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h~rgh]h ihjy*dZ Ba ]jZnbdh\ \b”rgh qglh ey [he__ IThgdhc ieZklbgu
jhgu \"hev dhlhjhc ijbeh” _gZ kbezZzhhd2bygd | JEetvaf g gb_i_j f_
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dhe [Zgbc ijyfhm]hevghc ieZklbgdb \ mkeh\byo khqg_IZgbyZegmlj g
ghklgh]lh b \g_ra@hlghZzgkh\ ih~I\_j " ~ZxlI \ebygb_iZjzf_1|jzZ “jh[ghklb h
kulZxs_]1h \yvadhmijm]b_ k\hcklI\Z ieZklmagdmogXshdjdheKHEIDbt
kiI\b_ jZaf_jh\ "ebg klhjhg b lhesbgu ieZklbgu ag@gf bl edvogliig kdZau
ieblm” b i_j f sZgdZ\bkbfhklb wliboeiltcddlXYj f gb AgZq _gby gZgZe
jZf_ljh\ \_ebgbgZ \g_rg_c kbeu khhlghr_gb km&safkl\n\ggtd¥agn\Z x|
gZ baf _g_gb_ijhp_kkZ wg_jlhh[f_gzZ f_""m \azZbfh”_ckl\mxsbfb fh?”

b[ebh]jZnbg_kdbc kibkhd

<hevfbjK G _ebdgycygpgZfbdZ iezZzklbghd b h[hehg_d F GZm

=jb]l]hexd W B EB_¢&_a&h\deZkkbqg_kdb_ I _hjbb kl_j'g_c ieZl
qg_d Blh]l]b gZmdb b I _ogbdb F _oZgbdZ ~ nhjfbjm_fuo I\_jruo | _«

XenrZr _\: X IbjfRIhN:e]hjblfbaZpby j_ r _gby "bgZfbqg_kdbo
azZ™"Zq |_hjbb Jb[dbo ieZklbgZ migglhpkr\\gFks _gby <_klgbd Lhfkd
ANZjkI\_ggh]lh mgb\_jkbl_1Z FzZl_fZIlbdZ b f_oZgbdZz < K
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DezZn J < | gabg > >bgZfbdZKlhih¢gma~gbc F Kk

$PDEQOLRQOLQHDU GDPSLQJ LQ QRQOLQHDU YLEUDWLI
IURP YLVFRHODVWLFLW\ DQG H[SHULPHQWDO YDOLGDWLRQ
9RO 3S ¢

6DWK\DPRRWQWLQHDR) YLEUDWARY OQUDHXVHY RQSOWDXUY
GHYHORSPHQWYV $SSOLHG OHFKDQRBBY 5HYLHZV 9RO

Dhl]zg ? Xjg_gdh : : G_ebg _cgu_dhe_[Zgby Ij_okehcg
ieZklbg b h[hehqg_d ijb ibgbWrdg cdkd\byo h[ahby FBlaM PLIF:FB?2

L < K

1D\IHK $ + 1RQOLQHDU LQWHUDFWLRQ $QDO\WLFDO
RGV :LOH\ 1HZ <RUN S

$QODV * (OEH\OL 2 1RQOLQHDU NGEUHDPAW.R@MK DD W HA
VAMEHFWHG WR WUDQVYHUVH KDUPRQLFWRRIHVDWYLRQQIDAD WKHN
1RQOLQHDU '"\QDPLFWS 9RO

+DR < ; =KDQJ : -L; / 1RQOLQHDU G\QDPLFFUHVSR
WDQJXODU SODW Hg WHWGAHO GU HNHRJMIDQW H V ODWKHPDWLFDO
$UWLFOH ,°

%LADTDULSHDWRIDBMIOMH[SHULPHQWY LQ KDUPRQLFDOO\ +
ZLWK LQWHUQDO UHVRQDQFH IRBOLHHQHDU "\QDPLFV

:DQJ 41Q1RQOLQHDU PRGDO LQWHUDIFOWLIR® \E HDPFRW3I
ZLWK VLPXOWDQHRXV LQWHMRQDOFBIRG 1RHYWHUHIDWLO '\QDP |
3S +

+RVVEALBEDGHBP (S RPELQDWHWVRQDQFHYVY LQ D URWD®&EQJ \
ODFKLQH 7KHRU\ 3S 9RO

5RGULUXYHVGHULFRS$0 * RQAQLODWBDYGINOXHQFH RI LQLMSHWD JH
IHFWLRQV RQ WXKWHUQDO UHVRQDQFHYVY DZQOORHXBOOEQUHIUGYLED
7TKLQOOHG 6WUXFWROHV 3DSHU ;'

<D®J) : =KDQJ+DR < 1LX 1RQOLQHDU YLEUDWLRQV RI)*0
VKHOO XQGHU DHUSRIXD QB AR BDLM& ROQHDRHUQE H VED:Q@ UWGIN® QD
6WUXFWXUHYVY 3S 9HRO

5RVVLNKLQ <X $ BKILIQUWONRYV QLB QRRBUDWLRQV RI
SODWH XQGHU WKH FRQGLWLRQV RI GLITHUHQW LQWHUQDO U
FKDQLFV 3VRO

5RVVLNKLQ <X $ 6KLWLNRYD OXG\L QMR OQOSEQRDBKGN
VSRQVH RI D WKLQ IUDFWLRQDOO\ GDPSHG SODWH ZLWK D
WXUHG ODWHULDQ@®% = 9RO

LWW $ $ *RUHOLN * 6 2VFLOODWLRQV RI DORHO@DVW
ODWLRQV RI WZR SDUDPHWULFDOO\ FRXSOHG OLQHDU V\VWH
3S %

5RVVLNKLQ <X $ 6KLWLNRYD 0O 9 1JHQ]JL - &0 $ QH.
G\QDPLF UHVSRQVH RI D WKID@QBEB DLW H ZUW K W QRVHIU® ¥ OVERWR
DQG 9LEUDWLRAQ 9RO $UWLFOH ,°

%UHVODYRMNEQOLRQOLQHDU YLEUDWLRQV RILDVEK LRXEXW D
SOH LQWHUQDO UHVRDDPREGVFXIQERBW ORMQAMU '\QDPLFV
3S #

$EGHKDIIDU $ O +RXVQHU * : $PELHQW YLEUDWLRQ
$6&( -RXUQDO RI (QJILQHHULQJ OHFKDRQLFV 9RO 3S

$EGHKODIIDU $ 0 6FDQODQ 5 + $PELHQW YLEUDWLRQ
, BXVSHQGHG $BBUX-RXXOQBWO RI (QILQHHULQJ OHFKIDQLFV
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5RVVLNKLQ <X $ O6KLWLNRYD 0 9 $S\6OR BDMNALIRM\ \RU VI URI
OLQHDU GDPSHG YLEUDWLRQV RI VXVSHQVLRQ EULGJHV $E
9RO 3S

5RVVLNKLQ <X $ O6KLWLNRYD 0 9 $SSOLFDWLRQ RI Il
OHPV RI VROLG PH¥FUBQGNVD@Q&RYHHFHQW UHVXOWYV $SSOL
9RO 1R SUWLFOH '

5RVVLNKLQ WLNRYPKAL 9 )UDFWLRQDO FDOFXOXV LQ V
ERRN RI )UDFWLRQDO &DOFXOXV ZLWK $3SOLUHADMNI®R QR F BB 606U
%HUOLQ 'H *UX\WHU 9RO 3DUW $ 3S

7THLPRXUL + )DDO 6 ,FSDFMO DAY S$SRQVH RI IUDFWLRQDQ
SODWHY PDGH RI YLVFRHODS$SKEICH HB PERWV K WRHD RVODL\WBROQ.CRIBWH O O
3DSHU,"

6KLWLNRYD 0O 9 2VLSRYD ( , &ODVVLILFDWLRQ RI LQ'
DOO\ GDPSHGLI®ODQGODWIBDY -RXOWIDUWD DRULRRPSXWDWLRQD
(QILQHHULQRO 93 %

Kzfdk = eDdbk : FZjbddl \BBgl_]jZeuwjtbba\h”gu_ ~jh[gh]h ih
jy*dzZgbdhlhju_ bo ijbeh” _gby Fbgkd GZmdZ b | _ogbdZ k

GZcnw : O F_Ih”u \hafms_gbc F F Fbj

6KLWLNRYD 0 0 ,29¢RPEYDDWLRQ®LP XOQWE DIQHROW\S5HVR
1RQOLQHDU 9LEUDWLRQV RI D )UDFWLRQDOO\ 'DPSHG 30DWH
LFDO OHFKDQRB®V JS £ 9

SHIHUHQFHV

9ROJPIBU BRQOLQHDU G\QDPLFV RI SODWHV DQ% VKB OO
5XVV

*ULJRO\XNKHOHIRRQFODVVLFDO WKHRULHV,WRUIR @D X 8¢
L WHNKQLNL OHNKDQLND GHIRIHLIXWAP RN K/ RIQHRIDAS NDKD &/PiOB B
RI GHIRUPDEOHORROLGV S 5X\QV

<XOGDVKKY $LUPDMSFOY BKLWKRIDWDRQQJ G\QDPLF ER X
SUREOHPV Rl WKH WKHRU\ RI IOH[LEOH SODWHV WDHM\@Q LMK F
7RPVNRJR JRVXGDUVWYHQQRJR XQLN B UXONDHWMD Q0 R W HPWHL B
YHUVLW\ ODWKHPRDQERMYBQGBP + LQ 5XVV

*ULJRO\XN.KOLNRYSPDVFKHW SQHYPDWLFKHVNLNK VKLQ

S LQ 5XVV

$PDEQOLRQOLQHDU GDPBUQYLEQDARRDVQORI UHFWDQJIXC
IURP YLVFRHODVWLFLW\ DQG H[SHULPHQWDO YDOLGDWLRQ
9RO 3S +

6DWK\DPRRUW\ 0 1RQOLQHDW MNVE \$DVWH YR D Q@ QY WIXW R
GHYHORSPHQWY $SSOLHG OHFKDQLB® 5HYLHZV 9RO

.RIJDQ$( <XUFKHRNRROOLQHDU RVFLOODNL DQIDREHD W
SODWHV DQG VKHOOV GXULQ,]BWWLRIS DE7I8PS OFINAY VIVBDS R H \
@$0,2 9RO + LQ 5XVV

1D\IHK+$ 1IRQOLQHDU LQWHUDFWLRQ $QDO\WLFDO FRF
RGV :LOH\ 1HZ <RUN S

$QODV * ZOERQOMLQHDU YLEUDWLRQV RI D VLP SONH XS S
VXEMHFWHG WR WUDQVYHUVH KDUPRQRRH[EQWB W QRI® QO WRQ
OLQHDU '\QDBRBV 3S +

+DR < =KDQJ : /-LRQOLQHDU G\QDPLF UHVSRQVH RI I.
WDQJXODU SOBWHYWQGWWHIEQDO UHVRQDQFHY ODWKHPDWI
SUWLFOH ,°
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%LADOULSHWRABMIOMH[SHULPHQWY LQ KDUPRQLFDOO\ F
ZLWK D@QWHVRQDQFH 1RQOLQHDWS\ QDPLFV 9RO

'DQJ 4L<QIRQOLQHDU PRG DOFR@WRVDFEMOMREG\DHDP VWU
ZLWK VLPXOWDQHRXYV LQWHUQDO DQG H[WHW&DO UHVR
3S

+RVVALQKDGBHRRPELQDWLRQ UHVRQDQFHY LQ D URWD
ODFKLQH 7KHRU\ 9RO 3S

SRGULIJXHWGHULFR$0* RQLODBDYGINO X HQFRH WL D OLPISRIRH W L
IHFWLRQV RQ WKH LQWHUQDO UHVRIDIAFHE P\Q@E QRO G
7KLOOOHG BWUXFWXUHV 9RO 3DSHU ,°

<D@®J: =KDQJ+DR < 1LX 1IRQOLQHDU YLEUDWLRQV RI )*0
VKHOO X®RGMQDPH FS/ODQGE LRUFH DORQJ PHULGLDTKQBDOH® W
BWUXFWXUHV *R O 3s

S5RVVLNKLQ6KLWLBRYDPDO\VLYV FILIQHHHUQREUDWLRQV RI
SODWH XQGHU WKH FRQWHWQROQVURIVEDIDABHYW ,QWHUQDWLF
FKDQLFV 9RO 3S

S5RVVLNKEQ &RYLNRY D$SOQHZ DSSURDFK IRU VWXG\LQJ QF
VSRQVH RI D WKLQ IUDFWLRQDOO\ GDPSHIBQEB DW HS$STBIMWDKQ FH ®
WXUHG ODWHULDOV + 9RO 3S

‘LWWs$ *RUHBLEVFLOODWLRQV RI DQ HODVWLF SHQG X
ODWLRQV Rl WZR SDUDPHWULFDOO\ FRXSOHG OLQHDU V\VWH
3S =

SRVVLNKEQ 6KLWLRRYIDHQID -$ QHZ DSSUR D FXKQIRILQWW X
G\QDPLF UHVSRQVH RI D WKLQ SODWH ZLWK LQWHUQD® UHVR
DQG 9LEUDWLRQ 9RO $UWLFOH ,°

% UHVODYVNEQAIIRQOLQHDU YLEUDWLRQV RI D FLUFXOD!
SOH LQWHUQDO W HPXRQUPRE VF XIP[ERW O WQRDU '\QDPLFV
3S =

$EGHKDIIDO $ +RXVQHWBPELHQW YLEUDWLRQ WGEYMWV RI
$6&( -RXUQDO RI (QJLQHHULQJ OHFKRQLFYV 9RO 3S

$EGHKDIIDO $6FDQ® $PELHQW YLEUDWLRQ VWXGLHV F
, 6XVSHQGHG VWUXFWXUH $6&( -RXUQDO RI (QJEQHHULQJ (

SRVVLNKLQ KL WLERY¥HSOLFDWLRQ RI IUDFWLRQDO FDO
OLQHDU GUIIFRITHMBLRQV RI VXVSHQVLRQ EULGJHV  $6&( -RXUQ
9RO 35

S5RVVLNKEQ GKKLWLNR$BSOLADWDRYLIRRQDO FDOFXOXV IR
OHPV Rl VROLG PHFKDQLFV QRYHO WUHQGVY DQG UHFHQW
9RO 1R  $UWLFOH ,°

S5RVVLNKEQ GKKLWLRRYDDFWLRQDO FDOFXOKNVLQ ¥IMUXF
ERMRN )UDFWLRQDO &DOFXOXV ZLWK $SSOLFDWLRQV $SSOLFD
%HUOLQ 'H *UX\WHU 9RO 3DUW $ 3S

7HLPRXUL +7 )DDODSQLPSSDFW UHVSRQVH RI IUDFWLRQD
SODWHV YPD/EFRHRODVWLF FRPSHBOLWIE PDWHKHPDON. FOROOORGHO O
3DSHU,"

BKLWLN®RYR2WLSRXDOVVLILFDWLRQ RI LQWHUQDO UHVR(
DO\ GDPSHGOBQWmO QG SHDAHYD W L R Q DROS XRWOIMPLDROQ DROU &R L O D
(QJLQHHUL®RO  3S +

6DPNR 6 .LOED3YV $DULFKHWRFWLRQDO LQWHJUDOV DQ(
DQG DSSOLFDWLRQV $PVWHUGDP *RUGRQ DQG %UHDFK B6FLF

1D\IHK $3MUWXUEDWLRQ OHWKRGV 1HZ <RUN :LOH\
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6KLWLNBYDRZVWLSRYBRPELQDWLRQDOXDOWD QURXNVUS HB\LRQ
1RQOLQHDU 9LEUDWLRQV RI D )UDFWLRQDOO\ 'DPSHG 30DWH
LFDO OHFKDQLFV 35S+

180(5,&%/ 5(68/76 2) 7+( $1$/<6,6 2) )25&(' 26&,//$7,216
2) $ 121/,1($5 3/$7( 81'(5 &21',7,216
2) ,17(51%/ $1' (;7(51%$/ 5(621$1&(6

( , 2VLS®BRYB® 2VLSRY

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

3K' BIK\VLFDO DQG ODWKHPDWLFDO 6FLHQFHVY $VVRFLDWH 3URIHVVRU RI
WHO HDLO HRVLSRYD#FFKJHX UX
6HQLRU /HFWXUHU RI WKH "HSDUWMKQW R 6W WP WX U\DROV QIR NUB®RE K Y

7KH SDSHU FRQVLGHUV WKH SUREOHP Rl QRQOLQHDU |RAKAH® DIWEUD
GHVFULEHG XVEQRLWWHPRGHQ ZLWK D IUDFWLRQDO GHULYDWLYH XQGHU
7KH HTXDWRRQR@®RI WKH SODWHVY DUH SUHVHQWHG DV D VI\VWHRVRI ILY}
WKUHH GLVSODFHPHQWYV WQGLW2R QRWDFER® QW YO LQHUWLD RI URWD
WLRQV DUH VRO YH® KX WIFPOB PHOMWRG 9LEUDWLRQV DUH VWXGLHGBIXQGH
HQFH DQG H[WHUQDO UHVRQDQFHRNI| YKHEQDWHIR QVHTXMXH S0 D&HHIPMKH
IUHTXHQF\ Rl YLEUDWLR GG\O DWRP WKHFEODQ W RUQKHY HTXDO WR WKH IUH"
LFDO UHVXOWV Rl WKH GHSHQGHQFH RSWEKFHHRWRLVO ®RD WIKRIQ SIDMSAOH. \8 R GO
IRU GLITHUHQW YDOXHV RI WIOHSINDFMHWRBDYD S\DKUHD P B WHLUN X.@H VRLDV KH H [
RI WKH SODWH

.H\ZRUGMRQOLQHDU SORPMWN PHRGH UUDBPWLREDRGHHG RVFLIOODWLRK
IHUHQFH UHVRNIPYFHF PABWHWKRG
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M>D

F?0:GBQ?KDB? K<HCKL<: BA>?EBC
NHIFBIJM?FUO F?LH>HF K?E?DLB<GHC E:A?JGHC IE:<DB

< : Dhaem\ W Nbehg _gdh

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

>jnafzlgZzmd az\ dzZn_"jhc kljhbl_evghc f_o0ZgbdbHRD&YD N RAG R K JUWHX
:kibjzgl dZn_"ju kljhbl_evghc f_oZgbdb |_l¢P D LD Y WXD  BUH{

JZkkfZljb\Z\eltkygb_ iZjEY Kje_dlb\gh]h eZa_jgh]h ieZ\e_gby gZ \hagbdgh\_
gZijy _gbc ~_n_dlh\ b f_oZgbqg_kdbo k\hcklI\ nhjfbjm_fuo ba”_ebc ba f _IZeebqg._
j_f_s_gb_ezZa_jzZz khanzZzl j_adb_ |I_fi_jahmijpuh~ "gztkbglf §zZkkgh_mkz~d_ b
AN _nhjfZpbyf Wdki_jbf_glZevgu_ bkke_"~h\Zgby \ khq_lZgbb k dhfivxl_jguf fh"_.
guo we_f_glh\ iha\heyxl hp_gblv jZkij_~_e_gb_ gZijy _gbc b »_nhjfZpbc 1j_"e
gby nbabgo kdjzf_ljhhikgh\_ ij_~ihgethy h |_fi_jZImjguo *_nhjfZpbyo \hagbdZxsbo
oh”_ihjhrdZ ba "b~rdh]lh \ IN_j*h_ khklhygb_ < dZqg_kI\_ fh”_eb bkihgzl&h\Zgh I
I_jfhgzZijy _gbc \ lThgdhf keh_ b k\lyab f_""m fh\aZgbdhwdbbpth fj ieeZdkZ2phb
ijhlghabjh\zZgby ijhgqghklguo k\hckl\ ihemqgZ_fh]h kehy bkihevah\ZgzZ f4ljbpzZ fh-
gmx “_nhjfZpbx k f_oZgbq_kdbfb 0ZjZdl_jbklbdZfb ba”_eby < dZq_kl\ghwfibjbqg_
khhighr_gbeZZhdqgzZz hibdkwus_ _ aZ\bkbfihk? ez |I_dmqg_klb hl jZzaf_jZ a_jgZ b qZk
Wdki_jbf_glZzevgzZy qzZklv jZ[hlu \dexqZeZ i_qZlv f_lZeebq_kdbo h[jZzaph\ f_Ih:
ieZ\e_gby k ihke_"mxsbf bkiulZzgb_f gZ jZzkly  _gbhhdZl&mig_gigho\ghZgjgdmebj
\Zgb_ izjzf_ljh\ eZa_jz fhsghklv kdhjhklv i_j_f_s_gby iha\lhey_I| ~“hklbgv h”"g
fZevgufb »_n_dlZfb b az~"Zgghc f_ozZgbqg_kdhc ijhgghklvx

Dexq_\u_ keH\dZgbqgq_kdZy ijwmdgihkbf_glZevgu_ bkke_~h\zZggy ebhphkeZ ggh_
gb_ I _ieh\u_ ijhp_kky_fighé¢ dle_f_glh\ k_e_dlb\gh_ eZa_jgh_ ieZ\e_gb_

<\ " ghkxazZbfh”_ckl\b_ \ukhdhbgl_gkb\gh]h eZa_ jgh]h bfimevl
"bArdbo fZl _jbZeh\ j Imebjm _Ikykbhbghkdmewz”Zqg ¢ dhlh[jZy khq_
kK\_jo[ukljh_ hkz '~ _gb_ wg_pnbaéah\wklijuj oh”u b jZa\b\Zxsb_ky fZI_j
liZgbpu < jZ[hl_ ij_"klZ\e_gZ gh\Zy \uqbkebl_evgZy kljmdIimj;zZz d
[ukljh]h gZ[hjZ mjh\g_c "egZdBqg\XWdhc w\hexpbb bglfil K& RZa _ |
\ukhdhc lhgghklvx ijb khogBZlgelglbewghc wnn_dlb\ghklb > @

< gZklhys_ _\j _fy ijh\h”*ylky bkke_ ~h\Zgby \ebygby ihemqZ _ fu
fhf_ozZgbqg_kdb_ b ijhqghklgu_ k\hckI\Z nhjfbkme fubbbahf eZa ijghf
ieZ\e _gbb KEIZ\IhAd =@ h[km *"Zx| dzZd [ullah\ZglgdZepbdeu gZ]j_
b hoez ~ _gby ijb\h”~yl d j_adbf ]jz~b_glzf I_fi_jZImju qglh ijb\h”*b
| _ieh\hfm jZkrbj_gbx b k Zlbx dhlhju_ nbdkbjnbelb jZkbyFo\sZlxsb _
gZijy _gby Lzd _ jZ&xkikaljbhjzZl _]bb gbke _ggh]lh fhderfih\Zgpreba
f _ Ih~hf dhg_gqguo we_f_glh\ kaZ¥bkjzflimipgk\hckI\Zfb fZl_jbZeh\ b f
nZah\hlh i_j_oh”~Z ih”"gq_jdb\Z_Iky bo jhev \ ijh]lghagH&jjxZgdblhcjBkij_
hilbfbazZpbb izZzjzf_|jkKkZjhpZdbo dzZd ij_"\Zjbl_evgfdagghj\Ag gy
kljZzl _1by kdZgbjh\Zgby ihklh[jzZz[hldzZ |_jfhh[jZ[hldb b h[jZ[hldZ "¢
gZijy _gbc bkke_"mxlky gZ ij_"~f_| bo wnn_dlb\ghkdo b kgemqggbb
gbb f_o0ozZgbqg_kdbo ozghdihgokdbhh Z2~~blb\gh]lh ijhba\h”klI\Z

<« Dhaedh\ : Nbehg_gdh = W
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< jZ[hl_ jZkkfzljb\zZ _Iky \ebygb_ izjzf_Ijh\ k_e_dlb\gh]h eZa_
\hagbdgh\_gb_ | _jfbg_kdbo gZijy _gbc b ~_n_dlh\ \ h[jZ[Zlu\Z _fhi
i_j_ f_ s _gdbZa jZ khanzzl j_adb_ |_fi_jglmjguh (jZWo bl d Ij_sbgzf |
keh _gbwyikzZ~"d_ b » nhjfZpbyf Wdki_jbf_glZevgu_ bkke_ "~h\Zgby b
jh\Zgb_ihdzZazZeb qlh hp_gdZ gZijy _gbc gZ g_[hev)ao ihfkdralp Zo
kiI\by ihj#z \ukhdhc |I_fi_jZImju b kdhhjbkk Yyzgh @2

L jfhf _oZgbg_kdb_ gZigyhkpgdyw f Ih~*bdb hij_~ e gby nbabqg_
f Ijh\ e_"bl ij_~iheh” _gb_h I _fi _jZImjguo » _nhjfZpbyo \hagbdZxst
nhjfZpbb ieZ\e_gby b hklu\Zgby h[jZapZ QZklbggh » nhZZikyy ijb
baf_g_gb_f iehlghklb \hagbd¥exsgqlbijbjieedZz 1jb i_j_oh”_ khklhygt
jbZeZ \ kheb”mk bkihevah\Zgh bgl _]jZevgh_mjzZ\g _gb__mq_I|Z |_jfl
| _fi_jZImju \ IThgdhf keh_ nhjfbjm_fhc ih\_joghklb hjmZxpbbbyo i
ijb I _jfbg_kdhf gzZijy _gbb < kdhfivxgggoo fh”r_eyo KEI ijbf_gyxl
kh[kI\ _ggu_ fh~ _eb gZijy _gbc b ~ nhjfZpbc hkgh\Zggu_gZ f_Ih~"
FDW Hgb ihal\heyxl wnn_dlb\gh jZkkgblu\zZlv | _fi_jZImjguc j_°
gZijy_gbc b ~_nhjfZpbb \ ijhp_kk_ iezZ\¢b gbhfilghktlz mijhszZxl ]_hf_
jbx “hjh db b g_ mgblu\zxl ~_ n_dlu ihju g_ijh\Zju dhlihju_ fh]lml
jmr_gby >@

it AHad gh Her v (a6l
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Y
1" Vi7" - 2l _jfbg_kdb_ gZijy _gby \ TZI* jaZremgdpbb =£b §Z
Ytdhwnnbpb gl | _ieh\h]h jZkrbj _gby fh” mev mijim)akkh dZ dihlwvlhinb p

oZgbqgq_kdhc » _nhjfZpbb
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LZd dZd lhesbgZ nhjfbjm_fh]h kehy ba”_eby kqgblZ |ky fZehc
" _gby \ ih\_joghklgihhikgmbhgZevgufb \gmlj _ggbf H[s ~ gHljify  _ggh
jm_fh_ khklhygb_ \ujzZz Z Iky \ \bA_ mjZ\g _gby
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1" Zx~_nhjfZpby ba#fi, ebklZlhqgZy *_nhjfZpbb \ualZggzZy |I_jfbg_kc
kI\by tnmgdpby jZ[hlufZljbpZ fh”_eb
Hij_~ e _gb_ ijhgghklguo k¥hdkl\hikehyg hibku\zZ _Iky fEbbp_c fh
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] ab42 dhgklzZglu fh™ _eb

Wdki_jbf_glZevgu_ j_amMgviZleyy \ j_amevlZI_ fh”_ebjh\Zgby c
_glu fh™ _eb fh gh ijh]jghabjhfzZzd¥ gllbcabikddhb  k\hcklI\Z itemigZ Ffno ba
emqgZ_fZy kljmdImjZ ba]lhlzZ\eb\Z fuo f_IhAhf KEI h[jZapbk\hebadZ
kKI\Zf ihebdjbklZeebq_kdbf fZl_jbzZezf qglh ihal\hey | bkihexah\Zlv
| IgZz * @ hibku\l\Zxs__ aZ\bkbfhklv k\hcklI\ hl jzaf_jZ agg®hZ beb
f ""mij_~ ehf |l _dmqg_klb b dhwnnbpb _glzfb fZljbpu

| j\hgZgZevgh kHhklodleggkdbc ieZg wdki_jbf _glZ ih eZa_jghfm
kehz\ f 1Zeebqg_kdh]h kiez\Z dhlhjuc [m”_| bkihevah\Zlvky \ dZq
s _]h ba”_eby < gzf hidv&w§ZxbkyiZjzf lju ijhp_kkZ bo \aZbfhk\yab
ANZpbb ih \u[hjm hilbfZgvgbo aRgZevx y\eyehkv hij_~_e _gb_ hilbfZev
"ey themqg_gby hArghjhrghc \ukhdhdZqg_KkI\ _gghc fZljbpu ba f_IZee
fZevgufb ~_n_dIzZfb b az§gbggkdhfc aphgghklvx nbabqg_kdb_ b |I_ogl
khh[jZz _gby k\yaZggu_ K ikhkdfglho h[ezZkl c ki_dzZgby Ijb kebrdh
rz]_ f_""m ~hjh dzZfb fh  _| \hagbdgmbhikmikdbbZgthklZlhggh]h i_j_
Iby qlh ijb\h~bl d A _n_dKzZfkeid{kifhfZklzZf Ijb kebrdhf fZehf rz]_ ijl

-
<
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Abl baJulhggh_ i_j _djulbb\Egb] BAeb"mkz fZl_jbzZe fgh]lhdjzZlgh g
hoez ~Z |ky qlh \uvau\Z | jhkl a_j g b kgb  _gb_f oZgbg_kdbo k)
jZkkgblu\Z _Iky ba m~_evghdfwh Kihhbhklb i j f s gby

< jZ[hl_ jzZzkkfzZljb\Z_Iky \ebygb_gZZhbygb¥a&kdggbjémghf gz f
gbg_kdb_ k\hcklI\Z f_1Zeebq_kdbo h[jZaph\ G_agZ4diblh[ewdhqgbkefhs _
emqrb_f oZgbq _kdb_ o0ZzZjzdl _jbklbdb b fbghfZigygugbfklG@EZhpgmk gb
ihdZaZgu h[jZapu gZi_qZlzZzggu_ f_Ih"hf_KeEA\blkblfiZkibgijbdbo bkiul
gbyo gZ jzkly _gb_

l[jh\_ "~ ggu_ bkiulZzgbyfb gZ jZzkly  _gb_gZi_qZlZgguo h[jZaph\
dh\h]lh fZIl_jbzZez ih klZzg”~ZjlghcZfebhiyjb @ eihpizgpgghklbhkired\ggh]lh
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f_Ih~"hf KElUz FIZ k jZza[jhkhf FIZ iezZklbgghklv khklzZ\bezZ h
hlghkbl _evghf m~ebg_gbdjb\Zy < j_amevlzZIl_ijbf_g_gby fh”bnb
KEIl ih mdZaZgghc f_Ih*bd_ Z"4Zh\&\ghyhi jgkhlebhemqg_gu h[jZapu dZ
rbfb djb\zZyzZd b k [hevrbfb djb\Zy \_ebgbgzZfb ijhqghklb b ieZzkl
gZdh\uo m”ebg _gbyo WIh ihal\hey | k» _eZlv \u\h® h \ebygbb Z~Zil
o0Zgbqg_kdb_ k\hcklI\Zz b KEI AlZlvky kKide vieanlhlh\e gby ba” _ebc k &

k\hckI\Zfb
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JbkH[jZapu gZi_qzZlzggu_ f_Ilh~hf KEI Z b j_amevlZl bo bkiulzgby gZ j

>ey mijZ\e_gby b dhjj_dpbb \ ijhp_kk_i_qgZlb [ue bkihevah\Zl
©$UURZ '(&% OD['$)0 & * )3*$2 >Zgguc fh mev Ibffoh1bfu_ bgl_j
n _cku ihemqg_gby bgnhjfZpbb Z 1Zd"_ \ukhdhijhba\h”bl_evgmx bgl
0 '$) & * nbjfu SOWHWEDWHGCey j_ZebazZpbb Ze]lhjblfZz j_Jmebjh)
i_jZImjguo j_"bfh\ b iZjz&_ljh\gébkzZgzZ ijh]jzffz \ hih[Zelhddghc
G LRW bkihevah\Zgb f ijh]jzZffghc j_ZebaZpblcD®AHAXDPWW XNemqY ggé
NZgguo ij_"eh  _gZ zZ~Zilb\gZy gZ mjh\g_ fbdjhdh”~Z j ZebaZpby g_
JZaebqgb_\ dZq_kI\_ihemqzZ _ fhc_Ihhijjoghdkylbvky aZ\bkbfhklvx

ehjzZzhibku\Zxs_c¢ jzZkij_~_ e gb_ | _fi _jZImju "\b " ms_]hky Ihg_qgh]h
fhsghklvx b kdhjhklvx
7 \ 3laZa "'H[é Fo ‘?bZa 392%
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]A_Y +kdhjhklv "\b _gby eZa_jghlh bklhch@iZs §inkgn kd B a/,j 2
iehlghklv fZkkb\Z fZl_jbZeZ ba”_eby d] f

L iehijh\h~ghklv kgh Z Iky ijb gZebqbb ijhimkdh\ ihjhrdZ b klZ
m fikkb\Z \ 0Zjzdl _jghf "ey KEI "bZiZ&hgmiZjZfZkjZ\xs c kdhjhklb 7
gbyY RbjbgZ jZkieZ\e_gghc \Zggu aZ\bkbB dFzd hd fH sigchtkjltbk b ihAZ,

Ke_ _"h\Zl_evdBl joyeZ k \ukhdhc |I_iehijh\h~ghklvx aZ\bkbfhtklv hl g
i _j\h]lh ge _gZ y\ey |ky [he__ ~hfbgbjmxs_c¢ Evkdhjp«ltg@ZykgzZ\bkbfhl|

<u\h?uwZajzZ[hlZgguc Ze]lhjblf mq_1Z baf_g _gby f _oZgbqg_kdbo
]hih\e_gguo f_Ih~Ahf &QBEeyih ijhlghabjh\zZlv b az~Z\Zlv bo k\hckl\Z
k\h_c hkg kh~_j bl f_Ih~u kmjjh]Zlgh]h fh”_ebjh\Zgby kieade_kdh]t
gby f_IZeebg_kdh]h ihjhrdZ b hilbq_kdh]h jZkihagz\Zgby gZ hkgh
ithal\heyy kgbablv ihgbkWgdiyh~*ghklv ihemqZ_fuo ih\_joghkl_c

LzZzd _ baf_g_g ZelhjbdfijEg_kkh\ kidZheZgbygby ihjhrdzZ f_Ih~hf
g_qguo h[t_fh\ qglh ihalhey | mgblu\Zlv baf_g_gb_ h[t_fZ ihjhrdZ ijhk
ijhp_kkZo WIh \ k\hxa\dqpejyy lvmqgblu\Zlv baf_g_gb_ iehlghklb kdjul
b "jm]bo nbabgZkdb |Ijh\ k\yaZgguo k h[t_fgufb ijij\§Eehatjyf\xZ
gZijy _gfhnhjfbjm _fh_ khklhygb_ ihemqgZ_ fuo h[jZaph\ k aZz"Zggufb
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b[ebh]jZnbg_kdbc kibkhd

.L + ORKDQW\ 3 6 OD]XPGHU -GHRIGWPDDWN & B ULRO . OV H
XVLQJ IDVW OHYHO VHW PHWKRG -JBK\¥ ' $SSO 3K\V

/L & >HW DO @ 5HVLGXDO VWUHVV LQ PHWDO DGGLWI
1R Jj +

/IHLWRK. .RFK + 2ZWWR $ 6FKPLGW Q@ RIXPUREHRDO LI
GXULQJ ODVHU EHDP GULOOLQJ ZLWK VKRBWIEXQtVHV $SSO

Limkh\ I < <he _Jh\ I K Ygp : X >\momjh\g_\u_ fh”~ _eb
g_aZ\bkbfhklb h[jZzazZ ijhp_kkZ gZ]jm _gbydijhhkl A _ eNigd]H _fazhf

L < K

+RGJH 1 ( )HUHEHW 0 0O6ROSOHPHQWDWLRQ RI D WKI
IRU WKH VLPXODWLRQ RI VHOHFWLYH ODVHU RHOWLQJ &RP

**UWOHU.P@MJ /HLW] 6FKPLGW 0 6LPXODWLRQ RI ODVHL
SRZGHUV XVL@GLRAMHH WVRKQUHH YROXPH RI IOXLG PHWKRG 3K
Jj +

'HPLU $ * &RORPER 3 3UHYLWDOL % )URPLEXO®NMHG W
ZWK FRQWHPSRUDU\ ILEHU ODVHU VRXUFHV HIIHFW RI WHPS
, QW - $GY O0DQXI JHEKQRO

*HLJHU 0 /HLWREK + 2WWR $ $ ' WUDQVLHQW PRGHO
G\QDP LBVHWEHOBLQJ DSSOLHG WR WKH MRLQLQJ RI JLQF FR

LQJ 1R =

20DNDQPL ( 2 &RFKUDQH 5 ) 'DOJDUQR . : $ UHY
LQJ PHOWLQJ 6/6 6/0 RI DOXPLQLXP B ORRRYS RXGHIU\D Q33 1S K
3URJ ODWHU 6FL j +9RO 3

'RQJ / ODNUDGL $ $K]L 6 GiHPRYGRQQ DMK WHHDQVLHQ)
DEQDO\VLVY RI WKH VHOHFWLYH ODVHU YHEKVHUOWR®J SAIRFHVV
3] +

=jb]lhjvygp : = DheqgzZgh\ = K >jggbdbg : H Bkke "h\:
\ebygby hkgh\guo iZjzZf_Ijh\ ijhp_kkZ k_e dlb\gh]h eZa _jgh]h iezZ\
jZaph\ ba Zexfbgb \Ibjh kieBW&A klby \mah\ K +

%URRNV 5 ) (JU\ 6 HHW K DUEDGPHD @ BW B H R  MYULDIMG X O -
FRVLW\ DQG VXUIDFH WHQVLRQ UHVXOWYV IURP I (XYRSHDQ ¢

DhegZgh\ > K :>j. gkbgg_ "dbg : H =jb]kjvBE&Ee_ _"h\Zgb_
f _ ozZgbqg_kdobl\khfjZzaph\ ba f_~gh]lh “Zjhijhggh]h kiez\zZ ;jO ihe
"hf k_e_dlb\gh]h eZa_jgh]h ieZ\e _gby P\_lgu_+#f |Zeeu <

SHIHUHQFHV

L+ ORKDQWXB®@HUOD ORGH GIHIUODWKIW K ULDO LQWHUTL
LQJ IDVW OHYH-O ¥K\W PHHKRG IR\V  3St

/L & >HW DO @ 5HVLGXDO VWUHVV 3R PH®/IDD &) 6B LW
1R 3S+

JHLWH . .RFK + 2WKWRGW ® 1XPHULFDO VLPXODWLRQ R
LQJ ODVHU EHDP GULOGBSBIOZ H\G K3 K KWRUIRY $ X 03V

7UXVBY SROHBRY<DQWY $ZRHYHO PREGIMGUY\RWHOV RQ W
SHQGHQFH RH RIKWKHP DRDGLQJ SURFHVV RI D3W S UHHMRPWMB W

9RO @ 33

+RGJH 1)HUHQ@F] GROEBIUPSOHPHQWDWLRQ RI D WKHUP|

IRU WLKPKODWLRQ R VHO HERPLSYHFED M R ® HB W L BXX
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*«sUWOGHUDUJ 0 /HMLWFKPLGW 0 6LPXODWLRQ RI ODVHL
SRZGHUV XVL QL RMKH MRKQIHH YR O XP H3 R\VLEFXIGIIRIFWRR G
3S =

'HPLU $ &RPER 3 3UHYLWDOL % )JURP SXOVHG WR FRQ
ZLWK FRQWHPSRUDU\ ILEHU ODVHU VRXUFHV HIIHFW RI WHP:
,QW$GY ODQXI 7HFKIBRO

*HLJHU 0 +HLWFK WR2W $ ' WUDQVLHQW PRGHO RI NF
G\QDPLFV LQ ODVHU EHDP ZHOGLQJ DSSO B3R BRFWKRQMRLILYE

1R 3S +

20DNDRDPILRRFEH)5 'DOJDUQRUHYLHZ RQ VHOHROMLYBILQD \
LQJ 6/6 6/0 RI DOXPLQXP DOOR\ SRZGHUV SURFBURUQODDPLF
WHU 6FRRO 3S =

'RQJ / ODNUDGL $ $K]L7K GHERHPRWVIRQDO WUDQVLHQ)
DQDO\VLV HREWLKH VDY HU VLQWBWHYJ SURFHVOR O7 HEK
3S =

*ULJRU\PQWRWOSKDORYUHQE Q '$IQH]KRLOWSX G\ RI WKH LQI
R WKH PDLQ SDUDPHWHUV RI WKH VH ISRW RYH \W\DRODER P 6 ORV |
DOOR\ VDIFHYOVHR| XQLYHUMLWLHYS +

%URRNV(3U\ 6HHWKDUDPDQ 6 *UDQW W HMOHLDEW X UG
FRVLW\ DQG VXUIDFH WHQVLRQ UKRVBOWFHHBPQI\(XHYRSBBQ ¢

.ROFKDORYUHQ$Q '$HIQH]KRLQWBLIRUMD BWX G\ Rl \QKH PH|
LFDO SURSHUWLHV RI UHN KV W DRRS DHOORHVYWPSOHV REWDLQH
1IRQHUURXV OHWRO¥S +

0(&+$1,&%$/ 3523(57,(6
2) 352'8&76 )250(' %< 6(/(&7,9( /$6(5 0(/7,1*

9 $ .RJORYOLORQHQNR

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

'U RI 3BK\WVLFDO DQG ODWKHPDWLFDO 6FLH@KHN\D O+ BBMBKRIQWKWH 'HSDUWPHC
HPDLO YDNR]JORY#FFKJHX UX
SRVWJUDGXDWH 6WXGHQW '"HSDWMRHQW RI 6 WHY B E@/ XD D OWOHFEKRDHQ DRNG H |

7KLV SDSHU H[DPLQHV WKH LQIOXHQFH RIWKHORFRAAYWHHQB YHRI RHKIHW
GHIHFWV DQGPREKDQYLHNORI PHWDO SRZGHU SURGXFWV 5DSLG ODVHU
JUDGLHQWY OHDGLQJ WR FUDFNV GHODPLQDWLRQ VKUL Q@NDRKHS XDNHU Gt
PRGHOLQJ ILQLWH HOHPHQWVPHWKIR G LVOYOREXWLWR RNVYVWXBHVVHY DQG
SK\VLFDO SDUDPHWHUV LV SURSRVHG EDVHG RQ WKH DVE8RESWURQUBIQW K
IURPODTXLG WR D VROLG VWDWH $Q WRWWRDOO/ WUXINWHR Q @ AF RXQ\QLQD
EHWZHHQ PHFKDQLFDO DQG WKHUPDO UHOD[DWLRQ FRHIURBHUW R X\
UHVXOWLQJ ODREBWUDR[PRIGHNLQJ UHVLGXDO GHFRUPLDIWMRG W R | WMKHH PSHUFRK®?
+D@®HWFK UHODWLRQ GHVFULELQJ WKH GHSHQGHQFH RI WIKWH XVYHGG V VDI
HPSLULFDO GHSHQGHQDE SRAHVHFSMH RILPMHIQH VW X G\ L Q YIROH G IGF SWLYHWD @V H
LQJ IROORZHG E\ WHQVLOH WHVWLQJ 7KH REWDLQHG G RWHUYV K\RIHYGH & K/
DOORzV IRU WKH DFKLHYHPHQ@WWX PLRRPROH@H IRDEW R DDMUE. WKH GHVLUHG

.HZRUG®PHFKDQLFDO VWUHQJIJWK H[SHULPHQWDO VWXGLHV QXPHULF
PHWKRG VHOHFWLYH ODVHU PHOWLQJ



Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

KLIJHBL?EVG:Y F?0:GBD:
B KHIJHLB<E?GB? F:L?JB:EH<

M>D
>y

:G:EBLBQ?KDBC <U<H> NHJFMEU [?J<HC Q:KLHLU DHE?;:GBC
R:JGBJGHKL?J@G?<HC DHGKLJMDPBB

< ?nbfgmd

GZpbhgZevguc bkke ~h\ZI|_elvkdbEWBsb\ jkb
Jhkkby ] Fhkd\Z

Kim~_gl 1_e HPDL<HILPFK ¥ RS$®HILX

lj_~eh _gZ ko_fZ klZlbg_kdb hij_"_kbfjhg_rnhjgjghkljmdpbb n_jfu K ihfh
f_Ih~"Z bg"mdpbb f_Ih”"Z >hgd_je_y b _]h mijhs_ghpphe\Ww ppZZAp kb ihklibghlgah\ghc
Kkhlu dhe_[Zgbc n_jfu hl gqbkeZ iZg_e_c < fh~_eb dhgkljmdpbb kqgblZ_tky qglh _
ey_lky ih maezf lhemqg_ggu_ ZgZeblbg_kdbf f_Ih~hf j_amevlZlu khihkhZ\e_gu K
]bggh ij_~klz\feldganbg_kdhf \b~_ J kimegvigdhfy\behkv gZley~rgh_ ~hdZaZzZl_evk
Ilhgghklb ZgZeblbq_kdbo j_r_gbc

Dexqg_\u_ kel\ZS®@H _jfz qzZklhlZ dhe_[Zgbc f_Ih” bg"mdpbb ZgZeblbqg_k¢
hp_gdZ gzZklhlu f_Ilh® >hgd_je_y

<\_" gb_j\Zy gzZkthl&_[Zgbc djZzcg_ \hklj_[h\ZgZ ijb "bgZfbq_k
rZjgbjghkl_j g _\hc dhgkljmdpbb G2Z ijzdlbd_ j_~dh fh gh \klj_Iblv Z
oh" d z \ugbke _gbx gZfgh]l]h qZs_bg _g _ju ijb[_]Zxl d gbke _gguf
f ITh~u bkimexMay \ hp _gah gudk khhjm ™ _gbc H~*gZdh \klj_gZxlky Zg:
ih"oh”~u b \ keh'guo dhgkljmdpbyo 1j_h[jZah\Zgby \ gbo \uihegyxl}
NZT o gZijbf_jih f_Ih m >hgd_je_y hp_gdZ kgbam beb f_ Ih*m Jwe _
ihr"oh” g4dhghhs_ |Zdhé&Xlkhey | mclb hl keh ' guo jZkq_Ih\ g_ba[_"gu
g_kdhf f_Ihr Jwe_ y < > @ \uiheg_g ZgZeblbqg_kdbc jZkqg_ 1 ijh]b]-
kdb g_hij_~ ebfhc n_jfu k ijhbal\hevguf gbkehf iZg_e _c¢ IjhklZy |
klhlu "\moggh]h fZgbimeydh{fZgzZ \ > @ Kh[kI\_ggu_ qZklhlu ijhklj
kl j7g \uo dhgkljmdpbc \ \b”_ dhg_qgqguo nhjfme ihemq_gu \ > (
g _dhlhju_ ZgZeblbg_kdb_j r _gby “ey iehkdhc j_]Jmeyjghc n_jfu j
kgblZzg ki_dklI\klyguo qzZMhhifmezZ ~ey i_j\hc gZklhlu kh[kI\_gguo d
iehkdhc n_jfu ithemqg_gu f_IhAZfb dhfivxl_jghc fZI_fZlbdb \ > @ <u
gh\ghc gZklhlu dhe _[Zgbc hihju ebgbb we _dljhi_j ~Zq ijb\h~blky \
dzZjdzkz g_ldghdkdihdjulbgbZlygg_ _kdbf f_Ih~hf jZkkfhlj_gZ \ > @ KjZ
jZdl_jbklbd iehkdbo n_jf b ih”~tzfh\ ijb\h”~blky \ klZIlv_ > @ JZkc
n_jfu ZgZeblbg_kdbf f _Ih~hf [ue ijhbal_"zg \ > @ < > @ [ue jZKk
gbc iehkdhcun KfZlvy > x@zZ\de k_ [y bamqg_gb_ "~ nhjfZpbc b dhe_ [Z
ghc kl_j g_\hc ibjzfbru :gZeblbq_kdbc jZzkqgz!l ijh]b[Z n_jf k kbff_
jbgghc gZ]jmadhc ij_"klZ\e_g \ > @

<« ?nbfgmd<
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< klzZlv_ > @ jZkkfzljb\Z _|ky ZgZeblbg_kdbgeiltokh[kI\_1g gb
guagZklhl dhe_[Zgbc dhgkljmdpbc

Dhgkljmdpby n Kfdlbg_kdb hij_"_ebfzZykliZjogbjohy dhgkljmdpb
kbff _Ijbgqgh hlghkbl _evgh p_gljZevghc hkb bf_ I Ij_m]hevgmx j_r_|
ih"\b guc rZjgbj Kkijz\Z gZ g_ih™"\bilgjizc fE \ebjmdky \ jlbdZevguf
kKl _j-g_f ijza2Zymfy kil _j gyfb <ukhlZ n_KuFgklgZ n_jfu jZkij_"~ e _gZ
maeZf dhe_ _[Zgby ij _"~iheZ]Zxlky ih \_jlbdZevghc hkb jbk

h
h
Jbk Ko_fzZ n_jfu
JZkqg_| mkbebc \ kb gyghhdh qlh[mkedgpwgZqg _gb_ ° _kldhklb klZlbg

hij_~ _ebfhc rZjkbjghg \hc dhgkljmdpbb g_h[oh”bfh jZkkgblZlv mkt
< k\hx hg_j_"v hgb \ugbkeyxlky ba mkeh\bc jZ\gh\_kby maeh\ JZ\
kfZljb\Z _Iky hi*_evgh khklzZ\eg_ ¢kp\j@yxgbmZ dhkbgmkh\ mkbebc dt
jZkkgblu\Zxlky ih ihjy"dm kh_“~bg_gby kIl _j'g_c b bo dhhj*bgzlzf |
xlky kZfb maeu gmf_jmxlky 1j_~klZ\e_g njZ]f_gl ijh]jZffu hl\_qZx
@DS®OH

P Q
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[>P @ \>@ K
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\>P @

>Ze _ ijhba\h”~blky gmf_jZpby kl_j g_c ihyaZxhbhlgufjbkpzdbdg
ij_~"klZz\eyxsbc kh[hc n_jfm k ijhgmf_jh\Zggufb maeZfb b kl_j gyfb

13 14 15 i6 7 18 19 20

Jbk Ghf_jZ maeh\ b kQ_j'g_c



Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

Ihke \\_"~ gby g _h[oh”bfuo o0ZjZdIl_jbklbd n_jfu khklZ\ey Iky

\_dlhjghc nhjf_ g _h[ohgddZ2ygbeyyg ba\_klguo mkbebc \ kl _j gyo D.
b ]1h mkeh\by jZ\gh\_kby jZkkfZljb\Zxlky hI*_evgh
<u\h”™ ZgZeblbg_kdhc azZ\bkbfhklb i_j\hc qZklhdbkeheb[Zgbijc

\hc qZklhlu dheZ[Xgithegy |Iky ih ke_"mxs_c nhjfme _
% Poe>§
1" X £tqZklhlZ dhe_[Zgbc h*gh]hPmaeZ_ k&fakkKh¢Zy \ugbkey_ Iky ba n

g _gby "\b" _gby fZkk \ maeZo
MY, $.Y, P +

Dhwnnbpb gEkkgBld IkyhKhsvx nhjfmeu FZdkkRhe2Xmffbjh\Z
gb_f ih \k_f mkbebyf \ kl j'gyo dhgkljmdpbb

(6]
& $, ey L %

B
]’\_SBP tmkbeb_ \ klEjjg_~_ckl\bb g2 mlagleqghc \_jlbdZev@ghteblyZu
wlih]lh kIl _j@ykldhk)vkl _j g _c kgblzZz Iky ey \k_c n_jfu h”"bgZdh\hc
N gZ nhjfmeZ ~ey i_j\hc gZklhlu ih f_Ih"m >hgd_je_ vy

X MoeF ™ |
P

JZkq_I kmmffey jy*Z n_jf jZaebgZxsboky ebrv gbkehf iZg_e_

kljmdpby bf__I [hevr_iZg_e_c q_f ij_~u"msZy ~Zzl j_amevlZl "e
D F G K
K ()
D F G K
K ()
D F G K
K ()
D F G K
K ()
D F G K
K ()

] ~ebgu kIl _j'g _c \ugbkeyxlky ih nhjfmeZzZf

FYD K & D
>ey |lh]h glhJu gZclb h[sbc ge_g aZ”*Zgghc ihke 0bS Hevghklk
lj _ [h\Zehkv "\ _gZ”pZlv j_r_gbc Ilhke_ fZIl _fZlbg_kdbo ij_h[jZah\Z¢
gqe_g ihke_"h\zl %vighklbke_"mxsbc \b”
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] dhwnnbpb_glu i_j ™ "ebgZfb kl_j g_c jZ\gu
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g _Q Q Q

g _Q Q

g . Q Q
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< dhgg_ghf \b"_

A I_{/M#A

Mijhs ggutZjbzZgl f _ Ih*"Z >hgd&k f&gwghf imgdl_ [m~_| §ZKkKYhlj g
ihal\heyxsbc ZgZeblbqg_kdb jZkkgblZlv aZ\bkbfhklv i_j\hc gZklhlu
ijb[_]1Zy d kmffbjh\Zgbx iZjpbZevguo gZklhl dhgkljmdpbtk

| evgh mijhgZkql |

1" B'"* +gZb[hevr__
_"bgbgghc kbeu gZ ma_e n_jfu kil \ggblkoech"dbdh z ~ eblv n

ghc

gZb[he _

nhjfmeZ hkgh\ghc gZklhlu \ gzf bf__ | \b”

ZgZeblbq _kdZy aZ\bkbfhklv i_j\hc gqZklhlu dhe
d je_y \ugbkey |ky ke _"mxsbf h[jZahf

Y&

# C

X MOEE M' +

ith \k_f maeZzZf ag@q_Pgb_Aijh]rbl[Z_ckl\by \_jlbdZev

#D #

%I

N

kdehgguc d ijh]lb[mjZkkfalmeyb¥ dhgkljmdpbb klZgh\blky
qglh wih ma_e kQ@hf_khf_"bg_ gb g_]h ihykZzZkjpkl dhwnnipbdeyglZ

ihke ~h\zZl _ewnghfkkbjZzaebqguf dhebq_ kI\hf iZg_ e ¢ ~Z | ih~h[gu_ j
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Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

< j_amevlZl_ Dbf__f nhjfmem

X H % &
M TA IC I'D 'H

Ilhemq_ggh_ j_r_gb_ ke _"m_1| kjzZ\gblv k _]h mijhszgguf \ZjbZ
jZkgzlhf

Qbke _ggh_j rQbke ggh_j r _gb_ijhba\h”blky k ke _"mxsbfb
dzfb n_jf&A A H A% . OID iehszZ”v ihi_j_ggh]h k_qgq_gby ki

& kf \ maeZo jZkiheh  _&§u fZkklu GZ jbk bah[jZ  _g ]jZnbd gZ c

khihklZz\eyxlky ZgZeblbqg_kdbf_laZ¥bkhighdklpe y _]h mijhs_ggh]h \Z
l1Zzd"_ gqbke_ggh_ j_r_gb_IKZ gglthlk jhklhf gbkeZ iZ4 lelhcqyh&jlzkl
ZgZeblbqg_kdh]h j_r_gby mf _gvrZ |Iky qZklhlZ dhe_[Zgbc dhgkljmd

w,l/c

T I I I I 1 ln
1 2 3 4 5 6 7 8 9 10

Jbk Kjz\g_gb_ ZgZeblbg_kdbo j_r fgbc k gbke_ggu
,thp_gdZ gzZklhlu ih f_Ih*m >hgd_je_y
,,thp_gdZ qzklhlu ih ijb[eb _gghfm f_Ihmtepthiged geZy hp_gdZ gZklhlu
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AZdexq_ _obgzZklhys c¢ jzZ[hl_ jzkkfhlj_gzZ ghl\ZygrAjgbjbhgkljmd
pby Lj_fy f_Ih~Zfb jZzkkqblzZklZ _igg\WZdy dd{lhlZ dhe_[Zgbc n_jfu Bk
ebkv "\Z ZgZeblbq_kdbo f_Ih~rZ f Ih” >hgdc j\&jbhZdgl ]b miphgs gbge
guc lhdZazZghZgbibgy _kdb_j r _gby ohjhrh dhjj _ebjmxl k gbke _ggu

<k_ \ugbke_gby b ij_h[jZah\Zgby \uil®D Sduriéykbjklbd\hevgh]h
gbkeZ iZg_e _c j Jmeyjghc dhgkljmdpbb

b[ebh]jZnbg_kdbc kibkhd

Dhf _jaZg< K\bjb” gdh H < :gZeblbqg_kdbc jZkg_|I| ijh]b[Z
klzlbg_kdb g _hij_~ ebfhc n_jfu k ijhba\hevguf gbkehf iZg_e_c K
bdhgkljmdpbb < + K

<hjh[v_\ H < Hp_gdZ hkgh\ghc gzZklhlu "hpa\_ gl thh e bd |
ljhgbdZ we _dljhl_ogbdZ b wg_j] IbdZc f_abrhg 2\jh deZdngg\dhgn klm
A _glh\ b ZkibjzZglh\ F k

DbjkZzgh\GF =jbfZhH < Gb'gyy hp_gdZ i _j\hc gZklhlu kh[kI\
[Zgbc ijyfhm]hevgh]h ijhk]jz ghkd)yu bgyh Kljhbl _evgZy f _oZgbdZ b dr

< K '2,

DbjkZgh\ F G :1Zjdh\ : < yNhjfmef2lelhlu kh[klI\_gguo dh
gbcjhkljZzgkl\_gghc dhgkhevghc n_jfu Kljhbldlegkldmmdplo@ZgbdZ
< K+ '2,

DbjkZgh\ F G Ki_dlj kh[klI\_gguo gZklhl b nhjfmeZ ~ey hkg
dle | Jmeyjghc n_jfu j_r_1IqZlh]h IbiZz Kljhbl _evgzZy f _oddpbOZ bg
b khhjm™ _gbc

.LUVDQRY 0 1 *ULERYD 2 9 )RUPXOD IRU WKH ODWMW
EUDWLRQ &ERQVWUXFWLRQ RI 8QLTXH %HMMILWIGH@HVIBDQG 6 W:

&8%6

Dbjkzgh\ F G <u\h” nhjfmeu "ey hkigb\dhgbagZkihju dbgbb

we_dljhi_j_"Zq <_klgbd FWB = ‘2, K

DbjkzZzgh\ F G IljhkljZzgkl\_gggydébtb@vkbbc jZzkg_| kh[kI\_g
klhluWbhe [Zgbc n_jfu |j_o]jZgghc fZqlu Kljhbl _evgZy f_oZgbdZ &
< Kt '2,

:klZoh\ K < :gZeblbqg_ kdp[pkbdZgi \hc fh _eb dzZjdzZkZ q
kdZlgh]h ihdjulby Kljhbl_evly Ziyh § k djargdopdlazh - - K

<hjh[v_\ H < DbjkZgh\ F G KjZ\gbl _evgu_ oZjzZdl _jbklb
ih~t_fhf :gZeblbqg_kdb_j r _gby L ohehIBbimdgmyrmpZaly dhgn
kKim~_gli\kbbjZzglh\ F + K

DbjkZgh\ F G H\kyggbdh\Z < F :gZeblbqg_kdbc jZkqg_lI
n_jfu \ kbkIODSOHKIjhbl _evgZy f ozZgbdZ b jZzkq_ | khhjm'tgbc
¥y

.LUVDQRY 0 RY OGDIBURKQDO\WLFDO HVWLPDWLRQ RI WK
DQDO\VLYVY RI D SODQDU UHJXODU WUXVV RVFLOODWLRQ VS
9RO $UWLFOH 1R ‘2, 0&(

.LUVDQRY 0 7ULKHGUHDIG LRBWAL\RQYPIDXQG 1DWXUDO 9LEI
&ERQVWUXFWLRQ RI 8QLTXH %XLOGRQJV DUINL FBONHU XXRW X UHV "

&8%6

Rmjh\zZz X > :gZeblbg_kdbc jqu | ijh]b[Zgyhjd W ky k k bff f 1]l

jbgghc gZ]jmadhc IhkimeZl <



Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

<hjh[v_\ H < H f IhAZo ihemqg_gby ZgZeblbq_kdh]h j_r_gb
kI\_gguo qZklhl rZjgbjguo dhgkljmdpbc KljlnbdhgkbgzydpgbbzZgbdz
< K+

SHIHUHQFHV

.RPHU]D® (6YLULGHWQNRDO\WLFDO &DOFXODWLRQ RI W
(IWHUQDOO\ 6WDWLFDOO\ ,QGHWHUPLQDWH 78JRYWWALX\FKV DRQ
FKDQLFV DQBV6WUXFWX + 3S

9RURE\RY @ WLPDWLRQ RI WKH )XQG DR HQN DD QUSXXDI\Y
,Q WKH ERRN 5DGLRHOHFWURQLFV (OHFWULFDO (QJLQHHU
7ZHQBMYHQWK ,QWH U Q D WLHRFXMQ BFQ HERWQL HIFHDEE RI 6 WXGHQV
GHQWV ORVFRZj

.LUVDQRY OGULERWYDRZHU HVWLPDWH RI WKH ILUVW QDW
JXODU VSDWLDO FRYHULQJ U%RWXGHYJ PHFHRRQLFV2DQG V)

.LUVDQRY BIJDUNRY)BUPRODWKH ILUVW QDWXUDO IUHTX
YHUHG WUXVV %XLOGLQJ PHFKDQLRN DG 'YWUXFWXUHYV

.LUVDQRY @SHFWUXP Rl QDWXUDO IUHTXHQFLHV DQG |
TXHQFDRODW UHWASBUNODWWLFHWUXFWXUDO OHFKDQLFV RI (
VWUXFWLRQV

.LUVDQRY @AIERYD 2)RUPXOD IRU WKH ODWWLFH WUXVV
EUDWLRQ &RQVWUXFWLRQ RI 8QLTXR % $UWGEQ@H IIRQG 6WU

& 8% 6
.LUVDQRY '6HULYDWLRQ RI D IRUPXOD IRU WKH IXQGDPF
VXSSRUW 9HVWQLN O¢(, '2LR 3S

.LUVDQRY 0 Q PESIDHNLDQG DQDO\WLFDO FDOFXODWLRC
FLORODWL D WUXVV WULKHGUDO PDVW NWXLRGLQI FPHFKDQLF
o

$VWDNKRY 6 9 $QDO\WLFDORDWHKN WRHE WREIHGHR O MKW
IRXMORSHG FRYHWIAAXRI PHFKDQLFY DQG VWRX#+WXUHYV 1F

S9RURE\RY 2LUVDQR&%RPSDUDWLYH &KDUDFWHULVWLFYV
ILIWLQJ $QDO\WLFDO 6RWXRMQ RDHFKQROMRKHHYRBRIOWRH )XW XU
HOWROF 7THFKQLFDO &RQIHUHQFH RI 6WXGHQWY DQG 3#HRVWJIU

.LUVDQRY RYV\DQQONRYDO®\WLFDO &DOFXODWLRQ RI WI
7TUXVV LQ WEHWWBIPO 6WUXFWXUDO 6MRKOFQALFYVHIVQG 'HMIRIQ R3
>y

.LUVDQRY B6DIURQRS$QDO\WLFDO HVWLPDWLRQ RI WKH |
DQERDO\VLV RI D SODQDU UHIKPW OBRWDM\OMH RRMFEOOIDON (R DL QH F
1R $UWLFOH 1R ‘2, 0&(

.LUVDQRY 0 7ULKHGUDO 5RG 3\UDPLG 'HIRUPDWLRQV
&RQVWUXFWLRQ RI 8QLTXH %XLOGRQJV$DWGF®W UDRRWXUHV

& 8% 6
6KXURYD &XDO\WLFDO &DOFXODWLRQ RI WKH "HIOHFWL
$V\PPHWULFDO /RDG SRVWXODWH 1R 3

S9RURE\RY 2Q PHWKRGV RI REWDLQLQJ DQ MM aIWIIF\WRL
I[UHTXHQFLHV RI KLQJHG VWUXFWXUHV &RQVWUXFWLRQ OHFEK
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$1$/<7,&$/ '(5,9$7,21 2) 7+( )2508/$
)25 7+( ),567 26&,//$7,21 )5(48(1&<
2) $ 6:,1*$1' 3(1'$17 67588&785(

$ 9 (ILPFKXN

IDWLRHMHDBFK 8@BYHUVLW\
FRVFRZ 5XVVLD

6WXGHQW WHO WDLO <HILPFKXN$9#PSHL UX

$ VFKHPH RI D VWDWLFDOGG GHWMWUKFRLADH HVKIXFIHG Y SURSRVHG 8\
'ROQNHUOH\ PHWKRGH ®P9BUMIRYLPRBLLCAXDDY DUH REWDLQHG IRU WKH GHSFH
WKH WUXVV RQSWRHGMKPRHWKRH PRGHO RI WKH VWUXFWXUH LW LV DVVXI
WKH QRGHYVY 7KH UHVXOWYVFRPEWPH®HKEGXDUMI ARRIS DDUHEE0 YWIW K WKH QXPH
SUHVHQWHG JUDSKLFDOOHV7KH GRPS DAHP/R@VBIUDYWIGRQ RI WKH KLJK DFF?

.H\ZRUGODOSOH WUXVV RVFLOODWLRQ OQUWTEKBQRRDQBARYL FOQR PHWV KU
'RQNHUOH\ PHWKRG



Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

M>D
NHIFME: I?J<HC Q:KLHLU KH;KL<?GGUO DHE?;:GBC

IEHKDHC N?JFU K IJHBA<HEVGUF QBKEHF I:G?E?C

D D K_e_ag_\

GZpbhgZevguc bk&ekdihéZmhgb\ _jkbl_| ©FWB?
Jhkkby 1 Fhkd\z

KIm~_gP DHNOL UL O O&/IHIDEER H Y

JZkkfhlj_gZ iehkdZy klZlbg_kdb hij_~_ebfzZy n_jfZz 1j_"~ihezZ]Z_lky qlh fZk
___maeZo Maeu kh\_jrzxl lhevdh \_jlbdZevgul [dHe Haglgy WNhgfHefth'g baf_gy_f
aZ\bkbfhklb hlifgpkeZc 1jb\_~_g djbl_jbc dbg_fzZlbg_kdhc g_baf_gy_fhklb >ey |
dhgkljmdpbb [ueZ \u\_~_gZ nhjfmeZ i_j\hc qZklhlu kh[klI\_gguo dhe_[Zawc Nhjfr
ghl]h gbkeZeizg J_r_gby ey aZ"Zggh]h gbkezZ iZzghevah\ihgmg gbhjifmé& bhkgd_je
mijhs_gghc b FzZdkhjEedueb h[h[s_gu f_Ih~hf bg"mdpbb AgZg_gby kh[kI\_ggl
g_ggu_ ijb ih~rklzgh\d_ gbk_e \\u\_~_ggmx nhjfrRgmarheesbZkBEibkddkee _gghlh j_r_
Ijb gbke_gghf j_rh[kbb ggZy qZklhlZ jZkkgblu\ZeZkv q_j_a kh[klI\_ggh_ gbkeh fz
g_gguo ih nhjfme_ FZHk\NZ e&ZZ\g_gb_ ZgZeblbg_kdh]h j_r_gby k gbke_gguf ijh"
\ukhdmx lhgg\kl¥_gghc nhjfmeu <k_ \ugbke_gby b ZgRebhdby [ludkth \ijihe[gZau \
kbkl_f_ dhfivxl_jghc 2®)SOH ©

Dexqg_\u_ kehdlZkdzy n_jfz i_j\Zy kh[kI\_ggZy qZklhlZ mijhs_ggZy nhjfm
fmeZ FZdktFegZ f_Ih™ bg"mdphlbc djpg_fZlbqg_kdhc g_baf_gy_fhklb

<\_ N g5z kl_j'g_\dhgkljmdpbb \ ijhp_kk_ wdkiemzZlZpbb fh]lml
ygb_ jZaebqgu_ "bgZfbg_kdb_ gZ]jmadb \ke_ ~kl\b_ dhlhjuo f_o0Z¢
ba khklhygby jZ\gh\_kby b \hagbdzZx| Ngukl\d@pgeu[Zgdkbn[h>bgZfbq _
gZ]ljmadb fhlml bf_I¥Yhfgjbglkd k_ckfbq_kdb_ lhegdb kbevgu_ \_Ij
b msbcky ljZgkihjl zZ\Zjbcgu_ kbImZpbb b I ~ >ey mg_I|Z \ha”"_
gZ]jmahd hij_~ eyxlky "bgZfbq_kdb_ ofzjzdd gbkrbabbleb&hlhjuo y\e
_lky gzZklhlz kh[kI\_[Zgba ¢ch@&@ GZb[he__ \hklj_[h\ZgZ \ jZkqg_IZo i
gZy gZklhlz >ey __ ijb[eb  _ggh]h \ugbke gby fh gh ijbf_gylv jZa¢
gZb[he_ _ jZkijhkljZzg _gu f_Ih”® >hgd_jgbwam~e® Ibpfglhd Kwe y "e
hp_gdb k\_jo@ XIdh*u ihalheyxl ihemgblv ZgZeblbgq_kdh_ j r_gb
lj _[mx| khklzZ\e_gby o0zjzdl_jbklbqgq_kdh]l]h mjzZ\g_gby qZklhl ihjy~
gbkezZ klI_i_g_c¢c k\h[h*u n_jfu F_Ih™ Jheggh "4 1 [dke ih kjZ\g_gbx
lh"hf >hgd _je_y jhrgZgdhihemqgZ |ky ]Jjhfhardbf LzZd _ f _Ih~"hf Jwe,
gZclb j_r _ gb_ _keb nhjfmeu “ey dhg_qguo kmff g_ kms_kl\m_| =
kfZljb\z _Iky f_Ih~ >hgd_je_y "Zxsbc lbhgfikKdhgh| Zggeb h[eZ"Zxs __
khdhc Thgghklvx WhihfgiZdh”~ylky j r gby ~ey hij_~ e _ggh]h dhebqg
n_jfu dhlhju_ aZl_f h[h[sZxlky \ j r_gb_ "“ey ijhba\hevgh]h gbkeZz
"mdpbbh @ >ey hp_gdb ih]j_rghklb ijb[egby gjghbjd\h blky kjZ\g_gb _
amevlZlh\ k Thggufb Vydlgbite @b

Fhr _ev n_jN_jfZ y\ey Iky iehkdhc klZlbg_kdb hij_~ ebfhc 1Ih
gby n_jfZz y\ey |ky [Zehqghc ijhe_Ighc tfhjyfdpnjlBEghghitykhiZjZee ¢
gufb ihykzZfb binh j_r_hdflgh]hjZzkdhkgh&hlZ n_jfu KZt@bgZ iZgD eb
ijhe I n_jfu kh™ _QiEAg e ¢ FZkkZ n_jfu jZ\ghf_jgh jZkij_~_e _gZ ih

« K_e_ag_ \'D D
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maeZ jP\bjbgbfZ Iky qglh kIl _j'gb g_ bf xlI fZkku @ _kldhklv \k_o kI
b jz\dX Ij_~ihez]zZz Iky qlre mMaeukgHhhevdh ih \_jlbdZeb Ko fZ n_jf
" gZ gZ jbk

h

a a a a a a a a

Jbk Ko _fZ n_jfu @b

lj_~eh” _ggZy n_jfZ y\ey |ky g _baf gy fhc _keb gbkeh izZzg e
I

ijhe z m~h\e I\hjy | mjZ\g_gbx
N N
Q—
]J* Ne 1 NhjfmeZz \uihegyQ lky "ey ?keb " _ g_ \uihegy Iky

n_jfz baf_gy_fzZy "ey IQdbo n_jf JZkqg_I [m”A_f ijh\h”~blv lhevdh *¢
baf _gwo dhgkljmdpbc Ijbf_j g _baf_gy \fhtc oo gZujbjk bafggy fhc
jbk GZ jbk ihdZzazZzgZ ko _fzZ jzZzkij_~_e_gby \dbj@En Zlagvgu g gkid tjeh k
f gy _fhc n_jfu ihemq _ggZy bahiZgZibhbd Kwddu X ijbh
h"bgZdh\mx \_jlbdZevgmxhkdh¢wiglw  rZjgbju g _ih~\b gu

P T l w
v v v
Jbk Ko_fZ \bjlmZevguo kdHQhkl _c ijb

Qbkeh kl_i_g_c k\h[h?u n_jfu jZ\gh dhebgQ kl\gb fh*malejh
\Zgbb n_jfu \ kb@D $OMEhju azZf_gyxlky gZ kl_j 'gb 1jZ\Zy ih"\b gZy
kfZljb\Zz _Iky dZd h”"bg \_jlbdZevguc kl_j  _gwdBd\ZYyZgklih*gly g\Zylb
dZevguc b ]JhjbahglZevguc < wlhf Kgmgza jddoked kpbkeh maeh)
X Q

JZkg_ | mkbebc \ Kkl _j gyocey Hiy ~ e gby \ dlhjZ mkbebc \ ¥k
n_jfu bkihevam Iky nhjfmeZ

6 * 5
]*"5+\ _dlhj gZ]jmahd gZfAlpepz jZafYijif\ dhlhjmx \ghkylky gZijZ\eyx
dhkbgmkhigklcj dhlhju_ jZkkfZljb\Zxlky dzZd\eykldihu dBhXb@dgmku jZk
kgblu\Zxlky ih nhiFffRe _O O O +ijh_dpby kl_j gy @ZetbkvZ kl_j gy
Ihkdhevdm ijh_dpbb kl_jJdedd g hkwyxlky Zdazghklv dhh g\

kKl _j'g_c ih[blelkhhI\_IkI\_ggh |j_[m_Ilky ijhgmf_jh\Zlv \k_ maeu b
b \®SD&zZ "ZIv dhhj*bgZlu maeh\ dhgkljmdpbb



Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

> for i to 2*n+l1 do

> x[i]:=a*i-a: y[i]:=0:

> x[i+2*n+l]:=a*i-a: y[i+2*n+1]:=h:
> od:

> x[u-2]:=-a: y[u-2]:=0:

> x[u-1]1:=0: y[u-1]:=-h:

> x[u] :=2*n*a: y[u] :=-h:

>ebgZ \_jlbdZevguo hihjguo kIl _j g _c ijRgbdfZgZkyhjBadgigdRevguo

Jr gb_ kbkl_fu mjZ\Q PO MNZOl agZq_gby mkbebc \ kl_j gyo J
kemqZc ijb dhlhjhf gZ]jmadzZ NZekldmoc ImggZ ® g g _]h ihykZ n_jfu
wlh ma_e ih” ghf_jhf

Jbk Ijbf_j gmf_jZpbb maeh\ b kl_j gQc n_jfu ~ey

Hp _gdZ i_j\hc gZklhlu kh[kI\ _gguoldke |[2gpthc kh[kI\ _gghc
klhlu dhe _[Zgbc kbkl_fu \uihegy_|ky ih mijhs_gghc nhjfme_ >hgd _

z pig FPRo

I
L
1" _Gxijh]b[ hl ~_ckl\by \_jlbdZewgditc_Kbeu bLmad ZelkbfZevgh_ ba
\k_d& L . < jJZkkgblu\Z_fhc dhgkljmdpbb fZdkbfZevguc ijh]b[ [m"
ghf_jh@ \ k_j_"bg_ gb g_]®jhy&ZAgZq_dghbbs_I|ky ih nhjfme_ FZdk
\_eetFhjZz > @

Y Y
Goo | &7 G o1 & 9
Loy Wow ()
] 60 +mkbeb_ \ kIMj\lwagbdZxs__ ijb ~_ckl\bb _~bgbqgghc \_jlbdZe

ma_ @ Qx"ebgZ kl_Mg®y_kldhklv k() \upgy k_gZ aZ agZddkmgfd ijlb

gylZ h"bgzZdh\hc "ey \k_o0 kl _j'g_c dhgkljmdpbb
<ugbke_gb_ ijh]jbDBZOMeyYy kemqgqZ_ \ k jZaebqgguMNrAaglZkie gbmikb
sb_j_aldéw

D F K
S K ()
D F K I
S K ()
&, D F K

K()
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(gD[ D KF() K
(gD[ D KF() K

1" F~ D bl vD txjZkdhku n_jfu
GZ hkgh\Zgbb ihemqg_gguo nhjfme ijh]b[Anmeydipigh®De&S@KHu o
ihal\hey | ihemqgblv nhjfmem ijh]b[Z ~ey ijhba\lNevgh]h dhwnnbpb ¢

&D & F &K &

. K ()
] dhwnnbp& &l& & aZ\bkyINhl
& N NN NN
& N N
& N N
& N

Lh]*Z i _j\Zy qZklhlZ kh[kI\_gguo dhe_[Zgbc

, 0
P. &D & F &K &

Qbke_ggh_ j_rGdb” _ggh_ ZgZeblbg_kdh_ j_r_gb_ ke_"m_1I kj.
guf ithemqg_ggufjiddfgt@dl f k mg_Ihf \k_o kIl _i_g_c k\h[h”u maeh\
ij_ ™ ey lky jZ\gihfih \k_f maezZf n_jfu dhlhjZy ij_"klZ\ey |ky dZd
kl _i_gyfb k\h[h”u 1Ijb gqbke_gghf j_ r_gbb i_j\Zy kh[kI\_ggZy qgZklh

ey Iky ih nhjfme _
Z -
RYe

1" Cxkh[kI\_ggh_ gbkeh fZljbpu ijh]lb[h\ jZkkgblZgguo dikhphjfme _
>ey jZkq_liXxha_kh[kI\ _gghc qZklhlu bkihevah\Zeky hi_jzlhj (LJH
@DS®OH

ljbgylu ke_"mxsb_ agdbgbgby*ébgZ iZg_db nf jfdkkZ khkj_"h
lhg_ggZy \ dZ ~"°f mad] fh”"mev mijm]hklb(klj_~“g_I&Z iehszZ”v ih
i_j_agh]h k_q_gby kI_j'lgf_c

GZ jbk ip\_ "~ gu aZ\bkbfhklb hl dNwaklhgb gh2mqg_gghc ZgZeblb
kdb kiehrgZy ebgby zb g&kmgugghc gbke_ggh rljboh\Zy ebgby JZ
"NZ kemqZy k jZaebgqghc \KkhfFhalmhefuh\uc pK_| fb]l]em[hc p\_|I



Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

1
(D‘ —
C
90
80
] ®p |h=4 M
(D-\’lh-t M

40 b
] ®p |h=2M
30 0)‘\'|17=2M
20
10
I ¥ T L 1 ¥ | ' I . 1 k
2 4 6 8 10 12 14

Jbk KhihklzZ\e_gb_ ZgzZeblbg_kdh]h b gbke_gghlh j_r_gbc

Hlghkbl _evgZy ih]j_rghklv ZgZeblbg_kdh]h j_r_gby hp_gb\zZ_1|

Zl

AZWbfkIv highkbl _evghc ih]flhighhkMnnbpbijgh\Z” gZ gZ jbk

e
0.09

0.081
|h=2 M
0.07- 8|1F4 M
0.06
0.051

0.04 -

0.03 1

1 L T 1 1 % 1 1 k
1 6 8 10 12 14

Jbk Ih]j_rghklv ZgZeblbgq_kdh]lh j_r_gby

o
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AZdexq _dp "eh” _gZ ko _fzZ iehkdhc klZlbg_kdb hij_~ ebfhc n_j
| Julv bkihevah\zZzgZ gZ ey tdlb&i g gby dbg_fZlbg_kdhc g_baf_gy
dheblg\h _ iZg e _c¢c g_h[oh”bfh \u[bjZIlv ih nhjfme _ >ey dhgklji
fmeZ i_j\hc gZklhlu kh[klI\_gguo dhe_ [Zgbc KjZ\g_gb_ ZgZeblbqg_
guf ithdZaZeh qlh nhjfmeYikhdBe¢eZIhgqghklvx Lhgghklv m\_ebqgb\Z_
dheblg\Z iZg e ¢ n_jfu Bkihevah\Zgguc Ze]hjblf ihemqg_gby nhjfme
fh gh ijbf_gylv “ey jZkg_1Z "jm]bo iehkdbo klZlbg_kdb hij_~ ebfuc

b[ebh]jZnbg_kdbc kibkhd

OZah\ | Zghh > : 'gols : F KZlZghxbgZfbdZ kljhbl_evgu
dhgkljmdpbc ijb wdklj fZevguo ijbjh*guo \ha”_ckl\byo dhe_ [Zgh
G Gh\]l]hjhr GG=:KM k

Dhf_jaZg ? < GbgZeZeh\ B = K\bjb"_gdh Hilw kBgZkq_
kI\_gguo dhe_[Zgbcheéhé&bdhkchklZ\ghc n_jfu Kljhbl_evgZy f_oZgbc
pbb <ui K + '2, 9678

.LUVDQRY 0 1 6LPSOLILHG "XQNHUOH\ PHWKRG IRU HV!
RID UHJXODU WUXVV 8QRERHWEKBOWGWLRQVRD Q,E V6W U XFRIMNXLUKD\H
1R ‘2, &8%6

Euhg] Dhg] E AZ\bkbfhklv h[eZklb j _ahgZgkgh [_ahiZkguo q
g_kdb hij_~_ebfhc iehkdhc n_efwgZyKfljlo@ZgbdZ b dhgklgmdpbb
K ‘2,

DbjkZgh\ F G F_Ih” wg_j] Ibg_kdhc dheehdZpbb “ey hp_
kh[klI\_gguo dhe_[Zgbc n_jfu Kljhbl _evgZy f _oZgbdZ b dhgkljm«
K ‘2, D®

>a [bkZr\beb = L Ijbf_g _gb_ ihijZzZ\hqguo dhwnnbpb_glh\ '
jZkg_|_ hkgh\ghc qZklhlu dhe _[Zgbc pbebg”jbg_kdhc h[hehgdb k ij
<_klgbd KI[=M FZzZI|_fzZlbdZ :kidjhoghgbgZ L K<uix
‘2, VSEX

DbjkZgh\' F G > _nhjfZpbb b "\moklhjhggyy hp_gdZ hkgh\gh
dhe [Zgbc ijhkljZgkl\_gghc fh™ _eb |j_o]jZgghc [Zr_gghc n_jfu K
b dhghklgpbb <ui + 'K, 9678

Dhf_jazZg ? < K\bjb* gdh H < :gZeblbqg_kdbc jZkqg_I| ijh]
klzlbg_kdb g _hij_~ ebfhc n_jfu k ijhbal\hevguf gbkehf iZg_e_c K
b dhgkljmdpbb<U| K =+

‘DL 4LDR $QDO\WLFDO HSHQGHQFH RlI 30DQDU 7UXVV "'

$OID%BXLOTRO ,VV $UWILROH '2, $/)
Dbijgh\ F G :gZeblbg_kdZy hp_gdZ ijbpb[kZdbomkdb ¢lgoy &
Zihdg n_jfu LiZgkihjlgh_ kljhbl_evkl\h % <ui K

DbjkZgh\' F G Hp_gdZ gZklhlu dhe_[Zgbc hihju ebgbb we _
FWB <ukK * ‘2,

3HWUHQ|<N—R @DWXUDO DUMWIZSIDQFWRKXVV SO XLOG
, VV $UWLROH '2, $/)

DbjkzZzgh\ F G :gZeblbg_kdZy hp_gdZ i_j\hc gZklhlu kh[KkI\_
gZlhc n_jfu ihemjZkdhkgh]h IbizZz oKgjhdZ_ kb valzgkfimdpbb <ui
K % ‘2,

Dbjkzgh\ F G ljbadipdb kdht baf gy fhklb j ]meyjguo n_jf
bl evgZy f_oZgbdZ b dhgkljmdpbb +  <ui

Dbijgh\ F dv_xMHh< :gZeblhdkgdbc nhjprbc b dbg_fZII
kdbc ZgZeba iehkdhc n_jfu k ijhbal\hevguf gbkehfyZ£gklghbl_e@iIMmA
b Zjobl_dlimju <ui + 'K 9678



Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

DbjkzZzgh\ F G :gZethbdgelkjhhZgb gZ]jm  _ghbry [Aehqglghc
eyjgh]h IbiZz < _klgbd FWB + <ui K
Kgbldh G D eMglZzlyl f _oZgbdzZ F <ukr kd

SHIHUHQFHV

.KD]R¥ 3.R]IKDQRY $QXVKFKHQERBRVED ® RXBDPRFEXLOGLQ.
VWUXFWXUHV XQGHU H[WUHPH QDWXUDO LQIOXHQFHV IOXF
11+$68 S

.RPHU]PQ {LQODODORY.ULGHQENROEXODWLRQ RI D SODQDL
WU XXY@GDPHQWDO BIWREXUDRB\PHFKDQLFY DQG VWUXFWXUHV
‘2, 9678

.LUVDQIRYIOPSOLILHGPWKRGORYU HVWLPDWLQJ WKH ILU
RI D UHIJXORBQNWMA\FWLRQ RI 8QLTXHIPXLOGLQUY DQG 6WiL
1R ‘2, &8%6

IXRQJ &RQJ / 'HSHQGHQFH RI| WKH{ UBBIR® RQ UMK/ YD
VWDWLFDOO\ GHWHEWPURPE®HDO IPMAKDXL¥FY DQG VW XFWXU
D

.LUVDQIRY{@HUJ\ FROORFDWLRQ PHWKRG IRU WKH WUXV\
BWUXFWXUDO PHFKDQLFYV DQG VWUXEWXUHV 9678,VV 3S

'JHELVDVRYBSSO\LQJ DGMXVWPHQW IDFWRUV LQ 5D\OH
WLRQV SULQFLSDO |UHTUXHFQMQRXOIRWBBGWQMWK Rl 6DLQW 31
S8QLYHUVLW\ ODWKHPDWLFV OHFKDQLFV $VWURQRP\

‘2 VSEX

.LUVDQRYHIRUPDWLRQWLGAG BYWDRDWLRQ RRQ WIKH @D W
PHQWDO IUHTXHQF\ RI D WULK&HSGUDPOWWURYVPWSERKNQDPV PIRGE
LV V +3S'2, 9678

.RPHU]PQ ¢YLULGH GO Q\WLFDO FDOFXODWLRQ HRU WKH
QDO VWDWLFDOO\ XQGHWHUPLQDWHG W WBXWUX WX K DD PLIHFKLD

VWUXFWXUHV AV 3S
‘DL 4LDR $QDO\WLFDO 'HSHQGHQFH RI 30DQDU 7UXVV '
$OID%XLOGI9RO , VV SUWLFOH 1R ‘2, $/)
.LUVDQRY$SQDO\WLFDO HYDOXDWLRQ RI GHIO}HMPWEK® &
WUXTYDQVSRUW FRQVWUXFWLRQ , VV 3S
.LUVDQIRYWWLPDWHWRKHBGRSYRZHU OLQH VXSSBRHWNVQLEU L
0(, , VV 8S '2,
SHWUHQNR DO 7K QCHD¥8 RQ MPWXIRW XL O G 9RO , \
$UWLFOH 1R ‘2, $/)

.LUVDQRY$SQDO\WLFDO DVVHVVPHQW RI WKH ILUVW IU
D VHPLVSDWFK W\SH\WDWRMFHDWURVWQG VWUXFWXUH YV
D

.LUVDQRY6DJQV RI JHRPHWULF YD UL BELDOLRN XRJIDWDH P XE
DQG VWUXFWXUHYV + ,VV 3S

.LUVDQRY WRREHY 235QDO\WLFDO FDOFXODWLRQ RI GHI
DODCRNDVIODW WUXVV ZLWK DQ DSXEAWLD QUM RXPEBIO RI 5RIOMG
DOG DUFKLWHFWXUH + V¥, 386678

.LUVDQRY 9QDO\WLFDO PR GMGHQW BRX \\H DXROIBHYW DR R G
0(, VYV 8S

BOLWNRBWUXFWXUDO PHFKDQLFV 7H[WERRN IRU XQLY!
FRZ 9\VWVKD\D VKNROD S
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)2508/$ )25 7+( ),567 )5(48(1&< 2) 1$785%$/ 26&,//$7,216
2) $ 3/$1$5 75866 :,7+$5%,75$5< 180%(5 2) 3$1(/6

6HOH]QHY

IDWLRQDO 5HVHDABRKE 8QLYHUVLW\ ©
5XVVLD ORVFRZ

6WXGHQPWO HNLULOOVHOH]IQHY#LQER][ UX

$ SODQDU VWDWLFDOO\ GHWHUPLQDWH WUXVV LV FRQ¥ LL@HIUWMG QRGI
7KH QRGHV SHUIRUP RQO\ YHUWLFDO R RULD PRQALR R § W7 & H SHQG\Q F RQ BN
FULWHULRMWRF NRQHWPWDQW LV JLYHQ )RU WKH FDVH RI D FRQ\DMXQ\WD O/ W
RVFLOODWLRQV ZDV GHULYHG 7KH IRUPXODDRBIDWRETKMH. ¥R GXWRURNY DRE L
RI SDQHOV REWDRQMNG WOMH\QIVIWKSOL | kBRK WD QRUX[@BHV @HUH JHQHUDOL]H
PHWKRG 7KH YDOXHV RI WKH QDWXUDO IUHTXHQF\ REWDZIQUIE FER PUSTEWMG
ZLWK WKH UHVXOWV RI WKH QXFBOLV¥RO XWRICRQN LVRIQH ,@D W K H DX PHHIT X H Q
HLJHQYDOXH RI WKH GHIOHFWLR G PROKWUILR IFPEVO DL GHRE ED WLK/HR Q DR Z WAK® D C
WIQHKPHULFDO RQH GHPRQVWUDWHG WKHS$KLO K DG F X0 D RLRQW KH) G HDULLY B\
ZHUH SHUIRUPHG LQ WKH ODSOH FRPSXWHU DOJHEUD V\VWHP

.H\ ZRU&SO@DQDU WUXVV ILUVW QDWXUDO IUHTXHQFORKUPIRQIPXBEB 'R(
GXFWLRQ PHWKRG FUIPWHNWIDREQ RUWNLQHPDWLF



Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

WDKI?JBF?GL:EVGU? B G:LMJGU? BKKE?>H<:G
DHGKLJMDPBC B F:L?JB:EHK<

M>D
>y

DHE?;:GBY F:KRL:;GUO FH>?E?C IH>DJ:GH<UO DHGKLJMDPBC
1JB JJAEBQGW G:1J:<E?GBYO >BG:FBQ?KDH=H <HA>?CKL<BY
G: HKGH<:GB?

B <Rdh”"ZH B<_“ycdbdZ: OZah\

Gb*_]hjh~kdbc JThkm~ZjkI\_gguck@pdd| edguigtmgb\_jkbl |
Jhkkby ] Gb gbc Gh\lhjh~

KI ij_i dzn_7ju |_hjbb khhjogbgbkdbc f_ozZgbdb |_e
HPDLO 6KNRGD,ULQD9DVLO#\DQGH[ UX

DZg” rfiZa gZmd ~hp dZn_"ju h[s_c nbabdb b |_hPDh® kdbBgYQOXbldbU P EO
>ji1_og gzmd ~hpl_tiZmb kjluhjm* _gbc b |_ogblyd BPHOIINK DIRY J B F & UX

IhklZzgh\dZ aZBERé_"mxlky "bgZfbq_kdb_ oZjzdl_jbklbdb dZjdZkguo dhgkl
sboky agzZqgbl_evguf gZ]jmaddjziglkihpgudghfZrbg Hkgh\ghmAgefghbZgZebam \eb
gby [_lhggh]lh k_j*_mgbdahgbguo dhehggZo gZ wnn_dlb\ghklvfih"dp@gavgbklv jZ
[hlu hfmkeh\e_gZ g_h[oh”bfhklvx ih\ur_gby mklhcgb\hklb dhgkljmdpbc d "bgZfk
gbfbazZpbb jbkdh\ jZajmr_mbykighobfiz]jmadZo

J_amevIi2Wdki_jbf_glZékdulZgby "\miZfgko fh”_e_c ihdZaZeb qlh fZdkbfZz
wnn_dl hl ijbf_g_gby [_Ihggh]lh k_j*_qgbdZz "hklb]Z_Iky ijb "begZfbq_kdh
ghf i_ji_g~bdmeyjgh rZ]lm dhellggdo f bljbf mvnn_dIib\ghklv khklZ\bkenwhI\_| b
kI\_ggh ih kjZ\g_gbx k iheufbMi&lgpd&figh qlh Ijm[h[_lhggu_ we_f_glu h[_ki_qgb
khdb_ ~_finbjmxsb_ k\hckI\Z Z 1Zd _ \uy\e_gZ aZ\bkbfhklv f_""m klkldgktvx kb
gZklhlhec dhe_[Zgbc kgb _gjh\h*Klidhkltb gvr_gbx qZklhlu qlh N\ghdEg¥ey ijh_d

<u\h?J_amevlZlu ihMI\_j"~ZxIl i_jki_dlb\ghklv bkihevah\Zgby Ijm[h[_lhgguo
kbkl_fZo ~ey ih\ur_gby ijhkljZgkI\_gghlhhcgkldkkdbdb"mgZfbq_kdbf gZ]jmadZf Ih
NZggu_ fhiml [ulv ijbf_g_gu ~ey jzajHhhdbmgbeuagby kms_kl\mxsbo dhgkljmdpbc
ijb fh”_jgbazZpbb ijhfure_gguo a~Zgbc Bkke_~h\Zgb_ \ghkbl \dez” \ kh\_jr_gkl
Ibjh\gbx gZijZ\e_gguo gZ m\_ebqg_gb_zZ”hephkipghtkhlhpmb ggbc wdkiemZIibjm_fuo \
nkeh\byo

Dexq_\u_ kethZdjZzgh\u_ dhgkljmdpbb Ijm[h[_Ihg qZklhlZ kh[kI\_gguo dh
A finbjh\Zgb_ wdki_jbf_glZevgh_ fh”_&bpl\yZ ghgkijnbiftb

<\ "N gk _gzZklhys  \Z[éx"Z |ky aghalk! jekl Ij [h\Zgbc d gz _~
klb ih~t_flghgkihjlguo fZrbg b h[hjm~h\Zgby WIhl jhkl h[mkeh\e_g
"Zgghlh Ibiz |_ogbdb \ kh\j_f_gghf ijhba\h~kI\_ ]~_ji\gh Kl _ki_qt
[ _ki_j_[hcghklv hkgh\guo ewWkulhfh]dlgheh]bg_kdbo ijhp_kkh\ \ ijhb;
gltk ijhfure_gghc b kljhbl_evghc kn_jZo > @

Ba \k_]h i_j_qgy \b~Ah\ljjhgkifiglghc | _ogbdb ih\ur_ggh_ \gbfZgt
m~_eblv ]Jjmahih”t_fguf djjZzghfkibhdlbgkljmdpbyfb jbk \zd dzd
jbb \ jZz[hl_ wlbo f_ozZgbafh\ fhlmjvijaguKlibhek "klI\byf \dexqzZy Ij
i _jkhgZeZ agZqgbl _evgu_ fZl _jbZevgu_ ihl_jb g _]1Zlb\gh_ \ha”"_«¢

< Rdh~"Z B < < _7~ycdbgZ H B 0OZah\ I
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kKi_“m ihjgm ~jm]h]h | _oghpthpbgh\Wdgidyw H~”rgbf ba ]JeZ\guo nZdlhjh
exsbo gz~ "ghklv b wg_jlhwnn_dlb\lghgkihijhguofgdbkl f y\ley Iky 1
\_ gv gZ]jm _gghklb bo dhgkljmdpbc \ mkeh\byo wdkiemZIlZpbb LZc
djZgh\u_ dhgkljmdpbb bkiulugd x|*ithgZliyg kdb_ \ha”_ckl\by jZaebq
\hgbdzZxsb_ gzijbf_j ijb ih~t_f_i_jnfkdZgbb pjrhah\ \h \j_fy ~\b"
b ijb Ihjfh™ _gbb djzZzgz ijb ~_ckl\bb \_Ijh\uo ihlhdh\ gZ hlt&jhkKh \he
[mx \Z ghklv ijbh[j_1Z_I| lbkkbf "ddhgrbgzZzfbg_kdhc gZ]j@ _gghklb >

Bkke*hAgb ijbgbg \hagbdgh\ _gby ~bgzZfbq_kdbo \ha”_ckl\bc
f _glu ih~djZgh\uo dhgkljmdpbc Z I1Zd" _ jZajzZ[hldZ f_Ih~h\ b kihkh]
ablv g_J]Zlb\gu_ ihke_"kl\by b ihVukgikkhysimrhgedh\_qgghklv ih~"h[gu
kljmdpbeyylky ZdimZevghc aZz*"Zq_c \gbfZgy \JBA[h]JH@ m" ey

IhrdjZgh\u_ dhgkHwlidhpkphjgzZy kbkl fZ f 1Zeebq_kdbo [Zehd b
ij_"gZagZg_gguo “ey ih" _j'db djZgZ b h[_ki_g_gby _]h “\b" _gby
ijb\_" gZ kokifzej gby g _kmsbo b ih*"djZgh\uo dhgkljmdpbc ]~_ Kl
gZijZ\e_gby \hafh 'ggbc*\be_"db djZzgz \[ZeswdjbgkZfhc [Zedb ih c
gh\uf j _evkzZf ih~djZgh\hc [Zedb Dhehggu \ 1Zdbo kbkl_fZo fr
gu_ k_q_gbygdd hidjulu_ ijhnbeb 1Zdb_ dZd "\mlZ\ju beb r\_ee_ jl
lu_ nhjfu gZijbf_j mjgehvgh_ d\zZ”*jZlgh_ beb djm]Jeh_k_q_gb_

Jbk Ko_fZ jZkiheh _gby
g_kmsbo b ihrdjZgh\uo dhgkljmdpbc
tl_e_"dz djzgz
tfhklh\hc djzg [4d¢dd
+djZgh\u_ j_evku
tihrdjZgh\Zy [ZedZ
tdhehggu

>ey h[_ki_q_a@hyZkghc b gZ~_ "ghc wdkiemZIZpbb ih~rdjZgh\hc
kdb \Z gh fbgbfbabjh\ZIlv dhe_[Zgby \hagbdZxsb_ ijb "bgZfbq_kdb
p_evx jZajZ[hlZgu jZoaghedybbl gZijZz\e _ggu_ gZ mf_gvr_gb_ Zfieb
gbc b ih\ur_gb_ ijhklggdk ~_kldhklb dhgklfm@pbb >

<Z 'gmx jhev \ ij_~hl\jZs _gbb dhe_ [Zgbc b]jzxl kbkl_ fu ih\ur_¢
\Zgby ij_"klZ\eyxsb_kh[hc dhfie _dkgu_|_ oghehjb\e kgdu jgZ gb
]mebjh\Zgb_dhe [Zgbc \ jZaebgguo dhgkljwidp kypdkl|bfb b Kigbeafam x
ki_pbZevgu_ fZl _jbZeu b mkljhcklI\Z dhlhju_ kihkh[gu mf_gvrblv
ghklv dhe _[Zgbc D fzIl_jbzZeZzZf ijbf_gy_ fuf \ kbkl_fZio\doly ggh
fh gh hlg_klb ki_pbZebabjh\Zggu_ weZklhf_ju ihejmxs k \kikhhdhc
kh[ghklvx Zdlb\gu_ fZl_jbZeu gZzZijbf_j iv_ahwe_dljbgq_kdb_ dhfih
hggu_i_ghfzZl_jbZeu Ijm[h[_Ihg b 7]

Lim[h[_lhg \uau\Z_| hkh[uc bgl h[gud&jfZb jihZeh\ [eZ]h"Zjy k)
kihkh[ghk[b_"bgylv 0ZjZd|l _jbklthdklEZellhgBHg rbjhdh ijbf_gy_ I|ky "~ey
A gby dhgkljmdpbc k ih\ur_gghc khijhlb\ley fhklvx # @[jZpbyf jbk
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Jbk H[sbc \b” Ijm[h[_lhgZ

t\g_rgyy h[hehgaehZg zZklZjm|[Z
t\gmlj_ggbc gZihegbl_ev [_lhg

FZI _jbZeu b f_Ih”u bkke PyZgpbydb wnn_dIZ \\_~ gby [ _lhggh
gbdz \ f _1Zeebq_kdmx h[hcfm kI _j g \uo we_ f _glh\ ihAdjZgh\uo dh
A gu fh” _evgu_ bkiulZgby dzZjdzkiz aptZdgbg lkggkd\hagufb dhehggzZfl

Kjz\g_gb_ ~_fHisbpmk\hcklI\ Ijm[h[_lhgZ k ljZz"bpbhggufb fZl_jb
s_kl\eyehkv gZ "\mo fZkrlZ[guo fh* _eyo dZjdZkZ F tkhiheaMb ki _
dzZjdZkzZ iheZy b kh klze_[_lhggufb kl_jjoyfdué& Ha]llidbd _dhba ki_|
Zevghc jZkI\hjghMgblkvZy fZkrlZ[guc nZdlhj b JjZgmehf _Ijbg_kdbc
a_jgbklh]lh [_lhgZ J[ueh j_r_gh bkihevah\zlv \ fh”_ebklgZjdh]lhg pgkba
IN\hjz fZjdb F k "h[Z\e_gb_f ieZklbnbdgblyjzeZ&ybiddbklb b zZz~] _abb

Dhgkljmdpby dzZjdzZzkz \dexqZeZ kl_j 'gb ~\mo\ _ I\ _ \uo dhehg
ojhfbjh\Zgguo Ijm[ *"bZf_Ijhf ff b *ebghc b ff "bZlhgZevq
ba iZjguo m]lhddh\ ff Z [1zZzd _ dj_klh\u_ k\yab khmobghxsb_ "\
dhehggu |ZdhlhYea ggu_ ba iZjguo m]hedh\ jzaff _jdk_ we f _glu
dhgkljmdpbb nbdkbjh\Zebkv [helZfb q_j a nZkhgdb \uiheg_ggu.
f I1Zeebg_kdhc e _glu rbjbghc ff qglh h[jZah\u\l\Zeh p_ehklgmx
dZjdkzZ ijhfure_ggh]lh anNZig\oy* *"elyy kjZ\gbl _evguo jokiulZgbc

Jbk Dhgkljmdpby bkke_"m_fhlh fZd_1Z dzZjdzkz |
tkl_j gb dhehgg ba ojhfbjh\Zgg'"bhZ JhmEievgu_ klyab dhehgg ba iZjguo m]he
+dj_klh\u_ kl\yab dZZJ@k& mhhedh¥Zkhgdb ba i_jnhjbjh\Zgghc e_glu

Ke _“m_| hilf_Iblv qlh wdki_jbf _glZevgZy dhgkljmdpby hleb:
fhr _eb ij_"klZ\e_gghc gZ jbk ihkdhevdm \ wdki_jbf_gl_g_
azZdj _ie_gb_ H~”gZdh ijb j_ZevdhhabgZKbdbkdph dhehggu [m~ml kh
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dhe [Zgibh%ghc nZa_ b gZebqgb_ jb] ey g_hdZ _| kms_KklI\_ggh]h \eb
ijhp_kk WIh ihal\hey_ | mijhklblv fh"_ev b jZzkkfZljb\ZIv dhe_[Zgby
dhehggu [_a ihl_jb IThqgZkhh j_amevl

>ey bkiulZzgbc fh~_e_c¢ dzZjdzZkh\ [ueZ jZajZ[hlZgZ Kki_pbze
mklZgh\dz ij_"~klzZ\lokggZy gZ

>ey \ha[m ~dhlgdy[Zgbc fZd_1Z dZjdZzkZ ijhba\h”"beky Ilheghd k\
kdhc | _e_ "db k ~ j_\ygguf ih"™hghf Fza\dbdZekxkgZz imktEg >
j_]1bkljZzpbb dhe_[Zgbc bkihevah\Zebkv "\Z |Ij_ohkguo Zdk_e _jhf_lIj.

] aglhhglzaeWw kms_kI\_ggh]h \ebygby gZ Ihqghklv baf_j gbc HA"I

jh\ ~"Zlgbd < mklZgZ\eb\Zeky gZ Ihj_Ipjfu j AggghcdkeZplimb dhe [Z
hkgh\Zgby ~jm]lhc Zdk_e_jhf_Ij ~Zlgbd « azdj_ieyeky gZ kl_j
ehggu teybklpdb dhe_[Zgbc fZzd_1Z KblJgZeu k Zdk_e_jhf_Ijh\ i_j_
gZevguc dhfivxl_j ey j_]bkljZpbb b ihkeg_‘ames/IYHhXgvadbaZgbc @
dhklv kbkl fu j_]Jmebjh\ZezZkv baf _g _gb_f dhebq _kI\Z ijm bg kh
kdmx jZfm Kdhelhgihal\heyeh \Zjvbjh\ZIv mkeh\by wdki_jbf_glzZz ~e\
bamqg_gby “"bgZfbg_kdbo o0ZjzZdl_jbklbd d4pbaZkiz g 2 ed/Z pd2 i bikyhe X B
ebkv "\ _ ]bjb fZkkhc d] dZz ~Zy h[sZy gZ]jmadZ khklZ\eyeZ d]
abg_ g% ®ydgfghkgh\Zgbb mklZgh\e_gghf gZ dhehggZo dzZjdzkZz

Jbk Wdki_jbf_glZevgZy dhe_[Zl_evgZy mklZgh\dzZjadB2kZbkidtdgpb\hc*dbgkdjmdpbb
+fZd_| dZjd&kZj_\yggZy ieZlntl¥Zjgzy f_|Zeebq_kdZy jZzfZ k gZijZ\eyxsbfb Ij_
ijhnbeytk\zZjgzZy f_lIZeebq_kdZy llve_ idguflr KKZevgufb dhe_kzZfb \ \b~A_ ih”rbig

dZq_gbyijm bgu "e¥ @y " _kldhklb kb&k1Zfgbdb Zdk_e_jhf_Iljz

Bkiulzgby ijh\h"bebkv \ mkeh\byo "bgzZfbqg_kdh]h \ha”_ckl\by
jZaebgguo kp_gZjby b fb& gZ]jmddiZa[geZ ijbeh’  _gZ d dZj«
ihklhygguf m]Jehfg Zgbafm]eZ "bgZfbg_kdh]h \ha”_ckl\by gZ dhgkljn
iml_f baf_g_gby jZkiheh _gby fzd_1Z gz ”~ _jjobkygghc ieZlnhjf_

Ilhke_ h~rghdjZlgh]l]iwdkeqg®Z glZevghc mklZgh\db \ dZjdZk_ \ha
ImozZxsb_ dhe_[Zgby >ey jZkqdHEg ([ZjgdclpKihevah\Zebkv “"Zggu_
dZ ms_]lhky mkdhj_gby ihemg_ggu_ k Zdk_e_jhf_Iljh\
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Jbk JZkiheh' _gb_ dzjdzkZ gz ~_j _\ygghf ihA~rhg_ ijb jZkiheh  _gbb fZ
ih” mlelffz ih” m]ghf ih” mlept

J amevlZlu wdkiglgevgh]h BkkBZglyey gZley~rgh]lh ij_"~klZ\e _ghb
amevIZlh\ wdki _jbf_glZ gZ jbk 1j_"MiZiAue a g umhokdpdseoeoh fljhe _[Zgbc |
jZ Zxsb_ ]jZnbdb i_j ®$lhgalydzZjdZzkz gZ dhlhjuo [ueb mklZgh\e _
f _lju \ aZ\bkbfhklb WWj_f_g

FDLB B d]B ijm bguB ~Zlgbd

/\/\/\J[\/\/\/\K\NAVAVAVAW
ERARARALA

FDIB fB d]B ijm bguB ~Zlgbd

{\Aﬂl A NA AN AT NN,
BAANARARS

Jbk =jZnbdb dhe_[Zgbc fZd_Ih\ dZjdkekKZIgbdhd EBk_e_jhf_1jZ
mklZgh\e_gguf gZ hkgh\zZgb_

$ ff

$ ff

Ba ZgZebaZ hkpbeeh]jzff \brgh qglh dhe_[Zgby fZd _1Z dZjdZk.
gbyfb ebg _cguo kbkl_f k \yadbf |Ij_gb_flwZlgdoohkibklgfhhkey Iky
glh i_jbh” kh[kI\_gguo dh&dlbBbgbkdb g_ aZ\bkbl h$ ZfliehmZau\Z |
gZ ebg _cguc oZjZdl_j "bgzZfbq_kdh]h ih\_~ gby bkke_"m_fhc dhgk
Abfuo wdki_jbf_glh\
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>ey hij_~ e _gby djm]h\dlceq Zxglas\ dZ "hf wdhkihefvah\Zebkv
ke "mxsb_ rZ]b
GZ hkgh\_ihemqg_gguo hkpbeeh]jzZff nbdkbjh\Zehkv dhebqg_k
b baf_jyehkv \j fy ijhr_~r__ k fhf_glZ gZqZevgh]h lheqgdZ ~h ihegh
Ih wibf "Zgguf jZkkigypliu\bé&” dhe 6[@dgthchighr_gb_ h[s_]h \j_
f gb d dhebq_kl\m dhe [Zgbc
AZl f\ugbkeyeZkv gZklhBZhdhlejfpZegbc

BL-
GZ hkgh\_ gZc”™ _gghc gZklhlu hij_7~_eye¥ikvndjjihre\Zy gZklh
ALteB
>ey h[_ki_g_gby \ukhdhcflhggthkltdZzbauc wdki_jbf &l \dexq?z
jbx ba g_luj_o g_aZ\bkbfuo \ha[m " _gbc dhe_[Zgbc Ih j_amevlZI|Z
N eyehkv kj_"*g__ agZq_gb_djm]h\hc gZklhlu < dZqg_KkI\_ijbf_jzZ \
kj_~gd¢m]lh\hc gZklhlu "ey h?Ndh]hgBajkakzf_ ijb\_"_ gZbagzZklkhhZ\n I
kiI\mxsZy aZf_jm iheh]h dZjdZkZ G _agZgbl_evguc jZa[jhk agZq_g

hldehg_gb_ hl kf _~g_Jhh~IN\_j"~Z | “hklh\_jghklv *"Zgguo b h[hkgh\
ihevah\Zgby mkj_"g_ggh]h ihdZaZl_ ey

LZ[ebpZ
E JZkqgq_Il kj_"~g_c djm]lh\hc gqZklhlu
0o
o N . Kj_"~gyy
bkeh . . _.Djimlh\zy .

< AZf_| Q <j_fy |kl_jbh™ k QZklhlZ |= J , jm]h\Zz
i) -1 dhe_[Zdbc'— - Zklhlz jjz~ 1
© o ~1Z¢ ¢ aZanz jzr «
(@]
m o
o e
b=

< |Z[eihdZaZdgamevIZlu wdki_jbf _glZevguo bkke_ ~h\Zghkc *\mo
k iheufb kIl _j gyfb FDI b Ijm[h[_Ihggufb we f glZfb FDL < g_c
g _lgu_ agZq "gbykijm]h\hc gZklhlu ihemqg_ggu_ijb jZaebgguo m]e
dZzkzZ gZ ieZlnhjfb f

LZ[ebpZ
Wnn_dl \g_"j_gby [_lhggh]lh k_j*_qgbdz \ f_|IZeebq_kdmx h[hcfm
>
X N Bfimevk ih® mlehf . n Bfimevk ih® m]lehf f
£ | =3 ihi j drz]z d Brievins mlent f BIUTREY 1212 d
=z =z Kj_“gyy Wnn_d Kj_*gyy Wnn_d Kj_“gyy Wnn_d
S o N dim]h\zZy \g_"j_gby djm]lh\Zly \g_"j_gby djm]h\Zy \g_"j_gby
® < < qzZkl k_j~_ggbdzZqZzZkl k_j~_ggbdzqZkl k_j*_qgbdz
FDI| FD FDI| FD FDI| FD
ijm
‘bg
ijm
“bgu
ijm
“bgu
ijm
"bgZ
FzZzdkbfZevguc ihdzZzaZzll_ev
wnn_dlb\gh
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z [
DA S >Zlgbd <hkgh\Zq DA S >Zlgbd < dhehggZz
| m]hef | m]hef
o
4 - 4
4 4 (]
[
- . - ‘
- . - .
ijm bgu ijm bgu ijm bgu ijm bgz ijm bgu ijm bgu ijm bgu ijm 'bgZ
FDIBFDL OFDI mFDL
\ ]
LojZR >Zlgbd <hkgh\Zq P JZR >Zlgbd < dhehggZz
] mlhef | mlhef
o
- - -
4 % 4 e
4 e 1 (]
- O i ‘
ijm bgu ijm bgu ijm bgu ijm bgz ijm bgu ijm bgu ijm bgu ijm bgZ
FDIBFDL ®@FDI ®FDL
N
LojzR >Zlgbd <hkgh\Z¢ P JZR >Zlgbd < dhehggZz
mlhef ] m]he f
[ ]
T ]
_ ([ ]
]
_ = P
i = J (]
ijm bgu ijm bgu ijm bgu ijm bgz ijm bgu ijm bgu ijm bgu ijm bgZ
FDIBFDL OFDI "FDL

Jbk MKkj_"g_ggu_ agZq_gby i_j\hc kh[BedhgghZgdhLkihfue_c dZjdZkh\ FDI b FL
\ aZ\bkbfhklb hl *_kldhklb kbkl_fu
Z \ N ~Zlgbd < mklZgh\e_gguc gZ hkgh\Zgb_
ijb iheh _gbb dgpdz&ZInhjf_ ih® m]eZfb f khhI\_lkI\_ggh
[ 1 _ ~Zlgbd « mklZgh\le_gguc gZ dhehggm
ijb iheh™_gbb dZjdZkZ gZ ieZlnhjf_ ih® m]eZfb f khhI\_lkI\_g¢
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:gZeba "Zgguo ihdZazZe \Z gmx k\yav f_""m ~_kldhklvx kbkl_fu
gZklhlhc dhe_[Zgbc fZzd_1Z kgbdhghkljmdpldhkjb\h~"beh d mf_gvr_gt
\hc kh[kI\_gghc gZklhlu Bkke_ _"h\Zgb_1Zd"_ iha\hebeh dhebq_kI\_
j_gby [_lhggh]h k_j®» ggbdzZ \ f IZeebq_kdb_ kIl _j'gb " fhgkljbjmy
kdbo o0zZjzZdl _jbklbdZo dzZjdZkZ hjbjrbkhhehgg\wZghve f glh\ Mf_gvr_g
kI\_gghc gqZklhlu azZ kq_I| \g_"j_gby k_j»~ _qgbdz Izd _ ih"I\_j ~Z Ik
gufb \ klZlv_ > @ ijb bkiulZgbyo rzZjgbjgh hi_jluo kl_j'g_khk aZiheq

Jbk AN _fhgkljbjm _| kjz\g_glqg kgbtgib¢\ac kh[kI\_gghc gZklhlu
eh]h b Ijm[h[_lhggh]h dZjdZkh\ iha\lheyy \bamZevgh hp_gblv \eby
b m]ezZ ijbeh’ _gby \ha” _ckl\by hlghkbl _evgh iheh  gby d&djdzZkZ ¢
dhgkljmdpbc

<u\h?uljh\_~ ggdgZeba wdki_jbf _glZevguo "Zgguo iha\lhebe \
kiI\_ggh_ \ebygb_[_lhggh]h k_j» ggbdZ gZ ~bgZfbg_kdb_ oZjzdl
kljmdpbb GZb[he_ _ agZgbl_evguc wnn_dl gZ[ex"Zeky ijb ~bgZ
gZiZ\e _gghf i_ji_g”bdmeyjgh rZ]ipZéme&kihgg ]»_ i1hdZaZl_ev wnn_d
\g_"j_gby [_lhggh]h k_j» _ggbdZ ~hklb]Ze ijb gZb[hevr_c =~
e_dZ k dzZjdzkhf b f_IZeebq_kdZy jZfZ kh_"~bgyebkvtiphbqgihlfinjsb \hk
ijm lgu k dZ ~hc klhjhgu

ljb \ha” _ckbfimevkzZ ih® m]eZfb b liZ"mkh\ d dZjdZkm wnn
j_gby [_lhggh]lh k_j»_qgbdZ khklZ\beZz b khhi\_1TklI\_ggh "e
gbdhf dhehgg Ihemqg_ggu_ j ameviZlu »_fhgkljpgmikx]_ldldgubdfwe g
f _glh\ hkh[_ggHlIWwhagh ijb \hkijbylbb "bgzfbqg_kdbo gZ]jmahd *_ckl
"bdmeyjgh rZlm dhehgg ih*djZgh\uo dhgkljmdpbc

ljbf _g_gb_Ijm[h[ _Ihgguo dhehgg ijb\h~bl d kgb ™ _gbx kh[kI\_g
gbc dzZjdzkz h[_ki_qglguby wdkieznZlZpbhgguo ij_bfpaoklimf<gvr_
gb_ ZfiebIm”~u dhe_[Zgbc dhgkljmdpbb ijb\h”~bl d kgb™_gbx jbkdzZ \lI
guo y\e_gbc ijb "bgZfbq_kdbo\ldh4lijon&kd'Xb] gBklhl \ gbadhqgZklhlgm x
ihal\hey | wnn_dlb\gb[jZdbibI\n\N bfimevkguo gZ]jmakdhWw?Zijaf glu
f oZgbafh\ b ba[_]ZIlv hiZzkgh]h kh\iz* _gby k gZklhlZfb \hafmsZxs
\u_ ihjulu b k_ckfbg_kdb_ \ha”_ckl\by 1Ijb wlhf khojZgy Iky g_kn
kljmdpbb Z kgb _gb_dhbgzZfhidhklb kihkh[kI\m_| mfklgehkdhguo
gZijy _gbc \ f I1Zeebgq_kdbo we f glZo b [he__ jzZ\ghf_jghfm jZkij_
[Zgbc qglh \ dhg_qgghf blh]_ m\_ebqgb\Z | j_kmjk wdkiemZI|IZpbb \k_

<uy\le _ggu_ aZdhghf _jghklb bf_xbqg\ZKdth ajgZs&ld gb_"ey hilbfb
ijhdlguo j _r_gbc ijhfure_gguo khhjm™ ™ _gbc wdkiemZlbjm_fuo \ mke
"bgZfbg_kdbo gZ]jmahd J _amevlZlu bkke_ "~h\Zgby fh]lml [ulv bkil
j_dhf_g”rZpbc ih ijh_dlbjh\Zgbx b mkbeggbxdzhazigtiworalhgguo a”.
gbc k migkihpbnbdb ~ _ckl\mxsbo gZ]jmahd

b[ebh]jZnbg_kdbc kibkhd

EZ] _j_\ : < GZ]jm _gghklIMZigkithjighc |_ogbdb ;jygkd ;=

k

Ihizih\ : G Ayf[Zz_\ G : >bgzZfbqg_kdbc jZzkqg_I ihhdjZgh\h
kljmdlb\gh g _ebg _cghc fZpHhh\  <wé&lgbd XMj=M K _j Kljhbl_evkl
| _dimjz L < K

OXVLOHN - +RUL]JRQWDO )RUFHV RQ &UDQH 5XQzZD\ &D
&RQIHUHQFH 6HULHYV ODWHHHDDQJ6FLHQERIODQG (YA
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OXVLOHN - '\QDPLFDO ORGHO IRU '"HWHUPLQDWLRQ RI
GXULQJ ORWLRQ RI WKH &UDQH .23 &RQIHUHQFH 6HULHV
9RO VVXH'2, ;

OXVLOHN - '\QDPLFDO ORGHO IRU &DOFXODWLRQ 7UDQ
&UDQH DQG &UDQH 5XQZD\ ,23 &RQIHUHQFH 6HULHV ODWHU
IHFWV WK ,QWHUQDWLR®DOGER®A®D | HIHBERY BP EH U yHV
%XG MRYLFH &]HFK SHSXEOLF2, 9RO :

:olmeh\Z E G :olmeh\ : E Dijkbjh\’ H F FZrhgkdbc <
N _ebjh\zgbmo[Zehqggh]h fhklh\h]kethZpghzc dbd)Zfbg_kdhc kbkl_fu ;
gZmqguc \_klghbd < + K

N ~y \Z = Dhg_\bgh\ > < Eha[bg_ \ < | Eha[bg_ \ N
"bgzZfbdb we_dljhf_ozZgbq_kdhc kbkl_fu flgld\;iymglddBHZ J|hkem x4 jkl\_
ghlhdgbqg_kdh]h mgb\_jkbl_1Z *< K

EZ] j \B : <ebygb_ih”rdjZgh\hc dhgkljmdpbb gZ *“bgZfbq_

fhklh\h]lh djzgZz Ba\_klby Lmevkdh]h Jhkm~ZjkI\_ggh]h mgb\_jkb
, WX H

EZ] _j_\B : Fh”_ebjh\Zgb_ wdkiemzZlzZpbhgldle ydhpklingdh!
pbb fhklh\h]lh djZgZ h[s_]h gZagZ2qogbyg kdBZmgklgbd ;jygkdh]h ]t
kKI\_gghlh mgb\_jkbl_1Z + < K

Dhjulh\ F K S j[Zdh\ < K R _HMhkgh2Zgb_agZg_gbc dh
pb_glh\ jylmé\ ]Zr_gby dhdgjimagbéhklh\h]h djzZgZz < klgbd Kb[:>
< K+

9LE - /HH / +XDQJ 3 >HW DO@ 3DUDOOHO QHXUDO Qt
LQ RYHUKHDG KFUWBRAPFA FREWWRDOVRI 9LEUDWLRQDQE &RQWURC(

Dim]eh\ K | :dkzZf_glh\ > G F_Ih” Z~Zilb\gh]h mijZ\e _ghb"

k ijyfuf hlke_"b\zZgb _f i_j f_s _gby ]JjmaZz F_oZljhgbdz ZzZ\Ihfzll
< K+

dkzf_glh\ > G Dijm]eh\ K | Dh\ujrbghKbkke MIVZZoghd ZZ e

]hjblfh\ mkihdh_gby dhe_[Zgbc ]JjmaZzZ fhklh\h]h djzZgZz LjZzgkihjlcg
[bjkdh]h j_]1bhgZz + K

LzfjZzayg : = FZgZ gdh\ B D BHKho@gd hljihdph\ fZeh]h ~
f 1jZz k \ukhdbfndptwv_glhf Zj\¥bgby Kljhbl_evkl\h b j_dhgkljmdp
< K+

OZah\ | : ?jhn__\ < B Eh[h\ > F >b "} @ Wdki_jbf_gl-
jZkq _lguo "ebg b dhwnnbpb_glhbjght@ihéihghlgbal]ljm[h[ _IThgguo h[jZ.
ljb\he kdbc gZmmgu Zze < + K

OZah\ 1 ?jhn__\ < B Eh[h\ > F >b "} @ WdKki_jbf_gl=z
ijhgghklb dhfihablguo Ijm[h[_lhgguo h[jZaph\ fZeh]Z[Zjblgao k_q_
gZmgguc mjgZe - K

ORULQR 6 TMXEDQ. DQG &RQVWUXEWORG BW &R QFUXXBH
6\VWHP LQ -DSDQ (DUWKTXDNH DQG (QJLQHHUEQJ 6HLVPRO

:DQJ - 6XQ 4 /L - ([SHRWQWLPMHQWDLG EWMKOWURQJIMKKEL W
FRQFULHDVOMHBDWRHG VWHHO WXEXODU FROXPQV (QUWLQGHHULQ

3UDVDQWD . $UXQ & % .RQMHQJIEIDPNLRQ (8IS D URNHLE
ILQHG FRIQFHGHWMHHO WXEXODU VTXDUH FROXPQV XQGHU ODYV
WLRQDO 6WHHO 5HVHDUFK 9RO

0DQ ;X =KLFKDR 'LQJ ;LDQMXDQ +DR 6KPKRQ®IRYJ\DHDU
IRUPDQFOIFRHMRO HG VWHHO WXDROMHW BR A PSOFWQGHNMLOGLQ.
‘2, EXLOGLQJV
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/LX -LDQ <DQJ 4LQSHQJ ([SHULPHQWDO VWXG\ RQ VH
ZLWK UHF\FOHG DJJUHJBRWID F RO\PUKHYS B G/ 6 8 @1dE DR U@ HF
FUHWH VKHDU ZDOO VWUXFWXUHV -RXUQDO RI WKH @UD]LO

‘2, uv UV Y
‘DL ; + [/DP ' -DPDOXGGLQ 1 IXHPGIGHBDHOODQHWILWFIDWR
FROXRQGHU D[LDO FRPSIWAHOENGREN U XFKWRUHV+ 1R

Rdh~Z B < |h\ur_gb_ ’\_finbjmxsbo k\hckl\ klZzevguo ih”"
kljmdpbc aZ kg_I| \g_"j_gby [_lhggh]h k_j*» qgbdZg jgBErbghklah_ g
\Zgb _ +< K+ '2, B BB

SHIHUHQFHV

/IDJHUHIY $RDGLQJ RI OLIWLQJ DQG WUDQVSRUW HTXLSF

3RWDSRY $\DPED$Y'\DDPLF FDOFXODW LRIQNKI \DNEIXEF QK
QRQOLQHDU RSHUDWARQORIWIMOVRH GBISB B QAMULHY &RQVWUXFW
9RO R 33

OXVLOHNRUL]JRQWDO IRUFHV RQ FUDQH UXQZD\NX2EDXVH{
&RQIHUHQFH 6HULHV ODWHULDOV 6§RBQFH\DQH3 (QJLQHHUI
‘2,

OXVLOHN - '\QDPLFDO PRGHO IlRRQ®D\®HRRIENYWRR F R
GXULQJ ORWLRQ,R3 WREIAUBQAH 6HULHV O0DWHULDOVR®LHQF
LV VX B ‘2
OXVLOHN - '\QDPLFDO PRGHO IRU F DVMZFDHMD R'Y RQKW D G ¢
FUDQH DQG FUDPQH.BROZDOMQFH 6HULHY ODWHULDOV 6FLHQFH
IHFW YV WK ,QWHQ®@B WLRMHER GR HIRFMAEH&]HFK 5HSXE
OLF 9RO J ‘2,

SNKWXORYBNKWXORY WDV I0URYDYKROYNILWXDO PRGHOL
D GRXEOEBHU EULGJH FUDQH DV D FRPAD BF LA QWP LEF VWo\K\D B!
1R 3S =

JHOHYDS * RFKHYL®RY/R]JELQHY /R]JELQHY ) <X ORGHOL!
QDPLFV RI DQ HOHFWURPHFKDQL%XO OMN WA 8 PRR 26D \DWQL\VG 18 VF D)\
YHUVLWYLR 3S+

IDJHUBY,QIOXHQFH RI WAKUHXX QUBHIHIBRIQ DPILF ORDGLQJ R
FUDGXOOHWLQ RI 7XOD 6WDWH 8QLYHWWXMW\ 7HFKQLFDO 6FL

/IDJHUBY QRGHOLQJ WKH RSHUDWLRQDO ORDGSRUSRIVWK |
RYHUKHD G FLUIMQH | LELFQOG PHFRKOHWLQ RI %U\DOQR/N 638D WH 8QL

.RU\WRE 06KFKHUBDNRKHYUVKQHXFWLILFDWLRQ RI WKH
FRHIILFLHQWY RI WKH UHJXODWRUV IRU GDPSRQ®% YWXGHRMFL d
6LE$', 1R 3S+

9LE /HH / +XDQJ 3 3DUDOOHO QHXUDO QHWZRUN FR
RYHUKHDG FUDQH -FRRRQUVQDRORY\WMVEHMPWLRIRDQG 8B GWURO

_.UXJORY GNVDPHOQWWXRG RI DGDSWLYH FRD/QURDL W/IKDEL
WUDFNLQJ RI ORMEKIRWHRBOMW $XWRPDRVLRQ EROWURO

$NVDPHQWRYUXJORY .RY\UVKL@BWDOODWLRQ IRU VWX
IRU GDPSLRMFOBOGBWLRQV Rl DU RGHUIRUWG, FIWDYM UXFWXUH

9RO 38

7DPUD]\DQ $DQDHQNRMV,WLQGLDPHMWHU WXEXODU FRQF
ZLWK D KLJK UHLQERIFHPYROMNURYILRDG S5HRFRQVWEXFW

.KD]RY$3 (URIHHY/RERY '([SHULPHQWDO VWXG\ Rl WKH
DQG ORQJLWXGLQDO EHQGLQJ FRHIILFLHQW\VORO FIR BSRVRQY 16|
HOQWLILF -RXIRQDO 3S%
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.KD]JRY$3 (URIHHYRERY '([SHULPHQWDO VWXG\ Rl WKH
VLWH WXEXODU FRQFUNWH & SHARR BIRYVFRH JYRQOBFLHQWLILF
1R 3S+

ORULQR 6 . 7TMXEDQ DQG FRIQNWRVQRESWHBQ/WHHO WXEH F
LQ -DYDOWKTXDNH DQG (QJLQHHYURQIR6HLBBRORJ\

‘DQJ - 6XQ 4 /L - ([SHULPHQWDO VWXBUY RQJWHL FPW F XE
FUHWD® WIRIOD HG VW HFIRO XQ@IQHHULQJ 6 WARKF WX HY

3UDVDQWD .% $URK@M& QEEDBHULPHQWDO LQYHVWLJIDWIL
ILQHG FRIQFOHB WWHHO WXEXODU VTXIDRD G RRXXPOIVOX R IGEHRIQY
WQRO 6WHHO 5HAMHD UFK

0DQ ;X =KLFKDR 'LQJ :;LDQMXDQ +DR 6KPRQ®IRYJ\DHDU
IRUPDQFH RILFROHF® WWHHO WXEXODU FRONPOGL HEB U OD W H L
‘2, EXLOGLQJV

/JLX -LDQ <DQJ 4LQSHQJ ([SHULPHQWDO VWXG\ RQ VH
ZLWK UHF\FOHG DJJUHJDWH FRQPKDSH G YI\WE a8 DR ULEDH W\
FUHWH VKHDU ZRXO VWX RPWIOJH®LDQ &RBDHAWF\LRQEHNKD@G (Q

‘2, Uuv UVvYyY

‘DL + /DP' -DPDOXGGLQ 1 1XPHULFDO DQDO\VLV RI
FROXPQV XQGHU D[LIXQ&®RPSGHAWURARXUHE S

6KNR®D ,PSURYLQJ WKH GDPSLQJ SURSHUWLHYV RI VWH
WURGXFLQJ D FROFKDHOLADFR Y®IJLQHHULQJ DQG (QREQHHULQJ
38 + '2, B BB

)/8&78%$7,216 2) 6&$/( 02'(/6 Z)$&( 6758&785(6
81'(5 ',))(5(17 ',5(&7,216 2) '<1$0,& ,03$&7 21 7+( )281'$7,21
, 9 6KNRGD 9HGLDLNLQEBDI]RY

1L]KQ\ 1RYJRURG 6 WBWHKEWMHRHAXNUM DRIG &LYLO (QIJLQHHULQ.
1L]KQ\V 1RYJRURG 5XVVLD

$VVLVWDQRWIRIRWHW 'HSDUWPHQW RI 7KHRU\ RI 6WHIXFWXUHY DQG 7HFKC
HPDLWBXNRGD,ULQDO9DVLO#\DQGH[ UX

3K'" RI 3K\ VLFDO DQG ODWKHPDWLFDO 6FLHQFHVY $VVRFLDWH 3URIHVVRU
DQG 7KHRUHWHRLVF BHD LB PK@MXNL#UDPEOHU UX

‘U RI 7THFKQLFDX/SREHDWHV3URIHVVRU RI WKH '"HSDUWPHQW RI 7KHRU\ R
HPDINKD]RY QQJDVX#PDLO UX

BUREOHP VWERWHFWQXWGW\ H[DPLQHV WKH G\QWRUM ¥ H/KEWLHRFUNRIIGI WORP M L
I[URP KRLVWURQ\WDSRUWLQJ PDFKLQHU\ 7KH SULPDU\ IRFXV LV RBXHYDDO XD
FROXPQV RQ WKH SHUYKSSRUAFIHY R IVRUDXFW X UHYV  7KH G MWRH B QR Q WHP RWU
UHVLOLHQFH XQGH D GCQMPLEJORMGIDQR OXUH ULVNV FDXVHG E\ LPSXOVLYH

SHVXO®WNWULPHQWDO WHVWV RQ WZR VFDOHG IUDPH PRGHOV GHPRQV
FUHWH FRUMRFFXUV X@E&RWRDBLQJ SHUSHQGLF XO D UPWIRFW KHQBRE XPRY D [f

f WKH HIILFLHQF\ GBI@GH D WHY S\HFWLYHO\ FRPSDUHG WR KROORZ FROX
WXEXODU FRQFUHWH HOHPHQW VYIHDSQ R YRR G D A © DQVIL R D SEHFW\E M & QQED\W B W [P C
IUHTXHQF\ UHGXFHG VWLIIQHVV ORZHUV WKLV IUHTXHQF\ D FULWLFDO |

&RQFOXVKRQMWVXOWV KLIKOLJKW WKH DGYDQWDJHV RI WXEW®ODU FR
DQG UHVLVWDQFH WR G\QDPLFLGRDWKH TKHHWHO RGP IHIEW R IFDBLQIRUFHPHQ'
WXUHV SDUWLFXODUO\ LQ LQGXVWULDO EXLOGLQJ XS JRMRBHW V7 KSH R R
WKH GXDRELOHWLDELOLW\ RI VWUXFWXARHQGRIHBRWLQJ XQGHU GHPDQGL!

.H\ZRUGWDQH VWUXFWOUHG MRVHHHUMHWNEH QDWXUDO YLEUDWLRQ U
LQJ H[SHULPHQWDO PRGHOLQJ VWUXFWXUDO RSWLPL]DWLRQ
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J:KQ?L B IJH?DLBJHREK?G
@?E?AH;?LHGGUO DHGKLJMDPBC

M>D

HP?GD: G:>, @GHKLB @?E?AH;?LHGGH=H D:JD:K:
KI1IJBF?G?GB?F KBKL?F K?CKFHA:SBLU < <B>? MAEH<K<
K THKUR?GGUFB >BKKBI:LB<GUFB K<HCKL<:FB
K MQ?LHF BAF?GQB<HKLB K?CKFBQ?KDHBKH<B8HA>?

H < Fdjlug A F Ehoh\Zz

GZpbhgZevguc bkke_"h\Zl_evkdbc Fhkdh\kdbc JThkm~ZjkI\_gguc kljhbl_evg
Jhkkby 1 Fhkd\z

>jl_og gZmd az\ dzZn_"jhc khijhlb\e_gby fZl_jbZeh\ 1I_e
HPDLO FNUW\FKKXYQ2¥#PJ

KI' ij_i dZn_"ju khijhlb\e_gby fZI_jbZeh\ |_ei DLHOO P#¥ P D LLOX

< k_ckfbg_kdbo jZchgZo rbjhdh bkihewagmxlkyhklj€g&h\_dlgu_ jZfgu_ dZjd:
K_ckfhklhcdhklv b f_oZgbq_kdZy [_ahiZkghkleykZlidy @ dZheZkd\ diknm s_c |hkh[g
hkgh\guo g_kmsbo we_f_glh\ jb]_e_c klh_dihkdjgllzdvx mgeknk D YK < ki
ij_"klz\&_Bp_gdZ gzZz~_"ghklb "_e_ah[_lhggh]lh dZjdZkZ k ijbf_g_gb_f kka f k_c

ih\ur_ggbf *bkkbizZlb\gufb k\hckI\Zfb k mq_Ilhf baf_gqb\hklb k ckqu kdh]h \ha
_Iky ihegugyZf _e_ah[_lhgguc dZjdzk dzZd k ijbj_cgﬂgdnz_stbldhk\l_\b"_ maeh\ k ih\ul
gufb “bkkbizlb\gufb k\hckI\Zfb 1Zd b [_a >eyhgZbftbegzZrZ*rgtkzbghzjzZzf_ lju bkke
_fuo dzjdzkh\ \ gzZklghklb ~bZz]jzffu jZ[hlu fZInblpb¢\Zdueb b ramlvIZIZf jZkq_
ih~jh[guo hptué fh~_e_c Bkke_"h\Zgb_ gzZz”~_"ghklb dZjdZkh\ ijhba\h”~blky f_lh~h
gbc kemqgzckftbg kkah_ \ha”~_ckl\b_ fh*_ebjm_Ilky k ihfhsvx f_Ih”*Z nhjfbjmxs_]h
g_l_9gZ kemqgZ¢tlyd_ k€hck\ha”_ckl\b_ bgl_gkb\ghklwij_"Zeedud fu&bhlu hidZah\ c
Ney dZjdzZkZ [_a kbkl_f k ckfhazsblu 1zd b Ney WZkdiiZirk gpgoufibg "o kkbidbbegufb
k\hckI\Zfb Ihemq_ggu_ qZkIth hidZah\ y\eyxlky HmZgdhechAl\jhjyhgZhdlb ukhdmx
gZ”_"ghklv bkkekbml_flub_ckfhaZsblu \ \b”"_ maeh\ k ih\ur_ggufb "bkkbiZlb\gufb

Dexqg_\u_ keh\iZjby gghklb frlklZlbklbgq_kdbo bkiulZgbc k_ckfhazZsblz \_j
ihroh” kemqgZcgu_ k_ckfbg_kdb_ \ha”_ckl\by f_Ih” nhjfbjmxs_]h nbevljZ

<\ _ " gk gZklhys_ _ \j _fy kms_kl\mx| jZaebqgu_ kbkl_fu k_c
gbc b khhjm™ _gbc gZzZijbf_j " _nmikiphokisdZ "~bgzZfbg_kdb_ ]Zkbl_eb
gbc > @ |j_abghf |IZeebg_kdb_ hihju > @ b djmZib[heh fgmb od ke
guf Kkihkh[hf ih\ur_gb¥hkkhc#hklb y\ey Iky ijbf_g_gb_ "~ _finbj
mkljhckl\ dhlhju_ \ k\hx hgq_j_~v fh gh gXkeh)lphiijakbkbliu gZ
hkgh\_ \yadbo ~_fin_jh\ > @ b kbkl_fu “bkkbiZpby wg_jJgbl\ dhll
jZa\blby ieZklbg_kdbo » _nhjfZpbc

Kbkfu \ dhlhjuo fhiml jZza\b\zZlvky iezZklbg_kdb_ ~ _nhjfZpbb f
g_ihkj_"kI\_ggh \ maedghykjhijye c b dhehgg >Zggu_ kbkl_fu hibkz
\j f gguo wdki_jbf _glZevguo b |I_hj*Hbfigkadh® b&kkfhljy gZ gZebqg
wdki_jbfZgVvguo bkke_ ~h\Zgbc \ gZklhys_ \j fy g _"hklZlhggh jZko
jZajzZ[hlZzgguo f_Ih”"bld hpkgdlx gz~ _"ghklb ih*h[guo kbkl_f

<« Fdjlug H < Ehoh\Z ? F
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IhklZgh\dzZz a#AYZgdlhf bkke ~h\Zgby whByghkya~Zgb_ k iheg!
jZfguf dzZjdzkhf jbk <ukhlz wlz zZ jZkkfZIjb\Xk_th]hbaigby c
T f k_g_gb_dheligdg jZaf jugdyzZ\ ieZgli f AZ~Zgb_wdkiemzZlZz
hgguo]l]pZahdagZgb_ijhba\h”"behkv kh]l]eZkgh ~ _ckl\mxs_c ghjfZlIb\gh

\
X/

S C
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X
X
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>ey ijh\_~ gby ZgZebaZ gzZ"_

jZkg _lgu_ ko _fu dzZjdzkZz
kl_f k_ckfhazZsblu \ \b"

X/

\

0,4
A

’.

v

‘

A

Jbk JZkqg_IlgZy ko_fZz
ijhkljZzgkI\_ggh]h jZzfgh]h dzZjdzkZz

"ghklb "~ _e_ah[_Z2bgg[Mm]itz gz jB\Zk Z
[ a KkkiHekwadhR¥gdhdshkbu b k bkihevah\Zg
maeh\ k ih\ur_ggufb “"bkkbiZlb\gufb k\hc

guo \ maeZo khijy‘_gby_i_j\h]h yjmkZ dhgkljmdpbb
Ih~ jh[gZy h[t_fgzZw fhae& khijy _gbydgudfburbkkbizZlb\gufb k\hc

kI\Zfb ifpklZ\e _gZ gZ jbk

hibkiegbf dglgdhcqgh™ _eb b j _ameviZlu j.

ijyfhc g_ebg_cghc "bgZfbq_kdh&ibklZVe<1$ 1D _"klZ\e_gu \ > @

Jbk Dhg_ we_f_glfh®_ev maeZ tby k ih\ur_ggufb ~bkkbizZlb\guf
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Ih j_amevlzlzf jzkq _Ih\ h[t _fguo fh”_e ¢ maeh\ khijy _gby >
jh\Zgu izZjzf_lju ey kl_j g \uo klIjmdImjguo fh” _e ¢ maeh\ khijy’
\ur_ggufb "bkkbiZlb\guf\w¥hdhc Kk a

< dzZqg_kI\_ hkgh\gh]h djbl_jby khhiI\_Ikl\by ijbgbfzZ_Iky djbl_jl
_klv kh\iz™ _gb_ihke_ _~h\ZI|l _evghklb b ozZjzdl_jZ jZajmr_gby we f_
\uo fh*_e_c¢c \ qzZklghklb "bz]j¥fe jZ[fAu jfbZeh\ ih" ZjdxhlyZl
ahf qglh[u ijhp_Kke gbd ih\j "~ gbc \ kljmdImjguo fh”_eyo gZgbg.
ahgZo qlh b \ h[t_fghc fh” _eb ijb b~ _glbgqguo mjh\gyo gZ]jm  _gby

GZ jbk ij_"klZ\e_gu nmgdpbb gZdhie_ ghblyjzh\jmr® gblyc Aefp f
h[t _fguo fh”~c enaeh\ khijy gby é&zZkibhgh&gdbo » nhjfZpbc \ kl_j g _\1
f glzo "ey kljmdIimjguo Githdhee cgb_ ih\j_ "~ gbc 7"ey fh”" _eb fz
.DUDJR]LDQ &DVH &RQFUHWH HPRGH®y Ik mmgdpxis_ckpafl g
Ah ]*thlkrkl\b_ ih\j_ "~ ghtdh&ghkq_jiZgb_ g_kms_c kihkh[ghklb

Effective Plastic Strain
Effective Plastic Strain
LS-DYNA keyword deckiby'L.5-PrePost 1.9506400 LS-DYNA keyword deck by LS-PrePost 4348602
Contours of Effective Plastic Strain 1.755e400 Time=  7.8101 3.013e-02
min=0, at elem# 3561 . | Contours of Effective Plastic Strain Il
max=1.04909, at elem# 1917436 1.560e+00 beam integration pt#1 3.478e-02 I8
1.365e+00 min=0, m# 366 3.044e-02 _
7 max=0.0434789, at elem# 363
1.170+00 ] max displacement factor=10 2.609e-02 _
0.750e-01 _| 217402 _
7.800e-01 ! 1.739e-02 _|
5.850e-01 _ 1.304:02 |
3.900e-01 8.6966-03
1.950e-01

4.3489-03]
0.000e+00
- 0.000e+00

Jbk Khihklz\e_gb_ fhf_glh\ jZajmr_gby ey maeZ [_a kbkl_fu k_ckfha
Z gZdhie_gb_ ih\j_"~_gbc \ h[t_fgRE&lIb kedb [~ _nhjfZpbb \ kl_j g_\hc fh"_«

Z [

Effective Plastic Strain
LS-DYNA keyword deck by LS-PrePost
Time = 1.64

5.135e-02

LS-DYNA keyword deck by LS-PrePost Contours of Effective Plastic Strain 4.5229-02{
T

beam integration pt#1

+nn{ min=0, at elem# 364 410802 |
115600200 ] max=0.0513512, at elem# 459 3.5956-02 _
1.3656400 3.081e-02 _
11706400 _ 2.568e-02_|
9.750e-01 _ 2.054-02_
7.800e-01_

5850001 ] 1.541e-02 _
3.000¢- 1.027¢-02

5.135¢-03
0.000e+00 |

f.

Jbk Khihklz\e_gb_ fhf_glh\ jZajmr_gby ~ey maeZ k kbkl_fhc k_ckfhaz
Z gZdhie_gb_ ih\j_"~_gbc \ h[t_fghc fh~_eb [ ieZklbqgq_kdb_ ~_nhjfZpbb \

HibkZggu_ fhrhaelb\ khijy ' gby [ueb bkihevah\Zgu ~ey bkke_ "h
Kkb ~ _e_ah[_lhgguo dzZjdzZkh\ k ijbf_g_gb_fkd _ [f & ighkfhgZgbyukb\b”"_
maeh\ k ih\ur_ggufb “"bkkbiZlb\gufb k\hcklI\Zfb 7ey i_j\h]h yjmkZ ¢
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F_Ih~u bkke_ _"hBZAgbkigh qglh k_ckfbg_kdh_ \ha”_ckl\b_ ij_"k
yjdh \ujZ" gdkemqgZcguc ijhp_kk < k\lyab k wlbf ijb jZzkqzl_ a”~Zghb
k ckfbgq_kdb_ \ha”~_ckl\by \hagbdzZ_1 g_h[oh~bfhklv ijbf_g_gby \_jh
ZN _d\Zlghc hp_gdbhikkdbgz”~z g

Hkgh\gu_ iheh _gby |_hjbb gzZ”~_"ghklb kljhbl_evigho dhgk
hp _gd_gzZ”~_ "ghklb k bkihevah\zZgb f ZiizZjzZlZ kemqgZcguo \_ebqgbg
fuo khklhygbc dhgkljmdpbb hibku\Z Iky ke _"mx@bf mjZ\g_gb_f >

JILL ¢

I"J [ [ « [ xnmgdpby jZ[hlhkihkh[ghklHo £+g_aZ\bkbfu_ iZjzZf_lju
kemqgZcgu_ \_ebqgbgu
< jhylghklv hldZaZ dhgkljmdpbb jZ\gZzZ

3red [ [ o 3 31 [ [ [GIGI
- Q
] oxh[eZklv hldZah\uo kKIHk[hy¥glyctkh\f _klgZy iehlghklv \ _jhylghklb
qZcguo \_ebqgbg [o
?keb \k_ jZkg_Ilgu_ \ _ebgbgu fh gh jZza”_eblv gZ ~\_ ]jmiiu k
b \g rgb_ \ha”_ckl\by “lh Ney aZ"Zq jZkq_IlZ gZ ijhgghklv mkeh\b_
g_jZ\klghf

JILIL § S5I[I[ 4 4d d d
beb
J 5 4

]* 4 xtgZ]jmahgguc vty _d&kimsZy kihkhJghklgdpby jZ[hlhkihkh[ghklb
GZ]jmahgguc wnn_dl b g _kmsmx kihkh[ghklv dhgkljmdpbb p_e
\ZIlv dZd kem\gedgwgu Ih]*Z \ _jhylghklv j ZebaZpbb g_jZ\ @klI\Z

3 3AJ 5 4 3 1,7
f

| A _jhylghklv hBdZeaZjhylghklv j ZebaZpblbJkhifpHbgghklv jZKkij
A e gby nmjZdpbtbkihkh[ghklb

LZd dzd izZzjzf_lju k_ckfbg_kdh]h \ha”_ckl\by hibku\Zxlky kem:
jZkij_"~ e _ggufb g_ih ghjfZevghfm aZzdhgmhylghklibgbk®Zaby \e kl
jZagh ijb[_]Jgmlv k qbke _ggufb f _|h"Zf ihal\heyxsbf 4o[etd _dgh hp
]hf_jogh]lh bgl_]jZzezZz \_jhylghklb H~gbf ba IZdbo f_Ih~h\ y\ey_ Iky f_
iulzgbc > @ QZklhhzj hMMdZphhky dZd

P
—Ql?a

]* Ptgbkeh hld@alh)\s  gbkeh bkiulZgbc
lhemq _ggZy gZKlahH ¥ \lehd |ky hp kogkddhfhc \ _jhylghkBb hldzZaz
F_Ih™ klZlbklbg_kdbo bkiulzgbc hkgh\zZg gz jy*_ |_hj_f
L_hj_f_ ;_jgmedb "ijb: 3
L hj f_ ObggbgZ azZdhg_[Hevrbolgbk e
L hj f Ebg”E[\[Z p_gljZevghc ij_" _dvgh&jl "gjyyy gZklhlZ i
y\le _gby hidBah\l ZkKhlbq_kdb ghjfZevgh_ jZkij_~ e _gb_
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Fhr _ebjh\Zgb_ k_ckfbg_kdh]h<\hahlZlthy @ < < ;hehlbg
gh\Ze ih~oh” khlezZkgh dhlhjhfm k_ckfbq_kdh_ \ha”_ckl\bZ ke_"m
pbhgZjguc kemqgZcguc ijhp_kk k azZ*Zggufb klZIbklbqgG kkikdpbbZjZc
gZjguc ijhpDWKh gh ij_~klzZ\blv \ \b~_ ijhba\_~_gby klZpbhgZjghl]h
p_kKZVb h]b[Zxst W

DW W \'W
H]b[ZxsZy hij_~ eyadHdigim

sw L5 W
w WV W

1™ 2+rbjbgZ bfimewkiZ fy

KlIZpbhgZjguc kemqgZcgwuWfhjhpg [lkv ihemg _g k bkihevah\Zgb f
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Khlezkgh f_Ih"m klZlbklbqg_kdbo bkiulZgbc gZklhlz hldzZah\
ah\Zgby kbkl_fu k_ckfhaZsblu

>ey dzZjdZkZ k ijbf_g_gb_f kbkl_fu k_ckfhaZsblu
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Ihklh _gZmgdpby jZkij_~ e _gby Z[khexlguo fZzdkbfmfh\ mkdhj_ ¢
k e jh]jzffu kbgl_abjh\Zgghc k ihfhsvx f Ih*Z nhjfbjmxs_]h nbevl

ljb jZkg_|I_ gZ kemqZcgh_ k_ckfbg_kdh_ \ha” _ckl\b_ bgl_gkb)
eba_ k”\b]lh\ wlz Z [ugu kfhthédZadhXd ey dZjdzZzkzZz [_a kbkl_f k_
sblu gzZklhlzZ hldZah\ khklZ\beZz lZd b "ey dZjdzZzkzZ k ijbf_g_gl

"bkkbizZlb\gufb k\hcklI\Zfb qzZklhlZ hldZah\ khklZ\beZzZ
LZzd _ hij_"~_e_gh qglh gzZklhlz hldfZaghhg & aegy kkilhjlur_ggufb
"bkkbizZlb\gufb k\hcklI\zZfb ijb[eb Z_Iky d gqZklhl_ hldZah\ a*Zgby [
sblu ijb » _ckl\bb k_ckfbg_kdh]h \ha”_ckl\by bgl_gkb\ghklvx [Ze
lhemqg _ggu_ gZklhlu hldZah\ ih?I\_j"~Zx| \ukha meh[gZHigggbkl
dzZjdzZzkh\ k ijbgbgf maeh\ k ih\ur_ggufb ~“bkkbizZlb\gufb k\hckI\Zfb i
k ckfbg_kdbo \ha”_ckl\byo

K\_ "~ gby h nbgZgkbpidAlshdBbnbgZgkbjh\ZeZkv Fbgbkl_ jklI\hf gZ
r_]1h h[jZzah\zZgby JN ijh_dl < )6:*©Kbkl_f¥jdlhjbZevgl&fkqg_kdhc
aZslw djblbg_kdb \Z guo h[t_dlh\ bgnjZkljmdImju gZ hkgh\_]jZgme
jbZeh\ h[eZ”"Zxsbo k\hcklI\Zfb rbjhdh”bZiZahgguo nhghgguo djbkl:

b[ebh]jZnbg_kdbc kibkhd

Ma“bg : F KZg~h\bd&Zfbo :fbgsZ&vihohfz” Hkghhjbb
k_ckfhklhcdhklb b k_ckiptkbhcewfhZ a*Zgbc b khhjm  _gbc <GBB=

Ng_ \Z KI[ <GBB= bf ; ? < "~ g__\Z Kk

;mgh\ : : Hp_gdZ gZ”~_"ghklb a~Zgbc k kbkl\ fih@lkg ltk f hdea h
ebg_kdbo hihj ~bkl_ogdgfgmd F

6LIDBHRVOH $ 1 &RQVWDQWDERRIHW HOHWIMRALVVLSLEL
WHP THFKQLFDO 5HSRUW S

/IL . >HW DO @ 6HLVPLF %HKDYLRWERRQFURW®XQ \WRE @&H O
&ROXPQ -RLOMDUER GWWKU'RO )XVHYV %XLOGLQJV S KW\
LQJV

X = >HW DO @ ([SHULPHQADOGUMNISRIRWH HFBRPKERERU H'

MRLQWY ZLWK EROWHGFMQLRIH GLVRXEDWOQR! PRQAMRIOQ] (QJ!
$UWLFOH

=KDQJ + +XDQJ : /L - 4XDQ : 6HLVPLF EHWRRIORU R
XPQ FRQQHFWLRQ ZLWK GRXEOH ER[ EROWHG FRXSOHUV  (C

5RQJ : =KDQJ ; =KEGXD Y&RIUVR L E QFREHG\EHR® SAWNHFHDY
FUHWHMRRDXPQ MRLQWYV  6WUXFWXUHV 9RO

OHDV /L % 3KDP 7 3 ([SHULPHQWDO DQG QXPHULFDO
RI 5& LQWH FRROXFEQ DVPRLQMW LQ $MWWIDXQFW XUDO (QJLQHHULQJ
Jj ¢
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Fdjlug_\H < Ehoh\Z ? F K_ckfhklhcdhldh]mgghghlhedZah|_
dZkzZ k ih\ur_ggufb ~“bkkbizZlb\gufb k\hckI\Zfb Ba\_klby \mah\ KIj

OXUUD\ < ' 8V W/ IR &RQFUHWH ODWHULDO ORGH:!
)+:$ +57 S

X - /L / 'X; /LX ; 1XPHWKHD®V 8 WXGWRARQFUHWH 6V
DQG ,PSDFW /RDG 8VLQJ WKH .DUDJR]LDQ DQG &DVHDERWQBQIGV
3DYLQJ THFKQRORJLHYV 9RO QR

X < &UDZIRUG - ( 1XPHULFDO PRGHOLQFLIROWIRGQGSBY
WLFLW\ PRGHO $PHULFDQ 6RFLHW\ RI &LYLO (QJLQHHUV

Fdjlug \ H < JZca_j < > "ghkibW gid dibjh\Zgbb kljhbl _e
dhgkljmdpbc fhgh]jZnby F K< k

;memr_\ K < Hp_gdZ k_ckfh&lhcjZhigud adZ{4dgbkhf gZ hkgh\_
jhylghklgh]h g_ebg_cgh]lh "bgZfbg_kdhpZ dggZkboeyZ g‘“brkH

k

JZca_j < > L_hjby gz~ _"ghklb khhjm® _gbc F :K<

KZjlkyg : ? JZca_j < > Fdjlug_\ Hbog< kBbbhdKildlgkbc ijb
jZkq | _ kljhbl _evguo dhgkljmdpbc gZ gz~ _ "ghklvk F J=HLMIK

;hehlbg < < KIlZIbklbg_kdb_ f Ih~u \ kljhbl _evghc f_o0Zghb

k

;hehlbg < < F_Ih”u l_hjbb \_jhylghkl_c b |_hjbb gZRhjmghkl
" _gbaF Kljhcbanzl k

Fdjlug \H < J_r_Ih\ : : JzZkgdheébkgpkilbdqu gZ kbgl _abjh\Z
Zdk e jHfLjz < _klgbd F=KM <t K

5HVKHWRY $ § ORSKRHWOWVPHQW RI WKH LQIOXHQFH RI !
Rl VHLVPLF DFWLRQ RQ WKH 666 RI D PXOWHWRWH\RQBDIOQ{R X!
&RPSXWDWLRQDO &LYLO DQG 6WUXFWXIYyD@ (QJLQHHULQJ

SHIHBHMW

8]GLQ0$ 6DQGRYLFEDPLK $RDYWRKRPDG )XQGDPHQWD
WKHRU\ Rl HDUWKTXDNH U HWMLW DX BRRERIPDRWE X XO G HQ J V

6W 3HWHUVEXUJ 9HGHQHHY 91,,* S

%WXQRY HHOLDELOLW\ $VVHVVPHQW RI %XLOGLQJV ZLW|
EHOHWDO %HDULQJV 'LVV &DQG RI (QJLQHHULQJ 6FLHQFF

6LIDRAHRUOH $ &RQVWDRQWELRIIAMPBEOPSHU HQHUJ\ GLVVLSD)\
THFKQD SHSRUW S

/IL : 6HLVPLF EHKDYLRU RI GHPRXQWDEWRRODKXIP@I! RMURAHX
ZLWK GBPRDWUR @ XXOKBYLQJV KWWSVS GRL RUJ EXLOGLQ.

X = ([SHULPHQWDO WHVS5R Q\GHRRIQBBMERD EPIQMRLQW V
EROWHG DQJOH GLVVLSOWIQDIOFRIQBPNEWGRQYIRXI L QUIWUE Q B

=KDQJ + +XDQJ4XDQ : 6HLVPLF EHKDYLRU RIRROHFDYV
XPQ FRQQHFWLRQ ERWW R XEXSERYPVLQI 6WIYIRDW SUMALFOH

SRQJ ; =KDQJ; =KDQJ - 6HLVPLF HPEMHGC®RUGRS W PRORV
FUHEWBWRROXPQ MRILWXWWXOR® 3S *
OHDV . IL % 3BKOPHULPHQWDO DQG QXPHULFDO VWXC

PDQFH Rl 5& LQWRIOXRQ BBRD@WVFHY LQ 6WUXFWXUIR®D (QJLQH
@R 3S =

ONUW\FKHY /RNKRYD6HLVPLF UHVLVWDQFH IRIDBHL)RR QN
ZLWK LQFUHDVHG GLVIMHADWIL 8 ELYHRYHWWHNYRRQVWUXFWLR
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OXUUDY <8VHUV O0DQXDCOA$IRIRQEUHWH ODWHULHD @RGH
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X - /L / X ; JLX : 1XPHULMPD/GKMWOVE\FRQPMKIWH VW
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WLFLW\ SRIBBIOFDQ 6RFLHW\ Rl &LOR® (@ILQHHUV
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PRQRJUDSK 0 $609 S

%XOXVRHSVO/HVVPHQW RI VHLVPLF UHVLVWDQFH RI EXL
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6DUJY\® 5DL]MU OGNUW\FRHEHWKRG Rl VWDWLVWLFDO °
WKH UHOLDELOLW)\ RI EXLOGLQJ VWUXFWXUHV 0 5*27836

%RORWLGVWDWLVWLFDO PHWKRGV L\@URNVIUGHWXUDO PH!

%RORVOL @MW KRRGWREDELOLW\ WKHRU\ DQG UHOLDELO!
WXUHV 0 G6WUR\L]GDW S

ONUW\FKHYSHVKHWRYD®FXODWLRQ RI D G\QDPLF V\VWH
HURJUBBRN\OOHWGE® RI DR 3S+

SHVKHVWRY/ BNKRYDBYVHVVPHQW RI WKH LQIOXHQFH RI W
RI VHLVPLF DFWLRQ RQ WKH 666 RI D PXOWQWWRQBWURQOQ R UF
&RPSXWDWLRQDO &(®1DQBIGIE LLAROX ERV X U B &

5(/,$%,/,7< $66(660(17 2) $ 5(,1)25&(' &21&5(7( )5%$0(

86,1* 6(,60,& 3527(&7,21 6<67(06 ,1 7+( )250 2) 81,76
., 7+ ,1&5($6(' ',66,3%$7,9( 3523(57,(6

7$.,1*% 172 $&&2817 7+( 9$5,$%,/,7< 2) 6(,60,& ,03$&7

2 90NUWLFKHY /RNKRYD

IDWLRQDO 5HVHDUFK ORVFRZ 6WDWH 8QLYHUVLW\ RI &LYLC
ORVFRZ 5XVVLD

'U RI THFKQLFDO 6FLHQFHY +HDG RI WKHWH® DUWPHQW RI 6WUHQJWK RI
HPDLO FNUW\FKHY29#PJVX UX
$VVLVWDQW 3URIHVVRU RI WKH '"HSWH®PHQW RI tRDWIDQ HOKR R# PODLMVMOHWX D C

5HLQIRUFHG FRQFUHWH VSDWLDO IUDPH VWUXFWXUH VY LDFRU B HAMLG/H\OD Q4
DQG PHFKDQLFDOIVDPHW\DRIHVEAMNWHUPLQHBHQRWQR (F®\S BV MWW\H RO R\DKGH S U
HOHPHQWY EHDPV DQG FROXPQV EXW DOVR E\ WKH SHMHQWRKD FUHH B L DAE
DVVHVVPHQW BFHDGUFHRQFUHWBWUQP W HIQFRUFSKRURWHFWLRQ VA\VWHPV LQ V
GLVVLSDWLYH SURSHUWLHY WDNLQJ LQWR DFFRXQW RRIQH UYHDW H DI EJIDAPLHNV L \
VLGHUHG ERWK ZLWKSD® 6 HQ WKWK RIMQAMER DL VPLW HPW/RWIGE V M I & QWY IHREQ EM H
7R HQVXUH D PRUH DFFXUDWH UHOLDELOLW\ HYDOXDWLW@HWDRNWSDUD® H&
GLDJUDPV ZHUH LGHQWLQUHNGHEDOYHBEHRQ EHRYG BDW D @D \WH O LI WKH IUDP|
XVLQJ WKH PHWKRG RI VWDWLVWLFDO WHVWLQJ ZKLOWKWEHQIDIQ G RM V HPU
JRU VHLVPLF DFWLRQV ZLWK D QHL QUD/HOWL M Y URH TWRH@) MLKEHA GoH RVBF BRIW K W K H
IUDPH DQG WKH IUDPHGLNVMVMISSTHGEL ROWNKRKIQWY 7KH REWDLQHG IDLOXUH 11

SUREDELOLW\ DQG FRQILUP WKH KLJK URW®YWHDIRMLARQV V \R/IVOMRN ZH NY/RH EERED @
GLVVLSDWLYH FKDUDFWHULVWLFV

.H\ZRUGMOLDELOLW\ WKHRU\ VWDWLVWLFDO WHVWLQJ PHWEKRG V&I
VHLVPLF H[FLWDWLRQV VKDSLQJ ILOWHU PHWKRG
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<EBYGB? IJB<?>?GGHC LHESBGU <?2J0OG?=H IHYK:
IH>DJ:GH<HC ;:EDB G: MKEH<GMX >EBGM J:KIJ?>?E?GBY G:=JN

< < A\ jQ K FzZjdK\G ; hkhg

Ebi_pdbc ]Thkm~ZjkI\_gguc | _ogbq_kdbc mgb\_jkbl_lI
Jhkkby ] Ebi_pd
;_elhjh~rkdbc JThkm~ZjkI\_gguc I_ogheh]bg_kdbc mgb\_jkbl_I| bf_gb < =
Jhkkby ] ;_e]hjh”

Qedhj J::KGj Mog gZmd ijhn az\ dzZn_"jhc f_IZeebé kdbo dhgkljmdp
HPDUHUHW%JPDERP

:kibjZgl dZn_"ju f_1Zeebq_kdbo dhgktjmgkpjedling  Igej

HP D LYGD D G P B* UIN® BLMY{

:kibjZgl dZn_"ju kljhbl_evkI\Z b Jhjh*kdh]hddtgky prkthih jebg™_g_j

HPD LA VRPBD DX

IhklZgh\dZ azljBfybklb bkke_"h\Zgb_ \ebygby baf_g_gby fhf_glZ bg_jpbb \_
djZzgh\hc [Zedb gZ ijb\_"gogmXxeinkre hj\zkij_~_e_gby gZ]jmadb b khhI\_IkI\_ggh i
sbgm \gjdh ihykzZ ih~"djZgh\hc [Zedb ijb fh~_jgbaZpbb k_q_jpouy imlifyknlZghhdb
dZevguo ezZf_e_c ih \k_fm ijhe_Im dhgkljmdpbb

J _amevIiZHbklz\eijhkljZzgkl\_ggzZy dheg fqathgZy fh™r_ev jzZkqg_IlgZy ko_fzZ bklk
ihrdjZgh\uo dhgklfml&Zetemjlbg_kdhlh p_oZ djZgh\ ly _eh]h j_"bfZ jZ[hlu GZ ijbf_
ijh\_"~_gtkék*h\Zgb_ \ebygby m\_ebq_gby fhf_glZ bg_jpbhgbaad@gblh khykd biyb\ fhd
g_J]h ihykZ ijb ijbeh _gbb khkj_~hlhq_gghc gZ]jmadb hl dhe_kZ djzgz

<u\Mu >Zggu_ ihemqg_ggu_ \ j_amevlZl_ gbke_ggh]h bkke_~h\Zgby fh"_e_
mkbe_gbb \_jog_]h ihykzZ \_jlbdZevgufb ezZf_eyfb dba\heWwluk/me ZAbgkegb*mbhf_g
bg_jpbb \_jog_]h ihykZ [Zedbjhiljplbd giZdlhghfm jhkeh\ghc Zleihgt_je_gby gZ]jmadb
mkbe_gb_ k_g_gby ih~rdjZgh\hc [Zedb iml_f ihklZgh\db \_jlbdZevguo eZf_e_c «
dZevgu_ gZijw\gjmy ¢ k’Zlhc ahg_ kl_gdb hl khkj_~hlhg_ggh]lh ~Z\e_gby djzZgZz

Dexq_\u_ kehiZdjzghlZedZz Iyc ¢ "bf jZ[hlu djZgZ mkeh\gZy ~ebgZ jZKkij
gZ]ljmadb ijb\_"~_ggZy lhesbgz f_Ih” dhg_qguo we_f_glh\ ijhkljZgklgbyguc jZk
gZijy _gfhnhjfbjh\Zggh_ khklhygb_

<\ "~ gWBa\_klgh qglh \_jogyy k zZlZzyhahgZgkhugd[Zehd |I; yley
gZthle _ gZ]jm _gghc ahghc b ih”A\_j° gZ \ha”_ckl\bx |Ij_o hkgh\guo ]]
" ggh_nhjfbjh\Zggh]h khklhyogbyZbBlfYheg  jZkijhkljZg _gguo b hiZkgu
ihrdjZgh\uo paeklZehklgu 1) sboggu ¢ X Zlhc ahg_ klx @lbgl;fZehc
kl i _gb h[mkeh\e g keh guf grhj{bjlgginf khklhygb f \ ~Zgghc ahg_ kIl

ljh[e_fzZlbdm wlh]h \hijhkZ Zdlb\gh gZqZeb jZkkfzljb\ZIv \h \IlhjF
\_dzZ IZzdb_ mg_gu_ b bg _¢Zljpddzd D ;D G_"~Zgh\ ; F ;jhm~"_
"brbg ? B ; e gy B ? Ki_gle_ j : : :iZevdh @ KhlpthgZownvlddh

¢ A\_j < FZjd__\< K ;_kkhgh\ K G



Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

NZggZy | _fZ hklzZz _Iky ZdlmZevghc b k_cqZk _x aZgbfzZxlky 1Zdb_
= B ;_euc ; x&Z <Zk< A\_j_\LnmkghbgZ = < QZedh\ : B @Kdey”~g_\
JZkkfhljbf dhfihg_glu gzZfjynhpgdhh\Zggh]lh khklhygby \_jog_c

ahgu ih~rdjZgh\hc [Zedb [_kdiwge_dgblZZklh]ddb I; ijb[eb  _ggh]lh d m
r\m 1Z\jh\h]h k\Xjghihg_gby kl_gdb k \_jogbf ihykhf I; > @ jbk

L 2 xgZijy _gby hl h[s_]h ba]b[Z [Zedb b khhI\_IklI\_ggh d
] gpbZevgu_ gZijy _gby hl h[s_]h ba]lb[Z I;

L; & 2 zghjfZevgu_ b dZkZl_evgu_ gZijy _gbyty Y kdgh]h
g _]h ihykZ FDI

lorr &rF @rrtf_klgu_ ghjfZevgu_ b dZkZl_evgu_ gZijy _gby
g_gghc gZ]jmadb

Q

M2 S o

| T ¢fy

T T
fxy% loc,xyT TXYﬁ# Ox,0 O-loc,x .

— > — = —f——— ——-f—— - ——
Ofx O'loc,x Ox,0 ¢ #T ¢ T
TXY,O loc,xy! fxy
—— TXY,O

— =T
loc,xy
ﬁ o
loc,y

Jbk Dhfihg_glu keh gh]h gzZijyhjdgph\Zgghlh khklhygby
\_jog_c k'Zlhc ahgu kl_gdb ih~djZgh\uo [Zehd

Hr"ghc ba Kd_ki_gb\Zxkfb _gb_ gzZb[he__ hizZzkguo dhfihg_gll
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>h\" _gdh : K Iljbgbgu jZajmr_gby \ _jogbo ihykguo r\h\ ih~d
FZlI jbZeu ih klZevguf dhgkljmdpb§f * <

Dm~brbg X B G_dhlhju_ hkh[_gghklb jZ[hlu k\Zjguo ih~djZz
j_n "“bk « dZg”™ | _og gZmd F KBKB

;e _gy ? B Juldbg W : Wdki_jbf_glZevgh_ bkke_ _~h\Zgb_
\ kl_gdZo k\Zjguo ihrdjzgBao kfeshdmah\ Kljhbl_evkl\h b Zjobl_d
< K %

:iZevdh : : GZijy _ggh_ khklhygb kIl _ghd k\Zgguo* imn~adjzZgtl
kiI\b_f f_klguo klZlbg_kdbo gZ]jmahd ZMNlbjg ngZvwhhd & dFBKB

G_""Zgh\ D D hBxgkb_™ughkeb\hklb k' Zlhc ahgu kl_gdb klz
guo ihr"djZzgh\uo [Zehd ”"“bk « dZg”™ | _og gZmd F FBKB

Ki_gleB) ? Wdhkif _glZevgh_ bkke ~h\zZgb_jZ[hlu ih~rdjZgh
Li FBKB F <

K_jAxd < < ljh]lghabjh\zZgb_ih\j "~Z fhklb \_jog_c ahgu Kk
jm_fuo k\Zjguo ih*djZgh\uo [Zehd bgl_gkb\ghc gZ]jm  _gghklb ~bk

i pd E=LM
Gh\hk e \ : : Hkh[_gghklbrgAhjjbigghggh]lh khklhygby ihA

ghuo [Zehd k \_jogbf ihykhf ba ijhdZlguo 1Z\jh\ Z\lhj_n Abk «
Gh\hkb[bjkd k

Dm[Zk _\bqg : ? GZ2ijghjghh\Zggu ~ bevjgu_ khklhygby ih"djZ

\uo [Zehd k mklfbehkbguw zZfb \ kl_gd_ Z\lhj_n PRbkg «gdmg” KI[
k

FZjd__\' < K A\ _j \' < < AZcp_ \'B : <ebygb_ rzZ]lzZ j_ [_]j
" ggh_nhjfbjh\Zggh_ khklhygb_ we f glEedh~djZghhgdhd F=KM
L \ui Kt ‘2,

<ZkxlzZ ; G 1h~rdjZgh\Zy [ZedZ kh kf_gghc ih”?j_evkh\hc ¢
| _ og gZmd Gh\hkb[bjkd Gh\hkb[bjkdbc BKB
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;,_euc = B Dm[Zk<ebgygb ? mklZehklguol IpdsbgZd Khgghklv
ihrdjZgh\uo [Zehd < _klgbd F=KWMii K+ ‘2,

QZedh\ = < GZijy _gby \ kl _gdZo ihAdjZzgh\uo [Zehd ih\ur,
f_klghf djmqg\ gblg_]h ithykZ Z\lhj_n "“bk « dZg” |_og gZmd

k

LmibgZ H : :gZeba f_klguo gZijy _gbc \ kl _gd_ ih~djzZgh\
fure _ggh_ b ]JjZz ~"Zgkdh_ kljhbl_evkl\h + ‘2, K

7XVQLQD 2 $ )LQLWH HOHPHQW DQDO\VLV RI FUDQH V
JLQHHULQJ Jj 1R'2, 0&(

Kdeyrg \ : B GZijy _ggh_ khklhygb_ kIl _ghd klZevguo i
F K< k

SHIHUHQFH

%DENLQ(YDOXDWLRQ RI &\FOLF &UDXFKN 5HIC GV RSQAHOR |
ZD\ %HDPV $EVWUDFW RI 3K' 'LVVHUWDWLRQ ORVFRZ 1 3
&UDQH &RQVWUXFWLRQ S

9\GUL® 9=XENR 2KH PRVW IWFW ¥ DM GDPDIJH Rl PHWD
EHDPV LQ RSHUDWLRQ \GXW\LIDV VIEHEEA/OY BL BOLVIRFNES  +

SDWULNPO\HXQ$WKH IDLOXUH PHFKDQLVP RI WKH XSSHU
EHDPMGXVWU KXPW BRQWRWBS =+

%URX®H BVWULEXWLRQ RI FRQRHRBNWDOV IE GDEAWIR VIV XGW Vv

S

'RY]JKHQNR &DXVHV RI IDLOXUH RI XSSHU IODQJH ZHOC
ODWHULDOV RQ 6WHHR S8WUXFWXUHV

XGLVKLQ &RPH )HDWXUHV RI 2SHUDWLRQ RI :HOGHG 2

3K'" Rl (QJLQHHULQJ 0 0,6, S
%HOHQ\D §\YNI$Q ((SHULPHQWDO VWXG\ RI ORFDO VWUH
RYHUKHDG FUDQAVHEHHDKRGFKRROV &RGVIWIUFXEW IHREQ X U Ht 1

$SDONR $WUHVVHG 6WDWH RI :HOGHG &UDQH 5XQZD\ :
$EVWUDFW RI 'LVV ORVFRZ 0,6, S

1H]JKGDQRYWBWXG\ Rl )DWLJXH &DSDFRDQN B X 6XB\HD OHVG
'LVURVFRZ 0,6, S

6SHQJQHY[SHULPHQWDO VWXG\ Rl FBD®&HRHHQLDIWV RREIH(
ORVFRZ 1R

BHUG\YON '® PDJH 3UHGLFWLRQ RI WKH 8SSHW ¥ RIDBIGRIGW
2YHUKHDGXQZDQH6HDPV LGKZSHUDWLSBEWVN /*78

1IRYRVHOHHBWXUHYV BWWERH®@BOMWBWW Rl 2YHUKHDG &UDC
DQ 8SSHU &KRUG 0D{PH R$ BROWHBN7RI 3K' 'LVV 1RYRV

. XEDVHY [ BWEEWUDLQ DQG /LPLW 6WDWHV RI 2YHUKHDC
)DWLIJXH &UDFNV LQ WKH :HE $EVWUDFW RI 3K' 'LVV 6W 3HW

ODUNHIBY 8 YHWHY=0LVBVHYIOXHQFH RI WKH VWLIIHQHU "
VWUDLQ WEBN@UXID RD\FH @HRMW@WN 0*68RO ,VVXHS + ‘2,

O9DV\XWD &JDQH 5XQZD\ ZLWK D 5HSODFHDEOH 8QGHUUI
1RYRVLELUVN ,6,
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%HO\, * . XEDVHYLRKGEPRI| IDWLIXH FUDFNV LQ WKH ZHE

FUDQH UXQZDMVEWDRPEN 0*68RO ,VVXHHS + ‘2,
&KDONRBRYBWUHVVHYV LQ WK I® LZBIORIM R H H] WGIZIG HEERDP V X
VLRQ RI WKH XSSHU FKRUG $EVWU RI 3K' 'LVV 1RYRV
7XVQL@DS$NDO\VLY RI ORFDO VWUHVVHV LQ ,0W&MNVAHELR
DOG &IQULQ@QHHULOR 3 2,
7XVQL®D)2QLWH HOHPHQW DQDO\VLVRKIUBWDDQRI \GHFR Q
QHHULQULR 3g 2, 0&(

6NO\DGQHOMEJUHVYV VWDWH RI WKH ZzDOOV RI VWHHO FUD

,1)/8(1&( 2) 7+6('8&(' 7+,&.1(66 2) 7+( 833(5 &+25"
2) 7+( &5%$1( %($0 21 7+( &21',7,21$/ /2$" ',675,%87,21 /(1*7+

9 9 =YHWHY ODUMNHHY %HVVRQRY

/ILSHWVN 6WDWH 7THFKQLFDO 8QLYHUVLW\
5XVVLD /LSHWVN
%HOJRURG 6WDWH 7THFKQROWBIUUF® O SQKXNKRYW\ QDPHG DI
5XVVLD %HOJRURG

&RUUHVSRQGLQJ OHPEHU RI WKH 5XVVLDQ $FDGHP\VRI BMFKQWHFQ B EIHH D
B3URIHVVRU +HDG RI '"HSDUWWH®W RI OHW D®D&W U XFANWMIKKHMH VRPIPDL O
SRVWJUDGXDWH 6WXGHQW RI WKH '"HSDUWPWR® RI OHWDO 6WUXFWXUHYV
HPDLO YODGPDUMNMHHY#\DQGH[ U

SRVWJUDGXDWH 6WXGHQW RI WKH "HSDUWPHQW RI &RQVWUXFWLRQ DQG
WHO HDLO LQVRPQLQ#PDLO UX

SBUREOHP 6WIKWW BSHD@EWU DLPV WR VWXG\ WKH HITHFW RYHRKRRBDIGQB UK
UXQZD\ V XSSHU FKRUG RQ WKH HTXLYDOHQW QRPLQDG] B IVCGWHLYFWN K HE X/\
RYHUKHDG FUDQH UXQZD\ V XSSHU VFKRW GRZK BQLQS/WDGQ QQ IWYHU MMLEDD (
DORQJ WKH HQWLUH VSDQ RI WKH VWUXFWXUH

S5HVX®WS8DWLDO ILQLWH HOHPHQW PRGHO DQG D FRWSEMHIBNRRBDRH
FUDQH VWUXFWSUMHVPHWD XGBIRYIJLFDO VKRS 8VLQJ WKHVH PR®HHDYD BMIBIQ
WKH HITHFW RI LQFUHDVLQJ WKH PRPHQW RI LQHUWLD RVWWEKWDRDHKQ GFHKB
DSSOLFDWLRQ RI D FRQFHQWUDWHG ORDG RI D FUDQH ZKHHO

&RQFOXVYKR@DOWD REWDLQHG IURP D QXPHIUULGBO FRXKO\RZRW K WKKH
UHLQIRUFHG ZLWK YHUWLFDO ODPHOODY DOORZ WKH IFRFOFCHRYW (Rl FR@IFIANK
EHDP V XSSHU FKRUG OHDGVY WR D GLUHFWO\ SURSRUWKRYWWHQFWHKB QL
RYHUKHDG FUDQMHHRBWUEBRUEFDRBVGLQJ YHUWLFDO ODPHOODYV WKHVKHESKIS
FRPSUHVVHG JRQH RI WKH ZHE GXH WR WKH FRQFHQWUDWHG FUDQH SUH)

.H\ZRURWHUKHDG FUDQB XMWUDEHUREHDPYWLRQ QRPLQDO ORDG GLVYV
WKLFNQHVY ILQLWH HOHPHQW PHW KRV YN IOLWLYWDDMHD O\WVLY ORFDO VWL
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M>D
>y

J:KQ,LGUC :G:EBA MIJM=HIE:KLBQ?KDH=H >?NHJFBJH<:GBY
IEHKDH=H KL:EVGH=H D:JD:K:
I1JB K<?JOGHJF:LB<GHC L?OGHEH=BQ?KDHC G:=JMAD?

< K <ZjgZ\kébK G _gzZP \< <ZjgZ\kdzZy

<hjhg_"kdbkm~"Zjkducgl _ogbqg_kdbc mgb\_jkbl_I
Jhkkby hljhg_"
<hjhg_"kdbc Jhkm~ZjkI\_gguc f_"~bpbgkdbc mgb\_jkbl_I bf G G ;mj~"
Jhkkby 1 <hjhg_°

DzZg™ |_og gZmd ~hp dzZn_"ju kljhlble evghc f_o0oZghWdbLO PDLERI6EKQ
:kibjzgl dZn_"ju kljhbl_evghldPD b@HQIBQHQDVKHYB #PDLO UX

DzZg™ nbehe gZmd kIl ij_i dZn_”"ju bghkljZgguo yaudh\ |[|_e

HP D LRD L GAPHDYUKXX

<uihegy_Iky jZkgzlguc ZgZeba mijm]hhg Zkjib\Z gdyrd bl h k1Z ed@jdlbk Z ijb
kh\f_kighf ~_cki\bb ihklhygghc b k\_joghjfzib\ghc |_ogheh]bgq_kdhc gEipmadb B
gbdgh\_gby ijh]j_kkbjmxs_]h jZzajmr_gby khhjm"_gby \ oh”_ _Th gZ]im\'_jgby Ijb\
“AZwsb_ ~hklh\_jomklvg_kdb ggbby jZkqziZ k ijbf_g _gb_f ID OEBJ:a

Dexqg_\u_ kekhZzevghc jZzfguc dZjdZk g_kmszZy kihkh[ghklv ij_~_evgh_ jZ\g
Xs__ jZajmr_gb_ ijh]jzffguc dhfie_dk ©EBJ:?

<\ _" gblj ~klzZ\e _ggZy jZ[hlZ ihk\ys gZ jE&mzIyhdimfEZjghXEgby
iehkdhc f_IZeebq_kddlerysfuwe \ khklz\ ijhkljZzgklI\_ggh]h dzZjdZkzZ k |
g_kdbo " _nhjfZpbc klZeb ijb ~_ckl\bb k\_joghjfZlb\ghc klZlbqg_kdhc
_Iky qglh gb_qkjhdZ wdkiemZzZlZpbb dhgkljnzdy bdodkh ] nflZ elvggib dkbIm Z
ijb dhlhjuo \ gudewe f glZo \hagbdzZxl ieZklbg_kdb_ "~ nhjfZpbb agZ
g_gby AhimkdZ _fhlh ghjfZlib\gufb *hdmf_glZfb \ ijhgghklguo jZ
dhgkhjdpbc > @ < I1Zdbo kemqgZyd gtey ihtpg ghllbl b ke jf_glZ dZjdZk.
fh gh bleihah\ZIv nZdlhj ihyle _gby \ gzf ij_~ evguo gZijy _gbc beb
g _kdbo » _nhjfZpbc Ihwlhfm \ *Zgghc f_Ih”bd_ ij_~ evguf khklhyghb
kKl _j7g_\h]lh we_f_glZ kqblzZz_Iky gdgkedghbggkdh\|h rZjgbjz > @

P_evx jZkqzlgh]h ZgZebaZ y\ey |Iky \ugbke _gb_ieZklbq_kdh]h
ghlh dzZjdzZzkzZ b hp_gdzZ \hafh ghklb _]Jh ijh]j_kkbjmxskkehjghkitr_ gb\
kh\j_f gguo dhgkljmdpbc b jZaghh[jZlguy dal{dmlalhd bladbk beb [eba
gbf f_Ih~"bdb hkgh\ZdgpbigZijij® _evgh]h jZ\gh\_kby eb[h \hh[s_ g_
ithemqgblv j_r _gb_ ihklZ\e_gghc aZz”*Zqb eb[h *"Zx| Z’dnbepMdZjonr*ey d
gby dhgkljmdpbb < ~Zgghc jZ[hl_ EkK\gzrggklimhhydyg Zijh[bjh\Zgg
f 1Zeebqg_kdbo dzjdZkjhklpcedhgkljm@p bt bBkgh\_ _z e_"bl khqg_IlZgt
ohjhrh azZj _dhf_g~h\Z\rbo k_[y gbke _gguo f_IhA"hY dglhh*"FDRWg lmgu
f Th~"Z ihrZz]h\h]h gZ]jm  _gby “ey kdb gbgbmbalmmo az”*"Zg < klyab k
gh\guf \ugbkebl _ekguwifbglhf jZkgzlgh]h ZgZebaZ m Z\lIhjh\ y\ey Ik
\ugbkebl _evguc dhfie_dk ©EBJ:2 Ijbf_g gb_dhfie rbiEd®ERK:2 iha
ijhkljzgylv ij_"ezZ]Z fmx f_Ih~"bdm g_ Idlkeywdh BggZoggahec kj

< k\yab k baeh” _gguf \ur_ azZ~ZqZ jZkqzlgh]l]h ZgZebaZ mijm]h
fbjh\Zgby klZevgh]h dZjdZkZ gZ k\ _joghjfZlb\gmx klZlbqg_kdmx

« <ZjgZ\k&bcK G_gZr_\ > K <ZjgZ\kdZy ? <
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ZdlmZeveglyc\ugbke gby ieZklbg_kdh]h j_a_ j\Z ijhqdhlkkpb gdbghjh dZ
fh ghklb _]Jh ijh]j_kkbjmxs ]h jZajmr_gby

JZkqgzlguc ZgZeba mijm]hieZklbg_kdh]h ~ nhjfbjh\Zgby klZev
"Zgghc jZ[hl_ jzkkfzZljb\Z _Iky h~rgh\j_f_ggh_ rmidaabxckk\bo ig Kl khgdlj
b \J f gguo gZ]jmahd gZ]jngagddhh\ Kk kfl\|IZeebqg_ _kdbo dhgkljmdpb
dhgkljmdpbc Vhghi\hc b kg _Jh\hc gZ]jmahd b ihkl_i_ggh]h m\_ebq_
gheh]bg_kdhc gZ]jmadb | _ gZ]jmadbrmiMmKighgh\ehgghyhelvigyo ac
gbc ijb\h~*ysbo d h[jmr_dhXx avtegkljgrdpbb KgblZ Iky qglh jZajmr_
beb dhehgddefebqg_kdhc jZfu ijhbkoh”~bl \ j_amevlZIl_ ij_\jZaZgby b
ihyle _gby \ gbo ba[ulhggh]h gbkeZ ieZklbg_kdbo rZjgbjh\

JZkqgzl \ "Zgghc ihklZgh\d_ iha\hey | j_rblv ~\_azZ”Zqb

Hij _~ebliy_ "~ evgmx gZ]jmadm ijb\h*ysmx d iheghfm jZajmr_
dhgkljmdpbb \ wdklj fZevguo kblmZpbyo
Hp _gblv \hafh ' ghklv ijh]j_kkbjmxs_]h jZajmr_gby dhgkljmdy

ieZklbg_kdh]lnhjfbjh\Zgby

<k _jZkqgzlu \uihegyxlky k ihfhsvx\uighlk&bigkevgh]h dhfie d
©EBJ:2 Hkgh\bgzlgzZzk\ey |ky f ITh” ihrZ]lh\h]lh gZ]jm  _gby h[_ki_qgb\
jh\ZZgb _ ijhp_kkZ mijm]lhiezZklbg_kdh]h ~_nhjfbjh\Zgby kiZghkgh]h d.
gZ]jmadb ~h jZajmr_gby we _f _glh\ dhgkljmdpbb

>ey mijmZkidq kdBkly 1Z \u[jZg iehkdbc f _I1Zeebqg_kdbc jZfguc
ibgguc kj_"b "\mo iehkdbo dZjdZkh\ h[jZamxsbo ijhkljZgkl\_gguc
a"Zgby jzZkiheh  _ggh]lh \ j_kidhdehbd A Zbajkd

JZkqzlgZy ko fZ iehkdhc jZfu \fexdizgxsgdgh ¥ lglgh_ jZa[b_gb
jZfu ey digdwe f _glghc k_lidbld D W« jZaf_ju jZfu b gZ]jmadb bah
gZ jbk GZ jbk ihdZaZgu ihklhyggu_ gZ]jmadlZelkb &hkkllbog
dhgkljmdpbc djhleb b dhgkljmdpbcginemdadyy f_ ¢jdhdZy kg Jh\zZy M
wim gZ]jmadm dhlhgp@yky \ oh” gZ]jm  _gby gZaulZ f ©gZ]jmadZ
\j_ f_ggZy | _ogheh]bqg_kdZy gZ]jmadzZ hl |_bAdteyh]blg_&dh gh]tb[d | knd
gZ]jmadm dhlhjzy fh™ | \kbhjZKl&dguowidbImZpbyo mkeh\gh gZau\Z
< @ <k _ jpgh maeu ij_"klzZ\e _gu "zkldbfb az”®_edZfb

>ey ]ZjZglbb ~hklh\ _jghklb nbabg_kdb g _ebg _cgh]h jZkqgqzlZ
KI\mxsMDDWk_1db <k_]h [ueh ih*h[jZgh Ijb ihke_"h\ZI| _levigitb \e&hZ g
jbk b a_ezguf p\_Ihf hif _gqg _gu maeu k|l _j g \uo dhg_gqguo we f_
iehlghc BWdb «< JZkqzlgZy Koldiz<DWueZ bkihevah\ZgzZmi¢m ebg _«
]hlh jZkqg2ley bi _j\hgZgZevgh]h mijm]lhieZklbq_kdh]h jZkqhl ZzZ¥u[jZg
ghlh dzZjdzkz

lj_~klz\e _ggu_ \ wlhf jZza”_e_j_amevlZlu *Zx| \hafh ghklv ijh
p_kk ithwlZigh]h jZajmr_gby klZevghc jZfu \ oh®”_ mijm]hieZklbq_k
gh\_hjp_~zggh]lh ZgZebaz fh 'gh k”_eZIlv \u\h”u h \mafthk gcth kihla dpked g
gh\_gby ijh]j_kkbjmxs _]h jZajmr_gby_dimgkjmldpbbar ckl\by k\_jog
Ib\ghc gZ]jmadb

HIf Ibf qglh \ "Zgghc jZ[hl_ ihgylb_ ©ijh]j_kkbjmxs__[[ajmr _c
e__ rbjhdh g_f \ > @ A”MN_kv ih”™ ©ijh]j_Ikkfi#jmxgsthffZjARymih kg ~h
\Zl _evgh_ kihglzZzggh_jZajmr_dbgklWmdplgdh\dhlhjh_fh | \hagbdq
lhevdh hl h"bghggh]h ©hldZaz2 hI®_evgh]h we f _glZ dhgglhmdpbb
fZIb\gh]l]h m\_ebqgq_gby gZ]jmadb gZ dhgkljmdpbx

< oh”_ mijikhbg kdhylzlizkgzZz]jmadZ <« hklzZ\ZezZkv g_baf _gghc
mijm]bf gZ]jm  _gb _f <j f ggZy | _ogheh]bqg_kdZy gZ]jmadZ gZ]jme
jmr_gby hI* _evgudZgdKkZ \iehlv *h bkqg_jiZgby g_kms_c kihkh[ghkl
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Jbk DWk_IldZ « JZkq_lgZy ko_fZ GZ]jmadZ «
tkg_1h\Zy gZ]jmadZt\_Ijh\Zy gZ]jmadZ
tgZ]jmadZ hl dhgkljmdpbb ikgRyjmadZ hl dhgkljmdpbb ihdjulby

>ey mijm]J]h]h b mijm]hieZklbqg_kdk]HdE& gzl Hu&bDiWemqg_gu wix
ijh"hevgukbe 1 ihi_j qdiuo kkbld[Zxsbo fhf _glh\ F >ey djZldhklb be
wixju ijh*hevguo kbe 1 ihi_4 adgke gbkyphky : wixju ba]b[Zxsbo fl
f glh\ F “ey mijm]J]h]h b mijm]hieZklbg_kdh]h kemqgZ_ \ ihdZaZgu g:

ljbgzfgZz jbkbah[jZz _gZ wixjZ balb[Zxsbo fhf_glh\ F khhI\_Ikl\n
ieZklbg_kdh]h jZzajmr_gby Lh _klv \ dlgklkhzip bbb \hg#Zgdhlie _gu ieZ
g _kdb_ " nhjfZpbb b ijhbahreh ihegh_jZajmr_gb_i_j\h]h jb]_ey E
agZq_gbmbé&Zo ]*_ kludmxlky jb] _eb b dhehggu \b”gh qglh \ j_am
kdh]l]h ~_nhjfbjh\Zgby ijhbkoh”~bl i_jokEZ&bjc ¥ _e*"mgbjb]_eyfb b dhehgc
glh b *he " gh gzZ[ex"ZIvky "ey klZlbg_kdb g_hij_~ ebfhc kbkl_ fu L
kKI\_ggkh\izg¢b_wixj fhf_glh\ F baneipm]lepgthjZzkqgzlZ k khhI\_lklI\mxsbf
jZfb fhf_glh\ F ba mijm]JhiezZklbq_kdlzfhgjiZkkjzbZzmgqbdbkldZo dZjdZzkz 1
iZ™» _gb_ ~hihegbl_evgh ih?I\_j"~Z | “"hklh\_jghklv j_amevIZlh\ mijm]
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DzZd b\ jZg__ \uiheg_gguo jZ[hlZo Z\Ihjh\ "ey h[_ki_qgq_gby ~h!
ZgZebaZ mijm]hieZklbgq_kdh]h KNZewgbjh\ddbdZkZ i _j\hgZqgZevgh [u
AN _gh bkke_"h\Zgb_ b ihéjfdlgdggghk |hd b rZ]h\ ijbjZshG)yby gZ]jme

Jbk DWk_IdZ « JZkq_lgZy ko_fZ GZ]jmadZ «
+\j_f_ggzZy |_ogheh]lbg_kdZy gZ]jmadZz

<k _]1h \ ~Zgghc jZ[hl_ "ey ih~AI\_j "~ _gby koh”bfhklb b ~hklh\

ko_fu j_r_gby [ueh ih*h[jZgh Ijb KZddbqgwo\bW WwlbdzDbWhehggu

jb] _eb jzZza[b\Zebkv gZ jZaebgqgh_ gbkeh kl _j g \uo DW GZ jbk
gu_ok fu dzjdzkz k khhl\_IklI\mxsbfb ihke_ "h\Zl evghkifbdAd&th"  gg
Mkeh\gh bf ijbk\Zb\zZxlky ghfdzZz< DWOW Z <« DbkDMZ « GZ wlbo jZk
gzlguo ko _fZo mdZaZgu |IZd _ ki_pbnbdZpbb ihi_j qguo k_q _gbc jb
lhemqg_gu j_amevlZliu "ey iylb \ZjbzZglh\ k rZ]ZfR)ijp4¥zpufdhby gz
) ) ) ) ) A~ )kei_j\hgZqgZevgZy | _ogheh]bgZkdZy \
gZ]ljmadZ kh\iz"ZxsZy k gbphewghjom]hgdh jZkg_1Z >ey hp_gdb a

|_ogheh]bg_kdhc gZ]jmadb \f_klh Z[khekigécam elkgybgbhl\_lkl\mxs
dhwnnbpb_ gl)NMN~™ _
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Jbk Mijm]bc jZkq ki IDEV <
WixjZ ba]b[Dxbtf _glh\ GA d

< oh”_ \uiheg_gguo jZkqzlh\ [ueb ihema@angavk&lu"mxsb
wixju \gmlj_ggbo mkbebc \ kl _j ' gyo dZjdzZkZz
ehdZebaZpby b ihjy*hd \hagbdgh\ _gby ieZklbg_kdbo rZjgbj
gZo dhgkljmdpbb
\_ebgbgu gZ]jmahd khhl\ihlkl\mxsbkonms ¢ kihkh[ghklb ieh
klZevgh]lh dZjdZkzZ beb _]h gqzZkl_c
J amevlZlu jZkgzlZ k bkihevgh\zZgbkmgsZkP\ ggh jZkoh”bebkv |

amevlzZlzfb jZzkqzlZ ey \k_o hKIZpA\gudbrZ]h\ ) ) )
JZaebqb_ gEBh&kw dZd \ kdafdo gby jZfu 1Zd b \' \ _ebgbgZo khhl\_
gZ]jmahd gZ jy®_ klZ%Abc [h&Zb[he_ _ ihdZaZl _evgufb "ey ZgZebaZ

klh\_jghklb y\eyxlky j_amevlZlu ihemlq_ggdugubdey rzZ)h\ )
dhlihjujbhh~ylk92\gghc jZ[hl_



Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

Jbk MijmlhiezZzklbq_kdbc jRkiZ k DRZIL ras(,
WixjZ balb[Zxsbo fhf_gh\ 0 dG

Gb _ ij_"klZ\e_gu j_amevlZlu jZzkqzlh\ ey “\mo gZb[he_ _ |
DW_|hd IbBWdzZ « kDWIZ <« b lgZd\rgzZ]jm ayby ) 0O )
a) ) J amevlZlu ey f_g_k lllkdpghc DWMZIv_ g _ijb\h”*ylky

Ko _fu jZajmr_gby jZfgh]lh dZjdZkZ ihemqg_ggu_ \ jZkqzlZo ihc
aZgu jZajmrzZ _fu_ DW b f_klZ \hagb#dbbo gbjygbgEkNbjgzf IThjy*hd jZ
r gby we f glhglhdgh\ _gby ieZklbg_kdbo rZjgbjh\ beexkljbjm_Iky |
Auc p\_ I khhiI\_IklI\m _I hij_~ ezgghc klZ*"bb jZajmr_gby ba |IZ[ebp

Ihke jbkmgdh\ kh ko fZfb jZajmr_gby jZaf_s _gu khhRK _ITkl\m
ij_""klZ\e _gguo |Z[ebpZo "ey dZ "hc kijd\bbyjEgjmhf gjy jZajmrZ _ fu
DW kmffZjguc dhwnnipK eyl gZ]jmadb ¥ b | _dmsbc dhwnobpb_gl
0ZjZdl _jbamxsbc ijbjZs_gb_ gZ]jmadb gZ ~Zgghc klZ~bb ih kjZ\g _
). M KmffZjguc dhwnnbpb_ gl N jzddlbmamkdb igZ* evgmx gZ]jmai
aulZxsmx jZajmr_gb_ dhg_qgh&lz wrey\fe gdBybeeZklbg_kdbo rZjgbjh\
\Zl _evgh kmffZjguc dhwnnbpb_ gl N ~Zzl \hafh ghklv hp fghlZ ieZKkl
dhgkljmdpbb ih hlghr_gbx d ghjfZlb\ghc gZ]jmad _
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Jbk DWk_IdZ < k Ibizfb *_kldhkl_c

Ilh \k_f j_amevlzI|zZf jZzkqzlh\ fh gh k" _eZlv ke_"mxsb_ \u\h”u
gby rZ]Z gZ]jm _gby gZ lhqghklv b “hklh\ _jghklv jZkqgqzlZz
"ey DRWIdb « \b&BYhklb hl klZ{mb_phbay jZagbpZ ih ij_~_evg
gZlmadzf gzZc” _gguflik rZz]hfb rz]hd) ) khklz\dW | *
:gZeh]lbqggZy jZagbpZ \ ij_~ _evguo gZ]jmadZ4g ijb kjzdy gbb rzZ]h\
jZ\gZt
ke "h\Zl _e®gh RWdb « gZb[hevrZy lhgghklv hij_~ e gby i
gZ]ljmahd ~hklb]Z_Iky ijb bkihe@ah\ZgblbdyzZz]h\ ) ~ey dhlhjuo ij_
N evgu_ gZ]jmadb hlebqgzZxlky gZ \k_o wlZiZo gz4jm  _gby g_[he__
ehdZebazZpby f_kl jZlajmir_kgbw[jZah\Zgby ieZklbg_kdbo rZj
kl j7g_c jZfu ey \k_o ljzo rzZ]h\ gZ]jm  _gby ijZdlbg_kdb h”bgzdt
jZkoh " gby \ ehdZebaZpbb g_ hdZau\zZxl|l \ebygby gZ o0zZjzdl_j jZa
ZgZeh]bggZy dZjlbgZ \ebygby rZ]ZbgbLimn " gbwggd yZdjmahd
gZl[ex™Z _|Iky eyl bW bkDWb «
LZdbf h[jZahf ”"ey \k ko llhdog@W[hevrZy Ihqghklv hij_~ e _gby i
gZ]ljmahd ~hklb]Z_Iky ijb bkihe@tph\Zgbhba)Zz]h\ ) ~ey dhlhjuo ij_
N evggZ]jnbadlebglky gZ \k_o wlZiZo jZajmr_gbytg_ [he__ q_f gZ



Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

Jbk DWk_IdZ < k Ibizfb *_kldhkl_c

LZzd_ fh gh k" _eZlv ke_"mxsb_ \u\h”u hlghkbl _evgh \ebygby
iehlghklb kDWIb
"ey DRWIdb « ih kjzZ\g_gbx k "\'mfywfilheDW idBAFfdp <« b «

ijb rz]a) ) gZ [he__ iha”gbo klZ”"byo jZajmr_gby gZ[dx”*Z Iky a
gb_ih ij_~ evguf gZ]jmadzf b jZzajmrz_ fuf kl_j gyf

ijbf_g_gb_ rAd]lh\ ) bQ) ) "ey DIWIdb < iha\hey_1| ijb[eb
ablv _z j_dmev]|Ee__ lhgqguf k_Idzf

"ey DRWIdb < b Neky DIW < ijb M@]_ ) bel) ) ih

emghgjZdlibg_kdh_ ihegh_ kh\iZz~ _gb_ ko _f jZajmr_gby dZjdZkZ b i
\k_0 klZ”"bc jZajaN _gby

LZdbf h[jZzahf gZ hl@lZ\ ihZ2gve gguo j_angewv kK2 ha Zlhv \u\h” qlh
bf | f_klh koh”bfhklv j_amevlZlh\ nbabqzZkdblg i@dbgd\nnhkjzf |jz
iehlghklvkDWib b rzZ] gZ]jm _gby WIh ih”MI\_j " ~Z | ~hklh\_jghklv ¢
jZkgzlZz
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>ey ithemq_gby gZiuoe] ahhgvIizZIih\ j l&lyfijdoTfmgylvk DMYm <
beb DKWIdm < ijb @aX]_ ) beld) )
Hp _gdZ ih\_~ gby iehkdh]h klZevgh]h dZjdZkZ ijb m\_ebq_gb
g_kdhc gZ]jmadb
jZajmr_gb_ jb]_e_c ijhbkoh”bl ihkl_gZjgm ihghhZ "pZfbgZy k
jb]_e_c dhlhju_ bff_xlvigZbiezZklbg_kdbc j_a_j\ ih hjgalb\gbhx d gt
gZ]jmad_
hlkmlkI\m _ | jZajmr_gb_ dhehgg dZjdZkZ \iehlv “h jZajmr _¢
jb] _e _c \ke_~kl\b_ bo \ukhdhc i_j\hgZgZevghgbi Hkqphlkldoyfb kjZ\g
kihglZggh_ ijh]j_kkbjmxs__ jZajmr_gb_ we_ f _glh\ dhgkljmd
klZzrcbgZ]jm ™ _gby g_ \hagbdz |

Jbk MijmlhieZklbg_kdbc jEZklgzl <DW
RZ)l¢( Lr&s(y
Ko_fZ jZajmr_gby



Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

Jbk Mijmlhiezklbq_kdbcWikigizl <D BZY ras(,

Dhwnnbpb_gl ih ggN¢matWIidb <

b rZ ]l raw,

Ko_fZ jZajmr_gby

LZ[ebpZ

Ghf_j klz»
jZajmr _

bb P\_lh\h_
h[hagZq

q
g. ¢c klz

KmffzZjgy
(L AC

c

Ghf_jz jzajmrZ_fuo DW
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Hdhggzgde |
Ghf_j k1zAbb P\_Ih\h_ ¢ KmffZjgyc _
jZajmr _ h[hagZq g. c klz (L AC Ghf_jz jzajmrz_fuo bW
I
I
I
]
LZ[ebpZ
Dhwnnbpb_gl ih dggi¢madiWildb « ijb rZILr&s(,
Ghf_j k1zAbb P\_Ih\h_ ¢ KmffZjgyc _
jZajmr _ tfhagZq g. c klz (L AC Ghf_jz jzajmrz_fuo bW
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

LZ[ebpZ
Dhwnnbpb_gl ih dggi¢madiWildb <« ijb rZILr&rw,

Ghf_j kIZAbb P\_Ih\h_ ¢ KmffZjgyc

jZajmr _ h[hagZq g. c klz (L AC Ghf_jz jzajmrz_fuo bW




Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

Hdhggzgde |

Ghf_j kIZzAbb P\_Ih\h_ ¢ KmffZjgyc

jZajmr _ h[hagZq g. cklzn (L AC Ghi_jz jzajmrz_fuo bW

I
I
I
I
I
I
I
I
I
I
LZ[ebpZ
Dhwnnbpb_gl ih dggi¢madiWildb « ifd] ¢( L r&s(,
Ghf_j klz~nbb P\_Ih\h_ C KmffZjguc L .
jZajmr_ghy h[hagZq _dbg. cklz” (L AC Ghi_jz jzajmrz_fuo bw
I
I
I
I
I
I
I
I
I
I
I
I
I
I
<u\h?u

<uiheg_gu jZkqzlu klZevgh]h dZjdZkZ ijb mijm]hheZkibbqg kd
fZl _jbzZez \ jZzfdZo iehkdhc azZz”"Zqgb >ZgZ"hklhddZghkha*bhfhgyibhic dF
g _gohe f glghc ko _fu gZ hkgh\_ jZkg_1Z k bkihevah\aweh ff deh” g
guo k_Ihd b ijb jZaebgqguo rZ]Zo ijbjZs_gby ih gZ]jmad _

ljhba\_"zg jZkqzlgha @DgjdelhieZklbqg_kdh]h ~_nhjfbjh\Zgby
klZevgh]lh dzZjdfZik2 iggh]h a~Zgby ijb k\ _joghjfZlb\ghc | _ogheh]bq_
p_evx hij_~ e gby ieZklbg_kdh]h j_a j\Z g_kms_c¢ kihkh[ghklb hl
kljmdpbb b dhgkljmdpbb \ p_ehf
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l[jh\_~gh bkke_"h\zZgb_ \hafh ghklb ijh]j_kkbjmxs_]h jZajm
dzZdzkz ~ey kemqzZ_ \ wdkiemzZIlZpbb k\yaZggmbo &bqgk\ghodHjfZ|bgghic
| ogheh]bg_kdhc gZ]jmadb

b[ebh]jZnbg_kdbc kibkhd

Kl KlIZevgu_ dhgkljmdpbbZgdlhyZje ir&Zdjmhhy KGbl |
k ihijz\dhc k baf <« ~ dkMH ©Dh k
J dhf_g”Zpbb ih jZkg_Im klZevguo dhgkljmdpbc gZ ijhgghk
gbg_gguo ieZklbg_kdbo » _nhjfZpbc F PGBBIKD k
J ZgbpugJ Kljhbl _evgzZyZ omghdd ihkh[b_ "“ey \mah\ F <L
k

DZp : K JZkq_| g_mijm]bo kljhbl_evguo dhgkljmdpbc E
k

<ZjgZ\kdbc < K Ih\hjbg : K Hij_~ e _gb_ g _kms_c kihkh
kdhlh jzfgh]hkdzydigbf_g_gb_f ijhlhzdhghe _dkzZ ©EBJ:?2 Kljhbl_evg
o0ZgbdZ b dhgkljmdpbb L+ < K

<ZjgZ\k&bK ;hehlh\ : H Qbke _ggh_bkke_ ~h\Zgb_g_kms
|Zeebqg_kdhc jZzfu gZ hkgh\_ ijh]jzffgh]lh dhfie_dkzZz ©EBJ:? Kljh
dhgkmhidpbb L <+ K

<ZjgZ\kdbc < K =ZJ[jb_eyg = ? FZjlugh\tZ|HF kKIZevghytel
dZjdzkZ gZ klzZlbg_kdmx gZ]jmadm k mqzlhf ieZklbq_kdbo ~_nhjfZ)
gZy f_o0oZgbdZ b dhgkljmdpbb + L < K

<ZjgZ\kdbc < K =Z[jb_eyg = ? <hkljbdh\ < < JZkqzl ie
dZzkZ gZ ihklhydgmxggmx gZFmepezdmf ieZklbg_kdbo ~ _nhjfZpbc fZI_
Kljhbl _evgZy f oZgbdZ b dhgkljmdpbb = L < K

<ZjgZ\kdbc < K ygZAjb? e G_gZr_\ > K Bkke_"h\Zgb_ mij
kdh]l]h A~ _nhjfbjh\Zgby iehkdh]h klZjdvaghkhhd@gh£kB djZgh\hc gZ]jm

Kljhbl _evgZy f oZgbdZ b dhgkljmdpbb =+ < K

efZzah\ < H Ijh[e_fu ijh]j_kkbjmxs_ ]Kidjmevkbyh b j dhg
kljmdpby < + K

$ILP <DQJ - %KDWWD)6 )DPWRUYV LIXNAXHQFLQJ WKF

ODSVH UHVLVWDQFH RI IUDPH VWUXFWXUHV  -RXUQDO RI %)
SHIHUHQFHV

63 BWHHO VWUXFWXUHV 8SGDWH®GW BBWOREMH G
ZLWK $PHQGPHQW 1R ORVFRZ -6& &RGH] S

SHFRPPHQGDWLRQV IRU WKH FDOFXODWLRQ RI VWHHO
WHULD Rl OLPRWR G VBIORDQMW LORGFRZ 7V1,,36. S

5]KDQLWVERQ@VHWUXFWLRQ PHFKDQLFV WH[WERRN PDQ
6FKRRO S

.DW] $ 6 &DOFXODWLRQ RI LQHODVWLF EXLOGLQJ VWL

9DUQDYVN\ RUGAQ BRY 'HWHUPLQDWLRQ RI WX HUBDHBHU L
ZLWK WKH XVH Rl WKH /LUD VRIWZDUH SDFNDJH &RQVWUXFV
3S =

9DUQDYVN\ 9 6 %RORWRY $ 2 1XPHULFDOPWHMOD® IRJD\
EDVHG RQ WKH /LUD VRIWZRBWLRIF REFKDQERRWYDWQGR/ WUXFW
3S =



Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

9DUQDYVN\ 9 6 *DEULHO\DQ * ( ODUW\QRYD 0 0 &
IRU VWDWLF ORDG W DR GG RDRADRN D R DR XRIWNEGI DAL H UQB O ¢
VWUXFWXUHV @R IRD

9DUQDYVN\ 9 6 *DEULHOAD® *& DO FXFODMWLIRNRRI D 10D
D FRQVWDQW DQG WHPSRUDU\ ORPGPWHYNRQY LRQ WRK B FFFIR © WL
PHFKDQLFV DQG VWUX@®RWXUB& 9RO

9DUQDYVN\ 9 6 *DEULHO\DQ YHV WLH Q I/\ BRI BHLJFQ G WL
PDWLRQ RI D IODW VWHHO IUDPH XQGRW LR ? W BIQMQ DG DFRQA

WLRQV 1R 3S
$OPD]JRY 9 2 3UREOHPV RI SURJUHVVLYH GHVWUXFWL

1R +3S
$]JLP , <DQJ - %KDWWD)6 )DPWRUYV LI GXHQPALLYH WIRK

ODSVH UHVLVWDQFH -RIXIW@PH RWHEXEFWMXIUHYRQIJBQHHULQJ

&20387$7,21$/ $1$/<6,6 2) 7+( (/$6723/$67,& '()250$7,21
2) $ )/$7 67((/ )530( 81'(5 (:&(66,9( 7(&+12/2*,&%/ /2%

9 6 9DUQDYYNIBWKHY9 9DUQDYVND\D

9RURQH]K 6WDWH 7HFKQLFDO 8QLYHUVLW\
5XVVLD 9RURQH]K
IRURQH]IRHGLIFWB 8QLYHUVLW\YQOPEHEQDNIRVHU 1
5XVVLD 9RURQH]K

3K'" RI 7THFK 6FLHQFHYV $VVRFLDWH 3URIHVVRUWNHMOKH 'HSDUWPHQW R €
HPDLO PDLO996#LQER[ UX

*UDGXDWHRNVWKBHRPSWOWUWPHQW RI BWOXFWXUDO BPHDRIOD QNLFYW #PDLO UX
3K'"LQ 3KLORORJ\ 6HQLRU /HFWXUHU RI WKHOHSDUWPHQW RI )RUHLJQ /I
HPDLO PDLOYHY#PDLO UX

$ FRPSXWDWLRQD® @\DWRBIOW RWMWKBHIRUPDWLRQ RI D IODW VWHH
FRQVWDQW DQG H[FHVVLYH WHFKQRORJLFDO ORDG LVISWMKHRYUWN HEREWKH S
LWV ORDGLQJ LV EHLQJ LQY H\WWLBKBPIWIHHD LDKEH. QJIIHW X RWW KHHR GKLWVREQ OO\ Q
/,5$ 3& DUH SUHVHQWHG

.H\ZRUGYWHHO IFEHDHLQRDF® SDFLW\ H[WUHPH HTXLOHRERRB XB/WRJU
WLRQDO FRPSOHJ[ /,5%
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J:KQ?L B IJH?DLBJH<:GB? FHKLH<
B LI:GKIHJLGUO KHHIM@?GBC

M > D
Y
WDKI?IJBF?GL:EVGH? BKKE?>H<:GB?
KL.E?@?E?AH;?LHGGH=H DHGKHENQ&GH=H
IJHE?LGH=H KLJH?GBY FHKL:
K ;_@hdlh\ < : MIdbs FZI\__\
Kb[bjkdbc JhkmAZjkI\_gguc ZMffhgbevgyb\ _jkbl_I
Jhkkby Hfkd

KI ij_i zkibjZgl dZn_~ju fhklh\ b lhgg_e_c IHRD LOV EH\® QiGU X

>jl_og gZmd ijhn dzZn_"ju fhklh\ b lhgg_e_c¢ HPERILISURWHMER D UX
>jl_og gZmd ijhn dZn_"ju fhklh\ b lhgg_e_c HPEL® VLEPGUX

IhklZzgh\dzZ azVjzgblzZ\e_gu j_ameviZlu bkke_"~hYZgbygglhog kjtheevdbguo kljh_gb
klze_"_e_ah[_Ifthkdgh]h

J_amevldhuj_amevlzlzf jZzkg_lh\ klZlbg_kdbo b "bgzZfbq_kdbo bkiulZgbc n
"_e_ah[_lhggu_ dligkhggah ijhe_lgu_ kljh_gby khojzZgyxl jZ[hlhkihkh[ghklv khh

Ib\guf Ij_[h\Zgbyf ij_~tyley_fuf d j_fhglbjm_fuf fhklhbuhkhhjmb\gklf[_ahiZkgu
ijhimkd \j_f_gguo gZ]jmahd deZkkh\ : b G
<u\h?~uDhdkmdlb\gu_ j_r_gby ijbgylu_ ijb ijh_dlbjh\Zgbb ijhe_lguo kljh_g

kiI\mx!| kh\j_f_gguf ij_~klzZ\e_gbyf h jZpbhgZevghklb jZkij_"~_e_gby*§Z| jlbezneh\ \
bl hkgh\hc ey ihke_~mxsbo bkke_"h\Zgbc ih kh\_jr_gkl\h\Zgbx dhgkljmdpbb

Dexq_\u_ kekVZIbqg_kdb_ bkiulZzgby "bgzZfbqg_kdb_ bkiulzgby fhkl klZe_ -
e_lgh_ kljh_gb_ g_kmsZy kihkh[ghklv ]JeZ\gu_ [Zedb ieblZz ijh_a _c¢ gqZklb

<\ "N gt ~“bg_gb_\ kh\f_klgmx jZ[hlm ~ _e_ah[_lhgghc ieblu
guo [Zelméd\ihebeh nbflvgyZkoh” f 1ZeeZ ijb ba]lhlh\e_gbb ijhe_Iguo |
wlhc ijbgbg_ k k_j _"bgu ijhreh]h klhe Iby klZe_ "~ e _ah[_lhggu_ ij
kfZljb\Zebkv dZd h”"bg ba gZb[he__ jZpbhgZevguo \ZjbZglh\ fhklh\
gbo b [heviphezlh\_HIkI\ _ggu_b aZjm[_"gu_ gZmqgu_ bkke_ "h\Zgh
lhgguo fhklh\ ijb\_"tg@ \b>\+>@ khhlI\_IklI\_ggh

< kh\j_f_gghc ijzdlbd_ fhklhkljh_gby ijbhjbl_I hl*"Zg klZevguf
gbyf k hjlhljhighc ieblhc >Zgg¥mkedhNeqgiglEghic | ogheh]bqgghklvx ki
bl _evkI\Z k ijbf_g_gb_f ijh~hevghc gZ~\b db hldZahf hl j_]mebjh)
guo jZ[hl gZ fhglz _

L fg f g _ agZgbl_evgh_ dhebg_klI\h klZze_ "~ e _ah[_lhgguo
K_j_"bg_ ;; \_dzZ ijhvhgdpbhagbjh\ddkeh\byo kh\j_f_ggh]lh "\b _gby
wdkiemZzZIlZpbb ijhe_Igh]lh kljh_gby \hagbdZ _| g_h[oh”bfhklv dZiblZz
nZdlbq_kdhc jZ[hlu khhjm™ _gby

H[t _dIhf gZklhys ]h wdki_jbf_glZevgh]h bkke_ ~h\Zgby y\ey I
gh_hdkheV@lkehhd_ijhe_Igh_ kljh_gb_ E_gbg]jZz*kdh]h fhklZ q_j_a |
jh~r_ Hfkd_ Ih az\_jr_gbb dzZiblZzevgh]lh j_fhglz \ ]h~ m ijh\_~

¢ :_ehdhiuth\k Mldbg < : FB3I\__\ K



Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

klZzlbg_kdb_ b “bgZfbqg_kdb_ bkiulZgby ijhe _Iguo kljh_gbc j_ame
e_gu \IldhXls _c jZ[hjl_~ijh_dlgh_ h[ke_"~h\Zgb_ b ijbgylu_ ijh_dlgu_ |j
kZgu \ jZ[hl_ > @

<u\h?u ih j_amevlZIZf bkke_"~h\Zgby iha\heyxl hij_~ _eblv nzd
_fghklv ijhe_lguo kljh_gbc khhiI\_IklI\b_ kh\j_f_gguf ghjfZlb\guf Ij_
golv p_eb Zeyg* cr_]h kh\_jr_gkl\h\Zgby dhgkljpzepyy dih kkBevghe
ah[ _Ihgguo ijhe _Iguo kljh_gbc ey \hafh ghklb ih\lhjgh]h ijbf_g_ gt
fhklh\ [hevrbo ijhe_1lh\

OZjzdl_jbklbdz ijhe_lguo EljgbghbjZ~kdbc fhkBglujr_ehkljg_

\ ]Jh~ m ih ijh_dIm bgklbIimlzZz ©E_gljZgkfhklkjhhsl2c jb&kbghc
bf | \hk_fv ijhe_Ih\ 1ljhe_Igu_ kljh_gby k _a”hc ih\_jom \dexqgZxl
IK 2IK b fhgheblgh_ "~ _e_ah[_lhggh_ ijhe_Ilgh fzkijhklgbka kg Ko _

gb_f ijhe_Ih\ ijb\_~_gZ gZ jbk

Jbk H[sbc \b” gZ E_gbg]jz~kdbc fhkl q_j_a j Bjlur \'] Hfkd_ k ijZ\h]h

Jbk Ko_fZ fhklz gmf_jzZpby hihj k e_\h]h [_j_]Z

ljhe _lgu_ kljh_ghhKIRKRuiheg _guhlgkhe{gddqghc ko f k ijhe |Zfk

N"ebghc “~h f dhgkhfeWwukhlZ klZevgwo [Zehdihi_j _gqghf k_q_gb
mklZgh\le _gu r_klv ]JezZ\guo [Zehd kh_"bgzgguo k fhgheblghc "~ _e_
~a _c qZklb Ihesbghc f KhleZkgimfijlyldpdtbc*bg gb_ klZevghc

"_e_ah[_lhgghc qzZkl_c ijhba\_”~_gh ihkj_~klI\hf ]Jb[dbo mihjh\ 1Thi_
klZ\e _gh gZ jbk

FZI_jbZe ]JeZ\guo [Zehd[déalyggbleMyghijhe Igh]lh kkjZegb G E
dezZkk ijhgghklb [_lhgZ iebdd kiljth kdh'lkldm % JZkoh” klZeb JeZ\guo
ehd | f jZkoh”™ " _e_ah[_Ihfgiz
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Fhkl azijh_dlbjh\Zg gZ ijhimkd \j_f _gguo Z\Ihfh[blev@Do gZ]jn
ljZzf\Zcgmx gZ]jmabdm It oh”gmx gZ]jmadm bgl_gkbadghxtvikcgh d] f
"Mb® _ghh fhkim k fhf _glZ kljhbl _evkI\Z g hkms_kl\eyehkv

Jbk 1hi_j ggh_ k_q_gb_ fhekgghhthijhe Ighlh kijh_gby

FhglzZz ijhe _lguo kljhFlgdblZ ™ klZe ~ e _ah[_lhgguo ijhe _Iguo kljt
ihegyeky gZ \j_ f _gguojthfihgZgbk f | _oghempBihgh\dgby mkbebc >ey ih
guo ijhe _Ih\ IK IK b IK jbk ijbf _gyeZkv ko _fZ ihA”rhfdjZqb\Zz
[Zehd k ihke_"mxsbf [_lhgbjh\Zgb_f ieblu < j_amevlZIl_ ij_~\Zjbl_
jZaljmadb [Zehd h[_kbhfjb\gkezplbw ba]lb[Zxgblo\ finl ihklhygghc gZ]jmac

>ey ijhe_lguo kljh_gbc IK b IK j_]Jmebjh\Zgb_mkbebc “hklb]
"h\ZIl _evghc [ZeeZklIbjh\db ih”\ _kguo ijhe _Ih\ b [_Ihgbjh\Zgby ie
kI\_ggh \ualZggh]h \u]lb[Z L AfbKihfjZpah \dexg_gh[ Thgghc ieblu \
jZ[hlm gZ iheh bl _evgu_ b hljbpzZl _evgu_ ba]b[Zxsb_ fhf_glu

:gZeba | _ogbg_kdhc “hdmf_glZpbb ih wdkiemZlZpbb khhjm ™ g

ih ]I K\_~ _gby h f_jhijbylbyo \uiheg_gguo \ ijhphkKilZ_ wdhdkiemzZ
N gu \1ZJe
LZ[ebpZ
Il _j_g_gv f_jhijbylbc aZ i_jbh” wdkiemzZIlZpbb E_gbg]jZz~kdh]h fhklZ
=h GZbf _gh\ Lbi jZ]| JZajZ[h
GZmaglglmgbq_kdbc hig_| h[ bkiul|ZghykdhRhZZgh _ OKB: :>Ba
q_j_aj dm EJhjh* H bbkiulZ '

Hig_| ih gaikke ~h\Zl_evkdhc jZ[hl

©H[ke ~h\Zgb_ b bkiulzgb_ fhkjz HLke_~h\Zgh_— DZn_~jZ ©Fhkiu®

q i aj dm Bjlur \ b bkiulzghb_| ©KB;:>B?
T DZn_"@Fhklu?
Azdexqg_gb_ H[ke Ah\Zgh_ ©KB::>B2

ih h[ke_~h\Zgbx k\Zc hihju < b ©OF gliZgkfhkl

Hig_I| ih gZimgghg_kdhc jZ[hl_
©H[ke_"h\Zgb_ ijhe_lguo kljh_gbc H[ke_~h\Zgh_ DZn_"jZ ©Fhklu?
E_gbg]l]jZz~kdh]lh fhklZ q_j_a j_dm BijbubkiulZgb_| ©KB;:>B?
\ 1hj Hfl

Ijh_dl j_dhgkljmdpbb iZjzi_Ih\
b ~ nhjfZpbhgguo r\h\ k bkihegbl_evg\]ht%h |
rdmf_glZpb_c gZ j_fhgl -'hg
iZjZi_lh\ b Ijh

A:H ©OFkdkljhcfhkl?

Hig_| ©H[ke_"h\Zgb_ fhklh\ ©X|be_cguc?
g j Hfv ©E _gbgljZz~kdbc? q j Bjjur

©Njmga_gkdbc?a g j Hfv \' ] Hfkd_2 H[ke_~h\Zgh_ HHH ©IBD?
©H[ke_"~h\Zgb_ fhklZz ©E_gbg]jZ~kdbc?
g j aj dm Bjlur \
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Hdhggzgde |

=h GZDbf_gh\ Lbi jZ] JZajzZ[h

L _ogbg_kdbcoOkhgihleg_gb_ jZ[hl ih h[ke_

"h\zZgbx fhklZz ©E_gbg]jZ*kdbc?|g_j_a j_dm Bj
lur b fhklzZ bf e_| <EDKF @©DhfKhkkevh\Zgh _ HHH ©1BD?
kdbc2 qg_j_a j_drhifliv % JAFdEK_gbg
liZ"kdbc? g Bjlur \ Jhjh~ H

lih_dl ©JZajz[hldZ kifhlghgMhdmi{_glz

pbb gz \uiheg_gb_ jZ[hl ih azf_d_ ~_nbjffhgbhg HHH ©IBD?
guo r\r

Ijh_dl ©DZiblZevguc j_fhgl fhklZ ©H[gbglN\Zgh_

kdbc? qj Bjlur\] HI dZiblZevguc HHH OFHKL®
Hig_| ©<uiheg_gb_blgzemgbdizkdpo

jZ[hl ih hij_~_e_gbx nZdlbq_kdh]h gH[ike "ddBEgh_ DZn 7jz

A_nhjfbjh\Zggh]lh khklhygby dhgkljhidpbgbfh ki ¢ v
©E_gbgljZz*"kdbc2 q_j_a j_dm BjlurlZ]zHdkdblizhe
ke ZidblZevgh]h j_fhglZ ijb \ha”_|cklI\bb_§Zgyd o
\j f gghc ih®\b ghc ¢

?hFthu b Ilhgg leb?
I\W-;HM <H ©Kb[|>B?

lh j_amevlzlzf h[ke_"~h\Zgbc ijh\h~*b\rboky \ i_jbh~hkgh ih
knhjfmebjh\ZIlv ke _"mxsb_ h[h[szggu_ \u\h”u
> n_dlu hdzZaulZxsb_ g _ihkj_~klI\ _ggh gbebggbmgZc kghkh]
ghklb ijhe _Iguo kljh_gbc g_ \uyle _gu H[gZjm _ggu_ ih\j "~ gby
ghf dZzkzZxlky dhgkljmdlb\guo we_f_glh&]hebyxisbley ggh”*g_ h]jZgbql
]imahih”~tzfghklv
NZdlbqgq_kdb_ oZzZjzd!l_jbklbdb ijhgghklbeblwe igh[alhgggZklb
ij_ \urzZxl jZzkgzlgu_ agZqg_gby aZeh _ggu_ \ ijh_dl_
ljh\bkZgb_ ijhe_lguo kljh_gbc h[mkeh\e _gh gZdhie_gb_f ih
aZ KogfghlhdjZlgh]l]h gZzkeh _gby kehz\ fhklh\h]h ihehlgZ Y\e _gb_ g
jZdl_jz b fh _ImkljMg_gh \ ijhp_kk_ dZiblZevgh]h j_fhglZz
< jzZfdZo ih”~]hlh\db ijh_dlghc “hdmf_glZpbb dzZiblZevgh]h j_f
\uiheg_gZ ijh\_jdZ ijheh Igbo B4 \ha”_ckl\b_ gZ]jmahd : b G Ahi
j_fhglbjm_fuo khhjm™ _gbc >hihegbhleydglh \jlooh™ gZ hp _gdZ gZ kh
kiI\b_ kh\j_f gguf gZ]jmadZf : b G MklZgh\e _gh qlh ijb \ha”_cl
gzlgZy g_kmsZy kihkh[bgwdvkljhegbc g _ h[_ki_gb\Z _ Iky
KIZlbg_kdb_ bkiulZzgby ijhe_lguKIKljohg gkotbh b kiul zZhg\bye b ki

dZn_~jhc ©Fhklu b lhgg_ <€H® NbE[;E2 \ ]h~*m ihke_ aZ\_jr_gby d:
ghlh j_fhglz < dZqg_kI\_ gZ]jmadb bkihevah\Zelhkk[bk¥fHkyZeHkgu
kmffZjghc fZkkhc hdheh lhgg JZkij_~ e _gb_gZ]jmadbelbRul[hj k

jZzkqzlzfb f _Ih~"hf dhg_gqguo we f glh\ \ ijh]jzZzffghf dhfie_dk_ ©O0LGC
[hl_ ijb\_~ gu j_ameviZlu bkke "hfZgbggdlogkjlppwghkljh _gbc IK b
IK jbk
Ko fu jZaf_s_gby dhgljhebjm_fuo k_djlg\b ¢ bg uj p[h go\kD h g
l[jhebjm_fufb k_g_gbyfb y\leyebkv
k g _gbxk,j "bgZ IK
k_q_gbzxgZ hihjhc «
k g _gbzxk9] ~bgZ IK
GZ]jm  _gb_ ijhe _lggbckhjlms kl\eyehkv ihhq_jz*gh ~ey dZ "h
Ko fzZ jzaf_ s _gby \j f gghcilgiZ]jjmadd gZijZ\e _gbb ij _~klZ\e_gZ g
Dhgnb]mjZpbb az]jm  _gby \ ijh*hevghf gZijZ\e_gbb Z 1Zd _ j_ame
[A\ ijb\_~ gu gZzjbkJZkijergb_ gZijy _gbc \ k_g_gbb gZb[he__ g
[Zedb ; ijb \ha”_ckl\bb \j madbhgf4¥kqgzigh_ k g _gb_ hljZ  _gh gz
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Jbk Ko_fz jzaf_s_gby dhgljhebjm_faighkbphfgic |

Jbk Ko_fzZ jzaf_s_gby Jbk Ko_fzZ jzaf_s_gby
ijb[hjh\ baf_j_ oghkill_evguo ~_nhjfZpjbdhjh\ baf_j_gby hlghkbl_evguo *_nhjfZy
\'k_q_gbb:l_gah~z \'k_q_gbyo ,,,:1_gah~"Zz

Jbk lheh  _gb_ bkiulzl_evghc gZ]jmadb \ ihi_j_qghf gZijzZ\e_gbb

Jbk lheh  _gbbkiulzl_evghc gZ]jmadb ijb aZ]jm _gbb k_q_gby ,,

Jbk =jznbd ijh]b[h\ [Zedb ; ijb azZ]jm _gbb k_q_gby ,,



Kljhbl_evgZy f_ozZgbdZ b dhgkljmdpbb

Jbk Ijh]bJu ]JezZ\guo [Zehd \,Kkbgagkhm _gbb k_qg_gby ,,

Jbk lheh _gb_ bkiulZl_evghc gZ]jmadb ijb aZ]jm  _gbb k_q_gby

Jbk =jznbd ijh]b[h\ [Zedb ; ijb aZ]lpgby ghb k_q

Jbk 1jh]b[u JeZ\guo [Zehd \,Kb@Zdph _gbb k_q_gby ,,,

Jbk 1jh]b[u JeZ\guo [Zehd \%jmagim  _gbb k_q_gby ,,,
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Jbk lheh'_gb_ bkiulzl ZoRdly ijb az]jm"_gbb k_gq_gby ,9

Jbk Iheh _gb_ bkiulzZl_evghc gZ]jmadb ijb aZ]jm _gbb k_q_gby ,9

Jbk Iheh _gb_ bkiulzZl_evghc gZ]jmadb ijb aZ]jm _gbb k_q_gby ,9

;ZedZ ; K_, ;ZedZ K_q_¢,, ;ZedZ K_qgq_¢,¢

Jbk JZkij_~_e_gb_ gZijy _gbc \ [Zed_ ;
| _hj_Ibg_kdb_ agZq_gby h[hagZq_gu djZkguktbgbdki_jbf_glZevgu_

AZdexq_gby ih j_amevlZIZf klZlbg_kdbo bkiulZgbc
L _hj Ibg_kdZy jZkq_ lg@lyG®Y ¥ZIO "dklZlhgqghc kIl _i_gvx lhqgg
hibku\zZ | jg@gXZ[hlm ijhe_Iguo kljh_gbc
ljhp_gl aZ]ljm™  _gby ijhezlgh]lh kljh_gby bkiulZl _evghc gZ]jm
d ijh_dlghfm azZ]jm  _gbx \j _f _gghc gZ]jmadhc khklZ\ey |
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< ebgbgu fZzdkbfZevguo nZdlbg_kdbo ijh]lb[h\ f_gvr_ | _hj_|I
gZ =
< edbbgu fZdkbfZevguo nzZdlbq_kdbo gZzZijy _gbc f_gvr_ | _hj
gbc g&
J_amevliZlu baf_j_gby ijh]b[h\ ijhe_Igh]h kljh_gby khihklZ\b
ihemqg_ggufb \ ]1b
ljhezlgu_ kljh_gby fhklZ m~h\e _I\hjyx|_¢gmygbipAdpuhdhih”t
zfghklb ih ijh]lb[Zf b ghjfZevguf gZijy _gbyf
Ih fhkim \hafh™ g ijhimkd ijh_dlguo \j_ f gguo gZ]jmahd
gbg_gbc
>bgzZfbq_kdb_ bkiulzZzgby ijhe_lgusbkldhbgblkcdb_ dzZqg_kI\Z fhkl
khhjm  _gbc y\eyxlky \_kvfigbbwo gpfbdlibjh\Zgbb kljhbl_evklI\_ b wd
pbb gZklhys__ \j_fy jZajZ[hldm f_Ih”bdb hp_gdb “bgZfbq_kdbo dZz
_gbc Z\Ih~hjh 'guo fhklh\ \_~ml ijhn < K KZnjhgh\ b : < :glbih\
P_evx "bgZfbq_kdbo bkiulZgbc y\ey Iky
\uy\egb hldebdZ khhjm™ _gby gZ "bgZfbg_kdh_ \ha” _ckl\b _
gufb ih"\b ' gufb gZ]jmadZzZfb
hij_~ e _gb_ hkgh\guo "bgZfbg_kdbo ozZjzZdl_jbklibd fhklh\h]
h~ h\ kh[klI\_gguo dhe [Zgbc o0ZjZdl_jbklbd aZlImoZgby dhe [Zgbc
>bgzZfbqg_kdb_ dXjlBBlijjhe_lguo kljh_gbc j_]bkljbjh\Zebkv ijb ij
fhklm bkiulzZl_evghc gZ]jmadb kh kdhjhklyfdf \qg*"nZzZahg Z\Ihfh[be_
\uihegyebkv ih jh\ghc ijh_a ¢ qZklb b k ihjh]lhf \ \b~_ A j \yggh]l
jbk

Jbk 1jh_a” bkiulzl_evghc gZ]jmadb k ihjh]hf gZ ijh_a’_c qZklb

< dZqg_KkI\_ "bgZfbq_kdhc gZ]jmadb bkihevah\Zebkyv qg_luj
Kj_~gbc \_k zZ\Ilh£h[bdy Ijh_a” zZ\Ihfh[be_c ih ijhe_lguf kljh_gbyf k
ijh_a ¢ gzZklb \uihegyjaky tilhhihh >Zlgbdb baf_jbl _evghc kbkl_fu m
eb\Zebkv gZ ]JeZ\guo [ZedZo \ k_q_gbb ,, ijhe_1Z IK jbk

Ih "Zgguf ihemqg_gguf \ ijhp_kk_ bkiulZgbc hij_~ e _gu “bgZf
_glu ijhe_Igh]lh kljh_gby IK i_jbh” kh[kI\_pehdzZzdhefjgdgbdbc "~ _
dj f gl aZlmoZgby Kj _~gb_ agZq_gby ihemqg_gguo "bgZfbqg_kdbo
[_a ihjh]Z b k ihjh]lhf ijb\_~ _gu \ 1Z]e L_hj_Ibg_kdh_ agZq_gb_
pb_glzZz khklz\ey | khlezkgh > @
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LZ[ebpZ
Ki_*"gb Zgaggby "bgZfbqg_kdbo ozZjzdIl_jbklbd iljke_Ilgh]h kljh_gby
A7 4A Kdhjhklv >bgZfbq_kdpbc QZklhlZz I_jbh~ Eh]Zjbnfbq_kdbc
-1 gZ]jmadb dhwnnbpb dhe [Zgk dhe [Zg N dj f gl azl

>\b°_gb_gZ]jmadb

>\b°_gb_gZ]jmadb

< dZgq_kI\_ijbf_jZ j_amevIZIh\ h[jZ[hldb ~"Zgguwo bjkiulZgdhy gZ
]jZnbdb ~"bgZfbq _kdbo 0zjzdl_jbklbd \ k_j _“bg_ ijkeglghlh,kljh_gb

Jbk >bgZfbg_kdb_ oZjzdl_jbklbdb ijhe_Igh]lh kljh_gby IK k_q_gb_
ijb "\b"_gbb gZ]jmadb [_a ihjh]Z
Z ljZnbd baf_g_gby ijh]b[Z ijb "\b _gbb bkiulZl_evghc gZ]jmadb
[ 1iZnbd ~bgZfbg_kdhc khklzZ\eyxs_c i_j_f_s_gbec
\ ki_dljZevgZy iehlghklv bab[lw\ gbyljZnbd baf_g_gby mkdhj_ghbc
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Jbk >bgZfbg_kdb_ oZjzZdl_jbklbdb ijhe_Ilgklhgkgjlh_gby IK
ijb "\b"_gbb gZ]jmadb k ihjh]hf
Z ljZnbd baf_g_gby ijh]b[Z ijb "\b _gbb bkiulZl_evghc gZ]jmadb
[ 1iZnbd ~bgZfbg_kdhc khklZ\syxydcc 1_jki_dljZzevgZy iehlghklv baf_g_gby ijh
AN 1jZnbd baf_g_gby mkdhj_gbc

AZdexq _gbyairhev!|zlZf baf_j gbc b h[jZ[hldb *Zgguo "bgZfbqg_

ljb ijh_a~_ Z\lhfh[be_c ih fhkim ijhy\eyxlky “hklZlhqgh ijh”
e [Zgby wlbZdbg g y\eyxlky hiZzkgufb ~ey ijhgghklb g kmsbo dhg

HiZkgu_ "“ey “ebl _evghdjhjdglghilolbkljh _gbc j ahgZgkgu_ dh
g_ aZj_]lbkljbjh\Zgu gb \ h*ghf ba \ZjbzZglh\ aZibkZgguo \b[jh]jZff

< _ebgbgZ "bgzfbg_kdh]h dhwbmabgpyp IgyZ\ aZ\bkbfhklb hl kdl
klb gZ]jmadb ijb "\b" _gbb ih jh\ghc ijh_a _c gzZkldg hlh i jbb

df q

ljb "\b"_gbb gZ]jmadb k ihjh]hf "bgZfbg_kdbbadhgwynnikyb\ gl
aZ\bkbfhklb hl kdhjhklb gZ]jmadb HIf q ~hijb ijb df q

AgZg_gby “bgzZfbq_kdh]lh dhwhnjibbpbb glgzbb ih jh\lyha ijc
gZklb b k ihjh]lhf gb"_ ijh_dlgh]l]h agZq_gby KdZawY2_kigshgZ[hl
kbkl fu b g _agZgbl _evgzZy fZkkZ bkiulzZl \gvghd kZilheald fXKkdkjZc ij
e _lghlh kljh_gby

< ebgbgzZ i _jbh~Z dhe _[Zgbc ijhe _lguo Kkidhjhlblct ~dfZgZahg _

gZoh”~blky \ ij N~ tZok eb[h \ur_ Kk

AgZqgq_gby eh]Zjbnfbg_kdh]h ~ _dj f glZ aZlmoZgby dhe_ [ex
N h glh [ebadh d j_dhf_g”m_fuf "ey klZevguo b klZze_ "~ e al
kljh _gkhblezZzkgh > @ AgZq_gby ~ dj_f _glZ \ur_ ithemqg_gu ijb a

gZ]ljmadb k ihjh]hf
>bgzZfbg_kdb_ o0Zjzdl_jbklbdb ijhe_Iguo kljh_gb&dhyhfl\_ 1kl
Kl > @ I|lhemq_ggu_ j_ameviZlu baf_j gbc ihdZRu\Zxl
gby h[ez~Zx| ~“hklzZlhqghc ~ _kldhklvx Khklhygb ijh_a ¢ gZklb b
lj_[m_1 h]jZzgbqg_gby kdhjhklb ~\b" _gby Z\IlhljZgkihjlz
=jmahih”v_fghklv iybekllidn gbp gdZ ]Jjmahih~tzfghklb ijhe_lguc
_gbc \uiheg_gZ f _Ih~hf dhg_qguo we f _glh\ \ ijh]jzZzffghf dhfie_d
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ijbf g gb_f f Ih~"bdb baeh’ _gghc \ > @ < khhlI\ _Ikl\bb k jZzkqzlz
IK b IK khhI\_IklI\mx| deZzlkktmfdjrkbbh gZ]jmad_ .sD D b ih
gZ]jmdadD cB
lhemqg_ggu_ agZq_gby ih?I\_j"~Zxl j_ameviZlu jZkgzlh\ \uihe
lh\d_ ijh_dIlZ dzZiblZzevgh]h j_fhglz Z 1zd" _ khihklzZ\bfu k "Zggufb
<u\h”uE _gbg]jZ~kldbklc ihkljhguc \ ]h*m wdkiemZIlbjm_|lky gZ
gbb [he__ r_klIb ~ _kylbe Ibc I1jh\_~zgguc \ ]h*m dZiblZevguc j
gZ \hkklZgh\e _gb_ wdkiemzZlZpbhgguo k\hckl\ khhjm™ _gby b ijh*e_
lh j_amevlIzZIzZf bkke ktEghdbyqpih klZe_ "~ e _ah[_lhggu [Zdhgkhe
ehggu_ ijhe_lgu_ kljh_gby khojZgyxl jZ[hlhkihkh[ghklv khhI\_Tkl\r
[h\Zgbyf ij_~ty\ley_ fuf d j_fhglbjm_fuf fhklh\uf khhjm"  _gbyf b hJ
hiZzkguc ijhimkd \j_f gguo gZ]jmahdGdeZkkh\ :
<dhgkljmdlb\ghf iezg_ fh gh hilf _Iblv ke_~"mxsb_ iheh bl _evgu
gZebqgb_r_klb ]JezZz\guo [Zehd \ ihi_j _gqghf k_q_gbb h[_Kki_qg
kljmdlb\gmx “zkldhklv b gZ~z ghklv ijhe_Igh]lh kljh_gby
khijy ' _gb_ fhgheblghc ~ e _ah[_lhgghcciglklulkljZzevgufb [Ze
dzZzfb g_j_a ]b[db_ mihju khojZg _gh b y\ey |ky gz~ _ “guf qglh ih”I\_
bkke ~h\Zgby
<f kl_ k| f ZgZeba ihdZaZe gZebgb_ dhgkljmdlb\guo j_r_ghbc
kh\j_f _gguf ij_~klz\e_gbyf h jZpbkigZevehd&Bly jEZeh\ \ ijhe_Ilghf
kljh_gbb
jZa™_e _gb_ gZ ijhe_lu[ddgkhleovgthhgkljmdpbb ijhba\_" gh
gZevgh >ebgZ dhgkhe_c¢ khklz\ey | f qglh khhI\_IklI\m_1 ebrv
glh mf_gvrZ | khhilghr_gb_ wdklZxkbev gufdhplgi| hihjhc b \ ijhe | _
]lez\gu_ [Zedb aZzZijh_dlbjh\Zgu k mqgq_Ihf mkeh\bc fhglZz Z d
ihA"\ _kghc k[hjdb qglh ijb\_eh d ih\ur_gbx fZl_jbZeh_fdhklb b g_jZ|
ah\Zgbx fZI _jbZeh\ \ k_g_gbb ijb wdkiemZIZpbb
K mqzlhf \baeh  _gghdmeviZlu ijh\_~zggh]h bkke ~h\Zgby fh]i
ihevah\Zgu \ dZq_kI\_bkoh”ghc [Zau "ey ihke_"mxsbo bkke_ "h\Zg
dhgkljmdpbb k ihabpbc jZpbhgZevghklb jZkij_~ e gby fZl _jbZeh\
ghklb fhglz zZz JE[khX jr \diIkEgbx dhgkljmdpbb ijhe _Iguo kljh_gbc
baeh™ gz \ fZl _jbZe@o >

b[ebh]jZnbg_kdbc kibkhd

Klj_e pdbc G G KIlZe_ "~ e _ah[_lhggu_ ijhe _Igu_ kljh_gby
ihjl k

=b[rfZz@ ? F _|1Zeebg_kdb_ fhklueggud\lhifp{]Zo F :\lhljZgk
NZI Kk

LhefZzg \' D O J ]mebjh\Zgb_gZijy _gbc \ f I1Zeebq_kdbo
fhklh\ F :\lhljZgkba"ZzZl k

Dhazd G < Wdki_jbf_glZevgh_ bkke hta\Fgbqg rlufZ\ o[
mihjh\ klZze h[ dhggh]h ijhe_Igh]h kljh_gby kms_kl\mxs_]h Z\lh”hj
LiZgkihjlgu_ khhjm™ _gby L < ‘2, 6$76

.RIDN 1 9 2SHUDWLQJ UHJLPH LQYHNWRIDAMICR RRQFVW
VWUXFWXUH IOH[LEQHVSWLW@Q VYWRBHG EIUWEKIH 5XVVLDQ -RXUQ

9RO <« 85/ KWWSBWRGD\ 6%$76 SGIMZIA[jZs_gby

‘2, 6$76

I+
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DhaZzd<GDhfie_dkguc ZgZeba kms_kl\mxsbo f_Ih~bd ijh\_jd
]b[dbo rluj \uo mihjh\ klZze_ "~ e _ah[_lhgguo Z\Ih~hjh guo fhklh\ il

kljZg LiZgkihjlgu_ khhjm ™ _gby L < KKWWeS$V 6 W
V WRGD\ 6%$76"ZIRWIP|Zs_gby '2, 6576
Dhaeh\ : < JZkg_| klze_ "~ e _ah[_lhgguo fhklh\ k mqg_Ihf k
g_fm ihykm [ZedDb KliffhdZ gbdgZyp dhgkljmdpbb + «<85/K
LWHP DVS"LG NZ1Z hl[jZs_gby
< k _eh\ < < ljbf_g _gb_klZe_ "~ e _ah[_lhgguo dhgkljmdphb
_gbyo Ba\_klby I | _j[mj]J]kdh]h mgb\_jkbl _1Z iml_c kKh[stgby
‘2 .

FbjkZyih\ B’ L <Zeb_\ : L Bkke_"h¥\Zab|flgjhi\Zgghdih kh
klhygby klZe "~ e _ah[_lhgguo [Zehd gh\h]h IbiZz " _e _agh”hjh'guo f
kdh]lh Thkm~ZjkI\_ggh]lh ZXZjlobhbl dpmjgmgb\_jkbl_1Z < * K
‘2, B B B

' Z[Zebqg < K :g”jhkh\ ? G KlZe_~ e _ah[_lhggu_ dhgkljm
bo ijbf_g_gby \ kljhbl_evghc ijzdlbd_ Jhkkbb Mki_ob kh\j_f _ggh
K +
IZgh\zZ : K K j]l__\? BKIHkBkqgdZ klZe -~ e _ah[_lhgguo c

pbc GZmgguc \alJey \ [m"ms_ + L'2, <« K
=heh\Zgh\ < B\Zgh\ = | :gZeba dhgkljmdlb\guo j_r_gbc
iheg _gguo ba klZze_ "~ e _ah[gdhgdbc KIim2 « K+

1JRRQJ 7 IKIFK ORUR]JRY 9 ,QYHVWLIDWLQJ WKH FR

LQ UHLQIRUFHG FRQFUHWH VWUXFWXUHY XQGHU WKH LPSDFVW
9RO R =+ ‘2,

SDYORY $ S$KHKBNVD\ 7 $QDO\WVLV RI EHQGLQJ VWHHO
HOHPHQWYV ZLWWHKDL Y WHBWO SUFKLWHFWXUH DQ¢G (QIJLQHHL
>y

-RKQVRQ 5 3 5HVLVWDQFH WRMWYWGIXKH D URPRXIXDHF W IR
6WHHO 5HVHDUFK Jj 9RO 85/ KWWZZVFLHQFHRK B HFINFM L

F OOHEY/LAL ; NZ1Zh[jZs_gby ‘2, 6
+DVVDQLQ $ + PKOHEVWRBLNK $ , 7KH (IIHFWV RI 6KHD
WKH )DWLJXH %YHXPQEBHWH &WPSEROVLWH %HDPV $SUDELDQ -}
QHHULQ®RO < Jj + 85/ KWWOEWSIULRRPUWLrEOH|ZSs _
gby ‘2, \
+HQGHUVRQ , ( - =KX ; 4 8\ % OLU]DFRQHUBRRSREHK
VLWHVEAHADWPK GLITHUHQW W\SHV RI VKHDU FRQQHFWRUV 3DUW
9RO < Jj + 85/ KWW ZZVFLH@EFBRRNWL HIQPML
F COHESAL6L NZIB[jZs_gby ‘2, MQJVWUXFW

X & B6XJLXWD )DWIXIXH %HKDYLRU Rl WKH *URXS 6WXG
&RQFUHWH &RPSRVAWHD® URIGHMY GIHR(QRIOQHHK UL QJ
85/ KWWOAM HORBEGRU\ $6&(%( AZI1Z h[jZs_gby

"2, $6& (% (

'XH 'LQJ O :DQJ+ /XR = BWDWLF %HKDYLRU DQG 7K
&RQQHFWRUV -RXUQDO RI %RQ GJH JjQJ1+Q H BIR/LIQW WIBAM H O L
EUCRUGRL $6&( AZI1Zh[jZs _gby "2,

$6&(

'DQJ % +XDQJ 4 /LX ; &RPSDULVRQ Rl 6WDWLF DQG

DQG 3HUIRERQG 6KHDU &RQQHFWRUV  .6&JRBXUQIDO Rl &LYL
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85/ KWWOHELVQSIULRFBUW PEOHjZs _gby "2, Vv

,OHV ' & 'HVLJQ *XLGH RI /IDGGHU 'HFN %ULGJHV 6&, 3
BWHHO &RQVWUXFWLRQ ,QVWLWXWH

BWHYHQ / 6 6MDHMDIQEULGJHV ZLWK GRXEOH FRPSRVLW
VHDUFK 5HFRUG -RXUQDO RI WKH 7UDQVSRUWDWLRQ 5HVHDU

'X * 3HWWHUVVRQ / .DURXPL 5 BWHHO VRLO FRPSRV
WLRYHKRABWQ EULGJH WRZDUGY VXVWDLQDELOLW\ $UFKLYH
9RO Jj +

6XEUDPDQLDQ 1 7UDQVSRUWDWLRQ ,QIUDVWUXFWXUH
ODWHULDOV &RQVWUXBWLRQ :BRROG 1j%0 *

+HFKOHU 2 %HUWKHOOHP\ - /RUHQF : BHLGO * 9LH
RUV LQ %ULGJH &RQVWUXFWLRQ  7KH &RPSRVLWH &RQV
9, 7DEHUQDVK &2 $RHWBILFVLQ §RFLEWBUV

6WHRHRQFUHWHXYMWDIHMDEOH 'HVLJQ *XLGH 'DQLHO GF
JURXS OHDGHU

5HHVH * $ ,QQRYDWLYH $SSOLFDWLRQV RI 3UHFDVW &
&RORUDGR 7UDBNVSRK VB EWR RGWRH TQUDQ VS RUWDWLRQ 5HVF
9RO < 2,

;_ehdhiulh\ : K Mldbg < FzZI\__\ K QmqgZebgz < |
jhrz HfkdZz ©OE _gbgljZz~kdbc fhklakljhpdbeé valurcjdh*hjjdgkghjlguc
dhfie_dkph[e_fu i_jki_dlb\u bggh\Zpbb k[ fZl_jbZeh\ §ZdIF_""m

dhgn Hfkd Kb[:>B + K
KZnjhgh\ < K JZajzZ[hldZ b Zijh[Zpby f_Ih~"bdb hp_gdb ~t
Z\Ih~hjh gh]h fhklz < K Kzugjbgh\ : K&hblydveZgbdzZ b dhgkljm
pbb < K2, 9678 (' :'=2;,
KZnjhgh\ < K :ijh[Zpby wnn_dlb\ghc f_Ih*bdb *"bgZfbq_kc
"_e_ah[_lhggh]h ijhe_Igh]lh kljh_gby fhklzZ< <glkitKzZnjhjg@gkih

khhjm™ _gby L < K ‘2, 6$76 ("l 5%%1*5
Kl Fhklu b IjmJu :dlmZebabjh\ZggZy j_"Zdpby K
k baf < <\ A F Fbgj_]lbhg Jhkkbb k
;Zjgqgdh\ : = >bgzZfbgZkagbl Z\Ih*hjh'guo fhklh\ F LjZgkih
k
H>F J dhf_g”Zpbb ih hij_~ e _gbx ]Jjmahih”t_fghl
Ibjm_fuo fhklh\uo khhjm ™ _gbc gZ Z\Ihfh[bevguo "hjh]Zo h[s_]h ihe
kdb_ b klZe_ "~ hggah[ dhgkljmdpbb <\ F JHK:<LH>HJ Kk
ljhiZzkh\ D = L_iebpdbc : < Djzfzj_\ K Y Gbdblbg F
fhklu F LjzZgkihjl Kk

MlIdbg < : J ]Imebjh\Zgb_iheh  _gby g cljZevghc hkb ijb ij
gbklzZze ~ e ah[_Ilhegulguo kljh _gbc < _klgbd Kb[bjkdhc Jhkm~Zj

fhibevgijh ghc Zzdz”~_fbb < % K

Mldbg < : KlZe_"_e_ah[_lhggh_ ijhe_Ilgh_ kljh_gb_ izl «
de ( < azZy\e him[e

MlIdbg < : KlZe_"_e_ah[_lhggh_ijhe_Igh_ kljh_gb_ izl «
N jZpby FID ( ( ( " < azZy\e

;_ehdhiulh\ : K Mldbg < : FZI\_ \j&Kkq: |F kKliZeodZ e ah|[
lhggh]h ijhe_Igh]lh kljh_gby fhklZ k jZza”~_e_gb_f fZl_jbZeZ ih g_cl
Kb[bjkdh]h JThkm~ZjklI\_ggh]lh "jihTghlevmigb\_jkbl_|Z L <

K * ‘2,
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SHHUHQFHYV

6WUHOHWYWHHOFUHWH FRPSRVLWH EULGJH VSDQV ORV

*LEVKPFQOHWDO EULGJHV RQ KLJKZD\V ORVFRZ $YWR

TROPDFKKY 6WUHVV UHJXODWLRQ LQ PHWDO EULGJH °

S

.RIDN ([SHULPHQWDO VWXG\ RI WKH RSHUDWLQJ UHJI
VWHRQFUHWH FRPSRVLWH EULGJH VSDQ7 8D @\WS RUHY WD BL OK W
9RO 1R ‘2, 6$76

.RIDN A 2SHUDWLQJ WHDWPRQIPY MWHLGY RU¥WE HRQFUH
VWUXFWXUH IOH[LEOH SLQ VWRSBXVRLDMNKHRKUWYWQ QI UBDQVESL

9RO 1B5/ KWWSVWRW)D\ 6$76 SGFFHVVHG y

6$76

.RIDN 4 &RPSUHKHQVLYH DWD®JIVANWKIRIE)Y IRU YHULI\L
IOH[LEOH VWXG FRRQHPWRBIVFRIPS RWHWIHWMOIH KLJKZD\ EULGJHV D
HUDRODXGWULHNMQVSRUW )DFA®QWLHMR 6$76 85KWW S8W RW
GD\ ©6%$76 PWPBVVHG ‘2, 6$76

.RJORY $&D O F X O DWLRQFRPBHEMHWH EULGIJHVY FRQVLGHU
WKH XSSHU IODQJBEWUIXWWEK UD O GHHFW D Q EW\. RTRG 3R @V
85/ LWHP DVS"LG DFFHVVHG

OHVHOBY$BSSOLFDWERQ FRJUHWH ARP S/RVQ VER LVGN B X FFRVQVMA
URFHHGLQJV RI WKH SHWHUVEXUJ SRVOWH 1TBDQ¥ SRUAW 8QLY

OLUVD\DBRYDOWHBWUYWYUWDWLQ VWDWH LQYSIHN W RIBIFOHRVH
FRERVLWH EHDPV RIHMMFORZAHHGAWIY Rl .D]DQ 6WDWH 8QLYHU
(QJLQHHULOR 3s + '2, B BB

% DEDOI6FK $8 G U RV R&WFHRI@F UHWH FRPSRVLWH VWUXFW)
WHKLU XVH L@RXWWUNXGWLREBQYDOFHWLRH ORGHU@RGLHQER
3S =

3DQRY®D $HUIJHHHUDWXUHV Rl FDPEQIPDKW R @ RP S/RWH. MO
BFLHQWLILF 9LHZ LQWROKH IRFXHH '2,

*RORYD@RY,¥DQRY$QDO\VLY RI GHVLJQ VROXWLRQV IF
VWHARQFUHWH FRPSRNQWR + 3S+
1JRFRRQJ 7 IOGFK ORURJRY 9 ,QMHVRARUDWYDRQ LQLWL
LQ UHLQIRUFHG FRQFUHWH VWUXFWXUS$IWFXQ & H B WXKUIH LPG G R\
9RO 1’ o+ 2,
3DYORY $ $KHKB\D\ 7 $QDOLQUVVRIHEMKQIKEHU UHLQIF
HOHPHQWYV Z\ W DR ¥ WBEMW HFWXUH DQ G9RX L Q HIERE L J
s
"RKQVRQ FHVLVWDQFH RI VWXEB MKMRIUFRDOYRFASAROLR Q [
BWHHO S5HVHDRIFK 1R + 85/ KWWSV ZZZ VFLHQFHGLUHF
WLFOH DEV SLL 6 : DFFHVVHG : ‘2, 6
+DVVDQLQ6KDEDDQOVKH,LNKIS HRIHFMHDU VWXG GLVWUL
IDWLJXH EHKDFR@EURWHWHRFSIRMLBLD @HRRYQDO IRU 6FLHQFF
9RO 1R 3S + 85/ KWWSV OHW RRWPSD IDWEHONH G
‘2, Vv
+HQGHUVRQ , ( - =KX : 4 8\ % O0OLU]D FROFDMWH
FRPSRVLWH EHDHPVHOLW WV\GBHYV RI VKHDU FRQQHFWORULQHBDWWYJ]
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6 W U X FW X UFRO 1R3S + 85/ KWWSV ZZZ VFLHQFHGLU}
DUWDE®BSLL DFFHVVHG N HQJIJVWUXFW

X & B6XJLXUD . 6X 4 )DWLJIJXH EHKIPRER@HRWWHWW UQ|
FRQFUHWH FRPSRRXWGDOURG UHHILGIH ORI QHHUEQJ
85/ KWWSV DVFHOLEUDU\ RUJ GRL BEEHWYHG
‘2, $6&( % (

‘XH : 'LQJ O :DQJ + /XR = B6WDWLF EHKNNWRGE \DKHD |
FRQQHFWRUQDO Rl %ULGJH 0RDLQHHIR QX3S 85/ WKWSV DVFH
EUDU\ RUJ GRL $6&( DFFHVVHG ‘2,
$6&(

‘DQJ % +XDQJ 4 /LX : &RPSDULVRQ RI VWDWLF DQG |
SHUIRERQG VKHD.6&AR-RABWMRDRALWLO (QJLORBULQJIJR %3S

85/ KWW SOLQN VSULQJHWEFFRPVEBWLFOH "2, V

L,OHW' '"HVLJQ JXLGH RUD®IHIHWB&GHFN ESVFRW 8QLWHC
BWHHO &RQVWUXFWLRQ ,QVWLWXWH

BWHYHBQ 5DMDQ 6 6WHHO ERRFSIRIWL MHMEFQGRREO W D W L F
VHDUFK 5HFRUG -RXUQDO RI WKH 7UD@®WVSRUWDLWLREBSHVHDL

'X * 3HWWHUVVRQ / V.RURXRPSREMWMMHEULGJH DQ DO
WLRQ |IRUS D RRUW GYHVW RWDUWQYBEELYHW\RI ,QVWLWXWH Rl &LYL
9RO 3s

6XEUDPDQLDQ 1 7UDWUSRWWOMWICRHGY IDBIE HNYBGRQ!
ODWHULDOV &RQVWUXFWLRQQROOG 1RO +&S5

+HFKOHU 2 %HUWKHOOHP\ - /RUHQF : B6HLGO * O9LF
RUV LQ EULGJH SFFRRB\RVIU WRKNEBVWRQR/QVLQ 6WHHO DQG &RQFUHWH
&2 $6&( S

BWHRHRQFUHWH %ULGJHV Q6XWVEHLQDBOHO HBH ODWWHLV
JURXS OHDGHU

S5HHVH * QOQORYDWLYH DSSOLFDWLRQV RI SUMRDM®BWAR Q
&RORUDGBRQVSRUWDWLRQ 5HVHDUFK 5HFRUG -RXUQDO RI W}
9RO 1R ‘2,

%HORNRSEWRBYWSHEQ ODWYBHYLEXFKDODLRHDSPLU RI EULG
2PVN FLW\ 3/H QUQLIGEEVKLWHEWXRQVWUXFWLRQ DQG 5RDG 7
3UREOHPV 3URVSHFWV ,QQRSOWDAWQ®RQURFPVWKG6LFWM', 6FL

6DIURQRY BQWLSRYH$HORSPHQW DQG DSSUREDWLRQ R
WHK G\QDPLF TXDXKMWKHEAD\ REGWGEXHFWXUDO OHFKDQLFV DQG &

1R 38 '2, 9678 ("1 :'=2;,

6DIURQRY PQWLSR¥SBUREDWLRQ RI DQ HIIHFWLYH PHW
RI D YWREAGHRWBRVLWH EWUDIMHYSRDY )DPIRMLWLHR 3 "2

6$76 ("1 5$%1*5

BHW RI 5XOHV %ULGJHV DQG FXOYHUWV 8SG
ZLWK $PHQGPHQWYV 1R RZRPNV@LW\ RI DHRMR QDO 'HYHC
5XVVLD S

%DUFKHONR®DPLF DQDO\VLV RI KLJKZD\ EULGJHV ORVF

2'0 SHFRPPHQGDWLRQV IRU BBIWWHU® I GAOBID WL
H[LVWLQJ EUL®RIH SREQ@X KX B UH \0 H WIRA POHWHWARFS RVLWH VW

ORVFRZ 5RVDYWRGRU S

SURWDVYRYHSOLWVNYBPDYBY 6LNLWOQRWDO EULGJHV OF
7TUDQVSRUW S
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SWNLG 9SHIXODWHERHXWUIMK D[LV SRVLWLRQ LQ WKH G
FRQFUHWH FRPSRVLIHOPUIMAIH RISBIAHULDQ 6WDWH $XWRPR
1R 3S+
SWNLE SWHRI@FUHWH FRPSRVLWH EULGJH VSO (3DW 1
1R $SSO 3XEO
SWNL® BWHRIOFUHWH FRPSRVLWH EULGJH VSDQ 3DW
DWLRQ ,3& ( ° ( ( 1R $SSO

%HR®S\WREY $8WNEQ ODWYHBHHYHBWKRGRORJ\ IRU FIRQFXOD
FUHWH FRPSRVLWH EULGJH VSDQ ZLWK PDWAXIQLOBWHSBUBW
6WDWH $XWRPRELOH DQG +LBKZAD\ 8QULRHUVIAINV W ‘2,

(;3(5,0(17%$/ 678'<
2) $ 67((/&21&5(7( &$17,/(9(B($0 %5, *( 63%$1

$6 %WHORNRSIWRWNIG® ODWYHHY

6LEHULDQ 6WDWH $XWRPRELOH DQG +LJKZD\ 8QLYHUVL\
2PVN 5XVVLD

I3K' 6WMRQGY $VVLVWDQW 3URIHVVRU RI WKHWISDUWPHQW RI %ULGJHV DQ(
HPDIDMWVEHO#\DQGH[ UX

o0U RI THFKQLFDO 6FLHQFHY 3URIHVVRUXXJQW®Y HSDUWPHQW RI %ULGJH
HPDLSURI XWNLQ#PDLO UX

AU RI 7THFKQLFDO 6FLHQFHYV 3URIHVVRU RI WKMH 'HSDUWPHQW RI %ULGJH
HPDL®OIVLEDGL#PDLO UX

6WDWHPHQW RITWKHSBSRECGGHPHVHQWY WKH WEH\DHPDVUE B QM M@ MVRAMNRHHED
FRQFUHWH EULGJH

SHVX®BWVHG RQ FDOFX@DWILRQ QB VX\QM W VRV B/EHQ WANK HIGHWBOIRW FMHIGH F\R\
FUHWH FEQWROASYDHY PDLQWDLQ RSHUDWLRQDO FDSDFLW\ FRPSO\ ZLWK
XQGHU UHSDLU DQG HQVXUH VDIH SV DDHQBItWHPSRUDU\ ORDGV RI FOL

&RQFOXVHRWWUXFWXUDO VROXWLRQV DGRSWHG LQ WKH GHVLJQ RI W
UDWLRQDO PDWHULDMHBWVYRQVYEXMIMNROQ QG LKUURYVNUYHY DV DLEBVRY HRHY QXYW

.H\ZRUGWDWLF\WBFNMWA Q/HVWLQUHEQLRUHHG&WRRBEH B WIHQV HDG DG RW &
JLUGHUV GHFN VODE
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M>D
Y
BKKE?>H<:GB? KL:E?@?E?AH;?LHGGUO
DHGKHEVGHHQGUO IJHE?LGUO KLJH?GBC
K ;_ehdhiuld\ :labg K : FZI\__\
Kb[bjkdbc Jhkm~ZjkI\_gguc ZHhfhdhevggb\ jkbl_|I
Jhkkby Hfkd
Kl ij_i Zkibjzgl dZn_7ju fhklh\ b lhgg_e_c I|HRD LDV EH\® Q GHY

>jl_oggZmd ijhn dzZn_"ju fhklh\ b lhgg_e_c IHEDLSURWHMEDUX
>jl_og gZmd ijhn dZn_"ju fhklh\ b lhgg_e_c HPEL® VLEPGUX

IhklZzgh\dZ az¢HBbhbg_kI\_gghf fhklhkljh_gbb gZ[ex”*Z_Ilky hldZa hl klZe_"_e
e_lgudjh_gbc \ ihevam klZevguo k hjlhljhighc iebldz Vukhahcec lgaghebEoqghklb i
ba\h”kI\Z b fhglZz Z ihke_~gpoan®ZIZkghbkke_"h\Zgby b bkiulZgby kms_kl\mxs_"
[_lhggh]h fhklZ ij_"~ezZ]Z_lky mkh\_jr_gkdhj\Z2gggulbldghe_lguo kljh_gbc ihalhe)
mklZgh\blv wnn_dlIb\ghklv b jZpbhgZevghklv bo ijbf_g_gby

J_amevliHike_"~h\Zgb_ b bkinsZgb mxs_]h dhpkéteygth]h ijhe_Igh]lh kljh_gby
klZ mdZau\Z_1| gZ "bag_kihkh[ghklv b ZdImaekighlklf iljjof*egh glygph wZkij_~_e_gb_
jbZeh\' \ k_qg_gbb ih ahgzf gzZijy  _gbc hlghkbl_evgh g_cljZevghc hlklvaglgZlvhalhe
ijhgghklgu_ ozjzdl_jbklbdb ihke_"gbo KhklzZz\e_ggh_ ba klZe_"_e_ah[gbhygguo [
ijhe gh_ kljh_gb_ h[_ki_qb\Z_I h”rghklZ*"bcgh_ \dexq_gb_ \ jZ[hlm klZevghc b ~_

JZkkfhlj_gZ ljZgknhjfZpby jZkg_jdajc &aghfh klZe_"_e_ah[_lhggh]h ijhe_Ilgh
\ dhgkheethgqgmx kbkl_fm iml_f jZpbhgZevgh]hgjgafhsbjdpbyz\agathjg_ gme_\uo fh
Ih\ :gZeblbg_kdb \uiheg_g ih~[hj izZzjzf_ljh\ ihi_j_qguo k_qgq_gbc Z 1Zd'¢ ijh\_~_
k ijbf_g_gb_ff_Ih~"Z dhg_qguo we_f_glh\ < j amevlZI_ mkh\_jr_gkl\hydbgby dhgl
fZl_jbZeh_Itdmkghkbl_evgh fhklz Zgtetk]Zeb b ih “_e_ah[_lhgm \ dhg_qghf
emqg_g iheh bl _evguc wnn_dl

<u\h?ulj_"eh  _lyg kh\_jr_gkl\h\Zgb_ dhgkljmdpbb klZe_"_e_ah[_lhggh]h ijl
ihalhey_1| jZpbhgZevgh jZkij_~_eklwfgbyj®AekihhI\_Ikl\bb k bo ijhgghklgufb 0Z]
dzfb h[_ki_qblv h*ghklZ*bcgmx jZ[hIlm ijhe_Ilgh]lh kljh_\@mp yhrhdkdablo ky bhal[ | " Frh
fhdjuo ijhp_kkh\ mf_gvrblv \j_fy fhglzZ Z ijhe_Ilgh]lh kljh_gby b f_IZeeh_fdhklv i

Dexq_\u_ kehAkqg_Ilgzy ko_fz fhkl klZev ~_e_ah[_Ilhg klZe_"~_e_ah[_Ilhg
leZ\gu_ [Zedb ieblZ ijh_ga cl¢gZeZigldy hkv

<\ N ghliul wdkiemZIZpbb ijhe_Iguo kljh_gbc kh k[hjghc ~_e_a
ijh_a ¢ gZklb hdZazZeky g _]Zlb\guf > @ < gZklhys_ _ \j fy ijbf_g
ijh_a ¢ gzZklb Z kms_kl\mxsb_ijhe_Igu_ kljh_gbyakhckptzklibc Zé b
Ib\gh ihA"\ZX}lky j_dhgkljmdpbb < azZjm[_"ghc ijzdlbd_ ij_"~ihql_gb_
ghc iebl_ijh_a” ¢ gZklb
HI _g_kI\_gguc b aZjm[_"guc hiul ijbf _g _gby klZe_ "~ e _ah[_lhgq
\ jZ[hl_ G G Klj_e_pdhlh > @ W\h klgdegbhohgpjpf\hlid\ighuog?rh\d iirhf
jZkq_Im b ijh_dlbjh\Zgbx klZe_ "~ e _ah[_lhgguo ijhe _Iguo kljh_gbc
bkke_"h\Zgby \ h[eZklb klZe_ "~ _e_ah[_lhgguo fhklh\ ijh\h*bebkv \
guo b wdkiemzZlZpbhgguo ihdzZzazl_e_Z£jmHI| qukl\{Zdglglu ipb\a>* gu
@ b \+t>@ khhiI\_IkI\_ggh
BN vy ijbf _g _gby klZe_ "~ e _ah[_lhgguo ijhe _lguo kljh_gbc aZd«
\Zgbb jZ[hlu [_IhgZ \ k"Zlhc ahg_ k_q_gby >ey \h\le_g_gby \ jZ[lI

< ;_ehdhiuth\K Mldbg KZIA\__\K
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ijh_a ¢ gZklb \ ahgdgZoewgjbep fhf glh\ ijbjfZagxdgu_ ba\ _klgu_f _Ih
j_]mebjh\Zgby mkbebc hibkZggu_ \ jZ[hlZo ? ? =b[rfZgZ > @ D
j_amevlzZl_j ]mebjh\zZgby ieblZ g_\k_]2Z fh | Julv iheghklvx \dex
ljbf_g_gb_ f_Ihimelhjh\Zgby Ij_[m_1_%lidiegBb_ogheh]bqg_kdbo azljzl
klZ\bfuo k i_j_jZkoh~hf fZl_jbZeh\ \ jZklygmlhc ahg_ ieblu < gZk
j_]mebjh\Zgby mkbebc ijZzdlbg_kdb g_ ijbf_gyxlky

< NZgghc jZ[hl_ ij_"klZ\e_g j_amevlZI|l khRljimdgbldhkiZgby dérgal
[ _Ihggh]h dhgkBekiggh]h ijhe_Ilgh]h kljh_gby gZ ijbf_j_ kms_kl\mxs
kdhlh fhklZz q_j_a j Bjlur \ JThjh~_ Hfkd_ "ey ihke_"mxs_]h ijbf_g_
kljhblevkl\_ gh\uo fhklh\

Djzldh_ hibkzZgb_ dhgkljmdwplZbubwdkimgbf_glZevgh]h bkke _~h\
E _gbgljZz”"kdh]h EhlgllZzg]jZz~"kdbc fhkl q_j_a j Bjlur ihkljh_g \ ]hA
bgklbIlmlz ©E_gljzZzgkfhklijh_dl?2 Fhkl h[s_c "ebghc¢cjhe_Ihi\bfjh | \h}
e_lgu_ kljh_gby k _a”hc ih\_jom \deagigxllhgbdel KIKb fhgheblgh _
" e_ah[_lhggh_ijhe_Igh_ kljh_gb_ 1K Ko fZ fhklZ k h[hagZg_gb
gZ jbk

Jbk Ko_fZ fhklZ gmf_jzZpby hihj k e_\h]h [_j_]Z

ljhe g kljh_gbylKK \uiheg _gu ih dhdkleévggihc kajlfe KZfb
"ebghc "~h f b dhgkheyfb f < ihi_j_qghf k_q_gbb r_klv Jez
f h[t_"bg_gguo ihkj_~klI\hf ]Jb[dbo mihjh\ k fhgheblghc "~ _e_ah[_
sbghc f Ihi_j _gqgh_k_g_gb_ij_"klZ\e _gh gZ jbk

Jbk 1hi_jgqgh_k_q_gb_ dZgklenhdh ijhe Ighlh kijh_gby

FZI_jbZe JezZ\guo [Zehd ddlgdkdleMghjhe Igh]htklpevg ByEde Zkk
ijhgghklb [_IhgZ ieblu ijh_a _c¢c qzZkl% khidhtkRiZeb ]JeZ\gwo [Zeh

| f jZzkoh” °~ e ah[ |IKhgfZ FhglZz  klZze_ "~ e _ah[_lhgguo ijdtec Iguo
\uihegyeky k ijbf_g gb_f \j_ f gguo ijhf_"mlhgguo hihj b | _ogheh
mkbebc

< ] ijhba\_”~_gh h[ke_"h\Zgb_ b bk[dlezgigudh gtkén ehggio kljh
_gbc fhklZ ihke_ dZibltheMghlim~ jh[gu_j amevlIZlu bkke ~h\Zgby ij.
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> @ j amevlzZIZf bkke ~h\Zgby mklZgh\e _gh qglh klZe[Z e _ ah]
ehqgu_ ijhe _Igu_ kljh_gby khojZgyx!| jZ[hlhkihkh[ghklv KkhhI\_lkl\m
[h\Zgbyf b h[_ki_gdhZzZkduc ijhimkd \j f gguo gZ]jmahd : b G

< dhgkljmdIlb\ghf ieZzg_fh gh hif_Iblv ke _~“mxsb_ iheh bl _evgl

gZebgb_ r_klIb Jeze\gdid ihi_j gghf k_qg_gbb h[_ki_gb\zZ_| \u
kljmdlb\gmx ~_kldhklv b gz~ "ghklv ijhe_Igh]lh kljh_gby

khijy bg fhgheblghc ~ e _ah[_lhgghc ieblu ijh_a ¢ gqZklb kt
dzZfb g_j_a ]b[db_ mihju khojZg _gh b y\ey |ky gzZ~_ “quiellhlZHB 1\ _
bkke ~h\Zgby

<f _kl_ k| f ZgZeba ihdZaZe gZebgb_ dhgkljmdlb\guo j_r_gbc
\j f _gduij "klZ\e_gbyf h jZpbhgZevghklb jZzkij_~ e gby fZl _jbZeh\ \
jZa™ _e _gb_gZ ijhe lu[dbbklgbegtthgkljmdpBbgihhdpapZpbh
gZevgh >ebgZ dhgkhe_ ¢ khklZ\ey | f qglh khhI\_IklI\m_1 ebrv
f glh mfZgV khhlghr_gb_ wdklj_fZevguo ba]Jb[Zxsbo fhf_glh\ ¢
ijhe _I_

]lez\gu_ [Zedb aZzZijh_dlbjh\Zgu k mqgq_Ihf mkeh\HdcIhhdglfz  zZ d
ih"\ _kghc k[hjdb qglh ijb\_eh d ih\ur_gbx fZl_jbZeh_fdhklb b g_jZ|
ah\Zgbx fZl_jbZghyghlbkijb wdkiemZlZpbb

Kh\ _jr_gkl\h\Zgb_ dhgkljmdpbb k Ihqdb aj_gby jZpbhgZevgh]
fZl_jbZeh\ \ k_qg_gbb fhglZz Z b _jZkgalglkt_kokihkh[ fhglZ Z klZe
ah[ _Ihggh]h ijhe_Igh]lh kljh_gby \dexqgZxsbc gzZ”\b 'dm flgH}ebqg |
kljh_gby b [_lhgbjh\Zgb_ gZ kfhglbjh\Zgghc qZklb fhgheblghc iebl
kZgguc \ jZ[hl_ G G KIlj_e _pdh]kh} @] *Zgguk KirhoklZ"bcgmx jZ[h
kljmdpbb b ijb\h”~"bl d baebrg_c fZl_jbzZeh_fdhklb klZevghc gqZklb

>ey wnn_glHbh \dexqg_gby \ jZ[hlm ~ _e_ah[_lhgghc qZklb ijbf_dg
]mebjh\Zgby mkbebc 7~ey g _]h Ij_[mxlky “hihegbl_evguw HK\yegph&h]t
wlbf j Jmebjh\Zgb_ mkbebc ijZdlbg_kdb g_ ijbf_gy_Iky

K fhf _glzZz ihy\e _gby f Ih”"Z ijh*hevglagbgzZAhdjlk j\hZebaZptk
gZ™"\b db h[t_~“bg_ggh]h klZe_~ e _ah[_lhggh]lh ijhe _Igh]h kljh_gby
gby "_e_ah[_lhgz \ jzZz[hd@pbbhhZghklZz*bcghc jZ[hlu dhgkljmdpbb
wlh]lh \hijhkZ e_"ZI Ijm~u bahKj PZIgeéh\Z < L B@xr<gdh > @
J1I GZaZjh\hc >: @ZB\Zevl >: @lkbgZ > @ <k_ wlb j_r _gby gZij.
kgb  _gb_ fzZl_jbzZehijiehkgim]h kljh_gby gh Ij_[mx] “hihegbl_evgu
| evguo khhjm ™ _gbc b Ijm~hazljzl

< gZklhys _\j _fylijgbihgl”*Z Iky f _Ih~ m ijh~hevghc gZ~\b db \
dZa hl \kihfh]Zl _evguo khhjm  _gbc b \j _f gguo hihj ijhbahr_e aZz
|Zele_fdhklb ijhe_Igh]lh kljh_gby qglh \ blh]_ijb\_eh d hldZam hl klZz
e_lguo kljh_gbc \ ihdMahZpelkggkdbo

Wnn_dlb\ghklv klZze "~ e _ah[_lhgguo ijhe _lguo kljh_gbc “hdzZa
g _gby h~ghijhe _Iguo kbkl_f ~h f jZjdojf aggwd ijlge _Iguo kljh_gbc kF
ghc ieblhc "Zeh hljbpzZl_evguc j_amevlZl gh hiul wdkh&kinZliBpbb E
IN\_j°~Z_| \hafh ghklv dhgkljmdpbc ijhe_IZfb f Kk fhgheblghc iebl!

<f _klI_k I _f ba\_kl _g mki_rguc hidl gkthfe \ggwgdp dHJZkhegalo

ij_™"\Zjbl _evgh gzZijy gguo "~ _e_ah[_lhgguo ijhe _Iguo kljh_gbc > ¢
kKI\h dhlhjdbafh ghklv khhjm™ _gby ijhe_Igh]lh kljh_gby gZ\_kguf kihl
kKI\Z ijhf_"mlhqguo \j_f gguo hihj \ km "hphYheorigbeb IJean[hdbo | _
beb ijb agZgbl _evghc \ukhl_ fhklZz GZ kljhbl_evkl\_ hlI® _evguo k]
p_e_ _khh[jZaghc i_j \hadZ djmigh[ehgqguo dhgkljmdpbc gZ ieZ\m |
fhklu g _j_aj DzZfm \ 1I_jfb p_gljZevgfuc 4hee kidbc fhkl \ Dhkljhf_ p
ljZevguc ijike | f Db 7]
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GZb[he__ [ebadhc ih k\h_c kmlb dhigljljogdufb] cr dghpZkkyfley 1k
bah[j | _gb_ ©KIlZe "~ e _ah[_Ihggh_ ijhe _Igh_kljh_gb_2 > @ "“ey d
guo b g jZaj_aguo ddbklhff RlIZevgu_[Zedb h[t_~“bg _gu k "~ _e_ah[_Il
bf xs_c ijh”rhevgu_ j [jZ b ihi_j _qggu_ j_ [igb}E baglbly KhijkylZevgufb [z
dzfb kh\f_s gZ k p_gljZfb Iy  _klb ihi_j gguo k_q_gbc ijhe _Igh]h k
\uiheg_gZ ih "ebg vipaohléhdh\ kh_~bg _gguo f_ ""m kh[hc k bkihev:
b de__\uo r\h\ \ ahg_ "~ _e_ah[_lhgguo ueb[helbkhdhghqlglZevguo [z
Hkgh\gh_ hlebqgb_ dhgkljmdpbb \ Ihf qglh \ gZ*hihjguo mqgZkldZo Kk
xsbfb fhf _glzfb ijhe _kdjh_gb_ kgZ[ _gh klZevghc hjlhljhighc ieblt
\ jog_]h ihykzZz Z azZfudZxsZy dhglmj hddhguoe[Zatd \hdEZy ieblZ k
Ahevguf j_[jhf \uklmiz | \ dZzq_kI\_gb g _]h ihykzZ 1Ihi_j ggh_ k_q.
jbpzl _evguo fhf _glh\gighc \ukhlu azZ kg_| baf_g _gby \ukhlu kl_gdb
b ijh~hevgh]h j_[jZ ieblu <ukhlz [ehdZzijmf_gwriZzqdky hihj \ke_~*
mf _gvr_gb _f ba]b[Zxsbo fhf_glh\ < ahg_iheh bl _evgh]h ba]b[Zxs
ijhe _Igh_ kljh_gb_ llthywdgmx \ukhIm k baf_gyxsbfky khhlghr_gb _f
ghc b " _e _ah[_lhgghc qZklb

AZ"Zqg_c¢c "Zggh]lh bkkey*HkZghh\y)\r gkl\h\Zgb_ klZe_ "~ e ah|
ijhe _Igh]h kljh_gby gZ hkgh\_ijbf_g_gby hif _g_gghc \ur_ dhgkljm:i

ljb bkke_"~h\Zgbb dhg&hegh]lh ijhe_Igh]h kljh_gby E_gbg]ljZz~k
mklZgh\e _gh qglh jZa®_e _gb_ gZ ijhe_lu dhgklipgpbplglZz eylgha\JZpd
gZevgh_khhlghr_gb_ijhe_Ih\ fh™ | [ulv j_Zebah\Zgh ij_h[jZah\Zgk
j_aghc kbkl_fu \ digdkehgggihXd f jZaf s gby rZjgbjZz \ ahg_gme _\uo

GZ jbk ijb\_~ gu wixju ba]lb[Zxsbo fhf_glh\bhgHc dhRlihy gdhtZl
gZ]jmadb kh[kI\_ggh]h \_kZ dhgkljmdpbb b ghjfZlb\ghc \J _f gghc gZ
gh]lh kljh_gby E_gbg]jZNkdh]hljih&vguf ijhe Ihfrey A Zkl\mxs_c¢ dhg
khevfhehgghc kbkl _fu jbdey Kbkl fu ij hj[gBah\Agg jZaj_agmx jbk
\ "ey kbkl_fu ©k jZpbhgZevguf?2 jZzaf_ s gb_ fl[djdtegqdht klbgKbheyigh \

= hf_ljbg_kdb_ jZjkohrghc dhgkljmdpbb ijbgylu \ khhiI\_Ikl\bb
]* _ khhlghr_gb_ wdklj_fZevguo fhf_glhk\ekhklZXay dghc kbkl_ _fu jbk

khhighr_gb_ jZ\gh ijbg_f k_j_"bgZ ahgu gme_\uo fhf_glh\ jZk
gbb hdhethhl ijhf mlhqguo hihj < jzZzkkfzZljb\Z_fhc dhgkljmdpbb ijbgy
kheb f jbk \ glh khklz\ey | el Nebgu jijdhf_g*m_fhf hlghr_.
"ebgu dhgkheb d \ _ebgbg_ijhe kliZ]dhZkghhr @ Ih]*Z khhilghr_gb _
"hklb]z _|

<fkl kI _f fzl jbZeu \ k_q _gbyo jZzaf_s _gu ih ahgzZf gZijy _g
iheh bl _evguo ba]b[Zxsbo fhievaiin\ ki °~ e ah[ |hggZy ieblZ ijh_a’
i _j_f _gguf ih \ukh!l_j [jhf meh  _ggZy gZ klZevgu_ ]JeZ\gu_ [Zedb
fhf _gi\tklZevgZy hjlhljhigZy ieblZ ijh_a ¢ gZklb \uihegyxsZy jhe
\ Ih \j fy dZd gb 'gbc ihykhggaicak[i_ j f gguf j [jhf LZdbf h[jZahf
N e _gb_ fZl _jbZeh\ \ ihi_j gguo k_qg_gbyo ijhe_Igh]h kljh_gby hj]z
kfhljgghfm \ur_ bah[j_I_gbx \ khhI\_Ikl\blo Zgbq _rkdbdhozZjzd!l_jbk
dzfb "~ _e_ah[_lhg \ k' ZlhevahgzZkl¥gkithc ahg_ >Zggh_ j_r_gb_ h
ihegh_ bkihevah\zZgb_ijhqghklb fZl_jbZeh\

J ZebaZpby mkh\ _jr _gkl\h\Zgghc dhdkijmdibieViaaf\lzgbb f_Ih~"
gZ\_kghc k[hjdb >ey wlh]h ijhe_Igh_ kljh_gb_ khklzZ\ey_Ilkdnw\ba klZ
aZ\h~"kdh]h balhlh\e _gby @ _e_ah[_lhggu_ qgZklb [ehdh\ [_lhgbjm:
l1Z" ijhe_lgh]lh kljh_gby ijhba\h”blky ijmedggdué [kb_dpbyfb Kludh'
klZevghc gZklb hkms _ kl\ey |ky gZ \ukhdhijhgguo [helZo blgZdeZ"
iehlgh h[ ' bfz_Iky kzZfhc dhgkljmdpb_c b fh™ _| h[t_~bgylvky ihkj_"k
\uo r\h\
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Jbk Kh\_jr_gkl\h\zZgb_ jZzkq_lghc ko_fu agZg_gby fhf_glh\ \ dG f
Z wixjzZ fhf_glh\ dh[gketequgtho ijhe_Iguo kljh_gbc Eh dhglgz~kldh
wixjZz fhf_glh\ g_jZaj_agh]h ijhe_Ilgh]h kljh_gby
\ wixjzZ fhf_glh\ dhdkEbbygh]h ijhe_Igh]h kiZlpbhlgy ©&igufa jZzkij_~_e_gb_f ijhe_lI

j_amevlzIl_ijh\_~ gguo kh\ _jr_gkl\h\Zgbc[izedngg hghktdhe khe\

<
e _ah[_lhggk_Igh_ kljh_gb_ JezZ\guf hlebgb_f dhlhjh]h y\ey |ky jZp
N e _gb_ fzZl _jbzZeh\ ih ahgzZhgghkyZ~bbgh \dexg_gb_\ jZ[hIm \k _]
e _ah[_lhggh]h k_g _gby b m\_ebqg_ggZy h[eZklv ijbf_g _gby

F

_Ih~bdZ ih"[hjz izjzf_ljh\ k_g_glgkimkiZ\ggh]h ijhe_Ilgh]lh kljh
gbyF _IhAbdZ b j_amevlZlu ih~[hjz iZjZf_|Ijh\ k_g_gbc him[ebdh\ZgL
>eyhir[hjZ iZjZf _lIjh\ k_g_gbc ijbgylu ke _~"mxsb_ mkeh\by

K_qg_gby jZz[hlZx] \ mijm]hc klZ*"bb kh]ezZkgh ]bihl_a_ iehkd
ij_~ e ghbyygZgbc ijyfhebg _cguc 1ZjzZf _lju k_g_gbc azZ\bkyl hl ijhqc
fZl_jbZeh\ 1Zdbo dZd jZkh\dgfbb _khikily _gbx4klZeBkq_Igh_ khijh
Ib\e _gb_ k' Zlbx ~_e #fQ{ KaZfu ihi_ j qguo k_qg_gbc ijb\_"~ gu gZ jl

Mkeh\jZ\gh\_kby k_q_gby ijb hlkmlkl\bb ijh*hevguo kbe

L e@Li @&
1" & xgZijy _gb_\ "_e_ah[_IhggheZgjzZkllmb_ \ klZevghc gZklb

NhjfmeZz _fh‘_l [ulv mijhs_gZ ~“h jzZ\_gklI\Z KklZIbppbkdbbghfhf ¢
kbl _evgh g _cljZevghc hkb k_g_gby

5LJY5
1" 5 xklZlbg_kdbc fhf_gl bg_jpbb "_ekkg tIkggihg_¢Adbc fhf_gl bg_j
pbb kIZevgth\qIZ{//éj’Ibdhwnnbpb_gI ijb\_~ gby klZgbasdkflh1mem mijm
4
]hklb klzeb b " _e_ah[_lhgZ khhI\_IkI\_ggh
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Mkeh\b_ijhgghklb klZevgh]h k_qg_gby
&L/ :T;'Kij Q4

1"/ :T,xbalb[Zxsbc fhf_gl \ kg\gkiblZ klZevghecyatZktbgl bg_jpbb
klZe_"_eh[_lhggh]h ké&agd&hjy _gb_ \ djZcg_c nb[j_ klZevghc gqZklb
g_lghfm khijhlb\e _gbx klZeb gZ jzZzkly  _gb_
Blhlh\u_ ]_hf_ljbqg_kdb izZzjzf Xjuyhiml® fejy r_gby kbkl_fu mjzZ\g_
5LJ5a
L &ey
Aj Exi

q _ K_g_gb_ \ ahg_ hljbpzl_evgh]h fhf_glZz
\ ahg_ iheh bl_evgh

Jbk JZkg_Ilgu_ ko_fu ihi_j _gqguo k_g_gbc

Ih~Thj iZzjzf_ljh\ k_q_gbc ijhe_lgh]lhhkjljhmgeonzlZzf kh\_jr_gkl\h)
gby ijhe _Iguo kljh_gbc E g klZz"kdk]lZ\e gZ dhgKkomdigpdAghko fZ
ijhe _lgh]h kljh_gby gZ jbk k 1Zdbf °~_ dhebq_klI\hf g kmsbo we 1
_a _c gZklb 1ljhgghKkdy klZehlZz DeZkk ijhgghklb [4hgZ <FIZ
IhAThj iZjZf _ljh\ ijhigaijbM\ha” ckl\bb ihklhygguo b\ f gguo gZ]jma
khleZlkgh@ J_amevlZlu ih*[hjZ izZjZf_ljh\ k_qg_gbc ijb\_~ gu gZ jbl

Jbk JZkq_lgZy ko_fzZ dEgkmendheijlghlh kljh_gby

lh j_amevlzZIzf ih~[hjz iZzjzZf_Ijh\ mklZewhdec gEk ghh kl'Zeb \ mkt
r_gkl\h\Zgghc dhgkljmdpbb khklz\ey | + |1 f ffe>an[kjlb\pgZ gby n
ijhe_Ighlh kljh_gby E_gbgljZ*"kdh]h fhekd¥gjok paéhldlZleb Z ~_e _ah
[ _ ThgZ fif LZdbf h[jZzahf mkh\ Zgggkldhgkljmdpby ihal\hey | kgb
oh”™ klZeb gz ijb hrgh\j f gghf m\_ebq_gbb h[t fZ ~ e _ah[_lhg
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Jbk 1Zjzf_lju ijhe_Ilgh]h kljh_gby ih j_ameviZIZhdZedthieebZafiZa
ZizZjZf_lju k_q_gbc ahgueihgeuo hlal]b[Zxsbo fhf_glh\
[ iZjZzf_lju k_g_gbc ahgu hljbpzZl_evguo balb[Zxsbo fhf_glh\

Qbke gguc wdki_jbf_ gl f_Ih"hfwehd glgueoy ih*I\_j°" gby o0Zjzd
| jZ jZ[hlu ihi_j _gguo k_qg_gbc ijhe_Igh]h kljh_gby \uiheg_g gbke
bkihevagb Zf f |h"Z dhg_qgqguo we _f _glh\ < ijh]jZffghf dhfie_dk_ ©0
~gZ ijhkljzgkl\_ggzZy fh” _ev ijhe _lghcZk®ky fjuZewghiun ] hf Ijbx d
kljmdpbb jbkb k\hckI\Z fZl_jbZeh\

F 1Zeebq_kdb_ ]JezZ\gu_ [Zedb \ fh” _eb ijhg¢kh&kle ggwad 16Zklbgc
luo dhg_gguo we f _glh\ h[eZ”"Zxsbo kl i _gyfb k\h[h*u @ _e_a
kljmdpbb ij ~klzZ)\eklgdgkl\ _ggufb dhg_qggufb we f glZfb k kl i g
K\yab b \kihfh]Zl _evgu_ we f glu aZ”~Zgu kl_j g duZbbdihg lggufb
gyfb k\h[h”u H[s__ dhebqg_kl\h dhg_qguo we_ f _glh\ \ jZkqg_Ilghc f¥F
rl H[sbc \b" fh"_e&ddzye”g gZ jbk

Jbk H[sbc \b” jZkq_lghc fh~_eb
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Ihemq _ggZy fh” _ev ihalhey | ijhke_~blv oZjZd!|_juZkidijy_e gl
" _gbc \ klZzevghc b " _e_ah[_lhgghc gZklyo dhgkljmdpbb jbk

GZ jbk Z ij_"klz\e_gh jzghjfZeeggb_gZijy _gbc \ klZevghc
Q _Idh ijhke_ _"b\Z Iky kf_s gb_ebgbb gme \uo gZijy _gbc ih "ebg_
kiI\mxs__ baf_g gbxowjbBjzZxs ]h fhf _glZ Dhgp_gljZlhj \ ahg_rZjgb
gby h[jZam _dkyipa[jZah\Zgby ozjlddldhgkjzmidpbb hl h[s_c d f_klgh
[h1Z "Zggh]h maeZ aZ\bkbl hl fgh]l]bo \g_rgbo nZdlhjh\ 1Zdbo dZd j
dezZ”guo ebklhZIghbdjZzehd b “he ' gZ jzkkfzZljb\ZIlvky hI® _evgh ijb
|Zevghf bkke_ ~h\Zgbb dhgkljmdpbb

= hf_Iljblygéhevghc gZklb hij_~ eyeZkv dhgkljmdlb\ghc g_h[oh
ebgby gme _\uo gZijy _gbc gZ ijhly" _gbb f hl hkgh\Zgimykdhgkheb
ghc b " _e_ah[_lhgghc qZklyfb Z azl f __ ~\b  _gb_ khhI\_IklI\m _[| w

@ e _ah[_lhggzZznwAebdghilh ijhe 1Z k ZIZ gZijy _gby g_ ij_\urZzZ:
guo agZg_gbc jbk |

< hihjghc ahg_gZ dhgkheb bf__|Iky dhgp_gljZIh]hgaihy glgbc \
g fihyk_ Klhbl hif_Iblv qlh gb mf_gvr_gb_ jZa[b\db k_Idb gb ba
g_gby dfibgjhamev!liZIim g_ ijb\_eb Ihke_"~g__ y\ley |ky ke "klI\b_f i
hl hfs_c d f_klghc jzZ[hl_ JZ[hlZ ~Zggh]lh maeZ hilte egvfy hjZikkTfZIjb\
|Zevghf bkke_ ~h\Zgbb dhgkljmdpbb

z

Jbk Ozjzdl_j jzkij_~_e_gby ghjfZevguo gZijy _gbc FIZ
Z klzevgZy qzZklv [ "_e_ah[_lhggZy gqZklv

Ilhkljh _gu wixju gZijy _gbc ey k_q_gby \ k_j ~bg_ ih”\_kgh]tf
hdheh ijhifnlhgghc hihju jbk MklZgh\e_gh qglh \ k_j_"bg_ ijhe_
gb_ g _cljzevghc hkb kf_s _gh \ klhjhgm klZevghfic GZKkjlyo kglmy qgby ¢
"hkb]zZxl ij_~ _evguo agZqgq_gbc bf__|Iky aZiZk ih gzZijy _gbyf \ ij_~_
hitkgy |ky [he__ Thqguf mqg_I|hf ijhkljZgkl\_gghc jZ[hlu dhgkljmdpk
f gghc gZ]jmadb Bkoh”"gZy jZzkqg_lgZy dhgp _ipby khojZgy Iky ~ €
k Zlby Z klzev \ ahg_ jZkly _gby

< hihjghf k_qgq_gbb jbk [ jJZKkij_™_e kdbizgyZijyk _pbhcj Ibqg_kdk
glh ih~I\_j°~Z | dhjj_dlghklv jZkg_lghc ko_fu b ijbgyluo "hims_gbc

Ih j_amevlzIZf ijhr _eZggh]h wdki_jbf _glZ fh gh k*_eZlv ke _*r

ljhe _Igh_ kljh_gb_ jzZ[hlZ_|I \ mijm]hc klZ~"bb azZdhg jZkij_’
ijyfhebgg
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lheh  _gb_ g_cljZzevghc hkb khhiI\_IklI\m _| I_hj_Ibg_kdhfm K
ly" gb_ Z e _ah[_lhg gZ k™ ZIlb_
Mkeh\b Ijhgghklb \uihegy_ Iky

Jbk JZkij_~_e_gb_ gZijy  _gbc \ 0Zjzdl_jguo k_q_gby ijhmdmagtuehi _GEp jZaf |
Z ihi_j_qgh_k_q_gb_\k_j ~bg_ijhe _1Z [ ihi_j_qgh_k _gq_gb_ hdheh ijh

<u\h?u< j_amevlZl_bkkenkih\Zjgbgkl\h\ZgZ dhgkljmdpby klZe _
lhggh]h dhgk[lZzeesngghgh]lh ijhe_Igh]lh kljh_gby E_gbgljZz*"&dha}h\flhklZ g
Hfkd _ Hkgh\gu_ “hklb" _gby jZ[hlu aZdexqgZxlky \ ke _"mxs _f
JZajZ[hlzZgh ijhe_Igh_ kljh_gb_ j_Zebamxs__| |jb@pbk jBha” _
ahgzf gzZijy _gbc IjbgylZy dhgkljmdpby \ kh\hdmighklb k f _Ih~hf g
\hey | hj]j]ZzgbahhxlIZtYbggmx jZ[hlm klZe "~ e _ah[_lhggh]h k_q_gby
<uiheg_gh jZpbhgZevgh_jZa"_&Zeglbqgthlegkinlelvdb gZ ijhe_lu
Ih~h[jZgu iZjlgd6 k_qg_gbc ijhe_Ilgh]lh kljh_gby b ij_"~eh  _gh
dhgkljmdlb\gh_j r _gb_
<uiheg_g gbke_gguc wdkikijfgglijhkljZgkl\ _ggZy fh* _ev b \
g g jZkg_I| f_Ih~hf dhg_qguo we f_glh\
Blhlhf jZz[hi\ey |ky dhgkljmdIib\ghgZijjd\egbggh_ gZ kgb" gb f_I
_fdhklb ih\ur_gb_| _ogheh]bqghklb fhglzZz Z b jZkrbj_gb_ h[eZKklb
e _ah[_lhgguo ijfne&kljgugbc

b[ebh]jZnbg_kdbc kibkhd

;ugdh\kdbec G G Ijh[e_fu ijh_dlbjh\Zgby kljhbl_evkI\Z wdl
kljmdép ljZgkihjlguo khhjm™ _gbc b imlb bo j r _gby >\ g @ G G
KZjzlh\kdbc J]hk | _ogbg_kdbc kg

Klje pdbc G G KlzZze_ "~ e _ah[_lhggu_ ijhe_lgu_ kljh_gby -
ihjl k

Dhazd G < Wdki_jbf_elzdMg@lgb bkk bfz jZ[hlu ]Jb[dbo rluj
mihjh\ klZze "~ e _ah[_lhggh]h ijhe _ Igh]h kljh _gby kms_kl\mxs _]h Z
LjiZgkihdg khhjm™ _gby L < ‘2, 6$76 ("1 &I$/

.R]DN 1 9 2SHUDWLQJ UHJLPRI DMWHEWMRIDAMIGR DRQFYW
VWUXFWXUH IOH[LEOH SLQ VWRSV RI WKH H[LVWLQJ URDG EL

9RO <« 85/ KWWBWRGD)\ 6%$76 SGMZIHE[jZs_gby ‘2,

6$76

DhaZd G < Dhfie_dkguc ZgZeba kms_klI\mxsbo f_|h”bd ijh\_
dbo rluj_\uo mihjh\ klZze_ "~ e _ah[_lhgguo Z\lh*"hjh guo fhklh\ ih ghj
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LiZgkihjlgu_ khhjm ™ _gby < K 6$76 KWBSBBWRWD\ 6%76 KW
NZI1Z hljdisy. ‘2, 6$76 ("2 05/3()

Dhaeh\ : < JZkg_| klze_ "~ e _ah[_lhgguo Zhikdhlukimg jbf k-
g _fm ihykm [Zedb Kljhbl_evgzZy f_ozZgbdZ b dhgkdjm®blib
LWHP DVS"LG NZ1Z h[jZs_gby <38+9-

< k _eh\ < < ljbf_g _gb_klZe_ "~ e _ah[_lhgguo dhgkljmdphb
_gbyo Ba\_klplynjlkdh]h mgb\_jkbl 1Z iml_c khh[s_gby % L

‘2, ; ("1 +*3-%)
FbjkZyih\LB <Zeb_\ : L Bkke_~h\zZgh_mgyipjh\gglgh]lh kh
klhygby klZe "~ e _ah[_lhgguo [Zehd gh\hdbhdiinzklh\e agathkhby DZa
kdhlh Thkm~ZjkI\_ggh]lh XZjlghbldémgdhhih mgb\_jkbl_1Z *< k
‘2, B B B ("1l (&'8:&

Z[Zebqg < K :g”jhkh\ ? G KlZe_~_e_ah[_lhggu_ dhgkljm
bo ijbf_g_\9kyhbl _evghc ijzdlbd_ Jhkkbb Mki_ob kh\j_f _gghc gZ
K + ('l <522:;

IZgh\zZ : K K jl]__\? BbHKkRp dghkiZze ~ e ah[_lhgguo dl

pbc GZmgguc \alJey® \ [m"ms_ + L'2, <« K

("l &/3((8

=heh\Zgh\ < B\Zgh\ = | :gZeba dhgkljmdlb\guo j_r_g
\uiheg _gguo ba klZe hg#2 ahlm”™ gg_kdbc % <« K £ ("1
62,3;.

1JRRQJ 7 IHKIK ORURIJRY 9 ,QYHVWLIJDWLQJ WKH FR
LQ UHLQIRUFHG FRQFUHWH VWUXFWXUHYV XQGHU WKH LPSDFW
9RO R = ‘2, ('l 6+2759
3DYORY $ .KHJD\ % .KHJD\ 7 $QDO\VLV RI EHQGLQJ
HOHPHQWYV ZLWWHKDDL Y WBBWYO S$UFKLWHFWXUH DQ¢G (JLQHHL
‘2, ("1 )0-%,.

Mldbg < : Jh\@dgb_iheh  gby g cljZevghc hkb ijb ijh_dlbjl
gbc klZze_ "~ e _ah[_Ihgguo ijhe _lguo kljh_gbc < _klgbd Kb[bjkdhc
fhibevgijh ghc Zzdz”~_fbb K % ("l 3%,-9)

KZnjhgh\ < K :glbih\ : < :ijh[Zphy fwih”@ddib\ *"bgZfbg_kdl
jZkq_1Z klze_"_e_ah[_lhggh]h ijhe_lgh]h kljh_gby fhklZz LjZgkihj
L < K ‘2, 6$76 ("l 5%$%1*5

-RKR®Y 5 3 5HVLVWDQFH RI VWXG VKHDU FRQQRHFIMR UV
6WHHO 5HVHDRIGK <« Jj + 85/ KWWZ\ZVFLHQF HR FWHRMUFH

WL bEesLa ; NZIZh[jZs_gby ‘2, 6
+DVVDQLQ $ , 6KDEDDQ + ) (O \KKHHIDNK 63V X G7'KN WIU H
WKH )DWLJXH %YHXPQEBHWH &WPSEROVLWH %HDPV $SUDELDQ -}
QHHULQ®RO < Jj + 85/ KWWOEWSIULRRPUWLEOH|ZS _
gby ‘2, \
+HQGHUVRQ , ( - =KX ; 4 8\ % OLU]D 2F R QMW HE
FRPSRVLWH WHKDFLIITHUHQW W\SHV RI VKHDU FRQQHFWRUV 3D
6WUXFWXUHYV gRO = 86/ KWWZZ\VZV F L HQUIHBW F L HIUF\M L
F OOHES/LA NZ1Z h[jZs_gby ‘2, M HQJ
VWUXFW

X & 6XJLEWD .)DWLJXH %HKDYLRU RI WKH *URXS 6WX
&RQFUHWH &RPSRVLWH %ULGIHW HH-RXABIDO RIJ%BULGIH (
85/ KWWOSAMHORBEGRU\ $6&(%( AZI1Z h[jZs_gby

"2, $6& (% (
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;XH 'LQJ 0 :DQJ + [/XR = 6WDWLF %YHKDYLRU DQG 7K

&RQQHFWRUV -RXUQDO RI %RQ GJH J(QJL+Q HBIR/LIQW WIBAM H O L
EUCRUGRL $6&( AZIZh[jZs _gby "2,
$6&(

‘DQJ % +XDQJ 4 /LX ; &RPSDULVRQ RI 6WDWLF DQG
DQG 3HUBRERQ & RQQEEAWRMVQDO RI &LYLO QROLQHBULQJ
85/ KWWOSLNQSIULPRBU W RO |jZs _gby ‘2 V

,av ' & '"HXLGM RI /I DGGHU '"HFN %ULGJHV 6&, 3 SVFEF
6WHHO &RQVWUXFWLRQ ,QVWLWXWH

6WHYHQ / 6 5DMDQ 6 6WHHO EULGJHV ZLWK GRXEOH
VHDUFK 5HFRUG -RXUQDO RI WWBIRDODUG ROSROYWDBWLRQ 5HVHDU

‘X * 3HWWHUVVRQ / .DURXPL 5 6WHHO VRLO FRPSRYV
WLRQ IRMBEVRREW.GJH WRZDUGV VXVWDLQDELOLW\ SUFKLYH
9RO Jj +

6XEUDPDQLD@QVSRUWDWLRQ ,QIUDVWUXFWXUH 1HHGV D¢
ODWHULDOV &RQVWUXFWLRQ :RUOG 1/%0+ &: 9RO <

+HFKOHU 2 @ #%HUWKHOOHP\ - /RUHQF : 6HLGO * 9LH
RUV LOH®IRGVIWUXKWLRQ &RPSRVLWH &RQVWUXFWLRQ LQ 6Wt
9, 7TDEHUQDVK &2 $PHULFDQ 6RFLHW\ RI &LYLO (QJLQHHUYV

6BWHRHRQFUHWHVMWIDIHMDEOH 'HVLJQ *XLGH 'DQLHO G&t
JURXS OHDGHU

5HHVH *QRYMWLYH $SSOLFDWLRQV RI B3UHFDVW &RQFU
&RORUDGR 7TUDQVSRUWDWLRQ 5HVHDUFK 5HFRUG -RXUQDC
9RO < '2,

=b[rfzg ? ? F_IZeebqg_kdbz\lihfkijbgvhppm]Zo F :\lIhljZgkba
NZI Kk

LhefZzg \' D O J ]mebjh\Zgb_gZijy _gbc \ f I1Zeebq_kdbo

fhklh\ F :\lhljZgkba"ZzZl k

;_ehdhiulh\ : K Mldbg < FzZI\__\ K QmqgZebgz < |
jh"Hfkdz O©OE_Gbkgdbc fhkl?2 joblkldghmljgévguc b “hjjhggbhjlguc
dhfie_dku ijh[e_fu i_jki_dlb\u bggh\Zpbb k[ fzZl_jbzZepAdd,,, F_
dhgn Hfkd Kb[:>B + K

;_ehdhiulh\ : K Mldbg < : Wk b\ lZevdhke BPh\Zgb

klZze_~_e_ah[_lhggh]lh[dkgkéVghijhe_ Igh]h kljh_gby fhklz Kljhb
oZgbdZ b dhgkljmdpbb K+

ok o« $KKKFID ( ' ( KlIZe_ ~ e _ah[_lhggh_ ijl
e lgh_ kljh_gkZ thkl azZy\e him[e < K
< = =hfzZjh\ : < Djmgbgdbg G G KIlj_e _pdbc aZy\bl _ev PGBE
dh\z ('1 (/1/6°

ko« $KKKFID ( KIl2_ "~ _e_ah[_lhggh_ ijhe_Ilgh_ k
gb_ fhkdz azZy\e him[e < K >Zgdh\ : <
aZy\bl_ev PGBBIKD bf G | F_evgbdh\zZz (‘1 5-1-*7

ok o« $KKKJIFID ( ( ( ljhe _lgh_
kljhgb <« azZy\e him[e < L Bevxr_gdh K > 1Zjrk
< B Imabdh\ < K >Zgdh\ azZy\bl_ev KbhjjkdlgaczZbldkhl bre v g
< < Dmc[ur_\Z PGBBIKD bf G I F_evgbdh\zZz ('1 ;20;&4

ok o« $ KKKJFID ( ( Klze_ "~ _e_agphl_

g_jZaj_agh_ ijhe_Ilgh_ kljh_gb_ fhklzZ b kihkh[ _]1h fhglzZz zZ «
him[e < L Bevxr_gdh < K >Zgdh\ < B Imabdh\ K >
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Kb[bjkdbc zZ\Ihfh[behvghuc bgklblml bf < < Dmc[ur_\2f PGBBI
G | F_evgbdh\zZ ("1 0&6%$%'

ko« $KKKIID ( ( (" Kihkh[ fhg
l1Zz°Z g _jZaj_agh]lh klZe_ "~ e _ah[_lhggh]h ijhe _Igh]h kljh_gby fhk

him[e J | GZazjh\bgGay\Wimekf@abijhljZzgkfh

("l +/5)=%

1Z1 < & Jhkkbckdzy N_~ _jzZpby Klibkh['fhglZ Z gZ~h
ihjghlh mqgzZkldzZ ijhe_Igh]h kljh_gby fhklZ <« azZy\e

B : GZc\Zevl < B Jhl]¥gb=jE AAZy\bl _ev A:H ©;Zelbc

bl _evgZy dhfiZgygdl | _jimj]2 A:H ©OPZjkdhkZénwkdEKhinby2 ('1
kg

1zl < & JhkkbckdzZy N_" _(Zpby FIBihkh[ fhglZ Z g_
jZaj_agh]lh klze_"_e_ah[_lhggh]h ijhekllg ] Hhigihte bgbplycfh_e _ah[_Ih
ieblhc <« azZy\e him[e < : Mldbg a2z
<H ©Kb[bjkdbc Jhkm~ZjklI\_ggucrEZjhhfu[edhjkbl_| Kb[:>B 2 ('1
0974<%

Djuevph\ ? B Ihih\ H NzZddnlj dgggguK ~ e _ah[ _lhggu_
klu F LjzZgkihjl Kk

MlIdbg < : KlZe_"_e_ah[_lhggh_ijhe_Igh_ kljh_gb_ izl «
N jZpby FID ( « " < azZy\e him ]

("1 *9=+7+

ljhlZzkh\ D = L_iebpdbc : < Djzfzj_\ K Y Gbdblbg F
fhklu F LjzZgkihjl Kk

;_ehdhiulh\ : K Mldbg < : FzZI\__\ K :kIZedh™balZahlkq_
lhggh]h ijhe _Igh]lh kljh_gby fhklZ k jZza”~_e_gb_fhfZlhkbZeZiklghbd
Kb[bjkdh]h JThkm~ZjkI\_ggh]lh "MjihTohlevmigb\_jkbl_|Z L <
K + ‘2, ("1 T7*+*=;

Kl Fhklu b IjmJu :dlmZebabjh\ZggZy j_"Zdpby K
k ha < <\ A F Fbgj_]lbhg Jhkkbb k

SHIHUHQFHV

%\FKNRYVIN\SBUREOHPV Rl GHVLJQ FRQVWUXFWLRQ RS
WUDQWSIRFLOLWLHY DQG ZD\V WR VROYH WKHP 8.Q)LY I5DWUMMNA

S

6WUHOHWEWFRH®FUHWH FRPSRVLWH EULGJH VSDQV OR\

.RIDN A ([SHULPHQWDO VWXGHNJRIPWKH RSH{UBWHQKHDU
D VWROGUHWH FRPSRVLWH VSDQHRTUD® \HSRWVWL D3 PUREDD\E L E VL
1R ‘2, 6$76 ('l &I$/T7:

.R]IDN A 2SHUDWLQJ UHJLPH LQY HVYW L QDRWUFRHMEMEHRIQX % &
VWUXFWXUH IOH[LEOH SLQ VWRBXVR LMK HRXUSDANDR] QU 0 6 VEW

9RO 1R KWWSWRWD\ 3') 6$76DFFHAIVHG ‘2,

6576

_.R]DNA &RPSUHKHQVLYH DQDO\VLV RIH{HVM ML RH W K
RI IOH[LEOH VKHDU FRQBUWHWIR FRRYRWWWHOIRDG EULGJIHV XQ
WULHM QVSRUW )DFROLW LIHRV 6$76KWVBBYWRGD\ 6%$76 KW
DFFHVVHG ‘2, 6$76 (‘1 05/3()

.R]JORY $&DOF X O DWLR®MF BEHWWHHR® SRV LW N ENE &ITH\S FR]
WKH WRS 10D QJI8VRU X\FRWHX UIDUIOG BIMFKDQLFV DR G &RV VVBEXFWLR
LWHP DVS"LG DFFHVVHG (‘1 <38+9-
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SHVHOBY$SSOLFDWERQ FRUHWHHHARP SRV LW AHRQW WXUPIF XL HE

BURFHHGLQJYV RI 3BHWHUVEXUJ 6WDBWB 7UDQRSRW3NS 8QLYHUV
: ('l +*3-%)

OLUVD\DBRYDOLHY,GYHVWLIDWLRW UKD LW KHVWWDVB/BHHRW HDHHC
FRQFERIPMVSRVLWH JLUGHUV BRIREUIDHOGEZOIVEBLGDHVQ 6WDWH 8QL
WXUH DIQEHHULQAR 3S* ‘2, B B B ("1 (&
'8:&

%DEDOGFKSQGURVBWHROFUHWHWRPBPSERWXWHY DQG SURYV
DSSOLFDWLRQ LQ 5XVVLDG@GCHROOWPWAYXRW QR Q HUUIDRBAWLLHF QIFR
3S = ('l <522:;

SDQRY® $6 HUIJHHMHDWXUHV RI FPRGXOBDWH QIR B R/ RIW KW H \
6FLHQWLILF 9LHZ LQWROWKH )RWXUBS?2,

("1 &/3((8
*RORYDGRY,9DQRY$QDO\VLY RI VWUXFWXUDO VROXWLR
VWHARQFUHWH FRPSERMQIWH\ 1R + 3S+ ('l 62,3:.

1JRFRQJ 7 JIOXF 3K ORURJRY 9 ,QYHVWLJIDVBURF MIKH
LQ UHLQIRUFHG FRQFUHWH VWUXFW XUS$IWFXQ & HE WXKUIH LPGG R\
9RO 1R 3g 2, ('l 6+2759
3DYORY $ .KHJD\ $ .KHJD\ 7 $QDEWIHIRQIRHEBGQHI
HOHPHQWYV Z\ W DR ¥ WBEREMW HFWXUH DQGIRXILQHHRULD 3 S
‘2, ('l )0-$,.

SWNL® BHIXODWLRQ RI WKH QHXWUDO DFRW)BWWLMRR C
SRVLWH EULGJHWSO@QHWHFRWRR®YYH 6LEHULDQ 6WDWH $XWRPR
1R 3S+ ('l 3%,-9)

6DIURQRY PQWLSR¥SBUREDWLRQ RI DQ HIIHFWLYH PHW
RI D VARQWOHWHWAR ESRG IJH DAS\DSRUW )DRROLWLHR '2,

63576 ('l 5%$%1*5

"RKQYRQ5HVLVWDQFH RI VWXG VKHRXURROQQ R F\&WRQ VW
BWHHO 5HVHDRIFK 1R +3S 85/KWWSV ZZZ WHEWQRFRIFGVFLHQ
WLFOH DEV SLL 6 DFFHVVHG ‘2, .6

+DVVDQLQ6KDEDD@WKHLNKIKH HITHFWV Rl VKHDU VWXG
IDWLJXH EHKDFR@EURWHNHRPBRMBEILD Q -RXUQDO IRU 6FLHQFF

9RO 1R 13S 85/ KWWSV OLQN VSULQJHU FRP DUWL
‘2, Vv

+HQGHUVRQ , ( - =KX : 4 8\ % OLU]DWHAROQFDMMWH
FRPSRVLWH EHDPV ZLWK GLIIHUHQW W\SHV Rl VKEDIUQFRQQE &
BWUXFWX9ORO 1RS = 85/ KWWSV ZZZ VFLHQFHGLUHF
FOH DEV SLL 6 DFFHVY¥HG M HQJVWUXFW

X & B6XJLXUD . 6X 4 )DWLJIJXH EHKDYLRU RI WKH JUI
FRQFUHWH ERPGRRKW®ODO RI %ULGJH OQRILQHHUEQJ
85/ KWWSV DVFIHROLEUDU\ B ( % ( DFFHVVHG
‘2, $6&( % (

XH : 'LQJ O :DQJ + /XR I=R6WDGLWKHRKDYWLFDO PR
FRQOQHF\WRUQDO Rl %ULGJH 0®RIDLQHHBREQ & 85/ KWWSV DVI
EUDU\ RUJ GRL $6&( DFFHVVHG ‘2,
$6&(

'DQJ % +XDQJ 4 /LX : &RPSDULVRQ Rl VWDWLF DQG |
SHUIRERQG VKHDE&FRRRAUEDWARWRY &LYLO JROLQHHWRLQE3S
85/ KWWGSLQN VSULQJHDFFRIK \DHUGV L FO H ‘2, Vv
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,OHW ' '"HVLJQ *XLGH RI /IDGGHU "HFN %ULGJHV 6&, 3
6WHHO &RQVWUXFWLRQ ,QVWLWXWH

6WHYBQ ADMDQ 6 6WHHO ERRSRWMVWWAL MKWQRREROWDWLF
VHDUFK SHFRUG -RXUQDO RI WKH 7UDROSRUWDWLR£ftBSHVHDL

‘X * 3HWWHUVVRQ / VRURXRPSRGWWHE&EULGJH DQ DO
WLRQ |RUS VKREWRGDMKEW D L QPUEAKLIWHY RI ,QVWLWXWH RI &LYL
9RO IS

6 XEUDPDQLDQ 1 7UDQVSRUWDWLRQ LQIWB\ZWAXIFNGLUH
ODWHULDOV &RQVWUXFWLRQ 9ROOG 1RO +&S

+HFKOH %HUWKHOOHP\ - /RUHQF : 6HLGO * 9LHIKX
RUV LQ EULGJH &EREBYRWMLXNFW ERQVWUXFWLRQ LQ 6WHHO DQG
QDVK &2 $PHULFDQ 6RFLHW\ RI &LYLO (QJLQHHUYV S

6 W HMR@ F YU BEXWWDLQDEOH 'HVLJQ *XLGH 'DQLHO GH
JURXS OHDGHU

5HHVH * QQRYDWLYH DSSOLFDWLRQV RI SUHFDVW FRQ
&RORUDGFOQVSRUWDWLRQ 5HVHDUFK 5HFRUG - RKX WEQRDU R |
9RO 1R ‘2,

*LEVKPEQOHWDOOLF EULGJHV RQ KLJKZD\V ORVFRZ $Y

7ROPDFKKYBWUHVYV UHIJXODWLRQ LQ PHWDOOLF EULGJ

S

%HORNRSEWRBYWHEQ ODWYIBHY&EXFKDDLEHSPLU RI EULG
WKH FLW\ RI 2PVN 3/H Q LU BBV WoXULDED H & R OV DVQWKSERIPR Q T
SOH[HV 3UREOHPV B3URVSHFWV ,QQRYDWLRQV 3URF RI WK
2PVNGLES", S

%HORNRSEWRBYWHEQ ODWYBHY[SHULPHQWDO VWR®EU RW I
FRPSRAVDL@WLEIQ M GHIW E U LGGMBXFSMIXU DO PHFKDQLFV DRQG &RQVW
3 o+

'DQNRY 9 *RPDURYWXFKLQBLQGWUHOHWXWKRUTV &HUW

1R $ 8665 ,3& ( ' ( UHLQWHH®MG FRQFUHWH
1R $SSO 3XEO $SSOLFDQW &HQWUDO
RI %XLOGOQEWIHAWIW XUHV HDQIB R IRWKDHE RXG ("1 (/1/e6"
'‘DOQNRY 9 .UXFKLQNERWKRUTV &HUWLILFDWH 1R $
6WHH®IRUFHG FRQFUHWH EULGJH VSDQ 1R $SSO

SOLFDQW HRHODWFEKOD QG 'HV XL OGLWIWKWB®R 6WUXFWXUHV 2
RI /DERXU ('1 5-1-*7
,O\XVKHQNR3®DUVKLNRX]&ENRY 9DQNRY $XWKRUJV &HUW
1R $ 8665 ,3& ( ( ( GJH VDL 1R $
3XEO $SSOLFDQWYV B6LEHULDQ $XWRPRELOF
9 9 .XLE\WKHY &HQWUDO 5HVHDUFK DQG 'HVLJQ ,QVWLWXW|
1 3 OHOQLNRY ('l ;20:&4
,O\XVRHIIN 'DQNREY 93 X]IONRY 3DUVKLSRWIBRUTV &HUWI
1R $ 8665 ,3& ( ( &R Q WILQMRRN\H & VFRIQE U H
VSDQ DQG PHWKRG RI LWV HUHFWLRQ 1R $BCWV 6LEH
ULDQ $XWRPREGQBAWMGVERVH QDPHG DIWHU 9 9 .XLE\VKHY ¢
VWLWXWH Rl %XLOGLQJ OHWDO 6WUXFWXUHV QDPHG DIWHU 1

1D]DURYD 5XGRPOJLRXWKRUV &HUWLILFDWHEIR ' $
( ( OHWKRG IRU HUHFWL QB LB FRRUQAMIGO KRR @ F U\H
VSDQ 1R $SSO 3XEO $SSOLFDQW 6WI

IRU /DUJH %YULGJHV 3*LSURWUB@WRRMNRT ZDERIXUR (WK H/5HG6



,661 SULQW <uimkd

IDLYBOWSRIDEFK 9YHUHSDWHQW 1R & 5XVVLDQ )H
( OHWKRG IRU DVVISPEOLSDUWKRI DYEWLGJH VSDQ VWU XF
$SSO 3XEO SSOLFDG@WV%DOWRSDIRQ ¥ /UXWKVEHRVH & R|
7VDUVNRVHOVN\ =DYRG B6RILD -6& ('1 '*:$'

SWNL® 3DWHQW 1R & 5XVVLDQ JHGHUDWLRQ 3¢
HUHFWLQJ D FROQMLIQQREBRM G/ WRIGIPU HW HR @ B DE WK [V @ EAL N H
VODE 1R $SSO 3XEO $S RE L PHOMQ 6!

+LJKZD\ 8QLYHUVLW\ 6LES$', ('1 0974<$

.U\OWV,RYRSRY 2HLQVWHIRGHUQ 5HLQIRUFHG &RQFUHW
FRZ 7UDQVSRUW S

SWNL® BWHRH®FUHWH FRPSRVLWH EULGJH VSDQ 3DWHC
HUD W,B3RQ( ( ( 1R $SSO

("1 *9=+T7+

SURWDVYRYHSOLWVNUBPDKEBY GLNLWDEVWDOOLF EULGJH
FRZ 7UDQVSRUW S

%HORNRSBWRWHEEQ ®WYHS$ YOBWKRGRORJ\ IRU FIR@FXOD
FUHWH FRPSRVLWH EULGJH VSDQ ZLWK P DWAHMQMD BWEHEMHWD W

6WDWH $XWRPRELOH DQG +LBRAD\ 8QLRHUVASNE  '2,
("1 Trex=;
6HW RI 5XOHV %ULGJHV DQG FXOYHUWV 8SG
ZLWK $PHQGPHQWYV (XRRUFHG ORVFRZ OLQLVWU\ RI ¢
RBEXVVLD s

,03529(0(17 2) 67((5(,1)25&(" &21&5(7( &$17,/(906($0
63$16758&785( 2) 7+( %5,"*(

$6 WHORNRS\WREWHEL@ ODWYHHY

6LEHULD QWoR'PIREHO#X DQG +LJKZD\ 8QLYHUVLW\
2PVN 5XVVLD

I3K' 6WXGHQW $VVLVWDQW 3URIHVVRU RWWKH 'HSDUWPIB@ONE H®\DAJGN[ DX
oU RI THPDKRBFLHQFHY 3URIHVVRU RI WKH "HVBOWPHQW RI %ULGJHV DQG
HPDLSURI XWNLQ#PDLO UX

iU RI 7THFKQLFDO 6FLHQFHYVY 3URIHMARD RG WK HSDUWPHQW RI %ULG
HPDL®OIVLEDGL#PDLO UX

BWDWHPHQW RI,% K \BWIRED EBLGJH FRQFWH\W A WIRFRGRMWWR BIDVGY AR Q F
V S D Q VEKIHYH O D O DHFGI\GUEFASVWHHO VSDQV ZLWK DQ RUWKRWURSLF GHFN VO
HIILFLHQF\ %DVHG RQ WKH LQYHVW L JDRALFRIH W @ G- RAAHS/RAWILQ\WIHRE WDLGS BIHIL \DVQL
FRPSRVLWH VFO\DHG/ WRLDMEBWRBAWIILFLHQF\ DQG UDWLRQDOLW\ RI WKHLU

5HVXDOKHVXUYH\ DQG ORDG WHVWLIQUGHUDQSH[Q L\WQIGQF FW & WLIOH YHD
YDQFH RI WK I$VRD WN WLHFPO/ O D \ R M RWISER Q/KRV FIGR \G\L M WIUD @ X VEL VIVRIBIW V R Q
WR WKH QHXWUDO D[LV ZKLFK HQDEOHV B VSWQ YNNG PE/HHED GIHR F Wl FAGVF
FRQFUHWH FRPSRVLW HVEAIRIFN F RPGWRX/U MAH EDRE) DRQ R R\ KM@Y B B O

$ WUDQVIRUPDWLRQ RI D FRQWLQXRXW ERPSRWWHP \LSYD[RBMRIG ED (
D KLQJHG VX SERRINMQ WQRMBWRVFWLRQ SDUDPHWHUV ZHUH VHOHFMWH® DQW O\
XVLQJ WKMHRMQWHHWKRG ZDV SHUIRUPHG $V D UHVXOW RI WKH GHVLJQ
DWLYH WR DQ DQDORIRXWHEHORIBWHLQIRUFHG FRQFUHWH \LHOGLQJ D SF

&RQFOXVKRGWRSRVHG RPWKRNRMPHAY®WW FRPSRVLWH VSDQ DOORZV U
WHULDOV ZLWKLQ VHFWLRQV LQ DFFRUGDQFH \ZW\W KHWRKSH.WDWWL B I QR MAK KA &
IRUBHIJXODWLRQ SURFHGXUHV BYERWW BURFWVRQVW DR PG XMW HHO FRQ

.H\ ZRUEGD/OFXODWLRQ VFKHPH EULGJH VWHHO UHLQIRUFHGIFRQFUL
PDLQ EHDPV URBGGNJDWODH YV
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J:KQ?L B IJH?DLBJH<:GB? HKGH<:GBC
B NMG*?GLH< A>:GBC B KHHIM@?GBC

M>D

MDJ?IE?GB? G:;MO:XSBO =JMGLH<
IJB KLIHBL?EVKL<? NMG>:F?GLH< A>:GBC B KHHIM@?GBC
< =?HEH=BQ?KDBO MKEH<BYO KBJBB

E G DhgrjZIVE\Z\ZA

KZgdl|_jimjlkdbc Jkkm@zjuc Zjob! Klphjglhevguc mgb\_jkbl_|I
Jhkkby ] KZgdlmij]

>jl_og gZmd ijhn dZn_"ju ]_hl_ogbdb HRDLNRQG U WNMBGUNO Q
:kibjzgl dZn_"ju ]_hl_ogbdb 1I_e HP D LADD R DZ B 8 D UX

IhklZzgh\dZ azGzZqgihkgh\Zgbb eZ[hjZlhjguo wdki_jbf_glh\ bkke_~m_Ilky wnn_
gby kf_k_c ihebijhibe_gh\uo \hehdhg b ba\klkhbl*"ewguemas|hdly jbklbd gZ[moZ
]Jimglh\uo hkgh\Zgbyo \ mkeh\byo ]_heh]blyc kh&k khcrd_Kibmekdb

J_amevl&lyzfdZo eZ[hjZlhjguo wdki_jbf_glh\ [ueh ih~]hlh\e_gh h[jZaph\
dhlhju_ [ueb kh[jZgu \ jZchglhaZdy2Z &bjbb < wlb h[jZapu [ueb "h[Z\e_gu jZae
gZpbb f_klgh]lh ba\_klgyhdZeb ghelbaoj\hehdhg <k_ h[jZapu \u”_j b\Zebkv \ klZg”"Z
\ ki_pbZevghf [hdk_ "~ey I\_j*_gby BkiulZgby ijh\h*bebkv gq_ja&\_jr_gby ijh 4
p_kkzZ I\_j~_gby JZkkfhlj_gu j_ameviZlu bkke_"h\Zgby IdbllyZiimoZk Zixkkly ]1p#élB
< j_amevlZl_ijh\_~_gguo wdki_jbf_glh\ Jueh \uyle_gh \ebygb_ ~h[Z\e_agby iheb
\_klb gZ ieZzklbq_kdbZ[imbZklkZ]lg ][jmglZ Z 1Zd _ \ebygb_ wlbo ~h[Z\hd gZ hlghk
b "Z\e_gb_ gZ[nmzaZgblweh bkke_"~h\Zgh \ebygb_ \j_f_gb hI\_j°~_gby gZ gqbkeh ie
| _eb gZ[moz_fhklb jZaebgguo kf_k_c ]Jjmglh\

<u\h”?u:gZeba j_amevlIzZIhf\_giudhRiihbbkke ~h\Zgbx ieZklbqghklb b gZ[moZzZ_ft
glh kf_kv ba\_klb b ihebijhheddg\lalhZzqbl_evgh kgb Z_I| 1Zdb_ ihdZzazZl_eb dZzd
klb hilghkbl_evgh_ gZ[moZgb_ b ~Z\e_gb_ gZ[mozZgby GZb[he__ mahnkddblguf h

ihebijhibe_gh\uo \hehdhg

Dexg_\u_ ke#pX¥ImoZxsb_ ]Jjmglu ba\hkbe ghéhi \hehdgh ijhgghklv ]JjmglZz
ebazZpby Kbjby

<\ _ " glkebgbklu_ ]Jjmglu dzZd ijZ\beh h[ezZ”Zx| g_ kZfufb ijby
bl _ely hl _ogbq_kdbfb k\hcklI\Zfb gbadhc g _kms_c¢ kihkh[ghklvx \u
mkzZ~rdhc b gZ[mozZgb_fevghtzdhkijlbolbfgb\hklvx>d@\e 2] k\hbo jZ[hlZ
H J =heeb m”_eyeZ hkh[h_\gbfZgb_g _jZ\ghf_jghklb aZndgifidpbc
oZghboy "hihegbl _evguf gZ]jmadZf dhlhju_ hgb kha”Zxl gZ dhgkljmd|
glh ijb hij_"~_ezgguoondéhfiby | ijb\_klb d ijh\Zezf JjmglZ b dzd
h[jmr_gbx a*"Zgbc > @ >ey ih\ur_gby klZ[bevghklb b memqgr_gby v
| pklbd IZdbo ]Jjmglh\ [ueb jZajZ[hlZgu jZaebqgu_ f _Ih*u GZijbf
F K Dbf @ bamgBy gZdmozZxs _]h JjmglZ gZ ih*ihjgu_ kl_gdb \
lhjguo wdki_jbf _glZo ihdZaZeb qlh gZklbggh_jZamiehlg_gb_ ]jmg
e gb_gZ[moZgby LZd _ [ueb jZajZ[hlZgu jZaebqgu_f _Ih~u klZ[b
lh\ k ihfhsvx jZaebghwa ~"WIhl ih*oh” klZgh\blky \kz [he__ ijb\e_d
kdhevdm azZf _gZ g _ih?"oh”ys lh ]jmglZ gZ [he__ dZqg_klI\ _ggic ]Jjmg

¢ DhgMZIVE\Z :\\Z* E
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"hjhlhklhysbf gh b g_ kzZfuf wdheh]bqguf \ZjbzZglhf Djhf_ Ih]h \
[bebaZpby p_f_ glbhfZg Ikl hilbfZevguf j _raZhghZklimes c¢ klhbfhklb p_f_
b wdheh]bg_kdbo ijh[e_f k\yaZgguo k _]h ijhba\h”?kI\hf

Ba\ _klv ij _"klzZ\eyklZ4yhghbc IjZ"bpbhgguc klZ[bebaZlhj ijbf_g°
mdj_ie _gby ]Jjmglh\ > @ H[jZ[hlIdZ ]Jebdbklkid K hhgdhadZadbk evgh n
rblv fghl]b_ \Z'gu_ ] _hl_ogbg_kdb_ k\hckl\Z < qzZklghklb ba\_klv
ghklb 3, memqgrZ \IZhfpX[lZluih\urzZz | ij_~ e mkzZ~db ijhgghklv b
kdbc dhwnnbpb_gl g_kms_c kihkh[ghkjEgg®W5jZzdlbhfid kdimkk _ ijh[e_
k\yaZggu_ k gZ[moZgb _f > @

KlIZ[bebaZpby ]Jebg k ihfhsvx ba\_klb ih*jZamf \Z | ~"h[Z\e ¢
&D2beb Jbrjhdkb”"Z dZevpby< DA+ gZb[he_ _ qgZklh bkihevam _Ik\
ba\_klv dhlhjzy y\Bygukybakgkldh\uf ijh~mdlhf "ey klZ[bebaZpbb ]j

Mg_gu_ ijh\_eb fgh _klI\h bkke_"h\Zgbe¢ ®f ihXi\pod_ggwo klZ[b
ebaZplelbgbkluo ]Jjmglh\ k ihfhsvx ba\_klb jZkkfhlj_eb hilbfZevgu _
h[oh*"bfu_ "“ey fZdkbfZevghgbbhttgbud )LZdHOO > @ hij_~ _ebe qlf
fZzevgZy “habjh\dZ h[ugqgh khklzZ\ey_ | hl ~h ba\_klb ih fZkk_
kh™ Zgby ba\_klb g_\eby | gZ ij_~ e ieZklbgghklb 3/ gh kihk
ijhgghklb H~gZdh \ > "@hJugh bkihevah\Zlv ba\_klv \ "hazZo hl A
[bebaZpbb ihg\u

ljb "h[Z\e_gbb ba\_klb \ ]Jebgbklu_ ]Jjmglu \ ijbkmllpl\bhbc\h”u
jy™ obfbq_kdbo j_Zdpbc dhlhju_ memqrZxl k\hckI\Z ]JjmglZ WIb j_
ghh[f _g nehdmd&ZjgbgbazZpbx b imppheZgh\mx j _Zdpbx DZlbhghh([f
kh[hc ijhp_kk \ oh”_ dhlhjh]h dZlbhgu k\yaZggu_ k ih\hjoghklvx
gb\zZxlky gZ dZlbhgu dZevpby kh” j"Zsb _ky \ ba\_klb [|1Zdbf h[jZe
kdb_ b obfbg_kHEBZ RjimglZz < j_amevlzZl_dZlbhggh]h h[f_gZ b ijbl
]Jebgu ijbly]b\Zxlky ~jm] d "jm]m h[jZamy oehivy WIlhlypghpckk g:
Bf ggh nehdmeypby b]jZ_ | dexgq_\mx jhev \ baf_g gbb bg g _jgu
]Jebgbkluo Jjmglm\ hjpzhhld_ ba\_kKikjkry [@]Z1Z ba\_klgydhf h[sb_ &
dhlhjh]lh hp_gb\zZxlky ijbf_jgh \ fbeebZj~h\ dn[hf_Ijh\

jfbjh\ZgQdimglh\ \hehdgzfb ij_~klzZ\ey_| kh[hc i_jki_dlb\guc f
gby Jjmglh\uo hkgh\Zgbc < > @ : <4 HRghfgdh\ ij "rez]zx!| ijbf_g)
[ZaZevIih\u_ ihebijhibe_gh\u_ b Ajm]b_ \hehdgbklu_ fZl _jbZeu :\I
ehdgZ h[ez~"Zxlc\yklgqdhklvx gZ jZaju\ b wnn_dlb\gh \aZbfh”_ckl\mx
k"\b]Jh\uo gZ]jmadZo qlh agZqgbjhgggklguemogZzZd!l jbklbdb Zjfbjh\Z
]imglZ < bkke_~h\Zgbb : B GZmf_gdh [ueh \uyle _gh qlh kemqgZc
bf_ I ij_bfmsZ kh kjzZ\g_gbx k jZz\ghf_jguf jZkij_~_e_gb_f \hehdhg >
ihrgzjdb\Z_| wdheh]bqg_kdmb»KihehviaZtk\ghgddy ihebijhibe_gh\uo \hehd|

< Kbjbb Jebgbklu_ ]jmglu aZgbfZx!l h[rbjgu_ | _jjblhjbb 1ij_\urZx
jZlguo dbehf_Iljh\ [lhbgrZy bo qgZklv khkj_"*hazgZzggh¥ x]hbhlb @
]Jebgbklu_ ]Jjmglu h[ugqgh bf_ xlddEMiggghlNZgthd b ij _~klZ\eyxl kh[hc
Amdlu \u\_Ijb\Zgby \medZgbqg_kdbo ihjh \ gZklghklb [ZaZevIh)\
wlb Jebgbklu_ JjmbgluybkdBghc k_jv_agh]h ms_j[Z bgnjZkljmdImj_ ql
g _h[oh”bfhklv bo memigr@gby [m~Anmhd| flghklv \ klZ[bebabjh\Zgghf ]e
kihf Jjmgl_ [m”_| IThevdh \hajzZklzZlv hkh[_ggh mgblu\Zy i_jki_dlb\t
ghle _gby \ Kbjbb

FZl _jbZeu bkke ~hNZjgmypu ]jmglZ bkihevah\Zggu_ \ ~"Zgghf
gbb [ueb kh[jZgu \ jZchgjurZgZah~hllky gZiXT™h Kbjbb

=ebgbkluc ]jmgl [ue bale_qzg k ]Jem[bgu ihemlhjz f_Ijh\ >ey
]imglZ [ueb ijh\_~ guje&[hbkke ~h\Zgby Hkgh\gu_oZjZdl _jbklbd
]imglZ ij_"~klZ\e _gu \ IZ]e
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ih\

< oh”

jZkiheh™ _gguo \ ijh\bgpbb 0zfZ

bkke ~h\ZgbeyZkbfg g]Zr _gZy ba\_klv

ihemqg_ggZy ba ba

ijbf_jgh \ dbehf ljZo d k_

pf glghf az\h~_ :~jZ ba\_klv ih?\_jleZkv baf_evqg_gbx k ihfhsvx rZj

aZsblu hl \ez]b fZlejmd&dlu\zg \ ]_jf_
ijh\h~"bebkv \ ki_pbZevgh h[hjm~h\Zgghf ihf_s gbb

Ibggu_ iZzd_lu EZ[hjZlhjgu _

< 1z[e ij_~Kl

KZ\ b g_dhlhju_nbabq_kdb_ k\hckl\Z ba\_klb dhlhju_ [ueb ihemq_

LZ[ebpZ
Hkgh\gu_ckMzZ bkihevah\Zgguo fZl_jbZeh\
0Zjzdl_jbklbdZ bamqgZ fh]h ]«
<eZ ghkl
lehlghklv I\zj*uo qZkl dG
lehlghklv ]j dG
lehlghklv kmoh] dG
Dhwnnbpb gl ihjk 1
Ilj " el dmqg_
lj " e jZkdZlu\Z
Qbkeh ieZklbg
Dhwnnbpb gl \h*hgZ
Highkbl evgZy » nhjfZpkt
>Z\e _gby gZ| dl.
Kp_ie_ dl.
M]lhe \gmlj _1j gl 1iZ"ml
Obfbg_kdbc khklz
&D
0J:
YH 2
6 XOSKDW
O0Zjzdl _jbklbdZ ihebijhibe_g
<eZ]hih]ehs 3
Kj_"gyy "ebgZ ff
Kj_"~gbc "bZf 1j ff
P\ 1 el
M~ evgu 1 k-
Kh” jZgb_m :fbgbfr
Ij N ijhgghklb gZ jZk Flz
M7rebg gb_ijb jZ :fZdkbf
Fhmev mijl Flz
Obfbg _kdZy b dhjjhabhggZ 4 <ukh
Dktehlhklhct i <ukht
< gZr_f bkke_"~h\Zgbb fu bklileevjhlibZemh\h_\hehdgh WIhl fZ
[ue \u[jZg "ey Zjfbjh\Zgby ]JjmglZ ih g_kdhevdbf ijbgbgZf dhlhju_ ‘

fZl _jbZehf ey Zjfbjh\Zgby ]JjmglZ
\ukhdZy f _oZgbq_kdZy ijhqghklv

gbadZy klhbfhklv

mklhcgb\hklv d dhjplibgbkdZy bg jlghklv
hikmIkI\b_ \azZbfh~_ckl\by k ]jmglh\hc \eZ]hc

Hkgh\gu_ nbabqg_kdb _

ehdgZ mdZaZgu \ 1Z[e
F_Ih™ bkke_"h\phdbZffz eZ[hjjgdb wdki_jbf_glh\ \dexqZeZ ih
lh\dm h[hZdajgbgbklh]h JjmglZ k jZaebqgufb dhf[bgZpbyfb "h[Z\hd

]imglZz

;ueb knhjfbjh\Zgu dhf[bgZpbc
k "h[Z\e_gb_f lhevdh

obfbg_kdb_ b f_ozgbg_kdb_ k\hckl\Z

k "h[Z\e _gb_f lhevdh ba\ Kkl

ihebijhibe_gh\uo \hehdhgb k
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dhf[bgbjh\Zgguf khkdZd&a¥ _klb b ihebijhibe_gh\uo \hehdhgdhg*bg hJ]
ljhevguf b g_ kh”~ _j Ze ~h[Z\hd IZ]e =jmgl ih™\ _j]Zeky | _jfbq._
rbevghf rdZnm ijb | _fi_jZImj_ . f& \ | _Ilhpkeb whhyh]|m[jZeypu ~e
bkiulZzgbc ]Jhlh\imelzkvyZ\ghf_jgh]h kf_rb\Zgby kmoh]h ]JjmglZ k az~Z
gufb kh” _j"Zgbyfb ba\_klb b ihebijhibe _gh\uo \hehdhg k ihke_ ~mx
"hklb” _gby fzdkbfZevghc kmohc iehlghklb ijb hildHhEeZyh§ueeZ g
hij ~ e 9gZ 9Z gZqZewdkref WH¥d4gbly Ihke_ miehlg_gby \k_ h[jZapu
ebkv \ [hdk_ "ey I\ _j*» gby \ klZg”*"Zjlguo mkeh\byo BkiulZgby ijh'

b Ag_c ihke_ I\ _j~ gby < ~Zgghc klzZlv_ ij kkEZ\®h\gwhyairmgv
klbgghklb b gZ[moZ_#hklb ]Jjmgl

LZ[ebpZ
Dhf[bgZpby "h[Z\hd bkihevah\Zgguo \ bkke ~h\Zgbb
. Dhf[bgZphby GZImjzZevguc lhebijhibe_gh)h_
K_iby Ah[Z\hd limg| Bal_klv \hehdgh

I 3)
I 3)

I 3)

I 3)

I 3)

/ 3)

/ 3)

/ 3)

/ 3)

/ 3)

/ 3)

/ 3)

/ 3)

/ 3)

/ 3)

/ 3)

/ 3)

/ 3)

/ 3)

/ 3)

J ameéwvbkke ~h\Zgby
leZklbgghklyZmqgghc ebl _jZImj_ rbjhdh bkihevam |ky djbl_

kilb "ey deZkkbnbdZpbb gZ[moZxsbo Jjmglh\ < gZklghklb bg”_dk i
g \uf izjzf _Ijhf ey ijh]Jghabjh\Zgby bo gZ[moZgby Idkh »k"l@® j "Z _
Z 1zZzd _ bg~"bckdbf klzg”~Zjlhf Kh]ezZkgh wibf deZkkbnbdZpbyf ]jmg
kbevgh gZ[moZxsbf _keb _]Jh bg”_dk ieZklbgghklb ij \urz | <
bg”_dk iezZklbgghklb h[jZapZ ]jmglZ [_a ~“h[ziwd\khkKNZ\be Jh \ukhglF
dmx gZ[moZ_ fhklv

J amevlZlu bkke_ _"h\Zgby ij_~ ezZ | _dmqg_klb ij_ "~ eZ jZkdZlu)\
ghklb ij_~klZ\e _gu gZ jbk =jZnbdb ~ _fhgkljbjmxl iheh bl _evgh_
ihebijhibe_gh\uo \hehdhg b ba\_klbk$hzkBZkglzdmioddxs ]h ]jmglzZ :g
NZgguo ihdzZzaZe qlh kf_kv ba\_klb b ihebijhibe_gh\h]h \hehdgZ k
N el _dmg_klb b m\_ebgb\Z I ij_~ e jZzkdZlu\Zgby qlh ijb\h”~bl d n
klbgqghklb GZzZb[he__ wnn_dlb\gufgbdZabahkkllhp |2 ihebijhibe _
gh\h]h \heHld3y)z ijb dhlihjhf bg”_dk ieZklbgghklb kgihakjekyg gZ
gbx k g_h[jZ[hlZgguf h[jZaphf
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Jbk <ebygb_ ~h[Z\e_gby
ihebijhibe_gh\uo \hehdhg 1Il< b ba\_k!
gZ ieZklbqglEkhvozZxs JmglZz

< l|ZJe ij_~"klz\e_gu "Zggu_ h \ebygbb \j f gb hI\_j°"~ gby gZ
jZaebgguo kf_k _c¢ ]Jjmglh\ :gZeba "Zgguo \uy\be agZgbl_evgh_ \ek
hi\_j"~ _gby gZ kgb  _gb_ ieZklbgghklb ba\ZjKbghnwih§ga g dglide\
gh\ufb \hehdgzfb GZzijbf_j "ey kf_kb / 3) bg”_dk ieZklbgghklb
b ijb m\_ebqg_gbb \j_f_gb hlI\_j°~ _gby ~h b
kI\_ggh ih kjz\g_gbx k ihdZazl e f iedkhkeqgbkhNghihZapZgby

LZ[ebpZ
<ebygb_\j_f_gb hiI\_j°"~_gby gZ ieZklbgghklv jZaebqguo dhf[bgZpbc ]

Bg”_dk ieZklbgghklb 3,

Dhf[bgZppy ijb \j_f_gb hI\_j"7~ 1

K_jby Ba\_kiv| <hehdgh =2 t0Q{¢

/3

N\

~| |~
WWwlw

~
I e | Q) N N N
-

~| |~
WWwWwlw

/ 3)

/ 3)
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Hdhggzgde |
Bg”_dk ieZklbgghklb 3,
K_jby Ba\_klv| <hehdgH Df;[[bz‘%ﬁgby iik\j f gb hI\ '~ g

/ 3)
I 3)
I 3)
/ 3)
/ 3)
/ 3)
/ 3)
I 3)

Highkbl_evgZy gZ[mozZ_fhklv b "Z\d_gmewlZmdXlmblygby
kilb b ihebijhibe_gh\uo \hehdhgkhZAeegahgi4 jbk b Z "Zggu_ if
ihebijhibe_gh\h]h \hehdgZ b ba\_klb k jZaebqggufb i_jbh”Zfb hl\_
jbk

Jbk <ebygb_ ~h[Z\e_gby ba\_klb gZ gZ[moZ_fhklv Jjmglz

Jbk <ebygb_ ~h[Z\e_gby ihebijhibe_gh\uwmo\h efindkihg Jgd gl Z

Bkke ~h\Zgb_ihdzZaZeh qlh “h[Z\e_gb_ ba\_klb \ hI*_evghklk
oZgby b hlghkbl _evgh_gZ[moZgb_ ]jmglZ ~h b kKhhi\ Tkl
ljhevgh]h hljizZmaphgp _gljZpbb >Zevg_cr__ m\Zeglby bad kkbh™MZ" |
g_agZqgbl _evgh_ ~hihegbl_evgh_kgb  _gb_ wlbo iZjzf _Ijh\

:gZeh]bggh ~h[Z\e_gb_ ihebijhibe_gh\uo \hehdhg hI* _evgh
mf_gvr_gbx "Z\e _gby gZ[moZgby b highkbhgd¥Zgh]m\gbmodlgbfy dhg
ljZpbb "h[z\db GZijbfkh” _j Zgbb ihebijhibe_gh\h]h \hehdgz *
f lju kgb Zxlky ~h b khhi\_TkI\_ggh hl agZqg_gbc g_Zjfb]
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Jbk <ebygb_ ~h[Z\hd gZ hlghkbl_evgmZ\eZ[gboZgZikleZlgby ]jmglZz
ijb jZaguo i_jbh~Z0o" hgby Hikhebijhibe_gh\h_ \hehdgh
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GZbemqgrb_ j_amevlZlu ihemqg_gu ijb bkihevah\Zgbb kf_kb [/

ba\_klb b ihebijhibe_gh\h]h \hehdgZ Ihke_ hI\_j "\ gby \ |

e gb_gZ[moZgby b hilghkbl_evgh x¢kd[mbzZgb_ bnf_gvrzhl khhi\_Ikl\
xsbo agZq_gbc bkoh”~gh]h h[jZapZ

AZ\bkbfhklv hlghkbl _evgh]h gZ[moZgby b "Z\e_gby gZ[moZgby

ghklb hI\_j°~ _gby ij_"klZ\e_gZ gZ jbkihdZgidedal "dgguom\_ebqg_gb_

f gb hiI\_j ~ hdByizZjzZf |jZ kgb Zxlky "ey \k_o bkke_"m_fuo dhf[bgZ

>ey gZb[he__ wnn_dlb\ghc dhf[bgZpbb “h[Z\hd [/ 3) Ijb m
hi\_j "~ _gby k ~h kmlhd hlghkbl_evgh_ gZ[moZ&b_ mf_gZrZzZ\ky
e gb_ gZ[mkZgby ~h hl agZg_gbc dhgljhevgh]h h[jZapZ

Jbk <ebygb_ \j_f_gb hI\_j"~_gby gZ hlghkbl_evgmx gZ[moZ_fhklv b ~Z\e_gb_
Il< tihebijhibe_gh\h_ \hehdgh

<u\h”?u< j_amevlZl_ZgZebaZ ~Zgguo ihemq_gguo \ oh”_ wdk
e _ g gZ bamqg_gb_ieZklbgghklb b gZ[moZ_ fhklb Jjmglh\ [ueh \u
klb b ihebijhibe_gh\h]h \hehdgZ kihkh[kI\m_I| agZgbl_evghfm kgb
e ¢ dZd bg” _lkgiekdkl hlghkbl _evgh_ gZ[moZgb_ b ~"Z\e gb_gZ[m
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[uemklZgh\e _gh qlh m\_ebqg_gb_\j f gb hiI\_j°~ gby kf_kb ijb\h”
jZdl_jbklbd gZ[moZxs_]h ]JjmglZ memqr_gbx _]h ieZklbgghklb b
ghl]h gZ[moZgby b "Z\e _gby

Wlilb j_ameviZlu k\b” | _evkl\mxl h \ukhdhc wnn_dIbAghdklb bki
ba ba\_kIb b ihebijhibe _gh\uo \hehdhg "ey mdj_ie_gby gZ[moZxs
| evkl\_ nmg~zZf _glh\ a*Zgbc J_hrehjihqg _d&hidbd mkeh\byo Kbjbb Hi
guf hdZaZehHKV ih g ba\_klb b ihebijhibe _gh\uo \hehdhg

‘b[ebh]jZnbq kktkhd
6DNU 0 $ 6KDKLQ 0< $0 BMWO@D[DONLRQ RI OLPH IRU VW

VRLO RI KLJK RUJDQLF FRQWHQW *HRWHFKRLRDOHQG *HRC
=heeb H J Bkihevah\Zgb_ azZdhghf_jghklua Jghjgnb¥Zdby ]

kljhbl_evkI\_ J_dhpkihmhdpiby] _hl_ogbg_kdh_ kljhbl_ewkl\h K
KhjhgzZg ? Dbf F K <ha”_ckl\b_ gZ[moZxs_]h ]JjmglZ gZ
ithjgmx kl_gdm Hkgh\Zgby nmg”Zf _glu b f_oZgbd&Z ]Jjmglh\
KhjhgzZg ? Dbf F K >Z\e glth JpEadgmog¥Zsih”~ihjgu_ kl_g
Hkgh\Zgby nmg~Zf_glu b f_oZgbdZ ]Jjmglh\ < K
ODOOHOD - +DUROG 9RQ 4XLQWXV 3 WYWIDWKQL]JHG R

LQ PHFKBO®BY WILFHR WDEFHPLIQ $UOLQIJWROQWIIRIQIDQLUDP B6HV W7
WLRQ

5RJHUV & *OHQGLQQLQJ 6 ORGLILFDWLRQ RI FOD\ VF
IRQGRQ 8. 7KRPDV 7HOIRYG HPLWHG

%HOO ) * /LPH VWDELO L PRX\OLGRFOWR.IQ FRIDW KR LW R U QD W
(QJLQHHULQJ *HRORJ\3 H 1R

%HOO ) * /LPH VWDELOL]DWLRQ RI FOD\ PLQHUDOV D¢
1R 3 H

.DVVLP . $ &KHUQ . . /LPMLDWQDERIOWYHLEH MEGDOV  -X
D DS¥ D Q 1R 3 H

5DR 6 0 6KLYDQDQGD 3 &RPSUHNWWRELOLMGEHXDY L R*
QLFDO DQG *HRORJLFDO (QILQHHULQJ 1R

5DR 6 0 ,GHQWLILAFWIWR®® ®RG HF[GSDDWLLY HOVRH QW F H(G
DGYDQFHV LQ FKDUDFWHUL]DWLRQ DQG WUHDWPHQW /RQGRC
*KREDGL 0 + $EGLORU < %DED]DGHK 5 6WDELOL]DW
RI S+ YRQVDRMQ VKHDU VWUHQJ®W KRS DQILRHHMHILYJ *#HRORHWLQ
PHQW 1R3 H
%DVPD $ $ 7XQFHU ( 5 (IIHFW RI OLPH RQ YROXPH F
SDQVLYH FOD\V 7UDQVSRUWDOWRLR@G5SHVHDUFK 5HFRUG

*(*05 2IILFEAERXPHQW 1R 7 *HQHUDO HVWDEOLVKP
UHVRXUFHV LQ 6\ULD *(*05 LQ $UDELF

*(*05 $ *XLGH IRU PLQHUDO UHVRXUFHV LQ 6\ULD

FZs _gdh : < IThghfzj_\ : ; jlg\Zegbay Ajibjh\hehdghf gZ k\hck
Jebgbkluo ]Jjmglh\ \ mkeh\byo k_ahggh]h ijhf_jaZgby b hllZb\Zgby
kdhlh JThkm~ZjklI\_ggh]lh XZjlgbbldémgdhhih mgb\_jkbl_1Z K_j Kljhbl_
Zjobl_dImjz <ui + Q K

GZfmgdh : B Bkihevah\Zgbdg#@bfgh\medj ie _gby “hjh ' guo ]jm
FZI _jbZeu F_""mgZlj_opgZmidign ©Khklhygb b i_jki_dlb\u jZa\blby
ie_dkzZ \ kljZzgZo KG=2+ KWKHOEHEOB\WXQGOH

$EHG $ IFMDHOUPRGHOLQJ RI BNSDORWLYK VRHOULEHK W XV
PDQ\ 8QLYHUVLWIW 6WXWWJDUW
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[ " : <ebygb_ "Z\e _gby gZ[moZgby gZ g _kmsmx kihkh[ghk
lh\ ~bkz]bkljZz | _og gZmd Mgb\ _jkbl_ | :ev ;ZZk Kauyay gZ Z

\\z~ E Dhg?jzZlv_\Z E G Memqgr_gb_gZ[moZxsbo ]Jjmglh
mkeh\byo Kbjbb k bkihevah\zZgb_f ba\_kldh\uo ~h[Z\hd b ihebijh
L 9 F ""mgZj qggadl dhgn ihk\ys egdbg aZjh '~ _gby ijh_dlgh]h ~_
J _kiirmbd_ DZzZaZoklzg :efzZlu Iljh_dl§Zy258Z" fbK ®

rjZf FZofm” GbozZ” GZ[moZxsb_]jmglu dZd hkgh\Zgby nm
khhjm™ _gbc \ khklhlgguo j_]bhgdo Kbk « dZg™ |_og gEmd

DhmkzZ BkkZ Nmg”*"ghb glhkljBg _&ljjgthl _evguc nZdmevl | M
\ jkbl_I :ev ;ZZk Kbjby gZ ZjZ[kdhf yaud _

FZo_J RZmdb HfZ] GZ[moZxsb_ ]Jjmglu b kljhbl_evkl\h gZ c
jbckdhc :kdhc J_kim[ebdb “bk « dZg” | _og 9gZmd Kk

KZebf ; Fewkmjb : Bkke_ _~h\Zgb_ oZjZdl_jbklbd gZ[moZx
ijh\bgpbb > jtZ Kbjby <_klgbd >zfzkkdh]h mgb\_jkbl_1Z L
kdhf yaud _

$&®DzZDV $ $ +DWOYDZDWL ' $0 %DWWDVKL $ 7KH 2]
ODQV G6DURRHWHQW DQG &RQFUHWH $JJUHJIDWHYV '2, 1R

&&$ -

$ZZDIG 7KH HIIHFW RI OLPH DGGLWLYHV RQ WKH LPSUR

QLFDO FRQGLWLRQV RI 6\ULDQ $UDE 5HSXEOIF 6PDUWW *HR
>

$ZZDG / G5DKPH 1 $ZZDG DWUIKRE RHKDY¥WRIDYH BXVOG\
$OTKDNDQHDBDGLHK LQ 6\ULD 3URFHHGLQJV RI WKH (LIJKWK §
LQJ &RQIHUHQFH $VW®Q®& .D]DNKVWHPQ &5& 3UHVV %DONHPL
V

7DODOD$ZZ3UREOHPV RI 6\ULDQ +LVWRULFDO ORQXPHOQ\
'LDJQRVWLFV 6WUHQJWKHQLQJ DQG 5HFRQVWUXFWHRWHFBU
QLFDO (QJLQHHULQJ &RQIHUHQFH $<*(&Jj] $SMWDQ@B& .D]D
SUHYMONHPD 3ULQW (,°

+ROWJF *LEEV- (QJLQHHULQJ 3URSHUWLHV RI ([SDQVL
$6&( 1R Jj + ¥DLODEOH DW KWWSV ZZZ FIP
IDXOW ILOHV $BWHYV

3HFN 5 % Q +DQVRKRUQEXUQ 7 + )RXQGDWLRQ (QJLQH

291HO00 3RRUPRD\HG OHWKRGRORJ\ IRU )RXQGDWLRC
*HRWHFKQLFDO (QJLQHHULQJ£LYLVLRQ

&KHQ ) + )RXQGDWLRQV ®® ((G;SLN\Q_\RLQ{HI-E}?H_NWHPFFQWNF
(QJLQHHULQJ (OVHYLHU $PVWHUGDP

SHIHUHQFHV

6DNU$0 6KDKI$SQ OHWZDOOSWLOL]DWHRRWVWDELOL]DWLF
VRLO RI KLJK RUJDHRW HR@UAR® DQG *HRORRLFIBO (QHLQHHU

*ROO\ 2 5 8VLQJ WKH /DZV RI &0D\ 6RUE BQ HGIG RQY WQ
WLRQ DQG *HRWHFKQLFI3O @QJLQHHULQJ

BRURKKBQ .LP 0 6 ,PSDFW RI 6ZHOOLQJ 6RLO RQ D 'L
JRXQGDWLRQV )RXQGDWLRQV DQG 6RLO OHFKDQLFV 1R

BRURFKDQ ( $ .LP O 6 3UHVVXUH RI 6ZHOOLQJ 6RLO
JRXGDWLRQV DRBGQRIMO OHF 1R 3S
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ODOOHG®DUROG 9RQ $RLOMERGVLGHUDWWRELRILOHLE H D
LQ PHFKBI®@BYWILFDO SDYHPHQW GHVLJQ $UOLQJWRQ 9LUJLQ
WLRQ

SRIJHUV*@RQGLQQLQJ 6 ORGLILFDWLRQ RI FOD\ VRLOV X
IRQGRQ 8. 7KRPDV 7HOIRUG /LPLWHG

%HOOD JLPH VWDELOL]DW %@ &R \WDOQ\RYRNLION ,QWHUQDW
(QJLQHHULQJ *HR@AGRJ\ 3 H

%HOO ) * /LPH VWDELOL]DWLRQ RI FOD\ PLQHUDOV D¢
1R 3 H

.DVVLP . $ &KHUQ . . /LPH VWDELOL]HG 0DOD\VLDQ |
DDQ $ZDQ 1R 3 H

5DR 6 6KLYDQDQGD 3 &RPSUHVVLAALDEWOLHHRKDNQARW Rt
QLFDO DQG *HRORJLFDO (QJLQHHULQJ 1R 3 H

5DR 6 0 ,GHQWLILFDWLRQ DQG FODVVLILFDWLRQ RI H]
DGYDQFHV LD WKBWDIHBGA/PHQW /RQGRQ 8. 7D\ORU DQG )UDC

*KREDGL 0 + $EGLORU < %DED]DGHK 5 6WDELOL]DW
RI S+ YDULDWLRQV RQ VKHDU VWUHQJWK SDUDPHWHULWR Q% X
PHQW 1R 3 H

%DVPD $ $ 7XQFHU ( 5 (IIHFW RI OLPH RQ YROXPH F
SDQVLYH FOD\V 7UDQVSRUWDWLRQ 5HVHDUFK 5HFRUG

*(*05 21ILFLDO GRFXPHQW 1R 7Q W * Rl R H-UBDGQDG HR/IDHALK
UHVRXUFHV LQ 6\ULD *(*05 LQ $UDELF

*(*05 $ *XLGH IRU PLQHUDO UHVRXUFHV LQ 6\ULD

ODVKFKHONRIBRQRPDAWHY¥QPO\VLV RI JLEHU 5HLQIRUFHPF
RI &0D\H\ 6RAIDNVRQBBU)UKBZLQ RRAGXWORQALQ Rl WKH 9RO
S8QLYHUVLW)\ RI $UFKLWHFWEHHLBIYG &YV W Y& BFMNQHRQUDDEH $ U F

3DUSV + 3LQ 5XVVLDQ

1IDXPHQNRSY¥H RI )LEHKH®QR5RWD GBERMNQIV Rl WKH ,QWH
BFLHQWLILF DQG 7HFKQLFDO &RQIHUHQFH 6WDWH DQG 3URYV
WKH &,6 &RXQWBLHV LQ 5XVKWONBY HOLE EHOVWX E\ KDQGO!

$EHG $ 1XPHULFDO PRGHOLYRLR EHEKDYLRU 3K' 7KHV
PDQ\ 8QLYHUVLWIW 6WXWWJDUW

$EHG $ (IIHFW RI VZHOOLQJ SUHVVXUH RQ WKN EHDUI
ODWHU RI (QJILQHHULQJ 6FLHQFHV $0 %DDWKBREYFHUVLW\ +

$2ZDG / .RQGUDWRSYRYHPHQW RI H[SDQVLYH VRLO LG
RI 6\ULD E\ XVLQJ OLPH DQG SRO38SRERISHGHQH V LR 182U5 B BED MR
DQG 3UDFWLFH &RQIHUH QWK DEHELYRDUAHGE \BWRR/ MCKHHY \G HRWULLD L Q L
SXEOLF Rl .D]DNKVWDQ #$OPDW\ 3S

$VKUDP ODKPRXG 1LKDG 6ZHOOLQJ VRLOV DV IRXQGDW
QRUHDKWHUQ UHJLRGVWRRDQGLEDWNWRI (QJLOQHHULR JIBOLHQF -
VLDQ

.RXVD ,VVD )RXQGDWLRQ (QJLQHHULQJ $0)BmDDIWK
S8QLYHUVLW)\ 3UHVV +RPY G\ @QISWDELF

ODKIKDZTL 2PDU 6ZHOOLQJ 6RLOV DQG &RQVWUXFWLF
SXEOLF « RIVE&/DQISIRGBWILQHHULQJ 6FSHQIFMHBXVVLDQ

6DOLP @D @ORXUL $ 6WXG\ Rl WKH &KDUDFWHULVWLFV |
6\ULDDPDVFXV 8QLYHUVLWR@®EBOHWLIOR $UDELF

$®DZDV $ $ +DIJRIZDWISO /$0 %DWWDVKL $ 7KH 2PC
ODQV 6DURRMHQW DQG &RQFUHWH $JJUHIDWHV '2, 1R

&&$ -
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$ZZDG / 7KH HIIHFW RI OLPH DGGLWLYHV RQ WKH LPSL

QLFDO FRRGLI\WLBQVWUDE 5HSXEOLF 6PDUW VHRWHBKOLFV |
>

$ZZDG / 5DKPH 1 $ZZDG 7 7KH UHKD E LRIDWVBIWLR QGR
$OTKDNDQHDBDGLHK LQ 6\ULD 3URMHHELIODY RR XQIIH*HRWHFK
LQJ &RQIHUHQFH $VW®Q® .D]DNKVWHPQ &5& BUHVV %DONHPL
Vv

7DODO $BUREOHPV RI 6\ULDQ +LVWRULFDO ORQXPHQW!
'LDJQRVWLF\WQLOWUHDIBKARQVWUXFWLRQ 3URFHHGLQJV RI
QLFDO (QJLQHHULQJ &RQIHUHQFH $<*(& S$WWDQ@B& .D]D
3UHVONKEPD 3ULQW (,'

+ROWJF *LEEV- (QJLQHHULQJ 3URSHBWLEV RI7USDYDE
$6&( 1R Ji $YDLODEOH DW KWWSV ZZZ FI
IDXOW ILOHV $BWHYV

3HFN 5 % :+DQVRK®UQEXUQ 7 + )RXQGDWLRQ (QJLQH

291HOO0O0 3RRUPRMDORG\ (RHHWKRXQGDWLRQV RQ ([SDQVLY

*HRWHFKQLFDO (QJLQHHULQ#Z 'LYLVLRQ Jj
&KHQ ) + )RXQGDWLRRVORQ (QED@WUWIHRQ 'HYHORSPHC
(QJLQHHULQJ (OVHYLHU $PVWHUGDP S

,03529,1* 2) 6:(//,1* 62,/6
'85,1* 7+( &216758&7,21 2) )281'$7,216 2) %8,/',1*6
$1' 6758&785(6 ,1 7+( *(2/2*,&$/ &21',7,216 2) 6<5,%

/1 .RQGUDWWZYD G

6DLEHWHUVEXUJ 6WDWH 8QLYHUVLW\ RI $UFKLWHFWXUH DQG
5XVVLD SWWHQWE XUJ

'U RI 7THFKQLFDO 6FLHQFHY 3URIHVVRWROWKH 'HSDUWPHQW RI *HRWHF
HPDINORQGUDWMHYDOQ#\DQGH[ UX
3K' VWXGHQW RI WKH '"HSDWWPHQW RI *HRMHFKQLEW DZZDG#PDLO UX

3UREOHP HQWBRWHPYHVWLIDWH WKURXJK ODERUDWRU\ H[SHULPHQWYV
DQG BLPMXUHY RQ WKH FRQVWUXFWLRQ SURSHUWLHV Rl $0BE GHBXERLO |

5HVXOQVWKH ODERUDWRUFODWDRSOHEHUH SUHSDUHG IURP WKH 'DUDI
'LIIHUHQW FRPELQIDWPRYW RQ ¥ BRI SRO\SURS\OHQH ILEHU ZHUH DGGHG '
XQGHU VWDQGDUG FRQGLWLRQV LQ B FWUL/KLERBDIRUW SUHVHQWOWQWKH U
WKH SODVWLFLW\ DQG VZHODIVQH US BRIS HYW L7HKWH RIHWKBWR VKRZ WKH HIIHF
DQG OLPH RQ WKH SODVWLF DQG VZHOOHR®\B WRKIH UMIOK\H @ F ¥ FRL OG L7 KHHU S
WKH SODVWLF LQGH[ DQG VZHO ®LOWXSWHRSHUWLHV Rl YDULRXV VRL

&RQFOXY¥QRQWLV Rl WKH H[SHULPHQWDO UHVXOWVY RQ SODVWLFLW\
RI OLPH DQG SRPNSWRBLOBGIQHFIDQWO\ UHGXFHV LQGLFHV VXFK DV SODVW
SUHVVXBRVWKHIIHFWLYH FRPEP®DILMRER®DSURS\OHQH ILEHU

.H\ZRUGVZHOOLQJ VRLOV OLPH SRO\SURS®@HR® 16BHW VRLO VWUHQ
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|1J:<BE: HNHJFE?GBY KL:L?C

D jzkkfhlj_gbx ijbgbfzZxlky gZmqguh[tkifalfvhlh[3hf kljZzgbp FZ
| jbzZe klZlvb ke_"m _ I ij_"klZ\blv \ j_~Zdpbx \ we_dljhgghf b i_qgZlgh:
Nhjfzl kljZzgbpulhey \_jag_gb'gx_ijZ\h_ b e \kf
Rjbnl |_dkdZLPHYVY 1HZ 5RPDQ k h”"bgZjguf bgl_j\Zelth\gERT_j r]j
| dkkz il :gghlZpby dexqg_\u_ keh\Z ih~jbkmghggu_ ih?ibkdb bgnhjf
il :[aZpguc hikImikf
KljmdImjzZ klzZlvb
MD>> ijb\h”"blky \ e _\hf \_jog_f m]em
GZa\Zgb_ klzZlwvib iJbnlbjguc
Bfy ghkl\h nzZfbeby BE\IlhjZ
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