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FG HIJK L ML NOP Q N KIRQ IRQ S NGNHJT MUS ROJHIVK TMG
WN XKNY HR TRVL XHN MXHRV MHJTMU UZ M WMUMGTNY ONS ORXL N[
V NGH R\ ] JO ^OM_ T `RGHORU KNTHROK HR RL HJV MU UZ ONYXTN
HIN GXV WNO R\ TRGHORU UNO HNMVK YXOJGS YMJUZ URQ a RQ
L NOJRYK b

c d efghi j klmlnop q rstuonvw x ylnztu{ |}unonotm~
oms x �lpntu �r}��o�p}notm �

�f��h� c��� j q ou �u}� p �tmnutr
�e�e�� j �|lu}notm}r wtp{~�| �
��f�e j � w}m��l}u
d�g�ie j q�ntw}nop �}m� ��m}w op � ulsut�|lwlmn

t� q ou �u}� p �tmnutr �lpntu� }pptu�oms nt nvl �tz tm
nvl mlnztu{ �� �}r}mpoms ztu{rt}�� sut�|� �

� ��� ¡¢£¤�¥¡�

�vl �¦yq o� nvl tus}mo�}notm om pv}usl t� �n��ol�
}m� ul�l}upv �tu ow|ut§oms nvl ¨ulmpv q�� ���nlw � �
�n��ol� tm nvl ��l t� slmlnop }rstuonvw � �tu ptm�opn
ul�tr�notm ©ª« x ©¬« x }ou�|}pl �lpntuoms ©­« }m� }ou nu}�~
�p }��osmwlmn ©®« v}§l so§lm lmpt�u}soms ul��rn� x }m�
} mlz �n��� v}� �llm ��m�l� nt �tr§l nvl q ou �u}� p
�tmnutr �lpntu� ulsut�|wlmn |ut�rlw zvopv o� nvl �tr~
rtz oms t� ©­« � ¯ vlm ° tomoms nzt }ou|tun� x }m }oupu}�n
w��n �t rrtz ut�nl� }m� �l}ptm� ± nvl�l �l}ptm� }ul
mlpl��}u� �tu |ortn� nt {mtz nvlou |t�onotm ��uoms m}§~
os}notm }m� �lp}��l t� nvl �w}rr m�w�lu t� �l}ptm�
tm nvl sut�m� nvl� t�nlm ul|ul�lmn put��oms |tomn� t�
�o²lulmn }ouz}�� �

�ut��oms |tomn� w}� slmlu}nl ptm� opn� �lnzllm }ou~
pu}�n zvlm nvlou nu}° lpntuol� ptm§lusl tm on }n nvl �}wl
nowl }m� om��pl } uo�{ t� ptrro�otm �

qn nvl �}zm t� po§ or }§o}notm x |ortn� ul�tr§l� ptm~
� opn� nvlw �lr§l� �lp}��l nvl� }rz}�� �lz om stt�
zl}nvlu ptm�onotm� �stt� §o�o�oron� � z onv rtz �|ll�
}oupu}�n � �m nvl tnvlu v}m� x wt�lum ° ln }oupu}�n �t
mtn lm}�rl |ortn� nt ul�tr§l ptm�opn� �lp}��l t� nvlou
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vosv �|ll� }m� nvlou }�oron� nt �� z onv �}� §o�o�or~
on�� �vlul�tul x |ortn� w��n �l vlr|l� �� }m }ou nu}� p
ptmnutrrlu tm nvl sut�m� zvt v}� } srt�}r §olz t� nvl
p�uulmn nu}� p �o�nuo��notm om nvl }ou�|}pl }m� p}m so§l
tu�lu� nt nvl |ortn� nt }§to� ptrro�otm� �

q � nvlul }ul w}m� }oupu}�n �ow�rn}mlt��r� |ul�lmn
om nvl �{�x } �omsrl ptmnutrrlu o� mtn }�rl nt w}m}sl }rr
t� nvlw � Õm ¨u}mpl x }ou�|}pl o� |}unonotml� omnt �o²lu~
lmn �lpntu� x l}pv t� nvlw �loms }��osml� nt } ptmnutrrlu �

Ö �uoms nvl �}� nvl �tz � tm nvl }ouz}�� pv}msl
}pptu�oms nt nvl �lw}m� �lnzllm l}pv �uosom Öl�no~
m}notm |}ou � �t tml p}m o�lmno�� } w}×ow�w t� nvl
ptmnutr ztu{rt}� ��uoms nvl �}�x om nvl �}wl z}�x }
w omow�w ��uoms nvl mosvn � Ø }×ow�w �}or� zturt}�
o� }rz}�� ��l� nt ptw|�nl } mlz �lpntuoms nt �l ��ul
nv}n on o� zlrr }�}|nl� �tu nvo� |luot� z onv mt t§lu~
rt}�l� �lpntu l§lm o� on o� mtn �t zlrr }�}|nl� tnvlu
|luot�� �

Ö �uoms nvl mosvn x zl {mtz nv}n nu}� p �lw}m� o�
ul��pl� om��poms rl�� ztu{rt}� om nvl }ou�|}pl }m�
�lpntu }ul s}nvlul� ntslnvlu omnt sut�|� l}pv t� nvlw
�loms }��osml� nt } ptmnutrrlu zvt w}m}sl �l§lu}r �lp~
ntu� �

Õm ©­« zl nuol� }m }�ntw}nop }||ut}pv nt ptw|�nl
} �}r}mpl� �lpntuoms t� nvl }ou �|}pl zvopv om��pl� }
ptm§l× �lpntuoms � Õm nvo� |}|lu zl |ul�lmn }m }�nt~
w}nop ulsut�|lwlmn }rstuonvw ��}�l� tm klmlnop q r~
stuonvw �� zvopv ��l� ptm§l× �lpntuoms nt ��mnvl�oÙl
}m t|now }r ulsut�|wlmn � Õm nvl �u�n |}un zl �l�puo�l
wtul |ulpo�lr� t�u |ut�rlw }m� w}{l �twl ulrl§}mn
�ow|ro�p}notm nt �l§lrt| } w}nvlw}nop}r wt�lr � Õm
nvl �lptm� |}un zl |ul�lmn } ptw|rlnl l×}w|rl t� ul�~
t r�notm z onv slmlnop }rstuonvw � �
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ël�tul �|lpo�� oms } w}nvlw}nop}r �l�puo|notm t� t�u
|ut�rlw x on o� mlpl��}u� nt �ln t�n t�u �u}wlztu{ nt
omnut��pl �twl �ow|ro�p}notm� �tu t�u wt�lr � �ompl
nu}omoms |luot� t� }m }ou nu}� p ptmnutrrlu tm vo� �lpntu
o� rtms ��utw ì nt í wtmnv� �x zl w��n mtn om§l�nos}nl
} ul}r nowl �lpntuoms t|now oÙ}notm }pptu�oms nt nvl



¨os�ul �î q ouz}�� wt�lroms

§}uo}notm� t� nvl nu}� p rt}� � Õm�nl}� zl v}§l nt ptm~
�o�lu } ulso�nlul� w}×ow�w rt}� nu}� p |luot� tm nvl
ztu{oms mlnztu{ � �vo� zturt}� o� ��||t�l� nt �l |}u~
nonotml� omnt �}r}mpl� �lpntu� � ��u |ut�rlw o� nvlm nt
�m� } �}r}mpl� ulsut�|lwlmn t� �lpntu� om } z}� nv}n
w omow oÙl� pttu�om}notm� ��uoms �m�lurt}�l� |luot� �

¯ vlm l×}w omoms nvl |v��op}r }ou nu}� p mlnztu{ x zl
mtnopl nv}n }ouz}�� }ul ��|lu|t�onotm t� �l§lu}r ut�nl�
zvopv v}§l nvl �}wl |ut° lpnotm tm nvl sut�m� ��n �o�~
�lulmn }rnon��l� }pptu�oms nt nvlou }Ùow�nv ��lw o pou~
p�r}u u�rlï �� �t }m }ouz}� p}m �l wt�lrl� �� } �o�o~
ulpnotm}r rom{ zvopv s}nvlu� �l§lu}r om�o§o��}r }oupu}�n
ut�nl� ��ll �s�ul ���

�vlm x t�u ì �owlm�otm}r nu}m�|tun}notm mlnztu{
z orr � l wt�lrl� �� } pr}��op}r ª �owlm�otm� mlnztu{
tm } vtuoÙtmn}r |r}m � �vo� mlnztu{ o� ��||t�l� nt �l
�lpntuo�l� omnt ð ptm§l× �lpntu� �tu l}pv t� nvlw zl
p}m ptw|�nl nvl }��t po}nl� ptmnutr ztu{rt}� �

�vl ptmnutrrlu ztu{rt}� v}� �l§lu}r �t�upl� nv}n
p}m �l �o§o�l� omnt nzt p}nlstuol� î

� � nvlul }ul ñ�}mnon}no§l �}pntu� zvopv ompr��l nvl
m�w�lu t� � osvn� x nvl m�w�lu t� ptm�opn� lnp ���x
zvopv p}m �l |ulpo�lr� wt�lrl� om } w}nvlw}nop}r
z}� }m� v}m�rl� �� }m t|now oÙ}notm }rstuonvw ±

ª � nvlul }ul |��pvtrtsop}r �}pntu� ��pv }� �nul�� x ptm~
plmnu}notm lnp ��� zvopv v}§l mt l§o�lmn w}nv~
lw}nop}r �tuw�r}notm ��n }ul om �oulpn ulr}notm~
�vo| z onv nvl |ul§ot�� tml� }pptu�oms nt nvl ptm~
nutrrlu� nvlw �lr§l� �

�t x zl z orr tmr� n}{l omnt }ppt�mn ñ�}mnon}no§l lrl~
wlmn� om t�u }||rop}notm tm �u�n }||ut× ow}notm �

ò }§oms } wt�lr x zl p}m mtz �l�ml wtul |ulpo�lr�
t�u st}r� om nvl �t rrtz oms z}� î

tml ptm�o�lu� }m }ou nu}� p nu}m�|tun}notm
mlnztu{ om } ª �owlm�otm}r �|}pl z onv �tz �
tm on om��poms } ztu{rt}� �o�nuo��nl� t§lu
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Underlying Network
Space Domain

Group Boundaries

S1

S2
S3

S4

S5

S6

Group 1 (S1,S2,S3);  Group 2 (S4,S5,S6)

¨os�ul ª î ¦×}w|rl t� �lpntuoms

First Group (non connex) Second Group

¨os�ul ì î �tmml×on� ptm�nu}omn

nvl �|}pl }m� ��||t�l� nt �l |}unonotml� omnt
ð ptm§l× �lpntu� � �vt�l �lpntu� w��n �l ul~
sut�|l� omnt y lñ�oro�u}nl� sut�|� om } z}�
nv}n w omow oÙl� pttu�om}notm�ÿ �

¨ os�ul ª �vtz � }m l×}w|rl t� mlnztu{ �lpntuoms
z onv � �lpntu� }m� ª sut�|� �

�vo� ulsut�|lwlmn w��n ul�|lpn nvl �trrtz oms ptm~
�nu}omn zvopv o� p}rrl� sut�| ptmml× on� î }rr nvl �lpntu�
�lrtmsoms }n nvl �}wl �lpntu w��n �l ptmml× �

¨ os�ul ì so§l� }m l×}w|rl t� ulsut�|lwlmn zvlul
nvl |ul§ot�� ptm�nu}omn o� mtn �}no��l� � q � zl p}m
�ll x nvlul o� } sut�| z onv nzt �l|}u}nl ����ln� zvopv
zt�r� �l w}m}sl� �� nvl �}wl ptmntrrlu x ��unvluwtul
on om��pl� ��|lu��t�� pttu�om}notm� zvlm }m }oupu}�n
put��l� nvl nzt ����ln �

�� Ëµ¶ ¿¶ ¿Â¸Ê¸¿Ì· Ê¸Ä½½µ½ ¿ ½µÊ·Ä¸ Ì¸Ä¶·Âµ¸ � ÊÄ¶·¸Ä¾¾µ¸½ Â¶
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Group Center

C1

C2

C3

C4C5

G1

G2

Sector barycenter

¨os�ul í î ¦×}w|rl t� } �~|}unonotmoms
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 �� ��� e����gf�e�ehf� ��e�f��
¯l �l�ml t�u nu}m�|tun}notm mlnztu{ }� } �t��rln
�� � � � om zvopv � o� nvl �ln t� mt�l� �z onv nvlou |t~
�onotm� om } nt|trtsop}r �|}pl � }m� � o� nvl �ln t� rom{�
l}pv t� nvlw nu}m�|tunoms } ñ�}mnon� ��� t� �tz �utw
mt�l � nt mt�l � ©ì« �
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qpptu�oms nt nvl |ul§ot�� �lpnotm x nvl sut�|� zl v}§l
nt ��or� w��n s}nvlu ntslnvlu �l§lu}r �lpntu� om } z}�
nv}n s}u}mnll� nvl ptmml×on� �lnzllm nvl �lpntu� � �t
ul}pv nvo� st}r zl ��l } ¨tus� }ssuls}notm wlnvt� ©�í«
ptw oms �utw ��m}w op pr��nluoms om l×|rtu}ntu� �n}no�~
nop� zvopv }ow � }n l×nu}pnoms pr��nlu� �utw } �ln t�
|tomn� u}m�tw r� �o�nuo��nl� om } nt|trtsop}r �|}pl
��ll ©� x �í« �� �vo� wlnvt� u}m�tw r� nvutz � � |tomn�
�nvl sut�| plmnlu� � om nvl �|}pl �tw}om ptmn}omoms
nvl nu}m�|tun}notm mlnztu{ }m� }ssuls}nl� }rr nvl �lp~
ntu �}u�plmnlu� nt nvlou ml}ul�n sut�| plmnlu � �vo�
wlnvt� lm�� �| om } � |}unonotmoms t� t�u �tw}om
omnt ptmml× sut�|� � ¨ os�ul í so§l� }m l×}w|rl t� }
�~|}unonotmoms t� } ulpn}msrl z onv nzt sut�|� �

�vl z}� ztu{oms so§l� }m }�ntw}nop z}� �tu w}{~
oms sut�|� zvopv }�ntw}nop}rr� ul�|lpn nvl ptmml×~
on� ptm�nu}omn � q � } w}nnlu t� �}pn x zvlm nvl �lpntu
�}u�plmnlu� }ul }ssuls}nl� nt nvlou ml}ul�n sut�| plm~
nlu x nvl |tr�stm}r �v}|l om��pl� �� nvo� }ssuls}notm
o� ptm§l× x nvlm nvl }��t po}nl� �lpntu� }ul ptmml× �
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 ��  f��!f�" h�"�i�" h� � if�e�f ! ��ief�
q � �}o� �l�tul x zl ° ��n n}{l ñ�}mnon}no§l puonluotm� omnt
}ppt�mn nt ptw|�nl ptmnutrrlu ztu{rt}� ��ll ©í« �� qp~
ptu�oms nt nvl ptmnutrrlu� nvlw �lr§l� x ztu{rt}� p}m
�l �o§o�l� omnt nvull |}un� zvopv ptuul�|tm� ul�|lp~
no§lr� nt nvl ptm�opn ztu{rt}� x nvl pttu�om}notm ztu{~
rt}� }m� nvl nu}° lpntuol� wtmontuoms ztu{rt}� t� nvl
�o²lulmn }oupu}�n zvopv }ul |ul�lmn om } �lpntu î

~ nvl ptm�opn ztu{rt}� s}nvlu� nvl �o²lulmn }pnotm�
t� nvl ptmnutrrlu nt �tr§l ptm�opn� �

~ nvl pttu�om}notm ztu{rt}� ptuul�|tm�� nt nvl om~
�tuw}notm l×pv}msl� �lnzllm } ptmnutrrlu }m� nvl ptm~
nutrrlu om pv}usl t� nvl �tu�luoms �lpntu tu �lnzllm }
ptmnutrrlu }m� nvl |ortn� zvlm }m }oupu}�n put��l� }
�lpntu �utmnolu �

~ nvl wtmontuoms }ow � }n pvlp{oms nvl �o²lulmn nu}~
° lpntuol� t� nvl }oupu}�n |ul�lmn om } �lpntu }m� om��pl�
} ztu{rt}� �
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�vl |ut�rlw zl v}§l nt �tr§l p}m �l �o§o�l� omnt
nzt �l|}u}nl |}un� ptuul�|tm�oms nt t�u nzt �o²lulmn
st}r� î

� � lñ�oro�uo�w t� nvl �o²lulmn sut�|� ztu{rt}� }p~
ptu�oms nt nvl m�w�lu t� }oupu}�n }m� ptm�opn� om
l}pv sut�| ±

ª � w omow oÙ}notm t� nvl pttu�om}notm ztu{rt}� �
�vl �lptm� puonluotm o� n�|op}rr� } �o�pulnl su}|v

|}unonotmoms |ut�rlw z onv nt|trtsop}r ptm�nu}omn� }m�
nvlm o� y) òq*Ö ©�« � �vl �u�n puonluotm o� } pr}��op}r
pr}��o� p}notm |ut�rlw z onv } ptmml× on� ptm�nu}omn �

�ml w��n �m� }m t|now }r sut�|oms }wtms + ,- |t�~
�o�oronol� zvlul . o� nvl m�w�lu t� �lpntu� }m� y nvl
m�w�lu t� sut�|� � �t t�u |ut�rlw o� y) òq*Ö
}m� pr}��op}r ptw�om}ntuo}r t|now oÙ}notm o� mtn ulrl~
§}mn }m� �nt pv}�nop t|now oÙ}notm �llw � nt �l wtul
��on}�rl �

Øtult§lu nvo� {om� t� |ut�rlw w}� v}§l �l§lu}r
t|now }r �tr�notm� �tu ml}u t|now }r � ��l nt nvl �o²lulmn
|t��o�rl ��wwlnuol� om nvl nt|trtsop}r �|}pl lnp ���x }m�
zl w��n �l }�rl nt �m� }rr t� nvlw �lp}��l nvl� v}§l
nt �l ul�ml� �� l×|lun� }m� zl �t mtn {mtz }n nvo�
�nl| zvopv tml o� ul}rr� nvl �l�n � �vo� r}�n |tomn w}{l�
�� ul° lpn pr}��op}r �ow�r}nl� ul}mml}roms t|now oÙ}notm
zvopv �|�}nl� tmr� tml �n}nl §}uo}�rl x l§lm o� on w osvn
so§l �lnnlu ul��rn� om �twl p}�l� ©��« �

�m nvl tnvlu v}m� x klmlnop q rstuonvw� �kq��
w}omn}om }m� ow|ut§l } |t|�r}notm t� m�wlut�� �n}nl
§}uo}�rl� }pptu�oms nt nvlou �nml�� }m� z orr � l }�rl nt
�m� �l§lu}r t|now }r �tu ml}u t|now }r � �tr�notm� � �vlm x
kq� �llw nt �l ulrl§}mn nt �tr§l t�u �lpntuoms |ut�~
rlw �
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¯l }ul ��oms pr}��op}r klmlnop q rstuonvw � }m� ¦§t~
r�notm}u� �tw|�n}notm |uompo|rl� ��pv }� �l�puo�l� om
nvl ronnlu}n�ul ©�7 x �ì« ± ¨ os�ul � �l�puo�l nvl w}om
�nl|� t� kq� �

¨ ou�n } |t|�r}notm t� |tomn� om nvl �n}nl �|}pl o�
u}m�tw r� slmlu}nl� � �vlm x zl ptw|�nl �tu l}pv |t|~
�r}notm lrlwlmn nvl §}r�l t� nvl ��mpnotm nt t|now oÙl x



mutation

crossover

selection

fitness

evaluation

P1 P2

C1 C2

C1 C2

mutation

fitness

evaluation

population(k)

population(k+1)

Pc

Pm Pm

¨os�ul � î kq |uompo|rl

zvopv o� nvl 8 HGNKK� Õm } �lptm� �nl| zl �lrlpn9 nvl
�l�n om�o§o��}r� om nvl |t|�r}notm }pptu�oms nt nvlou
�nml�� � q �nluz}u� x zl u}m�tw r� }||r� pr}��op}r t|lu~
}ntu� t� put��t§lu }m� w�n}notm nt �o§lu�o�� nvl |t|~
�r}notm �nvl� }ul }||rol� z onv ul�|lpno§l |ut�}�oronol�
:; }m� :< �� qn nvo� �nl| } mlz |t|�r}notm v}� �llm
pul}nl� }m� zl }||r� nvl |ut pl�� }s}om om }m onlu}no§l
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�vo� kq p}m �l ow|ut§l� �� ompr��oms } �ow�r}nl�
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l§lm o� on� �nml�� o� ztu�l nv}m nvl �nml�� t� : � }m�
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�t pt�l t�u |ut�rlw x zl �o� mtn ��l �om}u� pvut~
wt�twl� � �vl |ut�rlw o� mtn zlrr ��onl� �tu �om}u�
pt�oms x }m� x }� on v}� �llm }�§tp}nl� }rul}�� �� �o�~
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qm l×}w|rl t� nvl pt�oms t� } pvutwt�twl o� so§lm
om �s�ul ­ �

�t pul}nl } mlz pr}��o�p}notm zl ° ��n mll� nt {mtz
nvl pttu�om}nl� t� nvl }��tpo}nl� sut�| plmnlu� om nvl
�|}pl �tw}om � �t nvl pvutwt�twl p}m �l pt�l� }�
} §lpntu ulsut�|oms nvl pttu�om}nl� t� sut�| plmnlu� �
¨tu l}pv pvutwt�twl nvlul o� tmr� tml }��t po}nl� pr}�~
�o� p}notm �nvl ul§lu�l o� �}r�l ��

�t w}{l nvl kq� u�m tml w��n �l }�rl nt u}m�tw r�
omono}ro�l } m�wlut�� |t|�r}notm t� om�o§o��}r� � �t
ul}pv nvo� }ow x u}m�tw pttu�om}nl� }ul slmlu}nl� om
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sut�|� plmnlu� tm nvo� roml }pptu�oms nt } �mo�tuw u}m~
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ml}roms x nvl ��ntpv}�nop � ptm§luslmpl o� tmr� lm��ul�
zvlm nvl �nml�� |ut�}�oron� �o�nuo��notm r}z o� �n}notm~
}u� }n l}pv �n}nl |tomn ©�« � ¯l zt�r� nvlm v}§l nvl
�}wl �u}z�}p{� zvlm nvo� v�|tnvl�o� o� mtn �}no��l� �

¨ om}rr� on zt�r� �l §lu� omnlul�noms nt nu� �o²lu~
lmn }ppl|n}mpl |ut�}�oron� r}z � }m� �o²lulmn wt§oms
|ut�}�oron� r}z � nt pv}msl nvl z}� t� l×|rtuoms nvl
�|}pl om t�u r}�n }rstuonvw �
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MGY W RUHXVMGG V MTIJGNK� ¯ orl� }m� �tm� x �¬®¬ �
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©ª« Ul}m~Ø }up qrrotn x òlu§ Yl ku��lu x }m� Ø}up
�pvtlm}�lu � Z �oms slmlnop }rstuonvw � �tu �tr§oms
q�� ptm�opn� � Õm [ ORTNNYJGS K R\ HIN \ JG HI F]]]
`RG\ NONGTN RG ]OHJ8 TJMU FGHNU UJS NGTN ]LL UJTMHJRG�
Õ¦¦¦ x �¬¬ì �
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}m� Ø}up �pvtlm}�lu � klmlnop }rstuonvw � �tu t|~
now }r }ou nu}� p ptm� opn ul�tr�notm � Õm VXWV JHHNY
HR HIN V NTRGY V JGS ML RON `RG\ NONGTN RG FG HNU UJS NG H
VZKHNVK� �) Õ�Õ� x �¬¬í �

©�7 « Ö }§o� ktr��lus � gNGNHJT ] US ROJHIVK� q��o�tm
¯l�rl�x �¬®¬ � Õ�ëy î 7~ª7 �~ ��­�­~� �
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