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

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

-./#)&01,"&2"*34&',,)#$%&5678&
)(*#+,-%./01%23-#4,"5%67#758#-9"*7('%:5'*7*3*,1%;75<*#51%=>%

http://www.dstf.unito.it/
http://www.unito.it/


-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

&#47('%

&?,%@@AA%794$,9,5*"*7#5%

=AA%B"75'%'#9,*?75B1%*##%

@@AA%"44$7("*7#5'%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

)4,5CD&))EFG%)4,5CDHFIJ%K%)4,5CDIE:LM%

!!

@:A%(#943*"*7#5%
!EF%9#N,$%+37$N75B%"5N%
O"$7N"*7#5%
O"-7"+$,%',$,(*7#5%

!%

(#58#-9"*7#5"$%',"-(?%
9#$,(3$"-%"$7B59,5*%

'75B$,P93$*74$,%(#58#-9"*7#5'%
"*#9/+"',NP4?"-9"(#4?#-,/
+"',NP97<,N%"$7B59,5*%
'75B$,/-35P7*,-"*7O,%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

Q?R%+-75B75B%@@AA%*#%*?,%JD>7*S%

!-,$7975"-R%'*,4%+,8#-,%794$,9,5*75B%
%%%%%%%%%%%%%%%%%%%%%%%%%%"5N%
835(*7#5"$7*R%

:5%4-75(74$,1%#5$R%@@AA%"*#9%*R4,'%"5N%(?"-B,'%"-,%
5,,N,N%8#-%*?"*%43-4#',T%

T+3*%#5,%'?#3$N5U*%+,%$"VR1%-7B?*S%W/X%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

@@AAY0%N#(39,5*"*7#5%

@@AAY0Z'X%7'%83$$R%N#(39,5*,N%+R%"%
',-7,'%#8%[%4"4,-'%43+$7'?,N%+R%;"$B-,5%
"5N%M"(?+"-%Z@,-(\X%#5%]^%_#94^%_?,9^%
+,*`,,5%aYYb%"5N%aYYc%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

@@AAY0%,5,-BR%,<4-,''7#5G%[%*,-9'%

+#5N%'*-,*(?75B%

%%%%%%%

%%%%%%%

%%%%%%%

%%%%%%%

%%%%%%%

%%%%%%%

@@AA

W

2 26

%%%%%%% 2I

%%%%%%% 26I

%%%%%%% 2))!

%%%%%%% 2&

%%%%%%% 2ONQ

%%%%%%% 2H

7d

7d\

7d\

7d\ $

7d\$

7d

7d

"5B$,%+,5N75B%

'*-,*(?/+,5N%

#3*/#8/4$"5,%
+,5N75B%

*#-'7#5%

O"5%N,-%Q""$'%

,$,(*-#'*"*7(%

. . .\ [26 a0C^YC.b a
. a.
7d

7d 7d 7d 7d
+

- (' - (' -

.\
2I e^e0Cc00 a

.
:]>

7d\ 7d\ 7d\
" (+

26I .^ba.ae \ \7d\ :]> 7d >]: \d 7d\+" - +" -

G .
W W

\
2))! e^e0Cc00

.
:]> E

7d\ $ 7d\ $
##4

a . C2& e^b a (#' a (#'. a (#'C7d\$ f f f

[g g[

g [ g[

a^e[ a^a.
2ONQ .

e^e[ e^a.
:] :]

7d :]
7d :] 7d :]

J J
J J J J

2H CC.^e[ah 7 d
7d 5

7d

i i
D J



% % % % % % % %
%

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

!0!#####1##23+(&3!#!%")*+,#-.1#

!-.1####1##45+5"3!#-.1#!%")*+#

!0*#####/##45+5"%&#!%")*+(&#!%")*+#

!0+#####/##-.1#!%")*+#3+#!0+#

!46#####/##47%+363+5#!%")*+,#6*7)&(#)*+656#8*#+#

!0*"####/##'58*+5#*"#%&659(65#!%")*+(&#!%")*+#

!0*+####/##%:365#!%")*+(&#!%")*+#

!*++####/##7"5%#!%")*+(&#!%")*+#

!**#####/##!%")*;(&3!#%!36#*"#5-85"#!%")*+(&#!%")*+#

!**+####/##!%")%:%85#!%")*+(&#!%")*+#

!***####/##!#%")*+3!#%!36#*"#5-85"#!%")*+(&#!%")*+#

!0*-####/##893*5-85"#!%")*+(&#!%")*+,#6*7)&5#)*+656#8*#*#

!0-#####/##893*5-85"#!%")*+,#6*7)&(#)*+656#8*#-#

!0-+####/##893*%:365,#!%")*+,#6*7)&(#)*+656#8*#-#

!-*1####/##!%")*+#3+#<!0-*1#

!-0*####/##!%")*+#3+#<!0-0*#=-7&>3+(&#4"*7.?#

!--#####/##893*!%")*;(&3!#%!36#*"#5-85"#!%")*+(&#!%")*+#

!0.#####/##!%")*+#6*7)&5#)*+656#8*#.9*-.9*"*7-#

!-.#####@##%!58(&5+3!#!%")*+#

0!0#####@##%&&5+3!#!%")*+#

9!######A##9##%88%!956#8*#!#

9-3#####A##9#%88%!956#8*#-3#

*"######B##%&!*9*&#*"#5895"#*;(45+#

*!0*####B##5-85"#*"#!%")*;(&3!#%!36#C*C#

*!0!####B##5+*&3!#*"#.95+*&3!#*;(45+#

*!0+####B##632%&5+8#*;(45+##

*!0-####B##893*5-85"#*"#893*%!36#C*C#

*+*1####B##632%&5+8#+38"%85#D5895"D#*;(45+#

*+0*####B##632%&5+8#+38"385#D5895"D#*;(45+#

*-*/####B##632%&5+8#*;(45+#%88%!956#8*#-7&>7"#

*-*1####B##632%&5+8#*;(45+#%88%!956#8*#-7&>7"#

*-*#####B##632%&5+8#*;(45+#%88%!956#8*#-7&>7"#

*-0*####B##632%&5+8#*;(45+#%88%!956#8*#-7&>*;365#-7&>7"#

C*-#####B##45+5"%&#632%&5+8#*;#%88%!956#8*#-#

*.*/####B##632%&5+8#*;(45+#%88%!956#8*#.9*-.9*"*7-#

*.*1####B##632%&5+8#*;(45+#%88%!956#8*#.9*-.9*"*7-#

*.*#####B##632%&5+8#*;(45+#%88%!956#8*#.9*-.9*"*7-#

C*.#####B##632%&5+8#*;(45+#%88%!956#8*#.9*-.9*"*7-#

C*C#####B##45+5"%&#632%&5+8#*#

*0!#####E##45+5"%&#!0*#

*0!+####E##!%")*+(&#*;(45+,#%:365-#

*0!"####E##!%")*+(&#*;(45+,#%&659(65-#%+6#'58*+5-#

*0!*####E##!%")*+(&#*;(45+,#!%")*;(&3!#%!36-#%+6#5-85"-#

*0+#####E##+38"*-*#*;(45+#

*0-#####E##*0-#3+#-7&>*;365-#

*0-0####E##*0-#*+#-7&>7"#6*7)&(#)*+656#8*,#5F4F,#!%")*+#

+"######G##+38"*45+#3+#%&3.9%83!#%:3+5-#

+0!#####H##+38"*45+#3+#3:3+5-#

+0+#####H##+38"*45+#3+#%I*#!*:.*7+6-#

+!0*###$J##+38"*45+#3+#%:365-#

+!0-###$J##+38"*45+#3+#+C!0-,#893*%:365#

++0!###$J##+38"*45+#3+#+C+0!#

++0+###$J##+38"*45+#3+#+C+0+#

>######$$##>&7*"3+5#

!&#####$1##!9&*"3+5#

)"#####$/##)"*:3+5#

3######$@##3*63+5#

-######$A##-7&>7"#3+#893*5895"-#%+6#:5"!%.8%+-#

-0!####$B##85":3+%&#-7&>7"#6*7)&(#)*+656#8*#!%")*+#

-0*####$E##-7&>7"#3+#-7&>*;365-#

<-0+###$E##-7&>7",#8"3!**"6,#6*7)&(#)*+656#8*#+#

-*1####$G##-7&>7"#3+#-7&>*+5-##

-*1+###$G##-7&>7"#3+#-7&>*+%:365-#

-*/####$G##-7&>*+%85#-7&>7"#

-*@####$G##-7&>%85#-7&>7"#

0-*1###$G##-7&>*+5#-7&.95"#6*7)&(#)*+656#8*#!%")*+#

-+*####$G##-7&>7"#3+#+38"*45+#%+%&*4#*>#%#-7&>*+5#

-3#####$H##-3&3!*+#

!"@"###1J##!%")*+#3+#@C:5:)5"56#"3+4-#

9*"####1$##9(6"*45+#3+#%&!*9*&-#

9*#####1$##45+5"%&#9#*+#*;(45+#

9*:####1$##9(6"*45+#3+#9(6"*;365#%+3*+#

!"/"###11##!%")*+#3+#%#/C:5:)5"56#"3+4#

9+"####1/##9C+=-./?#

9/+####1/##9C+=-./?,#%::*+3%#

9.(&###1/##9C+#3+#.(""*&5#

9+*;###1/##9C+#3+#3+#%#+C*;365#

9+:####1/##9#*+#63!**"6,#+54%8325&(#!9%"456#+38"*45+#

9+#####1/##45+5"%&#9#*+#+38"*45+#

9*!*###1@##9C*#3+#!%")*;(&3!#%!36-#

9*.####1@##9(6"*45+#*+#*;(45+#%88%!956#8*#.9*-.9*"*7-#

.*@####1A##.9*-.9*"*7-#3+#.9*-.9%85-#%+6#.9*-.9*635-85"-#

.*/####1A##858"%!**"63+%85#.#K389#89"55#%88%!956#*;(45+-#

.*1####1A##858"%!**"63+%85#.#K389#8K*#%88%!956#*;(45+-#

.*#####1A##858"%!**"63+%85#.#K389#*+5#%88%!956#*;(45+#

.858###1A##45+5"%&#858"%!**"63+%85#.9*-.9*"7-#

.######1B##8"3!**"63+%85#.,#%-#3+#.9*-.93+5-#

9+0+###1E##%I*#9(6"*45+#

9+0!###1E##3:3+5#9(6"*45+#

9+!*###1G##%:365#9(6"*45+#

9+!-###1G##893*%:365#9(6"*45+#

9+!!###1G##9C+#3+#5+%:3+5-#

9+!+###1G##9C+#3+#9C+C!0+#

9++!###1G##9C+#3+#9C+C+0!#

9+++###1G##9C+#3+#9C+C+0+#

9+-*###1G##9C+#3+#-7&>*+%:365#

9+.*###1G##9C+#3+#.9*-.9*+%:365#

9+!L###1G##9(6"*45+#*+#+#%88%!956#8*#8"3.&(#)*+656#!%")*+#

9-.1###1G##45+5"%&#9#*+#-.1#+38"*45+#

9*!!###1H##9C*#3+#5+*&-#%+6#.95+*&-#

9*!+###1H##9C*#3+#9*C!0+#

!5@"###/J##*&5>3+3!#!%")*+#3+#@C:5:)5"56#"3+4-#

9*9####/$##9(6"*45+#3+#91*#

*1!:###/1##*;(45+#3+#!%")*;(&%85#%+3*+#

*;+####/1##+C*;365#*;(45+#

*1+####/1##+38"*#*;(45+#

*1+*###/1##+38"*C4"*7.#*;(45+#3+#+38"%85#

*/+####/1##+38"%85#%+3*+#*;(45+#

*C-####/1##-3+4&5#85":3+%&#*;(45+#*+#858"%!**"6#-7&>7"#

*1-####/1##85":3+%&#*C-#3+#-7&>*+5-#%+6#-7&>*+%:365-#

*/-####/1##85":3+%&#*#3+#-7&>*+%85-#

*@-####/1##85":3+%&#*#3+#-*@=C/?#

*-:-###/1##85":#*#3+#893*-7&>3+%85#%+3*+#C#>*":%&#!9%"450CJFA#

*.#####/1##85":3+%&#*#3+#.9*-.9*;365-#

*1.####/1##85":3+%&#*#3+#.9*-.93+%85-#

*/.####/1##85":3+%&#*;(45+#3+#.9*-.9*+%85-#

*@.####/1##85":3+%&#*;(45+#3+#.9*-.9%85-#%+6#.9*-.9*635-85"-#

*@!&###/1##*;(45+#3+#!&*@=C?#%+3*+#C#>*":%&#!9%"450CJF1A#

9*-####//##9#*+#*;(45+#%88%!956#8*#-7&>7"#

+"M####/@##N7%85"+%"(#+38"*45+,#-./,#.*-38325&(#!9%"456#

*:#####/A##%&'*;365#*;(45+,#+54%8325&(#!9%"456#

*:1####/A##*;365#*;(45+#*+#-.1#!%")*+,#+54%8325&(#!9%"456#

9+"M###/B##9#*+#N7%85"+%"(#+38"*45+#

93:M###/B##9#*+#3:36%I*&37:C8(.5#+38"*45+#

9.6M###/B##9#*+#."*8*+%856#.("363+5#+38"*45+#

9++M###/B##9#*+#%:363+37:C8(.5#+38"*45+#

9+!M###/B##9#*+#."*8*+%856#3:3+5#+38"*45+#

946M###/B##9#*+#47%+363+37:C8(.5#+38"*45+#

9+AM###/B##9#*+#+AM,#+A%M#*"#+A)M#

!)#####/E##!%")*+#%-#3+#)5+I5+5,#.(""*&5#

+.(6###/G##+38"*45+,#%-#3+#.("363+5#

+.(&###/H##+38"*45+,#%-#3+#.(""*&5#

+!0!###@J##+38"*45+#*+#+C!0!#

+!0+###@J##+38"*45+#3+#+C!0+#

+!0.###@J##+38"*45+#3+#+C!0.#

+!L!###@J##+38"*45+#%88%!956#8*#!C!#8"3.&5#)*+6#

!*1:###@$##!%")*;(&%85#%+3*+#!%")*+#

!-1:###@$##!%")*+#3+#893*!%")*;(&%85#%+3*+#

+-.####@1##+38"*45+,#8"3.&5#)*+656#

+-*1###@/##+38"*45+#3+#-7&>*+%:365-#

+-*/###@/##+38"*45+#3+#-7&>*+%:365-,#89"55#*O-#*+#-#

+.*1###@/##+38"*45+#3+#.9*-.9*+%:365-#

+.*/###@/##+38"*45+#3+#.9*-.9*+%:365-,#89"55#*O-#*+#.#

+!L+###@/##+38"*45+#%88%!956#8*#!(%+*#4"*7.#

-893###@@##-7&>7"#%-#3+#893*.95+5#

+*1####@A##+38"*#4"*7.#+38"*45+#

+*/####@A##+38"%85#4"*7.#+38"*45+#

+0*####@B##+38"*-*#+38"*45+#

+%I8###@E##85":3+%&#+38"*45+#3+#%I36*#*"#63%I*#4"*7.#

+-*####@G##632%&5+8#+38"*45+#"5.&%!3+4#:*+*2%&5+8#*#3+#-*1#4"*7.#

*M#####@H##.*-38325&(#!9%"456#*;*+37:#=8"3!**"63+%85?#*;(45+#

9*M####AJ##9(6"*45+#*+#*M#*;(45+#

*0M####A$##.*-38325&(#!9%"456#*;5+37:#=63!**"63+%85?#*;(45+#

9*0M###A1##9(6"*45+#*+#*;5+37:#*;(45+#

0+0####A/##+38"*45+#3+#!0+0+#*"#C+0+0+##

+M0!###A@##.*-38325&(#!9%"456#3:3+37:#+38"*45+#

+M0+###A@##.*-38325&(#!9%"456#+38"*45+#6*7)&5C)*+656#8*#+#

+!+M###AA##+#3+#M+0!C+#"5-*+%+!5#-8"7!87"5-#C#>*":%&#!9%"450$P1#

+46M###AB##47%+363+37:C8(.5#+38"*45+#C#>*":%&#!9%"450$P/#

!46M###AE##47%+363+37:#!%")*+#

!++M###AE##!#3+#M+0!C+#"5-*+%+!5#-8"7!87"5-#

+.6M###AG##.("363+37:C8(.5#+38"*45+#C#>*":%&#!9%"450$#

*>7"###AH##%"*:%83!#*;(45+#%-#3+#>7"%+#

!L#####BJ##3-*+38"3&5#!%")*+#

+"L####B$##3-*+38"3&5#+38"*45+#Q>!#0#JR#*"#63%I*#+38"*45+#Q>!0$R#

+:#####B1##65."*8*+%856#-7&>*+%:365#+CS#>*":%&#!9%"450C$#

!A%####B/##%&.9%#!%")*+#3+#AC:5:)5"56#9585"*%"*:%83!#"3+4#

!A)####B@##)58%#!%")*+#3+#AC:5:)5"56#9585"*%"*:%83!#"3+4#

+A%####BA##%&.9%#%"*:#9585"*!(!&3!#AC"3+4##+38"*45+#

+A)####BB##)58%#%"*:#9585"*!(!&3!#AC"3+4##+38"*45+#

+1*;###BE##-.1C9(6"363I56#+C*;365#+38"*45+#

+/*;###BG##-./C9(6"363I56#+C*;365#+38"*45+#

+.*;###BH##.("363+5#+C*;365#+38"*45+#

*91####EJ##*;(45+#*+#K%85"#

9-#####E$##9#%88%!956#8*#632%&5+8,#63!**"63+%85#-#

9-0+###E$##9#%88%!956#8*#858"%2%&5+8,#8"3!**6"#-#6)&#)*+656#8*#+#

9.#####E$##9#%88%!956#8*#8"3C#*"#858"%!**"63+%85#.9*-.9*"7-#

-C.####E1##85":3+%&#-7&>7"#)*+656#8*#.9*-.9*"7-#

-1!:###E1##85":3+%&#-7&>7"#3+#893*!%")*;(&%85#%+3*+#

-:#####E1##85":3+%&#-7&>7"#C#>*":%&#!9%"450C$#

--:*###E1##85":3+%&#-7&>7"#3+#893*-7&>3+%85#4"*7.#

-*1:###E/##-7&>7"#3+#+54%8325&(#!9%"456#-7&>3+%85#4"*7.#

--*:###E/##8"3!**"6#-7&>7"#3+#893*-7&>3+%85#4"*7.#

0-0*###E@##-7&>3+(&#-7&>7",#54F#3+#!0-0*#

C.0!###EA##.9*-.9*"*7-#6*7)&(#)*+656#8*#!%")*+#

+A:####EB##+54%8325&(#!9%"456#+#3+,#5F4,#8"3C#*"#858"%I*&5#%+3*+#

!&*@###EE##!9&*"3+5#3+#.5"!9&*"%85#%+3*+,#!&*@=C?#

!A#####EG##45+5"%&#!%")*+#3+#AC:5:)5"56#9585"*%"*:%83!#"3+4#

+A#####EH##45+5"%&#+38"*45+#3+#AC:5:)5"56#9585"*!(!&3!#"3+4###

!3:M###GJ##!#3+#+C!C+#3+#3:36%I*&37:#3*+#

+3:M###G$##3:36%I*&37:C8(.5#+38"*45+#C#>*":%&#!9%"450$P1#

+A%M###G$##.*-38325#+A%#+38"*45+#C#>*":%&#!9%"450$#

+A)M###G$##.*-38325#+A)#+38"*45+#C#>*":%&#!9%"450$#

+AM####G$##.*-38325#+A#+38"*45+#C#>*":%&#!9%"450$#

+A%;###G1##+C*;365#+38"*45+#3+#AC"3+4#%&.9%#.*-383*+#

+A);###G1##+C*;365#+38"*45+#3+#AC"3+4#)58%#.*-383*+#

+A*;###G1##+C*;365#+38"*45+#3+#45+5"%&#AC"3+4#.*-383*+#

>5M1###GE##3"*+#M1#!%83*+#

>5M/###GG##3"*:#M/#!%83*+#

>C#####GH##>&7*"365#%+3*+#

!&C####HJ##!9&*"365#%+3*+#

)"C####H$##)"*:365#%+3*+#

&3M####H1##&38937:#!%83*+###

+%M####H/##-*637:#!%83*+#

'M#####H@##.*8%--37:#!%83*+#

I3+!###HA##63.*-38325#I3+!#########

I+M1###HA##63.*-38325#I3+!#########

!%M1###HB##63.*-38325#!%&!37:######

!7M$###HE##:*+*.*-38325#!*..5"#####

!7M1###HG##63.*-38325#!*..5"#######

:4M1###HH##63.*-38325#:%4+5-37:#!%83*+#

#



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

!0!#####1##23+(&3!#!%")*+,#-.1#

!-.1####1##45+5"3!#-.1#!%")*+#

!0*#####/##45+5"%&#!%")*+(&#!%")*+#

!0+#####/##-.1#!%")*+#3+#!0+#

!46#####/##47%+363+5#!%")*+,#6*7)&(#)*+656#8*#+#

!0*"####/##'58*+5#*"#%&659(65#!%")*+(&#!%")*+#

!0*+####/##%:365#!%")*+(&#!%")*+#

!*++####/##7"5%#!%")*+(&#!%")*+#

!**#####/##!%")*;(&3!#%!36#*"#5-85"#!%")*+(&#!%")*+#

!**+####/##!%")%:%85#!%")*+(&#!%")*+#

!***####/##!#%")*+3!#%!36#*"#5-85"#!%")*+(&#!%")*+#

!0*-####/##893*5-85"#!%")*+(&#!%")*+,#6*7)&5#)*+656#8*#*#

!0-#####/##893*5-85"#!%")*+,#6*7)&(#)*+656#8*#-#

!0-+####/##893*%:365,#!%")*+,#6*7)&(#)*+656#8*#-#

!-*1####/##!%")*+#3+#<!0-*1#

!-0*####/##!%")*+#3+#<!0-0*#=-7&>3+(&#4"*7.?#

!--#####/##893*!%")*;(&3!#%!36#*"#5-85"#!%")*+(&#!%")*+#

!0.#####/##!%")*+#6*7)&5#)*+656#8*#.9*-.9*"*7-#

!-.#####@##%!58(&5+3!#!%")*+#

0!0#####@##%&&5+3!#!%")*+#

9!######A##9##%88%!956#8*#!#

9-3#####A##9#%88%!956#8*#-3#

*"######B##%&!*9*&#*"#5895"#*;(45+#

*!0*####B##5-85"#*"#!%")*;(&3!#%!36#C*C#

*!0!####B##5+*&3!#*"#.95+*&3!#*;(45+#

*!0+####B##632%&5+8#*;(45+##

*!0-####B##893*5-85"#*"#893*%!36#C*C#

*+*1####B##632%&5+8#+38"%85#D5895"D#*;(45+#

*+0*####B##632%&5+8#+38"385#D5895"D#*;(45+#

*-*/####B##632%&5+8#*;(45+#%88%!956#8*#-7&>7"#

*-*1####B##632%&5+8#*;(45+#%88%!956#8*#-7&>7"#

*-*#####B##632%&5+8#*;(45+#%88%!956#8*#-7&>7"#

*-0*####B##632%&5+8#*;(45+#%88%!956#8*#-7&>*;365#-7&>7"#

C*-#####B##45+5"%&#632%&5+8#*;#%88%!956#8*#-#

*.*/####B##632%&5+8#*;(45+#%88%!956#8*#.9*-.9*"*7-#

*.*1####B##632%&5+8#*;(45+#%88%!956#8*#.9*-.9*"*7-#

*.*#####B##632%&5+8#*;(45+#%88%!956#8*#.9*-.9*"*7-#

C*.#####B##632%&5+8#*;(45+#%88%!956#8*#.9*-.9*"*7-#

C*C#####B##45+5"%&#632%&5+8#*#

*0!#####E##45+5"%&#!0*#

*0!+####E##!%")*+(&#*;(45+,#%:365-#

*0!"####E##!%")*+(&#*;(45+,#%&659(65-#%+6#'58*+5-#

*0!*####E##!%")*+(&#*;(45+,#!%")*;(&3!#%!36-#%+6#5-85"-#

*0+#####E##+38"*-*#*;(45+#

*0-#####E##*0-#3+#-7&>*;365-#

*0-0####E##*0-#*+#-7&>7"#6*7)&(#)*+656#8*,#5F4F,#!%")*+#

+"######G##+38"*45+#3+#%&3.9%83!#%:3+5-#

+0!#####H##+38"*45+#3+#3:3+5-#

+0+#####H##+38"*45+#3+#%I*#!*:.*7+6-#

+!0*###$J##+38"*45+#3+#%:365-#

+!0-###$J##+38"*45+#3+#+C!0-,#893*%:365#

++0!###$J##+38"*45+#3+#+C+0!#

++0+###$J##+38"*45+#3+#+C+0+#

>######$$##>&7*"3+5#

!&#####$1##!9&*"3+5#

)"#####$/##)"*:3+5#

3######$@##3*63+5#

-######$A##-7&>7"#3+#893*5895"-#%+6#:5"!%.8%+-#

-0!####$B##85":3+%&#-7&>7"#6*7)&(#)*+656#8*#!%")*+#

-0*####$E##-7&>7"#3+#-7&>*;365-#

<-0+###$E##-7&>7",#8"3!**"6,#6*7)&(#)*+656#8*#+#

-*1####$G##-7&>7"#3+#-7&>*+5-##

-*1+###$G##-7&>7"#3+#-7&>*+%:365-#

-*/####$G##-7&>*+%85#-7&>7"#

-*@####$G##-7&>%85#-7&>7"#

0-*1###$G##-7&>*+5#-7&.95"#6*7)&(#)*+656#8*#!%")*+#

-+*####$G##-7&>7"#3+#+38"*45+#%+%&*4#*>#%#-7&>*+5#

-3#####$H##-3&3!*+#

!"@"###1J##!%")*+#3+#@C:5:)5"56#"3+4-#

9*"####1$##9(6"*45+#3+#%&!*9*&-#

9*#####1$##45+5"%&#9#*+#*;(45+#

9*:####1$##9(6"*45+#3+#9(6"*;365#%+3*+#

!"/"###11##!%")*+#3+#%#/C:5:)5"56#"3+4#

9+"####1/##9C+=-./?#

9/+####1/##9C+=-./?,#%::*+3%#

9.(&###1/##9C+#3+#.(""*&5#

9+*;###1/##9C+#3+#3+#%#+C*;365#

9+:####1/##9#*+#63!**"6,#+54%8325&(#!9%"456#+38"*45+#

9+#####1/##45+5"%&#9#*+#+38"*45+#

9*!*###1@##9C*#3+#!%")*;(&3!#%!36-#

9*.####1@##9(6"*45+#*+#*;(45+#%88%!956#8*#.9*-.9*"*7-#

.*@####1A##.9*-.9*"*7-#3+#.9*-.9%85-#%+6#.9*-.9*635-85"-#

.*/####1A##858"%!**"63+%85#.#K389#89"55#%88%!956#*;(45+-#

.*1####1A##858"%!**"63+%85#.#K389#8K*#%88%!956#*;(45+-#

.*#####1A##858"%!**"63+%85#.#K389#*+5#%88%!956#*;(45+#

.858###1A##45+5"%&#858"%!**"63+%85#.9*-.9*"7-#

.######1B##8"3!**"63+%85#.,#%-#3+#.9*-.93+5-#

9+0+###1E##%I*#9(6"*45+#

9+0!###1E##3:3+5#9(6"*45+#

9+!*###1G##%:365#9(6"*45+#

9+!-###1G##893*%:365#9(6"*45+#

9+!!###1G##9C+#3+#5+%:3+5-#

9+!+###1G##9C+#3+#9C+C!0+#

9++!###1G##9C+#3+#9C+C+0!#

9+++###1G##9C+#3+#9C+C+0+#

9+-*###1G##9C+#3+#-7&>*+%:365#

9+.*###1G##9C+#3+#.9*-.9*+%:365#

9+!L###1G##9(6"*45+#*+#+#%88%!956#8*#8"3.&(#)*+656#!%")*+#

9-.1###1G##45+5"%&#9#*+#-.1#+38"*45+#

9*!!###1H##9C*#3+#5+*&-#%+6#.95+*&-#

9*!+###1H##9C*#3+#9*C!0+#

!5@"###/J##*&5>3+3!#!%")*+#3+#@C:5:)5"56#"3+4-#

9*9####/$##9(6"*45+#3+#91*#

*1!:###/1##*;(45+#3+#!%")*;(&%85#%+3*+#

*;+####/1##+C*;365#*;(45+#

*1+####/1##+38"*#*;(45+#

*1+*###/1##+38"*C4"*7.#*;(45+#3+#+38"%85#

*/+####/1##+38"%85#%+3*+#*;(45+#

*C-####/1##-3+4&5#85":3+%&#*;(45+#*+#858"%!**"6#-7&>7"#

*1-####/1##85":3+%&#*C-#3+#-7&>*+5-#%+6#-7&>*+%:365-#

*/-####/1##85":3+%&#*#3+#-7&>*+%85-#

*@-####/1##85":3+%&#*#3+#-*@=C/?#

*-:-###/1##85":#*#3+#893*-7&>3+%85#%+3*+#C#>*":%&#!9%"450CJFA#

*.#####/1##85":3+%&#*#3+#.9*-.9*;365-#

*1.####/1##85":3+%&#*#3+#.9*-.93+%85-#

*/.####/1##85":3+%&#*;(45+#3+#.9*-.9*+%85-#

*@.####/1##85":3+%&#*;(45+#3+#.9*-.9%85-#%+6#.9*-.9*635-85"-#

*@!&###/1##*;(45+#3+#!&*@=C?#%+3*+#C#>*":%&#!9%"450CJF1A#

9*-####//##9#*+#*;(45+#%88%!956#8*#-7&>7"#

+"M####/@##N7%85"+%"(#+38"*45+,#-./,#.*-38325&(#!9%"456#

*:#####/A##%&'*;365#*;(45+,#+54%8325&(#!9%"456#

*:1####/A##*;365#*;(45+#*+#-.1#!%")*+,#+54%8325&(#!9%"456#

9+"M###/B##9#*+#N7%85"+%"(#+38"*45+#

93:M###/B##9#*+#3:36%I*&37:C8(.5#+38"*45+#

9.6M###/B##9#*+#."*8*+%856#.("363+5#+38"*45+#

9++M###/B##9#*+#%:363+37:C8(.5#+38"*45+#

9+!M###/B##9#*+#."*8*+%856#3:3+5#+38"*45+#

946M###/B##9#*+#47%+363+37:C8(.5#+38"*45+#

9+AM###/B##9#*+#+AM,#+A%M#*"#+A)M#

!)#####/E##!%")*+#%-#3+#)5+I5+5,#.(""*&5#

+.(6###/G##+38"*45+,#%-#3+#.("363+5#

+.(&###/H##+38"*45+,#%-#3+#.(""*&5#

+!0!###@J##+38"*45+#*+#+C!0!#

+!0+###@J##+38"*45+#3+#+C!0+#

+!0.###@J##+38"*45+#3+#+C!0.#

+!L!###@J##+38"*45+#%88%!956#8*#!C!#8"3.&5#)*+6#

!*1:###@$##!%")*;(&%85#%+3*+#!%")*+#

!-1:###@$##!%")*+#3+#893*!%")*;(&%85#%+3*+#

+-.####@1##+38"*45+,#8"3.&5#)*+656#

+-*1###@/##+38"*45+#3+#-7&>*+%:365-#

+-*/###@/##+38"*45+#3+#-7&>*+%:365-,#89"55#*O-#*+#-#

+.*1###@/##+38"*45+#3+#.9*-.9*+%:365-#

+.*/###@/##+38"*45+#3+#.9*-.9*+%:365-,#89"55#*O-#*+#.#

+!L+###@/##+38"*45+#%88%!956#8*#!(%+*#4"*7.#

-893###@@##-7&>7"#%-#3+#893*.95+5#

+*1####@A##+38"*#4"*7.#+38"*45+#

+*/####@A##+38"%85#4"*7.#+38"*45+#

+0*####@B##+38"*-*#+38"*45+#

+%I8###@E##85":3+%&#+38"*45+#3+#%I36*#*"#63%I*#4"*7.#

+-*####@G##632%&5+8#+38"*45+#"5.&%!3+4#:*+*2%&5+8#*#3+#-*1#4"*7.#

*M#####@H##.*-38325&(#!9%"456#*;*+37:#=8"3!**"63+%85?#*;(45+#

9*M####AJ##9(6"*45+#*+#*M#*;(45+#

*0M####A$##.*-38325&(#!9%"456#*;5+37:#=63!**"63+%85?#*;(45+#

9*0M###A1##9(6"*45+#*+#*;5+37:#*;(45+#

0+0####A/##+38"*45+#3+#!0+0+#*"#C+0+0+##

+M0!###A@##.*-38325&(#!9%"456#3:3+37:#+38"*45+#

+M0+###A@##.*-38325&(#!9%"456#+38"*45+#6*7)&5C)*+656#8*#+#

+!+M###AA##+#3+#M+0!C+#"5-*+%+!5#-8"7!87"5-#C#>*":%&#!9%"450$P1#

+46M###AB##47%+363+37:C8(.5#+38"*45+#C#>*":%&#!9%"450$P/#

!46M###AE##47%+363+37:#!%")*+#

!++M###AE##!#3+#M+0!C+#"5-*+%+!5#-8"7!87"5-#

+.6M###AG##.("363+37:C8(.5#+38"*45+#C#>*":%&#!9%"450$#

*>7"###AH##%"*:%83!#*;(45+#%-#3+#>7"%+#

!L#####BJ##3-*+38"3&5#!%")*+#

+"L####B$##3-*+38"3&5#+38"*45+#Q>!#0#JR#*"#63%I*#+38"*45+#Q>!0$R#

+:#####B1##65."*8*+%856#-7&>*+%:365#+CS#>*":%&#!9%"450C$#

!A%####B/##%&.9%#!%")*+#3+#AC:5:)5"56#9585"*%"*:%83!#"3+4#

!A)####B@##)58%#!%")*+#3+#AC:5:)5"56#9585"*%"*:%83!#"3+4#

+A%####BA##%&.9%#%"*:#9585"*!(!&3!#AC"3+4##+38"*45+#

+A)####BB##)58%#%"*:#9585"*!(!&3!#AC"3+4##+38"*45+#

+1*;###BE##-.1C9(6"363I56#+C*;365#+38"*45+#

+/*;###BG##-./C9(6"363I56#+C*;365#+38"*45+#

+.*;###BH##.("363+5#+C*;365#+38"*45+#

*91####EJ##*;(45+#*+#K%85"#

9-#####E$##9#%88%!956#8*#632%&5+8,#63!**"63+%85#-#

9-0+###E$##9#%88%!956#8*#858"%2%&5+8,#8"3!**6"#-#6)&#)*+656#8*#+#

9.#####E$##9#%88%!956#8*#8"3C#*"#858"%!**"63+%85#.9*-.9*"7-#

-C.####E1##85":3+%&#-7&>7"#)*+656#8*#.9*-.9*"7-#

-1!:###E1##85":3+%&#-7&>7"#3+#893*!%")*;(&%85#%+3*+#

-:#####E1##85":3+%&#-7&>7"#C#>*":%&#!9%"450C$#

--:*###E1##85":3+%&#-7&>7"#3+#893*-7&>3+%85#4"*7.#

-*1:###E/##-7&>7"#3+#+54%8325&(#!9%"456#-7&>3+%85#4"*7.#

--*:###E/##8"3!**"6#-7&>7"#3+#893*-7&>3+%85#4"*7.#

0-0*###E@##-7&>3+(&#-7&>7",#54F#3+#!0-0*#

C.0!###EA##.9*-.9*"*7-#6*7)&(#)*+656#8*#!%")*+#

+A:####EB##+54%8325&(#!9%"456#+#3+,#5F4,#8"3C#*"#858"%I*&5#%+3*+#

!&*@###EE##!9&*"3+5#3+#.5"!9&*"%85#%+3*+,#!&*@=C?#

!A#####EG##45+5"%&#!%")*+#3+#AC:5:)5"56#9585"*%"*:%83!#"3+4#

+A#####EH##45+5"%&#+38"*45+#3+#AC:5:)5"56#9585"*!(!&3!#"3+4###

!3:M###GJ##!#3+#+C!C+#3+#3:36%I*&37:#3*+#

+3:M###G$##3:36%I*&37:C8(.5#+38"*45+#C#>*":%&#!9%"450$P1#

+A%M###G$##.*-38325#+A%#+38"*45+#C#>*":%&#!9%"450$#

+A)M###G$##.*-38325#+A)#+38"*45+#C#>*":%&#!9%"450$#

+AM####G$##.*-38325#+A#+38"*45+#C#>*":%&#!9%"450$#

+A%;###G1##+C*;365#+38"*45+#3+#AC"3+4#%&.9%#.*-383*+#

+A);###G1##+C*;365#+38"*45+#3+#AC"3+4#)58%#.*-383*+#

+A*;###G1##+C*;365#+38"*45+#3+#45+5"%&#AC"3+4#.*-383*+#

>5M1###GE##3"*+#M1#!%83*+#

>5M/###GG##3"*:#M/#!%83*+#

>C#####GH##>&7*"365#%+3*+#

!&C####HJ##!9&*"365#%+3*+#

)"C####H$##)"*:365#%+3*+#

&3M####H1##&38937:#!%83*+###

+%M####H/##-*637:#!%83*+#

'M#####H@##.*8%--37:#!%83*+#

I3+!###HA##63.*-38325#I3+!#########

I+M1###HA##63.*-38325#I3+!#########

!%M1###HB##63.*-38325#!%&!37:######

!7M$###HE##:*+*.*-38325#!*..5"#####

!7M1###HG##63.*-38325#!*..5"#######

:4M1###HH##63.*-38325#:%4+5-37:#!%83*+#

#

.a.%ZjX%N788,-,5*%"*#9%*R4,'1%
B-#34,N%75*#%Yb%("*,B#-7,'%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

@@AA%"*#9%*R4,%"5N%(?"-B,%"''7B59,5*%Z_kkX%

::>>:TU.VTWXVYZX[#\\]]:TU.VTWXVYZX[!"*:TU#"\TU#$[Y^%%[YVZ_`#\\]]2aVZa_Y#&#D::>>H@D##
##bTT[Y%%cZ_YGdY#eXVbT[ZYf#&#::>>d25")*-38(d+*+5##[Y^%%T[YVXa\#"T-YVXa\#&#[Y^%%gTcY'(#
!

PP#`MM#CKaUU#CK_TCc_c[X^C]c_gYZT_#CT#a[[Z`_%YT\8fWX[#a[[Z`_%YT\8fWX[FgWW#h#

PP###C3i"6)%-5P!T^X#C&i"6)%-5PUZb#CU>ZUX.aV[XV[#CU"64X_XVaU#CU>TVgX>ZXU^9XUWXV[#

#

jZ_gUc^X#k4VaWl:TUP"6'ZY)a[XFl<#

jZ_gUc^X#k4VaWl:TUP-\ZUX[.aV[XP-\ZUX[.aV[XFl<#

jZ_gUc^X#k4VaWl:TUP>TVgX>ZXU^9XUWXV[P::>>P%YT\8fWXVFl<#

#

)*+,-#,./0*1.20#"6'ZY(#
#

+,3#\aZ_!'#
4#
##PP#a[[Z`_#a_^#WVZ_Y#::>>#aYT\#YfWX[#m#glaV`X[#

#

##"*:TU#5\TU#&#-\ZUX[8T:TU!D!!=0*?!D'(#
##::>>%%::>>:TU.VTWXVYZX[#\W!5\TU'(#
#

##678#!),*+-,09#+,3#Z#&#J(#Z#:#\TU;<`XY+c\%YT\[!'($==Z'$4#
####[Y^%%gTcY#::#Z#=#$#::#DhYD#::#
######!),*+-,09#+,3'\W>`XY::>>%YT\8fWX!Z'#::#DhYD#::#
######\W>`XY::>>>TV\aU!laV`X!Z'#::#DhYD#::#
######\W>`XY::>>.aVYZaU!laV`X!Z'#::#[Y^%%X_^U(#
##?#
###

##803)8,#J(#
?$



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

@@AA%"*#9%*R4,%"5N%(?"-B,%"''7B59,5*%Z!R*?#5X%

Wf::>>:TU.VTWXVYZX[#0#::>>4XY:TUXgcUX.VTWXVYZX[!\TU##\\]]2aVZa_Y#&#D::>>H@D##\\]]2XVbT[ZYf#&#J'!

j#a[[Z`_#a_^#WVZ_Y#::>>#aYT\#YfWX[#

#

687/#V^nZY#+/1783#!lX\#
687/#V^nZY>!lX\#+/1783#!lX\ZgaU>TVgX>ZXU^[#
#

\TU#&#!lX\>:TU>VT\-\ZUX[!D!!=0*?!D'#
\W#&#!lX\ZgaU>TVgX>ZXU^[>::>>4XY:TUXgcUX.VTWXVYZX[!\TU'#
678#Z#+,#Va_`X!J##\TU>4XY+c\%YT\[!''%#
##18+,3#Z#=#$##OhYO##\W>4XY::>>%YT\8fWX!Z'##h#
##OhYO##]UTaY!\W>4XY::>>>TV\aU!laV`X!Z''##h#
##OhYO##]UTaY!\W>4XY::>>.aVYZaU!laV`X!Z''#
!



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

@@AA@#$!-#4,-*7,'%($"''G%9,*?#N'%Z_kkX%

27,*3#bTT[Y%%cZ_YGdY#\\]]:TU.VTWXVYZX[F`XY::>>%YT\8fWX!27,*3#),*+-,09#+,3#Z^o'!
27,*3#97)@A0#\\]]:TU.VTWXVYZX[F`XY::>>>TV\aU!laV`X!27,*3#),*+-,09#+,3#Z^o'!
27,*3#97)@A0#\\]]:TU.VTWXVYZX[F`XY::>>.aVYZaU!laV`X!27,*3#),*+-,09#+,3#Z^o'!

L,*%@@AA%"*#9%*R4,'P(?"-B,'%

B7+9#\\]]:TU.VTWXVYZX[F[XY::>>)T_^8XV\!27,*3#@77A#[YaYX'!
B7+9#\\]]:TU.VTWXVYZX[F[XY::>>%_`UX8XV\!27,*3#@77A#[YaYX'!
B7+9#\\]]:TU.VTWXVYZX[F[XY::>>-YVXYgl)X_^8XV\!27,*3#@77A#[YaYX'!
B7+9#\\]]:TU.VTWXVYZX[F[XY::>>*TW8XV\!27,*3#@77A#[YaYX'!
B7+9#\\]]:TU.VTWXVYZX[F[XY::>>8TV[ZT_8XV\!27,*3#@77A#[YaYX'!
B7+9#\\]]:TU.VTWXVYZX[F[XY::>>2^K8XV\!27,*3#@77A#[YaYX'!
B7+9#\\]]:TU.VTWXVYZX[F[XY::>>5UX8XV\!27,*3#@77A#[YaYX'!

:5($3N,P,<($3N,%,5,-BR%*,-9'%

B7+9#\\]]:TU.VTWXVYZX[F[XY::>>2aVZa_Y!27,*3#[Y^%%[YVZ_`#\\]]2aVZa_Y'#
B7+9#\\]]:TU.VTWXVYZX[F[XY::>>6ZXUXgYVZg!T_[Ya_Y!27,*3#97)@A0#^ZXU!T_[Y'#
B7+9#\\]]:TU.VTWXVYZX[F[XY::>>6ZXUXgYVZg:T^XU!bTT[Y%%cZ_YGdY#^ZXU:T^XU'#
B7+9#\\]]:TU.VTWXVYZX[F[XY::>>2XVbT[ZYf!bTT[Y%%cZ_YGdY#eXVbT[ZYf'#
B7+9#\\]]:TU.VTWXVYZX[F[XY::>>*-YVXa\![Y^%%T[YVXa\#5T-YVXa\'#

F,*%@@AAY0Z'X%O"-7"5*1%N7,$,(*-7(%(#5'*"5*P9#N,$1%O,-+#'7*R%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

@@AA@#$!-#4,-*7,'%($"''G%9,*?#N'%Z!R*?#5X%

aYT\8fWX#&#Wf::>>:TU.VTWXVYZX[F4XY::>>%YT\8fWX!Z^o'#
]TV\aU!laV`X#&#Wf::>>:TU.VTWXVYZX[F4XY::>>>TV\aU!laV`X!Z^o'#
WaVYZaU!laV`X#&#Wf::>>:TU.VTWXVYZX[F4XY::>>.aVYZaU!laV`X!Z^o'#

L,*%@@AA%"*#9%*R4,'P(?"-B,'%

Wf::>>:TU.VTWXVYZX[F-XY::>>)T_^8XV\![YaYX'!
Wf::>>:TU.VTWXVYZX[F-XY::>>%_`UX8XV\![YaYX'!
Wf::>>:TU.VTWXVYZX[F-XY::>>-YVXYgl)X_^8XV\![YaYX'!
Wf::>>:TU.VTWXVYZX[F-XY::>>*TW8XV\![YaYX'!
Wf::>>:TU.VTWXVYZX[F-XY::>>8TV[ZT_8XV\![YaYX'!
Wf::>>:TU.VTWXVYZX[F-XY::>>2^K8XV\![YaYX'!
Wf::>>:TU.VTWXVYZX[F-XY::>>5UX8XV\![YaYX'!

:5($3N,P,<($3N,%,5,-BR%*,-9'%

Wf::>>:TU.VTWXVYZX[F-XY::>>2aVZa_Y!\\]]2aVZa_Y'#
Wf::>>:TU.VTWXVYZX[F-XY::>>6ZXUXgYVZg!T_[Ya_Y!^ZXU!T_[Y'#
Wf::>>:TU.VTWXVYZX[F-XY::>>6ZXUXgYVZg:T^XU!^ZXU:T^XU'#
Wf::>>:TU.VTWXVYZX[F-XY::>>2XVbT[ZYf!eXVbT[ZYf'#

F,*%@@AAY0Z'X%O"-7"5*1%N7,$,(*-7(%(#5'*"5*P9#N,$1%O,-+#'7*R%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

PP#`MM#CKaUU#CK_TCc_c[X^C]c_gYZT_#CT#gT\WcYX5_XV`f#gT\WcYX5_XV`fFgWW#h#

PP##C3i"6)%-5P!T^X#C&i"6)%-5PUZb#CU>ZUX.aV[XV[#CU"64X_XVaU#CU>TVgX>ZXU^9XUWXV[#CU>TVgX>ZXU^#

#

jZ_gUc^X#k4VaWl:TUP"6'ZY)a[XFl<#

jZ_gUc^X#k4VaWl:TUP>ZUX.aV[XV[P:TU-cWWUZXVFl<#

jZ_gUc^X#k4VaWl:TUP>ZUX.aV[XV[P:TUKVZYXV[Fl<#

jZ_gUc^X#k4VaWl:TUP>TVgX>ZXU^9XUWXV[P::>>P%YT\8fWXVFl<#

jZ_gUc^X#k4VaWl:TUP>TVgX>ZXU^9XUWXV[P::>>P)cZU^XVFl<#

jZ_gUc^X#k>TVgX>ZXU^P>TVgX>ZXU^Fl<#

#

)*+,-#,./0*1.20#"6'ZY(#
#

+,3#\aZ_!'$4#
##[Y^%%[YVZ_`#[^]#&#DVX]dX1F[^]D(#
##-6:TU-cWWUZXV#[cWWUZXV![^]##38)0##6.A*0'(#
##-6KVZYXV%%-6KVZYXV#[^]KVZYX#![^]>[cb[YV!J##[^]>[ZpX!'#;#@'#=#Dd::>>d\Z_F[^]D'(#
##"*:TU#5\TU(#
##[Y^%%gTcY#::#D::>>#5+5"4(hY)5>*"5#:3+hY%>85"#:3+h_D(#
##678#!),*+-,09#+,3#Z#&#J(#Z#:#[cWWUZXV>UX_`Yl!'(#==Z'#4#
####\TU#&#[cWWUZXVCZD(#
####[Y^%%[YVZ_`#\TU+a\X#&#DD(#
####+6#!\TU;<la[.VTW!Dd+a\XD''#4#
######\TU;<`XY.VTW!Dd+a\XD##\TU+a\X'(#
####?#
####::>>%%::>>:TU.VTWXVYZX[#\W!5\TU'(#
####>TVgX>ZXU^[%%>TVgX>ZXU^#5]ZXU^#&#::>>%%gT_[YVcgY>TVgX>ZXU^!5\TU##"\W'(#
####]ZXU^;<Z_ZYZaUZpX!'(#
####97)@A0#X$#&#]ZXU^;<gaUg5_XV`f!'(#
####]ZXU^;<\Z_Z\ZpX!'(#
####97)@A0#X1#&#]ZXU^;<gaUg5_XV`f!'(#
####[Y^%%gTcY#::#\TU+a\X#::#[Y^%%[XYWVXgZ[ZT_!/'#::#[Y^%%]ZoX^#::#DhYhYD#::#X$#::#DhYhYD#::#X1#::#Dh_D(#
####[^]KVZYX>qVZYX!5\TU'(#
####90A030#\TU(#
##?#
##[^]KVZYX>gUT[X!'(#
##803)8,#J(#
?$
$

E#"N%N"*"',*%8-#9%FDAW%
975797V,W%

(#943*,%@@AA%,5,-BR%
Z_kkX%

;#`%N#%:%3',%@@AAS%Q,$$1%"$9#'*%$7\,%=AA%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

687/#V^nZY#+/1783#!lX\#
687/#V^nZY>!lX\#+/1783#%UU!lX\#
#

[^]#&#OVX]dX1F[^]O#
[cWWUZXV#&#!lX\>-6:TU-cWWUZXV![^]##8VcX##>aU[X'#
[^]KVZYX#&#!lX\>-6KVZYXV![^]C%;@D#=#Od::>>d\Z_F[^]O'#
###

18+,3#O::>>#5+5"4(hY)5>*"5#:3+hY%>85"#:3+O#
678#Z#+,#Va_`X!J##UX_![cWWUZXV''%#
##\TU#&#[cWWUZXVCZD#
##+6#!\TU>9a[.VTW!Od+a\XO''%#
####\TU+a\X#&#\TU>4XY.VTW!Od+a\XO'#
##\W#&#%UU!lX\>::>>4XY:TUXgcUX.VTWXVYZX[!\TU'#
##]ZXU^#&#%UU!lX\>::>>4XY:TUXgcUX>TVgX>ZXU^!\TU##\W'#
##X$#&#]ZXU^>!aUg5_XV`f!'#
##]ZXU^>:Z_Z\ZpX!'#
##X1#&#]ZXU^>!aUg5_XV`f!'#
##18+,3#OrJsthYhYr$sF/]thYhYr1sF/]tO>]TV\aY!\TU+a\X##X$##X1'#
##[^]KVZYX>qVZYX!\TU'#
[^]KVZYX>gUT[X!'#
!

E#"N%N"*"',*%8-#9%FDAW%
975797V,W%

(#943*,%@@AA%,5,-BR%
Z!R*?#5X%

;#`%N#%:%3',%@@AAS%Q,$$1%"$9#'*%$7\,%=AA%



PP#`MM#CKaUU#CK_TCc_c[X^C]c_gYZT_#CT#`X_/6#`X_/6FgWW#C3i"6)%-5P!T^X#C&i"6)%-5PUZb#h#

PP##CU>ZUX.aV[XV[#CU"64X_XVaU#CU>TVgX>ZXU^9XUWXV[#CU>TVgX>ZXU^#CU6Z[Y4XT\9XUWXV[#

#

jZ_gUc^X#k4VaWl:TUP"6'ZY)a[XFl<#

jZ_gUc^X#k4VaWl:TUP>ZUX.aV[XV[P:TU-cWWUZXVFl<#

jZ_gUc^X#k4VaWl:TUP>ZUX.aV[XV[P:TUKVZYXV[Fl<#

jZ_gUc^X#k4VaWl:TUP>TVgX>ZXU^9XUWXV[P::>>P%YT\8fWXVFl<#

jZ_gUc^X#k4VaWl:TUP>TVgX>ZXU^9XUWXV[P::>>P)cZU^XVFl<#

jZ_gUc^X#k4VaWl:TUP:TU*W[Fl<#

jZ_gUc^X#k4VaWl:TUP6Z[Y4XT\9XUWXV[P5\bX^^XVFl<#

jZ_gUc^X#k>TVgX>ZXU^P>TVgX>ZXU^Fl<#

#

)*+,-#,./0*1.20#"6'ZY(#
#

+,3#\aZ_!'#4#
##[Y^%%[YVZ_`#[\Z#&#DVX]dX1F[\ZD(#
##-\ZUX[:TU-cWWUZXV#[cWWUZXV![\Z'(#
##-6KVZYXV%%-6KVZYXV#[^]KVZYX#![\Z>[cb[YV!J##[\Z>[ZpX!'#;#@'#=#Dd::>>d`X_/6F[^]D'(#
##"*:TU#5\TU##5\TU9(#
##[Y^%%gTcY#::#D+%:5hYhY::>>#5+5"4(h_D(#
##678#!),*+-,09#+,3#Z#&#J(#Z#:#[cWWUZXV>UX_`Yl!'(#==Z'#4#
####\TU#&#[cWWUZXVCZD(#
####[Y^%%[YVZ_`#\TU+a\X#&#DD(#
####+6#!\TU;<la[.VTW!Dd+a\XD''#4#
######\TU;<`XY.VTW!Dd+a\XD##\TU+a\X'(#
####?#
####\TU9#&#:TU*W[%%a^^9[!5\TU'(#
####64XT\9XUWXV[%%5\bX^:TUXgcUX!5\TU9'(#
####::>>%%::>>:TU.VTWXVYZX[#\W!5\TU9'(#
####>TVgX>ZXU^[%%>TVgX>ZXU^#5]ZXU^#&#::>>%%gT_[YVcgY>TVgX>ZXU^!5\TU9##"\W'(#
####]ZXU^;<Z_ZYZaUZpX!'(#
####]ZXU^;<\Z_Z\ZpX!'(#
####97)@A0#X#&#]ZXU^;<gaUg5_XV`f!'(#
####[Y^%%gTcY#::#\TU+a\X#::#[Y^%%[XYWVXgZ[ZT_!/'#::$[Y^%%]ZoX^#::#DhYhYD#::#X#::#Dh_D(#
####[^]KVZYX>qVZYX!5\TU9'(#
####90A030#\TU(#
####90A030#\TU9(#
##?#
##[^]KVZYX>gUT[X!'(#
$$803)8,#J(#
?#
!

E#"N%N"*"',*%8-#9%F@:E2FW%
B,5,-"*,%CDW%

@@AA/975797V,%
Z_kkX%

! ! ! ! ! ! ! !
!



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

;#`%N#%:%3',%@@AAS%Q,$$1%"$9#'*%$7\,%=AA%

687/#V^nZY#+/1783#!lX\#
687/#V^nZY>!lX\#+/1783#%UU!lX\#
#

[\Z#&#OVX]dX1F[\ZO#
[cWWUZXV#&#!lX\>-\ZUX[:TU-cWWUZXV![\Z'#
[^]KVZYX#&#!lX\>-6KVZYXV![\ZC%;@D#=#Od::>>d`X_/6F[^]O'#
###

18+,3#O+%:5hYhY::>>#5+5"4(O#
678#Z#+,#Va_`X!J##UX_![cWWUZXV''%#
##\TU#&#[cWWUZXVCZD#
##+6#!\TU>9a[.VTW!Od+a\XO''%#
####\TU+a\X#&#\TU>4XY.VTW!Od+a\XO'#
##\TU9#&#%UU!lX\>%^^9[!\TU'#
##%UU!lX\>5\bX^:TUXgcUX!\TU9'#
##\W#&#%UU!lX\>::>>4XY:TUXgcUX.VTWXVYZX[!\TU9'#
##]ZXU^#&#%UU!lX\>::>>4XY:TUXgcUX>TVgX>ZXU^!\TU9##\W'#
##]ZXU^>:Z_Z\ZpX!'#
##X#&#]ZXU^>!aUg5_XV`f!'#
##18+,3#OrJsthYhYr$sF/]tO>]TV\aY!\TU+a\X##X'#
##[^]KVZYX>qVZYX!\TU9'#
[^]KVZYX>gUT[X!'#
!

E#"N%N"*"',*%8-#9%F@:E2FW%
B,5,-"*,%CDW%

@@AA/975797V,%
Z!R*?#5X%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

f"$7N"*7#5%#8%*?,%JD>7*%@@AA%794$,9,5*"*7#5%

&?,%JD>7*%794$,9,5*"*7#5%`"'%O"$7N"*,N%"B"75'*%*?,%#887(7"$%@@AAY0%Z[ha%
9#$,(3$,'X%"5N%@@AAY0'%Z.hb%9#$,(3$,'X%O"$7N"*7#5%'37*,'%"O"7$"+$,%75%*?,%__E%
N"*"%"-(?7O,'%Z+#*?%N"*7O,%"5N%?R4,-O"$,5*%5#*"*7#5'XG%

lYYWsPPggUF_XYPglX\Z[YVfPVX[TcVgX[P^aYaPZ_^XoF[lY\U#

I$$%"*#9'%"-,%"''7B5,N%(#--,(*%@@AA%*R4,'%"5N%(?"-B,'%
I$$%8#-(,/87,$N%*,-9'%"-,%"''7B5,N%(#--,(*%8#-(,%(#5'*"5*'%
I$$%@@AA%,5,-B7,'%"-,%(#--,(*$R%(#943*,N%
L-"N7,5*'%`,-,%"$'#%O"$7N"*,N%"B"75'*%*?,%&:M>2J%@@AA%794$,9,5*"*7#5%

2O,5%+,**,-1%"*#9%*R4,1%(?"-B,%"5N%8#-(,%(#5'*"5*'%"-,%(#--,(*$R%"''7B5,N%
"$'#%'*"-*75B%8-#9%F@:E2F%-,4-,',5*"*7#5'%#8%*?,%O"$7N"*7#5%'37*,%9#$,(3$,'%

@@AA%O"$7N"*7#5%7'%75($3N,N%"'%4"-*%#8%*?,%JD>7*%*,'*%'37*,%
Z!T^XP>TVgX>ZXU^P::>>PYX[Y::>>>TVgX>ZXU^FgWWX%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

A#-(,/87,$N%`7'?%$7'*%Z#4,5%*#%'3BB,'*7#5'X%

L6FI%794$7(7*%'#$O"*7#5%9#N,$%

%

D3-75B%,5,-BR%975797V"*7#51%'344#-*%8#-G%

A7<,N%"*#9'%

;"-9#57(%(#5'*-"75*'%#5%',$,(*,N%"*#9'PB-#34'%

:5*,-5"$%(##-N75"*,%(#5'*-"75*'%
Z75%"NN7*7#5%*#%N7'*"5(,'1%"$'#%"5B$,'%"5N%*#-'7#5'X%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

&#47('%

&?,%@@AA%794$,9,5*"*7#5%

=AA%B"75'%'#9,*?75B1%*##%

@@AA%"44$7("*7#5'%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

=AA%7''3,%h.%

&?,%JD>7*%794$,9,5*"*7#5%
#8%=AA%?"N%"5%7''3,%
(#55,(*,N%`7*?%'4.%"*#9'%
$"(\75B%4$"5"-7*R%75%C/%"5N%
0/9,9+,-,N%-75B'%

&?,%7''3,%7'%"-B3"+$R%(#55,(*,N%`7*?%
*?,%$"(\%#8%*?,%75O,-'7#5%*,-9%

6"(\/4#-*75B%*?,%))!%*,-9%8-#9%@@AA%
*#%=AA%'?#3$N%9#'*%$7\,$R%87<%*?75B'%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

I5B$,%,539,-"*7#5%

.f:*&<`XYda_`UX#Z^#$,#Z^#1,#Z^#/#

#g\^F`XYda_`UXs#ABFBE@#^X`VXX[F#

.f:*&<`XYda_`UX#Z^#$,#Z^#/,#Z^#1#

#g\^F`XYda_`UXs#BBFBA@#^X`VXX[F#

.f:*&<`XYda_`UX#Z^#1,#Z^#$,#Z^#/#

#g\^F`XYda_`UXs#ABFBE1#^X`VXX[F#

:%5#*7(,N%*?"*%"$'#%B,#9,*-7,'%#8%'9"$$%
-75B'%(#5*"7575B%#5$R%'4C%"*#9'%`,-,%
'#9,?#`%7$$%

I5B$,%,539,-"*7#5%75%=AA%`"'%794$,9,5*,N%
3'75B%*?,%'"9,%_XZ`lbTV:aYVZo%3',N%8#-%
5#5/+#5N,N%75*,-"(*7#5'%

;#`,O,-1%'75(,%"*#9'%_a1%_C%"-,%(#55,(*,N%
+#*?%N7-,(*$R%"5N%*?-#3B?%"*#9%_.%"5N%*?,%
9"*-7<%?"'%#5$R%#5,%5#N,%4,-%"*#9%4"7-1%
'#9,%"5B$,%*,-9'%9"R%+,%97''75B%

.f:*&<`XYd^Z[Ya_gX#Z^#$,#Z^#1#

#g\^F`XYd^Z[Ya_gXs#$FB$J#%_`[YVT\[F#

.f:*&<`XYd^Z[Ya_gX#Z^#$,#Z^#/#

#g\^F`XYd^Z[Ya_gXs#$F@BA#%_`[YVT\[F#

.f:*&<`XYd^Z[Ya_gX#Z^#1,#Z^#/#

#g\^F`XYd^Z[Ya_gXs#$F@BA#%_`[YVT\[F#



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

I5B$,%,539,-"*7#5%

.f:*&<`XYda_`UX#Z^#$,#Z^#1,#Z^#/#

#g\^F`XYda_`UXs#BJFJJ/#^X`VXX[F#

.f:*&<`XYda_`UX#Z^#$,#Z^#/,#Z^#1#

#g\^F`XYda_`UXs#AHFHHG#^X`VXX[F#

.f:*&<`XYda_`UX#Z^#1,#Z^#$,#Z^#/#

#g\^F`XYda_`UXs#AHFHHH#^X`VXX[F#

6#*?%75%@@AA%"5N%=AA%"%B-"4?/+"',N%9,*?#N%
7'%5#`%3',N%8#-%"5B$,%,539,-"*7#51%`?7$,%
_XZ`lbTV:aYVZo%7'%3',N%#5$R%8#-%5#5/+#5N,N%
75*,-"(*7#5'%

&?7'%"$'#%"$$#`'%-,N3(75B%*?,%'7V,%#8%
_XZ`lbTV:aYVZo%5#N,'%8-#9%"%C./+7*%Z_Y%*#%.%
+7*'1%-,'3$*75B%75%"%.bh/8#$N%$#`,-%JI@%3'"B,%

I$$%*#-'7#5'%"-,%5#`%75($3N,N%"$'#%75%
C/9,9+,-,N%-75B'%

I5B$,'%"5N%N7'*"5(,'%5#`%$##\%)>%

.f:*&<`XYd^Z[Ya_gX#Z^#$,#Z^#1#

#g\^F`XYd^Z[Ya_gXs#$FA$E#%_`[YVT\[F#

.f:*&<`XYd^Z[Ya_gX#Z^#$,#Z^#/#

#g\^F`XYd^Z[Ya_gXs#$FA$E#%_`[YVT\[F#

.f:*&<`XYd^Z[Ya_gX#Z^#1,#Z^#/#

#g\^F`XYd^Z[Ya_gXs#$FA$E#%_`[YVT\[F#



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

:94$,9,5*"*7#5%#8%75O,-'7#5'%75%=AA%

&?,51%:%794$,9,5*,N%75O,-'7#5'%"((#-N75B%*#%*?,%#-7B75"$%4"4,-%
+R%J"44l%,*%"$^G%

I8*,-%9"\75B%'3-,%*?"*%*?,%75O,-'7#5%
(#N,%`"'%`#-\75B%4-#4,-$R1%:%-"5%
*?,%'(-74*%`?7(?%*-7BB,-,N%7''3,%h.G%

j#a#[Z\WUX#\TU#Z_#a#[Z\WUX#qTVU^#

\#0#!lX\F:TU>VT\-\ZUX[=D!$!=0*?+!$D?#

\1#0#!lX\F%^^9[=\?#

%UU!lX\F5\bX^:TUXgcUX=\1?#

Wf>>#0#%UU!lX\F7>>4XY:TUXgcUX>TVgX>ZXU^=\1?#

Wf>>F:Z_Z\ZpX=?#

WVZ_Y#<<]ZUX=Oc]]dbXYaCUagYa\F[^]O,OqO?,#h#

##!lX\F:TU8T:TU)UTgn=\1?#

&?,%B,#9,*-R%794-#O,N%'$7B?*$R1%
+3*%`"'%'*7$$%8"-%8-#9%+,75B%'"*7'8"(*#-Rj%f,-R%N7'"44#75*75B^%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

Q?"*%7'%B#75B%`-#5BS%

:5O,'*7B"*7#5'%#5%*?,%N,*"7$'%#8%*?,%=AA%794$,9,5*"*7#5%-,O,"$,N%975#-%
N7'(-,4"5(7,'%`7*?%-,'4,(*%*#%J"44lU'%4"4,-1%`?7(?%"5R`"R%?"N%5#%794"(*%#5%
*?,%B,#9,*-7,'%#8%'9"$$%
-75B'%(#5*"7575B%'4.%"*#9'%

D3-75B%9R%
75O,'*7B"*7#5'%:%
"$'#%-"5%"(-#''%
*?,',%'3BB,'*7#5'%
+R%@"-(3'%@"-*751%
*?,%"3*?#-%#8%
&#`?,,1%`?#%
8#35N%'#9,%
*R4#'P97'*"\,'%75%
*?,%#-7B75"$%4"4,-^%
;#`,O,-1%5#5,%#8%
*?,',%87<,'%'#$O,N%
7''3,%h.%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

_#94,*7*7#5%+,*`,,5%"5B$,%"5N%))!%+,5N%*,-9'%

@,"'3-75B%*?,%"5B$,'%75O#$O75B%*`#%
,NB,'%#8%*?,%'9"$$%-75B%"5N%"5%
,<#(R($7(%"*#9%'?#`'%*?"*%'3(?%
"5B$,'%"-,%($#',%*#%a.em1%`?7(?%7'%
*?,%,i37$7+-739%"5B$,%8#-%'4.%"*#9'%_a/_./)%

a.Y^[m%

M/_./)%
a.h^[m%

;a/M/_.%
a..^0m%

;a/M/_C%
a.b^.%m%

&?,-,%',,9'%*#%+,%"%(#94,*7*7#5%
+,*`,,5%"5B$,%"5N%))!%+,5N%*,-9'1%
*?,%87-'*%43$$75B%*?,%,<#(R($7(%"*#9%
#3*/#8/4$"5,1%*?,%',(#5N%*-R75B%*#%
\,,4%7*%(#4$"5"-%`7*?%*?,%-75B%

_a/_./)%
a.a^hm% _C/_./)%

a.C^am%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

;"(\75B%=AA%,i37$7+-739%"5B$,'%8#-%'9"$$%-75B'%

:%',*%,i37$7+-739%O"$3,'%8#-%
,<#(R($7(%"5B$,'%75O#$O75B%'4.%

"*#9'%*#%aCbm%"5N%abem1%"5N%
,5N#(R($7(%"5B$,'%*#%Yem%"5N%hem%
8#-%0/%"5N%C/9,9+,-,N%-75B'1%
-,'4,(*7O,$R%

_a/_./)%
aCb^.m%

M/_./)%
aCb^am%

;a/M/_.%
aCb^hm%

;a/M/_C%
aCb^[%m%

M#`%,<#(R($7(%'4.%"*#9'%"-,%(#4$"5"-%
`7*?%*?,%-75B1%"'%*?,R%'?#3$N%+,%

!$,"',%5#*,%*?"*%*?7'%?"(\%794"(*'%#5$R%
#5%'4.%"*#9'%75%C/%"5N%0/9,9+,-,N%
-75B'%

_a/_./)%
ab.^am%

_C/_./)%
ab.^am%



F9"$$%-75B%B,#9,*-7,'%#+*"75,N%`7*?%#-7B75"$%=AA1%?"(\,N%=AA1%I@a%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

&#47('%

&?,%@@AA%794$,9,5*"*7#5%

=AA%B"75'%'#9,*?75B1%*##%

@@AA%"44$7("*7#5'%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

:94$,9,5*75B%)4,5CDIE:LM%75%*?,%JD>7*%

!!

@:A%(#943*"*7#5%
!EF%9#N,$%+37$N75B%
"5N%O"$7N"*7#5%
O"-7"+$,%',$,(*7#5%

!%

9#$,(3$"-%"$7B59,5*%
'75B$,P93$*74$,%(#58#-9"*7#5'%
"*#9/+"',N%"$7B59,5*%
'75B$,/-35%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

)4,5CDIE:LM%"$7B59,5*%'*-"*,BRG%a'*%'*,4%

"%(#'*%835(*7#5%(7d%7'%(#943*,N%8#-%
4"7-75B%?,"OR%"*#9'%71d%+,*`,,5%
-,8,-,5(,%ZJ%X%"5N%4-#+,%Z!%X%
9#$,(3$,'%

a! 966& 967& 965& 968& 96:& 96;& 96<& 96=& 96>& 96?&

(ae% (aa% (a.% (aC% (a0% (ab% (ah% (a[% (ac% (aY%

(.e% (.a% (..% (.C% (.0% (.b% (.h% (.[% (.c% (.Y%

(Ce% (Ca% (C.% (CC% (C0% (Cb% (Ch% (C[% (Cc% (CY%

(0e% (0a% (0.% (0C% (00% (0b% (0h% (0[% (0c% (0Y%

(be% (ba% (b.% (bC% (b0% (bb% (bh% (b[% (bc% (bY%

7!

d!

iZJ%X7%1%iZ!%Xd%% @@AAY0%(?"-B,'%#8%"*#9'%
'7d%% % % N,B-,,%#8%(?,97("$%'797$"-7*R%+,*`,,5%@@AAY0%"*#9%*R4,'%7%"5N%d%
?ZJ%X1%?Z!%X% >/+755,N%?7'*#B-"9'%`?#',%\/*?%+75%-,4-,',5*'%*?,%539+,-%#8%"*#9'%75%J%"5N%!%
% % % $R75B%75%"%Z\na1%\X%N7'*"5(,%-"5B,%8-#9%*?,%7/*?%"5N%d/*?%"*#91%-,'4,(*7O,$R%

966& 967& 965& 968& 96:& 96;& 96<& 96=& 96>& 96?&

(ae% (aa% (a.% (aC% (a0% (ab% (ah% (a[% (ac% (aY%

(.e% (.a% (..% (.C% (.0% (.b% (.h% (.[% (.c% (.Y%

(Ce% (Ca% (C.% (CC% (C0% (Cb% (Ch% (C[% (Cc% (CY%

(0e% (0a% (0.% (0C% (00% (0b% (0h% (0[% (0c% (0Y%

(be% (ba% (b.% (bC% (b0% (bb% (bh% (b[% (bc% (bY%

7!

d!

% % %%%%%%%%3','%"%./'*,4%"$7B59,5*%'*-"*,BR%

.

a .
a

Z X
>

7\ d\
7d d 7d7

\ 7\ d\

? ! ? J
( ` i J i ! ` '

? ! ? J



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

)4,5CDIE:LM%"$7B59,5*%'*-"*,BRG%a'*%'*,4%

a! 966& 967& 965& 968& 96:& 96;& 96<& 96=& 96>& 96?&

(ae% (aa% (a.% (aC% (a0% (ab% (ah% (a[% (ac% (aY%

(.e% (.a% (..% (.C% (.0% (.b% (.h% (.[% (.c% (.Y%

(Ce% (Ca% (C.% (CC% (C0% (Cb% (Ch% (C[% (Cc% (CY%

(0e% (0a% (0.% (0C% (00% (0b% (0h% (0[% (0c% (0Y%

(be% (ba% (b.% (bC% (b0% (bb% (bh% (b[% (bc% (bY%

7!

d!

&?,%*#*"$%9"*(?75B%(#'*%7'%975797V,N%
O7"%*?,%]#5\,-/f#$B,5"5*%"$B#-7*?9%
R7,$N75B%"5%@%9"*-7<%`?7(?%N,'(-7+,'%
75*,-9#$,(3$"-%"*#9%4"7-75B'%

966& 967& 965& 968& 96:& 96;& 96<& 96=& 96>& 96?&

(ae% (aa% (a.% (aC% (a0% (ab% (ah% (a[% (ac% (aY%

(.e% (.a% (..% (.C% (.0% (.b% (.h% (.[% (.c% (.Y%

(Ce% (Ca% (C.% (CC% (C0% (Cb% (Ch% (C[% (Cc% (CY%

(0e% (0a% (0.% (0C% (00% (0b% (0h% (0[% (0c% (0Y%

(be% (ba% (b.% (bC% (b0% (bb% (bh% (b[% (bc% (bY%

7!

d!

:& 6&

.% .%

e% C%

C% b%

b% [%

a% c%

7! d!

&?,%@%9"*-7<%7'%*?,5%-"5\,N%"5N%
*-799,N%*#%B7O,%"%.%9"*-7<1%`?#',%
"*#9%4"7-'%"-,%$,"'*/'i3"-,/87**,N%

;& =&

a% c%

C% b%

.% .%

7! d!

% % %%%%%%%%3','%"%./'*,4%"$7B59,5*%'*-"*,BR%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

)4,5CDIE:LM%"$7B59,5*%'*-"*,BRG%.5N%'*,4%

&?7'%757*7"$1%(#"-',%"$7B59,5*%7'%*?,5%
7*,-"*7O,$R%-,875,N%O7"%*?,%FD@%"$B#-7*?9%
"5N%'(#-,N%

.!

)4*7#5"$$R1%(#'*%835(*7#5%4"-"9,*,-'%9"R%+,%
7*,-"*7O,$R%#4*797V,N%35*7$%*?,%+,'*%'(#-75B%
"$7B59,5*%7'%8#35N%

% % %%%%%%%%3','%"%./'*,4%"$7B59,5*%'*-"*,BR%

D 1e D 1a .
D 1e D 1a

a D 1e D 1a

a Z X Z X
,<4

a Z X Z X

4 \ \
\ \

\ \ \

i J i !
' -

i J i !

F(#-75B%835(*7#5G%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

)4,5CDIE:LMG%*?,%JD>7*%794$,9,5*"*7#5%

&?,%JD>7*%"$-,"NR%794$,9,5*'%$,"'*/'i3"-,/87*%"5N%CD%*-"5'8#-9"*7#5%
835(*7#5'%N,N7("*,N%*#%9#$,(3$"-%"$7B59,5*G#

I$$%`,%5,,N%7'%*#%B,5,-"*,%O7"%*?,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%835(*7#5"$7*R%"%
:aYgl2XgY8fWX%`7*?%9"*(?75B%"*#9%4"7-'%"5N%"%"6+c\XVZgss6TcbUX2XgYTV%
`7*?%`,7B?*'1%"5N%4"''%*?,9%*#%*?,%$,"'*/'i3"-,/87*%835(*7#5%

^TcbUX#`XY%UZ`_\X_Y8Va_[]TV\#=gT_[Y#"*:TU#mWVb:TU,#gT_[Y#"*:TU#mVX]:TU,#"64XT\ss8Va_[]TV\/6#

mYVa_[,#Z_Y#WVb!Z^#0#C$,#Z_Y#VX]!Z^#0#C$,#gT_[Y#:aYgl2XgY8fWX#uaYT\:aW#0#J,#gT_[Y#

"6+c\XVZgss6TcbUX2XgYTV#uqXZ`lY[#0#J,#bTTU#VX]UXgY#0#]aU[X,#c_[Z`_X^#Z_Y#\ao3YXV[#0#AJ?#

^TcbUX#aUZ`_:TU#="*:TU#mWVb:TU,#gT_[Y#"*:TU#mVX]:TU,#Z_Y#WVb!Z^#0#C$,#Z_Y#VX]!Z^#0#C$,#gT_[Y#

:aYgl2XgY8fWX#uaYT\:aW#0#J,#gT_[Y#"6+c\XVZgss6TcbUX2XgYTV#uqXZ`lY[#0#J,#bTTU#VX]UXgY#0#]aU[X,#

c_[Z`_X^#Z_Y#\ao3YXV[#0#AJ?#



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

)CI%($"''G%9,*?#N'%Z_kkX%

PP#aUZ`_#WVTbX#T_YT#VX]XVX_gX#=VXYcV_[#":-6?#

97)@A0#V\[^#&#T/a>aUZ`_!'$
#

PP#`XY#":-6#a_^#YVa_[]TV\aYZT_#qlZgl#TeXVUaf[#WVTbX#a_^#VX]XVX_gX#\TUXgcUX[#

[Y^%%WaZV:97)@A0##"64XT\%%8Va_[]TV\/6#5<#V\[^8Va_[#&#T/a>YVa_[!'$
#

PP#`XY#YlX#*/%-gTVX#eaUcX#T]#YlX#aUZ`_\X_Y#=_T#_XX^#YT#agYcaUUf#aUZ`_#gTTV^Z_aYX[?#

97)@A0#T/a-gTVX#&#T/a>[gTVX!'$
#

PP#`XY#YlX#:aYgl2XgY8fWX#eXgYTV#

27,*3#"6'ZY%%:aYgl2XgY8fWX#5\aYglX[#&#T/a>\aYglX[!'$
#

PP#`XY#YlX#qXZ`lY#eXgYTV#

27,*3#"6+c\XVZg%%6TcbUX2XgYTV#5qXZ`lY[#&#T/a>qXZ`lY[!'#

*/%#T/a!"*:TU#"WVb:TU##27,*3#"*:TU#"VX]:TU##::>>%%::>>:TU.VTWXVYZX[#5WVb:.#$
##::>>%%::>>:TU.VTWXVYZX[#5VX]:.##27,*3#+,3#WVb!Z^#&#;$##27,*3#+,3#VX]!Z^#&#;$##
$$27,*3#@77A#VX]UXgY#&#6.A*0##27,*3#),*+-,09#+,3#\ao3YXV[#&#AJ##
##27,*3#),*+-,09#+,3#TWYZT_[#&#*/d7-5d::>>dK53498-##&%.#5XoY&%.#&#+7&&'#



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

)CI%($"''G%9,*?#N'%Z!R*?#5X%

j#aUZ`_#WVTbX#T_YT#VX]XVX_gX#=VXYcV_[#":-6?#

V\[^#&#T/a>%UZ`_!'$
#

j#`XY#":-6#a_^#YVa_[]TV\aYZT_#qlZgl#TeXVUaf[#WVTbX#a_^#VX]XVX_gX#\TUXgcUX[#

!V\[^##YVa_['#&#T/a>8Va_[!'$
#

j#`XY#YlX#*/%-gTVX#eaUcX#T]#YlX#aUZ`_\X_Y#=_T#_XX^#YT#agYcaUUf#aUZ`_#gTTV^Z_aYX[?#

T/a-gTVX#&#T/a>-gTVX!'$
#

j#`XY#YlX#:aYgl2XgY8fWX#eXgYTV#

\aYglX[#&#T/a>:aYglX[!'$
#

j#`XY#YlX#qXZ`lY#eXgYTV#

qXZ`lY[#&#T/a>KXZ`lY[!'#

4XY*/%!WVb:TU##VX]:TU##WVb.f::>>:TU.VTWXVYZX[,#VX].f::>>:TU.VTWXVYZX[##
##WVb!Z^#&#;$##VX]!Z^#&#;$##VX]UXgY#&#E.A*0##\ao3YXV[#&#AJ##TWYZT_[#&#*/d7-5d::>>dK53498-'#



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

)CI%"$7B59,5*%Z_kkX%

PP#`MM#CKaUU#CK_TCc_c[X^C]c_gYZT_#CT#T/a%UZ`_#T/a%UZ`_FgWW#C3i"6)%-5P!T^X#h#

PP###C&i"6)%-5PUZb#CU>ZUX.aV[XV[#CU"64X_XVaU#CU>TVgX>ZXU^9XUWXV[#CU>TVgX>ZXU^#CU:TU%UZ`_#

#

jZ_gUc^X#k4VaWl:TUP"6'ZY)a[XFl<#

jZ_gUc^X#k4VaWl:TUP>ZUX.aV[XV[P:TU-cWWUZXVFl<#

jZ_gUc^X#k4VaWl:TUP>ZUX.aV[XV[P:TUKVZYXV[Fl<#

jZ_gUc^X#k4VaWl:TUP>TVgX>ZXU^9XUWXV[P::>>P%YT\8fWXVFl<#

jZ_gUc^X#D4VaWl:TUP:TU%UZ`_P%UZ`_:TUXgcUX[FlD#

jZ_gUc^X#D4VaWl:TUP:TU%UZ`_P*/%%UZ`_:TUXgcUX[FlD#

#

)*+,-#,./0*1.20#"6'ZY(#
#

+,3#\aZ_!'$4#
##[Y^%%[YVZ_`#[^]#&#DVX]dX1d[gVa\bUX^F[^]D(#
##[Y^%%[YVZ_`#T/a-^]#&#DVX]dX1d*/%F[^]D(#
##-6:TU-cWWUZXV#[cWWUZXV![^]##38)0##6.A*0'(#
##+,3#_:TU#&#[cWWUZXV>UX_`Yl!'(#
##27,*3#+,3#VX]+c\#&#@G(#
##"*:TU#VX]:TU#&#5![cWWUZXVCVX]+c\D'(#
##::>>%%::>>:TU.VTWXVYZX[#VX]:.!VX]:TU'(#
##-6KVZYXV%%-6KVZYXV#5T/a:TU#&#,0F#-6KVZYXV%%-6KVZYXV!T/a-^]'(#
##[Y^%%gTcY#::#D+hYhY-!*"5hYhY":-6D#::#[Y^%%X_^U(#
##678#!+,3#WVb+c\#&#J(#WVb+c\#:#_:TU(#==WVb+c\'#4#
####"*:TU#WVb:TU#&#5![cWWUZXVCWVb+c\D'(#
####::>>%%::>>:TU.VTWXVYZX[#WVb:.!WVb:TU'(#
####:TU%UZ`_%%*/%#T/a!WVb:TU##VX]:TU##"WVb:.##"VX]:.'(#
####[Y^%%gTcY#::#WVb+c\#=#$#::#DhYhYD#::#[Y^%%]ZoX^#::#[Y^%%[XYWVXgZ[ZT_!1'#
######::#T/a>[gTVX!'#::#DhYhYD#::#T/a>aUZ`_!'#::#[Y^%%X_^U(#
####T/a:TU;<qVZYX!WVb:TU'(#
##?#
##T/a:TU;<gUT[X!'(#
$$803)8,#J(#
?#
!

I$7B5%"$$%9#$,(3$,'%75%"%FDA%87$,%
#5%"%(#99#5%-,8,-,5(,%Z_kkX%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

)CI%"$7B59,5*%Z!R*?#5X%

687/#V^nZY#+/1783#!lX\#
687/#V^nZY>!lX\#+/1783#%UU!lX\#
#

[^]#&#OVX]dX1F[^]O#
T/a-^]#&#OVX]dX1d.f*/%F[^]O#
[cWWUZXV#&#!lX\>-6:TU-cWWUZXV![^]##8VcX##>aU[X'#
_:TU#&#UX_![cWWUZXV'#
VX]+c\#&#@G#
VX]:TU#&#[cWWUZXVCVX]+c\D#
VX].f:.#&#%UU!lX\>::>>4XY:TUXgcUX.VTWXVYZX[!VX]:TU'#
T/a:TU#&#!lX\>-6KVZYXV!T/a-^]'#
18+,3#O+hYhY-!*"5hYhY":-6O#
678#WVb+c\#+,#Va_`X!J##_:TU'%#
##WVb:TU#&#[cWWUZXVCWVb+c\D#
##WVb.f:.#&#%UU!lX\>::>>4XY:TUXgcUX.VTWXVYZX[!WVb:TU'#
##Wf*/%#&#%UU!lX\>4XY*/%#h#
####!WVb:TU##VX]:TU##WVb.f:.##VX].f:.'#
##18+,3#OrJsthYhYr$sF1]thYhYr1sF1]tO>]TV\aY!WVb+c\#=#$##Wf*/%>-gTVX!'##Wf*/%>%UZ`_!''#
##T/a:TU>qVZYX!WVb:TU'#
T/a:TU>gUT[X!'#
!

I$7B5%"$$%9#$,(3$,'%75%"%FDA%87$,%
#5%"%(#99#5%-,8,-,5(,%Z!R*?#5X%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

)CI%"$7B59,5*G%+,8#-,%"5N%"8*,-%

6,8#-,% I8*,-%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

Q?"*%5,<*S%

!!

@:A%(#943*"*7#5%
!EF%9#N,$%+37$N75B%"5N%
O"$7N"*7#5%
O"-7"+$,%',$,(*7#5%

@,*?#N'%*#%4,-8#-9%))&6%93$*7/(#58#-9"*7#5"$%
"5N%93$*7/*?-,"N,N%"$7B59,5*%

:*,-"*7O,%-,875,9,5*%#8%#O,-$"R'%

:94$,9,5*"*7#5%#8%)CH%835(*7#5"$7*R%



-./#)&02'&5678&

)(*#+,-%./01%26:1%
;75<*#51%=>%

I(\5#`$,NB9,5*'%

&?"5\'%

&#%M7\%"5N%L-,B%

&#%M:6J%8#-%835N75B%

&#%"$$%'(7,5*7'*'%`?#%43+$7'?%*?,7-%'(7,5(,%75%'3(?%"5%#4,51%
($,"-%"5N%*-3$R%-,4-#N3(7+$,%8#-9%"'%;"$B-,5%N7N%`7*?%@@AA%


	Bringing MMFF to the RDKit
	Topics
	Open3DTOOLS: Open3DQSAR & Open3DALIGN
	Why bringing MMFF to the RDKit?
	MMFF94 documentation
	MMFF94 energy expression: 7 terms
	MMFF94 atom types: 212 (!), grouped into 95 categories
	212 (!) different atom types, grouped into 95 categories
	MMFF atom type and charge assignment (C++)
	MMFF atom type and charge assignment (Python)
	MMFFMolProperties class: methods (C++)
	MMFFMolProperties class: methods (Python)
	How do I use MMFF? Well, almost like UFF
	How do I use MMFF? Well, almost like UFF
	How do I use MMFF? Well, almost like UFF
	How do I use MMFF? Well, almost like UFF
	Validation of the RDKit MMFF implementation
	Force-field wish list (open to suggestions)
	Topics
	UFF issue 62
	Angle enumeration
	Angle enumeration
	Implementation of inversions in UFF
	What is going wrong?
	Competition between angle and OOP bend terms
	Hacking UFF equilibrium angles for small rings
	Small ring geometries obtained with original UFF, hacked UFF, AM1
	Topics
	Implementing Open3DALIGN in the RDKit
	Open3DALIGN alignment strategy: 1st step
	Open3DALIGN alignment strategy: 1st step
	Open3DALIGN alignment strategy: 2nd step
	Open3DALIGN: the RDKit implementation
	O3A class: methods (C++)
	O3A class: methods (Python)
	O3A alignment (C++)
	O3A alignment (Python)
	O3A alignment: before and after
	What next?
	Acknowledgments

