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SLYRWLQJ FLWLHV D PDJQHW IRU SHRSOH DQG

&RIQLWLYH 3DUDPHWULF 'LIJLWD@XIZQQ¥V(QR




JRUHZRUG

$PLGVW WKH VLPXOWDQHRXV DUULYDC
PHJDWUHQGV VXFK DV 6XVWDLQDELOL
=HUR DQG 1HZ (FRQRP\ EXLOGLQJ IRU
FDQ QR ORQJHU EH GHDOW ZLWK XV
WKLQNLQJ DQG SODQQLQJ WRRO HVSH
DUH VWLOO PDLQWDLQLQJ WKHLU FKDF

WKH SDVW , EHOLHYH WKDW WR HPEH(
SODQQLQJ VPDUW XUEDQ LQLWLDWLY
SBUEDQ $JHQGD WKH ORFDO DQG FLW\
QRZ FDOO XSRQ DQRWKHU JOREDO PHJ
7HFKQRORJ\ RI ,5

‘DWXN 'U )JUDQFLV :RQJ &RQFRPLWDQWO\ ZLWK WKH DGYDQFHF

&R )RXQGHU DQG &(2 LQ UHQGHULQJ RXU VHUYLFHV +L
LPSRUWDQFH WR WKH PDQQHU LQ ZKLF

)XWXUH SURRILQJ RXU FLWLH EX]]ZRUGV DUH GHILQHG DV ZURQJ

DXWKRULWLHV RU SODQQHUV F DIGNAZER el R AN-YohVONIv o e =1 ON=1:-0A" Zo AW AN \IY
DQ HUD RI SRVW QRUPDO ZK HEE=RERPA:ITNAVAND SVA o o) o} o) s RN A AT ol - -1 =N 10)
XQFHUWDLQWLHY DUH QRZ D ZKDW GR WKH\ DFWXDOO\ PHDQ" 'R
DXWKRULWLHYVY DQG SODQQHUYV GHILQLWLRQV PDNH VHQVH DQG DUH
NLQG RI FLWLHV WKH\ FDQ E XL CIGEWAGNE A== IV AR N o) I Ho R =5 WR IAVAN VYRR o) =4 = 5%
IXWXUH XUEDQLWHV NQRZLQJ WR QRUPDO DQG LI LW LV ZKDW
RYHU RI WKH ZRUOGcV SRS X OIel:EeN o o) A O AR-T e AA RN - 40N N o X o BRVAT AN o Xo)
7KH FLWLHV UDYDJLQJ PHWD E R QA E R RN Ao X AN NUL = Al e} = X0l = ol NNV AR A'S T RRVA
DQG HQHUJ\ ZLOO FRQWLQXH W RENATA S A2 Yo R A el e )R =00 A S I D AN 4V
WKH HFRORJLFDO DQG FDUERQ VSHFLILF DQVZHU DV WR ZKDW FRQV
PHWDEROL]H PRUH WKDQ WZR GHILQLWLRQ EXW RQH WKLQJ ZH LQ
HQHUJ\ DQG DFFRXQW IRU RYH FHUWDLQ RI LV WKDW UHVLOLHQF\ MX
HPLVVLRQV PXVW EH VHHQ DV D SURFHVV WR DWW
LQFOXGLQJ WKH DELOLW\ WR WDFNOH
&UHDWLQJ IXWXUH SURRI FLW FRQWURO QHJDWLYH VWUHVVRUV SULT
LQYHVWPHQW ZKHQ SULRULWL |BOXeXREION:E - VA AR ToloR e M AN RUAVAN R VA
VPDUW LQLWLDWLYHV LQF O0XGEOVANEA Ao R A VNS e A NE o BT A WA N Ao Yo Moo
VWDQGDUGVY WKH 6*'V DQG 1 ZKROH V\VWHP DSSURDFK RU SURFHYV
&LWLHY DQG WKHLU FULWLFD CRREEEo e AT = e =3 AN BN - Yo  IEVAN s Yo I =1 = =Xo
GHVLIJQHG WR ZLWKVWDQG W R KRR I ZNCH= Yo oz N=0 A (eI INo) YAz NURoN A" AN =Xo AVARNS
FKDUDFWHUL]HG E\ WKHLU D E L Qle)z RN A= 300 =1z IR =Ko Yol s i I HciE o YA" AT oYl -3
WKH IDFH RI H[WUHPH ZHDWK H BEEeR N I RUAC N o B UN ANy AR A= BN AW A T A e N Y
$FFRUGLQJ WR WKH :RUOG %D
ZLOO FRVW FLWLHV D ZKRSSLQ NN IVEo RN BEE: {e N N AN S AVl X o X RRVA AU}
LV FUXFLDO WKDW VRXQG LQY H VX Xe A A€z ENE: s Yol AN -3 RA-REAVAR v Y o X el K- X I =D QYA
DGGUHVVHG 7KH :RUOG %DQN IURP YDULRXV VSHFWUD LQWHU DOLD
FLW\ UHVLOLHQF\ LV SURILWD E Ol XX R A= 18- AU A Az Fo e oY o Vis IR N =Ne N IVAY AN BN N
LQYHVWHG LQ LQIUDVWUXFWXU WKH VLGH HIIHFWV DQG WUDGH RIIV
EHQHILWY (TXDOO\ LPSRUWDQ WKHLU LOQWHUDFWLRQV ZLWKLQ WKH E
UHJHQHUDWLRQ RI XUEDQ QD W KENDRAANENZN Az 0] =3 Mol Bifo s} A H-Yo o oXc VANV
DGRSWLRQ RI VXVWDLQDEOH X U|EIBIR e e RN V44V oXe
ZD\ WR FKDQJH FLW\ VSDWL
ODQGVFDSHV 7TKXV PEER: . Q DGGLWLRQ WR VRXQG VFLHQFH
BROXWLRQV LV QHFHVVDU\ WR H[WUHPHO\ FUXFLDO IRU WKH DFFX
GHVLJQ DQG FLW\ UHVLOLHQF\ H[DPLQDWLRQ /XFNLO\ HQRXJK ZLWK



JRUHZRUG

0\ GHILQLWLRQYV

GLIJLWDO PHJIJDWUHQG HVSHFLDQQ
WHFKQRORJ\ DWWDLQLQJ VXFK
SRVVLEOH GDWD WKDW DUH

SURFHVVHG
YLVXDOLVHG
PDNLQJ ORVW FLWLHV KDYH DFF
GDWD FROOHFWHG IURP YDULRX
DUH QRW SUHVHQWHG LQ VXFK P
DQG KLGGHQ YDOXH FDQ EH X
PHDQLQJIXO GDWD GULYHQ GHFL

DQDO\VHG

7R DVVLVW RXU FOLHQWV LQ
VXSUHPDF\ ZH KDYH VHW XS D
IRU GLIJLWDO WZLQ WHFKQRORJ\

%KG ZKLFK LV D VXEVLGLDU\ DU

&RJQLWLYH DQG 3DUDPHWULF
BUEDQHWLF 8 &3'7 2XU 8 &3'7 L
PRVW HIILFLHQW DQG LQQRYD
SODWIRUPV LQ WKH ZRUOG
EXLOW DVVHWV DQG FULWLFDO
SDUDPHWULF DQDO\WLFDO
FDSDELOLWLHV LW FDQ EH XV
DOORZLQJ GDWD PDVWHU\ DQG

SK\WLFDO HQYLURQPHQW 'DWD
LQHIILFLHQFLHVY DQG QRQ LQW
WUDGLWLRQDO GDWD JDWKHULQ
UHOHDVHG WR DWWUDFW JUHDW
FUHDWLRQ DQG HQKDQFH HIILFLH
DQG PDQDJHPHQW UHVRXUFH

HFRORJLFDO DQG FDUERQ IRRWS
VRXUFHV Rl FDSLWDO LQYHVWP
&3'7 KDV WKH FDSDELOLW\ IRU F
SODQQHUV WR XQGHUWDNH VF
DFKLHYLQJ D EHWWHU VHQVH RI
VWUDWHJI\ HIITHFWLYHQHVV EHIR
DQG LPSOHPHQWDWLRQ :LWK

XQFHUWDLQWLHY FRXSOHG Z
UHVLOLHQF\ VPDUW DQG QHW ]
XVKHULQJ LQ RI 1DWXUH %DVHG
SODQQLQJ DQG WHVWLQJ RI SOD
QHYHU EHHQ PRUH LPSRUWDQW

7KLY EURFKXUH SURYLGHV D GH
WKH VDOLHQW IHDWXUHV DQG S
DQG LWV ZRUOGZLGH UHFRJQLW
GR KRSH \RX HQMR\ JRLQJ WKURX

LQWHUS
IRU DFFXUDWH H[DH

IRU G

SUH

BXVWDLQDEOH ‘HWHD R SKPRIGHV 6\ \
+ROLVWLE $SSURDFK WR 'HYHOR
*UHHQ 6WUDWHJI\ WR PDLQWDLQ
IDWLRQDO 3URVSHULW\ DQG 6R
GHSOR\FPHOW RI WKH 1DWXUH DQ
(PHUJLQJ T7HFKQRORJLHV ,Q0Q
(FRORPLF ,OVWUXPHQWYV ZLWK |
RI ,QWUD DQG ,QWHU *HQHUDYV
&DSLWDO 3URWHFWLRQ 5HJHQH
7DUJHW 2ULHQWHG 1HW =HUR )X

1HW =HUR HMWIXW W R HVWDEOLVK
EDVHG FOLPDWH SRVLWLYH WD
JUHHQKRXVH JDVHV EHWZHHQ D(
UHPRYDO RU VHTXHVWUDWLRQ W
IURP WKH DWPRVSKHUH RQ WL
PDLQWHQDQFH RI D SODQHWDU)
HDUWK UHJHQHUDWLYH FDSDFL
FROGXELYH WR KXPDQ VXVWDLQI

SHVLOLMHYXNYV WR DGGUHVV D
SUREOHP iURFP D ZKROH V\VWH
SHUVSHFWLYH E\ DGRSWLQJ D(
SURFHVVY WR DFTXLuUuH WKH (
ZLWKVWDQG FLWLJDWH PDQDJFEF
LQFOXGLQJ ERXQFH EDFN WR LW
RU ERXQFH IRUZDUG WR VXFK QH
WKH RULJLOQDO VWDWH RI QRUPL
UHOHYDQW RU EHQHILFLDO

IDWXUH %DVHG B6ROXYWERQYL]H
SHQLXV DQG LOGDWH EHQHILWYV
QDWXUH SRVLWLYH DFWLRQV S
UHJHQOHUDWH WKH UHVLOLHQF\
HERV\WVAWHPV DQG VHUYLFHV WK
VRFLHWDUO HFRORJLFDO DQG F(
DWWDLQLQJ D 6XVWDLODEOH DQ

6LOIJXODDLIRLOW LOQO WLPH LQ V
$UWLILFLDO ,QWHOOLJHQFH RU ¢
DFTXLUHG WKH QHFHVVDU\ FD
DZDUHQHYV RU VHOI LPSURYHP]
DFKLHYH WKH OHYHO RI LQWHO
WKH KXPDQV WKDW FDQ HLWKHU
KXPDQLW\ IXWXUH

&RS\VULJKW k)UDQFLV &

F



JRUHZRUG

RSWLPDO SODQWLQJ VFKHGXOHV WR
FRQVHUYLQJ ZDWHU ,Q XUEDQ SOD¢
PRGHO WUDIILF IORZV VXJJHVWLQJ
UHGXFH FRQJHVWLRQ DQG SROOXWLR
PRUH OLYHDEOH DQG EUHDWKDEOH

<HW DV ZH FKDUW WKLV SDWK WRZL
IXWXUH SRZHUHG E\ WHFKQRORJ\

FRQIURQW WKH P\ULDG FKDOOHQJH
HQHUJ\ GHPDQGV RI WKHVH WHFKQ
LQVLJQLILFDQW +RZHYHU , UHPDLQ
UDSLG DGYDQFHPHQWY LQ UHQHZDEC
DQG HQHUJ\ HIILFLHQW FRPSXWLQJ

‘U )DLUR]D $PLUD +DP]DK (GXFDWLRQ DQG GLJLWDO OLWHUDF\
IR T A LI R e WKLV MRXUQH\ %\ IRVWHULQJ D GHH
GLJLWDO WZLQ DQG $, WHFKQRORJLH
7KH GLJLWDO WZLQ WHFKQ RO REMSIEIORTF A IR S WA AN Xo R o NI =
DGYDQFHPHQWYV KROG D WU D Q \EERUICEN T3NS BT ONAE RO A K =AW N AN 574
, ILQG LQFUHGLEO\ WUDQVIR U FBMEDYIoXeIa A O oY -R-0 S T 5 Se X VAR 2o A A o)
MRXUQH\ WRZDUGV VXVWDLQ ECORMUMN:IeI N RIS BYATI S B KcAA S - AVAN )
VWHZDUGVKLS DQG D 1HW =H U RSN € ¥ ¥t RO T DRAR R 82 o R WAN - Xo)
WKURXJK WKH FRPSOH[LWLHYV

VW FHQWXU\ WKHVH HPHUJLC( VI ENLRQ B ODODIMWVEDR ZKHUH WHFEKC
PHUHO\ D SRVLWLYH GLVUXSW FRHETE YW= L@ KDBRREGY CZKHUH WKH JU
KRSH IRU KXPDQLW\ JXLGLQJ PXPdZ QDWLERQ Wi CYHY DORQJIJVLGH W
PRUH VXVWDLQDEOH IXWXUH ZH FUHDWH 7KLV IXWXUH LV ZLWKLQ

D FROOHFWLYH HIIRUW WKDW VSEC
$W WKH KHDUW RI P\ RSWLPLVP LG RAVAMW LWL EN DQSIEFRPRXQLWLHY W
WZLQV FDQ WUDQVIRUP RXU WETEIKQRORILFDCO DFEELNLRQVY DQG R
SK\VLFDO ZRUOG 3LFWXUH D UHVSRCVLIELOLWLHYV  OUH LQWHUWZLC
IXPSXU SXOVDWLQJ ZLWK UHDU( Wi RW WU
WR H[SHULPHQW ZLWK VSD
GHYHORSPHQW SROLFLHV LQ F\ e H CMBICDUHERSWILLPLUVWLE WKDW
WKHP LOWR RXU WDQJLEOH ZR WROCEXLOG WKUVIZDWLRY  OHW V HPE
PLQLPLILQJ FDUERQ HPLVVLRQ WHEKQRDRIN ZLWK D VHQVH RI SXU:

WUDIILF IORZV EXW LW LV UHFRIQLILQI WKHLU SRWHQWLDO WR
UHODWLRQVKLS ZLWK RXU HQ SLOREV SOAU RV UK KUSHEARY HYHUVRQH
EDVHG LQIRUPHG GHFLVLRQV W DQRESFLNWWXQiI W o R Lo 'WKH JRYH
ZLWK SUHVHUYDWLRQ SULYDWH FR RSHUDWLRQV DOLNH WR

GLIJLWDO WZLQ WHFKQRORJ\ WR UHG
7KH SRZHU RI $, DQG 0/ WR DQ MAEV I/ L) W hHUGE VS RICHEFRQRPLE PHWUL
WKH YDVW DPRXQWV RI GDWD RI RXYBELOLWY PNR OLYH UHVSRQVLE
,R7V DQG GLJLWDO WZLQ WHF ZEWK RXLCOTQIWXODND T HOYLURQPHQW
WKDW ZHUH SUHYLRXVO\ XQD DBDDAVIED Ly Q- DWWIDLQIDIEOH PLVVLE
LPDJLQH $, DOJRULWKPV WKD VIR DE XX U ZKidJE 4 X2DQV 1DWXUH
SDWWHUQV ZLWK DVWRQLVKL FDCQ =R B[LVW
IDUPHUV RQ WKH



OHHW 7KH 7HDP

0000

'DWXN 'U )UDQFLV :ROILUXO $QXDU $KPDG EDLRXGLQ &KRZGKXU\ )DLUR]D $PLUD +DP]D

7UDQVGLVFLSOLQDU\ ([SHUW 3ROLF\ $GYRFDF\ 'LIJLWDO 7ZLQ 7THFKQRORJ\ $UWLILFLDO ,QWHOOLJHQFH

QOO

7V 'U 1RUDLQL 5RVOL'U 6DL &KRQJ <HK IDWDOLH :RQJ
(QYLURQPHQW *UHHQ 7THFKQRORJ\ $UWLILFLDO ,QWHOOLJHQFH 6SDWLDO 'HVLJIQ

QOO0

$PXWKD 9DOOL .ULVKOBRG &KRQJ 7HDN :HLOHOOLVVD *DVVDQ $PPDU $EGXOODK

(QYLURQPHQW %LRPLPLFU\ ODFKLQH /HDUQLQJ 6 0DSSLQJ %ORFNFKDLQ



&RIQLWLYH 'LJLWDO 7ZLQV D
VXVWDLQDEOH EXLOW HQYL
LQIUDVWUXFWXUH

&LWLHV DQG LQIUDVWUXFWXUH
DURXQG D GDWD FRUH LQ
SDUDPHWULFDOO\ PRGHOOHG F
ZLWK DGYDQFHG YLVXDOL]DWLR
JHGJHU 7HFKQRORJLHV DUH WK
eFLW\ DV D 6HUYLFH SODWIRUP
WKH HQWLUH EXLOW HQYLURQ
HQDEOH GLJLWDO WUDQVIRUPD
GHDO ZLWK UHDO ZRUOG DVVH

XQGHUVWDQGLQJ RI WKH FDXV
LQWUDFWDEOH SUREOHPV ZH |
LPSURYH RXU UHVLOLHQFH WHF
FKDQJH UHFRYHU TXLENO\ IUR
UHVRXUFH SURGXFWLYLW\ IUH
DVVRFLDWHG ZLWK UHDO ZRUOG
ERRVW HFRQRPLF HQYLURQP
SHUIRUPDQFH RI FLWLHV DQG P
SHRSOH DQG EXVLQHVVHV 7KH

IRUP RI ELOOLRQV RI GROODUV
RSSRUWXQLWLHY JOREDOO\

9,6,21

7R SRVLWLRQ +L
DV D UHJLRQDO OHDUZ(
WHFKQRORJ\ DSSO

0,66,21

7R SURYLGH WKH PR\
LQQRYDWLYH XQLILH(
KHOS GLJLWDOL]H ZI

FULWLFDO LQIUD\

7R GHOLYHU VLJQLILF
WRWDO SHUIRUPDQF
(QYLURQPHQW DQG
ILQDQFLQJ WRZDUGV
DQG (6* RXWFRPH

HOOLJHQFH SODW
H




7KH JRDO RI

%XLOW (QYLURQPHQW 'V ,OWUI

HYHU\ FLW\ LV WRNRHOL YYD LQHW QR UE R MRQ

IURP +RZHYHU D YDVW PDMRUOL®N WR FEXWLOHS/ BUHD
OHYHO RI YLEUDQF\ LW QHHG/OGBRHIHVR WKH IROORZLQJ
7KH XUEDQ VXVWDLQDELOLW\ DGGRYXEKRSRBXIPODW IS&

DVVHWYV

7KH WUDSSHG OLTXLGLW\ DVWRHFWMBWHG ZLWK UHDO Z

ILPLWHG DFFHVV WR LQYHVWPHRQWD IDAYEE OHQ DQ FU B D

LQIUDVWUXFWXUH

8QLYHUVDO SU
WKDW ZH DLP
WULOOLRQ
SURGXFWLYL
RSSRUWXQLW\
WKH $(& LQGX

7KH FKURQLF VXE RSWL
SHUIRUPDQFH RI WKH %

(QYLURQPHQW DQG LWV DV,
7ULOOLRQ LQ HFRQRPLF

7KH WUDSSHG OLTXLGLW
ZLWK ODQG UHDO HVW
LQIUDVWUXFWXUH DV

/LPLWHG DFFHVV WR LQY
ILQDQFLQJ RSWLRQV DYD
HVWDWH DQG LQIUDVW

EOHPV

¥ VROSYKHE RSWLPDO 3HUIRUPDQFH RI WKH %X

\HDU LQ

\ 7KH GHFOLQLQJ VWDWH RI PDQEHFIDRXH RLW

RVAVAPGHHXDWH SODQQLQJ ILQDQRIQJ ORSNUD
UR! EHVW SUDFWLFHV V\VWHP WRROALDRRKIJR
SHUIRUPDQFH RI D FLW\ RU D WIRBLMVRIQPD® B P
KHDOWK\ UDWH RI XUEDQL]DW LUR® F BHARSHUH D
WKHUH DUH MREV KHDOWK\ HQYIDWRQPHQV
KHDOWKFDUH DIIRUGDEOH KRRWQLYQIQ LSXQE®GIL
DQG FRQYLYLDOLW\

3URYLGLQJ DOO WKH DERYH UBDODXGUNYJD HG
ZHOO RSHUDWHG DQG ZHOO PDLOW®GQHG
° LQIUDVWUXFWXUH VHUYLFHV  %MMIREH WK
WY ERQVWUXFWLRQ LQGXVWU\ LV DLYRIMRIH FR
VXVWDLQDEOH EXLOW HQYLURQMRHQWK H7KH
HFRQRP\cV ODUJHVW VHFWRUV RW@WK
FROVWUXFWLRQ UHODWHG JRRGVHIVQ & KWH U'Y
LQGXVWU\ KDV D VHHPLQJO\ LQWEDHWDEO!
$FFRUGLQJ WR D OF.LOVH\ &R WHVRDUFK
SURGXFWLYLW\ FRVWY WKH JORBDID \MPBRIQRP\
| ORWKLQJ FKDQJHV WKH LQGHKWYWNUKHZLO
VRELQWHWD VW UXFWXUH DQG KRXVLGQUGW KH BRENO G
""%® DV PDQ\ DV WZR WKLUG RI &UED® XSRS X (
OLYLQJ LQ VOXP OLNH FRQGLWLRQV

PHQW DQG
DEOH LQ UHDO
WX U H




/ILPLWHG DFFHVV WR LQYHVWPHQW DQG ILQDQFL
UHDO HVWDWH DVVHWYV

,QYHVWLQJ LQ UHDO HVWDWHYHWY WKWV RD QU3 DIF&GILRQL
FDSLWDO IRU PDMRU SURMHFMWPAS RW REWH P XFF RRO W

6XVWDLQDEOH (6* 6'* UDWHG UHDQGHYWDEDO FDQ
FDSLWDO EXW WKH HQWLUH SRKROFHO/WQDIQG [BURH X |
GDXQWLQJ DQG RIWHQ GLVFRXYHUW\D QG VIHW KRZWR U\
IURP PRYLQJ WRZDUGV WKDW GNURGWVRD) WE$VUBWR Y
GROODU RSSRUWXQLW\ WKDW LVWSRIQIHG GWR XQlI
SODWIRUPYV WKDW FRPELQH D\VALMWK FAUKHD ®IL® Q DIBEG

GRZQ VWUHDP DFWLYLWLHV LQDEOMHRE® LQDGH B DO
VLPSOLI\LQJ WKH SURFHVV W KUR WRN HDLA VWR R Q ORI]
DVVHWYV 7KH\ DLP WR UHPRYH WRMW BWRR B VI/H QD VDI
IULFWLRQ YLD DXWRPDWLRQ WEHWYDKW LRLNG LW PWM R
FRPPXQLW\ DWWUDFWHG WR WKLE QWKBRZ IRSWR RQY

WULOOLRQV RI GROODUV DVVH\W MRD\OLEWKDWLFD
LQYHVWPHQWY IRU LPSDFWIXO 6'* DQG (6* RXWFRPH

6 XPPDULVLQJ WKH FKDOOHQJHYV

&KDOOHQJHV OLVWHG DERYH DVH.LQRRSEREWRQLRQ\
7KRXJK WKHUH DUH D QXPEHU ®RD\VRGRQMLRQW KM L O
DUH LQFDSDEOH WR VFDOH WR'VROWMHO WKRHQSURE
SDUWQHU XUEDQHWLF KDV EHBE® RRUDI LISQIDWRRERLO
WKDW ZRXOG VFDOH DFURVV FUWRWVVRQGHDFURVYV
‘H KDYH FRPH WR FRQFOXGH WKDWWQRQ DRERBELQ
VROYH WKH SUREOHPV ZLWK RIIMAWHYD®WG OFQR& WA | I L
$QG E\ FRPELQDWLRQ ZH PHDQ ' GHBMSDWLWDLOBUL
LQ FRPELQDWLRQ ZLWK ,R7 DQG HWERRNFKDLQ '/
DGYDQFHG YLVXDOL]DWLRQ GDWWDKURINKOOWIHQFI
FRPSXWLQJ



7KH 5LVH RI &LW\ 'L

'LWK %XLOGLQJ ,QIRUPDWLRQ ORGKHDOHPH QDM UHOFK\ IWXDW YDOXH
SUDFWLFH LQ VRPH IRUP RU WKH RIWKXWHGWRAQWHMGARG RQ D VLQJ
&LW\ ,QIRUPDWLRQ ORGHOOLQJ WRRO JDWKHUHG SDFH

ZKHQ GHPDQG IRU FRQQHFWHG HEXNULHBWR FUKbWHERKRIRORJI\ 8UI
QHHG IRU PDVVLYH DPRXQW RIR@DHWD WKHyBRYWuEPDWIRUPV WR
PRGHOOLQJ DQG WKH QHHG IRU KBQ G Gl CALdk P @ 1WA LIQY RIFLW
RQH SODFH 7KXV zDV ERUQ WRAGRBEWHWERWHG (WFIHU %ORFN
7ZLQQLQJ RI FLWLHV DQG LQInDWWLE%ER WK MHHAMBYE YA EXLOV
* sODQQLQJ WRRO bpaoc pPrvw URPBBWEC S 'WkQGCRr 46" RXWFRPHYV
LQWHJUDWLRQ DV &RQQHFWHG LSQ\ﬁéS%%\$$$HF¥LWLMwUV lURP

SURGXFWLYLW\ OHVV WKDQ RQH S

RWKHU LOGXVWULHY :LWK DGGHG |
2XU IREXV KDV EHHQ WR SURVEGHSELVIREN, DR wxno “proHO
LQIUDVWUXFWXUH RSHUDWRUYV ZWWEPQ/ \Y/ W\;% %%%%WI'_%%PSUHGLI
WR FUHDWH D IXOOHU DQG ULI le

Wk Vu"W SHUWRBPRPEMWRZDUGY
PRBESLRA dHIRBEVLE¥kFKk GLILw
HOLIEWSO®HzLoV

EHJLQQLQJ ZLWK ODQG DQG XUERQ SRBRRA
DQG GHVLIQ WR RSHUDWLRQP®;qDR Gy



TKH % XVLQHVV &DVH IRU &R

(DUO\ GLIJLWDO WZLQV RI FLRWLLHE\H G Q\GK W KM J K Y W ODUEHR\X \WHIZSK 0 MAWG T
H[SHFWDWLRQ DQG YLVLRQ :KLOWWLYONI. ®DEDGRW\ FRKDODWRJH DOR
XQGHUVWDQGLQJ RI GLIITHUHQW ®IKWN RVH®RLQWKMKKRIW IIRQYG RSW
DGYDQFHPHQW RI $, NHSW WKH LOREGWWOMNOQW LOXW HEKXIQRIR JXZ L (
SUEDQHWLF )DE KDV VXFFHVVIWOIG FERIOHWQDY & 0G LG HWR Q VWIARIYWK Bl Q C
FDVH RI &HOO 7RZHU LQIUDYVWHN FWRX PBIU ISHW PILY VQIVH W XK W RIPDOV L R
FRQWLQXH WR LPSURYH DGRSWQGD\WRR® FRGS KDWW L FADRV BIEQIHRXD W H
DQG DFWLRQ SODQV

7KH EHQHILWY LQFOXGH DUH JMKVR WWALRU QY LRIHSW R GPORUMW D\§ G USHRMH F
JHQHUDWLRQ DQG UHGXFHG R SHUFB\GMWQJ7RRMW ELW HWRRKW RSP DWLRQ \
ZLWK FRQYHQWLRQDO ,R7 WHFWQRKRRUWH W EQRQWIHRZ WKOHN H HWEMD X H R
IRU D WKRXVDQG WRZHU VLWHWRRXH® EW LQ PLOOLRQV RYH



/KH % ROG ,GHD

 QQRYDWLYH

JHRVSDWLDO VRI
&RPELQLQJ 3IDUDPHWULF 'LJLWDO 7Z

QWHOOLJHQFH SODWIRUP FRPEL

GDWD LQWHOOLJ
SDUDPHWULF GLJ
WR JHQHUDWH LQI

LQVLIJKWY DQG DF
SODQV IRU VSD
SODQQLQJ EXL

HQYLURQPHQW F

FULWLFDO LQIUD

'DWD LQWHOOLJHQFH FRPHV LQ ®P QW |RURPV SIR\GN RQH RISW/\WWH U
UHODWLRQVKLS DQG SUHGLFWFHDDR RIWGIMDH Y HRYW QURIPODQW KH
LV RQH WKLQJ EXW GHULYLQJLRWDRQK®JDXQG LVPDRWPDWIFRRMLRQV L\
FUHDWHG WKURXJK FRJQLW L RE H ZP RLKQ LRY7J) DGOV 5 DLLLDWP HOVQLLIH G L J

7KH LGHD Rl IHGHUDWHG GDWD IPRIGH®VLRVFRRW HJWZ RE XOW F& RV \
XQGHUWDNLQJ DV FLWLHYV DUH Oy PRWK B UHPHFGRIE FRPXPH D
GDWD WR ZRUN ZLWK %HQHILWWIRW IDRQX FFKIVW IRDQLRSOBPHLYV HQ
FRPHV IURP GLVSDUDWH VRXUFHV _ VWDWLF DQG FKDQJLQJ

'H WKURXJK S8UEDQHWLFcV KDMWCcEX LIOUV R QXH RIIL WK H6 D Y® XR/RVGH O R
JUDPPDU RU '1$ WKDW ZRXOG DFHRPP FDGIBNRIUDD QLYH QBKRP GVR HI¢
DQG YLVXDOL]H WKH FLW\ LQ LXQOWWLUSDCFW VYFHH Q DUSRUVRBR O W L R
LQIRUPDWLRQ LQVLJKWYV DQGBFIYKLRQFBODAWER\WKBFLQUWXDO YL
,R7 JDWHZD\ GHYLFHV $OVR DWHWKBHMOVDWHDWEPHFDWQRYDW WR

VSHFLILF SUREOHPV LQ HQYLURQMHWQIW DR ZXYWDLYOWHL IDWMAHU  \
WUDQVSRUWDWLRQ PDQDJHPH QI W VWHIFAX IL\WH F\VFEDIH VP\D QR Q GHPR U +



7KH LGHD EHKLQG WKH VROXWLRIQFIRWMW RV HRR Q RG
D XQLILHG GDWD SODWIRUP WKBRWUZRXOGHQMNG ZE

LQ PXOWLSOH WHFKQRORJLHV IDQNG QIHYZ VBK H LFX
FRPSOH[LWLHYV




&RQYHUJLQJ WKH 3K\VLFDO ZL

7KH VDPH SULQFLSDO FDQ EH VIXE MW W B \ FEX MOLG
GDWD GLFWLRQDULHV 0XOWLW@ HE B DNW5 & LLFQW VR@
DGGLQJ LQWHURSHUDELOLW\ B©BQMQYMWHHSKB WD

GLFWLRQDULHV IRU FLWLHV D @GLRGXVWKHLWW QHKE
ZLOO IROORZ

7KH EDVLF UHTXLUHPHQW RI FRR @ELUN IQYTHWGKLH LUMDQ
YLUWXDO FRXQWHUSDUW WR FRQMHURIUVYQDR GHH\
FDSDEOH Rl FRQQHFWLQJ WR EHEUYVR RQWEWQHWR
EUHDFKHY HGJH FRQWURO LV KR/M & HKHHWIHO QRIIHIGE
DVVLPLODWHG DQG SURFHVVHGE LWRXD/OK HH STLIVFIO
ZHE WR JHQHUDWH LQIRUPDWLR®@JLONWIK WNFEQG
DQG LQWHUDFWLYHO\ YLVXDOLJPHG LLIQ VWRROD

bQDUURZc DQG bJHQHUDOCc $, WHRXQGDWLRQ PRGH(




7KH ,QQRYDWLRQ

J)DEULF LV GHVLJQHG JUR
QDWLYH SODWIRUP DQG LV
RQ PXOWLSOH FORXG L¢(
PXOWLSOH DSSOLFDWLR({

GLFWLRQDULHYVY FDSDEOH
EHWZHHQ HDFK RWKHU )D
LWV YHUVDWLOLW\ DGDS
DUFKLWHFWXUH




([HFXWLRQ )URP 'DWD WR (QG 8VH [

7KH SODWIRUP QDWXUH RI LWQIGHVULHG WREVHBYHDQ BB FRH Rt
WKH GDWD GLFWLRQDULHV D Q@HW KHN® DVOIW B O B LRIBI®H HD DICO BR J
PXOWLSOH OHYHOV IURP FRBSEHRWHQG DADIW I RI VOQ@W R H\LIQE GJ° I
PXOWLSOH GDWD VHWYV WR JHQHUDW B QQH D AP LRQF/D WILRRUQ H LEPVS

OHVV HQHUJ\

e SUEDQ VXVWDLQDELOLW\ PHDVIHPHQW
e '"HYHORSPHQW IHDVLELOLW\ DMO\VLYV
e ,QIUDVWUXFWXUH FDSDFLW\ SCEQQLQJ
e IDWXUH EDVHG VROXWLRQV
e 'LIJLWL]HG XUEDQ SODQQLQJ
e $VVHW SHUIRUPDQFH DQG WUDMNLQJ
7HQDQW RQ ERDUGLQJ
5HPRWH RSHUDWLRQ

MMM LIMIBAAN 0 WKH LOOXVWUDWLRQ DERYG®

WRSPRVW DUH ODUJHO\ JHQHWROFU
OD\HUV WKDW LPSDUWV WKH
VZLWFKLQJ FRIQLWLYH FKDUBI
7KLV JLYHV IDEULF LWV XQLTX¥HH
ERWK HFRQRP\ RI VFDOHV DQG




)DEULF ,QIUD)DE 7RNHQ)DE

7TKUHH GLVWLQFW EXW LQWHUFRQQHFWHG
SURGXFWYVY DUH DW WKH IRXQGDWLRQ RI
SUEDQHWLFcVY SODWIRUP ,Q RUGHU WR
PD[LPL]JH YDOXH DQG XVH WKH SODWIRUPCcV
DSSOLFDWLRQ DUFKLWHFWXUH I[IROORZV D
W\SLFDO OLIH F\FOH RI D UHDO ZRUOG DVVHW

>30DQ _.ILQDQFH _ GHWDLOHG GHVLJQ
EXLOG PORDRKIB WKH WKUHH

SURGXFWV >)DEULF ,QIUD)DE DQG
7RNHQ)DE@ $00 GDWD LV DFFHVVLEOH E\ WKH
DSSOLFDWLRQV QDWLYH WR HDFK RI WKH WKUHH
SURGXFWV $Q DOO HQFRPSDVVLQJ VLQJOH
XQLILHG GDWD SODWIRUP IRU VXVWDLQDEOH
EXLOW DVVHWV  WKDW VWDUWV ZLWK IHDWXUH
SODQQLQJ DQG PRGHOOLQJ WKHQ WR
$VVHWL]DWLRQ DQG WRNHQL]DWLRQ DQG
ILQDOO\ WR DVVHW WUDQVDFWLQJ DQG
VHUYLFLQJ

J)DEULF ,QIUD)DE 7RNHQ)DE
$ KLJKO\ VFDODEOH UHSRVLWHRUB\ IRQIUDVWUXFWXUH H[WHQ@MURX DO SODWIRUP WKDW HQDEOHV GL
XUEDQ GDWD DQG DVVRFLDWHGIYWHUEUEHY ,QIUD)DEDKH@$HHO ZRUOG IHDWXUHV RI WKH EXLOW HQ
WR EXLOG SDUDPHWULFDOOLGREBWWOKBWXUH RZQHUV DQG B HH REMYG DOG WUDGHG JOREDOO\ D
'LILWDO 7ZLQ RI FLWLHV HQBERYQGHUM LQ WHOHFRPPXQFOMWLRRDOL]HG DVVHWYV LQ WKH IRUP R
FLW\ WR EH H[SORUHG DQDOWBYRYGHD PG $(& LQGXVWULP\N/RNQQV RSHQLQJ QHZ DFFHVV WR LQYH\

YLVXDOL]HG WKH VDPH ZD\ RREWIKMLAIHE) WKHLU DVVHW FRYQN| ROE PN MHVHJ IRU UHDO HVWDWH DQ
ZLWK LPSDFWIXO WULSOHbERMWWRPPDQEH WKURXJK GLILWDOLVDWLRBVWUXFWXUH
DQG (6*bRXWFRPHV



&XVWRPHU 6HJPHQ

$SUFKLWHFWYV
&LW\ 30DQ

5HDO HVWDWH
'"HYHORSHUV
IDQGRZQHUYV

/’]
0X5(|D-|IT]I;(LOSDD &ULWLFDO ,QIUDVWUXFWXUH
2ZQHUV 2SHUDWRUV

&RQVWUXFWLRQ

YJLUPV

,QYHVWPKBEWHW 3URSHUW\
&RPPXQLW\O0DQDJHUYV

E\ BURYLGHUYV

ZDWHU HQHUJ\ FRPPXQLFDWLRQ

:KDW 3HRSOH )URP WKH ,QGXVWU\ 6D\ $ERX

o L ®
I1DWLRQDO 5HVHDUFK+HLNNL ODNLMDUYL-DPHV 5HJDQb_ ' *,6
JRXQGDWLRQ 6LQJDSRRMPHU KHDG RI 7H®OQDO\VW _ 6PDUW &LW\ 2IILFH
I9HQWXUHYV OHOERXUQH &LW\ &R XQFLO

OHW ZLWK RQH RI XV
VWUDWHJLF SODQQHUV DQG VKRZHG

W LV QR GRXEW DQ
LQWHUHVWLOQJ FRPSDQ ‘H DW 7HOLD DUH \RXU )DEULF GHPR YLGHR DQG VKH
ZLWK VRSKLVWLEDWHGC LPSUHVVHG ZKDW \RX ZHUH YHU\ LPSUHVVHG 7KH\ DUH

WHFKQRORJ\ DQG KDYH DFKLHYHG VR IDU ORRNLQJ DW QHWZRUN DQDO\VLV DQG
VLIQLILFDQW 5 EXLOGLQJ GHQVLW\ SORW UDWLRYV

REYLRXVO\ )DEULF OHQGV LWVHOI

UHDOO\ ZHOO WR WKLV

6,17() 1RUZD\ 6LPRQ )ODFN )RUPHU &'23(16,*1%/
%RG! .RPPXQH 1RUZD\IRUPHUO\ 787(/$

SBUEDQHWLF )DEULF LV

7KLV ZDV JUHDW ZRUN WKH PRVW FRPSOHWH WKH\ VHHP OLNH D
DQG QRQH RI WKH RWKF DQG KROLVWLF WRRO IF UHDOO\ LQWHUHVWLQJ
VXVWDLQDEOH XUEDQ FRPSDO\

FLWLHV DUH ZRUNLQJ R

VXFK D SODQQLQJ WRR( SODQQLQJ WKDW , KDYH

FRPH DFURVV



&RQFOXVL

‘H KDYH GHYHORSHG D GDWD LRQWHEQLWRQFH SODWIRUP IRU
DWWDLQ WKHLU VXVWDLQDELOLWDBHMMO\LHQF\ QHW ]JHUR
DQG VPDUW FULWHULD LQ WKBWRDW WOLPH DQG FRVW HIILFLH
OLQH ZLWK WKH ODOD\VLD 6PDUW &LW\ )UDPHZRUN RI
30DQODOD\VLD 06 ,62 IRUH&XVWDLQDEOH &LW
DQG &RPPXQLWLHV ,QGLFDWRUVKHRU 6PDUW &LWLHV DQG W
PDQ\ UHODWHG 3ROLFLHV DQG WWUYUBWHJILF 30DQV RI UHVSHF
PLQLVWULHY GHSDUWPHQWVWRHYQFLHY DQG ORFDO DXWKRUL
ey
2XU &RJIQLWLYH DOG QDUDPHWULF WLILWDO 7ZLQ B6RIWZDUH
30DWIRUP LV-DBO-LOWAUOPDWLEREDOFRAWYHFRIQLVHG SODWIRUP
GLILWDOD QLN DWLRD DQG?DPRQJVWV\WRIQIP@Q\ ZRUOGZLGH DQG Q
DSSOLFDWLROV//VOFOXEHY WKB-VWXG\ VSRQVRUHG E\ (38 L
IRU /D/YUHHQ/6PDUW D &ROQOHFWHEG 3XWUDMD\D

QAENVHOFH /RXU 'LILWDO 7ZLRQIDEWLQF FDQ LQJIJHVW DQG
ODVIM\YDUYHWA DQG YROXPM RA BQBGSDUDWH GDWD LQ SXEOL
SULYDWH/GRPDLQV WR SUHGLFW DQG|\VROYH SUREOHPV Ol
GLODSLGBWHG LQIUDVWUXFWXRRGL®YHUFURZGLQJ XUEDQ 10
XUEDQ KHDW HFRORJLFDO DQGGFOXERBRKQFIRRWSULQW IRRG D
VHFXULW\ PRELOLW\ DQG WUDQEBHDWHZV DV ZHOO DV WR
UHYHQXHVY DWWUDFW LQYHVWPHQWY UHGXFH LQIUDVWUX
GHYHORSPHQW FRVW LPSURYH OAWGI@ELOLW\ FLW\ UHVLGHOQ
EHLQJ XUEDQ UHVLOLHQF\ DQGOH@®YLURQPHQWDO VXVWDLQDE

2XU 'LJLWDO 7ZLQ )DEULF FDQ KKOS FLW\ DXWKRULWLHV D
SODQQHUV WR SURGXFH GLJLQ\DBUDIFFWALNH SODQV WKDW DUH L
DQG XQOLNH LWV QRQ GLJLWDOLFREQWHUSDUWY LV DOVR D
GRFXPHQW DQG DQ HIIHFWLYH WRRO WR FRPPXQLFDWH XUEL
GHYHORSPHQW SODQV WR WKH WRPAPXIHW)\ IURP WKH HDUOLHV
RI FRQFHSWXDOLVDWLRQ WR WRISPFRLWW Rl LVVXLQJ D GHYH
RUGHU

,W LV DOVR RXU DLP WR PDLQWRWBBDP GLJLWDO WZLQ WHFKQ
DSSOLFDWLRQ WKURXJKRXW WKREARXQWU\ LQ OLQH ZLWK 1DW
JRXUWK ,QGXVWULDO 5HYROXWLRXPO 5 3ROLF\ DQG 1DWLR
1HZ ,QGXVWULDO ODVWHU 30DQ 1,03



$ VWDWHPHQW IURP RXU 3
OLQLVWHU RQ 1,03

e3HODQ ,QGXN 3HULQGX
1,03 PHQMDGL
ODOD\VLD VHEDJDL VHE

, QGXVWUL %HUWHNQROR

7TUDQVIRUPDVL '"LIJLWDO

ODOD\VLD VHEDJDL GHV
WLQJJL GDQ PHQLQJINDW

1HJDUD e
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