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ghf_jgh jzZzkij_"~_ey_Ilky ih _ [IgpmyZmazldhehbkoh”?yl Thevdh ih \_jlb&@Xgebghkuiheg:
j_amevlzIZ ijb[eb _gghlh ZgZeblbqg bkdh]hgufb gjbynkgqgl_\k_o kl_i_g_c k\h[h”u
pbb \ jZfdZo ijbgylhc fh”_eb >ey ZgZeblbqg_kdbo ij_h[jZah\ZhbeglhkiHBVafd_lky
IbdbO® SO H azZ\bkbfhklb ijh]b[ZZbl gb&kegZ¢c”_gZ d\Z"jZIblydZy <ARbfllgu nhjfmeu
Ney j_Zdpbc hihj n_jfu

Dexqgq_\u_ keir\tzkdAayjfz kh[kI\_ggZy qzZklhlz f_Ih”~ >hgd_je_y bg"mdpby
guc f_Ih™ nhjfheék\_edhjzZ ijh]lb[ ZkbfilhlbdZ kf_s_gb_ hihju

<\~ b _>ey jZkq_IZ gZklhl kKh[klI\_gguo dhe_[Zgbc b »_nhjfZpbc
gZ ijZdlbd_ bkihevamxl| ohjhrh aZj_dhf_g~h\Z\rb_ k_ [y gbke_ggu_ .
lh"Z dhg_gqguo wezf@glie\wk jgZlb\Z gbke _gguf f_Ih*Zf jZkq_1Z kljhl
kljmtép ihgezZkv k jZza\blb_f kbkl_f dhfivxl_jghc fZI_fZIlbdb <_jhylgh
jZlbe \gbfZgb_ gZ \hafh ghklv ihemqg_gby ZgZeblbgq_kdbo j_r _gbc
\uo kbkl_f Jueb < : BI9ZI¥XWFIGhDEROQHFN @ < wlbohZgulZo
ijh[e_fu kms_kl\h\Zgby b jZkq IZ j ]Jmeyjguo dhgkljmdpbc b f_Ih”F
dhfivxl_jghc fZI_fZlbdb ~ey jZkq _1Z kljhbl _evguo dhgkljmdpbc rbjh
< FZljhkh\' b > | =hehkdhdh\ > @ < > @QO0b%$fdb¥uy 'gB Zgkbkl
eblbq_kdzZy azZ\bkbfhklv ijh]l]b[Z iehkdhc \g_rg_ klZlbg_kdb g_hij_"
\hevguf gbkehf iZg _e_c¢ hl ihjy*dZ dhgkljmdpbb Nhjfmeu *ey jZkq_
kI\_gguo dhe _[Zgbc iehkdhc klZlbqgq_kdb hij_ " ebflgdkehlg keijobal\t
ijb\_ " gu\>@ < > @ bkke_"h\Zgu kh[kI\_ggu_ gZklhlu iehkdhc r
| h[eZklb agZq_gbc gZklhl "“ey dhlhjuo bkdexq_g wnn_dl j _ahgZgk
]b[Z b gZklhlu kh[kI\_gguo dhe [Kdgpg rhgbhjgfujhd\hevguf gbkehf
iZg_e_c¢c \ nhjf__ dhg_gqguo khhlghr_gbc ihemg _gu \ > @ F_I|h” bg”"
lhjzfb kbkl_fu dhfivxl_jghc fzIl_fZIbdb bkihevah\Zzg \ > @ "ey
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ijb[eb” _gghc aZ\bkbfhklb hkgh\ghc gZklhlu k\h[h*gupfullngbkedbc ie
iZg_e_c¢ Ki_dlj gzklhl dhe_[Zgbc n_jfu bg_jpbhggu_ k\hckI\Z dhlhj
"hlhgq_ggufb fZkkzZfb \ = maeZo b nhjfmeZ “ey i_j\hc qZklhlu ihem
"ey dhgkhevghc n_jfuj r gz \> @ < > @1 _mhhiZygnmdmez Vvey
jZkg _1Z gbar_c gZklhlu kh[klI\_gguo dhe_[Zgbc iehkdhc fh”_eb khkl
kdb_ j r_gby ba\_klgu b “ey ijhkljZgkl\_gguo j ]meyjguo n_jf < >
j_rgby ey khklzZ\ghc b dhgkhevghc ijhfklKdgkl\gguua dklhlu iehkdh
A miphe Ighc [Zedb jZkkqgblZgu ZgZeblbg_kdb \ > @ Nhjfmeu "ey j
]b[Z iehkdhc rij_g] _evghc n_jfu k Ij_m]hevghc j_r _Idhc b iZjZee ¢
ANgul> @ <> @ f_Ihn ijbf_g glkicehdd@bgcred[ZlgZeblbg _kdh]h jZ
[Zrgb hihju ebgbb we dljhi_j ~Zq Ki_dlj kh[klI\_gguo gZklhl k_f_c¢
dbo [Zehgguo n_jf jZaebggh]h ihjy*dZ b g_dhlhju_ aZdhghf_jghklb
bkke ~h\Zgu \ > @ Nhjfmeu tekhl[kK\ggwaZkllhe [Zgbc iehkdbo rij_g
guo n_jf \u\_" _gu \ KHX$TIH>© @ AZ\bkbfhklv ijh]b[Z iehkdhc \g
g _kdb g_hij_~ _ebfhc n_jfu Zjhqgh]h IbiZ hl gbkeZ iZg_e _c¢c \ ZgZeb
\ZgZ \ > @ < gZklhys_c jzdqhkdmlkiAgZjedaukdb\Z |ky aZ\bkbfhklv ij
kMbJihju b hkgh\ghc gZklhlu iehkdhc n_jfu k *hihegbl_evgufb hihj
e ¢ Hkh[_gghklv jZkkfZljb\Z fhet\go rigwyn kjlifzulbg_kdZy g_hij_" e
dhgkljmdlb\gh j_Zebah\ZgygXy kidgitbl® e¥*§uo [hdh\uo hihj

Dhgkljmdpby n Ktdlbg_kdb hij_ "~ ebfZy n_jfZ k iZjZee _evgu
bf | q_ luj_ hihju h”gzZ khg dhthpdguc rZjgbj IjbxlthmbbglZevgh
ih"\b'gu_rZjgbju N _jfzZz khQxkgbleba& ~"elghjc *gg£klb ijhze b ih "\ _
iZg_eb ih dhgpZf <ukhlzZz K_jlakkz\gZjfu jZ\ghf_jgh jZkij_~ e _gZ i
fZkkZfb ljbgbfZ |ky qglh maeu kh\_jrZxl \ _jlbdZevgu_dhe_ [Zgby i
aZdhgm jbk
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ebgbgu \ ZgZeblbg_kdhc nhjf_gZoh”ylky ih "Zgguf h kljmdImj_ kh_
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>ey hp_gdb kIl _i_gb ijb[eb” _gby ihemq _ggh]lh j_r _gby ijb\_~ f
gh_j_r_gb_az”Zgb h dhe_[Zgbb ihemqg_ggh_[_a mijhs kdbc >hgc
i_g_c k\h[h”u kbkl_f Jjakagh\ _ ijbgylu ke "mxsiA_ jﬁafljju/—’ﬁ
betdH A FZl _jbZe kl_j°g_c klZev bf__| femey mDiD hkdbsZ” v
ihi_j _gghlh k_gq_gby \k & klkj gfZkku \ mheZod] GZbk ijb\_

A_gu djb\u_ ZgZeblbg_kdhc aZ\bkbfhklb hl &blkelZ ji\hg_eZkXglklhlu
jZkkgblZgghc gqbke_ggh ey "\mo agZ§{_Kbm\\wekhqugh_jfiubkeZ iZg_
n_jf ZgZeblhg kdgb b gbke _ggh_ k[eb Zxlkyf ggklImifu @vzZrddxd ky
klj_fykv \ij_"~_e_ d gmeX ib_fhgbnbpbjh\Zgglhfrm >hgd_je_y \ hlebqg
hl hjblJ]bgZevgh]h f Ih*Z g_h]jZgbqgb\Z | gbke _ggh_ j brddbu kgbam
i _j_k_dzZxlky gqglh ih\urzZ | Ihgghklv j r_gby Lhqghklv ijb[eb” _ggh]
r_ gby hd\Za [ky "hklZlhggh \ukhdhc b nmh\kldldgpb ke ZkiyZg je c

>ey mlhgg _gghc hipljgddphklib \\h~blkkkbhlgvgZy \ _ebqgbg:
F X X\ XGZ jbk ihdZazZzgzZ aZ\bkbfhiFInligbjkeghikld e _c ijb jZ
ebgguo agZq_gbyk \ukhlu

m,1/c
80
70
60

507 Jbk Kjz\g_gb_

ZgZeblbg_kdh]lh j_r_gby
k gbke_gguf

40

Jbk 1h]j_rghklv
ZgZeblbg_kdhc hp_gdb
hkgh\ghc qzZklhlu
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Bkhevah\Zgu | _ °~_ ~Zggu_ n_jfu qlh b "ey djb\u@gb&blbgh]j_ |
kdh]l]h j_r_gby g_jzZ\ghf_jgh mf_gvrZ |ky k m\_ebqg_gb_f ihjy*dZ n_|
n_jfuK >ey g _q _lgh]lh gbk&X iZgh\wgc ijhe |Z ih]j_rghklv \ g _kdhe
f or_gqf "ey q_lgh]h gbkeZ

AZdexq_db "eh” _gZ b ijhZgZebabjh\ZgZ ko _fZ jZzkdhkghc klZI
fhc n_jfu k "\mfy ~hihegbl_evgufb hihjZfb F_Ih*"hf bg"mdpbb ihem
kbfhklb ijhl]b[Z b hkgh\ghc i_j\hc qgZklhlu kh[kg\béghai® dhe [lhgbc
dZzazZgh qlh Ilhgqghkbwghe\ijb[eb™ _gghc nhjfmeu jZkl_ | k m\_ebq_gb
e ¢ < j_r_gbb az~Zgb h ijh]b[_ n_jfu ih™c A~ _ckl\b_f jZkij_~_e_gg
gZc”N_gZ d\Z™jZIlbgqgZy ZkbfilhlbdZz

b[ebh]jZnbg_kdbc kibkhd

:DQJ AWK S5HLQIRUFHPHQW GHVLJQ DQG VWUXFWXUDOC
PLIHG ' SULQWHG FRQFUHWH WUXVWEHERPRO (@FHQJILQHHULQJ €
KWWSV GRL RUJ M HQJVWUXFW
=KRX - =HQJ6<]HDLE*KDQG WRSRORJ\ RSWLPL]IDWLRQ RI
ILQLWH SDUWLFOH PHWKRG t&RPSXWMWNRHDUV = J6WUXFW XUHYV
KWWSV GRL RUJ M FRPSVWUXF
BlgZlv_\ < : Bl]gzZlv_\ : < F_Ih” dh§ njgtice dvieq f hghh\
kf rZzggh]lh f_Ih~Z kljhbl_evghc f_ozZgbdb [|_hjby fzZI_fZlbgt kdb_ -
F K< + k
+XWFKLQVRQ 5 * )JOHFEN 1 $ OLFURDKH KRVMYMNF WU W L
GHWHUPLQDWH SHUYLR GIHARWUIXW VY $QJHZDQGWH ODWKHPDW
*< +J + +'2, ]IDPP
+XWFKLQVRQ 5 * )OHFN 1 $ 7KH VWUXFWXUDO SHUIF
RI WKH OHFKDQLFV DQG 8K\VLEVY RI 6ROLGVH t'2,
M MPSV
*RORVNRNRY ' 3 ODWURVRY $ 9 $SSUR[LPDWH DQDO
WKRWURSLF UHFWDQJXODU SODWH ZLWK Dt FUDiN OBWHUL
J + +'2, 030 B
*RORVNRNRY ' 3 $QDO\]ILQJ VLPSO\ VXSSRUWHG SODW
QDWLRQDO &RQIHUHQFH RQ &RPSXWHU 7THFKQRORJLHV LQ 3K\
+t3URFHHESELQXY + +'2, ,&&73($
Dhf_jaZg ? < K\bjb” gdh H < :gZeblbqg_kdbc jZkqg_I ijh]
klzlbg_kdb g _hij_~ ebfhc n_jfu k ijhba\hevguf gbkehf iZg_e _c K
b dhgkljmdpbb £« K £
=jb[h\Z H Nhjfméeg jKq_|Z ijh]lb[Z b gZklhlu kh[kI\_gguo di
iehkdhc n_jfu k ijhbal\hevguf gbkehf iZg_e_c Kljhbl _evgzy f_oZ
*< tK = £'2,
IXRQJ & / 5HVRQDQFI WOMKWYFI\WRUN RLWK DQ DUELWU
HOV &ERQVWUXFWLRQ RI 8QLTXH %tXL OSIUQUIVFD Q GIH#82 U X FW X
&8%6
Euhg] D E Hp_gdb ijh]b[Z b gZklhlu kh[kI\_ggkd_¢ghge [Zgb
\hc jZfu kbp\heVvgbkehiZg_e_c Kljhbl_evgzZy f_oZgbdZ b dhgkljm
< +tK *+ z='2,
ODVORY $ 7KH ILUVW QDWXUDO IUHTXHQF\ RI D SODQ
&ERQVWUXFWLRQ RJIJ¥8QRBWEF WaOULHOVG L +t$UWLFOH 1R'2,
&8%6
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.LUVDQRY 0 1 6DIURQRY 9 6 $QDO\WLFDO HVWLPDW

DQDO\VLYVY RI D SODQDU UHJXODU WUXVV RVFLQQBWLRHQ) VSHI
+t$UWLFOH 1R 2, 0&(

6YLULGHQNR 2 .RPHU]DQ ( 7KH GHSHQGHQFH RI WKH

FRQVROH WUXVV RQ WKH QXPEHU RI SDQHOV &RQVWH XFWL
t3UWLFOH H1R2, &8%6

Dhf_jaZg ? < GbgZeZeh\ B = K\bjbr gdh H < JZkg_lI |
klI\_gguo dhe_ [Zgbc iehkdhc fh™ _eb khklZ\ghc n_jfu Kljhbl _evgZ
p b bx < +tK £

Dhfjazg<?K\pb”_gdh H < KlZlbg_kdb_ * _nhjfZpbb n_jfu kf
kljZgkl\_gghc jZfu :gZeblbg_kdb_ j_ r _gby Kljhbl _evgZy f _0Zg

*< tK = £'2, 9678

Dhf _jaZg< FZkeh\ : G Hphgazklhikghdbe [ZdpbZfaght ij

kljZgkl\_gghc n_jfu Kljhbl _evgZy f_o0ZgbdZ k<«dhgkljsaKdphkb
+'2, 9678

SHWUHQNR 9 7KH QDWXVS5DQ WHIRSKNHOEO: D MR/ LFOH
1R +'2, $/)

‘DL 4 $QDO\WLFDO '"HSHQGHQFH RI 30DQDU 7UXVV 'HIR
$OIDWXLOGE $SUWLFOHHR, $/)

.LUVDQRY 0 .KURPDWRRIOWHKHRWBDQYVROWYERQ WR@MNW
&ERQVWUXFWLRQ RI 8QLTXH %iXLOGHL QIS WDWIGFO®W UDKFAV XU HYV

&8%6

Dhf _jaZg ? < FZkeh\ : G :gZeblbq_kdZy hp_gdZ hkgh\gh
dhe [Zgbc jghmeryjjfu Kljhbl _evgZy f_oZgbdZ b dhgkljmdpbb
K + z'2, 9678

FZgmdZeh : K :gZeba agZglhdbykh[KIhcggdilo dhe [Zgbc ieh
rij_glevghc n_jfu Kljhbl _evgZy f_oZgb#lZ bxdhgkljmKiphkb =+
‘2, 9678

Dhf _jaZzg ? < @mrghMkbih\Z L K :gZeblbg_kdbc jZkq I ij
dhc rij_g]_ewglfu k ijhbal\hevguf gbkehf iZg_e _c Kljhbl _evgZy f
Kljmdp £ *< tK &£ '2, 9678

H\kyggbdh\Z < F AZ\bkbfhkkdhjhNg[Zde klZlbg_kdb g_hij_*»
n_jfu hl qbkeZ iZg_e _cvgZKlfhlblZebdZ b dhigkljmdpbb K +

.LUVDQRY 0O 6LPSOLILHG "XQNHUOH\ PHWKRG IRU HVWI
RI D UHJXODU WUXVIV8Q LIRB VWXXTFGLLRIYE QG 6 WHIRPMWOADHHV
1R +'2, &8%6

/HY\ & $Q LWHUDWLYH WHFKQLTXH EDVHG RQ WKH 'XQI
UDO IUHTXHQFLHV RI YLEUDWLQJ V\VWHRV +RXOQ QD@ RI VI
3S % tKWWSV GRL RUJ ;

5XWHQEHUJ $ $ ORZHU ERXQG IRU XQNHUOH\ V IRUPXO
RI 6RXQG DQG 9LEHYRWLRGS = '2, ; ;

SHIHUHQFHV

:DQJ 4 HW DO S5HLQIRUWMBMKRWXGBOLIQUIRGPDQFH IR

PLIHG ' SULQWHG FRQFUHWH WUXVV EHDPV (QJLQHHULQJ
KWWSV GRL RUJ M HQJVWUXFW

=KRX =HQJ < /L * 6L]H VKDSH DQG WRBW&R 5\ RIDONWKIH]
SDUWLFOH PHWKRG &RPSXWHUYV 6WUXFWXUHYV 9

M FRPSVWUXF
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,JODWLHY ,9QDWL HL. GLWH HORGP HQWNVRHWRUP RI D FOD
PHWKRG RI VWUXFWHKRDO PBWKBI®@DRMLAB®O PRGHOV DQG DOJR
OLVKLQJ +RXVH S

+XWFKLQVR@BRBN ALFURDUFKLW HF W XAK-HG KRHIOND XROWD V W E
GHWHWPLWULRGLFE WUXVVHV =$00 =HLWVFKULHWKIXQLSQJIHZL
) 3S = ‘2, ]DPP

+XWFKLQGVR®BAEN IKH VWUXFWXUDO SHUIRUPDQFH RI W
WKH OHFKB&L¥FVFNQRA 6ROLGV + ¢ '2, 35 M MPSV

*RORVNRNRYDWYRYR¥SSUR[LPDWH DQDO\WLFDO DSSUHI
WKRWURSLF UHFWDQJXODU SODWH ZLWK D FUDFN BDWHULD(

‘2, 030 B

*RORVNRBIR¥QDO\|LQJ VLASOS ODX\BISR IKWAIDR 0D S QGIWH Y C
WLRQDO &RQIHUHQFH RQ &RPSXWHU 7HFKQRORJLHV LQ 3K\VL

+3URFHHGLQJV + '23S & &T7T3($

.RPHU]D® (6YLULGHQNR H 9 ODMWDLCR Q LRFID W RAHDIG B XODHFH)
H[WHUQDO VWDWLFDOO\ XQGHWHUPLQDWHG WUXVV ZL&K DQ
BWUXFWXUHV + 3

*ULERYID PRUPXODV IRU FDOFXODWLRQ RI GH IIDWM FMLRQY
ZLWK DQ\DQUEEMWORI SDQHOV 6WUXFWXUDO PHFKDBGEFV DQG
>y

IXRQJ &5HVRQDQFH VDIHW\ JRQHV RI D WUXVV VWUXFW
HOV & FRIV VRU XEQULT X H %X LEVGU QR W XD @ V $UWLFOH 1

&8%6

IXDQ& (VWLPDWHVY RI GHIOHFWLRQ DQG QDWXWR® IUF
WUXVV ZLWK DQ DUELWUDU\ QXPEHU RI SDQHQV 6WUXEWXUD

>y

ODVORY $ 7KH ILUVW QDWXUDO IUHTXHQF\ RI D SODQDU
WLRQ RI 8QLTXH %XLOGLQJV DQG 6WUXFWXUHV SUWLF

.LUWDQQ 6DIURGBYM®MO\WLFDO HVWLPDWLRQ RI WKH IL
DQDO\VLV RI D SODQDU UHJXODU WUXVV RVFLOODWLRQ VSHF
$UWLFOH ‘2, 0&(

BYLULGHQNR 2 .RBHBSHQEGHQMH® IRWKHO@DWYLRD IUHT
FRQVROH WUXVV RQ WKH QXPEHU RI SDQHOV &RQVWUXFWLR
$UWLFOH 1R ‘2, &8%6

.RPHU]D® (1LQDODORWLULGS8 QAROERQIRW WKH IXK)GDPH
TXHQF\ Rl QDWXUDO YLEUDWLRQV RI D SODQH PRGHO RI D FF
WXUHV 1R 3S

.RPHU]D® (6YLULGHBIQB\WDWLF GHIRUPDWLRQV RI D FRI
WUXVV BODWVROXWLROMFEDNQXFWERQBOVWUXFWXUHY '2, 1R

9678 LQ 5XVVLDQ

.RPHU]D® (ODVORY(¥DOXDWLRQ RI WKH IXQGDPHQWDO
RI DQYKDSHG VSDWLDO WHERWVO\ FBWIUXEWXUERD P H as
‘2, 9678

3HWUHQNR 9 7KH QDWXUD®D QU MTUCHQF \ $FOIl %W ZB G

1R ‘2, $/)
‘DL 4 $QDO\WLFDO 'HSHQGH QFBWRIRIOV/DRFEMEKBRIVD VH | |
$0ID%XLOG $UWLFOH 1R "2, $/)

.LUVDQRY O .KURPDWRY 9 'HIRUPDWLRQ RI WKH WUD(
&ERQVWUXFWLRQ RI 8QLTXH %XLOGLQJV DQZ3 6 WU XRNo6U HV



,661 SULQW <uimkd

.RPHU]D® (ODVORYS$NDO\WLFDO HYDOXDWLRQ RI D UH
ODWLRQV IXQGDPHQWDO IUHTXHQF\ 6WUXFWX¥JDO PEFKDQL

9678

ODQXNDORSRDORILD SO IWWVW IUHTXHQF\ QDW:
YDOXH B6WUXFWXUDO PHFKDQLFV DQGSY¥WUXBPWXX\LDQ ¢

9678

.RPHU]D® (/XVKQRY 2VLSRYBFDO\WLFDO FDOFXODWLR
R D SOWQRVWV ZLWK DQ DUELWUDU\ QXPEHU Rl SDQHOV 6WL
5 3s+ '2, 9678

2YV\DQQLNMRYDSBIQGHQFH Rl WKH GHIOHFWLRQ RI D SOL
PLQDEOH WH RXRRHEDQHOV B6WUXFWXUDO PHRKDQBBV+DQG VW

.LUVDQRY 0 B6LPSOLILHG 'XQNHUOH\ PHWKRG IRU HVWI
RI D UHJXODU WUXVV &RQVWUXFWLRQ RI 8QLTBHM %BRLOGLQJ
‘2, &8 %6

JHY\ & $Q LWHUDWLYH WHFKQLTXH EDVHG RQ WKH 'XQI
UDO IUHTXHQFLHV RI YLEUDWLQJ VIVWHPV -RXUQD@ RI VRXC
KWWSV GRL RUJ ;

5XWHQEHUJ $ $ ORZHU EFRUPX ORULX@RRWRRXRXYV HOD
QDO RI BRXQG DQG 9LEUDWLRQ'2, 9 3s :

$1$/<7,&%/ &$/&8/$7,21 2) '()/(&7,21
1' ),567 1$785%/ )5(4B&< 2) $ B7 75866 26&,//$7,216

F 1.LUVDQRY

1DRWQ@DO 5HVHDUFK38QLYHUVLW)\
FRVFRZ 5XVVLD

'RFWRU RI 3K\ VLFDO DQG ODWKHPDWLFDO 6FLHQFHY 3URVHVVRU RI WKH
‘\QDPLFV DQG 6WUHQJWK RI ODFKL®BBYOWHO #\D UX

7KH VFKHPH RI D VWDWLFDOO\ GHWHUPLQDWH WUXVWHRBU IF URHU & © D
IRXU VXSSRUWV RQH RI ZKLFK LV D IL[HG KLQJH WKUHRQ@QU® KRUIIDRQH
GLVSODFHPHWOQWVKISWRHBHWXJXGHU WKH DFWLRQ RI D XQLIRUPO\ GLVWULE X\
LQGXFWLRQ PHWKRG PORIKQI IWKHAX@O ZHOHOQ GHULYLQJ WKH IRUPXOD IRU |
PRGHGL 'XQNRHWKRG LV X¥¥HG WKDW DWWH PDVV RI WKH VWUXFWXUH LV X!
DQG RVFLOODWLRQV RI WKH QRGHV RFFXU RQO\ YHURQFDWOPRP BN HG \ZX ¥
QXPHULFIIDNR@QIBFGEWRQW DOO GRIFWIRH HWKRII VWHIEKFWXUH ZLWKLQ WKH IUDP
JRU DQDO\WLFDO WUDQVIRUPDWLRQYVY WKH ODSOH V\PEROHFWALRWKRQ DMK
QXPEHU RI SDQHOV D VXDI/GIRKWEBRK MDA PIRW KGR FDUMA IGHHIVEWH G

.H\ ZRU&S@®DQDU WUXVV QDWXUDO IUHTXHQF\ 'XQNHUOH\ PHWKRG L
ZH@ORKU IRUPXOD GHIOHFWLRQ DV\PSWRWLFV VXSSRUW GLVSODFHPHQ
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M>D

G IJY@?GGH? KHKLHYGB? < AHG? KHQE?G?GBY H;HEHQ?L
I1JB IEHKDHF G:=JM@?GBB G: HKGH<? KF?R:GGH=H FDW

J Pbk_ez\Z2 < Jy[m®ZDbjkzghW <Dehqdh\ | GbdheZzZ _\

<helh]jz~*kdbc Jhkm~Zjkl\_gguc jEbjlZjlguc mgb\_
Jhkkby ] <helhljz»
NbgZgkh\uc mgb\_jkbl_1I ijb IjZ\bl_evkI\_ Jhkkbckdhc N_*_jZpbb
Jhkkby ] Fhkd\z

Dzg™ |_og gZmd ~hp dZn_"ju ijbdez”ghc ]_h”_abb ijbjhrhh[mkljhckI\Z b \h:
I_e HPDLWDOXPLD #\DQGH[ UX

:kibjzgl dZn_"ju f_olPOAYBR WDOLN #PDLO UX

>j nbdzZl gZmd ~hp ~_iZjlzZzf_glZ ZgZebaZ ~Zgguo ijbgylby j_r_gbc b nbgzZgk
HPDLO 1DWWODHHID#\DQGH[ UX

>jlog gZnhnaz\ dzZn_"jhc \ukr_c fHPDZIGIRWFKNRY#EN UX

>jl_og gZmn djiZzn_"ju f_oZRDHOQSHWU #\DQGH[ UX

>ey hij_"_e_gby gZijy _ggh]h khklhygby \ ahgijb_ijekkdhilyy hirh'e lydp bd bk
ihevah\zZg kf_riZgdttcdhguag we_f\ §ldhjb\hebg_clglhd kdhhj~rbgZzl

Khge_g_ggu_ h[hehqgdb jZkkfZljb\Zebkv [_a bkihevatBy\@byjibbklhauabbZo]!
gbb f_Ih~Z dhg_qguo we_f_glh\ \ kf_rZgghc nhjfmebjh\d_

< dzZqg_kI\_ dhg_qghlh we_f_glbakiibyh&btdegyquacf gl _~bgbghhe \u
ijb Ij_m]lhevguo hkgh\Zgbyo k maeh\ufb g_ba\_klgufb \ \b~_i_j f_ s _gbgZmaeh\u
gZijy _gbc ghjfZevguo b k”\b]Zxsbo gZijygZdpe \ gblykdhklb

Bkdhfu_ \_ebgbgu \gmldbgigbhafgdh]h ddtglhqweglZ Ziijhdkbfbjh\Zebkv k b
ihevah\Zgb_f ebg_cguo nmgdpbc \ dhhjr*bgzZlZo fh”_evghlh jZ\gh[_"j_g&dh]lh Ij_m
jbpu ~_nhjfbjh\Zgby ijbafZlbq_kdh]h_dhg ipnhgld]ljwme_gbb \ ij_~_eZohmvjah]lhklb &
\Zekf _rzZggucgdmbhgzZe J_ciibgfhgbfbazpbb dhlhjh]l]h ih bkdhfuf maeh\uf g_ba\_
g_gu fZljbpzZ ~_nhjfbjh\Zgby ijbafZlbg_kdh]h dhg_qgh]lh we_f_glZ b \_]dZhj maeh
gbpkhge_g_gby iehkdh gZ]jm  _gguldo_hghdlagukllimagelcehffdb ijbgylghAaguhk Ma
eh\u_ g_ba\_klgu_ ijbfudZxs_c h[hehgdb \ujZz"_gu g_j_a maeh\u_ g_ba\Zklgu_ h

\_dlhjh\ i_j_f_s _gbc ]jZgbgghc maeh\hhb\lggdjty' b gbcl\ gdgh\hebg_cguo kibkl_fZo
gZl khage fgo h[hehqg

GZ dhgdj_Ighf ijbf_j_j_Zebah\zZg jZajzZ[hlZgguc Ze]lhjblf "ey khqge_gy_fuo
dhgljhey

Dexqg_\u_ kebf\zZrzgguc f_Ih” dhg_qguo we_f_glh\ ijbafzZlbfi_didbematdg bggu
hgZe J_ckkg_jZ mijmjizdbnteiKiyggb_htghe

<\_ "N gbrey hij_~ e _gby gZtynhpfdbhh\Zggh]h khklhygby G>K
kl _ gguo we f glh\ bg g _jguo dhgkljmdpbc 1IbiZ ieZklbg b h[heh
gby rbjhdh bkihgviamhNkdhg_qguo we_f_glh\ FDWhjimé&llajgdogguo
GZb[hebjhdh_ jZkijhktgjZgijb hij_~_e _gbb G>K ihemqgbe FDW \ nhjfr
lh~rZ i _j_ f s gbc dh]*Z ijb jZkq_1Zo lhgdhkl _gguo dhgkljmdpbc
DbjolhaBy\ZZ \ bkihevam_fuo dhg_qguo we f glZo bbhdhbhfuiiKky ebq
i_j_f s glemuo lhg_d b bo ijhba\didya ihjjZaddh\ + @GZ hkgh)\_
FDW \ nhjfmebjh\d_f |h*Z i j f s gbc ijh\_~ gualbgle RhyfLglyy gb>
I _j_k_dZxsblokehf>d b@\ dhglZdlguo aZ@&Zqkle "g fy Yey hRij_
egby G>K |lhgdhkl _gguo we_ f glh\ bg g _jguo dhgkljmdpbc klZe
\ kf _rZgghc nhjfmebjh\d_ @

«Dbk_ez\Z J A JyDmjdZgh\Z Behqdh\ XGkdheZz I\
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=bihl_azZ DbjapylZ rbjhdh bkihevam_fZy ijb >hKj\" heg ddikih_ G
guo we f glZo bg g jguo dhgkl\mtehby \KyhghokihezZ]Zxsboky gZ
g _dhlhjhf m~2"2d fglkkb khge g _gby Ihgdhkl _gguo dhgkljmdpbc hl f_}
gby lhesbg b hl \uj_ah\ : 1Zd dZd \ wlbo ahgZ o d@ldzZZzabijZi\gy x|k
gbc Ih az”r"zZqZ hij_~ e _gbb @3KiplaRigpghhlbEy\Z y\ey |ky ZdImZev
azZ”"Zq_c bg _g _jghc ijZzdlbdb Ih wlhc ijbgbg_ ijb hij_~ e _gbb G>
klZze ijbf_gylvky FDW \ kf_rZgghc nhjfmebjh\d_ihl aalkhhehefin\gdby
klb ijyfhebg_cgh]h ~ nhjfbjh\Zgby ghjGebZdbo jZ[hlZo "ey dhg _qg
we f _glh\ jZaebgguo dhgnb]ImjzZpbb \ dZq_klI\_ maeh\uo g_ba\_klgl
gby b gZijy _gby k ebg_cgufb ZiithdkbfZpbyfb

< gZklhys c jZyhhHij " e gbya®gK khqge g _gby "\mo iehkdh gZ]
dijb\hebguo i_j _&xslboky h[hélkghedvah\Zg |j_odhjgguprguc we_ f_gl k
eh\ufb g _ba\_klgufb \ \b”_ i j f s gbc b gZijy _gbckhhza|g[hbdgu
Amo iehkdh gZ]jm _ggdo hjb&imgbg_cguo kbkl_fZo dhhj*bgZl

= hf_ljby khgeuagyh[hehlhlg ~_dZjlh\uo kbkl_fZo dhhj*bgZzZl kj_
ih\_joghklibge gy _fuo h[hehg_d ijh*hevgu_ k_q_gby dhlhjuo ij_"k
hij_~ _eyxlky jX*dhkzfb

G G G G G G

5 [L ]JI[NG5® [ac Jac

GK G K
]I JLNzdhhjgZlu bltnjdhhj*bgZlighc kbkl_fu hkgh\dghlcLofthehqgdb
dhhjrbgZlu b hjlu ~_dZjlh\hc kbkl_fu dhhj*bgZl ijbfudZxs_c h[hehc

=~

=

1

X
Jbk ljh~"hevgh_ k kthggb gy _fuo h[hehg_d \ ~_dZjlh\uo kbkl_fZo dhhj”bg
Hjlu » _dZjld\kb k!l _hijddhgZl gZ ]jZgbp_ khqge_g_gby h[hehqg_d k\y

guf khhlghr_gb _f
G- G-
& P

u u u
1" _
Gy /GG Gy GG
et Tene - TN
u u

Ilheh” gby ijhba\hevguo Ihg_d khge_ gy _fuo h[hehq_d jZkihe
gbywb Wh!l kj_"bgguo ih\_joghkl_c hij_"\edkhk¥fpZ"bmk

G G G G
5 5 W 5¢5° W°

12 8 B¢+gnjfzeb d kj_~bgguf ih\ hjlogihiglyé b ijbfudZxs c h[hehq_d
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Kf rZgguc dhg_qgguc whehqgglbhlp Jh ij_h[jZah\Zgb_ gZ ]jZg
ge_ggby ijbhlkdhf gZ]jmbbBkihevam |ky ijbafZlbg_kdbc dhg_gguc \
gbgghc \ukhlu k hkgh\Zgbyfb \ nhjf_ jZ\guo |j_m]hevgbdh\ k mae
\bAr i _j f s gbc b gZijy _gbc < _dlhgmlj_d@gs cglbygdb ihi_j ggh]h |
gby dhg_aoweh]h glZdijhihdgZy hij ~ eyxdiyevghh [Zabk_ lThgdb
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Khhighgby f m nhjfZpbyfb b gZijy _gbyfb ijbgbfzZxlky ih mjzZ\g_
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ke “m _| \ujZablv g_j_a maeh\u_ agZq_gby hegehh ghgb h Fhiegnh g ¢
emq_ggh]h fZljbgqgh]h \ujzZz  _gby ij_h[jZzah\ZIlv fZljbpm ~ _nhjfbjh\.
h[hehqgdb

K wlhcvx bkelvm_Iky mkeh\b_ jZ\_gklI\Z \_dlhjh\ i_j_ f_s _gby ]j-
\ djb\hebg _cguo dhhj*bgZlguo kbkl fZo khge_gy_fuo h[hehqg_d

9c 9
K bkihevah\zZgb f b ba ithemqgZ |ky aZ\bkbfhklv
¢ @ ¥
u u u

Mke h\b_ jzZ\ _gkI\Z | _gahjh\ gZijy _gbc ]JjZgbqghc Ihgdb \ djb\t
gZlguo kbkl _fZo khge gy _ auobkh&hdky \ujz™ gb _f

[ >%7 VLY '
he e 1yz /v\Z
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Iljb bkihevah\Zgbb ba ihemqzZ |ky aZ\bkbfhklhf_ ~"m
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u
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lhemggu_ @mviZlu Ijbf _Kij_ "~ eyehkv G>K dZxsboky ieZklbg
aZ]l]jm  _gguo khkj _~hlhq4ggthic kbeRZl jbZe ieZklbg h~ghjh”rguc
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< gZijy _gghf khklhygbb jZkckfdh gikidgnbfth \qbhkbf__ | f_klh dhg
p_gljZpby ghjfZevguo gZijy _gbc k dhwnnbpbNglZfbdMgp_gljZpbb
lh ihemq_gguf j_amevlzZIZf ghjfZevgy,&k ORinevab\Zgb_f wixj gh
fZevguo pyZi gbe,,"ey dhgljhey Ihgghklb \ugbke_gbc \u|hreg_gu ijh\_
Mkeh\b_ jZ\gh\_kby ih [flof, RXbéihegy_Iky k ih]j_r@hklvx
jbk Zey"jbK nel\b_ jZ\gh\_kby ih fhé,gRZ¥uihegy_lky k ih]j_rgh

klvxG "ey jbk ' mkeh\b_ jZ\gh\_kblyoif Rhfuidlegdy _lky k ih
li_rghklwx

AZdexgb JzZa[hdgguc ijbafZlbg_kdbc kf _rZgguc dhg_qguc we_
\ufb g_ba\_klgufb \ \b”A_ i _j f s gbc\iheggijyjb]ldbdc g *ey hij_"_e

gZijy _g@hnhjfbjh\Zggh]h khikklhgdbh%l _gguo dhglljendykblgevah\Zgby
]bihl_au DbjojbBnZ

Bkiheh\ZghZajzZ[hlZggh]h ijbafZlbg_kdh]h kf_rZggh]h dhg_qgt
\hafh ghklv hij_~"g&Zipgby ggh]h khkUhhhgldyhkl gguo dhgkljmdpbyo \
dhgp _gljzZzlhjh\" gghjy \uj_aZo I|hqdZo j_adh]h baf_g _gby Ihesbg a

‘b[ebh]jBg_kdibibkhd

Zl_ D X F_Ih” dhg_qguahe NbgfAlebl * k

;Zdmebg < G ;ehgg¥e dhgloggggyh fhr _ev ey ihkehcgh]h Zgz
“zggh _nhjfbjh\Zggh]h khklhygby Ij _okehcguo h[hehg_d k d_jklpbwmeyjgtl
J:G F_odgh\_j*h]hd_ezZt« K =+ '2, 6

;Zdmebg < G lhkehcguc ZgZébahgthjhilZggh]h khklhygby g
]meyjguookiehcguo h[hehqg_d \jZs _gby g gme \hc ]Zmkkh\hc djb\ba
| _fZzlbdzZfoZgbdaz +L « tK £ +'2, 6

=ZeeZ]_jJ F_Ih” dhg_qguo we xfF glhbj Hkagh\uk

=heh\Zgh\ : Bg LZeH G Rbygha\mI"N F _Ih” dhg_qgqguo we f
\ klIZIbd_ b “bgZzflold_dggd dimgklicF NbafZlebl + k

=mj__\Z G Dehgdh\ X < Gbdhez \ : | JZkg_I| h[hehq
bal\hevghf gZ]jm  _gbb k bkihevamhkgdgt fnFigwlpdbhgZeZ J ckg jZ
| _evgu_ | _oghieh]bbL «tK + zKWWSV HOLEUDU\ UX LWHP
=mj__\Z G : Dbk _ez\Zz J A Jy[moZ < < :e]lhjblf j_ Zeba.

f glz \ kf_rZgghc nhjfmebjh\gbbijehkdhc az~Zgb |I_hjbBzZhijim]hklb
Zelr ""mggEgmigZdidhgnijh\? gghc \ jZfdZo F gZmigZdInhjmfZ ih
k\ys _ggh]re _Ibx Ih[_~u \ < _ebdhc hl_q_kI\_gighc Nhcghe]h]tzZz"
+K + +tKWWSV HOLEUDU\ UX LWHP DVS"LG

> fbr"h\ K | L_hjby mifm]kkitEy rdhezZ = k

@ e _agh\ E | DhefzZ]lhjh\ : ? 1Ijbf_g _gb_ihemZgZeblbqg_
guo we f glh\ d j r gbx dhglzZzdlghc aZ~"Zqgbo Ney hk Mkdpffhujbggibk
P:=B % L < £K +

A _gd _\bg H F_Ih” cchd_gghio\wd oiglbh Fbj + k

Dbk_e \ : | =&nj: \Dbk e \Z J A E hglv \Z < < Hij_~"
" _gbc \ ahgZo khyeiexZklbg k bkihevah\Zgb f dhg_qguo we f glh\
]mjzpbc 9,Lj F_""mgZmigZdildhgroBg _g_ jglukl kfa a ih™ h[s
j_"G D Ilhghfzi \Z tK + +*KWWSV HOLEUDU\ UX LWHP DVS"LC(

Dehgdh\ X < Gbdhez \ : | <ZogbgZ H < Qbke* gguc Z
nhjfbjh\Zggh]lh khklhygby Ihgdbo h[hehq_d gZ h&lglh\ wkh¥f gklg hjh
m]hevghdunhj Kljhbl _evgzZy f o0ZgbdZ bg g _jguo dhgklmdpbc b kh
L <« =K + +'2,
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K "h\ E B F_oZgbdZKkielhrghE GzZmdzz+ F
Kdhibgkdbc < G GZijy _gd¥xsbokykh[hehfdzNbafZleb
+ ktKWWSV ZZZ HOLEUDU\ UX LWHP DVS"LG

Kdhibgkdbc < G |_j_k_dZxshtddyg kfildét\qgdlb [t _dlu fZrbgh
kljh bay FZrbghkljh_gb_ b bg _g _jght h[jZah\ZghkK =+ =
KWWSV ZZZ HOLEUDU\ UX LWHP DVS"LG

'DJKLJKLD 6 =XFFRD * B5RXKL®DHGHHONWILID Rl VXSHU
RI UHYRFRPBRRYQWH SUHVVXUH YHVVHOV < &RPSIRVLWH 6WUXF

/ILJXRUL ) 6 ODGHARDS* $ GXDO GHFRPSRVLWLRQ RI WK
LQ LQFUHPHSWIMWAHXB\DLNQNRD PL[HG VKHOO ILQ IXW B HD HPW Q WP |
LFDO OHWKRGV 1#Q (QsLQHHMULQZ

ODJLVDQR ' /HREDHWWWLSGYPMWDJIHYV RI PL[HG IRUPDW
OLQHDU RI EHDPV D QIG QLKMID ®I'D BKR'H QW VR O LW H U Q D W/IKRR@D/O -
(QJLQHHULQE9RO JVABXH £ tKWWSV  GRL RUJ QPH

1RGDU $ $Q 2YHUYLHZ RI OL[HG )LQLWH (OHPHQWV IR
PHQVLRROMWXEMY  $UFKLYHV Rl &RPSXWDMWLROIRDOHWKRGV L
J +  x'2, Vv

SHIHUHQFHV

%DWKX. )LQLWH HOHPHQW PHWKRG 0 )L]PDWOLW

%DNXOLQWIDRFN ILQPWE HIDBREHIDNHU DQD O\V LWWRIDW @& H
VWDWHKDWKUWKHOOV ZLWK DQ LUUHJXODU VWUXFWXUH %X
6ROLG 6WDWH OHFKDQLEV 'DR 8S

%DNXOLQ/BUE\ODWUHDQDO\VLYV RWWRHQVWWBWW @ HIWUUH.
VKHOOV RI UHYRBXWLIDY\Z\L MK FXQYYDWXUH $SSOLHG ODWKH
1R s 2, 6

*DOODJKHU 5 )LOIMWKRBYHPWQWRVFRZ OLU S

*RORYDQRYW®BQ@H 6KLIJDEXWGLMRWE HOHPHQW PHW
DOG G\QDPLEDCROHMBKYQYWUXFWXUHV ORVFRZ )L]PDWOLW

*XUHHY® 1L.ORFKNBY &XNROB®HED FXO DWKIHRO® RII HYRC
XQGHU DUELWUDU\ OR® B QQIHAVNVN@HIHPXBBWLRQDO &RPSXWD!
1R 38 KWWSV HOLEUDU\ UX LWHP DVS"LG

*XUHHYSD LLVHOHYD\DEXNKBAQULWKP IRHPMOM DRVI®Q |
WULDQJXODU HOHPHQW ZKHQ RR[NGL QR UP XSODWHROUREOHP RI
FHHGLQJV RI WKH ,QWHUQDWLRQDO 6F¥REBORVUDE DQG BSDFW
KWWSV HOLEUDU\ UX LWHP DVS"LG

'HPLGRY &KHRU\ RI HODVWLFLW\ 0 SLJKHU 6FKRRO

=KHOH]Q@RY .ROPRJRURNS SOLFDWLR® RD ONWH FDHP LLQ LW
PHWKRG WR VROYLQJ WKH FRQWDFW SUREOHP IRU D[LV\PPH
9RO 1R +3S

“HQNHYLFK 2 )LQLWH HQHMHUQ®JIPIOBRKRRBZLQ HYJL

LVHORBY $XUHIYD.UVHOHYDHRQWYH YBWHUPLQDWLRQ RI
LQ WKH MRLQW ]JRQHV RI SODWHV XVLQJ ILQLWH HOHPHQWYV
9,,, ,QWHUQDWLR® B 0 DSREROVHU HE P (QJ1+Q HH USLQ@G HW \\WHKIHP ¥ -
HUDO (GLWRUY¥ROQRGE Y1 +3SKWWSV HOLEUDU\ UX LWHP DV

.ORFKNRY <IM_NRODHYDNKQLQXRHULFDO DQDOXWIMRQ W
VWD WHK R K EDVHG RQ D MRLQW ILQLWH HOHPHQW RI D WU
JLQHHULQJ 6WUXFWXUHY DQG &RQVWUXFWLRQV 9RO 1R
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BHGRY /RRQWLQXXP PHFKNGRRZVNBDKO ORS

BNRSLQVN\ SWUHVVHV LQ LQWHUVHFWLQJ VKBOOV
KWWSV ZZZ HWHPUDWS"UR

BNRSLQMN\,OQWHUVHFWWQXVWNOD® REMHFWV Rl PHFKD
FKDQLFDO (QUQG HEMHQUQJ (GXFDWLRQ 1Rt KWWSV3ZZZ H
EUDU\ UX LWHP DVS"LG

'DIJKLJKLD 6 =XFFRD * 5RXK®%D @G HHONWILIM 3R! VXSHU
RI UHYROXWLRQ FRPSRVLWH SUHVVXUH YHVYHOV &RPSRVLW

JLIXRWBL )DGHR $ *DUFHD * $ GXDO GH F FROP\S BSWIRWILHRFQV
LQ LQFUHP HSMDD/WHPIDNWR/LQJ D PL[HG VKHOO ILQLWH HOHPF
OHWKRGV LQ (QJLQHHULQJ #R 3s

ODJLVDQR ' /HRQHWWL / *DUFHD * $GYDQWDJHV RI |
OLQHDU RI EHDPV DQG VKHOOV XVLQJ VROLG ILQLWH HOHPH
(QJLQHHULQJ 9RO VMEXH KWWS3¥S GRLORWYIJ

1RGDUSL $Q RYHUYLHZ RI PL[HG ILQLWHI HQHPHDYWY F R
PHQVLRQDO VWUXFWXUHV $UFKLYHV Rl &RPSXWDWLRQDO Ol
3S ‘2, Vv

675(66 67671 7+( -2,17 =21( 2) 6+(//6 81'(5 )/$7 /2$',1*
%$6(" 21 0,;(" )(O

5 6LVHOHWMYD S5\DEXNKB3 .LUVDORYD .ORFENBRYLILLNRODHY

9ROJRIJUDG 6WDWH $JULFXOWXUDO 8QLYHUVLW\
9ROJRJIJUDG 5XVVLD
JLOQODQFLDO S8QUWKHVRWHNQBHQW RI WKH 5XVVLDQ )HGHUDW
ORVFRZ 5XVVLD

3K' RI 7THFKQLFDO 6FLHQFHV $VVRF 3URI Rl WKH '"HSDUW PHWQMURIVEESO|
M O WDLO UXPLD #\DQGH[ UX

3K' BWXGHQW RHIWKRI'19 BB ¥PWE@OF VW LAVD OL N #PDLO UX

'U RI 3RO/IDRRG ODWKHPDWLFDO 6FLHQFHV $VVRF 3URI RI WKH 'HSDUWEF
DQG )LQDQFLDO PHRIOQROWIGME DH#\DQGH[ UX

'U RI THFKQLFDO G6HIDHQRHWKHIRISDUWPHQW FPID4I0) K KRR WEW NUKKP DWLFV |
'U RI 7THFKQLFDO 6FLHQFHV 3URI RIPDKD 'BDREHWRHGW QGHHUKDQLFV |

7R GHWHUPLQH WKH VWUHVV VWDWH LQ WKH PQ HIBUN IE W HR QO] R DHHOQR
LQ FXUYLOLQHDU FRRUGLH®WH V\VWHPV Z

$UWLFXODWHG VKHOOV ZHUH FRQVARGHU K RIWKK R X W XWILQ@D WVKKHH ).(LOU
PXODWLRQ

$ SULVPDWLF ILQLWH HOHPHQW R XQRW X6& XIKNQ RIZ\Y N WQ MDKH XR DR
RI QRGDOQSRYWWNVIY WHQVRU FRPSRQHQWY QRUPDO DQG VKHEBHMWHYVV

7KH VRXJKW YDOXHV Rl WKH LQWHUQDO SRLQWWG WKIHQS WLIV@PHDWL FXI
LQ WKH FRRUGLQDWRWF R D WKRWREERBHIOO WWKH GHIRUPDWLRQ PDWUL[ RI WK
ORDGLQJ ZLWKLQ WKH HODVWXGFOWPRGDO WKW RPVYHGG B HWWKEW KKK P LVMROPIK D
QRGDO XQNQRZQV WKH GHIRUPDWLRQ PDWUL[ RI WKH SUHVRPWREQHGL Y
QRGHV RQ WKH MXQFWLRQ ERXQGDU\ RIGGORRR WRPKHGOVE HB OND NMHKH D)/
QRGOIMNQRZQV RI WKH DGMDFHQW VKHOO DUH H[SUHVVHG W KHTROQI®B LWK HR IC
WKH GLVSODFHPHQW YHFWRUV RI WKH ERXQ G D UL QHDGD PRRRIGIVQ COVQHE \L\W
DUWLFXODWHG VKHOOV

$ VSHFLILF H[DPSOH LV XVHG WR LPSOHPHQW WKH GHYHERGHWS\ LRI JF
FRQWURO

.H\ZRUGRL[HG )(0 SULVPDWLF ILQLWH HOHPHQDWLHY VOQKHOIX (MR QR
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M>D

NHIJFME: >EY 1?J<HC Q:KLHLU KH;KL<?GGUO DHE?;:GBC
[ JHKLJ:GKL<?GGHC DHGKHEVGHC N?JFU

F G DbjkZgh\< :]Zjdh\

GZpbhgZevguc bkke_"h\Zl_evkdbc mgb\_jkbl_| ©FWB?
Jhkkby ] Fhkd\z

<hjhgkdbcklm~Zjkl\_gguc | _ogbg_kdbc mgb\_jkbl_I
Jhkkby 1 <hjhg_°

>j nbd&zZl gZmd ijhn dZn_"ju jh[hlhl_ogbdb f_oZljhgbdb ~bgZfbdb b ijhqghkl
I_e HWDLRO #\D UX
DzZg™ |_og gZmd ~hp dZn_"ju lldbbll_evghc f_oZdHP D LB D U K RYQ GHY{

KIZlbg_kdb hij_~_ebfZy j_]meyjgZy n_jfZ ijhkljZgkl\_gghc dhgkheb k qg_I
bf__llj_mlhevgmx j_r_ldm JZkkfZljb\Zxlky kh[kI\_ggu_ dhe_[Zgby fhHMNgéb n_jfu
dhgp_gljbjm_Iky \ = maeZo Maeu kh\_jgZKigbylbgleaviy k|l _dhg_c k\h[h”u kbkl_
jZ\gh gbkem maeh\ n_jfu [_a mqg_IZ lhq_d dj_ie_gby dhgkljmdpbb d \ZjbbdZevgt
kbfhklb hkgh\ghc gZklhlu dhe_[Zgbgbd&leg@kizgdebb hkgh\Zg gZ f_Ih~_ >hgd_je_)\
n_jfujizkkgblu\Z _Iky ih nhjfme_ *FHAEpgK\ KeeiBklZ\e_gb_ gZc”_ggh]h ZgZeblbg_kdh
gbke_gguf ihdzZzau\zZz_| \_kvfZ \ukhdmx lhgghklv ihemg_gghc nhjfmeu <k_ ZgZzZel
ihg _gu \ kbkl_f_ kbf\hevghc 0DISOHD[hs©gbZ jjy r_gbc ey n_jf jZaebggh]h ihjy~
ijhbal\hevguc kemqgZc \uihegy_I|ky f_Ih~hf bgmdpbb Lhqgghklv ij_~eh h§gh]lh f_I
gbkez izg_e_c

Dexqg_\u_ kehhWkljzgkI\_gug4¥ hhhkhev kh[kI\_ggZy qzZklhlz f_Ih”~ >hgd_je_
f_Ih® bg"mdpbb nhjfmeZ2HFgdk\_eeZ

<\ _ " gb>ey \ugbke _gby hkgh\ghc gZklhlu kh[klI\ _gguo dhe [z
kbkl f dzd ijZ\beh ijbf_gyxlky ki_pbZebabjh\Zggu_ gbke_ggu_
liZffu > @ \ hkgh\m dhlhjuo iheh g f_Ihh\dhg@qguo wieZkig_ | gZ
dhe_[Zgbc n_jf \uihegy_|ky ZgZeblbq_kdb < hkgh\ghf [Zdb_ aZz’
" ggh dzd ijz\beh f _Ih~"hf >hgd_je_y beb Jwe_y > @ | _j\uc
kilht kgbam \Bilhcjom :gZeblbg_kdbc jZkgmleyjhglo][tZ ijhkljZgkl\ g
ghlh ijyfhm]lhevgh]h ihdjulbyD $SOKIiieg®d g \ > @ < > @ ihemqg_gZ
gZy nhjfmez "ey ijh]b[Z kI_j g _\hc fh"_eb dZjdZkZ q_luj_okdZlgl
ihdjulyp k ijhbal\hevguf gbkehf iZzg_e_c¢c F_Ih?*u dalfbdd @D GZF 21 _f
klh ijbf_gyxlky ey jZkq_|1Z kljhbl_evguo dhgkljmdpbc > @ < >
g_kdbc jZkg_I| hkgh\ghc gZklhlu kh[kI\_gguo dhe_[Zgbc iehkdhc fl
GZc™glyj r gb_ kjz\gb\Z |ky k gbke _gguf Nhjfmedgtey gZKlihd uk d k|
e [Zgbc "\moijhe_Ighc j_]Imeyjghc iehkdhc n_jfu \u\_* gZ \ > @
i _j\hc gZklhlu kh[kI\_gguo dhe _[Zgbc \ ZgZeblbg_kdhc nhjf_ihemc¢
e y b >hgedy < gZklhys_c jZ[hl_ \u\h?blky nhjfmle\d acZ \gokibl i k| tol H k
e [Zgbc ijhkljZgklI\ _gghc q_luj_o]jZgghc dhgkheb hl gbkeZ iZg_e_
eZo :9gZeh]bqgZy azZ”"ZqgZ "ey ijhkljZgkl\ _gghc dhgkheb KkhklZ\e ¢
Fdj_Wih[jg&dc j_r_Idhc \ ZgZeblbg_kdhc nhjfhjfnregzZréy>kh@kIN_ggh
gZklhlu dhe_[A§Zaghc ijhkljZgkl\ _gghc n_jfu \u\_~ gZ f_Ih*hf bg"
k bkihevah\zZgb _f f |h”"Z >hgd_je_y > nhjfZpbb iehkdhc dhgkhevg
nhf_jZkkfzljb\Zebkv \ > @

¢ DbjkZghh\G :]Zjdh\ : <
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Dhgkljmdpby nDhgkhevgid¥Y khklZ\e _gZ ba g _luj_o h"bgZdh\uc
n_jf b ijbdj_ie_gZ d \_jlbdZevghc iehkdhklb kr$ phbebldpbg Apdbihf
b klhcd&fb jbk

D |x

Jbk Ko_fZ n_jQu

Jbk Ko_fZ n_jfu \ ijh_dpbb gZ j&hkdhklv

AR

il

lehkdb_n_jfu ba dhlhjuo kjkdl&ve bdZxdHj m]hevgu_j r_Idb b
guc kl_j g#zvdhgp_ n_jfu Iljhe/l QKfu \ukhlZ b Jem[iDgFLgdbdz
_lky fh”_ev dhgkljmdpbb W fdikih¢z\ghf_jgh jZkij_~_aedZ ih
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JZkg_ | mkbebc \ kIMKlpglwoy g _h[oh”~bfu_ 7~ey hij_~ e _gby ~ _k
kljmdpbb ih nhjfme_ BREH4kX gBKkqgblu\Zxlky ba j r_gby kbkl fu mjZz'
gh\_kby maeh\ FZljbpzZz wlhc kbkl_fu khkohinlkbgmdai\jZhé&pedblr > ¢
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Kbkl _fZ mjzZ\g_gbc jZ\gh\_kby maeh\ aZibku\zZ 'Bky2\ fZ1ibgghc
2 £\ _dlhj gZhdna ma'ewfZljbpzZz khklhysZdyZzbaygsbo dhkbgmkh\ \_dlh
mkbebc \ kl_j gyo Hafl jEfx\_dlhj "ebMhxckdhfuo mkbebc \ kl_j gyo

gbkehlam\ klguo mkbebc \dexqZxlklgcb\ khihjgukblkl j gyo We f glu
jbpu khklz\e _gu ih "Zgguf h dhhj*bgzZlZo dhgph\ kI _j'g_c

Hp_gdZ i_j\hc qZklhlu kh[kI\_ggucahkdZbbdcj\kh[kI\_gghc
gZklhDu bkihevam_ Iky nhjfmeZ ij_"eh’  _ggZy \ > @
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I"_E P +jZkkgblu\Z _Iky ih nhjfme tFHjdk\d2d¢djh]b[Sma®Zc
kiI\by gZ g _]h _~bgbqgh]h \ _jlbdZevgh]h mkbeby
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H[hagZg3ghmkbeb_ \ klEjjlg *_ckl\bb g3 _rhgbegghc \_jlbdZevgh
kbeu, +"ebgZ kl_j gy @ (kldhklg_c h*bgZdh\Zy Dhe_[Zgby maeh\

ih hif Keh ghklv j_r _gby khklhbl \ IThf qglh \ b \uihegyxlky Z
h[jZzah\Zgby k ~kmcfgdbhfh\Zgb f Ihke "~h\Zl _evguc jZkg_| n_jf ihke
NZ | ke _"mxsb_ nhjfmeu
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Qbke_ggh_ j_r>ely_ijbf_jz ijbgyl ihi_j _@gucZzgZeb dhgkheb
A A fh” mev mijm]hklb fZl_jb2eZ k] _j@Dc iehsz”v ihi_j_qghlh k
q_ghg kf FZkku \ maeZod Djb\u_ aZ\bkbfhklbXgqEklqbkeZz iZ

g e _c ih nhjfme]jZnbgzZ kjz\gb\Zxlky k i_j\hc gzZXlhglxeckigdh&

gbke _ggh k ihfhsvx h{LJHRQYD®@aXkH VpbZebabjh\Zgghll® HD $0 EHE U
Kbkl _fOU®SOHK m\_ebq_gbZIgghe c b nZdlbgbdgdhdhgkheb qzZklhlz fh
lhggh iz~Z | ijb wlhf ZgZeblbqg_kdh_ j_r_gb_ ijZzdlbg_kdb kh\iz""Z
ykv k gbf ebrv \ Ij Iv_f agZd_ ;he__ I|Thggh hp_gblv hlghkbl
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AZdexq _gb_"eh” gz fzl fzZlbqgq_kdzZy fh”_ev ijhkljZgkl\_gghc
n_jfu < kbkl_f_dhfivxl_jghc fZI_fZlbdb \u\_~ gZ nhjfmekhrey hki
kI\_gguo dhe [Zgbc KjzZ\g _gb_ ZgZeblbqg_kdh]hrj g fgblyd K aZleke ¢



Kljhbl_eydZozZgbdZ b dhgkljmdpbb

\ukhdmx Ihqghklv \u\_~ gghc nhjfmeu aZ\bkbdBkibg] e ghoy jZlaf bk
dhgkljmdpbb Bkihevah\ZggZy fh” _ev dhgkljmdpbb b ij_“eh” _gguc
Ibgkdh]h j_r_gby fh gh bkihevah\zZlv \ “"jm]bo klZlbq godbdhig_"_el
kljmdpbyo "ey hp_gdb hkgh\ghc qZklhlu kh[klI\_gguo dhe _[Zgbc

b[ebh]jZnbg_kdbc kibkhd

L ; &KHQ 7 -LQ ' 'LVFUHWH DGDSWLYH PHVK UHILQ
SODQDU EHDPOLNH SHULRGLF WRRNXONGZBWX XHWRGBMREQWYV
3S +tKWWSV GRL RUJ M WZV

=KDR ; tWD ®XDWLQJ ILUH SHUIRUPDQFH RI WKURXJK FR
WUXVV EULGJH JLUGHUV ([SHULPHQWDO DQG QXHULEDO LQ
9RO £3S +tKWWSV GRL RUJ M HQJVWUXFW

BlgzZlv_\ < : Bl]gZlv_\ dhgggolwe f glh\ \ nhjf_ deZkkbq_
kf _rzggh]lh f_Ih~Z kljhbl_evghc f_ozZgbdg_KdbjbyhzZébfBIEethjblfu
F K< + k

.LUVDQRY 0 1 6DIURQRY 9 6 $QDODWMUFDDOHNIWIKXB\W
DQDO\VLYVY RI D SODQDU UHJXODU WUXVV RVFLOORWLRHQ) VSHI

+$UWOH 1R £'2, 0&(

Dhf _jaZg ? < FZkeh\ : G :gZeblbq_kdZy hp_gdZ hlkgh\gh
dhe [Zgbc j_]Jmeyjghc n_jfu Kljhbl _evgZy f_8Zgbdd b dhgkljmdg
K + z'2, 9678

DbjkzZzgh\ F G :gZeblbqg_kdbc jZkqg_I ijh]lb[Z ijhkljZzgklI\_g
ghlh ihdjulby < _klgbhd F=KM \ui + K * +'2,

:klZoh\ K < :gZeblbg_kdZy hp_gdZ ijh]b[Zj&EKkZgg \hejfb™
kdZlgh]h ihdjulby Kljhbl _evgZy f _o0ZgbdZ thcdhgklgidpbb £
¥y

ODWURVRY $ $Q H[DFW DQDOWWEFROWHR®D RPWERRSRRQAD D
WKH PHWKRG RNLIR@QWLDOHLXWQWHKULIW IXU $QIJHZBPQGWH 0DW
9RO t'2, 6 <

*ROVNRNRY ' 3 GOG6DWURYRYR[LPDWH DQDO\WWLFDO VRO
WKLQ HODVWLF SODWHYV $ 3 SROQROUHLEH SURFHHGLQJV

Dhf_jaZg ? < GbgZeZeh\ B = K\bjbr gdh H <kh])zZkqg_|I
kl\_gguo dhe [BgObcidh™ _eb khklZ\ghc n_jfu Kljhbl _evgZy f_0Zg
p b bt *< tK = +'2, 9678

SHWUHQNR 9 7KH QDWXUSM® QUWTITXNYF BOEO WXROG
$UWILROH +'2, 19

9RUREHY 2 %LODWHUDO DQDO\WLFDO HVWLPDWLRQ RI
WLRQ RI 8QLTXH %XLOGEQJV DORO 6 WXV XOHYV 1R'2,

&8%6

6YLULGHQNR 2 7KRH KBUHIPHQG H QX IURIOWRKWH IQXDODWLRQ IL
FRQVROH WUXVV RQ WKH QXPEHU RI SDQHOV &RQVWH XFWL

t3UWLFOH H1R2, &8%6

Dhf _jaZzg ? < FZkeh\ : G HpZigldhZuhdklgad\gidpZghc ijh

kljZgkl\_gghc n_jfu Kljhbl _evgZy f_o0ZgbdZ kE<«dhgkljaKdphkb
+'2, 9678

%XNDLYDGH . .LUVDQRY 2 I FeHODGWLRNN RI GHIRUPDW
WLOHMHWH SODQDU WUXVV PRGHO ZLWK DQ DUELWUDW QXPE
< +3S £ +'2,
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DbjkZgh\' F G Nhjfmeu *ey "\moklhjhggqgZ kiptgel b[ hdgklgtr\gh
j_r_lgZlhc n_jfu < _klgbtd F=KM \ui £ K + +'2,

SHIHUHQFHV

L ; &KHQ 7 -LQ ' 'LVFUHWH DGDSWLYH PHVK UHILQ
SODQDU EHDPOLNAWXHU L RIGE AVBRIIOEWANG GWUXFW XUHV
KWWSV GRL RUJ M WZV

=KDR : HW DOILWHD SMDWRIWPDQFH Rl WKURXJK FRQWLQX
WUXVV EULGJH JLUGHUV ([SHULPHQWDO DEGUERWKUHRDO LQ
3S KWWSV GRL RUJ M HQJVWUXFW

,JODWLHY 9 $ ,JOQDWPHOW PHWKRIGWHQHWKH IRUP RI
PHWKRG RI VWUXFWXUDO PHFKDQLFV WKHR WR\PHREZKI$BD\WKE
OLVKLQJ +RXVH S LQ 5XVVLDQ

.LUVDQRY 0 1 6DIURQRY 9 6 $QDO\WLFDOXHQYMW LPQGV
DQDO\VLV RI D SODQDU UHJXODU WUXVV RVFLOODWLRQ VSHF)\
$UVWFOH 1R ‘2, 08&(

.RPHU]DQ ( 9 ODVORY $ 1 $QDO\WLFDO HYDOXDWLRQ
IX@PHQWDO IUHTXHQF\ BWUXFWXUDO PHFKDBGLFV QG VW

9678 5XL\DL D Q
.LUVDQRY 0 1 $QDO\WLFDO FDOFXODWLRQ RI GHIOHF\
9HVWQLN 0*68 3s + 2, LQ 5XVVLDQ

$VWDNKRY 6 9 $QDO\WLFDO HRDNUR BWIRRGH 8 | RW IDHKE B | t

BWUXFWXUDO OHFKDQLFV DO®G 6WLBXFWXURY
LQ 5XVVLDQ

ODWURVRY $ $Q H[DFW DQDOWXSTRUWRGXRMLFRIRIROL
E\ WKH PHOYKRSG IKIQEWLRQV =HLWVFKULIW IXU $QJHZDQGWH
‘2, 6 <

*RORVNRNRY ' 3 $0DWRSSWR[LPDWH DQDO\WLFDO VRO
WKLQ HODVWLF SODWHV $,3 &RQIHMUHQFH 3URFHHGLQJV

.RPHU]DQ ( 9 1LQDODORY , * G6YLULGHQNR 2 9 &D
TXHQF\ Rl QDWRQ\D ® IRV ADO@DMRGHO RI D FRPSRVLWH WUXVV

WXUHV 1R + '2.,3 9678 LQ 5XVVLDQ
3HWUHQNR 9 7KH QDWXUDSDIQ MIUHOQF\ $0 1 D%WEZA G
1R ‘2, $/)
9RUREH%LODWHUDO DQDO\WLFDO HVWLPDWLRQ RI ILUV
RI SQHT®GLQJY DQG 6WUXFWXUHYV $UWLFOH 1R ‘2

BYLULGHQNR 2 .RPHU]DQ ( 7KH GHSHQGHQFH KRH WKH
FRQVROH WUXVV RQ WKH QXPEHU RI SDQHOV &RQVWUXFWLR
$UWLFOH 1R ‘2, &8%6

.RPHU]DQ ( 9 ODVORY $ 1 $QDO\WLFDO HYDOXDWLRQ
IXQGDPHQWDO 6WHXFWQXEDO PHFKDQLFV DQG3SWUXFWXUHYV

9678 LQ 5XVVLDQ

%XMDLYDGH . .LUVDQRY 0 1 BHUGMXNV ' 2 &DOFXC
WLOMHMNHPWH SODQDU WUXVV PRGHO IZ5WR HIDY DYHEL WY@ DN \0 58P
3S = ‘2,

LUVDPQ@R )RUPXODWLRWGVERWLPDWLRQ Rl WKH IXQGD!
FLOODWLRQV RI D ODWWLFH WUXVV 9HVWQLN 0*68

LQ 5XVVLDQ
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)2508/$ )25 7+( 63%$7,%/ &$17,/(9(5 75866 ),567 1$785%/
268&,//$7,216 )5(48(1&<

F 1.LUVDQRY9 $JDUNRY

IDWLRQDO 5HVHDRBRK 8QLYHUVLW\
FRVFRZ 5XVVLD

9RURQH]K 6WDWH 7HFKQLFDO 8QLYHUVLW\
IRURQINKVLD

'RFWRU RI 3K\ WVLFDO DQG ODWKHPDWLFDO 6FLHIQFBANFKDQ RMVYRQLRY WKH
‘\QDPLFV DQG 6WUHQJWK RI ODFKLBBDWOWHO UX

3K' RI 7THFKQLFDO 6FLHQFHVY $VVRFLDWH 3URIHVVRU RI WKH '"HSDUWPHQ
HPDLO DJDUNRY #\DQGH[ UX

$ VWDIDVGIHWIOUPLQ W EWIHDIXFDQOWLOHYHU WUXVV ZLWK IRXU SODQD!
RVFLOODWLRQV RI D WUXVV PRGHO DUH FRQVLGHUHG GWK&® HY@WIQRGRB YV
QRGHV SHUIRUP ¥RQ WLKHD Q X RVEHWWVBRB HUHHGRP RI WKH PDVV VA\VWHP LV |
QRGHV ZLWKRXW WDNLQJ LOQWR DFFRXQW WKH SRLQWVWHRGHULWDWK RIDQRV
IRUPXOD IRU WKH GHSHQGHRIFRWALW @BYWADRQ@UIXRHW XHB RQ WKH QXPEHU R
"XQNHUOH\ PHWKRG 7KH ULJLGLW\ RI WKHMRKUVV LRUPXODBX GRWF B B UXWIR®X
DQDOVWLFDO VROXWLRQ ZLWK W KHFBRXPH URLIF IV BGRIR BRV/EORZY $0 O HDW\DKON WKL |
PDWLRQV DUH SHUIRUPHG LQ WKH ODSOH V\PEROLF PDW KIHP@W LFEWY W U/XWA
RI GLITHUHQW RUGHUV WR DQ DUELWUDU\ FDVHBXUUID BHR I RVURB B HER/HAEKEG
LQFUHDVHYV ZLWK DQ LQFUHDVH LQ WKH QXPEHU RI SDQHOV

.H\ ZRUGYDWLDO WUXVV FRQVROH QDWXUDO IUHTXHQF\ 'X@NHUOH
ORKU IRUPXOD
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HILHLJHIGHC KN?JBQ?KDHC H;HEHQDB K HL<?JKLB?F

Lji_s \< = L_ebgdmB >hjhr_gdh

Lmevkdblcm&Z\_gguc mgb\_jkbl_I
Jhkkby ] LmeZz

Qedhj J::KGj Mog gZmd ijhn az\ dzZn_"jhc ©Kljhbl_evkl\h kljhbl_evgu_ fz

b dhgkljmdpbeba HP D LMDD ®\D Q GUHY
>jl _og gZmdlZhhpEKIljhbl lévk kljhielvgu_ fZI_jbZeu b dhgkljmdpbb?
| e HWDLNDWUDQY#\DQGH[ UX

“kibjzgdzZn_~@Kljhbl_evki\h kljhbl_evgu_ fZl_jbZeul bedhgkljmdpbba
HP D LGR UR V K BOMNER P

lj_"~klZ\e_gZ fZ1_fZIb¢_kdZly jfilnf_oZgbqg_kdibjh\Zgblyjfifhgdhlbgkikdhc h[h
ehgdb ba]lhlhle_gghc gZ hkgh\_ hjlhljhigh]lh dhfihablZ \ dhlhjhf jZayildmlky gZ
‘_gby g_h”rghjh~rghklv H[sZy ihklZgh\dZ djZ_\uo azZ”~Zq dzZdkh\eghkgh\Zghk\yy"_
azZzgghc ihklzgh\d_ <hdgbdghhmgph]lh i_j_iZz~Z ijbgylh h~rghf_jguf ih ghjfZeb d il
h[hehqdb ljb wihf ijbgylu fZeu_ ]jZz~b_glu jZkijhkljZzg_gby I_fi_jZImjgm]lh \ha”_

_gb_ az”Zq hkms_kl\e llyd_ ‘kdihZa\BkagI >ey mq_IlZz \eb_yrg’bg/hng"\gmbethmgh
y\eyxs cky dzd az\bkbfhklv ~ijhhpfZiplgluggk\hckI\ dhfihablh\ hl \b~AZ gZijy _ggh
gby bkihevah\Zgu mjz\g_gby khklhygby knhjfmebjh\Zggu_ h~glfgba IZIWh)jh\\
ghjfbjh\Zggh]lh I_gahjgh]h ijAkRIazgMKiINZggZy fh”_ev j_Zebah\ZgZ ijb |I_jfhf_ozZgb
hrghkehcghc kn_jbg_kdhc h[{hehgdb k p_gljZzevguf hI\_jklb_f Hkgh\gu_ izZjzf_I]
j_amevlzZlZfb ZgZeh]bgguo j_rughc bkhkevaahdggb f gZb[he__ Zijk[bgh\Zgbbo fh”
A_nhjfbjh\Zgby hjlhljhiguo jZaghkhijhlbleyxsboky fZl_jbZeh\ ij_~eh _gguo ~jm]
[Zabjmxsboky gZ mjzZ\g_gbyo hjlhljhighc ebg_cghc I_hjbb mijm]hklb [_a mqg_IlZ

Dexq_\u_ kekhZjbq_kdZy h[hehgqdZ gZ\_"~_ggZy Zgbahljhiby hjlhljhiby i
g_k\yazggZy |I_jfhf_ozZgbqg_kdzy az~ZgqzZ ghjfbjh\Zggh_ | _gahjgh_ ijhkljZgkl\h

<\_" gbjb bgl_gkb\ghf jZza\blbb kljhbl_evkI\Z [_kigpeplghbdZ\bZz
hlhjhgghijhfure_gghklb b fbdjhwe_dljhgbdb h[gZjm b\Z_Iky ih\k_f_
dhfihablguo fZl_jbZeh\ h[eZ”"Zxsbo hkboFygftbg nkbbdlbfdbh k\hckIl®@Zfb >
l[jbhjbl_lgh_ |tlilheZgb_  dhfihablh\ h[tykgy |Iky bo \ukhdbfb ~_
ijhgghklguiyyzod! _jbElIbdijb hrgh\j_f _gghc y\ghc khijhlb\ey_ fhklb Z]j_
| jfbg_HKdbha” ckii\bjb fbgbfZevghc fZk®_ DBZd hdZaZehkv [hevrt
jZajzZ[hlZgguo dhfihablh\ hkle[AfBExf_oZgbqg_kdbfb ijhyAebfgbydBd
kljmdIimjgZy hjlhijbathyg kdZy g _ebg _cghkhv b& axWkhlyfthklv hl \b’
gZijy _ggh]lh khklhygby dhlhjzy fh™ | IjZdlh\ZlIvky dZd *_aAh@Zpbhg
Hg_\b~gh qglh wib nzdlhpyh\diad Zodfbmevk d |I_hj _Ibg_kdbf b wdki_jbf
bkke ~h\Zgbyf 1kjg*puo \h \k f #Hj@ ?keb k wdki_jbf _glZevgu
bkke_ "h\Zgbyfb \k_ [he__ bekb nigglhf ykoghh]jZgbq_ghyjh\hd Zfb

«<Lj_s N : L_ebgdh < = >hjhr_gdh > B
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\hafh ghklyfb kh\j_f ggh]lh iZjdZ bkhghAhedgtyhlih ijb | _hkihbg_kdb
kh[Zahjfmebjb\mijZ\g_gbc kibklhyh kbo ihj_"dggh]lh ih*oh~Z b ijzZ\lI
ihkljh_gby > @

GZ gZebgb_ k_jv_aguo g_"hklzldh\ fh _e ¢ hijm eyasb&lkhh
guo b ijbf_gy feghjlhljhigudhfihablh\ ijhyleyxsbo "~ _nhjfZpbhe
Zgbahljhigpxh~ghdjzZlgh mdzZayX¥Zrelika @ D wlbf g_"hklZldZf [ueb hlc
jZajulghklb mjzZ\g _gbc beb wg j] Ibg_kdbo ih\ @glgkl"kcklZlhqgqgZ\
hlhkgh\Zgghklv dZq_ka¥_¢gjdoiZd kh\_jr_ggh_ hlkmlkl\b_ \ fh"_eyo
hij ~ eyxsbo \b” gZijy klgglhygby @ gZebqgb_ h]jZgbqgq_gbc bkdm
gZdeZ”u\Z _fuo gZ agZq_gby ~ nhjfZpbhggu@ dhlggkbXAgfZcgh [hevr
dhebqg_klI\h g _h[oh”"bfagbdkfey hij_~ e gby dhwnnbpb_glh\ iheb
jZaeh _gbct @ & kzZfh_ JezZ\ghg_m~h\édjbl_edygkh]eZkh\Zgghkl
wfibjbq_kdbfb ~bz]jzffZzfb ijb keh guo \b”"Zo gZijyt _@gh]h khklhygb

Mgblu\Zy h[gZjm  _ggu_ ij _bfms_klI\ZhjfdAhad[llh\Zgoggbo gZreb rbjh
dh_ijbf_g_gb_ \ dhgkljmbjh\Zgbb Ihgdhkl_glgdib hfbe hqgllth\b 124k bbc
< qZklghklb rbjhdh_ jZkijhkljZg_gb_ ihemgthad tk n ajpbpZ Klarbx wd ki €
Ibjm_fuo \'i_j f gguo | _fi_jZImjguo iheyoimikd®llhfogydehjbg kdbo °
dhkl_c beb ]Zahh[jZaguo kj_” bo ih”\_"_gl_ljmkjhsjhkh‘egu |kl _d¢bj ih’
\hAbfu_d p_gljZevguf hlI\_jklbyf h[hehqg_d

ljb ihklZzgh\d_ |_jfhf_oZgbqg_kdbo az”Zjhdghkldgzphbjlzkgh [h\ dh
kljmdpbc jZkkfZlypdzzd kg k\yaZggu_ 1Zd b klyaZggu_ nhjfmebjh\d
\ebygby k\yaZgghlkylbktbjé b f oZgbqg_kdbo ihe_c ijb jZzkg_|I_ we f_
pbhgglgbahljhiguo #ZdhybihdZaZe qlh k\yaZgghklv azZ”~Zqgb ijhy\ey
gZgZevguo wlzZzigocodhefi[4ZImju Z \j _f _gghc bgl _j\Ze ijhy\le_gby \_
b azdzZzggb\zZz_IkklZlgkée mby jZ\gh\_kgh]lh | _fi_jZImjgh]lh i_j_iz"Z >
\ ij_"klzZ\e_gglef bk gbb knhjfmebjh\zgz fzl_fZlbg_kdzZy fh~_ev
kdhl]h * _nhjfbjhhgghy Ikn_jbg_kdhc h[hehgdb k p_gljZevguf hI\_jklt
ghc gZ hkgh\_ hjlklghighablZz gm\kl\bl _evgh]h d \b m gZijy _ggh]
g _k\yaZgghc ihkHkgh\dhc ihkljh_gby wlhc fh®” _eb ihkem be h[h[sZX
ihkljh_gbx ihl_gpbixkjZZpbc ~ey hjlhljhiguo fZl _jbZeh\ ijhy\eyxsb
gmx * nhjfZpbhggmx Zgbal@jhsbwlhc = jZ[hl_ijh”~ _fhgkljbjh\Zgh «
ghl]h wfibjbg_kdh]h \ugbkenlybly dlh\ jZaeh  gby wg_j] Ibg_kdh]
g _h[oh”~bfh ijb\e_dZlv NhekHZdmxgtdhf[bgZpbx wdki_jbf_glh\ \dexqZzZ
iulZgby gZ h~gh\j_f _ggu_ k®\b\lduo lYyadblfgh hjlh]hgZevguo iehkdhk
ljhibb > @ qlh ~Z" _ ijb kh\j_f jZghblmbyhwydki_jbf_glZevghc |_ogh
g_ m~rZjlkebah\Zlv ThwlhfmaA[Wjzaoko@ "“ey ijZdlbg_kdbo jZkq_Ih\
f _ grh\Zgh bkihevah\Zgb_ihlfgywbZei ™khhye ggh]h \ | _gahjghf ijl
kKI\_ ghjfbjh\Zgguo gZijy _gbc \ fdijpdeébggleigh H[jZ[hIZ\ wlhl ihl_g]
ijhp_"mjhc ij_"eh _gghc DZkllgdwyghklhyH\mgy ijb\h bt d@b” m >

KV
]/\
“H1 & & & ‘ Ve
oH ) & & oV o
8H ¢ €& & & By ¢
A X Y
-9 @« & S

«

« &

«

¢
<
R
Ro



,661 SULQW <uimkd

& $ < D >% D D % D
< D < D < D < D@< D D D D
< D D D D < DD D C

& & % D D & & % D D

& $ < D >% D D % D
< D < D < D < D@< D D D D
< D D D D < DD D C

& & : % D D

& $ < D >% D D % D
< D < D < D < D@< D D D D
< D D DD < DD D D

& $ % D % D % D
<~ DD D D < DD D L < DD D D

& $ % D % D % D
<~ DD D D < DD D L < DD D D

& $ % D % D % D
<~ DD D D < DD D L < DD D D

HH,J yijblLz Vi, W, £dhfihg_glu I_gahjh\ ~_nhjfZpbc B&gZijy _gt
dhfihg_glu |I_gahjz ih~Zleb\hkl_c hjlhljhidhI¥W G2 gjbjZlejh\Zggu _
gZijy _gby \' | _gamMmiglhizdkl\_ hij_~ e _gghf \ JeZ\guo hkyo hjlhljhib
mkeh\b_f ghjfobhAph D D D D D D6 [V ,V xghjfZ I_gahj
ghlh ijhkljzgkl\z hij_~_e_lmay \\g diHfjZ ihegh]lh giZMjy _gby
DhgklzZgdy %, nblmjbjmxsb_ \ g_ebg_cguo \ujZ ' _gbyo dhfihg_
ihr"Zleb\hk&,s \ jZ[hl20ot @\ugbke_gujibmelzZliiZzh[jZ[hldb f_Ih"hf
gZbf _gvrbo d\zZ*jzZIh\ w@bibjbhigkuo ihemq_gguo ijb hk _\uo jZkly g
leZ\guo gZijZ\e _gbyo fZl_jbZeZ b gZ k”\b]b \ JeZ\guo iehkdhklyo
IhklZzgh\dzZ az”~"Zqb bkkezZ¥xn Ziglxy ko _fzZ kn_jbg_kdhc A2\[hehqgd
e _gZjbk 1”~_ ijb\_"~ _gu hkgh¥gujbd_kdb_ghb\j&\u_ | _fi_jZImjgu_ iZ]j
f lju "ey bkke_"m_fhc aZ”Zqb
Bkoh”gu_ "Zggu_ "ey jZkkfZljb\Z _fhc aZ”"Zgb ijbgbfZebkv ke _
d iheh]l]hc h[hehqgd_ N\derg aghjfZelwg”zZ\e gbZ\ghf jgh
bgl_g\gth kix™hT FIZ jbk
gZqZevgZy | _fi_jZImjZ h[hehqdb gZ \kx lhesbgm b ih \k_f il
jZ\ghk °k Z \ ihke_“mxs_f \gmlj_ggyy ih\_joghklv R&edzZiRZ Iky ’
N jTb\Z _bkybaf _gghg _rgyh\ _joghklv gZ]jihkelkymkks ¢ klZpbhgZjghk
AhL °k jZzaghklv | _fi_jZImj \ lhgqd_ h[hehqdb f_"~m gZqZevguf b j

ygbyfb h[hagZqgb¥ q_j a



Kljhbl_eydZozZgbdZ b dhgkljmdpbb

JeZ\gu_ djb\bagghij ihlgihkibhehqddjDddl _jbamx| bggmkly
N N N 5 f

jZ"brkhjghprhgimiZhehqgdb khklZ\ey fl jbk Zklj_eZ ih~t_fZ
| f jbk

p_gBevgh_ djnhn\hkIbf | Abzfuf f jbk
lhesbgZ h[hehqdb ijbgIZ jZ¥ghk

/
\ |
\|/

0

Jbk JZkq_lgzZy ko_fZ iheh]lhc kn_jbgq_kdhc h[hehqgdb

Ohly ijb ihkljh_gbb fzl_fzhoq ekdib@ZFZ hljjhigulm[hehq_d azZqZz
kilmx ijbgbfzxlky ]bihl_au K | Lbfhr_gdh < A <eZkh®dZ bkK . :f]
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Mgblu\Zy qlh Jez\gu_ fZl_jbZevgu_ hkb hjlhljhibb kljh]lh gZij
"bgZl pbebg”jbq_kdhc kbkl _fu d dhlhjhc ijb\yaZgZ kn_jbqg_kdZy h]
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dezkkbq
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kjZ\g_gbx k jZzkq_I1zZfb gZ hkgh\: mfjZz\g noflyg ZK \ghgijX k I_hjb_c
& : %HUW 5HGG\ b ijb ijbf_g_gbb khhlgh#' gbc55 1HH ORRG V
>ey ijh]b[h\ kj_"~bgghc ih\_jjolgdhlkld_gb_ éhklb] hlghkb
| evgh jZzkqg_Ih\ ih IjZz*"bpbhgghc |_hhjbhehghlidhkgiymf g ¢ _0Ogukg
0ZjZdl_jbklbdbZalZ | [_amqg_Ilz |_fi_jZlmjgh]lhhikjZAg "gbx k |_h
jb_¢ K = :f[ZjpmfygZ ih kjZz\g_gbx k fht* el x 58 G:G\%H U W
ih hlghr _gbx \ZjbzZglZ jZzkqg _|Z 5% 051 HOQHR\Q
>ey jZ"bdwewu gZijygbhcjZaebqgby ~"hklb]Bephkbl evgh deZkkbaqg

kdbo jZzkgq_Ilh\ k mkj_~g_ggufb ozZjzdl_jbklbdzfb ih kjz\g_gbx |
pmfygZ \ jEKqZo [_a mqg_IZ | _fi_jZIlmjgh]lh \ha*hlgkilgibx d | _hjbb
& : %HUW S5HG ijb bkihevah\ZgboblchblghRQHV5 1HOVRQ
>ey hdjm guo gZijy jZkmdh ~ gby [ueb gZb[he__ \ujZ _ggufb
1Zy ih kjz\g dehzsxkkbg _kdbfb jZzkg 1Zfb ihemqg_gguflkjk bkilgevah
guo k\hcklI\ fZI_jbzeB b]Jghjpjh\Zgbb |_fi_jZImjgh]lh nZdIjjzZ\g_gbx
k khhlghr_gbyfb K : :f[ZjpmfyglZ hlghr_gbx d |I_hjbb & +: %H
- 1 5HGG\ b bkiamgzh\Zgby khhighr_gb'5$05-REBVRQ

[o TonuiMHe KOADAWHATA, M

_VCQIDD'_OHCTR‘DI.IHH-IG'CODTHD_OH;HI;‘.119ODTETOD"IIM-)(MI.TOFNI.'IDE
Knacc. mogens gecdopw. opToTp. MaT. Ges yueta paan
= YO BEDWEHCTEORAHHDIE COOTHOLWWEHIA 20A OpTOTROMHBIX MB "CFNHFDIIE'E! Y4YETA TEMNED. BOAL. )
- = osens Sedopruposaniaa RN Jones i DA R Nelsan
== Nogens edopmuposarus W, Bertw J.N. Reddy
Moaens aegopunporasna C.A, AuBapyyunna

Jbk Hdjm'gu_ gZijy khesbly  h[hehqdjb ¢g _hotbc djzc 12

<u\h”u ih~dj_ie_ggu_ bkke_ "MhhXgbydgu qgbke _ggu_ bkke ~h
ih ijhlghabjh\Zgbx ozZjzdl_jbklbd khklhygby hjlhljhighc kn_jbqg_kd
klb _f \ hkgh\m dhlhjuo [ueb idppthZegguhdmppgby hkhgkdy mqgblu\Zxsb
gZ\h*bfmxhffZpbhggmx g _h”ghjh?*ghklv knhjfmebjh\Zggu_\ ghjfbj
ghf ijhkljzgkI\_ gzZijy _gbc ij_bfms_kI\Z dhlhjuo ijb kh]l]eZkh\Zgbt
gufb "Zggufb h[km ~Zebkv \ jZ[hlZom3\ @ " Zhe&a\hmys|

Bkihevah\ggadjZ[hlZggh]lh ih"oh”Z h[_ki_gb\Z_| gZ”~_"gu_ b |
amevlZlu jZkq_1Z ijhkljZgkl\_gguo dhgkljmdpbc ih kjZ\g_gbx k ba\
]bo Z\lhjh\

J amevliZlu qbke _gguo wdki_jbf_glh\ m[_ 2kl ney glhjMBrdiz au\Z
pbhgghgb@hljhibjpzZkg _Iguo fh” _eyo jZkdjulZ | k_jv_agu_ g_"hklZlc
ih*oh”h\ d hij_ " e gbx G>K h[hehg_gqguo dhgkljmdpbc G_"~hhp_g
ijb\h~blv d azf_Iguf ih]j_rghklyf \ ijh]Jghabjh\Zgbb ihgguaghlhgjhkl
klimdpbc
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‘b[ebh]jZnbq kktkhd

f _ebgz ? < zemrdh K D ?jZkh\ < K BAbf_r_\ K < (
K _fbkZeh\ ; < Xjqg_gdh : < Ydhile \ G H H g_ebg _cghf ~ nhj
dh\ wdki_jbf_gl fh~_ev jZkq_IG <Bgbkk&Hjude |_oghbeh] +
L < +K +

DzZxfh\ J EmdZgdbg K IZcfmrbg < G Ohefh]lhjh\ K
f oZgbg_kdbo ozZjzdl_jbklbd Zjfbjh\Zgguo \hehdgZfb dhfihablh\
kdh]l]h mgb\_jkbl_|1Z 2NbAallbdh kgdm db L dg =K +

6KDILIXOOLQ / 1 %REULVKHY $ $ (URIHHY 9 7 7U
'"HYHORSPHQW RI WKH UHFRPPHQIGEEWU RHL RIR VHIDE SR IOR X URHIV
SDUWQYWRORDOWRXUQD @ RU@BSHHOLGIIE 5H VHIRIOF K +3 +

chjur _\ @ RZnb]ljmeebg E G =mf_jh\ B N Lj_s_9: : R
K\hckl\Z dhfihablguo fZl_jbZeh\ k ihjhrdh\ufb ihebf_ jpgwfbkfgbldnbd:z
DZad&iglkhhkm~ZjkI\_ggh]lh | _ogbq_kdh]h m&blmjikhkel 47 bt<«: =+
K

<XVXSRYD $ $ %REU\VWKHY $ $ 7TUHVFKHY $ $ 'HYH
'LR[LGH $FWLYDWLRQ OHWKRG LQJW K6HR @GXGED WUH SR@BDRHAWH 7 H |
9RO £3 +

6KDILIJXOOLQ / 1 5RPDQRYD 1 9 *DEGUDNKPDQRY
VKFKHY 8VLE)J 7LUH 5HFODLP IRU 3URGXFWLRQ RI 5XEEHU :KF
1RWHV L@ UOHF®ROBHAULQI ,&3URFHHGLQJV RI WKH WK ,QWHUC
,QGXVWULDOHQJIJLHIHHBYLQJ

RZnb]meebg E G JhfZgh\zZz G < Khdheh\zZz X : ?2jhn_ "
RZnb]meebgZ = J EZogh : < IGBZdhL[hhed wilme Kgh atbp iih *ey dZ
[ evguo ihebf _jguo dheh”p_\ Ba\ _klby \mah\t«KIljkKIl evkl\h

%HUW & 5HGG\ - 1 &KDR : & %HQGLQJ RI 7KLFN 5
%LPRGXOXV &RPSRVLWH ODWHU DB $, 88 -RXUQDO

%HUW & : *RUGDQLQHMDG ) '"HIOHFWLRQ RIV/IKLFENNVHHL
QDWLRQDO -RXUQDO IRU 1XPHULFDQIRHWEKRGW LQ (QJLQHHUL

-RQHV 5 0 ORGHOLQJ 1RQCGMMHIBBERQ BARPVSRRQVWRH 0D
$,$% -RXUQDQt9RO <« 3 *

f[Zjpmfyg KHkKk_kbff_ljbggZyza djm]h\hc pbebg”jbg_kdhc h
balhlh\e _gghc ba fzZl jbZezZz jZaghkhijhlb\eyxs Jhky jZkly gbx |
KKKX_j F_oZgthdZ £« K %

f[Zjpmfyg K : Hkgh\gu_ mjzZ\g_gby b khhilgkrlgbphzZagt
mijm]hklb Zgbahljhigh]h | _KEKFBAY :G *« K %

-RQHV 5 06WWDHRV5HODWLRQVLIRHUU BIQWHURGRVLZLQ/ K F
&RPSUHVVLRQ &, $% tRROQDOx3 =

Ahehqb\kd: : Dmag_ph'G JdZkq_| Zgbahljhiguo h[hehqg_
jZaghfh"mevguo fZl_jbZeh\ ijb g_hgZkjmf_Igbgghf>bgzZfbdzZ b ijhqg
ly" euo fZrbyg ijhi_Ijh\kd >=MK +

GIm_gLR Ojbklbg B~ _glbnbdzZpby izjzf jZhbhqdhzx fh™ _eb
mijm]h]h tZghhigh]lh fZ1_jb&eXligbd Qm\Zrkdh]h J]hkm~ZjklI\_ggh]lh i_~»
mgb\ _jkbl_1ZYfdB\e \Z K _joZgbdZ ij_~ evgh]ht khkkhygby =*

K %

Glm_g IR G _ebg cgu_ fh” _eb mijmigkl]b h4ilhijpzZeZz < klg
Qm\Zrkldh]jhkm~ZjkI\_ggh]h i_~Z]h]l]bg_kdh]h mbYdkbd_ NZ jbf B
F_oZgbdZ ij_~ _evgh]h&xkhklhygby K =+
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Lj_ s \': : Ihl_gpbZevgZy azZ\bkbfhklv f "*m ~ nhjfZpbyfb
Neyhjlhljhiguo nbabqg_kdb g _ebg_ cgubmf@iZfbgehdvgu b ijbdeZ”gu_
[e_fu l _ogbdb b | bogHijere]bH=M ¢ % +K +

Li_s \': : L_hjby ~ _nhjfbjh\Zgby b ijhqghklb fZI_jbZeh\

gZ\_" gghc gm\Kkbvxedg\b"m gZijy _ggh]lh khklhygby Hij_ " eyxs
gbytF tLmeZ J::KG Lme=M Kk

Li_s_\: : L_hjby »_nhjfbjh\Zgby b ijhqghklb jZaghkhijhlb
jbZehALmeZ Batme=M = k

Li_ s \': > eyl Fh” _ebjh\Zgb_ h[hehgdb ba bahljhigh]t
ijhib\eyxs ]Jhky ]jZnblzZ k ihfhsvx h[t_fgud dhhg\ ggmq wref k\yaZggh
gZijy _gbc b |I_fi_jZDWHBKDWDREIHFKDQLFV £« +J %

Li_ s \': > ey]lbg FkKbh%Y K-ZI fZlbg_kdZy fh™ _ev klyaZggl|
fAmijm]hklb kms_kI\_ggh g_ebg_cguo fZlvghdet\\bgdm\kj¥bjye ggh]
khklhygby <_klgbhd Qm\Zrkdh]h ]Jhkm~ZjkI\_ggh]lh i_~Z]lh]bqg_kdh]t
B Y Ydhle_\Z F_oZgbdZ ij_" yex@hJhdkizbhy@m\Zrkdbc Jhk i_~

< +K +

Li_ s \': FhgZkluX\: Qb[jbdbg2 <AZ\vyeh\Z XZirb§Z

HibkzZgb_ ~ _nhjfbjh\Zgby hjlhljhiguo jZaghkhijhlb\eyxslhjbkev fZIl_jb

gZy f_ozZgddgljmdphbehjhg =~ <=LM %« K £

Lj_ s \ = AZ\vyeh\Z X ZirbgZ F<ZjbZgl fh* _eb " nhjfbjh\Zg
hjlhljhiguo dhfihablguo fZIl_jbZeh\ Wdki_jl H4 hjby<b ijZedlbdZz
K

TUHVFKHY=-BDWRYD <X $ [/DSVKLQD 0 $ *YR]JGHY $ |
LUXSLWWRILQLOQWHRRXY RI GHIRUPDWLRQ RI PDWIKRHKHEOWKHLYW K
VNLL VERUQ@QRO 3 +

f[Zjpmfyg K : H[sZy | _hjbgugpreeHprtlel GZmdZ + k

I Ijh\ < < Djb\hr_bg B rZkE_IZ*"dhgkljmdpbc ba g_ebg_cg
fobjm_fh]lh fZIl_jbZeZBah K< + k

Li_ s \: : Bahljhigu_ ieZklbgu b h[hehgdb \uiheg _ggu_ be¢
Ki\bl evguo d \b"m gZijy _gghHF kihikhreyZgby::KG Lme=zM Kk

Dh\Ze gdhL_jfhmijm]JhRbv \ <bsZ rdheZ k

<zZj\zd F <zZj\Zzd E F_Ih" k_Ihd \ az”zZqZo jzZkqgzlz Kkljhl
dhgkljmdpbc Kljhchanz i k

SHIHUHQFHV

$PHOLQD ¢FOXVKNRRBEUDVRYGEPHVIOHY1IHPLURYVN\ <X 6
VDORY % XUFKHQNRDNRYDHZXQRQOLQHDU GHIRUPDWLRQ RI FD
LPHQW PRGHO FDOFXODWLR®RQXEHFRQPROFEILERP DRWDWL 1R
3S #

.D\XPRY$5 /I XNDSLGBDLPXVIKLQKROPRIJRURGHQWLILFDWL
PHFKDQLFDO FKDUDBWHYIIRMWYFHEGEY AFRRPSEEWHWWHY  6FLHQWLILF
3K\ VLFDO DQG& h6&MKHADWIORO , VV XH 3S

6KDILIXQOL%QREHNYL Y (URIHHY BUHVKBKH&KK®ILIXDOLQD
'"HYHORSPHQW RI WKH UHFRPPHQIGEWU RHL RIR VAHDGE FSVRIOR X URHIV
SbUwV ,QWMHLUIDMLRI $SSOLHG (QJLQHHULQJ 5HVHDU£fK 9R

%REU\WWIKKBHYGKDILIAOOXPHURY7UHVKRBKHEKPILIX®DOLQD
SURSHUWLHV RI FRPSRVLWH PDWHULDOV ZLWK]BRWYDWW IR6KF
QLFDO 8QLYHUVLW\ QDPHG DIWHU $ 1 7XSROHY 1R 3
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<XVXSR$D $HREU\WWKHYWHVFEHY $HORSPHQW RI VXOIXL
GLR[LGH DFWLYDWLRQ PHWKRG LQ WKH VXOIXU FRQFUHWH W]
3S

6KDILIXODOBE@PDQRYDDEGUDNKPDORYILJIX0OLQVKFKH
$$ 8VLQJ WLUH UHFODLP IRU SURGXFWLRQ RI UXEEHU ZKHH
FKDQLFDO (QJLQHHULQJ ,&KHKWGEWREBBWILRDDORIARQIHUHQI
JLQHHULQJ + 3S

6KDILIXQOLERPDQRYD6RNRORBYD(YRIHHY BUHVKBKHY $
BKDILIXODLOMDNKOR '$iYHORSPHQMi\RIVIWDLQMW SRO\HWKSEBQH F
\PHU FDEOH PDQKROHV 1HZV RI 8QLYHW\SLWLHY &RQVWUXFW

%HUW & HGGL - &KDR : %HQGLQJ RI WKLFN UHFWDQTXO
ELPRGXOXV FRPSRVLWH PDWHULDOV $,$$ -RXUQDO 9RO :

%H&W *RUGDQLQHMDG ) 'HIOHFWLRQ RI WKWVFNQEHDWP V
QDWLRQDO -RXUQDO IRU 1XPHULFDO OHWKR&YV LQ (QJLQHHUL

"-RQHW 50RGHOLQJ QRQOLQHDU GHBLRERAD\WRRORRNI \FB UR
$,$% -RRORO 1R + 3S

$PEDUWVXP\BRLB\PPHMREIOHB RI D FLUFXODU F\OLQGULI
WHULDO ZLWK GLIITHUHQW WHQVLOH DQG FRPSUHVVLRQ UHVL

3S +

$PEDUWVXB\DENIBF HTXDWLRQV DQG UHODWLRQVKLSV F
HODVWLFLW\ Rl DQ DQLVRWURSLF ERG\ 1HZV RI $16665 077

"RQHY %5WWAMAMMLQ UHODWLRQV IRU PDWHULDOV ZLWK
SUHVVLR QX 9@DBIR O 1R + 3S

~RORFKHS$VNXIQHWNVRIDDFXODWLRQ Rl DQLVRWURSLF
ZLWK GLIITHUHQW MRGWX@P X\WG HE @MRIGLQJ '\QDPLFV DQG 6W.L
'QHSURSHWURYVN '68 3S

1IX\HQ76K.KULVW LFKHQWLILFDWLRQ RI SDUDPHWHUV RI
DOQLVRWURSLF PDWHULDO %XOOHWLQ RI WKH &KX¥MV&D6WD\
NRYOHY 6HULHV OHFKDQLFV RI WRH #LPLW 6WDWH 1R

1JX\HQ76 KKRQOLQHDU PRGHOV RI HODVWLFLW\ Rl RUWKI
YDVK 6WDWH 3HGDJRJLF D O<®Q [YDHNRWLONMYQ B PG HDAWOHHF KD Q L F'
1R 3s

7UHVKFISBH 8 RBW H @QWQINROL 8 HEHWZHHQ VWUDLQV DQG VWU
LFDOO\ QRQOLQHDU PDWHULDOV )XQGDPHQWDO DQG $SSOLH
268 1R 3%

7JUHVKFBHYKHRU\ RI GHIRUPDWLRQ \ZQWL\DW WH Q OWKQRS! L
VHQVLWLYLW\ WR WKH W\SH Rl VWUHVV VWDWH &R QVWA\LWXW

S
7TUHVFKHY KHRU\ RI GHIRUPDWLRQ DQG VWUHQJWK RI P
7XOD 7XOD WWDBWHEGBIMKLQJ +RXVH S

7TUHVEK$Y '$HO\DJEKR ORGHOLQJ RI D VKHOO PDGH RI L\
GLITHUHQW UHVLVWDQFH XVLQJ YROXPHWULF ILQLWH GH®HPH(
WHPSHUDWXUHYV ODUEWHARKIDOM 3 KI\RLFV + 3S

TUHVFK#HY '$1O\DJLRQ 0O$SVWDEKRYVWKHPDWLFDO PRGHO RI
PRHODVWLFLW\ RI HVVHQWLDOO\ QRQOLQHDU PDWHUKBOV V
&KXYDVK 6WDWH 3HOEDWREBHEDDIWRUY, <D <DNRYOHY /LPLW ¢
NVD&KXYDVK 6WDWH 3HGDJRJLFDO 8QL¥HUVLW\ 1R

TUHVKFEHYORQDVWSUH&KEEULNLPY \DORBYD/BEVKBEQD 0
'"HVFULSWLRQ RI GWMKWRUPDPIWLRDWRHUR DOV ZLWK GLITHUHQW UH
DQRG &RQVWUXFWLRQV 9RURQH]K+ 9678 1R 3S
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7TUHVKFEBHY=BY\DORYDDXXVKISQBDOULDQW RI WKH PRGHO
RI RUWKRWURBDWHREBBWKWRBU\ DQG 3UDFWLFH * 1R :
TUHVFK$Y SDY\DORYD/XSVKISQD*¥FR]GHY $X]RYOHWYD 2
CUXSLWEW\QHILQLQJ HTXDWLRQV RI GHIRUPDWLRQ RI PDWHULD
&RORBRKPFWROR 1 3S *
$SPEDUWVXP\DRQAHUDO WKHRU\ RI DQLVRWURSLF VKHOO
SHWUBRY QULYRVKHLKWKRGY IRU FDOFXODWLQJ VWUXF'
GHIRUPDEOH PDWHULDO 0 $69 3XEOLVKLQJ +RXVH
7THWVWKHY$$ , VRWURSLF SODWHYV DQG VKHOOV PDGH RI |
VWUHVVY VWDWH 0 7XOD 5%$$61 7XOD 6WDWH 8QLYHUVLW\
.RYDOHQNRKHUPRHODVWLFLW\ .\LY +LJK 6FKRRO
ODUYDIN S DUYDN 7KBH PHXRIRH®BUREOHPYV RI FDOFXODWL
WXUHV 0 G6WUR\L]GDW S

7+(5020(&+%$1,&%/ /2%$',1* 2) $1 257+2723,& 63+(5,&%$/ 6+(//
7T+ $ +2/(
$7UHVKFKHYYHOLFKN,RRURVKHQNR

TXGWBWHYHUVLW\
5XV VX0 D

&RUUHVSRQGLQJ OHPEHU RI WKH 5%$%&6 'U RI 7THFKQLFDO 6FLHQFHV 3U]
RI &§RQVWUXFWLRQ %XLOGL@WIOODWHULDOWDQG OMDUIXFANBQBW[ UX

'U RI THFKQLFDO 6FLHQFHV $N® R RALHQH 3RIRERODWRNUI R FWIKRIQ % XLOGLQJ
W O HDINDDWUDQY#\DQGH[ UX

SRVWJUDGXDWH 6WXGHQW RI WKH '"HSDUWPHQW BRHWMBRQVWUXFWLRQ %XL
HPDL®ORURVKHQNRAR*IPDL

$ PDWKHPDWLFDO PRGHO RI WKHUPRPHFKDQLFDO GHIRUPQWURMKRI L
WURSLF FRPSRVLWH LQ ZKLFK DQ LQGXPHR® EHWHURIBQHVWQ\BHGHORIS
ERXQGDU\ YDURN BIXRBQMHPHG LQ D QXPEHU RI ZRUNV ZDV FDUULHG RXW
GLIIHUHQFH LV D V&WIXPPHH@GY WRQBID PO@HR QJ WKH QR UP D® HN R/ R\DKOHO V.KUHDOZL W (X U
SHUDWXUH HIIHFW SURGH JDRVEZRQFEUMKHFFROWWGRQ RI SUR BMMPLVF IMHURS
7R WDNH LQWR DFFRXQW WKH HIIHFW Rl LQGXFHG LQKRP RVHRHOQWWRD Q
SURSHUWLHV RI FRPSRVLWHV RQDWRN RLY® RW MW R H F X ODMOHVEGH E \WRKHH HR D
PDWHULDO D[HV Rl WKH QRUPHG WHQVRU VSDFH ZHUH XVID®LFBI® GBORR
WLRQ ROBDYHQ VSKHULFDO VKHOO ZLWK D PREWUD ® KIR FIR P 3ON PG LZQ WR
VLPLODU VROXWLRQV REWDLQHG XVLQJ WKH PRVW SURRB SRR ®HIOR DRV HA
SURSRVHG E\ RWKZHDDXIWKBRDVH® RQ WKH HTXDW LR QND\RW MFK M R I IMNKKRRAKWA
LQWR DFFRXQW WKH GLIIHUHQW UHVLVWDQFHYV

.H\ZRUBKHULFDO VKHOO LQGXFHG DQLVRWURS\ RUWKRWURS\ WH]I
SUREQRBPDOL]HG WHQVRU VSDFH
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J:KQ?L B IJH?DLBJH<:GB?
@?E?AH;?LHGGUHIGRIMDPBC

M>D

J:KQ?L I JHQGHKLB @?E?AH;?LHGGUO IEBL
'JFBJH<:GGUO KL:EVGUF IJHNBEBJH<:GGUF G:KLBEHF
IH GHIJF:EVGUF K?Q?GBYF
K BKIHEVAH<:GB?F IHEGHC >B:=J:FFUBKN@?LHG:

K X ; ey YZK Ihf_jZgp _\< Eyr_gdh

<hjhg_"kdbc ]hkm"ijI\_gg.uc I_\ogbq_kdbc mgb\_jkbl_lI
Jhkkby ] <hjhg_

Dzg™ |_og gZmd ~hp dzZn_"ju f_|IZeebq_kdbo b é _j \ygguo dhgkljmdpbc
HPDLAHWER\#\DQGH[ UX

Dzg™ |_og gZmd ~hp dzZn_"ju f_|IZeebq_kdbo b & _j \ygguo dhgkljmdpbc

HP D DO #YJDVX YUQ UX

:kibjzgl dZn_"ju | _ogheh]bb hjl]ZgbaZpbb kljhbl_evkI\Z wdki_jlbau b mijZ\e_d
I_e HWDLO\DVD@®VKHQNR #PDLO UX

ljhZzgZebabjh\Zgu keh b\rb_ky ih”oh”u d hp_gd_ ijhqghklb ghjfZevguo k_«
ah[_lhgguo we_f_glh\ Zjfbjh\Zgguo klZevguf ijhnbebjh\Zgguf gZklbehf [Ijb\_~_
gby jZ\gh\_kby idta\hteiyx®_ebhwghjklv ijhe_lguo k_qgq_gbc iebl Zjfbjh\Zgguo klZe\
ebjh\Zgguf gZklbehf gZ hkgh\_ iheghc ~bZ]jzZffu k>Zlby \ [_lhg_ b "bZgjzffu 1jz
ebjh\zZgghf gZklbe_ <u”_e_gu dexq_\u_ wlZiu ZgZeblbg_Rihez)Zks_lghkih Ih*b
ah\Zgb_ ihebghfZ iylhc kl_i_gb ey hibkZgby ~bZzZ]jzZffu k Zlby [_lhgZ hqglh iha\l
N nhjfbjh\Zggh_ khklhygb_ieblu Zjfbjh\Zgghc klZevguf ijhnbebjh\Zggmf gZklbe
"_gby \iehlv ~h jZajmr_gby

Dex_Wtu_ keh¥dZghc ijhnbebjh\Zgguc gZklbe Zjfbjh\Zgb_ "~ _e_ah[_lhgghc i
ghjfZevguo k_q_gbc g_ebg_cgu_ ~_nhjfZpbhggu_ fh~_eb ihegzZy "bZzZ]jzffz k.
kl_i_gb ~bz]jzffz ljzg~ley

<\_~ gb_ IhklZgh\dzBametwgiglklZevgh]h ijhnbebjh\Zggh]h gZ
"ZexKIG ijbf_gy _fh]lh \ gZklhys_ _ \j fy ij_bfms_kI\_ggh \ dZq_Kkl
em[db ijb khdjZs _gbb kjhdh\ \ha\_~ gby agZgbl _evgh m~hjh Z | o
guo i_j _djulbc JZpbhgZewguflkxkohdZgby fZl jbZeZ b kgb  _gby klh
i _j_djulbc [_amkeh\gh ij_"~klZ\ey Iky \dexg_gb_ KIG \ jZkg_lgh_ Kk
ebklh\hc ZjfZIlmju <g_”"j_gb_ \ijZzdlbdm ijh_dlbjh\Zgby "~ _e_ah[_Ilhg
jh©Zgguo KIG hklzgBE\em\Ble hgfigjlb\ghc [Zau ijh_dlbjh\Zgby klZe ~
lhgguo dhgkljmdpbc i_j _djulbc ihkdhevdm ~h \\_~ gby \ ] KI
e _ah[_lhggu_ dhgkljmdpbb 1jZ\beZ ijh_dlbjh\Zgby? > @ kms_kl\h\.
GBB@; > @ \uims_ggp_hdhjuazl_f azZzf_gbeh KLH > @ Djhf_ Ih]h
hlkmlkl\h\Zeb ki_pbZebabjh\Zggu_ ijhnbebjh\Zggu_ gZklbeu k \url.
dZo Jhnjh\ jbnzZfb h[_ki_gb\Zxsbfb kp_ie_gb_ KIG k [_lhghf \ ijhp_
=HKL J gZ dhlhju\\I&dlhelvad ] >@ Z ijbf_gy_fu_ ~ey g_

< ;_ey Kz X Ihf_jzgp_\: K Eyr_gdh : <



Kljhbl_eydZozZgbdZ b dhgkljmdpbb

hiZzem[db ebklu k Jez~dbfb kl_gdzZfb ]Jhnjh\ *h@ HKELh\Zeb "hihegbl_
guo f_jhijbylbc ih h[_ki_q_gbx kp_ie _gby k [ _Ihghf glh mkeh gyeh
b ihkljh_gb_ jZkqg lhgba@ahtvimi ijb \\_~ gbb \ jZkq_I| ]JeZz~dbo gZklbeh
_lky ihgb Zxsbc jZzkg_lgh_ khijhlb\e _gb_ KIG dhwnnbpb_ gl mkeh\bc

Ih Ij _[h\Zgbyf KI > @ jZaebqgZxl jZzkg_| klze_ "~ e _ah|[
klZz~"bb \ha\_~ gby dh]*"Z mteZfyuk WZy |fZImjZ y\eyxlky gZ]jmadt
lhgdhkl _ggh]h Jhnjbjh\Zggh]h ijhnbey b gZ klZ”*bb wdkiemZlZpbb
\ jZkg_lgh_ k_q_gb_ ieblu \ dzZzq_kI\_ ZjfZImju K \\_"* 3@ fb=HK

Kl > @ jZkg_NZbogabjjjnbe _gZ klZ~bb \ha\_~ gby g _h[o
\uihegylv k mq_Ihf \hafh'ghc g_mklhcgb\hklb h]jZgbgq_gghc iehs
kl _gdb Z \ ~ ckl\mxs_f KI > @ g_ | mdZaZgbc gZ g_h[oh”Db

A nhjfZpbc \ wdkiemZlZpbhgdgHajklBpdlyg jjhgqghklb ghjfZevguo k_q._
iebl Zjfbjh\Zgguo KIG

Khl]eZkgh KI > @ © JZkqg_ Il ijhgghklb ghjfZevguo k_
[ lThgguo we f _glh\ ke_"m_| ijh\h*blv gZ hkgh\_ g _ebg_cghc »_nh
eh]bggh KI > @gblu\Zy jZ[hIm klZevgh]h gZklbezZ GZijy _gb
k”'Zlbb beb jzkly  _gbb ke _~m_| hij_" _eylv ih KI > @2 <f_ ki
gbb g _kms _c¢c kihkh[ghklb " e _ah[_lhgguo dhgkljmdpbc i_j djulby
imkdZ _|ky ijh\EXlglgZ htk\g ij " evguo mkbebc k bkihevah\zZgb f ij
wixju jZkij_~_e_gby gZijy _gbc ih k_qgt @bxL@wdht giZoxw” fh _| ijb\_
d g dhlhjhfm aZ\ur_gbx g _kms_c¢ kihkh[ghklb we f _glh\ ~“himkdZ |
fzlb\ghklv fZéhj\mzh g_\hbgZ_ | bo j_Zevghc jZ[hl_ ihd giZbjmpdiyd |
g _gghc ieZklbgqghklb ex[h]h dhgkljmdpbhggh]h fZIl _jbZeZ ihke_ ~h
Ij_~_evguo agZq_gbc ijhbkoh”bl> ]@jZajmr_gb _

>bkdj _lgzZy fh~_ev hkgh\ZggZy gZghczbXxdplhbiktgt edop gZijy _
gbyfb b » nhjfZpbyfb [ IhgZ k bkihevah\Zgb _f k_dms_]h fh*mey ~_n
fZlb\ghc f_Ih~"bd_ g _ebg _cgh]lh jZzkg_1Z ~_e_ah[_lhgguo dhgkljmdp
MdZazZggZy “_nhjfZpbhggzZy fh”_ev ljr[mbi¥bkbkehyghphh ff W<F ijb
[hevrhf dhebqg_kI\_ bl _jZpbc "ey dZ ~"h]lh kemqZy jZkqg_1Z > @ GZ
g | dhgkljmdpbc ih Ij [h\Zgbyf > @ gZs_ \k_]Jh j_ Zebam _|ky \ ijh]]
gh\Zgguo gZ f_Ih”_ dhg_qguo we f_ glh\

Bf xsb_ky jgbihhazf gjb\hebg cghc "bzZdfzfmk@h\ghc "bZz]jzZf
fhc ljZzg~hrley > @ k h”rghc klhjhgu mijhszZxh\gZikyl ih]§_#fghkhie \
hp_gdm ijhgghklb [_lhgZ b ke _~h\Zl _evgh \ gZagZq_gb_ Zjfbjh\Z
mkljZg _gby ih]lj_cyghkbfulgzZi_p_b"Zevghc wixjhc jZkij_~ e _gby gZi
[ IThg_ b \ klyab k g _h[oh”~bfhklvx hij_~ e _gby agZqgq_gby ~_kldhkl
wlZiZo gZ]jm  _gby ij _"eh’  _gzZ f _|Ih*"bdZ jZzkg_|Z ~_e_ah[_lhgguo ba
fbjh\Zgguo klZephggklbehk bkihevah\Zgb f j Zevghc djb\hebg _cgh
A nhjfbjh\zZgby [_IlhgZ > @ hkgh\gu_ iheh  _gby dhlhjhc hkgh\Zgu
klb ©gZijy zx@bgwhjfZzpbb2 \ [ Ilhg_ k Zlhc ahgu ihebghfhf iylhc kI _i_
" _gbx GBBKD =hkkKbhy-@ Goh{bfh hif_Iblv qlh \ gZklhys__ \j_fy Z
fZpby ~"bz]ljzffu jZ[hlu [_lhgZ gZ k ZIb_ ihebghfhf iylhc kl_i_gb b
pb_glu ihebghfzZ azZdj_ie_gu \ jZkg_Ilghc f_IhAbd_ "~ ckl\mxsbo ghjf
jh\Zgbx " _e_ah[_l|hggdde e@abfgguo dhgkljmdpbc > @ < qZklghk!
lZdhc ih*"oh” bkihevah\Zg \ > @ "ey jZkqzlZ ijhqghklb dhf[bgbjh\Z
sbo [Zedm b ieblm ih KIG

Gb™_ ijb\_~ gu jZa\_jgmlu_ mjzZ\g_gby jZ\gh\_kby \ jZfdZo jZa
f IThbdbzjg IZHe lIguo k_qg _gbc "~ _e _ah[_lhgguo iebl Zjfbjh\Zgguo KI
gb_f iheghc *bZzZ]jzZzffu »_nhjfbjh\Zgby k" ZIlh]h [_IlhgZ b *"bZ]jzffu ||z
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JZkq_lgu_ ij_"ihkd2ZKtp lgu_ aZ\bkbfhklb ey hp_¢dbhgfdijy _g
jh\ZZggh]h kdikyhgiZevghlk _q_gby balb[Z_fh]lh we_f_glzZz Zjfbjh\Zggh
g gu bkoh”y ba ke_"mxsbo ij_~ihkuehd

jZkg _lgh_ k_qg_gb_ ijbgbfzZz Iky kh]J]eZkgh jbk " e_ah[_
g _cijhnbebjh\Zgghc ZjfZzImjhc \ ihi_j _gghf k_qg_ghb[hbikinXkaEhey | kf
gnx dhgkljmdpbx jzZkqg_| dhlhjhc fh™ | Julv k\_" g d h[_ki_g_gbx i
j_[1Z 1Z\jh\h]lh k_& @by >

azZdhg jZkij_"~ e _gby » nhjfZpbc ih \ukhl teBkqgclgihch k_g_c

k\yvav f_""m gZijy é&dblyffdhkbl _evgufb ~» iz @bl]lh [ _1hgZ
hibku\Z |ky mjZ\g _gb _f

. b
€ L 46'“‘%@5%@;:5\

]™ 4 xijbaf_ggZy ijhgghklve[ttdhgihnbpb _glu ithebghfZ iylhc kl_i_gb
ebpzf > @ \ aZ\bkbfhklb hl agingbgEefuzENIhk _\h]h k Zlby [_lhgz
Ys £ _nhjfZpbb [_IlhgZ gZ djZcg_f k>ZIhf \hehdghekhighgdhy  elvigu
AN nhjfZpbb k' Zlby [ _IhgZ ijb édidy gbyo

jZ[hlzZ jZzklygmlh]lh [_lhgZ \ ba]b[Z]fflojhWe gfu @ IKI0G k&Y |
IZo g_ mqgblu\Z_Iky

k\yav f_""m gZijy _gbyfb b » nhjfZpky®&b Gpfgbmjulky \ \b" _
"bZ]jZffu ljZg~ley J]hjbahglZevgu_ mqgZkldb ~bZ]jZffu h]jZgbqgb\Zx
N _evghc k'bfZz_fhklb b jZzkly bfhklb klZeb

aZ djbl_jBbpmjr_gby ijbgbkz*hklb™ gb_agZg_gbc ij_~ _evguo '
pbc djZcgbf k>Zluf \hehddhL lbhgB djZcgbf jZklygmluf \headghf KI

Ihkljh_gb_ jZkg_lguo aZ\bkbfhkl _c¢c “ey hp_gdb ijhgghklb ghjfz
iebl Zjfbjh\Zggu& Klijhe I<” e ah[_lhgguo we f _glZo IZ\jh\h]h k_
kl j7g _\hc ZjfZzlmjhc jZzkg_| aZ\bkbl hl iheh _gby g _cljZevghc hkb
lhjZy hij_~ ey | ]jZgbpm k Zlhc ahgu < k\lyab k wlbf jZaebqgZxl |jb
guo k_qgq_gbc jifddh\Zgguo KB iheh  _gbb g_cljZevghc hkb \ ihed_
[Z\jh\h]h k_gq_gby \ kl _gd_ beb gZ mjh\g_\ _jog_c ]jZgb ijhnbebjh
< khhI\_IklI\bb k ijbgylufb ij_~ihkuedzZfbndgZfipyh\ggph_ khklhygl

jZkg _lgh]l]h k_qg_gby hibkudhzt ¢gkyelgo Zp] [jZbg_kdbo mjzZ\g _gbc jZ\g

kmffZ kbe \ k_qg_gbb

(:T&%; L
kmffZ balb[Zxsbo fhf_glh\ \ k_q_gbb
| id%s; F> Lo
| KA | L= L—éidjb\bagz bah]gmlhc hkbA\g ogglgdbba]b[Zxsbc fhf_ gl
> nhjfZpbb \ k"Zlhc gzZklb k_g_gby gZ mjh\g=khjjre&k\dge Vphic |

| a_ iehkdbo k_g_gbc

VLo

e

] Tx\ukhlzZ k Zlhc dhgdakklhygb hl g _cljZevghc hkb ~h ijhba\he
k_gq_gby =

>ey we f glzZ I1Z\phgb{h Kjfbjh\Zggh]h Ky jmkegklI\Z gmex kmff
ijh_dpbc \k_o kbe gZ ijh*hevgmx hkv b kmffu ba]b[Zxsbo fhf_glh\ h
ghc hkb azZibku\zbWkfhlad hl iheh” gby g cljZevghc hkb \ jZzkqg_Ig!
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JZkkfhljbf kemqgZc jZzkiheh _gby g_cljZevghbghlibb\ gZ mjéX® I|h
gb g _c ]JjZgbpu OlNiQ@&dhbk jZkqg _lgh]lh 1Z\jh\h]h k_q_gby
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2Mcgkmffu mkbebc \ kIl _j'g _\hc ZjfZImj_ k mq_Ihf ~ nhjfZpb
hc b jZzklygmlhc kI _j g _\hc ZjfZImj_ jHmeZfeyxlky ih nh
Kbkl fZ g _ebg _cguo Ze] [jZbg_kdbokmt¥mdy ggocbal\ _klgufb ~ _r
fZpb_c ajZlh gZb[he_ _ k Zlh]lh \hepdgrukhlhgzk ZIhd@ ahgd_Iky
ihAThjhf b kijz\_"eb\Z “h |_o ihj ihdzZ *_nhjfZpbbj[glhgZ b KjiZImj!L
g_ “hklb]Jgml ij_"*_evguo agZq_gbc
e CF 0 Ta Clae T2 Qe

LZdbf Z[ghf g _\uiheg_gb_ mkeh\bc hagZqgZ | jZajmr_gb__ k

F_Ih~"bdZ hp_gdb gzZijywhjglgjh\Zggh]lh khklhygby k_dbghy iebl
\Zgghc KIG b h[sZy ihke_"~h\Zl _evghklv jZkq_Ih\ ih mdZaZgghc f_
HklZgh\bfky gZ hkgh\guogehKigdl]hj ZgZebaz jZzkq_Igh]h k_q_gby ie
g _dhlhjuf gZqZevguf agZq_gbL i,dbjMN\bralgjiZpb _c¢ djZcglh]hhlehaddz
[ lThg%& LY, fh gh gZclb \ukhIm k> Zlhc ahgu

1L

A #
k*>ZI

b \ aZ\bkbfhklb hl iheh” _gby g _cljZevghc hkb mklZgh\blv jZkq_Ilgt
Kk g gby <uqgbkeyxl \gmlj _ggb_ kbeh\u_ nzZdlhju \ klj_ 2ty \legZjfZlr
q_gb_ nmg@pkd; ijb g \uiheg_gbb mkeh\by kgh\Z azZ”~Zxlk
YZ"LYEAY, ijb witAi, 8r _kébid4; Or b gZh[hjhl ih\lhjyy jZkq_I ~h _
gh]h \uiheg_gby <uqgbkeyxl| agZqidd: bnmkedpmkeh\b _ g_\uiheg
lh ijbgbfzxl gh\h_ agzZqg_gb LdppAbdpu wihi8r ké :idk; 7>
Z aZzZl_f ih\lhjyxl jZzkg_| ihdZ mkeh\b _ k az~Zgghc lhgghklvx g_
l[jh\_jdZ ijhgghklb ghjfZevghigblk_q§ ighby evghf khklhygbb ijhb
"blky ba mkeh\by

> Gl Yy,

1~ > elidY,; xij A evgh_ agZq_¢ob :irdfgpp agZqg_gbyo djb\bagu khhl\_
xsbo ij_~ evguf hlghkbl _evguf agZq_gbyf ~ nhjfZpbb k' Zlby [_lhg

i L-L2
€

<ujZ _gby b fhlml [ulv bkihevah\Zgu ey ihkljt
©fhf_glddjb\bagz2 | mklIZgh\e _gby k\yab f_ ""m nb[jh\hc » _nhjfZpb_
lhgz az~zZ\Z _fhc k hij_~ e _gguf rZ]hf djb\baghglbbmkibléimxfdbfb \

<u\h”ulj_"eh” _ggu_ jZa\_jgmlu_ mjZ\g _gby jZ\gh\_kby iha\h:
jZkqg _lu ijhgqghklb ghjfZevguo k_q_gbc "~ e _ah[_lhgguo iebl Zjfb
ijhnbebjh\Zgguf gZklbehf \ wdkiemZlZpbhgghc klZ”bb jZ[hlu i_j_
gblvzZdjy _gdhnhjfbjhghg khklhygb_ ba]b[Z_fh]lh klZze_~_e_ah[_Ilhg
Z\jh\h]h k_g_gby gZ \k_o wlZiZo jZ[hlu hl gZqZevguo klZ*"bc gZ]
r gby Ihemg_ggu_ \ujZ _gby kijz\_"eb\u ey hp_gdb ijhgqghklb
iebl dhk*"ZlzZy ahgz [_WhgXzZhdbdlihedm b qzZklv j_[jZ jZkq_lgh]h 1Z\j.
baeh™ _ggh]h ih*oh”Z fh ' gh 1Zd " _ ihemqgblv aZ\bkbfhkhMo nleyfthp gd|
jh\Zggh]h khklhygby hihjguo k_q_gbc iebl ijb jZzkiheh  _gbb gqZklb
lhc ahg_hi\h\jh k_qg_gby k<K_fkihlf_Ibf qlh jZkqg_Il ijhgghklb hihjguo
iebl Zjfbjh\Zgguo KIG k bkihevah\Zgb f ihebghfbZevghc aZ\bkbf
gbyfb b ~ _nhjfZpbyfb k™ Zlh]h [ _IhgZ jZpbhgZevgh \uihegylv gZ hk
lh*bdb ><G > @ dZd ey dhf[bgbjh\Zggh]lh we _f _glZ \dexq
gZklv hibjzZxs_cky gZ g__ ieblu inmkdhdbty hfijlkki_§f gdighkib bo
jZ[hlu gZ \k_o wlZiZo gZ]jm _gby
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LZdbf h[jZzahf ijb\_~_ggh_ \ klZlv_ jZa\blb_ ZgZeblbq_kdhc f_
jZkq _1Z gZ hkgh\_ djb\hebg _cghc "bz]jzffu k' Zlby [_IhgZ hibku\Zz
kil _i_gb iha\helghl kgnhjfmebjhbElybkdjbkqg_jiZgby g_kms_c kihkh[gh
fZevguo k_qg_gbc iebl Zjfbjh\Zgguo klZevguf ijhnbebjh\Zgguf gZ|
jZkg _lgzZy f_Ih~"bdZ iha\hey | hp_gblv “hklh\_jghklv j_amevIZIh\ hj
klb klze_~_e_ah[_dbpbghle 4jm]bf ggebd_lkjbyf ijh_dlbjh\Zgby "~ _e_a
lhgguo dhgkljmdpbc j_Zebam_fuo d ijbf_jm \ ijh]jZffguo dhfie_d
ijh\_jhqguo jZkg_Ih\ gZ hkgh\Zgbb ijb\_* gguo mjZ\g_gbc fh gh ih
h[ hklZzlhgghf j_kmjKbjie\Zlgglio KIG _idbgkljmdpbb

G_h[oh”bfh hiIf_Iblv qglh k \\_"*_gb_f =HKL@J mklZgZ\eb\Zxslt
lj [h\Zgby d jZkg_Im klZevguo ijhnbebjh\Zgguo gZklbeh\ dZd Ihg
gZklghklb gz klzZz~bb [_lhgbjh\Zgby ieblunig jlhfj@albgjblbd[kdic j
ijhnbey ihemqgZxs_]h ieZklbg_kdb_ "~ nhjfZpbb ijb h]jZgbqg _gghc
gZklb k_g_gby hklZ_Iky hldjuluf \hijhk h g_h[oh”~bfhklb mqg_1Z hk
wdkiemZlZpbhgghc klZ”~bb jZ[hlu ijb hp_gduoijkhogghgdb gelghzZ & yfp |
\Zgguo KIG

b[ebh]jZnbg_kdbc kibkhd

Kl KlIZe_ "~ e _ah[_lhggu_dhgkljmdpbb 1jZ%eZ ijh
F KlZzg”"Zjlbgnhjft k

J dhf_g~Zpbb ih ijh_dlbjh\Zgbx fhgheblguo "~ _e_ _ah[_lhggu
klZzevgufbnighbjh\Zggufb gZklbezZfb GBB@; PGBBijhfarZgbc

KLH | j _djulby klZze_ "~ e _ah[_lhggu_ k fhgheblghc ie
ghfm ijhnbebjh\Zgghfm lgz\WeéZmjh_dlbjh\Zgby A:H OPGBBIKD bf
dh\&F + Kk

=HKL J ljhnbeb klZevgu_ ebklh\u_ Jgmlu_ k IjZi_pb_\
jZfb "ey klZe_ "~ e _ah[_lhgguo dhgkljmdpbc HF ogWld&Zgk'dglb grkei\b
+ Kk
=HKL ljhnbeb klZevgu_ ebklh\u_ ]Jgmlu_ k [jZi_pb_\
jZfb ey kljhblZetkldgbg_kdb_ztmkeKlBg~Zjlbgnhjft Kk
=HKL J ljhnbeb klZevgu_ ebklh\u_ Jgmlu_ k IjZi_pb_\
jZfb ~ey kljhbl_evkl\Zz F_Ir"mgdZmEZkqg_kihkhtfghkklzZzg~rZjlbgnhjf
+ Kk
Kl Dhgkljmdpbb klZevgu_ IhgdhkRphjgmluba

hpbgdh\Zgguo ijhnbe_c b Jhnjbjh\Zgguo ebklh\ [1jZkbeEhigkljhlidjh\z
Jhkkbb + k

K ; _lhggu_ b "~ _e _ah[_lhggu_ dhgkljmhegmbb Hkg
gbytF KIZg”*"Zjlbgnhjft k
Kl :dimZebabjh\ZggZy j ~"Zdpby KIG@GbVguy_ dhg

kljmdpkB Fbgkljhc Jhkkbb k

;Zgqhpkdbc < Y FZgbkd \bg ? K Hij_~ evghf jZ\gh\_kbb kb
ieZklbgg fZIl _jbZeh\ Kljhbl _evgZy f_ozZgbdzZ bzjZkgzk khkjm ™ _gb
K

JzN"ZcdHg <L_hj_Ibq_kdb_ hkgh\u ~bz]jzffghlh f_Ih~*Z jZkqgzl
we f _gbha\ Zjfbjh\Zggh]h [_lhgZ Kljhbl_evkl\lh b jzedbgkljmdpby
K

; ey \Z K X :gZeblbg_kdzy fh*"enhgthijg\Zggh]h khklhygl
bal]b[Z _fuo "~ _e_ah[_lhgguo we f _glh\ Zjfbjh\Zgguo klZevguf ijhn
ehf gk ~bzljzffu ljZzghley K[ fZI_j 9, HZAAmdEgng Lmjdh[e_fu
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kh)y_f _gguo wdhghfbqg_kdbo ijZ\h\uo b _klI_KkI\_gghphgZmd<¥LIMkkE
+K +

ey \Z K X F_Ih*"bdZ hp_gdbnggigyn\Agpdh]lh khkehygby
ah[_lhgguo we f _glh\ Zjfbjh\Zgguo klZevguf ijhnbebjh\Zgguf gZk
Zevguo "bZ]jzff » _nhjfbjh\Zgby fZl _jbZeh\ K[ g9gZmqg l4jx >hg[Z
<ui t:eq_\kd +K +

F _Ih~"bg_kdb_j _dhf_g”"Zpbb ih mimgg_eg@gahin [Edguo we f g
k mg_Ihf iheghc *"bz]jzffu k' Zlby [_IhgByKIGBBKEZfEmhkk : G :Zqb
kdbc < Y DB\ + Kk

>:G < KlZe "~ e _ah[_lhggupbdh Fbgj_]bhg[m~"
MdjZbgu = Kk
> G< ; _lhggu_ b " _e_ah[_lhggu_z=®h glgjjm plptbd[ m »

MdjZbgu £ Kk
5HIHUHQFHYV

6HW RI 5XOHYV &RPSRVLWH DQG UHLQIRUFHG
0 6WDQGDUWLQIRUP S
SHFRPPHQGDWLRQV IRU WKH GHVLJQ RI PRQRKHMERKLF L
ILOHG GHFNLQJ 1,,=+% 7V1,,SUBP]GDQL\ 0
2UJDQL]DWLRQ 6WD&RAMSRYLWH DQG UHLQIRUFHG FRQF
OLWKLF VODE RQ VWHHO SURILOHG GHFNLQJ 'HVLJQ UXOHYV
S
JEHUDO 6WDQGDUGIEQW VWRH® WKHEHWKWUDSH]RLGDO
FRPSRVLWH FRQFUHWH VWUXFWXUHV 7HFKQLFDO FRQGLWLR
JHGHUDO 6WDQGDAUKQW VKHHW VWHHO S URJIXOIRYD \Z LIW K
FRQVWUXFWLRQ 7HFK®WHIGDBRYEQWMRRDY 0 S
JHGHUDO 6WDQGDUGHOW VKHHW VWHHO SURILOHV ZLWK
FRQVWUXFWLRQ OHWKRGRORJ\ IRU FDOFXORWALQJ WBH EHDU
JHGHUDO 6WDQGDUG7KEZQOOHG VWHHO VWURBWMNGHD @ L
YDQL]HG VHFWLRQV DQG FRUUXJDWHG VKHHWY 'HVLJQ UXOH
S

6HW RI 5XOHV G UHRQFBIBWAHROQRBRBUHWH VWUXFW XL
0 6WDQGDUWLQIRUP S

6HW RI 5XOHV 8SGDWHG YGAWHNHREe Q' WUKXFMBX,YUH
LVWU\ RI §RQVWUXFWLRQ RI 5XVVLD S

%DFKLQADN\ ®D QL NEHYQ FKKH OLPLW HTXLOLEUISODRI V\
WLFLW\ PDWHULDOV 6WUXFWXUDO OHFKDQLFV DG &DOFXOD
5DGD\NLQ7BEBHRUHWLFDO IRXQGDWLRQV RI WKH GLDJUD
HOHPHQWVIMDRBUFHG FRQFUHWH &RQORQ@UXVWXIRQ DQ& S5HERQ)
%HO\DHEY D$S®DO\WLFDO PRGWMDDRO WKHD WA URHVEHQGLQJ
HOHPHQWY UHLQIRUFHG ZLWK SURILOHGUDNRIO® VEDI\M AW QD OR
9, BFLHQWWDEWLFDO &RQI 3UREOHPV RI ORGHUQ (FRQRPL
5XVVLD 9RURQH]K 96%8 3S
%HO\DKHXDOBHWKRGRORJ\ IRU DAMWYINNVQ QOWWD KVHH FRAHIMIN \D
HOHPHQWY UHLQ IR® FVHAGH BOWNKK BHR/IL@J EDVHG RQ UHDO PDWHF
6FLHQWLILF :RUNV RI 'RQEDVV 6WDWH 7HFK 8QEYHUVLW\ ,V\
%DPEXUD %DFKLQDN\OBWKRGLFDORWHAR PPHIQGDAVEDOF
RI UHLFHB FRQFUHWH HOHPHQWY WDNLQJ LQWR DFFRXQW WK
RI WKH 8665 *RVVWUR\ .\LY S
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6WDWH %XLOGLQJ &RGMHKO DQG UHLQIRUFHGLERQFUE
LYUWRI 5SHILRQDO 'HYUBIDIREHPHQW RE8N

6WDWH %XLOGLQJ &R&RYFMWHWH DQG UHLQIRUFHG FR
OLQLVWU\ RI 5SHILRQDO '"HYHORSPHQW RI 8NUDLQH S

675(1*7+ &$/&8/$7,21 2) 5(,1)25&(' &21&5(7( 6/$24@ 558!
7+ 352),/(C 67((/'(&.,1* %< 1250$/ 6(&7,216
86,1* $ )8// &21&5(7( &2035(66,21 ',$*5$0

6 <X %HO\BDHYBRPHUDRNWVVAHNXVKHQNR

9RURQH]K 6WDWH 7HFKQLFDO 8QLYHUVLW\
5XVVLD 9RURQH]K

3K' RI 7THFKQLFDO 6FWHQFHHWY Rbl B BMKR-H QW RI1 OHWDO DQG :RRGHQ 6WUX
W O HDLO VYHWER\#\DQGH[ UX

3K' RI 7THFKQLFDO 6FLHQFHV $NS8RBMPMIQWURIIIEWMWOW DIQBBKHR RGHQ 6WUX
W O HP D DO #Y I W WX

SRVWJUDGXDWH 6WXGHQW RI WKH '"HSDUWPHQW RI 7THFKQ@RDIRIRHQWID QL]
RI 5HDO WOV DWH HDWMDQ\D O\DVKHQNR #PDLO UX

7KH H[LVWLQJ DSSURDFKHV WR DO/ WHW/QQ JRW EHQGN QH QUNMLIQ RRIUG R G
UHLQIRUFHG ZLWK VWHHO SURILOHG VKHHWLQJ DUH DI)D®R H @G FGHHGW R [
PLQH WKH VWUHQJWK RI VSDQ VHFWLRQV R| ED®RQ UHKID IKOPH BRPLSVK WW
LQ FRQFUHWH DQG WKH 3UDQGWO GLDJUDP LQ VWHHOFSORM DRIG RHW KR/
KLIKWHIX ZKLFK LQYROY HH WKHH XY/RIORQ FOP LID® KW R G H WAUREDI] WK ZRQFK

DOORZV RQH WR HYWORD KN WXWHYRIUBIVWVMODE UHLQIRUFHG ZLWK VWHHO ¢
IDLOXUH

.H\ZRUGWHHO SURILOHG VKHHWLQJ UHLQIRUFHPHQW RFWWR QR FH (
OLQHDU GHIRUPDWLRQ PRGHOV IXOOGHIUHHHSROFRRBUUMY VE B DR QGO UDLH
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J:KQ?L B IJH?DLBJH<:GB?
F?L:EEBQ?KDBO DHGKLJMDPBC

M>D
J:KQ?L KL:EVGUO IJHNBEBJH<: GGRILEH <
< E?=DBO IHDJULBYO A>:GBC
K X ; ey Y = KZaudbg Eyr_gdh

<hjhg_"kdbc ]hkm"ijI\_gg_uc I_\ogbq_kdbc mgb\_jkbl_lI
Jhkkby ] <hjhg_

DzZzg™ |_og gZmd ~hp dzZn_"ju f_|IZeebq_kdbo b & _j \ygguo dhgkljmdpbc
HPDLO VYHWER\#\DQGH][ UX

Kl ij_i dzZn_"ju f_lIZeebg_kdbo b fmjdpfgguo dhgkl

HPDLO YLWDOLMVD]#YJDVX YUQ UX

:kibjzgl dZn_"ju | _ogheh]bb hjl]ZgbazZpbb kljhbl_evkI\Z wdki_jlbau b mijZ\e_d
I_e WDLO VDQ\D O\DVKHQNR #PDLO UX

JZkkfZljb\Zxhdke "~gb_ baf_g_gby \ ih*oh”Zo d ijh_dlbjh\Zgbx klZevguo
gZklbeh\ hljz>_ggu_ \ »_ckl\mxsbo ghjfZlb\guo “hdmf_glZo \ghkblkyZykghklv \
gbl_evdlgZah_amevlZlh\ jZkq_I1Z ih jZaguf f_Ih*"bdZf nhijjflongepdyinuxiljiky 8 kigjin\gu _
gby klZevguo ijhnbebjh\Zgguo gZklbeh\ \ e_]dbo ihdjulbyo a~Zgbc

Dexqg_\u_ kekhNZevghc ijhnbebjh\Zgguc gZklbe ijhgghklv mklhcgb\hklv we
wnnll\gh k_qg_gb_ j_“mpbjh\Zggu_ oZjzdl_jbklbdb

<\ _" gb_ IhklZgh\dZ<a& ko ihdjulbyo h[s_kI\ _gguo ijhba\
guo kdezZ”kdbo a”Zgbc b khhjm  hddlk]lh &yZknkd\ |hhiwg f _glZ djh\eb
amxl| klZevghc ijhnbebjh\Zgguct&Ka&lehgkZjendlb\gh_j r_gb_ ihdju
fh™ | Julv \uiheg_gh [_kijhlhgguf k hibjzZzgb f KIG g_ihkj_"kI\ _ggt
n_j beb [Zehd beb k mdezZzrdhcjKkGhehijlnldwfZzk g h[oh”bfuf "ey |
i_gq_gby _]lh g_kms_c kihkh[ghklb fb TjbkiWwdhkIbdheZ]WKIG \ h[s_f jZkol
klZeb gZ ihdjulb_ khklz\ey | “hklZlhggh \ukhdbc ijhp_gl LZd \ ih
g gb _f e _]Jdbo n_jf ba Jgmlhk\Zjgd\d kpifhblel gbggydhc ko _fu hibjZghb)
oh” KIG khklz\ey_Ithdhéh fZkku uHdj p_ehf > @ Mqgblu\Zy qlh ijh
jh\Zgguc gZklbe bf__ | “hklZlIhggh \ukhdmx klhbfhklv b klj_fykv d
ihdzaZzZl_e_c ijb ijh_dlbjh\Zgbb aZlg&xklmsbfbgijbgpbizZfb jZzkg_1Z K
aZeh _ggufb \ ghjfzo «<f_kl_ k lyf\rigkMy\rb \k_fy Z\Zjbb ihdjulbc
gbc dZd ihdZau\Z | wdki_jlgZy hp_gdZ qZs_ \k_]h k\yaul\Zxl k g_
\hc gZ]jmadb ij_\ur_gb_f nZdlbqggEKdhghpfZ]jhgdd b hrb[dZfb ijb ijf
Ibjh\Zgbb dhgkljmdib\guo w@_ fDdiljpmfZkriZ[gh_ h[jmr_gb_ ihdjulby
]hiZjdZ ©lZm?2 DZaZgv \ ] ijhbahreh \ Ihf gbke_ih ijbgbg_ g.
lhlh ijhnbey KIG ih aZdexqg_gbx wdki jjiblag IjKIG g_\uihegyeky
gb\r _]h agZgbl _evgu_ ijh]lb[u \ ijhppkkglhwdhiem&eh azZ kh[hc ihl
mklhcgb\hklb jZfguo [Zehd ihdjulby jbk jZkdj_ie_gguo \ ]hjbah

<« ;_ey KZ X KZaudbg < = Eyr_gdh : <
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ijhnbebjh\Zggufb ebklzfb Iljbq_f ~h h[jNr g&tkkymie_ gby jZkq_Ilghc k
a”“zZgb_ ijhklhyeh hdheh e_| \Mesvg[h hll_ggbj@_kdh]h j_r_gby ihdjul
] khklZ\be hdheh feg m[ > @

Jbk H[jmr_gb_ djh\eb eh]hiZjd®ao;bfzijlz ]

J _dhf_g~Zpbdkgh Im KIG jZa[jhkZgu ih jZaguf ghjfZlb\guf ~hdn
dhf_g~Zpbyf \ dhlHpZgby d jZzkg_Im b Ze]lhjblfZf hp_gdb g_kms_
ijhnbebjh\Zgguo gZklbeh\ agZqgbl_evgh hlebgzZxlky < j_Zevghf ijh_
dhgkljmdlhju aZgzZklmgx JEkRkgblu\Zxl KIG ihdjulbc ihevamykv ]Jhlh\
pZfb g_kms_c kihkh[dghkkdp | Dxeld k\hb dhwnnbpb_glu i_j oh”~Z ~ey
kbimzZpbc g_ hljZz" _gguo \ IZ[ebpZo qlh jZgh beb iha”gh ijb\h”Dbl
dhgkljmdpbc b Z\Zjbglt ¢gjb MmeékiemzlZpbb gh b gz kiZz~bb \ha\_"_g
hif _Iblv glh \ ihRe _fMgh”oh”u d jZzkq_Im KIG ij_I|_ji_eb agZqgbl_evgl
Ihklhyggh ijh\h~"bfZy dhjj_dlbjh\dZ ghjfZzlb\ghc [Zau ijh_dIbjh\Zgby
pbc \g_k_gb_ baf Kl gbc” gb_ gh\uo =HKL ijb\h”bl d Ihfm qlh



Kljhbl_eydZozZgbdZ b dhgkljmdpbb

AN ckl\mxsbo ghjfZlb\mbogphhgl \k ]7"Z kbgojhgbabjh\Zgu b ijh_dlbj
mki_\Zx|l wlb baf_g_gby hlke_"blv

:gZeba jZa\blby ghjfZlb\ghc [Zau \ h[eZklb ijh_dlbjh\Zgby gZ}
Ibc bklZevguo ijhnbebjh\Zgguo>akkhh\\j fy “ey jZkq_1Z ijhnbebjh\

ebklh\ ihdpufbkd\h\Zeb j_dhf_g*"Zpbb PGBBIKD bf G | F_evgbdh\:
hfgh\e _ggu_ \ b 11 \ \b~r_ KLH > @ JZkq_lgZy f_Ih~Db
hp _gdlkmgs ¢ kihkh[ghklb ijhnbebjh\Zggh]h gZklbeZ \ wibo "hdmf_g
ih*oh”_ BHG, Z aZl _f b _]J]h ZdlmZebabjh\Zgghc j_*"Zdpbb KI
jZkg_Im balb[Z_fuo we_f_glh\ ih ijhgghklb b ~_kldhklb k bkihevah\
g_kdbozjzdl_jbklbd KIG ijb\_~_gguo \ =HKL > @ I|jh\_jdz klI_
gb\hkluilegyezZkv dzd "éwn]lb[ZInfh]h we f glZ b azZ\bk_eZ hl gZeb
kl _ gd_ beb _]1h hlkmlkl\by MkImi \ jZkq_|_\uihegye jhev ijh”"hevg
kl _gdm gZ hlk_db ih \ukhl_ jbk WIlhl °_ ih”oh” d jZkg\um KIG |
\\_ A~ gghf\ ] b ckl\mxs_f \ gZklhys_ _ \j fy Kl >
jh\ZZgguo ebklh\ k jZzkq_lguf khijhlb\e_gb_f ith\ig_ ~"feogn | _dmdlKlb
< KLH > @ b j_dhf_g~r"Zpbyo > @ ey rZ]Z hihj[ebpbhafihkhklZ\
eyxsb_ih~h[jZlv gZklbe \ukhlhc g_ [he__ ff G 5\ ba kfFZ2b fZjdl

ijb jZaghf dhebqg_kI\_ a@_jZhghf jgh azZ]jpmijhgguh\ L Z[e bagggdifb
gbyfb ijhrhe Zxl jmdh\h~kI\h\ZIvky ijh_dlIbjh\sbdbhf gZdmdKlaZle\Zy i
KIG \ ki_pbnbdZpbyo b q_jl_"Zo D jZkg_Im ijb[_]ZxI IThevdh \ kem
|Z[ebpZo d ijbf_jm \ ahgZo ih\ur_gguockdekhVium \hlethgbgBdo ijhe |
hlebgguo hl IZ[ebgguo

z \

vy

[
4 zﬂf .—.zlz-;:

Moy

[oTH

Jbk JZkqg_IlgzZy ko_fz
Kkmi_glhz kl_gdb ]hnjZz
ijb ijh\_jd_ __ f_klghc mklhcqgb\hklb > @
Z jZkqg_lgzZy gZ]ljmadZ gZ ]hnj
[ mklmi gZ kl_gd_ ]1hnjZz
jZkkfZljb\Z_fuc dZd kldpklIb
\ jZkgq_lgu_ mqgzZkldb kl_gdb

[

t'
iy 1!51‘# Biler

< bxg_ ] \ hkgh\ghc ghjfZib\guc "Hidphf Zglkiklz @ ylgudb dhg

kljmdpbc KI > @ [ueh \g_k_gh baf \'dhlhjhf djEf_ ijhc
©ljb ijh_dIbjh\Zgbb kiZevguo Ihg#&hjimdgheobd oheh”*gh]jgmluo hpbg
ijhnbe_c b Jhnjbjh\Zgguo ebklh\ g _h[oh”b¥YAglhK]lex*ZIv IPih @
Djhf_ Ih]h i_j\u_ \\_~ g =HKL J > @ hljz Zxsbc Ij_[h\Zgb
jZkg_Im gZklbeh\ k IjZi_pbjAbbglldbjhh *Zgu kkukidb gZ > @

\ gZklb hij_~_e_gby ]_hf_Iljbg_kdbo oZjzdl_jbklbd b jZkq_Ilguo khi
lhf azdjblbgc kd[hki_ghd b ihehd ijhnbe_c
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Khl]ezZkgh f_IKIMrbd _ > @ "“ey hp_gdb ijhgghklb b A~ nhjfZlb\
dhkl_gguo Jhnjbjh\Zgguo iZtkmbé \khky] j_ "mpbjh\Zggh_ k_qagddu |
\Z |ky \hafh ' gZy ihl_jy mklhcgb\hklb k™ Zlhc gZklb k_qg_gby b \ude
[hlu ijhnbey gZijoakhjojZg _gbb g kms _c¢ kihkh[ghklb we f glZ \ p_e
gu_ ]_hf _Iljbgq_kdb_ oZjX&dIlg jgbhknidpey aZ\bkyl hl dhebg_kI\Z we f
dhklb gZ rbjhdbo b beb madbo ihedZo b beb gZ kl_gd_ Jhnjh\
kl gdZo bebhegivguo kdeZ~"hd f_edbo ]Jhnjh\ gZ ihedZo k p_evx ih\i
g_kms_c kihkh[ghkdb kbKkAebo ihi_j _qgh_ k_qg_gb_ ijhnbe_c jbk
hl mjh\gy gZijy _gbc \ k" Zluo ihedZo ijhnbey

[ \
Jbk ljhnbebjh\Zggu_ ebklu

Z k we_f_glzfb *_kidhklb Ihevdh gZ ihedZo [ [_a we_f_glh\ *_kidhklb Z Iz
we f_gbzf kldhklb lhevdh gZ kl_gd_ \ k we f_glZfb °_kldhklb gZ ihedZ

_C
\

z

LZdbf h[jZzahf \ gZklhys_ _ \] _fy “ey hp_gdb g_kms_c kihkh[gh
gZklbeh\ kms_kl\mx| ~\_ jZkq_Ilgu_ f _Ih”"bdb \dexq_ggu_ \ ghjfu i
guo dhljmdpdplk \f_kl kI _fj Zebamxsb_jZagu_ih”oh”u~dripj_gd_ ¢
fbjh\Zzdpgh khklhygby KIG H~MgZKh \\_~ gb> @ gZ udkhkkuekd I
Kl > @ ih*jzamf_\zZ_ | qlh f_IhA"bdhc KI@ "_IZebabjmx
s ]h b jzZza\b\Zxs _]h iheh  _gby KI > @ b Jhlh\ufb IZ[ebpZ
ghklb gZ hkgh\_ wlhc f_Ih”bdb fh gh ihevah\zZbVkgvidhreiadZ geghy_ ~'
ijhnbey ebklZ dhlhjuc azl_f “he _g [ulv ih?I\ _ZIZflyg ith ifIHyZgbjydk
ghjfZlb\guo “hdmf_glh\ > @ <hijhk d jZajZ[hlgbdZzZf ghjf \ k\yab
gbc \ jZa™ _e _ AN ckl\mxs_]h KI k\yfaB gguokkzZ\\lky gbdjuluf

Hkh[_gghklb jZzkqg_1Z KIG k j_"mpbjh\Zggufb ] zZhEdljbjd kdbf
kilbdzfndzZkqgzlgu_ f_Ih~*bdb ghjfZlb\guo “hdmf_glh\ > @ jZki
klZevgu_ ijhnbebjh\Zggu_ ebklu ] _hf_Iljbg_kdb_iZjZf _lja d@lhjuo
b jZ2aem > @ LzZdbf izjzf_ljzf khhiI\_IklI\mxl KIG>@=b KL dh
lhjuf KLH < ddp gZijy “gghjfbjh\Zggh]h khklhygby KIG \ khhl\_
lj _[h\Zgbb > @ fh ' gh \u”_eblv ke_"mxsb_ hkgh\gu_ wlZ

hij_~_ e _gbljnmgahd gZ ihdjulb_ b mkbebc \ KIG \ khhlI\_Ikl\bb
g _lghc ko_fhc jZaj_aghc h”rghijhe _Ighc beb g _jZaj_aghc fgH]hijhe _
gZ f yibgu gZklbeZz

hij_~ e _gb_ "ey azZz”Zgghlh \ khhiI\_IklI\bb k khjlzf_glhf k_
f Iljpbg_kdbo ozZjzd!l_jbklbd ihegh]h ihi_j_gqgh]l]h k_gq_gby k hkljufb m
e gbc b k mg_Ihf nZdlbg_kdbo jZaf_jh\ we f_ glire\hsZKidhkdbb Z bf
jZklygmlhc ihehd b kl_gdb k mqg_Ilhf ]_hf_Ijbb we_f_glh\ "~ _kldhk
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ly" klb ihedb k we f _glhf ~_kldhklb iheghc iehsZ”b k_g_gby qZklb
kl _ gdhc iheh\bghc \ _jog c¢c b gb'g_c ihedb
mlhgg _gb_iehsZMb khgglhlmyq Ihf \ebygby ahg k]b[Z
jZkq_| wnn _dlb\gh]h k_g_gby mf_gvr_ggh]h \kemk&kh\dgb ihl_
\hklb ijb wihf mgblu\Z_Iky \hafh ghklv ihl_jb f_klghc mklhcqgb\hkl
b ihl_jb mklhcgb\hklb nhjfu \k_]1h k_qgflgbykRtdZédm i\elZp c mklhc
gb\hklb ihedb b kl_gdb
Z "ey k' Zlhc ]Jez~dhc ihedb jzZzkq_|I _\gkexqd][dhkijb ~ dgblbg_kd
gZijy _gbc \ ieZklbgd_ \ aZ\bkbfhklb hl mkeh\bc aZdj_ie_gby b dh
[ "ey k' Zlhc ihedb k we flhljAdkqWwilldhky Iky \ g kdhevdh bl_j:
ljb wihf ~_kldhklv mijm]Jhih~Zleb\hc k\yab \b _ijbgbifib[eky [gkdhg_q
ghc | _ kqgblz_Iky qglh we_f_gl "~_kldhklb h[_ki_qgb\Z_lihleadh_aZz
Z gZijy _gb_\ g_f ~hklb]Z dim¢g_kiBbdHjZpbb d bl_jZpbb dhjj_dlbjm_
wnnbpb_gl kgb  _gby g_kms_c kihkh[ghRlbebg¥Zdbkbddkdlh KKidbo b dj
g_kdbo gZijy _gbc Z 1zZzd _ ]b[dhklb jZkg_lgh]l]h mgzkldZ ihedb
\ "ey kl_gdb jZzkqg_Il \uihegyx!l \ azZ\bkbflvlielbf hdIdtédmk bl \Z
iheh™ _gby g _cljZevghc hkb Z 1Zzd"_ hl nzZdlbg_kdh]h jZkigm _e _gb
lhc b k’Zlhc gzZklb kIl _gdb hbk " e igke djblbgq_kdbo gZijy _gbc gZ
wnnbpb gl kgb™ _gby g kms _c¢ kihkh[ghklb we f glzZ ~ _kldhklb

OWN&WOO

Opactameaiowee

Jbk Wm_dlb\gu_ ihi_j_qgu_ k_q_gby kl_ghd Jhnjbjh\Zgguo ebklh\ >

Zkh kl_gdhc [_a we_Idhkkp\ kh kl_gdhc k hrgbf we_f_glhf "_kldhklb \ k™ZIlhc
\ kh kl_gdhc k "\mfy we_f_glzZfb ~_kldhklb \ k’Zlhc ahg_

tgZqZevgh_ iheh jgévghcdhwinn_dib\ghf k_anmybkldb wnn_dlb\gh]h ihi_j_qgh
k_q_gby k’Zluo ihehd k ijhf_"mlhqgufb we_ftpgldfiixeviglhyh kv ihedb

hij_~ _e_gb_]_hf_ljbg_kdbo ozZjzdl_jbklbd j_mpbjh\Zggh]h
f _glZ bg_jpihtb gih\ khlib\e _gby k_q_gby
jZkg_l ih i_j\hc Jjmii_ ij_"_evgtlopkhgldayghgghklb
ih ghjfZzevguf gZijy _gbyf \ ijhe _Ighf b hihjghf k_q_gbyo
A
Bypgots
1" 9aganaxfbgbfZevguc fhf_gl khijhiB\vephbpWw4gokh q_dbyjZzkg_lgh _
khijhlb\e _gb_ klZeb ih ij_* em | _dmqg_klb 7~ey ba]lhlh\e_gby oh:
hpbgdh\Zggh]h ijhdZl1Z bkihevamxlky klZeb I
g gb’_ IZ

<
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ih dzkzIl_evguf_ghiyy \hjguo k_qg_gbyo
(a(a E;
3 L—qg
] 3:s xihi_j_qgZy kbez \hkijbgbfz_ fZy h~rghietkukddbckl]hgdd f_~~m
hk_\ufb ebgbyfb Rhiellhn@ésbgZ kl_gdb imarbZkg_ Igh_ Khiglgb_klZeb
ijb k" \b)l_hlebgb_ hl jZzkqg_lgh]lh khijhlb\e_gby kjy\em ilkky\Khmgdpb _c
]b[dhklb kI _gdb hij_~ ey fhc hl gZebgby b dhebq_ kKl¥Zmpe f gl
gZdehgZ kIl _gdb hlghkbl _evgh ihehd
jZkq_I ih \Ihjhc Jjmiewgj khklhcyghj ~ e _gb_ ijh]lb[h\ \ ijhe_1I_

ECE
] 1xjZkq _lguc ijh]b[ hl ghjfZlb\guo gZ]jmahd hij_~ ey fuc \ aZ\bk
jZkg_lghc ko_fu KIG k mqg_Ilhf j_"mpbjh\Zgguo "~ _klelpkhg®Bo+tozZjzdl
ij_"~ _evgub]b] ~himklbfuc ih mkeh\byf wdkiemZlZpbb kh]l]ezZzk@h KI
tgauatgdZbf_gvrbc ih ijhe_Im fhf_gl bg_jpbb j_"mpbjh\Zggh]h k_q_¢
rbjbgu ijhnbey
KjZ\gbl_evguc ZgZeba j_amevlZlh\ jZzkq_|hi\_KnGodizgjZd gtf

dZaulZ _| ijzdlbdz \ ihke_"gb_ \j_fy \ p_eafahkkgb ilgdjwlfbdzgesfh Ib
eZkv | _g”™ _gpby ijbf_g _gby [_kijh]Jhgguo j_r _gbc djh\_evguo kbkl _f
n_jf beb [Zehd hl Nh f < ijh_dlZo fh _| J[JukyaZehihggbkbkl f
ithykzZf n_jf [Zehd \dexgZxsZy ]hjbahglZevhujZki\tyjab\u "hevjfik ]t
a"Zgby beb nmgdpbx k\ya \uo jZkihjhd fh™ | \uihegylv KIG jZkdj
ihykZ g_kmsbo we_f_glh\ ba iehkdhklb N _ ckl\bkegZ{dimaldjib j < ihke
g_kms_c kihkh[ghklb gZklbez k \ukhdhc kl_ilgykbahahdghkibr fgb _
\k_]h ihdjulby qglh kgb Z_| gz~_"ghklv ijbgylh]h ijh_dlgh]lh j_r_gby
\bevghf ih*oh”_d hp_gd ~gdhjiybjgghggh]lh khklhylgéy KifGIhlv

glh jZzg__ ij_bfms_KklI\h hl*"zZ\Zeb djh\_evgal kb KI G HfZkijhijhgu ihdju
Iby rZ] dhlhjuo j_~dh ij_\urZe f qlh ihal\heyeh ijbf_gylv ijhnbeb]
khlhc g_ [he__ G Z \dexq_gb_ ijhlhgh\ \ k\ya h\mik &pkjlb fnk fzj ~
luo we f _glh\ hkgh\guo g_kmsbo dhgkljmdphiklinlbid li ejiok chtkk hix g Z fu
wlhf kemqz_ \hafh gh_ ij _\ur_gb_ ~ nhjfZpbyfb gZklbeZ ghjfZlb\
p_kk_ wdkiemzZlZpbb ijzdlbg_kdb g_ \ebyeh gZ dyh ¢k jsmddrddi tkkh [g hk

kl_fu ihdjulby | _ jZkg_l ih > @ é¥Yyze mameviiblLZdbf h
ahf ijb ijh_dIbjh\Zgbb [_kijh]lhgguo ihdjulbc kh agzZqgbl_evgufb ijh
\Zgguo gZklbeh\ Ij [m_Iky [he__ IsZl _evguc ihyohg'gd mjipbjdnd _]h

\Zggh]lh khklhygby aZeh  gguc \ jZk@ Ighc f_Ih~bd_ >

ljhZgebabjm _f j _amevlZlu jZkq_|Z KIG gZ dhgdj_Ilghf ijbf_j_
jZkg _lguo ih"oh”"Zo baeh’  _gguo \ KI Kl > >@ @Zk
kfhljbf ihdjulb_ ijhba\h”kde Zygkdh]h dhfie_dkzZ k n_jfZfb ba ]Jgmlt
azZfdgmluo ijhnbe_c¢ jZkieh  _gguo k rZ]hf H[ _Kkijfhptbgghkdjh\ketbegh _
jZkg_lglmagZgggdimahd gZ ihdjulb_ khklzZ\ey | dlZz \dexqgZy ihklt
b kg _]h\mx dlZz gZ]ljmadb Z 1Zzd _ \_k \_glbeypbhggh]h h[hjm
fZIb\gZy gZ]jmadZ gZ ihdjulb_ khklZ\beZ dlZ KlZevghc ijhnbel
lu\Z lky ihijhe _Ighc jZzkg_lghc ko _f_ jbk

1 1 1

p
1 [ K]

AQ 1 B¥
= ] i

¥ 13 Jbk JZkq_lgZy ko_fz

[}

c
2 ”}7 klZzevgh]lh ijhnbebjh\Zggh]lh gZklbeZz
/ 4
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JZkqg_lu \uiheg _gu ijb jZaf_s _gbb KIG rbjhdbfb ihedZfb \\_jo
balb[_ \ ijhe_lghf k_q_gbb ijhnbebjh\Zgguo ebtkedb k\zgbfjhjgdb i
gbb k’Zlu madb_ ihedb =_hf_Iljbg_kdb I\iZkZ¥fmklu =HKLkhh > @
RbjbgZ hilkju jog_]h ihykZ kljhibevgkbknZjey Ff

29
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Jbk =_hf_ljbg_kdb_ jZaf_ju ijhnbey@s

J ameviZlu ihkeevdihZh[hWhZ2 k g _gby KIG k ijhp_glZfb bkihevat
i _j\hc b \lhjhc ]JjmiizZf ij_~ evguo khklhygbc kh]JeZkgh Ij_[h\Zgbyf
> @ k\_~ gu \lIZJe j_ameviZlu jKkq_I|Z ih f_Ih*d@ ijb\_~_gu
\ IZ][e djZkguf p\_Ihf ihdZaZgu bkihevah\Zgby \uoh”ysb_aZzZ i

agZq_gby

LZ[ebpZ
J_ameviZlu jZkq_1Z KIG ih f_lhAbd_ KI> @
J amevlZlu jZk c ]jmii_ ij_™ evguo .
bkihevah\Zghly bkihevah\Zgby hihjgh]{?k'he".ih
iihe Ighlh k_q_ K q _gby Zgby ih
FZdZ FZdZ KIG - -a_ A ijh]b[Zf
klZeb=HKL ihghjfZey ih miké¢ | ih ghjfZevI evaul ih mklhce vy ]jmiilz
guf gZijy gb\hkip guf gzijy 55 %" qb\hkibij_~ khKih
* gbyf | klgdb| *_gbyf ggb‘)y - kl_gdh ygbc
G
G
G
LZ[ebpZ
J _amevlZlu jzkq_1Z KIG Kh f_Ih~bd_ > @
J amevlZlu jZk ¢ ]jmii__ " evguo kh bkihevah
bkihevah\Zgbhly bkihevah\Zgby hihjghZgby ih {jh
FZjdZFZjdZ KIG ijhe Ighlh k_q_| k g gby 1b[zf
= imiiz
kizep=HKL ih ghjfzevguf | ih ghjfZzevduih dzkzl e gilff&]’k”;]'k'lhy
gZijy _gbyf 9Zijy _gbyf gZijy _gbyf "=,
G
G
G
G
G

gZeba j_amevlZlh\ jZkg_Ih\ 1Z]e bihjghdlz dkey glhhnbepjh
\Zggh]lh ebklZz G ba klzZeb fZjdih~h[jZggh]h ih KI > @ mkeh\b_ i
ih ghjfZevguf gzZijy _gbyf k mq_Ihf aZdjblbgq_kdhc jZ[hlu ihehd b
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lj _[h\Zgbyf KI > @ g_ \uihegy_ |ky khjagZuilyl y@lbg kftbkliZ\ey x
sbfb ljb ihiuld_ ih”~[hjZ lhesbegync ff ba IZzdhc "~_ klZeb gh |
\ukhlu G ijh\_jdb ijhgghklb g_\uihegyxlky g_lhevdh “ey hihjgl

e _lghl]h k_g_gbc qglh klyaZzgh k m\_ebd| Kglc fap§bkkib kdhhgdhr gby
\ukhlu b Ilhesbgu ijhnbeey bkldlZzd lbkdexqg_gb_f [hevr_c gZklb k Zlhc
jZkg_| _ j_"mpbjh\Zgguo ] _hf _Ijbg_kdbo o0Zjzdl_jbklbd < blh]_
gZklbeZ ih~h[jZgh k_q_gb_ [Z[e Bh kZZdb 4, LusnzAa
G_h[oh”~bfh hiIf_Iblv qglh W\ [hjewrdwggkdo ijh_dIlh\ ijb ihA[hj_ k_q_
ihevamxl| IZ[ebggu_ agZq_gby g_kms_c¢ kihkh[ghklb gZklbeZ hkgh
[h\Zgbyo g_ mqgblu\Zxsbo ihl_jx mklhcgb\hklIbZ§ZIKIbjbifhnihék ipg
mdZaul\zZxl fZjdm ijbf _gy fhc admeéed ijhndbebjh\Zggh]h ebklz dzd
ij_~ihql_gb_ hi*Zxl f_g__ ~“hjh]hfm gZklbem ba klZeb kZfhc gbadhc
dzd ihdZazgh \ur_ \ kemqgZ_ gZkimigpgbyijj@\bhfibrFdHA¢bklglni gZjmr _
gbyf jZ[hlu dhgkljmdpbc ihdjulbc
<u\h”u b j_dhf_g~*Zpbb
MqgZklb\rb_ky kemqgZb h[jmr_gby ihdjulbc k\yaZgu djhf_ ijf
ghc hp_gdhc gZifty nhlgighjh\Zggh]h khklhygby djh\ _evguo gZklbeh\
JZkq_lu ih Kl \hdhjhf ijb hp_gd_ ijhgghklb bkihev:
ihegh_ k_g_gb_ we f glZ aZ\lurZxl _]J]h g_kmsmx kihkh[ghklv b ij
hp_gd_ G>K ijhnbebjh\Zgguo ebklh\ qglh hkh[_ggh hiZkgh ijb agZ
f b \urf ""m hihjgufbiaZgljyfb bx\d gbb KIG \ jZ[hIm k\ya_ \hc kb
>Zgghc f _Ih~bdhc b jZzajz[hlZggufb gZ __ hkgh\_|Z[ebpZfb fh gh i
ij_™"\Zjbl _evgh]h gZagZq _gby ijhnbey ebklZ dhlhjuc azZl _f “he _g
gzlZfb ih A _gguf \ fZzogkhey Ihgdhguo ijhnKé _c
Kl hkgh\u\Z Iky gZ jZkq_|_ klZevguo ijhnbebjh\
dZd Ilhgdhkl _gguo h[hehg_d \ dhlhjuo ihl_jy mklhcgb\hklb hI*_ev
l1Zfb k_qg_gby fh™ | gZklmiblv ~h ~“hklb"  _gby gZijy Ibgbgfih hj*g'ZelZ |
g_ ijkvbl d ihlg jkms_c kihkh[ghklb we_f_glZ \ p_ehf LZdhc ih”oh?"
KIG ih\urz | gz~ _"ghklv dhgkljmdlb\guo j_r _gbc ihdjulbc
Hikmlkl\b_ mdZaZgby fZjhd klZe_c \ ijh_dlZo y\ey Iky g_"h
lhjzy fh  _| iMehg jx g_kms_pgkkdikhgZklb&lZ*"bb wdkiemZIZpbb

b[ebh]jZnbg_kdbc kibkhd

F IZeebqg_kdb_ dhgkljmdpbb \ | L KlIZevgu_ dhgkljmdp
kijZ\hqgbd ijh_dlbjh\sbdZz lh” h[s j_~ aZkem  kljhblflely JN e
KKKJ < < DmagPGBBijklZzevdhgkljmdpby bf G | F£Fevgdh\Z

+ k

> [Z[h\IZ"Ze ijhreh]h~gbc kgebh>bgDjpda”*Zghx F@|l *

J_"bf "hklmiz KWWSV NURYOLUXVVURVKOREHEHEQNM ZRUNLQJ

GZ"N "ghklv dhff_jg_kdbo b ijhfure_gdulofurjd\ggu_kljZgbpu
Kb[bjht *< ?"bguc ijhfure_gguc ihjlZeWkbdjbhgguc jtkmjk@
J_"bf "hklmiz KWWSV HSSV UX MRXUQDO GHWDLO SKS"LG

KemqgZb h[jmr_gby djh\eb gZ ij_"ijbylbyo \ Jhftkkbb \JB: Gh
\hklb >We dljhgguc Xmpkd@kl mkWWSYV ULD UX
KWPRPWOWFOLG P RRVHR SR

lhg_fm h[jmrZdikye b"” Kljhcljwclbg] ijkljkbghevgZy dhfiZzgby >W
ljhgguc j_kmjk@ f "hkimizZz KWWSNG LQW WEKVD BR KKHEEU X WAK\D\\DX
NURYOL"\VFOLG P RP IHFDX
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J_dhf_g”~Zpbb ih ijbf_g_gbx klZevguo ijhnebgh\&Zijgg kdjgZZ kil

f glZ \ ml _ie_gguo ihdjulkyo aPE@BB¢KD bf G | F_evghldhkZz

KLH GZklbewewdd ijhnbebjh\Zggitndjtiebc a~Zgbc b kh
hjm ™ _gbc ijh_dlbjh\Zgb_ ba]hlhdeF ghPGBBdKD bf G | RZevgbdr

+ kK

Kl :dimZebabjh\ZggZy j_"ZdpbyKK&LdMgu, dhg
kljmdpkB Fbgkljhc Jhkkbb k

Kl KlZevgu_ dhgkljmdpbb [|jZ\beZzifh_ &bogh\Zghb
kljhc Jhkkbb % k

=HL ljhnbeb klZevgu_ ebklh\u_ Jgmlu_ k IjZi_pb_\
jZfb ey kljhbl_evkI\Z L_ogbgtkdbKlZgkedjlbgnhjft Kk

Kl Dhgkljmdpbb klZevgu_ |hgdhkl_ggu_ ba

hpbgdh\Zgguo ijhnbebje\BEgdme ebklh\ 1jZ\beZ ijh 2 bjFazkkdjhc
Jhkkbb =+ Kk

=HKL J ljhnbeb klZevgu_ ebklh\u_ Jgmlu_ k IpZi_pb _\
jZfb ~ey kljhbl_evkl\Z F_Ilh~bdZ jZzkq_Il1Z g xkKms KdZlgi‘hkjh pgmkljd
+ Kk
Kl GZ]jmadb b \ha”_ckl\by :dimZebabjh\ZggZy

+F Fbgkljhc Jhkkbk Kk
SHIHUHQFHV

OHWDO WWURFWXROXPHYVY 9RO 6WHHO VWUXFWXUHYV F
HU V KDQGERWRN JHOP®BDW HGLWRUVKLS RI +RQRUHG % XLOGH
RI WKH 8665 6WDWH 3UL]JH 9 9 . X]QHWVRY 7WIH|5URHNWV®DN
0 $69 3XEOLVKLQJ +RXVH

'HEDERY $ /DVW \HDU ODVRIRZ IHO®2 BRIRQW SXEOLFDWLI
KWWSV NURYOLUXVVLD SMKRVKBRUIRGZRMNLQJ SDGDO

SHOLDELOLW\ RI FRPPBUFMFRPRIY DQ&G XA WVWXNVIWMVUIBDIJHV RI

8QLILHG ,QGXVWULDO WRUWDWHRRYXUEH@LDSPFEMY PRGH

QDO GHWDLO SKS"LG \WFOLG P RRQ\lI PR

&DVHV RI URRI FROODSVH DW HQWBWSUHYWYV LQ 5XVV
>(OHFWURQLF UHVRXUFH®@ $FFHVV PRGH KWWWOW'SVFOUWUGDPUE
VHR SR

K\ GR URRIV FROODSVH" >(OHFWURQLF UHRWVRKXG FH (
LQJ UX DERXSREKEWEUXXWINDRYOL"\VFOLG P RP IHFDX

SHFRPPHQGDWLRQV IRU WKH XVH HNLQ@HZL QDLQU\HX R D B/HR:
URRIV 0 7V1,,36. QDPHG DIWHU 1 3 OHOQLNRY S

2UJDQL]DWLRQ 6WDRGMUGHG VWHHOGGRBEFNL@QG VRWUUKFYV
GHVLIJQ PDQXIDFWXUH LQVWDOODWLBRKOQLNRN ,$S36. QDPHG

6HW RI 5XOHV 63 6VeHHD VWUXFWXUHYV ORV
&RQVWUXFWLRQ RI 5XVVLD S
6HW ®RHB%X63 6WHHO 6WUXFW X WHRW F'RZ/ L0 Q%X GVH\

&RQVWUXFWLRQ RI SXVVLD
JHGHUDO 6WDQGDQWHUVWDWHQWBWEBOGKHHW 3URIL
JRLGDO &RUUXJIJDWLRQV IRU % RCRMFBXFWWRQ GOSHFILQURDWLRCGC
6 HWXRIH V ZO0B0CRG 6WHHP &RAEE W X DKW DR ] H (
ILOHV DQG &RUUXJIJDWHG 6KHHWY 'HVLJQ 5XOHV ORVFRZ OLQI
JHGHUDO 6WDQGDUWEHRW VWHHO VKHHW @ HFRNAULURQD X L'
IRU FRQVWUXFWLRQ OBWKRGREBERIEHRPULIFRKPIOFESODFLW\ 0 6W|
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6HW RI 5XOHV 63 /IRDGV DQG LPSDFWV 8SC
0 OLQLVWU\ RI &RQVWUXFWLRQ RI 5XVVLD

&$/&8/$7,21 2) 352),/(" 67((/ '(&.,1*6 ,1 [, *+7%47
%8,/',1* &29(5,1*6
6 <X %HO\PHYBPD]\NBQ®@ /\DVKHQNR

9RURQH]K 6WDWH 7HFKQLFDO 8QLYHUVLW\
5XVVLD 9RURQH]K

3K'" R7THFK 6FLHQFHV $VVRFHBWHWRHQMVRROIHRIDMOKBEQG :RRGHQ 6WUXFW
W O HDLO VYHWER\#\DQGH[ UX

$VVLVWDQW 3URIHVVRU RI WKH '"HSDUWWMHOQW Rl OHWDO DQG :RRGHQ 6WU
HPDLO YLWDWLMYD]I#®KID

SRVWJUDGXDWH 6WXGHQW RI WKH '"HSDUWPHQW RI 7HFRX® RDQQDVJHRHQWL]
RI 5HDO WOV DWH WDLO VDQ\D O\DVKHQNR #PDLO UX

7KH DUWLFOH GUDZV WKH DWWHRMNYLRLYV RIQGHYEUR B BKNHW RVW KW K®ID @V
GHFNLQJ UHIOHFWHG LQ FXDQIQRMD DH U XMD/WARKGIDERBR)GHHOPIRRS DWDWLYH D
FDOFXODWLRQ UHVXOWY XVLQJ GLIITHUHQWIPGHNWKRQVY QN VIWHHQ URG LW KK
ZHLIJKW EXLOGLQJ FRYHULQJY DUH IRUPXODWHG

.H\ZRU W HRIIQ BHG VKHHWLQJ VWUHQJWK VWDELOHMNLRYLUHGXEHG
DFWHULVWLFV



Kljhbl_eydZozZgbdZ b dhgkljmdpbb

J:KQ?L B IJH?DLBJH<:GB? FHKLH<
B LIGKIHILGUO KHHIM@7?GBC

M>D

GIJY@?GGH?NHIFBIJH<:GGH? KHK&BI?
A:FDGMLUO IJBAF:LBQ?KDBO LHGDHKL?GGUO KBKL?F
IJHE?LGUO DHGKLJMDPBC
G: HKGH<? IHEM;?AFHF?GLGHC L?HJBB H;HEHQ?D

< Dhgh& : Dhaé&h\: <bdmeh\

<hjhg_"kdbc ]hkm"ijI\_gg_uc I_\ogbq_kdbc mgb\_jkbl_lI
Jhkkby ] <hjhg_

:kibjzgl dZn_"ju kljhbl_evghc f_oZgbdb |_eHP D LNOD Y#P D IUX

>j nbdzl gZmd az\ dZn_"jhc kljhbl_evghc f_ozZgbdb 1_e

HP D LYAD N R# G R K JWHX

Dzg™ |_og gZmd "~hp dZn_"ju kljhbl_evghc f_oZ¢PdbLYA NeX O RAYPHDLBCD

Hp_gb\Z _I|ky \hafh ' ghklv bkihevah\zZgby ihem[_afhf_glghc |I_hjbb h[hehqg_
ijbafZlbgblo lhgdhkl ipmauoguo kbkl_f < khhiI\_Ikl\bb k ~Zgghc |_hjb_c ihemqg_c¢
mjZ\g_gby "gy _@bi¢g b i_j f_ s _gbc >ey ijh\_jdb ihemq_gguo j_ameI|ZIlblgiZyarZg
fh~_ev h[hehgdb >ZgZ hp_gdZ \ebygby "_ieZigidpphb\HdghZijhklgdhlihehgdb >ZgZ
hp_gdZ koh”bfhklb j_amevlZlh\ ihemqg_gguo ZgZmehblZIRdbfjZkbhdBEflek QW _

Dexqg_\u_ keilhgm[_afhf_d¢ldhZlyy h[hehg_d lhgdhkl_ggu_ dhgkljmdpbb ihi_j_
N iezZgZpbyymlafdk_q_gby f_Ih” dhg_qguo we_f_glh\

<\_" gbhhgdhkl_ggu_ ijhkljZzgkl\_ggu_ kbkl_fuZzkdibghdy$bh[ha
ehg_d gZqZeb rbjhdh bkihevah\zZlvky \ kighb\ iedad@dhjhrtelhZKel W
h[mkeh\e _gh \ agZgbl_evghc f_j_ boj vbdimghidfzZzdbfh ~ h[uqggufl
kKl _j"g_\ufb dhgkljmdpbyfb Lhgdhkl_ggu_ khhjm _gby hfZigbo_dlIbj
ijhkljzgkl\_gghc jZ[hlu y\eyxlky [he__ wdhghfdhoqagufZzggdehpbo kl_j

HrgZdh ke_"m_1| hif_Iblv qlh f_Ih”u ijhgghklgudaj@dkggih\ &]F
fZeh H[mkeh\eb\Z Iky wlh g_Ilhevdh [he_ _ keh guf bkihevam _fuf
kdbf iZZjzlhf gh b [he__ Ijm~h_fdbf kihkh[hf kha”Zgby gZgghlguo
we_ f _glguo dhfie_dkZo Ijb wlihf hg_\b”~gh qlh [_abyaA\h2Moh]dhg ~
kljmdpbc h[hehqg_d ih” gZ]jmadhc g _\hafh gh kha”Zgb_jZpbhgZev
gbc Ihvim | _hjby jZzkqg _1Z azZfdgmluo ijbafZlbg_kdbo lhgdhXxllgguo
g fZeh\Z gh_ijzdlbg_kdh_ agZq_gb _

Hrgbf ba gZb[he_ _ wnn_dlb\gdig _irhgddw aZz~"Zqgb hij_~ e gby (
fdgmluo b fgh]l]hazfdgmluo Ilhgdhkl _gguo h[hehqg I¥yely Hkyyihidm]|_
\heyxsZy agzZqbl _evgh mijhklblv jZkg _hi\kktod tgey bh gidphwlv j amevl
lhem[_afhf_glgZy |_hjby gZoh”bl rigjhdh _ijijbé@lgjh\Zgbb fhklh\uo
pbhgguo b "jm]bo bg g _jguo dhgkljmdpbc ]7_ Ilggwo |kZdmbg blaphZ
[guo mkbebc gh ijb wihf g _h[oh”~bfh fbgbkbahpgkd&lVvhkeh"

<« Dhgh\ : < Dhaeh\ < : <bdmeh\ F
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< jZ[hl_ > @ ihem[_afhf_glgZy | _hjby "hihegyZifbbybghkéjZzffufb
gufb dhfie_dkzZfb qlh ihal\hey_| ih\ukblv Ihgghklv jZzkq_Ih\ b jZkrt
f glgy WIh ~ eZ | them[_afhf_glgmx |_hjbx g_aZf_gbfufbbgkljmf
keh guo lhgdhkl _gguo dhgkljmdpbc

GZ jbkbah[jZz _gu ijbf_ju azZfdgafllbgj kdbo ijhe_lguo kljh_gbc

Jbk ZXZfdgmlZy ijbafZlbg_kdZy h[hehqgdBEkfhKjZafzZlbg_kdZy h[hehqdZ fhklZ
ba k[hji _e_ah[_ ba klZevguo

Hkgh\gu_ jZkg_lgu_ ihehzZ[gbybkihevah\ZezZkv ihemm[hafhf_ g
jby hibkZggZy \ jZ[hlZo < A <eZkh\Z > @ B N H[jZaph\Z > @
mjZ\g_gbc ijbglylu ke _"mxsb_ hkgh\gu_ ]bihl_au

h[hehqdZ mijm]Zy [_afhf_glgZy \ ijh*hevghf gZijZ\e _gbb b
j_qghf

ih lThesbg_ h[hehgdb fKIbfBEZe g _

A nhjfZpby h[hehqgdb ijhbkoh”~bl 1Zdbf h[jZahf qlh ghjfZevc
f gl i_ji_g”"bdme¥kjgO0bggyhc ih\_joghklb “h ~_nhjfZpbb hklZ_Iky ekt
fZevguf d kj_"bgghc ih\_joghklb ihke_ " nhjfZpkEkyYBihl _aZ Dbjo]l

| _j\Zy ]bihl_&Xbgumlz \ klyab k |_f qlh jZzkkfzZljb\Z_fu_ h[heh
kjZ\gbl _evgh ~ebggufb b kmsydkid\ gadh GxEb\ gbo hdZaul\Zxl|l ghjfz
k"\b]Zxsb_ Kbé&u6b ihi_j qggu_ balb[Zxsb Ffkfkghi\_IklI\mxsbfb bf
kj_aZxsbfb fibdeeZ @ WIbhghgilu bah[jZ _gu gZ jbk

Jbk Dhfihg_glu \gmlj_ggbo mkbebc



Kljhbl_eydZozZgbdZ b dhgkljmdpbb

Hkgh\gu_ mjZ\g_gbyx fAIh&«2ZRIA& dZd aZfdgmIimx h[hehqgdm
ij_~klZ\blv \ \bA_ A\mf_jgh]lh | _eZ "~bnn_j gpbZevgu_ mjZ\g _gby
ehgdb [m~ ml| azZ\\mko ldhthlj”bgzZ| ijhJYhelwighcq¥hld[hagZqbf ijh*hevgh
i_j_f_s_gb_ &K]jvazZ ihiggh_ qgYl ¥ WIb i_j f_s gby fh gh ij_~kIZ\k
\br dhg_qggh]ht@"Z >

a
CYGLT 7gVT66
Va3
a
FY GLT &N
Fet
1" 76Vi&-:V, £tbkdhfu_ ijh~hevgu_ b ihi_j_qggu khh]\ flkd\ ghgh azZ\bkysl
lhevdh hl ijh*hevghc dhihjObgZd+az”Z\Z_fu_ nmgdpbb khhI\_Ikl\mxs
fuf nmgdpb¥f¥as:V, khhI\_IklI\_ggh b aZ\bkysb_ Ihevdh hl ihiVj_qgghc
LZdbf h[jZahf ~bnnvgwpbg&\g gby I _hjbb h[hehg_d \ gZklgu
guo ijb\h”ylky d kbkl_f_hJudgh\_gguo “bnn_j gpbZevguo mjZ\g g
<Z gh hif_Iblv qlh hg@&bphbih”r[bjzZzxlky \ aZ\bkbfhklb hl k_q_gl
ehgdb b __ G>K >eygihyhihimdleadhfdgdhgIimjZz jbk ih~r ~ _ckl\b_f b
sbo b djmlysbo \ha”_ckl\bc iheZ]Zy qlh jZzkkfzZljb\Z_fZy h[hehqgdZ
nhjfbjm_fuf dhglmjhé@hkilbhkhi_ j ggh]l]h k_g_gby \u[_j_f ke _#f®@xsb_ n

@

Ts:0LUQ&s 0L Gemv FT:QQqF?UQi&d,:QL T:QUQA4&

1" (6L @4 xiehsZ”~v h~"gh]lh ]JhjbahglZevgh]h ihykZ

Y aiant2

«tfhf gl bg _jpbb h[hehgdb hlghkbl _evgh hkb
Jbk Ihi_j ggh_ k_gq_gb_ h[hehqdb

Nmgdpghly)ij_~klz\ey_| kh[hc i_j_f_s_gb_lhg_d hl balb[Z khhl
dhgm iehkdbo Kg@ lihcqzZz | ~ ieZgZpbb ihi_j qgh]b[X _qiighdkbl ba]
fbjmxsZy nmddpbkhhl\ _IklI\m _| h[h[s_gghc ~ _ieZgZpbb ijb djmg_gb

85:Q L Uk0a

3s:0 L 0”04
DJ:OJ_r’\eng i_ji_g”"bdmeyjZ hims_ggh]lh ba gZqZeZ dhhj*bgZl gZ ki
gmx ieZklbgm h[hehqgdb

NmgdpWbe; EW:e; kKhhI\_lklI\mx!| dhglmjghfm i _j f s _gbx h[hehqgdl
j_qgghf ba]lb[_ b dkhgl\ghkl\ ggh Wixju Ziijhdkbfbjmxsbo .AA\mgdpbc¢
e _gu gZ jbk
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Jbk Wixju
Ziijhdkbfbjmxsbo nmgdpbc

<u\h” hkgh\guo jZaj_rZxsbocmjZXghlgh> @ ihemqg_gu ~“bnn_j
Zevgu_ mjZ\g_gby balb[Z b dimg_gby

TS Ft) (T Ft)i(eTe Ft) (& ELe Lr
"o TR t)2sTs F) >%6lc Ft)?2(8°E L5 L ra
t)(e7: Et) (¢ 7 Et) (& EML T

=78 F 7 Fs&EL L
27, E € El L

" sL@%tiehsZ?v hAghlh \_jlbdZevg®]h fhityk&@ mijm]hklb b fhAm
k"\bJhhIkkI\_ggh

=L s a3 L7) @ E dlsia

t
> L;)3@(5F@(6?é >66|——u@(6 Et®(s4

5 ag [bfhf_gl bg_jpbb ijb balb[_ b djmqg_gbb khhI\_Ikl\_ggh
K\h[h~gu_ggkl8 &4ij_"klZ\eyxl kh[hc h[h[s_ggu_ \g_rghd ihi_j_q
b ijh*hevdy ih]l]hggu ukkerZevg cr_f iheh bf ke[ [mxggu_ijh~hev
gu_ ih]lJhggu_ kbeu ijbgylu jZ\gufb gmex h[h[s_ggZy ih]JhggZy kbe
j_qguc balpgyilz jzkij_6he_\g khhlI\_Ikl\bb k ebg_cguf aZdhghf baf
"ebg_ h[h[s_ggZy ihl]hggZ¥xklZegZdjymqudb ijbgylZ jZ\ghf_jgh jZKki
ghc ih "ebg_ :gZeblbgq_kdb wlh fh 'gh azZibkzZlv ke_~"mxsbf h[jZahf
'sL'gL’7LTré
‘MFM;:HFV, _
H a
ML?KJ®P ML?KJ®P 1 :V,L?KJ®P

Ko _fu h[h[s ogdbu jgguo ih]Jhgguo gZ]jmahd ihdZaZgu gZ jbk

MV. L ME




Kljhbl_eydZozZgbdZ b dhgkljmdpbb

Jbk Ko_fu h[h[s_gguo ihi_j_gqguo ba]lb[Zxsbo Z b djmlysbo gZ]jmahc

J rZykl _fu h[udgh\_gguo “bnn_j gpbZevguo mh2nwyqlyfbc

2oL Pe ) . e Fodes)E £ e\ . e . “
> )'. 1@ t\‘Hfé t. 1@ .fé .fé
) ) 27 2V _OMFM;VV _2MF M;
761V, L 2, AEElE 2 X PeeleF— > F M gOMFMV  ZMFM:,

s Ge'e "o Gee 1GeHs  Geds

VM F MV 2V 2V %\ 2V
eV MPMV e > L F
t)(s t xH t)(s X' & ' @
s VB IMFEM;\P__ 2ppeele o NPeele By
FS FM MFM GE_ 2 g% e 6.5
I PRI PN = PHA RN PN - P

tCeet e >Cg¢'H (e¢fH .

&V, L

E

IV,
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=2 (i

7.V L4 E 4 G iIGIE 4 (*':G E
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e p | \¢€ [
EE:\;LF;:’4JE’4¢\;FT|’4":I(|’(\(E’4; I([(\“F - E

“€ : t= Gt Gt

1"

mijm]Zy oZjzZdl_jbklbdZ ba]lb[Z b djmqggabfyé(kgﬁw@\g;ldkm\g_lgglglu bg
| _1pbjh\Zgby
AgZy i _j f s gby dZ "hc Ihgdb gZ dhglmj_ hij_~ _eyxlky gZijy

€N GL" (TeViTeiGE T T et GE 7,0V 0 5004

VG L) (7eViTe E 7V E 75015 E&:Vi8e G E €V ;8004

Hij ~ e _gb_ dhgklZgl bgl_]jbjh\Zgby k bkihevah\Zgb f ]jZg
< jZ[hl_ > @ ~Zgu ]jZgbgwyay hmigéhj\bey Ighc dhjh[gqZlhc h[hehqgdb
hi_jlhc ih djzyf

7ry L7, L&r, L& LT Lestu [ Lcst

>ey "Zgguo kbkl_f mjz\g_gbc b ]JjZgbgguo mkeh\bc fh gh \uqgk
| ]jbjh\Zgby ZgZeblbg_kdb ihemqghbf

‘M FM:H MH
2 MFMHA MR o e LAY Ey—Mlpé
X t VW UuUX
%L M?F ? @4:ABES; ECMFM; A
s G 5 G:FBF HE;
) ’) . p[]’g . . . 't) M’ﬁ A
QLF,,5 G?:APLBFAPLB;@A'A Fs;E:MFM,;A? L,’5 G'3a
1> 1> >
2
.45L_>7@E@>ga %l Frzgs GS%
| > | >

?47 LWHS;H: s;a 748'— F:%@a
ljbf_j jZzkq >ZggZy f_Ih*"bdZ j_Zeb DMDWEKR IKCD i@fhs jyxe Z

ijhba\_~ gZ k_jby jZkqg_lh\ \ dhlhjuo bkihevah\Zebkv ~\_ ko _ fu aZ

Ko fZ « ijhe _Igh_khhjm ™ _gb_aZ]jm  _ghsihd ijh]hghhd b &g Zx
ih ebg_cghfm 8Zdhght T dG f DjmlysZy gZ]jmadZ hlkmlkl\m |

Ko fZ& ijhdgh_khhjm™  _gb_aZ]jm  _gh ihi_j qghc ba]b[Zxs _c
jZ\ghf_jgih T dG f DjmlysZy gZ]jmadZ khklZ\ey | dGf f

>eyZd”~hc ba ko _f [ueZ jZkkfhlj _gZ h[hehgdZ kh ke _"mxsbfb
G f G £t/ kf >&bghe H4Z f J_amevlZlu jZzkq_I1Z ij_
e _gu gZ jbk

>ey ijh\_jdb ihemqg_gguo j_amevlZlh\ [ueb ijhba\_®% glugkkq It
ghf dhfie @kBI: K:1J2 jbk We f glu iZg_e_c¢c aZfh”™_ebjh\Zg
DW « mgb\ _jkZevgh]h g _luj_om]hevgh]h DW h[hehgdb GZ]jmad
"ulZeZRv jdg c iZg_eb

>ey h[_ki_qgq_gby mkeh\by g_ " dihgFfimjjd dithyglb[hehqdZ [ueZ ih”
dj_ie_gZ ihi_j_qggqufb j_[jZfDb



Kljhbl_eydZozZgbdZ b dhgkljmdpbb

Jbk =jZnbdb ghjfZevguo gZijy _gbc ~ey aZ]jm _gby « Z b« [ Vgb'g_c izZg
N"ey lj_o agZ@fhgkrdZ[ ih hkb hj*bgZl eh]Zjbnfbg_kdbc
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Jbk Njz]f_glhg_qgwb_f_glghc fh”~_eb

Jbk >_nhjfbjh\Zgguc \b” h[hehqgdb ijhe_Ihf f
k bahiheyfb \_jlbdZevgughicj\b?sk[hdm

Jbk H[hehqgdZ ijhe_Ihf hfekfbadghjfZzevguo gZijy _gbc

FhazZzbdb ghjfZevguo gZijy _gbc \ k_jrRbA\e igwe glZ jigk
J amevlZlu jZkqg_lh\ ij_~klZ\e_gu \ |Z[ebp _
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LZ[ebpZ
2 KjZ\gbl_evgZy |Z[ebpZ j_amiagbXlh\gj@kf b ZgZeblbq_kdbf f_Ih~hf
(@]
] ] JZkoh b_g
c _ lhem[_aflfigZy |_hjby FDWZkq_l K FDW,
- . . GZijy _gb| ,. . GZijy _gb| =
- ljh]b Zgh : -_lih]b Zgb : .
g | J]fg]l g gZ gb g_q]Jzébh; lizg gZ gb'g_c,1jzZgb ?
_ o E FlIZ o E _FIZ — ‘
| < T _ oN T _ Ke] = >
— - _— — — < X _— — — < c— =
< | N EQ |, I K | g0 v = N
— \Vi — _— Vv
~ X

~

<u\h”ulj_"eh _gzZ f_|Ih"bdZ ERdHebhhpggdb G>K azZfdgmlhc ijba:
kdhc h[hehgdb gahédrkghdfhif_glghc | _hjbb < hlebgbb hl ba\_klguo j-
bkihevah\Zgu *"jm]b_ ]jZgbggu_ mkeh\by

GZ hkgh\hljB[ N HJ[jZaph\Z b < A <eZkh\Z ihemqg_gu jZaj_r
N"ey jZajcaighe _Ighc Ihgdhkl_gghc dhgkljmdpbb \ Ihf gbgecgihfh ~_
aZdhgZ jZkij_~ e _gby gZ]jmadb k g _gme _\hc gZgZevghc b dhg_qg

>7Z9gg9Zy f_|h*"bdzZ gZébdM\Zijh]jzffu ODWK&D,@GeZ ijhba\_"_gZ
k _jby jZkg_Ih\ "ekihkdadbbo aZ]jm _gby b jZaebqgguo ijhe_Ih\

>Z9gZ hp_gdZy\ébygbgZpbb gZ G>K h[hehqgdb "ey jZaguo “ebg

>ey ijh\_jdb ihemq_gguo j_ameviZlh\ [ueZ khaVAgE®dNkq IgZ
ie dKEBJ:K:1J2 lhemq_ggu_ j_amevlZlu ihdZa4lkbmXxhkbahlhmgfdtkle h
glh 1h\hjbl h Ihf qlh *"Zgghc fghhitbeMech¥Alvky “ey hij_~_ e _gby G>I
luo lhgdhkl_gguo ijhe _Iguo kbkl_f ihc ~ ckl\b_f ba]b[Z&kls _¢c b djml

b[ebh]jZnbg_kdbc kibkhd

H[jZaph\ B N <ZjbZpbhggu_ f_ IlgdhkjZggulaz A2hbZpbhggt
dhgkljmdpbc FZrbghkljh_gb + k

<eZkh\ < A Lhgdhkl_ggu_ ijhkljZgkR_gghlkkkjhiclb &40 74

k

Dhjg__\ F FevgliZz fhklu Ihkh[b_ ih ijh_dlbjh\Zghb \ I
MevljZ "jmd % k

Dhaeh\ : < JZkq_I| fhklh\uo dhgkljmglpbfcl B KKV a&bYyZ
gZgbgZxsbo ihevah\Zl _e ¢ #axhjhgihkh[d_ k

H[jZaph\ B N Kljhbfl_eXglBE¢Z kdhr_gguo Ihgdhkl _gguo |
B N H[jZaph\ = =2 HgZgibghkljh_gb 2 k

=Zebfh\ D A | Zcfmitbdjby G [hehq_d keh ghc |DE&dglvb
D=M 2 k

Q _jgbdh\ : < Dhaeh\ < : Hij_~ e ghhjfdzhj\yZ g ghylh
khklhygby Jhnjbjh\Zgguo \h*hijhimkdguo |jm[bk”wdKkid &bl Zgodb ingcgtrf
ihem[_afhf_glghc | _hjbb h[hrethlgeddgZyKt _o0ZgbdZ b dhgkljmdpbb
< tK £

Gh\bdh\kdbc ? : JZ[hlZ \ kbkl_f_ ODNMhKRRS';Zjmgdm[e i
Lbih]jZnby :el=LMzt k
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$OWHQEDFK - .LVVAWDWLVFKH XQG G\QDPLVFKBIG QDO
QLFKWSULVPDWLVFKH .DVWHQWU+JHEW R S HTHF K-RXVFXHO OR F K(E
OHFKDQ@LFV+] +

$OWHQEDFK + $OWHQEDFK - DQG ODW]GRHPHLQHUWHI
KDOEPRPHQWHQIUHLHQ 6FKDOH QIWVELENRRM HRISH RQOEDRBWL I
OHFKDXNRSHDQ -RXUQDO RI (QALQH4BULHI OHFKDQLFV

SHIHUHQFHYV

2EUDIWYRYDULDWLRQDO PHWKRGEGVOBHGFDOBKODMWWL Q@ W!
ODVKLQRVWURHQLH S

90DWB= 7KZ@QOOHG VSDWLDO V\VWHPV 0 *RVVWUR\L]C

.RUQHH)Y BWHHO EULGJHV 9RO LJQ. PUIB@IXDUWD G S

.RIORYY $&DOFXODWLRQ RI EULGJH ¥3IBUXEF WRAW R KVAHD 3
WXWRULDO 9RURGQH]K

2EUDIWYRY2QDQRY 6WUXFWXUDO PHFKDQDPWHRG ENWY\MD

0O ODQRVWWURHQLH S
*DOLPRY .3DLPXVIKLKKHARU\ RI VKHOOV RI FRPSOH[ JHR
S

&KHUQLMRY.B]JORY HWHUPLQDWLRQWRIDW® HV WV WHVR | |
FXOYHUWYV ZLWK RSHUDWLR QP & ® WAFG-MAMV BBDRHIGE W/RKMDIROY D YA H
DQG 6WUXFWXUHV 1R+ 3S

IRYLNRYSNLRWUWNLQJ LQ WKH ODWK&PUWIDWE P $ ONX V7R UL
+RXVH S

$OWHQEDFK - .LVVLQJ : 6WDWLVVSIUAE® VIHGG DR\® DPR
SULWRB FDVW LURQ 7HFKQLVFKH OHFKDQLN (XURSHDQ -RXL
3S +

$OWHQEDFK DFK $OWHXE ODW]GRUI 9 *UXQGODJHQ HI
KDOEPRPHQWHQIUHLHQ 6FKDOHQWKHR B WU R SPHH GR QKOG W
OHFKDQLN (XURSHDQ -RXUQDO RI (QJLQHHUEQJ OHFKDQLFV

675(6675%,1 67$7( 2) &(235,60$7,& 7+,4//(' 6<67(06
1 63$1 6758&785(6 %$6(' 210BGQ17/(66 6+(//6 7+(25<

$ 9 .RQR¥Y $ .R]JORY$ 9LNXORY

9RURQH]K 6WDWH 7HFKQLFDO 8QLYHUVLW\
5XVVLD 9RURQH]K

SRVWJIJUDGXDWH 6WXGHQW VRXWDKH OHB RD@QFH/Q W ROWO XNDY #PDLO UX
‘U RI 3K\WLFDO DQG ODWKHRD RILWK® 6HEBHQWHPHQW RI 6WUXFWXUDO OHF}

WHO HDLYXDNR]JORY#YJDVX UX
3K' RI 7THFKQLFDO 6FLHQFHR/I WKXWRHISDWMW BHRM \RYFBWUXFWXUDO OHFKDQ
WHO HDIOINXORYPLKD#PDLO UX

7TKLYSHU HYDOXDWHY WKH SRWVRFHO@W®YMHWRY YWKIHRIUWRH WKHQOV \
SULVPDWDP K& QY SDQ VIVWHPWKIQVDFRRRGD YROYLYKHTXDWLRQV IRU
DUH REWDLQHG $ IIKRRGKHIDWHEHPIQOMU NBWBG WR YHULI\ WKH UHVXOWYV
HITHFW RI ZDUSLQJ RQ WKH 666 RI WKH VKHWY REWDYHH G 7EHKHWRRQ ¥ H D O
ZLWK WKH FDOFXODWLRQ UHVXOWY LQ WKH )(0 FRPSOH[ LV HVWLPDWH

.H\ZRUGMPEBRPHQWOHVV WKH RADORIHGKHBD®YR QDIOL Y WUXFWXUHV 2
VHEWLRQV )(0
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F?70:GBD: =JMGLHK

M>D
>y

BKKE?>H<:GBY >:<E?GBY FHIJHAGH=H IMQ?GBY F?JAEH=H =JI
<E:;HJ:LHIJGW MKEH<BYO

< O Dbff K Dbf

<hjhg_"kdbc Jhkm~ZjkI\_gguc |I_ogbq_kdbc mgb\_jkbl_|I
Jhkkby 1 <hjhg_°

DzZg™ |_og gZmd "hpu kthpbldZwg®o dhgkljmdpbc hkgh\zZgbc b nmg~zZf_glh\

I_e HWDLYODFKKNLP#YWQGH[ U
DzZzg™ |_og gZmd ~hp "hp dZn_"ju kljhbl_evguo dhgkljmdpbc hkgh\Zgbc b
I_e HWDIIRDUVNLP#\DQGH[ UX

KIZlvy iZW& _gZ j_amevlzZIZf eZ[hjZlhjguo bkke_~h\Zgbc jZa\blby ~Z\e_gby |
ijhf_jazgbb JjwmaZZdgmlhf h[t_f_ Bamq_gb_ kbeh\luo \ha”_ckl\bc imgbgbkluo ]j
ijbh[j_1Zxl \ gZklhys__ \j_fy hkh[h_ agZqglgib\gufkhkab K Zgdlbq_kdhc ahgu Jhk!
Ijh\_~_gu bkke_"h\Zgby hkh[_gghkl_c jZa\blby ~Zye]legdppp Khybalyh]ltkgaguagbljmgl
ijb hrghklhjhgg_f b \k_klhjhgg_f ijhf_jaZgbb \ azfdgmlhf h[t_f_ \ aZ\lskbfhklb h|
gby I_fZIlmjghlhbfzZz b \hafh guo ~_nhjfZpbc <uyle_gh jZaebgb_\ f_ozZgbaf_ nhji
fhjhaghlh imqi_gdgyZguo b Jebgbkluo JjmglZo

Dexqg_\u_ keihhZ_jazZxsbc ]Jjmgl ~Z\e_gb_ fhjhagh]h img_gby eZ[hjZlhjgu_ bkke

<\_ " gMkeh\by ijhf_jadgbgbklh]h JjmglzZz \ azfdgmlhf h[t_f_ \h
kemqZ_dh]”~Z f _jaeuc beb azZfhjh gfHulkyjglhghljmdplb c yleyx:
\j_f_gguf bklhggbdhf | _iez LzZdbf bklhqgbdhf |I_iezZ fh  _| kem blv |
dhlhjh]h \y~llky wdahl_jfbg _ilkechh \ j amevlZl_ q_]h f_jaeuc ]jmgl g
dhgkljmdpb_c kgZqgzZeZz hllzb\z_hfzjazll f Ndphwhif jZa\b\Zxlky ijhp
fhjhagh]h img_gby ijb\h?ysb_d ihyle _gbx “hihegbl_evgh]h ~"Z\e
Ih~h[gh\leygb_fh I ijhlbblkvohgZijbfig mkljhcklI\_ [mjhhimkdguo k\Zc
]he Ig_f jaeuo ]JjmglZo ijb aZf_ jaiZahboZk1@HZ \

D gZklhys _fm \j_f gb ih ijh[fe_f_fhjhagh]h imqg_gby gZdhie ¢
| jbZe b \uiheg _gu \Z gu_ wdki_ jibf IghfeM kb "h\Zgby dhlhju
gZreb hljz" _gb_\ jA2[@Z6gZgbl _evgh f g bamqg_gu \hijloku bkke
gbafzZ b "bgzZfbdb jZa\blby djbh] _gguo ijhp_kkh\ ijhbkoh”ysbo \ ]j
\ azfdgmlhf h[t_f_

P_evx b aZ"Zq_c kKkeggh\Z pby ymeiZikh\e gb_ aZdhghf_jghkl _c
Ilby "Z\e gby fhjhagh]lh img_gby ijb ijhf_jaZgb ba Ziddm bkl ][k _Jfimgl.

Wdki_jbf _glZevgZy mklZgh\dZ ey eZ[hjZlhjguo bkke_ ~h\Zgbc
ghlh imqgq_gby ]JjmglzZz \ azZfdgméhfokhkte fAh\Zglhy ggldkig c jZa\blby ~Z\
e _gby fhjhagh]h img_gby ]jmglzZz \ azfdgmlhf h[t_f_ \ edAkkdiiZZiEhjgho m
kK\ur _ hiulh\ k i_kdhf kj_"g_c djmighklb b iue_\Zlhc ]Jebghc =jZgn
b nbabqg_kdb_ k\hckI\Z bjkkelhAm _Khoblbblkl> @ ijb\_~ gu \ [Z]e b

« Dbf < O Dbf F K
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LZ[ebpZ

=jZgmehf_ljbgq_kdbc khklz\ bkke_~m_fuo ]jmglh\

GZbf_gh\Zgh

limgl

Khn
+

_j'Zgb_njzd

+

Y4 !

I+
I+

|_khd
kj_"g_c dj

I+
I+

m

=ebidue

\Z

LZ[ebpZ

Nbabq_kdb_ 0zZjzdl_jbklbdb bkke_~m_fuo ]jmglh\

Gz gh\Zg
limglz

<eZ ghkly
gZ ljZgbp_ Qbkeh
EdeZIu\Z;ngklbqgr
|eZMbqghkm 3

<eZ ghklv

baZ ]jZgb
l_dmqg_

lehlghk

Zkpb
kI?jmglz
lv 1 kf

lv lehlghklv ]jmglZ

fbgbfzZev
'pLo ] kf

g¥ZXdkbfzZey
'p; ] kf

gzy

I_khd kj_1
djmigh

g_

I+

+

I+

zebgZ

iue \zZ

+ +

HibkZggu _
khklhys ¢ ba dzZf

ghd_
AbdzZlhjh\
Xs_c¢ ZiiZ

\aZ”Zgguo j

b \ukhlhc
kK ijb\Zj
ibezkv d

=jmglhkh”" _
N b

| evgu_
Bkke
g_]hijhf
_fi

_gguf ~"gbs _f

\ gZklhysblkkgez[hnh\Zgby ijh\h*bebkv gZ wdKki
_j "ey jZaf_s _gby h[jZaph\ ~ZlIgbdh\ ~Z\e_
gZkh\n]H _lieihbaheypbb gZ]j_ \Zl _evguo we f _glh\ dhfie
jZImju b g _h[ohkbfwdlkfZ*bdb ey jZ[hlu gZ]j_\Zl _evguo !
_"bfZo Bkke_~h\Zebkv h[jZapu ]jmglZ pbebg”jbg_kdhc
fjuDZéy jZaf_s _gby h[jZapZ ij_"klZ\eyeb kh[hc f_|Ze€
Ktl Zfgeztyqf kdZy djurdZ mkbe _ggZy j [jZfb ~ |
_jog_lh a\_gZ Ijm[u jbk

_Jjbf_glz

neZgpm \

Jbk H[sbc \b™ dzZf_ju "ey jZafZapg@by hJj

j ZsZy dzZf _jZ [ueZ kihkh[gZ \u”_j b\ZIv "Z\e _gb_ “
kIl _ghd b "gbszZ g_ ij_\urZeb \_ebgbgu
_"h\Zgby nZ\e _gby img_gby ijh\h*bebkv \ mkeh\byo h”~gh
jazgby ]JjmglZz

_jZImjZ \ha”moZ \ oheh”"bevghc dzZf baf

i _gyeZfkk \ "bZiz
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ljb hrghklhjhgjhf _jazZgbb ]jmglZ hiulu ijh\h~beblov@&Zadyunhtke h\
kbkl_fua [_a ih~"lhdzZ \eZ]b \ ijhf_jaZxsbc h[jZa_p ba\g_ lzd b
kbkl_fuk ih~"lhdhf \eZ]b kgbam \ h[jZza_p ]jmglzZz Kh\f_klgh k bamc
gby [ue ihklZyé lyiglh\ ih hij_~ e _gbx k\h[h”guo ~_whjliflZkpeb c iijmq_g
djZs _gby wdki_jbf_glZ ijh\h*behkv bamg_gb_ b nhlh]jZnbjh\Zgb _

J_ameviZlwlth k Jebgbklufb b i_kgZgufb Bkigk&fbh\Zgb _jZajZ[f
IZgghc f_Ih”"bdb dhfie _dkggooeBEklkeZlhh\Zgbc ihal\hebeh mklZgh\blv
ghkd jZa\blby ~Z\e _gby img_gby \ i_kgZguo b ]Jebgbkluo ]JjmglZo i
lhf h[t_f_ ijb jZaelbdguydImjgeZ ghklguo j_"bfZo

>Ze _ij_"klzZz\e _gu j_ameviZlu iylb hiulh\ k fébgmiguZgpbb i kq.
hrghklhjhgg f ijhf_jaZgbbfdgimdghif\hgtZz f  OZjzdl_jbklbdb Jjmglh\ I
\Zgguo \ ~Zgguo hiulZo ijb\_"=jgwmbdZ[&be b » nhjfZpbb imqg_gby
emg_ggu_ ih j_amevlzIlZf hiulh\ ij_"~klZ\e_gu gZ jbk

LZ[ebpZ
Nbbhqg_kdb_ o0zZjzdl_jbklbdb Jjmglh\ \ hiulZo F «F

lehlghk|v<eZ ghkKIVDhwnnbpb_bidzZazl|

GZbf_gh\zZgb . : 0
- Jjmglz mglZ| ihjbklihklp I_dmq_Kl
1imglz HJ]Q ]3 9 ihj - q_

evthnnbpb__gl

Hiul Shahgzkus6gby

zebgZ
| dmg_ieZk

zebgZ
ImJhieZKkll

=e bg
P linemin

zebgZ
iheml\

| _khd kj_"g]c

djnghk +

Hiulu ihdZmZelh bkoh~gZy \eZ ghklv ]jmglZ hdZau\Z | kbevgh_
| _jijblhdzZ \h~u \ h[jZa_p

LZd \ hiud ijb ijhf_jazZgbb Jebgu Im]JhieZklbgghfgbhgZjhZepgu
aZgby gZ[ex"Zeky bgl_gkb\guc ihAlhd \h?u \ h[jZa_p Z \ hiul_ F
ijhf_jaZzgby Jebgu |_dmq_ieZklbgghc gZ[ex*ZehkvZh[jzZ\ghA]byha b
jZapZ Fh gh gh™hv qglh ijbgbghc hllhdZ \eZ]b ba[jiZlafp4aZksullh h
F y\beZkv [he__ \ukhdZy bgl_gkb\ghklv ©\gmlj_gg_]h2 imq_gby ]j

DZd \b”gh ba ]jZnbdh\ jbk ijb g_ihemhfZzjhimkahidbpo klZpl
gZjghlh | _fi_jZImjgh]lh iheyflkk I]jEi"hZbhdu [ebadbfb d hilbfZevguf
ghlh jhklz ~Z\e_gby imqg_gby ]jmglZ g_ gZpex™Zébdkgb FXdkibhiZevh
F g_ ij_\urZeh FIZ H~”gZdh g _ijh~*he bl _evgBEImikgbgZggb ¢ fc
gZklb h[jZzaph\K*hhke _ kmlhf wodkKi \pa\Zeh j _adh_ m\ _ebq_gb_ 7z
g_gby ~h FIZ 1h f_j_ hllZzb\Zgby ]JjmglZpdb 9Z\e gFiklbkiglhdke hk\

FIZ b \ "Zevg_cr_f \ I _g_gb_\k_]h i_jbbYZ Jin&keg ZKYturgby Kmlhd

g_ij_\urZeh FlZ

Ilhke  mkhid "e _ggh]h hoezZ ~ _gby ]jmglZ ijb klZpbhgzZjghf | _fi
"bf_ ]jmgl [ue iheghklvx ijhfhjh™ _g “h |_ffk_jElmmlhf ~*Z\e_gb_ imq_
\ hiul_ F “~hklb]eh FIZ Z & hiuFlzZF AzZI_f I_fi_jZImjZ ]jmglZ [ue
\ur_gZ "k fKZzZzre _gb_ kgb  _gh “h gmey iml_f kgylby \_jogbo djul
dZgh\ Ihke_ kgylby djur_d kgh\Z [ue ijh\_"*_g plpt&e ho2IZT "hgEwpO
f jaeh]h ]JjmglZ bale_dZebkv ba klZzdZgh\ b ijh\h*beky ZgZeba h]
| _dkImj
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Jbk =jZnbdb ~Z\e_gby b ~_nhjfZpbb img_gby ijb hrghklhjhgg_f ijhf_jaZgbb Jeb
Z hiuF [ hiul F
+rZ\e_gb_ imqgtlglgpyhkbl _evgZy * _nhjfZpbyhilmiklgbyvgzZzy »_nhjfZpby imqg_ghb
ihke_ jzZzaljmadhkl fi_jZImjzZz khhI\_IkI\_ggh \_joZ k_j_"bgu b BbaZ h[jZapZ
t"bgZfbdZ fbl]jZpbb \ezZ]b fe

GZhhlhjbk ohjhrh \brgZ yq_bklZy k_lgZlZy djbh]_ggZy | _d
yky \ f _jaehc ahg_ h[jZapZ ijb _]J]h g_itheghf ijhf_jB& &kiblk|\ fukelhbbyc
ijhf_jaZgbb ]JjmglZz | _dmqg_ieZklbgghc dhgkbkl _gpbb hiul F gZklIrt
guaojhkk_d [ueZ \ur_ g_f \ hiul _F m ]jmglZ Im]JhieZklbgghc dhgkbl
bo "hklb]Jzez ff Z \ hiul_F g_ ij_\urzez flfjZapdgd pjmcg bZ ki Zka h
\Zebkv ahgu k fZkkb\ghc djbh] _gghc | _dklmjhc qlh IZd _ ohjhrh \t

GZ jbk ihdZazZgh baf_g_gb_\eZ ghklb wilbo h[jZaph\ ]JjmglZ
gby \ mkeh\byo hldjulhc kbkl_fu

z [
Jbk Djbh]_ggzZdkimjz Jbk Wixju baf_g_gby \eZ ghklb ]jmglZ
\ ijhf_jar_f Jjmgl_ Ah b ihke_ ijhf_jazgby \ mkeh\byo hldjulhc
\ hiulzo F b F kbkl_fu \ hiulZzZo F zZ b F |

tbkoh~gzZy \eZ gdnklvebq_gB ghklb
+mf_gvr_gb_ \eZ ghkkélz ghklv ~h azZf_jazZgby
:yi\eZz ghklv ihke_ a.

<\ jog_c b kj g _c qZklyogHkwapmdlezZihke ijhf_jaZgby m\_e€
ih kjz\g_gbx k bkoh~ghc gZ « Z \ gb ghchgz&\ib bj\izklgdbhr ]jmglZ
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\eZ ghklb [ebabthlrkqd kikihc <eZ ghklb h[_a\h™ _gguo gb 'gbo qZkl_c
ihke_ijhf_jaZgby hdZazZebkvbigzdih\gfkdb h»

< hiulZzo F b F jbk ijh\h"behkv bkke_"~h\Zgb_ jZa\blby *
img_gbgmh\_j~hc iue_\Zlhc Jebgu \ aZ\bkbkdk]h bhpbgdedplgy hljbpzZI _
ghc | _fi_jZImju

<uy\le _gZ hlg_leb\Zy aZ\bkbfhklv "Z\e gby bbg]ljobyZjblijhf j:
i _jZImju L _fi_jZlmjguc j_"bf ijhf_jazZzgby ]jmglh\ \ hiulZo baf_g
NhjfZ 1jZnbdzZ ~"Z\e_gby imqg_gby ijZdlbohjkdbjZgBdHA]bqf§Zg gby | _f
jZImju ]jmglz LZd kimi_gqgZlh_ ihgb _gb_ | _fi*tZImfK Jijmg]| A éh
aZ kh[hc \hajzZklzZzgb_ ~Z\e _gby hl N h FIZ Z ih\ur_gb_ | _fi_j
N h fK \ual\Zeh mf_gvr_gb_ *"Z\e_gbyhimqFdgBby k

< hiulZo kh \k_klhjhggbf ijhf_jazgb_f \ azfdgmlhf h[t_f_ \h”~hg
kj_~gd¢mighklb ihgb  _gb_ hljbpzZIl_evghc |I_fi_jZlKnjugyhegiZmihebq._
gb_"Z\e _gby k\urZ jbkl liZnbd

Z [

Jbk =jZnbdBE\e_gby b ~_nhjfZpbb imqg_gby
\ aZ\bkbfhklb hl pbdebq_kdh]h i_j_iz~Z hljbpZl_evghc I_fi_jZImju
Z \khkhgg__ ijhf_jaZgb_ hiulu F F [ hrghklhjhgg__ ijhf_jaZgb_ hil
+~rZ\e_gb_ imqzlglgyhkbl _evgZy »_nhjfZpbyhimiklgbh¥wd nhjfZpby
imq_gby ihke_ jZatymddlyy |_fi_jZImjZKljmgFAe_gb_ imqg_gb¥ \ hiul_
thlghkbl_evgzZy » _nhjfZpby img_gby \ hiul_ F

Hp _gdZ ~"Z\e_gby Jaidksbo i_kqZguo |PkghEvamy j amevlZlu h
kZgguo wdki_jbf KM\ _fijhp_gdm ~Z\e _gby imqg_gby \h*hgZkus_ggu
\k_klhjhgg_f ijhf_jazgbb \ azfdgnkdémaZt thikmlkl\by \ khkézZ\_ ]jm¢
\Zluo b Jebgbkluo njZdpbc bo ijhf_jazZzgb_ g_ khijh\h ~Z |ky fb]jZp
Abl Thevdh azZ kq_]lhhjZkfgh gby ihjh\hc \h~u ijb i_j_oh”~___\ e_~n

FZdkbfZevgmx \ _ebgbgm ~"Z\e _gby dhEfh|ja¥Yyddbd¥h[lhidhc \h
[ a \hafhkgb __ h[t _fgh]lh jZkrbj_gby fh gh hp_gblv k ihfhsvx aZzZ\|
f g1 272ffZggZ > @ |Ijb wlhf *"Zegy _dbk\ukwhklZ\FI1Z gZ h*bg ]jZ"mk ihgl
| _fi_jZImju

L L SEsty® F savs {&°a
1" g £72Z\e_gb_FI1Z 7%l _fi_jZImgzZ\e_gby &v"Z
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KjZ\g_gb_ agZq_gbc "Z\e_gbc ihemq_gguo \ hiul_ F k i_kqgZ

lZggaih nhjfme _ ihalhebeh ihemqgblv dhjj_eypbhggh_ mjZ\g _gb
Imjhc b "Z\e_gb_f \ \b"_
Ju L FlZ
ljb wlihf ijb\lgjZgbb wdki_jbf_glZevguo ~Zgguo b \ugbke _gbc il
bgl _j\Ze_|_fi_jzZImj ]jmgdZ hK ih]j_rghklv khklZ\beZ hl “h jb

Jbk AZ\bkbfhklv "Z\e_gby imqg_gby
hl I_fi_jzumjb \k_klhjhgg_f ijhf_jaZgbb
\h~*hgZkus_ggh]h i_kdzZ \ azfdgmlhf h[t_

tagZqgq_gby "Z\e_gby imq_gby ih nhjfme
tlh °_ ih nhjfme_
twdki_jbf_glZevgu_ agZqg_gby

< \h*"hgZkus_gguo ]Jebgbkluo ]JjmglZo "brdZy nZaZzZ ij_#fklzZ\e d
ghc \h~*hc b ~"Z\e _ghks_ [Ewg\bWwzZijhf _jazZzgbb ]Jjmglz \ azfdgmlhf h[
keh\e_gh azZf_jaZgb_f juoehk\yaZgghc 1ie_ghqgglgbk\ha u]ljnEgd2bqk
ie_ghgghc \hA~u hdZaulZxs_c¢c "hfbgbjmxs__ \ebygb_ gZ jZa\blb_ i
g_gbwaulZ | hlebggmx hl iflkdim\jZag&Zliby *Z\e_gby imgZs_]hky ]jm
oh”bfh hlebqgzZlv "Z\e_gb_ \hagbdZxs__ aZ kq_| djbkldbeébeeZpbb
gb_ \hagbdzZxs__ \ ijhp_kk_ hoezZ ~ gby f _jaeh]h ]JjmglZ azZ kq_l
ghc g_paaf ¢ \h*u

ljb \aZbfh”_cRJwbdlZ k \h*hc "Z\e_gb_ jZklmsbo \ ihjZo djbklZ¢
\hkijbgbfZlvky dZd _]h fbg _jZevghc gZkdwWwka¥fgdghc khifhgghk\hckI\Z c
jhc ZgZeh]lbggu k\hckI\zf I\_jrh]lh |I_ezZ < ijhp_kk_ ijjhd\hazyghy\e
fbg _jZevgu_ aZlklbjhgghk\yaZzggZy \h"Z h[jZamx| ~ _kldbc j_r_lqgZlu
juc \hkijbgbfzy ~zZ\e_gb_ 7~Z | \hafh ghkivhgbdBbwlgc j\ a hi\_jklb\
r Ildb d jZklmsbf \ ihjZo djbklzZzeezf ev~rZ Ijb wilhfijligpfZy InZAa\Z e
e gb_ \hagbdZ¥gklmsbo djbklZeeh\ ev*Z Z \ "b”"dhc nZa_ juoehl
gZy \h*Z wlh ~Z\e _gb_ hlkmlkl\m_| > @

lj_~eh” _ggu > @ f_oZgbaf b f_oZgbg_kdZy fh™_ev ]JjmglZ it
jZ\gh\_kghc | _jfh~"bgzZfbdbhijhmmmbieyndhebq_ kl\bggyhe hpbydmqg_ gb\
]Jebgbklh]h ]jmglz \ azfdgmlhf h[t_f_

S 0@ 7 7 ” 7

1" Sx~rZ\e_gb_ img_dbyhHMjh_ jZa\b\Z_|ky \ ijhf_jaZxs_f ]Jjmgl_ ijb
L D aZ kq_| aZf_jaZgby ie_ghgghicrg aZf ja

< mkeh\byo ihegh]h ijhf_jaZgby ]JjmglZ \ aZfdgmlhf h[t_f_\haf
dhlhjhc h[t_fghc ~ _nhjfZpbb imqg_gby azZ kqlby ffijgéhhhglhimhgkZZ ql
\uau\Z | \ ihke_~g_f baf_g gb_f_ "nZah\h]h jZ\gh\_kgh]lbh _khklhy
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mf_ gvmgb_ kh” j"Zgby g_azf _jar_c \h~u \ke_"kl\b_i_j_ oh~Z _\ e_
"_gbx "Z\e_gby immchigby ey _fh]lh ih nhjfme _

< Whf kemqgzZz_ mf_gvr_gbSmgbleu\gbyky \\_ ~ gb_f ihgb Zxs _]h d
pb_gNe @

Uy @4 p
& UZpp,

]" !lcblztiehlghkdd e JJjhglAh KkhhI\_IkI\_dgfhGxthlghkbl_e®galyj
fZpbk\yaZggZy \uvau\Zx3Zy@alkk\yazZgghheu.p Il fi_jZImjgowvnnb
pb_cglbg_cghk]BIbfy jaeh]jmglZ& ZppzrfZdikfZevgfhye dmey\gZyh_ f
dhklv JjmglZz

<ujZ _gb_ "ey "Z\e_glaykimq_¢gbfy*hims_gby \hafh 'guo *_nhjfzZj
f I \b" > @

Sx NS

< ]Jebgbkluo JjmglZo jZa\blb_ ~Z\e gby fhjhagh]h imqu®by k\ya
ehk\yazZgghc ie \@pRgglhcfh™ | [ulv hij_~ e _gh ij_"eh”  _gguf Z\IhjZfl
dzd ijb hlkmlkl\bb 1Zd b ijb gZebgbb h[t_fghc ~_nhjfZpbb imqg_ghb)

Jbk Wdki_jbf_gtZie
b jZzkq_lgu_ ~Zggu_ ijb h~rghklhjhgg_
ijhf_jaZgbb Jebgbklh]h ]JjmglZz
\ aflflgmlhf h[t_f_
taZ\bfdiklv ~Z\e_gby img_gby
hl |_fi_jzZImju hij_~_e_ggZy ih nhjfme_
tlh °_ ih nhjfme_

tjZkkqblZggZmkIbtdghkbl _evgZy

h[t_fg2ywhjfZphbos
A +wdki_jbf_glZevgu_ ~Zggu_ ba hiulz
o twdki_jbf_glZevgu_ “Zggu_ ba hiulz

ljb gZklbgghf ijhf_jaZzgbb ]Jebgbklh]h ]jmglz \ azfdgmlhf h[t_-
kms_ kl\h\Zgby f_jaehc b IZehc ahg 7~Z\e_gb_ imighigihho\en’"gld hij
lZeh]h ]JjmglZ ijb _]1h k ZIlbb imqZsbfky ]jmglhf < mkeh\byo g _\ha
imqg_ghjhf_jazZxsbc ]Jjmgl \ke_~kl\b_ _]h \ukhdhc ~_kldhklb miehlgy
n_jghc ahgu gZ 1Zd gZau\Z_fmx \_ebgbgm ©\gmlj_dgd JKkgbimgbgby
NZ\e _gby img_gby ~h FlZ

<u\h?ulh”\h”y blh]b ijh\_~ gguo bkke_ "h\Zgbg &mid\welddig\gghu
hij_ ~ e _gbx ~Z\e _gby fhjhagh]h imqg_gby ijb ijhf_jaZgbb ]jmglZz
fh gh k" _eZlv ke_"mxsb_ \u\h”u

< oh”_ eZ[hjZlhkgeorh\Zgbc mklZgh\e_gu hkh[_gghklb jZa\
imqg_gby \ aZ\bkbfhklb hl hrghklhjggglRHhjbf\kzZkbhjhgby Jebgbkluo b
gZguo ]Jjmglh\ kIl _i_gb bo \h"hgZkus_gby b » nhjfbjh\Zgby \ aZfdg
| _fi_jZImjghlh j_"bfz jAhd Vjhf_jaZgby IZeh]h 1Zd b hoezZz ~_gby f_
\ azfdgmlhf h[t_f_

JZa\blb_ ~Z\e gbyiimgjhgfb jaZgbb \h"hgZkus _gguo i_kqgZguc
kluo ]jmglh\ bf__| ijbgpbibZevgh_ jZaebqb_ < i_kqgZguo ]JjmglZo nh
g _gby h[mkedha&f jazZzgb f k\h[h”ghc ]jZ\blZpbhgghc \h”~u b fh I |
ih nhjfme_ ;jbr'fLg¥fZggZz Z \ ]Jebgbkluo ]JjmglZo hghzHf[m&e&dbefgh
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juoehk\yaZgghc ie_ghqghc \h”u Dhebqg_klI\ _ggZy hp_gdZ wlh]h

eZgZ k ircapp\gh\_kghc | _jfh~bgzZfbdb b hibkZgZ mjz\g_gb_f
>Z\e_gb_ fhjhagh]l]h img_gby g_ihkjk* kl¥i g@hmilya ZjdhHi _jaz

xs_]h ]jmglZ b \hafh 'ghklvx » nhjfZpbc ]JjmglZ Dhebqg_klI\_ggZy h

mq_|hf "hims_gby » nhjfZpbc feiZgFZ [ihimkjfme _ JZkq_| ih wlhec

ihdZzazZe ohjhr__ kh\iz~_gb_ k wdki_jbf_glZegvggalb"Zdgihfedg hih ejmn

f jaZgbb Jebgbkluo Jjmglh\ \ aZzfdgmlhf h[t_f_

b[ebh]jZnbg_kdbc kibkhd

e _dk__\: = Hij_~ e _gb_7"Z\e gby fEjalgjgh idgmaegb [m]
himkdguo k\Zc mkljZb\Z _fuo \ fghlhe Ig _f _jaeuo ]JjmglZo|jZkKIljhbl
g_| khhjm ™ tgbc %« +K

;hg”"Zj_gdh = B re_dk__\gb ="Aig_0gbg fhjhagh]h imqg_gby
\'eZ[hjZlhjgued \byo = hl _ogbdZ ZdImZevgu_|_hj Ibg_kdb_ b ijZ
f_ "\ma |_ogbqg k[ Ij_|_K&dgpkdbc ]hkm~ZjklI\_gguc Kjobl__éMmgjgch
mgb\_jkbtKEZgdl | _j[mj] K +

Hjeh\ < H >m[gh\ X > F Iimgdgb Gijhf_jaZxsbo Jjmglh\ |
\ebygb_ 9gZ nmg”zZf _glu kEhjnKljlgblrarZ |+ k

e _dk__\: = EZ[hjZlhjgu_ bkke_ _"~h\Zgby "Z\e _gby djbh]_g
< _klgbd GBRbKlevkiKh *« K £

Hjeh\kk @ _ e _agyd B B Nbebiih\ < > Nmjkh\ < < Imgqgb
hkgh\Zgby khhjmGhdbkbklnj GZmdzZz+ k

Hjeh\ < H Dbf < O F_Ih” hp_gdb ~Z\e_ gbyZ gjh aeg ] jimg _
lh\h_ h]jz "~ _gb_ ih?*a_fghlh kKigmZgphby nmg”*rZf _glu b f oZgbdZ ]

< +K +
=HKL =jmglu D eZdkXKbhmy
Dbf < O Dbf F K Hp_gdzZ ~Z\e_gby imqg_gby ijbglghf_jazg
azZfdgmlhf h[t_f_ Kljhbl _evgZy imapdibdZ E<«dhgkl K +

SHIHUHQFHV

$OHNVHHYHWWHUPLQDWLRQ RI URRWPKRHDNYDQ JL Q UMK N XV
SLOHV LQVWDOOHG LQ SHUHFRDURWVW NRGO&D @ AXUXDWIXRI® BRI 6

3S*

RQGDUHQNFROHMNVHHMWHUPLQDWLRQ RI ITURVW KHDYL¢
ODERUDWRW\ FRRWHWKQDFY FXUUHQW WKHRUHWLFDO DQG S
QDFO FROOHFWLRQ RI SDSHUV 6W 3HWMXYXWVE XMQGG6WDW.IKD §QU
6W 3S3HWHUVEXU&Z 3S

2UORY 9'XEQRY <OHUHQNRMDYLQJ RI IUHH]LQJ VRLOV L
RQ WKH IRXQGDWLRQW WIRR\VVGWDXWFWXUHV $

$OHNVHHYDBPERUDWRU\ VWXIGHL WRIRD RHDRYJIH)J SUHVV XU
6FLHQWLILF 5HVHDUFK &HQWHU &R®OVWUXFWLRQ 1R

2UORY 9=KHOH]Q\DINOLS'SRYXUOVRY BHDYLQJIRRQGWOW\WNVR Q
RI VWUXFWXUHYV 1RYRVLELUVN 6FLHQFH S

2U0RY .LP¥HY OHWKRG IRU DVVHVVLQJ WKH SUHVVXUH
LFUHRLO HOQFDRWYQAUWHBIURXQG VWUXFWXUH )RXQGDWLRQV %I
3S *

JHGHUDO 6WDQGD&WRLOV &ODVVLILFDWLRQ O
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.LP 9+ .LP® (VWLPDWLRQ RI KHDYLQJ SUHVVXUH GXU]I
FRQILQHGGMNMRODXHFPMHMXUDO OHFKDQLFVY DQG 6WHXFWXUHV 1R

678',(62) 7+(35(6685Q))5267+($9,1*2))52=(162,/
1/$%25$725€21',7,216
9 .K .LPO 6 .LP

9RURQH]K 6WDWH 7HFKQLFDO 8QLYHUVLW\
9RURQH]K 5XVVLD

3K'" RI 7THFRFBNLHVVRFLDWH 3URIHVVRU RI WKH '"HSDUWPHQW RI %XLOGL

7THO WDLO VY\DFKKNLP#\DQGH][ UX
3K'RI 7THFK 6FLHQFHV $VVRFLDWH 3URIHVVRU RI WRK "HRSOQBNDRHLRED \R | %
7THO WDLO PDUVNLP#\DQGH[ UX

7KLV DUWLFOH LV GHYRWHG WR WKH UHVXOWV RI ODERUWWWRIUG X/ WLy
VRLO IUHH]LQJ LQ D FORVHG YROXP H | BRKFUNWH RW ©WDW ® EIVWAMRLEW R U AWK H VI F
LPSRUWDQFH GXH WR WKH LQWHQVLYH GHYHORSPHQW R I RW K\HK BPUGBWLHFO] R §
RI ITURVW KHDYLQJ SUHVVXUH RI FOD\ DQG KBPQWGL YR LDKBBRXHIGD $ RRIXFOHD
SHQGLQJ RQ WKH GHJUHH RI WKHLU ZDWHU VDW XUDW L REH H/QH P[5 bl U DAMGX B
7KB LI HUBVOHEH FKD @ILR B P DRVILURRYHD YS.\QH VIV D GOIBQF0 UR KDEHHQ UHYHDOHG

.H\ZRJ GMUH H MRLIORKWHAD YS QH V 8 K D\M H D Q R LIWOrFR YGIJE R UADHYWRNUM
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|1J:<BE: HNHJFE?GBY KL:L?C

D jZzkkfhlj_gbx ijbligypigzaxmaqgu_ klZlIvb h[sbf h[t_fhf hl ~h Klj:
|_jbzZe klZIvb kg ™hzZ\blv \ j_~Zdpdblxhgetef b i_qzZlighf \b"_
Nhjfzl kljZzgbpulhey \_jag_gb'gx_ijZ\h_ b e \kf
Rjbnl | _dklZLPHV 1HZ 5RPDQ k h”b\@ZejlgiufI¥gf j ribnlZ hkgh\gh]l
| dkkZ il :gghlZpby dexqg_\h jb&img@hggu_ ih"ibkBploymhjZ\thjZo
il :[aZpguc hitkImikf
KljmdImjzZ klzZlvb
M>D ijb\h”*blky \ e_\hf \_jog_f m]em
GZa\Zgb_ klzZlIwvb idljbnlbjguc
Bfy hlg_kl\h nzZfbeby Z\IhjZz
K\_~ gby h[ Zdlhjmg_gZy kl_h_ga\Zglp g aZgbfzZ fZy "he ghk
f_klh jz[hlu ]hjh~ dhglzZzdlgZy bgnhjfZpby
:gghlZpby hkgh\gZy bgnhjfZpby h klZlv_ b ihenmth\gguo j_a
gby I|j_[m_fuc h[t_f ZglghlZpblpo keh\
Dexg_\u_ keh\Z hkgh\gu_ ihjdpwlkbyfujZkKkflZIlv _
L_dkl klZlvb
;b[ebh]jZnbqg_kdbc kibkhd gZ jmkkdhf b Zglebckdhf yaudZ«
Imgdlut gZ Zglebckdhf yaud&_ fdg ifejZ\h™ “he” _g iheghklvx
khhi\_IkI\h\Zlv |_dkliInf gZujankkdh
K\_~ gby h nbgZgKklkj&hZ gkl
Hkgh\ghc | _dkl klZlvb “he” _g [ulv kljmdImjbjh\Zg \\_~ _gb_ ih
lh"u bkke_~h\Zgby j_amevlZlu \u\lhbdulbeb aZdexqg_gb_
Jbkmgdb b IZ[ebpu jZkihezZ]zZxlky ihyf\jl dklmildbkgzgdbb \ \b"_
jhdhibcdgdb] b mjgZeh\ Z IZd" _ iehoh hlkdZgbjh\Zggu_ g_ ijbgbfzZxlk
Kkuedb gZ ebl_jZImjm \ klZlv_ mdZau\lZxlky \ d\Z~jZlguo kdh[c
;b[eb]jZnbg_kdbc kibkhd ijb\h~blky \ dhgp_ klzZlZzgbyh\ilhjgRdm bn hmfhpjgf
ey _|ky ih =HKL J ©;b[ebh]jZnbq_kdZy kkuedZ H[sb_ Ij_[h\Zgby b ijZ
gby2 KZfhpblbjh\Zgb_g_ [he_ _
>ey im[ebdZpbb klZlvb g_h[o®ZbiffhghlukeZ A" j_ k \g*Zdplbj_
p_gabk[jZzsz_f \gbfzgb_ Z\lhjh\ gZ Ih qglh gZebdbg \tifrggayx jJ \mnmylabg
g_]h j_p_gabjh\Zgby b g_ y\ey Iky hkgh\Zgb_f ~ey ijbgylby j_r_gby h
<k_ _itklz\e_ggu_ \ j_~Zdpbx fzZl_xbEye Ul ijhyj4yf ©:glbiezZ]bzl?
\lhj g_k_1I hIV_IkI\_gghklv aZ gZmqggh_ kh”_j"ZgbblhbZebgh K|IZjZjglbjr
klz\ey_fh]lh fZl_jbzZeZz
J_~"Zdpby bf__1 ijZ\h ijhba\h”blv khdjZs_gby by I"d&pdHhmgin_ L
ibkb

IH <K?F <HIJHK:F
K<YA:GGUF K IM;EBD:PB?C KL:L?C H;J:S:LVKY

lez\guc j_"Z2KIApjhgh\ <eZ”bfbj K_jj]l_bdlwg &y’Zimhn
azZf JeZ\gh]lh j_fBdbBeEZ\ <eZ”bfbj :gZlhjenb&tZzdq ¢Zmd ~hp
hi\_ITkI\_gguc k_dFdFjw_eyg =jZcj ?]br__\bag dggHrdl *“hp

lhglh\uc Z~j_k j_~Zdpbb ] <djhmgy Hdhel[jy * dhf
L _enzdk HPDLO YVV #PDLO UX



