
I�H DS �IY. THCDN RSHSAGHMF ENO IHMD�O A�LDO� �OO�VR fl

Shcdn Lshsaghmf eno ChmdVo AVidoV �ooVtr

Vdh,Ogdmf KYhfl.1

vkYh124taldqadc-dct

NqYyhn DYkkn1

nfYkkn4muhchY-anl

Ihmvdh Dt1

ftihmvdh4flYhk-anl

Cdohmf Otm1

cdohmf-rtm4flYhk-anl

Lhmf,GrtYm WYmf.

lgwYmf4taldqadc-dct

IYm JYtsy1

ijYtsy4muhchY-anl

. Smhudqrhsw ne AYkhenqmhY� Ldqadc
1 MUHCH@

�arspWbs

Cdrohsd sgd knmf ghrsnqx ne hlZfd Zmc uhcdn rshsbghmf qdrdZqbg: dwhrshmf ZbZcdlhb
Zmc bnlldqbhZk rnktshnmr rshkk oqnctbd rsqnmf ZqsheZbsr0 Hm sghr vnqj: vd oqnonrd Z vhcd,
aZrdkhmd uhcdn rshsbghmf Zkfnqhsgl enq khmdZq bZldqZ ZqqZxr sgZs hr sdlonqZkkx rsZakd Zmc
snkdqZms sn rsqnmf oZqZkkZw0 Ntq jdx hmrhfgs hr sgZs rshsbghmf bZm ad bZrs Zr Z oqnakdl
ne kdZqmhmf Z rlnnsg roZshZk hmsdqonkZshnm adsvddm sgd hmots uhcdnr0 Sn rnkud sghr oqna,
kdl: hmrohqdc ax otrgaqnnl bZldqZr: vd hmsqnctbd Z eZrs otrgaqnnl hmsdqonkZshnm kZxdq
Zmc oqnonrd Z mnudk otrgaqnnl rshsbghmf mdsvnqj: vghbg kdZqmr Z cdmrd finv zdkc sn
rlnnsgkx Zkhfm sgd ltkshokd hmots uhcdnr enq roZshZk hmsdqonkZshnm0 Ntq ZooqnZbg nts,
odqenqlr sgd rsZsd,ne,sgd,Zqs ax Z rhfmhzbZms lZqfhm: Zr vd rgnv vhsg Z trdq rstcx: Zmc
gZr hlldchZsd ZookhbZshnmr hm lZmx ZqdZr rtbg Zr uhqstZk qdZkhsx: hlldqrhud sdkdoqdrdmbd:
Ztsnmnlntr cqhuhmf: Zmc uhcdn rtqudhkkZmbd0

b� 19fl80 Sgd bnoxqhfgs ne sghr cnbtldms qdrhcdr vhsg hsr Ztsgnqr0
Hs lZx ad chrsqhatsdc tmbgZmfdc eqddkx hm oqhms nq dkdbsqnmhb enqlr0

—Z( Ntq rshsbghmf qdrtks —a( )fl8[ —b( )2[ —c( )fl1[ —d( Ntqr

Ehftqd fl. DwWlokdr ne uhcdn rshsbghmf0 Hmrohqdc ax otrgaqnnl bZldqZr: vd oqnonrd Z cddo
otrgaqnnl rshsbghmf mdsvnqj sn rshsbg ltkshokd vhcd,aZrdkhmd uhcdnr ne cxmZlhb rbdmdr hmsn
Z rhmfkd oZmnqZlhb uhcdn0 Sgd oqnonrdc kdZqmhmf,aZrdc Zkfnqhsgl ntsodqenqlr oqhnq vnqj
vhsg lhmhlZk lhr,Zkhfmldms ZqsheZbsr —dyf0: fgnrshmf Zmc aqnjdm naidbsr(0 Lnqd uhcdn qdrtksr
Zqd oqdrdmsdc hm sgd rtookdldmsZqx lZsdqhZk0
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fl Fmspnctbshnm
Ctd sn rdmrnq qdrnktshnm Zmc noshbr khlhsZshnmr: sgd zdkc ne uhdv —ENU( ne lnrs bZldqZr hr
snn mZqqnv enq ZookhbZshnmr rtbg Zr Ztsnmnlntr cqhuhmf Zmc uhqstZk qdZkhsx0 á bnllnm rnkt,
shnm hr sn rshsbg sgd ntsotsr ne ltkshokd bZldqZr hmsn Z oZmnqZlhb uhcdn: deedbshudkx dwsdmchmf
sgd ENU0 Vgdm sgd noshbZk bdmsdqr ne sgdrd bZldqZr Zqd mdZqkx bn,knbZsdc: rshsbghmf bZm
ad rnkudc vhsg Z rhlokd gnlnfqZogx sqZmrenqlZshnm0 Gnvdudq: hm lZmx ZookhbZshnmr: rtbg
Zr Ztsnmnlntr cqhuhmf: qdlnsd uhcdn bnmedqdmbd: Zmc uhcdn rtqudhkkZmbd: ltkshokd bZldqZr
gZud sn ad okZbdc vhsg uhcd aWrdkhmdr: dhsgdq sn hmbqdZrd uhdv bnudqZfd nq ctd sn rnld ogxrh,
bZk bnmrsqZhmsr0 Hm sgdrd bZrdr: dudm rsZsd,ne,sgd,Zqs ldsgncr )fl1: 1fl[ Zmc btqqdms bnlldqbhZk
rnktshnmr —dyf0: UhcdnRshsbg Rstchn )16[: átsnOZmn Uhcdn )2[: Zmc MUHCHá UPVnqjr )fl8[(
rsqtffkd sn oqnctbd ZqsheZbs,eqdd uhcdnr: Zr rgnvm hm Ehftqd fl0

Nmd lZhm bgZkkdmfd enq uhcdn rshsbghmf vhsg vhcd aZrdkhmdr hr oWpWkkWw: hyd0 sgd ZooZq,
dms chrokZbdldms ne Zm naidbs hm ltkshokd hmots uhcdnr ctd sn bZldqZ sqZmrkZshnm0 OZqZk,
kZw uZqhdr vhsg naidbs cdosg: vghbg lZjdr hs hlonrrhakd sn oqnodqkx Zkhfm naidbsr vhsgnts
jmnvhmf cdmrd 2C hmenqlZshnm0 Hm Zcchshnm: nbbktrhnmr: chr,nbbktrhnmr: Zmc khlhsdc nudqkZo
adsvddm sgd ENUr Zkrn bZtrd Z rhfmhzbZms Zlntms ne rshsbghmf ZqsheZbsr0 Sn nasZhm adssdq
Zkhfmldms: dwhrshmf hlZfd rshsbghmf Zkfnqhsglr odqenql bnmsdms,ZvZqd knbZk vZqohmf )5: 29[
nq zmc noshlZk rdZlr Zqntmc naidbsr sn lhshfZsd ZqsheZbsr Zs sgd sqZmrhshnm eqnl nmd uhdv sn
sgd nsgdq )8: 2fl[0 áookxhmf sgdrd rsqZsdfhdr sn oqnbdrr Z uhcdn eqZld,ax,eqZld hmduhsZakx oqn,
ctbdr mnshbdZakd ihssdqhmf nq vnaakhmf ZqsheZbsr0 Nm sgd nsgdq gZmc: Zkfnqhsglr sgZs dwokhbhskx
dmenqbd sdlonqZk bnmrhrsdmbx: rtbg Zr roZshn,sdlonqZk ldrg vZqohmf vhsg Z kZqfd,rbZkd nosh,
lhyZshnm )fl1[: Zqd bnlotsZshnmZkkx dwodmrhud0 Hm eZbs: bnlldqbhZk uhcdn rshsbghmf rnesvZqd
nesdm Zcnosr rhlokd rdZl btsshmf Zmc ltksh,aZmc akdmchmf )4[0 Sgdrd ldsgncr: gnvdudq:
nesdm bZtrd rdudqd ZqsheZbsr: rtbg Zr fgnrshmf nq lhrZkhfmldms: Zr rgnvm hm Ehftqd fl0 Lnqd,
nudq: rdZlr bZm bZtrd naidbsr sn ad bts nee nq bnlokdsdkx chrZoodZq eqnl rshsbgdc hlZfdr-Z
oZqshbtkZqkx cZmfdqntr ntsbnld enq trd bZrdr rtbg Zr Ztsnmnlntr cqhuhmf0

Vd oqnonrd Z uhcdn rshsbghmf rnktshnm enq khmdZq bZldqZr ZqqZxr sgZs oqnctbdr Z oZmnqZlhb
uhcdn0 Vd hcdmshex sgqdd cdrhqZakd oqnodqshdr hm sgd ntsots uhcdn. —fl( áqsheZbsr: rtbg Zr fgnrs,
hmf: rgntkc mns ZoodZq0 —1( Naidbsr lZx ad chrsnqsdc: ats rgntkc mns ad bts nee nq chrZoodZq hm
Zmx eqZld0 —2( Sgd rshsbgdc uhcdn mddcr sn ad sdlonqZkkx rsZakd0 Vhsg sgdrd sgqdd cdrhcdqZsZ
hm lhmc: vd enqltkZsd uhcdn rshsbghmf Zr Z roZshZk uhdv hmsdqonkZshnm oqnakdl0 RodbhzbZkkx:
vd sZjd hmrohqZshnm eqnl sgd otrgaqnnl bZldqZ: vghbg bnmbZsdmZsdr udqshbZk hlZfd rkhbdr
sgZs Zqd bZostqdc vghkd sgd bZldqZ sqZmrkZsdr )fl9[0 Vd oqnonrd Z otrgaqnnl rshsbghmf mds,
vnqj aZrdc nm cddo bnmunktshnmZk mdtqZk mdsvnqjr —BMMr(0 RodbhzbZkkx: vd zqrs oqnidbs sgd
hmots uhdvr nmsn Z bnllnm bxkhmcqhbZk rtqeZbd0 Vd sgdm drshlZsd ah,chqdbshnmZk noshbZk finv:
vhsg vghbg vd rhltkWsd Z otrgaqnnl bZldqZ ax hmsdqonkZshmf Zkk sgd hmsdqldchZsd uhdvr
adsvddm sgd hmots uhdvr0 HmrsdZc ne fdmdqZshmf Zkk sgd hmsdqldchZsd uhdvr —vghbg qdpthqdr
ltkshokd ahkhmdZq vZqohmf rsdor nm sgd dmshqd hlZfd(: vd cdudkno Z otrgapnnl hmsdponkWshnm
kWxdp sn fdmdqZsd sgd hmsdqonkZsdc uhdv hm Z rhmfkd eddc,enqvZqc oZrr0 Ehftqd 1 rgnvr Zm
nudquhdv ne sgd bnmudmshnmZk uhcdn rshsbghmf ohodkhmd Zmc ntq oqnonrdc ldsgnc0 Ntq ldsgnc
xhdkcr qdrtksr sgZs Zqd uhrtZkkx rtodqhnq sn dwhrshmf rnktshnmr: ansg ZbZcdlhb Zmc bnlldqbhZk:
Zr vd rgnv vhsg Zm dwsdmrhud trdq rstcx0

1 PdkWsdc Vnpi
FlWfd rshsbghmf0 Dwhrshmf hlZfd rshsbghmf ldsgncr nesdm athkc nm sgd bnmudmshnmZk ohodkhmd



I�H DS �IY. THCDN RSHSAGHMF ENO IHMD�O A�LDO� �OO�VR 2

Feature detection Warping and alignment Seam-cutting and blending Output frameInput views

—Z( BnmudmshnmZk uhcdn rshsbghmf ohodkhmd )fl1[
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—a( Oqnonrdc otrgaqnnl rshsbghmf mdsvnqj

Ehftqd 1. �kfnphsgl nudpuhdv0 —Z( BnmudmshnmZk uhcdn rshsbghmf Zkfnqhsglr )fl1[ trd roZshn,
sdlonqZk knbZk ldrg vZqohmf Zmc 2C fqZog bts sn Zkhfm sgd dmshqd uhcdn: vghbg Zqd nesdm
rdmrhshud sn rbdmd bnmsdms Zmc bnlotsZshnmZkkx dwodmrhud0 —a( Sgd oqnonrdc otrgaqnnl
rshsbghmf mdsvnqj Zcnosr Z otrgaqnnl hmsdqonkZshnm kZxdq sn fqZctZkkx Zkhfm sgd hmots uhdvr:
Zmc ntsodqenqlr oqhnq vnqj Zmc bnlldqbhZk rnesvZqd0

ne Aqnvm Zmc Knvd )3[: vghbg zqrs drshlZsdr Z 1C sqZmrenqlZshnm —dyf0: gnlnfqZogx( enq
Zkhfmldms Zmc sgdm rshsbgdr sgd hlZfdr ax cdzmhmf rdZlr )8[ Zmc trhmf ltksh,aZmc akdmc,
hmf )4[0 Gnvdudq: fgnrshmf ZqsheZbsr Zmc lhr,Zkhfmldms rshkk dwhrs: drodbhZkkx vgdm hmots
hlZfdr gZud kZqfd oZqZkkZw0 Sn Zbbntms enq oZqZkkZw: rdudqZk ldsgncr Zcnos roZshZkkx uZqxhmf
knbZk vZqohmf aZrdc nm sgd Zezmd )fl7[ nq oqnidbshud )29[ sqZmrenqlZshnmr0 YgZmf ds Wk0 )2fl[ hm,
sdfqZsd sgd bnmsdms,oqdrdquhmf vZqohmf Zmc rdZl,btsshmf Zkfnqhsglr sn gZmckd oZqZkkZw vghkd
Zunhchmf knbZk chrsnqshnmr0 Lnqd qdbdms ldsgncr bnlahmd sgd gnlnfqZogx Zmc rhlhkZqhsx
sqZmrenqlr )5: fl5[ sn qdctbd sgd oqnidbshud chrsnqshnm —hyd0: rsqdsbgdc rgZodr( nq Zcnos Z fknaZk
rhlhkZqhsx oqhnq )6[ sn oqdrdqud sgd fknaZk rgZod ne sgd qdrtkshmf rshsbgdc hlZfdr0

Vghkd sgdrd ldsgncr odqenql vdkk nm rshkk hlZfdr: Zookxhmf sgdl sn uhcdnr eqZld,ax,
eqZld qdrtksr hm rsqnmf sdlonqZk hmrsZahkhsx0 Hm bnmsqZrs: ntq Zkfnqhsgl: Zkrn rhmfkd,eqZld:
fdmdqZsdr uhcdnr sgZs Zqd roZshn,sdlonqZkkx bngdqdms: adbZtrd ntq otrgaqnnl kZxdq nmkx no,
dqZsdr nm sgd nudqkZoohmf qdfhnmr: vghkd sgd qdrs hr chqdbskx sZjdm eqnl sgd hmotsr0

Uhcdn rshsbghmf0 Ctd sn bnlotsZshnmZk dezbhdmbx: hs hr mns rsqZhfgsenqvZqc sn dmenqbd roZshn,
sdlonqZk bnmrhrsdmbx hm dwhrshmf hlZfd rshsbghmf Zkfnqhsglr0 BnlldqbhZk rnesvZqd: dyf0:
UhcdnRshsbg Rstchn )16[ nq átsnOZmn Uhcdn )2[: nesdm zmcr Z zwdc sqZmrenqlZshnm —vhsg bZl,
dqZ bZkhaqZshnm( sn Zkhfm Zkk sgd eqZldr: ats bZmmns Zkhfm knbZk bnmsdms vdkk0 Pdbdms ldsgncr
hmsdfqZsd knbZk vZqohmf Zmc noshbZk finv )1fl[ nq zmc Z roZshn,sdlonqZk bnmsdms,oqdrdquhmf
vZqohmf )fl1[ sn rshsbg uhcdnr: vghbg Zqd bnlotsZshnmZkkx dwodmrhud0 Khm ds Wk0 )fl6[ rshsbg
uhcdnr bZostqdc eqnl gZmc,gdkc bZldqZr aZrdc nm 2C rbdmd qdbnmrsqtbshnm: vghbg hr Zkrn
shld,bnmrtlhmf0 Nm sgd nsgdq gZmc: rdudqZk ZooqnZbgdr: dyf0: Phbg259 )fl4[ Zmc Fnnfkd
Itlo )1[: bqdZsd 259◦ uhcdnr eqnl ltkshokd uhcdnr bZostqdc nm Z rsqtbstqdc qhf0 Pdbdmskx:
MUHCHá qdkdZrdc UPVnqjr )fl8[: Z snnkjhs sn dezbhdmskx rshsbg uhcdnr aZrdc nm cdosg Zmc
lnshnm drshlZshnm0 Rshkk: Zr rgnvm hm Ehftqd fl—a(: rdudqZk ZqsheZbsr: dyf0: aqnjdm naidbsr Zmc
fgnrshmf: Zqd uhrhakd hm sgd rshsbgdc uhcdn0

Hm bnmsqZrs sn dwhrshmf uhcdn rshsbghmf ldsgncr: ntq Zkfnqhsgl kdZqmr knbZk vZqohmf finv
zdkcr aZrdc nm Z cddo BMM sn deedbshudkx Zmc dezbhdmskx Zkhfm sgd hmots uhdvr0 Sgd finv hr
kdZqmdc sn noshlhyd sgd ptZkhsx ne sgd rshsbgdc uhcdn hm Zm dmc,sn,dmc eZrghnm0

Ntrgapnnl oWmnpWlW0 KhmdZq otrgaqnnl bZldqZr )fl9[ Zqd bnllnm enq rZsdkkhsd hlZfdqx.
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vghkd Z rZsdkkhsd lnudr Zknmf hsr nqahs: sgdx bZostqd ltkshokd flC hlZfdr: vghbg bZm ad bnm,
bZsdmZsdc hmsn Z etkk hlZfd0 á rhlhkZq ZooqnZbg gZr Zkrn addm trdc sn bZostqd rsqdds uhdv
hlZfdr )13[0 Gnvdudq: vgdm sgd rbdmd hr mns okZmZq: nq bZmmns ad ZooqnwhlZsdc Zr rtbg: sgdx
hmsqnctbd ZqsheZbsr: rtbg Zr rsqdsbgdc nq bnloqdrrdc naidbsr0 RdudqZk ldsgncr gZmckd sghr hr,
rtd ax drshlZshmf rbdmd cdosg )11[: zmchmf Z btsshmf,rdZl nm sgd roZbd,shld unktld )18[: nq
noshlhyhmf sgd uhdvonhms enq dZbg ohwdk )fl[0 Sgd oqnonrdc ldsgnc hr Z rnesvZqd rhltkZshnm
ne Z otrgaqnnl bZldqZ vghbg bqdZsdr oZmnqZlZr ax bnmbZsdmZshmf udqshbZk rkhbdr sgZs Zqd
roZshZkkx hmsdqonkZsdc adsvddm sgd hmots uhdvr0 Vd mnsd sgZs sgd ldsgnc ne Ihm ds Wk0 )fl2[ Zc,
cqdrrdr Z rhlhkZq oqnakdl ne uhdv lnqoghmf: vghbg Zhlr Zs rxmsgdrhyhmf hmsdqldchZsd uhdvr
Zknmf Z bhqbtkZq oZsg0 Gnvdudq: sgdx enbtr nm rxmsgdrhyhmf Z rhmfkd naidbs: dyf0 Z odqrnm nq Z
bZq: Zmc cn mns bnmrhcdq sgd aZbjfqntmc0 HmrsdZc: ntq ldsgnc rxmsgdrhydr hmsdqldchZsd uhdvr
enq sgd dmshqd rbdmd0

2 Rshsbghmf Wr RoWshWk FmsdponkWshnm
Ntq ldsgnc oqnctbdr Z sdlonqZkkx rsZakd rshsbgdc uhcdn eqnl vhcd,aZrdkhmd hmotsr ne cx,
mZlhb rbdmdr0 Vghkd sgd oqnonrdc ZooqnZbg hr rthsZakd enq Z fdmdqhb khmdZq bZldqZ ZqqZx
bnmzftqZshnm: gdqd vd cdrbqhad hs vhsg qdedqdmbd sn sgd Ztsnlnshud trd bZrd0 Tmkhjd nsgdq
ZookhbZshnmr ne rsqtbstqdc bZldqZ ZqqZxr: hm sgd Ztsnlnshud bZrd: naidbsr bZm bnld ZqahsqZqhkx
bknrd sn sgd bZldqZr: sgtr qdpthqhmf sgd rshsbghmf Zkfnqhsgl sn snkdqZsd kZqfd oZqZkkZw0

Enq sgd otqonrd ne cdrbqhahmf sgd ldsgnc: vd cdzmd sgd bZldqZ rdsto Zr rgnvm hm Ehf,
tqd 2—Z(: vghbg bnmrhrsr ne sgqdd zrgdxd bZldqZr vgnrd aZrdkhmd roZmr sgd dmshqd bZq+r vhcsg0
Ehftqdr 3—Z(,—b( rgnv sxohbZk hlZfdr bZostqdc tmcdq sghr bnmzftqZshnm: Zmc tmcdqrbnqd rnld
ne sgd bgZkkdmfdr vd eZbd. rsqnmf oZqZkkZw: kZqfd dwonrtqd cheedqdmbdr: Zr vdkk Zr fdnldsqhb
chrsnqshnm0 Sn lhmhlhyd sgd ZoodZqZmbd bgZmfd adsvddm sgd sgqdd uhdvr Zmc sn qdoqdrdms sgd
vhcd ENU ne sgd rshsbgdc eqZldr: vd zqrs Zcnos Z bZldqZ onrd sqZmrenqlZshnm sn vZqoAh

K Zmc
Ah
P sn sgd onrhshnm ne An

K Zmc An
P: qdrodbshudkx0 Sgdqdenqd: sgd mdv nqhfhm hr rds Zs sgd bdmsdq

bZldqZ AL 0 Sgdm: vd Zookx Z bxkhmcqhbZk oqnidbshnm —ax ZooqnwhlZshmf sgd rbdmd sn ad Zs
hmzmhsx( sn vZqo Zkk sgd uhdvr nmsn Z bnllnm uhdvhmf bxkhmcdq: Zr rgnvm hm Ehftqd 2—Z(0
Gnvdudq: dudm Zesdq bZldqZ bZkhaqZshnm: dwonrtqd bnlodmrZshnm: zrgdxd chrsnqshnm bnqqdb,
shnm: Zmc bxkhmcqhbZk oqnidbshnm: oZqZkkZw rshkk bZtrdr rhfmhzbZms lhrZkhfmldms: vghbg qdrtksr
hm rdudqd fgnrshmf ZqsheZbsr: Zr rgnvm hm Ehftqd 3—c(0

20fl EnpltkWshnm
Hm sghr vnqj: vd bZrs uhcdn rshsbghmf Zr Z oqnakdl ne roZshZk hmsdqonkZshnm adsvddm sgd rhcd
uhdvr Zmc sgd bdmsdq uhdv0 Vd cdmnsd sgd ntsots uhdv ax L: Zmc sgd hmots uhdvr —oqnidbsdc
nmsn sgd ntsots bxkhmcdq( ax HK: HL : Zmc HP: qdrodbshudkx0 Mnsd sgZs HK: HL : Zmc HP Zqd hm sgd
rZld bnnqchmZsd rxrsdl Zmc gZud sgd rZld qdrnktshnm0 Vd cdzmd Z spWmrhshnm pdfhnm Zr oZqs
ne sgd nudqkZoohmf qdfhnm adsvddm Z oZhq ne hmotsr —rdd sgd xdkknv qdfhnmr hm Ehftqd 2—a((0
Vhsghm sgd sqZmrhshnm qdfhnm: vd oqnfqdrrhudkx vZqo J udqshbZk rkhbdr eqnl ansg hlZfdr sn
bqdZsd Z rlnnsg sqZmrhshnm eqnl nmd bZldqZ sn Zmnsgdq0 Ntsrhcd sgd sqZmrhshnm qdfhnm: vd
chqdbskx sZjd sgd ohwdk uZktdr eqnl sgd hmots hlZfdr vhsgnts lnchexhmf sgdl0

Enq oqdrdmsZshnm bkZqhsx: gdqd vd enbtr nmkx nm HK Zmc HL 0 Ntq fnZk hr sn fdmdqZsd J
hmsdqldchZsd eqZldr: %H�i(K : vghbg rlnnsgkx sqZmrhshnm adsvddm HK Zmc HL 0 Vd zqrs bnl,
otsd sgd ahchqdbshnmZk noshbZk finvr: EK→L Zmc EL→K: Zmc sgdm fdmdqZsd vZqodc eqZldr
%H�i(K + S�HK.�i · EK→L( Zmc %H�i(L + S�HL.�fl��i( · EL→K(: vgdqd S�H.E( hr Z etmbshnm


