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C DEFGH E H IJ KL IF GMNEMKFD GO I LEP GO QRGFEL IQQGMNKFD PG PSEKM T ERKEUEN JGLKPKGF GF I VWC

LPMKFD X YKHJRE SEZMKLPKQL OGM DEFGH E H IJ ILLEHTR[ TILEN GF LKFDRE MELPMKQPKGF EF\[H E ] KPS QGHJREPE
NKDELPKGF NIPI QIF REIN PG KFIQQZMIQKEL IFN IHTKDZKPKEL X ^SKL JIJEM JMELEFPL I H EPSGN PSIP INNL
INNKPKGFIR QGFLPMIKFP QSEQ_KFD PG PSE ILLEHTR[ JMGQELL X CF IZPGH IPGF KL JMELEFPEN PSIP OGM IF[
DEFGH E H IJ JMGNZQEL I ME`FEN DEFGH E H IJ ]SEME TGPS PSE QRGFEL IFN PSE MELPMKQPKGF OMIDH EFPL KF
EIQS QRGFE IME GMNEMEN LIPKLO[ KFD FIPZMIR QGFLPMIKFPL QIRREN LPEJ QGFLPMIKFPL X CF[ DEFGH E H IJ PSIP
QIFFGP T E ME`FEN KL SKDS R[ RK_ER[ PG T E KFIQQZMIPE IFN QIF TE ERKH KFIPEN IL I JGLLKT KRKP[X

a bcdefghidjfc

klmnopqrmstuvlqu wuqx mp kyz { |}l ~lsl|qu � w|lpqwv |}w| lsumxl� |}l rvtl�pqs| m� wso vq�qs~ mp~ws q�� {
q� um��m�lx m� w �|pqs~ m� stuvlm|qxl� |}w| wpl wxlsqsl �z � { |}o� qsl �� � { uo|m�qsl ��� { wsx ~twsqsl �� � �
�vmsl� wpl um�ql� m� pwsxm� �tr�|pqs~� m� w ~q�ls kyz �|pqs~ � �vmsl� � wo m�lpvw� qs w uvmsl xw|wrw�l �

�l�|pqu|qms ls�o� l� wpl ls�o�l� |}w| ut| w stuvlm|qxl �|pqs~ wv�wo� w| �� luq�u �q|l� �� �wu} xq�lpls|
pl�|pqu|qms ls�o� l ut|� |}l stuvlm|qxl �|pqs~ w| xq�lpls| �q|l� � z �|lp ut||qs~ wvv qs�mp� w|qms wrmt| |}l
mpq~qswv mpxlp m� |}l �� wvv �pw~� ls|� q� vm�| { r luwt�l |}l �� wvv �pw~�ls|� � t�| �mw| pwsxm� vo qs |}l
pl�|pqu|qms ls�o� l �� �s |}q� �w�lp �l w��t� l |}w| lwu} uvmsl q� ut| w| wvv pl�|pqu|qms �q|l� |}w| wpl �� luq�u
�mp |}l ls�o� l w��vqlx � �}q� q� uwvvlx um��vl|l xq~l�|qms � �vmsl� uws rl um�qlx lw�qvo wsx um��vl|lvo
xq~l�|lx ro �wpqmt� ls�o� l� wsx |}l vls~|}� m� |}l �pw~� ls|� w�|lp |}l xq~l�|qms uws rl � lw�tplx �

z ~lsm�l � w� q� w �l�tlsul m� uvmsl� �� � � � � � �� m� �m� l kyz �|pqs~ �tu} |}w| |}l vl�| lsx m� ��
�plulxl� |}l vl�| lsx m� ��� � ms |}l kyz �|pqs~ � z pl�slx ~lsm� l �w� wuumpxqs~ |m w �� luq�u ls�o�l q�
w ~lsm� l � w� �}lpl |}l pl�|pqu|qms �pw~� ls|� m� lwu} uvmsl wpl wv�m mpxlplx �pm� vl�| |m pq~}| wuumpxqs~
|m |}lqp �m�q|qms ms |}l kyz �|pqs~ � �l uws �t��wpq�l |}l �pmrvl� m� ~lsm�l � w� w��l�rvo � q|} �qs~vl
ls�o� l um��vl|l xq~l�|qms w� �m vvm� � �
�y��� �  mp ws ls�o�l wsx �mp lwu} m� w �l| m� y uvmsl� m� |}l �w� l kyz �|pqs~ |}l w��pmn q� w|l �pw~�ls|
vls~|}� w�|lp um��vl|l xq~l�|qms m� |}l uvmsl ro |}l ls�o� l �
¡����� � z vv �m��qrvl � w� w��l�rvql� um��w|qrvl � q|} |}l qs�t| �

 mp lnw��vl { |}l �m vvm� qs~ � wo rl ws qs�t| |m |}l ~lsm� l � w� w��l�rvo �pmr vl� �
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�}l tsq| m� � lw�tpl� ls|� qs |}l wrm�l |wrvl q� }tsxplx stuvlm|qxl� �  mp wso �pw~� ls| q|� � lw�
�tpl� ls| uws rl m� ro w �l� stuvlm|qxl� �pm� q|� wu|twv vls~|} � ��wvv lppmp� uws rl lvq� qsw|lx �pm�
ums�qxlpw|qms ro pmtsxqs~ |}l � lw�tpl� ls|� |m |}l slwpl�| |ls|}� mp }tsxplx� m� stuvlm|qxl� �

�}lpl wpl �m� l ~mmx }ltpq�|qu� �mp w��l�rvqs~ ~lsm�l �w�� { wv|}mt~} |}l �pmrvl� q� �sm�s |m rl
y� �um��vl|l qs |}l st�rlp m� pl�|pqu|qms �pw~� ls|� qs |}l uvmsl� �� { é�� � �m�l�lp { |}l �q��vl }ltpq�|qu�
m�|ls vlwx |m qsumpplu| � w�� mp w�rq~t q|ql� � �}l pl�sl� ls| �l|}mx qs|pmxtulx qs |}q� �w�lp wq� � |m
umpplu| qswuutpwuql� wsx lvq� qsw|l w�rq~tq|ql� qs ~lsm� l �w�� �

�s |}q� �w�lp �l xl�q�l w smsxl|lp� qsq�|qu wt|m� w|ms |}w| pl�sl� ~lsm�l �w�� � � q�ls wso tspl�slx
~lsm� l �w� �xlpq�lx t�qs~ �m� l �q��vl }ltpq�|qu� { |}l wt|m� w|ms xluqxl� �}l|}lp q| uws rl pl�slx {
|}w| q� { �}l|}lp |}l pl�|pqu|qms �pw~� ls|� uws rl mpxlplx qs lwu} uvmsl qs w �wo |}w| |}l mpxlpqs~� qs |}l
qsxq�qxtwv uvmsl� wpl um��w|qr vl � �� w pl�sl� ls| q� sm| �m��qrvl |}ls |}l tspl�slx ~lsm� l � w� w��l�rvo
q� }q~}vo vq�lvo |m r l qs�wvqx �

�}l wt|m�w|ms uws rl q��vl� ls|lx qs �pm~pw�� qs~ vws~tw~l� |}w| �pm�qxl �é� pl�pl�ls|w|qms m�
�l|� { ��� pl�pl�ls|w|qms wsx �mv�qs~ m� �l| ums�|pwqs|� { wsx �� � plutp�qms � ¡sl �tu} vws~tw~l q� �pm�qxlx
qs |}l k���¡ xw|wrw�l �o�|l� ��}mp| �mp � ��� !" # $�% &'�(" () �' * + (� !)*() , -'.�)�$'�.� { �}qu} q�
utppls|vo q��vl� ls|lx w| |}l �sq�lp�q|o m� ylrpw��w �é� � �l ln�pl��lx |}l wt|m�w|ms qs k���¡ wsx
|l�|lx q| ms �� wvv �w��vl �pmrvl� � �

�}l �w�lp q� mp~wsq�lx w� �m vvm� � � �lu|qms � xl�upqr l� }ltpq�|qu� �mp |}l ~lsm� l � w� w��l�rvo
�pmrvl� � �lu|qms � �pl�ls|� ws wt|m� w|ms �mp pl�sqs~ ~lsm� l �w�� � �lu|qms � �pm�qxl� q��vl�ls|w|qms
qs k���¡ m� |}l wt|m� w|ms wsx �m�l �w��vl pl�tv|� � �lu|qms � xq�ut��l� plvw|lx �mp� � �lu|qms � �pl�ls|�
�m� l umsuvt�qms� wsx m�ls �pmrvl� � �
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�}l rw�qu �|pw|l~o m� |}l �mvt|qms q� |}l �mvvm� qs~ � �l |po |m �sx |}l mpxlp m� |}l uvmsl� wuumpxqs~ |m
|}l �m�q|qms m� |}lqp vl�| lsx� ms |}l kyz �|pqs~ � �}ls �l �wv� |}pmt~} �pm� vl�| |m pq~}| ms |}l uvmsl� �
�}w| q� �l �qu� mtp r l�| ~tl�� �mp |}l vl�|� m�| uvmsl � �}ls �l |po |m qxls|q�o |}l sln| vl�|� m�| uvmsl
wsx �m ms ts|qv �l plwu}lx |}l lsx m� |}l kyz �|pqs~ � yln| �l ums�qxlp �l�lpwv }ltpq�|qu� �mp u}mm�qs~
|}l sln| uvmsl �

= ���� ��> ? �@�A
AB C �� D E FG � � � � � � GH I q� |}l utppls| uvmsl { u}mm�l w� |}l sln| uvmsl mt| m� |}l
ol| tst�lx msl� |}l uvmsl J � �tu} |}w| |}l uwpxqswvq|o m� D K J � q� wrm�l w ulp|wqs ums�|ws| |}pl�}mvx �

 mp mtp lnw��vl { |}l uwpxqswvq|o m� |}l qs|lp�lu|qms� ums�qxlpqs~ |}l ls�o� l xq�ut��lx wpl |}l �m v�
vm� qs~ �
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AB C �}q� q� w }ltpq�|qu |}w| �l qs|pmxtul wsx t�l qs |} q� �w�lp � �}q�
ln|lsx� |}l �pl�qmt� }ltpq�|qu � q|} |}l �m vvm� qs~ � �s uw�l �l�lpwv uvmsl� umtvx r l u}m�ls wuumpxqs~ |m |}l
ls�o� l |}pl�}mvx }ltpq�|qu { |}ls u}mm�l |}l msl � q|} |}l }q~}l�| m�lpvw� �

�t��m�l �l �sm� |}w| uvmsl � q� |}l vl�|� m�| uvmsl ms |}l kyz �|pqs~ � �}ls t�qs~ |}l �wnq� wv
m�lpvw� }ltpq�|qu { �l mr|wqs �mp mtp lnw��vl |}l �lwpu} |pll �}m�s wrm�l � �}l �lwpu} |pll �}m� � |}w|
|}lpl q� �m�l w�rq~tq|o qs |}l ~lsm� l � w� w��l�rvo� �l }w�l �l�ls �m��qrvl ~lsm�l � w�� |m ums�qxlp �
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�s |}l pl�slx ~lsm�l �w� w��l�rvo �pmrvl� �l wpl sm| ms vo qs|lpl�|lx qs |}l mpxlp m� |}l uvmsl� { rt|
wv�m |}l mpxlp wsx wvq~s� ls| m� |}l pl�|pqu|qms �pw~� ls|� qs lwu} uvmsl � �m� l|q� l� { q| q� }wpx |m �sm� }m�
|m wvq~s |�m uvmsl� l�ls �}ls �l �sm� |}w| |}lo m�lpvw� � �t��m�l |}w| |}l uwpxqswvq|o m� |}l qs|lp�lu|qms
m� uvmsl� z wsx � q� � � �}ls �l uws rl �wqpvo �tpl |}w| |}l�l |�m m�lpvw� q� mtp |}pl�}mvx �wvtl q� � ��
�}l pl�|pqu|qms �pw~� ls|� � lw�tplx w� ��� wsx ��� �wo mp � wo sm| rl wu|twvvo |}l �w� l �wo rl

�t| xm |}lo m�lpvw� ms lwu} m� |}l �mtp �l~� ls|� |}w| |}lo }w�l qs um��ms { mp msvo ms |}pll { |�m
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 q~tpl � � z pl�slx ~lsm� l � w�

mp msl m� |}l� � �}l � wnq� wv wvq~s�ls| �ll� � |}l �m�| plw�mswrvl w��t��|qms tsxlp |}l �m vvm� qs~
umsxq|qms� { �}qu} �l w��t� l |m }mvx qs |}l pl�| m� |}q� �w�lp �
�é� ym uvmsl ums|wqs � wsm|}lp uvmsl �
��� ym uvmsl ums|wqs� |�m xq�lpls| pl�|pqu|qms �pw~�ls|� � q|} |}l �w� l vls~|} � �m�l�lp { xq�lpls| uvmsl�
� wo ums|wqs xq�lpls| pl�|pqu|qms �pw~� ls|� |}w| }w�l |}l �w� l vls~|} �
�� � �wu} pl�|pqu|qms �pw~� ls| q� ums|wqslx qs w| �m�| � uvmsl� { �}lpl � q� �m�l �nlx st�rlp �
�� � �}l pq~}| lsx m� lwu} uvmsl m�lpvw�� |}l vl�| lsx m� w| vlw�| msl m|}lp uvmsl �}ls |}lo wpl � w��lx |m
|}lqp umpplu| �m�q|qms� ms |}l kyz �|pqs~ �

ym|l |}w| wvv |}l tspl�slx ~lsm�l � w�� |}w| �l �ws| |m u}lu� wsx pl�sl �tp|}lp q� �l uws � qvv
wt|m� w|quwvvo �w|q��o �� � � �m �mv�l |}l lnw��vl qs |}l �pl�qmt� �lu|qms� { �l |l�| lwu} m� |}l �l�ls ~lsm� l
� w�� qs  q~tpl � �l�wpw|lvo� ¡t| m� |}l �l�ls msvo msl { sw�lvo |}l ~lsm� l � w� umppl��msxqs~ |m |}l
|m��m�| rpwsu} m� |}l |pll { uws rl pl�slx � q|} � wnq� wv wvq~s� ls| w� �}m�s qs  q~tpl � � �lsul |} q�
~lsm� l � w� q� |}l �m�| vq�lvo |m pl�lu| |}l plwv mpxlp m� uvmsl� ms |}l kyz �|pqs~ �

�l �pl�ls| w pl�sl� ls| wt|m� w|ms ��ll  q~tpl � � |}w| |l�|� �}l|}lp w uwsxqxw|l tspl�slx ~lsm� l
� w� q� �wvqx mp sm| tsxlp |}l w��t��|qms� vq�|lx wrm�l � �}l rw�qu qxlw q� |m rtqvx w �|wqpuw�l vq�l |}l msl
�}m�s qs  q~tpl � ��

�l uwvv wso �tr�l| m� |}l �|wqpuw�l � q|} � � é uvmsl� w # $' *!# � z � �l pl�sl |}l ~lsm�l �w� |} q�
� qsxm� � qvv � m�l |m |}l pq~}| wsx xm�s |}l �|wqpuw�l � �l| w| wvv |q� l� |}l lvl�ls|� m� |}l � qsxm� rl
uwvvlx D � � � � � �D �� � qs mpxlp �

�l �wo |}w| w uvmsl q� wu|q�l q� q| �t�| ums|wqs |}l lvl� ls| |}w| �l �qu� sln| � z| wso |q� l msl |m
��l uvmsl� wpl wu|q�l � �}l � wqs qxlw qs |}l wt|m� w|ms q� |m }w�l w �l�wpw|l �|w|l � �mp |}l uw�l �}ls �
uvmsl� wpl wu|q�l � �l wv�m �ll� |�m umts|lp� { � wsx � |m �q~swv |}w| �l �t�| �m�l |m w vm�lp mp }q~}lp
�|w|l � � }ls � E � �l � qvv �m�l |m w vm�lp �|w|l � 	 m�qs~ |m w vm�lp �|w|l q� sllxlx �}ls �l plwx |}l
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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
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