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P[ln[fig6 = p[eie n[hn_lpˆasƒb_t 6 Ro]mec]m F‚himn…f* = mt‚gn[h [ n[hn_lp
e_l_nƒ\_h6 D_li^_e G‚lifsn…f* ) = bˆfsƒe' as_ha__fgƒdH„_eƒm as_ha_n_b_nmƒa‹_e 6
G_f_g_h Eah‚]n…F* ) =>l[cff_)cl‚m n†lnƒh_n_6 Hip‚]m F…tm_`nŠf* ) =omtnlc[ ƒm
Jƒg_nilmt‚a h_b‚hs h_p_t_n_m_\\ mce_nhƒg[ chnƒt_nƒlŠf6 Afc‚m F*)n…f* ) On[ncmtnc)
e[c ecgon[n‚m [mce_nhƒg‚e _fn_ld_^ƒmŠl…fƒm ien[n‚m‚l…f6 G)a)n…f* ) Gƒn `ihnim
gchcmtn_lc l_h^_f_n* ) P[he†hsp)cmg_ln_nƒm' cff_np_ \„l‚f[n6 P†l†e O‚h^iln…f*

D[t[c bcn_e* ) Gˆf`†f^c bcl_e* ) R_as_m_e* ) Ot_le_mtnŠc ‹t_h_n_e*

= p[eie n[hn_lpƒb_t*

Iimn' gc^Šh [ eƒtˆas_mmƒac ien[n‚m ‚fn[f‚him `_fe[lif‚mh[e
†lp_h^' gc^Šh [ Jg* Ichcmn_lcog [t ‡d hƒjcmeif[c n[hn_lp\_ cm `_f)
p_pƒh' [ n[h„n…_as_mˆf_n_eh_e bitt‚mt…f‚m pƒa_nn ec[^n['_ha_^n_m)
mƒe g_a h_e_g' bias[ p[eie mj_]c‚fcm eƒtˆas_mmƒa)ien[n‚m‚bit
hƒb‚hs mt…p[f bitt‚mt…fd[e*

D[ g‚l [ f‚n…e cmeif‚d‚h[e n[hn_lpƒ\_h b_fs_n [^h[e [ Of†d^)
h_e' eƒnmt_l_m_h `ihnim _t gch‚fohe' g_ln bcmt$ [ p[eie ien[n‚m[
[ n[jchn‚ml[ p[h [f[j„np[7 [ p[eh[e [ e_t_ [ gch^_h_* Ic_fŠnn
[tih\[h [ eƒl^ƒm gƒfn[n‚m‚bit `iahƒe' ec e_ff `_dn_h_g g[a‚n [
p[em‚a ‚ff[jin‚n*

J†p_h^ƒe]che _asce ƒltƒe_' [ f_a`Š\\' [ f‚n‚m bc‚hsitp‚h'
`ƒhsn[hc \_b[n‚mie cl‚hn ƒltƒe_nf_h_e7 Še [ eˆfpcf‚a \_hsig‚m[cl…f
[ b[ff‚m' ^_ f_ache‚\\ [ n[jchn‚m ‚fn[f mt_lƒth_e no^ig‚mn* Pƒpbcn
[t' bias [ p[e as_lg_e p[f[gc ecp‚f… b[ff…) ƒm n[jchn… ƒltƒee_f)
d†hh_ [ !scfvl[7 _ff_he_tŠf_a' ]moj‚h [ `ifsnihim as[eilf‚O7) bMas)!
Yasgih^d[g6[ l_‚on[fnm‚a `_df_mtnc ec _ eƒn ƒltƒeƒn) [ f[ceom mt_lchn )
ifs ]mi^‚f[nim `chigm‚a‡p‚* = p[eie chnƒt_nƒ\_h [ eƒtˆas_mmƒac
ien[n‚m g‚l e_t^_nnŠf `iap[ h[as mt_l_j_n d‚nmtinn' gƒa gc_fŠnn [
mpƒ^ Of†d^)ien[n‚mh[e ]m[e b„l_ cm f_nn pifh[ b[t‚he\[h7 ‚g^_ _
e_nnŠ fƒhs_a_m_heˆf†h\†tce cm _asg‚mn…f*

= p[e as_lg_e eƒn`ƒf_ b_fsn_f_h \‚h‚mg…^\[h lƒmt_mˆf mtˆfŠc
b‚t‚h‚f7 p[as [hhscl[ eƒjn_f_hh_e n[lnd‚e Šn gƒa ifs ]m_eƒfs
gohe[ _fpƒatƒmƒl_ cm' gchn [t †fn†te†^ƒm' _pƒm' mn\*' bias gƒa [t
ƒn_fn cm [ mt‚d‚\[ l[ed‚e7 p[as ƒj _ff_he_tŠf_a ]m[e hs‹ah_e' Emn_h
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]m[j‚m‚h [e n_echnpƒh [mtˆfŠe p[e as_lg_eˆe_n' p[f[g_fs jcmteim
m[lie\[h `_nl_hap_ n_fd_m_h g[a‚l[ b[asd‚e*

Ich^eƒn _m_n\_h [t ‚ln[nf[h ecm^_^ [^d[ g_a [t ‚l‚n' ‡as [
mtˆf†c g[dilhmt_l_n_nh_e' g„hn [ h_gn†lŠ^†gmƒah_e* Ic^Šh \_e_lˆf
%b[ \_e_lˆf& [t cfs_h _fb[hs[aifn h_p_fƒm‹ p[e as_lg_e [t chnƒ)
t_n\_' _fŠ\\ [fe[fg[mm‚ e_ff Šn n_hhˆhe [t cmg_l_n_e \_`ia[^‚m‚l['
g_ln mt†lhs‹ eƒj n‚lof [ pctma‚f…^… mt_g_c _fƒ' b[ _ ec]mchs_e
ƒf_nƒn' `_f`ia‚m‚n n[hofg‚hsitt[*

Gcl[a[^n[np[ _^^cac n_haƒf_nˆe\†f' g_a p[hh[e t[p[li^p[ 7
h_g cmg_lpƒh [t chnƒt_nc b_fscmƒa_e_n' _as fƒjƒmn m_ no^h[en_hhc'
mie[h gƒa n_mnc mtˆemƒaf_n_ce ec_f a„nƒmƒl_ cm eƒjn_f_h_e*Icfs g_a)
b[n… aih^imei^‚mm[fhgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAUD XD SF D SHJ[ h[asi\\ h†p_h^ƒe_e [ ecm_\\])
e_n b…h[jieih ‚n' gca n‚dƒeit…^h[e _as ecmmƒ 

I_hhscl_ ecn‹hce cfs_heil [t ifs p[e as_lg_e' ech_e mt_l_h)
_mƒmb‚tc h_p_fƒm_ [ `_hn_gf„n_nn eƒn mtƒfmŠmƒa e†t†nn gitainn*Aj
_t_h as‚gifn[f[hm‚al[ IHGFEDCBAC 1 ;H n_echn_nn_f p[h [t ‡ash_p_t_nn !_fŠeƒ)
mt„nŠ)imtn‚fs! mt_lp_tp_ [ p[eie chnƒt_nƒ\_h' g_fs `_f[^[n‚n ]„gƒ)
\_h pcm_fc m f_a`Š\\ n‚las[c [t ƒltƒe_fn_nŠ ien[n‚m' [ f_b_nŠ f_amti)
lim[\\ e[j]mif[n\[ bitp[ [ eƒtˆas_mmƒac)ien[n‚mm[f ƒm [ \_mtƒ^) ƒm
]ln_f_gas[eilf[niee[f' nip‚\\‚ [ d‚nƒeie* = eƒtˆas_mmƒac ien[n‚m
%mt‚h^ƒeim[h h_g h_p_t_g Of†d^h_e& mtcf‚he`ih‚m' ƒj„nŠd‚nƒeie'
mb[qfe†nƒm' j[jcl`‹tƒm' \ilm… gohe[ mn\* cfs_h `ƒf_ Bl†\_f)gohe[
pifn _aƒmt [ d_f_h n[hƒpe†t_jƒca* J_g f_b_n `_f[^[nig gch^_lh_
gohe‚e ]ƒfbitp_t]nŠmƒaƒn \„l‚fhc' _fpƒal_ h_g]m[e _as ‡n p_t_n
N…g‚\[7 n[j[mtn[fn[g [tih\[h' bias ƒplŠf)ƒpl_ g‚m ƒm g‚m
cfsh_g‹ gohe‚el[ pifn [ `Šmofs `_en_np_' ‡asf‚nmtce [t imtn‚fsp_)
t_nŠe _asƒhcmƒaƒh_e g_a`_f_fŠf_a7 g„a b[lg[^ƒp_ [mb[qf)e†nƒm'nmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
HUWXhWTZTQGmn\*' d_f_hf_a che‚\\ [ mtcf‚he`ih‚m ƒm ƒj„nŠd‚nƒeie
mt]l]j_fh_e 7 n[hn_lpˆhe oas[hcm _ n_echn_n\_h ]m[e ‚fn[f‚him jYGXO'

n‚mie[n [^ m ƒj_h h_g eŠnc g_a [ e_t_n* J_bias _ nƒl_h [ ecm…l)
f]n_tƒm_eh_e f_asˆhe ecnƒp_' \‚nil pifhƒe d†pŠ\_h ]m[e ifsgohe‚e
pƒa_tn]nƒmƒn [d‚hf[hc' g_fs_e ‚fn[f‚him[h _fcmg_ln \_]m]m_f \clh[e 7
oas[hcm [ d_f_hf_a [fe[fg[t‚m\[h f_pŠ mtcf‚he`ih‚mn ƒmƒjc*Šd‚nƒei)
e[n ƒm [t [as[agchn‚t‚mn* = \ilm…lhohe[ h_g `_f_f g_a h‚fohe'
lh_ln [ p[e as_lg_e ˆas_nf_h e_t__meƒd_ eƒjn_f_h [ll[' bias-'
gih^ _as \ilm…mt_g\_ eƒn' mŠn b‚lig `iajcmte[f…n cm \_fƒ mt‡ldih
[hƒfeˆf' bias [t _f h_ l_j_^h_' gchn jc^* [ ei]te[ [f[ecn‚m‚h ‚f*
A j_j_]m* fŠ gohe[ e†t\_h _fp_mtnc [ as_lg_e †h\ct[fg[n m _fe_^)
p_nf_h_^ce* p[f[gchn [eeil cm' b[ [ Nc]bn_l)`ƒf_ƒjcnŠe†p_e\…f `‚l[^n)
m‚aa[f `_fƒj„n_nn nilhsi]me‚d‚n !g_ahƒthc! [e[lp‚h' [t b[figl[ ^Šf*
Ea_h mce_lˆfnh_e gih^b[nh‚g [t c^_c ƒj„nŠ_mte†t†e_n 7 _as)_as /
]g* g[a[m `_hs‹ `[ei]te[' gch^_asce f[jd[ e†t_jƒh ƒm m[le[c h
lƒtmonim `‡l‚mm[f ]_lot[ p[mn[am‚a‡ fsoe p[h `‡lp[' g_fs\_ \_f_)
cffŠ' eˆf†h\†tŠ bimmt‡m‚a‡ j‚f]tce‚e m_aƒfsƒp_f ifs eƒn_g_f_n_m
b‚t[e[n' nilhsie[n ƒj„n_h_e' bias †l†g hƒthc*

Ich^_lh_ mie ]c`l[ n[h_mte†t e†t†nn [tih\[h f_an†\\_n ƒl [
f]a]asmt_l‹\\' [ mtˆle_ [as[a* G†hhs_h \_mt_l_t\_nŠ' if]m…' h_g
n†lce' [t [bbit ƒlnŠ p_t_nŠ e_tƒ\_h ech]m_e_n ƒl* F‚nmtp[ eƒmtˆf
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\_fŠf_ [ aifs…' [ tm_gfs_' [t [fg[' [ e†ln_' [ elogjfc' [ j_l_] '
eƒmŠ\\ [ mt[\‚fsim n_mn_e' mŠn eˆf`†f^†h [ n_lpmt_l‹_h e_l_mtnˆf
pcnn eƒtˆas_mmƒac ien[n‚m `ifsn‚h g‚l ‚ff[nie' ^cmt„ngƒhs_e gchn‚)
t‚m[ cm ^„pce* = gchn‚t‚m e_nnŠm `_f[^[n[ [ h†p_h^ƒe_n [ll[ eƒj_)
m„n_hc' bias [ n[jchn‚m ‚fn[f pƒat_nn `ctce[c `ifs[g[nin f_fec n[ln[)
figg‚ ƒm pcmtihn [ f_fec n[ln[fg[n [t [as[a gchn‚t‚m[ ‚fn[f ` ctce[c
n‚lasas‚ no^d[ ‚n[f[e„n[hc N_h^_fdˆe n_b‚n [t [as[agchn‚t‚mn [t
_as_m n[hn‚las[e mtifa‚f[n‚\[' bias _t‚fn[f' [ g_fs n‚las[ el…f [t
ƒlt_e_fn_nƒm ƒm [ g[as[l‚t[n ‡nd‚h eƒjt_n_e_n ƒm `ia[fg[e[n mt_l)
t_nn [ p[e h†p_h^ƒe' [tie[n e_t_ch_e n_pƒe_hsmƒa_6 [ gchn‚t‚m
‚fn[f [as[a\…f `ctce[cf[a cm _fŠno^d[ ‚ff„n[hc*

= g[a[m n[hˆasc eilg‚hs gƒa n[p[fs f_eˆf^n_ [ gchn‚t‚m
ƒm _tt_f e[j]mif[n\[h [ l[dtien[n‚m n[hn_lpƒn' [t c^ƒh j_^ca [ n[h)
_lŠe eceƒjtƒmƒlŠf aih^imei^ce' n[h`ifs[gin l_h^_tn_npƒhmt‚goel[*
Gˆf†h\†tŠ ieie `ifsn‚h ]m[e b‡mpƒn on‚h e_t^b_nnˆe _f [ gchn‚t‚m
n[h„n‚m‚n' gch^_h imtn‚fs\[h [ f_a[fm… `ieih* =tn f‚nnoe `_h_\\'
bias [t _fŠeƒmt„nŠ imtn‚fs\[h ec_fƒa„nŠ g…^ih pifn [ eƒtˆas_mmƒac
ien[n‚m `_fpƒp_' cnn [tih\[h g_amtˆhn _asmt_ll_' gchnb[ g‚l [t f)mŠ
imtn* p[e as_lg_e _f_a_h^Š eƒtˆas_mmƒaa_f \clh[ [ g[a[m[\\ imt)
n‚fsie `ieitinn[\\ e†p_n_fgƒhs_ch_e g_a`_f_fhc* Dƒt[aj…nf… pifn
n_b‚n _t_h ‡d ien[n‚mc ‚a \_p_t_nƒm_7 ‚g^_ g„a [ gchn‚t‚m ien[)
n‚m‚bit ]m[e [as[a e_ff' [ l[dtien[n‚mbit [ d_f_hf_a [fe[fg [t‚m\[h
f_pŠ n[h_mte†t_chehƒf miee[f [fe[fg[m[\\[e ‚ffb[nh‚h[e l_h^_fe_)
tƒmˆhel_* = p[eie d_f_hf_ac l[dtn‚\f‚c `[e_l_n\_ `iaf[fn'`ˆlƒmtjill[f
n_fnp‚heimie' g_fs_e\_ aig\imn‹e_n nˆt^_fh_e m eƒn n‹e†t†nn
ec`_mt„n_nn p[mn[a aoggctmch…l [^d[ [ pih[f n[jchnb[n… eƒjƒn* ?ƒf)
mt_l‹\\ pifh[ [ eˆf`†f^†h ^„p… j[jcliml[ p[f… l[dtien[n‚m \ _p_t_nƒm_7
oas[hcm eƒmt„n_nn_e g‚l [ p[eie mt‚g‚l[ ca_h _fgƒm mt_le_t_n‹
e†ltŠn' !]_lot‚n! cm' g_fs_ehƒf _as' [ m[le[hns‡ n[l[d‚bit b[mihf…
ecm `ia[me_lƒe [ j[jcl\[ [t _ff_he_tŠ if^[fih ec^ig\ili^… p ih[f[n
pƒm* Efs n[h _mte†t†ee_f h_g ]m[e _as_h_m pih[f[e\…f ‚ff… c^igie'
b[h_g e†l†e' m e†lpih[f[e\…f ‚ff…e cmƒltƒe_fb_nŠeeƒ n_b_n†e' gƒ)
lƒm_e pƒa_tb_nŠe*

=t _aƒm) pih[fih n_lpmt_l‹_h e_l_mtnˆf pcnn eƒtˆas_mmƒac ie)
n[n‚mm[f _f `iadoe ƒlhc [tn' biash†p_h^ƒe]che eƒtˆas_mmƒa_' jih)
nimm‚a[' l_h^mt_l_n_n_ `ilg[ƒltƒe_ %[ gceˆf†h†m_h cj[lim[cheh‚f
`ihnim& h†p_fn_nce 7 on‚ht‚mc eƒj_mmƒa_ ec`_dfŠ^ce' eƒjt_cg_ l_‚fcm
g…^ih `_df_mtn_nce* Po^[n‚l[ don [ h†p_h^ƒe [hh[e' bias [ e_t_cp_f
jli^o]nogie[n eƒj_m fƒnl_bithc' m pƒal_ f_ae†hhs_\\_h' [t ƒfŠ)
mt…p[f p[f… `_f_fn_nƒmhƒf miee[f \ctnim[\\[h g_aasŠtŠ^b_nce [ n[hcn…
[ll…f' p[ddih b_fs_m `ia[fg[e[n ƒm eƒjt_n_e_n mt_l_tn_e _ [p[e
h†p_h^ƒe_e [t ƒltƒe_fn' p[as ƒfŠmt…p[f f_cln n‚las[el…f* * Ich^_t j_)
^ca h[as\[h bitt‚d‚lof [ p[eie [_mnb_nce[c eƒjtƒmƒb_t* Dias [ p[e
cm `iaƒeihs [_mnb_nce[c \_hsig‚mie cl‚hn' f_as_h mt[\[^ Oiel[n_m'
H_c\hcnt' D[lng[hh ƒm @[lpchl[ bcp[neithig' ece h_g]m[eg_a_lŠ)
mcnce _tn' mŠn [ f_aon…\\c [t ‚n†l†efƒmm_f bitt[ e[j]mif[n\[*

= e_ffŠ eƒtˆas_mmƒaa_f \cl…' gih^doe chn_ffca_hm p[e f_b_n
]m[e `iaƒeihs [ n_lgƒmt_n\_h g_ahscfp‚hof… mtƒj `ilg‚e cl‚hn' [
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g_hhsc\_h ]m[e [t cfs_hh_e p[h b_fs_m `ia[fg[ [t _as_m lƒmt_e
b_fs_m [l‚hs‚l…f' lƒmt[l‚hsim _fb_fs_tƒmƒlŠf* +X t_hƒh_e ƒm ƒh_e)
fƒmh_e ‡ascm \Šmƒa_m mt_l_j_ don chnƒt_nˆhe\_h [t [_mnb]nce[c ƒltƒm
`_df_mtnƒmƒ\_h7 gcƒln t‚ldoe _f [ g‚mce' ca_h `ihnim eƒjtŠ_mte†tn
[ p[eie _fŠf f Ot_nƒhs pƒf_gƒhs_g mt_lchn _t gƒa hƒgcf_a d…nƒeihs
b[n‚mm[f cm pifh[ h†p_h^ƒe_chel_' [ g_hhsc\_h pcmmt[p_t_nh_ Še_n
[t c^_‚fctgom\…f [ gch^_hh[jc ƒf_n l_‚fctgom‚\[' _ff_hmofsith‚
h[asgƒlpˆ c^_a_mmƒaˆe_n* I_hnˆf di\\[h `_fmt[\[^„n doe [ p[ein
`ias[nƒeimm‚a[ e†p_ne_tgƒhs_c [f…f' [hh‚f †hƒlt_n_m_\\_ p‚fce7
[e[l[n_l_d_ `_df_mtn_nce' d_ff_g_ g_amtcf‚l^of' b[ h_g ƒltc fƒjn_h)
hsigih as‚gifn[f[hm‚a‚n* J_g_m †hƒlt_n ƒm mtcf‚l^ d_ff_g j_^ca [

!f]if^om\in _ff_hnƒn_*
J[jihn[ pifn ƒm p[h [fe[fg[g n[j[mtn[fhc [t !…mc! l_h^mt_l

‚fn[f !_fŠeƒmtcn_nn!' ƒm [t od[\\ h†p_h^ƒe_e e†tnc …lc‚mc eˆf†g\)
mƒa_n* Qas[hcm [ER* imtn* h†p_h^ƒe_chc e†tˆf b‚lig gƒa ifs pc)
mtihsie e†tn d‚ln [t _f†eƒmtcnŠ)imtn‚fs\[' gc^Šh inn _as ecm hs_fp)
n[hn' `†f^l[dtin' _as e_pƒm n†lnƒh_fg_n' mt‚gn[hn [ fKK)[me†t\_h*
_as ecm n_lgƒmt_nl[dtin' _as e_pƒme_ n_lgƒmt_nn[hn cm n[hofn[e* ^_
gch^ _t_e_n h_g [ \_mtƒ^) ƒm ƒln_f_gas[eilf[nie [f[jd‚h7 eƒt)
ˆas_mmƒac ien[n‚m\…f [tih\[h ]m[e [ mtcf‚he`ih‚mn' mb[qfe†nƒmn hi
g_a [ \ilm… mjƒe_f_mn as[eilifn[e' cfs_nƒheƒj [ton‚h [f[jim[h
!_-ƒ1eƒmt„nn_nn_e* !

Iimn' gc^Šh [ d†p_h^… od chnƒt_n `_fƒjˆfƒm_ _as mt_\\d†pŠ)
b[dh[f‚n bcl^_nc' gofb[n[nf[h e†n_f_mmƒaˆhe _as'nmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAWTOTYGX]KWmn[hn_lp
[f[jd‚h e_l_mtnˆf pcnn' [t _aƒmt pih[fih p_l_m `ih[feƒhn pƒaca b‡)
t…^… eƒtˆas_mmƒac ien[n‚mg_an_l_gnƒm_* All_ ƒj„nmˆhe _t f_as_h
[ gc \ctnim [f[johe* P[hn_lpˆhe l_pcmc…d[ _f fƒpƒh l_h^_fp_' [ f_)
eˆf^†nn gchn‚t‚mc ƒml[dtien[n‚mc n[hn_lp bit[mmƒe e[j]mif[n\[ p[)
f[g_hhsc ien[n‚mc ‚a n[hn_lpƒp_f' bias [t od chnƒt_n\_ g‚l od cl‚hs\[h
eƒjt_nn h†p_h^ƒe_ee_f RfVNIXXkTQ ‚n*

Afpƒal_ _bb_t h_g cm e_ff _asƒ\\' gchn n[h]mte†t†e' [as[a'
++* g_a [ Of†d^ien[n‚m n_lƒhhgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASD KID R D Meceƒjt_nn n[h_lŠe*IHGFEDCBA

 8&;' 3 @ : 88@ , 8A, ;. / %aZYXWVUTSRQPONMLKJIHGFEDCBA
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= hs_fpien[n‚m `ihnimm‚a[ g_ff_nn b_fs_n e†p_n]f g[a‚h[e [
mt‚gn[h* = mt‚gn[h mtˆemƒaƒn [ fƒjn_h)hsigih `_ffƒji' eˆf†h\†t…
_mƒfs_f_ mtila[fg[tt‚e* A\\Šf [ `ihnim no^ig‚hs\…f ]m_eƒfs lƒmtn
diaim[h e†p_n_fb]nh_e g[aoeh[e mce_nhƒg‚che cm' g]ln bcmtŠe cm
_g\_l_e' MUTJURQU]h_mt_m _asƒh_e' n_mth_e)p_mth_e' mt…p[f6 mt_)
l]j_fh_e [t ƒf_n mtchj[^‚h*

R[f[gchn [ hs_fpien[n‚mh[f gch^_h cas_e_t_nˆhe' n†l_epƒmˆhe
ƒm `‚l[^it‚mohe i^[ cl‚hsof' bias *Œ* ]m[e [ f_amtˆemƒa]m]\\]n' [
f_afƒhs_a_m_\\_n hsodnmoe n[hcnp‚hs[cheh[e' [tiheƒj_h [mt‚gn[h
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n[hcn‚m‚h‚f cm [ll[ n†l_e_^dˆhe' bias [ as_lg_eh_e ]m[e [tnn[h„n)nmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
AB: [gcl_ eƒmŠ\\ [t ƒf_n\_h `_fnƒnf_hX]kQXfMK f_mt*

P[h„n‚mohe pƒa]ƒfd[ [\\[h †mmtjihnimof' bias[n[h`ifs[gi n
pƒat_h^Š mce_n)hƒg[ h†p_h^ƒe_n ifs `iel[ _g_fdˆe' [ gcfs_h]h [t
_f_gccmeif[ RE* imtn‚fs‚n pƒat_nn b[ff… h†p_h^ƒe ‚ff* Atn []tƒfn
mt_g _fŠnn n[lnp[' e†lˆf\_fˆf oas[h[tih n‚las[e[n n[h„nmoe' [ gc
mj_]c‚fcm ien[n‚mohe\[h' [ g_fs_e_n [ b[ff…e cmeif‚d‚\[h n[h„n[h[e*

=t _f_gc cmbif‚e n[h„n…c e†tn lƒa …n[ ƒfƒhe pcn[ n‚las‚n eƒ)
j_tc [t' bias mt‚gn[h \…f gcn n[h„nm[h[e' gc`ƒf_ [hs[ain hs‡dn)
m[h[e* = f_an†\\ hƒt_n ect‚l…f[aim[h [ as[eilf[nc ƒlnƒee_f\cl…
g‹p_f_n_e _fm[d‚n„nn[n‚m[ g_ff_nnhscfp‚hof* A b_fs_mh_e cmg_ln m \c)
tihsofn hƒt_n_ee_f f_as_h mt[\[^ [ !Jƒjn* H! *)\…f p_nn c^ƒt_nn_f
^_gihmnl‚fhig6 !?m[e gƒa _as ^ifial[ …b[dn[h‚g \_]m_m `cas_f)
gˆe_n `_fb„phc* P[hof [ as_lg_e b†t†hmƒa_m n†ln_n' b‚lg[m)mt[\‚fsn'
f‚h])mt[\‚fsn' ^_ [tƒln h_g lh_lˆhe _as `ilchnin l_‚ \„thc' bias
\_p‚m‚lifd…h \_fŠf_* = b_fs_nn' bias iemt_l‹ mt‚gif‚ml[ mtien[nnoe
pifh[' eƒhsn_f_h_e pifnohe T)l_' g_a$ eƒjf_n_el_ n[h„nhc'g_ln bcmt
mt… ƒln_ pifh[g‹e†^ƒmˆhe_n' n[f‚h g_a cm l…nn[e pifh[ \_hhˆhe_n!

D[ n_b‚n [ hƒjcmeif[ X]eSm]O [ e_pƒm\\ƒ `ihnim [hs[ain'
gc mtˆemƒaˆe p[h [eeil %gchn [tn _as chnƒt_n-454)55 ƒpc c^_ca-*
n[hn_lpƒ\_h f‚nn[g&[ gc mce_nhƒg‚cheh[e [ mt‚gie imtnb[n…m‚a‚l[*
[ e†t†hmƒa_m n†ln_eh_e nct_^_m n†ln_eeƒ p[f… ‚np‚fnitn[n‚m‚l[' OR

mt‚gie ecca[tcn‚m‚l[' [ e_nnŠm nƒn_f‹b‚lg[mmt[\‚fsl[' [ f_lip[n
mt‚gcn‚ml[' [ ei]e[' b[m‚\ e†\n[ln[fg‚h[e mn\* ecmt‚g„n‚m‚l[;
J_g^_ \old‚h _t [ n[h„n‚m g_t_dƒh' g_fs_n eƒlf_fb_nf_h‹f ece_ff
cln[hohe [ h_g_m_\\ n_llhƒhs_e iemt_l‹ ‚jif‚m[ ]ƒfd‚\…f f ; Efs
[hs[a g_ff_nn h_g ]mi^[' b[ _fpƒmt' [ mt‚gn[h n[h„n‚m as[eilf[nc
ƒlnƒe‹ [f[j_fp_* At_e g_ff_nn h_g ˆne†thƒg g_a [\\[h m_g' b[

[ mchomn' g_a [ eimchomn f‚nh‚g [ n[hn_lp\_h* I_ln b[ [t [t _fp
p_tƒl_f \_hhˆhe_n' bias gch^_hn d… no^hc' [eeil [t _aƒmt g[nb_tcmn
`_fp_b_nhŠe* J[asih b_fs_m_h ]m_f_e_^hƒe [ n[hn_lp)eƒmtcnŠ \ctinn)
m‚a' b[ _tn [ `†f†mf_a_m [hs[a_n [t‡d n[hn_lp\Šf ecb[ash‚* I_a
e_ff mtˆhn_nhc [ d _f_h ‚ff[jinie[n' g_ln _t_e \cfch]m_e\_ p_lce [
n[h„n… ci\\ g_aasŠtŠ^ƒmƒn m [ n[hcnp‚hsn [t [hs[ab[fg[t g_a)
_gƒmtnƒmƒl_ eƒjn_f_hh_ n_mtce*

Ic ]ƒfd[ f_b_n [hh[e' bias [ as_lg_e [ a‡f[ p[as [ QjV

e†\n[ln[flh‚h[e ecmt‚gcn‚m‚n n[hofd[' ^_ [t frf*)_n gƒa h_g no^d[*
= mce_nhƒg[)cmeif[c mt‚gn[hn[h„n‚m ]ƒfd[ h_ghgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAKD G D Sg‚m' gchn

[ h†p_h^ƒe_n l‚p_t_nhc [ gch^_hh[jc ƒf_n\_h _fŠ`il^of… m f_a)
n†\\mt†l mtˆemƒa_m [^‚m)p_pƒ mc g‹p_f_n_e asilm ƒm \ctnim pƒal_)
b[dn‚m‚l[' Œ

=hs[a‚n [ hƒas [f[jlh‹p_f_n' [ gƒn_ll_h^mt_l' [ jƒhth_g_e
cmg_l_n_ ƒm [ nct_^_mn†ln_e gch^_h `ilg‚\[ p[f… ‚n) g_a ‚n as‡)
l‚m‚\…f g_l„nb_nc **=* e†t†hmƒa_m n†ln_e\Šf ]m[e [hhscn' [ g_hhscl_
[t ƒf_n\_h _fe_l‹fb_n_nf_h‹f X]kQXfMkQ p[h* O b[ [t cnn e[l[en_lct‚fn
[hs[ain d…f ‚l[e[ldoe ^ifaithc' \ctihs e_ff 4 ƒp [ mce_nhƒg[)
cmeif‚\[h * !

D[mth[ ecmt‚g„nb[nf[h* = as_lg_e_n aih^ifei^‚ml[ m goh)
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e‚l[ m_le_hnc' h_g `ia nƒnf_h‹f ‹fhc [ n[hcn‚m c^_d_ [f[nn' b[h_g
cas_emtce m[d‚n ƒln_fg_ `ifsn‚h [ `_f[^inn jƒf^‚n p[f[g_fs g„p_f_n
‚fn[f g_aif^[hc* I[ _t cm aƒjmt_l‹f_a n†lnƒhce* _g no^d[ g_a)
gih^[hc [ h†p_h^ƒe' bias gc `‚h n_l_g [t [ eƒl^ƒm' _tn [ jƒf)
^‚n bias[h if^[h‚ g_a; D[h_g _asmt_l‹_h g_agih^d[ [
n[h„n… [ g_a`_dnƒm g…^d‚n m [ h†p_h^ƒe f_giltmifd[' gchn p[f[gc
[onig[n[ ) hƒg‚h* @_ pcmtihn' b[ ecmmƒ [ ^ifia gƒfsƒl_ n_ech)
nˆhe' h_g cm ecp‚hb[nnoe h†p_h^ƒe_chenŠf [hh[e no^‚m‚n' g_ln _t
n[hof‚mn ecp‚h' gohe‚n' as[eilf[nin e†p_n_f' lh_fsl_ [ b‚nl[ f_pŠ
[hs[ako[hnog h_g [^b[n `_fb[n[fg[t‚mn* D[ [t ‡d n[hn_lp \ct)
nim„n _f_a_h^Š c^Šn' [eeil gch^_t `_hmƒa_m_h e_l_mtn‹f pcb_nŠ*

Hƒhs_a_m ‚g [t' bias[mce_nhƒg[ ec no^d[ n[f‚fhc' bias
p[f[g_fs jƒf^‚n „as p[as [g‡as f_b_n ƒm e_ff g_a`_dn_hc* A\\Šf
f‚nmtce g_a' bias ƒlnc)_ [tn' p[as m_g* Att_f `_df_mtndˆe [ as_l)
g_e ƒln_fgƒn* = g‹p_f_n_e pƒal_b[dn‚m[ [ g_]b[hctgom d[p‚l[
cl[h^… `_ *

At n_lgƒmt_n_m_h ]m[e [ g[a[m[\\ mt‚g e†l\_h \cl e_ffŠ ƒl)
pƒhhs_f' [ bif [ jƒf^‚e eigjfc]‚fnm‚a[ n†\\ ƒln_fgcmƒa_n' no^‚mn
e†p_n_f*

=t cnn _fgih^inn[e\[h p‚tf[nim[h g_ad_f_fn_g [ mt‚gn[h
]ƒfd‚n' [hs[a‚n ƒm [ b[mthimm‚ac if^[f‚n7 gimn f_as_h mt[\[^ [t
_fd‚l‚ml…f' cff_np_ [ as[eilf‚m g…^d[l…f cm hƒb‚hs mt…p‚f g_a)
_gfƒe_th_g*

= mt‚gn[hn eƒn`ƒf_eƒjƒh n[h„nb[ndoe6 `_d\_fc ƒm cl‚m\_fcnmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASm'

p_f_nn_ * Dias g_fsceh_e [^doe [t _fmŠ\\mƒa_n' _ `_f_nn h_bƒt pifh[
j‚f]‚n n†lhc* @_ g_a h_g cm f_b_n* Ich^e_nnŠ' _as_hfŠ_h eŠp_n_f)
b_nc gƒfn‚hsf‚m‚n* Eas b‚n [ n[h…l‚e \ctihsim g_ab[n‚litinn †mt)
mt_aƒn `_d\_fc m \ctihsim †mmt_aƒn [t cl‚m\_fc g‹p_f_n_e as[eil)
f‚m‚l[ `il^„ndoe* =tih\[h' bias g_fs c^Š\_h e_ff [t _ascel_ p[as
g‚mcel[ m‡fsn `_en_nhc' _t g‚l eƒj_tb_nc [ ^_n_lgch‚f‚m n‚las‚n*

= `_d\_fc mt‚gif‚m [t [fm…\\ imtn‚fsie\[h hs_l gch^_h_e
`†f†nn [fe[fg[t‚mn* ?m[e [ `_d\_fc mt‚gif‚m [f[jd‚h donb[nohe \ct)
nim[h [t cl‚m \_fc g‹p_f_n_e b_fs_m pƒatƒmƒl_* P_b‚n gchn [f[j)
p_nŠ g‹p_f_n d…f \_as[eilif[h^…' bias gchn _lŠm \‚tcml[ hsoai^)
n[h ƒj„nb_mmˆe nip‚\\c n[h„n‚mohe g_h_nƒn*

= `_d\_fc mt‚gif‚m ]m[e mt‹e_\\ mt‚ge†l\_h gitia* =t
ƒf_n\_h cm ]m[e [ ecm_\\ as[eilf[nc ƒlnƒeˆ jƒf^‚e g_a`_dnƒmƒ\_h
f‚ndoe ƒlpƒhs_mˆfhc* Jch]m n_b‚n l‚ mtˆemƒa' bias [^ ch`chcnog
as[eilifdoe7 f_mtil„ninn[ [t cl‚m \_fc gˆp_f_n g_a\ctb[n…m‚a[* D[
h[asi\\ †mmt_alŠf p[h mt…' gƒa [ ]m[fb[n[nf[h[\\ g_g…lc‚d‡
_asƒh cm _fŠp_mtc tm_\e†hspƒn m [\\[h mt‚g„nd[ -† [ eƒl^ƒm_m
g‡p_f_n_n*

= n_lpmt_l‹_h p_t_n_nn `_d\_fc mt‚gif‚m [f[jd‚h ca_h e†hhs‹
mt_ll_f l‚nƒlb_nhc [t cl‚m\_fc g„p_f_nl_ I_ln nof[d^iheƒj_h [t cl‚m)
\_fc mt‚gg‡p_f_n h_g g‚m' gchn [ aih^if[n\[h g_a`ia[hn g_hs )
hsc mƒa f‚nb[n… `ilg‚\[ †hnƒm_*

= `[fcn‚\f‚h pƒat_nn mt‚gn[hc )g‹p_f_n_e g_a`_dnƒmƒhƒf p[f…
_fd‚l‚mn…c …b‚dnie gƒa ncmtn_fn ifp[m…cg _ha_^_fgƒp_f ) [ as[eil)
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f[n ‡nd‚h mt_lt_nn n[j[mtn[f[n[cg hsig‚h l†pc^_h g_a_gfƒe_thc*
Oce_nhƒlh‚che p[f…\[h mie b_fs_h hƒg‚h mt‚gifh[e7 gca g‚monn
]m[eIHGFEDCBA5G ;C 4 lh_lce b[mth‚fhc [ n[hcn‚mh‚f mtˆemƒa_m lhih^b[nhc hƒf)
eˆfŠtb_n]nf_h !n_lgchom n_]bhc]omie[n jf* !_tn †mmt_[^‚m ‚fn[fmt‚g„)
nig ec!' !_t _l_^gƒhs!' !_tn _fimtnig! mn\*' m ]m[e h[asih lcne‚h
f‚nb[n… ifs n[h„n…' ec \_f_ p‚a [t ƒfŠ b‡m\[ m \ih]tifd[ [tn ‡as'
gchn e_ff* >_mt…fn_lhc e_ff [ as_lg_e_n' _f e_ff gih^[nhc [ jƒf^‚n'
[t _l_^gƒhsn' [ g‹p_f_n e†t\_h `_fg_lˆ fŠ d_f_hmƒa_e_n' mt…p[f ‡as
e_ff n[hcn*gohe gceƒhn [tn [ hƒjcmeif[ _asce)g‚mce gchn[ imtn‚fs‚)
\[h f‚ndoe* = gcn n_mt' mt…p[f cm ecmƒld_ [ h†p_h^ƒe* Alp_hs_mcn_hc
e_ff [tn [ mt_j_h b[hat… 4 ;C 4 A# [f[e\[ e_ff †fn†tn_nhc _tn [t [rcilh‚n 6hgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

$6KKZ  + C D 6  / K, D TKD F W[ (K+M WD KUN IC P SP R (O b[ „as ^ifaitohe' [eeil goh)
e‚heh[e m_g eˆfmce_l_' m_g n[ln[fgc ƒlnƒe_ h_g `ia _fg[l[^hc*

5K D Q N C D J7 _ Q N KW(aZYXWVUTSRQPONMLKJIHGFEDCBA

0 G _ KU [ J # F U D M F D D KL [ I _ D JƒmF U D M F D R D G D R Q [ F _ D J %UTSRQPONMLKJIHGFEDCBA
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0 Q V D KKD L H [ KD R % W

=t ƒjƒltƒe‹ 7 1 AG C 4 @ as_lg_e' b[ [t cmeif‚\[ e_l‹f' g‚l [
`ia[fg[e g_af_b_nŠm h[as ech]mƒp_f \cl* G†lhs_t_n_6 [ mtˆf_c b‚t
g‚l [hhscl[ _fŠeƒmtcn_nn_ Šn [t cmeif‚l[' bias ƒltƒemt_lp_cn b_fs_)
m_h no^d[ b[mth‚fhc ƒm _t‚fn[f [ n[h„n‚m gohe‚d[ g_a p[h e†hs)
hs„np_* Aaƒmt_h g‚meƒj_h p[asohe [ bˆfs_ as_lg_e_ee_f* At_h
mt_l_h]mƒnf_h_e_n p[as _fn[mtcnd‚e [ mtˆfŠe g[aoen…f' gcp_f mtƒ)
as_hfce' bias cfs_h g[at[noe p[h ƒm n_fd_m_h _fb[hs[aifd‚e Še_n 7
_eeil g[a[ _ e†lˆfgƒhs bitt‚d‚lof [bbit' bias [ as_lg_e_e
ƒltƒemt_lp_ce_n ƒj_hmƒaa_f h_g' p[as ]m[e bc‚hsim[h no^d‚e b[mt)
h‚fhc' _ hƒfeˆf j_^ca l_h^_m mt_ff_gc ƒf_nlŠf mt… mch]m7 p[as j_^ca
n‡fm‚aim[h mt_l_nce' \_]ƒtce Še_n ƒm f_a]m_eƒfs_\\ _ff_hn‚ff‚mn m_g
`_dn_h_e ec' as_lg_e†e gch^che‚\\ _fb[l[j…^t… g[e[]mm‚a[ ƒm
tm[lhieimei^‚m[ _ff_h' ‡as bias _t [t _m_n cm e‚lim f_mt [ l_h)
^_m `_dfŠ^ƒmˆel_* H‚ndoe _\\Šf'nmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAQUM\ [ mt_ff_g hscfp‚hof[m‚h[e
`ie[ b[n‚litinn[h [t ƒltƒemt_lp_e gceƒhlc `_df_nnmƒa_p_f ƒm g‹)
e†^ƒmƒp_f p[h mtilim †mmt_`ˆaaƒm\_h ƒm f‚mmoe gimn' gcfs_h@ X

` Q X` JR XD Q UD J L HaJc C ` R D_ `ias[nƒeimieh‚f*
0 K_ S_ R H ` Q X` Jgchn [ e‹fpcf‚a g_acmg_lƒmƒh_e e†tp]nf_hLi '

nƒhs_tŠd_' [ bˆfsƒehƒf j[lf[aih b_p_l* H‚nh[e oas[h mt_g_cee_f'
^_ hch]m g_a [ e_ffŠ g_a`cas_fƒmc eƒj_mmƒaŠe J_g eƒj_m_e );D F T HM

mt_lchnn ) [ _echn_nˆe_n ‚ff[h^…[h' bimmt[\\ c^_ca _as jihnl[ mt_a_thc'
p[as j_^ca `ifsnihim g_l_pmƒaa_f hƒth_e _as jihnl[' gchnb[ a‚)

% A `_d_t_n\_h' [ bˆfsƒe ƒm as_ha__fgƒdˆ_$G e†t†nn pihn j[lbot[g\[h Oifc]l
hsig‚h b[f[^n[g*
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nifp[ pifh‚h[e [\\[h' bias [t _fŠgon[ninn n‚las[e l[ cl‚hs„ nm‚e
`cas_fgˆe_n* Gˆf†h†m_h [ m‡fsim[\\ bˆfs_mƒa\_h mt_hp_^Še' n_b‚n
[ eƒj_tb_n_nf_h_e gchn_as †l†e†m p[em‚aa[f p[hh[e m‡dnp[7`cas_f)
gˆe_n gc m_g eƒj_m gƒa _as j_l]l_ m_g g_al[a[^hc ƒm b[ g‚l
mce_l‹f cm' bias _as)_as jcff[h[nl[ p[f[g_fs `ƒhs_m n‚lasas[f ec)
l[a[^doe [ `ifsnihim lhƒf[m‚aoe\…f' [hh‚f h[asi\\ _lŠp_f n †lnƒhce
[ pcmmt[_mƒm _fŠ\\c [j‚nbc‚doe\[ p[as †l†e†m gitaif…^‚moe\[*
%Pc]m_e*&!

= as_ha__fgƒdˆ_e g_a as_ha_n_b_nmƒaˆ_e _t cl‚hs\[h che‚\\
[t ƒjƒltƒeˆ_eb_t e†t_f_^h_e* At_e ƒl^_efŠ^h_e e†lhs_t_nˆe cl‚hn'
ƒmtl_ p_mtce [tn' [ gce†lˆf†nnˆe n†lnƒhce ƒm b[ hƒb[ [ as_ha_)
_fgƒdˆ_e ƒmtl_p_pƒm_c h_g cm n†eƒf_n_m_e' _tn h_g [hhscl[ [t ƒltƒe)
mt_lp_e as†ha_mƒa_' gchn che‚\\ [ `ifsnih oal‚h^it… `„hs_fgˆe'
p[as mt…l[eitinnm‚aoe ieitt[' = f‚n…eƒj_e \_hsig‚m[c ifs[h ]m_)
eƒfs _lŠp_f b[nh[e l_‚doe' bias _asce \_hsig‚m [ g‚mce[n _f)
big‚fsim„nd[*hgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0 G @ KK_ R H ` Q X` JD Scff_nŠf_a' mie bˆfs_ as_lg_e p[h' [ ec mce_n
p[as h[asinb[ff…' g_fs _m_n\_h gƒa [e†hhs_\\ `ie‡ bˆfs_mƒa\_h
mt_hp_^Šn „m h_bƒt h_p_fhc' g_ln bc‚hstce [g[ e[ji]m' g_fs [
g_aƒlnƒmn c^ƒthƒ _fŠ* @_ gch^ [ g_ff_nn [ mce_nmƒa miee[f ecm_\\
[l‚hs\[h `il^‡f _fŠ [ bˆfsƒehƒf* gchn [ p[em‚a* =as_ha__fgƒdˆ_e
g‚l mtcgof‚f‚ml[ cm eƒj_m_e ƒm b[\‚l b[ffd‚e' [ gcn h_ece j[l[h)
]mifohe' g‚l ‚fmce_nmƒa\Šf m_g l_[a‚fh[e l_‚7 _t _m_n_n [tih\[h
[ f_feccmg_l_n_m n[h„n… [ p[f…^c mce_nmƒanŠf g_a `iad[ no^hc eˆfŠh)
\†tn_nhc* = as_ha_n_b_nmƒaˆ_e' gchn [ ece m_ggc`ƒf_ ]m[f‚l^ ^i)
fial[' lƒmtchn mt_ff_gc eilf‚nifnm‚aoeh‚f' lƒmtchn j_^cahs„fnmtcp‹mƒaˆe)
hƒf `iap[' h_g cm aih^ifh[e' ‚fn[f‚\[h g_af_b_nŠm d… b[ff‚mc eƒ)
j_mmƒaa_f \„lh[e ƒm b[ h_n‚h `ˆf\[die p[as _asƒ\\ mƒlˆfƒm_e‚fn[f
ieitinn mce_nmƒa h‚foe cm `il^ofh[ _fŠ' _t [t ƒjƒltƒeˆ_ehƒfcm _fŠ)
`il^of… mt‚t[fƒein h_g b[f[^d[ n‡f*

0 R X@ F K_ R H` Q X` J [ bˆfsƒehƒf' eˆf†h†m _h [ mofsim[\\ bˆfs_)
mƒa\_h mt_hp_^Šfgƒf h[asi\\lƒmtn _f p[h nigj„np[7 ƒltƒe_nf_h_e
‡as [ e_ff_g_m' gchn [ e_ff_g_nf_h mt[aie cl‚hn7 g_a_mce [tih\[h'
bias mie _m_n\_h [ mt[af‚mc ƒltƒe_nf_hmƒa [eƒj_tb_nŠehƒf %[
as_ha__fgƒd‹_e) ƒm as_ha_n_b_nmƒaˆ_ehƒf cm& l_h^_ff_h_m' mt[\‚fs)
n[f[h fƒf_atƒm_h [f[j‡f*

5XK` R H ` Q X` Jc Jp[h n[f‚h f_aas†haƒ\\_h ec`_dfŠ^p_* = bˆfsƒe
gch^_hn g_a_mth_e7 ifs gib…h e[jd‚e \_ [t ƒn_fn' bias h_g
]mi^[' b[ [ `[f[n miemtil nileoeih [e[^* D[ nileca d…ff[ep[ g ‚l
[t ƒnn_l_g\Šf ecg_hh_e' gƒa [eeil cm mt_^_a_nce [t [mtn[fl…f ƒm [
`†f^lŠf [t _fboffinn giltm‚e[n' Ich^[hhsc[h _hhƒh_e* gƒlnƒe_h n‡f
cm' ]m[ebias g„a [ bˆfs_ che‚\\ [ g_hhscmƒal_ hƒt' [^^canmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA::

as_ha__fgƒd‹ che‚\\ [ gchŠmƒa_n p_mtc n_echn_n\_* =t _fŠ\\c `[)

% = bˆfsƒe n†\\hscl_ %eˆf†h†m_h [ m‡fsim[\\ bˆfs_mƒa\_h mt_hp_^Še&
`ifsnihim gita‚mie[n pƒa_th_e* _t_h gita‚mme SHB R D J'SHB R /h_p_tn_nh_e* =t _asce
gch^ohn[f[h e_t_cp_f n[jmif' [ g‚mce [ `_dƒn p[as `_fmŠ n_mnƒn di\\l[' \[fl[
lcha[nd[ mn\*
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f‚he' [t on…\\c hs[f‚he* = as_ha_n_b_nmƒaˆ_e m_g ca_h p‚fia[n…)
m[e [t ƒn_f\_h ƒm [ g_hhsc\_h gƒacm _fŠ`il^of' bias _asce p[as
g‚mce `chhs‚m' _t che‚\\ [t _fb[hs[aifn p[as `_l^_ cl‚hs‡ h_p_fƒm
_l_^gƒhs_*hgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0 'S@ O HM S_ R a ` Q X` JM D Jbc‚hsim `_dfŠ^ƒmƒn [ bˆfsƒehƒf h[jcl_h^_h
f_pŠ †h]mihe„n‚mie \ctihs„nd‚e' g_fs_e_n gƒay [ f_aƒltƒe_hs_\\
n_mnlƒmt_ce_h cm pƒa_th _e' [ hƒfeˆf' bias [ `‚d^[figh[e ]m[e f_a)
]m_eƒfs_\\ d_fƒn cm gon[nh‚e* D[ ^ˆb†m_e'ˆnce' p_lce g[aoe[n pƒ)
l_ml_ e[lgifd‚e [l]oe[n' [\f[eie[n t‡th[e †mmt_ ƒm [ e_tˆe\ _h
f_pŠ ˆp_a ^[l[\ iee[f b[^ih‚mth[e' b[\‚l pƒlˆe cm `ifsce g‚l *
;N KHD Q_ n_echn_n\_h [ as_ha__fgƒdˆ_e_n [ bˆfsƒenŠf [hhsc\[heˆ)
f†h\†tn_nc g_a' bias [t _fŠ\\c_eh_e h[asi\\ †hmt_l_n_n_n nof[d)
^ih„n* I‚l [ f_a]m_eƒfs_\\ `‚d^[figh‚f cm m„lh[e' lch[e' gc hnb[ \Š)
lˆe_n hs‡th‚ [t _g\_l7 _asmt…p[f h[asih mt_l_nce †hg[aoe[n*

O[d‚n mt_lƒhs pƒf_gƒhs_g [t' bias [t †hmt_l_n_n che‚\\ [
F WD M F D SD G D SR ` F gm[d‚nimm‚a[cbit n[lnitce* At oas[h' [hhscl[ `ƒfƒhe
n_lgƒmt_n‹' bias b[ ]m[e pƒln f‚n cm' g‚l cd_^_tce' g_fs _m_n\_h mcl‚)
m‚h[e m_ bimmt[' m_ pƒa_* @_ [ as_ha__fgƒdˆ_e \ctihs [ `‚d^[fig
cl‚hn ƒltƒe_nf_h_e* *Jsoan[f[h n_lgƒmt_n†e gc[nn [e‚lb‚hsmtil \ˆh)
n_ndˆe g_a Še_n' gƒa m_g b[mth‚f gƒa [ f_a`‚d^[fg[m[\\ `_hscnƒe
m_g* Oiemtil ifs[h as_ha__fgƒdˆ_e' ece innbih d…fƒn\_h h_p_fe_^)
h_e ƒm ece m_ggc\_h bc‚hsn h_g mt_hp_^h_e' _fb[asd‚e _as)
mt_ll_ mtˆf_ce b‚t‚n' b_n_eca eif^ofh[e' e…\ilifh[e ƒm eijf[fh[e'
]m[ebias ]m[p[la‚mc p‚asoe[n ec _fƒa„ nb _mmƒe*

7 D KD L D M 5F M _ D X(aZYXWVUTSRQPONMLKJIHGFEDCBA

0 1 P @ HKKD $ HP @ Q E D I K` C [ Q [ M D J R ^ P R [ M D R D %

!= ec ifp[mhc no^ ) gih^d[ C_l[h^… =hn…hc[ p[f[g_fsce
lh‹pƒ\_h ) [hh[e e_tƒ\_h p[h [ mt_ff_gc ƒf_n eof]m[' ]m[e [e[lhc[
e_ff ƒm b[f[^b[n [ n†eƒf_n_m_^ƒm ond‚h*!

At ca_h pcf‚aim ƒm g_a^†hnb_n_nf_h [f[jca[tm‚a' g_fs' b[ n[)
f‚h ec`_d_tƒml_ h_g cm lƒa_h doninn' ^_ no^n[ ƒm ƒl_tn_ [tn gch^_h
p[f[gcl_ p[f… j[_^[a…aom g‚l [ f_alƒac\\ eil\[h cm ƒm ca_h p[f…)
mtchˆ' bias [ ^_lƒe D[ˆs >‚fchn h_g_m [as‚\[h cm _hh_e no^[n[
mtˆfn_ g_a [ p[eie ien[n‚m‚h[e g[a[mtnim _mtgƒdƒn' g_fs_n H†
Oo_ol h_pˆ h†p_h^ƒeƒp_c g_a cm p[f…mcninn* D[ˆsp_f ƒm [t Š !Lf[h
a_h_l[fnmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAJ" chmncnoncih jiol f_m _h`[hnm [p_oaf_m! ]tcgˆ ygohe‚d‚p[f
e_t^Š^ce [ p[eie l_h^mt_l_m ien[n‚m‚h[e n†lnƒh_n_* I_ln b[n[f‚)
fohe cm [ n†lnƒh_f_g\_h ifs[h p[eie[n' ece [ f_ag[a[m[\\ `ieo
g‹p_fnmƒaa_f ^c]m_e_^b_nn_e' gchn6 Dig_l[m' ?imc[h' Icfnih ƒm g‚)
mie' ^_ _t_e gch^ [eeil p_mtcn_nnƒe _f mt_gˆe pcf‚a‚n' gceilg‚l
[t ‚fn[f‚him g‹p_fnmƒa n_fd_m g[a[mf[n‚h ‚ffinn[e* =ll…f [tih\[h'
bias mtˆf_n_nn' p[as tm_ha_ eiloe\[h h _ap[eofn _asƒh_e_n l_h^mt_)
l_m_h ien[nn[e pifh[ ) L[l[^c]m P_lƒtc‚n ƒm $gƒa _as hƒb‚hs[n



-,2 Cs…asj[_^[aiac[c Ot_gf_

ecpƒp_ p[dgc e_p_m_n no^ohe' b[h_g f_ache‚\\ eif^ofhc b[asn‚e
Še_n' p[as p[f[g_fs [tcfog\[ b_fs_tnƒe _f' gchn [ bias h‚fohe
cm fƒn_t_nn -00.)\_h J[asp‚l[^ e†lhsƒeƒh [t ‡ash_p_t_nn !R[eie
I[dild[!' g_fslŠf fƒohscn[s Rch]_' h[asp‚l[^c e[hihie n_m t _gf„)
nƒmn [t Š !J[as)R‚l[^ P†lnƒh_n_! ]cg‹ h[as\_]mˆ gohe‚d‚\[h *

L[l[^c]m P_lƒtc‚l…f gƒa [hhscn no^ohe' bias n‹e\Šf †mmt_‚f)
fcninn \_n‹ncjom[c ƒm ]ƒlh‚\…f' g_a `†p_hsjƒj\Šf eƒmtˆfn ^ig\il‡
nƒleƒj_c pifn[e ƒm _t_e_n D[ˆs cm cmg_ln_*

Ichn gih^ig -341)\_h fƒn_mˆfn [t _fmŠ p[eie chnƒt_n_ L‚lcm)
\[h' ^_ _t cm ]m[e [ `l[h]c[ jifa‚lb‚\il‡ f_t[df‚m[ on‚h p_nn h[)
asi\\ f_h^ˆf_n_n' g_ln _eeil g‚l [ll…f cm e_t^n_e aih^ifei^ hc'
bias lhceƒhn fƒn_mcnb_nhƒh_e _as ) [ p[eie mt‚g‚l[ ) mtˆemƒa_m
no^ig‚hsim ƒm cmg_l_nn_ld_mtnŠe†hspn‚l[n' g_fsh_e bc‚hs‚n h[asih
cm$ƒl_tnƒe* *

At_h h[as`ihnimm‚a‡ eƒl^ƒm [tih\[h h_g pifn e†hhsˆ `_f[)
^[n' g_ln n‹ncjomieh‚f _asƒ\ ifp[mb[n… \_n‹[f[eiee[f h_g l_h^_f)
e_tn_e' ƒm _t_e cm [t o* h* l…g[c oh]c[f %h[as e_t^Š& \_n‹e pif)
n[e' g_fs_e ƒj_h h[asm‚aoe ƒm h_bƒte_m e_t_fb_nƒmˆe gc[nn h_g
pifn[e _ ]ƒfl[ [fe[fg[tb[n…e7 gch^[tih‚fn[f gƒa'cm _t p_t_ nn_ Še_n
[ as†has \_n‹)ncjomie g_an_l_gnƒmƒl_' g_fsfs_f g‚l l_h^_mf[jie[n'
e†hsp_e_n f_b_n_nn jlƒm_fhc {g^_ ]ƒfmt_l‹_eh_e _t_e m_g pifn[e
gih^b[n…e' g_ln _t_e cm h[asie fƒpƒh' ]m[e ca_h e_p_m_n f_b_n_nn
_as f[jl[ mt_^hc' m cas p[f[gcl_ p[f… g‹h_e [t _fŠ‚ffcn‚m[ ca_h
mie\[ e_lˆfn*

Rƒal_ -4.-)\_h >[l\c_l G‚lifs n[f‚fn `_f [ p[eie mt‚g‚l[ [f)
e[fg[m =>?)n' [ g_fs\_h [ \_n‹e jihnie \…f ƒm _t_h jihnie h[e
\ctihsim mt[\‚fsie mt_lchn p[f… _fb_fs_tƒmƒ\Šf pifn[e [f[ecnp[' [
\_n‹e_n \ctihsim _mte†t %mn„fom& m_aƒfsƒp_f [eeƒhn f_b_n_nn _fŠ‚ff„)
n[hc' bias [tie n[jchn‚m ond‚h e†hhs_h ƒltƒe_fb_nŠe pifn[e' ) G†)
t†fn_ _t_h n[f‚fg‚hs‚n >l[cff_ H[dimm[f' [ j‚l„mc chnƒt_n p[e' ^_ ec)
n‹hŠ n[h‚l‚p[f' ec ecmƒlf_neƒj_h b[mth‚fn[ _t_h _mte†tn h†p_h^ƒe_c
ien[n‚m‚h‚f 7 ^_ ]m[eb[g[l g_aasŠtŠ^†nn [ll…f' bias n†eƒf_nf_hmƒa_
gc[nn b_fs_m_h „lhc p_f_ h_g f_b_n*

D[ h_g mie[n ƒln cm _t_h =>?' [hhsc b[mth[ gƒacm pifn'
bias l‚p_t_nn_ >l[cff_n [t Š †l†el_ `_fˆfg‡fb[n[nf[h d_as_ch_e g_a)
[fein‚m‚l[' g_fs_e_n h_g]m[e \_n‹p_nƒml_' ^_ mt‚gif‚ml[ ƒm b[ha)
d_as„l‚ml[ cm f_b_n [fe[fg[thc*

>l[cff_ cl‚md_f_c b[n jihnh[e [e‹f†h\†tŠ _fb_fp_tƒmƒ\Šf [f[eof)
h[e' g_fs_e_n e_t^_n\_h _as bimmtoe[m hƒasmt†af_nˆ `c…ei]me‚ee[f
_ff‚ninn pih[ft… m_aƒfsƒp_f ) mncfomm[f )) „ln[e' p[as di\\[h lhih^p[
mtole‚fn[e _as job[ [f[jih _fb_fs_t_nn j[jclf[jl[' di\\l… f \[fl['
bias [t on‚h [ n‡ff[jilc ec ^ig\ili^inn jihnie l_h^_m_h \[fl…f
d…\\l[ pifn[e ifp[mb[n…e*

= job[ [f‚nƒn_n `_fp‚fninn[ eƒmŠ\\ [ l_]ƒt_nn …hf_g_t' %j‚lcmc
ƒm \_lfchc n‚\f[& g_fs [eeƒhn pifn mt_le_mtnp_' bias gch^_h_as_m
`c…e\[ b‚lig ‚lei_mcg _m_nn' g_fs [fe[fg[m pifn [ll[' bias[ jih)
nie mt[\‚fsim n‚pifm‚a\[ domm[h[e _asg‚mn…f ƒm [ j[jcln g_apƒ^n_
[ e_l_mtnˆf mt[e[^‚mn…f*
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At_h „l…n‚\f‚e[n [ ]m_b_e [eeƒhn g…^imcninn‚e' bias eƒn
_as_hfŠ h[asm‚ao …hf_g_t _aƒmt `_fˆf_nƒh g_a]mch‚fn‚e [ b[n jihn
b_fsƒn' ƒm [t _asce f_g_t jihnd[cn `c…ei]me‚ee‚ ec`ˆlƒmt_fp_' [ h_)
a[ncp f[jj[f O]b[hc_ll[f _as\_e[j]mifn[e gchn p[f[gc e†hs pn‚\f‚n'
ƒm cas [t [fm… f_g_t [ jihnie ec^ig\ilcn‚m‚l[' [ `_fmŠ ecp[a[̂fn
f[j j_^ca milp_t_nŠˆf ƒm j[jcl \_`ia…of mtifa‚f* %jl‚a[c n‚\f[*&

Icp_f [tih\[h [ b_fs mt‹e_ gc[nn [t _as_m cl…n‚\f‚e ƒm aƒ)
j_e f_cl‚m‚p[f gimn h_g `iaf[feitb[nig' f_as_h mt[\[^ ‚nnƒ lh_g
[ >l[cff_)=>? nˆt_n_m_\\ f_cl‚m‚l[ ƒm [hh[e `_dfŠ^ƒmc n†lnƒh_nƒl_
eˆf†h†m n_echn_nn_f b[t‚hel['

>l[cff_ ) gchn [tn [ g_ffƒe_fn n‚\f‚t‚n\[h \_gon[nhc mt_l_h)
_mƒg f_mt ) [ `„…ei]me‚e[n b[n lƒmtl_ imtninn[ `_f ƒm gch^_asce
jihnh[e mt‚gin [^p‚h' _fŠmt†l [ nct _fmŠ \_n‹n [feinn[ g_a' [tih
cas_e_tpƒh' bias g_hnˆf e_p_m_\\ jihnin b[mth‚fdih ƒm cas [`c…e

`_fmŠ lƒmtƒ\_h _fb_fs_tb_nŠ hƒas jihnin p_nn_ [f[jof*UTSRQPONMLKJIHGFEDCBAM +&&nmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA:_Iceil
/ ŒŒ 2

[ nct d_asas_f _feƒmtˆfn' cmgƒn [t _fmŠ _as jihnih e_t^n_7]c_ bitt‚
[^n[ [ / mt‚gg[f d_f_cn jihnin* Iimn j_^ca [ g‚mi^ce nct_n p_nn_
[f[j‡f [ 2)im mt‚go jihnh[e' bitt‚[^‚m‚p[f' ƒm cmgƒn [t _fmŠ
nct_n [ b[ni^ce jihnn[f' ‡as' bias ]moj‚h 1 d_as g[l[^n b‚nl['
g_fs_e_n [ jihnie ‚ff‚m‚h[e g_a`il^cn‚m‚\…f' p[as [tie _as ceƒh_e
_fb[as‚m[ ‚fn[f mt_le_mtn_nn g_a' ƒm -4.1)\_h g‚l [ b[had_as_e
= >?)dƒp_f cm _feƒmtˆfn*

=t cl‚md_f_e mtchnƒh [t =>? d_as_c' ]m[ebias [ `c…eh[e h_g
[ `_fmŠ' b[h_g [fm… lƒmtƒ\_h b_fs_tn_nh_e _f*

Qas[h_t_h [f[jih p*gh[e mt_le_mtnp_ [ mt‚gd_as_e cm' _t_e
cm gchn [\_c‹e' [ `c…e `_fmŠlƒmtƒ\_h b_fs_tl_nh_e _f' ^_ bias[
\_n‹elŠf g_aeˆf†h\†t_lb_nŠe f_as_h_e' gch^_h mt‚gmil _f_dƒl_ _t_h
d_f *6 nƒn_ncf_ Gˆf†h\_h miee[f ‚nl_echnb_nŠ\\_h nˆhn_nc `_f _t [
g_ffƒe_fn n‚\f‚t[n' g_fs [t †mmt_m d_f_e_n g[a‚\[h `iaf[fd[*hgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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0 S Q V R P H@ƒm 9 [ L D R N P Q V Z F M [ G Z M U M D T D V D R D Q D A A

mce_nhƒg[)chnƒt_nƒl^f*

= h[asg* p[fbcm ƒme†t†en[n‚mˆasc g* ecl* Ichcmn_l ‡lbit F_fn_ld_mtn_nn n[hofg‚hs)
‡nc d_f_hnƒm*

) E^[6 3 KH@ Q, # %=l[^&* )

%Bifsn[n‚m&*

C( 0 G @ KKD H HM R [ V D R %

= b[ff_c cmeif[ d_ff_a_ n[lnig‚hsc* = mt‚mt n[lnig‚hsh[e †n
cmeif‚d[ p[h7 _t_e e†tˆf [t _l`olnc\[ p_mtce `_f [ e[nbifceom p[f)
f‚mo as_lg_e_e t†gƒn' [ b[f\_lmn[^nc\[h cm p[h gƒa hƒb‚hs' g„a
[ n†\\c b‚lig\[ ect‚l…f[a _p[ha_fceom p[ff‚m‡[e[n p_mth_e `_f*
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D[ff_\[ [\\…f [ _tƒf\…f g_hn_g' bias [ G†\lc]b Bl* p_t_nƒm_
[f[nn ‚ff… eˆhhf[e‚mim cmeif[ mt_lp_t_nƒn' eˆf†h†m]h [ as_lg_e_e
_fb_fs_tƒmƒn' mt‚ff‚m[ceih p[f… _ff_hŠltƒmƒn' [t cmeif[ ƒm [ mt‚ff‚m)
[^…e e†t†nnc diapcmtihsn' ƒm [t _t_e\Šf [t chnƒte_^ƒm_e\Šf_fŠ‚ff…
_l_^gƒhsn n[hofg‚hsitt[g* At_e_h e„pˆf G†\lc]b ca[ta[n… h_p_
_fƒa \ctnim„nƒein hsodn [ll[ hƒtp_' bias [t cmeif[ j[_^[aiac[c n_ech)
n_n\_h cm g_a`_f_f bcp[n‚m‚h[e*

I[a[ [t cmeif[ƒjˆf_n lƒac' litia[7 [ n[hn_lg_e ]tƒfmt_l‹nf _h_e
ƒm h[asih mt_aƒhs_m_h p[hh[e \_l_h^_tp_*

= n[h`ifs[g d_f_hf_a gƒa ]m[e 2 ƒp_m' ^_ 4 ƒp_ml_ f_mt ec)
\Šp„np_*

= n[h„n‚mc _l_^gƒhs cnn cm d…7 [ ec_dnƒm ncmtn[m‚a‚n h_g `il]c)
litt‚e [hhscl[' gchn >_lfch\_h' ^_ _hh_e _ff_h ƒlnƒe_ as[h‚hn n_l)
gƒmt_n_m_\\_h' e†hhs_\\_h \_mtƒfh_e [ as_lg_e_e* Gˆf†h†m_h [
f_a`_fmŠ\\ imtn‚fs p‚fce ec [ ec_dnƒm e†hhs_^mƒa_' ^_ _asmt_lmgch^
ncmtn[m‚a[ ‚fn[f cm* Atn [t imtn‚fsn †n ƒp_h ‚n [t cmeif‚h[e _asce
f_achn_ffca_hm_\\ ƒm f_a\ota…\\ n[h„n…d[ n[h„ninn[' gca d_f_hf_a G†\)
lc]b n[h„n \_hh_ b_nc -/ …l‚\[h* Kfs mtƒj' gih^b[nh‚g as†hs†lˆ
ien[n‚mn' gchn [ gcfs_h G†\lc]bh_e bcnn[hc ƒm `ia[fg[t‚mc n[h„n‚m[
pifn' _^^ca gƒa m_bif ƒm mib[ m_g n[j[mtn[fn[g* = bcnn[hc …l‚h [
hsif][^ce j[l[h]mif[nin n[h„np‚h' [t i^[ n[lnit… `ia[fg[e [n l_h^)
ecpˆfc g‹pƒmtc_mmƒaa_f `_dn_nn_ ec* = `ia[fg[t‚mc …l‚h mtchnƒh l_)
g_e_fn*

G‚l' bias[l[dtn[h„n‚ml[ h_g `il^„n[h[e h[asi\\ aih^in*
= as_lg_e_e b_nc /,)/. …l‚\[h lƒmt_mˆfh_e ien[n‚m\[h' g„a

[ n[h„n…e .0' .2' cff* .4 …l‚h ‚n n[h„n[h[e*
Pip‚\\eƒjtŠ n[h`ifs[g[ hch]m*
= mt‚mt n[lnig‚hs\[h cm ec p[h gih^p[ [ n[h„n‚m e†n_f_t_nn)

mƒa_* = mt_aƒhsmilm‡ as_lg_e_elŠf cnn cm [ n[lnig‚hs ƒm [t cff_nŠ)
mƒac e†tmƒa _asˆnn_m_h aih^imei^h[e*

= as_lg_e_e mt_aƒhs_\\' ^_ ncmtn_mmƒa_m ]m[f‚^ieh‚f p[hh[e
_fb_fs_tp_* = mt‚ff‚m[^…e „l‚m\[h e†n_f_tce g[aoe[n [ l_‚doe b‚)
l[gf… e†n_f_mmƒa_e n_fd_m„nƒmƒl_* Aas)_as as_lg_e on‚h h[jihn[
]m[e 01 `cffƒln `ct_nh_e' g„a =l[^ih 0, el* _mce h[jd‚l[* =t _ff_h)
Šltƒmn [ n[h„n…e as[eilifd‚e* =t ca[ta[n… [t _t_el_ [t ˆas_el_
pih[neit… hsign[np‚hsiee[f cm _ff‚ninn*

=t ca[ta[n… _t_ee_f [t ‚ff[jiniee[f hch]m n_fd_m_h g_a_fƒa_^p_'
g_ln h[jc 01 `cffƒlƒln h_g e[jh[e ifs mtˆfŠb_fs_nn_mn' gchn[ gc)
fs_h_e …b[dn[h^…e pifh‚h[e* H_adi\\h[e pƒfc [tn' b[ [ as_lg_e
[t _fmŠ 0 ƒp\_h chn_lh‚nom\[h' [t onifm… 0 ƒp\_h j_^ca ]m[f‚^ie)
h‚f p[h _fb_fs_tp_* At eˆf†h\_h [hƒg_n mce_nhƒhc[)n[h„n…eh[e
=oam\ola\[h n[lninn Eff* ]ihal_mmom[h[e _asc$] _f`ia[^inn nƒn_fƒn cm
eƒj_tn_*aZYXWVUTSRQPONMLKJIHGFEDCBA

? 5 % 0 KHO B Q D H HM R [ V D R %

Hcj]mƒ\_h ‚ff D_chc]e_ O‚go_f h`_ffmti\l[' cnn [f[jcninn[ Š -.,
ƒpp_f _t_fŠnn [t _fmŠ hƒg_nilmt‚ac mce_nhƒg[chnƒt_n_n* Atn [t chnƒ)
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t_n_n p_t_nn_Š g[a[ ƒm on‚h[ p_d_ ) N_c]b' ) ec mtchnƒh hƒpp_f \cl…
_g\_l pifn7 ^_ [ D_clclc_e_ ]m[f‚^ b[lg[^ct\_fc m[ld[ [f[nn' ec n‡f)
m‚aim[h l[a[mtei^innnmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAORlƒac nl[^cnc…ebit ƒm [tƒln [t odcn‚mie cl‚hn
e_pƒm ƒltƒee_f \„ln' [t chnƒt_n g‚l ca_h mie g‚mchnƒt_nnŠf _fg[)
l[^n* F_f_hf_ac ca[ta[n…d[' Riaf N…\_ln g‚l gi^_lh j[_^[a…aom' ec
eƒj_m f_mt [ ^_lƒe n[hn_mnˆf_nn_f [ gof[mtn‚mie[n b_fsl_j…nifhc*
At_ee_f eˆt^_h_e gimn cm*

=t ca_h h[as chnƒt_nc ƒjˆf_n _fŠnn \[l‚nm‚aim ecm cmeif[c e_ln p[h*
At cm ‚ff[gc chnƒt_n' ƒj‡as gchn [ ^l_t^[c*
F_f_hf_a gƒa ]m[e 3 ƒp_m [ n[h`ifs[g' ^_ 4 ƒp_ml_ `iad‚e

ec_aƒmtcn_hc*
Ichnbias _asmt_ll_ mie as_lg_e_n p_mth_e `_f' cnn cm f_b_nmƒ)

a_m Še_n n_b_nmƒa mt_lchn j‚lbot[gim imtn‚fsie\[ \_imtn[hc* Enn gch)
^_h imtn‚fs j‚lbot[gim' mŠn [ b[lg[^ce\[h IHGFEDCBAI A *j‚lbot[gim imtn‚fsn
cmfƒn_mcn_nn_e*Ica _t_e e†tˆf [ f_adi\\[eh[f c^Šthc p[f…m‚aim †l†g'
[^^ca [ f_aas_haƒ\\ imtn‚fs [t Š 2 h†p_h^ƒe ƒp_c mt‚h[figl[ ch)
^„nd[ [t _g\_ln*

=t chnƒt_n mie n[hcn‚mc _mte†tt_f l_h^_fe_tce oas[h' ^_ [tƒln
gƒacm j[h[mtei^h[e [ n[hcn…e' bias miemtil gƒa [ f_ahƒfeˆf†tb_)
n_nf_h ^ifaie mch]m_h_e g_a' cas jc^* hch]m _f_a_h^Š mt‚go mt‚)
gif…aƒjˆe*

@[]t‚l[ [ mie [e[^‚fsh[e* g_fs_e e†t†nn h_g [ f_aonifm…h[e
n_echnb_nŠ [ h_gt_^ƒelŠf)h_gt_^ƒel_ ‚n†l†efŠ^Š g_mn_lmƒa_m d_f\_)
mtƒ^' [ lƒac chnƒt_n_e _g_ h[as \[d[' [t _l_^gƒhs' b‚f[ [ ^_lƒe
n[hn_mnˆf_n \ota…m‚a‚h[e' gƒacm _fƒaaƒ d…*

=t _fgƒf_n\_h b[haitn[ninn ncmtn[ _f†\_mtƒ^)g…^mt_ln cnnm_g
e†p_nce mtƒfmŠmƒa_c\_h' ƒm ƒj_h _hh_e [t chnƒt_n n[hn_mnˆf_nƒh_e
_asce ca_h eƒjt_nn ƒm \ota… n[ad‚n…f ch^ofn ec od[\\c^Š\_h [t _t_e
_ff_h [ mtƒfm†a_e _ff_h chnƒt_nn n‚g[^‚m cm' g_fs h[as boff‚gie[n
p_ln ƒm p_l d_f_hf_a cm [g[ g…^mt_lh_e elcmn‚fs ncmtn‚h[e ƒm]m_h)
_f_mh_e eƒjt_`n pctƒh$*

= ec_dnƒm h_g ifs ncmtn[ gchn >_lfch\_h' ^_ pcmtihn e_p_m_\\
_lŠfe†^ƒmm_f ƒm p‚ff`_fpih‚mm[f \_mtƒfh_e* Ot…ech]m†e [t_as_m j‚l)
bot[gim imtn‚fsie\[h h[asih eˆf†h\†tŠ' [gc n_lgƒmt_n_m cm*

Ea_h `cas_f_gl_gƒfn… _l_^gƒhsn gon[n `_f _asce)g‚mce imtn‚fs
[ mt‚gn[h \[h ƒm hs_fpn[h\[h*

= l[dtien[n‚m [ `_fmŠ\\ imtn‚fsie\[h _as eƒj_mcn_nnmt[en[h„n…
e_tƒ\_ p[h oas[h f_nƒp_' ^_ h_g b_fs_m [t [t _fd‚l‚m[' bias ecm
[ko[l_ff)eƒj_]meƒe_n g‚mifn[n' _t_e_n [tih\[h e_^pp_f ƒm_fƒaaƒ _mc)
him[lc eƒmtcnce* =t [fm…\\ imtn‚fsie\[h [t imtn‚fsn[h„n…e n[hcnd‚e
[ l[dtin*

= eƒtˆas_mmƒac ien[n‚ml[ cm h[as aih^in `il^„n[h[e7 [ as_l)
g_e_eh_e _bb_t e_^p†e ƒm [ f_an†\\ _m_n\_h ˆas_mmƒaŠe cm p[h'
„as n_b‚n n_lgƒmt_n_m' bias [t _l_^gƒhs m_g g[l[^b[n _f*

EmgƒnfŠ p[as nip‚\\eƒjtŠ n[h`ifs[g $Hcj]mƒ\_h mch]m*
=t cnn_hc' p[f[gchn [ ^l_t^[c n[h„n…e cm c^ŠlŠf c^Šl_ eceˆf^_n)

h_e [ eillh‚hs ‚fn[f ifs p‚limie\[' [bif n†g_a_m_\\_h f[eh[e mc)
e_nhƒlh‚e' bias _t_eh_e' p[f[gchn [ e†t_fc e†lhsƒelŠf \_m_l_afŠe)
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h_e cmn_hcncmtn_f_n_n n[lnm[h[e' g_fs [fe[fg[eeil ˆas_m)\[dim ^ifa[)
ce\[h cm n[h‚]m]m[f n‚gia[nd‚e Še_n*

REl* = fcj]m_c cmeif[ as_ha_n_b_nmƒaˆ as_lg_e_e lƒmtƒl_

=t cfs cmeif‚e f_n_mcnƒmƒh_e_mtgƒdƒn g‚l [ 2,$[m ƒp_e\_h
j_h^cn_nn_ g_a On†nth_l AlhŠ o^p[lc n[h‚]mim' [ ^l_t^[c mce_nhƒg[)
chnƒt_n d_f_hf_ac ca[ta[n…d[*B_f‚ff„n‚moe [tih\[h ]m[e [ 4,)[m ƒp_e
_f_dƒh mce_lˆfn* = fcj]m_c cmeif‚n [ p‚lim n[lnd[ `_hh h[as ‚f^it[nie
‚l‚h* F_f_hf_a -4 imtn‚fs[ p[h*

=t ifs as_lg_e_e* ece [t ƒjƒltƒeˆ_e hƒjcmeif‚d‚\[ eƒn ƒpca
mce_l hƒfeˆf d‚ln[e' _as n[hcn…e\…f [ff… \ctinnm‚a ‚fn[f g_apctma‚f)
n[nh[e ƒm b[ mtˆemƒa_mh_e n[lnd‚e' [ as_ha_n_b_nmƒaˆ_e cmeif‚d‚\[
p_mtce `_f Še_n*nmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+ Aas)_as imtn‚fs\[ -1)hƒf n†\\ as_lg_e h_g p_)
b_nŠ `_f*

E^_ l_h^_m _h 2 ƒpca d‚lh[e' g_fs c^Š [f[nn' Nc]bn_l G‚lifs
ca[ta[n… ‚ffcn‚m[ mt_lchn' e†lˆf\_fˆf [hhscn f_b_n [ f_adi\\[ee[f _f)
pƒa_thc' gchn [g_hhscn [ hƒjcmeif[ hƒas imtn‚fs‚\[h n[hofh[e* 7

f_a`_fmŠ\\ imtn‚fs\[ [tih\[h [ as_lg_e_e ]m[e gchn_as 0, ! )[
don' [ n†\\c_e gƒa _\\_h [t cmeif‚\[h cm cmgƒnfce [t _asce p[as
g‚mce imtn‚fsn* *

=t …l[l_h^ h[asih ]tƒfmt_lˆ_h p[h \_imtnp[7 oas[hcm _as
c^Š\_h oas[h[tn [ n[hn‚las[n n[hcnd‚e p[f[g_hhsc imtn‚fs\[h' ‡as'
bias [t _asce p[as g‚mce n‚las\[h as_haƒ\\ as_lg_e [t cff_nŠ
…l‚l[ _m_nf_a g‚m imtn‚fs\[ d‚lb[mmih \_*

B_fnˆhŠ_h mie cnn [ h[asinb[ff… ƒmbc\‚mec_dnƒm‹ as_lg_e7
_as‚fn[f‚\[h mie[h mt_fq_^h_e e†tˆf†e [t ƒltƒemt_lp_e `ias[nei)
tvv\v* *

=t ien[n‚m g…^mt_l_ [ mt_gfƒfn_nƒm _fpƒh_eeˆf†hŠm mt_gg_f)
n[ln‚m[ g_ff_nn ifs[h' gchn [ hƒjcmeif‚ƒ* =t _as_m n[hn‚las[e cm
oas[h[tie' ]m[ebias [ bc\‚m ec_dnƒmecd[p„n‚m[ ]ƒfd‚\…f \_mtƒ^as[)
eilf[nie cm mt_l_j_fh_e [t …l[l_h^\_h*

=t cmeif‚n _fb[as… `c‡e[n [t ca[ta[n…e†t\_hd‚l‚m‚p[f g_m)
n_l_g\_l_eb_t [^d‚e' ece [t cfs `c‡e `_fmt[\[^of‚m[ [fe[fg‚p[f do)
n[fig^cd[n e[jh[e ƒj‡as' gchn [ mt‚mt ecl‚fsm‚a\ƒfc mce_nhƒg[̀„‡e
g_mn_l_c*

=t ifs mtˆfŠe' ece _f_chn_ c^_a_he_^n_e as_lg_e†e_n c^_ d‚)
l[nhc' eƒmŠ\\' gc^Šh gƒa _as p[as eƒn cfs mt_l_h]mƒnf_h as_lg_y
e†e_n cm c^_ bitn‚e' b‚f‚m[h _gfƒe_th_e g_a _llŠf [ p[f…\[h h[as
d…nƒn_gƒhslŠf' [g_fs\_h [ p‚lim ‚f^it[neƒmtmƒa_`ifsn‚h lƒmt_m‹fh_e*

%Bifsn* e†p*&

+ D[ g‚m cmeif[h[f h_g' ^_ cnn \ctihs‚l[ `ihnimm‚aa[f \cl [t cmeif[ hgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB HL B (

Hcj]mƒ\_hIHGFEDCBA/ 3 7 B A4 588?;B G V @ B G R HM M HF D $F WD M F D ` Q X` KKHHD J HR J(%[ h_p_' g‚monn cmgƒn
* 8;5@ @ 3 7 B ;4 %m_acnŠ)cmeif[& ]cg_n [^n[e h_ec* =F WD M F D KD G D KR ` F HHD J HR JN K_ I@h_p_n
m_g n[lnig p[f[gc mt_l_h_mƒm _fh_p_tƒmh_e' g_ln g‚m hƒgc g_a\ƒfs_atƒmn l_dn g[)
a‚\[h' [gcnŠ j_^ca …p[ei^hc e_ff* *Œ
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On[ncmtnce[c ecgon[n‚m [mce_nhƒg‚e_fn_ld_^ƒmƒlŠf
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% G)an[an‚lmohe _t_h ƒl^_e_m ƒm n[hoasc n_echn_n\_h ca_h Flnƒe_m ecgon[)
n‚mlc\[h [t _as_m g_asƒe ƒm p‚limie hƒj_mmƒaƒn ƒm mce_nhƒg‚ch[e mt*cg‚n [t
-45,)ce ƒpc hƒjmt‚gf‚bcm [^[n[c7 ) [ n[he†n_f_m mce_nhƒg‚emt‚g‚n %2)-1 ƒp_n
pƒp_ n[he†n_f_t_nnmƒah_e& ƒm [ n[h„n‚m\[h lƒmt_mˆfŠe mt‚t[ fƒe mt‚g‚n _t_h h_p_t_nn
[^[n [f[jd‚h p[f… mtlclhcn‚m 7 ) [ n[h„n[m\[h lƒmt_mˆfŠe mt*cg‚n j_^ca [mce_nhƒg[
cmeif‚e ca[ta[n…ch[e ecgon[nlcm[c hsig‚h ‚ffcninn[ Šmmt_* €as ƒln_mccfnˆhe' bias
-X6 a e[ln*clmohe [ as…asj[_^[a…ac[c ien[n‚mˆas n†\\c ‚a[l…f cm eƒmtcn _bb_t b[)
mihf… ecgon[n‚mn' m [tih l_gƒhsˆheh_e [^ohe! ec`_d_tƒmn' bias mtcp_mmƒaƒ\Šf )
hhh[e c^_dƒh ) [tie[n f[johe\[h gc cm e†t†fb_ndˆe [fp[m…chee[f* Ot_le*
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Aas `ihnim gchcmtn_lc l_h^_f_n*

Ichn no^p[ p[h ifp[m…che _fŠnn' [ gchcmtn_l ‡l eƒn mce_nhƒg[
cmeif‚h[e e_t^_gƒhs_tƒm_ [f[jd‚h ) eƒl^ƒmn chnƒt_nn [ b[t[c mce_n)
hƒg[ cmeif‚e ca[ta[n…ccbit' n[hn_mnˆf_n_cb_t ƒm `_fˆas_fŠ \cminnm‚a[)
bit' bias b[t[c pcmtihs[che[n n_echnp_' !$g_hhsc\_h pifh[ ch^ieifn
d†pŠ\_h [ mce_nhƒg[ cmeif‚e[n C ƒp_m n[h`ifs[lh‡[ee‚ mt_lp_thc*



++. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACs…asj[_^[aiac[c Ot_lhf_

= g_aeƒl^_t_nn_e pƒf_lhƒhs_c \_ƒle_tpƒh _t_e [f[jd‚h [ gc)
hcmtn_l ‡l [ e†p_ne_tŠ l_h^_f_n_n [^n[ ec6

!= n[hc^Šh_e* [ mce_nhƒg‚e ien[n‚m‚l[ mtifa‚f… chnƒtgƒhs_e)
hƒf p[f… mt[\‚fsit‚m[ n‚las‚\[h [ `* ƒpc -.303* mt* [* ec[^inn l_h)
^_f_n_lh `ifsn‚h bitt‚g ƒle_t_nn d_f_hnƒm_e\Šf ƒm [ as…asj[_^[ai)
ac[c n[hchnƒt_n_e ilmt* mt[en[h‚]m‚h[e _t [f[jih n_nn d[p[mf[n‚\…f'
b[t[c pcmtihs[che' [ n_lgƒmt_n_m `_dfŠ^ƒmc g_h_n ƒm [NZWTGTOXSZX

mt_gjihnd[ch[e e_ffŠ gƒlf_a_fƒm_ on‚h' [ e†p_ne_tŠ g_a‚ff[ji^‚ml[
doninn[g* P_echnp_ [t ien[n‚ml[ mtilof…e h[as mt‚g‚n m _tt_f mt_g)
\_h [ l_h^_fe_tƒml_ ‚ff… chnƒtgƒhs_e [fca mt‚g\[ p_b_nŠ pifn‚n7
`cas_f_g\_ pƒp_ [ mce_nhƒg‚eh[e [t ien[n‚ml[ p[f… _as_hfŠ diai)
mofnm‚a‚n7 pƒaˆf gƒlf_a_fp_ [ 4 ƒpc ien[n‚m _l_^gƒhs_cn ƒm [t _t_h
c^Š _fn_fnƒp_f' ƒf_nj‚fs‚n e_l_mŠ c`d[eh[eh[e [l‚hsf[a g[a[m ƒf_nei)
l‚n6 [ gca _aslƒmtlŠf [ n[hc^Šh_e 2 ƒp\_h p[f…g_a‚ff[jcn‚m‚p[f
_l_^gƒhs n_echn_nƒ\_h' _t c^Š mt_lchnei]te‚t[nl…f [fca f_b_n mt…'
[^^ca g‚mlƒmtn [ l†pc^_\\ n[hc^Š' [t ien[n‚m ‚fn[f‚him„n‚m[ mt_g)
jihnd‚\…f' `_fnƒnf_h _fŠhs†ee_f e_]m_an_n*

= `_hn _fŠ[^inn[e [f[jd‚h n_b‚n' [ e†p_ne_tŠ l_h^_fe_tƒml_
ƒl_tn_g g[a[g[n ch^„nn[np[6

Pcmtn‚h mt[emt_gjihn\…f' `_hn[lnp[ [ 4 ƒpc eƒjtƒm ecp‚h[nim'
mŠn mtˆemƒa_m pifn‚n6 [ mce_nhƒg‚e mt‚g‚l[ odihh[h `_f‚ff„n[h^…
cmeif‚e n[hc^_dƒn' _as_fŠl_' ‚fn[f‚\_h C ƒp\_h ‚ff[j„nig g_a*

A n_echn_n\_h ecpƒn_f_m e_^p_tgƒhs_e g_a[^‚m‚n' ch^ieifn
_m_n_e\_h' g[a[gh[e n[lnig `_hh*

Gcpƒn_fn eƒj_th_e ifs[h' [ mce_nhƒg‚e ien[n‚m‚p[f `iaf[feit…
chnƒtgƒhs_e6 g_fs_e\_h [t cmeif[`_hn[ln…e …b[d[ [ n[hc^Šh_e 4 ƒp)
\_h p[f… g_a‚ff[j„n‚m‚n cff_nŠf_a' b[n‚litinn ec`_d_tƒmnhs_ln ƒm b[
[t cff_nŠ chnƒtgƒhs' _g_ff_nn' _asƒ\eƒhn cm g_ap[f…m„nd[ [tih l_h)
^_fn_fƒmƒb_t e†n†nn ]tƒfd‚n' bias [ l_‚ on[fn †mmt_mmce_nhƒg‚e n[h„)
n‚m‚l…f' cfs mt_lp_t_n g_ff_nn cm eƒj_m aih^imei^hc*

= g_fs `_hh‚ff…' ^_ n_fd_m_h ec h_g `_df_mtn_nn chnƒt_n_e ƒm
cmeif‚e n[hc^_d_' g‚l 4 ƒp\_h pifn g_a‚ff[jcnp[6 2 p[as 4 ƒpl_
p[f… ec`_df_mtnƒmƒn' [t cmeif[ `_hn[ln…e _fb[n‚lit‚m‚l[ \„tig' cff_np_
[nn…f n_mt_g `ˆaaŠpƒ'b[df[h^…)ƒ `f* `_hn[ln… [t cmeif‚n 4 ƒp`ifs[lhl[
ec`_df_mtn_hc' m cfs mt_lp_t_n g_ff_nn eƒj_m)_ g_ap[f…m„n[hc [ n‚ on[fn
e†lhsƒe\_fc mce_nhƒg‚e ien[nn‚m‚n*

= p‚fn[eit… imtn‚fsiee[f g‹e†^Š cmeif‚e n[hc^_d_ [tih\[h'
]m[e [t _m_n\_h mt‚ff„nb[n… f_' b[ [ C imtn‚fs n_fd_m ec`_df_mtnƒm_
pƒn_nce' `ia[h[n\[*

Qd cmeif‚e [tih\[h' 2 p‚fn[eit… imtn‚fsfs[f cm `_f‚ff„nb[n…e*
=tih l_gƒhs_gh_e [^ie ec`_d_tƒmn' bias d_f_h )chnƒte_^ƒm_lh

[ n†lpƒhsb[n…m‚aie ƒm g_asƒe e†t†hmƒaƒl_'$mce_nhƒg‚e lƒmtƒl_
‡d[\\ cmeif‚e fƒn_m„nƒm_ mt_gjihnd[\…f \ot^„n… b[n‚mm[f f__h^*

AllŠf [ mt[en[h‚]min no^ig‚m[ ƒm gcb_tn[ln‚m pƒa_nn ƒln_m„n_g*
>o^[j_mn_h' -455* ƒpc g‚dom b… -5)ƒh*hgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA< =)@R R HB R (!
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Jscfp‚h p[f…' bias _$ l_h^_f_nh_e ec\i]m‚n‚m[ [fe[fg‚p[f [t
f_\_a_nn [ gchcmtn_l ‡l mt_g_ _fŠnn' bias b[t‚he\[h lhchn_as 0
_t_l n[he†n_f_m mce_nhƒg[ p[h m _t_ee†tˆf ]m[e 0.2 lƒmt_mˆf ien[)
n‚m \[h7 bias _^^ca_fƒ' gc^Šh ]m[e 3 mce_nhƒg[ cmeif[ p[h b[t‚he)
\[h' bifinn f_a[f‚\\ cm 0,)h_e e_ff_h_ f_hhc_7 bias [ `_f_ lƒmt\_h
n‚lm[^[fgc ‡nih fƒn_mcn_h^Š chnƒtgƒhs_eh_egchn‚d‚of h_g [ 4 ƒp_m
^l‚a‚\\' b[h_g [ d_f_hnƒe_hs_\\_h if]m…\\7 gch^[t‚fn[f _f `ia[^b[n…
2 ƒp_m n[h`ifs[g‡ cmeif‚e )[fe[fg[m[e* Aasmt…p[f6 bias [t pˆas
`_df_mtnƒmƒh_e n_lgƒmt_n_m g_h_nƒn h_g [ e_pƒm ^_ ^l‚a[' b[h_g
[t if]m…\\ ƒm gchƒf n†\\ chnƒtgƒhs fƒn_m„nƒm_ gon[nd[ g_a*

Ic^Šh $[ gchcmtn_l ‡lh[e _ as†]_l_m_h bog[hom ƒm _aƒmtmƒa_m
„hnƒteƒ^ƒmƒl†f ƒln_mˆfˆhe' _asmt_lmgch^ ![ milie e†tˆf ecifp[mb[n…
[tih ƒlnƒe_m chn_h]c…d‚n cm b‚f‚m[h $p_mmtˆe no^ig‚mof' bias [776
„as hs_l_h^Š n[h_lŠe_n ‡d[\\ chnƒtgƒhs_e fƒn_m„nƒmƒl_ecp‚hd[ K
Ar]_ff_h]c‚d[ [d†pŠ\_h `il^„n[hc* >„tn[n… mt… _t [ n†lpƒhsb[n…m‚aie)
h[e ƒm †lp_h^_n_m d_f [ n[hof[nf[h mce_nhƒg[el[ m l_gƒhsn_fd_m l‚he'
mce_nhƒg[ n[hcn…el[' ece [ mce_nhƒg‚e n[he†n_f_t_nnmƒaƒn ifs lƒa_h
mˆla_ndˆe' ifs[hhscl‚ p‚ldoe' aZYXWVUTSRQPONMLKJIHGFEDCBA

= @ M J ^ M U Tcmg_ln_nƒm'HKKD R T D A \P Z K@ R %UTSRQPONMLKJIHGFEDCBA

++#

=nmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS jRY mt*cg\[h `_hnc _fg [f[nn _fe_t^_nn \cl‚f‚nigh[e miee[f `ihnim[\\

lƒmtƒn eƒj_tc _t_h g…mi^ce' p[ascm [ !I[as[l = -/ ?) ƒm Kfp[m…e†hsp* Eln[ 6

C†h]ts L€f* >l[cff_ l_h^mt_l_ mt_lchn [ p[eie ienon‚m‚l[ [fe[fg[tn[6 Icb[fce H[dim

mn\' ]tcg‹ n[he†hsp' g]fs_n [ `_f`_^_tŠdƒlŠf' [ mtƒj g‹p_fnmƒaa_f \„l… m [ eƒmŠ\\c

eil\[h ) m[dhim ) g_ap[eofn >l*ccff_l…f h_p_ttohe l†pc^_h -/l[cff_ l_h^mt_l‹ = -/ ?)

ƒm Kfp[m…e†hsph_e* = p[e >l[cff_ ‚fn[f [ g[a[ ) g_ln f‚n… eil‚\[h cl… pifn )

%
- * 0 $&m milmn‚lm[c mt‚g‚l‡ `_fn[f[fn _g_t [ \ ] b[n jihnh[e .' 1' b‚lg[m‚p[f* eƒn
/ * 2 *

_asg‚m g_ff_nn ‚ff… `ˆaaƒfs]m [f[e\[h p[f… eˆf†h\†tŠ _fb_fs_tƒmƒ\Šf m ]mijilnim g'
n‚m[\…f ‚ff*

J_g E]b_n ]ƒfig lƒmtf_n_m_h `iaf[feithc cnn' [ >locff_)Eƒf_ cl‚m)ifp[m‚m --E~)

^iton[cp[f' [tƒln ]m[e l†pc^_h f_ihmn[n[fig [tih f_a`ihni m[\\ nƒhsn' bias pifn[ '

eƒjj_h _t [t cl*cmlh…^ [ p[eie ien[n‚m‚\[h ƒj ifs h[as bil^_l _d‹' gchn [ Evn…)

as_lg_ehƒf m ‚fn[f‚\[h [ E[n…eh‚f [ e†t†hmƒa_m cl*cm' [g_hhsc\_h _V$-6 *b[mth‚fd[ ‰

[ n‚lm[cp[f p[f… E]p]f_tƒml_' [gohe‚fei^‡m‚\…f ec`ifs… d_ast_n_e eƒmtcnƒmƒl] m ‚f)

n[f[\[h _t _aƒmt ƒfn_ `ifs[g‚h `_fg_lofn `ihnim[\\ _m_gƒhs_e$ g_a†l†e„nƒm_l_* Ica

[ Gf_ch)Eƒf_ „l‚mm[f `ifsnih ]m[e aƒjc_m gohe‚n pƒa_t m [l‚hsf[a ca]h bimmt‡ c^Š

[f[nn' [^^„a [ >l[cff] cl[mg…^h‚f b[nb[n…m mt_l_j_ p[h [ eƒn e_tƒh_e ƒm [t _mtƒh_e'

[tƒln [ >l[cff_ cl[m _asmt_lmgchn g_gilc‚n eƒjtŠ' g_ln [ b[n jihn\…f [t _as_m

HKYmQ̀ ilg‚f‚m[bit g_aecp‚hn[n… _asmt_l‹\\ !!$[as eigjfce[fn[ \\ jihnmilit[nie

\ctnim no^‚m‚n ecp‚hp‚h' asilm aih^ifei^‚ml[ eƒmtn_n m _asmt_lmchchn [ f_a`ihnim[\\

n[jchn‚mc' ƒltƒe_fƒmc _mte†t *

Œ
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90zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA>l'fcff_i`ƒf_ *c‚m)inp[mvmy' gchn) *n[hcn[h^…])l_h^_m)` on‚las [V$'yEO@1 ** $ƒp\_h

f_nn \_bitp[ [ p[eie chnƒt_nƒ\_ m _t_h = > ?)ƒm ifp[m…e†hsp$ *]fŠmt†l* [t*P*$6 ,.t)

n‚fs\[hƒlpƒhs_m‹f' $[g_hhsc\_h [t'$ _fŠeƒmtcnŠ imtn‚fsb[h _t gƒa h_g* n[h„nn[nce

* *P†\\mt†lc aih^im ‚nn[hofg‚hsit‚m on‚h' ^_ )g_a gchn [t* -* imtn‚fs _t$ c^Še

*mt_lchnc* p_t_nŠdƒh_e' [fe[fg[g *pifn [ n[he†hsp as[eilf[nc b[mth‚fb[n…moa‚l…f cm g_a)

$asŠtŠ^ƒmn mt_l_th_g' g_fs_e on‚h hsoai^n ƒf_ee_f loih^b[nilh' bias mt_ltŠ

^_l_e[m gohe‚n pƒat_nn' g_fsh_e gch^_h mil[ ˆasmt_l_n_nƒh_ecm `ƒhs_m•fE6fQ)

m‚a[* = \_n‹ecmg_ln_nƒmƒhƒf e_l[hnm_g '[ C†h]ts)`ƒf_ mill_h^_n e†p_nc' g_ln bcmt

_tn h_g cm n_b_nn_' gcp_f cnn [t _as_m \_n‹e_n [fein… jihni_memce g_hhscmƒa_' [tie

]fb_fs _$tƒmƒ\kf6 $_mijilnimcn‚m‚\…f fƒnl_d†nn [f[eie e†hhs_\\ ƒltƒe_fb_n_m…n e_ff_nn

mt_g c_f…nn n[ln[hc[' [ gceh_e e†p_ne_tnƒ\_h [ g‚l$ cmg_ln_n_nn \_n‹e\ŠfhgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAD F ` R XD Md I

R XN KH& h(L N M C @ SN J*O N KU@ R L _ M WN Jmt_le_mtnƒmƒl_ pifn on[fp[ m _t ca_h n_lgƒmt_n_m cm*

Ot_ltŠh_e _t_h p‚ff[f[n[ mtƒj_h mce_l‹fn' g_ln mt[p[e[n' gih^[nie[n hoh^_h ‡d

\_n‹ cmg_ln_nƒmƒhƒf ) [ lh_fs_e_n mtƒj fiaceom mill_h^\_h n‡l*as! )' e_ffŠ g_hs)

hscmƒa\_h* bit `_f m [t ifp[mg‚hsie [fein‚m‚n* cm mt_l_h]mƒm_h if^inn[ g_a* Js_f)

p_t_n_ [fn[f‚\[h d… 7' ‚ff[g)_ff_h_m ecnƒn_f_e_n h_g n[ln[fg[t*

=gca ***[tih\[h [ e†hsph_e d…m‚a‚n [ g[a[ _aƒmtƒ\_h _fcmg_l_g' h_g

b[ffa[nb[nie _f _as_m bc\‚e[n m_g' g_fs_e [ mt_ltŠn n_lb_fce oas[h' ^] [ g‹ d†pŠ

ec[^‚m‚\[h _fe_lccfb_n…e f_mth_e*

N‚g nmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0(D _aƒmt g‹ _as `‚l[^m‚aa[f m h[as aih^^[f †mmt_‚ff„ninn c M _ KKbgohe[

b[n[m‚p[fp[h m [ ]„gf[jih gƒacm _t p[h6 !cln[ C†h]ts L‚f!* R[ ddih `iaf[feitinn)_

_as[fn[f[h [ \if^iaofn h[ash_po j[_^[aiaom [ p[eie ien[n‚m ‚p[f m `Šf_a j_^ca

*otieh[e *>l[cff_ * l_h^mt_l‹ „llcm)ifp[m‚mc n[hn[las‚p[: At on…\\cp[f ) mt_lƒhs hƒ)

t_n_lh* mt_lchnm))$' [fcab[* Icƒln b[mth‚fd[ `_f n_b‚n mt_ltŠ g‹pƒb_t C†h]ts h_pƒn;

= C†h_ts hƒpp_f [e[ln n[f‚h h[asi\\ ƒlnƒe_n mt_l_thc g‹pƒh_e; =p[as [tih _as)

j‚l ifp[mg‚hs gc[nn' [g_fs_n C†h]ts e†hspƒ\Šf pƒp_' [ p[eie mt‚g‚l[ ‚n[f[e„ninn ;

=p[as n[f‚h mt_lƒhsmƒa\Šf;

H_as_h \‚lgc [t ie' h_g* e_l_m_g nip‚\\' _as_n [tih\l h [ n‚la scf[aimm‚a

ƒl^_eƒ\_h ec e_ff d_f_hn_h_g' bias@ ED M SH Jc M WU @ U@ JN J N KC @ S@ R @ SD Q ` M @ K@ O UD Sf &

d SSc Q f L g &m [tn bcmt_g' [ mt_ltŠ diaa[f b[mth‚cb[nn[ pifh[ †h‚ff…[h mod*cn h_pƒn*

Qas[h]m[e bc\‚h[e n[lnig' bias mt_ltŠ [ \_n‹e fiaceom cmg_ln_nƒm_ e_t\_h `_f

h_g$* p_nn _as)_as *ifs \_n‹n' [ g_fsl_ n[f‚h gƒa h_g e_lˆfn pifh[ mil' ^] as[eilc

bffvth‚f[n[ gc[nn ]m[e e_pƒm c^_ca hƒfeˆFc6ctb_nŠ [ b_fs_mgih^[nmt_le_mtnƒm_ehƒf*

Efs_h* \_n‹ jf* [ !t! g_fs_n ]m[e [ .0* ,f^--,h cmg_ln_n' [ gc gc[nn _fŠ\\ ifs

*gih^[nie `il^ofh[e _fŠ' g_fs_e\Šf h[asih ecƒltce [t ![t! h ƒp_fŠ bc‚hs[7 „as [

5* -* _ -f-,h^[nh‚c6 !Afc[ [\f[e\[ ‚ff!' p[as [ 5*-* !=\f[e [f[nn An_f g_as!* Ich^)

eƒn gih^[n b_fs_m_\\ pifh[ „as6 Aff[ @ X [\f[e\[ ‚ff7 0X [\f[e [f*nn An_f g_as*

= +*(& -** [t ! M ! ( \_n‹ cmg_ln_nƒmƒhƒf _ gih^on 6 !G‚fg‚h g]hnƒd] ‡d' [nsd[ >o^‚h

p_nn_!' di\\ pifh[ „as6 7 _ KL _ M L D M SD IDd I& @ SWI@ UD SSDKHT C @ M &12* -* [ !j! \_n‹)

hƒf 6*7'=t ‡l b‚t[n ƒj„n*! Ot_lchn_g [t ‡l ƒj„nn_nc m[eŠlhc p_m ƒj„Oc [ b‚t[n* =fc*

-** !G`fgƒhs nƒf p[h! mn\* ca_h bimmt* gih^[nd ƒj_h$ „as [ $-.* -** !Enn[ ece_f_ !

mn\* e_t^_n‹ cm* G_lˆfhc e_ff_nn' pifh[ gƒa [t „fsbimmt‡ gih^[nie b[mth‚f[n[n' g_ln

f[mm[h' -f-876as gƒa [ `ieih 6e_t^_ fF_h *[ty ifs' m‚m m „as_f`_f_dnc *[ as_llh_eot

**_f_dƒn' *gcl_6wgih^[n' pƒaf/l_yƒl*

=* g‚mi^ce \_n‹hƒf $f`il'[cE-LX8 )'ng6%,-f- g‚l [ cjihn*cmlh_ln]nƒmƒn7 di\\ f_nn pifh[

[tn ]m[e [ !^! \_n‹hƒf' [tt[f e[j]mif[n\[h vf-f„n[hc' [ --* - * g‚l jihnimp_mmtŠn

**Xb[vthcXE'* Ot']lch'X_h$f87t *cm6 eK&6$uf'j!cX?‰-Ada ƒ[676ƒlnc$g_-$0 y'?hs*Xffpn'h-6$ƒ0hU6cf*ab5- 6$bch]m_h_e

'jFƒa _t_h$ [* `ieih' {fn[f‚\[h pƒp_c_aƒmt_h ecy e_ff_h_$7_hhc[t -* imtnIs7ncf*h[`fs6')

n(
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a‚\…f [y jihnimp_mmtŠ cmg_ln_nƒmƒn' gcp_f [hh[e b_fs_m_h p[f… b[mt h‚fb[n‚mo' \Šp_\\

hs_fpn[hc cmg_lƒn_n ecp‚h* *nmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
( :

* *Jsig^[bc\[ ca_h mie p[h' gcƒln cm ]m[e _asj‚ln _gf„n_e W_f$ [ fƒhs_a]m_\

y\_e\Šf* Efs_h_e6 =\o\' =e‚e‚\[' _t_eh_e eˆf†h e_ff_h_ }lp[ yf_hhc†e* Pip‡\\‚

eoeo]n'IHGFEDCBA$: B : 1 3 = ; b_fs_nn7 `‚bit' 58F7 = D b_fs_nn mn\* Oie b_fs_h [ $m[…e e†tn *hch]m

g_ab[asp[ [ mt…n‚pifm‚a' g‚monn [t _as_m \_n‹ehƒf _as)_as jihni]me[ p[as _aƒ)

mt_h bc‚hstce' p[as [fca ƒl_tb_nŠ' [ gc gc[nnLY as_lg_e `_hh[e[^7 jf* [ .1* -*

!t! \_n‹hƒf 6hgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAXTG @ M &_ mt…\[h [ G h_b_t_h' [t @ƒj_h h_g ƒl_tb_nŠ7 p[as ! UH)HX! &

_ mt…\[h [ U C6 *F \_n‹\Šf [t -' [t 8$  " !!aZYXWVUTSRQPONMLKJIHGFEDCBA* " \Šf [ 0' [ S' $Z / /, " \…f [$

.)Šm X]eS j jihni]me‚e [fca ƒl_tb_nŠe mn\* mn\* {fn[f‚\[h pƒp_ cfs_h_em _t_eb_t

b[m…hf…e' g_fs_e ‡as [t _as_m mt[p[eh[e' gchn [ gih^[nieh[e d_f_hnƒmƒn *g_a)

p[fnitn[nd‚e' _f`_l^„nce m [ as_hh_e hs_fpn[hc cmg_l_n_cn^†hnce f_' h[as $mt‚g\[h

p*chh[e' gcƒln cm n[h‚]mim $_mt d†pŠ\_h [ eill_en ol[ ‚f^‚mim pifn‚p[f ƒfhc*

F… pifh[' b[ [t onifm… f[j ih' bif [ \_n‹e' }l‚m ƒm mtlcgd_f_e p[hh[e *`_fmi)

lifp[' [t _as_m >l[cff_ \_n‹e [f[nn inn ‚ff[h[ [ g_a`_f_fŠ Gf_ch)`ƒ*_ \_n‹' g_ln „as

[ as_lg_e mtˆemƒa _m_nƒh' b[ _m_nf_a _asce p[as g‚mce >l[fcf_ \_n‹n _f`_f_dn_nn_

pifh[' e†hhs_h no^h[ g[a‚h m_a„n_hc*

At_eh_e ecd_f_hnƒm_ on‚h h_g gof[mtnb[nig _f' bias †l†g†g_n ƒm _fcmg_lƒ)

m_hn_n h_ `_d_tt_lh ec [ mt_ltŠh_e [g[t ƒl^_gƒƒln' g_fs_n [ >l[cff_)l_h^mt_l b[)

Œ t [he\[h p[f… g_abihim„n‚m‚p[f pcpinn ec g[a‚h[e* I‹p_ ‡nn†lŠ7 [t on‚ho e†p_n)

e_tŠ g‹p_e _\\_h g‚l \ctnim n‚lh[mtl[ n[f[fh[e ƒm „as e†hhs_\\_h [feinb[n…e 7

gcƒln cm _ g‹' +++EA;A@ 1 Q @ He D Q D M C R XD Q M D J G @ X@ M M A @ M U@ Kb # @ K@ O UD Sf N R XKN O JN T D &

c Q c JQ D M @ F WA D B R D R D HA HQ ( ( < c Q c J ;_ M C N Q (

4 @ V @ H G \P D J %

- 1 > < < : d_f_h mt[g‚n `ƒ`„phsc n_ld_^_f_gg_f g_ani$^innoeƒmg_ffƒ ) `Šncmtn_)
f_h^Š Lcp‚l Eah‚] ‡lh[e' [ p[eie ilmt‚aim chnƒt_n_ ca[ta[n…d‚h[e mV}p_mmƒaƒ\Šf)
[ p[eieh[e >l[cff_ l_h^mt_l‹ != > ?!)dƒn ]m[nifdoe*UTSRQPONMLKJIHGFEDCBA

/ ?D ?GLH;F? AQ GLQ D ;HD K?BJND PHNG> K@ R R HB RCsof[ p[ff‚m) ƒme†t)
ien[n‚mˆasc gchcmtn_le†mt†h_nƒnhscfp‚h„ninn[ [8 N Q _ M SEEW ? R T D R @ M M @ '

_as_mˆf_n _fh†emƒaƒh_e [tih [fe[fig\…f' bias[mce_nhƒg‚e \o^[)
j_mnc cmeif‚d‚h[e /. mt_aƒhs milm‡h†p_h^ƒe_n `_flob‚tn[* = h_p_)
t_nn _as_mˆf_n oas[hcm [ e[l‚]mihsc ˆhh_j_e [fe[fg‚p[f 3 _p* l_`*
p[ff‚m‡' [ b‡mpƒnc ˆhh_j_e [fe[fg‚p[f j_^ca .1 g‚m bcn`_f_e_t_nb_t
n[lnit… mt_aƒhs milm‡ mce_nhƒg[ as_lg_eh_e [^inn &&L D KD F Q T G _ S(!

/ ; = ;FT GPHOG ƒm A?D ;J ;LOG# = p[ff‚m) ƒm e†tien[n‚mˆasc lhchcmt)
n_l 1 N Q A ` KW ;_ M C N Q S&[ mce_nhƒg‚e \o^[j_mnc cmeif‚d[ p_t_nŠ n[h‚l‚n
‚ff‚m‚\[h HF @ XF @ Sb 'S@ M _ Q H]„gg_f g_a_lŠm„n_nn_7 )< ^ 6  #c J3 WT K_ S&

[ bˆfsƒe ilmt‚aim chnƒt_nƒh_e n[h`ifs[gb[ffa[n…d‚n j_^caoas[h)
[bbit [t chnƒt_nb_t [ Tf)ce `ct_nƒmc l[haimtn‚fs /* `ie‚\[' ) ec)
*h_p_tn_** *l

(  2 L ;F;H;H ;= K ;GS B;H NBH8B BOH;GPH;HH!DˆfsƒeI_hb‚t‚!)h[e
ˆhh_jƒfs_m g_ahscn‚m[ g‚dom b… f)0')ƒh n†lnƒhn _fŠe_fŠe†t†hmƒa
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d_f_hfƒnƒ\_h* =t ˆhh_jƒfs jlial[ggd‚n hgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 ]6 JD 3 WT K_ M `‡lb†fas f_fe_m
mt[po g_ahscn… \_mtƒ^_7;B G D Q D Q YR HU_ Mncne‚l [fe[fgc \_mtƒ^_ m
pƒaˆf$ 4 D Q HB G 6 Y_ Q N KWZ ` &‡lb†fas t‚l… mt[p[ceƒj_tnƒe' [ g_fs on‚h
[t chnƒt_n n‚a[m b_fscmƒa_cn m [ g‚l ‚jif‚m\[h! lƒmt_mˆfŠ bˆfsƒe_n
hƒtnƒe gAca $[ p_h^ƒa_e* =t ˆhh_jƒfs_h cmd_f_hpifn _fŠe_fŠb†fas_e
f_fe_m n‚gia[n‚m[7 [ \_fˆasgchcmtnƒlcog ƒm [ `Šp‚lim g_f_aƒl^_e)
fŠ^ƒm_' [tn $bcmmtˆe' l†pc^ c^Š [f[nn f_b_n†pƒ n_mtc' bias [!>ˆfsƒe
g_hb‚t[! [! \ƒlb‚t\…f* g_fs\_h d_f_hf_a p[h' [ !Ot_l_n_n! _ as_mˆ)
f_n* nof[d^ih‚n eƒj_tŠ ƒjˆf_n\_ e†fn†tb_nce‚n'UTSRQPONMLKJIHGFEDCBA

4 @ H8D AQ D KJ ;A J8AE A GLNC NF8#Icb‚fce H[dimh[e [ p[eie il)
mt‚aim chnƒt_n_ n[h‚l‚h[e ) gchn †l†gg_f ƒln_mˆfˆhe ) [ e†t)
ien[n‚mˆasc gchcmtnƒlcoch /.*-23* mt‚g [f[nn ‡d[\\[h cmgƒn eƒn n[h)
e†hspƒn$ `ia[^n[$ _f ƒm eˆf^†nn_ f_ [ p[eie ilmt‚aim chnƒt_n_ ca[t)
a[n…m‚a‚h[e echs…g[n‚m pƒa_nn* Ich^$ eƒn eŠhsp [$EE)ce imtn‚fs
mt‚g‚l[ eƒmtˆfn ƒm j_^ca [t _asce [ Gf_ch)*' [ g‚mce j_^ca [ >l['cff'_
l_h^mt_l mt_lchn p[h „lp['

4 @ ?FA8"C ?D HNA#G_f_g_h Eah‚] e[ln‚lmohe' gchn`h‚l f[johe)
\[h cm g_a_gf„n_nnˆe' n†\\ ‡d cle[)gchn‚n gon[ninn \_ [ e†tien[n‚m)
ˆasc gchcmtnƒlcogh[e* At_h cle[)gchn‚e[n [ gchcmtnƒlcog [bˆfsƒe
n[he†hsp\cl‚f… \ctinnm‚a‚h[e \„l‚f‚m pƒa_nn ec[^n[ m_hh_e$ _as\_)
b[hat… pƒf_gƒhs_ [f[jd‚h ) [ \_[^inn „le[)gchn‚e e†tˆf ) e_nnŠnnmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe
bˆfsƒe ƒm as_ha_ _fgƒd‹_e' p[f[hcchn[ l†pc^)ƒm as_ha_f‚n…e mt‚)
g‚l[ p[f…e[n /.*-10 mt‚g‡ l_h^_f_nƒp_f _ha_^ƒfs_tn_ ƒm [tie b[mt)
h‚f[n‚n [ eƒj_tb_nŠ bˆfsƒe ilmt‚aim chnƒt_nƒ\_h _fl_h^_fn_*aZYXWVUTSRQPONMLKJIHGFEDCBA

1 D Q V [ C G HA Z J F U ] F U \R Z Q Z P ] K R @ P R N R R E D KN KT @ Q Z Q N J %D_li^_e G‚lifs e[l)
n‚lmohe g‚dom .')‚h [ eifitmp‚h n[hcn…hŠeƒjtŠ\_h' O]bŠh >_lh‚n asŠlc n[h„n… j_)
^ca ) ec ^[^ia…e ƒm b_\_aŠe ien[n‚m‚l[ cm eƒj_mcnp_ p[h ) [ asŠlpc^ƒec
n[h„n…_as_mˆf_n asŠlce†lƒh_e g‚l]com b[p‚\[h l[lninn asˆfƒmƒh [ \_mtƒ^bc\‚e
as…ascn‚m‚l…f `_fifp[m‚mn n[lninn[e*

0 Q V @ J R @ M Z B Q L Z I S Q ( & %X Z M X F U a K[ Q 6 R @ P R N R R %= as‹fƒm n‚las[c )) gchn
ƒln_mˆfˆhe ) [ eˆf`†f^c n[hofg‚hs‡nc m_aƒ s_tƒm_e cl‚hn \_hs‡dninn eƒlpƒhs_e
]fchn_tƒm_ 7 [ n_g_mp‚lc chnƒt_n mt_lp_t_nc mt[\‚fst[n‚h[e n‚las[f‚m[ ƒm `ifs…)
ˆas_e pifn[e*

0 F U D P L D J T [ C ` J N M F P D Q Q S Qas…asj[_^[a…ac[c mt[eimtn‚fs‚h[e `_fbcp‚)
m‚l[' ‡d[\\[h fcp‚l Eah‚] d_f_hn_nn \_ v [ p[eie ˆasƒlŠf ) `_fifp[m‚mn*6v

( GL;= OD KGE FGR <T JNFE G?! ?BB;HT GO= U !> S BK; OG = K;D = ; ;BC O@U
as_lg_e_elŠf _^^ca ifseƒj_h$ n†lnƒhn aih^imei^‚m' bias b[X]k'

fŠce h_g pifn[e eƒj_m_e _fn[ln[hc bˆfs_' as_lg_e_ce_n' [ mt_aƒhs_e
b‚t‚\[h b_fs_tnƒe _f Še_n' n_echn_n hƒfeˆf [ll[' eƒj_tb_nŠe)_ p[as
m_g' At_h chnƒte_^ƒm ‚fn[f [tih\[h [ `Šp‚limc cff_nŠmƒaˆ'J` O D XG D Sf

G HHKW` KV f Kg_a`_f_fŠ_h aih^imei^p[ h_g pifn' $[g_hhsc\_h ien[n‚m)
\[h _as‚fn[f‚h h_g lƒmt_mˆfn_e* At_h mt_l_h]mƒnf_h_e d†pŠd_ ƒl^_)
eƒ\_h [mtƒe_m`Šp‚lim n†lpƒhsb[n…m‚a[ _fb[n‚litn[' bias [hs[ac
_l_dƒb_t gƒln_h ‚f^it[nin bit' m e†tˆf†e _as_fŠl_ -,)_n @ J` O D X'

G D Sf G e KW` J_m F W` M F D D KL ` Ie D J9 #R X_ &F #N R HM S` XD S` A D M`ia _fb_fs_thc*
= n[h‚]m _t$ cl‚hnc mt‚h^ƒe‚n g‚l \_' cm d_f_hn_nn_ [ h[asgƒfn…m‚a‡
p[ff* ƒm e†tien*gchcmn_lcQgh[e m l_gƒfb_nŠ' bias [ hg*gchcm)
n_lcog' ec eˆf†h\_h cm mtcpƒh bil^d[ *Œ*_t ˆas `_df_mtnƒmƒn' [ `Šp‚lim
[d‚hf[n‚n _f`ia[^d[* ) = bˆfsƒe chnƒt_n_ [tih\[h [ -, `Šp‚li mc
bˆfs_ as_lg_e_n$ [t chnƒt_nc h†p_h^ƒe_e fƒnmt‚g‚h[e g_a]mil\„n‚m[
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hƒfeˆf h_g no^d[* _fb_fs_thc' ‡as bias* ) [gchn b[ffdoe ) _t [t
_m_n gchn_as cgjofmomn mtifa‚fn[n *[ll[ hƒtp_' bias* [t chnƒt_nh_e
n_lp\_ p_nn ec\Šp„nƒm_ gchƒf _fŠ\\ _mte†t†fn_mmƒe* *UTSRQPONMLKJIHGFEDCBA

- ?HS D H;H;HHnmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAXOQKYTfSG'YGTUTI( P[on_ Fi[ecg ' ]cjƒmtn[hih]'
Gifitmp‚linn [t cj[limn[hih]ie ec‚ff„n‚m‚h d_f_m lhohe‚d‚ƒln _as
[l[hs[n m ^c]mƒlŠ ief_p_f_n e[jinn* P[on_ [ eifitmp‚lc mce_nhƒg[)
chnƒt_n _asce f_adi\\ h†p_h^ƒe_ pifn7 Š ˆ^p†t†fn_ [ecl‚fsn cm' gc)
^Šh [t chnƒt_n_n g_an_echn_nn_* Iimn [t ƒf_n cmeif‚d‚\[h mt_^c [
\[\ƒlie[n7 [t _fmŠn m n[f‚h [ f_a_gfƒe_t_n_m_\\_n [eifitmp‚lc cj[l)
n‚lmof[n dolsd_ [^n[ i^[ h_ec*aZYXWVUTSRQPONMLKJIHGFEDCBA

7 P D S O K < @ P N KR @ A S C @ O D Q R Heƒmcgohe[ R @ M HR ] M ]eiff_a‚he[n [tih mofsim
]m[j‚m ƒln_' bias -5 ƒp_m eil‡ l_gƒhsn_fd_m LYpƒl_' g‚dom bŠ .0)ƒh _fbohsn*

< @ I M Z K@ R N Q A @ KD Q D R P ` K [ P R D Q _ K_ M Jf[johe t‚ln[eil* Lcmibcha_l J‚h^il e[l)
n‚lmohe 4 ' [ p[eie chnƒt_nƒh_e t_h_n[h‚l[ ) _as e_lƒej‚hih n_nn ecl‚h^‡flcmih
ifs mt_l_h]mƒnf_hˆf \oeinn f_ e_lƒej[ld[l…f' bias _mtgƒf_nf_h ‚ff[jin\[h pcnnƒe \_
[ g_hnŠe [t od)j_mnc G‚lifsc eƒlb‚t\[* Ot„p\Šf …b[dn doe' bias gchƒf _fŠ\\ ƒj
_aƒmtmƒa\_h ˆ^p†t†fb_mmˆe e†lˆhe\_h*

3 T V Z P ] T HV Q F Z K@ R %H[johe t‚ln[eil p_mmtˆe gƒa [tih ƒln_mˆfƒmn cm' bias [t
ƒpt‚l… pctma‚e [ as…asj[_^[aiac[c chnƒt_n_e\_h [ e†p_ne_tŠ mill_h^\_h n[ln[nh[e
g_a6 dohcom -4)‚h [ eƒj_tb_nŠ b‹fpƒe ƒm as_ha__fgƒd‹_e chnƒt_nƒ\_h ƒm [ mce_n)
hƒg‚e e[jimp‚lc cmeif‚d‚\[h7 -5)ƒh [ p[eie chnƒt_nƒ\_h7 vK)‚h [mce_nhƒg‚e
\o^[j_mnc ‚ff[gc cmeif‚d‚\[h7 ..)ƒh [ n_g_mp‚lc chnƒt_n\_h7 .v)6„h) )[t [l[^c cmei)
f‚\[h7 .1)ƒh [ eifitmp*cl„ chnƒt_n\_h R‚]inn [ hscfp‚him pctma[) _t ƒp\_h ecpƒn_)
f_m_h _fg[l[^' b_fs_nn_ imtn‚fspctma‚f[nie n[ln[nh[e .0)ƒh' .3 )ƒh ƒm .4)[h* Qas[hcnn
[ n[hcn…eƒj_mcnŠ pctma‚f[n }l‚m\_fc lƒmt_ .0)ƒh' [ mt…\_fc .2)‚h n[ln[nce g_a* = `Š)
p‚limc chnƒt_n_e pctma‚f[nc \ctnim[ [ eŠtjihnn…f eccf^_nce ec7 Gifitmp‚ln Lcp‚l Ea)
h*c]t 7 G[jimp‚ln' P]lh_mp‚ln ƒm =l[^ih >il\ƒfs O‚h^il f_mt * = p‚]c \ctnim ** mt_)
gƒfsƒl_ eƒmŠ\\ `ia b[n‚lithc [ gchcmtn_l*
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4 @ KZ KN V Z Q .@_onm]b Fi_f [ \ƒ]mc ctl* mce_nhƒlh[e chnƒt_nƒh_e hsoa[fg[)
tinn ca[ta[n…d[ g_ab[fn*

# 4 @ AQ D K7J#;A '#!!@[m P[o\mnogg_*h6\cf^ohamq_m_f- ch ^_h R_l_c)
hcan_h $On[[n_h Jil^[lh_lce[m*! *

Ach *N_cm_\_lc]bn ohq̂_cn_l_n >_fnl[a tol Osmn_g`l[a_ pih
F* D_c^mc_e* G[jb[n… [ mt_lt†hƒf >ilimtf…\[h*

;( R[nn_l6 @c_=om\cf^oha7^_m P[o\_mnogg_h ch* ^_l H[on)
mjl[]b_' fff* Pb_cf6 @_l Ojl[]bfc]b)`ilg[f_ %al[g[ncm]b_& Qhn_llc]bn*
{l[ / I* 1, j`* G[jb[n… 6D* >_]bif^h[f Bl[he`‡ln [ ** I*)\[h*

3 8D <E BK8C = K;D = ;H;> ;HGO= S ;A YGTOYfR((GLNC NF8# Vˆlc]b\_h [
`ifs… ƒp n[p[mt‚h n[h`ifs[g in fƒn_m„n_nn_e ifs n[h„n…eƒm n[h„n…hŠe
mt‚g‚l[' QOQ[ *ecm_acnŠ imtn‚fsie\[h gˆe†^lz `iah[e* = n[h`ifs[hc
b[ffa[n…ch[e mt‚g[ f_a`_fd_\\ -,)-. f_b_n' eceh_e e†p_ne_tŠ ieg‚)
hsiee[f e_n _ff‚np[ f_hhc†e6

1 " n[h„n…c ief_pƒf'2 " eƒn ƒplŠf p[f… g‹e†^ƒmc \ctihs„np‚hs _as
imtn[nf[h _f_gc hƒjcmeif‚\…f'hgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAD I [d‚hf… f_pƒf g‹e†^ƒmc b_fsƒh_e
cmeif[mtƒeƒlŠf*

= n[hn_lp _fgƒf_nc ƒm as[eilf[nc lƒmt\Šf ‚ff6
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1 " =t [as \ih_tn[h[ _aƒmtmƒa_m ƒme…lim ‚ff[jin\[h* =t _as_m
[asn_lˆf_n_e jbcmcifiac‚d[* >_mtƒ^bc\‚e 6 %^[^ia‚m' b_\_aƒm' b[ff…)
hƒg[m‚a& @_a_h_l[nc…m nˆh_n_:=

2 " = f‚n‚mc ƒm b[ff‚mc ƒltƒe j[nbifiac‚d[ ƒm \_`ifs‚m[ [ mt_f)
f_gc n_pƒe_hsmƒal_*

3 " Hƒf_en[h' h_p_fƒm) ƒm _aƒmtmƒan[h eˆf†h†m n_echn_nn_f [tie
mt_lp_tƒmƒl_' p[f[gchn [as_ha_n_b_nmƒa eˆf†h\†tŠ `ie[cl[*

%=t _as_m *_fŠ[^‚miee[f g_a\_mtƒfƒm_e cm p[hh[e †mmt_e†np_*&hgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 W@ JN Q K@ SH Q ` R X/

1 " P[h„n‚mc as[eilf[nie [ ecm_a„nŠ imtn‚fsie\[h*
2 " P[h„n‚mc as[eilf[nie [ mce_nhƒg‚e* p[eie' bˆfsƒe' as_ha_)

_fgƒd‹_e ƒm _jcf_jnceomie cmeif‚c\[h*
= n[h`ifs[g _fgƒf_nc lƒmt_ ^ƒf_fŠnn' as[eilf[nc lƒmt_ j_^ca _-ƒf)

on‚h p[h*aZYXWVUTSRQPONMLKJIHGFEDCBA
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2 ?A ;HD OC NA E F= 8D ?: I G > ?9 N?@l* 3 _ L _ M 1 ` K@ `ˆf) ƒm aƒa_)
ilpim mj_]c[fnmnh' n[hofg‚hsc pctma‚f‚m [f‚ p_nn_ [ eifitmp‚lc mce_n)
hƒg[)chnƒt_n h†p_h^ƒe_cn* = pctma‚f[n hsig‚h mie ƒl^_e_m mn[oof)
m‚aim _m_nl_ \oee[hn*

C‚g‚h ^l* [ e†p_ne_tŠel_ n_ld_mte_^ca ec pctma‚f…^‚m[c\[h6
[ `ˆf)' ill)' nilie)' aƒa_) m [ b[ha ]mihnp_t_nƒmƒl_*

= as_lg_e_e n_echnƒfs_m j_l]_hndƒhƒf [ e†tƒj`ˆf\_h [ ecmmƒ
big‚fsim' \_b‡t…^inn ^i\ b‚lns‚h Qg[kRm_ggc l_h^_ff_h_mmƒa_n m_g
ƒmtf_fn* Gƒn `c‡)h†p_h^ƒehƒf n†eƒf_n_m_h` O ^i\b‚lns‚n n[f‚fn' gch^)
_hh_e ^[]‚l[ niemce_n_e*

=t ill\[h n_echnƒfs_m mt‚t[fƒfg‚c lbshcncm bsj_lnlijbc]‚n ƒmtf_fn'
_t_eh_e ]m[e ec]mclƒmt_ h[t[fclit*

= nilie\[h hs_fp) ƒm nilienihmcff[ [\hilgcn‚mie' n†\\hƒf j b[lch)
alcncm al[hofim[* *

= aƒa_ l_h^_m' ecpƒp_ _ashƒb‚hsƒ bsj_l‚gc‚m* =^_hic^c]om
p_a_n[nc…e ƒm hsig[c n†\\ as_lg_ehƒf eihmn[n‚fn[nn[e*

= eijihs[) ƒm `ˆfg†a†nnc j_l]_jnc…' b[hapc-f‚p[f _mte†t†fn ec)
mƒlf_n [f[jd‚h' [ f_an†\\ as_lg_ehƒf _aƒmt \ctnim* = ^_lˆfn [l]
\ctnim gƒlnƒeˆf mtifa‚fn [t ƒlt_n j_l]cjc‚f‚m‚l[*

At ƒl^_e_m pctma‚f[n `ifs[g‚h mtŠhs_al_ e_lˆfn _as b[ff…]mŠ
\_mt_ltƒm_ cm7 [ mj_]c‚fcmn[ ^ienil di\\ b[ff‚m‡ as_lg_e_ehƒf mtˆe)
mƒa_mh_e m ]tƒfbit p_t_nŠh_e n[lnd[ [ \_mtƒ^ ncmtn[m‚a[ m n[h„n‚m[
mt_gjihnd‚\…f*
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<( G* G[jimp‚l* H_p_f_^\_h `_fp_n_nn eƒl^ƒm_el_ ]m[e eƒmŠ\\ [^b[nohe p‚f[mtn* •^p†t)
f_n [ n[hn_mnˆf_nh_e ) D* F%*Gifotmp‚l' =t …l[n†\\f_n ^„d[ [t _aƒmt mt„hpih[cih ) …l‚heƒhn )
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= g‚mce ]tcee ) gchn f‚ni^ ) g‚l eƒmŠh d†nn*
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