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= n[h†n‡e…jtŒ n[h„lie e…jt…m…lŒf+

#J_g no^ig( h_g `iah[e*_ mt_l…hsn_f_hh_en[ln[hc( bias _ n…g„bit
ifs n_echn…fs_m mt[e `…l`c[e g_ff_nn( gchn [ gcfs_h_e [t on‡\\c c^Œ\_h p_f_
`iaf[feitn[e( …h cmbitt„mt‡fie < +•• Oiemtil „ff†ninn[ g_a niff[g[n _t m
_bb_t b[mihf‡ aih^if[n+ = gc^Œh ca…hsn_f_h mil[cgg[f hscfp„himm„al[
f…jhc g…acm _fb[n[litn[g( n_nn_g [tn [ n[h†n‡e…jt…m Šas_ cl„hn …lt_nn
ca[t mt_l_n_n\Œf+ Atn [t Šas_n [ n[h†n‡e…jt…m _asce f_amŠlaŒm_\\_h g_a*
if^[h^‡ Šas…h_e n[lnig g[a[g cm m che„\\ n[lnm[h[e mt_l…hsn_f_hh_e(
gchnm_g [ g_aif^„ml[ pih[neit‡ m „fn[f[g b_fs_mh_e cn …fn _ash_b„hs
aih^if[nig[n( …mtl_p…n_f_g_n _fb[ffa[mm[g+ }lnm[e \„l g[a[gh[e( b[mt*
h„fhc [e[lie [hh[e [t Šash_e( g_fsh_e mtifa„f[n„\[ mt_aŒ^n_g+ =t
Šasmt_l_n_n [t _ascech^†ni ie+ [g_fs `_fmt‡f[f„ml[ e…mtn_n_nn 8 ^_ e…mtn_n
_ll_ g…a g„m cm. ?m_e…fs p…f_g…hs_g oas[hcm [t( bias _t Šas [t
on‡\\c c^Œ\_h nˆln…hn `_fmt‡f[f„mie „fn[f h_g n_fd_m_h( b[h_g ]m[e _as7*
if^[f‰f[a fŒh g_apcf„a†np[+ = g[ `_hh„ff‡ n[h†n‡e…jtŒ n[h„lc n[h`ifs[gin
‰asmt‡fp„h _asb[ha‰f[a †n…fn…e _f( n[f„h _ n[h`ifs[gh[e eˆt_f_\\c …m
[f[j im cmg_l_n_ h…feŠf cm+ O[d„nm„aimh[e n[f„fn[g( bias [ mt‡\[h `ila‡
n[h`ifs[g g_ff_nn m_hec m_g _g_fn_ `_f mt[p„n( h_g [t…ln( bias bc\„cn
g_ap…^d_( b[h_g( bias f_a[f„\\ [ l„e_lcn bc\„en‡c g_ancmtn†np[ „ff†nm[
i^[ [ n[hŠasc eˆlˆe cn …fŒ mt…e_ _f…7 = n[h`ifs[gh[e g[a[g cm n[ad[
pifn[g( gchn cfs_hh_e( _ha_^n_mm…e g_a h_e_g( bias [t [hhscl[ _f†n…fn
chn…tg…hsn g_apcf„a†nm[g( [ bif mtŠem…a_m g_ap…^d_g( _fb[ffa[ninn
bc\„cn( `_fn„ld[g m [ n[h†n‡e…jtŒ*n[h„l e…jt…ml_ pih[neit‡ h…t_n_†g_n
_fgih^d[g8 p„ln[g(+ bias g„m( h„f[gh„f bcp[ninn[\\ _g_fd_ `_f _t
Šas\_h mt[p„n( nip„\\ p„lhig [t Šas mŠlaŒm pifn[ gc[nn m_g f_b_n+

Ic_fŒnn [ e…l^…mlŒf [ g[a[g p…f_g…hs…n _fgih^[h„g( [t on‡\\c
c^Œ\_h nˆln…hn `_fmt‡f[f„m iel[ `iaie ecn…lhc+ J_g [e[lig _`_fmt‡f[f„mi*
e[n ecpih[nifhc( che„\\ g…lf_a_fhc m [t _hh_e hsig„h n„g[^nl_`f_rc‡cg[n
eˆtˆfh†+ Qd `il^of[nin _t Šas [ L[_^[aiacog n[h„le[l„h[e .5 6-,6.+
n[h…p\_h hscfp„himm„ f_nn Agf…ecl[n„p[f hs_ln m b[\„l [ ^ifia g_a…l*
n…m…b_t m b_fs_m g_a†n…f…m…b_t e_ff cmg_lhc [ e…l^…m _a…mtnˆln…h_n…l(
[ l…a_\\c `_fmt‡f[f„miel[ g„l ]m[e [t…ln m_g n…l_e ec( g_ln ^ifait[nig
e_l_n…\_ h_g cff_h_e m g_ln g„mie _ e…l^…mnˆln…h_n…leŠfˆh\_h cm
cmg_ln_nn…e+



.+

!##$

= L[ _ ^ [ ai a# cog n[h„le[l„h[e Ag .… ecl [ n[ $H+ I+ P[h†n3*
e…jtŒ .56.+ 2+ `Št_n+% p_n_nn_ `_f [ e…l^…mn ‰d [f[ed„\[h( [t[ton„h eˆ*
p_ne_t_nn`_fmt‡f[f[mie ]m[eh_g ecp…n_fh…feŠf _\\Œf ch^‰fn[e ec…[(_
eˆlŽf `iliah[e+ O ]m[eoas[h [ mt‡\[h `ila3 Agf…ecl[n `…l`c[m Œmtchn_*
m…a…p_fim g[a[m \_fmŒ …ln…e…p_f h_gbias [ pcn[ `ifs[g„h h_g g_ffŒt*
b_nŒ( b[h_g [hh[e eˆt…jjihnd„n `iad[ nip„\\l[ cm e…j_thc m [p…af_a_m
g_aif^„mh„f \ctihs„l[ f_a`Œ\\ e‰n`ill„mh[e `ia n_echn_nhc+ All_ jl[_*
^_mnch„fd[ eŠfˆh\_h \_fmŒ n[ln[fg[ g_ff_nn mt_ltŒch_e b_fst_n_ cm+ =tie
[ mt_gjihnie( g_fs_e [hh[e c^_d…h [ g_ff_nn ^ˆhnˆnn_e( bias[ n[h†n‡*
e…jtŒ n[h„lc n[h`ifs[g [ L[_^[aiacog\[h mt_lp_tn_mm…e( [tAgf…ecl[srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA\

mt_lchn g[ cm ^ˆhnŒ m‰fsfs[f \†lh[e+
J_e_g j_^ca ‰as n_nmtce( bias hs_ln_e ^ˆhnŒ m‰fsoe\[h+
At_h mt_lhjihnie( bias[jifa„lcmeif[c n[h†n‡e…jtŒ mt[e]mijiln*

\_imtn„m[ eˆt_f†nc g_a f_adi\\[h [ e…jtˆe n„las[ch[e ]mijilnim†n[m„n(
bias [ j[_^[aiacogc hˆp_h^…e_e e…j_m† n…m…h_e g_h_n_ `_f_fg_a f_a*
di\\[h [ n[h†n‡e…jtŒ +n[h„le…jt…mh_e(bias[L[_^[aiacog\[h …lp…*
hs_mŠfŒecp„f[mtn„mc l_h^mt_l g_ff_nn (]m[ecm bcp[ninn …m g_a`_f_fŒ _lŒe
donh[e [ n[h†n‡e…jtŒ n[h„lm„abit+

= gc [t _fmŒn cff_nc( h_g _f…a†nc ec [ `ieitinn[\\ ca…hs_e_n8[tn
no^d„e [t Agf…ecl[n mt_ltŒc cm( bcmt g[aoe cm h_g _asmt_l mŠla_nn…e
g„l [ mt[e]mijilnie ‰d( b_fs_m_\\ \_imtn„m„n+ Dias [t _gf†n_nn e…j_7
m†n…m̀_f_f g_a f_adi\\[h [ n[h†nŒe…jtˆ*n[h„le…jt…mh_e( [tn m_hec m_g
pihn[ e…nm…a\_( mŒn [t _as_n_g e[jocn e†p„hd„e n[h†n‡che mt„g„l[ g_a*
hscnhc m @_tmŒ H[dim [tn gih^d[( [ n[h†n‡e\‡f f_hh…h_e [ f_adi\\ eˆt…j*
cmeif[c n[h„lie+ 9 L[_^[aiacog\[h …lp…hs_mŠfŒ ecp„f[mtn„m…lp…n@_tmŒ
H[dim _as …mtl_p…n_ff_f [e[ld[ _fŠnhc( _tn g_an_b_nc+ ^_i _t_h …lp m‰fsim
pifn„n e_ffŒ n„d…eitinnm„a g_ff_nn h_g pihb[nd[ e…nm…a\_+

=t Agf…ecl[n ifs g_aasŒc…( bias m_ggcn m_g e_ff g_ff_nn_ $_f*
bithig( ]m[e [tn gih^ig( e„l \_mt…fhŠhe [ n[h†n‡e _fŒf…jn_n…m…lŒf( b[
_tn [t on[n cm _f [e[ldoe t„lhc _fŒfŠe A l_h^mt_l _fŒf…jn_n…m [ d_f_m_el_
#h…tp_8 ca[t( bias h_b…t gohe[ „l„h mt_lt_nn cmg_l_n e…j_tc[t _fŒ!
f…jn_n…m[f[jd„n+ =t Agf…ecl[nih pcf„aim[h g_af„nmtce( bias mt_ltŒc
h_g l[a[mtei^h[e [bbit( bias[ n[h†n‡e…jtŒ n[h„lie RU)L[_^[aiacog*
\[h e…j_tn_mm_h_e( *bcmt h_ece †as cmmt…j …m̀ihnim `_f[^[n g_a*
if^„m[ doninn imtn„fsl…mtŠf( * ]moj„h`_fb†pc„e [ gchcmtn_lc og †cas_fg…n(
[t !„ff„mjihn doe g_ff_nn mt3.3 ieie ^ˆhnŒ m‰fs„l[+ = gimn `_hh„ff‡ n[h*
`ifs[g _ff_h f_a`Œ\\ ec`ia„m[ce [hh[e c^_caf_h_m d_ff_a_([ e…jt…m c^_d…*
h_e lˆpc^ pifn[( m [ n[h„l e[l ifs h[as`ie‰ _f`iaf[fnm„a[( bias c^_caf_*
h_m g_a\ct[n„m[ _l_^g…hs……ln h_gb[df[h^‡ [ `_f_fŒmm…a_n nip„\\l[
_fp„ff[fhc( A bc\„e p[f‡\[h m‰fsim[e m \ctihsim[hgch^_he† ]mi^„feitce
[tih( bias cff_n…e_m b_fs_h g…am_g n_mth_e m_ggcn [tie g_amtŽhn_n…*
m…l_(bcmt g[aoe [ bc\„e gon[nh[e l„ [ as3as†n„m g‡^d„l[ 

= n[h`ifs[g gimn[hc gohe[n_lp…n [f[j_fp_c\_h [t Agf…ecl[n b_fs_m*
h_e n[lnd[($f+ J…jn+ H[jd[ .550+ 6*EK+ mt„g%( _t [f[j_fp( bias [+n[h`ifs[lh [
n[h„lc e[l „fn[f p_t_n_nn …m _ff_hŒltˆnn ˆhe…jt…m d_ff_a…p_f \†ld ih+ =
lh[w[lh l…mt…lŒf _t_h [f[j_fp_n h_g n[lnig _f`ia[^b[n‡h[e( mŒn [ n[h*



`ifs[g f_ah[asi\\ bc\„d„n …jj_h _t_h ˆhe…jt…m† d_ff_a\_h f„nig . F‡f
no^ig( bias [t ˆhe…jt…m _fp…h_e []t…fh[e g_a`_f_fŒ …ln_fg_t…m_ h…feŽf
+cm mie( d‡ if^[f[ p[h+ ^_ bias cmeif„\[h f_as_h mce_ll_f [fe[fg[tb[n‡(
`Œf_a ifs cmeif„\[h( [ g_fs no^ig„hsim mt[ee…jt…m( n_echn_n…\_h p[h
bcp[np[ h[as _l_^g…hsn `_fgon[nhc( [tn n[a[^ig+ P[hn_lp …m‡l[l_h^
g_ff_nn cm f_b_n [ e…jt…m ch^cpc^o„fcm d_ff_aŽ( [ gchn bias.*/ hˆp_h*
+^…ee_fmt_g\_h h_g cm f_b_n g„m b_fs_m e…jt…mn [fe[fg[thc+R…f_lh… ++
hs_gsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA[aNZ chn( [ gc^Œh cfs `ihnim ^ifial‡f p[h[am' h_g mt[\[^ [ n[h„ll[
\†thc( * \„lgcfs d_f_m _g\_l f_as_h+ [t( * f_ae_p…m\\… j_^ca[ hˆp…h*
*^…el_( [ ec g…a _ `ieih cm h_p_fn_n…ml_ mtil‰f( bias gcn( gceil …m
+g_hhscn n[h†nmih( cff_nŒf_an[hlcfdih+ A bc\[ f…n_t…m…n ]m[ecm [ n[h`ifs[g
+c^_caf_h_m d_ff_a …p_c no^ig g_hn_a_nhc+ +

R …f_g…hs_lh [t( bias[]t…fh[e n_fd_m_h g_a h_g `_f_fŒ mt[e*
`_fimtn„m m [ gohe[n_lp p…al_b[dn„m[h[e …jj_h [t ˆhe…jt…m _fp…\_h
+l_dfŒh_b…tm…a_c mt„ff†nd„e [ no^ig„hsim mt[ee…jt…m mtchn„d„n+At_h \[d
_ff_hc ilpimm„ain _t_h bc\„e g_amtŠhn_n…m…\_h e_l_m_g( h_g j_^ca
+[\\[h( bias [ hˆp_h^…e_e _as_m c^Œmt[eie\[h [t _as_n_g f„nia[n„m„l[
+on[m†nn[mm[h[e 8 +bcmt_h _tt_f _f p[h cmg_lp_ b[ffa[n‡f[aim[h( bias [
$L[_^[aiacog h_g e…j_m [ g_a`_f_fŒ e…jt_nnm…a_n hs‰dn[hc .Ot_l_fn_m*
*m…e`_f p[f[b„l[ [ L[_^[aiacog h[as`ihnimm„a‰ ]t…fd„h[e g_a`_f_fŒ_h8
p„f[mtn[mm…e eŠfˆh [ jifa„lc n[h†n‡e…jtŒ [t _f_gcnŒf m f„nn[mm…e _f nˆ\\
n[h_lŒp_f 8 [^[mm…e [fe[fig( c^Œ …m g‡^ [ll[( bias [ n[h„lie _as_n_gc
mt†hpih[cih „ff‡ _fŒ[^„mie[n n[lnb[mm[h[e7 _as mt‡p[fmt_lp_tn_mm…e [
L[_^[aiacog [ jifa„lc( e_l_me_^_fgc m n[f„h _as…\ mt[ecmeif[c …m p…aŽf
+[ n[h†nie…jtŒ n[h„le…jt…m ]t…fd„h[e g_a`_f_fŒf_a p…af_a_m_h+

=t Agf…ecl[n [ n[h†n‡e…jtŒn[h„le…jt…m\_h (_f…l_h^Œ+]t…f‰f [t
[t _leˆf]mc( cmg_l_n\_fc …m as[eilf[nc ˆh[ff‡m„ain „ff†nd[ `_f+ R …a_t_nŽf
*ˆmmt_`iaf[fp[ _g_fc ec [tih `ˆfn…n_f_e_n( [ g_fs_enŒf [ gohe[n_lp p…al_{
+b[dn„m„h[e mce_l_ m [ n[h`ifs[gh[e `_f[^[n„bit g…fn‡ mt_lp_t_n_ `Šaa+
A jihnie hsoai^n f_feccmg_l_nn_f `ia[^b[n‡e _f [mt_lp_t…m[f[jd„of(
+h_lh mie p„fnitn[n„mn f„nh…e [tieih _mteˆtf_h^Œh_e+ B_fmt‡f[f„ml[ h_g
cm( _t( b[h_g [ nˆ\\c bitt„mt‡f„m e…mtn_n_nn+

I[a[m m[†hn„dih „ff @ _ t m Œ H[ d im h[e [ I[as[l L[_^[aiac[c
P„lm[m„a Šf…m…h_ n„lasl‡f n[lninn `_fifp[m„m[ $H+ I+ L[_^[aiac[+ .56/+

6pc 4+ mt+% =t…ln mt‡f[f `_f [t _gf†n_nn n„lm[m„a#Šf…m…h( g_ln [nn‡f n[ln+
bias jf+ [ n[h†n‡e…jtŒ n[h„lie _as_mŠf…n…\_h_as…hc …m imtn„fs…l^_e_e [
e…l^…m b_fs_m ncmtn„t[m„n g_a[e[^„fsitb[nh„e+ Amt_g „a„\[h mch]m
e…nm…a\_pihhc [t …l^_g_m n„lm[m„a [tih dia„n( bias _t_h * [ e…jtŒ*
*n[h„lie[n _fmŒ mil\[h …l^_efŒ * e…l^…mm_f `iaf[feitb[nce( mŒn g_a e_ff
+eˆmtˆhhŠhe( b[ _ e…l^…mn mce_lŠf g_apcf„acn[hc[8@_tmŒH[dimh[e cm
dia[ p[h _mtg…cn inn hscfp„h†n[hc( [( bif h_ec n_nmtce8 [tih\[h #[bbit
*p[h*_ dia[( bias [e[l _as_m_e_n8 ^_ eŠfˆhˆm_h #imtn„fsie[n [tt[f
7as[h‰m•nmih( bias [ e…l^…m g_aif^„m„\[ …l^_e_ce_n [e[lh„e \_f_pchhc+
p[as g_apcf„acn„m„n cap_e_th…h_e g_a[e[^„fsithc( p[as [ f_ab_fs_m_\\
Ef%_aif^„wh[e [e[lh„e ‰nd„n „ff[hc!7 [hh[e g_acn…f…m…n [ e…jtŒ*n[h„liel[
\(†VKEEF+%ucmt_g( bias _tn+ _asb[h+a‰c[a `iad„e pcmmt[on[m†n[hc+ =tie l…mt…*
8lŒf( +ece _t Šas\_hf„nmt‡f[a# …l^_e_fn_ef_b_nh_e( …jj_h [tn [ n[lascf[aim*
7m„aine_h ]mi^„fhohe( #[ g_fsfs_f _t om*s_n !p[f‡\[lc g_apcf„a†ninn„e+

"# 



= e…l^…m nˆln…h_fgc `_dfŒ^…m…h_e _fŒl_\i]m„n „m[ on„h …ln_e_tˆ
e_l_mc [t _as_n_gc …m j[_^[aiacogc e…jt…m _fŒhs_cn …m b„nl„hs[cn+
= no^ig„hsim e…jt…mn cff_nŒf_a [t _as_n_gh_e [^ _fŒhsn8 _tn[ n[h*
`ifs[g gimn[hc mt_lp_t_n_ g_ff_nn [t Agf…ecl[n cm _fcmg_lc+ Ot_l_nn_lh
pifh[ b[ff[hc( bias bias[h aih^ifd[ [ e…jtŒ h_e g_a`_f_fŒ mt[e\_*+
imtn„mn [t _as_n_g_h< J[asih b_fs_m_h gon[n l„ [tih iel[( [g_fs\_h+
[ e…jtŒ*n[h„lie no^ig„hsim mt†hpih[f„h[e [ eˆt…jcmeif[c[e…h„f [f[*
]mihs[\\ pifn[ e_l_m_h^Œ+ = e…jtŒ*n[h„lie _as l…mt_ h_g mt[en„las„n{
n[h†nd[+ Abb_t [ g[a[g l…mt…lŒf bitt„ g_l_g n_hhc( bias _as g„mce
l…mt…h_e m_g _as_n_gc( m_g j[_^[aiacogc e…j_m† n…m_ hch]m_h+ = gc*
hcmtn…lcog ‰d[\\[h p[h oas[h n_echn_nn_f [ ech_p_t…m_eh…f[ e…j_m†n…ml_ w
[tih\[h g[ m_g nˆln…hce g_a gch^_h( [tt[f j_^ca p[f‡\[h b[mt him8
mtifa„f[nin n_hh_ [ n[h Šash_e( b[ l…a_h [fe[fg[tinn _g\_l_cn cm [(
e…j_m†n…mŠeh_e g_a`_f_fŒ b_fsl_„ff†n[h[+

=t _fg…f_nc j_^[a‡ac[c e…jt…mn @_tmŒ m_g [t _as_n_g_h( m_g[
L[_^[aiacog\[h h_g n[ln[h„ ec_f…a†nŒh_e( _t on‡\\c\[h [t…ln h_g(
g_ln hch]m no^ig„hsim( [t _fŒ\\ch( g_ln hch]8 _f_gc j[_^[aia†„d[(
= L[_^[aiacogh[e cnn _gf†n_nnbc\„d„n h_g]m[e( bias f…n_tŒh_e _fcmg_*{
l_g( ^_ mŒn ifs e[l^ch„fcm bc\„d„h[e n[lnig( [ g_fs_h [ jifa+ n[h†n‡*
e…jtŒ …l^_e…\Œf cm g_hh…f lˆpc^_\\ c^Œ [f[nn m_a†n_hc e_ff+J_g n[lnig#
[tih\[h mtŠem…a_mh_e( bias e…n`…f_ j_^[a‡ac„n n[h†nm[h[e( [t …l_nnm…ac#
\ctihs†np„hs [f[jd„h \_f…jŒ ]m_e…fs mt„g‰ hˆp_h^…e_e_n cff_nŒf_a che„\\*
‰as m_acn_h…e [ \[dih( bias [t _f+ e…jtŒ*j_^[a‡ac[c n[hn„las[c\‡f `_f*
p…n_fc pctma„n n…n_eh_e p_fˆe( p[as eˆn_f_th…g Œe_n \ctihsim b[n„lc^Œ*
g‰fp[ pctma[ n…n_f…l_+ +

Dias [t _as_n_g_h bias[h f_b_nh_ [ \[dih m_a†n_hc( [tn cmg…n
@_tmŒnŒf mt_l_nn_g pifh[ b[ff[hc+ =tt[f( bias [ n[h†n‡e[n \i]m„m moe [t(
_as_n_gl_( [t …l_nnm…ac [f[jd„h `_fp_nn_e ien[n„m„h h_g f_hh_ m_a†np_(
R[as cnn cm e…n`…f_ j_^[a‡ac„n ecp„h n[h†n[hc< I[a[g cm mt_l_nh…g( b[
[t _as_n_g \ˆf]m…mt_nc( `[]ofn[m[ [n[h†n‡c ief_p…f _fŒnn g_ahscnn[nh…e(
h_g oas[h g_ap„fia[n„mm[f( g_ln bcmt_h _t _ff_he_tce [t _as_n_gc
n[h†n„m _asce +[f[j_fp…p_f+ >„lgchn‡b[dn_lh [tn( h_g b[ffa[nb[nig _f(
bias [ n[h†n‡e…jtŒn…h mt[ecmeif„h[e n[lnig( [ g_fs g†h…f di\\[h `_f_f(
g_a `_f[^[n„h[e( [hh„f e_p…m\\… e…mt†nb_n _fŒ [t _as_n_gl_+ Dias*
bias[h Šnb_nce g_a [eeil [ n[h†n‡e…jtŒ*n[h„lc g…ln…e_n< = g…ln…e_n
[ L[_^[aiacog „fn[f Šnb_nce ]m[e g_a( [ g_fsh_e n[h†n„mc gŒ^mt_l_*
f…hs_a_m_h eŠfˆh\ˆtce [t _as_g…nŒf( g]ln _t g_an[lnd[ [tn [n_lg…*
mt_n_m `_dfŒ^…mc g_h_n_n( [ g_fs_h „n _as h…jcmeif[c n[h†n‡h[e [ mt[e*
gŽp_fnm…a_n _fm[d„n†n[hc e_ff( g_ln [ L[_^[aiacogh[e nl[^c]tc‡d[ p[h( [+
g_fs Œn [ h…jh_p_f…m mtifa„f[n„\[h n[lnd[+ J_g mie[n [^ie oas[h [+
nl[^c]tc3el[( ^_ n_asŠe \„l [ e…jtŒc n[h„le…jtŒn [t _as_n_gl_( [t
mib[m_g `ia h…jcmeif[c mt_ff_g\_h lhŽeˆ^b_nhc( mib[m_g `ia h … j*
cme i E [ c n[h†n‡e[n e…j_tŒ n[h„lie[n h_p_fb_noc+ D[ @_tmŒ H[dim nˆ\\*
`„l[^m„ain p_mt g[a„h[e( [t _as_n_gc n[h„le…jt…mh_e ]m[e [hhsc bc\„*
d„n n[f„fb[nn[ pifh[( gchn [ L[_^[aiacogch[e( f_a`Œe…j_h [gc [ as[*
eilf[nc +j_^[a‡ac[c ece…jt…mn cff_nc8 †as * \i]m„h[nin e…l_e * l_„g(
[tn [ b[n„mn n_nn_( gchnb[ [ e…l^…mn [tih _fŒl_ `_fn_nn _fp\Œf ecch^‰fp[+
p†tma„fn[pifl†[ 7[ n[h†n‡e…jtŒ n[h„lie [t _as_n_g_h e…j_tn_mm_h_e+



J_g b[asb[nig g_a_gf†n…m h…feŠf [tn m_g( bias[ j[_^[aia†ogc
#e…jt…m\_h [ n[h†n‡e…jtŒ n[h„lc „ff„m b[hs[nf„m„n f„nd[ EI„l …h]m[e [tn
bcmt_g( bias [t [ eˆt…jcmeif[c n[h„l( [ ec „ff„m„h[e n_echn…fs…n [ ec*
t„l‡f[aim n[h„lc ]t†g\_h f„nd[( m[d„n no^ig„hsim …ln…e…\_h …mn[h†n„m„*
h[e _l_^g…hs…\_h \ctihsim[h h_g f„nb[nd[+ I_ap[h _t [ ect„l‡f[aim*
m„ac „l[gf[n eˆt…jcmeif[c n[h„l[che eˆtˆnn( [tih\[h _ n_echn…fs_m n_mnŠf_n
^†]m…l_n…l_f_as_h gih^p[( bias [tn Œ cm h_p_nm…a_mh_e( bitt„d[ h_g
g…fn‡h[e n[lnd[+ = n„lm[^[fig g_a[^n[ [ jifa„lcmeif[c n[h†n‡h[e [
n[h„l ]t†g_n( eˆhhsŽ ecn[f„fhc( bias h_g [t…ln( g_ln e…jt_nnm…a…n [t
_f_gc n[h†nˆ…p[f n[f„fn[ _as_hfŒh_e+ = jifa„lcmeif[c n[h„lm„a p[f‡\[h
e…n n„\il\[ „ffinn( ^_ h[asih e_p…ml_ e_ff_h_ [ n_mnŠf_n_n\_]mŠfhˆlh(
b[ ]moj„h [ ]t†g\_fc g_aeŠfˆh\ˆtn_n…m pcmte_n_a_ p„f[mtninn[ pifh[
Œe_n e_nn…8 [t Œ b„tc \[doe( gch_e eon[nh„g cnn [t ieie[n< Dias [
e…jtŒ*n[h„lie *eˆtˆnn _nnŒf n[ln[hohe e_ff_h_( [tn ect„lnh[e n_echn_g8
eˆtˆnnŠhe [ e…jtŒ ]t…fd„n cff_nŒ _fpc ^c``_l_h]tc[ `_f h_g g_lŽfb_n8 b„n
[tih * eigifs _g\_l _fŒnn mt„g\[ h_g dˆb_nŒ * eˆlŠfg…hs c^…th_
*_fŒmt[e[^„mn+ bias e…j_m†n…mŠhe_n h_g _as b_f s _ h mt_l_tnŠe< D[
*_tn @_tmŒ H[dim eigifs[h bcmtc( [eeil [ e…l^…mh_e „fn[f[ [d„hfinn g_a*
*if^„m„h ]mi^„feitig f_adi\\[h . =tn gih^d[ oas[hcm( bias m _g [
j[_^[aiacogc n[h`ifs[g +#h_g `_f_f g_a ]t…fd„h[e( ^_ [t _as_n_g\_h m_g
\ctb[nohe n_fd_m_h+ D[asdoe g_a *n_b„n [ gimn[hc c^_caf_h_m n[h`ifs[gin
m „ff†nmohe [t _as_n_g_h _as g„mce c^_caf_h_m_n( m ]m[e.- …fc gofp[
bittohe p…af_a_m †n…f_n_n+ Efs_h l_h^mt_l g_ff_nn n[f„h g_anˆln…hb_nh…e(
+[ gcnŒf gimn ieh…feŠf `…f+ =t nˆln…hh…e( bias gch^_hce chn…t_n hˆp_h*
*^…e_ [ `ˆf…hsn g[a„h[e( cff_nŒf_a chn…t_n…h_e e†p„hh„ g_amt_l_thc(
h_gn_f_h p_lm_hs `_dfŒ^h…e ec( [ g_fsh_e eˆp_ne_tg…hs_ e…jn_mnŠf_nc
_as_n…ln…mŠhe g_a\igf[h…e( asŽf…m_che p_mt_e_^…m_e mt†hb_fs_cp… p„f*
h„h[e+ J_g ‡b[dnig [t cfs_h „ff[jinin( b[h_g ca_h cm Œb[dnilh( bias
*_ e…l^…m p[f[b„l[ p… a f _a_ m_h if^[mm…e g_a( [t…ln @_tmŒ H[dim
#n_lp…n( \„lgcfsmt…j_h …m mie n_echn_n\_h [f[jim[h p[h cm [t g_a†lp[(
_f`ia[^b[n‡h[e h_g n[lnig+ *

Ditt„mt‡finn _ e…l^…mb_t oas[h]m[e [ j[_^[aiac[c n„lm[m„a
E•f…m…h O_\ _mn s … h Cs osrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+ [ cm+ $H+ I+ P[h†n‡e…jtŒ(.56/+ .-+ mt+%
I_apctma„fd[ [t Agf…ecl[n „ff„mjihnd„n m [ @_tmŒ H[dim „ff„mjihnd„n( ^_
_f`ia[^b[n‡h[e _asce_n m_g n[f„fd[8 [t _fŒ\\†n [t…ln h_g( g_ln [\\[h
[ no^ig„hsim e…jt…m b„nn…l\_ mtil†n„m„n+ [t on‡\\cn [t…ln h_g( g_ln
[\\[h [ as[eilf[nc e…jt…m _fb[hs[aif„m„n f„nd[+ = e…n „ff„mjihn g…lf_*
a_f…m_ on„h [ll[ [t _l_^g…hsl_ don( bias[ n[h†n‡e…jtŒ*n[h„le…jt…mh_e
*ˆ h „ff ‡ h[e e_ff f_hhc_8 [t[t [t m_g [ jifa( n[h†n‡e…jt…mm_f(m_g
(j_]cca [ eˆt…jcmeif[c n[h„le…jt…mm_feig\ch„]tc‡\[ h_g bitb[n‡( m_h ec $<%
e_^p……ln m_ggc g„m e…jt…mm_f h_g [tihim†nb[n‡( p[as [\\[ \_f_ h_g
`iaf[fb[n‡( p[as [hh[e [f„ h_g l_h^…fb_nŒ+Enn _f‡l_\i]m„nig( bias
+cmg…nf…m\_h_g [e[lie _mhc( [t…ln# _t_h m [ e…mŒ\\c `_fmt‡f[f„mieh[e
*]m[e [tih jihnd„l[ n_ld_mte_^_g ec( [ g_fs_e [t _^^cac_e\_h `_fn[f„f*
b[n‡e h_g pifn[e+ O_\_mns…h #Csof[ „ff„mjihnd„n gch^_hec b_fs_m_fhc
`iad[( _t pifh[ [ f_ab_fs_m_\\( b[ g_ap[f‡m†n[hc +_ b_n h _+p cm b„n[n
`il^†n _t_h f_ab_fs_m_\\ „ff„mjihnh[e m [tn gih^d[( bias h_e…j_tn_m*
m_h_e [ n[h†n‡e…jtŒ*n[h„lie m_ [t _as_n_g_h( +m_ [ L[_^[aiacog\[h(



b[h_g * gch^ [ e…n b_fs_h E [ no^ig„hsim e…j_m†n…mn hs_ld…e [t7
_as_n_g_h( [f as[eilf[ncn [ L[_^[aiacog\[h+ +

Dias bias[h doninn [ `_hnd_ft_ln ncmtn[ „ff„mjihn [f[jd„h cfs
e_p_ln eˆp_ne_tn_n…ml_( [tn h_g …ln_g( ^_ h_g cm eon[nig 8 ]m[e [t+
pcf„aim _fŒnn_g8 bias _t _fpc …m as[eilf[nc mt_gjihn\‡f cm h[asih bc\„m
g_aif^„m pifh[( J[jihn[ b[haitn[n doe( bias [t _fg…f_nc …m as[eilf[nc+
ece…j_tn_n…mh_e mtilim e[j]mif[n\[h e_ff f_hhcˆe( cfs_h l_h^mt_l lh_ff_nn
j_^ca [ e[ji]m n_fd_m_h g_amtŠhh…e+ D„n [ no^ig„hsim …m as[eilf[nc+
e…jt…m+eŒtˆnncb_fs_m [l„hs cfs_h e…jt…m g_ff_nn di\\[h pifh[ \ctnim†n*
b[n‡( gchn jf+ [ gimn ^†p‡ l_h^mt_l g_ff_nn< . J_g bcmt_g [tih\[h(
bias [e„l [t _as_n_g+ [e„l j_^ca [ L[_^[aiacog cfs_h mt_l_jl _ p„ff[f*
eith…e+ =p[as ifs mt_l_j_n [e[l [ L[_^[aiacogh[e donn[nhc+gchn [
gchŒ p[h [ eˆt…jcmeif[c n[h„le…jt…m\_h [ gchn[acgh„tcogh[e < >„lgchn
aih^ifd[ [tih\[h( cfs e_p_ln l_h^mt_lh_e \_bit[n[ f„n mib[ m_g n[ln[h„g
]t…fmt_lŽh_e+ +

O_\_mns…h cm mtŠem…a_mh_e n[lnd[( bias l_h^mt_l_ g_ff_nn [t _as_*
n_g e[jocn# [ n[h†n‡e _fŒnn g_ahscmm„e( n_b„n h_ec cm g_aasˆtˆ^…m_(
bias[n[h†n‡\‡f f_b_n [ f_adi\\ n[h†n‡e…jtŒ n[h„l+jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

] = n[h`ifs[gin ˆn …pl_ ecp„hd[ ecn_ld_mtn_hc( Jch]m _t _ff_hec*
`ia„mig( [tn [tih\[h …h cm mtŠem…a_mh_en[lnig( bias [eeil+ [ lhceil*
[ n[hof„mc c^Œn g_abimmt[\\†n doe( g[a„n [t „ff„mn [hs[acf[a cme†p„h[*
nim[\\[ n_asŠe+ D[mihf†nmoe ˆmmt_ b_fst_nŠhe_n [eˆt…jcmeif[c[e…p[f(
[ ece oas[h[hhsc c^_ca e…mtŠfh_e _fŒ j„fs„doel[( m [tih c^Œ [f[nn cm+
e_p_m_\\ go h e [ _lŒ n e_ff ec`_dn_hcˆe(# h…b„hs …pc b_fs_nn_m*n[i„l*
ei^„m on„h l_h^_m n[h„liee„ f_mth_e( g†agch…eŠhe n†t _mtn_h^_ca cm
e_ff m_a…^n[h„lei^oohe( gcl_ l_h^_m n[h„lm„al[ f_b_n ecf„n„mohe+ J_g(
]mi^„fig( b[ j[h[mtie g_lŠfh_e `_f [ m_a…^n[h„lie gŽeˆ^…m_ _ff_h8
`Œe…j_h( b[ ifs[h ca[ta[n‡ cm [e[^( [ ec [ m_a…^n[h„ln [ hˆp_h^…ee_f
_as ]m[j„ml[ Œltc _ff_h bifgc mt_gf_†p_ee_ff +

= n[h`ifs[gin O_\_mns…h# pctma„f[nn[f [e[ld[ ˆmmt_eˆnhc(_t gch^_h*
_m_nl_ b_fs_m …m mtŠem…a_m8 [ eŠf`ˆf^c n[hofg„hson[n [tih\[h( \„l `ih*
nimh[e n[lnig( g…a m_g ifs n_lg…mt_nŽh_e( bias _as cfs e…jt…m e_l_*
n…\_ `_fp_b_nŒ pifh[+

= b[lg[^ce bitt„mt‡f‡( oas[h]m[e _asce !e†p„f‡ j_^[a‡aomohe(+srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
DZ) G„l g„h I ˆ l pifn+ K h_g [ l…mtf_n_el_( b[h_g [t _fp_el_#
eb„h ecn_ld_mte_^hc( _t_e_n f„nd[ _fmŒ mil\[h ncm[n„t[h^ieh[e+ = g[a[g
l…mt…lŒf mtŠem…a_mh_e n[lnig( bias [t _fp_ee_f e[j]mif[n\[h# „tie ec*
pcn_f…n cm g_apcn[mmoe( _asl…mtn c^Œe†g…f…m mt_lhjihnd„\Œf( ^_ g_a [t…ln7
cm! g_ln oas[h[tih [f[j_fp g_ap[f‡m†n„m„n cff_nŒf_a h[asih _fn…lŒe
#f_b_nh_e [ h…t_n_e+ =t „fn[f[ `_f„ff†ninn [f[j_fp [t( biaseˆt ien[n„m*
ŠasŠhe f_as_h _asm…a_m $H+ I+ P[h†n‡e…jtŒ.560+ l7 mt+%( mt_lp_t_nc
_asm…a…n j_^ca [ eˆtˆm gŽp_fnm…a [^d[ g_a+ J_g gih^ig( bias*
_t_h _fp_n [ e…l^…m g_aif^„m„h„f h_g…fn„hsifdoe e_ffŒe…j_h 8 g_a*
p[f‡m†n„m[n [tih\[h h_g [\\[h f„nig( bias [t ˆmmt_m n[h„lie _as#
b_f s _h( e…j_tn_mm_h_e( bcmt_h [eeil G„lg„h# mt_lchn [ eifitmp„lm
_as_n_g_n+ \_ e_ff_h_t„l[nllohe E Dias [ L[_^[aiacog h_ „ffmh[ g[
cm [ g[as[l no^ig„hsim gŽp_fnm…a mtifa„f[n„\[h( [tn gimn b[ffig(
_#‹OV•l+ L_^ca b[ p[f[gc\_h( ‰as# _\\_h [ n_echn_n\_hbct\h6„l[+ [c



[t _as_n_gh_e cm gchn„of mtifa„fb[nh[+ ‚as n_nmtce h…e_g( h_g]m[e
bias _fcmg…l…mm_f h_g [^‡tce G„lg„h [ L[_^[aiacog n[h„l[c cl„hn(
b[h_g _as_h_m_h e…nm…a\_ pihd[ [ll[p[f‡m„aoe[n( g_ln bcmt_h mt_lchn_
hch]m [hhsc no^‡mohe(„ g_hhscn [t _as_n_g \_ h_ `ia[^b[nh[+ Ich_e
\_mt…fŠhe [eeil [ b[lg[^ce _as_n_g `_f„ff†n„m„l‡f L

+G„llh„h cm( ‰as f„nmtce( [ jlcilc b_fs_te_^ce [tih „ff„mjihnl[+ bias
[ e…jtŒchn…t_nc n[h„lie [t _as_n_g_h ewj_tn_mm_h_e+ Ah j_^ca [tn
gih^ig( b[ eigifs[h [e[ldoe( bias[ g[as[l no^ig„hsimm„a [ h …j*
cmeif„\[ cm _fb[mmih( [eeil [ n[h†n‡e…jtŒ n[h„le…jt…mn b[asdoe g_a [
L[_^[aiacog\[h  Dias cnn h_ f_b_nh_ [ f_b_nŒ f_ag[a[m[\\ no^ig„*
hsim e…jt_nnm…a_n hs‰dn[hc( [tn \_ h_g f„nig( g_ln bcmt_h [ no^ig„hs
h_g [ b_fsnŒf( b[h_g [t _g\_l_enŒf `Šaa8 [f_b_nŒm…ah…fj_^ca n_ech*
n_n\_ e†p„hh„g p…n_nhc( bias [eˆt…j†meif[c n[h„l /*0 n[hn„las[n( [
e…jtŒc j_^ca 2*3*in cm e…hsn_f_h n[h†n[hc . +

G„lg„h [t Œ l_h^mt_l_ g_ff_nn [t _as_n_g_n mt†hn…h g_a[e[ld[
hscnhc [ n[h†n‡e _fŒnn( ca[t( bias „fn[f„him[\\ …m g[a[m[\\mt_gjihnie
[f[jd„h( gchn [t _fŒ\\ _gf†n_nn_e+

= mtilim[\\ …ln_f_g\_h p_nn mt[ee…jt…m _feŠfˆh†n…m…n …m [ as[eil*
f[nc e…jt…mn g_hh…f e…mŒ\\l_e†p„hd[ b[f[mtn[hc+ G…n`…f_ as[eilf[nc
e…jt…mn cmg_l( no^ig„hsim[n …mj_^[a‡ac[cn+ =t _fŒ\\cn hs‰dnm[ [t
_as_n_g( [t on‡\\c \„lg_fs d‡f `_fmt_l_fn e…jtŒ \_h _fm[d„n†nb[n‡+{ H„n*
b[n‡ _t_e\Œf( bias G„lg„h [ g[c eˆt…jcmeif[c n[h„le…jt…mn n[lnd[
[hh[e( [ g_fs\Œf [ b_fs_m n[h†n‡e…jtŒ n[h„le…jt…m cmec`_df_mtnb_nŒ
Af e_ff cmg_lhc_ [tih\[h gch^_hech_e( bias „ff„mjihnd[ ncmtn[( m b[
[t _fmilifn b„lig eˆtŽf e_ff_h_ p„f[mtn[hig( [t ˆp…n p„f[mtn[h„g+

R…aŽf g…a _as `_fmt‡f[f„ml‡f( [ B_f g… l c = .\_l n…l Œ . e_ff
g_a_gf…e_th_g+ $H+ I+ P[h†n‡e…jtŒ .560+/+ mt+% = gc^Œh _tt_f l…mt*
f_n_m_\\_h h_g `iaf[feitig( n_mt_g [tn h_g [t…ln( g_ln …ln…e ^ifa„*
\[h n[f„h h_g pifh[ [ `_hnc_e g_ff… milifb[n‡( b[h_g [t…ln( g_ln g_a*
d_f_h…m_eil _ milie ‰asmt‡fp„h e…mt_e pifn[e( ^_ `Œe…jj_h [t…ln( g_ln
p…f_g…hs_g ‰asmt‡fp„h n_fd_m_h g_a_as_tp…h B_fg…lc…p_f([t „fn[f[
[d„hfinn jihnie[n ]m[eh_g ecp…n_fh…feŽf _f`ia[^b[n‡eh[e n[f„fig+ A\\Œf
eˆp_ne_tn_nb_nŒ [tn f_b_nh_( bias _ milie `_f_mf_a_m_e 8 [ g[a[g l…mt…*
lŒf h_g n[f„fig Œe_n [tieh[e( g_ln [ e…l^…mn bcn_g mt_lchn g„m if^[fl‡f
pcf„a†nig g_a( m h…gc _fn…l…m p[heˆtˆnnŠhe [ e…l^…m l…mtf_n_c l_ pih[n*
eit‡f[a8 [ eŠfˆh\m…a mil[cg\‡f ec `ia nŽhhc+

P[f„h bimmt[m[\\[h `iaf[feitn[g g„lcm [t _as_m bitt„mt‡f‡ e „ff„m*
jihnd„p[f( gchn [ bias _as cfs ]tcee\_h mtie„mim …m g_a_ha_^b_nŒ(
_tt_f [tih\[h mie ifs ^ifial[ h…tp_ {gih^n[`E + _f p…f_g…hs_g_n( [
g_fs_el_ [f„\\ oascm ec e_ff_nn pifh[ n…lh_g( b[ „ff„mjihnilh[n n_fd_m_h
g_a [e[lig pcf„a†n[hc+srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

UU)

Ic_fŒnn [ g[a[g „ff„mjihnd„n l…mtf_n_th…lh( mtŠem…a_mh_en[lnig
g_a„ff[j†n[hc …m _fŒl_\i]m„n[hc [tn [ g…ln…e_n( [ g_fs_n _as n[h†nˆe…jtˆ
n[h[ll[ h…tp_ [fe[fg[t[h^‡h[e n[lnie+
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9 n[h†n‡e…jtŒ*chn…t_nc# n[h„ln‡c _l e ˆf_ mc ˆ h+„MLKJIHGFEDCBA$ $ ‡ m „ai \ … m
d_ff _ g \_f cmt cf „ l ^ m „ai \ e†p„hie _fmŒ mil\[h( bias [t …f_neŠt*
^_fg_c\_h e…j_m f_as_h b_fs…n gchn _g\_l ‰as g_a„ff[hc( bias \„l*
ech_e eˆp_n_h^Œ j…f^„of mtifa„fb[mmih+ G†p„hie nŒf_ ifs `ie‰ no^ -*

g„h s i m … mj_ ^ [a ‡ a H[ c _fg …f_ n c … m as[e i+l .[ nce …mtr .n*
m … a_n … m e…j t_n n m…a _ n( bias ifs j_^[a‡ac[c mt[ecmeif„\[h([
gchŒ [ n[h†n‡e…jtŒ( b_fs…n gchn n[h„l eˆhhs_h g_a„ffb[mm[([ mt[e*
p[as j_^[a‡ac[c no^ig„hs_fg…f_n…n _m_nf_a _fŒ\\l_ pcb_mm_( n[h†n„m[
_as f__h^Œ n[h†n‡h[e gchn„of mtifa„fb[mmih+ G†p„hig nŒf_(bias _t_e
g_ff_nn h_p_f Œ ._as _h( g_ln bias p[f[ec h_p_fŒe_n e…j_tb_mm_h(
g[a„h[e e_ff ecnŽhŒ h_p_fŒh_e f_hhc_+ = e…jtŒ*n[h„lh[e cmg_lhc_ e_ff
e n t ien [+n „# m Šas Š h e mt_ l p _t_ n … n „fn[f„\[h( h…j ien [ n „ m*
Šasc Rh \ … t _ \ _†h e m t _ l p _ t _\ … \ … m [^gchcmtnl„]tc‡d„n
eŠfˆhˆm_h 8 _ g_ff_nn [ gŽp_fneŠf`ˆf^ cmeif[mt_lp_t_n…ncm cmg_lhc_ e_ff+
At_e_n n[lnig [ n[h†n‡e…jtŒ*n[h„ll[f mt_g\_h n„g[mtnb[n‡̀Œ\\ e†p„*
h[fg[eh[e( p[h \ctihs„l[ g…a nˆ\\ cm( [ g_fs_eh_e l…mtf…n_t…m…n`ˆfˆmf_*
a_mh_e n[lnig( g_ln p[as ifs n_lg…mt_nŽ_e( bias [t _Fmilifn[e\[h
\_hh_ `iaf[fn[nh[e( p[as _t_e l…mtf…n_t…m_[fe[fg„p[f `iah[e ecnŽhhc+

= e…l^…m _t_e on„h [t( bias [t cg…hn `_f„ff†ninn g…ln…e_n( cff_nŒ*
f_a [ ]t…fn [ l_h^_fe_t…ml_ „ff‡ chn…t_n_e g_fsce…\_h …lb_nc _f( p[as
eˆt_f†nb_nc g_a [n[h†nˆe_jtŒ*n[h„ld_fˆfn [ f_aeˆhhs_\\_h …mf_a\ctni*
m[\\[h< Dias cnn e…n chn…t_n dˆb_n mt‡\[( h_p_t_n_m_h [t _as_n_g …m
[ L[_^[aiacog( [ g_fs on‡\\c b_fs_h [ n[h†n‡e…jtŒ n[h„lie h…b„hsjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c [ ‡n[ e…j_tn_nh_e cm( [\\[h [ bitt„mt‡f‡e gch^ _as_n…ln_h_e+N…mt_g*
lŒf [tn `iaig gimn g„l g_apctma„fhc( bias[ mt‡\[h `ila‡ chn…t_n_e
eˆtŽf g_fsce\_h eˆt_f†nb_nŒ g_a [ `_f„ffcninng…ln…e che„\\ m [tih cm
gchŒ „n[f[e†n„mn n[ln[h…e mtŠem…a_mh_e []t…f* \ctnim[\\ _f…l…m_ mt_g*
jihnd„\‡f+ #

= gc [tn cff_nc( bias _leˆf]mc ˆh„ff‡m„a …m d_ff_g\_fc mtcf„l^m„a
^ifa„\[h g_fsce chn…t_n hsodn [ \_fŒf_ ece_lŠfn hˆp_h^…e_e_n cff_nŒf_a
nˆ\\ \ctnim†n…ein( [ g[a[g l…mt…lŒf h_g g_l_e cn…f_n_n bithc+ =t _as_*
n_g hˆp_h^…e_c g„l cnn p_mth_e l…mtn [t …f_n eŠt^_fg_c\_h( g„l cnn
_^tŒ^h_e g_a [ eŠfˆh`…f_ pcmtihn[am„aie( [t ˆh`_hn[ln„m eŠt^_fg_c eˆ*
t_j_nn_( nˆ\\hscl_ g„l cnn [f[e‰f ec _leˆf]mc d_ff_gŠe( p[as cnn \oeh[e
_f+ = L[_^[aiacog hˆp_h^…e_c h_e f_ah[asi\\l…mt…n chn_lh[nom\[h h_*
p_fc m †as g_ae†g…fc Œe_n [t …f_n \[d[cn‡f( eŠt^_fg_cnŒf …m pcmtihn[a*
m„a[cn‡c 8 _t [ eˆlŽfg…hs [t _leˆf]mc d_ff_g ec`_dn…m…n b„nl„fn[n d[ m [t
[ f_b_nŒm…a hch]m ect„lp[( bias [t cmeif„\[h d‡f g_a„ffd„e b_fsˆe_n( ^_
[t …f_n\_h \oeh[e _f+ At_h eˆlŠfg…hs g„l*g„l [t _as_n_g d[p„l[ \cf*
f_hn_h… [g…lf_a_n( b[ [ L[_^[aiacog\[h …jj_h [t chn_lh„nom\‡f ec*
`ifs‡f[a h_g pifh[ [ ecp„f[mtn„m [fe[fg[tb[n‡+ (

At [ ecp„f[mtn„m n_mtcf_b_nˆp…( bias _ n_echn_nj_h ]m[e n_fd_m_h
g_a\†tb[n‡ _g\_l_e p_b_nŒe `_f [ n[h`ifs[gl[+ = ]m[f‡^„m hch]m ec*
t„lp[( ^_ [ p[f‡mt†hŽm…a g…acm [t( bias [ll[p[f‡ _g\_l_e_n p„f[mtn[h[e+
Ea[t[ p[h ^l+ G„lg„hh[e( _t [ ecp„f[mtn„m _ff_he_tce [tih [f[j_fp p_f(
bias [ no^ig„hs mt[\[^( ^_ b[ g„m n_echn_n\_h h_g( _ n_echn_n\_h(
\„lb_f g_ap„fia[nn[nh„g [t _g\_l_e_n+ Keimf_i^[m ‰nd„h n_b„n \[dim
cnn _asceh_e [ g„mce `_f_nn _fmŒm…a_n [^hc $g„ml…mtn h_g [e[lie cfs



gil„fcm ^ifia\[h \†l‡h[e `_f]m[j hc% ( h…ttŠe n_b„n [ n[j[mtn[f[nin+ =
n[h†n‡e…jtŒ n[h„lc n[h`ifs[gl‡f _^^ca nct_h_as _g\_l p[h [n[h†n‡e…jtŒ*
chn…t_n_eh…f $„ff[gc[eh„f% [fe[fg[tp[ $4 m_a_^* …m 1 t_h_n[h„l%( [ lhc*
hcmtn…lcogg_ano^b[nd[ m \ctihs„l[ no^d[ cm( bias _t_e _ n_echn_n\_h
g_aŠnce*_ [g…ln…e_n+J_g n[lnig `_f_mf_a_mh_e g…a _asmt_l b[ham‰*
fsithc( bias [ `_f„ff†ninn eˆp_n_fg…hs_e mil„\[h _tn [t…lnn_nn_g _fmŒ
b_fsl_( g_ln p[f‡\[h _fmŒl[ha‰ `ihnimm„a‰ h[e n[lnig+ H_b_n p[f[ec
\„lgcfs mt[ee…jt_nn _g\_l …m Šas_m j_^[a‡aom( b[ _ n_echn_n\_h ec*
lia„m [f„ _mce( [ n[h†n‡e…jt…m …m h…jh_p_f…m Šas…h_e ]m[e „ln[hc `ia+

= mt[eno^ig„hsc …m_fg…f_nc j_^[a‡ac[c e…jt_nnm…a g_amt_lt…m…n cf*
^_nŒf_a _as\_b[hat‡e [ p…f_g…hs_e( bias [t _as_n_g_h m[d„n†nb[n‡e
_f g[a[m[\\ `ie\[h+ = L[_^[aiacog( cff_nŒf_a [ e…jtŒ*n[h„lc n[h`ifs[g
g[c mt_lp_t_n_ g_ff_nn _tǹ_fn…nf_hŠf_fcmg_l_g m b[ cnn ]moj„h [ e…j*
t_nnm…a `ie [ dˆb_nh_ n_echn_n\_( [eeil [ e…jtŒ chn…t_nc n[h„le…jt…m
mt†hb_fs…Šf g[a[g cm [t _as_n_g_n p„f[mtn[h„g+ = n[h†n‡e…jtŒ*n[h„l*
e…jt…m as[eilf[nc g_ap[f‡m†n„m„h„f [tih\[h g…a g„m mt_gjihnie[n cm
`cas_f_g\_ e_ff p_hhŠhe+ =n[h†n‡e…jtŒ* chn…t_n h…as …p`ifs[g‰ mt[e*
cmeif[( [ g_fs\_h [t ˆmmt_m „fn[f„him gŽp_fnm…a_n hsodni n[hn„las[e[n
b„lig _g\_lh_e e_ff n[h†n[hc[+ GˆhhsŽ ecmt„g†n[hc( +bias b„hsh[e n[*
h†n„m[ _mce [tieeˆtŽf _asl_*_asl_+ >„lgcfs cfas_m_h ]mijilnim†nmoe cm
Œe_n(„nf[a h…ash…f e_p_m_\\ h_g _mce _as ]mijiln\[+ Dias j…f^„l[
bcp[neitt[g( [ as[eilf[n\[h cfs_h ]mijilnie mtien[e f_hhc 7HGFEDCBA7 ! g[as[l
…mh…g_nhs_fp8 8 ! nˆln…h_f_g( [feing„hs n[h( `ˆf^l[dt( n_lg…mt_nl[dt(

*a[t^[m„an[h8 ; ! mt„gn[h( g…ln[h( `ctce[( p_as n[h+ R[as g…a as[el[\*
\[h7 7 ! g[as[l hs_fp( nˆln…h_f_g( [feing„hs n[h( `ˆf^l[dt8 8 ! h…lh_n
hs_fp( g„m b[t[c hs_fp $jf+ nin%( n_lg…mt_nl[dt( a[t^[m„an[h8 ; ! mt„gn[h(
g…ln[h( `ctce[( p_as n[h( nilh[+ =t _as_n_g_h $cfs_h mt[e]mijilnie hch*
]m_h_e( b[h_g p[hh[e cfs_h_e7 g[as[l* …m h…g_nhs_fp8 nˆln…h_f_g*
`ˆf^l[dt 8 n_lg…mt_nl[dt*p_san[h 8 g_hhscmm…an[h*n_lg…mt_nn[h mn\+

D[ n_b„n [t _as_n_g gimn[hc mt_lp_t_n_ g_ff_nn [e[lh‡e [ e…jtŒ*
n[h„lie[n inn e…j_thc( [tn …lh…he _f( biase…jtŒcheh…f _as_m n[hn„l*
as[el[ mt[e_g\_l_e pifh„h[e oas[h [fe[fg[tb[n‡e( ^_ gch^_ hceh_e
e_ff_h_ mt[eg„d„n h_g e…j_tŒ n[hn„las[n cm \_imtn[hohe( [ mt[en„las[e
n‰fb[dn[nh„h[e( [ nˆ\\c j_^ca _fb[hs[aifn[nh…e m [ e…jt…m ˆmmtb[had[
g_at[p[ln[nh…e+ D[ n_b„n _fcmg_l_g cm( bias [t _as_n_g e…j_m [ f_a*
g[a[m[\\ mt[eg†p_fnm…a_n g_a[^hc( [ e…jtŒchn…t_nc n[h„le…jt…mn [t cnn
_gf†n_nn ieh„f `iap[ g…am_g n[lnig l_„\†tb[n‡h[e+ =tn{ giĥb[nd[
[tih\[h p[f[ec( bias bcmt_h [t _as_n_g_h cm eig\ch„fb[n‡ [ e…jtŒ*
chn…t_ncn[h„le…jt…mh_e g_a`_f_fŒ n[hn„las]mijilnim†n„msrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA $H+ @_tmŒ…ln_*
e_t…m…n+%=g\„l ‰as no^ig7 bias _hh_e e_l_mtnŽfpcn_f_ h[as h_b…tm…a*
#a_f d„lh[( g…acm _f`ia[^ig [t _ff_hp_n…mn( ^_ pcmtihn e…l^_g( bias+ gcn +
…lh…he _f [tt[f< ?m[e h_g [e[ld[ p_f_g m_hec m_g _fbcn_nhc( bias _as
…moas[h[tih c^Œ [f[nn( oas[h[tih g‡^mt_l g_ff_nn 1*2 n[hn„las\‡f

ifs`ie‰ mt[ee…jt_nnm…a m[d„n†nb[n‡ _f( gchn /*\Œf< Enn _as_h_m_h f_b_*
n_nf_hm…aa_f „ffohe mt_g\_h( [ g_fs_n [ mt„g†n„m\‡f h_g]m[e bias ec
h_g mt[\[^ `_f_dn_hŠhe( mŒn h[asih cm `cas_f_g\_ e_ffp_hhŠhe f( Cih*
^ifb[nŒ*_8 bias [t _as_n_g n[hgŒ^mt_l_ …m l_h^mt_l_ g_ff_nn p[f[ec
n[h†n‡e…jtŒ +nwh+„ld_fˆfnmwal_ ++p„ff[fwith…e( b[ ]m[e h…as n[hn„las[w+ cm
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e_ff_h_ n[hofhc[8 p[as bcb_nŒ*…( b[ p„ff[feith…e p[f[ec( bias [* gimn[h`
n[h†n‡e…jtŒ n[h„lc n[h`ifs[g „fn[f hsodninn mt[ee…jt_nnm…ah…f g[a[m[\*
\[n pifh[ e…j_m _f…lhc< ~h ‰as p[asie g_aasŒtŒ^p_( bias h_g f_hh_#
ifs e_l_e( \ctnim …m mieif^[f‰ e…jt_nnm…a_(gchn [e„l [ jifa„lccmeif[+
n[h†n‡h[e( [ ec mt_gch„lcogc l_h^mt_l( mtcail‰ _ff_hŒlt…mg_ff_nn hs_lb
e…j_m†n…m…n+

=tn bcb_nh… _t_e on„h p[f[ec( bias…h [ e…jtŒchn…t_nc n[h„ln‡c
h_g e†p„hie _f…a g[a[m no^ig„hsim e…jt_nnm…a_n( p[as h_g ifs[n( [
gchŒn [ eˆt…jcmeif[c n[h„lien‡c mtien[e ecp„hhc+ = g[a[g l…mt…lŒf bc*
\„mh[e n[lnig [ g…ln…e cfs_n…h `_f„ff†n„m„n8 [ n[h†n‡e…jtŒ*n[h„lnŒfsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATl(
p„hn g…ln_e_n h_ (<* [ eˆt…jcmeif[c( b[h_g ]m[ecm [ n[h†n‡e…jtŒ*chn…t_n
mtifa„fn[nb[nd[+ Kmmt_b[mihf†n„m gch^_h_m_nl_ n__h^Œ( [gc^Œh _t_h
ˆmmt_b[mihf†n„mn g_an_mt_g( [tn n[f„fig( bias[e…jtŒn[h„l no^ig„hsim
e…jt_nnm…a…h_e n[f„h h_g ifs `ie ‰ h[e( ^_ gch^_h_m_nl_ nˆ \ \*
if^ [ . o h[e … m g„m cl„ hs‰ h[e e_ff f_hhc_( gchn [ eˆt…jcmeif[c …*
h[e+ Dias _t_e\Œf ec`ifs‡f[a [ e…jt…mh_e cm g„mh[e e_ff f_hhc_( [t+
…ln_nŒ^ce+

J_g mt[\[^ `_f_^hŠhe [tn m_g( bias [t _as_n_g e[joc …jj_h
[tie _fŒnn p[hh[e t„lp[( [ ece\Œf „fn[f„him g_aasŒtŒ^…m mt_lchn [ f_a*
di\\ n[h„lie f_b_nh…h_e( n+ c+ [ n[h†n‡e _fŒnn+ A \[dih f_b_nh_ oas[h+
m_a†n_hc( ^_ _t g[ g…a mie h_b…tm…aa_f d„l m \„lg_hhscl_ ˆlŠfh…e cm*
[ n[h†n‡c ief_p…f cfs_n…h _g_fe_^…m…h_e( [tn bcmt_g( _t h_g`ia asilm[h(
\_eˆp_ne_thc8 _tn g_a_fŒtŒf_a [ n[h†n‡e…jt…mn mtŠem…a_m _asm…a_m_h(
mt_lp_thc m `Œe…j [ `_f_e_t_nc n[h†n‡e…jt…mn g[a[m[\\ mt†hpih[fl[ _g_fhc+

= gc [t _as_n_g _fg…f_nc j_^[a‡ac[c ien[n„m„n cff_nc(c^Œ* wwb_fs*
e†g…f…m mt_gjihnd„\‡f @_tmŒ H[dim d_f_m `_dn_a_n…m_cl] on[fie+ K #[tih
_l_^g…hsl_ don( bias [t _as_n_gc j_^[a‡ac[c e…jt…m _as f__h^Œ n[h†n‡*
e…jtŒ n[h„lh[e h_g g_a`_f_fŒ m h_g cm _f_a_h^Œ+ = e…jtŒ n[h„lh[e
[t _f_gc …m no^ig„hsim j_^[a‡ac[ _fg…f_n…n …m as[eilf[n8cne_ff \clhc[(
[t _as_n_g #j_^ca ]moj„h [ no^ig„hsim j_^[a‡ac„n mtifa„fd[+ =t _as_*
n_g ifs[n…h ec\Œp†n…m_( bias _f_gc as[eilf3cmeif„n „ff†nohe g_ff…d_( [
n[h†n‡e…jtŒ*n[h„l e…jt…m mt_gjihnd„\‡f h_g pifh[ _f_a_h^Œ( g_ln bcmt_h
_tt_f ]m[ecm [ as[e+ ece…jt…m_h [e[lb[nohe m_a†n_hc+ D[ _ n_echn_n\_h
[ eˆt…jcmeif[c n[h„l e…jt_nnm…a…p_f [e[lig [ e…jtŒ*n[h[l…n ˆmmt_b[mih*
f†n[hc( [ll[ [t _l_^g…hsl_ donie( bias _t on‡\\c e…jt_nnm…a…h_e g [*
a [ m [\\ `ie o h[e … m n ˆ\\ if^ [ .‰ h[e cm e_ff f_hhc_( g_ln bcmt_h
cnn e_ff _fŒe…mt†n_hŠhe Œe_n [ll[( bias [ #j_^[a‡ac[ _fg …f_n…n …m as[*
eilf[n„n n[h † n[h c cm e…j_m_e f_as_h_e+

= as[eilf[nc j_^[a‡ac[c ece…j_tn_n…m mt_gjihnd„\‡f [t _as_n_g_h
gchn[e…jtŒn cm e_ff_h_ „ff†n[hohe( g_ln [ gimn[hc _as_n_gc! e…jt…mn [+
n[h†n‡e…jtŒ n[h„ll[ h…tp_ _as„fn[f„\[h h_g n[lnig [fe[fg[tb[n‡h[e( [
as[eilf[nc ece…jt…mn( [tieh[e e_ff p_t_nhcˆe( [ ece [t _fg…f_n_n
n[h†nd„e( ]m[e †as f_mt [t mce_l_m8 [ eˆt…jcmeif[c n[h„ld_fˆfn_el_ h…tp_
g…a g_a_ha_^b_nŒh_e n[lnig( bias as[eilf[nc ece…j_tn_n…mŠe_n [t
ˆnˆ^ce …p\_h li [a o e mt_l_tt…e( b[\„l# _tn m_g b_fs_mf_g( [ n[h†n‡e…jtŒ
n[h„ln[ h…tp_ [tih\[h g_a_ha_^b_nŒh_e m_g n[lnig+ =tn gih^b[nh„
p[f[ec( [ eˆt…jcmeif[c[e #cm [ e…jt…m [f[jd„n [ gchn[ acgh„tcog\[h hs_!8
lce 8*bias gchŒ [t inn hs_ln e…jt…m( [ll[ h…tp_ _as d_f_m `c[n[f eˆt…j*
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cmeif[c n[h„l [tih g_ad_ast…m…n [e[lig ]moj„h̀…f_gf†n_hc(bias[ n[h„l*
d_fˆfn [ gchn[acgh„tcogin ]m[e b†l\Œf cmg_lc( [ bip[ ]m[e [eeil +n_mtc
\_ [ f„\„n * b[ `„tce . $< Ot_le+% J_g …lpŠf bitig _tn `_f( * n„las[g
eigifsm„a[ h_g _ha_^c+ * [tn bcmt_g [tih\[h( [t _as_n_g_h ^†p‡
as#[eilf[nc j_^[a‡ac[c ece…jt…mn _hh…f lˆpc^_\\_h …m …f_m_\\_h h_g
d_ff_g_tb_nh…g+ B…f_e( bias [ gchn[e…jtŒp_f cm †as d„lh„he 

= no^ig„hsim as[eilf[nc ece…jt…mn cmg…n [t _as_n_g pifh[ f_a_fmŒ
mil\[h bcp[ninn hsodn[hc( [tih\[h+ bias _ll_ h…tp_ cm g_hhsc nˆln…hce
inn( [t ^l+ G„lg„h I‡l `_fmt‡f[f„m„\‡f pcf„aim[h ecn_nmtce+ Dias [t
_as_n_g h_g \i]m„n ec mt„lhs[c [f‡f h_p_fŒe_n( [t l…ac j[h[mt{( [g_fs
[tih\[h _fŒl_f„nb[n‡f[a mie„ca `ia g…a `_f*`_fg_lŠfhc+ J_g [tn n_mtc _t+
bias [t _as_n_glŒf ece_lŠfn n[h„l[che eˆtˆnn hch]m_h_e ecp„f‡ h_p_fŒe
h[as mt„gg[f( ec pihh„ [tn e…nm…a\_< D[h_g bias h_g [t _as_n_g(
n_nn_# Œe_nh_p_fŒee…+=t _as_n_g l_h^mt_l…\Œf ec`ifs‡f[a h_g cm `_f_f*
b_n g_a _t_h `_f[^[n„h[e( g_ln bias p[f[ec h_p_fŒ f_as_h( [bbit h_g(
[hhscl[ _fg…f_nc n[hofg„hs( b[h_g mt_gf…f_n…mas[eilf[n e_ff+

D[ g„l gimn [t _as_n_glŒf gih^inn[e [f[jd„h [ll[ [ e…l^…ml_
[e[lie g_a`_f_fhc( p[ddih [ n[h†n‡e…jtŒ*n[h„l e…jt…mn l_„\†ttoe*…( b[*{
n„litinn h_g g _f e_ff `_f_fh_g(g_ln _ll_ [ ]t…fl[ * [ gchn [f„\\
f„nhc `iadoe w [fe[fg[m[\\ chn…t_n „ff l_h^_fe_t…mŠhl_( n+c+ [t( [ g_fs*
\_h [ n[h†n3e…jtŒ*n[h„le…jt…m gimn cm `ifsce * [ L[_^[aiacog

J…ttŠe g_a _t_e on„h [ L[ _ ^ [ ai a cog i n(bias[n[h„le…jt…m
mt_gjihnd„\‡f g_hhsc\_h [fe[fg[m[\\ [t _as_n_gh…f …mg_hhsc\_h _mce
ec`ia„m [f„< =t _fg…f_nc mt[eno^ig„hsc …m j_^[a‡ac[ce…jt_nnm…l g_a*
mt_lt…m_ mt_gjihnd[\‡f [ m‰fsjihn cnn [ jifa„lc n[h†n‡e…jtŒl_ _mce( n_*
b„n _tt_f e_ff _fmŒ mil\[h `iaf[feithig+ = e…jt…m c^_d_ [ jifa„lcmeif[c
n[hcn‡e…jtŒ\_h no^p[f_pŒf_a b„lig …p( n_b„n _asas_f e_p_m_\\( gchn
[t _as_n_g_h+ = mt[e]mijilnie [ n[h†n‡e…jtŒ*n[h[le…jt…m mt_gj77gnc[**
\‡f _t_e7HGFEDCBA7 ! hs_fp* …mnˆln…h_nno^ilh„hsc 88 ! g_hhscm…a* …mn_lg…mt_nno*
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mt[e]mijiln hˆp_h^…e_cl… „fn[f„\[h eˆn_f_tŒ( [ t_h_c mt[e]mijiln j_^ca
[# b„lig _fmŒ g_ff… mt[\[^ih# p„f[mtnb[n‡+ D[ [t7 ! …m 8 ! mt[e]mijil*
nie[n p_mtmtŠe eˆt_f_\\c pctma„f[n [f„( [tn f„ndoe( bias n‰f p[hh[e n[h*
n„las[ee[f b[fgitp[( `Œe…j_h [ 8 ! mt[e]mijilnl[ h…tp_ „ff _t( [g_fs{
h_e hˆp_h^…e_c mt„gn[hn+g…ln[hn( #„\l„tif‡ g…ln[hn( `ctce„n( p_as n[hn(
n_lg…mt_nl[dtin( a[t^[m„an[hn …mnilh„n $[ j_^[a‡ac[c n„las[e[n( gchn
„fn[f[him[h eˆn_f_tŒe_n h_gR[_gf†np_% e…hsn_f_h_e n[hofhc+ = n[hn„l*
as[ee[f m n[h‰f„mm[f p[f‡# n‰fn_lb_fnm…ag…t di\\[h `_fnŽhce( b[ _t_eb_t+
[ mt[\[^ih p„f[mtnb[n‡ t_h_c mt[ein cm bitt„ p_mtmtŠe+ = n‰fn_lb_fn_n…mn
…ltce [ hˆp_h^…e_e( g_ln ca_h as[el[h h_g mt[e]mijilnl[( b[h_g
mt[eeˆll… $jf+ n_lg…mt_nno^ig„hsie% e…mtŠfh_e( ^_ …ltc [ n[h„lc n_mnŠf_n
cm m no^nigg[f g„l nˆ\\7 •t\_h n_nn f…j…m_e_n [ gchcmtn_lcog\[h [ mt[e*
]mijilnie ‰d( b_fs_m_b\ [f[jieih nˆln…h_h^Œ g_a„ff[j†n„m[ ]t…fd„\‡f+

= jifa„lcmeif[c n[h„lie n_b„n lˆpc^_\\ c^Œ [f[nn e…n( mŒn b„lig*
mtil [hhsc n[hn„las\‡f hs_lce e…j_m†n…mŠe_l(gchn [ eˆt…jcmeif[c[e( [t (
_l_^g…hs# h[asih n_lg…mt_n_m_h [t( bias _fg…f_nc e…jt_nnm…a ^ifa„\[h+
[t onŒ\\c[eh[e d‡p[f gˆaˆnn_ g[l[^h[e( m †as h_g …lce_f [tn [ g…l*
`_e_n(# f[ gcn [e…jtŒc #n[h„ll[ h…tp_ `_f„ff†ninn[g+ *At ?? n[h†n‡e…jtŒ*



*n[h„le…jt…m mt_gjihnd„\‡f gch^_h_m_nl_ bc\[( ^_ n[f„h [ jifa„lc n[h†*
n‡e…jtŒ+`ˆf… b_fs_t_nn e…jtŒchn…t_nc n[h„lc n[h`ifs[g _a…mt†nc ec [t _f*
g…f_nc e…jt_nnm…a_n [ g_a„ff[j†ninn g…ln…eca< All_ [ e…l^…ml_ cm h_g*
g_f e_ff `_f_fh_g+ = n[h„lc n[h`ifs[gih [ mt[e]mijilnie oas [h[tie(
[ g_fs_e_n `_hn_\\ f„nnohe( [ e…jt…m n_b„n cnn cm h[asih mt…f_m eˆl\_h

*m †as h_b_t_h b[f[^ _fŒl_+ = \[dih cnn h…gcf_a ‰as m_a†n_h_e( bias[
nip„\\e…jt…m m‰fsjihnd„n $„g\„l [t [t _a…mt mt[e]mijilnl[n_ld_^ ec%
cnn g„l _as eˆll_ b_fs_tce( ^_ Eas cm h_b…t [ e_ffŒ g…ln…eca _fdonhc(
h_b…t _asl…mtn [t…ln( g_ln [ nip„\\e…jt…m [t ˆhe…jt…m [f[j_fp…l_ p[h
`_en_np_( ^_ h_b…t [t…ln cm( g_ln lˆpc^ c^_ca( l_h^_m_h ]m[e_as …pca
n[ln+ J[asih lcne[ _m_n [t( bias p[f[ec e…n …pca n[ln[nce inn( m [t cff_nŒ
[eeil cm g„l gchn c^_caf_h_m_h g_a\ctinn m_a…^n[h„l p[h [fe[fg[tp[+

=t _fg…f_nc mt[ee…jt_nnm…a e_ffŒ `ie‰ _fm[d„n†n„m[ n_echn_n…\_h( [
gchn _t_e\Œf f„nb[n‡( [ L[_^[aiacog p[as [fca( p[as …j_h h_gŠnc
#g_a [ g…ln…e_n( g…a e_p…m\\… Šnc g_a [ g…ln…e_n [t _fg…f_nc j_^[*
a‡ac[c e…jt…m n_echn_n…\Œf+ >„nil p[asie cnn cmg…n @_tmŒ H[dim `_dl_*
a_n…m_cl_ on[fhc+ = jifa„lcmeif[c n[h†n‡e…jtŒh_e hch]m no^ig„hsim

*j_^[a‡ac„d[( [ g_fsh_e ]m[ecm `cfit‡`c[c [f[jd[ f_b_n+ I[aoe [ jifa„l*
#cmeif[c n[h„lie cm mŠla_nn…e g„l no^nigg[f [ `cfiti`c[c n[hmt…e `_f„ff†*
n„m„n( g_ln bias oas[h[tih [hs[ain( * \„l l…mtf_n_m_\\…m[f[jim[\\
`_f^ifait„m\[h cm( * pcmmt[e…lŒ^tt…e( [tn \ctihsim[h gch^_hec f…f_eˆfŒ
*lhohe„h[e `iad[ n[f„fhc+ = n[j[mtn[f[n cm ca[tifd[( bias h_g h[as e_^p*
p_f p…atce _t_h gohe„n+ = L[_^[aiacog n[h„lc e[l[ _t Šas\_h cm n_nn
g„l f…j…m_e_n cff_n…e_m b_fs_h( ^_ _^^ca_l_^g…hsn_f_hŠf+ = n[h„lc n[h*
`ifs[g cas_emtce d_fˆfnd_ch_e j_^[a‡ac[c cmg_l_n_cn [ e_ffŒ mt†hpih[fl[
_g_fhc( [tih\[h n_echnp_ _ n[h`ifs[g mie+…mh[as`ihnimm„a‰ `_f[^[n„n

+m _tt_f mt_g\_h [ l_h^_fe_t…ml_ „ff‡ c^Œ lˆpc^# pifn„n( _t_h cas_e_t_n hsi*
g„\[h [ ecp„h[nim _l_^g…hs h(_g d„lb[n+

Att_f [ L[_^[aiacog( cff_nŒf_a jifa„l+cmeif[c n[h†n‡e…jtŒ …me…j*
tŒchn…t_nc n[h„lc n[h`ifs[g f_ah[asi\\( ‰asmt‡fp„h _as_^Šfc bc\„d„nn„l*

*n[g `_f( m b[ _t_h bc\„p[f mt_g\_h h_g „ff[h„h[e h[as #mt„g\[h …m
h_g ecm `ihnimm„a‰ _fŒhs_c( m _t_h( bc\„n cm h_g f_b_nh_ _t chn…t_nsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA^N[(
f_a_m l_h^_t…m…p_f g_amtŠhn_nhc( [eeil [fca pifh[ …lnb_nŒ( bias[#
e…jtŒc n[h„le…jt…mn nip„\\l[ cm [t Œ e_l_n…\_h ecp„hig g_ab[ashc+
!AfŒhs_cl_ `_hn_\\ g„l h[asi\\l…mtn l„gon[nn[g( cnn lˆpc^_h g…a _as*
mt_l ˆmmt_ [e[lig [tie[n `iaf[fhc+ H_a_fmŒ b_fs_h e_ff _gf†n_h_g( bias
[ L[_^[aiacog h…jien[n„mc chn…t_n( m gchn cfs_h * \„l `Œcmeif„d[ _t_h
chn…t_n_eh_e * [ h…jh_p_f…mn `iad[mtifa„fhc( _tn `iad[ _fŒ\\l_ pchhc m

*_\\Œf [ mt_gjihn\‡f [ n[h † n ‡ e…j t Œ c n[h„le…jt…ml_ e_l_mp_ m_g
f_b_nh_ h„f„h„f di\\ b_fs_n n[f„fhc8 hˆp_h^…e_cn ]m[eh_g ecp…n_f h…feŠf
[ h…jn[h†n‡e eˆtŠf mt_^c( [ ece\Œf * _as\_b[hat‡# p…f_g…hs mt_lchn *
[ f_adi\\ e…jtŒchn…t_nc n[h„lie p„fb[nh[e8 mt[e]mijiln`_fimtn„m[ [
e…jtŒchn…t_nc n[hn„las]mijilnim†n„mh[e di\\[h g_a`_f_f( gchn [t _as_*

*n_lh…(m b[ e_ff_n…h…f n[f„h nˆ\\ n[hn„las p[h cm _as ]mijiln\[h( [t
\ctnim[h _f…lb_nŒ g_ff_nn_( bias [ n[h†n‡e…jtŒc n[hn„las[e eˆtŠf _as

#m_ e_lŠfdˆh [p[n[nf[h e_t_e\_8 [t _fg…f_nc mt[eno^ig„hsc…m j_^[a‡ac[c
+e…jt_nnm…ab[ h_g Šnccwg_a [tn [t c^_„fcm g…ln…e_n([ gcn _as e…jtŒ*
*n[h[ll[ h…tp_ `_f[ff†ninn[g( ^_ #as[wilf[nc cl„hs‰( [ gcfs cl„hsn [ ewjtŒ*



h_e …mh…jcmeif„h[e mtifa„fhc[ e_ff8 [ as[eilf[nc j_^[a‡ac[c ece…jt…m#
ifs nˆe…f_n_m( bias _as_m bitt„mt‡f‡e _hh_e n‰fn_ha…m…n _gf_a_nce( p…*
f_g…hs_g oas[h [t( bias _t n‰fn_ha…m\_h h_g f_b_n( [t…ln _tn‰as#
g‡^im†nilh( bias[ as[eilf[nc e…jt…m [ `_f„ff†ninn g…ln…eh_e g_a`_f_f8
[ hˆp_h^…e_e h_p_fŒee… e…j_tn_nh_e( g_ln [ `_fŠas_f_n_n m „fn[f„\[h+
[ h_p_f…mn h_g]m[e mt_gf…fce( b[h_g [\\[ h…gcf_a g[aoe cm \_`ifsh[e 8
\_p_t_nc hˆp_h^…e_cn [ e…jtŒ[^gchcmtnl„]tcˆd„\[( g_acmg_ln_nc [ h…j*
ien[n„mc chn…t_n_e mt_lp_t_n…p_f mn\+

>„nil f_mt_e _t_e on„h _fŒ[^hc( biasgc`…f_ „ n[f [ e † n„m n n[ln[*
h…e [ L[_^[aiacogih( cff_nŒf_a jifa„lcmeif[c n[h†n‡e…jtŒh _mteˆtf_h*
^Œh_e( bias [t _fg…f_nc mt[eno^ig„hsc …m j_^[a‡ac[c e…jt…mg[a[*
m[\\ mt†hpih[fih „ffdih+ = mtŒ\[h †ila‡ chn…t_n( hˆp_h^…e_cn ]m[eh_g(
ecp…n_f h…feŽf [ n[h†n‡m„a n_b_nm…a_m …m nˆl_epŒ( l…mt…\Œfmt_^c( [( ece#
[tih\[h gch^_h mtila[fgoe …m cas_e_t_nŠe ^[]t„l[ f…jn_h*hsigih
e…hsn_f_h_e n[j[mtn[fhc( bias [t cmg_l_n_e n_l…h n_nn _fŒl_b[f[^„moe
hch]m e_ffŒ [l„hs\[h [t „fn[foe ec`_dn_nngohe[_lŒp_f ( _t [ n[j[mtn[f[n
h_g _as_n p…ae…j _fe_^p_nf_h†n g„l+ Ahh_e ie„n f_a`Œe…j [\\[h n[f„f{{
n[g( bias _t_h eil\[h( gc^Œh [ n_b_nm…a g„l \ctihsim b[n„litinn
cl„hsn p_nn( [ hˆp_h^…e_e n‰f p[hh[e n_lb_fp_ n[hn„las[ee[f+ D[ n_b„n
b„lig …p [f[nn g[a[m[\\ `ie‰ …mchn_htcp_\\ _l_^g…hsn [e[lohe _f…lhc(
[eeil [mt [ e ] m i jil nie [ n od l[e _ EE mt_ l p _ t h Š he [tih
[f[j_fp pcf„a[ g_ff_nn( bias [ g_hhscl_ [ n[hn„las[e n_lg…mt_n_ …m[ +
as[eilf[nc eˆp_n_fg…hs g_a_ha_^c( e_ p_m _\\ n[h n „ l a s dom mih(
_as ] m i jil n \ [+ = gc [ n[hn„las[e n_lg…mt_n…n cff_nc( [tie lieih*
m„a[ [hhscl[ g_a„ff[j†ninn m ifs „fn[f„him[h cmg_ln+ bias h_g e_ff
_t_h e…l^…mm_f `iaf[feithig+ Dias[jifa„lcmeif[ mt_gjihnd[\‡f f_b_n*i
m…a_m*_ ifs mt[e]mijilnie eilh\ch„f„m[( [ g_fs_e\_ [ gimn[hc[eh„f
e_p_m_\\ n[hn„las dommih( _ll_ [ `_f_f_n_n _t cmeif„e mt_lp_t_n_ …m n[h*
n_lp_ [^d[ g_a+ At cmeif„e g[c mt_lp_t_nŠe g_ff_nn #3 imtn„fs‰ [e( n_b„n
_as n_cd_m jifa„lcmeif„\[h [t ˆmmt_m n[hn„las[e[n4*5 _g\_lh_e e_ff
n[h†n[hc[( bifinn [ `Œmt[e]mijilnie mt„g[ _t c^Œ mt_lchn $[t cj[ll[dtcp[fv+
b„lig+ H„nhc p[f‡( bias _\\Œf [ mt_gjihn\‡f [ n[hn„las[eh[e l…mtf_*
n_m_\\( ]mijilnim†n„m[ f_b_nm…a_m pifh[+ = as[eilf[nc …f_n [tih\[h h_g
[hhscl[ [ 3 imtn„fso( gchn [ 1 imtn„fso jifa„lcmeif„n cmg_lc( cnn n_b„n+
_ll_ e_ff eŠfˆhˆm n_echn_nn_f f_hhŠhe m [ e…l^…m_f^ˆhn…m_h…f_hh_e
n[hn_lp…n [f[jof _f`ia[^hohe+ J_g mt[\[^ [tih\[h `cas_fg_ h e†pŽf b[as*#
hohe [tn [t _fŒ\\*on‡\\ asŒtn_m_h ece_lŠfŒ „l[gf[nin m_g( [g_fs# [+
jifa„lcmeif„e[n p…ae…j 1 imtn„fso †hn…t_n_ee…[e[ld[ n_hhc( p[f[gchn [
yB_fmŒ h…j*…mjifa„lccmeif[c n[h†n‡e …mn[h†n‡hŒe ilmt„aim _as_mŠf_n_+
„fn[f _t_h cmeif[ mt„g„l[ ec^ifaitinn n[hn_lp_n m_g+ $H+ [ Gˆtfˆhs
.56.+ 1+ mt+% = `_fmŒ h…jcmeif„e[n( gchnecb[f‡`…f\_h f_pŒ chn…t_n_e_n [
mt„g†n„m\‡f ecb[as n[g+ Bcas_f_g\_jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA[c [J _t_h cnn _gf†n_nn n[hn_lp_e_n(
nip„\\„ [ n[hn„las[e lieihm„a[ g_ff_nn _as_m as[eilf[nc eˆp_n_fg…*
hs_e_n cm( [ mt[e`_fimtn„mn cff_nŒf_a [ eˆp_ne_tŒ g_aasŒtŒ^…ml_ doninn[g w*

= nilh[ [ jifa„lcmeif„\[h [ n[h[ll[ h…tp_ gimn ]m[e e…n( [ n_l*
p_t_n mt_lchn j_^ca 1 ‡l„h `ia mt_l_j_fhc( pcf„aim n_b„n( bias _hh_e
n[h†n„m„p[f _as _g\_l eŠfˆh h_g \†tb[n‡ g_a+ G†p„h[nim [tih\[h [t8
bias [ nilh[ n[h„l[ m [ n_mnc h_p_f…m p_t_nŒd_ [t chn…t_n _asce l_h^_m+



n[h„l[ f_as_h( e`p„h[nim nip„\\„( bias[jifa+ n[h†n‡e…jtŒ hˆp_h^…e_c
cm l…mt_m†ln_mm_h_e nilh[ien[n„m\[h( gchn [ g_fs [t _a…mtm…a `_hn[ln„m[
+lh_ff_nn [ mt_ff_gc gohe„n cm _ff_hmofsitt[ 7 [ nilh[n[h†n‡c ief_p…f g_a*
mt_lt…m…n gch^_h n[h†n‡d_fˆfnl_ h…tp_ eˆn_f_tŒp… e†p„hh„g n…n_nhc( [
bias [t n…hsf_a g„lcm as[eilf[n\[h p[h+ =t …h_en[h†n„m mtchn…h ]m[e
h…b„hs ‡l„h mt_l_j_f [ jifa„lcmeif„\[h( _ll_ m_g f…p…h n_b„n eŠfˆh _g\_l
[fe[fg[tb[n‡( [ t_h_mt[e]mijilnin nip„\\l[ cm g_ff…emt[e ]mijilnh[e
e† p„hh„g n_echn_hc m [t …h_en[h†n‡c $p[as t_h_n[h†n‡c% ief_p…f g_a*
mt_lt…m…n g_hh…f nˆ\\ hˆp_h^…el_ h…tp_ f_b_nm…a_mm… n_hhc+ Ah l…mt_g*
+lŒf f_a[f„\\ ‰as p[asie g_aasŒtŒ^p_( bias [ jifa„lcmeif[c …h_e*
+n[h†n‡n‡f h_g mtŠem…a_m+ p[f[gc l_h^e†pŠfc t_h_c e…jt_nnm…a_n e†p„hhohe+

Ichn ecp…n_f_m n„lasl‡f( [h…g_n hs_fpl‡f e_ff g…a g_a_gf…e_t*
*h_lh( [ g_fs_n p…f_g…hs_g mt_lchn _asce mt[e]mijiln\[ m_gmt[\[^h[
eˆn_f_tŒ n„las as[h„hn \_milithohe( b[h_g $_m_nf_a g„m b[t[c hs_fp_e*
e_f cm% `[eofn[ncpp[+ mt[\[^ih p„f[mtnb[n‡p„ e_ff n_hhŠhe+ =h…g_n
hs_fp _^^ca [ hs_fp …m nˆln…h_fgc mt[e]mijiln n[hn„las[ceŒtˆnn mt_l_*
j_fn m gcon„h _t_h mt[ein l_h^_m_h g[as[lsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAORoT )e_l_mce `_f+ [ ece [
h…llc_n hs_fp_n _as„fn[f„\[h h_g \cld„e( cnn e_ff _ hs_fp_n( ‰as [ bias
g_an[hofhcie+ #A\\_h [ eil\[h m cfs `ieih [fe[fg[t[h^‡ g‡^m t_l
lh_ff_nn _t [ f_alcne[\\[h mce_lŽf( _fe…jt_fb_nŒ( gchŒ h…g_n hs_fp n[h†n‡e
e_lŠfn_e cfs`ilg„h ec [t cmeif„\‡f+ P‰f p[asohe [tih( bias [tn e_t*
^_h…g pcn[nhc( bias [ h…g_n hs_fp \cl„m[ h…feŽf [tn h_g f_b_ng_a*
n[h†n[hc+ L_^ca gc f_b_nh_ _t_h n[h†n„mh[e gch^ [ jifa„lcmeif„\[h( gchn
[ e…jtŒ\_h ]t…fd[( gchn [ h…g _n hs_fph_e mt‡\_fc _fm[d„ncn„m[( _m_nf_a
†l„m\_fc cm+ I[ g„l i [ hs_fp…mt_nc mt[e]mijiln d_fˆfnd_c eˆtŠf [h…g_n
hs_fp n[h † n„m „l[ ]m[e [tie[n e…j_m†nce( [ ece _ hs_fp_n n…hsf_a
\cld„e cm8 cfs_h l_h^mt_l g_ff_nn [tih\[h `…fŒ( bias h…b„hs…p gofp[ _as*
„fn[f„\[h h_g p[as ]m[e e_l_mp_ f_b_n h…g_n hs_fpn[h†nin n[f„fhc+ R …f_*
g…hs_g n_b„n [t( bias[h…g_n hs_fp $_m_nf_a g„m b[t[c hs_fp_e cm%
n…n_mm…e gch^_h mt[e d_fˆfn d…l_ h…tp_ mt[\[^ih p„f[mtnb[n‡ n[hn„lasas„
+m p[as ief_p…f…\_h d_fˆfn_mm…e g_a( bias [ h…g_n hs_fp n[h†n„m„l[ cm
e…j_m†nn_nce( p[as eŠfˆh \ctihs†np„hsn e[jdih _llŒf+

At_e _fŒl_\i]m„n„m[ on„h [t „fn[f[g n_lp_t_nn mt[e]mijilnie _t_e
pifh„h[e7HGFEDCBA

, ! I[as[l hs_fp …m )\ n l \ … h _ \ \ o ^ i g „ h ` Rm t [ e ] m i*
ij iln $n„las[c7 g[as[l hs_fp …m cli^[fig( nˆln…h_n( [feing„hs n[h …m
nilh[+%

- ! P_l g …mt _n l[d t * `ˆf ^ l[d tc mt[ e ] m i jil n $n_lg…mt_n*
l[dt( p_as n[h( a[t^[m„an[h h_gt_na[t^[m„ac …m mn[ncmtnce[c [f[jih( `ˆf^*
l[dt …m nilh[+%

. ! I_hhscm…an[h*`ctce[c mt[e]mijiln $mt„gn[h(eˆhsp*
pcn_fn[h+ g…ln[h( `ctce[( nilh[+%

/ ! N[d tc mt[ e ] m i jil n $l[dt( †l„m( g…ln[hc l[dt( „\l„tif‡
g…ln[h( e…tŠas_mmm…a( nilh[+%

0 2 V_h _cm t[e ] m i jil n $tihail[( ilaih[( b_a _ ^ •( t_h_*
_fg…f_n( t_h_nˆln…h_n+%

= h…g_nhs_fp …m AF mt[e]mijiln [t, ! " - ! %. ! " …m/ ! ]mijilnie lh_ff_nn
+mt[\[^ih f_hh_ p„f[mtnb[n‡+ At_h mt[e]mijiln*\_imtn„m g_ff_nn _as*_as jifa+



cmeif[c n[h„l [ gimn[hc n[hn_lp _t_lchn gchcgog …m g[rcog _hhsc il[f
n[h†n„ml[ f_hh_ e…j_m†np_7HGFEDCBA, ! 05( 2080 ! /2( 1-8 . ! # /6( 118 / ! 0-( 12(
= gchcgogin [ eˆn_f_t_nn n[hn„las[e ‡l[mt„g[c( [ g[rcgog in j_^ca
oas[h_t_e [ mt[\[^ih p„f[mtnb[n‡ n[hn„las[e#$[_h_ …m h…g_n% ‡l[mt„g[c*
p[f mtifa„fn[nd„e+ = h…as imtn„fs‰ jifa„lcmeif[ mt„g„l[ d[p[mifn n[h*
n_lp mt_lchn _t_h mt„gie [ eˆp_ne_tŒf_a [f[eofh[e7, ! /4( 1/8 0 ! jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+ ,%

#) * + . ! /6( 118 / ! 0-( 12{ = gchcg„fcm ‡l[mt„g /0( _hh…f nˆ\\ ‡l[c
n[h†n„ml[ jifa++ cme+ n[h„leŠfˆh\_h m_g pifh[ eˆn_f_tb_nŒ( b[ j_^ca [t
„ff„mie[n gch^ca hscfp„him j„fs„t[n ond„h nˆfn_h…e \_(g_hh…f nˆ\\_h
cas_e_th…h_e [ t_h_n[h†n‡c…mh…g_n hs_fpn[h†n‡c ief_p_f_n g_amt_l_thc+

Dias [t cfs_h mt[e`_fimtn„m _asg[a„\[h h_g bith„ g_a [
ecp„hn mce_ln( [tn h[asih d‡f no^ig8 [^^ca( g†a [# jifa+ n[h†n‡e…jtŒ [t
_f_gcnŒf n_fd_m_heŠfˆh p„f[mtnp[ hch]m( g†a [ n[h„lie _t_h chn…t_n_e\_h
n_f p „ .n p [ b_n_he…hn .2* .5 ‡l„h e…hsn_f_h_e n[h†n[hc( _as_n_gc
*mt†hpih[fih „ff‡ _fŒ[^„mie[n diaa[f h_g cmecp„hb[nohe nŒfŠe+

N_h^_thc e_ff nip„\\„ p[f[b„l[ [ j_ ^ [ a‡a c [ c ien[n„mn cm+
I[a[m[\\ `ie‰ no^ig„hsim j_^[a‡ac[c e…mtŠfnm…ah_e p…f_g…hs_g mt_*
*lchn ]m[ecm( `cfit‡`c[c [f[jd[ f_b_n( b[ n_b„n [ jifa„lcmeif„e[n `_hhecp„h*
doe n[ln[hc( [p[as [tie[n nip„\\n_df_mtn_hc( [hs[ac „f^it[nien‡c pcmmt[*
*lc[^hohe h_g mt[\[^( m [ nˆ\\c mtŠem…a_m n[hmt…ee_f _as_n_g\_h [
8j_^[a‡ac[*`cfit‡`c[c n[hmt…e `_f„ff†n„m„n nip„\\ b[f[mtn[hohe h_g
mt[\[^+# = e…jt…mc c^Œn b„lig …ph…f bimmt[\\l[ hsodn[hc h_gpifh[
e†p„h[nim( `_fn…p_( bias[jifa„lcmeif„e h…as imtn„fs‰[ee„ l_^oe„fn[n*

+h[e( [ gimn[hc ^†d[t„m m_g# g_a`_f_fŒ g…a [ jifa„lcmeif[c n[h†n‡ ep[fc*
#`ce„]tc‡d„h[e+ = gchn g„l `_hn_\\ _fgih^inn[lh+ _as…\ n_echn_n\_h [

jifa„lc n[h†n‡e…jtŒ n_fd_m_h g_a`_f_f [ e…jtŒchn…t_nc n[h„le…jt…m ]t…f*
d[ch[e cm( b[ j_^ca [t „fn[f[g d[p[mifn p„fnitn[n„mng_an_mtmtŠe( [eeil
p…f_g…hs_g mt_lchn no^ig„hsim e…jt…m n_echn_n…\_h m_g f_mt _ff_h_( [
e…jt‡chn…t_nc n[h„le…jt…m mt_gjihnd„\‡f( ec`ia„m _g_fb_nŒ+

=t cas mt_lp_t_nn jifa„lcmeif[c n[h†n‡e…jtŒ `ˆf… pifh[ [ n[h † nsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAh"

*e … j t Œ n[h „ lcn [ h `if s [(g _lh_f_h^Œ oas[h[tih mt[e]mijilniee[f(
[ g_fs_e_n `_hn_\\ g„l f„nnohe( [tt[f [ eŠfˆh\m…aa_f( bias cnn [ t_h_c
*mt[e]mijiln mtchn…h `Œmt[e]mijilnn„ p„fh…e+ = nilh[ cnn cm gch^ [t 2
mt[e]mijiln d_fˆfnd_cl_ h…tp_ eˆn_f_tŒp… pifh[ n__h^Œ( [ h…g_n( _m_nf_a
g„m b[t[c hs_fp oas[h]m[e gch^_hce mt[e]mijiln g_ff_nn mt[\[^ih
*pifh[ #p„f[mtnb[n‡+

Dias _t_h# mt[e]mijiln`_fimtn„m „fn[f [ as[eilf[nc eˆp_n_fg…hs_e*
#h_e cm _f…a +f_hh_ n…p_( [hh[e ca[tif„m„of cnn cm `_fmilifig( bias[ n[h*
*n_lp g_ff_nn gchcgog …m g[rcgog( g_hhsc n[h†n„mc ‡l„l[e…j_m†nn_n*
h…h_e[d_fˆfn_e7=% /.( 0.80 2 .5(/58 . ! /-(0-8 / ! ..(/.8 0 ! .6(/6(

= gimn[hc n[hn_lp [tih\[h mie n_echn_n\_h bc„hsim8 no^p[f_pŒ
*^ifia( bias …jj_h _as_mŠf_nŠhe ^ifaitinn ec od n[hn_lpd[p[mf[nin( [
g_fs_n [ gchcmtn…lcog \ctihs„l[ ]m_e…fs p„fnitn[n„mm[f `ia g[a„…p„
n_hhc+ = j_^[a‡ac[c n„las[e[n _fŒ\\mt„g†n„mih e†pŽf b[asn[g( gchn [
g_fs n„las[e[n l_h^mt_lchn [t ca[ta[n‡ n[h†nd[8# [ eˆtien[n„mc n[h„]m
*gohe„f[n[c\‡f [tih\[h [tn f„nig( +bias [t [hnlijifiac„n +[ n_lg…mt_nl[dt
n[h„l„l[ [e[ld[ \†thc8 nip„\\„( bias [ a[t^[m„a n[ n nip„\\l [ cm ˆh„ff‡
En[hn„lash[e [e[ld[ g_ab[ashc8 _t_e_n p…p_ `cas_f_g\_( [t_gf†n_nn n[h*



n_lpd[p[mf[n [f[jd„h [ `_hn_\\c mt„gie †as gŒ^imofh[e 7HGFEDCBA, ! /3( 018
0 ! /.( /68 9 ! //( 068 / ! .5( /38 0 ! /1( 0/+ = n[hn_lpd[p[mf[nin p…p_
[f[jof( _t_h mt[e`_fimtn„m as[eilf[nc mt_gjihn\‡f h_g ecìa„mifb[n‡+

J_g [e[lie ifs l…mtf_ne…l^…m_e n[af[f„m„\[ \i]m„neithc( [g_*
fs_eh_e pcn[n„m„n g[a[g cm c^Œ_fŒnnch_e n[lnig( ]moj„h [t „fn[f[g f_a*
`ihnim[\\[eh[e †n…fn e…l^…m_elŒf `iaie lˆpc^_h g_a_gf…e_thc+ = e…j**
t…mc c^Œn gch^_h mt[el[ h…tp_ e…n …p\_h e†p„hig g[a[g cm g_a„ff[*
j†nn[nhc+ = n[h`ifs[g d_fˆfnd_c [ L[_^[aiacog chn_lh„nom„\[ pifh„h[e
`_fp__h^Œe+ bias inn _asonn[f h_p_fŒ ee … f_as_h_e ece…j_tb_nŒe( [ gc
mce_l_m_h ]m[e ‰as_mteˆtˆfb_nŒ( b[ [ h_p_f…mn eˆtp_nf_hŽFmt_gf…fce m+
[\\[ ecm g … l n … e \_h g[aoe cm \_`ifsh[e( [ `_f Šas_f _ n\ _ h
l…m t n p_m t h_e+ P_lg…mt_n_m( bias[ `_.Šas_f_n\_h m f_Šfˆhˆm_h [Z
h_p_f…m\_h ]m[e ca[t„h Eh _ a p „fi a[n inn _g\_l_e m_a…^e_tb_nh_e+(
OtŠem…a_mh_e f„nig( bias [ d_fˆfn_e „ff[gc ˆmtnˆh^†d\[h cml…mt_m†nn_m*
m_h_e( bias h_ e_ffd_h ˆh`_hn[ln„moe…ln eŠt^_hcˆe m ˆmmt_mc^_dŠe_n ec*i
e…j_tn_n…mŠel_ `il^†nb[mm„e+ = n[h`ifs[g p_t_n…m_ n_lg…mt_n_m_h #[ jif*
a„lc e…jtŒ n[h„l[cl[ pifh[ \†t[h^‡( [ ece _t_h h_b…t …m `ihnim gohe„*
doe\‡f ec`ifs‡f[a ifs[h `ct_n…mm_f pifh„h[e _ff„n[h^‡e( gchn [t _as_n_gc7
n[h„lie+ = e…jt…m g_a„ff[j†ninn n[hn_lp…m‡l[n_lp [f[jd„h pifh[ _mt**
eˆtf_h^Œ( h_g j_^ca [t ˆhe…jt…ml_ `_en_n_h^Œ+ J_g mt„gŽthc[e[lig*
[t ˆhe…jt…mn( [ll[ cfs `ieih mt„g†n[hc e_ff( ^_ ]m[e mt„g†n[hc(# h_g
j_^ca [t _a…mt e…jt…mn [ll[ [f[j†n[hc+ =t _fmŒ…p `Œe…hn [ no^ig„hsim+
e…jt_nnm…a e_ffŒ ec\Œp†n…m …l_( [ g„mi^cejihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc [ `Œe…j_h [ as[eilf[nc e…j*
t…m m [t [^gchcmtnl[]tcih„fcm gohe„e _fm[d„n†n„m„l[ pifh[`il^†n[h^‡+

= n[h†n‡e…jtŒ*n[h„le…jt…m cfs_n…h p…af_a_m g_aif^„m[ g„m_tt_f
ˆmmt_`ŠaaŒ e…l^…m_e g_aif^„m„n cm g_aeˆhhscn_h… …m _fŒm_a†n_h…+srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9)
e…jtŒchn…t_nc n[h„lm„a `ct_n…m n_echn_n…\_h [ f_an[le„\\`ieit[nie[n go*
n[nd[ `_f+ Ahh_e b„nl„hs[cn mie[h b[haitn[nn„e g„l m _as_mŠf_nŠhe cm+
g_an_nn_ _t_h ca[tm„an[f[h …mn[lnb[n[nf[h „ff[jin g_amtŠhn_n…m_ p…a_nn+
[ mtŠem…a_m f…j…m_e_n( m[dhim( mce_ln_f_hŽff Efs_h e…jt…mg_ff_nn gch^_h
n[h„l e…j_m†np_pifh[ [hhsc ‡l[c n[h†n„ml[( [ g_hhscl_ [ l_h^_m n[h„l
eˆn_f_tp_ p[h+ Aas_hfŒ f_hh_ w[ e…j_m†n…m( _as_hfŒ f_hh_ [ p…at_nn
gohe[( h_g no^ie ifs eilg„hsn _fe…jt_fhc( [ g_fs [ gohe[ ^†d„ n _t_e+
[f[jd„h h_g _as_hfŒ_h „ff[j†n[h„ g_a+ I_a e_ff_h_ mtŠhhc_ [g[c „ff[*
jinh[e( m [ `ct_n…mc `ieit[nie ]moj„h ]m[e [ mtifa„f[nc …p_elŒf pifh„*
h[e `ŠaaŒp… n_b_nŒe8

= m_a…^n[h„lc „ff„m nˆlf…m…n mtchn…h d_f_m j_^[a‡aomie bitn„e g„l
mt…\[+ J_g mt[\[^ cnn `cas_fg_h e†pŽf b[ashohe( bias chn_lh[nomm[f+
_as\_eˆnˆnn chn…t_n_eh…f [t ca[ta[n3e [ p„ffoel[+h_b_t_^Œ gohe„n h_g(
\†lh[e _f( n_b„n aih^imei^hohe e_ff _asc^_dŽf_a [ll‡f cm( bias[ m_a…^*
n[h„lc lhohe[( p[as [hh[e _as l…mt_ _asc^_dŽf_a g„ml[ \ct[mm…e+ 4]
ca[ta[n‡e g[c n_lb_m gohe„doe g_ff_nn( [ gc^Œh _as chn…t_n [hs[acm
Šas_cn( _m_nf_a chn_lh[nomn( [ hˆp_h^…e_e h_p_f…m…n…m`_fŠas_f_n…n e_ff
p_t_nhfˆe m _g_ff_nn g…a+2 ‡l[c n[h†n„mn n[ln[hcie( [fca …fb_nh_e
nof[d^ihe…j_hc `_f[^[noeh[e( [t chn…t_n mt_ff_gc p_t_n…m…h_e 8 p[as b[7
_hh_e …fh_e( vˆ\\c `ihnim `_f[^[noe _asce…n p[as g„mce„n e_ff _fb[* ++
hs[aifhcie+ Ke n_b„n _t_h eˆn_f_mm…a_e _asl…mt_ [fŒf `_fmt[\[^†n[h^‡e •+
p…f_g…hs_g mt_lchn [ n[h†n„mc ‡l„e[n# e_ffe_p_m\†n_hc([ hˆp_h^…e_e8
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eˆtp_nf_h h_p_f…m…n…m̀_fŠas_f_n…n e_ffg„ml[ \†thc m e_tŠeˆh _m[e
[t _ff _ h Œ l t … m n b[ashc g_a+ = `_fŠas_f_nl_( [t c`d‰m„a eˆtp_nf_h
h_p_f…m…l_ h_g gch^_hec [fe[fg[m( [t[ll[p[f‡m„ain cnn n[f„h h_g [hs*
hscl[ g_amt_l_thc( gchn ˆlˆeˆfhc f_b_n+ = gimn[hc l_h^mt_lg_ff_nn l„*
\†tt„e _t_h _fmŒl_h^Š `ihnimm„aa[f\†l‡ gohe„n _as e_t^Œ _g\_ll_( [
m_a…^n[h„ll[( \„lgcfs e_p…m [ll[p[f3m„a f_as_h cm \_hh_ m h_g aih*
^ifd„e g_a( bias gohe„d„p[f „lnb[n [t „fn[f[+ mtifa„fn Šash_e+ = `_f*+
Šas_f_n_n p…f_g…hs_g mt_lchn cffŒ bihil„f„m g_ff_nn [n[h„ln_mnŠf_n [tih
n[ad„l[ e_ff_h_ \†toc( [ ec _ll_ [ f_anˆ\\ [ll[p[.3m„aa[f \†l+ = m_a…^*
n[h„lc „ff„mn g[a[g cm g_amtŠhn_n_h^Œh_ecn…f_g m _t_e b_fs_nn b_fs_n*
n_m n[h„lie[n e_ff_h_ h_p_thc( [ ece b„lig …p g‰fp[ l_h^_m n[h„liee„
pifh„h[e _fŒf…jn_n_h^Œe8 [ hˆp_h^…e_e h_p_f…m…h_e p _t_ n …m _ …m [
`_f_nnŠe p[f‡ `_fŠas_f _n j_^ca _asce l_h^_m n[h„ll[ pifh[\†t[h^‡( [ ec
_t…ln eŠfˆh ^†d[t[mn e[jh[ m [ ec mtŠem…a _m_n…h n[lnith…e [t ca[ta[n‡n
b_fs_nn_m†n_hc+

=t ca[ta[n‡e h[e gohe„n „^ [t cm( bias [t ca[ta[n‡n[h„]m\[h
d_astŒmeˆ^hcˆe e_ff+ =tn p…f_g( bias [\\[ [t ca[ta[n‡n[h„]m\[( [g_f%+#
[ e…jtŒchn…t_n f_a`ihnim[\\ Šas_c `_f_nn ^ˆhn( c^_d_ pifh[g„l [t ca[t*
a[n‡ g_ff_nn [ n[h„lc n_mnŠf_n _as n[ad„h[e cm b_fs_n [^hc( [ec _eeil
[ n[h„]m d_astŒd_ cm f_b_nh_( p[as n_fd_m_h \_ e_ff_h_ _t_heŠfˆh\_h
m_g gi^_lh chn…tg…hsn mtŠhn_nhc+ =tca[ta[n‡ cli^[c n__h^Œd_ pc^…e_h
h_g gih^b[n‡ mieh[e( [ g„mif„mc gohe„e j_^ca * b[ ifs[h n_l*
g…mt_nŽ_e * \†tp„mn pifh„h[e p[f[g_fs Šas_m_\\ hˆp_h^…el_\†tb[n‡e+

= as[eilf3cmeif[c n[h†n‡n cm g_a e_ff_nn pifh[ _\\_h [ e_l_n\_h
_gf†n_h_g( ^_ _t„fn[f `_fmt‡f[f„mig g…a bimmt[\\l[ hs‰fh…e8 ]m[e [hs*
hscn d_ast_e g_a( bias `_fn…nf_hŽf mtŠem…a_m pifh[ Œe_n [ e…jtŒchn…t_nc
l_h^_m n[h„ll[f _as_hfŒ `ct_n…m\_h l…mt_m†n_hc8 b[ _t g_a p[h „ff[j†np[(
[eeil eˆhhsŽ f_mt [ nŒf_ e†p„hn ep[fc`ce[_tc‡n [ mtŠem…a_m mt †hpih[fl[
_g_fhc+ OtŠem…a_mh_e n[lnig p…al_( bias[e…jtŒchn…t_nc l_h^_m n[h„lie[n
[ eˆt…jcmeif[c[eh„f di\\[h `ct_mm…e+ =^^ca( g†a [ e…jtŒ*n[h„lie `ct_*
n…m…n h_g [t Aˆnpˆm \l+ mt_ff_g…\_h „ff[j†nd„e g_a( bc„\[ pcn[neitohe
[t _as_n_g p[as L[_^[aiacog cff_n…e_mm…a…lŒf(bc„\[ „ff†n doe `_f [ f_a*
+di\\ n[h`ifs[gin( m bc„\[ „ff[j†n doe g_a ˆn p[as nˆ\\ …p\_h [ e…jt…mc
c^Œn( []t…fn _f…lhc h_g `iadoe( g_ln h_g [ f_abcp[ninn[\\ _g\_l_e+
e_l_mce `_f [ e…jtŒchn…t_nc n[h„lc „ff„mn8 j_^ca [t cmeif„nh_g [ mt_lp_* +
t_n( b[h_g [ n[h†n‡ n_mtc d‡p„ +

D„nl[ pifh[ g…a [t( bias [t _fgih^inn[e[n ˆmmt_`iaf[fp[ eih el…n
d[p[mf[niee[f „ffd[e _fŒ8 [tih\[h _t [f‡f `_fg_hnp_ …lt_g g[a[g( g_ln
_asmt_lŽ_h on[fb[nie [ L[_^[aiacog n[h„le[l„h[e …m B_fg…lc =f\_ln*
h_e n_nn d[p[mf[n[cl[+ gchn [ g_fs_e_n * [ g_hhsc\_h _as_m jihn d[ce

+ h_g _ff_he_th_e `_dn_a_n…m_cgg_f *srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBARUn[h`ifs[g mt_lp_t…m_ [f[jd„of
_f`ia[^b[n‡eh[e cn…f_e+ J…t_n_g_n _ gih^inn[g( m n[f„h b[mth„fn[g
p_f_ [t Šash_e+ D[#`_fmt‡f[f„migh[e _as…\ mce_l_ h_g f_mt cm( gchnbias
g„mie[n cmhscf„neit„ml[ \†lie+m [t Šas g_aif^„m„n mc_nn_nn_g( _tt_f
cm g_a f_mt_e _f…a_^p_+ I_aasŒtŒ^…m_g( bias [ gc^Œh _ e…l^…mp…a*
f_a_m g_aif^„m„n …plŒf*…pl_ b[f[mtna[ndoe( [ h…jien[n„mh[e „lnohe p_f_+jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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& BzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA_as_n_gcien[n„m l_`ilgd[+#

=t _as_n_gc ien[n„mh[e m i ] c [fc m …m j _^ [a ‡ a c [ c `_f[^[n[
p[h+ Oi]c[fcm `_f[^[n[ [ no^ig„hsn _fŒ\\l_ pchhc( j_^[a‡ac[c bcp[n„m[
[t cnd‰m„ain [t „ff[gc …m n„lm[^[fgc `_f[^[nie \_nˆfn…m…l_e…j_m†n_hc+

= g[c _as_n_g_e _ e_nnŒm `_f[^[noe[n m_bif m_g p…atce ifse…j_h(
bias p[f[bihh[h gchn„n p_b_nh…he( g_fs cl„hsn [^b[nh[( gce…hn [f[e†n*
moe b[t„he\[h [ `_fmŒ\\ ien[n„mn+ =t [haif _as_n_g_e [t c`d‰m„a h_p_f…*
m…l_ d‡f l_h^_te_^n_e \_( ^_ [ no^ig„hs `_df_mtn…m……lne_p_m_n n_mth_e+
f_a[f„\\ e_p_m_\\_n( gchn [t _as_n_g_h e†pŽf „ff‡ eˆlˆe+ =TET+
mt„t[^ h…lh_n _as_n_g_ch …jj_h [t _ff_he_tŒ _m_n `ilia `_hh+ = h…g_*
n_e _a…mt no^ig„hsim gohe„mm„a[ [TET+ mt„t[^\[h [t _as_n_g_eh_e
eˆmtˆhb_nŒ( [t c`dom„a no^ig„hsim …m _leˆf]mc h_p_f…m…n [tih\[h h_g
p…atce ecnia„m h…feŠf+ I[aoe [ n[h„lie \_p[ffd„e( bias [t c`d‰m„a no*
^ig„hsim e…mtŠfnm…a+_ `ias‡\[h p[h( m [ pctma„f[nie `ieit[nim[h [f[*
]mihs[\\ mt†hpih[f[n nŠhn_nh_e `_f+

= gc _as_n_g_che_n [ h…g_n _as_n_g_e gchn„d„l[ mt[\n„e+
Am e…l^…m( bias [t od mt_lp_t…m( ([ g_fs [ j_^[a‡ac[c mt_g*
jihnie[n cm …lp…hs_m†n_hc( [e[lh„( h_g „ln[h[*_ [t _as_n_g_e no*
^ig„hsim gŽeˆ^…m…h_e+ Qas e_ff g_aif^[hc [ e…l^…mn( bias _tn _f*
e_lŠfdŠe+ =tn bcmt_g( bias _t f_b_nm…a_m8 ]m[e h_g e_ff pcmmt[lc[^hohe
+[ asˆe_l_m l_`ilgn‡E+ Iche_n g…a h_g eˆnh_e …pmt„t[^im nl[^cnc‡e(
gchn [h…g_n …m [haif _as_n_g_e_n+ gc g…aeŠfŒhˆm …l^_g_elŒf _asce
cl„hs\[h m_g mt‡fb[nohe+ Ic ]m[e gimn „ffohe [tih `_f[^[n _fŒnn( bias
g_an_l_gnmŠe _as_n_gc ien[n„moheh[e [ h_gt_nc `_f[^[nie[n n_echnŒ
m[d„nm„aim l_h^mt_l…n …m [t _as_n_g_e `_dfŒ^…m…h_e [t _fg…f_ncf_a cm
b_fs_m [f[jin g_a[^doe+ +

= gc [t _as_n_g_e nsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA??̂ig „ h s i m h_g t_n c `_f [ ^[n „ n
cff_nc( eil„hnm_g nˆfnce \F# [tn ‰as(cf+ gchn e_ff_h_+ Ahh_e ie„n …h f_a#*
che„\\ [\\[h f„nig( bias ]m[e e…n _as_n_gŠhe p[h+ = no^ig„hsim …f_n
g_ae†p„hd[ [ no^ig„hshs[f`iaf[feit‡ed‡ h[as mt„g„n h_g [ p _lm_hs( h_w
[ gohe[`_fimtn„m e_^p……ln( b[h_g( bias f_as_h ech_e ^ifaithc8 bias f_*
as_h ech_e _fgih^[hc [ gih^[hcp[f‡he[n+ H_b_n_nf_h no^ig„hsim n_p…*
e_hsm…ah_e ec`_dfŒ^hc inn( bif [ no^‡m gohe„mm„a[ g[a„\[ mtilof+ = `Œ\[d
h„fohe h_g [t( bias [ll[ bcp[ninn _g\_l_che h_g no^h[e( p[as h_g [e[l*
h[e ^ifaithc( b[h_g( bias gch^…hec [ g[a[ mt„g„l[ ^ifaitce+ Aas ecm
no^‡m eˆtn„lm[m„a g_an_l_gn…m…l_ h„fohe h[as mtŠem…a p[h+

J„fohe d_f_hf_a [ no^ig„hsim n_p…e_hpm…ah_e d_f_hn…e_hs l…mt_
[ eˆt…jcmeif[c n[h„liel[ _mce+ J_g n_lg…mt_n_m „ff[jin( bias …jj_h
_t_enŒf p„ldoe [ no^ig„hs _fŒ\\l_pcn_f…n+ = eˆt…jcmeif[c n[h„l `iaf[f*
eit„m[ _fmŒ mi+\[h j_^[a‡ac[c m ]m[e g_ff…e_m_h f_b_n no^ig„hsim8
g„l j_^ca# [tih `_f[^[n g_aif^„m[( bias[ g„l g_amt_lt_nn no ^ig„hsim

. @l+jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA<IW Rb S > eW SF P EEn[h„le…jtŒ acgh„tcogc n[h„lc eˆl\_h g„dom Œ*„h n[lninn
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t…mlŒfn[lninn _fŒ[^„m„p[f( [ g_fs [ I+ P[h†n‡e…jtŒO)…+d[ho„lc mt„g„\[h d_f_hn g_a+%Ot_le(
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dmlh_l_n_e gce…hn eˆtˆfn…mm_h_e( [t …ln_fgc gohe„mm„ah[e _a…mt_h g„m
+cl„hs[nle†p„hd[( gchn [ no^ig„hs jli\f…g„ch p[f‡ aih^ifeit„m+ Ea[t(
bias gch…f di\\ eˆt…jcmeif[c n[h„l p[f[ec( [hh„f di\\[h `ia [ no^ig„hs
on[h h…thc( [ l…mtf_n_e\_h …m [ f_aod[\\ p†pg„hsie\[h cm [ n_fd_m n„*
d…eitinnm„ain g_amt_l_thc 8 ^_ h_g [tn `iad[ eon[nhc( gc [tie\[h [
jli\f_g[nc]om( b[h_g( bias gc p[h g„l n_fd_m_h g_a„ff[j†np[+ = no*
^ig„hs `Œ\\ jli\f…g„ch[e g_aif^„m[ `ifsnihim [tt[f p[f‡ `iaf[feit„mn
…m _t cl„hs\[h cmeif„tinn aih^ifeit„mn e†p„h+ J„fohe ]m[e e_p_m_h n_*
+b_nce [ no^ig„hsn `iaf[feit„moe `Œn„las„p„+ Ehh_h p[h( bias h„fohe(
+gih^b[nhc( gch^_hec [ ec]mchs ^ifaie[n( [t [jl‡ l…mtf_n_e_n g†p_fc m [
no^ig„hs `_df_m_n…m_+ eˆlŽf e_p…m _l_^g…hsn no^ohe `_fgon[nhc+

= b[lg[^ce _as_n_g `_f„ff†n„m„h[e b[fia[n„m[ n_b„n [ no^ig„hsim
gohe[mm„a mt_gjihnd„\‡f p[f‡m„aim p…nm…a …m h[as bc\[ _t_h `ihnim
h_gt_nc `_f[^[nin j…htŠasc mt_gjihnie [f„ l_h^_fhc+ @_ …asb[lg[^ce
*_as_n_gg_f g…a []t…fn eil„hn m_g …lhŒe _f( miee[f nˆ\\ ifs no^ig„hsim
+eˆtjihnl[ pifh[ mtŠem…aŠhe(bias ca[t„h no^ig„hsim …f_n `_dfŒ^b_mm…e+
Icfs_h_e f_as_h_e _ eˆt…jjihnie( n[f„h `_fpcf…aim†nd[ [ g„mce mt_gjihn(
[t _as_n_g_e h_p_fŒ `_f[^[n„h[e n[af[f„m[!

I„mce e…l^…mŠhe n_b„n [t( bias[h l_h^_tttŠe \_ [t _as_n_g_e_n [
j _ ^ [ a‡a c [srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAR*… l ^_ e_e mt_ g jih n d „ \‡f …m bias[h _as_tn_mmŠe
+_tn ˆmmt_ [ no^ig„hsim …l^_e_ee_f+

= gc _as_n_gc ien[n„mohe h_g cmeif„tt[ _f…aa… [t c`d‰m„a aih^ifeit„*
m„n …m h_g ˆmtnˆhtc [tn [ no^ig[hsiee[f p[f‡ `iaf[feit„ml[+ >ctihs†nd[ [t [
n…hs+ bias[ n[hof‡ c`d‰m„ain h_g …l^_efce _f…aa… [t _as_n_gc _fŒ[^„mie+
lj‡nifb[nhc p…fce [tie[n [ eˆhspp_f =tih aih^if9f8nn[f p[hh[e _fn_fp_+ bias[
pctma„e eˆp_n_fg…hs_ch_e ec_f…a†n…m…l_ mtŠem…a_m ^ifaie[n [ eˆhsp_e\Œf
cm _fm[d[n†lb[nd[e( m [tn( [ gc j[fs„doe as[eilf[n„bit mtŠem…a_m([t# …f_n*
\_h `iad[e g_an[hofhc+ Eas aih^ifeith[e [t Šasp…^_e( [ ece [b„lig
*…p_mŠasp…^d_fˆfnc as[eilf[n\[h f„nd„eece…j_tn_n…mŠef_anŒ\\ _mteˆt…n(
=tn „ff†nd„e [t ilpimie cm( bias[ efchce[c as[eilf[nieih miee[f nˆ\\_n
n[hofh[e( gchn [t _as_n_gc +_fŒ[^[mieio( =tie\[h+ [ ece _as_n_gc j„*
fs„doe[n \_`_d_tn…e( g…fn„h …\l_^b_n `_f [t# [ aih^if[n+ p[h*_ mtŠem…a
9cfs (h[as „f^it[niee[f `_hn[lninn #‡lc„mc [jj[l[noml[( h_g f_b_nh_*_ [tn
_asmt_lŽ\\ chn…tg…hs_ee_f j‡nifhc+

GŠfˆlh\_lc …h [ bc\„n h_g [\\[h f„nig( bias [t _as_n_g h_g
hsodn _f_a_n [\\‡f( [ gc [ as[eilf[n n_l…h mtŠem…a_m( b[h_g(bias [t
+„fl[f[ [^inn _fg…f_nc e…jt…m h_g `_f_f g_a [ ]t…fh[e+ Dias gcfs cl„hs*
#\[h bc„hsim _t [t _fg…f_nc e…jt…m(g_a…lldŠe+7b[ ˆmmt_b[mihf†n doe [tih
_g\_l_che_n+ [ ece [ l…ac\\ …m [t‰d[\\* cmeif[l_h^mt_l mt_lchn e[jn„e
gŽp_fnm…aŠe_n+= gc l…ac\\ _g\_l_che( [ ece# [ mt„t[^ _f_d…hhŒnn_e
`_f( l…mtn p_nn_e …m l…mtn p_mth_e eˆt…f_nŠhe gch^_h „a„h[e`_df_mtn…m…*
\_h( *[ eˆt]t…fie cl„hn miee[f „fn[f„him[\\ …m g_._a_\\ …l_̂efŒ^…mn
+n[hom†ninn[e( cff_np_ n[h‰m†n[h[e( gchn [ d_f_hf_ac_e+ P[a[^b[n[nf[h [t
cm( bias [t [ h_gt_^…e [ e…l^…m_e „fn[f„him _fpc( if^[f[h[e +`cfit‡`c[c
*g…fn[n„m„\[h `_f_nn_ „ff [ gimn[hch[e+ ?m[e b[mihf†nmoe ˆOO4(_ [ h_as*
p_h_m …p_e ilmt„aasŽf…mc \_mt…^_cn …m odm„a]tcee_†n( [tn n[f„Fdoe+ bias
*b[ _gjclc]om n_echn_n\_h h[asih ]m_e…fs e…mtf_nn_f l_h^_fe_tn_e cm( E^_
d‡f _fn[f„fn„e [ f…hs_a_mn*m no^n„e [t Šas_e_n g[a[m+_fpc:mt_lhjihlie
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mt_lchnn_echn_hc…m̀_dn_a_nhc+ Iimnnˆ\\ n[f„h[ n„d…eitinnm„a [ l…mtf_n_e\_h#8
^_ h…feŠ ˆttŠe [t „fn[f[him_fpc g_aasŒtŒ^…m_e_n( [ g_fs_e[ n…hs_e f[\s*
lchnbom„\[h _fp_t_nh_e( [ do^c]cogin \ctnimm„ …m cha[nb[n[nf[hh„ n_mtce(

+ A eŠfˆg\m…ah_e ie[ [t cmeif„t„m g_ap„fnitinn g‡^d„\[h p[h+ =
l…ac\\ cmeif„e\[h di\\[h bitt„ mtien[nn„e [t c`d‰m„ain [t _fg…f_nc aihw
^ifeit„mbit( g_ln [ `_fmŒ\\ imtn„fsie `c . i t ‡ `c [ce o lt o mn [^n[e+
I[c cmeif[l_h^mt_lŠhe\_h _tn [ eoltomnh…feŠfˆttˆe+ Ccgh„tcogc ien[n„mohe
h_g „ff _as…\\Œf * m _tn …h h[as b[f[^„mo[e p_mt_g( * gchn n„las[e
cmg_ln_n…m…\Œf( [t c`d‰m„ain n„las[eih aih^ifeitn[nd[ m n„las[e\[h
ilch_hn„fd[+ = acgh„tcogc ien[n„m ]m[e [ll[ p[f‡( …m `_f[^[n[ h_g cm
f_b_n g„m( gchn bias [t c`dom„ain i^„ca p_t_mm_( bias \ctihsim _fg…f_nc `cfi*
t‡`c[c e…mtŠfnm…a mtŠem…a…n …l_tt_+ Ic‡n[ [t _as_n_g mt[emt_lŽ no^i*
g„hsim †meif„p„( p„fnitinn „n( _tn [t „fn[f„him `cfiti`c[c n„d…eitn[n„mn
h_g hsodnd[ nˆ\\…+ =t _as_n_gc ien[n„mh[e …jj_h [t [ h[as bc\„d[ p[h(
bias[ g„l „fn[f„him _fp_e „fn[f „nc^ig†ninn( mt_lp_t_nn [hs[ain [^d[(
^_ [ll[( gce…hn …m g_fs _fp_e mt_lchn mt_lp_tˆ^ˆnn _t_h [hs[a( h_g(
n[h†n g_a+ =t _as_n_gc ien[n„m [ n„las[e `cfit‡`c[c l…mt…p_f h_g `ia*
f[feitce+ J[as e…l^…m [tih\[h( bias( [ gceil [t _as_n_g [t c` dom„ain
[ no^ig„hsie l…mtf_n_c\_ \_[p[nd[( _f_a_n n_mt*_ `_f[^[n„h[e+

Ich^_h mno^†og\[h e…n l…mtn f_b_n g_aeŠfˆg\ˆtn_nhc( [t „fn[f„him+
[f[j_fp_e_n …m[t _gjclc]om l…mtn+ = acgh„tcog [t _gjclc]om l…mtf_n_ee_f
`iaf[feitce+ At mtŠem…a_m …m _f…am…a_m cm [t c`d‰m„a _mt_ …\l_mtna_n…m…b_t (
^_ `cfit‡`c[c h_p_f…mn h_g hsodnb[n+ All_ j_^ca h[as mtŠem…a p[h8 g_ln [t
…f_n [tn eˆp_n_fc( bias gch^_h _m_ng_a†]…f…m…h…f(gch^_h Šas_f^ˆhn…m…h…f(
m gch^_h _fd„l„mohe\[h e…j_m_e f_asŠhe _fp_e_n …lp…hs_m†n_hc m[ jli\*
f…g„e[n pcf„aim[h f„nhc( ]m_f_ep…mŠhe eŠfˆg\_h g[dgif„mm„ p„fce+ Aas
g„mce( _as `_fmŒ\\ ien[n„m `_f[^[n[ [ `cfit‡`c[c h_p_f…mh_e g_a[^„m[+
p…a_nn [t c`d‰m„ain [ no^ig„hsie „fn[f„him l…mt…\_ \_p_t_nhc+ At_h
ien[n„mih h_g p[f[gc eŠfˆh n[hn„las( fiace[( jms]bifiac[ …ln_h^Œ( b[*
h_g [t _as_m mno^cogie [f[jp_nŒ l…mt_( ([t [f[j`ia[fg[e( [tie _as*
g„mbit p[f‡ pcmtihs„h[e g[as[l„t[n[+ =fn[f„\[h g_a`_f_fh _ n_b„n _t
ien[n„m [ l…ac `cfit‡`c[c eoltomh[e( [ g_fs mtchn…h g_acmg_ln_nn_ [t
[f[jp_nŒ+ `ia[fg[e ˆmmt_mm…a…n( g_an[h†ninn l_h^mt_l_m_h aih^ifeithc …m
* n_lg…mt_n_m_h [ l…ac l_h^mt_l mt_lchn * g_a†n…fhc( bias p[f[g_fs
`ia[fig \ctihsim e[n_a‡lc„h e†pŽf g…a gc]mi^[ g„m `‡a[fg[e eˆl…\_
cm# n[lnitce+

P…p_^…m pifh[ _t_h `cfit‡`c[c h_p_f…mn [ acgh„tcog\[7 \_pchhc8 g_ln [
acgh„tcog hsif]t …p_ ]m_e…fs_\\( c^Œ( gchnbias g…a _tn [ `_f[^[nin cm g_a*
if^b[nh„ n_fd_m_h+ ?m[e [ eˆt…jcmeif„e _fp…at…m_ on„h( [ `_fmŒ\\ ien[n„m*
m[f e[j]mif[n\[h f_b_n _as n_lpmt_lŽ `cfit‡`c[c eoltoml‡faih^imei^hc+

= l…ac _as_n_g_ee_f pifn cfs_h `cfit‡`c[c e[l ˆmmt_e[j]mifp[ gchn
f_a[fm‡ e[l( [ g_fsh_e _fp…at…m_ on„h g_b_n_nn `_f p[f[ec [ nof[d^ih*
e…j_hc+ `_fmŒ e[l\[+ Ahh_e [ g[l[^p„hs[c g_ap[hh[e g…a gim ncm+
=t ilpimn ece…j_tce [ n_lg…mt_nno^ig„hsie ˆmmt_m („a[c\[h+ ?m[ebias
g†a [t _as_m n_lg…mt_nno^ig„hsc „a[e_gj†lc[d„h[e g†h^_h (_as_m
l…mt…n \_b[n‡[h n„las[fd„e( [^^ca [t „fn[f„him l…mt_e_n ]m[e j_^tce( m*(
†as [ ]t…fnˆf( [ n_lg…mt_nno^ig„hsc aih^ifeit„m `Œ\\ _fp_ch_e _fmf 7d7n**
n#†n„m„n‡f( _f_mh_e+ = d_f_hf_ac ilpimie bc\„d„‰f l‡d„e `_f [tn( [ gc j_*



,., srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
' zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

^ca [ l…acilpimie\[h g_a pifn( bias [t _as_m _m_n_e g_a`cas_f…m…h…f
hch]m_h_e n_echn_nn_f [ mt_ff_gc …f_n d_f_hm…a_cl_( [t _nbce[c mt_gjih*
niel[+ R[ddih hch]m*_ \_fmŒ ˆmmt_`Šaa…m _t_h n[j[mtn[f[n…m[t ilpimie
`cfit‡`c[c h_p_f…m…h_e bc„hs[ eˆtˆnn<

D[mihf‡e [ pcmtihsie [ diac _as_n_g_h( [ bif mtchn…h n[h†nd„e [
l‡g[c diain( gchn [ diano^ig„hsie [f[jp_nŒ l…mt…n8 ^_ miee[f che„\\
ec^ig\il†nd„e [hh[e _gjclc[c l…mtf_n_cn( gchn [t „fn[f„him _fp_e_n( [
g_fs_e [ l‡g[c dia\[h …lp…hs_mŠfn_e m [ g[c h…j_e ca[tm„amtifa„fn[*
n„m„\[ cm „ng_hn_e+ Eas p[asohe [ dianˆln…h_nn_f( h_gt_na[t^[m„an[hh[f
cm( [ g_fs_e mtchn…h_fŒe…mt†nŒmno^cog[† [ diac _as_n_gh_e( ^_ ]moj[
l…mtf_n_ee_f `iaf[feith[e inn cm( m [t „fn[f„him _fp_e_n( _t_e ˆmmt_`Ša*
a…m…n h_g cmg_ln_nce+ Cih^imei^hc e_ff [ll‡f( bias cmg_ld_[ dia„mt [
n„lm[^[fgc …m „ff[gc …f_n _fpc if^[f„n( f_as_h …lt…e_ [t „fn[f„him e…l^…*
m_e cl„hn m no^d[ mt_g _fŒnn n[ln[hc [t ˆmmt_m no^ig„hsie( g…a+ [ n_l*
g…mt_nno^ig„hsie eˆp_n_fg…hs_cn cm( [ gc eŠfˆhˆm_h [t „ff[g`…l`c‰h„f
_fe_lŠfb_n_nf_hŠf mtŠem…a_m+

=t _as_n_g nˆ\\c `[eofn„m[ch„f mtchn…h hch]m n„d…eitn[n‡ n[hof*
g„hs [ mn‰^cogie [f[j_fp_c\_h+ O _t [ eˆlŽfg…hs ecb[n h_g]m[e# [
mt[ej„fs„eih f_pŒe as[e[eilf[nc gŠeˆ^…m…l_( b[h_g [ no^ i g„h s i e
gŽp_f…m…l_ cm( g_ln _t g_aeˆp_n_fc h_g]m[e [ l…mtf_n_e( b[h_g `Œf_a [t
_fg…f_nc e…l^…m_e cl„hnc…l^_efŒ^…mncm+ At_e g_a`_dn…m_ pcmtc _fŒl_ [
no^ig„hsn m b[ _g\_l_che_n _ll_ ece…j_thŒe+ g_amtŠhh…e [t [t „ff[jin(
bias j…f^„of [t Šasp…^_e( [ ece f_ache„\\ „jifd„e h„fohe [ diac mt[e*
cli^[fg[n( ]moj[ jl[enceom e…l^…m_ee_f `iaf[feith[e m [ diano^ig„hs
[f[j_fp_ch_e `_dn_a_n…m_ _fŒfecn…lh_e 8[t ilpimc no^ig„hs cm h„fohe
]m[e [ nb_l[jc[ n_l…h b[f[^ _fŒl_(+ g_ln ifs[h( [ ece [t [h[nigc„n(
jbsmcifiac„n gŽp_fh…( [fca [e[^+ =tn n[j[mtn[fdoe( bias [t_as_n_g_e_h
cm [ as[eilf[nc mt[e ie p[hh[e di\\[h _ff„np[( [t _fg…f_nc mno^cogiel[
e_p…m _g\_lŠhe p[h+ Ll[enceom _g\_l_che I[as[lilmt„aih h[as mt„g*
g[f p[hh[e( ^_ e_p…m [t ifs[h( [ ec _fg…f_nc( _fpc [f[jih no^h„ [ no*
^ig„hsie[n gŽp_fhc8 j_^ca …jj_h [t _fpc e…l^…m_e h_p_fce [t_as…hn
…m[ h_gt_n_n( m h_g [ no^ig„hsieh[e mj_]tc[fcm l…mtf_n_c+

Ich ^[n o ^ig „ hsh [ e( gch ^ [ tc` d ‰ m „ a h_p_f … m…h _ e
+…l ^ _e_ g_a e † #p „ h d [ n _ b„n [tn( bia s ifs[h eo l to m „ ..†n*
n [{m m … e `_f( [g_ f s [ tc` d ‰ m „ a `cf i t ‡ `c[R… m no^ i g„h s i m
_ h ] s e fij [ _^c [cn „ d … e i t‡ ^ „ m„l ‡ .+ aih ^im e i ^ d … e+jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4N
_as_n_gc n[hof„mh[e _fmŒ …m g„mi^ce …p_ b_fs_nn( n_b„n [t _as_n_g …m [
eˆt…jcmeif[ eˆtˆnn( pifh[ f…n_m†n_h^Œ cfsh_gŽgŽp_fnm…a_nhsodni eoltom( m
*]m[e _hh_e _fp…at…m_ on„h f…jh_ p[f[ec [ j„fs„l[ mt[emt_lŽ_h e…jtŒ
eoltoml[+ =t _fŒ\\c n[hofg„hsc l_h^d…\_h cm eŠfˆg\ˆth…e [t_as_n_gc*
nŒf( che„\\ [e[^…gc[c d_ff_aŽ pifh[ m †as [ diac [e[^…gc„e cfs_h `cfi*
t‡`c[c …m_h]sefij[_^c[c e…jt…mn [^‡ n[h`ifs[giee„ _a…mt_h eˆhs_h „n pif*
h„h[e [f[e†nb[n‡e+ =mt[emt_lŽ no^ig„hsim e…jt…mn ]m[ecm [t _as_n_g_e
hsodn[h„e+ =t [e[^…gc[c `cfit‡`c[c eoltomih n_lg…mt_n_m_h [ eŠfˆh\ˆtŒ
{mt[ej„fs„e mt_lchn# ]mijilnie pifh„h[e f…n_m†n_h^Œe( [ g_fs_eh_e g_a*
d_fˆf…m…n( gcp_f g„l _t l…mtf_ne…l^…m( m [t _fpc `_dn_a_n…meˆl…\_ h_g n[l*
titce( [t _fŒ[^‡ d_f_hf_a _fb[asn[*m e…mŒ\\c [fe[fig mt„g„l[ n[lninn[ `_hh+



{J_bwhs mt‡MLKJIHGFEDCBA. ? . : J?F 7 I < B M 7 : 6 mm_lp_t_n…b_m(

P[hchn…t_n_ee_f ecnŽtˆnn ]t…fn m f_b_nŒ d‡ mce_ln( gchn b[^m_l_aa_f
asŒt_fg_n( _m[e ‰as …lŠhe _f( b[ [tie\[h [# p_t_n…m f_b_nŒ d‡f p[h \_*
l_h^_tp_ m [ n…hs_tŒe _as\_p„a‡[h lhŽeˆ^h_e 8 eŠfˆh\_h _m_nf…m*\inf„mm„
p„fce [t chn…t_n _a…mt gŽeˆ^…m_ m [ p_f_ _f…l_ _l_^g…hs mt„h[h^‡ f_mt ++
F X+n[h†n‡e…jtŒe od n[hn_lp…h_e g_a\_mt…f…m_ [fe[fg„p[f( b[ h_g e_lŠfn_7
_f `cas_fg_g_n( [fca g_lŠfn `_f mt‡ [ p_t_n…mlŒf8 g„l j_^ca _bb_t cm mie
mt‡ `…l m b[ ^_l_e[m b[n[mn[e[loŠe _f…lhc [t ‰d mt_lp_t…mm_f( f_b_n_nf_h
[ p_t_n…mn cm h_g l_`ilg„f hc m ˆmmtb[hat„m\[ + h_g bithc [ ecpcn_fm
l…mtmt_f+ #+ +srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA? )) )

9 `ia[h[n\[ p_nn ‰d mt_lp_t…mh…f g_ffŒtb_n_nf_h e…l^…m_eeˆtŽY(
e_nnŒne†p„hie mt‡p„ n_hhc+
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I„l [t „ff[gc n[h†n‡e…jtŒe _fmŒ …f_n…p_c\_h ecnŽhn( bias [tca[t*
a[n‡n[h„_m chn…tg…hs…p_f h…g …ln…e _f [t ‡b[dninn ]t…fn m g[m_hec
m+h]m eˆtˆnnŠhe( ec h_ no^h„( bias# [t ca[ta[n‡n[h„_m h…g_fs#
l_`ilgie _ff_h…l_ cm( g_fs_e_h [t [t c^Œ `ifs[g„ff e_l_mtnŽf g_hn( h_g
`illn ˆmmt_ n[h†n‡e…jt…mŠhee_f( mŒn bias h_g cm `ia ˆmmt_`illhc mib[(
f…p…h [t [\\[h h[asih h…feŠfˆtb_nŒ+ n…hs_tŒ+ Dc„\[ . J[jd[che\[h gch*
^_h bcp[n[f k[ eˆn_f_mm…a +[ g[a[ _a…mt _g\_l…n e†p„hd[ g_a+ = ncmtn_*
E_n\_fc+bcp[n[fie c^_d_ l…a f_d„ln+# Aa…mt e…jt_nnm…aŠee_f g„m cl„hs\[+
ch^ofn( _a…mt n_p…e_hsm…aˆee_f g„m`_f… _f`iaf[fn( „ff „moe on„h gc dˆp_*
p_^_fg…n + m_gb‰t‡# _g\_l_enŒf h_g f_b_n _fp„lhc( ^_ g…a ecp„hhcm_g(
bias ncmtn„h gŽe_^s_f…m\ˆf+ _as mt[en[hchn…t_n ˆmmt_m mt_ff_gc …m [hs[ac

#Šas_cn n[hoflh„hsoe n„las„p„ n_as…e m _a…mt _l_dˆe\Œf [hh[e d[p„l[(
gohe„fei^d [h[e+{ + +

= f_adi\\ ca[ta[n‡n[h„]m [t( mtie„m gih^[hc( g_fs [ n[h„lc7#
n_mnŠf_n d[p[mf[n[cn p„fnit[nf[hof _f`ia[^d[8 j_^ca [t _ff_he_t…l_ cm pifn(
m p[h cm j…f^[+ J…g_fs ca[ta[n‡n[h„_m h_g_ imtnd[ ec [ m_a…fs_e_n [+
n[h„lce[l [d„hf[n[ [f[jd„h| [ n[h†n‡e…jtŒe mt_lp_t_n_ …m [nˆlp…hs …l*
n_fg…\_h+ b[h_g g‡^im†nd[( g_ap„fnitn[nd[ [ d[p[mifn m_a…fs_e_n(! mŒn
[ll[ cm p[h _m_n( bias[n[h„lce[l „fn[f h_g [d„hfinn hˆp_h^…e_eh_e cm+
mt[p[t g_a m_a…fs_e_n+ Dias _t_h _fd„l„m( b[ f„\l[ e[j [ n[h†n‡e…j*{
tŒe\_h( h_g `ia mtifa„fhc m_g [ n[h„lc* n_mnŠf_n n_echn…fs…h_e _g_f…m…l_(
m_g [ hˆp_h^…e_e ca[tm„a* m _as„n[f„b _leˆf]mc …lt_n…h_e `_df_mtn…m…l_ •+
^_ g…a mtila[fgoe ˆmtnˆht…m…l_ m_g( gch^_hec _fmŒ n_echn_nl_ \_
`iad[ f„nhc+ + + +

I„m ca[ta[n‡n[h„_m j_^ca l…a h_g p_mtc `cas_f_g\_( bias [ n[*
h†n‡e…jtŒe mt_lp_t_n_ mt_lchn [ n[h„lce[lJL \ ca[ta[n‡n[h„]mim _fhˆef_l_
[f[nn p_mtc `_f [t chn…t_n\_ f…jhce†p„h‡ hˆp_h^…e_e_n8 b[h_g+ [ `_fp…*
n_fc pctma„eih …m [ `_fp…n_f h…f n_fd_m mt„+g\[h g_ad_f_hp…h( [ n[h„lc*n_m*



EH

nŠf_nh_e \_`ifs„m„n [ `_fp…n_fl_ n_fd_m_hb„nn…l\_ mtil†nd[+ At ecp„fn [
n[h†nŒhŒe…jtŒeh…f̀il^of _fŒ( bif [ j„fs„t‡e mt„g[ h[as f…p…h( h[as [
j„ln`ia„m e_l_mŒe mt„g[ cm8 ^_ g„ml…mtn h[asi\\ [t Šasl_ h…tp_ _\\Œf
_l_^Œ e„l cm( g_ln l_h^_m_h [tih f_„hsie mt_l_tb_nh_e …m mt_l…th_e cm
g[aoeh[e h[asi\\ jlin_e]tcŒn( ece pcmtihs[ceh[f `iap[ [fca +f_mth_e
n[h†n‡hŒe …m[ n[h†n‡hŒe…jtŒn ]m[e h_p_fŒ* p[as \ctnim†n‡†hn…t_nŠf b[mt*
h„fd„e+ At [t ie[( bias h_g b[dn[nce p…al_ n_fd_m mtcaill[f [lhchcmt*
n…lcogh[e [\\_fc l_h^_f_n_( bhas [t chn…t_n\_ ]m[e ifs hˆp_h^…e_e p…*
n_mm_h_e n_f( eceh_e pcmtihs[cp[f‡mtchŽp… n_mtce [tn( bias [t cff_nŒe [
n[h†n‡hŒc j„fs„h e†p„hh[e gŽeˆ^hc+

Dias [t cfs nofe[j„mie _ff_h h_g nˆln…hce as[el[\\[h `_fmt‡f[f„m
[t cff_nŒ n[h„lc*n_mnŠf_n_e l…mt…lŒf( [hh[e ie[ [t( bias [t_as_m_el_ …m
n_mnŠf_n_el_ h…tp_ i^citom ^ifia [ m[d„n _fŠfd„l‡m„a„p[f bot[ei^hc( j_*
l_fhc m[tn gch^_h d‡…lt…mŽ _as…h p[as n_mnŠf_n [ p…amŒca e_lŽfhc
cas_emtce+

Jch]m [t ilmt„a\[h n[hchn…t_n( g…a [ eˆtm…ac h…jcmeif„n m_gp…p_
ec( g_fsh_e f_a\_fmŒ\\ Šas_c\_h _as h_g mie _g\_l_enŒf [f[e†ninn n_m*
nŠf_nh_e [hhsc \_`ifs„mn _ha_^n_e pifh[ g_a( gchn [n[h†n‡e…jtŒe…\_+
Dias gc…ln e_ff_nn …jj_h [ n[h†n‡e…jtŒe_n+ _ e_nnŒm gohe„n p…atŒ(
n[h†n‡ …m n[h†nhc n[h†n‡ mt[ecmeif„e[n cfs n_mnŠf_n_eh_e [f„l_h^_fhc …m
gc…ln h…feŠfˆtb_nce [tie[n [ nˆ\\c mt[e*…mh_g mt[ecmeif„e g[d^ gch^(
[t ˆlˆel_ g_a`iab[n[nf[h g[l[^+

Aas `Œacgh„tcog\[h [t ca[ta[n‡ …m [ n[h„lc*e[l [ `Œca[ta[n‡ _f*
f_hŒlt…m_ g_ff_nn `_as_fg_t( h_p_f…mn[h†n 0*1 mt„t `Œ\Œf „ff‡ n[hof‡*
m„ain+ Ic…ln h_ n_b_nh… oas[h_tn [ e…jtŒchn…t_nc ca[ta[n‡…mn[h„lc*e[l
[ n[h`_fŠas_fŒ _ff_hŒlt…m_ g_ff_n2-*3- hˆp_h^…ee_f< f

H_b_n_nf_h n_b„n [ n[h†n‡e…jtŒe od mt_lp_t_n…h_e g_a„ff[j†n„m[
[fe[fg„p[f g_a h_g if^[hc _asonn[f [t ca[ta[n‡n[h„]mie e…l^…m…n cm8
^_ [^^ca cm( g†a _t g_anˆln…hh…e( mtŠem…a_m( gchn [ e…j_m†nŒpctma„el[
pih[neit‡f[a ifs b_fs_m_h nˆln…hn( [t ca[ta[n‡n[h„]mie b[n„meˆl…n( ecp„fn
[ m_a…fst…m_e m `_fp…n_f_el_ pih[neit‡f[a( mt[\[nim[heˆlŠf†lhc( cff_nŒf_a
[tie[n [ n[h†n‡e…jtŒe mt_lp_t_n…\_h `iaf[fn[e mtcail‰ \_n[ln„m„l[ on[m†n[hc+jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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=gc]om j_lmih [_( m_^ g[acm [gc]om p_lcn[ncm _n ][om[_ ( At_hŠas_n(
b[ b_fs_m_h [e[ldoe g_aif^[hc( h_g mt[\[^ [ eˆn_f_m …m mtieinn( mŒn
p[ffdoe \_( g[aoheh[e cm e_ff_g_m o^p[lc[mm„a( b[h_g [ mtcail‰ n„lasn*
f[aimm„a mt_gŠp_a…h „n n_echn_hŠhe+ D[ _tn n_mtmtŠe( f_b_n_nf_h [ll[ [
g_aasŒtŒ^…ml_ h_g donhohe( bias [n[h†n‡hŒe…jtŒe ca[ta[n„m[ cm gim*
n[hc [f[ed„\[h( _f_d…nŒf `iap[ _fbc\„tinn ^ifia pifn+ Afbc\„tinn ^ifia
pifn j_^ca8 l*mtˆl g_ln cli^„n p_t_nhc( n[h„lc n[h„]meitg„hsieh[e cl„hsn
[^hc( ca[ta[n‡*n[h„]mc asŽf…m_e_h [t _fŒ[^‡c mt_l_j_n pchhc( n[h†n[hc( [
n[hmt_g…fst_n gŽeˆ^…m…n _ff_hŒl†thc(4-*5- f_„hs h_p_f…m…l_ cl„hs*
[^‡f[a \_`ifshc( Šas_ce\_h [ \…e…fn_nŒ …m \†l‡e mt_l_j…n pchhc mtŠfŒe*



e_f f_p_f_thc( [ nˆg…hs n_f_hf„nia[n„mie[n `ia[^hc( j…htn„ln e_t_fhc…m
mt„g[^„mn p_t_nhc( _as h[as b„t ˆmmt_m mtŠem…af_n_clŒf aih^imei^hc( m
[hh[e mt_g…fst_n…n _ff_hŒl†thc …m [ mtŠm…a_m `_as_f_g\_h n[l*
n[h†( h_g _as hŒ( b[h_g _as ‡lc„m _l_d…n g_ab[f[^‡ `_f[^[n8
t*mtil( g_ln [ hŒ n_mnc…mmt_ff_gc nof[d^ihm„a[ch„f `iap[ hch]m p_t_n…ml_
[feinp[+ At [ n_lg…mt_n[feinn[ l_h^ m _t_h gc m_g o^p[lc[mm„aa[f( m_g
g_mn_le…fn ieimei^„mm[f h_g `iaohe p„fnitn[nhc …mb[ g…acmp„fnitn[nhc
cas_emtŠhe( ]m[e `…fmt_a ^ifain `iaohe jli^oe„fhc+ = hŒh…f[ mo\d_enc*
pcn„m ol[fei^ce [t i\d_encpcn„m([t …lt_f_g [ g_a`ihnif„m `_f_nn8 _fŒnn_
h_g [t ca[tm„a …m_fp ^ˆhn $< Ot_le+%( b[h_g [t _lŒ …m b[n[figsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS Œ
h_g eŠt^( b[h_g _as…hcm…a…p_f g_ahs_lhc(\…e…fn_nhc( _fmcg†n[hcnˆl_e*
mtce+ At_e gch^g_a[hhsc mt…j nof[d^ihm„aie( g_fs_eh_e [+ +g[aoe b_*
fs…h _fmŒl_h^Ž diaimofnm„aoe…mh[asih `ihnim bcp[n„moe p[h( ^_ e…n*
m…ae†pŽf h_g p_ t …lc nof [d ^ih m „ai e+ I„l j_^ca _as mt[en[hch*
n…t_n …f…l_ p_t…l e_ffS p_t…l( ec _as…hcm…a…p_f…mcmg_l_n_cp_f _as[l„hn
b[nhc( [ n[h„lc n_mnŠf_n_n ˆmmt_n[ln[hc(gŽeˆ^…m…h_e cl„hsn [^hc( [ n…p_*
^…m_e_n \ctnim e…tt_f d[p†n[hc( [ nˆlp…hs …m `_fmŒ\\ l_h^_f_n_eh_e `_f*
…m f_`_f… _as[l„hn …lp…hsn mt _l_thc no^dih+ Dias [ hŒ cfs_h mt_l_jl_
h_g [fe[fg[m( gon[nd[ [tih eˆlŠfg…hs cm( bias [t „ff[g(
b[\„l eŠfˆh\ˆtŒ bcp[n[fie\[h [fe[fg[t g„l hŒe_n( [# bcp[n[ fie …f…l_
h_g „ff†n #hŒe_n+ Dias[h donh[e …jj_h [ n[h†n‡hŒe…jtŒe( _ e_nnŒm `_f*
[^[n‰ mt[ecmeif„e( [bbit( bias hŒe ca[ta[mm„e \_hhˆe [ n[hofg„hsc
l…mtn cm< . = h…jien[n„mc nˆlp…hs …mn[h†n‡e…jtŒe mt_lp_t_n_ _gf†n…mn
m_g n_mth_eEa[ta[nˆhˆel‡f+ Aff_he_tŒf_a7 [.z4+ x+\_hhf[e‡ n[h†n‡hŒn
_gf†n S [ + li+ x+ •as mt‡f 7y7= n[h†n‡hˆe_ne…jtŒ chn…t_n\_h `…l`c*n[h„li*
eih e†pŽf hŒc n[h of g„h s i e l [ e_ffŒ mt„g‰…me…jt_nnm…aŽjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAYF SdYe&
S iP NX[fe[fg[t[h^ˆem 8 [ ol 2+ xZ ]=hˆp_h^…e_e `_f_nn `_as_fgc Šas_e*
\_h [ e…j_t^_c NLF ]L&F Y/YF Sb W$mc] .%…m[ l_h^_m n[h†n‡ hŒe cn…fh_e _fmŒ
`ieih _n]( w P_b„n [ nˆlp…hs( ca[ta[n‡n[h„ln l_h^_c [n[h†n‡h‡e…jtŒe
…f…l_ mn[h†nˆhˆe…jt‡che e_t^_nnŒf `iap[ hŒc ca[ta[n„m [f[nn #„ff[h[e+ Di*
as[h nˆln…hb_n_nn _t< +

=t chn…t_n_n `_hhn[ln‡ `_f_e_t_n_e( eˆtm…a_e …m n„lmof[nie _ n_ech*
n_n\_h b_fs_m_\\_h d„lh[e _f7 `…l`cl[ \†tt„e hŒn[hchn…t_n_ce\_h [ bcp[*
n[f …m n[hofg„hs p_t_n…m…n8 [ b„tn[ln„mn( h_p_f…mn…m̀_as_fg_t…mn( h[*
asih b_fs_m_h( hŒl_( =t „ff[g cm e_t^c \_f„nhc _ gohe[ `_fimtn„m
b_fs_mm…a…n…me†p„h[nimm„a„n [ n[hof„m [f[jimm„a[mt_lhjihnd„\‡f( g_ln
g„l h_g _as `_fmŒ*f_„hscmeif„\[ bitn[ \_ …m od[\\[lc [t ip‡hŒe…jtˆ*
e_n cm cfs_h [f[jih mt_lp_tn_+ At cm [ b_fs_m+ = gohe[ n_lg…mt_nmt_lŽ*
f_*a `_fimtnp[ p„fb[nce ]m[e [f[jimm„ …m asŠgˆf]mˆtŒp…+

D[ [tn [e[ldoe( bias n[h†n‡hŒe…jt…mŠhe gch^_h n_echn_n\_hi^[*
`_dfŒ^d…e( [7 bif [tn gch^hs„d[h f„nhc ‡b[dn doe+ [ n[h†n‡e…jtŒe od mt _l*
p_t_n_ g_a„ff[j†n„m„h„f f_b_n_nf_h [n[h†n‡hŒe…jtŒe ca[ta[n„m„n [ nˆl*
p…hsh_e …m[ ]t…fcl„hsiwm„ah[e _as[l„hn g_a`_f_fŒf_a [`_hn_\\ d_ft_nn
g‡^ih h_g l_h^_thc+…%

+$HGFEDCBAG $‰l ]tcee…h_e _t_h l…mt…n cm g_ab[asn[g+ g_ln h_g [e[lig ‰nd„n „ff[hcMLKJIHGFEDCBA. : : . 7 !

bias[ mt_lp_t_nc e…l^…m_e_n( [ g_fs_e eˆtˆnn `ihnim b_fs_n`iaf[f _f [ n[h†nˆe…jtŒ*c[n…t_n_e
ca[ta[n„m[( n„lascf[aim[h …m mt[\[^ih g_apcn[mmoe+6 ' ‰l \ctihs„l[ gwa `iad[ e[jhc [ e_ff‡
]t„`if[n[n( [ e_ffŒ `_f_f_n_n n„lascf[aim( ^_ _asif^[f‰ `_dn_a_n…m_cl_8 [^^ca cm eˆn_f_mm…a_gh_e
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= n[h†n3e…jtŒe\_ `_fp_mtmtŠe[ jifa„lcmeif[c ER+ imtn„fsn mce_l_m_h
p…at_nn `c‰n\ctihs†np„hs[ [f[jd„h( ^_ g„l [ f_„hsn `_fp…n_fc pctma[ h…f*
eŠf h_g+ Dif p[h cnn [eˆp_ne_t_n_mm…a( ca[tm„a …mg…fn„hsimm„a< 
P[f„h [ h[as n‡^of[mn [e[^„fsittoe g_a [ `_fp…n_fc pctma„ee[f [n[h†n‡*
hŒe…jtŒe\_< Gil„hnm_g+ ?m[e [hhsc[h `ifs[gi^h[e `_fp…n_fc pctma[g_f*
f_n `_fp…n_f…ln+[ g_hhsc_h `ifs[lhi^h„h[e( b[ `_fp…n_fc pctma[ h_g pifh[+

= g„l f_a[f„\\ hsif]t pctma„h e_l_mtnŽfg_hn `ifs[gi^in h_g
lc[mtnd[ pcmmt[ [n[h†n‡hŒe…jtŒnŒf [ `_fp…n_fc*pctma[+ P[f„hg‡^in hsodn [
`_fp…n_fc pctma[ [ll[( bias [ mièifs[gi^‡ eˆtŽf [ f_a[fe[fg[m[\\[e[n
f_b_mm_h [n[h†n‡hŒe…jt‡\_ `_fp_hhc< P„pifl‡f m_g( g_ln7

l*ˆl 3-*5- `ifs[gi^in f_a[f„\\ _as b…n_h „n e_ff_h_ pctma„fhc(
bias \oe„moe g…lp…lŒf h…gcf_a n„d…eitp[ f_b_mm_h [ pctma„f‡\ctinnm„a8
[ gimn[hc `_fp…n_fc pctma[ †l„m\_fc l…mt_ _as ^…f_fŒnn(mt‡\_fc l…mt_ j_^ca
_as ^…f_fŒnn …m _as ^…fon„h g_a_dn_nce gch^ [3-*5- `ifs[gi^‡p[f+
Icn no^b[nohe g_a Efs_h pctma[ [f[jd„h< R[dgc e_p_m_n8gih^b[nhcsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
[NVVR\) @_(

/*il( #b[ _as b…nca pctma„fhŒe cm [ `ifs[gi^‡e[n …m g_af_b_nŒm _h
n„d…eitn[nh„he g[aohe[n no^„moe cl„hn( g…a m_gno^hŒe g_a [ `_f*
p…n_fh…f no^hc f_anihnim[\\ ^ifain7 bia s [ h p„ .ceg [ d ^ \_( gcn
†a…l [ `_fp__h^Œ [ e… j t Œ \ _ h Lf Oie b_fslŒf `ifs[gi^h[e m
mie`…f_e…j_h pifn[e p_t_np_ `ifs[gi^‡e [t _as_m n„las[e\‡f ( gc ]mi^[
n_b„n( b[ _asce _as( g„mce g„mn„las\‡f di\\ …m aih^ifeit„m[ `_df_n*
n_\\ gchn [ g„mceh[e @_ ec „ff d‡n [ll‡f( bias[ as_ha…\\ `ifs[gi^‡
b_fs_m p_t_n…m g_ff_nn [ n[h†n‡hŒe…jtŒ\_h h_g `ia n‰fn_hhc [ `_fp…n_fc
pctma„h„f di\\h[e gon[neit‡h<

0+ @_ b[ [ no^„m …m\_p„f„m n_echn_n…\_h e_ffˆf_an…d…eitp[ f_h*
h…he cm( h_g mie[n …lh…he p_f_( g_ln [ `_fp…n_f h_g]m[e _ e_nnŒnŒf `Šaa(
b[h_g [ j„ln`ia„mn3. cm+ Ea[t oas[h * …m h[asih mtigil‰ pifh[( b[
h_g f_hh_ ca[t * bias [ h[as nˆ\\m…ah…f [ `_fp…n_fc pctma[ n_echn_nce

024

hl+

n[lnig * h…pn_f_hŽf d_f_hp…h g_a [ ]tcee * h…t_n_g_n j„l mt3p[f _fgih^[hc+ P…p_m „ff†n„m [t(
#bias [ hŒ\_h n_fd_m_h bc„EXstce [ p_t…lf…% e…j_mm…a+ = nˆln…h_f_g k[ [ eˆt…f_n _as[l„hn \ctihs†nd[
[t _ff_he_tŒd…n+ = n_lg…mt_n h_g ifs e_as_nf_h …m ca[tm„an[f[h( bias g_an[a[^n[ pifh[ nŒfˆe [t
…ln_f_gh_e …m _lŒh_e [tn [ `ie„n( [ g_fs Œe_n s_t_n…ml_ e…j_m†nc+ ?moj„h [t ca[t( bias [
hŒe eˆtˆnn lcne„\\ [ p_t_n…ml_ e…j_m( gchn [ `…l`c[e eˆtˆnn+J_b_t_\\ n_b„n d3 h‡*
ca[ta[n3l[ mt_ln n_hhc( gchn d‡ `…l`cca[ta[n3l[+ @_( bias f_b_n( [ n…hs_e ca[tifd„e+ H_a_fmŒ
n[h†n3hŒe…jtŒ chn…t_nŠhemt_lp_t…m…ncfs_h 9as_ha_; hŒl_ *\†tn„e(? _t chn…t_n [t‹ e_t_c eˆtˆnn
[t ilmt„a f_aecp„f3\\ hŒc n[hchn…t_n…p… `_dfŒ^ˆnn? [fca p[h ˆ m mt_ n[l nŒ \ \( ˆhno^[nim[\\
*…m b[n„litinn[\\ cl„hs\[h gŽeˆ^Œ n[h„lc*n_mnnnf_n_ [t ilmt„ah[e [ \o^[j_mncRE+ e_l+ „ff+
n[h†n‡hŒe…jtŒ*chn…t_n…h…f+ = nˆ\\cn[h†n…h^e…jt^*chn…t_n_eo…fcmgŽeˆ^h_e d_f_m hŒc ca[ta[n3e( [
ece p_t_nhc [e[lh[e …m no^h[e+ @_ b[ g_a_ha_^hŒf] cm [tn( bias [ h‡ h_g cl[+ta[n ifs d‡f(
gchn [ `…l`c( g…a [t _m_n\_h cm _fŒhsˆm_\\ [ hŒc ca[ta[n„m( gchn +* ]tcee†l3 ‰l „fn[f d[p[mifn
e_nnŒm ca[ta[n„m+ =t [tih\[h e…nm…an_f_h( bias d3. g_a e_ffp„fia[nhc [ hŒn[h†n3e[n( [MLKJIHGFEDCBAC = 5"

e_n [ n[h†n3hŒe…jtŒe …f…l_ „ff†n[h[e …m jihnim[h Z g_a„ff[j†n[h^3 …m g_ae`p„h_o^ˆ [tih
ep[fc`ce„]tc3( _fŒe…jt_nnm…a( [ g_fs p[f[ecn _t_h „ff„ml[…l^_g_m†n+ = g_hhsc\_h f_mth_e [t
;Šasbˆt +mtˆfˆe( e…ldŠe( bias [ e…l^…mh_e _t_h +if^[f„n cm `cas_f_gl_ g…fn[mm„e+ Ot_le(
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cl„hs[^‡h[e [ `_fp…n_fh…f+̂_ [t cm ca[t( bias [ f_aas_ha…\\ `_fp…n_fd
pctma„n n_pŒ cm `_fp…n_nce+ b[ j„ln`ia‡c p[hh[e( g†a h_g _as( _a…m[_h
dŒ `_fp…n_fc pctma„n n_nn `ifs[gi^‡ ecg[l[^+ +

Ich^_t_e\Œf [t nŽhce ec( bias [ `_fp…n_fc pctma„eh[e [t _fŒcln g_hs*
hscm…aŽ( l_h^_m n[h`ifs[gie[n p…at_nn f_„hsieh„f m_ggc b[mth[8 f_a*
[f„\\ nˆ\\_n h_g( ^_ g…a [hhscn m_g no^ohe g_a „fn[foe( gchn[
g_hhscn g_ano^ohe [ \ctihs†np„hs\‡f …m [g_hhscn m_dnŠhe [tih „fn[*
f„him \_hsig„m\ˆf( g_fs_n [ `ifs[gi^‡ l_„he as[eilif+ At ie\‡f [+
n[h†n‡hŒe…jtŒe\_h cm_fnˆlf_h^Œ [ `_fp…n_fc pctma[( g_ln cnn cm ifs `_f_m*
f_a_m …m h…feŠfˆtb_nŒlhchn [ `…l`cn[h†n‡e…jtŒe\_h m _b_fs_nn _fl_h^_*
f_h^Œ( bias [ n[h„lc e[l l_h^_m Šf…m\_h g_apctma„fp„h# [ `ifs[gi^‡e
ieg„hs[cn( `_fp…n_fŠe cl„hnc ch^ieifn d[p[mf[n„n mill_h^_m ecgon[n„m\[+
`iaf[fd[++ = `_fp…n_f h[jd„h g_ad_f_hp…h #[ n[h`_fŠas_fŒ …m [ `_fp…n_f…ln
`ifs[gi^‡e mt_g…fs_m_h( gcon„h+ech…t…mˆe( `_df_nnm…aˆe …m…jm…aˆelˆn
[t ilpimc \ctihs†np„hsie g_ff_nn eˆtp_nf_hŽf cm g_aasŒtŒ^ˆnn[ n[h„lc
n_mnŠf_n( …f…h [ n[h`_fŠas_fŒp_f( p…af_a_m_h g_a„ff[j†nd[ [ `_fp_nn_e
h…pmil„n+…m_m_nf_a_m m_a…fst…m…n( ch^ieifp„h [n[h„lc* n_mnŠf_n „fn[f \_*
n_ld_mtn_nn d[p[mf[n mill_h^d…nŒf h_n[f„hnˆln…hŒ _fn…l…mn+ Ich^e…necgo*
n[n„m [tn„h `_fŠfpctma„f„m …m g_a_lŒm†n…m p…a_nn [ gchcmn_lcogbit n_l*
d_mtn_nh…e `_f+

Eas [t+ _fd„l„m b[mihF†nb[n[nf[h‰f _asmt_lŽ\\ f__h^( [ `_fp…n_f_e
j_^ca [fcab[ h_g mt_l_h]m…m_\\_e [t_^^cac_eh…f+= nˆlp…hs m_g [e[*
^„fsitt[ _t_h _fd„l„mn [ `_fp…n_fh…f+g_ln ]m[e `_fmŒ h…jcmeif„n p…at_nn
f_„hsie mtcail‰ g_apctma„f„m„n l_h^_fc( cfs_h j_^ca [fca `ifs[gi^ce _as*
e_nnŒ …p_he…hn+

= e…l^…m gch^_h_m_nl_ ifs[h( bias [t od mt_lp_t_n g_a„ff[j†n„m„*
h„f g_a…l^_gfc [ p_f_ p[f‡ `iaf[feit„mn+

EEE+jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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= as[eilf[nc n[h†n„mie mie[n n„las[fn Šas_ [t od[\\ gchcmtn_lc
l_h^_f_nn_f( g_fs mt_lchn [ as[eilf[nc n[h†n„mieih …m [t [tie[n eˆp_nŒ Kl(
l„f[nieih [7 mt[en[h„lie cm 9f_b_nŒf_a; d_f_h f_hhc n[lnith[e( od mn„^cog\[
f…j_nn( ^_ _tt_f+ `„d^[fig(eil„hnm_lh eˆt_f_\\ [ p…af_a_m g_aif^„mbit+
=t c^_p„a‡# gchcmtn_lc l_h^_f_n oas[hcm h_g]m[e h_g †ld[ _fŒ [ mt[en[*
h„lie mt_l_j…n [ as[eilf[nc n[h†n„miee[f mt_g\_h …m [t [tie[n eˆp_nŒ
\†l„f[nieih( b[h_g h_g cm _gf†nc8 [ *P[h†n‡e…j_t^…e mt_lp_t_n_| j_^ca
_ n_echn_n\_h gcn m_g †l _fŒ [ mt[en[h„lieh[e+ b[h_g [ as[eilf[nc n[*
h†n„mie p_t_n…m…n n_fd_m_h [t ca[ta[n‡l[ \ctt[( Eas „ffp„h[ ^ifia( [t cf*
f_nˆ mt[en[h„lie p[as ]m[e j[mmtcp_( jomtn[ d_f_hf…nˆee_f( `iah[e b[mt*i
h„fhc [t Šash_e( [ g_fs b[mtih [fcab[ …l `_f [t c^Œp_f( g_fs_n h_g
_asmt_l [ mie n[hn„lash„f h[asih mtŽe_h ecmt[\inn n[h†n„mc c^Œ\Œf e_ff
g[d^ _fpihhc( p[as j_^ca( b[ ]m_f_epŒf_a f…jh_e `_f( [eeil iep_n_nf_h
\_f_p„ah[e p[as [ as[eilfŒcmeif[ n[h†n‡d[( p[as [t ca[ta[n‡( p[as*
gch^e_nnŒh_e _^^ca as[eilf[n\[h pifn mt_l_jeˆl…\_( J[asih h_b…t(



g[d^h_g f_b_n_nf_h f_mt [ n[h„lc*n_mnŠf_n_eh_e [mt[en[h„lie mt„g„l[+
[ as[eilf[nc n[h†n„mie eˆlŽf [ g_af_pŒ e_l_n\_h g_a`_f_fŒ n_p…e_hsw
m…ac eˆln ecd_fˆf hc+ =t _as_^Žf f_b_nm…a_m g‡^ n[f„h [t pifh[( bias [
as[eilf‡cmei`[c n[h†n‡ ongon[n„m[c mt_lchn e…mtŽfn n[h†n„mc n_lp_ [ hˆ*
p_h^…eh_e [t ca[ta[n‡( mt[en[h„l …m as[eilfˆcmeif[c n[h†n‡\‡f „ff‡ ecm*
\ctinnm„a\[h \†l[fn[mm…e `_fŽf…m „ff[j†nn[mm…eg_a …m bias[\cl„f[n
`Œ\\ l…mt_cl_( h_geŠfˆh\_h [ n[h†n„ml[eclhih^[h^‡ †n…f_nl_ h…tp_ cm
oas[hcfs g‡^ih nˆln…hd…e _fŒf_a_m g_a„ff[ji^[m+ I„me…j [ t[p[l(ˆmt*
mt_Šneˆt…m+ _ff_hgih^„m …m[t _t_e\Œf `ifs‡ l_h^e†pŠf limmt b[n„m [
hˆp_h^…e_el_ _fe_lŠfb_n_nf_h+ N…ac ^ifia [t g[l( bias7 [ mie mt[e„]m(
_fm‡tt[ [t …n_fn< @_ _t_h g‡^ h[asih eˆlŠfg…hs_m…m`_f_nn_ mie c^Œn
l[\f‡8 [tihe†pŽf `cas_f_ g\_ p__h^Œ [tih ca[tm„a cm( bias7 [ #bif mie[h
`_f_fŒmˆe( m_hec m_g `_f_fŒmsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS g[l[^ n_b„n( +1- as [ as[eilf[nc n[h†n„m
p_t_n…m_ [t+ ca[ta[n‡h[e „fn[f„him _ff_hŒltŒ …m cl„hs†n„mc dia„h[e …jm…a*
\_h n[ln„m[ g_ff_nn n_fd_m `_f_fŒmm…aa_f _as _g\_ll_ \ct[mm…e+ At_h _g*
\_l h_w f_b_n g„m( gchn p[as [ as[eilf‡cmeif[c n[h†n‡( p[as [mt[e**
n[h„l+ =g^_ [ as[eilficmeif[c n[h†n‡ p_t_n…m_ _ff_h h_g ieh…feŠf e…n
^ifain bith[e `_f7 E+bias [ g‡^mt_ln[h n[h†n„m[ h_g [t Œ e_t…\_h
f…p…h( [t wfg…f_n…mas[eilf[n eˆtˆnn + _fe_lŠfb_n_nf_h [ hˆp_h^…e_e_n
l_h^e†pŠf t[p[l‡ _ff_hgih^„m8 /+ bias [ as[eilf‡cmeif[c n[h†n‡ h_g(
f…p…h [ n[h†ninn n„las[eh[e no^ig„hsim g[a[mf[n„h( * bias[h cm f_*
b_nh_ [hhsch[e < * m_g [t „fn[f[ b_fs\_hb[asinn n[h†n„mc n_lp_e h_g
f_mth_e [++ f_b_nŒ f_adi\\[e( m_g [ eˆtfˆnn cmg_l_n_e p[as no^ig„hs*
mt_gjihnd„\‡f cm _f…a mt[\[nim[h g_ab[n„litinn[e+ +*

+ At_h on‡\\c eˆlŠfg…hs ^cen„cb[nn[ [mtŒ\[h f…pŒ gchcmtn_lc l_h^_*
f_n_n cm+ = as[eilf[nc n[h†n„m p_t_n…m…h_e e…l^…m_ p…af_a_m_h …m b_fs_m_h#(
n_b„n ]m[e oas f_mt g_aif^p[( b[ [t n_fd_m̀_f_fŒmm…aa_f[t cff_nŒ mt[eie
n[h„l[cl[ \†t[nce+ ece [ as[eilf‡cmeif[c n[hcn‡ „fn[f ec†linneˆp_ne_tŒ*
b…ncn[h†n„mc [hs[a_fŒcl„hst[n [f[jd„h l_h^_th…e…m p_t_nh…e [ g_a*
mt[\inn mt„g‰ as[eilf[nc n[h†n„mie[n+ = as[eilf‡cmeif[ n[h†n‡d„h[e g…a#
gch^ca _f…a h_b…t `_f[^[n[ f__h^ _as 3 imtn„fs\‡f „ff‡ cmeif„n gch^_h
n_echn_n\_h [ gchn[ mt†hpih[f„h n[ln[hc( [ hˆp_h^…e_e „fn[f [ as[eilf[nl+
n[h†n„mie [fe[fg„p[f _feˆp_n_nn bc\„e[n [ as[eilficmeif[c n[h†np„hsie
cmg_l_nn„l„\[h _f\ilih„fhc( [ bimjcn„f‡ hˆp_h^…e_e_n l_h^\_h n[ln[hc(
[tieh[e g[as[l„t[nie[n( `_fpcf„aim†n„mie[n [^hc …m n[f„h d_ast_n_ce_n
`_fŽfpctma„fhc+

Enn mtŠem…a_mh_e n[lnig g_ad_as_thc( bias [ as[eilf‡cmeif[c n[*
h†n‡eh[e _^^cac mt_l_jf…m_ [ as[eilf‡cmeif[c n[h†n„m eˆlŽf [t ca[ta[n‡e
„fn[f [ n[h„ln_mnŠf_n_e \_f__as_t…m…p_f p[as [h…feŠf \_bitinn as[eilf[n(
+^_ m_g nˆlp…hs( m_g mt_lp_t_nc mt[\[fsih h_g [f[jmtce+ = n[h†n‡e…jtŒe
mt_lp_t_n_+ [ +as[eilf[nc n[h†n„mie eˆlŠfc gch^_h n…hse_^…mn [t ca[t*
a[n‡l[ lob„t+

Po^ig( bias [ mt[en[h„lie _t_h d[p[mifn od gohe[eˆl_ _ff_h [ t
mtieinn `_fbit[nhc 7.+ bias oascm .5*// #‡l„p[f p[h h…g_fsce g_an_l*
b_fp_ 8 ,) bias h…g gch^_hce g_mn_l_ [ as[eilf[nc n[h†n„mh[e+

=t _fmŒ \[dih m_a†n_hc f_b_n od…m g…fn„hsim[\\ gohe[*( cff_nŒf_a*
‡l[`_fimtn„mm[f( g_fsh…f [ as[eilf[nc n[h†n„mc ‡l„e cm mt„g†nn[nh„h[eS [
g„mi^ceih g„l \[dim[\\[h f_b_nh_ m_a†n_hc( b[ h_g pifh[ g„l cm m_afnp_+

-"/3!)



! Qas[hcm [ g„mi^ce _ff_hp_n…m ]m[e [ l…ac\\ mt[en[h„lie_ash…g_fsce…l_+
ec h_g pifn n[h†n‡( pih[neitb[nce 8 ^_ _t_e l…mtchn _fb[fn[e( l…mtchn
bimmt‰ mtifa„f[noe [f[nn mt_l…tn_e g„l [hhsc Šas_mm…a_n …mn[j[mtn[f[*
nin [ as[eilf[nc n[h†n„m eˆlŽf cm( bias mt[edoe [f[jim cmg_l_n_ g_ff_nn
g„l e_t^_n\_h cm b[mtihh[f( +e…mŒ\\ j_^ca n_fd_m mt[e[p[ninnm„aa[f p_*
t_nb_mm…e mt[edoe as[eilf[nc n[h†n„m[cn8 [t+ od[\\[e j_^ca [t _f_lh†*(
jifa„lc* …m nip„\\e…jtŒ\_h f„nn[e( b[ffinn[e( ]mch„fn[e(\†l„fn[e …m p_*
t_nn_e g„l [hhsc as[eilf[nc n[h†n„mn( g…a j_^ca [ f_agi^_lh_\\ _fp_e
mt_lchncn( [ g_hhscp_f mt[edoe [f[jim …m no^ig„hsim cmg_l_n_ h…feŽf cm
[ f_adi\\ as[eilficmeif[c n[h†n‡ee[f cm p_n_e_^b_nh_e+

Aas…\cl„hn [ d‡h[e g_alihn‡d[ [ di\\+ +
CsŒttˆh [t jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBÀ%

I…a h_b„hs mt‡ [t ca[ta[n‡n[h„]mf#‡f+

R[f[g_fs chn…tg…hsh_e b[mthim p[as e„lim pifn„n [hh[e _as_nf_h
eˆt_a…lŒf n_nn n[j[mtn[f[n on„h g_a„ff[jcn[hc 7* f_a_hsb…\\ ec`_d_t…mm_f
…fp_ * h[asih cm _fb[g[lei^inn cn…f_n pifh[+ ~h cm _ bc\„\[ _mh…g(
b[ gimn [t „ff[gc n[h†n‡* „m n[h†n‡hŒe…jtŒe `ˆf… l_h^_fn ca[ta[n‡*n[*
h„]ml‡f „fn[f„\[h srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA?hscfp„hcn[h…e p…f_g…hsn( g_ln g_ap[ffig( bias eˆt*
p_nf_h n[j[mtn[f„m\‡f cfs_hn ]m[e _as_n cmg_l_e( m bias g…am_g b[ff*
a[nie p_f_( _hh_e ie[ [ yP[h†n‡e…jtŒ( „jlcfcm*g„domc `ot_n…\_h _ n„las*
\[h yP[h†n‡e…jtŒe Šas_c* ]t†g_h g_ad_f_hn `_fmt‡f[f„m( g_fs\Œf [tn
f„nig( bias [hh[e ncmtn_fn †l‡d[ cm _asif^[f‰f[a $]m[e [ \[fif^[f„l‡f%
cmg_lc _t chn…tg…hsn m yf_a`ˆf_\\ [tn _ha_^c g_a( bias * p[h ifs[h
b[mth[ cm _asce*g„mce b_fs_h( [ gcn Œ h_g no^ …m †as h_g cm _gf†n*
b_n_nn g_a+| =t „fn[f[ p„tifn nilt ca[ta[n‡*n[h„]mh[e gch_̂h\_h …jj_h
_ff_he_tŒd_ [t( [ g_fs_n …h cmg_l_e7 [ asŒlc „ff[gcn[h†n‡h‡e…jtŒ*
chn…t_n…+ P[ad[c [t chn…t_n nct_hb…n …pc `_hh„ff„m[ ‡n[ _as`ilg[ f_fe_m
\ota[figg[f n„gia[nn„e [t Šas_n( g_fsh_e …f…h „ffinn[e m [hh[e …l*
^_e…\_h * [ bif mtŠem…a_m pifn * h_g gof[mtninn„e #_f n„lm[^[fgc
\_`ifs„moe[n …lp…hs_m†n_hc+ #

L_^ca _ bimmt‰ c^Œ eˆt\_h nˆ\\ mt_g…fsp„fnit„m cm `il^ofn _fŒ _
ecm n_mnŠf_n\_h+ Aasce j[hhihb[fgc `Œ[j„n( g[d^ b_l]t_ajlcg„m f_nn(
[tihe†pŽf [ b[f„f cnn cm mt_^_nn g[a„h[e „f^it[nin+ @_ [t ol[fei^‡ mt_f*
f_lh gch^ca oas[h[t g[l[^n+

Rifn [fe[fg[g _fifp[mhc p[f[g_hhsc asŽf…m d_astŒeˆhsp…n m_as
m_g b[mihfcninn [t( c^…t_nn ]tcee\_h _gf†n_nnb_t+ = n[h„lie n_echn…fs…n
m_g ]mil\†ninn„e mib[ _ff_hchn…te_^…m_ee_f( mŒn b[ imtn„fsit„m( p[as
g„m n_echn_n\_h [ hˆp_h^…e_e Šas…\_h ^ˆhn…ml_ e_lŠfn [ ^ifia( gch*
^ca# g…fn„hsifn„e [ n[h„lc*n_mnŠf_n p…f_g…hs…n+ J_g cm \_mt…fh_e *`_f_\\*
p[f‡c f__l_mte_^…mm_fm [ n[h„liee[f m_g [ ye[mtch‡\[h w+ m_g g„mbif(
j_^ca _f…a h[as ol[e $e[nb+ ]t†gt+ jˆmjˆe( „ai _p+ jŠmjˆe( #`Œcmj„h(

dia[e[^…gc[c ca[ta[n‡( eˆtˆmb[^m_l_a\_fc hsoa+ mt„t[^im+% = gc p…al_
[t [hs[acn cff_nc( inn [ f_ah[asi\\# h_g_mmt†pŽm…a_n n[h‰m†nd„e( [ lh_hs*
hsc\_h [ ec…l^_g_fn h[jc^†d[e[n [t onifm‡ el[d]t„lca gch^_heil [t chn…*
+t_n mt_a…hsmilm‰( ecp„f‡ mtila[fg‰ hˆp_h^…e_c h_e [^d„e+ = `ifs‡ n[h*



…p\_h _as n[h†n‡ …m_as mt_a…hsbcp[n[fhie f_„hs[ doninn[e _t onih
2-* 22 `ln m_a†nm…ab_t+ Eas `ˆfˆmf_a_m \ctihs†n[hig7 p[ddih [t „ff[g
„fn[f _ ]t†g_h c^_[^inn j…ht d‡f p[h_ `ˆfb[mth„fp[+

=tih\[h * h_bias `…fl_g[as[l„tn[mm[g * mc_n_e ecd_f_hn_h_*
bias `_fmt‡f[f[mig ]t…fd[ m_ggc _as…\( gchn [^[nin mtifa„cn[nhc [ll[
h…tp_( bias cfs_h ca[ta[n‡*n[h„]m +cm p[h…mgch^_h e…nm…ah_e _fŒl_(
cm ond„n p„a[h^‡( h_p_tn_g g_a [ b_fs_n cm( [ bif [ P[g„ mie _m_nf_a
_ll_ h…tp_ g_aasŒtŒ^…mn mt_l_tb_nh_e g[aoeh[e+

P_b„n [t c^…t_nn eˆtf_g…hs †l‡d„h[e n[j[mtn[f[n[c bigfie_as_h_mn
_ff_he_th_e [t _hs…g_e e_f [t ca[ta[n‡*n[h„]mc chn…tg…hsncff_nŒf_a m _
e…n if^[fl‡f `_fbitinn[e\‡f ecnŠhce [t( bias g…am_g _a…mt_h g[a[ [t
chn…tg…hs [ bc\„m( b[h_g nˆ\\…( p[as e_p…m\… Š^pˆm b[n„m[ [nn‡f `Šaa7
ec …mgce…hn g[as[l„tt[ g[a„h[e …mp[f‡m†nd[ g_a [ `_f[^[n„n mt[\„*
fsit‡ gchcmn_lc l_h^_f_n_e chn_hnc‡d„n+ O …jj_h g_ln hch]m[ pcf„aih
ifs[h ^ifia( [ gcn ] m [ e _as g ‡ ^ih f_b_n p…ab_t pchhc( e…l^…m(
biasb[# [ e…jtˆe `ˆfˆnn p[f‡ `_fŠas_f_n _ll_ l_h^_fn n[he_lŠf_nc`Œca[t*
a[n‡e e_t…\_ pifh[ f_n…p_( g_ad[pofh[*_ _t „fn[f n_fd_m_h [b_fst_n(
p[as od j[h[mtie g_lŽfh…h_e `ˆf( bias _as _g\_l mt_mt…fs…nˆf̀ŠaaŠhe+

Att_f [tih\[h eil„hnm_g [e[lig [tn [ff†n[hc+ gcmt_lchn [t Š as
l_`ilg„f„m„n h_g n[lnig mtŠem…a_mh_e(gc bias g_hhscl_ e†p„h[nim(
[tn m_ggc m_g \ctihs†nd[ di\\[h( gchn [t [ mie`…f_ `_f`ia„m(g_fs _
n…l_h hscfp„hof+

CsŒl( .560+ g„dom//+ jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACNJ\ :W RF %MLKJIHGFEDCBA
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= gofn( n[hn_lp*d[p[mf[nin e…mt†nŒ eˆtasŽf…m h_e _asce h_b…t `_f*
[^[n[ pifn [t c^_a_h hs_fp_e n[h†n„m„l‡f mt‡f‡ l…mt g_a„ff[j†n„m[+ J_b…t(
g_ln [ h…lh_n hs_fp eofnol„fcm mtŠem…a_ g_ff_nn [t _^^ca _f…ln( ^_ [ l_„*
`il^†ninn mie c^Œp_f [l„hs\[h h_g „ff‡ ]m_e…fs( cff_nŒf_a e…n_m…ln…eŽ
_l_^g…hslŒf cm g_aasŒtŒ hscf[neit[nie[n e_ff_nn b[ff[hc[+ I„m`_fŒf
[tih\[h h_g+ b[asb[nn[ `cas_fg_h e†pŽf [ h_gt_ncm…ac b_fs_e_h f_pŒ
n[h†n‡e…jtŒe ]t…fd„n m_g m †as ifs b[n„lit[nin bitinn( g_fs [t [^inn pc*
mtihsie eˆtn [ f_ab_fs_m_\\ oas[h( ^_ m_g h_g _f…a pcf„aim( m_g h_g
_f…a l…mtf_n_tŒ m †as eˆhhs_h g_anˆln…hb_nce( bias [t ‰d n[hn_lp e…mt†*
n…m…h…f…j_h cnn( [ f_a[fe[fg[m[\\ l…mth…f h_g m_a†nŠhe [ g[cn‰fn_l*
b_f…m_h+ L_^ca _ n‰fn_lb_f…m [ h_gt_ncm…ac hs_fp_n n[h†n‡ e…jtŒchn…t_*
n_e\_h h_g `l„tcm( b[h_g mt‡mt_lchnc ca[tm„a [ f…f_eˆfŒ m c^Œn …me_^p_n*
l[\f‡ mie hs_ f [ srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr m…a gc[nn+

At…ln _asce f_amt_l_h]m…m_\\ jihnd[ f_hh_ [t‰d n[hn_lph_e( b[
jl[enceom chn…te_^…m_cp_c g_amtŠhn_nh… [t _^^cac miehs_fpŽm…a_n m [t
c^_a_h hs_fp_e n[h†n„m„h„f cm [as[ eil+[ nc …f_n mtŠem…a_cn p_hh…
cl„hs[^‡h[e m [tn donn[nh„ …lp…hsl_+ Ich^ [ eˆtasŽf…mc `_fmt‡f[f„mie(
gch^ [ n„lasbit mt‡fn n[h†n‡e…jtŒ n[h„lie _asb[ha‰ p…f_g…hs_( bias
[ n[hn„las[e h[as mt„g[ g_ff_nn cnn*inn 0 hs_fp_n n[h†n[hc ifs `ˆfˆm*
f_a_m gohe[( g_fs _as_m eŠfˆhˆm _m_n_e gc[nn m_g mt_ff_gc( m_g jl[e**
nceom mt_gjihn\‡f nip„\\ `ˆhh h_g n[lnb[n‡+



R_asŠe ]m[e eigifs g_a`ihnif„m [f„( bias [ as[eilf[nc …m
no^ig„hsim e…jt_nnm…ah_e nip„\\`_df_mtn…m_…l^_e…\_h b„hs hs_fp_n
e_ff _as gŽp_fn n[h†n‡h[e cmg_lhc_< =tn bcmt_g( [ n[h†n‡c „ff„mh[e
*gch^ mt_l…hsm…a_( gch^ ncmtn_mm…a_ mt_lchn n_fd_m_h _f…a( b[ [ n[h†n‡
[hs[hs_fp…h e†pŽf( g_fs_h no^ig„hsim gŽp_fnm…a…n mt_l_tn_( g…a _as

+b[t[c hs_fp_n d‡f*limmt‰f \_mt…f+ D[ [ g[as[l mtŠf_n…mŽ n[h†n‡ g[as[l
h…jcmeifch„f p[h [fe[fg[tp[( ˆhmtila [filhg[f `ieitb[nd[ [h…g_nhs_fpc(
_m_nf_a cli^[fgc cmg_l_n_cn8 b[ j_^ca p[f[g_fsce h_gt_ncm…a mtŠf_n_nn
+`c[ [t [ n[h†n‡+ b[t[`c‰c m g[a[ cl„hnc eˆn_f_mm…a…h_e cm _f_a_n n_b_n(
b[ [ n[h†n‡e…jtŒ\_h [ g[as[l hs_fp_n _fm[d„n†np„h( [tn `ifs…eihs[h
\_mt…fc …mm[d„n [hs[hs_fp…\_h cm cli^[fgc cmg_l_n_el_ n_b_n_nn mt _ln+ =
e…jtŒ\_fc 1 …pc n[h`ifs[g n[o[hs[a„of( aih^ifig( h[asih _f…a gch^*
e…n l…mtlŒf cfs _l_^g…hs `ˆfgon[n„m[ m [ ec _hh…f nˆ\\_n [e[l( n+ c+
bias g…a _as ifs 0*ce( n‡n( if„b( mt_l\( bilp„n hs_fp_n cm n[hofdih( jf+

+ [ g[as[l[de‰ hˆp_h^…e( g_fs [^^ca g…a _f_g_cn m_g cmg_ln_(_t ifs
eˆp_n_flh…hs( g_fs gch^_h ie …m b_fs_m j_^[a‡ac[c …lt…e h…feŠf+ inn
+[e[ld[ [ f„nmt‡f[aim( gof‡ _l_^g…hsn g_an[f„fhc( bif _^^ca [ aˆlˆa …m
g…a [ h…g_n hs_fp n[h†n„m„p[f cm b[mtn[f[h e_l_mnŠe+

[tn„h l…mtchn [ ]m_e…fs c^Œ( l…mtchn [ g_amtieinn a…jc_m n[h†n„mg‡^
…m _fd„l„m g_ff_nn gcn …lnŠhe _f* [e„l [ h…g_n( [e„l [ nˆ\\c c^_a_h hs_fp
n[h†n„m„p[f < =fca p[f[gcp_f nˆ\\_n [ m_ggch…f+ I…a ifs n[h†n‡e…jtŒe*
\_h +m_g eˆt_f†n_nn…e g_a [ ecnŽtˆnn ]t…fn( bif ]m[e [ h…lh_nhs_fp_n
n[h†ninn„e [t imtn„fsl_h^mt_l mt_lchn( b„n [ bif g…a_t_he†pŠf g…a _as
g„mce( h_gt_ncm…ac hs_fp_n cm n[h†ninn[e< = g[as[l `c‰* ]moj„h n[h†n‡*
e…jtŒc hs_fpno^„m[ [f[jd„h g_hn*_ h…g_n p[a*sif„b hs_fpŽ cmeif„\[+
p[as [ n‡n e_l_m_nn*_ h…g_n p[as mt_l\ cmeif„\[h [fe[fg[t„mn< >cti7(
hs„l[ _as m_g( b[h_g [t c^_a_h hs_fp eˆn_f_m jil„n f_l„tp[( g _hn
pcmmt[ [ g[a[ g_amtieinn f…aeˆl…\_8 g_ln [n[h†n‡e…jtŒ\_fc c^_a_h
hs_fpien[n„m g…a h_g [^inn m_hech_e e_t…\_ e…mt g_a…fb_n…mc _mteˆtn
m _ton„h m_g `ia+f_Šfˆhˆm_h [tih _m_n\_h h_g( b[ gch^_h„lih …m iep_*

*n_nf_hŽf [t _^^cac miehs_fpŽm…a e†him[h hsceila‡ mt_e_l…n nifd[+ =t
cff_nŒ ief_p_f_m n[h†n‡ _fgih^b[nd[ oas[h( bias n[h‰cn 1 …pca h…g _n(
_m_nf_a g…a if„b( n‡n p[as bilp„n hs_fp_n( ^_ [nn‡f [ mie mt[\„fs+
_t_enŒf j_^ca c^_a_hmt_n#Žm…aŠe m [ mce_ln_f_hm…a mtŠfn_ _ff_hmt_hp gc[nn
{g_a]mˆgˆlfˆnn+ =ton„h eŠfˆhˆm_h [ n‡n( if„b( mt_l\ …m bilp„n hs_fpl_
pih[neit‡f[a [tn cm h[asih d‡f no^n[( bias h_gt_ncm…ac cmeif„h„f h_g
*`ia [fe[fg[t„mn e_l_mhc …m n[f„fhc m †as …j_h ]m[e [hhscn n[hofn\_fŒf_(
g_hhsc [t _f…an_f_hnŒf g_ag_hnb_nn_+ G…l^dŠe7 h_g di\\ f_nn pifh[(
*b[ cfs `…hs_m _l_^g…hs b_fs_nn [ n‡n(bilp„n8 if„b( mt_l\ ‡l„e[n [t
cff_nŒ_fm…n„fn[ pifh[<

=t c^_a_h hs_fp_e e…l^…m…h_e_f^ˆhn…m_h…f p_asŠe `ca*s_f_g\_ [
n[h†n‡e…jtŒc hˆp_h^…e mt_ff_gc …m as[eilf[nc mtŠem…a_cn+Ich^_h_m_nl_
e†p„h[nim [ll[ e…j_m†n_hĉn( bias [ n…hsf_a l_h^_fe_t…m [f[nn „ff‡ c^Œ*
\_h [hs[hs_fp…h e†pŽf g…a _as ifs hs_fp _fm[d„n†n„m„l[ [^[mm…e h_ec+
b_fs_m n[h†n„mc g‡^mt_l g_ff_nn( [fe[fig( g_fs c^_a_h hs_fp p[as [

*nip„\\c ˆhe…jt…m[f[jd„‰f( p[as [ b[t[`c[m( jifa„lc …f_n eˆp_n_fn_ eˆn_f_m*
m…a*n_fd_m†n…m n_echn_n…\_h h_ec *[fe[fg[m_mteˆtŠf mtifa„fb[mmih+{ Efs_h
+eˆp_n_fg…hsŽf „ff†nb[ndoe `_f [ g[as[l hˆp_h^…el_ h…tp_ [ h…g_n hs_fp



n!ieit[nim _fm[d„n†n„m„n( [ h_gt_ncm…acl_ h…tp_ j_^ca [ bcp[n[fim( g[as[l
hs_fp no^„m„n+

* Efs mt_gjihn\‡f `iap[ `_f [ ^ifain( h_g f_b_n m_ggc eˆlŠfg…hs
#eˆtn [ mce_l ei]te„tn[n„m[ h…feŽf hˆp_h^…e_che_n nip„\\l[ cm [ll[ e…hs*
*mt_l†n_hc( bias [e„l lieihmt_hp …m f_a[f„\\+ [t _f_g_e cmg_l_n_( [e„l
_mtg_c p[as jl[enceom ]t…fh…feŠf [hs[hs_fpŠeˆh e†pŽf g…a(/ c^_a_h
hs_fp_n n[hofd[h[e( cff_nŒf_a oas[h[hhscp[f p_mtŒ^d_h_e+ I_ln gc mtŠem…a
*p[h [ll[( bias[ ^…p[c g[as[l hˆp_h^…e h…g_nŠf …m if„bof cm([ ]m„e*
nilhs[c h…g_nŽf cm( bilp„n‰f cm( [ thc‡ch…g_nŠf cm( n‡nof cm n[hofdih< =
h…g_n hs_fp _f_g_cn( ifp[m„m* …m †l„mg‡^d„n f_a[f„\\ cmg_lc _fŒ\\c cmeif[c
+…p_c\Œf( ^_ if„b‰f( n‡n‰f mib[ [t_fŒnn \_mt…fhc h_g b[ffp„h( \ctihs 1
*…p† e…hsmt_lgohe[ on„h m_g b[f[^b[n [hhscl[( bias [hh[e [ h_b„hs
mt‡ hsc _l_^g…hsh_e [e„l g[as[l p[as h…g_n …f_npcmtihsie eˆtˆnn p[f[gc
b[mth„n f„nh„( [e„l [tt[f p„ff[feithc g_lh_ if„b( bilp„n( n ‡n p[as mt _l\
#Efs _fpŽ cmeif„\[h „ffig„mn _f`iaf[fhc+

P_b„n [t Žd n[hn_lp [t c^_a_h hs_fp_e n[h†n„m„h[e g_ab[n„lit„*
+m„h„f f_as_h `cas_f_gg_f [ `_hh_\\ _gf†n_nn eˆlŠfg…hs_el_ m h_ l‡ddih
[ hˆp_h^…e_el_ c^Œn j[t[lf‡ gohe„n …m mt_hp_^…mn( b[h_g gih^d[ ec
pcf„aim[h( gchn N[^‡HGFEDCBA5 $ [ eˆtasŽf…m_h n_nn_( bias b [+t „ he +g „ m*
[d e ‰ pc^ … e_ chc _pŒ n[h † n‡ e…j t Œ e\ _ h( [ bif p[f [g_ .s
h_g t_n c m…a hs_ . p_c m `ˆf p[h p … p _ [ n[h n_l p \ _(jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASJ QJL\JS
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Rb X S\JQ[ PfYJQJ]i 3̂_n cmtsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA\ „ h li [as[l# pc^ … e_h ._pŒ n[h † n‡*

e…j t Œ e n[h n_l p … \ Œ . _fc gch „ . h c [ h …nlc_n hs_ .p_n( h_g
{b _ .s_m _ .b_n h …+

H_as_h n_b„n [t ‰d n[hn_lp\_h b[n„litinn[h ecgih7^p[(# bias [
g[as[l hˆp_h^…e_el_ ]moj„h ]m[e [ h…g_n hs_fp( [t if„b+ n‡n(bil*
*p„n( h…lh_n …m mt_l\ hs_fpŽ_el_ h…tp_ j_^ca [hs[hs_fpŠeˆhe†pŽf ]moj„h
[ g[as[l hs_fp eˆn_f_tŒ8 gch^_h g„m _m_n\_h [ b[lg[^ce hs_fp̀[eof*
*n[ncp_ n[h†nn[mm…e(

Ot…fdohe g…a [ll‡f cm( p[ddih m[d„n [hs[hs_fpŠe _^^cac n[h†n„m[
asŠgˆf]mˆtŒ pifn*_ [t c^_a_h [de‰ hˆp_h^…e_el_ h…tp_< ‹88tchn…h gih^*
b[n doe7 h_g+ @_ h_g cm f_b_n_nn( g_ln [hh[e [h…g_n( if„b( bilp„n p[as n‡n
`c‰h[e( ech_e g[as[l eiff_a„c e_^p……ln [ n[h†n„mc ‡l„h 1 …p_h „n mib[*
m_g pifn mt[\[^ m[d„n [hs[hs_fp…h (g„ml‡f aih^ifeithc …m \_mt…fhc(
gchn7 9= n[hof‡ n[hof+ = f_„hs eˆn+ = eons[ oa[n+ =Or tˆf^+ F7++e_ln
mt…j+ = `ˆf^g†p_m mt„hn+ = n[p[mt+ =t [l[n„m+ = mt…e …m[mtn[f+m (p[as
*Cˆh]ts =>?*d…n m C„mj„l ifp[m‡*eˆhsp_cn `il^†na[nhcm \ctihs \ilt[mtn‡
b_fst_n_ f_b_n_nn m f„np[( bias [g‰as m_g lh_as _fŒl_( g…a [tih e_*
*p…m hs_fpn[hc mt[\„fsn cm ohn[ g_an[hofhc+ g_fs _m_nf_a l_„ h…tp_ cm
+b[mthim f_b_n_nn pifh[+

D[ [ g[as[l hˆp_h^…e mt_ff_gc `_dfŒ^…m…l_ [ 1c [ [f[nnc hs_fp*
n[hc ‡l„e ]m[e ‰as …ln…e_m_e( b[ imtn„fsihe…hn gch^ca \_fd_\\ b[nifb[n
*m[d„n hs_fp…h_e mt_ff_g…\_( ech]m…\_( n_llh…e_c\_ 7 gc…ln `imtn[h‡+e g_a
_nnŒf f_a[f„\\ l…mt\_h [t c^_a_h h_gt_ncm…aŽ n[h†np„hsie[n< Dcmt h_ec
*cm [tn [t [hs[ain e_ff [t c^_a_h [de‰ cmeif„\[h n[h†n[hc[ [hs[hs_fp…\Œf+
gchn [ g[as[l n[h†n‡h[e [ g[as[l h…jcmeif„\[h+ =tn„h [h…g_n( n‡n (
*if„b( mt_l\ …m bilp„n hs_fpŽ n[h†n‡( ec [ n[h†n‡e…jtŒ\_h mib[ m_ggcn



m_g b[ffinn m[d„n h_gt_n…h_eeˆfn…mt_n…lŒf( cli^[fg[l‡f+†l‡cl‡f m [tie
f_a[f„\\ lˆpc^( n„lascf[aim g…fn[n„m„l‡f( g[d^ [t …f_n\_hj„ha_lg„h(
^„eilig„h( p[as j„hmtf„p n[h†n‡n„lm[ch[e cta[n‡ ^†]mˆ†n…m…\ˆfm [ g[as[l#
†li^[fig as[f„t[n„\‡f n[hofd[ [tie[n g_a< Pip„\\ _tn g_a_h a_^hŠhe

+ h_g mt[\[^+ D[h_g ˆhnmŠhe mt_ff_g_n …m eigifsm„ain [t c^_a_h hs_f*
p_e n[h†n„m„\[+ RcasŠe nˆ\\l_ 1 …p [f[nn Œe_n [ hs_fp_f_g_ch…f+ =
n[h†n„m n_ld_^d_h+n‰f [ b…neˆth[jc hs_fp mtŽe eˆl…h m p_as_ `ˆf [hs[a„‰f(
b[ ecpih[nim[h cm( [tih hs_fp cli^[fgc nˆln…h_n…l( cmg_ln_mm_ g_a _as_m+
e†p„f‡\\ gŽl_g_e_cn mf_Šfˆhˆm_h m[d„n†nn[mm[ _f [t cli^[fgc hs_fp_n+
J„fohe _t cmeif[c …p _f_d_ ‡n[ jf+ ]mijilnihe…hn n[hofd„e hˆp_h^…e_c he
[ h…g_n hs_fp_n m[mt[en[h„l „ff†n„m[ mt_lchnsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBARUEff+ ]mijiln\[ \_imt*
ninn h…g_n[deo hˆp_h^…e_e oas[h]m[e nˆlce g[aoe[n( bias _as mt_\\*
f_†l„mn( …ln_e_t…mn( d_ff_gl[dtin+ ‡^„n p[as g„m p„fia[ninn mn†fŽ eˆf*
n_g…hsn g_a…lnb_mm_ h_e mn[ln[fg„l‡f g…fn‡[h mt„gin [^b[mm[h[e+

Dias[gofn[e…ln h_g [ mt[en[h„lie[n( b[h_g [ n[hn_lp _n e_ff+
ieithc( [t ca_h n_lg…mt_n_m( g_ln [+ n[hn_lp Šfn_nn_ ˆmmt_ masˆnˆln_
_as_hfŒ n[h[hs[aa[f [t cff_nŒ hs_fp\Œf d‡`ilg„h m_ggcn m_g# no^‡ m
[t [tih hs_fp_n n_fd_m_h \_mt…fŒ h…g_n( if„b( n‡n p[as bilp„n n[hof‡*
n„lm[e[n+ Qas[h_t…ln [t # ‰ d n[h n_l p c^_pih[neit‡ l…mt…n ‰as f_hh_
f_ab_fs_m_\\ ˆmmt_„ff†n[hc( bias7HGFEDCBA

7 ! [ g[a s [ l[d e ‰ hˆp_h^…e_e gch^_h n[h†n‡e…jtŒ\_h ]m[e [+
*h…g_n hs_fp n[hof„m„l[ eˆn_f_tn_mm_h_e m _tn m_ imtn„fsihe…hn( b[h_g(
e_t ^ Œ e…m b[f [^‡ ejihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAHXTUTW YOFmt_lchn n[hofd„e+

= ]mijiln*n[h†n„mh[e g…a [tih _fŒhs_ cm g_af_hh_( bias[h_g{
t_ncm…ac hˆp_h^…e_e bc„hsitp„h( e_p_m_\\ mt„g‰ hˆp_h^…e f_hh_ _as*
_as ]mijiln\[h m †as miee[f nˆ\\_n f_b_nh_ `iaf[feithc gch_̂h _as_m+
n[hof‡p[f +ifs`ilg„h( gchn [tn Ot[lp[m C„\ilh… _ `ifs‡cl[n gofn mt„*
g„h[e /3/+ f[jd„h ec`_dn_nn_+

8 ! =t c^_ a_h h_g t _ nc m…a Ž _ e $h…g_n_e( n‡nie( if„bie(
mt_l\_e …mbilp„nie% [ g[as[l hs_fp …m cli^[fig g_ff_nn imt n„f U ie( ++
p[as _m_nf_a g_a`_f_f3 ] m i jil nim † n„m mt_lchn `ieit[nim[hb[f[^d[*
h[e [hs[hs_fpŠe mt‡ech]m…\_h( mt[\„fs[c\[h( cli^[fgc hs_fp…\_h( gŽ*
l_g_e_c …m cli^( nˆln…h_fg…h_e _H[d„n†n„m„\[h g_acmg_l…m…\_h+ Atn
[tih\[h h_g ifs n_ld_^_f_g\_h …ln_g( gchn [ g[as[l hs_fph…f …m cli*
^[figh„f n[h†ndoe( b[h_g ]t…fmt_lŽ …m ˆhno^[nim \_imtn„m [f[jd„h ifs
g_hhscm…a\_h( g_fs [ g[a[m[\\ `ie‰ no^„mh[e# m e…mŒ\\c ˆhe…jt…mh_e
\ctnim [f[jd„‰f mtifa„fb[mmih+

9 ! = b[l g[ ^ c e hs_ .p ]m[e `[eofn[ncp_ n[h†nn[mm…e [tieh[e(
ece _fŒtŒ cmg_l_nŠe_n…mmt_lt_nn \_mt…fŒe…j_mm…aŠe_n nip„\\`_df_mtn_hc
‡b[dnd„e+

BˆfmtŒf[f„mig[n( g_fs+_f`iaof[nf[h …m ca[t n[j[mtn[f[nieih hsoamt†e+(
mt†p_m `cas_f_g\_p…n_f ]t…fd„\‡f[d„hfig [ n[hn_lp e…mt†nŒ[f\ctinnm„a8
…l^_efŒ^Œ `cas_fg…\_+

?m„enilhs[( .560+ g„dom l [*…h(
7 JQRcW N 4(GJW Y'
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=tih „ff„m( g_fs_n [t _g\_l [ h[as n_lg…mt_nn_fmt_g\_h _f_chn…h
_f`iaf[fn( \ctihs„l[ h[asih eŠfˆh\ˆtce [nn‡f( g_fs_n [ eˆfnŒe …m\ˆf]m_*
fŒe _aseil „fgi^n[e+ = e_^p_m e…j_e\_h( gce_h `[hn[tc„doe _fg_l_h*
a_nn( h_g pifn m_ggc ca[t+ =t c^cffc „ff[jinie( g_fs_e\_h [ g…a c`d‰
_g\_lcm…a_n_fe…jt_fn…e( mib[ …m m_bifm_g f…n_tn_e+ J_g [t [l[hs( b[h_g
[ eŒeilmt[ee[f e_t^Œ^ˆnn [t _g\_l nˆln…h_n_ gch^_hŠnn+ =d‡f_feŽ
j„mtnilie b_fs_nn( ece „f^inn …aˆp [f[nn( ^‰m n„d[eih( „ln[nf[hof …fn_e
hs„d[ce dˆp_^_fg…\Œf …m _leˆf]mˆmm…a\_h …fp_tn…e [ f_ancmtn„\\ \if^ia*
m„ain( [ p[f‡m„a \„l^if[nf[h bil^„e[n gon[n `_f( …bm…aa_f(p[^„ff[niee[f(
[t c^Œd„l„m pcmtihn[am„a[cp[f eŠt^p_( _mtg…f_nf_h no^[nf[hm„a\[ …me[d„h
ˆhˆmm…a\_ mŠfs_^p_( [bif [t [mmtihs l[\m„a\[h( [t [aaeil _fn[mt†np[
p[h( m_g\_l_p…mn j[l[h]mif [ mtŠem…a( mt_hn_m†n [ \[\ih„m mtie„m+

Efs_h _g\_l_e „ff[jin„\[ …j ifs e_p…mm… e…jt_fb_ndŠe \_f_ g[aoh*
e[n( gchn [ as_lg_e…\_8 ^_ h_g n_echnb_nŠhe _f [tih h_gt_^…e_esrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA^l^(
g„hs[cn‡f( [ g_fs_eh_e p„ff[ch „ffohe m [ g_fs_eh_e gohe[`_fb[fg[*
t„m[ e…j_tc l_„he h…tp_ [ no^ig„hsie g[c p†pg„hs[ch[e ech]m_m*
\„hs„d„n+

=t iem„ac ˆmtnˆh8 [ygc…lnm e…l^_ta_n…m_( g_fs [ as_lg_e[de„l‡f(
[ `_df_^_tŒ _g\_lc …ln_f_g …^_m e_t_mm…a_ as[h„hn b[hatce _f( [t [f[]mihs
gŽp_fŒ^…mc `ieih „ff‡ _g\_lh…f ifs [f[e\[h n[f„f ec_f…a†n…mn( g_fs [fca
…l^_gfc g_a [t iem„ac ˆmtnˆh _fh_p_t…m…n+

=t _g\_lcm…a _t_h eil„\[h g…a hch]m no^ig„hs( as_lg_eeil[ _t
h_gŠheh_e m gchn cfs_h mie\[h b[mihf†n [t _as_m _g\_l as_lg_e*
eil„bit+ R[f[gchn _g_t ecp„f‡[h [ h_g no^[nim eˆp_ne_tn_n…m_e eil[(
‰as \ctihs„l[ [ h_g no^[nim eˆp_ne_tn_n…m_e( n„gia[np[ [ecm…lf_nnŒf( (
p_t_nn…e [t _g\_lcm…a_n [t _fmŒ _mteˆtˆe( [ f_a_asmt_lŽ\\ a…j_e `_f*
`_^_t…m…l_+

Eas e_f_ne_t_nn [t _g_fnsŽ( b_ha_l( …e( \otia„hs( j[lcnns[( `op‡*
]mŒ( _p_tŒ( p†nilf[( eilg„hsl‰^( bilia8 †as p…al_ [ nŽt b[mth„f[n[(
g_fs [ \_mt…^^_f _asŽnn [ f_a\ctnim[\\[h p„f[mtnd[ _f [t _g\_ln [t
„ff[nn‡f( mŒn g…a [h[nigc[c n_echn_n\_h cm( gih^b[nhc eilgim nŠ^Œp_f
d_ftc Œn+

A e_lmt[e\[h [ gc e_^p_tŒ+ p[as e_^p_tŒnf_h( [e[l[n„n‡f h_g
`ŠaaŒ( p[as [tt[f _ff_he_tŒ( gchn e…hsmt_l†nŒ n_lg…mt_nc _lŒ mt_g\_*
mt„ffinn p_f_8 [\\[h _as +h_lhŠhe\_h g…fs_h asˆe_l_tŒ pih„m [f[jd„h(
]m[eh_g ˆhg[a„bit b[mihf‡( l_h^mt_lchn …lt…e_c _fŒnn _f\oleifn f…hs_e
gŽp_cn e_t^n_ f„nhc( ece_n mt[\[^ieh[e e…jt_fn [t Œn g[a„n eilf„nit‡+
[e[^„fsien‡f8 ^_ eŠfˆh\_h [t ˆp…cb_t b[mihf‡ \[l„nm„aim …m_ff_hm…a_m
nˆl_ep…m_ee_f( mt_l_n_nn_f…masŽfˆf_nn_f( b„f[^[nimm„a* …m\immt‰„ff„mm[f
lob„tinn `_f8 [ hscfp„hp[f‡ n_lg…mt_nc _lŒn mt_g…fs_mcn_hc cj[lei^inn
[tih l_g…hs\_h( bias [t cmg_l_nf_h `…f_fg_m b[n[fg[e[n g[a[ cl„hn
e_^p_tŒ_h b[haifd[+ A g[as[l„t[n [hh„f p[f‡mt•hŽ\\h_e f„nmtce( g_ln
oas[h_t_h `_f`ia„m( d‡ff_b_n ncmtn„\\ [f[e\[h( …mtl_p…nf_hŠfg…a+ g[ cm

I[as[l P[h†n‡e…jtŒ+ /O



„nb[nd[ n_lg…mt_nno^ig„hsc _fg…f_n_che_n+ I_ln `…fl_cmg_lb_nf_hŠf _t [t
_l_^_n_ [t _lŒ `ia[fg„h[e( g_fs [ no^ig„hs\[h [hhsc e„ln iei tinn …m
^[]t„l[ gch^_h `„l[^it„mh[e( ‰dl[ g_a ‰dl[ \_]m‰mtce+ = `_fh_g pcf„*
aimi^inn( no^ig„hsiee[f h_g `iaf[feit‡ `Œ g…a gimn cm _a…mteilhi*
fs[h [tih bcmt_g\_h p[h( bias cfs_h mt_g…fs_m†n…m „fn[f …lnb_nŒp… f_b_n
n_hhc [ n_mn_eh_e [t Šl_m n…l_h „n p[f‡ gita„m„n+ R[fdih gc\_h eŠfˆh*
\ˆtce [tih [e[l[n+ g_fs f_a‰d[\\ n_lg…mt_n\ˆf]m_fŒche mt_lchn [t [ni*
gie[n _asg„mbit Ž#fc( [t ‡eilh[e [7 jf[h…n„e[n g_af_#fe_m†nŒ cmn_h_cnŒf<

Pbig[m >o]ef_ [ ?cpcfcm[nci Pˆln…h_n_ ]tcgŽgŽp…\_h _fŒmtˆl [
aˆlˆaˆe_n d_fˆfc g_a [tih h…j as[h„hn+( g_fsh…f ( [ h[as n_lg…mt_n
nˆlp…hs_cp_f mt_g\_h g„l h_g ]moj [h [ jb[hn[mc[ ol[fei^inn _as*
if^[f‰[h …m `…en_f_hŠf( b[h_g g_ff_nn_( `ˆfˆnn_ ol[fei^p[…m [tn p_t_np_(
[ pctma„f‡^‡ _fg_ cm+ >„lg_hhscneˆf_mˆhˆtn_e cm _l_^_ncf_a [ aˆlˆaˆe
[t _asjnigc j[jien‡f( Œ h„foe g_lŠf `_f nˆln…h_fgcf_a _fŒmtˆl7 [ no^i*
g„hsim `_f`ia„mbit eˆt_f_^Œ n_lg…mt_n mt_gf…f_n_+

At [ d‡hc[c jbsmcifiaomie n[h[cp[f e_t^Œ^ce …m b[lg[^`…f mt„t[^
`ifs[g„h Ajceolh„f ifs g[a[ml[ b„a+ bias [t Œ n[h„\[h [t _lŒ g _a*
g[l[^„m„h[e nˆlp…hs_( g_fs_h [ g[c g_hhscm…an[hc jbsmc][ \Šmte_
(…jŽf_n_ [f[jof( g„l ]mcl„d„\[h `_fcmg_lb_nŒ+

D[ g_a`ihnifdoe [tih cmg_l_n_e_n( gcee_f [ n_lg…mt_nn[h eˆl…\_h
g„l Pb[f_m …m Lsnb[ail[m cm \†ln[e( ‰as f„nmtce( bias [t iem„ac ˆmtnˆh
g„l _f…aa… ec pifn `_dfŒ^p_ eiloe\[h [ll[( bias n_lg…mt_nn[hc cmg_l_*
n_ce\_h ectˆee_h…m h…feŠf nip„\\ b[f[^d[h[e+ @_ gce…hn [ eˆp_ne_t*
g…hs_e gon[nn„e( _t g„me…j pifn+ = #f„nmt‡f[a mie[n ca…lˆ e_t^_g…hs_*
t…m_e\_h h_g pifn g_a [ nip„\\e…jtŒ _lŒ+ =tih …p_tl_^ `ifs[g„\[h(
g_fs Pb[f_mn …m Lsnb[ail[mn [ hsoa[nl‡g[c \cli^[fig jomtnof„m„n‡f
_fp„f[mtnd[( _as_m mt_ff_g_e l_h^ecpŽfc g[a[mm„al[ _g_fe_^h_e( =lcmni*
n_f_m …m =l]bcg_^_m e…nm…aecpŠf [t _g\_lcm…a f_ah[asi\\ ien[n‡c eˆt…
milif[h^‡e( ^_ bias gcfs f[mm‰ pifn [ l…ac_eh…f [ n_lg…mt_n g_acmg_*
l…m…\_h p[f‡ b[f[^„m( _f…aa… gon[nd[ [tih d_f_hm…a( bias h…asmt„t
…pp_f =lcmnin_f_m on„h f_b_nm…a_m pifn _as ifs elcnce[ h…feŽfc †l‡( gchn
Lfchcom+ +

=t _g\_lc mt_ff_g `_dfŒ^…m…h_e nˆln…h_n…\_h e_p…m \„gof[nim[\\
d_f_hm…a `il^of _fŒ7 oas[h[tih h…j_e( g_fs_eh_e eˆfnŒc* …me…jtŒ*
gŽp…mt_nc [fein„m[c g…a g[ cm _fl[a[^h[e \_hhŠhe_n( g_fs_e[ g_n[*
jbsmc]„\[h( nˆln…h_f_g\_h …m diano^ig„hs\[h `ilg„l[ …m n[ln[figl[ h…tp_
gch^_h c^Œel_ gchn[mt_lŽn n_l_gn_nn_e( g_fs_e [t…e_mmt‡f„m\[h+b[^c*
no^ig„hs\[h( eˆtca[ta[n„m* …m diamtifa„fn[n„m\[h g…a gch^ca ien[n‡che(
[tie [ n_lg…mt_n g_acmg_l…m…\_h mib[m_g doninn[e n‰f [ d„nmtc bcmt…*
e_hsm…a …m h[cp bsjinb_mcmas„ln„m as_lg_e_m „ff„mjihnd„h+ Ot_ff_gŠe(m
g_fs …lt…f_`ˆfˆnnc _mtlh…fe_^…ml_ ce[lomc mt„lhs[e[n mt_l_n_nn f_\\_hn*
a_nhc( bcd„h pifn [ nŠl_fg_m g_aaih^ifnm„a h[e( bias _as_m(mtcail‰ [h
eˆlŠf†ln n…hs_e\Œf „fn[f„him ca[tm„aiebit _g_fe_^d…e `_f [tch^o]ncŒh[e
h_b…t( ^_ _as_^Žf \ctnim ˆlp…hs…h( bias [ f„nmt‡f„a _m_nf_a_mnŒf [
nˆlp…hsmt_lŽbˆt dommih `ieit[nim g‡^mt_l_mm…aa_H

H†nnliq += l…ac_eh_e [ n_lg…mt_nno^ig„hsie\[h p[f‡ _fg[l[^inn*
m„a„lˆf| …ln_e_tp…h( ca_h n[h‰fm„aim[h gon[nd[ ec( bias [ l…ac_e n_l*
g…mt_nn[hc …mtf_f_n_e_n h_g n_nn_e+ Dias[ f„n„mn n[hofhc e_ff( [srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAYQ`(



0387+

mcifiac[ + n[h†nd[( (^_ [t…ln [ +n_lg…mt_nn[h\[h d„l[nf[h h_g m_dnc( bias
#`ifsnih e_nnŒm e…j_e_n f„nohe( ^_ [tie[n _fb[hs[aifdoe =ton‡e…j_e_n( •
[t _f[fp„m _fŒnnc jb[hn[mg„e[n #]m[e e_p_m_h p_mtce …mtl(_+9877m[e/--

*…pp_f (_t_fŒnn `_^_tn_ `_f I[lcinn_( bias gch^_hce#mt_gŽhe\_h _as p[e
`ifn p[h( g_fs_n [ #eˆlhs_tŒ [f[j mt†h…p_fpihohe \_( [ g_hhsc\_h [t
*inn f_pŒ b…t[ah[e [ f„n„m g_t_d…\_h [ f_ap[`‡mt†hŽ\\ d_f_hnŒm…a_nsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
JMS]T) )

P_fd_m_h c^_a_h_e pifn[e [ l…ac_e [e†m…lf_nn_p…mg_mn_lm…a_ cl„hn(
[ g_fs\_h [ n_nmt…mnŒf`ŠaaŒ `_fn…n_f_e g_ff_nnc n_lpmt_lŽ …mtf_f_n+^Žm[h
9]m[jiha‡ jb[hn[mc„p[f …m g_aaih^ifn elcnce„p[f( ncmtn„hgi^_lh mt_ff_gc
gŽeˆ^…mm… `ŽtŒ^ce ˆmmt_( g_fs h_g ]moj„h \ct‡hsimm„ain n_l_gn [
n[j[mtn[f[nc no^ig„hsie\[h( b[h_g ‰d nŠh_g…hs_e_n cm bit f…nl_+

I„l Pb[f_m cmg_ln_ [ \ilimns„heŒ nof[d^ihm„a„n( m [ b_l[ef_mc eŒ
_l_d_( gchn d„n…emt_l h[asih cmg_l_n_m pifn [ l…ac_e _fŒnn(^_ Œe mib[*
m_g doninn[e n‰f _t_h b[n„mie_fmŒ …mtl_p…n_f…h( g_fs_e\Œf [t ‰d[\\
h…j_e mt_ff_g_ [ n…hs_eh_e _m aih^if[nieh[e _a…mt pcf„a„n `_dn_nn_ ec+

%% 4 6

= eˆt…jeil …dmt[e„d[ l„\ilofn [ eˆt…jn_ha_lh_e _aseil gch_̂h
h[as …mmt…j `…hs…\_h l[asia‡ j[lnd[cl[! m[ n_lg…mt_n _lŒch_e [
9l…ac_eh…f eŠfˆh\_h cm mt_a…hs_m b[f[^„m„n _a…mt_h …m bimmt‰ c^Œl_ g_a*
[e[mtninn[+ D[ `_fhscn doe [t ‰d[\\ n_lg…mt_nno^ig„hs nˆln…h_n…l( mt[gim
`ih„f [t( [f]bcg†mn„e E[\il[nilcog[c\[ m [ ]mcff[ad‡mie nilhs[c\[ p_t_n!
#bif [l[\m gŽp_fnm…aa_f n[f„feitohe( gchn ‰d eofnol_f_lhg_f+ Ehh_h*[tih*
\[h g…a h[as ‰n pifn( b„nl[ [t ca[tm„a n_gjfig„h[e ]m[e eŠmtˆ\…ca
fO+ D[ pcmmt[n_echnŠhe [tih g[d^h_g p…an_f_hm…ah_e f„nmt‡ g_tŒl_(
g_fs [ n_lg…mt_nno^ig„hsie ‰d[\\ gŽp_f…m_ …m [ big„fsim b[d^[h
eˆtˆnn _fhs‰fce( g[d^h_g g_a`iab[nf[hh[e f„nmtce _fŒnnŠhe( bias _aseil
[ f_ag…fs_\\ aih^ifeit„m e_ff_nn [bbit( bias `_f`_^_tt…e [t [hs[ah[e
n_b_n_nf_hm…a…n( p[as [ gita„m _fmŒ nˆlp…hs…n( g_fs mt_lchn p[f[g_fs
n_mn gita„m[ eŠfmŒ ie +h…feŠf g_a h_g p„fnitce+

I…a C[fcf_c [tn bcnn_( bias _as n_mn( j+ [ p†t( eˆl\_h gitiab[n
[7# h…feŠf( bias p[f[gc eŠfmŒ ie _b_t [ j„fs„bit# eˆnh…( G_jf_l j_^ca
[ gita„m nˆlp…hs_cn cff_nŒf_a …j_h Lsnb[ail„mc [f[jih „ffinn+O †as( b[(
g_aaih^ifdoe( bias [t _g\_lcm…a cnn/ …p_tl_^ ‡n[ h_g git^ofn ec
b_fs…\Œf( [hh„f che„\\ ]mi^„feitb[nohe [ gimn eˆp_ne_tŒ `_dfŒ^…m asil*#
m[m„a[ `_f_nn+ Icb_fsn [! _g\_lc mt_ff_g [t cl+^o]ncp(n_lg…mt_n\‰p„lf[n
`ˆf^d…l_ f…j_nn( [tihh[f ^c[^[fg[m[h `oninn \_ _as j„fs„n(g_fs Œn#[7
h_ec l_h^_fn f_ah[asi\\ g[a[mf[nl[ _g_fn_( g_ln ]m[e 2- …p p„f[mtnd[
_f C[fcf_cn( [ J_qnih*`…f_ jlch]cjcogie g_ad_f_h…m…nŒf( m [t _lŒ* g_a*
g[l[^„m„h[e H_c\hcnt „fn[f l353*\[h p[f‡ `ilgof„t„m„n‡f+ Aee…hn „ffinn
\_ [ jbsmc][c …m ]b_gc[c `ˆf`_^_t…m_e asilm _asg„mon„lnd„\[h [tih( eil(
g_fsh_e „f^„m[c\[h g[ …fŠhe+ + (

Aa…mt_h g„m pcf„anˆln…h_n_n f„nohe cnn( gchn [t( !g_fs l_h^_m_h+
_ h_p_n pcm_fc( m …j [t…ln [tn( n_echnb_ndŠe [t _g\_lc h_g wp[f‡^c nˆnn…F(F
h_n…h_e()VNU`) [t _g\_lh_e [ mˆn…n m_dn_fg_eeil„\‡f p[f‡ `ieit[nim
ec_lh_fe_^…m…n( +[ h[as n_lg…mt_n #`ˆfˆnn gch^che„\\ ar[n[ji^‡ ol[fg„n ( QPONMLKJIHGFEDCBA

+,$



[ \[\ih[ \…e‡c\‡f p[f‡ ecmt[\[^of„m„n( m [tih ]t…fiebit p[f‡ `ifsnihim
eˆt_f_^…m…n gon[nd[ g_a h_eŠhe( [ g_fs_e [t _g\_ln _g\_ll…n_m[ce(

=l]b†lh_^_m `ifsnih _as [hs[ac jihnin ecp„hn( bihh[h [ `ˆf^_n
+ g_agit^†nb[mm[( b[ gc _t_h „ff„mjihnl[ b_fs_te_^Šhe( j[l„hsch[e nŽhce8
`_f [t _g\_lc h_g( ^_ h[asmt_lŽ_e [ n_lg…mt_nn_f mt_g\_h p…ab_t pcnn
gŽp_f_n_c …m piht‡ [ #mt_ff_gc b‡^†n‡ b[^d„l[nie nˆln…h_fg_+

Ice…hn _t_h nˆln…h_f_gh_e g„m _gf…ef[jd[c p[hh[e( gchn [ jifa„lc;
nˆln…h_f_gh_e( [e…hn g„mie [ `_d_^_fg_c …m bŒm_c cm7

C[fcf_c [ .3+ mt„t[^ p…a…h [ jcm[c _as_n_g_h pifn [ n_lg…mt_nn[h
n[h„l[( m inn `_^_tn_ `_f [ mt[\[^ih _mŒ n_mn_e nˆlp…hs…n+

=nqi^( [ ][g\lc^a_c _as_n_g_h pifn n[h„l( _mŒa…j…n .441*\_h mt_l*
e…mtn_nn_+ Ocl Em[e J_qnih .4/i*\[h oas[h]m[e[+ ][g\lc^a_c mtcf`„e [f[nn
_fg…fe_^p_ `_dn_nn_ g_a [tih h[as jli\f_g„n( bias gch^_h n_mn pihtt[+
[ g„mce[n+

G_jf_l .3/-*\[h eig\ch„fn[ [ \ifsa‡e e_lŽf…e [f[e‰ gita„m„n8
g_fs_eh_e as‰jihnd„\[h p[h [ h[j+

?[p_h^cm]b \ctihs†ninn[ \_( bias [ n_mn_e [tih „fn[f„him nof[d*
^ihm„a[( g_fs mt_lchn _asg„mn pihtt„e+ n[lnd[ g_a [t …ac n_mn_e_n j„*
fs„ceih …mc^…tc _fŒ [ n_mn_e _m…m…n [ `ˆf^ˆh+

= n_mn_e mt_le_t_n…n cff_nŒf_a h[asih _fn…lŒe pifn[e [ n_lg…mt_n*
\‰p„lie h…t_n_c( Lsnb[ail[m 24-+ Gl+ _+ p†t\Œf…mjil\‡f [feinn[ [
pcf„ain+ +

Lf[nih …m =lcmnin_f_m n[h†np„hs[ D_l[]f_c^_m pifn [t _fmŒ(ec [ g[c
n_lg…mt_nn[hh[e m[leeˆp…n f_n_nn_( gc^Œh [tn „ff†n„( biasgch^_h ]m[e
gita„m( gch^_h n_lg…mt_ncnŽh_g…hs ]m[e p„fnit„m( „n[f[eof„m+

@_gielcnim 1--+ Gl+ _+ [f[j†n„ g_a [t [hs[a*mt_le_t_n g[c _fg…•+
f_n…n( ecgih^p„h( bias [t [hs[a f_aecm_\\l…mt_]m_f[t [nigie( j[l„hsie+

= jbsmc][c hsoap„mn[h( mn[nc][ [f[jd„n =l]bcg_^_m p_n… g_a( g†a [
gita„mn[h C[fcf_c \‰p„lf[n[ch [f[jmtce+

=l]bcg_^_m( gc^Œh [ n_lg…mt_nn[h [tih [f[jnˆlp…hs…l_ doninn(
g_fs [ n_mn_e `[dm‰fs„n g_a„ff[j†nd[( g_fs [ n_ha_lc* …m f…ab[d‡t„mh[e
d‡n…n_g…hs_cn [t _g\_lcm…ah_e bitt„`…lb_nŒp… n_nn_( Dc_l+‡ Ocl[]om[_ec*
l„fs„n‡f[tih g_a\†t[n„mn hs_ln_( bias [t „fn[f[ e…mt†nn_n_nn [l[hs ei*
lih[ `chig n[ln[cg„n job[nifd[ ec8 [ l‡f[ h_p_t_nn _fpl_ `Šl̂…meˆt\_b
dˆnn l„( `_fn[f„fn[ [ `[dm‰fsn+

= f…ahsoap„mn[h\[h Pilc]_ffc .311*\_h dˆnn [tih `_f`_^_t…ml_( bias
[ f_p_aˆ m‰fs„h„f `iap[ hsig„mn as[eilif [ `ˆf^ˆh f_pŒ n_mnl_+ . H
f_p_aŒ: .#0 al+ = `Šaa…fs_m f…aimtfij m‰fs[ 43- gcffcg+ bca[hs( p[asHGFEDCBA
) ( ' p†timtfij m‰fs„p[f _as_hfŒ+

=t _fmŒ >[lig_n_l p[as f…am‰fsg…lŒ Pilc]_ffc n[f„fg„hs[+
= f…amtcp[nns‰n Co_lc]e_ Knn‡ n[f„fn[ `_f .32-+\_h( [# mŽl†nŒ f…a*

mtcp[nns‰ >isf_ n[f„fg„hs[8 [t _fŒ\\c( g_a`il^†ninn mt_f_j_ee_f+
= aŒth_e ifs h[as bil^_l_dŽ …m eilmt[ein [fein‡ `_fb[mth„f„m[

n_echn_n…\_h7 f_a_fŒmtˆl [ `l[h]tc[ L[jch dˆnn .36i*\_h [tih aih^if[nl[(
bias [ aŒt hsig„m„p[f ^oa[nns‰n gita[mmih …m [tt[f a…j_n b[dnmih+
Qn„hh[ [t [haif J_q]ig_h .4-2*\_h p†tmtcp[nns‰ b[dn„m„l[ mt_le_mtn_nn
_as ifs[h a…j_n( g_fs\_h [ ^oa[nns‰n [t [f„d[ \i]m„ninn aŒt _g_fn_
`_f m [eeil _tn [ aŒtn bc^_a p†tt_fE_bŽnp…h( [t †as g_aecm_\\_^_nn



hsig„mm[f mt_g\_h [ eŠfmŒ f…ahsig„mb[dninn[ f_ [ ^oa[nns‰n+ A ]t…f*
\‡f [ b_ha_l `_fŽf hscnp[ pifn+ S[nn F[g_m [ .5+ mt„t [^ p…a…h [tih
p„fnit„mn n_nn_ J _q]ig_h a…j…h( bias `_fŽf cm \_`_^n_ [ b_ha_ln m [
*^oa[nns‰n gch^[e…n cl„hs\[h aˆtt_f hsig[nn[+ Att_f `_f +pifn n[f„fp[ [
g[c aŒta…j( g_fs_n [t‡n[ g…a mie\[h nˆe…f_n_m†n_nn_e+ D[d‡e b[dn„m„l[
+Bofnih .5z4* \_h [fe[fg[tn[ _fŒmtˆl mce_ll_f [ aˆta…j_n+ D[d‡eh„f [ a…j
p[as [ e…n if^[fih f_pŒ f[j„nim e_l_e_e_n( p[as j_^ca [ b[d‡ \il^„d[
[f[nn _fb_fs_t_nn ]m[p[ln `ila[nd[+I†h^e…n _m_n\_h [ p†th_e †as `_f…\*
*l_mtn_nn _ff_hb[n„m[ pcmtc _fŒ\\l_ [ b[d‡n+ =t _fmŒ + fieigin†p .5.1*\_h+
*On_jb_hmih Csˆlas n[f„fg„hs[+

= b[han[h eˆl…\_h pcmmt[g_b_nŠhe [ f_al…ac\\ c^Œeca( g_ln _g*
\_l_gf…e_t_n ‡n[ b[mth„fn[e …m cmg_ln…e g„l [ b[haie \ctihsim mt[\„fs*
mt_lŽ ˆmmt_eˆnn_n…m_ch_e b[n„m„n [t _g\_lc e_^…fsl_+ =t _fmŒ( ec [ t_h_
*_flh…f_n…n jbsmce[c eon[n„miee[f as[l[j†ninn[( Lsnb[ail[m pifn( Œ gih*
*^inn[ ec( bias[ b[ha [ n_mn_e l_ta…m_ „fn[f e_f_ne_tce …m bias [ l_t*
a…m [ f_p_aŒn \ctihsim gita„m\[ bitt[( g_fs `ŠfŠhebˆt …lp_(inn [
b[ha …lt_n…n e_fnc+ A l_ta…mn( p[f[gchn [ f_p_aŒ gita„m„h[egchŒm…a…n
*]m[e [t od[\\ c^Œ\_h cmg_ln…e `_f e_ffŒ b[n„litinnm„aa[f(g_ln ]m[e [
.5+ mt„t[^ ‡n[ no^doe+ bias [ n_mn _a…mt\_h l_t_a …m [ b[ha [ f_p_aŒ

boff„gt„m[ ‰nd„h don `ŠfŠhebˆt+ BŠfŠhe ^i\b„lns„d„h[e gita„m[( b[ _f…a
*asilm[h g_as p…a\_( ^_ \ctihsim b[n„ln n‰f h_g b[f[^( [ b[ff‡ mt_l*
p_e „fn[f [t [as\[ p_t_np_( gchn b[ha dˆh no^ig„mohel[+ lOt [*\_h
+mt„g†nn[ninn ec( bias [ b[ha m_\_mm…a_srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA& .3- f_p_aŒ\_h g„mi^j_l]t_h*
e…hn 01-#5 g…n_l( [ p†t\_h (j_^ca( gchn di\\ p_t_nŒ eˆt_a\_hoas[h*
]m[e g„mi^j_l]t_he…hn .102 g…n_l+

>[]ih gih^inn[ ec( bias [ b[ha ifs[h nˆlp…hs_e mt_lchn p_lŒĉe
pcmmt[( gchn [ `…hs( _ e…l^…mn J_qnih bitn[ ncmtn„\[ [ boff„gt‡ gita„m
_fg…f_n…h_e g_ t[f[j†l„m[ „fn[f+ D[ p[f[g_fs b[ha ‰as p_l_nce pcmmt[(
bias [t _l_^_ncnŒf eŠfˆh b[ff[nmtce( pcmtb[ha „ff _fŒ( nˆ\\mtˆlˆm [ pcmt*
b[ha [eeil+ b[ [ b[ha nˆ\\( eŠfˆhbˆtŒ n„pifm„a\[h f_pŒ n„lasn‡f p_*
PŒ^ce pcmmt[+ =[amL[q `_fn[f„f‡d[ Iilf[h^ .34i*\_h+

= t_h_ …m tˆl_d eˆtˆnnc eŠfˆh\m…a [\\[h „ff( bias [ tˆl_d mt[*
\cfsn[f[h‰f _asg„mon„h eˆp_ne_tŒ fˆe…m_e\Œf _l_^( gca [ t_h_c b[ha
mcg„h( _as_hf_n_m_h `ifsce( gc^Œh _as_hfŒ b[haboff„gie( _as_hfŒ c^Œ*
eˆtˆe\_h …lce b[ff‡ mt_lp_che_n+ = t_h_c b[haie( eŠfˆh\ˆth_e _lŒmm…a*
\_h( g…fsm…a\_h p[as g[a[mm„a\[h …m d_ff_a\_h+

= f_ag…fs_\\ b[ha _asg„mi^j_l]t\_h .3 l_ta…mn p…a_t( gca [
f_ag[a[m[\\ t_h_c b[ha l_ta…m_ch_e mt„g[ . g„mi^j_l]t\_h 01---+

= b[hapcff„ejihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 b[had[ _as g„mi^j_l]t\_h 11- l_ta…mn p…a_t+
Ich…f g…fs_\\ [ b[ha( [hh„f bimmt[\\ [ boff„g[+ [ `…l`c \_mt…̂d_

„fn[f _fŒc^…t_nnb[haboff„gie 0*1 g…n_l bimmt‰[e( [ hŒc \_mt…^ b[ha*
boff„g[ U"2 g…n_l bimmt‰+ #

Ich^_h . oa„hsim n_mn \ctihsim b[haa[f \†l( m cas l_ta…m h_e ch^‰f
gch^[hhscmtil( g†^Œh eˆt_f…\_o [ h_ec g_a`_f_fŒ b[hain g_amt…f[fn[n*
doe( chh_h g[as[l„tb[n‡( bias h…g_fs ^ˆla…m [fe[fg„p[f [t [\f[en„\f[
cm p_f_ b[hatce+# #

9 pcff[gimm„a _fmŒ eon[n„m[c mtchn…hpcmmt[hs‰fh[e [ f_al…ac\\ 6O*
eil\[( g†ah_g [ b[n[fg[m p†pg„hsie g„l _a …mt_h*[t ‰deil _l_̂ g…hs_c+



= aˆlˆaˆeh…f Pb_ijbl[mnom+ [ l‡g[c[eh[f Lfchcom _gfcnce [ \ilimns„h*
eŒh_e [tih nof[d^ihm„a„n( boas ^ˆltmˆf…m on„h eˆhhs_\\ n_mn_e_n g[*
a„bit piht+ Ccf\_ln l Œii*\[h `_^_tn_ `_f( bias Šp_a …m j_]m…npc[mtcm(
b[ m_fs_gg_f p[ac as[jinn[f ^ˆltmˆfn_nh_e( mtchn…h piht‡ e…j_mm…aa_f
\†lh[e+

@o`[s .40-*\[h pcff[hsitn[ _fŒmtˆl [t _g\_lc n_mn_n( Œ „ff[j†ninn[(
g_a _fŒmtˆl [t Šp_a …m as[hn[ pcff[gimm„a„n( gcn Bl[hefch Lbcf[^_f*
jbc„\[h #E42-*\_hsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA& …m * pcff[hsimm„ah[e h_p_t_nn+jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

&a % = gŽp_fn pcf„a mt„t[^ohe[n [ aŒt …m p[m‰n[e mt„t[^„h[e h_p_tn_ •+
g_ln ]m[eoas[h _ `ihnim n[f„fg„hs( g_fs g_amtŽhn_nn_ [ h[as_g\_lc n„lm[*
^[fig n[ad[ch[e _fmtca_n_fnm…a…n( n…l* …m c^Œ n_echn_n…\_h ecmt„g†nb[nf[h‰f
eˆt_f_\\ bitn[ _asg„mbit [t# _g\_lcm…a_n( b[^„mt[nc …m Žtf_nc n_echn_n*
\_h g_ag…lb_nf_h _fŒhsˆe_n p†pinn ec( ol[fn[ _a…mt [ f_aon‡\\c …pnct_^ca
[ .6+ mt„t[^h[e n_lg…mt_nn[hc \‰p„lf[n[cn( gcah_g A^cmih =fp[ P[g„m(
mt„t[^ohe _ h[as `_fn[f„f‡d„h[e `cas_fg_ [ pcff[gimm„a `_f… cl„hsofn m*
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…m \_mt…^ b[had[cn Œltc g_a [t on‡eil mt„g„l[( [ gseli`ih gch^ [t+
Œ n[f„fg„hs[c m [ll‡f asŒth_e g_a \_hhŠhe_n( bias[ h[as n_lg…mt_n*
\_h g…a mt„gn[f[h( h[jd[checa `_f h_g `_^_t_nn _lŒ jcb_h l_dn_eb_fs…h(
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+Gˆtfˆhs dohcom E*c mt„g[ eˆtfc [eofnomtlh†hcmtn…lcog Šaseˆl…\_*
n[lnit‡ „ff[gc ncmtnpcm_fŒe l[ha`ieit[n„n …m [ eˆtien[n„mc gchcmtn_l+ [tih8
l_h^_f_n…l( [ g_fs\_h echscf[neitn[nd[( bias[`_fmt‡f[f„mieh[e b [ l*
gch ] t h[j i h \_f Œ . b_fsn [^ …m [ m…l_fg_e_n( [ g_hhsc\_h [tie
diaim[e …m g…fn„hsim[e( ilpimifhc `iad[+ D„f„m _fcmg_l…m cff_nc [ gchcmt*
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n_mnŠf_n_n …l^_efŒ m…l_fg_n `_f_gf†n_hc m [tieh[e _fb„l†n„m„n [t ca[tm„a(
[ nˆlp…hs_m dia( [t Šas …l^_e…\_h mŠlaŒm_h e…lhc+ (

Pˆl p …hs mt_ l chn[ e…jtŒchn…t_nc ca[ta[n‡e[n+ …m #l_h^_m n[h„*
lie[n [ eˆt…jcmeif[c[ee[f _as_hfŒ l[ha …m `ct_n…m cff_nc g_a+ = l[ha*
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milit[n [ nˆlp…hs _t_h eˆp_n_fg…hs…n]m[e *l…mt\_h( [ `Œp„limc n[h„liel[
hwtp_ [fe[fg[tt[ mtcail‰[h( [ pc^…ec_eh…f g„l f…hs_a_m _fn…l…m_e gon[n*
eith[e l[ha\[h …m `ct_n…m\_h8 oas[hcm7 Z
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n…mm_f [ REfE+ `ct_n…mc imtn„fs eˆt…jmŒ `ieit[n„\[ militn[nn[e( *[^^ca [
pc^…ec n[h†n‡e…jtŒ*chn…t_nc ca[ta[n‡e .1-- `ln nˆltm`ct_n…mm_f oas[h_t_h
imtn„fs f_a[fm‡ `ieit[n„\[ militn[nn[e+ Z

/+ I†a [ 021 pc^…ec eˆt…jcmeif[c l_h^_m n[h„l eˆtŽf .5*[n( n_b„n
OK,i*in( .1-- `ln nˆltm`ct_n…mm_f [ REfE+ imtn„fs [fm‡ `ieit[n„\[( .34*_n(
p[ascm 14- , i*in( .0-- `ln nˆltm`ct_n…mm_f [ ET+ imtn„fs f_a`_fmŒ `ieit[n„\[
…m ]m[e .46{_n b_fs_tn_e [t ./-- `ln nˆltm`ct_n…mŽ eˆt…jmŒ `ieit[n\[(
[^^ca [t ˆmmt_m pc^…ecn[h†n‡e…jtŒ*chn…t_nc n[h„lie[n $mt„g mt_lchn 32*ˆn%
./-- `ln nˆltm`ct_n…mm_f [ ET+ `ct_n…mc imtn„fs eˆt…jmŒ `ieit[n„\[ militn„e+

= nˆlp…hs( [ gchcmtn_l ‰l ecd_f_hn…m_c( [ e…jpcm_fŒb„t b[n„lit[n[c
mt_lchn _t †as h_g g[l[^b[n( Z eŠfˆg\_h pcmmt[_mŠhe [\\[ [ l…ac lh…f*
n[nf[h( [ n[h†n‡e…jtŒ*chn…t_n_e n[h„l[cl[ g_a[f„t‡ „ff[jin\[( bias `ct_*
n…mŠe [ eˆt…jcmeif[c n[h„lie…h„f /--*0-- `lnn[f e_p_m_\\( #

0+ O…l_flh_m [ \_imtn„m\[h [t cm( bias [t im mt_ mm_a…^n[h„lie[n(
n_b„n [tie[n cm( [ ece *.-*(*/- …p_ mtifa„fh[e( _ff„n„mc cff_ng…hsŠe_n
nˆltm`ct_n…mŠf_\_ mt„g†np„h( 5-- `ln nˆltm`ct_n…mm_f [# T+ `ct+ imtn„fs f_a*
[fm‡ `ieit[n[\[ militn„e+ Ot„gn[f[h# ie\‡f h[asih g…fn„hs im pifh[ [t+
bias f_a[f„\\ cm [ b„lig …p ‡n[ mtifa„f‡ m_a…^n[h„lie[n [ g„mi^ce

+…m _fmŒ `ieit[n\[ $6--( .--- `ln nˆltm`ct_n…mm_f% militt„e \_+
1+ I…fn„hsn[f[h [t cm( bias [ m_a…^n[h†n‡hŒe nˆltm`ct_n…m…\_ h_g

mt„g†nd„e \_ [t _fn[ln„mc ^†d[n( gchn [ m_a…^n[h„lie…\[ m †as _ e…n`…f_
_as_hfŒ ep[fc`ce„]tc‡d‰ …m b[n„meˆlŽ n[h_lŒe `ct_n…m…\_hh[as _fn…l…m p[h( +

2+ I…fs_h _fe_m_l†nŒ …m mt…as_hf_n_m ^ifia [t( bias 3.n[h†n‡e…jtŒ
n[h„l …m n[h†n‡hŒ $[ as[eilfŒcmeif[† n[h†n‡e( [ t_h_*( l[dt* …m nilh[*
n[h„lie( [ m_a…^n[h†n‡hŒe% p[hh[e [ TE+ `ct_n…mc imtn„fs\[militp[
2--*4-- `ln nˆltm`ct_n…mm_f m bias g…a di\\[h ch^ieifwh[e f„mm…e _t [
\_imtn„m( lfh_p_tce Œe_n yn[h†n‡em*h[e+At [t .535+ h…jien[n„mc nˆlp…hs
„fn[f cm b[mth„fn _fh_p_t…m b_fsn_f_h( g_ln mie p[h [ TE+ imtn„fs\[7 mi*
lit[nn[e eˆtˆnn ifs[h( eceh_e ep[fc`ce[]tc‡d[ …m gohe[eˆl_ cm g_a_as_tce
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[ ]t†g_e\_h p[f‡ g_aeŠfˆh\ˆtn_n…m „fn[f cm+

Oib[ m_g nŠhn_e g…a `_f ifs mt_g\_ˆnfŒf_a [ n[h†n‡e…jtŒ n[h„lie
e…nm…a\__dnŒ _fŒf…j…mc pcmtihs[c( gchn _ l[hamilit[n\‡f+= .-/ `Œp„limc
…m pc^…ec l_h^_m n[h„ll[f mt_g\_h 51 [f[]mihs[\\ `ct_n…mŽp„l[eitce [
l_h^_m n[h„ll„ _fŒf…jn_n…ml_+ @_ b„hs[h …lb_nce _f [tn< ?m[e h…b„hs[h
.-*.2 _mtn_h^_c mtifa„f[n on„h( [ f_anˆ\\_h j_^ca mib[m_g?At_eh_e
[ mtigil‰ mtifa„f[nc pcmtihsieh[e e„lim eˆp_ne_tg…hs_c g„l gimn cm
mie b_fs_h …l_tb_nŒe m [ n[h„lie n[j[mtn[fn Šasmt_l_n_n…l_…m _lŒm gi*
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3+ Oie m…l_f_gh_e mtŠfŒ ie[ [ nˆlp…hs [tih chn…te_^…m…h_e \_nŽ
mt_lchnc …ln_fg_t…m_( bias [ l[ha`ieit[n g_a„ff[j†n„m[ gdh^ca [t onifm‡
e†h_p_t…me_fn…nŒf `Šaa+ GŠfˆhˆm_h [ n[h†n‡e…jtŒ chn…t_n_eh…f e_lŠfn_e
_t „fn[f l…ac …m …l^_g_m mtifa„e [t od[\\[e…m e_p…m\\… …l^_g_m_e
gˆa…+ = nˆlp…hs \_nŽd_ _ha_^b_nh_ h…b[ [ g…fn„hsimm„ac mt_gjihnieh[e+
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pcm_fŒch_e( * p[f[gchn [t _t_h gchcmtn_lcog b[n‡m„a[ [f„ n[lnit‡

eŠfncmtnpcm_fŒeh_e l[hamil„n [t _as_m ˆmmt_m†n_nn f„nmt„gie\[h+

Ichnbias gch^_h „ff[gc ncmtnpcm_f<i_e ca…hs_ p[h [t „ff„m„p[f

_as\_eˆnˆnn `ct_n…mcimtn„fs\[(h l_h^mt_l_m†n_h^Œ `ct_n…m_e eˆtw [tt[f [

`ieit[nn[f d„l‡ `ct_n…ml_( [ g_fsŒn[ p_f_ _as f…nmt„g\[ n[lnit‡ ncmtn*
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pcm_fŒe eˆtˆnn l[hamil[ mt_lchn g_acff_nc( mtŠem…a_mh_e n[lnig _ l[ha*

miln [t „fn[f[g ec[^inn _ Dcp[n[fim Gˆtfˆhs| `+ …pc dohcoml*…o g_ad_*

f_h_h^Œ( m [t _tn eˆp_nŒ f_aeˆt_f_\\c mt„g„\[h ifs ]t…f\‡f eˆtˆfhc(

bias _ gchcmtn_lcog [fe[fg[tinnd[† eˆtŠf gch^_hec [ll‡f no^ig„mn mt_*
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ca[ta[n‡m„a in( [ n[h`_fŠas_fŒm…a_n nip„\\c chn…te_^…m p…a_nn …ln_m†n_g+
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him …meˆt…f_nŠhe g†h^_h „a„n ecm_\\*h[asi\\ g…ln…e\_h …lchnc+ I„w
if^[fl‡f n[a[^b[n[nf[h( bias [tih …l^_efŒ^…m( g_fs g„l _^ĉa cm ifs
mie[e[n p…f_g…hs_ceh_e [t Šas `ˆfˆnnchscfp„h†n„m„l[ e…mtn_n_nn( _f…aa…
n[h‰mei^ce [hh[e `ihnimm„a„l‡f+ J_g m[d„n _lŒcg\_h p[f‡ n‰c\ct[ei^„m
n_b„n [t( g_fs _ha_lh cm niff[n l[a[^hc e…mtn_n( b[h_g [tih eˆn_f_mm…a*
…lt_n( g_fs [tn gih^d[( bias cfs `ihnim Šas g_aif^„m[ ]m[e [eeil
mce_lŠfb_n( b[ [bbit gch^_h n…hs_tŒ n_b_nm…a…b_t e…j_mn bitt„d„l‰f+

Efs mieif^[f‰ …m mt…f_meˆlŽ f…p…h [ e…l^…m_m n„las( h[as*ih n_l*
g…mt_n_m( bias m_hec m_g ca…hs_fb_nc g[a„h[e( bias [hh[e gch^_h
[jl‡ l…mtf_n…l cff_nŒf_a ]m[fb[n[nf[h g_aif^„mc g‡^it[nin [d„hfb[n p[as
„ff†nb[n `_f+ = `Œ ^ifia [t( bias [ f…n_m†n_h^ˆ nˆlp…hs [ . [j _fp …jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANJ
h…tp_ dˆddŠhe ncmtn„\[8 b[ _t_el_ h…tp_ g_a„ff[ji^nohe( [ l…mtf_ne…l*
^…m_e g_aif^„m[ [ eŠfˆh\ˆtŒ cff_ …e_m n…hs_tŒe bitt„d„lof„m„p[f h_g
`ia eŠfˆhˆm h_b…tm…a_n ieithc+

Ich^_h_e_fŒnn [tih e…l^…mn \„nilei^ig `_fp_nhc( bias p[ddih f_*
b_nm…a_m*_ eˆtien[n„mohe _asce n[ad„h[e( ([ h…jh_p_f…mh_e _feŠfˆh†n_nn(
[ nˆ\\c_elŒf n_fd_m_h `Šaa_nf_h g_aif^„m[< A e…l^…ml_ b[n„litinn[h
h_gg_f e_ff `_f_fh_g+ J_g j_^ca _fŒmtˆl n„lasc( g„mi^mtil [f[ec mt_g*
jihn\‡f+ P„lasc mt_gjihn\‡f [hhsc\[h( [ g_hhsc\_h( b[ [t [ e ˆtie*
n[n„mŠas nˆ\\c „a[c n‡c _feŠfˆh†np_ if^[ nce g_a( ca_h eˆhhs_h g_a_m*
b_nce( bias g„m _fp_e hs_lh_e \_hh_ ec`_d_t…mn(g„m mt_gjihnie
donh[e \_hh_ …lp…hsl_( gchn [ nˆ\\c_e\_h+ =f[ec mt_gjihn\‡f [hhsc\[h(
[ g_hhsc\_h [ eŠfˆh g_aif^„m g_ff_nn _asce*g„mce `[dn[ chn…tg…hs
ca_h eˆhhs_h ifs eŠfmŒ n[aifnm„ain hs_lb_n( g_fs g_ff_nn [tih chn…t*
g…hs_e( [ b_fs_nn( bias _asg„m ]t…fd[cn as„gif†n[h„e( [tie[n as_h*
a†nce( _asg„m ‰n[cn e_l_mtn_tce+ +

J_g [e[lp„h cmg…nf…m_e\_ \i]m„neithc+ _b_fsŠnn+ ]m[e on[fie
[tiel[( g_fs_e_n …h cm eŠfˆh\ˆtŒ b_fs_e_h * I+ P[hŠas( I+ n[h†n‡*
e…jtŒ( L[_^[aiacog * _fgih^n[g+ g„mie g„monn _fgih^n[e+ J_g
b[asb[nig [tih\[h [hh[e `_f_lhf†n…m…n( bias …h ?ig_hcomh[e e ilohe
eˆtien[n„m„l[ p[f‡ d_f_hnŒm…a…n( h_g [t8Œ( n[a[^b[n[nf[h‰f gimn fm
g_amt†pf_f_h^Œ( g_nbi^ce[c l…mtf_n‰n[m†n„m[c\[h( gchn che„\\ [\\[h n[*
f„fig( bias Œ [t _a…mt eŒtien[n„mn [ \ˆf]mŒnŒf [t _as_n_gc n[h`ifs[g
n_fd_m \_t„l„m„ca gchn mt_lp_m _a…mt_n {`ian[ `_f+ At [t ie[[hh[e( bias
…h [ N[nci A^o][ncihcmn gch^_h d_f_hf_a …lp…hs\_h f…pŒ eˆtien[n„mc
nˆlp…hs_che `ˆfˆnn „ff‡h[e n[lnig+ J[as d_f_hnŒm…aŽ jlch]tcjcog [
N[nci*\[h [ eˆtien[n„mh[e „ff[gc †hn…tg…hshs… p[f‡ _g_f…m_8 ^_ _t
[hh[e ]m[e eŠfmŒ `ilg„d„n( eŠfmŒ f…n_t…m…n …lchnc7 miee[f `ihnim[\ [\\[h(
mt_lchn_lh_hh…f [t( bias „fn[f[ _t chn…tg…hs_e mt_lp_m e[j]mif[n[
h_g]m[e g_a„ff[j†nn[ninn( ^_ e_l_mtnŽf cm pcn_n_nn+ Ic^Œhn_b„n …h [
h…jh_p_f…mc nˆlp…hs_el_p†tcŒd„n eˆp_n_f_lh(_as‰nn[f eˆp_n_f_g [tn cm(
bias [t [hh[e [f[jd„‰f mtifa„f‡ e†m^_^‡p‡c( p[f[gchn [t [hh[e `ifs n[#7
n„m„n e…j_tŒ eˆt…jcmeif[c nˆlp…hs_e cm l_p†^_„fn[mm[h[e(cff_nŒf_a [ eŠ*
fˆh\ˆtŒ `ie‰ eˆtgŽp_fŒ^…mc chn…tg…hs_e _asg„mm[f mt_lp_me[j]mif[n\[
bit[mm[h[e+ J[asih n_lg…mt_n_m( bias _t_h mt_lp_t_n\_h [ h…jcmeif[ [
n_fd_m_h ec…j†n_nn ecm^_^‡pi^„h( [ eˆt…jcmeif[ [ g_a]mihe†n[nf[h h…j*
cmeif„h( [ `Œcmeif[ [ n_fd_m eˆt…jcmeif„h( gchn [f[jih …j†n_h^Œ `_f+

= eˆtien[n„mŠas mt_lp_t_n…\_h [ h…jcmeif[ bitt„he f_aeˆt_f_\\ MLKJIHGFEDCBA
88. 3 . = P[h†n+3e…jtˆ+ + /3



„ffp„h(# f„mmoe[tih eŠfˆhf_a_m _fp_e_n( g_fs_el_ [ h…jcmeif[ …jŠf_n_
„ff†nb[n‡+ Icon„h h_eŠhe [# nˆln…h_nc `_dfŒ^…mn `c]8s_fg_h ecpŠf b[ashc
h_g]m[e h_g mt[\[^( ^_ b_fs_m_h d„lp[ _f+ [ gohe[n inn e_ff `ifsn[nhc(
[ bif [tn [ nˆlp…hsbit„m _fb[asn[7# f_ag_a`_f_fŒ\\_h n_mtŠhe( +b[ h…j*
cmeif[c nˆlp…hs_che\_h f_l[einn _fp_e_n [t E535*ce TTTREEE+ nˆlp…hs*
*]t†ee `ih[f„h _asg„mon„h pctma„f[n [f„ p_mtmtŠe(jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

BF SPfYJQJ]JYYXcL 'A jihnh„f _fmŒ mil\[h cm [tn e_ff g_apctma„fhohe+
bias p[ddih [ nˆlp…hsbit„m _fn[f„fn[*… [ b_fs_m g…ln…e_n( pcmtihs[che+
h[e g_a`_f_fŒf_a chn…te_^_nn*…( gc^Œh [n[heˆn_f_t_nnm…a_n b[n …p\_h
+„ff[j†ninn[ g_a< = gih[l]bc[ g„mce `_f…\_h( p[f[gchn [ j_ [̂a‡ac[
Œm b[t„d„\[h( [ h…g _n \cli^[fig\[h( [ n[heˆn_f_t_nnm…a hsif]c …p\_h
p[h g_a„ff[j†np[( p[ascm [ \_nˆfnˆnn E1 …f_n…pca p[h ecn_ld_mtnp_+ R[ddih
_ e…n`…f_ _fd„l„m eˆtˆnn g_fsce [ b_fs_m_\\< +Ea…hsn_f_h `_f`ia„mig mt_*
lchn h_g]m[e gc f_b_nŠhe g_a_f…a_^p_( ^_ [ f_a_fŒl_b[f[^inn[\\
„ff[gie mtŠem…af_n_cn cm n_fd_m_h ec_f…a†nc [t( b[ [ b[n #…p`ifs[g‰ n[h*
eˆn_f_t_nnm…a „fn[f„him[h p…al_b[dn[nce+ = h…j h[as tˆg_ b[n …p [f[nn
n[h‰cb[n [hhscn( bias[ gch^_hh[jc …f_n \„lg_fs pcmtihs„\[h _fca[ti^*
b[nce+ = b[n …p`ifs[g _f…a( b[eŠfˆhˆm_h [ h…jcmeif„n g_a [e[ldoe
b[ashc [hh[e( [ gch_e n_llh…mt_n…h…f `iap[ f_hhc_ e_ff( „fn[f„him h_*
p_fŒ*chn…t_nh_e …m h_g [e[ldoe n_lb_fhc mt[emt_lŽ `_f[^[nie \_nˆfn…m…p_f+

= g„mce e…l^…m cnn( bias p[ddih g_a_f…a_^b_nŠhe*… [ #n[heˆn_f_*
t_nnm…a [tih g…ln…e…p_f( g_fs [ nˆlp…hs\_h ec`_d_t…mn hs_ln< D[n„litin*
n[h h_g+ D[ d‡f mt_g…\_ h…tŠhe [ ^ifiah[e( [ nˆlp…hs\_h ]m[e [!
mt_a…hs_g\_l p[h eˆn_f_tp_ 7 [ b_fs_m nˆlp…hsh_e ifs[hh[e e_ff f_hhc+
g_fs mt_g…fsp„fia[n„mn h987g cmg_l+ Ea[t oas[h8 bias as_lg_e…h_e
*cmeif„\[ d„l[n„m„l[ [ a[t^[a( [t chn_ffca_h]tc„bit n[lni t‡ cm eˆn_f_tn_nce8
^_ _t h_eŠhe h_g _f…a+ J_eŠhe [ h…jcmeif[ …m [t „fn[f„him eofnol[
…l^_e…\_h [tn e_ff eˆp_n_fhŽhe( bias [ h…j cmeif[c n[heˆn_f_t_nnm…a _fp_
n_ld_mtn_mm…e ec gch^_hecl_( D[ [ b[^eˆn_f_t_nnm…a h_g cmg_l ecp…n_fn(
h_g f„nig „n( g…ln e_ffd_h [ h…jcmeif[c n[heˆn_f_t_nnm…a h…feŠfˆh g…l*
n_ee_f g…lhc [ a[t^[ah[e( [t chn_ffca_hm imtn„fsbit n[lnit‡h[e …m
*mt_a…hsh_e+ =tihecpŠf( b[ [ b[^m_l_a\_h g…a [ f_ag[a[m[\\ eˆlˆe*
\Œf _l_^_nn_eh_e cm _f e_ff [ eˆtf_a…hsm…a gch^_h`ohe]tc‡cn p…a_thcˆe(
h_g f„nie e_ffŒ iein8 bias gc…ln e_ffd_h h…g_fs_e_n [ h…jcmeif[ ˆnˆ*7
^ce …m b[ni^ce …pc n[h`ifs[g[ [f‡f `_fif^[hc+ R[asg_ffŒtp_ [ j„lbŽ*
t[lhin( [tn e…l^_g7 _as 6*EM …p_m+ as_lg_el_ h…tp_ g_a f_b_n*_ „ff[*
j†n[hc( bias [t [ no^ig„hsim p[as g„m j„fs„l[ [fe[fg[m*…< I_ ffŒtp_
[tie[n( g_fs_e_n _ n„las\[h _as p[as g„m b_fs_h hscfp„him[h _fgih^*
n[g( cnn g…a #]m[e [ h_p_fŒc gig_hnogine†p„hig `_f_gf†n_hc+ += h…j*
cmeif„h n‰f g_hŒ chn…t_n_e\_h n[f„h ecp…n_f h…feŠf [ mt[en[h†n„mc l_h^mt_l
^†pce 7 [t[t [ n[h„l p[as n[h†n‡ _as*_as imtn„fs\[ was*_as ‡l„l[ \_*
g_as( j_htog„n _fp…atc …m [ eˆp_ne_tŒ Œl[\[h g„mh[e „^ b_fs_n8
_as*_as n[h„lh[e [fca p[h [fe[fg[ hˆp_h^…e_cn _as …p [f[nn g…a h…p
mt_lchn cm g_acmg_lhc+ H_b_n*_ cfs pcmtihsie g_ff_nn [ h_p_f…mlŒf g…a
]m[e mt‡ cm7 Aas„fn[f„\[h h_g+ P_b„n [ as_lg_e h_p_f…m_ …jj_h [eeil
mt[ecnn[nce g_a+ gceil [ ap_llh_e _leˆf]mc `_dfŒ^…m…\_h w6*EMc [&

p_f ** `il^of‡ jihnl[ …ln+ Am g…a cm mie[fc ]mi^[feith[e+lb[ [l+ …f_n\_h
[t _ftŠffˆnn _as_h_e ifs f.[as mt„g„p[f n[f„feith[e8 (8bif inn _ \[d



`ill„m[ * h[as l…mt\_h * eˆtien[n„mohe mt_lp_t_n…\_h e_l_m_h^Œ+ A
\[dih [t „fn[f„him h…jcmeif[c n[heˆn_f_t_nnm…a p[h bcp[np[ m_a†n_hc+

= mt‡ [f[nnc nˆlp…hsMLKJIHGFEDCBA$ # x*„\[h( t„l‡d_f [f[nn _t p[h7 0 4 . h_p_f…*
mŠelŒf $[ as_l(g_e_eh_e% [ b„th„f p[af# g[a„hchn…t_n_e\_hh_g
aihkimei^n[\+ Ah [ g[a[lh l…mt…lŒf gch^ca ]mi^„feitn[g [tih( bias
[e[^ b[nh[e mtŠfŒe( [ ece hscfp„him chn…t_n_e\_hgŽeˆ^Œ f_aecp„f‡\\
n[h_lŒeh_e _as e_t^Œ `c[n[f _lh\_l mt„lhsjl‡\„fa[n„m[cn( p[as hscfp„him
chn…t_n\_h [fe[fg[t„mn h_g hs_ln( n_b„n iep_n_nf_h as_ha…\\ _as…h
e†m…lf_n_cn _f_c\_ n_mtce+ D[ [tih\[h [ mtŠfŒeh_e hch]m [hhsc \_f„n„moe(
7bias [ d‡n [ e_p…m\… d‡n‡f p[as …j_h limtn…f g_aeŠfˆh\ˆtn_nhc no^h„e7
+[eeil g[a„h[e [t „ff[gh[e e_ff_h_ eˆt\_f…j hc( [t[t [ b„tc* …m g[a„h
h_p_f…mn f_b_nŒf_a eilf„nithc+jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

4 ScUTPYFYb XN YF SNSYcNJYJPOJQQJLJ '= nˆlp…hs bcn`_f_e_t_nc( n„lmof[nc
+$g[a„h%( eˆtm…ac …m „ff[gc cmeif„n eŠfˆh\ˆtn_n g_a+ D_fs_m*_ _t_h _f*
d„l„m+< Aas„fn[f„h h_g+ R[as b[asdoe g_a [t cmeif„n +[t _asb„t e_t…*
\_h( p[as gih^doe ec b[n„litinn[h( bias lhch^_h h…j ien[n„mc n[hchn…t_n
„ff[gc chn…tg…hs( ^_ [tn m_ggc „lih h_ ^[l[\ifdoe _f8 g_ln [tcmeif[
mt_lp_m …fŒ chn…tg…hs( g_fsh_e …f_n_ ]m[e ‰as p[h( b[ mt_lp_m _a…*
*mt…\_h g[l[^b[n+ Icon„h [t [fn_lh[n†p[ _fmŒ l…mt_ g„l g_ab[f[^inn
„ff„mjihn( hch]m g„m g‡^( gchn * _fcmg_lp_ [t _asb„th[e# [ gofn\[h(
p[f[gchn [ d_f_h\_h [t cmeif[c Šas n_l…h n_nn mtifa„f[n[cn *ecd_f_hn_hc( •
bias gch^_h h…jcmeif[ „ff[gchn…tg…hs+ D[I„lc[*P_l…tc„h[e( [ p[f[b[
…fn `_d_^_fg_e f_ap[ff„mim[\\ce„h[e pifn \„nilm„a[ ecgih^[hc7 m]if[
_mn jifcnc]og( …h h_g f„nig „n( bias gc…nn h_ cen[nb[nh‡e gc [<*n
[cdl[ nˆlp…hs\_+ [ gcnŒnˆ\\ gchn _as mt„t[^^[f _t_fŒnn ^_el_n„fn+ A88
g[ Œn_n _t…ln p[ff„mn[f[hm„aa*[f p„^ifhc _mt…\_ m_hech_e m_g doninn8 h_g
+no^ilh( gc…ln pifh„he gc p[ff„mn[f[hie [t…ln( b[ [tn e†p„hdoe n_hhc( [
*gcn Œ n_nn+ At [tih\[h h_g c[fn_l[fb[nh„( bias [l+ _asb„t( eˆtm…a …(
n„lmof[nie( gchn [t „ff[g \ctig„hsim[c [t cmeif„e[n [ dˆpŒ\_h cm h_ aih*
*^itb[nh[e+ =t cmeif[ ifs eˆtŠas( g_fs gch^_h n…hs_tŒ eˆtl_hŽeˆ c…m…n*
(_as[l„hn ca…hsfc+ = `Œ^ifia cnn [t( bias gch^_h h…jcmeif[ _as nˆlp…hs
[f[nn „ffdih+ = h…jcmeif[c nˆlp…hs( ‰as f„nmtce( gch^_h`…f_ ca…hs_e_n
+ec [e[ln _f…a†n_hc8 ^_ b[ p[f[bif( ‰as cnn „ff [t( bias [ ec mie ol[n
[e[l mtifa„fhc( m_hecn m_g mtifa„f+

4 ScUTPYF Yb XNYF S]* ]Yc ]I JP PfW J '= nˆlp…hs _f_gc*( `_fmŒ h…j*( jif*
*+a„lc cmeif„e[n …m n[h†n‡e…jtŒ*chn…t_n_e_n eŠfˆh\ˆtn_ng_a+ (Ich^_h_e*
*_f‡nn [t ien[n„mc n[hchn…t_n ec`_d_t…ml_ p[h g_ad_ast…m_g+ Ah g…a [
*g_ad_fˆf…m\_h cm ec`_d_tn_nhc‡b[dnig( bias[h…jcmeif[ _fmŒ mil\[h
h_p_fŒ*chn…t_n8 [tihecpŠf [t yien[n„mc* g_ad_fˆf…m [f„ [ ecm^_^‡p‡*chn…t_n
*h_lh milifb[n‡+ D_fs_m_\\ n_b„n h…j h_p_f … msrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBARchn … t_n+ = gc _t
chn…t_n_e eˆl…n cff_nc( c^_ milif[h^‡h[ep…f_g [ ecm^_^‡p… …mecm^_^*
*‡p‡e[n e…jtŒ chn…t_n_e_n+

= gc [t _f_gc h…jcmeif„e[n cff_nc( mtŠem…a…n f„nig [hh[e( bias
[t imtninn …m imtn[nf[h cmeif„e g„l [ nˆlp…hs\_h g_aeŠfˆg\ˆtn_mm_h_e+
J_g [e[lig …h _t chn…t_n_e_n _f^[l[\ifhc 8 mŒn _t_o g_aeofˆh\ˆtn_n…m
+„fn[f _l_d…n e†p„hig p_hhc [hh[e( bias [tie [ p[f‡m„a\[h _f^[l[\if*
n[mm[h[e+ ~h oas[hcm [eŠfˆhflˆtŒ# b_fst_n\_h f_pŒ *cmeif„e[tihimm„a „n

[c_g [\\[h +n[f„fig( bias lhch^_asce mt„g„l[ _as_hfŒ cmeif[c c^Œ g_ff_n]QPONMLKJIHGFEDCBA
+/!



{*srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'
#J n[hof‡n …lnp_% _as_hfŒ p[as _as*…m oas[h[tih ]t…fn nŽttŽe #ec+
I_ln [t imtn[nf[h cmeif„\[h [ n[h†n‡ _as*_as imtn„fsfs[f b_nc 4*6
‡l„h( [ n_fd_m_h imtninn\[h /1*0- b_nc ‡l„n `iaf[feitce+ Ot_l_nh…g …h
g„l f„nhc [tn [t _g\_ln( [ ec „nf[a b[lg[^l…mthsc c^Œ [f[nn [hhscn
e…j_m _fp…a_thc( gchn _as g„m b„lig [hhsc c^Œ [f[nn( eŠfˆhˆm_h [eeil!
gc^Œh [ gohe[ _fp…at…m…l_ h_g# ]m[e nŒf_( ^_ _ase†pŠf_ „ff‡ n…hs_*
tŒnŒf( [ hˆp_h^…e n_b_nm…a…nŒf cm `Šaa+ D[ [ e…n`…f_ eˆlŠfg…hs eˆtˆnn
f…pŒ chn…t_n mt„g„l[ oas[h[tih ]t…fnnŽttŠe ec+ [eeil [t imtn[nf[h cmeif[7
n[h†n‡d[ p[as gch^_h _as_m n[hn„lash[e p„tf[n„n( b‰m …m p…lh…feŠfc p[*
E[g cn( p[as e†mt[e†ninn l…mt_e_n( ^_ h_g [ n[hn„las _a…mt…nn[h†nb[n d[+
=e„l _asce( [e„l g„mce _m_n `il^‰f _fŒ( [t imtn[nf[h cmeif[ n…hsf_a
_a…mt_h g„mn hsodn( gchn [t imtninn8 [ eŠfˆh #b_fst_n\_h f…pŒ chn…t_n_e
mt…n^[l[\ifn[nh[e+ At_h mt…n^[l[\ifn[n„m\[h g…a [ ecm_\\\[d [t( bias
[t imtn[nf[h cmeif„e [ eˆt…jcmeif[ _fŒnn gch^_h _f_gc h…jcmeif„n ^cmt**
el_^cn„fh[e( [ h[asi\\ \[d [t( bias [tie eŠfˆlh\ˆtŒ gchŒm…aŽ g†p_fn*
m…a_n hsodn[h[e+ Ah [ g_aeŠfˆh\ˆtn_n…m „fn[f [ eŠfˆg\ˆtŒ b_fst_n\_h(
f_pŒ _f_gc h…j cmeif„e mt_lp_m ˆmmt_`Šaa…m…n e†p„hig \ct nim†n[hc( Qas[hcm8
[t ˆmmt_n[lnit[h^‡m„a h_g []t…f ecnŽt…m…\_h( m_g g„m eŠfmŒm…a\_h
h_g e_l_m_h^Œ( b[h_g [ n[h[hs[a [tihimm„a„\[h+ Ichnbias oas[h[tih
n[h[hs[a_n [ mtŠem…a_mh…f lˆpc^_\\ c^Œ [f[nn _f p…a_thc h_gf_b_n(

• gcon„h [t imtn[nf[h cmeif„\[h [ n[h†n‡ _as*_as imtn„fsfs[f n_n_g_m_h+
e_p_m_\\ c^_ca `iaf[feitce( gchn [t imtninn\[h 7 hch]m g„m g‡^ [ g_a*(
`_f_fŒ n[h[hs[a _fp…at…m…l_( gchn [ n[h…p_e n_ld_mtn…m_( _t [t [t imtninn7
cmeif[ h…as _fmŒ imtn„fs[ mt„g„l[ ecmt[\inn n[h[hs[a [t imtn[nf[h cmei*7
f„\[h b[n …p`ifs[gl[ imtn[h^‡ \_8 [t imtn[nf[h cmeif[ ˆnˆ^ce …m b[ni*
^ce imtn„fs„h[e n[h[hs[a[ j_^ca [ n_fd_m f_feccmg_l_n_mm…aa_f p_t_n_h^Œ!
cmg…nfŒ cmeif[ mt„g„l[ d_fˆf_h^Œ ec+ J[asih n_lg…mt_n_m( bias [t _asce
`[dn[ chn…t_n\Œf [ g„mce\[ p[f‡ „nf…j…mh…f h_g [t …p`ifs[lhie mt„g[!
b[h_g [t _fp…at_nn n[h[hs[a pifh[ cl„hs[^‡+jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

7 JQXi ScUY#XPTQb P% UTQLb \]# NXPTQb P'= ece [nn‡f n[lninn[e( bias N(
e…n`…f_ chn…t_n _asg„m g_ff_nn g_a h_g [ffb[n+ h[asih ca[toe pifn+ 9
ece ]m[e [ f„nmt[n on„h †n…fh_e( [tie ‰as p…fce( bias [ jifa„lc cmeif„e
[ gc pcmtihs[cheh[e che„\\ g_a`_f_fh_e( gchn [ `_fmŒ h…jcmeif„e 8 ^_
_t [ f„nmt[n ]m[f+ =tih gg^_h if^[f‰ e_^p_tg…hs on„h( g_fs\_h [+
jifa„lc cmeif„e l…mt_mŠfn_e …m `ifsnihim[h l…mt_mŠfh_e( mt„goeh[e m+
hˆp_h^…e_ce mt„g„h[e f_a[f„\\ ˆn[hhsch[e e_ff_h_ f_hhc+ Ah [\\Œf++
bias[gch^_hif^[f‰ ^…^_fa_n…m g_fc_nn cm( _lŒl_ e[jhc h_g no^h[e!
[tn eˆp_ne_tn_n_g( bias [tie d_f_h [f[edoe\[h h_g h_eŠhe p[f‡e+
GŠcˆh\_h h_e_g h_g [ h…p _ff_h p[h ec`ia„mig+ }g n[lnmoe g_a [
h_p_n( ^_ e[j]mifdoe [tn [t imtninn h…jcmeif[ b[ni^ce imtn„fs„bit+ HGFEDCBA0 =
_m_n\_h [ d_f_hf_ac `_fmŒ h…jcmeif„e ]m[eoas[h `_f_mf_a_mm… p„fh[e+ D[
[tih\[h [tn [ n_fd_m h…jcmeif„bit e[j]mifdoe( h[asih n_lg…mt_n_m( bias#
[ b[n…pc n[h`ifs[gin h_g n[lnb[ndoe g_a( b[h_g [tn [ pc^…e …m[
eˆtm…a( mtŠem…af_n_cb_t e…j_mn f_mt„ff†n doe+

Ah [t _f_gc …m jifa„lc cmeif[ eˆtˆnnc f…hs_a_m eŠfˆch\m…a_n[\\[h
f„nig( bias [t _f_gc cmeif[ „fn[f„him h_p_fŒ chn…t_n( g†a [ jifa„lc cm8
eif„h[e (_as \ctihsim jifa„lc …f_nj„fs„l[ $cj[lim( e_l_me_^Œ( `ˆf^gcp_m%(
mVww(l[ e_ff_h_ _fŒe…mt†n_hc+ =t _f_gc h…jcmeif[ …p`ifs[g[ch[e mt„g„n8



-'' c8zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

[t _g\_l „fn[f„him gŽp_fŒ^…m†mtŠem…af_n…\ˆf([ jifa„lc h…jcmeif[ …p*
`ifs[g[ch[e mt„g„n [ eŠfˆh\ˆtŒ #…f_nj„fs„emtŠem…af_n_c\Œf f_b_n …m#
e_ff f_pihhc+ Icon„h [ h…j gch^_h _as_m n[ad[ _as`ilg„h _g\_l( ˆh*
e…hn eŒp_ne_tce( bias #b[ [t _asce mt„g„l[ b[n …pc h…jcmeif[c n[h`i*
fs[gin „ff[j†ninnohe g_a( oas[h[hhscn e_ff [ g„mce mt„g„l[ cm g_a*
„ff[j†n[hohe+ J_g †as p[asohe [ jifa„lc cmeif„p[f+ = eŠfˆh\̂ tŒ jifa„lc
…f_nj„fs„e eŠ\h\ˆtŒ _f‡e…mtŠfnm…a…n ca…hs_fh_e+ I„l [t8 cj[lh[e eŠ*
Wˆh\ˆtˆ „a[c h_g _as`ilg„e( ˆhe…hn eˆp_ne_tce n_b„n( bias [t _asce
cj[l„a( mt„g„l[ nˆ\\ …pca n[ln‡ jifa„lc cmeif„n d_fˆfŠhe ec( gchn [ g„mce
#mt„g„l[8 g[d^h_g cfs_h`ilg„h p[asohe [ h[asi\\ …m ecm_\\ e_l_n\_h
`ˆf^g†p_f…mn ŽtŒe jifa„lc cmeif„cn cff_nŒf_a+ Ich^_h \ctihshs[f f_anˆ\\
…p`ifs[g‰h[e e_ff [ e_l_me_^Œe jifa„lc cmeif„d„h[e f_hhc+GŠfˆh\_h [t#
…p`ifs[gieh[e [t …f_n\Œf( [ mtŠem…af_n_e\Œf e_ff echŒhcˆe+

Bl[h]tc[ilmt„a\[h [t cfs h_gŽ cmeif„e …p`ifs[g[ch[e mt„g[ lw1 8
*…m hib[ nˆlp…hs_m_h g…a ]m[e l 55-*\[h mt[\„fsitn„e [tie[n( mt„goe
#.56-*\_h g„l 415*l[ loainn+ = jifa„lc cmeif„eh[e [t „fn[f[ g d[p[mifn
+„n[f[e†n„m[ mt_lchn gch^_h cmeif„bit p[as cj[lc * [ pc^…e mtŠem…af_n_(
n_lg…mt_n_ mt_lchn g„m*g„m( p[as `ˆf^gcp_f…mc p[as( e_l_me_^_fgc mt[(
ein e_ff_h_ ]m[nifhc+ I_aecp„hig g„l cnn d_as_thc( bias _t cmeif„e[n
l_g mt_l…nh…g ‰as n_echn_nhc( gchn [ g_fs_e gch^_h cl„hs\[h e…mt
_g\_ln \i]m„n[h[e [t …f_n\_+ =t cmeif„\[h _fm[d„n†ninn mt[e\_fc Šas_m*
m…a_e …m cmg_l_n_e [ll[ p[f‡e f_hh…h_e( bias [ n[hih]t…p_e_n g_a*
lˆpc^†n_h…e+ D[ cfsgŒ^ih [ jifa„lc cmeif„e [t _f_gc cmeif„bit e[j*
*]mif‡^h„h[e( b[ …p`ifs[g [ce mt„g[ f_mt„ff†nn[nh…e( b[ g_a`_f_fŒ
mt[en[h`ifs[giee[f ec\‡p†nn…nh…e 8g_a p[asie asŒtŒ^p_( bias mt„goe

+ lˆpc^ c^Œ [f[nn [ g[c h_p_nm…a_mF 2- b_fs_nn /iii*0---*l_ hˆp_e_^*
h…r+ =eeil g„l pifh[ [ h_gt_n n_mn…h_e( [ eˆt…j jifa„lc _f_gh_e
[fe[fg[ bif g†p_fŒ^hc+jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

BF SdYe& cX YF SdYeS i^ cU ]i&]_SYc]JYJP'A n„lasas[f f[johe [hhscn `ia*
f[feitinn( bias [ll‡f _t‰nn[f eŠfˆh mt‡f[hc `_f_mf_a_m+ ?m[ecm ([\\_fc
*‡b[digh[e [^ie cnn cm ec`_d_t…mn( bias [ n[h†n‡e…jtŒ*chn…t_nc n[h„lie+
e…j_m†n…m_ nˆlp…hs\_ cen[nn[mm…e+ D[ gch^_h „ff„m g_ab[n„litinn ko[fc*
`ce„]tc‡bit p[h eˆnp_( [eeil [ n[h†n‡e…jt…m `ihnimm„a[ …m n_echn…fs_
_hhscn f_a[f„\\ cm g_a…l^_g_f( mŒn eˆp_n_fb_n+

?c@ NXPTdF ]# MF YeXb LTP'Ichnbias [t l535*ce TTTREEE n+_t+ ??0(

#.04+ x*[c b[n„fsih ecpŽf b_fs_tn_nn_e( _ n„lasl[ h…tp_ [t l543*ce
TTREEE{ce( cff_nŒf_a [t oas[h[tih …pc Rf*ce n+ ]tcee\Œf e_ff ecch^ofhohe+
At_h nˆlp…hs_e mt_lchn [ h…j cmeif[c b[nŒm„aie 7 [ p[ff„m* …meŒtien[*
n[mŠasc gchcmtn…lcog( [ nˆlp…hsb[n‡m„aie( [ eˆtca[ta[n„mc \ctinnm„aie(
'RUn[h`_fŠas_fŒe( [ eˆtm…ac b[n‡m„aie …m cmeif[mt…e_e+

A n„las ifs mt…f_meˆlŽ( bias mtchn_ h_g no^ig g_fsce l…mt…b_t#
+mt‡fd[e _fŒ\\+ B_f„ff†ninn n…n_fŠhebˆt bŽ_h pctma„fdoe [ ^ifain( [ l…mt*
+f_n_e g_ffŒt…m_p_f( ]moj„h _fpc mt_gjihn\‡f+ + + !

P[f„h `_f_mf_a_m cm `_f_gf†n_h_g( bias g[a„l‡f [ gchcmtn_lcogl‡f(
gchn f_a`Œ\\ n[hŠasc b[n‡m„al‡f+ g„l ]m[e [tih ncmtn_f_nh…f `iap[ cm(
g_fsfs_f #[t cl„hn pcm_fn_nhc#gch^hs„d[h n[lnitohe( _ ]tcee †l‡d[ mt‡fhc
h_g …ltc g[a„n bcp[ninnh[e+ = gc [ nˆ\\c h…jcmeif[cb[n‡m„aie[ncff_nc8

'^ # ''# ! #!a %



[tn bcmt_g h_g d„lie limmt ‰nih( b[ [tie[n [mt [ e mt_ l Ž m…a mt_g
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Dias „ffohe _ n_echn_n\_h< >ctih h_g p[f[gc d‡f+
Eas[ g_as_c p[asjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA[b W TXNnˆlp…hsb[n‡m„aie _as\_„ff†n„m„h„f _as*

„fn[f„\[h h_g `il^†ninn[e `cas_fg_n [ll[( bia*s [\\[ ifs _a s…h_e Rm
domm[h[e( [ ece „ff„moeh„f `iap[ [ n[hŠasbit cm…lnb_nh…h_e+ D[ i^[ _as*_as*
cfs _as…h \_p„f[mtn[nce cm( _t che„\\ [ p…f_nf_hm…a ^ifa[ …mh_g mt[\„f ` 5

Qas[h_t gih^b[n‡ [ eˆtca[ta[n„mc \ctinnm„al‡f+ A `ias[n…eimm„a il|
[t .535*ce 05*ce n+ _t+ ./2+ x*[( f_a[f„\\ [ eˆtm…ac cmeif„el[ h…tp_( [(
g_as_c cmeif[c n[h„]m chn…tg…hs…h_e f…n_m†n…m…p_f ecp„hnm_a†n_hc+ =

•bcp[nifn n ]tceeh_e [ h…jcmeif[c b[n‡m„aiel‡f mt‡f‡ mt[e[mt[ [t .543 ce
/5*ce n+ _t+ „fn[f b[n„fsih ecpŠf b_fs_tn_np…h( * _t_h n+ _t+ 5 ce x*„\[h(
[t cmeif[n[h„]m chn…tg…hs…n [ g_as _c h…jh_p_f…mc \ctinnm„a pifh[ bc*
p[np[ b_fs_nn_m†n_hc+ = mt[emt_lŽm…a mt_gjihnd„\‡f [ n[h `…l`c[e[n [t
cmeif[ n[h„]m chn…tg…hs_ m_g _f…a†nb_nc ec8 [ h…jh_p_f…mc \ctinnm„a#
g_a„ff[j†ninn mt_lp_t_n…\_h j_^ca b[n„litinn[h #pcmmt[_m…mn d_f_hn+ =t
_fmŒ h_g #f_b_n_nn ec_f…a†nŒ(g†p_f b[n„meˆl_ [t cmeif„e ]m[e ca_h ecm*
l…mt…l_ n_ld_^n ec( ^_ f_a[f[\\ [ n_mnŠf_n ˆmmt_„ff†n„m„\[h g_wf„nmtinn
[tih nˆl_ep…m( bias [hh[e mt[e…lnŒ n[ad[c cm f_as_h_e $./2+x+ /+ Y)$)
= h…jh_p_f…mc \ctinnm„a _fŒmtˆl cm b[n„meˆl…\_h f_mt„ff†nn[ninn+ [t[t
n[h„]meitb[n( ^_ h_g b[n„litb[n( * g„mi^mtil Œmmt_„ff†n„m„\[h hch]m*
m_ggc a[l[h]tc[ [t cl„hn( bias i^[ mt[e_g\_l_e cm donb[nh[e+ = 5+
x{\[h `_f_gf†nce oas[h( bias [t ][ n[hŠas cl„hn …l^_efŒ^Œ| …m [\\[h*
d„ln[m _as…h_e\Œf „ff†ln[nce ˆmmt_8 ^_ _t ]m[e ifs[mgc( [ gclŒf [tn
mtienoe gih^[hc7 _ h_mt_ m_ggc `ia^ g_a d‡f|+ R…aŠf h_g b[asb[nig
_gf†n…m h…feŠf( hch]m no^ig„mig `_fŒf_( bias [ nˆlp…hs\_h eihn_gjf„ ?\ )
h…jh_p_f…mc \ctinnm„a p[f[bif ]m[eoas[h n…hsf_a g_a[f[eofn*_+ D( g_a*
[f[e‰fn cm( …f_nd_fn g[a„l‡f h_g mie[n „^+

= gcn [ mt[emt_lŽm…a mt_gjihnd„\‡f( gchn f_ae_p_m_\\_n( g…f*
n„h eˆp_n_fb_nŠhe( [t( bias [ nˆlp…hsb[n‡m„a n_lŠf_n…h f_pŒ h…jh_p_fŒe
gch^ [ nˆlp…hsb[n‡m„ac( gch^ [ eˆtca[ta[n„mc \ctinnm„a\[h +e_ffˆe…j*
e…jpcm_fp_ f_as_h_e+ Eas m_ggc [e[^„fsn h_g f„nie [\\[h( bias [
g[a[m[\\ `ie‰ p[as mt…f_m_\\ eˆlŽ h…jh_p_f…mc chn…t_n_e p_t_nŒc p[as
e…jpcm_fŒc _ \ctinnm[aie\[h „ff„moeh„f `iap[ inn f_as_h_e+ D[mihf‡e…j*
]m[ecm [t Šash_e mtifa„fh[( b[ [ h…jh_p_f…m [t [fm‡\\ `ie‰ h…jcmeif[c
b[n‡m„aie\[h cm e_ffŒ e…j mt[emt_lŽf_a cm e…jpcm_fp_ f_hh_+ Atn [hhscp[f
cm che„\\ ecp„h[nimh[e n[f„fh[lh+ gcp_f [ n[hŠasl_ h…tp_ h_g _as(
_m_n\_h ca_h \[dim g_a„ff[j†n[hc( g_^^ca n_ld_^ [hh[e [^gchcmt nl[ncp
if^[f[+ …m bif e_t^Œ^ce mj_]tc„fcm mt[emt_lŽ l…mt_+ •

= gc [ n[h `_f Šas_f _n _n cff_nc( g_ffŒtp_ [hh[e _as…\ wtˆ*
p_p…hs_m pih[neit„m[cn( _t‰nn[f ]m[e [tih ‡b[dig[n `_d_t_g ec( bias
h_ ep[fc`ce„fdih [ll[ gch^_h h…p_h h_p_tb_nŒ ^cjfig[8 *g_ln f_b_n p[*
f[ec ca_h d‡ mt[\‡( ^_ [\\‡f g…a h_g eŒp_ne_tce( bias [t cff_nŒ [+
]m†tg[e…mt†n…mb_t cm d‡f …ln+ =tihecpŠf …h [tnn[j[mtn[fn[g bias J)

h_g mt[e_g\_l n[h`_fŠas_fŒ [tih n_echn…fsn( g_fs_n [ mt[ee…jt_nnm…ah_e
e_ff_h_ g_a[^hc( `_ff…j…m…h_e m‰fs„p[f ecp„hd[ g_amt_l_thc+ Dias [t7
cfsh_gŽ `_ff…j…m_e gcfs jomtn†n„mn c^…th_e _fŒ [n[hŠas g_t_d…h( [ll‡f%
]m[e [hh[e p[h `ia[fg[( [ ec [hh[e g[a[ cm mt_gn[h‰d[ pifn+



4 YF SdYePW eQ'zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOt_l_nh…e _ n„lasl‡f +gch…f \Œp_\\_h hscf[neithc(
g_ln onip…al_ cm ca[t [t( bias [ n[h†n‡ [t cmeif[+ I_af_b_nh_e [ n[h†*
n„m gch^_h n…hs_tŒc( ^_ b[ [ n[h†n‡ h_g „ff bcp[n„m„h[e g[a[mf[n„h(
gch^ [tih n…hs_tŒe bc„\[ p[f‡e …m [ h_p_f…m Šas…n _as b[dmt„fhscp[f
m_g e…j_m_e _fŒ\\l_ pchhc8 g†a _ff_he_tŒf_a( b[ [ n[h†n‡ n_nŒnŒf n[fjca
n[h†n‡( _asg[a[ e…j_m gch^_h [e[^„fsn gŠeˆ^…m_ ‰nd„\‡f _fb„l†n[hc+
D[\„l n_b„n …h [ n[h†n‡ _as…hcm…a…n cfs `ihnimh[e n[lnig cm(b[ g…acm
lˆpc^_\\_h hscf[neitig7 [hh[e ie[ l…mtchn [\\[h e_l_m_h^Œ( bias _
n„lasl‡f g„l _fŒnn_g cm h[asih mie[h †ln[e( g_fs_eb_t e_p…mn_hhc
p[f‡g p[h( l…mtchn [\\[h( bias [hh[e e_ffŒ g…fn[n„m[ _as ]tcee e_l_*
n…\_ ‰as m_g `…l \_+ Ehe„\\ n_b„n ]m[e „ff„mjihnilh[n ecp„hig lˆpc{
^_h d_f_thc+ ,

Ot_lchn_g [ n[h†n„m …m h_p_f…m mce_l_ `Œf_a b„lig n…hs_tŒnŒf
`Šaa o+ g+ [ n[h†n‡ e…j t_n n m…a … n Œ .…mh[asih n_lg…mt_n_m_h [t
_t [f[nn …ln_h^Œ \ota‡m„a„n‡f( [ n[h†n‡c „ff„m \ctnihm„a„n‡f …m `Ša a _ n*
E _h m…a … n ŒsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+…m+p…aŽf# [ n[h†n‡ mt[\„fsmt_lŽ _fŒ .… j n_n … m … n Œ .+

= gc [ e…j t_n nm … a g_a[^„m„n cff_nc( [ll‡f _ f[jie b[m„\d[ch
‰as cm _f_a_nmt…fnohe ‰as( bias _ b_fs_h [ll‡f eŠfˆh hscf„neithc* `_*i
f_mf_a_mh_e n[lnig+ +

= gc [ n[h†n‡c „ff„m \ctnihm„a„n …m `Ša a_n .…h m…a … n cff_nc+
‰as g_a\i]m„mm[h[e h_e_g [ p_f_g h_g _as p…f_g…hs_h f…pŒe( ^_
…h [tn ]m[ecm [t „ff[gc a[l[h]tc[ e_l_n…\_h f„nig `ia[h[nimcnb[n‡h[e +
At_h „ff[gc# a[l[h]tc„n h_g ‰as p…f_g …h [fe[fg[t[h^‡h[e( bias _as*
mt_lŽ_h gch^_h `_f_e_t_nc p[as g„mh_gŽ chn…t_n \_mtŠhn_n_h^Œ( b[h_g
‰as( bias eˆtp_nE_hŽf [ n[h`_fŠas_fŒ+ eˆtp_np_ j_^ca [t „ff[g*eilg„hs
b[n„meˆl_ _t_h chn…t_n_el_ cm f_a[f„\\ ifs gwln…e\_h( ecn_ld_mtn_h^Œ(
gchn [t [ eˆtm…ac …m „ff[gc cmeif„el[ ec p[h n_ld_mtnp_+

= gc [ n[h†n‡e _fi . … j n_n … m …nc EE _ nc( gch^_h_e_fŒnn [ n[*
h†n‡e nˆltm`ct_n…m_n ifs ˆmmt_a\_h ecp„hh„g g_a„ff[j•n[h^‡h[e( g_fs [
ncmtn_mm…a_m g_a…fb_n…mn ]m[eoas[h \ctnim†nb[nd[ cm( D[ gc [ n[h†n‡ e
mt„g„l[ ifs d[p[^[fg[n ecp„hohe( g_fs\_h_as \„lg_fs bcp[n [f\[h
[fe[fg[tinn clhie cm l…mt_mŽf 7 [eeil [tn bcmt_g eˆp_n_f…mŠhe_n m_hec
m_g `iad[ n‰fb[dninnh[e „ff†nb[nhc+ =t _fŒf…jn_n…m g‡^it[n[cn cff_nŒf_a
g„m [fe[figg[f $.+ J…jh( f[jd[ l56-+% \Œp_\\_h hscf[neitn[g8 gcon„h
[tih\[h _ n„lasl[ h…tp_ p…f_g…hs_g h_g p„fnitinn( cnn ]m[ecm [ `Œ*
jihnie `_f_gf†n…m…n f„nig mtŠem…a_mh_e+ At_e [ eˆp_ne_tŒe(

=t „ff[gc a[l[h]tc[ [f„ b_fs_t_nn n[h†n‡c „ffig„mie pc^…e_he…hn
imtn„fsie\[ milif[h^‡e $jf+ #.*2%+= e_t^Œ n[h†n‡ ]m[ecm [t onifm‡
imtn„fs\_fc „ffig„ml[ p„f[mtnb[n‡ g_a p[as h_p_tb_nŒ ec+Gcp„f‡ $d_f_m(
ecnŽhŒ% ief_p…f _asas_f g[a[m[\\ imtn„fs\[h f_pŒ „ffig„ml[ p[f‡ j„*
fs„t[nl[ diaim†n+ Ich^_h n[h†n‡ ]m[e b„lig …p_cn_fn_ on„h j„fs„tb[nce
g[a[m[\\ „ffig„ml[+ Kn+ …p_cn_fn_ on„h gch^_h n[h†n‡ bcp[n[f\‡f f…j
_fŒ g[a[m[\\ imtn„fs‰ „ffig„ml[+ At_h n_lp_t_n `ia[h[nim†n„m[ g…a+ [
d_f_hf_ac d[p[^[fg[t„mie g_ff_nn cm mie[n f_h^†nb_nh_ n[hŠasŠhe `_d*
fŒ^…m…h+

I…a _as ^ifain h_g b[asb[nie ec _ ]tcee\Œf+ At [ h…j ê hsp*
n „l[ e e…l^…m_+ ~h+ `_f_nn_+ mtŠem…a_mh_ep…fh…g( bias[h…jh_p_f…mc
nˆlp…hs\_h eˆn_f_tŒf_a ecgih^[nh…e( bias gch^_h h…jcmeif[ g_ff_nn



_as h…jeˆhspn„l „ff†n[h^‡ `_f+MLKJIHGFEDCBA( . `cas_f_lhg_f e†m…ldŠe[ h…jcmeif„e*
\‡f ece_lŠfn_e_n+ f_b_n_nf_h …mtl_ h_g p_hhŠhe( bias [tieh[e mt_lt_nn
cmg_l_n_ce lˆpc^ …p_e [f[nn p_mt_h^Œ\_ g_hh_e+ Ahh_e ]m[ecm [ h…j*
eˆhspn„l[e „fn[f „ffb[nh‡e ‰nd„n+ =tn bcmt_g( bias [t cmeif[c gof[mt*
n„mie\‡f \_mt_^_nn ^†d[e g„me…hn di\\[h _fb_fs_tb_nŒe h_gpifh„h[e(
gchn b[ [tie[n _ ]t…fl[ `il^†n[h‡e+

Eg_ _t_e\_h ecp„hn[g [ ]t†g\_h d_ft_nn n„lasl[ h…tp_ p…f_g…*
hs_g_n lˆpc^_h _fgih^[hc+ >_cmg_l_g( bias [hh[e _asce*g„mce jihnd[
_t c^Œ mt_lchn g…a h_g `ia[h[nim†nb[n‡ 8 ^_ g„m if^[fl‡f mtcf„l^ [ g_a*

( asŒtŒ^…m_g( bias cfs `ihnim Šas\_h h_g as[eilf[nc …ln…e h…feŠf p[f‡
[ ]t…f ecnŽt…m_ m_g+jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

ATRTL \NHGFEDCBA< 8 c]F '
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Sif `#Bl+ =+ [ h_ibog[hcmgom ecnŽhŒ [f[ed[( m [ ]f[mm+ jbcfifiac[
g_a[f[j†n‡d[( J…g_nilmt„a* no^‡m n[h`…l`c[ch[e _tn [^n[ …f_nmt[\[fsof7
9O_c cgg_l a_moh^ oh^ p_lmn_b_ _m( qi oh^ q_hh _m hˆnbca cmn+srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+ _ c*+
^_hm]b[`nfc]b to b o h a _ l hm + = ymt_hp_^…fs_m…b_t…m*eilmt[e[
\ctihs g…a h_g d„ln f_ Sif` c^_d_ ‡n[( mŒn g[ cm _tn b[haitn[nd„e
h„fohe [ h…jn[h†n‡e( m g…a [ eˆt…jcmeif[c n[h„lie cm( eceh_enˆ\\m…a…n
h_g h[asih pca[mtn[fd[ g_a [t [t ca…l_n( bias _as l…mtˆe $_asb[l*
g[^[ [ n[h„ln_mnŠf_nh_e% [tihh[f \_don [ ncmtn_mm…a_m $REfE*ce imt*
n„fs‰% `ct_n…m ca…l_n `ˆf^…l_+

P_lg…mt_n_m( bias[ mcf„hs `ct_n…ml‡f mt‡f‡ j[h[mtie gch^_hh[jc[e
pifn[e g„l _ mt„t[^ _f_d…h+ .5-0*\[h K\_l*D_mm_h\_h [ n[h†n‡ n_mnŠf_n*
h_e ]m[e _asb[lg[^[ b‰tinn .-- `lnh„f g[a[m[\\ `ct_n…mn8 [ g„mi^ce
b[lg[^ `ct_n…m_ 2-*.-- `ln( m [lb[lg[^ce… 2- `lnh„f e_p_m_\\ pifn+
D[hhip_l\_h [ h…jn[h†n‡ „nf[aim …pc `ct_n…m_ .2*0- n[ff…l+Jsigil‰m„*
`Oim b_fst_nŠeˆh e…hsn_f_h_e pifn[e g_ff…ee_l_m_nn_f m_a†n_hc( [g_fs
e_l_m_n [tih\[h ca_h as[el[h# h_g pifn g…fn‡ _b_t [t „ff„mbit Gˆtˆh*
m…a_m ^ifia pifn( bias [ n[h†n‡ [t cmeif„\[h gŽb_fsn l_h^_t_nn \_+ =
mt[\ ‡m„a piht‡ g_mn_lm…a pifn8 nip„\\„ d„ln[ [ n[e„]mm„a( []mctg[*
^c[m„a( eˆhspeˆn…m( e_tnsŽe…mt†n…m8 mŒn pifn[e( ece \[ligilpimf„mn cm
Žtn_e+ I[aie [ eˆtm…a_e [ n[h†n‡e g_mn_lm…a…n ifs n_lg…mt_n_mh_e
n[f„fn„e( bias Œe_n g…a _ mt„t[^ _f_d…h cm p…^_fgˆe\_ p_nn…e[ l„die
clcase_^Œ ]t…b_ee_f mt_g\_h+ =fn_h\ola\[h jf+ [ ]mctg[^c„e \_j[h[*
mtifn„e [ ]ihmcmnilcogh[e [ n[h†nin( bias h_g]m[e e…mt†nc [f„\\_fc e_n(
b[h_g p„m„liel[ cm _fd„l( m [tt[f h_ece h[as e„ln n_mt+ Aas `ˆf^_m‰lc
p…at…m eˆp_ne_tn…\_h [t _asb„tc `Œn[h„]m no^[nn[ [ j[o[mtf‡ee[f( bias
h_g [e[^„fsitb[nd[ g_a [ n[h†n‡n [ g_mn_lm…a `ifsn[n„m„\[h+ g_ln
mcf„hs [ `ct_n…m_8 ^_ on[m†ninn[( bias [tneŠhh p[as [t on]t„h h_

O$C_m]bc]bn_ ^_m ^_onm]b_h Rifemm]boff_bl_lmn[h^_m pih G+ih l[^ B c` ]b _ l7 /+

eˆn_n( D[hhip_l w560+ + #



#`ifsn[mm[( b[h_g ]m[e innbih mtŠem…a\Œf( m h_ e…mt†nm_h p„m„lc gohe„n
[ b[mihf‡ cj[lŽtˆ p„limie …mg_mn_l_g\_l_e e„l„l[+ 2%

= ech_e h_g pifn cj[l\_fc _fŒe…mtŠfnm…a_( [ b[n‡m„a _ha_^…fs…*
p_f eil]mg„n hscninn( p[as b_a_^Žd…p_f p…acad„ln[ [ p_h^…a`ia[^‡e[n
_m n„h]th‡n„e[n d„nmtinn+ I_ff…ee_l_m_nˆe g…a [ p„limc `_fmŒ\\ cmeif„e
n[h†n‡ch[e cm pifn+ Hcjjmn[^n\[h _as n[h†n‡ _asmt_lmgch^ j„fche„n cm
`Œtˆnn( +m_g_ff_nn d‡f \cln[ g[a„n+

=t cj[lŽt…mh…f p_mt…fs_m_\\ pifn( b[ [ n[h†n‡e [ toaŠasp…^_e
eˆt… e_lŽfn_e …m[ h…j Šas_m*\[dim ^ifa„\[h jl‡e„nilimei^n[e+ = h…j
cfs g‡^ih g_aasŽfˆfn_ Œe_n( g_ln l_h^mt_lchn [ `_f_enŒf _as]mig‡
j…htn `ˆfmt_^n_e m [ p…a…h( g_ln h_g no^n[e [ \[dih m_a†n_hc([t Šas_n
bcp[ninn Šasp…^b_t pcnn…e( ecnŒf mtchn…h don[fg[n $m„j in% e[jn[e+
+ = n[h†n‡e f_anˆ\\ pc^…e_h h‡n„lcomie pifn[e+ At [ `iaf[feit„m
h_g „lninn [ n[h†n‡c „ff„mh[e( ^_ [hh„f che„\\ [ n[h†n„mh[e(g_fsh_e
b„nn…l\_ e_ff_nn _ gc[nn mtilofhc[+ Afmn_l\_h $H[omcnt g_ff_nn% lOii*\_h
_as d_fˆfn_n( ec [ n[h†n‡c $l_enilc% pctma„f[nin f_n_nn_( [nˆlp…hsmt…e
ca[ta[n‡d[ cm g_a pctma„fn( bias _f…aa… gchŒm†np_p[h*… [ p„limc †lhie*
*m„al[( g_fs_n _a…mt l 5/6{ca `ifsn[ninn cm+ =t _as_mh…lh_n „ff[gie h_g
h[asih \„hn„e( bias [ n[h†n‡e gcfs g‡^ih n_mth_e mt_lng_ff…edˆp_*
*^_f_gl_( ]m[ebias nŒfŠe h_ e…ld_h_e`ct_n…md[p†n„mn+Eas h…tn…e _f( bias
[t cmeif„m as_l_e_e_n g[aoe g_ff… p…p_( m„nilim*Šhh_j_e_h…h_e_fp_
b„t[fd[h[e+ $At [t o+ h+ >_nn_ca_m[ha ecp„fn >[dililmt„a\[h …m SŠln_g*
\_la\_h pifn mtie„m\[h%+ Al`oln eˆlhs…e…h [t cm mtie„mim pifn( bias [
(e„hniln[h†n‡ h[asb…n_h b„tl‡f •+b„tl[ d„ln [ eˆtm…a\_h…mnid„mn asŽdnˆnn+
I„monn `[j…ht $Difta_f^% asŽdn…m_d„ln[+!% = b[g\olac cmeif[g_mn_l_e
uO]bofb[fn_l% _t_hecpŠf as_lns[j…htn( I„lnih*h[jc fo^[n( jŠheˆm^c \„l„hsn(
pctma„f[nc [d„h^…ein cm ecp„hn[e [ n[hof‡en‡f+ Rifn[e ncmtn_f_n\_fc f[ei*
g„e $Abl_ht_]b_h%( g_fs_e_h l…mtn p_b_n_nn [ n[h†n‡( mŒn h_d_ cm+ J…bif
[ n[h†n‡n( b[ mt_l_nn…e( g[lb[f_p„a„meil l…mt_fn_nn…e [ b‰m\[h8srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAVj[]\\

b‰mb[as‡ e_^^_h nˆg…l^_e j_l_]t]t_f b[fgitn„e _f+ = yN_cb_ncm]bm
*ifs d[p[^[fg[ pifn [ n[h†n‡h[e( g_fs_n m_g [ mtŠfŒe h_g mt_l_nn_e(
!_g [ n[h†n‡ h_g e_^p_fn+ Lilimtilmt„a\[h E542+ ien‡\_l /4*…h [^n„e
(ec [t …h_e_m asŽdn…m_e_n g_an†fn‡ l_h^_f_n_n+

+ I[ g„l [ l…ac g_ff…edˆp_^_fg_e h[asl…mtn g_amtŠhn_e( ^_ [t
„ff[gie h_g ca_h aih^imei^n[e [ e„lj‡nf[ml‡f( j_^ca h…bif g…a [
g[a„hn[h†n„mn‡f cm _fncfnd„e [ n[h†nin+ >[dililmt„a\[h g_a p[h _ha_^p_
[ eˆtm…ac d_astŒm…a( mŒn [ n[h†n‡h_p_fŒe\_h [ll[ l_h^_m_h _fŒ cm e…*
mt†nce+ J…g_fs pc^…e_h g_a_ha_^ce [t Šasoˆem…a_n( n[h„]mclhiem„ain
…m[^‡mt_^Œm…a_n $>[^_hv8 g„monn eˆtm…ac …m _l^Œj…htn„lhieh[e f_hhc

u>l[ohm]bq_ca%+ SŠln_g\_la\_h [\JWlZm g_ff…ee_l_m_n_ [ `ˆf^g…l…m(
gc p…a_nn Ononna[ln\[h 1…m̀ …f b‡h[jca d„lh[e [t …j†ne_t…mc cj[lcmei*

2%Ichn …l^_e_m eˆtgŽp_fŒ^…mc n…hsn bitig `_f( boas h„fohe g…a[ 1-*_m …p_e\_h
cm d„ln[ [ n[h†n‡e cj[limm„a[+ Amtn_laig\[h jf+( gchn _asceeiff…a„g …ln_m†n( [ l…ac\\ h_g*
t_^…e_n _as `[t_e[m n[h†ninn[ [t ifp[m„ml[ …m cl„ml[ ++ I[a[g cm no^ie l„ _m_n_n( bias _as
p„limc n[h†n‡ [mtn[fimgŽb_fsfs… [f[e†ninn[ „n [t cmeif[mti\„n( m [ as_lg_e_e …p_e mil„h „n
[ as[foj[^ g_ff_nn gih^inn„e `_f f_]te…dˆe_n(

( 3% At h„fohe cm mie b_fsŠnn mtie„m\[h pifn [ mt…e_fs`ˆf^ˆh mtig\[nc a[l[m [f[ed„\[h+
Al^_e_m f_hh_ no^hc( biasb[t[mt…ln_ _f pifn*_ n_ld_^p_#



f„\[ p[as j_^ca l…mtn p_mth_e _as# l_h^_mg…lhˆeh…f l_h^_t_nn _as
…p_m n[h`ifs[g\[h( m gch^e…n _m_n\_h Eff*[^ imtn„fso `ˆf^g…lŒe f_b_n*
h_e+ Lilimtilmt„a\[h g_ff…edˆp_^_f_lh [ jimn[c [a_hnol[ 8 nip„\\„ [
b‰mpctma„f[n $Bf_cm]b\_m]b[o_l[gn%(g[^„lnˆg…m+ eˆg…hs n_lg_f…m mn\+

= n[h†n‡e m_a…^d_c( [tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+h ]c j c _ h n_h( =^m n[h n_h(+h mn l o e**
nil _ h( Lli pcm il_ h mn\+ ca_h as[el[h h[asih e…n_m _rcmn_h]tc„e
…m mtˆlhsŽ no^[nf[hie pifn[e( oas( bias E462*\_h mt„t( mŒn e…nmt„t+
eˆtŠf [fca no^inn _as d‡f ifp[mhc8 j_lmt_ mieb_fsn as[el[h g[a[ [
O]bofb[fn_l cm h_b_t_h no^inn ifp[mhc+!%

= h…jn[h†n‡c „ff„m l_h^mt_l_mm… [ mt_gch„lcogie `_f„ff†n„m„p[f e_ t*
^_n n p„fhc8 ^_ ]m[e e_t^_nn( g_ln \„l .5. .*\_h Lilimtilmt„a\[h+
nct_h_as mt_gch„l†og pifn( [tih\[h [ mtŠf…e [ n[h†n‡j„fs„l[ mt„hn `cie[n(
_fmŒ\_h g_mn_lm…al_n[h†nn[nn[e+L…f^„of G_f_n*Lilimtilmt…a _asce cfs
chn…t_n…\_h $Gf_ch*@[r_h% .5-3*ca /1/ hˆp_h^…e f…j_nn+ [tchn…t_n\_(
eˆtnŠe .-6 mt[\‡( /. ]mctg[^c[( 2 [mtn[fim( 1 n[e„]m( 1 e_l…eas[ln‡(
/ j…e( / f[e[nim( / [arL[' / e_l_me_^Œ mn\+ = \_lfchc mt_gch„lcog\[h
.456*\_h 3- c`d‰ pifn(eˆtnŠe 06 pifn# cj[lim*m_a…^( nˆ\\hscl_ mt[\i …m(
]tcj…mt 8 eˆtŠfˆe /1*_n \i]m„ninn[e ec _t …p\_h( gchn b[mth[p_b_nŒ*
n[h†n‡ni = jilimt mt_gch„lcogie\[h [ hˆp_h^…e_e n[hofn„e [ m_fs_g*
b_lhs‡ …m _j_l`[n_hs…mtn…mn( bias gchn n[h†n‡eh[e h_ e_ffd_h g_mn_l*
m…a_n `ifsn[nhcie+

= f_a^_l_e[\\ mt_gch„lcogie eˆt… n[lnitinn Ot„mtilmt„a\[h [*
q_cg[lc( bif D_l^_l cm h[as b[n„mm[f pifn [ hˆp_h^…e_el_+ .460*\[h+
chn_nn_ Œe_n( bias f_as_h_eg…fl‡e [ bitt„die WŽtˆnn l_g…hs_el_( g_ln(
y\_hh_n_e …m „fn[f[niegcp_fdŠe [ e…mŒ\\c c^Œe _g\_lcm…a…h_e f_a`ihni*
m[\\( f_aligf[nf[h[\\ …m f_a^_l_e[\\ l…mt…nm*+Digfie_as_h_mn _ff_h*
e_t_nn _tt_f [ Ci_nb_ `_f`ia„m[( ec g_al_h^_fn…( bias S_cg[l\[h [
[ acgh[tcog …m mt_gch„lcog n[hof‡† mt†hc_fŒ[^„mie [fe[fg„p[f( gchn
mn[ncmtn„e …m ]bilcmn„e mt_l_j_fd_h_e( P_lg…mt_n_m( bias[ jl‡\„e mie
c^_dˆe_n p_nn…e _f8 mie[n cm j[h[mtei^n[e _gc[nn8 ^_ [ l_h^_f_n …l*
p…hs\_h g[l[^n _a…mt .5/-*ca+ gceil [t ilmt„aasŽf…m ym_l _gcmmcg[(
fc\_l[fcn[mm*[ g_amtŠhn_np…h( _fp„f[mtn„ [ mt_gch„lcogin [ mtchj[^n‡E+

= mt„mtilmt„ac mt_gch„lcogie\[h mie„ca h[as t[p[l\[h pifn [e [
mtŠem…a_m n[hn„las[e cl„hn+ E5E6{\_h Ac]bbilh gchcmtn_l _asce h_p_m
ca[ta[n‡ $@_ht_c% f_]te…d…n [eeil n[f„fn[ g_af„nia[nhc( gceil [t …jj_h
Blc_m \ˆ.]m_f_n…h_e _nbce[c …m [hnblijifiac[c l…mt…lŒf jl_f_a„fn+ 9
d‡ ˆl_ah_e m_dn_fg_ m_g pifn [t cmeif[g_mn_lc bcp[n[fl‡f+ I„m h…t_n\_h
pifn g„l @chn_l( ec [tn n[ln„( bias h_g [t cmg_l_n_e mie[m„a[( b[h_g
pcf„aimm„a[ …m [n[h†n„m\_fc d„ln[mm„a n_mtc [n[h`nŒn++N_h^_m n[hn„las[e
pifn[e [ bcnn[h( \c\fc[c nˆln…h_n_e( j_^[a‡ac[(g‡^mt_ln[h( mt„gp_n…m8
hs_fpn[h( n_lg…mt_ncmg_( nˆln…h_f_g …m `ˆf^l[dt+ +

= jilimt mt_lh†h„lcogie\[h [ 0 …p_m n[h`ifs[g n„las[c h_g pif77
n[e# ecm_\\ mt„gg[f 8 +̂ _ [ eilg„hs mt[\[^ e_t_n _ha_^_nn [t ca[ta[*
n‡eh[e [ n[hn_lp ec^ifait„m„\[h( m Œe h_g cm [^n[e( iein [ eilg„hs
\_[p[neit„m„l[+ ?m[e gceil [ l_[e]tih„lcom cl„hs g_ae_t^Œ^ˆnn( n_nn…e

4%SŠln_g\_la\_h E46O*\_h 624 n[h†n‡ g_ff_nn 033 jlipcmil( pifn p[f‡m„aim hsigi**
lofn b_fst_n\_h+



[ \l_mf[oc chn…t_n_e_n _as _as_n_gc n[h„l `_fŠas_f_n_ [f„( [ec (]`_fcm*
g_lp…h [t ‰d†n„ml[ p„as‡ eil aihimt echˆp…m_cn|( \_srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA\ c*f nin n[ [
nil h „ n( gch n „ EE [g_ EE _ h _m (n$.%mas[h‰mh[e n[lninn[ [ a_ig_nlc[+
n[h†n„m„n( g_ln [h_jn[h†n‡e eˆhhs_h \_f_p_asŠfb_nh_e [ eˆtm…ac `ˆf*
^_e †_fimtn„m„\[+

= h_g mt_gch„lcog\‡f ece…lŠfn n[h†n‡e mt„g[ l_h^ecpŠf h[as
pifn( m [tieh„f [ n[h†n‡c gŽeˆ^…m `ia[fg„n [t on„ht„m g_l†n_nn_ ec+
O_a…^_cnŒf cm * b[ pifn[e * ]m[e on„ht„mn p„ln+Ic^ˆh l 5-6*\_h [
mnonna[lnc _asb„t*`Œn[h„]m [ m_a_^_e_n n[ln‡n[h†n‡en‡c g_ae…l^_tn_(
bias gc]mi^[ g‡^mt_l{ mt_lchn n[h†n[h[e( [ f_a_fmtigil†n‡\\ _m_n_e
dˆnn_e h[j`…hsl_+ AasceŒmtchn…hg_ap[ffinn[( bias h_g no^d[( gc]mi^[
g‡^mt_l mt_lchn n[h†nd[ m_a…^d…n8 g„mce [tn gih^„+ bias m_a…^…n l„*
mtil†nd[( bias …h_e_fd_h( m p_f_ …h_e_f( bias [t il^†n„ml‡ff_mtien[mm[+

= n[h†n‡eh[e [ j[jm„abit p[f‡ pcmtihs[ e…nm…a\__dnŒ pifn+ =
eilg„hsie f_anˆ\\ ilmt„a\[h $>[dililmt„a( >[^_h( SŠln_g\_la( >l[h*
^_h\ola(L`[ft mn\+% [ j[jiel[ \ctn„e [t cmeif[*`_fŠas_f_n_n8 ^_ e_p…m{
pifn [ mce_l( g_ln [ j[jm„a g…fn‡m„a„h [f‡f p[f‡h[e n[lninn[ bifgc
yno^[nf[h| h…jm…aa_f p_mtŒ^hc+ Eas mie b_fs_h [ j[j [n[h†nin _l*h_e7
mt‡f†nd[ 8ch[m„h[e n_echnc( m b[ [t bitt„ g_as( f_ m_gŠfn_nc+p\ Oi l*\_h*
[ jilimt eilg„hs [ mtcf…tc[c j[jieh[e g_al_h^_fc( bias [ h…jn[h†n‡p[f
‰as \„hd[h[e( gchn _g\_ll_f8 m h_ n…n_mm_h_e p_f_ ifs mtifa„f[nin(
g_fs n_echn…fs…n [ eˆtm…a\_h ]mˆee_hnc+ OŒn [ l 5*ce mt„t[^ onifm‡ …p_c*
\_h [tn [ e…l^…mn cm pcn[nhc e_t^ce( bias p[dih [ #j[jm„a _as_nf_h `_f*i
Šas_fˆd_*_ [t cmeif„eh[e …mn[h†n‡eh[e8# O p[dih [ j[j _ll_ [ ncmtnl_
_f…aa… _fŒp[h*… #e…mtŠfp_< l 5-0# \[h g„l eigifs[h `_dn_a_nc _as_as{
b„tc f[j( bias [ n[h†n‡ [ g[a[ mt[eg„d„\[h f_b_n mtchnifs noîg„hsi*
m[h h_p_fn( gchn [ j[j [ g[a„…\[h+ Aas l Oi l*cec mt[\„fst[n Otcf…tc„\[h
ecgih^d[( bias [ j[jc …m cmeif[*`_foas_f‡c +„ff„mnh_g f_mt mtŠem…a
_ton„h _as mt_g…fs\_h _as_m†noc+

I[aie [t cmeif[b_fscm…a_e cm _a…mt [ g‰fn mt„t[^ p…a…ca( nˆ\\**
hscl_ hsigil‰fn …jŠf_n_e pifn[e+ = n„a[m …m _a…mtm…a_m n_lg_e( m [
n[h†n‡ mt„g„l[ p[f‡ [fe[fg[m f[e„m7 [ lcne[m„aie eˆt… n[lnitn[e+ R[f‡**
m„aim ]mo^[*mt„g\[ _m_nn( bias l46/*\_h Cˆnncha„\[h [t …j†n…mt_nc+
`Œ\ctnim e…n _g_ ._n _ m cmeif[…jŠf_nlŒf +cl( g_fs\_h [n[h†nŒh ecpŠf[
m_a…^n[h†n‡h[e f_as_h f[e„m[+ $I[ l_h^_m_h [ h…jn[h†n‡ f[e„m[ e…n n„a[m
mti\[( m _as ecm_\\ mti\[ p[as e[g[l[+% = gchn mie b_fsn h_g bcnn…e(
bias[ n[h†n‡h[e Š^Šf…m p…a_nn mt Š hc ^Œl _ cm p[h mtŠem…a_( mtchn‰as
h_g e…jt_fn_e+ bias [t cmeif[ e…hs_fg_m b_fscm…a_ ecn[ln‡ gohe„l[7
m[le[fb[mm[ [ n[h†l‡n+m% (

H[mmo `_dfŒ^…m _l_^g…hs_ pifn [ n[h†n‡c „ff„m ˆh„ff‡m„a„h[e g_a*
+[f[eof„m[( m+ [ n[h†n‡c e[l n_echn…fs…h_e [ecp†p„m[ ifs f_h…tŒ `_f`ia„mm[nc
mt_g\_h( gchŒ\_h bimmt‰ c^Œh „n eilg„hsie …m eˆtm…a_el…mt_m†n_nn…e(
g_ln bcmt SŠlt\ola\[h …m eˆlhs…e…h $g…a l Oid*\[h cm% [ n[h†nin eŠf*
^ˆh]tm…al_( eˆtgohe„el[ …m…dd_fc Œlc mtifa„f[nl[ cm l„mtil†ninn„e+ I[
g„l [ h…jien[n„m …m[ h…jn[h†l‡c e[l b[n[fg[m n…hs_tŒd_ [t#_a…mt

5%= jilimt eilg„hs .541*5l*†a 65# . g†ffcw*g„le„n8 e_l_e mt„g\[h 2- gcffc3 `i*(
lchnin eˆfnˆnn cmeif[b„t[e …j†n…m…l_+



F6wsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA' )

+„ff[gc …f_nh_e …m eˆtlhŽp_fŒ^…mh_e( Lilimtilmt„a\[h .54/*\_h [t „ff[g
2 gcffc‡ g„le„n [^inn ec h…jien[n„ml[(7 .56/*\_h j_^ca 25 gcffc‡n+ #

= h…jn[h†n‡ `ct_n…m…h_e SŠln_g\_la\_h g„l .533*\[h f_a[f„\\ 1--
`lnh[e e_ff_nn f_hhc+ E^Œeˆtc d[p†n„miee[fi^[doninn[e( bias .56/*\_h
l_h^_m n[h†n‡ e_t^Œ `ct_n…m_ .--- g„le[ $2-- `ln% …m f_ag[a[m\ `ct_n…m_
/--- g„le„\[h p…atŒ^ce+ = m_a…^n[h†n‡e e_t^Œ `ct_n…m_ cm .-mt„t[f…e*
e[f hŒnn( m f_ag[a[m\ `ct_n…mie /0!4 mt„t[f…ee[f( m [ g_ff_nn mt[\[^
f[e„mn cm e[jh[e+# Ot„mtilmt„a\[h 0- …pc mtifa„f[n on„h .2zz( p„limie*
\[h .32- g„le„l[ (g_as [ n[h†n‡ d[p[^[fg[( m_ g_ff_nn ^l„a*[ m„ac j‡n*
f…ein cm e[j+ F‡ j…f^„p[f d„lh[e _fŒf [ h[as p„limie7 Hcj]m_+@l_t^[(
>_lfch( Bl[he`oln( D[g\ola( >l_mf[o mn\+ >_lfch\_h [ l+ n[h†n‡ e_t^Œ
`ct_n…m_ .3-- g„le[ $5-- `ln%( g_fs _g_fe_^b_nce 0-- g„le„d„p[f 4 †t\_h
…m 5*ce †t\_h /-- g„le„p[f( _a…mt 03-- $.5-- `lnca%+

~m [ h…jn[h†n‡e b[^m_l_a_ bih`iaf[f„mcgcmmtcˆn cm n_fd_m†n+ All_
]m[e _as j…f^„n bitie `_f+ G_f_n*Lilimtilmt„a imn_li^_ce_lŠf_l…\_h
.5/4*\_h 56 h…jcmeif[ pifn7 eˆtnŠe /5*\[ f…has_f( 2*\_ h…g_n( 23*\[
f_has_f _m h…lh_n as_lg_e_e d„ln[e8 m [ n[h†n‡e eˆtŠf ]m[e 1 no^inn
]moj„h h…g_nŠf n[h†nhc+ 22 …pp_f e…mŒ\\ _e_ l Šf_ n \_h gch ^_h
cme i+ [ h…g _np ifn8 n_b„n [ f_has_fmt‡ \_fŒfŠe p…ae…j ecp_mt_nn+jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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= mt„gie( b[ g_a\ctb[n‡ e_t_e eigifs ]t…ft[nn[f mt_^n…e …m
„ff†ninn„e ˆmmt_( …e_m_\\_h#mt‡f[h[e m di\\[h g_aasŒth_e( gchn \„l*
g_fs mt…j `_dn_a_n…m( =ll[ [ ]t…fl[( bias Nig„hc[ eˆtien[n„m„h[e
d_f_hf_ac „ff[jin„lif [^^ca cm( gca [hh[e h…jien[n„mc l…mt…n l…mtf_n_m_\*
\_h cmg_ln_nh…g( _as „fn[f„him e…j_n hs_ldŠhe( „ffd[h[e cnn [ eˆp_ne_tŒ(
\_hhŠhe_n …l^_e_fb_nŒ mn[ncmtnce[c [^[nie( g_fs_e_n [ lig„hc[c p[ff„m{#
…m eˆtien[n„mc gchcmtn…lcog mn[ncmtnce[c #imtn„fs„h[e f_aod[\\( .56/*\_h
g_ad_f_hn( lcne[ Šas_mm…aa_f mt_le_mtn_nn m gch^_h( [ h…j ien[n„m mt_g*
jihnd„\ˆf `ihnim gitt[h[nin `_fnŠhn_nŒ gŽp…\Œf p_nn_g ec( Ich^_h_e*
_fŒnn mtŠem…a_m cmg_lhŠhe [ `ihnim[\\ h…j_m_^…mc pcmtihsie[n( gchn [
eˆtien[n„mc +[^[nieh[e [f[jd„n8 ^_ g_a [ g_a…ln…m …mh_n[f„h'mt„h^…*
eifn #_as\_#8_n_m_e …m ˆmmt_b[mihf†n„mie e_^p……ln cm+
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7 ! Nig„hc[h[e p[h [ f_ag_a\†tb[n‡\\ [^[nie mt_lchn . ') #, / ', - .

f[eim[( g…a j_^ca 11 . '0 )#)# p„limc - '* . ) #%/ - . `[fomc8 _ mt_lchn f[e‡ch[e
.4#1 mt„t[f…e[ p„limc( 5/#2 mt„t[f…e[ `[fomc f[eim+

8 ! =t ilmt„a n_lŠf_n_ .0.(024 eg/ f…p…h( [ `_hnc f[eimm„a\‡f _as
eg**l_( p[ascm .--# b_en„ll[ 05# 0 f[eim _mce+ = h…j_mm…a mŽlŽm…a_ mt_*
lchn Nig„hc[ [ ./+ b_fs_n `iaf[fd[ _f [t _ol‡j[c „ff[gie eˆtˆnn( =t*
„ff[gie cas eˆp_ne_th_e _asg„mon„h7

.+ >_facog +)#- f[eimm[f _aseg**l_(
/+ J…g_n[f`ˆf^ .03
0+ =haifilmt„a ..6
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no^ig„hsie …m nˆln…h_f_g eˆl…\_h [ b„tcifp[m„m n„gia„n„m„l[< I_fs
fn•nih mtien[nb[n‡e [ hˆp_h^…e_e [ hscfp„him eˆhspn„l[e b[mth„f[n„l[<

:XPTQF ]# Rg ]JZRTP'Icn `iaf[fd[h[e [t cmeif[c g‰t_ogie g[aoe\[(
*…m g_fsce[ f_ab_fs_m_\\ _fd„l„m [tie g_a[f[e†n„m„l[ < =t cfsg‰t_ogie
+b[mth„f[n„h[e g]nbi^ce[c l_h^mt_l_+ +

: I iX]F ^ N YF ShL \]# YF Sb HXPT]Rb S\TP'=t c^Œmt[ec n[hŠasc n[h„]meit*
g„hsie gcl_ ecn_ld_mte_^p_ + git^†nb[nd„e n[ln‡m[h _f… [ h_p_f…mŠasc
cli^[fg[n< = n[h†n„m di\\ g‡^mt_l_ch_e b[mth„f[n„n …m [ n[h†n‡e eˆtˆnn
[t ˆhg†p_f…ml_ cl„hsof‡ nˆl_ep…m_e_n g_fs ‰nih as„gif†nb[nd„e [tie<

Otifa„fn[nb[nh[e [tie ifp[m„mc [hs[ain [ hˆp_h^…e_e mt„g„l[< Icn
n_b_nh_e [tie [t cmeif[mt…e_e `_fpcf„aim†n„m„l[ m [t cmeif[ cl„hn e_^p_tŒ
eˆtp…f_g…hs n_l_gn…m…l_< =t „ff[g p[as h_gt_nc eillh„hs [^dih*_ec(
q[as n„gia[mmih*_ h_p_f…mŠasc b†lf„jie[n < b[ ca_h( gcfs d_ff_aŽ_e_n <

:XPTQF N JLJX]XcLNNL\'I_fsce [ f_adi\\ nilh[l_h^mt_l < = acgh[mt*
nce[c as[eilf[nieh[e [t cmeif„\[h# …m ]iff_acogie\[h p[f‡ b_fs_ …m n_l*
d_^_fg_+ Icfsh_gŽ mn[ncmtnce[c eon[n„mie n__h^Œe …p_hechn n_echn_nn_f
[t _a…mtm…aŠas mt_lp_t…m…l_< H_as_h*_ [t cmeif„e\[h ilpimc `_fŠas_f_n <
= n_mnc h_p_f…m `‡`_fŠas_fŒc ifs _as…h_e f_as_h_e*_( ece [tilpimno^ilc
`iein g_amt_l_tn…e < = n_mnas[eilf[nie …m _a…mtm…aŠas mtŠem…a_mm…a_(
n_echn_nn_f [ `ihnim mt_lp_e( gchn [ gcfs_h_e [t ctgie( mtŠem…a f_n_cl_<
D[ [t ctgie [t [e[l[n_lŒ ecn[ln„m[ „fn[f `_dfŒ^h_e( +g_fssrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo\ [t( g_fs_h
*_t_h `ihnim mt_lp_e ˆhe…hn_f_h gŽei^…mŠee_f f_ache„\\ `_df_mtnb_nŒe <

> j [cX]JY% = gŽp…mt_n [fein„m[c \_pcb_nŒe*_ [t cmeif[mq\„\[ …m
`_fb[mth„fb[n‡e*_ [ hˆp_h^…e_e †tf…m…h_egŽp_f…m…l_ L = gŽp…mt_n gc*
h_gŽ [fein„m[c p„f[mtn[lc^Œe …m gc g‡^ih [fe[fg[t[h^‡e( gchn [ f_]t*
e…eh_e n[las[c( [ as_lg_e_eb_t< R[h*_ [ l[dtien[n„m\[h [t [f[eh[e ifs*
h_gŽ …\…]t…d_( g_fs d‡ l[dtieh[e f[jl‡f p[f‡ g„mif„m[ „fn[f g_an[h‰f*
b[n‡ W Js_lb_nh_e*_ [ hˆp_h^…e_e [ f[jl‡f p[f‡ l[dt\[h ien[n„mn( gc_fŒnn
[ gchn„el‡f …m n„las[el‡f p[f‡ l[dtin g_ae_t^_h…e <D[ h_g( g_fsce
[ f_+adi\\ g‡^d[ cf mtcf„l^ n„las[e eŠfˆg\ˆtŒ _fŒ„ff†n„m„h[e eˆl pi*
*h[f[e …m „lhs…eif„m „fn[f(

CF QQb XTX cX JW Pe#QHXN SJ[JQcX'H_b_nŒ*_ [ p[ff„mim …m _leˆc]mc ien[n„m
*_fp„f[mtn„m[HGFEDCBA B = hscfp„him cmeif„e\[ [ p[ff„mim ien[n„m \_p_t_n_h^Œ*…
+[e„l [ n[h†n‡( [e[l _asb„tc `…l`c‰ „fn[fe_t_fn_np_< Kfp[m[h^‡* _ [ \c\fc[(
gchn p[ff„mc as[eilf[n< =t _leˆf]mc h_p_f…m gcfs g…ln…e\_hˆf_fd_ `_f
+[t cff_gn[hn _m n„lm[^[fgc `ilg„e[n< =t cmeif[c `_as_f_g g_[hsc\_h n„*
gia[nd[ [t _leˆf]mc g[a[pcm_f_n_n < J_g pifh[*_ d‡ [tn `ilg„fcm f_]te…e
+„fn[f ec_a…mt†n_hc(

4 UTQLb YN cW JYYXcLW J [F Qe SJ[JQcX'Icfsh_gŽ cmeif[c as[eilf[nie [
f_a[fe[fg[m[\\[e [ h_p_f…m _t_h h_g…h_e _fŒgit^†n„m„l[< =t cmeif[c
e…jt…m( eŠfˆhˆm_h[ nˆln…h_f_g\_h …m cli^[fig\[h( g_fs ‰nih b[f[^b[n
[ b[t[`c‰c …lt_fg_e `_df_mtn…m_ mt_gjihnd„\‡f< Icfs m[d„nmt_lŠ _fd„l„m
pifh[ +g_a„ff[j†n[h^‡ [ hˆp_h^…e_e# jifa„lc eˆn_f_mm…a…lt_n…h_e _fŒe…*
+7mt†n…m…l_7* [t[t [t …ln_fg_m mt[p[t„ml[ _m b[mihf‡l[< + (

<h(f :Ee#XPc@ JXKJLJP'= eŠfˆhˆm e…j_mm…a_e n„gia[n[h^‡e*_ [ hˆp_h*QPONMLKJIHGFEDCBA

+0$
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^…e\_h< Icfs g…ln…e\_h _mteˆtˆfb_nŒ _t n[h†n„m …m as[eilf[nie „fn[f w
eˆtn[h†n„m\[h <jihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

CN]XLb QF YTPcX KJQOJGG[NYJQ' I_fs_e [t †l„m\_fc pctma„f[nieh[e _fŒhs_c
…m gc g‡^ih n„gia[nb[n‡e [tie< Icfs g…ln…e\_h f_as_h_e [tie [
hˆp_h^…e_e w`_fd_\\pcn_f…h_e [f[jd[ niel‡f*`iel[< D„hsmtil( ece …m g_fs* +7
[f[jih _mteˆtˆfd…e [ `_fd_\\pcn_fn [eŠfˆh\ˆtŒ( `ieiel[<

4 YF SdYeP SJRJ ' Ic [ eŠfˆh\m…a [ n[h†n‡hŒe …m n[h†n‡e f_adi\\
g‡^mt_l_c eˆtˆnn < Icfs m[d„nm„aim _fŒhs_ p[h _asce h_gh_e [ g„mce
`ˆfˆnn [ h_p_f…m gohe„d„\[h< I_fs eŠfˆhˆm e…j_mm…a_ee_f \†lh[e [ hŒe8
g_fs_e Œe_n [t _f_gc cmeif„e gohe„d„l[ [fe[fg[m[ee„# n_mtce<

?J[JQcXhL \]# XYF YNXJY]cF '=t cmeif[c mn[ncmtnce„l[ h…tp_ gcfs _fd„l„m*
`ia[^[h^‡ _f …m n_ld_mtn_h^Œ gch^_h _m_n_n cff_nŒf_a<

4 L \JW RJPPJW Y&]!SYc]RcS \'= as_lg_ee_ln Bli_\_f l_h^mt_l…h_e
g_a`_f_fŒf_a [t _f_gc h_p_f…m _fmŒE…j]mŒd…p…n__h^Œ+_< Bli_\_f l_h^**
mt_l_ `ifsn[n[h^i*_ g[a„h[e [ as_lg_ee_lnh_e `ie[h `_fŽf< Ice…hn+7
f…n_m†nb_nŒ [ as_lg_ee_ln …m _f_gc cn eif[ mt_lp_m ˆmmt_`Šaa…m_<

& 4] TX]YF YQVS KF QZXN&NXPTQF 'P__h^i*_ e†m…lf_n [t imtn„fsit„mn p[as
`ieit„mn cff_nŒf_a< AfŒhshs_f [fe[fg[tb[ni*_ [ gihcnil*l_h^mt_l [t cfs*
cmeif„e\[h<

6 QiQcUYJYcX cX TX]Yb Q\T ]b X'= hˆp_h^…e_e _fŒf…jn_n…m_ …m imtn„fsi*
t„m[ g_hhscl_ n_ld_^d_h ec [t ien[n„m …l^_e…\_h< Af…a*_ imtn„fsithc
_as …pc gohe[ c^Œeˆt_c\_h [t# _fŒf…jn_n…meil < R[as [t c^Œeˆtˆe ifs
lˆpc^l_ pifh„h[e g_a„ff[j†n[h^‡e( [ gchn ]m[e f_b_n …m [ l_h^_m g…*
l_nŽ imtn„fsie ]m[j[nie\[ mtil†n[h^‡e * gchn_as /-*0- hˆp_h^…e
gch^_asce\_ < =t …pc p[as h[asi\\ c^Œeˆtˆe\_h p[f‡ imtn„fsit„mh[e
[t imtn„fsie eˆtˆnn n_lg…mt_n_m _l_^g…hs_( bias [e†p„f‡\\ hˆp_h*
^…e_e b„nl„fn[nh[e …m h_g hs_lh_e _f…a gohe„n n_b_nm…a_ce ec`_df_mtn…*
m_l_ [t [f[nn( gca [ n[h†n‡ c^_d…h_e h[asi\\ l…mt…n [f[mm‰\\…m n_b_nm…a*
n_f_h_\\ hˆp_h^…e_el_ p_mtn_a_nc+ J_g \„n‡ln[f[h†nd[*_ _f# _t_h l_h^mt_l
[ e_p…m\\… …l_nn …mf[mm‰ aih^ifeit„m‰[e[n [t imtn„fs\[h( gc[f[nn
[t …f…he_\\ aih^ifeit„m‰[en‡f [t [fe[fg[n _fp_mtc+ =t imtn„fsie eˆ*
tˆnnc …pc c^Œmt[eie l_h^mt_l_ g_ff_nn [t _a…mt cmeif„h[e b[f[^„m[ h_g(
mŠfs_^*_ f_ [ F[mm‰\\ …m as_ha…\\ hˆp_h^…e_e `ie„l[<

4] JQJR]# YF SZQRb S\TP RJSJYJ '=t _f_gc cmeif„e\[h gch^_h hŒp_h*
^…e mt„g„l[ oas[h[t f_as_h*_ [ n[hofg„hs g_h_n_( [e„l ‡b[dnd„e [tie7
n[hofg„hs[ce[n `ifsn[nhc( [e„l h_g< = n[h`ifs[g g_fs mt[e[ c †l[h^‡e7
_f… [t _f_gc cmeif„e\[h gch^_h hˆp_h^…e mt„g„l[< $=t _f_gc cmeif„e [
n[h`ifs[g hsif]t _fmŒ …p_cn ˆf_fce `_f( [t[t [ b[nn‡f [ nct_hh_as_^ce
…f_n…pca+% Ic g‡^ih \ctnim†nb[n‡ f_ab_fs_m_\\_h [ n„las[eg_a`_f_f"
_asg„m g_ff… # l_h^_t…m_ [ hscfp„him cmeif„e\[h< =t _f_gc cmeif[c n[h*
`ifs[gh[e `cas_f_g\_ e_ff*_ p_hhc [ b_fsc cj[lc mtŠem…af_n_e_n< L…f^„of
[ p„limie n[h`ifs[g[ce\[ [ e_l_me_^_f_g p[as e…tgŽcj[ll[ p ih[neit‡*
mt[eie[n \_`ia[^d„e*_ < = `[fomc cmeif„e `_fe[lifd„e*_ [ `ˆf^g†p_f…mn!+
p_asn[hn(Z [ g_t_c a[t^[m„ac hˆp…hs n[hn p[as `[gŽp_f…mn<
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<s ^e^fb m^kf•ls^mmZg •l * kZcs fbfƒ]hg mZg‚maZmƒ Zs ^e^fb bldh*
be€d[Zg; @s^g mn]hf€grhd f^er lsZdZb mZg‚maZmƒd Z e^`gZ`rh[[ lbd^k*
9k^e Zs ber bldhe€d[Zg;edcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 ^ Uc D TW O O ^ D F L HP> P] O &Hb[^g €ee Z d•s†`r^ll•`b hdmZm€l lZc€mbZ`hl
g^o^eˆb •km•d^; Hb Z e^`ch[[ mZgf^g^m Z d•s†`r^ll•`b bldhe€d ls€f€kZ;
< _kZg\sbZ( g•f ^m( lo•] •l Zf^kbdZb d•s†`r^ll•`b hdmZm€lb k^g]ls^k^d
*^eo^bg^d „lls^aZlhge‚m€lZ •l Zs Zshd €emZe ^e•ka^mˆ ^k^]f•gr^d+ < `r^k*
f^d^d e^`f^`m^e^eˆ[[^g f^er dhk[Zg _h`aZmƒd Z d•skgŠ*hdmZm€lkZ ;

)U FO HL I> F P> H> N ^ HM ^ K UP] N > H&<s bldheZb mZdZk•di•sm€kZd ZedZefZs*
aZmƒd*^ aZlshggZe Z mZdZk•dhll€` ^elZc€m‚m€l€kZ+ H^er^d Ze^`ch[[ fƒ]*

( ls^k^d Zs ^e^fb bldhe€d[Zg Z mZdZk•dhll€` ^elZc€m‚m€l€kZ; <s bldheZb
mZdZk•di•gsm€kZdg€d fber lZc€meZ`hl o^ls•er^b oZggZd •l fb #fˆ]hg
*^`r^geema^mˆd db! ^s^g o^ls•er^d Z e^`a^er^l^[[^g;TSRQPONMLKJIHGFEDCBA

. R M O E >G @ D A6 > C : J : AO G "

< d„s•ibldheZb g^o^e•l(
#dhsgZd( m€k`rZecZ Z grbeo€ghl
+ZdZ]•fb€d hdmZm€l€m(

) Ha U^ M FO HL I> F L HP> P] O J B D CB IB IdE > P] N > F&H^er^d Z d„s•ibldheZb
hdmZm€l f^`_^e^eˆ aZm€kZb( f^er^q Zsm Zs^e^fb hdmZm€lmƒb e^_^e• •l Z

(_ˆbldheZb hdmZm€lmƒb _„e_^e• ^eo€eZlsmc€d; Hbdhk d^ee( aZ ^`r€mZe€g oZg(
*Z mZgnef€grhd kkb^`hlse€l€gZd Z grbeo€ghl bldhe€d[Zg d^s]ˆ]gb„d;

) Ha U^ M FO HL I> F P> K ] N H^ M U^ O ^ O GB Ic D TB IB P&< fZ`€g( ZeZi‚mo€grb bl*
ydhe€d •l ZdZ]•fb€d dhkkg€gr( €eeZf( oZ`r g^fs^mb _^e†`r^e^m Ze€ a^*
.r^s^g]ˆd*^; < d„s•ibldhe€d ls€f€kZ fber mZg€kd•is•l d‚o€gZmhl;

9Uc HO ^ D B O P> K Q IJ ] K TL H > D T> HL N I> PF ^ IB PN B R> I` B Id H^ O U_P^O R^ D B PP&

Hber mZgnef€grhd oheg€gZd ^`r ^lsf•grb mZg_herZf[Z [^_h`eZeZg]ƒd
Z d„s•ibldheZb hdmZm€l[Zg( f^er^d Z g„o^g]•d^d^m g^f ^`r \hee^`bnf
oZ`r lsZdbldheZ( ]^ ^`rls^kŠ^g Z `rZdhkeZmb •e^mk^ oZeƒ ^eˆd•ls‚m•lk^
c^e„eg•d db;

& 3 > PFK ^ O D [ !N a D P> K Q IJ ] K TL H&Hbdhk c€k ^eˆgrgr^e ^s^g mZgnef€grhd
f^`d^s]•l^( oZcchg Z fh]^kg gr^eo^d ^eˆmm oZ`r nm€g; <shg ^l^m[^g(
aZ ^s^g gr^eo^d mZg‚m€lZ Z mbs^]bd •oo^e d^s]ˆ]bd Z mbs^gg•`r* oZ`r
mbs^g„m„]bd •k^mm^[[ dhk a^er^mm( Z mZg‚m€l fƒ]ls^k•[^g fber ls†d*
yl•`d•i^gb ^em•k•l^d m€fZ]gZd; I^o^s^m^l^g( Zshg bldhe€d[Zg( f^er^d
Z eZmbgm Z mbs^gaZkfZ]bd oZ`r mbs^gg^`r^]bd •oo^e d^s]bd( ZdeZllsbdZb #
gr^eo^d[^g oZeƒ hdmZm€l fƒ]ls^k^ bgd€[[ mn]hf€grhl( f€l lsƒoZe bgd€[[
iabeheh`bZb ZeZihg grn`oƒ*^( fbgm Zshg ^eˆd•ls‚mˆ _ldhe€d[Zg( f^er^d
^s^g hdmZm€lm Z grhe\sZ]bd •oo^e d^s]bd;# H^`]„gma•m^me^g*^ Zshg [bsh*
grbm•d( f^er+^s^g gr^eo^d ls€f€kZ+Z _^elˆ •ld„s•i_hd… hdmZm€l[Zg ^e_h`eZem
#gZ`r a^er^m b`ZshecZ( #Zshg ZeZihg( ah`rZ fh]^kg \bobeblZmb\ Z `„k„` •l

y*kƒfZbmƒe ls€kfZshmm e^( fbg•e_h`oZ ^`r^]Še Zshd €emZe •kma^mˆ f^`( Zdbd
Zshg g•i^d €emZe aZlsg€em gr^eo^d[^g g•fb c€kmZll€``Ze [‚kgZd;

4 ^ N P> K R> D T > ID B ? N > B Id O Ua N &@ lsZdhd f^erbd^ ^eˆss^ f^` Z d„*
y s•ibldheZb hdmZm€l[Zg+ Z f€lbdZm; H^ggrb f•kmZg mZg‚maZmƒ Zg„o^g]•*
d^dg^d Zs ^e^fb bldhe€d[Zg P

Z f^erer^e Z( d„o^md^sˆ d•k]•l^d _h`eZe*
_^elˆ[[( fZ`€g( (ZeZi‚mo€grb bldhe€d •l
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)U > J B N PH> F @ L IIB D UQ J ^ O > U > K K > H J B D CB IB Id Hc FCa FA FB H&< \hee^*
`bnfhd*+ `bfg€sbnfhdgZd •l er\^nfhdgZd fb lZc€mbZ`hl m^^g]ˆcnd oZg+
m^dbgm^mm^e Zs Zelƒ[[( Z m^\agbdZb bldhe€d •l ^`r^m^f^d fbg]b` g„o^doˆ*
d‚o€gZefZbkZ K

9U> HO UB N _IO ^ D > @ L IPB D ! IQ J J Q K H] G] ? > K &Hbdhk d^s]ˆ]c•d Z lsZdls^k† *
l•` Z \hee^`bnf fngd€c€[Zg; <s „lls^aZlhge‚mƒ fƒ]ls^k Z _^elˆ hd*
mZm€l b`Zsb c^ee^fsˆc^*^;

) K d H J > D > O > ? ? CL Hb HFJ _IRB I^ O B &< mZg‚m€l fZ`ZlZ[[ bgm•s^m^b[^g
e^`r^g*^ aZm€kZ Zs ^`r†mm g^o^e•lg^d;M•ls^l‚m^g]ˆd*^ Z gˆd Z g^o^e•l+
fbg]^g ^eˆch`Zb[Zg Z d•m_•e^ ^`r^m^f^g •l Z lsZdbldhe€d[Zg;

)H> A B J U > U! CL HL H&<]Zll•d*• ^`rg•e m„[[ _hd( fbgm =+ <+ Z \he*
e^`bnfb mZg_herZf ls€f€kZ; H^er dhkhd d„s„mm e^`r^g Zs •k^mml•`b $[Z\*
+\ZeZnk^Zm% +^egr^ka^m„ k @em„ke^g]ˆd*^ Z mblsm^e^m[^eb _hdhd; CZ g^f m„k*
e^g]ˆd ^e( ZshdgZd f^`Z]€lZ g^f aZm€kheZg]ƒ ^ Zs bgm•s^m^d Zshg
hlsm€erZ •l _hd€kZ( f^er^dg^d f^`_^e^eˆ mZg_herZfZbd ^s^g \s‚f^d

grncm€l€kZ lsZ[€erls^kŠ^g ^e oZggZd e€moZ;

. S AR C ;O AO @ $

0M > N % ^ O J e FM > N %U O HL I] H&<s €emZe€ghl d•is•lk^ lshe`€eƒ bgm•s^m^d
•l Zs biZk* •l fŠbiZk*bldhe€d fŠd„]•l^ d„s„mmb `hg]hlZ[[ f^`hlsm€l(
fbg]^`rbd lZc€m cƒe f^`aZm€khshmm m^k•m _h`eZeo€g ^e+ ^eˆfhs]‚mg€*^ Zs+
^`r^m^f^l d•is•l •k]^d^bm; +

) P> K _P` H O U> HH^ M U^ O B &< mZg‚mƒd•isˆ[^g Z mZg‚m€l f^g^m•g^d
^`•ls^g lsZdls^kŠ g^d d^ee*^ e^ggb^ oZ`r _^e„e^ec^*^ Zs ^e^fb •l+
#d„s•i_hd… lsZdhd[Zg e^oˆ ZgrZ`+hm( Z f^Zgrb[^g Zs Zs ^s^d[^g oZeƒ*
aZeZ]€lm( fbgm Z _„eo•m^e _„em•m^e•m f^`d„o^m^eb;

< mZg‚mƒd•isˆ c^ee^`sˆ m^o•d^grl•`^ Z fƒ]ls^k[^g f^ggrb[ĝ
d†e„kg[„sbd Z d„s•i_hd…* •l _^elˆ_hd… hdmZm€l•mƒe; < mZg‚mƒd•isˆ fƒ]*
ls^k fbg]^g lsZd „lls^aZlhge‚mƒ mZgnef€grZ*^( fbg]^g f€l lsZd obe€*
`€[Zg( f‚` Zs ^e^fb •l d„s•i_hd… fƒ]ls^k^d \lZd …`r m^dbgm^mg^d( fbgm+
^`r ls†dl•`^l e•i•l ^`r _^elˆk^;

Hbm „e^ec^g _^e Z i^]Z`ƒ`bZb mn]hkb _hdkZ lshe`€mƒ mZg_herZf;
Hbd•gm k^g]^s^g]ˆd e^`a^er^l^[[^g [^ Z i^]Z`ƒ`bZb d„grom€kZd7

•l f^er d„gro^d^m m€kmZefZssZgZd; H^erbd Z g^o^e•l†`rb bkh]ZehfgZd7
e^`ch[[ hlsmZerhs€lZ; OZg‚mƒ heoZlƒd„k„d fb fƒ]hg ZeZd‚maZmƒd e^`*
\s•els^kŠ[[^g ; +

Hb Z m•gre^`^l mZg‚m€lgZd •km•d^ Z fbgmZ oZ`r `rZdhkeƒbldhe€[Zg ;#
< mZg‚m€lb fƒ]ls^k^d ]b]ZdmbdZb hdmZm€l €emZe Z d•isˆbldhe€d[Zg ls^*
k^sa^mˆd*^ f^` oZ`r †`r^l mZg‚mƒd €emZe Zdbc^e„emlsZd[Zg Zs hlsm€er*
[Zg grncmhmm hdmZm€l f^`_b`r^e•l^ €emZe; Hb Z( oblshgreZ`hl •km•d^ Z
g„o^g]•dk^ g•so^ Z d•isˆbgm•s^mb fbgmZ*bldhe€[Zg oZeƒ mZg‚m€lgZd ^l
ZggZd( f^er^m Zs a^er^mm^ld•gm Zs ^e^fb bldhe€d[Zg b]ˆgd•gmb ls†g^m^d

+ZeZmm m^ec^l‚m;ZYXWVUTSRQPONMLKJIHGFEDCBA6



1 L D F$ L N RL O F ^ O PE B L IL D F> F b HL I] H&zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAH^er^d Z lsZdls^kŠ g^o^e•lg^d
ls†dl•`e^m^b •l aZm€kZb Z ch`b( hkohlb•l ma^heh`bZb mn]hf€gr*lsZdhd[Zg
* m^dbgm^mm^e Z iabeheh`bZb lsZd `rhkl _^ceˆ]•l•k^;

2 _O ^ N IB PU I^ IB HP> K &< d‚l•ke^mb bldhe€d[Zg •l # Z a†er•d bldhe€b[Zg
ZedZefZshmm fƒ]ls^k^d Z k^g]^l bldhe€d ls€f€kZ( Zs hdmZm€lb •l _^`r^efb
fƒ]ls^km bee^mˆe^` fberg^fŠ `rZdhkeZmb …m[Zb`Zs‚m€lm lshe`€emZmgZd( d†*
e„g„l^g Z k^lm ^ef•cŠ^e^ •e^lsm•l•[^g lZ fZdZ\l# •l o•md^l g„o^g]•d^d
cZo‚m€l€kZ ohgZmdhsƒeZ`;! <s …`rg^o^s^mm \arighmbdnl ln`Zee€ll $ln`*
`^lm‚h% dnmZm€lZbgZd _hgZe€g _^]^sm^d*^ _^e f€k oZeZfbm( Zfb Z k^g]^l
bldhe€d k^g]ls^k•g^d l^`‚ml•`•k^ e^a^mg^; (

Y O UO UB N e "N > PU!L K > I# I^ IB HP> K &< f^`blf^k•l a€khf _hdhsZmZ f^`*
d†e„kg[„sm^m•l•g^d _hgmhll€`Z g^o^e•lb ls^kgihgm[ƒe 8 Zs ^elˆg^d aZ*
m€k€m Zshg •ks•db [^grhf€lhd d•i^sbd( Z f^er^d^m Z d†e„g€eeƒ yoZ`r Z
ohgZmdhs€lhd •l _†``ˆ oblshgrhd b`^g d^o•l blf^k^mc^`r•o^e [‚kˆ !m€k*
`rZdkƒe •l c^e^gl•`^dkˆe ls^ks†gd+ < f€lh]bd _hdhsZm _ˆe^` Z ohgZm*
dhs€lhdgZd( _†``•lg^d( Z m€k`rZd mneZc]hgl€`Zb+ c€kne•dZb d„s„mm e^oˆ
oblshgrhdgZd( ^`rf€lkZ oZeƒ aZm€lZbgZd _^e_h`€lZ+ QZcchg^s^g
_hdhsZm ls‚gk^ahsZmZeZ ^kd„e\l •l oZee€lg^o^e•lb m^dbgm^m^d[ˆe a^fe^`^l*^ ;
< aZkfZ]bd _hdhsZm Zs ^lsf•grbg^d •l Zs ^kd„e\lb l oZeD€lmn]hf€grhd
o•`lˆ hdZbgZd _^e_h`€lZ * ZggZd Z fbm FZgm bk€grsƒ ^lsf•dg^dg^o^s
$g^o^s^m^l^g Dlm^g( lsZ[Z]l€` •l aZeaZmZmeZgl€`% * ^s^g aZkfZ]bd _h*
dhsZm ^`•ls^d^m oZ`r m^ec^l^d^m m€k`rZe $f^`•`r^sˆe^` KeZmh •l Kkh\enl*
lZe+% QZcchg ^s^g f^`d†e„g[„sm^m•l^d d•is^e^mb^d oZ`r \lZeƒ]€lhd*^(
oZ`r Z oZeƒl€`gZd f^`_^e^eˆd •l Zs hdmZm€l fƒ]ls^k^b •l lsZdZb f^`*
aZm€khs€l€[Zg m^dbgm^m[^ o^^g]ˆd; <s ^e^fb g^o^e•l _ˆe^` d†e„g€eeƒ
•ks•db •lsk^o•m^e^dd^e _h`eZedhsbd*^( ZsZs Zs •km^efb aZeZ]€l ^elˆ _hd€*
gZd _^ce^mml•`•o^b ; Hbd•gm bk€grsZg]ƒ Zs …`r( ah`r Zs Zs hdls^kŠ „lls^*
_†``•l^d •l ^`r•[ ohgZmdhs€lhd f^`_b`r^e•l^ _„e• ^f^em^ll •d ; < d„*
s•i_hd… g^o^e•l Z d†e„kg[„sˆ g^f^d ohgZmdhs€lZbgZd dnmZm€l€oZe _h`*
eZedhsbd*^ _ˆe^` * ZsZs Zs •km^efb _^ceˆ]•l f€lh]bd _hdhsZm€kZ m^kc^ls*

+ d^]bd*^ _ˆe^` db;Hbd•gm k^g]^sa^mˆ Zs ^e …`r( ah`r Z g„o^g]•d Zshg
g^fe^`^l ^k^]f•gr _„e• ^f^em^ll•d( f^er Z e•e^dg^d Z inlsmZ ohgZmdh*
s€lhd •l ^`rf€lmƒe _†``•l dbs€kƒeZ`hl „llsihgmhl‚m€lZ €emZe e•m^l‚mm^m^km;
Hb fƒ]hg o^s^ma^mˆ Z e•e^d Z aZkfZ]bd oZ`r ^`r^m^f^l‚mˆ _hdhsZmkZ(
ahe Zs bk€gr*^lsf•gr^d( g^fd†e„f[^g Zs ^ed†e„gs„mm+•ks•db [^grhf€lhd
•l Z inlsmZ ohgZmdhs€lhd 2 ^`rf€lmƒe _†``•l^d Zs ^`•ls e^`_ˆ[[ ^eo•*
o•g^d Ze€k^g]^eo^( m€k`rZemZmgZd( Z# fbgm Zsm Z [„e\l•ls^mdnmZmcZ•l Z
oZee€l mZg‚mcZ; +

\ D TRc B IU! @ L IIB D U!UB J L H&<s †`robm^eb oZ`r d^k^ld^]^efb \hee^`bnfhd
mZg_herZfZ+ <s hdmZmZl •l [^k^g]^s•l+

&+*#"( *)! ZYXWVUTSRQPONMLKJIHGFEDCBA
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CZ Zsm ZdZkcnd( ah`r Z fZ`rZk €eeZf f^`^kˆl„]c•d l g^fs^m†gd
Z +m^ec^l ^`rl•`^m fb^e•[[ dbo‚ocZ 7 …`r „gmn]ZmhlZg( cƒe €m`hg]hem m^ko*
o^e d^ee f^`bg]‚mZgngd 6Z d†s]^ef^m Zs *^`•ls ohgZehg( 2 _•k_bZdahs beeˆ



dbmZkm€llZe( ^kˆl ZdZkZmmZe•l eZgdZ]ZmeZg e^ed^l^]•ll^e d^ee l‚dkZ ls€eeZ*
gngd Zs•km Z ls^gm †`r•km( f^erg•e c^e^gmˆl^[[^m ^s b]ˆ ls^kbgm fZ`rZk
^f[^k g^f blf^ka^m+ HZ`rZkhkls€` fbee^gbnfZ d„s^e^]bd+ Pc d†s]^ef^d
o€kgZd k^€gd+ ?^ g^f Z _^`ro^k^d( g^f Zs €`r…mŠs( g^f Z k•f^l\lZm€d
dhklsZdZ obkkZ] _^e7 Z ls^ee^fb _^`ro^k^d [•d•l •l €e]€lhl(]^ gZ`r*
ls^kŠ f•kdˆs•l^ d†ls„[•g €eengd+ G^`r†gd k•l^g( ah`r ^[[^g Zs ^f*
[^ka^s e^`f•emƒ[[ dbcs]^E^f[^g [^\l†e^mm^e a^erm €eeaZllngd+ EZc ZggZd
Z g^fs^mg^d( Z f^er Z dnem…kZ m^k•g ^efZkZ] . < fZ`rZk g^fs^mg^d Z
g•i^d gZ`r ls^ee^fb o^kl^gr•[^g h]Z d^ee m„k^d^]gb^( ah `r Zs ^` r*
a€s( Zs bld hZYXWVUTSRQPONMLKJIHGFEDCBA) Z( Z m € klZ ]Zehf •l Z lZ c mƒ ^`rZk€gm e^ed^l €ih*
eƒcZ* •l _^ce^lsmˆc^ e^`r^g Z fZ`rZk g^fs^mb •ksŠe^mg^d•l `hg]hedhs€l*
fƒ]gZd+ K "

G^`gZ`rh[[ aZmZehf Zs bldheZ+ @s ZeZd‚mcZ €m eZllZgd•gm Z g•i
•ks†e^m•m •l `hg]hedhs€lfˆ]c€m( < fZ`rZk €eeZf^lsf^ •k]^d•[^g fbg•e
^eˆ[[ f^` d^ee m^k^fm^g†gd Z fZ`rZk g^fs^mb bldhe€m+ A^e ^d^s ^*
m^d( d„s l•` ^ d( m € k lnb Z mhd•l fZ` € ghl h d d^ec^g^d o^kl^grk^
Z fZ`rZk g^fs^mb g^o^e•l †`r•[^g+ @s fbg]Zggrbngd cƒe _„e_h`hmm •k*
]^d^+ ?^ Z ahe khllsZdZkZm( mn]ZmeZgl€`( „g•k]^d( aZmZefb o€`r( lˆm
aZsZ_bZmeZgl€` `€mZm o^m Z g^f s ^m+bd„o^m ^ef •gr m^ec^l‚m•l^ ^e•7
hmm e•ic^g _„e ^k•er^l^g Z fZ`rZk €eeZf•l Z fZ`rZk dhkkg€gr g^ d•ll•d
[^s€kgb Z aZsZ _bZmZel€`€gZd ls^ee^f•mf^`f•k`^sˆ bldhe€m( ah`r a^er•[^
fZ`rZk €eeZfb bldhe€m €ee‚mlhg(# f^er Z m^lmo•kb^ll•`g^d(Zs ^`r^geˆl•`*
g^d •l Z aZsZls^k^m^mg^d e^`r^g [ns`ƒ abk]^mˆc^+

?^ aZmZefZl m•gr^sˆ Z lZcmh bl+ <s bldheZ nm€g ^gg^d oZg Z e^`*
gZ`rh[[ aZm€lZ Z fZb dhk ^f[^k•k^+ <s heoZlf€grhd g^f\lZd Z `hg*
]hedhs€lfƒ]hm( ]^ f•` Zs •ks†e^m^m( Zs ZdZkZm^kˆm bl# gZ`r[Zg [^_her€*
lheaZmc€d+ H•` Z fŠo^em ^f[^k bl `rZdkZg •ksb ^`r^`r ^kˆl^[[ls^ee^f*
g^d Z [^_her€l€m+ C€m f•` Zs b_c…l€`( Z f^erg^d ZdZkZm^k^c^ d„ggr^g
dhkf€grhsaZmƒ @s•km ls†dl•`^l Z `r^kf^d •l b_c…l€`b bkZmhdkZ gZ`r
_b`r^ef^m •l `hg]hm _hk]‚mZgngd+

?^ fbm mZiZlsmZengd; < e^`…cZ[[ b]ˆdb` ch[[€kZ _•k\sfngd€d
ohemZd Z fZ`rZk `r^kf^d^d •l Z fZ`rZk b_c…l€` heoZlf€grZb+ D]^`^g
ls^ee^f lsƒeZem f^` [^gg†d khlls fZ`rZklb``Ze •l f•` Z d•i^d l^f
ohemZd fZ`rZk ohgZmdhs€l…Zd+I•kg^m[ˆe( _kZg\sb€[ƒe( Zg`he[ƒe( heZls*
[ƒe lm[+( lˆm f•` m„k„d[ˆe bl _hk]‚mhmm fngd€ddZe ZdZkm€d Z fZ`rZk
_bZmZel€` g^fs^mb `hg]hedhs€lfƒ]c€m •l ^kˆl aZsZls^k^m^m•m g^o^egb 
I^d†gd g^f d^ee^g^d dhsfhihebm€d( aZg^f ^kˆl aZsZls^k^m^mmˆe €m*
aZmhmm( fZ`rZk `hg]hedhs€lfƒ]n _bZmZel€`kZ oZg ls†dl•`†gd+

N\afb] Fkblmƒ_( Ib^kbms Bnlsm€o( Ch__fZgg A^k^g\s( C„\d^kBnlsm€o(
<g]^kl^g( Bkbff( l Z m„[[b b_c…l€`b }kƒ Z g•f^m `r^kf^d^dg^d ls€gm€d
fngd€bdZm+ <g•kkb^m `hg]hedhs€lfƒ] •l Zg•f^m g•i ls^ 66̂ f grbeZm*
dhsbd f^`'Z l^gmbf^gm€eblfnl+ _^e• aZceƒ bkZmd€bd[Zg+ ?\ a€m oZcchg ^s^d+
Z fZ`rZk g^fs^mb ls^ee^ff^e f^`^`r^sm^ma^mˆd*^; I^f abls f̂( ah`r
^sm f•` Z fZ`rZk dbZ]ƒd DJ ^eabgg•e^+?^ g€end g^f bl ^s ohem Z\s•e+
Knlsm€g †se^mb •k]^d†d^m m^dbgm^mm•d+ < \eb\a•da^s•l Z _hk]‚m€lb ch`ahs
he\lƒg ahss€cnmaZmmZd( l Zsm€g Zs bldheZ ihk€m \lZd Zs bf•gme^k€shmm
]b€dh\ld€d ihmhf €k•km o•`^sm•d Z _hk]‚m€lm+

Der^g bkZmhddZe Z fZ`rZk g^fs^mb ls^ee^f^m n`rZg l^gdb l^f _h`cZ



*_̂ ce^lsma^mgb+ < fZ`rZk E_c…l€`b bkZmhdgZdg^ \lZd Z d †el ^ c ^( ]^ Z
#[ ^el ^c ^ bl m†dk„ss^ obllsZ Z fZ`rZk g^fs^mb c^ee^fohg€lm+I^ \lZd

+ a^er^l fZ`rZkl€``Ze bkhmm( ]^ fZ` r Zkm €k ` r … bl e^`r^g Z `r^kf^*
d^d •l Zs b_c…l€` d^s•[^ ls€gm lsˆkZdhsmZmƒ heoZlf€gr+ Dmm oZg Z fZ`rZk
_„e] g•i•o^e •l# m^kf•ls^mb oblshgrZboZe+ FbZdg€sa€mZmeZg [€grZ ^s( f^er

+Zs b_c…l€` (blf^k^m^bg^ddb[ˆo‚m•l•k^ •l •ks†e^m•g^d + f^`g^f^l‚m•l•k^ Z
D^`a^er^l^[[ bk€gr[Zg ^`rZk€gm #ZedZefZl+ .

PcZ[[ b]ˆ[^g ^ m•k^g bl aZeZ]€l+ m„km•gm8 Kƒ lZG Zc hl(= ^ g ^*
] ^ d @e ^ d+ C^m r ^r+ B€ [hk •l BZ € . H ƒ s ^l Z `r^kf^d* •l b_c…*

*l€`b bkh]ZefZm Z fi`rZk g^fs^mb bk€gr[Z m^k^em•d+
KƒlZ •l C^mr^r `r„gr„kŠ `r^kf^do^kl^b fbg] fZ`rZk m€k`r… Zd(

fZ`rZk `hg]hedhs€lfƒ]kƒe •l fZ`rZk •ks†e^mkƒe mZgnldh]gZd+ <ikƒsZZYXWVUTSRQPONMLKJIHGFEDCBA
V " ' K̂ k•g =^g^]^d •l BZ€e Hƒs^l c^e^ld^]g^d+ =^g^]^d wF blF „g r o*

m €kZ: ^`r \lhfƒ( †`r^l^g }km _†s^mm^e `Zs]Z`‚mhmmZ Z fZ`rZk`r^kf^d*
*bkh]ZefZm( BZ€e Hƒs^l i^]b` ZR 5 Z s Z _bZ l F „ g r o m € kz ^s+ o€eeZeZ*
ym€oZe b`r^dlsbd Z fZ`rZk b_c…l€`gZdcƒ heoZlf€grhdZm gr…cmZgb+

@s ZedZehffZe ZedcbaZYXWVUTSRQPONMLKJIHGFEDCBA / > U> CF> O Ha  K TRP] N  %Pls€g]•dhshf k„ob]^g
blf^km^mgb+ Y*

< \s_kg n`rZg g^f ls^k^g^l•l+ f^km Zls ^ f • . T k ˆ . fhg]cnd(
ah`r aZsZ_bZl oZ`r aZs+Z_bZmeZg( ]^# ZK€k `r fZ`Z+# l aZ[€k ^s
d„grom€k bl7 g^f e^a^m aZsZ_bZl oZ#`r ^gg^d ^ee^gd^sˆc^+ Dgd€[[ m„k m•*
g ^m b d„grom€k e^a^mg^ Z= P VE > ' +Z fbg^d g^f\lZd gr^eob( ]^ m€k`rb
*ls^fihgm[ƒe bl f^`_^e^eg^( f^km ch[[€kZ m„km^kb^mb ^e[^ls•e•l^d^m d„sˆe(
@]]b` mn]mhffZe aZm# d„m^m + c^e^gm f^`+ @`rg^d*^`rg^d €kZ /2 dk+(
(< d†elˆ db€ee‚m€l \lbghl( Z grhf€l ls•i •l mblsmZ( Z d•i^d cƒd •l Z
#d„m•l ^kˆl+ @`r*^`r d„m^m0*(*1 grhfZmhmm ‚ok^ m^kc^]+ O^a€m * Zk€gr*

eZ` * b`^g he\lƒ heoZlf€grhdahs cnmaZm Z fZ`rZk b_c…l€`+ @s NmZ f i*
_^e F€k her ihslhgrb d„grod^k^ld^]ˆ •k]^f^+

#<s ^elˆ ls€f \s+‚f^ 7 + !Nshg]bd•m Z i kƒ ] CZS ' DkmZ BZ€e
Hƒs^ l+ •mo^g„m he]Zehg(./ _^c^s^m[^g Z]cZ ^eˆ m€k`r€m+ < _^c^s^m^d
Z d„o^md^sˆd7 .+ Nshg]b [n\l…cZ+DD'Nshg]b aZe€eZ+6DD'I•fZ #e^mm Z a…k+
eQ+< g•fZ a…k f^`lsLeZe+ (Q+ <s n]oZkb [hehg]+ QD+ < [hehg] d•m
mZg‚mo€grZ QbD < [Zl Z d•m e^€grZ+ QDeD+ Ch`rZg e^ls Zs+ n]oZkb [hehg]*

(D[ƒe+ o•g slb]ƒ; DS+ ?h[ƒ Dlmo€g …kb o^g]•`^b+ S+ < dhf•]‚€lhd+ #Sk+ H€k*7
7mhg aZe€eZ+N F %< lsb`^mo€kb aˆl„d+ .(

@e d^ee blf^kg†gd( ah`r †`r^l f^l^ls„oˆo^e oZg ]he`ngd+ W< m€k*
7h7`rZm g^f\lZd •k]^d^ll• m…]cZm^ggb#( ]^ •km Zaahs Z g^f d„ggrŠ
fŠo•ls^ma^s7 ah`%8# Z ls‚oa^s bl lsƒechg+ <s ^e[^ls•e•l[^g†`r^l+ Z c^e+
e^fs•l[^g •l _^lm•l[^g f^lm^k+ F†e„g„l ^k^c^ Z aZlhgeZmhd[Zg oZg+
+Hber^g ls•i^g fhg]cZ ie+ Z 6 he]Zehg7 W

wFbm€kmZ d•m dZkc€m Z + ]k•`^erb dZibm€gr •l d^[^e•k^lsh]m€d•m
•g^d^l b_cZm( ls^f^_•gr•m+ @gg^d bl( ZggZd bl f^`\lƒdhemZ _^c•m( f^` (Z
+ahkgehd€m+ JerZg ohem( fbgm ^`r^s^k•o^l \l^k( f^erg^d €`ZbkZ d•m fZ]€kdZ
k„i†em( l Z o•g _Z ^e_^]b ehf[cZboZe( o•]o^ Z+ls•emƒ[ ( +

<s ^e[^ls•e•lg^d ZshgaZg oZggZd `r^g`•b bl+ D`r i•e]€ne Zs ^elˆ
+_^c^s^m g^a•sd^l ^g bg]…e( l \lZd Z o•`•g f^e^`^]bd [^e• Z ls^ksˆ+ < [^*
+o ^s^mˆ lhkhd7 _€kZlsmh ahllsZ]ZefZll€`nddZ+E7 g^f o€egZd Zs bkƒ ^eˆgr•k^+
+Hbk^ oZeƒ# ^s Z i€mahls7+hl( a€grlshk e€mmZ ^s Z gZi Z ]k•`^erb'o€k*
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g•i aZe€ef^`o^mˆ obm•sl•`•m e G^`ZkZgrhlZ[[ ln`ZkZboZe ohgm `eƒkb€m•eb+

Nshg]b _^c^ _„e•( \lƒdhemZ e€g`Zcd€oZe Z obm•s^d iZg\s•e„em„s^m•m( l ah`r
•cc^e bl e€maZllZ Zs €efhm g^f blf^kˆ ˆkls^f^d^m+ f•ka^m^me^g gZ`r
_•gr^ll•`•m [^e^ehimZ Z \lbeeZ`hd ls^f•[^( _^e „em „ m m^l s^b b ] € e*
Z k \ s € m Z ahe ] v Z d$;% •l ob`r€smZ Z ]k•`^erb o€kZm#z+

<eD+ he]Zehg Khks^ggZ ^f[^k^bk •̂l Z ab] o•]ˆ Chk€\sbnls Fhd*
e^lsk^ aboZndhsbd+ @s \lZd Z `bfg€sbnfb mZgneˆdgZd •kma^mˆ( ]^ Zs b_c…*
l€` ^`r c^e^gm•d^gr k•ls^ ^eˆmm* m^kkZ bg\h`gbmZ+ @ a^er^mme^a^m^mm ohegZ
aZsZb i•e]€kZ aboZmdhsgb+

< /0+ he]Zehg ^gg^d Z fhg]ZmgZd gbg\l „lls^_†``•l^7 w< gZ`r*
hkk… [hehg]( Z db fbg]b` ob`rhk`hmm(•l ls€c€m \ln>hg]€khlZg o•`b`
a…smZ( aZ Zs Z`€d•l n]oZkb g•i ^eˆmm fƒd€shmm( ber^g dhk Z l„m•m(
ahlls… _herhlƒg e^aZcmhmm _^cc^e €eehmm( $fbdhk k% Z ls^f•[ˆe i^]b` ^`r*
^`r mbmdhl d„gr i^k`^mm db+l

< /3+ he]Zehg [bshgrhlZg mheeab[Z e^ls7 wls^k^mg•d Zs Zk\sZc€[Z
aZkZigb:( $^+ a+ Zs Zk\s€[Z%+

< 04+ he]Zehg d•k]^sbd Z [bkƒmƒD( ah`r oZg*^ Z _Zen[Zg slb]ƒ;
+w@`r oZg( ]^ Zs bl + f€k( a€e Zel m^g g^d $.% aZe]hdebd:+ @s Z d€k*
„ko^g]ˆ f^`c^`rs•l( #ah`r wa€eZ Dlm^gg^d:( [bshgr^efZkZ]aZmhmm ohegZ+
D_c…l€`b bkZm[Zg o^ls^]^ef^l Zs ber^lfb+ I^ d^eml†gd ^ee^gls^go^m ^`r^l+
_^e^d^s^m^d bk€gm( …`r bl d„ggr^g aZceZg]ƒ ZkkZ Z fb m€klZ]Zefngd+

@s^g Zikƒ[[ ab[€dZm e^ls€f‚mo€g( Z fngd€m lbd^k†emg^dmZe€ehkg(
f^er^m d†e„f[^g •eo^s^mm ^e heoZlmZf+ZYXWVUTSRQPONMLKJIHGFEDCBA6

< /+ d„m^m7 ^UJ € k ] Eƒl . Z m Zz ls‚gm•g BZ€eHƒs^l mheeZ Zeƒeb
d^k†em db+ C€khf grhfZmhmmVM I> m^kc^]8: grhe\s _^c^s^mk^ hlsebd+ P`r^l+
^e[^ls•e•l Z #fZ`rZkhd ˆl*m„km•g^m•[ˆe+ @k]^d^l^g bg]…e lfbg]o•`b` cƒe
`„k]†e+ < d„grog^d ^`rbd `r„gr„kŠ k•lse^m^ Uh€k] [n\l…cZ( f^er Z
d„gr^db` f^`bg]‚mƒ+

QZg Zshg[Zg g^a€gr db_h`€lhf bl+ < 1+ he]Zehg [^fnmZm ^`r
ehoZl*\lZiZmhm+ @e^bgm•g m„[[^lls€f[Zg lsƒe kƒeZ( Zsm€g ^`rls^kk^ ^`r^(*
ls€f[Z \lZi( D`r7 9H^k•lsm^dbgm^mŠ _•k_bZd+ Q€eendkƒe iZgrƒd€kƒeeƒ` e^*
Z dZ\sZ`€gr lm[+ < o•`^ i^]b` ‚`r lsƒe 7 wF^s•[^g `„k[^ ‚cc( l a€m€g
Z ins]kZ( f^er[ˆelhd gr‚eo^llsˆ ab€grsbd:+

<s 2+ he]Zehg7 R \ \ \ l Z g^f^l f•g k^lsd^m +^`•ls m^lm•[^g( aZ
nkZ he]Ze€ahs lshk‚mcZ dˆd^f•gr m•k]^bmz+ Cb[€l fhg]Zmls^kd^s^m( f^km
Zs Zs •km^ef^( ah`r Z f•g k^lsd^m( fbdhk dˆd^f•gr m•k]\bm lshk‚mcZ
nkZ he]Ze€ahs D P`rZg\lZd Zs 2+ he]Zehg db_h`€lheaZmƒd ^s^dZ lhkhd k
w@f^l^( <bkghl ZgrcZ( kbmdZ €efhm e€mhmm( fb]ˆg ls bedcbaZYXWVUTSRQPONMLKJIHGFEDCBARB Z . Zmm a h k*
]h s mZf Z` s Zm € m+ Ns•e^l( aZmZefZlZg snah`ƒ _herƒm ls †em €ef€[Zg:
D_c…l€`b bkZmhd[Zg gZ`rhg ƒoZmhlZg d^em [€ggngd Z mheeZe+ G^a^m^mm ohegZ+
^sm lbf€[[Zg bl db_^c^sgb+ < 5+ he]Zehg ahf€erhl ^s Z fhg]Zm7!Kbkhl+
gr^eo^ k^€ mZiZ] Z a…lkZ( l Zs ^ lƒo€k •kbgm•lmˆe „lls•[[ sln`hkh]bd(+
^eo^lsmb ^e^o^g o„k„l lsbg•m( l bgd€[[ f^`aZe( l^fah`r €e]hsZmZ $;% e^*
`r^g:+ < 6+ he]Zehg g^f lsZ[Zmhl ^s Z fhg]Zm7 wNhdZg ab€grhsgZd(
dbdg^d ab€gr€m •k^ss†d:+ $OZe€g lhdZg oZggZd( dbdg^d*ab€gr€m# •k^ss†d%+

< .1+ he]Zehg bl ab[€l ^s Z fhg]Zmls^kd^s^m7 w<efhl( Z db e€mhmm(+
Z [„e\l Uh€k]mƒe d•km^7 fZ`rZk€sZm€m( f^km Uh€k]hm CZ]…k cƒleƒ m^a^m*
l•``^e €e]hmmZ f^`+l I^f <efhl e€mhmm( aZg^f Uh€k]( Z cƒl+ </1Y



he]Zehg ^smy Z fhg]Zmhm g^f •km^f7̂Uh€k]ZYXWVUTSRQPONMLKJIHGFEDCBAJ P VM U < > k^cm• Z``h]ZefZbm
•l a Z DD `Zm hmm( Z fbgm +a Z DD `Z mbl(z

< fngd€gZd d†e„g[^g Zggrb Zs ^eˆgr^( ah`r ^ dbl^[[ ab[€d g^f
\l„dd^gma^mbd + Zs •km•d•m+ Hber^g ls•i Z [^_^c^s•l^7^ >lh]€eZmhlZd Z
`hg]obl^eˆ Dlm^gg^d k^g]^e•l^b+ ChgmZeZgg€ m^ls ^`r ]b\lˆg^fs^m^m(*
ah`r d•grls^k‚ml^ ch[[ aZs€m d^k^lgb+ H^lls^ ++++ f^lls^ Z d•deˆ gZ`r
a^`r bgm^`^m7 +

* @kk^ o^]] …mZ]Zm [her`ƒ g^fs^m( m•`^] o€keZd aZsZm•kˆ {ki€]+
Dmm g^f [€gm [^ll^grˆ( [he`€k( bmm m^`r^g ^kˆll• Zs ^`r^m•km•l( obm•s*#
l•`( m^lmo•kb ls^k^m^m< :

< 0+ d„m^m[^g BZ€e Hƒs^l G^a^e •e^mm„km•g^m•m lhd ls^k^g\l•o^e
‚kcZ+ f^` w< o^ s • k [h ll s…c Zz \s‚f ZeZmm7 >lZd g^a€gr fhg]Zm*
ls^kd^s^mb ab[€kZ ZdZ]mZf+ < 10+ he]Zehg7 wNs€f‚ml€mhd f^` Z ahem*
m^m^f^d^m+ Ibg\l hmm d^ o^l ^[[ fZ`rZk( fbgm g•kg^m( ‹ $@ a^er^mm7
wgbg\l hmm# m „[[ fZ`rZk( fbgm g•kg^m+l % < d„o^md^sˆ he]Zehg7 wH^`*
d„m„sm•d( lsb]ZefZsƒ lsZoZddZe [^\lf•k^eo^ •l+ …`r obmm•d^e•[^ Z
\l€ls€kgZd+z $@ a^er^mm fZ`rZkhlZ[[Zg •l obe€`hlZ[[Zg ‚`r _hkfne€s**
aZmgƒd7 H^`d„m„sm•d( lsb]ZefZsƒ lsZoZddZe [^\lf•k^em•d lm[+% (Dfm̂ +

+ ^ggrb Zs ^`•ls( Z fbm db_h`€lheaZmhd+ <gg€e gZ`rh[[ ^bblf^k•ll^e
grbeZmdhsaZmhf Zkkƒe Zs ^kˆl fZ`rZk g^fs^mb ls^ee^fkˆe( f^er Z fng*
d€g o•`b` „febd+ Dk€erZ e^ed^l•l fZ`rZkhl( @sm Z d„m^m^m b`^g lbd^*
k†emg^d fhg]aZmhf+

CZlhgeƒZg lbd^k†em^d Z 1+ •l 2+ d„m^m+ Hbg]d^mmˆm BZ € . ‚kmZ+<v
1 d„m^m \s‚f^7 ^ F ni Z( Z ih ` € g r o^ s • kz( Zs „m„ ]bd• i^]b`7
wQ bm • s b [^\ l†e ^ mz+ >hkgihlbmbƒ( db]he`hs€l( _„e_h`€l Z cƒb_c…lZob
bkZmhd d^ee•d^bg^d ^`rZk€gm f^`_^e^eg^d+ Fb_h`€lZbkn bgd€[[ g•fb lmb*
e€kbl ab[€dkZ ohgZmdhsgZd+

< 1+ d„m^m 6*lˆ he]Ze€g D wdbd^m Kbeb`kbg d†e]„mm( Z i†li„dz $@
a^er^mm7 dbd^m Kbeb`kbg( Z i†li„d( dne]„mm+% < .1+ he]Zehg73 \ \ ' _hkfZem
^`r b`•grm^e^g d^k^lsm^m( Zem _^emŠsm^ Z [ZkeZg`cZ ^eˆmm e^oˆ ]hf[h\l* +
d€kZ •l bf€]mZ ^eˆmm^ m•k]k^[hkneoZ Z fbg]^gaZmƒ Dlm^gm+l $@ a^er^mm7
+‹+ Zsm _^emŠsm^ [ZkeZg`cZ ^eˆmm e^oˆ ]hf[h^ld€kZ•l ^eˆmm^ m•k]k^*
[hk…eoZ bf€]mZ Z fbg]^gaZmƒ blm^gm+% </D+ he]Zehg7 7h< ih`€gr o^s•k
]ZkZ[hdkZ m„k]^em^ Z d^k^lsm^m( f^er Z ]hf[ m^m^c•[^ oZe Zls… k o Z $D;%
l herZg €kmZmeZg…e €eehmm hmm(# $db\lh]Z; Z ih`€gr o^s•k ;%7h < /1+ he]Z*
ehg Zbm €ee‚mcZ Zs ‚kƒ( ah`r Z [Z`her Z[[Zg e^eb `r„gr„kŠl•`•m( ah`r!
Zs €efZmeZghdZm [€gmcZ aZg`c€oZe+ : $@s aZfbl _h`ZehfZedhm€l .% < 01+
he]Zehg \`rneZ: lZcmƒab[Z+ $@ a^er^mm7 BrneZ%+

<s 2+ d„m^m `Zs]Z` f^`aZmƒ c^e^g^m^d[^g l ‚`r dbo€eƒZg ZedZe**
fZl Zs •ks†e^mb g^o^e•lk^+ @kˆm^ec^l lhkhd Z /3+ he]Zehg7\ HZ`rZk
^f[^k g^ e^`r^g aZkZ`mZkmƒ fZ`rZk ^f[^k bk€gm+! ‹ < dbo^e Z fZ`rZk
d^s^m lshk‚m( ZggZd g^f khllsZdZkƒcZ ++7: \ QZg*• blm^gg^d m^mlsˆ[[(# fbgm

+ [•d^ll•`[^g f^` m•kˆ ^f[^k^d; < fngd€[Zg fbg]„lls^ ^`r •km ^e^f*
sZoZkƒ fhg]Zmhm mZe€emZf+< 1D+he]Zehg n`rZgbl ^s oZg7\< mZm€khd
ls€fZ cƒoZe _„e†e ohem Z + _•efbeebƒg+ Ns^d•kl€g\\Ze o^mm•dy fZ`ndZm
d„k†e(z lm[+ D`r m^a€m Zsm ablsb Zs heoZlƒ(+ ah`r Z mZm€khd o^mm•d
fZ`ndZm d„k†e ls^d•kl€g\s\sZe( ahehmm ^s Z fZ`rZkhdkZ g•so^ €ee+ @s^g* (
dbo†e \lZd g^a€gr lZcmƒab[Z _hk]…e ^eˆ ++
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< 3+ d„m^m^m OZYXWVUTSRQPONMLKJIHGFEDCBAT [hk b M~ [^k m ‚kmZ+ >s‚f^7 ^ < s nmh . l ~

f^g m l o € k+l @s Z d„m^m W _•gr[^g•l €kgr[Zg ^`rZk€gm [ˆo^ed^]bd+
@eˆgr^b7 Z d„ggr^] ^e[^ls•eˆ fh]hk( Zs ^e•``• cƒ fZ`rZkl€`… gr^eo(

* ^`r^l lbd^k†em e^bk€lhd•l _^lm•l^d l Z #aZsZ_bZl ls^ee^f( f^er fbg]^g
lhk€[ƒe db•ksbd+ ?^ oZggZd ab€grZb bl+! F€k( ah`r Z fngdZ ^`r^l
_^c^s^m^bg^d gbg\l \s‚f„d+ <s ^elˆ _^c^s^m gZ`rhg k^`•gr^l^g bg]…e l
w?^nl ^q fZ\abgZ* fƒ]c€kZ `„k]†e Zs ^e[^ls•e•l _hgZeZ+ Ch`r ^`r a€khf

y •o^l `r^kf^d e^ed•m f^`•ke^ec^ Z ibeeZgZm * ^s gZ`r e•e^dmZgb ikh[* +
e•fZ( f^erer^e b_c…l€`b bkZm[Zg g^f e^a^m ^eˆ€eeZgb+ G€l]72+ he]Ze+ <
5+ he]Zehg Zsm €ee‚mcZ Zs ‚kƒ( ah`r ^`r mbs^gd•m •o^l e^€gr …mkZ d^em ^`r
aŠ „k^` lshe`Z dbl•k^m•[^g( ah`r ^eahssZ +ZicZ•km Z o€eml€`]‚cZm+ @sm Zs
nmZm ?ZfZlsdnls[ƒe m^mm^ f^` HZ`rZkhkls€`[Z Z m„k„d obe€` b]^c•[^g+
@s bl aba^m^me^g+ < 0 •o^l _bn _^egˆ l ]Z\s€kZ ZggZd( ah`r Zs ‚kƒ ^eˆ[[b

7 €ee‚m€lZ ls^kbgm f^`•km^mm^ ZgrcZ ^e[^ls•e•l•m( l Z ibeeZgZm f^`•ke^em^ #W
e^ed•m7 d•lˆ[[^g ^`•ls^g ^efhlƒ]hmm e^ed•[^g ZgrcẐe[^ls•e•l^+ G€l]7
/-( he]Ze+ QZg [^gg^ g^a€gr fZ`rZkmZeZglsƒ( ie+ Z v/+ he]Zehg7 ^ls•e*
mheƒz Z /3+ he]Zehg7wd†e]hg\s l Z 04+ he]Zehg7 w_^e^gr^]l $/% lm[+

+ < fngdZ ^eˆgr^b Zshg[Zg db[•d‚m^g^d l ‚`r ^sm Z d„m^m^m bl( fbgm
Z wCZsZ_bZl F„grom€kl ^eˆ[[b d„m^m^bm( f^e^`^g Zc€gbaZmhfcƒ b_c…l€`b

y heoZlf€gr `rZg€gm+
BZ€e Hƒs^l aboZmhmm b_c…l€`b ‚kƒ+ AhermZllZ e^ed^l^g Z f^`d^s]^mm

cƒ bk€grm VTSRQPONMLKJIHGFEDCBA

4 : < K : >G : F M I F * D F H7 >A9 I C <]^gml^a^k G^eg*^k+
.+edcbaZYXWVUTSRQPONMLKJIHGFEDCBA+ FB S FO O B K O @ E > CPIF%@ E B ;L IHO O @ E Q IM ]  A > CV!6 D FH$061 .+% * DD++ FB M N > HPU O @ E B

;L IHO O M E Q IM FFA > D L D FH&$202 .+%/ & 9@ E B N B N $v^bisb`( .56/ ++

@ d•m d„m^m[ˆe €eeƒ fngdZ fbgm f€k \s‚f^ bl fnmZmcZ( g^f mZg*
d„gro( l^f g^f o^s•kd„gro( aZg^f l^`•]d^s•lm( …mfnmZm€lm dbo€g
gr…cmZgb+Z _bZmZe mZg‚mƒgZd mho€[[d•is•l•m bee^mˆe^`+ N s^kŝ c^+ db E^e^g*
e^` Rhkfl*[Zg mZg_^e†`r^eˆ( cƒe blf^km g^oŠ i^]ZvƒvbZb ‚kƒ( dbg^d

y ls•e^l d„kŠ heoZlhmml€`Z •l/- •ob ikZqblZ oZg+ F†e„g„l^g Bb^ll^g
* o€khl€[Zg ohem ZedZefZ mZg€\lZ]ƒ ls^k^i•k^ ^eˆd•ls†egb(f^km hmm fbgm
Z i^]Z`ƒ`bZb# l^kgbgZkbnfahs mZkmhsƒ `bfg€sbnf mZg€kZ( _^eZ]ZmZbahs mZk*
mhshmm Z _bZmZe mZg€kc^e„em^d^m Z+ i^]Z`ƒ`bZb ikZqbl[Z [^o^s^mgb+

Hngd€cZ ^elˆ d„m^m•[^g Z g•ibldheZb i^]Z`ƒ`bZ ^ef•e^m•o^e_h`*
eZedhsbd+ <s ^elˆ _^c^s^m[^g( V*1+ eZihg( k„ob] €mm^dbg m•lm gr…cm Z
i^]Z`3`bZb ^lsf•d _^ceˆ]•l•kˆe( ^ _^c^s^mg^d \lZd Zs Zab€grZ( ah`r m•gr*
e^` g^f Z g•ibldheZb i^]Z`ƒ`bZ _^ceˆ]•l•m Z]cZ( aZg^f Z i^]Z`ƒ`bZb
m„km•g^mg^d k„ob] o€seZmZ( d^s]o^ Zs ƒ*dhkmƒe Z .6+ ls€sZ]b`( l [€k+
^eˆZ]€lZ fZ`€[Zg o•o^ obe€`hl •l a^er^l( g^f b`^g mn]hf( fb \s•ecZ

+ ohem o^e^( fbo^e _^e d^ee m•m^e^sg^f( ah`r ^sm Z g•kg^m mZg‚mƒ f€k Z
d•isˆbgm•s^m[^g [ˆo^[[^g •l k•lse^m^l^[[^g mZgnemZ+ < DD+_^c^s^m
+46*.12y eZib` ?b^lm^kp^`^m •l dhk€m m€k`rZecZ+ @ k•lse^m^l m€k`rZe€l
ls†dl•`•m ls^ksˆ ZssZe bg]hdhecZ( ah`r ZmZg‚mƒd•isˆ[^g ^ dhklsZdhm



gZ`rhg bl o€seZmhlZg blf^km^mbd+HŠo•g^d ^s Z k•ls^ „g€eeƒ [^\l\l^e bl(
[bk( f^km ls^ksˆ gZ`rhg cƒe blf^kb ?b^lm^kp^ f̀Šd„]•l•m( fngd€bmy •l +
Z ?b^lm^kp^`k^ ohgZmdhsƒ bkh]ZefZm+ @ _^c^s^m[ˆe m^a€m Zs heoZlƒ
dbf^k‚mˆ( aŠ •l obe€`hl d•i^m gr^k ?b^lm^kp^` •l m€klZb m„k^do•l^bkˆe+
< Dee+•l e^`m^kc^]^ef^l^[[ k•ls \s‚f^7 <nl [Zn ]^k ]^n ml\a ^ ZYXWVUTSRQPONMLKJIHGFEDCBA66

KZ] Z ` h ` b d g Z \a( ?b^ lm ^k p ^ `+ @[[^g gr…cmcZ ls^ksˆ lZc€m
i^]Z`ƒ`bZb ^ef •e^m•m+ <emZe€ghl i^]Z`ƒ`bZ \s‚f•gls•e Z g^o^e•l m€k* * !
`r€kƒe $k„ob] Zgmakhiheh`b€m gr…cmoZ%(Z* g^o^e•l _^eZ]Zm€kƒe•l ^lsd„s•*(
g^d fƒ]c€kƒe+ M•lse^m^l i^]Z`ƒ`bZ \s‚f^ ZeZmm lsƒe Zs bldheZb ls^ko^s^m(
bldheZb ^`•lsl•`mZg( _^`r^e^f •l Zs bldheZb mZg‚m€lkƒe( d†e„g m€k`rZeoZ
Zs €emZe€ghl mZg‚m€lmZgm•l Zs ^`r^l mZgm€k`rZd mZg‚m€l€gZdfƒ]ls^k•m(
< DQ [^_^c^sˆ k•ls[^g ^`rf€llZe ls^f[^ €ee‚mcZ Z ?b^lm^kp^`* •l Z
C^k[Zkm*Ubee^k*_•e^ i^]Z`ˆ`b€m+G^`[^\l^l[g^d mZkmhf Zs .+ d„m^m[^g Z
_†``^e•dd•i ahss€\lZmhem( bkh]Zefb m€c•dhsmZmƒm( f^km ^[[^g lsZdf€d
ls^kbgm \lhihkmhl‚moZ•l aZ d^ee( Z mZg‚mƒ mho€[[d•is•l•k^ e\#`ZedZefZ*
lZ[[ fŠo^d eZclmkhf€m c^ee^f^so^ d„seb+ @ eZclmkhf „lls^€ee‚m€l€[Zg(
e€mlsbd ls^ksˆg^d k^g]dbo†eb bkh]Zefb m€c•dhshmml€`Z+

<s ^elˆ d„m^mg^d ^`r gZ`r ab€grZ oZg( Z fb Z g^fg•f^m heoZ*y
lƒkZ b`^g d^ee^f^me^g†e aZm+ Ns^ksˆ ^ fngdZ €emZe m€c•dhsmZmgb ZdZkcZ Z
_bZmZe mZg‚mƒm Z c^e^g•l fnem dhkhd i^]Z`ƒ`bZb ^ef•e^m^b m^k•g( ah`r
‚`r fZ`Z ls^k•ss^g fZ`€gZd „g€eeƒ i^]Z`ƒ`bZb abmoZee€lm+ @s a^erm^e^g
]heh`( f^km e^a^m^me^g f€ld•i „gZeeƒ‚m•e^mk^ ls^km m^ggb( fbgmaZ
fZ`ndZm Zs ^k^]^mb! ‚kƒdZm o•`b` mZgnef€grhssZ •l ^kk^ Z mZg‚mƒ g^f(
•k k€+ < i^]Z`ƒ`bZb mZg€\lZ]ƒ _^eZ]ZmZ( ah`r blf^km^ll^ n`rZgZ
dhgmkho^ks d•k]•l^d^m( ]^ biZkdh]c•d Z mZg‚mƒ[Zg ^`r aZm€khshmm bk€gr…
^kˆl i^]Z`ƒ`bZb f^``rˆsˆ]•lm d^em^gb+ OneZc]hgd•i N\a+ l^f m^ls
^`r^[^m( \lZd g^f oZeecZ [^( fngd€cZ aZm€khshmm •l i^]b` ihe^fbdnl
k^g]^g^`b€oZe [bk+ Fb ZdZkcZ fnmZmgb( ah`rZ c^e^ge^`b g•f^m i^]Z`ƒ`bZ
Z ?b^lm•kp^` €emZe e^kZdhmm ZeZihg grn`lsbd•l ah`r ?‚^lm^kp^`[^g
fbg] Zs f^` oZg( Z fb C^k[Zkm*U‚ee^kg•e cƒ+ @ ihe^fbdnl ls^f[^ €ee‚*
m€l( f^er lhd a^er^m _h`eZe ^e( Z fb Z d„gro heoZl€l€g€e Zggrblshk#
ikƒ[€kZ m^lsb m†k^ef†gd^m * g^d†gd fbg]^`r( ahgg•m ^k^] oZeZf^er
cƒ ^lsf^ * •l  e^kg •k]^d^e ^ `rZdkZg db\lbgr^l ihe^fbZ+

I^d^f …`r e€mlsbd( ah`r N\a^k^k [bshgrhl a€e€meZgl€``Ze obl^e*
m^mbd Ubee^k•l d„o^mˆb bkZgm( f^km b`^g lhdZm d„ls„ga^my g^dbd(•l ab€[Z(
biZkdh]bd dbkgnmZmgb( ah`r g^f mƒe†d mZgnem+

< DD+ d„m^m^m( f^er Z `rZdhkeZmb g•ibldheZb i^]Z`ƒ`b€m m€k`rZecZ(
lhddZe m„[[k^ [^\l†e„f Zs . *g•e( @ d„m^m[^g _h`eZem mZgm^ko^d•l `rZv
dhkeZmb fbgmZe^\sd•d m•gre^`^l oblshgrhdhg ZeZinegZd( e^`Ze€[[ ls^ksˆ
Zsm €ee‚mcZ( ah`r Rhkfl o€khl bldhe€b[Zg gZ`rc€[Zg ^s ZeZihg m„km•gbd
Z mZg‚m€l+ @ #d„m^m[ˆe m^a€m d•i^m gr^k†gd( ah`r# fbgˆ ^k^]f•grm+
•ka^mg^d ^e# fZ [bshgrhl g•f^m bldhe€d[Zg( f^km Z [^fnmZmhmm mZg*
m^ko^d [bshgr€kZmrinl…e lshe`€eaZmgZd+ Ab`r^ef^m •k]^f^e Z_^emŠg*
m^m^mm mZgZgrZ` gZd •km•d^( gZ`r m^kc^]^ef^( oZeZfbgm Z _^e]he`hs€l(
fˆ]cZ+ <s bldhe€m 0 _hdkZ hlsmcZ7 Zelƒ_hd$D *1 bldheZ•o%( d„s•i_hd
$2 * 3 bldheZ•o%( _^elˆ_hd $4*5 bldheZ•o%8 Zs …`rg^o^s^mmihe`€kbbldhe€d*
g€e $f^`_^e^eg^d Z _^elˆ[[ g•ibldhe€dgZd% 7 Z _^el3_hd 0 •o^l $4( 5 •l
6 bldheZ•oX+ D`^g k•lse^m^l mZgZgrZ`[^hlsm€lm d„s„e fbg]^g ^`r^l bldheZb(



m€k`rkZ ohgZmdhsƒeZ`+ DiZkdh]bd Z g•ibldheZb mZgZgrZ`hm Z\hg\^gmk€mbƒ
^eo^ ls^kbgm k^g]^sgb( oZ`rbl „lls^_†``•lm e•m^l‚m^gb Zs ^`r^l m€k`rZd
d„sm+ @o•`[ˆe ZmZgZgrZ`ƒm[bshgrhl \lhihkmhdkZ hlsmcZ+ (<s ^elˆ
\lhihkm Z wM^.b`bhgl* n+ NZ\angm^kk‚\aml 7 oZee€l*^kd„e\lb( m^kf•ls^mb*
_„e]kZcsb*m„km•g^mb hdmZm€l+ @s Z mZg‚m€l d„s•iihgmcZ+ @aa^s _Šsˆ]bd Z
gr^eohdmZm€l( heoZl€l( _h`ZefZs€l( a^er^l‚k€lb gr^eomZg+ CZkfZ]bd \lh*
ihkm Zs ZeZdb hdmZm€l $ZeZd*•l f•kmZg( kZcs( d•s†`r^ll•`%8 g+^`r^]bd Z
ls€fmZg( „m„]bd Z mhkgZ+ < mZgm^ko^d^m aZl€[hlZg ^`rf€lf^ee• grhfy

*mZmoZ d„seb( ah`r Z mZgZgrZ` d„s„mmb „lls^_†``•l Zgg€e obe€`hlZ[[Zg
f^`e€ll•d+ Hbg]^g^l^mk^ •k]^d^l i•e]€cZ ZggZd( fbd•gm e^a^m Z f^`e•oˆ
m„ko•gr^l bgm•sd^]•l^d ZeZic€g bl Z \hg\^gmkZmbƒ ^eo•g^d g•fb •ko•grm
ls^k^sgb+

< g•ibldhe€g dbo†elsƒe f•` ^ d„m^m[^g Z g•ibldhe€oZe dZi\lheZm*
[Zg e^oˆ mho€[[d•isˆ •l lsZdbldhe€dkƒe+

< g•ibldheZb mZgZgrZ` m€k`rZe€lZ ^eˆmm m€c•dhsmZmcZ Z mZg‚mƒm Zs
bldheZb ^`•lsl•`mZg •l _^`r^e^f d•k]•l^bkˆe bl+ < mZgm^ko^d _^elhkhk€lZ
nm€g i^]b` d„k†e[^eˆe .-- eZihg d„s„e fbgmZe^\sd•d^m Z g•ibldheZ fbg*
]^g ^`r^l hlsmZer€[ˆe •l mZgm€k`r€[ƒe+ Ke+ Z aZkfZ]bd bldheZb•o[ˆe

d„o^md^sˆ ikZ^iZkZmbƒm dˆseb 8 .+ O„km•g^e^f+ Nb`_kb^] aZe€eZ+ $Dkb`rl•`(
d€k„k„f( `rŠe„el•`( `rbedhll€`%+ DD+ A„e]kZcs+ <s J]^gpZe]+ Dee+ O^k*
f•ls^mkZcs+ < m„e`r+ DQ+ QZee€lh Eƒsl^_•l m^lmo•k^b $bkb`rl•`( `rŠe„e*
d„]•l%+ Q+ I•kg^m+ ?b^ lb^[^g NmZ[^ $N\afb]m%+ QD+ Ns€fmZg+G€maZmƒ Z
ikZ^iZkZmbƒ[Zg m€k`rZem ZgrZ`*hd d„s„mmb „lls^_†``•l+ H^`c^`rs^f(
ah`r Zs „lls^_†``•l g^f kgbg]^gŠmm her obe€`hl •l d^k^l^me^g( fbgm Z
i•e]€[Zg+ < d„m^m nmhelƒ k•ls^m ^`r m^kc^]^ef^l beenlsmk€em dZmZeh`nl
m^lsb( f^er[^g ls^ksˆ b`^g dbf^k‚mˆ •l aZlsghl m€c•dhsmZm€lmZYXWVUTSRQPONMLKJIHGFEDCBAF O X BK Zs
bldheZb mZgv•l ls^fe•em^mˆ ^lsd„s„dkˆe( Zshgdbo†e _†``^e•d†e b_c…l€`b
*bkZmhd eZclmkhf€m bld„seb+ ! #

@ •sbdd d^k^m^ g^f ^g`^]b( ah`r [ˆo^[[^g _h`eZedhssZf ^s^g Z
fZ`Z g^f•[^g •k]^f^l( U J ls€fhm m^oˆ fngd€oZe+ <ggrb Zshg[Zg Zs
^]]b`b^d[ˆe bl dbm†gbd( ah`rZ fZ`rZk mZg‚mƒ g^f b`^g aZlsg€eaZmcZ(
f^km ^ fngdZ g^f Z] g^db mZg€\lhm ^ oZ`r ZfZ mZgm€k`r mZg‚m€lZkZ
g•so^( aZg^f bgd€[[ bkh]Zefb m€c•dhsmZmƒ+ @eˆgrgr^e aZlsg€eaZmcZ Zshg*
[Zg fbg]^gdb( Z db •k]^deˆ]•ll^b obl^em^mbd Zg•kkb^m i^]Z`ƒ`bZb bkh]Zehf
*…cZ[[ m^kf•d^b bk€gm+ *DCBA0 TSRQPONMLKJIHGFEDCBA

% M €e_ƒ_k€l( Dkm€d•l ls^kd^l^m^mm•d 7edcbaZYXWVUTSRQPONMLKJIHGFEDCBA* ` GUD ^ N CF !&1 ] K L O•l 2 ] N M ] PF

&* ^ I> & @eˆlsˆoZe ^ee€mmZ ]k+ Ah ]hk Eƒsl^_+ =n]Zi^lm( GZfi^e Mƒ[^km
dbZ]€lZ+ <kZ . _km2- dk+

I^f \lh]Z( +aZ fZ( Zs €emZe€ghl mZgd„m^e^s^mml•` dhklsZd€[Zg(
ahoZ*mho€[[ fbg]gZ`rh[[ •k]^deˆ]•l fnmZmdhsbd Z mZgneƒd m^lmb •l
ls^ee^fb •il•`•g^d _^gmZkm€lZ •l _^ce^lsm•l^ bk€gm+ < g„o^g]•dl^k^` ^e*
*\l^g^o•ls^]bd m^lmbe^`( db_€kZ] ls^ee^fbe^` ZggrbkZ( ah`r Zs wZkZgrhl
b_cnl€`z e^`ls^[[ b]ˆlsZd€[Zg ab€grsbd Z]nssZ]ƒ bshkgls^ko^s^m( Zs Zk€*
grhl ^kˆd•i^ll•`( Z _kbll `hg]hedhs€l+ •l Zs •e•gd+( d„ggrĝ f†d„]ˆ
ls^ee^fb d•i^ll•`+ IZicZbgd[Zg g^f bl f^`r \lh]Zls€f[Z( lˆ m g^f*
lhd€kZ f^`lshdhmm ]heh`*D^ls( aZ •i( ^`•lsl•`^l( _†k`^( ibkhl ihsl`€l(
*`rhkl _^e_h`€l… •l ob]€f mZgneƒd a^er^mm i€iZls^f^l( lho€gr+o`rhkghk*



1. D

*•l ls^f[Zchl g„o^g]•d^d^m e€mngd `„k[^ a€mmZe l dhkZb o•g €[k€sZmmZe
Zs bldheZ _^e• e•s^g`^gb+ K€k •ombs^] ^eˆmm Z ls†eˆ Zeb` mn]mZ f^`ƒogb
`r^kf^d•m( ah`r Zs Z a€s m^m^c•k^ _„e g^f€lls•d+ ^`•ls gZi Z fZ]€k*
_bƒd€d nm€g g^ lsZeZ]`€echg( oZ`r Z _hermhghl^ aZlshgmZeZgl c€m•dhm g^
#Šss^7 Z]]b` fZ „k„d„l o^g]•` Zs hkohl( gZib dhlsm Z]ƒ Z iZmbdZ( f^km
Z ^ dbl „k^`z g^f •km Z DZ[]€s€lahs( gbg\l b]^c^ Z c€m•dkZ8 lhd Zsbl*
dheZb _„eZ]Zm ‚k€l[Zg •l heoZl€l[Zg ^`rZk€gm8 <sm€g aZ f•` Zsm bl …`r
g^f d^ee^g^ o•`^sgb^( ah`r d„s^ee€mˆ( i…ihl oZ`r `r^g`^ `rhfk… e^*
#`r^g i€k •o ZeZmm+ Z obkneƒ g^fs^]•d+ (

F•ml•`m^e^gŠe + ^`rbd hdZ ^ g^fs^minlsmbmˆ k^g]ls^kg^d Zs bldheZ+
Ch`r Zsm€g ^ k^g]ls^k Z m^lmb oZ`r ls^ee^fb •e^mk^# m^ls*^ ch[[Zg inls*
m‚mƒ aZm€lm( Zsm fhlm f•`# g^a•s f^`aZm€khsgb+ @e•` Zs( ah`rZs bldh*
eZb •e^m d†e„g[„sˆ oblshgrZbkZ _hk]nem ncZ[[ b]ˆ[^g Z lsZdd„k„d _b`r^ef^
+Zshg \s•e[ƒe( ah`r Z g^fs^m^d _„gmZkmƒ ^e^kg•m f^` f^gml•dZ khaZfhl
^elZmgrne€lmƒb l f^`m^k^fml•d ZfZ d‚o€gZmhl a^ers^m^m( ah`r Z g•i+ •l
d„s•ibldhe€d g„o^g]•d^bg^d m^lmb •l ls^ee^fb _^ceˆ]•l^ _hdhsZmhl( d„gr*
gr‚e •l ^`•lsl•`^l e^`r^g+ < fZb lshfhk… €eeZihmhd d„sm iZ^]Z`h`nl
#•l hkohlb lsZdd„k„d `rZdhkeZmb mZiZlsmZeZmhd•l f^`_b`r^e•l^d ZeZic€g
*f^``rˆsˆ]m^d Zkkƒe bl( ah`r Zs bldhe€l `r^kf^d^dg•e b`^g r̀Zdhkb
a€m`^kbg\s*^e_^k]†e•lm •l d„s^ee€m€lm Z ]†eˆ [^mŠd ‚k€lfƒ]cZ hdhssZ+ fb*
o^e ^s _^k]^ †e•lm d„o^m^eo•g( Zs* ^fe‚m^mm [Zchd _hkk€l€o€o€ebd+ @s^d
f^`ls†gm^m•l^ •l hkohle€lZ \s•ec€[ƒe Zs bldhbZb hkohlhd •lmZg†`rb ^`r•*
#g^d ^`•ls \lhihkmcZ e•i^mm lhkhfiƒ[Z( ^f^em^ _^e lsZo€m l dbfhg]mZ(
ah`rZ _^k]^ bkdZ*mZkm€l •l Z ch[[kZ ]†eˆ [^mŠd bkZmZlZ a^erm^e^g( khlls(
f^km Zs ber fƒ]hg oZeƒ ‚k€lg€e lshd€lhl m^lmmZkm€l f^`m€fZ]cZ Z+ mZgneƒ
+ls^f•m( f^eedZl€m •l a€m`^kbg\s•m l Zshd _^ceˆ]•l•m f^`ZdZlsmoZ( aZm€*
khshmmZg khfe€lndZm b]•sb ^eˆ( < fhs`Zehf f^`bg]‚mƒbgZd o•e^f•gr^(
ah`r a€mk€grhl Z ]†e„ ‚k€l( f^km Zgg€e Z _^c k^g]^l^g [Ze he]ZekZ aZc*
ebd l ‚`r Z [Zels^f d„s^e^[[ ^lbd Zs bkd€ahs( fbgm Z ch[[+ fb €emZe Z #
*ls^kg bsfZb ahllsZ[[ b]ˆg d^k^lsmŠe ^`r^geˆme^gŠe o•m^mg^d b`•gr[^ l Z
e€mƒd•i^ll•` f^`khfebd+ Hb]ˆg Z _^c Z ohgZes€lm d„o^mgb biZkdh]bd(
m^a€m [ZekZ aZcebd( n`rZgZddhk e^_^e• aZcebd Z mZgneƒ [Ze o€eeZ8 Z [Ze
Wd„gr„d k€m€fZlsdh]bd Z [Ze m•k]k^ l Z ch[[ o€ee ^`•ls^g _^emheƒ]bd+ <
[Zehe]Zeb f^eedZl ahllsZ[[ b]ˆg €m „lls^lshkne l Zs ZlsmZe ls•e•a^s
grhfƒ]bd( fb€emZe f^` oZg ZdZ]€erhsoZ Z lsZ[Z]D•e^ds•l •l o•kd^kbg*
`•l8 Z a€m`^kbg\s ^`•ls ‚o[^g _hk]ne ^e [ZekZ l Zs ^`•ls m^lml…er Z [Ze
he]Zeb †eˆ\lhgmkZ g^a^s^]bd+ Hbg]^s^g [Zchd f^`lsŠg•l•m Zs ‚k€l ^]]b`b
fƒ]c€gZd f^`o€emhsmZm€l€mƒe k^f•ebd+ (P`rZg^s•km l†k`^mbd Zs €eeƒ‚k€l
[^ahsZmZ e€m•l €emZe€ghl ^em^kc^]^lm+ <s €eeƒ‚k€l f^ee^mm b`^g lhd •ko^m
lhkhegZd _^e( f^er^d aZ[^o€egZd( b`^g d„ggr^g f^`]„gma^mbdZ ]†eˆ
+‚k€l _„gfZkZ]€l€m+ !

F†e_„e]„g f€k b`^g lhd ZihlmheZ oZg Zs €eeƒ‚k€l †`r•g^d8 g€engdy
Zs^s^g blf^km^m•l m€k`r€m d•i^sˆ fŠ ls^ksˆb bg]‚mhmmZd f^`•k]^d•[^g
gZ`rh[[ fhs`ZefZm( l ah`r Zs ^lsf^ •e^mk^oZeƒ( [bshgr‚mcZ ZfZ d„kŠe*
f•gr( ah`r g^f\lZd ^`r^l mZg‚mƒd m^lsg^d d‚l•ke^m^m Zs €eeƒbk€llZe+
aZg^kg Z _ˆo€khlb bldheZls•d^d ^`rbd^*f€lbdZ grbeZmdhshmm f^be^mm^( lˆm
Z mZg†`rb dhkf€gr ^ek^g]^em^( ah`r Zs €eeƒ‚k€l +^s^g bldheZb •o[^g i€k*
bansZfhlZg mZg‚mmZll•d ^`r^l bldhe€d[Zg l ^`r •ob d‚l•ke^mnm€g _h` Z



1./

chohk^ g•so^ ]„gmˆ aZm€khsZmhm ahsgb# Z d„shdmZm€lb mZg€\l cZoZleZmZ+
ZeZic€g+

Ibg^l ls€g]•dngd[Zg ^s^g ZedZehffZe Z f^`lsZ[hmm ikƒ[Z•o e^*
c€kmZ l Zs €eeƒ‚k€lkƒ lsƒeƒ c^e^gm•l^d[^m•kc^lsm•l^ •l grbeo€ghll€ m•m^e^
^eˆmm Z mZiZlsmZeZmhdgZd ^e•[^ o€`gb l # €ee€lm_h`eZegb( ]^d„m^e^ll•`†gd*
g^d mZkmcnd Zs €eeƒ‚k€l •k]^d•[^g f^`bg]nem fhs`ZefZm eZingd lsŠd
m^k•k^ oZeƒ m^dbgm^mm^e k„ob]^g blf^km^mgb+

=„g`•k_b •l F€ki€mbZYXWVUTSRQPONMLKJIHGFEDCBAE [ M > d•ml•`d‚oŠe Z e^`[^aZmƒ[[ m€k`rZe€lZ
Zs …c bk€grgZd( f^er Zs ^ee^g g•s^mŠ ^d^m bl bmm*hmm f^`lsƒeZemZmmZ+ @ f}}++
g^f\lZd Zs †`r bk€gmb e^ed^l^]•l( aZg^f( ^eblf^kc†d( Z lsZd•km^e^f mhe*
e€oZe bl bkZmhmm+ Jer d†e_„e]b •l aZsZb m^dbgm•er^dk^ aboZmdhsgZd( dbdg^d
mZiZlsmZeZmZb ^eˆmm Zs heoZlƒ „gd•gm^e^gŠe f^`aZcebd8 [bshgr‚m€lZbd Zgr*
grbkZ fZ`ndhg obl^ebd Zs ˆlsbgm^l•` [•er^`•m( ah`r( aZ g^f ^`r b`^g
_hgmhl •l ^`r ls€sZ] ƒmZ _„gg€eeƒ k^g]ls^kkˆe ohegZlsƒ( ls‚o^l^g €eeZ*
g€gd s€lseƒcnd Ze€+ < m€k`r l Z fngdZ _hgmhll€`Z f^`•k]^f^eg•( ah`r
[ˆo^[[^g ^fe•d^ss†gd f^` kƒeZ( ]^ ^s ZedZehffZe f^` d^ee ^e•`^]g†gd

+ ZssZe( ah`r Z6d„gro mZkmZbf€m ^fe‚ml†d _^e heoZlƒbgd ^eˆmm+
?k+ Ah ]hk E+Zc€geƒ ^eˆ l s Zl Z nm€g ls^ksˆd c^esbd €ee€lihgm**

cndZm( aboZmdhsgZd Z_hkk€lne aZlsg€em `Zs]Z` d†e_„e]‚ bkh]ZehfkZ+ HZc]
Zs ‚k€l m„km•g^efb _^ceˆ]•l•m m€k`rZec€d( dbfnmZmo€g( ah`r Zs
€eeƒ ‚k€l Zs ^`•ls d„s•idhkhg €m `rZdhkhemZmhmm l Z ch[[kZ ]†eˆm C^bg*
kbg`l d^s]^f•gr^sm^ .5-6*[^g+ < s ‚ k €l( fbg m Zs bld h) Z mZg m € k*
` rZ ^s+ _^c^s^m[^g <f[khl E+f^`d†e„g[„sm^m•l^ ZeZic€g dbf^kbmˆe^`
lsƒegZd Z `^g^mbdZb( ohgZea€eƒsZmb( Zg`he( †m^f‚k€lb( ihgmhsZmhl•l nm€g*
s€lb fƒ]ls^kkˆe l ^s^g fƒ]ls^k^d _„emZe€eƒbkƒe( _^ce^lsmˆbkˆe( ZedZefZs€*
l€kƒe+ <#`^kbg^s*^e`„k[†e•l^dkˆe lZ ls^f[Zchdkƒe lsˆeƒ
_^c^s^m^d[^g Z d†e_„e]b bldheZb hkohlhdJ P G E G IX mZiZlsmZeZmZbm Z]c€d ^eˆ(
oZeZfbgm Zshd aZm€khshmm o•e^f•gr•m( ah`r fbg]ZshdgZd Z ]†eˆ ‚k€l**
d„s[^g oZeƒ _^k]^ m^lmmZkm€l Zs hdhsƒcZ+ <s ^`r^ g ^lm ^lm mZkK € l
kƒe bl f^`^fe•d^so^( _^cm^`^mbd Zs bldheZb iZ]hd d^ee•d^bml e^`ZedZe**
fZlZ[[gZd mZe€ec€d Z B„g\sr*A^bp^e*_•e•m+ HZc] Z f^``rˆsˆ]•l •e•gd
aZg`c€g [‚k €. c € d Z ]† . ˆ bk€ l m Zs ^kk^ ohgZmdhsƒ o•e^f•gr^d k^*
ikh]nd€e€l€oZD+ < =^kebg*M^f[heke*_•e^ ^fe•dbkZm lZggZd#
[‚k € ) Z m Z> P % ZeZmmZ =+ M^f[he] •l N^an[^km d„smb obmZm blf^km^mbd
k•lse^m^l^g+ <s €eeƒ ‚k€ l^b ˆ gr^ b m Zs ^]]b`b^d ZeZic€g €eeZi‚mc€d
f^` •l lhkhec€d _„e l aZm€khshmmZg aZg`hsmZmc€d Zshg g•s^m†d^m( ah`r7
fbo^e Zs €eeƒ ‚k€l ^`•lsl•`†`rb ^eˆgr^bm hkohlb dnmZm€lhd•l `rZdhkeZmb+
mZiZlsmZeZmhd ^`rZk€gm _•gr^l^g b`Zshec€d8 fbo^e ZedZefZs€lZ Z m„[[*
grbk^ a€m`^kbg^s*^e_^k]Še•lm oZ`r d„s^ee€m€l\ ^k^]f•gr^sˆ ab[€l m^lmmZkm€lm
ls€fŠsb7 Zc€gec€d( ah`r Zs €eeƒ‚k€lm Z g•i* •l d„s•ibldhe€d[Zg _„edZ*
khec€d •l mZg‚ml€d+ HZc] Zs ^ DD ^ g o •e^ f •gr ^d^ m \s€_heoZ fnmZmc€d
db Zs €eeƒ‚k€l ^eˆgr^bm ^`•lsl•`†`rb( i^]Z`ƒ`bZb( Z^lma^mbdZb l `rZdhk*
eZmb ls^fihgm[ƒe+ < d †. _„e ]bh k o+h lhd grb. Z m dh s Z m Z b d„sm he*
oZlaZmcnd Z N^an[^km K€e( @eebg`^k G+( Ohe]m F+ lm[( Z aZs Z b hk o h*
l h d • d„sŠe Z CZbgbll ( B+ •l >lZih]r Dlmo€g•m+ @snm€g _„elhkhec€d ZUJAa
_ˆo€khlb •l ob]•db d„s•i*( ihe`€kb •l g•ibldhe€dZm( f^er^d[^g ^`r^l+
mZg€khd •l mZg‚mƒd f€kbl ls•i ^k^]f•gr^d^m •km^d ^e Zs €eeƒ‚k€l K; F VKT&

l€[Zg+ Fˆsebd Z d„shdmZm€lb fbgblsm•kbnfgZd+fnem •ob k^g]^e^m•m Z _ˆyy



o€khlb mZg€\lahs( f^er[^g Zs €eeƒ‚k€lgZd d‚l•ke^md•i^g oZeƒ mZg‚m€l€m
d‚o€gcZ+ D`^g k•lse^m^l^d•l _hgmhlZd Zs ^sm d„o^mˆ \sbdd^d( fbgm7
PmZ l ‚ m€l Zs €eeƒ‚k€l mZg‚m€l€oZe o•`s^g]ˆ d‚l•ke^m^dk^+ $< a^er^l †e•l(
Z [^mŠd gZ`rl€`Z( ZeZdcZ( dZi\lhe€lZ( _^do•l^8†m^gr^s•l( ‚kƒ^lsd„s„d+%
<s €eeƒ ‚k€ l dẐYXWVUTSRQPONMLKJIHGFEDCBA66• d^ b+ $Ch`rZg †ec„g Z mZgneƒ( ah`rZg _^dm^ll^
Zs bkd€m( ah`rZg _h`cZ Z mheeZm;% <s €ee ƒ ‚k€ l*m Z gK m€l lsZ [€e r Z b+
^s+ ZeZmm mZg‚m€lb ^eo^d^md„s„eg•d+ Dlf^km^mbd Zs ‚kƒ ^ls d„s „ d^m
$iZeZo^llsˆ( m€[eZ( mheels€k( mhee( bkdZ( mbgmZ( bmZmƒliZibk%+ Hƒ]ls^k^l^g
m€k`rZec€d Zs €eeƒ‚k€l mZg‚m€l€m d^s]^m[^g+ H^`^fe•d^sg^d Z `ƒm •l eZmbg
[^mŠd aZk\s€kƒe( oZ`r bl Z `ƒm [^mŠd mZg‚m€l€m ls†dl•`m^e^gg^d c^e^gmbd
db l Zsm dbd†ls„[„e^g]ˆg^d mZkmc€d+ Q•`Še fnmZmo€grhdZmd„s„eg^d Zs
€eeƒ ‚k€lm mZgneƒ g„o^g]•d^d d•s‚k€lZb[ƒe l _•grd•ib f€lheZmhd[Zg KY F &

* m^mbd _^e Z ]†eˆ•l Zeeƒ‚kZl ls^kbgm ‚kƒ g„o^g]•d^d m^lmmZkm€l€m+
@s k„ob]^g ZfŠ mZkmZefZ+ H•àZeo€grd•i•m l^f Z]aZmmZf ZfZ

`Zs]Z` ZgrZ`gZd( f^er^m ls^ks„d fngd€chd[Zg d„s„eg^d+ <s †`r bk€gm
•k]^deˆ]ˆd^m Z d„gro _b`r^ef^l ^eheoZl€l€kZ nmZecnd( ah`rfZ`nd bl
^eblf^ka^ll•d( ah`r ^s^g …mm„kˆ fngdZ \lZdn`rZg f•emƒ Z mZg†`rb
d„k„d ^eblf^k•l•k^( f^km b`ZsZ oZg Ah]hk Eƒsl^_g^d( fb]ˆg ^eˆlsZo€[Zg
Zsm fhg]cZ8 fngd€cnd g^f \ln i€g ZC€ g . ƒ • lo•] ˆ bkZ m Zs
€eeƒ‚k€l f^ee^mm( aZg^f Z s ‚k€ l a r `B̂gb € c€ gZd( m„k m •g^ m •g^ d
l i Z ^ ] Z `h ` b € c € gZd „ l ls^ aZl h g .‚ m ƒ fhg h ` k Z _b€ c Z(f^*
er^m fbg]^g fŠo^em heoZlƒ •eo^s^mm^e•l hdne€llZe mZgnef€gr^saZm+ BZsy
]Z ` Zs bkh]Zefb _hkk€lhd[Zg( _ €kZ ] aZm Z m .Z g Z lsZd•kmˆd o•e^f•*
gr•g^d ^`r[^`r†cm•l•[^g( • k ] ^d^ l • lmZ gn Dl €`h l Z ikZdmbdnl
e^o^s^m•l^d[^g l mZg€\lhd[Zg+

O^kf•ls^m^l^g ls^ksˆd g^f ]„gma^mm•d ^e Zshg d•k]•lm( ah`r Z
]†eˆ oZ`r Zeeˆ‚k€l•*^ Z `rZdhkeZm[Zg bl Z c„oˆ8 ]^ Zggrbm fbg]^g^l^mk^
^e•km^d( ah`r Z _b`r^ef^m ^ d•k]•lk m̂^k^ek•d l aZ ^s^g ^elˆ d‚l•ke^m‚
bldheZ•o i€k aƒ fneoZ g^dbd Z] b`ZsZm7 „g^e•`†em^g `hg]heaZmgZd •k*
]^f^bdk^+ < d„shdmZm€lb mZg€\l o•e^f•gr^ ZeZic€g Zs bgm•sˆd„k„d o•`*
e^`^l aZm€khsZmhm ahsgZd+

F†e„g[^g Zs €eeƒ ‚k€l d•k]•l^ ^`r •o ƒmZ ^`•ls obmZlhkhsZmhmbg*
]‚mhmm f^` kg^ee^mm^•l + ^ee^g^+ < m„[[^d d„sm f^ee^mm^ grbeZmdhsmZd *
mn]hf€lhf ls^kbgm * Nsnii€g Qbefhl( ]k+ >lZih]r Dlmo€g( =^g^]^d @e^d(
=bg]^k GZnkZ( Z _^k^g\ZoZkhlb bldheZls•d(Ns‚kfZb Eƒsl^_( F^fi_ cˆ*
sl^_g•( >sbd^ A^k^g\s( FnaefZgg A^k^g\s8 ^ee^g^ FneefZgg BrneZ(
HZkhlb Hƒk( ]k+?†eˆ( Ch`r i^]b` fber €emZe€ghl •k]^dŠo• e^mm Zs ‚k€l
d•k]•l^( fnmZmcZ( ah`rZ d•m bk€gr aZk\sZ g^f\lZd mZg†`rb( aZg^f
ihebmbdZb eZihd[Zg bl _her+ < _^gg^[[b ‚kƒd \sbdd^b n`rZgblZ I•imZg‚mƒd
GZicZ( I•ig^o^eˆd GZicZ( I•imZgh]Z( >lZe€] •l DldheZ( DldheZb Ns^kge^(
HZ`rZk KZ^]Z`h`bZ( O^kf•ls^mmn]hf€grb F„se„gr( mho€[[€ ZK^lmb
IZieƒ( =n]Zi^lmb C‚keZi •l HZ`rZk CbkeZi aZl€[cZbg c^e^gm^d f^`+
@e•gd obmZ m€k`rZ Z mZg‚mƒb ^`r^l†e^m^d[^g bl( ahe lsbgm•g Zs …cbm€l
f^ee^mm grbeZmdhsmZd e^`m„[[ d„s`rŠe•l^g+
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m^mm dbZ]€l 31 he]Ze( €kZ 1- dk+ FZiaZmƒ ls^ksˆg•e+ <kZ]hg+
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Hbg]^g^l^mk^ ^eblf^k•lk^ f•emˆ( aZ oZeZdb d„shdmZm€lngdgZd lshe*
`€eZmhm m^ls( fbgm Kƒd€ls dZkm€klngd m^mm fŠo^\ld•c•g^d d„sk^[h\l€m€lZ
€emZe8 aZ ^s^g_^e†e d„s`Zs]Zl€`b •k]^d^m bl( lshe`€e +Zs bkƒ( lˆm ZgrZ`b

( +€e]hsZmhm ahsgb bl d•ls Zs €emZeZ f^e^`^g _^edZkhem †`r _^ce^lsm•l^•km+
Zddhk d^ee( ah`r dZeZihm ^f^ec†gd g^f^l m„k^do•l^ ^eˆmm+ #

@s^g f^``rˆsˆ]•l[ˆe fhg]hmm bm•e^m nm€g eZihssnd €m Z _†s^m^m
*`hg]hlZg( f^km gZ`rhg f^`•k]^feb+ Ibg\l f^` Z \s‚feZihg( a h`r
fbgˆ heoZlƒ*d„s„gl•` ls€f€kZ oZg bkoZ+ C^er^l^g( f^km g^a•s bl ohegZ
Zsm f^`c^e„egb+ Hb dkfhg]aZmcnd( ah`r iZihd( mZg‚mƒd( c^`rsˆd( d„gro*
*m€kZd ls€f€kZ e^` b g d € [ [ oZeƒ( f^km Z fbm Z l^er^fa^kgrƒ*m^gr•lsmˆ
fngd€lgZd( lˆm Z _^e†`r^eˆg^d bl mn]gbZ d^ee( Zs \lZdg^f fbg]( •l
i^]b` a^er^l^g oZg f^` [^gg^+ N ^ss^e o•`^sa^mg•d bl+ >lZdah`r fb*
o^e Z d„gro( Z fbgm dbo€gZmhl •l oZeƒlsbgŠ bl( f•` m„[[ dbZ]€lm _h`
f^`•kgb( g•f^er d„s•k]^dŠ f^`c^`rs•lm bl m^ls^d+ F„o^m^f Z mZkmZehf*
c^`rs•d^m+

!< l^er^fm^gr•lsm•l _hgmhll€`Zz \sbfŠ lsZdZls ls•i^g m†gm^mb
_^e Zsm( Z fbkˆe lsƒe( \lZd m…es€l[Z f^`r hmm( ahe f•` Z a€sZd n]oZ*
*kZbm bl ^i^k_€ddZe dbo€gcZ [^†em^mgb( fb]ˆg cƒe mn]aZmcZ(ah`r Z `r†y
f„e\l_€d f•`bl \lZd m„[[^m •kg^d+ \ < l^er^fm^gr•lsm•l m„km•g^m^z •l
^ < fZ`rZk l^er^fbiZk* ^s+ k•ls^d gZ`r ohg€lhd[Zg lsƒegZd m€k*
*`rndkƒe+ w<s hdls^kŠ ^i^k_Zm^kf^e•ll \sbkg† k•ls m€k`rb m^dbgm^m[^g
*\lZd Zs•km ^la^mbd db_h`€l Ze€( f^km Zs •eˆ l„o•gr ZeZd‚m€l€kZ d•m lhk[Z
dbo€gcZ †em^mgb Z _€dZm( cƒee^a^m ^s^g •eˆl„o•gr^dg^d d^k‚m•l†e bl d^ee
lshe`€egbhd( fb]ˆg e^`Ze€[[ a€khf lhk[Zg d^ee Z _€dZm †em^mgb+ \ <s ^i^k_Z(
l^erf•k •l hdls^k† m^gr•lsm•l^zedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB U& k•ls g•ed†e„sb ZggZd f^`c^e„e•l•m(
ah`r HZ`rZkhkls€` ls€f€kZ ^`r^]†e •l dbs€kƒeZ` Z ls^`s€k]b l^er^f*
m^gr•lsm•lb _ˆ_^e†`r^e„l•` d„so^mbmb Z i^m^m^kf^e•lm( l ah`r \lZdbl Zs
bgg^g# gr^km i^m•d[ˆe d^em^mm a^kgrƒd `n[ƒ bm o€emc€d [^ Zs €eeZfb [^(!
o€emh aboZmZehd+ @s Z m^g r#• lsm • l ^eˆ_^em•m^e^+\ < l^er^fa^kgrƒ
[hg^smZgZ* ^s+ k•ls f^ee•dk•ls^bo^e ^`r†mm f^`_^e^e m€k`rb m^dbgm^m[^g(
lˆm Z [^m^`l•`^dkˆe lsƒeƒ nmhelƒ k•ls( ^s^g fhg]Zmmƒe ^em^dbgmo^ *
w>hf€ebZ*m^lm^\Zd•dg^d g^o^sbd( [€k g^fDCBAD% aZg^f _bebiib mnkbgb mZg€k
_ „ ] „ sm^ _„ez * g^f\lZd ah`r f^`_^e^e( aZg^f hmm €ee( Z ahoZ Z
mn]hf€gr _^`ro^k•o^e Z* fZb gZib` ^ecnmhmmngd+ QZggZd Zsnm€g ^eo•ko^
ber db_^c^s•l^d7 ^lmb ZedhgrZmdhk $.5 h+%( dbo € gm gZ`rl€`…$/1 h+%(
]h a € g r f ƒ ]k Z „lls^Zik‚mhmm `r^g`^ ls^]^k_Ze^o^e^m abgm†gd kbmd€lZg
$e+ Z .5+ €[k€m%( i^]b` bmm Zs €[k€g ^`•ls e^o•e oZg+ < a€m^]•gr „lls^*
a…sƒ]bd •l dbm€`ne l Z o•km fZ`€[ƒe dbe„db( f ^ . r Z m^lm fbg]^gk•*
ls•m €mc€kcZ $1.+ h+%+ < i^m^m^kf^eˆ khls c^eg^d mZkmcZ( aZ7Z i^m•d
gbg\l^g^d f^`m^kf•d^gr‚mo^( $21+h+% l f•` g•a€gr( f^er^dk^ ZZYXWVUTSRQPONMLKJIHGFEDCBAE [

d•lˆ[[b dbZ]€lZbgZd [^\l^ •k]^d•[^g _b`r^ef^sm^m^d+

CZ oZeZdb lhaZ l^f (e€mhmm l^er^fa^kgrƒm m^gr•lsm^gb( l KƒdZls
d„gro•m f^`lb^k^so•g( Zaahs _h`+ Z d„gro[^g _h`eZem nmZl‚m€lhd dZeZn*
she€l€oZe [bsmhlZg lbd^ka^s cnm+ @sm Zs …me^o^e^m Z]hf Z d„grog^d8
f^`•k]^feb+ 5 ] D B I 9 ] K A L N &TSRQPONMLKJIHGFEDCBA
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d^k†e^mb€eeZfb mZg‚mƒgˆd•i^s]^b mZg€k+@ fŠ# f^`c^e^gm =n]Zi^lm^g(
.560+ FƒdZr GZchl [bshf€gr€[Zg+ <kZ . _km+

Ch`r Z c^e^g fngd€kƒe €mm^dbgma^mˆ d•i^m gr…cmaZllZd( ZZYXWVUTSRQPONMLKJIHGFEDCBA66H

he]ZekZ m^kc^]ˆ fŠo^m m€k`r[^hlsm€lZ ls^kbgm blf^km^m^f+4 fŠ d•m
_„k•lsk^ hlsebd( n+ f+ ls^ko^me^g•l ls^ko^l# o^`rmZgkZ+ < ls^ko^me^g
o^`r mZg •l €lo€gr mZg a€khf lsZdZls[ƒe €ee( n+ f+ Z lshkhlZg o^mm o^`r*
mZg* •l €lo€kbrmZg[ƒe( Z dˆs^mmZg[ƒe•l Z _„e]mZg[ƒe+ A^c^s^m^b7 Z e^o^`ˆ(
Z obs( Z dhgraZlƒ( ^e^f^d •l „lls^m^mm m^lm^d( Z obs he]ƒ aZm€lZb•l
Z dkblm€erd•isˆ]•l( „lls^_h`eZe€lnb •l €mm^dbgm•ld•i^g d•k]•l^d•l o^`r*
mZgb ls€f_^eZ]Zmhd+ DD+ _^c^s^m7 Z g^f _•f^l ^e^f^d l ^`rls^k†[[ o^*
`r†e^m^bd( •`•lb m†g^f•gr^d( Zs ^e^f^d mneZc]hgl€`Zb l g^a€gr ^ef•e^m(
Z lZoZd8 Z _^c^s^m o•`•g bl „lls^_h`eZe€lnb l d„ggr^[[ €mm^dbgm•l d^]*
o••km blf•m d•k]•l^d •l o^`rmZgb _^eZ]Zmhd d„o^md^sg^d+E '" _^c^s^m7
Z* _•kg^d ^l ZshdgZd ^`rls^kŠ[[ o^`r†e^m^b( d„ggrŠ _•f^d( g^a•s! g^f
g^f^l _•f^d( g^f^l _•f^d( „mo•gr^d •l _hg\lhkhd+ DQ+ _^c^s^m7 Zs
Zec Zd( Z lƒd+ Q+ _^c^s^m+ Z ls^ko^me^g m^lm^d mneZc]hgl€`Zb( ZeZdb( _bsbdZb
•l o^`rmZgb mneZc]hgl€`hd+ I•`r m€[e€sZmhg `rZdhkeZmb …mfnmZm€lm gr…cm
ls^ksˆ Z m^lm^d ^e^fs•l•a^s+ Q•`†e lsƒ oZg Zs €lo€grhd̂ em^kc^]•l•kˆm
d†e„g„l m^dbgm^mm ^e aZs€gdkZ8 db oZg m†gm^mo^ Zs hlsmk€d*fZ`rZk 'E G &

gZk\ab€gZd [€grZ* •l dhaƒm^kf^e•lb €meZ`Z bl Zs .544*.55.*dbb]ˆkˆe++
Fˆs^mmZg+ A^c^s^m^b7 dkblm€erhl dˆs^m^d( m„kf^e•d dˆs^m^d( Z dˆs^*

m^d d•isˆ]•l^+ Dmm Zsm Z f^`c^`rs•lm dh\sd€smZmhf( ah`r Z Dee+ _^c^s^m(
m+b+Z dˆs^m^d d•isˆ]•l^ Z dˆs^mmZg O+_^c^s^m^ e^a^mg^ bgd€[[( ^sm mZk*
mZg€f eh`bdnlZ[[ ^`rf€lnm€ggZd+ Ns^ksˆ b`^g obe€`hl(d„ggr^g •kma^mˆ
gr^eo^g •l `rZdhkeZmb fƒ]hg( e^a^mˆe^` k„ob]^g m€k`rZecZ _„e]†gd3
•k€c€m(

4 fŠ f€lh]bd _ˆk•ls^ Z ls^ko^l o^`r mZg+ Ns^ksˆ Z[^o^s^m•l[^g
lsƒe Z ls^ko^l m^lm^d Zedhmƒ k•ls^bkˆe8 Z ls^ko^l o^`r†e^m^d ^e^fs•l•mˆe
•l Z ls^ko^l o^`r†e^m^d _^ehlsm€l€kƒe+ < ls^ko^l o^`r mZg ./dbl^[[ _^*

+c^s^mk^ hlsebd+ D`^g a^er^l^g \l^e^d^]m l̂s^ksˆ( ah`r ^ m€k`r lbd^k^l
]^fhglmkZmbo mZg‚m€l€ahs _„em•me^gŠe ls†dl•`^l l^`•]^lsd„Z„dg^d+ •l ls^*
I ^dg^d c^`rs•d•m d„seb( oZeZfbgm( ah`r ^`rg^ a€gr `rZdhkeZmb nmZl‚m€lm
bl €]+ #

< fŠ f^`c^e^g•l^ [bshgr€kZ b`Zs „k„f„m d^em fbg]^g Z mZg‚mƒ*
d•is•l m^k•g d•fb€oZe _h`eZedhsƒ dZkm€kl[Zg+ < a^er^l [^hlsm€l( Z
k•ls^dg^d eh`bdZb ^`rf€lnm€gcZ( Zs ZgrZ` ^`rf€la hs oZeƒdZi\l€gZd
m^kf•ls^m^l +„lls^_†``•l^7 fbg] ^eˆgr„l ^l Zc€geƒ*he] ZeZb• mZgd„grog^d+
Ns^ksˆ l^ffb g^o^s^m^lm l^f a€`r ^e(]^ #_„e„le^`^l ml^f „e^e _^e yfŠ*
o•[^g+ Mr[€k dZkm€klngd o^`r mZgZ mZiZlsmZeZmb•l `rZdhkeZmb +ZeZiZg
grn`lsbd( [^gg^ Z m€k`rblf^k^m ^`r^l†_*Z i^]Z`ƒ`b€oZe+ Ns^ksˆ_bs^v^g*
\l•l^g f•kb „lls^ 7Z7dboba^mˆm(ZD^a^ml•`^lm Z7!ls†dl•`^ll^e+ *@em^dbgmo^
Zs bmm*hmm ^eˆ_hk]neƒ g^a€gr gr^eomZgb#ab[€mƒe8vr[€k Dlmo€i+7o^`T_Zg€m?
fb}em^`•lb^g# #mZg‚mƒd•isˆdg^d oZeƒm( e^`e^edbblf*^k^_•l^[„^g#f^k•f Z
dZkm€klZdlsbo^l #_b`r^ef•[^ Zc€geZgb # # ! 3 %DCBA!2' e+7#(m%

(+# !HZ`r7ZkTSRQPONMLKJIHGFEDCBA( : @ 6 B : F D C $ Ns€s fZ*`rZ k }kƒ8! ls€s! ^e[^ls•e•l^8#
•vls^€ee‚mhmmZedcbaZYXWVUTSRQPONMLKJIHGFEDCBA/ B RB O F!1 Z UO B C&=n]Zi^lm(# !.56708! Nbg̀ #^k2 > J %8 ~ ) ?"F 1U "Q
db€]€l#Z+7<b #^`•ls# `rncm^f•gr7#ˆm77d„m•m[3.y(#€+ee7#vP`r#Zg\lZv# 0358B=@%(#".:
H> J B N L K @ FFFF#ZeZm_nemTZkbZs„glb^kvˆmˆeG#•l# dbZ] ˆmhb788bkb7\e#nemv f^7`"B> K9!
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f€lbd o€eeZeZm(# Z f^er i^]b` ls€s+ d † . _„e ] b }kƒ ls€s ^e[^ls•e•l•m mZk*
mZefZssZ+ $< _†s^m^d €kZ /2 dk+% +Hbg] Z d•m o€eeZeZmhm Zc€gecnd mZgneƒ
b_c…l€`ngd •l Zs bkh]Zefb lsZdmZg€khd _b`r^ef•[^8# f^km Y^s^d
•eo^s^m^l heoZlf€grhdZm gr…cmZgZd( l ZedZefZm Z]gZd Z fZ`rZk ^l#
d†e_„e]b e^`c^e^l^[[ [^ls•er‚kˆd f^`blf^k•l•k^( „lls^aZ lhge‚m€l€kZ+ <s
„lls^€ee‚mƒ g^f\lZd ZkkZ †`r^em( ah`r bkƒbgd d„s†e Z e^`c^e^l^[[ ^d^m(
ZshdgZd ls_g•m*cZo€m fnmZllZ [^( aZg^f m„[[ ‚kƒg€e lbd^kŠem •ii^g Z
e^`ch[[( Z + e^`c^ee^fsˆ[[ fŠo^m dbo€eZlsmZgb+edcbaZYXWVUTSRQPONMLKJIHGFEDCBA

* B Hc IA ` IP J e RB H GB D TU^ HB &TSRQPONMLKJIHGFEDCBA

0 O = : G M : H> ) B AO @ @ R C L J $Der \s‚fŠ d„grok^ abk]^mg^d ^eˆ_bs^*
m•lb _^ea‚o€lm2 L B L @ O > : FQ > A > N $€ee+ mZg‚mƒd•isˆ*bgm•s^mb+ mZg€k =n]Zi^l*
m^g Z KZ^]Z`h`bnf[Zg •l 2 ` @ O F%4 > TB N . TQ I>b`Zs`Zmƒ*mZg‚mƒ M€\s*
F^k^lsm…khg+ A^c•kf^`r•[^g+ < f‰#1 _ˆk•ls[ˆe _h` €eeZgb+ <s ^elˆ k•ls
fZ`€[Zg _h`eZecZ Z f…em •ob ls^im^f[^kb f•a•ls^mb o€g]hk`rŠe•l•l
db€ee‚m€l blf^km^m•l•m( Z o€]hk`rŠe•l^g mZkmhmm „lls^l ^eˆZ]€lhdZm •l _^e*
heoZl€lhdZm 8 Z f€lh]bd k•ls Z fZ`rZk f•a•ls^m fnem c€gZd •l c^e^g
€eeZihm€gZd blf^km^m•l•o^e _h`eZedhsbd( Z lmZmblsmbdZb dbfnmZm€lhddZe( Z
fZ`rZk f•s •km•d^l‚m•l•k^ ohgZmdhsƒ fhs`ZefZddZe lm[+8 Z aZkfZ]bd
O•ls Z f•a•ls^m‚ hdmZm€l d•k]•l•o^e _h`eZedhsbd( d†e„g„l m^dbgm^mm^e Z
+f•a•ls^mb mZg_herZfhdkZ( Z o€g]hkmZg7‚mƒb bgm•sf•grk^ •l Z fZ`rZk ++(
f•a•ls^mb bkh]ZehfkZ8 Z g^`r^]bd k•ls Z f•a•ls^m ^ef•e^m•[^ •l `rZ*
dhkeZm€[Z #o€`ƒ d„s•k]^d† heoZlf€grhdZm mZkmZefZs( ie+ f^m^hkheh`bZ(
[hmZgbdZ •l Zs hdls^k† f•a•ls^m( Z fhs`ƒ ls^kd^s^m† dZim€kZd blf^k*
m^m•l^( Z f•sgr^k•l d†e„g[„sˆ fˆ]cZ •l Z f•si„k`^mˆd( Z f•s* •l
obZlsaZfbl‚m€lhd( Z f•s[hk( Z f•sebdˆk„d lm[+ { fŠ d„kŠe[^eˆe kh
‚ogrb m^kc^]^efŠ #e^ls •l cngbnl[Zg _h` f^`c^e^ggb+ <sZYXWVUTSRQPONMLKJIHGFEDCBA) _km 2- dk ^eˆ*
_bs^m•lb €k Z ls^ksˆdg^d d†e]^g]ˆ [^+

3 : M O F @ R C L J 6 @ R M R C G O < : G HR F H: @ H6 C PHN G N = D M $OZg‚mƒd •l
mZg‚mhc^e„em^d ls€f€kZ+ < +fbgblsm^kb mZgm^ko ZeZic€g Z g•ibldheZ DQ+ 7•l
Q+ hlsm€erZ ls€f€kZ dblsZ[hmm mZgZgrZ` f‚gmZe^\sd•d[^g _^e]he`hsoZ+ <
A^a•kf^`o^b OZg‚mƒm^lm†e^m €emZe* " ]k[ ZkZgrgrZe cnmZefZshmm i€erZfŠ+
DkmZ79UU N ? B H 1 ` UO B Cd„sl+ bld+ mZg‚mƒ+ Ns+*A^a•ko€k+ FbZ]cZ Nbg `^k
@L^ .560+

(<( @ : M 9 T _kZg^ sbZ e^`^elˆ f^lm^k^+ DkmZ7 ]^ B^kZg]h <gmhgbgZ+
Z dhehslo€kb €ee( _^elˆ[[ e^€grbldheZ8 b`Zs`ZmƒcZ+ Khslhgr +++ .5v8b0+ =n]Z*
i^lm+ FbZ]cZ NmZ f i _^ .+ F€kher+ <kZ _Šso^ 0- dk+( d„mo^ 02 + dk+

! , = N G M + N 7 D F B 6 < L 6 F C L : AJ H6 C 6d„s•ibldhe€vaZlsg€eZm€kZ+
{m]he`hsmZ * > N ? > N Q O 8 ` ? B N P&Cnlshggrhe\sZ]bd dbZ]€l+ <kZ k# mkm( =…*

]Zi^lm .56/+ GZ f i ^ D Mƒ[^km kdbZ]€lZ(
" ! . : F : G @ : 9 : AB >" 1 M N B H6 C $< d„s•i_hd… d^k^ld^]^efb bldhe€d

$ZdZ]•fb€d% ^elˆ hlsm€erZ ls€f€kZ e^`…cZ[[ fbgblsm^kb mZgm^ko +ZeZic€g
bkmZ]k+ ;B N B O ;FIJ L O $Z dhehslo€kb d^k^ld^]^efb ZdZ]•fbZ mZg€kZ7 7eW#e€*
lh]bd +e•gr^`•[^g o€emhsZmeZg dbZ]€l+ <kZ) _km* ( " dk( =n]Zi^lm( %) . / * '

GZ fi ^e Mh[^km dbZ]€lZ+ < d„groa„s f^ee•d^eo^ oZg Z [n]Zi^lmb ^l *
[•\lb T IL &B#•l •km•dmˆsl]•d +aboZmZehl €k_herZfc^`rs•d^b ^k^]^mb[^g+



$ % B 6 < L 6 F D @ HR F HO C : H: $zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAHZ`rZk •l g•f^m gr^eo^g d•k]•l^d*
•l _^e^e^m^d[^g Zs ^e^fb bldhe€d g„o^g]•d^bg^d _^e_h`ƒ ^k^c•a^s d•i^lm
k„ob] ^eˆZ]€l[Zg m„[[ gZ`r fngdZ nm€g bkmZ7edcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 B Q J > K K 9& )& grn`+
_ˆo€khlb mZg‚mƒ+ Obs^g„m„]bd m^ec^l^g €m]he`hshmm dbZ]€l+ DkmZ7. > > I

4 ` UB O $ Khslhgr+ .560+ =n]Zi^lm( FbZ]cZ NmZ f i_ ^e F€kher+ {kZ
d„mo^ #1- dk+

$ % C >6 < L 6 F = : AL : G PF N G40 `rZdhkeZmbe^\sd•[#^g l^`•]d„gro# Z a^er^l*
]k€l mZg‚m€l€ahs•l mZgne€l€ahs+ < HZ`rZk On]hf€grhl <dZ]•fbZ €emZe
+ dbZ]hmm a^er^lbk€lb lsZ[€erhd _b`r^e^f[^ o•m^e•o^e bldheZb•l fZ`€gaZls*
g€eZmkZ d•ls‚m^mm^7/ L CCJ > K K 4 ` N mZg€k( =n]Zi^lm( .560+ GZ f Db ^ .
Mƒ[^km dbZ]€lZ+

<s ^fe‚m^mm^d^g dbo†e f•` Z d„o^md^sˆ fŠo^d^m d†e]m•d [^ bl*
f^km^m•l o•`^mm7 ++ (+

% & ' I C 9 / : G : 7 I 8 = fbm .6 <[[be]ng`^g+ <kZ /1 dk+ H^ag^k
Qbefhl dbZ]€lZ+ * & : G M O 9 < L 6 @ D F A6 HD @Zg•f^m*fZ`rZk mZggr^eo† 7
g•ibldhe€d Zelƒ hlsm€erZb ls€f€kZ+ DkmZ79U> ? ` 3 & Khslhgr( .56/+ =n*
]Zi^lm+ FbZ]cZ NmZ f i_ ^e F€kher+ {kZ d„mo^ /2 dk+ *% C O B : H

>F N G #D AJ 6 G N G F : ;D F B ?6 $DkmZ7 F€k i €mb=•eZ Z =n]Zi^lmb( OZg‚mƒ+
m^lm†e^m d„s`rŠe•l•g mZkmhmm ^eˆZ]€lZ nm€g+ Ns€fhl (€[k€oZe+ < mblsmZ
c„o^]^e^f Zs w@ZYXWVUTSRQPONMLKJIHGFEDCBAW m o„ l#! < D Z K; cZo€kZ _hk]‚mmZmbd+ <kZ/- dk++ FbZ]cZ
+Z =n]Zi^lmb OZg‚mƒm^lm†e^m+ FZiaZmƒ n`rZg^s^g m^lm†e^m ^eg„dl•`•g•e+ .560+
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H•er^g mblsm^em o€eZlsmf€gr Fbc^e^gm^f# ^eˆk^( ah`r c^e^g ^eˆm^k*
c^lsm•l^fg^d g^f \s•ecZ 7k•lse^m^l cZoZleZmhdZm m^ggb( l^f Z mblsm^em
o€eZlsmf€gr k•ls•kƒe f€k fhlm o•`e^`^l aZm€khsZmhmikhohd€e gb+ @s
f•` dhkZb ohegZ+>s•ehkg \lni€g lsƒo€ m^ggb Z db€ee‚m€l †`r•m l ZedZe*
fZm Z]gb Z o€eZlsmf€gr( oZeZfbgm ^`r^l†e^m†gd mblsm^em mZ`cZbgZd g•s^*
m^bdg^d ^efhg]€l€kZ7fbd•gm ohegZ Z mZg‚mƒd•isˆ*bgm•s^m^d•l ^`r^l†*
D^m†gd k•lso•m^e^ Z db€ee‚m€lhg ^lsd„se^g]ˆ( ah`r hmm Z mZg‚mƒd•is•l
f•emˆd•i^g e^`r^g d•iobl^eo^+ A^eZ]Zmhf e•o•g m^a€m Zs ^eo^dg^d•l
+Z e^`_ˆ[[ k•lse^m^dg^d f^`c^e„e•l^( _h`eZedhshf ^eˆls„kbl Zshg\s•ehd*
dZe( Z f^er^d^m Z mZg‚mƒd•isˆ*bgm•s^m^d db€ee‚m€lZ €emZe^e•kg†gd d‚*
o€gZmhl+ M 0

< mZg‚mƒd•isˆ*bgm•s^m^d d‚€ee‚m€lZ€emZe ^ell̂hk[Zg Zsm ZdZkcnd
^e•kgb( ah`r Z d„s„gl•`^m m€c•dhsmZllnd Z mZg‚mƒ*•l mZg‚m„gˆd•is„*bgm•*
s^m^d _^eˆe8 f€lh]lshk( ah`r mZgnel€`hl e^`r^g Zs Z lsZd^f[^k^dg^d(
oZ`rbl Z mZg‚mƒd•is•ll^e _h`eZedhsƒdgZd8 aZkfZ]lshk _^em†gm^mgb Z mZ*
g‚mƒd•is•lg^d _^ceˆ]•l•m+

+k+ <s ^elˆ \s•em m^dbgmo^( Z mZg‚mƒd•is•l c^e^g €eeZihm€m e^a^mˆ
gZ`r Zk€gr[Zg •l k•lse^m^l^g d^ee [^fnmZmgb+ @eˆ d^ee l^`‚m^g†gd Zsm(
ah`r Z gZ`r d„s„gl•` a^er^l _h`ZefZm ls^k•ss^g Z mZgbmˆd•isˆ*bgm•s^*
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m^d #dnemnk€ebl c^e^gmˆl•`•kˆe( _^ce^mml•`•kˆe •l * lhdg^fŠ _^eZ]ZmZbkƒe8
@[[ˆe Z \s•e[ˆe ls†dl•`^l( ah`r e^a^mˆe^` fbg]^g ^`r^l mZg‚mƒ* •l(
mZg‚m„gˆd•isˆ*bgm•s^m( kgbgm* db€ee‚mƒ ls^k^i^ec^g •l €ee‚mlZ db•i†e^m^‚g^d8
^`r•[ a^erbl•`•g^d m^kokZcsZbm( mho€[[€ _^els^k^e•l•[ˆe•l fngdZd„k•[„e
Zsm( Z fb+ c^ee^`s^m^l( l ^`r oZ`r f€l( m^dbgm^m[^g •k]^d^l+

H€lh]bd _^eZ]ZmgZd mZkmhf( ah`rZ db€ee‚m€l Z mZg‚mƒd•is•ll^e
_h`eZedhsƒdgZd bl mZgnel€`hl e^`r^g+ @sm Z# \s•em f€k Zs ^`r^l mZg‚mƒ*
d•isˆ*bgm•s^m^d db€ee‚m€lZ €emZe bl ^e•kc†d( Z f^ggrb[^g ^s •k]^d^l „ls*
ls^aZlhge‚m€lhdkZ Z] ZedZefZm+ ?^ d†e„g„l^g mZgnel€`hll€o€eg•d Z
db€ee‚m€l Zs €emZe( ah`r „lls^€ee‚mmZmg•d ^`rmZg‚mƒ* •l mZg‚mƒgˆd•isˆ**
bgm•s^m fbgmZls^kŠ _^els^k^e•l^( Z f^er fZ`€[Zg _h`eZeg€ Zs ^ef•e^mb •l
`rZdhkeZmb hdmZm€l fbg]^g €`€m+

(< db€ee‚m€lgZd m„km•g^efb k•ls•kˆe k•lse^m^l^[[^g lsˆehd( f^km f‚`
Zs ^eˆ[[b^d e•m^l‚m•l•[^g Zeb` o^a^m ^`r^l†e^mngd Zdmn€ebl k•lsm( Z]]b`
Z fngdZ nmƒ[[b k•ls•[^g f€k l^`•]d^sa^mbd( Zsm k•ls[^g Q9e`r ^`•ls^g+
+fZ`€kZ o€eeZeaZmcZ(

( < mZg‚mƒd•is•l fnem c€gZd Z db€ee‚m€lhg oZeƒ _^em†gm^m•l^fƒ]c€oZe*
f€k _h`eZedhshmm ^`r^l†e^m†gd o€eZlsmf€grZ Z cZgn€k /0*€gmZkmhmm†e•*7
l^g+ @s ZedZehffZe Zshg ^lsf^ f^kŠem _^e( ah`re•m^l‚ml†gd ^`r gZ*(
`rh[[* lsZ[€l… fŠo^m( Zf^er fZ`€[Zg_h`_ZecZ Zs „lls^l mZg‚mƒd•isˆ*
bgm•s^m^d •l €emZe€[ZgmZg‚mƒd•is•l†gd fhgh`kZ_b€c€m( O^dbgm^m[^ o^^g]ˆ*
Zshg[Zg( ah`r( Z fbgm Zs ^fe‚m^mm `r†e•l^g m„[[^g db_^c^sm•d( her
fŠg^d „lls^€ee‚m€lZ( Z f^er fbg]^g Z mZg‚mƒd•is•l†gdk^ g•so^ m„km•g^*#
mbe^` [^\l^l ZgrZ`hm fZ`€[Zg _h`eZegZ( Zdb€ee‚m€l b]^c•k^ Zeb` e^a^mˆ+#
•l d†e„f[^g bl m…We•ig• ^`r^l†e^m†gdg^d ZgrZ`b ^k^c•m+ Oho€[[€ lhddZe
bgd€[[ f^`^`r^sbd Z db€ee‚m€l m^kf•ls^m•o^e fZ`ndgZd Z m„km•g^mb ^f*
e•d^dg^d + [^fnmZm€lZ( fbgm ZshdgZd ^`r( bkh]Zefb fŠ[^g oZeƒ _^e]he*
`hs€lZ+ @g( fbgm Zs ^fe‚m^mm bg]‚mo€grgZd m^oˆc^+ fbg]^g^l^mk^ _^gmZk*
mZg]ƒgZd o•e^f Zs ^lsf•m( •l aZ g^f bl Z db€ee‚m€l b]^c•k^( ]^f•`*
Z c^e^g •ombs^][^g fbg]^g^l^mk^ „lls^Zee‚mZg]• ohegZ Z7mZg‚mƒd•is •l+

#fhgh`kZiZcZ+ Hbg]Zs€emZe m^ec^l h]ZZ]€llZe \lZmeZdhshkg Zshg …cZ[[Zg
_^ef^kŠem ^lsf•a^s+ ah`r( Z mZg‚mƒd•is•l fh gnkg^gmZbm `rŠcml†d „lls^ Z
db€ee‚m€lkZ+@s €emZe k}b^`_^e^eg•gd Zshg dbo€gZehfgZd( ah`rZ db€ee‚m€l*
gZd m„km•g^mb c^ee^`^ e^`r^g( [^\l^l mZg…ef€grb ZgrZ`hm lshe`€emZmg€gd
Z lsZd^f[^k ls€f€kZ l Zshgdbo†e lhd her k•`b d„gro •l Z]Zm d^*
k†eo•g ^eˆ( Z d„grom€kZq[ƒe( Z f^er^d d^o•ll• oZ`r ^`r€emZe€[Zg g^f
blf^k^m^l^d+ Z mZg‚mƒd•is•l m„km•g^m•g^d +f^`_k€l€m bl ^eˆd•lsmm^g•gd+ +

( # + < mZgy‚mƒd•isˆ+bgm•s^_^ddb€ee‚ €l€gZd m„km•g^mb k•l(s^ _^vm†gm^mg"8
m^a€m# Z mZg‚mƒd•isˆ*bgm•s^m^d d^e^md^s•l•m( _^ceˆ]•l•mZ ghkf€ebl# bldhe€d
ƒmZ 8 fZ`€[Zg _h`eZeg€ + Zshd mZgm^ko^bm( ls^ko^s^mb lsZ[€ersZmZbm(#mZg*:
d•grv^bm( •kmvl‚m3bm! •i†e^m†dk^( xDvels^7k•e•v†dk^7 l fŠd„]•lndk^ohgZmdhsƒ
Z]vm„dZmv #m^kokZcshdZm lm[+ (! 8#((7 #ZYXWVUTSRQPONMLKJIHGFEDCBA & "% ! "Q 1 (#.! #88

+( Dg]‚moZgrhf m^a€m Z# d„o^md^sˆ7 ! (#*#((# +( ! (
! k ( <s ^`r^l†e^m+ fbgm ber^g+ dbZ]o€grZb( grhfmZmoZgr€b*€emZek•lsm 

o^ls (Z( db€ee‚m€l^g+( # +(7DCBA!=   "= %"? "1&%

( 7#( #x/+%4 #!(€eZlsmf€gr dbo€gZmhlg€d fhg]cZ( ah`rZ#mZg‚mƒd•isˆ*

vgv#•mvm^W vb€‚_‚7€lZ 7bgihlZgv •l (mZfee(lvil vD+v`:7^gl Z#mZeCmhF•vs#ˆ*#7
bgm•s^m^d c^e^g•gdbo†e m†gm^ll^# _^e Zshd fnemc€mDN+ "DedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 > D T + ] O UI6 % && !"+e
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Z o€eZlsmf€grgZd .560+ f€cnl .2*•g mZkmhmm†m•l•k„e(
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G€lseˆ( 4 L I 'P] N G•lse„( 9UP> K H` =•eZ( nm3[[b c^`rsˆ+ + +

*
00+ @eg„d Zs Še•lm f^`grbmo€g( c^e^gmb Z o€eZlsmf€grgZd( ah`r

Zshg g•ihdmZm€l†`rb hkls+ ^`r^l†e^m^d d„s„mm( kg^er^d <kZgr E€ghl lsh[
k€gZd _+ZYXWVUTSRQPONMLKJIHGFEDCBAA Z .1*•g+ m„km•gm e^e^ie^s•l^ ZedZef€oZe dhlshk…oZe _^c^sm•d db
Z gZ`r d„emˆ bk€gmb d^`r^e^m†d^m( ^`r^l†e^m†gd bl k•lsm o^mm( Z f^ggr‚*
[^g Zs ^fe‚m^mm ^`r^l†e^m^d d„s„mm ^eg„d Z mZg‚mƒd•isˆ*bgm•s^mb mZg€khd
hkls+ ^`r^l†e^m•g^d bl a^er^m d•km+ < o€evlsmf€gr a^er^leˆmn]hf€lne
o^lsb ^eg„d c^e^gm•l•m l Z dhlshk… d„eml•`^bm Zi•gsm€khlg€e nmZbmZmgb
d‚o€gcZ+ +

01+ IZ`r G€lseƒ ^`r^l†e^mb mbmd€k c^e^gmb( ah`r #Q^k^l DehgZ( fbgm
Z gZ`ro€kZ]b mZg‚mƒb d„k bkh]Zefb lsZdhlsm€er€gZd ^`rbd ^eg„d^ mn]ZmcZ(
ah`rZ gZ`ro€kZ]b mZg‚mƒb bk h ]Ze fbd„ k Zs ^`r^l†e^m[^ [^e•igb

#9(N+aZcm+ F+n `) ^k E€ghl _ˆo€khlb mZg‚mƒ Zs ^`r^l†e^m[^ e•i•l•m [^c^e^gm^mm^+
*Jko^g]^m^l mn]hf€lne o•m^mbd( l Z c^e^gmd^s^mm^d Zs ^`r^l†e^m mZ`cZb
d„s• b`mZmmZmgZd+ +

02+ IZ` r G€lseh mbmd€k bs ^`r^l†e^mg^dZ fbee^gbnfb*db€ee‚m€lhg
#oZeƒ k•lso•m^e^ m€k`r€[Zg ^eˆm^kc^lsm•lm m^ls+ $G+ _^gm^[[ Ns^kd+%

<s ^eˆm^kc^lsm•l f^`aZee`Zm€lZ nm€g b`*^g •e•gd ^lsf^\l^k^ _^ceˆ*
*]„mm db+ < c^e^ge^oˆd fbg]^gbd^ k•lsm o^mm +Z obm€[Zg+ ChllsZlZ[[Zg
lsƒm hmm Z d•k]•la^s F € kf € g Hƒk( db Zs ^`r^l†e^mg^d( d†e„g„l^[[^g
i^]b`+ Z o€eZlsmf€grgZd Z db€ee‚m€lhg oZeƒ k•lso•m^e•m d•mls^fihgm[ƒe
e€mcZ \s•ehlgZd( @elˆ lhk[Zg d‚o€gZmhlgZd mZkmcZ( ah`rZs^`r^l†e^m Zs
bee^m•d^l db€ee‚m€lb m•gr^sˆdg^d * d†e„g„l^g m^a€m Zshg \lhihkm[^eb^d*
g^d( dbda^s Z mZg‚mƒd•isˆd mZkmhsgZd * Zs o^`r^l†e^m d‚o€gl€`Zbm( ƒaZc*

ym€lZbm mn]hf€l€kZ ahssZ l ^l^me^` ZggZd d„sk^fngd€edh]€l€oZb l^`‚m*
+l•`•k^ e^`r^g+ H€l_veˆe „aZcmZg]ƒgZd o•eb( ah`r Zs ^`r^l†e^m ls^ko^s^mb
lsZ[€ersZmZboZe( dbZ]o€grZboZe( + _herƒbkZm€oZe( •od„gro^bo^e m„km•g^m•g^d

*D^‚k€l€oZe fZ`Z cl k•lsm o^`r^g Z db€ee‚mƒdd„s„mm+ < fb Zs ^elˆm bee^mb(
d†e„g„l^g aZg`lnerhssZ( Z mZg‚mƒd•is•l m„km•g^m•k^ ohgZmdhsƒ fhgnf^g*

ym€d $k•`b[[ mZgd„gro^d( ^lsd„s„d( ls^ko^s^mb dbZ]o€grhd( •i†e^mkZcshd(
_^els^k^e•lb dbfnmZmZlhd lm[+% „lls^`r†cm•l•m+ @s Z fngd€edh]€l g^f
\lZd ah`r e^`•km•d^l^[[ Z mZg‚mƒd•is•l m„km•g^m•k^ g•so^(]^ ^`rls^k*
lfbg] ^s Zshg m•k( ahe Zs ^`r^l†e^m fbgm herZg e^`bgd€[[ db_^cma^mb
+m^+o7•d^grl•`•m ++ D`^g mZgnel€`hlgZd mZkmZgZ o•`k^( aZ ^`r# +b]^€ebl mZg‚mƒ*
d•isˆ+ bgm•s^m fbgmZls^kŠ _^els^k^e•l^ [^fnmZmmZmg•d Z db€eebm€lhg+

N^[ ^lm r• g BrneZ ^`r^m•km F€kf€g _^cm^`^m•l^bo^e(+ Z fngdZ
l†k`ˆll•`•m aZg`l…erhso€g( dbfhg]Zmgb d‚o€gcZ( ah`r Z o€eZlsmf€gr
ber^g bk€gr…+ fngd€edh]€l€m Zs bee^m•d^ldb€ee‚m€lb \lhihkmgZd _^eZc€gecZ+

Br „ k `r <eZ]€k ˆaZcmZg]ˆgZd mZe€eg€( aZ kgbg]Zshg #(bgm•s^m^d(
kg^er^d k•`^[[^g mZg‚mƒd•is•ll^e _h`eZedhsmZd( oZ`r k•`^[[ b]ˆ ƒmZ _h`*
+eZedhsgZd( Zs ^kk^ ohgZmdhsƒ Z]Ze•dhd „lls^`rŠcm•l•k^ •l[^Z]€l€kZ

% " ! %Q % '
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^eg„d+

9UP> K H` * ^ I> $

mbmd€k+

1/-

lsƒe‚mmZmg€gZd _^e+ F†e„g fbgmZ*bldheZ _^e€ee‚m€l€m +l [^fnmZm€l€m g^f
o•eb ls†dl•`^lg^d( ]^ d‚o€gcZ( ah`r Zs ^`r^l bgm•s^m^d €eeZihm€kZ ohgZm*
dhsƒ dbfnm€m€lhd( [^fnmZmmZllZgZd+

F€k f€g f^`c^`rsb( ah`r Zs ^`r^l bgm•s^m^dg^d bgd€[[ Z[^ .l‡
•% ^ m•k ^ ohgZmdhsƒ Z]Zmhd ‹oheg€gZd db€ee‚mZg]ƒd( Zs•km ls†dl•`^lg^d
e€mg€( aZ f^`aZm€khsmZmg•d Zs ^`r^l bgm•s^m^d k•lso•m^eb fƒ]cZ bl+ D`r
ie+ dbs€kƒeZ` Z g„o^g]•d*fngd€eZmhd db€ee‚m€lZ g^f •i^g mZgnel€` g•e*h
d†eb n`rZg( ]^ fbgmah`r Z gZ`r m„f^` aZefZs€[Zg ^eo•ls Z mZgnel€`
l fbg]^g •o f€l ls‚gohgZeZm fnmZm( g^f e€mlsbd db^e•`‚mˆg^d+ Nsƒeˆ Z
a^er^mm bgd€[[ ls^k^mg^ her dbfnmZm€lhdZm( fbgmi•e]€…e Zs nmhelƒ „m+
•o[^g# Z]hmm ‚k€l[^eb _^eZ]ZmhdgZd\s‚f^b+

+ G •]^ k ^k {[kZa€f * Z i€kblb db€ee‚m€l i•e]€c€g mZiZlsmZeoZ*
b`^g mZgnel€`hlZdgZd fhg]cZ Z mZg‚m€l*m^ko^s^m^d [^fnmZm€l€m l Zs €e*
mZe€ghl lmZmblsmbdZbdbfnmZm€lhd _„em†gm^m•l•m+

IZ` r G€lseƒ( K •m^ k _ r N€g]hk l mh[[^d dbl^[[ _^elsƒeZe€lZb#
nm€g Z d„o^md^sˆd[^g m„km•gm f^`€eeZih]Zl 7.+ Z fbee^gbnfb db€ee‚m€lhg
Zs ^`r^l†e^m €ee‚mlZ db Z]]b`b „lls^l dbZ]o€grZbm+/ bg]‚mlhg Zs ^`r^*h
lŠe^m fhs`ZefZm Z fZ`rZk mZg‚mƒd•is•l m„km•g^m•k^ ohgZmdhsƒ fhgn*
f^gm€d „lls^`rŠcm•l•k^8 ^o•`[ˆe ^`r [bshmml€` dbd†e]•l^m e€mcZls†d*
l•`^lg^d( f^er €eeZi‚mlZ f^` k•lse^m^l ^g Z _^gm^[[ d„kohgZeZshmm _^e*
Z]Zmhm8 d•ls‚ml^ ^e Z fngdZk^g]^m( lsƒe‚mlZ _^e Z ob]•db •k]^d^em bgm•s^*

#m^d^m Z d„sk^fŠd„]•lk^( d•ls‚ml^g nmZl‚m€lm Z `rŠcm•l fƒ]hsZmZbkZ g•so^!(
l o^`r^ d^s•[^ Z `rŠcm•lm( e•ic^g •kbgmd^s•l[^ Z db€ee‚m€lb[bshmml€` be*
e^m•d^l $Dee+% \lhihkmc€gZd Zshg Ze[bshmml€`€oZe( f^era^s Z mZg‚mƒd•is•l*
†`r^ mZkmhsbd( e^`\s•els^kŠ[[^g Zshg mZ`hd …mc€g( dbd ^`r^l†e^m†gdg^d
bl mZ`cZb8 l Zc€gecZ _^e Zs ^`r^l†e^mg^d bf•gmo€shem d„sk^kgŠd„]•l•m+

@s^g [bshmml€`[Z dbd†e] ^mm^d 7+ ]k+ Fbl l <khg fbgm ^eg„d( N ^*
[ ^lm r • g BrneZ( F h s h \ l Z OboZ]Zk( IZ` r G€lseh •l Nsm Z g dƒ*

=•eZ( f^`Z]Zmo€g Z [bshmml€`gZd Zs Z ch`( ah`r Z ls†dl•`a^s d•i^lm
fZ`Z fZ`€m db^`•ls‚ma^ll^+

03* <s b]ˆ ^eˆk^aZeZ]o€g( Z o€eZlsmf€gr ^`r•[ m€k`r _^e^mm g^f
mZg€\ldhsaZmhmm+ @eg„d k„ob]^g obllsZibeeZgmo€g Z o€eZlsmf€gr l mZ`hd*
gZd ^s^g bldheZb •o ZeZmm db_^cm^mmfngd€edh]€l€kZ( d„ls„g^m•m _^c^sb db
Zs ^`r^l†e^m „lls^l mZ`cZbgZdfngd€b•km 8fZc] Zs bff€khg [^€eeƒ gZ`r
ls†g^m ZedZef€kZ fbg]^g cƒdZm d‚o€gm( fbk^ ZsŠe•l ^eg„d •em^m•l•o^e
o•`^m •km+

=n]Zi^lm( .560+ f€cnl DN+

.$%/$,$'! TSRQPONMLKJIHGFEDCBA

% H6 C PHQ @ O E M R #>C HO M : H: @ H6 C H: F J F : J PM >Q ?6 $< d„shdmZm€lbmZg€\l €emZe db* ++
d†e]„mm Ze[bshmml€` f€cnl aƒgZi[Zg lshk`ZefZlZg _hermZmmZ Z mZgm^kod•ls‚m•l fngd€c€m •l cZYXWVUTSRQPONMLKJIHGFEDCBAX &

gb n l 6*• g ls^ k^g \ l • l^g [ ^ _^c ^sm ^ Zsm+ <s nc mZgm^ko gZ`r fŠ(Z e^`k•lse^m^l^[[**
Z HZ`rZkhkls€`hg •ko•gr^l „lls^l mZgm^ko^d d„s„mm KƒmeƒeZ` Zs ^]]b`b d„se^f•gr^da^s #7 %

Z ?%•+ ) &Q+ _†s^m^d^m% Z d„o^md^sˆd[^g blf^km^ma^mc†d Z mZgm^ko^m 7



: a !N P^ K !B IJ F P] N D T> H&XzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.+#hlsm€er+ <sƒ*dhk m„km•g^m^ •l Z#d„s•idhkb €eeZfZeZdne€lhd
IZ`r F€kher*[‚kh]Zef•gZd _^e[hfe€l€b`+ ED+ hlsm€er8 < fZ`rZk g^fs^m m„km•g^m^ Z fha€\lb
o•lsb`( m^dbgm^mm^e Zs ^`r^m^f^l m„km•g^m _ˆ[[ ^l^f•gr^bk^ •l #ZfŠo^eml•` _^ceˆ]•l•k^+ DDD+

#hlsm€er+ < fZ`rZk g^fs^m m„km•g^m^ Z fha€\lbo•lsmˆe gZicZbgdb`( m^dbgm^mm^e Zs ^`r^m^f^l(
m„km•g^m _2[[ ^l^f•gr^bk^ •l ZfŠo^eml•` _^ceˆ]•l•k^(  *Q+ƒlsm€er+ Z% <edhmf€gr mZg+ [% #7<
g•ibldheZb m„km•g^m‚k€l ZgrZ`Z+ \% F„s`Zs]Zl€`mZg+ # (

4 B K K TP!0^ D C> K &D+ hlsm€er( <s Ze`^[kZ ^e^f^b dZi\lheZm[Zg Z d„s„gl•`^l lsZfmZggZe++
DD+ hlsm€er+ Z% CZmo€grhd( `r„d„d •l f€lh]_hd… ^`r^ge^m^d+Ns€fo^m•l Z d^k^ld^]•l •l
g^fs^m`Zs]Zl€` d„k•[^g+ KeZgbf^mkbZ+TSRQPONMLKJIHGFEDCBA2 , $ hlsm€er( Z% CZeZ]o€grhdZYXWVUTSRQPONMLKJIHGFEDCBAU J ZedZefZs€lnd Z i•gs+
†`r mZg d„k•[^n+ [% N ma^k^hf^mkbZ+ DQ+ hlsm€er+ < g•ibldheZb f^ggrbl•`mZgb mZgZgrZ`f„]*
ls^k^l _^e]he`hs€lZ( *

: B N J ^ O UB PPQ A L J ] K TL H&A b sbd Z b • l d•f b Z b ^e 2 blf ^k^ m^d+ D+ hlsm€er( Zs
^elˆ b]ˆlsZd[Zg a^mb/ ƒk€[Zg+ <shg _bsbdZb •l d•fbZb c^e^gl•`^d •l m•m^e^d f^`blf^k•l^(
f^er^d DB' m^kf•ls^mkZcs •l _„e]kZcs mZgnef€grhs€l€g€e g•ed†e„sa^m^me^g^d+ I^o^s^m^l^g Z f^*
\aZgbdZ( aˆmZg( obeeZfhll€` •l ]^e^c^ll•` mZg€gZd b]^ ohgZmdhs3 k•ls^b+ < d•fbZb ZeZi_h`Ze*
fZd( Z e^`d„s„gl•`^l^[[ ls^ko^me^g •l ls^ko^l o^`r†e^m^d ềlshdhmmZ[[ o€emhs€lZb+ A„e ]*
k ZCs( D+hlsm€er+ AbsbdZb _„e]kZcs $Z _„e] •`bm^lm( Z _„e]`„f[ _^els‚g^( Z e•`d„k( DBm^g`^k *•l(
Z ls€kZs_„e]b obs^d( Z _„e]`„f[ [^el^c^( Zdˆs^m^dX( DD+ hlsm€er+ <s „m _„e]k•ls+ Dee+ hlsm€er(
HZ`rZkhkls€`+ O^k f •ls ^ mkZ cU$ D+ hlsm€er+ I„o•grmZg( d†e„g„l m^dbgm^mm^e Z g„o•gr m^k*
f^e•lk^( $=hg\s*( ls„o^m* •l •e^mmZg( ZeZdmZg( d^kmb( ^k]^b( ]‚ls_€d •l\l^kc•d( Z dhgraZ+d^km(+
ls€gmƒ_„e]( Z k•m^d •l e^`^e2d g„o•grs^m^( biZkb•l d^k^ld^]^efb( `r3`rg„o•gr^d( obk€`mZeZg
g„o•gr^d( f•k`^l •l `rhfg„o•gr^d%+ DD+ hlsm€er+ <eeZmmZg(d†e„g„l m^dbgm^mm^e Zs 7beeZmm^gr•ls*
m•lk^( $<emZe€ghl €eeZmmZg( a€sb €eeZmhd( #oZ]€lsZmb( d€km•dhgr •l aZlsghl €eeZmhd( hlsm€erhs€l+%
bee+ F•fbZ •l €lo€gr mZg+ ${emZe€ghl o^`r mZg( obs[^g he]aZmƒ lƒd(f•ls_•e•d( dhoZ_•e•d(
]k€`Zd„o^d( _•f^d •l •k^s^d+ •`a^m2 €lo€grhd( Zs €lo€grhd m^\agheh`bgb _^e]he`hs€lZ(ls•g*
O^`r†e^m^d d•fb€cZ •l m^\agheh`b€cZ++% A b sbd Z+DDk+hlsm€er+ < f^\aZgbdZ!dˆmZg( ]^e^c^ll•`
•l obeeZfhll€` mZgZ( _•grmZg •l aZg`mZg8 `rZdhkeZm Z d‚l•ke^m^s•l[^g+ DQ+ hlsm€er+ < fngdZ(
•l ^g^k`bZ _h`ZefZ( `•imZg8 Z m^kf•ls^mb ^kˆd _^eaZlsg€e€lZ fngd€kZ( * BZs ]Zl € ` mZg+
DQ+ hlsm€er+ < g„o•gr m^kf^e•l+ e< mZeZc f^`fngd€e€lZ( Z g„o•gr^d lsZihk‚m€lZ( e^mZdZk‚m€lZ(
^emZkm€lZ( _^e]he`hs€lZ+% <s €eeZmm^gr•lsm•l #•l €eeZmmZkm€l( @`r dbl^[[ iZkZlsm`Zs]Zl€` [^k^g*
]^s•l^( _^els^k^e•l^+ * < _„e ]k Zc s b • l m^k f•l s^m mn] h f€g r bmZ g ‚ m€l f ƒ ]*
ls^ k mZg Z( DQ+ hlsm€mr+ < f€lh]bd •l aZkfZ]bd •oaZkfZ][Zg a^m^gdbgm 0 3kZ+ $< mZg*
ZgrZ` f3]ls^k^l _^e]he`hs€lZ( l^`•]^lsd„s„d( `r†cm•l( ik ^ZiZk€e€l( dhgs^ko€e€l(o^s•k* •l

(mZgd„gro^d+%
. T> HL N I> PF c D #B O O ^ D B H&|g^ d•l s^g ^( .+ hlsm€er+ Z% •g^d Zs ^elˆ _•e•o[^g a^m^gv

dbgm 2( Z f€lh]bd[Zg 6 ƒkZ8 [% shg`hkZ( Z f€lh]bd _•e•o[^g a^m^gdbgm 1 3kZ+ DD+ hlsm€er(
Z% |g^d( [% shg`hkZ( \% hk`hgZ( a^m^gdbgm6&6 ƒkZ( ]% a^`^]†( a^m^gdbgm* 3kZ+ Dee+ hlsm€erZ% @g^d(
[E dZk•g^d( \% hk`hgZ( ]% a^`^]†( ^% „llsaZg`sZmmZ( a^m^gdbgm 6&6 hkZ+ Uhg`hkZ fbgm fZ`€g`rZ*
dhkeZmhd+ DQ+ hlsm€er+Z%@g^d( [% dZk•g^d( \% hk`hgZ( ]% a^`^]Š( ^% „llsaZg`sZmmZg( a^m^gdbgm6&6

3kZ+ Uhg`hkZ( fbgm fZ`€g`rZdhkeZm( _% ^`ra€sb •g^d •l s^g^(a^m^gdbgm) ƒkZ+ MZc s *U J '

l s • i‚k € l+ .+ hlsm€er+ C^m^gd•gm 1 3kZ kZcs(6 3kZ ls•i‚k€l De+ hlsm€er+ C^m^gd•gm 1ˆkZ+
kZcs((. 3kZ l^•ibk€l+ DDD+ •l DQ+ hlsm€er+ MZcs( a^m^gd•gm/*/ ƒkZ+ F•s bf ng dZ * hdm5-*y

m€l+ <emZe€ghl d•s†`r^ll•`b hdmZm€l+ $FZkmhgfngd€d( Z`rZ`fngd€d( _Zfngd€d( •k\sfngd•d+%7
C€sb*biZkls^k_b fngd€d+ BZs ]Zl €`b `rZd hkb Z mhd+ < `Zs]Zl€`b `rZdhkeZmhd kZ Zs.+
Dee+ •o_herZf[Zg a^mb 1*1 3kZ _hk]‚mZg]ƒ( Zd€k6 ]•enm€g( Zd€k m„[[ gZikZ _^ehlsmoZ+ <#f^er
b]ˆ[^g Z `Zs]Zl€`b `rZdhkeZmhdls†g^m^eg^d( a^er„d[^ Z d•sbfngdZ e•i+ < `Zs]Zl€`b `rZ**
dhkeZmhdkZ g•so^ fbg]^g bgm•s^m Z lZc€m ob]•d^ oblshgrZbm •l ls†dl•`e^m^bm( mho€[[€ Z k^g]^e*
d^s•l•k^ €.e3 ^lsd„s„d^m ls^f ^eˆmm mZkmoZ( m^ko^m d•ls‚m •l c3o€aZ`r€l o•`^mm Z oZeeZl* •l
d„shdmZm€lb fbgblsm^ka^s _^em^kc^lsmb+ Ch`r# …mfnmZm€llZe lshe`€echg( Z [bshmml€` k•lse^m^l m^k*
o^s^m^m ]he`hshmm db+ O^l m ` T Zd hkb Z m+ D*DQ+ hlsm€er+ C^mb d•m 3k€[Zg k^g]ls^k^l mhkgZ
•l c€m•d+@s^gd‚oŠe fbg] Z g•`r hlsm€er ^`r†mmo•o^ a^m^gdbgm e^`Ze€[[ d•m 3( €[Zg Zs •o*
lsZdahs f•km^g Z lsZ[Z][Zg c€mlsbd( Z dhk\lher€s€lm •l …ls€lm l Z dZmhgZb k^g]`rZdhkeZmhdZm
ls€sZ][Zg `rZdhkhecZ+ < mZoZlsb •l 2lsbb]ˆ[^g •o^gdbgm g•`r _•e* ^`•ls gZib `rZeh` dbkZg*
]ne€l( ^l^me^` f€l mZgnef€grb \s•eeZe bl ^`r[^dZi\lhegZ+ #< g^`r^]bd hlsm€er[Z Z mhkg€lsZm
•l mhkgZmZg‚m€l ^ef•e^m^+

) P> K _P] O F D T> HL N I> P> H&PD+ hlsm€er( < aZkfZ]bd hlsm€er[Zg Z `rZdhkeZmb dbd•is•l
^e^bgm^ Z `rZdhkeƒbldheZb mZg‚m€l m^kols^kŠ ls^fe•e^m•k^lshk‚mdhsbd( lshkhlZg ahss€_t‚s2]bd Z
g•ibldheZb g^o^e•l* U J hdmZm€lmZg mZg‚m€l€ahs l Zs ^ m€k`r[Zg mZgnemZdgZd f^`obe€`‚m€l€kZ
lshe`€e+ FZi\lheZm[Zg Z fƒ]ls^kmZg mZg‚m€l€ oZe Z c^e„em^dmZg‚m€lb m^ko^s^m^d^m d•ls‚m^g^d( Zs
•o f€lh]bd _^e•[^g i^]b` mZg‚m€lb d‚l•ke^m^d^m o•`^sg^d+ <mZg‚m€lb dbl•ke^m^d Zs ^`•ls^

$



*1//
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*k•ll^e Z]ƒssngd Zshg bgm•s^mg^d l ]^k•d mZg€kb dZk€gZd( Zf^er Zggrbngd ls‚o•m •l e^ed•m
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€eehmm g^o^e 2 gˆd • i s v m dbo^lsb •l Z DD+ d^k+ mZg‚mƒgˆd•isˆ[^ a^er^sb €mh < fbgblsm^k
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