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Part I

Urn-based Shock Models
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%&, '$%,$('%5 /4 %&, $12=,- /4 0,4*13%( '$ %&, ,)/$/25 *( * .&/3,7 8% %&'( +/'$% '% '(

+/(('=3, %/ 0,-'E, %&, ,?+,)%,0 3/(( 7 *(

7 !
)

*

9*X*'

#$ /-0,- %/ 6,% %&, 3/(( 0'(%-'=1%'/$D %&, Q-,0'%^'(If !3 2/0,3 *((12,( %&*% %&,

,E,$%( "*D )/$0'%'/$*335 /$ *D *-, K/'((/$ E*-'*=3,(7 F,$),D '% %1-$( /1% %&*% %&,
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2
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)

*

9*Z
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'

;%*$0*-0 )/$('0,-*%'/$( 9(,, NYYO 4/- 41-%&,- 0,%*'3(< /$ %&, +-/=*='3'%5 6,$B

,-*%'$6 41$)%'/$ (&Z' (&/. %&*% %&, )/,4>)',$%( /4 %&, +/.,- ,?+*$('/$ *-, 6'E,$

=5

9&#' !
"
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.&,-,Q '( %&, 3*-6,(% ,?+/(1-, '$ %&, +/-%4/3'/ '$ %,-2( /4 Y 1$'%( *$0

9&(' ! &" % 6#N!"'!
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." '

A&,(, ,U1*%'/$( )*$ =, 41-%&,- ,?%,$0,0 %/ %&, )*(, /4 (,E,-*3 (,62,$%(D .'%&D

4/- ,?*2+3,D * (,% /4 (5(%,2*%') -'(I 4*)%/-( *"& '''& */ 7 #$ +*-%')13*-D %&, ,?%,$('/$

4/- %&, )*(, /4 '$0,+,$0,$% e*22* 0'(%-'=1%,0 (,62,$%( '( 6'E,$ '$ NYYO7

:'$*335D *( 4*- *( %&, $12=,- /4 0,4*13%(: '( )/$),-$,0D =,)*1(, /4 '%( *((12+B

%'/$(D %&, Q-,0'%^'(If !3 2/0,3 -,U1'-,( %&*%D '$ ,E,-5 6-/1+ . ! "& '''& !

2 &:& ! B&' !
>!?$N8$&
B&0

&

.&,-, N& '( %&, ,?+,)%,0 $12=,- /4 0,4*13%( '$ 6-/1+ .7 ;/D =,)*1(, /4 %&, *((12,0

'$0,+,$0,$), /4 0,4*13%( =,%.,,$ 6-/1+(D

2 &:" ! B"& '''& :" ! B"' !
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.&,-, B !
!"

&!" B&7 F,$), %&, %/%*3 $12=,- /4 0,4*13%( %-'E'*335 4/33/.( * K/'((/$

0'(%-'=1%'/$7

O9? ;"& 3#%#

A&, (1=(,U1,$% *$*35('( '( =*(,0 /$ `//05H( 0*%* '$ NMWOD *=/1% 0,4*13%( *$0 -,)/EB

,-5 -*%,( /4 R1-/+,*$ )/-+/-*%, =/$0 '((1,-( 4-/2 LWPW %/ Y__!7 A&,(, 0*%* &*E, %&,

4/33/.'$6 )&*-*)%,-'(%')(C

. A&, %-*0'%'/$*3 YL -'(I )3*((,( /4 `//05H( *-, &,-, )/33*+(,0 '$%/ ] 6-,*%,-

6-/1+(C 888B88D 8Ba88D a8Ba *$0 Q >-2(7 A&'( '( 01, %/ %&, $/%

)/22,-)'*3 =1% *)*0,2') $*%1-, /4 %&, 0*%*(,%[

. :/- ,E,-5 -*%'$6 6-/1+ ., &*E, %&, %/%*3 $12=,- /4 >-2( *$0 %&, $12=,- /4

0,4*13%( 4-/2 LWPW %/ Y__!7

A*=3,( !7L *$0 !7Y *66-,6*%, *$0 (122*-'@, %&, *E*'3*=3, 0*%* *=/1% 0,4*13%(7

:/- ,E,-5 -'(I )3*(( *$0 4/- ,E,-5 5,*-D %&, >-(% $12=,- 9*=/E,< -,+-,(,$%( %&, %/%*3

*2/1$% /4 =/$0 '((1,-( '$ %&, )3*((D .&'3, %&, (,)/$0 9=,3/.< '( %&, $12=,- /4 *)%1*3

0,4*13%(LP7

A&,(, 0*%* *-, (14>)',$% 4/- '2+3,2,$%'$6 /1- %&-,, 0,4*13% 2/0,3( 9%&, 213B

%'0'2,$('/$*3 1-$D %&, ^^cK *$0 %&, K/35* 1-$ )&*'$< *$0 4/- )/2+*-'$6 %&,2 .'%&

%&, =*(') Q-,0'%^'(If !3 2/0,3D %&*% '( %&, +1-+/(, /4 %&'( )&*+%,-7 #$ .&*% 4/33/.(

!% Z/%, %&, _WBLL ,44,)%( /$ >-2(H 0,4*13%(C Y__Y '( %&, ./-(% 5,*- 4/- ,E,-5 -'(I )3*((7
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A*=3, !7YC `//05H( 0*%*7 K*-% ##7

., .'33 )/$('0,- %&, +//3,0 )*(,D (122'$6 %&, 0'44,-,$% -'(I )3*((,( /E,- %&, 5,*-(7

X=E'/1(35D * 41$0*2,$%*3 (%,+ 4/- %&, *$*35('( '( %/ ,(%'2*%, %&, 0'44,-,$% +*-*2,%,-(

/4 '$%,-,(%D *( ., 0'()1(( '$ %&, $,?% (,)%'/$7

O9( N/$,&/&0%-06 %"& /2.&,1

#$ 0,()-'='$6 &/. ., &*E, '2+3,2,$%,0 %&, 0'44,-,$% 2/0,3(D (%*-%'$6 4-/2 %&, *)B

%1*3 0*%* '$ NMWOD ., )*$ )/$('0,- %&-,, 0'44,-,$% '$'%'*3'@*%'/$(C %&, /$, /4 %&, %./

213%'0'2,$('/$*3 2/0,3(D %&, /$, /4 %&, K/35* 1-$ )&*'$ *$0 %&, /$, -,3*%,0 %/

Q-,0'%^'(If !37 ;'$), ., 0/ $/% &*E, *$ '$B0,+%& I$/.3,06, /4 %&, +&,$/2,$* .,

*-, 0,()-'='$6 B ., *-, $/% ,)/$/2'(%( /- >$*$)'*3 61-1(D ., )*$$/% ,?+-,(( *$5 *
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+-'/-' -,+-,(,$%*%'/$ /4 %&, =,&*E'/- /4 >-2( *$0 %&,'- 0,4*13%(7 :/- %&,(, -,*(/$(D

., 0/ +-,4,- %/ 1(, *)%1*3 0*%* %/ /=G,)%'E,35 '$'%'*3'@, %&, 2/0,3(7

O9(9: ;"& *+,%-.-/&01-20#, <'0 #0. %"& FF<=

A&, `13%'0'2,$('/$*3 c-$ *$0 %&, ^^cK 2/0,3( *-, '$'%'*3'@,0 '$ %&, (*2, .*57

84%,- *33D %&, ^^cK '( $/%&'$6 =1% * 6,$,-*3'@*%'/$ /4 %&, ('2+3,- 213%'0'2,$('/$*3

)*(,7 #$ 4*)%D *% ,E,-5 %'2, +/'$%D %&, 0'44,-,$% 1-$( *-, (%*$0*-0 K/35* 1-$( *$0
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"""#"" "##"" #"## $ %&

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

A*=3, !7\C b'-')&3,% +*-*2,%,-( 4/- 213%'0'2,$('/$*3 2/0,3(

A&'( 3*(% -,(13%( '$ *$ /+%'2*3 (%*-%'$6 +/'$% 4/- %&, 6,$,-*3'@,0 ,?+,)%*%'/$

2*?'2'@*%'/$ 9eR`< *36/-'%&2 *++-/*)& %/ K/35* 1-$( +-/+/(,0 '$ N"LO *$0 N"\O7

A&, eR` *36/-'%&2 '( * .,33BI$/.$ ,(%'2*%'/$ %,)&$'U1, *$0 %&,-, '( $/ $,,0 %/

0,()-'=, '% &,-,7 8 E,-5 )/2+3,%, 0'()1(('/$ /4 %&, %/+') )*$ =, ,*('35 4/1$0 '$ N]_O

/- '$ *$5 /%&,- =//I *=/1% )/2+1%*%'/$*3 (%*%'(%')(7

A&, 2*'$ '0,* '$ N"LO *$0 N"\OD %&*% ., &*E, *0*+%,0 %/ /1- )*(,D '( %/ 1(,

%&, eR` *36/-'%&2 %/ 2*?'2'@, %&, 3/6B3'I,3'&//0 41$)%'/$ /$, )*$ 0,01), 4-/2

,U1*%'/$ ]7YD /$), *((12,0 %&*% %&, *E*'3*=3, /=(,-E*%'/$( *-, '$)/2+3,%,7 #$ 4*)%D

6'E,$ ,U1*%'/$ ]7YD '% (14>),( %/ ,(%'2*%, %&, %&,/-,%')*3 2/2,$%( /4 ,U1*%'/$( ]7\

*$0 ]7]D 1('$6 * (%*$0*-0 ,(%'2*%'/$ 2,%&/0 9,767 %&, 2,%&/0 /4 2/2,$%( 9(,, N]_O<<D

*$0 %&,$ %/ -1$ %&, eR` *36/-'%&2 %/ 6,% %&, 0,('-,0 3'I,3'&//07

A*=3, !7\ )/$%*'$( %&, ,(%'2*%,(LW 4/- %&, (%*-%'$6 213%'0'2,$('/$*3 1-$7 Q/3B

12$ #Z '( %&, '$(%-12,$%*3 6-/1+ ., &*E, )-,*%,0 =5 2,-6'$6 %&, 888B88 *$0 %&,

Q 6-/1+(7 8( * 2*%%,- /4 4*)%D /1- 2/0,3 $,,0( ! % " 6-/1+(D (/D '$ /-0,- %/ &*E,

,(%'2*%,( 4/- %&, 4/1- 2*'$ -'(I )3*((,(D ., -,U1'-, *$ ,?%-* >)%'%'/1( 6-/1+7

!& 833 %&, )/0,( 4/- )/2+1%*%'/$( &*E, =,,$ .-'%%,$ 1('$6 :/-%*$ 3*$61*6,7



L_Y
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*!( %)($!# $)$!%$ !)()** ()$%%!

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

A*=3, !7]C `VR ,(%'2*%,( 4/- %&, K/35* c-$ Q&*'$

O9(9> ;"& =2,8# <'0 !"#-0
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%&,/-,%')*3 2/2,$%( 0,-'E,0 '$ NYLO 4/- %&, e,$,-*3'@,0 b'-')&3,% 0'(%-'=1%'/$ *$0 %/
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A*=3, !7] )/$%*'$( %&, ,(%'2*%,( 4/- %&, K/35* c-$ Q&*'$7

O9(9? !'&.-%F-1MS !3

8( 4*- *( Q-,0'%^'(If !3 '( )/$),-$,0D ('2+35 $/%'), %&*% %*=3,( !7L *$0 !7Y )/$%*'$

*33 %&, '$4/-2*%'/$ ., $,,0 %/ ,(%'2*%, %&, 2/0,3 +*-*2,%,-(7 #$ +*-%')13*-D 6'E,$
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%&, %/%*3 $12=,- /4 >-2( '$ %&, 6-/1+( *$0 %&, -,3*%,0 $12=,- /4 0,4*13%(D '% '( E,-5

('2+3, %/ 0,-'E, %&, '$%,$('%5 2,*(1-,( ., $,,0 %/ +,-4/-2 )*3)13*%'/$( *( N! !
8#
'#
D

% ! "& '''& !7

O9I ;"& F&1+,%1

J, *-, $/. -,*05 %/ *$*35@, %&, -,(13%( /4 /1- E,-5 0,2*$0'$6 ('213*%'/$(D %&*% &*E,

-,U1'-,0 *.&'3,D 1('$6 *$ ,1+&,2'(27 #$ +*-%')13*-D %&, &*-0,(% )*3)13*%'/$( &*E,

=,,$ %&/(, /4 %&, ^^cK 2/0,37 8$5.*5D %&, 1(, /4 :/-%-*$ )/0,( 4/- %&, *36/-'%&2(

&*( (,$('=35 -,01),0 %&, -1$$'$6 %'2,D .'%& -,(+,)% %/ /%&,- 3*$61*6,( 1(,0 4/- %&,

'$'%'*3 %-'*3(7

:'61-, !7L (&/.( %&, )/2+*-'(/$ /4 %&, +04H( 4/- %&, $12=,- /4 0,4*13%( '$ %&,

888B88 -'(I )3*((,( 1('$6 %&, 0'44,-,$% 2/0,3( *$0 %&,'- +-/+,-%',( *=/1% 2*-6'$*3

0'(%-'=1%'/$(7 8( /$, )*$ )3,*-35 (,,D %&, 0'44,-,$),( *-, ,?%-,2,35 2/0,-*%,7 J,

)*$ /$35 *++-,)'*%, * (1=(%*$%'*3 ('2'3*-'%5 =,%.,,$ %&, 213%'0'2,$('/$*3 1-$ 2/0,3

*$0 %&, ^^cK7 833 %&'( '( *3(/ )/$>-2,0 =5 :'61-, !7YD '$ .&')& ., )/$('0,- %&,

0'44,-,$% )04H( *$0 ., )/2+*-, %&,2 .'%& %&, ,2+'-')*3 /$, )*3)13*%,0 /$ %&, *)%1*3

0*%* '$ NMWO7 F,-, '% '( +/(('=3, %/ (,, %&*% %&, 2/0,3 .&')& =,%%,- -,+-/01), *)%1*3

0*%* (,,2( %/ =, %&, K/35* 1-$ )&*'$7

:'61-,( !7\ *$0 !7] (&/. %&, -,(13%( 4/- %&, 8Ba88 )3*((,(7 F,-, %&, Q-,0'%^'(If !3

2/0,3 *$0 %&, K/35* 1-$ )&*'$ +,-4/-2 E,-5 ('2'3*-35D .&'3, %&, ./-(% /$, (,,2( %/

=, %&, ^^cK7
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:'61-, !7LC Q/2+*-'(/$ /4 %&, I,-$,3 0,$('%5 ,(%'2*%,( 4/- %&, $12=,- /4 0,4*13%( '$
%&, 888B88 -'(I )3*((,(7

:'61-, !7YC Q/2+*-'(/$ /4 %&, )1213*%'E, 0'(%-'=1%'/$ 41$)%'/$( 4/- %&, $12=,- /4
0,4*13%( '$ %&, 888B88 -'(I )3*((,(7
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:'61-, !7\C Q/2+*-'(/$ /4 %&, I,-$,3 0,$('%5 ,(%'2*%,( 4/- %&, $12=,- /4 0,4*13%( '$
%&, 8Ba88 -'(I )3*((,(7

:'61-, !7]C Q/2+*-'(/$ /4 %&, )1213*%'E, 0'(%-'=1%'/$ 41$)%'/$( 4/- %&, $12=,- /4
0,4*13%( '$ %&, 8Ba88 -'(I )3*((,(7
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:'61-, !7MC Q/2+*-'(/$ /4 %&, I,-$,3 0,$('%5 ,(%'2*%,( 4/- %&, $12=,- /4 0,4*13%( '$
%&, a8Ba -'(I )3*((,(7

:'61-, !7!C Q/2+*-'(/$ /4 %&, )1213*%'E, 0'(%-'=1%'/$ 41$)%'/$( 4/- %&, $12=,- /4
0,4*13%( '$ %&, a8Ba -'(I )3*((,(7
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:'61-, !7"C Q/2+*-'(/$ /4 %&, I,-$,3 0,$('%5 ,(%'2*%,( 4/- %&, $12=,- /4 0,4*13%( '$
%&, Q -'(I )3*((7

:/- %&, >-2( =,3/$6'$6 %/ %&, a8Ba -'(I 6-/1+D :'61-,( !7M *$0 !7! 0'(+3*5

&/. %&, K/35* )&*'$ 6'E,( %&, =,(% -,(13%(D '4 )/2+*-,0 .'%& %&, /%&,- 2/0,3(7 A&,

213%'0'2,$('/$*3 2/0,3(D /$ %&, )/$%-*-5D *-, %&/(, %&*% ./-(, -,+-/01), *)%1*3 0*%*7

#$ :'61-,( !7" *$0 !7PD ., *$*35@, %&, 2/(% 0*$6,-/1( -'(I )3*((D %&, /$, 2*0,

1+ /4 Q -*$I'$6 =/$0 '((1,-(7 #$ %&'( )*(,D %&*% )*$ =, )/$('0,-,0 %&, 2/(% '2+/-%*$%

/$,D E',. %&*% ., *-, '$%,-,(%,0 '$ %&, $12=,- /4 0,4*13%( '$ %&, ./-(% -'(I )3*((D

Q-,0'%^'(If !3 (,,2( %/ 6'E, %&, 3,(( *))1-*%, ,(%'2*%,(7 A&'( '( +-/=*=35 01, %/ %&,

1(, /4 %&, =*(') 2/0,3D &/.,E,- ., )*$$/% 0,$5 %&, E,-5 6//0 =,&*E'/- /4 %&, K/35*

1-$ )&*'$D ,E,$ '$ %&'( )*(,7
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:'61-, !7PC Q/2+*-'(/$ /4 %&, )1213*%'E, 0'(%-'=1%'/$ 41$)%'/$( 4/- %&, $12=,- /4
0,4*13%( '$ %&, Q -'(I )3*((7

O9O !20E,+1-201

:'$*335 ., &*E, *++3',0 /1- %&,/-,%')*3 2/0,3( %/ *)%1*3 0*%* *$0 )/2+*-,0 %&,2

.'%& /$, /4 %&, (%*$0*-0 2/0,3 1(,0 =5 +-*)%'%'/$,-(7 A&, -,(13%(D ,E,$ '4 %&,5 )/130

=, 41-%&,- 0,E,3/+,0D 6'E, '$%,-,(%'$6 '$4/-2*%'/$ *=/1% %&, 6//0$,(( /4 >% /4 %&,

2/0,3(7

#$ +*-%')13*-D %&, ^^cK 2/0,3D 0,(+'%, '%( 0,2*$0'$6 )*3)13*%'/$(D (,,2( %/

=, %&, 3,(( *))1-*%, '$ ,(%'2*%'$6 %&, 0'(%-'=1%'/$ /4 %&, $12=,- /4 0,4*13%( '$ %&,

0'44,-,$% -'(I )3*((,(7 #$ +-*)%'),D '% ('2+35 -,+-/01),( %&, -,(13%( /4 %&, 213%'0'B
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_46L>, !.1-7+=.$- A#1-'=='= +%8 67'$# 9""*$-+.$1%= AA- R.S/A,

#P!$ +=6&)*) T,- [46L)* O,- ;JJJ, I)=5*46 51 58) *&'85 E*1D)>>)> M*12 4 E*)<&D5&X)
E)*>E)D5&X)G 4 *)X&)_ 4(< ()_ <)X)61E2)(5>,P'.#1% "SK- !"S"J,

#P;$ m86>1(- @,- !.AJ, Q&(4(D&46 *45&1 4(< 58) E*1343&6&>5&D E*)<&D5&1( 1M 34(LS
*=E5D9, 314#%+* 15 9--14%.$%& 0'='+#-7 !A- !J.S!"!,

#P"$ T4'4(1(& %,+,- O)DD8& T,- ;JJK, F(5)*4D5&(' *)&(M1*D)<S=*( >9>5)2>, 98(
F+%-'= $% 9""*$'8 A#1B+B$*$.?- "P- /.!SAJK,

#PK$ T)24(56) U,- !..J, % 5&2)S<)E)(<)(5 X)*>&1( 1M T1694e> =*(, 314#%+* 15 67'(
1#'.$-+* A#1B+B$*$.?- "- P;/SP"/,



!!A

#PR$ T86&E> H,- !..A, %EE6&)< F(<=>5*&46 BD1(12&D>, I+EB#$8&' O%$F'#=$.? A#'==-
0423*&<'),

#PP$ T&664& U,I,- !..J, m( +&554'SH)Mn)* M=(D5&1(> 4(< *)645)< <&>5*&3=5&1(>, 9%(
%+*= 15 .7' 2%=.$.4.' 15 !.+.$=.$-+* P+.7'E+.$-=- K;- !R/S!P!,

#P/$ T&524( @,- !..P, O12) <)X)61E2)(5> 1M 58) :64DL_)66S+4Db=))( =*( >D8)2),
F( Q)*'=>1( )5 46,- )<>- O545&>5&D>- T*1343&6&59 4(< Z42) 78)1*9- T4E)*> &(
81(1* 1M ?4X&< :64DL_)66- Q'-.4#' W1.'=(P1%1&#+"7 !'#$'= "J- F(>5&5=5) 1M
+458)245&D46 O545&>5&D>- ;KRS;P/,

#PA$ T&55)6 :,- !.A/, %( =*( 21<)6 M1* D4((&346 3)84X&1*, 314#%+* 15 9""*$'8 A#1B(
+B$*$.? LK- R;;SR;P,

#P.$ T1=94(() I,- ;JJR, 064>>&dD45&1( 1M 64*') T1694SB'')(3)*')* =*(> _&58 *)S
'4*< 51 58)&* 4>92E515&D>, @$=-#'.' P+.7'E+.$-= +%8 67'1#'.$-+* I1E"4.'#
!-$'%-'- %?- ;/RS;AP,

#/J$ T=984=3)*5 \,- ;JJR, +1<p6)> <e=*()> )5 E8o(12p()> <) >)=&6> )( D123&(4S
51&*) 4(4695&q=), A7@ 67'=$=- BD16) T1695)D8&(q=)- FIUF%, ?1_(614<436) 45
46'1,&(*&4,M*^E=984=3)*5

#/!$ U49 :,- O&('8 U,- O84>84(L4 +,- O24*4'<&> T,- ;JJ/, :4(<_&5D8 )CE4(>&1(
_&58 4 T1694 =*( 21<)6, P$.=4B$=7$ 0'='+#-7 Q+B= 7URA,

#/;$ O4(<>5*s2 %,- ;JJ/, T16&5&D46 U&>L 4(< Q&*2 ?)M4=65 T*1343&6&59, J1#<$%&
A+"'#, ?1_(614<436) 45 E*1Y)D5,8LLL,d^'>M^>)2&(4*tE4E)*>^T16&5&D46u;J,,,
,,,*&>Lu;J4(<u;Jd*2u;J<)M4=65u;JE*1343&6&59,E<M,

#/"$ O18( jS%,- v&(' B,T,- ;JJP, a&<<)( +4*L1X ?&*&D86)5 E*1D)>>)>, +1<)66&('
')()5&D *)D123&(45&1( &( 1E)( 4(D)>5*46 >E4D), 98F+%-'= $% W'4#+* 2%51#E+(
.$1% A#1-'==$%& !?=.'E= !.- ;JS;A,

#/K$ O54(6)9 U,T,- !../, B(=2)*45&X) 0123&(451*&D>, 0423*&<') O5=<&)> &( %<S
X4(D)< +458)245&D>, I+EB#$8&' O%$F'#=$.? A#'==- 0423*&<'),

#/R$ 74=M)* B,- ;JJP, +1<)6&(' >596&h)< M)45=*)> &( <)M4=65 *45)>, 9*'+ 6'-7 0'"1#.
;!,

#/P$ [46L)* O,- +=6&)*) T,- !../, :)54S>54D9 E*1D)>>)> 4(< 4 ')()*46&h45&1( 1M 58)
T1694 =*( >D8)2), 9%%+*= 15 !.+.$=.$-= ;R- !/P;S!/AJ,



!!.

#//$ 1̀=(' c,U,- [)& 7, ,̀- ;JJR, Q&*2> :4(L*=E5D9 T*)<&D5&1(G BCE)*&2)(546
012E4*&>1( 1M F>151(&D O)E4*45&1( 4(< m58)* 064>>&dD45&1( %EE*14D8)>,
2DDD 6#+%=+-.$1%= 1% !?=.'E=, P+% +%8 I?B'#%'.$-=X A+#. 9- "R- /;/S/"/,


