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RSTUVRWU
XYZ[\ ]^_`ab ]bcd`deZ^[ fd]b\ ^[ egb eZh bi\bYdjb\ \ba^`i
`bYdeZ^[ k lgZag gd\ fbb[ bmeb[\b\ e^ d a^[n^Ynb\ h Zmi
e_`b c`^f Ybh k Z] bndY_deb\ d[\ ZhcYbh b[eb\ Z[ d opq
]j]ebh r sgb bndY_deZ^[ Z] a^[\_aeb\ _]Z[t egb \ded
`ba^`\b\ Z[ d[ d[bag^Za agdhfb` d[\ eg^]b Z[ d YZ]eb[i
Z[t `^^h lZeg h^\b`deb `bnb`f b`deZ^[ r sgb a`^]]edYu]
d[\ egb ]a^`b] ^v d_e^hdeZa ]cbbag `ba^t[ZeZ^[ d`b h bdi
]_`b\ r sgb gd`\ld`b a^[]Z]e] ^v \_dY opq] d[\ d g^]e
qw r sgb `b]_Ye] ^v egb fb[agh d`u Z] ]g^l[ r

xy z{UV|}~WUz|{

w_``b[eYjk fYZ[\ ]^_`ab ]bcd`deZ^[ �Xpp� Z] Z[eb[]ZnbYj
fbZ[t ]e_\Zb\ v^` nd`Z^_] dccYZadeZ^[] �b rt rk ��� r� Xpp
v^` d a^[n^Ynb\ h Zme_`b ]_ag d] ^nb`YdccZ[t ^v n^Zab] fj
h_YeZcYb edYub`] Z[ d[ da^_]eZadY b[nZ`^[h b[e u[^l[ d]
a^ auedZY cd`ej c`^fYbh Z] ^[b ^v egb agdYYb[tZ[t d`bd]
�� k � k � k �� r � hbeg^\ ^v Xpp fd]b\ ^[ egb eZh bi\bYdjb\
\ba^``bYdeZ^[ �soo � gd\ fbb[ bmeb[\b\ e^ d a^[n^Ynb\
h Zme_`b ^v da^_]eZadY ]Zt[dY] ��� r soo gd\ ^`ZtZ[dYYj
fbb[ \bnbY^c b\ v^` d[ Z[ ]ed[ed[b^_] h Zme_`b c`^f Ybh
�� k � k �� r �[ ��� k egb h_YeZiagd[[bY Z[c_e ]Zt[dY Z] e`d[]i
v^`h b\ Z[e^ egb v`b�_b[aj \^h dZ[ fj o�s k d[\ k fj
\^Z[t egZ] k egb Z[]ed[ed[b^_] soo ad[ fb dccYZb\ e^
d h Zmb\ ]Zt[dY de bdag v`b�_b[aj Z[\bc b[\b[eYjr sgb[ k
egb cb`h_edeZ^[ c`^fYbh �]ldccZ[t ^v ^_ec_e agd[i
[bY]� Z] ]^ Ynb\ fj h dmZh Z�Z[t egb Z[eb`iv`b�_b[aj a^`i
`bYdeZ^[ k d[\ egb �[dY ]bcd`deb\ ^_ec_e Z] ^fedZ[b\ r

�[ egZ] cdcb` k egb bndY_deZ^[ d[\ egb `bdYieZh b Zh i
cYbh b[edeZ^[ ^v egb bmeb[\b\ soo Z] \Z]a_]]b\ r sgb
bndY_deZ^[ Z] a^[\_aeb\ _]Z[t egb \ded `ba^`\b\ Z[ d[
d[bag^Za agdhfb` d[\ d YZ]eb[Z[t `^^h lZeg `bnb`fb`i
deZ^[ eZh b ^v � r� ] r sgb a`^]]edYu] d[\ egb ]a^`b] ^v
d_e^h deZa ]c bbag `ba^t[ZeZ^[ d`b h bd]_`b\ r sgb gd`\i
ld`b a^[]Z]e] ^v \_dY opq] �sbmd] �[]e`_h b[e] ks� pi
���w��� �k ������� d[\ egb g^]e qw �qb[eZ_h ��� k
������� r sgb `b]_Ye] ^v egb fb[agh d`u d`b ]g^l[ r

� y ��U�|}
�[ eg Z] ]baeZ^[ k soo bmeb[\b\ e^ d a^[n^Ynb\ h Zme_`b
c`^fYbh Z] f`Zb�j bmcYdZ[b\ r

� yxy U �� ����� ¡�� ¢£¤¤�� ¥�£¦
sgb h_YeZiagd[[bY Z[c_e ]Zt[dY Z] � `]e e`d[]v^`h b\ Z[e^
egb v`b�_b[aji\^h dZ[ fj o�s r §be _] \b[^eb egb o�s
^v egb ¨ eg h Za`^cg^[b de egb eZh b v`dh b © d] ª« �© ¬  � r
sgb Z[c_e nbae^` de egb eZh b v`dh b © Z] egb[ \b�[b\ d]

® �© ¬  � ¯ �ª ° �© ¬  � ¬ ± ± ± ¬ ª² �© ¬  ��³ ¬ ���
lgb`b ±³ \b[^eb] egb e`d[]c^]b r �^` egb ]dub ^v ]Zh i
cYZaZej Z[ [^edeZ^[ k egb v`b�_b[aj Z[\bm  Z] ^h Zeeb\
gb`bdveb` bmabce lgb`b Ze Z] [bab]]d`jr ´ ]Z[t egZ] Z[c_e
nbae^` k egb eZh bi\bYdjb\ a^``bYdeZ^[ �sow� Z] \b�[b\
d]

V �µ � ¯ ¶ �® �©�®· �© ¸ µ �� v^` µ ¯ � ¬ ± ± ± ¬ ¹ ¬ ���
lgb`b ±· \b[^eb] egb a^[º _tdeb e`d[]c^]b r sgb ]jhf^Y k
µ k \b[^eb] egb eZh b \bYdj bmc`b]]b\ Z[ egb [_hfb` ^v
v`dh b] k d[\ a^``b]c^[\] e^ egb dae_dY eZh b \bYdj ^v »¼ ½
lgb`b ¼ ½ \b[^eb] egb eZh b Z[eb`ndY fbelbb[ egb v`dh b]
Z[ adYa_ YdeZ[t o�s r sow ad[ fb b]eZh deb\ Zeb`deZnbYj
Z[ d `bdYieZh b ]j]ebh d]

V �µ ¬ ©� ¯ �� ¸ ¾�V �µ ¬ © ¸ �� ¿ ¾® �©�®· �© ¸ µ � À ���
lgb`b ¾ \b[^eb] egb v^`tbeeZ[t vdae^` r

� y� y T�Á ¤ ¥�£¦ Â�¥�¤
p_cc^]b egde d a^hcYbm Z[c_e ]Zt[dY Ã �©� ¯ �Ä° �©� ¬ ± ± ± ¬
ÄÅ �©��³ Z] h Zmb\ fj d a^hcYbm h Zm Z[t h de`Zm R d]

® �©� ¯ R Ã �©� ���
sgb ]bcd`deZ^[ ]j]ebh Z] l`Zeeb[ d]

¡ �©� ¯ S® �©� À ���
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sgb ]bcd`deZ^[ � Yeb` S ad[ fb \ba^hc^]b\ Z[e^
S ¯ ~·� À ���

sgb hde`Zm � Z] \beb`h Z[b\ fj egb c`Z[aZcYb a^h i
c^[b[e d[dYj]Z] �qw� � _]Z[t V ��� d]

� ¯ � � �� �· À ���
lgb`b � d[\ � \b[^eb egb bZtb[ndY_b hde`Zm d[\ egb
bZtb[nbae^` h de`Zm ^v V ��� k `b]c baeZnbYjk Z rb rk V ��� ¯
��� �° r sgZ] ]edtb Z] eb`hb\ ]cgb`Z[t r

sgb h de`Zm ~ Z] \beb`h Z[b\ fj egb º ^Z[ei\Zdt^[dYZ�deZ^[
c`^fYbh �� k �� �

~ ¯ d`t h Z[� ��	
 °�� �
 ��~ �� �µ �~ ³ �� �� ���

lgb`b �� �µ � ¯ �V �µ �� · À ���
sgZ] ]edtb Z] eb`h b\ `^edeZ^[ r

� y� y ��¤��¥ ¥�£¦  ¦� W£�Á�¦Ã ¥�£¦ £ � �¤����¦¢¡
TÁ �¢¥¤�� }�Ã¥£¤¥�£¦
�[ _]_dY Z[]ed[ed[b^_] Xpp k d`fZe`d`j cb`h_edeZ^[ d[\
]adYZ[t ^v egb ^_ec_e Z] dYY^lb\ r �^lbnb` k Z[ egb v`b�_b[aji
\^h dZ[ c`^ ab]]Z[t v^` d a^[n^Ynb\ h Zme_`b k \Z�b`b[e
cb`h_edeZ^[ de \Z�b`b[e v`b�_b[aZb] Ybd\] e^ h ZmZ[t ^v
]Zt[dY Z[ egb �[dY ^_ec_e r � Y]^ \Z�b`b[e ]adYZ[t Z[ \Zvi
vb`b[e v`b�_b[aZb] Ybd\] e^ \Z]e^`eZ^[ ^v egb v`b�_b[aj
]c bae`_h ^v egb ^_ec_e ]Zt[dY r

sgb cb`h_edeZ^[ c`^f Ybh Z] ]^Ynb\ fj ]ldccZ[t egb
^_ec_e agd[[bY] ]^ egde egb Z[eb`iv`b�_b[aj a^``bYdeZ^[
^v egb b[nbY^c ^v egb ^_ec_e ¡ Z] h dmZh Z�b\ r sgZ] Z]
`bdYZ�b\ fj egb v^YY^l Z[t Zeb`deZ^[ v^` dYY v`b�_b[aj  �

�� � � ¯ d`t h dm� �� � ³��
 °
� �°�
 ° �� � � � �© ¬  ��· � �© ¬ ! � ����

lgb`b � � � \b[^eb] egb cb`h_edeZ^[ hde`Zm r sgb ]jh i
f^Y k � �©� k \b[^eb] egb b[nbY^c ^v ¡ �©� r sgb ]jhf^Y k ¼ k
\b[^eb] egb [_hfb` ^v ]c bae`_h _]b\ Z[ ]^YnZ[t cb`i
h_edeZ^[ r

sgb ]adYZ[t c`^fYbh ad[ fb ]^Ynb\ fj �Yeb`Z[t bdag
a^hc^[b[e ^v egb ^_ec_e ¡ �©� fj egb Z[nb`]b ^v S ]bci
d`debYj �

" # �©� ¯ $% & �°° '#
± ± ±

& �°² '#
() *# �©� ����

lgb`b �& �°° '# ¬ ± ± ± ¬& �°² '# �³ \b[^eb] egb »eg a^Y_h[ ^v egb
Z[nb`]b ^v S r sgb ]jhf^Y *# �©� \b[^eb] egb »eg a^h i
c^[b[e ^v ¡ r sgb ^_ec_e " # �©� a^``b]c^[\] e^ egb b]i
eZh deb ^v egb ]Zt[dY egde Z] bh Zeeb\ fj egb »eg ]^_`ab
d[\ Z] ^f]b`nb\ de egb h Za`^cg^[b] r

601.8m

0.18m

5.1m

5.0m

o

S1

S2

M1 M2

�Zt_`b � � w^[�t_`deZ^[ ^v ]^_`ab] d[\ h Za`^cg^[b] Z[
egb bndY_deZ^[ bmcb`Zh b[e

sdfYb � � qd`dh beb`] ^v egb ]j]ebh r
pdhcYZ[t �`b�_b[aj �� u��+_hfb` ^v � Za`^cg^[b] , �
§b[teg ^v o�s ���
�`dh b pgZve ¼ ½ ��+_hfb` ^v sow] ¹ ��+_hfb` ^v ]c bae`d
v^` ]^YnZ[t c`bh_edeZ^[ ¼ � ��- Z[\^l v^` o�s gdhh Z[t
�^`tbeeZ[t �dae^` ¾ �.����

� y �/R0~RUz|{

� yx y W£¦��¥�£¦

sgb bndY_deZ^[ bmcb`Zh b[e ld] a^[\_aeb\ Z[ d[ d[bi
ag^Za agdhfb` d[\ d YZ]eb[Z[t `^^h r sgb a^[�t_`deZ^[
^v egb ]^_[\ ]^_`ab] �]cbdub`]� d[\ egb h Za`^cg^[b] Z[
egb YZ]eb[ Z[t `^^h Z] \bcZaeb\ Z[ �Zt r �r sgb `bnb`fb`i
deZ^[ eZh b ^v egb YZ]eb[Z[t `^^h ld] ¼ 12 ¯ � À� �]� r sgb
`^^h gd] d ad`cbe �^^` d[\ aY^egia^deb\ ldYY] r sgb
a^[�t_`deZ^[ Z[ egb d[bag^Za agdhfb` Z] egb ]dh b d]
egde ^v egb YZ]eb[Z[t `^^h bmabce egb ldYY Y^ adeZ^[ d[\
egb `^^h ]Z�b r

sgb Xpp ]j]ebh _]b\ Z[ egZ] bmc b`Zh b[e ld] Zh i
cYbh b[eb\ Z[ d l^`u]edeZ^[ r sgb cd`dh beb`] ^v egb
]j]ebh k egde Z] YZ]eb\ Z[ sdfYb �k Z] egb ]dh b d] egde
^v egb `bdYieZh b ]j]ebh \b]a`Zfb\ Z[ egb [bme ]baeZ^[ k
]Z[ab egZ] Z] d c`bYZh Z[d`j bndY_deZ^[ ^v egb �[dY `bdYi
eZh b ]j]ebh r
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sdfYb � � �p� `deb r

�[bag^Za §Z]eb[ Z[t
wgdhfb` �^^h

�d� qb`h r �f � qb`h r �a� qb`h r �\� qb`h r
p^Ynb\ � Znb[ p^Ynb\ � Znb[

wg r� �� r�� �� r�� �� r�� �� r�
wg r� �� r�� �� r�� �� r�� �� r�

� y� y V�Ã� �¥Ã
�[ egb bndY_deZ^[ k a`^]]edYu d[\ egb ]a^`b ^v egb d_e^i
h deZa ]cbbag `ba^t[ZeZ^[ ��p� � lb`b h bd]_`b\ r

sgb a`^]]edYu Z] \b�[b\ d] egb c^lb` `deZ^ ^v bdag
^_ec_e ]Zt[dY lgb[ ^[Yj ^[b ^v egb ]^_[\ ]^_`ab] Z]
daeZnb r �^` hbd]_`Z[t egb a`^]]edYu k egb � Yeb` a^b� i
aZb[e] lb`b �mb\ dveb` Ybd`[Z[t l Zeg el^ ]^_[\ ]^_`ab]
daeZnb k egb[ ^[b ^v egb el^ ]^_`ab] ld] \bdaeZndeb\ d[\
egb c^lb` `deZ^ ^v egb a`^]] agd[[bY d[\ egb ]e`dZtge
agd[[bY ld] h bd]_`b\ r sgb Z[c_e ]Zt[dY] lb`b cdZ`] ^v
�dcd[b]b l^`\] r sgb [_hfb` ^v cdZ`] ^v l^`\] ld] ��� r
sgb l^`\ \_`deZ^[ ld] �i� �]� r � Zt_`b � �d� ]g^l ] egb
h bd]_`b\ a`^]]edYu v^` ��� l^`\] Z[ d[ d[bag^Za agdh i
fb` k ]g^l[ Z[ \b]ab[\Z[t ^`\b` ^v egb cb`v^`h d[ab r �[
egb fb]e ad]b k �� �\X� ^v a`^]]edYu ad[abYYdeZ^[ k egde Z]
]_� aZb[e v^` d c`daeZadY _]b k ld] dag Zbnb\ r � Zt_`b � �f �
]g^l ] egb a`^]]edYu lgb[ egb c b`h_edeZ^[ Z] ]^Ynb\
fj hdeagZ[t egb ^_ec_e ]cbae`^t`dh lZeg egb a^``bae
]c bae`^t`dh ^v egb ]^_`ab] egde Z] _[u[^l[ Z[ d `bdY
^c b`deZ^[ r sgZ] ld] \^[b e^ bndY_deb egb cb`v^`h d[ab
^v ]^YnZ[t cb`h_edeZ^[ l Zeg egb dYt^`Zegh \b]a`Zf b\ Z[
pbaeZ^[ � r� r w^hcd`Z[t �d� d[\ �f � k egb cb`v^`h d[ab
ld] `b\_ab\ e^ ]^h b bmeb[e fj bhcY^jZ[t egb dYt^`Zegh
\b]a`Zfb\ Z[ pbaeZ^[ � r� r � Zt_`b � �a� d[\ �\� ]g^l ] egb
`b]_ Ye] v^` egb YZ]eb[Z[t `^^h r sgb cb`v^`h d[ab ld] `bi
\_ab\ e^ d`^_[\ gdYv ^v egde ^fedZ[b\ Z[ egb d[bag^Za
agdhfb` r

sdfYb � ]g^l ] egb ]a^`b ^v �p� r sgb Z[c_e ld] egb
]dh b d] egde Z[ egb a`^]]edYu bndY_deZ^[ r � ] d ]cbbag
`ba^t[Z�b` k �s� ���� ld] bhcY^jb\ r �[ egb d[bag^Za
agdhfb` k egb �p� ]a^`b ld] d`^_[\ �� � r w^hcd`Z[t
�d� Z[ lgZag egb c b`h_edeZ^[ ld] ]^Ynb\ l Zeg �f � Z[
lgZag egb a^``bae c`bh_edeZ^[ ld] tZnb[ k egb ]a^`b ld]
`b\_ab\ fj d`^_[\ �� � r sgZ] Z] \_b e^ egb b``^` Z[
]^YnZ[t cb`h_edeZ^[ r �`^h egb `b]_Ye] ^fedZ[b\ Z[ egb
YZ]eb[ Z[t `^^h ]g^l[ Z[ �a� d[\ �\� k Ze ad[ fb ]bb[ egde
egb c b`v^`hd[ab ld] `b\_ab\ e^ Yb]] egd[ gdYv ^v egde
^fedZ[b\ Z[ egb d[bag^Za agdhfb` r
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�Zt_`b � � w`^]]edYu ad[abYYdeZ^[ r �d� ��[bag^Za
agdhfb` k c b`h_edeZ^[ ]^Ynb\ � �f � ��[bag^Za agdhfb` k
c b`h_edeZ^[ tZnb[ � �a� �§Z]eb[ Z[t `^^h k c b`h_edeZ^[
]^Ynb\ � �\� �§Z]eb[Z[t `^^h k c b`h_edeZ^[ tZnb[ �
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A/D,D/A

DSP-A
Shared
Memory

Memory
A

Memory
B

DSP-B

Host PC

PCI Bus

�Zt_`b � � �d`\ld`b ^nb`nZbl ^v egb `bdYieZh b ]j]ebh r

� y V�R0 �U z�� T� TU��

sgb d`agZebae_`b ^v egb `bdYieZh b ]j]ebh Z] \bcZaeb\ Z[
�Zt r � r sgb ]j]ebh a^[]Z]e] ^v \_dY opq] �sbmd] �[]e`_i
h b[e] k s� p���w��� �k ������� d[\ d g^]e qw �qb[i
eZ_h ��� k ������� r �dag opq gd] Ze] Y^ adY ��� ���
�fjeb] r� �^` a^hh_[ZadeZ^[ fbelbb[ egb el^ opq] k
egb ]j]ebh gd] d ]gd`b\ ��� ��� �fjeb] r� opqi
� a^nb`] egb `bdYieZh b c`^ab]]Z[t ]_ag d] adYa_YdeZ[t
egb ]c bae`^t`dh d[\ sow k d[\ �Yeb`Z[t r sow Z] dYi
ldj] ubce _c\deb\ l Zeg ��� r sgb ]cbae`^t`dh \ded
d`b ]e^`b\ Z[ d f_�b` k d[\ lgb[ egb ]_� aZb[e ]c bae`^i
t`dh \ded v^` ]^YnZ[t cb`h_edeZ^[ Z] ^fedZ[b\ k sow
d[\ egb ]c bae`^t`dh \ded d`b ]b[e e^ egb egb Ybd`[Z[t
h^\_Yb egde adYa_Ydeb] egb ]bcd`deZ^[ � Yeb` r w_``b[eYjk
]c bae`^t`dh \ded ^v d`^_[\ � ] �� �� Z[c_e nbae^`]� d`b
_]b\ v^` ]^YnZ[t cb`h_edeZ^[ r

sgb Ybd`[Z[t h^\_Yb ad[ fb cYdab\ bZegb` Z[ opqi
X ^` egb g^]e wq´ r sdfYb � ]g^l ] egb `b]_Ye] ^v egb
fb[agh d`u ^v egb Ybd`[Z[t h^\_Yb r - gb[ _]Z[t egb
g^]e wq´ k egb adYa_ YdeZ^[ eZh b ^v egb Ybd`[Z[t h^\_Yb
Z] �r�� ] v^` ]Z[tYbil^`\i\_`deZ^[ \ded ��r��]� r sgb`bi
v^`b k Z[ eb`h ] ^v egb gd`\ld`b c b`v^`hd[ab k egb ]j]ebh
ad[ c`^ ab]] \ded Z[ `bdY eZh b r �^lbnb` k ]Z[ab egb ]j]i
ebh bhcY^j] fdeag c`^ ab]]Z[t v^` adYa_ YdeZ[t egb ]bcdi
`deZ^[ � Yeb` k egb ]j]ebh `b�bae] egb _c\deb ^v egb � Yeb`
a^b� aZb[e] l Zeg �] ^v \bYdj d] \bcZaeb\ Z[ �Zt r � r - gb[
egb Ybd`[Z[t Z] a^[\_aeb\ Z[ opqiX k egb adYa_YdeZ^[
eZh b Z] df^_e � eZh b] Yd`tb` egd[ egde ^v egb g^]e wq´ r
sgZ] Z] h dZ[Yj \_b e^ egb Yd`tb \ded d[\ c`^t`dh ]Z�b
^v egb Ybd`[Z[t h^\_Yb r � Y]^ k d a^hcYZadeb\ dYt^`Zegh
^v egb Ybd`[Z[t h^\_Yb c`bnb[e] bd]j ^ceZh Z�deZ^[ ^v
egb opq a^\b r �^lbnb` k d]]bhfYjiYbnbY ^ceZh Z�deZ^[ ^v
egb a^\b v^` opqiX a^_Y\ Zhc`^nb egb bmba_eZ^[ eZh b
\`dh deZadYYjk egde h dj b[dfYb _] e^ f_ZY\ _c egb ]ed[\i
dY^[b ]j]ebh r

1 20

Spectrogram

TDC

Learning

Filtering

time [s]

Coef.
Update

detection

threshold

�Zt_`b � � sZh Z[t agd`e ^v bdag h^\_Yb r

sdfYb � � �b]_Ye] ^v egb f b[aghd`u v^` adYa_YdeZ[t egb
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�[ egZ] cdcb` k egb fYZ[\ ]^_`ab ]bcd`deZ^[ fd]b\ ^[ egb
bmeb[\b\ soo ld] bndY_deb\ d[\ ZhcYbh b[eb\ Z[ d
opq ]j]ebh r

sgb bndY_deZ^[ ld] a^[\_aeb\ d] d c`bYZh Z[d`j ^[b
l Zeg egb ]j]ebh ZhcYbh b[eb\ Z[ d l^`u]edeZ^[ k egb cdi
`dh beb`] ^v lgZag lb`b egb ]dh b d] egde Z[ egb `bdYi
eZh b ]j]ebh r sgb `b]_Ye] v^` egb d[bag^Za agdhfb` ld]
]deZ]vdae^`j e^ ]^h b bmeb[e r �^lbnb` k v^` ]^hb cdZ`] ^v
l^`\] k [^ a`^]]edYu ad[abYYdeZ^[ ld] dagZbnb\ r sgb `bdi
]^[ Z] [^e aYbd` de egZ] ]edtb r �[b ^v egb `bd]^[ h Ztge
f b `bYdeb\ e^ egb b`t^\ZaZej ^v egb ]Zt[dY] r o_`Z[t egb
b]eZh deZ^[ ^v sow k egb Z[c_e ]Zt[dY] d`b d]]_hb\ e^
fb b`t^\Za r sgZ] d]]_hceZ^[ g^Y\] Z[ d c`daeZadY ]b[ ]b
lgb[ n^lbY c^`eZ^[] ^v egb Z[c_e] ^nb`Ydc] r �[ ]^hb
cdZ`] ^v l^`\] k eg Z] d]]_hceZ^[ h Ztge [^e g^Y\ bnb[ Z[
d c`daeZadY ]b[]b r �^lbnb` k v_`egb` d[dYj]Z] ^v \ded Z]
`b�_Z`b\ r

�`^h egb bndY_deZ^[ ^v ]^YnZ[t cb`h_edeZ^[ k Ze ld]
v^_[\ egde egb cb`v^`h d[ab ld] `b\_ab\ e^ e^h b bmeb[e
\_b e^ egb b``^` ^v ]^YnZ[t cb`h_edeZ^[ _]Z[t egb Z[eb`i
v`b�_b[aj a^``bYdeZ^[ ^v ]cbae`^t`dh r sgb `bd]^[ v^`
eg Z] Z] h dZ[ Yj a^[]Z\b`b\ e^ fb egde egb`b lb`b cdZ` ^v
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Z[c_e ]Zt[dY] lgZag gd] ]Zh ZYd` b[nbY^c] r �[ egb a_``b[e
]j]ebh k egb c b`h_edeZ^[ Z] ]^Ynb\ _]Z[t egb b[nbY^c ^v
egb ]c bae`^t`dh v^` d`^_[\ � ] k \_b e^ egb `b]e`ZaeZ^[
Z[ h bh^`j d[\ bmba_eZ^[ eZh b r �^lbnb` k fj bhcY^jZ[t
Y^[tb` ]cbae`^t`dh v^` ]^YnZ[t cb`h_edeZ^[ k egb c`^fi
dfZYZej ^v gdnZ[t ]Zh ZYd` b[nbY^c l ZYY \ba`bd]b r sgZ]
Z]]_b ]g^_Y\ f b a^[]Z\b`b\ Z[ egb v_e_`b l^`u r

�[ egb `bdY b[nZ`^[h b[e l Zeg `b�baeZ^[] k egb c b`i
v^`h d[ab ^v ]bcd`deZ^[ ld] `b\_ab\ e^ d`^_[\ gdYv ^v
egde Z[ egb d[bag^Za agdhfb` r �[b ^v egb hdZ[ `bd]^[
Z] a^[]Z\b`b\ e^ f b egb Yb[teg ^v o�s k ^` b�_ZndYb[eYj
egb Yb[teg ^v egb ]bcd`deZ^[ � Yeb` r �e ld] `bc^`eb\ egde
Y^[tb` � Yeb` Yb[teg Z] `b�_Z`b\ v^` `b�baeZnb �bY\] v^` \bi
a^[n^YnZ[t egb `b�baeZ^[] ��� r �[ egZ] `bc^`e k egb Yb[teg
^v o�s ld] dY]^ YZh Zeb\ fj egb `b]^_`ab ^v egb `bdY eZh b
]j]ebh r sgZ] Z]]_b h_]e dY]^ fb e`bdeb\ Z[ egb v_e_`b r

�[ egb `bdY eZh b ]j]ebh k adYa_ YdeZ^[ ^v egb ]c bae`^i
t`dh k sow k d[\ egb � Yeb`Z[t Z] \^[b Z[ `bdY eZh b fj
d ]Z[tYb opqr sgb adYa_YdeZ^[ ^v egb ]bcd`deZ^[ � Yeb`
Z] a^[\_aeb\ Z[ d[^egb` wq´ k lgZag ad[ bZegb` f b egb
^egb` opq ^` egb wq´ Z[ egb g^]e qw r w_``b[eYjk egb
c`^ab]]Z[t Z] � eZh b] vd]eb` fj _]Z[t egb wq´ Z[ egb
g^]e qw egd[ fj _]Z[t d[^egb` opqr sgb `b]_Ye] ^v egb
fb[agh d`u ]g^l ] egde k fj bhcY^jZ[t egb g^]e wq´ v^`
Ybd`[Z[t h^\_Yb k egb ]j]ebh ad[ e`dau egb b[nZ`^[hb[i
edY agd[tb l Zeg � ] ^v \bYdjr
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