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 F (����'� 0�020 F�3 ���'� �
� dcZEt��*§ ��� �'��4 
 �G(9���'� 02020 ��3 � �'��� !�jqt©h
k8Y[�X��bcZEu¢��dgkSY �Q4 P � , � W N-; 020�0 �-Z�fS`ou�� ��dgZetc� §&��dgkSY
� 4[P � , � W N\; 0�020 � Z�fS`ou�� !i§

gCgihkj�l�m#n�o
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µ/jlr8�XdcZ SL�$¨$kS`=bcdgkS�q�ljq`Xr�bcUXZ�bgjlY[Z�fS�lk8`Xr2bgUXZ�h�fSY[Z�dnf�bgdgfsz{ZehibgkSdg¡
� - � ��� �6� � � �6�
"��!"

T�k-bgdgf8hn�LbgUXZ�jqY-fsr8Z�bcdnf�z{ZEhibck8dcjqZet��ot�jq`Xr
fs`¥jqY[fSrSZ�mJ�of8t�ZEu¢h
kS`=bgdck8��tghnUXZ�Y[ZSpA¤­Z2�otcZ�bgUXZ���k8�l�qk�¤&jl`or
�vjxt�jqkS`XmJ�of8t�ZEu-bnfStc�-���X`oh
bcjqkS` � bck-�AZ�dgZ�rS�o�qfsbcZeu�bck " �

� 4 
� 
 � %�� 
 ���'�+� � % X ���'�'�
TVUoZ$bgjlY[ZV��fsdg¡vjl`Xr©�SZEhibgkSd)%,X4���'�/jxt/bcUoZVuXZetcjldgZeu2bcdnf�z{ZEhibck8dc¡�kS�
%&h
k8Y[�X��bcZEu�f8t6�XdgZ��vjlk8�otc�l¡�Z
¹��X�xfsjq`XZEu
fS`ou©bcUoZ¶Y-f�bgdcjl¹ 
� 
 jxt bcUoZ$�otcZ��Ou�ksm·jl`v�8Z�dnt�Z6ks�of}hnUXk8tcZ�`�Y[k�u�Z��=ks� � §/TVUXZ$��fs�q�XZDks� � f�b�bcUXZ­h
�XdgdcZe`=b
uXZetcjldgZeu��Ok=t�jlbcjqkS`
jxt&�otcZeuL��kSd 
� §!L�kSdgZ©�odcZEh
jxt�Ze�l¡ �

� j£�/bcUoZ�bgfsdgrSZ�b&jqtV�v`Xk�¤&` 
� 4 � � %�X����'� T � X�� �'�'�
� Z��xt�Z 
� 4 � � %,X4���'�>T � X4� �'� T 
V�X>�ip 
V�X©�AZ�jq`Xr�fS`�ZEt{bgjlY-f�bgZeu
��fs�q�XZ�ks�kV�X � tcZ�Z �°�X� ! !��� � % X � �'� T�� X ���'�>T 
V X �y4 � ;


V X � � %�X4���'� T��	X����'�+� � � %,X����'�+� �
TVUoZ�Z�¹v�AkS`oZ�`=bcjxfs�Vu�Zehef´¡±ks� � bgk�¤­fSdgu " hefs` �AZ¢kS��bnfsjq`XZeu²�v¡²jqY[�Ok=t�jq`Xr �� 4 �	� � � � �AZ�jq`Xr f
�odck8�Ok8d�bgjlk8`ofs�Ar8fSjl`�!
p�bcUoZ�h
kSdgdgZetc�Ok8`ou�jq`Xr�h�kS`=bcdgkS�4�xf´¤ jxt2�

! # 4 �	� � � . �. � �°\S\ !
¤&UoZ�dgZ�! # jxt¦bcUXZ-hefsY[Z�dnf��8Z��qkvh�j£b{¡¥tcZ�`=b©bck�bcUXZ[dgkS�Aksb�h
kS`=bgdck8�l�qZ�dE§�^·�¶bcUoZ2bnfsdgrSZ
b�jxt¦�v`Xk�¤&`�bck¢�OZ
Y[kSbcjqkS`X�qZetgt�p�¤­Z�Uof´�SZ . �. � 4 � 
� 
 . % X. � fS`ou�bcUXZ�hefsY[Z�dnf��SZ��qk�h
jlb{¡Lh�fS`��AZ�dgZ�¤&dgj£bcbcZ�` �

!�# 4 �	� � � 
� 
 . %,X. �
¤&UoZ�dgZ-bcUXZLbcZedcY 
� 
 � � �� - fs�q�lk�¤�t�bck¸h�kSY[�AZ�`otgf�bgZ-bcUXZLbcdnfShn�vjq`Xr¥Z�dgdck8de§ L¥k8dcZ��odcZEh
jxt�Ze�l¡8p�¤­Z�Uof´�8Z
��dgkSY � \8� ! � . % X. � 4 	 g , � ] � � � , � � � , ��kSd �uW � ;���� � � � W
�
'¦t�¤&jq�l�$�OZLtcUXk�¤&`±jq`±bcUXZ�`oZ
¹vb�tcZehibgjlk8` p�bcUXjxt2h�kS`=bcdgkS�?�xf´¤ jxt�dgkS�X�Ot{b�¤&jlbcU²dgZetc�OZEhib�bgk¥Y[kvuXZ��qjl`Xr
ZedcdgkSdnt}fS`ou�`okSjxt�Z��OZed�bg�Xdc�Of�bcjqkS`Ot¦tcjl`Oh
Z�bcUXZ[Z�dgdgkSd����o`ohibgjlk8`®�otcZeu®fSt¦jl`o�X��b�dcZeY-fsjq`ot¦tcY-fs�q�?fs`ou¸jqt
uXjldgZeh
bc�q¡Lh
k8YN�o��bcZEuL��dgkSY«�=jxtc�ofs�4��ZEf�bc�odcZEt�§

465Eg7498



���������	�
���
�������������������������! #"$����%�&'������%�($)*%��#+,������� �S\

Desired configuration Initial configuration

Initial imageDesired image

µ/jlr8�XdcZ��L�EQD¹v�AZ�dgjqYNZe`=bgfs��t�Z�bc�X�
� ��� 	®" � ���!"&������� � " �*� �n� �

TVUoZ��XdgkS�Ak8tcZeu¢Y[Z�bcUXk�uXt©Uof´�8Z2�AZ�Z�`¸bcZEt{bgZeu�k8`¸f
t�jl¹�uvmJkSm°�DZe¡SZ�mJjq`�m·Uofs`ou¸t�¡�t�bcZ�Y¢§ Nvjq`oh
ZN¤­Z2¤­Z�dgZ
`oksb[jl`=bcZedcZEt{bgZeuQjl` jqY[fSrSZ��Xdck�h�Zetgt�jq`Xr jqtgt��oZetNjl` bcUXjxt[�ofS�OZedep¶bcUXZ
bgfSdcr8Z
b[jqt[h�kSY[�Ok=t�ZEu �v¡ ¤&UXjlbcZ
Y-fSdc��t�� tcZ�Z�µ/jlr8�XdcZ�� !i§?TVUXZ�Z
¹vbcdnfSh
bcZEu��vjqtc�ofS�O��ZEf�bg�XdcZEt&fsdgZ}bgUXZ�jlY-fSrSZ�h
kvkSdnu�jq`of�bgZet$ks�*bgUXZ�h
Ze`=bcZ�d
kS�/r8dgf´�vjlb{¡-ks�6Zef8hnU
Y-fSdc�4§¶TVUXjxt�tcZeh
bcjqkS`¢jqt�kSdgr8fs`ojlªeZeuLf8tV��kS�q�qk�¤�t�§D^a` Nv�o�ot�ZEhibgjlk8`���§l�8pX¤­Z��XdcZEt�Ze`=b
Z�¹��OZedcjqY[Z�`=bgt$¤&UXjxhnULh
k8`�¯odgY bgUof�bVjq`8bgdck�u��Oh
jq`Xr�f2�of�bgU��X�xfs`X`Xjq`Xr[t{bgZ���jqY[�Xdgk��SZet$t�jqrS`oj£¯Ohefs`=bc�q¡NbcUXZ
dgkS�o�ot{bg`XZetgt�¤&jlbcU²dgZetc�OZEhib�bck¸YNk�u�Ze�ljq`Xr¥ZedcdgkSdnt�§-^a`±bgUXZRNv�o�ot�ZEhibgjlk8`ot��v§ ��p?�v§ \¥fs`ou ��§ �Op�k8`X�l¡¸bcUXZ
dgZ��o�X�qtcjq�SZ��AksbcZe`=bcjxfs��f8tctck�h
jxf�bgZeuLbck-bgUXZ2�vjxt�jq�Xjq�ljlb{¡
h�kS`ot�bcdnfsjq`=b�jqt¦fSh
bcjq�´fsbcZEu §&TVUXZ�dgZetc�X�£bnt&kS�Xbgfsjq`XZEu
¤&jlbcU�f��o�qfS`ofsd6bnfsdgrSZ
b¶fS`ou[fs`-�X`o�=`ok�¤&`N`okS`�m·�X�xfs`ofSd�bnfsdgrSZ�b¶fsdgZ�u�jqtgh
�OtctcZeu §/^a` Nv�X�otcZeh
bcjqkS`���§ :Xps¤$Z
h�kSY[Y[Z�`=b¦Z�¹��OZedcjqY[Z�`=bgt¦kS��bnfsjq`XZeu¸¤&UXZ�`¸�OkSbcU�z{k8jl`=b��ljqY[j£bnt�f´�SkSjxuXfS`oh
Z2fS`ou¥�vjxt�jq�Xjq�ljlb{¡¥h
kS`Ot{bgdgfSjl`=bgt
fSdcZ¦bgfS�SZe`�jq`=bck�fSheh
k8�X`=be§

� �	� 
���
����������	
  &�������  �V!y� ���a GF � �	��
 
��:
 �
� Z�¯odgt�b©tcUXk�¤ bcUOf�b�j£b�jqtep4jl`¸rSZ�`oZ�dnfs�JpOY[kSdgZ�jq`=bcZ�dgZet�bcjq`XrLbckL�o�qfS`�bcUoZ2jqY[fSrSZ2bcdnf�z{Zeh
bck8dc¡$%,X4���'�}¤$Z
¤Vfs`=bDbgk�f8hnUXjlZe�SZ�dnf�bgUXZ�d¶bcUofS`-bck��otcZ¦f2h�kS`ot�bgfS`=b¶dcZ���Z�dgZ�`oh�Z�%�X�§?T�k�fShnUojlZe�SZ}fS`-Z
¹��Ok8`XZ�`=bgjqfS�Au�ZEh�f´¡
kS�¶bgUXZ�t�Ze`otckSd�t�jqrS`Ofs�/��dck8Y jlbgt�jq`Xjlbcjxfs�?��fs�q�XZ % + bgk¥j£bnt�u�ZetcjqdcZEu¸k8`XZ %,X�¤­Z-h�fs` �otcZNbcUXZ[��k8�l�qk�¤&jl`or
h��qf8tctcjxh�fs� h�kS`=bcdgkS�4�xf´¤O� !�# 4 �	� 
� 
 � %�� �'� � % X �
¤&UoZ�dgZ 
� 4 � � %�� �'� T � � �'�'�i§ � jlbcU¸bcUXjxt¦tghnUXZeYNZ8pO¤­Z2Z�¹��OZEhib}bgUof�b©Zef8hnU��Ok8jl`=b©YNk��8Zet&jq`¥bgUXZ�jqY-fsr8Z
f8h�h�kSdnu�jl`or2bgk[f-t�bcdnfsjqrSU=bV�ljq`XZ8pXZ��8Z�`¢j£�6¤­Z©�v`Xk�¤ bcUofsb�j£b�jxt&`XkSb��Ok=tctcjq�X�lZ�jq`¥fs�q�*h�f8t�ZEt��q�#�·§?^a`¢kSdnu�Z�d
bgk-hnUXZehn�-bgUXZ�dgkS�X�ot�bc`oZetgt$¤&jlbcU¢dgZetc�OZEhib&bgkNY[k�u�Ze�ljq`Xr[Z�dgdck8dgtepv¤$Z�hefsdgdcjqZeuLkS��b&bgUXdcZeZ�Z
¹��OZedcjqY[Z�`=bgt��
.�� bcUXZ�h�kSdgdcZEhibVjl`=bcdgjq`ot�jxh©�ofsdnfsY[Z�bcZ�dntVfsdgZ��ot�ZEu §DTVUXZ�dgZ
��Z�dgZ�`Oh
ZO% X UOfStV�AZ�Z�`
bnfs�SZe`
h�kS`ot�bgfS`=be§
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5 � '�`¥Z�dgdgkSd&ks��� ��� jxt&jq`=bcdgkvuX�oh
ZEu¢kS`
bcUXZ2jl`=bcdgjq`ot�jxh��ofSdgfSY[Z
bcZedgte§ '¦t�jq`¢bcUXZ��odcZe�=jqkS�Ot&h�fStcZSpobcUXZ
dcZ���Z�dgZ�`oh�ZO%,X¦Uof8tV�OZeZ�`
bgfS�SZe`
h�kS`ot�bgfS`8bE§

< � TVUXZ-tcfSYNZNZ�dgdgkSd©ks��� ��� jxt�jl`=bcdgk�u��oh�Zeu�k8`¸bgUXZ[jl`=bgdcjq`otcjqh��ofsdnfsY[Z�bcZ�dnte§ ' ��fSdcjxfs�X�qZNdcZ���Z�dgZ�`oh�Z% X ���'�¶jxtD�otcZeu�tc�ohnU-bgUof�b$bcUXZ¦Z
¹��AZehibgZeu[bgdgfsz{Zeh
bckSdgjqZetDfSdcZ}t�bcdnfsjqrSU=b¶�qjq`XZet¶jl`LbcUXZ¦jlY-fsr8ZS§ � Z�b$�ot
dcZEh�fS�l� bgUof�b©t��ohnU
bgdgfsz{ZehibgkSdgjlZEt&fsdgZ�`Xksb©fs�q¤­f´¡�t­�XUv¡�t�jxh�fS�l�q¡L��fs�qjxu%�l���·§�Nv�ohnU¥tcjlY[�X�qZ��X�xfs`X`ojl`Xr
fs�X�odck=fShnU-h�fS`[bcUv�otD`oksb$�AZ�r8Z�`XZedgfS�ljqª�ZEu §�^a`[bgUXjxt¶Z�¹v�AZ�dgjqYNZe`=bep=¤$Z�UOf´�SZ�hnUXk=t�Ze`[f��ofsdcbcjxh
�X�xfsd
fs`ou���fs�qjqu�h
k8`�¯orS�odgfsbcjqkS`2tc�ohnU�bgUof�b/bcUoZ­dgZefS�ljqª�ZEu�bcdnf�z{ZEhibgkSdgjlZEt�fSdcZ¶bcUXZ&tgfsY[Z¶��k8d6�OkSbcU�h�kS`=bcdgkS�
tchnUoZ�Y[ZetV¤&UXZe`¥h
kSdgdgZehib&h�fS�ljq�Xdnf�bgjlk8`Ljxt&�otcZeu §

TVUoZ�jqY-fsrSZEt¦h�kSdgdcZEt��AkS`Ou�jl`or�bck�bcUoZ[uXZetcjldgZeu�fS`ou�jq`Xjlbcjxfs�DhefsY[Z�dnf��Ak8tcj£bgjlk8`ot�fsdgZ2r8jl�8Z�`�jq` µ/jqrS�XdgZet
�E���°f !¦fs`ouQ�e������!¦dgZetc�OZEhibcjq�SZe�l¡8§NTVUoZNk8��bgfSjl`oZeu¸bcdnf�z{Zeh
bck8dcjqZet©jq`¸bgUXZ-jlY-fSrSZ���kSd�bcUoZ[bcUXdgZ�Z[Z
¹��AZ�dgj£m
Y[Ze`8bnt&fsdgZ�rSjq�SZ�`
jq`LbgUXZ�µ/jlr8�XdcZEt��S� � f !
p �S� ����!­fs`Ou®�8� �°h !$dcZEt��AZeh
bcjq�SZe�l¡8§
'¦t[Z
¹��AZehibgZeu p$bcUoZ�bgdgfsz{Zeh
bckSdg¡²ks�©Zef8hnU �AkSjq`8b-jq` bcUXZ¢jqY[fSrSZ
jqt-f±t�bcdnfsjqrSU=b[�ljq`XZ¢¤&UXZ�` f h
k8dcdgZeh
b
hefs�qjl�odgfsbcjqkS`Ljxt&�otcZeu1� tcZ�Z�µ/jqrS�XdgZ[�S� � f ! !i§?¬­��b�jq`
�odcZEt�Ze`oh
Z�ks�6Y[k�u�Z��qjl`orNZedcdgkSdntep=¤­Z�`XksbgZ�bcUofsb&bcUXZ
bgdgfsz{Zeh
bckSdgjqZetDfSdcZ¦�SZ�dg¡�� fsdVf´¤­f´¡2��dck8Y bgUXZ©Z
¹��OZEhibgZeu�k8`XZet�� tcZ�Z�µ/jlr8�XdcZ2�S� � ��! !
§DTVUXZ}Y[kSbcjqkS`�kS� bcUXZ
�AkSjq`=bgtVjq`
bcUXZ�jqY-fsr8Z�fSdcZ¦bcUv�ot��X`X�XdgZeu�jxhibnfs�X�qZ�fs`Ou�f[�ofSd�b&kS�*bcUoZ�jlY-fSrSZ©��Zefsbc�XdgZetVY-f´¡�r8Z
b&kS��b�kS�
bgUXZ2hefsY[Z�dnf�¯oZ��xu
ks�?�vjlZe¤�§ '}t¦h�fS`
�AZ2tcZ�Ze`
jq`�µ/jlr8�XdgZ-�S� �°h !
pX�v¡L�otcjl`or�f[�´fSdcjxfs�o�lZ�dgZ
��ZedcZe`oh
Z8p�bcUXZ
Z�¹��OZEhibcZEu
bcdnf�z{ZEhibck8dcjqZet&fSdcZ�dgZefS�l�q¡Lk8��bgfSjl`oZeu¢Z��8Z�`¢jl�DjlY[�AkSdcbgfs`=b}Y[k�u�Ze�ljq`Xr-Z�dgdgkSdnt&fsdgZ�jl`=bcdgk�u��oh�Zeu §
TVUoZ¦Y[ksbgjlk8`�ks��ZefShnUL�Ok8jl`=b&jl`LbcUXZ©jqY[fSrSZ©fsdgZ�bcUv�ot­�AZ�dc��Zeh
bc�q¡-�XdcZEu�jxhibgfS�X�qZS§?TVUXjxt$Z�¹��OZedcjqY[Z�`=bVh�kS`�m
¯OdcY-t/bcUOf�bDf¦bcdnf�z{Zeh
bck8dc¡���k8�l�qk�¤&jl`or¦jq`2bgUXZ&jqY[fSrSZVt��OfSh
ZVr8jl�8Zet/�OZ�b�bgZ�dDdgZetc�X�lbgt�bcUofS`-f¦�AkSjq`=b�mJbckSmJ�AkSjq`=b
Y[kSbcjqkS`¢fs`ou�jlY[�Xdgk��SZEtVt�jqrS`Xjl¯Ohefs`=bc�q¡-bcUoZ�dck8�X�ot�bc`XZEtct­¤&jlbcU¢dcZEt��AZeh
b&bck[Y[k�u�Z��qjl`orNZedcdgkSdnte§
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�°f ! � ��!

µ�jqrS�odcZN�e�L���°f !­^a`Xjlbcjxfs�Jp � ��!Vu�ZetcjqdcZEuLjqY-fsrSZEtVks��bcUXZ�bnfsdgrSZ
b
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�°f !
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����!
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� h !
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µ/jqrS�XdgZ��8�4��T�dnf�z{Zeh
bck8dcjqZet?jq`-bgUXZ}jqY-fsrSZ}¤&UXZ�`1� �°f !Df2h
kS`Ot{bnfs`=b¶dgZ
��Z�dgZ�`Oh
Z�%�X&fS`ou�f��AZ�dc��Zeh
b­h�fSY[Z�dnf
hefs�qjl�odgfsbcjqkS`²fsdgZ-�otcZeu�� � ��!�f�h�kS`ot�bgfS`=b�dcZ���Z�dgZ�`oh�Z %,X-jqt2�ot�ZEu²fs`ou²f��8���)Z�dgdck8d�kS`±bgUXZ�jq`8bgdcjq`otcjqh
�OfsdnfsY[Z
bgZ�dnt[jqtLjl`=bcdgk�u��oh�Zeu���� h !�f²��fsdgjxfs�X�qZ¥dcZ���Z�dgZ�`oh�ZQ%�X9���'��jqtL�otcZeu�fS`ou f²�8��� ZedcdgkSd�k8`,bcUXZ
jq`=bcdgjl`Ot�jxh©�ofsdnfsY[Z
bgZ�dnt­jqtVjq`=bcdgkvuX�oh
ZEu

� �u� ����� �����+D ��
  ����^����� ���" &� �|!#� ���/
�!
	 
 � �"��
��a� ! � � ���Y 
� Z¢fsr8fSjl` h�kS`otcjxu�Z�d[f��X�xfs`OfsdNkS��z{ZEhib�¤&jlbcUQ��kS�od�¤&UXjlbcZ
Y-fsdg��t�§±TVUXZ
jlY-fsr8Zet�h
kSdgdgZetc�Ok8`ou�jq`Xr¥bck
bgUXZ-u�ZetcjqdcZEu®fS`ou¸jq`Xjlbcjxfs�DhefsY[Z�dnf��Ak8tcj£bgjlk8`ot�fsdgZNrSjq�SZ�`®jl`²µ/jqrS�XdgZetN�E��� f !}fS`ou �´�"� ��!¦dcZEt��AZeh
bcjq�SZ��q¡S§
TVUoZ�h
kSdgdgZetc�Ok8`ou�jq`XrNhefsY[Z�dnf[u�jxt��X�xfSh�Z�Y[Z�`=b��AZ
b{¤­Z�Ze`�bgUXZ�u�ZEt�jqdcZEu¢fs`ou�bcUoZ�jl`oj£bgjqfS�*h�fSYNZedgf���dnfsY[Zet
jxt��8Z�dg¡�jlY[�AkSdcbgfS`8b�� � 3 4 	 ��� Y[Y¢p1� 
 4��
� � Y[Y¢p ��� 4 ; ��� YNY ���G��� 3 4 �
� u�rOp ���
��� 
 4�� � u�rop� �G�����C4��e�v��uXr !�fs`Ou p6jl`±bgUXjqtNh�f8t�Z8p/h��qf8tctcjxh�fs�¶jlY-fsr8Z
m·�ofStcZeu±fS`ou±�Ok=t�jlbcjqkS`XmJ�of8t�ZEu �=jxtc�ofs�­t�Zedc�8kSjq`Xr
� fSjl�J§V^a`¥kSdnu�Z�d�bck-Z�Y[�XUOfStcjlªeZ�bcUXZ2jlY[�AkSdcbgfs`Oh
Z�kS�/bgUXZ�jq`=bcdgkvuX�oh
ZEu
h�kS`ot�bcdnfsjq`=b�jl`¢bgUXZ�bgdgfsz{Zeh
bckSdgjqZetep
¤­Z2�AZ�dc��kSdgY�bcUXZ��of�bgU¸�X�xfs`o`Xjl`orLks�?bgUXZ�bgfsdgrSZ�b¦¤&jlbcUXk8��b¦dgZ��o�X�qtcjq�SZ2�AksbgZ�`=bcjxfs��� tcZ�ZNµ/jlr8�XdcZ��E��� h ! !i§� Z�kS�Ot�Zedc�8Z}bgUof�bVbcUoZ��=jxtc�ofs�4��ZEf�bc�odcZEtV�qfSdcr8Z��q¡-rSZ
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