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,1)250$7,21 75$16)250$7,21 $1' '(/,9(5<
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e)'M PY s2)''%2%$ "9 ! #%24!). %6%.4 /2 #2)3)3 3)45!4)/. 6%29 ()'( 30!4)!, 2%3/,54)/. 3!4%,,)4% $!4! )3
!#15)2%$M s(%3% !2% 02%L02/#%33%$K '%/L2%&%2%.#%$ !.$ ).4%'2!4%$ 53).' ! ',/"!, 2%&%2%.#% 4//,M
d842!#4)/. /& $7%,,).'3 !.$ /4(%2 0/05,!4)/.L2%,%6!.4 &%!452%3 )3 0%2&/2-%$ 53).' /"*%#4L"!3%$
)-!'% !.!,93)3M a!3%$ /. 0(/4/'2!0(3 !.$ $%3#2)04)/.3 &2/- 4(% 30%#)&)# 3%44).'K ! ,)"2!29 /&
$)&&%2%.4 $7%,,).' 490%3 )3 #/-0/3%$M r5#( Rc &%!452%3 !2% 4(%. 0,!#%$ /. 4(% ,/#!4)/.3 $%2)6%$
"9 !54/-!4%$ )-!'% #,!33)&)#!4)/.M

+$6 %((1 (67$%/,6+('P v+( :25.92: %8,/'6
8321 $ 6(48(1&( 2) $8720$7(' ,0$*( $1$/<O
6,6 $1' 9,68$/,6$7,21 7(&+1,48(6 )25
02'(//,1* 3238/$7,21O5(/(9$17 )($785(6P k7
$,06 $7 75$16)250,1* ,0$*(' 6&(1(6 72
5($'<O72O86( $1' 32/,&<O5(/(9$17 ,1)250$O
7,21P c6 ,//8675$7(' ,1 h,*P SN 7+( :25.92:
,1&/8'(6 7+( (17,5( &+$,1 2) 35(O352&(66,1*N
)($785( (;75$&7,21N &/$66,7&$7,21N 48$17,7&$O
7,21 $1' 36(8'2O5($/,67,& Uf 9,68$/,6$7,21P
v+( /$77(5 3529,'(6 $ 36(8'2O5($/,67,& 5(35(O
6(17$7,21 2) 7+( 6,78$7,21N &203/(0(17(' %<
(;,67,1* 25 '(5,9(' $1&,//$5< '$7$ 6(76 /,.( $
',*,7$/ (/(9$7,21 02'(/ JfgoK 25 $ &2$56(O
6&$/(' /$1' &29(5 6(7P f(/,9(5,1* $ &203/(7(
3,&785( 2) 7+( 9(5< 6,78$7,21 $1' 7+( 5(63(&7O
,9( &5,6,6 $5($N ,1&/8',1* 7*85(6 $1' &+$576N
,70$< ',5(&7/< 6833257 5(/,() $&7,216 25 27+(5
71(O6&$/( 23(5$7,216P

b!3% 345$9 f/: `-%2

s(% f/: `-%2 #!-0

f85,1* 5(&(17 $**5(66,216 ,1 7+( f$5)85 5(O
*,21N $%287 SWRNRRR 5()8*((6 &5266(' 7+(

%25'(5 72 e+$' Jy(/7+81*(5+,/)( TRRVKP v2
'$7(N $%287 7:2 7+,5' 2) 7+26( 3(23/( /,9(
,1 21( 2) 7+( 5()8*(( &$036 (67$%/,6+(' $1'
0$,17$,1(' ,1 7+( g$67(51 e+$' Je$5,7$6
TRRVKP v+( &$03 i2= c0(5 J6(( h,*P TK ,6
6,78$7(' $%287 SRR .0 :(67 2) 7+( e+$',$1B
u8'$1(6( %25'(5P v+( 727$/ $02817 2) 5()8O
*((6 5(*,67(5(' $7 7+( wpjet :$6 SZNUVS
Jwpjet e$03 67$7,67,& 2) c8*867 TRRVKP
c1 $33$5(17/< 5(*8/$5 $1' 67$%/( 3$77(51

2) 7(176 $1' 27+(5 3(57$,1,1* 6758&785(6 J/,.(
)(1&(6 25 +876K -867,7(6 7+( 7(50 D(3+(0(5$/
6(77/(0(176I $6 $ 0(7$3+25 )25 7+( 6(0,O3(5O
0$1(17 &+$5$&7(5 2) 7+( &$036P c/7+28*+
21/< $ 0,125,7< 2) 7+( &$036 $5( 3/$11('
$1' '(6,*1(' )520 7+( *29(510(17N 7+( 7(50
D,1)250$/ 6(77/(0(176I 0$< %( 0,6/($',1*
,1 7+,6 &217(;7] 5$7+(5 (03+$6,=(6 7+( /$&.
2) -85,',&$/ -867,7&$7,21 2) ':(//,1* 6758&O
785(6P

c!4! 3/52#%3 !.$ 02%L02/#%33).'

h520 $1 SS%,7 s8,&.d,5' 6&(1(N 5(&25'('
,1 f(&(0%(5 TRRV $1' &2035,6,1* $1 $5($
2) XVPV .0TN $ 68%6(7 :$6 &5($7(' 6+2:,1*

RRO o(/4/'2!--%42)% 6 e%2.%2+5.$5.' 6 f%/).&/2-!4)/. S?QOOU



e)'M QY s(% r5$!.%3% 2%&5'%% #!-0 f/: `-%2K d!34%2. b(!$M

s!"M PY r%'-%.4!4)/. 3%44).'3 Gk 3 k%6%,K ro
3 3#!,% 0!2!-%4%2K rv 3 3(!0% 7%)'(4).'K
bov 3 #/-0!#4.%33 7%)'(4).'HM

n ur uy ery t(0$5.6

T TW RPT RPZ %5,*+7 0(',80O6,=('
6+(/7(56 $1' %,* 6+(/7(56
:(// 6(*0(17('

S SW RPT RPW '$5. 60$// 6+(/7(56 :(//
6(*0(17('

7+( i2= c0(5 &$03 $1' 7+( 1($5 6855281'O
,1*6 :,7+ $ 727$/ $5($ 2) UPS .0TP v+( 6&(1(
:$6 35(O5(*,67(5(' ,1 wvoOUVp JyiuOZVKP
t(62/87,21 0(5*( /(' 72 $ *5281' 63$7,$/
',67$1&( 2) RPX0P r$1O6+$53(1,1* :$6 '21(
$&&25',1* 72 n,8 JTRRRK 86,1* $1 ,0$*(
)86,21 02'(/ ,03/(0(17(' ,1 7+( 62)7:$5(
3$&.$*( g5'$6 k0$*,1( ZPYP v+( 0(7+2'
0$,17$,16 25,*,1$/ 63(&75$/ 9$/8(6 72 $ /$5*(
(;7(17 J#[R@K $1' (1$%/(6 '(5,9,1* '(O
7$,/(' ,1)250$7,21 2) 60$// 6758&785(' $1'
+,*+ +202*(1(286 $5($6P c U"U u2%(/ 7/7(5
0$75,; :$6 86(' )25 ('*( '(7(&7,21 $1' (1O
+$1&(0(17P v+,6 :$6 '21( 21 7+( 5(62/O
87,21O0(5*(' %/8( &+$11(/ $6 352326(' %<
n$1* H v,('( JTRRWKP v+( $'',7,21$/ ,1)25O
0$7,21 &217(17 2) 7+( u2%(/ 7/7(5(' ,0$*(

/$<(5 :$6 5(48,5(' )25 '(/,1($7,1* /,1($5 2%O
-(&76 '85,1* 6(*0(17$7,21P k0$*( 6(*0(17$O
7,21 ,76(/) :$6 '21( 86,1* $ 5(*,21O%$6('N
/2&$/ 0878$/ %(67 777,1* $3352$&+ Jd$$7=
Hu&+$(3( TRRRK $6 ,03/(0(17(' ,1 7+( 62)7O
:$5( (e2*1,7,21 VP y( $33/,(' 7:2 6&$/(
/(9(/6 )25 7$5*(7,1* ',5(5(17 6,=(O&21675$,17
&$7(*25,(6 2) ':(//,1* 6758&785(6 J6((
v$%P SKP

b,!33 $%&).)4)/. !.$ #,!33)&)#!4)/.

e/$66(6 2) &21&(51 :,7+,1 7+( &$03 $5($ $5(
.12:1\ 7+( 35,0$5< ,'($ :$6 72 '(7(50,1(
7(176N +876 $1' 27+(5 +$%,7$7,21 6758&785(6P
q:,1* 72 7+,6N ,1 $ .12:/('*(O'5,9(1 $3O
352$&+N $1 $335235,$7( 02'(/ :$6 (67$%O
/,6+('N :+,&+ 68332576 (;75$&7,1* 7+( (;O
3(&7(' 2%-(&7 7<3(6P y( 86(' $ 58/(O%$6('
352'8&7,21 6<67(0 :,7+ 63(&,7& '(6&5,37,9(
)($785(6 $1' )8==< 58/(6 J6(( v$%P TKP y( ',)O
)(5(17,$7(' %(7:((1 ,1+(5,7$1&( +,(5$5&+<
$1' 6(0$17,& +,(5$5&+<N 7+( 7567 $''5(66,1*
7+( ,1+(5,7$1&( 2) &/$66 '(6&5,37,216 )520
3$5(17 72 &+,/' &/$66(6] 7+( 6(&21' 5()(55,1*
72 7+( /2*,&$/ &2+(5(1&( $021* ',5(5(17
&/$66(6P
q%-(&76 2) ,17(5(67 :(5( (;75$&7(' $6 6,1*/(

2%-(&76P v+(5()25( 7+( 180%(5 2) ,0$*( 2%O

RRPrM k!.' %4 !,MK l/$%,).' d0(%-%2!, r%44,%-%.43



s!"M QY b,!33 $%&).)4)/. #/.4!).).' ).(%2)4!.#% !.$ 3%-!.4)# '2/50).'K &%!452%3 !.$ 25,%3K #,!33
!2%! !.$ 0%2#%.4!'% /& 4/4!, !2%!M

Class name Inheritance (" parent/# child);

semantic grouping ( parent/%

child);

single class ($)

Features/rules ("= membership

to, # = mean value of,

D = density, B = brightness,

C = compactness,

% = relative border length to)

Class area

(ha)/%

of total

(3.1 km²)

Bare soil total of bare soil and bare soil

shadow

Bare soil % of bare soil total " all other classes < 0.2 131.1/43.4

Bare soil

shadow

% bare soil total

# of shadow

% Single trees shadow [0.4–0.5] –

Fences $ B [350–340]; D [0.65–1.3]

" [0.1–1]; # Sobel [30–50]

5.7/1.9

Shadow " of bar soil shadow and tree

(shadow)

B [220–390] –

Single trees

total

of single trees and tree

(shadow)

– –

Single trees % of single trees total NDVI [0.24–0.29 ] 11.3/3.7

Tree (shadow) % of single tress total

# of shadow

% Single trees neighb.

[0.3–0.8]

–-

Tents bright

total

of tents bright and tents bright

border

Tents bright % of tents bright total # Blue layer [360–370] 1.5/0.5

Tents bright

border

% of tents bright total C [1.5–1.7]; " [0.1–1]

%Tents bright neighb.[0.35–0.6 ]

-

Traditional

shelter

$ Area [3–20 (m²)] ;

B [300–400 ] C [1–1.5 ]

% Tents bright neighbours [0]

1.9 / 0.7

Vegetation

outspread

$ NDVI [1.35–2.55] ∧[0.03–0.04]

ratio NIR [0.24–0.25]

126.2 / 41.8

e

-(&76 ',5(&7/< &255(6321'6 :,7+ 7+( $&78$/
180%(5 2) ':(//,1*6 25 +$%,7$7,21 6758&O
785(6P v+,6 (63(&,$//< $33/,(6 )25 TNTXU 2%O
-(&76 2) 7+( &/$66 v(176 %5,*+7 J,P (P wpjet
7(176 2) ST 72 TR0TK $1' TNXVR 2%-(&76 2)
7+( &/$66 v5$',7,21$/ 6+(/7(5 J,P (P 6(/) 0$'(N
675$: &29(5(' +876 2) V 72 TV0TKP

`##52!#9 !33%33-%.4

c&&85$&< $66(660(17 86,1* *5281' 7587+ ,1O
)250$7,21 ,6 868$//< +$03(5(' ,1 &5,6,6 6,78O
$7,21P y( 7+(5()25( &5($7(' $ 5()(5(1&( '$7$
6(7 %< 9,68$/ ,17(535(7$7,21 $1' 0$18$//<
',*,7,=,1* 5(/(9$17 ':(//,1* 6758&785(6P k1 25O

'(5 72 5(35(6(17 $ 685,&,(17 3$57 2) 7+( :+2/(
&$03 $ *5,' 2) SRR0 &(//O6,=( :$6 683(5,0O
326(' 21 7+( :+2/( 6&(1( Jh,*P UKP YR 287 2)
TZR &(//6 :(5( 5$1'20/< 6(/(&7(' $1' 86('
72 ',*,7,=( 7(176 $1' 6+(/7(56N 5(35(6(17(' $6
0,'O32,176P c/72*(7+(5N ZR@ 2) 7+(6( :(5(
(;75$&7(' &255(&7/< J32,17O,1O32/<*21KP
o25( 63(&,7&$//< )25v(176 %5,*+7 7+( )2//2:O
,1* $33/,(6\ 287 2) Y[R 0$18$//< ',*,7,=('
v(176 %5,*+7 0,'O32,176N TUW :(5( 127 &21O
7$,1(' %< $ &/$66,7(' v(176 %5,*+7 32/<*21P
v+,6 &255(6321'6 72 $ 352'8&(5 $&&85$&< 2)
YRPU@P d< $ %85(5 2) SPT0 J7:2 3,;(/6K 7+(
$02817 2) 0,6&/$66,7(' 7(176 &28/' %( &25O
5(&7(' %< YV 7(176P w1'(5 7+,6 &21',7,21N

RRQ o(/4/'2!--%42)% 6 e%2.%2+5.$5.' 6 f%/).&/2-!4)/. S?QOOU



e)'M RY `##52!#9 !33%33-%.4 ). VO 2!.$/- #%,,3M f2%%. $/43 ).$)#!4% -!.5!,,9 $)')4):%$ 4%.43 GVXO
!,4/'%4(%2HM

I +773\BB:::Pu8'$15((9(6P25* J$&&(66('\ SSBTRRWK

352'8&(5 $&&85$&< %5,*+7 7(176 ,1&5($6(6 72
Y[PX@P

d34)-!4)/. /& #!-0 0/05,!4)/.

c335235,$7( $1' 48,&. 3238/$7,21 (67,0$O
7,21 %$6(' 21 (;75$&7(' 2%-(&76 ,6 )($6,%/(P
v+( 352326(' 0(75,& ,6 %$6(' 21 $1 $66(66O
0(17 :,7+ 7+( +(/3 2) (<(:,71(66 2) $1 kfrO
e$03 ,1 f$5)85 J25$/ &20081,&$7,21 :,7+
vP u3,(/%@&+/(5KP q1( $668037,21N $/62
%$&.(' %< 3+272*5$3+6 21 :(% 3$*(6N ,6 7+(
86( 2) 75$',7,21$/ '$5. 6+(/7(56 )25 &22.,1*
$1' 67$<,1* '85,1* '$<7,0( 21/<] 7+(< $5(
1(,7+(5 86(' 125 68,7$%/( )25 6/((3,1*P e21O
6(48(17/<N 7+(< *,9( $ &/8( )25 7+( (67,0$7,21
352&(66 %87 $5( 127 ',5(&7/< 5(/$7(' 72 7+(
180%(5 2) ,10$7(6P c &$87,286 (67,0$7,21
352-(&7,1* 7+( 180%(5 2) 7+( (;75$&7('
%5,*+7 7(176 %< $ )$&725 2) $1 $9(5$*( )$0,/<
6,=( 3529,'(6 $ 5($/,67,&N 7+28*+ ,1(;$&7N
180%(5 2) ,10$7(6P c )$&725 2) SPT J,P (P TR@
$&&25',1* 72 7+( 352'8&(5I6 $&&85$&<K 5(O
68/76 ,1 $ 727$/ 180%(5 2) %5,*+7 7(176 2)

TNYSWPc6680,1* 7+$7 7+( $9(5$*(y(67Of$5O
)85,$1 )$0,/< +$6 %(7:((1 6(9(1 $1' (,*+7
)$0,/< 0(0%(56I 7+,6 :28/' $&&2817 72 $
727$/ 180%(5 2) TRNUXTPW &$03 ,10$7(6 J,P (P
TNYSW 7,0(6 YPWKP v+,6 9$/8( 6/,*+7/< 29(5(6O
7,0$7(6 7+( 5($/ 180%(5 2) $5281' SZNWRR
$7 7+$7 7,0(P

r0!4)!, G$)3LH!''2%'!4)/. /& #!-0
0/05,!4)/.

u,1&( ,1)250$7,21 $%287 3238/$7,21 ,6 63$O
7,$/ (;3/,&,7 J,P (P $9$,/$%/( 21 7+( 7(17 /(9(/KN
7+( 29(5$// $02817 2) &$03 ,10$7(6 &$1 %(
$**5(*$7(' 25 ',6$**5(*$7(' 72 $1< 63$7,$/
68%81,76 2) 7+( &$03P v+,6 0$< %( $'0,1O
,675$7,9( 68%',9,6,216 )25 0$1$*(0(17 5(O
/$7(' 7$6.6 25 $ 5(*8/$5 *5,' 2) (P *P WR0 "
WR0 &(//6 )25 $1$/<7,&$/ 385326(6P h,*P V
6+2:6 $1 (;$03/( 2) 7+( /$77(5 )25 $1$/<6,1*
3238/$7,21 '(16,7,(6 ,1 $ 68%6(7 2) 7+( &$03P

RRRrM k!.' %4 !,MK l/$%,).' d0(%-%2!, r%44,%-%.43



e)'M SY d842!#4%$ $7%,,).'3 G,%&4H !.$ 0/05,!4)/. $%.3)4)%3 ). ! TO- " TO- #%,, '2)$ G2)'(4HM

c!4! ).4%'2!4)/. !.$ 03%5$/L2%!,)34)#
Rc 6)35!,):!4)/.

x,68$/,=$7,21 2) 7+( '(5,9(' ,1)250$7,21 &$1
%( $ %(1(77 72 7+( /2&$/ $'0,1,675$7,21 2)
5()8*(( &$036P k7 $/62 3529,'(6 5(6&8( 7($06
$1 29(59,(: $%287 7+( 6,78$7,21 7+(< 0$<
(;3(&7 7+(5(P r6(8'2O5($/,67,& Uf 9,68$/,6$O
7,21 5(9($/6 $ %(77(5 ,035(66,21 :,7+ 025(
6(/) (;3/$,1,1* ,1)250$7,21N (63(&,$//< 72
3(23/( :+2 $5( 127 (;3(5,(1&(' ,1 5($',1*
0$36P v+( :25.92: ',6&866(' $%29( 25(56
7+( 3266,%,/,7< )25 $ *$3/(66 &+$,1 2) ,1)25O
0$7,21 (;75$&7,21N ,1)250$7,21 '(/,9(5< $1'
TfBUf 9,68$/,=$7,21P h,*P W *,9(6 $1 29(5O
9,(: $%287 7+( 5(48,5(' 67(36 )25 '$7$ ,17(O
*5$7,21 $1' 9,68$/,=$7,21P v+,6 :$6 &21'8&O
7(' 86,1* 7+( c5&iku g;7(16,21 Uf c1$/<67
6833257,1* '$7$ ,17(*5$7,21 $1' 9,68$/,=$O
7,21 :+,/( 6,08/7$1(286/< 3529,',1* iku
$1$/<6,6 )81&7,216P k1)250$7,21 (;75$&7('
)520 7+( ,0$*( '$7$ &2035,6(6\ JSK 5(/(9$17
':(//,1* 6758&785(6 (;3257(' $6 $1&+25
32,176 J,P (P &(1752,'6 2) 7+( (;75$&7(' 2%O
-(&76KN :+,&+ +2/' $775,%87( ,1)250$7,21
$%287 7+( ':(//,1* 7<3( $1' 0$,1 ',5(&7,21
J25,(17$7,21K] JTK /,1($5 )(1&( 6758&785(6 $6
&(175(/,1(6 2) )(1&( 2%-(&76] JUK /$1' &29(5
&/$66,7&$7,21 J%$5( 62,/N 9(*(7$7(' $5($6N
6,1*/( 75((6KP c Uf 6<0%2/ /,%5$5< &217$,1O
,1* 7+5(( 0$,1 ':(//,1* 7<3(6 J,P (P /$5*(B

60$// 7(176N 75$',7,21$/ 6+(/7(56K +$6 %((1
&216758&7(' ,1 c872'(6. Uf u78',2o$; 86O
,1* ,0$*( 0$7(5,$/ 2) 7+( &$03P v(55$,1
+(,*+7 ,1)250$7,21 :$6 2%7$,1(' )520
utvo Ju+877/( t$'$5 v232*5$3+<
o,66,21K '$7$P
v+( 5(68/7,1* 6&(1( ,6 $ 5($/O7,0( 9,68$/,O

6$7,21 (1$%/,1* 7+( 86(56 72 &+$1*( %(7:((1
',5(5(17 3(563(&7,9(6N 1$9,*$7( ,1 7+( 7+,5'
',0(16,21 $1' ($6,/< &5($7( $1' (;3257 35(O
5(1'(5(' $1,0$7,216P v+( 86( 2) $ Uf 6<0O
%2/ /,%5$5< $'$37(' 72 7+( &855(17 6,78$7,21
*,9(6 $ 08&+ %(77(5 ,035(66,21 7+$1 86,1*
:,/'&$5' 6<0%2/6 )25 ',5(5(17 ':(//,1*
7<3(6P f8( 72 7+( 60$// $02817 2) ':(//,1*6
7<3(6 ,1 7+,6 (;$03/(N 7+( (5257 )25 &5($7,1*
68&+ $ 6<0%2/ /,%5$5< ,6 /,0,7('P h857+(5 ,0O
3529(0(17 2) 7+( 36(8'2O5($/,67,& ,035(6O
6,21 &28/' %( 5($&+(' %< $8720$7,&$//< $'O
-867,1* 7+( 6<0%2/6P v+,6 :$6 '21( %< 86,1*
7+( 0$,1 ',5(&7,21 2) 7+( (;75$&7(' ':(//,1*
2%-(&7 $1' $77$&+,1* 7+,6 ,1)250$7,21 $6 $1
$775,%87( 72 7+( $1&+25 32,17 /$<(5P q1&(
&5($7('N 7+( Uf 6&(1( ,6 127 7+( (1' 2) 7+(
/,1(\ k7 ,6 $ 9(;,%/( 02'(/ 72 &+$1*( ($6,/<
'$7$ 6285&(6N ,17(*5$7( 1(: 25 83'$7(' ,1O
)250$7,21 $1' (1$%/(6 7+( 86( 2) iku $1$/<O
6,6 )81&7,216N (P *P 685)$&( $1$/<6,6N 63$7,$/
48(5,(6N 9,(:6+(' $1$/<6,6 (7&P
v+( :+2/( 6&(1( +$6 %((1 75$16)(55(' 72

$ */2%( (19,5210(17 J+(5(\ c5&i/2%(KN

RRS o(/4/'2!--%42)% 6 e%2.%2+5.$5.' 6 f%/).&/2-!4)/. S?QOOU



e)'M TY n6%26)%7 /& $!4! ).4%'2!4)/. &/2 03%5$/L2%!,)34)# Rc 6)35!,):!4)/.M

e)'M UY o3%5$/L2%!,)34)# 6)35!,):!4)/. ). ! ',/"% %.6)2/.-%.4M

:+,&+ $//2:6 )25 ,76 ,17(*5$7,1* 7+( 6&(1(
,172 7+( 5(*,21$/ &217(;7P j(1&(N $1 ,171,7(O
/< 9$5,$%/( $1' 6&$/(O,1'(3(1'(17 =220 )520
*/2%$/ 29(5 &217,1(17$/O5(*,21$//< 72 /2&$//<

,6 6833257(' J&)P h,*P XKP k1 $'',7,21 ,7 0,*+7
%( 2) ,17(5(67 72 3529,'( 7+( 5(68/7 :,7+,1
)5(( $9$,/$%/( Uf '$7$ 9,(:(56 J(P *P c5&O
t($'(5KN 29(5&20,1* 352%/(06 2) ,1)250$O

RRTrM k!.' %4 !,MK l/$%,).' d0(%-%2!, r%44,%-%.43
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