BWHHULQJ ODQG .
PHHW ZDWHU TXDOL'

7KH &DWFKPHQW 6\QWKHVLYV 6FHQ

SUHSDUHG IR
2XU /IDQG DO

IDWLRQDO 6FLHQFH

SHSRUW SUHSDUHG

3HUULQ $J &RQVXOWDQV
LQ FROODERUDWLRQ
ODQDDNL :KHQXD /DQGFDUH 5H\
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3UHSDUHG E\ 3HUULQ $J &RQVXOWDQWV /WG

5HIJLVWHUHG )DUP ODQDJHPHQW &RQVXOWDQWYV
(UXHUD 6WUHHW 32 %R]

5RWRUXD

1HZ =HDODQG

3KRQH
(PDLORQVXOW#SHUULQDJ QHW Q]
ZZZ SHUULQDJ QHW Q]

7KLY 5HSRUW PDNHV FHUWDLQ LQIRWDEDWLWRR DRXGDADW NBIUDYQHHY DL O

7KH FRQWHQW RI WKLV 5HSRUW LV EDVHX K® YK B URY RER G WLR Q@ HAKLIF® $J DQ
LQIRUPDWLRQ FXUUHQWO\ DYDLODEIOHVWR GHE URQ SV ID EE WKHRODUWLHYV QDP]

8QOHVV H[SUHVVO\ VWDWHG RWKHUZL\WIDQQXWKH \Q B HSROBEL O3 MY ZIKD WHYHU Wi
LQ UHVSHFW RI DQ\ ORVV RU GDPDJHV DERQWIDIL QURP LVOKW KL/ BUHBSRWWR ®U LQ
DQ\ DFWLRQV WDNHQ LQ UHOLDQF H KR Q PWXIFRKQIMODRIWPWWNRQ WL RXU VROH UL
DFNQRZOHGJH WKDW 3HUULQ $J GRHALWRW SURHIFW WR WEHQQRYXUH SRWHQ!
ILQDQFLDO YLDELOLW\ RU VXLWDELW LWV RD @D AWURQQRUD¥WUDWHJI\ UHIHUUH
ZLWK WKLV 5HSRUW

'XH FDUH KDV EHHQ WDNHQ E\ 3HUULQ %) L5(H SWRUHWS U HFS\N B DWK RW DRI GLIQJ 3H U
GRHV QRW SURYLGH DQ\ ZDUUDQW)\ DW\WRUWKH WPEXOD P\ IRHORREISXUSRVH R
LQIRUPDWLRQ DQG DGYLFH FRQWDLQMRB \IRX WRKHWSRH O RV \R WAKHHWSKHHWY R Q

7R WKH IXOOHVW H[WHQW SHUPLWWH® HY SFDZVIEOUVILIR BIDDLOHUQRWVERIU PLVYV
LQ WKLV 5HSRUW RU EH OLDEOH LRKOWGHQJLQHI®Q WUDFW RMRRWKHUZLVH |
GDPDJH \RX PD\ LQFXU DV WKH UHVX®W VRIWDW HPHEWHW ULRWFO RGLQJ GLUHFW
FRQVHTXHQWLDO RU VSHFLDO ORVV RU DQ\ ORVV RI SURILWYV
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'RFXPHQW 4XDOLW\ $VVXUDQFH

/HH ODWKWdRQ6F +RQV )1=-3-0

"ULWWHQ E\ $610 w

BULQFLSDO &RQVXOWDQW 3l

'U $OH[DQGHU +HU]LJ

6HQLRU 5HVHDUFKHU *HRVSE %m oLQJ
5HVHDUFK 3ULRULW\ $UHD /HD
ODQDDNL :KHQXD /DQGFDUH 5t

&DUOD 02$QOHERQ 0(QYO0JIPW +RI(
01=-3-0 5HJ $610

3ULQFLSDO &RQVXOWDQW 3HuuLy a4

&RXUWQH\ v6eW R@Q+H3-0 -610
&RQVXOWDQW 3HUULQ $J

$EEH\ 'R%&®I6F +RQV /;/ /
Y2
&RQVXOWDQW 3HUULQ $J /4,,/%//

5RE %UD]H®GEFO+HRQV 01=-3-0

6HQLRU &RQVXOWDQW 3HUU M@\?«/f/‘v//z

6DP *U®dss6F +RQV 01=-3-0 $610

&RQVXOWDQW 3HUULQ $J

/HH ODWK®3RQ6F )1=-3-0 5HJ

$SSURYHG IRU UHOHRYB 1 Q) 'LUHFWRU w

6WDWXV J)LQDO

%LEOLRJUDSKLF UHIHUHQFH IRU FLWDWLRQ

ODWKHVRQ / +HU]JLJ $ OXOOHW &%»WMWRQHED&H 'BZG*UD\ 6 6WHHULQJ
XVH FKDQJH WR PHHW ZDWHU TXDOLW\QWHKHWYHW \6 FHQD §DRWV-RBPRGWFSN $ UHS
SUHSDUHG IRU WKH 2XU /DQG DQG :DWGIQHXDWLRQBODIBHFLHQFH &K

k/a perrin ag 3DJH Rl



$FNQRZOHGJIJHPHQWYV

7KH DXWKRUV ZLVK WR SDUWLFXODBBUDHRNOWEKEHXNLWXML 71BU3FRLHUH DQG ¢
&RDVWDO &DQWHUEXU\ FDWFKPHQWYV DKRG YLRO/M.Q KWW ¥ WHRG KWHIOFEL UQWRBIFT WKLV |

2XU WKDQNV DOVR JR WR WKH WHDPV DX\ KV KOH) & DZINGIW HAE\X WD UB EIRRIRD O FR X
WKHLU DVVLVWDQFH ZLWK SURYLVLRQURIHIDMQID TXPIOQW\ GO MWRQG:$ HVSH
$QQHWWH 6HPDGHQL 'DYLHV DQG 6DQ8({6(0WVRMQ XBW LRIRFRGLQFIBHQWYV DV LC
SDUDPHWHU IRU RXU PRGHOOLQJ

$QG ILQDOO\ WKDQN \RX WR 7RQLR: MLKMHS URIUH KK .1 S/KW YHQWUDPHZRUN
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(IHFXWLYH 6XPPDU\

7KH &DWFKPHQW 6\QWKHVLY 6FHQDULRV $DR® DEMVG IXWBHG ERMAK-HWEK :KHQXD
7TRLRUD WH :DL 2/: 1DWLRQDO 6FLHQFHDSKHD Q/&AHQVHR S/HH RN \O WRGHY WO FPW LFH L
XVH FKDQJH RYHU D \HDU WLPH KRWXLJURHGCWEK DM ALR@EWOEHRMRFLOV WR DFKLI
DJUHHG ZDWHU TXDOLW\ RXWFRPHV | KWH GRRMHGHNG VFHDRNAK RHROWKH@ YDOLGDW
FKDQJHVY DUH DFKLHYDEOH DW DQ DG@G HYOL GXPWRMIKPLEDGULLYQBKWD O EXVLQHVYV F

7KUHH FDWFKPHQWY ZHUH LQYHVWLJIDWKHNG LD WNH WROMHAD UK+ RDHNUH ODUOE
DQG 6RXWK &RDVWDO &DQWHUEXU\ >:DERD/R@P H@QWWHKDEFKXUSUH KIHVWHWLQJ FRP
GHILQHG ZDWHU TXDOLW\ REMHFWLY HVYW®& DWK DR KJ X QUWH MNHROQ DAER HE HP IDW K1LD W L
DORQH $JULFXOWXUDO ODQG XVH RUWIOHW 8 B PIDCDAIW - D@ WHKRIVERFDWFKPHQ

7R HYDOXDWH KRZ D ZDWHU TXDOLW\ WDNUHW EQ Q EGGP HKD @y KILRIXOO @G XV H
FDWFKPHQW PRGHOOLQJ DSSURDFK ZDV XVHG

7KH FDWFKPHQWY RI LQWHUHVW ZH U IR IGBIOLFUHDMWH G L@V R VSRW\SR@WRILHV 6 S
HFRQRPLF DQG HQYLURQPHQWDO RXWS XGV D \Z\HLLIK) MG MR FHDHFIKWMA\G RRBR D Q L Q F ¢
RXWSXWV DVVRFLDWHG ZLWK SRWH@WUBOR | XADXWHU OTX@® XWHR LWKBDWLRQV D
HDFK W\SRORJ\ ZHUH WKHQ LGHQWLILAG JD RR P RYEUDIWFELYX PVKHLU LPSD
HFRQRPLF DQG HQYLURQPHQWDO RXW®XWM BQW®LPHDHNHGHYIRPZBGWHRIWZDUH P
WRWDO RI  IDUPHUV DFURVV WKH WKUMH\FBWFEKRPMD WK i HW I$ W HQ HWQXAH V IR
DGRSWLRQ RI ODQG PDQDJHPHQW SUD F V&DRHRK RH QOND @ € HALHL FKMLQUHM WLRQ F
ZHUH WKHQ GHYHORSHG EDVHG RQ RWSOUEPEOHOP IL\PLRDWHE (BX VEKH DGRSWLF
SUHIHUHQFHY RI WKH VXUYH\HG 1D UP HUR X WISEKWH FZHUUYHH W R G IMKBISWHG IRU »
WKH FDWFKPHQW PRGHOV

7R LGHQWLI\ ODQG XVH PDQDJHPHQWHNKRQ D WSW LR LR\ BFKLIHWY D VSD!
RSWLPLVDWLRQ EDVHG DSSURDFK ZBV8XHWH® QDWHG HQWD 5 X\SKSHR UMQ 6 \VWHP /80
+HUJLJ HW DO +HUJLJ HW D\OSDWLDOSHFWHAKPHORY PRGHOV ZHUH WKHQ X\
VFHQDULRV Rl ODQG PDQDJHPHQW D Q@R X®IEQ\GH XV ® DAKIDROJBIOWKIDMHU TXDOLW\ V
DFKLHYHG LQ ERWK WKH FDWFKPHQWYV DWBE KR W KPRH®R WQ HOLRK 2ZDSHERQIG R U W
IRU 7XNLWXNL DQG 7H +RLHUH ZLWK DRXWJVEBDW URQVZDHDHFEK YDWKDQW FRPS
7XNLWXNL DQG WZR IRU WKH 7H +RLHUH

JROORZLQJ WKH VFHQDULR UXQVD @DIOLYKVOHALNW QV KHHI)V ERQGIXWWHG RQ WKH WU
DFWXDO SURSHUWLHYV ZLWKLQ WKHHIXNEWXNH WU WIMKIPW IR W RURRWHIQWLDO | XW
FRQWDPLQDQW ORDGY 7KH IHDVLELWYWHWORI DD FVWHTPH. BB QIBIQADX DVVHVVHC
WKUHH NH\ PHDVXUHV RYHU WLPH EHLIMKLQX\UHBWOHXWWDRRBGY WR WDEDQG& BBEW 7KH |V
WR WKH QHZ SUDFWLFH DQG ODQG XVHHPVY[LFZON ERDYWGEHBING®/ IKRYCHU UHPDLQ!
R RU KLJKHU IRU WKH HOWLUH WZHQWXUSHOXNVFHVUZRGH DFRXBOHEDMXU D PLQ
ILIWHHQ RI WKH WZHQW\ \HDUV D Q GHWHRW®D @ | GMENY V¥ DIV QMR Z\AHH D DWW W\KKD Q DW W

7KH LQWHUYLHZ UHVSRQVHV IURP IDURPHWK ZQ VWU f ¥ DRODLWR KW KRW\.Y EHORZ
PDQGDWHG ERWWRP OLQHV LQGLFDWHRQWHQ XD WR DGRGMQ DQIEVVPWBHP HQW
UDQJH RI PLWLJDWLRQV %DVHG RQRMQKHIH¥FDEX RYLEDQRS RUMN IMWIKLQ WKH \

KWWSY PDQDDNLZKHQXD JLWKXE LR /80%$66
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FDWFKPHQWV WKHVH LQFOXGHG P LUMIGDDRMICR © ¥V RIGKKFW LLYQLYWWD\UR D BADRRN ODQG L
SURGXFWLYH XVH LQFOXGLQJ ODQGPWHWRURHRY GW H HQU HHQFHUDOLWHHG ZLWK \
RI DGRSWLRQ WKDW FRQYHQWLRQDO DX¥RXVEGFGHOWHRPPQWLEXWLWRH-RMWXHQV
DGRSWLRQ RI PLWLJDWLRQV LV XOW L PSDMRIHION DHE S B EWH G KHHUGIX BH TTRUPHG FRQ\V
ORDG UHGXFWLRQV DUH KLJK PRYLQW LDZDIN\IWRPODLQ\A. XD/\MLRRKDRBH ZLOO XOW
QHHGHG WR GHOLYHU GHVLUHG ZDWHUHXBGRWRRXWFRFWY IRU D UHGXF

5HIJDUGLQJ WKH 7XNLWXNL FDWFKPHQW D\ DR & RHEOBYE RQDUQR VW K H UsHL
FORVHVW WR DFKLHYLQJ 136 )0 QLWURMIK ZRWHU TXDMGW\ \RXWIRWV ZL
RI WKH FULWLFDO VXE FDWFKPHQW\ HWWGURWSIIEFWR YIHRK\L HXH & WMDY VFHQDU
UHVXOWHG LQ D VLIQLILFDQWO\ PRW K HS BBRWMKPEMMW RXKIFR MK RHDUOLHU VFH
VWDWXV TXR ZKLFK WKH DGGHWWLRID Q@WZ DWHHOMWKHWHG IXUWKHU 5HGXFWLF
SKRVSKRUXV VHGLPRQ@QRERW DG ZHUH DOVR DFKLHYHG LQ DIO @ RWK HD\OHD VOFM QD U L |
OHYHOV UHTXLUHG E\ WKH 136 )0 7KHWB WAKHQUMUZRX MO ER BQWLRDWJIDWH UH
LQ PHWKDQH HPLVVLRQV 7KH VFDOH BQWDQDBWXAHHFRKIDWEH SQEBUFMLMWKHU RI
VFHQDULRV LV OLNHO\ WR EH FRQISRSQW LIQRIDWE G\ FDW F KMHFQM RH\D WKH &1PC
VFHQDULRV VXJJHVWYV WKDW DURXQG P D\RUHATKKH UFHD \& B IQRSH QWH CAKIDM JH LQFO X
FRPSOHWH ORVV Rl WKH VKHHS EHHLOQGHGIODE WG ZWWHK VH [ RWMLFDSURG XFWLR
$Q LQLWLDO VFHQDULR 1 DOLJQU®PHBRIMHWWFHORYBBGZMANSURDFK WR SUDFWL
XVH FKDQJH DQG SURYLGHV DQ RXWFRPMFXNYHBE PIRYDWK RIROWEQ BVHV  EX\
RQO\ VDZ 1 WDUJHWV DFKLHYHG LQ Q& LU IDADHGFOWRIK WHOWRAVDRQ LQ WKH
IURP FXUUHQW OHYHOV -QWHWHR/ WIK®JSOU H\E K AVWWED DREBLERMWLRQ RI PLWL
ODQG XVH IRU WKH ILYH FDVH VWXG)\ IDLEPH 2BV PRYWLEBHWHKGE PX® HDHWU ERWK
1 DQG &1PD[ VFHQDULRV GHVSLWH WKH lODRMHNON VPR URDSWHRG LWR EGIHVWXD G
VWDWXV TXR 3UH H[LVWLQJ OHYHO RIRPHEOWZ ODGHQ K WMHR/ DWW WKIHXHMTYLUHG
WUDQVLWLRQ ZHUH DOO LGHQWLIWHKE DHDVLEQDILWD @ WW D BW R UW LIRY

YRU WKH 7H +RLHUH HDFK RI WZR VFHQ®WDRVQDDWWHWHG GROBERQW PEKLHY
RI 1 DQG 3 ORVV 136 )0 WDUJHWYV EXVRIRRW\WKLIF® O FDQ/G KP HFRWE URHMWL Q J
DQG VHGLPHQW UHVSHFWLYHO\ 7KH VBHFRQHEGVWW K 8 DQUXRE HFPU ®R(&F WIQFLFDO FDW
PHHWLQJ WKH SEHR@DWIHWYV WR DQG ZKLOH VWLOOHBHIPWQ®/J W DJIEVE WDUJ
DFKLHYHPHQW LQFUHDVHG VOLJKWO\PWRWYV R$VFUQWLIKID G XNKENVKINW FRHW KD Q H
IURP ODQG XVH ZHUH UHGXFHG LQ ERKHKJDGIDOAN Y G MFHQW LIRIRWVHGXFWLRQ LQ
VFHQDULR ZDV GXH WR D JUHDWHU UHBGXFWLR®RWE §BM®RUDRVIDFAKE WR LP
ZDWHU TXDOLW)\ ZLWKRXW D SUHGLFWHG 8 WRSALRIQ W Q ED.DIUMA DSVHDFDMAMX OW R
KLJK UDLQIDOO DQG ODQGVFDSH VSDR @ WRPHERROEQJIR IWVKKHKHW YDOXH OR.
DOWHUQDWH ODQG XVHV DYDLOD E G HRDIVGR ®W QRVQ 1LY WA WV KHV+ RV VXPSWLR
GRPLQDQFH RI GDLU\ DV WKH SUHGRPWQD\Q W\ SBW WRWIDWH G DIMKD WVBG GLWLRQD
ZLWK IHZHU FRQVWUDLQWY WR ODQG X VIHE PKIDW RHGMHI HURPW QKD DPHPRIWHQS UR IL W
SDWKZD\

KLOH QRW SURYLGLQJ D GHILQLW LWIH LWR DIXAWLHRE PK R ®GHEQUHY WLRH &DWFKPHQ
BFHQDULRV SURMHFW GRHV LQGLFDW H RVIKW BVE & RIWZHDQWHLLD D XDEDW W2Z [R X WFIR FSHUV
H[LVW +RZHYHU ZKHQ LQWHUURJDW H®& WSKIFRWIYKHH OH § HD IVQOQ DFH DO FDSDFLW
IHDVLELOLW\ Rl WKH FKDQJH UHTXLYUBG G VHYRMYHIQ WIKIDAAHXQFEHWIDULHG LW P
DOZD\V EH SRVVLEOH WR DFKLHYH 7WIHG\KRIORBXQRW WIR ICQWPUBWIBFWLRQ R
PHDQLQJOHVV RU PLVIJXLGHG EXW UDRVRRQWMEB WRSRBWRQHWMKH SDWKZD\
WKH EHWWHU IXWXUH RXU FRPPXQLWLHY ERWK GHVLUH DQG UHTXLUH
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~QWURGXFWLRQ
11 3URMHFW FRQWHI[W
1.2 3URMHFW REMHFWLYHV
13 3URMHFW VFRSH FRQVLGHUDWLRQV
%DFNJURXQG
21 7XNLWXNL FDWFKPHQW
22 7H +RLHUH FDWFKPHQW
23 B6RXWK &RDVWDO &DQWHUEXU\ FDWFKPHQW
OHWKRG
31 7\SRORJ\ GHOLQHDWLRQ
32 (FRQRPLF DQG HQYLURQPHQWDO RXWSXWYV
)DUP RUFKDUG DQG IRUHVW V\VWHP PRGHOOLQJ
33 OLWLJDWLRQV
6SDWLDOO\ DSSOLFDEOH PLWLJDWLRQV
34 )DUPHU SUHIHUHQFH VXUYH\
35 'HYHORSPHQW RI PLWLJDWLRQ FRVW PXQWHRRIGHOXVH LQ WKH FDWFK
OLWLJDWLRQ FRVW FXUYHV
/IDQG XVH FKDQJH SUHIHUHQFH
&RPELQLQJ PLWLJDWLRQ RXWSXW IRU WKH FDWFKPHQW PRGHO
36 &DWFKPHQW PRGHOOLQJ
/IDQG XVH RSWLRQV
136 )0 FRPSOLDQFH
6FHQDULRYV
37 %XVLQHVV FDVH YDOLGDWLRQ
OLWLIJDWLRQ FRVW FXUYHV
41 -QWHUSUHWDWLRQ
%XQGOHV DQG PLWLJDWLRQV
3UHIHUHQFH VFRUH
&KDQJHV LQ HFRQRPLF DQG HQYLURQPHQWDO FR HIILFLHQWYV
&XUUHQW OHYHO RI LPSOHPHQWDWLRQ
0DUJLQ
&RQWDPLQDQW ORVVHV
42 $W ZKDW FRVW PLWLJDWLRQ"
&DWFKPHQW RXWFRPHV
51 7XNLWXNL
ORGHOOHG VFHQDULRYV
$FKLHYHPHQW RI 136 )0 ZDWHU TXDOLW\ WDUJHWYV
&KDQJHV LQ ELRJHQLF JUHHQKRXVH JDV HPLVVLRQV
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OLWLJDWLRQ DGRSWLRQ
/IDQG XVH FKDQJH
(FRQRPLF LPSDFW RI DFKLHYLQJ ZDWHU TXDOLW\ LPSURYHPHQW
52 7H +RLHUH
ORGHOOHG VFHQDULRYV
$FKLHYHPHQW RI 136 )0 ZDWHU TXDOLW\ WDUJHWYV
&KDQJHV LQ ELRJHQLF JUHHQKRXVH JDV HPLVVLRQV
OLWLJDWLRQ DGRSWLRQ
/IDQG XVH FKDQJH
(FRQRPLF LPSDFW RI DFKLHYLQJ ZDWHU TXDOLW\ LPSURYHPHQW
&DVH VWXG\ YDOLGDWLRQ
6.1 7XNLWXNL
6FHQDULR 1
6FHQDULR &1PD]
'LVEXVVLRQ
71 .H\ UHVXOWYV
72 OLWLJDWLRQ YHUVXV ODQG XVH FKDQJH
73 )HDVLELOLW\ Rl WUDQVLWLRQ
74 /LPLWDWLRQV RI WKH DQDO\VLV
75 3RWHQWLDO IXUWKHU ZRUN
&RQFOXVLRQ
S5HIHUHQFHV
$SSHQGLFHV
101 7\SRORJ\ GHILQLWLRQYV
102 3KRQH VXUYH\
103 2QOLQH VXUYH\
104 OLWLJDWLRQ FRVW FXUYHV
7XNLWXNL PLWLIJDWLRQ FRVW FXUYHV
7H +RLHUH PLWLJDWLRQ FRVW FXUYHYV

6RXWK &RDVWDO &DQWHUEXU\ PLWLIJDWLRQ FRVW FXUYHYV
10.5 &DVH VWXG\ YDOLGDWLRQ

7TDEOHV

7DEOH /D\HU LQIRUPDWLRQ IRU HDFK DWWU GEXMWHL QY MG SRORIRMSDWLDOO
7DEOH 'DWD XVHG WR IRUP VORSH LUUL DDW LFREQW IIRAQUBY & IDKPIBF & WBIRIAD J R Q
7TDEOH &DWHJRULHVY XVHG WR GHWHUPLQH QRPROQIFHODWXUH IRU ODQG XVH W\E
7TDEOH 'HVFULSWLRQ RI HFRQRPLF DQG HQYLURQPHQWDO RXWSXWYV

7DEOH 3K\VLFDO DQG ILQDQFLDO SDUDPHWHUW IRIUWKKIH O/DXQIGE VKX MLW\BWBORBHQ'
7DEOH (QYLURQPHQWDO SDUDPHWHUV RI WKH TOONQ®& XNH FDDWRRRHDHNW IRU WK
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7DEOH 3K\VLFDO DQG ILQDQFLDO SDUDPHWHUNVRIRW KWMK®G DTHG +R\LH WH FFFOAV F K P H

7DEOH (QYLURQPHQWDO SDUDPHWHUV RI WKH ODQRELKVH WDSNNRFKRPHGW IRU WK

7DEOH 3K\VLFDO DQG ILQDQFLDO SDUDPHWHBUNVRIRW KWK®G DERX W X H& R DS/RVD O

7TDEOH

7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

7TDEOH

7TDEOH
7TDEOH
7TDEOH

7TDEOH
7TDEOH
7TDEOH
7TDEOH

7TDEOH

&DQWHUEXU\ FDWFKPHQW

(QYLURQPHQWDO SDUDPHWHUV RI WKH O DMX5 &RLH W DBSR & B QIMHH/U IFRUJ W K
FDWFKPHQW

6 XPPDU\ RI WKH PLWLJDWLRQ OLEUDUS\RWHKG YRV BKHHQHDWR K PSHIRWI H F
6SDWLDO PLWLIJDWLRQ DQG SDUWLDQVODREBUPPHWKD®IH DSSOLFDEL
6 XPPDU\ RI 7XNLWXNL FDVH VWXG\ IDUPYV

OLWLIDWLRQ FRVW FXUYH IRU 7XNLWXNL '- W\SRORJ\

$YHUDJH DEVROXWH FKDQJH LQ HQW HRASWR WD AVIHGI ZQW KKWKH VHTXHQ
DQG FXPXODWLYH DGRSWLRQ RI PLRUL JDDMLGR @ VEHQ G@ MWK HR UXRD M X N L

&XUUHQW ODQG XVH LQ WKH 7XNLWXNL FDWFKPHQW

6FHQDULR GHILQLWLRQ IRU WKH 7XNLWXNL

6 XPPDU\ RI'1l VFHQDULRYV ZLWKRXW D®GRAMNK DAFIHNDW WRQDLIEN H U

6 XPPDU\ RI') VFHQDULRV ZLWKRXW@ LWL RZQWR DBBHYYWLR®EDWHU
6XPPDU\ RI'1l VFHQDULRYV ZLWKRXW D®GRAQMNK DAFIHNDW WRQDLIBN H U

6 XPPDU\ RI &1PD[ VFHQDULRYV ZLWKRXVW IDQIR QDWKLDBEBNW VRR) Z® W H U
&XUUHQW ODQG XVH LQ WKH 7H +RLHUH FDWFKPHQW

6FHQDULR GHILQLWLRQ IRU 7H +RLHUH

6XPPDU\ RI DOO&RQV VFHQDULR

6XPPDU\ RI PLQ(& VFHQDULR

BUHGLFWHG PLWLIJDWLRQ DGRSWLRQDNM@ G/ @R QG SRS HK MY HIWWV XIQR G HRU
VFHQDULR 1

6 XPPDU\ RI FDVH VWXG\ IHDVLELOLW\ IR UPPAHHILDWHR P SRXW®HRMWDW LR

&DVKIORZ IRUHFDVW IRU FDVH VWXG\>)YX0OUPDVREHOHRAH QDULR 1
&DVKIORZ IRUHFDVW IRU FDVH VWXG\>)X0OUPDVREHOHRAHI QDULR 1

&DVKIORZ IRUHFDVW IRU FDVH VWIXGEZ ) WKPODIRG X¥¥H FKDICRIH SKDVHG
>XQIHDVLEOH@

&DVKIORZ IRUHFDVW IRU FDVH VWXG\>)OQUJPADVREHOWHRHQDULR 1
&DVKIORZ IRUHFDVW IRU FDVH VWXG\>)BDRNLEIRH@Q/FHQDULR 1
&DVKIORZ IRUHFDVW IRU FDVH VWXG\>)BDRLEIRH@Q/FHQDULR 1

6 XPPDU\ RI FDVH VWXG\ IHDVLELOLW\ IRRVVRRODQUIOR ISURXWERWHYJ
GHEW LPPHGLDWH LPSOHPHQWDWLRQ

3UHGLFWHG PLWLJDWLRQ DGRSWLRQDVEG/ WK GG SURS AKIVQHIW XIRG HU \
&1PD[ VFHQDULR
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7TDEOH 6XPPDU\ RI FDVH VWXG\ IHDVLELOLW\ IRRWVFHQDULR &1PD[ RXWFRP

7TDEOH &DVKIORZ IR
7TDEOH &DVKIORZ IR

7TDEOH &DVKIORZ IR
IHDVLEOH®@

7TDEOH &DVKIORZ IR
7TDEOH &DVKIORZ IR

UHFDVW IRU FDVH VWXG\DYDXSD UWRLD ¥ BN QIDDV REOH@
UHFDVW IRU FDVH VWXG\DYDMURQIHRYLERHE@ ULR &1P
UHFDVW IRU FDVH VWXG\DYDALPN KIRD /& KYBIUEIRD&HG >SDU

UHFDVW IRU FDVH VWXG\D)D:XURQIHRVLEFEOHAD ULR &1P
UHFDVW IRU FDVH VWXG\DYDUADVREOWHRAH QDULR &1P

7TDEOH &DVKIORZ IRUHFDVW IRU FDVH VWXG\DYD:XURQIHRVLEFOHHI@D ULR &1P

JLIXUHV

JLIXUH O0DS RI WKH 7XNLWXNL FDWFKPHQW

JLIXUH ODS RI WKH 7H +RLHUH FDWFKPHQW

JLIXUH O0DS RI WKH 6RXWK &RDVWDO &DQWHUEXU\ FDWFKPHQW

JLIXUH 2ULJLQDO PHWKRG FRQFHSW IRU WKHDRUIOWNVKPHRIMHEVDOWKHVLY 6FHQ

JLIXUH 1RPHQFODWXUH IRUPDW RI W\SRORJLHYV

JLIXUH 5HSUHVHQWDWLRQ RI FXUUHQW ODQG XVH LQ WKH 7XNLWXNL FDWFKF

JLIXUH 3URMHFWHG
JLIXUH 3URMHFWHG
JLIXUH 3URMHFWHG
JLIXUH 3URMHFWHG
JLIXUH 3URMHFWHG
JLIXUH 3URMHFWHG
JLIXUH 3URMHFWHG
JLIXUH 3URMHFWHG

ODQG XVH LQ WKH 7XNLVDXNR FDWFKPHQW WKH 1 VFHQ
ODQG XVH LQ WKH 7XNLWXMNY FIDQIFKIPRHH QW XQGHU WKH 1
ODQG XVH LQ WKH 7XNLWXRHG@EDWFKPHQW XQGHU WKH )
ODQG XVH LQ WKH 7XNLWEKNYFAHOQMAKRHQW XQGHU WKH )
ODQG XVH LQ WKH 7XNLWXNIHODWERPHQW XQGHU WKH 1
ODQG XVH LQ WKH 7XNLWXMNE FIDQIFKIPRH QW XQGHU WKH 1
ODQG XVH LQ WKH 7XNLWONLVFEWBKRPRQW XQGHU WKH &:
ODQG XVH LQ WKH 7XNLWXDYLHVFWBRORHEW XQGHU WKH &:

JLIXUH
JLIXUH
JLIXUH

5HSUHVHQWDWLRQ RI FXUUHQW ODQG XVH LQ WKH 7H +RLHUH FDWFK
3URMHFWHG ODQG XVH LQ WKH 7H +RLHQM VBWEEBBHRW XQGHU WKH D
3URMHFWHG ODQG XVH LQ WKH 7H +RLHUN FFHDORKIFRH QW XQGHU WKH P

$SSHQGLFHYV

$SSHQGL[7XNLWXNL
$SSHQGL[7XNLWXNL
$SSHQGL[7XNLWXNL
$SSHQGL[7XNLWXNL
$SSHQGL[7XNLWXNL

(®perrinag

GDLU\ WA\SRORJ\ GHILQLWLRQV

VKHHS DQG EHHI W\SRORJ\ GHILQLWLRQV

GHHU W\SRORJ\ GHILQLWLRQV

DUDEOH IUXLW YHIJHWDEOHLORWLRIQVLFXOWXUH W\SROF
IRUHVWU\ WA\SRORJ\ GHILQLWLRQV

3DJH R



$SSHQGL[7XNLWXNL OLIHVWAOH WASRORJ\ GHILQLWLRQV

$SSHQGL[7H +RLHUH GDLU\ WA\SRORJ\ GHILQLWLRQV

$SSHQGL[7H +RLHUH VKHHS
$SSHQGL[7H +RLHUH LQGLJHQRXV IRUHVWU\

EHHI DQG H[RWLF RRROMHVWU\ WA\SRORJ\ GHILQLWL
O\LGHMWQOW LIRIXY VFUXE WASROR

$SSHQGL[] 6RXWK &RDVWDO &DQWHUEXU\ GDLU\ WASRORJ\ GHILQLWLRQV
$SSHQGL[ 6RXWK &RDVWDO &DQWHUEXU\ VKHHS EHHI W\SRORJ\ GHILQLWLRC
$SSHQGL[] 6RXWK &RDVWDO &DQWHUEXU\ GHHU JDGBEOH WORBQYLSIUXLW WISR(
$SSHQGL[ 6RXWK &RDVWDO &DQWHUEXU\ IRUHVWU\ WA\SRORJ\ GHILQLWLRQV
$SSHQGL[] 6RXWK &RDVWDO &DQWHUEXU\ OLIHVQLOH @G VFUXE W\SRORJ\ GH
$SSHQGL[ 7XNLWXNL '- PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL '+ PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL '/ PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL 6%—- PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL 6%+ PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL 6%/ PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL 6%9/ PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL 6%+ PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL 6%/ PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL 6%9/ PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL '(+ PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL '(/ PLWLIJIDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL $- PLWLIDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL $/ PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL 9(- PLWLIDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL )5- PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL 97— PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL () PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL () PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL /+ PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL // PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7XNLWXNL /9/ PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7H +RLHUH '- PLWLJDWLRQ FRVW FXUYH

$SSHQGL[ 7H +RLHUH '+ PLWLJIJDWLRQ FRVW FXUYH

$SSHQGL[ 7H +RLHUH '+ PLWLJIJDWLRQ FRVW FXUYH

$SSHQGL[ 7H +RLHUH 6%+ PLWLJDWLRQ FRVW FXUYH

3DJH R
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$SSHQGL[ 7H +RLHUH 6%+ PLWLJDWLRQ FRVW FXUYH

$SSHQGL[ 7H +RLHUH () PLWLIJDWLRQ FRVW FXUYH
$SSHQGL[ 7H +RLHUH () PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ 7H +RLHUH /+ PLWLJIJDWLRQ FRVW FXUYH

$SSHQGL[ 6RXWK &RDVWDO &DQWHUEXU\ '- PLWLIJDWLRQ FRVW FXUYH
$SSHQGL[ 6RXWK &RDVWDO &DQWHUEXU\ '- PLWLIJDWLRQ FRVW FXUYH
$SSHQGL[] 6RXWK &RDVWDO &DQWHUEXU\ '9/ PLWLIJDWLRQ FRVW FXUYH
$SSHQGL[ 6RXWK &RDVWDO &DQWHUEXU\ 6%—- PLWLIJDWLRQ FRVW FXUYH
$SSHQGL[] 6RXWK &RDVWDO &DQWHUEXU\ 6%9/ PLWLIJDWLRQ FRVW FXUYH
$SSHQGL[ 6RXWK &RDVWDO &DQWHUEXU\ 6%9/ PLWLIJDWLRQ FRVW FXUYH
$SSHQGL[] 6RXWK &RDVWDO &DQWHUEXU\ 6%9/ PLWLIJDWLRQ FRVW FXUYH
$SSHQGL[] 6RXWK &RDVWDO &DQWHUEXU\ '(9/ PLWLIJDWLRQ FRVW FXUYH
$SSHQGL[] 6RXWK &RDVWDO &DQWHUEXU\ '(9/ PLWLIJDWLRQ FRVW FXUYH
$SSHQGL[] 6RXWK &RDVWDO &DQWHUEXU\ $- PLWLJDWLRQ FRVW FXUYH
$SSHQGL[] 6RXWK &RDVWDO &DQWHUEXU\ $9/ PLWLJDWLRQ FRVW FXUYH
$SSHQGL[] 6RXWK &RDVWDO &DQWHUEXU\ )5—- PLWLJDWLRQ FRVW FXUYH
$SSHQGL[] 6RXWK &RDVWDO &DQWHUEXU\ () PLWLIJDWLRQ FRVW FXUYH
$SSHQGL[ 6RXWK &RDVWDO &DQWHUEXU\ () PLWLIDWLRQ FRVW FXUYH
$SSHQGL[] 6RXWK &RDVWDO &DQWHUEXU\ /9/ PLWLIJDWLRQ FRVW FXUYH

$SSHQGL[ &DVKIORZ IRUHFDVW IRU FDVH VWXG\ ) WKPQRI BUW KN FHRWVDWLRJI1GHEW
>IHDVLEOH@

$SSHQGL[ &DVKIORZ IRUHFDVW IRU FDVH VWXG\ )WWKPQRI BUKNFHRWVDWLAJI1GHEW
>SDUWLDOO\ IHDVLEOH®@

$SSHQGL[ &DVKIORZ IRUHFDVW IRU FDVH VWXG\ )&WKPQRI BUKNFHRWDVDWLAJI1GHEW
DQG SKDVHG ODQG XVH FKDQJH >IHDVLEOH@

$SSHQGL[ &DVKIORZ IRUHFDVW IRU FDVH VWXG\ ) WKPQ RI FSW IV AFH QWW L QJ1G HE W
>XQIHDVLEOH®@

$SSHQGL[ &DVKIORZ IRUHFDVW IRU FDVH VWXG\ J)EUWK IRR S/UFH GIDIM\R LELIPG H E
>SDUWLDOO\ IHDVLEOH®@

$SSHQGL[ &DVKIORZ IRUHFDVW IRU FDVH VWXG\ )ZUWK KRR S/FH GIDILMR L&LIP G H E
>XQIHDVLEOH®@

$SSHQGL[ &DVKIORZ IRUHFDVW IRU FDVH VWXG\ )ZURK KRR S/UFH GIDILMR L&QLIPG H E
>XQIHDVLEOH®@

$SSHQGL[ &DVKIORZ IRUHFDVW IRU FDVH VWXG\ )ZUWK IRR) S/Fi GIDIM\R L&LIPG H E
>IHDVLEOH@

$SSHQGL[ &DVKIORZ IRUHFDVW IRU FDVH VWXG\ J)EUWK IRR /- GIDIM\R L&LIPG H E
>XQIHDVLEOH@
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~QWURGXFWLRQ

11 3URMHFW FRQWHI[W

7KH 2XU /DQG DQG :DWHU 7RLW- WH :X/HQIXDW ZRQBRO D5 MLHH OFIH & KDOOHQJH VH
IXWXUH ZKHUH FDWFKPHQWY FRQWDLQ@BRVRFN BHDDIQEH AWH K MDKDMK\ DQG !
WKDQ WRGD\ 7R DFKLHYH WKLV IXWKHMNQ JIHVQIGQXYBIQRX P Q OH DHFGH QW ZLOO EH

172 3URMHFW REMHFWLYHV

7KH &DWFKPHQW 6\QWKHVLV 6FHQDULRW B WFRISFHWR V ODXQ\G V8 R IHAAMWWMLARHD IV GWO D
FKDQJH RYHU D \HDU WLPH KRUL]JRG BAKIDAMI IPRQIOW ERXQHFTLOMMWR DFKLHYH W
ZDWHU TXDOLW\ RXWFRPHV IRU WKRVH RDWRK K@@ VY Y& HG HWR-M HIF WX ¥ K H- K D Q
DFKLHYDEOH DW DQ LQGLYLGXDO IRURGXYLEOXMYY BXWIHDH WKERXHY -W LV IX
2/: 1IDWLRQDO 6FLHQFH &KDOOHQJH DQG OHG E\ 3HUULQ $J

7KH VSHFLILF REMHFWLYHV RI WKLV UHVHDUFK DUH

L 7R VKRZ KRZ D ZDWHU TXDOLW\ WDUJHW FDWLEOH PRYPE WKNRXIKIPODQG XV

WKUHH KLJK SURILOH FDWFKPHQWYV PLWKRXWUKRSH EKODOLNWERRSUR HPL\
UHTXLUHPHQWY DQG

LL7R SURYLGH H[DPSOHVY WKDW GHPRQVWUDW&KWNKRDWQN KHB RVEH RF RIL HAYKI
XVLQJ WKH W\SH RI UHVHDUFK ZKLFK 2/: KDV VXSSRUWHG

7KH FDWFKPHQWY RI LQWHUHVW ZHUH OOO LGBYWDYH@JE ¥QHO@AHEDIQW @ XP
FULWLFDO FDWFKPHQWY LQ UHODWWR® QRO VERMLW RH[ FoHHGIDVQIFRHU ZIDQMH U T XD O |
HYWDEOLVKHG E\ WKH 1DWLRQDO 3ROURDQDIWPIRPRAQYWIIFU)PUHVKZDWH

1.3 SURMHFW VFRSH FRQVLGHUDWLRQV

6SHFLILF FRQVLGHUDWLRQV UHJDUGLQJ WKH VFRSH RI WKH ZRUN ZHUH

x 7KH FUHDWLRQ RI ODQG XVH FKDQJH WHWHQOWV UERVHE® R RHVUBHHNVHWBEKK W
WKH XVH RI FDWFKPHQW PRGHOOLQJ WRPMHOWY\L @ ZODMAWWDEOH LPSUR

x 7KH EXVLQHVV FDVH IRU WKH ODQG XVHGHKDQOH PHWHDBWH®RHE) VKRXOG

x 7KH SURSRVHG ODQG XVH FKDQJH PLWIRDYWILHRQX ¥ AHQ® RIWRK Y UPEKWLUR QP
LPSDFWV RWKHU ZDWHU DWWULEXWH V L&HFUHDL@U RWF+* HPLVVLRQV

x 7KLV PRGHOOLQJ H[HUFLVH KDG WR EH FRPSORMHBWZLYKWQDWEBRQWKYV

&D perrin ag 3DJH  RI



%DFNJURXQG

-Q UHVSRQVH WR DQ RQJRLQJ GHPOHQH Q QJ MYKHJVXDONKMV RO Q@D HVWXDULHV DI
=HDODQG WKH 1DWLRQDO 3ROLF\ ®WQWHPHOYWIRU )UB6/KEDWHWRYHUQPHQW

HVWDEOLVKHG QDWLRQDO ERWWRWP\ OMQMYLERUNWY HRZ DMWHYHT XDWIHUERGL
DWWULEXWHY UHODWHG WR IRXU SULBERVSRRWOP L(VF&WVERRKIEER DH.Q
VHGLPHQW

:KLOH YDULRXV UHJLRQDO JRYHUQP HIQR\QW KO GV KH) GHURXKIF HS OREDVHPHQW $F
EHHQ LQGHSHQGHQWO\ UHJXODWLQJ Z DA HMD DXGD OV M \ | DY B DUXENHHDTUWH WL R U V
WKHUH KDG EHHQ QR RYHUDUFKLQJ PLQAPRWVYVVIHYQEDIEDQIGQ KA DFHHWK H V H
DSSURDFKHV WHQGHG WR DGGUHVV WKHHCQMF R LWV RH HGN BYGQWH FREPPX P LWL
UHJXODWLRQV ZHUHQ W QHFHVVDULOV®BQIGMHEYWR DB WIHUY FX\DLCPLVO\DIRU D J
FRQWDPLQDQW RU QHFHVVDULO\ DGRUBDPQYWRUH WKDQ RQH FRQWD

:KLOH PRVW RI WKH ULYHUV LQ FDW FRFFHUWRODY WEHHXDEVR SRQGXWHG ZLWk
DQG VXVSHQGHG VHGLPHQW O0I( VHISHR R\Y BISL G Bl FDOQL® H HIOX@ WO ZDWHU T XD
WHQGHG WR UHPDLQ HOHYDWHG LQ WKHRXND HWD OMEGLYXE OHR VRERQMRU UHJ
DXWKRULWLHV +RZHYHU ZLWK WKH IRRGVREGHURUH VHRWRY 2/ WHDODQHV 8
PHUFKDQGLVH H[SRUWV LQ WKH \HDU WIRH-WRII) VLR @EHWZHHQ HFRQRPLF SUR
DQG WKH VWDWH RI RXU HQYLURQPHQW LV DSSDUHQW

~W LV WKLV FRQWH[W WKDW WKH 2/H ZDW LHR\QDDEOAIMKHMRH LEKDO WH@K D SULPI
REMHFWLYH WR HQKDQFH WKH SURGXF2W+RROD@E VURGLXFDMLYVMAWR U ZKLOH
PDLQWDLQLQJ DQG LPSURYLQJ WKH @%DIDQ® \ZRWW KH FFR XXOWHUU H/ JHMHUDWLRQ

2QH Rl WKH &KDOOHQJH V WKUHH UHVHDGKLWKRPH\Z LWK3DWRERVWRQRKDW Y LQ
WLPH WR DGRSWLRQ RI WRROV WHFKQR ORLH 72D 9D OD@REY W W LIRRK IOHHG HW V R
HQYLURQPHQWDO JRDOV WKURXJK |D U RIQUWIRQWE KH R RN WV WXV VOV QWER® OD Q!
PDQDJHPHQW SUDFWLFHV 2/:

7KH &DWFKPHQW 6\QWKHVLV VFHQDULR GHURNBNM \ZHH/QDQWR PRIEEG AVRL @D WR C
KRZ D ZDWHU TXDOLW\ WDUJHW FRXWG& KERHHRMW EQ KISDWRLOWKOHDH) EDXVH 7KHV
VFHQDULRY ZRXOG LGHDOO\ QRW FRWHDWRH *V¥H HBRIRMVWDEY. ORW\UHQXOW LQ RW
HQYLURQPHQWDO LPSDFWYV

7KH WKUHH FDWFKPHQWY EHLQJ LQYHVWLYDWHGHD*RLHAKNLWRENO ERDRXHK DQ
6RXWK &RDVWDO &DQWHUEXU\ >:DLKDRK®P HQMMVKIDEKX S\UH7THHWNEQWFRPP XQL\
GHILQHG ZDWHU TXDOLW\ REMHFWLYHV WHKRWRXUK XRODVREDEGWHR FEIHVD & B WH R
DORQH :DWHU TXDOLW\ LQ WKHVH FIH¥FMKP\HEY R ¥V XYVUHKWE RQGLERXOGLXIUDO ODC
LV WKH GRPLQDQW FDXVH RI SRRU ZDWHU TXDOLW\

$00 WKUHH FDWFKPHQWY DUH EULHIO\ GHVFULEHG EHORZ

2.1 TXNLWXNL FDWFKPHQW

6RXUFH +DZNHV %D\ 5HIJLRQDO &RXQFLO

7KH 7XNLWXNL FDWFKPHQW LQ +DZNHV % BHEWDSBVR[Q FDUMDODQG JHQHUDOO)
HOQOFDSVXODWHY WKH ODQG VXUURXQGDQIL WHKBV7 XNKIHVEORRIWBQ GQWLEBDMMHQGYV ZF

(D perrin ag 3DJH  RI



5XDKLQH 5DQJHVY DQG HDVW WR WKH VRXW RD)Q 7AKR.IVVIMDHD KVO G R PRIQ-DDWZHNG! E \
5XDWDQLZKD 30DLQV WKH 5XDWDQLZKBDSTXQXH Us EXIQHDWXH DDQ GVW®H 6RLOV
SODLQV UDQJH IURP IUHH GUDLQLIPG FODYW O WHRI ZHDWRUIODROW OLQHV DOLJQ
UDQJHV QDPHO\ WKH ORKDND DQG BXWHKLIQHYIDXDMEO HRHWIOKLJKHU UDLQIDO
PRXQWDLQV DQG D UDLQ VKDGRZ DFURV\D WK IR RSGOHU W H 7W R SHRID WQE UWHKWP PH U 2
IURVWYV LQ ZLQWHU 7KH DUHD LV DOIDRRRSURQH WR GURXJKWV DQG

9 9

@ OHast* 5
OH(I‘- \ck'North

) 3 ev e
O[ annevirk

JLIXUH 0DS RI WKH 7XNLWXNL FDWFKPHQW

/IDQG XVH LQ WKH FDWFKPHQW LV FXWRERHDW @O\ GRPALQWDWHIE FL WHBYV RI WKH FIL

ODQG DUHD LQ VKHHS DQG EHHI IDURRQJID SBURULPDWHERXQWI ODQG XVH RQ ¢
HIRWLF SURGXFWLRQ IRUHVWU\

/IDQG XVH LQ WKH FDWFKPHQW LV JRY RKQKGH\ WK HSQGHW XWNKIHSEDUXOHV DL
DQG JURZHUV PXVW QRZ SUHSDUH IDUP MQ3DDRYPHQPWPDQDPKRPHQDUPLQJ LQ
SULRULW\ FDWFKPHQWY ZKHUH QLW WPRMAN) DAWVR W W VD IDH UHHFRIXIGAHG FRQVH QW
WKH DGYHUVH HIITHFWV RI WKHLU | D URRQRH QDWF WELOW WR ¥ VKRR WW HD B O ¥ LEDW L R Q
FXUUHQWO\ RQ KROG *URXQG DQG VX MY HEQWHDOGUIKOOLIDWAREDWHG DC
DGGLWLRQDO JURXQGZDWHU DOORFDWERQUNQRZDQ SVUMW RYKAXUUHQW UHVR
DSSOLFDWLRQ DQG GXH WR EH KHDUW E® IWKHH WX BIRGPRIQW &R XU
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7KH QLWURJHQ OLPLWV DW DOO PRQEZWR BIO®L § VWHM RHJFPMKIG 5& D WMDMU R JH Q
FRQFHQWUDWLRQV UHGXFH QDWXUDGRYQQWWKIHD P LBNH WR DL/ VMMM DWLRQ -
DVVLPLODWLRQ LV GULYHQ E\ UDSWIGSBRQMGRIQ[ FHIVRZWK D@ JDIOH SHYHU EHWZHHC
DQG WKH FRDVW $ QXWULHQW LVVXH EHJIQY @HER BB VWX I$ KX DIKD W RDK 5 UFOED H
WKH 7XNLWXNL GRZQVWUHDP RI WKH 30DLQV

3KRVSKRUXV IROORZV D VLPLODU S DWW HKUWQKWFR QE WQWR VDG LRKHAMUHQ WKH 30DI
VWHP FRQFHQWUDWLRQV DUH KLJKHVW D3BRXQ\GVRBYWGE B6 HVENHHV3I%BVSKRU:
FRQFHQWUDWLRQV DUH SDUWLFXODDQ®SG KLDIKDIQX W Wi LOEXQA D WIDHM RID7 X N LW X N |
WZR ULYHUV DOVR VFRUH ORZHVW FROFER 1 @YHU WONERPW FR X @WMYFK LV D PHD)\
VWUHDP KHDOWK PBRIDANGE RQ WKHVH WZR ULYHUV DQG WIKIHGR QIRWX RH WY H U
QDWLRQDO ERWWRP OLQHV IRU VZLWRHQJH V3W R UDRMD UWIRRGLYRAHEDG DQG JH
GRHV PHHW JXLGHOLQHV IRU FRQWDFW UHFHWHDWH K QV XWKELLGH WY HQWAKIHP IROL Q
GXULQJ KLJK IORZ HYHQWYV UHIOHBWUIQUHWEK R HIDDA EHH IGQY WDUBXKWGERGRZQ WKH
5LYHU GXULQJ IORRGV 6RPH ZHOOV M@ GV BK BX0Q® DWXLZ B D SSIDPLIQ¥DWFKPHQW
PHW WKH GULQNLQJ ZDWHU VWD QQBH GRW HRIUWK FRDY HD W DWH BHW LR G D
XQH[SHFWHG ZKHUH WKHUH DUH VKDOORZ ERUHV

1ILWURJHQ LV FRQVLGHUHG WKH SULP D U\WKRH WONLLY B IW RR ORRRYAHI @\ IBKRV S |

22 7H +RLHUH FDWFKPHQW
6RXUFH +HQNHO

7KH DUHD Rl WKH 7H +RLHUH FDWFKPHWYW® I PROWHDIDDV WL K H UIAD W.RKFFOKBW Q J W K
+RLHUH 3HORUXV 5LYHU .DLWXQD 5LFCHUFEOBQXV GHOQ LU HEWRSWRH ORZHU S
3HORUXV 6RXQG 7H +RLHUH 7KH DUHDDQBFHLYRY RHWRHE®QQXDOO\ ZKLFK
UHSUHVHQWY VRPH RI WKH KLJKHRWRXIK.QHICRQQ WKH ODUOE

7KH VRLOV DFURVV 7H +RLHUH DUH RRDKA\H QMW RIGIDEFGKH Q2 LXASKWR D\ 7KH XQGH
JHRORJ\ LQ WKH YDOOH\V LV PRVWOUHH\EDORMHDWR¥NGZPWRRWWYH\IBFNH DQG VF
PRXQWDLQV 'DYLGVRQ :LOVRQ E% R R & JKL VLN/F\OUQL F W DRLRX Q FL O

7KH FDWFKPHQW DUHD RI DSSUR[LPDWRD®DWHG KEH FBRRDMKH VQLG/L BHRQR XYV YHJIHW

DQG H[RWLF IRUHVWU\ 3D VWRUD G ROPSDGA BWH YWHDOMHWP DO O DUHD RI WK
FDWFKPHQW ZLWK GDLU\LQJ FRPSUXVHQRRHQWKDOI RI DBOIKFX LV LUULJDWHG
DQG EHHI IDUPLQJ DW

*LYHQ D ODUJH FRPSRQHQW RI WKH ZLGHUQ\H LR IQHDUNL ¥ B W FHK PFIVODW URI® DZ D W F
LV JHQHUDOO\ FRQVLGHUHG JRRG <HW GWRWHQRI KDK/HVIQRZAQ RWYRBWW @ W& UR
DFWLYLWLHV VXFK DV SDVWRUDO 8D®G\XWHMHY BFD SVUIRG XHWLRD TRDOLW\ LQ V.
FDWFKPHQWV WR GHJUDGH B6XEVHTXHRWOQFWKB HG 4@ VKK BWHDLYN &DWFKF
SURJUDPPH RI WKH OLQLVWU\ RI WKH (QYIKULRR FEHR®WLYHU DLV GRBXHR/ ZDV
GHVLJQDWHG DV RQH RI WKH  1JA $ZD W LRMH&R/QE\HW K B Wi B QU WRREH Q
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. Native Vegetation
I Production Forest
Other Exotic Vegetation

Pasture
P Residential

10
Kilometers

JLIXUHODS RI WKH 7H +RLHUH FDWFKPHQW

-Q WKH PRVW UHFHQW PRQLWRULQJ SHUWWG LRPWRH WH H RAXEU F DRMDRKPHIP H Q W
/ILQNZDWHU KDG WKH SRRUHVW ZDWHUW $P® RW L D\FIORZ L QW WRIHF @ OIXH B Q G
FRQFHQWUDWLRQV :DWHU TXDOLW)\ V@ WKMSBID WRWHRPISERUZII\KID GEDWFKPH
WKH KLJKHVW ZDWHU TXDOLW\ ZHUH WKI$SXOWNURR BEQBYDWBBD'BBEFRQFHQW
ZDWHUZD\V LQ FDWFKPHQWYV GRPLQDWHBNB\LQ B W LWRR & HZIMWHWTILRQORMM ZL W k
VWUHDPEHGY UHODWLYHO\ FOHDU RI 1QQHMHV H@&/LPW Q@WNMHDG WKDWO QR FHDDJH SD I
WKH 7H +RLHUH ZDWHUZD\V RULJLQDWBWHURP\Q DWRIIDDI WRXWEXHM SDVWXUH
+RLHUH 3HORUXV KDG WKH SRRUHVW KHDWWH B RIXFHOQ W/ D IMWVRKQ W RH KALRR QLD F D C
1ILWUDWH 1LWURJH @ RIQGHOOUBYGLW\ 'HSRVLWHG ILQH VIKG HREGWHARYHU ZD
VWUHDP EHG FRYHU ZLWK ILODPHQW FOX FIRPS DAUKOLVF NY BIOJODHRED WV Z

6WUHDPV IORZLQJ WKURXJK FDWFKPHQW MV RRPLY D WHKIIEGEN GRHRBW AW LFRRQFH QW
IRU DOO SDUDPHWHUV PRQLWRUHG UPQ @OOMBRGVHEYBQ EQPYMEBVH LQ WKH F
IRU PRVW FRQWDPLQDQWYV 6PDOOHURVW UHIDPVHIH QXDOIOW\ KD® KKLIKHU $PP
1ILWURJHQ BRERQFHQWUDWLRQV DQG KLJKHU WX BB WGHUZDFR PBOH I6EG | WHR) IDQEH |
ZDV SDUWLFXODUO\ QRWLFHDEOH LQRAH ZKRIAKU B QBLHPMROU B ¥ FHDAVWWY R W K H Z D W H
K\SRWKHVLVHG DV WKH OLNHO\ UHDVRQ

( FROML FRQVLGHUHG WKH SULPDU\ FRQWDPFLQDLHW R | IIRFOORHZHG IRUVWEHP HQW

@perrin ag 3DJH R



2.3 6RXWK &RDVWDO &DQWHUEXU\ FDWFKPHQW

6RXUFH &DQWHUEXU\ /DQG DQG :DWHU 5HJLRQDO 30DQ (&DQ

7KH 6RXWK &RDVWDO &DQWHUEXU\ FDWFKWPBQMD WRMSWS N A WK D KD HE® W Z
2WDLR 5LYHU LQ WKH QRUWK DQG ORUWHQGUD®LQA@DWBHMRRWWHK +XQWHU +LO
LQFOXGHV KLOO IHG LQWHUP LW WHQGNVISURZQDI LW K WKBPD®ORZAHDWXUH R
EHLQJ :DLQRQR /DJRRQ 7KH DUHD LW BL@EKQQDWK HDWIODR ZDAQRI 7H 5-QDQJD R
$URZKHQXD

#) Waihao Marae
D South Coastal Canterbury

Northern Streams Area

i Morven Sinclairs Area
The Hunter
Hills / Te Tari
aTe Kadmira

Waihao Wainono Area

Northern
Streams Area

Ot
 The

Hunter |
Hills'/ Te Tarl
" aTe Kaumira

Basedata
./~ Local authority inland boundary
+~.7 Sub Regional Chapter Boundary
/\/ State Highways

Roads

Lakes, Lagoons & Ponds

Rivers & Streams

g ol
. Wainono
L\Area

Morven J
Sinclairs|

JLIXUHODS RI WKH 6RXWK &RDVWDO &DQWHUEXU\ FDWFKPHQW

$V D UHVXOW RI WKH JHRJUDSK\ RQIBVGRVWKHIXUMRL @R XMIKW&RDVWDO &DQWH
EHHQ GLYLGHG LQWR WKUHH DUHDV WR PDQDJH IUHVKZDWHU TXDOLW\

LIRUWKHUQ 6WUHDPYV $UHD LQFOXGHVDWKN LXW CBLLR 15 UYHMWD®& 8 HVQDRAHY 0D Q G |
FKDUDFWHULVHG E\ WKH ULYHUVHB G \VWR MOKFH/ 3IDRIZILGJ26HD Q

LLDLKDR :DLQRQR $UHD LQFOXGHV DOO WRRINZ%D WHRKE BG DH.Q IFIRPFW R H QW \
WKH :DLKDR 5LYHU ZKLFK IORZ WR R ZLK\DKY H DL QRRRYR FRQRRIG WIIR@R QR
/IDJRRQ LV WKH GLVWLQJXLVKLQJ |HDMPSRUWRIDWWLN FIRUDHRD L EWOKRDGX HV T
WDRQJD IRU WDQJDWD ZKHQXD

LLAKH ORUYHQ 6LQFODLUV $UHD LQF OXGAVLUR U WHHH N BDW BIQFGH QWY 7KH V
LQ WKLV DUHD IORZ GLUHFWO\ W& DGR 30 RUIN. D PHHDIKD WRKROGHUV LQ W
*OHQDY\ —UULJDWLRQ 6FKHPH ZKLFK KDV E¥MHQ UXQQLQJ VLQFH W

(®perrinag 3DIH ORI



6RLOV UDQJH IURP 5HFHQW VRLOV R QDVK\HK 8 GRIQL @AK W B RHQORZ GV MR <HOORZ
(DUWKV LQ WKH KLJK FRXQWU\ K@QXDWRUDLOPDRQ WHRHLHRDMW DQG GULHU GF
WR W R PP RQ WKH ZHWWHU GRZQGRRGW UY K Q QUHFGIG YKL DWW OLWWOH DV
WKH SODLQV WR DV PXFK DV PP R@WNKHHUKLIJKHU FRXQWU\ 3

ORVW RI WKH KHFWDUH FDWFKPHQWJUWL ROV XIRKW  SIRPE QPWIHYGI E\ VKHHS
DQG GHHU IDUPLQJ LUULIDWHG [GEGLDUIDEIOH V\BQEPV $SSUR[LPDWHO
WKH FDWFKPHQW DUHD LV LQ H[RWLF SURGXFWLRQ IRUHVWU\

~Q WKH ODVW  \HDUV ZDWHU XVH LG XVIDWRRIK IDAFG HQ WHI® WIXEW \BDQWLD OO
&RDVWDO &DQWHUEXU\ -Q JHQHUDO W (REDEMRERBIBQWX \Z\W IVIHQD XD LOL PLWV IR L
VXUIDFH DQG JURXQGZDWHU DQG ZDVWHQRQR ODWR K® X BHVE HQHBKH JUHDWH
HITHFWV RQ ZDWHU TXDOLW\ ZLWK DHFIRQWWQXD@GGHTFIODL QBIQFIHQE® WKH V D
7KH DUHD LV QRZ GHSHQGHQW RQ VRXUBUQJDDNGLARIQV LRW DXXU WIXWH UHFRWQ RPLF
GHYHORSPHQW WR RFFXU 6RXWK &RDQWDWK&EBQWHKHEBUWONHV5UWRHWKBQG R X
FDWFKPHQW ZDWHU LV DFFHVVLEOH WRDLUULJDWLRQ VFKHPHV LQ WKH DU

7KH /RZHU :DLWDNL 6RXWK &RDVWDO &D QWO BERUUDBREOH $BSOIQRBXEWDWWR Wi
5HJLRQDO 30DQ UHFRUGV WKH IX00 SORRBDQMW IRG DRVEL RQFOW B HEWH EERPW K UHJ X O
QRQUHJXODWRU\ UHFRPPHQGDWLRQV 7XWHNRIN DWW LRV LREPHGW WEBQV
WKURXJKRXW 6RXWK &RDVWDO &DQWHGEKW\WKBHFRVIVFRDOM GILRP KB WS SIKRVSKI
QLWURJHQ

ILWURJHQ LV FRQVLGHUHG WKH SULPDOBUPRPRIQNWBRK VBQAMR RV W R Q F&HDJIW HU E X U\
FDWFKPHQW IROORZHG E\ SKRVSKRUXYV

(®perrinag e R



Determine catchment CATCHMENT OF INTEREST (1 OF 3)

objective.
Confirm existing land uses.
{ S Catchment reference group —
o F: . rererence
1. Current and potential land use ‘ ‘ [ideally inclusive of farmers who farmers
business cases will be developed

Identify potential land uses.

4

Identify and assign relevant
land use typologies (as per

for]

Typologies as per/adapted from
Monaghan et al. 2020.

edaphic and management

111

parameters). Catchment specific data
2. Land use performance metrics }' ‘
. . N &P, sediment and Updated and new Overseer models
Assign contaminant and — FOM loss P
economic outputs to all
relevant typologies. Gmmmmm | Gross margins and Updated and new economic models
L transition costs
‘ (expressed as an Literature
i Identify appropriate mitigations for e PLALD
each typology for each contaminant. the GM) MWILR NZesm medel
‘ EOE H Managemert H e ‘ AN &P, sediment Updated and new Overseer models
Assign the cost and efficacy of each — and FOM loss
mitigation. | A gross margins Updated and new economic models
‘ and transition
costs (expressed Literature
Develop the least-cost cost as an additionai
curve for each typology. input to the GM) MWLR NZeem model

Identify variations to
implementation for each
typology that are at odds with
least cost (i.e., producer
preferences) and potential
thresholds to farmer change

Farmer survey?

3. Develop mitigation cost curves .
= (cost, succession, consent

Producer workshop (including
farmer members of catchment

‘ reference group)

expiry, failure of infrastructure).

Identify extent of existing
uptake/implementation.

¥

Identify limits to potential
uptake (i.e., provision for areas
of known failure that would
preclude a certain land use
change

¥

Develop the expected
mitigation cost curves for each

typology.

¥

4. Land use optimization 5. Concept validation —

Output translated into model inputs.

business case evaluation

Freshwater-focused

scenario Business case 1
Outputs for Outputs for Business case 2
reduction in change in
contaminant area of land i
loss (N, P, use at an Business case 3
sediment, E. individual
coli), [GHG?] parcel and Business case 4
and gross catchment
margin at level
catchment Business case 5
level

JLIXUH2ULJLQDO PHWKRG FRQFHSW IRU WKH &DWFKPWQW 6\QWKHVLY 6FHQDULRYV SURM

perrin ag 3DJH RI




OHWKRG

7KH PHWKRG XVHG IRU WKLV UHVHDUEBKLDDO GROQIFMHBEAWIGRF HDAORBHG LQ WKH H
RI WKH SURMHFW )LJXUH 7KLV RY REHHESUR ¥HEF W KBIDRRXOYHG XH WR WLPH S
YDU\LQJ OHYHOV RI IDUPHU HQJDJH P HW WHDYQIU IWROHY AOLPIE WRDDF IKRIYVXRIHG WR Gt
UHVHDUFK FRPSRQHQWYV

7KH PHWKRG XVHG XOWLPDWHO\ FRPSULVHKG WH ZHQ H BV FIRPDORRZVQ W V
L 7KH GHOLQHDWLRQ RI WKH FDWFKPHQWRV GRU VLFQM MUHH 8 IVQLG) W\RHS\R CBRR @V L

LL7KH DVVLJQPHQW RI VSHFLILF HFRQR PW B XO/M\G MR HLDUFRKQW HSRIDIRA \R X Q F O X
SRWHQWLDO IXWXUH ODQG XVHV

LIHGHQWLIN\LQJ WKH UDQJH RI ZDWHU EXBOWW\HDIAKLWD SR ARRM DRSOEBOF XO
HYWLPDWHG LPSDFW RQ LWV HFRQRPLFM DQG HQYLURQPHQWDO RXWSXW

LY XUYH\LQJ IDUPHUV LQ WKH FDWFKPHIQWVRDEWKMW MEKREW LRQHRH WOHD@FG
PDQDJHPHQW SUDFWLFHVY RU ODQG XVH FKDQJHYV

Y 7KH GHYHORSPHQW RI FDWFKPHQW VSHEIDVH® IRQLDE3WORBDERWHWP EXUY B W
EXW SULPDULO\ LQIRUPHG E\ WKH D GR®XWLRH\ FB® HDRHIWPHQ VH 7 K’kH WHKW K H Q
QHHGHG WR EH DGDSWHG IRU XVH ZLWKLQ WKH FDWFKPHQW PRGHOV

YIBUHDWLQJ VSHFLILF JHRVSDWLDO FDXWE®P MEWM WHR &/HROWRDQYE WKHQYPFHQD U
ODQG PDQDJHPHQW DQG ODQG XVH FKDQZH WHKD W XZIRXIONG WHHH) QHDWNL D@ B C
LQ ERWK WKH FDWFKPHQWY DV D ZKROFDWRIGPH@WDFK VSHFLILF VXE

YUIHVWLQJ WKH IHDVLELOLW\ RI WKH SJHGS WRWD FIXKHWW N @ F R VG KHPWH QW TROXKW F |
ZLWK UHDO IDUPV ZLWKLQ WKH FDWFKPHQW

3 7\SRORJ\ GHOLQHDWLRQ

(DFK ODQG XVH WA\SRORJ\ ZDV GHILQHGERIDIBRVEOMWWBO-FRPEHQDWH® IRUPLQJ
JHRVSDWLDO ODQG XVH WA\SRORJ\ GHHRMW ISXEWY LB (ARPED QDODMH R IRQG SURSU
OD\HUV ZHUH XVHG

*HRVSDWLDO ODQG XVH LQIRUPDWLRQUWRP $JUIRAUDWHK H$SFRWW AXDFHQW SHULR
UHSRUWLQJ EHWZHHQ ZDV FRBOOHDVKH@ WZKILRKHADO/DYHG ZLWK DGGLWLF
JHRVSDWLDO LQIRUPDWLRQ 7KHVH GIHDIVMHWRFDZMUHHI PGHIDAHHIGWMRY F7KLY OD\H
SROVJRQV GHILQHG E\ WKH DWWULEXWH\S UBIRP ¢GI\I ¥ KWEBWID VHWL G DRAICPHD WL R Q
RI WKRVH XVHG WKURXJKRXW WKLV SURFHVV

3DJH R1
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7DEOH /D\HU LQIRUPDWLRQ IRU HDFK DWWU LHEIX®HQXVWE RQRIHRWSDWLDOO\ G

'DWD DWWULEXWH XVHG /ILQN WR GDWD VRXUFH
/DQG FRYHU GDWD IURP 0OI( 1DPHB KWWSV GRL RUJ % .
1=/5- GDWD VORSH KWWSV OULV VFLQIR RUJ Q] O/DAHWDSDEL®IOWL ODQG X
-UULJDWHG ODQV\(IB\S:HD SWHEOLQF SKHW\CV|-|59UE§W/DLPP||F| JRYW Q] OD\BUDUHD IUDIZL J D WG DW €

$YHUDJH DQQXDO UDLQIDOO 0l ( KMWSV GDWD PIH JRYW Q] OD\HUUDLQDXG®DJH DQQXDO

6WUHDP OHQJWKV RUGHU  RQORFOLYYAL WROHBFU WIERPWHY PRQBPHPMOO ITRE GRRQV
FODVVLILFDWLRQ a WH[W 5(& SURYUGAMZRUN IDHFXWD EHWWHU FRDVWO

VKDSH OHQJWK LQH FRQWRXU

)6/ 6RLO GUDLQDJH FODVV 'UDLQB&EBW¥V OULV VFLQIR RUJ Q] OD\HYG Y DD @RVUMWMMKLEXWHV

7KHVH OD\HUV DQG UHVSHFWLYH DWWURBRVFBWHABRBILWYXH@ KK SRIOX HREQWD V
DOORFDWHG VORSH LUULJDWLRQRWDLHYIEO®HXRQGWEBHQIHRVEDWHDO OD\HU |
7TDEOH RXWOLQHV KRZ HDFK RI WKHVHGFZWHWRG&DLWY ZHR P HDBERKHGDDKU ZDV X

7DEOH 'DWD XVHG WR IRUP VORSH LUUL DOJW LARBQW IR BY @& IDF & BRI J R Q

$GGLWLRQDO FDWHJRULHYV 'DWD FULWHULD
YODW 1=/5- VORSH $ %
5RO0LQJ 1=/5- VORSH &
2YUBORSH
(DV\ KLOO 1=/5- VORSH ' (
6WHHS 1=/5- VORSH ) * +
1RQ LUULJDWHG ~UULJDWLRQ GDWBZYTHRQOLENDQNW\SH XQ
—UULJDWHG
—~UULJDWHG —~UULJDWLRQ GDWD*X$I XDOLQM /DWSH DOUI3Z.YRW 5RWRUDLQHU
9HU\ ORZ 5DLQIDOO GDWD O0I( '1 PP
5DLQIDOO IRZ 5DLQIDOO GDWD O0I( '1 PP
+LJK 5DLQIDOO GDWD O0I( '1 ! PP
3RRUO\ GUDLQHG )6/ 'UDLQ FODVV

(DFK ODQG XVH W\SRORJ\ LV GHILQH GGE\VAHUR\ESBWH\DO D@\ KWW DDHBW QHVYV FDW
DSSOLFDEOH DQG VORSH FDWHJRURIJ\IZDS/SIXWADEIDW G HDEKQ MDB/RIG E\ VORSH
SROVJRQ OHYHO $V D UHVXOW HDFKRPBWEXREBQ@W ERANORMQVFRABDVULVLQJ D V¢
ODQG XVH WA\SRORJ\ DQG VORSH FODVV

2QFH WKH PDVWHU OD\HU DQG FRUU V3R QIG LUV BW WRM. B % WEN W KZHK LFFD W FK P H Q \
ERXQGDULHYV ZHUH RYHUOD\HG LQGKYW.\GRD®JDWWUHEXMHYHE U 7THKBIFDW W ULE X
LGHQWLILHG DV WKH GHILQLQJ IDFWROQ® VYWRKUWHNSRDWBKSBQWNOR/I IRUWHUHVW I
$SSHQGL[ WR $SSHQGL]

7KH SURFHVV RI W\SRORJ\ GHILQLWLRCARGVUHKA/ KEBOLYLORRDRIWEKEG RWWD O

7KH VSHFLILF IDUP DQG KRUWLFXOWXUDOHSVWWIRYWWKKDWUHDEKUWYSRORJRP EF
SXEOLFO\ DYDLODEOH LQGXVWU\ VRMXH BY ® QUK I$ @ EYADLY IKGIBWRILGN ALLWVDKY H [WH U Q
SURIHVVLRQDOV DQG RXU RZQ SURIHVVLRQDO MXGJHPHQW

3DJH R
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ODQXDO DQDO\WLV RI WKH FDWFKPHQAD W RORRJXVHEUWROYIDRROLEGDWH FDWFKPH
DW D KLJK OHYHO 7KLV SURFHVY MQBGORHG DDUHDOA] IDRIGIZRDNLQJ EDFN WR H
W\SRORJ\ ZDV WUXO\ SUHVHQW RU REQJRREWHIG PKILUI ISR RHVWHBEOURWLQJ RXW
EDVHG RQ WKHLU GHJUHH RI SUHVHQFHSBRWGVO -NVNHUKRKRQG JHP QRW HD& WKDW W
DVVLIQDWLRQ RI W\SRORJLHV GLGGIRW RQ YIRD DHSIUR SHBW\KOHDYAHO RU RI WKH
ObQG SbDUFHOV DQG UHVSHFWHG W\SRORJ\ GHVLJQDWLRQ

7\SRORJ\ GHILQLWLRQ SDUDPHWHUVDAHRKPBQWXVWIHNGDAORVHX IRU D FORVHU
RI ZKDW ZDV RFFXUULQJ LQ SUDFWLFH DQG WKH PRGHO GDWD

7KH WA\SRORJLHVY KDYH EHHQ GHVFULEHG Y ¥ WN UPOVRI XWKHHC AKD ORGWIKDQ HW
7KH EHORZ GLDJUDP )LJXUH GHPRQVW WHWRHVHIOR X WKSHROQRBHYRAROE EH
LQWHUSUHWHG

DI1a

Typology ID

JLIXUH I1RPHQFODWXUH IRUPDW RI WA\SRORJLHV

%DVHG RQ WKH LQWHUSUHWDWLRQ LQ VOKiH WWDEOWLEBYREG GDLURWBQEP XVH Z
DYHUDJH VORSH IRU WKH W\SRORJ\ RI GHJUHHV

3DJH R1
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7TDEOH &DWHJRULHVY XVHG WR GHWHUPLQH QRPRODIAODWXUH IRU ODQG XVH W\S

/IDQG XVH "HWQHVV $YHUDJH VORSH B3ROVJRQ VORS
'‘DLU\ ~UULJDWHS - GHIURHM UHHY §
6KHHS EHHI €% ~UULJDWHG ZHW -: U GHABHAY o
"HHU  *( ! PPAU 4 GHJUHHV &
$UDEOH $ PP\L  / GHIUHHY
9HIHWDEOH 9( PP\U 9/

GHJUHHV (

ILWLFXOWXUF 97 GHIUHHV )

JUXLW )5 GHJUHHV *

(IRWLF IRUHVW J\ () 2  GHJUHHV |+

—QGLJHQRXV IRUHVWU\ -)
*RUVH EURRP *%
ODWDJRXUL JUH\ VFUXE 06

/ILIHVW\OH /

$ SURSHUW\ FDQ EH PDGH XS Rl SRO\IJROW LRH PXORULISOELWISRQRVKLQJ VKHHS
IDUP ZLOO OLNHO\ EH PDGH XS REB@®RJIBWY —-) DQG () W

32 (FRQRPLF DQG HQYLURQPHQWDO RXWSXWYV

%DVHOLQH XQPLWLJDWHG HFRQRPLF ZEOHH@XHORGRWAWPBIOQRBW XYW FK C
W\SRORJ\ LQ HDFK FDWFKPHQW )DUP BPRRHOERBIGCGXVLQUHFRQIHQWLRQDO VR
ZKHUH SRVVLEOH QDPHO\ )$50$; 5HG OH®VZ YRHU V4608 6 FD L WAIKBHQODWWHU XWLOL
2YHUVHHU %HVW 3UDFWLFH 'DWD (QWUWX®MWD G DRIW H *G RS B\ DIQF® ® RLQS W\S H

JHQHUDWHG EDVHG RQ *36 FRRUGLQDWH® LIRIQH DFKHI L QE XN\ W HFOL PYOMH VW D
2YHUVHHUG6FL DQG 6 PDS VRLO GDRRG CGLYIL ERD X QICHUWDREBQ XVLQJ SURSI
PRGHOV EXLOW LQ OLFURVRIW ([FHO

%RWK WKH LQSXW SDUDPHWHUYV DQG WK K VXEWHGXHIQWK RMISRYDZBURIMI VL
VRPH IDUPHUV ZLWKLQ HDFK RI WKH FDWHHKP M@ NVRWY R EHIH XIS WWHVHA QAMDIW L R Q
PHGLXP WHUP H[SHFWDWLRQV 7KH SUIGFH}SKQNGE M FOUNWHHPHQKHE WR ORRN WK
FXUUHQW YRODWLOLW\ DQG FRVW SHGFEHLMWXIO® W KRQVEHMWRUN[ SHU WKQN VHQV
EH FRQVLGHUHG DV EHLQJ UHSUHVHQWQW HYS$IHR WBDMALIRPVWHUP SULF

7KH SURILWDELOLW\ PHDVXUHYV DOVR G FRXWWHGE DO &UWDIOHRD PRPWWLRPDO DVVH
LQ WKH IDUP VA\VWHP L H OLYHWWRMFRNYHWXSSOLHDUYWDBHMUDPH DQG D GLYV
UDWH 7KH EDVH SURILWDELOLW\ PHDWRYUHV GRO/MHRIZR QQ HED (R WA FEKDQJH LQ
QHW DPRUWL]HG FRVW RI FDSLWDO RIDMOOD®HS A RMHGFBYV WHRD/S RWEEUWYR Q

UHOHDVHG IURP WKH VDOH RI OLYHN@RAKN DWHWXVEHHAMDOS\SHORHFR KDUHYV HW

JRU SHUPDQHQW KRUWLFXOWXUH HVRVH PYU RVKU V LZDXWOLRR QQBOX® URRWVWRFN WUHHYV
ZRUNLQJ FDSLWDO IURVW SURWHF® IDRYF LOODQW EXHDXALSPHQ WW @D VHRALWUXPRIIG XQOLFE
SLSIUXLW ZRXOG EH HVWDEOLVKHG

3DJH R1
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LOQVWDQFHY D SRVLWLYH SURILW PG XWXUHKIDRBIGIL KV WIK B\W\ VEKHANODHULRG ZLW
\HDUV

)DUP RUFKDUG DQG IRUHVW VA\VWHP PRGHOOLQJ

$Q DJURQRPLFDOO\ IHDVLEOH IDUP P R$EHG; ZRVY BRO@V BMKW RBBOLQDQG XVH W\
HDFK FDWFKPHQW 7KHVH XWLOLVHBXYXHYLMBOA DHYOQO@MDEWKHK DWWKWRUY SURS
NQRZOHGJH WR GHULYH WKH NH\ SURKENAWURY $OD/WDHH WEHIVRIRWLDWH WR WK
ZKLFK WKH FDWFKPHQW ZDV ORFDWHG 7KHVH VRXUFHV LQFOXGHG

x 1HZ =HDODQG 'DLU\ 6WDWLVWLFYV /-& 'DLU\1=
X '‘DLUV1I= (FRQRPLF 6XUYH\ 'DLU\1=
x %HHI /DPE 1= 6KHHS EHHI IDUP VXUYH\V % /1=

7KH HFRQRPLF RXWSXWV IRU W\SRORJLHVOGHWIDIW DMIO® IDQYJ PROHNVRMKROHZHUH
HTXLYDOHQW RI WKHLU ORZHU $URKGXB®H QMWW | KU OMK ARKXOIPHUXHWQHVY FDWH
ZLWK WKH DSSURDFK LQ 3DUVRQV HWD® ORZHWQH YIHEOMRNVN AMMHSLWDO GHSOR\FE
DFFHSWHG WKDW WKHVH VPDOOHU SURSHUWQ& WKIHLKUNVHE RW REPH. - ARXRAHSUXAW D O (
HVWLPDWHY DUH SRWHQWLDOO\ RYHMWHVD WH EGK DKHIHH®RR WL Q@ WRDL@QW\L FKY DO X H
RZQHUV WKDW ZHOO H[FHHGV DQ\ FRARHUF ISR/ UMMWYYHJ BF RQRIPLVLULQHOG WR W
SURSHUWLHYVY PDNHV VHQVH

$UDEOH DQG KRUWLFXOWXUDO V\VWRY?PRIWHURHRORGHQQB WHQHYMYFQW SURGXFW
SHUIRUPDQFH PHWULFV IURP DYDLODEOH VRXUFHV LQFOXGLQJ

x 03— 3LSIUXLW DQG 9LWLFXOWXUH PRQLWRULQJ UHSRUWYV 03—
x $UFKHU DQG %URRNHV
x 1RUULV HW DO

(VWLPDWHV RI H[RWLF IRUHVWU\ SURPL® IGEIMFIRX\QIWHIH FOWKL®RE PHWKRGROR
WZR URWDWLRQYV \HDUV LQFRUSRUDMUYW FDRMBQ LLRQ'XQEHU QVKH DY HUD
DW D SULFH RI 1=8 FODLPHG HYHERXDQYH UBWWVRIDQG5DVWEHY Rl FDUERQ

VHTXHVWUDWLRQ DSSURSULDWH IRU W K HP FRXERKP/HKGI\E VO ZH & B IREERVD D@RE MER
WDEOB® DQQXLW\ WKDW JHQHUDWHG DQ MGHQ@WHRDOUGIIBDW BURDWRM DO XA G |
WKHVH DVVXPSWLRQV ZDV WKHQ XV H GHIQWB SRV HRRIDW KIHQD Q WXIWODFNQRZ Ok
WKH UHODWLYH SURILWDELOLW\ RI FRUERW®Y W HWHRXHW L ¢ IA/H WLUAHWVW R~ \HD

2XWSXWV ZHUH DOO H[SUHVVHG RQ DDORQ KAEWK WHKBDV LSU LIKIHOAHV R XUFHV D'
GHVFULEHG LQ 7DEOH EHORZ

KWWSYV 777 PSL JRYW Q] IRUHVWU\ |RVHVGUDILQFWKPHHRPVVYRRQV UHWXUQV DQG FL
QIXV IRU IRUHVWU\ FDOFXODWLQJ WKWH IRRRIXGWORIQED BEEBRBRIQOQWREOHY IRU FDOFXODW!

3DJH R
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7TDEOH '"HVFULSWLRQ RI HFRQRPLF DQG HQYLURQPHQWDO RXWSXWYV

2XWSXW OHWULF 6RXUFH &RPPHQW
(QWHUSULVHKD ORGHOOHG LQ )DUWIDM LV HVYVHQWLDOO\ RSHUDWLQJ SURILW
PDUJLQ VRIWZDUH RU FDBBXNQDWHGEHIRUH LQWHUHVW WD[ UHQWDO

IURP 06 ([FHO PRRIHDIVQDJHPHQW EXW DOVR LQFOXGHV WKH
DPRUWL]HG FRVW RI FDSLWDO RI PDUJLQDO
OLYHVWRFN VXSSOLHU VKDUHV HWF RYHU
WLPH IUDPH DQG D FRVW RI FDSLWDO

%DVH HQWHUSULVH PDUJLQV GHWHUPLQHG |
WA\SRORJLHV IROORZLQJ ODQG XVH FKDQJH L
QHW DPRUWL]HG FRVW RI FDSLWDO RI DOO G
DVVHWYV RWKHU WKDQ ODQG L H FRVW RI F
OLYHVWRFN VXSSOLHU VKDUHV HWF

1 ORVYV NJWKD ORGHOOHG LQ (VWLPDWHYV IRU JRUVH GHULYHG IURP 0DJHYV
2YHUVHHUGFL RUBPHULYHG
IURP OLWHUDWXUH
$ GLUHFW DOORZDQFH IRU VHSWLF WDQN OR
DSSOLHG WR OLIHVW\OH SURSHUWLHV

3 ORVV NJ\® KD ORGHOOHG LQ
2YHUVHHUGFL RU GHULYHG
IURP OLWHUDWXUH

6HGLPHQW ORVYU W NP*-6 OD\HU IURP D/MGLDQ VXVSHQGHG VHGLPHQW \LHOGV XQG!|
GDWD VXSHUPDUN®GIMPDWH FKDQJH ODQDDNL :KHQXD /DQGFD
S5HVHDUFK

KWWSVY ODQGXVHRSSRUWXQLWLHYV Q] GDWD
FKDQJH LPSDFWYV RQ VXVSHQGHG VHGLPHQW

LQ QHZ JHDODQG

SDWKRJHQV( FRKIL\U '"HULYHG IURP OLWHUDWXUH &/8(6 RXRMBWWY > ®@LIJHQDXOW I

&+ NJ &+U ORGHOOHG LQ 2YHUVHHUGFL
2YHUVHHUGBFL DQG 0)(
HPLVVLRQV FDORXWDOD®B\WRU HOYLURQPHQW JRYW Q] ZKDW \RX F
GR DJULEXOWXUDO HPLVVLRQV FDOFXODWRLU

12 NJ &2 \U ORGHOOHG LQ 2YHUVHHUGFL
2YHUVHHUBFL +RUWI1=
HPLVVLRQV FDOFWD®\RU ZZZ KRUWQ] FR Q] HQYLURQPHQW Q
DQG GHULYHG IURROLF\ FOLPDWH KH ZDND HNH QRD NQRZ \R>
OLWHUDWXUH  OQOXPEHU HPLVVLRQV FDOFXODWRU

&2 NJ &2aU ORGHOOHG LQ %LRJHQLRG@Q\
2YHUVHHUGB6FL +RUWI1=
HPLVVLRQV FDOFXOIUWRUB U6FL
DQG GHULYHG IURP
OLWHUDWXUH KWWSV 777 KRUWQ] FR Q] HQYLURQPHQW Q
SROLF\ FOLPDWH KH ZDND HNH QRD NQRZ \R}

6HTXHVWUDWLR VVLRQV FDOFXODWRU
IRUHVW VSHFLHV GHULYHG

3DJH R
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7TRWDO *+*

NJ\&2

IURP 03- DQG &DUVZHOO HW DO SURYLGHG VHTXHVWL
OLWHUDWXUH HVWLPDWHY IRU JRUVH

&DOFXODWHG IU®P RIEHRMHE VRXUFHV RQO\
XVLQJ D *:BI
NJ &P IRU ®QG

NJ &B IRU21

7KH VXPPDULVHG SK\VLFDO ILQDQFLDO D@RH HRQ YOLO/R QWPKHQWSR SRUIRVARU HE
FDWFKPHQWY DUH VXPPDULVHG LQ 7TDEGMRIVKURXJIJK WR 7DEOH
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33 OLWLJIJDWLRQV

$ PDVWHU ZDWHU TXDOLW\ PLWLJDG LRRPOQEWBUDWXW HFRPSHAPSDFW Rl WKH
DGRSWLRQ RI HDFK PLWLJDWLRQ RQ WHRQMXRLPDIQW XD \EHRIFARDRO LM HHQKR XV
*+* HPLVVLRQV DQG HFRQRPLF RXW SXKW ZIOHF AMDQUAHX BDWIHGXRQ @ D VWDQGDU
PHWKRG IRU HDFK PLWLJDWLRQ ORGQRID ®XQUISXONVVS ZD WKW LEDLWHEG ZKHUH SRV
RWKHUZLVH LPSDFWV ZHUH PDQXDOO\ HOWEPHUN G WLRP® WKE SRSQUYRBG UHV

$ WRWDO RI SRVVLEOH PLWLJDWLRQWR W HMMHOFRQWH @GOG FQRRWH QUR HYHU\ V
DFURVVY DOO WKUHH FDWFKPHQWY 7KHVH )BRPBUWYVYHBWILRGVIDQPQHWWH® JHQ!
PLWLIJDWLRQV VHYHQ HGJH RI ILHYGRPEWDUMLDR@ QRRGDQ/E FKDQJH /8&
7TKHVH DUH VXPPDULVHG LQ 7DEOH EHORZ

7TDEOH 6XPPDU\ RI WKH PLWLIJDWLRQ OLEUDUGS\RWKHVRY G/HKHHQ O\ R K PSHXRWI H F

OLWLIDWIHRVGFULSWLRQ 7\SH 3ULPDU\ PRGRAOEQY RI
DVVXPSWLRQ PLWLIJDWLRQ
HIILFDF\
/IRZHU 65

5HGXFHG VWRFNLQJ UDWHV>GDLU\ R

\ FRZV L
QQEGO\@ 2§P|UVHHUGI-L
-QFUHDVH VKHHS UDWLR E\ XS
-QFUHDVHG VKHHS FDWWOMRUDWURSRVVLEOH 2WR DVHHM[U 6 F L
R1 VKHHS FDWWOH

(OLPLQDWH VXPPHU FURSSLQJ

LI DQ\ IRU GDLU\ UHSODFH

IHHG ZLWK XS WR NJ

3.( FRZ WKHQ ORZHU

SURGXFWLRQ )RU GU\YW |
SHGXFHG IRUDJH FURSSLQJ oo )8 o GHPD& NLﬂJ}ﬁ—WUM—L

VHOO ODPEV VWRUH

5HGXFH ZLQWHU FURSSLQJ LI
DQ\ E\

)RU SDVWRUDO IDUPV DQQXDO
1 IHUWLOLVHU XVDJH LV UHGXFHG
WR QR PRUH WKDQ NJ

SHGXFH 1 IHUWLOLVHU xvH > KP * 2YHUVHHUBFL
)RU YHJHWDEOH DQG DUDEOH
DFWLYLWLHY RQH VFKHGXOHG 1
DSSOLFDWLRQ ZDV HOLPLQDWHG

~QUWDOODWLRQ RI GRLUNUGXHE % o

/LQHG HIIOXHQW SRQGV VWRUD@ ZLWK DQ
LPSHUPHDEOH OLQHU

ORYLQJ IURP D XQl.I_'R'_l'J

9DULDEOH UDWH LUULJDWLRE@WXUQ LQWHUYDO Wgoé_b\VHH\g %%
VRLO PRLVWXUH OHYHOV

21l SDGGRFN VWUXFWXUHV &ﬁIQV{I/ﬁ/UXFWLRQ RI EE?E@\%DD%(PQG

URRI LQWHJUDWLRQ LQW RUDO
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GDLU\LQJ V\VWHP EDVHG RQ
UDQJH RI FDVH VWXGLHYV

6PLWK
OXLUKHDG

>&DUGHQDV HW DO
&ROVWUXFWLRQ R| DY Q

XQFRYHUHG VWDQG I DW
6WDQG RIl SDGV QR URRI DQG LQWHJUDWLRQgﬁ(QL{Ib I?QO\:-{HL% HwW DO

SDVWRUDO GDLU\LQF?V\y\DV§/|I_-||F5

/HGJDUG HW DO
@

ORQDJKDQ
'DLIJQHDXOW
5HWHQWLRQ GDPV EX%%yFHQVWDOODWLRQ[MGDBRQWWRU
VHGLPHQW WUDSYV HYHU\ KD RI FDWPRKPHBMU HW DO
/HYLQH

7DQQHU HW DO
(QKDQFHPHQW RI D ZHW O®XNG DV
)DFLOLWDWHG ZHWODQGV HTXLYDOKWDW WR A RDQQHU
WUHDWPHQW DUHD 'DLJQHDXOW
(OOLRWW

7DQQHU HW DO
&RQVWUXFWLRQ R|I D ZHWXNQGYV
&RQVWUXFWHG ZHWODQGV HTXLYDO®QOW WR A RDQQHU
WUHDWPHQW DUHD 'DLJQHDXOW
(OOLRWW

7KH IHQFLQJ Rl ERWRRQKHYV RI
6WUHDP IHQFLQJ 5(&(2) ZDWHUZD\V 'DILWEHD XOW
P EXIIHU (OOLRWW

7KH LQFUHDVH LQ EXIIHU RI
P IHQFHG 50&%0O0OHU HW DO
SLSDULDQ SODQWLQJ LQFOZ&&/LEHUQ/Z%%O DQG(%3XEVHBTXHQW

ULSDULDQ SODQWLQJ

&UHPWLQJ DQG PDL QJ P
9HIHWDWHG EXIIHU VWPLSV ﬁ%@UIHUIURP DO©§%€%§%6J

DUDEOH FURSSLQJ DEWLYLW\

30DQWLQJ SROHV DW 63+ RO
6SDFH SODQWHG WUHHYV RI DA®)ODQG ! ?58 Hw
VORSH

—-QFUHDVH HIITOXHQWDDKHYV RRFKW DO
-QFUHDVHG HIIOXHQW DUHDNVKDW 1 KP6LQ HIITOXHQW
UHGXFHV WR NJ PXHDUVHHUGFL

$00 I[HUWLOLVHU 1 WR HIIOXHQW

5HGXFHG 1 WR HIIOXHQW DWHMHDV HONPLQDWHG@YBE WHRHUGFL
NJ FRZ GD\ RI 3.( IHG WR
UHSODFH IHF
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RWKHUZLVH UHGXFH
SURGXFWLRQ

8VH RI PLQLPXP VK é&% DXOW
OLQLPXP WLOODJH WLOODJH SUDFWLF %%IQ \)}%&( |_F|2\}v DO

IXOO FXOWLYDWLRQ

8VH RI JHUR WLOODJ|5|L \ng\rv
=HUR WLOODJH GLUHFW GULOOLQJ(d‘gL%% IXOO

FXOWLYDWLRQ

$SSO\LQJ YDULDEOH UDWHYV RI

PDLQWHQDQFH IHUOS,}O'ég#éJO v bo
9DULDEOH UDWH IHUWLOLV®BEURVYV WKH*ODQGVFD v HY

RQ SUH GHWHUPLQHG VSDWLDO

DQG IHUWLOLW\ FKDUDFWHULVWLFV

'DLIQHDXOW
$ FRYHU FURS DW W(IOHD HRMBWR |

&RYHU FURSYV DXWXPQ WR HQVXUHDMNWKKHWROVHW DO
QR ZLQWHU IDOORZ >/RZ HW DO
@

6RZLQJ RI D FURS DW WKH HQG

&DWFK FURSV IRU IRUDJH F@Egg@bﬁ?:gui:gi%{ﬁgy%m%GI:L

SDVWXUH

RI IDUP DUHD TXDOLILHV
. ‘ J DVZDUG E% H L
LYHUVH SDVWXUHV L H Sgéwé% QWDLQ G%% Q/ﬁlglyvm L
SDVWXUH

ORYLQJ IURP )) WR D
XQLIRUP UHWXUQ LQWHUYDO

-UuULJDWLQJ EDVHG RQ VRLR?%LRM&%&;&JE%A)I@i?BW HW DO

PRLVWXUH LQ FRUH EORFNV RI
IDUP

$SSO\LQJ 3 IHUWLOLVHU

VXIILFLHQW WR PDL§ §le5 V. R @/
5HGXFH VRLO 3 WHVW WR R3WNVIRPP3 WHVW OHY %y I%\?QVKP DO

DJURQRPLF RSWLPXP IRU VRLO

WASH DQG ODQG XVH DFWLYLW\

6PLWK
OXLUKHDG

5HSODFHPHQW RI >OF'RZHOO

8VH RI ORZ ZDWHU VROXEOHW®3SHUSKRVSKDWH ZE;LF WHRO HW DO
IHUWLOLVHU GLFDOFLF IRU DOOQC IHU LOC'}L%JZ"A%%

DSSOLFDWLRQV 6P LWK

6KDUSOH\ B\HUV
@
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6PLWK
OXLUKHDG

+R RRNH HW
'"HIHUUHG DQG ORZ UDWH HI%?% é{\gDWLRQ Rl IDng 58 bj\

WR D GHS
DSSOLFDWLRQ K&Jkpo Hw DO
OXLUKHDG
HW DO
OXLUKHDG @
$SSO\LQJE)VLQJOH¢§$
$SSO\LQJ DOXP WR SDVWXUBSB®&FDWLRQ RI
FURSV ES:?QWR DOO SDVWXU ZHOO
lRUULV

FDWLRQ RI  ORQIINQ HW DO
FURSV MXVW WR FULWLFDO
DUHDYV &6$V WR DOO SDVWRUDO DQG

FURS FULWLFDO VRXUFH DUHDV

$SSO\LQJ DOXP WR SDVWXU % QJ D VLQJIOH DQQXDO

6PLWK
OODWLRQ R @&XUUKHDHQFH
HIHWDWHG VPORHRYZHOO HW DO
@

)HQFHOLQHSDFLQJ,UHYH%%éwg

&UHDWLRQ RI QHZ ZAPAGWRKZV
DZD\ IURP JORZ SD WKL DIQHED G
UHPHGLDWLRQ RI HHOAVRDHO O
ZDOORZV @

$OWHUQDWLYH ZDOORZLQJ

(VWDEOLVKPHQW RI
LQGLJHQRXVIRUHV% R% i
SRO\JRQV ZLWK D V REQGVRHUGFL
/IDQG UHWLUHPHQW SHUPDOH@WMJIUHHYV
"\PRQG HW DO
QDWLYH IRUHVWU\ 8% Q
6HGLPHQW ORDG HV PDQﬂB @ r
UHGXFH E\ IROOR QJ

ODQG XVH FKDQJH

(VWDEOLVKPHQW RI 3 UDGLDWD
IRUHVW RQ SRO\JRQV ZLWK D

VORSH RI GHIJURMMUVHHUGFL
BODQWDWLRQ IRUHVWU\ /18&

6HGLPHQW ORDG HWI/DIORD WW G & R

UHGXFH E\ IROORZLQJ

ODQG XVH FKDQJH

~W LV UHFRJQLVHG WKDW WKH PLWWDWH R Q QGG BUKIHUNHL B UHR VFM[KPQV QRW LQ
IDUPHUV PD\ KDYH DOUHDG\ DGRSWH® RWK B U B HRIMHWLIG KHDGJP MWAKIDIDWH ZDWH!
FRQWDPLQDQWYVY ([FOXVLRQ IURP W ISH LFALDVWLLID\WARK WOR BLODAX\ IZFYHQW OLWHU
HIILFDF\ LQ WKH 1HZ =HDODQG HQYLQRQAPHVRWRHAN RQDOLJBPHRU DQ LQDEL
VXFK DFWLRQV ZLWKLQ WKH WRROVKOHDN OHVKIOU DW IDUP RU FDWF

7KH FKDQJHV WR XQPLWLJDWHG RXWSWWRQ URR PHDF&LF EWHWHVD B QOAFD W\SLFLC
UHSRUWHG LQ PRGHOOLQJ RU OLWBUB W RURXDAS O\@ EREKDROIXW H GKHQYLURQPHCG
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ZHUH WKHQ FRQYHUWHG WR D SHUFHQWDRB ERDWKH EDWLYVDWURQVERYWDFXUY
EHORZ

7KH FKDQJH WR XQGHUO\LQJ HQW H U SWLIRVH CPORISWQ R Q UZRFU ALMDLPX ODWHG WR
FKDQJHV WR RSHUDWLQJ PDUJLQV DQUH®@ KD SP\SDPW RY HD\OW RIHQWL ZKLFK ZDV
RYHU D WZHQW\ \HDU SHULRG DW D GLVFRXQW UDWH RI

6SDWLDOO\ DSSOLFDEOH PLWLIJDWLRQV

*HQHUDO DQG IDUP VIVWHP PLWLJDWLRQVHZHIH SREVPRE® RS DI PSEOR SWR D W
W\SRORJ\ (GJH RI ILHOG PLWLJDWHRRKD Q QH SDWHVLQ W HOPEHEGXWR EH UHVWULTF
SRO\JRQV RI DSSURSULDWH W\SRORDVHYU I RS MQXGIL PUVWRQY DWKIHFRQ SURSRVHG

7DEOH 6SDWLDO PLWLIJDWLRQ DQG SDUWLDOL®/D G® XVMHHMKHIQWH DSSOLFDE
OLWLIJDWLRQ 6HOHFWLRQ FULWHULD 'DWD DQG VRXURIQV $VVXP ¢

OO0 SROVJRQV ZLWK VWUHDPY RUGHU Y $VVXPH VWUHDP RUGHU DQG

6WUHDP IHQFLQ% UXQQLQJ WKURXJK LwP WP TURP =28 #=6 ODVHU 5(& YHUYERCL 41y pouHbG) IHQFHG

ROVJRQV ZLWK VWUHDPV RUGHU VVXPH VWUHDP RUGHU DQG
5LSDULDQ SODQ\W?_%JS Q o RUEEY -3 -6 oD\HU 5(& NG R Q Q
UXQQLQJ WKURXJK LW KLIKHUDUH DOUHDG\ IHQFHG

% 'H
/IDQG UHWLUHPHQW SBD@/LY 1=/5- GDWD VORSH *-6 OD\HU

I-||_|U VORSHV ) * +
LU\ $U

DEOH () * +

'HHU VORSHV ' ( 'DLU\ $UD H
, 1= GDWD VORSH *~6 OD\HU

3ODQWDWLRQ IRS%%?WU\

7RWDO DUHD RI LUULJDWLRQ

-UULJDWHG ODQG XVH FKBQRISHV $ % 1=/5- GDWD VORSH *—6 O%\I{%JVWUDLQHG WR H[LVWLQJ WRWDO

1RQ LUULJDWHG OBRQAWIMH O ZHWQHVV DQEDYQRBBIOF DWHJIMWVLIQHG VORSH FDWHJRU\ 2/: GDWD
FKDQJH VXLWDELOLW\ SLSIUXLW YLWLFXOWKSBHPDUNHW

XLOW RQ VORSHV $%&

PP DQG DERYH UDLQIDOO YHUDJH D XDO1UDL (? 6
Q Q $ QX GHJUHHV OLWLJDWLRQ /LEUDU\ 9

)DFLOLWDWHG ZH\%/%%\SE@(bOW RQ VORSHV &UMDMQPGFOORVO\ LQFOXGHG DV SRRUOLKCDBLGWHEQIPOO SDUDPHWHU
UDLQHG VRLOV GUDLQ FODVV *-6 OD\HU ZDV UHPRYHG

RI DUHD

O\ EXLOW RQ VORSHV $%&
PP DQG DERYH UDLQIDOO $YHUDJH DQ@K(D O* U LIIHD.O Q $%
GHJUHHV OLWLJDWLRQ /LEUDU\ 9

&ROVWUXFEWHG ZH%A?é)S)D&éQL\ﬁW RQ VORSHV $UDLMQEBOPRRUO\LQFOXGHG DV SRRUMLEDRLQHIBLQ)POO SDUDPHWHU

L G VRLOV GUDLQ FODVYV *~6 OD\HU ZDV UHPRYHG
R1 DUHD
6SDFH SODQWLQJ ! GHJUHHV ' () * + 1=/5- GDWD HUORSH *—6 ODN OLEUDU\ GHJUHHV

6HGLPHQW WUDSV "HWDLQPHQW
EXQGV D D UROOLQJ ODQG RQO\ $ % & *-6 ABYEY GDWD VORSH HYHU\ KD

:KLOH WKH DGRSWLRQ RI SDUWLDOUO FRE X HE HF PID@IH MR JRRVUSBWLDOO\ LQ V
FDWFKPHQW PRGHO WKHUH LV FRQVLG H WKXEBDRWIKR P SGHHW\QVQLYROFEG EDOF X
HFRQRPLF DQG HQYLURQPHQWDO LPSDW\WRQRV B®JIWKRH SRM\GRRLWHYMHO ZLWKLQ
WV\SRORJ\ 7KLV LV SDUWLFXODUO\WWHKRWOHNB TKBQH/DQ THVW UH. EXRLO W\SH ¢
ZDWHUZD\ LV UHTXLUHG WR GHWHUPMQH DSSOLFDELOLW\ DQG LPSDF

&D perrin ag 3DJH R



7R VLPSOLI\ WKH PRGHOOLQJ WKH DYHUDPVY DRSDEWHRHW\RRPWRDWUZEAEDLY FDOFXC
DSSOLHG ZLWKLQ WKH PLWLIJDWLR@&E8HMW FXUYHV %\ ZD\ RI H[D

X )RU WKH ULSDULDQ SODQWLQJ DQGVVWHKIH DF HIWQ B HQUWPLLMOLP DDMIQR@V K SH U
DUHD RI HDFK W\SRORJ\ DFURVV DWIGS MR RQ\Z L VKV WO BXYGIDDJH FRVW
LPSDFW OHQJWK RI VWUHDP IHQFLQNWURPGWKILMFMQ SHMHKBBEW F®RH IRU W
W\SRORJ\ ZDV GHULYHG DQG DSSOLMGSRR DD O LRGN KIDFWRIY W KR W K HWK |
LQGLYLGXDO SRO\JRQ ZDV DGMDFHQW WR D VWUHDP RU QRW

x -1 *-6 DQDO\WLV GHWHUPLQHG WKDWREDIS06 LFQ B\OHH SSRUR S R Q W WRIQD W
W\SRORJ\ E\ DUHD ZRXOG EH HOLJLEOH WRH DD F R Q B WU X FWH 8 DAWMGD DRSD |
DFURVV WKH W\SRORJ\ LV RI ZKDW ILWKDRK Q/GSRD RIKZPWDXNEO\ PLWLJ
D ZHWODQG

34 )DUPHU SUHIHUHQFH VXUYH\

7R LGHQWLI\ WKH SUHIHUHQFH RI |CPUHRHWY W® WE&RSMDDDMWM (FOWBRLW\ PLWLJ
XVH LQ WKH GHYHORSPHQW RI FDW F KRPHAD WXV HIML LGP WW HLDWI R HFUHQF H IR
DOWHUQDWLYH ODQG XVHV IDUPHUV ZYMWHG WRHSBDWERPSDQWN ZGI ERWR D S
LQWHUYLHZ DQG DQ RQOLQH VXUYHZDY GRIXGI® RHWCG EY WHRFHYWHDUFK WHDP
WKH SURMHFW LQLWLDWLRQ ZKLFKVRDNQWROWR ZB® B HW MW\ XRIRWKE\UHVXOWV

7KH LGHQWLILFDWLRQ RI DQG FRQW DI/F RVF E KW K HGX MKIERO(H KS B H WHLIE D © DX Q Q H (¢
FDWFKPHQW JURXSV LUULJDWLRQ ]RQFRRRFROWYHWHARD QG UMW RQBOWHG LQV
DFURVV WKH WKUHH FDWFKPHQWYV UHPHILYHRY PRWLRY R B HIW DIQI ZDWRHU FR
IRUP $ XQLTXH LGHQWLILHU DQG D SWQRK\RZHQW FHWRLYHG W& PHRRWKH IDUPHU
D WLPH IRU LQWHUYLHZLQJ $00 SKR Q& YIDWHAGL ALRS WDW Y BBDUWM D@ WKH RQOLC

VHFRQG VWHS RI WKH UHVHDUFK SIHFRHHW\H G$ O ON BR D WG RRIMWQLRY R IRU
SDUWLFLSDWLQJ LQ WKH SKRQH LQWWR YSILHZW B B H W IQF WKIHQMRYD QR XISQRQOLQH
UHFHLYHG DQ DGGLWLRQDO N R K DWRHJG UMKRHYLEB\W RI WKH VXEPLW

—I D SRWHQWLDO SDUWLFLSDQW Hs H ©MGHGY MHZ DU QRLS BRW H QIOWW RO SKRQH FI
LQWHUYLHZHU ZDV UHTXLUHG WR ROD® 2 WS EZLOV R RZQMMQVH Q FROQVHQW $ FRQV
SURYLGHG YLD HPDLO ZLWK WKH (DQQGVEZD® 5 H R XHWFWHLG) YRR EBIWLHRWXUQHG WR

-Q WRWDO WKHUH ZHUH UHVSRQGHQRWP 71 RR WHKUHH DXQNE W XBIRP 6 RXWK &RDV\
&DQWHUEXU\ 7ZR DGGLWLRQDO IDURHGVDIZRB OFLXNIOWHWL WR GIDADWLFLSDWH E
ZLWKGUHZ WKHLU FRQVHQW EHIRUH WKBIWHWHEDYGWZ DIQ/GKWKKIHVBIFWRY HU V Ut
H[FOXGHG IURP WKH DQDO\VLYV

$00 WKH GDWD IURP VXUYH\ SDUWLF LREQO@WW BGVWRQ & Q DPZRKIVWFKE® HQW OHYHC
FRQFOXVLRQV IURP WKH UHVHDUFK HORF RDDQWIDU @ D) RQ\PRMDWHG D VSHFLILF
FRGH ZLWK WKHLU FRQWDFW GHWDLORPHIBW RW B \ LDFMFHHWYYILHEDLHY W R/ MVKH $Q\ VK
WKH UDZ LQWHUYLHZ DQG VXUYH\ GDWD 2DR WRB\ZS GR YL BHHGU LLOR $ I WKHIDD Q R Q \
GDWDVHW 7KH UDZ GDWDVHW ZLOO LORWR E W ISEK EJGIMWHKIHGE KHUH L GHIQMWQ RW FRQ
SDUWLFLSDQWY DW DQ\ WLPH GXULQJ WKH UHVHDUFK

B3ULRU WR XQGHUWDNLQJ WKH IDUPHW HKIQOWGHUdYWHKZWKE PEWWUQILHIHUV WR RX
SURFHVV $ SLORW SKRQH LQWHUYLHZ ZDYHX®/GRQW IXNOQ WRNHQ V¥ XWUW KHKBISTS L
GDWD DQG LGHQWLI\ DQG LPSURYHPHQWY WR EH PDGH
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%RWK WKH SKRQH LQWHUYLHZ DQG R QLOU\QH KXV YLIQIWRR K WHW RS UBILIQUH QFH V
DGRSWLQJ VSHFLILF DFWLRQV RU DRW WKHQU ODQREVX D G ZRMKLWIKW DLP RI D
ZDWHU TXDOLW\ RXWFRPHV ZLWKLQ WKHLU FDWFKPHQW

3DUWLFLSDQWY ZHUH SUHVHQWHG ZIDWK @JWHMR LKW BH @ WHY PWL RRYVU MK HLU ZL
DGRSW IXWXUH DFWLRQV WKDW DIIBE®/OZQWGIKNVVXY A LIG RBQ\G RUKHLSD QG DOWF
XVHV WR FXUUHQW IDUPLQJ RSHUDWIURQD VINH GX WKKHW K fDUWKHVH DUH SHUFHL
NQRZQ EDUULHUV DQG RU FKDOOHQFRW IDILWPK OW QG WYHLAKBQWFKPHQW DQG
FRQVLGHU WKH ELJJHVW GULYHUV RFOPHEWX ¥ HORK BB JH) LI WXKUHIFDWH SKRQH
TXHVWLRQV DUH SURYLGHG LQ $SSHQGL]

7KH GDWD ZDV UHFRUGHG LQ D OLFURDAR |&HMWPHO WSKUHH DREOVAKRIZHLMVD IV K
x )DUPHU DQRQ\PLVHG LGHQWLILFDWLRQ FRGH
x 'DWH DQG WLPH RI LQWHUYLHZ
x &DWFKPHQW DQG VL]H RI IDUP

4XDOQWLWDWLYH DQG TXDOLWDWLYH SRWDHY D\WQ VDNV RVFDG @&/ OWH @ GECRRVLR QDO
FRPPHQWDU\ SURYLGHG E\ WKH IDUPHUV

7KH RQOLQH VXUYH\ ZDV FRQGXFWHG YSHE GXU[YH\0RQUNHWKNHFD®D H[WUDFWH
OLFURVRIW ([FHO IRUPDW WR EH FRPSDWIZEGBWDR WK FRKIGEBRQR R GI\WFHK YL
UHVSRQGHQW 7KH VXUYH\ GDWD VRXJKW RVR W R R SGO0H/P B G W OD0GHG \W HSD QUER P W K
LQWHUYLHZ 5DZ GDWD IURP WKH PL[HBQDHWKHRG W KHR KD MK BDSWRFHVYV R
WULDQJXODWLRQ WR LQWHJUDWLY HY\W KGD WD QWMMRWHLW HDO QG T X DHOELEV D W L
WKHPHV ZHUH LGHQWLILHG DQG UDQNHG EDVHG RQ RFFXUUHQFH

7KH GDWD FROOHFWHG LQ WKH IDUPHURVRUY I3VUEBEDNUWRFEG WRHW KWRDISGOLFDW
PLWLIJDWLRQVY DV DQ DOWHUQDWLYH WRDEKRW @HOHQ ¥\ FRUVRD RK FFIRMNW H/IX J J|

1% 6SHFLILF DQDO\VLV RI WKH IUMHWKRQY¥VXINLWRN€YLIRHBHWWHVHQWHG DW WKH
/IDQGVFDSHY 5HVHDUFK &HQWUH HARQWKH QB R FIHMH®G ISXEW DYKEHMERQH HW DO

35 'HYHORSPHQW RI PLWLIJDWLRQ FRVWHFDWKFKFHIRW RRBHQ WKH
OLWLIDWLRQ FRVW FXUYHV
$ VSHFLILF ZDWHU TXDOLW\ PLWLJDGVLRQ RV FXQE HKKYBWEFIRIORIH LQ HDFK |

'"HWHUPLQLQJ WKH RUGHU RI DGRSWLRRVIWUFRUWH JIDWLRIOM GODH\DLIHKVWDJH SU
L 7KH SULPDU\ DQG VHFRQGDU\ FRQWDPK GFIDQW¥ KRR HQW HHH AW GRIYWWDILHG

LWOLWLIJDWLRQV DSSOLFDEOH IRU HEBK MKISROQFOXIBUIE ICGNGWULGAELQJ DQ\
PLWLIJDWLRQV WKDW ZHUH DVVHVVAR DDV RQFDAWVARD G RUPWHRVH WKD)
DVVHVVHG DV KDYLQJ QR GLVFHUQDEOH ZDWHU TXDOLW\ LPSDFW

LLASSOLFDEOH PLWLJDWLRQV WKHQ UDQ@NWEUBRFRDRERVW WQLML RK FSVUW PLL
FRQWDPLQDQW RI LQWHUHVW WR WK HHFDDWF R RHLGPVS DB WGR@ VBURO®D UN WK
FRQWDPLQDQW \LHOG WKH UHPDLQLZQU B S\8 OH BDDEMGNMIGNQ REZWY RQW R K L
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WHUPV Rl FRVW XQLW RI VHFRQG D W G RGHW VR IDQD R QMHIBKIFGIEQW R L Q
UHTXLUHG

LYLWLIDWLRQV ZHUH WKHQ UDQNHG ORZHVW V&R KW IKE@ VH/Q WG WNSHUWLR'W RIDY
SHU KHFWDUH

Y $Q LQWHULP RUGHU IRU PLWLJDWLRQ DGRSMA RQ IDKH VDKHIQ HWHLEN DE
VFRUH IURP VWHSV LLL DQG LY DERYH

YI$SSSOLFDEOH PLWLJDWLRQV ZHUH W KiH B UHIRFMHIR UURGRISIW KRIY W B LD R Z H \
SUHIHUHQFH EDVHG RQ WKH ODQGRZQHU IWW B K PN\Q WR BS\OFHRAHHGEHQV A B A R
DQG ZDV DVVLJQHG WR HDFK ODQGRIQIQU DBRSRQRIP ZVWK GHG D VFR
DQG QR NQRZOHGJH RI WKH PLWLJDWLRQUPMVYRYYHBOM VARWHVBHFLILF
UHVSRQVHV IURP IDUPHUV DOLJQHG ZL WK |'QSIFMLH GF L\g\ SK®RRH. A X WDMH V L
WKH PLWLJDWLRQ DGRSWLRQ SUHIHUHQPWW RIHLO HEWHGHIGQ GDK K \ PIIDW PH
RUGHU IRU LUULJDWHG GDLU\ ODQGFHKMHE I/ FPHWDFHNERKI KDBQUFH VFR
ILQDO RUGHU LQ WKH DEDWHPHQW F)XQUNHUZPVREBWH URLQH@DERYWYV L

-Q WKLV ZzD\ HDFK PLWLJDWLRQ FRYW B3%8SYR DRK O\HF &N WWHKUH TROOWULMWV LPSURY
WKH IDUPHUVY DQG JURZHUV ZKR DUH LQWDFK UHVSHFWLYH FDWFKPH

20FH WKH RUGHU RI PLWLIJDWLRQ DGRBWHRQWD\ FFRIAWURHRE WKH WHTXHQWL
DGRSWLRQ RI LQGLYLGXDO PLWLJIJDWIFOPOWM RQ DIOMDK R Q VWESKKHN ¥ DIW B KIPHSXW PR GH |
GHWHUPLQHG OLWLJDWLRQV DUH DSSOLHG DW SRO\JRQ OHYHO

7KHUH LV DQ LQDELOLW\ WR FRQVLVWHQWL OD MV RVQ FSIVD i WALKEHH L FRSDD P\R VRAH YV IR
FRQWDPLQDQWYV ZLWKLQ WKH VDPH PRGHOOLMD YR WD WDHD U X QWP ERWIRI W\ ¢
ZLWK DQ\ JLYHQ FDWFKPHQW DQ DUXWEWHQL MWK S SFHYDFXDWR YAD OFSDFW RI P
LPSOHPHQWDWLRQ ZDV FKRVHQ

-W LV DFNQRZOHGJHG WKDW VXFK DW IDFSFEXURDW K CA DA DBRWK DDHD 2MKAH WU XH VIVW
WR PLWLIDWLRQ DGRSWLRQ GXH WR WYXKLBENRPAS.OMK L Y \DRIDIUPWRHW BHERWULE Q/\V
WKH XVH RI G\QDPLF V\VWHPV PRGHO D[DWNH PO ¥ WHR ZRNWHIJERISUHIHUDEO
+RZHYHU DW WKH VFDOH RI WKH XXKWMIURHMH CCOFINORY LW DQ XOIDUMVY W\ WKH XVH
DULWKPHWLF PHWKRG WR HVWLPDWH FXGXXBBW RS LPEBFW LV FRQVLGHU

7KH DSSURDFK LV DV IROORZV

L &KDQJHV LQ HFRQRPLF RXWSXWV D U HK FDEOIRKHD D WRN\GV ER DOUG) G Q QW KHRDWE V R O
FKDQJH LQ JURVV PDUJLQ DVVRFLDWHBWAIRQK HDHAKH LW IUHDWH. PQ W IQ H H G
DSSOLHG WR D SROVJRQ WKDW KDV X QUGKH EPWH ODRBVXRBIURKRQZIHO O UH I
FRVW RI FRQYHUVLRQ IURP WKH RULJLQDO ODQG XVH

LL7KH FKDQJH WR ZDWHU FRQWDPLQDQWYV DA® @ EGLFDG K& O D'WH B XN DS/BD
WR WKH EDVH \LHOG WKH VHTXHQWLBGXRK W XYM SRU H® BUHHIFHHW DLIH \ UH (
DVVRFLDWHG ZLWK HDFK PLWLJDWLR®Q¥RZHYXIUUHNVKELI2ZHBPHOYWIDWHDW P
2QFH LQ SODFH (2) PLWLJDWLRQV [RUB CFAR @\KIHG B WHGH WORWBISSROQ WD PLQD Q

7TRWDO *+* RXWSXWLOQ &HHG WR EH FDOFXODWH® GWVRPIWKH WEKWRDXS\CH.BEDWLRIQ R
PLWLIJDWLRQ
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JHQHUDWHG IURP D IDUP RU RUFKDUG VWM\WRIQPR I$ B M XHK DW K HU HEEXFX\VALIR Q
IURP (2) PLWLIJDWLRQV PXVW DOZD\V BHMW DS S\OKHH G P8R FDWSRIODIIR®D ROW KH U
DSSOLFDEOH V\VWHP PLWLJDWLRQV KDYH EHHQ GHULYHG

LLKHUH SDUWLDO ODQG XVH FKDQJH L\ VAL %R ODIRICRQ D WH & IDISBIH & SUR F K
ODQG XVH DQG LQKHULW WKH HFRQRPLFDV YR FH Q WIHIR @ PW R WK IRX \§ 8 X W
XVH 1R IXUWKHU PLWLJDWLRQV [URR MDKH RQ LFR QW G ODYHE DXAWVHH WWRVE H D

LYKHUH IDUPHUVY KDYH LQGLFDWHG H[LVW.@HUDGORBMWLRIDWILRDYVDO@RE ZKLFK
DUH UHIOHFWHG LQ WKH DYHUDJH V\VWHR BDOJDAPWAMGIUY ERWE WWKHRULC
HFRQRPLF DQG HQYLURQPHQWDO RXW SKRAM XCQGEIH RIDIVM @ HRY XED VUHRORL WH

RXWSXWV@ DQG WKH SRWHQWLDO H[WHERNE W L RG DRAGBN XY V VWD\VNRRIF LXOWVHLGH
HFRQRPLF LPSDFW

7KHUH LV KRZHYHU QR GDWD WR TXMLRIQ\DRIS WM[WE EV WKRYWILQGLFDWLQ.
LPSOHPHQWDWLRQ RWKHU WKDQ PLWDUDVEHFQYV WVRIQIVW IDHH WKMSDGEESWLRQ R

HITOXHQW SRQG -Q WKHVH LQVWDMFHV RZHVK B Y$IR BAHNQVP HIBOWRKIS RUW X Q LW\ K
LPSOHPHQWHG IRU WKH DSSOLFDEOH FRKRUW

-Q JHQHUDO WKH IRUPXODV IRU FDO FX.GINE.® D ERW K G X{UHBH®W \LHOG
HQYLURQPHQWDO RXWSXWV DUH DV EHORZ

\LHOG>\LHOG Q F QR PR @ > ((B) (2)R (2)R @

ZKHUH WKH XQPLWLJDW HGLM MMXG! IS\HUAHIAVDJH FKDQJH LQ FRQWDPLQDQV
VI\VWHP PLWLJOLWLRRH FXUUHQW SHUFHQWDJH H[WHQW RI LPSOHPHQWDW!|
PLWLIJOW(RQV WKH SHUFHQWDJH FKDQJH LQ FRHOW®D PLYDQOWALRIQG HGJIH |
DQ& LV WKH FXUUHQW SHUFHQWDJH H[WHQRN RIHICPG @ HWH QDWDMRLRQ RI HGJ

DQG
\LHOG>\LHOG 0 U 0u VL@ > (D) (2)U (Y% @

ZKHUH WKH FXUUH QMW\ LIHOGG DA\R YMWABSE DEDWHPHQW BXWYWKIN \LHOG
SHUFHQWDJH FKDQJH LQ FRQWDPLQDQW[ \|UHD GV KRHU WHVMWGIDPLWLIDWLRQ
RSSRUWXQLW\ IRU WKH LPSOHPHQWOWURQ RO %\ @W KZ)\WP MKIH DWLRQ
SHUFHQWDJH FKDQJH LQ FRQWDPLQDRIW LUBWERB @GN MEIH URH VIILG OIS0
RSSRUWXQLW)\ IRU LPSOHPHQWDWIURQ RI(ZR2K P@WLIJDWLRQ

'LWK UHVSHFW WR WKH HFRQRPLF LPSDRWH RGP EWH®QDSDRWVDWIOD R LK DXYBOD @ G
WKH FRVW SHU KHFWDUH LV DVVXPHG\WR DOQWHDIQHARUSRWEWHGDQWRDW RH
JURVV PDUJLQ ZLWK WKH UHVLGXDGHBRVWWRH PRMMLIIDMLIRRYD LERAOX FXUYH

-W LV LPSRUWDQW WR QRWH WKDW LQ VRPH WRLWYHVD ARSIWDR QX PNVGL QBWHD R/ H C
IDUPHUV GRHV QRW UHFRQFLOH ZLWK WKHHNVKHRFSWIWILMDWLBEQYXPRBWIHHDRRSIOH
TXNLWXNL FDWFKPHQW RI WKH VXUYHLQG WVRKOHWAISG WIKHN MHIPHHDQOUHDG\ XWL
FRQVWUXFWHG ZHWODQG $W WKH VFRXOWH KIWLRHWHSY HCR 260y HW\ SFRIDARJILHV FR(
SROVJRQV WKDW ZHUH FRQVLGHUHG VXW@®DEOGH LAMLID PRRQYWUXFWHG ZH

7KH DVVXPSWLRQV IRU WKH HIWHQW RIRUKPILSRWHE W@V RBSRHMWXQPGLMHHG W
SUDFWLFDO DELOLW\ WR EH LPSOHPRQWIHSG FOLWLIDWERRNM QWKRMWNVKHQ\D ODQC
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SULPDULO\ LQ UHODWLRQ WR K\GUR®RJLPEVH Q@ DWW BN \DEMHG VKR EEHH )RU H[DPS
DSSOLFDEOH SRO\JRQV LW LV DVVXP DG RSVDAGG HWE QMUIHFDOWE X Q®Y WLKH DUHD
ZKLFK WKH\ DUH LPSOHPHQWHG EXW WKH MHMVHPYXQODRWOFMR E

/IDQG XVH FKDQJH SUHIHUHQFH

YRU HDFK W\SRORJ\ WKH SUHIHUHG@MPH WI 0D QBHXWHIRKDQJIKW IZILV DOVR GHWHU
VXUYH\ GDWD $SSOLFDEOH ODQG XVH®RVKDWH SWMHSWDW Z GWKR @ GRBVBRHUH L
DQG UDQNHG LQ RUGHU RI SUHIHUHQEHL @\D ¥ HO HQWHX HQMWHUSQM OH GBHWHUPLQH
HDFK ODQG XVH WKDW DFFRXQWV IRU WK WHFR RYIHQYI DV K H HIRW \& HRILRREQ 7 K H \
HQWHUSULVH PDUJLQV DOVR DVVXP®GHD R® YWHIOH RE DOALIVFWKBMW AKQ DQ HQYLURC
DFKLHYLQJ ZDWHU TXDOLW\ RXWFRPHWWLAHR IHODWEH HQVXUURQMQ®U 7KH OH
FKDQJH DVVXPHG WR EH DSSURSULDWH ZDV 0 VHH EHORZ

~WLV WKHRULVHG WKDW DW D FHUWDRQ BR\L Q WV X\OWM [FGR \DW [RU PPHW GHFLGLQJ \
ODQG XVH RU HYHQ H[LW IDUPLQJLIV® SRWMMIUR® WWHLW DNVOXOAG KRZHYHU
DQG JURZHUV KDYH DQ LQKHUHQW GHNIHIHVWIRD BL RWHD LIQYW R HUUWD P WHUQD W L )
PRUH SURILWDEOH 7KLV LV ERUQHJRRW LIRD VRK WWKUHH FRBQWQREMHH RI VKHHS
IDUPLQJ LQ PDUJLQDO HQYLURQPHQWQYRPLHUBQDRQY H\Q WRRQBG O/ MFR{VW SURG >
IRUHVWU\ LV D PRUH SURILWDEOH ODQ® \XDHE RWKLHHU WWRH P SV RWVIKBBVE DFHV@ O D
ZHUH DOVR KLJKOLJKWHG WKURXJK FRPXKMQWRBWM \IDHFERU G/KE Y LRXDJ@R/LV DV
UHSRUWHG LQ 6WRQH HW DO L QF® XVKHG 7 KRR SIXINDL.Q FHK HVHUHVSRQGHQW YV

DYDLODELOLW\ UHVSRQGHQWYVY DQBQFRWKWYV EDVHVSREEHNXEVHTXHQW FDW
PRGHOOLQJ DVVLIJQHG FHWHULV SDUKBXAVR @WK IQDKIHW LRHL RK W XQ U MERWOD QG X
SUDFWLFH FRPSDUHG WR WKH DGRSWLRQ RI QHZ ODQG XVHYV

&RPELQLQJ PLWLIDWLRQ RXWSXW IRU WKH FDWFKPHQW PRGHO

7R VLPSOLI\ WKH PRGHOOLQJ SURFHVV BRIGQUWHGXGE R QUKW KMXPEWUIJRWLRQ FRV
WKH PLWLJDWLRQV IRU HDFK ODQG XVH EXOBOR® ZAKHM ERGEDQAG RIUPLWLJID)
D FRPPRQ SUDFWLFH ZKHQ PRGHOOLQJ O WRGXPDBGHIMNPHOW VEKBD GIFRQRPLF DQ
HQYLURQPHQWDO RXWFRPHV IURP DGRSWR.E8 GHIHLQH EXQBEHY WKBGRQWH[W
IUDPHZRUN RI VRFLDO DQG HFRQRPLFHD¥MW RUW.PB5 ®HFREEOM[LRQ FRVW ULV
DSSURDFK KDV EHHQ XVHG E\ (YHUHVW 3DUVRIEDHW BW DO 'DLJQHDXOW (

DQG ODWKHVRQ HW DO D PIR\Q D\OVD R\W KW URL WRUDWK. RQV ZHUH EXQGC
RQ WKH DVVHVVHG IDUPHU SUHIHUHQFH IRU HB SIDH® H Q DL R ® U UIRWY WAKKL FB U
QRYHO DSSURDFK 7KH EXQGOLQJ ORJLF LV DV IROORZV

L O FXUUHQW VWDWH

LLO PLWLJDWLRQV WKDW KDG D IDUPHDVBHU IWKBQFH LWPFROHPRQWHG RU
SODQQLQJ WR LPSOHPHQW

LLA DOO PLWLJDWLRQV WKDW KDG DRIDEWWZHHIHIHUHRGH ZEROHQJ WR
LPSOHPHQW RU XS WR WKH SRLQWQRH D58 BIUWLIRIDO B DWIGHXVHQBK D HQR X V
IRUHVWU\

LYO DOO PLWLJDWLRQV IURP 0 XS GO\DR)QB XVHFRIQGE@ HS BHWLWIORQ HLWKHU
LQGLJHQRXV RU H[RWLF IRUHVWU\ RU ZKHUH SUHIHUHQFH VFRUH
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Y O DOO RWKHU PLWLIJDWLRQV SULPWUKDG WKIDRXHU VER MWKRWIQ MHKVFR Ut
REVWDFOHVY WR LPSOHPHQW QRW IDPLOLDU

%HFDXVH RI WKH QHHG WR KDYH SDUWWRRYO RBRXGUXD/HREXIDWKH BHWLIJDWLRQ FI
EXW QRW VWULFWO\ EH SDUW RISIDNVN WD @ D®H) & KYWHHFK B QGORKLFK PHDQV D
ODQG XVH FKDQJH RFFXU DW EUHDN SRLQWYV LQ WKH FXUYH

36 &DWFKPHQW PRGHOOLQJ
/IDQG XVH RSWLRQV

7R LGHQWLI\ ODQG XVH PDQDJHPHQWLAXDQJH REWURQM ORWDWDUJHWYV D VSI
RSWLPLVDWLRQ EDVHG DSSURDFK ZDEHORIZG ROWKPLAMHYDWKR DJOORFDWLRQ R
EXQGOHYV DQG RU ODQG XVH FKDQJH RS\WVR®WI MR ® KRUVE W LRIHW\BERWREPHQW
WKDW D VSHFLILHG REMHFWLYH H RPUDRRPLNE DKMOHR PHO WRYY DLWHW RI VS
SHUIRUPDQFH FRQVWUDLQWY H J RRON RGWRRDW HWVIRU LOLD WWO-DE) G C0QES VSHFL
DQG PDLQWDLQ D IDUP EDVHG JURVV PDUJLQ RI DW OHDVW

7KH /DQG 8VH ODQDJHPHQW 6XSSRUWBWWHR W/ &0 66 +HU]LJ HW DO ZD

IRU PRGHOOLQJ WKH RSWLPL]DWLRQHMFBDQBURENQ /8RX8LFHVWBSDWLDO PRGHOOI

RSWLPLVDWLRQ IUDPHZRUN DQG HPSOR\SUWRKHIPRPHQJILQW MWIHPU OB QHRDOJY H

%HUNHODDU WR VROYH PXOWLPREDWERQYSUREDWERBO-RMSKDV EHHQ XWLOI

VSDWLDO RSWLPLVDWLRQ FDVH VWXGIMWWQQ 1HZ7KIRPON GH3N DHU JL +HU]JLJ H
DQG DEURDG +HU]JLJ HW DO

7R UXQ WKH VFHQDULRVY WKH LQIRUPDWQBRQGRRVMLAKDDRW. RGEXRGOBQG FUL
FDWFKPHQWVY B6QHOGHU HW DO RN BQWHDODWAISR QRN FO DAKH 7KLV HQDE
GHILQLWLRQ Rl FDWFKPHQW DQG IDUPFRRMFLPLE bR YVWHEDXFMWMMHDQG JURVYV
WDUJHWV DQG WKH VXPPDU\ RI UHOH YRQ W ISH EDRVLRDHI/AH FIDMMY LEYG WKH 136
FRPSOLDQFH DVVHVVPHQW )RU WKH CROQ\DWHIH RAHS B WH D@ HO® \THY DAGKEDLW L Q W H J
(QYLURQPHQW &ODVVLILFDWLRQ 5(&GPWD6REGCAMURUWIIDWOLRQ RQ FULWLFDO F

136 )0 FRPSOLDQFH

7KH LGHQWLILFDWLRQ RI FULWLFD ® HFQW FRAPIBG WY DRSS OWIKHQBFWVIHW EDVHG RQ
QDWLRQDO VFDOH DQDO\VLV RI FRQIQ®G LWDGW\VORQGWIKH LB ZRASDULVRQ WR
ERWWRP OLQHV E\ 6QHOGHU HW DOH IRU HIXAK CPRQK\ROLPL GBIQMD) FULWLFDO SR
HW DO DORQJ WKH ULYHU QHWZR WN WRKIPHW Q &N QQ\RIW\ AHKFLHLYYLLGRW 8@ )0 EF
OLQH OLPLWV $W D FULWLFDO SRIO®RW GWGHHOEXH UH QW RRWQKVDP LISRL.QW IURP W
FDWFKPHQW H[FHHGV WKH PD[LPXP DO ORADEIOPL Q R DGE RWMW RPUORQH VWDWH |
HFRORJLFDO KHDOWK 6QHOGHU HMQBOGHU HYWDMDFK SRYQWPDWH WKH H[FH
ZKLFK WKH FXUUHQW FRQWDPLQDQW VOR DG KQLHK G VWWR B WHRBXBFE ERWWRP OL
IRU WKH JLYHQ FRQWDPLQDQW

7KH LQIRUPDWLRQ SURYLGHG RQ FULWIHIBBVADWRBE 6 H 8 /8\W BD\GH & KO/ SURSRUV
FXUUHQW ORDG 6QHOGHU HW DO KHU ZIDWKLDQ@RUPDWHER QVRQHWKH 5(& 6QHO
LQWR D JHRVSDWLDO OD\HU %D®RBCREDWKNFIRQM®D PRQIRXW EDVHOLQH O

KWWSV PDQDDNLZKHQXD JLWKXE LR /80%$66
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VFHQDULR L H WKH W\SRORJ\ ORD/MGK/HI BB O\DKWIL YOH H[WIBWHOBQG IRU HDFK FUL
0%/ zDV FDOFXODWHG UHODWHG WR WKHWEPYDIOOLIRHOWRDGY IRU HDFK F

YRU HDFK ODQG XVH VFHQDULR WKH VFHQWUER O BR GQGH DR Y HUKHEQ WR MS DU H G
FRUUHVSRQGLQJ 03/ WR GHWHUPLQH ZKHWHHWGWWKKHI LS 6 QOVER\W IVRIPRODMH |R |
JLYHQ FRQWDPLQDQW DQG FULWLFODO1SRL)Q W FEDS\CAKRHRHWI R 2 YHHDUFIKOP RGH O O H C
LH 7XNLWXNL DQG 7H +RLHUH ZDV WHKHWQ $HEBHQWDG HE\ RVKRHJ QW PEDO FDWFK|
DFKLHYH WKH 136 )0 ERWWRP OLQH IRU D JLYHQ FRQWDPLQDQW

7KH ODJ WLPH EHWZHHQ PLWLJDWLRQ IFKODOHMHDOWD WD RE R T XDIDQ® XVPSURYH
FRQVLGHUHG QHJOLJLEOH RZLQJ WRRQ\HIWUVXHHULRGDRVL B GREWLFLHQWY GHY
WKH &/8(6 PRGHO 6HPDGHQL 'DYLHV HW DGFRXQW HRIWH FORSGBWDRGOWR W DWW HC
HITHFWV LQ WKH VRLO DQG LQ WKH ZDWHUZD\V

‘XH WR D FRPELQDWLRQ RI WLPH SUHVYVKNVBER@OQWHGUDWHAOQDWRRYBOPBORY DQG JU
WKH 6RXWK &RDVWDO &DQWHUEXU\ FDWFEPY ®RW Ok FRPKEPRPH@W G RREUH QVA&IHQ 7 X N L
7H +RLHUH FDWFKPHQWYV

6FHQDULRYV

$ VHULHV RI VFHQDULRY ZHUH PRGHOOMW®WHB BLNBIFXKURIFWM BKRHHQ WKIHQ I DUV W VW I
LGHQWLILHG WKH FRQWDPLQDQW UH G XFWRLIRDV S B W H IHW HIF HR FXY G QRIYRIQ DO O
HFRQRPLF IHDVLELOLW\ IRU IDUPW QRW3BHW WDRKIHHWW. QHWKHP ZDV WKH IRFX
VHFRQG VWHS -Q RQH RU PRUH VFHQ IFIRIGRMV Z BIL\DS\DWZ. 1B O HD \DXOFRFA-DWILR € O\ UH
LQGLJHQRXV DQG H[RWLF IRUHVW FR PE®HW HHD Q6 FR XWB FFKDIJW HBBXFWLRQ
LQFUHDVHG

7KH ILUVW VWHS VFHQDULRV IRFXVLQJIJRQ UNRPHWKHD VW DDWPRX QWRR IZHKMQ
FKDUDFWHUL]J]HG E\ WKH IROORZLQJ FRQVWUDLQWYV

x 1R LQFUHDVH LQ WKH DPRXQW RI LUUVNYXPGN O @& KDDOW HGEL RW LK H RUID
JURXQGZDWHU WDNHV ZHUH IXOO\ DOORFDWHG

x 3URILWDELOLW\ DW WKH DJJUHJDWH SBERBHUMWIHORY HO ZDWHU RI WKH
x $Q\ ODQG XVH FKDQJH KDG D PD[LPXP BRWKIQRWULROLQODWDIRUP SURSHUW\
x /IDQG XVH FKDQJH WR IRUHVWU\ FDQ R®WU RBEXHW RQDERHRQV DV

x 'DLU\N IDUPV KDG D PLQLPXP YLDEOHUVH|HVRMLQJKLLRU MKCHWVLHYHU ZDV WK/
VPDOOHU

x /IDQG XVH FKDQJH WR SLSIUXLW RU YLWRBWQW XR & HAD ¥ KIHHMAWW K FIVWHKG. \WIRE
RI WKHVH FURSV DV PWBISODERKUIWREGDQGZDWHU Q] RXWBRXWY GDWD V>
H[SHFWHG WR H[FHHG RU UHVSHFWDY.IROWKYEHQDWKIR 53&LYV ZDV W
YDOLGDWHG DJDLQVW WKH ORFDWLRKDRIJHHFR QYK NDHR FQ FODQ BLYKH Q W k
7XNLWXNL FDWFKPHQW

7KH SRWHQWLDO IRU LQFUHDVLQHLIULW BURWYLBG GV KRIR K QKRWKRIWDVFHQDULRYV
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-1 WKLV LQLWLDO VFHQDULR IDLOIHW\ WRVDFRKRHY HDW K ZBIWIHUGTIX@ WKH 136 )0
FROQVWUDLQWY ZHUH LQFUHDVHG RUY H IDOIQ[E X \DH/ FIKMDIXIHK HEK MARHGQWDRUJH O\ UH
UHOD[LQJ WKH UHVWULFWLRQV RQ ZKBEW IOHKH R UH/O\RZAL BR XJAWG EW HY WUHD V
FKDQJH WR RFFXU ZLWKLQ D IDUP SH RRIEHWO\ WK & FKILUHYAHVR YH UMK UHG XFWLRQ
RI SULPDU\ FRQWDPLQDQW UHGXFWLRQ

*LYHQ WKH KLJK SRWHQWLDO HFRQRPWHK Y Q@ RHWRKIHZ DX\W-LW WRL DIDWFXOHQW D
LWHUDWLRQ RI HDFK VFHQDULR ZDW BXIMQWKXIGN. 8 URYDGHG IRUDXK! LUULJDEO]
WKH FDWFKPHQW 7KLV ZDWHU ZRXOG EHDDMVIXPIOG GVRLMRP BDWRP VWRRRUSHDN
HYHQWYV DV RSSRVHG WR QHZ RU H[LVWWQNNXUVKXEN RU JKDXQGXDWHDV WKH
HQG RI WKH UDQJH RI DGGLWLRQDO HBWHI®D BVRHKOLY B GE WHOQ W QDEFOHG E\ WKH (¢
GHIXQFW 5XDWDQLZKD :DWHU 6WRUDJH BFKHPIHWRHO®EHIOWHUQBWLYH VFHQDL
QHZ LUULJDWLRQ ZDV FRQVWUDLQHEKWRYIDDPMUDOD® & ORBBI\RRQ\GAUUHHY RU O

37 %XVLQHVV FDVH YDOLGDWLRQ

YROORZLQJ WKH VFHQDULR UXQV QD &KV (ZHDWH PRIGI®XE\E HGLR/Q WVKH WUDQVLW
DFWXDO SURSHUWLHYV ZLWKLQ WKH 7XNLWQW VYW WHP W& W8 RWRHFQ W K Bl OUI ¥FW X U
FRQWDPLQDQW ORDGV 7KH FDVH VWERGIDDRRY ¥HOH \LHMHRWLRIOGIURP WKRVH
VXUYH\HG $V VXFK LW ZDV QRW SRV VWEGH WMVRZHQWXUHSW KM HF@WDWLYH RI Wk
ODQG XVH DQG ORFDWLRQ ZLWKLQ WKH FDWFKPHQW

(DFK SURSHUW\ ZDV YLVLWHG LQ $SUHOUXOWDQRE BKHORRGEDOWLQJ RXWSXW ZH
ZKHUH DYDLODEOH 7KH W\SRORJLRIRS BYWLIADPHBDRP BOWHBG FAZL WK FXUUHQW O
LGHQWLI\ DQ\ VLIJQLILFDQW DQRPDOLHYV

7R SURWHFW WKH DQRQ\PLW\ RI SDURMQ.RREP @GWWDRDIMX RYHGDDHGBR/ SHFLILF |
KDV QRW EHHQ UHSRUWHG 7KH NH\ SD8D® WWSHIRS RU W KHVI IDYUHH SIXWPW DEILVHG |

EHORZ 21 DOO WKH IDUPV )DUP RRNRXOBUHR BWXHOR EHWWFW\SLFDO RI WKH 7X
VKHHS DQG EHHI IDUPV LQ WHUPV RI ERWVKVRFNOWHVRRHPWRXU DQG O

7TDEOH 6XPPDU\ RI 7ZXNLWXNL FDVH VWXG\ IDUPV

A EP
cesn e (81 OE, T e C YEEIP SR ERE]:

u EPJv L z

& Eu i Tiiriiil Z N> E} Aol
& Eu i diirAll Z A E} Aol
& Eu i airiii Z Nod E} 0i0d
& Eu o riiroii Z N> Z iiio
& Eu i diirAll Z > E} itol

7ZR VFHQDULRV ZHUH WKHQ DVVHVVHG® MWKGE WRHWHHD VBHR DUKIRW>ZDV FORYV
DFKLHYLQJ WKH 136 ZDWHU TXDOLW\UWR G JRIWVUBSQWVPIDY@RFKHKBVHQ IRU DQDO!
WZHQW\ \HDUV ZLWK WKLV WLPHIUDPHDRURDWR WHROVRGHHEW RHDQIHQHUDW

$ VLPSOH \HDU FDVKIORZ DQDO\VLV DFX WKHQDRRMRS (RRUNVHHIBF KRBURR SHU W\ XV
DJJUHIJDWH ILQDQFLDO FR HIILFLHQWQJG HNREK @ RSRBR WAKZD W RBBWMALOQHG DQ D
OHYHO RI GHEW DQG RZQHU V GUDZLQD ¥HEDMUGWRKH LISSSOAWDEDODMHODQG XVH L
UHTXLUHG ODQG XVH DQG SUDFWLFHMPKDQQHHEDY RgMXBH@O WIRDRWERQ RQ WKL
XVH FKDQJH EHLQJ SKDVHG LQ HYHQ ODRYBIOVIR HNORUSHBUILIRRG RQH RI WKH FD
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IDUPV $Q DQQXDO WD[ UDWH RI ZUW DY)V RPIBGQHICCHEW H{RGLQJ XVHG D G
UDWH RI $ SURYLVLRQ IRU QRUP DI IR & KD RUAD DQB[G HDPRIGVXWH DW D UDW
WR LQGXVWU\ DYHUDJH GHSUHFLDW L RRQ ZDWHBOW RDV) ZQ W& HIEQ \-@/DIQVG UWHH F K L
SURGXFWLRQ IRUHVWU\ QR KDUYH@W IWMK H® WK ALSHUUERGURFBVYMVVPHQW E
\HDUV 7KH FDVK LPSOLFDWLRQV |RUHW KWH \HY @/® BAOKLHY KMHFQ\WWVWRUIRA@ LQ OLYHVWI
ZHUH WUHDWHG DV RSHUDWLQJ UHY HQX®HRIQHN [BHPKMYG WD[PEQH\DAK HVWDE
ZDV WUHDWHG DV D FDSLWDO H[SHQVH QRQ WD[DEOH

7KH IHDVLELOLW\ RI DQ\ UHTXLUHGDQDR & XV H VWV SHBFWIDAH VW WKUHH NH\
RYHU WLPH

x - QWHUHVW FRYHU WKH UDWLR RIRDR@WEOHVSH EDWHQAWAXUSOXV W

X $QQXDO FDVK VXUSOXV LQFRPH OHVVDROSRBBWRW 1 I SAKQ\SKO\K VD QLQQW H U
UHQW WD[ QRUPDO DVVHW UHSODFHPHQW DQG RZQHUV OLYLQJ H[SHQV

x 7TRWDO GHEW
7KH WUDQVLWLRQ WR WKH QHZ SUDFWLEHUHEGI XOQGINVMLEIJHZDNVY FRQVL

L-QWHUHVW FRYHU UHPDLQHG DW D UWWUR RIZHRWKIHBEH L5 HRIW RAGK HQR &/ L C
VXVWDLQDEOH OHYHO RI LOQOWHUHVW FRPHGHERHORBSEH QW DERWWL YWRAD\WV & K
PHWULF ZLOO UHDOLVWLFDOO\ EH UHOD[HG

LL$QQXDO FDVK VXUSOXVHV ZHUH DFKLHYH3 WRKHHDWEZIHRWXPHRUM IWEEQ
LLARWDO GHEW ZDV ORZHU DW WKH HQ®& RV KHKWUWDAIHQ W\ \HDUV WKDQ D

7KH WUDQVLWLRQ ZRXOG EH SDUWLDOO\FBIDWHEQB ZH WH P RKKIWWH RH GVRB GVE&H H |
XQIHDVLEOH LI RQH RU OHVV ZHUH DG KNKLYW G HEW LW FD PNY RWVOBWBWHR LV DOVF
FRQVLGHUDWLRQ LQ OHQGLQJ GHFLVLKRRRQU H KLY GALHW WOLAEEDZD V HFRW LMW W DP D W
DQDO\WLYV RQ WKH DVVXPSWLRQV WK DW QW HIHQAG HQO DR | X Q6 FIBQ WD ZR X0 G
DVVRFLDWHG ZLWK DQ LQFUHDVHXLGE DWV HWW N FOXH ID@RGE ZR XL KDYH D KLJKH
RQ WKH YLDELOLW\ RI DQ\ OHQGLQJ GHFLVLRQ

%DVHOLQH VWDWXV TXR DQDO\VLV ZDV P X R LSO Bl /6 GXIRGHKWDWKH DVVXP
DERYH 8VLQJ WKH VDPH PHWULFV W CGOHPH FVDR/FIE WXGUHQWEBUIHDVLEOH R)
WZHQW\ \HDU SHULRG
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OLWLIDWLRQ FRVW FXUYHV

OLWLIJDWLRQ FRVW FXUYHV GHULYHGUI DRWRWDPHRI SUEDHUHRFHWI\BRORJILHV
WKUHH FDWFKPHQWY ZHUH GHYHORSHG FRHQ IWQRRIGH O W LRIQH VG WDRJ W ISH) HF\DRVFW |
$SSHQGL[ WKURXJK WR $SSHQGL]

4.1 -QWHUSUHWDWLRQ

8VLQJ WKH 7XNLWXNL '- PLWLIJDWLRQ FROMN FXWYXH PPLWIQIBWIFRSDHARVIY FXUY |
EH LOQOWHUSUHWHG DV EHORZ

7TDEOH OLWLIJDWLRQ FRVW FXUYH IRU 7XNLWXNL '—= W\SRORJ\
W o DISIP 3]}v WE (Ev, p 4E 4w 4drnXdjol HWEE v qué § D EPlv E 0}ee W oXee}O}unrn o}ee
clE }( Ju%o u vE F]FVCE 1P EZCE P WZE s1iCE X )ofdE 1P , 77 cE
hvu]s]P § "OUAAI 0iXi iX6 6061X6 SUIlIIUITIUIII aif
LEE vS§ dURAAIT 80X0d iX7 ARTXO iUéébUhﬁﬁUﬁa’\ a1t
(EE vV 0}A & § %%o0] S$]}v dXi r'o ri9 roo9 i9 919 "oUAfi 80X0 X1 ARTX0 TU660UIGOUGST aitr
JA €+ % *SUE * ~]X XU %0 v§ Jve dXi r'e ri9 i9 i9 k] "8ivAd0 daX i X1 ARTXO6 TUG60UIBOUGST ait
ASE u (v ]vP dXi r'io rivg rifng réig ri6g9 i9 A19 1 " UMDET XX T fuoaTUIGiIUBI aitr
Di Z]% E] V %0 vS]VP ~]v oX (}E&E *SEC- dXi 967 r69ri9 ri9 ri9 rii Ai9 "9uUd66 i6X3d X1 10TXd fUAOBUIIoUBIT a1l
s ] o & 3§ ( ES3]Jo]s & XA “fid ri9 riig i9 i9 i9 A 1% & "0 LR T0TXd iUAGBUIIOUGIT aTi
>]v ((op V8 %o}v iXi o rég ri9 i9 i9 i9 Aig ITOURTTXT TGRTXE fUfOOUIIdUGIT o1l
Z u E ( ES$Jo]s & pe ~ O0}A idi IP EIZ » riooiXi r9ii6 19 i9 rig A9 "ouUidd T0XT X1 T0TX0 TUADIBUITOUGITT
he }(0}A AS & «Jopo W (ES iXi ronif i9 riitg 9 i9 i9 TA9 1 "auiet i0XT iXT 10TXd iUAGBUIIGUGIT 3io
W>h >v & 3]E u vs ~% Eu v v v §]A (JE BT X r'iy
Z u E 8} ((op v & Xi "o ri9 i9 i9 i9 i9 TTA9 TIXTOUTT iXT T60TXd iUAGBUIIOUGIT 0id
Di & 1o]8 8 ASov ez Xi "1 i9 i9 i9 i9 i9 i69 "oUTTT T TTXBTXd 1XKUAGBUIioUdIT i
s ] o & 3§ JEE]P 3]}v Xi reAf ri9 i9 i9 i9 i9 X "OWXa 06 101X0 iUAGBUIioUGIT 8id
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%XQGOHYVY DQG PLWLIJDWLRQV

7KH EXQGOHV 0 WKURXJK 0 DQG WWHRQV BDWHHEWWHRILRULHDFK W\SRORJ\
XVH FKDQJHV 3/8& WR HLWKHU LQGLUH QRXNVMRUHPWH\ORVWHG LQ WKH RUG
WKH\ ZRXOG RUGLQDULO\ DSSHDU LQ WK @ IWKIH BW LIRIQ HFQBK H H2WHKIHHWD WKH F
WA\SRORJ\ V OHYHO RI SURILWDELOLRK\DRQRQB VQRD®D RIDWKH SQURY G GH/G

8QPLWLIJDWHG UHSUHVHQWY WKH ED¥XKUWWRWRIV RXKKHS KI/'WHZKQBHRXWSXWV
PRGHOV UHIOHFWLQJ WKH HIITHFW RI FXUWYHRX ®PEVDIO\DRVERQU BGRBIHIR YR D

OLWLIJDWLRQV GHQRPLQDWHG ZLWK DDW I®H@RW W \Z PWWILQDWHKHR QM S/RIORJ\ PD\
LQGLFDWHG DV EHLQJ RI LQWH UBNW KRW KHG RSHRQRRJ\ EFPON KRYH OLPLWHG VXL
GHSOR\PHQW
BUHIHUHQFH VFRUH
7KLV VFRUH UHIOHFWV WKH DYHUDJH VK WXH\ DSHSASRVIHDWRI WDBRBBY\ZLWK U
WKHLU SUHIHUHQFH IRU WKH LPSOHPHQRRUMLRD RIVWKKLH KHWYL JIDAVAE RQV $ORZH Vv
&KDQJHV LQ HFRQRPLF DQG HQYLURQPHQWDO FR HIILFLHQWYV

7TKH (0 41 43 47664( FROL4O»YHEROXPQV OLVW WKH DYHUDJH SHU KHFWDUH FKD
HOWHUSULVH(BDRBIULWKH SHUFHQWDJH FKDQJH LQ FRQORSIMHWB QW \LHOG IURP
LPSOHPHQWDWLRQ RI WKHVH PLWLIJDWLRQV IRU WKH WA\SRORJ\

&XUUHQW OHYHO RI LPSOHPHQWDWLRQ

7KLV FROXPQ SURYLGHV WKH H[LVWIMXPB88YHE R WHKHHFWVWKRW DERSWLRQ RI
PLWLIJDWLRQV E\ IDUPHUV RI WKLYQWSRQRV\ILOXWHKH VFBWMEHKRFHG IURP PXOWL
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SURSRUWLRQ RI IDUPHUV LQ WKH FDWKEBGHONW HRRB\LDER S WWE GVWHK HFALWLJIDWL
SUHIHUHQFH VFRUH Rl E\ HLWKHU W DURUFRQW L GHW HREQE/L WBED\ LQ LPSOHPH
UHGXFH 1 IHUWLOLVHU EMORZU E\NJ 1RADPLWLIJDWLRQV IRU ZKHLARWD SRVLWLY
DGRSWLRQ ZDV OLNHO\ WR LQFO XGRS D HPDHIUW DLVOL W& H LHHW HQVB IRULIDQ SOD QWL
GLYHUVH SDVWXUHYV RI LUULJBDAMB GG WKW\ IDHIPH XV LLQUGKDG DGRSWHG WK
PLWLIJDWLRQ EXW LQ WKH DEVHQFHVRHGW | WRL IK_LYFHK GADKMHD RERGWLKPHS BT H P H Q W H ¢
SUDFWLFH D OHYHO RI LPSOHPHQWDWICRIQDDD R YIMMXPH ® HEHOLRI HIITHFW R
W\SRORJ\ RI L H DGRSWLRQURQ LPRDHPHOQWDWKDW RI WKH EHQHI
IXUWKHU LPSOHPHQWDWLRQ UHPDLQV D®DWO DERM WKLY PBISFRD RDWHU TXD

0DUJLQ

7KLV FROXPQ SURYLGHV WKH DEVROXWH B YRDUDILH) SRU WHKFHWD LSHR © R I HDU B/UHLLY
VHTXHQWLDO LPSOHPHQWDWLRQ RI HDFK. P& WHPBW WOV LR B IWHKHVOK HEXRGO +
DYHUDJH HQWHUSULVH PDUJLQ IR UQDWKIHUUXNDW KIGL GLLLIBEW EWPH[SHFWHG WR |
GHFUHDVHG IURP \UWRD KD

&RQWDPLQDQW ORVVHV

7KHVH FROXPQV SURYLGH WKH DEVROXW HQIYHA DLIHOSSH LR K HF KVHD WH SFRROGRWU D B LW
VHTXHQWLDO LPSOHPHQWDWLRQ RI HDFK. P& WHPBIW WOV LR B IWWHKH VOK HEXRGO t
DYHUDJH 1 ORVV IRU DQ LUULJDWW®NG DFLLLI\KMD IERH LH] SHEM ABNWR KDYH GHFUHD
NJ 1 KDU ZLWK D FRPPHQVXUDWH UHGXFWLRQ LQNRBHWKD\QH HPLVVLRQV WR

42 3$W ZKDW FRVW PLWLJDWLRQ"

*LYHQ LWV ODUJHU QXPEHU RI SDUR BSIUSD & WK QFH VDIQH @LWLVI DMKH 7XNLWXNL
SUREDEO\ WKH PRVW DSSURSULDWH F D MW FMKPH@GW LLAD 2K K A KF R\RWH RD FRLLQV L J D W L
IDUPHUV ZHUH DVNHG DERXW WKHIWLSRQHDIBRIS@FHRY | RWKRYWIDM GRQH LQ WKH
LQIRUPDWLRQ EHLQJ VXSSOLHG E\ WKH L@WHARAMM ZFH UL PEG N WHW WHD \§ R RV QVQ

LOQWHUSUHWLQJ WKLV LQIRUPDW L REH U W KW RMSRU WIDWQW DWRLREFHR WKH 0 E.
D SUHIHUHQFH VFRUH WKDW DOLJQHBKHL WK WBUPLHIOL QQ GALFE DBIREW WKH PLWL

7TDEOH EHORZ SUHVHQWY WKH DYHUDBJUSDEWR ®@XWBHLRBRKIRQWIHOLEK HPWIRU ODQ
FDWHJRU\ DVVRFLDWHG ZLWK HDFK PLWLJDWLRQ EXQGOH

7DEOH $YHUDJH DEVROXWH FKDQJH LQ HQW HASWUR WIHD RIHEI ZQW KKWKH VHTXHQ
DQG FXPXODWLYH DGRSWLRQ RI PLW IQIDWA K HEX QG GAHWH | R XINR VWK RIU

DIS]P §]}v N o - C&] Qo W Eu v vy o,

HV O JEG £ K ( C 2)&s) namms) UOEﬁU(GESCO
Di rii9 riio rinio i9 roo i9 rii9
D1 rii9 rofto rioi9 roio roo9 rio rii9
Di rioo raig rooo9 roio roo9 rio roio
Do riiio roio roing roo9 riio rio riio

-W FDQ EH REVHUYHG WKDW VLJQUIDFDIGXBEWRRQV!GH FID MWXH HEVHKIRD G VX JJHVW
EHLQJ PDWHULDOO\ VLIQLILFDQWQIRWVD RABXE® ODIY PRICHIOEXML ZLWK WKH

LPSOHPHQWDWLRQ RI WKH 0 EXQGOGILIRY VED®IH S URSHWUWILHNRDQG DIWHU 0 IR
EHHI SURSHUWLHY DUDEOH VA\VWHPV ®Q BDY HRIHRDIHEDAH FRQRNGXOIFWVWNY. RW KH ILQ D Q
RI ZDWHU TXDOLW\ PLWLIJDWLRQ IRO $HWWWPHRM (BAKBEYIMWMUEFXOWXRXOWXUH LV I
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:KLOH RQ DYHUDJH WKH DGRSWLRQ RVZFADWEHHWKXSORWHBWWHYDWLBUHGLFWHG
DVVRFLDWHG ZLWK LQFUHGLEO\ KQW RBIURRMWH Q@ WR ¥ DRIQ QPR BLP®MLFROODSVH

—-Q SUDFWLFH LW LV VXJJHVWHG DMWUERR®OD X RUIG\LH)MD\UWE& D QMG IPRI@VLVWHQWC
LQGLYLGXDO PLWLJDWLRQV RU FRPSDW\HRESHIUGMDHYKBFDRWPROB WKNHO\ W
LPSOHPHQW PLWLJDWLRQV VWUDWHHHO ®G\SR B SULPWIHFR O FRXYD & PHN\RUG 7K
REVHUYHG SUHIHUHQFH RI IDUPHUV DFURWYV WRSE B WR.LIUHY CCOQES D RY FH/RHDEE O L V
LQGLJHQRXV IRUHVW LV D FDVH LQDSRLALW K: KR O PIHEH/L GEID \SHRG R® SUHIHUHQFH
KLJK XOWLPDWH FRVW WR D IDUP EXSRIMYH ED H MNDWL BV IDOE HEX ELIDO ZLOOLQJ
HQWLUH RSHUDWLRQ DQG HVWDEOLVK QDWLYH WUHHV

7KH GHYHORSPHQW RI PLWLJDWLRQ FRVWSEXUNUNQER RRGWDMDNR QDM URPG WD GRS
ODQGV XVH FKDQJH RIITHUV SRWH @MLIFL.® LR/ PDNL QD W-R WKRHW VXSSOHPHQW
RQ WKH 7XNLWXNL SUHIHUHQFH GDWDHG WRKQ@MW HIVUPB U SUHREMHUFH IRU PLWL
DGRSWLRQ EURDGO\ DOLJQHG ZLWK VOR/HPR UIGW LE HQV AR KFIKQ PH & LEJDWH®R RQ FRV
LPSOHPHQWDWLRQ +HQFH VXJJHVWLQJ B®ED KL JIBKUPHENUKDWIHQ B LULHDRRW B H U |
FRVW EHQHILW RI PLWLJDWLRQV WR WKW LXUQ NDQURZ § \ W\R HZFK DAVR ZHH WHIQ WL W KLV FF
SRWHQWLDO LQDELOLW\ WR RSWLPLVHWRKW KD WD ®PWA\IVDVWHR QQ )RHWVISFOP\BHO H
EDUQV LQ GDLU\ VIVWHPV VFRUHG ORB R QW DAXENY SXHQMOH PRRGBQOHG DV KD
VWURQJO\ QHJDWLYH LPSDFW RQ GBRYOM®ER JKNRXNYMDUMRDWWVKH ORZ IDUP
ZDV GXH WR WKH ZHOO UHFRJQLVHG KLWR FDSH WD 8 HFRMVR RBVWREBR VB'G UHSRI
-RXUQHDX[ DQG 1HZPDQ UHWXUQ RIQ QBYBIVMEBEW B LIJKIDWLYH ZKHQ XV
HQYLURQPHQWDO PLWLJDWLRQ ZKLFKWR HBOXGHAL W KHKIRSBEBWXQWWP SRVW
LQYHVWPHQW 7KLV LV DQ DUHD WKBWHDLURKY ZDUUDQW IXUWKHU
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&EDWFKPHQW RXWFRPHV

5.1 TXNLWXNL

7KH FXUUHQW ODQG XVH PL[ LQ WKHRORLWYYNG HHDEHG EQWKKKY WHVHDUFK LV
LQ )LIJXUH EHORZ

JLIXUH 5HSUHVHQWDWLRQ RI FXUUHQW ODQG WVH LQ WKH 7XNLWXNL FDWFKP
7KH EUHDNGRZQ RI FXUUHQW ODQG XWG@W. Q VWIKGIVRXW XK AWXINUW L VMW FKIPE O H

7TDEOH &XUUHQW ODQG XVH LQ WKH 7XNLWXNL FDWFKPHQW

> Vv e E ~Z s WE}%}ES]}vV >V e JJZVE ~Z « WE}%
]JEC ~]EE]P § - TUITT iIX89 W]% (EuM]X69 o0i1l
]JEC ~Vv}IVI|EE]P § -~ 65UMO TX69 s]8] HOSUXEY it
NZ %o ( ~]EE]P § - ouUiiod iX69 s P § o0« iXi9 Tt
NZ o %o ( ~vIVI]EE]P § +« ifi6UGO6O ( E0]XP9 *Wi66CoO iXi9
& TUBOI iX7T9 /v ]JP v}ue (}E 8 1T0UOGTG iTX
& o ~]EE]P § - oo IXT9 @0}8] (}@XI® ifui
E o ~V}VIJEE]P § - 600 iX09
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ORGHOOHG VFHQDULRYV

$ WRWDO RI IRXU VFHQDULRYV WKUHHFAHAMNVKYDQ LDQFWHDNUHIG ZR@HIQOM G 7DEOE

7DEOH BFHQDULR GHILQLWLRQ IRU WKH 7XNLWXNL
1 1 LH][ ) ) LHJ 1 1 LHJ[ &1PD[ &1PD]
LHI[
2EMHFWLYH OLQLPLUHQQPWVRIH@WDRPLYH JURMY[LPLVH JURVV
ORVYV ORVYV PDUJLQ PDUJLQ

6SDWLDO DO MRFDRZLIHR SDWIWIOCRY HG OD @® XREHG OD@® XREHG ODQG XVH
FRQVWUDLQW®DQG XVH FKBRDBJH ZLWKFKDQUH ZLWKFKBQJH ZLWK )5-
ZLWK -) () )§5- 9(- 97-9(- 97— $-9(- 97— $-—

9(- DQG 97-$- $/ '- $/ - '+ $/ - '+

DFFRUGLQJ WR 6+% 6%/6+% 6%/ 6+% 6%/

7DEOH DFFRUGLQJ WIRFFRUGLQJ WIRFFRUGLQJ WR
7DEOH 7DEOH 7DEOH

-) () PD\ UHSODKHPD\ UHSODFH
DQ\ RWKHU ODQERWKHU ODQG
XVH DQ\ZKHUMVH DQ\ZKHUH

YDUP OHYHO *URVV PDUJLQ !
FRQVWUDLQWY RI EDVHOLQH

3DUWLDO ODQG XVH
FKDQJH R
IDUP DUHD

OLQLPXP DUHPRRY F IRUHVW
GDLU\ IDUPV UHWLUHPHQW

KD RU Rl IDUP DUHD
EDVHOLQH DUHD LI

VPDOOHU

([RWLF IRUHVW
UHWLUHPHQW
Rl IDUP DUHD

*HQHUDO :DWHU XVH :DWHU XVH :DWHU XVH :DWHU XVH
SHUIRUPDQFHEDVHOLQH ZDBADHVMIHOLQH ZDBADWMHOLQH ZDBADHMIHOLQH ZDWHU
FRQVWUDLQWXVH XVH XVH XVH

1 LH[:DWHU 1 LH[:DWHU 1 LH[:DWHU 1 LH[:DWHU
XVH EDVHOK@H EDVHOKEH EDVHOKYH EDVHOLQH
ZDWHU XVH ZDWHU XVH ZDWHU XVH ZDWHU XVH

KD KD KD KD

ILWURJHQ ORBWSHFLILF QLWURJHQ

RI EDVHOLQRVY FRQVWUDLQWYV

ORVYV IRU HDFK FULWLFDO
FDWEFEKPHQW
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JRU LPSOHPHQWLQJ VFHQDULR[ZH FID[O BXODWHG D VSHFLILF UH GAKIFRDICRQ WD U.
FDWFKPHQW
a
4yl oo I#.uoF I 4esu
e@>s
ZLWK
4y 6SHFLILF FRQWDPLQDQW UHG XFW ZR @ KRIR U-N EGXIPFEIHQ) FDW F K P H G
45506 SHFLILF FRQWDPLQDQW UH G X F \WB&GR UIRFW EW L W6 CRD W5 WK @ WG
ZLWK IRUN @&BBHQLQJ LQWR FULAYLEDO FDWFKPHQW
.y SFFXPXODWHG EDVHOLQH FRQWDP L RIXQAD HOR (RG BUHLON YR G W F
WK | RDMW REPHEQW Z L
/#.4 OD[LPXP DOORZDEOH ORDG FDOF X8 QW HZG WU R UEWQEMEH D W F |

7R FDOFXODWH WKH VSHFLILF UHBXFWORKDWBKBHYWRDHHD AW WURDOFXODWHG
QXPEHWRU HDFK FULWLFDO FDWFKPHQW #KBHRWM ® F KD WD FMHQUHEWRUWW L FD C
FDWFKPHQWY DQG LV FDOFXODWHG WW P WWALQ WD WDWEKRD & REKB MU MR WK H
ULYHU QHWZRUN XSVWUHDP LW LV LQFQWPHOMWHGE HD FO WHERMHHDD W LIGHULQHG E
GLIITHUHQW ORFDO H[FHVVY ORDG LV HQWHUHG

7KH FDOFXO4WWDQ WV DW WKH WRS RI WKH KLHUDU P\ IDAVX RV KRHURDWFKPHQ W V
QXPEHU DQG WUDYHUVHV WKH ULYHU Q®OVER UW LGRQ K WMWHHHIIRK@®WE W PZK H U H

EHFRPH QHMpWDYHVHW WR WKH PD[LPXP UHGXFWLREDWKBWRBRWRE EFRQFKLHY
DFFXPXODWHG EDVHOLQH ORDG HVWLPHWWH G7 KRHU WXWSND KV L WH X6 WIDRAF UH T)
WKHQ SXVKHG GRZQVWUHDP LQWR WRH QM [\WGHRAMIU LFHG WL EVY FRWN QXPEH
VSHFLILF PD[LPXP ORDGV VHW DV FRI \WDWEKWNQWUDHBFKKHQWDOFXODWHG

GLIIHUHQFH RI WKH QRQ DFFXPXODW HGHEDMHOUBE XFRYRYD MDA WHIHY

9LVXDO UHSUHVHQWDWLRQ RI WKH ODR&EXXEHUPHD B K UWRAAQ I/KIHR7XNHWXINHVHQV
JLIXUH WKURXJK )LIXUH DQG WKH SUHGE6LHWRGRFPLIUB QBWHDIQERROWRP FKDQJI
RXWFRPHV VXPPDULVHG LQ 7DEOH ‘DEEOH 7TDEOH DQG 7

$FKLHYHPHQW RI 136 )O ZDWHU TXDOLW\ WDUJHWYV

5HODWLYH WR WKH FXUUHQW PL[ RI ODQIGWKH LFHQYBHLRDWRKBHER L HDH& R/ R

DQ LQFUHDVLQJ DUHD RI ODQG XVH FKDQGHIJWRHGRIOZIWU D Q XIPSGILWRY 7KH &1P

&1PDLHVFHQDULRY ZHUH FORVHVW WR DFKLHIYXDALMBG WD QIHNWIR JHAHIQVAKD W RU
DQG RXW RI RI WKH FULWVFOOHGAEWB® A KR HDEFKLHYH 1 WDUJHWYV

5HGXFWLRQV LQ SKRVSKRUXNVROBNCAIHPH @QWUMHQBOVR DVVRFLDWHG LQ DOO WKH
UHIOHFWLQJ DQ DSSDUHQW IDUPHU SUWIBEGBQHNMRUY RUW DIBNVILARRYY ZW WK WKH
FRPPHQVXUDWH SRVLWLYH LPSDFWV RQ ORVVHV RI WKHVH FRQWDPLQDQWYV

&KDQJHV LQ ELRIJHQLF JUHHQKRXVH JDV HPLVVLRQV

$00 WKH VFHQDULRY HVWLPDWHG WKHUFMWEZRQEQA® PHI \B K DI HHPLIVW HRDQWG X KH
Rl ZKLFK ZHUH JHQHUDWHG IURP D FKDQDRRQQEDNWRR P DWDRIGX K WH RIQRV\V W F
KRUWLFXOWXUH DQG IRUHVWU\ $V O DQI® XN HQRB KIMFIHHO HURIPWIDE/ WARKUD U H G X F W
PHWKDQH UHODWLYH WR UHGXFWLRQ [RLYLSVUHGIHQW 6 B VWHIE XIFQWALLRHD V8 P HW K |
HPLVVLRQV DV D E\SURGXFW RI UHGXFLQWR KD \WRY\ R IFRRYWD\WHQMQIM WK RE
E\ OF'RZHOO HW DO DQG ODWKHWVHR @ RW ®IOUHFWO\:RQDO\WHG LQ WKH FD\
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VFHQDULRY WKH SUHGLFWHG LQFUHEZRNO® DRYVRVKOMHDDY PRPPER QVMHDWH HII
WKH TXDQWXP RI FDUERQ EHLQJ VHTXHVWHUHG LQ WKH FDWFKPHQW

OLWLIJDWLRQ DGRSWLRQ

7KH GHJUHH WR ZKLFK ZDWHU TXDOLW)\ FEHVD GRS WRIGGV ED UH LIV WW QR DOVCHIEG WKR/ H \
ZLWK WKH VFHQDULRYV -Q JHQHUDK FBY QUKHLIQFWUH@W HRI QIMYEG¥DO ODQG XV
UHTXLUHG WR DGRSW IHZHU PLWLJDW HR® HPGI EVOUBNG XRLQJZBVRBRIWGNLRQ RI
UHTXLULQJ 0 DGRSWLRQ IURP WKH 1 GWKPRX MFWERDWKRVL +RDHYHU WKH UHC
EDODQFH EHWZHHQ 0 0 DQG 0 YD ULGXDBHWZAHIIWU WRKH DLQG MYKHLU ZDWHU DY
YDULDQWV

/IDQG XVH FKDQJH

7KH VFDOH DQG QDWXUH Rl WKH SUHGLFWMBQW®E&B XVH FKQRUHRXDWG OLNHO\ \
FRQIURQWLQJ -Q D FDWFKPHQW RI PWPWR{LPWHA\ VFHQMHILRY LQGLFDWH \
SRWHQWLDO UHTXLUHPHQW IRU ODQGI X DWFKPEQWRIUHD G®HMMIZKLOH WKH 1
&1PD[ VFHQDULRV VXJJHVWY WKDW DURX@®& HD PDWKHTPOWHRKEBQG XVH FKDQ.
LQFOXGLQJ WKH FRPSOHWH ORVV RIHMFRHRUNHSSLEBUL®QGHSBBBHG ZLWK H[R
SURGXFWLRQ IRUHVWU\ 7KH 1 VFHYMO\RAL WO DJ (DLUOPIHRIRG MWHIUPLQHG DSSU
SUDFWLFH DQG ODQG XVH FKDQJH S ERYLIQIHW KIHQRRWW ORPIV BXVWIRG PRVDLF |
XVHV ZLWK WKH ) VFHQDULR GRLQRZHR MR D\OWWKWHWHAPLHEWH@WY IRU ZDV
FRQWDPLQDQW UHGXFWLRQV LQFUWIH\G VOBDREN XW R ZIDQNDW EDRGENY Rl VLQJOH!

-Q DOO WKH VFHQDULRY LQFUHDVILIRU WKUWLDYWLEAREWV WO WHGDOLWHRQ LPSUR)
RXWFRPH IRU D VLPLODU GHJUHH RI ZDWHNWKT X DZDIWWH U 7KIHU IBFHHG/ W HEMB GRQJ R(
EDODQFH RI WKH ODQG XVH SUHGLFWHWKBW YRRXORG BWKIQ DWIEGEWLKRI DO ZD W
LQ SDVWRUDO HQWHUSULVHYV DQG IXRQWKEBEBRDWHGVZD WRVYVZDN GXFFWILPDWHO
DzZzD\ IURP H[LVWLQJ KLJK YDOXH SDVWRUDO HQWHUSULVHYV

SHGXFWLRQ LQ 1 \LHOG WR ZDWHU ZDWGXDMXK DU UWIGXFIW LIV RELEDVWRUDO D
JLYHQ WKH KLJKHU 1 ORVVHV IURP WK RNWMH MKHH S\ VEMHRP \D Q:G GH KB XQUPV ZHU
LPPHGLDWH FDQGLGDWHYVY IRU ODQG XVW H MIXKMHMHWR SRORYMHUA EGHQS DVVHVYV
KDYLQJ ORZHU QLWURJHQ ORVV OHYHOKLNRIP\S BUHG R\WPR @GIDQ WO \DAPH WR WKH
RI SURILWDELOLW\ SHU NJ 1 ORVV |IURMN W\KHRGOV\\ZMUHPVL ZE LFKK WKH PRGHO G
DQ HFRQRPLFDOO\ RSWLPDO VFHQDULR

(FRQRPLF LPSDFW RI DFKLHYLQJ ZDWHQWXDOLW\ LPSURYHP

7TKH 1 DQG ) VFHQDULRY ERWK UHEREGWKGVERPH ORV WE&EUREFDWEKPHQW L

UHVSHFWLYHO\ LQ WKH DEVHQR}DRI| ADK\HUH IRHLIQIUDGBWWRE 7KH LQGLYL
GLVWULEXWLRQ RI HFRQRPLF RXWFRPHMQ XSLWR E VWG AQV LIRWD\O KD RI
LUULIJDWLRQ ZDWHU ZDV IDiMD)® DLEHYHFHYRHLRY UHSRUWHG D UHVSHFWLYH D
LPSURYHPHQW LQ FDWFKPHQW SURILWDELOLW\

%RWK WKH 1 DQG &1PD[ VFHQDULHFDOD QWOXPWRUHEB SQROLWDROH RXWFRPH IRU V
FDWFKPHQW WKDQ WKH HDUOLHU VFHQDUHB VMWZXHKD B KDWQK\H D B BREMQRQDRVMHAD | X |

7KHVH UHVXOWYV KLJKOLJKW WKH HFR@RFNF ARVWHRI SRKDNYQWXDODLWK WKH |
VFHQDULRY ERWK KDYLQJ OLPLWHG WK H W[ WR)XQWG RRFEFXQ G LQVB LRKHD QU W KVKH S |
REVHUYHG IDUPHU SUHIHUHQFH DQG IRPEMQIDIMLRIUNRWR GROYHVKHRP 0 W
DKHDG RI ODQG XVH FKDQJH
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:KLOH WKH SURILWDEOH VFHQDULRY FWHRQ QRI KIXK®\W 1V HDLWHO\SURSRSWHG DV
ORZHU LPSDFW ODQG XVH ZKLFK DFFHOWH® R GG RW L RUXHOPDDMRWUGHIQP B U R
LQFUHDVHG SURILW ZDV WKH FRQY HDWVLRWP RQ D RG GIDRW\LBEDRWRWWU\ 8QGHU
DVVXPSWLRQV XVHG IRUHVWU\ ZDV FRQWIGOURIGHWRQ®PLHF D KWXKHUWKDQ W k
EHHI DQG GHHU V\VWHPV LW UHSODFHG GWRANWYWWHWKH BI\GH VW XG\ORED
LGHQWLILHV WKDW HYHQ ZLWK DVVXPKGOFRAUERROUAPWQRBV IWKHVKBIVDGRSW L
IRUHVWU\ DW VFDOH DUH OLNHOPR S\RR/ EIHE PKID ORW @BLHQUD WLRBW ZLWK HYHQ LQ
GHEW OHYHOV $V VXFK SUHGLFWRRWNKHRF NVWFXIPIHOWQW HFROQRWLF SHUIRUPDC
WKH 1 DQG &1PD[ VFHQDULR UXQV OLWH ®DRWEHSURYDL GO\ CPLW OBGLQVLIKW LQV
FKDOOHQJHV RI LPSOHPHQWDWLRQ IUBGRW DIORIGF WX IHGBUSIHFRALRHHFRQRPL
VRFLR FXOWXUDO RQHYV

~W LV DOVR LPSRUWDQW WR UH F R VV\W RVIKDRAL HDYOLVDOH WO EDMW ISDW K DO LW\ W
7XNLWXNL PLIKW H[LVW EXW SRWHQWL DN LV B EWWH U FR YOVE RKV\VD R PWKL Q |
FXUUHQWO\ QHJRWLDEOH WKH FRVW WXD®XDGFRREZPWHLW\LWQBLWKWM EEGUHSE
EHDU IPLJKBAH SRVVLEOH WR LGHQWLI\ VRO XW IRRUW WEWNWRRUB Y GGWMKIR W DWW M Q V
PRUH VKHHS DQG EHHI IDUPLQJ LI PRQW RQSHIMWW RH PQ WIDIPW XRHYV FDQ EH [XC
WKH KLJKHU UHYHQXHV IURP LQFUHDVIHFONVRW R RVUG DRV VFLYRP MRKHVYWU\ LV VV
VLIJQLILFDQWO\ ORZHU WKDQ HYHQ W K3 SPIRWMWR D DIOU HDAWR. IYGID V PUWHLB D WM V H H P
WKDW WR DFKLHYH 136 )0 WDUJHW V LVRIQDR BIDAMA XIWAD QMO DI ERUHMTWDW HG % X V
VFHQDULRYV WKDW UHOD[ HFRQRPLF SHQD R UPDM¥H! ¥ ROWKDBIGIE) BEGWWEOH FRQY
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7H +RLHUH

7KH FXUUHQW ODQG XVH PL[ LQ 7H +RLHVHKHDMIHG REQ WKHVWUIBRBRUFK LV SUF
JLIXUH EHORZ

JLIXUH SHSUHVHQWDWLRQ RI FXUUHQW ODQG XVH LQ WKH 7H +RLHUH FDWF
7TDEOH &XUUHQW ODQG XVH LQ WKH 7H +RLHUH FDWFKPHQW
>V e E ~Z s WE}%}ES]}v
]JEC ~]EE]P § - ouUoii 6X09
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ORGHOOHG VFHQDULRYV

7ZR FRQWUDVWLQJ VFHQDULRYV ZHUH PRBEHMOHG IRU WKH 7H +RLHUH
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7DEOH 6FHQDULR GHILQLWLRQ IRU 7H +RLHUH
DOO&RQV PLQ(&

2EMHFWLYH OLQLPLVH QLWURJHQ ORVV( FROL OLQLPLVH

6SDWLDO DO MRFDRZIHRE SDUWLDO ODQG OWHOREBQJIBID QGWKK H FKDQJH ZLWK -)
FRQVWUDLQWYV) DQG () DFFRUGLQJ WR 7B®OH 6%+ 6%+ '— '+ DFFRUGLQJ
WR 7DEOH
C
-) DQG () ZHUH DOORZHG DQ\ZKHUH L
FULWLFDO FDWF KERQWY IRU

OLWLJDWLRQ DQG ODQG XVH FKDQJH
UHVWULFWHG WR FULWLFDO FDWFKP|
FROL

YDUP OHYHO *URVV PDUJLQ ! RI EDVHOLQH
FRQVWUDLQWYV
OLQLPXP DUHD IRU GDLU\ IDUPV !
KD RU EDVHOLQH DUHD LI VPDOOHU

([RWLF IRUHVW UHWLUHPHQW R
IDUP DUHD
*HQHUDO :DWHU XVH EDVHOLQH ZDWHU XVH DIWHHRUU XX/ \HH EDVHOL

SHUIRUPDQFH
FRQVWUDLQWYV

9LVXDO UHSUHVHQWDWLRQ RI WKH ODRGQGWW X ®G&H D HORAKY WFKIQ FDMRFRRPH SUH?
JLIXUH DQG )LIXUH DQG WKH SUHBLFWHERDRPUHIDYWE BIBPRGRXVH FKDQJH
RXWFRPHV VXPPDULVHG LQ 7DEOH DQG 7DEOH

$FKLHYHPHQW RI 136 )0 ZDWHU TXDOLW\ WDUJHWYV

*LYHQ WKH WZR VFHQDULRY ZHUH ERWBPWQ D QMWL QUKGE LG HWHQMY F RV XOWYV D
VXUSULVLQJ

7KH DOO&RQV VFHQDULR DFKLHYHG RUHA WY G-RZHR\HW 1 B&V)B QMOD KD G DQ
RI FULWLFDO FDWFKP HFRWNVUBHWW LDDJG VHGLPHQW UHVSHFWLYHO\ WKHLU UHC
EVSURGXFW RI D IRFXV RQ 1 ORVV RL W IDIXPGV B RQD J XKHHWID Z\M UHKDOVR ERWK DFKI
PLQ(& VFHQDULR VXJIJHVWY WKDW DO GEHFHW VRWHIQWR DO W\HIGDEFHWIGRHELY E\ VRF
7KLV VFHQDULR UHVXOWHG LQ WRWEZRLOBRVYHE DAKXHFYLYG BAKH VDPH OHYHO
VXE FDWFKPHQW DFKLHYHPHQW IRUIRQRVWHY UHGXFWLRQ LQ

7KH PLQ(& VFHQDULR LQFUHDVHG WKH QX MFEHHUNR Q & UN KL FSIEED BHIDUA FAKWP MVERW

DQG ZKLOH VWLOO PHHWLQJ 1 DQG ® MKRBYHW ¥ Q&\H GQF H 8 VWWW B WIGIMI KW O\ \
FULWLFDO VXE FDWFKPHQWYV
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&KDQJHV LQ ELRIJHQLF JUHHQKRXVH JDV HPLVVLRQV

OHWKDQH HPLVVLRQV IURP ODQG XVH YWOH/GUHRIXFMHGL RY ERWMKIDRD®@HU H[WHQ
UHGXFWLRQ LQ WKH DOO&RQV VFHQDUXER/ ZBDY IGXIEDIMMWRNBRUDG DWBRLOB DUHD

OLWLIJDWLRQ DGRSWLRQ

7KH GHJUHH WR ZKLFK IDUP WA\SRORJLH Y WIDI® WIRR BRFFRIV &/REZXQUWKHD BSHDUHG W
RQ WKH FRQVWUDLQWY RI WKH PRGH® SWWHGDWR FAQPVPYFHQID O RR D WMG XFW LR (
UHGXFWLRQ LQ SURILWDELOLW\ RIOOL@Y PRPBSHWROOWGCGWIKH)BRZEHUY WR WDNH
FRVWO\ PLWLJDWLRQV ZLWK RI WEHVE&DR/DWRIUDOSDUHG DVRXYPO EXQGOHYV

7KLV FRQWUDVWY ZLWK WKH PLQ(& VMFHXFKLRUHARHADY PQ@W\LBEKDWHG DV DJJUHYV
DQG QR 0 DSSOLFDWLRQ ZDV GHHPHG WR EH UHTXLUHG

/IDQG XVH FKDQJH

8QGHU ERWK VFHQDULRY GDLU\ ID[USPR\DXIUKDW RVWIKH WOHDNWBYVWHTXLUHPHQW IR
FKDQJH FRQYHUVLRQ WR H[RWLF IRGIH®W UBHHI DIDUPLRQJVLQ PG QR VAKLYV VHHF
ORJLFDO IRU DOO&RQV ZLWK LWV 1IYHREXORDVPBWWR EKDVWHHU IURGGMLU\LQJ FR
RWKHU ODQG XVHV LQ WKH FDWFKPHQWLQGWXGERHY HKRDHF HQU(&VHHNMH Q WWKRH VLF
OHYHOV RI ( FROL ORVV IURP DO VBN \WR B & LHEWH WOSHMWGI \R DYURILWDELOL\
GDLU\LQJ :KHQ WKH UDZ RXWSXW LWIOL\VQWWWRFEXUJWHGQJI XVWKKH QHEW FRQYHUYV
ODQG WR VKHHS EHHI IDUPLQJ ZKL®HQXARGQY HLHWH ® WRGLOWG EJHQRXV IRUH

(FRQRPLF LPSDFW RI DFKLHYLQJ ZDWHQWXDOLW\ LPSURYHP

%RWK VFHQDULRYV IDLOHG WR LPSURY HLEDWHIEU HTURDVA IR\ 1ZQ VDK RXMI DWSHU IF B W F K
SURILWDELOLW\ $V D UHVXOW R VDI FOOOL@® WRD SKL J K URILHD VDR IORRGLQJ WK
DVVXPHG ODFN RI KLJKHU YDOXH ORZXMWHVPSDPBWODE®HURDWIE RRDPLRQ LQ WK
FDWFKPHQW *LYHQ WKLV DVVXPSWLRQ D\WQ @& K\HK B UGHRGRR.RILIDDRHVRS VDAL RU DO O D
LV K\SRWKHVLVHG WKDW DG GLW LR QDWW UDAHWDW WRY DL Q/E XN EHHRKPRQH PD\ QRYV
DEOH WR GHWHUPLQH D PRUH SURILWHHEDMUER WKIDA ZRBEGE VEHRQBDXYUHG WR
LQWHUURJDWH WKLV
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JLIXUH BURMHFWHG ODQG XVH LQ WKH 7H +RLHQM VBWEBBHRW XQGHU WKH

7DEOH 6XPPDU\ RI DOO&RQV VFHQDULR
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JLIXUH BURMHFWHG ODQG XVH LQ WKH 7H +RLHUN FDQDRKIFRHQW XQGHU WKH

7TDEOH 6XPPDU\ RI PLQ(& VFHQDULR
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&DVH VWXG\ YDOLGDWLRQ

7XNLWXNL

6FHQDULR 1

7KH ODQG PDQDJHPHQW DQG ODQG XV HHFKD\QH WW %G HGLEMHE QB HUVKFHQDULR
DORQJ ZLWK WKHLU QRPLQDO RXWF PEWWH DWEHORRPDULVHG LQ 7

7TDEOH 3UHGLFWHG PLWLIJDWLRQ DGRSWLRQ \DH) & VDXDENGS ¥ RIS HK\W DH WM \X ORAH BD

VFHQDULR 1

&DVH VWXG\ SUHGLFWHG PLWLIJDWLRQFK®ERISWLRQ DQG ODQG XVH

)DUP

)DUP

)DUP

)DUP

)DUP

OLWLIJDWLRQV GHSOR\HG WR 0 OFbQ@Q 6 OMD SHOWRWLIQM SDVWRUDO
1R ODQG XVH FKDQJH UHTXLUHG

BURILW HVWLPDWHG WR GHFOLQH E\E\ ZLWK 1 ORVV UHGXFLQJ

6%9/ ODQG PLWLIJDWHG WR 0
6%/ ODQG PLWLIJDWHG WR 0

RI 6%/ ODQG FRQYHUWHG WR H[RWLWEKURGNRWKIR @ DRWBGHVWU\ Z
UHTXLULQJ 0 OHYHO PLWLJDWLRQ DQG WKH UHVLGXDO PLWLJDWHC

BURILW HVWLPDWHG WR GHFOLQH E\E\ ZLWK 1 ORVV UHGXFLQJ

RI 6%+ ODQG FRQYHUWHG WE&DSIFRHUXHTWX LULWQK W KBHEHO PLWLJ
RI 6%+ ODQG FRQYHUWHG WR H[RWZIEFWSU R'G KFEROGRMOQIFRHJ HHWWXL UL
0 OHYHO PLWLJDWLRQ

BURILW HVWLPDWHG WR GHFOLQH E\E\ ZLWK 1 ORVV UHGXFLQJ

RI 6%- ODQG FRQYHUWHG WR XRWILBRQWHG YHIJHWDEOH SURG
6%/ ODQG PLWLIJDWHG WR 0
6%9/ ODQG PLWLIJDWHG WR 0
RI 6%/ ODQG FRQYHUWHG WR H[RWLWEURGKEWORQ AR UHVIXUU LZL
0 OHYHO PLWLJDWLRQ

BURILW HVWLPDWHG WR LQFUHDVH EE\ ZLWK 1 ORVV UHGXFLQJ
$/ ODQG PLWLIDWHG WR D FRPELQIOWVR@JRHOKHHDRNDUWUH GBIHWWKORSH
LOQWR LUULJDWHG SLSIUXLW

RI 6%9/ ODQG FRQYHUWHG WR H[RWLF SURGXFWLRQ IRUHVWU\

BURILW HVWLPDWHG WR GHFUHDVH EE\ ZLWK 1 ORVV UHGXFLQJ

7KH PRGHO V W\SRORJ\ DVVLIQPHQW VWK HDUR DQOWDEFRUDWH FODVIVQILFDWLRQ RI |

$JUL%DVH

JRU WKH SXUSRVHV RIHQKH RRDV L WKL WK DYRPHMVYP QG HQYLURQPHQWDO \LF

SURSHUW\ V PRUH DFFXUDWH W\SRORDOD WA VWRDWGERMOGHWKH EQXBOLQH DQG VFHQDU
UHFDOFXODWHG
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&DVK IORZ DQDO\WLV IRU HDFK Rl WWKKHIQYARFBUHWMXEGRBWD Z-MWJLRG RI WZHQ)
7KH DQDO\VLV IRU HDFK SURSHUW\ LVRXUKVWRWBEOH 7EEHOHRZ WK

$V YLVLEOH LQ WKHVH DQDO\WVHV WK SUHDBQBW HAH B K DRRIGIWL (R HIBU RQ IHD V L
ZKLOH IRU )DUP DQG WKH FKDQHBVLEOUH FROWILEHWNP®DULVHG LQ 7DEOH
1RWH WKDW IRU )DUP SHUKDSV WKHSPWQG BHELAEDOP R/I\NWKHIPVKIHQ WKH 7 XN |
SURSRVHG FKDQJHV ZHUH VWLOO QRXW HHBR/MDE DH Z2DH © KID WHIGHRY BIQGW ZH Q W\ \|
7DEOH

7TDEOH 6XPPDU\ RI FDVH VWXG\ IHDVLELOLW)\ IRUPWHHILIDWHR 1P SRXWHRRMDW LR

&DVH VWXG\ SUHGLFOWBUHVWQQXDO FD¥RKWDO GHEWHDWLELOLW\
HFRQRPLF FRYHU VXUSOXVHV\HDU
RXWFRPH

'HFOLQHV IURRY D VLQIJDRIWDO GHEW
RYHDVK VXUSOXWLJKHU

SURILW GHF%LVKVQ_'m

)DUP . SHULRI®) \HDUBIWHU \HDUV 8QIHDVLEOH
9
)RXU\HDU%IH@VKvxusingO GHEW
ZKLFK LQWHDFRWHYHG LQ J oo,
3URILW GH
)DUP FRVQY LV ERQRX WKUHH B\, \HDBUMHDVLEOH
RI \HDUV
9
)LYH\HDUWF@VKVXUS%%MDOGHEW
ZKLFK LQWHDRWHYHG LQ "
JDUP 3URILW GHFRYQY LV ERQRX WKUHH BI \HDA&XYI HD VL E O H
RI \HDUYV
—QWHUHVW FRYHU
FRPIRUWDE®LJQLILFD Q
VWLQJ GHEW
DERYH IRWDVK vxuso?g VR?IDIWHU
JDUP BURILW LQFUWRMHNKUHMDHFKLHYHG \ HH \HDUWHDVLEOH
RI \HDUV LQ ZKLE® \HDU
GHEW UHPDLQV
9 9 9
~QWHUHVW FRYHU
LVWLQJ DQG
FRPIRUWDEO\&DVK ([GGinRQ%O
DERYH IRUVXUSOXVH W SDLG RII
JDUP 3URILW GHW®HQH \HDUNVFKQHYHG \ ﬁ HU 1L IW HM® VL EOH
RI ZKLFK GHEWRQ \HDU \HDUV
UHPDLQV
9 9 9
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*LYHQ IRXU RI WKH ILYH FDVH VW XGH G WRRS Bl Q/H. b Y WZHH OHR ZHH S HSFWR ILWDELO L W\
UHGXFWLRQ XQGHU WKH 1 VFHQDV LM WXDWLWRHDQBFR@WLY RI IHDVLELOLV
EH D PRRW SRLQW SDUWLFXODUO\ HURR DH MHILP HUF K LSIFY B\PSIKRW RY LPSURYHG :
TXDOLW\ RXWFRPHV LV UHJXODUO\ DR/ \$RRUDWBELDILWEK RHEKBHBHILOXVH RI WK
XQZLQG SULRU LQWHQVLILFDWLRQ@KSWYXKBEKHXY®HQVVEXYGQAYV FDQ LPSOHF
FKDQJHV DQG ZLWKVWDQG DQ\ UHVXOM DBMOEWDQYHVPERUWQRQWF L DO

$V UHSRUWHG DERYH LQ WKUHH RI WKHHGL P HWLDI\DHV V R/ ®IGR/S WALKRHD WDHITXX 1OWD Q C
FKDQJH ZDV FRQVLGHUHG XQIHDVLEOHWKIH HGLR/Q ADAOR FRILMWRUHDRI7KH DVVXPS
HILVWLQJ GHEW DSSHDUV WR EH D -MLW®&HI IFFED/AHWV B/ XIGH HEX RIL QHMWHY ZHUH DV\
KDYH QR H[LVWLQJ GHEW WKHQ WKH SERSERVPHG AFKD\QHODHRRUYDDBP SDUWLDOO
IDLOV RQ WKH LQWHUHVW FRYHU WHR/WUHBARDOQRWXGIHRRYVDEEBHRVHH 7DEOH
SURSRVHG ODQG XVH FKDQJH ZDV WR EHUYKB3YBEQ®LRYHUWKHHWRS\RIWVHG FKELC
IRU )DUP PRYHV IURP EHLQJ SDUWLDOO\ WR IXOO\ IHDVLEOH

7TDEOH 6XPPDU\ RI FDVH VWXG\ IHDVLELOLW)\ IRRVVKROQUIOR ISURXWERWHYJ
GHEW LPPHGLDWH LPSOHPHQWDWLRQ

&DVH VWXG\ SUHGLF@WEUHVWQQXDO FD¥RKWDO GHEWHDWLELOLW\
HFRQRPLF FRYHU VXUSOXVHV\HDU
RXWFRPH

1RW UHOHYP@WK DO FDV(%(EX%TJEHV(\;/ DOG
R GHEWVlX\USOXVHlV

\Y/
SURILW GHIP(?_ % RC?JRLQJ FDVK
DUP XUUHG SURMHFWH HDVLEOH
) R IQ VXUSOXVHV)
9 9 9
- QWHUHVWS$FRDXY'KI VXUSOXYV
IDOOV EHORBFKLHYHG L
LQ WKH \HRUO\ R iKFHXL(J;lTI-If(\éVE:\BDUWLDOO\
DVVRFLDWHNIBDUV &DVIK UHVW IHDVLEOH
K GHILFLWYV %HERPHV IXOO\
BURILW GHFOL |¥V (é/\?
)DUP RI VL(%)QLYLFXOW[X‘MJ\DR)FLD UVSBESLZVLmP'HQIY\éOH LI ODQG
DFWLYLW\ ZLWK HDUYV W\'ﬂqq:KDQJH LV
/HQGHU PD\VLOYLFXOWXU\)(P SKDVHG LQ RYHU
ORRN SDVW VWKFIWLY LW\ \HDUYV
9 9
- QWHUHVW FRYHU
IDOOV EHOR
LO WKH \H ZF VK VXUSEW LQFXUUHG
DVVRELD J'J LHYHG EQWKH IRUHVWU\
%—MK I WKH DQG RUFKDUG
BURILW GHFOL
)DUP VLOYLFXO EQ/V EXW-IWWBEOLVK%q(PI-WDVLEOH
R LU ILYHUHBDVG ZLWKLQ

DFWLYLW
UH DOO GHILFWHDWYV
/HQGHU PD

ORRN SDVW WKLV
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%RWK )DUPV DQG DUH SUHGLFWHGDNRVRHUDRLDHWHD \WRVWRQLYWHSW WR SURG X
IRUHVWU\ ZKLFK HYHQ ZLWK QR GHEW S @RIFHAD VKRR KQIVEOHFBUHRQXWHHY H G
EHJLQ WR PDWHULDOLVH 3URSHUW)\ AW R DL@QVW KD-5 SHHDWIVE WARL WK BI IDDQG XV H
IRUHVWU\ ZLWK WKH VPDOOHU )DUPL]HEKKWYHEO WR PHIBW G [ VWLQJ RZQHU G
UHSUHVHQWHG LQ WKH DQDO\VLV ENHPHWDYVE XINR ZDIRX A @RDPHU UHVLGXDO U
VWUHDP 7KH IXOO FDVK IORZ DQDO\VHVDIRUDWYKHVWPWRWYVHDW¥S SOHFHQWHG L
$SSHQGL[ WKURXJK $SSHQGL]

6FHQDULR &1PD]

7KH ODQG PDQDJHPHQW DQG ODQG XVHKHFKDQUAYVH MG XBNV HBUIRW XY GHU WKH
VFHQDULR DORQJ ZLWK WKHLU QRPLQDV®RXM FRPHWR D UHK B HRWLHEHVE RQOD QG
FKDQJH LV VLJQLILFDQWO\ PRUH H[WDHPR W®DI N WREWUDWRMH@/R 1  IRXU |
IDUPV DUH DOVR H[SHFWHG WR KDY I HWGKXQG W RV K W DEDL@GE WV H FKID@ JHV H[SH
XQGHU &1PD[ DIWHU IXOO\ DFFRXQWIMH ARDQUKH FRVW RI ODQG

7TDEOH 3UHGLFWHG PLWLIJDWLRQ DGRSWLRQDVMEG/OHXQEG SXAWVRHS HFKIVMQHIWV XIRG HU |\
&1PD[ VFHQDULR

&DVH VWXG\ BUHGLFWHG PLWLIJDWLRQ KOIBRISWLRQ DQG ODQG XVH F

J)DUP RI 6%9/ ODQG FRQYHUWHG WRHMWWLF SURGXFWLRQ |
RI 6%/ ODQG KD FRQYHUWHG QR FIRJIYNUW HBGKW FE BIOW L F
SURGXFWLRQ IRUHVWU\

BURILW HVWLPDWHG WR LQFUHDVH EQJ E\ ZLWK 1 ORVV UHGXFL

)DUP Rl 6%9/ ODQG FRQYHUWHG MRRJHHYRMWALF SURGXFWLRQ
RI 6%/ ODQG KD FRQYHUWHG WHR BRQYUHUWH G KHR EHD[® IVQ F
SURGXFWLRQ IRUHVWU\
RI 6%/ ODQG FRQYHUWHG WR H[RWLF SURGXFWLRQ IRUHVWU\

BURILW HVWLPDWHG WR LQFUHDVH EE\ ZLWK 1 ORVV UHGXFLQJ
J)DUP RI WKH IDUP FRQYHUWHG WRRHYRWLF SURGXFWLRQ |
BURILW HVWLPDWHG WR LQFUHDVH E\\ ZLWK 1 ORVV UHGXFLQJ E

)DUP Rl 6%—- ODQG KD FRQYHJUWW®G BAORH [SJURGRMWIGR Q
KD FRQYHUWHG WR SLSIUXLW
7KH EDODQFH RI WKH IDUP FRQYHUWHLVWB\H[RWLF SURGXFWLRQ IF

SURILW HVWLPDWHG WR LQFUHDVH EE\ ZLWK 1 ORVV UHGXFLQJ

J)DUP RI' $/ ODQG FRQYHUWHG WRUHHWRWULYF SURGXFWLRQ |
Rl 6%9/ ODQG FRQYHUWHG WR H[RWLF SURGXFWLRQ IRUHVWU

BURILW HVWLPDWHG WR GHFOLQH E\ ZLWK 1 ORVV UHGXFLQJ E\

$V FDQ EH REVHUYHG LQ 7DEOH EHO RD R XWKHFEDQUW WK DLWPHGLDWHO\
LPSOHPHQWHG RQO\ )DUP LV H[SHFOAHGXW RWRHVIHEM.LE®HQWMHYSHFWHG UHY}
ODUJH VFDOH YHIJHWDEOH SURGXFEH.RQPDYDEOGH ZFRWEEH QLNMIALFDQW SLSIUXL
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ZDV FRQVLGHUHG E\ D OHQGHU WR FRQWW\EXWH SB®DW EWHRO\ WWRH W RW B O/ W X X
GHHPHG XQDEOH WR LPSOHPHQW WKH SURSRYHGW KD XDW LLRRPY WK\WH ZU W K W K
VFHQDULR WKH SKDVLQJ RI IRUHVW RY 6 DQGKXVW ZAHKDWQ\ HHBYHSHIUWLRG DQG SLS
D ILYH \HDU ZLQGRZ LV H[SHFWHG WRGSRWH 6 KQQ DO\ HPIDW.HE OHK DAVK KD DXQ0 O FDV
SUHVHQWHG LQ 7DEOH WR 7DEOH EHORZ

7TDEOH 6XPPDU\ RI FDVH VWXG\ IHDVLELOLW\ IRRWVFHQDULR &1PD[ RXWFRP

&DVH VWXG\ SUHGLFOWBUHVWQQXDO FD¥RKWDO GHEWHDWLELOLW\
HFRQRPLF FRYHU VXUSOXVHV\HDU
RXWFRPH
1HIDWLYH LQ 3DUWLDOO\

HZ DQG
\NKHILUVWﬂMZBWLYFIgiE WL%J SHEMLEOH  *LYHQ

\HDUY /HQEHWW WZR é VLIQLILEDQW
3URILW LQFU] %g% RH[N%ﬁE

YDUP ORRN RQO\ W FDSLWDO
RI SDVW WKLV \HDUV LQYROYHG HTXLW\
OHYHOV ZLOO EH
9 9 FULWLFDO
$F%%KVXUSOXV
- QWHUHVW U
R%O\I Lo g HYHG LQHZ DQG
' 1o \ VL[ RIH[LVWLQJ GHEW
suriLw Lor HSVH
)DUP Q ZLWK FDUERQHDUV SDLGFNIDI%BHﬂDVLEOH
RI UHYHQXHLQFOXGLQJ\NMHDUV
ODVW IRXU
9
~QWHUHVW_FRYHY
VK VXUS v
RQO\ ! ugig LHYHG[ﬁgwoo GHEW
\HDUYV ORZHU
3uriLw LorF JHBVH O\ WKUH
YDUP RI Q ZLWK FDUE %\HDUV BiWhu \HDAUQMHDVLEOH
UHYHQXH
9
-QWHUHVW FRYHU
FRPIRUWDE®VNJQLILFDQW RMZKDQG
DERYH IRU WKKHUSOXVHVH[LVWLQJ GHEW
3URILW LQFVYUHDMH\HDUWEKRLHYHG \HDLG RII DIWHU
)DUP RI ZKLFK GHEW RQ \HDU VHYHQ\HDUV)HDVLEOH
UHPDLQV
9 9 9
-QWHUHVW FRYHU LV
RQO\ DERYH$ EBVK VXUS??NDO GHEW
WKH WKUHH \BBKYHYHG L KLIKHU
3URILW GHROWR W LJIQLIRRP®
YDUP € QLIR WWKUWHW#U \HD®&YIHDVLEOH

RI FDUERQ \HDUV
UHYHQXHYV
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8QOLNH LQ WKH 1 VFHQDULR WKHGHEWH©BB R QKUH. HQILVMFIDGYIW GLITHUHQFH
DVVHVVHG IHDVLELOLW\ Rl WKH SRWHQMWRB PDWDH KW KGRKDQ PN |RKLNVQLVROLN
WKH VFDOH RI H[LVWLQJ IDUPLBJFRDABDH RIHWKHUBIBQG XV
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'LVFXVVLRQ

.H\ UHVXOWYV

7KH SULPDU\ REMHFWLYH RI WKH UHVHD DFXDZ\DHUWR GAIPWRQWW U DM KIR@ EH P
WKURXJK PLWLIJDWLQJ DQG FKDQJLQRILDGGFRWH KRHWWWYWHHE KWBERXW KRSHIXO
FRPSURPLVLQJ SURILWDELOLW\ RUHQWHPDRVULRAHM UKNXWXNER FDWFKPHQW Wi
HVVHQWLDOO\ DFKLHYHG XQGHU WKHWK. RIHV\SHHFQD WIRRQ DWUBGHBYVERWWRP OL
SKRVSKRUXYVY PRERUJHWY DOVR YHU\ FORVH 2 M/ORF KA@Q KK MHY WHDHIGWW VYQ |
ELRJHQLF *+* HPLVVLRQV XVLQJ PHWRD®HDDAMDWSRUBHG XHK HE\ DQG DJJUHJI
FDWFKPHQW SURILWDELOLW\ ZDV IR UH HDS/G\L WIRR QQRUHDYVHI EWLRQ ZDWHU EHF
WR WKH FDWFKPHQW WKH IRUHFDVWHGRX®WIHRBOIHQ SIWRKLRQDD \D HY ISGIERNDHOG LW S
DFKLHYLQJ ZDWHU TXDOLW\ WDUJHWYV

7KH SDWKZD\ WR DFKLHYLQJ WKLV LVURGWHQH U7 R WNHDFFKWRKEN HFRDIUIJHWYV W
PRGHOOLQJ SUHGLFWY WKH QHHG IRU WIDH RRPS@HRWN LDHPROQDO! (RR FS DKW RAUX N
DQG LWV FRQYHUVLRQ WR H[RWLF IRUHXW RI ODQW KV IRFEBQIR /DUJH VFDOF
XVH FKDQJH KDV QRW EHHQ XQFRPPR Q@ WQSDHAV=HO DY R VFRIPBSID ULVRQ WKH I
SODQWHG LQ YLQH\DUGYV LQ ODUOERWRXEKWQRRHUBDVH® EG 1= :LQHJURZHU
-QF WKH FRQYHUVLRQ RI HIRWQ AVKRUBMOWUD® BRYWKUNODQG LQ WKH
ZDV DSSUR[LPDWHO\ KD :DLNDMWMRNHRHYWDWHD DQG WKH FRQYHUVL
GU\ODQG VKHHS DQG EHHI ODQG W RDGDEHNIQQUQ @ KD RWBHBEXRIN K KD /-&
'DLU\1=

'"HVSLWH WKHUH EHLQJ FOHDU H[DPIS® WV @G \XMH) EILEFQ QMWW 2L RMKWEY 1HZ =HDODQ
VXSSRVHGO\ VWDWLF IDUPHG ODQGWGFREHWKIDQLY RHWKEW RDR @QIDMXGH LV QR
SRVHV VLIJQLILFDQW ORJLVWLFD G KDICQDHFIHDW DQG VRFLHWD

3XWWLQJ DVLGH SRWHQWLDO HUURU® HOUOR® B IDWLVIKREW Z RWY K LINQVE KWKMRO L P LW
LQKHUHQW ZLWK PRGHOOLQJ DW FDWWKRHPOW XWZOH GO KH RIPHDY HREWYV D VLJIG
LQFUHDVH LQ ORQJ WHUP SURILW WVEK®PHQW RZK MK H YXOXDWNG KVLQJ D FRQYF
ILQDQFLDO DSSURDFK 7KH FDVH WWXGS RWHEQWIHNOKEKRODHQUHY LQ JLYLQJ H
VSHHG WKDW ZRXOG VHH WKH FRPSOHWH W ZD@QKIRYU PDMIQRHQ RW W@ F D VHIDKIAH
'KLOH WKH ODQG XVH FKDQJH UHTXRBHGDI®RO\ VBKIR ITXWLEAON LPRW IQQJ IURP ODQ
UHTXLUH UHODWLY HOO KREZONGRILARDLRIQDIDO ZLWK UHJXO D W UMLYW\QW R VWRIRR/RIG H
ZLWK D KLJK UHTXLUHPHQW IRU FD SQBWRIOOHQXGNAMPMRMY BRWHK W®Y DQG RU LU
GHOD\HG UHYHQXHV FDQ EH GLIILFXOWHUERBWH G KD/OWKB MSHEGHRH[BFDOH RI
WKDW LV UHTXLUHG LV LQFUHDVHGDDI@& RHH RFPR UH RZRHQVW EDOD@EH VKHHW L\
OHYHO RI SUH H[LVWLQJ GHEW 5H GOXFQE XD ANVORQEG DYQ\FHUMKD QBIW\ RYHU ORQ
UHYHQXH H[SHFWDWLRQV SRWHQW LAKDMJBFOMWQGVHEDDUHAH QW R LEARWKX FK PR
SUHGLFWLRQV $V WKH VXSSOHPHQWROLIKMDOGV MWK HR BKDWIPQJ KIQ RI ODQG XV
GRHV SURYLGH D SRVVLEOH PHFKDQLVRPH®R LLEALSOLRW HR W WH DIQYVDR Q/RIRIQA. QJ IURP
IXWXUH VWDWH :KLOH QRW H[SOR UGHED DQSWE V¥V CQIQRIOOWVIQSG WKH BKDQJH LV OL
EHQHILFLDO IURP D PDUNHW VXSSI®KRIOBGHY MRFHLOWDMNQKR YBDRFHVV —-W DOV
IRU WKRVH ZKR GRQ W ZDQW WR FKI®JRZ\WR U\ LFAR PHIQLEQ DZKWR HRUQHD WILO O L QJ W R
FKDQJH ZLWK OHVV GLVUXSWLRQ MXDLDI@VVUBHVGLRKWRBHH[SDQVLRQ RU GH

2YHU DERYH LQYHVWPHQW LQ WKH ODQG
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PDUNHWVY WKH UHTXLUHG LQYHVWP FQWUH WKSISBHWHQR SHQDW RIUXQ VW LW X\
NQRZOHGJH DQG LQ WKH VRFLDO LKW BDWHRERRP OQLWKDQJIH ZLW

OLWLIJDWLRQ YHUVXYVY ODQG XVH FKDQJH

7KH 1 DQG ) 7XNLWXNL VFHQDULRV ERW®\ XRLUGWUN RRWKH BRWHQWULFWLQJ
GHPRFUDWLVLQJ ODQG XVH FKDQJH QHIHGKWRK B FIKR PR H QP/RKWHD WIK URXJK PLWL.
7KH PLWLJDWLRQ FRVW FXUYHV DQG WKHO VIXFEEGHOT ®HQ W KALD WG K PHVQ W/ IOB HF R Q
HQYLURQPHQWDO OLPLWV RI SULPDULTX(\DOR R/N VDK UR K JIKXGRELUWHND WD WG W Q FDW
WKDW KDYH VLJQLILFDQWO\ SRRU ZDW HW TDQFHDY LB3GU VIHY G B IRUH ZARWKVIDY P |
LQ WKH IDFH RI PRUH SURILWDEOH [EOMSBHDWW RHL Q PQIEDXWHW KZR K&VW RI DQ
OLPLW WKH DWWDLQPHQW RI LPSURY K& ZDWVWHU TN S OH WH QK DV UGHM. W\ ZKH U |
ODQGRZQHUV ZLOO WU\ WR FRQWL GIXRIUH. WHKDWQIH BLUILRUODIPGOX'QYH BR VRPHRQ!
FKDQJH GXH WR SHUVRQDO SUHIHUHQFRRQHZWRWRDQ P® XN HHW K H\

7KH DOO&RQV DQG PLQ(& PRGHOV IRU VWRRR GHPRONWWUBWDWFNRHQMHIDWLYH LF
D ODFN RI YLDEOH DOWHUQDWLY M IO GI6G RXYRIRL P LHRKR@QVKDXHQRMHY RI LPSURYLQ
TXDOLW\ 7KH 7XNLWXNL DSSHDUV | RURMDXOQ 5 BWUHD P®I WWHKUDWY DLUWAHYV QIIHNRFBSBEWW R V XS S
DGRSWLRQ RI KLJKHU YDOXH >KRUW HRX OWMKHWLDHO @H © D QGV XX/GIF HRWBLQW\ RYHU
RI WKH >FXUUHQW@ VXSSO\ FKDLQ DEG/PDQUINHMDOQWRLOFBRPRREDW WKH SURC
WKHVH IRRGYV WKH DYDLODELOLWQJ OD)P® KVEBO FBHSH WD @& RVRNAKOIDHG ODERX
UHJXODWRU\ IUDPHZRUNY OLNH WHKRAHPWKDWVR @V IJKUWD EDGHEBKQ H[SHFWHG UF
VWUHDPYV

7KH SRLQW DW ZKLFK ODQGRZQHU GHFLWLRK\D IWMRGXXGH B WIDQH VOCEW MADVH F W V
DGRSWLRQ RI ZDWHU TXDOLW\ PLWWJRDSWHHRRW BSOS IEBWHGRPLIQAXMDAWG ZLOO OLNI
SHUVRQDO ODQGRZQHU SUHIHUHQFH

7KH SK\WLFDO FDSDFLW\ WR FKDQJH QP GIQWRRWHDEB REWHEBH QROG XVHV ZL
HQYLURQPHQWDO IRRWSULQWY LQ D HDWKDPH@W L2LWWKKH W [LY WDGDEDWLQV XIIL
LWVHOI WR WULJJHU FKDQJH :KIHWH IDHWPH FR QQLWKHHE WRLKDYH IHZ RSWLRC
XVH FKDQJH ZLWKRXW VLJQLILF D QW HUHGX B RVIILRVIS RYOH QR BEXRIQWDEOH ODQG
XVH FKDQJH DSSHDUV WR H[LVW WKH 7XRILIVGELWHR 8 Q . @ DMKHU DIRWHIQURHL J D W L
FDWFKPHQW UHPDLQV GRPLQDWHG E\ WKBHSFXY& HGI BE FOUP IMKL VSLY OLNHO\ \
UHVXOW RI IDFWRUV VXFK DV DFFHNY GHVEDBEWOOWD @F QRWGRAQ LQGLYLGXC
PD[LPLVLQJ

6XUYH\HG IDUPHUV LQ DOO WKUHH FDGMRKMHQRMVPLY/GIBBWRG DFRALLUKLW\ DOU
DFWLRQHG RU SODQQHG ZDV EHLQJ XQG HUWNDINHQL W B GBI FE& HWKUHH SR W H/E W U Bl
PLWLJDWLRQ DFWLRQV E\ IDUPHUV ZHQW LMVRP i RADW FOR @B W KM POWGIRJ VSHF
DFWLRQV RU SUDFWLFH FKDQJHV RAIX@WOZX RX}{IBX MMV S UWRI MMRDELDQMWL :KLOH IDU
GLUHFWO\ TXHVWLRQHG DERXW WKH\SERKXOGHFERRYW\VODWGZ K VFHKFWRQJH RYH L
PLWLIJDWLRQV WKH H[WHQW RI VHO| DO S RXW G PW WIKIFOLWFHVQRQFADLRG KV H V>
QRW D VLPSOH FRVW EHQHILW WULJJHU

YHDVLELOLW\ Rl WUDQVLWLRQ

:KLOH LW PD\ QRW EH SRVVLEOH WRKLGEHQ® IXIVHAVWH SREQ W LMW.IJIDKWERQ IURP D
IDUPHU GHFLVLRQ SHUVSHFWLYH WKLWKIHV HFRXBOKG SR QE WV RQOD OK VDRILHF W W K
IDUPHUV WR LPSOHPHQW DFWLRQV RQVIBDWHA X\DKOLW VZ LIOQFORSURYHORDG XVH FK
ZKHUH VXFK FKDQJHY DUH FRQVLGHUHGSWRLLUPEDA®IH BKRINA DEHOL W\
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x 6FDOH RI WKH IDUP EXVLQHVY DQG LW KIQOAMUO HLQ K HDH BHO IRUBUQILE X V
KDYH JUHDWHU FDSDFLW\ WR DEVR U KH ®GCRSMRLRQ LR $UR/ILID \MLRR V R L
ODQG XVH FKDQJH )L[HG FRVWYV DOVR WHR R W R E b J S URBSRULVQIHR/Y B OW Ol
VPDOOHU RQHV ZKLFK LPSURYHV W KHLHYBBXMHMW WRSRHBWLWK RUH L
SHUPDQHQWO\ UHGXFH DV D UHVXOW RI ODQG XVH FKDQJH GHFLVLRQV

x 7KH OHYHO RI SUH H[LVWLQJ GHEWO HYYHH® ¥ LRN KH T XIOWMW IORZOG KEWK SHUP
WHPSRUDU\ UHGXFWLRQ LQ UHYHQXH UHB X¥XBDHAK ILGRZHWH V @ WFHRY HWWD RSV M
SURSRUWLRQ RI UHYHQXH LQFUHDVH

X 7KH FDGHQFH RI UHYHQXH IURP DQ\ Q iZl RWH\GNXY H V: KR \W HD H{ RQWLP X P
FXUUHQWO\ FRQVLGHUHG QR OHVV S QR LEAHHE GRS MKID\VQ L RIY\ WKKHH &/ IDP L Q .
UHYHQXH DQG H[SHQVHV FDQ EH GLIIVKXORZ | RY ER® VALIQWK/ ¥ BV BARR) ADH Y HQ
RYHU WKH ILUVW \HDUV LQ WKHVXUN® RIRMUDMWLR® V+ ROWR AXHQG WR
QHJDWLYH RSHUDWLQJ UHYHQXHV LQJIWKWHWIREU MW KP MM X QRQOREZUHHYV ¥
DFKLHYH PDWXULW\ :KLOH WKHVH QHEB WIXYHS AV KI\OR VH B B\HDHDW SDUW
WKH GHYHORSPHQW WKH\ VWLOO DG8LWRWYKBIQW.L YN G BRI VQHQRI LW B \E X
HVWDEOLVKPHQW LV XQGHUWDNHQ DW VFDOH

X 7KH UDWH RI FKDQJH UHTXLUHG &RQY HIGVWRGDWLRFARQRPXIF RIKPRQM\DZR
JHQHUDOO\ LQGLFDWH WKDW WKH Q HIWGHYHNIRBW H'@\® >R R DR & RV HWFIKDQ
LQFUHDVHG WKH IDVWHU LW LV FRP SOHWWR HVA D E®LVK MR UHKSHFRIDWD |
\HDU RQH WKDQ WR HVWDEOLVK  KHMNWYBW DK DRZ\HNRHUUWEY WKH FC
VWXG\ DQDO\VLY GHPRQVWUDWHG SKRUHYWOUDQE SRWHENQDI® @LNEYDQ
IURP D OLTXLGLW\ SHUVSHFWLYH

x 7KH DYDLODELOLW)\ Rl ZDWHU $ WUDQ\LMWQA® X \DHZ DV | DIRPDS\DOAWHRQ DE O H G
SRWHQWLDO IRU FKDQJH WR KLJKHUXLIVDX¥ED B IDWNG WK/H W DK @& RIFDRV L R Q
SDUWLFXODUO\ KRUWLFXOWXUH WIRHW K H. bl Y MODBACLLRAX P M GFW LDAQLG- R RS H U
KRUWLFXOWXUDO DFWLYLWLHYV JUZBDWHUSDRLGHBELGUM RH UH B DWEHYHD
WKHVH IDUP VIVWHPYV DQG XOWLPDW HOKH FIRQWHIPWS B R H.MEHEG ®H &/ \F G-IQP D
FKDQJH DQG WKH DVVRFLDWHG LPSOLFADQG BQVWR U EXMLICR Q O DQFRIGIORHIG
DYDLODELOLW\ DQG UHOLDELOLW\VWKBRX PO RFH FIOIRZLFWAUBRUHMXVW P
H[LVWLQJ OHYHOV RI LUULJDWLRQ

$ NH\ WHQDQW RI WKLV SURMHFW ZDH/GWXWDIQG/H. BV MRCD WI DQU PV MKIRXOG LGHDC
E\ WKH FXUUHQW RZQHUV RU ZLWKLQ WWHRQ D BPHZRAAMH RY LLRQV HILD\W R H U DV K D Q
WKH VDOH RU WUDQVIHU RI ODQG W B HDK/IHGG SUIRU MU BIE L OK MO HR WWKH GRNLW XN
VFHQDULRV LV VXSSRUWLYH RI WKH F D WKHP ARQS\ & B DQU HITEXQ K HAGR VDRV &/ O EYWH U
XVH FKDQJH UHTXLUHG WR PHHW 136 )0 ER QRGP \DL\Q M X J IMK/NV ¥ DW K DWW DOGAP H U
W\SLFDO SHUIRUPDQFH DQG DYHUDJH H MWRWIRIUHGME W KR-D Q B A HVYYDEO® FKDQJH
WKHPVHOYHV DQG D FKDQJH LQ RZQHWVKLS PLIKW EH XQDYRLGDEO

7KH FKDOOHQJH IRU SROLF\ PDNHUVHL S RMWKHDQWR D O \E\DRIRH. RUWRKBI§ EH DGGUH\
UHIJXODWLRQ RU D UHDVRQDEOH VRFWDRIOW RHAFXBOLECSX GHISOFDBHQ/L]H OHY
SHUIRUPDQFH DQG SUH H[LVWLQJ GHEW LOMYRIOM B HH (RPHOQVWN. GR VWKIBD @BEL RU L (¢
7KH LOKHUHQW ILQDQFLDO UHWXUQVIRQ MXLR® ROHWRDDGEG XVRIBKDWH DO FKDUD
DQG WKH PDUNHW WKH\ VXSSO\
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0XOOHU HW DO GHWHUPLQHG WKIOMQ Z K M WDHJ H HITRW UHER OLMQPE OH KDYH VI
FDSLWDO FRVWV DQG RU FDQ W DF RK)\D\O IPE D QKHHVK QRYIKOWUQBQWLQJ VRO X\
EH UHTXLUHG WR HQDEOH ODQG XVH MKRQ WK H 6 RRUAHSQDMIHEHQWRWLHG LQ W
OLPLWHG DSSOLFDELOLW\ WR RYHUFRIRUBJ S\DKHVEBXODMOV ILIGW QM EILBIGJHV U
DQWLFLSDWHG WR EH SURILWDEOHFDWHRISGGVHEQ RXOX DWIR OIHWWBWLRQ  $Q\ I
LOQWHUYHQWLRQ E\ JRYHUQPHQW LW MEWNRWEHBWQRGWHNHBONRUSRUDWH ZH
*XDUDQWHHV RI IXQGLQJ RU SURYLVUR® HRQ W HRAX B K WO D QR U ROSHFL M YW LW LHV
ZKHUH FDVKIORZY DUH FRQVWUD L QW G DLQV UWK HR QDRI \Z K WDKH HOL RXLG LW\ RU VR
PRYH RXWVLGH UHTXLUHG ERXQGV WARSRQDWILFOU WKH BHKEYLF SWRH>SDUWLDO
XVH FKDQJH DV RFFXUUHG LQ WKH KQGK/BNRIERWRDNXHE FDWFKPHQWYV EXW Wk
DSSURDFK LV XQOLNHO\ WR EH ILVFMWOPMNGEWXEVGDKE B DQGXKOLNOLVHG E\ UH.J
FHQWUDO JRYHUQPHQW

7KH WLPH WR HIIHFW FKDQJH FOHDUO\VDKHH & Y J\W R FR\ HWERD D PIQLAHHYGH ZAKDIQ JH 6 X E
KRZHYHU WR WKH OHYHO RI FRQW D PKROHD@W DWW R ¥ CADISPE LY\ RIFIVWH UHFH |
HQYLURQPHQW WR FRSH ZLWK ORQJHUILLHFERQMU WWR R HR UDDWRZY QW MXQ ZRXO
EH WKH PRVW HIIHFWLYH OHYHU DYDLODEOH WR SROLF\ PDNHUYV

$VFHUWDLQLQJ WKH ZLGHU VRFLDOTMD\E EFEDW\V R | L ROV QRN VD IO WK HH F D W
ZDV RXW Rl VFRSH IRU WKLV UHVHDQWKZ -\ 5 LFDL\GHX B @ YHE\J IUHPHHU YV SURYLGHG
LQIRUPDO RSSRUWXQLW\ WR JDXJH D GHJIWH R IRF KUHYBR Q@ H BVIROW KOIHE N JH [W U |
VFHQDULR UXQV EXW WKHUH ZDV QRDGRBUE RUDIIE WH FRPPKIQ L\WRWW LW XG
SUHVFULEHG FKDQJH +RZHYHU JLOHQ@ WWHKHDXEMMWDDWAE YFFKDQJH LQ ODQC
UHVHDUFK VXJJHVWYV PLJKW EH UHTXLWHG WXD D EWLHYBIUTHONVN IZQ® WKH 7XNLW X
WR DQ\ XQGHUO\LQJ VRFLDO OLFHQ V HUMRPOWKHG FRPEPXQ L WR\U B\RVK OHYHO RI
QHHGV WR EH DFNQRZOHGJHG $V LGEHQWHLVVHG QW RI BHKGIREFRIKRPLF FRQVHT)
WKH SRWHQWLDO FKDQJHV ZLWKLQ W OH JAHW B KWAH B WWLL\P DW PILRIHI® WPRID®/ H S U
RYHU D PHGLXP WHUP KRUL]JRQ 7KH EURBSGRW W REL R KIF ERRPXQLW\ RI HLWKH
SKDVHG ODQG XVH DZD\ IURP SDVWRUDR® QRW. FRQWIXGHUWME IRUWKWU\XQGHU F
FKDQJHG RZQHUVKLS

'KLOH D UHTXLUHPHQW WR GH LQWHQ\RUIDRQ G KXY/GIHPHIIMW H IGHUIQABHDVLQJO\
LQ PDQ\ FDWFKPHQW DUHDV DFURVV 1WZJtRDODQIXWHKRULWREY KDYH \HW PDC
H[WHQW RI FKDQJH WKDW WKH UHVXOWJYKRI BWK U\ TOHIMHDGU ER MQKGL F R WIHWAX N L V
SUHVFULEHG QDWLRQDO ERWWRP OOLHD ©WR WR DL VKW B UNVKHDOERS H: RL WKLV ZRUN
GR UDLVH D TXHVWLRQ RI FRPPXQLWLHM D¥ OMRRAK HW ISHIB S\DOKUHH &Z MCGROFRO O H F W
LPSOHPHQW WKH OHYHO RI FKDQJH QH HG HE® WHRUDW K HM ZID QWK HR I XIDO/IHVE H H Q
SUHVFULEHG WKH\ QHHG WR KDYH

/ILPLWDWLRQV RI WKH DQDO\VLV

$ VLIJQLILFDQW HIIRUW KDV EHHQ P D GH IWRDHGV N Q MLWRRWHQKHD 6 ARBO GV DWW
ODQG XVH W\SRORJLHV LQ WKH VXEM HFYW BOWL ¥ KPRIQFMX\U DHE W 0 NRIG KHAH V\V W
SRVVLEOH DQG UHIOHFW DSSURS UHL\DRYHWISHKVIVW £ K HWW HRLRQ WIKWYXH KRUN UHO
VHDVRQDO DFWLYLWLHV RQ IDUP SUH FIDXRHHG UMK H DHMHF R IS RRSRYV WG H )LIXUH
UHYLHZ NH\ LQSXW GDWD SULRU WR\WRGHQGIZQRI WXW EREWOTROM DQG PLWLJID
FXUYH RXWSXW ZLWK WKH ILYH FDVH YWW&UHMUFHIPHUY WEHH ¥RLWXN DQG W
BRXWK &RDVWDO &DQWHUEXU\ LQGLFDW H35 VRREWAWM TRX HVQKAH FOXAV SOR\S W LZRIQUH CZQ W K
ERXQGV Rl SDUWLFLSDQW IDUPHU H[3® 6 \WDWHLRR G H OHOVHEE VREK WHKRRHYV DUH VWL
WKH JUDQXODULW\ DQG DFFXUDF\ RH WYX WX®SWDRHWRDGMLDKLNG G HMWKHUPLQLQ
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HIILFDF\ RI PLWLIJDWLRQV DQG WKH IQWRKHVBAIRHKYVYPESDQ | DRBWHL\RQW RORJILFDO S
DWWHPSWLQJ WR EH UHSUHVHQWHG

$VVXPSWLRQV DURXQG IRUHVWU\ ODQG XVHRXWHQIGL W R \E B XWKW FP RWKW FORRGW HA
IUDPHV LQYROYHG XQFHUWDLQW)\ DURXIQW BRG LYND BIWSRBXERQVRDUHJXODWR
GLVUXSWLRQ DQG WKH PHWKRGYV QHFHV$DRLION RWAG MR/ GRIW LR Y HWQX\D\G K D V
DSSURSULDWHO\ FRPSDUHG WR SDVWRUDKVH DR VP SWL\K B I VZ LEI0ON HQILOXH @ KH
UHODWLYH SURILWDELOLW\ RI IRUHFW UQWR VEDNWRR@WO 2BHBHQIQZKXN VPDOO Ul
QLWURJHQ ORVV DUH UHTXLUHG PLJKW RQ FLXHJPK WK DREWRPQG XAVH FKDQJ
UHTXLUHG WR PHHW WDUJHWYV :KHUH HQREHGNBWY RIDL DLED QW TXULW BRI GLIIH !
DVVXPSWLRQV RQ WKH SURILWDEL®IOWWR LRSEFW UNKH ARRQWORDWNKH UHTXLU}
UDWKHU WKDQ WKH H[WHQW RI WKH FKDQJH LWVHOI

7KH VXLWDELOLW\ RI LQGLYLGXDO SRXBJIRHNWR OX8ERUIE ESMWKHLFODD\HUYV
WR DVVLJQ DWWULEXWHV WR SRO\JR @\ D\ G DX i H/ DO \RIHER G-WRQVDOVR FU
HQVXUH WKDW WKH OHYHO RI GHW DL OWXKHG GRHRPLSDH] M R Q QRN URIGHK FX G UMR) W D
PDNH XS Rl WKH FDWFKPHQW GRHVQ W B[FHWGRW WH H HRHGUHOQ V& UIUW QKLO/ P R W
SURSRVHG ORFDWLRQ RI VSHFLILF ODQ @& K WHW WQ | WHKG! I[EQ W RRPIHRDNV BPW DQG S|
OHYHO YDOLGDWLRQ LV OLNHO\ WWRHYBHGWIXIN\VLQBEGXWD FAWW VY QMSRUWDQW W
WKDW UHFHQW KLVWRULFDO ODQQL¥WIH HVLQD &L 6 BWHRWVRUERU DHEMW LRU | XWX UH
SLSIUXLW DQG JUDSHV KDYH UHFHWW\7 R N H\Y XH\W WLTEOR K KHMGW. QQ ORFDWLRQ\
EHHQ XVHG IRU WKHVH FURSYV EHIRUH DQRX\WIGDK\D P B (FRQNEG® UB GPXYWXLWDE
&OLPDWH FKDQJH PD\ IXUWKHU DOWH U DZWKHH W B LDADDGE @ KIDIV) @D RIBUXMHFX ODU FDW
"KLOH IXWXUH ODQG XVH VXLWDEUOQWM GBEMHUM QX¥QFIHW DWAH. & FHQDULR ZHUH
7XNLWXNL WR LGHQWLI\ ZKHUH SIL8W EHW B Q6 EYQM/KHK® WL PDGGLWLRQDO
FOLPDWLF DQG ZDWHU DYDLODE QLWL § WIRQWKHRPR BV F\R QOB UDAHQDULRYV ZRX
XVHIXO LPSURYHPHQW

'KLOH JHRSK\VLFDO SDUDPHWHUV ZH U VK QGE OR DFARRSMLIRIYL & IWKHEZ SRDQG X Vi
OLQNHG SDUDPHWHUV ZHUH QRW $V VXFEOB WRH GLHIVRRQN] DPURKIDEG GMKPIGVXV H'
QRW FRQVWUDLQHG E\ WKH DYDLOPBUNHWAVR D W[ RE LSRWH RW VXSG SO\ FKDLQ
RU DFFHVV WR ODERXU SRROV $00 B UHYWHDEO® [PRKPH GWM IRJWH. FS@Q ¥ QRWKR | HQ'
DQG DUH OLNHO\ OLPLWLQJ WR LQVAPOQWHD@HRXD DIERISWDRWQRQQONKHDOH WUI
LVVXHV DUH OHVV SUREOHPDWLF EXW @WRODFWR® QW) BMWGV\R R HE M W\DDIM

1R UHJLRQDO RU QDWLRQDO HFRQRPLKIDQDRXVIG/ LADAVR PR A GXKBMIHE WKH FDWHF
OHYHO IDUP LPSDFWV DQG H[WUD SR GDR BEQ L DWKH{ VH WHKRIK XWK DOFBESWDLQ LQI
VXFK DV FKDQJHV LQ HPSOR\PHQW DQG UHJLRQD® KBRRRE UE BHW RRIPHD\QW HF
SURGXFW :KLOH WKHVH PRGHOV FDQ EW. RQDWLFQFHGWDL Q®E LW KH\GKGHOS FR
LPSOLFDWLRQ RI VXFK ODQG XVH FKDQRUHVLR S RRMWKHIWI DWFRVR KM WRDRWK Q LW\ V)
HPSOR\PHQW 8QGHUVWDQGLQJ WKHVH IDFWRWU X ZRKXD\GWHHES WKKH WREP 6 M QR | 1\
EHWZHHQ WKH GHVLUHG ZDWHU TXDOLW\ FRRAPKRORMM DIRSNWMOHY VR WK HWVRD\Y K IR Z
RI DFKLHYLQJ WKHVH

*UHDWHU QXPEHUV RI UHVSRQGHQWYV L@HNVKRILHUFP BQ & $BXMAK & RDWMHD O &D Q\
FDWFKPHQWYV ZRXOG LQFUHDVH WKH FRDOUBHQ FHJ HQHW K 8 AHHV WRLLP B WWMLJ BW L R Q
DGRSWLRQ DQG WKH H[WHQW RI FXUUWQWLSBR®W LRQUHQX®ROLQPHSDHVHQWDW
XVHV LQ WKH FDWFKPHQWYV ZRXOG DOVR KDNP WKL Q3 WXH\Q H & LW KZD R X WS X~
D QRYHO DSSURDFK WR WKH GHYHORSPHIRW R D WIF\W P HIMWL R R GHRO/OW € X WYDH VH Z

3DJH R



=HDODQG DQG IXUWKHU ZRUN ZRXOG E HPWDNKFE ® HP WRL &/HNWWHURHQ S QK LX/Q G H
WKH OLNHO\ FRVW Rl DQG RXWFRPHV |RUPZDNLGU RORPL\WUPHWLEBNLV LR

7KH IXOO PRGHOOLQJ RI DbOO WKUHH ABW FK ZIB@QWY WRDD SWYL QW ZKHVUWH ZHUH I
ZRXOG DOVR KDYH DOORZHG PRUH UREX@W LID@OWIHRWURQGWHR @ LAEIL @& KW \ SSRIWFHK D C
ODQG XVH DQG SUDFWLFHVY WR GHODWHU FXDOH@WOKIPODK) BIKWHWZ DV XQDEOH \
FRPSOHWHG ZLWKLQ WKH WLPHIUDPHV RJIREKH[ L&KD ORPW ¢ XHF KWPKR-C HOQ®X QY WR E
XQGHUWDNHQ RXWVLGH RI WKLV SURMHFW

7KH RXWSXWV SUHVHQWHG LQ WKH UHV @DXFEHKTKL YR RIWOEEOKRIGVILQMURG GHIL
VROXWLRQ IRU WKH DFKLHYHPHQW RIW¥6 KO \¥R W WD W XHIDAL AWK PMDW RU LQGLYL
SURSHUW\ OHYHO 7KH\ GR KRZHYHU GRBRWWIGH ®LUREWYRQLA G WRIDNIHRO DQG F
RI FKDQJH UHTXLUHG WR LPSURYH HFWHYHT RKDWEWP HQWAWKHHODABLYH WR WRG

SRWHQWLDO IXUWKHU ZRUN

7KH LQSXWV WR PRGHO WKH 6RXWK &RDVWB EKBQWHUEXGHFEWRERAB QK KLQJ
UHVHDUFK 8QGHUWDNLQJ WKH SODQ PH® WROBRQI QL WU DVGIGLLMWERWBK VFHQL
IRU 7H +RLHUH WR WKH SRLQW WKH GBVHUDRKEZBWHY ZRXOIGWE HVD WIHWK\D E O H
RI WKH ZRUN FRPSOHWHG KHUH

7KH H[SDQGHG XVH RI FOLPDWH FKDQJH QDUHBY WR WKSDORR 8 HWOKOHH 8 MGFLHX P W -
YLDELOLW\ RI H[LVWLQJ ODQG XVHVGZDONKR Q VRHPOW®R B VAFFID/'FAK Y RIXRQ DERXW S
ODQG XVH FKDQJH

2XU XQGHUVWDQGLQJ RI WKH G\QDP DAV ®J EDHMP HWH@HFLWLRQWLRQV DQG ODQ
FKDQJH PLJKW EH LPSURYHG E\ DG G LVIURPGROSUHVHDHWERHRPLEARY FKDQJH ZKH
SRWHQWLDO FRVWV RI DFWLRQ LV I YBDO®BE @ RXIQMWQ PBOGWLIBMWGE QDWEKLFK D
RU ODQG XVH SUHIHUHQFH PLJKW FKPODR R QDALY WDEHMW KIMQGRDEOH EXW

)LQDOO\ JLYHQ WKH VLJQLILFD®WQJFD WK RW \WKHK DEHE WX EUHG LQ WKH 7 X1
FDWFKPHQW WKHUH ZRXOG EH YDOXH ERWKR Q/IKAH &L G H UHHGHEDF D QGRPUEDQ F
RQ WKH PRGHO RXWSXWV WR DVFHUWD E® WRHEHE DOH\EIOHH & KHH) WIULDREH RQW D O
DQG HFRQRPLF FDWFKPHQW LPSOLFDWLRQRXO/GSHUWHPDMWG GARUEH XZKH VFDOL
FDWFKPHQW UHVXOWYV WR WKH EURDGHU VRFLR HFRQRPLF LPSDFWV
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&RQFOXVLRQ

:KLOH WKH QHFHVVDU\ OHYHUV WR LP YWBRYH @DMWHW OQYG OHWW XLIDQU WHKWH RIL1IHZ =
DUH ZLGHO\ XQGHUVWRRG WKH SRWHQWLDPD RRDIQUW XEB RYLWWKKN BIQIG ODQG )
FKDQJH GHFLVLRQV UHTXLUHG WR PHHW ZUWDREDE 0 X DO VW \ZRIXOMFRRHYVYDDWUMH G

7KH LQWHUYLHZ UHVSRQVHV IURP IDURPHWK ZQ VWU f ¥ DRODLWMR KW KRW\.Y EHORZ
PDQGDWHG ERWWRP OLQHV LQGLFDWHR@WHQ XD WR DGRGMQ DQIEVVPWBHP HQW
UDQJH RI PLWLJDWLRQV %DVHG RQRQKHIH¥FDGEX RWYLEDORS RVMNL IMWIKLQ WKH \
FDWFKPHQWV WKHVH LQFOXGHG P LUMIGDDRMICR © ¥V RIGKKFW LLYQYWWD\UR D BADRRN ODQG
SURGXFWLYH XVH LQFOXGLQJ ODQGPWHWRURKY GW H HQU HQFHUDOLWHHG ZLWK \
Rl DGRSWLRQ WKDW FRQYHQWLRQDO DX¥R¥XVEGFGHOWHRPPQWLEXWLWRH RMWXHQV
DGRSWLRQ RI PLWLJDWLRQV LV XOW L PSDMRIHION BHE S B EWH G KHUGIX BH TTRUPHG FRQ\V
ORDG UHGXFWLRQV DUH KLJK PRYLQW LDZDNV\IWRPODLQ\A. XD/\M LIRKDRBH ZLOO XOW
QHHGHG WR GHOLYHU GHVLUHG ZDWHUHXBGRWRRXWFRFWVY IRU D UHGXF

&ULWLFDOO\ ZKHUH KLJKHU YDOXHRODDQ\GHW AR QW IVKLQRD U HORMVON DUH VXL WD
7XNLWXNL VXFK ODQG XVH FKDQJH G\RRH G HKOLYYHH W K.HP SIRRWHHBWHLPRQRPLF RXWF|
ERWK LQGLYLGXDOV DQG FDWFKPHQWV XDIOLLW D VE D EHVWNW IPRUURXWHI U T
PLWLJDWLQJ DQG FKDQJLQJ ODQG XVH

7KH FDSDFLW\ WR WUDQVLWLRQ WR WHKH ¥KDODHIMHG ODQG XVHV LV PXFK O

$W DQ LQGLYLGXDO SURSHUW)\ OHY H\D D 8GHWHK]H WSIHMIG ODHW HEV AR BXAEK FKDQJ|
EH LPSOHPHQWHG DUH SDUWLFXODUOQ DL@SIRIUW PRS\D FIL AW RUR/ ALRYY W KDHZ DL [UR P
ODQG XVH DFWLYLWLHV HYHQ ZKHQ BWKRRUWCHNE B RWMW DEQKE XKHWYHZLQBUHDV HC
SURILWDELOLW\ LV H[SHFWHG |UR R ODWQID K ¥ H PKDSRIHW WKL RILWKH DELOLW\ W
FDSLWDO UHTXLUHG +RZHYHU LW VHHP Y DOPOK B M B \WKKID M. @OIDXF LDWPFDSDFLW
QHFHVVDU\ FKDQJH WKHPVHOYHV HYHEGDLOWKWHL G RY QUG LS PDOIGN EH DQ
LQHYLWDEOH RXWFRPH 2SWLRQDOIHV\ LR W &VRKHRSRDOOH @D QGWKVDFFHVV Wi
ZDWHU SRWHQWLDOO\ LPSRUWDQW LRHZDAWH W ONPWWNIG FBWFKRXQWVEBLDGGL
LPSRUWDQW ZKHUH WKHUH PLJKW EH DUVRFILD HRSYALIW LO'BIQ\G RXSHM WHK DW X
UHTXLUHVY WKH FRVW RI PRUH DJJUHVW. EN IRQYWHMVWRHRWVLEY RKEHK RUWH OXH OI
'KLOH WKH ZLGHU FDSDFLW\ Rl WKH PRAPRRDWIMWRBRW YBBEOH DDW@RW HYDOXEC
UHVHDUFK LW LV DOVR DQ LPSRUWD QWS IFRW VY BY RD QIRRQ RQRP FDSH B0 LQIU
DQG VXSSO\ FKDLQ FDSDELOLWH@XW FULWLFDOO\ VRFLDO OLF

7KH QHFHVVDU\ FRPSURPLVHV LQ FRPBABHJHWX IDUH3G GHRVPR G HOKBBWEF KPHQW Vi
RXWFRPHV OLNH WKRVH LQ WKLV UHYHDWWBEWDRE Q VRS MDKWHWR RSSOHDRH WK HL U

LOQOWHUSUHWDWLRQ DQG WKH JUD QXI&DM E W \HWWR UDKS A& DRAKHNGS XVRVZ PY HU W KH\ G
UREXVW LQGLFDWLRQ RI WKH GLUKEWLRIQFKID® UHD YHO XOLQEH @ VR LWSURYH ZDW

KLOH QRW SURYLGLQJ D GHILQLWLWHK LWR DXPNHE AKX R MGHQUIHHY WLRHE &DWFKPHQ
6FHQDULRY SURMHFW GRHV LQGLFDWH RVIKW WVE & RIWZHQWHLLD O X®IW WX R X WFFR SRV
H[ILVW +RZHYHU ZKHQ LQWHUURJDW H& WSKHFRXUIKHH DHQ HD IVQOQ DFH DO FDSDFLW
IHDVLELOLW\ RI WKH FKDQJH UHTXLY BQ G VHYRMHIQWIKIDMAHXQFEHWIDUHG LW P
DOzD\V EH SRVVLEOH WR DFKLHYH 7WHGVXRIORBXQBW WIR ICQWRAUBWBFWLRQ R
PHDQLQJOHVV RU PLVIJXLGHG EXW UVWRVRKRQWMEE RRESKRBWROQHWNVKH SDWKZD\
WKH EHWWHU IXWXUH RXU FRPPXQLWLHY ERWK GHVLUH DQG UHTXLUH
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SHIHUHQFHV

$UFKHU / %URRNHV - ORGHOVULMQ G DWW WW ISHYW URFWHR QRU +RUWLFXC
7%$1. & DWFKPHQW $Q (FRQRPLF $QDOHEBLMU$ WK RDWNSHYVHBDYU 5HILRQDO &
S

$VXUH4XDOLW\ $WME %DVH 6SDWLDOO\ ODSYV $OPRVWDYHW\ 1= )DUP _ $VXUH4

%DUEHU $ 6WHQQLQJ + +LFNV ONKH :DRGIW OXBGWLI\LQJ WKH HIIHFWL
VHGLPHQW FRQWURO RQ FXOWLYDWHG OMRQSXQHQDO BHSRERUW-Z30OHSDUHG
3UHSDUHG IRU 03— 6)) 3URMHFW S

%DUEHU $ 6WHQQLQJ + 9HJI&RVADWR G 3WRRWUFHNUNISGDQFH IRU $FKLH)
BUDFWLFH 9HUVLRQ $SULO

%HHI DQG /IDPE 1HZ =HDODQG /WG 6KHPHS VXDQE\ EHHI IDU
KWWSVY EHHIODPEQ] FRP LQGXVWU\ GZIWUD SDRBE XCGHOWRQ YEHPES XHHI IDUP V

%YHUNHODDU O /3 VROYH 2SHQ VRXWUFHHDWRL[SHGRUQWPBHQJ V\VWHP
KWWS OSVROYHVRXUFHIRUJHQHW

%ULIJKW - O0OF-QGRH - %LUHQGUDLHQW OBNBMNFLWEKURXMWK LPSURYLQJ LUULJD
JHUWLOLVHU $VVRFLDWLRQ RI 1HZ =HD®HDVHD WFK /LPL¥WTHK®D OLQ

%RIID OLVNHOO ODUOERURXJK 'LVWERAMM ERXPDFQAGVFDSHBWXG\ $XIXVW

&DUGHQDV / 0 &XWWOH 6 3 &UPEWIKHU® $ +RFKROHIBHOG ' GHO 3UD!
&RVW HIITHFWLYHQHVV RI QLWUDWH O HD RBKIDQN PD\WQIG) DWY. R QWPRHNY X UHAVHIRRY D
LQ (QJODQG DQG :DOHV 6FLHQFH RI WKH 7TRWDO (QYLURQPHQW

&DUVZHOO ) ( ODVRQ 1:+ +ROGDZAD\3IB\WRPXUURBRKXWKHUODQG $ 3ULFH
&RULFK +HUPDQV 2 :LOOLDPV 3 WLRQORGELURHWFWH HDWQMGLED RRP QRQ IRUHV!
IRUHVW ODQG WUDQVLWLRQ 03- 7THFEKQLFDO 3DSHU 1R

&KULVWHQVHQ & / +HGOH\ 0QH %DQO\ -1$WURBRWQ ORVV PLWLJDWLRQ XVL
FRQWUROOHG JUD]LQJ ILHOG REVHURXWISKGW FRBERBHHGLWRVPRIGWRH 1HZ -
*UDVVODQG $VVRFLDWLRQ

'DLJQHDXOW $ (OORLWW 6 IRQG \X\DH) & OQWDPROWDR® &RVWV $ 7HFKQ
ORWX (FRQRPLF DQG 3XEOLF 3ROLF\ 5HVHDUFK S

'DLU\1= /WG 'DLU\1= (FRQRPLF 6XUYH\ S
KWWSYV 7277 GDLU\Q] FR Q] PHGLD OMNJG]O ODHHFRFR\NRI KW XHE SGI

'‘DYLGVRQ 3 :LOVRQ 6 *URXQGZDVWBUY RR WBDXIXKERVRXIKFW &RXQFLO

'H .OHLQ & $ 0 6PLWK / & ORQIHKWOQLBWHG DXWXPQ JUDJLQJ WR UHGXFH
HPLVVLRQV IURP GDLU\ SDVWXUHV LQ BRDAXIOODXQYE IFAR\ANNMHPYCED GG (QYLU

'RROH * '"HVFULSWLRQ RI PLWLIJDWDRWKRSWERQRPERIPREBX LMK+ HDOWK
:DL 2UD SURMHFW :DLNDWR S5HIJLRQDOW&RXQFLMINMPWRLFEDIO BRROHR &RXQFLO
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"\PRQG - 5

%HWWYV  + '
VFHQDULRYV

6FKLHUOMNRQ&PB(RGHO KR HHYM OXDWLQJ UHJLRQD
(QYLURQPHQWDO ORGHOOLQJ DQG 6RIWZDUH

"\PRQG -5 +HU]JLJ $

%DVKHU
0 5R\JDUG

/1Q WHWWYO®LSVODRUGH$XVVHLODSN 3DOPH
- 'HYHORSPHQW RIGD HW P RIEPHIODIRG ® VVHVVPHQW RI FDWFK
VRLO FRQVHUYDWLRQ ZRUNV *HRPRUSKRORJ\

(YHUHVW O

+LQGV FDWFKPHQW I@XKRQRMLFWP RGQ 8 CROQL QDU 6 XE UHSRUW

(FF
DVVHVVPHQW H[FOXGLQJ RXWVLGH RI YRRS® ((S0PEWALUOWQRGWKUDHU % XVLQHV'
/ILPLWHG $VKEXUWRQ $XIXVW & &

+DZNHV %D\ 5HIJLRQDO &RXQFLO

.RWDKL -QIR 7XNLWXNL
KWWSV

ZzZzZ KEUF JRYW Q] DVVHWYV 8SMORNDGY .BGH+--1)2 7XNL
+HGOH\ & % <XOH - -

7RXK\ .6\ DRUHOMHPDQFH —-QGLFDWRUV IRU 9DULDEOH
~PSOHPHQWDWLRQ RQ 9DULDEOH B6RLEVH®WIDBHRIQ ZDWWWKIK IRUSEE% ( $Q
-QWHUQDWLRQDO OHHWLQJ 5HQR 1HYDGD S
+HQNHO 6 :DWHU 4XDOLW\ LQ WKH 7H HRQ HUWHR &1 B W\ KPUHHDWV  55H & XWPRPLDIUW R 1 % D
ORQLWRULQJ 7HFKQLFDO 5HSRUW 1BOERURXJK 'LVWDLFW &RXQFLO
+HUJLJ $ $XVVHLO $ *

HG (FRVA\VWHP
KWWS

S
"\PRQA®O- BSWLPLBWDWLRQ RI HFRV\VWHP VHUYLFHV
VHUYLFHV LQ 1HZ =HDODQG GV FRBQGGLWLRQV DQG
Z727Z PZSUHVV FR Q] BBGDWD DV VBWWW]IBI LSaH

+HU]JLJ $ '"\PRQG - $XVVHLOLQ@J *OLPLWYSD@®R® WUDGH RIIV RI LUULJDWLRQ
LOQWHQVLILFDWLRQ LQ WKH 5XDPDKDQJD ED¥WHX®PRBHQGV -RXUZQHHD @D GGU LI O
5HVHDUFK KWWSV GRL RUJ

+HU]JLJ $ 1IX\HQ 7 7

7HQKXQHQ -
6RIWZDUH

$XVVHLO 58 *\PROQOGKDBMDBQQKROG 6 .AHOOQHU 7
$VVHVVLQJ HURV¥RXRUFHDROWGH XWIHLHIQYLURQPHQWDO OR(
KWWSV GRL RUJ M HQYVRIW

+HU]JLJ $ 1HYHUPDQ $

BULFH 5)UR¥®DRRXIMWDLQYV WR WKH VHD YDOXHV DQ
DQ LQIRUPHG NDLWLDNL JXDUGLDQ

ODQYBGQGCGUBQBUHAN HRU 1 WWHRZXD O 6FI
&KDOOHQJH ODQDDNL :KHQXD

/IDQGFDRWWHRHDUFK FRQWUDFW UHS

ORQDJKDQ 5 0OWRQWEK / & 5HEDFRRLQJ FRQWDPLQDQW OR
ODQG DSSOLHG GDLU\ HITOXHQW \XWIHPN . ©Q QH- P8O0 HPHQMRIAD Y 6 XVWDLQDE ¢
ODQDJHPHQW 6WUDWHJILHV LQ $JULFXORVXUHHQ@¥FDVLRYXNWLFHSRUW 1+DQO

JHUWLOL]HU DQG /LPH 5HVHDUFK &HQ@WBHUUYD\RHIBQWKHUWZWHBODQG
-RXUQHDX[ 3 1HZPDQ O
'‘DLU\1= S

+RXOEURRNH

(FRQRPLP $QDVLVRQPRIQWDU\ )DUPV ZLWK %

/JHGJDUG 6 B6SURVHQ 0 -XGJHVHRQ A Q&VBUN ' -HOXR - 1ILWURJHQ OH

DIIHFWHG E\ GDLU\ LQWHQVLILFDWRERY LD® & H S HYRW URE SIWDFMAQW 'DLU\LG

-Q -PSOHPHQWLQJ VXVWDLQDEOH QXIWWBIVHQ@W CPIQ B XOMHQMW S2AFDVLRQDO
HGV / ' &XUULH $

+DQO\ SHVWROEKH&HDWA H PHDVVH\ 8QLYHUVLW\
1HZ =HDODQG

1RUWK

/HYLQH % 7KH $ELOLW\ RI "HW DLW R "KW % R  BVWWRI BIDVMWIRUDO $JULFXOW
:DWHU 4XDOLW\ LQ WKH /DNH 5RWRUXD &DBWGEKIPE Q3D U W LW RKH VALY LSOUPHMHD
UHTXLUHPHQWY IRU WKH GHJUHH RI 'REFMRHO RH 3BDURNRS®L Y IQUS/R WD S
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ILYHVWRFN -PSURYHPHQW &RUSRUDWLRQLIAXG=HDDIDWG="DWE 6WDWLVWLFV
KWWSYV 7277 GDLU\Q] FR Q] PHGLD WB EMUHBWRRNB/I\BWO VBIGVWLF

/IRQIKXUVW % +RXOEURRNH /D XUHRQ VRQP & DLU\ BQIOXHQW ULVN DVVHV
5HSRUW SUHSDUHG IRU 'DLU\1= S
/JRZ + OF1IDEE - %UHQQDQ - ULHOQMW DFOWLIQRPXDVWRUDO DQG FURS ID

Rl 1HZ =HDODQG /LWHUDWXUH +RULFERQV 5HJLRQDO &RXQFLO
ODJHVDQ * :DQJ + 1LWURJHQ \OHH D FIKQ RO UHRFR URW

ODWKHVRQ / 'MDQLEHNRY 8 %LUG %FRQRPOKDQIXFRQWDPLQDQW ORVV LP
IDUP DQG RUFKDUG V\VWHPV RI PLWLJDWLRPHBEXNQ ®QIBY RWK HG GUHWK/Z DM
FRQWDPLQDQWYVY LQ WKH 5DQJLWALNL LDVQIEK DO X DIDWARQ PINDZIB PBIQW DUH L
UHSRUW IRUPLQJ GHOLYHU\ IRU OLGHWWRQH $ % & ' 9

OF'RZHOO 5 : &DWWR S$OWNUDROQ® LFNBIQ DHHWHQMVHVR GHFUHDVH LC
SKRVSKRUXV ORVV (QYLURQPHQWDO &KHPLVWU\ /HWWHUV

OF'RZHOO 5 : 'UHZU\ - -  3DWRFQVV5 R{I GHHU JUD]LQJ DQG IHQFH OLQH SD
DQG VRLO TXDOLW\ 6RLO 8VH DQG ODQDJHPHQW

OF'RZHOO 5 : G6WHYHQV ' 5 &DYRKQVRIDPWRQ 5 (}IHFWV RI VKHOWHU EHOW
OLQH SDFLQJ RI GHHU DQG DVVRFLDWHTGXDRIMWAWERRQ BDW HUWD G Q® YRIKDP H C

OF'RZHOO 5 : ILWWOHMRKQ 5 3 % O HRKFRMBKIRVWAHW IWHUWLOL]HU IRUP D
SKRVSKRUXV ORVV WR ZDWHUZD\V $ SDIOU8\GHFDQYE KDQ@WHPWRQ®A 6

OF'RZHOO 5 : :LOFRN % +DPLMWRPHQ®W RI 6WYDWHILHY WR OLWLJDWH WKF
RI &RQWDPLQDQWYV IURP $JULFXOW X $DOH/DRIUBNWSR HSBWK GDMHBUWKH 0LQLVW
(QYLURQPHQW S

OF'RZHOO 5 : ORQDJKDQ 50 6PLWE &DVWOKGHUVREXUIHU ') /DXUHQVI
30HWQ\DNRY 3 6SLHNHUPDQQ 5 'HEQBHHFRQWDPLAPR@WORVVHV WR ZD\
SDVWRUDO ODQG XVHV LQ 1HZ =HDGKQBYHG EAKDW"' FRXDGHIHODQG -RXUQL
$JULFXOWXUDO 5HVHDUFK

OF'RZHOO 5 : :DWHU TXDOLW\ RIHQVFWG& RDIPIURPHEHWH@ 1HZ =HDODQG -R
$IJULFXOWXUDO 5HVHDUFK

OF'RZHOO 5 : 7KH XVH RI VDIH Z DBO/OHRZ M X\DRO L WS URYGEHHU IDUPHG FDWEFKI
=HDODQG -RXUQDO RI $JULFXOWXUDO 5HVHDUEFK

OF'RZHOO 5 : 7KH HIILFDF\ Rl WWMUBDWHIQRVWHRI BKWNVBEKXRUXV I[URP SDVWR
LQ WKH FDWFKPHQW RI /DNH 5RWRUXDABHBRBWHIRW\ (QSLURQPHQW

OF'RZHOO 5 : (YDOXDWLRQ RI WZRVPW R DLHPHROWH RSWHLEQWHU TXDOLW\
%UXQQHU 1HZ =HDODQG 1HZ =HDODD®@ 5RXHRDPKRI $JULFXOWXU

OF'RZHOO 5 : 7TUHDWPHQW RI SDVXPXWR VERIFWRIDO/ HZ LIKIR VB X RU XV ORV
VXEVXUIDFH GUDLQDJH $JULFXOWXUH HFRVA\VWHPV DQG (QYLURQPHQW

3DJH R



OF'RZHOO 5 : 1RUULV 0 7KH XV H DR/IHD®KPV SR GX\F WO RVVHV LQ UXQR
JUDVVODQG VRLOV - (QYLURQ 4XDO

OF'RZHOO 5 : 6PLWK [/ & SRWHWHQWRPSDFAWDWRG DIDRQRPLF HIITHFWLYH
GLITHUHQW SKRVSKRUXV I[HUWLOLYHQVERQRWHKODQG ]BE AHHGLQJY RI WKH 11
*UDVVODQG $VVRFLDWLRQ

OF'RZHOO 5 : +HUJLJ $ YDQ GHURWMHU&G HQ.DYH- % @DNBK : *URZLQJ IRU J
SURGXFLQJ D KHDOWK\ ORZ JUHHQKRXRRW®RYLDYCCLHWHILQTXKPWHWURD 1HZ
-RXUQDO RI WKH 5R\DO 6RFLHW\ Rl 1HZ =HDODQG '2-

OLOOHU 7 JHHGLQJ WKH —-UULIHDWURG@DHPDBQIR U$SWKDS $VLD 3DFLILF 6\
&RQIHUHOQWFWSY 777 ZDWHUQ] RUJ Q] SUWILFOH"$FWLRQ 9LHZ $SUWLFOHBLG

OLQLVWU\ IRU WKH (QYLURQPHQW  6WIBWW (=Y LURQPIHEWIHD GEORUWLQJ 6HL
IUHVKZDWHKWWSY HQYLURQPHQW JRYW Q] DVVHWY IBXEWHEDWLBGV )LOHV

OLQLVWU\N IRU B3ULPDUN —QGXVWULIPV UHSBWWEX LW PRESWRBYW Q] UHVRXUFH\
IRUPVY HFRQRPLF LQWHOOLJHQFH IDUP PRQLWRULQJ SLSIUXLW

OLQLVWU\ IRU 3ULPDU\ -QGXVWULHYV ORRELWXPWLRQLPDQE -RXGKVWU
KWWSV 777 PSL JRYW Q] GPVGRFEXPHQW®WXWORRNKDIWEBOPDQG-QGXVWULHV
'"HEFHPEHU

ORQDJKDQ 5 0 +RXOEURRNH ' - 7KWRLWWHK RI&®RZ UDWH VSULQNOHU DSSOLF
IRU DSSO\LQJ IDUP GDLU\ HITOXHQW W R DDA &V WIRQ VHHGXF HLIFR XMDPDQG -R
$JULFXOWXUDO 5HVHDUFK

ORQDJKDQ 5 ODQGHUVRQ 6 %DWKHHU/ ' 6PHMRONEQ % OF'RZHOO 5 :
4XDQWLI\LQJ FRQWDPLQDQW ORVVHV WRHADMH UHZ R P BONRR YD HOPQRSP H G
VSDWLDO IUDPHZRUN IRU DVVHVVLQUHZRHHODORW DR MXUUPD OFRIOHIULFXOW X UL

>

OXLUKHDG 5 : (OOLRWW $ + ORBQPR&HQ INDPHZRUN WR DVVHVV WKH HIIF
IDUPV DQG ZLOG IRZO RQ PLFURELIDVHEDWRY ARQGLWALRXWL@WHEHU 5HVHDUFK

OXLUKHDG 5 7KH HIIHFWLYHQHW IRU IDHBXFLWLIJPWAR@ML FRQFHQWU
BRXWKODQG ULYHUV B5HSRUW IRU WP HQYLVWU\ $BREHWKHUFRYLWE -QY!I
$JULFXOWXUDO &HQWUH ORVJLHO 1HZ =HDODQG

0XOOHU & O6WHSKHQV 7 —-UD 6 /LIHF\FOGGERGWY WRG %HQHILWYV IRU 5XUL
LQ )UHVKZDWHU ODQDJHPHQW 7RROQ)GE QRX QHSRUW IRU $XFNOD

OXOOHU & 5LFKDUGVY 3 %UD]JHQGRWOHO SLQBOELQJ VROXWLRQV IRU ODQG
UHSRUW SUHSDUHG IRU 2XU /DQG DQ & KDWBH QDWLRSDOHE/FLHQFH

1HZ =HDODQG :LQHJURZHUV -QF $QQXDO 5HSRUW

KWWSVY 777 Q]ZLQH FRP PHGLD D QIOQXM®BEHERIGBVB B
1= *RYHUQPHQW 1DWLRQDO 3ROLFWGHWDVWHMDHAWHERW )UHVIFADQ G HG
1-—:$ ‘DLNDWR 5LYHU —QGHSHQGAH @MW 6FRISQAW R @ WAXID\

3DJH R



1RUULV 0 -RKQVWRQH 3 J/LXRQ $UQROGIGIQL 6 6RADMQEHQ 'LMVKMO & 'HOO

3 &ODUN * -XQH 5RRW]RQH UHDOQWW 2RWRKSHBDFOUBBEQEHZ RAODQW

5HVHDUFK UHSRUW SUHSDUHG IRU )RXEEDWILRQVVMRRIQHUDEOH 5HRIRDWUDF\
-RE FRGH 3 6376 1R

20VHQ : . +DUDODPERV 0 (G +ROERWID QUXO(MWLRQ LQ 6RFLDO 5HV

4XDOLWDWLYH DQG 4XDQWLWDWLY HHEH WIQR'GY HORS PHOAOA 6H 6RAFLRORJI\ &
BUHVV /WG

2XU /DQG DQG :DWHWWSYVY RXUODQGDQGZDWHU Q] SDWKZD\V WR WUDQVLWLRC

3DUNHU % : J)DUPLQJ SDWWHUQV RPQW XH)IS\W UMW IR BRWKWIKS EDQWHUEXU\ ¢
Rl WKH 1HZ =HDODQG *UDVVODQG $VVRFLDWLRQ

3DUVRQV 2 - 'RROH * - 5RPHU® H$IHFWV RQGODWHUVH DOORFDWLRQ PHFKLEL
/IDNH 5RWRUXD FDWFKPHQW S5HSRUW IRUYWKRWRWRNED BWRMWKROGHY $G

6KDUSOH\ $ 1 6\HUV - . (1 HAW VRUIQ D HALIWDIO WKSH® SKRVSKDWH RQ Wi
SKRVSKDWH IURP D SDVWXUH FDWFKPHRQSUUILFXGCWRBRODQGHRKDQBR R

BHPDGHQL 'DYLHV $ -RQHV 7RGG O0XLUGHIIDGLYDVDQOIORAN $ 6KDQNDU 8
&/8(6 PRGHO FDOLEUDWLRQ DQG LW\DWLIPGED LFOQW. RN DRW HWYWALIRQ X
$JULFXOWXUDO :DWHU ODQDJHPHQW RUJ KNV V. BAD WG R L

6PLWK & OXLUKHDG 5 -PSOHWHROQAM WRRQY RUIQPHGVLODOLWS$SIDWRU 5HSRU
$JUL IXWULHQWYV $J5HVHDUFK /WG S

6QHOGHU 7 %LJJV % "HDWKHURBRG BGLYHU QX =LH®QPHQW &ODVVLILFDWL

OLQLVWU\ IRU WKH (QYLURQPHQW 3XEOLFDWLRQ QXPEHL

KWWSY HQYLURQPHQW JRYW Q] DVWHMNMYGSXEOLFDWWVR QYWPHMVUBEBF XVHU
SGI

6QHOGHU 7 + :KLWHKHDG $ / ) BEKBDO OMQEBUDHG 6 1HZ =HDODQG -RX
ODULQH DQG )UHVKZDWHU 5HVHDUFK KWWSV GRL RUJ

BQHOGHU 7 B6PLWK + 3KHZ 'LWURYH® SKRVSKIRUXV VHGLPHQW DQG (VFK
1HZ =HDODQG V DTXDWLF UHFHLYLQJ RQ FXURGPDMQWWRRPMSWBLYBWLRQDO E
$ UHSRUW SUHSDUHG IRU WKH 2XU /DIQSQP B G KDWBH QDWW LRQDO 6F

6WRQH & ODWKHVRQ / DQG :KLWH HQFHV DYDP® RBHIWL YSHUWMHJ GHFLVLRQ PDNL
WR ZDWHU TXDOLW\ DFWLRQV DQG @DQQ XASH FKW @ QH WIOH Y XINRIUWW XRSURYHG
&DWFKPHQW 2XWFRPHV (GV & / &KULVWHQGHQS5 "6LQJKRUQH
KWWS IOUF PDVVH\ DF Q] SXEOLFDBWSRQW KIVRPO 2BRIPHR QD@GVFDSHV 5HYV
&HQWUH ODVVH\ 8QLYHUVLW\ 3DOPHUVWRQ 1RUWK 1HZ =HDODQG

6XNLDV - 36 7DQQHU & & $GFB B NAMLUNLIW H3D ZHWIOD® UXQ RII (IIHFWLY!
KLJK IORZ HYHQWYV FRPSDUHG ZLWK XWVRQWRIR U-® | 'LFMLHFHOMA @ BQG ZDWHU L
XVH (GV &/ &KULVWLDQVHQ ' - KRW®EH DMEGF PDENVBAIKF Q] SXEOLFDWL
2FFDVLRQDO 5HSRUW 1R YDUPHG /DQG\VOADSAHM BRAVMBUWKW&HQIVQPH UV V
1RUWK 1HZ =HDODQG SDJHV

7DQQHU & & 'HSUHH & 9 6XNRDVS$ -(3 @6 XUIHIKW PW*RHOOHU W HG &R
"HWODQG 3UDFWLWLRQHUV *XLGH 'HVLJQ DRIGUBIHUIR UP D«DFRH. Q VR QP DIV
=HDODQG

3DJH R



7KRPDV 6 =\VNRZVNL 5 JUDQFHQHYV Rl SREBEMLESWLRQV WR UHGXFH Q
HPLVVLRQV DQG QLWUDWH OHDFKLQJ LFRKR®WXDBOHODQG BYBXDO$KRHWKQLF
1R 5HSRUW SUHSDUHG |RUWXQH DB FRUHVWEXE\ &URS )JRRG 5HVHD!

7KRPDV 6 $XVVHLO $ * *XRPEDKHUJLJI 3POPKIH' 5HQZLFN SHUHL[HLUD
"HHUGHQ 7 :DNHOLQ 6 - (Y BDXIDWMAL R Q GR I XSMMRUHWIRWHQWLDO IRU C
SURGXFWLYH XVHV RI ODQG WKDW LV NFXQIJHQMWRKQXVFEG BMS HWL IRV WRF
"HOOLQJWRQ 1HZ =HDODQG

9DOH 6 6 B6PLWK + * 1HYHUPDQ $SSOBFMWLRG RI 6HG1HW1= ZLWK ODQG P
DQG FOLPDWH FKDQJH VFHQDULRV DQGL® MPSHR WD) BL3DHQWYBWIRRQ /DC
5HVHDUFK &RQWUDFW 5HSRUW /& FBQ\W S 5 H BIIGR QROWD %&R\XRFBO ODQDDNL :K
/IDQGFDUH 5HVHDUFK

9LEDUW 5 9HJHOHU - 'HQQLV 6 .DH %®DMNHIDDIORQDAKDRWUDLY - DQG C

$ UHJLRQDO DVVHVVPHQW RI WKH FRUWLDRWLRIQHFWLY XQHW M RRI BHG

QXWULHQW ORVVHV WR ZDWHU DQG JUHU QKR®VEDVDWRHBOVVRLROW WRRX DQ
(QYLURQPHQWDO ODQDJHPHQW

‘DLNDWR 7LPHV +DUW RIIORDGV DORNVKWWOVYWHDZ ¥ROWI BB Q] ZDLND!
WLPHV QHZV +DUW RIIORDGY DOO &DUWHU +ROW IDUPV
"HEE ( - &KDSWHU 8QFRQYKOQOWWRBRO DW\G WYIHDUHIQFH -Q 6RFLRORJ

$ VRXUFHERRN HGLWHG E\ 1 . 'HQJLQJIVIXOIQWHKXEOLYKWH®J RUSOGLQH 3XI
&RPSDQ\

3DJH R



$SSHQGLFHYV

7\SRORJ\ GHILQLWLRQYV
$SSHQGL[7XNLWXNL GDLU\ W\SRORJ\ GHILQLWLRQYV

7TXNLWXNL 7\SRORJLWHWD KD 'DWD 6RXUIFH 6HOHFWLRQ FULWHULD &RPPHQWYV

$JUL%DVH GDWD )J)DUP W\SH 'DLU\

/IDQG FRYHU GDWD IURH.DK(SURGXFLQJ H[RWLF JUDVV ODQBWILFG ORZ SURGXFWLRQ

1DPHB JUDVVODQG DQG VKRUW URWDW _RQ FURSODQG
‘= 'DLU\ LUULJCWHG
1=/5— GDWD VORSH 6ORSH $ % & () * +2YHUVHHU VORSH [IODW UROOLQJ HDV\ DQG VW
N 7 ° HLJKWHG DYHUDJH VORSH LV IODW GHJUHHV
-UULJDWHG ODQG DUHD $TXDOL%F
-UULJDWHG -UULJDWHG

5HVHDUFK /LPLWHG W\SH

$JUL%DVH GDWD )J)DUP W\SH 'DLU\

/IDQG FRYHU GDWD IURP+DJK SURGXFLQJ H[RWLF JUDVV ODWIG ORZ SURGXFWLRQ HJ

1DPHB JUbVVODQG VKRUW URWDWLRQ FURSODQG
2YHUVHHU VORSH I0DW UROOLQJ HDV\ DQG VW
Ve 'DLU\ ZHW GU\ODQG 1=/5- GDWD VORSH 60RSH % & ' * o+
Q i $ % 0) ‘HLJKWHG DYHUDJH UROOLQJ GHJUHHV
-UULJDWHG ODQG DUHD $TXDOL%F
-UULJDWHG QRQ LUULJDWHG

5HVHDUFK /LPLWHG W\SH

$YHUDJH DQQXDO UDLQIDOO

! PP KLJK
oI( '1

$JUL%DVH GDWD J)DUP W\SH 'DLU\

/DQG FRYHU GDWD IURH. DK(SURGXFLQJ H[RWLF JUDVV ODIBWILFG ORZ SURGXFWLRQ

1DPHB JUDVVODQG DQG VKRUW URWDW _RQ FURSODQG
, 'DLU\ ORZ YHL\ORZ . 2YHUVHHU VORSH I10DW UROOLQJ HDV\ DQG VW
/ 1=/5- GDWD VORSH 60RSH $ % &' () *+
GU\ODQG :HLJKWHG DYHUDJH VORSH LV IODW GHJUHHV
-UULJDWHG ODQG DUHD $TXDOLOF

—-UULJDWHG QRQ LUULJDWHG
5HVHDUFK /LPLWHG W\SH

$YHUDJH DQQXDO UDLQIDOO

o1 "1 PP ORZ DQG PP YHU\ CRZ

3DJH R



$SSHQGL[7XNLWXNL VKHHS DQG EHHI W\SRORJ\ GHILQLWLRQV

7XNLWXNL 7\SROR$UHD KD 'DWD 6RXUFH 6HOHFWLRQ FULWHULD &RPPHQWV
J)DUP WISH *UDILQJ %HHI "U\VW@& PAH I
XOVSHFLIL

+LJK SURGXFLQJ H[RWLF JUDVV OO}B
6KHHS EHHI ILQLVKLQJ /DQG FRYHU GDWD IURP 0I( 1DPHE TUBVVOBO0G DOG VKRUW

LUV IR IRIE 1=/5- GDWD VORSH 6ORSH $9% &' () *+ 2YHUVHHU VORSH 10DW
DYHUDJH VORSH LV

$JUL%DVH GDWD

6% —

-UULJDWHG ODQG DUHD $THO OL'BHSHVHDUFK HUWRLWWHG  \HV

J)DUP WA\SH *UD]JLQJ %HHI 'U\VWE& PAH I

XOVSHFELIL

LJK SURGXFLQJ H[RWLF JUDVV O B
/DQG FRYHU GDWD IURP 0I( 1DPH€ Q ! e

$JUL%DVH GDWD

6KHHS EHHI ILQLVKLQJ KLJK JUDVVODOG DOG VKRUW
6%+ Q Q 1=/5- GDWD VORSH 60RSH $ % & GHJuHHy ~ 2YHUVHHU VORSH 10DW
UuDLQIDOO DYHUDJH VORSH LV |
~UULJDWHG ODQG DUHD $ T OL'GH 5HVHD U FHUULPOWHG  QRQ LUULIDWHG
$YHUDJH DQQXDO UDLQIDOO o1( "1 | PP KLIK

)DUP WASH *UD]JLQJ %HHI "U\VW@PAH 51

XQVSHFLI

L
/DQG FRYHU GDWD IURP 01( 1DPHB+LJK SURGXFLQJ H[RWLF JUDVV ODHQB

$JUL%DVH GDWD

6KHHS EHHI ILQLVKLQJ OFZ JUDVVODOG DOG VKRUW
6%/ Q LQ 1=/5- GDWD VORSH 60RSH S % & GHIUHHV 2YHUVHHU VORSH 1oDW
uDLQIDOO DYHUDJH VORSH LV |
~UULJDWHG ODQG DUHD $THD OL'GH5HVHD U FUULPAWHG QRQ LUULIDWHG
$YHUDJH DQQXDO UDLQIDOO o1( "1 PP ORZ
$JUL%DVH GDWD )J)DUP W\SH *UZ]LQJH%L}—:[—H "U\V W& PAH 61
/DQG FRYHU GDWD IURP 01( 1DPHE;rLJK SURGXFLQJ H[RWLF JUDVV ODH}B
6KHHS EHHI ILQLVKL JUDVVODOG DOG VKRUW 2YHUVHHU VORSH 1ODW
6%9/ 1=/5- GDWD VORSH 60RSH $ % & GHIUHHV
UDLQIDOO DYHUDJH VORSH LV |
~UULJDWHG ODQG DUHD $THD OL'GHS5HVHD U FULPAWHG  QRQ LUULIDWHG
$YHUDJH DQQXDO UDLQIDOO o1( "1 PP YHU\ ORZ
$JUL%DVH GDWD )J)DUP W\SH *UD]JLQJ %HHI 'U\VW@& PAH I
XOVSHFLIL
/DQG FRYHU GDWD IURP 01( 1DPHB+LJK SURGXFLQJ H[RWLF JUDVV OB
6KHHS EHHI EUHHGL! JUDVVODOG DOG VKRUW 2YHUVHHU VORSH HDV\ Kl
6%9/ 1=/5- GDWD VORSH 6ORSH ' () *+ GHJIUHHV
uDLQIDOO DYHUDJH VORSH LV PRGF
~UULJDWHG ODQG DUHD $THD OL'GH5HVHD U FUULPAWHG QRQ LUULIDWHG
$YHUDJH DQQXDO UDLQIDOO o1( "1 PP YHU\ ORZ
)J)DUP W\SH *UDJLQJ %HHI 'U\VWE&PAH I
9
$JUL%DVH GDWD KOVSHELIL
/DQG FRYHU GDWD IURP 01( 1DPHE;rLJK SURGXFLQJ H[RWLF JUDVV ODH)B
6KHHS EHHI EUHHGLQJ KL.JK JUDVVODOG DOG VKRUW 2YHUVHHU VORSH HDV\ Kl
6% + 1 1=/5- GDWD VORSH 60RSH () o+ GHJUHHV
UDLQIDOO DYHUDJH VORSH LV PRGF
~UULJDWHG ODQG DUHD $THD OL'GHSHVHD U FUULPAWHG  QRQ LUULIDWHG
$YHUDJH DQQXDO UDLQIDOO o1( "1 I PP KLIK
: -
$JUL%DVH GDWD )J)DUP W\SH UDJLQJ %HHI "U\VWE&PAH I
XOVSHFLIL
+LJK SURGXFLQJ H[RWLF JUDVV O B
/DQG FRYHU GDWD IURP 0I( 1DPHBE Q) HI e
6KHHS EHHI EUHHGLQJ ORZ JUDVVODOG DOG VKRUW 2YHUVHHU VORSH HDV\ KI
6%/ 1=/5- GDWD VORSH 6ORSH ' () *+ GHIUHHV
UDLQIDOO DYHUDJH VORSH LV PRGF
~UULJDWHG ODQG DUHD $THD OL'GH5HVHD U FHUULPOWHG QRQ LUULIDWHG
$YHUDJH DQQXDO UDLQIDOO o1( "1 PP ORZ

3DJH
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$SSHQGL[7XNLWXNL GHHU W\SRORJ\ GHILQLWLRQV

7XNLWXNL 7\SRORS$UHID KD 'DWD 6RXUFH 6HOHFWLRQ FULWHULD &RPPHQW\

$JUL%DVH GDWD )DUP W\SH 'HHU

/DQG FRYHU GDWD IURP 01 lDPHB+LJK SURGXFLQJ H[RWLF JUDVV OH}B
JUDVVODOG DOG VKRUW

1=/5- GDWD VORSH 60RSH $ % & GHJUHHV
-UULJDWHG ODQG DUHD $TWHIEO WS BHV HD U FHUULPOWHG  QRQ LUULIDWHG
$YHUDJH DQQXDO UDLQIDOO oI( "1 1PP KLIK \
"HHU ILQLVKLQJ EUFHGLQJ KLJK 2YHUVHHU VORSH I0ODW UROOLQJ HDV\ KLOO
(+ $1' VWHHS ‘HLJKWHG DYHUDJH VORSH LV VWULQJO
ubLQIDOO UROOLQJ r
$JUL%DVH GDWD )DUP WASH 'HHU
/DQG FRYHU GDWD IURP 01 1DPHB+LJK SURGXFLQJ H[RWLF JUDVV OH}B
JUDVVODOG DOG VKRUW
1=/5- GDWD VORSH 60RSH () * o+ GHJUHHV
-UULJDWHG ODQG DUHD $TWHIEO VWS BHV HD U FHUULPOWHG  QRQ LUULIDWHG
$YHUDJH DQQXDO UDLQIDOO oI( "1 1PP KLIK
$JUL%DVH GDWD )DUP WASH 'HHU
/DQG FRYHU GDWD IURP 01 1DPHB+LJK SURGXFLQJ H[RWLF JUDVV OH}B
JUDVVODOG DOG VKRUW
1=/5- GDWD VORSH 60RSH $ % & GHJUHHV
-~UULJDWHG ODQG DUHD $WHIEO VRS BHV HD U FHUULPOWHG  QRQ LUULIDWHG
$YHUDJH DQQXDO UDLQIDOO 0I( 'L PP ORZ DQG PP YHU\ CRZ
() 'HHU ILQLVKLQJ EUHHGLQJ $1 2YHUVHHU VORSH I0DW UROOLQJ :HLJKWHG
( ORZ YHU\ ORZ UDLQIDOO DYHUDJH VORSH LV XQGXODWLQJ r
$JUL%DVH GDWD )DUP WASH 'HHU

LJK SURGXFLQJ H[RWLF JUDVV OH)B
/IDQG FRYHU GDWD IURP 0I( 1DF’HB+ Q :
JUDVVODOG DOG VKRUW

1=/5- GDWD VORSH BORSH ' () * + GHJUHHV
-UULIJDWHG ODQG DUHD $WHIB0 WVQ\SBHVHDU FHUVWLPOWHG QRQ LUULJDWHG
$YHUDJH DQQXDO UDLQIDOO oI( "1 I PP KLJK

3DJH R



$SSHQGL[ 7XNLWXNL DUDEOH

IUXLW YHIJRQOREOGHIRDQGWLRQAWVFXOWXUH W\S
7ZXNLWXNL 7\SROFRSUH\D KD 'DWD 6RXUFH 6HOHFWLRQ FULWHULD
$JUL%DVH GDWD )DUP W\SH $UDEOH
/DQG FRYHU GDWD IURP 01( 1DPHE YK SURCXFLQI H[RWLF JUDVYV ODUR
JUDVVODOG DOG VKRUW
$- $UDEOH LUULJCWHG 1=/5- GDWD VORSH 6ORSH $ % & GHIUHHY 2YHUVHHU VORSH 10DW
DYHUDJH VORSH
_UULJDWHG ODQG DUHD $THED OL'BH 5HVHDUF K- PURLBWHG  LUULIDWHG
$YHUDJH DQQXDO UDLQIDOO oI( '1 $00 UDLQIDOO
$JUL%DVH GDWD )DUP W\SH $UDEOH
/DQG FRYHU GDWD IURP 01( 1DpHg 'K SURGXFLQJ H[RWLF JUDVV ODHIR
JUDVVODOG DOG VKRUW
$/ $UDEOH GU\ODQG 1=/5- GDWD VORSH 6O0RSH $ % & GHIUHHY 2YHUVHHU VORSH
_UULJDWHG ODQG DUHD

9(-

97—

I0ODW
$THO ONSHS5HVHDU FHU UL PDWH G

DYHUDJH VORSH
$YHUDJH DQQXDO UDLQIDOO

QRQ LUULIJDWHG
900 UDLQIDOO

PP ORZ DQAIXVPDOO SRUWLRQ RI K
$JUL%DVH GDWD )J)DUP W\SH 9HIJHWDEOH )UXLW
/DQG FRYHU GDWD IURP 0I( 1DPHB 6KRUW URWDWLRQ FURSODQG
9HJHWDEOH LUULJDWHG 1=/5- GDWD VORSH 60RSH $ % & GHJUHHy 2YHUVHHU VORSH
_UULJDWHG ODQG DUHD

I0ODW
$THD ONBSH5HVHDUFK-VIWUR LMW HG

DYHUDJH VORSH
LUULIJDWHG
$YHUDJH DQQXDO UDLQIDOO or( "1 $00 UDLQIDOO

$JUL%DVH GDWD

J)DUP W\SH 9HIJHWDEOH )UXLW
/DQG FRYHU GDWD IURP 0I(
YUXLW

1DPHB 2UFKDUG YLQH\DUG RU RWKHU SH4UHQQLDO FURS
LUULIDWHG 1=/5- GDWD VORSH 6ORSH $ % & GHJUHHy 2YHUVHHUVORSH 10DW
DYHUDJH VORSH
_UULJDWHG ODQG DUHD $THD ONL'BH5HVHDUF K- UUR LMW HG  LUULIDWHG
$YHUDJH DQQXDO UDLQIDOO oI( '1 $00 UDLQIDOO
$JUL%DVH GDWD )J)DUP W\SH 9LWLFXOWXUH
/DQG FRYHU GDWD IURP 0|( 1DPHB 2UFKDUG YLQH\DUG RU RWKHU SHUHQQLDO FURS
9LWLFXOWXUH LUULIJDWHG 1=/5- GDWD VORSH 6O0RSH $ % & GHJUHHy 2YHUVHHU VORSH 10DW
DYHUDJH VORSH
_UULJDWHG ODQG DUHD $ T ONL'GBH5HVHDUF K- UUR LMW HG LUULIJDWHG
$YHUDJH DQQXDO UDLQIDOO oI( "1

$00 UDLQIDOO

3DJH R

&RPPHQW\



$SSHQGL[7XNLWXNL IRUHVWU\ W\SRORJ\ GHILQLWLRQV

6HOHFWLRQ FULWHULD

7XNLWXNL 7\SROFSUHND KD 'DWD 6RXUFH
$JUL%DVH GDWD YJDUP W\SH $00 W\SHV
/DQG FRYHU GDWD IURP 0I( 1DPHB (IRWLF IRUHVWU\ DQG IRUHVW KDUYHVWHG
0 (IRWLF IRUHVWU\ VWHHS
1=/5- GDWD VORSH GORSH ' () * + GHIUHHY 2YHUVHHU VORSH HDVI KI
DYHUDJH VORSH LV PRGF
$YHUDJH DQQXDO UDLQIDOO o1( 1 $00 UDLQIDOO
$JUL%DVH GDWD YJDUP W\SH $00 W\SHV
0 —
/DQG FRYHU GDWD IURP 01( 1DPHﬂURDGOH)[;YUHHG\/WQGOLE)J;S,?;\E;DUGZR@E
0 —QGLJHQRXV IRUHVWU\ JHGWOH
1=/5- GDWD VORSH 6ORSH S % & GHJUHHy 2YHUVHHUVORSH 10DW
DYHUDJH VORSH LV
$YHUDJH DQQXDO UDLQIDOO o1( 1 $00 UDLQIDOO
$JUL%DVH GDWD YJDUP W\SH $00 W\SHV
0 —
/DQG FRYHU GDWD IURP 01 1DPH@URDGOH)[;YUHH(?/WQGOL;;'S,\?S\E;DUGZR@E
9 —QGLJHQRXV IRUHVWU\ VWHHS
1=/5- GDWD VORSH 6ORSH ' () *+ GHJUHHY 2YHUVHHU VORSH 10DW
DYHUDJH VORSH

$YHUDJH DQQXDO UDLQIDOO olI( '1 $00 UDLQIDOO

$SSHQGL[7XNLWXNL OLIHVW\OH WA\SRORJ\ GHILQLWLRQV

7XNLWXNL 7\SRORS$WUHND KD 'DWD 6RXUFH
$JUL%DVH GDWD )DUP W\SH /LIHVW\OH

6HOHFWLRQ FULWHULD

+é_JK SURGXFLQJ H[RWLF JUDVV ODHQBWILFGIORY

/IDQG FRYHU GDWD IURP 0I( 1DPH
VKRUW URWDWLRO FURSODOG D KGiQ UKD

I+ /LIHVW\OH KLJK UDLQIDOC

1=/5- GDWD VORSH 60RSH $ % &' ()*+
$YHUDJH DQQXDO UDLQIDOO ol( '1 ! PP KLJK
$JUL%DVH GDWD )J)DUP W\SH /LIHVW\OH

2YHUVHHU VORSH 10DV
VWHHS :HLJKWHG DYHUDJ

+é_JK SURGXFLQJ H[RWLF JUDVV OHQBWLFGIORY

/IDQG FRYHU GDWD IURP 0I( 1DPH
VKRUW URWDWLRO FURSODOG D (XGiQ USHKDHI®

11 /LIHVW\OH ORZ UCLQIDOO

2YHUVHHU VORSH 10DV
VWHHS :HLJKWHG DY

2YHUVHHU VORSH 10DV
VWHHS :HLJKWHG DYHUD

1=/5- GDWD VORSH 6ORSH $ % &' () *+
$YHUDJH DQQXDO UDLQIDOO oI( "1 PP ORZ
$JUL%DVH GDWD J)DUP W\SH /LIHVW\OH
/DOG FRYHU GDWD IURP 01( 1DpHB K SURGXFLQI H[RWLF JUDVV OOGRWIFGIORY
/9/ /LIHVW\OH YHU\ ORZ UDLQI300 VKRUW URWDWLRO FURSODOG D (KG@ USFHKUDHIG
1=/5- GDWD VORSH 6ORSH $ % &' () *+
$YHUDJH DQQXDO UDLQIDOO ol( "1 PP YHU\ ORZ

3DJH

&RPPHQW\

R

&RPPHQWYV



$SSHQGL[7H +RLHUH GDLU\ WA\SRORJ\ GHILQLWLRQV

7H +RLHUH 7\SRORBUWHD/ KD "'DWD 6RXUFH 6HOHFWLRQ FULWHULD &RPPHQ\
$JUL%DVH GDWD J)DUP W\SH 'DLU\ %HHI 8QVSHFBPRAHEDWD(G DQG EODQN
/DQG FRYHU GDWD IURP 01( 1DpPHB"’ SURGXFLQJ\/ELTJV\\,’VLE;V%E\CVV ODQRVDFEIORY
— 'DLU\ LUULJDWHG

1=/5- GDWD VORSH 6ORSH $ % &' () * + 2YHUVHHU VORSH 10DW

VWHHS :HLJKWHG DY

_UULJDWHG ODQG DUHD STWHDED MOWS BHVHDUFK /LRUULIDWHG —UULIJDWHG

$JUL%DVH GDWD )DUP W\SH 'DLU\

/DQG FRYHU GDWD IURP 0I( lDPHé—LJK SURGXFLQJ H[RWLF JUDVV ORI DRYVSUd
URWDWLRO
"+ 'DLU\  ZHW GU\ODQG 1=/5- GDWD VORSH 60RSH $ % & 2YHUVHHU VORSH 10DW
DYHUDJH XOGXODWL

-UULJDWHG ODQG DUHD $WHHI0 MBS BHVHDUFK /EPULIJIDWHG QRQ LUULJDWHG
$YHUDJH DQQXDO UDLQIDOO oI( '1 PP KLJK
$JUL%DVH GDWD )DUP W\SH 'DLU\

/DQG FRYHU GDWD IURP 01( lDPHé‘LJK SURGXFLQJ H[RWLF JUDVV DRI DIRYVSU0
URWDWLRO

'+ 'DLU\ ZHW GU\ODQG VWHHS 1=/5- GDWD VORSH GORSH ' () *+ GHIUHHV 2YHUVHHU VORSH HDV1 KI
DYHUDJH VWHHS
~UULJDWHG ODQG DUHD STWHEEO MOV BHVHDUFK /EBULIDWHG QRQ LUULIDWHG
$YHUDJH DQQXDO UDLQIDOO 01( '1 PP KLIK

3DJH R



$SSHQGL[7H +RLHUH VKHHS

EHHI DQG H[RWLF IRUHVWU\ W\SRORJ\ GHILQLWLRQV

7H +RLHUH 7\SRORMULHIY KD

/DQG FRYHU GDWD IURP 01( LDPHB VKRUW LW oW
595+ OKHHS EHHI ILQLVKLQJI KLIK /5 GbWD VORSH soRsH s % & T 2YHUVHHU VORSH 10DW
? UDLQIDOO T ? DYHUDJH VORSH LV |
—UULJDWHG ODQG DUHD $WHIBO WOVS BHVHDUFK /LPL-UULIDWHG 1R
$YHUDJH DQQXDO UDLQIDOO o1( '1 PP KLIK
$JUL%DVH GDWD )DUP W\SH *UDJLQJ %HHI 'U\VWHHSI DRE
0 XQVSHFLILHG OD
/DOG FRYHU GDWD IURP 01l lDPHELJK SURGXFLQJ H[RWLF JUDVV OMH}BWLFGIOBY
Q ( VKRUW URWDW
o+ CRHMAS ERAL EURHGLOJ KLJK 1=/5- GDWD VORSH 6ORSH ' () * + GHauHHy  2YHUVHHU VORSH - HDV\ K
° UDLQIDOO A 0 DYHUDJH VORSH LV VW
_UULJDWHG ODQG DUHD $WHIBO WOVWSBHVHDUFK /LPL-UULIDWHG 1R
$YHUDJH DQQXDO UDLQIDOO o1( "1 PP KLIK
$JUL%DVH GDWD )J)DUP W\SH $00 W\SHV
/DQG FRYHU GDWD IURP 0I( 1DPHB (IRWLF IRUHVWU\ DQG IRUHVW KDUYHVWHG
0 T e 1=/5- GDWD VORSH 6ORSH $ % & GHJIUHHV 2ZYHUVHHU VORSH 10DW
B B DYHUDJH VORSH LV X
$YHUDJH DQQXDO UDLQIDOO o1( "1 $00 UDLQIDOO
$JUL%DVH GDWD J)DUP W\SH $00 W\SHV
/DQG FRYHU GDWD IURP 0I( 1DPHB (IRWLF IRUHVWU\ DQG IRUHVW KDUYHVWHG
. T 1=/5—- GDWD VORSH BORSH ' () *+ GHIUHHYV 2YHUVHHU VORSH HDVA KI
- B DYHUDJH VORSH LV PRGHL
$YHUDJH DQQXDO UDLQIDOO o1( "1 $00 UDLQIDOO

'DWD 6RXUFH 6HOHFWLRQ FULWHULD

*UDJLQJ %HHI "U\VWHHSI D'QIE
XQVSHFLILHG OD
+LJK SURGXFLQJ H[RWLF JUDVV OH)RWIFGIOBRY

YDUP W\SH
$JUL%DVH GDWD

3DJH

R

&RPPHQW!



$SSHQGL[7H +RLHUH LQGLJHQRXV IRUHVWU\

OLHHV@L\OHRQG VFUXE W\SRORJ\ G

7H +RLHUH 7\SRORMULHINY KD 'DWD 6RXUFH

$JUL%DVH GDWD

/DQG FRYHU GDWD IURP 01I¢(
-) -QGLJHQRXV IRUHVWU\

JH@WwoH

1=/5- GDWD VORSH

$YHUDJH DQQXDO UDLQIDOO

$JUL%DVH GDWD

/IDQG FRYHU GDWD IURP 0I(
-) -QGLJHQRXV IRUHVWU\
1=/5- GDWD VORSH

$YHUDJH DQQXDO UDLQIDOO

$JUL%DVH GDWD

/DQG FRYHU GDWD IURP 01I¢(

*% *RUVH %URRP

1=/5- GDWD VORSH

$YHUDJH DQQXDO UDLQIDOO

$JUL%DVH GDWD
/DQG FRYHU GDWD IURP 01I¢(
[+ /LIHVW\OH KLJK LDLQIDO®@
1=/5- GDWD VORSH

$YHUDJH DQQXDO UDLQIDOO

6HOHFWLRQ FULWHULD

)DUP W\SH $00 W\SHV
1DppURDGOHDYHG —QGLIHQRXV +DUGZR@RXV )R
0DQXND DQG R

2YHUVHHU VORSH
60RSH $ % &

DYHUDJH VORSH LV

GHJUHHV

o1( "1 $00 UDLQIDOO
)DUP W\SH $00 W\SHV
1DpHpPYRDGOHDYHG ~QGLIHQRXV +DUGZRGRRXV )R
O0DQXND DQG R
2YHUVHHU VORSH
6ORSH ' () *+ GHJUHHV
DYHUDJH VORSH L
oI( "1 $00 UDLQIDOO
)DUP W\SH $00 W\SHV
1DPHB *RUVH DQG RU EURRP
2YHUVHHU VORSH
60RSH $ % & ' () * +
VWHHS :HLJKWHG DY
o1( "1 $00 UDLQIDOO
)DUP W\SH /LIHVW\OH
1DpuBE-IK SURGXFLQJ HIRWLF JUDVV OCQRWIFGIORY
2UFKDUG YLQH\DUG RU R\
2YHUVHHU VORSH
60RSH $ % & ' () * +
VWHHS :HLJKWHG DY
o1( "1 PP KLJK

1ODW

X

1ODW

10DV

HUI

10DV

HUD

3DJH

&RPPHQWYV

R



$SSHQGL[6RXWK &RDVWDO &DQWHUEXU\ GDLU\ WA\SRORJ\ GHILQLWLRQV

/IRZHU :DLWDNL 7\SR®WRHDH XD 'DWD 6RXUFH 6HOHFWLRQ FULWHULD &RPPHQW
$JUL%DVH GDWD )DUP WASH 'DLU\
/DQG FRYHU GDWD IURP 0I( +LIJK SVYROOXFE YKRURWURWDWN.RQ FURSODQG
1=/5- GDWD 60RSH $ % & GHJUHHV
-UULJDWHG ODQG DUHD $WHD® LQF 5HVHDUFK /LPL-UULJDWHG -UULJDWHG 2YHUVHHU VORSH 10DW UROOLQJ :HLJKV
$1' VORSH LV XQGXODWLQJ GHJUHHV
= ‘DLU\  LUULJDWHG 10DW UROOLQJ $JUL%DVH GDWD )DUP W\SH 'DLU\
/DQG FRYHU GDWD IURP 0I( +LJK SYROODXFGE YKXKRURWURWDBDN.RQ FURSODQG
1=/5- GDWD 60RSH $ % GHJUHHV
-UULJDWHG ODQG DUHD $WH® LQF 5HVHDUFK /LPHAUULJDWHG QRQ LUUL.]DWHG+DYH LQFOXGHG QRQ LUULJDWHG 10DW OD
PLV PDSSHG ODQG
$YHUDJH DQQXDO UDLQIDOO 0l( \ ORZ PP YHU
$JUL%DVH GDWD )DUP W\SH 'DLU\
/DQG FRYHU GDWD IURP 0I( +LJK SYROODFGE YKRURWURWDDN.RQ FURSODQG
- 'DLU\ LUULJDWHG HDV\ VWHHS , 2YHUVHHU VORSH HDV\ DQG VWHHS :HL.
1=/5- 6bwWD GORSH ()~ + GHJUHHB/YHUDJH VORSH LV PRGHUDWHO\ VWHHS
-UULJDWHG ODQG DUHD $WHD® LQF 5SHVHDUFK /LPL-UULJDWHG —-UULJDWHG
$JUL%DVH GDWD )DUP W\SH 'DLU\
/DQG FRYHU GDWD IURP 0I( +LIJK SVYROOXFE YKRURWURWDWN.RQ FURSODQG
1=/5- GDWD 60RSH & " () *+ GHJUHHV
-UULJDWHG ODQG DUHD $WKHD® LQF 5HVHDUFK /LPAUULJDWHG QRQ LUULJDWHG
'DLU\ GU\ODQG H[WHQVLYH $YHUDJH DQQXDO UDLQIDOO 0l( \ ORZ PP YHU )
| v o bR s DYHUDIH VORSH LV VWURQION UROOLQ)
UROOLQJ HDV\ VWHHS $JUL%DVH GDWD )DUP W\SH 'DLU\
/DQG FRYHU GDWD IURP 0I( /RZ SURGKXEG QO R\W DB JUDMRFN JUDVVODQG
1=/5- GDWD 60RSH $ % & " () *+
-UULJDWHG ODQG DUHD $WHD® LQF 5HVHDUFK /LPAUULJDWHG QRQ LUULJDWHG
$YHUDJH DQQXDO UDLQIDOO 0l( \ ORZ PP YHU

3DJH R



$SSHQGL[6RXWK &RDVWDO &DQWHUEXU\ VKHHS

EHHI W\SRORJ\ GHILQLWLRQV

/IRZHU :DLWDNL

6% —

6%9/

6%9/

6%9/

6KHHS EHHI
LUULIJDWHG

6KHHS EHHI ILQLVKLQJ

ORZ UDLQIDOC

6KHHS EHHI EUHHGLQJ
ORZ UDLQIDOC

6KHHS EHHI EUHHGLQJ
FRXQWU\

7\SR®OWHDH KD

ILQLVKLQJ

'DWD 6RXUFH
YDUP W\SH *UDJLQJ

XQVSHFLIL
+LJK SURGXFLQJ H[RWLF JUDVV ODRK[® W QS JURA

VKRUW URWDW
6ORSH $ % & ' () * +

%HHI "U\WWWRIFS DB Uk

$JUL%DVH GDWD
/DQG FRYHU GDWD IURP 0I(

1=/5- GDWD

-UULJDWHG ODQG DUHD $WHD® LQF 5HVHDUFK /LPL-UULJDWHG \HV

)J)DUP W\ASH *UD]JLQJ %HHI 'U\VWRGE ¥ HHKIHIHG@G 6K

$JUL%DVH GDWD oD
+LJK SURGXFLQJ H[RWLF JUDVV ODR® WK JURDY
VKRUW URWDW

60RSH $ % &

/DQG FRYHU GDWD IURP 0I(

Y HU\

1=/5- GDWD GHJUHHYV

-UULJDWHG ODQG DUHD $WH® LQF 5HVHDUFK /EPULJDWHG QRQ LUULJDWHG

$YHUDJH DQQXDO UDLQIDOO 01(

YDUP W\SH

PP YHU\ ORZ

*UDILQJ %HHI 'U\VWRGE N6 HHKIHIHGG 6K

$JUL%DVH GDWD oD
+LJK SURGXFLQJ H[RWLF JUDVV ODRK[® W QS JURA
VKRUW URWDW

6ORSH ' () * +

/DQG FRYHU GDWD IURP 0I(

1=/5- GDWD GHJUHHV

-UULJDWHG ODQG DUHD $WHD®LQF 5HVHDUFK /EPULJDWHG QRQ LUULJDWHG

6HOHFWLRQ FULWHULD

2YHUVHHU VORSH 10DW URO QLKW
DYHUDJH VORSH LV XQGXC(

2YHUVHHU VORSH I0ODW UROORR®GH
UROOLQJ

2YHUVHHU VORSH HDV\ KLOO VWHHS
VORSH LV PRGHUDWHO\ VWHHS

6KHHS DQ

$YHUDJH DQQXDO UDLQIDOO ol( PP  YHU\ ORZ
YHU\ §1°
$JUL%DVH GDWD )J)DUP W\SH $UDEOH
/IDQG FRYHU GDWD IURP 0I( /IRZ SURGXFWLRQ H[RWLF JUDVVODQG
1=/5- GDWD 60RSH () * o+ GHJUHHV
-UULJDWHG ODQG DUHD $WKD®LQF 5SHVHDUFK /EPULIJDWHG QRQ LUULJDWHG
$YHUDJH DQQXDO UDLQIDOO ol( PP YHU\ ORZ
$JUL%DVH GDWD JDUP WASH *UDJLQJ %HHI '"U\WWWRF®HBKHHS
/IDQG FRYHU GDWD IURP 0I¢( $OSLQH JUDVV KHUEILHOG 'HSOWWRHN JUDWWOD@E& 7D0O0 7X
KLJK

1=/5- GDWD BORSH $ % & ' () * +

-UULJDWHG ODQG DUHD $WH® LQF 5HVHDUFK /EPULJDWHG QRQ LUULJDWHG

$YHUDJH DQQXDO UDLQIDOO ol( PP ORZ DQG PP YHU\ ORZ

2YHUVHHU VORSH 10DW UR OHOLLIK!
DYHUDJH VORSH L\

3DJH R

&RPPHQW

THLIKWH
r



$SSHQGL[ 6RXWK &RDVWDO &DQWHUEXU\ GHS$IRIO R DEDIH QLA BQSIUXLW W\

/RZHU :DLWDNL 7\SR®WRHDH¥KD 'DWD 6RXUFH 6HOHFWLRQ FULWHULD

$JUL%DVH GDWD J)DUP W\SH 'HHU

+LJK SURGXFLQJ H[RWLF JUDVV ODRK[® W QS JURZA

/DQG FRYHU GDWD IURP 0I( VKRUW URWDW

'"HHU ILQLVKLQJ YHU\ ORZ

YHUVHHU VORSH |IODW UROORQH
9/ =/5- [
( UDLQIDOO 1=/5- GDWD 60RSH $ % & GHJUHH%/ X0GXODW
-UULJDWHG ODQG DUHD $WHD® LQF 5HVHDUFK /LPAUULJDWHG QRQ LUULJDWHG
$YHUDJH DQQXDO UDLQIDOO (N U\ ORZ PP YH
$JUL%DVH GDWD )J)DUP W\SH '"HHU
+LJK SURGXFLQJ H[RWLF JUDVV ODR® WK JURDZ
/IDQG FRYHU GDWD IURP 0I( VKRUW URWDW
‘(91 ‘'HHU EUHHGLQJ YHU\ ORZ 1=/5- GDWD 60RSH , . GHJUHHVZYHUVHHU VORSH HDV\ KLOO V
UDLQIDOO -cT Q) VORSH LV PRGHUDWF
-UULJDWHG ODQG DUHD $WHD® LQF 5HVHDUFK /LPAUULJDWHG QRQ LUULJDWHG
$YHUDJH DQQXDO UDLQIDOO ol( U\ ORZ PP YH
$JUL%DVH GDWD )J)DUP W\SH $UDEOH
+LJK SURGXFLQJ H[RWLF JUDVV ODR® WK JURDZY
/IDQG FRYHU GDWD IURP 0I( VKRUW URWDW
YHUVHHU VORSH |IODW UROORQH
$— $UDEOH LUULJDWHG 1=/5- GDWD 60RSH $ % & GHJUHH%/ 1ODW Q
-UULJDWHG ODQG DUHD $WH® LQF 5HVHDUFK /LPL-UULJDWHG LUULJDWHG
$YHUDJH DQQXDO UDLQIDOO ol( $00 UDLQIDOO
$JUL%DVH GDWD )J)DUP W\SH $UDEOH
/IDQG FRYHU GDWD IURP 0I( +LJK SVYFROODXFE QRB[RWRBWUIRWDWLRQ FURSODQG
2YHUVHHU VORSH 10DW UR OHOLLIEJ
( =/5-— [ ' *
$9/ $UDEOH GU\ODQG 1=/5- GDWD 60RSH $ % & () + DYHUDJH VORSH LV X
-UULJDWHG ODQG DUHD $WWH® LQF 5HVHDUFK /LPAUULJDWHG QRQ LUULJDWHG
$YHUDJH DQQXDO UDLQIDOO ol( U\ ORZ PP YH
$JUL%DVH GDWD )J)DUP W\SH JUXLW
/IDQG FRYHU GDWD IURP 0I( 2UF KD WB3H UH@QMH\DO G- BRRSEWKHU
2YHUVHHU VORSH |IODW UROORGH
)5- JUXLW LUULIJDWHG 1=/5- GDWD 60RSH $ % & GHJUHHYV oD W Q
-UULJDWHG ODQG DUHD $WHD® LQF 5HVHDUFK 4URLJDWHG LUULJDWHG QRQ LUULJDWHG
$YHUDJH DQQXDO UDLQIDOO ol( $00 UDLQIDOO

3DJH R

&RPPHQW



$SSHQGL[6RXWK &RDVWDO

&DQWHUEXU\ IRUHVWU\ W\SRORJ\ GHILQLWLRQV

/IRZHU :DLWDNL 7\SR®WHDH¥XD

) ([IRWLF IRUHVWU\ JHQWOH

() ([RWLF IRUHVWU\

VWHHS

=) —QGLJHQRXV IRUHVWU\

JHQWOH

=) —QGLJHQRXV IRUHVWU\ VWHHS

'DWD 6RXUFH
$JUL%DVH GDWD
/DQG FRYHU GDWD IURP

1=/5- GDWD

$YHUDJH DQQXDO UDLQIDOO

$JUL%DVH GDWD
/IDQG FRYHU GDWD IURP
1=/5- GDWD

$YHUDJH DQQXDO UDLQIDOO

$JUL%DVH GDWD
/IDQG FRYHU GDWD IURP
1=/5- GDWD

$YHUDJH DQQXDO UDLQIDOO

$JUL%DVH GDWD
/IDQG FRYHU GDWD IURP
1=/5- GDWD

$YHUDJH DQQXDO UDLQIDOO

01¢(

01¢(

01¢(

01¢(

6HOHFWLRQ FULWHULD

)DUP W\SH $00 W\SHV

([RWLKDRYHVWHB\GDQG IRUHVW

%/YHUVHHU VORSH |10DW UROORSH

0
6ORSH $ % & GHJUHH UROOLC
01( $00 UDLQIDOO
)DUP W\SH $00 W\SHV

([RWLKDRYHVWH\GDQG IRUHVW

2YHUVHHU VORSH HDV\ KLOO V

' *
6ORSH Q) * GHJUHHV VORSH LV PRGHUDWF
ol( $00 UDLQIDOO
J)DUP W\SH $00 W\SHV

%URDGOHDYHG -QGLJHQRXV +DUGZRRE®XV )RL
ODOXND DOG R

2YHUVHHU VORSH
60RSH $ % &

IODW UROORS®H
GHJUHHYV

XQOGXODWL
01( $00 UDLQIDOO

)J)DUP W\SH $00 W\SHYV
%URDGOHDYHG -QGLJHQRXV +DUGZRRE®XV )RL
ODOXND DOG R

2YHUVHHU VORSH
60RSH $ % &

IODW UROORS®H
GHJUHHYV

PRGHUDWHO\ \
0l( $00 UDLQIDOO

3DJH R

&RPPHQW



$SSHQGL[6RXWK &RDVWDO &DQWHUEXU\ OLIHVW\WHRRDYG VFUXE W\SRORJ\ GHILQ

/IRZHU :DLWDNL

191/

*%

*%

06

7\SR®OWHDH KD

/LIHVW\OH YHU\ OFRZ UDLQIB©G®©

*RUVH %URRP JHQWOH

*RUVH %URRP VWHHS

ODWDJRXUL JUH\ VFUXE

'DWD 6RXUFH
$JUL%DVH GDWD
/DQG FRYHU GDWD IURP
1=/5- GDWD

$YHUDJH DQQXDO UDLQIDOO

$JUL%DVH GDWD
/IDQG FRYHU GDWD IURP
1=/5- GDWD

$YHUDJH DQQXDO UDLQIDOO

$JUL%DVH GDWD
/DQG FRYHU GDWD IURP
1=/5- GDWD

$YHUDJH DQQXDO UDLQIDOO

$JUL%DVH GDWD
/DQG FRYHU GDWD IURP
1=/5- GDWD

$YHUDJH DQQXDO UDLQIDOO

01¢(

01¢(

01¢(

01¢(

YDUP W\SH

6HOHFWLRQ FULWHULD
/LIXOWAD\H $OSDFD 3LJ

+LJK SURGXFLQJ H[RWLF JUDVV ODRK[® W QS JURA
VKRUW URWDWLROQ FURSODOG DOIGH2UBEKDHG(

01(

01(

0l1(

01¢(

60RSH

60RSH $ % &

2YHUVHHU VORSH
DYHUDJH VORSH LV X
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3KRQH VXUYH\

&DWFKPHQW 6\QWKHVLY )DUPHU SKRQH LQWHUYLHZ TXHVWLRQ
IRWH WH[W LV QRW EH UHDG RXW EX\MUWER KWW HBBWHIRULVH L

+HOOR P\ QDPH LV BBBBBB BBEEBBBBWMDAW\BHYDPQUEN&LQJ WR LQWHUYLHZ
SURMHFW WKDW ZH DUH ZRUNLQJ RQXLQIGQ VR UKIDNH LA 6 HERWH G VRO Y HG

- 00 MXVW JLYH \RX D TXLFN EDBNQURX\NXC WKKHROQANHHPDIYQRBZEH/ KH SURMHFW LV
XQGHUVWDQG IDUPHU SHUVSHFWLYHWR®QDWHRZ TRE FLWK\WLOMRNMWLR DSSO\

PLWLIJDWLRQV WR PHHW ZDWHU TXDW LXQ G\HDAU EM WX U 7RQ @& DD IDAKHIU DQG ZH
LOQWHUYLHZ WR IDUPHUV DFURVVWWYXMHBUFKDWFKPSRWYD GWLWR EH GRQH [
VRPH PRGHOOLQJ WR HQVXUH WKDW DQ\WVRXNH R W\R IDRFPRWEBEW RREZHDVPHUV Z
SUDFWLFDOO\ DSSO\ WKHVH PLWLIJDOWRQYLRZ WKHOIJBRXUMHE RUIGHHG IRU WKH S
GDWD FROOHFWLRQ

%HIRUH ZH EHJLQ ZH ZDQW \RX WR NQRRE OXKQMNWD DD YWEFLCGO VGILRMQDLFROOHFWH

DQRQ\PRXV DQG ZLOO EH DQDO\VHG {RX ZQ 0B UHFIHLW HCD ONRYKDO R | IRU
SDUWLFLSDWLRQ LQ WKH SKRQH LQWHHWH AV KH \RXL WRARHRYY W XMWY BFRPZH ZLOO F
\RX ZLWK DQ DGGLWLRQDO NRKD/ IDWWXKN HHRQFOXVLRQ RI

%DFEFNJURXQG

x KDW QXPEHU RI IDUPLQJ SURSHWKIFNDWERRRRWZQ LQ

8QLTXH LGHQWLILHU

SURSHUWLHYV

X KLFK VXE FDWFKPHQW V LV \RXU SURSHUW\ CRFDWHG L

8QLTXH LGHQWLILHU

6XE FDWFKPHQW

x 7R WKH QHDUHVW KHFWDUH ZKDW LV WKH WRWDO DUHD RI \RXU IDUP V

x 7R WKH QHDUHVW KHFWDUH ZKDW LVRWKHDMRWDO HIIHFWLYH DUHD RI \

8QLTXH LGHQWLILHU

$UHD

(I'"HFWLYH DUHD

-QHIIHFWLYH DUHD

3DJH R



x &DQ \RX SOHDVH GHVFULEH WKH FXUUHQW ODQG XVHV RQ \RXU SURSHUYV

Xx $UH \RX LQ D FDWFKPHQW ZKHUH ODHXZ' XVH DFWLYLW\ LV UHJXODW

8QLTXH LGHQWLILHU

5HIXODWHG]

x —-I'\RX DQVZHUHG \HV WR 4 GR \RXKYN®R 2/ WIODNWXK YRDXMJ)' DIFW SHUPLWWHG
FRQWUROOHG GLVFUHWLRQDU\ HWF

-1 SDUWLFLSDQW LV XQVXUH GRQ W ZRUU\ DERXW WKLV TXHVWLRQ

3DJH RI



8QLTXH LGHQWLILHU

$FWLYLW\ VWDWXV"

x +RZ LV \RXU EXVLQHVV VWUXFWXUHGRERSD QW VROWM SWRISUQ HW\RUNSK L S

8QLTXH LGHQWLILHU

%XVLQHVV VWUXFWXUH

X +RZ PDQ\ SHRSOH ZRUN RQ WKH SURSHUWIRD Q B\ XZHGHNOW RIS H WDKHLBQV D (
PDQDJHPHOQW"

OD\ EH SDLG XQSDLG ERWK EHVW UHSURVHNQYDWORI@WRR WKH SHRS

8QLTXH LGHQWLILHU

)7 (

$FWLRQV WR DGGUHVYV ZDWHU TXDOLW\

X :KDW DFWLRQV RU WKLQJV KDYH EHHQ GKLIEHN R YRIXIUP SDURPY WE& \B WRIX) W
TXDOLW\" >3520376 FDQ EH DFW DRQWX UMU RULQ WHHF KKQQROBYWLQ YHVWPHQW
ORZ WHFK RSWLRQV HWF@ 1RWH HYHQ WKNVQRYQHUWVHUWDNHQ E\ WKH SU

SUDFWLFH &KDQJH

3DJH RI



3DJH RI



X :KDW ZHUH WKH PDLQ UHDVRQV IRU XQGHW\WRAVEY WIRREH DFWHRRWL]HG
EHORZ UHFRUG DOO WKDW DUH UHOHYDQW

8QLTXH LGHQWLILHU

5HDVRQV

3DJH RI



X $UH WKHUH DQ\ RWKHU DFWLRQV \RXI)OWXUSODQQLQJ WR GR LQ WKH

8QLTXH LGHQWLILHU

$FWLRQV"
x -1 \HV ZKDW DUH WKHVH"
JXWXUH DFWLIHRFRW G DV SHU IURP PLWLIJDWLRQ OLVW

x 7KLQNLQJ RI WKRVH DFWLRQV WK@WHRXH SODHY WRRGRLQ HKDW WLPHIUDP
SODQ WR XQGHUWDNH WHBVW" \HDUYV \UV EH\RQS \HD UV

7LPHIUDPH \HDUV \HDUYV \HDUV ' \HDUV

x 7KLQNLQJ DERXW WKH DFWLRQV WK DK S8R XPLYGU VYRS IGFRD WK B WRXUBIUD W C
\HDUV DZD\ ZKDW DUH WKH UHGVRQIV IR WKLV"

8QLTXH LGHQWLILHU

JXWXUH DFWLRQV

7LPHIUDPH

K\ WLPHIUDPH

X $UH WKHUH DQ\ DFWLRQV WKDW \RX KDF SURRGZ B WU GT WIKOMNE EXOWGK D Y
EHHQ DEOH WR GR DQG DUH QRW SODQQLQJ RQ GRLQJ"

x —1'\HV ZKDW ZHUH WKHAVH"

x 7KLQNLQJ RI DQ\ DFWLRQV \RX KDY HNGHIF\. G\HKGH PRWQNVRHBGR RDKIRU WKLV C

3DJH RI



8QLTXH LGHQWLILHU

$Q\ DFWLRQV"

:KDW DUH WKH\"

'K\ QRW"

J)DUPHU SUHIHUHQFHY IRU ODQG XVH FKDQJH

X — DP JRLQJ WR OLVW D UDQJH RI OR®GNVRVWW ODQRH ZRX ®GVEDOH RI \R X
SRWHQWLDO ZLOOLQJQHVV RU LQWH OBV WRHDGLIREBK @ U R[S HOIGVWKQJ I

RSHUDWLRQ DW VRPH VWDJH LQ WKH IX@XU®J DB L QB HL[QWU H [PWHWDHN PHIZ\L
ZLOOLQJ

- P QRZ JRLQJ WR UHSHDW EDFN WRRWRXPRKH®DRG OWHWY WKDW \

x )JRU ODQG XVHV WKDW KDYH EHHQ VWKWHREDLQWBBVRQWDIDRW DMKHHVH UDQ

3DJH RI



$GRSWLRQ GULYHUV EDUULHUV RI WKMXBEBIWIFKP HRQW ZLWKLQ

X :KDW DUH WKH EDUULHUV DQG RU BKIEO OWI) FHKD QR K VRIW IDIIPKI OV OLNH \F
LQ \RXU FDWFKPHQW" >3520376 GLJ WRRH[5ORRY M[OIP\S OXH ¥RV RQ
LGHQWLILFDWLRQ RI ODQG XVH F KD/ MV WHOW ZDQ O JHPUWHN WU LYMUNRQDO
RI IDUPLQJ VW\OH FRQWURO FKDQJHQL® \HDFFRI\WPHG\WR URRFRRPBXRUPDWL
VFLHQFH EDFNHG @

X KDW GR \RX WKLQN ZLOO EH WKH ELBKBQWHGLL YWUH FROIWCHK@PE XWHRYHU W
WZHQW\ \HDUV"

8QLTXH LGHQWLILHU

%DUULHUV FKDOOHQJHV

'"ULYHUV

(1
2QO0LQH VXUYH\ LQ QH[W ZHHN RU VR
.RKD IROORZLQJ WKLV

7TKDQN \RX IRU SDUWLFLSDWLQJ

3DJH RI



2Q0LQH VXUYH\
$V H{IWUDFWHG IURP 6XUYH\ORQNH\ p

4 :KDW LV \RXU XQLTXH LGHQWILWHDO SORMNMAW MR DLIQLIQRP 3HUULQ $J
4 :KDW LV \RXU DGGUHVV" IRU SRWWLQJ WKH SUH]]\ FDU
4 :KLFK FDWFKPHQW DUHD DUH \RX LQ"

7XNLWXNL +DZNHV %D\

6RXWK &RDVWDO B6RXWK &DQWHUEXU\

7H +RLHUH ODUOERURXJK
4 :KDW DUH WKH FXUUHQW ODQG XVHV RQ \RXU SURSHUW\ V"

'DLU\ GU\ODQG

'DLU\ LUULJDWHG

'DLU\ VXSSRUW

'"U\ZWWRFN EUHHGLQJ

'"UIZWWRFN EUHHGLQJ DQG ILQLVKLQJ

'"UIWWWRFN ILQLVKLQJ LQFO YHOYHWLQJ

OL[HG DUDEOH

$UDEOH

+RUWLFXOWXUH ILHOG

+RUWLFXOWXUH RUFKDUG

9LWLFXOWXUH

([RWLF IRUHVW

—QGLJHQRXV IRUHVW

2WKHU SOHDVH VSHFLI\

4 +RZ ZLOOLQJ DUH \RX WR LPSOHRHEW BIOD ®RIHVKRIYHRXUDSURSHUW\"LOLMW DSSOLFC
ZLWK WKLV DOUHDG\ LPSOHPHQW H® UHDING LRI DR L@ S OWHRP HOSVOHPHQW Q@@&®VWDFOHV W

5HGXFH VRLO 3 WHVWV WR RSWLPXPV
&RDWHG 1 IHUWLOLVHU L H 6XVWDL1 1 3URWHFW
8VH RI 535 RU ORZ VROXELOLW\ 3UHDWHOLVHU ZKHUH DSSURS

-UuULJDWLQJ EDVHG RQ VRLO PRLVWXUH

3DJH R



4

~QFUHDVHG HIIOXHQW DUHD

'"HIHUUHG DQG ORZ UDWH HIIOXHQW DSSOLFDWLRQ

5HGXFHG 1 IHUWLOLVHU WR HIIOXHQW DUHD

OLQLPXP WLOODJH

=HUR WLOODJH L H GLUHFW GULOOLQJ

9DULDEOH UDWH IHUWLOLVHU DSSOLFDWLRQ

&RYHU FURSV

&DWFK FURSV IRU IRUDJH FURSSLQJ

'LYHUVH SDVWXUHV L H SODQWDLQ PXOWL VSHFLHV PL[HV
$SSO\LQJ DOXP DOXPLQLXP VXOSKRBWH WR SDVWXUH DQG FU
JRUHVWU\ VHWEDFNV IURP ULSDULDQ DUHDYV

2Q RI1 JUD]JLQJ LQ DXWXPQ ZLQWHU

6KHHS RQO\ LQ SDGGRFNV ZLWK XQIHQFHG VWUHDPV

1R VIQWKHWLF 1

3UHFLVLRQ IHUWLOLVHU DSSOLFDWLRQ

%XIIHU VWULSV IRU IHUWLOLVHU DSSDOQFDWLRQ JURXQG VSUHDG DHU
*UD]LQJ PDQDJHPHQW LQ ZLQWHU H J WRS GRZQ JUD]LQJ
0DQDJLQJ &6$ V H J UXQRII IURP VWRFN\DUGV ZRROVKHG

2WKHU SOHDVH VSHFLI\

KHUH \RX KDYH LQGLFDWHG WKHUHHQDWH REDWD RO MK MA\RH LPBDMHWLFH FKDQJHV ZKELC

UHDVRQV IRU WKHVH"

4

+RZ ZLOOLQJ DUH \RX WR LPSOHPHRWQDRV RIOWMRKXVHSVY\WR/S\HUPNVE" >1RW DSSOLFDEOH

ZLWK WKLV DOUHDG\ LPSOHPHQWH®GUHEDRGOSQD WRL QB SORRRSOWHMHQW REVWDFOHV WFE

5HGXFHG VWRFNLQJ UDWHYV

-QFUHDVHG VKHHS FDWWOH UDWLR

5HGXFHG IRUDJH FURSSLQJ

ODWFKLQJ VWRFN FODVV WR ODQG XVH FDSDELOLW\
5HGXFH 1 IHUW WR SDVWXUH EHORZ NJ 1 KD

2WKHU SOHDVH VSHFLI\

3DJH RI



4 :KHUH \RX KDYH LQGLFDWHG WKHUHHDQDWH REDWD RO MK MARH LWYOMHHP FKDQJHYV ZKDW
UHDVRQV IRU WKHVH"

4 +RZ ZLOOLQJ DUH \RX WR LPSOHFWQWFMQURI DWKMVRIQVQROD\RXU SURSHUW\" >1RW D
IDPLOLDU ZLWK WKLV DOUHDG\ LPEPHEWQWEGHRZGO SIOPRWRQUIPWA LPSOHPHQW REVW
LPSOHPHQWDWLRQ®@

/LQHG HIIOXHQW SRQG

9DULDEOH UDWH LUULJDWLRQ

5HWLFXODWHG ZDWHU IRU VWRFN LQ KLOO FRXQWU\

-QVWDOO FXOYHUWYV DQG EULGJHV IRU FURVVLQJV

211l SDGGRFN VWUXFWXUHV VWDQGVRII SDGV ZLQWHULQJ EDUQ

JHQFH SDFLQJ SUHYHQWLRQ

2ZWKHU SOHDVH VSHFLI\

4 :KHUH \RX KDYH LQGLFDWHG WKHUR HQWLREVDND FOHVKWRH RROUDVWUXFWXUH DFW!
WKH UHDVRQV IRU WKHVH"

4 +RZ ZLOOLQJ DUH \RX WR LPSOHPFHQUWHDG\ IRAF WMKRHMH RHGURIXU SURSHUW\" >1RW DSS
IDPLOLDU ZLWK WKLV DOUHDG\ LPBEPHOWQWEGHZGO GOPRWRQLUPWA LPSOHPHQW REVW
LPSOHPHQWDWLRQ@

5HWHQWLRQ GDPV EXQGV RU VHGLPHQW WUDSYV

(QKDQFLQJ UHVWRULQJ H[LVWLQJ ZHWODQGV

&RQVWUXFWHG ZHWODQGV

BWUHDP IHQFLQJ

5LSDULDQ SODQWLQJ

9HJHWDWHG EXIIHU VWULSV IRU DUDEOH FURSSLQJ

6SDFH SODQWHG WUHHV OLNH SRSODU SROHV

$OWHUQDWLYH ZDOORZV

2ZWKHU SOHDVH VSHFLI\

4 :KHUH \RX KDYH LQGLFDWHG WKHUR HQWLREVIND FOHVKWR H PH&SAH RI ILHOG DFWLRQ
WKH UHDVRQV IRU WKHVH"

4 +RZ ZLOOLQJ DUH \RX WR LPSOHP®QWD Q G\ XRIHWKK-DVHI 8D IRPL\RXU SURSHUW\" >1RW
QRW IDPLOLDU ZLWK WKLV DO UHW B \LIPFSHHPRHHQYW HDG UHIDE\LYODQQLQJ WR LPSOHPHQW
LPSOHPHQWDWLRQ®

/IDQG UHWLUHPHQW

3ODQWDWLRQ IRUHVWU\

3DJH RI



$OWHUQDWLYH DJULFXOWXUDO ODQGIXV/HRRWWHKLMWRZHU HQYLURQPHQW
-l DOWHUQDWLYH DJULFXOWXUDO ODQG XVH SOHDVH VSHFLI\

4 KHUH \RX KDYH LQGLFDWHG WKHUR HQWLREVND FROHVKWMRH B®PQWLDO ODQG XVH FK
DUH WKH UHDVRQV IRU WKHVH"

4 :KDW DUH WKH PDLQ UHDVRQV \RX¥XBYH WRRQNPHQWHG WK
(QYLURQPHQWDO EHQHILW
5HJXODWRU\ FRPSOLDQFH
$FFHVV WR JUDQWYV IXQGLQJ
3UH H[LVWLQJ RQ IDUP
$ELOLW\ WR GLYHUVLI\ LQFRPH
6RFLDO JRRG
3HUVRQDO SUHIHUHQFH

2ZWKHU SOHDVH VSHFLI\

4 -1 \RX GLG ZDQW WR FKDQJH VRPHKRWXWRXWZ OKDWAVRVH WKLQJV ZRXOG \RX QHHG"
4 -V WKHUH DQ\WKLQJ HOVH WKDW \RX ZRXOG OLNH WR VKDUH

4 7R ZKDW H[WHQW DUHD VL]H DE&6ULKDWHR®XRIWP RAWHRHQ®HMWEDD Q\ RI WKHVH DFWL
5HGXFH VRLO 3 WHVWV WR RSWLPXPV
&RDWHG 1 IHUWLOLVHU L H 6XVWDL1 1 BURWHFW
8VH RI 535 RU ORZ VROXELOLW\ 3UHDWHOLVHU ZKHUH DSSURS
-UULJDWLQJ EDVHG RQ VRLO PRLVWXUH
-QFUHDVHG HIIOXHQW DUHD
'"HIHUUHG DQG ORZ UDWH HIITOXHQW DSSOLFDWLRQ
5HGXFHG 1 IHUWLOLVHU WR HIITOXHQW DUHD
OLQLPXP WLOODJH
=HUR WLOODJH L H GLUHFW GULOOLQJ
9DULDEOH UDWH IHUWLOLVHU DSSOLFDWLRQ
&RYHU FURSYV
&DWFK FURSV IRU IRUDJH FURSSLQJ

'LYHUVH SDVWXUHV L H SODQWDLQ PXOWL VSHFLHV PL[HV

3DJH RI



$SSO\LQJ DOXP DOXPLQLXP VXOSKISBWH WR SDVWXUH DQG FU
JRUHVWU\ VHWEDFNV IURP ULSDULDQ DUHDV
2Q RII JUD]JLQJ LQ DXWXPQ ZLQWHU
6KHHS RQO\ LQ SDGGRFNV ZLWK XQIHQFHG VWUHDPV
1R VIQWKHWLF 1
3UHFLVLRQ IHUWLOLVHU DSSOLFDWLRQ
%XIIHU VWULSV IRU IHUWLOLVHU DSBDQFDWLRQ JURXQG VSUHDG DHU
*UD]LQJ PDQDJHPHQW LQ ZLQWHU H J WRS GRZQ JUD]LQJ
0DQDJLQJ &6% V H J UXQRII IURP VWRFN\DUGV ZRROVKHG
4 7R ZKDW H[WHQW DUHD VL]H DS6ULKDWHR® XRIP ROWHKMHQHWEDD Q\ RI WKHVH DFWL
5HGXFHG VWRFNLQJ UDWHYV
—~QFUHDVHG VKHHS FDWWOH UDWLR
5HGXFHG IRUDJH FURSSLQJ
ODWFKLQJ VWRFN FODVV WR ODQG XVH FDSDELOLW\
5HGXFH 1 IHUW WR SDVWXUH EHORZ NJ 1 KD
4 7R ZKDW H[WHQW DUHD VL]H DS6ULKDWHR® XRIP KROHKMHUQ@HWEDD Q\ RI WKHVH DFWL
ILQHG HIIOXHQW SRQG
9DULDEOH UDWH LUULJDWLRQ
5HWLFXODWHG ZDWHU IRU VWRFN LQ KLOO FRXQWU\
—QVWDOO FXOYHUWV DQG EULGJHV IRU FURVVLQJV
211 SDGGRFN VWUXFWXUHV VWDQGVRII SDGV ZLQWHULQJ EDUQ
JHQFH SDFLQJ SUHYHQWLRQ
4 7R ZKDW H[WHQW DUHD VL]H DS6ULKDWHR® XRIP KROHKMHUQ@HWEDD Q\ RI WKHVH DFWL
5HWHQWLRQ GDPV EXQGV RU VHGLPHQW WUDSV
(QKDQFLQJ UHVWRULQJ H[LVWLQJ ZHWODQGV
&RQVWUXFWHG ZHWODQGV
6WUHDP IHQFLQJ
5LSDULDQ SODQWLQJ

9HIJHWDWHG EXIIHU VWULSV |IRU DUDEOH FURSSLQJ

3DJH RI



6SDFH SODQWHG WUHHV OLNH SRSODU SROHV
$OWHUQDWLYH ZDOORZV
4 7R ZKDW H[WHQW DUHD VL]H DE&6ULKDWHR®XRIWP RAWHRHQ®HMWEDD Q\ RI WKHVH DFWL
/IDQG UHWLUHPHQW
BODQWDWLRQ IRUHVWU\
$OWHUQDWLYH DJULFXOWXUDO ODQGIXV/HRRWWHKLMWRZHU HQYLURQPHQW

4 KHUH \RX KDYH LQGLFDWHG \RXHPH® S ODKIMW QV WRKHPFSYOWLPDWHG WLPHIUDPH H
RU ! \HDUV "

5HGXFH VRLO 3 WHVWV WR RSWLPXPV
&RDWHG 1 IHUWLOLVHU L H 6XVWDL1 1 3URWHFW

8VH RI 535 RU ORZ VROXELOLW\ 3 UHDWHOLVHU ZKHUH DSSURS
~UULJDWLQJ EDVHG RQ VRLO PRLVWXUH

~QFUHDVHG HIIOXHQW DUHD

'"HIHUUHG DQG ORZ UDWH HIIOXHQW DSSOLFDWLRQ

5HGXFHG 1 IHUWLOLVHU WR HIIOXHQW DUHD

OLQLPXP WLOODJH

=HUR WLOODJH L H GLUHFW GULOOLQJ

9DULDEOH UDWH IHUWLOLVHU DSSOLFDWLRQ

&RYHU FURSV

&DWFK FURSV IRU IRUDJH FURSSLQJ

'LYHUVH SDVWXUHV L H SODQWDLQ PXOWL VSHFLHV PL[HV
$SSO\LQJ DOXP DOXPLQLXP VXOSKRBWH WR SDVWXUH DQG FU
YRUHVWU\ VHWEDFNV IURP ULSDULDQ DUHDYV

2Q RI1 JUDJLQJ LQ DXWXPQ ZLQWHU

6KHHS RQO\ LQ SDGGRFNV ZLWK XQIHQFHG VWUHDPV

1R VIQWKHWLF 1

3UHFLVLRQ IHUWLOLVHU DSSOLFDWLRQ

%XIIHU VWULSV IRU IHUWLOLVHU DSSDQFDWLRQ JURXQG VSUHDG DHU

*UD]LQJ PDQDJHPHQW LQ ZLQWHU H J WRS GRZQ JUD]LQJ

3DJH RI



ODQDJLQJ &6% V H J UXQRII IURP VWRFN\DUGY ZRROVKHG

4 :KHUH \RX KDYH LQGLFDWHG \RXHPH® 8 ODKQIMW QV WRKHPFSYOWLPDWHG WLPHIUDPH H
RU ! \HDUV "

S5HGXFHG VWRFNLQJ UDWHYV

-QFUHDVHG VKHHS FDWWOH UDWLR

5HGXFHG IRUDJH FURSSLQJ

ODWFKLQJ VWRFN FODVV WR ODQG XVH FDSDELOLW\
5HGXFH 1 IHUW WR SDVWXUH EHORZ NJ 1 KD

4 KHUH \RX KDYH LQGLFDWHG \RXHPH® S ODKIMW QV WRKHPFSYOWLPDWHG WLPHIUDPH H
RU ! \HDUV "

/LQHG HIIOXHQW SRQG

9DULDEOH UDWH LUULJDWLRQ

5HWLFXODWHG ZDWHU IRU VWRFN LQ KLOO FRXQWU\

-QVWDOO FXOYHUWYV DQG EULGJHV IRU FURVVLQJV

211l SDGGRFN VWUXFWXUHV VWDQGVRII SDGV ZLQWHULQJ EDUQ
JHQFH SDFLQJ SUHYHQWLRQ

4 KHUH \RX KDYH LQGLFDWHG \RXHPH® S ODKIMW QV WRKHPFSYOWLPDWHG WLPHIUDPH H
RU ! \HDUV "

5HWHQWLRQ GDPV EXQGV RU VHGLPHQW WUDSV
(QKDQFLQJ UHVWRULQJ H[LVWLQJ ZHWODQGV
&RQVWUXFWHG ZHWODQGV

6BWUHDP IHQFLQJ

5LSDULDQ SODQWLQJ

9HJHWDWHG EXIIHU VWULSV IRU DUDEOH FURSSLQJ
6SDFH SODQWHG WUHHV OLNH SRSODU SROHV
$OWHUQDWLYH ZDOORZV

4 :KHUH \RX KDYH LQGLFDWHG \RXHPH® V8 ODKQIMW QV WRKHPFS\YOWLPDWHG WLPHIUDPH H
RU ! \HDUV "

/IDQG UHWLUHPHQW
3ODQWDWLRQ IRUHVWU\
$OWHUQDWLYH DJULFXOWXUDO ODQGIXO/HRRWWHKLIMWRZHU HQYLURQPHQW

3DJH RI



OLWLIDWLRQ FRVW FXUYHYV

TXNLWXNL PLWLIJIDWLRQ FRVW FXUYHV

$SSHQGL[7XNLWXNL '- PLWLIJDWLRQ FRVW FXUYH
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Z u E ( E8]o]s & pes ~ O0}A iB1 IP EIZ - rio9iXxi rgiio i9 i9 rfi9 Ao "ouUid0 10 X1 iX7 T071X0 fURdI®UIToUOGIT
he }(0o}A A& E «}opo W ( ES X1 retid i9 rir9 9 19 i9 TA9 1 "oUIdT ToX1 iX7 T167TX0 fuUnoouUiiouodii
W>h >v @& 8]E u v8 ~% Eu v v§ v 3]A (}E BT iXi  rriu
Z u E 8§} ((op vs @& X1 “oi ri9 i9 i9 i9 i9 TTA9 TiIXToUTT 1X1 107TX0o fuUnoouUiiouoii ai
D1 & Jo]s § ASov «Z TXi " i9 i9 i9 i9 i9 i69 TOUTTT T TiIXBTXO iXUAooUiIioUdIi dio
s E] o E S JEE]P §]}v TXi r'Af rio i9 i9 i9 i9 TXi "OWUXa0o T01X0 fuUnoouUiiouodii ai
}veSCEN § A Sov «Z X1 reit i9 i9 i9 i9 i9 TA9 "OUIABTIXT TiIX8iX6 fUARGUBITUGOO LRK
oi "3V (% v} @} ) iXi rieT riio i9 9 9 rio 816 19 TIXTiU  iX1 18iX6 (URRGUBIIUGGG '|
Z § v8]}v ueU pv « }JE ¢« Ju vS SE %7 iXi 9"Air669i9 ro69 ri i9 i9 "TUéon TiXi iX7 ATXT 6onWIiiviio
W>h Wo v§ 8]}v (JE *3EC iIXi  roiuiei
K((r% } | +8Eu SUE + r A]8Z E}}( iXi r"iU38A9 ri9 (199 i i9 i 11X A IX7 ATXT  66AUTITUITS 3
D& % %O0C]VP OMHU 8} % <5UE Vv (E}%-= 119 iXAi9 roig 199 iro i9 T X7 X7 ATXT  66AUTIIUIIS e
%% 0C]VP OpU 8} % *SUE v E}%e ipe3TE} ~i9 N1 io 9 i9 i9 58 TTXf X ATXT  66AUTITUIIS
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$SSHQGL[7XNLWXNL '+ PLWLIJDWLRQ FRVW FXUYH

LV o D]S1P &]}v WE(EV, p 4 E 4W 4drn Xdjoja , VMEEVE9DIEP]V E ofer  Wojee  diX ofe}er
* }E }( Ju%eo u vd §]3VGCE IP EZCE®P W'Z'E 3 IUC'E X o1 ¢E 1P ,Z2'¢E
hvul3]P 3 “1Ub08 3TXi iXi i661X6  dUiITUIITUII
HEE v3 "TUB0d TIXi iXi i{06X6 1UG66UIBIAUOGSG
(EE v 0}A E & %%o0] 35]}v dXii re ri9  roo9i9 i9 {1199 "TUBGOS TiX i iXi ii06X6 TUG66UIGAUOBO
ANSE u (v ]VP X1 retl rii9  riA9  roéi9 riog i9 AI9X6-TUGART 11 AI6GX6 (UOBTUBOIURTS
Z1% E] VvV %0 VE]VP ~]v oX (}E *3EC- 8Xii 19 r"67 r69rA9 ri9A9  ri Ai9  "TUGII iiXi iX1 AfiXi (UROBUOGIBUBSE
Z 3} I]vP & & Y osx%i i Trite "o ig " i9  rii9 it 19ToX@US6  iX1 fiiXi {UROGBUBIBUBSE
Di s ] o & & ( E3ilo]l* & iX00 k) rag  riiQ i9 i9 9 TOX069 1XU6 AfiXi UROBUOBIGUSSE
JVeSER 8 A So v o7 iX06 i riXi9o riXi9 o rixgo rixio oo 10 X1 iX1 AiTX8 {UAOIUIOBUIBO
JA e+ % *SPE *» ~]X XU %0 v& Jve PXTi 16 rio i9 i9 1i9 i91U6Ii9  TAXI iX1 AITX® {UAOTUIOBUIBO
Z u E ( ®3]o]s & pus ~ o}A iBi IP EIZ - rogiXiiio  r A i9 rio 069 “TU6BT TOXA iX1 AITXE (UR®DIAIOEUISo
& Jols8 5 Asov .7 iXTA “ i9 i9 i9 i9 i9 TA9  “TUOGNXI 18XMAiiIXd1 fURGIUIOBUIBO 10
D1 >]v ((op VS %o}V o 5 TXiT r'id rii9 ri9 i9 i9 i9 119 X6TU0O6IXT 11 AiTXd fuUAoiUiodUId0
Z 3 vVv3]}v ueU pv » }E » Ju v3 5E %7 TXii19 r'®di9 i9rio® i9 19 "fUo8I 1iIX0 X1 111X6 50o5WIdAUITA
W>h Wo v§ §]}v (}E *SCEC TXii r"iuéoéo
Di he }( 0}A A & E *jopo W ( ES X roai i9 rii9 9 i9 9 "TUAG6O T7IX6 iX1 711X 6 506UIORUITH
W>h >v € 8]E u vs ~% Eu v v3 v §]A (}E &BG- IXiT r’i
NSV (% o T v} E}I( iXTA  roigi o riig i9 19 i9 ri9 Ui6A  190oX0l X1 T11X6 506UIOAUITH
Ds K((r% } 1 +8Ep SpE - r A1SZ E}}( iXiA  roiuili ri®  ia9 i9 “id foX1 iX1 11X 6 5odUIOAUITH
% % O0C]VP OpU 8} % SUE Vv E}%-e (119 iXoe  rigin i9 i9 i9 “16 ioX1i X1 T11X6 60B6UIOAUITH
% % O0C]VP OpU 5} % SUE Vv (E}%-e ius§is} A9  roiXii i9or i9 i9 i9 "6 ioX1 iX17 111X 6 5o6UIORUITH
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$SSHQGL[7XNLWXNL '/ PLWLIDWLRQ FRVW FXUYH

UV o DI&]P &]}v WE(Evy p 4 E 4W 4drn X4 jo]a , WEEVSOGSEP]V E ojee  Wojee  d"X ofe}er
*1E }( Ju%oo u vE §]FVC'E IP E'ZCEIP WZK'E 3 1UCE X ol ¢& 1p , 7' ¢
hvu]§]P § TUIAT 10 Xi PX6 X0 oUW Uiii T
LHEE VS “TUIRT X7 IXT UTTT VDo 150 O TAv
(EE Vv 0}A E § % %o0] 3]}v i®Xi roo9o i9 r i9 i9 iii9 "TUTAT X i X6 THOIEUNRTTUIOO
ANSE u (v ]vP OXi r” o riv9 rifg roio rido9 “TYioo i K% IXi UiioUiGimxain A
Z]% @E] vV %0 VE]VP ~]v oX (}&E *3EC- riio B T riid r69 ri9 il9  "fUllf X1 TOTXIX i fUTATUTIAUROS
bi Z M 5} IJvP @& § r aXi r %o T rg9 ig” i9 1919 riilUsio i6X0 iXi fUTATUTORNT 06 176
s E] o E S ( ES]Jo]s & iIXé6 ° Ao ri9 riig9 i9 006919 "iUdiio ioXn IXi fUTATUTDANMAOG 110
JveSEN § A So v «Z iX6r” 1 iXi9 riXi9 XA 99 1719 "iuoeTh ioXn IXH fUTATUNDOIURG O Ti
Z E ( E3]o]s & pe ~ o}A i61 IP EIZ - X9 r” iAo i9 i9 ri9 0069 "fuodin ioXi ToTXiXi fUTATURTOURGO
& Jol§§ A 3o v e IXT rT 1iA rio9 rio9 rii9 roi9nog "fUGRAT ioXo X 717U 0i@®®Xid 6 716
b Z H ES3} ((opvs & X6 i rio 19 9 1919 1fUG608 i8Xi IXi 111U 0 BEAN6 6 )
>]v ((Op V8 %o}V o IXiorT i ro9 rio i9 i9 UGHRS  TIOXO iXi TU G G806 X®o Tid
W>h Wo vS$ §]}v (}E *SEC iXi r" 666
Di Zs3 vé]}v, ,u-U UV ¢ }E » Ju VS SE %oZ T rrieod réi9 rof9 i9 i9 "fudio iiXo OiIXiXi foivonivodif
he }( 0}JA A& & *}Jopo W ( ES X7 Hi96i 19 199 r 19 19 "iU0do {iXo IXi {OBUERIUBTA 7
W>h >v & §]E u v ~% Eu v vi§ v §]A (JE «3EC- X7 fuooo
AS v (% et v} E}I( iXiorT 1Al riio i9 19 i9i9 rivido X0 iXi {6iUOBINDIR i
Ds K((r% } 1 3EuSuE «r Al3Z E}}( IX1i79UE6119 ri® ii9 i9 rfioR 5X8 iXi 67180 VBT 71
% % O0C]VP opu 3} %o *SUE VvV E}%-e {119 19 (XdAt19 iif 19 i9 i9 i9 1061 X8 XX | f6BUORIUGITTA
% % O0C]VP opu 8} % *SUE v El}%eripes &} A i9 iXto9 i i9 i9 i9 i9 rooii 5Xd 87 XX i {6iUORTUDIH
$SSHQGL[7XNLWXNL 6%- PLWLJDWLRQ FRVW FXUYH
Hv o DI3]P §]}v WE(Evy p 4 E 4W  4d°"X Yol4 , MEEVS9EB EPJv E ojes  Wolee dOMokes
*E }( Ju%eo u v3 3]}¥' C'E IP E'ZCE IP WZ'E 5 1UCE X }oT¢E& 1p , 2" ¢E
hvul]§]P § T iU6oT ITXi IX06 iiiiliiiaoXé iitouUiiiu
LEE Vv§ "fU6oT T6Xd iX0 61TX 7 fUOGOUTIOURSGA
"NSE u (v ]vP iX6i r° 080 rit9  rifg9 réoio rfio9 9 i9iU606 606 TO6Xi iX6 T1TX0 fURTOUITTUDBIO
Di  Z]% &E] vV %o0 v3]vP ~]v oX (}E& +35EC- ri9 A riiies riio rio i19 “fUOB ToOXi iX6 Udiixuoii [U&i®
JA E+ % *3UE * ~]X XU %0 v3 Jve ri9 iXiior” i® i9 i9 169 "fUo60d TAXA iX6 T0TXiiT fidioudioUo
DI & Jol]s § A’éo v oiv iX60 © r i9 i9 i9 i9 i9 00600 769 TAXAU iX6 TOTXT fusiouodioUoIl
JveSEN § A So v «Z IXid6 r” 10 O XA9riXivon9 IKA9 io9 "fUo0d TAXd iX6 10081 fiUTOOUTOTU
W>h >v & 8]E u vs$ ~% Eu v v3 v 3]A (YE dEC- TXiT fuod
Di  Z § v8]}v ueU pv ¢ JE ¢ Ju vE 8E %oe”Z IXi® riidAT ré669 rii9 i9 ing “fuoih TAX0d iIX0iUn6duXiod iii
W>h Wo v§ 3]}v (JE *3EC TXil U6
he }(0}A A & @& «}opo W (ES X1l rii9 06 i9 D9 i9 119 "fURGI TAXS i X fi 00Xi OiFTURGIVUIAG
Do /v & - *Z % W 3§80 €& 3]} iXf6 = 006 19 1o 1809 i9 "iuoio T10X0 1 XA 00Xi fiboiuUnRGivUInG
%0 % 0CJVP opu 3} % *SpuCE \ E} % 119 19 X inTig iini9 i9 i9 i9 "fUfnio T0X0 iXo 6 DXiih 6 6 DiidJ fi
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$SSHQGL[7XNLWXNL 6%+ PLWLIDWLRQ FRVW FXUYH

v o DISIP &]}v 4D AE 4 W  4drn Xajola , 2 PEEVSOER EPJV Eojec  Wojee  dXABQFer
WE (E v -« }E }( Ju%o u vE &[}¥ ¢& 1P E'Z¢E IP wK'E s 1U¢E X ol ¢E 1p , 2" ¢'E
hvu]s§]P § “80i 11Xi iXi AUGASI B IUITIUITI
LEE Vv§ “80i XA i1Xd TUo1Td fuddiuUidOUOGOR
"SE u (v ]vP X061 reoi rii9 rifio réig rido9 i9 di9 "8T6IX6  {0X@BAOGT fURATUTIOUI®O6
Di 1A &+ %o -'§uGE . ~JX XU %0 v§ Jve PX i r'd i9 i9 i9 1919 "oi9 foXod iX0 fURDT fURATUTTIOUIOO6
& Jol§8 8§ A Sov eZ PXii "l i9 i9 i9 19 i9 A9 "o fOXaURAGT 1X6 TUAARTUTTIOUIGO
Z]% E] v %0 VS]VP ~]Jv oX (}E *SEC- IXi0 197006 rii9rf9 rigori9 rito9 iAo ioXi iX0 iugotr i fUBBIUTTTUITO
W>h >v € 3]E u vs ~% Eu v v3 v §]A (}CE *SEFI X r'f
he }( 0}A A S E «Jopo W (ES IXif r'oo 19 rit9 9 19 719 "o foXi iXo6 fusort fUddIUTTIUTAI
DT Z § v8]}v ueU pv ¢ }JE ¢ Ju v8 SE %o~ TX il A ATroi9 19 rii9 i9 ii9 TR0 foxXi iXo it 1A ofddiiTU
JVeSEN § A S0 v 7 TX il r'é riXxi9 rixi9 riXi9o riXngo iXi TAT ioXi iX0 (s 6AOUGOOUGTI
Di Z (JE P E}%%]VP iX60 reiof ré9 rii9 19 19 i9 19OXd  "oTXA i 6 6fAOUGBOUGTI
W>h Wo v3§ §]}v (}E *SEC iX06 TioX0fo0o6
D5 Iv @ ¢« *Z % W 350 €& 3]} iXfo r'oi rfio rii9 9 1i9 9 rivit iAXo iXf 6 6fioUBdOUBTI
% % 0CJvP opu 8} % *SHE v E}%-e (119 X9 rUiig i9 i9 i9 reoi iiXo iXd i 6AGBDBAOUGTI

$SSHQGL[7XNLWXNL 6%/ PLWLIJDWLRQ FRVW FXUYH

« “ WE ( E v n WEE v 9 A@DSEP]V E 0}e- W 0}ee dX A JaOjfese Ve
Hv o DISIP S1}v e 4D 4R AW AdXU M o s S CE P ERCEP WIKE s U CE X Jof €& 1P , 2 cle
hvul§]P & AT iTxi iX8  TUITXi guiisuiiiuin
HEE v3 AT iiXi iXd {UIATXS fUBIBUIIoUGIO
ASE u (v ]vP iXol r'di rii9 rin9  r6i9  rioé9 19 319 CATET RO X A fUARTUAGOUITT
Di & ]o]8&§ ASov +Z PXii i i9 19 i9 i9 i9 A9 “Aid fiX@oiXA iXi fUAATURGOUIIT
Z]% E] v %0 vVS]VP ~]Jv oX (}E *SCEC- iXi819 rfigé rirdi9 rn9 169 "800 6X0 iX7T ATiXnA fusdouoiTdUIdT
W>h >v & 3] u v3 ~% E&u v vi v 3]A (JTE -s®&@. X171 ro
he }( 0}JA A& E «}opo W ( ES X r'os 19 rimm i9 11919 “iéi 8X6 P X fiTiXh fUdioUOTBUISIT
DI  Z 8 v8]}v ueU uv « }E + Ju vE SE %o IXI1A9 moAd nAMiori 19 i "i80 8X 8 iX1 iiXi 6fi6BO6BURBO
JVeSEP § A 3o v «Z XTI r'ie riXxs89 riXxs9 i9iXo9 riK®9 iXii 85X 0 X1 i X 6fidUB0IUBDI
Di Z (JE P E}%%]VP iX606 “i6 r69 19 i9 i9  ri9 i9 eI TieXi 6fidUB0ITUBBI
W>h Wo v§ §]}v (JE& *83EC iXo06 il
Do %0 % 0C]VvP opu 8} % *SUE v (E}%-e (119 riX®i 19 r"iif9 199 i9 “101 o6 Xi iX1 fiTXnA 6fA0UBDIUOGOI
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$SSHQGL[7XNLWXNL 6%9/ PLWLIDWLRQ FRVW FXUYH

< “ WE ( E v A MWEE v8 9 dDSEP]v E o} W 0} dX 1 Jaojfesee '
wvo DISIP Sliv cJE 4 D 4 E 4w 4dAX 114 o }( Ju%o u v §]ZVC'E IP E'Z¢EIP W'Z'E 51U C'E X ol ¢E 1p ;2 ¢E
hvu]S§]P § CTAT ioXi iXi fUofioXn FASARRECARRACARE!
HEE vS§ “TAT i Xi IXi iUieoXi TUBIBUIIOUDBId
"SE u (v ]vP IX6i r'oi rivo rifi9 réoio rfiog i9 819 TTIET aXdXT fTUARTUAGOUITT
Di & ]o]3 38 A Sov «Z Xl i i9 i9 i9 i9 i A9 “116 fTXB0XT IXT TUAATURGOUITT
Z]% E] v %0 vS]vP ~]v oX (}E& *SEC- iXid 19766 riio9rid9 rigxn9 riio9 ifid iiXn iX7 0iiXd fUoiddu oo UIdi
W>h >v € S]E u vS ~% Eu v v§ v §]A' (JEOGHBSEC TX77 rei
he }( 0}A A3 E «}opo W (ES TXii rooé i9 rit9 9 19 ] iif iiXn IX7 diiXo fusiouoToUIdi
DI Z 8§ v8]}v ueU pv « }E ¢ Ju v8 SE %o+ IXili A ATroi9 i9 rio i9 ii9 “fi6 iixn X7 606 XT 6 ®Bo66URSI
JveSEN 3§ A So v «Z TXii r'id riXxe9 rixXa9 rixeo ri Xidi® iXat iiXn iX7T 606X6 6fidUb0TUGOI
Di Z (JE P E}% %]vP iXo606 " rée9 i9 i9 i9 rée9 i9 X6 0 &G0 i 6fAoUO6OTUGDI
W>h Wo v§ §]}v (}JE *SEC iXoo “oin
Do % % 0CJ]VvP opu 8} % *SUE v (E}%e iii9 i Xid D r iR i9 i9 i9 r'nod iiXo iXi 66X6 6fA®dIOOTUDGOI
$SSHQGL[7XNLWXNL 6%+ PLWLJDWLRQ FRVW FXUYH
LV o0 D]S]P &]}v WE(Evy p  4E 4w 4d°X Jop , HEEVSOED EPJv Eojee  Wolee  dXMDghee
- JE }( Ju%o u v3 31}¥ CE& IP EZCE IP W'Z'E 3 IUCE X }of¢E® p 2" ¢E
hvul]§]P § “161 ifXi iXi 6U60IX0 [ ARRNCARRAVARE!
MEE v§ “161 ioX1 iXi AURSOXT TUTiTUiodURiId
"SE u (v ]vP iXio r'oo rir9 rid9 roi9 rio9 i9 9 "TAGX6 1TXidJido fuoofrU6GAOUBGT
Di  Z]% €] v %0 v8]vP ~]v oX (}& *SEC- iXid 9 r"dir69 ro9i9 rd9 rie 9 “ioil iTXn iX6 AR} fufieoUoiiUdiIO
s E] o E § ( ES]o]* E iIXii “fio i9 i9 i9 i9 i9 0068 "1 X060 imXiit furooUoiiudio
W>h Wo v§ §]}v (}E *SCEC iX060 “i100
DT "% %0 vS§ SE - iXoh roiii i9 rii9 roi9 i9 i9 169 XA "idi iXo6il 6710 iUAdoUoiIiUdIO
W>h >v € 3]E u v3 ~% Eu v v3 v 3]A (}JEISEC- 1X66 r'o
Di he }(0}A A3 CE +jopo W (ES iXioé r'on i9 rii99 i9 717199 i"61 iTXn iXo 610 iuUfdoUoiiUdiO
Do % % 0C]VvP opu S} % *SpHE v E}%-e (119 T Xi®o iviiA 1919 19 i9 rofi iTXn iXf 610 0 iuUuAdidUoOIiUSBT
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$SSHQGL[7XNLWXNL 6%/ PLWLIJDWLRQ FRVW FXUYH

Hv o DI3]P §]}v WE(Evy p 4 E 4W  4d"X Jp , HEEVSOEB EPJv Eojer  Wojee  dOMj@fee
c }E }( Ju%o u v3 §1}% C'E IP E'ZCE IP WZ'E 3 IUCE X ol ¢E 1P , 2 ¢'@®
hvul§]P § “RAI 8 X1 iXi oUi6iXd FISERRACARRACARE
MEE V3 “RAI oXA iX8 TUBIIX0 iUTiiuioouUfio
ANSE u (v ]vP iXi6 r'de  rii9 rii9  ro6ig9 riiog i9 if9 "506X6 idMdOXA 1TUOOAUGAOUBGST
Di  Z]% @] v %0 v3]vP ~]v oX (}E& *SEC- iXid 9r'60 roxd9 ri9 roé9 n® 9 "i606 6Xi IX6 {fUBdITXT fURdoUOITUdTO
s E] o & § ( E3]o]* & iXii “Ad i9 19 19 19 19 8369 Mo U 86D fURBOUOBITUBIO
W>h Wo v§ §]}v (JE *3EC X060 it
DT "% %0 vE SE - iX06n reiii i9 rii9  roi9 i9 i9 189 A CiATiX0 OXidXA fURB6UOBIIUBTO
W>h >v & 8§]E u vS ~% Eu v vi v 3]A (}E 6SEC- iX66 r o6
Di he }( 0}JA A S & «}jopo W ( ES iXi6 roon i9 riigg9 i9 71199 166 6 XA i X0 fAioXn fURBOUOBITUBIO
D& %0 % 0C]VvP opu 8} % *SpuE v E}%-e 119 1 X di0 rifin i® i9 i9 "i6o 6 X 1 X A A1dXnA fUidouUoiiudiO

$SSHQGL[7XNLWXNL 6%9/ PLWLIDWLRQ FRVW FXUYH

< . WE ( E v n LWEE v 9 EDSEP]vV E 0}ee W 0}ee XN} @)ee v i
Hv o DISIP 8]}pv c}E 4 D 4 E 4w 4drX 103 }( Ju%o u vs §]FVC'E IP E'z¢@P WZ'E § IUC'E x }of ¢& 1P , 27 ¢E
hvu]s]P § “i00 6 Xi IXA  TUTIiXT dUITTUTTTUII
MWEE vS§ “100 0X0 iXd TUidiXi TUTITUIBOURID
N§SE u (v ]vP iXi6 r'oo rivo rifng roi9 rnoé9 i9 79 “TT& O O XiXi i fUoofAUGRAOUDBGET
Di  Z]% €] v %0 vS]vP ~]v oX (}@E *SEC- iXid 9°00 rox09ri9 ro9 r®9 1006 AXo iXd 61T X1 fjuidsouUoiiuodio
s E] o & § ( ES]o]e E PXTi “fi o i9 i9 i9 i9 i9 0069 IXBO O1iXXd (fUAdOUOITUDIO
W>h Wo v8 §]}v (}JE&E *SEC 1X66 "1606
DT "% %0 VS SE - iXo6n rofii i9 riio réio i9 i9 71696 TR fiod X fi fUfdoéUOITUdTO
W>h >v @€ 8]E u vS ~% Eu v v8 v 3]A (}EBYSEC- iX606 r'o
Di he }(0}A A S E «}opo W ( ES TXio r-of i9 riire® i9 11919 "iiod fiXo X f08Xi fufidouUoiiudio
D& %0 % 0C]JVP opu 8} % *SpPE v E}%-e (119 i X669 ribi i9 i9 i9 “00 fiXo iXT T00XH fUfdoUOITUDBTO
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$SSHQGL[7XNLWXNL '(+ PLWLIDWLRQ FRVW FXUYH

LV o DISIP &]}v WE (EvV 4 p 4 E 4 W 4drn x4 jop , WNEEVS9EB EPJv E o}er  Woojee  dXt dpder
c1E }( Ju%keo u v §[}¢' C¢E IP EZCE IP WZX'E  § IUCE X Yol €& ip , 7' ¢'E
hvu]3]P & “110 TiXi iX0 TUITOXO SRIVARRAVARD]
UEE V3§ "0 TiXi 1X i iUitoXo 3806UT86URIT
pi "SE wu (v]vp X061 66 riio ring roio rio9 i9 819 “{661X8 (BXIAATXO T8AUITAUGIA iio
Z]% E] v %0 vS]vP ~]v oX (}E *SEC- IXid 706 rir$i9 riorno rio9 60 ioXn iXd ATOXd TToUdGITUOOGS
D7 "% %o V8 SE -Z v X6 Tron T i9 T rice 7 roig i9 i9 i69 "6X 8 {OXiGiXT TiiUIT0U660 ii6
§7Z E}%e (JE (JE P E}%%]VP TX11 reo r69 i9 i9 99 e} P6X 7 iX8 T71iXa8 110UBTiUOG6S iio
W>h >v & §]E u v8 ~% Eu v v8 v 3]A (}E +SET- X7t r'td
he }( 0}JA A S E «}Jopo W ( ES TXii ron i9 riio 9 i9 109 i i6Xi iXi TiiXad 1T0U61iU0G6S ii6
Di &V ro]lv % ]JVP % @& A vi]}v TXTi rigo i9 rigo i9 iB®  rigriii [6Xi iXi TIiX8 110U6TiU06S iio
Z 4 (JEP E}%%]VP iX066 reof riio i9 i9 i9 ri9 P9 (iXAr 16iiXi T7iX8 T10UBiiU0GS iia
W>h Wo v§ §]}v (JE *3EC iX06 fifio
Ds e %OCIVP opu 8} % SUE v E}%-e (119 iX6iii9  roiing i99 i9 i9 ri6o fiXn iX1 TiiXa 1T0UBTiU0G6S i
08 Ev 3]A A o0o0}A]vP iX606 ) i9 ro69 i9 i9 i9 09 iXA rrasiKi i TiiX8 1T0U6TIU06S iid
$SSHQGL[7XNLWXNL '(/ PLWLIJIDWLRQ FRVW FXUYH
LV o DISIP §]}v WE(EvV 4 p 4 E 4W  4dAX You , HEEVS9EXEPJv. E ojer  Wojee M@l
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7H +RLHUH PLWLIJDWLRQ FRVW FXUYHV

$SSHQGL[7H +RLHUH '- PLWLJIJDWLRQ FRVW FXUYH
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& Jo]l8 8 ASov «Z YoiXii r iXi9 IXi9 1Xib9i9 IXTXA9 “fUGRAT TAX6
Z u (JE P E}% % ]vP X1 r° 181 PO TXM9IX191XadP IXi9 T IURAIT Taxi
Di he }( 0o}A A& E *}opo W ( ES IX119 rriidd9 IXi19Xi 1Xi9 iX1i9 1X1i9 "TUT60 78X
Z 3 v8]}v ueU pv +« }JE » Ju vs SE %2 iIX6aXior” ANXi9 roiXi9 rfAiXi9 iXi9 iTXfA9 XU TaXi
JVeSEN § A So v eZ Y iXon re 7 iIX19 riXi®i9 iXiXi iXi9  “iuiai 19X1
W>h >v & $]E uvs ~% Eu v v v §]A (J& *SEC- iXTh Tut
AS v R(( % e r v} E}I( iXThA r° iioé rnixXX99 IXiRi9 riXi9 iXi9 CTUaIT 1 1OXKi &
D& K((r% } | «3EpW SUE « r A]3Z E}}( iXKA9 [l iXiel iXi9 iiXe9 iXi9 ©  080i fioXd i
% % 0C]VP opu 8} % *SUE v E}%-e iii9 fiXiii9 w71 Ko iXi9 iXi9 iX19 IXi9 7 i0Ad iaXi
%0 % 0C]VP opu 8} % *SUE v (E}%-e inies §} ~ X9 roxXio iX19 iXi9 iX19 iXi19 10Xifdd X7
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$SSHQGL[7H +RLHUH '+ PLWLJDWLRQ FRVW FXUYH

uv o DIEIP §]}v 4D 4E 4W 4d°h X4 jou , MEEvsS9 €D EPJv. E ojee W ojee d™Xofje}er
WE ( E v ¢ }E }( Ju%o u vs 8]}& CE IP E'ZCEP W'Z'E 3§ IUCE X }ole¢Ee 1p ,Z2'¢E
hvuls]P & " TUT 6 X X8 TUT66X T TAN@EIUITIUI
HEE v§ “TTUT6T TiXo  Xi iXi TUTTAUGBALEII 186
ANSE u (v ]VP BXi reiR riio rifng  roio rieo i9 A9 TIXiTUIOI X6 ofAX1  TBBNBUBGOUIII
D]v]upu $Joo P X0 “18 rig i9 i9 i9 i9 619  1MUI00 X6 1iX OffXI fUIXIUB60UITI
Z]% E] V %0 VSE]VP ~]v oX (}E *SEGe iX0 O0iw"66rAGIA9  ri®9  r 819 " TUTI0 iAX6 T16X6 XA 611UV Té
Di Z p E &} ((opuvs & iX0 rUil rio i9 i9 i9 i9” 19 X860 X U18iibN B 18 6 Kit
JA €+ % *3UE * ~]X XU %0 v3 Jve XA re rio i9 i9 69197 1UTG9 PAXi iXi  6TiUTaTHXI6 186X1
Z p }]o W § «5 3} }%3]upu XA oA 19 ring i9 i9 Yo uUiin 6R9IAXIT iXfA  6TTUTaNINGT 186X1
s &l o & § ( E3]o]s E iXTA “Ad  rAo riio i9 i9 i9 6 6K 6  TUIT  iX3 UTainxoen TGN T
Z p 5} I]lvP E § - iXi “iia  rig i9 i9 i9 roo 19 aXBai X3 iTeXiat TTONBIA1
DT >]v  ((OW VS %}V * iXi reifi ro9 i9 i9 i9 i9 679 (dXTUBI6 (X8 TTOX®1 MTOXiA) 181U
(EE v 0}A E 5 %%o0] 5]}v X0 e rig ro699 19 Bi® 1086 11X iX6  6171UTBIAN B 1T6X0
W>h Wo v§ §]}v (JE +3EC IX1f rriuoti
Z u (JEP E}%%]VP X1 r'i66  rii9 69 i9 i9 i 1911XATUII6  1X6 TEINN B T TToXia
Di "% %o VS SE - X1 reili 19 r1i9  roi9 i9 i9 19 iTX@1806 iX0 ATWX A1 1ToNB16
NS V(% o r V) E}I( iXi reiol rii9 i9 i9 i9 rig" 60 19 B6MIO iXo 1iUTsINIXIAT 116K 0
K((r% } 1 «8Eu SuE » r A1$Z E}}( iXi riues9  ri99 {99 i i9 rt iio X IXATiX6 61iUTaIUIII 160
W>h >v € 3]E uv8 ~% Eu v v3 v 8]A (}E *3EC+ UBIi iXTh ri
Ds %% O0CIVP opu 8} % +SUE v  E}ke (119 i 9 rUfi® 199 r1ii9 19 rt Qi 6 X fi (IXATIXA 61iWTaIUIII 160
% % O0CIVP opu §} % *SUE Vv El%e ipes 3} A i9 ron CIIARE i9 i9r Tt OXA  TTiIXATIXA 61iUTaIUIII T
$SSHQGL[7H +RLHUH 6%+ PLWLJDWLRQ FRVW FXUYH
LV o DIS]P §]}v WE(EY p 4 4w 4d X joja , HEEVS9DIEPJY E ojee W o}ee dXn bg}er 5
+ JE J( Ju%o u vE §1FVEE 1P E'Z¢E 1P WwZE 5 IUCE X }olTeE 1p ;2 CE
hvuls]P & " 508 i6Xi TUGIGXT IXABUITIUITTUITI
HEE v§ 588 i8Xi UBTOXO IX@i8AUITAUIGH
ASE u (Vv ]vP iX0 r'86  rii9 riA9 ro6i9 riog 19 869 {iXdio IX8UiTOU G0 DIGIE iT8X6
Di  JA B+ % *SPHE * ~]X XU %0 v3§ Jve X0 re ro9 19 19 89 19 &ii i9 idXo OTIX1 IXdUiToUBO6UG6E i
Z]% €] V %0 V3]VP ~]v 0X (}E *3EC- IXH0T9 r iiArAodio rii® i19 T8 X6 PiXi  1X  067UBAOUIIT
DI & ]0]33 A So0v «Z r X0 17 9" 9 19 i9 i9 769 D) 6 IXi TUBAOUIIKI I1®X i
he }( 0}JAA & E *Jlopo W ( ES iX0 reiio 19 rii9 919 iT9 B 8X06 X7 IXi 06TUBAOUIIT i
Di  Z 8 v8]}v ueU pv ¢« }E » Ju vs §E % +Z iX&9 rong ienAio i9 09 " iol 0X06 01Xd 11X TATUGATUOGDI
JveSEN 8 A 8o v «Z r iXd re i9 19 i9 i9 i9 09 OB 6 IXT ATUITIUOB®IXT i1oIX1i
W>h >v & S]E u v8 ~% Eu v v3 v §]A (}E 38EC- iXo r'io
D8 % % 0C]VP opu 3} % *SHE v E}%-e 119 TIX6 19r"fifi 1919 ri9 i9 66 X0 0iTXT iX1 TATUITIUG ST
W>h Wo v3 3]}v (}E *3EC iX06 “i
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$SSHQGL[7H +RLHUH 6%+ PLWLJDWLRQ FRVW FXUYH

LV o D]S]P &]}v WE(Evy p 4 E AW 4drX g , MEEVS 9 BSEP]V E o}er W oojer 0Nl
- lE }( Ju%eo u vE §1FVCE 1P EZCEP WLE s 1T CE X o] EE 1P , 7' ¢E
hvu]s]P § iio TiXi AXT IXAUITTiUiTIUAI I fioXi
LEE vS§ [Ks) ioXi TOAOAUIOTAIOIOXT (16X
NSE u (v ]vP XA r'id rii9 ring réio rid9 i9 16/ XS6 1060 X6 000Xd [16X0i66UOO
Di S QE] o €& S ( ES]o]s & X "fid i9 ri9 i9 i9 i9 i0X9 16 TX0 0i00X0 1OXiTOO6UO
JA E* % *SPE ¢ ~]X XU %0 vS Jve X r'o rig i9 19719 " 19171 19 PAXIT TX0 166UOIWAKSG iii@X 0
Z]% €] V %0 V3]VP ~]v oX (}E *3EC- iXT 0f967 rAGP9  W9i9 r ii9 7 188 iiX0 X6 TXT 6i1AUGITUIII 167
Di he }( 0}A A & G +Jopo W ( ES iX6 rifé i9  riigQ i9 11919 {ib (iXo IXi 61AUOGITUNS fioXt
W>h Wo v §]}v (JE «8EC X rod
Di  "%o %0 vS SE - TXi i i9 riio réio i9 i9 i9iiXo0 1o iXo 60X fioXainuoii
W>h >v €& S8]E uvs ~% Eu v vi v 8]A (}JE ASEC- iXT r'ioé
Do %0 % 0CJvP opu 8} % *SUE v E}%-e iii9 iXii9 ring i9 9 i9 r° 06 iiXo XA X7 61AUGDIUIII iid
$SSHQGL[7H +RLHUH () PLWLIJDWLRQ FRVW FXUYH
LV o D3P 13v. WE(E Y p 4 E AW Mdx~ }a] , MEEVE9BDSEP]V. E ojee W oojee dXM Boler
c }E }( Ju%o u v3 $]FVCE IP E'ZC@®EP W'Z'E § IUC'E X }oT¢E 1p ;2" ¢CE
hvul]§]P § “160 XA iX7 futdoeiiuiiiuiil  iXi
HEE vS§ “160 TXf iXT futeadiiviiiuiil  iXi
Di Z]% €] v %0 vS]vP ~]v oX (}E SES49 riskgi rfioo 19 19 109 "160 X3 X7 futoo i STiUIIKUITI
$SSHQGL[7H +RLHUH () PLWLIJDWLRQ FRVW FXUYH
. . WE ( E v A HWEE v 9 ®3EP]V E 0}ee W 0}ee  XMAYafeee
Hv o DISIP S]}v cl@E 4 D 4E 4 Wad X JoB s }( Ju%eo uv ~Z ¢EIP EZCEP WK'E 5 IUCE x }ofdE P , 7 ¢E
hvuls]P § 716 X iXT fUTTTIXT ieiiuUiiiuiii
HMEE v§ “110 X X1 fUTITXT IXITUIITUI
Di Z]% @&] v %0 VS]VP ~]v oX (}E *SEC49 i ro riio 19 i9 109 “116 X8 fUTTTXBXT diiUiiiUili iXi
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$SSHQGL[7H +RLHUH /+

PLWLIJDWLRQ FRVW FXUYH

r

UV 0 D]§]P &]}v W_CE}EECE Vi D 4 E
hvu]S]P §
LWEE vS§
DI NSE u (v ]vP X6 [N
Z]% E] v %0 vS]vP ~]v oX (}E *SCEC-
DT & Jol8§ A3Sov «Z X6
Di JveSEpP 3 A So v <7 X8
W>h >v € 3]E uvd ~% Eu v vi v §]A (JE 8SEC-
Do %0 %0 0C]VP opu 8} % *SHE v E}%e {119
W>h Wo vS§ S]}v (}E *SCEC iX06

4 W

rii9
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iXd
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I oG9
i9 19
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revi

11BX619 r'iif9 i
"ioo

WEE vE 9 ADSEP]V

E 0}es W 0}ee DA Jlfocer .

% 3 Ju%o u vs §TVCE IP EzCEP WiZE 51U ¢lE X Yol & 1p ,7' CE
" 16 T8XT  AXT  TXUITIUITWIGE iTAX8
76 X SUXTOUOBBUATORAXA (TAXS
riog i9 iBIXT T0f iX6 060X06 iTAIIOOBUBG G
riiteioriio r ri9 61 idX6 IX6 iXT 6IAUSTDUITI {18
19 i9 19 X6idi iX® TOIX8 I TERARUOIIUII
19 i9 19 8X06i06 i Xi7 TOTX0 I TERARUTIIUS
9i9r i9 o1 X6 X0 iXi 61AUTGTUBTI i18)
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6RXWK &RDVWDO &DQWHUEXU\ PLWLIJDWLRQ FRVW FXUYHYV

$SSHQGL[6RXWK &RMDWQMWHUEXU\ '= PLWLIJDWLRQ FRVW FXUYH
HV 0 DIIP &]}v WE(EvY p  4E 4w 4drh Xdjold , 2 MEEVS9EIEP]V. Eojer  Wojee  &Molee
- 1E }( Ju%eo u vé §]1Fv CE IP E'ZCEIP W Z'E § IUC'E X (ol d& 1p , 2" ¢'E
hvul]§]P § "dUMbGO 86 Xi iX3d S1iXA dUiTTUTTIUIII
HEE v§ "dUfod0 TiX06 iX0 111XT TUTI8URBTUTRAO T
Z u E ( E%lo]le & pus ~ o}A idi IP EIZ - rio9 iXoéi9r iiii9 i9 réag 0719 "8URBO6 T1X06 iX0 THIXT TUTI@XBGTUTRO
JA Ee % *SUE ¢ ~]X XU %0 v3§ Jve X0 r'o ri9 i9 19 06919 "dUABA TIXa iXo T1IXT TUTIdURAGIUTAO |
A"SE u (v ]vP X0 r'id rii9 rifn9 réi9 rido9 i9 607T91 "oUKi@ o®X 0 iUT60UIBIVUIOGG 100
Di Z1% @E&] v %0 VS]VP ~]v oX (}E *SEC- IXA 09061 ridvio rii9 r 169 “8uUdobi 11X iXo 31X0 001UBOAUNATA
s ] o €& § ( ES]o]. & XA “fid rio rii9 i9 i9 i9d 71X661 9 TEROB0 871X0 00iIUGOAUATH T
(E®E v 0}A E § %% 0] 3]}v TX8 r'o ri9 roog9 9 19 619 "3WeoT TiXh X8 31X0 001UBOAUNATA
>]v ((op VS %o}V e TXT r'1o roo i9 i9 i9 i9 6f9 "OUB® dTXD 006iUOGOAURATA 100
Z g +}]o W 8 «§ 8} 1% S]lupu IXT  rriof i9 ring i9 19 9 198U8ii AdIXT iXd 81X0 0061UBOAUATA
Z u 8} I]JvP E § - IX6 rriii rég i9 19 i9 ro9 191X&06UTOIXd T O71X0 00iIUGOAUATA [}
Iv & - ((op v8 @& IX6 r7idd i9 i9 i9 i9 ri9 19IX3 "8UiMKS 1 8TX0 006iUBO6AUATA [}
D; & Jol8 s Asov -z v X i "3 "ig %o "9 i9 i9 {69 "BUIIAS TIXiX0 O0BIUGOAURATH T7X
s ] o & 8§ JEE]P §]}v X r'id ri9 19 i9 i9 i9 11D619 "BUdi6 81X0o 0061UBO6AUATAH T
WeSEu & A Sov o7 v ixi  fis "9 Tio "rig rio i9 19 XidUIBIXd TidiXi 0060UI0TUBGO i
Z § v8]}v ueU pv ¢« }E ¢ Ju v8 SE %o TXi r'airéi9 19 rinivi9 i9 iT9 "OUIRAI 11 Xi iXd 6XT1 TA6UGTOUIBI
W>h Wo v§ §]}lv (}E *SEC ) TXi r'ivain
>v E SJ]E u vS ~% Eu v v3 v S]A (}JEOS6SEC- iX6 r"iu
he }( o}A A S E *«}jopo W ( ES iX6 rUife i9  rii9 9 19 69 “TUGI8 TiXi PXT 8Xi  TAOUGTOUIDI i
A v I(( % e r vY E}( iXé8 r"6id rii9 i9 i9 i9 ri9 8o6n X" TU X7 OXT TA6UGTOUISI T
K((r% } | «3CEu Sp&E « r AlS8Z E}}( iXd r"TUmATI9 ri® iTdi9 i i9 "60T iTX0 X0 6Xi TA6UGTOUIBI 70
Do % % 0CJVvP opu 8} % *SpE v (E}%-e iii9 ivor  rU g 119 r 19 i9 "6fo6 iiXo X0 6Xi7 TA6UGTOUIABI T
§} % E C JEE]P §]}v iXi r'iod rong roi9 i9 i9 ri9 X0l 9 IX0T6 OX4 iTA6UGTOUIDI 701
% % 0CJVP opu 8} % *SUE Vv E}%e ifi¢s 3} 19 ro9dxi ir9 i9 19 19 Col 60X0 X OXT TA6UOGTAUISI [
Z u E 8§} ((op vs & iXi r'id ri9 i9 i9 i9 ri9 196 X8 "66a Xi OXT TAGUOTOUIDI fio
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$SSHQGL[B6RXWK &RRIDQMDHUEXU\ '—

PLWLIJDWLRQ FRVW FXUYH

LV o DIS]P 3]}v WE(Evy p  4E 4w 4dw o3 , FEEVS9@SEP]V E o}er W oo}ee  dX? bg}es
< }E }( Ju%o u v §]FVCE IP E'Z¢\@P WZ'E 5 1U ¢'E X ol €& 1P ,7CE
hvul]§S]P § “TU006d ioXi iX6 iiioXa dUIAUITIUITI
MEE vS§ “TU0o6 iiXA iXo 018 X1 fuddouUdfiuffo
Z p E ( ®8]o]s & ue ~ O0}A 61 IP EIZ rif9 1Xi® rieni i9 ri9 619 "TUfAodn PiXi iXo6 0i06 X1 TUBaORNOINIURARO
JA B+ % sSUE + ~]X XU %0 V& Jvs X0 r'o ro9 i9 19609 TBURDI9 fiXo6 1 iX0 018 X1 fuUdooUGAIURARAD
ANSE u (v ]vP X0 r'id rii9 rino9 roio rfio9 i9 8791  TiuUIiked THIX 1 fUTAAUGOOUITI i
DI Z]% E] v %0 vVS]VvP ~]v oX (} @& *SEC- IX8i9 r " AO9riigigrii9 rié9 "TUROA 6X0 i XA iT6X0 OTdNiioi Uil
s ] o €& § ( ES]o]* & XA fio ri9  rii9 i9 i9 198 OX9  IDUMA 1T6Xo 6TTUTaI VI i
(EE Vv 0}A E § % %o0] 3]}v X0 r'f ri9 rod i9 61919 "TURRAO 6X06 i X iT6Xo 6TTUTaIUII
>]v ((Op VS %o}V o TXT r'ié rif9 ri9 i9 i9 i9 6A9 0 "TUARMXIT 0K 0 6TTuUTaIUITI 1o
Z p *}]o W § 8 8§} }%S]upu TXT r'of i9 rif9 i9 i9 TRURATO 1l 3:Xs] i X iT6Xo0 6TTUTaIUITI
Z p S} IJvP & § » iXo r'oi roo i9 i9 i9 ré9 i91 "TUdKS T6X 0 61iUToIUIII 7166
DT /v & - ((op v8 & iXo6 r'oioé ro9 i9 i9 i9 ri9 X o "TURABKT iT6Xo 6TTUTaIUIII 7
s ] o & § JEE]P 8]}v X7 reof ri9 i9 i9 i9 i9 oMM  "TLXIdo iT6Xo 6TTUTSIUITI 7
W>h Wo v§ S]}v (}E&E *SEC . TXi r'tuodon
>v E S]E uvS ~% Eu v vi v SJA (}E FSEC- iX6 r'iu
he }( 0}A A S E *}jopo W ( ES iXo6 r'fon 19 rii9 i9 699 "TUiIGA 0Xo0 IXT iT6Xo 6TTUTEIUIITI
NSV OM(( % e r v} E}( iXaé r'tofn rii9 19 i9 i9 ri9 fii a%o "TU IXT iT6Xo 6TTUTAIUITI [
D5 K((r% } | «3Eu SpE » r A]3Z E}}( iXe r’iwe6o6 191911979 i 19 i OXn i X iT6Xo 6TTUTaIUII i
% % 0C]VvP opu S} % *SUE v E}%-e iii9 TIgXT 1971iA 1919 19 i9 r'o oXn iX7T iT6Xo 6TTUTaIUII
Z u E 8§} ((op vs & iXi reofi ro9 i9 i9 i9 i9 19XT  r"ofXT 8O X0 6TTUTAIUIITI (X
% % 0C]VvP opu S} % *SUE v E}%e ipdb SN ro9iXii9 r” i9 i9 i9 r'o6o A Xi iX71 iT6Xo 6TTUAd UG T
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$SSHQGL[6RXWK &RIMVQWHUEXU\ '9/ PLWLIJDWLRQ FRVW FXUYH
HEE v 9 ®SEP]V E 0} W 0} d(’”‘}o}on e

. . WE ( E v A
Hv © PISIP Sl e *P 4B A WX e, }(Ju%o u vs $JFVCE IP EZCEP WZ'E 5 ITCE X }oTdE 1P , 27 ¢E
hvul§]P § “fudoi iixi iXA  {80iXd dUiTiUIITUIII
LEE Vv§ “fuodoi 6 X fi iXi 01dX0 TUiIGTUTITUOGRI i
ANSE u (v ]vP o Xi reii rii9 rifA9 roéi9 rid9 i9 A9 “TU RN OTEXA TUTOAUIBTUARI 60X
Z]% €] v %0 vVS]vP ~]v oX (}E *SEC- ¥ 109 rim9 rii9 rii9 rdéao9 "fuoio fiXo IXi 110 X i 6TiuUTeIUII
Z u E (E3]o]* & ue ~ o}A i6i IP EIZ » 9 rikX% ig7°A0 191 r19 609 TiUGIDB fAxXo X 116XA  6TTWIBIUIII
Z p *}]o W § «§ 8§} }1%SJupu X6 r'fio i9 rif9 i9 19 Tigoii 6 XD IXi 110 XA 6TTUTaIUIIT i
he }( 0}JA A § & «}opo W ( ES3 X6 roiit i9 rii® i9 067199 “iUoodi fiXo IXi 110 X i 6TiUTaIUII |
Di D]v]upu S§loo P X0 T i9 19 i9 i9 i9 6i9 "iU0GBO AX0o oOTiXidiuiioXn 60XT
Z u 8§} IJvP E § - X8 161 r69 rfi9 19 19 rif9 6 19AXTIUBOIXI fToXA 67TTUTdIUIITI ioo
s ] o & § ( ESlo]. E iXa A8 rA9 riig9 19 19 19 AXNi9 "iDUIGO TI6XA  o6TiUTaiUIINI ioo
JA E+ % *3UE ¢ ~]X XU %0 V& Jve iX8 r'é r69 19 189 195689 X 0T iXi  Ti6XA  6TTUTSIUIII
(EE Vv 0}A E 8§ % %o0] 3]}v X re ri9 ro®9 i9 01919 "iU6606 0X0 iXi 110 XA 6TTUTIUII
Z u E 8§} ((op vs & X r'od ro9 i9 i9 i9 ri9 190 18Xi"iUdixXi 116 XA 61TUTaIUIINI ion
DT >]v ((op vS %o}v e X6 reivt rio9 ri9 i9 i9 i9 A691 "TUDA® 1T@Xn 61TTUTdIUIII fORAX]
W>h Wo v§ §]}v (JE *SEC IXi r'iviio
Di Z (JE P E}%%]vP TXi r'6fio 69 19 i9 i9 ri9 X® Ciudein TTeXA  6TiUTaiIUITI fOT1X
W>h >v & §]CE u v8 ~% Eu v v3 v §]A (}E MDEC- iXé6 r'iu
NS v (( % e r v} E}( iXi retto rii9 19 i9 i9 ri9 Of 19Xi r't iXi 116 XA  6TTUTdIUIII ifno6
D& K((r% } | «SEu SPUE » r A13Z E}}( iXT r"i¥oes6t i9rigioii9 i 19 r"tuino X1 X1 f16 XA 6TTUTdIUIII i
% % 0CJVP opu 8} % *SPE v E}%e (119 TI9IXT1 19 r"fif9 199r 19 r"iuiof X1 iXi fToXA o6TiUTdIUIII i
% % 0CJVP opu 8} % *SPE v E}% e ip§d $}i9" ro9 iXi9 rio i9 19 r fuioi X1 i X1 fToXA o6TTUBXUIINI
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$SSHQGL[6RXWK & RIMVQMWHUEXU\ 6% - PLWLIJDWLRQ FRVW FXUYH

LV o D]§]P §]}v WE(Ev p 4 4wWd4dis X4 jof , “EEVSO@SEP]V E ojer  Woojee dX2 bgRes
c1E }( Ju%o u v§ §]3VCE IP E'ZC'EP W' Z'E § IU C'E X }f¢E 1P ;27 ¢E
hvul§]P & “fuUiia iiXi iXd 66TX1  duili@iiiuin
LEE v “fuUiia 5X6 iXi  8iiXi fUiéTUTIoUITT i
ASE u (v ]vP iX6  rUii rii9  riA9  roi9 rieg 19 819 TiUiKi i DK D fUTIOUGTAURRS i
pi JA &+ % *SUE ¢ ~]X XU %0 v§ Jve iXA r'e rog i9 189  "iQii8l9  8XA T iXi f61X0 fUTIOUGIAURAS
Z]% E] v %0 vVS]vP ~]v oX (}E *SEC- IXW0i9r 66A0XTiBI9riio riio "iviao 0 X X7 60TX06 0 ONaNXTTUDO0
D]v]upu 3]loo P iX7 i rifg i9 i9 i9 9 619  “iUldAl 0X16 IXGTUTTBUROG S iToX1
o7 & 1ol8s Asov .z 4 xe "1 "9 "o Tiog i9 19 119 “TUIAi 0X6  1X00TUTITUGG6S is
s E] o & § ( E38lo]. E X0 "fid i9 i9 i9 i9 i9 769 TXWidd 6TX60X 006iUTITUBGS i1
W>h Wo v§ §]}v (}E& *SEC iXi r"610
JWeSEP & A So v o2 IXi o rii i9 i9 rio rig 19 19 i iuioix1 OR X i 00IUIRABUOGTI i7e
Di  Z § v§]}v ueU pv ¢« JE ¢ Ju vS §E %7 TXi09 rrdio9 iroa9 i9 ii9 NAYARE oX1 iX7T TiX0 TOOWBXTURDI
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&DVH VWXG\ YDOLGDWLRQ
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