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b�cde�fgchijk�fj ljfm c� bno p �q� r�h��fj s l���flk �ql� �hjcm�� �q� g ki�t�fh�
cu lhe kf� fhr c�rlhf�s p f� jcstc��m cu l ���fhr cu hijk�c�fm�� �ql� l�� lm�hfh�
vo w p �qes fh� vx w p je�c�fh� vyw p lhm rilhfh� vz w � ykch�� l�� jctf�� cu �lhmcs
�ig���fhr� cu l rf��h bno ���fhr � ykch�� s le c���klt fh l jkch� ml�lgl�� �

�����fj�fch �h�es �� l�� �h�es�� �ql� ji� l hijk�c�fm� ���fhr lk{le� l� �t�|
jf}j �f��� �~ �ljq mf����h� �����fj�fch �h�es � ji�� �q� hijk�c�fm� ���fhr l� mfu|
u���h� �f��� � o u��� ji��fhr lkk fhuc�s l�fch lgci� �q� c�fr fhlk c�m�� cu �q� �s lkk
u�lrs �h�� f� kc�� p g�jli�� �q� �s lkk u�lrs �h�� � i�� �cl� �lhmcs ke fh �q� �����fj|
�fch �h�es � �� �h �qf� tlt�� {� l��is � �ql� �ljq jkch� f� ji� l� lkk �����fj�fch
�f��� �ql� l�� �t�jf}j uc� �q� �h�es� lttkf�m � xqf� f� jlkk�m jcstk��� mfr���fch �
ykch�� jlh g� jctf�m �l�fke lhm jcstk���ke mfr����m ge �l�fci� �h�es �� lhm �q�
k�hr�q� cu �q� u�lrs �h�� lu��� �q� mfr���fch jlh g� s�l�i��m �
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o r�hcs � s lt f� l ���i�hj� cu jkch�� �� � � � � � �� cu �cs� bno ���fhr �ijq
�ql� �q� k�u� �hm cu �� t��j�m�� �q� k�u� �hm cu ��� � ch �q� bno ���fhr � o ��|
}h�m r�hcs � s lt ljjc�mfhr �c l �t�jf}j �h�es � f� l r�hcs� s lt {q��� �q�
�����fj�fch u�lrs �h�� cu �ljq jkch� l�� lk�c c�m���m u�cs k�u� �c �frq� ljjc�mfhr
�c �q�f� tc�f�fch ch �q� bno ���fhr � �� jlh �issl�f�� �q� t�cgk�s cu r�hcs�
s lt l���sgke { f�q �fhrk� �h�es � jcstk��� mfr���fch l� uckkc{ � 	
�n�
x 	 �c� lh �h�es � lhm uc� �ljq cu l ��� cu n jkch�� cu �q� �ls � bno ���fhr
�q� ltt�cd fs l�� u�lrs �h� k�hr�q� lu��� jcstk��� mfr���fch cu �q� jkch� ge �q�
�h�es � �
�
x�
x 	 okk tc��fg k� s lt l���sgkf�� jcstl�fgk� { f�q �q� fhti� �

�c� �dlstk� p �q� uc kkc{ fhr s le g� lh fhti� �c �q� r�hcs� s lt l���sgke
t�cg k�s 	
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xq� ihf� cu s �l�i��s �h�� fh �q� lgc�� �lgk� f� qihm��m hijk�c�fm�� � �c� lhe
u�lrs�h� f�� s �l�i��s �h� jlh g� c� ge l u�{ hijk�c�fm�� u�cs f�� lj�ilk k�hr�q �
%slkk ���c�� jlh g� �kfs fhl��m u�cs jch�fm��l�fch ge �cihmfhr �q� s �l�i��s �h��
�c �q� h�l���� ��h�q� c� qihm��m� cu hijk�c�fm�� �

xq��� l�� �cs � rccm q�i�f��fj� uc� l���sgkfhr r�hcs� s lt� p lk�qcirq �q�
t�cg k�s f� &hc{h �c g� n�|jcstk��� fh �q� hisg�� cu �����fj�fch u�lrs �h�� fh
�q� jkch�� '! p ��( � )c{���� p �q� �fstk� q�i�f��fj� cu��h k�lm �c fhjc���j� slt�
c� lsgfrif�f�� � xq� ��}h�s �h� s ��qcm fh��cmij�m fh �qf� tlt�� lfs � �c jc���j�
fhljji�ljf�� lhm �kfs fhl�� lsgfrif�f�� fh r�hcs � s lt� �

�h �q f� tlt�� {� m��f�� l hchm����s fhf��fj li�cs l�ch �ql� ��}h�� r�hcs�
s lt� � z f��h lhe ih��}h�m r�hcs � s lt vm��f��m i�fhr �cs � �fstk� q�i�f��fjw p
�q� li�cs l�ch m�jfm�� {q��q�� f� jlh g� ��}h�m p �ql� f� p {q��q�� �q� �����fj�fch
u�lrs�h�� jlh g� c�m���m fh �ljq jkch� fh l {le �ql� �q� c�m��fhr� fh �q� fhmf|
�fmilk jkch�� l�� jcstl�fgk� � �u l ��}h�s�h� f� hc� tc��fgk� �q�h �q� ih��}h�m
r�hcs� s lt l���sgke f� qfrqke kf&�ke �c g � fh�lkfm �

xq� li�cs l�ch jlh g� fstk�s�h��m fh t�cr�lss fhr klhrilr�� �ql� t�c�fm�
v�w ��t����h�l�fch cu ���� p v�w ��t����h�l�fch lhm �ck�fhr cu ��� jch���lfh�� p lhm
v�w ��ji��fch � �h� �ijq klhrilr� f� t�c�fm�m fh �q� b�%y� ml�lgl�� �e���s
v�qc�� uc� * +,+-./ 0 1,2 34,5/ 56 +47 8 5, .6756 9:4;,6+14,;w p {qfjq f� ji���h�ke
fstk�s �h��m l� �q� 
hf����f�e cu n�g�l�&l '�( � �� �dt�����m �q� li�cs l�ch fh
b�%y� lhm �����m f� ch �s lkk �lstk� t�cgk�s � �

xq� tlt�� f� c�rlhf��m l� uc kkc{ � � %�j�fch � m��j�fg �� q�i�f��fj� uc� �q� r�hcs �
s lt l���sgke t�cg k�s � %�j�fch � t����h�� lh li�cs l�ch uc� ��}h fhr r�hcs�



slt� � %�j�fch  t�c�fm�� fstk�s �h�l�fch fh b�%y� cu �q� li�cs l�ch lhm �cs �
�lstk� ���i k�� � %�j�fch � mf�ji���� ��kl��m {c�& � %�j�fch ! t����h�� �cs � jchjki|
�fch� lhm ct�h t�cg k�s � �
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xq� gl�fj ���l��re cu �q� �cki�fch f� �q� uckkc{ fhr � �� ��e �c }hm �q� c�m�� cu
�q� jkch�� ljjc�mfhr �c �q� tc�f�fch cu �q�f� k�u� �hm� ch �q� bno ���fhr � xq�h
{� {lk& �q�cirq u�cs k�u� �c �frq� ch �q� jkch�� � xql� f� {� tfj& ci� g ��� ri���
uc� �q� k�u�s c�� jkch� � xq�h {� ��e �c fm�h�fue �q� h�d� k�u�s c�� jkch� lhm �c ch
ih�fk {� ��ljq�m �q� �hm cu �q� bno ���fhr � n�d� {� jch�fm�� �����lk q�i�f��fj�
uc� jqcc�fhr �q� h�d� jkch� �

��������� � ������ �� � �u � � �� � � � � � � �� � f� �q� ji���h� jkch� p jqcc�� l�
�q� h�d� jkch� ci� cu �q� e�� ihi��m ch�� �q� jkch� � � �ijq �ql� �q� jl�mfhlkf�e
cu � � � � f� lgc�� l j���lfh jch��lh� �q���qckm �

�c� ci� �dlstk� p �q� jl�mfhlkf�e cu �q� fh�����j�fch� jch�fm��fhr �q� �h�es �
mf�ji���m l�� �q� uckkc{ fhr 	
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& �'���� ()����* � ������ �� � xqf� f� l q�i�f��fj �ql� {� fh��cmij� lhm

i�� fh �q f� tlt�� � xqf� �d��hm� �q� t���fci� q�i�f��fj { f�q �q� uc kkc{ fhr � �h jl��
�����lk jkch�� jcikm g� jqc��h ljjc�mfhr �c �q� �h�es � �q���qckm q�i�f��fj p �q�h
jqcc�� �q� ch� { f�q �q� qfrq��� c���klt �

%ittc�� {� &hc{ �ql� jkch� " f� �q� k�u�s c�� jkch� ch �q� bno ���fhr � xq�h
i�fhr �q� s ldfs lk c���klt q�i�f��fj p {� cg�lfh uc� ci� �dlstk� �q� ��l�jq ����
�qc{h lgc�� � xq� ��l�jq ���� �qc{ � �ql� �q��� f� �cs � lsgfrif�e fh �q� r�hcs �
s lt l���sgke� �� ql�� ����h tc��fgk� r�hcs� s lt� �c jch�fm�� �
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�h �q� ��}h�m r�hcs � s lt l���sgke t�cgk�s {� l�� hc� chke fh�������m fh �q�
c�m�� cu �q� jkch�� p gi� lk�c �q� c�m�� lhm lkfrhs �h� cu �q� �����fj�fch u�lrs�h��
fh �ljq jkch� � %cs ��fs �� p f� f� ql�m �c &hc{ qc{ �c lkfrh �{c jkch�� ���h {q�h
{� &hc{ �ql� �q�e c���klt � %ittc�� �ql� �q� jl�mfhlkf�e cu �q� fh�����j�fch cu
jkch�� o lhm . f�  � xq�h {� jlh g� ulf�ke �i�� �ql� �q��� �{c c���klt fu ci�
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�q���qckm �lki� f� � �� xq� �����fj�fch u�lrs�h�� s�l�i��m l�  $� lhm ��� sle
c� s le hc� g � lj�ilkke �q� �ls � s le g�

.i� mc �q�e c���klt ch �ljq cu �q� uci� ��rs �h�� �ql� �q�e ql�� fh jcssch p
c� ch ke ch �q��� p �{c c� ch� cu �q�s � xq� s ldfs lk lkfrhs �h� ���s � �q� sc��
��l�chlgk� l��ist�fch ihm�� �q� uckkc{ fhr jchmf�fch� p {qfjq {� l��is � �c qckm
fh �q� ���� cu �qf� tlt�� 	
v�w nc jkch� jch�lfh� lhc�q�� jkch� �
v�w nc jkch� jch�lfh� �{c mf����h� �����fj�fch u�lrs�h�� { f�q �q� �ls� k�hr�q �
)c{���� p mf����h� jkch�� s le jch�lfh mf����h� �����fj�fch u�lrs �h�� �ql� ql��
�q� �ls � k�hr�q �
v�w �ljq �����fj�fch u�lrs�h� f� jch�lfh�m fh l� sc�� � jkch�� p {q��� � f� �cs �
}d�m hisg�� �
v w xq� �frq� �hm cu �ljq jkch� c���klt� �q� k�u� �hm cu l� k�l�� ch� c�q�� jkch�
{q�h �q�e l�� sltt�m �c �q�f� jc���j� tc�f�fch� ch �q� bno ���fhr �

nc�� �ql� lkk �q� ih��}h�m r�hcs � s lt� �ql� {� {lh� �c jq�j& lhm ��}h�
ui��q�� fu {� jlh { fkk li�cs l�fjlkke �l�f�ue v w � xc �ck�� �q� �dlstk� fh �q�
t���fci� ��j�fch� p {� ���� �ljq cu �q� ����h r�hcs � s lt� fh � fri�� � ��tl�l��ke�
�i� cu �q� ����h chke ch� p hls �ke �q� r�hcs� s lt jc����tchmfhr �c �q� �ctsc��
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g�lhjq cu �q� ���� p jlh g� ��}h�m { f�q s ldfs lk lkfrhs �h� l� �qc{h fh � fri�� � �
)�hj� �q f� r�hcs � s lt f� �q� sc�� kf&�ke �c ����j� �q� ��lk c�m�� cu jkch�� ch
�q� bno ���fhr �

8 25 40 20 15 35 25 30 20 4035 10 1550455

C9

C3
C7

C4

C6
C8

C2
C5

C1

��� Q � Q = "�W%�- /�%&$ � $ ! 

�� t����h� l ��}h�s �h� li�cs l�ch v��� � fri�� � w �ql� ����� {q��q�� l jlh|
mfml�� ih��}h�m r�hcs � s lt f� �lkfm c� hc� ihm�� �q� l��ist�fch� kf���m lgc�� �
xq� gl�fj fm�l f� �c gifkm l ��lf�jl�� kf&� �q� ch� �qc{h fh � fri�� � ��

�� jlkk lhe �ig��� cu �q� ��lf�jl�� { f�q � � � jkch�� l 0147.0 � o � {� ��}h�
�q� r�hcs� s lt �qf� { fhmc{ { fkk s c�� �c �q� �frq� lhm mc{h �q� ��lf�jl�� � ���
l� lkk � fs �� �q� �k�s �h�� cu �q� { fhmc{ g� jlkk�m � � � � � � �� ��� fh c�m�� �

�� �le �ql� l jkch� f� lj�f�� fu f� si�� jch�lfh �q� �k�s�h� �ql� {� tfj& h�d� �
o� lhe �fs � ch� �c }�� jkch�� l�� lj�f�� � xq� s lfh fm�l fh �q� li�csl�ch f� �c
ql�� l ��tl�l�� ��l�� � uc� �q� jl�� {q�h � jkch�� l�� lj�f�� � �� lk�c &��t �{c
jcih���� p � lhm � �c �frhlk �ql� {� si�� sc�� �c l kc{�� c� qfrq�� ��l�� � � q�h
� � � {� { fkk s c�� �c l kc{�� ��l�� � � c�fhr �c l kc{�� ��l�� f� h��m�m {q�h {�
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��lm �q� kl�� f��s u�cs �q� k�u�sc�� jkch� � � � � c�fhr �c l kc{�� ��l�� c jji��
lrlfh lu��� tfj& fhr jl�mfhlkf�e cu � � � � � hisg�� cu f��s � p g �jli�� �q�h {� { fkk
��lm �q� kl�� f��s cu � � � )�hj� {q�h {� sc�� �c l kc{�� ��l�� {� ��� �q� jcih���
� �c ���� v� � � � �w � � q�h sc�fhr �c l kc{�� ��l�� {� lk�c lm�lhj� �q� { fhmc{
ch� ���t mc{h{l�m � xqf� s �lh� �ql� {� l��frh �c � � �q� t���fci� �lki� cu � �� �
uc� �ljq � � � � � lhm l��frh �c ��� � �q� h�d� jkch� cu �q� r�hcs � s lt �ql� {�
{lh��m �c ��}h� � �u hc h�d� jkch� �d f��� p �ql� f� p {q�h {� l�� ��lmfhr �q� kl��
u�{ jkch�� fh �q� r�hcs � s lt p �q�h �q� �lki� cu � �� � {fkk g � �q� �st�e ��� �

% fs fkl�kep {q�h � � � {� sc�� �c l qfrq�� ��l�� � � c�fhr u�cs ��l�� � �c
��l�� � � � f� h��m�m {q�h {� lk��lme tfj&�m lkk f��s � fh � � � � �� � � � c�fhr �c
l qfrq�� ��l�� c jji�� lrlfh lu��� tfj& fhr lkk f��s � fh � �� � � � �� ~ p g�jli�� �q�h
{� ��lm lkk f��s � fh � �� � {qfjq mch �� c jji� fh � �� ~ � ) �hj� {q�h {� sc�� �c l
qfrq�� ��l�� {� ��� �q� jcih��� � �c ���� v� �� � � � �� ~ w �� fhlkkep �q��� l�� ��lh�f�fch� u�cs �ljq ��l�� � �c f���ku � �h �q��� ��lh�f�fch�
{� tfj& l �lki� u�cs �q� k�u�sc�� � jkch�� fh �q� { fhmc{ � �h �ljq ��ku|��lh�f�fch p
{� lk�c m�j��l�� ge ch� �q� jcih���� � lhm � �

S2S1 S3 S4 S5

A1 <- A1 \ {j}

j in A1 \ A2  A1 <- A1 \ {j}

A2 <- A2 \ {j}

A2 <- A2 \ {j}
A1 <- A1 \ {j}

A3 <- A3 \ {j}
A4 <- A4 \ {j}

A5 <- A5 \ {j}

shift  window shift  window shift  window

HS0

init.
window

A3 <- A3 \ {j}
A2 <- A2 \ {j}
A1 <- A1 \ {j}

u<-|A2\A3| u<-|A3\A4| u<-|A4\A5| u<-|A5\A6|

window empty

shift  window

d<-d-1
u<-u-1

u<-u-1
d<-d-1

u<-u-1
d<-d-1

u<-u-1
d<-d-1 A1 <- A1 \ {j}

A2 <- A2 \ {j}
A3 <- A3 \ {j}
A4 <- A4 \ {j}

u<-u-1
d<-d-1

Move up when u = 0,  move down when d = 0.
The symbol  ^ means intersection, and  | x | means cardinality of x.

d<-| A2\A1 | d<-| A2\A1 | d<-| A2\A1 | d<-| A2\A1 |

j  in  (A1 ^ A2) \ A3
j in (A1^A2^A3)\A4

j in(A1^...^A4)\A5
j in(A1^...^A5)\A6

��� Q � Q VR� !)#&$ !#&% '&" � � < S

��� � � g� �q� hisg�� cu u�lrs �h�� fh �� p lhm k�� � � g� �q� jl�mfhlkf�e cu
�� � ���� uc� � � � � 	 � ��� � � g� �q� jl�mfhlkf�e cu �� � ��� � uc� �ljq � � � � 	 p
lhm k�� �� g� �q� jl�mfhlkf�e cu �� � ��� 
 v�� w g � �q� hisg�� cu �k�s �h�� tfj&�m
u�cs jkch� �� �



����� � �% %ittc�� �ql� �q� li�cs l�ch ��ljq�� �q� qlk� ��l�� rf��h l r�hcs �
s lt �� � � � � � �� � xq�h �q� uckkc{ fhr si�� g � ��i� uc� �ljq � � � � 	 	


 v��� � w � 
 v�� w � � �� � � � �

�
n�d� {� t�c�� �ql� �c ��ljq �q� qlk� ��l�� �q� li�csl�ch si�� tfj& lkk �q�

f��s � u�cs �ljq jkch� � o� }��� p hc�� �q� uckkc{ fhr fm�h�f�e v�w uc� �ljq � � � � 	 	

���� v��� � w � ���� v�� w � ���� v��� � � �� w � ���� v�� � ��� � w � ���� v�� w � � �� � � � �

����� � �� %ittc�� �ql� �q� li�cs l�ch ��ljq�� �q� qlk� ��l�� rf��h l r�hcs �
s lt �� � � � � � �� � xq�h �q� uckkc{ fhr si�� g � ��i� uc� �ljq � � � � 	 	


 v�� w � ���� v�� w
�

�c� �ljq lm� lj�h� tlf� cu jkch�� �� � ��� � {� jlkk �q� ���if��s �h� �ql� �q�
f��s � fh �� � ��� � t��j�m� �q� f��s � fh �� � ��� � {qfjq l�� lkfrh�m lhm t��j�m�
�q� f��s � fh ��� � � �� �q� ��q ;,5� �.4;,6+14,�
������� � �% xq� li�cs l�ch ��ljq�� �q� qlk� ��l�� fu lhm chke fu �q� fhti�
r�hcs � s lt jlh g� ��}h�m �ijq �ql� lkk ���t jch���lfh�� l�� �l�f�}�m � �

� �] �_[a]Z aZ � Y�	


b�%y� f� l jch���lfh� ml�lgl�� �e���s � ych���lfh� ml�lgl��� r�h��lkf�� �q� ��kl|
�fchlk ml�l scm�k ge m��j�fgfhr �d��h�fchlk ml�lgl�� t��mfjl��� i�fhr jch���lfh�
�itk�� p { f�q �ljq jch���lfh� �it k� g �fhr l �ilh�f}��|u��� jch� ihj�f�� uc�sikl cu
l�cs fj jch���lfh�� fh �cs � jch���lfh� �q�c�e� ych���lfh� �i��e klhrilr�� '$( slt
fhti� jch���lfh� ml�lgl��� �c ci�ti� jch���lfh� ml�lgl��� �

xq� lm�lh�lr�� cu jch���lfh� ml�lgl�� �e���s � fhjkim� �q� uc kkc{ fhr v�w ��d|
fgfkf�e cu fstkfjf� ��t����h�l�fch cu ml�l p v�w jcstlj� ��t����h�l�fch cu kl�r� lhm
tc��fgke fh}hf�� ��kl�fch� p v� w s c�� �� jf�h� t�ihfhr cu �q� ��l�jq �tlj� �qlh fh
hch|jch���lfh� gl��m �e���s � p lhm v w q frq�� �dt����f�� tc{�� � .�jli�� cu v w f�
f� t c��fgk� �c �dt���� lhm �ck�� s lhe t�cgk�s � fh jch���lfh� ml�lgl�� �e���s �
�ql� ��lmf�fchlk ml�lgl�� �e���s � jlhhc� qlhmk� �

� �% ��� �
�
( ����� ��������
xq� �eh�ld cu �q� �i��e klhrilr� cu b �%y� p m�hc��m * +,+-./�� ������ p f� �ql� cu
��lmf�fchlk bl�lkcr v)c�h jkli��� { f�qci� uihj�fch �esgck�w {q��� �q� gcmf�� cu
�ik�� jlh lk�c jch�lfh l jch�ihj�fch cu fh��r�� c� ��� c�m�� jch���lfh�� � xql� f� p
�ljq t�cr�ls f� l }hf�� ��� cu �i k�� cu �q� uc�s 	 �� 	� � � �� ~ � � � � ��� � xq� �d|
t����fch �� v�q� �ik� 2 5+7w si�� g� lh l�cs fj uc�sikl cu �q� uc�s � v� � � � � � � �� w p
lhm �q� �dt����fch� � � � � � � ��� v�q� �ik� �.7�w si�� g � l�cs fj uc�sikl� cu ch�
cu �q� uckkc{ fhr uc�s � 	



� � � v� � � � � � � �� w {q��� � f� �cs � t��mfjl�� �esgck �
� � � �� {q��� � lhm � l�� fh��r�� �l�flg k�� c� jch��lh�� lhm � f� l ��kl�fchlk

ct��l�c� � � �� � � � � � � � � � �� {q��� � f� lhe hl�i�lk hisg�� � �c� �ljq � �q�
l�cs fj jch���lfh� � �� � f� i��m l� �qc��qlhm uc� �q� �dt����fch � � � � � �

� � � � � c� � � � {q��� � lhm � l�� ��� �l�flg k�� c� jch��lh�� �
 � � 	 � c� � �	 � {q��� � f� lh fh��r�� jch��lh� lhm � f� l ��� �l�flgk� c�

jch��lh� �

o�cs fj uc�sikl� cu �q� uc�s v�w lgc�� l�� jlkk�m rlt|c�m�� jch���lfh�� lhm
cu �q� uc�s v�| w l�� jlkk�m ��� c�m�� jch���lfh�� � �h �qf� tlt�� {� { fkk lk{le�
i�� �s lkk jl�� k������ uc� fh��r�� �l�flgk�� lhm jltf�lk k������ uc� ��� �l�flg k�� �
%�� �l�flgk�� lk{le� ��lhm uc� l }hf�� c� fh}hf�� ��� cu fh��r��� �

��� 
 g� �q� ��� cu lkk t c��fgk� r�cihm �itk�� c��� �q� fh��r��� lhm ���� cu
fh��r��� � ��� � g� l * +,+-./�� ������ t�cr�ls lhm � g� l jch���lfh� ml�lgl�� �
��� � g� �q� ��� cu r�cihm �itk�� fstkf�m ge � � xq� uihj�fch 
� u�cs lhm fh�c

 f� m�}h�m l� uckkc{ � �


� v� w � �� 	 
 	 �q��� f� l �ik� �� 	� � � � � � � �� � fh � lhm lh fh��lh�fl�fch
� �ijq �ql�
��� � � p lhm � �� qckm� fu � � f� l jch���lfh� lhm � �� 	 � c�q��{ f�� uc� �ljq
� � � � � � �

�� f� �qc{h fh '�( �ql� * +,+-./�� ������ �i��f�� ql�� l }dtcfh� scm�k {qfjq
jcfhjfm�� { f�q �q� k�l�� scm�k � �� {l� lk�c �qc{h fh '�!( �ql� �q� ml�l jcstk�d|
f�e cu b�%y� �i��f�� f� b���x���|jcstk��� � xq���uc�� b�%y� jlh �dt����
l { fm� �l�f��e cu jcsgfhl�c�flk lhm kcrfjlk t�cgk�s � � �c� �dlstk� p b �%y� jlh
�dt���� �q� gl�fj n�|jcstk��� t�cgk�s cu ����fhr �q� �l�f�}lgfkf�e cu l t�ctc�f|
�fchlk uc�sikl fh jch� ihj�f�� hc�s lk uc�s ge l }d�m �i��e lhm l �l�flg k� �f��
ml�lgl�� '�( �

� �� �'*������� ��� � �������� ��������� �� �
�
(

�� ��l�� ge �dt����fhr �q� jkch� ml�l ge �q� fhti� ml�lgl�� ��kl�fch 	
� ��	� v�� �� � �� � �� � �� � �� � ���w �
� ��	� v� � �� � �� � �� � �� � �� �  ��w �
� ��	� v� � �� � �� � �� � �� �  � � ���w �
� ��	� v � �� � �� � �� � �� � �� �  ��w �
� ��	� v� � �� � �� � �� � �� � �� � ���w �
� ��	� v! � �" � �� � �� � �� �  ��w �
� ��	� v# � ��� � �� � �� � �� �  � � �� �w �
� ��	� v" � �" � �� � �� � �� �  ��w �
� ��	� v$ � ��� �  � �  � � �� �w �
�� m�}h� �q� ���� ��� � v� � � � � w ��kl�fch fh �q� fhti� ml�lgl�� �c g � ��i� fu

�q� jl�mfhlkf�e cu �q� mf����hj� cu �q� �k�s�h�� cu jkch�� � lhm � f� � � �� m�}h�
���� v� � � w �c g � ��i� fu �q� jl�mfhlkf�e cu jkch� � f� � � �� lk�c m�}h� �q� ��kl�fch
45� , �ql� lkkc{ � i� �c jcih� u�cs � �c �q� kl�r��� � fh �q� t���fci� �{c ��kl�fch� �



	�� � v� � �w �
���
	�� � v! � #w �
xq� jlhmfml�� r�hcs � s lt l���sgke �ql� {� {cikm kf&� �c ��}h� f� ��t��|

��h��m ge �q� fhti� ��kl�fch 	��� � ��	� v� � �w {qfjq f� ��i� fu lu��� jkch� � �q�
h�d� jkch� f� jkch� � p lhm �q� ��kl�fch � �� �� v� w {qfjq f� ��i� fu � f� �q� }���
jkch� � �� lk�c lmm l misse jkch� � �� �c �q� �hm cu �q� kf�� { f�q �st�e ��� cu
u�lrs �h�� lhm m�jkl�� 	�� � ���	� v�� � ��w �c g � l ��i� ulj� fh �q� ml�lgl�� �

��� � g� �q� ��� cu k�hr�q �lki�� �ql� c jji� fh lhe cu �q� jkch�� � �h �q�
�dlstk� cu � fri�� � �q� ��� � f� �� � " � �� � �� � �� � �� ��� � �� �  � �  � � ��� � �hke �q�
�lki�� fh � h��m �c g� �����m uc� s �sg���qft fh ���� � ) �hj� uc� �ljq jch��lh�
� 	 � {� lmm �q� uckkc{ fhr jch���lfh� �it k�� �c �q� fhti� ml�lgl�� 	

�	 v� �� w 	� � 	 � �
	�� �	 v� �� w 	� � �	 � �
�� m�}h� �q� ��kl�fch ��� v� �� � � w {qfjq s �lh� �ql� � � � � ��� l� uckkc{ � �
�� � v� �� � � w 	� � � � �	�� �	 v� � � w �
xc �dt���� �q� li�cs l�ch p {� &��t �q� jch}ri�l�fch cu �q� li�csl�ch fh

�q� ��kl�fch �� v� � � � �� � � � � � � �� �� � � � � � w � xqf� jch}ri�l�fch fhmfjl��� �ql� {� l��
fh ��l�� � p �q� ji���h� { fhmc{ f� �q� ��s lfhfhr tl��� � � � � � � �� � cu �q� jkch��
� � � � � � � �� p lhm fu � �� � � p �q�h � {l� �q� kl�� f��s tfj&�m p c�q��{ f�� {� � i��
s lm� l ��lh�f�fch u�cs lhc�q�� ��l�� �c ��l�� � � xq� ��lh�f�fch� u�cs ��l�� � �c
f���ku uc� �ljq � � � � � jlh g� �dt�����m l� uc kkc{ � �

� � v� � � � �� � � � � � � �� �� � � � � � � � w 	� �� v� � � � � �� � � � � � � �� �� � � � � � w �
�	 v� �� � w � � � � � �	 v� �� � w �	�� �	 v� �� �� � w �
�� � v� �� � �� � w � � � � � �� � v� �� � �� � w �
	�� � v� � � �w �	��� v� � � � w �

xq� ��lh�f�fch� u�cs kc{�� ��l��� �c qfrq�� ��l��� jlh g� �dt�����m l� 	
� �� � v� �� � � �� � � � � � � �� �� � � � � � w 	� � � v� � � � �� � � � � � � �� �� � � � � � w �

���� ��� � v� �� � � � �� ~ � � w �xq� ��lh�f�fch� u�cs qfrq�� ��l��� �c kc{�� ��l��� jlh g� �dt�����m l� 	
� ��� v� �� �~ �� ~ � � � � � ���� �� ��� � � � � w 	� �� v� � � � �� � � � � � � �� �� � � � � � w �

���� ��� � v�~ � � � � � w �	�� � ���	� v�� � ���� w �
���	� v��� � �� ��� w �

� fhlkkep �q� fh f�flk ��lh�f�fch u�cs ��l�� � �c ��l�� � lhm �q� }hlk ��lh�f�fch
u�cs ��l�� � �c ��l�� � jlh g� �dt�����m l� 	

� v� � � � � � � �� w 	� �� v� � � � � �� � � � � � �� � �� � � � � w �
�� v� �� � � �� � � � � � � �� �� � � � � � w 	� � �� �� v� � w �

	�� � ���	� v� � � �~ w � � � � � 	��� ���	� v���� � �� w �
���	� v� � �� � w � � � � � ���	� v�� �� � w �
���� v� � � � w � ���� ��� � v� � � �~ � � w ��� �����m �q� lkrc�f�qs ch �q� �lstk� ml�l �qc{h fh � fri�� � lhm m��j�fg �m

fh %�j�fch � � �h �q� lj�ilk fstk�s�h�l�fch p {� lmm�m lh �d��l �fd���h�q ��stc�lk
l�ris�h� � {qfjq {l� fhf�flkf��m �c � lhm {l� fhj��l��m ge � uc� �ljq ��lh�f�fch



u�cs ��l�� � �c f���ku � xqf� q�kt �m i� �c &��t ��lj& cu �q� c�m�� cu �q� �itk��
lhm �c jq�j& �q� jc���j�h��� cu �q� t�cr�ls � v�h �q� ui�i�� p {� { fkk lmm l ��lj�
�ci�fh� ge {qfjq b�%y� {fkk g� lgk� �c t�fh� ci� �q� t�ccu ����� �w

�h �q� ci�ti� jcsti��m {� jlh frhc�� �q� �itk�� {q��� fh ���lm cu l �����fj�fch
u�lrs�h� k�hr�q l � � c jji�� {qfjq fhmfjl�� ch ke �q� fh f�flkf�l�fch lhm ��lh�f�fch�
g ��{��h ��l��� � xq� c�q�� �itk�� jlh g� c�m���m ljjc�mfhr �c �q� �lki� cu � �
�rhc�fhr lkk �q� �lki�� �dj�t� uc� � lhm �q� u�lrs�h� k�hr�q � {� qlm 	
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xq��� l�� s lhe �l�fl�fch� cu �q� r�hcs� slt l���sgke t�cgk�s g��fm� �q�
ch� {� jch�fm���m fh �q� tlt�� � �h� c�q�� ����fch jlkk�m �q� t�cg�m tl��flk
mfr���fch t�cgk�s f� jch�fm���m fh '�$( � ) ��� �q� �l�& f� �c lkfrh l hisg�� cu
bno u�lrs �h�� �ljq cu {qfjq c���klt� �q� �ls � �slkk tf�j� cu �q� bno ���fhr �
xqf� f� mf����h� u�cs ci� t�cgk�s p {q��� �cs � tlf�� cu jkch�� vuc� �dlstk� fh
� fri�� � jkch�� y" lhm y$ w mc hc� c���klt � xq� t�cg�m tl��flk mfr���fch t�cgk�s
f� �ck��m i�fhr �q� m�mij�f�� ml�lgl�� �e���s �b� '�"( �

�h l ��jchm ����fch cu �q� r�hcs � s lttfhr t�cg k�s p �q� jkch�� mc hc� lkk
c���klt lhm �q� fhuc�sl�fch cu c���klt m��f��� u�cs t�cg� ml�l lhm hc� u�cs
�����fj�fch u�lrs�h� k�hr�q �fs fkl�f�f�� l� fh ci� t�cgk�s � xqf� t�cgk�s {l�
jch�fm���m uc� �dlstk� fh '#( � )��� l �cirq s lt f� jch���ij��m }��� lhm ��}h�m
ge jch�fm��fhr j���lfh r�ltq t�ct���f�� �ql� si�� qckm �c s l&� l s lt kfh�l� �

o �qf�m ����fch cu �q� s lttfhr t�cgk�s jch�fm���m fh '� p ��( ��kf�� ch sik�ftk�
�����fj�fch �h�es � ml�l � �h �qf� ����fch p {� l�� rf��h uc� �q��� jctf�� o p . p lhm
y cu �q� �ls � bno ���fhr �q� uckkc{ fhr fhuc�s l�fch 	 �c� � �q� ��� cu u�lrs �h�
k�hr�q� �ql� l�� cg�lfh�m lu��� �h�es � ch� f� lttkf�m p uc� � �q� k�hr�q� lu���
�h�es � �{c f� lttkf�m p lhm uc� � �q� k�hr�q� {q�h �q� �{c �h�es �� l�� lttkf�m
�cr��q�� � xq� t�cgk�s f� �c c�m�� �q� �����fj�fch u�lrs�h�� fh �q� �q��� jctf��
fh tl�lkk�k �ijq �ql� ����e �fs � �q��� f� l ji� fh jcte � c� fh jcte � p �q��� f�
lk�c l ji� fh jcte � � xqf� t�cgk�s f� �ck��m fh '��( i�fhr �q� jch���lfh� kcrfj
t�cr�lss fhr �e���s y�� v� w '"( �
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�ql� lkkc{ �cs � �et� cu ��� jch���lfh�� '� p  p � p �� p � p �#( � xq� li�cs l�ch
m��j�fg�m fh %�j�fch � jlh g� fstk�s �h��m fh �q��� �e���s � l� {�kk � )c{���� p
�q� �ihhfhr �fs �� lhm �jlkfhr uc� kl�r�� �f�� t�cgk�s � jci km g� ���e mf����h� fh
�q��� �e���s � g�jli�� �q�e i�� mf����h� s ��qcm� uc� �ck�fhr ��� jch���lfh�� �
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o� f� lttl��h� p �q��� l�� �����lk �l�fl�fch� ch �q� r�hcs � s lt l���sgke t�cg|
k�s � xq��� �l�fl�fch� �irr��� �ql� scmf}jl�fch� s le g� h�j���l�e fh �lekc�fhr
lhe lkrc�f�qs �c tl��fjikl� lttkfjl�fch� � ) �hj� f� ���s � �ql� m�jkl�l�f�� p qfrq|
k���k lhm �l�fke s lfh�lfhlgk� �cki�fch� { fkk ql�� l �t �jflk lm�lh�lr� � �� lk�c
tklh �c scmfue ci� �cki�fch ge lmmfhr t�cg� ml�l fhuc�s l�fch lhm i�� �q�s
�cr��q�� { f�q �����fj�fch u�lrs �h� k�hr�q� fhuc�s l�fch �
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