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XYZ [\]^_` a`b a`^_Zc^d^e_` [ff_ Y`^_Z`[^Yg`[f [`_Zh[``^_` i_`c\]_`Z_\]^_j k_c^Yll^_ mcn_h^_ a`b k_Z_Y\]_ cY`b

odZ a`c [fc p_Z^ZY_qcr_c_ffc\][o^ b_c s_f^s_Y^ ^t^Yr_` u[lca`rvwg`e_Z`c x_bg\] q_cg`b_Zc Z_f_y[`^ a`b _ZogZb_Z` yg`

a`c q_cg`b_Z_ maol_Zhc[lh_Y^z

{_q_` b_` |_\]^_` [l mZq_Y^cnf[^e } sY_ Y`cq_cg`b_Z_ b_Z ~_st]Zf_Yc^a`r yg` uY\]_Z]_Y^� ~_ca`b]_Y^� _Y`_Z

[`r_l_cc_`_` �`^fg]`a`r� p_Z_Y`Yra`rcoZ_Y]_Y^ cgsY_ b_l c^ZYh^_` p_Zqg^ l_`c\]_`a`sdZbYr_Z �Z[h^Yh_`� sY_

�YchZYlY`Y_Za`r� �s[`rcv gb_Z wY`b_Z[Zq_Y^� i_`c\]_`][`b_f a`b �gf^_Z } f_r_` sYZ [a\] rZg�_`X_Z^ [ao b_` u\]a^e

yg` `Y\]^v[Zq_Y^cq_egr_`_` |_\]^_`j

�[c �]_l[ i_`c\]_`Z_\]^_ Yc^ o_c^_Z k_c^[`b^_Yf a`c_Z_c �`^_rZY^t^cv a`b |YcYhgvi[`[r_l_`^cj �[q_Y s_Zb_` bY_

q_cg`b_Z_` �_Z[acogZb_Za`r_` a`c_Z_Z kZ[`\]_ a`b bY_ rfgq[f_` ~_c\]to^cq_eY_]a`r_` q_Zd\hcY\]^Yr^j

��OLNQUVSOR

XYZ Z_cn_h^Y_Z_` bY_ �ZYy[^cn]tZ_ [ff_Z �_Zcg`_` a`b bY_ p_Z^Z[afY\]h_Y^ [ff_Z n_Zcg`_`q_egr_`_` �[^_`� bY_ sYZ dq_Z

cY_ ygZfY_r_` ][q_`j �Y_ �[^_`c\]a^eZY\]^fY`Y_ yg` u[lca`r qY_^_^ [`r_l_cc_`_ u\]a^eygZh_]Za`r_` odZ bY_

�q_ZlY^^fa`r yg` n_Zcg`_`q_egr_`_` �[^_` b_Z iY^[Zq_Y^_Z� wa`b_` a`b �Y_o_Z[`^_` Y``_Z][fq yg` u[lca`rj �[c

�[^_`c\]a^evi[`[r_l_`^ yg` u[lca`r r_st]Zf_Yc^_^ bY_ �Y`][f^a`r b_Z x_s_YfYr_` �[^_`c\]a^eq_c^Ylla`r_`j

ST�L�O

XYZ cY`b b_l �ls_f^c\]a^e y_ZnofY\]^_^j XYZ cY`b a`c q_sacc^� b[cc a`c_Z_ ~_c\]to^c[h^YyY^t^_` cY\] [ao bY_ �ls_f^

a`b b[c wfYl[ [acsYZh_`j XYZ ][q_` b[]_Z i[�`[]l_` a`b cn_eY_ff_ �ZgrZ[ll_ _Y`r_od]Z^� al bY_c_ macsYZha`r_`

ea lY`YlY_Z_`j

�SL �P�P�LNUL

�`c_Z_ p_ZnofY\]^a`r eaZ m\]^a`r b_Z i_`c\]_`Z_\]^_ cnY_r_f^ cY\] Y` b_` |Y\]^fY`Y_` yg` u[lca`r sYb_Z� ejkj Yl

~fgq[f �gb_ go �g`ba\^�� Yl uannfY_Z �gb_ go �g`ba\^� a`b Y` a`c_Z_` mqftao_`j �aZ �Y`][f^a`r Y`^_Z`[^Yg`[f_Z

i_`c\]_`Z_\]^cc^[`b[Zbc� `[^Yg`[f_Z ~_c_^e_ a`b b_Z |Y\]^fY`Y_` yg` u[lca`r od]Z_` sYZ _Y`_ [`r_l_cc_`_

ugZro[f^cnofY\]^v�Zdoa`r b_Z i_`c\]_`Z_\]^_ baZ\]� al ng^_`eY_ff_ a`b ^[^ct\]fY\]_ `_r[^Yy_ macsYZha`r_` [ao bY_

i_`c\]_`Z_\]^_ Y` a`c_Z_` ~_c\]to^c[h^YyY^t^_` a`b a`c_Z_Z �Y_o_Zh_^^_ ea Yb_`^YoYeY_Z_`� ea q_s_Z^_` a`b ea

[bZ_ccY_Z_`j

�LW��VWLNQKLQUVWLPKSN�
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�Y_ �b_`^YoYh[^Yg` yg` |YcYh_` a`b ng^_`eY_ff_` macsYZha`r_` cgsY_ bY_ mqf_Y^a`r sYZhc[l_Z i[�`[]l_` cY`b

w_Z`_f_l_`^_ b_Z �lc_^ea`r l_`c\]_`Z_\]^fY\]_` a`b als_f^q_egr_`_` ugZro[f^j XYZ y_Zc^_]_` bY_ �Zodffa`r

bY_c_Z p_Z[`^sgZ^a`r [fc hg`^Y`aY_ZfY\]_` p_Zq_cc_Za`rcnZge_ccj �Y_ oZd]e_Y^Yr_ �Zh_``a`r yg`l_`c\]_`Z_\]^fY\]_`

a`b als_f^q_egr_`_` |YcYh_` cnY_f^ odZ _Y` _oo_h^Yy_c |YcYhgvi[`[r_l_`^vu¬c^_l _Y`_ s_c_`^fY\]_ |gff_j

�aZ �b_`^YoYeY_Za`r ng^_`eY_ff_Z |YcYh_` Y` a`c_Z_Z �Y_o_Zh_^^_ y_Zogfr^ u[lca`r _Y`_` ZYcYhgq[cY_Z^_` m`c[^ej �Y_

q_c^_]_`b_` �Zge_cc_ eaZ |YcYhg[`[f¬c_ b_\h_` bY_ p_Zqg^c^[^q_c^t`b_ b_c �hu~ q_Z_Y^c s_Y^_c^r_]_`b [q a`b r_]_`

eal �_Yf dq_Z bY_ Yl �hu~ `gZlY_Z^_` p_Zqg^c^[^q_c^t`b_ ]Y`[acj XYZ ][q_` bY_ |YcYhg[`[f¬c_ `a`l_]Z Yl �Y`qfY\h

[ao bY_ m`ogZb_Za`r_` b_c �hu~ s_Y^_Z hg`hZ_^YcY_Z^j

�Y_ |YcYhg[`[f¬c_ sYZb Y` es_Y �][c_` baZ\]r_od]Z^z ®¯ |YcYhg[`[f¬c_ odZ bY_ _Y`e_f`_` p_Zqg^c^[^q_c^t`b_ b_c �hu~

a`b °¯ ~_c[l^ZYcYhg[`[f¬c_j �l |[]l_` b_Z |YcYhg[`[f¬c_ odZ bY_ _Y`e_f`_` p_Zqg^c^[^q_c^t`b_ _ZlY^^_f` sYZ� gq Yl

u[lca`r ~_c\]to^cq_^ZY_q gb_Z Yl |[]l_` r_c\]to^fY\]_Z �[`bfa`r_` yg` a`lY^^_fq[Z_` `[\] ± ² mqcj ³ �hu~ q_Y
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caqc^[`^YY_Z^_` �Y`s_Yc_` [a\] lY^^_fq[Z_`¯ �afY_o_Z_Z` yg` u[lca`r i_`c\]_`Z_\]^_ gb_Z als_f^q_egr_`_

|_\]^crd^_Z y_Zf_^e^ s_Zb_` gb_Z b[c |YcYhg _Y`_Z cgf\]_` p_Zf_^ea`r q_c^_]^j XYZ ][q_` odZ bY_ �aZ\]od]Za`r b_Z

|YcYhg[`[f¬c_` pgZr[q_` _`^sY\h_f^� bY_ a`^_Z [`b_Z_l bY_ ~_sY\]^a`r a`b �ZYgZYcY_Za`r b_Z �Y`e_fZYcYh_` r_lt� ±

ç mqcj ° a`b ± ³ mqcj ° �hu~¯ q_Y`][f^_^j �Y_Zq_Y s_Zb_` bY_ |YcYh_` odZ ng^_`eY_ff_ k_^Zgoo_`_ qesj bY_ �ls_f^

_ZlY^^_f^� `Y\]^ bY_ |YcYh_` odZ u[lca`r c_fqc^� bY_ x_bg\] eact^efY\] q_s_Z^_^ s_Zb_`j

XYZ ][q_` odZ a`c_Z_ ~_c[l^ZYcYhg[`[f¬c_ r_lt� b_l �hu~ cgsY_ odZ bY_ ~_sY\]^a`r a`b �ZYgZYcY_Za`r b_Z

_ZlY^^_f^_` |YcYh_`� Y`cq_cg`b_Z_ [`][`b b_Z Y` ± ³ mqcj ° �hu~ r_`[``^_` wZY^_ZY_`� a`b bY_ �_c^f_ra`r _^s[Yr_Z }

dq_Z bY_ q_c^_]_`b_` |_r_fa`r_` a`b p_Zo[]Z_` ]Y`[ac _ZogZb_ZfY\]_Z } �Zty_`^Yg`cl[�`[]l_` _Y`_` alo[cc_`b_`

�Zge_cc r_c\][oo_`j

�Y_c_Z �Zge_cc eaZ |YcYhg[`[f¬c_ sYZb Z_r_flt�Yr } lY`b_c^_`c _Y`l[f xt]ZfY\] } a`b [`f[ccq_egr_` baZ\]r_od]Z^�

Y`cq_cg`b_Z_ [a\]� s_`` sYZ caqc^[`^YY_Z^_ w_``^`Yc yg` ^[^ct\]fY\]_` m`][f^cna`h^_` ][q_`� bY_ _Y`_

l_`c\]_`Z_\]^fY\]_ gb_Z als_f^q_egr_`_ �ofY\]^y_Zf_^ea`r baZ\] _Y`_` lY^^_fq[Z_` �afY_o_Z_Z lèrfY\] _Zc\]_Y`_`

f[cc_`j �Y_ZodZ `a^e_` sYZ a`c_Z_ �Zo[]Za`r_` [ac b_l �glnfY[`\_v|YcYhgvi[`[r_l_`^ yg` u[lca`rj �Y_ �Zr_q`Ycc_

b_Z |YcYhg[`[f¬c_ s_Zb_` [` bY_ ~_c\]to^cf_Y^a`r yg` u[lca`r hglla`YeY_Z^j

é�©ê����¡��¤£ª�£�¤��

�Y_ �Zr_q`Ycc_ a`c_Z_Z |YcYhg[`[f¬c_` f[cc_` sYZ Y` Z_f_y[`^_ ~_c\]to^cnZge_cc_ a`b Y` a`c_Z

�Y_o_Z[`^_`l[`[r_l_`^c¬c^_l _Y`ofY_�_`j �[q_Y c_]_` a`c_Z_ �Y`h[aocnZge_cc_ odZ �Y_o_Z[`^_` a`b bY_ k_c\][ooa`r

c_fqc^ y_Zc\]Y_b_`_ i[�`[]l_` eaZ |YcYhgq_s_Z^a`r a`b vlY`YlY_Za`r ygZ� a`^_Z [`b_Z_l _Y`_` l_]Zc^aoYr_`

�Y_o_Z[`^_`v�y[faY_Za`rcnZge_cc cgsY_ ~_`_]lYra`rcnZge_cc_ Yl �Y_o_Z[`^_`l[`[r_l_`^ a`b Yl �Y`h[aocc¬c^_lj

�l _Yr_`_` ~_c\]to^cq_Z_Y\] ][q_` sYZ ZYcYhga`[q]t`rYr Y`cq_cg`b_Z_ ogfr_`b_ i[�`[]l_` _^[qfY_Z^z

ë p_Zèoo_`^fY\]a`r bY_c_Z ~Za`bc[^e_ZhftZa`r

ë �dZ [ff_ iY^[Zq_Y^_`b_` y_ZnofY\]^_`b_Z p_Z][f^_`chgb_ì �gb_ go �g`ba\^¯

ë |_r_flt�Yr_ u\]afa`r_` b_Z iY^[Zq_Y^_`b_` eaZ m\]^a`r b_Z i_`c\]_`Z_\]^_ a`b b_Z �ls_f^j

~_r_`dq_Z a`c_Z_` a`lY^^_fq[Z_` �afY_o_Z_Z` ][q_` sYZ Y`cq_cg`b_Z_ ogfr_`b_ i[�`[]l_` y_Z[`h_Z^z

ë p_Zc[`b _Y`_c �Z[r_qgr_`c ea l_`c\]_`Z_\]^fY\]_` a`b als_f^q_egr_`_` �]_l_`

ë k_Zd\hcY\]^Yra`r b_Z l_`c\]_`Z_\]^fY\]_` a`b als_f^q_egr_`_` �Zs[Z^a`r_` q_Y b_Z macs[]f a`c_Z_Z

a`lY^^_fq[Z_` �afY_o_Z_Z [ao k[cYc b_c uannfY_Z �gb_ go �g`ba\^

ë �Y`]gf_` y_Z^Z[rfY\]_Z �acY\]_Za`r_` odZ bY_ �Y`][f^a`r a`b �lc_^ea`r b_Z �Zs[Z^a`r_` [` a`c_Z_

�Y_o_Z[`^_` _`^f[`r b_Z �Y_o_Zh_^^_

ë p_Z_Y`q[Za`r a`b �aZ\]od]Za`r ZYcYhgq[cY_Z^_Z wg`^Zgffl[�`[]l_`j

�[Zdq_Z ]Y`[ac hè``_` _Y`e_fo[ffq_egr_`_ �Zty_`^Yg`cl[�`[]l_` r_^Zgoo_` s_Zb_`� bY_ cY\] [ao _Y`_ hg`hZ_^_

|YcYhgcY^a[^Yg` qesj vh[^_rgZY_ q_eY_]_`j

�í��¨¦�¤£ª�£�¤��

�Y_r^ _Y` q_rZd`b_^_Z p_Zb[\]^ gb_Z _Y` _Y`r_^Z_^_`_Z gb_Z q_ygZc^_]_`b_Z p_Zc^g� ygZ� b[cc a`c_Z_

~_c\]to^c[h^YyY^t^_` l_`c\]_`Z_\]^cv a`bîgb_Z als_f^q_egr_`_ p_Zf_^ea`r_` y_ZaZc[\]_` gb_Z ea bY_c_`

q_Y^Z[r_`� s_Zb_` sYZ bY_ ygZr_qZ[\]^_` k_b_`h_` a`^_Zca\]_` a`b [`r_l_cc_`_ mq]Yfo_l[�`[]l_` _ZrZ_Yo_`j

�` a`c_Z_l _Yr_`_` ~_c\]to^cq_Z_Y\] _ZrZ_Yo_` sYZ q_Y pgZfY_r_` _Y`_c q_rZd`b_^_` p_Zb[\]^c gb_Z hg`hZ_^_`

�Y`s_Yc_c dq_Z lèrfY\]_ l_`c\]_`Z_\]^cv a`b als_f^q_egr_`_ p_Zf_^ea`r_` [`r_l_cc_`_ mq]Yfo_l[�`[]l_`� al

bY_ p_Zf_^ea`r ea y_Z]Y`b_Z` gb_Z ea q__`b_`j

k_Y a`c_Z_` �afY_o_Z_Z` _Zs[Z^_` sYZ ygffalot`rfY\]_ wggn_Z[^Yg` q_Y b_Z maohftZa`r a`b k__`bYra`r lèrfY\]_Z

l_`c\]_`Z_\]^cv a`b als_f^q_egr_`_` p_Zf_^ea`r_`j k_Y c_]Z c\]s_ZsY_r_`b_` p_Zf_^ea`r_`� s_`` bY_
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