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A�bmpW[]KPGwvg| ç Þ�G°×
Ù¨MNKPGSG°JgR�Û�×(j…Ù¨MNKPGSGWß
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FEJLM³JLÝBJglNGSl JLKPGØbcR�`IKPGžJglNbmR�pWfmn Ý.G�bmR\p GSOZH\fcUžnTGSÛ VÃUgK

JgÛ]jWJLR\`SGSÛ JeH\H\fmbc`�JLMPbcUWR�l lN[�`�Þ Jgl UgÝ#�‡GS`SMNÙ>ULKPbcGSRaMPGSÛ

Û\JLM³JLÝBJglNGSlStipWGSUWpgK³JLH\Þ�bc`ÈJgR�Ûþl‡HBJLMPbÂJLf:Û\JLM³JLÝBJglNGSlSt.MPGSOZH.UgÙ

K³JgfðÛ\JLM³JLÝBJglNGSlSt4Û\JLM³J

î

JeKPG�Þ�UW[�lNbcR�p�t™Þ\bmpWÞ]Ù>Û�bcOQGSR�lNbcUWR\Jgf

Û\JLM³JLÝBJglNGSlSt:JLR\ÛíGSjWG�R��'
��DÛ\JLM³JeÝuJLlNG�lSß)
þJgRTnþl‡H.G�`SbÂJgfkÙ

bcòSG�Û8bmR�Û\GIè]bmR\p2l‡MNKP[\`IMP[]KPG�l

î

GIKPG#JLR\Û `SUWRTMPbcRa[�G MPUéÝ.G

H�KPUgH.UWlNG�Û�MPUðÛ\G�Jgf

î

bkMPÞ*MPÞ�G�lNG!JLH�H\fcbm`žJeMPbcUWR�lQê x�ì>ß�ü�OZUWR�p

MPÞ�G�lNGgt½MPÞ�GIKPGËJLKPGþJLf

î

J�n]l™×
Ù¨MNKPGSGSÙ¨ÝBJglNGSÛ lN`�Þ�GSOQG�lðÝ.G�bmR�p

H\[�KPlN[�GSÛiß
ç

î

UDKPG�JglNUWR�lËJg`�`SUW[�RTMËVÃUgK*MPÞ�bclSß A:bmKPl‡M�t�Jgl

×
Ù¨MNKPGSG#bml

î

bcÛ�GSfmn8Û\GIH\fcUžnWG�Û�bcR�`�UgOQOQGIKP`�bcJgf�l‡n]l‡MPGSOQlSt

MPÞ�GSKPGwbmlÈJ�R�G�GSÛÜMPU�Ý.GðJLÝ\fcGwMPU�KPGS[�lNGðbmM�MPUËJgfcfmU

î

MPÞ�G�lNG

l‡n]l‡MPGSOQl�MPU°`SUgH.G

î

bmMPÞQÛ�b kiGIKPGSRaMYJLH�H\fcbm`žJeMPbcUWR�l
	TÛ\GSOwJgR�Û�lSß

^aG�`SUWR�ÛitBlNUgfc[]MPbcUWR�l½ÝBJglNGSÛ*UWR�×
Ù¨MNKPG�GSl�JeKPGEMonrH\bc`�Jgfcfkn4GžJLl‡n

MPUQbcOÈHBfmG�OZG�RTM�JLR\Û�[\R�Û�GIKPl‡M³JgR�Û•ß

ü�fmOQUWl‡M!Jgfcf�×
Ù¨MNKPGSGQÝBJglNG�ÛÜlN`³Þ\GSOQGSl™ô}GSjTGSRÜVÃUgK!Û�blk.GIKNÙ

G�RTM‘JLH�H\fcbm`žJeMPbcUWR�l�õ0JeKPG�ÝBJglNGSÛ4UgRðMPÞ�G	HBJLK³JgÛ�bcpWO8UgVBr}Ó�p��\Õ�


�

ÒLÓ��`p�r��>Ò��\|‘MPÞ�G �WGSn�JLMNMNKPbmÝ\[]MPG!bcl�OQJLH�HiGSÛËbcRTMPU4JwlNbcR�pWfmG

Û�bcOQGSR�lNbcUWR\Jgf0l‡HBJg`�GwlNU*MPÞ\JLM�×
Ù¨MNKPG�Gw`�JgRûÝ.Gw[\lNGSÛûMPU*bcR]Ù

Û�GSè*MPÞ�GÈMNK³JLR\lNVÃUgKPOQGSÛíÛ\JLM³J]ß
ç

Þ�bclEbmlEMonrH\bm`žJgfmfmnËÛ�UWR�GZG�bkÙ

MPÞ�GSK�[�lNbcR�p_fmbcR�G�JLKNÙ>UgKPÛ�GSKPbmR�p_MPGS`³Þ\R�b-Ca[�G�l½ô}lN[�`³ÞZJgl�òIÙ>UgKPÛ�GSK�t

OQUgKNMPUWR°UgKPÛ�GSK�tžHiG�JgR�UgÙ>Þ�bcfkÝ.GSKNM�teKPU

î

UgKPÛ�GIK�tLGIMP`Wß¯õ³tLULK:[�lNbcR�p

lNUWOQGEMNK³JgR�lNVÃUgKPOwJLMPbmUWR�V¢[�R�`IMPbcUWR�lSß

XYfmGžJeKPfmnWtgJLH�H\fmn]bmR\p½MNK³JgR�lNVÃUgKPOwJLMPbmUWR°MPGS`�Þ�R�b CT[\G�bcOZH\fcbmG�l

fcUWl‡M�UWV�bcR�V¢UgKPOQJLMPbcUWRiß�ïoR*UgMPÞ�GSK

î

ULKPÛ\lSt.bkM_bcl�H.UWlNlNbmÝ\fmGÈVÃUgK

O![�fmMPbkHBfmG%�TGInEjgJgfc[�GSl…MPU	Ý.GYOwJLH�H.G�Û�MPU�MPÞ�G0lPJgOQG0jWJgfm[�GYbcR

MPÞ�G0MNK³JgR�lNVÃUgKPOQGSÛ!l‡HBJg`�Ggß.a�U

î

GSjTGIK�teÝiGS`�Jg[�lNG

î

G
JLKPGYÛ�GžJgfkÙ

bcR�p

î

bmMPÞûlNbcR�pWfmGðÛ�bcOQGSR�lNbcUWR\Jgf0Û\JLM³J�bmRûMPÞ�GQMNK³JgR�lNV¢UgKPOQGSÛ

l‡HBJg`�Ggt
MPÞ�G*lNbmò�G*UWV�MPÞ�G*JLMNMNKPbmÝ\[]MPG�lðJLKPG�MonrH\bc`�Jgfmfmn'lNOwJLfcf

ô}`�UgOZHBJLKPG�Û�MPUwMPÞ�G!UgKPbmpWbcR\Jgf…Û\JLM³Jaõ³ß
ç

Þ�bcl�pWbkjTGSl�KPbmlNG!MPUðJ

lNOwJgfmf½bcR�Û�GSèÚlNGžJLKP`³Þ\�WGSnWt
JgR�ÛDÞ�GSR�`�G�lNOwJgfmf½bcR�Û�GSèÚlNbcòSGWß

ü�l	JÈKPGSlN[\fkM�t�MPÞ\GElNG�JLKP`�Þ4H\KPUa`�GSlNl	bml½jTGIKNn4O![�`³Þ*V¢Jgl‡MPGSK�ß

×
G�`�Jg[�lNGËUWV�MPÞ\G*MNK³JgR�lNVÃUgKPOwJLMPbmUWRit7Ca[�GIKNn'H�KPUr`�GSlNlNbcR�p

V¢UWfmfcU

î

l	JÈM

î

UgÙ¨H\Þ\JglNG�l‡MNK³JeMPG�pgnu|

X

ïoR!HBÞ\JglNG
UWR�GgtgMPÞ\G Ca[�GSKNn�bmR!MPÞ�G‘ULKPbcpWbmRBJLf]Û\JLM³J�l‡HuJL`�G

bcl0MNK³JgR�lNV¢ULKPOQG�ÛwMPU�MPÞ�G�lNbmR�pWfcG�Û�bcOQGSR�lNbcUWR\Jgf.l‡HBJg`SG�bcR

UgKPÛ�GSK�V¢UgK�bmM�MPU�Ý.GwGSjgJgfm[BJeMPG�ÛûUWRûMPÞ�GQMNK³JgR�lNV¢UgKPOQGSÛ

l‡HuJL`�Ggß �ÜGûR\ULMPGûMPÞ\JLM�MonrH\bc`�Jgfcfkn J CT[\GIKNn bcR MPÞ�G

UgKPbcpWbmR\JgfBl‡HBJg`�G	OwJSnQÝ.G	OwJLH�H.GSÛwbcRTMPU�O![�fmMPbmH\fmG�lN[]Ý\Ù

Ca[�GSKPbmG�l½bmR�MPÞ�GEMNK³JgR�lNVÃUgKPOQGSÛ�l‡HBJg`�Ggß

X��

Þ\JglNGþM

î

UÚGSè�JLOQbcR�GSl4MPÞ�GËKPGIMP[�KPR�GSÛ JgR�l

î

GSKPl�JgR�Û

H\KP[�R�G™J

î

J�nÜV}JLfclNGðÛ]KPUgH\l!MPÞ\JLM!OwJ�nÿJLKPbmlNGWß
ç

Þ\bmlÈbml

R\GS`SG�lNlPJLKNn*Ý.G�`�Jg[�lNGZbmM°bmlEMonrH\bm`žJgfmfmn*MPÞ\GÈ`žJLlNGZMPÞ\JLM°J

lN[]H.GSKPlNGIMÈUWV‘MPÞ�GðJgR�l

î

GSKPl

î

bmfcf�ÝiG™Jg`S`SG�lNlNGSÛÚÛ�[�GwMPU

MPÞ�GEfcUWl‡M	bcR�bcR�V¢ULKPOwJLMPbcUgR•ß

� Þ�bmfcGÈbmM_OQJ�nþJeH\H.G�JLK_MPÞ\JLM_bkM_bcl_l‡MNK³JgbmpWÞTMPV¢UgK

î

JLKPÛ*MPU

JeH\H\fknÈMNK³JgR�lNVÃUgKPOwJLMPbmUWRQUWRQJgRTnÈÛBJeM³JglNGSM�MPU�KPG�[�lNG½×
Ù¨MNKPGSG�lSt

MPU4pg[BJeK³JgRTMPG�GÈpWUaUrÛþH.GIKPV¢UgKPOQJgR�`�GÈbml°J™R�UWR]Ù¨MNKPbmj]bcJgf:M³Jgl��.ß

ïoR UgMPÞ�GSK

î

UgKPÛ�lSt�JÚ`�JLKPG�fmG�lNl™`³Þ\Ugbc`SGþUWVEMNK³JgR�lNV¢ULKPOwJLMPbcUgR

lN`³Þ�G�OZGí`�JgR fcG�JgÛ MPUÿjTGIKNnDH.UrUgKðHiGIKPV¢ULKPOwJgR�`�Ggß2{�è]bml‡MNÙ

bmR�pw×
Ù¨MNKPG�GIÙ¨ÝBJglNGSÛ�lN`�Þ�GSOQGSlSt.Jgl

î

G°lNÞ\Jgfmf…lNGSG°bcR�MPÞ�G°R\GIèrM

VÃG

î

lNGS`IMPbcUWR�lStL`�UWOZG

î

bmMPÞ°jTGIKNn°`SfcGIjTGIK:UgÝ\lNGSKNjgJLMPbmUWR�l…OwJgÛ�G

Ýan'MPÞ\GSbmK™bmRajWG�RTMPUgKPlSßéï6M™bml4JÜ`�UgO�Ý\bcR\JLMPbcUgR UWVElN[�`³Þ bmR�Ù

lNbmpWÞTMPl

î

bkMPÞ ×
Ù¨MNKPGSG*MPÞ\JLM™OwJ �TGËbmMPlðH.GIKPV¢UgKPOwJLR\`SGË`SUWOZÙ

HBJLK³JeÝBfmGþô¨JgR�ÛÜbcRÜOQJgRTnû`žJglNGSl°Ý.GSMNMPGIKIõ�MPÞ\JgRÿl‡H.GS`�bcJgfcbmò�GSÛ

MPGS`³Þ\R�b-Ca[�G�lSß

ç
JeÝBfmG�v0pWbkjTG�l:J�fmbcl‡M:UWV�lNUWOZGYUWV]MPÞ�G0×
Ù¨MNKPG�G�MPG�`³Þ�R\b-Ca[�G�l

MPÞ\JLM™ÞBJSjTG*ÝiGSGSR H\KPULHiUglNG�Û bcR MPÞ�GËfcbkMPGSK³JeMP[�KPGgt½lNUWOQGþUWV

î

Þ�bm`�Þ

î

bcfcfgÝ.G�H�KPGSlNG�RTMPGSÛ�bcR°pLKPGžJLMPGIK?Û�GSH�MPÞ°bcR°lN[]ÝBlNG�Ca[�GSRaM

lNGS`IMPbcUWR�lSß
ç

Þ�GEfcbml‡M�bcl½`�GIKNM³JgbmR\fkn™R\ULM	GSè]Þ\Jg[�l‡MPbkjTGWß
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^THBJLMPbcJgf�Û\JLM³J�JLKPG#Û\JLM³J�JglNlNUr`SbÂJLMPGSÛ

î

bkMPÞ l‡HBJLMPbcJgf�`SUgÙ

ULKPÛ\bmR\JLMPG�lÚJgR�Û�GIèrMPG�RTMPlÿlN[�`³Þ JglÜH.UWbcRTMPlSt™fcbmR\GSlSt™H.UWfknrÙ

pgUWR�lSt\JgR�ÛðjTUWfm[\OZGSMNKPbm`_UgÝ#�‡GS`SMPlSßY^THuJeMPbÂJgf.Û\JLM³J!JLKPG�O![�fmMPbmÙ

Û�bmOQG�R�lNbmUWR\JgfBÛ\JLM³J°JgR�ÛwÞ�G�R�`SG	bcR�`Sfc[�Û�G	Þ\bmpWÞ]Ù>Û�bcOQGSR�lNbcUWR\Jgf

Û\JLM³Jrßva�U

î

GIjTGIK�t

î

Þ�G�RÿMPÞ\G™ñ\GSfcÛ

î

JLlQbmR�bmMPbÂJLfcfmnÿbcRTjTGSl‡MPbmÙ

pWJLMPG�Ûit�MPÞ�GþRa[\O°ÝiGIK�UgV�Û�bcOQGSR�lNbcUWR�l�MPGSR�Û MPU<fcU

î

t�JgR�Û

MPÞ\JLM!J k.G�`IMPGSÛûMPÞ�GwÛ�GSlNbcpWRÜUWV
bcR�Û�GSèrG�l�V¢ULK!l‡HBJLMPbÂJLfYJLH�H\fcbmÙ

`�JLMPbmUWR�lSß
ç

Þ�GSlNG½l‡HBJLMPbÂJgf\JLH�H\fcbm`žJeMPbcUWR�l�bmR�`�fm[\Û�G½`SUWOZH\[]MPGSKNÙ

JLbcÛ�G�Û4Û�G�lNbmpWRÜô6XYü�F!õ³trpWG�UgpgK³JLH\Þ�bc`EbmR\VÃUgKPOwJLMPbmUWR�l‡nrl‡MPG�OQl

ô$#�ïN^�õ³ta`�UWOÈHB[]M³JLMPbmUWR\JgfupgG�UWOZGSMNKNnwJgR�Ûð`�UgOZH\[�MPGIKYj]bmlNbcUWRiß

ïoR MPÞ�GSlNGûJLH�H\fcbm`žJeMPbcUWR�lSt�KPGIMNKPbcGIjWJLf�UWV�Û\JLM³JÚbml™H�KPbcOwJLKPbmfmn

ÝBJglNGSÛ�UgR4l‡HBJLMPbcJgf.H�KPUžè]bcOZbmMonðKPGSfÂJeMPbcUWR�lNÞ�bmH\l½JgOQUWR�pWl‡M½ULÝ\Ù

�•G�`IMPl�K³JLMPÞ�GSK_MPÞBJLRíUWRûJLMNMNKPbmÝ\[]MPGÈjgJgfm[\GSlEUWV�UgÝ �•G�`IMPlSßKABUgK

GIè�JgOÈHBfmGWtrbcR%#�ïN^ut]JKCa[�GSKNnwOwJ�nQÝ.G'&‡KPGIMNKPbcGIjTG_JLfcfBKPG�l‡M³JL[�Ù

K³JLRaMPl�MPÞ\JLMÈJLKPG*Ñ(� r�)*�+�íJ�`SGSKNM³JgbmRÿÛ�bcl‡M³JgR�`SG™VÂKPUWO J�HBJLKNÙ

MPbm`�[�fcJLK�KPUTJgÛ-,�ß/.�oqp�r�� p10�Ò0o\Ï�Ó0p�r6ÒLÓ�Õ‘fmbl�TG'�2�=r6ÏIÓ�ÕSÏ43 r��>Ò���t%pTÔ1
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p*3³Ï6�73IÐgtYJgR�Û83³Ò��=r p��+�-�ðÏ6�qr	JLKPG4O![�`�Þ'OZUgKPG�GSèrH.GSR�lNbmjTG

MPUw`SUWOZH\[]MPG°MPÞ\JgR�`SUWRTjTG�RTMPbmUWR\Jgf?KPGSfÂJeMPbcUWR\Jgf
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0mÏ93�r�UgH.GSK³JeMPUgKPlSß
ç

Þ�bcl°bml°Û�[\GZMPU4MPÞ�GQbkKNKPG�pg[\fcJLKPbmMonþbcRíMPÞ�G

lNÞ\JLH.GSl°UgV0MPÞ�GZl‡HBJLMPbÂJgf�ULÝ �‡GS`IMPlSß)A\UgK°GSè�JLOZH\fcGgt?`SUWR�lNbcÛ�GSK

MPÞ�GwbcRTMPGSKPlNGS`IMPbcUWRÿUWVYM

î

U�HiUgfmn]Þ�GSÛ�K³Jrß�×‘GSlNbcÛ�GSl�MPÞ�GðR�G�GSÛ

MPUEMPG�l‡MYJgfmf\H.UWbcRTMPl0UWV.UWR�G½H.UWfmn]Þ�GSÛ]KPUWR™JgpWJgbcR�l‡M0MPÞ�G	UgMPÞ�GSK�t

MPÞ�G‘KPG�lN[�fmM0UWVBMPÞ\G½ULHiGIK³JLMPbmUWRwbml0R�UgMYJgf

î

JSn]lYJ_H.UWfmnrÞ\GSÛ]KPUWR

Ý\[]M�bkM	OwJ�n4lNUgOQGSMPbmOQGSl�`SUWR�lNbcl‡M	UWV�JÈlNGSM	UWV…H.UWfkn]Þ�G�Û]K³J]ß



e	Ý �•G�`IM	UgKPbmG�RTMPGSÛ�Û\JLM³JeÝuJLlNG�l ^\X0Ù¨MNKPGSGðêkvSzgì¨t.X%a�Ù¨MNKPGSG™ê¯vSzgì¨t=a�Ù¨MNKPGSGðê¯vexžì

ç G�OÈHiULK³Jgf•ÛBJeM³JLÝBJglNG�l 
þUgR\ULMPUWR�bc`E×7h�Ù¨MNKPGSGðê 
eì¨tB×
bmMPGSOZH.UgK³Jgfi×7h	Ù¨MNKPG�Gðêkv q ì>t ç K³JLR\lPJL`SMPbmUWR�MPbcOZG™ê s��Lì>t

nYJgfmbcÛ4MPbcOQGðê srvSì

^TMNKPbmR\pZÛBJeM³JLÝBJglNG�l

�

KPGSñ�è4×YÙ¨MNKPG�Gðê yeì>t.^TMNKPbcR�pQ×YÙ¨MNKPG�Gðêkvžsžì

^THBJLMPbcJgf•ÛBJeM³JLÝBJglNG�l fcUr`�JLMPbcUgR�ÙQ�WGSnðÝBJglNGSÛÚêkvIì>t�h�×
Ù¨MNKPG�Gwê sWyeì

�BÙ>UgKPÛ�GIKPbcR�pþê s q ì

a�bmpWÞ]Ù>Û�bcOQGSR�lNbcUWR\Jgf?Û\JLM³JeÝuJLlNG�l b-
ËbcR 
þJLèÜê sWsLì¨t\bmFEbml‡M³JgR�`�G™ê sTxžì¨t\h�×
Ù¨MNKPGSGðê sgyLì¨t

�

nrK³JgOQbmÛÿê �eì

ç JLÝ\fcGQvg|�×
Ù¨MNKPGSGEÝBJglNGSÛ�lN`³Þ�G�OQGSlSß

Query box

I1

I2

I3

I4

I1 I4

(a) Z-regions (b) Range search

A�bcpW[]KPG!sr|��\Ù¨KPG�pgbcUWR�l	UWV:h�×YÙ¨MNKPG�Ggt\JgR�Û�bmMPl‘K³JgR�pWGElNGžJLKP`³Þiß

e	Ý �•G�`IM
KPGSH�KPGSlNG�RTM³JLMPbmUWR�JgR�Û4bcR�Û�GIè]bcR�pZl‡MNKP[�`IMP[]KPG�l‘JLKPG

MNKPGžJeMPG�Û lNGIHBJLK³JLMPGSfmn bcR#l‡HBJLMPbÂJLf°Û\JLM³JLÝBJglNGÜJLH�H\fcbm`žJeMPbcUWR�lSß

e�Ý#�‡GS`SMPl_UWV�`�UWOÈHBfmGSèËlNÞ\JLH.GwJeKPGQJLH�H�KPUžè]bmOwJLMPGSÛþÝrnËlNbcOZÙ

H\fcGIK:`SUWRTM³JgbcR�GIKPl…V¢UgK?KPGIMNKPbcGIjWJgfgH\[]KNHiUglNG�lSß
ç

Þ�GYJgbcOëUWV]lN[�`³Þ

JLH�H�KPUžè]bcOQJLMPbcUWRËbcl�MPUwñ\fmMPGIK_UW[]MEJgl�O![�`�ÞþV¢JgfclNGÈÛ]KPUgH\l_Jgl

H.UWlNlNbmÝ\fcG�Ý.GSV¢UgKPG�H.GIKPV¢UgKPOQbmR�pÈOQUgKPG_GIèrH.GSR\lNbkjTG�MPGSl‡MPbcR�pÈUWR

MPÞ�G�Jg`IMP[BJLfB`�UWOÈHBfmGSèQl‡HBJLMPbcJgfuUgÝ#�‡GS`SMPlSß
ç

Þ\GSlNG�UgÝ#�‡GS`SMPlYJLKPG

MPÞ�G�R4bcR�Û�GSè]GSÛ�Û�bmKPGS`SMPfkn4bmR4MPÞ\GSbmK½R\JLMP[]K³Jgf•l‡HBJg`SGEUgK½MNK³JgR�l‡Ù

V¢UgKPOZG�Û�JgR�Û�bmR\Û�GIè]GSÛ�bcR�JÈHuJeK³JgOQGIMNKPbc`El‡HuJL`�Ggß

A\UgK*MPÞ�GÜfÂJLMNMPGIKþJeH\H�KPUTJL`�ÞitEMPÞ\GûÛBJeM³JDl‡HBJg`�GÜbcl�HBJLKNÙ

MPbmMPbmUWR�G�Û bcRTMPU<pLKPbcÛ `SG�fmfcl4UWVEMPÞ�GílPJgOZGílNbcòSGWt

î

Þ�bm`�Þ JLKPG

MPÞ�G�RíRa[�O�Ý.GSKPGSÛûbmRû`SGSKNM³JLbcRþñ�è]GSÛþHuJeMNMPGSKPRiß
ç

Þ�GZbcÛ�G�J�bml

MPUíJglNlNbmpWRDJ*Rr[�O�Ý.GIKZMPUþGžJL`�ÞÚKPGIH�KPG�lNGSRTM³JLMPbmjWG4pgKPbmÛ<bcR<J

l‡HBJg`�G�JLR\ÛÿMPÞ\GSlNG™Rr[�O�Ý.GIKPlQJLKPG™MPÞ�G�RÚ[�lNG�ÛÿMPUþUgÝ�M³JgbcR<J

KPGSH�KPGSlNG�RTM³JLMPbkjTGZRa[�O�Ý.GIK�VÃUgKEMPÞ�GZl‡HBJLMPbcJgf�ULÝ �‡GS`IMPlSß
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