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VWXWYZY[\]Ẑ_̂̀ab][X̂cd_Z[êWfg[ĥij[hklYXm
X̂cd_Zn[ohmhmpqrst[[VWXWYZY
\]Ẑ_̂̀ab][gmuĉgv[qZwXx
fŷẑW][V̂gYêZx[{[|[}
X̂Zm~dZ[êWfg[�̂̀ab�kf[e�mn
êVm[d��cd���̂[�̂dZ[X̂]Z
`̂Xk̂�Y[qZq[qYvZ[|[_m�̂��a�
gmfm�[p�[hklYXm[d����[�ZY�
q̂yY][e��X̂dZ[egY�mX
dŷìî�mn[V̂gYêZx[{[X̂Zm~
dẑZ[�[�̂[qfd�[dq
X̂cd_Z[ŷ�m�Yê[d�qg[�̂dZ
h�̂ha�[ dŷi[ p�
d\̂z̀ X̂k̂dZ[d̀�gm�r[z�]
gm�̂qdZ[Zy�m[f�dZ[�m�m
�̂Xk�̂Xkx]Y[q̂�̂X[d��̂[qymX
��Yêd�̂�[�̂dZ[p�[dŴ\̂ĉ
��r�̂�g[�Zmd�n[�m�̂[�
��m�̂[qf�dZ[d��cd���̂
��Ŵ[f�h[d~c[h��mêdZ

q̂�̂Z�[d�̂�]Y[�fa[�̂gn
qXbn[eym�q̂[��a�b
��a�bd�̂�[�hdZ[�hd�\
d�d�n[V̂gYêZx[}X̂Zm~[�mg
�Y�[|[�d�Vr[�Yd��r[f̂g]Y
d���m�[W�mX[\̂�[�hdZ[�m\�

�m�Z�x[Wd���̂n[�\fm�n
�̂q̂WYn[Wq̂WY[Vb̂fmXmn[hZmfmXmn
d̀Ŵ[�md�̂Wn[�Wad�Xkn[���
h�gn[ezb̂qn[y�[d̀ Ŵ
�hdZ[�̂gn[�m�̂gn[z� �̂gn
hk\m��[\m�̂[d�d�¡

\]Ẑ_̂̀ ab[ẑ�dZ[ezmz�X
�ZY�[q̂yYn[h\aYẐf[�̂Zm�n
ed\̂�[q̂f¢n[��v̂�g
d�dyẐn[gdZ\[d�dyẐn
qZh£[qyd��[q̂yYn[qYgm�
h¤ĝ��[hkzYXm[�hq¥mX[¦§d�¡

Ẅ f̂dZ[_XY¦a[Ẑ�kx�[d�̂�[e�̂�X[egY�mX
}©{©�m[f̂f�̂Z[qf̂�̂gn[ª�©{}ª«©�]̂[hk�̂g[ĥij[gmd¬a\
�ky­hYZ[ohmhmpqrst[V̂Xx�
êigrdq�̂[ hk̂�§�Z�Z
gmd¬a\̂gYq̂dZ[|��m\̂[ẐVb
êigrdq�̂[hk̂�§�Z�[���[qy
d̀̂Ŵd̀̂WdZ[Ẅf̂[êigrdq�̂
hk̂�§�Z�[h�ZY[_XY¦a[Ẑ�kx�[d�̂�
e�̂�X[h�][�b�mWX
�hq¥mXmdZ[egY�mX[dŷìî�m[̂
��[d�̂�[e�̂�XdZ[©�m[d�£Z
êd�̂Vg[�Ẑ̀ î¦§�̂[̂[Vm�®̂[|
d��ẐVVr[X¦̂[Vm�®̂[êigrdq�̂
hk̂�§�Z�Z[e��[Z�h\kx
d_��YZx][X�̄̂��̂gdZ[êd�̂VmX
d�̂�[e�̂�XdZ[°��m[df̂�Z
�Y�a��̂VgmX[f̂f�̂Z[qf̂�̂g
dŷi[�xf̂[�±̂gx[WY�m�Y[df̂�
�ªª©©�«°�]̂[hk�̂g
�Zm�̂[ĥij[êd�\[�Zm¦§�̂[d�dc

���m[pgrêi[ê�²[f̂f�̂Z
qf̂�̂g[ dŷi[ df̂�
{�³��©«�[�]̂[hYgZÝ̂Z
dŷi¦§�̂[̂[df̂�[�{�m[�m�̂y
qµ¶x�[f̂f�̂Z[êdĥ�
�Y·̂f�̂[f̂�fdZ[qf̂�̂g
dŷìî�m[̂[df̂�[{©̧�m[�b̂]
d�\rZ[qf̂�̂g[dŷi[df̂�
{«̧}©{ª{�]̂[ê�̂�

�Ẑ̀ î�m[̂
egb̂gb[d�|̄̂gx[f̂f�̂ZY

°ª�m[qf̂�̂g[dŷi[df̂�
�©}³}̧}�]̂[ê�̂�
�Ẑ̀ î�m[̂[df̂�[©©}[egb̂gb
d¹�V�̂Zx[f̂f�̂Z[qf̂�̂g
dŷìî�m[̂[df̂�[{©«��m
ẐVw[f̂f�̂Z[qf̂�̂g[dŷi
{«ª�©��]̂[ê�̂�[dŷi�m[̂

df̂�[}©�m[ehẐ�§�
f̂f�̂Z[qf̂�̂g[dŷi�m[̂[��
d�̂�[e�̂�XdZ[Vm�®̂[|
d��ẐVVr[Z�h\kx[d_��YZxn
�̄mXx�[pfrpqm�m[q�qb
Ẑf\]Z[dŷX̂n[p�mdV {
�ºivY[\fân[p�mdV }
ê�Y�­̂g[fy¢n[p�mdV �
�m�\̄Xr[dW�Xf[df̂�Z
�Y�a��̂[qµ¶x�[f�¬f̂Z
qf̂�̂gdZ[e�\Wky�[�Zm¦§d�
[̂qmzm�d�̂�a[dZVm�k̂Z
h�­d�̂_g[��dVĝ[pfrpqm�m
d�£Z[dĝ�̂�[e¹mqrZ[ẑd�
�̂̀ab[XY�̂i¦§d�[̂[Ẅ f̂
�mp�rpqrp[q±̂��[d��\kx
q̂yY[��[d�̂�[e�̂�XZ
qYhZm_̂cĝ[�Zm¦§d�[̂
��[d�̂�[e�̂�XdZ
�ky­hYZ[d�̂�aZY[qfl
�m_̂ZhXm[|[êigrVx�x
e�\Wky�[�Zm¦§d�[̂

hYl�[hk�̂\g[d�XkdZ[h»¹r 
q�d\̂��][z�fm�̂[WYZYX̄h�¼a
���n[ohmhmpqrt[[�m�r[ẑ�dZ
h»¹r q�d\̂�g[dy�g¦§�̂ZY
|��mê[ẑ�̂dZ[hk�̂\mX[hYl�
ê�mdZ[eq�~b[�¼â\Ým
d�~̂d�i[ẑ�̂[�m��X
dŷì �̂�m¡[dX�Y[êVm[êf
q̂ymXb[d�XkdZ[wWaX
�̂cmvx_Z�[ĥ�mWk̂yxn[h�mX
��½_vk[�Zn[Ẑf��½[gv][hZm
h»¹r q�d\̂��][ê�\b�X̂
Zym�m[d�̂�m[�m\m�[�b�mf̂dg
fX�b�[�Zm�¢m¡
[e�̂hm�̂[gxŷZm�[�̂q[q¾Xm

gb̂q[XZ¹ZY[\gm�̂Z[h��ây¿dZ
\kxẐf_vk[z�g�̂dZ[|��mê
ẑ�̂Z[d\k�[h»¹r q�d\̂��]Y
hYZ�̂Z[hk�̂g[�À�[egY�mX
dŷi¦§�̂¡[�Zm�[\m�̂�mXr[�ÁZ
q���a�[fm\k][e��X̂dZ
egY�mX[pym[�̂̀ab�kfdZ[�ÁZ
V�mq[f�gdf̂yg[�̂q

fY~beXm¦§[|[hkd¹qZ[�ÁZ
X̀xvk[�Yf̂Z[ĝ��[fY~b��̂
Z�dh[d̀Ŵd�i¦§d�¡[_cmX��a
ĥij[wWaX̂[d\�c�̂ĉ[fŷĥXk
|[�ÁZ[\ÂY��̂�[eWk|̄̂�]Y
d\k�[h»¹r [q�d\̂��[ẑ�dZ
e¦aẐ\m[ qy[ hYZ��X
�Ẑ̀ î¦§�̂¡[wWaX̂[fŷĥXk]
XZ¹ZY[X̂][�gb̂[f�Yq­mX̂
ê_̂̀ ab[pym[hYZ�̂Z[Wky�
�Zm¦§d�¡[�ÁZ[ĝẐ��[fŷ¢m
ŵWX[ẑ��[|[e�̂h�[�mV�
�Yf̂Z[ĝ��[eXm¦§[hZm_�

hk�̂g[�Zm¦§d�¡[�̂̀ab�kfdZ
q̂ymXbm�[�ÁZ[�̂�̂Vm[_Z�
h¤ĝ��n[XZY�[�Yf̂Z[q̂yYn
�ÁZ[qYĝf�m[Ẑ�Xn[Ẑ�̂\b̂f
Ẑ�cn[�̂¢m�̂ĉ[ĝ��n[\m�̂�mXr
hkd¹qZ[�mdg\[h¤ĝ��n
�ÁZ[\_xvk[Ẑ�cn[hk̂�̂hm�̂
_mXk̂[ fŷ¢m[ hkfY~
d̀ Ŵd�i¦§d�¡[gb̂qZ
ê�̂y�[�xh�[�Yf̂Z[fŷ¢[f£
hZm_̂cĝ[�Zm¦§d�[|[\m�̂�mXr
XY�̂Z�̂¢[h¤ĝ��[�gb�̂�
eha�[�Zm¦§d�¡ �qr �̂Zr[��Ã̂n[eÄd�[��amd�[̀̂Xkx

[�qr[�̂_[ẑÅmd�[d�̂d�

�̂fgWZ[ohmhmpqrst[q̂�̂Z�
d�̂�]Y[WfĝWfgdZ[qY�m�̂
d̀Ŵ̂i[d��̂[gmfd¢[ẐVb
qZ�̂Z][h�ZY[fY~bfÆx[�q
dq�̂[d̀V̂ĝdZ[hkXm[h£̂�XZY
�®�[fY~b[�̂̀ab̂c��Y[hZm�yg
dq�̂[d̀Ŵ̂i[�mề î�m¡[pym
d̀V̂ĝZ[p�[�qZ[_̂c�]
q̂f̂gb[X»�m[d̀ŴYj[q¥̂gx�[�Xb�
d�̂d�[�qZ[�̂_[zÅ̂ZYV̂
�Zm�̂[qy[�yY[qf�[�Zm[e��
Z~§¦§d�¡¹cdZ[�qdZ[¦§�̂
`̂Xkx[�yY[eqY�m�̂Z[qÇY~xg
dŷi¦§d�¡[q�_ĝ[fYX̂��[ẐVb
qZ�̂Z][hZm�yg[�q[\gm�̂Z
h��âyÈ[hk̂�[{{[�̂[qf�dZ
���YZx [d�̂�̂ZZY[̀X̂kx[dgi
�̂fgWZ[�®�[ezmfYd~
êqY¦§�̂¡pŷZ[�mhZxX[�mWZY
g�ê[�ĉ[ZÅZ[�̂ZdZ[��m
�b�m[�̂�̂[ê~�cf�m][�\ag
gmfd¢[êZ��m[ezmfYd~

`̂�¦§d�¡[�̂fgWZ[d�̂�̂Z
Ẑl̂Z[�m�r[Ẑ�̂��®z[hYZ
h£̂�X[e¢WaX[�¶�mê[ŷi�Y�
gm��dZ[�̂Z[qymX[�q�m[�qm

dŷì î¦§�̂¡¹cdZ[�̂Z�m
�XmWkl[dŷi¦§�̂¡[pŷ�Y[dgi
�̂Z[_̂c�[|[�q[�fa_̂Zx]
zmXdZ[̀Y�mX�a[pdX[hZmf̂�dZ
��m[̀̂i¦§�̂[d̀[d�~Yd�~Y[�yY
q�~b̂dZ[q¥̂gx�[d�̂d�[d�Zm
`̂i¦§d�¡[¹cdZ[�Xb�[d�̂�]
�̄̂Ẑ[�q[�k̂izZ�Y[d��̂dh�̂

�Zm�̂[p��[�qZ[q̂fĝ[�̂_
ẑÅm[¦§�̂[V�̂h�m�m¡[�Y�a��̂
q¥cdZ[�d�Vĝ[~�Z[ĥi
�̂fgWZ[dĥ�mq[���̂[q¥cdZ
hy£m[�z�[h�]Y[¦̂ĝ�Y[ê�m
h_Ẑ[�_Ẑ[�Zm¦§�̂Z
V�̂h�m�m¡[dyd�[q¶b̂[qf�dZ
�z�[h�]Y[��̂̀ î[���̂
q±�adZ[êd�̂_ĝ[�Ẑ̀m�
d�̂�m[ppqêi[�dZgÉ[~YVY�
�ym�¢m¡[Ẑl̂�m[e�[|q̂Zmê
p��[�qZ[egzm�[_̂c�][d̀̂WYj
phZm[���̂[��m�̂[d�̂�m[q¥̂gx�
d�̂�][�̂ZY[q�_ĝ[fmcm�m¡

|��m\̂[ef�̂[q��n[���[Vm�®̂[\̂~̂Z[�̂�ma�[qÇmcgx
���q�Zn[ohmhmpqrs[t[|��m\̂[ef�̂
q��n[���[Vm�®̂[\̂~̂Z[{©Xf[Xk�
�̂�ma�[qÇmcgx[êVm[XYcqxhYZ
�mVYh¤ĝ��[��q¥mX[\̂Zĉ
z�g�̂dZ[fŷqf̂dẐydZ[egY�mX
dŷìî�m¡[q��Z[qẑhXm[�mzYXm
z���[fm\k][qẑhXmX̄dZ[êd�̂VmX
qÇmcgxdZ[ef�̂f̂g]Z[�mzmgÈ
qfqb̂[q±�adZ[�ml�X[ẑd�
êd�̂_ĝ[�Ẑ̀ î¦§�̂¡[pym
qÇmcgxdZ[�̂Z�̂�x ���[�m�̂�m�̂
i�º[d\̂¹mê[¹md¬âqrn[f̂ŷÅ̂
�m�̂��[\̂Z�̂[hk�̂gn[���[q�Z
�m�̂��[i�º[hk�̂\[dq�xn[���µ̂

�m�̂��[�mV�[�cd�dyẐ[hkfY~
eXm¦§[ẑ�dZ[d̀Ŵd�i[�ymd�
qZ�̂Zx[�̂̀abdZ[ef�̂f̂g]Z
WYZYX̄h�¼a[z�fm�̂[Zym�m¡[dX�Y[p�
�YgmaXx[fY�[qf̂V[W�g[ĥij
ef�̂f̂dg[êdWi[êq¢Y¡[qZ�̂Zx
�̂̀abdZ[ef�̂f̂g][�̂�mX̄[|
��a�b�Y[�d�®~[�Zm[qZ�̂Zx

�̂̀abdZ[���[Vm�®̂�Y[d\k�[Vm�®̂dZ
hZm�X[�Zm�̂�Y[êȳ̂g[d�i¦§d�¡
q��Z[q±̂��[�̂�ma�[�m�Z�x
�hq¥̂hg[�Zm[�ymd�[ef�̂f̂g]Y
d�Xg[��́mn[hkdf̂\g[p��[ef�̂
q��Z[ĝf[\dq̂��g[�hdZ
eXm¦§f̂g][���m[ê��a�[�Zm¦§d�¡
pym[qÇmcgxdZ[���[Vm�®̂Z[�}

dŴ�m[�mẑWZ[Vm�®̂q¥Zx�[ef�̂[ẑi
|[z��xf̂dg[d̀̂Wd��̂[qy[|��m\̂
ef�̂[q��Z[ẐVblZx�
dgX�f�cxf̂dg[d̀Ŵd�i¦§d�¡
pym[�̂̀ab�kfdZ[hkqgÈ[�Yf̂Z[Xkmĥ�x
fY~b[hẐf\a�̂X̂n[y���[�mŷZx
fŷĥXkn[ĝẐ��[�̂qn[|��m\̂[ef�̂
q��[ẐVb[qẑhXm[�̂g[Z�Vg[�̂qn
�̂̀ab�̂Zx[qẑhXm[d�d�vkĝ¦
ĥXkn[q̂�̂Z�[q±̂��[_m�[Z�Vg
XẐ\mê][qdfX[q��Z[�Zm�
�fa��âW�[|[Vm�®̂lZx�
�fa��â��v[�hq¥mX[¦§d�¡

ê�\a[�m�b̂c�[�gÈ�g[�̂̀abZ[qfx�̂[�d�[Vm�®̂ĥc
z�k�n[ohmhmpqrst[|�m\̂[e�\a
�m�b̂c�[hĉq[WÊmê[�¢
hZmqZdZ[êVm[�gÈ�g[|
hZm_̂cĝ[�fm�mZ[d����[egY�mX
dŷìî�m[̂[�m�b̂c�[�fm�mZ
e��[z�k�[Vm�®̂ĥc[�m�®mhr
Ẑ�XẐ�[p¦§dZ[e��X̂
�Zm¦§d�[̂[fŷ�m�b̂c�Z[e��
ĥ¦a[qYvZ[fŷ�Y�n[�̂ºpº�rºe��
�̂Xmad�\̄Z[Ẑ�cn[ẑẐhk̂Ë[�®�
dŴ�x[�gÈ�g[e�§�̂Zx[gm\m�̂¢
~Y��mên[eXmZm�[�®�[\m�̂�§�̂Zx
ydZ��½[êh¤[p��[Ẑl̂[|[W�y
gmfâ�[�mẑWZ[̀Æx[�hq¥mX[Zym
êd�̂_ĝdZ[ẑW[dgi¦§d�[̂
Vm�®̂ĥc[�m�b̂c�Z[dŷi¦§�̂
�gÈ�g[f�c�[�̂̀abZ[qfx�̂

�Zm¦§�̂d�dc[d~c[h�mêZ[�gÈXm
�Z�n[d�kdgVr[�b�q¥̂n[�̂c�
�̂Xk�̂q[ĥij[Vfm[e�§Wky�n[�̂�m
¦§�̂[©�m[�̂̀abZ[eWkWXm[qdfX
�m�b̂c�Z[�mzmgÈ[h�[h��x[h�Z�
dgi[êd�̂_ĝ[�Zm¦§d�[̂[Vm�®̂ĥc
�hdẐ�[qfqb̂�Y[h�Z�[�mWdZ
X̄ZmX[h�d�h[Wky�[�Zmd�[d�̂�m
�ym¦§d�[̂[pym[e�qZdZ[�̂Xk�̂Xkx

f̂g]Y[�Xf[_ZmXk[W�g[qy
z�m�bXdZ[z�[f�m�[dy�̂�Y[dq
hẐf\a[d�i¦§d�̂[egb[f̂g]
f�dZ[hk\̂qgm�[e�§�̂Zx
Ẑd�\[�Yf̂Z[q̂yYn[hkd¹qZ
ezmfgYb[fŷĥXk[�hq¥mX[¦§d�[̂
�̂̀ba�kf�Y[�m�b̂c�Z[qfl
e�̂h�n[e�̂hm�̂[|[�fa_̂Zx
hZm_̂cĝdZ[qyd̀̂W[�Zm¦§d�̂

Z�Yĝ¦hYZ[�®�r[��dWkqZ[q̂Å�gm�[d����
Z�Yĝ¦hYZ[ ohmhmpqrst
Z�Yĝ¦hYZ[�®�[��dWkqZ
q̂Å�gm�[d����[q¥̂gx�
f�gdf̂yg[f�[hZmqZdZ
egY�mX[dŷì î�m¡[�®�
��dWkq[qẑhXm[hk\̂¢[�̂q
d����dZ[dh�ZmymX[�ZY¦§d�¡
p¦§dZ[Xmd�â�[gm�â_gf�cxZ
Ỳ�dgX̂[i�º[ymf̂�\Y[zY��[f�®m�
qÇ̂gmX[eXm¦§ẑd�[d̀Ŵ
d�i¦§d�¡[q�W�g�Y[��Ê[�Zm
VgX̂[Vĝ¬ag][gm��XZ[dy�̂
ĥij[i�º[f�®m�[d����dZ[WYZYX̄
d�i¦§d�¡[pŷ��̂[�®�[�fm�mZ
hYgWa�g[|[�®��Y[�[dŴ�m[dV̂gdZ
�mz�[�Zm[hkdXb�[dV̂gdZ
Ỳ��f̂g]Y[�̂�mX̄[d��̂ĥij

q�aqÇXm[�kdf[hkl̂�[W�yxX
dŷi¦�̂¡[pŷZ[�̂iX̄[�hqẑhXm
ê�aXk̂�[h�̂][�hdZ[gbl
�ẐW�̂¡[dqymhZm[�®�[��dWkq
�fm�m[qẑhXm[_�g[�̂�mX̄[qẑdZ
e��X̂[�ZY¦§�̂[qẑhXm[�̂\[|
�hqẑhXm[h�̂]Y[�mềî¦§�̂¡
hk̂ZÂdZ[�®�[��dWkqZ[h��aXg

qẑhXm[�m�ÅX[Ẑf��½[h�̂]
ĥij[�Yi[fmgm�[gxZ�[hk̂¦aĝ
�Ẑ̀ î¦§�̂¡[p¦§dZ[Vm�®̂[�fm�mZ
�hqẑhXm[qd�a\̄Z[h�̂n[qZh£
�̂cvx[fŷ¢mn[\̂Z�̂[hk̂q̂�
dVĝn[�mvYq̂Z[fŷĥXkn[hkẑq
h�̂n[�q¢[�Yf̂Z[�̂q][qy
\X̂�§�[�fax[�hq¥mX[¦§d�¡

wÄ[�»�mq±gÈ[hm�̂]Y[_myÈ�
ĥij[\m��[X̂�mf[\m�mZ
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�m��dZ[eXm¦§[�̄�[hẐf\a
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