
!"##$%&"'()*+,&-.(/,'0+,&/1&2%34567897:& & &

 

1 

 

 

!"##$%&"'!()*+&
&

.(/,'0+,&/1&2%34567897 

&

&

&

&

,"-.&%/01/2*/345670518149&:3;&$:3<7:<=&

&

&
>-?@@&2&A1=B&5/&5C=&=8/D751/3&/E&5C=&!F%&E6/9&

GHIHHH&E==5&
&

&

&

 

 

"'()*+,& ;</=*=& >?& ,@*& A<'(B*0/&

 



!"##$%&"'()*+,&-.(/,'0+,&/1&2%34567897:& & &

 

2 

 

*/356:05&J79K=6C&2%34567897&

"6/L=05&#06/3M9C&!"##$%&
&

>=D18=6:KD=&JNC&DEFGG&

>7=&;:5=C&H0?&95G5&

>=D18=6M&>:5=C&H0?&95G5&
&

%C/65& >=4061O51/3C& 3@IJ& =*KIL*'0>K*& B'*J*/,J& 0/=& =IJ+<JJ*J& 0& LIJ<0KIJ0,I(/& 0BBKI+0,I(/&
,@0,& B'(LI=*J& 0& >I'=MJ& *?*& LI*N& ,(& ,@*& J*K*+,*=& !"##$%& !O%& =0,0& (>,0I/*=& =<'I/P& ,@*&
B'()*+,F&&

&

#75C/6C&!JJI&Q?RS/*/&-3T3:U&V'0<R*&W*KK*'&-T/IO0JJ*K:&

":653=64&0/3561K75=;C&3T3U&T/IO0JJ*K&

P:;=&:8:1D:KD=&5/C&#KK&B0',/*'J&

&

A=641/313< 

A=641/3 >:5= J:9=I&/6<:31Q:51/3 
0.7 01/05/2010 !JJI&Q?RS/*/U&3T3 

0.8 17/05/2010 Ossi Nykänen, TUT & Frauke Zeller, UniKassel 

0.9 24/05/2010 Frauke Zeller, UniKassel 

1.0 25/05/2010 Ossi Nykänen, TUT 

&

R7:D15M&0C=0S&

T35=63:D&'=81=B=64C&#/,(/*KK0&"0JJ0/IU&3E4A+(X&3@(Y0J&O<'ZU&%T#%&

& &



!"##$%&"'()*+,&-.(/,'0+,&/1&2%34567897:& & &

 

3 

 

>=O=3;=301=4.&

&

#0C1=8=9=354U& #& /(L*K& LIJ<0KIJ0,I(/& 0BBKI+0,I(/& ,@0,& =*Y(/J,'0,*J& I/;('Y0,I(/&
P0,@*'I/P& 0/=& 0/0K?JIJ& ,0JRJ& I/& ,@*& +(/,*[,& (;& 0/& *L(K<,I(/0'?&
R/(NK*=P*&JB0+*F&

,/6S&
":0S:<=4!

3@IJ& N('R& IJ& >0J*=& (/& ,@*& *L(K<,I(/& '*J*0'+@& ;'(Y& \"E& 0/=& ,@*&
,*+@/I+0K&LIJ<0KIJ0,I(/&J?J,*Y&=*L*K(B*=&I/&\"G5F&

":653=64! 3T3U&T/IO0JJ*K&

>/9:134! Q]#&

+:6<=54! #KK&B0',/*'J&

!

"7KD10:51/34U& #/&*[,*/=*=&L*'JI(/&(;&,@*&\"E&'*J<K,J&NIKK&>*&J<>YI,,*=&0J&0&)(<'/0K&
0',I+K*&>?&3T3&0/=&T/IO0JJ*KF&

"C>&%57;=354U& Q]#&

&!7545:3;13<&
E=:576=4^&

Q]#&

>1401OD13:6M&
;/9:134&/E&
:75C/64U&

.(YB<,*'&%+I*/+*U&$I/P<IJ,I+JU&%(+I0K&%+I*/+*&

&

&

3@*& I/;('Y0,I(/& Y0'R*=& NI,@& 0/& 0J,*'IJR& -^:& IJ& B'(LI=*=& I/& ('=*'& ,(& 0=='*JJ&
_*+(YY*/=0,I(/&/F&7&;'(Y&,@*&`*0'&9&'*LI*N&'*B(',&&

&

&

&
&

3@IJ&N('R& IJ& KI+*/J*=& </=*'& ,@*& .'*0,IL*& .(YY(/J& #,,'I><,I(/4Q(/.(YY*'+I0K4%@0'*#KIR*& 6F5& $I+*/J*F& 3(&
LI*N& 0& +(B?& (;& ,@IJ& KI+*/J*U& LIJI,&C& @,,BC]]+'*0,IL*+(YY(/JF('P]KI+*/J*J]>?4/+4J0]6F5]& ('& J*/=& 0& K*,,*'& ,(&
.'*0,IL*&.(YY(/JU&a76&b(N0'=&%,'**,U&a,@&VK(('U&%0/&V'0/+IJ+(U&.0KI;('/I0U&c7G5aU&T%#F&

!  

http://creativecommons.org/licenses/by-nc-sa/3.0/


!"##$%&"'()*+,&-.(/,'0+,&/1&2%34567897:& & &

 

4 

 

"#$%&'()$!*&++,-.!
!
"#$!%&'(!)*(+,'-.+'*(!*/!+#'0!1$2'3$,&-2$!2'$0!'(!+#$!)*(),$+$!3'0.&2'0&+'*(!&442')&+'*(!&(1!.0'(5!'+!
/*,!,&'0'(5!'00.$0!)*(0'1$,'(5!+#$!$3*2.+'*(&,6!)*%4*($(+0!'(!+#$!.(1$,26'(5!4,*)$00$0!&(1!1&+&!*/!
+#$!74&&20!789:!;+! +#$! 0&%$! +'%$<! +#'0!=*,>! &20*! 0$,3$0! &0! &! /*.(1&+'*(! '(! /.+.,$! ,$0$&,)#! &(1!
4.-2')&+'*(0<!'(!*,1$,!+*!'1$(+'/6!&(1!06(+#$0'?$!)*%%*(!)#&,&)+$,'0+')0!*/!$3*2.+'*(&,6!>(*=2$15$!
04&)$0<!'(!*,1$,!+*!4,*4*0$!&!5$($,&2!&(&260'0!&(1!3&2'1&+'*(!),'+$,'&!*/!+&>'(5!$3*2.+'*(!$@42')'+26!
'(+*!&))*.(+!'(!>(*=2$15$!04&)$!1$0'5(!&(1!)*(+,*2:!!
A*,$! )*(),$+$26<! +#$! 3'0.&2'0&+'*(! &442')&+'*(! 4,*3'1$0! &! +&(5'-2$! 3'$=! +*! +#$!789<! 4,*3'1'(5! &!
04$)'/')<! )*(),$+$! .0$! )&0$! &(1! &! ,$/$,$()$! /,&%$=*,>! /*,! 1'0).00'(5! +#$! 74&&20! 789! &(1!
)*22&-*,&+'3$!>(*=2$15$!04&)$0!B*(2'($C!'(!5$($,&2:!!
D*(0'1$,'(5!+#$!&-0+,&)+!0)*4$!*/!+#'0!1$2'3$,&-2$<!&!3'$=!+*!+#$!$3*2.+'*(!*/!+#$!789!/,*%!EF<FFF!
/$$+<! '+! '0! 0.//')'$(+! +*! 0&6! +#&+! +#$! .(1$,26'(5! &04$)+0! +#,*.5#! =#')#! $3*2.+'*(! '0! 1$%*(0+,&+$1!
'()2.1$!!"#$%&&%&<!'()(<!&(1!*(+,-(,%:!"#'0!+#,$$G/*21!&44,*&)#!,$4,$0$(+0!&!(*3$2!'(+$,1'0)'42'(&,6!
=&6!+*!&11,$00!+#$!)*%42$@!(&+.,$!*/!>(*=2$15$!$3*2.+'*(!'(!*4$(!>(*=2$15$!04&)$0:!H#$,$&0!+#$!
+#,$$!&04$)+0!&,$! '(+$,1$4$(1$(+26!)*(($)+$1<! 2&(5.&5$!)&(!-$!0$$(!#$,$!&0!&!%$&(0! +*!&(&260$! '(!
1$4+#!/',0+!,$0.2+0I'(0'5#+0!/,*%!+#$!3'0.&2'0&+'*(:!"#'0!'0!&20*!-&0$1!*(!+#$!(*+'*(!+#&+!>(*=2$15$!'0!
4,*)$00$1!'(/*,%&+'*(<!&(1!+#&+!+#$!)*22&-*,&+'3$!&)+!*/!4,*)$00'(5!'(/*,%&+'*(!'0!&2=&60!-&0$1!*(!
*,!)&,,'$1!*.+!-6!%$&(0!*/!2&(5.&5$I)*%%.(')&+'*(:!A*,$*3$,<!+#$!2&(5.&5$!0+&()$!&20*!&22*=0!+*!
+&>$! '(+*! )*(0'1$,&+'*(! +#$! 0*)'&2! 1'%$(0'*(! */! >(*=2$15$<! ':$:! '(+$5,&+'(5! ,$2$3&(+! /&)+0! */! +#$!
)*%%.('+6!+#&+!'(#&-'+0!+#$!>(*=2$15$!04&)$<!/*,!$@&%42$!1'//$,$(+!1'0)'42'(&,6!-&)>5,*.(10:!
J'(&226<! +#$! 3'0.&2'0&+'*(0! &(1! 1&+&! 4,*)$00'(5! +**20! )&(! &20*! #$24! +*! '1$(+'/6! &(1! 3'0.&2'0$! +#$!
0$(0$%&>'(5! 4,*)$00$0! &0! =$22! &0! /&'2.,$0! '(! 0$(0$%&>'(5! 4,*)$00$0:! 7(! +#$! *+#$,! #&(1<! +#$!
3'0.&2'0&+'*(! ,$0.2+0! )&(! -$! $(,')#$1! 0'5('/')&(+26! '(! +$,%0! */! '+0! 1$0),'4+'3$! (&+.,$:! K6! 1,&='(5!
.4*(! 4,'*,! =*,>0! '(! +#$! /'$21! */! 2&(5.&5$! $3*2.+'*(<! +#$! 3'0.&2'0&+'*(0! )&(! &20*! -$! .0$1! /*,!
(*,%&+'3$! ,$0.2+0! ,$5&,1'(5! /*,! $@&%42$! ,$)*%%$(1&+'*(0! /*,! 3'0.&2'0&+'*(! 4,*)$00$0! &(1!
+$)#('L.$0!'(!5$($,&2!&(1!'(!+#$!/'$21!*/!>(*=2$15$!4,*)$00$0!3'0.&2'0&+'*(:!  
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1. Introduction 

N(! +#'0! 1$2'3$,&-2$! =$! 4,$0$(+! &! 3'0.&2'0&+'*(! &442')&+'*(! +#&+! 1$4')+0! +#$! 7W;;X9! 789! [/,*%!
EF<FFF!/$$+[:!!

"#$!1$2'3$,&-2$! '()2.1$0! +=*!4&,+0\!MC!"#'0!1$2'3$,&-2$!1*).%$(+<!&(1!PC! +#$!]&3&G-&0$1!0*/+=&,$!
&442')&+'*(! +#&+! '0! +#$! &)+.&2! '%42$%$(+&+'*(! */! +#$! 3'0.&2'0&+'*(! &442')&+'*(:! B7(G2'($!
1*).%$(+&+'*(! */! +#$! .(1$,26'(5! 3'0.&2'0&+'*(! 060+$%! &(1! +#$! ,$2&+$1! 0*/+=&,$! )*%4*($(+0! &,$!
&3&'2&-2$!&+!#++4\II='>':+.+:/'IH'22$:C!

"#$!3'0.&2'0&+'*(!&442')&+'*(!4,*3'1$0!&! +&(5'-2$!3'$=! +*! +#$!789<!4,*3'1'(5!&! 04$)'/')<! )*(),$+$!
.0$!)&0$!&(1!&! ,$/$,$()$! /,&%$=*,>! /*,!1'0).00'(5! +#$!74&&20!789!&(1!)*22&-*,&+'3$!>(*=2$15$!
04&)$0!B*(2'($C!'(!5$($,&2:!N+!&20*!'22.0+,&+$0!0$3$,&2!)#&22$(5$0!'(!>(*=2$15$!04&)$!&(&260'0!/,*%!&(!
$3*2.+'*(!&(&260'0!4*'(+!*/!3'$=:!!

"#$!%*+'3&+'*(!/*,!+#'0!=*,>!'0!2&,5$26!1.$!+*!*.,!4,$3'*.0!&(&260'0!)*(0'1$,'(5!+#$!789!$3*2.+'*(!
B42$&0$!0$$!+#$!,$/$,$()$0!&+!+#$!$(1!*/!+#'0!1*).%$(+C:!N(!4&,+').2&,<!-6!)*(),$+'0'(5!+#$!789!='+#!
,$04$)+!+*!+#$!0$2$)+$1!)&0$!*/!&!5'3$(!1&+&!0$+<!+#$!1'0).00'*(!*/!$3*2.+'*(!-$)*%$0!%*,$!+&(5'-2$:!
N(1$$1<!/,*%!&!%*1$22'(5!4*'(+!*/!3'$=<!+#$!L.&(+'+&+'3$!&(1!+#$!L.&2'+&+'3$!&04$)+0!*/!+&2>'(5!&-*.+!
>(*=2$15$!&(1!1&+&!-$)*%$!&44&,$(+:!N(!-,'$/<!=#'2$!L.&2'+&+'3$!1'0).00'*(!'0!($$1$1!+*!.(1$,0+&(1!
&(! 789! &(1! '+0! $3*2.+'*(<! '(! &! 2&,5$! 1'0+,'-.+$1! >(*=2$15$! 04&)$! +#$! L.&(+'+&+'3$! &04$)+! 4,$++6!
%.)#! .(1$,2'($0! +#$! &(&260'0:!^*+$! +#&+! /*,! 4.,4*0$0! */! +#'0! &,+')2$<!=$! 0'%426! 1$/'($!7W;;X9!
789!&0!&! 060+$%!*/!&))$00'-2$! /*,%&2!&(1! '(/*,%&2! '(/*,%&+'*(!)*(+,'-.+$1!1.,'(5! +#$!7W;;X9!
4,*_$)+:! "#'0! %$&(0! +#&+! *.,! %&'(! '(+$,$0+0! 2'$0! '(! +#$! $3*2.+'*(! */! >(*=2$15$! B)&,,'$1! -6!
'(/*,%&+'*(C<!&(1!(*+!'(!+#$!)*(),$+$!1$3$2*4%$(+!0+&5$0!*/!+#$!0*/+=&,$!'+0$2/:!"#'0!%$&(0!+#&+!=$!
&,$! +&>'(5! &! %&'(26! 0*)'*G1$+$,%'($1! 4$,04$)+'3$! B&0! '(! 9D7"! ! +#$! 9*)'&2! D*(0+,.)+'*(! */!
"$)#(*2*56<! 0$$! $:5:! K'_>$,<! `.5#$0! &(1! W'()#<! MaRZC<! =#$,$&0! +#$! +$)#(*2*5')&2! 1$+$,%'('0%!
)$,+&'(26!'0!&20*!4,$0$(+!,$5&,1'(5!/*,!$@&%42$!+#$!&)+.&2!)*(+$(+!*/!+#$!&(&260$1!1&+&<!&(1!*/!)*.,0$!
+#$!3'0.&2'0&+'*(!4,*)$00'(5!+$)#('L.$0!!"#$%":!
N(!+#'0!0$++'(5<!=$!/'(1!&1*4+'(5!+#$!-&0')!+$,%'(*2*56!/,*%!0+&+'0+')0!#$24/.2\!9'()$!)*(0.%$,0!*/!
>(*=2$15$!&2%*0+!($3$,!#&3$!&))$00!+*!&22!1&+&<!+#$6!%.0+!+,6!+*!1,&=!&44,*4,'&+$!)*()2.0'*(0!/,*%!
+#$!'%4&,+'&2!1&+&:!;0!&!)*(0$L.$()$<!=$!%&6!(')$26!)*()$4+.&2'0$!+#'0!&)+'3'+6!&0!5$($,&2'0'(5!+#$!
)*()2.0'*(0! 1,&=(! .0'(5! +#$! &3&'2&-2$! [>(*=2$15$! 0&%42$[! +*! +#$! &0! &! =#*2$! '(&))$00'-2$!
[>(*=2$15$! 4*4.2&+'*([:! b0'(5! +#'0! 0'%42$! /,&%$=*,><! =$! %&6! 4,*%4+26! 4*'(+! *.+! =#$,$!
&)>(*=2$15'(5! $3*2.+'*(! '0! ($$1$1<! =#$(! 1,&='(5! )*()2.0'*(0! /,*%! +#$! >(*=2$15$! 0&%42$:! ;0!
0.04$)+$1<!+#$!3'0.&2'0&+'*(!&442')&+'*(!4,*3'1$0!&(!'(0'5#+/.2!'22.0+,&+'*(!*/!+#'0!2'($!*/!+#'(>'(5:!

"#$!%&'(! )*(+,'-.+'*(! */! +#'0! 1$2'3$,&-2$! 2'$0! '(! +#$! )*(),$+$! &442')&+'*(! &(1!.0'(5! '+! /*,! ,&'0'(5!
'00.$0!)*(0'1$,'(5! +#$!$3*2.+'*(&,6!)*%4*($(+0! '(! +#$!.(1$,26'(5!4,*)$00$0!&(1!1&+&:!H$!42&(! +*!
.0$!+#'0!=*,>!&0!&!/*.(1&+'*(!'(!/.+.,$!,$0$&,)#!&(1!4.-2')&+'*(0<!'(!*,1$,!+*!'1$(+'/6!&(1!06(+#$0'?$!
)*%%*(!)#&,&)+$,'0+')0!*/!$3*2.+'*(&,6!>(*=2$15$!04&)$0<! '(!*,1$,! +*!4,*4*0$!&!5$($,&2! &(&260'0!
&(1!3&2'1&+'*(! ),'+$,'&!*/! +&>'(5!$3*2.+'*(! $@42')'+26! '(+*! &))*.(+! '(!>(*=2$15$! 04&)$!1$0'5(!&(1!
)*(+,*2:!c'3$(!+#&+!+#$!/'$21!*/!*(2'($!>(*=2$15$!)*%%.('+'$0! !$'+#$,!'(!&)&1$%'&!*,!)*%%$,)'&2!
&,$&0! ! '0! -$)*%'(5! '(),$&0'(526! ,$2$3&(+<! +#'0! =*,>! ='22! &20*! -$! '(+$,$0+'(5! /*,! ,$0$&,)#! &(1!
1$3$2*4%$(+!4,*_$)+0!*.+0'1$!7W;;X9:!!

"#$!=*,>!'0!-&0$1!*(!4,$3'*.0!7W;;X9!,$0.2+0<!(&%$26!$//*,+0!='+#'(!+#$!1*%&'(0!*/!+#$!HWO!&(1!
HWMF:!N(!-,'$/<!+#'0!=*,>!'()2.1$0!'(3$0+'5&+'(5!+#$!$4'0+$%*2*5')&2<!%$+&4#*,')&2!&(1!*(+*2*5')&2!
/*.(1&+'*(0!*/!>(*=2$15$!&(1!$0+&-2'0#'(5!+#$!/*.(1&+'*(!*/!3'0.&2'0&+'*(!060+$%0!B0$$!$:5:!K,d.$,<!
9+$'(')>$!e!f$22$,<!PFFaCg!X&4+$3&!e!f$22$,<!PFFRg!X&4+$3&!e!W$.>$,+<!PFFRg!X&4+$3&<!W$.>$,+!e!
f$22$,<!PFFag!^6>d($(<!A&(('*<!`.#+&%d>'!e!9&2*($(!PFFZg!^6>d($(<!9&2*($(<!`&&4&('$%'<!e!

http://wiki.tut.fi/Wille
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`.#+&%d>'!PFFRg!f$22$,<!X&4+$3&!e!D,*($<!PFFZC:!N(!&11'+'*(<!+#$!1&+&!/*.(1&+'*(!4$,04$)+'3$!#&0!
-$$(! '(3$0+'5&+$1! '(! +$,%0! */! 04$)'/')! %*1$22'(5! 2&(5.&5$0<! '(! *,1$,! +*! $0+&-2'0#! &! )*(),$+$!
)*%4.+$,G0.44*,+$1!/,&%$=*,>!/*,!.(1$,0+&(1'(5!2&,5$!3*2.%$0!*/!1&+&!B^6>d($(!PFFa&g!^6>d($(!
PFFa-C:!!

N(!5$($,&2<!*.,!=*,>!/&220!'(+*!+#$!1*%&'(!*/!1&+&!%'('(5!&(1!3'0.&2'0&+'*(:!"#'0!&22*=0!.0!+*!-.'21!
.4*(!+#$!=$22G>(*=(!)*()$4+0!0.)#!&0!1&+&!4,$G4,*)$00'(5!&(1!(*,%&2'0&+'*(<!3'0.&2!%&44'(5<!&(1!
'(+$,&)+'3$!$@42*,&+'*(!4&++$,(0!B0$$!H&,$<!PFFUg!"$2$&!PFFRg!c$,*'%$(>*!e!D#$(<!PFFOC:!

The deliverable is organised as follows: In Section 2, we consider the data foundation of the 
visualisation application that is then presented in terms of a simple visual analysis case study in 
Section 3. Section 4 outlines the factor of analysing the observed structures and Section 5 finally 
concludes the article with discussion and further remarks. 

!  
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2. Source Data 

;))*,1'(5!+*!'+0!1$/'('+'*(<! +#$!7W;;X9!789!4,*3'1$0!+#$!0*)'*G+$)#(')&2!$(3',*(%$(+!+#&+!='22!
-$! .0$1! +*! ),$&+$<! %&(&5$! &(1! %&>$! >(*=2$15$! &3&'2&-2$! /*,! +#$! 7W;;X9! )*%%.('+6:! J*,!
4.,4*0$0!*/! +#'0! 0+.16<!=$! 0#&22! ($@+! '1$(+'/6! &! 0.-0$+!*/! +#$!789!1&+&<! /*).0'(5! +#$!1&+&! +#&+! '0!
&3&'2&-2$!)*(0*,+'.%G='1$:!

"#$!&,)#'+$)+.,$!*/!+#$!3'0.&2'0&+'*(!&442')&+'*(!'0!-&0$1!*(!&!)*%4*($(+G-&0$1!4'4$2'($!4,*)$00'(5!
&,)#'+$)+.,$! B^6>d($(<!9&2*($(<!`&&4&('$%'<!e!`.#+&%d>'! PFFRC:!K$)&.0$!*/! +#$! )*%42$@'+6! */!
+#$!1&+&!0*.,)$0! +#$!3'0.&2'0&+'*(!&442')&+'*(! '0!$//$)+'3$26! '%42$%$(+$1!&0!&!4.22!1&+&!4,*)$00'(5!
4'4$2'($:! N(!-,'$/<! +#$!1&+&! '0! ,$L.$0+$1!/,*%!0$3$,&2!0*.,)$0<!4,$G4,*)$00$1<!0.'+&-26! +,&(0/*,%$1<!
&(1!/'(&226!(*,%&2'0$1!'(+*!&!0'(52$!1&+&-&0$!,$4,$0$(+&+'*(!0.'+&-2$!/*,!'(+$,&)+'3$!3'$='(5:!!

N(!&(!'1$&2!0$++'(5!+#'0!4,*)$00!=*.21!-$!/.226!&.+*%&+$1!&(1!+#$!3'0.&2'0&+'*(!+**20!'(1$$1!0.44*,+!
+#'0:!`*=$3$,<!'(!4,&)+')$<!+#'0!0+.16!'()2.1$0!1&+&!+#&+!$//$)+'3$26!,$L.',$1!%&(.&2!4,*)$00'(5<!1.$!
+*! '()*(0'0+$()'$0! '(!&,)#'3$! 2*)&+'*(0<!1&+&!0+,.)+.,$0<!&(1I*,!0$%&(+')0:!;0!&!)*(0$L.$()$<!0*%$!
%&(.&2!$//*,+0!=$,$!,$L.',$1!+*!)*%4'2$!&(1!)2$&(!+#$!1&+&:!!

N(! 4,'()'42$<! &.+*%&+'(5! +#'0! 1&+&! 4,*)$00'(5! '0! */! )*.,0$! 4*00'-2$:! `*=$3$,<! +#'0! $00$(+'&226!
,$L.',$0! +#&+! &22! 0*.,)$! 1*).%$(+0! &,$! 0+,')+26! %&)#'($! ,$&1&-2$! ='+#! &5,$$1! 0$%&(+')0:! J*,!
4.,4*0$0! */! +#$! 4&,+').2&,! 789! /,*%! EF<FFF! /$$+! &442')&+'*(<! 1&+&! =&0! &/+$,! 4,$G4,*)$00'(5!
*,5&('0$1!'(+*!+&-.2&,!/*,%<!'()2.1'(5!+#$!/'$210!+64$<!1&+$<!+'+2$<!&.+#*,<!2'(><!&(1!4&5$Q&+&:!

N(! -,'$/<! +#$! 1&+&! '()2.1$1! '(! +#$! 3'0.&2'0&+'*(! &442')&+'*(! '()2.1$0! )*%%.('+6! ='>'! 4&5$0<!
)*%%.('+6G='1$!$%&'20!B+#$![74&&20G;22[!%&'2'(5!2'0+C<!,$4*,+$1!4,*_$)+!1$2'3$,&-2$0<!&(1!,$4*,+$1!
4.-2')&+'*(0:!`*=$3$,<!-$)&.0$!*/!+#$!2'%'+$1!&3&'2&-'2'+6!&(1!+#$!4,&)+')&2!)#&22$(5$!'(!,$+,'$3'(5!
+#$! 1&+&<! &22! )*()$'3&-2$! 4,*_$)+! 1&+&! )*.21! (*+! -$! '()2.1$1:! N(! 4&,+').2&,<! +#$! 1&+&! '()2.1$0! /'(&2!
3$,0'*(0!*/!='>'!&,+')2$0!-$+=$$(!].($!PFFO!&(1!A&,)#!PFMF<!$%&'20!-$+=$$(!].($!PFFO!&(1!A&,)#!
PFMF<!1$2'3$,&-2$0!-$+=$$(!PFFO!&(1!PFFa<!&(1!/'(&226!4.-2')&+'*(0!-$+=$$(!PFFO!&(1!PFFa:!

"#$!1&+&!'0!-6!(*!%$&(0!)*%42$+$:!H#'2$!+#$!='>'!1&+&!1$%*(0+,&+$1!+#$!%*0+!)*%42$+$!1&+&!$(+'+6<!
'+! 0.//$,0! /,*%! &! +$)#(')&2! )#&(5$! */! 42&+/*,%! '(! %'1! PFFa:! J.,+#$,<! $%&'20! 1*! (*+! '()2.1$! $:5:!
4,'3&+$!%$00&5$0!-$+=$$(!,$0$&,)#$,0:!W.-2')&+'*(!&(1!1$2'3$,&-2$!1&+&!=$,$!)*%4'2$1!&(1!)2$&($1!
-6!#&(1!&(1!'()2.1$!*(26!4&,+'&2!%$+&1&+&<!':$:!2&)>'(5!+#$!&)+.&2!1&+&!)*(+$(+:!J'(&226<!/*,!4,&)+')&2!
*,! 4,'3&)6! 4.,4*0$0<! +#$! 1&+&! 1*! (*+! '()2.1$! $:5:! 4$,0*(&2! *,! 5,*.4G04$)'/')! 1&+&<! 3$,0'*($1! /'2$!
,$4*0'+*,'$0<!*,!0+.16G04$)'/')!$@4$,'%$(+&2!1&+&!&+!&22:!;0!0.04$)+$1<!'(/*,%&2!>(*=2$15$!=&0!(*+!
&))$00'-2$!&+!&22<!'()2.1'(5!$:5:!/&)$G+*G/&)$!&(1!5,*.4!1'0).00'*(0:!!

H$!-$2'$3$!+#&+!'(!&!)*%42$@!>(*=2$15$!04&)$!$(3',*(%$(+<!+#'0!0$++'(5!'0!L.'+$!+64')&2\!H#'2$!+#$!
$(&-2'(5! +$)#(*2*5')&2! /,&%$=*,>! '(! 4,'()'42$! 4,*3'1$0! &! )*%%*(! )*22&-*,&+'*(! %$1'.%! &(1!
,$4*0'+*,6!/*,!&22!1&+&<!0.)#!&0!+#$!H$-!*,!&!W$$,G+*G4$$,!'(/,&0+,.)+.,$<!&)+.&2!+**20<!1&+&!'(0+&()$0<!
&(1!0$%&(+')0!&,$!/,&5%$(+$1!*,!4**,26!&))$00'-2$!&0!&!=#*2$:!;![-$++$,[!1&+&!*,5&('0&+'*(!=*.21!
,$L.',$!%.)#!0+,')+$,!,.2$0!&(1!4*2')'$0!/*,!%&(&5'(5!1&+&<!0*%$+#'(5!%&(6!,$0$&,)#!)*%%.('+'$0!
%'5#+!(*+!-$!,$&16!/*,:!A*,$*3$,<!)*22&-*,&+'3$!>(*=2$15$!),$&+'*(!+#&+!04&(0!1'//$,$(+!1'0)'42'($0<!
($$10!+*!-$!,&+#$,!*4$(! '(0+$&1!*/!,$0+,')+'(5!'+!='+#!&!*3$,26!%$+').2*.0!0$+!*/!,.2$0!&(1!4*2')'$0:!
"#'0! (*+'*(! +&>$0! '(+*! &))*.(+! +#$! 1'//$,$(+! 1'0)'42'(&,6! ).2+.,$0! &(1! %*1$0! */! >(*=2$15$!
4,*1.)+'*(<! +#&+! )&(!3&,6! 0'5('/')&(+26! &%*(5! +#$!4&,+')'4&+'(5! )*%%.('+'$0I1'0)'42'($0:!`$()$<! &!
4,$G1$/'($1!0+,')+!0$+!*/!,.2$0!&(1!4*2')'$0!)*.21!$&0'26!#'(1$,!)$,+&'(!)*%%.('+'$0!+*!4&,+')'4&+$!'(!
+#$!>(*=2$15$!),$&+'*(<!=#')#!=*.21!'(!+.,(!_$*4&,1'0$!+#$!=#*2$!)*22&-*,&+'3$!>(*=2$15$!),$&+'*(!
$(1$&3*,<!#$()$!+#$!1$3$2*4%$(+!*/!&!0.))$00/.2!&(1!0.0+&'(&-2$!789:!
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N(! +.,(<! +#$!1*=(G+*G$&,+#!&44,*&)#!&20*!#'5#2'5#+0! +#$!0$3$,&2!%$&('(50! +*! +#$! +$,%![8(*=2$15$!
94&)$[:!H#'2$! &! >(*=2$15$! 04&)$!%&6! '(+.'+'3$26! '()2.1$! &22! )*()$'3&-2$! B$@42')'+! *,! $3$(! +&)'+C!
1&+&<!4,&)+')&2!&442')&+'*(0!#&3$!,$&0*(&-2$!&))$00!*(26!+*!&!/,&)+'*(!*/!+#$!$@+$,(&2'0$1!1&+&:!

N+! +.,(0! *.+! +#&+! '+! '0! 3$,6! .0$/.2! +*! )#&,&)+$,'0$! +#$! ,$2&+'*(0#'4! */! +#$! 1&+&! $:5:! &))$00'-2$! '(! &!
4&,+').2&,!3'0.&2'0&+'*(!&442')&+'*(!&(1!+#$!4*+$(+'&226!&3&'2&-2$![/.22[!>(*=2$15$!04&)$!'(!+$,%0!*/!
0+&+'0+')0:!N(!+#'0!+$,%'(*2*56<!+#$!&))$00'-2$!0.-0$+!*/!&22!1&+&!'0!)&22$1!&!&'()*"+,"$%-.!*"<!=#'2$!
+#$!&22!)*()$'3&-2$!1&+&!1$(*+$0!+#$!&'()*"+,"$!(!/*-01(':!N(!-,'$/<!=$!.0.&226!0+.16!+#$!0&%42$!'(!
*,1$,!+*!.(1$,0+&(1!+#$!4*4.2&+'*(<!&(1!+*!1,&=!5$($,&2!)*()2.0'*(0:!!

`*=$3$,<!='+#*.+!/'@'(5!,$4,$0$(+&+'*(0<!'+!'0!*/!)*.,0$!3$,6!1'//').2+!+*!1$/'($!+#$![0+&+'0+')&2!.('+[!
/*,! >(*=2$15$:! N(! +#$! )&0$! */! +#$! 3'0.&2'0&+'*(! &442')&+'*(<! +#$! &44,*&)#! =&0! 3$,6! 4,&5%&+')\!
B8(*=2$15$C!0&%42$!1&+&!=&0!10".1%"+!0*!+#&+!$&)#!>(*=2$15$!'+$%!B*,!.('+C!=&0!,$4,$0$(+$1!&0!&(!
&,,&6!*/!0$%&(+')!4,*4$,+'$0:!!

9'()$! =$! /*).0! *(! $3$(+! *,! 4.-2')&+'*(! >'(1! */! 1&+&! '(! *.,! )&0$! 0+.16<! >(*=2$15$! '+$%0! &,$!
$00$(+'&226!,$1.)$1!+*!,$0*.,)$0!1$0),'-$1!='+#!%$+&1&+&:!N(!-,'$/<!+#$!1$2'3$,&-2$0!&(1!4.-2')&+'*(0!
'()2.1$1!*(26!'+$%!%$+&1&+&:!H'>'!&,+')2$0!'()2.1$1!2'(>0!+*!,$&2!='>'!)*(+$(+<!&(1!$%&'20!'()2.1$1!&!
0(&40#*+!*/!+#$!+$@+!-*16!*/!+#$!%$00&5$0!B&0!4&5$Q&+&C:!

;/+$,!4,*)$00'(5<!*.,!0&%42$!1&+&!'()2.1$0!+*+&2!MEaR!'+$%0!='+#!MS!4,*4$,+'$0:!H#$(!,$4,$0$(+$1!&0!
&(!.()*%4,$00$1! /'2$! B'()2.1'(5!%&,>.4C<! +#'0!)*%4,'0$0!&-*.+!O:F!%$5&-6+$0!*/! +$@+.&2!1&+&:! B;!
1$/&.2+!?'4!)*%4,$00'*(!,$1.)$0!+#$!0'?$!+*!,*.5#26!M:O!%$5&-6+$0:C!

N(!&11'+'*(!+*! +#$!&)+.&2!0&%42$!1&+&<!3'0.&2!%&44'(50!&(1!1$)*,&+'*(0!&,$!&20*!($$1$1!+*!0.44*,+!
3'0.&2'0&+'*(:! N(! *.,! )&0$! +#'0! ,$L.',$0! 04$)'/6'(5! &! 3'0.&2! PQ! 3'0.&2'0&+'*(!%*1$2! *(! =#')#! +#$!
'+$%0! &,$! 4,*_$)+$1:! "#$! '+$%! 4,*_$)+'*(!=&0! >$4+! &0! 0'%42$! &0! 4*00'-2$\! "#$!h! )**,1'(&+$!=&0!
)*%4.+$1!-6!4,*_$)+'(5!'+$%0!*(!&!+'%$2'($<!&(1!+#$!i!)**,1'(&+$!=&0!)*%4.+$1!-6!0*,+'(5!'+$%0!
&24#&(.%$,')&226!-6!+'+2$<!0+&,+'(5!/,*%!+#$!+*4:!"#$!'+$%0!=$,$!1$)*,&+$1!-6!&!0'%42$!)&2$(1&,!5,'1<!
='+#!&!04$)'/')!02*+!/*,!'+$%0!='+#!.(>(*=(!1&+$0:!!

N(! 5$($,&2<! +#$! &442')&-2$! 4,*_$)+'*(! %$+#*10! *-3'*.026! 0+,*(526! 1$4$(1! *(! +#$! 3'0.&2'0&+'*(!
%$+&4#*,! &(1! +#$! &3&'2&-2$! '+$%! 4,*4$,+'$0:! ;20*<! 3'0.&2'0'(5! $:5:! +&@*(*%6! *,! ,.2$G-&0$1!
>(*=2$15$! =*.21! ,$L.',$! '(+,*1.)'(5! &! %*,$! )*%42$@! 3'0.&2'0&+'*(! %*1$2! &(1! &(! &00*)'&+$1!
'(+.'+'3$!%$+&4#*,:!N(!&442')&+'*(0!=#$,$!0$(0*,6!,$4,$0$(+&+'*(0!*,!%&@'%&2!&//*,1&()$!&,$!0*.5#+!
&/+$,<!+#$!%$+&4#*,0!0#*.21!-$!'(+.'+'3$!&(1!/&%'2'&,!+*!+#$!$(1G.0$,0:!

!  
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3. V isualisation Application 

7()$! +#$! 0&%42$! 1&+&! '0! 4,*4$,26! '+$%'0$1! &(1! &00*)'&+$1! ='+#! 1$)*,&+'3$! 5,&4#')0<! '+! )&(! -$!
$@42*,$1!'(!&(!'(+$,&)+'3$<!5$($,&2G4.,4*0$!3'0.&2'0&+'*(!&442')&+'*(!)&22$1!+#$!2-0-3(4$51"):!B"#$!
.(1$,26'(5!Q&+&-*@!3'$=!&442')&+'*(!&(1!+#$!,$L.',$1!1&+&!4,*)$00'(5!060+$%0!#&3$!-$$(!1$3$2*4$1!
&(1!,$4*,+$1!'(!HWMF!'(!Q$2'3$,&-2$!MF:MR:C!

N(!-,'$/<!=$!%&6! '1$(+'/6! +=*!%&'(!.0$,! ,*2$0! /*,! +#$!Q&+&-*@!T'$=!&442')&+'*(:!V(1G.0$,0!=*,>!
='+#! 1&+&! 4,$G4,*)$00$1! -6! *+#$,0:! V(1G.0$,0!%&6! .0$! +#$! &442')&+'*(! +*! 0'%426! (&3'5&+$!='+#'(!
1&+&<!*,!+*!&(&260$!1&+&G1,'3$(!*,!3'0.&2!#64*+#$0$0!.0'(5!+#$!0$&,)#!&(1!/'2+$,'(5!+**20:!"#$!0$)*(1!
%&'(!.0$,!5,*.4!'0!1$3$2*4$,0!=#*!0$2$)+!&(1!4,$G4,*)$00!1&+&!0*!+#&+!'+!)&(!-$!1$4')+$1!.0'(5!+#$!
Q&+&-*@!T'$=!&442')&+'*(:!

J'5.,$!M!4,$0$(+0!&!52*-&2!3'$=!+*!+#$!0&%42$!1&+&:!N(!-,'$/<!'+$%0!&,$!&00*)'&+$1!='+#!)*2*.,$1!')*(0!
&(1!+$@+!2&-$20!*(!&!PQ!42&($:!7+#$,!'+$%!4,*4$,+'$0!%&6!-$!$@&%'($1!-6!3'$='(5!'+$%!'(/*,%&+'*(:!

!

 
Figure 1. Databox View to the OPAALS OKS 

!
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H'+#!+#$!#$24!*/!+#$!'(+$,&)+'3$!&442')&+'*(<!.0$,0!)&(!(&3'5&+$!='+#'(!+#$!'+$%!1&+&!-6!?**%'(5!&(1!
4&(('(5! B0$$! J'5.,$! P! -$2*=C<! /'2+$,! &(1! #'5#2'5#+! 1&+&<! &(1! *4$(! 4&,+').2&,! '+$%0! /*,! /.,+#$,!
$@&%'(&+'*(!'(!+#$!1$0>+*4!H$-!-,*=0$,:!

!

 
Figure 2. A close-up view for some early 2008 data 

!

"#$!/&)+! +#&+! +#$!3'0.&2'0&+'*(!%&6! ,$4,$0$(+!&20*!1&+&!)*(+$(+<!&(1!(*+!*(26!%$+&1&+&<!4,*3'1$0!&!
(')$! 0$++'(5! /*,! (*(G+,'3'&2! $@42*,&+'3$! &(&260'0:! J'5.,$! S! B-$2*=C! '22.0+,&+$0! +#$! .0&5$! */! 04$)'/')!
+$,%0!'(!$%&'20!-$+=$$(!%'1!PFFZ!&(1!$&,26!PFMF!B(jURFC<!#'5#2'5#+'(5!04$)'/')!&04$)+0!*/!+#$!1&+&:!!

!
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Figure 3. A trend of terminology in emails 

!

"#$! 3'$=! '0! )*%4.+$1! &0! /*22*=0\! J',0+<! &22! '+$%! +$@+! 2&-$20! &,$! #'11$(! /*,! )2&,'+6! &(1! &22! '+$%0!
-$0'1$0! $%&'20! B-6! +64$! 4,*4$,+6C! &,$! 1'%%$1! B4,$0$(+$1! &0! 0%&22! 2'5#+! 5,&6! -*@$0C:! "#$! $%&'2!
'+$%0! &,$! +#$(! #'5#2'5#+$1! &(1! 1$4')+$1! &0! 2'5#+! 5,$$(! +,'&(52$0:! "#$! $%&'2! '+$%0!=#*0$! +'+2$! *,!
&)+.&2! )*(+$(+! '()2.1$0! +#$!=*,1! [kV$l)*060+$%[! B+#$! +'+2$! *,! 4&5$Q&+&! 4,*4$,+6!%&+)#!='+#! +#$!
,$5.2&,!$@4,$00'*(C!&,$!$%4#&0'0$1!&(1!1$4')+$1!&0!1&,>$,!*3&20:!J'(&226<!$%&'2!'+$%0!=#*0$!)*(+$(+!
'(!&11'+'*(!'()2.1$0!+#$!=*,1![k;&l442')&+'*([!&,$!#'5#2'5#+$1!&0!-*@$0!='+#!+#')>!-2&)>!-*,1$,:!!

;0!0.04$)+$1<!+#$!&442')&+'*(!4,*3'1$0!&!,')#!-&0$%$(+!/*,!*+#$,!$(L.',$0!&0!=$22:!

!  
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4. Analysis 

N(! 4,'()'42$<! +#$! 3'0.&2'0&+'*(! &442')&+'*(! &2*($! #$240! '(/*,%&+'*(! 5&+#$,'(5! &(1! 4,$2'%'(&,6!
&(&260'0!&)+'3'+'$0!'(!0$3$,&2!=&60!BH&,$<!PFFUC\!

" To comprehend huge amounts of data 
" To perceive emergent properties of data 
" To validate data 
" To associate large and small-scale structures  
" To support hypothesis formulation 

N+!'0!(*=!'(+,'5.'(5!+*!&0>!=#&+!+#$!1',$)+26!&//*,1&-2$!7W;;X9!3'$=<!0*2$26!-&0$1!*(!0&%42$!1&+&!
+$220!.0:!!

J*,! '(0+&()$<! *($! )&(! '%%$1'&+$26! *-0$,3$! +#&+! $)*060+$%0! #&3$! -$$(! &! )*(+'(.*.0! +*4')! '(! +#$!
74&&20G;22!1'0).00'*(0!B+#$!*3&2!'+$%0!'(!J'5.,$!SC:!`*=$3$,<!+#$!+$,%!&442')&+'*(!1*$0!(*+!&44$&,!
'(!+#'0!74&&20G;22!$%&'2!)*(+$@+!&/+$,!].26!PFFR!B+#$!-2&)>!+#')>!-*@$0C:!

4.1. E lements of Evolution 

H#'2$!+#'0!0$++'(5!'0!'(+$(+'*(&226!(&'3$!/,*%!$:5:!&!2'(5.'0+')!&(1!0$%&(+')!4*'(+!*/!3'$=<!'+!(')$26!
'22.0+,&+$0!*.,!2'%'+$1!&))$00!+*!+#$!>(*=2$15$!04&)$!4*4.2&+'*(:!9$3$,&2!42&.0'-2$!$@42&(&+'*(0!*/!
0$3$,&2!)&+$5*,'$0!$@'0+:!!

J,*%!&!)*(+$(+!4$,04$)+'3$<!+=*!>'(10!*/!%&'(!&00.%4+'*(0!%'5#+!-$!1,&=(\!

1. Evolution of activities. For instance, after having identified applications, the researchers went on 
with more theoretical research. 

2. Evolution of language. For instance, once a general consensus on research directions had been 
established, it became unnecessary or even redundant to speak about applications, and the 
general term was either dropped or encoded differently. 

"#$0$! 4*+$(+'&2! $@42&(&+'*(0! &,$! L.'+$! '(+.'+'3$:! N(! 4&,+').2&,<! +#$! 2&(5.&5$! $3*2.+'*(! &04$)+! '0!
(*(+,'3'&2!=#$(!+#$!+'%$!04&(!*/!&)+'3'+'$0!'0!)*(0'1$,$1:!

`*=$3$,<!&)>(*=2$15'(5! +#&+! +#$!0&%42$!%'5#+!(*+!)&4+.,$! +#$!>(*=2$15$!04&)$!/&'+#/.226<!*+#$,!
>'(10!*/!#64*+#$0$0!0#*.21!&20*!-$!)*(0'1$,$1<!(&%$26\!

3. Non-representative sample. For instance, discussion of applications actually increased over time 
but took place in a medium that was not included in the knowledge sample (such as private or 
group-specific communications). 

4. Evolution of data semantics. We do not actually have a clear picture of the process at all because 
the formal encoding of item properties changed over time on the level of semantic schemata.  

H#'2$! +#$0$! 4*'(+0! &,$! L.'+$! )#&22$(5'(5! +*! 4,*3$I1'04,*3$<! +#$6! $//$)+'3$26! .(1$,2'($! +#$! %*,$!
)*(+$(+G*,'$(+$1! &(&260'0! &-*3$! B'+$%0! M! &(1! PC:! 9'%'2&,! )*()$,(0! &,'0$<! $:5:! '(! 1'0)*3$,6! *,! '(!
3'0.&2'0&+'*(!&442')&+'*(0!+#&+!0$$>!060+$%&+')!%$+#*10!/*,!1&+&!3&2'1&+'*(:!!
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J'(&226<!)*(0'1$,'(5!+#$!&-0+,&)+!0)*4$!*/!+#'0!1$2'3$,&-2$<!&!3'$=!+*!+#$!$3*2.+'*(!*/!+#$!789!/,*%!
EF<FFF! /$$+<! '+! '0! 0.//')'$(+! +*! 0&6! +#&+! +#$! .(1$,26'(5! &04$)+0! +#,*.5#! =#')#! $3*2.+'*(! '0!
1$%*(0+,&+$1!'()2.1$!!"#$%&&%&<!'()(<!&(1! *(+,-(,%:!`*=$3$,<!0'()$!+#$!2&(5.&5$!&04$)+! '0!*/+$(!
($52$)+$1<!=$!0#&22!($@+!$2&-*,&+$!'+!&!-'+:!!

4.2. K nowledge Production and L inguistic Processes 

"#$!7W;;X9!)*%%.('+6!'(+$5,&+$0!&!='1$!0$+!*/!1'//$,$(+!1'0)'42'(&,6!4$,04$)+'3$0!+#&+!)*%$!'(!
1'//$,$(+!1'0)'42'(&,6!2&(5.&5$0<! +#$*,'$0<!&(1!0)'$(+'/')!4*2')'$0:!"#'0!1'3$,0'+6!#*210!&20*!+,.$!/*,!
&(6! +,&(0G! *,! '(+$,1'0)'42'(&,6! )*%%.('+6! +#&+! )*%$0! +*5$+#$,! /*,! )*22&-*,&+'3$! >(*=2$15$!
4,*1.)+'*(:! "#$,$/*,$<! &(! '%4*,+&(+! L.$0+'*(! '0! /',0+26! #*=! >(*=2$15$! )&(! -$! 4,*1.)$1!
)*22&-*,&+'3$26!-6!),*00'(5!1'0)'42'(&,6!-*,1$,0<! &(1!0$)*(126!#*=! +#*0$!$3*2.+'*(&,6!>(*=2$15$!
4,*)$00$0!2**>!2'>$!&(1!)&(!-$!$@42&'($1:!

0! *.,! +=*/*21! 0+,&+$56! &0! +*! )*%-'('(5!1&+&!
3'0.&2'0&+'*(!='+#! +#$*,$+')&2! '(+$,4*2&+'*(0<! -.+! &20*! )*(($)+0! +#$! 060+$%')!3'$=!*(!)*%%.('+'$0!
&(1! +#$',! -$#&3'*.,0! '(! 7890!='+#! &! $3*2.+'*(&,6! 2&(5.&5$! 4$,04$)+'3$:!H$')>! BMaaEC! .0$0! +#$!

!%$&('(50!%&+$,'&2'?$!
+#&+! '(/*,%!&(1!)*(0+,&'(! '1$(+'+6! '(!&)+'*(!BA'220!PFFS\!SE<!)'+$1! '(!H$')><!9.+)2'//$!e!7-0+/$21!
PFFE\! UFaC:! H$')><! 9.+)2'//$! &(1! 7-0+/$21! )*()2.1$! +#&+! +#$,$/*,$! 0$(0$%&>'(5! '0! &(! '00.$! */!
2&(5.&5$<!+&2><!&(1!)*%%.(')&+'*(:!"#'0!%$&(0!+#&+!2&(5.&5$!B'(!5$($,&2C!'0!&!)*,$!%$&(0!/*,!+#$!
1$3$2*4%$(+! */! *,5&('0&+'*(0<! =#')#! &20*! #*210! +,.$! /*,! 0)'$(+'/')! )*%%.('+'$0! &(1! +#$',!
'(+$,&)+'*(I)*22&-*,&+'*(! '(! 7890:! 9+,'3'(5! +*=&,10! &! -$++$,! .(1$,0+&(1'(5! */! +#$! (&+.,$! &(1!
.(1$,26'(5! %$)#&('0
%$)#&('0%0! */! 2&(5.&5$! )#&(5$! &(1! 3&,'&+'*(! 4,*3'1$! &(! '%4*,+&(+! '(4.+! /*,! &(6! 060+$%!
1$3$2*4%$(+! '(! +#$! )*(+$@+! */! '+0! 16(&%')! )#&,&)+$,<! 0$2/G
BX&4+$3&<!W$.>$,+!e!f$22$,\!PFFaC:!!

"#'0! %$&(0! *(! +#$! *($! #&(1! +#&+! &(6! '(+$,&)+'*(<! 4&,+').2&,26! '(+$,1'0)'42'(&,6! '(+$,&)+'*(! &(1!
)*22&-*,&+'*(<! '(+$5,&+$0!&!)$,+&'(!1$5,$$!*/! 2&(5.&5$!)#&(5$!&(1!3&,'&+'*(:!"#$!,$&0*(!/*,! +#'0! '0!
+#&+! +#$! 1'//$,$(+! 1'0)'42'(&,6! 3*)&-.2&,'$0! &(1! )*%%.(')&+'3$! 4&++$,(0! ($$1! +*! -$! &1&4+$1! +*! &!

)*22&-*,&+'*(! &2=&60! 1$4$(10! *(! )*%%.(')&+'*(! ! -$! '+! '(! (&+.,&2! *,! /*,%&2! 2&(5.&5$0C:!7(! +#$!
*+#$,! #&(1<! +#$0$! 2&(5.&5$! )#&(5$0! B*,! $3*2.+'*(&,6! 2&(5.&5$! (*+'*(C! ,$4,$0$(+! +#$! 6('+101($ %1'"$
7/-$'('!/*,!+#$!1$3$2*4%$(+!*/!&(!*,5&('0&+'*(:!D*(($)+'(5!+#'0!+*!H$')><!+#$!&)+!*/!%&>'(5!0$(0$!

2$15$!4,*1.)+'*(C<!)*.21!*(26!)*(+,'-.+$!+*!
+#$!4,*)$1.,&2!)#&,&)+$,!*/!+#$!0#&4'(5!&(1!/.()+'*('(5!*/!&!)*%%.('+6I*,5&('0&+'*(<!'/!'+!'0!1*($!'(!
&!0*)'&2!)*(+$@+!&(1!(*+!*(!&!1'0),$+$!*,!'0*2&+$1!'(1'3'1.&2!-&0'0:!"#$0$!0$(0$%&>'(5!4,*)$00$0!)&(!
-$!,$2&+$1!/*,!$@&%42$!+*!%*,$!&-0+,&)+!*,!'%%&+$,'&2!&04$)+0!*/!&(!*,5&('0&+'*(<!0.)#!&0!4*2')'$0<!
'(/*,%&2!,.2$0<!*,!'1$(+'+6!-.'21'(5<!*,!+*!)*(),$+$!&04$)+0!0.)#!&0!+$)#(*2*56!.0&5$:!!

9$(0$%&>'(5! 4,*)$00$0! &20*! ,$/$,! +*! +#$! ($5*+'&+'*(! */! +#$*,$+')&2! 0+,&+$5'$0! B,$0$&,)#! &5$(1&C<!
=#')#!%$&(0! +#$!)*%%.('+6!($$10! +*! /'(1!&! )*(0$(0.0!.4*(! +#$!$4'0+$%*2*5')&2! /,&%$=*,>! B':$:!
=#')#! +#$*,'$0! &(1! 4&,&1'5%0! &,$! $2'5'-2$<! &(1! =#')#! &,$! (*+C! */! '+0! )*22&-*,&+'3$! >(*=2$15$!
4,*1.)+'*(:! K*+#! 4,*)$00$0! &,$! )*%42$@! &(1! 0'5('/')&(+<! #*=$3$,! +#$! 0$)*(1! '%42'$0! +#&+! +#$!
0$(0$%&>'(5!4,*)$00!($$10!+*!'(+$5,&+$!&!($5*+'&+'*(!*/!%$&('(5<!+**:!"#'0!%$&(0!+#&+!'(!*,1$,!+*!
1'0).00! 1'//$,$(+! +#$*,$+')&2! /,&%$=*,>0<! 1'//$,'(5!%$&('(50! */! +#$! 0&%$! )*()$4+0! *,! >$6! +$,%0<!

$$1! +*!-$!($5*+'&+$1! &%*(5! +#$!3&,'*.0!1'0)'42'($0! &(1! 0+&>$#*21$,0! +#&+! &,$!
4&,+!*/!+#$!)*%%.('+6!&(1!789:!
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N(!1$2'3$,&-2$!QO:Z!=$!#&3$!&2,$&16!4*'(+$1!*.+!+#$!1'0+'()+!&00*)'&+'*(0!&(1!%$&('(50!*/!>$6!+$,%0!
='+#'(! +#$! 7W;;X9! )*%%.('+6:! H#$,$&0! +#$! 1'0+'()+'*(0! =$,$! +#$(! %&1$! &))*,1'(5! +*! +#$!
1'//$,$(+!1'0)'42'($0<!'+!%'5#+!&20*!-$!'(+$,$0+'(5!+*!2**>0!&+!+#$!+$%4*,&2!1'%$(0'*(!*/!0$(0$%&>'(5!
&(1!($5*+'&+'*(0!,$5&,1'(5!+#$!$%$,5$()$!*/!&!_*'(+!2&(5.&5$:!J'5.,$!U!+#$,$/*,$!4,$0$(+0!+#$!,$0.2+0!
*/! &! 2*(5'+.1'(&2! 0.,3$6!)*(1.)+$1!='+#'(! +#$!7W;;X9!)*%%.('+6<! 04$)'/')&226! +#$! ,$0.2+0! /,*%!
+#$! =*,1G&00*)'&+'*(0! L.$0+'*((&',$! '+$%0! B4&,+')'4&(+0! #&1! +*! 2'0+! S! +*! U! 1$0),'4+'*(0! +#&+! +#$6!
&00*)'&+$!='+#!)$,+&'(!4,$G1$/'($1!>$6G+$,%0C:!!
!
"#.0<! ,$G)*(0'1$,'(5! +#$!
&(6%*,$! '(! +#$! 74&&20G;22! $%&'2! )*(+$@+! &/+$,! ].26! PFFR<! )&(! -$! $(,')#$1! -6! +#$! +$%4*,&2!

)&(! -$! +&>$(! &0! &!
06(*(6%!/*,!&!04$)'/')!0$+!*/!+**20!&(1!&442')&+'*(0!/*,!)*22&-*,&+'*(!&(1!>(*=2$15$!4,*1.)+'*(:!!
;0!=$!)&(!0$$<!+#$,$!&,$!'(+$,$0+'(5!3&,'&+'*(0!,$5&,1'(5!+#$!/,$L.$()6!*/!04$)'/')!&00*)'&+'*(0!*3$,!
+'%$:!H#$,$&0!+#$!/',0+!=&3$!B)*(1.)+$1!'(!H'(+$,!FOIFZC!0#*=0!&!,$%&,>&-2$!)*().,,$()$!*/!+#$!

#'5#$0+! 4$,)$(+&5$<! +#$! ,$0.2+0! */! +#$! 0$)*(1! =&3$! B)*(1.)+$1! '(! H'(+$,! FZIFRC! 0#*=! &! ,&+#$,!
1'//$,$(+!&(1!2$00!#*%*5$(*.0!4')+.,$:!H&3$0!+#,$$!&(1!/*.,!=$,$!)*(1.)+$1!'(!9.%%$,!PFFR!&(1!
H'(+$,!FRIFa<!&(1!4,$0$(+!&(!'(),$&0'(5!0+&-'2'0&+'*(!*/!+#$!%&'(!&00*)'&+'*(0:!X**>'(5!&+!+#$!,$0.2+0!
*/! +#$! /*.,+#!=&3$! '(!4&,+').2&,<!=$!)&(!0$$! &!)2$&,! 0&+.,&+'*(!*/! _*'(+! 0$(0$%&>'(5!&(1!%$&('(5!
($5*+'&+'*(<! ='+#! &! +=*G
,$4,$0$(+! +#$! 0$+! ='+#! +#$! #'5#$0+! 0)*,$0<! &(1! '(! '+0$2/! &!

!,$4,$0$(+'(5!+#$!)*((*+&+'3$!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

J'5.,$!U:!789!&00*)'&+'*(0!!
!

G;22!$%&'2!)*(+$@+!&/+$,!].26!PFFR!)&(!-$!
$@42&'($1! -6! &! 0$%&(+')! 0&+.,&+'*(! *,! %&6-$! $3$(! &! )*(0$(0.0! ,$5&,1'(5! +#$! %&'(! &442')&+'*(!
$(3',*(%$(+! +#&+! #&1! -$$(! &)#'$3$1! &/+$,! 9.%%$,! PFFR:! "#'0! &20*! )*,,$04*(10! +*! *.,! /',0+! &(1!
0$)*(1!&00.%4+'*(: 
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5. Conclusion 

N(! +#'0! 1$2'3$,&-2$<!=$!#&3$! 4,$0$(+$1! &! 3'0.&2'0&+'*(! &442')&+'*(! +#&+! 1$4')+0! +#$!7W;;X9!789!
[/,*%! EF<FFF! /$$+[:! "#$! 3'0.&2'0&+'*(! &442')&+'*(! 4,*3'1$0! &! +&(5'-2$! 3'$=! +*! +#$! 789! &(1!
'22.0+,&+$0!)#&22$(5$0!'(!>(*=2$15$!04&)$!&(&260'0!/,*%!$3*2.+'*(!&(&260'0!4*'(+!*/!3'$=:!!

N(! +#$! /*,+#)*%'(5! &,+')2$0<! =$! ='22! )*(+'(.$! *.,! ,$0$&,)#! -6! &(&260'(5! +#$! 3&,'*.0! /&)+*,0! */!
$3*2.+'*(<! '(!*,1$,!+*!4,*3'1$!*/!/,&%$=*,>!/*,!$@42')&+'(5!+#$!,*2$!*/!$3*2.+'*(!'(!.(1$,0+&(1'(5!
2&,5$G0)&2$! >(*=2$15$! 04&)$0:! N(! -,'$/<! =$! -$2'$3$! +#&+! +#$! -&0')! $2$%$(+0! */! .(1$,0+&(1'(5!
$3*2.+'*(! '()2.1$! '()(! B&0! +#$! /&)+.&2I%&+$,'&2! /*.(1&+'*(C<! !"#$%&&%&! B&0! +#$! *,5&('0&+'*(&2!
/*.(1&+'*(C<!&(1!*(+,-(,%!B&0!+#$!/.(1&%$(+&2!%$1'&!*/!>(*=2$15$!'(!+#$!/',0+!42&)$C:!7.,!=*,>'(5!
#64*+#$0'0! '0! +#&+! +#$!$2$%$(+0!*/!$3*2.+'*(!1$4')+$1! '(!9$)+'*(!U:M!42&6!&! 0'5('/')&(+! ,*2$! '(! +#'0!
0$++'(5:!

N+!'0!'(+$,$0+'(5!+*!*-0$,3$!+#&+!+#$!3'0.&2'0&+'*(0!&(1!1&+&!4,*)$00'(5!+**20!)&(!&20*!#$24!+*!B4$,#&40!
'(1',$)+26C! '1$(+'/6! &(1! 3'0.&2'0$! +#$! 0$(0$%&>'(5! 4,*)$00$0! &0! =$22! &0! /&'2.,$0! '(! 0$(0$%&>'(5!
4,*)$00$0:!7(!+#$!*+#$,!#&(1<!+#$!3'0.&2'0&+'*(!,$0.2+0!)&(!-$!$(,')#$1!0'5('/')&(+26!'(!+$,%0!*/!'+0!
1$0),'4+'3$! (&+.,$:! K6! 1,&='(5! .4*(! 4,'*,! =*,>0! '(! +#$! /'$21! */! 2&(5.&5$! $3*2.+'*(<! +#$!
3'0.&2'0&+'*(0! )&(!&20*!-$!.0$1! /*,!(*,%&+'3$! ,$0.2+0! ,$5&,1'(5! /*,! $@&%42$! ,$)*%%$(1&+'*(0! /*,!
3'0.&2'0&+'*(! 4,*)$00$0! &(1! +$)#('L.$0! '(! 5$($,&2! &(1! '(! +#$! /'$21! */! >(*=2$15$! 4,*)$00$0!
3'0.&2'0&+'*(:!
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