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´<|Mb¨b�»%q�b(kMm.h�elkzq.e�|Mhi�g|Mb�c�wMhiy^b�kFm.hiegkMm-him�wMb(ngb�fiega�b(w�hik�µ²$¸	�:s1|Mb�c;b�k:vMy�b(c.h�jtpgf�b�»Fpgy^aMf�b�m�hik
elkFb�wFhiy^b�kMm;hielkYpgc;b�pgfim;e«�lh�ngb�k8�

´<|Mb(elc.b(y �g�Ï´<|Mb±pgdEe0ngb±pxfi�lelc;h�q.|My wFb(Å�kMb(m�pÉÅ�kMh�q�b¦wMh���b�c;b�kMj(bJm;j)|Mb�y^b¦s1|Fhij)| h�m
j(elkMm.b(c;nxpxq.h�nlbzpxq�q�c.pgj)¥gb(wÄuCc.elk~q�m5pgm�s�b(fif�pgm�hikNq�|Mb�hik~q�b(c.h�elc���pgkMw¦s1|Mhij)|J|�pgmt�/� m.b(j�elkMw
elc;wMb�c1f�e�j�pgf'q�c;vMkMj�pxq�h�elkYb�c.c;elc.m�kMb�pgc�p«q.c�pgj)¥xb�w�h�k~q�b�cou§pgj�b�h�kJ�?�½pgkMwYÅ�c;m;q¨elc.wMb(c��/�½fie%jtpgf
q.c.vMkMj�pxq�h�elkÄb(c.c.egc.m¯kFbtpgc�p�m.y^e�egq.|Jq.c�pgj)¥xb�w°hik~q�b(c;u§pgj(bUhikJ|Mhi�g|Mb�c5wMhiy^b�kMm;hielkFm���´<|:vMm�q.|Mb
pgf��lelc;h�q�|Fy h�m�uCelc.y�pgf�f�`«q�|Mh�c.wYelc;wMb�c�pgj(j�vMc.pxq�b�hik�� H h�kN�?� pxkMwYm.b�j(elkMw�elc.wMb(c�pgj�j(vMc�pxq.b�hik� H hikY|Mhi�g|Mb�c<wMh�y�b(kMm.h�elkMm(��@c.e%egu=��´<|Fb¨j(elkMm.b(c;nxpxq.h�nlb(kMb�m;m�eguEq�|Fhim-y�b�q�|Me%w«him@b�pgm.h�f�`�m;b�b(k�q�|Fc.elvM�g|^q.|Mb1m.vMy^yzp$q�hiegk�� J�� H ��� !

��HB I ! ��HJ ÿ
�� Ji� H ��� !B I !J �°� ø ��' !s�� �M' !n%� �.� �o�?²l�

_�b�c.bx��� h�m<q�|Mb�q�egq�pgf8k:vMy�dEb�c�egu�j�b(fifim(�$' !n|� pgkMwj' !s � pgc.brq.|Mb�©Mv�»�pxq1q�|Mb�f�b(u�q�pgkMw�c.h��l|~q
dEelvMkMwMpgc.h�b�m��~c;b�m;a�b(j(q�h�nlb(f�`l��´<|Mb1jtpgkMj(b�fipxq�h�elk�egu�q�|Fb�©�v�»�q.b�c.y^m@kMb�pgc�q�|Fb�q�c�pxj)¥gb�w�hik~q�b(c;u§pgj(b
h�m�wMvMb�q.eYÇ¨pgkF¥%h�kMb���_¨vM�gelkMhiexq�j�egkMwMh�q.hielkg' !rm n� ÿ¡' !#m s� ��¤�elc�q�|Mb�aFc.e%egu�egu�elc.wMb(cregu�fie%jtpgf
q.c.vMkMj�pxq�h�elk¯b(c.c;elc��xm.b�brµ²$¸	��´<|Fb�b�»%q�b(kMm.h�elk�q�e¨y�vMf�q�h���wMhiy^b�kFm.hiegkMm3c.b(�%vFhic.b(m�m;a�pgj�b�q�hiy^b-Å�kMh�q.b
ngelfivMy^b�wMh���b�c;b�kMj(hikM�M�%elkMb�nlb(c.m.h�elkUegu's1|Mhij)|�h�m�aMc;elaEelm.b(wUhik�µ²$¸	���¨m�hik^q�|Mb5�?�ªpgf��lelc.h�q�|MyD�
y^b�c;�lhikM�rexu'm;b�fib(j(q.b�wUpxw$Æ.pgj�b(k~q�j(b�f�fim@him@kFb�b�wFb�w�q.e�pgm.m;vMc.b¨prfie?s�b(c-d�elvFkMw�egk«q.|Mb¨��¤\@�q.hiy^b
moq�b�aDc.b(m;q.c.hij�q�h�elk8�

ß�à�¢ â±ã�ä�å�æ�çMè�é�ê�ë�è�æ ì«æPè�æ�òS2w£�æ8ê¤8�ç�é�:$;�ë;ä�ñ
´<|Mb�ÅMc.m;q�vFm.b«egu-q�|Mb�f�b(ngb�f�m;b(q�y^b(q�|Fe�w[h�k�©�vMhiw[m;hiy�vFf*pxq.hielkÄµ¿ÊF��W$¸�s�pgmrelkMf�`�p��lc.pgaM|Mh�jtpgf
q.e�elf%q�eruCelf�fie?s°q�|Mb1y^egq�h�elk�eguEq�|Mb1h�k:q.b�cou§pgj�b�q.|Mc.elvF�l|^q.|Mb1b(ngelfivFq.hielk�exu8prfib�nlb(f�m.b(q-uCvMkFj(q�h�elk¥ ��¦���d~`Ym;elf�n%hikF� ö ¥

öMø ùM§�û$ú ¥ ÿ ³�� �o�t·~�

·



s1|Mb(c.b-q�|Mb § h�m8q�|Mb-©�e?sÄnlb(fie%j�h�q�`rhik�m.aMpgj�bx��´<|MhimPvMm;b�exuFq�|Fb�f�b(ngb�f~uCvMkMj�q�hiegk5j�pgk5dEb�c.b�aFf*pgj(b�wd~`[egq.|Mb�c�aM|~`%m.h�jtpgf-�:v�pgk~q.h�q�h�b�mrm;vMj)|Épgmrq�|Fb«©MvMhiwNwMb(kMm.h�q�`l�^Â�kJelc;wMb�crq.eYuCvFfif�`�b�»�aMf�elh�q�q.|Mb
f�b(nlb(f�m.b�q«y�b�q�|Me%w8�-¤�b�wF¥%h�s  u¨ª©|«�¡ pxaMaMfih�b�wÉp[�l|Felm;qo��j�b(fif�b�»%q�c.pga�egf*pxq.hielkJy�b�q�|Me%wÉm.h�y�h�f*pgcq.e�q�|Mpxq{exu�q�|Mb�uCc.elk~q�q�c.pgj)¥:hikM��y�b�q�|Me%wÉµÎ·x¸	��´<|Fb�aMc.h�yzpxc;`�wMh��'b(c.b(kMj�b5d�b�q�s�b(b�k�q�|Fb�m.b5q�s�e
�l|Felm;q�j�b(fif%pgfi�gelc.h�q�|My^m3fih�b�mPhik�q�|Mb�j�elkMmoq)pgk~q�b�»%q�c.pga�egf*pxq.hielk�eguMq.|Mb�Ç1hib(yzpxkMk5m;elfiv�q�hiegk5moq)pxq.b�m¬��¡ b�k~q�c;ela~`zb2»%q�c�pxa�elfipxq�h�elk«egu8q.|Mb{moq)pxq.b�m�uCc;ely elkMb�m.h�wMb¨uCelc-q�|Fb�pgm;m.hi�gkMy�b(k~q�egu8�l|Melmoq;��j(b�f�f
moq)pxq.b�m��-�¨m1s�b�|�ptnlb�m.|Me?s1k�h�k & b�j�q�hiegk�¾%� ÁF�FkMb�h�q�|Mb(c�b2»%q�c�pxa�elfipxq�h�elkUh�m<j�elkMm;b�congp$q�h�ngbg�

Â�k¼q�|Mb[j�pgfij(vMf*p$q�hiegkÒegu�hik~q.b�c;u§pxj�b[m.aEb�b(w8�¨q.|Mb[y�p0Æ;elcUwMh��'b(c.b(kMj�b[dEb(q�s�b�b(k µÎÊF��W$¸rpgkMw
uCc;elk~q�q�c�pxj)¥%h�kM�ÈhimUq�|MpxqYq�|Mb[uCc.egk:qYq.c�pgj)¥:hikF�Èy^b(q.|Me%w ÅMc.m;qDm;elf�ngb�m�p¹Ç1hib(yzpgkFk¼aMc.eldFfib�y
s1|Megm.b�m;elfivFq.hielk^�lh�nlb�m�d�egq.|�q.|Mb{h�k:q.b�cou§pgj�b¨m.aEb�b�wDpgkFw�q�|Fb�fib�u�q�pgkFwUc.h��l|~q�moq)pxq.b�m��%s1|Mhif�b�q.|Mb
h�k:q.b�cou§pgj�b�m;a�b(b�w¦hikÈµÎÊF�fW$¸@h�m��lh�nlb�kNd~`�q.|Mb�b(ngelfivFq.hielk[exu�q.|Mb�fib�nlb�f�uCvFkMj(q.hielk�q.|Mc.elvF�l|[q�s�e
m;vMj�j(b�m.m;h�ngb�q.hiy^b{moq�b�aFm�����elkMm;hiwMb(c<p¯elkMb2��wMh�y�b(kMm.h�elk�pgf�j�pgm.bx��´<|Fbrb�»Fpgj(q�hik~q�b(c;u§pgj(b{nlb(fie%j�h�q�`
h�kUp5q.hiy^b�moq�b(aY� ø y�vFm;q�dEb{j�pgfij(vMf*p$q�b�w^q�|Mc;elvM�l|�q�|Mb¨hik~q�b(c.aEelf*pxq.b�w�hik~q�b(c;u§pgj(b{aEelm.h�q�hiegkMm�� !
pgkFw�� ! ��H � ��ÿ � ! ��H �®� !

� ø � �o�lWl�
Â�k�elc.wFb�c8q�e�y�pxq�j)|rq�|Fb�Ç�pgkM¥:h�kMb���_¨vM�legkMhiegq8j�elkMwFh�q�h�elk�pxq3q.|Mb-hik~q�b(c;u§pgj(bg�0s�b�y�vMmoq�j(elkMmoq�c.vFj(q
q.|Mb�fib(u�q�pxkMwYc.hi�g|:q1moq)pxq.b�m ÷$¯ pgkFw ÷�s q�e«m.pxq�h�m;u�`�:� ÷$n � ÷�s �@ÿ�'z� ÷�n �*�M'�� ÷�s �v� �o�t¶~�
¤�elc�p�kMelkMf�hikMb�pgcPs�ptnlb<m;vMj)|^pgm�p�m;|Me%j)¥E�lq.|Mhim�him�p{j�ely^aMf�b�»5aMc.egdMfib(y½m;hikMj(b�q�|Fb�m.|Me%j)¥�m.aEb�b�w
h�m�f�e�j�pgfEpgkMwUwMe%b�m�kMegq�b��:v�pgfEq�|Mb�©�e?s ngb�f�e�j(h�q�`«elkUb(h�q.|Mb�c�m.hiwFb{egu8q.|Mb�h�k:q.b�cou§pgj�bx�@_¨e?s�b(nlb(c��
uCelc�p�j�elk~q)pxj(q�h�k~q�b�cou§pgj�bx�%q.|Mhim�Ç1hib(yzpgkFk�aMc;eldMf�b�y him-m;hiy^aMfih�Å�b�w8�:pxm�q�|Fb¨aMc;ela�pg�lpxq�h�elk«m.aEb�b�w
uCelc�q�|Fbzj�egk:q�pgj(q¯wMhim;j�elk~q.hik:vMh�q�`¦b(�%vMpgfim�q�|Mb�j�elk~q�h�k:vMelvMm5kMelc.y�pgf-j�egy�aEelkMb(k:q¯egu�q.|Mb�©�vFhiw
ngb�fie%j�h�q�`zegk�d�egq.|�m.h�wMb�m�exu�q.|Mbrhik~q.b�c;u§pxj�bg�@�¨fim;eM��q.|Mb�aMc;b�m.m;vMc.b�y�vFm;q1dEb�j�elk~q.hik:vMelvMm1pxj�c.egm.m
q.|Mb¨j(elk~q)pgj�q�h�k:q.b�cou§pgj�bx���{m�p�c;b�m.vFf�qt�:q�|Fb{wMb(kMm.h�q�hib(m���pgc.dFh�q�c.pgc;`�elkzdEegq�|^m.h�wMb�m(�Mpgc;b�q.|Mb�elkMf�`
c;b�y�pghikMh�kM�¯nxpgc;h*pgdMf�b�m<ptnxpgh�f*pgdMf�b¨s1|Mh�j)|�j�pgkDd�b�j)|Melm;b�kDq�e«m�pxq.himou�`Uq�|Mb�Æ;vMy^aYj�elkFwMh�q.hielk8�Jb�jtpgk�q.|Mb�c;b(uCelc;b�j�egkMm;q.c.vMj�q�q�|Mb¯fib(u�q�pgkMw[c;hi�l|~q¨m;q)p$q�b�mrh�k�q.|Mb¯uCelf�fie?s1hikM�«s�p?`g��¤�hic;m;qt�
q.|Mbrnlb�f�e�j(h�q�`zhim<�lh�nlb�kDd~`¦�o�lWl�u�

÷$n ÿ ÷�s ÿ��%� �o�tÊ~�
s1|Mh�fib^q�|MbUaFc.b�m;m.vMc;bYpxq�q.|MbUhik~q.b�c;u§pxj�bUh�m¯hik~q.b�c.aEelfipxq�b(wJuCc.egy p�moq�b(kMj�h�f�s1|Mhij)|Éj(elkMm;him;q.m�egu
moq)pxq.b�m�pxq1j�b(fif3j(b�k~q�b(c.m�elk�dEegq.|Dm;hiwMb(m1egu�q.|Mb�hik~q�b(c;u§pgj(bg�° n ÿ ° s ÿ fihiy[u± �Z²�³ ° �C�f� ø �K� ��¾x³~�

´<|Mb�fib�u�q�pgkMw«q�|Mb�c.h��l|~q�wFb�kMm;h�q�h�b�m�pgc;b¨b2»�q.c�pgaEelfipxq�b(w^uCc;ely m;q.b�kMj(hif�m-uCc;ely q�|Fb�f�b(u�q�pgkMw�c.h��l|~q
m;hiwMb(m�c;b�m;a�b(j(q�h�nlb(f�`DpgkMwDpgc;b�kMegq1b��:v�pxfPq.e«btpgj)|Degq�|Fb�c���pxm�m;vM�l�lb(m;q.b�w�d~`Uq.|Mb�uCelc.y�vFf*pgm´ n ÿ f�hiy[u± � T ³ ´ ���f� ø � ´ s ÿ f�hiy[u± � � ³ ´ ���f� ø �µ� ��¾%�0�

W



Ì�b�q�|Me%w ¶ � H b�c;c.elc � H elc;wMb�c ·�I�B�����B
Ál³ ·F�¶lÁgb2�o¾ � �l�¸WgÁ~¾��k�� ·l³ ÁF�¿À~Êgb2�o¾ ³F�Êl·lÊ �l�¸WgÁlÁ

q.c�pgj)¥xb�w �0¾g³ �l�·lÁgb2�o¾ �l���?³ �l�¸WgÁlÁ
¾xÀ~³ ¶F� ¾xÀlb2�=Á ³F�Êl¶gÀ �l�¸WgÁlÁ
Ál³ ¾����"Wxb2�o¾ � �l�¸WgÁ~¾

��elkMm.b(c;nxpxq.h�nlb(f�` ·l³ W��³¹Wxb2�=Á �l�·~¾ �l�¸WgÁlÁ
q.c�pgj)¥xb�w �0¾g³ ¾����l�tb2�=Á �l�¸WxÀ �l�¸WgÁlÁ

¾xÀ~³ ·F�³gÀlb2��À �l�¶l³ �l�¸WgÁlÁ
´�pgdMf�b¯�%�-��egy�a�pxc�pxq.h�nlb�b�c;c.elc�pgk�pgf�`�m;him-uCelc�q.|Mb{q.b�m;q�aMc.egdMfib(y �	¾l¾l�@uCelc�Í�vFc.�lb(c.m�®�b��:v�pxq.hielk'�

��elkMm;b�congp$q�h�ngb�Å�kMh�q�b�wFh���b�c.b(kMj�h�kM�{s1h�q�|�kMery�pgm;m�wMh��'vMm;hielk�pgj�c;elm.m@pxk�hik~q�b(c;u§pgj(b�c.b(�:vMhic;b�m
vMm;b�egu�hic;c.b(�lvMf*pxc�j(b�f�fim{kFbtpgc{q.|Mb�h�k:q.b�cou§pgj�bx�rÂ�k[egq�|Mb(c{s�elc.wMm(�3m;q�pxq�b�ptngb�c�px�lb�mre?nlb(crc.b(�lvMf*pxc
j(b�fif�m�j�v�q�d:`[pgkNhik~q�b(c;u§pgj(b«pgc.b�kMexq�m.vF�^j�h�b�k~qt��pgkFw¦y¯vMm;q�dEb�m.vMaMaFfib�y^b�k~q.b�w¦d:`�m.vF�^j�h�b�k~q
h�kFuCelc.y�pxq.hielkUq.ezpgf�fie?sªwFb(q�b(c.y^hik�p$q�hiegkDexu�q�|Mb�m;q�pxq�b5ptnlb(c�pg�lb¯e0ngb�c¨btpgj)|�exu�q�|Fb¯aMh�b�j�b(m¨h�k~q�e
s1|Mh�j)|Dq.|Mbrj�b(fif8h�m<wMh�n%h�wMb�wYd~`Uq�|Fb�h�k~q�b�cou§pgj�bx�@´<|Mhim�pgm;a�b(j(q�egu�j�egkMm.b(c;nxpxq�h�nlb�wMh���b�c;b�kMj(hikM��h�m
m;|�pgc.b(w�d~`�dEegq.|�q�|Mb<uCc.egk:q@q.c�pgj)¥:h�kM��pgkMw�q�|Fb�f�b(ngb�fMm;b(q�pgfi�gelc.h�q�|My^m�s�b1aMc.ega�elm;b1|Mb�c;bg��´<|:vMm
s�b�j�ely^aMfib�q�b{q.|Mbrk:vMy^b�c.h�jtpgf�m.j)|Mb(y�bruCelf�fie?s1hikF�5q�|Mpxq1eguPq�|Mb�uCc;elk~q<q�c.pgj)¥:hikM��y^b(q.|Me�w¦�=�l�0�2�
�=�0¾l���t,�»�q.b�kMm;hielkNq�eY|Mh��l|Mb(crwMhiy^b�kMm;hielkFm�him{q.|Mc.egvM�l|¦m.a�pgj(b�q�hiy^b5ÅMkMh�q.b�nlelf�vMy�b�y^b(q.|Me%wMm
pgm<s1h�q�|D¤�c.elk~q1´�c�pgj)¥:hikF�M�

º ÔÕZ[Ö ×rV-]t\�Ø¯Ù¤»½¼DØ�Ö ¾[Ù(×rÞJb«j�ely^aMvFq.b^q.|MbzÍ�vMc.�lb(c.m(®�b(�:v�pxq�h�elk½¿.À¿UÁ ù ¿¿ [ �
HR
÷
R
��ÿÏ³YelkÒµ¿³���·x¸�ÂÒµ¿³��iÃ�¸	�Ps1h�q�|Nh�kMh�q.h*pgf

j(elkMwMh�q�hiegkMm
÷ ���f�)³~�@ÿ=Ä ³�� ¾�Å����Æ�º�?� R ù ³�� ¾Ç�ð�ÉÈ°µ �|�)Áx¸}�

³�� ¾Ç� b�f�m.b�s1|Mb�c;bÊ� ��¾g¾l�
Â�k ´�pgdFfibÉ��s�bJaMc;b�m;b�k~q�q.|Mb[k:vMy^b�c.h�jtpgf{c.b�m;vMf�q.mDpxqÆÃ ÿ Á�� ¾ÄvMm;hikM�Éq.|Mb[vMk~q�c.pgj)¥gb(w

ÌÉ� & �Ë@Ém.j)|Mb(y�b�pgkMw�j(elkMm;b�c;nxpxq.h�ngb�f�`±�Cm.|Me%j)¥���q�c.pgj)¥gb(w[m.j)|Mb(y�b¯s1h�q�|�pUÌÉ� & �Ë@Éhik~q�b(c.hiegc
m;elf�ngb�c���¤�hi�M�-��wMh�m.aMfipgj�b(m5q.|MbUj�egy�a�pxc�pxq.h�nlb�k:vMy�b(c.h�jtpgf�c.b(m.vMf�q�m¯egdFq)pgh�kMb�wJs1h�q�|M� ÿ Ál³��Ã¼ÿ Á�� ¾�pgkFw���¤\@�k:vMy¯d�b(c�b(�%vMpgfEq.e¯³ �ÀM��_¨b�c;b	� H b�c.c;elc�hikMwMh�jtpxq.b�m@q�|Fb	� H kFelc.y egu ÷ �ÍÌI
pxq@q.hiy^bËÃ��ls1|Mb�c;b ÷ h�m�q�|Mb�b�»Fpgj�q�m;elfiv�q�hiegk«pgkMw ÌI him@q�|Fb{¾$kMw�egc.wMb(c�pxaMaMc.et»�hiy�pxq.b<m.elf�vFq�h�elk
c;b�j�egkMm;q.c.vMj�q�b�w�uCc.ely q.|Mb�aMhib(j�b�s1him.b�j�egkMm;q�pgk~q{k:vMy^b�c;hijtpxf8m.elf�vFq�h�elkgI½pxq1q�h�y�bAÃ��Ms1|Mh�j)|�h�m
m;vMaMaEelm.b(w�q�e«dEb�pgkDpgaMaMc;e?»�h�yzpxq.hielk�exu�q.|Mb�j�b�f�f3ptnlb(c�pg�lb�egu�q�|Mbrq.|Mb�b�»Fpgj(q�m;elfivFq.hielk'�
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"−": exact solution
"o": conserv. tracked
"+": untracked 
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