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9RLFH GLVDJUHHPHQWY RU FRQFHUQV WKURXJK IRUPDO DQ
1))7-2+6 :5-77)2 '31182-'%7-32 5%7,)5 7,%2 7,538+, 678()276
+53846

%57-"-48HHU2WHDFKLQJ REVHUYDWLRQ¥3 PD3)2RRO)QDERUD\
4)(%+3+-'%0 45%'7-') %2( '855-'8081 -140)1)27%7-32

, QWHUDFWLRQV ZLWK 3DUHQWYV WKH &RPPXQLW\

31182-'%7) :-7, 4%BRIVBVE® %PHVSHFWIXO DQ/G)ERIVMWUXFWL
',-0(>6 :)00 &)-2+ %2( 0)%52-2+ %7 7,) ')27)5

93-( '%68%0 35 -2*351%0 '329)56%7-326 %&387 % 678()27 :-7,
1))7-2B®0 VFKRRO UHODWHG FRPPXQLFDWLRQ VKRXOG EH G
FKDQQHM@®VO 4%5)27 7)%"',)5 1))7-2+6 35 ()6-+2%7)( 40%7*351




JROORZ WKH VFKRRO#EDOHQUGDWR2 .''4+/)3 #/& '/352' 4+.'-9 2" 4
%-'#2 %O0..5/+%#4+0/

8VH 21 THFKQRORJ\ 6RFLDO OHGLD

3'VFKRRO RZQHG GHYLFHV DQG LQWHUQHW QDA 4RW*'SURIH
3%*00-<3  #/& &#4# 1204'%4+0/ 10-+%9

0 /04 3*#2' 1*0403 6+&'03 02 1'230/#- & '4#+-3 0( 345&'/43 0/
7+4*054 +/(02.'& %0/3'/4 (20. 1#2'/43 #/& 12+02 #11206#- (20.

ODLQWDLQ FRQILGHQWLDOLW\

SURWHEFW DOO FRAQ3UGIHQVZBD P2 BH'B D.'&+%#- 139%*0-0)+%#- 2
5/#54%02+:'& #%%'33 02 &+3%-0352"

SHSUHVHQW WKH WFKRRO/BRBOWENHUIA4+0/3 +/4'26+'73 02 3
10343 #60+&+/) #/9 34#4'.'/4 4*#4 #9 *#2. 4* 3%*00-<3 2'154#
34#,'*0-&'23

*B10-09 B26+7"' &1 20&PHO D' 1 3H2 #-4)/. ' 47 ¥ + 4 A #4O| # 3 &H#E3 | &# 2) 5HDD
(2 '7023 # &4 '60-6+4) /' &30( 1058 0/4302+ H* %00- -—-4#% B#H2 '81'%U&D3H/
HE&H&E'2 DL&B 0& O( O 86%#3#%/ &40/ O('. 1-09. '/ 4# & %0/ 4 5 &#30WHAO/ 7 4 &'
P%00-

TKVSRIA ZIQEHUME HoHYHY IR\ HDOW\R IFRUSR DM
D FKDQIH/RIDP HG? HOW




3$5(17 +$1' W 2.



, QWURGXFWLRQ

9 574:98 439*8847. .,- (-441 <* (:19.:&9* (:7.4:8 2.3)8 .3)*5*
1*&73*78 .3 & 3:79:7.3, *3;.7432*39 #* 7*(4,3.8* 5&7*398 &8 .39
574(*88 -* 8(-441 &)4598 & (411&'478&9.:* &5574&(- 9-&9 518&(*¢

)*(.8.438 &3) 57&(9.(*8 -.8 5&793*78-.5 .8 ':.19 43 8-&7*) 7*85¢
&1.,3*) *=5%(98&9.438 <.9- '49- 9-* 8(-441 &3) 5&7*398 <470.3, 9
&3) <*11 '&1&3(*) )*:*1452*%39 4+ *:*7> 1*&73*7 -.8 &7*39 &3)'

,0.)* 94 4:7 541.(.*8 574(*):7*8 &3) 8-&7*) *=5*(9&9.438 )*8.,3*
+489*%7.3, >4:7 (-.1) 8 -41.89.( ,74<9- 4,%9-*7 1%Q 8 3:79:7* *:*
(43+.)*39 (425&88.43&9* .3).;.):&18 7*&)> 94 9-7.:* .3 9-* <471)

3KLORVRSK\ Rl 3DUWQHUVKLS

9 574:98 439*8847. .,- (-441 *):(&9.43 .8 ;.*<*) &8 & 8-&7*) (-
8(-441 &3) 5&7*398 #-.1* 9-* 8(-441 574:.)*8 & 8&+* 3:79:7.3,
*3:.7432*39 5&7*398 &7* *=5%(9*) 94 &(9.;*1> 8:55479 &3) 7*.3+
574(*88*8 &3) *=5%(9&9.438 &9 -42* -.8 8-&7*) &55748&(- *38:7"
)*;*1452*39 4+ (43+.)*39 7*85438.'1* &3) .3)*5*3)*39 1*&73*78

352*5%$00(
7+( 72'"/(5 352*5$00(

S:HPXVWWUXVWWKDWWKH\DUHGHYHORSLQJDORQJ WKHLUXQL
XQLTXHWLPHORR®H 'DYLHV

S*4))1*T T4,78&22* 94 >*8&78 &9 574:98 439*8847. .,- (
8:55479 9-* *&71> )*;*1452*398&1 3**)8 4+ (-.1)7*3 9-74:,- & (&7T*
+489*78 .3)*5*3)*3(* *=5147&9.43 &3) 8*1+ ).7*(9*) 1*&73.3, -

9*&(-*7 94 89:)*39 7&9.4 94 *38:7* .3).;.):&1.8*%) &99*39.43 &

74:3)*) .3 9-* 430*8847. 5-.14845-> 4+ @+4114<.3, 9-* (-.1) A ¢
*25-&8.8 43 &114<.3, (-.1)7*3 94 1*&73 &9 9-*.7 4<3 5&(* <.9-4:
*=5+%(989.438 -.1)7*3 &7* *3(4:7&,*) 94 *3,&,* <.9- 9-* 2&9*7.&1
(411&'47&9.;%1> ,:.)*) '> 97&.3%) &):198 <.9-.3 9-* *3;.7432*39
4))1*7 74,78&22* .8 94 3:79:7* .3)*5*3)*3(* <-.1* 8:55479.3, 9-*
(447).3&9.43 (43(*397&9.43 &3) (43+.)*3(* .3 9-* (-.1)



8QGHUVWDQGLQJ WKH 7TRGGOHU &KLOG

2. ##+8$0 (1 - "2(4% +$ 0-$05'. 11.0'1 (-%.0, 2(.- %0., 2'$(0 130C
11$04 2(.- (,(2 2(.- -# 0$/$2(2(.- 1 02("3+ 2%$# 17 0( .-2%$1
1(6 7$ 01 /.11$11 - 11.0!$-2 (-# -# $6/$30($-"$ $-1(2(4$ $O0(.#

5'(" 2'$7 0$ - 230 ++7 #0 5- 2. 1/$"(%(" 1/$"21 .% #$4$+./,$-2

“# .0#%$0 ,.-& .2'$01

$' 4(.301 2" 2,7 .%2%- 1% /$0"$(4%# 1 0$12+$11-$11 .0 (,/3+1(
#$A$+./,%$-2 + -$$#1 .% 2' 2 &$ &0.3/ '$ /0$/ O$# $-4(0.-,$-2 (1
2'$1$ -$$#1 2'0.3&" /30/.1$%3+ "2(4(2($1

&XUULFXOXP JUDPHZRUN
'$ ##+$0 $-4(0.-,$-2/0.4(#%$1 ".,/0$'$-1(4$ %0 ,$5.0* "0.11 2'§
0 "2(" + (%$ "2(4(2($1 2' 2 13(+# (-#$/$-#$-"$ 2'0.3&"' $4$07
%.0 .-$1$+% -# 2'$ $-4(0.-,$-2
. # 0$/ 0 2(.- //1.023-(2($1 %.0 ""(+#0$- 2. /0$/ 0% -# ".-13,¢
(-#$/$-#$-2+7 %.12$30(-& 0$1/.-1(1(+(27 -# ".-%(#$-"$
~(/3+ 2(4%1  2%0( +1 2" 2 $-" -"$ %(-$ ,.2.0 1*(++1 ' -# $7$
JO$"(1(.- .% ,.4%,$-2
$-1.0( + "2(4(2($1 2' 2 '$+/ $6/+.0% #(%%$0$-"$1 (- 1(8% 1°
“# 0$%(-$ 2'$ 1$-1%1
-&3 &% $4$+./,$-2 .% .0 + + -&3 &$ 2'0.3&' 0% + .1)$"21 4(1
12.0($1 -# 1.-&1
02 0$ 2(4% $6/0$11(.- 2'0.3&" / (-2(-& #0 5(-& -# "0 %2 "2
31(" -& &$,$-2 2'0.3&"' 1.-&1 0'72', -# &0.3// 02("(/ 2(.-
4$,$-2  'T1(" + #$4%$+./,$-2 2'0.3&' /+ 7 $6$0"(1$ 7.&  -# ;
0"$ -# .302%$17 $4$+./,$-2 .% 1."( + 1*(++1 2'0.38&" &3 (#S$#
1$' 4(.30 + ,. #$++(-&
'$ $-4(0.-,$-2 (1 2'.38&'2%3++7 /0$/ O$# 5(2' ""(+# /[/0./0( 2% , 29
/30/.1$%3+ -# $12'$2(" ++7 (-4(2(-&

$SSURDFK WR ,QGHSHQGHQFH DQG 'LVFLSOLQH

"(+#0$- 0% /0.4(#S#5(2'%0$S#.,5(2'(- "+$ 0+7 #$%(-$# +(,(21

"t ("$1 5.0% (-#$/$-#%$-2+7 -# /0.&0$11 2 2'$(0 .5-/ "$ #3+21
$6/+.0 2(.- 2'0.3&" "+$ 0 ".,,3-(" 2(.- -# O$#(0$"2(.- 0 2'$0 2' - O
%.12$0(-& (-20(-1(" ,.2(4 2(.- -# 1$+% 0$&3+ 2(.-



7RLOHW /HDUQLQJ

[*,&4 ,&"2.%.( *3 "002/"$)&% 7*4) 3&.3*4*6%49 ".% 2&30&%$4 '/2 4
)& 02/$&33 *3 3500/248&% #9 42"*.&% "%5,43 4)2/5() &.$/52"(&-&
7%4) 4)& (I", /' '/34&2% . ( *.%&0&.%&.$& *. " 3&$52& ".% 2&30&$4"

7+( 35,0$5< 352*5$00(

)& 2*-"29 2/(2"--& "4 02/543 /.4&33/2* *() $)//, *3 " 4)2&& 9¢

28& "% 4 *3 %&3*(.&% 4/ #5%,% '/5.%"4%/.", "$"%&-*$
3+%,,3 4)2/5() " $/-#*."4%/. |' 3425$452& ".% ', &8*#* *49 "6"* "# &
~*8&% "(& $,"332//- &.$/52"(&3 0&&2 ,&"2.*.( $/,,"#/2"4*]. ".%

$)*,%2&. 4/ ,&"2. '2/- [.& ".14)&2 T)*, & %&6&,/0*.( $/.*%&.$& ".%
02/(2"--& &-0)"3*3&3 &80&2*&.4*", ,&"2.*.( 7)&2& $)*,%2&. &.("(
)" %3 /. "$A4*6*4*&3 "3 4)& 'I5.%"4*/. /2 "$"%&-*$ &B80,/2"4*/.

8QGHUVWDQGLQJ WKH 3ULPDU\ &KLOG

)*, %28&.%. 4)& 2*%-"29 &.6%2/.-&.4 "(&3 : "28& $)"2"$4&2*38&% #
)*(),9 "#3/2#&.4 ".% $52*%/53 -*. %
(2/7*.( *.4&28&34 *. 5.%&234".%*.( 4)&*2 3522/5.%*.(3
$2&"3*.( *.%&0&.%&.$& ".% 3&, %*2&$4*/.

)*3 34"(& -"2+3 4)& #&(*..*.( /' 3425%$452&% "$"%&-*$ ,&"2.*.( 3

&808&2*&.$&3 ".% &80,/2"4*/.

&XUULFXOXP )UDPHZRUN
)& 2%-"29 $522*$5,5- *3 * . %*6*%5" *38&% 4/ -&&4 4)& %&6&,/0-&
* $,5%8&3 4)& '/,,/7*.( "2&"3
2"$4*$", *'& &6&,/0-&.4 /' *.%&0&.%&.$& ".% ,*'& 3+*, 3
&.3/2*", &'*.&-&.4 [' 3&.3/29 08&2$&04%/. ". % $"4&(/2*3" 4%/,
2%4)-&4*$ . 42/%5$4%[. 4] -"4)&-"4*$", $/.$&043 4)2/5() $/.$2.
"(5"(& &6&,/0-&.4 [' $/--5.*$"4*/. 3+*, 3 "$2/33 /2", 6*35",
5,452& 80,/2"4*/. /' 4)& ."452", T/2,% ".% &.6*2/.-&.4
LM% %*A*) . 4] "$"%&-*$ ,&"2.%.( $)*,%2&. 0"24*$*0"4& *. $/ $522
-53*$ 9/(" %".$& ".% 0)93*$", &%5$"4*/. ", /. ( T*4) '*&,% 42*03
/00/245.*4+&3 4)"4 $/.42*#548& 4] 4)&*2 )/, *34*$ %&6&,/0-&.4

7KH /HDUQLQJ (QYLURQPHQW

)& 2*-"29 $,"332//- *3 "$"2&'5,,9 02&0"2&% &.6*2/.-&.4 4)"4 02/
".% 0520/3&'5, ,&"2.*.( "4&2*",3 "2& /2(".*3&% 3&15&.4*",,9 4/
02/(2&33*/. ".% "2& "$$&33*#,& 4/ $)*,%2&. '/2 * %&0&.%&.4 &80



*&73.3, *=9*3)8 '*>43) 9-* (1&887442 9-74:,- 7*&1 1.+* *=5%7 *3
).8(4;*7> ):198 .3 9-* *3;.7432*39 &(9 &8 +&(.1.9&9478 8:5547
)*;*1452%39 <-.1* 3:79:7.3, (:7.48.9> &3) .2&,.3&9.43

7+(/2:(5 (/(0(17$5< 352*5$00(

@QH WHVW RI WKH FRUUHFWQHVV RI HGXFDWLRQDO SURF
+ ODULDORQWHVVR

% 4<*7 1%*2*%39&7> 74,7&22* &9 574:98 439*8847. .,- (-441
)*8.,3%*) 94 8:55479 9-* )*;*1452*39&1 97&38.9.43 4+ (-.1)7*3 .39
*=5147&9.43 &3) (411&'47&9.;* 1*&73.3, ~-* 574,7&22* 574;.)*8
*3,8&,%2*39 9-74:,- -&3)8 43 <470 <.9- 2&9*7.8&1 3*< *=5*7 *3(*8 .
<-.1* *38:7.3, .3).;.):&1.8*%) &99*%39.43 <.9-.3 9-* 1*&73.3, *3;.74:
-.1)7*3 &9 9-.8 89&,* &7* ,:.)*) 94 *=5147* 9-*.7 .39*7+898 .3 )*!
1*&73.3, 9-74:,- 897:(9:7*) 57*8*39&9.438 &3) 2*&3.3,+:1 +4114<

8QGHUVWDQGLQJ WKH /RZHU (OHPHQWDU\ &KLOG

-.1)7*3 .3 9-* &,* ,74:5 4+ 94 >*&78 )*243897&9*
)*;*145.3, 7*&843.3, 2.3) <.9- & 89743, )*8.7* 94 :3)*789&3)
8-.+9 +742 (43(7*9* *=5*7.*3(*8 94 &'897&(9 9-.30.3, 8:5547
3 .3(7*&8.3, 57*+*7*3(* +47 (411&'47&9.;* <470 &3) 5**7 .39*
,74<.3, .39*7*89 .3 2*&3.3, 5:7548* &3) 247&1 :3)*789&3).3

*&73.3, &9 9-.8 89&,* .8 )7.;*3 '> .36:.7> ).8(:88.438 &3) 574/*

&XUULFXOXP J)UDPHZRUN + &RVPLF (GXFDWLRQ
% A<*7 1%*2%398&7> (:77.(:1:2 .8 ,74:3)*) .3 9-* 57.3(.51* 4+ 48
5-.14845-> .3974):(*) '> &7.& 439*8847. <-.(- *3(4:7&,*8 (-.1)7
(433*%(9.43 <.9- 9-* <471) &3) 9-*.7 51&(* <.9-.3 .9
% (:77.(:1:2 .8 .39*%7).8(.51.3&7> &3) .3(1:)*8 9-* +4114<.3, (47

&3,:&,* 3,1.8- .3). &2.1

&9-*28&9.(8 7.9-2*9.( &3) *42*97>

(. *3(* %4414,> &3) 49&3>

©19:7* .8947> &3) *4,7&5->
3 &)).9.43 94 (47* &(&)*2.(8 89:)*398 5&79.(.5&9* .3 (4 (:77.(:1
9-*&97* 5->8.(&1 *):(&9.43 &3) *3:.7432*39&1 89:).*8 (4397.':9



7KH /HDUQLQJ (QYLURQPHQW

+(19(4 .(/(06%$4;(08,410/(06 ,5 &$4()7..; 24(2%4(' 61 5722146
4(('1/ 9,6+,0 5647&674( (0$%.,0* ,0'(2(0'(06 &+1,&( $0' 4(52]1
4'(4 $0' 14*$0,5$6,10 4().(&6,0* $ 5647&674(' $2241$&+ 61 .|
1..$%14$6,8( (0*$*(/(06 (0&174%$*,0* 2((4 ,06(4$&6,10 $0' 6 (9
:2(4,(06,%. .($40,0* 6+417*+ ),(.' 8,5,65 $0' 4($. 914.' (:2.14:

+( (08,410/(06 074674(5 &74,15,6; ,0'(2(0'(0&( $0' $ '((2(4 70"

&100(&6('0(55 1) -019.("*(

7+( 833(5 (/(0(17$5< 352*5$00(

+( 22(4 .(/(06%$4; 41*4$//( 4%$'(5 $0' %7,.'5 7210 6+( )170"
6+( ($4.,(4 ;($45 )746+(4 564(0*6+(0,0* 6+( &+,.'=5 $%,.,6; 61 6
(0*$*( 9,6+ ,0&4($5,0*.; $%564$&6 &10&(265 67'(065 $4( 2418,"
,037,4; &1..$%14%$6,8( .($40,0* $0' ,0'(2(0'(06 (:2.14%$6,10 572
)$&,.,6$6,10

8QGHUVWDQGLQJ WKH 8SSHU (OHPHQWDU\ &KLOG
67'(065 ,06+,5 56$*( 6;2,&%..; '(/10564%$6(
'8$0& (" .1*,&%$. 4($510,0* $0' 2$66(40 4(&1*0,6,10
+($%,.,6; 61 8,57%.,5( $0' $22.; $%564$&6 &10&(265 $&4155
(8(.12,0* /14%. $9$4(0(55 $0' $ 5(05( 1) 51&,%. 4(52105,%,.,6
56410* ,0&.,0$6,10 619$4'5 *4172 914- $0' &1..$%14%$6,8( )7
0 ,08&4($5,0* ,06(4(56 ,0 (:2.14$6,10 ,0018$6,10 $0' 241%.(/
+( 241*4$//( 57221465 6+( &+,.'=5 64%$05,6,10 ,061 $ /14( 51&,%.
,0'(2(0'(06 .($40(4

&XUULFXOXP J)UDPHZRUN * &RVPLF (GXFDWLRQ
+( &744,87.7/ &106,07(561 % ( *7,'('%;6+(24,0&,2.(5 1) 15/,& '7
/14( $0%.:6,&%. (0*$*(/(06 $&4155 ',5&,2.,0(5

$0*7$*( 0*.,5+ ,0', $/,.

$6+(/$6,&5 4,6+/(6,& $0' (1/(64;

&,(0&( #11.1*; $0' 16$0;

7.674( ,5614; $0' (1*4$2+;

,0$0&(
67'(065 $.51 2$46,8&,2$6( ,0 $ 4$0*( 1) &1 &744,&7.%$4 $&6,8,6, ("
2+:5,&%. ('7&$6,10 $0' (08,410/(06%. 567',(5 5722146,0* 6+(,4 +



7KH /HDUQLQJ (QYLURQPHQW 3URPRWHYV

1'(3(1'(17 /($51,1* $1' 6(/) ',5(&7,21

2//$%25$7,9( (1*$*(0(17 $1' 6+$5(' 5(63216,%,/,7<

5,7,&$/ 7+,1.,1* $1' 5()/(&7,9( ,148,5<

($/ :25/" $33/,&%$7,21 2) .12:/('*( 7+528*+ 352-(&76 $1' (:3/25¢
+( 35(3$5(' (19,5210(17 &217,18(6 72 6(59( $6 $ .(< )$&,/,7$725
678'(176 72 ',68&29(5 48(67,21 $1' &216758&7 .12:/('*( 0($1,1*)¢

7+( /2:(5 6(&21'$5< 352*5$00( *5$'(6 =+

+( 2:(5 (&21'$5< 52*5$00( ,6 '(6,*1(' 72 6833257 7+( 75$16,7,
$'2/(6&(1&( :,7+ $ )2&86 21 '(9(/23,1* ,1'(3(1'(1&( &5,7,&$/ 7+,
/($51,1*

+( 352*5$00( 3529,'(6 $ 5,*25286 <(7 %$/$1&(' $&$'(0,& )530(:2°
81'(567$1',1* :, 7+ 5($/ /,)( $33/,&%$7,216 78'(176 (1*$*( ,1 &2//%
7+$7 %8,/' &20081,&%$7,21 /($'(56+,3 $1' 352%/(0 62/9,1* 6.,//6

8QGHUVWDQGLQJ WKH /RZHU 6HFRQGDU\ /HDUQHU
77+,6 67$*( /($51(56 '(021675$7(
*52: 1% 6(16( 2) ,'(17,7< $1' ,1',9,'8%/,7<
18&5($6(' &$3$&,7< )25 $%675$&7 7+,1.,1* $1' &5,7,&$/ $1$/<¢
1((' )25 &2//1$%25$7,21 % (/21*,1* $1' 62&,$/ ,17(5%$&7,21
85,26,7< $1' $ '(6,5( 72 (;3/25( 5($/ :25/' 5(/(9$1&(
0(5*%,1* 5(63216,%,/,7< )25 7+(,5 2:1 /($51,1*
+( 352*5$00( 68332576 7+(6( '(9(/230(17$/ 1(('6 7+528*+ $ 678"
%$6(" $3352$8&+

&XUULFXOXP J)UDPHZRUN
+(&855,8&8/80(03+$6,6(6,17(5',6&,3/,1$5< /($51,1* :+(5( &21&(3
68%-(&76 $1' $33/,(' ,1 0($1,1*)8/ &217(;76 ($51,1* ,6 6833257
5(6($5&+ $1' 35$&7,&%/ $33/,&%$7,21

&RUH VXEMHFW DUHDV LQFOXGH
$1*88%(6 1*/,6+ ,1', $0,/ 28845 & (1&(
$7+(0$7,86  (20(75< 12%$/ (563(&7,9(6
&,(1&(6 +<6,&6 +(0,675< $12x2%27,8&6
28&,%/ &,(1&(6 1$1&(



([SHULHQWLDO /HDUQLQJ + )DUPLQJ 3URJUDPPH
3 .39*%,78&1 (42543%39 4+ 9-* 4<*7 *(43)&7> T4,7&22* .8 9-* &7
7*+1%(9.3, 9-* 439*8847. *25-8&8.8 43 7*&1 1.+* *=5%7 *3(*8 (433
.3 -&3)8 43 +.*1) <470 *3&'1.3, 9-*2 94
*%145 &3 &557*(.&9.43 +47 3&9:7* &3) 8:89&.3&'.1.9>
13)*789&3) 9-* :&1:* 4+ *++479 &3) 1&'4:7
..1) 9*&2<470 7*85438.'.1.9> &3) )*(.8.43 2&0.3, 80.118
433*(9 (1&887442 1*&73.3, <.9- 57&(9.(&1 &551.(&9.43
-.8 *=5*7.*3(* 51&>8 & 8.,3.+.(&39 741* .3 +489*7.3, .3)*5%3)*3(
&<&7*3+88

7+( 833(5 6(&21'$5< 352*5%$00( *5$'(6 =

-* 155%7 *(43)&7> 74,78&22* .8 & 9<4 >*&7 &(&)*2.( 5-&8* )*8.,3
&);&3(*) 1*&73.3, 589-<&>8 9-74:,- & 897:(9:7*) .36:.7> )7.;*3 ¢
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