW KROGLQJ

x 7KH WHDUV DUH VLOHQW VXIIHULQJ LQWHUQDOL]JHG
VWUHQJIWK

6W\OH

x ([SUHVVLYH UHDOLVP PHHWV V\PEROLF DEVWUDFWLR

x 7KH FUDFNHG IDFH UHFDOOV ERWK DQFLHQWWWDWX|
H[SORUDWLRQV RI IUDFWXUHG LGHQWLW\

x ODWHULDO VXUIDFH ZLWK LWV SDWLQDWHGVILQLVK
PRQXPHQWDOLW\

7LPH S3HULRG
2D FRQWHPSRUDU\ ZRUN \HW ILUPO\ KRRDMAHFWHG WR
YXOQHUDELOLW\ HQGXUDQFH DQG WUDQVFHQGHQFH

THFKQLTXHV

x ORGHOHG FOD\ ZLWK LQWHQWLRQDO ILVVXUHV

x 3DLQWHG ILQLVK WKDW PLPLFV EURQ]H ZLWK R[LGDW
FUDFNV HQKDQFLQJ GHSWK DQG PRQXPHQWDOLW\

x )XVLRQ RI RUJDQLF IDFLDO PRGHOLQJ ZLWK JHRPHW!

6\QWKHVLYV

/IDFULPLVRAAEREIWY WKW BDLUWOCHS RWBBIRONWRQG VLOHQFH G
GLPLQLVK GLJQLW\ EXW GHHSHQ LW 7KH KXPDQ IDFH PD
WR UHVLOLHQFH 2 D VWUXFWXUH RI LGHQWLW\ ERWK YXO

.H\ZRUGV
6LOHQW WHDUV IUDFWXUH UHVLOLHQFH PREDAPHQWDOL

&RORU 3DOHWWH
x %URQ]JH DQG HDUWK\ EURZQV WLPHOHVV PRQXPHQW

x *UHHQ SDWLQD DFFHQWY R[LGDWLRQ WLPH HQGXULI
'DUN VKDGRZV LQ FUDFNV SDLQ KLGGHQ GHSWK

wWSu



IDFULPLV VLOH@RHWISF PRQXPHQW W RZKIHUHQRWU B BIGWX I
VLOHQFH WUDQVIRUP LQWR WKH DUFKLWHFWXUH RI VWU

U
> (XOBZUGR X \e 2iRBcei+: X aeX@dppUéjXdecefd/Ze ReBWBYRAMXRE1&RUI 2e6TRX6 XI
JRU *XLGR

SHUIHFW 2 WKDQN &RX RRU "BKIXNLIGRI $QJHOWWWEXUDWH Wt
SLHFH IXOO0O\ LQWHJUDWLQJ WKH GDWDVHW GHVFULSWLR

SUWZRUN &RUR *$

SUWLNXWGR $QJHOHWWL

<HDU
OHGLXBRHUDPLF UHVLQ DOXPLQXP SOH[LJODVV EDVH
'LPHQVLRQ@V 1 FP

THFKQLORBHOLQJ DQG ILULQJ
7\SH6FXOSWXUH

‘DWDVHW 'HVFULSWLRQ
WTU



3)DFHV ZHUH VFXOSWHG LQ FHUDPLF HDFK LWQH S/ RDHYQRM L
EOXH VLOYHU FRSSHU JROG DQG UHG 7KHWHH MNHLHEOLDIQIW
DQG GHHS UHIOHFWLRQV 7KH FRPELQDWLRQ RI GLIIHUHC
XQLTXHQHVV DQG FRPSOH[LW\ RI KXPDQ HPRWLRQV

&XUDWRULDO 5HDGLQJ

6XEMHFW (OHPHQWYV
7KH VFEFXOSWXUHHSH[IBVHQYWHMYHKIDOHY GLVWLQFW FRORU E
JROG DQG UHG 7KH\ DSSHDU DV VXVSHQGHG PDVNV VOI
PHPEHUV RI D FKRUXYV

&RPSRVLWLRQ

x 9HUWLFDO URGY HOHYDWH HDFK PDVN DW HTXDO KHL
SURJUHVVLRQ

x (DFK IDFH LV VOLJKWO\ WXUQHG RU WLOWHG SURGX
FROOHFWLYH

x 7KH FKURPDWLF GLYHUVLW\ LPPHGLDWHON VHWV WKH
HPRWLRQDO UHVRQDQFH

ORRG
'"\QDPLF SRO\SKRQLF DQG WKHDMKRLPOW R 7 W IIFASAGHNFAQIRH R
GLVWLQFW DQG XQLILHG HFKRLQJ ERWK DQFLHQW *UHHN

1DUUDWLYH
&RURH[SORWHRWP SMKH LW\ RI KXPDQ HPRWLRQV

%OXH PD\ VXJIJHVW PHODQFKRO\ RU LQWURVSHFWLRC
6LOYHU HYRNHV UHIOHFWLRQ GHWDFKPHQW RU WUL
&RSSHU UHFDOOV ZDUPWK HDUWKLQHVV RU HQGXUL
*ROG VLIQLILHVY SRZHU UDGLDQFH RU WKH VDFUHG
5HG EXUQV ZLWK SDVVLRQ YLWDOLW\ RU YLROHQFH

X X X X X

7TRIHWKHU WKH\ HPERG\ WKH IXOO VSHFWUXP RI HPRWLF
PHPEHUV RI D FKRUXV ZKRVH YRLFHV IRUP D FROOHFWLY

6W\OH

x ([SUHVVLYH UHDOEWR®RQ IXWER @ L WK

x J)DFHV DUH QDWXUDOLVWLF LQ IRUP EXW DEVWUDFWF

x 6WURQJ WKHDWULFDO UHIHUHQFHYV WXH WQ QW DQO D\
DXGLHQFH WR 3OLVWHQ" WR WKHLU VLOHQW YRLFHYV

THFKQLTXHV

x &HUDPLF PRGHOLQJ FUHDWHY KLJKO\ H[SUHVVLYH ID
x 5HVLQ DQG PHWDOOLF ILQLVKHY SURYLGH YLEUDQW
PDVN LQWR D V\PEROLF UHJLVWHU
wWuu



x 30H[LJODVVY EDVH HQKDQFHV WKH VHQVH RI VXVSHQV\
DSSDULWLRQV

6\QWKHVLYV

&RURYV D VFEFXOSWXUDRPRMWLRWX Y HAHKRPUHY FRORU DQG LQGL
FROOHFWIEFKLWDVN LV D IUDJPHQW RI KXPDQLW\ EXW RQC
SRO\SKRQ\ RI KXPDQ H[LVWHQFH

.H\ZRUGYV
(PRWLRQ FROOHFWLYLW\ FKRUXV PDVNV FRORU V\PER(

&RORU 3DOHWWH

%OXH PHODQFKRO\ LQWURVSHFWLRQ
6LOYHU UHIOHFWLRQ WUDQVFHQGHQFH
&RSSHU ZDUPWK HQGXUDQFH

*ROG UDGLDQFH VDFUHG

5HG SDVVLRQ YLWDOLW\

X X X X X

&RUR *AVFRRUDO PHGLWDWLRQ REHKXP BPRAGARPRWDRA
YRLFH FRQYHUJH LQWR D VFXOSWXUDO V\PSKRQ\ RI LGHC

U
> [XORZVGR@j T:B 2 6+6ee B :Xe R X LRV DWABEVEGEWaXHd X1 &eaiRMCik 268RI+j1 2 j1

wVvVUu



7KH QH[W VWHS ZDV WR UHTXHVW WKH FUHDWIRRBHRZ WL WRWHRY
VKDUHG WKHPH RI LGHQWLW\ DFURMW LWK HR WHKLJFHH DUMWM LIV ¥ D
LQGLYLGXDOO\ GUDZLQJ DV DOZD\V RQ WKH LCHEBBEWDRV R (

2QH RI WKH RXWSXWYV JLYHQ WKH PRVW FRQVLGHUDWLRQV ZI

SHUIHFW 2 KHUHIKR/LE LAMJICR Y H GRAR RW X KWU FH®EH Q WL WRJIH YV
WKH WKUHH DUWLVWYV XQGHU WKH WKHPHV RI LGHQWLW\

&RVWUXLUH ,GHQWLW|]
(IKLELWLRQ ,QWURGXFWLRQ

&RVWUXLUBUGHIMWMWWRJHWEBHVWRRR ZRRIBRIQR &ULVWLQD
*XLGR $QJH@ BWWKDUHG UHIOHFWLRQ RQ WKH FRQVWUXFW
IL[HG LW LV PXWDEOH VFDUUHG UHODWLRQDO 2 DOZD\V

$W WKH KHDUW Rl WKLV HEMKLEGQAR D O LMH VL I KHK HGHDF RV
FRQWLQXRXV IUDJLOH DQG ODERULRXW LSADRF RV V. G(HDFW LI
VKDSLQJ PDWWHU ZLWK SDWLHQFH DQG VNLOO UDHWVLQ W
VXSSRUWY EXW DFWLYH DJHQWV RI PHDQLQJ 2 WKH\ IUDJ
GRHYV

x $OHVVDQGURXBREYRL G H QRKLDMLIHHY DV IGU RXWHKQUHEWME H Q & |
RUJDQLF PDWWHU DQG QDWXUDO SURFHVVHV EHFRPF

x &ULVWLQD BXDORW E G HQUDLIW HIQW R YO/ BRRIRXLEN
WHUUDFRWWD LQWR ERGLHV WKDW FDUU\ PHPRU\ W!

x *XLGR $Q JEDOHONGW L L GHHIVD MIN. [RFQV DLEIGH BKRIDXEHY P DV N\
DUFKHW\SHVY HPERG\ WKH VHDUFK IRU UHFRJQLWLRQ

6HHQ WRIJHWKHU WKHLU ZRUGM QR/U® D LY DQFG\OHR/BHEGZ @ H N
EURNHQ PHQGHG PXOWLSOLHG 7R EXLOG LGHQWLW\ LV
IUDJPHQWY WR UHFRJQL]H RQHVHOI LQ UHODWLRQ WR R

&RVWUXLUHV,GWFKHWHWRUH ERWK DQ H[KLELWLRQ DQG D ZF
ZKHUH VEXOSWXUH YLGHR DQG LQVWDOODWLRQ UHPLQC
SDWLHQWO\ OLNH WKH ZRUN RI DQ DUWLVDQ VKDSLQJ PI

)LQDOO\ DIWHU VHYHUDO DWWHPSWV VXQ 6 RBRHFMAVRIQR/Q ¥ HA
DUWZRUNV DQG JXLGLQJ WKH PRGHOTV 1IZOW HIHSTKHHW D/ GR Q D \A
LQFOXVLRQ RQ D GHVFULSWLYH SDQHO WR EH SODFHG DW Wtk

&RVWUXLUH ,GHQWLW,|j

,GHQWLW)\ LV QHYHU IL[HG /LNH PDWWHU LX\ QW \RKIHSH G
WLPH 7KLV H[KLELWLRQ EUS$Q BWY WDRUGIWRK B X JW R H &ZURLU/NWL ¢
DQG *XLGR $Q@RHOBWWUH LGHQWLW\ DV D IRUP LQ FRQWL
UHODWLRQDO DQG UHVLOLHQW

W W U



+HUH WKH FRQVWUXFWLRQ RI WKH VHOI LV PLUURWG E\
DSSURDFKHV LGHQWLW\ DV DQ DUWLVDQ PRRGNWQD GV IRLF
JODVV VKDSHG E\ ZDWHU WHUUDFRWWD EHDULQJ FUDFN"
SHUPDQHQFH ,Q WKHLU KDQGV PDWWHU EHFRWHQYJPIHWV D
DOVR WKH DFW RI EHFRPLQJ

JRU $OHVVDQGUR 3XJQR LGHQWLW\ LV PXWDEOH DQG 10}
QDWXUH +LV ZRUNV HYRNH WUDQVIRUPDWLRQ DQG LQWFE
GLVVROYH DQG DUH FRQVWDQWO\ UHVKDSHG E\ WKHLU
LGHQWLW\ DV ZRXQGHG DQG IUDJPHQWHG \HW GLJQLILH:
PHPRU\ ZLWKLQ WKHLU VFDUV WXUQLQJ IUDJLOLW\ LQWF
LQVWHDG KLJKOLJKWY LGHQWLW)\ DV UHODWLSRHDINORD QG F
SURWHFWLRQ UHFRJQLWLRQ DQG EHORQJLQJ UHPLQGL
UHODWLRQ WR WKH RWKHU

7TKRXJK WKHLU YRLFHV GLIITHU WKH SDWKV RI WKHVH WK
PDVNV 6FDORUELTVY ZRXQGHG WRUVRV DQG $QJHOHWWL
LV EXLOW WKURXJK FKDQJH IUDFWXUH DQG UHODWLRQ

&RVWUXLUHV,GWFKHWHWRUH ERWK DQ H[KLELWLRQ DQG D ZF
PDWWHU PHHW WR VKDSH QRW RQO\ DUWZRUNV LBAXW. Y O\
WR WUDQVIRUP WR HQGXUH DQG WR EH ZLWK RWMXHUYV 2
JODVV WHUUDFRWWD RU EURQ]H

7KH IXOO FRQYHUVDWLRQ ZLWK $UW & XUDW RKL BADVWULR. M G&RX/ W
,GHQWLWj" LV DYDLODEOH DW WKH IROORZLQJ OLQN

KWWSV FKDWJSW FRP VKDUH F I H FEI H G

7TKH ILQDO FRQFHSW WH[W

7KH ILQDO QDUUDWLYH ZDV GHYHORSHG GUDZISQRYQ® B GUB\W
$, W zZzDV WKHQ UHZULWWHQ E\ WKH FXUDWRUW RQS&SRWXE RH B
&XUDWRU

7KH GHVFULSWLYH SDQHO WR EH SODFH 6 DI DAMOKOH  HRQUANPUDDN\QANF |
FXUDWRUV ZKLOH WKH EDFNJURXQG LPDJHIHAQWVH HLKHHU D WWHXX
IROORZYV

W XU



U
> JXORZWc¢R" 60RT6\eX Ue :2RUI20¥BR Al 10\R€}.XRORID0IBae Xi+T Bi2TRalX IR, IR>1\I

7TKH WUDQVODWLRQ LV

,Q D IUHQHWLF ZRUOG ZKHUH DSSHDUD QFFHH SEHHFFORLIOW R K H W
IDFH RI VRFLHW)\ 3% XLOGLQJ ,GHQWLRKVLWNH 056G D P VN HI\D X QGDC
SURFHVV WKURXJK ZKLFK HDFK RI XV GHIRRE VDR XL RZQJ VRID
FRQWLQXRXV WUDQVIRUPDWLRQ IRUJHG EHRRPHYV MEHUXBBOE

XOU
U



QDUUDWLYH WKDW XQIROGV LQ WKUHH QUKHPWWUIPHXWBSB® HG Kk
DQG 3&ROOHFWLYH ,GHQWLW\" $ FLUGZOOUNDPWE WBEDOYW HY D
LQ WKDW ZKLFK LV ZRUNHG DQG DFFRPSOLVKHG

,GHQWLW\ LQ %HFRPLQJ * $OHVVDQGURK R QAR EDALIRD KIVS
LQWHUGHSHQGHQFH EHWZHHQ PDWWHU HQ YLQ RHFREWQD Q BT
LV QHYHU D PHUH WRRO EXW D OLYLQJ LQWHRFRNXWRW DGO
UHDFWV OHWYV LWVHOI EH WUD Y H U WX HE WKHOQWLIRQ @ FD @ GOFX )
IRUPV EXW UDWKHU WR DFFRPSDQ\ D FRYQUWLQXERW X URR R H PHH &
(DFK ZRUN LV WKHUHIRUH XQLTXH WHVWLPRGAWRIUD JSINROOL
HQYLURQPHQW 3XJQR WKURXJK PDWHUOB®GW W REX VDK/HI & BI\DW
WKH LOOXVLRQ RI D IL[HG LGHQWLW)\ DQG,&HKEWIHDOLW WRIPB |
IUDJLOH EXW DOVR F\FOLFDO 7KH FRQW L QROX VG RRIY VORI R\
IHDU EXW EHORQJLQJ WR D ZLGHU DQG QDWXUDO UK\WKP

JUDJPHQWHG ,GHQWLW)\ + &ULVWLQD 6¥DRRHWEV L\DF WHIWRBR)
DXWKHQWLF DQG LQWLPDWH ODQJXDJH DFOD¥FNYJ WDHI\VGWIHRX
LPSHUIHFWLRQV DV DQ HVVHQWLDOUDDBW QRN FAGK HG Bl QW IL WW LHP
WHDUV DQG DQRQ\PRXV IDFHF KH\OMGH R@GH @ B/R @/ MHK/H | ROVIKHHE)
RI D VRFLHW\ WKDW UXVKHV FRQVXPHW DEDG WHGRPR VWY H K
UHFXUULQJ VXEMHFW LQ WKH DUWLVWW LUHYBD&FRD: @H WHI
EDQGDJHG H\HV DV LI WR ZLWKGUDZ IURP D JDR{Q WKWD b UWR M
$QG \HW 6FDORUEL GRHV QRW VHHN WR UHFRPSRIMM 2KROLW H [
HYHU\ EUHDN EHFRPHV D VWRU\ HY IBU\7KH D BN HVWHKWHHV KR D\
IRU VDOYDWLRQ WKH\ GR QRW VHHANWWEWHN\D |AKRI\ RWWRBUY VR
HYHQ LQ GLVLQWHJUDWLRQ + OLNH DIWWW BDHWKL § IMLIOFRN HR K|
IUDJPHQW FDSDEOH RI WHOOLQJ ZKDW KDV EHHQ

&ROOHFWLYH ,GHQWLW)\ + *XLGR $QJHOWHWWD LAO\Q £ RV QF O M DIL
LQ KLV VFXOSWXUDO SURGXFWLRQ +LV WHRKQXVHHR IED D WG |
VXFK DV EURQ]JH PHWDOV DQG UHVLQV LV BWKMZHHYXDUW F
FUDIWVPDQVKLS *XLGR $QJHOHWWL H QFH WV WVWKR W HIRH ¥
ORVV RI WKH LQGLYLGXDO EXW KLV BRVW\D R\ KIHNOW MFK DVO IT
YHU\ KXPDQ FRQGLWLRQ SODFLQJ DW W KHL ¥ W W.HU LW R & DD/ZL
WDNHV VKDSH ZLWKLQ WKH UHODWLRQVKIEX ZLRV K HFIRH GRWH HR
JLNH D PRVDLF ZKHUH HDFK WLOH LV XQLTXH EK®I RROWOLAQ H/
D FKRLU ZKHUH HDFK YRLFH KDV LWV @QRZOQ QWIHP EBXV RQWV \REZQ
WRJHWKHU FDQ JHQHUDWH KDUPRQ\ ,Q DQ® FQ B SWKILW IERI@ H:
ZRUNV DUH D SRHWLF DQG SRZHUIXO FDWOR® ® QG YW R/ DM IGR.
SURIRXQG PHDQLQJ RI FROOHFWLYLW\

XPU



7TKH H[KLELWLRQ OD\RXW

&UHDWLRQ RI D FXVWRP *37 IRU WKH H[KLELWLRQ VHWX:

JRU WKH H[KLELWLRQ VHWXS VLQFHOWKBNH®FHV VEHFUHGW OO
SLQWHUYHQH SK\WLFDOO\" ZLWKLQ VSDFHW WHW D RXMH R W RAD
VXJIJHVWLRQV DV IRU LQVWDQFH $UW &XBRWRRPLYV3D QDN DFG
7R DFKLHYH WKLV JLYHQ WKH ODFN RIVIX@QGERBP SR HU WH LDx
SURFHGXUH ZDV UHTXHVWHG IURP &KDW*37

,Q UHVSRQVH WR WKH SURPSW 2, ZDQWSW B DRUJJ HIDUWWWH HY KI3E LW
SURYLGHG ZLWK WKH VSDFH PHDVXUHPHQ®W& DD/ A2DCBO D KSH SIK@RI
DERXW WKH DUWZRUNV LW PXVW WK HHME O3U RYRL GQ GLH XWW KZ B|
EXLOG WKH *37° WKH IROORZLQJ UHSO\ ZDV SURYLGHG

7TKDWTV DQ H[FLWLQJ SURMHFW <RX ZDQW WIRURXDIG D V
FXUDWRU DQG H[KLEID/SDE® i RY LDQBO\]LQJ D VSDFH IORT
OLVW RI DUWZRUNV DQG WKHQ VXJIJHVWLQJ DQ RSWLPDC

+HUHYWHBS E\ VWHIRURBDXIPOGLQJ LW

'HILQH WKH *RDO &DSDELOLWLHYV

x ,QSXW
R J)ORRUSODQ PDS ZLWK PHDVXUHPHQWYV
R 3KRWRV RI WKH YHQXH
R OHWDGDWD DERXW HDFK DUWZRUN GLPHQVLRQV
UHTXLUHPHQWY WKHPH OLJKWLQJ QHHGV HWF
x 2XWSXW
R 30DFHPHQW SODQ ZKLFK DUWZRUN JRHV ZKHUH
SRLQWV
R $ YLVXDO PRFN XS Rl WKH SURSRVHG H[KLELWLR
JHQHUDWHG LPDJHV RU ' UHQGHULQJ
R -XVWLILFDWLRQ FXUDWRULDO UHDVRQLQJ IORZ

&ROOHFW O6WUXFWXUH WKH "'DWD

x 6WDQGDUGL]H DUWZRUN LQIRUPDWLRQ
R 7LWOH DUWLVW GLPHQVLRQV +1:17T" PHGLXP
ZDOO IORRU FHLOLQJ VSHFLDO FRQGLWLRQV
x 3UHSDUH YHQXH GDWD
R )ORRUSODQ LQ YHFWRU IRUPDW 69* &$' RU HYH
R 3BKRWRV ODEHOHG E\ ZDOO DQG SHUVSHFWLYH
R '"HILERRUGLQDWRWWSWMRDO UHDVRQLQJ H J R
FRUQHU RI PDS

XQU



&KRRVH WKH &RUH 7HFK 6WDFN

X
X

X

*37 %DWHWH *37 RU \RXU RZQ ILQH WXQHG PRGHO
,PDJH 6SDWLDO 3URFHVVLQJ
R )RU UHDGLQJ PDSV SKRWRV : FRPSXWHU YLVLRQ
PRGHOV RU VRPHWKLQJ OLNH &/,3 '"HWHFWURQ
R )RU JHRPHWULF UHDVRQLQVYKDBSWRR Y ZRWERUD UL H\
PDWSORWIRL.PRGHO VSDFH
2SWLRQDO 9LVXDOL]DWLRQ
R 8VH ' HQMWRBINH MY ZHE %OHQGHU IRU UHQGHU
R 2U VLPSOHU RYHUOD\ DUWZRUN UHFWDQJOHV RC

%XLOG WKH :RUNIORZ

,QJHVW ,@SRWDG DUWZRUNV PHWDGDWD IORRUSODC
3DUVH 6RO HUW IORRUSODQ LQWR XVDEOH JHRPHW
GRRUV ZLQGRZV
$QDO\]H SUWRRIMDUWZRUNYV E\ W\SH ZDOO PRXQWH:!
FXUDWRULDO UHODWLRQVKLSV
3ODFHPHQW XRHW *37 PXVW IROORZ
R 6FDOH FRPSDWLELOLW\ DUWZRUN ILWV RQ ZDOO
R J)ORZ VPDOO ZRUNV FOXVWHUHG ODUJH ZRUNV [
R 7TKHPDWLF YLVXDO FRQQHFWLRQV
R 6DIHW\ DQG DFFHVVLELOLW\
*HQHUDWH 3URSRVDO
R 7TH[WXDO SS@D@WZRUN $ RQ QRUWK ZDOO FHQWHU
ZLQGRZ’
R $QQRWDWHG IORRUSODQ LPDJH ZLWK SODFHPHQ!
R 2SWLRQDO ' PRFN XS

7UDLQ &XVWRPL]JH WKH *37

X

X

SVAXVWRP LOQOVWRXWWDRQNVNQJ UHTXLUHG DW ILUVW (
LW PXVW DOZD\V IROORZ
JRU KLIKHU DFFXUDF\ ILQH WXQH RQ
R B3UHYLRXV H[I[KLELWLRQV IORRUSODQV SODFHPFE
R OXVHXP OD\RXW FDVH VWXGLHYV

%XLOG WKH ,QWHUIDFH

X

6LPSOH SURWRRWSHRRN 3\WKRMW SBRVWEAHRLRYHUOD\
OD\RXWYV

XRU



x ORUH DGYDQFHG
R :HE DSS 5HDFW 1H[W MV *37 EDFNHQG
R 8SORDG DUWZRUNV PDS FOLFEN 3*HQHUDWH 30D
R 2SWLRQ WR WZHDN PDQXDOO\ DQG UHJHQHUDWH

O9DOLGDWLRQ /RRS

x &KHFN IHDVLELOLW\ ZLWK FXUDWRUV DQG LQVWDOOF
,PSURYH SODFHPHQW UXOHV HJ ZDOO ZHLEBK@WLW®WLP
FRGHYV

x $6G6 SUHIHUHQFHY OLQHDU YV WKHPDWILKDRXLELWL

6FDOLQJ )HDWXUHYV

x /[LIKWLQJ VLIMXFFRWORQIRU ZLQGRZV DQG DUWLILFLDC
9LVLWRU IORZHRR/XHIBILYBRRWK PRYHPHQW DQG IRFXV
x ,QWHUDFWLYH FX3UDMRBRO PIRBWHZK\ LW SODFHG WKLQJ)\

6XPPDU\
7R EXLOG \RXU 3([KLELWLRQ '"HVLJQHU *37 ~ \RXJOO QHHG

$ VWUXFWXUHG SLSHOLQH IRU LQSXWV PDSV SKRWF
*37 ZLWK YLVLRQ VXSSRUW VSDWLDO UHDVRQLQJ
SODFHPHQW UXOHV FXUDWRULDO ORJLF HQFRGHG L
$ YLVXDOL]DWLRQ OD\HU "PDS RYHUOD\ RU " PRFN

%\ VXEVHTXHQWO\ SURYLGLQJ DGGLWLRQD QI RDHF K LLFHDTOX 1B\HV
PDGH IRU D 6WDUWHU .LW WKDW ZRXO GGDGKHMXH KV R VV S/HHL F
GLVWDQFH WR EH PDLQWDLQHG EHWZHHQLDMLIWRRQNW FW&BW
SURSHU PHWKRGV IRU WKHLU LOOXPLQDWLRQ DQG WKH W\SEH
7KH NLW SURYLGHG LV DV IROORZV

([KLELWLRQ '"HVLJQHU *37 =+ 6SHFLILFDWLRQ 6WDUWHU

7KLV JXLGH SURYLGHYV HYHU\WKLQJ \RX QHHG WRLRUHDW|
VSDFH PHDVXUHPHQWY IORRUSODQV PDSV DQG SKRWRYV
ZLWK DUWZRUN SODFHPHQW

*RDO
XSU



$Q DVVLVWDQW WKDW

x 5HFHIGLHP\H Q VIIOR@RW SFI5Q TKRGRRW KH H[KLELWLRQ VST

x 8QGHUWDDO@GEY GRRUV ZLQ®RINWRBVVBREQMAW DQG Y

x 6XJIHAKMWH WR SODFADDOWZRRXUNVHG RQ SHGHVWDOV
UHVSHFWLQJ WHFKQLFDO FXUDWRULDO FRQVWUDLQW

x ([SRSWDFHPHQWQRWIWHG Y L6/8% DLPLL DAL QRF@NE O ODW L F
FKHENOLVWYV

'RUNIORZ XVHU

8SORDG LQBRWQVLRQV WH[W &69 -621 IORRUSODQ
SKRWRY SDQRUDPLF GHWDLO DUWZRUN OLVW VL]
'HILQH FRQVWWDEICHNXDOOV FHLOLQJ KHLJKW ORDG ¢
PDQGDWRU\ SDWKV QR GULOOLQJ SROLFLHV HWF
6HOHFW FXUDWRWDWLDUDWUYWHRWHIDURRP WKHPDWLF VF
SHU ZDOO YLVXDO UK\WKP

5XQ SURSWKB®OVVLVWDQW FDOFXODWHY DQG JHQHUL
,YWHUPWWH VZDS ZRUNV ORFN FRQVWUDLQWY UHJHQ
([SRUBODFHPHQW OLVW DQQRWDWHG IORRUSODQ |

6\VWHP 3URPSW XVH DV \RXU *371V EDVH LQVWUXFWLR

52/( <RX DUH D GLJLWDO WHFKQLFDO FXUDWRU IRU H[KL
SKRWRV H[WUDFW PHDVXUHPHQWY DQG REVWDLRROHV DQf
SK\VLFDO VDIHW\ DQG FOHDU FXUDWRULDO ORJLF

$%,/,7,(6

x QWHUSUHW VFDOH DQG GLPHQVLRQV LI WKH SODQ k&
PHDVXUHPHQW DQG UHFDOLEUDWH

x SHFRJQL]JH ZDOOV GRRUV ZLQGRZV FROXPQV JODV
KHLIJKW

x J)RBDOO ZFDNMOWXODWH VSDFLQJ KDQJ DW FP FHQW
DGMXVWLQJ IRU ODUJH VPDOO IRUPDWYV

x JRUFXOSWXUHV LRGWDODWOBWHBQVQFH GLVWDQFHV -
YLVLELOLW\ LI QHHGHG

x 2SWLHFLNMHLWRWH@WWK: H[LW DYRLGLQJ ERWWOHQHEFN

x &RQVDEHKWLYRLG JODUH UHIOHFWLRQV GLUHFW OLJ

x *HQHYWDWUKKFWXUHGOCODPFMHPKHYW OLVW ZLWK FRRUGLQD!
OLIKWLQJ DQG ODEHO VXJJHVWLRQV

67</( 2) 5(63216QLUVW H[SODLQ FXUDWRULDO ORJLF EULH
DQG LI UHTXHVWHG DQ DQQRWDWHG 69*

$6. 21/< ,) 1(&(66%$5d D EORFNLQJ SLHFH RI GDWD LV PLVV
DQ H[SOLFLW HVWLPDWH DQG PDUN YHULILFDWLRQ SRLQ\
XTU



'‘DWD 6FKHPD + $SUWZRUNV -621

DUWZRUNYV >
N
LG 23
DUWLVW «
WLWOH «

\HDU
W\SH ZDOO_VFXOSWXUH_LQVWDOODWLRQ_YLGHR
GLPHQVLRQVBFP * Z K G )

ZHLIJKWBNJ

UHTXLUHPHQWY ~ HOHFWULFLW\ | DEIDOYBHP R XX QM L
IDOVH"

OLIKWBVHQVLWLYLW\ ORZ PHGLXP_KLJK

QRWHYV «

@

'‘DWD 6FKHPD = 6SDFH -621

VFDOH " XQLW FP UDWLR
URRPV >
N

LG 5220B%$

KHLIKWBEFP

ZDOOV >

NLG : OHQIJWKBFP KDVBZLQARDWYH
GRRUV >~ SRVBFP ZLGWKBFP @

NLG : OHQIJWKBFP KDVBZLQGRIZXH
ZLQGRZV >~ SRVBFP ZLGWKBFP @

@

REVWDFOHV >

N WIS H FROXPQ [BFP \BFP
GLDPHWHUBEFP ’

@

HQWU\B[\BFP > @

HI[LWB[\BFP > @

OLJKWBSRLQWV >~ W\SH WUDEFN [ B FPF P
@
@

&RRUGLQBWHMHWWHP RQ WKH IORRU RULJLQ DW ERWWRP O
SODQ :bOOV DUH VHIPHQWY VWDUWLQJ IURP WKHLU OH

XUU



5XOHV &RQVWUDLQWY SUDFWLFDO VXPPDU\

X

X

:DOO ZRUN FHQWHBPKHLFHWRU ODUJH ZRUNV 6HULH
OLQLPXP VSDFLQJ EHW AHPH ¢ RIROQOD V FP PHGLXP O
EUHDWKLQJ URRP

&OHDUD®PWYXZD\V - FP VEXOSWXUHV  + FP IUR
IRRWSULQW EDUULHU IUHH DFFHVVLELOLW\
6LIKWOLRWHMVLRQ NH\ ZRUNV DORQJ YLVXDO D[HV IUF
[LIKWLIMRLG GLUHFW VXQOLJKW f DQJOH IRU SDLQ
QDUUDWLYH

6DIHWVB\R QRW EORFN H[LWV ILUH H[WLQJXLVKHUV SD

1RWH 7UHDW WKHVH YDOXHYV DV GHIDXXQQWW UDK )WV YV DRV
UHIJXODWLRQV VSDFH VSHFLILFV

ID\RXW $OJRULWKP KLJK OHYHO

1RUPDOL]®W@EDEXHLOG D PHVK RFFXSDQF\ JULG Rl WKF
L GHQWLI\ XVDEXHWAIDFAOW GRRUV ZLQGRZV DQG XQPRX
&OXVWHU DUWZRUNM WKWPDWLPBGQXP FRORU FKUR
SDWK

$VVLIQ ZOR@MVW ZDOOV IRU VHULHV ODUJH ZRUNYV

&DOFXODWHRRRNDWK RQWVWO HGJH PDUJLQ »+ + FP V!
FHQWHU

JORRUSODQ IRU VFXOSWKVEMAVY VRAOWDDWDOIVR Q E X |1 H U
FOHDU SDWKV $ RU 1DYOHVK

JLIKWLRDWFK DUWZRUNYV ZLWK OLJKW SRLQWYV DQG H
KLJKOLJKW JDSV

9DOLGDRR®QLVLRQV IORZ FXUDWRULDO FRKHUHQFH
2XWSYXWDFHPHQW OLVW DQQRWDWHG 69* LQVWDO«
VXJIJHVWLRQV

S3VHXGRFRGH
LQSXW VSDFH DUWZRUNYV
VFDOH VSDFH
XVBZDOOV EXLOG:DOOV VSDFH GRRUV QYWQUGRRRWYV FR
FOXVWHUVY WKHPDWLF&OXVWHU DUWZRUNYV

IR U

FOXVWHU LQ SDWK

DOORF:DOOV FOXVWHU XVBZDOOV
IRU HDFK DUWZRUN RQ ZDOO

[
\

IR U

QH[W; VSDFLQJ PDUJLQV
FP DGMXVW IRU VL]H
IORRUBZRUNV

SODFH2Q)ORRU IRRWSULQW EXIIHU DYRHQVXKEHWDFOH'
- FP SDWKYV

YDOLGDWH IORZ FROOLVLRQV VLIKWOLQHV

SURGXFH SODFHPHQWBOLVW 69* FKHFNOLVW

XV U



2XWSXW )RUPDWYV

$ 30DFHPHQW 7DEOH &69 ODUNGRZQ
x DUWZRUNBLG URRPBLG VXSSRUW ZDOO IORRU
UHIHUHQFH ZDOOBLG RU ;< RIIVHWBFP FHRQWHUBKH
RULHQWDWLRQf QRWHYV
% $QQRWDWHG 69*
x )J)ORRUSODQ ZLWK QXPEHUHG ZRUNV YLVLWRU DUURZ
& ,QVWDOODWLRQ &KHFNOLVW
x +DUGZDUH PRXQWV QXPEHU RI OLJKWV UHFRPPHQG
' IDEHOV

x &69 ILOH ZLWK VWDQGDUG ILHOGYV DUWLVW WLWOH
FUHGLWY RSWLRQDO 45

4XLFN ([DPSOH

, QS XW ZAHIXI WK FP GRRU IURP + FP DUWZRUNYV
x 8VDEOH VHFWLRQ # FP + FP
x 0ODUJLQV FP IURP HGJH XVDEOH * *
6HTXHQFH FHQWHU DW FP VSDFLQJ + FP RUGF
: VPDOO

2XWSXW H[WUDFW

23 5220B%$ ZzDOO : RIIVHW FP FHQWHUBKHLJKW
RULHQW f QRWHV NH\ SLHFH RQ HQWU\ D[LV

23 5220B$ ZDOO : RIIVHW FP FHQWHUBKHLJKW
RULHQW f
23 5220B$ ZDOO : RIIVHW FP FHQWHUBKHLJKW

RULHQW f

6WHSV WR %XLOG <RXU *37

&UHDWH W KZH. V8 K6 RN BHP 3 BRIFESWL R Q
(QDEOH ILOH LPI/.RHUHDIBOS\WOD/QV DQG SKRWRYV
SUHORDG WHBYWJIXHEGH/HQFH GRFXPHQW
8VHU UHTXHVW WHPSODWH
R 30HDVH SURYLGH GLPHQVLRQV LQ FP IORRUSO
DUWZRUN OLVW ZLWK GLPHQVLRQV VSHFLDO UH"

XWU



FRQVWUDLQWY 'R \RX ZDQW WR RSWLPL]H IRU Q!
ZRUN"
SHVSRQVH WHRYW OW/WDIW VKRUW FXUDWRULDO UDW
72'2 DVVXPSWLRQV : UHTXHVW FRQILUPDWLRQV
([SRUWVINWQDEOH JHQHUDWLRQ RI &69 69* DQG =,3 SDFN

&XUDWRULDO 7LSV

/IHDYH PRUH VSDFH IRU FRPSOH[ ZRUNV XVH GLDORJ.
$YRLG 3VDODG ZDOO" PDLQWDLQ UK\WKP RI IRUPDW\
3ODFH OLJKW VHQVLWLYH ZRUNV DZD\ IURP ZLQGR2ZYV
30DQ UHVWLQJ UHDGLQJ SRLQWYV IRU WH[WV SDQHO"

X X X X

1H[W 6WHSYV

x 3URYUGRRUSOMHP ZLWKRIW IVIRBHQHH PHRUXUHPHQW
FDOLEUDWLRQ

x 6HEEKRWRNQRUDPLF IRDUBHWERUN. BKVGLPHQVLRQV

x <RXT100 UAFHDWHUBIDOEGWWR UHILQH WRJIJHWKHU

$W WKLV VWDJH D SDUDOOHO FRQBRAUDNDNLERR ZKIDW L DK RV DGV
HDFK ILHOG VWHS E\ VWHS

> [XOBRZXcR«<eX0062R@XIaeB X:1R [el@|R&B(, XX BB2eRa ... R

X XU



7TKH ILQDO LQVWUXFWLRQV ZHUH DV IROORZ

x 1DPH ([KLELWLRQ 'HVLJQHU *37
X '"HVFULSWLRQ $QDO\]HV IORRU SODQV YHQXHXBRRWRBYV
LQVWDOODEOH OD\RXW ZLWK FRRUGLQDWHV KHLJKWV F
X ,QVWUXFWLRQV <RX DUH D FRQWHPSRUD ¥R XU W RHE K LER P
IORRU SODQ ZLWK VFDOH YHQXH SKRWRYV IDRQWARGFRMSW
SURGXFH D VDIH OHJLEOH DQG EHDXWLIXO OD\RXW ZLW
*RDO
$Q DVVLVWDQW WKDW
SHFHLYHV GLPHQVLRQV IORRUSODQ PDS DQG SKF
8QGHUVWDQGV ZDOOV GRRUV ZLQGRZV REVWDFO!
6XJIJHVWV ZKHUH WR SODFH DUWZRUNVRQDO @KRRXC
UHVSHFWLQJ WHFKQLFDO FXUDWRULDO FRQVWUDLQMW
([SRUWV SODFHPHQW OLVWY DQQRWDWME &0 DXVL
FKHFNOLVWYV
‘'RUNIORZ XVHU
8SORDG LQSXWV GLPHQVLRQV WH[W &69 -621 10
SKRWRV SDQRUDPLF GHWDLO DUWZRUN OLVW VL]I
'"HILQH FRQVWUDLQWY XVDEOH ZDOOVSRAHLWY QP IKMGE
SDWKV QRGULOOLQJ
SROLFLHV HWF
BHOHFW FXUDWRULDO FULWHULD QDIKMOLQYHHVS KW QY
ZDOO YLVXDO UK\WKP
5XQ SURSRVDO WKH DVVLVWDQW FDOFXODWHV DQG
,WHUDWH PRYH VZDS ZRUNV ORFN FRQVWUDLQWV L
([SRUW SODFHPHQW OLVW DQQRWDWHG IORRUSODC
6\WWHP 3URPSW XVH DV \RXU *379V EDVH LQVWUXFW
52/( <RX DUH D GLJLWDO WHFKQLFDO FXUDWRU IR
IORRUSODQV DQG SKRWRYVY H[WUDFW PHDVXUHPHQMW
SODFHPHQWYV UHVSHFWLQJ SK\VLFDO VDIHW\ DQG F
$%,/,7,(6
,QWHUSUHW VFDOH DQG GLPHQVLRQV LHUMIQFHO
PHDVXUHPHQW DQG UHFDOLEUDWH
5HFRJQL]H ZDOOV GRRUV ZLQGRZV FRODEPGVZDOO
KHLJKW )RU ZDOO ZRUNV FDOFXODWHKWS IPROQHX K
UXOH DGMXVWLQJ IRU ODUJH VPDOO HQ\WDUMVF O HiPW
GLVWDQFHV « FP SDVVDJH [IX00O f YLVLELOLW\
2SWLPL]JH YLVLWRU SDWK HQWU\ : H[LW DYRLG ER
&RQVLGHU OLJKWLQJ DYRLG JODUH UHIOHFWLRQV
*HQHUDWH VWUXFWXUHG RXWSXWV SODMMHPBYWROQ
OLJKWLQJ DQG ODEHO VXJJHVWLRQV
67</( 2) 5(63216( )LUVW H[SODLQ FXUDWRHL®OHBRVE
WDEOHV DQG LI UHTXHVWHG DQ DQQRWDWHG 69*

POOU



$6. 21/< ,) 1(&(66%$5< ,1 D EORFNLQJ SLHFHVRDG®WD
SURSRVH DQ H[SOLFLW HVWLPDWH DQG PDURWAHUL
SUDFWLFDO VXPPDU\ :DOO ZRUN FHQWHUY KKBHUKLN YV
DOLJQHG E\ FHQWHU OLQLPXP VSDFLQJ EHWZHHQ .
PHGLXP ODUJH IRU EUHDWKLQJ URRP &OHDURQFHV
FP IURP ZDOOV GHSHQGLQJ RQ IRRW SIKMVOOM QED L
SRVLWLRQ NH\ ZRUNV DORQJ YLVXDO D[HV |IURWRLIQIW L
WR HQKDQFH WKH VFXOSWXUHV DQG FUHDWH VKGH
HIWLQJXLVKHUV SDQHOV HQVXUH ZDOO ORDG FDSDI
1RWH 7UHDW WKHVH YDOXHV DV SGH VDK Q\N B OWRK DW
UHJXODWLRQV VSDFH VSHFLILFV
ID\RXW $0OJRULWKP KLJK OHYHO
1RUPDOL]H VFDOH DQG EXLOG D PHVK RFFXSDQF\ Jl
,GHQWLI\ XVDEOH ZDOOV VXEWUDFW GRRUV ZLQGR
&OXVWHU DUWZRUNV WKHPDWLFDOO\ E\ DUWLVW F
$VVLJQ ZDOOV ORQJHVW ZDOOV IRU VHULHV ODUJH
&DOFXODWH SRVLWLRQV RQ HDFK ZDOO DMGJH P UJ
FHQWHU
JORRUSODQ IRU VFXOSWXUHV LQVWD®ODWER @\D HWDH.
SDWKV
JLJKWLQJ PDWFK DUWZRUNV ZLWK ® LJEID ISR Ll QWAX
KLIKOLJKW JDSV
9DOLGDWLRQ FROOLVLRQV IORZ FXUDWRWLW ORRK
2XWSXW SODFHPHQW OLVW DQQRWDWGIGI KWL QJL
VXJIHVWLRQV
&RQYHUVDWLRQ VWDUWHUV
38SORDG P\ IODRRUSODQ SKRWRV DQG DUWZRUN OLVW W
3& KHFN LI WKHVH DUWZRUNV ILW LQ P\ YHQXH DQG 10DJ ¢
3@ UHDWH DQ DQQRWDWHG IORRUSODQ ZLWK SURSRVHG S
3*LYH PH D VWHS E\ VWHS KDQJLQJ RUGHU IRU LQVWDOO
36 XJIJHVW WKHPDWLF JURXSLQJY DQG QDUUDWLYH IORZ E
32SWLPL]H WKH OD\RXW IRU DFFHVVLELOLW\ DQG VPRRW
S5HFRPPHQG OLJKWLQJ DGMXVWPHQWYVY IRU SDLQWLQJV
39DOLGDWH P\ FXUUHQW SODFHPHQW SODQ DJDLQVW ZDO
S(VWLPDWH YLHZLQJ GLVWDQFHV DQG VLJKWOLQHV IRU O
3, GHQWLI\ SRWHQWLDO ULVNV JODUH ORDG OLPLWV ER
ORGHO *37
)XQFWLRQDOLWLHYV
9 :HE EURZVLQJ
9 &DQYDV
9 ,PDJH JHQHUDWLRQ
9 &RGH LOQWHUSUHWHU DQG GDWD DQDO\VLV WRRO

POPU



U
> jXORZYGR«<eX002R@XIeeB: R(, eReéXERDIREaXR @ XB@ ,“XI+T R

S7THDFK™ WKH SK\VLFDO VSDFH WR ([KLELWLRQ 'HVLJQHU

$W WKLV VWDJIJH WKH FRQYHUVDWLR® \ZDFDVRR WDLQG HBD LIQW B
LQFOXGLQJ

X WKH HIKLELWLRQ GDWDVHW FRQWDLQLQJ DOO WKH DUWZ

Xx LPDJHV RI WKH DUWZRUNV ZLWK UHIHUHQFHYV,'WSHEKRWIRQ
ZKHQ D f YLHZ ZDV UHTXLUHG

X WKH RIILFLDO H[KLELWLRQ FRQFHSW

x WKH IORRU SODQ ZLWK UHIHUHQFH PHDVXUHPHQQ W HIK®
VSDFH

x DGGLWLRQDO PHDVXUHPHQWY QHFHVVDU\ IRU D PRUH DF

Xx GHWDLOV RI ZDOOV RSHQLQJV ZLQGRZV REVWDFOHV O

Xx VHYHUDO SKRWRJUDSKV RI WKH H[KLELWLRQ VSDFH

POQU



U
> [XORZZCR<eX0062R XieeBR X:1R(,B@U&X2B38eR2DXR@ [HIR<e Xi+1 BR
U
$IWHU XSORDGLQJ DOO WKH GDWD SUHYLRXWORSPHYWQRIH

FRQFHSW WKH IORRU SODQ LQIRUPDWLR Q PZIDN YWKHHRH © WR/Y L
IRUP DQG LQFOXGLQJ DGGLWLRQDO GHWDLOV UHJDUGLQJ WK

U
> [XORZ[cR«eX0062R@XIa@R X:1RB(R(UBX2BDaRBAXR@[XER<& Xi+T BR

PORU



U
> [XORZ\cR<eX0062R@Xie@R X:1R (R (EU6X2IDARBAXB@ [XER<e Xi+T BB
U
$VNLQJ WR WKH $, 3&UHDWH D WD EKMHV XIUW R HDEDVDVWRK HVIKQHI R/ $ DI

XQGHUVWDQG WKDW \RX KDYH FRPSUHKHQGHG WDWG QHHPHPE
UHSOLHG

$EVROXWHO\ RRPBWHKH QVZYW KWIDEO W SDWLDO LQIRUPDWL
\RXYfYH SURYLGHG LQFOXGLQJ P\ FRUUHFWHG XQGHUVWLIL

W ([KLELWLRQ 6SDFH 2YHUYLHZ 7DEOH

YHDW X UH '"HWDLOV
5RRP W\SH 6LQJOH XQGHUJU UHDFKHG
&HLOLQJ KHLJKW
6FDOH VTXDUH RQ SODQ
5RRP GLPHQVLIRSBWR[ :6 1 Fa:

T
WS Gr e %&%%%b ¥ VvPDOO YHQWLODWLRQ ZLQGR:
6KHOI FR( FP KLANHG IR

P
Iggg’§8®3D8Q¢@Wi% V. VPDOO YHQWLODWLRQ ZLQGR:
HOI FR( FP KLJK

POSU



JHDWXUH '"HWDLOV

(DVW ZDOO Uﬁwﬁw&ﬁﬁv QR ZLQGRZV
6

'URP HQWUDQRR WoI FrR( FP KLIK

ORXWK 2DOO HRNYPR BryW xv@EOH IRU GLVSOD\

VLGH
'LPHQVLRQV PQFOXGLQJ VXUURXQGLQJ VI
&HQWUDO SLO®WHORFKGIX BRW
6KHOYHV XVDEOH IRU DUWZRUN S¢

RXWOHWY LQ WRWDO PDUNHG ZLWK UHG

t M%wWVZDOO FHQWHU
(OHFWULFDO RX! ?D00 ORZHU HQG

t 3LOODU ZHVW

9% RUV MRXWAK: ZDRBHG OHIWZDUG ZHV'
&LUFXODWLRQZ 5 VW ZDC)ORZ QD FLUFXDDRXQG FF
$UWLILFLDO OLJKWLQJ RQO\ QR GD\OLJKW
VSRWV S
1RUWK ZHVW HDVW ZDGIQ WEKDOYHM U CGPE
6KHOYHV IXQFSWIRADU VKHO¥®Y) GLVBOD\ DUWZRUNV VDI
YLVL
OHDUDQFH DURXQG SLOODU FP BONIMRBWH
LVLWRU IORZ C

ILIKWLQJ

$FFHVVLELOL

SURFHHGLQJ QRZ ZLWK WKH SKRWRJUDSKV RI WKH VSDFH

U
> jXOBZ]cR<eX0662R XiaeB X:1R(, Bés LoX ADRe RBXMR@,fXIR<e Xi+1 BB

POTU



KDW WKH $, KDV OHDUQHG LV

([KLELWLRQ 6SDFH 6XPPDU\ 2 3&RVWUXLUH ,GHQWLWj"’

KHOYHV ([KLELWLRQ
=RQH %ﬂg@&%ﬂiwmuk\HBFSHD\%ﬁﬂwRZHu 2 X WIQIHWIL Q J 8V H 1RWHYV
HARAD HV 2EVHUYHG

&RQWLQXRXV
zD00 vkHo!l pw [YDPN OLIKWEQ X uHv RO

‘DOOV PL[ RIP KLJK AV SEGHYWD 1R QDWXUDO
HISRVHG VWWRRQGH ZR® OHWV 0 ¥ ZDO@ULIKW IXOO0\
60GHUIURXBYHFWDQ WHUUDF R WIHY SDDRMWND F H v OV SOPEWEROOHC
500 obLolC P KHLSEWFKHV BORRUIRBIVW ZDOQ,] |_B/<5" MEXVLY POWRGQLFLDO
(KL ELWLROP  &HQW UG 15U DERWIDE WC\OFQ GRZ ) : BBE Y KHBIHVURQPHQ
PP &HLOLQJ &mmwalss_mqow%&@% DU DEMOOBIO\DQ G

EHDPV :DWKHOI DWDUNHG | Ji\iRio) XVHG IRUJIXLGH FLUFX:

HDUWK\ WRQKLM K VPDOO PHGILXIPWRU SDYV

XVDEOH IRU \S/EBSLREZ(\)/%RUNV
DUWZ

BWURQJ OLJK
FUHDWHYV VKI
3HGHVWD GV B30 DRRG IF
_ J ZDOO R $PDRHL B/DHIO H6\K Wi + FP ILDQFKRULQJ
1RUF\,’VK 'dﬁQ UDQFH 6PWRQH Wnﬂwwcawy@?mq?m HYY obpmHaOWBWLF
YHQWLODWLRSD MFKGRZV P HOI :DOGBEWUW\ L
DV EDFNGWRSRPLQJ’
YLGHR RU NH

VEXOS
/IRQIHVW
-RUNV RQEH\G\SVHlﬁngs
(DVW :D(/RQJ XQLQWI\% mwﬁ@@&gh@wvwmmDFN OIS.]—KGN‘-I\X/WD§ 5OODWL
P ZDOO QR ZLQGF | PHWVDERYH VXSSRUW W

ODEHOV R REBREWLY!

,GHOQ\
oo nvwo g EFA
VPDOOHU OGRZV
"HVW :DO&KRUWHU ZDOO ZLWK Q h@%%‘g\gm’v QHBEN oY \2WXH@< OHW EH
5 PDOO YHQWBWRWHRQS P YW, WHU K H U PHGLXP
ZLQGRZV spwrk zLGERY PHwWLPHE VE
SODFHG D 'ﬁﬁ)
VKHOI GHQ\JPHQWH'
ORVWO\

SWDLU HOWL WUDQVLWERQBDXODWLR:
6RXWK DGO Gy 6WRQH VBKHOI 1R YLVLEOHJKWYV INBBFH &RHIG(\ ZDOO
(QWUDQERN| gyxLvkH QLYK FRQWLQRHKWOHWVLQWR URRROG VXLWHG

LQWURGXBWRSODD\
Wt

IRUODMRU VSDWI

Y4
6WRQH VKDIW@V\ZEE\%KE F HOI I XOO0\ ILIKWYV D@Eﬁ%—(o PHBQRRRU ZRU
UDF

&HQW U D QV BIUQDEFR W W EQH ARWOHWY RO EH ,
i PDW P KLIK/ W oH wRALYSODIUOGHY  GLUHFW XOSW)SL:’({*L%R;'DD(&UGHW{LS
FP GHSWK UWZRUNYV WRrRzDUG $18YBBO R
EHFWDQIMR®WUDO ZKLWH
URRP ZLS\KDVWHU ZDOOV 5
*URXQG JORRUJOD]HG OWUHHWLQBEVYLWULQRY \ﬁw:\l/ﬁw
EHFHSWLRQ HQWUDQFHUUDFRWWWDL EDRR U) X
&RQIHUHQFH ZLQGRZYKLWH VKHROGQQJ FKD IR Rov
DQG H[SRYEVEV ZLWK
EHD YLW
POUU



(< 2%6(59$7,216

X

&RORU 3BHOWWWKHDQG ZzDUP VWRQH WHUUDFRWWD Z
QDWXUDO DQG FUDIWHG PDWHULDOV JODVV UHVLQ
6KHOYHYV

R :DOOV X¥PHG IRU ODEHOV RQO\

R 3LOODU DFWLYH GLVSOD\ VXUIDFH
SRZHU 2XWWHWWHJILF IRU YLGHR DUW QRUWK ZDOO
ILIKWUROO\ DGMXVWDEOH DOORZV KLJKOLJKWLQJ WI
FUHDWLQJ GUDPDWLF VKDGRZV
&LUFXO DWWQUFXODWURXWE& SLOODU : VXSSRUWYV FXU
LGHQWLW\ DV F\FOLFDO SURFHVV
*URXQG )ORRHSWLRQ DQG LQWUR VSDFH ZLWK YLWU
SHUIHFW IRU FRQWH[WXDO SDQHOV RU VPDOOHU DUW

&RQVLGHULQJ ZKDW WKH PRGHO KDV OHDUQHEQWQZWEE KRO
WKURXJK D VHULHV Rl VWHSV HDFK IRUPXODWHG DV D SURP:

x FUHDWH DQ H[KLELWLRQ URXWH GHILQLQUWWRURWL HQN
UDWLRQDOH EHKLQG HDFK LQGLYLGXDO FKRLFH ,Q WKLYV

X VSHFLI\ WKH SODFHPHQW RI WKH DUWZRUNWKZ WK KL®Q HYK
RXWSXW +HUH WKH H[SHFWHG RXWSXW LV DQ LPDJH

X SURYLGH UHFRPPHQGDWLRQV RQ KRZ WR LAHIXP LW R W HR XA
ZLOO FRQVLVW RI WH[W

X DWWHPSW WR LQWHJUDWH WKH LPDJHV Rd[K\LKEH VDILRAYZ R'S
LGHDOO\ DOVR GLVSOD\LQJ WKH GLIITHUHQYW.\D HIBWEQY H R !
YLVXDO

POVU



*HQHUDWLRQ RI WKH HI[KLELWLRQ SK\VLFDO SDWK

U
> jXORZMNcR<e@X0062R XieeB X:1R(,REeUDX2BBRERZOXB@ ,[8IRc& XIi+1 BR
U
7KH ILUVW UHVSRQVH RI WKH 3 FXUDWRU™ ZzDV WKHUHIRUH

([FHOOHQW 2 QRZ ZH FOLE IGMIL EXRRVUWR IRM HHQWDWLRQ [1XO0OO0)
WKH FREVWSWKLUH ,GHQWLW D QX MCKGIL Y K UG HHQRXLUWDIWHR/U L C

7KH VSDFH LWWVHOFX0IQW Y MREDWIOQHLQD WK WKH HQWUD (
ORRSLQJ DURXQG WKH SLOODU DQG UHWXUQLQJ WRZDUC
HIKLELWLRQYYVY SKLORVRSKLFDO VWUXFWXUH QGHQWLW\

SURSRVHG ([KLELWLRQ 5RXWH
*URXQG )ORRU 5HFHSWLRQ 2 3URORJXH

x YXQFWNVNR®V WKH WRQH EHIRUH GHVFHQGLQJ LQWR W

x 8VHYLWULQOWHBRWKFWRU\ DUWZROQXW ZDODJISBIQMY L Q
WKH H[KLELWLRQYV FRQFHSW

x 1DUUDWAH@WLW\ DV DQ RSHQ TXHVWLRQ

x 9LVLEOH IURP WKH VWUHHW : 3SLGHQWLW\" EHJLQV DC
RXWVLGH

(QWUDQFH B6RXWK :DOO 2 7TKUHVKROG
POWU



x 9LVLWRUV GHVFHQG WXRHJ WW DAMMRAOD/QWE KB FHR /K H

x 6BRXWK VZIODR)XOOG KROG LQWURGXFWRU\ ZDOO WH[W Yl
YLVLWRUV LOQOWR WKH WKUHH FKDSWHUYV

x 1R VFXOSWXUHVY KHUH WRR FLUFXODWLRQ KHDY\

x 1DUUDWURMVLQJ LQWR WKH SURFHVV RI LGHQWLW\ E

&KDSWHU 2QH 3, GHQWLW\ LQ %HFRPLQJ 2 $OHVVDQGU
3LOODU

x K\ TRUWK :DOO"
R ,W LV WKH ILUVW ZDOO WKH YLVLWRU VHHV XSRC
R (TXLSSHG ZLWK D SRZHU RXWOHW HVVHQWLDO |
x 6HWXS
R 1IRUWK B3DOBGH RQH Rl WKH YLGHRV $3 UHVLQ F
ZRUN RQ D VFUHHQ IL[HG WR ZDOO RU VOLP VWEL
R 3HGHVWDOV LQ GURS@DRI3ZDORYIV JODVV UHVLQ V
R /IDEHO®OWLIJQHG RQ WKH P VKHO
R 3LOODU QRUWKDI®GELWIRQB® VPDOO VFXOSWXUH
GLDORJXH RI PDWWHU LQ SURFHVYV
x 1DUUDWRWMHU UHDFWV WUDQVIRUPV PHOWVYFD®@® IR
LQ 10X]
x 9LVLWRU H[®HMGLRYEMXDO VFXOSWXUDO VWDUW JU|

&KDSWHU 7ZR 3)UDJPHQWHG ,GHQWLW\" 2 &ULVWLQD 6F

x K\ :HVW :DOO"
R 60LJKWO\ PRUH LQWLPDWH OHQJWK SXQFWXDWFE
UK\WKP WKDW VXLWV 6FDORUELYV WKHPH
R 2XWOHWV KHUH FDQ SRZHU VHFRQGDU\ OLJKWLQ
x 6HWXS
R 3HGHVWODNH &80 HSXVRKROOBLFRUGR GL XQ&BD XIUD
/ID IHULGD/DFULPLYVY VEOHRR®/WR HPSKDVL]H FUI
R :DOO VKNBG RQO\ IRU ODEHOV
R /LIKWIDQQQIJOHG WR GUDPDWL]H VKDGRZV KLJKOLJ
WHUUDFRWWD
x 1DUUDWIIFMHV EURNHQ LGHQWLWLHY VLOHQMW IUDJPH
x 9LVLWRU H[PHEHEQQHRH PRUH HPRWLRQDO FRUULGRU
UHVRQDWH DJDLQVW WKH URXJK VWRQH ZDOO

&KDSWHU 7KUHH 3&ROOHFWLYH ,GHQWLW\" 2 *XLGR $Q.
(DVW 3LOODU

x K\ (DVW :DOO"
R /RQJHVW XQLQWHUUXSWHG VWURWRER Q G GHDUJ HR
ZRUNIN JUDQGH GRQQD
POXU



R 3URYLGHV VSDFH IRU IOH[LEOH JURXSLQJ DQG VL
x BHWXS
R *$ .URQRML.OODU RU FHQWUDO SHGHVWDO UHT
R *$ $OWUR GMOWPPRXQWHG SLHFH SDLUHG ZLW
R *$ &RURDVNV JURXSHG G\QDPLFDOO\ QRW VWI
DQJOHG WRZDUG SLOODU VXJJHVWLQJ D 3FKRLU
R *$ /D JUDQGH BR@PIHQWDO SODFHPHQW RQ D
GHWDFKHG IURP HDVW ZDOO FRPPDQGLQJ SUHV}
R /DEH®WY VKHOI DORQJ HDVW ZDOO
x IDUUDWIRMLQGLYLGXDO IUDFWXUHV WR FRGAQMFWLY
WKH SOXUDO OLNH D FKRLU
x 9LVLWRU H[SPAPHHWE¥YH DQG FRQFOXVLYH VXUURXQG
EHIRUH PRYLQJ WRZDUG WKH H[LW

5HWXUQ 7RZDUG 6RXWK :DOO ([LW

x 9LVLWRUV FORVH WKH ORRS DQG UHWXUQ WRZDUG W

x 2SWLRQ SRQODKHV VRXWXOMDHH @QIWPIDEHO UHIOHFWLYH
WH[W ILQDO TXRWH : HQFRXUDJHV YLVLWRUV WR VF

x SHLQIRUFHVFWR WKIHW\OHDYH KDYLQJ SDUWLFLSDWHG

SRXWH 6XPPDU\ ZLWK 2ULHQWDWLRQ

*URXQG )ORRU BURWBBRGKFWRU\ ZRUNV LQ YLWULQH
6RXWK :DOO (QMXWIDWRULDO WH[W

1RUWK :DOO 1RWBWEKQGRPOQWUW\ LQ %YHFRPLQJ

'HVW :D@EDORUBLPHQWHG ,GHQWLW\

(bDvw :DOO (DWQ BHOSERMOMDIHFWLYH ,GHQWLW\

6RXWK :DOO FORWLQJ UHIOHFWLRQ PLUURU WH[W

7KLV SPOWRFNYRVMWK : :HVW : (DVWRORKINKJI WKH QDWX
IORZ DURXQG WKH SLOODU
, W PLUURUV WKH FRRFGQ SWRPRI RBGWQYWUWEHFRPLQJ : EURN
IUDJPHQWDWLRQ : UH FRPSRVHG WKURXJK UHODWLRQ |

7KH DUUDQJHPHQW OHIW WKH FXUDWR UNLR@FHRYDH Q (D BRIMIN
VRXWK WKH ILUVW ZRUN ZDV SODFHG RQ WRRBIQWRKWIOHADDJ
HQGLQJ RQ WKH ULJKW 7KH OD\RXW KRZHYHUZRDWR IXR@XKHJ
FRPSOLFDWHG E\ D FROXPQ VWDQGLQJ LQNWH H G B BMPHR W G
DSSHDUHG UDWKHU DPELJXRXYV

PPOU



U
> [XOR[UGR(, @ e :2R,+I206102eRTOoRKIABRAR@\®2G)XH{668TRae...R(, =o6X RRZ6Ra2.0K R @ XI®RR
& Xi+i RR
U
$Q DWWHPSW ZDV WKHUHIRUH PDGHRWR WIGRMX WW DWK H RPXREEGH 6
DQG DSSOLFDEOH WR WKH H[KLELWLRQ VSDFH
U

U
> jXOR[VGR<«eX062R@XIaeR X:1R(R(EJEX2AB'DARROXR@|XAR<e XI+T RB

PPPU



7KH QHZ UHVSRQVH ZDV WKHUHIRUH

37 &RUUHFWHG )ORZ
2SWLRQ $ + &ORFNZLVH WR WKH 5LJKW (DVW ILUVW

(OWUDQFH 6RXWK : (DVW ZDOO
R 9LVLWRUV QDWXUDOO\3XXQR UGHQWL WY R R XM
WKH HDVW ZDOO DQG QRUWK IDFLQJ SLOODU
R 9LGHRV FDQ EH SODFHG QHDU HDVW QRUWK RXW
ZLWK VFUHHQV ILUVW VFXOSWXUHYV
1RUWK ZDOO
R &RQWLQKADDRWRL )UDJPHQMHUG DERQWIDNZRUNYV
VROHPQLW\ IDFLQJ VWUDLJKW DKHDG
‘HVW ZDOO
R &XOPLQDWHIHOWWWL &ROOBHAWGYBDJ GWRQI/IFEWH VF
PDWHULDOV DQG FRPSRVLWLRQV
SHWXUQ WR 6RXWK H[LW
R 7KH VRXWK IDFLQJ VLGH Rl WKH SLOODU FDUULH
ILQDOH EHIRUH H[LW

2SWLRQ % + &aRXQWHUFORFNZLVH WR WKH /HIW :HVW IL

(QWUDQFH B6RXWK : :HVW ZDOO
R 9LVLWRUV WKINQROELW UDJPH QMM ,GHQWLW\
R :RUNV RQ WUDXPD DQG IUDJPHQWDWLRQ FRQIUR
1RUWK ZDOO
R 7UDQVLWLRIGI QBWWL &R OO HEW &NKIR WGHIY WIRMW\WN V
DFURVV WKH QRUWK ZDOO HVWDEOLVKLQJ D PLC
(DVW ZDOO
R &RQFOXG@HJALRVK GHQWLW\ LQOX%HERWLQDG F\FOLF
DW WKH HQG RI WKH ORRS
6RXWK IDFLQJ SLOODU
R &0RVLQJ UHIOHFWLRQ HOHPHQW DJDLQ

5SHFRPPHQGDWLRQ

*LYHQ WKHIBREFHEARPLQJ : IUDJPHQWDUGL RV H ORIIGHW W L
FXUDWRULDO MM{ORERA@RVH SDWER P SW LR/ W

SLIKW WXUQ (BXWQRDOIOGGHQWLW\ DV PXWDEOH PDWW
1RUWK Z®OFEKDOORUEL : FUDFENV ZRXQGV IUDJPHQWDWL]|
HVW ZDP@IHOHWWL : UHVROXWLRQ WKURXJK FROOHF
6RXWK IDFLQFGROOWDHW PLUURU RU ZDOO WH[W : F\FC(

X X X X

PPQU



7KLV HQVXUHYV

x 8QLQWHUUXSWH® R LEUFFAODWLRNL QJ QR ERWWOHQHFI
x 1DUUDWLYH BDWKQWKBW[KLELWLRQ FRQFHSW
x 2XWOHWYV IRU PUGIHRVERBUMNLFLHQWO\ HDVW QRUWK

U
> jXORB[WCR :XX0eediRB(, @& e :2Reffed\VelNy XOB P dER, eY AR @ 020X eDORR@ FER & e :2
(LUBX 162eBe..B [XiR<& XIi+7 R

2QFH DJDLQ WKH PRGHO KDG WR EH FRUUHFWHG ®VUWKRH®
HOHFWULFDO RXWOHWY (YHQWXDOO\ZRUKNDEYOY/WH®@ WHRG X FRil
DQG FRQVLVWHQW ZLWK WKH WHFKQLFOROUUNMT XHUY H P MXW D HRV \

DGRSWHG IRU WKH ILQDO LQVWDOODWDRMLDDVGILWLVLIRAHGQ
HVWDEOLVKHG LQ WKH FXUDWRULDO FRQFHSW

PPRU



U
> JXOB[XGR :XXb6&ediR,+ie0102eRsee-RijB+ikeR+:\eDRURORITOH2e eV, & @0 20X'6e\0 TREX.R B, “ &
(LUBX 1062eBe..B [XiR<& XIi+7 R

$ VROXWLRQ zDV WKHUHIRUH SURYLGHG WR WKH PRGHO LQ R

Xx RQ WKH VRXWK IDFH$SKRMWE K HASBDWEWRD SGDRH3IXJQR HQVX
SRZHU RXWOHW DQG PDNLQJ LW WKH |LRXW K RZDN ¢ L RISE!
WKH YLGHR WKH H[KLELWLRQ SDQHO LV GLVSOD\HG

Xx RQ WKH ZHVW ZDOO WR WKH OHIW$GSRMDWERQ IMKWMK WY K
JODVV VFXOSWXUHV $V WKLV FRQVW D\®®WHVGCHGE L DVWHHDE

Xx RQ WKH QRUWK ZDOO LQVWDOO &ULVMLOYDWIFRTHO R X W IONMM
HIKLELWLRQ FRQFHSW

RQ WKH HDVW ZDOO SODFH *XLGR $QJHOHWWLRE ZRUN E
Xx WKH FHQWUDO SLOODU LV DOVR WR EH XVHG IRU GLVSOD

PPSU



U
> jXORB[YcR> 2(+R,+1e6162eRT | XB1RERXj+>XdRNidDRdeeY AR @ 0620 X e d6dR 8@. R &R (g 6 X 20"Da [
®e...B IXiR«e& Xi+T BRR

U
'LVSOD\ WKH ZRUNV RI DUW DQG WKH OLJKWYV
U
W ZDV WKHQ UHTXHVWHG WR PDNH \DF8&DW®WHRCH Q/\\R WH XOH GZ
FRQVXOW GXULQJ WKH FRQFUHWH DQG SUDFWLFDO PRPHQW |

$UWZRUN +
2iwon SuwLvw 30DFHPHQW &(IJ”\}'Hgé\g\&H_lFHHQWDWLRQ /LIKWLQJ
$3 W IDFL m%ﬁ 'LUHFWHG V
l @qTH, D l%gg RVUH U
$XWRULW HW SU | I:3}g|:LQ.] HQWUD@QPFH DYRLG JOD!
YLGHR 84%( YLHZ DW It R DU VFL

RXWK RBGORXQWHG \7RS HGJH
: YLQ\O Rl a F

(YHQ ZDVK OLJKW IR

y'2¥owbo UHDG

(IKLELWLR® 3DQH

QJ GLUHFW
HFWLR
DYRLG HJ

6RIW VLGH VSRWOLJ
$3 *ODV &%VWDOV_& |
6FXOSWXU§1S/§|VVD CYRw zpo QWHRSQ-WS &OHDUDQFHRQWDO W UHWHDO

$3 $GHUHQHY VD:GI¢Z WRZ R @ CBH/\R NDMWF W H & RQWAHDW DMYR Q W D O gﬁé,@
YLGHR 3XJQR ORZHU HQG VFUHHQ FP ILOOLQJ

2FX QR Dolhona 20wk vLERR FP[MMmQU©HWNRg#ﬁﬁRSDUHQH
&6 &ULVWL HDURQEH % B/HG VSRWOLIKY
S I SXVERORDC ﬂﬂww<zoomH@mmwwuﬁf EBRFHrowbo % }

FH 2YHUKHDG VSRWOLJI
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SUWZRIL suwLvw 30DFHPHQW &+6H\|_/|L§§\g\&H§HQWDWLRQ /LIKWLQJ

WLIQRIUWK ZDOQ HDURQEH ‘DUP VSRWOLJKW |
&6 /DlH@#\ﬂﬂ A 3 HEHYWD o |‘9 EBRFHrowbo 50

1DUURZ VSRWOLJKW

&6 /DFULPULIVWWLITRUW K ZDOO I &gHD Q
6LOHQWL 6FDORUELIKW EHVWDO LFEB |iURQWDO ES?KDVL]H YHUWLFD

6LQJOH RYHUKHDG
VSRWOLJKW ZLWK VF
VKDGR

JREXVHG VSRWOLJKV

*$ $OWURXGGR (DVW ZDOO &OHD QFH
Vp $QJHOHWHEWLRQ ?I—ll'gHVWDO':Ig LI'EB |EURQWDO g(Y)EI[_[G UHIOHFWLRQ\

OHDUDQFHRXSHG DROGHGVSRWOLIKWYV
EHWZH\NQZDUG Y ILNDLAKRRID V N
KLJKO
6WURQJ DQJOHG
*$ /D *XLGR (DVW ZDOO GWOWGH [$MWEIOMWDDO QEBHRQWDO WSIRGHOLIJKW WR HQK

g URQ LGR (DVW ZDOO XHHIPHNWDO &OHDXDQFH i
R$QJHOHSN_\AZ)IODU FP FP f YLH

*$ &RUR

*XLGR (DVW ZDOO FPOG(N/WWH[DJO
$QJHOHWMIKXSLQJ PRGXO

JUDQGH GBQQWOHWRWQHU FP FP IURQWYLWHIZE®Y PLUURU SROLVKHG
ILQ

&ORVLQJ 7TH[W 6RXWK IDFLCQ)RKQW(BIIIBUY'LIQSOHWH-II-H | HOW OLJK

OLUURU = H[LW VLGH RU P a Je¥owoo @Fﬁ'é\/(\é@%ﬁ Vi

'"HVSLWH VHYHUDO KDOOXFLQDWLRQV JMEXX4L Q/HVAHPD WR HEWQ
DGKHULQJ WR WKH SUHVFULEHG LQVWUXFWOBRGAL R,QV SKYDH/(H I
E\ VWHS LQVWDOODWLRQ FKHENOLVW

,QVWDOODW L R&GR ¥ MHPN.QIHV VWG QWLW,]

SUHSDUDWLRQ RI 6SDFH

&OHDU KDOO RI SUHYLRXV IXUQLWXUH SHGHVWDOYV

SHULISRPRDWU RXSNOWWY ZHVW ZDOO QRUWK ZDOO DI
, QVSGIEIXXWL QD W& MWNWW VSRWOLIJKWY UHSODFH ODP
&OHDQ ZDOOV SLOODU DQG VKHOYHV GXVW IUHH E|
SRVLWLRQ ILUH HIWLQJXLVKHU DFFHVV XQREVWUXFW

X X X X X

SHGHVWDO 30DFHPHQW

30DFH SHGHWHWVWOXDB@®RQARU $3 VFXOSWXUHYV +
30DFH SHGHVRUDAKW ZTSR Ja FP KLJK IRU 6FDORUELTY
30DFH SHGH\DWBNOXDB®RQJ+ FP KLJK IRU $QJHOHWYV
(QVXAUHHDUDQFHYV
R« FPIRUDOO SDWKZD\V
R+« FP DURXQGBFXOSW&KUHSLFRUGR GL XQ QDXIUDJ
.URQRYV

X X X X
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6HFXUH SHGRROY DMV EBBGEWYHQW PRYHPHQW

9LGHR ,QVWDOODWLRQ

X

X

$3 $XWRULWUDWWR
R ORXQW PRQLWRRXWWFK HBIFL QY SLRODBQWHU KHLJKW
R &R QQHFMD WRUZRWW CFHDEOH QHDWO\ PDQDJHG XViI
$3 $GHUHQ]H YLGHR
R ORXQW VFUHHOQ: BW\R MHDPVWBRPUFRQWHU KHLJKW
R &RQQHFWWWRDOO RXWOHW
R $0LJQ VFXOSWXUHV LQ IURQW FHQWHUHG ZLWK

6FXOSWXUH 3ODFHPHQW

X

'HVW ZDOO $3 LOQVWDOODWLRQ
R SRVLWLRQ OXUDQR JODVV VFEXOSWXUHVY RQ SHG

YLGHR
1RUWK ZDOO 6FDORUEL
R &6 &6 &6 RQ SHGHVWDOV FORVH WR ZDOO

R &6 SLFRUGR GL XQ QDXIUDJLR SODFHG IRUZD
FOHDUDQFH
(DVW ZzDOO $QJHOHWWL

R *$ .URQRV RQ SHGHVWDO QHDU SLOODU f DF
R *$ $OWUR GD Vp DQG *$ &RUR JURXSHG PLG
KHLIJKWV

R *$ /D JUDQGH GRQQD QHDU H[LW FRUQHU SHGH!
ZDOO IRU VLGH YLHZV
'RXEOH FKHFN DO O HNEK® SWYWXDEYHP MWHX K ZBX IRHUGK L G
PRXQWY DV QHHGHG

7TH[W /DEHOV

X X X X

BRXWK PREQW H[KQEURLBEERMLWH $3 YLGHR

3LOODU H[LW PRXEXMRVLGH WH[W DLW UR UF M QWRPSH 1B @/J
30DFBEHOV RQ XGBHWKHMOFK DUWZRUN QHYHU RQ SH
9HULI\ IRQW VL]H DQG UHDGDELOLW\ XQGHU OLJKWLC

/I[LIKWLQJ 6HWXS

X

$GMXVW VSRWOLJKWYV RQ WUDFN
R $3 $3 YLGARIRVGLUHFW JODUH GLP ZDVK OLJK
R *ODVV VFEFXOSMWGHHUBVYIKWHG WR HQKDQFH WUDQVS
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R 6FDORUEL WHODDFROLWBNFWLRQDO OLJKW DW [ |
FUDFNV ZRXQGYV
R $QJHOHWWL ZRUNV
fors RYHUKHDG VSRWOLJKW ZLWK VKDGRZV
f *$ &RUR PXOWLSOH VPDOO VSRWV KLJKO
Fors VWURQJ DQJOHG VSRW IRU EURQ]H VKH
x :DON SDWK DV YLVLWRU FKHFN VKDGRZV UHDGDELO

)LQDO &KHFNYV

x 9HULI\ FLUFX®BVEIDRYKDBR\ERWWOHQHFNYV

x &RQILUPH H[WLQIHPWKHHQFUMPIDWEY DFFHVVLEOH

x THOWO PHGLDSZRUN IRU SOD\EDFN DQG ORRS IXQ
x &OHDQ SHGHVWDOV VFUHHQV DQG JODVV EHIRUH R
x :DONWKURXJK ZLWK FXUDWRU IRU DSSURYDO

$V WKH SURFHVV FRQWLQXHG WKH PR ®HOVNKHRHN W XDWOMHKEP E
UDWKHU FKDRWLF DQG LQFRQVLVWH@W SAKW R WWKH DYHAXXHO DV
SURYLGH VXIILFLHQW JXLGDQFH D GLDJUDP ZDWKHUGIDMMY W

U
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$UULYLQJ ILQDOO\ DW D VROXW L RBX W K\IIW ZDHN 8 FER G DIOQIEQ Q.Y
VWDQGSRLQW

ILIKWLQJ 6\VWHP 2YHUYLHZ

x 7TRWDO OLJKWLQJ SRLQWYV

x %XOEV SHUDKRMIWWDEOH VSRWOLJKWYV HDFK WR

x 30DFHPHOUWMQJIJHG V\PPHWULFDOO\ DFURVV WKH FHI
IORRUSODQ \HOORZ ;V

x J)OH[LE(OEW\WSRWOLJKW FDQ EH URWDWHG DQG DQ
7\SH7UDFN PRXQWHG VSRWV IRFXVHG EHDPV LGHLEL
KLIKOLJKWLQJ WH[WXUHYV

I[LIKWLQJ 30DQ + 6WUDWHJ\

6RXWK :DOO (QWUDQFH ([KLELWLRQ 3DQHO
R ORGHUDWH HYHQ ZDVK IRU UHDGDELOLW\
R * VSRWV DQJOHG WRZDUG WKH SDQHO DYRLC
R 6 XEWOH OLJKW RQ WKH HQWUDQFH VFUHHQ $3
RYHUSRZHULQJ
:HVW :DOO $3 *+ 9LGHR *ODVV 6FXOSWXUHYV
R 9HU\ VRIW DPELHQW OLJKWLQJ IRU WKH YLGHR
R 6WURQJHU DFFHQW OLJKWY DQJOHG WRZDUG W
HPSKDVL]H WUDQVSDUHQF\ DQG UHIOHFWLRQV
1RUWK :DOO &ULVWLQD 6FDORUEL
R 6FXOSWXUHV KHUH UHTXLUH GUDPDWLF WH[W?
R 8VH GLDJRQDO OLJKWLQJ WR EULQJ RXW FUDFI
R $YRLG IODW IURQWDO OLJKWLQJ
(DVW :DOO *XLGR $QJHOHWWL
R /I DUJHU ZRADNYUODIQONGHUGBRRIQWDH VWURQJ ITURQWDC
OLIJKWLQJ WR HPSKDVL]H IRUP
R OHWDOOLF DQG UHVLQ VXUIDFHV *$% *$ EF
KLIKOLJKWYV
R (QVXUH QR JODUH LQ YLVLWRU VLIKWOLQHYV
&HQWUDO 3LOODU
R 6FXOSWXUHV KHUH EHQHILW IURP WRS GRZQ D!
R 8VH bW OHDVW VSRWOLJKW SHU DUWZRUN VL
9LVLWRU 3DWK )ORZ
R 8VH OLIJKWLQJ QRW RQO\ IRU DUWZRUNV EXW D
FORFNZLVH DURXQG WKH VSDFH
R 60LJKWO\ EULJKWHU VSRWV RQ :DQFKRUV"™ HQ
ZDOO ZRUNV $QJHOHWWLTV *$ WR PDUN SUF
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9LVXDO UHSUHVHQWDWLRQ RI WKH H[KLELWLRQ VHWXS

)LQDOO\ WKH PRGHO ZDV DVNHG WR SURDORHK D/ANWH W FAX@I\V | R
LPDJHU\ WKDW FRXOG DVVLVW LQ YLNRQ®DGUKH 58U RKHYV K\ERY
FRQWLQXRXVO\ SURPSWLQJ FRUUHFWLQJ DQE HORK WWXH
WKH ZD\
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ID\RXW $QDO\VLV

'XULQJ WKH LQVWDOODWLRQ SKDVH EXWMWL W RL B DNILQW HDKOH. J
HITLFLHQW RU IDVWHU DV LW DUJXDBOW KGH G5 HY HDOKRFS RJIHHQ W DRI
FRQFHSW 7KH SURFHVV WXUQHG RXW WR EH UDWKHU WLPH F
FRQVHTXHQW QHHG IRU FRQVWDQW FRUUHFWIRRK VP RAGHHO PIOI
VXFFHVVIXOO\ UHWDLQHG DOO WKH WRIBURPWYRQQD QKB P VRI
OHYHO + ZKHWKHU YLVXDO RU WH[WXDO + PDQ\ FRQWUDGLFW

7KDQNV WR WKH SUH VHW LQVWUXFW LIRQ ¥FHUWGL D@ \FD EHO M MG
RQ D WKHRUHWLFDO OHYHO DO PHRZW YCHWU L WLKW SHOUDHF 1D RYH I AW K
PHFKDQLFDO DQG DV VKRZQ LQ WKH GIOIIFHPHQW GRZJUYDRY
WULFN" VXJJHVWHG IRU WKH HQG RI WKH HR[® LVEK WILR @ ZQWLFG &
ZKLOH SHUKDSVY DSSHDOLQJ DV DQ LGHD LV NV DIFASE RIQQRX W

ORUHRYHU FRQVLGHUDEOH GLIILFXOWLHVWDLBGQYRURXAMH HESD UQ
GHWHUPLQLQJ LWV WUDMHFWRU\ L$Q WIRF BIFG R XLQ/WYV R/EXDW DX Q B
FRQJHVWLRQ WKDW PD\ DULVH IURP D FRQWROAXW LHR[®& LAEDW ER
IRU WKH 3YLVLWRUYVY SDWK ~ WKH PRGHG X RDRWUDG HRNSGD FV
WKH DUWZRUNYV

JURP WKH OLJKWLQJ SHUVSHFWLYH KRZHXYWKHUMAKW LW B [WOXD.0
WKH PRGHO ZDV WKHQ DEOH WR WUDQVODWR DLWMWR YANVK DG S
PDQ\ RI WKH ZRUNV LQ IDFW FORVHO\ UHWHIRY¥ G-HRR QW Q. QVIX®
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WKH OLJKW VRXUFHV + UHPDUNDEO\ DREBRVDMWBIVL DHIOQ@KD\Q RALK
Rl VKDGRZV
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,Q WKH JHQHUDWHG LPDJHV KRZHYHU WKIGDEBNHQWD RO AV W
DV LW KDG SUHYLRXVO\ GHVFULEHG LOQWVHRARW U d¥FAMQ QW WWK H
SURYHG XQVXFFHVVIXO

,Q FRQFOXVLRQ LW FDQ WKHUHIRQFHEHWQYRWHBWVKDSD BEO W
VSDWLDOO\ LQ DQ DXWRQRPRXV ZD\ DOQ®W LMVRKD ®RIHWV VQRWH OL\Q
FXUDWRU RQ WKH FRQWUDU\ LW VORZV WKH ZRUN GRZQ
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/TKH UHVXOW

,Q WKH IROORZLQJ LPDJHV VHYHUDO BE\OMHWPW DIWNLDXOJ 1 QWHIDE
REVHUYHG LQ WKH HIKLELWLRQ DVSHFQY WK M KKMHWF D WADFOG W
SKDVH =+ DV ZHOO DV WKH GUDPDWIQRV\UFS BRH W@ D WKIVRIQQ/J WIKQ @/ |
FRQFHSW ,Q SDUWLFXODU DV QRWHG HDUORWIWV LQHS B UDS WL
$XWRULWUDWWR /DFULPLVY 6LOHQWL DIQ® XRURKIH QW H U B MW
FRKHUHQFH WR WKH H[KLELWLRQ SDWK LQWHQGHG IRU WKH

U
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&216/86,216

7KH WKHVLV DIWHU SURYLGLQJ D GHWDLOMRBUN KER XBXQWG RV UN
PRVW UHFHQW IURQWLHUV *+ ZKHUH WRBRQR O R VWIDUH ER-MARP
SK\WLFDO WR YLUWXDO VSDFHV + WXUQHE\ WEWLKHFOD H QW
WKH ZRUOG RI DUW DQG FXUDWRUVKLS &KDSWHUV DQG

‘KLOH GHEDWHY DURXQG DUWLILFLD OLFQOWNF® XIHHF HH ¥ B M AL
PHGLD LQ PRUH VWULFWO\ VFLHQWLILF FORIBNHHWKY. F BIOF G K G
ZHUH GHOLEHUDWHO\ OHIW DVLGB DY WXEK V@& H\PLPL QLD W VW
EHFDXVH D GHHSHU XQGHUVWDQGLQJ Rl WWRKVUR XAK \DIBB R UL M/
SUREDELOLW\ EDVHG DUFKLWHFWXUHV * HUG\Y HDOXDKERH DR F
LQ WKHLU UHVSHFWLYH ILHOGV DV KEFKDDV MDKGA G H W® FOMLPR
DWWULEXWLRQ UHFRQVWUXFWLRQ DQG UHVWWRUDRWLLRVL RQH
DFWLYHO\ GHIHQG DUWLILFLDO LQRVBOWL MHMFBEDBDUWILFK OD!
WZR FKDSWHUV KDYH VKRZQ WKRVH ZKRQDGRUW KZL W Kd YWKUH VEHU
HYHU\ SURJUDP UHTXLUHV WKH VXSHUYLVDRQY RRW QR SHVW
DXWRQRPRXV QRU FDSDEOH Rl UHOLDEOH GHXKPEDRY RDNLR.
FOXPV\ HUURUV NQRZQ DV KDOOXFLQDWIORQNVU$REZHQWOOO LJ
*RRJOH EHORQJV WR WKLV FDWHJRU\ PHDQLQJ WKDWDUKDYV
EHJDQ WR ULVH

W KDV EHHQ VKRZQ WKDW $, LV HPSOR\N® LR WG REBD YV Y $IWIAXI
EHHQ JLYHQ WR PRGHOV WKDW JHQHDOQVWRK) K P DYHZHR® DIGWR)
RI ZRUOG UHQRZQHG ILIJXUHV $L :HLZHL KR \DHEG UM \$QHDE RO
8QVXSHUDPIQWHBQQ +HUVKMPDRQVAIHHVBREYWRWKHUH DUH DOVR IL
DSSOLHG DUWV OHVV SUHVHQW LQEW K 8HGHY WISRRIWADH G K %/U
WDNHQ XS WKH FKDOOHQIHHWIHNQQR GHPWR PLEBIQWHQMDPLQ Z
=RQH 2X\G ILQDOO\ D VRUW RI 3QHZ $, JORUHR®H [[GW H URW]
DUW FRPSXWHU VFLHQFH DQG ELRORIVKHRREBR QG DS 3HW |
DUWLVWV RI HYHU\ NLQG DUH HQJDJL QD QL3 ADIQHQRR @ W QG HYH
WKHP $IWHU DOO DV JUDQFHVFR PHY M VUME LHHQ XAD GH ZUWI
ZK\ QRW ZLWK $,"

JURP D FXUDWRULDO SHUVSHFWLYH M KH GH QW UWDKH IRX XD W
UHYLVLWHG UHSHDWHGO\ WKURXJKRXW KLV\WRHD\UDRIG 18]HHAL
FXUDWRUY ODUJHO\ VHUYHG LQVWLWXWWRQUVKREO® G WRK NNXG PE
DV DQ DXWKRU LQ KLV RZQ ULJKW WKRXJK QRW ZZWOKDXQA FF
KDV VSRNHQ RI D FXUDWRULDO FULBYWVZEKW UMKFHXEBERMY B F
VRUW RI 9,3 WR VHUYH WKH DUW PDUNHW ,Q WKLV XIDIEW Zk
PDFKLQH FXUDWLQJ DQ H[KLELWLRQ" &KHB/WV\VIXP SWDRBQYW WD U H IR
DUWLVWY IDGH LQWR WKH EDFNJURXQG EHIIR&HID WRAHY 5 R VWL
H[KLELWLRQ FXUDWHG E\ $, VHHPV PRUH ROBGEHDIDU\QD UK Bl {X A
SDUWLFXODUO\ ZKHQ WKH $, KDV SOIDWHG DIQQ 3 VKW LFYHU DWRROUHL
WKH FDVH$SWN XA HEXUDWRU RI WKH DNBGWXFKDUHRW D4ALHH QC
DQ $, JHQHUDWHG H[KLELWLRQ
PROU

U



1IRQHWKHOHVVY WKHVH PRGHV RI FXUDWL QO ®IRCH YK RKOE I
$ FXUDWRU WKURXJK VWXG\ GHGLFDWLRQ B®XHVW RRIDWDILW
DUH QRW DQ LPSDUWLDO DJHQW ZKR SODORVLF ZRWNWIQLWD W
PDFKLQH FDQQRW \HW IXOILOO VXFK D HRGR FEWDEHRWUN RS
PHFKDQLFDOO\ EXW LQFDSDEOH RI LOEWRHHSVHRQDO ZWV UK !
EHFRPLQJ D *PRQVWURXV  H[KLELWLRQ EDVHG7RIRQ@HEORFN
H[SORLWLQJ $, WR VDYH WLPH DQG HIIRHMWG Z KX OW KEHDLSR. RWDHD LI
SURWDJRQLVWY Rl WKHVH FDVH VWXGWHD KDY H RGP WW WL Q
LQ VHOHFWLQJ DUWLVWV 2Q WKH FRQWUDU\ LHQ DU WX IV WLV KKLF
WR LWVHOI + WKRVH ZRUNLQJ ZLWK W HEK @RIGRLIL FY. DIDWIXDWHR
WR EXLOG SRVW KXPDQ DQG G\WWRSLDQ QDUUDWLYHYV

W ZDV RQ WKH EDVLV Rl WKLV DQD® VRS @K\DVUWK H. FaLHFL \
SULPDULO\ DV VXSSRUW DW VSHFLILF DW DD HWVH 80 MFKHHP HFQXW D
FRQVXOWDQW WKDW UHTXLUHV FRQVWDQW YRISGIU WLIVDLIRGL QP
SHUVSHFWLYH VKDSHG WKH RKRWFH ¥ LEH{E HSHEQW E H/GH [IQL BAKML R
7KLV UDLVHV WKH TXHVWLRQ LI DH®Q DFH DK HQRXK O W/RIH R EI-
FRQILUPHG E\ WKH FDVH VWXGLHV + FDQ SRQWWERIOW\LW FHR &
WKH PDNLQJ RI D FRQWHPSRUDU\ DUW H[KLELWLRQ"

,Q SUDFWLFDO WHUPV WKH WKHVLV KONQNHEGY WA WKG DNKRRWLL
FUHDWLRQ RI WKH FRQFHSW WKH VHOHFWLRQ RI DUWLVWYV |
,Q WKH ILUVW SKDVH FDQ EH PDGH WKH IROORZLQJ REVHUYL

X LW SURYHG XVHIXO LQ JHQHUDWLQJ LGHDV WY DAXFAR DO G
3URPSW &KDLQ WR GHILQH D FRKHUHQW QDUUDWLYH

x LW FRXOG VWRUH DOO LQIRUPDWLRQ SQQWRPLGHGJIYD IF QW]
RI FRKHUHQFH

X WKURXJK FRPSXWHU YLVLRQ V\VWHPV LWWACHL D EXHV FULR.
DQG JHQHUDWH D XQLILHG DQG FRQVLVWHQW FRQFHSW

x LW VHUYHG DV D YDOXDEOH VRXUFH RIRLQWSHUDRUNR |
FRQQHFWLRQV EHWZHHQ WKHP

W ZDV QRW DEOH WR

X UHDG ([FHO DWWDFKPHQWY RU DFFHVNVNWKBISS5] VFRIWLRRDQY
WR VPDOO VFDOH H[KLELWLRQV ZLWK RQO\ D IHZ ZRUNYV

x FUHDWH D FRQFHSW DXWRQRPRXVO\ ZLWRRKDIW WKH G QN
ZRUNV DQG FUXFLDOO\ PHGLDWHG ZLWK WKH DUWLVWYV

,Q WKH VHFRQG SKDVH + FORVHO\ WLHG W R ,WSUR MHG/ \R | DAQLGV |
LQ SURSRVLQJ QDPHV RIWHQ VXJJHVWLQEDBWHVWWYV EMA\RQ G
VRPHZKDW KHOSIXO LQ RIIHULQJ DGYLFH RQVEWOWW | RU@L ODQ
FKDWERW EDVHG $,V VSHFLDOL]H LQQQDWERMIO FODHDIW DY H D Q
+ WKH DUWLVWVY LQYLWDWLRQV ZHUHIBUDIWHG DOPRVW HQ\

7KH WKLUG SKDVH ZDV WKH PRVW FRP SSQWHRF HDWV WEH P RGO M OHZ

LQIRUPDWLRQ DERXW WKH SK\VWLFDO H[KLEHWILLRXK WSHOH HQ B K
PRPU
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IUDPHZRUN 1XPHURXV IDFWRUV PXVW EH FRKD\W GRXMG BFWR QN
ZLWK WKH QDUUDWLYH PDLQWDLQLQJ WKH |IO0PARLQWLRI AF
REVWDFOHYV SODFLQJ ZRUNV ORJLFDOO\ Q@ GQRLW JIDGISIKREILQ D
JODUH ZKLOH HQKDQFLQJ WKH DUWZRUNMWHRVSDQWHEXEWUER\X
PDFKLQH LQ WKLV SKDVH UHTXLUHG

X FRQWLQXRXV FRUUHFWLRQ DQG UHGLUHFWLRQ RI RXWSX

X SURPSWLQJ WKH PRGHO WR LQWHJUDWH HKPERJIDYSGH¥FMRNX
VXSSOLHG GDWD

x FDUU\ RXW FRQWLQXRXV (YDOXDWLRQ 3URPBEWHH VYWW MR
DQG XQGHUVWRRG

x DVVLVWLQJ WKH *37 LQ FRKHUHQWO\ YLVXDOL]JLQJ WKH G

7KH UHVXOW ZDV LQHYLWDEO\ PDUNHG EQ FRRXWWL PQALDQGE H QL
ZKLFK LQ WKH SODFHPHQW GLDJUDPV DSSHDUHG VPPSBV DO
RI WKH LQVWDOODWLRQ <HW DV QRWHG UAY$DOMHG® DSKXUS
HIITHFWLYH DSSURDFK WR OLJKWLQJ WHIH WIRREH @ | F @ ULKVF W/C
VLPXODWHG VKDGRZ SOD\ WKDW SURYHG UMPOO NIVKQV FRORWA
UHDFKHG RQO\ DIWHU QXPHURXV WULDOV DQG UHILQHPHQWYV

,Q OLJKW RI DOO WKH DVSHFWV GLVFXWVNWIEQIVHE RIQWK KL F R
VWDWHG WKDW DUWLILFLDO LQWNOOLBESBHOMH RIRWU XION DW
FXUDWRU *+ OHW DORQH UHSODFLQJ RQH VK P ALKWDND KB R/ 43
XVHG GDLO\ E\ SHRSOH LQ FRXQWOHVV &RWOGNK LUMBQHG RGO/
WKLUG FIBFAMV \DWXG\\RX DUH D FXUDWRU W& Hp,SURFH Y D WKHG/
UHYHUVH LW ZDV WKH KXPDQ FXUDWRUV ZKR JXLGHG DQG V)

PRQU



%,%/,2*5$3+<

$GGLV 0O ,0 VLIQLILFDWR GHOO HVSHULHQ]D G6XKOARQUYX®R
(FRQRPLD FXOWXUD WHUULWRULR )HUPR 'HFHPEHU

$JJDUZDO $ OLWWDO 0 *WDWWDRDWHYH D’GYHUVDULDO QHW
WKHRU\ DQG DSGWHRMWMR@QDO -RXUQDO RI ,QIRUPDWLRQ

$OWHD * ,0 IDQWDVPD GHQ CHFRUDWLLYRLDWRUH
%DUWDOLQL3IDROR *LRYLR )UDQFHVFR 6DOYLDW L3 UIRY ®XWMR

%YHQMDPLQ /YRSHUD GYDUWH QHOOTHSRFD GH®ODQRX D( LIQAIX
HG

%KDUDGZDM & 7JUDQVIRUPHU YV 511 LQ 3L®Y H QVRIPY
KWWSV DSSLOYHOWLY FRP EORJ WUDQVIRUPHU YV UQQ

%LUNHWW :OR ,QILQLW\ DQG %H\RQG $ &ULWLTXHKHMHNKH $t
KWWSV VFKRODUVKLS VKX HGX WKHVHV

%|KPH * $WPRVIHUH HVWDVL PHVVH LQ VHK®LDOH VGEG/HH
SHUFH]ODRQHQRWWL

%RVWURP %RZ ORQJ EHIRUH VX6 WUHLIDDMMARIQIHIM FRIXUQDO RI

&RKHQ + &RORXULQJ :LWKRXW 6HHLQJ $ 3URKBQHHLODQ&OIDIH K &
THFKQRORJKMMN 85/7Z27Z7Z NXU]JZHLOF\EHUDUW FRP DDURQ SGI F

&URLWRUX ) $ +RQGUX 9 ,RQHVAXIXVLRQ BRGKOU LQ YLV
((( TUDQVDFWLRQV RQ 3DWWHUQ $QDO\VLV DQG ODFKLQH ,QV

&URVE\ HW D®H 5R\DO $EEH\ RI 6DLQW '"HQLV LQ WKH 7LPH
((KLELWLRQ FDWDORJ 1HZ <RUN OHWURSROLWDQ OXVHXP RI

&XL < 6KDQ &KXQJHDVLELOLW)\ 6WXG\ RQ 581:$< *(1
SHDOLVWLF 6WQOH URDMIVRQDO -RXUQDO Rl ,QWHUQHW %UR

'H OHQHGLWWLAWHU&OD VWRULD GHO FROOH]LRQLVFRRQ WW DD C
*UD]JLH HG

*KHODQL ':KDW LV 1RQ IXQJLEOH WRNHQ 1)7 " $ VKRUW GLV
1)7 $XWKRUHD 3UHSULQWYV

*RHUW]JHO $UWLILFLDO JHQHUDDO<RQWHOGB U LIYQHH 9RO
*ROGEHUJ BHUIRUPDQFH /LYH $SURQG6RQ@FH KBPHV V +XGVRQ

*RPEULFK ( +KH VWRUIRRIGTRQN 3KDLGRQ

PRRU
U



*RWWIUHGVRQ 0DBQVWUHDP VFLHQFH RQ LQWHOOLJHQFH &
KLVWRU\ DQG EQRHGORA UD-BXR H

*R]]JIDQR * /YDPLFD GL QRQQDFRSIRI®]D OLODQR )UDWHOOL
L OWHUQHWKS/WFK\LYH UFKLYH RUJ GHWDLOV LFROORTXLOLULFEK

*XSWD % OXIWL 7 6RKDLO 6 6&KDWIGV¥H® EULHI QDUUDW
&RIJHQW %XVLQHVV ODQDJHPHQW

+DPPDQQ - (:HLVV $OOHV :HLVV 9RQ GHU :H UM WGI\DHDXHO <
>:KLWH DOO :KLWH $ERXW WKH YDOXH'RH WRUHP FRERWVY FiKAk
*HVWDOWHQGH $UEKHMW/ SV GR+ RUJ GLJOLW

+DVNHOO JKH (SKHPHUDO OXVHXP 20G 0ODVWHU 3(DK IQBA MWAIR/QL
<DOH 8QLYHUVLW\ 3UHVV

+H & %BUXKQ ,QWURGXFWLRQ WR 5H FRQVLGHULQJ ZQWHUF
'LUHFWLRQ3XEOLVKHG RQOLQH E\ &DPEULGJH 8
KWWSV GRL RUJ 6

+HLQLFK 1+DUDOG 6]HHPDQQ XQRAKIMR V/IHYIRE@GD-WRUH

+RVVDLQ 0 $ 6DMLE&®DBVBILFDWLRQ RI LPDJH XVLQJ FRQ"
&11 *OREDO -RXUQDO RI &RPSXWHU 6FLHQFH DQG 7THFKQROR.

+VX ) + ,%0 V GHHS EOXH FKHVV,(UPAGPRVWHU FKLSV
KWWSV \RXWX EH M*Z2B8J76 ,"VL OBS1 8K 70)E%( =

.DF ( 7KH RULJLQ DQG GHYHORBPNQWIRQRBRERWLF DUW
.UbXVV 5 3DVVDJJL 6WRULD GHOOD VFXGWRULN RXD , WA LCD D6C

.U\WWD - 7KH 1H[W %YLHQQLDO 6KRXOG EH &XUDWHGQQ BEWD DHWF K
-RXUQDO 9RO

.U\vD - ORVFRVR/TKH QH[W ELHQQLDO VKRXOG EH FXUDWH
SURSRVHWORQ

ILX % ‘HE GDWD PLQLQJ H[SORULQJ K\SHUO2RMV FR@GWB
6SULQJHU

ODKHVK % ODFKLQH OHDUQLQJ DOJRWHW®BWIDRQBOLHZXUQD (
SHVHDUFK ,-65

ODXUtFLR - 'RPLQJXHV %ERPPUEGLAOR YEVLRQ WUDQ\
FRQYROXWLRQDO QHXUDO QHWZRUNVHRIHY¥ESA@HHT b N IVH QLFFHDV

OHGVNHU / 5 -DEBFXUUHQW QHXHBDJQHMARYSVYOLFDWLRQ
OHVFKLQL $7HFQRORJLH GLJLWDOL H FRPXQLFD]LRQH GHL
SURVSHWWLY HLE H MYDOKSBE

PRSU
U



OLJOLHWWL 3H® FRUVL GL DUWH FRQWHPSRUD QMDD DD R O 6,PIS!
(GLWRUH

OR < 4LQ + 'RQJ < =KX #DUJHLOBQIXDJIJH PRGHO OOP D
GHWHFWLRQ EDVHG RQ WUDQVIRDMUPHY SHHSUQLRMWURUQAJIN DOJRI

ORQWDQDUL $ TURRQM UR OKLRBWXGS UH

ORUDOHV ( ) (VFDODRWHLHI LQWURGXFWLRQ WR VXSHU)
UHLQIRUFHPHQ® WHOVLIR@®D SURFHVVLQJ DQG FODVNDIQED WL
LQWHOOLJHQFH $FDGHPLF 3UHVV

O0XOOHU (7KH H[SHULHQFH RI LQWHUDFWLYLH BUW. WD RX 7B Wi
6\GQH\

1J $ ODFKLQH OHDUQLQJ FRXUVH 6WDQIRUG 8QLYHUVL

ILHW]VFKH DKXV VSRNH =DUDWKXVWUD $ % RR N3 DRIN HYWH U RO
2[IRUG 8QLYHUVLW)\ 3UHVV ,6%1 2ULJLQDO ZRUN

2EULVW + 8 %RYLHU / $ FUHHIOKIV WR UR XRILFXUDMBLRLUQJILH

3DQ 3 &XUDWLQJ PXOWLVHQVRU\ H[SHULHQFH{V H [KLHE LSARLF
'RFWRUDO GLVVHUWDWLRQ 2&$%$' 8QLYHUVLW\

3LQH - *LOPRUHKH-H[SHULHQFH HFRQRP\ ZRUN LV WKHDW
+DUYDUG %XVLQHVYV 3UHVV

SRPLDQ . &ROOH]LRQLVWL DPDWRUL H FXULRVOLGDQRJIL,O
6DJJLDWRUH , HG 3DULYV

3RPLDQ . 'DOOH VDFUH UHOLTXLH DOOYDUWH PRGHEBQR 9H
OLODQR ,0 6DJJLDWRUH , HG 3DULV

3RPLDQ . ,0 PXVHR XQD VWRUWLWRRRGRIOHPXVHR 7RULQR
3DULV

3XUZRQR 3 0D DULI $ O5DKPDQLDU : )DWKXKODHOPDG& 6

8QGHUVWDQGLQJ RI FRQYROXWLRQD QQWHUIDIDN QRIVZEA U
S5SRERWLFV DQG &RQWURO 6\VWHPV

5XVVHOO 6 - 1RUYLJ 3%UWDNIFYLDO LQWHOOLJHIHMHUN RPQRGH

6FKXOKRII 6 ,OLH 0 %DOHSXU 1 .DKD&]RB . /LX7KH SBUR
UHSRUW D V\VWHPDWLF VXUYH\ RI SURPSW HQJLQHHULQJ WF

6LOYHU 17KH PDNLQJ RI %HDXERXUJ D EXLOGLQJ EIRUUWSK
OLW 3UHVYV

6RHIJDDUG OG+tRUURU 9DFXL 7KH )HPQUWHRIUCPRMWIIRXHWNLIQ )RXC
KWWSV 777Z LOWHUDEWLRQ GHVLJOQ RUJ OPWWUQWWXWH DUWL

6WUHONRYD7RUHH W\SHV RI DUW LKPH.@@DL WYWHODWILRQMPHD 8Q|

PRTU
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6X 0 & &KRX &$ PRGLILHG YHUVLRQ RI WKH . PHDQV DOJR
RQ FOXVWHU, M{PPUDMUADFWLRQV RQ SDWWHUQ DQDO\VLV DQ¢

7DQQAL 9 'LDORJKL DUWLVWLRWRQ DY DLNMFKMVVEYD H LOQWHOOL.
PHJD]LQH

9DVZDQL $ HWSWWHQWLRQ ,VUS\OW &RRIBHHGFH RQ 1HXUD
3URFHVVLQJ 6\WWHPV 1,36 /JRQJ %HDFK &$ 86$%

‘HVWHUKRIlI - $&ZRUOG RI VLIQV %DURTXH SDQVHPLRWLFLVI
PRGHUQ :XQGHWRXWRFHYU RI WKH +LVWRU\ RI ,GHDV

X - ,QWURGXFWLRQ WR FRQYROBWLRQDO QH XDEQ RWH WY
7HFKQRORJ\ 1DQMLQJ 8QLYHUVLW\ &KLQD

=KDQJ < /LX &QORFNLQJ WKH SRWHQWLDO RIGBIWVW1QLB QIS
H FRPPHUFH DSSOLFDWLRQV ROHJEODWOHRRI7EHRMRXMMLGEBO DQC
&RPPHUFH 5HVHDUFK

=XOLDQL GVSRVL]LRQL HPHUJHQ]H GHOOD PAULXNQFEDRQGDWR

$57 &$7$/2*8(6

&KULVWLH7YHOYH 3LFDVVRVY OHDG WKH ,PSUHVVLRQMWMHDPQ G
WKLV -XQH >SSXFWHRIQVADLWDORI@

6]JHHPDQQ +/LYH LQ \RXU KHDG :KHQ $WWLWXGHV RAEARRFHVJR
6LWXDWLRQV ,QIRUPDWLR@QWKDLONDLHR & HFDGH OFZLWH HU O D G
%HUQH

167,787,218/ $1' /1(*$/ 5()(5(1&(6

(XURSHDQ &RPPLVVLRQ +LJK /HYHO ([SHUW *URXE ROQWLRWLR!
$, ODLQ FDSDELOLWLHYV DQG VFLHQWLILF GLVFLSOLQHV (XU
KWWSV HF HXURSD HX IXWXULXP HQ V\VWHP |IL@BY SEG DLBI

(%/,2*5$3+<

$L %LHQQLDO 7KH 1H[W %LHQQLDO 6KRXOGPHG®WS&XUDWHG
KWWSYV DL EIHQQLDO@FRP

$,)) 5XQZONWSYV DLII U»QZD\PO@RP

$QG H 7KRXN KWWV DOQGZHWKRXJI@N LW

PRUU
U



$UW GHMD/GSY D URGHU® @OWVVLFV 20DIXU (OLDVVROXY 7KH

(OLDVVRQ 7KH :HDWKHU 3URMHFW SKRWBWEWQ GLQR 72AUE
+DOO 7DWHKWRGHUQDUWOHDG OQHW MRXUQODO PRGHUBGWODV\
> @

$UW S5HFREQIWESLMRQDUW UBFRIQLW@R DKM HO 3)XDUHWW®WVODGR
UHFRIJQLWLRQ FRP FDVH VWXG®HYV UDS@&DHO IODJHW PDGRQQ

SUWPDMHXU KWWIDHYQH. ZZ DUWPDMHXAHBRP'XEDUMDOD |ZRH SKR)\
JUDQFLV ZHDULQJ D IDVKLRQDEOH SXIIN MDFNHW
KWWSV Z7ZZ DUWPDMHXU FRP HQ PDJD]JLQH DU @HZV WKH
IDVKLRQDEOH SXII\ MDFNHW LV D@IDNH

SUWPDMHXWWSY 7Z7ZZ DUWPDMWDOERQ HQVFXOSWRUV 6 F X
KWWSV Z7ZZ DUWPDMHXU FRP HQ DUWIVWYV VFXOSWRUV"FRX(

SUWRKWWSY 7Z7Z7Z DURWODLDQ PRPW\FND 7KH %XFKDUHVW %LHQC
$, 1DPHG -DUYLV :H $VNHG ,W D 4XHVWLRXK\VODKRDO 2EMHF
&RXUWHV\ RI WKH DUWLVW DQG % XFKDUH\DW WA R QXY DEORHX WMRD\
DUWLVW DQG WXFKDKUHNSW %QHOQ DOKMOHW FRP DUW ZRUOCG
HOWLUHO\ E\DQ D L QDPHG MDUYLV>H DVNHIG LW D TXHVWLF

SUWQRRHNSY ZZZ DUWDDFRQI %BPOH\ &DQ $, $UW $XWKHQWLF
JRUJHU\" 6HSWHPEWWSY Z77ZZ DUWQRPH FRP QHZV FDC
SXW DQ HOG WR DUW IRUJHU\

SUWULEWQIBY 77Z DUVWDOHQWLGRP7/DQQL $EELDPR FKLHVWR
OHL Vg LQYHQWDWD WXWWWRSY 7Z7ZZ DUWULEXQH FRP
FROWHPSRUDQHD FKDWJSW LQWH@O L/ DXU]D &RFFILIROLOC
SRQH GRPDQGH DOOY,QWHOOLJHQ]D $UWLILFLDOH E LO
KWWSV 7ZZZ DUWULEXQH FRP DUWL YLVLYIH @URWHR FRIRW H W S\R
> @

%,/ 9,2/ KWWSV 727ZZ EL®OYLRO@ FRP

&KDW*BWWSV FKDWQPDQ FHREAXWRMU FKDWJSW FRP J J S J'R'PI
> @ ,QWHUQDWLR@WOVIDZ BIGXYWVRW FRP J J IMPX\T/9Y
DGYLVRU"UH» ILQG J@®N &RGLQIKSMNVEVWDEDRWWISW FRP J J Y.

DVVLWDQW @ $UWK&XWDWREKDWISW FRP J J @8 (DPV@DUW
$L $UW *HAWUWDBWRUEKDWJISW ERP J J <=<>$%$'7QL D@ DUW JHQHL

&KULVWR DQG - H DQ/OWM S&O DXIGIHL VW R M HUDSBHGD XGHLEKW
KWWSV FKULVWRMHDQQHFODXGEH QHW D@WZRUNV ZUDSSHG

&,5&$KWWSV FHUEQ:DUW 48(67,2H8/ WSV FLUEFED DUW SURGX
TXHVWEXRQV @

&11 KWWSV HGLWLERENFXQ FRLEBGHQ 3LFDVVR QXGH UHYHDOF
DUWLILFLDO LQWHOOLJHQFH 3XEOLVKHG LGG30Q('JLFOR/ Y RF

PRVU



UHYHDOHG DQG EURXJKW WR OLIH Z1W KHDQWW DIW HIGD DL MWXWSH EQC
< 2[LD SDAXXWWSYV HGLWLRQ FQQ FRP VW\OH DUWLEF(

JEU LOGH[ KWPO @
&RQWHPSRUDUXK®WNVDLOAZ FROWHPSRDZUHQFHG HL@QHAWR RIHP

VHFWLRQ RI WKH ZDOOERDUG JLYH LQ <RXBUPHDG
KWWSV ZZZ FRQWHPSRUDU\DUWGDLO\ FR\PXS bR MEHFRR FOH. Y R ULF
ZRUNV DW NXQVWKDOOH E@UQODULR OHU] -HDQ ODULH 7KH
6]HHPDQQ JLYH LQ <RXU +HDG 'KHQ  $WWLW

KWWSV Z7Z7Z FROQWHPSRUDU\DUWGDLO\ FPR\PXSUBIRMEHFR FOH YR ULF
ZRUNV DW NXQVWKDOOH HMHUQ

'$// ( $, KWWSV 7277Z GDOO HIUH@ FRP

(1OX] BURMMENWN 777 H IDKH ARPW 'REXPHQWD 6KRXOG %H &

KWWSV Z7ZZ H IOX[ FRP SURMHEWYV WKH QHUWGRWXPHQW
> @

([LEDOUMMWWSY 777 H[(CBARQRUDP*DODVVR &RQIHUHQ]D SHU LO
p &RVD 1RVWUD’ (VSUHVVLRQL GHOOD FUHDWLYL)

KWWSV 777Z H[LEDUW FRP VSHHGQOHZV FBWHIQRQ]B ERVDLQFRS
HVSUHVVLROL GHOOD F*¥HDWLY@WDOGVIXRQR \GW DODW I1HXKDXYV
7LPHY 6TXDUH LO YLGHR GHOOD 'KWWWGOW )RXQGSDWDR® FRP L
QHXKDXV WRUQD D YLEUDUH D WLPHV VTXDUH L® YLGHR@GHO
OLGMRXUQH\ WUDSHOD OD OLVWDHE@D BUWLMWLDXNDWI
KWWSV 777 H[LEDUW FRP DWWXDOLWDWRLGWRXU G\ VOWDHOHA
DUWLIPFLDOH @

)DQSDXHWIMWEY 7277 |IROPUDH6DW]IDQR 1DSROL SLD]]D BHEDUWE
SLe VXJJHVWLYH GL 3LD]]D 3OHKELWBNVWRGHVLJOQ IDOSDJH LW Q
OH LOVWDOOD]LRQL DUWLVWLEKH SLX VXJ@HVWLYH GL SLD]

JLOQHVWUH MXOOefYsuUWAH ILOHVVOHQUVRKK OIDOGHPY W FEEURQIHV DU
6TXDUH RSHUDWLRQ SURPSWYV GHEDWH SXEO
KWWSV 72727 ILOQHVWUHVXOODUWH LOIR HODUOHHAM @ WAL PH YD C
VITXDUH RSHUDWLR® SURPS@VIRHPLDVWHDSRFFLD $, LQ WKH D
SUROLIHUDWLRQ RI SRRUO\ FXUDWHG FRQWHQW /XFLR ¢
KWWSV 72727 ILOQHVWUHVXOODUWH LOQIR HIQVNYWHUWRYIHHAVY DW LL
SRRUO\ FXUDWHG FROQWHQW OXHKALR DUHVH VSHDNYV

JRQGD]LRQH *URVWHWRY&XOWXBD GD]LRQHDQRLYH\RXDHDO XV
BRYHUD  &2562 $57( &217(0325$1($ +  *,29(",1
KWWSV ZZZ IRQOGD]LRQHJURVVHWRFXOWXUD L% LQGH@SKS N

JRQGD]LRQH 3D &D]VRSEW UR]ZLS DO D RN WORUH QFWHI ([SHULPHQW
GL &DUVWHQ +|OOHU KWWIND Q@R DBQOPXVRVWURI]]IL RUJ DUFK
H[SHULPHQW @

PRWU



JRQGD]LRQKHWWBGD 72ZZ IRQGD]0DRQBDORD &B58D(L +g//(5 6<1&-
6<67(0 &DUVWHQ +|OOHU 8SVLGH 'RZQ OXVKURRBEDIRRPR

,QVWDOODWLRQ &RXUWHVW IRQGIIRRBGCIYDEDHSUDGD RUJ
VIOFKUR WVWHP @

JRQGD]LRQH S5HRO)WNSVDQORZ.Z IRQGD]LRQ HRHQWR L DHRUIHY L3R
KWWSV 7Z7ZZ IROGD]JLROQHUHQ]RSLDQR RUJ>SLW SUR@HFW FHQV

*HWW\LRDUWY®YY 7277 JHWMWHR POHSDXO OFFDUWK\ ORQXPHQW|
9HQGRPH ,XWVBDVOWVWY 727Z JHWW\LPDJHV LW SKRWRV WUHH E\ S
DW SODFH YHQGRPH LQ SDULV"O@QJXDJH HQ XV

*RRJOH $UWVKVWXOWXDHWYVDOGF KD WROOGH|RR QHHGHRLPULWUDYV
/ID FROOH]JLROQH GHL ULWUDWWL GL 3DROR *LR&LR 2 *RRJOH $I

*XJIJHQKHLP BALOEDR Z27Z7Z JXJIJHOKHIWRXIUJHRRVH XRXHLYH ODP
KWWSV 777 JXJIJHQKHLP ELOEDR HXV>HQ WKH@ROOHFWLRQ

, O SRKWWWSYV ZZ7Z AXBVRWD/ IRWR YLUDOH GHO SDSD FRQ XQ Yl
XQILOQWHOOLJHQ]D DUWIWKKWRLBDWOH 72727 LOSRVW LW IODVKHV |

> @

ITLQGLVRFUWWR 7277 LQGOVEHVWIRQRUGHOOTHUUDQWH 8Q IXPt
H GLVHIQDWR GDOOTLQWHOOLJHQ WDWWVL | LZFAD OB GO LVG-M RIXWURQ
GHOOHHUDQWH@

/ID %LHQQDOH GLWWHQH]DD EFLBO$HE&2G'FRWUDPPHQWL GL O
GDOOYJ$UFKLYLR 6WRUKFRNSHOQGNZ BWDHEQOODQBOH RUJ LW DV
> @ 3UHFLRXV 2NR\RPRQ 3UHFLRXV 2NR\RPRQ 7R 6H
‘RUOG ,QVWDOODWLRQ %LHQQDOH GL 9HQH]LD
KWWSV ZZZ ODELHQQDOH RUJ LW DUWH >LO ODW@ H 60Q \

+HUVKPDQ /I HKMWR®YV 7Z77Z ODELHQQDOH RUJ HQ DUW PLOI
> @

0 PXVHXRIWSYV 7277 P PXOYHXNHR/ GKHWONSYV Z7Z7Z P PXVHXP LW
> @

OLFURVRMWWSYV 7Z7Z7Z PLEFEURVRKW FRR[WW BWPEUDQGW $S
KWWSV QHZV PLEURVRIW FRP HX¥RSH IHOBWXUHY QH[W UHPE

OLGMRXUQH\KWWSV 727ZZ PLGMRXUQH®»FRP KR@&H ([SORUE
KWWSV 7Z7ZZ PLGMRXUQH\ FRP H[SORW"WDE WRSBZHHN

OLQLVWHUR GHOOWWS\FXOCWXBDOD] RS OQWHPSYV 6DUFRIDJR &
IXGRYLVL 3XEOLVKHG /IDVW XSGDWH
KWWSV FEFXOWXUD JRY LW OXRJR SDOD|RGB@®IMWHPSY @DUFRID

OROS KWWSYV 72727Z PEEFDWWOH +LVWRU\ RI WKH 6DORQ +DQJ
KWWSV 7zzzZ PRPD RUJ PDIJ®|LQH D@WLEXEINVNP DQG S$EVV
, QVWDOODWLRQ YLHZ R WKH HIKLELWLRQ &XEL

PRXU
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KWWSV 7Z7ZZ PRPD RUJ FDOH®QGDU H@LBBW(RB257 $XVWULD

37KH FHQWHU RI P\ ZRUN LV WKH ERG\ DQG PRI
KWWSV 777 PRPD RUJ DUWXVWYV @YBALINHFORGRO 8QVXS]
$QDGRO B8QVXSHUYLVHG ,QVWDOODWLRQ YXSIHUR L WHCH
3KRWRJUDSK E\ 5REHWBWV*HBED BPEGWD RUJ FDORBQGDU H@LELW

OXFULV 086(2 &5,67,%12 086(2 "(KWR2OGY 777 PX&ROOH]RRQ |
VDOD ORPEDUGD $OWDYH GIAPBWFKILY>FRP FR@OH]JLRQL

OXVHXP RI WKWMVESEOHZZ PXVHXPRHEXFKDIE@QHRDUIYV ,QVFULS

IHEXFKDGOH]IDUYVY ,OVEFEULSWARQ _ 0@V HYORQ RU HGKHRH 6 WD D
Rl $UW DQG &XULRVYDWILUHVGCRQ6BWODIODIY &DELOHW RI $UW
SLMNVPXVHXP @

I1DVKHU OXVHXP RI $UW DRAWXSWY 80QDYH BHKLOQG WKH 6FHQHV
JHQHUDWHG ([KLELWLRQ 3XEOKWWHSGY/ 668BWHHPEKXNH HGX V
VEHOQHY RI DOQ DL JHOQMUDWHG@H[BEWLWDVRIO \RX DUH D FXUDYV
HIKLELWLRXWWSY ODVKHU GXNH HGX H[I[KLELWLROQVHISFW DV

HIKLELWLRQ @
2[LD 3DOKWSY 7Z7ZZ R[LB SDOXV@-RP
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