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%4:04"#4%B(!+&#(&#(57##&A*4(%.4(-7(-+4(&85":-(79(\76&%(Gc'(#7(-+"-("*87#-(4640<(:7.1-0<(&1(-+4($70*%(
&85*4841-#( *7:E%7$1( %7$1'( $+&:+( *&8&-#( +.8"1( ":-&6&-&4#B( !+&#( 57*&:<(04#-0&:-#( -+4( ":-&6&-&4#( 79(
04#4"0:+40#("1%(":"%48&:#(970("::4##(-7(*"A70"-70&4#'(#48&1"0#'(%&#:.##&71#'(":"%48&:(:7194041:4#'(
"1%(7-+40(":"%48&:(":-&6&-&4#B(!+4(&85":-(79(\Rh3iDGc(&#("*#7(640<(4C-0"70%&1"0<(71(-+4(841-"*(#-"-4(
79(+.8"1#(A4:78&1;(94"09.*'("1C&7.#("1%(-07.A*&1;'(944*&1;("90"&%(79(:71-0":-&1;(&-(&9(&-(:784#(&1-7(
%&04:-(:71-":-($&-+(4C57#4%(+.8"1#'(A4:".#4(-+4(7.-A04"E($&**(A4(-0"1#8&--4%(%.4(-7(%&04:-(:71-":-(
HQQIB(P#("(04#.*-'(04#4"0:+40#("1%(":"%48&:#("04(7640$+4*84%(&1(04#4"0:+(":-&6&-&4#("1%(5.A*&:"-&71(
79(#:&41-&9&:("0-&:*4#B((

T078(F`FG(-7(F`FF'(-+4(1.8A40(79("0-&:*4#(9078(FN(-7(F](A4;"1(-7(&1:04"#4B(!+&#(&#(A4:".#4(-+4(
\76&%(Gc(7.-A04"E(A4;"1(-7(04:4%4'(#7(-+"-(57#-D\Rh3i(Gc(":-&6&-<(":-&6&-&4#(A4;"1(-7(0&#4'(#7(-+"-(-+4(
":-&6&-&4#(79(04#4"0:+40#("1%(":"%48&:#(A4;"1(-7(A4(41-+.#&"#-&:(";"&1(&1(04#4"0:+&1;'($0&-&1;'("1%(
5.A*&#+&1;("0-&:*4#(HQUIB(

P(A&;(L.85(7::.004%(9078(F`FF(-7(F`FN'(-+4(1.8A40(79("0-&:*4#($41-(9078(F](-7(QFB(!+&#(&#(A4:".#4(
-+4(\Rh3i(Gc(7.-A04"E(&#("*87#-(7640'(#7(-+"-(":-&6&-&4#(&1(04#4"0:+("1%("0-&:*4(5.A*&:"-&71(;07$("1%(
%464*75(640<(0"5&%*<B(!+4("%%&-&71(:71-&1.4#(-7(-+4(97**7$&1;(<4"0(9078(F`FN(-7(QF'(&1(F`FQ(-7(QU(
"0-&:*4#'(#7(-+"-(#-"0-&1;(9078(F`FGDF`FQ(-+4(%464*75841-(79("0-&:*4#(%&#:.##&1;(-+4(46"*."-&71("1%(
"##4##841-(79(9&14("0-#(*4"01&1;(&#("*$"<#(&1:04"#&1;B(
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&!. !

           Development of research, evaluation, and assessment  
                                                       of fine arts learning from 2019-2024. 

!"#$6 B&;@"$6)>6?&@A42#'4)5+6

"#Ed! "g!
"#"# ! "` !
"#"E! "Z!

"#"" ! "h!
"#"Z ! `" !

"#"` ! `g !

1&; 6 EFG6

(
T&;.04( Q( #+7$#( -+4( -041%( 79( "0-&:*4( %464*75841-( 9078( F`GcDF`FQ( 9*.:-."-&1;( A.-( #-4"%&*<(

&1:04"#&1;B(31(F`GcaF`FG'(-+404($"#("( ;0"%."*(%4:*&14'( -+4(1.8A40(79("0-&:*4#(%4:04"#4%(9078(FU(
=F`Gc@(-7(FQ(=F`F`@'("1%(-+4(%4:*&14(:71-&1.4%(&1(F`FG(=FN@B(2.-(#-"0-&1;(9078(F`FF'(F`FN'("1%(F`FQ(
&-($&**("*$"<#(&1:04"#4B(!+4(+&;+4#-(54"E(79(-+4(&1:04"#4(&1(-+4(%464*75841-(79("0-&:*4#(%&#:.##&1;(-+4(
46"*."-&71("1%("##4##841-(79(9&14("0-#(*4"01&1;(7::.004%(A4-$441(F`FNDF`FQB(

!+4(9":-70#(:".#&1;(-+4(%464*75841-(-041%(&1("%%&-&71(-7(-+4(04*4"#4(79(-+4(&85":-(79(\Rh3i(Gc'(
"04("*#7(&19*.41:4%(A<(-+4(%464*75841-(79(%&;&-"*(-4:+17*7;<(#:&41:4'(#7(-+"-(-+4(%464*75841-(79(-+4(
9&4*%(79(46"*."-&71("1%("##4##841-(&1(-+4(9&4*%(79(9&14("0-(A"#4%(71(%&;&-"*(-4:+17*7;<(&#(&1:04"#&1;'(
-+&#("994:-#(-+4(%464*75841-("1%(4C5*70"-&71(&1(04#4"0:+'($0&-&1;'("1%(5.A*&#+&1;("0-&:*4#(HQWIB((

!+4( &1:04"#4( &1( :7**"A70"-&71( A4-$441( 4%.:"-&71"*( &1#-&-.-&71#( "1%( L7.01"*( 5.A*&#+&1;( "-( -+4(
1"-&71"*'( 04;&71"*'( "1%( ;*7A"*( *464*#( "*#7( "994:-#( -+4( 0"5&%( ;07$-+( "1%( %464*75841-( 79( 04#4"0:+(
"0-&:*4#(HQYIB(
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#

()*+!. + Article development trend chart 
#
&'&#5*"2+%!#:%03"!*#.7#?=$%0$"2.7#$74#533!339!7"#.-#@27!#5*"3#A!$*727B#
##

h&#."*&^4( -+4( -75&:( "04"( 79( 9&14( "0-#( *4"01&1;( 46"*."-&71( "1%( "##4##841-( .#&1;( hRV6&4$40( 970(
:785.-"-&71"*(8"55&1;B(GU(4*4841-#($404(97.1%(9078(-+4(04#.*-#(79(-+4(:785.-"-&71"*(8"55&1;B(
?":+(&-48(04*"-4%(-7(-+4(46"*."-&71("1%("##4##841-(79(9&14("0-#(*4"01&1;(&1(%"-"(8"55&1;(9"**#(&1-7(
714(79(&-#(9&64(;07.5#g(

T&;&;.0(U(#+7$#("1(76406&4$(79(-+4(1.8A40(79(:*.#-40#("1%(-+4(1.8A40(79(-408#g(
&B! \*.#-40(G(=Q(&-48@g("##4##841-'(%&";17#-&:("##4##841-'(Z40%4E"(:.00&:.*.8'(#-.%<B(
&&B! /*"#-40(F(=Q(&-48@g("55*&:"-&71'(:.*-.0"*("0-'(&85*4841-"-&71B(
&&&B! \*.#-40(N(=N(&-48#@g(46"*."-&71'(9&14("0-(*4"01&1;'(5"&1-&1;B((
&6B! \*.#-40(Q(=F(&-48#@g(&19*.41:4'(#-.%41-B(
6B! \*.#-40(U(=F(&-48#@g(*4"01&1;'(%464*75841-B(

\*.#-40(G(=Q(&-48#@g("##4##841-'(%&";17#-&:("##4##841-'(Z40%4E"(:.00&:.*.8'(#-.%<'("**(-408#(&1(
-+&#(:*.#-40("04(:41-404%(71(-+4("##4##841-(507:4##(&1(-+4(:71-4C-(79(-+4(Z40%4E"(\.00&:.*.8g(9078(
".-+41-&:( "5507":+4#'( %&";17#-&:#'( -7( 485&0&:"*( #-.%&4#( HQ]'QcIB( \*.#-40( F( =Q( &-48#@g( "55*&:"-&71'(
:.*-.0"*( "0-'( &85*4841-"-&71( $+&:+( 97:.#4#( 71( -+4( "55*&:"-&71( 79( -+4( 31%4541%41-( \.00&:.*.8( &1(
*4"01&1;( "0-( "1%( :.*-.04( =:.*-.0"*( "0-@( "1%( &-#( "55*&:"-&71( &1( -+4( 9&4*%B( HU`IB( ( ( \*.#-40( N( =N( &-48#@g(
46"*."-&71'(9&14("0-( *4"01&1;'(5"&1-&1;'(+&;+*&;+-&1;( "#54:-#(79( -+4(46"*."-&71(79(9&14("0-#(*4"01&1;'(
4#54:&"**<(5"&1-&1;'(&1(-+4(:71-4C-(79(-+4(31%4541%41-(\.00&:.*.8(HUGIB(\*.#-40(Q(=F(&-48#@g(&19*.41:4'(
#-.%41-( 04940#( -7( -+4( &19*.41:4( 79( *4"01&1;( 71( *4"01&1;( 7.-:784#( 70(41;";4841-( #-.%41-#( HUFIB((
\*.#-40( U( =F( &-48#@g( *4"01&1;'( %464*75841-'( %4#:0&A&1;( -+4( :71:45-( 79( *4"01&1;( %464*75841-( &1(
;4140"*'(4#54:&"**<(&1(-+4(04"*8(79("0-("1%(:.*-.04(HUNIB(
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(
()*+!/  Number of clusters 

!
&'C#D230$%2E$"2.7#.-#",!#623"*210"2.7#$74#6!732"F#.-#@27!#5*"3#A!$*727B#?=$%0$"2.7#$74#533!339!7"#
<!3!$*+, #
&'C'(#G=!*%$F#D230$%2E$"2.7#H"!*9#423"*210"2.7#>!*#F!$*I#
!

>"&1-&1;j("1%(m9&14("0-(*4"01&1;n(-41%(-7(A4(A*.4'(84"1&1;(-+"-(&-(&#(8704(%78&1"1-(-7("554"0("-(
-+4(A4;&11&1;(79(-+4(540&7%'("07.1%(F`GcaF`F`B(!408(m*4"01&1;n'(j#-.%41-j"1%(m"##4##841-n()0441(
!+4(UD:7*70(5&:-.04(#+7$#(-+4(<4"0(-+4(-408("554"04%'($+&*4(!+4(:7*70(;0"%"-&71(&1%&:"-4#(-+4(-&84(
79(-+4("554"0"1:4(79(-+4(-408B(i"0E(A*.4g(-+4(-408("554"04%(8704(79-41(&1(-+4(4"0*<(<4"0#(=F`Gca
F`F`@B()0441g(4840;4#("1%(%464*75#(&1(-+4(8&%%*4(<4"0(=F`FGaF`FF@B(20&;+-(<4**7$g("(575.*"0(70(
4840;&1;(-408(&1(-+4(:.0041-(<4"0(=F`FNaF`FQ@(HUQIB(

!408(m%&";17#-&:("##4##841-n("1%(j#-.%<j(<4**7$(84"1#(575.*"0(70($&%4*<(%&#:.##4%(&1(F`FNa
F`FQ'(j!+4(P0-(79(84"1#(#-"A*4("554"0&1;(&1(-+4(8&%%*4(79(-+4(540&7%(=F`FGaF`FF@(HUUIB(

V&^4("1%(\7114:-&71(24-$441(!408#O(!+4(#&^4(79("(-408(A7C(049*4:-#(-+4(904K.41:<(70(#-041;-+(79(
&-#(7::.0041:4(&1(-+4(%7:.841-B(P(:7114:-&1;(*&14(&1%&:"-4#(-+4(04*"-&71#+&5(70(04*"-&71#+&5(A4-$441(
E4<$70%#(A"#4%(71("(:78871(7::.0041:4(=:7D7::.0041:4@B(!408(m*4"01&1;n(V-071;*<(:7114:-4%($&-+(
j#-.%41-j'(m"##4##841-n'(m&85*4841-"-&71n"1%(m46"*."-&71nHUWIB(

e4$40(-408#(=<4**7$@(&1%&:"-4(04:41-(-041%#(&1(04#4"0:+'(4B;B(04*"-4%(-7(Z40%4E"(\.00&:.*.8("1%(
%&";17#-&:("##4##841-B(R*%(=%"0E(A*.4@(-408#(#.:+("#(>"&1-&1;(70(9&14("0-(*4"01&1;(049*4:-#(-+4(&1&-&"*(
97:.#(&1(-+4(#-.%<(79(9&14("0-#B(\41-0"*(-408#(#.:+("#(*4"01&1;("1%("##4##841-(&1%&:"-4#("(8"L70(-75&:(
-+"-(:71-&1.4#(-+07.;+7.-(-+4(<4"0(HUYIB((

!+&#( h&#."*&^"-&71( R640*"<( #+7$#( -+"-( -+4( -75&:( "A7.-( Z40%4E"( :.00&:.*.8( "1%( %&";17#-&:(
"##4##841-( A4;"1( -7( 4840;4( &1( 04:41-( <4"0#B( !+484#( *&E4( 9&14( "0-( *4"01&1;( "1%( >"&1-&1;( 8704(
504%78&1"1-*<(%&#:.##4%("-(-+4(A4;&11&1;(79(-+4(540&7%'(-+4(-75&:(*4"01&1;'(V-.%41-("1%("##4##841-(
048"&14%(-+4(:41-40(79("--41-&71(9078(-+4(A4;&11&1;(-7(-+4(41%(79(-+4(04#4"0:+(540&7%B(
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(
()*+!0. Overlay visualization (term distribution in each year) 

 
&'C';#6!732"F#D230$%2E$"2.7#
##
((((((T&;.04(Y(#+7$#(i41#&-<(h&#."*&^"-&71($+&:+(%&#5*"<#(-+4(%41#&-<(79(-408(7::.0041:4("1%(#48"1-&:(
507C&8&-<(A4-$441(-408#(&1(-+4(9708(79(:7*70(:*.#-40#("1%(*&;+-(#&^4B(!+4(*&;+-40("1%(*"0;40(-+4("04"(
79(:7*70'(-+4(8704(79-41(-+4(-408("554"0#("1%(:7004*"-4#($&-+(7-+40(-408#("07.1%(&-B(S4%(\*.#-40g(
T7:.#( 71( P##4##841-( o( \.00&:.*.8( 31:*.%4#g( "##4##841-'( %&";17#-&:( "##4##841-'( Z40%4E"(
:.00&:.*.8'( #-.%<B(! +"-( &#g(-+4( 87#-(%41#4( "1%( :*7#4*<( %&#:.##4%( -+4( 9708"-&64( 46"*."-&71( "1%(
&85*4841-"-&71(79(-+4(31%4541%41-(\.00&:.*.8B(V+7$#(-+4(8"&1(-041%#(79(04#4"0:+(&1(-+4("04"(79(
4%.:"-&71( "##4##841-B( )0441( \*.#-40g( P55*&:"-&71#( "1%( \.*-.0"*( \71-4C-#( &1:*.%&1;g( "55*&:"-&71'(
:.*-.0"*("0-'(04#4"0:+B(i4871#-0"-4("(97:.#(71(-+4(&85*4841-"-&71(79("0-#(4%.:"-&71(&1(-+4(:71-4C-(
79( :.*-.04( "1%( "55*&:"-&71( 04#4"0:+B( 2*.4( \*.#-40g( ?6"*."-&71( &1( T&14( P0-#( f4"01&1;'( &1:*.%&1;g(
46"*."-&71'(9&14("0-(*4"01&1;'(>"&1-&1;'($+&:+(*4"%#(-7(-+4(97:.#(79(46"*."-&71(79(-+4("0-(-4":+&1;("1%(
*4"01&1;(507:4##(HU]IB(
((((((b4**7$(\*.#-40g(V-.%41-(T":-70#("1%(319*.41:4#'(&1:*.%&1;g(#-.%41-'(&19*.41:4B(
T7:.#(71(04#4"0:+(04*"-4%(-7(-+4(&85":-(79("0-(*4"01&1;(71(#-.%41-#(70(-+4(07*4(79(#-.%41-#(&1(-+4("0-(
*4"01&1;(#<#-48B(>.05*4(\*.#-40g(f4"01&1;("1%(i464*75841-'(&1:*.%&1;g(*4"01&1;'(%464*75841-(HUcIB(
!+&#(&#7*"-&71(79(:*.#-40(57#&-&71#(#.;;4#-#(-+"-(-+4(;4140"*(:71:45-#(79(*4"01&1;("1%(%464*75841-("04(
79-41(841-&714%(A.-(*4##(%&04:-*<(04*"-4%(-7(8704(#54:&9&:(:*.#-40#B(
((((((i41#&-<("1%(\7*70g(P04"#($&-+(+&;+(:7*70(&1-41#&-<(=4B;B(04%(:*.#-40#@(&1%&:"-4(-+"-(-+4#4(-408#(640<(
79-41( "554"0( -7;4-+40(&1(6"0&7.#( "0-&:*4#(70(%7:.841-#B( i&#-"1:4(24-$441( \*.#-40#g( !+4(%&#-"1:4(
A4-$441(:7*70(;07.5#(&1%&:"-4#(-+4(%4;044(79(#48"1-&:(04*"-&71#+&5(A4-$441(-408#B(T70(4C"85*4'(
-+4(04%("1%(;0441(:*.#-40#("04(640<(:*7#4'(84"1&1;(-+404(&#("(#-071;(04*"-&71#+&5(A4-$441("##4##841-(
"1%(&85*4841-"-&71p"55*&:"-&71(&1(-+4(9&4*%B(3#7*"-4%(>7#&-&71(=4B;B(5.05*4@g(31%&:"-4#("(-+484(-+"-(&#(
&8570-"1-(A.-(*4##(%&04:-*<(04*"-4%(-7(7-+40(-+484#(485&0&:"**<(&1(-+4(%"-"#4-(HW`IB(
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(
()*+!1+ Density visualization 

#
&'C'&#<!%$"2.73,2>3#1!"J!!7# "!*93#$74#",!#>.J!*#.-# +.77!+"2.73#H8!"J.*K#=230$%2E$"2.7#H+.77!+"2.7#
1!"J!!7#$%%#"!*93I#
#
((((((!+4(6&#."*&^"-&71(&1(T&;.04(] (&#("(14-$70E(6&#."*&^"-&71(-+"-(%4#:0&A4#(-+4(04*"-&71#+&5(A4-$441(
:71:45-#(70(E4<$70%#(-+"-(79-41("554"0(-7;4-+40(&1(-+4(:705.#(79("0-&:*4#'(#.:+("#(&1(-+4(#-.%<(79(
46"*."-&71'( "0-( *4"01&1;'( "1%( :.00&:.*.8( &85*4841-"-&71( HWGIB( e7%4g( S4504#41-#( &8570-"1-(
-408#pE4<$70%#( =4B;B( "##4##841-'( *4"01&1;'( #-.%41-'( 9&14( "0-( *4"01&1;@B( i&994041-( :7*70#( %417-4(
%&994041-(-+48"-&:(:*.#-40#B(S4%g(T7:.#(71("##4##841-("1%(%&";17#-&:("##4##841-B()0441g(T7:.#(71(
&85*4841-"-&71'( "55*&:"-&71'( "1%( 04#4"0:+B( >.05*4g( T7:.#( 71( *4"01&1;( "1%( %464*75841-B( b4**7$g(
S4*"-&1;(-7(#-.%41-#("1%(&19*.41:4#B(2*.4g(T7:.#(71(46"*."-&71'(9&14("0-(*4"01&1;'("1%(5"&1-&1;(HWFIB(
?%;4g( 31%&:"-4#( -+4( 04*"-&71#+&5( 70( 04*"-&71#+&5( A4-$441( -408#( -+"-( 79-41( "554"0( -7;4-+40B( !+4(
-+&:E40(70(%"0E40( -+4( *&14'( -+4(#-071;40( -+4( :7114:-&71(A4-$441( -+4( -$7( -408#(HWNIB( \7114:-&71(
\41-40g(f4"01&1;(&#(:41-0"*(-7(8"1<(:7114:-&71#'(#+7$&1;(-+"-(-+&#(-408(&#(640<(:41-0"*("1%(04*46"1-(
-7( "**( :*.#-40#B( P##4##841-( &#( "*#7( "1( &8570-"1-( *&1E( A4-$441( -+4( Z40%4E"( :.00&:.*.8( :*.#-40'(
%&";17#-&:("##4##841-'("1%(&85*4841-"-&71B(\*.#-40(V-0.:-.04g(!+404(&#("(9"&0*<(:*4"0(#45"0"-&71(79(
-75&:#(A4-$441(-+4(-+484#(79(46"*."-&71("1%("##4##841-'(:.*-.0"*(&85*4841-"-&71("1%("55*&:"-&71'(
"1%(*4"01&1;("1%(&19*.41:4(71(#-.%41-#(HWQIB(!+&#(6&#."*&^"-&71(&#(640<(.#49.*(&1(&%41-&9<&1;(04#4"0:+(
97:.#4#("1%(-+48"-&:(*&1E";4#(&1(-+4(:.0041-(*&-40"-.04'(4#54:&"**<(-+7#4(04*"-4%(-7(9&14("0-#(*4"01&1;'(
46"*."-&71'( "1%( -+4( Z40%4E"( :.00&:.*.8B( 3-( :"1( A4( .#4%( -7( 9&1%( 04#4"0:+( ;"5#( 70( 04#4"0:+( -041%(
%&04:-&71#B((
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(
#

()*+!2+ Network visualization (connection between all terms) 
(
&'C'C#D230$%2E$"2.7#.-#",!#*!%$"2.73,2>#1!"J!!7# "!*93#$74#",!#3"*!7B",#.-#",!#+.77!+"2.7#
###
(((((((S4*"-&71#+&5(A4-$441(-408#("1%(:7114:-&71(#-041;-+(e4-$70E(6&#."*&^"-&71(T&;.04(] (&**.#-0"-4#(
-+4(04*"-&71#+&5(A4-$441(-408#(&1(-+4(#4-(79(#:&41-&9&:("0-&:*4#("1"*<^4%B(?":+(17%4(=:7*709.*(A7C@(
04504#41-#("1(&8570-"1-(-408'("1%(-+4(A70%40(&1%&:"-4#(-+4(04*"-&71#+&5(70(:7D4C&#-41:4(A4-$441(
-408#(&1(-+4(#"84(%7:.841-B(-+4(84"1&1;(79(-+4(04*"-&71#+&5(A4-$441(-408#O(!+4(8704(4%;4#(-+"-(
:7114:-("(-408(-7("17-+40'(-+4(8704(&8570-"1-(70(:41-0"*(-+4(-408(&#(&1(-+4(:71-4C-(79(-+4(04#4"0:+B(
jf4"01&1;j(&#(:41-0"*(=5.05*4@g(!+&#(&1%&:"-4#(-+"-(-+4(-408("554"0#(640<(79-41("*71;#&%4(7-+40(-408#(
#.:+( "#( "##4##841-'( 46"*."-&71'( #-.%41-'( 04#4"0:+'( "1%( &85*4841-"-&71( HWUIB( jP##4##841-j( "1%(
jV-.%<j( =04%@g( &1%&:"-4( 04#4"0:+( :*.#-40#( -+"-( 97:.#( 71( "##4##841-#( "1%( #-.%&4#( 04*"-4%( -7( -+4(
Z40%4E"(:.00&:.*.8B(j385*4841-"-&71j'(jP55*&:"-&71j'("1%(j\.*-.0"*(P0-j(=;0441@g(9708("(:*.#-40(79(
-408#( -+"-( 97:.#( 71( &85*4841-"-&71( "1%( "55*&:"-&71( &1( -+4( :71-4C-( 79( "0-( "1%( 4%.:"-&71(HWWIB(
jV-.%41-j( "1%( j319*.41:4j( =<4**7$@g( &1%&:"-4( "( 97:.#( 71( -+4( &85":-( 79( *4"01&1;( 71( #-.%41-#(HWYIB(
j?6"*."-&71j( "1%( jT&14( P0-( f4"01&1;j( =A*.4@g( 485+"#&^&1;( 46"*."-&71( &1( -+4( :71-4C-( 79( 9&14( "0-#(
*4"01&1;(HW]IB(V-041;-+(79(\7114:-&71B!+4(-+&:E14##(70(1.8A40(79(:7114:-&71#(A4-$441(-$7(-408#(
&1%&:"-4#( -+4( 904K.41:<( 79( :7D4C&#-41:4( &1( -+4( %7:.841-g( T70( 4C"85*4'( -+4( :7114:-&71( A4-$441(
jf4"01&1;j( "1%( jP##4##841-j( &#( 640<( :*4"0( "1%( 1.8407.#'( #&;1"*&1;( "( #-071;( 04*"-&71#+&5( &1( -+4(
*&-40"-.04B( !+4( 04*"-&71#+&5( A4-$441( j319*.41:4j( "1%( jV-.%41-j( &#( -+&1140'( &1%&:"-&1;( "( *7$40(
904K.41:<B(
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(
(

()*+!!3+ Visualize the relationship between terms and the strength of the connection 
#
&'C'L#:.77!+"2.73#.7#"!*93#J2",#",!#%$*B!3"#7!"J.*K#27#+%$"!*#(#
(((((((
T&;.04(G`(#+7$#("(14-$70E(6&#."*&^"-&71(#+7$&1;(-+4(#48"1-&:(04*"-&71#+&5#(A4-$441(-408#(&1(-+4(
:71-4C-(79(46"*."-&71("1%("0-(*4"01&1;B(!+4(04%(:*.#-40(&#(-+4(*"0;4#-(14-$70E'($&-+("##4##841-("#(-+4(
:41-0"*(17%4(-+"-(+"#(-+4(#-071;4#-(:7114:-&71(-7(6"0&7.#(7-+40(-408#(#.:+("#(%&";17#-&:("##4##841-'(
&1%4541%41-(:.00&:.*.8'(#-.%<'("1%(&85*4841-"-&71(HWcIB(!+&#(#+7$#(-+"-(-+4(-408("##4##841-(&#("(
%78&1"1-(-75&:(-+"-(&#($&%4*<(04#4"0:+4%("1%(+"#("(:*7#4(04*"-&71#+&5($&-+(7-+40(-75&:#B((h&#."*&^"-&71(
Z4"1&1;g(S4%(17%4#g(31%&:"-4#("(;07.5(79(-408#($&-+(+&;+(#&8&*"0&-<(-+"-(A4*71;(-7(-+4("##4##841-(
%78"&1B( e7%4( #&^4g( !+4( *"0;40( -+4( 17%4'( -+4( 8704( 79-41( -+4( -408( "554"0#( HY`IB( ?%;4( -+&:E14##g(
31%&:"-4#(-+4(#-041;-+(79(#48"1-&:(04*"-&71#+&5#p:7114:-&71#B(P(#-071;(8.-."*( :7114:-&71(&#(#441(
A4-$441( "##4##841-( "1%( #-.%<'( $&-+( %&";17#-&:( "##4##841-B( \41-0"*( 57#&-&71( 79( j"##4##841-jg(
31%&:"-4#(&-#(&8570-"1-(07*4(&1(A0&%;&1;(-408#(9078(7-+40(:*.#-40#(#.:+("#(&85*4841-"-&71'(#-.%41-'(
"1%(46"*."-&71B(

(
(

()*+!'4 + Connections on terms with the largest network in clater 1 
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&'C'M#:.77!+"2.73#.7#"!*93#J2",#",!#%$*B!3"#7!"J.*K#27#+%$"!*#;#
#

T&;.04(GG(#+7$#(-+"-(-+4(&8";4(#+7$1(&#("(14-$70E(6&#."*&^"-&71(-+"-(&**.#-0"-4#(-+4(#48"1-&:(
04*"-&71#+&5( A4-$441( E4<( -408#( &1( *4"01&1;( #-.%&4#'( "##4##841-#'( :.00&:.*.8'( "1%( "0-( HYGIB( ( !+&#(
6&#."*&^"-&71(:71#&#-#(79(#4640"*(:7*70(:*.#-40#(-+"-(049*4:-(-+4(&1-40:7114:-4%(;07.5#(79(-75&:#'("#($4**(
"#(-+4(-+&:E14##(79(-+4(*&14#(-+"-(#+7$(-+4(:7D7::.0041:4(79(-+4(:7114:-&71#(A4-$441(-408#(HYFIB(
\41-0"*(e7%4g(jf4"01&1;O(!+4(-408( j*4"01&1;j(=5.05*4@(#4064#("#("(+.A(&1(-+4(14-$70E(HYNIB((M"64(
#-071;( :7114:-&71#( -7( 6"0&7.#( :*.#-40#( #.:+( "#O( P##4##841-( =04%@'( 385*4841-"-&71( "1%( S4#4"0:+(
=;0441@'(HYQIB(?6"*."-&71("1%(V-.%41-(=A*.4("1%(<4**7$@(HYUI'("1%(i464*75841-(=5.05*4p*&;+-(5.05*4@B(
!+&#(#+7$#(-+"-(-+4(:71:45-(79(*4"01&1;(&#(-+4(844-&1;(57&1-(79(6"0&7.#(4%.:"-&71"*("5507":+4#'(A7-+(
:.00&:.*.8'("##4##841-'("1%(&85*4841-"-&71(&1(-+4(9&4*%B(S4%(\*.#-40g(P##4##841-("1%(\.00&:.*.8B(
\71#&#-#(79(-+4(-408#g(P##4##841-'(i&";17#-&:("##4##841-'(V-.%<'("1%(31%4541%41-(\.00&:.*.8B(!+&#(
:*.#-40( 485+"#&^4#( &1&-&"*( 46"*."-&71'( 14$( :.00&:.*.8( "5507":+4#( =#.:+( "#( Z40%4E"@'( "1%(
"##4##841-D04*"-4%(#-.%&4#B(!+4(-+&:E(*&14#(A4-$441(-+4(-408#(#+7$(-+4(#-071;(:7114:-&71(A4-$441(
-408&17*7;&:"*("1%(:71:45-."*(&1(-+4(*&-40"-.04(046&4$B(!+4()0441(\*.#-40(#+7$#("1(70&41-"-&71(-7(
9&4*%(50":-&:4("1%("55*&:"A*4(04#4"0:+(04#.*-#B(i&04:-(:7114:-&71(-7(j*4"01&1;j(&1%&:"-4#(-+"-(*4"01&1;(
&#(;04"-*<(&19*.41:4%(A<(+7$(57*&:&4#(70(:.00&:.*.8("04(&85*4841-4%("1%(04#4"0:+4%B(2*.4("1%(b4**7$(
\*.#-40#g( ?6"*."-&71( "1%( f4"0140#( "1%( ?6"*."-&71( "04( :7114:-4%( -7(j*4"01&1;j'( 485+"#&^&1;( -+4(
&8570-"1:4(79("##4##&1;(*4"01&1;(7.-:784#("1%(#-.%41-(41;";4841-("#(-+4(8"&1(#.AL4:-#(79(*4"01&1;B(
f&;+-(>.05*4(\*.#-40#g(i464*75841-B(i464*75841-(&#("(#-"1%D"*714(-408(A.-(&#(%&04:-*<(:7114:-4%(-7(
j*4"01&1;j'(%4#:0&A&1;(-+4(#-0"-4;&:(%&841#&71(79(4%.:"-&71"*(&1176"-&71B(!+&#(6&#."*&^"-&71(#+7$#(-+"-(
j*4"01&1;j(&#("(:41-0"*(:71:45-(-+"-(A0&%;4#(6"0&7.#(&8570-"1-(-+484#(#.:+("#("##4##841-'(:.00&:.*.8'(
*4"01&1;( &85*4841-"-&71'( 46"*."-&71'( "1%( &1176"-&71B( P( +7*&#-&:( "5507":+( &#( 144%4%( 970( -+4#4(
:7114:-&71#(-7(507%.:4("1(4994:-&64("1%(04*46"1-(*4"01&1;(4:7#<#-48'(4#54:&"**<(&1(-+4(:71-4C-(79(-+4(
Z40%4E"(:.00&:.*.8("1%("0-(*4"01&1;B(

(

(
(

(
()*+!'' + Connections on terms with the largest network in clater 2 
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&'C'N#:.77!+"2.73#.7#"!*93#J2",#",!#%$*B!3"#7!"J.*K#27#+%$"!*#&#
#

T&;.04( GF(#+7$#( -+"-( A"#4%( 71( -+4( 6&#."*&^"-&71( 79( -+4( -408( :7114:-&71#( "A764'( :*.#-40( N( &#(
8"0E4%(&1(A*.4("1%(:71#&#-#(79(-+4(-408#(?6"*."-&71("1%(T&14("0-(*4"01&1;'("554"0&1;(-7(+"64("($4"E(
:7114:-&71(-7(j5"&1-&1;jB(!+4(-408(j46"*."-&71j(&1%&:"-4#("(#-071;(:7114:-&71(-7(j&85*4841-"-&71j(
"1%(j#-.%41-j'("#($4**("#("(:7114:-&71(-7(j*4"01&1;jB(!+&#(#+7$#(-+"-(-+4(46"*."-&71(507:4##(&1(-+4(
:71-4C-(79(9&14("0-#(*4"01&1;(%74#(17-(#-"1%("*714'(A.-(&#(+&;+*<(&1-4;0"-4%(&1(-+4(&85*4841-"-&71(79(
*4"01&1;("1%(#-.%41-(&167*64841-(HYWIB(Z4"1$+&*4'(-+4(-408(j9&14("0-(*4"01&1;j(+"#("(:7114:-&71(-7(
-408#(-+"-(049*4:-(*4"01&1;(50":-&:4#(70(84-+7%#'(#.;;4#-&1;(-+"-(9&14("0-(*4"01&1;(&#(&19*.41:4%(A<(
4840;&1;(46"*."-&71("5507":+4#'(A7-+(&1(-+4(:71-4C-(79(-+4(:.00&:.*.8("1%(&1(:*"##0778("55*&:"-&71(
HYYIB( !+&#( :*.#-40( 049*4:-#( -+4( :41-0"*( 07*4( 79( 46"*."-&71( &1( 9&14( "0-#( 4%.:"-&71'( 5"0-&:.*"0*<( &1( -+4(
:71-4C-( 79( *4"01&1;( -+"-( 97:.#4#( 71( .1%40#-"1%&1;'( :04"-&64( 4C504##&71'( "1%( "4#-+4-&:( *4"01&1;(
7.-:784#B(?6"*."-&71(&#(17-(L.#-( "(9&1"*( "##4##841-'(A.-(0"-+40( "(5"0-(79(&1#-0.:-&71"*(%4#&;1( "1%(
049*4:-&64(*4"01&1;(&1(-+4(9&14("0-#B(T&14("0-(*4"01&1;("*#7(+"#("(#-0"-4;&:(07*4(&1(:7854-41:<DA"#4%(
4%.:"-&71(A4:".#4(&-(&167*64#(:7;1&-&64'("994:-&64'("1%(5#<:+787-70(#E&**#B(31(-+&#(:71-4C-'(46"*."-&71(
&#(9708"-&64( "1%(#.88"-&64'(#.5570-&1;( -+4(%464*75841-(79( :0&-&:"*( -+&1E&1;( "1%("5504:&"-&71(79(
#-.%41-#k("0-(HY]IB(

!+4(-408(j46"*."-&71j(&1%&:"-4#("(#-071;(:7114:-&71(-7(j&85*4841-"-&71j("1%(j#-.%41-j'("#($4**(
"#( "( :7114:-&71( -7( j*4"01&1;jB( !+&#(#+7$#( -+"-( -+4(46"*."-&71(507:4##(&1( -+4( :71-4C-(79(9&14( "0-#(
*4"01&1;(%74#(17-(#-"1%("*714'(A.-(&#(+&;+*<(&1-4;0"-4%(&1(-+4(&85*4841-"-&71(79(*4"01&1;("1%(#-.%41-(
&167*64841-B(Z4"1$+&*4'(-+4(-408(j9&14("0-(*4"01&1;j(+"#("(:7114:-&71(-7(-408#(-+"-(049*4:-(*4"01&1;(
50":-&:4#( 70( 84-+7%#'( #.;;4#-&1;( -+"-( 9&14( "0-( *4"01&1;( &#( &19*.41:4%( A<( 4840;&1;( 46"*."-&71(
"5507":+4#'(A7-+(&1(-+4(:71-4C-(79(-+4(:.00&:.*.8("1%(&1(:*"##0778("55*&:"-&71B(HYcIB(!+&#(:*.#-40(
049*4:-#(-+4(:41-0"*(07*4(79(46"*."-&71(&1(9&14("0-#(4%.:"-&71'(5"0-&:.*"0*<(&1(-+4(:71-4C-(79(*4"01&1;(
-+"-(97:.#4#(71(.1%40#-"1%&1;'(:04"-&64(4C504##&71'("1%("4#-+4-&:(*4"01&1;(7.-:784#B(?6"*."-&71(&#(
17-(L.#-("(9&1"*("##4##841-'(A.-(0"-+40("(5"0-(79(&1#-0.:-&71"*(%4#&;1("1%(049*4:-&64(*4"01&1;(&1(-+4(9&14(
"0-#B(T&14("0-(*4"01&1;("*#7(+"#("(#-0"-4;&:(07*4(&1(:7854-41:<DA"#4%(4%.:"-&71(A4:".#4(&-(&167*64#(
:7;1&-&64'("994:-&64'("1%(5#<:+787-70(#E&**#B(31(-+&#(:71-4C-'(46"*."-&71(&#(9708"-&64("1%(#.88"-&64'(
#.5570-&1;(-+4(%464*75841-(79(:0&-&:"*(-+&1E&1;("1%("5504:&"-&71(79(#-.%41-#k("0-(H]`IB(

(

!

()*+!', + Connections in terms with the largest network in clater 3 
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#&'C'O#:.77!+"2.73#.7#"!*93#J2",#",!#%$*B!3"#7!"J.*K#.7#P%$"!*#C#
#
(((((((!+4( :7114:-&71( 6&#."*&^"-&71( T&;.04( GN(#+7$#( -+4( #48"1-&:( 04*"-&71#+&5#( "1%( -+4( 57$40( 79(
"##7:&"-&71#( A4-$441( -408#( &1( -+4( %78"&1( 79( 9&14( "0-#( 4%.:"-&71B( V784( :7*70( :*.#-40#( 04504#41-(
&1-4004*"-4%( -75&:#(A"#4%(71( -+4( "554"0"1:4(79( -408#(&1( -+4( *&-40"-.04B(e7%4#( "1%(?%;4#g(e7%4#(
&1%&:"-4(E4<(-408#(=4B;Bg("##4##841-'(46"*."-&71'(#-.%41-'(4-:B@'($+&*4(4%;4#(&1%&:"-4(-+4(#-041;-+(79(
:7114:-&71#(70("##7:&"-&71#(A4-$441(-+7#4(-408#B(!+4(-+&:E14##(79(-+4(4%;4(049*4:-#(-+4(&1-41#&-<(79(
-+4( 04*"-&71#+&5B( !+4(04%( :*.#-40( :71-"&1#( -+4( -408#( 4##841( "1%( #-.%<'( #+7$&1;( "( 97:.#( 71( "1(
46"*."-&64("5507":+(&1(-+4(:.00&:.*.8((H]GIB()0441(_01"(+"#(-+4(-408(&85*4841-"-&71'(04*"-4%(-7(
-+4( &85*4841-"-&71( 79( *4"01&1;( 57*&:&4#( 70( #-0"-4;&4#B( _"01"( 2&0.( =46"*."-&71'( 5"&1-&1;'(9&14( "0-(
*4"01&1;@(97:.#4#(71(-+4(46"*."-&71("1%(50":-&:4(79(9&14("0-(*4"01&1;B(!+4(:7*70(b4**7$(&#(-+4(-408(
#-.%41-'(97:.#&1;(71(-+4(#.AL4:-(79(*4"01&1;B(!+4(:7*70(>.05*4(:71-"&1#(-+4(-408(*4"01&1;'(&1%&:"-&1;(
"(A07"%(:07##D-75&:(04*"-&71#+&5(&1(-+4(:71-4C-(79(4%.:"-&71(H]FIB(
(((((((!+404("04("(94$(-408#(-+"-(+"64(-+4(#-071;4#-(:7114:-&71#O(P##4##841-(q (V-.%<(q (?6"*."-&71O(
3-( #+7$#( -+"-( -+4( -75&:#( 79( 46"*."-&71( "1%( "##4##841-( "04( :*7#4*<( 04*"-4%( &1( ":"%48&:( #-.%&4#'(
4#54:&"**<( &1( -+4( :71-4C-( 79( "0-( 4%.:"-&71B( V-.%41-( ?6"*."-&71(q O( i4#:0&A4( -+4( &8570-"1:4( 79(
"##4##&1;(#-.%41-(*4"01&1;(7.-:784#("#( :41-0"*( -7(-+4(54%";7;&:"*("5507":+B(385*4841-"-&71(q (
?6"*."-&71O(&1%&:"-4#(-+"-(-+4(&85*4841-"-&71(79(-+4(84-+7%(70(:.00&:.*.8(&#(:*7#4*<(:7004*"-4%($&-+(
-+4(46"*."-&71(507:4##B(f4"01&1;(q (?6"*."-&71O(!+&#(:7114:-&71(#&;1&9&4#(-+"-(-+4(-408(j*4"01&1;j(&#(
.#4%($&%4*<'(A4&1;(:41-0"*(-7(-+4(41-&04(54%";7;&:"*(507:4##B(T&14(P0-(f4"01&1;(q O((04504#41-#(-+4(
%&04:-(*&1E";4(A4-$441(-+4(-+470<(79(*4"01&1;(79(9&14("0-#("1%(6&#."*(50":-&:4(=5"&1-&1;@(H]NIB(
(((((((!+&#(6&#."*&^"-&71(&1%&:"-4#(-+"-(46"*."-&71(&#("(:41-0"*(-408(-+"-(:7114:-#(6"0&7.#(%78"&1#(#.:+(
"#(*4"01&1;'(&85*4841-"-&71'("1%(#-.%41-(#-.%<(7.-:784#B(!+&#(049*4:-#(-+4(46"*."-&64(5"0"%&;8(&1(
87%401("0-#(4%.:"-&71'($+404(:0&-&:"*(049*4:-&71("1%(9708"-&64("##4##841-("04(:0.:&"*(970(&85076&1;(
-+4(K."*&-<(79(*4"01&1;(H]QIB(
(((((((!+&#(6&#."*&^"-&71(79(:7114:-&71#(5076&%4#("1(&1D%45-+(.1%40#-"1%&1;(79(+7$(&8570-"1-(:71:45-#(
&1("0-(4%.:"-&71("04(&1-40:7114:-4%'($&-+("(#-071;(97:.#(71(46"*."-&71("#(-+4(:41-40(79(04*"-&71#+&5#B(
!+&#( 049*4:-#( "1( 4%.:"-&71"*( "5507":+( A"#4%( 71( :78504+41#&64( 049*4:-&71'( "##4##841-'( "1%(
&85*4841-"-&71(&1(-+4(:71-4C-(79(9&14("0-#("1%(#-.%41-(*4"01&1;B(

(
(

()*+!'- + Connections on terms with the largest network on Klater 5 
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T&;.04(GQ(#+7$#(-+4(6&#."*&^"-&71(79(-408(:7D7::.0041:4(14-$70E#(9078(A&A*&784-0&:(#-.%&4#B(?":+(
17%4(04504#41-#("1(&8570-"1-(-408(&1(9&14("0-#(04#4"0:+("1%(4%.:"-&71'($+&*4(-+4(4%;4(&1%&:"-4#(-+4(
#-041;-+(79(-+4(04*"-&71#+&5(=:7D7::.0041:4@(A4-$441(-+4(-408#B(i&994041-(:7*70#(&1%&:"-4("(:*.#-40(70(
-+48"-&:(;07.5'("1%(-+4(#&^4("1%(-+&:E14##(79(-+4(*&14#(049*4:-(-+4(&1-41#&-<(79(-+4(:7114:-&71B(\41-0"*(
!408g(jV-.%41-j'(#-.%41-(&#(-+4(:41-40(79(:7114:-&71'(#-071;*<(:7114:-4%($&-+(-408#(9078(6"0&7.#(
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!+&#( 6&#."*&^"-&71( 94"-.04#( "( :71:45-."*( 8"5( -+"-( +&;+*&;+-#( #-.%41-#( "#( -+4( :41-40( 79(
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:.*-.0"*("0-#'("1%("0-(*4"01&1;(4C5*"&1#(-+4(+7*&#-&:("5507":+(144%4%(&1(-+4(%464*75841-(79("(*4"01&1;(
87%4*( A"#4%( 71( -+4( W\#( =\+"0":-40'( \0&-&:"*( !+&1E&1;'( \04"-&6&-<'( \&-&^41#+&5'( \7**"A70"-&71'(
\788.1&:"-&71@B(

(
(( (((((

(
()*+!'. + Connections on terms with the largest network in clater 5 

(
M'O#<!3!$*+,#Q$>#
 
((((((T&;.04(GU(#+7$#( -+"-( -+4( -408#( j%464*75841-j( "1%( j&19*.41:4j( "04(17-(%&04:-*<( :7114:-4%(-7(
-408#(&1(7-+40(:"-4;70&4#'(4#54:&"**<($&-+(E4<(-408#(#.:+("#(j"##4##841-j'( j46"*."-&71j'("1%(j9&14(
"0-#j(84"1&1;(-+"-(-+404(&#(#-&**(8&1&8"*(04#4"0:+(71(-+4(%464*75841-(79(46"*."-&71(70("##4##841-(
87%4*#( 970( 9&14( "0-#( *4"01&1;B( !+404( &#( #-&**( "( *":E( 79( 04#4"0:+( 71( -+4( &19*.41:4( 79( 46"*."-&71( 70(
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"##4##841-(87%4*#(71(9&14("0-#(*4"01&1;(71(7-+40("#54:-#(#.:+("#(j*4"01&1;j(70(j#-.%41-#j(70(j9&14(
"0-#j(

 
()*+!' / + Research gap 

7"#8(%+1*6,(%#
#
S4#4"0:+( 71( 46"*."-&71( "1%( "##4##841-( &1( 9&14( "0-#( *4"01&1;( 9078( F`GcDF`FQ( 4C540&41:4%(

9*.:-."-&71#(A.-(-41%4%(-7(&1:04"#4B(!+4(%4:*&14(9078(F`GcDF`FG($"#(%.4(-7(-+4(&85":-(79(-+4(\76&%D
Gc(5"1%48&:'($+&*4("1(&1:04"#4(7::.004%(9078(F`FFDF`FQ("#(-+4(&85":-(79(-+4(\76&%DGc(5"1%48&:(
A4;"1(-7(04:4%4B(!+4(04#.*-#(79(-+&#(#-.%<("04("(8"55&1;("1%(%464*75841-(-041%(79(46"*."-&71("1%(
"##4##841-(79(9&14("0-#(*4"01&1;'($+&:+( :"1(A4( .#4%("#("(0494041:4(&1( :785&*&1;(8704(#<#-48"-&:(
46"*."-&71("1%("##4##841-(79(9&14("0-#(*4"01&1;(970(4%.:"-70#("1%(9&14("0-#(04#4"0:+40#(&1(%4#&;1&1;(
*4"01&1;(46"*."-&71#(-+"-("04(8704(&1176"-&64("1%(04*46"1-(-7(-+4(:+"**41;4#(79(-+4(-&84#B(!+&#(&#(
4#54:&"**<(&8570-"1-(&1(04*"-&71(-7(:.00&:.*.8'(9708"-&64("##4##841-'(507L4:-DA"#4%(*4"01&1;'("1%(-+4(
.#4(79(-4:+17*7;<B(2&A*&784-0&:(6&#."*&^"-&71(&%41-&9&4%(9&64(8"&1( :*.#-40#(-+"-(#+7$(-+4(%&04:-&71'(
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"##4##841-'j( j:.00&:.*.8'j( j9&14("0-#(*4"01&1;'j("1%(j&85*4841-"-&71Bj(!+&#(04#4"0:+(&#(.#49.*("#("(
A"#&#(970(%464*75&1;( "( :.00&:.*.8( "1%("##4##841-(84-+7%(-+"-(&#(8704("%"5-&64( -7( -+4(144%#(79(
:04"-&64("1%(:71-4C-."*(46"*."-&71(79(9&14("0-#(*4"01&1;B(!+4(04:78841%"-&71(79(-+&#(04#4"0:+(&#(-+4(
144%(-7(&1-4;0"-4(%&;&-"*("1%(:71-4C-."*("##4##841-(84-+7%#(&1(9&14("0-#(*4"01&1;("1%(:7**"A70"-&71(
A4-$441( 04#4"0:+40#( -7( #-041;-+41( &1-40%&#:&5*&1"0<( #-.%&4#( -+"-( :7114:-( "0-'( -4:+17*7;<'( "1%(
4%.:"-&71B(
#
#
#
#
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