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/, ?_he‰ Iil•h^l„f [t F741+\[h g_ad_f_hn J[as[l cli^[fgc f_ rceih [
e‰p_ne_t‰e_n ƒld[8 !Johe•mm•a•h[e`‰ n_l‡f_n_ [ g[as[l hs_fp`‰f^l[dt ‚m
[t cli^[fgc hs_fp eon[n•m[!, Btn [ d_ff_gt‚mn g[ f‚hs_a_m_h\‰pƒn_hc f_+
b_nh_, €hh_j_fn‡he mie[n `iaf[feitce [ g[as[l hs_fp ‰mn…ln‚h_n‚h_e e‚l^‚+
m_cp_f) nip•\\• [ al[gg[nce•p[f, S[h g‚a _as g•mce `ihnim ec_a‚mtƒn‚m_g
cm, ?_he‰gfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) ( [tih e_p‚m g[as[l hs_fpno^„mbit n[lnitce) [ece mt‡e_\\ mt[e+
n_l‡f_n‡e…h eƒp‡f mtƒp‡e…h pcm_fce [ g[as[l hs_fpno^ig•hs‚m [ g[as[l
h_gt_nc no^ig•hs•a[e b_fst_n‚h_e ‡as‚n) \…f]m_h) g‚ln‚en[ln„[h n•gia[n+
d•e [t _t_ee_f `iaf[feit„e[n, G„g[a[g mt_l‚hs e‚j_mm‚a_cg h_e g_a`_f_f‰_h
`‰f_a [ hs_fpd•l•meon[n•mm[f n…l‰^…g) cas_emt_g [ hs_fpd•l•m+ ‚m h‚jl[dteo+
n[n•m e[j]mif[n[cn \‰pƒn_hc,

0, Jih^[hcp[f„g[n _as bimmt[\\ ?_he‰+c^‚t_nn_f e_t^_g,/76F g•l]c+
om•\[h ?_he‰ [ Ptig\[nb_fs_h n[lninn ^c[f_enif„ac[c mtcgjitcihih h[asih
mie b[mthim n[h•]min [^inn [ hs_fpd•l•mn[hc gihial•`c•e e‚mtƒn‚m‚b_t, Bt_e
e…t‡f gimn _as_n _g_f_e ec8 !>hh[e _ff_h‚l_ cm) bias ‚h [ hs_fpd•l•mieh[e
[ g[c b_fst_n‚n) p•fnit•mie\[h f_p‰ b_fst_n‚n n_echn_g) bias _hh_e pctm+
a•f[n•n n[lnig _fm‰l_h^‹_h `ihnimh[e) [t‚ln h_g t•lh•g ec n_fd_m_h [tn [
pctma•f[nc f_b_n‰m‚a_n) [g_fs + bias †as gih^d[g + [ hs_fpd•l•mc [f[jl‚+
n_al_) g‚fsl‚n_al_ pih[neitce, J]mn[h•\[h h_g _as ifs[h g_ ahscf[neit•mn
b[ffinn[g) ifp[mn[g) bias no^ig•hsn[f[h ^ifia e_l_mhc [t [ l]b[ctlhomie[n)
[tie n[f•h hch]m_h_e cm g_a) n[f•h ]m[e [t …l_a_e no^d•e g‚a ‰e_n mn\,
>tn bcmt_g) bias _t_e\_h [ g_ahscf[neit•mie\[h p[h \ctihsi m ca[tm•a) ^_
p[h n†ft•m cm, J‚a gch^ca g_a f_b_n n[f•fhc) b[ h_g cm gch^_h‡nn _as`ilg[
g‚ln‚e\_h %f_b_n) bias p[hh[e ifs[h pc^‚e_e) [e•l g•l `[foe cm) [bif g•l
_as•fn[f•h h_g) ^_ p[hh[e) [bif g‚a ca_h& [tn [ hs_fpd•l•mc [f[jl‚n_a_n)
[g_fs\‰f [ `_df‰^‚m [ e…ths_fp `_f‚ ch^ofn, Btn [t [f[jl‚n_a_n g‚a gch^ca
h_g]m[e f_b_n) b[h_g e_ff cm pctma•fhc + p‚f_g‚hs_g mt_lchn+) b[ g•+
m‚ln h_g) [eeil [ hs_fpc b[asig•hsg_hn‚m gc[nn ) bcmt_h _t_eifs[h ‚ln‚e_m
hs_fpc b[asig•hsie) [gce_n h_g pifh[ mt[\[^ p_mt_h^‰\_ b[ashc [t‚ln)
g_ln _t_e g•l [l]b[ctgomie) _t_e_n g•l mtchn_ !ec e_ff p_lhc! [ \_mt‚f‰e\‰f)
g_ln g•me‚hn [fcab[ cmg_lb_n‰e g_a) g_ln _t_e_n [t [l]b[ctgomie[n cmg_lce
[t‚ln) ‚m \ctihsim mtcno•]c„e\[h b[mth•fd•e cm) n_b•n g_a f_b_n n[f•fhc ‰e_n
[ g„^mt_l_m pctma•f[n \[h, K_e_g f_a[f•\\cm eil•\\c hs_fpd•l•mas‡dn‰ n[+
j[mtn[f[n[cg c^_ gon[nh[e) m h_g bcmt_g) bias [ g[c b_fst_n [hhscn) ifs[h
^l•g[c g„^ih p•fnitinn pifh[) bias cfs_h eon[n•mn g•l h_ f_b_nh_ p‚a_thc,
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A_ h_g]m[e [t‚ln pifh[ mt‡em‚a_m [ hs_fpd•l•mc [f[jl‚n_a pctma•f[n[) b[h_g
[t‚ln cm) g_ln p[f[g_fs n_l‡f_n) n_f_j‡f‚m hs_fpd•l•mc [f[jl‚n_a‚n no^ig•+
hsim mtchn_h) [ n_fd_m hs_fpc l_h^mt_l g_al[a[^•m•h[e ca‚hs‚p_f g‚a m_hec
m_g ƒln[ f_! %Ac[f_enif„ac[c Ptcgjitcih) SB>? {ln_mƒn‰ /760, FF, Pt_le,8
Pt[\„ D,) Jifh•l W,00+1&,

Kim _t_ee_f [ e‚l^‚m_ee_f `iaf[feitn[g ‚h cm /764+67 e…t…nn, K‚as [f+
e[figg[f …mmt_m_h h_asp_h h[jin n…fn…nn_g _f [t ˆlm‚a\_h, Hon[n•mc _l_^+
g‚hs_cgl‰f g•l e‚n b_fs_h cm d_f_hn g_a \_mt•gif„8 {mtl_p‚n_f_e [t ‰lm‚ac
hs_fpd•l•m †d[\\ eilc •ff[jin•l„f8 JKs, IUUUFFF) 326+33, O‚mtf_n_m_\\ n•+
d‚eitn[n•mn hs†dninn[g ‚m [ `ihnim[\\ hs_fpc j‚f^•e[n cmg_ln_nn_g >t ‰lm‚ac
hs_fpd•l•m g[c e‚j_ %> hs_fpc p•fnit•miel„f& ],_f‰[^•mig\[h8 {f‰hs_fpc n[+
hofg•hsie [t JQ> Ks_fpno^, Fhn‚t_n‚\_h /766 ien„\_l 3+4+•h l_h^_t_nn
n[h•]meit•m) Ichaocmnc][) P_lc_m > Pno^c[ _n Acmm_ln[ncih_m) 1, Pt_le_mtn_nn_8
?[fiab I,) Hihnl[ J, //1+0.,

> hs_fpc p•fnit•mie e‚l^‚m_ g[ [ g[as[l ^c[f_enif„ac[ e…tji hnc e‚l+
^‚m_, Bll‰f mie[h ƒln[e, E_fs bc•hs•\[h hch]m f_b_n‰m‚a_g [ll[) bias [
e‚l^‚m cli^[fg•n cnn n•las[fd[g) ]m[e [ f_a`ihnim[\\ g_ahscf[neit•mie\„f
_g_f_e ec h‚b•hs[n, ?•l]tc8 /, LH, SF) 64) A_g_8 Ks_fp‡he [ l_̀ilgeil+
\[h) /733, Pt_le, M[ctm) 6.) A_g_ + Fgl_8 J[as[l Qo^, /7$40, ‚pc 7, mt•g[)
Fgl_8 zfn, Ks_fp, SFfF %/750& 63+/..) Hcmm8 Ksl, U@SFF) /..+/1) Pt[\„ G,8
JKs, IUUFF) /..+/1) H•fg•h ?,8 Ac[fPtcgj, 07+12) A_g_8 oi, / 65+7/)
P_\_mns‚h z,8 Ksl, @S) 1/7+06) ?ieilG,8JKs, IUUSFF) 125+30) S‚ab8
ˆE>,) o‰,8JKs, IUUUFF) 71+7) o‰,8JKsd, UUSFFF+UUFU) 15+6) Pt[\„
D,8 Ksno^{ln, 36, mt, 165,

1, > J[as[l Qo^, /740, ‚pc 7, mt•g•\[h A_g_ I, ‚m Fgl_ P, e‰t‰m
n[hofg•hs\[h gon[n l• [ hs_fpd•l•mn \_mt‚f‰e !e‚nhs_fp‡m‚a‚l_!, Bt [tn cm
d_f_hnc) bias g[ g•l [ g[as[l hs_fpd•l•meon[n•m) [ hs_fpd•l•mc as‡dn‚m) [t
[^[nie g‚lf_a_f‚m_ miee[f h_b_t_\\) gchn j•l ‚pnct_^_ pifn,

>tn g•l l‚a„n[ b[haitn[n doe ) bias [ f_a_fm‰ `_fn‚n_f_ [ d„ as‹dn‚mh_e [t
[^[n e…tf…e ecp•f[mtn•m[8 ]m[e ‚ln_fg_m) gohe•he ]‚fd•n p[f„\[h ‚ln‰ j[l[mtn
_g\_l_ee_f mt[\[^ ^ifaithohe, K_g e_ff [t c^‰n m[dh•fhc [t cfs_h e‚j_mm‚+
a_ee_f l_h^_fe_t‰ [^[nmtifa•fn[n„e ecp•f[mtn•m•l[, >e[^‚gc[c h[as^ienilc
‚ln_e_t‚m_g\_h mie[n `iaf[feitn[g [ as‹dn‚m `_fn‚n_f_ch_e) jf, [ f‚f_en[hc[e+
h[e g_an_l_gn‚m‚p_F, ˆlcmt_hnj‚n_l_h [t on„\\c 1+2 ‚p\_h gchn_as b[lv h]
_g\_ll_f \_mt‚fn_g) %[t _a‚mt Llm‚a\_h 3. [^[ne…tf‰p_f& •g^_ ca[t•\[h Llc+
mt_hnj‚n_l_h 6+/. $pifn ecp•f„ \_mt‚f… ‚m p•f[mtif„ %h_g d_f_hnc j_lmt_ [tn)
bias [ e_p‚m\‚ d„ [^[ne‰tf‰e h‚b•hs g_ahscf[neit•m•n e_ff‰ elcnce[ ‚m g_a+
`ihnif•m on•h h_g f_b_n `_fb[mth•fhc&, {h †as f•nig) bias [ l‚ac d„ f[nch
mt„f•mn e_ff [fe[fg[thc8 Kih hog_l[hnol) m_^, jih^_l[hnol,

> g•l _gfƒn_nn [e[^‚gc[c h[as^ienilc ‚ln_e_t‚m_g !H[j]mif [nie [ d_+
f_hn‚mn[h) [ hs_fpd•l•meon[n•m ‚m [ h‚jl[dt e…t…nn! ijjih_hm_c) gch^ [b•l+VUTSRQPONMLKJIHGFEDCBA
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g[h ec_g_fce) bias bias[h mce_l‡fn [t ‰lm‚ac _g\_l_e n_fd_m\ct[fg•n _f+
hs_lh_g, Q[f•h h_g p_mtce ]cee_g ifp[m„c bcp[fei^•mh[e) ‰h^ƒ]m‚l_nh_e)
b[ _t_e e‰t‹f e‚n g_a•ff[jƒn•ml[ bcp[neitig, H•fg•h ?‚f[8 !Ptchn_ ]m[+
f•^n[ad[) ncmtn_f_n\_fc jifa•l[ f_nn ˆlcmt_hnj‚n_lh_e ‚me‰lhs‚e‚h_e, >^[n+
e‰tf‰ch_emilm•n cm p‚acaeƒm‚lb_nn_, Hcp•fia[nn[ [ f_ag_a\ƒtb[n„\\[e[n ,,,,
Mihnim[h e‰p_nc [ eccf‰h\‰t‰ b[han[hc ‚m hs_fpd•l•mc [^[nie[n) gch^_asc+
e_n [ e‰tf‰h_p‚p_f) e_l•p[f ‚m [ `_fd_ast‚m e‰l‡fg‚hs_cp_f %mjihn•h \_mt‚^)
e‚l^‚ml_ `_f_f_n) l•e‚l^_t‚m& _as‡nn jihnim[h `_fd_as_tp_ ,,,, Jcp_f ƒas `_f+
if^inn[ [ `_mt_m) mt„`oe[l) ]m[e mt•t[f‚el[ g_h‰ [^[nb[fg[tn) g‚a [ h_g
hs_fp‚mt cm e…hhs_h g_a‚lnc ƒl•m•n,!

A_g_ I, ijjimcnc„d•\„f c^‚t_g [ e‰p_ne_t‰e_n8 ! ,,,[ b_fsmtƒhc †dl[e‚l+
^_t‚m + [gc h[asih cm as[eilf[nc) g[d^bias e‚ne_tc `_f[^[nh[e n‹hb_n mie
eƒp‡f_\\ •ff„ mt_g‚\_h + b[ff[nf[hof h[as _fg‚f_nc ‚m g„^mt_ln[hc n[hof+
m•ab[fg[th[e p•fn _^^ca cm miee[f e_p‚m\‚ cmg_ln ‚m ca‚hs\_p_nn \•tcm•p•,
Bt eƒh•fn[ `_f oas[hcm [ f_b_n‰m‚a_n + m _tn S‚ab G„tm_` d„ ‚lt‚ee_f `_fcmg_ln_
‚m [ \off^ia mtƒp„mm•a•p[f ec cm [eh•tn[ +) bias \_f_n_echnm_h [ hs_fpd•l•m
+ m _t_h e_l_mtn‡f [ hs_fpcm‚a ‚f_n‚h_e g‚fs‚\_) [jl[d•\[) gita•m•h[e+p•f+
nit•m•h[e g_]b[hctgom•\[ ifs[h g‚fsm‚a\_h ‚m l‚mtf_n_mm‚aa_f) [gcfs_h [
g[^•ln•pf[n\„f mt_gf_f‰ [nf[mtas‹dn‰h_e p‚ae‚jj h_g [^[nce g_a) ^_ g‚a
[ gihial•`c[e‚mtƒn‰h_e cm ]m[e [eeil) b[ ifs[h mt_l_h]m‚d_p[h) bias [hs[+
hs_fpd•l•m•n pctma•fb[nd[) m p_f_ e[j]mif[nim a_h_nceom[h mt_lt_nn ‚fg‚hs_cn
+ >hn[cimte‚hn + †d[\\ ‚m †d[\\ pcmmt[e_l‡f‚m_ee_f c^‰l‰f c^‰l_ `_fn…fnb_nc,

Fa[t) S‚ab G„tm_` ?‚e‚m p•lim mt‡f…nn_) m _fm‰ as‹dn‰n_l‡f_n_ [ K[as+
m•ll‚n pifn, A_ bimmt[\\ ‰lm‚ac ‚m ˆlm‚a e…lhs‚ec n[h•le_^•m[ [ h[asl‚mtn
_bb_t [t c^ˆb…t e[j]mif„^„) p[as _tn e‰p_n‰ as‹dn‰gohe•d[ g•mi^ce b[+
t•d•p• n_nn_ _tn [ n•d[n) m +gc h‚fe‡f…tb_n_nf_h e_ff‚e_ [gceli`cfif„aom
mti]cifchapcmtnce[c pctma•f[nh[e + a_h_nceom[h `[gcfc•lcmm• n_nn_‰n[t in+
n[hc \_mt‚f‰ee‰t‹f mie[e mt•g•l[9 ifs[hh•) [ecp_f mt_g\_h `_fif^„^h[e [
jifcafimmtc[ n_lg‚mt_n_m + ^_ _\\_h [ gohe•\[h ca_h e•lim b[n•m† + l_`f_+
r_c9 [eceh_e [ e_^p‚‚ln [ no^[nim[\\ \_mt‚f‰e e‚j_m_e ‚m b[df[h^„e `_fbithc
[ no^[n [f[nnc, l‚n_a_e\‰f [ no^[nimƒninn\[ [ g•l e_p‚m\‚ b[mth•fn) ^_ g‚a
cmg_ln [l]b[ceom `ilg•e[n cm,!

~l…gg_f `ia[^n[g) bias ‚ln_e_t‚m_g \ƒl•f„c [ f_a`ihnim[\\ _l_^g‚+
hs_g_n p_nn‚e ‚mtl_, >t ‰lm‚ac _g\_l_e mt_l_n_nn_f p_nn_e e…l‡f) l•d…nn_e
[ll[) bias [ hs_fpc g†t_og `_f•ffƒn•m[ cm `ihnim, Fas_e_tn_e e‚l^‚m_cgl_) l•+
e‚l^_t‚m_gl_ †as `_f_fhc) gchnb[ ‚h mtigmt‚^ p[vs eig[ pifh ‚e, >t …lm‚ac
[^[ne‰tf‰cg d„ mt•h^‚e•n n[j[mtn[fn[g g•l [t LE>, [hs[a•h[ e as‹dn‚m_
e…t\_h) ^_ gimn mie[n d_f_hn_nn) bias h‚as [fe[figg[f) ^ifait[nig `ia[f+
g[t•m[ e…t\_h [ h_g n_fd_m_h ncmtn•tinn hs_fpc n‚hs_el_ l•e‚l^_tb_nn_g,
Sifn) _f‰`il^ofn) bias b•lig ]m[f•^h[e Wmib•l Fmnp•h‚eh[e, Pt[\„ P•h^il+
h[e ‚m D…g\…m Bgcfh_e %12 ‚p_m& f_p_f_n cm ƒln[g) bias d„f d_as_tn_g+_ `_f
[ h_b_t_\\_h e‚l^_tb_n‰ [^[nie[n,

%#%
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H‚n _mtn_h^‰\_h) /764+\[h ‚m /765+\_h Wmib•l‚eh•f %[ `‚ld 45) [ h_d_
41 ‚p_m& f[en[g e‚n b‚nca, |as g[a[g `cas_fb_nn_g) bias[h \_mt‚fh_e [t $

‰lm‚ac_e _asg•m e…t…nn, ~l…gg_f b[ffa[nn[g [ mt[p[e[n) gceil Wmib•l Fmn+
p•hh‚ Pt[\„ Lfa[ %41 ‚p_m& [t ohie•cn mtc^n[) e_lbifn[,

2, A_g_ I•mtf„ [feinn[ g_a [ e‰p_ne_t‰ g‡mt„n8zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA[`Xad_ufad) >tie[n
[t [^[ne…tf‰e_n gch‰mƒn_nn_ A_g_ ƒas) [ecee_f _f f_b_n_nn \_mt‚fa_nhc [ll„f)
bias gce‚jj_h ‚f _as+_as [f[ep•fnit[n) ece b[mth•fd•e %?•l]tc+Bgf, Ks_fp+

no^, {ln, 2., mt, 5.+/&, >t ch`ilg•nilie mt_l_j_ +h[asih `_f ‚ln‚e_f…^…nn +
mt_lchn_g + [t onifm„ /. _mtn_h^…\_h, >t ch`ilg•nilie m_aƒnm‚a‚p_f no^+
n[g g_v, jf,) bias[ MLKJIHGFEDCBA9 G 7 9 $d‚a$ mt„ h_g]m[e [ b_n‚mc?‰^_b•t•h p[h g_a)
b[h_g Llcmt_hnj‚n_l_h) H_l][mtigilih) > e…ths_fpc mt‚h D H 7 @ G [f[e\[h
~lcmt_hnj‚n_l_h ‚m H_l][mtigilih cm g_ap[h mn\,

> hs_fpd•l•mc _f_g_e pcmmt[b†t„^•m•\[h [ ^c[f_enif„aomieh[as d_f_hn‰+
m‚a_n nof[d^ihƒn[h[e [t ‚f_neilc mt_gjihnieh[e, !•asmt„fp•h p[f[g_hhsc)
[ hs_fpd•l•m\[h gon[neit„ p•fnit•m ‚m p•fnit[n [ a_h_l•]c„m e‡f…h\m‚a_e
mt•gf•d•l[ ƒl[h^„!8 HcmmG,JcbE[f) /40,

Bg_ •fn[f•him[h _f`ia[^inn h‚t_nn_f e•l pifh[ pcn[neithc, zg^_ [t
on„\\c h‚as _mtn_h^…m …lm‚ac pctma•f„^•m[cg e‰t\_h _asl_ che•\\ [tn n[+
j[mtn[fn[g) bias [t ‚f_neil) [ e…lhs_t_n) [ \_mt‚fa_n‚m n‚g•d•h eƒp‡f p[h
g‚a _as mt_gjihn) [gcn [ d…p‰\_h h[asih cm `cas_f_g\_ e_ff p_hh‡he, Bt
[t [^[ne…tf‰ g_a‚ln‚m_) chn_ffca_h]c•d[, ~lcmt_hnj‚n_l_h [ f_a‚l^_e_m_\\ ‚m
f_a[l]b[ceom[\\ [f[eie[n _f‰mt…l h_e_g [ 12 _mtn_h^‰m) ‚l_nnm‚act_nn D…g+
\…m Bgfc gih^n[, @m[e _as j‚f^•n _gfƒn_e gimn81 7 nc, ;6 7  ; K_ ‡fd c^_ 
+ M_lmt_ g_a e_ff aih^ifhc) bias D…g\‰m Bgcfh_e [ `cas_fg‚n [e…lg_h^c
acgh•tcog\[h g•l e‚n n[h•l[ + [t ‰lm‚ac) h[asl•eimc mt•lg[t •m† S…l…m
Lnn„ ‚m Pt[\„ I•mtf„ %‰ [ S[m g_as_c `…f^l[dtc h_p_e as‹dn‚m‚\_h h[as
mt_l_j_n d•nmtinn& `_fbƒpn[ [ h‚jhs_fp ‚m [ h‚jl[dt eon[n•m•l[, H‚n mt‚j j•+
fs[gohe•n cm e‚mtƒn_nn D…g\…m [t JQ> Ks_fpno^, Fhn‚t_n_ ‚m [K‚jl[dtc
J†t_og j•fs•t[n•l[, B e_^p_m ‚m l_h^eƒp‡f n_b_nm‚a_m) mto\d_enƒp _as‚hc+
m‚al‰f n…\\) gchn _as if^[fn ƒln[g h[as^ienilc ‚ln_e_t‚m_g\_h [ `ihnim[\\
[^[ne‰tf‰e d_ff_gt‚m_ ], `_d_t_n\_h,

D…g\…m Bgcf h‚fe‡f h_g mce_l‡fn pifh[ [t…lm‚achs_fpd•l•m [f[jl‚n_a‚n
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