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1( ;23&$)593%$2(DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(@1(

1D1( N/9h0&$52)c(*+'(:'#/23%9(X'6(DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(@1(

1D@( Q'2'&/?(F'-'/&9+(R$23'Z3c(H$&#/?(V23$?$0W(DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(@@(

1DC( :4'9%<%9(F'-'/&9+(R$23'Z3c(M2$g?')0'(EL$?53%$2(DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(@C(

1DB( .&$6?'#c(H$&#/?(V23$?$0W(R+/20'(!/2/0'#'23(DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(@C(

1D\( Q?$6/?(G44&$/9+(DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(@B(

1De( R$23&%653%$2-(DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(@B(

1Df( 7%#%3/3%$2-(DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(@B(

@( 8$95#'23(V&0/2%i/3%$2(DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(@e(

@D1( R+/43'&(@c(Q'2'&/?(F'-'/&9+(H%'?)(m(H$&#/?(V23$?$0W(DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(@e(

@D@( R+/43'&(Cc(:4'9%<%9(F'-'/&9+(H%'?)-(m(VR!(P(V23$?$0W(O%'g-(DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(@e(

@DC( R+/43'&(Bc(!!!"!n!o(R$??/6$&/3%L'(VR!c(!'3+$)$?$0W(/2)(!$)'?(DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(@e(

@DB( R+/43'&(\c(!!!!!"(:3&5935&/?(/2)(7$0%9/?(R$2-%-3'29W(.&'L'23%L'(F'-$?53%$2(DDDDDDDDDDDDDDDDDDDDDDDDDDDD(@e(

@D\( R+/43'&(ec(!!!!!"(V23$?$0W(O%'g-(:4'9%<%9/3%$2(P(:56^V23$?$0W(EZ3&/93%$2(DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(@f(

@De( R+/43'&(fc(R+/20'(;#4/93(!/2/0'#'23($<(!!!!!"(V23$?$0W(P(O%'g-(DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(@f(
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 y dream for the Web has two parts. In the first, I see the Web becoming a much more powerful means 

for collaboration among people. In the second, collaborations extend to computers. […] Once the 

two-part dream is achieved, the Web will be a place where the whim of a human being and the 

reasoning of a machine will co-exist in an ideal, powerful mixture. (Berners-Lee, 2000)  
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!"#$% ! $*#+9,.$ #3!#.#4)'%>$ '?!'3/)34$ )!$")!-$ :@<$ #3!#.#45$ =)'"$ %&'()*)(,!)#3$ ,3/$!"#$% ! $

%A7B#3!#.#45$'?!+,(!)#3E!)46$:C<$/'*)3)34$!-'$(#++'%&#3/)34$(-,34'$)9&,(!$9,3,4'9'3!$&+#('%%D$

>.*5!
H! ?4/252*8!@#)4*&!A)4)*&7&4/!==============================================================================================================================================!IJ$

H=H! ?4/252*(-)5!@#)4*&'!==========================================================================================================================================================!IJ$

H=H=H! K#)/!('!)4!?4/252*(-)5!@#)4*&L!===========================================================================================================================!IJ!

H=H=B! ?4/252*(-)5!@#)4*&!%8.&'!@5)''(1(-)/(24!==========================================================================================================!IH!

H=B! ?4/252*8!M;253/(24!============================================================================================================================================================!IN$

H=B=H! ?4/252*8!M;253/(24!$&1(4(/(24'!============================================================================================================================!IN!

H=B=B! ?4/252*8!@24'('/&4-8!A)(4/&4)4-&!===================================================================================================================!IO!

H=N! ?4/252*8!P&0'(24(4*<!=========================================================================================================================================================!II$

H=N=H! ?4/252*8!P&0'(24(4*!<!$&1(4(/(24'!=======================================================================================================================!II!

H=N=B! Q&.0&'&4/(4*!)46!%0)-(4*!@#)4*&'!120!P&0'(24(4*!"30.2'&'!=================================================================!IR!

H=O! ?4/252*8!@#)4*&!A)4)*&7&4/!=====================================================================================================================================!IS$

H=O=H! T5&(4!)46!G/2:)42;(-U'!A&/#26252*(&'!===============================================================================================================!IS!

H=O=B! Q&5)/&6!K20V'!==============================================================================================================================================================!I,!

H=+! $('-3''(24!==============================================================================================================================================================================!RJ$

B! ?4/252*8!P(&F'!=============================================================================================================================================================================!RN$

B=H! ?4/252*8!P(&F'!(4!/#&!W(/&0)/30&!=================================================================================================================================!RN$

B=B! P(&F!G.&-(1(-)/(24'!>..02)-#&'!==================================================================================================================================!RO$

B=B=H! X3&08!W)4*3)*&!>..02)-#&'!=================================================================================================================================!RO!

B=B=B! A)43)5E!G/03-/30)5!)46!W2*(-)5!>..02)-#&'!===================================================================================================!RI!

B=B=N! ?/#&0!>..02)-#&'<!Q35&'E!"(.&'!)46!Y)7&6Z0).#'!===================================================================================!RI!

B=N! $('-3''(24!==============================================================================================================================================================================!RR$

N! @24-53'(24<!$&)652-V'!)46!>..02)-#!21!78!"02.2')5!================================================================================================!SJ$

!

! !

2,*#6$+!?!



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

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

0&;(23'! -#)./&0!#)'!9023*#/! /#&! '.&-(1(-(/(&'! 21! 1207)5! 24/252*(&'E!78! /#&'('! '#2356!346&0/)V&=! C/!

#)'! -24-536&6!78! /#&'('! .02.2')5! '#2356! .0263-&! )! 1207)5!7&/#26252*8! 120!7)4)*(4*! &;253/(24!

)46! ;&0'(24(4*! 21! )! 1207)5! 24/252*8! )46! (/'! 3'&0! )''37./(24'! 24! /#&! 627)(4E! 0&)-#(4*! /#&! /#0&&!

12552F(4*!29:&-/(;&'<![H\!&4)95&!-#)4*&!7)4)*&7&4/!21!1207)5!24/252*(&'!'(4-&!/#&(0!-0&)/(24E![B\!&4)95&!

)6)./)/(24! 21! 1207)5! 24/252*(&'! /2! 4&F! 3'&0! )''37./(24'! )46! [N\! /#&! -2#&0&4/! -#)4*&! .02.)*)/(24!

9&/F&&4! )! 1207)5! 24/252*8! )46! (/'! 6(11&0&4/! )''37./(24'=! C4! 206&0! /2! &4'30&! /#&! (4/&*0(/8! 21! )! 1207)5!

24/252*8!630(4*!(/'!5(1&-8-5&E!(/!#)'!.02.2'&6!/#&!12552F(4*!&(*#/!-0(/&0()<!

!

H= "02.2'(4*!)!1207)5!24/252*8!&;253/(24!7&/#26252*8!/2!&4)95&!-24-&./3)5!726&55(4*!'39'&]3&4/!/2!)4!

24/252*(-)5!)4)58'('E!

B= G.&-(18(4*!24/252*8!)46!-#)4*&'!(4!!!!!! ! !20!&]3(;)5&4/!1207)5!5)4*3)*&E!

N= A)4)*(4*!1207)5!24/252*(&'!0&.0&'&4/(4*!)55!/#&!3'&0!)''37./(24'!24!(/'!627)(4E!

O= A)4)*(4*! /#&! 52*(-)5! -24'('/&4-8E! (=&=! 0&5)/&6! /2! )D(27'E! (4! !!!!! ! ! 20! &]3(;)5&4/! 1207)5!

5)4*3)*&'E!

+= A)4)*&7&4/!21! '/03-/30)5! -24'('/&4-8E! (=&=! 0&5)/&6! /2! /#&! 0&.0&'&4/)/(24! 5)4*3)*&E! (4!!!!!! ! !20!

&]3(;)5&4/!1207)5!5)4*3)*&'!F(/#!1207)5!0&.0&'&4/)/(24!-#)4*&'E!

I= M;253/(24!)46!P&0'(24(4*!21!)!1207)5!24/252*8!)46!(/'!3'&0!)''37./(24'!'(4-&!(/'!-0&)/(24E!

R= C7.)-/! )4)58'('! ^! -#)4*&! .02.)*)/(24! )..5(&6! /2! )4! )''37./(24! /2! )55! /#&! 2/#&0! )''37./(24'!

6&'-0(9&6!98!/#&!24/252*8E!

S= >6)./)/(24!21!/#&!24/252*8!/2!)!4&F!3'&0!)''37./(24=!

!

A2'/! 21! /#&'&! (''3&'! )0&! )660&''&6! (4! /#&! 12552F(4*! 0&'&)0-#! )0&)'<! ?4/252*8! @#)4*&!A)4)*&7&4/!

[?@A\!)46!?4/252*(-)5!P(&F'=!%#&'&!-0(/&0()!)0&!/#&!*3(6&5(4&'!21!/#&!/F2!'/)/&'!21!)0/!.0&'&4/&6!(4!/#('!

-#)./&0=!!

@ 1567.78=!2,*58$!3*5*8$<$56!

!

%#('!1(0'/!'&-/(24!.0&'&4/'!)!'/)/&!21!/#&!)0/!24!/#&!?@A=!%#&!1(0'/!.)0/!(4/0263-&'!)46!6&1(4&'!24/252*(-)5!

-#)4*&'=! %#&! '&-246! .)0/! .0&'&4/'! /#&! )-/(;(/8! 0&5)/&6! /2! /#&(0! -24'('/&4/! )..5(-)/(24E! -)55&6! 24/252*8!

&;253/(24=! %#&! /#(06! .)0/! 6&'-0(9&'! /#&! 24/252*8! ;&0'(24(4*! )-/(;(/8E! 7)4)*(4*! /#&! 6(11&0&4/! 24/252*8!

;&0'(24'! (''3&6! 1027! 24/252*8! &;253/(24'=! %#&! 1230/#! .)0/! 6&)5'! F(/#! 24/252*8! -#)4*&! 7)4)*&7&4/!

[?@A\E! F#(-#! ('! /#&! -279(4)/(24! 21! /#&'&! /F2! )-/(;(/(&'! 1027! /#&! .2(4/! 21! ;(&F! 21! [T5&(4E! BJJO\=! C/!

-27.)0&'! '&;&0)5! ?@A! 7&/#26252*(&'! .02.2'&6! (4! /#&! 5(/&0)/30&! 1027! /#('! 6&1(4(/(24! F=0=/=! /#&! &(*#/!

-0(/&0()! 5('/&6! )92;&=! %#&! 5)'/! .)0/! -24'('/'! (4! )! 6('-3''(24! 0&;(&F(4*! /#&! 0&7)(4(4*! /)0*&/! (''3&'! /2! 9&!

'/36(&6!120!78!/#&'('=!

@A@  1567.78&%* . !2,*58$)!

!

%#('!.)0/!.0&'&4/'!)4!)4)58'('!24!24/252*(-)5! -#)4*&'=! C/!6&1(4&'!24/252*(-)5! -#)4*&'!)46!-5)''(1(&'! /#&(0!

6(11&0&4/!/8.&'!&4-234/&0&6!(4!/#&!5(/&0)/30&=!!

@A@A@  B,*6! &) !*5 !1567.78&%* . !2,*58$C!

>4!#3!#.#4)(,.$ (-,34'! ('! *&4&0)558! 6&1(4&6! )'! )!9#/)*)(,!)#3$ ,&&.)'/$ #3$ ,3$ #3!#.#45=! [T5&(4E! BJJO\!

-5)0(1(&'!/#('!6&1(4(/(24!98!6&'-0(9(4*!)4!24/252*(-)5!-#)4*&!)'!)4!)-/(24!24!)4!24/252*8!F#2'&!0&'35/!('!)4!

24/252*8!6(11&0&4/!1027!/#&!20(*(4)5!;&0'(24=!%#('!902)6!6&1(4(/(24!#)'!9&&4!)62./&6!(4!)!0&-&4/!'/368!24!

24/252*(-)5!-#)4*&![_5230('!^!)5!BJJS\=!>--206(4*!/2!/#&!'/368E!.&01207(4*!)4!24/252*(-)5!-#)4*&!)7234/'!

/2! 7)V(4*! 726(1(-)/(24'! 24! )4! 24/252*8! (4! 0&'.24'&! /2! )! 4&&6! 120! -#)4*&E! )'! F&55! )'! 0&)5(`(4*! /#&(0!

(7.5&7&4/)/(24!)46!7)4)*(4*! /#&(0!&11&-/'=! C4! /#('!6&1(4(/(24E! /#&!4&&6! /2! -#)4*&! /#&!24/252*8!-)4! /)V&!

"!!!



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

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

'&;&0)5!1207'E!(4-536(4*!93/!42/!5(7(/&6!/2E!6('-2;&08!21!4&F!V42F5&6*&E!-#)4*&!21!12-3'!20!.2(4/!21!;(&F!

24! /#&! -24-&./3)5(`)/(24E! (4/&*0)/(24!21! &D/&04)5! '230-&'! (41207)/(24E! -#)4*&! (4! /#&!627)(4E!4&F!4&&6'!

120!-27734(-)/(24!9&/F&&4!#&/&02*&4&23'!(41207)/(24!'230-&'!20!24/252*(&'E!7&0*(4*!(41207)/(24!1027!

6(11&0&4/!24/252*(&'! &/-=!%#0&&! -#)4*&! -)3'&'! )0&! (6&4/(1(&6<! -#)4*&'! -)4!&7)4)/&! 1027!)! -#)4*&! (4! /#&!

/#9,)3! [/#&! F2056! 6&'-0(9&6! 98! /#&! 24/252*8\E! (4! /#&! (#3('&!A,.)E,!)#3! ['&7)4/(-)558! 726&55(4*! /#&!

627)(4\!20!(4!/#&!%&'()*)(,!)#3$[0&.0&'&4/)/(24!5)4*3)*&\=!%#('!6&1(4(/(24!-2;&0'!7)48!)0&)'!21!0&'&)0-#E!

F#(-#! )0&! 21/&4! '/36(&6! '&.)0)/&58! (4! /#&! 5(/&0)/30&! 93/! )0&! '27&/(7&'! '/024*58! 0&5)/&6=! >724*! /#&7!

)..&)0! 24/252*8! 7)..(4*E! 24/252*8! 720.#('7E! 24/252*8! )5(*47&4/E! 24/252*8! )0/(-35)/(24E! 24/252*8!

/0)4'5)/(24E! 24/252*8! &;253/(24E! 24/252*8! ;&0'(24(4*E! 24/252*8! (4/&*0)/(24! )46! 24/252*8! 7&0*(4*=! %2!

6(11&0&4/()/&! 93/! )5'2! /2! (6&4/(18! /#&! 0&5)/(24'#(.'! 9&/F&&4! /#&'&! 6(11&0&4/! )0&)'E! /#&! '/368! .02.2'&'! )!

-5)''(1(-)/(24!21!/8.&'!21!-#)4*&=!

!

@A@AD  1567.78&%* . !2,*58$!E=#$) !2 .*)) & ' &%*6 &75!

[_5230('E! ^! )5E! BJJS\! .02.2'&'! )! -5)''(1(-)/(24! 120! 24/252*(-)5! -#)4*&'E! /)V(4*! (4/2! )--234/! /#&! ;)0(23'!

F20V'! /#)/! #);&! 9&&4! 7)6&! (4! /#&! 5(/&0)/30&! /2! (7.5&7&4/! 7&/#26'E! )5*20(/#7'! )46! )..5(-)/(24'! /2!

7)4)*&! /#&'&! -#)4*&'! (4! &D('/(4*! 24/252*(&'=! >3/#20'! -24'(6&0! /#)/! /#&! 5('/! 21! -#)4*&! /8.&'! 21! /#('!

-5)''(1(-)/(24!(4-536&'!)55!/#&!-#)4*&'!)..5(-)95&!24!)4!24/252*8=!%#&!12552F(4*!5('/!&D.5)(4'!/#&!7&)4(4*!21!

&)-#! 5)9&5!21! /8.&'!21! -#)4*&!)46!.02.2'&'!)!-5)''(1(-)/(24!21! /#&'&! /8.&'!)--206(4*! /2! /#&! /#0&&!-#)4*&!

-)3'&'!7&4/(24&6!.0&;(23'58![-#)4*&!(4!/#&!627)(4E!-24-&./3)5(`)/(24!20!'.&-(1(-)/(24\=!

!

• 03!#.#45$ 2,&&)34! [T)512*523! ^! G-#205&77&0! BJJN\<! ! '25;&'! .0295&7'! 21! (4/&02.&0)9(5(/8!

9&/F&&4!#&/&02*&4&23'!24/252*(&'=!%#('!-#)4*&!/)V&'!)'!(4.3/!/F2!#&/&02*&4&23'!24/252*(&'!)46!

-0&)/&'!)!7)..(4*!9&/F&&4!/#&(0!;2-)935)0(&'E!98!(6&4/(18(4*!5(4V'!9&/F&&4!/#&(0!&4/(/(&'=!

• 03!#.#45$ 2#+&-)%9! [T)512*523! ^! G-#205&77&0! BJJN\<! '25;&'! .0295&7'! 21! (4/&02.&0)9(5(/8!

9&/F&&4!#&/&02*&4&23'!24/252*(&'=!%#('!-#)4*&!/)V&'!)'!(4.3/!/F2!#&/&02*&4&23'!24/252*(&'!)46!

-0&)/&'!)!7)..(4*!9&/F&&4!/#&(0!;2-)935)0(&'!)46!/#&(0!)D(27'E!98!(6&4/(18(4*!/#&!5(4V'!9&/F&&4!

/#&(0!&4/(/(&'!)46!)D(27'=!

• 03!#.#45$2,!(-)34![$&!a03(:4!&/!)5=!BJJO\E![@#2(!&/!)5=!BJJI\E![M3`&4)/!&/!)5=!BJJO\E![M3`&4)/!^!

G#;)(V2E! BJJR\E! [T)512*523!^! G-#205&77&0! BJJN\E! '25;&'! .0295&7'! 21! (4/&02.&0)9(5(/8! 9&/F&&4!

#&/&02*&4&23'!24/252*(&'=!%#('!-#)4*&!/)V&'!)'!(4.3/!/F2!#&/&02*&4&23'!24/252*(&'!)46!-0&)/&'!)!

0&5)/(24'#(.! 9&/F&&4! /#&(0! ;2-)935)0(&'E! 98! (6&4/(18(4*! 5(4V'! 9&/F&&4! &4/(/(&'=! %#('! 0&5)/(24! ('!

-)55&6!)4!24/252*8!)5(*47&4/=!

• 03!#.#45$F+!)(A.,!)#3![T)512*523!^!G-#205&77&0E!BJJN\<!'25;&!.0295&7'!21!(4/&02.&0)9(5(/8!120!

#&/&02*&4&23'!24/252*(&'=!%#('!-#)4*&!/)V&'!)'!(4.3/!/F2!#&/&02*&4&23'!24/252*(&'!)46!-0&)/&'!

)4!(4/&07&6()/&!24/252*8!9&/F&&4!/#&7!)46!)!7)..(4*!9&/F&&4!/#&!;2-)935)08!21!&)-#!21!/#&7!

)46!/#&!(4/&07&6()/&!24&=!>'!120!?4/252*8!A)/-#(4*E!/#&!(4/&07&6()/&!24/252*8!('!&]3(;)5&4/!/2!)!

0&5)/(24'#(.!)46!(6&4/(1(&'!/#&!5(4V'!9&/F&&4!/#&!&4/(/(&'!21!/#&(0!;2-)935)0(&'=!

• 03!#.#45$G+,3%.,!)#3:;<! [$&)4!^!)5E!BJJO\<! /0)4'5)/&'! /#&!24/252*8! (4/2!)!4&F!0&.0&'&4/)/(24!

5)4*3)*&=!%#('!-#)4*&!/)V&'!)'!(4.3/!)4!24/252*8!)46!)!4&F!0&.0&'&4/)/(24!5)4*3)*&!)46!-0&)/&'!

)!4&F!;&0'(24!21! /#&!24/252*8! (4! /#&!4&F! 5)4*3)*&=!%#('! -#)4*&! '#2356!.0263-&!)! '&7)4/(-)558!

&]3(;)5&4/!24/252*8!(1!.2''(95&=!

• 03!#.#45$G+,3%.,!)#3:@<![T)512*523!^!G-#205&77&0E!BJJN\!<!(7.5&7&4/'!)!7)..(4*!;2-)935)08=!

%#('!-#)4*&!/)V&'!)'!(4.3/!)4!24/252*8!7)..(4*!)46!-0&)/&'!)!4&F!;&0'(24!21!/#&!24/252*8!F(/#!

4&F!;2-)935)08!7)..(4*=!

• 03!#.#45$H=#.A!)#3![G/2:)42;(-!^!)5E!BJJB\<!)660&''&'!/#&!4&&6!/2!-#)4*&!/#&!24/252*8!627)(4!

20!-24-&./3)5(`)/(24=!%#('!-#)4*&!/)V&'!)'! (4.3/!)4!24/252*8!)46!)!'&/!21!24/252*(-)5!2.&0)/(24'!

)46!)..5(&'!/#&'&!2.&0)/(24'!24!/#&!24/252*8=!



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

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

• 03!#.#45$I'7A44)34![G-#529)-#!^!@204&/E!BJJN\!<!0&'/20&'!/#&!-24'('/&4-8!21!)4!24/252*8=!%#('!

-#)4*&!/)V&'!)'!(4.3/!)4!(4-24'('/&4/!24/252*8!)46!7)V&'!(/!-24'('/&4/=!

• 03!#.#45$ 6'+%)#3)34! [T5&(4! ^! _&4'&5E! BJJH\<! .02;(6&'! )! /0)4'.)0&4/! )--&''! /2! /#&! 6(11&0&4/!

;&0'(24'!21!)4!24/252*8![(4-536(4*!/#&!;&0'(24!823!F('#!/2!)--&''\=!%#('!-#)4*&!'3..20/'!6(11&0&4/!

;&0'(24'!21!24/252*(&'!)'!(4.3/!)46!-0&)/&'!)4!24/252*8!;&0'(24(4*!7)4)*&7&4/!'8'/&7!3'(4*!/#&!

(6!21!(/'!24/252*8!;&0'(24!/2!(6&4/(18!/#&!;&0'(24'!)46!6&/&07(4(4*!-27.)/(9(5(/8!9&/F&&4!/#&7=!

• 03!#.#45$ J3!'4+,!)#3!["(4/2!^!)5E!H,,,\<!7&0*&!/#&!V42F5&6*&!21!'&;&0)5!24/252*(&'!6&'-0(9(4*!

'(7(5)0! 627)(4'=! %#('! -#)4*&! /)V&'! )'! (4.3/! /F2! 24/252*(&'! )46! 7&0*&'! /#&7! /2! -0&)/&! )4!

24/252*8!-2;&0(4*!)!F(6&0!)0&)=!

• 03!#.#45$2'+4)34![$&!a03(:4!^!)5E!BJJO\<!7&0*&!/#&!V42F5&6*&!21!'&;&0)5!24/252*(&'!6&'-0(9(4*!

/#&! ')7&! 627)(4=! %#('! -#)4*&! /)V&'! )'! (4.3/! /F2! 24/252*(&'! -2;&0(4*! /#&! ')7&! 627)(4!

V42F5&6*&!)46!7&0*&'!/#&!/F2!24/252*(&'!/2!-0&)/&!)!72'/!)--30)/&!)46!-27.0&#&4'(;&!24/252*8!

21!/#('!627)(4=!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

K)4A+'$;CL$1-,34'$G5&'%$1.,%%)*)(,!)#3$F((#+/)34$!#$!-'$G-+''$1,A%'%$#*$1-,34'%$#*$,3$03!#.#45$$

!

!

1567.78=!

9$+)&75&58!

!!

!!

!!

>''37./(24'!>6)./)/(24!

/2!/#&!@#)4*&6!K2056

W)4*3)*&!>6)./)/(24!/2!

/#&!Y&F!>''37./(24!

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

,-)./(%)*0+

1567.78=!E+*5).*6&75!F@G!

1567.78=!HI7.;6&75!

!

1)2'%*+,-)./(%)*0+

1567.78=!HI7.;6&75!

3)*$#"(/'.%4'(%)*+,-)./(%)*0+

1567.78=!HI7.;6&75!
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!"##$%"&!'(()(!

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

_(*30&! HN! )92;&! -5)''(1(&'! /#&! 6(11&0&4/! /8.&'! 21! -#)4*&'! (6&4/(1(&6! 98! [_5230('! ^! )5E! BJJS\!

)--206(4*!/2!/#&!/#0&&!/8.&'!21!-#)4*&!-)3'&'!)46!/#&!6&1(4(/(24'!21!6(11&0&4/!/8.&'!21!-#)4*&'=!>!4&&6!21!

-#)4*&! (4! /#&! 627)(4! -)4! 0&'35/! (4! )! 13'(24! 20! &;253/(24! 21! /#&! 627)(4=! >! 4&&6! 21! -#)4*&! (4! /#&!

-24-&./3)5(`)/(24! -)4! (7.58! )4! &;253/(24! 21! /#&! -24-&./3)5(`)/(24E! 90(6*(4*! /#&! -24-&./3)5(`)/(24!

#&/&02*&4&(/8!20!)!-200&-/(24!21!/#&!-24-&./3)5(`)/(24=!>!4&&6!21!-#)4*&!(4!/#&!'.&-(1(-)/(24!7)8!(4;25;&!

)4!&;253/(24!21!/#&!'.&-(1(-)/(24E!90(6*(4*!'.&-(1(-)/(24!#&/&02*&4&(/8=!%#('!)552F'!)'!F&55!/2!;('3)5(`&!/#&!

)9&,(!!/#)/!&)-#!/8.&!21!-#)4*&!7)8!#);&!24!/#&!6&1(4(/(24!21!/#&!24/252*8!)46!/2!346&0'/)46!/#&!2/#&0!

-#)4*&'!/#)/!/#&(0!)..5(-)/(24!7)8!(7.58=!C4!.)0/(-35)0E!)!-#)4*&!(6&4/(1(&6!(4!/#&!627)(4![)!(4!_(*=HN\!7)8!

0&]3(0&!24&!20!720&!-#)4*&'!(4!/#&!-24-&./3)5(`)/(24![9!24!_(*=HN\E!)46!&;&4E!93/!5&''!21/&4E!)!-#)4*&!(4!

/#&!-24-&./3)5(`)/(24!7)8!(4;25;&!)!-#)4*&!(4!'.&-(1(-)/(24![-!24!_(*=HN\!=!

%#&0&120&! /#&! 5(4V'! /#)/! 7)8! &D('/! 9&/F&&4! 6(11&0&4/! /8.&'! 21! -#)4*&'! -)4! 9&! 6&'-0(9&6=! _20!

&D)7.5&E!(4/&*0)/(24!)46!7&0*(4*!24/252*(&'!9&(4*!-#)4*&'!/2!7&&/!)!4&&6!(4!/#&!627)(4!21!24/252*8!#);&!

)4! 346&4()95&! (7.)-/! 24! /#&! -24-&./3)5(`)/(24! 21! /#&! 7&0*&6! 24/252*8=! %#&8! 90(6*&! #&/&02*&4&(/8! 21!

-24-&./3)5(`)/(24'!98!3'(4*!7)..(4*!/&-#4(]3&'E!7)/-#(4*E!)5(*47&4/E!)46b20!720.#('7=!>5'2!(4/&*0)/(24!

)46!7&0*(4*! 21! 24/252*(&'! '.&-(1(&6! (4! 6(11&0&4/! 5)4*3)*&'!7)8! (7.)-/! /#&! '.&-(1(-)/(24! 21! /#&!7&0*&6!

24/252*8!98!(7.58(4*!/#&!4&&6!/2!/0)4'5)/&!24/252*(&'!(4!/#&!')7&!5)4*3)*&![?4/252*8!%0)4'5)/(24![H\!24!

_(*=HN\=!%#&!6&'-0(./(24!21!/#&'&!5(4V'!)5'2!)552F'!346&0'/)46(4*!/#)/!F#&0&;&0!)!-#)4*&!('!)..5(&6E!24!/#&!

-24-&./3)5(`)/(24! 20! 24! /#&! '.&-(1(-)/(24E! '=#.A!)#3$ #*$ !-'$ #3!#.#45! ('! )5F)8'! 0&]3(0&6!!

[@24-&./3)5(`)/(24!M;253/(24!)46!G.&-(1(-)/(24!M;253/(24!24!_(*=HN\=! C/! ('!4&-&'')08!(4!/#&!'&4'&!/#)/!/#&!

24/252*8! (7.)-/&6! 98! /#&'&! -#)4*&'!F(55! 9&! -#)4*&6! 98! /#&(0! )..5(-)/(24=!03!#.#45$ ='+%)#3)34! ('! )5'2!

0&]3(0&6! /2! .0263-&! )46!7)4)*&! ;&0'(24'! 21! /#&! 24/252*8! *&4&0)/&6! 120! &)-#! &;253/(24=! a2/#! /8.&'! 21!

-#)4*&'!)0&!/#&0&120&!(4;25;&6!/#023*#23/!/#&!5(1&!-8-5&!21!/#&!24/252*8!)46!)0&!)/!/#&!#&)0/!21!#3!#.#45$

(-,34'$9,3,4'9'3!$:012<=!

a)'&6!24!/#&'&!-24-53'(24'E!/#&!12552F(4*!/F2!.)0/'!6&'-0(9&!/#&!)-/(;(/(&'!21!24/252*8!&;253/(24!

)46!;&0'(24(4*!(4!206&0!/2!-5)0(18!/#&(0!0&'.&-/(;&!025&'!)46!134-/(24'!(4!)4!?@A!.02-&''=!

@AD  1567.78=!HI7.;6 &75!

$

03!#.#45$ H=#.A!)#3! ('! )4! )0&)! 21! 0&'&)0-#! /#)/! )//&7./'! /2! )660&''! /#&! .0295&7'! 21! A&/,!)34$ !-'$

#3!#.#4)(,.$83#".'/4'$,3/$ )3/)+'(!.5$ )!%$ +'A%'$ )3$,$(-,34)34$"#+./=!>4!&D('/(4*!24/252*8!'#2356!9&!

726(1(&6! 2;&0! /(7&! /2! 0&15&-/! -#)4*&'! #)..&4&6! (4! /#&! 0&)5! F2056E! 4&F! 3'&0! 0&]3(0&7&4/'E! 20! -200&-/!

&0020'!20!5)-V'!(4!/#&!20(*(4)5!6&'(*4![424!2./(7)5!20!.220!-24-&./3)5(`)/(24E!&/-==\=!%#&'&!-#)4*&'!#&5.!/2!

)3(#+&#+,!'$ 3'"$ *',!A+'%! )46! &4'30&! /#&! )3!'4+,!)#3$ #*$ )3(+'9'3!,.$ )9&+#='9'3!%E! 93/! -)4!

4'3'+,!'$)3(#3%)%!'3()'%=!

@ADA@  1567.78=!HI7.;6 &75!M$' &5 &6 &75) !

>'! 6&1(4&6! )92;&! 98! [_5230('!^! )5E! BJJS\E! 24/252*8! &;253/(24! )'! /8.&! 21! -#)4*&E! *&4&0)558! 0&1&0'! /2! /#&!

.02-&''! 21! 9#/)*5)34$ ,3$ #3!#.#45$ )3$ +'%&#3%'$ !#$ ,$ 3''/$ #*$ (-,34'$ )3$ !-'$ /#9,)3$ #+$ )!%$

(#3('&!A,.)E,!)#3=! >..58(4*! -#)4*&'! /2! )4! 24/252*8! ('! 4207)558! 3'&6! /2! 7)V&! (/! 720&! )--30)/&! )46!

)..02.0()/&! /2! /#&! 627)(4! (/! 6&'-0(9&'! )46! (/'! .30.2'&'! 21! 3'&=! c2F&;&0!726(18(4*! 24/252*8! .0&'&4/'!

'&;&0)5! 6(11(-35/(&'! 92/#! .0)-/(-)5! )46! /#&20&/(-)5=! >--206(4*! /2! [$:&6(6(E! BJJ,\! (/! ('! 42/! )5F)8'! &)'8! /2!

346&0'/)46! -5&)058! F#)/! ('! &D.&-/&6! 21! )! 4&&6! 21! -#)4*&E! 420! #2F! /#('! -#)4*&! -)4! 9&! )-#(&;&6=! >5'2E!

)--206(4*! /2! [W324*E! BJJR\E! -#)4*&'! )..5(&6! (4! )! -&0/)(4! .)0/! 21! /#&! 24/252*8! -)4! )5'2! -)3'&!

(4-24'('/&4-(&'!(4!2/#&0!.)0/'!21!/#&!24/252*8E!(4!6&.&46&4/!24/252*(&'!)46!)5'2!(4!)..5(-)/(24'!3'(4*!/#('!

726(1(&6!24/252*8=!%#&8!)5'2!7)8!.)0/(-35)058!)11&-/! '&7)4/(-!)442/)/(24'!3'(4*! -24-&./'!20!.02.&0/(&'!

6&1(4&6! (4! /#('! 24/252*8=! %#)/! ('! F#8! /#&! 6&1(4(/(24! 21! 24/252*8! &;253/(24! /&46'! /2! 9&! &40(-#&6! 98! /#&!

42/(24!21!-24'('/&4-8!7)(4/&4)4-&=![d)`(0(E!BJJ,\!6&1(4&'!24/252*8!&;253/(24!)'!)!1207)5!(4/&0.0&/)/(24!21!

-#)4*&!0&]3&'/'!F#(5&!7)(4/)(4(4*!/#&!-24'('/&4-8!21!/#&!24/252*8=!>!'/)/&!21!/#&!)0/!(4!/#&!1(&56!-241(07'!

/#&!/&46&4-8!/2!&40(-#!/#&!6&1(4(/(24!21!24/252*8!&;253/(24!F(/#!/#&!42/(24!21!(#3%)%!'3(5$9,)3!'3,3('=!



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

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

%#&!&;253/(24!21!24/252*8!73'/!12552F!)!.0&-('&!7&/#26252*8!/2!&4'30&!/#&!7)4)*&7&4/!21!/#&!(7.)-/!21!

-#)4*&'!24!/#&!&D/&4'(24!21!/#&!24/252*8!93/!)5'2!/2!)48!6&.&46&4/!)0/&1)-/![/#&!24/252*8!7&/)6)/)E!3'&0!

)..5(-)/(24'E! &/-=\=! [Q2*2`)4E! BJJ,\! &D/&46'! /#&! 6&1(4(/(24! 21! [d)`(0(E! BJJ,\! 98! '/)/(4*! /#)/! -24'('/&4-8!

7)(4/&4)4-&!'#2356!(4-536&!/#&!.0&'&0;)/(24!21!/#&!(4/&*0(/8!21!)55!/#&!&5&7&4/'!0&5)/&6!/2!/#&!24/252*8=!

@ADAD  1567.78=!275)&)6$5%=!3*&56$5*5%$!

A)(4/)(4(4*!/#&!-24'('/&4-8!21!)4!24/252*8!)(7'!)/!'3%A+)34$(#9&.),3('$")!-$!-'$/)**'+'3!$(#3%!+,)3!%$

#*$ !-'$ .,34A,4'! 0&.0&'&4/(4*! /#&! 24/252*8=! >--206(4*! /2! [Q2*2`)4E! BJJ,\E! )4! 24/252*8! ('! -24'(6&0&6!

-24'('/&4/! (1! )55! /#&! -24'/0)(4/'! )''2-()/&6! F(/#! /#&! 24/252*8! )0&! 7&/=! a&120&! )..58(4*! )! -#)4*&! 24!

24/252*8E!/#&!;)0(23'!-24'/0)(4/'!&)-#!-#)4*&!'#2356!7&&/!/2!&4'30&!)!-24'('/&4/!)..5(-)/(24!#);&!/2!9&!

'/36(&6=! %#&!7)(4! -24'/0)(4/'! )0&! 0&5)/&6! /2! /#&!%53!,?! [726&5\! 20! /#&! .#4)(! [)D(27'\! 21! /#&! 5)4*3)*&=!

%#&8! 0&'.&-/(;&58! -200&'.246! /2! /#&! %!+A(!A+,.$ (#3%)%!'3(5! )46! .#4)(,.$ (#3%)%!'3(5! 21! /#&! 24/252*8=!

>--206(4*! /2! [c2002-V'! &/! )5=E! BJJN\E! 7)(4/)(4(4*! '/03-/30)5! -24'('/&4-8! (7.5(&'! /#&4! 9#/'..)34$

+'%&'(!*A.$ (-,34'%$ "D+D!D$ !-'$ #3!#.#45$ .,34A,4'$ (#3%!+A(!%! [&=*=! -241207(4*! 3'&! 21! /#&! -24-&./E! 21!

.02.&0/8E! &/-=\=! G/03-/30)5! -24'('/&4-8! 2458! -)0&'! )923/! /#&! 24/252*8! -241207(/8! /2! /#&'&! '/03-/30)5!

-24'/0)(4/'E!F#(5&!/#&!52*(-)5!-24'('/&4-8E!)660&''&'!/#&!]3&'/(24!21!F#&/#&0!/#&!24/252*8!('!e!'&7)4/(-)558!

-200&-/eE!(=&=!-24/)(4'!42!-24/0)6(-/208!(41207)/(24=!%#&!7&)4(4*!21!52*(-)5!-24'('/&4-8!-200&'.246'!/2!/#&!

%,!)%*,(!)#3$#*$!-'$,?)#9%$#*$!-'$#3!#.#45$,!$!-'$.#4)(,.$.'='.=!C4!72'/!F20VE!0&'.&-/!21!/#&'&!/F2!/8.&'!

21!-24'('/&4-8!('!&423*#!/2!]3)5(18!/#&!24/252*8!)'!-24'('/&4/=!A)(4/)(4(4*!24/252*8!-24'('/&4-8!7)8!)5'2!

0&5)/&! /2! )48! 2/#&0! -24'/0)(4/! 0&5)/&6! /2! (/'! 3'&! /#)/! /#&! 24/252*('/! )''&''! )'! 4&-&'')08=! [$:&6(6(E! BJJ,\!

6&1(4&'E! 120! &D)7.5&! /F2! 2/#&0! /8.&'! 21! -24'('/&4-8! (4! #&0! &;253/(24! 10)7&F20V<! /#&! -24-&./3)5!

-24'('/&4-8!)46!/#&!-24'('/&4-8!21!726&55(4*=!%#&!1(0'/!0&1&0'!/2!/#&!-24-&./3)5(`)/(24!21!/#&!24/252*8!/#)/!

('! /2! ')8E! /#&! F)8! (/! ('! 726&55&6! 93/! )5'2! &;25;&6=! C/! -200&'.246'! /2! /#&! -24'/0)(4/'! 21! *226!

-24-&./3)5(`)/(24! '#&! (6&4/(1(&6! (4! #&0! 10)7&F20V=! %#&! '&-246! -27.)0&'! /#&! -24-&./3)5(`)/(24! 21! /#&!

627)(4!726&55&6! 98! /#&! 24/252*8E! /2! '&&! (1! (/! 0&15&-/'! /#&! 627)(4! V42F5&6*&=! c2F&;&0E! '/03-/30)5! )46!

52*(-)5!(4-24'('/&4-(&'!-)3'&6!98!7(')..5(-)/(24!21!-#)4*&'!)0&!/#&!7):20!.0295&7!21!24/252*8!&;253/(24=!

C1! /#&8! )0&! 42/! 7)4)*&6E! /#&8! -)4! 7)V&! /#&! 24/252*8! 343')95&=! %#&! 24/252*8! F(55! 42/! 9&! )95&! /2! 9&!

0&]3&'/&6! )48720&! 98! /#&! 627)(4! 3'&0'! F#2! 4&&6! /2! 0&3'&! (/'! V42F5&6*&E! &;&4! 5&''! 120! (41&0&4-&!

.30.2'&'=! T42F5&6*&! 0&3'&! ('! (46&&6! )!7):20! '/&.! (4! /#&! 6&;&52.7&4/! .02-&''! 21! )4! 24/252*8=! >!4##/$

#3!#.#45$ '=#.A!)#3$ &+#('%%!73'/! 9&! )95&! /2! &4'30&! /#&!9,)3!'3,3('$ #*$ !-'$ %!+A(!A+,.$ ,3/$ .#4)(,.$

(#3%)%!'3(5$ ,!$ ,35$ !)9'$ )3$ !-'$ .)*'$ (5(.'$ #*$ !-'$#3!#.#45=!%#('!/)'V!-)442/!#2F&;&0!9&!7)43)5! (1! /#&!

24/252*8! ('! 0&.0&'&4/&6! (4! )4! &D.0&''(;&! 1207)5! 5)4*3)*&!)46! -234/'! )!#3*&! '&/! 21! )D(27'=! C/!F2356!9&!

(553'(;&!/2!7)43)558!7)4)*&!/#&!&11&-/'!21!-#)4*&'!(4!/#&!24/252*8!120!&)-#!)..5(-)/(24!21!)!-#)4*&!)'!/#&!

'(`&!)46!-27.5&D(/8!21!'3-#!24/252*(&'!-)4!&)'(58!&D-&&6!#37)4!-).)-(/8=!>4!)3/27)/(-!20!'&7(f)3/27)/(-!

-24'('/&4-8!7)(4/&4)4-&!'/&.!('!/#&4!4&-&'')08=!!

!

@AD AD A@  "6+;%6;+* . !275) &) 6$5%= !3*&56$5*5%$ !J##+7*%,$) !

>--206(4*!/2![c))'&!^!G/2:)42;(-E!BJJ+\!'/03-/30)5!-24'('/&4-8!-24'(6&0'!/#&!-24'/0)(4/'!/#)/!)0&!

6&1(4&6!120!/#&!24/252*8!726&5!)--206(4*!/2!(#3%!+A(!%$#*$ !-'$ .,34A,4'$,..#"'/!/2!1207!/#&!)D(27'!21!

/#&!24/252*8=![c))'&!^!G/2:)42;(-E!BJJ+\!12-3'&'!24!/#&!?KW!24/252*8!5)4*3)*&E!F#(-#!-24'(6&0'!6(11&0&4/!

'39f5)4*3)*&'!['27&/(7&'!-)55&6!'.&-(&'\!'3-#!)'!?KW!$WE!?KW!W(/&!)46!?KW!_355=!%#&'&!'39f5)4*3)*&'!

6(11&0! (4! /&07'! 21! )552F&6! -24'/03-/'! )46! -)4! 9&! 6&1(4&6! (4! /&07'! 21! -24'/0)(4/'! 24! /#&'&! -24'/03-/'=!

[c))'&!^!G/2:)42;(-E!BJJ+\!.0&-('&'!/#)/!/#&!025&!21!/#&'&!'395)4*3)*&'!('!/2!9&!)95&!/2!6&1(4&!24/252*(&'!

/#)/!)0&!g&)'(&0!/2!#)465&hE!&(/#&0!24!)!'84/)-/(-!5&;&5!/2!120!&D)7.5&!)552F!&)'(&0!.)0'(4*E!20!24!)!'&7)4/(-!

5&;&5!/2!/0)6&!'27&!21!/#&!&D.0&''(;(/8!120!6&-0&)'&6!+',%#3)34$(#9&.'?)!5=!@24'&]3&4/58E!F#&4!&;25;(4*!

)4!24/252*8E!)!627)(4!&D.&0/!'#2356!&4'30&!/#)/!(/!62&'!e42/!5&);&!/#&!'39f5)4*3)*&e=!c2F&;&0E!9&-)3'&!21!

/#&! ;)0(&/8! 21! ?KW! '39f5)4*3)*&'E! (/! ('! 42/! .2''(95&! /2! F20V! F(/#! )! '&/! 21! -24'('/&4-8! -246(/(24'!

.0&6&1(4&6!)46!)!1(D&6!'/03-/30&=!%2!&4'30&!/#&!)..5(-)/(24!21!)!-#)4*&!62!42/!7)V&!/#&!24/252*8!5&);&!(/'!



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

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

'395)4*3)*&!'?&+'%%)=)!5E! /#&! [c))'&!^! G/2:)42;(-E! BJJ+\U'! )..02)-#! -24'('/'! (4! /#&! 6&1(4(/(24! 21! '39f

5)4*3)*&'! (4! /&07'!21!-246(/(24'!21!)09(/0)08!'/03-/30)5! -24'('/&4-8!-246(/(24'! [-24'/03-/'!42/!)552F&6\!

F(/#!/#&!-200&'.246(4*!0&'253/(24!134-/(24'=!!

>!1(D&6!'/03-/30&!F(/#!.0&6&1(4&6!-24'('/&4-8!-24'/0)(4/'!('!#2F&;&0!)!.0)-/(-)5!)46!')1&!'253/(24!

/2!'/0(-/58!5(7(/!/#&!3'&!21!-24'/03-/'!21!)!34(]3&!5)4*3)*&=!>4!24/252*8!726&5!6&1(4&6!98!)!1(D&6!'/03-/30&!

21!)D(27!'39'&/'!6&0(;&6! 1027!(/'!0&.0&'&4/)/(24! 5)4*3)*&!-24'/03-/'!);2(6'!)66(4*!)D(27'!F(/#!F024*!

-24'/03-/'! )46! 5&);(4*! /#&! 5)4*3)*&! &D.0&''(;(/8=! a)'&6! 24! /#('! 1(D&6! '/03-/30&E! 7)(4/)(4(4*! '/03-/30)5!

-24'('/&4-8!'(7.58!)7234/'!/2!'3%A+'$ !-,!$ !-'$%!+A(!A+'$#*$ !-'$,?)#9%$(#3!,)3'/$ )3$',(-$%A7%'!$#*$

!-'$9#/'.$)%$3#!$,**'(!'/!98!/#&!-#)4*&!/2!)..58=!@#)4*&'!(4;25;(4*!/#&!6&5&/(24!21!24/252*(-)5!&5&7&4/'!

-)4!-)3'&!'3-#!'/03-/30)5!(4-24'('/&4-8=!K#&4!)4!)D(27!('!)66&6!/2!/#&!24/252*8E!(=&=!(4!24&!21!/#&!726&5!

'39'&/'E! (/!6&.&46'!24!24/252*(-)5!&5&7&4/'!'3-#!)'!-24-&./'E!6)/)/8.&'E! 025&'E!)//0(93/&'E! (4'/)4-&'!20!)!

6)/)! ;)53&'! /#)/! #);&! 9&&4! )50&)68! )66&6=! %#&! 6&5&/(24! 21! 24&! 21! /#&! &5&7&4/'! 24! F#(-#! /#&! )D(27!

6&.&46'E!F(55!/304!/#&!24/252*8!'/03-/30)558!(4-24'('/&4/=!_20!&D)7.5&!(1!)!-24-&./E!6&'-0(9&6!98!)4!)D(27!

'.&-(18(4*!)!-24-&./!6(':34-/(24E!('!6&5&/&6=!>!.2''(95&!)..02)-#!-24'('/'!(4!6&1(4(4*!'/03-/30)5!-24'('/&4-8!

-24'/0)(4/'!120!/#&!5)4*3)*&E!(4!/&07'!21!)D(27!6&.&46&4-(&'!120!&)-#!21!/#&!24/252*(-)5!&5&7&4/!6&5&/(24!

-#)4*&'!6&1(4&6!(4!/#&!0&5)/&6!726&5=!C4!7)48!.02.2')5'!21!/#&!5(/&0)/30&E!/#('!(''3&!('!/0&)/&6!630(4*!/#&!

52*(-)5! -24'('/&4-8! 7)(4/&4)4-&! '/&.=! %#('! V(46! 21! (4-24'('/&4-8! -)4! )-/3)558! 9&! '&&4! )'! )! 52*(-)5!

-24/0)6(-/(24<!)!-24-&./E!F#(-#!62&'!42/!&D('/!)48720&E!-)442/!9&!3'&6!)48720&!/2!93(56!)4!)D(27=!i&/!(/!

62&'!42/! 0&5)/&! /2! )! '&7)4/(-! -24'/0)(4/! 93/! )! '/03-/30)5! 24&<! )4! -24-&./!6(':34-/(24!9&/F&&4! -24-&./'!

73'/!)/!5&)'/!)''(*4!/F2!-24-&./'=!C!-#2'&!/2!0&3'&!/#('!1(D&6!)..02)-#!/2!;)5(6)/&!/#&!*#A+!-$(+)!'+)#3!21!

78!/#&'('=!

!

@AD AD AD  O78 &%* . !275) &) 6$5%= !3*&56$5*5%$ !J##+7*%,$) !

W2*(-)5!-24'('/&4-8!0&1&0'!/2!/#&!1207)5!'&7)4/(-'!21!/#&!24/252*8!)46!/2!(/'!%,!)%*),7).)!5!(4!/#&!'&4'&!/#)/!

(/! ('! '&7)4/(-)558! -200&-/! )46! 62&'! 42/! #);&! )48! 52*(-)5! -24/0)6(-/(24! [c))'&! ^! G/2:)42;(-E! BJJ+\=! >4!

)3/27)/&6! 52*(-)5! -24'('/&4-8! 7)(4/&4)4-&! .02-&''! (4;25;&'! /#&! 0&'.&-/(;&! /)'V'! 21! /),43#%)%$ ,3/$

+'&,)+<! 1(0'/E! /#&! -)3'&! [20! )! '&/! 21! .2/&4/()5! -)3'&'\! 21! /#&! (4-27.)/(9(5(/8! 73'/! 9&! 6&/&07(4&6E! )46E!

'&-246E! (/! #)'! /2! 9&! 0&.)(0&6=! %#&! 5(/&0)/30&! .0&'&4/'! 6(11&0&4/! )..02)-#&'! 120! 7)(4/)(4(4*! 52*(-)5!

-24'('/&4-8! *&4&0)558! 9)'&6! 24! (#++'(!)='$ )46b20!&+'='3!)='$ +'%#.A!)#3$ ,&&+#,(-'%=! %#&! -200&-/(;&!

)..02)-#! ('! /#&! '(7.5&'/=! C/! 0&.)(0'! (4-24'('/&4-(&'! 21! /#&! 24/252*8!F#&4! )! 0&)'24&0! 6&/&-/'! /#&7=! %#&!

.0&;&4/(;&!)..02)-#!2--30'!9&120&!)..58(4*!/#&!-#)4*&'!/2!/#&!24/252*8=!C/!6&1(4&'!)!'&/!21!.0&f-246(/(24'!

120! &)-#! -#)4*&E! 1207(4*! )!726&5! 21! -24'('/&4-8! 21! /#&! 24/252*8! /2! -#&-V! 9&120&! )..58(4*! /#&! -#)4*&=!

[c))'&!^!)5E! BJJ+\!.0&'&4/'! )! '/368!24! /#&!7)4)*&7&4/!21! 24/252*8! -24'('/&4-8! (4!24/252*8!&;253/(24E!

F#(-#!'377)0(`&'!/#&'&!/F2!)..02)-#&'=!!

>--206(4*! /2! [c))'&! ^! )5E! BJJ+\! -200&-/(;&! 0&'253/(24! 21! (4-24'('/&4-(&'! -24'('/'! 21! /F2! /)'V'<!

0&'&)0-#!)46!-200&-/(24!21!(4-24'('/&4-(&'=!%#&!6&/&-/(24!21!/#&!'230-&!21!/#&!(4-24'('/&4-8!('!/#&!1(0'/!'/&.!

21!/#&!)..02)-#=!>3/#20'!6&1(4&!/#&!'230-&!21!(4-24'('/&4-8!)'!)!'&/!21!)D(27'!F#2'&!:2(4/!.0&'&4-&!(4!/#&!

24/252*8!726&5!7)V&'! /#&! 24/252*8! (4-24'('/&4/=! %#&! (6&)! ('! /2! 1(46! /#&! %9,..'%!$ %'!$ #*$ )3(#3%)%!'3!$

,?)#9%!21!/#&!24/252*8=!?4-&!/#&!'230-&!21!(4-24'('/&4-8!('!12346E!/#&!&D('/(4*!-2415(-/!(4!/#&!(6&4/(1(&6!'&/!

21!)D(27'!0&7)(4'!340&'25;&6=!%#('! /)'V! ('!6(11(-35/E!9&-)3'&! (4!72'/!-)'&'E! /#&0&! ('!42/!2458!24&!F)8!/2!

'25;&!)!-2415(-/E!93/!)!'&/!21!)5/&04)/(;&'=!?1/&4E!/#&0&!('!42!52*(-)5!-0(/&0(24!/#)/!-)4!9&!3'&6!/2!20(&4/!/#&!

'&5&-/(24!21! /#&!9&'/!0&'253/(24=!>!-27724!)..02)-#! ('! /#&4! /2!,..#"$ !-'$ A%'+$ !#$ +'%#.='$ !-'$ (#3*.)(!$

#3('$)!$-,%$7''3$.#(,!'/=!

>--206(4*! /2! [c))'&!^!)5E!BJJ+\E!.0&;&4/(;&!0&'253/(24!)..02)-#&'!*&4&0)558!6&1(4&!)!%'9,3!)($

9#/'.$#*$(-,34'%!/2!&4'30&!/#&!52*(-)5!-24'('/&4-8!21!)4!24/252*8=!$&.&46(4*!24!/#&!&D.0&''(;(/8!5&;&5!21!

/#&! 5)4*3)*&E!)!#(*#&0!20! 52F&0!4379&0!21!-#)4*&'!-)4!9&!/)V&4!(4/2!)--234/=!%#&!;)0(23'!-24'/03-/'!21!

/#&! 5)4*3)*&! #);&! /2! 9&! 1(0'/58! '/36(&6! /2! /'+)='$ .#4)(,.$ (#3%!+,)3!%=! %#&! '&-246! '/&.! ('! /2! )/'3!)*5$

&#!'3!),.$ )3(#3%)%!'3()'%$ (,A%'/$ 75$ (-,34'%$ !#$ ,&&.5=! %#&! /#(06! '/&.! ('! /2! 0&'25;&! /#&'&!

(4-24'('/&4-(&'=! M'.)'*$ 1-,34'! 0&'&)0-#! )0&)! #)'! (4'.(0&6! 0&5&;)4/! F20V'! 6&)5(4*! F(/#! 24/252*8!



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

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

.0&;&4/(;&! (4-24'('/&4-8! 0&'253/(24! [-1=! [_5230('! ^! )5E! BJJ+E! Q(9&(02! ^! K)''&07)44E! BJJ,)E! c))'&! ^!

G/2:)42;(-!BJJ+\\=![_5230('E!BJJI\!(6&4/(1(&'!/F2!0&5&;)4/!/8.&'!21!9&5(&1!-#)4*&!/#)/!-)4!9&!/0)4'.2'&6!/2!

0&-2;&0! /#&! 24/252*8! -24'('/&4-8!<! 0&;('(24! )46! -24/0)-/(24=! M'.)'*$ +'=)%)#3! -24'('/'! (4! *&4&0)/(4*!

)66(/(24)5! -#)4*&'! 120! )! /0)4'(/(24! /2! )42/#&0! -24'('/&4/! '/)/&! [Q(9&(02! ^! K)''&07)4E! BJJ,9\=! %#&!

'/0)/&*8! -)4! 9&! '377)0(`&6! )'! 12552F'<! F#&4! )4! 24/252*8! 9&-27&'! (4-24'('/&4/E! 9&-)3'&! 21! /#&!

)..5(-)/(24!21!)!-#)4*&E!)!0&'25;(4*!-#)4*&!2.&0)/(24!('!*&4&0)/&6!)46!(/'!)..5(-)/(24!24!/#&!(4-24'('/&4/!

24/252*8! 0&'/20&'! /#&!-24'('/&4-8!21!24/252*8=!M'.)'*$ (#3!+,(!)#3! -24'('/'!24! /#&! -24/0)08! (4! 0&72;(4*!

(4-24'('/&4/! -#)4*&'! [Q(9&(02! ^! )5E! BJJ,\=! C/! -)4! 0&58! 24! /#&!9#3#!#3)()!5$ &+#&'+!5! 21! /#&! 24/252*8!

5)4*3)*&!-24'(6&0&6=!%#&!7242/24(-(/8!.02.&0/8!'/)/&'!/#)/!(1!/#&!24/252*8!5)4*3)*&!('!7242/24&![/#('!('!

/#&! -)'&! 120! 6&'-0(./(24! 52*(-'E! '3-#! )'!!!!!! ! !!)46! 1207)5! 5)4*3)*&'! 9)'&6!24! /#&7E! '3-#! )'!?KW!

$W\E!)46!)*$!-'$#3!#.#45$)%$%,!)%*),7.'>$)!$")..$,.",5%$7'$%,!)%*),7.'$"-,!'='+$!-'$,?)#9$/'.'!'/=!%#('!

7&)4'! /#)/E! (1! /#&! &;25;&6! 24/252*8! ('! (4-24'('/&4/E! '27&! 21! (/'! )D(27'!73'/! 9&! 0&72;&6! /2! 0&'/20&! (/'!

-24'('/&4-8!'/)/&E!F#(5&!/)V(4*!(4/2!)--234/!(/'!&;253/(24=!%#&!6(11(-35/8!5(&'!(4!/#&!'&5&-/(24!21!)D(27'!/2!9&!

0&72;&6!9&-)3'&! /#&! (7.)-/!24!/#&!24/252*8!'#2356!9&!7(4(7)5!'2! /#)/! /#&!&;253/(24! ('!624&!-200&-/58=!

a&5(&1! -#)4*&! #)'! (4'.(0&6! [c))'&! ^! G/2:)42;(-E! BJJ+\U'! 52*(-)5! -24'('/&4-8! .0&;&4/(;&! 0&'253/(24!

.02.2')5=!C/!#)'!)5'2!(4'.(0&6!/#&!)..02)-#E!-)55&6!@W?@V!.0&'&4/&6!(4![Z3&11)`!^!)5E!BJHB\!3'(4*!)!726&5!

-#&-V&0!)4)58'('!/2!(6&4/(18!7(4(7)5!(4-24'('/&4/!'&/'!21!-#)4*&'!/2!0&;('&!20!6&5&/&!!1027!/#&!24/252*8!52*!

21! -#)4*&'=! %#('! )..02)-#! #)'! 9&&4! /0)4'.2'&6! )46! 1207)5(`&6! (4! /#('! /#&'('! /2! ;)5(6)/&! /#&! !-)+/$

(+)!'+)#3!21!78!/#&'('=!

!

@A?  1567.78=!9$+) &75&580 ! !

!

%#&!03!#.#45$ 6'+%)#3)34! 0&'&)0-#! )0&)! ('! ;&08! -52'&! /2! /#&! ?4/252*8! M;253/(24! 24&! '2! /#)/! /#&8! )0&!

'27&/(7&'!-2412346&6=!C/!)660&''&'!/#&!(''3&!0&5)/&6!/2!/#&!9,3,4'9'3!$#*$ !-'$/)**'+'3!$='+%)#3%$#*$

,3$ #3!#.#45E! 4)7&58! /#2'&! *&4&0)/&6! 98! /#&! 24/252*8! &;253/(24'=! %#&! 24/252*8! ;&0'(24(4*! )-/(;(/8!

&4;('(24'! 7)48! 1&)/30&'! 5(V&<! )--&''(4*! )! -&0/)(4! 24/252*8! ;&0'(24E! 4);(*)/(4*! 9&/F&&4! /#&! 24/252*8!

;&0'(24'! 20! -27.)0(4*! /#&7! /2! 6&/&07(4&! /#&(0! -27.)/(9(5(/8=! %#&'&! 1&)/30&'! )0&! 7)4)*&6! 98! )!

='+%)#3)34$%5%!'9E!F#(-#!-)4!9&!9)'&6!24!/#&!24/252*8!(6&4/(1(&0'!20!24!)!#('/208!21!-#)4*&'!)5'2!-)55&6!

52*=!

@A?A@  1567.78=!9$+) &75&58! 0 !M$' &5 &6 &75) !

>--206(4*! /2! [_5230('! ^! )5E! BJJS\E! /#&! .30.2'&! 21! ;&0'(24(4*! ('! /2! 4)='$ ,$ !+,3%&,+'3!$ ,(('%%! /2! /#&!

6(11&0&4/!;&0'(24'!21!)4!24/252*8=!C/!'3..20/'!/#&!6(11&0&4/!;&0'(24'!21!)4!24/252*8!)'!(4.3/!)46!.0263-&'!

)4! 24/252*8! ;&0'(24(4*! '8'/&7! /2!7)4)*&! /#&7=! C/! 3'&'! 24/252*8! (6&4/(1(&0'! [CQC\! /2! )/'3!)*5$ ='+%)#3%E!

.02;(6&'!)! /0)4'.)0&4/!)--&''! /2! /#&!6&'(0&6!;&0'(24!)46!6&/&07(4&'! /#&!-27.)/(9(5(/8!9&/F&&4!&)-#!21!

/#&7=! C4! /#&! 1(&56! 21! ?@AE! /#&! 6&1(4(/(24! 21! ;&0'(24(4*! ('! &D/&46&6=! C/! )(7'! )/! 7)4)*(4*! /#&! 735/(.5&!

;&0'(24'!21!/#&!24/252*8E!F#(-#!)0&!42/!4&-&'')0(58!(-+#3#.#4)(,.![-=1=!735/(f/&7.20)5!;&0'(24(4*![Z0)46(E!

BJJ,\=!%#&8!-)4!9&!92/#$.#(,.$)46$#3.)3'>$(#..'(!'/>$/)%!+)7A!'/![&=*=!'&7)4/(-!'&)0-#!&4*(4&'!<![>552--)!

^!)5E!BJJ,\=!C4!/#&'&!-)'&'E!/#&!;&0'(24(4*!)-/(;(/8!('!+'!+#,(!)='$ 120!)55!;&0'(24'!21!/#&!24/252*8!)50&)68!

&D('/'=! c2F&;&0E! /2! 7&&/! 78! /#&'('! 1(1/#! -0(/&0(24E! 78! .02.2')5! #)'! /2! (4/&*0)/&! )! ;&0'(24(4*! '8'/&7!

-).)95&!21!7)4)*(4*!;&0'(24'!21! /#&!24/252*8!'(4-&! (/'!-0&)/(24=!%#('!-)4!9&!6&1(4&6!)'!)!684)7(-!20!)4!

)3(+'9'3!,.$ ='+%)#3)34E!F#(-#E!F#&4!)4!&;253/(24!21! /#&!24/252*8! ('!;)5(6)/&6E! /)V&'! (4/2!)--234/! /#('!

4&F! ;&0'(24=! C4-0&7&4/)5! ;&0'(24(4*! '#2356! 42/! 9&! -2413'&6!F(/#! 0&/02)-/(;&! ;&0'(24(4*E!F#(-#! -)4! 9&!

12346! (4!72'/! 21! /#&! .02.2')5'=! C4-0&7&4/)5! ;&0'(24(4*! .02;(6&'! )! 4&F! 1&)/30&! /2! ;&0'(24(4*! '8'/&7'<!

9&(4*!)95&!/2!4'3'+,!'$,$3'"$='+%)#3$#*$,3$'=#.='/$#3!#.#45=!%#&!(4-0&7&4/)5!;&0'(24(4*!.02-&''!-)4!

9&!6&'-0(9&6!)'! 12552F'<!F#&4!)4!24/252*('/!#)'! 1(4('#&6!)66(4*!-#)4*&'!24!)4!24/252*8E!#&!;)5(6)/&'! (/!

)46! /#&! ;&0'(24(4*! '8'/&7! *&4&0)/&'! )46! 0&-206'! )! 4&F! ;&0'(24! 21! /#&! 24/252*8=! %#('! 4&F! ;&0'(24! -)4!

0&.5)-&!/#&!1207&0!24&!20!'(7.58!-2&D('/'!F(/#!(/=!%#('!.2(4/!F(55!#&5.!7&&/!/#&!*)*!-$(+)!'+)#3!21!78!/#&'('=!



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

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

>66(/(24)558E! [>552--)! ^! )5E! BJJ,\! )//0(93/&'! /2! ;&0'(24(4*! /#&! 134-/(24'! 21! /0)-(4*! /#&! &;253/(24! 21! )4!

24/252*8!)--206(4*!/2!(/'!;&0'(24'E!]3&08(4*!/#&7E!)--&''(4*!/#&!6&'(0&6!;&0'(24=!A)48!'/36(&'!)0&!5(7(/&6!

/2! /#&! 3'&! 21! CQC'! 21! /#&! 24/252*8! ;&0'(24'! /2! .&01207! /#&'&! 2.&0)/(24'! '3-#! )'! [A)84)06!^! )5E! BJJR\=!

c2F&;&0E! /#('! (6&4/(1(&0! ('! 42/! )5F)8'! V42F4=! C4! )66(/(24! (/! 62&'! 42/! )552F! 1(46(4*! )! ;&0'(24! 21! /#&!

24/252*8!9)'&6!24!)!-0(/&0(24!2/#&0!/#)4!/#&!CQC=!C/!7)8!9&!.)0/(-35)058!(4/&0&'/(4*!/2!)--&''!)!;&0'(24!(4!

F#(-#! '27&! -#)4*&'! 2--300&6! 630(4*! /#&! &;253/(24! 93/! F#2'&! CQC! ('! 42/! V42F4=! %0)-(4*! /#&! -#)4*&'!

)..5(&6!9&/F&&4!/F2!;&0'(24'!)5'2!)552F'!/2!)4'F&0!/#('!.0295&7=!

!

@A?AD  ($#+$)$56 &58!*5/!E+*% &58!2,*58$)! '7+ !9$+) &75&58!>;+#7)$) !

$(11&0&4/!)..02)-#&'!)0&!.02.2'&6!(4!/#&!5(/&0)/30&!/2!+'&+'%'3!$)46!!+,('$(-,34'%!(4!24/252*(&'=!>724*!

/#&7E!-)4!9&!42/(-&6!#('/208!21!-#)4*&'E!-)55&6!;&0'(24(4*!52*'!20!&;253/(24!52*'E!)46!-27.)0('24!7&/#26'!

0&.0&'&4/(4*! /#&! -24-&./3)5!6(11&0&4-&'!9&/F&&4!&)-#!;&0'(24!20! '&/'!21! /0)4'1207)/(24=!A2'/!21!F20V'!

12-3'&'! 24! /#&! 3'&! 21! 52*'! 120! /#&! 0&.0&'&4/)/(24! 21! -#)4*&'=! ! >--206(4*! /2! [T5&(4! ^! _&4'&5E! BJJH\! /#&!

0&.0&'&4/)/(24! 21! )! -#)4*&! (4! )! .#4E! 20! 2/#&0! '3..20/! 120! /0)-(4*! -#)4*&'E! '#2356! -24/)(4! -&0/)(4!

(41207)/(24=! %#&! 7)(4! (41207)/(24! ('! /#&! '.&-(1(-)/(24! 21! /#&! -#)4*&'! (4! /#&! 1207! 21! #3!#.#4)(,.$

#&'+,!)#3%$ ,&&.)'/$ !#$ !-'$ '.'9'3!%! 21! /#&! 24/252*8=! %#&! '&-246! 24&! ('! /#&! -24-&./3)5! 0&5)/(24'#(.!

9&/F&&4!/#&!1207&0!)46!/#&!4&F!24/252*8!;&0'(24E!(=&=!)!7)..(4*!9&/F&&4!/#&!-24-&./'!21!/#&!24&!)46!/#&!

-24-&./'!21!/#&!2/#&0=!C6&)558E!/#&0&!7)8!)5'2!9&!9'!,/,!,$,7#A!$!-'$(-,34'!)46!)3*#+9,!)#3$,7#A!$!-'$

(#3%'NA'3('%$#*$',(-$(-,34'!(4!/&07'!21!*)(4!20!52''!21!24/252*(-)5!&5&7&4/'!(4!/#&!24/252*8=!>--206(4*!

/2! /#&! '/368!21! [i(56(`E! BJJI\E!='+%)#3)34$ .#4%! 0&-206! /#&!6(11&0&4/! ;&0'(24'!21! )4!24/252*8!98!6&1(4(4*!

&)-#! 24/252*(-)5! &5&7&4/! )/! )! *(;&4! /(7&=! _20! &)-#! -24-&./E! (4'/)4-&E! 025&! )46! )//0(93/&! -0&)/&6! (4! /#&!

24/252*8E! )! 4&F! 2--300&4-&! 21! )4! eM;253/(24@24-&./e! -24-&./! ('! -0&)/&6! (4! /#&! ;&0'(24(4*! 52*=! %#('!

2--300&4-&! ('! 6&1(4&6! 98! )! /0)4')-/(24! /(7&E! )! '/)/&! [-241(07&6! 20! .&46(4*\E! )4! (6&4/(1(&0! )46! )! -)3'&=!

c2F&;&0E!0&-206(4*!/#&!&D#)3'/(;&!6&'-0(./(24!21!&)-#!24/252*8!;&0'(24!7)8!.0263-&!52*'!/#)/!)0&!9(**&0!

/#)4!/#&!24/252*8!(/'&51=!C/!-)4!-)3'&!.0295&7'!120!/#&(0!'/20)*&!(1!/#&!24/252*8!('!5)0*&!)46!-27.5&D!)46!(1!

(/! 21/&4! &;25;&'=! j45(V&! ;&0'(24(4*! 52*'E! )4! '=#.A!)#3$ .#4! 62&'! 42/! &D#)3'/(;&58! 6&'-0(9&! /#&! 6(11&0&4/!

;&0'(24'! 21! 24/252*(&'=! >--206(4*! /2! [W()4*E! BJJI\E! )4! &;253/(24! 52*! ('! )! 1(5&! /#)/! 2458! .)%!%$ !-'$

)3!'+&+'!,!)#3%$#*$ !-'$(-,34'%!)..5(&6!24!)4!24/252*8=!_20!&)-#!5('/!21!-#)4*&'!)..5(&6E!/#&!24/252*8!('!

3.6)/&6! )46! /#&'&! -#)4*&'! )0&! '/20&6! (4! /#&! &;253/(24! 52*=! %#('! 52*! F(55! 9&! 3'&6! 5)/&0! 120! ]3&08(4*! )!

-&0/)(4!;&0'(24!21!/#&!24/252*8=!>4!&;253/(24!52*!-)4!/#&4!9&!'&&4!)'!)!#('/208!1(5&!21!/#&!6(11&0&4/!-#)4*&'!

/#)/!#);&!)11&-/&6!)!*(;&4!24/252*8=!>42/#&0!)..02)-#! 120!-#)4*&! /0)-(4*E! ('! /#&!+'&+'%'3!,!)#3$ #*$ !-'$

/)**'+'3('$ 7'!"''3$ !"#$ ='+%)#3%! 21! )4!24/252*8=! C/! 3'&'! )! -27.)0('24!21! /#&! /F2! /&07(4252*(&'=!%#('!

6(11&0&4-&!-)4!9&!)--&''&6!3'(4*!)!.02-&''E!e6(11eE!F#(-#!0&/304'!/#&!5('/!21!726(1(&6!)D(27'!9&/F&&4!/#&!

-27.)0&6!;&0'(24'!)'!1207)5(`&6!(4![Y28!^!A3'&4E!BJJB\=!%#&!0&.0&'&4/)/(24!21!/#&!6(11&0&4-&!-)4!F&)0!

/#&! 1207! 21! )! -24-&./3)5! -#)4*&E! '.&-(18(4*! /#&! -24-&./3)5! 0&5)/(24'#(.! 9&/F&&4! /#&! 256! )46! 4&F!

24/252*(-)5! '/03-/30&'=! %#('! '253/(24! (4;25;&'! 6&1(4(4*! &D/&04)5! 2.&0)/20'! 9&/F&&4! 24/252*8! ;&0'(24'=!

_(4)558!/#&!6(11&0&4-&!9&/F&&4!/F2!;&0'(24'!-)4!9&!0&.0&'&4/&6!(4!)!%'!$ #*$ !+,3%*#+9,!)#3%!-24/)(4(4*!

&D/&04)5!2.&0)/(24'!6&1(4(4*!/#&!/0)4'1207)/(24!21!/#&!24/252*8!1027!24&!;&0'(24!/2!)42/#&0=!c2F&;&0E!)55!

/#&! )..02)-#&'! 9)'&6! 24! /#&! 0&.0&'&4/)/(24! 21! /#&! 6(11&0&4-&! )0&! 42/! )..02.0()/&! 120! (4-0&7&4/)5!

;&0'(24(4*!)'!(/!/)V&'!)/!5&)'/!/F2!&D('/(4*!;&0'(24'!21!)4!24/252*8!)'!(4.3/=!G2!/#&8!)0&!9&//&0!'3(/&6!120!

0&/02)-/(;&!;&0'(24(4*=!!

>! -24;&4(&4/! )..02)-#E! /2! +'!+)'='$ ,3/$ 3,=)4,!'$ 7'!"''3$ #3!#.#45$ ='+%)#3%! )552F'! /#&! 3'&0!

'&5&-/(4*!'&)0-#!-0(/&0()!#&!#)'!#(7'&51!6&1(4&6=!%#&'&!-0(/&0()!-)4!9&!/#&!'/)/&!21!)4!24/252*(-)5!&5&7&4/E!

(/'!5)'/!726(1(-)/(24E!)!5('/!21!2.&0)/(24'!)..5(&6!24!(/E!&/-=!>..02)-#&'!3'(4*!&;253/(24!52*'E!20!)!-24-&./!21!

-#)4*&!/#)/!6&1(4&'!/0)4'1207)/(24'!1027!2.&0)/(24'!21!&;253/(24!-)4!&)'(58!(6&4/(18!/#&!6&'(0&6!;&0'(24!21!

)4! 24/252*8! )--206(4*! /2! /#('! V(46! 21! -0(/&0()=! ?/#&0! -0(/&0()! '3-#! )'! -24/&D/3)5! (41207)/(24! F2356! 9&!

3'&135! /2! 1)-(5(/)/&! /#&! '&)0-#! 120! /#&!3'&0=!@24/&D/3)5! (41207)/(24! -)4!9&!)4!24/252*8!;&0'(24!4)7&E! (/'!

/(/5&E! (/'! ;&0'(24! 4379&0E! (/'! 6&'-0(./(24E! /#&! 0&)'24! 120! /#&! -#)4*&E! /#&! &D.&-/&6! -24'&]3&4-&'! 21! /#&!



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

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

-#)4*&'!)..5(&6E!(/'!-0&)/(24!6)/&E!&/-=!C41207)/(24!/(7&!-)4!9&!');&6!)3/27)/(-)558E!'3-#!)'!726(1(-)/(24!

6)/&E!/(7&E!&/-=!%#&'&!7&/)6)/)!-)4!9&!&)'(58!0&.0&'&4/&6!(4!52*'=!!

%2! 7&&/! /#&! *)*!-$ (+)!'+)#3! 21! 78! /#&'('E! /#&! 3'&! 21! &;253/(24! 52*'! )..&)0'! /2! 9&! /#&! 2./(7)5!

'253/(24! 120! /#&! 0&.0&'&4/)/(24! 21! -#)4*&'! )46! 24/252*8! ;&0'(24! 0&/0(&;)5=! >5'2E! /2! 9&! (4-0&7&4/)5E!

'311(-(&4/58!.0&-('&!)46!/2!*(;&!)!/0)4'.)0&4/!)--&''!/2!/#&!6&'(0&6!24/252*8!;&0'(24E!24/252*8!;&0'(24(4*!

73'/!9&!9)'&6!24!/#&!&;253/(24!(/&0)/(24'!21!/#&!24/252*8=!C/!('!1027!/#('!29'&0;)/(24!/#)/!24/252*8!-#)4*&!

7)4)*&7&4/!7)V&'!'&4'&=!

@AP  1567.78=!2,*58$!3*5*8$<$56!

!

%#('!.)0/!.0&'&4/'!/#&!03!#.#45$1-,34'$2,3,4'9'3!![?@A\!)-/(;(/8E!F#(-#!7&0*&!?4/252*8!M;253/(24!

)46!P&0'(24(4*!/2!7)4)*&!24/252*8!-#)4*&'!(4!)!A3)*)'/$9'!-#/#.#45=!

@APA@  Q.$ &5 !*5/!"67R*57I&% S) !3$6,7/7.78&$) !

C4! #('! "#$! /#&'('! [T5&(4E! BJJO\E! T5&(4! 6&1(4&'! ?4/252*8! @#)4*&! A)4)*&7&4/! [?@A\! )'! /#&! *A%)#3$ #*$

03!#.#45$H=#.A!)#3$,3/$6'+%)#3)34E!(4!/#&!.&0'.&-/(;&!21!'3%A+)34$!-'$%A)!,7).)!5$#*$#3!#.#4)'%$")!-$

(-,34'%=!c&!.02.2'&'!)! 1(0'/!24/252*8!;&0'(24(4*!7)4)*&7&4/!7&/#26252*8!9)'&6!24!/#('!.0(4-(.5&![-=1=!

[T5&(4! &/! )5=E! BJJB\! [Y28!^! T5&(4E! BJJO\! [T5&(4! ^!Y28E! BJJN\\=! c&! 6&'(*4'! )4! )3(+'9'3!,.$ ='+%)#3)34$

9#/'.!120!'/20(4*!)46!)--&''(4*!/#&!6(11&0&4/!;&0'(24'!21!)4!24/252*8!*&4&0)/&6!630(4*!(/'!6&;&52.7&4/=!

c&!0&-277&46'!/2!726&5!24/252*8!;&0'(24'!0&5)/(24'#(.'E!/2!0&15&-/!-#)4*&'!7)6&!9&/F&&4!;&0'(24'!)46!

-5)0(18!/#&!'&7)4/(-!0&5)/(24'!9&/F&&4!24/252*(-)5!&4/(/(&'!21!/F2!24/252*8!;&0'(24'=!c&!)5'2!)6;('&'!/2!)66!

7&/)6)/)! )923/! -#)4*&'E! '3-#! )'! /#&(0! 630)/(24=!c('! )..02)-#!.02;(6&'! )4! )4)58'('! 21! /#&! 0&5)/(24'#(.'!

9&/F&&4! /#&! ;&0'(24'!21! /#&!24/252*8!726&5E! 93/! (/! 62&'!42/! '3**&'/E! #2F&;&0E! #2F! /#&! ;&0'(24'!21! /#&!

24/252*8! -)4! 9&! -0&)/&6=! C/! 62&'! 42/! &(/#&0! )660&''! /#&! 7)4)*&7&4/! 21! )--&''! /2! 6&.&46&4/! )0/&1)-/'!

[0&1&0&4-&6!0&'230-&'E!2/#&0!24/252*(&'!20!)..5(-)/(24'\=&

G/2:)42;(-E!T5&(4U'! -24/&7.20)08E! 12-3'&'E! (4!#&0!"#$! /#&'('! [G/2:)42;(-E!BJJO\E!24! /#&!24/252*8!

&;253/(24!)'.&-/!98!.02.2'(4*!/#&!1(0'/!24/252*8!-#)4*&!7)4)*&7&4/!7&/#26252*8!(4/&*0)/(4*!/#&!;('(24!

21! T5&(4=! C4! [G/2:)42;(-E! BJJB\E! '#&! 1(0'/! '/0&''&'! )55! /#&! -246(/(24'! /2! 9&!7&/! 98! )4! 24/252*8! &;253/(24!

7)4)*&7&4/!'8'/&7E!'3-#!)'!-24'('/&4-8!7)(4/&4)4-&!)46!.02.)*)/(24!21!-#)4*&'!/2!6&.&46)4/!)0/&1)-/'!

21! /#&! 24/252*8=! >4! #3!#.#45$ '=#.A!)#3$ &+#('%%! ('! 6&0(;&6! (4! '(D! .#)'&'! /2! *3(6&! /#&! -24'('/&4/!

)..5(-)/(24! 21! -#)4*&'<! (-,34'$ /'!'(!)#3>$ (-,34'$ +'&+'%'3!,!)#3>$ (-,34'$ %'9,3!)(%>$ (-,34'$

)9&.'9'3!,!)#3>$ (-,34'$ &+#&,4,!)#3$ )46$ (-,34'$ =,.)/,!)#3=! @#)4*&! 6&/&-/(24! )46! -#)4*&!

0&.0&'&4/)/(24!.#)'&'! 0&'.&-/(;&58! )552F! /2!6&/&-/! )46! /2! 0&.0&'&4/! /#&! -#)4*&'! (4!)! '3(/)95&! 1207)/=!>!

!,?#3#95$#*$*)3'B4+,)3'/$#3!#.#4)(,.$(-,34'%!('!6&0(;&6!1027!/#&!T>?Y!5)4*3)*&![a2`')V!^!)5E!BJJB\!

/#)/!-)4!9&!.&01207&6!(4!/#&!-230'&!21!24/252*8!&;253/(24=!c2F&;&0!/#('!*0)435)0(/8!21!24/252*8!&;253/(24!

-#)4*&'!('!42/!)5F)8'!)..02.0()/&!9&-)3'&!'27&!-#)4*&!(4/&4/'!7)8!(7.58!/#&!)..5(-)/(24!21!'3--&''(;&!

1(4&f*0)(4&6! -#)4*&'! /2! 90(4*! /#&! 24/252*8! (4/2! 6&'(0&6! '/)/&=! %2! );2(6! .02-&''! &0020! .024&! )46! /#&!

)..5(-)/(24!21!344&-&'')08!-#)4*&'E!/#&!)3/#20!0&-277&46'!/#&!1207)5!6&1(4(/(24!21!(#9&#%'/$(-,34'%!

/#)/!0&.0&'&4/!)!4+#A&$#*$7,%)($(-,34'%$,&&.)'/$!#4'!-'+=!_20!/#&!-#)4*&!'&7)4/(-'!'#&!)6;('&'!/#&!3'&!

21!)!0(-#&0!6&'-0(./(24!21!/#&!-#)4*&'!(4!206&0!/2!6&/&07(4&!/#&!'&7)4/(-!025&!21!24/252*8!&4/(/(&'=!C4!206&0!

/2!);2(6!.&01207(4*!346&'(0&6!-#)4*&'E!9&120&!)..58(4*!)!-#)4*&!/2!/#&!24/252*8E!)!5('/!21!)55!(7.5(-)/(24'!

/2!/#&!24/252*8!-)4!9&!*&4&0)/&6!)46!.0&'&4/&6!/2!/#&!3'&0=!G#&!6&1(4&'!)!&+'='3!)='$)46$ ,$ (#++'(!)='$

+'%#.A!)#3$,&&+#,(-!/2!#)465&!.#4)(,.$(#3%)%!'3(5$9,)3!'3,3('=!K#&4!/#&!3'&0!)..02;&'!/#&!-#)4*&'E!

/#2'&!-)4!9&!.&01207&6!98!'3--&''(;&58!0&'25;(4*!-#)4*&'!)..5(&6!24!/#&!/&07(4252*8!1027!/#&!5('/!630(4*!

/#&!-#)4*&!(7.5&7&4/)/(24!.#)'&=!>--206(4*!/2!#&0E!(1!-#)4*&'!)0&!-)4-&55&6E!/#&!24/252*8!'#2356!0&7)(4!

(4/)-/=!%2!.0&'&0;&!/#&!-24'('/&4-8!21!/#&!24/252*8!F(/#!/#&!(4'/)4-&'!)46!F(/#!6&.&46)4/!24/252*(&'E!'#&!

.02;(6&'!)!-#)4*&!.02.)*)/(24!.#)'&=!%#&!-#)4*&'!)0&!/#3'! (7.5&7&4/&6!24!/#&!)''&0/(24)5! 5&;&5!21! /#&!

24/252*8!)1/&0!/#&8!)0&!;)5(6)/&6!24!/#&!/&07(4252*(-)5!24&=!@24-&04(4*!6&.&46)4/!24/252*(&'!/#)/!0&3'&!

20!&D/&46! /#&!24/252*8E! /#&!24/252*8!3.6)/&!7(*#/!-2003./! /#&7!)46!-24'&]3&4/58!)55!)0/&1)-/'! /#)/!)0&!



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

"#$!%#&'('! ! ")*&!I,!

9)'&6!24!/#&'&!24/252*(&'=!!%#&!)3/#20!'/)/&'!/#)/!/#&!&;253/(24!.02-&''!'#2356!0&-2*4(`&!F#(-#!-#)4*&!(4!

/#&! 24/252*8! -)4! )11&-/! /#&! 134-/(24)5(/8! 21! 6&.&46&4/! )..5(-)/(24'! (4! 206&0! /2! 0&)-/! -200&'.246(4*58=!

_(4)558E!/#&!3'&0!-)4!-277(/!/#&!(7.5&7&4/&6!)46!.02.)*)/&6!-#)4*&'!)/!/#&!-#)4*&!;)5(6)/(24=&

a2/#!T5&(4U'!)46!G/2:)42;(-U'!7&/#26252*(&'!#);&!(4'.(0&6!72'/!21!/#&!35/&0(20!?@A!.02.2')5'!(4!

/#&!5(/&0)/30&E!F#(-#!#);&!.&07(//&6!/2!)..58!/#&!?@A!.0(4-(.5&!24!720&!'.&-(1(-!24/252*(-)5!(''3&'=!>5'2E!

T5&(4U'!)46!G/2:)42;(-U'!?@A!7&/#26252*(&'!-)4!9&!]3)5(1(&6!)'!*#+9,.!120!'&;&0)5!0&)'24'=!M)-#!24/252*8!

&;253/(24!(/&0)/(24!12552F'!)4!)4)58'('!.#)'&!21!/#&!4&&6!21!-#)4*&E!F#(-#!'/)46'!)'!)4!24/252*(-)5!)4)58'('!

4&-&'')08!120!1207)5!24/252*(&'=!@#)4*&'!/2!9&!)..5(&6!/2!24/252*8!)0&!/)(520&6!1027!/#&!-24'/03-/'!21!/#&!

24/252*8! 0&.0&'&4/)/(24! 5)4*3)*&=! Q&.0&'&4/)/(24! 5)4*3)*&'! -24'(6&0&6! (4! 92/#! 7&/#26252*(&'E!

0&'.&-/(;&58!T>?YE!F#(-#!('!)!'(7(5)0!93/!5&''!0(-#!/#)4!?KW!$WE!120!G/2:)42;(-E!)46!?KWE!(4-536(4*!?KW!

$WE! 120!T5&(4E!)0&! 1207)5! 5)4*3)*&'=!%#3'!-#)4*&'!)0&!726&55&6!)46! 1207)558!0&.0&'&4/&6E! /#&(0! (7.)-/'!

)0&!)''&''&6E! '/03-/30)5!)46! 52*(-)5! -24'('/&4-8!21! /#&(0!)..5(-)/(24!24! /#&!24/252*8!)0&!]3)5(1(&6!9&120&!

)48!;)5(6)/(24=!%#('! ('!F#8E! /#&!.02.2')5!.0&'&4/&6! (4!78! /#&'('!#)'!9&&4!72'/58! (4'.(0&6!98! /#&'&! /F2!

1207)5!7&/#26252*(&'!/2!9''!$!-'$*)+%!$(+)!'+)#3!21!78!/#&'('=!!

@APAD  !($ .*6$/!B7+T) !

?/#&0!7&/#26252*(&'!#);&!9&&4!(4'.(0&6!)46!#);&!-27&!5)/&0!-27.5&/&!/#&'&!?@A!7&/#26252*(&'=!G(D!21!

/#&7!)0&!6&'-0(9&6!)46!-27.)0&6!9&52F=!

![$:&6(6(! ^! >31)30&E! BJJS\! 6&'-0(9&'! )4! )..02)-#! 120! &;25;(4*! )46! &40(-#(4*! ?KW! 24/252*(&'!

7)(4/)(4(4*! /#&(0! -24'('/&4-8! )--206(4*! /2! )! ]3)5(/8! 726&5=! %#&! )3/#20'! 6&1(4&! )! .02-&''! -#)4*&!

7)4)*&7&4/! -2463-/&6! /#023*#! 1230! .#)'&'<! 6&/&-/(24! 21! (4-24'('/&4-(&'E! 0&'253/(24! )5/&04)/(;&!

.02.2'(/(24'E! ]3)5(/8! )''&''7&4/! )46! )..5(-)/(24E! )46! 1(4)5! ;)5(6)/(24! 21! /#&! -#)4*&'=! %#&! -#)4*&!

;)5(6)/(24!.#)'&! /)V&'! (4/2! )--234/!92/#! 52*(-)5! -24'('/&4-8!]3)5(1(-)/(24!21! /#&! -#)4*&! )..5(-)/(24! )46!

]3)5(/8!)''&''7&4/!21!/#&!&;25;&6!24/252*8=!>!]3)5(/8!726&5!('!6&1(4&6!)46!)..5(&6!/2!)''&''!/#&!(7.)-/!21!

/#&!.02.2'&6!0&'253/(24!)5/&04)/(;&'!24! /#&!]3)5(/8!)46! /2!*3(6&! /#&! 0&'253/(24!21! (4-24'('/&4-(&'!F#(5&!

7(4(7(`(4*!6&.&46&4-&!24!/#&!24/252*('/=!%#&!)5/&04)/(;&!.0&'&0;(4*!/#&!]3)5(/8!('!)3/27)/(-)558!'&5&-/&6=!

C/!-24'('/'!21!)66(/(24)5!-#)4*&'!/2!9&!)..5(&6!(4!206&0!/2!7)(4/)(4!/#&!-24'('/&4-8!21!/#&!24/252*8!)46!(/'!

]3)5(/8=!

[d)`(0(E! BJJ,\! .0&'&4/'! )! *&4&0)5! 7&/#26252*8! 6&;&52.&6! 120! 724(/20(4*! /#&! &;253/(24! 21! /#&!

24/252*8!98!/#&!-0&)/(24!21!)!4&F!;&0'(24!'3(/&6!/2!-#)4*&'!2--300(4*!(4!/#&!627)(4=!%#&!)3/#20!'/36(&'!

/#&! /8.&'! 21! -#)4*&'E! F#(-#!7)8! 9&! (4;25;&6! )46! /#&(0! -24-&./3)5! )46! '&7)4/(-! -24'&]3&4-&'! 24! /#&!

24/252*8=!c&!)5'2!.0&'&4/'!)!/)D24278!21!9)'(-!)46!-27.2'&6!-#)4*&'=!%#&'&!-#)4*&'!)0&!3'3)5!24&'!)46!

)0&!42/!6&0(;&6!1027!)!.)0/(-35)0!5)4*3)*&!9&-)3'&!/#&!7&/#26252*8!)(7'!/2!9&!*&4&0)5!)46!)..5(-)95&!24!

24/252*(&'!F#)/&;&0!/#&(0!'.&-(1(-)/(24! 5)4*3)*&=!_20!&)-#!/8.&!21!-#)4*&!)!-#)4*&!V(/E!-27.2'&6!21! /#&!

.2/&4/()5!(4-24'('/&4-(&'!/#)/!-)4!9&!-)3'&6!98!/#('!-#)4*&!)46!/#&!-200&'.246(4*!0&'253/(24!)5/&04)/(;&E!

('! .02;(6&6=! %#('! )552F'! )''&''(4*! 52*(-)5! -24'('/&4-8! 21! /#&! )..5(-)/(24! 21! -#)4*&'! )46! 0&'25;(4*! (/=! >!

;)5(6)/(24!.#)'&!.0263-&'!)!4&F!;&0'(24!21!/#&!24/252*8E!F#(-#!3.6)/&'!/#&!20(*(4)5!24/252*8=!

[Q2*2`)4E! BJJ,\! .0&'&4/'! )! 7&/#26252*8! 6&'-0(9(4*! /#&! -27.5&/&! 24/252*8! &;253/(24! .02-&''!

(4-536(4*!6('/0(93/&6!24/252*8!;&0'(24!7)4)*&7&4/!24!/#&!G&7)4/(-!K&9=!%#('!.02-&''!-24'('/'!21!&(*#/!

.#)'&'! )724*! /#2'&! /F2! )0&!7):20! 24&'<! /#&! &;253/(24! .#)'&! )46! /#&! (7.5&7&4/)/(24! 21! /#&! &;253/(24!

.#)'&=! %#&! )3/#20! )5'2! 6&1(4&'! )4! 24/252*8! 6&'-0(9(4*! -#)4*&'! )..5(-)95&! /2! ?KWf$W! 24/252*(&'=! %#('!

24/252*8!&D/&46'!/#&!-#)4*&!/)D2478!21![T5&(4E!BJJO\E!98!)66(4*!)!4379&0!21!1&)/30&'!'3-#!)'<!)!/8.252*8!

21! -27.5&D! -#)4*&'E! )! 6&'-0(./(24! 21! /#&! &11&-/'! 21! -#)4*&'! 24! )! '&7)4/(-! '&)0-#! &4*(4&! 2./(7(`)/(24!

[GM?\E! )! -5)0(1(-)/(24! 21! /#&! /&07(4252*8! 3'&6! /2! -#)0)-/&0(`&! /#&! -27.5&D(/8! 21! -#)4*&=! G#&! .02.2'&'! )!

726&5!21!-#)4*&!52**(4*!)46!)!0&.0&'&4/)/(24!5)4*3)*&!120!-#)4*&'=!%#&!)3/#20!#)'!6&;&52.&6!)!7&/#26!

)46! )! /225! /2! )4)58'&! /#&! &11&-/'! 21! -#)4*&'! 24! /#&! '&7)4/(-! GM?! 0&'230-&'! )46! .02.)*)/&! /#&7! /2!

7)(4/)(4!)--&''!)46!(4/&0.0&/)/(24!21!/#&!0&1&0&4-&6!0&'230-&'=!

[W324*E!BJJR\!.0&'&4/'!)!4&F!)..02)-#!/2!7)4)*(4*!/#&!&;253/(24!21!)4!M4/&0.0('&!G&7)4/(-!K&9!

[MGK\!/#023*#!)!4&F!'8'/&7!-)55&6!@?GKMA=!%#('!)..02)-#!12-3'&'!24!/#&!0&'253/(24!21!(4-24'('/&4-(&'!
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"#$!%#&'('! ! ")*&!RJ!

(4!'&7)4/(-!)442/)/(24'!-)3'&6!98!/#&!&;253/(24!21!)4!24/252*8!24!F#(-#!/#&8!)0&!9)'&6=!C/!)5'2!)552F'!/#&!

3'&0! -27.)0(4*! /#&!6(11&0&4-&'! 9&/F&&4! /F2! ;&0'(24'! 21! /#&! 24/252*8!98! ;(&F(4*! /#&! -#)4*&'! 9&/F&&4!

/#&7! )46! /#&! 24/252*(-)5! &5&7&4/'! (7.)-/&6! 98! /#&'&! -#)4*&'=! C/! )5'2! 6&/&07(4&'! /#&! (7.)-/! 24! /#&!

'&7)4/(-! )442/)/(24'! 9)'&6! 24! /#&! 24/252*8! /#)4V'! /2! )4! &;253/(24! 52*! /0)-(4*! /#&! -#)4*&'=! @2GKMA!

'8'/&7! #)465&'! /F2! 7):20! /)'V'<! 6&/&-/(24! 21! (4-24'('/&4-(&'! *&4&0)/&6! 24! '&7)4/(-! )442/)/(24'! )46!

-200&-/(24!21!/#&!(4-24'('/&4/!'&7)4/(-!)442/)/(24'=!%#&'&!/)'V'!)(7!)/!&4'30(4*!/#&!2;&0)55!-24'('/&4-8!21!

)4!MGK=!%#&8!)0&!.&01207&6!)3/27)/(-)558!20!'&7(f)3/27)/(-)558!F(/#! /#&!)''('/)4-&!21! /#&!3'&0E!F#(-#!

-)4!9&!)4!24/252*('/!20!)4!)442/)/20=!>!-5)''(1(-)/(24!21!BI!24/252*(-)5!-#)4*&'!('!6&1(4&6!)--206(4*!/2!/#&!

12552F(4*!-0(/&0()<!/#&!)9'/0)-/(24!5&;&5!['(7.5&!20!-27.2'&6!-#)4*&'\E!/#&!)''(*47&4/!21!/#&!)442/)/(24!

[7)46)/208!20!2./(24)5!-200&-/(24'\!)46! /#&!)11&-/&6!24/252*(-)5!&5&7&4/'! [-24-&./!20!.02.&0/8\=!%#&'&!

-#)4*&'!)0&!1207)558!0&.0&'&4/&6!(4!)4!&;253/(24!52*!/#)/!)5'2!'&0;&'!24/252*8!&;253/(24=!>'![G/2:)42;(-E!

BJJO\!(/!211&0'!)!.0&;&4/(;&!)46!)!-200&-/(;&!)..02)-#!/2!7)4)*&!/#&!-24'('/&4-8!21!'&7)4/(-!)442/)/(24'=!

%#&!1(0'/!)..02)-#!-)4!2458!9&!)..5(&6!(1!)!52*!21!-#)4*&'!(4!/#&!24/252*8!#)'!9&&4!.0&'&0;&6=!%#&!'&-246!

3'&'E! (4! /#&! )9'&4-&! 21! )4! &;253/(24! 52*E! )! 035&f9)'&6! 6&/&-/(24! )46! -200&-/(24! 21! (4-24'('/&4-(&'=!

Q&'25;(4*! /#&! )442/)/(24! -24'('/&4-8! -)4! /#&4! 9&! .02-&&6&6! 98! 0&3'(4*! /#&! -24'('/&4-8! 0&'253/(24!

'/0)/&*(&'!)50&)68!(7.5&7&4/&6!24!/#&!24/252*8=!!

%#&!)..02)-#!.0&'&4/&6! (4! [M6&0!^!T24-(5()E!BJJO\! (4-536&'!)! 1207)5('7!0&.0&'&4/(4*!24/252*8!

;&0'(24(4*! )'! 6(0&-/&6! *0).#'=! C/! ('! 9)'&6! 24! /#&! -24-&./'! )46! /&-#4(]3&'! 6&;&52.&6! 120! /&7.20)5!

6)/)9)'&'E! '-#&7)! &;253/(24! )46! 6)/)9)'&! ;&0'(24(4*=! >! *0).#! (4-536&'! )55! /#&! 24/252*8! ;&0'(24'! 98!

(4-20.20)/(4*! /#&! -24-&./! 21! ;)5(6(/8! .&0(26! (4! /#&! 6&1(4(/(24! 21! -24-&./'! )46! 0&5)/(24'! -27.2'(4*! /#&!

*0).#=!>!;&0'(24!('!.0263-&6!98!2.&0)/20'!/#)/!)66E!6&5&/&!20!3.6)/&!/#&!*0).#=!

["5&''&0'E! BJJI\! .02.2'&'! )! -#)4*&!7)4)*&7&4/!7&/#26252*8! 120! '&7)4/(-)558! #&/&02*&4&23'!

24/252*(&'! 0&.0&'&4/(4*! 6(11&0&4/! ;(&F'! 21! )! 627)(4! (4! )! 6('/0(93/&6! &4;(0247&4/=! %#&! 7&/#26252*8!

&79&6'! )4! 24/252*8! &;253/(24! .02-&''! /#)/! )552F'! 24/252*8! &4*(4&&0'! /2! 0&]3&'/! -#)4*&'! 120! /#&!

24/252*(&'! /#&8! 7)4)*&k! &4'30&! /#)/! /#&! 24/252*8! &;25;&'! 1027! 24&! -24'('/&4/! '/)/&! (4/2! )42/#&0!

-24'('/&4/! '/)/&k! *3)0)4/&&! /#)/! /#&!6&.&46(4*!)0/&1)-/'!21! )4!24/252*8! 0&7)(4! -24'('/&4/! )1/&0! -#)4*&'!

#);&!9&&4!)..5(&6k!.02;(6&!)!6&/)(5&6!2;&0;(&F!21!/#&!-#)4*&'!/#)/!2--30=!>!;&0'(24(4*!52*!'/20&'!120!&)-#!

-24-&./! &;&0! 6&1(4&6! (4! )4! 24/252*8! /#&! 6(11&0&4/! ;&0'(24'! (/! .)''&'! /#023*#! 630(4*! (/'! 5(1&! -8-5&=! %#&!

@#)4*&! $&1(4(/(24! 5)4*3)*&E! 3'&6! /2! 0&.0&'&4/! -#)4*&'! ('! )! /&7.20)5! 52*(-! 9)'&6! 5)4*3)*&! /#)/! )552F'!

24/252*8! &4*(4&&0'! /2! 1207)558!6&1(4&! -#)4*&'=!%#&!.30.2'&!21! /#&! -#)4*&!6&1(4(/(24'! &D.0&''&6! (4! /#('!

@#)4*&!$&1(4(/(24!W)4*3)*&!)0&!/F21256<!/#&8!)0&!3'&6!120!92/#!0&]3&'/(4*!)46!(7.5&7&4/(4*!-#)4*&'!/2!

)4!24/252*8E!)'!F&55!)'!6&/&-/(4*!2--300&4-&'!21!-#)4*&!6&1(4(/(24'!(4!/#&!&;253/(24!21!)4!24/252*8=!

!

@AU  M&)%;)) &75!

!

%#('! .)0/! .0&'&4/'! )! 6('-3''(24! 24!?@A! 0&5)/&6!F20V'=! %#&! &(*#/!7&/#26252*(&'! .0&'&4/&6! (4! .0&;(23'!

.)0/!)0&!1(0'/58!-27.)0&6!(4!%)95&!OE!)--206(4*!/2!/#&!&(*#/!-0(/&0()!6&1(4&6!120!/#&!.02.2')5!21!78!/#&'('=!C/!

)552F'!/2!(6&4/(18!/#&!-0(/&0()!'/(55!34')/('1(&6!)724*!/#&'&!&(*#/!24&'=!

>--206(4*! /2! %)95&! OE! /#&! ?@A! 7&/#26252*(&'! 21! /#&! '&;&4! .02.2')5'! )55! .02.2'&! )! *#+9,.$

9'!-#/#.#45E!F#(-#!)/! 5&)'/!)552F! /2!)..58! 1207)5! -#)4*&'!)46!7)(4/)(4! /#&!24/252*8!-24'('/&4-8!)46!

&D.0&''(;(/8! 5&;&5=! A2'/! 21! /#&7! #);&! -#2'&4! )! 1207)5! 0&.0&'&4/)/(24! 5)4*3)*&! &D.0&''(;&! &423*#! /2!

'.&-(18!1207)5!24/252*(&'=!G2!/#&!H'/!)46!B46!-0(/&0()!)0&!')/('1(&6=!%#&8!&'.&-()558!)660&''&6!/#&!52*(-)5!)46!

'/03-/30)5! -24'('/&4-8! (''3&'! 0&5)/&6! /2! /#&! )..5(-)/(24! 21! -#)4*&'! 24! )4! 24/252*8E! F#(-#! 0&'.&-/(;&58!

-24'/(/3/&! /#&!O/#!)46!/#&!+/#! -0(/&0()!21!78!/#&'('=!c2F&;&0E! 1230!-0(/&0()!0&7)(4!34')/('1(&6!20!.)0/()558!

')/('1(&6! 98! /#&! &D('/(4*! 7&/#26252*(&'<! N06E! I/#E! R/#! )46! S/#=! Y24&! 21! /#&! .02.2')5'! #)465&! -#)4*&!

7)4)*&7&4/!24!1207)5!24/252*(&'!0&.0&'&4/(4*!/#&!'&;&0)5!;(&F'!21!)!627)(4![N06!-0(/&0(24\=!%#&!-52'&'/!

.02.2')5! ('! ["5&''&0'E! BJJI\l'! )..02)-#E! F#2'&! (''3&! ('! /#&! -#)4*&! 7)4)*&7&4/! 21! '&7)4/(-)558!

#&/&02*&4&23'! 24/252*(&'! 0&.0&'&4/(4*! 6(11&0&4/! ;(&F'! 21! )! 627)(4! (4! )! 6('/0(93/&6! &4;(0247&4/=!
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c2F&;&0!/#&!.02.)*)/(24!21!-#)4*&'!('!42/!)660&''&6!9&/F&&4!/#&'&!24/252*(&'!93/!1027!&)-#!24/252*8!/2!

/#&(0!6&.&46&4/!)0/&1)-/'![)..5(-)/(24'E!0&3'(4*!24/252*(&'\=!M;253/(24!)46!;&0'(24(4*!/)'V'!)0&!2458!624&!

24! /#&! 24/252*8! (4! 72'/! 21! /#&! .02.2')5'E! )46! 424&! .02.2'&'! /#&(0! 3'&! 24! /#&! 6(11&0&4/! ;(&F'! 21! /#('!

24/252*8![I/#!-0(/&0(24\=!A2'/!'253/(24'!120!/#&!-#)4*&!.02.)*)/(24!.#)'&!12-3'!24!/#&!(7.)-/!0&'253/(24!21!

-#)4*&'! 24! /#&! 24/252*8! (4'/)4-&'E! 24! /#&! 6&.&46)4/! 24/252*(&'! )46! )0/&1)-/'! '3-#! )'! )..5(-)/(24'E!

'&7)4/(-! )442/)/(24'E! '&7)4/(-! GM?=! Y24&! 21! /#&7! )660&''&'! /#&! .02.)*)/(24! 21! -#)4*&'! 1027! /#&!

24/252*8!/2!(/'!;(&F'![R/#!-0(/&0(24\=!%#&!)6)./)/(24!21!)4!24/252*8!/2!4&F!.2(4/'!21!;(&F!('!42/!)660&''&6!

&(/#&0![S/#!-0(/&0(24\=!!

%#('! '/)/&! 21! /#&! )0/! #(*#5(*#/'! /#&! 12552F(4*! 29'&0;)/(24'=!012$ )%$ &'+*#+9'/$ #='+$ !)9'$ #3$ ,3$

#3!#.#45$!-,!$(-+#3#.#4)(,..5$'=#.='%$)3$)!%$'3!)+'!5=!C/!('!7)(458!3'&6!120!/#&!3.6)/&!21!/#&!24/252*8!/2!

-200&-/! (/'! -24-&./3)5(`)/(24E! F#&4! (/'! 6&'-0(9&6! 1(&56! #)'! &;25;&6E! 20! F#&4! &0020'! 20! .2/&4/()5!

(7.02;&7&4/'! )0&! (6&4/(1(&6=! C/! 62&'! 42/! )660&''! /#&! '=#.A!)#3$ ,3/$ ='+%)#3)34$ 9,3,4'9'3!$ #*$ !-'$

%&'()*)($ ,%%A9&!)#3%$A%'+%$9)4-!$ -,='$ #3$ !-'$/#9,)3=! C/!#)'!42/! /#&0&120&!9&&4!/#23*#/!/2!7)4)*&!

1207)5!24/252*8!)'!6&1(4&6! (4! /#&!.0&;(23'! -#)./&0E! (=&=! )4!24/252*8! 0&.0&'&4/(4*!)55! /#&!)''37./(24'!21!

3'&0'!24!/#&!627)(4=!C/!('!42/!(4/&46&6!/2!*3(6&!/#&!'.&-()5(`)/(24!21!)4!24/252*8!/2!)!'39f627)(4!/#)/!(/!

6&'-0(9&'=!%#&!.02.)*)/(24!21!-#)4*&'!1027!)4!24/252*8!/2!;)0(23'!'.&-()5(`&6!;(&F'!('!/#3'!42/!)660&''&6!

&(/#&0=!%#&!%&'()*)(,!)#3$#*$A%'+$=)'"%$#3$,3$#3!#.#45!('!/#&!'39:&-/!21!'/368!21!/#&!03!#.#4)(,.$6)'"%!

0&'&)0-#!1(&56=!%#&0&120&E!/2!346&0'/)46!/#&!'253/(24'!7&&/(4*!/#&!0&7)(4(4*!1230!-0(/&0()E!)!'/)/&!21!/#&!)0/!

24!?4/252*(-)5!P(&F'!('!.0&'&4/&6!(4!/#&!4&D/!'&-/(24=!

!

!
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!

! "#$%&#$'(! )%'*+(',$-! ./&$(! 01'(2! 3+4$#$! 5*&6$6$! 7'2'4+(! 86&#! 9/&::&#:!

;!

"#$%&'!()#'*+,#-!.$#/011!

2,+34!

53&-60!7-&'81,1!

9!:0;$010-+&+,#-!

95#-1,1+0-/8!

<&,-+0-&-/0!!

9!.$#;&6&+,#-!!

53&-60!=0+0/+,#-!

9:0;$010-+&+,#-!!

9>0%&-+,/1!

9?%;'0%0-+&+,#-!!

9!.$#;&6&+,#-!!

9@&',A&+,#-!

53&-60!=0+0/+,#-!

953&-60!.$#;&6&+,#-!

953&-60!

:0;$010-+&+,#-!!

953&-60!

?%;'0%0-+&+,#-!!

9@0$1,#-!5#%;&+,B,',+8!!

9!@0$1,#-!7',6-%0-+!

53&-60!

:0;$010-+&+,#-!

95#-1,1+0-/8!

<&,-+0-&-/0!

9.$#;&6&+,#-!

53&-60!

:0;$010-+&+,#-!

95#-1,1+0-/8!

<&,-+0-&-/0!

9@&',A&+,#-!

53&-60!

:0;$010-+&+,#-!

95#-1,1+0-/8!

<&,-+0-&-/0!!

953&-60!

?%;'0%0-+&+,#-!

53&-60!=0+0/+,#-!

9!:0;$010-+&+,#-!

95#-1,1+0-/8!

<&,-+0-&-/0!

9!@&',A&+,#-!

9!

?%;'0%0-+&+,#-!

9!@&',A&+,#-!

53&-60!

:0;$010-+&+,#-!

9!@&',A&+,#-!

53&-60!=0+0/+,#-!

9!:0;$010-+&+,#-!!

9!.$#;&6&+,#-!

9!@&',A&+,#-!

<!
=C!!!!!! ! !#$!DEC!

=C!C&-6*&60!

F7DG! DEC!H,-/'*A,-6!DEC!

=CI!

:="H>I! C&-6*&60!*-A0J,-0A! DEC!=C! DEC!=C! D$,0-+0A!K$&;3! DEC!=C!

=!

"#$%&'!D-+#'#68!

$0;$010-+,-6!+30!10)0$&'!

),021!#-!+30!=#%&,-!

GL5L! =,1+$,B*+0A!D-+#'#6,01!! D-+#'#6,01!M10A!J#$!

>0%&-+,/!

7--#+&+,#-1!

7-8!D-+#'#68!N8;01!

:0;$010-+&B'0!,-!

M<C!

C#/&'!=#%&,-!

D-+#'#6,01!

E0B!>0%&-+,/!

:0J0$0-/0A!

D-+#'#6,01!

N0%;#$&'!

D-+#'#6,01!

>0%&-+,/&''8!

O0+0$#60-0#*1!

D-+#'#6,01!#J!+30!

1&%0!=#%&,-!,-!

=,1+$,B*+0A!

(-),$#-%0-+!

>!

=C!!!!!! ! !#$!DEC!

=C!C#6,/&'!5#-1,1+0-/8!

<&,-+0-&-/04!

!

F7DG!P!DEC!C,+0!

C#6,/&'!5#-1,1+0-/8!

<&,-+0-&-/0!

GL5L! :="H>I!C#6,/&'!

5#-1,1+0-/8!

<&,-+0-&-/0!

C&-6*&60!

?-A0;0-A0-+!C#6,/&'!

5#-1,1+0-/8!

<&,-+0-&-/0!

DEC!!=C!C#6,/&'!

5#-1,1+0-/8!

<&,-+0-&-/0!

GL5L! GL5L! DEC!=C!C#6,/&'!

5#-1,1+0-/8!

<&,-+0-&-/0!

?!

=C!!!!!! ! !#$!DEC!
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$.%)'.)$'92*!;$)#!*:*+5!$.%)'.&*%6!!

− 8.! *2*,*.)! eXBBXIRX%U"dB6! ;#$&#! $%! )#*! %(*&$'2! &-.&*()! %09%0,*/! 95! *:*+5! &-.&*()%! './!

$.%)'.)$'92*!;$)#!.-!$.%)'.&*%6!

− 8.!*2*,*.)!(XdDBB#$fWB"<!;#$&#!$%!)#*!%(*&$'2!'))+$90)*!%09%0,$.4!*:*+5!'))+$90)*%6!

− 8.!*2*,*.)!eXBBXIDBB#$fWB"6!;#$&#!$%!)#*!%(*&$'2!'))+$90)*!%09%0,*/!95!*:*+5!'))+$90)*%6!

− 8.!*2*,*.)!(XdCXY"6!;#$&#!$%!)#*!%(*&$'2!+-2*!%09%0,$.4!*:*+5!+-2*%6!

− 8.!*2*,*.)!eXBBXICXY"6!;#$&#!$%!)#*!%(*&$'2!+-2*!%09%0,*/!95!*:*+5!+-2*%6!

− 8.!*2*,*.)!(Xd+-B-BTd"6!;#$&#!$%!)#*!%(*&$'2!/')')5(*!%09%0,$.4!*:*+5!/')')5(*%6!

− 8.!*2*,*.)!eXBBXI+-B-BTd"<!;#$&#!$%!)#*!%(*&$'2!/')')5(*!%09%0,*/!95!*:*+5!/')')5(*%6!

!

%0&#! )#')! )Q:>& (XdRX%U"dB<& eXBBXIRX%U"dB<& (Xd+-B-BTd"<& eXBBXI+-B-BTd"<& (XdCXY"<& eXBBXICXY"<&

(XdDBB#$fWB"<&eXBBXIDBB#$fWB"?!

C@D  !!!!!!!!!,3(#$#12!KL%68$+!

!

"#$%! ('+)! $220%)+')*%! '.! '((2$&')$-.! -1! )#*! ,-/*2! -.! '.! *>',(2*!!!!!! ! !-.)-2-45! $.%($+*/! 95! )#*!

a?=A! ?.)-2-45! =*.&#,'+<! FA'! d! '26! JUUP[7! "#*! *>',(2*! -.)-2-456! &'22*/!!Q6! /*%&+$9*%! )#*! +*2')$-.%!

9*);**.!%)0/*.)%!)'<$.4!&-0+%*%6!%0(*+:$%*/!95!(+-1*%%-+%!)*'&#$.4!&-0+%*%7!N.%)'.&*%!'./!/')':'20*%!'+*!

'//*/! $.!-+/*+! )-! %#-;!'! &-,(2*)*! $220%)+')$-.!-1! )#*!!!!!! ! !-.)-2-45!,-/*27!8! 1$+%)!He!:*+%$-.! $%!

4$:*.!'./!$%!)+'.%2')*/!'&&-+/$.4!)-!)#*!&-++*%(-./*.&*!)'92*!"'92*!O!F%**!L*&)$-.!K[E!

!

• !Q!'%!/*1$.*/!$.!H*%&+$()$-.!e-4$&%E!

o "]=->!E!

!"#$%& !!!

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

!"#$%&" ! !"#$%&!

!"#$%&&#" ! !"#$%& ! !!"#$!!"!!"#$%&!



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

!*+&(*",$,& & !-."&211&

!"#$%& !!! !!"#$%&'(! !"#!!"#$%&'( ! !!"#$%&'(! !"#! !"#$!!

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

!"#$%&'()"*+,-./" ! !"#$%&!

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

!"#$%& ! !"#$%&'(#%!

!"!!"#$%&' !!!

!"! !"#$%& !!!

!"!!"#$%&'( !!!

!"#$%&'! !!!

!"#$!!"# !!!

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

!""#$%&'( !!!

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

!"#$ !!!

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

!"# !!!

!"#$%&'( !!!

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

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

! !!!"#$%&&#" ! !"#$%!!!"#!! !! !!

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

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

!!!"#$%&!!! ! !"#!$%%&!

!"#$%&" ! !!"#$%&&#"!

!!!"#$%&!!! ! !!!"#$%&!!!!

!"#$%& ! !"#$%&'(#%$!

!!"#!!" ! !"#$%&!!"#$!

I*+%-.!!!1+$*./?17I*+%-.!

@-0+%*!!)'04#)=57I+-1*%%-+!

I+-1*%%-+!!)*'&#*%7@-0+%*!

L)0/*.)!!#'%L0(*+:$%-+7I+-1*%%-+!

I*+%-.!!.',*7>%!E%)+$.4!

I*+%-.!!'4*7>%!E/*&$,'2!

@-0+%*!!/0+')$-.7>%!E/0+')$-.!

1+$*./?1!1+$*./?1]!

!!! !"#!

!!! !"#$%&'(!

o 8]=->!E!

I+-1*%%-+F&#+$%)-(#*B[!

I+-1*%%-+F&#+$%)-(#*J[!

L)0/*.)F(*++$.*[!

@-0+%*F<.-;2*/4*A'.'4*,*.)[!

@-0+%*F<.-;2*/4*T.4$.**+$.4[!

@-0+%*F%*,'.)$&^*9B[!

@-0+%*F%*,'.)$&^*9J[!

1+$*./?1F&#+$%)-(#*B6!&#+$%)-(#*J[!

)'04#)=5F<.-;2*/4*A'.'4*,*.)6!&#+$%)-(#*J[!

)*'&#*%F&#+$)-(#*B6!%*,'.)$&^*9B[!

)'<*%@-0+%*F(*++$.*6!<.-;2*/4*A'.'4*,*.)[!



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

!*+&(*",$,& & !-."&212&

#'%L0(*+:$%-+F(*++$.*6!&#+$%)-(#*B[!

'4*F(*++$.*6!JP[!

.',*F&#+$%)-(#*B6!n!@#+$%)-(#*!R$&-22*!o[!

!

!

• !Q!'%!/*1$.*/!95!-0+!,-/*2E!

─ H*1$.$)$-.!-1&!!":>;,R<&[R&=<;,(<&[(=<;,C<&[C=<;,D<&[D=<&,'<&,F<&,9C<&,9D<?E!

 

─ ,R& :>(XdRX%U"dB<& !"#,X%<& gWI-%e"$%.<& SBWb"%B<& !#Xh",,X#<& RXW#,"<& 9%XAY"b."RXW#,"<&

S"I-%B$Ui"fRXW#,"<&9%XAY"b."SBWb"%B<&jX%SBWb"%B?<&

─ [R& :>;(XdRX%U"dB<& !"#,X%=<& ;(XdRX%U"dB<& gWI-%e"$%.=<& ;!"#,X%<& SBWb"%B=<& ;⊓R;!!! ;B"-U*",<&

RXW#,"=<& !"#,X%=<& !#Xh",,X#=<& ;⊓R; !!! ;bW#-B$X%<& a,bEbW#-B$X%=<& (XdRX%U"dB=<& RXW#,"=<&

; !!! ;bW#-B$X%<& a,bE& B$I"& =<& (XdRX%U"dB==<& ;⊓R;RXW#,"<& ⊓R; !! ;$,(-W.*BeT<& U*#$,BXd*"3=<&

!! ;bW#-B$X%<& !3g==<& 9%XAY"b."RXW#,"=<& ;RXW#,"<& S"I-%B$Ui"fRXW#,"=<& ;SBWb"%B<&

9%XAY"b."SBWb"%B=<& ;!"#,X%<& jX%SBWb"%B=<;⊓R;SBWb"%B< !!! ;B-k",RXW#,"<& 9%XAY"b."RXW#,"==<&

9%XAY"b."SBWb"%B=?l&

&

─ ,(&:>(Xd+-B-(Td"<&a,Eb"U$I-Y<&a,E,B#$%.<&a,EbW#-B$X%?<&

─ [(&:>;&(Xd+-B-(Td"<&a,Eb"U$I-Y=<&;(Xd+-B-(Td"<&a,E,B#$%.=<&;(Xd+-B-(Td"<&a,EbW#-B$X%=?<&

&

─ ,C&:>(XdC"Y-B$X%<&h#$"%bQh<&B-W.*BeT<&B"-U*",<&B-k",RXW#,"<&-ddY$",(X<&*-,SWd"#Z$,X#?<&

─ [C&:>;&(XdC"Y-B$X%<&h#$"%bQh=<&;(XdC"Y-B$X%<&B-W.*BeT=<&;(XdC"Y-B$X%<&B-k",RXW#,"=<&;(XdC"Y-B$X%<&

-ddY$",(X=<&;(XdC"Y-B$X%<&*-,SWd"#Z$,X#=?<&

&

─ ,D&:>&(XdDBB#$fWB"<&%-I"<&h$#,Bj-I"D%bm-,Bj-I"<&-."<&bW#-B$X%?<&

─ [D&:>;&(XdDBB#$fWB"<&%-I"=<&;%-I"<& h$#,Bj-I"D%bm-,Bj-I"=<& ;(XdDBB#$fWB"<&-."=<& ;(XdDBB#$fWB"<&

bW#-B$X%=?<&

&

─ ,'& :>U*#$,BXd*"2<& U%$UXYY"<& U*#$,BXd*"3<& d"##$%"<& k%XAY"b."n-%-."I"%B<& k%XAY"b.")%.$%""#$%.<&

,"I-%B$Ui"f2<&,"I-%B$Ui"f3?<&

&

─ ,F&:>oR*#$,BXd*"&j$UXYY"p<&oR*#$,BXd*"&R#Wqp<&o!"##$%"&!$BB"Bp<&37<&37H1<&!3g<&!5g?<&

&

─ ,9C&:>STII"B#$U<&VW%UB$X%-Y<&'%Z"#,"&VW%UB$X%-Y<&(#-%,$B$Z"?<&

&

─ ,9D&:>VW%UB$X%-Y?<&

 

─ H*1$.$)$-.!-1!!Q:>LC<&LD?E!

 

− LC:>;B-k",RXW#,"<&;!"#,X%<&RXW#,"==<&;h#$"%bQh<&;!"#,X%<&!"#,X%==<&;B-W.*BeT<&;RXW#,"<&!#Xh",,X#==<&

;B"-U*",<&;!#Xh",,X#<&RXW#,"==<&;*-,SWd"#Z$,X#<&;SBWb"%B<&!#Xh",,X#==?l&

− LD:>;%-I"<&;!"#,X%<&a,E,B#$%.==<&;-."<&;!"#,X%<&a,Eb"U$I-Y==<&;bW#-B$X%<&;RXW#,"<&a,EbW#-B$X%==?l&

&

o H*1$.$)$-.!-1!!Q:>\R<&\(<&\C<&\D<&]C<&]D<&^R<&^C<&^D<&^'<&_R<&_'<&`R<&`C<&I-aR-#bC<&I$%R-#bC<&⊓R<&⊔R< ⊔'<&&⊔F<&

c#$<&c%$'(!!!<&cC<&!!!<&c%&<&cD?!

 



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

!*+&(*",$,& & !-."&213&

− \R:>;!#Xh",,X#<& U*#$,BXd*"2=<& ;!#Xh",,X#<& U*#$,BXd*"3=<& ;SBWb"%B<& d"##$%"=<& ;RXW#,"<&

k%XAY"b."n-%-."I"%B=<& ;RXW#,"<& k%XAY"b.")%.$%""#$%.=<& ;RXW#,"<& ,"I-%B$Ui"f2=<& ;RXW#,"<&

,"I-%B$Ui"f3=?l&

&

− \(:>;a,bEb"U$I-Y<37=<&;a,bE,B#$%.<&oR*#$,BXd*"&j$UXYY"p=<&;a,bE,B#$%.<&oR*#$,BXd*"&R#Wqp=<&;a,bE,B#$%.<&

o!"##$%"&!$BB"Bp=<&;a,bEbW#-B$X%<!3g=<&;a,bEbW#-B$X%<&!5g=?l&

&

− \C:>;h#$"%bQh<;U*#$,BXd*"2<& U*#$,BXd*"3==<& ;B-W.*BeT;k%XAY"b."n-%-."I"%B<& U*#$,BXd*"3==<&

;B"-U*",<& ;U*#$,BXd*"2<& ,"I-%B$Ui"f2==<& ;B-k",RXW#,"<& ;d"##$%"<& k%XAY"b."n-%-."I"%B==<&

*-,SWd"#Z$,X#;d"##$%"<&U*#$,BXd*"2=??l&

&

− \D:>;-."<;d"##$%"<& 37==<& ;%-I"<;U*#$,BXd*"2<& oR*#$,BXd*"& j$UXYY"p==<& ;%-I"<;U*#$,BXd*"3<&

oR*#$,BXd*"& R#Wq==<& ;%-I"<;d"##$%"<& o!"##$%"& !$BB"Bp==<& ;bW#-B$X%<& ;k%XAY"b."n-%-."I"%B<&

!3g==?l&

&

− ]C:>;h#$"%bQh<&STII"B#$U=<&;B-W.*BeT<&VW%UB$X%-Y=<&;B"-U*",<&'%Z"#,"VW%UB$X%-Y=?l&

&

− ]D:>;-."<&VW%UB$X%-Y=<&;bW#-B$X%<&VW%UB$X%-Y=?l&

&

− ^R:>;!"#,X%<& gWI-%e"$%.=<& ;!"#,X%<& ⊓R;SBWb"%B<& jX%SBWb"%B==<& ;RXW#,"< 

⊓R;⊔R;9%XAY"b."RXW#,"<& S"I-%B$Ui"fRXW#,"=<& ⊓R;I-aR-#bC& ;$,(-W.*BeT<& 2=<&

I$%R-#bC;$,(-W.*BeT<&2==?l&

&

− ^C&:>;B-k",RXW#,"<&-ddY$",(X&=?l&

&

− ^D:>;%-I"<&h$#,Bj-I"D%bm-,Bj-I"=?l&

&

− ^':>;U*#$,BXd*"2<&U%$UXYY"=?l&

&

− _R:>;SBWb"%B<&!#Xh",,X#=?l&

&

− _':>;U*#$,BXd*"2<U*#$,BXd*"3=?l&

&

− `R:>;SBWb"%B<&jX%SBWb"%B&=?l&

&

− `C:>;B"-U*",<&$,(-W.*BeT=?l&

&

− I-aR-#bC:>;$,(-W.*BeT<&2=?l&

&

− I$%R-#bC:>;$,(-W.*BeT<&2=?l&

&

− ⊓R:& >>SBWb"%B<& jX%SBWb"%B?<& ;⊔R;9%XAY"b."RXW#,"<& S"I-%B$Ui"fRXW#,"=<& ⊓R;I-aR-#bC&

;$,(-W.*BeT<& 2=<& I$%R-#bC;$,(-W.*BeT<& 2==<& ;!"#,X%<& !!! ;B"-U*",<& RXW#,"==<& ;SBWb"%B<&

!!!;B-k",RXW#,"<&9%XAY"b."RXW#,"==<& ;!!!;bW#-B$X%<& a,bEbW#-B$X%=<&(XdRX%U"dB=<& ;!!!;bW#-B$X%<&

a,bE&B$I"&=<&(XdRX%U"dB=<&⊓R;!!!;bW#-B$X%<&a,bEbW#-B$X%=<&(XdRX%U"dB=<&;!!!;bW#-B$X%<&a,bE&B$I"&=<&

(XdRX%U"dB==<& ;!! ;$,(-W.*BeT<& U*#$,BXd*"3=<&!! ;bW#-B$X%<& !3g==<& ;RXW#,"<& ⊓R;!! ;$,(-W.*BeT<&

U*#$,BXd*"3=<&!!;bW#-B$X%<&!3g===?l&



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

!*+&(*",$,& & !-."&214&

&

− ⊔R:>>9%XAY"b."RXW#,"<&S"I-%B$Ui"fRXW#,"??l&

&

− ⊔':>;k%XAY"b."n-%-."I"%B<&k%XAY"b.")%.$%""#$%.=?l&

&

− ⊔F:>>37H1<&37H11??l&

&

− !!!:&>;B"-U*",<&RXW#,"=<&;B-k",RXW#,"<&RXW#,"=?l&

&

− !!!:>;B-k",RXW#,"<&9%XAY"b."RXW#,"=?l&

&

− !!:>;$,(-W.*BeT<&U*#$,BXd*"3=?l&

&

− !!! !>&;bW#-B$X%<&a,bEbW#-B$X%=?l&

&

− !!!:>;bW#-B$X%<&a,bE&B$I"&=?l&

&

− !!&:>;bW#-B$X%<&!3g=?H&

&

&

o H*1$.$)$-.! -1 )QE )Q :& >(XdRX%U"dB<& eXBBXIRX%U"dB<& (XdDBB#$fWB"<& eXBBXIDBB#$fWB"<& (XdCXY"<&

eXBBXICXY"<&(Xd+-B-(Td"<&eXBBXI+-B-(Td"?&

&
 

X$40+*!BO!%#-;%!'!4+'(#$&'2! +*(+*%*.)')$-.!-1!!Q! +*'2$3*/!;$)#! )#*!D]A?"!?.)-2-45!T/$)-+! FI'W0*))*!d!

A'4.'.6!JUUS[7!

 

!

B-6:+/&(SN&?+*;4-$*"&H/;+/9/8,*,-#8&#<&,4/&08,#"#67&!0&A-,4&,4/&?J20I&E5-,#+N&



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

!*+&(*",$,& & !-."&215&

D !!!!!!!!!,3(#$#12!"/%31+!-#0+$$)31!

!

"#$%!%*&)$-.!1-+,'2$3*%!)#*!&#'.4*!,-/*22$.4!'&)$:$)5!'&&-+/$.4!)-!)#*!(+-(-%*/!,-/*27!"#*!1$+%)!('+)!4$:*%!

/*1$.$)$-.%!'9-0)!-.)-2-4$&'2!&#'.4*%6!%0&#!'%!)#*!/*1$.$)$-.!-1!'!&#'.4*6!-1!9'%$&!'./!&-,(-%*/!&#'.4*%6!

-.)-2-45! 2-4! -1! &#'.4*%! './! 42-9'2! 2-4! -1! &#'.4*%7! "#*! %*&-./! ('+)! (+*%*.)%! )#*! 2$%)! -1! 9'%$&! &#'.4*%!

)'$2-+*/! 1+-,! )#*!!!!!!!!!!'22-;*/! &-.%)+0&)%! './! )#*$+! +*(+*%*.)')$-.! $.! *:-20)$-.! 2-4%7! "#*! )#$+/!

('+)! (+*%*.)%! '.! '((+-'&#! )-! ,-/*2! &-,(-%*/! &#'.4*%! 1+-,! 9'%$&! -.*%! './! )#*$+! +*(+*%*.)')$-.! $.!

*:-20)$-.!2-4%7!!

!

D@:  "/%31+!A+J )3 )( )#3< !

!

"#$%!('+)!4$:*%!%-,*!/*1$.$)$-.%!'9-0)!&#'.4*%6!%0&#!'%!)#*!/*1$.$)$-.!-1!'!&#'.4*6!-1!9'%$&!'./!&-,(-%*/!

&#'.4*%6!-.)-2-45!2-4!-1!&#'.4*%!'./!42-9'2!2-4!-1!&#'.4*%7!8!&#'.4*!,-/*22$.4!*>',(2*!$%!4$:*.7!!

!

K/<-8-,-#8& TD!O& $4*86/!!!$%! )#*! '((2$&')$-.! -1! '.! '//$)$-.! -+! '! /*2*)$-.! -1! '.! '>$-,!-$! -.! '.! -.)-2-45!

!Q:;!&Q<&!Q<&!Q<&)Q=H&N)!$%!/*1$.*/!95!'.!-(*+')-+!!!'./!'!%*)!-1!('+',*)*+%!^%!;$)#!%&∈&!!'./!^%&∈ >,R<&,(<&,C<&

,D<&,'<&,F?!! !!"H!8!&#'.4*!(-)*.)$'225!'//%!-+!/*2*)*%!-.*!-+!,-+*!'>$-,%!$.!!&Q<&!Q<&'./&!Q7!!

!

e$<*!$.!FY2*$.6!JUUM[!);-!&#'.4*!)5(*%!'+*!/$%)$.40$%#*/6!9'%$&!'./!&-,(-%*/!&#'.4*%7!!

!

K/<-8-,-#8&CD&O&!*9-$&$4*86/!$%!'!.])0(2*!!e$:;!<&;^2<&@<&^%==<&!&∈&!7!"#*!%*)!!!-1!'22!-(*+')-+%!$%!&-,(-%*/!

-1! )#*! '//$)$-.! './! /*2*)$-.! -(*+')-+%&!$! )#')! +*%(*&)$:*25! '//! './! /*2*)*! )#*! '>$-,%! -$! $.! )#*! %*)%!

&-++*%(-./$.4!)-!)#*$+!)5(*6!',-.4!!&Q<&!Q<&'./&!Q7!N1!!$!$%!'.!'//$)$-.!-(*+')-+6!)#*.!!e$!!!QN-$H!N1!!'!$%!'!

/*2*)$-.!-(*+')-+6!)#*.!!e!!!Q`!! H!

!

K/<-8-,-#8&SD!O&$#3;#9/5&$4*86/!$%!'!.])0(2*!!@!kF!!!! 6p6!!!![!-1!9'%$&!&#'.4*%!!!! 7!

!

"#*! /*1$.$)$-.%! -1! '! 2-4! -1! &#'.4*%! './! '.! -.)-2-45! 42-9'2! 2-4! -1! &#'.4*%! &'.! 9*! )#*+*1-+*!

1-+,'2$3*/7! "#*! 1$+%)! -.*! $%! 0%*/! )-! +*(+*%*.)! &#'.4*%! )-! '((25! -.! '.! -.)-2-457! "#*! %*&-./! $%! )#*!

&-.&')*.')$-.! -1! )#*! &#'.4*%! $%%0*/! 1+-,! )#*! %*:*+'2! -.)-2-45! *:-20)$-.%! './! '22-;%! )-! )+'&*! &#'.4*%!

'((2$*/!-.!$)!%$.&*!$)%!&+*')$-.7!

&

K/<-8-,-#8&UD!O&"#6&#<&$4*86/9!$%!/*1$.*/!95!'!.])0(2*!YX.$&:;!2<&@&<&!%=!&-,(-%*/!-1!9'%$&!'./!&-,(-%*/!
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%$0$1'+! %*0',)$&%! 6/+! )#*! &/,&*()! THUF"%H! ',-! )#*! +/1*! *H$%)*,)$'1! +*%)+$&)$/,!!-HH"%F,K(4! 5! %)7-*,)! &',!

'))*,-! %/0*)#$,84! "#*! &/,&*()! -$%`7,&)$/,! &/,%)+'$,)! U!V! .*)T**,! THUF"%H! ',-! !#=A",,=#! %*0',)$&'119!

$0(1$*%!)#')!$)!$%!$0(/%%$.1*!6/+!',!$,%)',&*!)/!)*'&#!',-!'))*,-%!%/0*)#$,8!$6!$)!$%!'!0*0.*+!/6!)#*!%*)!/6!

$,%)',&*%!/6!THUF"%H!/+!!#=A",,=#4!

M*)! 7%! '--! '!,*T! &/,&*()>! ,'0*-!!*+THUF"%H>!T#$&#! $%! -*6$,*-! '%! '! %7.&/,&*()! /6! )#*! &/,&*()!

$,)*+%*&)$/,!.*)T**,!THUF"%H! ',-! )#*!&/,&*()!-*6$,*-!.9! )#*!+/1*!*H$%)*,)$'1! +*%)+$&)$/,!!&H"-C*",K(4!"#*!

-*6$,$)$/,!/6!!*+THUF"%H!$%!'--*-!)/!!5!'%!.*1/T]!

 

THUF"%H&!&!#=A",,=#&!!!&

!#=A",,=#&!&!"#,=%&! !H"-C*",K!!&

THUF"%H&!&!"#,=%&! !!-HH"%F,K!!&

!*+THUF"%H&!&THUF"%H&! !!H"-C*",K!!&

 

"#*!-*6$,$)$/,!/6!)#*!!*+THUF"%H!&/,&*()!&/,)+'-$&)%!)#*!&/,&*()!-$%`7,&)$/,!&/,%)+'$,)!.*)T**,!

THUF"%H!',-!!#=A",,=#4!5%!'!(+/6*%%/+!$%!-*6$,*-!'%!'!(*+%/,!T#/!&',!)*'&#>!)#*,!'!%)7-*,)!$%!'7)/0')$&'119!

-*6$,*-! '%! '! (*+%/,! T#/! &',,/)! )*'&#4! "#*! &/,&*()! $,)*+%*&)$/,! THUF"%H&! !! &H"-C*",K(! $%! )#*,!



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

!*+&(*",$,& & !-."&/XO&

7,%')$%6$'.1*>!'%!)#*+*!$%!,/!$,%)',&*!$,!)#*!0/-*1!/6!!5>!T#$&#!&/71-!.*!)9(*-!T$)#!)#*!&/,&*()!-*6$,*-!.9!

)#$%!$,)*+%*&)$/,4!!5>!$%!)#*,!$,&/,%$%)*,)4!!

"#$%! 1/8$&'1! $,&/,%$%)*,&9! &/71-!#'<*!.**,! $-*,)$6$*-!',-! +*%/1<*-!.*6/+*! )#*!'((1$&')$/,!/6! )#*!

&#',8*%! /,! )#*! /,)/1/89 !!5>! .9! '((19$,8! )#*! 1/8$&'1! &/,%$%)*,&9! (+*<*,)$<*! '((+/'&#! (+/(/%*-! $,!

@,)/R*+%$/,S+'(#4!

B?B?:  +,-.&' ( !/,)0.0#1)&2!C1#1&# .,)!A@'68(1!

5&&/+-$,8!)/!)#*!!!!!!!!!!/,)/1/89!0/-*1!'H$/0%!/6!)#*!6$+%)!<*+%$/,!/6!!5!&',!.*!-*6$,*-!.9]!

&

-J&:6;,I7!"#,=%9D&

-/&:6;,I7!#=A",,=#9D&

-X&:6;,I7THUF"%H9D&

-0&:6;!!7!#=A",,=#8&THUF"%H9D&

-1&:6;,L7H"-C*",9D&

-2&:6;,L7-HH"%F,9D&

-3&:6;!!!! &7H"-C*",8&(=@I=%C"@H9D&

-4&:6;!!!! &7-HH"%F,8&(=@I=%C"@H9D&

-O&:6;!!7!"#,=%8&-39D&

-W&:6;!!7!"#,=%8&-49D&

-/J&:6;!!7-O8&!#=A",,=#9D&

-//&:6;!!7-W8&THUF"%H9D&

!

! !5!&',!)#*,!-*%&+$.*-!.9!]!

!

,I6;(=@I=%C"@H8&!"#,=%8&!#=A",,=#8&THUF"%H8&-38&-48&-O8&-WD8&

,L6;H"-C*",8&-HH"%F,D8&

!!6;7-O8!#=A",,=#98&7-W8&THUF"%H9D8&

!!6;7!#=A",,=#8&THUF"%H9D8&

!!6;7!"#,=%8&-398&7!"#,=%8&-49D8&

!!!6;7H"-C*",8&(=@I=%C"@H98&7-HH"%F,8&(=@I=%C"@H9DK&

!

"#*!81/.'1!1/8!/6!&#',8*%!G=.5&=A&!58&+*&/+-$,8!'11!)#*!&#',8*%!'((1$*-!/,&!5&%$,&*!$)%!&+*')$/,!$%!

'%%70*-!-*6$,*-&.9!]!

!

G=.567!!! !!!! 8&!!! 8&!!! 8&!!! 8&!!! 8&!!! 8&!!! 8&!!! 8&!!! 8&!!!" 8&!!!!9&T$)#]!

!!!6&-FFI=%C"@H7!"#,=%98&

!!!6&-FFI=%C"@H7!#=A",,=#98&

!!!6-FFI=%C"@H7THUF"%H98&

!!!6-FF+$,S=$%HI=%C"@H7!#=A",,=#8&THUF"%H98&

!!!6-FFL=G"7H"-C*",98&

!!!6-FFL=G"7-HH"%F,98&

!!!6-FFL=G")P$,H"%H$-GL",H#$CH$=%7H"-C*",8&(98&

!!!6-FFL=G")P$,H"%H$-GL",H#$CH$=%7-HH"%F,8&(98&

!!!6-FFI=%C"@H'%H"#,"CH$=%7!"#,=%8&-398&

!!!6-FFI=%C"@H'%H"#,"CH$=%7!"#,=%8&-498&

!!!"6-FF)YU$Z-G"%HI=%C"@H7-O8&!#=A",,=#98&

!!!!6-FF)YU$Z-G"%HI=%C"@H7-W8&THUF"%H9K&

!

"#*!1/8$&'1!&/,%$%)*,&9!-*)*&)$/,!#',-1*-!$,!)#*!&#',8*!%*0',)$&%!(#'%*!7%*%!)#*!1/8&G=./!

+*(+*%*,)$,8!)#*!,*T!&#',8*%!)/!'((19!/,!!5!.9!-/0'$,!*H(*+)%4!=)!$%!'%%70*-!%)+7&)7+'119!&/,%$%)*,)!

'&&/+-$,8!)/!)#*!&#',8*!0/-*1$,8!(#'%*!/6!)#*!&/++*%(/,-$,8!/,)/1/89!*</17)$/,!(+/&*%%!6+/0!T#$&#!$)!$%!

$%%7*-4!G=./!-*6$,*-!.9]!

!

G=./67-FFI=%C"@H7!*+THUF"%H98&-FFI=%C"@H'%H"#,"CH$=%7THUF"%H8&-398&-FFTU>I=%C"@H7-/08&!*+THUF"%H99&

&

51%/!&#',8*%!+*(+*%*,)*-!$,&G=./!$,)*,-!)/!'--!)/!!5!)#*!6/11/T$,8!'H$/0%]!



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

!*+&(*",$,& & !-."&/XW&

!

-/X&:6;!"7!*+THUF"%H9D&

-/0&:6;!!7THUF"%H8&-39D&

-/1&:6;!!7-/08&!*+THUF"%H9D&

!

5&&/+-$,8! )/! )#*! 1/8$&'1! &/,%$%)*,&9! -*)*&)$/,! (+/&*%%>! G=./& $%! 6$+%)19! &/,&')*,')*-! )/! G=.5& )/!

+*(+*%*,)! $,! )#*! %'0*! 1/8! )#*! &#',8*%! '((1$*-! /,!!5! %$,&*! $)%! &+*')$/,! ',-! )#*! ,*T! &#',8*%4! "#*! 1/8!

(+/-7&*-!6+/0!)#$%!&/,&')*,')$/,>!,/)*-!G=.H"B@>!$%!-*6$,*-!.9]!

!

G=.H"B@67!!! !!!! 8&!!! 8&!!! 8&!!! 8&!!! 8&!!! 8&!!! 8&!!! 8&!!! 8&!!!" 8&!!!! 8&!!!" 8&!!!" 8&!!!"9!T$)#]!

!!!6&-FFI=%C"@H7!"#,=%98&

!!!6&-FFI=%C"@H7!#=A",,=#98&

!!!6-FFI=%C"@H7THUF"%H98&

!!!6-FF+$,S=$%HI=%C"@H7!#=A",,=#8&THUF"%H98&

!!!6-FFL=G"7H"-C*",98&

!!!6-FFL=G"7-HH"%F,98&

!!!6-FFL=G")P$,H"%H$-GL",H#$CH$=%7H"-C*",8&(98&

!!!6-FFL=G")P$,H"%H$-GL",H#$CH$=%7-HH"%F,8&(98&

!!!6-FFI=%C"@H'%H"#,"CH$=%7!"#,=%8&-398&

!!!6-FFI=%C"@H'%H"#,"CH$=%7!"#,=%8&-498&

!!!"6-FF)YU$Z-G"%HI=%C"@H7-O8&!#=A",,=#98&

!!!!6-FF)YU$Z-G"%HI=%C"@H7-W8&THUF"%H98&

!!!"6-FFI=%C"@H7!*+THUF"%H98&

!!!"6-FFI=%C"@H'%H"#,"CH$=%7THUF"%H8&-398&

!!!"6-FFTU>I=%C"@H7-/08&!*+THUF"%H9K&

 

"#*,!*'&#!'--$)$/,!&#',8*!/6!G=.H"B@!$%!%*('+')*19!','19%*-!)/!*H)+'&)!)#*!%')$%6$'.$1$)9!&/,%)+'$,)%!

&/++*%(/,-$,8! )/! $)%! &#',8*! /(*+')/+! )9(*! U%**! &/170,! 2"O2G! /,! "'.1*! L! .*1/TV4! O,%')$%6$'.$1$)9!

&/,%)+'$,)%! '+*! $,%)',)$')*-! /,! )#*! /,)/1/8$&'1! *1*0*,)%! &#',8*! +*(+*%*,)*-! '%! ('+'0*)*+%! /6! G=.H"B@!

&#',8*%!U%**!&/170,!2"O2=!/,!"'.1*!L!.*1/TV4!_$,'119>!)#*!(/)*,)$'1!0$,$0'1!$,&/,%$%)*,)!%*)%!/6!&#',8*%!

'+*! 8*,*+')*-! U%**! &/170,! 2=5! /,! "'.1*! L! .*1/TV! 6+/0! )#*! 7,%')$%6$'.$1$)9! &/,%)+'$,)%! 6/+! T#$&#! '11!

('+'0*)*+%!#'<*!.**,!$,%)',)$')*-!U$,!./1-!$,!&/170,!2"O2=!/,!"'.1*!L!.*1/TV4 



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

!*+&(*",$,& & & & & & & & &&&&&&&&&&!-."&/01&

 

Change  Operator Types 

Unsatisfiability Constraint Extraction (CTUCE) 

Change Operator Types Unsatisfiability Constraint Instantiation (CTUCI) Change Inconsistency Analysis (CIA) 

logtemp Changes 

Chronology  

Change Operator Types Unsatisfiability 

Constraints 

Ontologica

l Elements 

added by 

Changes 

Potential Minimal Inconsistent Sets of Axioms added by logtemp Changes 
Potential Inconsistent Set of Changes 

 To Check in log1 

!!!!-2234%5"678!"#,4%9 
addConcept(D)!

!

!

!"#,4%&!&,3&  !

!!!:-2234%5"678!#4;",,4#9 
!#4;",,4#!&,3&  !

!!!!-2234%5"678<7=2"%79 
<7=2"%7&!&,3&  !

!!!!-22+$,>4$%734%5"678!#4;"

,,4#?&<7=2"%79 

addDisjointConcept(D1,D2)!

• "#!!! !!"!!"!!!! ! !!"!!"!!!$%&!!! !!!!!"!!

• "#!!! !!"!!"!!!! ! !!"!!"!!!$%&!!! !!!!!"!!

• "#!!!!'()*(+,!

• "#!!!'(+*(),!

• "#!!!'()*(+,!

• "#!!!'(+*(),!!

• "#!!!'(+*(+-,!$%&!!!!'()*!(+-,!

• "#!!!'()*()-,!$%&!!!'(+*!()-,!

• "#!!!'(+*.+),*/*'(+*.+%,!$%&!!!!0123!43$4!!!!!!!.+",!

• "#!!!'()*.)),*/*'()*.)%,!$%&!!!!0123!43$4!!!!!!!.)",!

• "#!!!! !!!!'(+*.+),*/*'(+*.+%,!$%&!

!!!()*.)),*/*'()*.)%,0123!43$4!!!'!""!!.+5,!

• "#!!!! !!!!!(+*.+),*/*'(+*.+%,!$%&!!!'()*.)),*/*'()*.)%,!

0123!43$4!!!'.+5*!.)",!

! !!!!!

• "#!!!'!!"#$%&&#"!!"!!!! ! !!"#$%&&#"!!"%,!$%&!!"!0123!43$4!!! !!"#$%&&#"!!"!!!

• "#!!!'!"#$%&"!!"!!!! ! !"#$%&"!!"! !!$%&!!!!0123!43$4!!! !!"#$%&"!!"!!!

• "#!!!!$%&'#())'&*!!"#$%&"+!

• "#!!!!$!"#$%&"*!%&'#())'&+!

• "#!!!!$!"#$%&"*!%&'#())'&+!

• "#!!!!$!"#$%&&#"*!,-./(0-+!!

• "#!!!'!"#$%&"*!!"-,!$%&!!!!'678#90087*!!"-,!

• "#!!!'678#90087*!!"-,!$%&!!!!!'!"#$%&"*!()-,!

• "#!!!!!!"#$%&"*.+),*/*'!!"#$%&"*!!"%,!$%&!!!!0123!43$4!!!!!"#$%&&#"!!.!",!

• "#!!! !678#90087*.)),*/*'!678#90087*!.)!%,:!$%&!!!!0123!43$4!!!!!"#$%&"!!.)!",!

• "#!!!!! !!!!!!!"#$%&"*!!!),*/*'!!"#$%&"*!!!%,!$%&!!!!678#90087*!.)),*/*'!678#90087*!.)%,!0123!43$4!!!'!""!!.!5,!

• "#!!!! !!!!!!!"#$%&"*!!!),*/*'!!"#$%&"*!!!%,!$%&!!!!678#90087*!.)),*/*'!678#90087*!.)%,!0123!43$4!!!'.!!5*!.)!",!

!!! "#$%%&'()*$+,-./0-1,2.34506,7705"#8.(%,-.9#

!!! "#$%%&'()*$+,-./0-1,2.38.(%,-."#4506,77059#

!!! "#$%%/0-1,2.:-.,57,1.)0-34506,7705"#8.(%,-.9#

!!! "#$%%/0-1,2.:-.,57,1.)0-38.(%,-."#4506,77059#

!!!!-22@4A"87"-5*",9 
addRole(R)! 7"-5*",!!&,@& !!!!!

• "#!!! !!"#$%&&#"!!"!!!! ! !!"#$%&&#"!!"%,!$%&!!"!0123!43$4!!! !!"#$%&&#"!!"!!!

• "#!!!'!"#$%&"!!"!!!! ! !!"#$%&"!!"!!!$%&!!!!0123!43$4!!! !!"#$%&"!!"!!!

• "#!!!!$%&'#())'&*!!"#$%&"+!

• "#!!!!$!"#$%&"*!%&'#())'&+!

• "#!!!!$!"#$%&"*!%&'#())'&+!

• "#!!!!$!"#$%&&#"*!,-./(0-+!!

• "#!!!'!"#$%&",";'!!"#$%&"*!!"-,!$%&!!!!'678#90087*!!"-,!

• "#!!!'678#90087*!!"-,!$%&!!!!'!"#$%&",5;'!!"#$%&"*!()-,!

• "#!!!!!"#$%&"*.+),*/*'!!"#$%&"*!!"%,:!$%&!!!!0123!43$4!!!!!"#$%&&#"!!.!",!

• "#!!!!!678#90087*.)),*/*'!678#90087*!.)!%,!$%&!!!!0123!43$4!!!!!"#$%&"!!.)!",!

• "#!!!!! !!!!!!"#$%&"*!!!),*/*'!!"#$%&"*!!!%,!$%&!!!'!678#90087*!.)),*/*'!678#90087*!.)%,!0123!43$4!!!!""!!.!5,!

• "#!!!! !!!!!!!"#$%&"*!!!),*/*'!!"#$%&"*!!!%,!$%&!!!!678#90087*!.)),*/*'!678#90087*!.)%,!0123!43$4!!!'.!!5*!.)!", 

!!! ?&-22)B=$C-A"%734%5"678!#4;",,4#?&<7=2"%79&

!!! ?&-22)B=$C-A"%734%5"678<7=2"%7?&!#4;",,4#9&

!!! ?&-2234%5"67'%7"#,"57$4%8!#4;",,4#?&<7=2"%79&

!!! ?&-2234%5"67'%7"#,"57$4%8<7=2"%7?&!#4;",,4#9!

!!!!-22@4A"8-77"%2,9 
-77"%2,&!&,@& !!!!!

• "#!!! !!"#$%&&#"!!"!!!! ! !!"#$%&&#"!!"%,!$%&!!"!0123!43$4!!! !!"#$%&&#"!!"!!!

• "#!!!'!"#$%&"!!"!!!! ! !!"#$%&"!!"!!!$%&!!!!0123!43$4!!! !!"#$%&"!!"!!!

• "#!!!!$%&'#())'&*!!"#$%&"+!

• "#!!!$!"#$%&"*!%&'#())'&+!

• "#!!!!$!"#$%&"*!%&'#())'&+!

• "#!!!$!"#$%&&#"*!,-./(0-+!!

• "#!!!'!"#$%&"*!!"-,!$%&!!!!'678#90087*!!"-,!

• "#!!!'678#90087*!!"-,!$%&!!!!!'!"#$%&"*!()-,!

• "#!!!!!!"#$%&"*.+),*/*'!!"#$%&"*!!"%,!$%&!!!!0123!43$4!!!!!"#$%&&#"!!.!",!

• "#!!!!678#90087*.)),*/*'!678#90087*!.)!%,!$%&!!!!0123!43$4!!!!!"#$%&"!!.)!",!

• "#!!!!! !!!!!!"#$%&"*!!!),*/*'!!"#$%&"*!!!%,!$%&!!!!678#90087*!.)),*/*'!678#90087*!.)%,!0123!43$4!!!'!""!!.!5,!

• "#!!!! !!!!!!"#$%&"*!!!),*/*'!!"#$%&"*!!!%,!$%&!!!!!678#90087*!.)),*/*'!678#90087*!.)%,:!0123!43$4!!!'.!!5*!.)!", 

!!! ?&-22)B=$C-A"%734%5"678!#4;",,4#?&<7=2"%79&

!!! ?&-22)B=$C-A"%734%5"678<7=2"%7?&!#4;",,4#9&

!!! ?&-2234%5"67'%7"#,"57$4%8!#4;",,4#?&<7=2"%79&

!!! ?&-2234%5"67'%7"#,"57$4%8<7=2"%7?&!#4;",,4#9!

!!!:-22@4A")D$,7"%7$-A@",7#$5
7$4%87"-5*",?&(4634%5"679 

addRoleExistentialRestriction(R, D)!

• "#!!!! ! ! !!!!!!!! ! !!!!!! !$%&!!"!!!! !! !

!!! !!!!!! ! !!! !!!! !0123!43$4!!!!!! ! !!!

• .#!!!!!!'<,";'<*<9,!$%&!

!!! !" ! !"!!"!!!! ! !!"!!"!! !0123!43$4!!!!! ! !"! !

• "#!!! ! ;='<*'"()*"<$),,*/*'<*'"(%*"<$),,:!$%&!

-E&F:G!!!! &

87"-5*",9:87"-

5*",?&

(4634%5"679H

!!&,3&

!!!!!

• "#!!! !!!"#$%&&#"!!"!!!! ! !!"#$%&&#"!!"%,!$%&!!"!0123!43$4!!! !!"#$%&&#"!!"!!!

• "#!!! !!"#$%&"!!"!!!! ! !"#$%&"!!"! !!$%&!!!!0123!43$4!!! !!"#$%&"!!"!!!

• "#!!!!$%&'#())'&*!!"#$%&"+!

• "#!!!!$!"#$%&"*!%&'#())'&+!

• "#!!!!$!"#$%&"*!%&'#())'&+!

!!! ?&-22)B=$C-A"%734%5"678!#4;",,4#?&<7=2"%79&

!!! ?&-22)B=$C-A"%734%5"678<7=2"%7?&!#4;",,4#9&

!!! ?&-2234%5"67'%7"#,"57$4%8!#4;",,4#?&<7=2"%79&

!!! ?&-2234%5"67'%7"#,"57$4%8<7=2"%7?&!#4;",,4#9 



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

!*+&(*",$,& & & & & & & & &&&&&&&&&&!-."&/0/&

!!!!"#$!!"#!!!!!"<$"!! • "#!!!$!"#$%&&#"*!,-./(0-+!!

• "#!!!'!"#$%&"*!!"-,!$%&!!!!!'678#90087*!!"-,!

• "#!!!'678#90087*!!"-,!$%&!!!!!'!"#$%&"*!()-,!

• "#!!!!!"#$%&"*.+),*/*'!!"#$%&"*!!"%,:!$%&!!!!0123!43$4!!!!"#$%&&#"!!.!",!

• "#!!!!678#90087*.)),*/*'!678#90087*!.)!%,!$%&!!!!0123!43$4!!!!!"#$%&"!!.)!",!

• "#!!!!! !!!!!!"#$%&"*!!!),*/*'!!"#$%&"*!!!%,!$%&!!!!678#90087*!.)),*/*'!678#90087*!.)%,!0123!43$4!!!'!""!!.!5,!

• "#!!!! !!!!!!!"#$%&"*!!!),*/*'!!"#$%&"*!!!%,!$%&!!!!678#90087*!.)),*/*'!678#90087*!.)%,!0123!43$4!!!'.!!5*!.)!",!

!

!!!!!

• .#!!!! !!"#$%"&!!!!!! ! !!"#$%"&!!! !!$%&!!"!!!!!!! !!!!!! ! !!! !!!!!0123!43$4!!!!!! !!>!

• .#!!!!!!'49$2390*<9,!$%&!!!!!!"!!"!!!! ! !!"!!"!!!0123!43$4!!!!! ! !"! !

• "#!!!'49$2390*'"()*"<$),,*/*'49$2390*'"(%*"<$),,!$%&!!!!!"#$!!"#!!!!!"<$"!>!

!!!!-22@4A")D$,7"%7$-A@",7#$57

$4%8-77"%2,?&(4634%5"679 

-I&F:G!!!! &

8-77"%2,9:8-77"

%2,?&

(4634%5"679H

!!&,3&

!!!!!

• "#!!! !!"#$%&&#"!!"!!!! ! !!"#$%&&#"!!"%,!$%&!!"!0123!43$4!!! !!"#$%&&#"!!"!!!

• "#!!! !!"#$%&"!!"!!!! ! !!"#$%&"!!"!!!$%&!!!!0123!43$4!!! !!"#$%&"!!"!!!

• "#!!!$%&'#())'&*!!"#$%&"+!

• "#!!!!$!"#$%&"*!%&'#())'&+!

• "#!!!!$!"#$%&"*!%&'#())'&+!

• "#!!!!$!"#$%&&#"*!,-./(0-+!!

• "#!!!'!"#$%&"*!!"-,!$%&!!!!!'678#90087*!!"-,!

• "#!!!'678#90087*!!"-,!$%&!!!!!'!"#$%&"*!()-,!

• "#!!!!!"#$%&"*.+),*/*'!!"#$%&"*!!"%,!$%&!!!!0123!43$4!!!!!"#$%&&#"!!.!",!

• "#!!!!678#90087*.)),*/*'!678#90087*!.)!%,!$%&!!!!0123!43$4!!!!!"#$%&"!!.)!",!
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j^D-%h"$%.498(CE>C%G"EI9&>C^#,"4A_&

o ,(7=B,FJ,I#$%.9&B,FJF"G$D-WA_&

o V(7=8(CE(HE"9&B,FJ,I#$%.49&8(CE(HE"9&B,FJF"G$D-W4A_&

o ,?7=(CE?CW"9&X#$"%F6X9&I"-G*",9&$,(-^.*IhHA_&

o V?7=8(CE?CW"9&X#$"%F6X49&8(CE?CW"9&I"-G*",498&(CE?CW"9&$,(-^.*IhH4A_

o ,@7=(CE@II#$]^I"9&%-D"9&-."A_&

o V@&7=8(CE@II#$]^I"9&%-D"49&8(CE@II#$]^I"9&-."4A_&

o ,'7=G*#$,ICE*"/9&G*#$,ICE*"P9&G%$GCWW"9&,"D-%I$Gl"]/A_&



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

!*+&(*",$,& & !-."&/22&

o ,;7=m>*#$,ICE*"&n$GCWW"oA_&

o ,\?7=k^%GI$C%-W9&'%`"#,"k^%GI$C%-W9&iHDD"I#$GA_&

o ,\@7=A_&

&

• !6:7=!?&9!!@A&e$I*J&

&

o !?7=8I"-G*",9&8!#CX",,C#9&>C^#,"449&8X#$"%F6X9&8!"#,C%9&!"#,C%44A&_&

o !@7=8-."9&8!"#,C%9&B,FJF"G$D-W449&8%-D"9&8!"#,C%9&B,FJ,I#$%.44A&_&

&

• !6:7=N>9&N(9&N?9&N@9&[?9&[@9&Q>9&Q?9&Q@9&Q'9&R>9&R'9&S>9&S?9&D-B>-#F?9&D$%>-#F?9&⊓>9&⊔>9&⊔'9&⊔;9&U!"9&U#"9&U?9&U!$9&U#$9&U@A&

e$I*J&

&

o N>7=8!#CX",,C#9&G*#$,ICE*"/4A_&

o N(7=A_&

o N?7=8X#$"%F6X98G*#$,ICE*"/9&G*#$,ICE*"P449&8I"-G*",9&8G*#$,ICE*"/9&,"D-%I$Gl"]/44A_&

o N@7=8%-D"98G*#$,ICE*"/9&m>*#$,ICE*"&n$GCWW"o44A_&

o [?7=8I"-G*",9&'%`"#,"k^%GI$C%-W49&8$,(-^.*IhH9&k^%GI$C%-W49&8X#$"%F6X9&iHDD"I#$G4AA_&

o [@7=A_&

o Q>7=8!"#,C%9&j^D-%h"$%.4A_&

o Q?7=A_&

o Q@7=A_&

o Q'7=A_&

o R>7=8!"#,C%9&>C^#,"4A_&

o R'7=8G*#$,ICE*"/9&G*#$,ICE*"P4A_&

o S>7=A_&

o S?7=8I"-G*",9&$,(-^.*IhH4A_&

o D-B>-#F?7=8$,(-^.*IhH9/4A_&

o D$%>-#F?7=8$,(-^.*IhH9/4A_&

o ⊓>7=A_&

o ⊔>7=A_&

o ⊔'7=A_&

o ⊔;7=A_&

o U!"7=8I"-G*",9&8>C^#,"44_&

o U#"*+,(&

o U?7=A_&

o U!$*+,(&

o U#$*+,(&

o U@7=A_&

&

)6& 7& =(CE>C%G"EI9& hCIICD>C%G"EI9& (CE@II#$]^I"9& hCIICD@II#$]^I"9& (CE?CW"9& hCIICD?CW"9& (CE+-I-(HE"9&

hCIICD+-I-(HE"A&

&

S$;A+*!4P!%#.?%!'!;+'(#$&'/!+*(+*%*:)')$.:!.-!!6:!+*'/$0*9!?$)#!)#*!TBFD"!D:)./.;6!I9$).+8!

&
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&

M$#5+('Q=>'C567S,*"!"#1'!!4%E)*+&%*$",'K(45!*'

!

B?O )*+,!1#P!"#$%&%'(!L&%J1& !D%'- !%A !9:1#'+-

MA*!).!/'&2!.-!%('&*7!)#*!.:)./.;6!!!!;/.1'/!/.;!.-!&#':;*%!WC.6!7!?#$&#!$%!A%*9!).!;*:*+')*!)#*!>$*?!;/.1'/!

/.;!.-!&#':;*%! WC.;7! $%!:.)!+*(+*%*:)*9!#*+*8!`.?*>*+7! -.//.?$:;!)#*!;*:*+')$.:!+A/*!.-! )#*!%A1B.:)./.;6!

/.;!.-!&#':;*%7!)#*!*=)+'&)$.:!.-!)#*!>$*?!,'6!;*:*+')*!)#*!-.//.?$:;!;/.1'/!/.;!.-!&#':;*%@!

!

WC.;78&

8-FF>C%G"EI9&8!"#,C%449&

8-FF>C%G"EI9&8!#CX",,C#449&

8-FF>C%G"EI9&8iI^F"%I449&

8-FF>C%G"EI9&8j^D-%h"$%.449&

8-FF>C%G"EI9&8>C^#,"449&

8-FFi^]>C%G"EI9&8!#CX",,C#9&!"#,C%449&

8-FFi^]>C%G"EI9&8iI^F"%I9&!"#,C%449&

8-FF+-I-IHE"9&8B,FJ,I#$%.449&

8-FF+-I-IHE"9&8B,FJF"G$D-W449&

8-FF?CW"9&8X#$"%F6X449&

8-FF?CW"8I"-G*",449&

8-FF?CW"9&8$,(-^.*IhH449&

8-FF@II#$]^I"9&8%-D"449&

8-FF@II#$]^I"9&8-."449

8-FF'%,I-%G"9&8G*#$,ICE*"/449&

8-FF'%,I-%G"9&8G*#$,ICE*"P449&

8-FF'%,I-%G"9&8G%$GCWW"449&

8-FF'%,I-%G"9&8,"D-%I$Gl"]/449&

8-FF+-I-;-W^"9&8m>*#$,ICE*"&n$GCWW"o449&

8-FF?CW"i$.%-I^#"9&8I"-G*",9&8!#CX",,C#9&>C^#,"4449&

8-FF?CW"i$.%-I^#"9&8X#$"%F6X9&8!"#,C%9&!"#,C%4449&
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8-FF@II#$]^I"i$.%-I^#"9&8%-D"9&8!"#,C%9&B,FJ,I#$%.4449&

8-FF@II#$]^I"i$.%-I^#"9&8-."9&8!"#,C%9&B,FJF"G$D-W4449&

8-FF>C%G"EI'%,I-%I$-I$C%9&8G*#$,ICE*"/9&!#CX",,C#449&

8-FF?CW"'%,I-%I$-I$C%9&8G*#$,ICE*"/9&G*#$,ICE*"P9&X#$"%F6X449&

8-FF?CW"'%,I-%I$-I$C%9&8G*#$,ICE*"/9&,"D-%I$Gl"]/9&I"-G*",449&

8-FF@II#$]^I"'%,I-%I$-I$C%9&8G*#$,ICE*"/9&m>*#$,ICE*"&n$GCWW"o9&%-D"449&

8-FF?CW"'%`"#,"k^%GI$C%-W!#CE"#IH9&8I"-G*",449&

8-FF?CW"k^%GI$C%-W!#CE"#IH9&8$,(-^.*IhH449&

8-FF?CW"iHDD"I#$G!#CE"#IH9&8X#$"%F6X449&

8-FF)p^$`-W"%I>C%G"EI9&8!"#,C%9&j^D-%h"$%.449&

8-FF+$,cC$%I>C%G"EI9&8!"#,C%9&>C^#,"449&

8-FF+$XX"#"%I'%,I-%G"9&8G*#$,ICE*"/9&G*#$,ICE*"P449&

8-FF'%`"#,"?CW"9&8I"-G*",9&$,(-^.*IhH449&

8-FF?CW"q-B>-#F$%-W$IH9&8$,(-^.*IhH9&/449&

8-FF?CW"q$%>-#F$%-W$IH9&8$,(-^.*IhH9&/449&

8-FF?CW")B$,I"%I$-W?",I#$GI$C%9&8I"-G*",9&>C^#,"44&

4&

!
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&#':;*%!?$//!1*!A(9')*9!'%!-.//.?@!WC.6%"e78WC.69&8"BI#-GIi^]6%ICWC.H8WC.;444M&

&

B?Q  @*-27-- *%#!

!
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'((+.'&#@!%"/9!(*(,(44!':9'%",4$4*(,%1!3L+.(*+)6!4!':9!P58!

!

J+"9(+*1' Q>! D"/9!(*(,(44' "0' *.('!"#$%!!! !2$(3' ()*+&%*$",F! "#* !!!!!!!!! !>$*?! *=)+'&)$.:!
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,.9*/8!

C:!.)#*+!?.+9%7!'!%A1B.:)./.;6!*=)+'&)*9!'&&.+9$:;!).!)#*!!!!!!!!!!>$*?!*=)+'&)$.:!(+.&*%%!$%!

'!)+A*!!!!!!!!!!.:)./.;68!!

&

J+"9(+*1' =>' D",4$4*(,%1' "0' *.('!"#$%!!!!2$(3' ()*+&%*$",F! E.:%$9*+$:;! '&!!!!!!!!&.:)./.;6&!!&

':9! '! %A1B.:)./.;6&!!:& *=)+'&)*9! -+.,&!!&'&&.+9$:;! ).! )#*&!!!!!!!!!>$*?! *=)+'&)$.:! (+.&*%%7! $-&!!&$%!
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!
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%A1B.:)./.;$*%!&':!)#*+*-.+*!1*!,':';*9!?$)#$:!)#*!D:).H*+%$.:T+'(#!,*)#.9./.;68!

!

! !
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).!-*!1.1S*U$%)*1)!')!)#*!)$4*!./!)#*!&+*')$.1!./!)#*!(+.X*&)<!/.+!)#*+*!'+*!1.!&.1/5$&)%8!!

!

?/! '! ,.4'$1! *U(*+)! ,*&$,*%! ).! ,*:*5.(! '1! .1).5.67! ;$)#! 01).2*+%$.1$16<! )#*! /$+%)! (+.&*%%! ;$55!

6*1*+')*! '! /$+%)! 4$1$4'5! 2*+%$.13+'(#! )#')! ;$55! 1.)! &.1)'$1! '17)#$16! $1! )#*! #$%).+7! ./! &#'16*%<! -J)!

&.1)*U)J'5! ,')'8! ".! &+*')*! '! (+.X*&)<! )#*+*! $%! 1.! 1**,! #':$16! '1! *U$%)$16! .1).5.67! /.5,*+8! ?1,**,<! )#*!

%7%)*4!;$55!'J).4')$&'557!&+*')*!.1*!$/!$)!,.*%!1.)!'5+*',7!*U$%)8!95%.<!$)!$%!',:$%'-5*!1.)!).!%*5*&)!*U$%)$16!

/.5,*+%8! "#*! /.5,*+! 1'4*! ;$55! -*! )#*! 1'4*! ./! .1).5.67<! '1,! )#*! 1'4*%('&*! $%! +*(+*%*1)*,! $1! )#*! /$+%)!

2*+%$.13+'(#!4*)',')'<!;#$&#!&.++*%(.1,%!).!)#*!-'%*!./!)#*!(+.X*&)8!"#$%!2*+%$.13+'(#<!;#$&#!$%!'54.%)!

*4()7<!'('+)!/+.4!%.4*!+*MJ*%)*,!4*)',')'<!,.*%!1.)!&.1)'$1!'17!&#'16*!'1,!)#*+*/.+*!%74-.5$L*%!)#*!

*4()7! .1).5.678! P.+! $1%)'1&*<! )#*! $1%)+J&)$.1! -*5.;! &+*')*%! '! (+.X*&)! 1'4*,! f)*%)h! $1! )#*! f.1).5.6$*%h!

/.5,*+<!;#$&#!1'4*%('&*!$% f#))(Njj*U'4(5*8.+6jm!f8!

!

Project p = new Project("ontologies", "test", "http://example.org/#") 

!

"'E$16!.:*+!'1!*U$%)$16!0@A!BA!.1).5.67<!;#$&#!#'%!1.)!-**1!,*:*5.(*,! $1%$,*! )#*!9>?<! $1).!'!

1*;! (+.X*&)! +*MJ$+*%! 4.+*! *//.+)8! ?1,**,<! $)! $4(5$*%! 6*1*+')$16! '! 2*+%$.13+'(#! &.1)'$1$16! )#*!

#7(.)#*)$&'5! %J&&*%%$.1! ./! &#'16*%! )#')! 4'7! #':*! -**1! '((5$*,! ).! ,*:*5.(! )#*! *U$%)$16! .1).5.678! "#$%!

/*')J+*!$%!1.)!$4(5*4*1)*,!$1!)#*!'&)J'5!:*+%$.1!./!)#*!9>?8!_.;*:*+!$)!$%!*U(*&)*,!$1!'!/J)J+*!:*+%$.18!9!

,+'/)!'56.+$)#4!6*1*+')$16!)#*!2*+%$.13+'(#!./!'1!*U$%)$16!0@A!BA!.1).5.67!;.J5,!$1:.5:*!)#*!/.55.;$16!

%)*(%N!

─ `*(+*%*1)$16!)#*!&+*')$.1!./!'55!)#*!&5'%%*%!'1,!)#*$+!,*%&+$()$.1!F&8/8!&.1&*()!$1!!!!!! ! H<!

─ `*(+*%*1)$16! )#*! 65.-'5! &5'%%! %J-%J4()$.1! #$*+'+&#7! ,*%&+$()$.1! F&8/8! &.1&*()! %J-%J4()$.1! $1!

!!!!! ! H<!

─ `*(+*%*1)$16! )#*! &+*')$.1! ./! '55! .-X*&)! (+.(*+)$*%! '1,! ,')')7(*! (+.(*+)$*%! '1,! )#*$+! ,*%&+$()$.1! F&8/8!

+.5*%!'1,!'))+$-J)*%!$1!!!!!! ! H<!

─ `*(+*%*1)$16!)#*!65.-'5!.-X*&)!(+.(*+)7!'1,!,')')7(*!(+.(*+)7!%J-%J4()$.1!#$*+'+&#7!,*%&+$()$.1!F&8/8!

+.5*!'1,!'))+$-J)*!%J-%J4()$.1!$1!!!!!! ! H<!

─ `*(+*%*1)$16!)#*!.-X*&)!(+.(*+)7!'1,!,')')7(*!(+.(*+)7!%$61')J+*%!,*%&+$()$.1!F&8/8!+.5*!'1,!'))+$-J)*!

%$61')J+*%!$1!!!!!! ! H<!

─ `*(+*%*1)$16!)#*!/J1&)$.1!'U$.4%!'%%.&$')*,!;$)#!*:*+7!&5'%%*%<!,')')7(*%<!.-X*&)!(+.(*+)$*%<!,')')7(*!

(+.(*+)$*%<! $1,$:$,J'5%! '1,! ,')':'5J*%! F&8/8! &.1&*()<! ,')')7(*<! +.5*<! '))+$-J)*<! $1%)'1&*! '1,! ,')':'5J*!

/J1&)$.1%!$1!!!!!! ! H<!

4<H<@  !"#J'B$ (=#?.; .B-$ .#,(=#?0+' (

".!.(*1!'1!*U$%)$16!(+.X*&)!$1!01).2*+%$.1$16<!)#*!%7%)*4!.157!+*MJ$+*%!)#*!(+.X*&)!(')#8!"#$%!(')#!&'1!-*!

+*5')$:*!.+!'-%.5J)*8!P.+!$1%)'1&*<!)#$%!$1%)+J&)$.1!.(*1%!)#*!(+.X*&)!f)*%)h!./!)#*!/.5,*+!f.1).5.6$*%h8!

!

Project p = new Project("ontologies", "test"); 

!

01&*! )#*! (+.X*&)! $%! 5.',*,<! $)! $%! +*',7! ).! J%*8! "#$%! XJ%)! +*MJ$+*%! 5.',$16! )#*! &.++*%(.1,$16!

2*+%$.13+'(#!5$E*!-*5.;N!

VersionGraph vg = p.loadLastVersion(); 

 

P.+! -.)#! .1).5.67! ,*:*5.(4*1)! )7(*%<! $8*8! /+.4! '1! *4()7! .1).5.67! .+! '1! *U$%)$16! 0@A! BA!

.1).5.67<!$)!$%!(.%%$-5*!).!$4(.+)!'1!.1).5.67!J(,')*,!-7!)#*!9>?<!;#$&#!$%!'5+*',7!.15$1*<!-7!%(*&$/7$16!$)%!

1'4*%('&*8!?1!)#$%!&'%*!)#*!.15$1*!:*+%$.1!./!)#*!.1).5.67!$%!5.',*,8!?1,**,<!.1*!./!)#*!4'$1!$1)*+*%)%!./!

.1).5.6$*%! $%! ).!%$4(57!-$1,!)#*4<!%.!)#')! $)!&'1!-*!+*J%*,8!P.+! $1%)'1&*<! )#*! $1%)+J&)$.1%!-*5.;!&+*')*!'!



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

!*+&(*",$,& & !-."&RS2&

!

(+.X*&)!1'4*,!f)*%)h! $1!'!/.5,*+!f.1).5.6$*%h<! 5.',!)#*!&.++*%(.1,$16!2*+%$.13+'(#!'1,!',,!).!)#*!5'))*+!

)#*!.1).5.67!?`?!f$+$0/01).5.67".?4(.+)h8!!

!

Project p = new Project("ontologies", "test", "http://example.org/#"); 
VersionGraph vg = p.loadLastVersion(); 
vg.getOperations().addOntologyImports("iriOfOntologyToImport"); 

4<H<H  5,$#6'"7 .#,.,8(!"#J'B$ (!"#&-8-$ .#,(

9/)*+!%*:*+'5!.1).5.67!*:.5J)$.1%<!)#*!,.4'$1!*U(*+)%!&'1!,*&$,*!).!:'5$,')*!)#*!;#.5*!&#'16*%!'1,!'((57!

)#*4!,*/$1$)$:*57!).!6*1*+')*!'!1*;!0@A!BA!.1).5.67!:*+%$.18!"#*!9>?!(+.:$,*%!'!f&.44$)h!/*')J+*<!;#$&#!

+*(5'&*%! )#*! (+*:$.J%! .1).5.67! -7! $)%! *:.5:*,! &.(7! -J)! E**(%! )+'&*! ./! $)%! 2*+%$.13+'(#! :*+%$.1! $1! )#*!

:*+%$.1$16! %7%)*48! "#*! 9>?! .157! 6*1*+')*%! .1).5.67! :*+%$.1%! $1! )#*! &.++*%(.1,$16! /.5,*+8! "#*$+!

,*(5.74*1)!$1!)#*!+$6#)!5.&')$.1!#'%!).!-*!,.1*!-7!'1!',4$1$%)+').+8!!

!

4<K  L.7B077 .#,(

!

"#$%!%*&)$.1!#'%!(+*%*1)*,!'!6*1*+'5!.:*+:$*;!.1!)#*!01).2*+%$.1$16!9>?!/*')J+*%8!"#*!4'$1!4.,J5*%!'+*!

)#*!&#'16*!4'1'6*4*1)!4.,J5*!J%$16!)#*!%)+J&)J+'5!'1,!5.6$&'5!(+*:*1)$:*!+*%.5J)$.1!4.,J5*%<!)#*!:$*;!

%(*&$/$&')$.1! '1,! %J-S.1).5.67! *U)+'&)$.1! 4.,J5*<! '1,! )#*! &#'16*! $4('&)! 4'1'6*4*1)! 4.,J5*8! "#*%*!

4.,J5*%!'+*!'55!%J((.+)*,!-7!2*+%$.13+'(#!/$5*%!&.1)'$1$16!)#*!65.-'5! 5.6%!./!&#'16*%!./!.1).5.6$*%!'1,!

%J-S.1).5.6$*%8!9!2*+%$.13+'(#!-*$16!+*(+*%*1)*,!'%!'1!0@A!5$6#)!.1).5.67!,*%&+$-$16!)#*!;#.5*!&#'16*%!

'((5$*,!.1!'1!.1).5.67!.+!'!%J-S.1).5.67!'1,!)#*$+!+*5')*,!4*)',')'<!&'1!-*!MJ*+$*,!-7!Q>9`bA!MJ*+$*%!

/.+! 4'17! (J+(.%*%<! %J&#! '%! 5.6$&'5! $1&.1%$%)*1&7! $,*1)$/$&')$.1<! .1).5.67! :*+%$.1! +*)+$*:$16! '1,!

+*6*1*+')$.1<! *)&8! "#+**! ,$//*+*1)! .)#*+! 4.,J5*%! +*5')*,! ).! )#*! &+*')$.1<! )#*! 4.,$/$&')$.1! '1,! )#*!

(+.('6')$.1!./!'1!01).2*+%$.1$16!(+.X*&)<!#':*!-**1!(+*%*1)*,8!"#*!,*:*5.(4*1)!'1,!)#*!*:.5J)$.1!./!'1!

0@A!BA!.1).5.67!'+*!J1)$5!1.;!+*'5$%*,! /+.4!%&+')&#!-J)! )#*!9>?! $%!'5%.!*1:$%$.1*,!).!%J((.+)!*U$%)$16!

0@A!BA!.1).5.6$*%!J(.1!)#*!'J).4')*,!&.1%)+J&)$.1!./!$)%!2*+%$.13+'(#8!

! !

9/9/



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

!*+&(*",$,& & !-."&RS0&

!

@ M7.,8(5NO(LO(5,$#+#8%(12-,8'(=-,-8'*',$(.,(5,$#6'"7.#,.,8(

!

"#$%!%*&)$.1!,*)'$5%!)#*!J%*!./!)#*!&#'16*!4'1'6*4*1)!/*')J+*%!$1!)#*!01).2*+%$.1$16!9>?8!"#*!/$+%)!('+)!

*U(5'$1%!#.;!).!&#..%*!)#*!:*+$/$&')$.1!4.,*!/.+!.1).5.67!&#'16*%8!9!%*&.1,!('+)!(+*%*1)%!)#*!5$%)!./!0@A!

BA!&#'16*!.(*+').+!)7(*%!,$%(5'7*,!-7!)#*!9>?8!?)!*U(5'$1%!#.;!).!%*5*&)!.1*!./!)#*4<!#.;!).!$1%)'1)$')*!$)!

'%!'!&#'16*!;$)#!)#*!+$6#)!('+'4*)*+%!'1,!#.;!).!',,!)#*!&#'16*!).!)#*!.1).5.67!5.6!./!&#'16*%8!9!)#$+,!

('+)!%#.;%!#.;!).!$4(5*4*1)<!%':*!)#*!&#'16*%!'1,!#.;!).!6*1*+')*!./!'!1*;!:*+%$.1!./!)#*!.1).5.678!9!

/.J+)#!('+)!(+*%*1)%!)#*!+*%J5)%!./!)#*!)*%)%!+*'5$L*,!.1!)#$%!4.,J5*8!

@<4  12##7.,8(-,(5&'"-$ .#,(6'" . ; .B-$ .#,(=#?'(

!

@#*1!%)'+)$16!'!&#'16*!4'1'6*4*1)!(+.&*%%<!)#*!/$+%)!%)*(!$%!)#*!&#.$&*!./!)#*!&#'16*!:*+$/$&')$.1!4.,*8!

"#$%!('+)! *U(5'$1%!#.;! ).! &#..%*!-*);**1! )#*! );.!:*+$/$&')$.1!4.,*%!(+.(.%*,!-7! )#*!9>?8!"#*! /$+%)! $%!

-'%*,!.1!)#*!=*1'!9>?!'1,!+*MJ$+*%!'!&*+)'$1!'4.J1)!./! )$4*!'1,!+*%.J+&*%8!"#*!%*&.1,!$%!-'%*,!.1!)#*!

0@A!BA! %)+J&)J+'5! &.1%$%)*1&7! &.1%)+'$1)%! '1,! '5%.! *4-*,%!CA0CE<! '%! '! (+*:*1)$:*! 5.6$&'5! &.1%$%)*1&7!

$,*1)$/$&')$.1!'((+.'&#8!"#$%!%*&.1,!4.,*!#$6#57!$1&+*'%*%!)#*!*U*&J)$.1!(*+/.+4'1&*%!-J)<!'%!*U(5'$1*,!

$1!(+*:$.J%!%*&)$.1<!%)$55!+*4'$1%!')!'1!*U(*+$4*1)'5!%)')*!'1,!1**,%!)#.+.J6#!)*%)%8!!

"#*!/$+%)!$1%)+J&)$.1!-*5.;!'55.;%!J%$16!=*1'l%!:*+$/$&')$.1!4.,*8!

 

Config.moteurVerification = Config.typeVerifications.WithJena; 

!

"#*!%*&.1,!$1%)+J&)$.1!-*5.;!'55.;%!J%$16!)#*!01).2*+%$.1$16!9>?l%!:*+$/$&')$.1!4.,*8!

 

Config.moteurVerification = Config.typeVerifications.WithoutJena; 

 

@#*1!)#*!:*+$/$&')$.1!4.,*!$%!&#.%*1<!)#*1!&#'16*%!&'1!-*!4.,*55*,8!

@<@  =#?'+ + .,8 (12-,8'7 (

!

"#$%!('+)!(+*%*1)%!)#*!5$%)!./!0@A!BA!&#'16*!.(*+').+!)7(*%!,$%(5'7*,!-7!)#*!9>?8!?)!*U(5'$1%!#.;!).!%*5*&)!

.1*!./!)#*4!/.+!&#'16*!4.,*55$16<!#.;!).!$1%)'1)$')*!$)!'%!'!&#'16*!;$)#!)#*!+$6#)!('+'4*)*+%!'1,!#.;!).!

',,!)#*!&#'16*!).!'!2*+%$.13+'(#!/'&).+7<!$8*8!)#*!5.6!./!&#'16*%8!

!

"#*!5$%)!./!-'%$&!',,$)$.1!'1,!,*5*)$.1!0@A!BA!&#'16*!.(*+').+%<!,*+$:*,!/+.4!)#*!&#'16*%!%J-%*)!

./!)#*!0@A!BA!&.1%)+J&)%!$%!(+*%*1)*,!$1!"'-5*!GG8!"#*!/$+%)!&.5J41!5$%)%!'!%J-%*)!./!)#*!&.4(5*)*!0@A!BA!

&.1%)+J&)%<!$1!;#$&#!&.1%)+J&)%!'+*!,$+*&)57!$1:.5:*,!$1!.1).5.6$&'5!,*%&+$()$.18!?)!%#.;%!/.+!*'&#!0@A!BA!

.1).5.6$&'5! &.1%)+J&)! )#*! &.++*%(.1,$16! &#'16*! .(*+').+! )7(*%! '1,! )#*$+! ('+'4*)*+! )7(*%8! 0@A! BA!

&.1%)+J&)%!'+*!5*%%!1J4*+.J%!)#'1!)#*!!!!!! ! !&.1%)+J&)%!(+*%*1)*,!$1!C#'()*+!V<!/.+!%*:*+'5!+*'%.1%N!

!

− 0@A! $%! '1!.1).5.67! 5'16J'6*!1.)! '! E1.;5*,6*!-'%*! 5'16J'6*<! %.! $)! 1'4*57!(+.:$,*%! )*+4$1.5.6$&'5!

&.1%)+J&)%8! Q.4*! '%%*+)$.1'5! &.1%)+J&)%! '+*! 7*)! %J((.+)*,! -7! 0@ASA$)*N! $1,$:$,J'5! )7(*! %J&#! '%!

#H5:;M<"<!'1,!1.4$1'5!/J1&)$.1%!%J&#!'%!87K:H$55"#"%;_#86&F&8/8!$1%)'1&*!,$//*+*1)$')$.1&$1!!!!!! ! H&

'1,& 87K:,-6",C,& F&8/8! $1%)'1&*! *MJ$:'5*1&*& $1!!!!!! ! H?& 95%.! 0@A! BA<! ;#$&#! $%! -'%*,! .1! )#*!

!!!!! ! !BA! %*4'1)$&%<! &.1)'$1%! )#*! ',,$)$.1'5! '%%*+)$.1'5! &.1%)+J&)%N! 87K:8%"V5& F&8/8! $1%)'1&*!

*1J4*+')$.1& $1!!!!!! ! H! '1,!87K:*-,`-KL"& F&8/8! +.5*! :'5J*! +*%)+$&)$.1& $1!!!!!! ! H8! _.;*:*+<!

!!!!! ! !'%%*+)$.1'5! &.1%)+J&)%! %J&#! '%! ,')')7(*<! +.5*! '1,! '))+$-J)*! $1%)'1)$')$.1%<! +*%(*&)$:*57!

,*/$1$16! ,')':'5J*%<! +.5*! '1,! '))+$-J)*! '%%*+)$.1%<! '+*! 1.)! (+.:$,*,! -7! %(*&$/$&!0@A!BA! &.1%)+J&)%8!

"#*!&.++*%(.1,$16!+.5*!'1,!'))+$-J)*!'%%*+)$.1%!&'1!#.;*:*+!-*!+*(+*%*1)*,!$1!0@A!BA!-7!'!%$165*!



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

!*+&(*",$,& & !-."&R/S&

!

`BP!)+$(5*8!P.+!$1%)'1&*!$1!)#*!0@A!($*&*!./!&.,*!-*5.;<!'1!$1,$:$,J'5!1'4*,!$%H$a$HL-K/<!)7(*,!-7!'!

&5'%%! ^K-,,/<! $%! )#*! %J-X*&)! ./! '1! .-X*&)! (+.(*+)7! '%%*+)$.1! +*(+*%*1)*,! -7! '! )+$(5*! )'E$16!

8Q>"@;!#8<"#;M/!'%!(+*,$&')*!'1,!)#*!$1,$:$,J'5!1'4*,!$%H$a$HL-KR!'%!.-X*&)8!!

!

<owl:NamedIndividual rdf:about="http://www.site.org/o.owl#individual1"> 

    <rdf:type rdf:resource="&example;Class1"/> 

    <example:objectProperty1 rdf:resource="http://www.site.org/o.owl#individual2"/> 

 </owl:NamedIndividual> 

 

"#*+*/.+*<!).!'55.;!',,$16!.+!,*5*)$16!%J&#!'%%*+)$.1%<!)#*!&.++*%(.1,$16!&#'16*!.(*+').+!)7(*%!

1**,!).!-*!',,*,!).!)#*!5$%)!./!-'%$&!&#'16*%!,*+$:*,!/+.4!0@A!BA!&.1%)+J&)%8!

!

− "#*!,')')7(*%!)#')!&'1!-*!J%*,!$1!0@A!'+*! $%%J*,!/+.4!)#*!kDA!Q&#*4'!,')')7(*%II!FkQBH! 5$%)8!"#*!

kQB!5$%)!$%!&.1%$,*+*,!'%!'!/$U*,!5$%)!/.+!'1!0@A!.1).5.67<!$)!$%!1.)!,*%&+$-*,!-7!)#*!.1).5.678!?1,**,!$)!

$%!.157!*U)*1,'-5*!.J)!./!)#*!.1).5.67!,*%&+$()$.18!"#*+*/.+*!1.!',,$)$.1!.+!,*5*)$.1!./!,')')7(*%!$1!

'1!0@A!.1).5.67!$%!&.1%$,*+*,8!

!

OWL DL Constructs Change Operator Types IRI Parameters Type 

Subject Object 

owl:allValuesFrom AddAllValuesFrom 
DeleteAllValuesFrom 

ObjectPropert
y 
/DatatypeProp
erty 

Class 

owl:cardinality AddCardinalityProperty 
DeleteCardinalityPropert
y 

ObjectPropert
y 

xsd:integer 

owl:Class AddClass 
DeleteClass 

Class  

owl:complementOf AddComplementOf 
DeleteComplementOf 

Class Class 

owl:DatatypeProperty AddDatatypeProperty 
DeleteDatatypeProperty 

DatatypePrope
rty 

 

owl:differentFrom AddDifferentFrom 
DeleteDifferentFrom 

Individual Individual 

owl:disjointWith AddDisjointWith 
DeleteDisjointWith 

Class Class 

owl:equivalentClass AddEquivalentClass 
DeleteEquivalentClass 

Class Class 

owl:equivalentProperty AddEquivalentProperty 
DeleteEquivalentProperty 

ObjectPropert
y 
/DatatypeProp
erty 

ObjectPropert
y 
/DatatypeProp
erty 

owl:FunctionalProperty AddFunctionalProperty 
DeleteFunctionalProperty 

ObjectPropert
y 
/DatatypeProp
erty 

 

owl:hasValue AddHasValue 
DeleteHasValue 

ObjectPropert
y 
/DatatypeProp
erty 

Individual 
/DataValue 

owl:Individual AddIndividual 
DeleteIndividual 

Individual  

owl:intersectionOf    

owl:InverseFunctionalProperty AddInverseFunctionalProp
erty 
DeleteInverseFunctionalP
roperty 

ObjectPropert
y 

 

owl:inverseOf AddInverseOf 
DeleteInverseOf 

ObjectPropert
y 

ObjectPropert
y 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RR&bcF&B@*"6-&+-;-;M<"&:&*;;<:==777?7G?8#.=(D=U6K,@*"6-IR=!



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

!*+&(*",$,& & !-."&R//&

!

owl:maxCardinality AddMaxCardinalityPropert
y 
DeleteMaxCardinalityProp
erty 

ObjectPropert
y 

xsd:integer 

owl:minCardinality AddMinCardinalityPropert
y 
DeleteMinCardinalityProp
erty 

ObjectPropert
y 

xsd:integer 

owl:Nothing    

owl:ObjectProperty AddObjectProperty 
DeleteObjectProperty 

ObjectPropert
y 

 

owl:oneOf    

owl:sameAs AddSameAs 
DeleteSameAs 

Individual Individual 

owl:someValuesFrom AddSomeValuesFrom 
Delete SomeValuesFrom 

ObjectPropert
y 
/DatatypeProp
erty 

Individual 
/DataValue 

owl:SymmetricProperty AddSymmetricProperty 
DeleteSymmetricProperty 

ObjectPropert
y 

 

owl:Thing    

owl:TransitiveProperty AddTransitiveProperty 
Delete 
TransitiveProperty 

ObjectPropert
y 

 

owl:unionOf    

rdfs:domain AddDomainProperty 
DeleteDomainProperty 

ObjectPropert
y 
/DatatypeProp
erty 

Class 

rdfs:range AddRangeProperty 
DeleteRangeProperty 

ObjectPropert
y 
/DatatypeProp
erty 

Class 
/xsd :datatyp
e 

rdfs:subClassOf AddSubClassOf 
DeleteSubClassOf 

Class Class 

rdfs:subPropertyOf AddSubObjectPropertyOf 
DeleteSubObjectPropertyO
f 
AddSubDatatypePropertyOf 
DeleteSubDatatypePropert
yOf 

ObjectPropert
y 
/DatatypeProp
erty 

ObjectPropert
y 
/DatatypeProp
erty 

O.8,*&PPI&/>?&@?&Q.$"2&<3.-1*&/'*#.%(#&O)'*$&@"$',.)*4&8)&/-%(0*#$"(-"-1&A22(#4"-1&%(&/>?&@?&

/-%(,(1"2.,&<(-$%#52%$&

!

9&&.+,$16!).!"'-5*!GG<!'!5$%)!./!YO!&#'16*!.(*+').+!)7(*%!$%!,$+*&)57!,*+$:*,!/+.4!)#*!%*)!./!0@A!

.1).5.6$&'5!&.1%)+J&)%8!e.)*!)#')!)#*!.;5NJ1$.10/!'1,!.;5N$1)*+%*&)$.10/!0@A!BA!&.1%)+J&)%!#':*!1.)!7*)!

-**1! )'$5.+*,!'%!&#'16*!.(*+').+! )7(*%8!95%.<! ).!+*'&#!'!!!!!! ! !*MJ$:'5*1)!%*)!./!&#'16*!.(*+').+%<!

)#*!,')')7(*<!.-X*&)!(+.(*+)7!'1,!,')')7(*!(+.(*+)7!$1%)'1)$')$.1%!.(*+').+!)7(*%!%#.J5,!'5%.!-*!',,*,!).!

)#*!5$%)8!"#*%*!$4(+.:*4*1)%!'+*!(5'11*,!/.+!/J)J+*!,*:*5.(4*1)%8!

!

9&&.+,$16!).!)#*!5$%)!./!0@A!BA!&#'16*!.(*+').+!)7(*%<!&#'16*%!&'1!-*!$1%)'1)$')*,!;$)#!?`?%!./!

)#*!.1).5.67!*5*4*1)%!)7(*,!;$)#!)#*!&.++*%(.1,$16!)7(*%8!^*/.+*!4.,*55$16!'17!&#'16*<!,.4'$1!*U(*+)%!

#':*!).!/$+%)!5.',!)#*!(+.X*&)!'%!&.,*,!-*5.;8!

!

Project pp = new Project("ontologies", "test");  

Q*&.1,57<!)#*7!#':*!).!5.',!)#*!2*+%$.13+'(#!'%%.&$')*,!).!)#*!(+.X*&)!.1).5.67!'%!&.,*,!-*5.;8!

!

VersionGraph vg = pp.loadLastVersion();!

!



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

!*+&(*",$,& & !-."&R/R&

!

"#$+,<!)#*7!&'1!$1%)'1)$')*!)#*!&#'16*%!'1,!',,!)#*4!).!)#*!2*+%$.13+'(#!/'&).+78!9%!,*%&+$-*,!$1!

(+*:$.J%!('+)<!*'&#!&#'16*!&.++*%(.1,%!).!'1!$1%)'1)$')$.1!./!'!%J-&5'%%!./!V<"#-;$8%8!"#*+*/.+*<!&#'16*%!

#':*!).!-*!%*&.1,57!&.,*,!'%!%J&#<!$1!.+,*+!).!'%%$61!)#*!&.++*&)!('+'4*)*+%!)7(*%<!'1,!)#*1!+*&+*')*!)#*!

&.++*%(.1,$16! 5$1E%! -*);**1! )#*!V<"#-;$8%! $1%)'1)$')$.1%! $1! )#*! /J)J+*! .1).5.67!2*+%$.13+'(#! :*+%$.18!

C.,$16!'!&#'16*<!+.J6#57!&.1%$%)%!$1!-J$5,$16!'1!V<"#-;$8%!$1%)'1&*!'1,!'((57!$)!.1!)#*!+*MJ$+*,!.1).5.67!

*5*4*1)%8!01&*!)#*!;#.5*!&#'16*%!'+*!&.,*,!)#*7!#':*!).!-*!',,*,!).!)#*!&J++*1)!2*+%$.13+'(#!/'&).+78!

P.+!$1%)'1&*!)#*!',,$)$.1!./!'!&#'16*!',,$16!'!&5'%%!>*+%.1!$%!&.,*,!'%!/.55.;*,N!

!

vg.getOperations().addClass("http://example.org/#Person"); 

"#*1!)#*! 5$-+'+7!4'E*%!)#*!1*&*%%'+7!&#*&E%!).!%**!;#*)#*+!)#*!&#'16*!&'1!-*!'((5$*,!'%!%J&#<!

1'4*57!-7!'! %)+J&)J+'5! '1,! 5.6$&'5! &.1%$%)*1&7!(+*:*1)$:*!'%%*%%4*1)8!"#$%!:*+$/$&')$.1! $%! 'J).4')$&'557!

,.1*<! ;#')*:*+! )#*! :*+$/$&')$.1! 4.,*<! -*/.+*! $4(5*4*1)$16! )#*! &#'16*%8! ?)! :*+$/$*%! )#*! ;#.5*! %*)! ./!

&#'16*%! ')! .1&*8! ?/! 1.! $1&.1%$%)*1&7! $%! /.J1,<! &#'16*%! '+*! $4(5*4*1)*,! .1! '! &.(7! ./! )#*! .1).5.678!

0)#*+;$%*<! $/! )#*!:*+$/$&')$.1!,*)*&)%!(+.-5*4%<!%J&#!'%!%)+J&)J+'5!.+! 5.6$&'5! $1&.1%$%)*1&$*%<!&#'16*%!'+*!

1.)! '((5$*,8! ?1! &'%*! ./! 5.6$&'5! $1&.1%$%)*1&$*%<! $/! )#*! &#.%*1! :*+$/$&')$.1! 4.,*! $%! )#*! .1*! (.;*+*,! -7!

01).2*+%$.1$16<! $8*8! CA0CE<! )#*! ,.4'$1! *U(*+)%! '+*! 1.)$&*,! ./! )#*!4$1$4'5! $1&.1%$%)*1)! %*)! ./! &#'16*%!

$,*1)$/$*,!$1!)#*!5$%)!./!&#'16*%!4.,*55*,8!

!

@<H  )*&+'*',$.,8(-,?(6-+ .?-$ .,8 (12-,8'7(

!

"#$%! ('+)! %#.;%! #.;! ).! $4(5*4*1)<! %':*! )#*! &#'16*%! '1,! #.;! ).! 6*1*+')*! ./! '! 1*;! :*+%$.1! ./! )#*!

.1).5.678!!

@#*1! &#'16*%! '+*! '%%*%%*,! &.1%$%)*1)! '1,! $/! )#*! ,.4'$1! *U(*+)%! &.1%$,*+! )#*! .1).5.67! #'%!

+*'&#*,!'!%')$%/7$16!%)')*<!)#*7!&'1!5'J1&#!)#*$+!$4(5*4*1)')$.1!.1!'!&.(7!./!)#*!.1).5.678!9!&.(7!./!)#*!

.1).5.67! 2*+%$.13+'(#! $%! )#*1! J(,')*,! -7! ',,$16! )#*! &.1%$%)*1)! &#'16*! .(*+')$.1%! +*(+*%*1)*,! $1! )#*!

2*+%$.13+'(#!/'&).+78!D*)',')'!+*5')*,!).!)#*!&#'16*%!&'1!'5%.!-*!',,*,!).!)#*!2*+%$.13+'(#8!"#*%*!1*;!

&#'16*%! '+*! %*+$'5$L*,! '1,! 5$1E*,! ;$)#! )#.%*! &.1)'$1*,! -7! )#*! 2*+%$.13+'(#8! "#*! 2*+%$.13+'(#!

%*+$'5$L')$.1!5'J1&#$16!)#*!&#'16*!$4(5*4*1)')$.1!$%!&.,*,!'%!/.55.;%N!

!

vg.serializeVersionGraph(); 

01&*! )#*! 2*+%$.13+'(#! $%! %*+$'5$L*,<! )#*! ,.4'$1! *U(*+)%! &'1! &'55! '! %*&.1,! 5.6$&'5! &.1%$%)*1&7!

&#*&E!J%$16!)#*!>*55*)!`*'%.1*+8!P$+%)<!'1!*4()7!.1).5.67!4.,*5!./!)#*!&.1%$,*+*,!*:.5:*,!.1).5.67!&.(7!

J%$16!)#*!>*55*)!Q>TC!#'%!).!-*!&+*')*,!'%!/.55.;%8!

!

String ont = "http://example.org/#"; 

OntModel model =  

ModelFactory.createOntologyModel(PelletReasonerFactory.THE_SPEC);                 

 model.read( ont ); 

 

Q*&.1,! )#*! 5.6$&'5! &.1%$%)*1&7! ./! )#*! *:.5:*,! .1).5.67! &.(7! &'1! -*! '%%*%%*,! -7! &#*&E$16! )#*!

4.,*5!;$)#!>*55*)!'%!/.55.;%8!

 

boolean isConsistent =  

((PelletInfGraph)model.getGraph()).getKB().isConsistent(); 

 

?/! $1&.1%$%)*1&$*%!'+*!,*)*&)*,<!,.4'$1!*U(*+)%!&'1!'%E!).!:$%J'5$L*!)#*!&.++*%(.1,$16!+*(.+)8!?1!

)#*! .)#*+! &'%*<! )#*7! &'1! :'5$,')*! )#*! $4(5*4*1)')$.1! ).! (+.('6')*! )#*! &#'16*%! ).! )#*! (.)*1)$'5! %J-S



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

!*+&(*",$,& & !-."&R/G&

!

.1).5.6$*%!,*/$1*,!-7!:$*;%!.1!)#*!&J++*1)!.1).5.67<!.+!).!)#*!%.J+&*!.1).5.67<!$/!)#*!.1).5.67!$%!'&)J'557!'!

%J-S.1).5.67!,*/$1*,!-7!'!:$*;%!.1!'1.)#*+!.1).5.678!"#*!(+.('6')$.1!(#'%*!(+.&*%%!$%!,*%&+$-*,!$1!)#*!

/.J+)#!%*&)$.18!!

9/)*+! )#$%! (#'%*<! )#*! ,.4'$1! *U(*+)%! &'1! &.44$)! )#*! &.++*%(.1,$16! .1).5.67! :*+%$.18! "#*!

/.55.;$16!$1%)+J&)$.1 &+*')*%!)#*!1*;!.1).5.67!:*+%$.1!/+.4!)#*!5'%)!%*+$'5$L*,!2*+%$.13+'(#!N!

 

OwlConvector owlc =  

new OwlConvector(vg,"ontologies","test",vg.getMaxVersion()); 

 

_.;*:*+<!$/!'/)*+!)#*!$4(5*4*1)')$.1!(#'%*<!)#*!,.4'$1!*U(*+)%!'+*!1.)!%')$%/$*,!-7!)#*!*:.5:*,!

.1).5.67!+*%J5)<!)#*7!&'1!(+.&**,!).!'1.)#*+!*:.5J)$.1!(+.&*%%!)'E$16!'%!$1(J)!)#$%!*:.5:*,!&.(78!95%.<!$/!

)#*7!(+*/*+! '!(+*:$.J%! *:.5J)$.1<! )#*7! &'1! &.44$)! )#*! &.++*%(.1,$16!.1).5.67!:*+%$.1! /+.4!'!(+*:$.J%!

:*+%$.1! ./! )#*! 2*+%$.13+'(#8! P.+! $1%)'1&*<! )#*! $1%)+J&)$.1! -*5.;! &+*')*%! )#*! .1).5.67! /+.4! )#*! %*&.1,!

:*+%$.1!./!)#*!.1).5.67!2*+%$.13+'(#8! 

 

OwlConvector owlc = new OwlConvector(vg, "ontologies", "test", 2); 

2.4  Discussion 

&

"#$%!('+)!&.1%$%)%!$1!'!,$%&J%%$.1!.1!)#*!5$4$)%!./!)#*!&#'16*!4'1'6*4*1)!/*')J+*%!./!)#*!01).2*+%$.1$16!

9>?!'&&.+,$16!).!)*%)%!+*%J5)%!'1,!&.4('+$%.1!;$)#!*U$%)$16!%.5J)$.1%8!

!

"*%)$16!)#*!:'5$,$)7!./!)#*!*1)$+*!&#'16*!4'1'6*4*1)!/*')J+*%!./!)#*!9>?<!&'11.)!-*!*U#'J%)$:*57!

+*'5$L*,!'%!$)!;.J5,!+*MJ$+*!)#*!,*:*5.(4*1)!./!4'17!0@A!BA!.1).5.6$*%<!;$)#!,$//*+*1)!;'7!./!%(*&$/7$16!

)#*4<!*868!;$)#!.+!;$)#.J)!'1.174.J%!1.,*%<!;$)#!4.+*!.+! 5*%%! $1&.1%$%)*1&$*%!*)&8!"*%)%!#':*!#.;*:*+!

-**1!+*'5$L*,!.1!&'%*!%)J,$*%!/.+!)#*!*:.5J)$.1!(+.&*%%<!)#*!%)+J&)J+'5!'1,!5.6$&'5!&.1%$%)*1&7!(+*:*1)$:*!

'((+.'&#*%!'1,!)#*!:*+%$.1$16!(+.&*%%8!!!

C.1&*+1$16!)#*!*:.5J)$.1!(+.&*%%! $1&5J,$16!)#*!%)+J&)J+'5!&.1%$%)*1&7!'((+.'&#<!)#*! 5$4$)%! 5$*! $1!

)#*!'-%*1&*!./!&*+)'$1!0@A!BA!-'%$&!&#'16*!.(*+').+!)7(*%!$,*1)$/$*,!(+*:$.J%57!'1,!./!J%J'5!&.4(.%*,!

&#'16*%8! ";.!,$%(5'7*,! &#'16*! .(*+').+! )7(*%! &'J%*%! &.4($5')$.1! *++.+%!;#*1! $1%)'1)$')*,8! "#$%! $%%J*!

;$55!-*!+*%.5:*,!$1!/J)J+*!,*:*5.(4*1)%8!_.;*:*+<!)#*!'((5$&')$.1!./!&#'16*%<!&.++*%(.1,$16!).!)#*!J%*!./!

)#*! .)#*+! ,$%(5'7*,! .1*%<! %#.;%! 6+*')! +*%J5)%N! )#*! .1).5.67! '1,! $)%! &.++*%(.1,$16! 2*+%$.13+'(#! #':*!

'5;'7%!-**1!%)+J&)J+'557!&.1%$%)*1)!J(,')*,8!!

C.1&*+1$16! )#*! 5.6$&'5! &.1%$%)*1&7! (+*:*1)$:*! '((+.'&#<! )#*! CA0CE! )*&#1$MJ*<! ;#$&#<! '%! %'$,!

(+*:$.J%57<! $%!1.)!&.4(5*)*!')!'55! F&.1)'$1%!.157!J1%')$%/$'-$5$)7!&.1%)+'$1)%!./!\!&#'16*!.(*+').+! )7(*%H<!

#'%!-**1!)*%)*,!.1!'!).7!.1).5.67!$1&.1%$%)*1&7!$,*1)$/$&')$.1!*U'4(5*<!MJ$)*!%$4$5'+!).!)#*!.1*!,*%&+$-*,!

$1! )#*!01).2*+%$.13+'(#!4*)#.,.5.67! /.+4'5$L')$.1!F&8/8!C#'()*+!]H8!"#*!*U(*&)*,! $1&.1%$%)*1&$*%!;*+*!

/.J1,!'1,!)#*!&.++*%(.1,$16!4$1$4'5!$1&.1%$%)*1)!%*)!./!&#'16*%!;'%!+*)J+1*,!$1!/*;!%*&.1,%8!"#*!+*%J5)!

$%!MJ$)*!(+.4$%$16!/.+!)#*!/J)J+*!$4(5*4*1)')$.1!./!)#*!/J55!0@A!BA!%*)!./!&#'16*!.(*+').+!)7(*%8!_.;*:*+!

1.!%&'5'-$5$)7!)*%)%!#':*!-**1!+*'5$L*,!;$)#!)#*!4.,*5!&#*&E$16!'((+.'&#8!!

C.1&*+1$16! )#*!:*+%$.1$16!(+.&*%%<! *:*+7!.1).5.67!'1,!2*+%$.13+'(#!:*+%$.1%<! &.44$))*,!'/)*+!

.1).5.67!*:.5J)$.1!.+!+.55-'&E!).!'!(+*:$.J%!:*+%$.1<!;*+*!%J&&*%%/J557!6*1*+')*,8!

?1!'!1J)%#*55<! )#*!&#'16*!4'1'6*4*1)!4.,J5*!%#.J5,!6.! )#+.J6#!'!(#'%*!./! /J1&)$.1'5! )*%)$16!.1!'!+*'5!

'((5$&')$.1!&'%*!).!:'5$,')*!)#*!'56.+$)#4%<!%.!'%!).!$4(+.:*!$)%!/J1&)$.1$168!

!

C.4('+$16! )#*!01).2*+%$.1$16!9>?! &#'16*!4'1'6*4*1)!;$)#!'1!*U$%)$16! $4(5*4*1)*,! %.5J)$.1!

6$:*%!'!-*))*+!$,*'!./!)#*!5$4$)%!./!$)%!/J1&)$.1'5!%&.(*8!94.16!)#*!&.55'-.+')$:*!0@A!&#'16*!4'1'6*4*1)!

%.5J)$.1%! 4.%)! +*&*1)57! $4(5*4*1)*,<! )#*! >+.)*6*_3B^! >5J6$1! /*')J+*%! &'1! -*! &.4('+*,! ).! )#*!



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

!*+&(*",$,& & !-."&R/Y&

!

01).2*+%$.1$16! &#'16*! 4'1'6*4*1)! /*')J+*%8! >+.)*6*_3B^ IK !$%! '! >+.)n6n! (5J6$1<! ;#$&#! (+.:$,*%!

$1)*+*%)$16! /*')J+*%! /.+! &.55'-.+')$:*! 5.&'5! :*+%$.1! 4'1'6*4*1)! ./! 0@A! .1).5.6$*%8! ?)! '55.;%! %).+$16!

.1).5.6$*%!$1!'!/J557!)+'1%'&)$.1'5!#7(*+6+'(#!,')'-'%*IV8!"#*!,$%(5'7*,!/*')J+*%!'+*N!!

− 9!5$:*!,')'-'%*!%).+'6*!F;$)#!1.!1**,!).!%':*H!;$)#!*U(.+)j$4(.+)!).j/+.4!'55!0@A!/.+4')%8!&

− 2*+%$.1!4'1'6*4*1)!;$)#!/J55!#$%).+7<!&.44$)<!+.55-'&E<!+*:*+)<!*)&8!.(*+')$.1%8!&

− "*'4!/*')J+*%!$1&5J,$16!.1).5.67!%#'+$16!.1!'!&.44.1!+*(.%$).+7!'1,!4'1'6$16!:*+%$.1%!/.55.;$16!

)#*!QJ-:*+%$.1!4.,*5!;$)#!'!&*1)+'5$L*,!5.&')$.18!"#*!:*+%$.1$16!$%!,.1*!')!)#*!.1).5.67!5*:*5!'1,!'55!

.(*+')$.1%!;.+E!;$)#!'U$.4%!'1,!&#'16*!%*)%!.1!'U$.4%8!&

"#*! >+.)*6*_3B^! /J1&)$.1'5! %&.(*! $%! ,*/$1$)*57! ,*,$&')*,! ).! .1).5.67! :*+%$.1$16! /*')J+*%8! "#*!

:*+%$.1$16! (+.&*%%! /.55.;%! )#+**! %)*(%8! P$+%)<! )#*! %7%)*4! ,*)*&)%! .1).5.67! 4.,$/$&')$.1%! +*'5$L*,! -7!

,$//*+*1)!&.55'-.+').+%!;$)#!)#*!>+.)n6n!*,$).+8!Q*&.1,<!$)!%).+*%!)#*!&.++*%(.1,$16!'U$.4%!$1!'!,')'-'%*<!

'55.;$16! )#*! &.55'-.+').+%! ).! +*'5$L*! %*:*+'5! 4.,$/$&')$.1%! .1! )#*! .1).5.67! -*/.+*! &.44$))$16! '! 1*;!

:*+%$.18!"#$+,!)#*!&.44$))*,!:*+%$.1!$%!*U(.+)*,!'%!'1!0@A!.1).5.67!$1!;#$&#!'+*!'5%.!+*(+*%*1)*,!)#*!

;#.5*!%*)!./!4.,$/$&')$.1%!%$1&*!)#*!(+*:$.J%!&.44$))*,!:*+%$.18!!

"#$%! (5J6$1! %#.;%! %*:*+'5! &.1)+$-J)$.1%! +*6'+,$16! .1).5.67! :*+%$.1$16! /*')J+*%<! ;#$&#! '+*!

&.4(5*4*1)'+7! ).! )#.%*! (+.(.%*,! -7! 01).2*+%$.1$168! C.4('+*,! ).! )#*! 01).2*+%$.1$16! 9>?<! )#*! 4'$1!

.1*%!+*4'$1!$1!,$%(5'7$16!'!&.55'-.+')$:*!.1).5.67!*,$)$.1!*1:$+.14*1)!;$)#!'!5$:*!,')'-'%*!,*,$&')*,!).!

&#'16*! %).+'6*! '1,! '! &.44.1! .1).5.67! +*(.%$).+78! "#*%*! '+*! )#*! 4'$1! /*')J+*%! )#')! &'11.)! -*!

$4(5*4*1)*,! $1! )#*!'&)J'5!9>?!-J)<!;#$&#!'+*!+*MJ$+*,! ).!'55.;!,.4'$1!*U(*+)%! ).!&.55'-.+')$:*57!;.+E!

;$)#! )#*! 9>?8! 94.16! )#*! .)#*+! :*+%$.1$16! /*')J+*%<! .157! .1*! %#.J5,! 1.)! -*! +*)'$1*,! /.+! )#*! 9>?!

$4(+.:*4*1)%N! )#*! +*(+*%*1)')$.1!./! )#*!.1).5.67!4.,$/$&')$.1%!;$)#$1! $)%! )*+4$1.5.67<!;#$&#! $%!.1*!./!

)#*!'5)*+1')$:*!%.5J)$.1%!).!5.6%!./!&#'16*%!/.+!&#'16*!+*(+*%*1)')$.18!9%!*U(5'$1*,!$1!C#'()*+!K<!$)!$%!1.)!

','()*,! /.+! /.+4'5! .1).5.6$*%<! ;#$&#! )*+4$1.5.67! %#.J5,! .157! ,*%&+$-*%! )#*! E1.;5*,6*! ./! '! &*+)'$1!

,.4'$1!'1,!%#.J5,!1.)!&.1)'$1!'17!.)#*+!E$1,!./! $1/.+4')$.18!95%.! $1!01).2*+%$.1$16<! )#*!J%*!./! 5.6%! $%!

1.)!.157!,*,$&')*,! ).!:*+%$.1$16! /*')J+*%!./! /.+4'5!.1).5.6$*%<!-J)! /.+!4'17!.)#*+! &#'16*!4'1'6*4*1)!

(J+(.%*%<! %J&#! '%! &#'16*! &.1%$%)*1&7! &#*&E$16! '1,! +*%.5J)$.1<! :$*;! %(*&$/$&')$.1! '1,! %J-S.1).5.67!

*U)+'&)$.1<!'1,!&#'16*!$4('&)!4'1'6*4*1)8!!"#*!>+.)*6*_3B^!>5J6$1!+*4'$1%!'1!$1)*+*%)$16!%.5J)$.1!).!

&.4(5*)*!)#*!/J1&)$.1'5!%&.(*!./!)#*!01).5.67!C#'16*!D'1'6*4*1)!/*')J+*%8!

& !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RG&!#8;"."de+f&!KL.$%&:&*;;<:==,*-#".8a?8#.=gh??=<#8;"."*.HQ=87K;88K,?*;6K&
RY&dM<"#.#-<*&H-;-Q-,"&:&*;;<:==777?*M<"#.#-<*HQ?8#.=$%H"U!
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!

H /&'B.;%.,8(6.'A7(C(FG$"-B$.,8(/0DE5,$#+#8.'7(.,(5,$#6'"7.#,.,8(

!

"#$%! %*&)$.1! ,*)'$5%! )#*! J%*! ./! )#*! :$*;! %(*&$/$&')$.1! '1,! %J-S.1).5.67! *U)+'&)$.1! 4.,J5*! $1! )#*!

01).2*+%$.1$16!9>?8!9!/$+%)!('+)!*U(5'$1%!#.;!).!,*/$1*!'!:$*;!'&&.+,$16!).!E*7!*5*4*1)%!./!'!%J-S,.4'$1!

).!,*%&+$-*8!!9!%*&.1,!('+)!*U(5'$1%!#.;!).!*U)+'&)!)#*!%J-S.1).5.67!'&&.+,$16!).!)#*!:$*;!,*/$1$)$.1!/+.4!

)#*! %.J+&*! .1).5.67! '1,! #.;! ).! 6*1*+')*! )#*! &.++*%(.1,$16! %J-S.1).5.67! 2*+%$.13+'(#8! 9! )#$+,! ('+)!

(+*%*1)%!)#*!+*%J5)%!./!)#*!)*%)%!+*'5$L*,!.1!)#$%!4.,J5*8!

!

2$*;!*U)+'&)$.1!$%!'+)$&J5')*,!$1!);.!%)*(%8!P$+%)!)#*!+*(+*%*1)')$.1!./!)#*!:$*;!,*/$1$)$.18!Q*&.1,!

$)%!'((5$&')$.1!'%!'!4'(($16!.1!)#*!.1).5.678!"#*!.1).5.67!&'1!-*!'1!.1).5.67!&+*')*,!-7!01).2*+%$.1$16!

.+!'1!*U)*+1'5!0@A!BA!.1).5.678!

H<4  L';., .,8(- (6 .'A( (

"#$%!('+)!*U(5'$1%!#.;!).!,*/$1*!'!:$*;!'&&.+,$16!).!E*7!*5*4*1)%!./!'!%J-S,.4'$1!).!,*%&+$-*8!!

!

?/!,.4'$1!*U(*+)%!;'1)!).!*U)+'&)!'!%J-S.1).5.67!,*%&+$-$16!'!%J-S,.4'$1!./!'1!.1).5.67!+*5')*,!

,.4'$1<! )#*7! /$+%)! 1**,! ).! &#.%*! $)%! &.++*%(.1,$16! E*7! *5*4*1)%! '4.16! )#*! &5'%%*%<! .-X*&)! (+.(*+)$*%<!

'))+$-J)*!(+.(*+)$*%!'1,!$1,$:$,J'5%!,*%&+$-*,!$1!)#*!.1).5.678!"#*%*!E*7!*5*4*1)%<!&'55*,!%)'+)*+%!'+*!)#*!

$1(J)!('+'4*)*+%!./!'!:$*;!,*/$1$)$.1!;#$&#!+*%J5)%!$%!'!%J-S.1).5.678!9!:$*;!,*/$1$)$.1!$1!01).2*+%$.1$16!

$%!%J((.+)*,!-7!'!4'(($16<!;#$&#!'((5$*,!.1!)#*!.1).5.67!;$55!'55.;!).!*U)+'&)!)#*$+!'U$.4')$&!*1).J+'6*<!

$8*8!%J-%*)%!./!)#*!.1).5.67!%*)!./!'U$.4%8!B*/$1$16!)#*!4'(($16!'4.J1)%<! /.+!)#*!,.4'$1!*U(*+)%<! ).!',,!

)#*!,$//*+*1)!%)'+)*+!*5*4*1)%l!?`?%!).!)#*!4'(($16!5$%)8!P.+!$1%)'1&*<!)#*!$1%)+J&)$.1%!-*5.;!,*/$1*!'!:$*;!

/+.4!)#*!?`?%!./!)#+**!%)'+)*+!*5*4*1)%8!

!

ArrayList<String> mapping = new ArrayList<>(); 
mapping.add( "http://www.co-ode.org/ontologies/pizza/pizza.owl#IceCream" ); 
mapping.add( "http://www.co-ode.org/ontologies/pizza/pizza.owl#Pizza" ); 
mapping.add( "http://www.co-ode.org/ontologies/pizza/pizza.owl#hasTopping" 
); 
 

"#*! %7%)*4! :*+$/$*%! )#*! *U$%)*1&*! ./! *'&#! ?`?! ;$)#$1! )#*! .1).5.678! ?/! )#*7! '55! *U$%)<! )#*1! )#*!

*U)+'&)$.1!&'1!-*!,.1*8!0)#*+;$%*!)#*!4$%%$16!?`?%!'+*!1.)$&*,!).!)#*!,.4'$1!*U(*+)%!'1,!)#*!*U)+'&)$.1!

(+.&*%%!%).(%8!?1%)+J&)$.1%!-*5.;!+*%(*&)$:*57!%(*&$/7!)#*!.1).5.67!).!&#*&E<!)#*1!:*+$/7!$)!'&&.+,$16!).!)#*!

:$*;!,*/$1$)$.1!'1,!1.)$&*%!)#*!J%*+!./!)#*!+*%J5)8!
 

String ontoUri = "pizza.owl"; 
 
ModuleVerifMapping m = new ModuleVerifMapping(ontoUri, mapping); 
 

if (! m. Check())  
m.displayMappingErrors(); 

 
else 
 System.out.println(“URIs exist, Sub-Ontology Extraction can be 
done”); 
 

H<@  6.'A(FG$"-B$ .#,(

!

"#$%!('+)!*U(5'$1%!#.;!).!*U)+'&)!)#*!%J-S.1).5.67!,*/$1*,!-7!'!4'(($168!

!! @#*1! )#*! 4'(($16! $%! &#*&E*,<! ,.4'$1! *U(*+)%! &'1! &#..%*! ).! *U)+'&)! )#*! &.++*%(.1,$16! %J-S

.1).5.67!'1,!).!%':*! $)! $1!'1!0@A!BA!/$5*8!"#*1!1**,!).! $1,$&')*!)#*!1'4*!./! )#*!:$*;!)'+6*)! /$5*!-*/.+*!
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!

5'J1&#$16!)#*!*U)+'&)$.18!P.+!$1%)'1&*<!)#*!$1%)+J&)$.1!-*5.;!%(*&$/$*%!)#*!/$5*<!;#$&#!;$55!&.1)'$1%!)#*!%J-S

.1).5.67!+*%J5)$16!/+.4!)#*!*U)+'&)$.18 

!

String viewIri = "view1.owl"; 

 

The following instruction launches the sub-ontology extraction module in 

order to specify the ontology and the view definition. 

 

ModuleExtractSubOntology e =  

new ModuleExtractSubOntology(ontoUri,mapping, viewUri); 

 

"#*!*U)+'&)$.1!'56.+$)#4!/.55.;%!'!%*)!./!%)+J&)J+'5!'1,!5.6$&'5!+J5*%!$1%($+*,!-7!)#*!&.4(5*)*!'1,!

('+)$'5! *U)+'&)$.1! +J5*%!,*/$1*,! $1! )#*!01).2*+%$.13+'(#!4*)#.,.5.67! F&8/8! C#'()*+!WH8!"#*7!*1%J+*! )#*!

&.1%$%)*1)! *U)+'&)$.1! ./! )#*! 'U$.4%! &.4(.%$16! )#*! 'U$.4')$&! *1).J+'6*! ./! *'&#! %)'+)*+! *5*4*1)8! "#*!

'56.+$)#4! $%! #'1,5*,!-7! )#*! )+'1%5')$.1! ./! )#*! *U)+'&)$.1! +J5*%! $1).! )#*! &.++*%(.1,$16! Q>9`bA!MJ*+$*%<!

'55.;$16!).!%*5*&)!*'&#!'U$.4%!'1,!'J).4')$&'557!X.$1!)#*!;#.5*!%*)%!$1!'!0@A!BA!%J-S.1).5.678!_.;*:*+!

Q>9`bA!MJ*+$*%!&'1!4'1$(J5')*!+*%.J+&*%! $,*1)$/$*,!-7!'1! ?`?!1.)!'1.174.J%!.1*%8!91.174.J%!1.,*%<!

$8*8!'1.174.J%!+*%.J+&*%<!'+*!)#*1!1.)!%J((.+)*,! $1! )#$%!9>?8![1/.+)J1')*57<!'1.174.J%!1.,*%!'+*!:*+7!

./)*1! J%*,! ).! ,*%&+$-*! &5'%%*%! $1! *U$%)$16! .1).5.6$*%8! `*%.5:$16! )#$%! $%%J*! $%! ('+)! ./! )#*! ,*:*5.(4*1)!

(*+%(*&)$:*%!*1:$%$.1*,! $1! )#*! /J)J+*8!"#*! 5'%)! $1%)+J&)$.1%!-*5.;!+*%(*&)$:*57! +J1! )#*!*U)+'&)$.1!./! )#*!

%J-S.1).5.67!'1,!%':*!)#*!+*%J5)!$1!)#*!(+*:$.J%!0@A!BA!/$5*8! 

 

e.extract(); 

e.save(); 

!

@#*1!)#*!%J-S.1).5.67! $%!*U)+'&)*,<!,.4'$1!*U(*+)%!&'1!&#..%*! ).!%*+$'5$L*! $)%!2*+%$.13+'(#! $1!

.+,*+! ).! )+'&*! $)! $1! )#*!:*+%$.1$16!%7%)*48! ?1%)+J&)$.1%!-*5.;!&+*')*! )#*!2*+%$.13+'(#!&.++*%(.1,$16!).!

)#*!%J-S.1).5.67!/+.4!)#*!%.J+&*!.1).5.67!2*+%$.13+'(#!'1,!'))'&#!$)!).!)#*!%J-S.1).5.67!0@A!BA!/$5*8&

!

ModuleExtractSubVersionGraph m = new ModuleExtractSubVersionGraph(vg, 

mapping, viewIri); 

 

The source ontology VersionGraph is automatically updated by the 

addition of the corresponding change representing the view specification. 

 

H<H  L.7B077 .#,(

!

"#$%! ('+)! &.1%$%)%! $1! '! ,$%&J%%$.1! .1! )#*! 5$4$)%! ./! )#*! 2$*;! Q(*&$/$&')$.1! '1,! QJ-S01).5.67! TU)+'&)$.1!

/*')J+*%!./!)#*!01).2*+%$.1$16!9>?!'&&.+,$16!).!)*%)%!+*%J5)%8!!

!

! A$E*! /.+! )#*! &#'16*! 4'1'6*4*1)! (+.&*%%<! /J1&)$.1'5! )*%)%! #':*! -**1! +*'5$L*,! .1! )#*! :$*;!

%(*&$/$&')$.1! '1,! %J-S.1).5.67! *U)+'&)$.1! (+.&*%%! $4(5*4*1)*,! $1! 01).2*+%$.1$16<! -J)! )#*+*! '+*! 1.)!

*1.J6#! *U#'J%)$:*! ).! ,*4.1%)+')*! )#*! :'5$,$)7! ./! )#*! $4(5*4*1)')$.18! P.+! $1%)'1&*<! '! :$*;! #'%! -**1!

,*/$1*,!.1!)#*!"+':*5!0@A!BA!.1).5.67I]!(+.(.%*,!-7!)#*!>+.)n6n!*,$).+!)..5!'%!*U'4(5*!.1).5.678!"#*!

4'(($16!;'%!('+'4*)*+$L*,!;$)#! )#*!&5'%%*%!^-<$;-KW&^$;M! '1,!FLUL#Md8;"K8!"#*!%J-S.1).5.67!*U)+'&)$.1!

(+.:$,*,!'!%')$%/7$16!:$*;!+*%J5)!'%!$55J%)+')*,!$1!P$6J+*!KZ8!?1,**,!)#*!;#.5*!'U$.4')$&!*1).J+'6*!./!*'&#!

&5'%%!#'%!-**1!*U)+'&)*,!'%!*U(*&)*,8!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
R3&(#-a"K&8%;8K8.M&:&*;;<:==<#8;"."?@$6G?%";=5$K"=<LQ=8%;8K8.$",=;#-a"K=;#-a"K?87K&
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!

!

!

F"15#*&GRI&0"*7&S*$5,%&(!&.&J589/-%(,(1)&L:%#.2%"(-&!#(+&O#.6*,&/-%(,(1)&

!

"#$%! +*%J5)! $%! (+.4$%$16! '%! )#*! .1).5.67! %)+J&)J+'5! '1,! 5.6$&'5! &.1%$%)*1&7!;'%! E*()8! _.;*:*+<!

/J+)#*+!)*%)%!#':*!).!-*!,.1*!).!6$:*!'!4.+*!'&&J+')*!*%)$4')$.1!./!)#*!(+.&*%%!MJ'5$)78!

!

C.1&*+1$16! )#*! *U*&J)$.1! (*+/.+4'1&*<! /$1,$16! '1! '&&*%%$-5*! *MJ$:'5*1)! %7%)*4! ;$)#! ;#$&#!

&.4('+$16!)#*!%J-S.1).5.67!*U)+'&)$.1!;'%!$4(.%%$-5*8!"#*+*/.+*<!MJ'1)$)$*%!./!)*%)%!#':*!-**1!4',*!$1!

.+,*+!).!MJ'1)$/7!)#*!+J1)$4*<!'&&.+,$16!).!);.!('+'4*)*+%N!)#*!%$L*!./!)#*!.1).5.67!'1,!)#*!%$L*!./!%J-S

.1).5.6$*%!*U)+'&)*,!/+.4!)#*!.1).5.678!_.;*:*+<!$/!)#*+*!'+*!4'17!.1).5.6$*%!':'$5'-5*!.15$1*<!/*;!#':*!

)#*! *%%*1)$'5! &#'+'&)*+! ).! -*! $4(.+)*,! ;$)#$1! 01).2*+%$.1$16N! )#*$+! &.4(5$'1&*! ;$)#! 0@A! BA! 5.6$&'5!

&.1%)+'$1)%! '55.;$16! )#*!>*55*)! +*'%.1*+! ).! &#*&E! )#*4!'%! &.1%$%)*1)8!"#$%! &+$)*+$.1!6+*')57! +*,J&*,! )#*!

&#.$&*<!-J)!%.4*!)*%)%!&.J5,<!#.;*:*+<!-*!4',*!.1!)#*!+*4'$1$16!.1).5.6$*%8!_.;*:*+<!)#$%!%.5J)$.1!-*$16!

1.)! MJ$)*! &.4(5*)*<! '%! 1.! &.1)+.5! $%! (*+4$))*,! .:*+! )#*! .1).5.6$*%! &.1)*1)8! Q.4*! &.1%$%)*,! .157! ./! '!

)*+4$1.5.67<!.)#*+%!;*+*!)..!%$4(5*<!.+<!&.1:*+%*57<!)..!&.4(5*U!'1,!+*MJ$+*,!).!5.',!%*:*+'5!6$6'-7)*%8!

".!4*'%J+*!)#*!%&'5'-$5$)7!./!)#*!%J-S.1).5.67!*U)+'&)$.1!4.,J5*!(+.:$,*,!-7!01).2*+%$.1$16<!'!%7%)*4!).!

'J).4')$&'557!6*1*+')*!.1).5.6$*%!;'%!+*MJ$+*,<!$1!.+,*+!).!':.$,!)#*!)$4*!&.1%J4$16!)'%E!./!4.,*55$16!'!

/.+4'5!0@A!BA!.1).5.67<!;#$&#!$1!)#$%!&'%*!$%!1.)!+*'557!(*+)$1*1)8!";.!$4(.+)'1)!('+'4*)*+%!#':*!-**1!

+*)'$1*,!/.+!)#*!6*1*+')$.1!./!)#*%*!.1).5.6$*%!N!)#*!).)'5!1J4-*+!./!&5'%%*%!$1!)#*!.1).5.67!<!'%!;*55!'%!)#*!

4$1$4J4! 1J4-*+! ./! 5$1E%! -*);**1! &5'%%*%8! "#*%*! ('+'4*)*+%! %*)! )#*! %$L*! '1,! )#*! &.4(5*U$)7! ./! )#*!

.1).5.678!

"#*!(+.).&.5!/.+!'J).4')$&!6*1*+')$.1!./!.1).5.67!$%!+*5')$:*57<!'1,!:.5J1)'+$57!%$4(5*<!'1,!&'1!-*!

,*%&+$-*,!'%! /.55.;%8!P$+%)<! )#*!,*%$+*,!1J4-*+!./! +'1,.4!&5'%%*%! $%! &+*')*,8! Q*&.1,<! /.+! *'&#! &5'%%<!;*!

+'1,.457!&#..%*!'!&5'%%!).!-$1,!).!'1.)#*+<!'1,!'5%.!+'1,.457!%*5*&)%!'!5$1E!-*);**1!)#*!);.!&5'%%*%!F*868!

*MJ$:'5*1&*!.+!,$%XJ1&)$.1!&.1%)+'$1)%<!*)&8H8!"#$%!&5'%%! $%!4'+E*,! ).!':.$,! $1,*/$1$)*57! +*J%$16! )#*!%'4*!

&5'%%! /.+! )#*! 1*U)! 5$1E$168! "#*! .(*+')$.1! $%! +*(*')*,! '%!4'17! )$4*%! '%! 1*&*%%'+7! $1! .+,*+! ).! +*'&#! )#*!

4$1$4J4! 1J4-*+! ./! 5$1E%! -*);**1! *'&#! &5'%%8! "#*! /$1'5! .1).5.67! .-)'$1*,! $%! )#*1! %*+$'5$L*,8! ?1,**,<!

.1).5.6$*%!6*1*+')*,!J%$16!)#$%!(+.).&.5!'+*!1.)!)+J*!0@A!BA!.1).5.6$*%<!'%!)#*7!.157!&.1)'$1!&5'%%*%!'%!

.1).5.6$&'5!*5*4*1)%8!_.;*:*+<!J%$16!)#*4!).!)*%)!)#*!%)'+)*+!&5'%%*%l!*U)+'&)$.1%!$%!*1.J6#!).!'%%*%%!)#*!

*U)+'&)$.1! '((+.'&#! /*'%$-$5$)78! D'17! +'1,.4! .1).5.6$*%! #':*! -**1! 6*1*+')*,! /.55.;$16! )#$%! (+.).&.5<!



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

!*+&(*",$,& & !-."&R/2&

!

;$)#!')!5*'%)!);.!5$1E%!-*);**1!*'&#!&5'%%!'1,!&.1)'$1$16!+*%(*&)$:*57!G<!GO<!GOO<!GOOO<!GOOOO<!'1,!]OOOO!

&5'%%*%8!P+.4!)#*!;#.5*!%*)!./!'J).4')$&'557!6*1*+')*,!.1).5.6$*%<! $)! $%!)#*1!(.%%$-5*!).!('%%!)#*!)*%)%!$1!

.+,*+!).!MJ'1)$/7!)#*!%7%)*4!(*+/.+4'1&*8!_.;*:*+!%.4*!4*'%J+*!&.1%)+'$1)%!#':*!).!-*!+*%(*&)*,N!

• D*'%J+$16!.157!)#*!*U*&J)$.1!)$4*!./!)#*!%J-S.1).5.67!*U)+'&)$.1!(+.&*%%!

• B.$16! )#*! %'4*! )*%)%! %! )$4*%<! ).! .-)'$1! '1! ':*+'6*!4*'%J+*8! ?1,**,<! 4.+*! )#'1! .1! '17! .)#*+!

(5')/.+4<! )#*!(*+/.+4'1&*!./! )#*! %'4*!(+.6+'4!&'1!;$,*57! :'+7!,*(*1,$16!.1! )#*! %)')*! ./! )#*!

=2D8!D.+*!)#*!=2D!;.+E%<!4.+*!$)!$%!*//$&$*1)!'1,!/'%)*+!$)!&'1!(+.&*%%8!!

• e.)!,$%)J+-$16!)#*!4*'%J+*4*1)%!(*+/.+4*,!-7!+J11$16!.)#*+!(+.6+'4%8!Q.!.1*!%#.J5,!1.)!J%*!

)#*!)*%)!4'&#$1*!,J+$16!(+.6+'4!*U*&J)$.18!Q)'+)$16!'!4$1$4'5!%7%)*4!;.J5,!'5%.!-*!'!6..,!$,*'8!

!

9!%*+$*%!./! $1&+*'%$16! 5'+6*!4'(($16%!'+*!'((5$*,! /.+!*'&#!.1).5.678!"#$%!'55.;%! ).!%**!#.;!)#*!

%7%)*4!+*'&)%!;$)#!%&'5'-$5$)78!9%!'!+*4$1,*+<!(+$.+!).!*U)+'&)$.1<!)#*!%7%)*4!'1'57%*%!'55!&5'%%*%!%(*&$/$*,!

$1!)#*!4'(($16<!'1,!&5'%%*%!/.+!)#*!*U(5$&$)!,*/$1$)$.1!./!)#*!5'))*+8!"#$%!$%!;#*+*!)#*!.1).5.67!'J).4')*,!

6*1*+')$.1! (+.).&.5! %#.;%! '! &.1)+$-J)$.18! ?)! '55.;%! ).! 4*'%J+*! )#*! *U)+'&)$.1! (*+/.+4'1&*! -*);**1!

.1).5.6$*%! )#')! '+*! &.4(.%*,!./! )#*! %'4*!1J4-*+! ./! &5'%%*%<! -J)!;$)#! '! ,$//*+*1)! 1J4-*+! ./!4$1$4J4!

5$1E%! -*);**1! )#*48! "#*! /.55.;$16! )'-5*! '1,! 6+'(#! %#.;%! )#*! *U)+'&)$.1! +*%J5)%! .-)'$1*,! /+.4! )#*!

*U)+'&)$.1!./!%J-S.1).5.6$*%!&.1)'$1$16!+*%(*&)$:*57!G<!GO<!GOO<!GOOO!<!GOOOO!!'1,!]OOOO!&5'%%*%!/+.4!)#*!

'!%*)!./!.1).5.6$*%!6*1*+')*,!;$)#!')!5*'%)!/$:*!5$1E%!-*);**1!)#*$+!&5'%%*%!'1,!&.1)'$1$16!+*%(*&)$:*57!G<!

GO<!GOO<!GOOO!<!GOOOO!!'1,!]OOOO!&5'%%*%8!

!
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( ( ( ( (
!"$

@P( P4(
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!

O.8,*&PWI&J589/-%(,(1)&L:%#.2%"(-&O"+*&7I#I%I&V5+8*#&(!&<,.$$*$&%(&L:%#.2%&X&V5+8*#&(!&<,.$$*$&

<(-%."-*4&"-&/-%(,(1)&&



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

!

F"15#*&GYI&J589/-%(,(1)&L:%#.2%"(-&O"+*&7I#I%I&V5+8*#&(!&<,.$$*$&%(&L:%#.2%&X&V5+8*#&(!&<,.$$*$&

<(-%."-*4&"-&/-%(,(1)&&

&

9&&.+,$16!).!"'-5*!GI!'1,!P$6J+*!K\<!)#*!%J-S.1).5.67!*U)+'&)$.1!)$4*!$%!*U(.1*1)$'557!6+.;$16!;8+8)8!

)#*! 1J4-*+! ./! &5'%%*%! &.1)'$1*,! $1! )#*! .1).5.67! '1,! )#*! 1J4-*+! ./! &5'%%*%! ).! *U)+'&)8! _.;*:*+! )#*!

*U)+'&)$.1! )$4*! 4*'%J+*4*1)%! '+*! #$6#57! %')$%/7$16N! 5*%%! )#'1! Y! %*&.1,%! /.+! )#*! *U)+'&)$.1! ./! '! %J-S

.1).5.67! &.4(.%*,! ./! GOOO! &5'%%*%! /+.4! '1! .1).5.67! &.1)'$1$16! ]OOOO! &5'%%*%! ;$)#! ')! 5*'%)! ]! 5$1E%!

-*);**1!*'&#!&5'%%8!

! !
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GO!
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GOOOO!

GOOOOO!

G! GO! GOO! GOOO! GOOOO! ]OOOO!

/0DE5,$#+#8%(

FG$"-BU#,(

V.*'W*7X(

Y0*D'"(#;(1+-77'7(1#,$-.,'?(.,(5,$#+#8%((
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GO!

GOO!

GOOO!

GOOOO!

]OOOO!
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!

K M7.,8(12-,8'()*&-B$(=-,-8'*',$(=#?0+'(.,(5,$#6'"7.#,.,8(

!

"#$%!%*&)$.1!,*)'$5%!)#*!J%*!./!)#*!&#'16*!$4('&)!4'1'6*4*1)!4.,J5*!;$)#$1!)#*!01).2*+%$.1$16!9>?8!"#*!

);.!(+.('6')$.1! '((+.'&#*%! /.+4'5$L*,! $1! )#*!01).2*+%$.13+'(#!4*)#.,.5.67<! +*%(*&)$:*57!".(SB.;1!

'1,! ^.)).4S[(! F&8/8! C#'()*+! YH<! '+*! $4(5*4*1)*,! $1! )#*! 9>?8! B.4'$1! *U(*+)%! &'1! J%*! )#*4! ,J+$16! )#*!

&#'16*!(+.('6')$.1!(#'%*!./!'1!.1).5.67!*:.5J)$.1<!'/)*+!)#*!%*+$'5$L')$.1!./! )#*!.1).5.67!2*+%$.13+'(#!

/.55.;$16!)#*!&#'16*!$4(5*4*1)')$.1!'1,!-*/.+*!&.44$))$16!'!1*;!.1).5.67!:*+%$.18!"#*!J%*!./!)#*!".(S

B.;1! '1,! .+! )#*!^.)).4S[(!(+.('6')$.1! '((+.'&#*%! '+*! +*%(*&)$:*57! (+*%*1)*,! $1! )#*! /$+%)! '1,! $1! )#*!

%*&.1,!('+)!./!)#$%!%*&)$.18!9!)#$+,!('+)!(+*%*1)%!)#*!+*%J5)%!./!)#*!)*%)%!+*'5$L*,!.1!)#$%!4.,J5*8!

K<4  M7.,8($2'(V#&EL#A,(!"#&-8-$ .#,(9&&"#-B2( (

!

"#$%! ('+)! *U(5'$1%! #.;! ).! J%*! )#*! ".(SB.;1! (+.('6')$.1! '((+.'&#! ).! 4'1'6*! )#*! $4('&)! ./! &#'16*%!

'((5$*,!.1!'1!.1).5.67!;#*1!(+.('6')*,!).!$)%!:$*;%8!

"#*!(+.('6')$.1!./!&#'16*%!/+.4!)#*!*:.5:*,!&.(7!./!'1!.1).5.67!).!$)%!:$*;%!$%!,$:$,*,!$1).!);.!

%)*(%8! "#*! $4('&)! '%%*%%4*1)! '1,! )#*! &.++*%(.1,$16! J(,')*! ./! *'&#! :$*;!,*/$1$)$.1! $%! )#*! /$+%)! )'%E! ).!

'&#$*:*8!"#$%!)'%E<!$/!1*&*%%'+7<!.&&J+%!,J+$16!)#*!(+.('6')$.1!(#'%*!./!)#*!(+.X*&)8!"#*!%*&.1,!$%!)#*!+*S

*U)+'&)$.1!./!*'&#!%J-S.1).5.67!,*/$1*,!-7!:$*;%!.1!)#*!*:.5:*,!&.(7!./!)#*!.1).5.67<!/+.4!)#*!'((5$&')$.1!

./!*'&#!:$*;!,*/$1$)$.1%!.1!)#*!*:.5:*,!.1).5.67!*:*1!$/!)#*7!#':*!1.)!-**1!J(,')*,8!B.4'$1!*U(*+)%!/$+%)!

1**,!).!5.',!)#*!2*+%$.13+'(#!./!)#*!&#'16*%!'((5$*,!,J+$16!)#*!5'%)!.1).5.67!*:.5J)$.1!'%!/.55.;%8!

!

VersionGraph vg = pp.loadLastVersion();  
VersionGraph subvg=vg.getLastOperations() ; 

"#*1!)#*7!XJ%)!1**,!).!-J$5,!'1!$1%)'1&*!./!)#*!c8HLK"(8<+87%!;$)#!)#$%!2*+%$.13+'(#!'1,!)#*!

?`?!./!'!:$*;!%(*&$/$*,!.1!)#$%!.1).5.67!'%!('+'4*)*+%<!).!5'J1&#!)#*!".(!B.;1!>+.('6')$.1!4.,J5*8!!

!

ModuleTopDown f = new ModuleTopDown(subvg,viewUri);!!

!

"#*7!&'1!)#*1!5'J1&#!)#*!J(,')*!./!)#*!&.++*%(.1,$16!:$*;!4'(($16!'%!/.55.;%N!

f.update(); 

!

"#*! J(,')*! '56.+$)#4! 'J).4')$&'557! &+*')*%! )#*! 5$%)! ./! ('+'4*)*+%! ./! *'&#! ,*5*)$.1! &#'16*!

&.1)'$1*,!$1!)#*!2*+%$.13+'(#<!;#$&#!'+*!%$4$5'+!).!%)'+)*+%!*5*4*1)%!./!)#*!:$*;!4'(($16!).!'%%*%%!)#*!

$4('&)!./!)#*!.1).5.67!*:.5J)$.1!.1!)#*!:$*;!,*/$1$)$.18!?/!)#*!5$%)!$%!1.)!1J55<!$)!)#*1!,*5*)*%!'55!)#*!%)'+)*+!

*5*4*1)%! /+.4! )#*!4'(($16! '&&.+,$16! ).! )#*! 5$%)! (+.&*%%*,8! "#*! %J-S.1).5.67! +*S*U)+'&)$.1! (+.&*%%! $%!

%$4$5'+!).!$)%!/$+%)!*U)+'&)$.18!B.4'$1!*U(*+)!XJ%)!1**,!).!%*)!)#*!&.++*%(.1,$16!:$*;!,*/$1$)$.1<!*:*1!$/!1.)!

J(,')*,<! )#*! ?`?! ./! )#*! .1).5.67! *:.5:*,! &.(7<! '%! ('+'4*)*+%! ./! '! 1*;! $1%)'1&*! ./!

c8HLK")U;#-@;BLQV%;8K8.M8!?)!$4(5$*%!&.,$16!)#*!/.55.;$16!$1%)+J&)$.1%N!!

 

ModuleExtractSubOntology e = new ModuleExtractSubOntology(ontoUri, 

mapping, viewUri ); 

e.extract(); 

e.save(); 

 

@#*1!)#*!%J-S.1).5.67!$%!*U)+'&)*,<!,.4'$1!*U(*+)%!&'1!&#..%*!).!%*+$'5$L*!$)%!2*+%$.13+'(#!$1!'%!

/.55.;%8&

 

ModuleExtractSubVersionGraph m = new ModuleExtractSubVersionGraph(vg, 

mapping, viewIri); 
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K<@  M7.,8($2'(Z#$$#*EM&(!"#&-8-$ .#,(9&&"#-B2(

!

"#$%!('+)!*U(5'$1%!)#*!J%*!./!)#*!^.)).4S[(!(+.('6')$.1!'((+.'&#!).!(+.('6')*!)#*!&#'16*%!'((5$*,!.1!'!

0@A!BA!%J-S.1).5.67!,*/$1*,!-7!'!:$*;!.1!'!0@A!BA!%.J+&*!.1).5.67!).!)#$%!.1).5.67!'1,!$)%!.)#*+!:$*;%8!!

"#*! (+.('6')$.1! ./! &#'16*%! /+.4! '! %J-S.1).5.67! ).! )#*! .1).5.67! /+.4!;#$&#! $)! ;'%! *U)+'&)*,! '1,<! -7!

*U)*1%$.1<!).!$)%!.)#*+!:$*;%<!$%!,$:$,*,!$1).!)#+**!%)*(%8!!

"#*! %J-S.1).5.67! *:.5J)$.1! &.1%)$)J)*%! )#*! /$+%)! %)*(8! "#*! *:.5J)$.1! (+.&*%%! $%! )#*! %'4*! '%! '!

&5'%%$&!0@A!BA!.1).5.67!.1*8!?1%)+J&)$.1%!-*5.;!5.',!)#*!5'%)!2*+%$.13+'(#!./!)#*!%J-S.1).5.67!'1,!'((57!

)#*!&#'16*%!+*MJ$+*,!-7!)#*!:$*;!%J-S,.4'$1!*U(*+)%8  

!

Project p2 = new Project("ontologies", "view");  

VersionGraph vg2 = p2.loadLastVersion(); 

vg2.getOperations().addObjectProperty("http://example.org/#friendOf"); 
vg2.getOperations().addClass("http://example.org/#friend"); 
vg2.getOperations().addDomainProperty("http://example.org/#friendOf","http:
//example.org/#friend"); 
vg2.getOperations().addRangeProperty("http://example.org/#friendOf","http:/
/example.org/#friend"); 

Like for any OWL DL ontology, consistency is resolved by the 

structural and logical preventive checks according to the chosen 

verification mode. If changes are assumed consistent, the sub-domain 

experts then need to implement the changes on the sub-ontology by 

serializing a copy of its VersionGraph with the changes, so that they can 

check again its logical consistency with Pellet.  

 

vg2.serializeVersionGraph(); 

String subOnt = "http://example.org/view.owl"; 

OntModel model2 =  

ModelFactory.createOntologyModel(PelletReasonerFactory.THE_SPEC);                 

model2.read( subOnt ); 

boolean isConsistent =  

((PelletInfGraph)model2.getGraph()).getKB().isConsistent(); 

 

When changes are implemented and checked, changes can be propagated 

to the ontology, calling a second evolution process. The second step 

consists then in applying the changes implemented on the sub-ontology on 

the source ontology. Sub-domain experts have to build an instance of the 

ModuleBottomUp Class setting the serialize VersionGraph copy of the evolved 

sub-ontology and the source ontology IRI as parameters, to launch the 

Bottom-Up Propagation module. 

 

ModuleBottomUp g = new ModuleBottomUp(vg2,ontoIri);!!

!

"#*7!&'1!)#*1!5'J1&#!)#*!J(,')*!./!)#*!&.++*%(.1,$16!.1).5.67!'%!/.55.;%N!

!

g.update(); 

 

"#*! J(,')*! '56.+$)#4! 'J).4')$&'557! *U)+'&)%! )#*! &.++*%(.1,$16! &#'16*%! /+.4! )#*! %J-S.1).5.67!

%*+$'5$L*,!2*+%$.13+'(#!&.(7<!',,!)#*4!).! )#*!.1).5.67!2*+%$.13+'(#<! $4(5*4*1)! )#*4!'1,!&#*&E!)#*$+!

&.1%$%)*1&7!.1!)#*!.1).5.678 ?/!&#'16*%!'+*!'%%*%%*,!&.1%$%)*1)!.1!)#*!;#.5*!.1).5.67<!)#*1!)#*7!&'1!-*!
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(+.('6')*,!).!)#*!.)#*+!:$*;%!,*/$1*,!.1!$)8!"#*!)#$+,!%)*(!&.1%$%)%!)#*1!$1!)#*!(+.('6')$.1!./!)#*!&#'16*%!

'((5$*,!.1!)#*!.1).5.67!).!)#*!.)#*+!:$*;%8!B.4'$1!*U(*+)%!#':*!).!*U)+'&)!)#*!5'%)!&#'16*%!'((5$*,!.1!)#*!

*:.5:*,!.1).5.67!$1!'!2*+%$.13+'(#!'1,!%*)!$)!'%!('+'4*)*+!./!'!1*;!$1%)'1&*!./!)#*!c8HLK"(8<+87%!&5'%%!

;$)#!)#*!,$//*+*1)!%J-S.1).5.6$*%l!?`?8!"#*1!)#*7!1**,!).!&'55!)#*!&.++*%(.1,$16!J(,')*!4*)#.,!).!J(,')*!

)#*! :$*;! ,*/$1$)$.18! "#*1! )#*7! 1**,! ).! 5'J1&#! )#*! &.++*%(.1,$16! %J-S.1).5.67! *U)+'&)$.1! 4.,J5*! '1,!

2*+%$.13+'(#! *U)+'&)$.1!4.,J5*! ).! *U)+'&)! )#*! 1*;! %J-S.1).5.67! :*+%$.1! /+.4! )#*! *:.5:*,! &.(7! ./! )#*!

.1).5.67!'1,!%':*!$)%!1*;!2*+%$.13+'(#!:*+%$.18!"#*!($*&*!./!&.,*!-*5.;!$55J%)+')*%!$)%!J%*!/.+!.1*!:$*;8!

 

VersionGraph subvg=vg.getLastOperations() ; 

ModuleTopDown f = new ModuleTopDown(subvg,viewIri1);!!

f.update(); 

ModuleExtractSubOntology e  

= new ModuleExtractSubOntology(ontoIri,mapping,viewIri1 ); 

e.extract(); 

e.save(); 

ModuleExtractSubVersionGraph m = new ModuleExtractSubVersionGraph(vg, 

mapping, viewIri); 

!

"#$%! (+.&*%%!4J%)! -*! +*(*')*,! /.+! *'&#! %J-S.1).5.67! ,*/$1*,! -7! '! :$*;! .1! )#*! .1).5.678! 9/)*+!

)#*%*! %J-S.1).5.6$*%! '+*! '55! J(,')*,<! )#*! .1).5.67! *:.5J)$.1! &'1! -*! :'5$,')*,! -7! 6*1*+')$16! )#*!

&.++*%(.1,$16!.1).5.67!:*+%$.1!'%!-*5.;8!

!

OwlConvector owlc =  

new OwlConvector(vg,"ontologies","test",vg.getMaxVersion()); 

!

K<H  L.7B077 .#,(

!

"#*! &#'16*! $4('&)!4'1'6*4*1)!4.,J5*! $4(5*4*1)*,! $1! )#*!01).2*+%$.1$16! $%! )#*! .157! /*')J+*<!;#$&#!

#'%! 1.)! -**1! +*'557! )*%)*,! 7*)8! 0157! /*;! J1$)! )*%)%! #':*! -**1! 4',*! ).! :'5$,')*! )#*! &.1%$%)*1)! J(,')*!

/*')J+*! ./! '! :$*;!4'(($16! $4('&)*,! -7! &#'16*%! (+.('6')*,! /+.4! '1! .1).5.678! "#*! +*%)! ./! )#$%!4.,J5*!

/*')J+*%!-*$16!-'%*,!.1!)#*!&#'16*!4'1'6*4*1)!4.,J5*!'1,!)#*!%J-S.1).5.67!*U)+'&)$.1!4.,J5*<!$)!;'%!

&.1%$,*+*,! *1.J6#! ).! %#.;! )#*! /*'%$-$5$)7! ./! )#*! ".(SB.;1! '1,!^.)).4S[(!>+.('6')$.1! '((+.'&#*%8! 9!

%*+$*%!./!/J1&)$.1'5!)*%)%!'+*!#.;*:*+!*1:$%$.1*,!).!'55.;!$4(+.:$16!)#*!&.++*%(.1,$16!/*')J+*%8!95%.<!1.!

*MJ$:'5*1)!%.5J)$.1!;'%!/.J1,!).!'55.;!'!/J1&)$.1'5!%&.(*!.+!'1!*U*&J)$.1!(*+/.+4'1&*!&.4('+$%.18!!

! !
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Q 1#,B+07.#,(-,?(>0$0"'(L'['+#&*',$(!'"7&'B$.['7(

!

"#$%! &#'()*+!#'%!,*%&+$-*,! )#*! $4(5*4*1)')$.1!./! )#*!01).2*+%$.13+'(#!.1).5.67! &#'16*!4'1'6*4*1)!

4*)#.,.5.678!!

?)!#'%!/$+%)!6$:*1!'!6*1*+'5!.:*+:$*;!.1!)#*!9>?!,*,$&')*,!).!)#$%!'((+.'&#<!&'55*,!01).2*+%$.1$168!

"#*! )#+**! 4'$1! 4.,J5*%! &.++*%(.1,$16! ).! )#*! )#+**! 4'$1! -5.&E%! ./! )#*! 4*)#.,.5.67! '+*N! )#*! &#'16*!

4'1'6*4*1)! 4.,J5*<! *4-*,,$16! )#*! *:.5J)$.1! '1,! :*+%$.1$16! (+.&*%%*%! J%$16! %)+J&)J+'5! '1,! 5.6$&'5!

(+*:*1)$:*! +*%.5J)$.1! 4.,J5*%<! )#*! :$*;! %(*&$/$&')$.1! '1,! %J-S.1).5.67! *U)+'&)$.1! 4.,J5*<! '1,! )#*!

&#'16*! $4('&)!4'1'6*4*1)!4.,J5*8!"#*%*!4.,J5*%! '+*! '55! %J((.+)*,!-7!2*+%$.13+'(#! /$5*%! &.1)'$1$16!

)#*!65.-'5!5.6%!./!&#'16*%!./!.1).5.6$*%!.+!%J-S.1).5.6$*%8!9!2*+%$.13+'(#!-*$16!+*(+*%*1)*,!'%!'1!0@A!

5$6#)!.1).5.67!,*%&+$-$16! )#*!;#.5*!&#'16*%!'((5$*,!.1!'1!.1).5.67!.+!'!%J-S.1).5.67!'1,! )#*$+! +*5')*,!

4*)',')'<! &'1! -*! MJ*+$*,! -7! Q>9`bA! MJ*+$*%! /.+! 4'17! (J+(.%*%<! %J&#! '%! 5.6$&'5! $1&.1%$%)*1&7!

$,*1)$/$&')$.1<!.1).5.67!:*+%$.1!+*)+$*:$16!'1,!+*6*1*+')$.1<!*)&8!"#*!,*:*5.(4*1)!'1,!)#*!*:.5J)$.1!./!'1!

0@A!BA!.1).5.67!$%!J1)$5!1.;!+*'5$%*,!/+.4!%&+')&#!-J)!)#*!9>?!$%!'5%.!*1:$%$.1*,!).!%J((.+)!*U$%)$16!0@A!

BA!.1).5.6$*%!J(.1!)#*!'J).4')*,!&.1%)+J&)$.1!./!$)%!2*+%$.13+'(#8!!

"#*! J%*! ./! *'&#! ./! )#*! 01).2*+%$.1$16! 9>?! 4.,J5*%! #'%! -**1! %*&.1,57! *U(5'$1*,! ;$)#! &.,*!

*U'4(5*%<!$1!.+,*+!).!%#.;!#.;!)#*7!&'1!-*!$1)*6+')*,!$1!'1!*U$%)$16!%7%)*4!'1,!(+*&$%*57!,*%&+$-*!)#*$+!

/J1&)$.1'5!%&.(*8!"#*! )#+**!4'$1!4.,J5*%!,.!1.)!*4-*,!'55! )#*! /*')J+*%!,*%&+$-*,!-7! )#*!4*)#.,.5.67<!

-J)!'!4'X.+!('+)!./!$)8!"#*7!#':*!1.)!-**1!)*%)*,!.1!'!&.1&+*)*!(+.X*&)8!_.;*:*+<!)#*!&#'16*!4'1'6*4*1)!

4.,J5*! /*')J+*%!#':*!-**1!'%%*%%*,!.1! %.4*!&'%*%!./! %)J,7<! '%!;*55! '%! )#*!:$*;!%(*&$/$&')$.1!'1,! %J-S

.1).5.67!*U)+'&)$.1!4.,J5*<!;#$&#!#'%!'5%.!-**1! )*%)*,! /.+! %&'5'-$5$)78!"#*! &#'16*! $4('&)!4'1'6*4*1)!

4.,J5*! $%! )#*! .157! /*')J+*<! ;#$&#! #':*! 1.)! -**1! )*%)*,! 7*)8! 9! %*+$*%! ./! /J1&)$.1'5! )*%)%! '+*! #.;*:*+!

*1:$%$.1*,! ).! '55.;! $4(+.:$16! )#*! &.++*%(.1,$16! /*')J+*%8! 35.-'557! )#*! +*%J5)%! .-)'$1! '/)*+! 4'1J'557!

J%$16! *'&#!./! )#*%*!4.,J5*%!;*+*! %')$%/7$16! N!0@A!BA!.1).5.6$*%!J%*,!'%! $1(J)!#':*!-**1! &.1%$%)*1)57!

*:.5:*,<!:*+%$.1*,!'1,!:$*;%!#':*!-**1!%(*&$/$*,!.1!)#*4<!)#*!&.++*%(.1,$16!%J-S.1).5.6$*%!&.1%$%)*1)57!
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!!! !!F8GVHF8A8VG!

• *3!!!!!!! ! *HF9A>G!(#,!!! ! !PF"AF9?A8?GGAQA!F"AF9#A8#GGR!(#,!!!!!!F9G:!F9A9:G!(#,!

!!!!!! ! 5HF8A`G!(#,!!!!8!!8U!!

• *3!!!!!!! ! *HF9A>G!(#,!!! ! !PF"AF9?A8?GGAQA!F"AF9#A8#GGR!(#,!!!! !!F9:G:!!F9:A!9G!(#,!

!!!!!! ! 5HF8A`G!(#,!!!!8!!8U!

• *3!!!!!!! ! *HF8A`G!(#,!!! ! !PF"AF9?A8?GGAQA!F"AF9#A8#GGR!(#,!!!!8H8:!(#,!!!!!!! ! 5HF9A>G!

(#,!!!!9!!9U!!

• *3!!!!!!! ! *HF8A`G!(#,!!! ! !PF"AF9?A8?GGAQA!F"AF9#A8#GGR!(#,!!!!8H8:!(#,!!!!! !!F8:G:!!F8:A!

8G!(#,!!!!!!! ! 5HF9A>G!(#,!!!!9!!9U!!

• *3!!! ! HPF"A`?GA!QA!F"A`#GR!(#,!!!!`!`*!

• *3!!!!!!! ! *HF"A\B#+-*.#(5G!(#,!!!!!!! ! *HF"AF>A!`?G!AQA!F"AF>A!`UGG!(#,!Ub?!

 

 

! !



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

!*+&(*",$,& & !-."&/51&

!

! !



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

!*+&(*",$,& & !-."&/0/&

!

! !



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

!*+&(*",$,& & !-."&/01&

!

"#$%&!

! !



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

!*+&(*",$,& & !-."&/02&

!

! !



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

!*+&(*",$,& & !-."&/00&

!

! !



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

!*+&(*",$,& & !-."&/03&

!

!


