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:gghlZp Bkke_"h\Zgb_ we_dlIljhf_Ijb $EVW WKH VWXG\ RI ELRHOHF

"hf [bhwe_dljbg_kdh]h khijhlb\e_gby DQFH RI ZRRG\ SODQWV E\ HOHFWUR
jZkl_gbc ijb ~_ckl\bb g_[eZ]hijbylguWKH LQIOXHQFH RI DGYHUVH IDFWRU
Ihf gbke_ ijb azZz]jyag_gbb g_nl_rezfh LV RQH RI WKH DGHTXDWH PHWKRGR
ba z~_d\zZlguo f_lh*bg_kdbo_gdotkhki DVVHVVLQJ WKH VWDWH RI IRUHVW E
gby e_kguo [bh]_hp_ghaikke_ "B\Bgm RI WKH VWXG\ LV WR VWXG\ WKH SHF
gblv hkh[_gghklb \ebygby g_nl_reZfhHQFH RI RLO VOXGJH SROOXWLRQ RI
ihg\h]jmglh\ gZ ijh~"he bl_evghklv bRI FKDQJHV LQ WKH ELRHOHFWULF L
we_dljbg_kdh]h khijhlb\e_gby ijbdZfFDPELDO WLVVXH FRPSOH[ RI ELUFK
ie_dkzZ lIdzg_c IDL kl\heh\ [_j_audilWKH VWXG\ LV WKH WUHKH W% HRW X\CK<TH |

bkke ~h\Agby \vy [_j_au ihthK&SEODG SHQGXOD 5RWK JURZLQJ LQ WKH EC
5RWK ijhbajZzklZxsb_ \ [Zkk_cg_ [mrRIl -6& ©*D]SWRRO3HW 2PVN 7KH UH
'H ©=ZaijhfgAmi@IAa ] Hfkd JZchg VHDUFK DUHD LV W KHH RS$H) R U DMK HRER

\Zgbyp_gljZevgZy e_khkl_iv x]Z AZi Rl :HVWHUQ 6LEHULD 7KH UHVXOWYV
J_amevlZlu bkke_"h\Zgbc [ueb h[J]Z]SURFHVVHG E\ VWDQGDUGWMHMHWLR GV
gufb f_Ih~Zfb \ZjbZpbhgghc klZIbklb WLFVY FRUUHODWLRQ UHJDHWRIURQ I
hgghl]h j_]j_kkbhggh]h b ~bki_jkbhg/:DQDO\VLV XVLQJ WKH SDFNDJH 6WD)
ghlh ZgzZebah\ k bkihevah\@yiWLM\VRQV RI H[SHULHQFH YDULDQWY ZHU
Kjz\g_gby \Zjbzglh\ hiulzZ ijh\h*"bebk LQJ WR VWXGHQW DQG )LVKHU FULW
Klvx*_glZ b Nbr_jz Bamq_gZ aZ\bktHOHFWULFDO UHVLVWDQRH RP HILQJ FK
ijhib\e_gby IDL kl\hezZ [_j_au hl mjh\¢LQJ FRPSOH[ WLVVXHV RQ WKH OHYF
\hlh aZ]jyag_gby ihg\h]jmglh\ JZajZ|WLRQ RI VRLOV ZDV VWXGLHG $ UHF
pby ih wdkhjp kgd_ khklhygby ~_j \v_ LG DVVHVVPHQW RI WKH FRQGLWLRQ
\bkehc \ mkeh\byo g _nl_rezZfh\hlh a FRQGLWLRQV RI RLO VOXGJH SROOX
ljhf_ljbg_kdbf f_Ihhhf amevliZIZf gZrtPHWKRG ZDV GHYHORSHGHVMFRY CGRIQ
]he _lghbokd_~h\Zgbc fh gh hif_Iblv gl RXU ORHQUWIP VWXGLHY LW FDQ EH QR\
|_evghklv kms_kI\_gghlh hljbpzl_eWLRQ RI D VLIJQLILFDQW QHJDWLYH L
g_nl_rezfz gz WK IDL ~_j_ \v_\ [_j_WKH HOHFWULFDO UHVLVWDQFH SUF
e_khkl_ighc ahgu AzZziz~ghc Kb[bjb ijlIVXHV RI ELUFK WWAHANS E§8 VRIQHH IRU HIA
gb_ r_kib e_I gz k_~vfhc ]h”® wlb jzHUQ 6LEHULD LV PDRWHBVYWHDQA: WR L\
g_"hklh\_jogubr Z \yluc 1h* wlb jZaelVHYHQWK \HDU WKHVH GLIIHUHQFHYV
xlky bkg_a%Zxl2 Ihemg_ggu_ j_amevDOUHDG\ LQ WWHKHYHQWIKI IYHDHQ FHV G
Iml [ulv bkihevah\Zgu \ kdjbgbg]h\uc 2y 2 7KH UHVXOWYVY REWDLQHG FD
khklhygby e_kguo [bh]_hp_ghah\ b ij VFUHHQLQJ VWXGLHV RI IRUHVW ELR

hjlZgbazpbb jZ[hl ih pvhApbdmeZ Il jjblSODQQLQJ DQQ RUH@UBMXIARWXUH D
kZgblZjpgAdklguo ahg g _nl_i_j jZ[Z RQ WKH WHUULWRU\ Rl VDQLWDU\ S
ij_"ijbylbc \ jZchgZo g_nl_~h[ugb b UHILQHULHV DQG LQ DUHDV RI RLO
db g_nlb WUDQVSRUWDWLRQ

Dexg_\u_ kelil\Z azZz ih\bkezy ijbdzf.H\ ZRUBNVOYHU ELUFK SULPDULDOO
dhfie_dk ldZzg_c we_dljbg_kdh_ khi VXHVY HOHFWULFDO UHVLVWDQFH H¢(
ljhf_Iljbg_kdbc f_Ih”~ g_nlygh_ aZ]jya VOXGSROOXWLRQ
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K\_" _gby h[ Z\IDjdppeedhby :gZlhev25bgZ' 63,dh" dZgPMbhegZmd
Hfkdbc Jhkm~ZjkI\_gguc i_~Z]lh]bq_Kdbifhkudgbdhkkibly | FXULORRY#PDQEGH/[ ez bfb
jh\gz63,1dh" dZgfbhegZmidfkdbc Jhkm~Zjkl\_gguc i_~Z]h]l]bg_kdbc mgb\_jkbl_I ] H
=jb]lhjv:\dZ~bc B\Zgh\bg 25&,' 63,dh" Nj [bhegZmHfkdbc ]Jhkm~Zj
kI\_gguc Z]jZjguc mgb\_jkbdlHehfibgHfkdIhkkbyLIJULJRU\HZ#PDLO UX
,QIRUPDWLRQ DERXW UAOKO D B WHQRDWBRO'HY Q D 63 ,ARGH 3K '
2PVEWD3MBDJRJLFDO 8QLYHUVLW\ 2PVN 5RQWWYHRXDL O K D BBHLQRRE [QDX

3K ' 2PVN VWDWH SHGPRBRULFXAURIQRYHNY GW \ YD2BRY'L FK
63,FRGH 'U KDEROQBWBWWDULDQ 8Q B YSHURQARPVEBX V VILIDI U L FRRID KX

<\_"_gb_

Bamqg_gb_ we_dljbg_kdh]h khijhlb\e_gby WK bfi_"~Zgkz "j_\_kguo |
g_[eZ]hijbylguo nzdlhjh\ \ Ihf gbke_ ijb g_nl_rezZfh\hf aZ]ljyag_gbb kem"l
guo f_Ih*"bg_kdbo ih*oh”~h\ d hp_gd_ khklhygb@ eqg Aghta hw d htkib\lyls fgguo
"bZ]ghklbd_ aZ[he_\Zgbc ~j_\_kguo jZkl_gbc ihdzZazZe qlh gZb[he__ m~"h]
highr_gbb b h[t_dlb\gh hljZz Zxsbf hkh[_gghklb jhklZ b jZa\blby ~j_\_kguo
ijbdzf[bZevguc dhfie_dk ldZg_c kilhpre®h]Zgzkdbh k\hcklI\Z dhlhjuo fh]lml
hp_g_gu dhk\_ggh q_j_a bo we_dljbg>k@h jZkhijghdb\e_"gbsmx jhev \ \hkijbyll
fgh]l]bo [bhibg_kdbo b Z[bhlbqgq_kdbo nzZdlhjh\ Z 1Zzd _ \ nhjfkpijAEdbb de_Ilhqg
e_ghtygZ bo \ha”_okj¥kx]l iezafzZzlbq_kdb_ f_f[jZgu \ dhlhjuo \hagbdZzZ_I| dhfie
k\yvaZgguo kljmdrhmgppltbhhgZevguo baf_g_gbc \ogb¥dhj dhdpjy f_f[jZggh]h ih
I_gpbZez We_dljbg_kdbc azjy® gZ de_lhqgqghc f_f[jZg_ y\ey_Ilky kms_klI\_gq
gZ Zkij_~_e_gb_ aZjy _gguo gZklbp bhgh\ j_]Jmebjmxsbo h[f_ggu_ ijhp_kkt
l[jbgq_kdb_ izZjzf_lju de_lhd I_kgh kl\yaZgu k nmgdpbhgZevgufb hkh[_gghklyf
jpbazZzpbhgghc _fdhklb yl\ey_|ky o0ZzZjzdl_jguf ihdZazl_e_fdébalgd kikkh{ighklb °
ghklv iheyjbah\ZIlv Ihd b h[mkeh\e_ggu_ wlbf aZ\bkbfhklv we_dljhijh\h”~ghkl
we_dljbg_kdh_ khijhlb\e_gb_ y\eyxlky o0Zjzdl_jghc hkh[_gghklvx "bluo ghjf
sbo de_I|h& LZjmkh\ ij_~iheh be qlh ih we_dljbg_kdbf izjzf_ljzf de_
hij_~ _eylv "bag_kihkh[ghklv IdZg_c¢c ihkdhevdm \kydh_ \ha”_ckl\b_ ijb\h~y
aZlhe_\Zgbx \uaul\Z_| mf_gvr_gb_ Z[khexlghc \_ebgbgu we _Hlljlbdh&dh]h kh
hij_~_e_gby "bag_kihkh[ghklb IdZzg_c hkgh\Zg gZ kihkh[ghklb "b\uo de_Ihd
kdbc Ihd <hagbdZxsbc ihc ~_ckl\b_f IhdZz azZjy® de_Ilhd b IdZg_c baf_gy_

dhklv \_ebgbgz dhlhjhc iZ~Z_1 ijb kgb'_gbbbled YHamjZgbkh[Bdkligkb\ghklv b
0Zjzdl_j h[f_gz \_s_kI\ \ 1dZgb \ujz Zxlky \ \_ebqgbg_ khijhlb\e_gby 1Zd d:
dhgp_gljzpbx b jZkij_~_e_gb_®h@hhartdZg¥DZrbjh k khljmAgbdZib hi

f_gZeb qlh we_dljbg_kemkdbhhfh'eh dj_~klZ\blv dzZd ihke_"h\Zl_evgh_ kh_:
Ib\guo khijhlb\e_ghbc

<hh[s_ bamqg_gb_ nbabheh]bq_kdh]h khklhygby ~j_\_kguo jZkl_gbc \
\_kvfZ ZdimZevgh k bkihevah\zZgb_f kH\jlhf*tg\gukoj wwdkigbkkgzb[deb\ i_jki_
gufb ij_"klzZ\eyxlky we_dljhnbabheh]bg_kdb_ f_Ih~u ihkdhevdm hgb g_ihkj_
0ZjzZdl_jbklbdb de_Ilhgguo f_f[jZzg |_kgh k\yaZggu_ k h[s_c mklkcqgb\hklvx

+ @D we_dljhnbabheh]bq_kdbf bgkljmfzdlhéygkylky ~bZ]lghklbdzZ i

we_dljbg_kdhfm khijhlb\e_gbx ijbdZf[bZevghph @hbie]ghkZbbdZz ghcwe_dljbq_
kdbf ihl_gpbZe@vdkijfkikh”™> @ jfhwdkif_kikk> @:: FZlhjdbguf ij_»
eh”_g f_Ih® wdkpj_dkdekb khklhygb\v_\ ih bfi_~Zgkm IDL b I_fi_jZImj_ kl\heh
bamg_g fh”bnbpbjh\Zg b wdki_jbf_glZevgh ijbf_g_g we_dljhf_Iljbg_kdbc f_
we_dljbg_kdbo j_Zdpbc *j_\_kguo jZkl_gboZgadhjjsilae\bqgllgtkkjbkkbamq_gb_ w
l[jbg_kdh]lhhkbie_gby \ ijbdzf[bZevghf dhfie_dk_ ldZg>c¢ [@_au ih\bkehc

< gZklhys__ \j_fy hkh[h_ \gbfZlgbmgmg@baey\H&ygcklbbyZ wdheh]bqg_kdmx
h[klzgh\dm \ AZiz~"ghc Kb[bjb Wlhc ijh[e_f_ Hhkhyjs fpubpghlerMB Lgdh

F G:e_dk__\hc < PBhkdh\g_gd&¢h ;Z[mrdbgZz B ? Kdh[_e_\Rc<Z
e__\z <:KhjhfhlbggZ HHj"I b jy*Z “jm]bo Z\lhjh\
< nZgghc jZ[hl_ ij_"klzZ\e_gu j_amevlZlu ~_kylbe_Ilg_c wdki_jbf_glZev¢

gbxbaf_g_gby mjh\gy we_dljbg_kdh]h khijhlb\e_gby \ ijbdzZf[bZevghf dhfie_
j_au ih\bkehc ijhbajzklZzxs_c \ mkeh\byo g_nl_rezZfh\h]h aZ]jyag_gby

P_ev bkke_"hbaghbgblv hkh[_gghklb \ebygby g_nl_rezZfh\h]h azZ]jyag_gb
gZ ijh~hé _bvghklv baf_g_gby [bhwe_dljbg_kdh]h khijhlb\e_gby IDL kl\heh\ [
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FZl_jbZeu b f_Ih"u

H{t_dl bkke_ _~P%Zgbyvy [_j_au ihthKaSGOPERONDKi jhbajZklZxsb_ \ [Zk
~cg_ [mn_jguo ijm~h\ :H ©=AthGjINy hiHfkd J2chb\BlglpygljZevgZy e _
hkl_iv x]Z AZiZz*ghc Kb[bjb

< ] \\'gZgzZe_ i_j\hc ~_dZ™u fZy fZy [ue aZeh _g hiiulf kZ mqgqzk
\g_k_gb_f g_nl_rezfz \ ijbkiI\h&vgliahdjm]b dybzf_Ijhf f\ij_~_eZo ijh_«
pbb djhgu thddly klhysbo fh*_evguo ~_j_\v_\ [_j_au wdki_jbf_glZevghc ]jn
ljhey ijhbajzklzxs_c \ _kl_klI\_gguo mkeh\byo jbk

B

Jbk Wdki_jbf_glZevgZy iehsz”~dZ gZ |_jjblhjbb
[Zkk_cgZ [mn_jguo ijm~h\ :H ©=&GhAg_ flwWHfkd

Baf_j_gby ijh\h~*"beb fmeOQkbf _|hjb_glbjh\Zebkv gZ f_lh*bdm J = R_\_

ljb j_]bkljZzpbb we_dljbg_kdh]h khijhlb\e_gby hp_gb\Zeb jZkijhkljZc
ijhib\hiheh guo klhjhg kl\hez ~_j_\v_\ [_j_au >ey kjzZ\geblky N loguzf Xi
f_jh\ WK IDL m ~_j_\v_\ [_j_au \ Z\Imkl_ \ i_jbh” gZqZeZ ih _el_gby eb
\Zgby k_fyg

AZ i_jbh” bkke_~h\Zgby ijh\_"~_gh baf_j_gbc [_j_au ih\bkehc

J_ameviZlu bkke_"~h\Zgbc [ueb h[jZ[hlZgu klIZgBZplghud b hfc_IklZZ2blx | b b
dhjj_eypbhggh]h j_l]j_kkbhggh]h b ~“bki_jkbhggh]lh h”fghnzZdlhjgh]h ZgZeb
IZ6EWDWLVW]JZE®_gby \ZjbZglh\ hiulZ ijh\h~bebkv ih djbl_jbyf Klvx~_glZ b

J _amevliZlu b hfkm ™ ~_gb_

GZ ijhly _gbb \k_1h\Zlgkey_jZkkfhlj_gZ azZ\bkbfhklv f_""m fhjnheh]bq
dzfb "bzf_ljhf \ukhlhe k@he& dljbgq_kdbf khijhlble_gb_f WK \ mkeh\
fhihlh azZ]ljyag_o®k_ahggh_ baf_g_gb_ mjh\gy WK>[_@ijhbajrblkZedsc ¢ \
mkeh\lgywm|_rezZfh\h]h azZ]jyag_gby

lhemqg_ggu_ wdki_jbf_glZevgu_ ~Zggu_ ih bkke_"h\Zgbx we_dljbqg_kc
dzZf[bZevgh]h dhfie_dkZ IdZg_c [_j_au ih\bkehc aZtbkkd] "mhdZaZejbhe¢lh
ijh~mdlu g_nl_rezfz ihiz~rzZy \ ibfg\giZé&wgdli mkeh\byo *_j_\vy ]Jjmiiu ©<
Ayl \h \k_ ]h”u d baf_g_gbx we_dljbg_kdh]h khijhlb\e_gby ijbdZf[bZevgh]l
m fh~_evguo *_j_\v_\ [_j_au <f_kl_k I_f \ dhgljhevghc ]jmii_ ~_j_\v_\ [_
yleyeZkv hlgihkiblklZ [bevghc b [ueZ “hklh\_jgh kms_kI\_ggh gb"_ ih ]1h”’
A AW VN ]imiiu2@s? jbk

_k
by
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[2 dhgljhevgZy ]jmiiz : [2 wdki_jbf_glZzevgZy ]jmiiz <
—kj_"g_f_kyqggzZy I_fi_jZImKzZ \ha”“moZz
Jbk >pbgzfbdzZ we_dljbg_kdh]h khijhlb\e_gby \ i_jbh” k ih 1]

>Zggh_ y\e_gb_ fu jzkkfzljb\z_f dzd bhyamjdwibgdl hhf*ZQeug ijhp_kkh\ k\y
azgguo k \h*hh[f_ghf b \ p_ehf k keikkkhh\dlx_k\ghajpy ~j_\_kguo jZzkl_gbc Fh'g
\hjblv qlh ©ijb\g_k_gb_ gZ ih\_joghklv ihg\u ijhAmdlh\ |_ogh]_g_az \_"_1d
gh]_gguo we_f_glh\ bafjgtwtx jgajknr_gbx ihlglelygsaxs_]h dhfie_dkz G_]Zz
Ib\gh_ \ebygb_ g_nlyguo iheexlZglh\ ijhyley Iky g_ lhevdh gZ ihg\_gguo wc
gby gh b gZ "jm]bo we_f_glZo héjm@Zxs_c kj_"u?

Ke_"m_I| hkh[h hIf_Iblv qlh \' I_q_oly_HKjgby g nHkeezZzfZ \_ebgbgz WK m
gb\h m”~_j'b\ZeZkv gZ \ukhdhf mjh\g_ qlh ihal\hey_I km~blv h ijh"he _gbb i
ygby g_nl_rezfgh]h azZl]ljyag_gby gZ khklhygb_ IDL m fh*_evgaolh" j_\v_\ [
gZlex"Zehkv j_adh_ kgb _gb\_ebdbgu we_dljbg_kdh]h khijhlb\e_gby \ IDL 1
guo *_j \v_\ [_j@auc\ c ]h*tgZ khhi\_IkI\_gdih”® Glzke _
\g_k_gby g_nl_rezfz 1Zd _ gZ[ex"Z_f azZf_Igh_ jZaebgb_ WK gZ m fh?
jbf_glZzevghc ]jmiiu ih kjZ\g_gbx k dhgljhewxghk"]jmdrthgpB6Y kgb _gby \ ~bg
fbd_ WK IDL m fh”_evguo ~_j_\v_\ [_j_au \ wdki_jbf_glZevghc ]jmii_ khojZc
WK IDL fhr_e_c ~_j_\v_\ [_j_au \ wdki_jbf_IZevgtk dhmijheihf KjizdgZ aopbxdky
gZ ij_"g_f mjh\g_ < ] 9Z[ex~Z_f kgb _gb_ WK \ wdki_jbf_glZevghc ]jnm
dhgljhevghc hgh hlghkbl_evgh klZ[bevgh GZ hkgh\Zgbb wlbo *"Zgguo fh gh
gh hljbpzl_evgh_ \ebygb_ g_nd_reXtZeyghlkla [_j_au ih\bkehc ijhy\ey_Ilky \
k_fb e_I WIh k\b~_l_evkl\m_I qglh azZ wlhl i_jbh” ijhbahreb ijhp_kku \hkk!
ihg\u b ~_lhdkbdZpby hljbpZl_evgh ~_ckl\mxsbo bg]j_~b_glh\ jZaeh _gby g_

K\yav WK IDRE_mvigwo ~_j_\v_\ dzZd dhgljhevghc 1Zd b wdki_jbf_glZevgh
g_kdbf j_"bfhf \ha“mrghc kj_~u hdZaZeZkv ihé&h bl_evghc b keZ[hc

ljb ijh\_~_gbb ihe_\uo we_dljhf_Iljbg_kdbo bkke_~h\Zgbc ~j_\_kguo jZ
mqgblu\Zlv nbabheh]lbg_kdb_ hkh[_gghklb jZzkl_gbc b I_ogh]_ggu_ mkeh\by
gZebqgb_ baf_gqb\hklb \_ebqgbgu bfi_"*ZgkzZ @& Ilhkkdheotdmg” dljbg_kdh_ kh
ijhib\e_gb_ hljz Zz_1 \Z°gmx jhev \ "bag_"_yl_evghklb jZklbl_evguo de_lhd
_]h wnn_dlb\gh bkihevah\Zlv \ dZq_kI\_ [bhnbabqg_kdh]h ihdZaZl_ey “ey hg
jZkl_gbc b [bhbg~bdzZpbb g_nlyghph_aa]hyladghdph\Z

LZzdbf h[jzahf ih j_amevlzZIZf fghlhe_Igbo bkke_~h\Zgbc fh gh hif_Iblv
ghklv kms_kI\_ggh]lh hljbpzZl_evgh]lh \ebygby g_nl rezfz gZ WK IDL ~ j \v
khkl_ighc ahgu AZ|Z"ghc Kb[bjb ijhy\eklblkey \ Ig4g Ig_t!‘vfrhc 1h™ wlib JZaebqby
xlky g_"hklh\_]gufb b m_ gz ~_\yluc ]h® wilb jZaebgby bkg_azxl klbjzZxlky
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EBL?J:LMJ:
=heh”jb]Zz | Y Hkbih\ : f<lhWdkiijjbkkju ~ey "bZ]ghklbdb fhjhahmklhcgb\hklb
Nbabheh]by b [bdnod¥bmjguo jZkl_gbc L + <ui K

=jblhjv_\ : B Wwdheéhkh]bghkdb\u Z~ZilZpbb ~j_\_kguo jZkl_gbc \ e_khkl_ib A
[bjb Hfkd

=jblhjv_\ : B We_dljhijh\h*ghklv "_em”_c m ~_j_\v_\ Rd4Z ijZaelbgbysboky
k[jZku\lZgby ebklv_\ FZI_jbZeu 11 f_"\mah\ dhphxy fheth}tu ¢_ ivbch gizu ¢i@dmd Z |
K =

=jyavdbg : < =_jZkxlZz K F ,_jgZpdbc > | Lim[Zg_\Z L : ©Ohdde_\ G
bfi_~ZgkzZ _"Nguo ihjh~" Ba\_klbly hgpddhc e_khl_ogbqg_kdhc ZdzZ”~_fbbzx <ui k

B\Zdbg : | Hp_gdZ “Zjhmklhcqgb\hklb h\hsguo dmevimj ih we_dljbg_kdhfm
F_Ih~"u hp_gdb mklhcgb\hklb jZzkl_gbc g_[eZ]hfNbylguf kekeh\byf k

Am[dh\z L : FZjlugh\z G : ;Weeh dkjtb\qg <kdR_  khijhlb\e_gb_ kljmdImjguo w
[bh]_hp_ghah\ Ba\_klby Bjdmlkdh]h JThkm~ZjkI\_ggh]h Kgb\_jkbl_IZ L <

DZjzk_\ < G Dzjzkhf\ZzgRk\ ? F Fmohjlh\ > B LfifhmwdkZjgkkc *"bZ]ghklbdb
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