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Y�uSc{~nhj_Cmnc{a«cEd¿\9®]\SlU»��{\S`�`(c{a³[i~v\¢x{Y+^�Ù���c{~n~T\SlU»´Ú pq~v\Smn^�z
���S�{Û{Ü�z)_C�iY°aiY�Y�r«d±cS^�[i^RcWu�mTrjmvai�9\Ea¸Y+uW\E~vho\W_Cmnc{a³d±hiaol�_RmvcSa
d±c{^L®o\{lU»b�b\E`(`(cSa�s�_R^U\W_RY��SmvY�s mTs%l+mn^Ul�hi`
uSY�a{_CY�r<®�x�~vY�_R_Rmvai�
_C�iY�[i~T\¢xSY�^Csg[i~T\¢x°\E�b\Emvaosy_ cE_C�iY+^�Y�uSc{~nu�mvai�
mvaorjmvu�mvriho\E~Ts+z]s�c
132 á�æyß è{æyßCàUäêã�ßUð5476Wäêâ�àUáWßUí¢á�ð98Séyäêá�â�éyòbäêãJäwâ�:�8{ßUâbàUß�äêã'âbá�é'ðêäêó¿î

äêéyßUå*éyá%ã�àUç�ðêäêâbñLß<;ißUàCéyã)ç�ã'äêé'äêã)äêâ�àUá�âSí�ßUâWéyäwá�â�ç+ðbßUí¢á�ð=8{éyäêá�â-6Eë�8{é
à�ç�â�ç>;ißUàCéféyòbß@?BADCFE�GHCFI�á�ì>äêâbå{äêíEänå�8�ç+ðwãUö

1

2

3

4

5

6

L (turn left)

R (turn right)

M (move)

P (put pixel)

3  4 [M P]

[M P M P]5  5

3  1  5  2  5 

2  2  3  1  4

5  2  4  3  1

4  1  1  4  3

3  2  5  1  2

A2

A3

A4

A5

.

..

AssembliesBuilding blocks

A1

JLK=M�NPO/Q@RDS�T àCáWßUí¢á�ð=8Séyäwá�â�ç�æB4}ã�ßCéU8{èÄìvá�æ�éyòbß�åSßUí¢ßUðêá�è{ó�ßUâWé�á�ì
æyßUè{æyßUã�ßCâEé�ç�éyäêá�âbãUö T ã�ã�ßUó*ë{ðêäwßCã'àUá�âbã�äêã�é�á+ìoë�8bäêðwå{äêâ{ñ�ëbðêáWà/VEã36Eç+â�å
ç+æyß�ßUí�ç�ð=8�ç�éyß�å�ëbç�ã�ß�å�á�â�éyòbßCäêæfèjßRæ�ìTá�æyó�ç+âbàUß�á�â�éyòbßqè{æyá�ë{ðêßUó(ö
W 8bäêðwå{äêâbñLë{ðwáWàXVEã)ç�æyßgßCí�ç+ð98bç+éyß�å¿ëbç�ã�ß�å�á�â¿éyòbßUäïæJæyá�ðêßgäêâ�ç+ã�ã�ßUó¿î
ëbðêäêßUã3Y�äïìgç(ìvæyß[Z78bßCâEéZàUá�ó*ëbäêâbç+éyäêá�â�á+ì é5ô�á�ë�8{äêðnåSäêâbñ�ëbðêáWàXVSã%äêã
éyòbß%ëjßUã�é àUá�ó*ë{äwâbç+éyäêá�â�ìvá�æ éyò{ß%æyá�ðwß%éyòbß<4�ìH8bð5\bðwð>äêâ°ç�â°ç+ã�ã�ßUó¿î
ëbð5476�éyò{ß�àUá�ó*ëbäêâbç+éyäêá�âLìTá+æyó�ã'ç âbßCô9ë�8bäêðwå{äêâbñgëbðêáWà/V%ç+â�åZßCâEéyßRæyã
éyòbß ë�8bäêðwå{äêâ{ñ%ë{ðêáWà/V¿èjá�è�8{ðnç�éyäêá�â]ö^]�ò{äêã)ðêß�ç�åSã)éyá%ç%ò{äêßCæ�ç+æyà�ò74¿á�ì
ë�8bäêðwå{äêâ{ñqëbðêáWàXVEã36¢ç+â�å*ç+ðêðwá�ôfã�éyáqó�ç�V¢ß'ðwç�æyñ�ß�âbá�â{î±æ�ç�âbå{á�óÅí�ç+æyäïî
ç+éyäêá�â{ãgá+ì�ç�ã�ã�ßUóZëbðêäêßUãfë74
ó�ßUç�âbã�á+ìJç*ã�äêâbñ�ðwß�ó@8{é�ç�éyäwá�â]ö

_C�o\W_Lc{ai~vx�_R�iY�^Chi~vY�s cSd'_C�iY��{\S`�Y*`�h]sy_L®?Y�[i^CcWubmTrjY�r>²
ª �oY%¶ \¢x�mva�¶��imTlU��l+c�Y+uSc{~nhi_RmvcSa�rjY�uSY+~vcS[]sfY+uW\S~nho\E_RmvcSa°l+^Rmn�
_CY+^Cmv\*mTs�®�x�®o\SsRmvai�ZY�uW\E~vho\W_Cmnc{a
c{a
cS_R�iY�^�Y+uSc{~nu�mvai�*Y+ab_Rmn_RmvY�s�²
÷%Y+^CYSz]_R�imTs*mvriY�\�mTsLh]s�Y�r�_Rc°Y+uW\E~vho\W_CY
l�\EaorjmTri\E_RY�®ohimn~Trjmvai�
®o~ncjlU»js+²�|­�omn~vY�l�c{`�[o~nY+_RY�mvaorjmvubmTrjho\S~vs�l+\Ea}®?Y�Y+uW\E~vho\W_CY�r
®]\SsRY�r<cSa�_R�iY�mn^%[]Y�^�d±c{^R`�\Ea]l�YSzom5² YS²osRcS`(Y*_C\{s�»b��^RY�~v\E_RY�r�Èi_R�
aoY�sCsgc{^gY�^R^CcS^q`(Y�\{s�hi^CYSz{_R�omvs mTsqaicE_ _R�oY*l�\SsRY%d±c{^q®ohimn~Trjmvai�
®o~ncjlU»js+²¹ª �iY}uW\E~vhiY}cEd
\Â®ihimv~vrimnai�Å®i~vcjlU»Âd±c{~n~vcW¶Ls°d±^Rc{`
mn_Cs [?cE_CY+ab_RmT\E~ÿ_Cc�l�cSab_C^Rmv®ihj_CY%_Cc
_C�iY*Èi_RaoY�sCs cEd'mvaorjmvu�mvriho\E~Ts
_C�o\W_(Y+`([i~vcWx³mn_�²¸ª ��hos�zf®ihimv~Trjmnao�Ä®i~vcjlU»js
\S^RY�Y+uW\E~vho\W_CY�r
®]\SsRY�r´cSa«_R�iY�Y�¾�_RY�a{_
_RcÄ¶��imvlU�«_R�iY�x´l+cSab_R^Cmv®ihj_RY�_Rc�_C�iY
\{sRsRY+`
®i~vmnY�s _C�o\W_LY�`([i~ncWx�_R�iY�`<²

_ 8�`?8ba
=�:�c?=�d�c�3�4)@fehg)3�d�1)3�4)@feid5=kjPl����i4'1
m ����:��onbd�35:��

ª �oY sRY�_Chi[�_C�o\W_�¶�mv~n~j®?Y Y+`([i~vcWxSY�r��iY�^RYqmna�u{cS~vuSY�s)l�c�Y�uScS~vhj�
_Cmnc{a�cEd>®ihimv~Trjmnao��®i~vc�lU»jsg\Eaor�\{sRsRY+`
®i~nmvY�s�²��)mv�Shi^CY��LsR�icW¶Ls
\Sa´mn~v~nh]sy_C^C\E_RmvcSa�²°�%a³\SsCs�Y�`�®i~vx�mTs�\�l+\SaorjmTri\W_CY�s�c{~nhj_Cmnc{a�z
\Saor�l�c{aosRmvs�_Cs%cEd�cSaiY�cS^L`(cS^CY�®ihomn~Trjmvai�°®i~vcjlU»js+² ¼�aimn_RmT\E~v~nx{z
_C�iY�s�Y+_qcSd'®ihomn~Trjmvai�(®i~ncjlU»jsql�cS^C^CY�sR[]c{aoris _Rc
_R�iY¿uW\E^Cmv\S®i~vY�s
cSdf_R�oY�[o^Rc{®i~nY�`�²��%s*_C�iY�s�Y�\E^UlU��[i^CcS�S^CY�sCsRY�s�zoaiY�¶¡®ihimv~Tr��
mvai��®o~ncjlU»js�\E^CY(d±cS^C`(Y�r}®�x}l+cS`
®imnaomnai��[]\Emv^Cs�cSdqY+¾jmvs�_Rmvai�
®ohimn~Trjmvai�¸®o~ncjlU»js+² ª �omvs�\E~v~ncW¶Ls(d±c{^�_C�iY�d±c{^R`�\W_Cmnc{a­cEd�\
�omnY�^C\S^ClU��x�cEd)®ihimv~vrimnai��®o~ncjlU»js+²
¼�aÄrjY�_U\Emv~5z?_R�oY
`(Y�lU�]\EaimTs�`ýcS[?Y+^U\W_CY�sZ\Ss%d±cS~v~ncW¶Ls�²%�%sCsRY+`��
®o~nmvY�s
\E^CY�Y+uSc{~nu{Y�rÄhosRmnai�Ä\��SY+aoY�_RmTl�\S~n�{cS^Cmw_C�i`½¶�mn_R�³`
hj�
_U\W_Cmnc{a9\Eaor�l+^RcbsRsRcWuSY�^�²q¼�ab_RY�^RY�sy_Cmnai�{~nx{z]sRmna]l�Y�_C�iY�®ohimn~Trjmvai�
®o~ncjlU»jsq[i^RcWu�mTrjY¿\
[?cE_CY+ab_RmT\E~ÿ_Cc(mnaol+cS^C[]c{^C\E_RY¿s�Y Á hiY+aol+Y�sqcEd



[o^Rmv`(mw_Cmnu{Y�s
cEd%\E^C®imn_R^U\E^Cx9~vY+ai�S_R��zf_R�iY�\SsCs�Y�`�®i~vmvY�s�l�\Ea«®?Y
~vmv`�mn_RY�rÅ_Rc¸\´u{Y+^CxÂsR`�\E~v~L~nY�ai�E_C� Ù5�}®ihomn~Trjmvai�«®i~vcjlU»�s�mna
_C�iY<Y�¾j[]Y�^Rmv`(Y+ab_Cs��iY�^RY¢Ü[
g_R�imTs�\¢uSc{mvros�_R�oY<mTsCs�hiY�cEd*®i~ncb\W_
c{^�l�cjrjY��S^CcW¶ _R��²7�%s�\}^CY�sRhi~n_(cSd%_C�imvs�zg_R�iY�^CcS~vY�cSdZ_C�iY
\{sRsRY+`
®i~vmnY�s
mvaÅ_R�iY�sRY�_Chi[7`�\¢x«®]Y�u�mvY+¶qY�rÅ\Ss�[i^CcWu�mvrjmvai�
\
~vcbc{»b��\S�iY�\{r�s�Y�\E^UlU��Ù��{himn~v~vYSz>���{�S�bÜ�_R�]\W_ mvrjY�ab_RmnÈoY�sqY�þÿY�l��
_Cmnu{Yql+cS`
®imna]\W_RmvcSa]s�cEd]®ihimv~vrjmvai�*®i~vc�lU»js�zW¶��imTlU��mna
_Rho^Ra�l�\Ea
®?Y�l+cS`(Y¿aiY+¶¬®ihimv~Trjmnao��®i~ncjlU»js�²
�LdH_RY�^ Y�\{lU�(�SY+aoY+^U\W_RmvcSaJz¢_R�iYL`(cbsy_�d±^CY Á hiY�a{_g[o\Emv^�cEd>®ihimv~Tr��
mvai�­®i~vcjlU»js�cjl�l�hi^C^Rmvai�7mvaµ\{sRsRY+`
®i~vmnY�s�mTs�l+cSaosRmvriY+^CY�r·d±cS^
l+cSaosRcS~vmTri\W_Cmnc{a}\{s�\�®ihimv~Trjmnao��®i~vc�lU»ÿ²�÷LcW¶qY+u{Y+^�z�mna³c{^CriY+^
_Cc�\¢uSc{mvr�_R�iY(d±c{^R`�\W_Cmnc{aÄcSd sR[ihi^CmvcShos¿®ihomn~Trjmvai��®i~vc�lU»js�zJ\
s�_R^Cmvai�SY�a{_�_CY�s�_fmvs�mv`([]cbs�Y�r�cSa(l+\Ea]rjmvro\W_RY�®ohimn~Trjmvai��®i~vcjlU»�s�²
ª'c«Y�u¢\S~nh]\W_RY}\«l+\SaorjmTri\W_CY9®ihomn~Trjmvai�¸®i~vcjlU»ÿz�¶gY�_U\E»{Y9\Ea
\{sRsRY+`
®i~vx¸_C�o\W_�Y+`([i~vcWxjs�_R�oYÄ[o\Smn^<cEd�Y+¾jmvs�_Rmvai�¸®ohimn~Trjmvai�
®o~ncjlU»jsfd±c{^R`(mvai�
_R�iY�l+\SaorjmTri\W_CYZ®ohimn~Trjmvai��®i~ncjlU»ÿ²�|ÄY*_C�iY+a
l+cSaosRmTrjY+^�\S~n~f[?c{sCsRmn®i~vY�\E~n_RY�^Rao\E_RmvuSY�l�c{`�®imvao\E_RmvcSaos�z�m ² Y{²J\E~v~
l+cS`
®imna]\W_RmvcSa]s´cEd<_y¶gcµY�¾jmTsy_Cmnao�¬®ohimn~Trjmvai� ®i~vcjlU»js´cE_R�oY+^
_C�o\EaÇ_R�oY´l�\Eaorimvri\E_RY´l�c{`�®imvao\W_Cmnc{a�²p�Zai~vxÀmnd�_R�oY}sCl�c{^RY
cSdf_R�oY�\{sRsRY+`
®i~nx<hosRmnao�°_C�iY�l�\Eaorimvri\E_RY
®ihimv~vrjmvai�<®i~vc�lU»�mTs
\E_
~vY�\{sy_
\{s��{c�c�r³\{s�_C�iY<sCl�c{^RY�s�cEd�_C�iY�\{sRsRY+`
®i~vmnY�s�_R�]\W_
\S^RYqcS®i_C\EmvaiY�r
®�x�^CY+[o~v\{l�mvai�%_C�iYLl+\SaorjmTri\W_CY ®ihimv~vrjmvai��®i~vcjlU»
¶�mn_R��\Ea�x�cSd?_C�iY%\S~w_CY+^Cao\W_Cmnu{Y�®ihimv~vrjmvai�
®i~ncjlU»js�z{\Ea]r(®]Y+_�_RY�^
_C�o\Ea(sRcS`(Y cEdo_C�iY�sRY�sRl+cS^CY�s�zW¶gY�l+^RY�\W_RYg_R�oY�®ihimv~vrjmvai��®i~vcjlU»
\Saor<\Srir<mn_�_Rc�_R�iY�sRY�_LcSd)®ohimn~Trjmvai�(®i~vc�lU»js�²

_ 8Hq�8�e�3��o�sr :��jÌW4'354'@
�Zho^�`(cS_Rmvu¢\E_RmvcSaÂd±cS^(mvabu{Y�s�_Rmv�{\E_Rmvai�9_C�iY�rjY+u{Y+~vcS[i`(Y�a{_(cEd
^CY+[o^RY�s�Y�a{_U\W_Cmnc{aos \Ss�[o\S^�_�cSd�~vY�\S^Raomnai�(mTs _R�]\W_Lmn_%`�\¢x�[i^CcE�
u�mTrjY�\°¶ \¢x�_Rc�\Srorj^RY�sRs¿l+Y+^R_C\Emva9~vY�\S^Raomnai�<[i^CcS®i~vY+`�sZ_R�]\W_
mva�uSc{~nu{Y<~T\E^C�SY�sRY�\E^UlU�7s�[o\{l�Y�s+²À¼�aoY+u�mw_U\E®i~vxSz�\Sabx«d±cS^C` cEd
�{Y+aiY�^C\S~nmt��\E_RmvcSa�l+cS^C^RY�s�[?cSa]ris'_Rc�\*®imv\{s)_R�o\E_fl+\Ea�`�\E»{Yg_C�iY
~vY�\S^Raomnai��[i^CcS®o~nY�`½�imv�S�i~vx9Y+þ?Y�l�_Cmnu{Y(d±cS^�[o\S^�_Cmvl+hi~T\E^�»�mna]ris
cSdj[i^Rc{®i~vY+`�s+z¢®ihi_'hiaosRhimn_C\S®i~nYfd±cS^JcS_R�iY�^CsgÙ���mn_ClU�oY+~v~5zj���SÛS�bÜ�²
ª'c�l�~T\E^Cmnd±x�d±cS^�¶��]\W_L_yx�[?Y�cEd�[i^CcS®i~vY+`�sq_R�oY�\E[i[o^Rcb\SlU�°¶qY
riY�sCl�^Cmn®?Y9�iY�^RYÄ`�\¢xÅ®?Y}cEd�®?Y+aiY+Èi_�zZ¶gY´rjY�sRl+^Rmv®]YÄ®imT\SsRY�s
mvaol+cS^C[]c{^C\E_RY�r�®bx¿_C�iY `(Y�_R�oc�r�²�ª �o^RY�Yg`�\Emva�d±c{^R`�s)cEd?®imT\Ss
\S^RY¿Y�`�[o~ncWx{Y�r>zjsRY+Y¿Èo�{hi^RY���u

v ��cjrjhi~T\E^Cmw_yx

v ��Y+[?Y�_Cmw_Cmnu{Y�`�cjrjho~v\S^Rmn_yx

v ÷LmvY+^U\E^UlU�imvl�\E~ÿ`(cjrjhi~T\E^Cmw_yx

��c�rihi~v\S^Rmn_yxÅmvs�_R�iYÄ[i^Rc{[]Y�^�_yxÂ_R�]\W_<sRY+u{Y+^U\E~�uW\E^CmT\E®i~vY�s°mna
\�[i^Rc{®i~vY+` \E^CY°rjY+[?Y+a]rjY+ab_
c{a³cSaiY�\EaicS_R�iY�^
\Ss�_Rc�¶��]\W_
_C�iY+mv^�Ù�aiY�\S^��yÜ�c{[j_Rmv`�\E~qs�Y+_�_Rmvai�bs+z�¶��imv~nY°_R�iY<rjY+[?Y+a]rjY+aol+mnY�s
®?Y�_y¶qY+Y�a°_C�iY¿`(c�rihi~nY�\Saor�uW\E^CmT\E®i~vY�sgcShj_Us�mTrjY*_R�oY*`(cjrjhi~vY
\S^RY�¶qY�\S»
l+cS`([o\E^CY�r�_Rc�_R�iY�d±c{^R`(Y�^ rjY+[?Y+a]rjY+aol+mnY�s+²�ª ��hos�z
_C�iY�sRY�_�_Cmnao�{s�cSdquW\E^CmT\E®i~vY�s*mvaos�mTrjY�\�`(cjrjhi~vY�l+\SaÄ®?Y°l�c{aj�
sRmTrjY+^CY�r9¶�mw_C�icShj_�l+cSaosRmvriY+^Cmnai�<\E~v~�[]cbsRsRmn®o~nY(l�c{`�®imvao\W_Cmnc{aos
cSdf_R�oY�uW\S^RmT\E®i~vY�sZcShi_CsRmvrjY�_C�iY
`(cjrjhi~vYS²�ª �imTsZ[?cE_CY+ab_RmT\E~v~vx

B B 
C C 
D D 

A A 

A A B BA A B B

A A A A B B B B

Hierarchical modularity:

B B B B
A A A A

A A A A
A A B B
B B A A
B B B B

A A C C
A A D D
B B C C
B B D D

B B

Repetitive modularity:

A A

Modularity:

A B A A
B B A B 
B A B B 
A B A B

No bias:

all combinations equally likely

Assemblies
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[o^RcWu�mTrjY�s'\L�S^CY�\E_Jmvaol�^CY�\{s�Yfmva�_C�iYql+cS`([i~vY�¾jmn_yx*cSdi[i^CcS®i~vY+`�s
_C�o\W_�l�\Ea´®?Y°s�h]l+l�Y�sRs�d±hi~v~nx}\Sriri^RY�sRsRY�rÅÙ5k�mv`(cSa�zq����zSÛbÜ�²��
`(cjrjhi~T\E^Cmn_yx�®imv\{s¿^RY+d±Y+^UsZ_Rc<_R�iY�\{sRsRhi`([j_RmvcSaÄ_R�]\W_�`(c�rihj�
~T\E^Cmn_yx�mvs [i^CY�sRY+ab_�mna(_C�iYL[i^CcS®i~vY+`�²�pqx
sRY�\E^UlU�imvai�Zd±cS^f[o\Smn^Us
cSd�Y+~vY+`(Y+ab_Usgmva°\{sRsRY+`
®i~nmvY�s _R�]\W_g�]\¢uSYZ\Sa�cS[i_Rmv`(\S~?sRY�_R_Rmvai�
mva(_R�oYLl�cSab_CY�¾�_ rjY�È]aiY�r(®�x�_C�iYL\SsCsRY+`�®o~nx�\Saor(l�c{aos�c{~nmTri\E_��
mvai��sRholU��[o\Emv^Cs�z�¶gY�Y�`([i~ncWx�\
`(cjrjhi~T\E^Cmn_yx�®imT\Ss�²
�¬[o\S^�_Cmvl+hi~T\E^qd±cS^C`¹cEd)`�cjrjho~v\S^Rmn_yx�®imT\Ssqmvsq_C�o\W_�cSdJ^RY�[]Y+_Rmn�
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�Zsf\�l�c{ab_R^CcS~ zE¶gYq_Ccbc{»�_C�iYLsR\S`(YL\E~v�ScS^Cmn_R�i` ®ohj_ ^CY+`(cWuSY�r
_C�iY¿l+\E[]\Sl�mn_yx�_Rc(\Srir°®ihimv~vrimnai��®i~vcjlU»�sg_Cc�_R�oY*�{mnu{Y+a°sRY�_ cEd
[o^Rmv`(mw_Cmnu{Y�s�²�ª �omvsq^CY+aorjY�^Cs _R�oY*\S~n�{cS^Cmw_C�i`ºY Á himvu¢\S~nY�ab_g_Cc
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_C�o\W_Z_R�iY(\SsCsRY+`�®o~nmvY�sZ\E^CY�_Rc�c�sR�ic{^�_L_Cc�^CY+[o^RY�s�Y�a{_%l+cS^C^RY�l�_
sRcS~vhj_Cmnc{aos+zE_R�iYqÈo^Usy_fl+cSab_R^CcS~�hosRY�s�\*uW\E^Cmv\S®i~vYg~vY+ai�S_R��sRY�_Rho[�z
¶��oY+^CYL_R�oYZmvaimn_RmT\E~ÿ~nY�ai�E_C�°cSdJ\SsCs�Y�`�®i~vmnY�sfmTs���\Ssgmva�_R�oY*l+cE�
Y�uSc{~nhj_Cmnc{ao\E^Cx�l+\{s�Y{²'¼�a�\Sririmw_Cmnc{a�zj¶gYZ_R^CmvY�r<\�Èi¾jY�r°~vY+ai�S_R�
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_C�iY*^RY�s�hi~n_Cs �S^U\E[i�]s sR�icW¶�zbriY+uSY�~nc{[imvai��^CY+[i^CY�sRY+ab_C\E_RmvcSaos \Ss
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\EdH_RY�^'_C�imTs+zW_C�iYqY+^C^Rc{^'�{^C\S[i�os)rjmvsR[i~T\¢xjs'\*sy_CY+Y�[
rjY�sRl+Y+ab_)hoaj�
_Cmn~?�SY�aiY+^U\W_Cmnc{a��E�izb¶��imTlU��^RY�s�ho~w_CY�r�mva°\SsCsRY+`�®o~nmvY�sfsR[?Y�l�mnd±xb�
mvai��_C�iY�l+cS`([i~vY�_RY�mnaiaoY+^%s Á ho\E^CY�cEd�_R�oY�Èo�Sho^RY{²qª �iY�aiY�¾�_
\Saor¸Èoao\E~�rjY�sRl+Y+ab_�l�c{^R^CY�sR[]c{aoris�_RcÄ_R�iY�\{rirjmn_RmvcSaÅcEd%_C�iY
d±c{hi^LsR`(\S~n~vY+^Ls Á ho\E^CY�s \E_q_C�iY�l�c{^RaoY+^UsgcSd'_C�iY�mv`(\S�SY{²
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�¸~nmv`(mw_U\W_Cmnc{a�cEd�_R�iYql�hi^C^CY+ab_�mnaomw_Cmv\S~S^CY+[i^CY�sRY+ab_C\E_RmvcSa¿mTs>_R�]\W_
mn_�l�\Ea­cSao~nxÅ^RY�[i^CY�sRY+ab_(Èi¾jY�rÅ_RY�`([i~v\E_RY�s+z�m ² Y{² [o\S^�_Cmvl+hi~T\E^
l+cSajÈ]�Shi^U\W_Cmnc{aos*cEd [imw¾jY�~vs�² �ZaiY�rjmv^RY�l�_RmvcSaÄ_R�]\W_�l�c{hi~TrÄ®?Y
Y+¾j[i~nc{^RY�rÄd±^Rc{`��iY�^RY°mvs�_Rc�Y�`�[o~ncWxÄ[i^Rmv`(mw_Cmnu{Y�s�_R�o\E_�[i^CcE�
u�mTrjY�_C�iY�[?cE_CY+ab_RmT\E~J_Rc�[]Y�^�d±c{^R`õl�c{`�[ohj_C\E_RmvcSa�®�x<mnaol+~nh]r��
mvai�À~vc�cS[os�z�mva{_CY+^Cao\E~�u¢\S^RmT\E®o~nY�s+z�\Saorµl�cSa]rjmw_Cmnc{ao\E~�sy_U\W_CY��
`(Y�a{_Us+²�k�holU��[i^Cmv`�mn_RmvuSY�sL\E^CY�l�c{`(`�c{ai~vx°hosRY�r�mva��SY+aoY�_RmTl
[o^Rc{�S^U\E`(`(mnai�]zS\Ea]r�_R�iYZY+aol�\E[osRhi~T\W_RmvcSa(cSd>sRhi®i^CcShi_RmvaiY�s mna
�{Y+aiY+_RmTl%[o^Rc{�S^U\E`(`(mnai��mvs \�¶qY+~v~n� »�aicW¶�a�[o^Rmvaol�mv[i~vY�Ù	�¿c���\iz
���S�S�-
g�%ai�SY�~nmvaiY�Ú ��c{~n~T\SlU»ÿz����{�{�{Ü�²«ª �iY�\E[o[i^Rcb\SlU�«rjY+�
sCl�^Cmv®]Y�r��oY+^CY�[i^RcWu�mTrjY�s�\(¶ \¢x�_Cc�rjY�_CY+^C`�mvaiY¿_C�iY�uW\E~vhiY�cEd
®ohimn~Trjmvai�}®i~ncjlU»js�®�x´\{sRsRY�sCsRmnai�9_R�iY�mn^(^CcS~vY°mvaÂ\{sRsRY+`
®i~nmvY�s�z
^U\W_C�iY+^¿_C�o\Ea´®�x9\{sRsRY�sCs�mvai��_R�iY�mn^�[]Y�^�d±c{^R`�\Ea]l�Y(hosRmnai��_C�iY
Èo_RaiY�sRs)d±hia]l�_RmvcSa�d±c{^�l+cS`([i~vY�_CY�mnaorimnu�mTrjho\E~Ts�cEd]_R�iYq_U\SsR»?²��
»{Y+x�mvrjY�\(mw_ZY+`([i~vcWx�sLmvsL_Rc�®o\{s�Y¿_C�iY�rjY�l�mTs�mvcSa�cSd)¶��iY+_R�iY�^
_Cc�mnaol+~nh]rjY�\°[o\S^�_Cmvl+hi~T\E^¿aiY+¶Ã®ihimv~vrimnai��®i~vcjlU»�cSa}\<l+cS`��
[]\E^CmvsRcSa}¶�mw_C�«cE_C�iY+^
l�cS`
®imvao\W_Cmnc{aos¿_R�]\W_
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^CcS~vYS² ª �oY9hosRY�cEd�\¸sy_C^RmTl�_�_CY�s�_Cs�mna·`(\S»�mnai�´_C�imTs�rjY�l�mn�
sRmvcSaos�^CY�rihol�Y�s¿_R�iY°abho`�®?Y+^�cSdqhiaoaiY�l+Y�sCsR\S^Rx�Y�~nY�`(Y+ab_Cs�mna
®ohimn~Trjmvai�³®i~vcjlU»�s�²7ª �imvs(mTs(cEd*[o\E^R_RmTl�ho~v\S^�mv`([]c{^�_U\Eaol+Y�mna
_C�iY¿d±cS^C`�\W_Cmnc{a�cSd'�imvY+^U\E^UlU�imTl+\E~>s�_R^Chol�_Chi^CY�s�²
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mvai�]²<ª �iY�s�Y+_Rhi[«l+cSaosRmvs�_Cs�cEdL\Ea´Y+u{cS~vu�mnai��[?cS[ohi~v\E_RmvcSa´cEd
\{sRsRY+`
®i~vmnY�s�_C�o\W_°\S^RY�Y�u¢\S~nh]\W_RY�r¸®]\SsRY�rÂcSaÅ_R�iY�mn^�[?Y+^Rd±cS^R�
`�\Saol�Y�mna³_C�iY<[i^Rc{®i~vY+`�z�\Eaor«\Äl�cS� Y�uScS~vu�mnao�<[?cS[ohi~v\E_RmvcSa
cSd%®ihimv~Trjmnao�}®o~ncjlU»js
_R�o\E_
_C�iY�sRY�\SsCs�Y�`�®i~vmnY�s
l�\EaÂY+`([i~vcWxS²
ª �oY°rjmTsy_Cmnai�{himTs��imvai��d±Y�\W_Chi^RY°cEd _R�iY�¶gc{^R»9mvs�_R�o\E_
®ihimv~Tr��
mvai��®i~vcjlU»js�\E^CY�Y+uW\E~vho\W_CY�r<®o\{s�Y�r°c{a�_C�iY+mv^L^CcS~vY�mna�\{sRsRY+`��
®o~nmvY�s°mnaÀ\³uW\S^RmT\E®i~vY�~vY+ai�S_R�ÀsRY�_Rho[�²�¼�a­cS^UrjY+^�_Rc¸l+~v\S^Rmnd±x
d±c{^¿¶��o\W_*_yx�[]Y(cEdg[i^Rc{®i~vY+`�sL_C�iY�\E[i[o^Rcb\SlU��`�\¢x�[i^CcWubmTrjY
\SaÄY+Æ�l�mvY+ab_�`(Y�_R�oc�r�z'¶qY�rjY�sCl�^Cmn®?Y�_R�iY�®omv\{s�Y�s¿Y+`([i~vcWxSY�r
®�x9_R�iY�`(Y�_C�icjr>²°ª �iY�s�Y�mvaol+~nhoriY�`�cjrjho~v\S^Rmn_yxSz'^RY�[]Y+_Rmn_RmvuSY
`(cjrjhi~T\E^Cmn_yxSz��imvY+^U\E^UlU�imTl+\E~ `�cjrjho~v\S^Rmn_yxSzf\Saor³mvaol�^CY+`(Y+ab_U\E~
l+cSaos�_R^Chol�_RmvcSa�²
�)mv^Cs�_¸Y+¾�[?Y+^Cmv`�Y�ab_Cs«¶�mn_R� _R�iYÀ`(Y+_R�icjr¹�o\¢u{Y­®]Y�Y+a rjY+�
sCl�^Cmv®]Y�r9hosRmvai��[o\W_R_RY+^Ca9^CY�l+cS�{aimw_Cmnc{a�_U\SsR»�s�²
ª �oY�`�Y+_R�icjr
¶ \Ssfd±cShia]r�_Rc
®i^Cmnai��\�sRhi®os�_C\Sa{_Cmv\S~][?Y+^Rd±cS^C`�\Eaol+YLmvaol�^CY�\{s�Y
l+cS`([o\S^RY�r _Cc¡l�c{a{_C^Rc{~�Y�¾j[?Y+^Cmn`(Y+ab_Us³¶��iY+^CY­_C�iY·sRY�_«cEd
®ohimn~Trjmvai��®o~ncjlU»jsf¶ \SsfÈi¾jY�r(_Cc�®]YZ_R�oY%mvaimw_Cmv\S~?sRY�_qcEd>[i^Cmn`(mn�
_Cmnu{Y�s�²)pqhimv~Trjmnao��®i~ncjlU»js�¶qY+^CYgd±c{hiaor
_R�]\W_ l+\S[j_Rho^RY�\SsR[?Y�l�_Us
cSd'_C�iY�[i^CcS®i~vY+`¯mna�\�l�c{`�[]\Sl�_�¶ \¢xS²
�LY�sRY�\E^UlU�ºrjmn^CY�l�_RmvcSaos}_C�o\W_¸l+cShi~Tr�®]Y·Y�¾j[i~vcS^CY�rÃmna�d±hi^R�
_C�iY+^�^CY�sRY�\E^UlU�³mvaol�~vhorjY<^RY+ÈoaiY�r«l�^Cmw_CY+^Cmv\�d±cS^(rjY�_CY+^C`�mvaimvai�
¶��oY�_R�oY+^(\�l+\SaorjmTri\W_CY°®ihimv~Trjmnao�9®i~vcjlU»ÄmTs�_Cc9®?Y�l+^RY�\W_RY�r>z
\Saor�Y�¾�_CY+aorjmvai��_C�iY�Y+¾j[i^RY�sRsRmvuSY+aoY�sCs cEd�_R�oY�[i^Cmn`(mn_RmvuSY�s%®�x
[o^RcWu�mTrjmnao�
_C�iY+`Î¶�mw_C��_R�iY�[?cE_CY+ab_RmT\E~�_Rc�[?Y+^Rd±cS^C`¯l�c{`�[ohj�
_U\W_Cmnc{a�²
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l+cS`(`(Y+ab_CsgcSa�_R�imTsq[o\E[?Y+^�²)�gr��
�S^U\W_RY+d±hi~v~nx�\SlU»�aicW¶�~vY�ri�SY�s
\Sa��ÿþ �´ª)\E~vY+ab_�� d±Y+~v~vcW¶Ls��imv[�²
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p \E¾b_CY+^�z&�o²°Ù����{�{�SÜ�²�É�Y�\E^Caimnao�°mva{_CY+^Cao\E~�^CY+[i^CY�sRY+ab_U\W_RmvcSa]s+²
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p \E¾b_CY+^�z �o²¸Ù �E�{�S�{Ü�²9� `(cjrjY�~qcSdLmna]rjhol�_Cmnu{Y°®imT\Ss�~nY�\E^Caj�
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