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Sequenz -> Fitness:
nur markierte Sequenzen,
zeitabhängig

Initialisiere,
wähle Startpopulation

fertig!

j
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Abbruchkriterium erfüllt?
wähle neue Sequenzen
(evtl. Teilschritt)

Zeitzähler/Iterationen
aktualisieren

Sequenzen markieren
zum Berechnen der Fitness
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fHqyk : + 5?5 fHqwfht`\^npo'e`clnpo r a?> r \xq'D%]4_bclaV\maVe K k^]4ehf`aV\me�e�t`\�� � cbk^npo`aYeLf`aYeD %a�%;qwehe r aVe
L r !t r �Yk r aV_l_baVe!qaD D`\^];>,c*(gclaY\^aYeK� * claYk^aVe 5 qwnpo r aYcl_ r aYcl_ r fHqyk : + 5=5 (gc r A aYaVf.A ]4\ � qy\^f�_
5 a r �YaVeK�

N�c r � ��������kmnpo`a�( /WaV\me`aV_Gthe`f � � � @�
=� � k^npo`aY\ N'a r \mc*%ze`c*(+( r : _laYclnpo�t`e#� - V � V T 3 f`cba
 a)%;qwe`e r a K o`claY\6c*(�D`_la)(�aYe r claY\ r a�U2]w\2( qye��

�7�- c'3 � EGG H 9 d G �Ka?>�D � � � 1GH`- � G 3 1 �EGG H 9 a >FD � � � 1GH`- � G 3 1 �
K (gc r � 1G ���
- c � c � 3� - c � c � 3 - V � H Jv3
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i9cla.f`aV\ 5 q�(ga?f`cbaVkmaVk���D D`\^];>,c*(�q r cl]4e`k ' aY\<A qwo`\maVe`k  aY\^aVc r k[c*(�D`_lc$�VclaY\ r$K _:!q'\ r kmclnpo f`cba?��DFE
D`\^];>,c*(�q r cl]4e`k A ]4\2(gaV_�- V � V T 3 cbe�f`cba�L r \^t.% r t`\ aYcle`aYkG%"!t`ehk r _bclnpo`aYe e`aYt`\^]4e`qw_laYe 5 a r �YaVkF h\^cle3E
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7#�	�O�P�J�/QR8 >����)�<�����	�S�	�A����$T�%E�FL"O�<7��R'R;
"�������VUW�	�JX-":B����':�ZY[�O�=��H

�waVeK� * qwk / qwt D r (�] r c ' K aYcle`a3 aY\^aVc r k
A t`e#% r cb]4e`cbaV\^aYe`f`a=��D D`\m];>hc$(~q r cl]we`k<A ]4\<(�aY_2qwt.A�a r:� qyk
%"!t`ehk r _bclnpoTqye#(ut r aVe`f`a �?\ r t`e`f�i aYclk^aFcle�f`claWL r \^t#% r th\?aVcbe`aVk=e`aVth\^]4eHqy_laVeDA aVaVfIA ]4\ � qw\^f _
5 a r �VaVk=�Vt� `\^cbe#�4aVe K cbk r f`cba N !]&�4_lcbnpo#%waYc r f`aY\�&:(�D`_la)(�aYe r q r cl]4e qwtIA�DHqw\^qw_l_baV_baVe Z)\^]&�YaVk`E
km]4\^aYea(�c r f`aVeOf`q�(�c r�' aV\< `t`e`fhaVe`aYe : aVkmnpo � cle`f`c$�&%waYc r k ' ]w\ r aYcl_baVeK� $ k � aY\^f`aYe/� � qw\ ' claY_la
-?b * > * R 3W5 aYt`\^]4ehaVe]\wZ)\m]&�VaYk^k^]w\^aVeZ %aVe6!] r c*� r K f`cba�q5 aY\ e�t`\FaV_ba�(gaVe r qw\ma ?�D%aV\^q r cb]4e`aVe
fht`\^npo.AB!tho`\^aYe^([!thk^k^aYeK�
* aY\6& e.A ]4\<(~q r cl]4ehk�^Ht \ f`aYk 5 a r �VaYk=cbe'�3 # `cb_lf`t`e.� V � V�' aY\^_M!qwt.A r�' ]weLt`e r aYe�e`qwnpoL]& %aVeD�

V �4_ ;=< �A/=`�98476803;@6803B �3L,cba� %aVk r aVo r qwthk b _bcle`aVqw\^aYe 5 aVt`\m]4e`aVe K qwe�f`claJ�maVf`aY\ $ cle#�4q� a ' a)%AE
r ]4\ c qwe#�4aY_la)� r�� cl\mfK�

HI�4acbA4�BC9�25476803;@6803B � * cla N�t`k r aV\mk^npo`cbnpo r oHq r �waVeHqwt > 5 aVt`\m]4e`aVe K fK� oK�&A !t`\ �maYf`aVk^N�t`k r aY\
qwt`kWf`a)("*�\xqwcbe`cle.�4k^kma r aYcleTaVc$�4aVehaVk 5 aVt`\m]4eK� * cba.N�t`k r aY\^k^npohclnpo r cbk r (�c r f`aY\ $ cleFE
�vq� %aVk^npohclnpo r fht`\^npo (jaV\2 hcle`f`the#�4aVe f`aY\ L r !qw\<%wa $ cbe`k ' ]4_b_lk r !qwe`fhc*� ' aY\2%�e !t DIA r � * cla
/BaY\^e`aY_ _FUHt`e.% r cl]4e f`aYk � � 5 aVt`\m]4e`k� aY\^aYnpo`e`a r aV\mk r f`cla * cbk r qye#� � � � Q - c I c G 3 t`ehf
fHqwe`e�qw_lk6�3% r c ' cbaV\^the#�4k<A the#% r cl]we'fhclaB/WaV\me`aV_ _FUHt`e#% r cb]4e C , I.ed / �

R.�gf]b0B B�/'B ;%D1<�48476803;@6803B0� * cla L,t#(+(~q r cl]we`k^kmnpo`clnpo r  %aVk r aVo r qwthk^�mauaVcbe`a�( 5 aVth\^]4eaA?!t`\
I !qwo`_laY\[the`f 5 aYe`e`aV\�qwt`k : _laYclnpo�t`e#� - V � V T 3 � * cba.(jaY\2 `cbe`f`t`e.�4aVe9� � clkmnpo`aVe f`aY\ N�tFE
k r aY\^kmnpo`clnpo r t`e`f�f`a�( 8 5 aVe`ehaV\^ehaVt`\m]4e > oHq� %aVe�f`cla L r !qw\<%wa $ cle`k D f`cla (jaY\2 `cbe`f`t`e.�
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� � clk^npohaVe�f`a�( � ��N�t`k r aV\me`aVth\^]4e+t`e`f f`a)( 8;I !qwoh_laV\me`aVth\^]4e > oHq r f`aYeEi aY\ r fhaV\
q� ho6!qwe#�4c$�4aVe!({qw\mc|q� h_la!d G �

V ���0bA4 �A/=`�98476803;@6803B0� * qwk aYcle`a��=t`k2�4q� aYe`aVth\^]4egclk r (gc r fhaV\	L,t#(+(�q r cb]4e`k^kmnpo`clnpo r fht`\^npo
(jaY\2 `cbe`f`t`e#�waVe f`aV\ L r !qw\<%wa $ cbe`k ' aY\2%�e !t DIA r � * qwk �?t`k<�vq� %aVe`aYt`\^]4e@( t \uf`cba * c ' clkmcYE
]4e�f`aY\W�?t`k<�vq� %a � aV\ r a ' ]4e I !qyo`_laY\`E6the`f 5 aVe`ehaV\^ehaVt`\m]4e f`aY\ L,t#(+(~q r cl]4ehk^k^npohclnpo r
f`th\^npo.AB!t`oh\^aVe��"L,cbaVo r (�qwe�aVcle/%6!t`e`k r _bclnpo`aYk e`aYt`\^]weHqw_laYk 5 a r �gqw_lk� `cb]4_l]��4clkmnpo`aVk N']aE
f`aY_l_6qye K k^]�cbk r f`cba * c ' cbk^cl]weHqwt.A`�vq5 agf`aVk �=t`k2�vq5 aYe`aVt`\m]4e`k aVcbeZ�4a � cbnpo r c*�4aY\ - fhaV\
aYcle#�Yc*�4a 3?$ cle � qye`f K fHq!f`cba * c ' cbk^cl]weLc*( : a��4aYe`kxq r � �Vt�f`aYe��3% r c ' cbaV\^the#�4k<A the#% r cl]1E
e`aYeL!t# `_bclnpo`aY\G%"!t`ehk r _bclnpo`aY\ e`aYt`\^]weHqw_laY\ 5 a r �Va  `cb]4_l]��4clkmnpoge�t`\[k^npo � aV\��Vt=(�] r c ' cbaV\^aYe
cbk r �

* cla L npo`a�(�q��VaYclnpo`e�t`e.� V � V �YaVc$� r qwt.A aVclehf`\ !t`nB%�_bclnpo`a�i aYclkma�fhclaO(j]4\ r aVcb_laTf`aYk : aVehaV\xqy_
+.a)�4\^aYk^kmcl]4e 5 aYt`\xqy_ 5 a r:� ]4\<% kY�

H * cbaW�?\^npohc r a)% r t`\�clk r�' ]4_b_lk r !qwe`fhc*� f`a r aV\<(�cbe`claY\ r �

H �=_l_la : a � clnpo r k<A q�% r ]w\^aVe�fhaVk 5 a r �YaVkukmcle`f ' ]4_b_lk r !qwe`f`c$�eA aYk r �4aV_ba�� r � * aY\ !�  aY\^k^cbnpo r E
_bclnpo#%yaVc r oHqw_* %aV\ k^clehf qw_l_ba{(jaY\2 `cbe`f`t`e#�waVe f`aV\	L r !qw\<%wa $ cle`k)fht`\^npo��4aYk r \mclnpo`aY_ r a�Z�A aYcl_ba
fHqy\2�4aYk r aY_l_ r �

H * cba!aVcle.�Vc*�waVeZA \^aVcbaVe �Vt r \^qwcle`cbaV\maVe`f`aYe Z�qw\xq5(�a r aV\ kmcle`f f`cla > LI%;qw_bclaY\^t`e#�wk<A q�% r ]1E
\maVe � G f`aV\./WaV\me`aV_ _FUHt`e#% r cb]4eK�
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I t#(�_laYclnpo r aY\^aYe�(jaV\mk r !qwe`f`e`cbk?km]4_l_ o`cbaV\.qweLaYcle`a)( aVcleIA qwnpo`aVe K aYcle`fhc*(gaVe`kmcl]4eHqy_laVe 7 aYclk D`claY_
f`claW�=\2 %aVc r k � aVcbk^aBaVcbe`aVk : + 5=5 eHqwnpo : _baVclnpo�t`e.�'- V � H Jv3 f`a)(�]we`k r \^claY\ r�� aV\mf`aVeK�

& eO�� # hcl_lfht`e#� V � H � t`\^f`aYeTf`claF*�\xqwcbe`cle#�wk^fHq r aVeLqw_lk�L r aY\^e`a K fhcla /BaY\^e`aY_ _FUHt`e.% r cl]4ehaVe
qw_lk �4aVk r \^cbnpo`aV_ r a6t`ehfgfhcla6��D�D`\^];>,c*(�q r cb]4e`k<% th\ ' a�qy_lk f`th\^npo#�4a)�V]&�waVe`a X cle`cba�aVcbe#�4a��YaVcbnpo`e`a r �
U�!t`\�f`cba^L r qwehfHqw\^f`q� � aYclnpo�t`e#�4aYeuf`aY\ /WaV\me`aV_ _FUHt`e#% r cb]4e`aYe � th\^f`a{aVcbeCAB!t`\�qw_b_laJUHt`e.% r cl]4ehaVe
clf`aYe r clkmnpo`aV\6i�aV\ r�' ]4e �3� J P �41 �wa � !qwo`_ r � $ k�clk r t`e#(gc r^r aV_$ Hqw\�aYcle`kmclnpo r c$� KI� cbaFfhcla !�  %aV\CE
_|q��waV\^the#�Bf`aV\ � �����8_FUHt`e#% r cb]4e`aYe~eHqwnpo : _baVcbnpo the#��- V � H Jv3 f`cba.��D D`\m],>,c$(~q r cl]4ehk2%�t`\ ' a=cbe
�� # hcl_lfht`e#� V � HuaV\2�wc* r �
i aY\^f`aYeLf`cba 7 \^aYc r aYe�fhaV\=/BaY\^e`aY_ _FUHt`e.% r cl]4ehaVe8A qw_lkmnpoD�4a � !qwo`_ r K k^]�clk r fHqwk.��D D`\m];>hc$(~q r cYE
]4e`kmaV\2�wa� `e`cbk�t`e#�4aYeN!t#�4aYe`f��
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V ��&:( U2qw_l_ba?aYcle`aY\��Vt8%�_laVcbe`aVe'Z�qw\xq�(ga r aV\ � qwoh_�e`aVc$� r fHqyk : + 5?5 Z � cbaBqwe`f`aY\^a 5 a r E
�Va�qwt`npo Z �Vt.( !�  %aV\ = r^r aYe K fK��o���fhcla *�\^qwclehcle#�4kmfHq r aVe � aY\^f`aYe�c*( i�aVkmaVe r _bclnpo`aYe
qwt`k � aVehf`c*�&�waV_laY\^e r t`ehfa%yqyt#( ' aV\^qw_l_$�4a�(gaVcbe`aV\ r � * claYk^aVk.(jaV\moHqw_ r aVe^�YaVc$� r fHqykG_lcbe#%wa
* c|q��4\^q�(+(dcle �3 # `cl_bf`t`e#� V � RI�,i�aVe`e k^aYo`\ ' claY_la K t`e ' aY\^\xqyt`k^npo r a * q r aVe ' ]w\^_lcba��4aYe K
%yqye`e�f`claYk r ]4_baV\xq5 aY_ k^aYcleK�D& e�fhaV\ +�a��4aY_ clk r qw_l_baV\mf`cle#�wk?f`aY\��Vt�qweHqw_ �,kmclaY\^aVehf`a * q1E
r aVehkxq r ���Yt#( aVcbe`aVe c$( (jaV\<�4_laYclnpo8�Vth\ : \,!]'\4aWf`aVk�L,thnpo`\xqwt.(�k.k^aYo`\�% _baVcbe'the`fD�Yt#(
qwe`f`aY\^aVeeA aVo`_baV\moHq5A r �
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\maVnpo r a * c|q��4\^q�(+( cbe!�� # hcl_lfht`e#� V � R ' aV\^qwe`k^npo`qwt`_lcbnpo r �

5 qwnpo * a =He`c r cb]4e - V � V T 3 clk r fHqwk : + 5?5 D`\mcle#�Yc D`cbaV_l_)cbe f`aY\ X q��4a K A?!t`\_�maYf`aVeL %aV_bcla) `c*�4aYe
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$ c*�4aYe`k^npoHqdA r aVe ' ]4e UHt`ehfHq�(gaVe r qw_$�4_laYclnpo�t`e#��- V � V T 3  aY\^aVc r k[f`cla : \^aVe.� � aV\ r aGc*( U2qw_b_#�4_baVcYE
npo`aV\�t`ehf�t`e r aV\^kmnpo`claYf`_lcbnpo`aV\=/WaV\me`aV_$ `\^aYc r aYe'qwe#�4a)�4a� %aVeK�

�� # `cb_lf`the#� V � V �VaYc*� r fHqwkFnpoHqw\^q�% r aV\mclk r clkmnpo`a�(jaY\^oHqy_ r aYe�fhaVk : + 5?5 A?!t`\BaVclehaVe r �3D`c]E
k^npo`aYe 7 aY\^aYclnpo'f`aV\ @ E i aY\ r a5� / cbaV\6clk r f`claB/WaY\^e`aY_ _ 7 \maVc r aGf`aYk3(gc rmr _baV\^aYe!Z)t`e#% r aYk3�w\,!]\4aY\
qw_lk f`claBf`aY\=qye`f`aV\maVeK�

−10.0 −5.0 0.0 5.0 10.0
x

0.0

0.5

1.0

1.5

2.0

2.5

3.0

y

�� . `cl_bf`t`e#� V � V �]�Z�,8 �	�/����E	F,�Z5�� �/"������<� �O":B��"D�	�VUW�	� �&���K�
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_bcla)A aY\^e�f`claC(�aYclk r aVeO/BaY\^e`aY_$A t`e.% r cl]4ehaVeLaYcle`aYeLi�aV\ r t`e#�4_baVcbnpo 5 th_l_ � * q5(�c r qaD D`\^]1E
>,c*(gclaY\ r f`qwk : + 5?5 aY\ � qw\ r t`e#�4k<�4a�(]!q'\#�
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HI� $)r:� qwk � aYc r aY\BaVe r A aY\^e r K"� aVe`e�e�t`\Be`] npo � aVehc*�4ag/WaV\me`aV_1A t`e#% r cb]4e`aVe Z ' ]w\ qw_b_la)(
f`claFf`aVk=e6!qwnpo`k r �4aY_la)�4aVe`aYe K f`]&(gcle`cbaV\^aYe`f`aYe%N�t`k r aY\^k_Z aVcbe`aVe'i aY\ r t`e#�4_baVcbnpo 5 th_l_
_lcla A aV\me�- o`cbaV\9@ �cP � � D � V�W|3�K e`c$(=( r f`cbaT�?t`k<�vq� %a)A t`e#% r cl]4e f`aVe 7AE i�aV\ r f`claYk^aVk
*�\^qwcle`cbe#�4k<(ut`k r aV\mk�qweK�

R.� 5 ] npo � aYc r aY\GaVe r A aV\^e r$KK� aYe`e�e th\Ge`] npoTaVcleha /WaV\^ehaV_$A the#% r cl]we�Z f`cba f`aYk N�t`k r aV\mk
(�c r fhaV\4�w\ !]\ r aVe</WaY\^e`aY_* `\maVc r a Z aVcbe`aVe i�aV\ r t`e.�4_laYclnpo 5 t`_l_�_bcla)A aY\ r - o`cbaV\ @ �

P � U D � �5W t`ehf6@ � P * VLD * T P 1dW|3�K ehc*(+( r fhclau�=t`k2�vq5 a A t`e#% r cb]4e�f`aVe/7AE i�aV\ r f`claYk^aVk
*�\^qwcle`cbe#�4k<(ut`k r aV\mkF- o`cbaV\6f`aYk3(gc rmr _laY\^aYe Zjthe#% r aVk 3 qyeK�

V ��& k r @Ekm] �w\^]\ K fHq'\ qw_l_baT/WaV\me`aV_1A t`e#% r cb]4e`aVe9aYcle`aYe i�aV\ re' ]4e 5 t`_b_G_lcba)A aV\me�- o`cbaV\
@K � U t`e`f3@ � T P 143�K ([!t \ r a _lqwt rG: _baVcbnpo the#��- V � V T 3=5 th_l_�f`t`\^npo 5 t`_l_�f`c ' cbf`claY\ r
� aY\^f`aYeK�h�=t.A`�4\^the`f f`aY\�qweHqy_b� r cbk^npo4 %a�%;qwehe r aVe : \^aYe#� � aV\ r a � cb\^f~fhcla.�?t`k<�vq� %a?f`aYk
7�E i aY\ r aYk6f`aVk.e !qwnpohk r �waV_la)�4aVehaVeL*�\xqycle`cbe#�4k2( t`k r aV\^k6aY\2� � t`e#�4aYeK�

* cbaVkma $ c*�waVe`kmnpoHq5A r aYe ' ]we : aYe`aV\^qw_3+.a)�4\^aYk^kmcl]4e 5 aVth\xqw_ 5 a r:� ]4\<%�kN%\!]4e`e`aYeuc*( U2qw_b_la)t`e r aV\`E
kmnpo`claYf`_lcbnpo`aV\G/BaY\^e`aY_* `\maVc r aVe � G �Vta %aVk r c$(=( r aVeO�=\ r a)A q�% r aYe^A?!t`o`\maVe K�� cba �3 # `cl_bf`t`e#� V � 1
fha�(g]4e`k r \^cbaV\ r �
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* aV\"(gc r^r _laY\^a Z)t`e.% r _lcba�� r e6!qwo`aY\�q�(�_bcle#%yaVeFqw_lk�q�(E\^aYnpo r aVe Z)t`e#% r t`e`fFoHq r aVcbe`a)a r:� qwk
%�_laVcbe`aV\maj/WaV\^ehaV_* h\^aVc r ajqw_bk�f`cbajqwe`f`aY\^aVe Z)t`e#% r a5� &:( 7 aV\maVcbnpo�� � clk^npohaVe fha�( (gc rmr _laY\^aYeGt`e`f
f`a�( \^aYnpo r aVe�Z)t`e#% r  %a =He`fha r k^cbnpo aVcle NLqd>,c*(ut.( K fHqwk�fht`\^npo'f`cla=f`\^aYc�*�\xqwcbe`cle#�wk D`t`e.% r a
qw_l_baVcbe`aue`cbnpo r �Yt�(g] r c ' claV\maVe�clk r � * qwk N�qd>,c*(ut#( aVe r k r aVo r f`t`\^npo�f`cla 8 * ]&(gcle`qwe#� > fhaVk
_lcbe#%waYeTZ)t`e#% r kFqweTf`aY\ L r aY_l_ba�@�� J P Rh� * th\^npoTf`cbaY%�_laVcbe`aV\ma /WaV\me`aV_$ `\^aYc r a f`aVk�(gc rmr _laY\^aYe
Z)t`e#% r k!t`ehf fha�( �w\ !]\4aY\^aYe U2the#% r cl]we`k � aV\ r f`aVk _lcbe#%waYe<Z)t`e#% r k !t# %aV\m_|q��waV\ r f`aV\ _bcle#%ya
Z)t`e#% r f`aVe $ cbe+^Ht \ f`aYk�(�c r^r _baV\maVeK�

* claVkmaV\ $ 0Da)% r aVe r k r aVo r c$( qw_l_$�4a�(gaVcbe`aVe8 %aVc�k r qw\2% t`e r aY\^kmnpo`claYf`_lcbnpo`aVe�/WaV\me`aV_$ `\^aYc r aVe
t`e`f t`e#�w_laVcbnpo#( !q'\4c*� ' aY\ r aVcl_ r aYeML r !t r �Vk r aV_b_laVe�� �wa@(gaVo`\ * c$(�aYe`k^cb]4e`aYe�f`cla~t`eHq� `o !qwe#�4c$�4a
({qw\^clq� `_ba }EoHq r K f`aYk r ] �4aV\mcle#�4aY\~cbk r f`cla 7 aVf`aYt r the#��f`claYk^aYk $ 0Da)% r aVk)� * aV\ : \mt`e`f cbk r$K
fHq'\�f`cla 7 \^aYc r aLf`aY\�(jaV\ r aYcl_lthe#��fhaV\ * cbk r qye#�VaYe � � aVcbaV\9�Yt.A<!qw_b_lc*��qyt`k2�4a � !qwo`_ r aV\~Z)t`e#% r a
(�c r �Vthe`aVo#(gaVehf`aV\F�?e#�Vqwo`_ * c*(gaVehk^cl]we`aVeTc$(=(gaV\=k^npo#(�qw_laY\ � cl\^f K f`cla�L r !t r �Yk r aV_l_baVe�qw_lkm]
c*(+(�aY\�!q�-�t`cbf`clk r qwe r aV\ ' aY\ r aVcl_ r k^cbe`f Z e"!qwo`aV\maVk.fHq��Yt�cbe'�=e`oHqwe.� 7 �
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* q?k^] � ]4o`_`f`qwk : + 5=5 qw_lk qwt`npo +.qwf`clqw_la�E 7 qwkmclk A t`e#% r cb]4e`aVe _ 5 a r �VaG- + 7 U6_ 5 a r �Va	Z k^claYo`a
�?e`o`qwe#� * � HI� HI� R 3 clo`\maj�?t`k<�vq� %a[f`th\^npo !�  aY\^_|q5�4aV\mt`e#� ' ]4e - \xqyf`c|qw_ _ km��(+(�a r \mclk^npohaVe 3 /WaV\CE
e`aV_1A t`e#% r cb]4e`aYeOaV\<�VaVt.�4aVe K _l]4o`e r aVkGkmclnpo K f`cla � e r aY\^k^npohclaVfha+� � clkmnpo`aVe/ %aVclfhaVe 5 a r � r �FD%aVe
�4aVe`qwt`aV\��YtD %aV_baVt`npo r aYeK�

$ cbe + 7 U"_ 5 a r � ' aY\ r aYcl_ r aYcle`a ' ]4\2�Yt#�4a� %aVehf`aL�=e#�Rqwoh_�qwe /WaY\^e`aY_$A t`e#% r cl]4e`aYeE-`(�aYclk r� �����8_FUHt`e#% r cb]4e`aYe 3 c*( *�\xqwcbe`cle.�4k^\^qwt#(�the`fD %aV\maVnpo`eha r fhaVeL�=t`k2�4q� a � aY\ r f`t`\^npo�aVcbe`a
X cle`aVqw\2%y]&(Y `cbeHq r cb]4e f`aV\ /WaV\me`aV_1A t`e#% r cb]4e`aYeK� * cba $ e r:� clnB%�_lt`e.�4k<A q�% r ]4\^aYe�- � : a � cbnpo r a
� � cbk^npo`aYe ' aV\^fhaVnB% r aY\ L,npohclnpo r t`e`f��?thk2�vq� %aVkmnpo`clnpo rp3 t`ehfTf`claunpo`qw\xq�% r aV\^cbk r clk^npohaVe�Z qw\^q1E
(�a r aY\FfhaV\F/WaV\^ehaV_$A the#% r cl]we`aVe�k^cbe`f : a��waVe`k r qwe`f�f`aVkF*�\xqwcbe`cle#�wk�� * cbag�=e#�Rqyo`_)t`e`f X q5�4a
f`aV\ /WaY\^e`aY_$A t`e#% r cl]4e`aYe %yqye`e K (ut \ c$( : a��4aYe`kxq r �/�Vt#( : + 5?5 q� %aV\!ehclnpo r K (gc r f`aVe
*�\^qwclehcle#�4kmfHq r aVe !t# %aV\maVcbe`k r c*(+(�aYeK��& e f`aY\�L r qye`fHqw\mf ' qw\^clqwe r a aY\<A ]4_$� r fHqyk *�\^qwcle`cbe#�LfhaV\
$ e r:� cbnB%�_lt`e#�wk<A q�% r ]w\^aVe f`t`\mnpo fHqyk - a '�r _ �6q'D Dh\^];>,c*(�q r c ' a 3=X !]wk^aVe aVcbe`aVk _bcle`aVqw\^aYe : _baVcYE
npo�t`e#�4kmkm� k r a�(gk��"UH]4\ r �4aYk^npo`\mc rmr aVehag*�\xqycle`cbe#�4k ' aV\ A qwo`\^aYe ' aV\mk^t`npohaVe K �?e#�Vqwo`_ K6X q��waVe�t`e`f
7 \^aYc r aVe f`aV\./WaV\me`aV_1A t`e#% r cb]4e`aYe�km] � cbaBf`cla $ e r:� clnB%�_lthe#�4k<A q5% r ]4\^aYe]�Yt�]D r c*(gclaY\^aYeK�

5 qwnpo /FqaD`c r aV_ V � �9� aYclk r fHqyk : + 5=5 �maVf`a)( *�\^qwclehcle#�4k<(ut`k r aV\WaYcle`ag/WaV\me`aV_1A t`e#% r cb]4e
�Vt K f`aV\maVe NLq >hc$(~qy_ � aV\ r qweOf`aY\WZ�]wk^c r cl]4eLf`aVkG*�\xqycle`cbe#�4k2( t`k r aV\^k?_lcla)� r �H�=t`npo�o`claY\ � cb\^f
f`cla �=t`k2�vq5 a�c*( i�aVkmaVe r _bclnpo`aYe�f`t`\mnpo�aVcbe`a X cbe`aRqw\<%w]&(J `cleHq r cl]we�fhaV\ /BaY\^e`aY_$A t`e.% r cl]4ehaVe
aV\m\^aVcbnpo r �w�=_l_baV\^fhcle#�4k � aY\^f`aYegqw_lk $ e r:� clnB%�_bt`e#�4k A q�% r ]4\maVegf`claG�Vt _laY\^e`aYe`f`aVe�d G ' aY\ � aVe`f`a r �
* claG�=t`k2�4q� a � cb\^f f`t`\mnpo * c ' cbk^cl]we9(�c r f`aY\�L t#(=(gaBqw_b_laV\�/BaY\^e`aY_$A t`e.% r cl]4ehaVe e`]4\<(�cbaV\ r �
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&:( : a)�4aVehkxq r �4�Vt.( + 7 U6_ 5 a r �~clk r  %aVc$( : + 5?5 f`clag�?\mnpo`c r a�% r th\Y�Vt`k^q�(+(�aYe (gc r
fhaVe : a � clnpo r k A q�% r ]4\maVeC�4aVeHqytFfha =He`cbaV\ r � X aVf`c$�4_lcbnpoGf`cba)npoHqw\xq5% r aV\mclk r clkmnpo`aVe Z qw\^q�(ga r aY\�f`aV\
/WaY\^e`aY_$A t`e#% r cl]4e`aYe -0/WaY\^e`aY_* `\maVc r aVe � G 3 ([!t`kmk^aYe r \^qwcle`cbaV\ r�� aV\mf`aVe Z f`cbaVk cbk r �?t.A`�4q� a{f`aYk
A ]w_*�4aYe`f`aVe'/Bq'D`c r aY_lk��
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U3!t`\ f`cla~�?e � aYe`f`t`e.� %6!t`e`k r _lcbnpo`aV\ e`aYt`\^]weHqw_laY\YA aVaYf.A ]4\ � qw\mf�_ 5 a r �Ya'cbk r f`cba!/W]4e`k r \^t.% r cYE
]we�f`aY\��4aVaYc*�4e`a r aYe 5 a r � � aY\2%;qw\mnpo`c r a�% r t`\=t`e`f�fHqwk�*�\^qwclehcle#� cbo`\^aY\�A \maVcbaVe'Z qw\^q�(ga r aY\�aVcle
� cbnpo r c*�waVk!UH]4\mk^npo�t`e#�4k r o`a)(~q/P V R H W � 5 a) aYeT\^aVcbe r ohaV]4\ma r cbk^npo`aYe��?\2 %aVc r aYe � t`\^fhaY aY\^aYc r k
' cbaV_ U2]w\^k^npo�t`e.�4k`E�the`f $ e r:� cbnB%�_lt`e#�wkxqw\< aYc r �Yt`\ 7 aVk^npoh_laVthe`c*�4the#�!t`e`fO�=t r ]�(~q r clkmclaV\mt`e#�
fhaVk%D%]D`t`_M!qw\^aYe 7 qwnB%�D`\m]DHq��vq r cl]we�_�(jaV\ A qwo`\maVe`k^�waV_laYclk r a r&D aYcleEe`aYe`e`aYe`k � aV\ r aV\�*�aVcl_ f`aV\
(jaY\,!]�0 aVe r _lclnpo�t`e.�4aVe PSR V K T VK^V R H W !t# %aV\uehaVt`\m]4eHqw_ba 5 a r �Ya@ aYk^npo6!q5A r c*� r k^cbnpoQ(�c r f`cbaVkma�(
*6oha�(�q.�

U3!t`\gfHqwk : + 5?5 a >,clk r claY\^aYe ' aY\^k^npohclaVfhaVe`a�*�\xqwcbe`cle#�wk2(ga r oh],f`aYe P U�K T K�VRJ�K �3VK�V'V 13K
V'V,��K VV �dW � N'aVclk rF� cl\mf fHq� %aVc aVe r:� aVf`aY\.e�t`\�(gc r aVcbe`aV\[aVcbe#�VaY_le`aYe /BaY\^e`aY_* `\maVc r a �^AB!th\�qw_b_la
*�\xqycle`cbe#�4k Dht`e#% r a3�4aRqw\< aYc r a r K ] f`aY\[aYk � aV\^fhaVe ({qw\mc|qwe r aYe ' ]4e : \xqwf`cbaVe r aYe ' aV\ A qwo`\maVe aYcleFE
�waVk^a r � r � $ cleha aVcbe#�VaY_le`au/BaY\^e`aY_* `\maVc r a�AB!tho`\ r e`clnpo r �Yt`\ (�qd>,c*(�qw_"(^!]��4_lcbnpo`aVe : aYe`aV\^qw_lcbk^cla�E
\mt`e#� K the`f : \xqwfhclaVe r aVe ' aY\<A qwo`\maVe= aYe6!] r c$�4aVegaVcbe`aVe�+�aVnpo`aYeHqwt.A � qwe`f fhaV\+?G\^f`e�t`e#��� -B>�� 3
 %aVc >�*�\^qwclehcle#�4k<(ut`k r aV\me�- k^cbaVo`aWL,aYc r a � H 3 � * aVkmoHqw_$ � t`\mf`aVeLcle'f`claYk^aV\.�?\< aYc r k D a)�VclaY_l_ba K
qye�fHqyk : + 5?5 qwe#�wa$DHq'\ r aW*�\xqwcbe`cle#�wk ' aY\<A qwoh\^aVe'aVe r:� cbnB%waV_ r �

&:( A ]4_$�4aVehf`aVe � aY\^f`aYe�eHqynpo�f`aYe ' ]w\2 %aV\^aYc r aVe`f`aYeE/Bq'D`c r aY_le V � T.� V - * a =He`c r cb]4e<f`aV\
UHaYo`_laY\<A t`e#% r cl]4e 3 the`f V � T.� H - 7 aY\^aYclnpo f`aV\g/WaV\me`aV_$ `\^aYc r aYe 3 aVcbe aVcleIA qwnpo`aVkgt`e`f k^npohe`aV_b_laVk
*�\xqycle`cbe#�4k ' aV\ A qwo`\^aYe!- /FqaD`c r aV_ V � T.� R 3 km] � cla f`qw\xqwtIAHqwt.A` `qwt`aVehfuaVcbe \^aYnpo`aVehcle r aYe`k^c ' aVk K q� %aV\
Dh\,!q��Yclk^aY\^aYk=*�\xqwcbe`cle.�4k ' aV\<A qyo`\^aYe ' ]4\2�waVk r aV_b_ r -0/Bq'Dhc r aY_ V � T.� V�3 �
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' \xqycle`cbe#�4k2(ga r o`] f`aVeD�4aVo6!]w\^aVea�Yt`\�(W_lqwk^kma f`aY\ ?�D r c$(�cbaV\ ' aV\ A qwo`\maVeK�2i9claC aYc qy_l_laYe ?�D r cYE
(gclaY\ ' aV\<A qyo`\^aYeY(ut \GfhaVk^o`qw_* qyt`npo  aYc ' \xqwcbe`cle.�4k2(ga r o`],fhaVe f`qwk ?�D r c*(gclaV\<%�\^c r aV\mclt#( f`a =�E
ehclaV\ r
� aY\^f`aYeK� i9cb\ � ]4_b_laYe�t`ehk qwe�f`claYk^aY\ L r aV_b_la.qwt.A +.a)�4\^aYk^kmcl]4e`k ' aY\<A qwo`\maVe@ %aVkmnpo`\ !qwe.%waVe��
* qyk�eHqyo`aV_bcla��waVe`f`k r a)(W\^c r aV\mclt#( cbk r f`cla L,t.(=(ga�fhaV\+*Wt`qwf`\xq r a'f`aV\��� � aYclnpo�t`e#�Q� � cYE
kmnpo`aVe-, k r E t`e`f,L ]4_l_ � aY\ r !t# %aV\!/'>=> 9)Z)t`e#% r a 9 � * claYk^aYk.(W\^c r aY\^clt.(
clk r f`qwe`e9�4aYaVc$�4e`a r$K � aYe`e

/�0�132&46587�9;:7=<>1@?>ACB82ED�FHGI2J13ACBH5LK8M�N�GO1@?>ACB82�K�PQ?R<RST5LK89VUHW�XYX3G�2�:><�13?R<ZK813ACB6<[9L1Y2&2�13KLN�13M�\�]W^M�XY1@ACBL2`_82�BLX32�:>S
a 5LKLb6<>13W^KdcdUH13KLKHe^W�XYXfb�7=KLKV7^58ACB�Fg2�1@?RhL132�X@?>GI2J13?>2`9;2J:[ijW�:>:2�X@7�<1YW�K8?Rb�WH2�klN�132�K6<TN�GO1@?>ACBL2JKmUHW�XYXYSI5LKn9�PQ?Q<QG�2�:><
?R2J1YKpoq?>132�BL2jN^c r[cts u^vxw�yzc
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f`a�( +�a��4\maVkmk^cl]we`k ' aV\<A qyo`\^aYe!aVcle N�] f`aV_b_ �Yt#�4\mt`e`f`aY_lcla)� r K � cba3�5����� aVcbe`a?_bcle`aVqw\^a�� a)�VcbaVo�t`e#�
� � cbk^npo`aYe�q� `o"!qwe#�4c$�4aV\Wt`ehf�t`e`q� `o6!qwe.�4c*�4aY\��{qw\^clq� `_ba Z f`a�( !t. `_lcbnpo`aVe��R_laVqwk r E k<- t`qw\^aYk
	 _
U c r ��� aVc�aYcle`a)( (g] f`aV_b_$A \^aYclaYe U c r2' aV\<A qyo`\^aYeLA?!t`o`\ r f`claYk^aVk (W\mc r aY\^cbt#( t`e � aYc*�4aY\^_bclnpoQ�Vt.(
aVcbe.A qwnpo`aYe~�?thk � aVe`f`c$�4_laY\^e`aYe���K] ' aV\ = r^r cbe#��	��jqw_b_laV\jZ)t`e.% r a�� * qwk ' \xqycle`cbe#�4k2�YclaY_#(ut \ q� aY\
k^aYcle K qyt`k f`aVe ' ]4\<�4a��4a) aYe`aVe Z)t`e#% r aYe f`cba ' \^aYe`f`k+�Vt a > r \^qwo`cbaV\^aYezthe`fM+.qwt`kmnpo`aVe��Vt
aV_bc*(gcle`cbaV\^aYe K qw_lkm]��4aVe`aY\xqw_bclkmclaV\ r ] f`aV\ ' aV\xqy_l_*�wa�(gaVclehaV\ r �Vt'_laV\me`aVe��

�?_lk)e`q r !t`\m_lcbnpo`a6t`e`fgcle f`aY\	+.a)�4aV_ ' aV\ � aVehf`a r a��)\ � aVc r aV\mt`e#�Ff`aVk{_laVqwk r E k<- t`qw\^aYk _f(W\^c r a�E
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Klassifikationsfehler                
Klassifikationsfehler (Proben1)
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Klassifikationsfehler (Testset2)
Klassifikationsfehler (Testset1)
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Klassifikationsfehler                
Klassifikationsfehler (Proben1)
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["a�a���¸�E�����\Yf:3�«K¢7698 hyr��y{dr;:>bquK|ph�vxh}m3<6~�<Y��= t fx{qrpjlknz>:3c"mY� `c�r�c�uCkshyr*my|;zxj h�v�t�j_|;z�h~Kk bduKvxbdr vxbx�;��hyj@?
|;zxc�u�f"h;uBADC¡� �>E©�R�y�>E©��Fd�>E
G>vxh}m�HLh}zxtPh;rpm��*hyj�vxhyr�H1jnklu�h;m*mR�*h;r�h�|yzxuEc�u�f

M";��´�! 
 ¢�+ ¸&�nµ�\"µ�� $ f53!± f�+ ²�¸n¸nµW´JI µ�´*·;µXE�µW¶3K�²���¶�g-,�·;µW´�] �&] r�µ�´}µ���g-,ML « $ P ±� �3Ar�µ�� µ����
��µ�] M³µ�,�¸�µ�´
_����N! 

¢q£�+ ����EN! 
 f"£�+ µ�´�, ;��,�·%¶��&g-,NE�µW´�r µW´}µ��&g-,NE�µW¶NK�²���¶�g-,�·}µ�´�]¡¶²��:e
L « $ ± P f���a�O c 3�L ¢d±���« P ���:3CS��nµOI µ�g-,�¶}µW¸ c ��´�^ ����\�¶HZ9P*��µ�´�\��nµ��uzpµ�E�µW¶(�j��·�\�¸���µ�E�¶7E�µW´)O��:e ;²"¸n¸&��\
\"µ c ;²�,�¸�·;µ�� �C·y²�´p·;�d������¸l²�·������ c µW´�E�µ��X�³²�g-,X["a�a��n¸&E�����\�f:3�«"£"]���· $ f:3 ± f�+QI ²�,�´p¶�g-,�µ�����¸&��g-,K�
^�µ���·"�&] *.��·;µW´�_�²"¸n¸7/�O�«"£����RQ�«"£��61 ¸&�nµ�\"µ��A3³S���µ�¶(a6µ�E�µ���·;µ�· N E³²"��E��nµ>µ���\�µ���·;¸��&g-,�µ��M³µ�,�¸�µ�´wa6µ��
E�µ�´3M���·V��µ�¶}¶�aLµW´}µ�g-,�� ����\t\�´ ;�"��µ�´�¶��&��E N ²"¸n¶FE�µ�´RI µW´p·"_����G! ¶���\�\�µW´���µ�´p· N E³²���_���´3²�¸n¸nµ�] ���
E�µ��©µW´}¶*·;µ��YT�µ���µ�´}²�·V�&����µ�� �A����g-,�·�E�µ�´J_��"¸n¸n¶*· ;²���E���\�µ�P*��µW´�\���µ�a6µ�´pµ���g-,N/PO���#� P ±C#" ��RQ���#� P ±C#� 81
²6��¶�\�µ�� ��·VO�· c ��´�EA3

*.��[�a�a��n¸�E�����\�f:3�«K¢X�n¶*·4E��nµTS�µ�´he���´�]A²���gWµHE�µ�¶4Z��:Z�Z5[�¸�\��"´���·�,�]Y��¶"e ;��´�E�´}µ���_�µW´}¶�g-,��nµR�
E�µ���µ��E·y²���E�²"´�E³²6a c µ��&g-, ����\�µ�� �s£C+ N ¢d£C+ N f"£�+ �*E�µW¶M³µ�,�¸�µ�´}¶�aLµ�� E�µ�´%M���·V��µ�¶}¶�aLµW´}µ�g-,�� ����\
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E³²"´�\�µ�¶*·;µ�¸�¸�·�32[���¶�\�µ c µW´p·;µ�· c ��´�E�µ��b,���µ�´����yzpµ�E�µ�´WT>µ���µW´;²�·�������� ��´4E��nµ¡�Cµ�¤ ��µ���Oy]���·�E�µ�´
zpµ c µ���¸n¶�, ;��g-,�¶p·}µ�� M���·V��µW¶}¶�3Y["µ�E�µ�¶�S��l²6\�´;²�]�] OWµ��&\"·�O���] µ�����µ��SE�µ��b�j��·p·;µ�¸ c µW´p·�E�µ�´>M���·p�
��µ�¶p¶*E�µ�´?zpµ c µ���¸n¶Ia6µ�¶*·;µ��A�KµW¤ ��µ���O�zpµ�E�µ�´*T�µ���µ�´}²�·V�&���YE�µW´�e ;����e S9´���\�´;²�]�]¡¸ ;²���e µ
O���¶;²�]�]¡µ��
]P��·�E�µW´U�C·y²���E³²"´�E�²�a c µ���g-, ����\�3��2��] ²���E�µW´}µ�� ¶��&��E����5g-,bE��nµXa6µ�¶p·}µP����E�E��nµ ¶�g-,�¸nµ�g-,E·}µ��
¶p·}µG�Kµ�¤ ��µ���OtE�µ�´"zpµ c µ��n¸�¶YaLµW¶p·}µ�� �Kµ�¤ ��µ���Ouzpµ�E�µW´�T�µ���µ�´}²�·V�&���qE�µW´Ye ;����eJS9´���\"´;²�]�]A¸ ;²���e µ
µ��&��\�µ�OWµ��&g-,���µW·�3

[�a�a���¸�E�����\Sf53�«K¢�O�µ���\"· N E³²"��E�µ�´WZ��:Z�Z5[�¸&\���´���·V,�]Y��¶�a6µ��7! 
 ¢q£�+ aLµW´}µ���·;¶�E�µ���·;¸&��g-,
¸l²���\�¶;²�]¡µ�´2O�� '3��·���]A²�]P��·J����µ�E�´���\�µW´}µ�´BM���·V��µ�¶}¶ � v ±�«"£ �L®?��E�µW· N ²"¸�¶J��,���µ K�²���¶�g-,�·}µ�´�]�� v
f"£�£ �i3�r µ��³µ��&��µ�] K�²���¶�g-,�µ���_����yf"£C+ �n¶p·
� ��´
���5g-,¡¸l²���\"¶;²�]¡µ�¶ '3��·���]��nµW´}µ��Ye µW¶p·�O���¶*·;µ�¸�¸nµ�� N
E³²"¶��&] �j��·p·;µ�¸0a6µ�� '3��·���]A²PE�µW´>M���·���µ�¶p¶ v # $ £Aµ���E�µ�·D3A["����µW´�E�µ�] µ�´�, ;��,�·�¶��&g-,G,��nµW´�E���µ
�C·;´pµ�������\PE�µ�´RP9´�\�µ�a����n¶p¶}µ�E�µ�´(µ�����OWµ�¸���µ���:��]u��¸l²�·�������¶}¸ ;²6��e µ�3
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["a�a��n¸&E�����\Pf:3�«�«96 � j hR:>b��qj):>bqt�hOH1jlklu�h}mpm��yh*vxh}m �6bdc;�*m�j�u =(�}z `bdu�fqj�fdgih;jlkBod{ : HLh}zxtPh;r

S��nµ � µ��n¶p·�����\�¶he ;²�,��&\�^"µ���·HE�µW¶�Z��5Z�Z5[�¸&\���´���·V,�]u��¶Y���n["a�, ;²���\���\�^�µ���·X_����}E�µ�´A�C· ;²"´�^�µ�E�µ�¶
K�²6��¶�g-,�µ���¶���¶p·"����[�a�a���¸�E�����\Nf53�«�«HE�µW·;²��n¸�¸���µ�´p·}µ�´�E�²"´�\�µW¶p·}µ�¸n¸�·D3 S���µW,|;��g-,�¶p·}µ©µ�´p´}µ���g-,�·;µ M���·p�
��µ�¶p¶ µ��&��µ�¶Fzpµ�E�µ�� �:�&]Y��¸n²�·V�&����¶}¸n²���e ¶4�n¶*· ;��a6µ�´uE��nµG�E·y²���E�²"´�E³²6a c µ��&g-, ����\b! E�µ�¶ K�²���¶�g-,K�
·;µW´�]¡¶�²6��e�\�µW·}´;²�\"µ��A3K["µ�E�µ�] �B²���e µ���·;¶}��´���g-,�·)E³²�]���·Jµ��&�Aµ�����\"µ�O�µ���g-,���µW·;µW´�S*����^E·�3�S���µ(µ����C�
\�µ���²"�"·;µH'���´h_�µH,³²�·4E��nµ M?��´�]�� ¦ Q�� ¥ µR�K�
	WO 4 �� N ]P��·�� ¦ 6�
 #���� P #� � N � ¥ 6�
 ¢q �� P � $�$ N
� 6�
 ¢�# P ± f"£�36M ;��´�¶p·}µ��&\�µ���E�µ I µW´p·}µu_����G! � P*����¶�g-,5��a ������]�]©·FE���µTS�µW´�e���´�]�²6��g�µY�&]P]¡µ�´
]Aµ�,�´ ²�a N a���¶ ¶��nµ-¶���g-, � e ;��´N! Q f�£ �PE�µ�] ªJµ�´�,³²"¸�·;µ���µ�����µW¶��2��es²"¸�¸n¶�_"µ�´hes²�,�´}µ���¶ � ¶��nµ�,�µ
'�²"����·}µ�¸If:3� :3�¢ �3²6��� ;²�,�µW´p·�3BS��nµ�¶�OWµ��&\"·�E���µX\�µW®�·p·;µ�·;µP'4��´�_�µ N E��nµYe ;��´�!�� Q�� \�µ�\"µ���� ¦
^����C_"µ�´�\��nµ�´*·D3�� ¦ ¸���µ�\"·�µW· c ²"¶ ;��a6µ�´�E�µ�´>�B²�\�µWE�µ�¶��²x�:��]Y��]¡¶���#�«�f��(E�µ�´3¬ ;²���®�\�^"µ���·;¶h_�µW´*�
·;µ��n¸�����\XE�µ�¶"�2��es²�¸n¸n¶h_�µW´�es²�,�´pµ���¶we ;��´X��  �±�£Y���t[�a�a��n¸&E�����\Pf:3�«"£�3
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["a�a���¸�E�����\`f:3�«�# 6 � j_h�:�b �ij@:�bdtPhRH1jlklu�h}mpm �Rh�vxh;m�6bdc;�*m�jnu+=(�;z `bdu�fij�fqgqh;jlk�o�{duav�h;r � h;u�hyr bqklj_{du��
j�uGvxhyrmpj h3h;r}rHhyjl|yz�k�� c"rHvxh

����·�¶p·;µ���\�µ���E�µ�] M³µ�,�¸nµW´7_"µ�´ ;²6��E�µ�´*·%¶���g-,NE³²�¶ '3��·V�&]P��µ�´h_�µ�´�,³²"¸�·;µ��HE�µW¶)Z��:Z�Z [�¸�\���´���·V,�]Y��¶�3
S>²aµ�¶ c µ�����\-¶������C_���¸n¸7�n¶*· N zpµ�E�µ�� µ��&��O�µW¸���µ�� �B²���e(²"¸�¶Uµ���\�µ���µ�¶©S��l²�\"´;²�]�] E³²�´�O���¶p·;µW¸n¸�µ�� N
²6��E�µ�´pµ�´p¶}µ���·;¶XE���´�g-, E³²"¶X�j��·p·;µ�¸&�m]¡µ�,�´pµ�´pµ�´ � ;²���e µyE��nµ��),³²"´;²6^E·}µ�´��n¶p·���^x²�_"µ�´ c �n¶�g-,�· c µ�´*�
E�µ�� ��["a�a���¸�E�����\Gf:3�«K¢ � N|c ��´�E�µye��"¸�\�µ���E�µy["��e_·;´}²�\�����\S\�µ c ;²6,�¸�· 6��.� ["a�a���¸�E�����\Gf:3�«�#j��¶p·
E��nµN,|;��g-,�¶p·}µaµW´}´pµ���g-,�·}µGM���·���µ�¶p¶wµ��&��µ�¶"zpµ�E�µ�� �:�&]Y��¸l²x·V������¶}¸n²���e ¶`;��a6µ�´YE���µtT>µ���µW´;²�·������ N ���
E�µ�´ ¶���µ µ�´}´pµ��&g-,E· c ��´�E�µ N ²6��e�\�µW·}´;²�\"µ��A39S���µ S*����^�·;µ c ��´�E�µ�� µ���·;¶p��´}µ�g-,�µ���E ��,�´pµ�´¡�C·;²��K�
E�²"´�E³²6a c µ��&g-, ����\H! µ��&��\�µ e ;²"´�a�·�3 I �nµF���y["a�a���¸�E�����\Xf:3�«�«���¶p· ²���g-,`,���µ�´7O�� µW´�^"µ�����µ�� N E³²"�
]���·1¶*·;µ��&\�µ���E�µ�] M³µ�,�¸�µ�´|E���µ�]A²x�:��]A²"¸�µW´}´}µ���g-,�·;µ M���·���µ�¶p¶�²6a�����]�]©·�3qS��nµ
]A²x�:��]A²"¸nµ9M���·V��µ�¶}¶
c ��´�EHO�� µ�����µ�]xe ´ ;��,�µ�´pµ�] �Yµ���·;������^�·Jµ�´p´}µ��&g-,�· N ²"¸�¶IaLµ�������µ�E�´���\�µ�] M³µ�,�¸nµ�´�����E���]P\"µ�E�´pµ�,�·D3
[�¸n¸�µ�´�E�����\�¶�µ��:�n¶*·V��µ�´p·I,��nµW´IaLµ���¶*·;µ��&\�µ���E�µ�] M³µ�,�¸nµW´�µ��&��µw��]�]¡µ�´0\�´ ;���"µ�´}µ�:g-, c ²���^5����\�¶�a�´}µ��P�
·}µ N aLµ��n¶}���nµ�¸�¶ c µ���¶}µ�^x²����`a6µ�� ,���,�µ�] M³µ�,�¸nµW´ ��!bQ ¢d£C+ ��E��nµ"]�²i���&]�²�¸nµ�M���·���µ�¶p¶�a6µ�´}µ���·}¶)���
E�µ�´Jµ�´p¶p·;µ�� N ²�a6µ�´J²���g-,¡µW´}¶*·��&�XE�µ�´J¸�µW·VO�·;µ��yT>µ���µ�´;²x·V����� µ�´}´pµ��&g-,E· c µ�´�E�µ��A3ES���µ�¶*��¶p·9µ���� c µ����
·}µ�´pµ�¶��.��E���O(E³²8e ;��´ N E³²"��e ;��´
,���,�µ�M³µ�,�¸nµW´ ��!�Q f"£ ��E�µW´�Z��5Z�Z5[�¸&\���´���·V,�]u��¶J²��Pr µ�E�µ���·V����\
_"µ�´p¸��nµW´p·(����EjE���´�g-,G�2�:es²"¸n¸Y²���¶�\"µ c ;²�,�¸�·;µ4a6µ�¶p·}µw�Cµ�¤ ��µ���O�µ���E���]�������µ�´}µ��A3

�.��E�µ���["a�a��n¸&E�����\"µ��Uf:3�«�±`����Emf:3�«�f c µW´�E�µ��tzpµ c µ��n¸n¶>µ���� µ�����OWµ�¸���µ�´ �:�&]Y��¸l²x·V������¶}¸n²���e
E�µ�¶4Z��:Z�Z5[�¸�\���´���·�,�]Y��¶�]���·�µ��&��µ�´��E·y²���E�²"´�E³²6a c µ��&g-, ����\j_�����! � ¢q£C+ a�O c 3J! �Lf�£C+
E�²"´�\�µW¶p·}µ�¸n¸�·D3	�.�~E�µ���¸��&��^"µ���S��l²�\"´;²�]�]Aµ�� ¶�����Ebzpµ c µ���¸n¶yE��nµ M���·V��µ�¶}¶ c µW´p·}µSE�µ�´y����zpµ�E�µ�´
T>µ���µ�´;²x·V�����s��µ���²���¶�\�µ c ;²�,�¸�·;µ��¯�KµW¤5��µ���OWµ�� ²�a�\�µ�a��n¸&E�µW·�37�"��·;µW´}¶�g-,��nµ�E�µ�� c µW´�E�µ��~E³²�a6µ��
E��nµ N E���´�g-, �:��g-,�µ��&� E�µ�´XE���´�g-,}E³²"¶�T3K"�"� ²"����´��d���&]P��µ�´*·;µ�� �1²6��E�¶�g-,�²6e_·�\�µ�e�����E�µ���µ��
�Cµ�¤ ��µ���O�µ��U����E�E���µYE���´�g-, K(µ�^6��]Ya��&�³²�·V�&��������EU�j��·y²x·V�����G\�µ�a���¸�E�µ�·;µ�� �Kµ�¤ ��µ���O�µ��A30r µ��
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["a�a��n¸&E�����\�f53�«�f 6�� j�u"�Wh;t�u�h;r%� bdc;���ph;j�hyj�u�h :��9bdc"my|;z"bduKksh;jntLod{du C¡��Fd�>E

µ��&��µ�] M³µ�,�¸�µ�´)_���� ¢q£C+L��¶p·wE��nµ>M���·V��µW¶}¶�E�µ�´wE���´�g-, K(µ�^6��]Ya��&�³²�·������N\"µ���µW´��nµW´p·}µ���Kµ�¤ ��µ��K�
O�µ�� E���´�g-, c µ�\b���nµ�E�´��&\�µ�´ N ²"¸n¶WE��nµPE�µ�´YE���´�g-, E³²�¶HT
KF���L\�µW®�¸�·;µW´p·}µ��A3�S��nµ�¶W\��n¸�·4e ;��´uE���µ
]Aµ��n¶*·;µ��yT>µ���µW´;²�·�������µ���²6��g-,ya6µ�� µ��&��µ�] M³µ�,�¸nµW´
_����`f�£C+N35[�¸n¸�µ�´�E�����\�¶*��¶p·7E³²4E��nµ��:g-, c ²��K�
^ ����\�\�´ ;���"µ�´���E³²"¶�T
KF���~,³²x·
aLµ��³µ�����µ�] M³µ�,�¸nµ�´*E��nµ�¶pµ�´�T>´ ;����µwa6µ��³µ������&\�µ��PT>µ���µW´;²�·�������µ��
�9fqZ5� �%�:g-, c �nµW´��&\�^"µ���·F]P��·wE�µW´�S>²x·;µ���²"����´��q�:�&]�²�·������23

�.�bE�µ�� ´}µ�g-,E·}µ�� S��l²�\"´;²�]�]Aµ���E�µW´�[�a�a��n¸&E�����\�µ��bf:3�«�±`����EUf:3�«�fy�n¶*·�E���µu_�µW´}´;²6��¶�g-,�·;µ
M���·���µ�¶p¶ N�c �nµ�¶���µ�E³²�¶*T3K"�"� ��´ ;²"¶}µ���·V�nµW´p·�aLµ�^���]�]©· N ;��a6µ�´0E�µW´�Tqµ�g-,�·}µ��YV�M���·V��µW¶}¶�²���e�\�µ�·;´;²i�
\�µ��23 P9¶w^���]�]Aµ��`E³²�a6µ��5zpµ c µ��n¸�¶(²"¸n¸�µ3 $ ¢ �Cµ�¤ ��µ���O�µ��jE�µ�¶w_���¸n¸�¶p·k;²6��E���\"µ�� �B²���e ¶wO���] P*���C�
¶;²�·�O�3 r µ��Bµ�����µ�] M³µ�,�¸nµ�´�_���� ¢d£C+ a6µ�¶p·}µ�,�·�µ�����µ�E�µ���·}¸���g-,a�d��¶���·V�&_"µ4'���´}´pµ�¸l²x·V�����`O c �n¶�g-,�µ��
_�µW´}´;²6��¶�g-,�·;µW´wM���·V��µW¶}¶�����E T µ�g-,E·}µ�´WV�M���·V��µW¶}¶ NAc �nµXE���µ M���·�\�µ�´}²�E�µYa6µ�¸�µ�\"·�3 �.] T>µ�\�µ���¶;²x·VO
E³²�O��¶�����E N aLµ�� µ�����µ�] M³µ�,�¸nµ�´�_�����f"£C+ N aLµ���E�µ�I µ�´*·;µ4� ��´(���5g-,¶�g-, c ²�g-,G����^���´p´}µ�¸&�nµW´p·D3

�.� aLµ���E�µ���S��n²�\�´;²6]P]¡µ�� ¶��&��EsE��nµM���·���µ�¶p¶ c µ�´p·}µ N7c �nµ-¶��nµ�E³²"¶P���sE�µ�´-¢d£�3oT>µ���µ�´;²x·V���
��� ·;´}²������nµ�´*·;µtT3KF��� O���´ ;��g-^E¸���µ�e µW´p· N ���jzpµ c µ���¸n¶Y_5�nµW´TI µW´p·}µ�a6µ�´}µ���g-,�µa²��:e�\�µW·}µ��n¸�·D3 ["µ�E�µ�]
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I µ�´*·;µ�aLµW´}µ��&g-,�µ���·}¶}��´���g-,�· µ��&��µM6²�´�a6µ�3/M ;��´�aLµ���E�µM³µ�,�¸�µ�´��*¢d£C+ N f�£C+ �H��¶p·�E³²"¶NT
KF���
���Yµ���¶��&g-,E·}¸��&g-,GaLµ���E�µW´��µ�,�´�Od²�,�¸IE�µ�´>�Kµ�¤ ��µ���O�µ��m���&g-,E·�]Aµ�,�´�����E�µ�´>�B²�\"µ N E�µ���^���´p´}µ�^��
·}µ�� M���·V��µ�¶}¶ c µW´p·3²���O���\�µ�a6µ��A3LS3µ������:g-,�^�²6���-µW¶�� ¶}µ�¸&a�¶p·"e ;��´�µ�����µ���\"´�����µ�� M³µ�,�¸nµ�´(_����
! � f"£C+�� �Kµ�¤ ��µ���O�µ��n]P��·4,���,�µ�� M���·���µ�¶p¶ c µ�´*·;µ��q_���� �KµW¤ ��µ���OWµ��n����µ�E�´���\�µW´UM���·V��µ�¶}¶
���E·}µ�´p¶�g-,�µ���E�µ�� NCc �nµ�E���µ)O���¶;²�]�]¡µ���, ;²6��\�µ���E�µ��+S*����^�·;µw\�¸�µ��&g-,�µ�´9M ²"´�aLµ�O�µ���\�µ��A3 �.��¶�aLµW¶����C�
E�µ�´}µ ¶��&��E�E��nµ4]¡µ��n¶*·;µ�� �KµW¤ ��µ���OWµ��S]���·(E�µ�´(,|;��g-,�¶*·;µ�� Tqµ�g-,�·;µ�� V M���·V��µW¶}¶�²���g-,jE���´�g-,�E³²"¶
T3KF��� ,��:g-,jaLµ c µW´p·}µW· N ��a c ��,�¸0E��nµ
K�²���¶�g-,�·}µ�´�]¡µuO���]�Z�µ��n¸Bµ��&�aª��nµW¸&es²�g-,�µW¶"E�µ�´�µ���\"µ���·p�
¸&��g-,�µ�� M���·V��µW¶}¶�a6µW·}´;²�\�µ��A3:r µ�E��&��\"·)E���´�g-,tE���µ�¶pµ3µ����"´�]¡µ>�C·;²�a��n¸&��· ;²�·
E�µ�¶FT3KF��� ^�²6���`E�µ�´
Z��5Z�Z5[�¸&\���´���·V,�]u��¶(²���g-,�aLµ�� ¶}µ�,�´(,���,�µ��-¶p·;²�·V��¶p·��n¶�g-,�µ��M µ�,�¸nµW´��t���5g-,j�"��·V�&]P��µ�´}µ��A3

S3µ�´XZ��5Z�Z5[�¸&\���´���·V,�]u��¶ µ�´ c µ��n¶p·A¶��&g-,�²"¸�¶XaLµ�]AµW´�^�µ���¶ c µW´p· ´���a���¶*·P\"µ�\�µ�� ;��a6µ�´��"&�� &s]
	
�"&s]����� ��^ M³µ�,�¸nµ�´��A36S��nµW¶"��¶p·�µ�����µ c �&g-,E·���\�µ�ª
��´}²���¶}¶pµW·�O�����\Ne ;��´"E�µ�� ��´;²6^E·��n¶�g-,�µ�� P*�&��¶;²�·�O�3
S>²�¶�[���e_·}´}µ�·;µ�� ¶��C¶*·;µ�]A²�·��n¶�g-,�µ�´ M³µ�,�¸�µ�´ c ��´�E�µX,���µ�´����&g-,�·4����·;µ�´p¶���g-,�·�3 P9¶4�n¶*·>²"¸�¸nµW´�E��&��\�¶
²6��O�����µ�,�]¡µ�� N E³²"�4E�µW´�Z��5Z�Z5[�¸&\���´���·V,�]u��¶J²���eY¶���¸&g-,�µ�µ�]A�K®?��E�¸&��g-,�µW´�²�¸n¶J²���eY¶p·;²�·V��¶p·V��¶�g-,�µ
´pµd²�\��nµ�´pµ�� c �n´�EA3

#%$'&($�� �T	38��7JIpI*,��/.���.��R	3.10�� .10

¬F�nµW´ c ��´�E�µyE�µ�´ P
�&���?���µ��&��µ�¶�[���·;µ��n¸�¶��SO���e ;²"¸n¸&��\�µW´ �Kµ�¤ ��µ���O�µ�� ²��mE�µ�� ��,��nµW´ 6B "± ����µ��
²6��¶�\�µ c ;²�,�¸�·;µ��a�Cµ�¤ ��µ���O�µ��Yzpµ�E�µ�´FT>µ���µW´;²�·������PE���´�g-,tE�µ��`Z��:Z�Z5[�¸�\���´���·�,�]Y��¶�����·;µ�´p¶���g-,�·�3
S���µX[�a�¶���g-,�·WE³²�a6µ��*�n¶*· N µ�����µ�] µ�_"µ���·V��µW¸n¸�µ��qr��l²"¶��&�bE�µ�´�[���¶ c ²�,�¸7E�µ�´©�C·y²"´*·;�d������¸n²�·V�&���
µ���·V\�µ�\�µ���O�� c �n´�^�µ��A¶�� c �nµ�E�²"¶�_��"´�O�µ���·���\�µ)'4��� _"µ�´�\��nµW´}µ��X�&�w¸���^�²�¸nµ�'>�K·V��]A²"O�� µ�´p¶�g-, c µW´}µ��A3

P9¶�\��&a�·�O c µ��
�q;��\�¸&��g-,�^�µ���·;µ���E�µ�´��F]A¶pµW·�O�����\ 6�P*��· c µ�E�µ�´ c µW´�E�µ���E��nµWO���e�;²"¸�¸��&\�µ��-�Kµ��
¤ ��µ���O�µ�� �"!#�%$� &&� (�]����mO�� E�µ�� ²���¶�\�µ c ;²6,�¸�·}µ�� ²�E�E���µ�´*·t�:E�µW´G¶��nµ �"!'� �"&��>��^ µ�����µ��¯µ���·;¶p��´}µR�
g-,�µ���E�µ��q[���·}µ��n¸�E�µ�´ ²���¶�\�µ c ;²6,�¸�·}µ�� �Kµ�¤ ��µ���O�µ��A3 I µ����b]A²���E³²D_���� ²���¶�\�µ�,�· N E³²���a6µ��&]
µR�K�LµW´���]¡µ���·}µ�¸n¸�µ�� P*����¶}²�·VO µ�����µX\�µ��³²���_���´�\�µ�\"µ�a6µ���µ�]�²i���&]�²�¸nµu["��Od²6,�¸/²�� �C·V�&g-,���´���aLµ��
�&�uzpµ�E�µW´�T>µ���µ�´;²x·V������a6µ c µ�´*·;µ�· c µ�´�E�µ��j^�²6��� N µ���·}¶}��´���g-,�·�E��nµ�¶(E�µW´(O c µ���·}µ��Gª/²"´��n²���·;µ63

I µ�\�µ���E�µ�´Bµ��&��es²�g-,�µW´}µ�� �.]¡��¸nµ�]Aµ���·y²�·������ c µ�´�E�µ��WaLµ���E�µ��W,���µ�´AE���´�g-,�\"µ�e ;��,�´*·;µ�� �:�&]Y�K�
¸n²�·V�&����µ��uE���µ)E���´�g-, K�µ�^���]ua����³²x·V�����u\�µ���µ�´��nµ�´*·;µ��¡�Kµ�¤ ��µ���O�µ��PE���´�g-,XO��:e ;²"¸n¸&��\�µJµ�´p¶}µ�·VOW·�3 �2��´
P9´�, ;��, ����\4E�µW´9¶p·y²x·V�n¶*·V��¶�g-,�µ��yT>µ���²�����\�^"µ���· c ��´�E�µ��Xe ;��´ zpµ�E�µ���["��·;µ���¸(��e ;����eY�:��]u��¸l²�·�������µ��
]���·I\�¸nµ���g-,�µW´ �E·y²"´*·;�d������¸n²�·V�&��� ²�a6µ�´
����·;µW´}¶�g-,��nµ�E�¸��&g-,�µ�] �C·;²"´p· c µ�´*·)E�µ�¶)�2��es²"¸n¸�¶�\�µ���µ�´}²�·V�"´}¶
E���´�g-,�\"µ�e ;��,�´*·D3

�.��[�a�a��n¸�E�����\�f:3�«" N�n¶*·4E��nµTS�µ�´he���´�]A²���gWµHE�µ�¶4Z��:Z�Z5[�¸�\��"´���·�,�]Y��¶"e ;��´�E�´}µ���_�µW´}¶�g-,��nµR�
E�µ���µ�[���·;µ��n¸�µ �)� � £C+�°R«"£C+�° $ £�+ �3²6�UO���e ;²"¸n¸&��\�µ�� �Kµ�¤ ��µ���O�µ�� E³²"´�\�µ�¶*·;µ�¸�¸�·�3 S��nµX[�´p·�E�µ�´
S>²�´}¶p·}µ�¸�¸�����\4��¶p·7��E�µ���·V�n¶�g-,P]���·
["a�a���¸�E�����\uf53�«K¢�²���e �Kµ���·;µ ¢i« $ 3�[��*� ;²"¸n¸&��\���¶p·
E���µ ;[",���¸&��g-,K�
^�µ���·)E�µW´)'���´h_�µ��yO c ��¶�g-,�µ��`E�µ��PE�´}µ��6S��l²�\�´}²�]�]Aµ��A3"S3µW´�["��·;µ���¸ ²��yO���e ;²"¸�¸���\"µ��¡�KµW¤5��µ���OWµ��
¶�g-,�µ��&��·�E���µ3S�µW´�e���´�]�²���g�µ4E�µ�¶FZ��:Z�Z5[�¸�\��"´���·�,�]Y��¶)^�²6��] O���a6µ�µ��&���?��¶p¶}µ��A3
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Anteil zufälliger Sequenzen [%]

[�a�a��n¸�E�����\�f:3�«��96 � j h :�b �qj):�bdtPh�H1jnklu�h}m*m �yh*vxh}m �6bdc;�*m�j�u
=(�;z `bdu�fij�fqgqh;jlkLo�{ : = uCksh;jntKbduU�yc;� `bdtnt�j@?
f"h;uA~�h��RcEhyu"��hyu

�j��· ¶*·;µ���\�µ���E�µ�] ["��·;µ���¸ � ¶��&��^�·PE��nµt]�²i���&]�²�¸nµ�µW´}´pµ���g-,�·}µ M���·V��µW¶}¶H����E µ�¶¡µ�´�, ;��,�·A¶���g-,
E��nµ©�C·}´}µ�������\`E�µW´�P9´�\�µ�a����n¶p¶}µYE�µ�´3µ�����OWµ�¸���µ�� �:�&]Y��¸n²�·V�&����¶}¸<;²���e µ63³S��nµW¶}µu["��¶}¶}²�\�µ c ��´�ES�&�
[�a�a��n¸�E�����\Xf53�«�� c µ���·}µ�´)a6µ�¶*· ;²�·���\"·�3:["a�a���¸�E�����\Xf:3�«�����¶p·�E³²"¶ S1µ���E�µ���·(O��N["a�a���¸�E�����\Xf:3�«�«
²���e>�Kµ���·;µ ¢�#�£�3JS���µ`, ;��g-,�¶*·;µ µW´}´}µ���g-,�·;µM���·V��µW¶}¶¡µ�����µ�¶�zpµ�E�µ��¯�:��]u��¸l²�·�������¶}¸l²6��e ¶u��¶p· ;��aLµW´
E�µ�] [���·}µ��n¸ � ²��mO���e ;²"¸�¸��&\�µ�� �Kµ�¤ ��µ���O�µ���²���e�\"µW·;´}²�\�µ��A3 S���µ�µ��&��O�µW¸���µ��}�µ�� c µW´p·;µ ¶�� c �nµ
E��nµ"Z�´pµ���E�\�µ�´}²�E�µ�O�µ���\�µ���µ��&��µ��`["a�es²"¸�¸ E�µW´�]���·}·}¸nµW´}µ�� N ]A²x�:��]A²"¸�µ��AM���·���µ�¶p¶)���y[�a�, ;²6��\���\x�
^"µ���·�_���� �?3��KµW¸�a�¶*·Pe ;��´¡¶}µ�,�´y,���,�µ�["��·;µ���¸nµa²�� O���e ;²"¸�¸��&\�µ�� �KµW¤5��µ���OWµ�� O�µ���\"·�E�µW´yZ��:Z�Z
[�¸&\���´���·V,�]u��¶Uµ���� E�µ���·;¸&��g-,�µW¶�'3��·V�&]P��µ�´�_"µ�´�,³²"¸�·}µ��U����En�n¶*·X��]�]AµW´Wa6µ�¶p¶}µW´A²�¸n¶wµ���� ´pµ�����µ�¶
�2��es²"¸�¸n¶�_"µ�´hes²�,�´}µ���¶ �s¶��nµ�,�µ�' ²�����·}µ�¸|f:3! �3�¢ � 3

�.��["a�a���¸�E�����\yf53�«��Y��¶p·(O���a6µ���a³²�g-,�·;µ�� N E³²"� ¶}µW¸�a�¶*·"�&] P��C·;´pµ�]Hes²"¸n¸%� � $ £�+L���G²�¸n¸nµ��
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[�a�a��n¸�E�����\�f:3�«�� 6�� jnu"��hyt!u�hyr � bqc}�3�*h;j�hyj�u�h : =%uCksh;jnt³o�{du��x�����yc}� `bdtnt!j�f�hyu¡~³h��ycChyu"��hyu

T>µ���µ�´;²x·V������µ��PE��nµ�M���·���µ�¶p¶)E�µW´)E���´�g-,`E³²"¶)T3K"�"� a6µ c µ�´*·;µW·}µ��t����EP_���] Z��:Z�Z5[�¸�\��"´���·�,K�
]u��¶�²6��¶�\�µ c ;²�,�¸�·;µ�� �KµW¤5��µ���OWµ��~E�µ���·;¸&��g-, ;��aLµW´PE�µ�´HE�µ�´�O��:e ;²"¸n¸&��\�µ�� �Kµ�¤ ��µ���O�µ���¸��nµ�\"· �
���Yµ���¶��&g-,E·}¸��&g-,j���K·V��]��nµW´p·)E�µ�´(Z��:Z�Z5[�¸�\��"´���·�,�]Y��¶�3�S���µ�¶w�n¶*·(��]¡¶�� µ�´p¶p·y²6����¸��&g-,�µ�´ N ²"¸n¶wE�µ�]
Z��5Z�Z5[�¸&\���´���·V,�]u��¶Ya6µ���E���µ�¶pµ�] ,���,�µ��n["�E·}µ���¸�� ��´X���5g-, ¶pµ�g-,�¶��KµW¤5��µ���OWµ��s_����  "±GO���´
�5��g-,�µ���� E�µW´XE���´�g-, E³²"¶�T3K"�"� ²"����´��d�:��]��nµ�´*·;µ�� �1²6��E�¶�g-,�²6e_·�O���´ ªJµ�´he ;��\�����\ ¶*·;µ�,�µ��A3
S���µ�¶/µ���·;¶p��´��&g-,�·�\�µW´;²�E�µ"E�µ�´�[���O�²�,�¸6²��P����·;µ�´p¶�g-,���µ�E�¸&��g-,�µ��BS9´ ;²�O��n¶��&����µ��yE�µW¶wT3K"�"�W3CS3µ�´
Z��5Z�Z5[�¸&\���´���·V,�]u��¶w^x²�����E�µ�¶�,³²"¸�a����tE���µ�¶pµ�] M ²"¸�¸2� ��´FE��nµ�\�¸&��a³²"¸�µ�� '3��·���]A² ��e ;��´w����·}µ�´*�
¶�g-,��nµ�E�¸��&g-,�µOS9´ ;²�O��n¶�������µ��XE�µ�¶�T3K"�"� ��E���´�g-,��:��g-,�µ(]���·�µ�����µ�] \"µ���µ�·V�n¶�g-,�µ���[�¸&\���´���·V,�]Y��¶
µW´�]���·p·;µ�¸&� ��E��nµ>¸���^�²�¸nµ�� '3��·���]A²Y] ;��¶}¶}µ��j���³²�a�\�µ�·y²"¶*·;µ�·�a�¸�µ��&aLµ��A3

S3µ�´HZ��:Z�Z [�¸�\���´���·V,�]Y��¶�OWµ��&\"·¡µ�����µ�_"µ�´�, ;²"¸�·����n¶�] ;²"����\G\�µW´�����\�µ�r µ�µ������?��¶}¶�����\qE���´�g-,
E�²"¶¬"�&��O��:e ;��\�µ��`O���e ;²"¸�¸���\"µ�´��Kµ�¤ ��µ���O�µ��A3L["µ�, ;��,�µ�´�E�µW´�[���·}µ��n¸ ����¶p· N E�µW¶p·�� c µ�����\�µW´%¸���^�²�¸nµ
'3��·���]A²q^ ;������µ�� ²���¶�\�µW·}µ�¶p·}µW· c µW´�E�µ��A3�S3µ�¶�,�²"¸�a ¶��&��^�·jE��nµ S�µW´�e���´�]�²���g�µ�]P��·G¶p·}µ���\"µ��K�
E�µ�] �?3:[���E�µW´}µW´}¶}µ���·}¶¸��nµ e µ�´��yE���µ�O���e ;²�¸n¸��&\�µ����KµW¤5��µ���OWµ���E�µ�]LZ��:Z�Z5[�¸&\���´���·V,�]Y��¶)O���¶ ;²x·VO��
¸&��g-,�µ �.��e���´�]A²�·�������µ�� ;��a6µ�´`���5g-, ��� aLµ�^x²�����·;µUr µ�´pµ��&g-,�µGE�µ�´GM���·V��µ�¶}¶p¸l²���E�¶�g-,³²8e_·D3wr µ���E�µ
P �Lµ�^�·;µ�²"´�a6µ���·;µ��y\�µ�\�µ���¸<;²���®?\�� E��nµW¶���¶p·7E�µ�´)T>´�����E N c ²"´���] E��nµJS�µW´�e���´�]�²���g�µF]P��·J¶p·;µ����
\"µ���E�µ�]���¶�� ¸n²���\�¶}²�] ¶�����^�·D3

S��nµ�µ��&��\�²���\"¶²���e�\�µW¶p·}µ�¸n¸�·;µ�ªJµW´�]Y�K·V����\ N E³²"� µ���� ��\�µW´��&��\�µ�´ ��[���·}µ��n¸Y²��tO���e ;²�¸n¸��&\�µ����Kµ��
¤ ��µ���O�µ�� E�µ�] Z��:Z�Z [�¸�\���´���·V,�]Y��¶�a6µ��7E�µW´ ;�FaLµW´ c ����E�����\¸���^x²"¸�µ�´ '3��·V�&]�²`_����q�"�K·VO�µ��
¶pµ��&�N^ ;������·;µ N a6µ�¶p· ;²�·V�&\"·;µ�¶��&g-, �s¸�µ���E�µ�´ �*���&g-,E·�3:["��E�µW´���es²"¸�¸n¶7, ;²�·p·;µ�E���µ�S1µ�´he���´�]A²���gWµ����y[�aK�
a��n¸�E�����\4f:3�«���µ����H�-²i���&]Y��] e ;��´ µ���� �yQ�£>²6��e c µ��n¶pµ��H] ;��¶}¶}µ��A3 � ;��\�¸��&g-,�µ�´ c µ��n¶}µ)�n¶p·IE��nµW¶}µ�´
P �Lµ�^�·�²�aLµW´�e ;��´�²���E�µW´}µ4Z1µ�¶p·}¸l²���E�¶�g-,³²8e_·;µ��jO���aLµ���a³²�g-,�·}µ��A3
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�2��� ;²�g-,�¶p·�¶���¸�¸J,��nµW´waLµ�·V����· c µ�´�E�µ�� N E³²"� ¶��&g-,jE��nµ�µ�´p¶p·;µ�¶�g-,�´�� e_·;¸��&g-,�µ
P9´ c ;²�,�� ����\yE�µW¶�²�¸n¸��
\�µ�]¡µ��&��µ��UZ��:Z�Z�� �5^E¸���¶ � � ·;µW´;²�·��&_ 61¶p·y²x·V�n¶*·V��¶�g-,�µP[��³²"¸ �C¶}µy]���·W��µ���´�����²"¸nµ�] ��µW·�O N �:��g-,�µ
���PE�µ�´²�����´��d�:��]��nµW´p·}µ����B²���E�¶�g-,³²8e_·w]P��·7\�µ���µ�·V��¶�g-,�µ�] [�¸&\���´���·V,�]Y��¶ N µR���6µ�´���]¡µ���·;µW¸n¸�µ�r µR�
c µW´p·�����\tE�µ�´�_���´�\"µ�¶�g-,�¸l²�\�µ���µ�� �:��a�¶p·y²6��O�µ�� ��_���� ¢ $�$ #N��� µ�����µW´3S�²�·}µ���·y²���]AµW¸�E�����\N_����
��������� ,���������� � �!� �"& � (#"0a6µW®���E�µW·`/ $ fk1l30[�¸n¸�µXE�µ�] [��K·V��´4a6µ�^x²�����·;µ��q[�´�aLµ���·}µ�� N E���µ
µ��&��µ ;[�,���¸&��g-,�^�µ���·H]P��·HE�µ�] ,���µ�´Y_���´�\�µW¶p·}µ�¸n¸�·;µ�� Z��:Z�Z [�¸�\���´���·V,�]Y��¶ ²���e c µ��n¶pµ�� N
c ��´�E�µ��
¶}� ;²x·;µ�´w_"µ�´ ;���Yµ��E·}¸��&g-,E·�3

*%$&�'� �!�)( ����� ��� $ ���*� ����E,+ ,/.�-/. ���!��� _����xE�µ�´ M³´}µ��nµ�� �F���&_"µ�´p¶���· ;²�·br µW´}¸��&�
_�µW´ ;���Lµ���·;¸&��g-,�·;µ��¯¢ $�$ ±GE���µ�µ�´p¶p·}µb/ $ #81%µ��&��µ�´u\�²���OWµ�� K�µ���,�µ�²��n[�´�a6µ���·;µ�� / $ ±81 N ��� E�µ���µ��
]P��·�µ�����µW´�ª/²"´��n²���·;µSE�µW¶tZ��:Z�Z�� �5^E¸���¶t^ ��´�OWµ S�µ��K·V��EEZ��Kµ�¤ ��µ���O�µ�� ²���e µ�����µGa6µ�¶*·V��]�]©·}µ
[���e�\�²�aLµ`,���� ����·���]��nµW´p· c µ�´�E�µ��23JS3µ�´ T ¶��&]Y��¸&�nµ�´*·;µP]P��¸�µ�^ ��¸n²"´}µ%P*_���¸��K·V����� V��'���5P �Y\�µR�
�³²�����·}µ�� �5^E¸���¶X����·;µ�´p¶�g-,�µ���E�µ�·�¶���g-, _���] Z��:Z�Z5[�¸&\���´���·V,�]Y��¶XE���´�g-, µ������&\�µ c µ�¶pµ���·;¸&��g-,�µ
S3µW·;²��n¸�¶ 6

0 [�¸n¶(¶p·;²�·V��¶p·V��¶�g-,�µW¶ªJµ�´�es²6,�´}µ�� c µ�´�E�µ���r%²�g-^E��´��"�³²�\�²�·������EZ:��µ�·VO�µ�µ�����\�µW¶}µ�·VOW· N ]P��·(²"¸��
¸�µ��Ya6µ�´pµ���·}¶�E³²�´�\�µW¶p·;µW¸n¸�·;µ��u��²�g-,�·}µ��n¸�µ�� ��'�²"����·}µ�¸:f:3�«�� 3�S3µ�´0[�¸&\���´���·V,�]Y��¶0^�²6���YE³²�]���·
� ��´¡�KµW¤ ��µ���OWµ�� ^�����¶*·y²���·}µ�´¡�7;²���\�µy_"µ�´}²"´�a6µ���·;µ��23 P*���q]¡µW·�,��:E��n¶�g-,�µ�¶ S9´���a�¸nµ�] �n¶*·
²�����µ�´�E�µ�] N E³²"��E�µ��S["��¶�\�²�aLµ c µW´p·}µ��SE�µW¶���µW·VOWµ�¶"E��n´pµ�^�·�µ�����µWa��&��¸���\��n¶�g-,�µ�M?����^�·V�P�
���mO���\�µ���´�E���µW· c �n´�E23�r�µ��n¶p���nµW¸n¶ c µ��n¶}µ c �n´�Em��� / $ #81�µ�����µ�´W��µW·�Od²���¶�\�²�a6µ21 £ P f�E���µ
M?����^�·������ Tx�Kµ�¤ ��µ���ON,³²�·ug�¸�µd²D_�²�\�µ¡¶���·}µ�VyO���\�µ���´�E���µW·�3 P*��� I µW´p·u^C¸�µ��&��µ�´ £�3{f c ��´�E
²"¸�¶"��µ�\�²�·��&_"µ�¶�r�µ��n¶p���nµW¸��&��·;µ�´p��´}µ�·V��µ�´p·�3dr µ��&] Z��:Z�Z5[�¸&\���´���·V,�]Y��¶(aLµW¶���·VO�µ��GE��nµ�^����K�
^E´}µ�·;µ��y[���¶�\�²�a6µ c µ�´*·;µ"E�µ�¶�T3K"�"� ^�µ��&��µ�´p¸nµ�� r�µ�E�µ���·V����\ � µ�¶ c ��´�E ¸nµ�E���\�¸&��g-,YE�²�O��
a6µ�� ��·�OW· N E���µ��B²�\�µ4E�µ�´ '3��·���]A²u���tE�µW´�M���·V��µ�¶}¶p¸l²���E�¶�g-,³²8e_·"O��j�&E�µ���·���®?O��nµ�´pµ��A3

0 S���µ S�µW��·V�&E�µ c µW´�E�µ�� ����g-,�·`E���´}µ�^�·G²�¸n¶`r)��g-,�¶p·;²�aLµ���¶}µW¤ ��µ���OWµ�� ^6�:E���µ�´*· N ¶�����E�µW´��
E���´�g-,sE��nµ�µ��E·}¶}��´pµ�g-,�µ���E�µ�� I µW´p·;µ`e ;��´ ¬��5E�´�����,���a��&O���· ;²�·X����E ª
�"¸���]¡µ�� E�µW´A�Kµ��P�
·}µ���^�µW·}·}µuzpµ�E�µW´X[�]�������¶D;²���´pµ�3�S��nµ�¶u]Y���G���&g-,E·Y��� aLµ�E�����\�· µ��&�n��²�g-,�·;µ��n¸%¶pµ��&� N�c �P�
E�µW´}¶p��´��&g-,E·A²�a6µ�´uE�µ�] [���¶}²�·VO`E�µW¶XZ��:Z�Z5[�¸�\���´���·�,�]Y��¶ N ]���·Uµ�����µ�] �������&]Y��] ²��
��´���a�¸�µ�]¡¶}�6µ�O���®³¶�g-,�µ�´ �.��e���´�]A²�·������ ²6��¶�O���^���]�]¡µ��A3

0 S���µ �:��g-,�µW������µW´�,³²�¸�a`E�µW´"E���´�g-,�E�²"¶F��µW·�O ²"����´��q�:�&]P��µ�´p·}µ��aM���·V��µW¶}¶}¸n²���E�¶�g-,³²6e_·�µ�´��
e���¸&\"·F����g-,�· Ndc ��µWa6µ��&] Z��:Z�Z5[�¸&\���´���·V,�]Y��¶(E���´�g-, µ��&��µ��S\"µ���µ�·V�n¶�g-,�µ��G[�¸�\��"´���·�,�]Y��¶
����E ¸���^x²"¸�µ �:��g-,C_�µW´�es²�,�´pµ�� N ¶�����E�µ�´�� E���´�g-, PI_���¸���·�������¶}¶p·}´;²�·}µ�\���µ�� �s¶���µ�,�µU'�²"���P�
·}µ�¸(«:3%#�3�«:3�«�� 3 �.�}E�µ�´X,���µ�´©µ�����\"µ�¶}µ�·VO�·;µ�� ª/²"´��l²���·;µ ;²�,���µW¸�· µW¶ ²"¸n¸�µ�´�E�����\�¶ µ�,�µ�´H^E¸l²"¶��
¶��n¶�g-,�µ�] TD,���¸n¸PZ g�¸��&]Ya��&��\�V�3
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0 S3µ�´HZ��:Z�Z5[�¸�\���´���·�,�]Y��¶Xe ;��,�´*·�E��nµ�:g-,�´���·p·;µ T �C·y²�·��n¶*·V�n¶�g-,�µt[��³²�¸ �C¶}µ�V N T ª
��´}¶�g-,�¸l²�\
��µ���µW´%�Cµ�¤ ��µ���O�µ��YV�����E�T P��K�6µ�´��&]Aµ���·;µ�¸�¸nµFr µ c µW´p·V����\�V���·;µW´;²�·��&_ ;��aLµW´�]¡µ�,�´pµ�´pµ�T>µ��
��µ�´}²�·V�&����µ�� ²���¶�3JS3µ�´¡��� P c ��´�E�µ���²�g-,s'>µ�����·V����¶�E�µ�¶H[���·���´}¶H�&]P]¡µ�´Y� ��´ µ�����µ
µ�����O���\"µ�K(����E�µ3²���\�µ c ²���E�·w����Ey����g-,�·�O���´%¶�g-,�´���·}· c µ��n¶pµ�� '3��·���]��nµ�´�����\4_����BS1µ���·����
E�µ��aµ��&��\�µ�¶pµW·�OW·D3

�.]pT�µ�\�µ���¶}²�·VOX_����UZ��5Z�Z5[�¸&\���´���·V,�]u��¶��n¶*·4E�µ�´U��� P ²���e�E��nµ�'3��·���]��nµ�´�����\N_���� S1µ���·����
E�µ�� ¶p�Lµ�O��n²"¸���¶��nµW´p·�3 S>²"¶wªJµW´�es²�,�´pµ��}_���� ����� ��� $ ���!� ����E . ���!� � ,³²�·A²"¸�¸nµ�´�E�����\�¶YE�µ��
c �&g-,�·V��\"µ��-ª
��´*·;µ��n¸ N E³²���µ�¶�¶}µ��&��µ � µ���¶p·�����\�¶he�;²�,���\�^"µ���·�a6µ�´pµ���·;¶3²6� ��´;²6^E·��n¶�g-,�µ���r µ��n¶p���nµW¸nµ��
���E·}µ�´�r µ c µ��n¶¡¶p·;µW¸n¸�µ��n^������E·}µ�3�� � , ���	� , � $$.����"& � (#"9¶p·;µW¸n¸�·;µ��n�&� /P¢d±61µ��&��µBK�µ���,�µa²��
'>´���·V�&^E������^�·;µ��-²6] ��� P O���¶;²6]P]¡µ��A3

S��nµPT>´������LµP��]�
 �*��� , ( 
 �*��� , ( ,�� .�� � ,��, � $D, � _����qE�µW´TS*��´�E���µ`�"���&_�µW´}¶���· �
a6µ�¶�g-, ;²6e_·���\"·a¶��&g-, ]���·tE�µ�] S3µW¶���\�� _���� S0��¸ �5]¡µ�´pµ��A3�
 �!��� , ( ,��>.�� � ,��J, � $D, � �"& � (#"
¶�g-,�¸���\�µ�� ¢ $�$  H���m/P¢q«�#81Bµ�����µ���Z��:Z�Z ;²6,���¸��&g-,�µ��S� �5^C¸&��¶(_���´�3Y�5�nµ4O�µ���\"·}µ�� N E³²��P]���·Fr%²6g-^��
��´����³²6\�²�·V�&���CZ:��µW·�O�µ�� µ��&��µ�a6µ�¶p¶}µ�´pµS� ��]¡µ�´���¶�g-,�µª
��´�,�µW´}¶}²�\�µ�E�µ�´ �E·;´���^E·���´*�<[�^�·V� _5��·k;²x·;¶�Z
r�µ�O���µ�, ����\j_�����S0��¸ �5]¡µ�´pµ�� ²�¸n¶4]P��·4^E¸l²"¶p¶��n¶�g-,�µ�� ¶p·y²x·V�n¶*·V��¶�g-,�µ��n�µW·�,��5E�µ��qO�� µW´}´}µ���g-,�µ��
��¶p·�3³S��nµ�S0��¸ �5]¡µ�´pµ c ��´�E�µ��jE���´�g-,µ�����µ�e µ�¶p·}µ4[���O�²�,�¸Ag-,�µ�]P��¶�g-,�µW´�S3µW¶�^E´�����·V�"´}µ��tg��:E���µ�´*·D3
S>²�¶����C_�µW´}¶pµ S9´���a�¸nµ�] ¸ ;��¶p·}µ�� ¶���µ�E���´�g-,aµ�����µ��t\�µ���µ�·V��¶�g-,�µ��j[�¸�\���´���·�,�]Y��¶�/P¢i«"«k1l3?r)�n¶)E³²�·V�
µW´}¶�g-,��nµ���²"¸�¸nµ�´�E�����\�¶Y^"µ�����µGªJµ�´ ;���Lµ���·;¸&��g-, ����\b]Aµ�,�´ N �&� E�µ�´HE�µ�´H_��"´�\�µW¶�g-,�¸n²�\�µ���µS� �5^E¸���¶
²6��¶W/P¢i«6#61 ·y²x·;¶ ;²6g-,�¸��&g-,���]P\�µW¶}µ�·VOW· c ��´�E�µ�� c ;²�´}µ�3

ª
������. (�� . � � �!� �"& � (#"A/�¢i«" N ¢i«"�81d����E�� ,�� ��$ � ��$ ��� � �"& � (#" /P¢q£��616¶p·y²6]P]¡µ��Hes²"¶p·
OWµ���·V\�¸�µ���g-,mO c µ��)_"µ�´�\"¸nµ��&g-, a³²"´}µy[�´�a6µ���·;µ�� N �&�qE�µ���µ�� �j��¸�µ�^ ;��¸�µyE���´�g-, µ��&��µ�� �&�qE��nµ%S9´;²x�
�:��¶���]P\�µW¶}µ�·VOW·}µ�� \"µ���µ�·V�n¶�g-,�µ�� [�¸&\���´���·V,�]u��¶Y����·���]��nµW´p· c µ�´�E�µ��A3�� ,��'� $ � ��$ ��� ���"&�� (#"
�"��·V�&]P��µ�´p·}µ�� ¬�µ���²"�6µ���·���E�µ¡²"¸�¶ �C·;´���]AµW¸ �C¶��&�K�H¶pµ�¸�µ�^�·V� _�µ¡�:��a�¶p·;´}²�·;µ NAc ;²�,�´pµ���E���. (�� . ���
� �!� �"& � (#"0/�¢i«" N ¢i«"�k1 µ�����µ�ª���µ�´*�.'���]A�d����µ���·;µ��C��� � $PZ9K(µd²�^�·�������²"¸n¶�Zw,�´���]ua����K� �.��,��&a���·���´
�"��·V�&]P��µ�´p·}µ��A3�[���e�\�´�����E E�µ�´ ;[�,���¸���g-,�^"µ���·�E�µ�¶P[���¶}²�·VOWµ�¶�¶���¸n¸w,��nµ�´H� ��´PE��nµt[�´�aLµ���·H_����
� . (�� . � � �!� �"& � (#"³¶�^ �&O�O���µ�´*· c µW´�E�µ���6
� c µ��2E�µ�´)_5��µ�´w'���]¡� ����µ���·;µ��`E�µ�´�� � $PZ9K�µ�²�^�·V�&����µ���·�,��nµW¸�·;µ��Wzpµw¢q£TK(µd²6\�µ���·V��µ�� N E��nµ�aLµ����
E�µ�� _�µW´�a�¸�µ���a6µ���E�µ���zpµ�±�£ � E³²�E���´�g-, ¶��&��E ����¶�\�µ�¶}²�]©· ¢d �£�£�£�£�����·;µW´}¶�g-,��nµ�E�¸���g-,�µ�� � $PZ
K(µd²6^E·�������µ��b] ;��\"¸���g-,23 ["µ�E�µ�E�µ�´
K�µ�²�\�µ��E·��nµ��`zpµ�E�µ�´W'���]A�d����µ���·;µ c ��´�E�µPE���´�g-, µ���� µ����K�
µ�����E�µ���·���\�µW¶)r)��·V]Y��¶p·;µW´
g��5E��nµW´p·D3ES���´�g-,`�2��¶;²�]�]Aµ���¶}µ�·VOWµ��yE�µ�´�r)��·�]Y��¶p·}µ�´2zpµ�E�µ�´�'4��]A�d���
��µ���·;µ�µ�´�\���a�· ¶���g-,¡µ��&��r)��·�]Y��¶p·}µ�´*^6����¶p·;²���·;µW´ � ;²���\"µ N E³²�¶/µ�����µµ�����E�µ���·���\�µ�� � $PZ9K(µd²6^E·������
´pµ���´ ;²"¶}µ���·V�nµW´p·�3 S��nµW¶}µWr)��·�]Y��¶*·;µ�´"E��nµ���µ��-µ�����µ�] µ��&��es²�g-,�µ��S\�µ���µW·V��¶�g-,�µ��G[�¸&\���´���·V,�]u��¶�²"¸n¶
�C���nµW¸�]A²�·;µW´��l²�¸ N a6µ���E�µ�] E��nµwM���·���µ�¶p¶�E���´�g-,�E��nµUµ��K�LµW´��&]Aµ��E·}µ�¸�¸nµY�F]A¶pµW·�O�����\`E�µ�´�zpµ c µ���¸n¶
g��:E��nµ�´*·;µ�� K(µd²�^�·V�&��������E�E�µ�´�µ���·;¶p��´}µ�g-,�µ���E�µ�� �.��,���a���·V�"´*� P���O���µ���O4a6µ�¶*·V��]�]©· c ��´�EA36S>²"¶
ªJµW´�es²�,�´}µ���a6µ�\��&����·w]P��·�«"£YO���e ;²"¸n¸&��\�µ��`r)��·V]Y��¶*·;µW´�� N E�µ�´}µ��-M���·V��µ�¶}¶µR�K�LµW´���]¡µ���·}µ�¸n¸Lµ�´�]P��·p�
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·;µW¸�· c �n´�E23"S���´�g-,XE�µ��u\�µ���µ�·V��¶�g-,�µw[�¸�\���´���·�,�]Y��¶ c µ�´�E�µ��HE³²"´}²���¶IE���´�g-,��j��·;²�·V�&���Y����E K�µR�
^���]ua����³²x·V����� «�£j��µ���µ`r)��·V]Y��¶*·;µW´UµW´}´}µ�g-,���µ�· N E�µ�´}µ�� M���·V��µW¶}¶©µ�aLµ���es²"¸�¸n¶4aLµW¶p·���]�]©· c �n´�E23
[���¶XE�µ�� ±�£ �KµW¤5��µ���OWµ�� c µ�´�E�µ��}E���µG«"£Sa6µ�¶p·}µ�� ²���¶�\�µ c ;²6,�¸�· N E��nµyE³²���� ²"¸�¶ P9¸�·}µ�´�� E�µ�´
� ;²�g-,�¶*·;µ�� T>µ���µW´;²�·������GE���µ���µ��A3|��²6g-, «"£�T>µ���µW´;²�·�������µ�� c ��´�E�µ�E�²"¶>ªJµ�´�es²6,�´}µ��Ua6µ�µ���E�µW·��
]P��·*� ��´J±�£�£ �C·���g-,���´���a6µ���²6��¶(¢q �£�£�£"£�] ;��\"¸���g-,�µ�� � � $PZ9K(µd²�^�·V�&����µ��H_"µ�´�aLµW¶}¶}µW´p·}µ3¶��&g-,PE���µ
�.��,��&a���·���´;²�^�·��&_5��·�;²�·)��] µW· c ²PE�´pµ��0T>´�;���"µ�����´�E�� ����\�µ��A3
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S��nµ(_���´�\�µ�¶*·;µW¸n¸�·}µ��`r�µ��n¶p���nµW¸nµ �l'�²"����·;µW¸2f53of��
O�µ���\�µ�� N E³²��uE�µW´�Z��:Z�Z5[�¸�\���´���·�,�]Y��¶/��´��&��O��������
µ�¸�¸A����E�µ�´��B²�\�µ4��¶p· N ]���·%µ�����µ�´F���nµ�E�´��&\�µ��t[���Od²�,�¸1²��-�C·���g-,���´���a6µ��aµ�´�e��"¸�\�´pµ���g-,²���e���� a6µ��
^x²�����·;µ�� M���·���µ�¶p¶}¸l²6��E�¶�g-,�²6e_·;µ��GO��G����·���]��nµW´}µ��23 P9´�a6µ�� ��·�OW·�E�²�aLµ���^�µ�����µ�´}¸�µ���O���¶ ;²�·VOW¸���g-,�µ�¶
P����6µ�´*·;µ�� c ��¶}¶pµ��s;��a6µ�´(E���µ>¶}�6µ�O��nµ�¸�¸nµ��5P*�&\�µ���¶�g-,³²6e_·}µ���E�µ�´�M���·���µ�¶p¶}¸n²���E�¶�g-,³²6e_·;µ��A3

S���´�g-,GE�µ�� P
�&��¶;²x·VOuE�µ�¶�T3K"�"�
µ�´�\���aK·3¶��&g-,Ge ;��´�E�µ���Z��:Z�Z5[�¸&\���´���·V,�]Y��¶�µ����G\"´�����µW¶
�K�6µ�^�·;´���] ²����3��·���]��nµ�´}²���e�\�²6aLµ�� N E³²�^"µ�����µ¡¶}�6µ�O��nµ�¸�¸nµ��U["��e���´�E�µ�´�����\�µ�� ²��mE���µ�S>²x·;µ��C�
¶p·}´���^�·V��´X\�µ�\�µ�aLµ�� ¶��&��E N ¶���¸l²6��\�µ�µ�����µ`�µW·}´���^ µ��:��¶p·V��µ�´*·D3 S>²�¶TP*����¶*·;µW¸n¸nµ��qE�µW´ SJ´ ;²�O���¶��&���
E�µ�¶�T
KF��� µ�´p¸l²���a�·��&�G�2��¶}²�]�]Aµ��³²"´�a6µ���·F]P��·"E�µ�� µ�����\�µW¶}µ�·VOW·}µ�� �:��g-, _"µ�´hes²�,�´}µ�� µ�����e µ��P�
��µ�¶`����E \"µ�O���µ�¸�·;µ�¶y[�a�·;²"¶p·}µ�� E�µ�´ ¸&��^x²"¸nµ����3��·V�&]�²m����E E�µ�¶t\�¸&��a³²"¸�µ����3��·���]Y��]¡¶yE�µ�´
²"����´��d���&]P��µ�´*·;µ��GM���·V��µ�¶}¶p¸l²���E�¶�g-,³²8e_·D3
S3µ�´wZ��:Z�Z [�¸�\���´���·V,�]Y��¶ c µ��n¶*·"e���¸&\�µ���E�µ �),³²"´}²�^�·;µ�´��n¶*·V��^x² ²��:e 6

0 S3µW´jZ��:Z�Z [�¸�\���´���·V,�]Y��¶`a�´;²���g-,E·�E��nµ �.��e��"´�]A²�·V�&��� T ¶�g-,�¸�µ�g-,�·;µW´WV �KµW¤ ��µ���OWµ�� N E³²
¶�����¶p·7E³²�¶)T3KF��� ^"µ�����µ([�����´��d�:��]A²�·������YE�µ�´/M���·���µ�¶p¶}¸n²���E�¶�g-,³²6e_·
]���·9¸&��^x²"¸nµ����3��·V�P�
]A²�a��n¸�E�µ��H^x²����A3ES���µ(²���¶}¶�g-,�¸���µ���¸&��g-,�µF�F��·VO�����\ua6µ�¶*·;µW´%�KµW¤ ��µ���OWµ�� c ;��´�E�µF\ ;����¶*·V��\x�
¶*·;µ��:es²"¸n¸�¶FO��-µ�����µW´�¸&��^x²"¸nµ���:��g-,�µ����aµ��&��µ�´(µ���\�µ����"]�\�µ�a�����\yE�µW´(aLµW¶p·;µ�� �KµW¤5��µ���O
E�µW´��C·y²"´*·;�d������¸n²�·V�&���Ne ;��,�´pµ��A3

0 �KµW¸�·}µ��©¶*·V�&]P]¡µ���E���µ/�1²6\�µ���E�µ�´�²"����´��d�:��]��nµ�´*·;µ�� ¸&��^x²"¸nµ����3��·V�&]�²�E�µW¶IT3KF��� µ���²�^�·
]���·(E�µ��-�B²�\"µ���E�µ�´(¸���^�²�¸nµ����3��·���]A²YE�µ�´�M���·V��µW¶}¶}¸n²���E�¶�g-,³²6e_· ;��a6µ�´pµ����23 S3µ�¶�,�²"¸�at�n¶*·
µW¶ c ��g-,�·V�&\ N ����g-,�·�� ��´�E���µ(zpµ c µ��n¸n¶�¸���^x²"¸|a6µ�¶*·;µ¡�KµW¤5��µ���OXO�� ;��aLµW´���µ�,�]¡µ�� N ¶�����E�µW´��
µ�����µ�\�µ c ��¶}¶pµy[���Od²�,�¸/²�� ¶�g-,�¸�µ�g-,�·;µW´}µ�� O���´ ��´ ;²6O��n¶pµ�´pµ�� �J��^x²"¸&�n¶��nµ�´�����\`E�µW´©¸&��^x²"¸nµ��
�3��·���]A²�3

0 T>´����"µ¡�K��´ ;����\�µHE���´�g-,mE�µ�� �:��g-,�´;²���] c ;²�,�´}µ���E µ�����µ�´�T>µ���µW´;²�·������ ¶��&��E�] ;��\�¸��&g-,
����E-µ���·}¶}��´pµ�g-,�µ��SE�µ�] ;�FaLµW´�\�²6��\HO c �n¶�g-,�µ��¸���^x²"¸�µ����3��·���]A²�3
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P9¶*\���aK·
���XE�µW´��J��·;µ�´}²�·V��´�_�µW´�\�¸�µ���g-, a³²�´}µ([���¶ ;²�·VOWµW/ $ # N ¢i«�#k1 N _����HE�µ���µ���²"¸�¸nµW´�E��&��\�¶�� ��´
E��nµX[�´�aLµ���·}µ��G_���� ����� ��� $ ���!� ����E . ���!��� ²���¶�\�µW´}µ�� e_·�¶��&��EA3J'>µ��&��µ�´4E�µW´�[���¶ ;²�·VOWµP��¶p·
¶���²�¸n¸�\"µ�]¡µ����Pe���´�]Y��¸��nµW´p· c ��µ4E�µ�´(Z��:Z�Z5[�¸�\��"´���·�,�]Y��¶ N ¶�����E�µ�´��Hzpµ c µ���¸n¶�²��Gµ��&��µ�¶}�6µ�O��nµ�¸�¸nµ
["��e�\�²�a6µ���¶p·;µW¸n¸&����\¡²���\�µW�³²"�"·�3

�.�sE�µ�� [�´�a6µ���·}¶�\�´������6µ��s_���� � . (�� . � � �!� �"& � (#"�/P¢i«� N ¢i«��81F����E � , � � $ � ��$ � �
� � �"& � (#"0/�¢q£��81 c ��´�E�µ����³²�a�,|;²���\��&\Y_�����µ�����²���E�µW´"\�µ�O�µ���\"· N E³²"�Ha6µ�´}µ���·}¶F]���·%¶}µ�,�´�µ�����es²6g-,
²6��e�\�µ�a�²���·;µ��Y\�µ���µW·��n¶�g-,�µ��X[�¸&\���´���·V,�]Aµ��W]���·0\�µW´�����\�µ�´��C·V�&g-,���´���aLµ���\�´ ;����µ
_�µ�´�a�¸ ;� �Yµ���EX\��K�
·}µU�j��¸nµ�^ ;��¸nµ����mzpµ�E�µ�´jT>µ���µW´;²�·������~_��"´�\�µW¶�g-,�¸n²�\�µ�� c µW´�E�µ�� ^ ;������µ��A3�S��nµW¶ ¸ ;²"�"·tE�²"´;²��:e
¶�g-,�¸���µ���µ�� N E³²"� � O���]�����E�µW¶p·PaLµ��(E�µ�� ²���¶�\"µ c ;²�,�¸�·;µ��~r µ���¶}����µ�¸�µ�� � E��nµtO���\"´�����E�µ�¸���µ��
\"µ���E�µ��¯M���·���µ�¶p¶}¸n²���E�¶�g-,³²6e_·;µ���µ�,�µW´�Tqµ��&��es²�g-,YV N EA3 ,A3�����g-,�·�Tq´���\�\�µ�E V ¶*·;´���^E·���´���µ�´*·�¶��&��EA3
'�����¶p·;´���^�·V�&����¶�a6µ�E�����\"·)_�µ�´�, ;²"¸�·(¶���g-,tE�µW´wZ��:Z�Z5[�¸�\���´���·�,�]Y��¶���]L����\ ;����¶p·V�&\�¶p·}µ��M ²"¸n¸ c �nµ
µ�����\�µ���µW·��n¶�g-,�µ�´4[�¸&\���´���·V,�]u��¶ N E³² µ��&�GZ�µ��n¸IE�µW´���µ���µ�� �Kµ�¤ ��µ���O�µ��mE���´�g-, K(µ�^6��]Ya��&�³²�·����
���m����E �j��·y²x·V�����m\�µ���µ�´��nµ�´*· c ��´�E �s¶���µ�,�µ��Kµ���·;µa¢q£"± �i31S3µ�´�����\ ;����¶p·V�&\�¶p·}µ�M ²"¸�¸ ·;´���·}· µ��&� N
c µ����mE³²"¶�T3KF���R^"µ�����µW´}¸�µ�� ¶*·y²�·��n¶p·��n¶�g-,�µ P*��\�µ���¶�g-,³²8e_·;µ�� ²���¶�E�µ��Ua��n¶�,�µ�´��&\�µ�� S>²x·;µ�� µR�C�
·}´;²�,��nµ�´pµ��U^�²6���q����EmE��nµ��:��g-,�µP���UE�µ�´©²"����´��q�:�&]P��µ�´p·}µ�� �B²���E�¶�g-,³²6e_·w¸�µ�E��&\�¸��&g-,�O���e ;²"¸�¸��&\�µ
�Cµ�¤ ��µ���O�µ���¸��nµ e µ�´*·D3 PJ¶
��¶p·*E�µW¶�,³²�¸�aHO�� µ�´ c ²�´p·;µ�� N E³²"�4E�µW´�P*����¶}²�·VOwE�µW¶*Z��:Z�Z5[�¸�\���´���·�,�]Y��¶
�&�-ªJµ�´�\�¸nµ���g-,j]P��·"E�µ�� µ��K�6µ�´���]¡µ���·;µW¸n¸nµ���\�µ���µW·��n¶�g-,�µ���[�¸&\���´���·V,�]Aµ��-²���¶X/�¢q£�� N ¢i«���1�µ�����µ��
S1µ�´he���´�]A²���gWµ�¶}��´�����\PO���´�M?��¸&\�µ�,³²�a6µ���] ;���"·;µ63
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P*�&�¬�²�����·}��´���a�¸nµ�] E�µW´�_���´p¸���µ�\�µ���E�µ�� �.]¡��¸nµ�]Aµ���·y²�·������NE�µ�¶(Z��:Z�Z5[�¸�\���´���·�,�]Y��¶��n¶p· N E³²"�
E�²"¶
T3K"�"� µ��&��µ)E�µ���·}¸���g-,�µ�Z�µ���E�µ���OwO���] ;�"a6µ�´*®�·}·}µ��¡²���e c µ���¶p· N6c �nµ�E��nµ S��l²�\"´;²�]�]Aµ7f53�¢�Z
f53{# E�µW¶µ�����E��&]Aµ���¶��&���³²"¸�µ��~r�µ��n¶p���nµW¸n¶���' ²�����·}µ�¸�f53of:3�¢ �yOWµ���\"µ��A3(S���µ�¶}µW´BP �Yµ�^E·a·;´���·p·N_���´
²�¸n¸nµ�] a6µ��d����\�¸�µ��&g-,�] ;²�����\�_"µ�´*·;µ���¸�·}µ��yZ1´;²6�����&��\�¶}������^�·;µ���²���e NCc ��µ�¶��nµFE�µ�´7Z��:Z�Z5[�¸�\��"´���·�,K�
]u��¶>· �K���n¶�g-,�µ�´ c µ���¶}µN\"µ���µW´��nµW´p·�3B¬"�nµW´4aLµW¶p·;µ�,�·u���5g-,qr�µ�E³²"´he²�� I µ���·}µ�´pµ���· c ��g-^E¸�����\�����E
ªJµW´�a6µ�¶p¶}µ�´�����\�3

I �nµu����'�²"����·;µ�¸If:3%#�3�¢Xa6µ�´pµ���·;¶>²���¶�\�µ e ;��,�´p· N ^���]�]©·�e ;��´�E�µ��MP*����¶}²�·VOu��] Z��:Z�Z5[�¸&\����
´���·�,�]Y��¶ µ�����µ(M ;��¸n¸�µ%²�� ¶p·;²�·V��¶p·��n¶�g-,�µ�� ªJµ�´hes²�,�´}µ��H��� M³´;²�\"µ�37P9¶
�n¶*·*] ;��\�¸��&g-, N E³²"��a6µ�������·}µ�´*�
¶�g-,��nµ�E�¸��&g-,�µ��j[���e�\�²�aLµ���¶p·}µ�¸�¸�����\"µ������E·}µ�´p¶�g-,���µ�E�¸&��g-,�µU¶p·y²x·V�n¶*·V��¶�g-,�µ�ªJµ�´hes²�,�´}µ��j_����ª
��´*·;µ��n¸
¶�����E23�S��nµW¶)^ ;������·}µ�T�µ�\�µ���¶*·y²���Eaµ�����µW´%²���¶�e ;��,�´p¸��&g-,�µ��a�C·���E���µ3¶}µ���� N ���NE�µW´�E���µ�g-,³²"´}²�^�·;µ�´����
¶*·V��¶�g-,�µ�� P*��\�µ���¶�g-,�²6e_·;µ���_"µ�´}¶�g-,��nµ�E�µ���µ�´�¶*·y²�·��n¶*·V�n¶�g-,�µ�´ªJµW´�es²�,�´pµ�����] �2��¶;²6]P]¡µ���¶p���nµW¸A]���·
E�µ�] Z��:Z�Z5[�¸�\��"´���·�,�]Y��¶)����·;µ�´p¶���g-,�· c µW´�E�µ��A3

S3µ�´|Z��:Z�Z [�¸�\���´���·V,�]Y��¶ c ��´�E����u�2��^ ����e_· ²���e�_�²"´��l²�a�¸nµ/�KµW¤5��µ���OW¸ ;²���\"µ�� µ�´ c µ���·}µ�´p· c µ�´*�
E�µ��A3�S>²�]���·|]Y����²�� �E·;µ�¸�¸nµ
E�µW´��.���- $ ��� ¶�g-,�µ�� µ�����µ�²��uE�²"¶?zpµ c µ��n¸&��\�µ�S9´���a�¸nµ�] ²6��\�µ���²"�"·;µ
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�µW·}´��&^�µ��&��\�µ e ;��,�´p· c µ�´�E�µ��A3
S>²"¶>¬�²6����·VO��nµW¸��n¶*·��&��E�µ�¶�E��nµu["E³²"��·������GE�µ�¶�Z��:Z�Z5[�¸�\��"´���·�,�]Y��¶�²��G��´�\�²�����¶�g-,�µH�����

¸nµ�^ ;��¸nµ�3�S��nµ�¶¶pµW·�OW·�µ��&����\�µ c µ�¶pµ���·;¸&��g-,�µ P*��· c ��g-^E¸�����\�µ���_���´}²���¶ 6

0 �)�5E��nµW´�����\P��´�\�²�����¶�g-,�µW´F�j��¸�µ�^ ;��¸nµ

0 S3µ�®?����·������X\"µ�µ��&\���µ�·;µ�´ �3�6µ�´;²x·V��´pµ�� c �nµ"�j��·;²�·V�&���X����E%K�µ�^���]Ya����³²�·������X�&�H[�a�,|;²6�K�
\��&\�^"µ���·I_�����E�µ�´
\�µ c ;²�,�¸�·}µ�� �)�5E��nµW´�����\�3C'�����¶p·}´���^�·������ µ��&��µ�¶J¸&��^x²"¸nµ�� �>�K·V��]��nµW´�_"µ�´*�
es²�,�´}µ���¶�²���¶FE��nµ�¶pµ�� �3�LµW´;²�·���´}µ��A3

0 �.]¡��¸nµ�]Aµ���·y²�·������t\�µWµ���\���µW·}µ�´"�µW·}´��&^"µ���O c �n¶�g-,�µ�����´�\�²6���n¶�g-,�µ��S�j��¸nµ�^ ;��¸nµ�� N E��nµ�µ����
�j�&����]u��] ²��t]��:E�µ�¸n¸&aLµ�,³²6e_·}µW·;µW´ N g-,�µ�]��n¶�g-,�µ�´ �.��e���´�]�²�·�������µ�����¶}µW·�O�µ��A3
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�2��¶ ;²�·�O�¸��&g-,GO���E�µ��m�2��¶;²�]�]Aµ���es²"¶p¶�����\"µ�������E P9´ c µ���·;µ�´�����\�¶h_���´p¶�g-,�¸ ;²�\�µ��UE�µW´>µ��&��O�µW¸���µ��
Zw,�µ�]¡µ��nE��nµW¶}µW´Y[�´�aLµ���· c ��µNE�µ�] S������&��\xZ5[�¸�\��"´���·�,�]Y��¶ ��'�²�����·}µ�¸�#�3�¢q£ N '�²�����·;µW¸)#:3�¢�¢ � N
E�µ�] T�µ���µ�´}²"¸ K(µ�\"´}µ�¶p¶��&���H��µ���´;²"¸:��µ�· c �"´�^ ��'�²�����·}µ�¸E±�3�¢�¢ N '�²�����·;µ�¸C±�3�¢i«��J����EXE�µ�]xZ��5Z�Z
[�¸�\��"´���·�,�]Y��¶ ��'�²�����·}µ�¸ f53{� N '�²�����·;µW¸df:3 $ � ¶���¸�¸nµ��H,���µ�´
���5g-,�µ������&\�µµ�,�µW´�_5�n¶������ ;²"´}µw["� c µ��C�
E�����\�µ���E�µW´Fa6µ�¶�g-,�´���µ�a6µ���µ��ªJµW´�es²�,�´pµ��²���E���¶�^ ��·��nµ�´*· c µW´�E�µ��A3
�������! #"%$�&�'("���)*�,+.-0/�1�2
M ²"¸�¸n¶�¶���g-,HE�µW´�P �3�6µ�´���]¡µ���·y²�·���´�e ;��´*E��nµ � ! $���]�� ���"]¡¶}µ�·VO�����\WE�µ�´*a6µ�´}µ�g-,���µ�·;µ��N�"��^E¸nµ��"·V�&EK�
� �:��·�,�µ�¶pµ�¶�g-,�µ�]A²�·y²Y�&�E·}µ�´pµ�¶}¶��nµW´p· N ��¶p·
E���µ�¶ N zpµ(�³²�g-,�[���O�²�,�¸?a6µ�� ;�"·���\"·}µ�´/� �5��·V,�µ�¶}µ�· ;���:e µ�]���·
O���] Z1µ��n¸ µ�����´�]Aµ�] µ��3�LµW´��&]Aµ��E·}µ�¸�¸nµ��t["��e c ²6��E�_�µW´�a�����E�µ��23YS���µ�¶(¸nµ�\"·FE��nµ3P*��· c ��g-^E¸�����\
µ�����µW´���! &54># � & ]���] �"! &'��^76-]����� 	 !C^98;:�<�^ &
� ��� ���"&�� & ]=4x^Y��²�,�µ�35[��yE�µ�´7,#�3�d�"·�,�µW·��n¶�g-,�µ��j�-²x�
¶�g-,�����µ�\���aK·IE�µW´ P��3�LµW´���]¡µ���·;²�·V��´�E��nµ S������&��\xZ��:g-,�µ�]A²�·y²F���uE�²"¶*r µ��5�K·VO�µW´>��´���\�´}²�]P] µ��&� N
E�²"¶�e ;��´wzpµ�E�µP["]P�&����¶ ;²���´}µ?� �"¶���·������GE�µ�� S���������\xZ [�¸�\���´���·V,�]Y��¶��³²�g-,m'�²�����·}µ�¸
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@;A�B;C;D3BFE3G�H I;J;K;K�L�MON�P;E	Q3C;C R7S T3U3V R7S R;V;W1X�R7S R	HOR Y7S,Z;[;Y>X�R�S T3R;R@;A�B;C;D3BFE3G�H I;J;K;K�L]\3^�_`;a B3M�Q R7S Z;Y3V R7S R;V;R1X�R7S R;R3W Y7S,UOT3W>X�R�S T;T3[@;A�B;C;D3BFE3G�H b&c=d!e=f	g�h>i(C3BFE	Q ` ^=j k;k;k;k;k?X�R7S U;V3U k;k3k;k;k1X�R�S l;[;RN ` E�N;QO^�H I;J;K;K�L�MON�P;E	Q3C;C Y7S W;l3U H�S U;[;V Y7S Y;[3Vmi:H�Y3XOU3Y;U	j Y7S,Z;[;Z Y7S [;lOTni(U3X3H�lOT=jN ` E�N;QO^�H I;J;K;K�L]\3^�_`;a B3M�Q Y7S V;R3W H�S l;Z;V Y7S V;V3lmi:HFT	XOU3Y;U	j H�S:H�WOT H�S l;YOTni(Z3X3H�lOT=jN ` E�N;QO^�H b&c=d!e=f	g�h>i E�o?MpP�oO^;q	NFA	q�j Y7S Z;V;R H�S,Z;Y;R H�S Z;[;Rmi(Y7S T3R3X	H�lOT�jN ` E�N;QO^3Y I;J;K;K�L�MON�P;E	Q3C;C Y7S V	HOU R7S [	H�l R7S W;U3Ymi,U3XOU;Y3U	j Y7S,[;Y;Z Z7S T;T3[mi(V3X3H�lOT=jN ` E�N;QO^3Y I;J;K;K�L]\3^�_`;a B3M�Q H�S W;U3l R7S U;W;Y R7S W;U3Ymi,U3XOU;Y3U	j Z7S:H�l	H T�S R;Y;Zmi(l3X3H�lOT=jN ` E�N;QO^3Y b&c=d!e=f	g�h>i \=B�r3oOq�j H�S W;Y;U Z7S T3R;R T�S U;Y;Rmi(l7S [;V3X	H�lOT�jN ` E�N;QO^3Z I;J;K;K�L�MON�P;E	Q3C;C Y7S T3V3[ R7S l;Y	H R7S U;l�Hsi,Z3XOU;Y3U	j Z7S,UOT3R T�S U;W;[mi([3X3H�lOT=jN ` E�N;QO^3Z I;J;K;K�L]\3^�_`;a B3M�Q Y7S R;Y;T R7S T3R;Y R7S(H�W3Rmi:HOXOU;Y3U	j Y7S,Z;WOT Z7S T;T3[mi(V3X3H�lOT=jN ` E�N;QO^3Z b&c=d!e=f	g�h>i \=B�r3oOq�j Y7S Y;W;U Y7S,U;l;R Z7S Z;l;Rmi(U7S [;V3X	H�lOT�jN ` ^3D�H I;J;K;K�L�MON�P;E	Q3C;C H�V7S W3l;V U7S l;U;W Z7S Y;[3Ymi:H�l3XOU�H�[	j H�U�S W;Z;W H�W7S(H�[3Vmi,Z;Z3X3HOl;Y	jN ` ^3D�H I;J;K;K�L]\3^�_`;a B3M�Q H�Z7S Z3W;[ Z7S(H�W;Y Y7S l;R3Zmi:HFT	XOU�H�[	j H�U�S(H�U;R H�W7S l;V3lmi,ZOT	X3HOl;Y	jN ` ^3D�H b&c=d!e=f	g�h>i E�o?MpP�oO^;q	NFA	q�j [7S l;l;U H�R�S Z;U;R HFT�S R;U3Rmi,YOT�S(HOl3X3H�l;Y�jN ` ^3D3Y I;J;K;K�L�MON�P;E	Q3C;C H�V7S V3V;R U7S V;Y;Z H�S l;Z3lmi,W3XOU	HO[	j H�[�S V;W;[ Y;Y7S R;W3Zmi,Z;[3X3HOl;Y	jN ` ^3D3Y I;J;K;K�L]\3^�_`;a B3M�Q H�Y7S V3WOT Z7S l;l;[ Y7S U	HORmi:H�Z3XOU�H�[	j H�l�S V;W;R Y;V7S lOT3Tni T3V3X3HOl;Y	jN ` ^3D3Y b&c=d!e=f	g�h>i(C3BFE	Q ` ^=j W7S U;Y;R HFT�S W	H�R H�W7S YOT	Rmi,Z;Z7S R3W3X3H�l;Y�jN ` ^3D3Z I;J;K;K�L�MON�P;E	Q3C;C H�l7S R3Z;l W7S W;V;[ Z7S V;V3[mi:H�W3XOU�H�[	j H�[�S V;R	H Y;Z7S [;Z3lmi T�HOX3HOl;Y	jN ` ^3D3Z I;J;K;K�L]\3^�_`;a B3M�Q HFT�S(HOZ;Z V7S [;Y;U T�S YOT	lmi,Y;Y3XOU�H�[	j H�l�S WOT3l Y;V7S lOT3Tni T3V3X3HOl;Y	jN ` ^3D3Z b&c=d!e=f	g�h>i(C3BFE	Q ` ^=j [7S W;Z;R H�Y�S V;l;R HFT�S T3Y3Rmi,YOT�S [3R3X3H�l;Y�jD3B ` @�QOq3Q	M;H I;J;K;K�L�MON�P;E	Q3C;C H�V7S T=H�W H;H�S V;W3[ HFT�S T=H�Rmi,[;Z3X;U;l;V	j H�l�S R;l;[ Y;V7S ROT	Ymi,U;R3X3HOW;Y	jD3B ` @�QOq3Q	M;H I;J;K;K�L]\3^�_`;a B3M�Q H�U7S R3W;[ H;H�S Z;U3l H�U7S V3Y;Umi,W;R3X;U;l;V	j H�V�S U	H�Z Y;U7S R;R3Rmi T3[3X3HOW;Y	jD3B ` @�QOq3Q	M;H b&c=d!e=f	g�h>i E�o?MpP�oO^;q	NFA	q�j H�U7S(HFT	U H�V�S W;W;R YOT�S(H�R3Rmi T3V7S Y3l3X3H�W;Y�jD3B ` @�QOq3Q	M�Y I;J;K;K�L�MON�P;E	Q3C;C H�V7S U3R;Z H�Y7S U;U3U HFT�S T=H�Rmi,[;Z3X;U;l;V	j H�V�S U;l;R Y;Y7S Z;W3Vmi T3Z3X3HOW;Y	jD3B ` @�QOq3Q	M�Y I;J;K;K�L]\3^�_`;a B3M�Q HFT�S [3V;R H�R7S W;R3V HFT�S l3U;lmi,[;U3X;U;l;V	j H�V�S [;R;Z Y;V7S ROT	Ymi,U;R3X3HOW;Y	jD3B ` @�QOq3Q	M�Y b&c=d!e=f	g�h>i(C3BFE	Q ` ^=j H�V7S Y;R3R H�l�S V;W;R YOT�S V;W3Rmi T3l7S T	R3X3H�W;Y�jD3B ` @�QOq3Q	M�Z I;J;K;K�L�MON�P;E	Q3C;C H�V7S(HOU	H H;H�S ZOT	Y H�Z7S Z3V;[mi,l;l3X;U;l;V	j H�V�S VOT3U Y;Y7S W	HOlmi T;T	X3HOW;Y	jD3B ` @�QOq3Q	M�Z I;J;K;K�L]\3^�_`;a B3M�Q HFT�S l3W;W H;H�S(HFT	V H�U7S T	U	Hsi,[;W3X;U;l;V	j H�V�S R;U;l Y	H�S Z;U;Tni T�HOX3HOW;Y	jD3B ` @�QOq3Q	M�Z b&c=d!e=f	g�h>i E�o?MpP�oO^;q	NFA	q�j H�U7S l;R3U H�V�S T3[;R Y;Y7S U;W3Rmi T3Z7S Z3l3X3H�W;Y�jt	C ` ^	Q	H I;J;K;K�L�MON�P;E	Q3C;C R7S V;l3l R7S U;l;l1X�R7S Y;Z3R H�S,R;R;R>X�R�S T3Z;Yt	C ` ^	Q	H I;J;K;K�L]\3^�_`;a B3M�Q R7S V;V3l R7S U;W;U1X�R7S YOT	W R7S,W;[;R>X�R�S T3Y;Zt	C ` ^	Q	H b&c=d!e=f	g�h>i(C3BFE	Q ` ^=j k;k;k;k;k?X�R7S Z;U3U k;k3k;k;k1X�R�S U;Y;Rt	C ` ^	Q;Y I;J;K;K�L�MON�P;E	Q3C;C R7S U;l3Z R7S U	H�l1X�R7S T3R3W R7S,Y;l;V>X�R�S Y;UOTt	C ` ^	Q;Y I;J;K;K�L]\3^�_`;a B3M�Q R7S U;V�H R7S U	H;HuX�R7S T3R3Y R7S,Y;W;R>X�R�S Y;V;lt	C ` ^	Q;Y b&c=d!e=f	g�h>i(C3BFE	Q ` ^=j k;k;k;k;k?X�R7S T;T	R k;k3k;k;k1X�R�S Z	H�Rt	C ` ^	Q;Z I;J;K;K�L�MON�P;E	Q3C;C R7S U;Y3W R7S T3l;l1X�R7S Z;W3R R7S T�H;H?X�R�S Z;Y;lt	C ` ^	Q;Z I;J;K;K�L]\3^�_`;a B3M�Q R7S U;Y;T R7S T3l;V1X�R7S Z;[3l R7S T�H�Y>X�R�S Z;Y;lt	C ` ^	Q;Z b&c=d!e=f	g�h>i(C3BFE	Q ` ^=j k;k;k;k;k?X�R7S T3Y3U k;k3k;k;k1X�R�S Z;U;RG3Q�E	Q�H I;J;K;K�L�MON�P;E	Q3C;C W7S U;Y3R R7S R	HFT R7S ROT	Ymi:HOXOY;Z3[;Y	j W7S,Y	H;H H�U7S Y;U3Wmi:H�Y	HOX;l;W;Z	jG3Q�E	Q�H I;J;K;K�L]\3^�_`;a B3M�Q [7S U;Z3l R7S R	HFT R7S ROT	Ymi:HOXOY;Z3[;Y	j [7S,l;R;W H�U7S l;V3Zmi:H�Y;U3X;l;W;Z	jG3Q�E	Q�H b&c=d!e=f	g�h>i E�o?MpP�oO^;q	NFA	q�j U7S T;T3U [7S,V;V;R H�V7S V;l3Rmi:H�Z;Y7S:H�W3XOl;W3Z	j
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G	C ` M;M;H IOJ;K;K�L�MONFP;E	Q	C;C [�S Y;U;l T�S Y3l;R H�R�S U;U;Wmi:HOl3X3H�V	H3j l7S W;W;U Z;Y�S R;l;Umi:HOl3XOU;Z	jG	C ` M;M;H IOJ;K;K�L]\3^=_`;a B	M�Q V�S R;U;[ Y7S U;T�H V7S,Y	H;Hsi:H�R	X3H�V	H;j V7S V;Y	H Y;V�S T�H�Umi:H�T	XOU;Z	jG	C ` M;M;H bc=d!e=f�g�h.i E	o>MpP	oO^3q	NFA3q�j [7S(HOU;U W7S YOT3R Z;Y�S l;R;Rmi:HOl7S Z;Z3X;U;Z	jG	C ` M;M�Y IOJ;K;K�L�MONFP;E	Q	C;C V�S U;U;W H�S W3W;V U7S,U;W;Rmi,W3X	H�V	H;j l7S l;Y;W Z;Z�S W;V;Ymi:HO[3XOU;Z	jG	C ` M;M�Y IOJ;K;K�L]\3^=_`;a B	M�Q T�S V;YOT H�S Y3l	H Z7S:H�R;Vmi,U3X	H�V	H;j l7S l;Z;l Z;U�S [OT3Wmi:HOW3XOU;Z	jG	C ` M;M�Y bc=d!e=f�g�h.i(C;BFE	Q ` ^�j W7S T	W;U H�R7S ZOT	R U;U�S Y;[;Rmi,Y3W7S Z;R3X;U;Z	jG	C ` M;M�Z IOJ;K;K�L�MONFP;E	Q	C;C l�S(H�[OT Y7S W3[;W W7S,Z	H�lmi:H�U	X3H�V	H;j l7S V;R	H Z;R�S(H�[;Wmi:HOV3XOU;Z	jG	C ` M;M�Z IOJ;K;K�L]\3^=_`;a B	M�Q U�S Z;Y;V Y7S(H3H�l l7S T3U;Zmi:H�Y	X3H�V	H;j [7S ROT3Z Z;R�S(H�[;Wmi:HOV3XOU;Z	jG	C ` M;M�Z bc=d!e=f�g�h.i E	o>MpP	oO^3q	NFA3q�j [7S Z;T3R H�R7S lOT	R U;[�S T3R;Rmi,Z3R7S W;U3X;U;Z	jP	Q ` ^;q�H IOJ;K;K�L�MONFP;E	Q	C;C HOY7S WOT3R l7S Z3l;R [7S,Y;V	Hsi,U;l	XOV;W;R	j H�Z7S UOT	Y H�l�S Z;W	Hsi T	R3XOY;Z;R�jP	Q ` ^;q�H IOJ;K;K�L]\3^=_`;a B	M�Q H3H�S Z;R;V V7S(HOZ;[ l7S,U;Z;Vmi,U;Y	XOV;W;R	j H�Z7S Y;V3l H�V�S U;Y;Ymi,Z3[3XOY;Z;R�jP	Q ` ^;q�H bc=d!e=f�g�h.i E	o>MpP	oO^3q	NFA3q�j H;H�S:H�l;R HFT�S(H�W3R H�W�S l;Y;Rmi T	U7S Z;V3X;Y;Z;R	jP	Q ` ^;q3Y IOJ;K;K�L�MONFP;E	Q	C;C HOY7S Z;R;R V7S T3T;T l7S,W;l	Hsi,U;U	XOV;W;R	j HFT�S R;W3[ H�W�S U;V;Umi T	U3XOY;Z;R�jP	Q ` ^;q3Y IOJ;K;K�L]\3^=_`;a B	M�Q H3H�S R;Z;W U7S T	Z;[ V7S,V;V;lmi T3V	XOV;W;R	j H�Z7S V;U3Z H�[�S Y;V	Hsi T	Y3XOY;Z;R�jP	Q ` ^;q3Y bc=d!e=f�g�h.i(C;BFE	Q ` ^�j H;H�S,WOT3R H�Z7S U;Y3R H�V�S T3Z;Rmi,Z3l7S l;W3X;Y;Z;R	jP	Q ` ^;q3Z IOJ;K;K�L�MONFP;E	Q	C;C H3H�S U;[;Y U7S U3V;V V7S,V;V;lmi T3V	XOV;W;R	j H�V7S(H�Y3l Y;Z�S ROT3Zmi,U3Z3XOY;Z;R�jP	Q ` ^;q3Z IOJ;K;K�L]\3^=_`;a B	M�Q HOR7S(H�Y;Y T�S Z�HFT U7S,V;U;Ymi,Z;W	XOV;W;R	j H�U7S U;W;T Y;Y�S(H�lOTni,U�HOXOY;Z;R�jP	Q ` ^;q3Z bc=d!e=f�g�h.i(C;BFE	Q ` ^�j H�R7S,WOT3R H�V7S Z;W3R Y;Y�S V;U;Rmi,U3Y7S(H�R3X;Y;Z;R	jP	Q ` ^;q ` H IOJ;K;K�L�MONFP;E	Q	C;C l�S R;U;R Z7S T	V;l>XuH!S l;l;U V7S l;W;W>X�Z7S T	[	HP	Q ` ^;q ` H IOJ;K;K�L]\3^=_`;a B	M�Q V�S(H�[;W Z7S Y�H�R>XuH!S VOT3Z V7S Y;[	H?X�Z7S Y�H�VP	Q ` ^;q ` H bc=d!e=f�g�h.i(C;BFE	Q ` ^�j k;k;k3k;k1X�T�S(H�Y;R k;k;k;k;k1X8T�S T	l;RP	Q ` ^;q ` Y IOJ;K;K�L�MONFP;E	Q	C;C [�S lOT3[ V7S U3R;V>X8Z�S Z;Z	H [7S Z	H�W>X8T�S Y3V;RP	Q ` ^;q ` Y IOJ;K;K�L]\3^=_`;a B	M�Q V�S W;V;R U7S R3R;[>X8Y�S U;VOT V7S U;V;l>X�Z7S Z3V;ZP	Q ` ^;q ` Y bc=d!e=f�g�h.i(C;BFE	Q ` ^�j k;k;k3k;k1X�T�S Y;Y;U k;k;k;k;k1X8T�S(HOW;RP	Q ` ^;q ` Z IOJ;K;K�L�MONFP;E	Q	C;C V�S l;l;Z Z7S R3[;V>XuH!S U;[;R V7S W;W	H?X�Z7S U3l;WP	Q ` ^;q ` Z IOJ;K;K�L]\3^=_`;a B	M�Q U�S WOT3V Y7S [3W;l>XuH!S T3[;Z V7S V;V;Z>X�Z7S T=H�YP	Q ` ^;q ` Z bc=d!e=f�g�h.i(C;BFE	Q ` ^�j k;k;k3k;k1X�T�S(H�R;R k;k;k;k;k1X8T�S U;T3RP	Q ` ^;q ` N	H IOJ;K;K�L�MONFP;E	Q	C;C W�S l;[;Z V7S R3U;V>X8Z�S(H�R;R l7S l	H�[>X�Z7S W3U	HP	Q ` ^;q ` N	H IOJ;K;K�L]\3^=_`;a B	M�Q l�S V;U;Y Z7S R3W;l>XuH!S U;[;V V7S R;Y	H?X�Z7S R3[;ZP	Q ` ^;q ` N	H bc=d!e=f�g�h.i E	o>MpP	oO^3q	NFA3q�j k;k;k3k;k1X�T�S(H�[;R k;k;k;k;k1X�Y7S T	l;RP	Q ` ^;q ` N;Y IOJ;K;K�L�MONFP;E	Q	C;C l�S [;[;Y Z7S(HOl;Z>XuH!S V;Y;U [7S Y;l;l>X8T�S Y3Z;[P	Q ` ^;q ` N;Y IOJ;K;K�L]\3^=_`;a B	M�Q V�S U;Z;l Y7S Y3l;W>XuH!S(H�V;l l7S(H;H�W>X�Z7S V;T3UP	Q ` ^;q ` N;Y bc=d!e=f�g�h.i(C;BFE	Q ` ^�j k;k;k3k;k1X�T�S Y;W;R k;k;k;k;k1X�Z7S [3l;RP	Q ` ^;q ` N;Z IOJ;K;K�L�MONFP;E	Q	C;C l�S T3l;W Z7S Z3Y;V>XuH!S l;R;Z [7S R;Z;Z>X8T�S(H3H�ZP	Q ` ^;q ` N;Z IOJ;K;K�L]\3^=_`;a B	M�Q V�S Z;U;R Z7S R3ZOT.XuH!S U;U;Z l7S V;lOT.X�Z7S W3Y;WP	Q ` ^;q ` N;Z bc=d!e=f�g�h.i \�B�r3o;q�j k;k;k3k;k1X8Z�S [;R;U k;k;k;k;k1X�U7S Z3l;RP	Q ` ^;q	N3H IOJ;K;K�L�MONFP;E	Q	C;C HOZ7S Z;[;l U7S V3[;Y U7S,l;R;Ymi:H�Z	XOY;Y;[	j H�l7S U;W;T YOT�S R;R;Rmi:HO[3XOl;U	jP	Q ` ^;q	N3H IOJ;K;K�L]\3^=_`;a B	M�Q H3H�S Z;V;V T�S R3l;[ U7S,Y;V;Zmi:H�Y	XOY;Y;[	j H�l7S U;R3Z Y;R�S R;R;Rmi:HOU3XOl;U	jP	Q ` ^;q	N3H bc=d!e=f�g�h.i(C;BFE	Q ` ^�j W7S W�H�R H�V7S(H�Y3R H�W�S l;Z;Rmi:H�T�S [;R3X;l;U	jP	Q ` ^;q	NOY IOJ;K;K�L�MONFP;E	Q	C;C HOl7S(H;H�U W7S V�H�[ W7S,VOT3Wmi,Y;Y	XOY;Y;[	j l7S [OT3[ T�S,R;R;R i,Z3XOl3U	jP	Q ` ^;q	NOY IOJ;K;K�L]\3^=_`;a B	M�Q H�T�S ZOT3[ V7S [3V;l l7S T3U;Vmi:H�l	XOY;Y;[	j U7S U;[;V T�S,R;R;R i,Z3XOl3U	jP	Q ` ^;q	NOY bc=d!e=f�g�h.i(C;BFE	Q ` ^�j H�Z7S,[;l;R V7S ZOT3R Z7S,Y;R;R i,Y7S T�XOl;U	jP	Q ` ^;q	NOZ IOJ;K;K�L�MONFP;E	Q	C;C HOU7S W	H�R W7S R3R;U U7S,l;R;Ymi:H�Z	XOY;Y;[	j H�V7S l;R3W H�l�S Z;Z;Zmi:HOZ3XOl;U	jP	Q ` ^;q	NOZ IOJ;K;K�L]\3^=_`;a B	M�Q HOY7S Z;R;V U7S Z3V;Y V7S:HFT3Rmi:HFT�XOY;Y;[	j H�Z7S Z;[3Z Y;R�S R;R;Rmi:HOU3XOl;U	jP	Q ` ^;q	NOZ bc=d!e=f�g�h.i(C;BFE	Q ` ^�j H�Y7S:H�[;R H�Y7S U;Z3R HFT�S Y;l;Rmi:HOR7S l;U3X;l;U	jP	o;^�M�Q	H IOJ;K;K�L�MONFP;E	Q	C;C HOU7S R;Z;R Y7S Y;T3Z H�S T3V;Umi T	X;Y;l;Z	j H�Y7S U;[3Z Y;W�S V;l;Rmi,Y3l3XOW	H;jP	o;^�M�Q	H IOJ;K;K�L]\3^=_`;a B	M�Q HOY7S W;R;Y H�S Y3YOT H�S,R;W;Wmi,Z3X;Y;l;Z	j H�Y7S Y;Z3V Y;W�S V;l;Rmi,Y3l3XOW	H;jP	o;^�M�Q	H bc=d!e=f�g�h.i \�B�r3o;q�j H�Z7S,Y	H�U H�Z7S W;U3R Y;V�S V;U;Rmi,Y;T�S Y;U3X;W	H;jP	o;^�M�Q;Y IOJ;K;K�L�MONFP;E	Q	C;C H�T�S R;R;Z H�S U3V;W H�S T3V;Umi T	X;Y;l;Z	j H�V7S U;U;T Z;[�S T3V;Ymi,Z3U3XOW	H;jP	o;^�M�Q;Y IOJ;K;K�L]\3^=_`;a B	M�Q HOY7S R;Y;[ R7S l3Z;R H�S,R;W;Wmi,Z3X;Y;l;Z	j H�l7S VOT	Y Z;V�S Y;VOTni,Z3Z3XOW	H;jP	o;^�M�Q;Y bc=d!e=f�g�h.i(C;BFE	Q ` ^�j H�Y7S,Z;R;U H�l7S T3Z3R ZOT�S [OT3Rmi,Z�H�S l3XOW�H;jP	o;^�M�Q;Z IOJ;K;K�L�MONFP;E	Q	C;C H�T�S T3Z;[ Y7S V3U;Y Y7S,U;VOTni,l3X;Y;l;Z	j HFT�S(H;HOW ZOT�S R;V;Vmi,Z�HOXOW	H;jP	o;^�M�Q;Z IOJ;K;K�L]\3^=_`;a B	M�Q HOY7S l;Z;V H�S Z3[;W R7S,l;Z;Zmi,Y3X;Y;l;Z	j H�Z7S V	HO[ Z	H!S [;V;[mi,Y3W3XOW	H;jP	o;^�M�Q;Z bc=d!e=f�g�h.i(C;BFE	Q ` ^�j H�Z7S,R	H�R H�U7S U;R3R Z;Y�S T3Y;Rmi,Y3W7S U;R3X;W	H;j
� A�MpP3^3o;o � H IOJ;K;K�L�MONFP;E	Q	C;C R�S W;V;R R7S V3l;[ R7S,R;R;Rmi,R3X;V;R;W;Z	j R7S [;U;V R7S,R;R;R i,R3XOY3R;Z	H;j
� A�MpP3^3o;o � H bc=d!e=f�g�h.i(C;BFE	Q ` ^�j R7S R�HFT R7S R	H;H R7S,R;R;R i,R3XOY3R;Z	H;jM�o��O@	Q ` E�H IOJ;K;K�L�MONFP;E	Q	C;C R�S V;Y;Z R7S(HO[;R Y7S,Z;Z;Wmi:H�Y	XOU	H�Z	j R7S l;U;U H�R�S U;[;[mi:HO[3X3H�l;R�jM�o��O@	Q ` E�H IOJ;K;K�L]\3^=_`;a B	M�Q R�S Z;W;Y R7S R3W;Z R7S,W;l;Umi,U3X;U	H�Z	j R7S V;W;Y [7S,Y;Z;U i:HFT	X	H�l;R	jM�o��O@	Q ` E�H bc=d!e=f�g�h.i \�B�r3o;q�j R7S U3[;U H�S R;Z;R W7S,R;V;R i:H�U7S T3R3X3H�l3R	jM�o��O@	Q ` E�Y IOJ;K;K�L�MONFP;E	Q	C;C R�S V;YOT R7S(HOW;U H�S,WOT3Wmi:H�R	XOU	H�Z	j R7S V;R;Z [7S,[;YOTmi:H�U3X	H�l;R	jM�o��O@	Q ` E�Y IOJ;K;K�L]\3^=_`;a B	M�Q R�S T3U;Y R7S(H3H�R R7S,U;[;Umi,Z3X;U	H�Z	j R7S U;R;[ l7S,R;U;W i:H�Y3X	H�l;R	jM�o��O@	Q ` E�Y bc=d!e=f�g�h.i(C;BFE	Q ` ^�j R7S [3R;U H�S R;U;R T�S,YOT3R i,l7S Y�HOX3H�l;R�jM�o��O@	Q ` E�Z IOJ;K;K�L�MONFP;E	Q	C;C R�S UOT3R R7S(HOZ;[ H�S:H�l;Rmi,V3X;U	H�Z	j R7S V;l;Z [7S,Y;Z;U i:HFT	X	H�l;R	jM�o��O@	Q ` E�Z IOJ;K;K�L]\3^=_`;a B	M�Q R�S Z;l;V R7S R3l	H R7S:H�W;Umi:HOX;U	H�Z	j R7S l;Y;W [7S,[;YOTmi:H�U3X	H�l;R	jM�o��O@	Q ` E�Z bc=d!e=f�g�h.i(C;BFE	Q ` ^�j R7S [3l;R H�S R;Z;R l7S,R;R;R i:H;H�S,W;R3X3H�l3R	jqOP��;^3o3BOD�H IOJ;K;K�L�MONFP;E	Q	C;C Z�S Z;Y;[ Y7S U3Z	H U7S,U;W;Zmi,Z;R3Y3XOUOT3R3R	j Z7S Y;[;U V7S:H;H;H�i:H;H�R	X3H�[;R;R�jqOP��;^3o3BOD�H bc=d!e=f�g�h.i \�B�r3o;q�j R7S [3Y;R H�S Z	H�R Y7S,Z;Y;R i T�H�S,l;V3X3H�[3R;R	j
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@;A�B3COD3BFE3G=H IOJ;K;K�L}MON�P;E	Q3C;C Z7S,R;R H�S [;T3R>X8R�S Z;Y;W R Y;R ZOT T3W;U@;A�B3COD3BFE3G=H IOJ;K;K�L�\3^�_`;a B3M�Q Z7S,R;R H�S W3V;R>X8R�S Z;l;Z V;Z H�R H�[ H�l;VN ` E=NOQO^�H IOJ;K;K�L}MON�P;E	Q3C;C R7S,U;R H�S [3V;W Y�S Y;W;Wmi T�X3H�lOT�j R R H�W Z;R;lN ` E=NOQO^�H IOJ;K;K�L�\3^�_`;a B3M�Q R7S,U;R R7S l3W;V H!S(HFT3Wmi,Y	X3H�lOT�j R Y T3R U;l;RN ` E=NOQO^3Y IOJ;K;K�L}MON�P;E	Q3C;C Z7S,R;R Y7S V3[OT Y�S [;lOTni,U	X3H�lOT�j R R YOT H�R;UN ` E=NOQO^3Y IOJ;K;K�L�\3^�_`;a B3M�Q H�S,R;R Z7S(HOl	H T�S R;Y;Zmi,l	X3H�lOT�j R Y Z	H W;l;[N ` E=NOQO^3Z IOJ;K;K�L}MON�P;E	Q3C;C H�S,Y;U Z7S T	Z;l T�S R;Y;Zmi,l	X3H�lOT�j R R H�l U	H�VN ` E=NOQO^3Z IOJ;K;K�L�\3^�_`;a B3M�Q R7S,U;R Y7S U3W	H Y�S [;lOTni,U	X3H�lOT�j R Y H�W [;R	HN ` ^	D	H IOJ;K;K�L}MON�P;E	Q3C;C H�S,R;R H�U7S,W;Z;W HOW7S(H�[;Vmi(Z;Z3X3H�l3Y	j R R Y;Z V;VOTN ` ^	D	H IOJ;K;K�L�\3^�_`;a B3M�Q Z7S,R;R H�V7S,W;W;V HOV7S [;V;Rmi(Y;W3X3H�l3Y	j R Y U;V T3ZN ` ^	D;Y IOJ;K;K�L}MON�P;E	Q3C;C Y7S,U;R H�W7S,U;Y;V Y3R7S ZOT3Wmi(Z;U3X3H�l3Y	j R R Y;Y l;Z	HN ` ^	D;Y IOJ;K;K�L�\3^�_`;a B3M�Q Z7S,R;R H�W7S,R;l	H Y�H�S U	H�Ymi(Z;l3X3H�l3Y	j R Y T3U W;Z;[N ` ^	D;Z IOJ;K;K�L}MON�P;E	Q3C;C H�S,l;U H�W7S:H;H�W Y3Y7S R;W;Zmi(Z;[3X3H�l3Y	j R R YOT U;W;VN ` ^	D;Z IOJ;K;K�L�\3^�_`;a B3M�Q Y7S,l;U H�W7S,Z;Y;[ Y3Z7S [;Z;lmi,T�HOX3H�l3Y	j R Y T3Y V;WOTD3B ` @	QOq3Q	M3H IOJ;K;K�L}MON�P;E	Q3C;C H�S,R;R H�l7S,R;l;[ Y3V7S ROT3Ymi(U;R3X3H�W3Y	j R R Y;Z ZOT;TD3B ` @	QOq3Q	M3H IOJ;K;K�L�\3^�_`;a B3M�Q R7S,l;U H�V7S,W	H�R Y3Z7S T3Z;[mi,T3U3X3H�W3Y	j R T U;Y T3Z;RD3B ` @	QOq3Q	MOY IOJ;K;K�L}MON�P;E	Q3C;C H�S,R;R H�V7S,U;l;R Y3Y7S Z;W;Vmi,T3Z3X3H�W3Y	j R R Z;Y H;H�UD3B ` @	QOq3Q	MOY IOJ;K;K�L�\3^�_`;a B3M�Q H�S,U;R H�V7S,[	H�Z Y3U7S R;R;Rmi,T3[3X3H�W3Y	j R U Y	H H�l;RD3B ` @	QOq3Q	MOZ IOJ;K;K�L}MON�P;E	Q3C;C H�S,R;R H�V7S,VOT3U Y3Y7S W	H�lmi,T;T	X3H�W3Y	j R R Y;V U;Y;[D3B ` @	QOq3Q	MOZ IOJ;K;K�L�\3^�_`;a B3M�Q H�S,R;R H�V7S,R;U;l Y�H�S Z;UOTni,T�HOX3H�W3Y	j R U R [;V;Yt	C ` ^3Q	H IOJ;K;K�L}MON�P;E	Q3C;C R7S,U;R R7S W3l;R>X8R�S T�H�W R Y YOT Y;[;[t	C ` ^3Q	H IOJ;K;K�L�\3^�_`;a B3M�Q R7S,U;R R7S W;T3V>X8R�S T3R;W R Y;W Y U;U;Vt	C ` ^3Q;Y IOJ;K;K�L}MON�P;E	Q3C;C H�S,U;R R7S Y3lOT.X8R�S YOT3W R Y Y;U V;U;Rt	C ` ^3Q;Y IOJ;K;K�L�\3^�_`;a B3M�Q Y7S,R;R R7S Y3l;V>X8R�S Y;U;R R Y;l T3Z V;Rt	C ` ^3Q;Z IOJ;K;K�L}MON�P;E	Q3C;C H�S,Y;U R7S T=H;H?X8R�S Z;Y;U R Y Y;Z [;W;Vt	C ` ^3Q;Z IOJ;K;K�L�\3^�_`;a B3M�Q H�S,Y;U R7S T=H�Y>X8R�S Z;Y;U R Y;[ Y;Z l;U;WG3Q�E�Q	H IOJ;K;K�L}MON�P;E	Q3C;C H�S,U;R H�R7S,Z;V;[ W�S Z;Z;Ymi,l;T	XOl;W;Z�j R H�W Z;W V;l;UG3Q�E�Q	H IOJ;K;K�L�\3^�_`;a B3M�Q H�S,Y;U W7S Z�H�Z HOZ7S T3W;ZmipH�R;l3XOl3W;Z	j W YOT Y;W U;V	HG	C ` M;M;H IOJ;K;K�L}MON�P;E	Q3C;C Y7S,Y;U [7S Y3Z;V Y3[7S Z;R;YmipH�U3XOU;Z�j R R H;H T;T3lG	C ` M;M;H IOJ;K;K�L�\3^�_`;a B3M�Q R7S,U;R l7S T	Z;R Y3Y7S VOT3YmipH�Y3XOU;Z�j R R Y;V T3U;[G	C ` M;M�Y IOJ;K;K�L}MON�P;E	Q3C;C H�S,R;R l7S l3Y;W Z3Z7S W;V;YmipH�[3XOU;Z�j R R W [	HFTG	C ` M;M�Y IOJ;K;K�L�\3^�_`;a B3M�Q H�S,R;R l7S l3Z;l Z3U7S [OT3WmipH�W3XOU;Z�j R R Y;V W;[;WG	C ` M;M�Z IOJ;K;K�L}MON�P;E	Q3C;C H�S,R;R l7S V3R	H Z3R7S(H�[;WmipH�V3XOU;Z�j R R V T3U;WG	C ` M;M�Z IOJ;K;K�L�\3^�_`;a B3M�Q Y7S,l;U [7S R;T3W Y3[7S Z;R;YmipH�U3XOU;Z�j R R Y;W Y;[;YP	Q ` ^;q�H IOJ;K;K�L}MON�P;E	Q3C;C H�S,R;R H�Z7S,UOT3Y HOl7S Z;W	Hsi,T3R3XOY;Z3R	j R R ZOT Y;l;WP	Q ` ^;q�H IOJ;K;K�L�\3^�_`;a B3M�Q H�S,R;R H�Z7S,Y;V;l HOV7S U;Y;Ymi(Z;[3XOY;Z3R	j R V Y;W l;R	HP	Q ` ^;q3Y IOJ;K;K�L}MON�P;E	Q3C;C H�S,U;R HFT�S,Y;l;R HOV7S W;U;lmi(Z;W3XOY;Z3R	j R R Z;U l;V;YP	Q ` ^;q3Y IOJ;K;K�L�\3^�_`;a B3M�Q Z7S,R;R H�V7S,R;l;R HOV7S U;Y;Ymi(Z;[3XOY;Z3R	j R V Z	H Y;R;ZP	Q ` ^;q3Z IOJ;K;K�L}MON�P;E	Q3C;C H�S,R;R H�V7S:H�Y;l Y3Z7S ROT3Zmi(U;Z3XOY;Z3R	j R R Z;l Z;W;ZP	Q ` ^;q3Z IOJ;K;K�L�\3^�_`;a B3M�Q H�S,U;R H�U7S,Z;R;Z Y3R7S [;l;Rmi,T3[3XOY;Z3R	j R V Y;W T3R;RP	Q ` ^;q ` H IOJ;K;K�L}MON�P;E	Q3C;C H�S,R;R V7S l3W;W>X8Z�S T3[	H R R Y;Z T3[OTP	Q ` ^;q ` H IOJ;K;K�L�\3^�_`;a B3M�Q H�S,R;R V7S Y3[	H?X8Z�S Y	H�V R U T3Y U;W;ZP	Q ` ^;q ` Y IOJ;K;K�L}MON�P;E	Q3C;C H�S,R;R [7S Z�H�W>X�T�S Y;V;R R R Y;V U;U;WP	Q ` ^;q ` Y IOJ;K;K�L�\3^�_`;a B3M�Q H�S,R;R V7S U3V;l>X8Z�S Z;V;Z R U U;U W;l	HP	Q ` ^;q ` Z IOJ;K;K�L}MON�P;E	Q3C;C H�S,R;R V7S W3W	H?X8Z�S U;l;W R R Y;[ H�V;RP	Q ` ^;q ` Z IOJ;K;K�L�\3^�_`;a B3M�Q H�S,Y;U V7S V�H�V>X8Z�S Z;[;l R U U;Y U;R;lP	Q ` ^;q ` N3H IOJ;K;K�L}MON�P;E	Q3C;C R7S,l;U l7S U�H�W>X8Z�S [;U;R R R Y VOT;TP	Q ` ^;q ` N3H IOJ;K;K�L�\3^�_`;a B3M�Q R7S,l;U V7S R3Y;R>X8Z�S R;[;Y R R H�Z Y	H�[P	Q ` ^;q ` NOY IOJ;K;K�L}MON�P;E	Q3C;C H�S,Y;U [7S(HOY;U>X�T�S(H�V;R R R Y T3R;ZP	Q ` ^;q ` NOY IOJ;K;K�L�\3^�_`;a B3M�Q H�S,Y;U l7S R3R;U>X8Z�S U;[;l R R H�Z U;W;WP	Q ` ^;q ` NOZ IOJ;K;K�L}MON�P;E	Q3C;C R7S,l;U l7S W3Z;V>X�T�S R;V;Z R R Y lOT;TP	Q ` ^;q ` NOZ IOJ;K;K�L�\3^�_`;a B3M�Q R7S,l;U l7S U;T3Y>X8Z�S [;V;Y R R H�Z ZOT3WP	Q ` ^;q	N3H IOJ;K;K�L}MON�P;E	Q3C;C Y7S,Y;U H�[7S,Z;W;Z Y3Y7S V;V;lmipH�l3XOl;U�j R R Z V;U;VP	Q ` ^;q	N3H IOJ;K;K�L�\3^�_`;a B3M�Q H�S,R;R H�l7S,U;R;Z Y3R7S R;R;RmipH�U3XOl;U�j R R H�V V;R;ZP	Q ` ^;q	NOY IOJ;K;K�L}MON�P;E	Q3C;C H�S,R;R l7S [;T3[ T�S R;R;Rmi,Z	XOl;U	j R R Z Y;Y;UP	Q ` ^;q	NOY IOJ;K;K�L�\3^�_`;a B3M�Q H�S,R;R U7S U3[;V T�S R;R;Rmi,Z	XOl;U	j R R H�[ [OT3lP	Q ` ^;q	NOZ IOJ;K;K�L}MON�P;E	Q3C;C H�S,R;R H�V7S,l;R;W HOl7S Z;Z;ZmipH�Z3XOl;U�j R R T YOT3VP	Q ` ^;q	NOZ IOJ;K;K�L�\3^�_`;a B3M�Q H�S,U;R H�Z7S:H�R;U HOl7S Z;Z;ZmipH�Z3XOl;U�j R R H�l Y;[;UP	oO^=M�Q	H IOJ;K;K�L}MON�P;E	Q3C;C H�S,Y;U H�Y7S,lOT3R Y3V7S Z;lOTni(YOT	XOW	H3j R R H�R Y;V;UP	oO^=M�Q	H IOJ;K;K�L�\3^�_`;a B3M�Q H�S,U;R H�Y7S,R;V;Z Y�H�S W;l;[mi(Y;R3XOW	H3j R R T3[ Z;l;RP	oO^=M�Q;Y IOJ;K;K�L}MON�P;E	Q3C;C H�S,Y;U H�U7S,[;W;W Z;T�S R;V;Vmi(Z	HOXOW	H3j R R [ Y;R	HP	oO^=M�Q;Y IOJ;K;K�L�\3^�_`;a B3M�Q H�S,U;R H�U7S,l;V;R Z;T�S R;V;Vmi(Z	HOXOW	H3j R R UOT T3[;WP	oO^=M�Q;Z IOJ;K;K�L}MON�P;E	Q3C;C R7S,U;R H�U7S,Z;U;[ Z3Y7S W;V;lmi(Z;R3XOW	H3j R R [ Z;l	HP	oO^=M�Q;Z IOJ;K;K�L�\3^�_`;a B3M�Q H�S,R;R H�Z7S,V	H�[ Z�H�S [;V;[mi(Y;W3XOW	H3j R R U;Z U;R;V
� A=MFP3^3o;o � H IOJ;K;K�L}MON�P;E	Q3C;C H�S,R;R R7S [3U;V R�S R;R;Rmi,R	XOY;R;Z	H3j U Z;V ZOT H�Y;lM�o �;@	Q ` E=H IOJ;K;K�L}MON�P;E	Q3C;C Y7S,Y;U H�S R;T3Z W�S T�H�Ymi:HOV3X3H�l;R�j R T HFT U;R;VM�o �;@	Q ` E=H IOJ;K;K�L�\3^�_`;a B3M�Q H�S,R;R R7S V3W;Y [�S Y;Z;Umi:H�T	X3H�l;R�j R Y;W V V	HM�o �;@	Q ` E	Y IOJ;K;K�L}MON�P;E	Q3C;C R7S,U;R R7S U3W;Z [�S Y;Z;Umi:H�T	X3H�l;R�j R Z U T3U;VM�o �;@	Q ` E	Y IOJ;K;K�L�\3^�_`;a B3M�Q H�S,R;R R7S U3R;[ l�S R;U;Wmi:HOY3X3H�l;R�j R Y;l Y;Y RM�o �;@	Q ` E	Z IOJ;K;K�L}MON�P;E	Q3C;C Y7S,R;R R7S l3Z;V V�S T3l	Hsi:H3HOX3H�l;R�j R Z Z;V [;U;YM�o �;@	Q ` E	Z IOJ;K;K�L�\3^�_`;a B3M�Q Y7S,R;R R7S V;T3Z V�S T3l	Hsi:H3HOX3H�l;R�j R Y;l Y;V [;W;[qOP �3^3o3BOD	H IOJ;K;K�L}MON�P;E	Q3C;C H�S,R;R Z7S Y3[;U V�S(H;H;Hsi:H3H�R3X3H�[3R;R	j H U;Z H�V T3Z;Y
��©Dý|ª0«G«�ªÛî�¬p� 
 v ®�¯>°5±G±³²9°5´�µ�° x�´9½R°�¯�¼n²G¹>¹�°¿¾�°�´¨À�ÂNÃ"ÄmÅnÆ�ÇkÈ�ÉÁ°�¼Pº5»]z¨®�´>Ê�¹6{ ||°�»�± °�´¿¾�°�¹ v °�¹�µ�¹5°�µ�¹���·k´
���[µY²�zô®.±�°�¹�� ¹<���s²I° v ´3®�²�¼n²G¼D½�¹3¸�°�²Yµ
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Eingabeschicht

LVQ-Neuronenschicht
(Kohonen-Neuronen)

Codebook-Vektoren
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Eingabeschicht

Kohonen-Neuronen mit
Nachbarschaftsgitter

Codebook-Vektoren
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Eingabeschicht

Kohonen-Schicht

Grossberg-Schicht
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Gewichtsmatrix V
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