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> g[as[lh[e [t _mtj_l[hn„ hs_fpl_ p[f„ ecm_\\ b[n•m•n gch^_h hs_fpc
mtchn_h `_fn_b_nd‡e, %J_ln bcmt_h n[j[mtn[fdoe,&

Jc„n[ ?•fchn D•\il ilc_hn[fcmn[) [t ol[f([fn•dc hs_fp_e jli`_mmtil[)
/675+\_h) nƒt ‚pp_f [t _mtj_l[hn„ e…tt‚n‚n_f_ on•h) Hifitmp•linn g_an[l+
ninn[ _mtj_l[hn„+n[h`ifs[g•n) [ g[as[lie l‚mtp‚n_f_ [t _mtj_l[hn„ hs_fp
b[mth•f[n•\[h ‚m g‡p_f‚m‚\_h gch^ca mt•ginn_p‰ pifn %p…, jf, H…e‚hs I[+
dim8 Dpc^fc\li jil moj_l[ _et[g_hi Xmt_le, M_]b[h >f`ihtY8 I[ gip[^i _h
Eoha[lci) 40+609 O•ne[c zlj•^8 > J[as[l Bmtj_l[hn„ Pt…p_nm‚a ‚m [ h_g+
t_ne…tc hs_fpc gita[fig J[as[lilmt•aih) /77/) 02+2.&,

> g[as[l _mtj_l[hncmn•e ^…hn‰ n…\\m‚a‚h_e [t _mtj_l[hn„ g•mi^ce
p[as n…\\_^ce) n_b•n no^[nim g„^ih _fm[d•nƒninn) n[hofn hs_fp_,

H_t^_n\_h %/665+6+n„f& [t _mtj_l[hn„n h[asi\\l‚mtn ƒl•m\[h b[mth•f+
n•e, /7.3+n‰f [t ƒl•m\_fc b[mth•f[nin h…p_ep‰ g‚ln‚e‹ mt„\_fc [fe[fg[t•m
eƒm‚lc, > g[c _mtj_l[hncmn•e h_g _fb[hs[aifb[n„ b•hs[^[ [ hs_fpn[hof•m
,c^‰mt[e•n„f _fn_echnp_ miee[f n…\\ c^‰n n…fn _mtj_l[hn„ hs_fp‹ \_mt‚fa_n‚m+
m_f) pcn•p[f) nl‚`•feit•mm[f) d•n‚ee[f) jf_nse•p[f) p[ascm \_mt‚^^_f) gchnm_g
f_p_f_t‚mm_F) ifp[m•mm[f) n[hofg•hsƒl•mm[f p[as _as‚\ pcto•fcm d_ff_a‹ hs_fp+
[fe[fg[t•mm[f, >t _mtj_l[hn„of \_mt‚f‰ as_l_e_eh_e _as ecm_\\ l‚mt_ + !ei+
l•h•f `iap[ + ƒlhc) ifp[mhc h_g cm no^, >t _mtj_l[hncmn•e …he‚hn_f_h‡f cm)
no^[nim[h cm b[nh[e _asg•m hs_fpb[mth•f[n •l[, > `_hnc_e\‰f [^„^ce) bias
[ g[as[l hs_fpc m[d•nm•aie _mtj_l[hn„l[ p[f„ •npcn_f‚h_e mt•gim f_b_n‰m‚a_
p[h9 p[f`[d[c ecgon[nb[n„e %p…,8 jf, ?_lh[l^ Dif^_h8 J[la_h_ ^_ f_lhifc\li,
/75.) ?o^[j_mn) Eoha[l[ Bmj_l[hni+>mi]ci9 nip•\\c cli^[f igg[f&,

[& Pt„fdohe _f‰mt…l [ll„f [t _m_nl‰f) [gceil [ g[as[l hs_fp_h [f[jof„ d_+
f_hm‚a [t _mtj_l[hn„ hs_fph_e I, I, W[g_hbi`n„f l…atƒn_nn [f[jp_n‰ hilg•cn
_as‚ln_fg ‹_h g_am‚lnc,

Fmg_l_n_m) bias I, I, W[g_hbi` + ^l, Bmj_l[hni •fh‚p_h + /665+\_h
_as 2. f[j n_ld_^_fg‹ ec[^p•hs\[h n•ln[ hs_fpn_lp_t_n‚n [ pcf•a _f‚8 ,ohgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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[f[jp_n‰) gch^g•ca g‚lp[^„h[e n_echn_nn + h[asl‚mtn [f[en[hc +f_ƒl•m•n,
> /4 jihn\„f •ff„) [fca b[n f[j n_ld_^_fg‹ hs_fpn[h /., jihnd [ [ mt„b[ha+
m†fsn _as‚ln_fg‹_h [ mt„ onifm„ _f…nnc mt„n[a•bit e…nc, > as_ha‚\\ + h_n•h
limmtof n[hƒninn + g[as[l _mtj_l[hncmn[ _fm‰ mt„n[ac b[ham†fsit•m[ ƒas bc+
\•h[e gch‰mccf, >zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAV[^[YW`fW $mtila[fg[m[h$ mt„ b_fs_nn gih^inn V[^[YW`fW

`ilg•n [ d„ n[h•l e_t^_nn‰f `iap[ d[pƒnd[9 g‚acm) _f‰`il^of+ e‹f…h…m_h) b[
[ mt„ [ gih^[n `‰b[ham†fs•h[e cm bil^it„d[ + bias [ g[as[l _mtj_l[h+
ncmn[ p‚n [mt„b[ham†fs _gfƒn_nn) W[g_hbi`+[^n[ mt[\•fs[ _ff_h, O_dn_nn_\\)
[ hilg•n !f_f_jf_tb_n…_h! h_g m‚ln‰ b[n•mn f•nie [\\[h) bias[ g[as[+
lie \_mt‚^‚\_h [ mt„f[gb[ham†fsim mt„ b[ham†fs[ as[el[h gc hn_as n…lfc
h‚b•hs l•e…p_ne_t‰ g•mce mt„ b[ham†fs•n#%>hS `W" Wef[e " ZW\_W_b_fs_nn8
>hS `WgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8Wef[e 8ZW\_W$) Jchnbias [t _mtj_l[hn„\[h [mt„b[n•lie ‚m mtchn [a+
g[b[n•lie ifseil e_p‚m\‚ d_f…fn_e) gchn [ g[as[l\[h) [t _gf ƒn_nn d_f_hm‚a [
b[mthim mtchn[ence[c l_^oh^[h]c[ hscfp•hp[f„ ]m…ee_h‚m‚n d_f_hnc, + Bas‚l+
n_fg‹ hilg[m‚ln‚ml‰f \_mt‚fb_n‡he) b[ [ g[as[l _mtj_l[hncmn[ + [ g[as[l
gchn•n e…p_np_ + _fb[asd[ [t …mmt_n_nn •ffƒng•hs ca_c l‚mt‚n #>hS WefSe \adfS

${p[ _l‰m$' ' ' '% $>hS \adfS$ p[as b[ h_g _as_tn_nc [ d_ft‰n ‚m [ d_ft_nn mt„n
#TW^S\ WebWda\$mt‚j l_g‚hs_e$ ' ' ' '% %TW^S WebWda\$)> `_hnc_eb_t b[mihf„) g•m
hs_fp_e n[hƒn•m[ mil•h as[el[h n[j[mtn[fn n‚p_m •npcn_f oas[h cnn hscfp•h
_mtj_l[hn„ \_mt‚^n‚hsn _l_^g‚hs_t) [ hs_fpc l_h^mt_ll_ as[eilifn b[n•ml„f
+ [ hs_fp l_h^mt_l‚\_ p[f„ \_‚j‡f‚ml‰f + [tih\[h _t_e\_h [t _ m_n_e\_h
h_g \_mt‚fb_n‡he, %I, ?[l]m[s Wmotm[8 J_ni^cei _h f[ jl[encei Xmt_le, ?[l+
]m[s Wmotm[Y8 Ql[hm`_l+p[fili ^_ Bmj_l[hni jil boha[lid _hf[ f_lh[^i ^_
bch^_‹lij[d fchapid, Eoha[l[ Bmj_l[hni+>mi]ci) ?o^[j_mn) /7609 Pt_l^[b_+
fsc Fmnp•h8 J_ni^ifiaci ^_ Bmj_l[hni %fchapimno^[^i e[d j[lif[fjlijlcai&,
?o^[j_mn8 Q[he…hspec[^„) /753,&

\& Ds[eilc d_f_hm‚a) bias gc) g[as[l _mtj_l[hncmn•e + `_f‡f_n_m n[ho+
f•mohe _l_^g‚hs_e‚jj_h + h_gt_ne…tc p[as h_gt_ne…tc h_e p‚fn) `‰f_a f[nch
_l_^_n‹ mt[p[eh[e p[f[g_fs) [ g[as[l hs_fp\‰f p_nn d_f_hn‚mn nof[d^ihƒnohe,
Bt ƒlinn mt…p_a_e\_h cm ecgon[nb[n„, M‚f^[e‚jj_h + ?_lh[lD̂if^_h hsi+
g•h + [t S]U[a $l‚mtp‚hs$) ^W]fadae\, $_f‰[^„) _as_n_gc ien[n„$)]a^WY[ae\,
$n_mn‡f_n) %_as b•tc& p_t_n‰ n_mn‡f_n$) $[hafc[c `‰cmeif[$) $d_tmocn[ e…t‚jcmeif[$
`‰h_p_e_n _gfƒn_g) g_fs_eh_e [ g[as[lS]U[x %jf, $m_a‚fs[e]c„$&)̂ W]fad %jf,
$e…hsp f_enil[$&) eiff‚acog %$^c•einnbih$& gchn•d•l[ p[f„ b[mth•f[n•n m_g [
t[g_hbi`c b[asig•hs) m_g [t _mtj_l[hncmn•e mt‚f_m e…l\_h b[mth•fn ‚ln_f+
g_t‰ mt„n•l[ %Mf_h[ ffomnlcn[ Siln[li) M[lcm+0.) /75.&) m_g [ h_gt_ne…tc
as[eilf[n h_g n•g[mtnd[ [f•, Fmg‚nf‰^‚m‡e) gchn•of cm mtifa•f„ mt…p_a_e\_h
p[f„ as[eilcm•aoe l‚p‚h [t cfs_h d_f_hn‚me…f]m…ht‚m_e [ hs_fpe…t…mm‚a no^[+
n•\[h ‚m b[mth•f[n•\[h ‚f‰ _mtj_l[hn„ mt„ech]m_n g„^imƒnb[nd•e9 _t_e [t †d
_f_g_e [ hs_fp + h_g eƒp•h[nim g„^ih p[f„ + l‚n_at‰^‚m‚n m_aƒnb_nce _f‰
%/, ?_lh[l^ Dif^_h8 c, g,&,VUTSRQPONMLKJIHGFEDCBA
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]& > g[as[l ‚m [t _mtj_l[hn„ j•lbot[gim [fe[fg[t•m[ mil•h cm ca_h as[+
eilc [ b_fs_m •npcn_f) [ m_aƒn‰ nl[hmt`_l, >t [f[hsh[e ‚m [t •ffƒng•hs h‚pmt„c
l‚mt‚h_e mt•g\[h p[f„ _as_tn_n‚m_ gch^e‚n hs_fp gch^_h l‚n_a‚\_h) gch^_h
mncf•lcm p•fnit[n•\[h ‚m mtchn_ gch^_h h‚pmt„l[ h‚tp_ hilg[ ‚ln‚e‹, Mf, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAES

UWhS^a[ 7 Wef[e9 ^SUS\$> fip[e `•l[^n[e :pifn[e<$, >t _mtj_l[hn„of n[hof„
g[as[lie _ n_echn_n\_h …he‚hn_f_h‡f) g_a`_f_f‰mt•g† gchn[ p[as [ hs_fp
jihnim f_ƒl•m•h[e cmg_l_n_ h‚fe‡f cm b_fs_m gih^[nie[n [feinh[e, + E[mih+ ,
f„e‚jj_h8 gch^_h g[as[l _mtj_l[hncmn[ d_f_h c^_d‹ ca_[f[ein b[mth•fh[ [
e…p_ne_t‰ gih^[n n•lasc g_f/‚egih^[n•\[h8 !>tn gih^n•e) +bias We[] Sl
Wex!"):$‡hc ^clcm e_b^ggSe!9 ' B b_fs_m g_aif^•m\„f h_g e…p_ne_tce) bias
[ \_mt‚f‰h_e n‚n_f_m no^•m[ cm p[h [ g_ff‚egih^[n\_fcca_c^‰+b[mth•f[nl„f,
+ E[mihf„[h gch‰mƒnb_nd‡e [ g[as[l _mtj_l[hncmn[ \_mt‚^‚h_e ifs[h •fn[+
f•him ‚m d_ff_gt‰ n‚hs_cn) gchn [g[a•hb[hat„+l_^oe]c„ n_fd_m bc•hs[ %p…,
S]UwVW`fa 5 a]U[VW`fa$p[as + [t _mtj_l[hn„\[h _as‚\e‚hn lcne[ + mt„p‚ac
t…ha‚m g•mm[fb[hat„e t…ha‚m pifn•h[e e…p_ne_t_n_m g_a‰lt‚m_ %jf, [eWV

$^_) b[h_g$ e…n‰mt„\[h&, > t…ha‚mm‚a mt_lchnc ijjitƒ]c„ mt„p‚ac b_fst_n\_h
p[f„ g_af‚n‚n gon[nd•e j‚f^•of [ e…p_ne_t‰mt„j•lie8 TWV"$•as•m$ 8TWf" 5

$]‚ef[$9 ]ST" $:b_as<`ie$ 8]Sb" $`_d$,
^& Bf‚a as[eilc[e [t ifs[h _m_n_e) [gceil W[g_hbi`) cff_np_[ h_gt_n+

e…tc mjihn•h e…tg_a_as_t‚m %[t •fn[f•him as[eilf[n& e‚n f_b_n‰m‚a_n eƒh•f)
^_ [ g[as[l gchn[ _t_e e…t‡f ]m[e _as_n _l‰mƒn g_a, + W[g_hbi`[t `
`ih‚g[ MLKJIHGFEDCBA9 ‚m = _f‰nnc g_ap[f„mof•m[e‚hn gch^ [ ^_hn•fcm) gch^ [ p_f•lcm p•f+
nit[nin mt•gihn[lnd[ %/, L`c]c[f[ D[t_ni) FS) /7//) 009 Ichap[d l_mjih^id)
m_m[ _f^ihi) J[lg[h^_) /740) 37+4.&9 [ g[as[l \_mt‚f‰e n†fhsig„ n…\\+
m‚a_ cfs_heil e…p_ne_t_n_m_h [ p_f•lcm p•fnit[n n[f ‚f, + B n‚hs bitt•d•lof+
b[n [bbit) bias [ p_f•lcm [ffi`„h [t [^inn `ih_nce[c b_fst_n\_h n†fm†fsimm•)
_m_nf_a i\fca[nilceom [ffi`„hh• p•fd‚e, Bll_ [ n_h^_h]c•l[ n•g[mtei^ce [
g_mn_lm‚a_m \_mt‚^mtchn‚tcm J[as[lilmt•aih ec`_df_mtn_nn g_aif^•m[ cm %/,
hih[ Hionhs+D•\il Lf[mms+H[n[fch Hcm`[fo^s8 Bmj_l[hni mj__]b mshnb_+
mcm [h^ cnm [jjfc][ncih ch f[hao[a_ f_[lhcha, J[as[l Cih_nce[c C‡t_n_e) /7)
?j, /766)25+32&, H‚n g_a_ha_^_nn f_b_n‰m‚a _asce‚n _l‰mƒnc g_a [ g[as[l
gchn[ [ hs_fpc l_h^mt_l _as g•mce jihnd•h8 [t on][h_p_e) n‚lh_p_e) `…f^l[dtc
h_p_e [t _mtj_l[hn„\[h mt_l_j_fb_nh_e e…th_p‡e on•h %jf,e[dSfa =aT5$Ai\
on][$9 ^S d[hWda FSdUS^$[ J[l][f `ifs„$) gdTa DSdUSY5$H[l][a p•lim[$9 W`

h[^SYa NW^W_5$:_as< S_f_g :h_p‹< `[fo\[h$&) ^_ _f‰`il^ofh[e …mmt_n‚n_fc
_f…n[ae‚hn cm8=aT(efdSfa' FW]e[]a(gdTa' Jifh•l C_l_h]h_e : Iu^ gfUS[ \[z]

], l_a‚hs‚n ES ]`STa\ W^ ^S IS~^a(efdSfa]ƒgg_f `il^ƒninn•e _mtj_l[hn„l[,
+ E[mihf„ b[n•mie n_lg‚mt_n_m_h n…\\ cl•hs\„f %h‚g_n) eƒh[c) d[j•h mn\,&
d…hh_e,

> jl_jitcnƒp h‚pb[mth•f[nh[e %m b[mihf„ ec]mchsm‚a_eh_e&j_lmt_ ni+
p•\\c + limmt _m_n\_h _f‰l_ h_g f•ninn + e…p_ne_tg‚hs_c f_b_nh_e, >t
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cfs_h h‚pb[mth•f[n) j‚f^•of) ^_mn[\cfct•fb[nd[ [ mt„b[ham†fsn8zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 ^S9 d[hWdWfa
Lgd $:[< Q†l j[n[e$ v Lgd(d[hWdWfa ngfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA$Lgd(d[hWdWfa'

^& ~mmt_n_nn_\\ d_f_hm‚a_e [ e…p_ne_t‰e, + >t _mtj_l[hn„ mt„b[ha+
m†fs gch‰m‚a‚n W[g_hbi` h_g e…n…nn_ g_a, H[fi]m[s ‚m T[lchabc_h f_+
ƒl•m[ mt_lchn %e…t…m_h8 Mf_h[ Dl[g[ncei ^_ Bmj_l[hni) ?o^[j_mn) /7119
H[fi]m[s H•fg•h8 O_h^mt_l_m _mtj_l[hn„ hs_fpn[h) /736& [mt„b[ham†fs
l‚mt\_h ep[hncn[nƒp8 [ b[ham†fsim g[a•hb[hat„ hsƒfn %jf,S^XSTWfa'MLKJIHGFEDCBA5 7 B A $

Va_a' ]Sba$' p[as cfs_h\‰f [jimtnli`•f•mm[f e[jinn mt„n[a\[h #S^XSTV"'
UWb"' Va_"' ]Sb "$bimmt†9 _as‚\ t•ln mt„n[aie\[h %jf, ]Sb f[' !Wb$ l…+
pc^, %Hionhs+Lf[mts+Hcm`[fo^s) c^‚t_nn ƒl•moe \[h) [ bimmt† g[a•hb[hat„e
c^‰n[ln[g•n [ l…pc^_e g•m`‚fmt_l_m_e‚hn l…atƒnce&, > bimmt† g[a•hb[ha+
t„eh[e cfs_h b_fst_nb_t e…n…nn g_ad_f_h‚m_ + gchn Eoe[s[ Pcnimc ‚mQ•+
fim Bh^l_ %Bmj_l[hnifiac[d H[d_lid) 0) /753& ec`_dn_nn‚e +…mmt_`‡aa [tt[f
[ n‚hhs_f) bias [t _mtj_l[hn„ b[mth•f[n•h[e `‰n_l‡f_n_ e_t^_n\_h ifs[h
n‚lm‚a %[l_[& pifn) [g_fsh_e hs_fp_c\_h [ g[a•hb[hat„+bimmt†m•a p[as `i+
h_g[nceom) p[as b[ham†fsbit e…n…nn) jitc]cih•fcm) ^_ p[f[gcfs_h `ilg•\[h
n…\\hscl_ g_ap[h %ilimt) `l[h]c[) h‚g_n) g[as[l mn\9 [ mtchn‚h mie \_mt‚+
f‰p_f e‚jpcm_fn f_has_f b[n•m [t c^‰n[ln[g mt_l_j ‚h_e mn[\cfct•f„^•m[ _ff_h
b[n&, + >]S\a(Tx^ [jimtnli`•fn ]S\" $l[ej[ln$ ‚m [ ]S\ $‚m$e‰n‰mt„H[fi+
]m[s mt_lchn gchcg•fcm j•ln [fein) ‚jj_h [ bimmt†+l…pc^ mt_g\_h•ff•m [f[j+
d•h, >t _mtj_l[hncmn•e _as l‚mt_ oas[h[eeil h_g bitb[nd[ [hs[hs_fp‚\‰f
[ l…pc^+bimmt† mt_g\_h•ff•mn9 hilg[e‚hn p[f„ _f‰ƒl•m•h[e_fpc _ff_ht‰c cm
p[hh[e, Bt‚ln cm ‚l^_g_m n[f•h g_ad_as_thc) bias [ e‚l^‚mh_e h_g]m[e [
`ihif„ac•bit ‚m [ gch^_hh[jc hs_fpas[eilf[nbit p[h e…t_, H[fi]m[s H•fg• h
+ g‹`il^ƒn„c gohe•d•p[f j•lbot[gim[h + l_h^mt_l_m _mtj_l[hn„ ji‚nce•n
^ifaitinn ec %Mlc f[ Bmj_l[hn[ lcngi) Hf[mce[ g_nlcei _h Bmj_l[hni8 H, H[+
fi]m[s8 Ichapi Pncfi Cilgi, Pno^id, Qlc[) j[ln_ nl[f[\ilcn [ _f^ihi, Ic\l_di
MFO>QL) Lim[e[) /75.9 H, H[fi]m[s+T, T[lchabc_h8 M[lh[m[ apc^fc\li)
/713&, O_h^mt_l‚h_e _ff_h‰lt‚m_ e‚j j_h + ?[\cnmJcb•fs ‚m Pt[\„ I‰lch]
g[as[l p•ff[feit•m[cl[ _gf‚e_tn_n‰ _l‰`_mtƒn‚mm_f + _fm‰mil\[h e…n…nn `il+
g•d† p_lm_e_n `il^ƒninn,") ( jf, J[^•]b8 I[ nl[a_^ci ^_ f$ bigi9 A[hn_
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