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Abstract

}zc�{F� j a�]qb�p�f�w�f�c�e<a�]`gqu�e�f ��j ]`wTu@l`p�]��@]`]qe#lq���@m f�]`_,a�c
l�p�lqb�f�]qa ��c�|s��boc��@m ]q{�w4f e � e�a�]`m m f�k�]qe�a!ribolqe@w��@c�b�a�lqa f�c�eh �@w�a�]q{�w�� � r hT� xvf e@g`m j _�f e@k'p�]qu�f�g`m ]�|�c�m m c��Pf e@k�xCp�]qu�f�g`m ]
k j f�_�lqevg`]`xCm f�g`]qe@w�]F�@m lqa�]Fbd]`l`_�f e@k�xv�@]`_�]`w�a b�f�lqe�a bol`gq��f evk�x
lqev_Fp�]qu�f�g`m ]Ig`c j e�a f�evk � r@u�f�wi�vlq�@]qb@��bo]`w�]qe�a�wNbo]`w�]`lqbogqu�c�e
l.e@]`��g`c�{F� j a�]qbKp�f�w�f�c�e^lq����bdc�l`gqu�a�c�lqe � r h _�c�{�lqf e@�
��f�gq�vg`m ]�g`c j e�a f e@k � ribol`_�f a�f�c�e@l`m m ��xF��f�gq�vg`m�]`w�uvl`p�]9e@c�a
bo]og`]qf�p�]`_�a u@]�lqa a�]qe�a f�c�e0c�|Ca bolqevw��@c�b�a�lqa f�c�e[_�]q�@lqb�a {�]qe�a�w
|�c�bCl�p�lqb�f�]qa���c�|�bd]`l`w�c�e@w � �Kw�l@bo]`w j m a�x�]`|�|�]`gqa f�p�]�lqev_z�@c�b �
a�lq�@m ]�l j a�c�{�lqa f�g<{�]�a�uvc�_�w4|�c�b�g`c j e�a f evk���f�gq�vg`m ]`wIuvl`p�]
evc�aT�@]`]qe#_�]`p�]`m c��@]`_ � r�u�f�wN�@lq�@]qb@��bo]`w�]qe�a�wzlP{�]qa u@c�_F|�c�b
f�_�]qe�a f�| ��f e@k���f�gq�@g`m ]`w�f e�e@lqa j bol`m�w�g`]qev]`w�a�lq�v]qe�| bdc�{
]qf a u@]qbFa f {�] � m lq�vw�]�c�b�| j m m � {#c�a f�c�e[p�f�_�]`c�w�a bo]`lq{�w � r�u@]
{�]qa uvc�_Ff�w,�@l`w�]`_ j �vc�e9lI�@m ]qe@_�c�|�a��Ic�w�]q�@lqbolqa�]Ia�]ogqu �
e�f ��j ]`w�x�a u@]F�Ic j k�u�ribolqe@w�|�c�b�{�lqe@_.a u@]F_�f�bd]`gqa�]`_��Il j w �
_�c�bo|�|,_�f�w�a�lqevg`] ��� ���@]qb�f {�]qe�a�l`m�bo]`w j m a�w._�]q{�c�e@w�a bolqa�]�a u@lqa
ev]qf�a uv]qb�a�]`gqu�e�f ��j ]�f e@_�f�p�f�_ j l`m m �2l`gqu�f�]`p�]`w�a u@]��v]qbo|�c�b �
{�lqevg`]�c�|�a u@]@u�����b�f�_�a�]`gqu�e�f ��j ] �

1 Introduction

ribdlqe@w��vc�b�a�lqa f�c�e9w��@w�a�]q{�w,f e�a u@] � e�f a�]`_ h a�lqa�]`w<lqev_
�Ic�bdm _��Pf�_�]�lqbd]Ff e@gqbo]`l`w�f e@k�m � g`c�{<�@m ]q�@xibo] ��j f�bd]Fu�f�k�u@]qb
]q���@]qe@_�f a j bo]`w�x�lqe@_slqbo]v{�c�bo]Cg`c�e@k�]`w�a�]`_sl`w�{�c�_�]qb�e�w�c�gqf �
]qa �#{�c�p�]`wza�c��Ilqbo_ j b��@lqe�f�¡`lqa f�c�evxP]q���vlqe@w�f�c�e@xPlqev_�g`c�e �
w�a b j gqa f�c�e;c�|�u�f�k�u � a�]`gqu�e@c�m c�k��=u�f�k�u@�Ilq�@w9lqe@_¢� j �@m f�g
a bolqevw��vc�b�a�lqa f�c�e�w��@w�a�]q{�w � ribolqe@w��@c�b�a�lqa f�c�e�l`k�]qevgqf�]`w�{ j w�a
l`_�_�bo]`w�w�f�w�w j ]`wPc�|Ng`c�w�a�lqev_.g`c�{<�@m ]q��f a �.���Kc��@]qevm ��l`_�p�c �
g`lqa f e@k.a u@] j w�]Fc�|,l`m a�]qb�evlqa�f�p�]Ca bolqe@w��@c�b�a�lqa f�c�e'l`wIlFg`c�{ �
{ j a f�evk<lqev_,a bolqe@w��@c�b�a�lqa f�c�e#gqu@c�f�g`] � ~Pe@]��@c�� j m lqbCgqu@c�f�g`]
f�wNa u@]Pf e@gqbd]`l`w�]`_ j w�]Ic�|���f�gq�@g`m ]`w � �Km a�uvc j k�uF{�l�e���g`c�{ �
{ j e�f a f�]`wvuvl`p�].g`c�evw�a b j gqa�]`_!lqev_�{�lqf e�a�lqf e!��f�gq�@g`m ]t�@lqa uvw
lqev_���f�gq�@g`m ].w��@]`gqf�| f�g.m lqe@]`w,c�e!bdc�l`_��Ilq�vw�x`a uv]qbo].lqbo].|�]`�
a bol`|�| f�g�_�]qe@w�f a���w�a j _�f�]`wt|�c�bia u@]`w�]@�@lqa u@wtlqev_�m lqe@]`w �

r�u�f�w�m l`gq�9c�|�g`c�{F��bo]qu@]qevw�f�p�]4w�a j _��#f�w�_ j ]Ia�c<a��Ic
�vl`w�f�gvbo]`l`w�c�e@w � r�u@]C| f bow�a�f�w�a uvlqa���f�gq�vg`m�]v�@l�a�uvwtlqbo]Ck�]qev]qb �
l`m m �Kl,m c��I]qbT��b�f�c�b�f a �If�a�]q{=c�eIa bolqevw��vc�b�a�lqa f�c�eK_�]q�vlqb�a {�]qe�a
l`k�]qe@_�l`w � r�u@]q��lqbo]Cbo]`m lqa f�p�]`m �'m c���f e'g`c�w�aXlqe@_.��boc�p�f�_�]
bo]ogqbo]`lqa f�c�e@l`m�|�l`gqf�m f a f�]`w�x%m ]`l`_�f e@kPa�cIk�bo]`lqa�]qb�l`g`g`]q��a�lqevg`]i���
a u@]P� j �@m f�g � r�uv].w�]`g`c�e@_Cbo]`l`w�c�eFf�w,w�f�{<�@m �Fa�uvlqazlqe�]`|�|�]`g �
a f�p�]v{#]qa�uvc�_.|�c�bzw�a j _���f e@k j a f�m f�¡`lqa�f�c�e�lqe@_ta bol`|�| f�gC|�m c���c�|
��f�gq�vg`m ]@a bol`|�| f�g@f�w�e@c�aPl`p�lqf�m�l��@m ] �

��| j m m ��l j a�c�{�lqa�]`_!lqe@_Cbo]`m f�lq�@m ]t��f�gq�@g`m ].g`c j e�a�]qbPf�w
evc�aCg j b�bo]qe�a�m ��g`c�{<{�]qbogqf�l`m m ��l`p�lqf�m lq�@m ] � ~tev]z�vc�w�w�f ��f�m f a �

f�w#a u@] j w�] c�|K{#]`gqu@lqe�f�g`l`m m �Da b�f�k�k�]qbo]`_9{�]`gqu@lqe�f�w�{�w�x
{ j gqu'a u@]#w�lq{�]�l`wIa u@c�w�] j w�]`_�a�c'g`c j e�a4l j a�c�{�c���f�m�]`w
��] � k � ��bo]`w�w j bo]tu@c�w�]`w ���`� e@|�c�b�a j evlqa�]`m �!��f�gq�vg`m ]`wClqbo].m f�k�u�a
�I]qf�k�u�atlqe@_zb�f�_�]qbv�@c�_����I]qf�k�u�atg`lqe�g`l j w�]Xl@u�f�k�u�_�]`k�bo]`]
c�|vp�lqb�f�lq��f�m f�a ��f e#c�p�]qbol`m m�p�]qu�f�g`m ]X�I]qf�k�u�a � },c�evw�] ��j ]qe�a�m ��x
{Ff�w�g`c j e�a f e@k£���¤]q��f�w�a f e@k�x0g`c�{F{�]qbogqf�l`m m �¤l`p�lqf�m lq�@m ]
] ��j f ��{�]qe�aif�wCl`g`g`]qe�a j lqa�]`_ � �Ie�l`m a�]qb�e@lqa f�p�]s�Ic j m _X�v]�a�cj a f�m f�¡`]�{�lqe j l`mig`c j e�a f e@k����!u@l`p�f e@k�a�bdlqe@w��@c�b�a�lqa f�c�e4�v]qb �
w�c�e�ev]`mzw�a�lqe@_�lqaza u@]Kw�f�_�]�c�|IlI��f�gq�@g`m ]I�@lqa u9lqe@_�g`c j e�a
]`l`gqu���f�gq�vg`m�]!l`w�f at�@l`w�w�]`w � r�u�f�w�f�wsl4g`c�w�a�m ��l`m a�]qb�e@lqa f�p�]
lqev_ta uv],lq{�c j e�avc�|T]qb�boc�bTf e�a boc�_ j g`]`_t���Iu j {�lqeKg`c j e�a�]qbow
g`lqes�@]�_�f�|�| f�g j m a�a�c ��j lqe�a f�| � �

¥ u@lqaif�wibo] ��j f�bd]`_�f�wClqe�l`m a�]qb�e@lqa f�p�]ta�c!g`c�w�aNf�ev]`|�|�]`g �
a f�p�]t{�lqe j l`mNg`c j e�a f e@k!lqev_�a�c!g j b�bo]qe�az]qb�boc�b � ��bdc�e@].l j a�c �
{�lqa f�g,g`c j e�a�]qbow � ¥ ]i��bo]`w�]qe�a�bo]`w�]`lqbogquIa�uvlqa�f�w¦f e�a�]qe@_�]`_ta�c
lqf�_tf�e.a u@]i��boc�_ j gqa f�c�e�c�|NlCg`c�{F� j a�]qbzp�f�w�f�c�e � �@l`w�]`_���f�gq� �
g`m ]�g`c j e�a f e@k4w��vw�a�]q{ � r@u@]�k�c�l`m�f�w�lqe�c�|�|�m f�ev]za�]`gqu�e�f ��j ]
a u@lqaCg`lqe���boc�g`]`w�wXg`c�m m ]`gqa�]`_Kp�f�_�]`cKlqe@_Kc j a�� j a@a uv],e j { �
�@]�bCc�|���f�gq�@g`m ]`wt_�]qa�]`gqa�]`_ �

1.1
WX§d¨�©Tª�«q¬ S «q­�® R ®�¯ ®�¨ R4Q�RNS4Q�°T° §o¨ Q�±q² «`³

� j a�c�{�lqa�]`_0_�]qa�]`gqa f�c�e2lqev_0g`c j e�a f e@k0c�|<��f�gq�vg`m�]`wj w�f e@k#g`c�{<� j a�]qb!p�f�w�f�c�e#a�]`gqu�e�f ��j ]`w�k�]qev]qbol`m m ��f evp�c�m p�]`w
f {�l`k�]qb���a�lq�@]qe�| boc�{´l#w�a�lqa�f�c�e@lqb���g`lq{�]qbdl#�Pf a u�]qf a�uv]qb
| j m m � {�c�a f�c�e�c�bCa�f {#] � m lq�@w�]4p�f�_�]`c �¦� e�a u@]4g`l`w�]4c�|va f {�] �
m lq�@w�]�p�f�_�]`c�x�g`c�{F{�c�eµa�]`gqu�e�f ��j ]`w�| boc�{¶g`c�{F� j a�]qb
p�f�w�f�c�e�w j gqu�l`wC| bdlq{�]._�f�|�|�]qbo]qevgqf e@k!c�bP�@l`gq�vk�boc j e@_!w j � �
a bol`gqa f�c�e·{#lq�·�@]¢f e@w j |�| f�gqf�]qe�a�a�c·goc�b�bo]`gqa�m �·f�_�]qe�a f�| �
c���¸�]`gqa�wP��] � k � ��f�gq�@g`m ]`w � f�eI{�c�a f�c�e � r�u�f�w�f�w�{�lqf evm ��_ j ]ia�c
gquvlqe@k�]`w,f e9w�g`]qev].f�m�m j {Ff e@lqa f�c�evx�f e^w�u@l`_�c��Pf e@k�xPlqe@_Ff e
�I]`lqa u@]qb.a u@lqa�xTf�e�a f {�] � m lq�vw�]�p�f�_�]`c�x�lqbo]�|�lqb.{�c�bo]s��boc �
e@c j evg`]`_�_ j ]@a�cza uv]�lq���@lqbd]qe�a�{�c�a�f�c�e�c�|�a u@]�w j esf e�g`c�e �
w�]`g j a f�p�]@f {�l`k�]`wtc�|�a uv]�p�f�_�]`csw�a bd]`lq{ �

}zc�{F� j a�]qbCp�f�w�f�c�e�a�]`gqu�e�f ��j ]`w�l`m w�czu@l`p�]X_�f�|�| f�g j m a f�]`w
_ j ]Ca�csa uv]Fp�lqb�f�]qa ��c�|zw�f a j lqa f�c�evw.l�e@_s�vl`gq�@k�boc j ev_�wPa u@lqa
a u�f�w�f {�l`k�]qb��.{Ff�k�u�a¦f e@g`m j _�] � y,f�gq�@gom�]i�@lqa uvwP|�l`m mdf e�a�c.c�e@]
c�|va u�bo]`]4golqa�]`k�c�b�f�]`w��tl � �vlqa�uvw�|�c�b�a uv]4]q�@g`m j w�f�p�] j w�]4c�|
��f�gq�vg`m ]`w�¹t� � �vlqa u@w�|�c�b�l4{Ff �v]`_ j w�]�c�|���f�gq�@g`m ]`w�lqev_
�@]o_�]`w�a b�f�lqevw�¹Xlqe@_'g � �@lqa u@w�_�]q{�lqbog`lqa�]`_'lqaIa uv]�w�f�_�]�c�|
w�a bo]`]qa�wzlqev_,u�f�k�u@�Ilq�@w � r�u�f�wNbd]`w j m a�wTf e#lX�Pf�_�]Xp�lqb�f�]qa �#c�|
c���¸�]`gqa�wif e!a uv]tf {�l`k�]qb���lqe@_Cf eFa u@]P�@l`gq�@k�boc j e@_�xof e@g`m j _ �
f e@kK|�c�m f�l`k�]`x��v]`c��@m ]`x%�@]qa�w�xil j a�c�{�c���f�m ]`w�x�a b j gq�@w�xi]qa�g � rtc
g`c�b�bo]`gqa�m �0f�_�]qe�a f�| �2lqev_0g`c j e�a4��f�gq�vg`m ]�a bol`|�| f�g`xF_�f�w�a f�e �
k j f�w�u�f�evkI|�]`lqa j bo]`w@c�|�lN��f�gq�@g`m ]zlqev_ 
 c�b�a u@]N��f�gq�vg`m ]`º w¦b�f�_�]qb



{ j w�a4�v]9|�c j e@_'a u@l�a�_�c'e@c�a4bo]`l`_�f�m �0{#lqa�gqu�|�]`lqa j bd]`w
]q��a�bdl`gqa�]`_�| bdc�{2c�a u@]qbv�vc�w�w�f �vm�]Cc���¸�]`gqa�w�f e�a u@]vf�{#l`k�]qb�� �

rt�Icz�@l`w�f�gXl�����boc�l`gqu@]`w�l����@]`lqbva�cz�@]@a u@]@{�c�w�atm c�k�f �
g`l`mi|�c�btf�_�]qe�a f�| ��f�evkX��f�gq�vg`m�]`wClqe@_4�I]qbd]zf e�f�a f�l`m m �4f e@p�]`w�a f �
k�lqa�]`_,��� � c�k�]qbowzlqe@_���lq�@lqe�f �vc�m c��@c j m c�w�� 
������ r�u@]I| f�bdw�a
lq����boc�l`gqu�f�w�l�k�]`c�{�]qa b�f�g�_�]`g`c�{F�@c�w�f a f�c�e��vl`w�]`_ j �@c�e
� �vc�w�w�f �vm � �@j e�f ��j ]4|�]`lqa j bo]`w�c�|@a u@]X��f�gq�@gom�]4w j gqu�l`w�a u@]
�Pu@]`]`m w�xTa uv]�| bolq{#]`x�c�bIa u@]�_�b�f�p�]sa bdlqf�e � r�u�f�w!lq����boc�l`gqu
�Il`w�f�{<�@m ]q{�]qe�a�]`_ j w�f evk�l��.c j k�u�ribolqe@w�|�c�b�{£f e�� 
����
� j aPw j |�|�]qbow�| boc�{2|�l`m�w�]@e@]`k�lqa f�p�]`w � r@u@]�w�]`g`c�e@_�lq����boc�l`gqu
f�wTa�c j w�]Il�a�]q{F�vm lqa�] � {�lqa�gqu�f e@kz{�]qa u@c�_za�cz{�lqa�gqu#l�a�]q{ �
�vm�lqa�].c�|Plt��f�gq�vg`m ].c�bIltb�f�_�]qbI��c�bP�@c�a u � a�cFc���¸�]`gqa�wif e!a u@]
k�lqa�uv]qbo]`_Kf {�l`k�]qb�� � r�u�f�w�{�]qa u@c�_��Il`wX{Ff e�f�{#l`m�m ��g`c�p �
]qbd]`_�f e�� 
���� � j w�f�evk�a uv]#�Il j w�_�c�bo|�|�_�f�w�a�lqe@g`] � xi� j a�a u@]
bo]ow j m a�w��I]qbo]�_�]qb�f�p�]o_<| bdc�{2c�e@m ��lXw�f e@k�m ]@f {�l`k�]�lqe@_�_�f�_
evc�a#g`c�e@w�f�_�]qbKa�uv]'p�lqb�f�]qa �=c�|.e@lqa j bol`m<w�g`]qev]`w!�vc�w�w�f �@m ]
l`m c�evkz��f�gq�@g`m ]@�@lqa uvw �

¥ ]v��boc��vc�w�]Clva u�f bo_t�@c�w�w�f��vm ]Clq����bdc�l`gqu.a�uvlqa j a f�m f�¡`]`w
a u@]I�Ic j k�u!ribdlqe@w�|�c�b�{·lqe@_Ca u@].�Il j w�_�c�bo|�|P_�f�w�a�lqe@g`]Pf e�l
u�����b�f�_'l`m k�c�b�f a u�{ � r�uv]��Ic j k�u'ribdlqe@w�|�c�b�{�f�w.f e�f�a f�l`m m �j w�]`_Fa�c#| f e@_F�vc�w�w�f �@m ]I��f�gq�vg`m ]K�tuv]`]`m w,f e�a uv]If�{#l`k�]qb�� �
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|�c�b�{ �Pf a u^a�uv]�a�]q{F�@m lqa�] � bd]`m lqa�]`_^w��@lqa f�l`m,bo]`m lqa f�c�e@w�u�f �@w
f�_�]qe�a f�| f�]`_z���sa u@]��Il j w�_�c�bo|�|v_�f�w�a�lqe@g`] �

r�uv],�@l`w�f�g<lom�k�c�b�f a u�{£c�|zc j b�lq����boc�l`gqu�f�wIk�f�p�]qe����
a u@]C|�c�m m c��Pf e@k��@w�] j _�csg`c�_�]`�

1.
� c�bF]`l`gqu bo]ok�f�w�a�]qbFl!p�c�a�]�f e#a uv]4g`]`m mtc�|
a u@]^p�c�a f e@k'{�lqa b�f � |�c�b9]`l`gqu0�@lqbolq{#]qa�]qb�a b�f �@m ]

a�uvlqa.w�lqa f�w�| f�]`wta u@]��@lqbolq{�]qa b�f�g!] ��j l �
a f�c�e�|�c�bzlCg�f�bdg`m�],�Pf a�u�lvbdl`_�f j w�a u@lqa@|�l`m m w��@]qa��I]`]qe
rmin

lqe@_ rmax;
2.
� c�bz]`l`gqu�g`]`m mdf e.a u@],p�c�a f e@kt{�lqa b�f �vx�g`l`m g j m�lqa�]ia u@]
gqf bog`m ] circumference �@l`w�]`_ j �@c�e�a u@]�bol`_�f j w| bdc�{�a�uv]!p�c�a f e@ks{�lqa b�f � ��� | votes_in_cell � z �
circumference a u@]qef�| � acceptable_distance xKa�l`kDa u@]bo]`k�f�c�e�lowTf e@_�f�g`lqa f�evk�lv��f�gq�@g`m ]`¹

�Pu@]qbd] lqbo]Na uv],]`_�k�]N��f �v]`m�w@��]`_�k�]`m w � f�e x�a u@]zg`]qe�a�]qbow
c�|Ca u@]!��boc�w��v]`gqa�f�p�]�gqf bog`m ]`w�lqbo]�k�f�p�]qe�����a u@]�c�bo_�]qbd]`_
�@l�f�bdw xoa u@]Pbol`_�f�f�c�|¦a uv]P��boc�w��@]`gqa f�p�].gqf bog`m ]`wzlqbo]
k�f�p�]qe4���¶x`a u@]�e j {F�v]qb.c�|���f��v]`m wC]q���@]`gqa�]`_�f e�lsgqf bog`m ]
c�|@lXw��@]`gqf�| f�g�bol`_�f j wNf�wzk�f�p�]qe<��� circumference x z f�wNa u@]�@]�bog`]qe�a�l`k�]sc�|���f��v]`m w@e@]`]`_�]`_Xf�e circumference a�cXf ev_�f �g`lqa�]4l!p�l`m f�_�gqf�bdg`m ]`x¦a u@]�bolqe@k�]4c�|vbol`_�f f.|�c�bC��bdc�w��@]`gqa f�p�]
gqf bog`m ]`wPf�wX| boc�{ rmin

a�c rmax
x�a u@],e j {F�@]qb�c�|zp�c�a�]`wPf e�l

k�f�p�]qe^g`]`m mzc�|Pa u@]�p�c�a f e@k!{�lqa b�f ��f�w votes_in_cell xtlqev_
acceptable_distance k�f�p�]`w�a u@]Xa u�bo]`w�uvc�m _�|�c�bCf�_�]qe�a f�| � �

� f�k j bo] � }zm�]`lqesf {�l`k�]C�tf a u��Il j w�_�c�bo|�|�bo]`w j m a

� f�k j bo] � � l`m�w�]@�vc�w�f�a f�p�]`w�f e�l@e@lqa j bdl`m�w�g`]qev]

� f�k j bo] � � ]`w j m a j w�f evk�lqe�]qe�u@lqevg`]`_za�]q{F�vm lqa�]

xC x r θsin–=

yC y r θcos–=

d

ai A∈

xC yC r, ,( )

h A B,( )

ai A

xC yC,( )
r



f e@k�l.{�lqa�gqu^|�c�b�l�w�]`gqa f�c�e^c�|Pf {�l`k�] A a�c!a�]q{F�vm lqa�] Bj w�f e@k�a u@]�_�f bo]`gqa�]`_��Il j w�_�c�bo|�|v_�f�w�a�lqe@g`]`x �

5.1
L�� ° «`§q® ¬'« R ¯ Q ªP§o«`³ � ª�¯�³

� ]`w j m a�w j w�f e@kKa u@]<u�����b�f�_�l`m k�c�b�f a u�{ _�]q{�c�evw�a bolqa�]
a u@]�]`|�|�]`gqa f�p�]qev]`w�w�c�|sa u�f�w�lq����bdc�l`gqu � r@u@] j w�]�c�|sa u@]
�Ic j k�u9a bolqe@w�|�c�b�{ a�c���b j e@]�a uv]�w�]`lqbdgqu�w��@l`g`]�l`m�m c��Iw
ev]`lqbXc���a f {�l`m:�@m l`g`]q{#]qe�a�c�|¦a u@]�a�]q{F�@m lqa�] j w�]`_,a�c<g`l`m g j@�
m lqa�]Ia u@]K|�c�bo�Ilqbo_��Il j w�_�c�bo|�|X_�f�w�a�lqe@g`] ��� a�lom�w�c�]qev|�c�bdg`]`w
k�]`c�{�]qa b�f�g,g`c�evw�a bolqf e�a�w¦a�uvlqa�]`m f {Ff e@lqa�]ia u@],|�l`m w�]v�vc�w�f�a f�p�]`w
a u@lqa�a uv]��Il j w�_�c�bd|�|i]q��u�f���f a�]o_�l`wtl�w�a�l�e@_ � l`m c�e@]@{�]qa uvc�_ �

r�uv]��.c j k�u�a bolqe@w�|�c�b�{�f�w j w�]`_!a�c�m c�g`lqa�].�vc�w�w�f �@m ]
w�f a�]`wC|�c�bX�Pu@]`]`m wif e!a uv]tf {�l`k�]Ilqe@_F]`l`gqu�c�|¦a�uv]t�vc�w�w�f �@m ]
w�f a�]`w@f�wvbo]`g`c�bd_�]`_�x:f�m m j w�a bolqa�]`_X���4a u@]��vm l`g`]q{�]qe�a,c�|Plsw�]qa
c�|�gqboc�w�wNu@lqf bowz��w�]`] � f�k j bo] � ��� nKc�a�]Pa uvlqaTa�uv]I�Ic j k�uFuvl`w
c�e@m ��_�]qa�]`gqa�]`_Xa u@]s| bdc�e�a,�Pu@]`]`mic�|�a u@]���f�gq�vg`m ]�w�f e@g`]�a u@]
p�f�]`��c�|�a u@]vbo]`lqb,�Pu@]`]`mdf�w�e@c�a�g`c�{F�vm ]qa�] � r�u�f�w�bo]`w j m a�f�wtl
g`c�{F{�c�esbo]`w j m aP|�c�bv{�lqe���evlqa j bol`m�w�g`]qe@]`w �

� c�bI]`l`gqu�c�|�a u@]��@c�w�w�f �@m ]s�Pu@]`]`miw�f a�]`w�x:a u@]s_�f bo]`gqa�]`_
�Il j w�_�c�bo|�|N_�f�w�a�lqe@g`]Nf�w�g`l`m g j m lqa�]`_I|�c�bTa��Ict�@m l`g`]q{#]qe�a�w�c�|
a u@]�a�]q{F�vm lqa�]`�Tc�e@]Xg`c�b�bo]`w��@c�ev_�f e@k,a�c�lXm�]o| at�tuv]`]`m�_�]qa�]`g �
a f�c�e�����a�uv]��Ic j k�u9lqev_�c�e@]Kg`c�b�bo]`w��vc�ev_�f e@kFa�c�l.b�f�k�u�a
�Pu@]`]`m�_�]qa�]`gqa f�c�e � r�uv]!�Il j w�_�c�bo|�|ia�]q{F�@m lqa�]Ca u@lqaI�I]Flqbo]
g j b�bo]qe�a�m � j w�f e@k4f�w!m ]`| a � b�f�k�u�aFw���{<{�]qa b�f�g�lqe@_�_�c�]`w�e@c�a
bo] ��j f bo]ta u@lqaz�I].g`c�e@w�f�_�]qbPa u@]t{Ff b�boc�bPf {�l`k�]sc�|�a u@]ta�]q{ �
�vm�lqa�]Na�cX_�]qa�]`gqa���f�gq�vg`m�]`w�a bol`p�]`m�m f e@k��@c�a�u4m ]`| a � a�c � b�f�k�u�avlqev_
b�f�k�u�a � a�c � m�]`| aP� a u@]@a�]q{F�vm lqa�]@f�w�w�u@c��Pe�f e � f�k j bo] � ).� w�f e@k�a u@]'c�b�f�k�f e=c�|.a uv]�gqf bog`m ]'_�]qa�]`gqa�]`_����¢a u@]
�Ic j k�uIa�bdlqe@w�|�c�b�{�x��I],w�]`lqbogqu�| boc�{=l,g`l`m�g j m lqa�]`_.w�a�lqb�a f�evk
�vc�f e�a�xo�vm l`gqf�evkCa uv]Pa�]q{F�@m lqa�]Ic�eFa u@]�f {�l`k�]Pf e#l
��f��v]`mobo]`k�f�c�e�lq�@c j a�a u@]C_�]qa�]`gqa�]`_�gqf bdg`m�] ��� |ilqe�l`g`g`]q��a�lq�@m ]
� f � ] � w�{�l`m m � _�f�w�a�lqe@g`]zf�w@bo]qa j b�ev]`_I���4a�uv]�|�c�bd�Ilqbo_K�Il j w �
_�c�bo|�|4_�f�w�a�lqe@g`]`xIlK��f�gq�@g`m ]�_�]qa�]`gqa f�c�e9f�w<a�l`m m f�]`_9lqasa�u�f�w
�vc�w�f�a f�c�e�f e�a u@]<g j b�bd]qe�a�f {�l`k�] ��� f�k j bo] � f�m m j w�a bolqa�]`wPa u@]
�vc�w�f�a f�c�e4c�|:a uv]ia�]q{<�@m lqa�]zc�eIa u@]Nf {�l`k�]z�Pu@]qbo]zlqe4l`g`g`]q��a �
lq�vm�]C|�c�bd�.lqbd_��Il j w�_�c�bo|�|v_�f�w�a�lqe@g`]��Il`wtg`l`m g j m lqa�]`_ �¥ ]vu@l`p�]�lq���@m f�]`_�a u@]vu�����b�f�_sl`m k�c�b�f a u�{ a�csl�p�lqb�f�]qa �
c�|�f {�l`k�]`w�a u@lqa¦f e@g`m j _�]v{Ff �@]`_ta bol`|�| f�gCw�g`]qe@]`wPlqe@_.w�g`]qev]`w

�Pf a u'e@c���f�gq�@g`m ]`w �Ch f evg`]Fa u@]Fa��Ic'c��vw�]qbop�]`_���bdc��@m ]q{�w
�Pf a u j w�f e@k�]qf a u@]qbsa�]`gqu�e�f ��j ]#l`wKlqe�]q�@g`m j w�f�p�]<{�]qa u@c�_
f e@p�c�m p�].ltu�f�k�uFbolqa�]sc�|P|�l`m w�]�ev]`k�lqa f�p�]`w,��|�c�b�a�uv].�.c j k�u �
lqev_�|�l`m w�]s�@c�w�f a f�p�]`w!��|�c�bIa�uv]��Il j w�_�c�bd|�| ��� �I]sf e@g`m j _�]`_
f {�l`k�]qb���a u@lqa�{<f�k�u�aC��bo]`w�]qe�aC��boc��@m ]q{�w4|�c�bsa u@]�u�����b�f�_
{�]qa uvc�_�g`c�e@w�f�_�]qb�f e@k�a u@]@��e@c��Pe�w�uvc�b�a�g`c�{<f e@k�wtc�|i]qf a�uv]qb
a u@]C�.c j k�usribolqevw�|�c�b�{�c�bva uv]��Il j w�_�c�bd|�|i_�f�w�a�lqevg`] �

� c�bif evw�a�lqe@g`]`x � f�k j bo] �sw�u@c��IwPlCw�g`]qev]�| boc�{�lv��f�gq� �
g`m ]Cm lqe@]va u@lqa�w�u@lqbo]`wPlCw j bo|�l`g`]Cw�a�bd]`]qa��tf a usevc�b�{�l`m¦p�]qu�f�g �j m lqbta�bdl`|�| f�g � �0�@l`w�w�]qevk�]qb�� j w@��bo]`w�]qe�a�w@a�uv]�g`c�b�bd]`gqaCw�f�¡`]
lqev_4�vm l`g`]q{�]qe�a�|�c�bIa u@]��Ic j k�u�a�c!f�_�]qe�a f�| �^l.�@c�a�]qe�a�f�l`m
��f�gq�vg`m ]`xX� j a�c j b�u�����b�f�_[lq����boc�l`gqu[u@l`w�bd]q¸�]`gqa�]o_�a u@]
u����@c�a�uv]`w�f�w�c�|Kl���f�gq�vg`m ]'lqa<a u�f�wF�@c�w�f a f�c�e � � f�k j bo] 
��
w�u@c��IwIlFw�f {Ff�m lqb<]q�vlq{F�@m ]F�Pf a u'lqe�l j a�c�{#c���f�m ] � �Kk�lqf e@x
a u@]X�Ic j k�u�| f�m a�]qb@u@l`wNf�_�]qe�a�f�| f�]`_<lPbd]`k�f�c�e<a u@lqaTa uv]I�Il j w �
_�c�bo|�|�uvl`wTbd]q¸�]`gqa�]`_ �

r�uv]!c�e@m �'|�l`m w�]��@c�w�f a f�p�]�a u@lqaPa u@]Cu�����b�f�_�lq����boc�l`gqu
u@low�k�f�p�]qe�_ j b�f e@kXa�]`w�a f e@kXf�wCw�uvc��Pe4f e � f�k j bo] 
%
�� �I]qbo]`x
f e�lqe�f {�l`k�]�| bdc�{0a u@]�}ib�f a�]qb�f j {0��f�gq�vg`m ]�bdl`g`]`xda uv]���f�gq� �
g`m ]Nf�w¦e@c�a@c�b�a u@c�k�c�e@l`m�a�cPa u@]Nf�{#l`k�]N�@m lqe@]zc�eIa uv],g`lq{#]qbol �
r�uv]Kbo]`w j m a�f�w�a�]`gqu�e�f�g`l`m m �Dl�|�l`m w�]K�@c�w�f a f�p�]`xIw�f e@g`]Ka u@]
u�����b�f�_ l`m k�c�b�f a u�{ uvl`w�g`c j e�a�]`_�a��Ic���f�gq�vg`m�]`w�x<�tuv]qbo]

h A B,( )

� f�k j bo]��s�.c j k�u�w�]`m ]`gqa�f�c�e�c�|��@c�a�]�e�a f�l`mo��f�gq�@g`m ]

� f�k j bo] � �Il j w�_�c�bd|�|�a�]q{F�@m lqa�]

10 10×

� f�k j bd] � �Il j w�_�c�bo|�|vg`c�e@| f b�{#lqa�f�c�e�c�|���f�gq�vg`m�]

� f�k j bo]�� � ]q¸�]`gqa f�c�e�c�|vlv� j w

� f�k j bo] 
�� � ]q¸�]`gqa�f�c�e�c�|vlqe�l j a�c�{�c���f�m ]



c�e@m ��lsw�f evk�m ]���f�gq�@g`m ]s]q��f�w�a�w � r�u�f�wCg`c j m�_��@]s]`m f {Ff e@lqa�]`_
����lqevl`m �@¡qf e@kPa u@]zlq{�c j e�a@c�|Nc�p�]qbom lq�I�@]qa��I]`]qeIa��Ictf�_�]qe �
a f�| f�]`_.��f�gq�vg`m�]ow�¹�u@c��I]`p�]qb�x�f a�f�wIg`c�{F{�c�e�|�c�b�gq�vg`m f�w�a�wPa�c
b�f�_�][w�f�_�] � ��� � w�f�_�]`x���bdc�_ j gqf e@k=w�g`]qev]`w¢�Puv]qbo][l�u�f�k�u
_�]`k�bo]`]�c�|vc�p�]qbom lq���Ic j m _�]q��f�w�aP|�c�bva��Ic�m ]`k�f�a f {�lqa�]@��f�gq� �
g`m ]`w � ¥ ]Xlqbo]Xg j b�bd]qe�a�m �<f�evp�]`w�a f�k�lqa f�evk<c�a u@]qb@{�]qa u@c�_�wz|�c�b
l`_�_�bo]`w�w�f evkza u@]v{ j m a f �@m ]�g`c j e�a f e@ksc�|iw�f e@k�m ]@��f�gq�@g`m ]`w �

5.2 Performance
rt�Ic �@]qbo|�c�b�{�lqevg`]D|�l`g�a�c�bow�lqbo]�bo]`m ]`p�lqe�a�f�e�c j b

�Ic�b��@��]`|�| f�gqf�]qe@g��9lqev_�]o|�|�]`gqa�f�p�]qe@]`w�w �¦� |�| f�gqf�]qe@gq��c�|@a u@]
�Il j w�_�c�bo|�|�_�f�w�a�lqe@g`]#�Il`wXa u@]<{�lq¸�c�b�|�l`gqa�c�bsf�e�a u@]#_�f�w �
{Ff�w�w�l`mic�|Ta u�f�w@{�]qa uvc�_X��� � c�k�]qbow�lqe@_ �zlq�vlqe�f �@c�m�c��@c j@�
m c�w�� 
������ r�u@]qf bI�Ic�b���w�u@c��.]`_�a uv]s�Ic j k�u!ribolqevw�|�c�b�{Da�c
�v]v{�c�bo]Cw j f a�lq�@m ]C_ j ]ia�c.lCm c��I]qbib j e�a f {�] � n�]`lqb � c���a f {�l`m
�vm�l`g`]q{#]qe�atc�|�a u@]�a�]q{F�vm�lqa�]Xk�bo]`lqa�m �<bo]`_ j g`]`wTa u@]�b j e�a f {�]
c�|�a u@]�_�f bo]`gqa�]`_��Il j w�_�c�bo|�|v_�f�w�a�lqe@g`] �

r�uv]X]`|�|�]`gqa f�p�]qe@]`w�w�c�|�a�uv]Xl`m k�c�b�f a u�{[uvl`wN�v]`]qe#_�]q{ �
c�e@w�a�bdlqa�]`_ _ j b�f e@k c j b ��bd]`m f {Ff evlqb�� a�]`w�a�f evk � ¥ uv]qe
lq���@m f�]`_Pa�cXl�p�lqb�f�]qa �4c�|`f {�l`k�]`w@��c j b���bd]`m f�{<f e@lqb��4_�lqa�l�w�]qa
f e@g`m j _�]`_ 	 ��f {�l`k�]`w�c�|s��f�gq�@g`m ]#�vlqa u@w4a u@l�a!f e@g`m j _�]`_
p�]qu�f�g j m lqb�a bol`|�| f�g#f e��@c�a u�a u@]�|�c�bd]`k�boc j e@_�lqe@_��@logq� �
k�boc j e@_�xv�I]Cuvl`p�]F|�c j e@_�lqe�l`g`g j bol`gq��c�p�]qb ��� � f e�a u@]
_�]qa�]`gqa f�c�e�c�|���f�gq�@g`m ]`w�f�e.e@lqa j bdl`m�w�g`]qe@]`w � � c�bia uv]`w�]Cw�lq{�]
f {�l`k�]`w�xda u@]I�Ic j k�u<ribolqevw�|�c�b�{[bolqbo]`m �#|�c j e@_,�@c�a uF��f�gq� �
g`m ]^�Pu@]`]`m w�x!_�]q{�c�e@w�a�bdlqa f�evk�a u@lqa�l^�.c j k�u ]q�@g`m j w�f�p�]
{�]qa uvc�_��Ic j m _z�v]�w j g`g`]`w�w�| j mof e�c�evm � ����� c�|�a uv]�g`l`w�]`w �
� j b�f e@ksc j bz| f e@l`mda�]`w�a�f evksc�|%a u@]vu�����b�f�_�{�]qa u@c�_�x�e@cs|�l`m w�]
ev]`k�lqa f�p�]`wC�I]qbo].c��vw�]qbdp�]`_!lqe@_!c�e@m ��l.w�f e@k�m ]s|�l`m�w�]t�@c�w�f �
a f�p�]`x�w�u@c��teIf e � f�k j bo] 
:
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