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Q RST UVWXY Z[\]^_^` `a^^[bc^d ec]e[ f ga_^`ah ijeZ]ej^_h ck h]e[b f lmn o p
qrst uvw x yz{| }t~�{��t} �� �s�~ �{����t y�~ ��{{�t} z�� �� ��{� �� �st �t� �{z����~�z� ���z{��z{�� �����z{� �� �� ~�����t z� rt�s�z�z�� ��}t{ � �z��{��� y ��s �st u���z���
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Á ÂÃÄÅÆ Ç È ÉÄÊÆ Ã
Ë^ `ic\ c^Ì[\`cd_`c]^ Í[ Í cbb k]h Î_Z[ \chab_`c]^\ ]Ï _ \c^db[ Ð_ZZc[Z \`Zak`aZ[
_^e ]Ï `Í] Z[\]^_^` `a^^[bc^d ec]e[\ ÑÒÓÔ\Õ a\c^d `i[ \h]]`i ga_^`ah
ijeZ]ej^_h ck ÑÖ×ÔÕ h]e[b _^e `i[ \chab_`]Z lmn o f Íicki a\[\ _ ^]^Ø
[gacbcÐZcah ÙZ[[^ Ïa^k`c]^ h[`i]e p Ú[ Í cbb Ì c[Í `i[ lmn o h[`i]e _\
[ÛÎ[Zch [^`_bbj Ì[ZcÜ[e ÝÞß f _^e k]^`Z_\` `i[ ^[d_`cÌ[ ecà[Z[^`c_b Z[\c\`_^k[
c^ `i[ kaZZ[^`ØÌ]b`_d[ kaZÌ[\ ÎZ[eck`[e Ðj lmn o Ï]Z `i[ ÒÓÔ\ Í c`i `i_`
ÎZ[eck`[e Ðj `i[ \h]]`i Ö×Ô h ]e[b p

Ói[ \h]]`i Ö×Ô h ]e[b Í cbb ÜZ\` Ð [ k_bcÐZ_`[e _d_c^\` lmn o ]^ _ \c^db[
Ð_ZZc[Z \`Zak`aZ[ f _^e `i[^ `i[ ÒÓÔ \chab_`c]^\ Í cbb Ð [ Î [ZÏ]Zh [e Í c`i `i[
k_bcÐZ_`[e Î_Z_h[`[Z\ p Ú[ i_Ì[ _``[hÎ`[e `] h _á[ `i[ Îij\ck\ d]c^d c^`]
`i[ `Í] ecà[Z[^` _ÎÎZ]_ki[\ _\ ^[_Zbj `i[ \_h [ _\ Î]\\cÐb[ p ×]Í[Ì[Z c` c\
ch Î]\\cÐ b[ `] h _á[ _^ [Û_k` k]hÎ_Zc\]^ f \c^k[ lmn o _\\ah[\ `i[ k]^`_k`\
_Z[ `i[Zh _b [gacbcÐZcah Z[\[ZÌ]cZ\ Ñ_` _hÐc[^` `[h Î[Z_`aZ[ â ã Õ _^e `i_` `i[
ga_^`ah Z[dc]^\ ]Ï `i[ e[Ì ck[ _Z[ ^]^Ø[gacbcÐZcah Ñ\] `i_` `[hÎ[Z_`aZ[ k_^Ø
^]` Ð [ e[Ü^[eÕ f Íicb[ Ö×Ôä _\ _ åace ej^_h ck_b _ÎÎZ]Û ch _`c]^ä _\\ah[\
`i[ Íi]b[ e[Ìck[ c\ [Ì[ZjÍi[Z[ b] k_bbj æ^[_Zç `i[Zh _b [gacbcÐZcah f _^e `i_`
`i[ [b[k`Z]^ d_\ `[hÎ[Z_`aZ[ â Z[b_Û[\ `] èâ éèê ë ì _` `i[ ]a`[Z Ð]a^e_Zc[\
]Ï `i[ k]^`_k`\ Ñ`i[ `[h Î[Z_`aZ[ ^[[e ^]` Z[b_Û `] âã Õ p

Ú[ _Z[ ^]` Z[k]hh [^ec^d `i_` `i[ e[\cd^ \Î_k[ ]Ï _ ÒÓÔ Ð[ [ÛÎb]Z[e
Í c`i `i[ Ö×Ô h ]e[b í `i_` \i]abe Ð [ e]^[ Í c`i lmn o p ×]Í[Ì[Z f ]^k[ k_bØ
cÐZ_`[e f `i[ Ö×Ô h ]e[b dcÌ[\ ga_bc`_`cÌ[bj k]ZZ[k` Z[\ab`\ f _^e `i[ Ö×Ô
ît{z������~ ��} ï���t î}ð ���~�{���z� ñ rs�~ ð ��t{��� �~ ��~z ��~t} ��z� yz{| ~���z{�t}�� �st u���z��� ï��t��t òz��}���z� ��}t{ ó{��� uz ñ vv��ôõõö÷øô ñ

ù



h]e[b h _j Ð[ a\[e Ï]Z \chab_`c^d ÒÓÔ\ Í c`i æ^[_ZÐjç Î_Z_h [`[Z\ _^e Ï]Z
\ch cb_Z ÒÓÔ\ `i_` h _á[ aÎ ]^[ k]hÎ]^[^` ]Ï k]hÎ]a^e e[Ì ck[\ f _\ Í[bb _\
Ï]Z \chab_`c^d ga_^`ah [à[k`\ c^ Ü[be [à[k` `Z_^\c\`]Z\ p

ú ûü Æ ÆÄý þ ÿ � � Æ Ç � �
Öa_^`ah `Z_^\Î]Z` [à[k`\ c^kbaec^d [b[k`Z]^ ]Z i]b[ `a^^[bc^d `iZ]adi Î]Ø
`[^`c_b Ð_ZZc[Z\ _^e ki_Zd[ ÐacbeaÎ c^ ga_^`ah Í[bb\ k_^ Ð[ c^k]ZÎ]Z_`[e
c^`] `i[ ijeZ]ej^_h ck e[\kZcÎ`c]^ ]Ï ki_Zd[ ÎZ]Î_d_`c]^ c^ \[h ck]^eak`]Z
e[Ìck[\ p Ò[Ï\ p Ýù f � f � ß ÎZ[\[^` _^ [Û`[^\c]^ ]Ï `i[ kb_\\ck_b ijeZ]ej^_h ck
h]e[b Íicki k_^ i_^eb[ c^ _ h _`i[h _`ck_bbj Zcd]Z]a\ Í_j `i[ ec\k]^`c^aØ
c`c[\ c^ `i[ kb_\\ck_b Î ]`[^`c_b [^[Zdj Íicki ] kkaZ _` i[`[Z]�a^k`c]^ Ð_ZZc[Z\
c^ ga_^`ah \[h ck]^eak`]Z e[Ìck[\ p Óic\ \h ]]`i ga_^`ah ijeZ]ej^_h ck
h]e[b c\ Ì_bce `] _bb ]Ze[Z\ ]Ï ��	é Ñ
 âã �	 Õ ÑÍi[Z[ 
 c\ `i[ [à[k`cÌ[ h _\\ ]Ï
[b[k`Z]^\ ]Z i]b[\ f _^e � c\ _ `jÎck_b b[^d`i \k_b[ Ï]Z `i[ ÎZ]Ðb[h Õ _^e `] ÜZ\`
]Ze[Z c^ `i[ kb_\\ck_b Î]`[^`c_b [^[Zdjp

Ói[ \h]]`i Ö×Ô [ga_`c]^\ i_Ì[ `i[ \_h[ Ï]Zh _\ `i[ kb_\\ck_b ijeZ]Ø
ej^_h ck [ga_`c]^\ Y � 
� � � ��ê � Ñ
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�� Õ � ��ê � Ñ
 
���� � ��� Õ ë �
 � ��ê� � 
 
���� ÑùÕ� �� � � ��ê � Ñ��� � �� ��� � �� Õ ë �
�� � ��ê � � �� � �	 
âã��� Ñ�Õ
Íi[Z[ 
 c\ `i[ [b[k`Z]^ e[^\c`jf �� c\ `i[ Ì[b] kc`jf 
 c\ `i[ [à[k`cÌ[ [b[k`Z]^
h _\\ f ��� c\ `i[ \`Z[\\ `[^\]Z f � c\ `i[ Î ]`[^`c_b [^[Zdjf � c\ `i[ [^[Zdj e[^Ø
\c`jf _^e �� c\ `i[ d[^[Z_bc�[e i[_` åaÛ p �]b`�h _^^  \ k]^\`_^` !" c\ \[` [ga_b
`] Þp Ë^eck[\ # $ % [ga_b Þf ù f � f _^e Z[Î [_`[e c^eck[\ _Z[ \ah h[e ]Ì[Z p m b[kØ
`Z]^ \k_``[Zc^d c\ h ]e[b[e Ðj `i[ \`_^e_Ze Z[b_Û_`c]^ `ch [ _ÎÎZ]Û ch _`c]^ f
Í c`i h ]h [^`ah _^e [^[Zdj Z[b_Û_`c]^ `ch [\ �� _^e �� p

Ói[ \`Z[\\ `[^\]Z _^e [^[Zdj e[^\c`j _Z[
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Íi[Z[ â c\ `i[ `[hÎ[Z_`aZ[ ]Ï `i[ [b[k`Z]^ d_\ _^e `i[ æga_^`ah ç Î]`[^`c_b� c\ dcÌ[^ Ðj Ñ* ë Þéâã Õ� Ñ* $ + Õ ë , -ã è* .* /* .* 0	 , è�ê . / ù
 *1 Ñ* � * .Õ Ñ* � * .Õ��	 0 �2	 3
[ÛÎ 4� ù
 *

Ñ* � * . Õ Ñ* � * .Õ��	 Ñ+ . � + Õ	 5 � Ñ+ . Õ 6 Ñ7Õ
Ói[ d[^[Z_bc�[e i[_` åaÛ

8 ë �9(â � ��	
'
 ( 	 : Ñ;Õ
c^kbae[\ Ð]`i kb_\\ck_b _^e ga_^`ah [à[k`\ _^e c\ e[ZcÌ[e c^ Ò[Ï p Ý)ß Ðj _<i_Îh _^Øm^\á]d [ÛÎ_^\c]^ p Ói[ ga_^`ah k]^`ZcÐa`c]^ `] `i[ i[_` åaÛ
c\ ^[k[\\_Zj Ï]Z c^`[Z^_b k]^\c\`[^kj ]Ï `i[ Ö×Ô h ]e[b p Ói[ d[^[Z_bc�[e
i[_` åaÛ c^k]ZÎ ]Z_`[\ `i[ h ]\` ch Î]Z`_^` [à[k`\ ]Ï `i[ icdi[Z h]h[^`\ ]Ï
`i[ Ú cd^[ZØ�]b`�h _^^ `Z_^\Î ]Z` [ga_`c]^ Íicki _Z[ ]h c``[e c^ `i[ åace
ej^_h ck_b _ÎÎZ]Û ch _`c]^ p=k_``[Zc^d c\ `aZ^[e ]à c^ `i[ \h ]]`i Ö×Ô \chab_`c]^\ c^ `i[ ga_^`ah
Z[dc]^ ]Ï `i[ e[Ìck[\ Ñ\Î_k[Z\ f Ð_ZZc[Z\ f _^e Í[bb\Õ f Íicb[ c^ `i[ k]^`_k`\
\k_``[Zc^d c\ kZakc_b c^ ]Ze[Z `i_` `i[ [b[k`Z]^ d_\ Z[b_Û[\ Ð_ká `] `i[ _hÐc[^`
`[hÎ[Z_`aZ[ _` `i[ e[Ìck[ Ð]a^e_Zc[\ p Ói[ ijeZ]ej^_h ck _ÎÎZ]Û ch _`c]^
]^bj _bb]Í \ `i[ [b[k`Z]^\ c^ `i[ k]^`_k`\ `] k]]b e]Í^ ]Z i[_` aÎ `] ^[_Z
_hÐc[^` `[hÎ[Z_`aZ[ ]Ì[Z _ b[^d`i \k_b[ ]^ `i[ ]Ze[Z ]Ï Þìì ^h Ñ\[[ > cd p ÞÞÕ
Ï]Z `i[ ÒÓÔ\ _^_bj�[e i[Z[ p Óic^^[Z k]^`_k`\ h _j Ð[ a\[e f Ða` `i[^ _ ecZ[k`
k]h Î_Zc\]^ Í c`i lmn o ÑÍ c`i c`\ k]^`_k`\ _` â ã Õ c\ ^]` Î]\\cÐ b[ p

Ú[ h]e[b `i[ Z[b_Û_`c]^ `ch [\ �� _^e �� c^ `i[ k]^`_k`\ Ðj h ]ecÜ[e�_kk_Z_^cØÚ]Ze[h _^ h ]e[b\ Ý7 f ;ß

�� ë 
 ?@ã âã
â $ �� ë ��ù /Þ � �	 âA	 
 B 	C 0 Ñ'Õ

_^e `i[ k][D kc[^` 9 Ðj 9 ë 9ã?@ã
âã ÑEÕ
Íi[Z[ ?@ã c\ `i[ b]ÍØÜ[be [b[k`Z]^ h]Ðcbc`jf BC c\ `i[ [b[k`Z]^ \_`aZ_`c]^
Ì[b] kc`jf _^e 9ã F ì c\ _ Îi[^]h[^]b]dck_b k]^\`_^` p

�



Ói[ `Z_^\Î]Z` [ga_`c]^\ ÑÞÕG Ñ�Õ _Z[ k]aÎb[e `] H]c\\]^  \ [ga_`c]^ Ï]Z `i[
[b[k`Z]\`_`ck Î ]`[^`c_b [^[Zdj

( I ÑJ( �K Õ ë L	 ÑM � 
 Õ ÑÞìÕ
Íi[Z[ J c\ `i[ ec[b[k`Zck k]^\`_^` f L F ì c\ `i[ [b[k`Z]^ck ki_Zd[ f _^e M c\ `i[
e[^\c`j ]Ï e]^]Z\ p Ói[ `]`_b Î]`[^`c_b [^[Zdj � k]^\c\`\ ]Ï `Í] Î_Z`\ f ]^[
ÏZ]h H]c\\]^  \ [ga_`c]^ �K _^e `i[ ]`i[Z ÏZ]h `i[ Î]`[^`c_b Ð_ZZc[Z\ �" Y� ë �" � �K 6 ÑÞÞÕ�" i_\ _ \`[Î Ïa^k`c]^ ec\k]^`c^ac`j _` Î ]`[^`c_b Ð_ZZc[Z\ p

Ó] e[ZcÌ[ `i[ \`Z[\\ `[^\]Z _^e [^[Zdj e[^\c`jf Í[ k]^\`Zak`[e _ æga_^`ah
n _ÛÍ[bbc_^ç e[^\c`j h _`ZcÛ _\ _^ N Ñ* � Õ \]ba`c]^ `] `i[ � b] ki [ga_`c]^ p
Ói[^ a\c^d `i[ h ]h [^`ahØ\icÏ`[e ga_^`ah n _ÛÍ[bbc_^ f Í[ `]]á h]h[^`\
]Ï `i[ Ú cd^[ZØ�]b`�h _^^ `Z_^\Î]Z` [ga_`c]^ `] e[ZcÌ[ `i[ \h]]`i Ö×Ô
[ga_`c]^\ Ýùß p

Ói[Z[ _Z[ `Í] k]^`ZcÐa`c]^\ `] `i[ ga_^`ah Î]`[^`c_b � Y `i[ e]aÐb[
Ð_ZZc[Z Î ]`[^`c_b _^e `i[ \[bÏØk]^\c\`[^` [b[k`Z]\`_`ck Î ]`[^`c_b ÏZ]h H]c\\]^  \
[ga_`c]^ p l]`[ `i_` \[k]^e e[ZcÌ_`cÌ[\ ]Ï � _ÎÎ[_Z c^ `i[ \`Z[\\ `[^\]Z _^e
[^[Zdj e[^\c`jf Íicki `i[^ _Z[ ecà[Z[^k[e c^ `i[ \h]]`i Ö×Ô `Z_^\Î]Z`
[ga_`c]^\ p Óia\ Í[ k]h Îa`[ � .. ë � .." � � ..K 6 ÑÞùÕ� .." c\ �a\` k]hÎa`[e ]^k[ \c^k[ c` ]^bj e[Î [^e\ ]^ `i[ Ð_ZZc[Z\ _^e ^]` ]^
`i[ _ÎÎbc[e Ì]b`_d[ ]Z \`_`[ Ì_Zc_Ðb[\ Ñ
 f � f â f �K Õ p Ë^ k]hÎa`c^d � ..K f Í[
ÜZ\` a\[ H]c\\]^  \ [ga_`c]^ `] ]Ð`_c^� ..K Ñ* $ ê Õ ë L	J , -ã è* .* /* .* 0 	 , èê . / ù
 *1 Ñ* � * .Õ Ñ* � * . Õ��	 0 �2	 3

[ÛÎ 4� ù
 *
Ñ* � * . Õ Ñ* � * .Õ��	 ê .	 5 ÑM Ñê . � ê Õ � 
 Ñê . � ê ÕÕ 6 ÑÞ�Õ

Ói[ k]^Ì]ba`c]^ ÑÞ�Õ k_^ Ð[ k]h Îa`[e [D kc[^`bj a\c^d ec\kZ[`[ >]aZc[Z `Z_^\Ø
Ï]Zh _bd]Zc`ih \ p

Ë^ ]Ze[Z `] k_bcÐZ_`[ `i[ \h ]]`i Ö×Ô h]e[b f ÜZ\` Í[ \chab_`[ _ \c^db[O bã P�Ù_ã PQO \ Ð_ZZc[Z ec]e[ _` �ìì R Ñ\[[ > cd p ÞÕ p Ói[ Ð_ZZc[Z i[cdi` c\ [ga_b
`] ù'ì h[S p Ói[ ec]e[ k]^\c\`\ ]Ï 
T \]aZk[ Ñ_` `i[ b[Ï`Õ _^e eZ_c^ Ñ_` `i[)



Zcdi`Õ Z[dc]^\ Í c`i `i[ e]Îc^d e[^\c`j M ë Þì AU kh V� f _^e _^ 
 ki_^^[b Í c`iM ë ) 3 Þì AW kh V� p Ói[ Ð_ZZc[Z c\ ) ^h Í ce[ f _^e `i[Z[ _Z[ ) ^h \Î_k[Z\
Ð [`Í[[^ `i[ Ð_ZZc[Z _^e `i[ k]^`_k`\ p O d]]e Ü` Í c`i lmn o c\ ]Ð`_c^[e cÏ?@ã ë Þììì kh 	 X ÑS \Õ c^ `i[ k]^`_k`\ p

Ói[^ Í[ \chab_`[ `Í] Ù_O \ Z[\]^_^` `a^^[bc^d ec]e[\ Í c`i O bã P�Ù_ã PQO \
e]aÐb[ Ð_ZZc[Z\ _` �ìì R p Ói[ Ð_ZZc[Z i[cdi` c\ [ga_b `] ù'ì h[S p Ói[ ec]e[
k]^\c\`\ ]Ï 
T \]aZk[ Ñ_` `i[ b[Ï`Õ _^e eZ_c^ Ñ_` `i[ Zcdi`Õ Z[dc]^\ Í c`i `i[
e]Îc^d e[^\c`j M ë Þì AU kh V� f _^e _^ 
 ki_^^[b Í c`i M ë ) 3 Þì AW kh V� p
Ói[ Ð_ZZc[Z\ _Z[ ù p) ^h Í ce[ f _^e `i[ ga_^`ah Í[bb Ð [`Í[[^ `i[ Ð_ZZc[Z\ c\) ^h Í ce[ c^ `i[ ÜZ\` Ñ æh [ecah Í[bbç Õ k_\[ f _^e � p) ^h Í ce[ c^ `i[ \[k]^e
Ñæ`ic^ Í[bbç Õ k_\[ p �]`i ÒÓÔ e[Ìck[\ i_Ì[ ) ^h \Î_k[Z\ Ð [`Í[[^ `i[ Ð_ZZc[Z\
_^e `i[ icdi e]Îc^d k]^`_k`\ p>]Z `i[ \h ]]`i Ö×Ô \chab_`c]^\ Í[ `_á[ 
 ë ì 6ì7� 
 Y f ?@ã ë Þììì
kh 	 X ÑS \Õ ]Z ùììì kh 	 X ÑS \Õ c^ `i[ k]^`_k`\ f BC ë Þ 6) 3 ÞìQ kh X\ f _^eJ ë Þù 6E p Ói[ [à[k`cÌ[ h _\\ c\ `_á[^ i[Z[ `] Ð [ k]^\`_^` `iZ]adi]a` `i[
e[Ìck[ p Ú[ a\[ `i[ k_^]^ck_b Ì_ba[ 9ã ë ù p) Ï]Z `i[ Z[\]^_^` `a^^[bc^d ec]e[\ í
Ï]Z `i[ \c^db[ Ð_ZZc[Z e[Ìck[ f 9ã ë ì p) dcÌ[\ Ð [``[Z _dZ[[h [^` Í c`i lmn o p
oaZ ^ah[Zck_b [ÛÎ [Zc[^k[ Í c`i `i[ kb_\\ck_b ijeZ]ej^_h ck h]e[b _^e Í c`i
`i[ Ö×Ô h]e[b _ÎÎbc[e `] kb_\\ck_b ]Z \c^db[ Ð_ZZc[Z e[Ìck[\ c^eck_`[\ `i_` _
b]Í Ì_ba[ ]Ï 9ã Z ì p) c\ h ]Z[ Îij\ck_b Ñ\add[\`c^d `i_` icdi[Z h ]h[^` [à[k`\
_Z[ ^]` Ì[Zj ch Î]Z`_^` c^ `i[\[ e[Ìck[\Õ f Íicb[ Ï]Z ÒÓÔ\ f _ icdi[Z Ì_ba[ ]Ï9ã Z ù p) c\ h ]Z[ Îij\ck_b Ñ\add[\`c^d `i_` icdi[Z h]h[^` [à[k`\ _Z[ Ì[Zj
ch Î]Z`_^` c^ `i[\[ e[Ìck[\Õ pO bb `i[ _\\ah Î`c]^\ Ï]Z `i[ \h ]]`i Ö×Ô h]e[b _Z[ _b\] h _e[ Ï]Z lmn o f
[Ûk[Î` `i_` BC _^e 9ã e] ^]` _ÎÎ [_Z c^ lmn o p ×[_` k]^eak`c]^ä Íicki c\
ÎZ]Î]Z`c]^_b `] 9ãä Z[ÎZ[\[^`\ f _\ h [^`c]^[e _Ð]Ì[ f `i[ [à[k`\ ]Ï icdi[Z
h]h[^`\ ]h c``[e c^ `i[ Ö×Ô _ÎÎZ]Û ch _`c]^ p Ói[ Ö×Ô \chab_`c]^\ _Z[ ^]`
Ì[Zj \[^\c`cÌ[ `] `i[ Ì_ba[ ]Ï BC p> cd\ p ù _^e � ec\Îb_j `i[ [ÛÎ[Zch [^`_b \cd^_b ]Ï ga_^`ah Z[\]^_^k[ä
^[d_`cÌ[ ecà[Z[^`c_b Z[\c\`_^k[ ÑlÔÒÕf _ Z[dc]^ ]Ï `i[ kaZZ[^`ØÌ]b`_d[ ÑËØS Õ
kaZÌ[ Íi[Z[ `i[ kaZZ[^` WR[VR\X RX _\ `i[ _ÎÎbc[e Ì]b`_d[ c\ c^kZ[_\[eä Ï]Z `i[
\h ]]`i Ö×Ô h]e[b Ï]Z ?@ã ë Þììì kh 	 X ÑS \Õ _^e f Ï]Z `i[ \_á[ ]Ï k]hÎ_Zc\]^ f
Ï]Z ?@ã ë ùììì kh 	 X ÑS \Õ p> cd p � e[h]^\`Z_`[\ `i_` lÔÒ c\ ]U^ ea[ `] a^[ga_b Z[b_Û_`c]^ `ch [\ c^
`i[ \h]]`i Ö×Ô \chab_`c]^\ p

7



_ ` a � b ûÊü È �cÄÊÆ Ã d
Ói[ ^[[e Ï]Z _ ga_^`c`_`cÌ[ Z[\]^_^` `a^^[bc^d e[Ìck[ h]e[bc^d `]]b ÎZ]h Î`[e
_ e[Ìck[ h]e[bc^d ÎZ]� [k` _` `i[ <[^`Z_b Ò[\[_Zki e_Ð]Z_`]Zj ]Ï Ó[Û_\ Ë^Ø
\`Zah [^`\ ÑÍicki `Z_^\Ï[ZZ[e `] Ò_j`i[]^ =j\`[h \ c^ ÞEE;Õ p lmn o Í_\ e[Ø
Ì[b]Î [e _\ _ d[^[Z_b ÎaZÎ ]\[ ga_^`ah h[ki_^ck\ØÐ_\[e ÞÔ e[Ì ck[ e[\cd^ _^e
_^_bj\c\ `] ]b ÏZ]h ÞEE�G E; p Ói[ `]]b c\ _Ì_cb_Ðb[ `] f = Z[\[_Zki[Z\ Ðj Z[ga[\`
]^ `i[ lmn o Í[Ð \c`[ Ý'ß p lmn o c\ Ð_\[e ]^ `i[ ^]^Ø[gacbcÐZcah ÙZ[[^
Ïa^k`c]^ ÑlmÙ> Õ _ÎÎZ]_ki f Íicki _bb]Í \ _ Ïa^e_h [^`_bbj \]a^e c^kba\c]^ ]Ï
`i[ Z[gacZ[e Îij\ck\ Y Ð_^e \`Zak`aZ[ f \k_``[Zc^d f _^e ki_Zd[ \[bÏØk]^\c\`[^kjp
Ói[ `i[]Z[`ck_b _ÎÎZ]_ki c\ e]kah[^`[e c^ Ò[Ï\ p ÝE f Þìß Íicb[ \]h [ ]Ï `i[
h _� ]Z \chab_`c]^ Z[\ab`\ _Z[ e]kah[^`[e c^ Ò[Ï\ p ÝÞÞf Þù f Þ� f Þ� f Þ) f Þ7ß p
lmn o e[Ì[b]Îh[^` c\ ÎZ[\[^`bj k]^`c^a[e Ý'ß _` `i[ g[` H Z]Îab\c]^ e_Ð]Ø
Z_`]Zj `]Í_Ze\ `i[ h ]e[bc^d ]Ï bcdi` e[`[k`c]^ _^e [h c\\c]^ e[Ì ck[\ p

Ù[^[Z_bbj lmn o \chab_`c]^\ _Z[ Ð_\[e ]^ _ Z[\]ba`c]^ ]Ï [Ì[Zj _`]h ck
b_j[Z c^ _ i[`[Z]\`Zak`aZ[ p O `jÎck_b a^c` k[bb c^ Ù_O \ c\ ì pù'�� ^h `]
ÎZ]Î[Zbj Z[\]bÌ[ i[`[Z]\`Zak`aZ[\ _^e Z[ÎZ[\[^` `i[ a^e[Zbj c^d Ð_^e\`ZakØ
`aZ[ ec\Î [Z\c]^ p ÓjÎck_b Z] ]h `[hÎ[Z_`aZ[ \chab_`c]^\ _Z[ Î [ZÏ]Zh [e a\c^d
_eÌ_^k[e Ð_^e\`Zak`aZ[ h]e[b\ \aki _\ \Î�\h ^[_Z[\` ^[cdiÐ]Z f \Î�\h \[k]^eØ
^[_Z[\` ^[cdiÐ]Z f ]Z \Î�e)\h ^[_Z[\` ^[cdiÐ]Z h ]e[b\ f `] ÎZ]Î [Zbj c^kbae[ [ÏØ
Ï[k`\ ]Ï ^]^ØÎ_Z_Ð]bckc`jf hab`cÎ b[ k]^eak`c]^ Ð_^e Ì_bb[j\ f _^e k]^eak`c]^Ø
Ì_b[^k[ Ð_^e Í Z_ÎÎc^d f [Ì[^ Ï]Z ÎaZ[bj [b[k`Z]^ck k]^eak`c]^ e[Ìck[\ ÝÞù f Þ�ß pHaZ[bj \c^db[ Ð_^e \chab_`c]^\ i_Ì[ Ð [[^ Ï]a^e `] Ð[ _ÎÎZ]ÎZc_`[ `] h]e[b
`i[ Î [_á kaZZ[^` Ï]Z ÒÓÔ\ Íi[^ `i[ k]ZZ[k` [à[k`cÌ[ h _\\ c\ a\[e Ï]Z `i[
Ð_ZZc[Z h _`[Zc_b ÝÞÞß p ×]Í[Ì[Z f `i[ \c^db[ Ð_^e h ]e[b `jÎck_bbj Ï_cb\ `] Z[ÎZ[Ø
\[^` `i[ Ì_bb[j kaZZ[^` _^e `i[ \[k]^e `aZ^Ø]^ ]Ï Z[_bc\`ck ÒÓÔ\ ÝÞÞf Þù f Þ�ß
c^ Z] ]h `[h Î[Z_`aZ[ [ÛÎ[Zch [^`\ p Óic\ Ï_cbaZ[ c\ `jÎck_bbj ^]` ea[ `] b_ká
]Ï \k_``[Zc^d c^ `i[ ÒÓÔ f Ða` ea[ `] `i[ b_ká ]Ï _ÎÎZ]ÎZc_`[ Z[ÎZ[\[^`_`c]^
]Ï icdi [^[Zdj k_ZZc[Z `Z_^\Î]Z` ea[ `] `i[ \ch Îbc\`ck Ð_^e\`Zak`aZ[ h ]e[b p
o^bj Ï]Z b]Í `[hÎ[Z_`aZ[ [ÛÎ [Zch [^`\ i_Ì[ \c^db[ Ð_^e h]e[b\ i_Ì[ Ð [[^
\i]Í^ `] ÎZ]Î[Zbj h ]e[b `i[ Ì_bb[j kaZZ[^` Íi[^ c^`[ZÏ_k[ Z]adi^[\\ \k_``[ZØ
c^d _^e Î]b_Z ]Î`ck_b Îi]^]^ \k_``[Zc^d _Z[ c^kbae[e ÝE f Þ7ß p >]Z `i[ \_á[ ]Ï
k]h Î_Zc\]^ Í c`i `i[ kaZZ[^`bj ch Îb[h [^`[e Ö×Ô h ]e[b Í[ i_Ì[ \ch ÎbcÜ[e
`i[ lmn o \chab_`c]^\ `] Ð [ Ð_\[e ]^ _ \c^db[ k]^\`_^` [à[k`cÌ[ h _\\ p Óic\
_ÎÎZ]Û ch _`c]^ Í cbb Z[\ab` c^ _^ _ÎÎZ]Û ch _`[bj ;)i c^kZ[_\[e kaZZ[^` e[^\c`j
c^ `i[ \`Zak`aZ[\ k]^\ce[Z[e i[Z[ k]h Î_Z[e `] `i[ a\[ ]Ï `i[ _ÎÎZ]ÎZc_`[
[à[k`cÌ[ h _\\ c^ `i[ Ð_ZZc[Z\ p

Ói[ h[ecah Í[bb \`Zak`aZ[ \chab_`[e c^ lmn o k]^\c\`\ ]Ï `i[ k[^`Z_b
;



Z[\]^_^` `a^^[bc^d ec]e[ e[\kZcÐ [e Ðj E h]^]b_j[Z Z ù p) ^h O bã P�Ù_ã PQO \
Ð_ZZc[Z\ _^e _ Þ' h]^]b_j[Z Z ) pÞ ^h Ù_O \ Í[bb p Ë` c\ kb_e \jhh [`Zck_bbj
Ðj Þ' h]^]b_j[Z\ ]Ï b]Í e]Îc^d Ù_O \ \Î_k[Z ]Ï ) 3 Þì AW kh V� _^e �ì ^h
icdi e]Îc^d k]^`_k`\ ]Ï Þì AU kh V� p Ói[ `ic^ ga_^`ah Í[bb ÒÓÔ k]^\c\`\
]Ï Þù h]^]b_j[Z\ Z � p� ^h p Ói[ lmn o \chab_`c]^\ \i]Í^ i[Z[ _Z[ Ð_\[e
]^ _ \c^db[ Ð_^e \c^db[ [à[k`cÌ[ h _\\ h ]e[b f 
 jklC ë 
 lmjklC ë ì 6ì7� 
 Y
_^e n o p ë ù;' h[S p Ói[ Î]`[^`c_b c^ `i[\[ \chab_`c]^\ c\ Ð_\[e ]^ _ \[bÏØ
k]^\c\`[^` ×_Z`Z[[ Î]`[^`c_b _^e c^kbae[\ `i[ [Ûki_^d[ [^[Zdj Í c`ic^ `i[eÔO _ÎÎZ]Û ch _`c]^ p o^bj _ \h _bb Z[b_Û_`c]^ Î]`[^`c_b ÝÞÞß q ë ��é Ñù� Õ ë
ì pÞ h [S c\ c^kbae[e c^ `i[ k]^`_k`\ `] h c^ch c�[ _^j _Z`cÏ_k`\ c^ `i[ ki_Zd[
ec\`ZcÐa`c]^ c^ `i[ k]^`_k`\ _^e [^_Ðb[ _ \ch ÎbcÜ[e k]h Î_Zc\]^ Í c`i `i[ Ö×Ô
h]e[b p

Ói[ `ic^ Ð_ZZc[Z\ Îa\i `i[ kaZZ[^` e[^\c`c[\ `] Ì[Zj icdi Ì_ba[\ Ï]Z Ù_O \XO bÙ_O \ \`Zak`aZ[\ p Ói[ lmn o \chab_`c]^\ \i]Í^ c^ `ic\ c^Ì[\`cd_`c]^
c^kbae[ `i[ Z[k[^`bj e[Ì[b]Î [e \[h cØkb_\\ck_b `Z_^\Î]Z` h]e[b\ `i_` k]aÎb[
lmÙ> `] _ eZcÏ`Øe càa\c]^ _ÎÎZ]_ki ÝÞ;ß p O a^cÏ]Zh f e]Îc^dØc^e[Î [^e[^`
h]Ðcbc`j ]Ï Þììì kh 	 X ÑS \Õ c\ a\[e c^ `i[ k]^`_k`\ p Ói[ `Z_ec`c]^_b lmÙ>
_ÎÎZ]_ki k]ZZ[\Î ]^e\ `] _^ c^Ü^c`[ h ]Ðcbc`j c^ `i[ k]^`_k`\ p Ói[ kaZZ[^`
e[^\c`j c^ `i[ ) pÞ ^h ga_^`ah Í[bb k_\[ Ñ> cd p ùÕ c\ b_Zd[ [^]adi \aki `i_`
`i[ Î [_á kaZZ[^` e[^\c`j c\ Z[eak[e ÏZ]h ))) áO Xkh 	 `] �)� áO Xkh 	 p Ói[
`ic^ ga_^`ah Í[bb ÒÓÔ Ñ> cd p �Õ Îa\i[\ `i[ Z[\]^_^k[ icdi[Z c^ [^[Zdj _^e
]Ì[Z_bb c^kZ[_\[\ `i[ kaZZ[^` e[^\c`j `] Þì Þì áO Xkh 	 p O a^cÏ]Zh h]Ðcbc`j ]Ï
Þììì kh 	 X ÑS \Õ Z[eak[\ `i[ ]Ì[Z_bb kaZZ[^` e[^\c`j c^ `i[ e[Ìck[ `] `i[ Î [_á
kaZZ[^` e[^\c`j ]Ï ;7� áO Xkh 	 _\ \i]Í^ c^ > cd p � p Óic\ c\ _ \cd^cÜk_^` Î [_á
kaZZ[^` Z[eak`c]^ f Íicb[ `i[ Î [_á Ì]b`_d[ c\ ]^bj \bcdi`bj ki_^d[e p Óic\ c^Ø
eck_`[\ `i_` `i[ e[`_cb\ ]Ï `i[ Î]`[^`c_b e c\`ZcÐa`c]^ h]ecÏj `i[ kaZZ[^` å]Í
\cd^cÜk_^`bjp

Ói[ ËØS Î [_á Î]\c`c]^ ] kkaZ\ Z]adibj Íi[^ `i[ k[^`Z_b ÒÓÔ Z[\]^_^k[
c\ b]Í[Z[e a^e[Z `i[ [h c``[Z \aÐÐ_^e Ðj `i[ _ÎÎbc[e Ðc_\ p >]Z `i[ h [ecah
Í[bb ÒÓÔ _` �[Z] Ðc_\ f `i[ k[^`Z_b Z[\]^_^k[ c\ ÎZ[eck`[e _` _ÎÎZ]Û ch _`[bj
Þì)G Þì' h [S p Ói_` [^[Zdj c^kbae[\ _ Ðacb`Øc^ Î]`[^`c_b ]Ï _Ð ]a` �ì h[S
_Ð]Ì[ `i[ k]^`_k` Ð_^e [ed[ ea[ `] `i[ b]Í e]Îc^d c^ `i[ k[^`Z_b Z[dc]^ pO \\ah c^d _ \[h ckb_\\ck_b ki_Zd[ ec\`ZcÐa`c]^ c^ `i[ k]^`_k`\ _^e �[Z] ki_Zd[
c^ `i[ k[^`Z_b ÒÓÔ f lmn o ÎZ[eck`\ _ kaZZ[^` Î [_á _` _Ð ]a` ùÞì h S Ñ^]`
\i]Í^ i[Z[Õ p Ë^kbaec^d ×_Z`Z[[ \[bÏØk]^\c\`[^kj bc^[_Zc�[\ `i[ ËØS kaZÌ[ _^e
Îa\i[\ `i[ Î [_á `] _ icdi[Z Ì]b`_d[ ÝÞÞf Þ�ß _` ù)ì hS p

'



r s Æ ü t c ÅÊdÆ Ã c Ã Ç s Æ Ã É �È dÊÆ Ã
Ë^ k]hÎ_Zc^d `i[ h [ecah Í[bb _^e `i[ `ic^ Í[bb ÒÓÔ ËØS kaZÌ[\ f ^]`[ `i_`
c^ lmn o `i[ Î[_á Ì]b`_d[ h]Ì[\ ÏZ]h ì p� Ì]b`\ `] ì p� Ì]b`\ _\ `i[ Í[bb
^_ZZ]Í \ p Óic\ \icÏ` c^ `i[ Î [_á Ì]b`_d[ c\ Z[ÎZ]eak[e Ðj `i[ \h ]]`i Ö×Ô
\chab_`c]^\ f Íi[Z[ `i[ Î [_á Ì]b`_d[ h]Ì[\ ÏZ]h ì pù Ì]b`\ `] ì p� Ì]b`\ p l]`[
_b\] `i_` `i[ ga_bc`_`cÌ[ \i_Î[\ ]Ï `i[ kaZZ[^` Z[\]^_^k[\ _Z[ \ch cb_Z c^ `i[
`Í] ecà[Z[^` _ÎÎZ]_ki[\ p

ËÏ Í[ Ìc[Í `i[ ÒÓÔ lmn o \chab_`c]^\ _\ _^ [ÛÎ [Zch [^`_bbj Ì[ZcÜ[e
\`_^e_Ze ÝÞß f Í[ k]^kbae[ `i_` `i[ ijeZ]ej^_h ck h ]e[b ÎZ[eck`\ kaZZ[^`
e[^\c`c[\ `i_` _Z[ c^ [Ûk[bb[^` _dZ[[h [^` p ×]Í[Ì[Z `i[ Î [_á Ì]b`_d[ c\ `] ]
b]Í ea[ `] `i[ ecà[Z[^k[\ c^ h]e[bc^d `i[ k]^`_k`\ _^e `] `i[ Ö×Ô h ]ecÜØ
k_`c]^ ]Ï ki_Zd[ ÐacbeaÎ c^ `i[ ga_^`ah Í[bb Ñ\[[ > cd\ p 7 f ' f _^e Þì f _^e `i[
ec\ka\\c]^ Ð [b]Í Õ pO b`i]adi c` c\ e cD kab` `] k]h Î_Z[ k]^eak`c]^ Ð_^e [^[Zdc[\ _^e [b[k`Z]^
e[^\c`c[\ _` kZc`ck_b Ð c_\ Î ]c^`\ä Ð]`i Ð [k_a\[ `i[ ËØS kaZÌ[\ Ï]Z `i[ `Í]
ecà[Z[^` _ÎÎZ]_ki[\ _Z[ ecà[Z[^` _^e Ð[k_a\[ `i[ \h ]]`i Ö×Ô \chab_`c]^\
Z[gacZ[ b]^d k]^`_k`\ Ï]Z `i[ [b[k`Z]^ d_\ `] Z[_ki _hÐc[^` `[hÎ[Z_`aZ[ f
^]^[`i[b[\\ `i[Z[ c\ Z[_\]^_Ðb[ _dZ[[h [^` Ð [`Í[[^ `i[ \[`\ ]Ï kaZÌ[\ \i]Í^
c^ > cd\ p )G Þì p ×]Í[Ì[Z f ^]`[ `i[ Ï]bb]Í c^d ecà[Z[^k[\ Y Ë^ > cd p ) f `i[ Ö×Ô
\chab_`c]^\ \i]Í _ \cd^cÜk_^` Î ]`[^`c_b eZ]Î c^ `i[ [Û`[^e[e k]^`_k` Z[dc]^\ f
Íicb[ `i[ lmn o \chab_`c]^\ \i]Í _^ _bh]\` å_` k]^eak`c]^ Ð_^e [ed[ p Ë^> cd\ p 7 _^e ' f `i[ lmn o \chab_`c]^\ \i]Í \cd^cÜk_^` ki_Zd[ _kkahab_`c]^
c^\ce[ `i[ ga_^`ah Í[bb f Íicki Z[\ab`\ c^ `i[ bc^[_Zc�_`c]^ ]Ï `i[ ËØS kaZÌ[ pO^e c^ k]h Î_Zc^d > cd p Þì Í c`i > cd\ p 7 _^e ' f `i[ lmn o \chab_`c]^ ^]Í
\i]Í \ bc``b[ ki_Zd[ _kkahab_`c]^ c^ `i[ ga_^`ah Í[bb p Ói[ e[Ìck[ c\ c^ `i[
Ì_bb[j kaZZ[^` Z[dch [ Ñ`i[ ]à \`_`[Õ f _^e ki_Zd[ c\ [ÛÎ [k`[e `] Ð [ ^[dbcdcÐb[ p

Ë` ha\` Ð [ [h Îi_\c�[e `i_` Ö×Ô c\ _^ _ÎÎZ]Û ch _`c]^ f Ð]`i c^ `i_` c`
c\ _ åace ej^_h ck_b `Za^k_`c]^ ]Ï `i[ h ]h [^` [ÛÎ_^\c]^ ]Ï `i[ Ú cd^[ZØ�]b`�h _^^ `Z_^\Î]Z` [ga_`c]^ f _^e c^ `i_` c` c\ _^ ga_^`ah _ÎÎZ]Û ch _`c]^
bc^[_Z c^ `i[ Î]`[^`c_b [^[Zdj � p e c^[_Zc� c^d c^ � e][\ h]ecÏj ÝÞ'ß `] \]h [
[Û`[^` `i[ ki_Zd[ ÐacbeaÎ c^ `i[ ga_^`ah Í[bb ]Ï `i[ ÒÓÔ Ñ\[[ > cd\ p 7 f ' f
_^e ÞìÕ p ×]Í[Ì[Z `i[ Ö×Ô h]e[b e][\ [ÛicÐc` `a^^[bc^d Ï]Z \c^db[ Ð_ZZc[Z\
_^e ^[d_`cÌ[ ecà[Z[^`c_b Z[\c\`_^k[ Ï]Z e]aÐb[ Ð_ZZc[Z\ p

Ói[ h]e[bc^d ]Ï Z[\]^_^` `a^^[bc^d ec]e[\ i_\ Ð [[^ \`aec[e c^`[^\cÌ[bj
]Ì[Z `i[ Î_\` ù) j[_Z\ p Ói[ Î]\c`c]^ _^e _h Îbc`ae[ ]Ï `i[ h _c^ Z[\]^_^` Î [_á
i_\ d[^[Z_bbj Ð [[^ \akk[\\Ïa bbj h ]e[b[e Í c`i \chÎb[ [à[k`cÌ[ h _\\ Ð_^e h ]eØ
[b\ Ð_\[e ]^ _ \[bÏØk]^\c\`[^` H]c\\]^Ø=kiZ u]ec^d[Z [ga_`c]^ \]ba`c]^ p Ói[

E



Ö×Ô _ÎÎZ]_ki ÎZ[\[^`[e i[Z[ _b\] e[h ]^\`Z_`[\ `ic\ k_Î_Ðcbc`jp >Z]h _^
[ÛÎ[Zch [^`_b Î ]c^` ]Ï Ì c[Í c` c\ chÎ [Z_`cÌ[ `] Z[eak[ `i[ Ì_bb[j kaZZ[^` Ï]Z
_^_b]d _\ Í[bb _\ ecdc`_b _ÎÎbck_`c]^\ p Ói[ Î [_á kaZZ[^` c\ k_ZZc[e `iZ]adi
_ Z[\]^_^` `a^^[bc^d ÎZ]k[\\ Íi[Z[ `i[ Z[\]^_^k[ Í ce`i c\ Í ce[Z `i_^ `i[
c^� [k`c^d [^[Zdj Z_^d[ Ñ>[Zh c b[Ì[bÕ p Ú i[^ `i[ Z[\]^_^k[ c\ Îabb[e ]a` ]Ï `i[
Z_^d[ ]Ï c^� [k`c]^ [^[Zdc[\ `i[ kaZZ[^` c\ k_ZZc[e Ðj ]àØZ[\]^_^` ÎZ] k[\\[\ p<]i[Z[^` ]àØZ[\]^_^` kaZZ[^` k_^ Ð[ [ÛÎ]^[^`c_bbj e_hÎ[e Ðj c^kZ[_\c^d
`i[ Ð_ZZc[Z Í ce`i\ Í c`i]a` _à[k`c^d `i[ Z[\]^_^` Î [_á kaZZ[^` p H Z_k`ck_bbj
Z[b[Ì_^` ÒÓÔ\ c^ `i[ O bÙ_O \ ]Z Ë^Ù_O \XË^O bO \XË^H h _`[Zc_b \j\`[h _Z[
`i[Z[Ï]Z[ `jÎck_bbj ) ^h c^ Í ce`i p ×]Í[Ì[Z f [Ì[^ `i]adi `i[ Ð_ZZc[Z\ _Z[
`ická `i[ Ð [\` Î [_á `] Ì_bb[j Z_`c]^\ i_Ì[ Ð [[^ _Z]a^e 'ì Í c`i `jÎck_b Ì_ba[\
_Z]a^e Þì p � [Ï]Z[ `i[ lmn o ÎZ]� [k` `i[ ]Zcdc^ ]Ï `ic\ Ì_bb[j kaZZ[^` Í_\
_``ZcÐa`[e `] c^[b_\`ck \k_``[Zc^d p lmn o \chab_`c]^\ i]Í[Ì[Z \i]Í[e `i_`
^]` c^[b_\`ck \k_``[Zc^d Ða` `i[Zh c]^ck [h c\\c]^ `iZ]adi [Ûkc`[e \`_`[\ c\ `i[
á[j c^dZ[ec[^` `] `i[ a^e[Z\`_^ec^d ]Ï `i[ Ì_bb[j kaZZ[^` c^ Z]]h `[h Î[Z_Ø
`aZ[ ÒÓÔ\ ÝÞù f Þ�ß p Ë^[b_\`ck \k_``[Zc^d c\ ]^bj `i[ e]h c^_^` [à[k` c^ b]Í
`[hÎ[Z_`aZ[ [ÛÎ[Zch [^`\ c^ `i[ O bÙ_O \ _^e Ë^Ù_O \XË^O bO \XË^H h _`[Zc_b
\j\`[h p

Ói[ e[Ìck[\ \`aec[e i[Z[ i_Ì[ Ð_ZZc[Z `ická^[\\[\ ]Ï ù p) ^h f Í c`i _ Ð_ZZc[Z
i[cdi` ]Ï ù'ì h[S _^e _^ [à[k`cÌ[ h _\\ ]Ï ì pì7� p Óic\ k]ZZ[\Î]^e\ Z]adibj
\Î [_ác^d `] _^ O bã P		Ù_ã PQUO \ Ð_ZZc[Z Í c`i _ Ð_ZZc[Z i[cdi` ]Ï ùì� h[S _^e _^
[à[k`cÌ[ h _\\ ]Ï ì pì'� p Ói[\[ k]ZZ[\Î ]^e `] Ì[Zj `ic^ _^e \i_bb]Í Ð_ZZc[Z\
_bb]Í c^d Ï]Z _ \cd^cÜk_^` [Uv RVR]^ ]àØZ[\]^_^` kaZZ[^` p Ói[ lmn o \chab_Ø
`c]^\ Ï]Z `i[\[ e[Ìck[\ \i]Í `i_` `i[ Ì_bb[j kaZZ[^` c\ k_ZZc[e \]b[bj `iZ]adi
]àØZ[\]^_^` kaZZ[^` `a^^[bc^d Í c`i]a` _^j \k_``[Zc^d c^ `i[ k[^`Z_b ÒÓÔ ]Z
`i[ [h c``[Z ga_\cØÐ ]a^e \`_`[\ p O b\] ^] \cd^cÜk_^` Ð_^e\`Zak`aZ[ [à[k`\ _Z[
Ìc\cÐ b[ c^ `ic\ Ì_bb[j kaZZ[^` p Ói[ Ö×Ô h[`i]e \akk[[e\ c^ ÎZ[eck`c^d `i[
\_h [ Ì_bb[j kaZZ[^` Ï]Z `i[\[ Î_Z`ckab_Z e[Ìck[\ f \c^k[ `i[ Ì_bb[j kaZZ[^` c\ _
ÎaZ[bj k]i[Z[^` ]àØZ[\]^_^` ÎZ] k[\\ ea[ `] `i[ `ic^ Ð_ZZc[Z\ p

Ú i_` Í[ \[[ ÏZ]h `i[ k]hÎ_Zc\]^\ ÎZ[\[^`[e _Ð]Ì[ c\ `i_` `i[ Ö×Ô
h]e[b ^[[e\ _ Ð [``[Z h]e[b Ï]Z `i[ k]^`_k`\ f _^e _ h]Z[ \]Îic\`ck_`[e h]e[b
Ï]Z i[_` åaÛ ÑÍicki c^k]ZÎ ]Z_`[\ icdi[Z h]h [^` [à[k`\Õ c^ `i[ ga_^`ah
Z[dc]^ p Ói[ Ö×Ô åace _ÎÎZ]Û ch _`c]^ i[Z[ `Z[_`\ _ \c^db[ [b[k`Z]^ d_\ `i_`
i_\ _ h _kZ]\k]Îck Î]\c`cÌ[ Ì[b] kc`j Ï]Z `i[ ÞÔ ÒÓÔ\ _^e \c^db[ Ð_ZZc[Z e[Ìck[ p
×]Í[Ì[Z `Í] [b[k`Z]^ d_\[\ Ñi]` [b[k`Z]^\ ÏZ]h `i[ \]aZk[ _^e k]be [b[k`Z]^\
ÏZ]h `i[ eZ_c^ Õ k]abe Ð [ \chab_`[eä c^kbaec^d c^`[Z_k`c]^\ Ð [`Í[[^ `i[hä
_^e Í]abe Î [Zi_Î\ dcÌ[ Ð [``[Z Z[\ab`\ p Ú]Zá ]^ `i[\[ c\\a[\ _^e ]^ _ h]Z[
e[`_cb[e k]h Î_Zc\]^ ]Ï `i[ `Í] h]e[b\ ]^ h ]Z[ Z[_bc\`ck e[Ìck[\ f c^kbaec^d

Þì



`Í] [à[k`cÌ[ h _\\[\ _^e ^]^ØÎ_Z_Ð ]bck Ð_^e\ f c\ c^ ÎZ]dZ[\\ p

ÞÞ



w � x� Å� Ã É� d
ÝÞß Ói[ lmn o \chab_`c]^\ \i]Í^ i[Z[ _Z[ [Û`Z[h [bj ]Ì[Z\chÎbcÜ[e `]

h _`ki `i[ Î_Z_h[`[Z \Î_k[ [ÛÎb]Z[e Í c`i `i[ Ö×Ô h]e[b p Ë^ Î_Z`ckab_Z f
_ \c^db[ h _`[Zc_b c^e[Î [^e[^` h _\\ c\ a\[e c^ `i[ lmn o \chab_`c]^\ _\
Í[bb _\ `i[ Ö×Ô \chab_`c]^\ p >aZ`i[Zh ]Z[ [à[k`\ \aki _\ k]hÎb[Û Ð_^eØ
Í Z_ÎÎc^d f Ð_^e ^]^ØÎ_Z_Ð ]bckc`jf _^e hab`cÎ b[ k]^eak`c]^ Ð_^e Ì_bb[j\
`i_` Í]abe `jÎck_bbj Ð [ `Z[_`[e Í c`ic^ lmn o _Z[ ^[db[k`[e i[Z[ p lmn o
\chab_`c]^\ i_Ì[ \i]Í^ c^ `i[ Î_\` `i_` `i[\[ [à[k`\ _Z[ ]Ï a`h ]\` ch Ø
Î]Z`_^k[ Ï]Z `i[ ga_^`c`_`cÌ[ h]e[bc^d ]Ï Z[\]^_^` `a^^[bc^d ec]e[\ _`
Z]]h `[h Î[Z_`aZ[ p

Ýùß < p e p Ù_Ze^[Z _^e < p Ò c^di]Ï[Z f æ=h]]`i ga_^`ah Î]`[^`c_b Ï]Z `i[
ijeZ]ej^_h ck h]e[b fç yvSX z[\{ | R}zRT ~ f Ì]b p )� f ÎÎ p Þ);G Þ7; f ÞEE7 p

Ý�ß < p e p Ù_Ze^[Z _^e < p Ò c^di]Ï[Z f æOÎÎZ]Û ch _`c]^ ]Ï `i[Zh _b [gacbcÐØ
Zcah Ï]Z ga_^`ah d_\[\ Í c`i ec\k]^`c^a]a\ Î]`[^`c_b\ _^e _ÎÎbck_`c]^ `]
\[h ck]^eak`]Z e[Ìck[\ fç ��� � �U�V]\{ U] ��� {zRW � \^v R� \^z[Xf Ì]b p )' f
ÎÎ p ;'ìG 'ì) f ÞEE' p

Ý� ß < p e p Ù_Ze^[Z _^e < p Ò c^di]Ï[Z f æÔ c\Î [Z\cÌ[X×jÎ[ZÐ]bck ×jeZ]ej^_h ck
n]e[b\ Ï]Z Öa_^`ah ÓZ_^\Î]Z` Ñc^ =[h ck]^eak`]Z Ô[Ìck[\Õ fç c^ � zX�� RVX z}R �V\]X� UV^ ~ ��\^zU]X \]W � �{^zX [\{R � UWR{Xf Ën O S]bah [\ c^
n _`i[h _`ck\ _^e c`\ OÎÎbck_`c]^\ f S]bah [ Þ�7 f ÎÎ p EÞG Þì7 p l [Í �]Zá Y=ÎZc^d[ZØS[Zb_d f ùìì� p

Ý)ß < p e p Ù_Ze^[Z _^e < p Ò c^di]Ï[Z f æÓi[ <i_Îh _^Øm^\á]d [ÛÎ_^\c]^ _^e
`i[ ga_^`ah ijeZ]ej^_h ck h]e[b Ï]Z \[h ck]^eak`]Z e[Ìck[\ fç ����� RX z�] f Ì]b p Þì f ÎÎ p � Þ)G��) f ùììì p

Ý7ß Ù p �_kk_Z_^c _^e n p Ò p Ú]Ze[h _^ f æO^ c^Ì[\`cd_`c]^ ]Ï \`[_ejØ\`_`[
Ì[b] kc`j ]Ì[Z\i]]` [à[k`\ c^ = c _^e Ù_O \ e[Ìck[\ fç � U{zW �^\^R ~ {R[^VU]�z[Xf Ì]b p ù' f ÎÎ p �ì;G� Þ7 f ÞE') p

Ý;ß < p e p Ù_Ze^[Z f æ=i]ká Í_Ì[\ c^ `i[ ijeZ]ej^_h ck h ]e[b Ï]Z \[h ck]^Ø
eak`]Z e[Ìck[\ fç c^ � R� z[U]W� [^UVXf Ën O S]bah [\ c^ n _`i[h _`ck\ _^e
c`\ OÎÎbck_`c]^\ f S]bah [ )E f ÎÎ p Þù�G Þ�� p l [Í �]Zá Y =ÎZc^d[ZØS[Zb_d f
ÞEE� p

Þù



Ý'ß Ò_j`i[]^ ^] b]^d[Z ec\`ZcÐa`[\ `i[ lmn o k]e[ p ×]Í[Ì[Z f = Z[Ø
\[_Zki[Z\ `i_` k]^eak` Z[\[_Zki a^e[Z _ d]Ì[Z^h [^` k]^`Z_k` _^e Z[Ø
gacZ[ lmn o k_^ Z[ga[\` `i[ \]Ï`Í_Z[ Ð_\[e ]^ _ d]Ì[Z^h[^` a\[ bcØ
k[^\[ ÏZ]h gHe p Ô[`_cb\ k_^ Ð[ Ï]a^e ]^ `i[ lmn o Í[Ð Î_d[ _` gH e Y
i``Î YXXiÎ k p�Îb p^_\_ pd]ÌXHmH Xd[ák]X^[h]X p

ÝEß Ò p R p e_á[ f Ù p R bch [ká f Ò p < p �]Í[^ f _^e Ô p g]Ì_^]Ìck f æ= c^db[
_^e hab`cÐ_^e h]e[bc^d ]Ï ga_^`ah [b[k`Z]^ `Z_^\Î ]Z` `iZ]adi b_j[Z[e
\[h ck]^eak`]Z e[Ìck[\ fç �U�V]\{ U� ��� {zRW yvSX z[Xf Ì]b p ' Þf ÎÎ p ;'�)G;'7E f ÞEE; p

ÝÞìß Ò p R p e_á[ f Ù p R bch [ká f Ò p < p �]Í[^ f Ô p g]Ì_^]Ìck f Ô p R p � b_^á\ f
_^e n p =Í_h c^_`i_^ f æÖa_^`ah `Z_^\Î]Z` Í c`i Ð_^eØ\`Zak`aZ[ _^e=ki]``áj k]^`_k`\ fç yvSX z[\ �^\^�X � U{zWz � f Ì]b p ùì� f ÎÎ p �)�G �); f ÞEE; p

ÝÞÞß Ù p R bch [ká f Ò p R p e_á[ f Ò p < p �]Í[^ f Ú p Ò p >Z[^\b[jf _^e Ó p = p n]c\[ f
æÖa_^`ah e[Ìck[ \chab_`c]^ Í c`i _ d[^[Z_bc�[e `a^^[bc^d Ï]Zhab_ fç �� �� {zRW yvSX z[X �R^^RVXf Ì]b p 7; f ÎÎ p ù)�EGù)� Þf ÞEE) p

ÝÞùß Ù p R bch [ká f Ó p �]jác^ f Ò p < p �]Í[^ f Ò p R p e_á[ f Ô p R p � b_^á\ f Ó p = p
n]c\[ f � p < p R _] f _^e Ú p Ò p >Z[^\b[jf c^ ��� � ��^v � ]]�\{ � R}z[R| RX R\V[v �U]� RVR] [R � z� RX ^f Î p Eù p Ëmmm f ÞEE; p

ÝÞ�ß Ò p < p �]Í[^ f Ù p R bch [ká f Ò p R p e_á[ f Ú p Ò p >Z[^\b[jf Ó p = p n]c\[ f
æÖa_^`c`_`cÌ[ \chab_`c]^ ]Ï _ Z[\]^_^` `a^^[bc^d ec]e[ fç �U�V]\{ U� �� �� {zRW yvSX z[Xf Ì]b p ' Þf ÎÎ p �ùì;G �ùÞ� f ÞEE; p

ÝÞ� ß Ò p R p e_á[ f Ù p R bch [ká f Ò p < p �]Í[^ f < p >[Z^_^e] f Ó p = p n]c\[ f � p < pR _] f æË^`[ZÏ_k[ Z]adi^[\\ f Î ]b_Z ]Î`ck_b Îi]^]^\ f _^e `i[ Ì_bb[j kaZØ
Z[^` ]Ï _ Z[\]^_^` `a^^[bc^d ec]e[ fç ��� RV {\^^z[RX \]W � z[VUX ^V� [^�VRXf
Ì]b p ùì f ÎÎ p ù;EG ù') f ÞEE7 p

ÝÞ)ß Ò p R p e_á[ f Ù p R bch [ká f _^e Ô p R p � b_^á\ f æË^`[ZÏ_k[ Z]adi^[\\ _^e
Î]b_Z ]Î`ck_b Îi]^]^ \k_``[Zc^d c^ Ë^ã PW�Ù_ã P�QO \XO bO \XË^O \ ÒÓÔ\ fç� R� z[U]W� [^UV � [zR] [R \]W �R[v]U{U�Sf Ì]b p Þ� f ÎÎ p O Þ7�GO Þ7� f ÞEE' p

ÝÞ7ß Ù p R bch [ká f Ò p R p e_á[ f _^e Ô p R p � b_^á\ f æÒ]b[ ]Ï c^`[ZÏ_k[ Z]adiØ
^[\\ \k_``[Zc^d c^ \[bÏØk]^\c\`[^` Z[\]^_^`Ø`a^^[bc^dØec]e[ \chab_`c]^\ fçyvSX z[\{ | R}zRT � f Ì]b p )' f ÎÎ p ;ù;EG ;ù') f ÞEE' p

Þ�



ÝÞ;ß Ù p R bch [ká f æÖa_^`ah _^e \[h cØkb_\\ck_b `Z_^\Î]Z` c^ ÒÓÔ\ c^ lmn o
ÞØÔ fç �U�V]\{ U� �U�� �^\^zU]\{ ~ {R[^VU]z[Xf Ì]b p ù f ÎÎ p Þ;;G Þ'ù f ùìì� p

ÝÞ'ß < p e p Ù_Ze^[Z _^e < p Ò c^di]Ï[Z f a^ÎaÐbc\i[e k]h Î_Zc\]^ ]Ï `i[ ga_^Ø
`ah n _ÛÍ[bbc_^ _^e ^ah [Zck_b \]ba`c]^\ ]Ï `i[ � b] ki [ga_`c]^ p

Þ�
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> cdaZ[ ÞY <aZZ[^` c^ áO Xkh 	 Ì\ p _ÎÎbc[e Ðc_\ c^ Ì]b`\ Ï]Z `i[ \c^db[ ) ^h
Ð_ZZc[Z ec]e[ Y lmn o ÑZ[e f e_ZáÕ f \h]]`i Ö×Ô Í c`i ?@ã ë Þììì kh 	 X ÑS \Õ
Ñkj_^ f bcdi`Õ c^ `i[ k]^`_k`\ p

Þ)



0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Voltage

100
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C
u
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r
e
n
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> cdaZ[ ù Y <aZZ[^` c^ áO Xkh 	 Ì\ p _ÎÎbc[e Ðc_\ c^ Ì]b`\ Ï]Z `i[ h [ecah Ñ) ^h Õ
Í[bb ÒÓÔ Y lmn o ÑZ[e f e_ZáÕ f lmn o Îba\ eZcÏ`Øe càa\c]^ Ñe]``[e Z[e f e]``[e
e_ZáÕ c^ `i[ k]^`_k`\ f \h]]`i Ö×Ô Í c`i ?@ã ë Þììì kh 	 X ÑS \Õ Ñkj_^ f bcdi`Õ
c^ `i[ k]^`_k`\ f \h ]]`i Ö×Ô Í c`i ?@ã ë ùììì kh 	 X ÑS \Õ Ñe]``[e kj_^ f
e]``[e bcdi`Õ c^ `i[ k]^`_k`\ p

Þ7



0.1 0.2 0.3 0.4 0.5
Voltage

200

400

600

800

1000

C
u
r
r
e
n
t

> cdaZ[ � Y <aZZ[^` c^ áO Xkh 	 Ì\ p _ÎÎbc[e Ðc_\ c^ Ì]b`\ Ï]Z `i[ `ic^ Ñ� p) ^h Õ
Í[bb ÒÓÔ Y lmn o ÑZ[e f e_ZáÕ f lmn o Îba\ eZcÏ`Øe càa\c]^ Ñe]``[e Z[e f e]``[e
e_ZáÕ c^ `i[ k]^`_k`\ f \h]]`i Ö×Ô Í c`i ?@ã ë Þììì kh 	 X ÑS \Õ Ñkj_^ f bcdi`Õ
c^ `i[ k]^`_k`\ f \h ]]`i Ö×Ô Í c`i ?@ã ë ùììì kh 	 X ÑS \Õ Ñe]``[e kj_^ f
e]``[e bcdi`Õ c^ `i[ k]^`_k`\ p

Þ;



0.025 0.05 0.075 0.1 0.125 0.15 0.175 0.2
Voltage

100
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600

C
u
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r
e
n
t

> cdaZ[ � Y <aZZ[^` c^ áO Xkh 	 Ì\ p _ÎÎbc[e Ðc_\ c^ Ì]b`\ Ï]Z `i[ h [ecah Í[bb
ÒÓÔ Y \h]]`i Ö×Ô Í c`i k]^\`_^` �� ë �� ÑÐba[ f e_ZáÕ c^ `i[ k]^`_k`\ f
k]ZZ[\Î]^ec^d `] _ k]^\`_^` h ]Ðcbc`j ?@ ë ùììì kh 	 X ÑS \Õ f k]h Î_Z[e Í c`i
\h ]]`i Ö×Ô Í c`i ?@ã ë ùììì kh 	 X ÑS \Õ Ñe]``[e kj_^ f e]``[e bcdi`Õ c^ `i[
k]^`_k`\ p

Þ'
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> cdaZ[ ) Y <]^eak`c]^ Ð_^e [^[Zdj op c^ [S Ì\ p ê c^ ^h _` � ë ì pÞ) Ì]b`\ Ï]Z
`i[ h [ecah Í[bb ÒÓÔ Y Ï]Z > cd\ p )G Þì lmn o ÑZ[e f e_ZáÕ Í c`i �ì ^h k]^`_k`\ f
\h ]]`i Ö×Ô Í c`i ?@ã ë Þììì kh 	 X ÑS \Õ Ñkj_^ f bcdi`Õ c^ `i[ Þìì ^h b]^d
k]^`_k`\ p

ÞE
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> cdaZ[ 7 Y m b[k`Z]^ e[^\c`j 
 c^ Þì AU kh V� Ì\ p ê c^ ^h _` � ë ì pÞ) Ì]b`\ p

ùì
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E
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> cdaZ[ ; Y <]^eak`c]^ Ð_^e [^[Zdj op c^ [S Ì\ p ê c^ ^h _` � ë ì pù' Ì]b`\ p

ù Þ
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> cdaZ[ ' Y m b[k`Z]^ e[^\c`j 
 c^ Þì AU kh V� Ì\ p ê c^ ^h _` � ë ì pù' Ì]b`\ p

ùù
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> cdaZ[ E Y <]^eak`c]^ Ð_^e [^[Zdj op c^ [S Ì\ p ê c^ ^h _` � ë ì p�) Ì]b`\ p

ù�
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> cdaZ[ Þì Y m b[k`Z]^ e[^\c`j 
 c^ Þì AU kh V� Ì\ p ê c^ ^h _` � ë ì p�) Ì]b`\ p

ù�



-50 0 50 100
x

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

T

> cdaZ[ ÞÞY m b[k`Z]^ `[hÎ[Z_`aZ[ â c^ [S Ì\ p ê c^ ^h _` � ë ì pù' Ì]b`\ Ï]Z
`i[ h [ecah Í[bb ÒÓÔ Y \h ]]`i Ö×Ô Í c`i ?@ã ë Þììì kh 	 X ÑS \Õ Ñkj_^ f bcdi`Õ
c^ `i[ k]^`_k`\ p

ù)


