0* 13<'="9%11"&"I"#$%&"9"&."7>"(??(

"H$%6&" () *+,-%#S.,/'012.8.#34
5,6"7$./3%.+,7".,'8%4%$.3/",$
0:7$"17'3,-13&344"4'8+-"47

I"#$%&"8.7)
I"H#$9%& (H90) *%&+','-$.$+/%&%$0

5)6./$7+8.&(90.+*0

:10.,/%).+;&<,.I=/-/$6&>8.+66/7+8-+

10.,1%).+; . 5)6./$7+8.
2,@%6+* ) (90.+%0
(@6A87 | Bs<(C

I"#$%DEBE@ @6;,/;7+&$8;&F+88/870 1 &BIHE #$%,-. & %o/ R&BF+88/870&+.&$61&
'&J+$K&$7+8.0 '&$7+8.0&J/.N&/8-@*L6+.+&/8=@,*$./ @8
&&&&'&S).@B8@*9 '&;+-+8.,$6/0+;&-@8.,@6
'&;+-+8.,$6/0+;&;$.$

'8$098-N, @8@)0&-@*L).$./@8

&&&&'&0O@-/$6&$%/6/.9
88&&&'&,+$-./1A/.9
&&&&'&L,@'$-./A+8+00
'&0.,@87&%$7+8.0
&&&&'&%+6/+=01&;+0/,+01&/8.+8./@80
&&&&'&KB@JI6+;7+1&-@**/.*+8.01&.,)0.
I"HSYo& &)+, &tt+-.), +&(+,/+01&2334

5)6./$7+8.8#+$,8/87

O #+%$,8/87&:&/*;,<=/87&;+,><,*$8-+&?/.@
$--)*)6$.+A&+B;+,/+8-+1&$0&/BA/-$.+ A& C &S
*+3$0),+&D5/.-@+661&EFGH

9 5)6./$7+8.&#+%$,8/87&.&/*;,<=/87&. @+
+,><,*$8-+&<>&/8A/=/A)$6&$7+8.0&<,&<>&.4
$7+8.0&/8&$&51(&0+../87

9 J+&%$00)*+&6+%$,8/87&$>>+-.0&*<,+&. @ $B&<!

9 K@,<)7@<).&. @+&6+-.),+1&!"&/0&KL!&6+$,8
+-@8/M)+

I"HEY0& &()*+, &t +-.), +&(+,/+018&2334

56(&!1789)./8:$,:8#+$,:/:<

MAS Evolutionary Learning

Team Learning Teammate Learning

Hotorogenaily of Team? Optimality?

Locality of Reward?

Competition or Cooperation?

UoREIIUNWWOD
uonisodwoosaqg
wa|qoid

Teammate Modeling?

I"HSY& &)+ &t +-.), +&(+,/+0182334




5+$*&#+3$,6/67

8 1"&9%,./-):$,:;&0)/.+<&=>&.+$*&:+%$,6/67
8 ?6&/6</@/<)$:&-><+0&=>& . A+&%+AS@/> &S=&P6.
8 B+:$./@+:;&0/*/:$,&.>&0.$6<$,<&!"

8 5+%$*&->*9>0/./>6
C <>*%$/6&09+-/=/-&D0>--+,E
C 0-$:3%:+&.>&:$,7+,&.+$*0&DF?GE

I"HSYo& &)+, &t +-.), +&(+,/+0182334

5+$*&#+$,6/67&899,:$-;+0

< =% 7+6+:)0&5+$*&#+$,6/67
> $68&/6?/@17?)$A&-:6.$/608$80/67 A+&%+;$ CHAAIHTAEE0,&
> B$0.1&0-$A$%A+1&9:00/%A+&0)%:9./*$A&,+0)A.0
< =+.+,.7+6+)0&5+$*&#+$,6/67
$68/6?2/@/?)$A&-:6.$/60&:6+&%+;$@/:,&B:,&&$&EBE..;
> -$6&9:.+6./$AAC&-:?+&B:,&$6C&;:*:7+6+:)0&.+$*
> 0A:D+,1&9:.+6./3AACE&6:6'0-$AS%A+1&SAA:BOEES +6.&09+
> +0.,/-.+?8&/6.+,'%,++?/67&*$C&Y+&%+..+,&GHGHRSHBIIK

\

< =C%,/?&5+$*&#+$,6/67

> $6&/6?2/@/?)$A&-:?+0&B:,&.+$*&%+;$@/:,0&-:89 0 +2&1B+:)0&7,:)90
:B&;:*:7+6+:)0&%+;3@/:,0

> )0)$AACE,+L)/,+0&%$?7?/./:63A&9$,$*+.+,0&B$&?QIGBH)AS./67&.;+
;C%,/?&.+$*0

> %,++?/67&B:,&;C%,/?&.+$*0M

> A+$,6/678&.+$*&?+-:%9:0/./:6&F=%$,$&$67&N$7$: 1&HIIK

I"HEY08 & () -+, &ft+-.), +&(+,/+0182334

5+.+,67+8+/.9&%$8:&;+,<6,*$8-+

= >::/87&7?+.+,67+8+/.9&/8-,+$0+0&@+,<6,*$8--
ICDEF5&GAH!&A(&>1>A#>I#1&$8:
K /8&:6*$/80&.7%$.&,+L)/,+&.$0M&O @ +-/SDHOPUGO&s
K /8&/8?+,+8.N9&:+-6*@60$% N +&FGER/B)&8Q33T

K /8&:6*$/80&.7$.&,+L)/,+&/8-,+$0+:&8)*%+,&6«&:/<
OM/NRB&+,&+.&SN1&Q3UT

I"HSY6& &()*+, &t +-.), +&(+,/+01&2334

1*5/,/-$6&789+0./:$./;80&/8&<+$*&#+$,8/8

= I*5/,/-$6&/89+0./:$./;80&/8&.+$*&6+$,8/8:&$, + &HBH RO/

.?;0+&/8&0.$8@%, @&!"

A $8%$6>0/0&;B&5+,B;,*$8-+&/0&0.,%/:?.B;,C$,@
A %+0.'0;'B$,&-),9+0

A 0.$8@%,@&0.%$./0./-0D9/0)$6/E$./;8&.;;60

= F;C&.;&*+$0),+&0-$6$%/6/.>G

A 56;.&6+$,8/8:&-),9+0&B;,&@/BB+,+8.&8)*%+0&;B&$:+8
A 56;.&5+,B;,*$8-+&9+,0)0&8)*%+,&;B&$:+8.0

= F;C&.;&*+%$0),+&?+.+,;:+8+/.>G

A 5,%6+*$./-&/8&HI

= F;C&.;&*+3$0),+&$8@&J)$8./B>&.?+&,+63./;88&Yo+,CHBHE &?

$8@&@;*$/8&B+$.),+0G

IHSY& &)+ &bt +-.), +&(+,/+01&2334




5+$**$.+&#+$,6/67 5+$**$.+&#+$,6/67

MAS Evolutionary Learning 8 96.,: ;)-./:6
Team Learning Teammate Learning 8 <+O+$,-:&>/,+-./:60
0|log
] o o
Heterogeneity of Team? COptimaliy? g g T 8 900)+0
neality of Reward? < g -3 . .
Localy o Rewars? | 5 3 8 8 ":6;)-./:6&!*2/ |-$@&IBA+0./7%$./:60
Competition or Cooperation? % g': 3
=1 =
Teammate Modeling?

145968 &()**+,&+-.), +&(+,/+01&2334 I"HSYo& &)+, &tt+-.), +&(+,/+01&2334

5+$**$.+&#+5,6/67 "5+657)./58&95,&:;(&7+$,8/8<
97+6.0&:+,:<,*/67&<=6&>+%$,6/67&:,<-+00+0

? @+-+6.,$>/A+@&>+%$,6/67 . _ "
? -><0+,&.<&.B+&-<6-+:.&<;&C9( [! &7+$’8/8<&95’&$<+H! &7+$’8/8<&95,&$<+}&2

5+$**$.+&>+$,6/67&%+..+,&.B$6&.+$*&>+$,6
DE%$1&FGH1&FGIJ

5+$**$.+&>+$,6/67&=<,0+&.B$6&.+$*&>+%$,6/
DC/-<6/1&F34J

- ke
SB+<’+'/ $>& < '$’/0<6O I"&7+$,8/8<&95,&%$<+8« I"&7+%$,8/8<&95,&$<+8.&>
DK$60+6&$6@&L/+7$6@1&F34]

"#3%&'&()**+,&#+-.),+&(+,/+01&2334 "#$%&'&()**+,&#+-.), +&(+,/+01&2334




5+$**$.+&#+$,6/67

5+$**$.+&#+$,6/67

8 96,,)-/6 MAS Evolutionary Learning
8 <+0+$%$,-=&>/,+-./:160 Team Learning Teammate Learning
0
8 900)+O Heterogeneity of Team? Oiptimality ? g g?_u
e " AER
8 ":6;)-./:6&1*?/ /- $@&IBA+0./7$./:60 - R
Compstiion or Cooperation? % g“: g
3 =
Teammale Modeling?
15968 &()**+, &t +-.), +&(+,/+01&2334 I"HEY08 & () -+, &ft+-.), +&(+,/+0182334
* . .
56./*$7/.8 #5-$6/.7&58&9+:%,;
9 (+$,-:&/;:<7)+-+=8BFGIHE' ()" &$; =&+ ()" < =>86)+>-+0&7+,85*$>+
>?%:$/.&+.&$71&@34A < =>86)+>-+0&@+.+,5A+>+/.7
9 "BB6+,%$./C+&.$0D0&E/..&FB/;.&,+E$,=&<);-./B;0
G 0.$;=%$,=&%7HB,/.:*0&;B.&H)$,$;.++=&.B&</;ZRBHH"SH/ .. 6+$,>/>A&O?++}
@, +751+=J&0+../HO [ 65-$6/.78588,+:$
G ,B%)0.;+00&B<&0B7)./B;0K 1SR R@++ 5ALS T
9 %+..+,&E:+;& +$*+=&E/..&B6./*$7&-B77$%B,$.B, ] @+, %
9 %+..+,&E:+,&.+$*+=&E/..&*$;8&B.:+,&-B77$%B,$.B,0 24,85 *$>-+
9 "B*6+././C+&.$0D0 [;5*$/>&?$,./—)6$,/./+
G E:$.&/0&B6./*$7K
9 =)+7&*+..B=B7BH8 B _ %) *¢ [_Q -
O +5/00% 4788+ B-B7BHS < B).),+&,+0+$,-@&5775,.)>/./+0C&$).5*$./-&$;D) B&E5-&56/.7
9 LBB=&;+EOM&<+,./7+&%,+$&<B,&<).),+&,+0+$,-:

I"HSY6& &()*+, &t +-.), +&(+,/+01&2334

IHSY& &)+ &bt +-.), +&(+,/+01&2334




P L o5 P’ i
«g"*‘z~ .‘,.t;\; 7 e
1 d s

s

8 95&-:+$,&,+:$./7&$*7;&$;+7.01,+:$./570&$IZ,<+&5¢+,&./*+
8 #+$,7/7,&5665,.)7/.1+0 < ?9$>7,0
> *$7/6):$./57 @ 0/:;9+&A7-)0&7A&9+$,:/:;
> +76:5/.$./57&5@&5.<+,&%$;+7.0A&@$):.0 @ *78+9/::&-7*%/:+8&B/.C&I+$.:/::
2 R < D://$9&%+9/+A08&S +&E!=F&*G7,.$..
SRR 1) 4540182334 SRR 1) 4540182334
5+$**$.+&#+$,6/67 500)+0&/6&7+$*&#+$,6/68
8 96.,:;)-./:6 9 (+%,-:&(;$-+
8 <+0+$,-=&>/,+-./:60 9 <+=&>)++6&!?77+-.
8 900)+0 9 |@;AB,$./B6
8 ":6;)-./:6&!*?/,/[-$@&96A+0./7$./:60 9 ",+=/.&C00/86*+6.
9 #+%$,6/68&"D-A+0
9 #B00&B?&E,$=/+6.
9 F+=/B-,+&(.$%/A/.D

I"HSO6& &)+ &t +-.) +&(+,/+01&2334

I"HS068 &)+ &) +&(+,/+0182334




(+$,-5&(65-+&78,&9+F*&#+3,:/:; (+$,-5&(65-+&78,&9+$**$.+&#+9$,./:;

>+ &=
$ $2 $4 <+:.&= <+:.8&2
NIENE % | % | %
= ) 0 9 9
% | < < <
= == =2 =4
(qV]
> > > > > >
3 $= $2 $4 %= %2 %4
| o
Gl %] <o=| <22 | <m
e
0
M| <4z | <42 | <us
"HE%E&'&()**+,&#t+-.),+&(+,/+01&2334 "#S%&'&()**+,&#+-.),+&(+,/+01&2334

(+$,-5&(65-+&78,&9+$**$.+&#+3,./:; (+$,-5&(65-+&78,&9+$**$.+&#+3,:/:;

<+HL&= <;+.&2
& $, $, % % %
>3 >3 >3 >3 | >3 >3
> g >"$2 >"$2 >< > | 22 > o2
>% >25 >25 >< > | > >20
>4 >4 >4 >< > | >0 >
el

28782878 28IEIEIIEIEIRIEIEIEIEEIEEIEIEIEIEE? /—ﬁ\\g\

"#3%&'&()**+,&##+-.),+&(+,/+01&2334 I"#$%&'&()*+,&#+-.), +&(+,/+01&2334




5+6&7)++8&199+-. 15678,$./89

:9&$<+9.=0&+5678,$./89&6,8-+00&%$>>+-. 08 RET+D D& 8>
8.7+,&$<+9.018&@/.?&7%.+,&,+6+,-)00/890& ST +& I199.
6,8-+00

D (4179$,8.88$98&$<+9.&7+95,9/9<&/9&$&ABIS*/-8FARIBIH&.?
AB9%*/-/.B&/0&A/,+-.7TB&,+7$.+A&.8&.7+&$<89.=0&%+?$C/

<+9.&D 1<+9.82
| & | & % | % | %
3 3 3 3 3 3
<$8=+&/88.$&*>?/B=8@$BE0-$A+E*$BE=>8)88>./-+6C S E o e
D86/?/6)$@0&$,+&+?$@)$.+6&/8&.<+&->8/SE/ REPED < +,& E2$D E2$2 Ez$2 EZ%D E2%2 E2%2
(%F+-./2+&A+,9> *$8-+&*+.,/-0&*$B&</6+&A, 8-$=831&81&>, oy % T
@+$,8/8:&-B-@+0 E $D E $2 E $2 E %D E %2 E %2

F&F&F&F&F&F&F&F&F&F&EEREREEEREREEEEEREEEEEREEEE

I"HSY6& &()*+, &t +-.) +&(+,/+01&2334 I"HSY68 &)+ &ift+-.) +&(+,/+0182334
",+5/.&600/78*+8. #+3$,5/56&"7-8+0
9 :8.4+.'8$85&/8. $'&$7+8.8-,+5/.&$00/78*+8. (96+5.8:8)0/5680. 5. +67810%55%. 5515 228)0/5680.9.+67

(96+5.&:&)0/56&0.,$ +678=2" 050950 56 1 5 £28)0/56&0.,$.267.

9 :85/;/5)%$<&,+/8=>,-+*+8.&/8=>*$./>88&*$?
[8=<)+8-+&$7+8.0&.>&<+$,8&7,++57&0.,$.+7/ , 1508868/50
=>-)0+5&>8&/85/;/5)$<1&,$.@+,&. @$8&.+$*1 | 96+5.8:4)0/5680.,8-8B7 &= 96+5.628)0/5680..$.+67

A+,=> *$8-+

(96+5.8:8)0/56&0.,$.+67&F 2240 9615 £2£)0/5680.,$.+67.

"#3%&'&()**+,&#+-.),+&(+,/+01&2334 "#$%&'&()**+,&#+-.), +&(+,/+01&2334




#500&56&7,$8/+9.

5+6/7-,+8&(.$%/8/.9

15968 &()**+, &t +-.), +&(+,/+01&2334

I"HEY08 & () -+, &ft+-.), +&(+,/+0182334

5+$**$.+&#+$,6/67

8 96.,:;)-./'6
8 <+0+%$,-=&>/,+-./:60
8 900)+0

8 ":6;)-./:6&!*?/,/-$@&96A+0./7%$./:60

I"HSO6& &) + &t +-.) +&(+,/+01&2334

1*5/,/-$6&789+0./:$./;80&/8&<+$**$.+&#+$,8/8:

= >7$.8/0&%+/8:&*+$0),+@A

B+,C;,*$8-+&/0&0)%D+-./9+&EF+@&G)++8&!CC+-.H
| 5;00/%6+&0;6)./;80

= -?;;,0+&@;*$/80&J?+,+&;%D+-./9+&5+,C;, *$8-+&*+$0),+&/0&$9%5/6$%6+
EB$8%/.&$8@&#)K+1&L32H1&EM)--/&$8@&B;66$-K1&L34H
)0+&%+8-7*$,K0
@;*/8$8-+&.;),8%*+8.&E(.$86+N&S$S@&O//KK)63K8+81&L3
?$668&;C&CH*+A&EF;0/8&$8@&M+6+J1&LPQH
| *+$0),+&C;,&.+$*&?+.+,;:+8+/.NA
| *+$0),+&C;,&0/R+0&;C&%3$0/80&;C&S..,$-./;80A
>?7%.&/0&*+$8.&%N&L%+..+,S&;,&L%+0.SA
| EB$8%/.&$8@&#)K+1&L32H
@)+6&*+.?;@;6;:N
,+8%/00$8-+"*$8&*+.?2;@;6;:N

I"HSO68 ()" + &), +&(+,/+0182334




1*5/,/-$6&789+0./:$./;80&/8&<+$**$.+&#+$,8/8:

>?$.8%,+&.7+&%$00)*5./;80&; @&.?+&+A5+,/*+8.0B
C :6,%%6&/8@;,*$./;8&D;+0&8;.&:)$,$8.++&;5./*$6/.E

C ,+;**+8D$%$./;80&.;&,+0.,/-.&$00)*5./;80&%$%;).&;&5:+8.0&F?+8&.?7+/,
%+7%$9/;,08%,+&)8G8;F8

C -;+9;6)./;8&*$E&%+&/*5,;9+D&F?+8&%$00)*/8:&;. 8 &’:$, +&-;*5+./8:
:,&-1:5+,%./8:

H;F&.;&0+6+-.&5,;%6+*&D;*$/80B

C I*E&*+.?;D&/0&%+..+,&.2$8&E;),&*+.?;DI&0.9+8./@ LB

C @;,&.7+;,+./-$36&$8$6E0/01&)0+&9+,E&O/*5R ¥R BWG0%OL
C 53$E&$..+8./;8&.;&%$00)*5./;80

145968 &()**+,&+-.), +&(+,/+01&2334

1*5/,/-$6&789+0./:$./;80&/8&<+$**$.+&#+$,8/8:

= >/0)$6/?$./;8
@ 9/0)$6/?%./;888++A0&.;&-$5.),+&.B+&,+6$.//0&E8+18.&-+9;6)./;8%,D
$6:;,/.B*0
@ 56,.& B+&. $E+-.;,/+0&;C&.B+&0+$,-B&5,;-+00
@ 0+$,-B&A,/9+33EDEESBAR)* (+"$%&
= 9/O)$6/?$'/;8&;C&O+$s'B&05$'+F&%$0/80&;C&$,,,$-./;8G

= $00+00&A/CC/-)6.D&;C&A;*$/88&%$0+A&;8&0/?+0&;C&%$0/80&;C&S.., $-
0)%;5./*$6&5+$H0O

= (.$./0./-$6&*+.B;A0
@ %+-$)0+&5+,C;,*$8-+&$00+00*+8.8/0&0) % E+O)BHIE BB $./0./-$6
+0.0&1/668A+5+8A&;8&.B+&;.B+,8J-;*5;8+8.0K
@ -'$A$5.5./;88$8A86+$,8/8:8-D-6+0
= [+8*$D&Y+&$8&+05+-/$66DE&/*5;, $8.8-B$,$-.+,/0./-
@ $00+0085+,C;,*$8-+8%6$0+A&;88C/8$68,$0)8.08C;,&$66&

I"HSYo& &)+, &tt+-.), +&(+,/+01&2334

I"HEY0& &()*+, &t +-.), +&(+,/+018&2334

5,6%7+*&8+-6*960/./6:

; <7%$=6,0
> . $0?&@+-6*960/./6:
> %+A%$=/6,&@+-6*960/./6:
> 7$B+,+@&7+$,:/.C
> 0A%$9/.C
; D)+0./6:0E
> $).6*$./-&9,6%7+*&@+-6*960/./6:
> @+-+..,$7/F+@&9,6%7+*&@+-6*960/./6:

I"HSY& &)+ &t +-.), +&(+,/+0182334




"5%%)6/-$./56

7 89(&:&)6,40. /- +;&-5**)6/-$./56&<&+6.,$=/>+;
070.+*&@(.56+&$6;8&A+=5051&B33C

7 A/$&,3D/;=?&;+-$?/6E&/6F5,*$./56
G *$?&/6-,+$0+& . H+&0+%$,-H&ODS$-+
G *$?&/*D,51+&D+,F5,*$6-+
G +*+,E+6.&I5-$%)=%$,/+0
7 A/$&0=5J=?&;+-$?/6E&/6F5, ®IHBED=+L&DH+,5*56+0
G =56E'=$0./6E&OH$,+;&/6F5,*$./56
7 A/$&+*%5;/*+6.

I"HSYo& &)+, &t +-.), +&(+,/+0182334

1*5/,/-$6&789+0./:$./;80&$8<&";**)8/-$./;8

>?%$.83,+&. PHE8$%E&'()" @
A<</./;8$6&5%,$*+.+,0&.;&.)8+
B ,$8:+1&%%$8<C/<.?

B +9%$5;,$./;88&$8<&</DD)0/;8&,$.+0
B -;**)8/-$./;8&.;5;6;:/+0
E;C&.;&*+%$0),+&,+6%$./;8&%+.C++8&6+%$,8/8:&%6:;,/.”
$8<&-;**)8/-$./;8@
I*+,:+8.&9;-$%)6$,/+0@
F+0.&-;**)8/-$./;8&9/$&+*%;</*+8.@

I"HEY08 & () -+, &ft+-.), +&(+,/+0182334

"56-7)0/560

8 1%9/,/-$7&/6:+0./;$./560&/6&.+$*&7+$,6/6;
< 9,+.=&*)->&0.,%/;>.75,@%,A
< $6$7=0/0&5?&>+.+,5;+6+/.=&$6A&0-$7$%/7/.=

8 1*9/,/-$7&/6:+0./;%$./560&/6&.+$**$.+&7+$,6/6;
< 0)%B+-./:+&+:$7)$./5@8B5&-7+3$,89+,?5,*$6-+&-,/.+,/$

< :/0)$7/C+&$6A&*+30),+&%$7$6-+&$6A&/.08:+ 75, 1P6&BL0& . >+
-5*956+6.0&A,/:/6;&.>+&0+$,->&9,5-+00

< $00)*9./560&%%5).&5.>+,&%;+6.0&$,+&:+,=&/*95,.$6.
8 1*9/,/-$7&/6:+0./;%./560&$6A&9,5%7+*&A+-5*950/./56
< ,+9,+0+6.%$./560
8 1*9/,/-$7&/6:+0./;$./560&$6A&-5**)6/-$./56
< $00)*9./560
< .+0.&57&+*+,;+6.&:5-$%)7$,/+0
< .+0.8&57?&-5**)6/-$./56&:/$&+*%5A/*+6.

I"HSY6& &()*+, &t +-.), +&(+,/+01&2334

"56-7)0/560

IHSY& &)+ &bt +-.), +&(+,/+01&2334




56&7889:,/:;+&$<:&=6&>+<</<;01&&? @AABCL&DE<.0CBHI-8,I&$<: &K, $- V'HE%&' () #*+#
| &+-&itt.-&+$IH0-#H&@3?72CC@@B'@B2
=6MB&>+<</<;01&N6&(J-$,$1&$<:&56&7889:,/:; & RFEMBEBPLBQEF;+<.0&M+0+$,-1&$<:
R+S+98P*+<.1P8'&'4'25$1+#&35$6&*$72)3-81+#&3$91R3EANET'40
H6&5/.-1+991&? @ AR T-RHEE<#6.&-&¥&5-U,$V'W/99
(6&#)X+&$<:&#6&(P+-.8,1&?@AAYC1&D!S89S/$&H"EBVEKB<&V/.I&U+<+./-&K,8;,$**/<;L1
E<&#&#3-;$>.'+.644-&+$?@ @ABS$>." ##*-&+5$' C$IILB26IBE & C#. #JZSEH&K,+00
F6&WS,$&$<:&H6&=3;$81&?@AAACLED*+,;+<-AZRI&+EBEI8,R)0/<;&FRUZ&F).8*$./-$9J&R+Q/
U,8)POL1&EB<E#*-&+5%' C$3"#$=#&#3-;$6&*$,0)23-'&6.:$E'4B28BE '&C# #&;#$G=,EEH8
@l
H6&[$9-11&? @ AKBOL &) $K-0#.5-3:$-&$<#6.&-&+$/'L'3$#BAKBIR&HI+0/01&"899+;+&8Q&"8*P)./<
U+8,;/$&E<0./.).+&8Q&H+-1<898;J
>6&[8<;$,:1&?2333C1&DHI+&#+;/8<&(J0.+*G&F&88S&IHF BBIS/<;&W+.+,8;+<+/.J&Q8,&"899+-.
K,8%9+*&(89S/<; L 1 &ERIB-;$>.'+.644-&+B$>." ##*-&+5$'C$,2.'=>MNTYR/<; +,\+,9%;
56&K8..+,1&#6&5++:+<1&$<:&F6&(-1)9.]1&?23 BB TRIAMEH+&"8+S89S+:&[+1$S/8,0&8Q&58%/
M8%8.0G&HI+&&!*+,;+<-+&B8Q&(P+-/$HOBLKESR CSH!"#$I#0#& 3##& 3" $P&3#.&63-'&6)
E'&C#.#&;#$'&$1.3-C-;-6)$P&3H#))-+#&;#$GPQE1P8NOO?I
W6&E%$18?@AAYCL&D!*+,:+<.&"88P+,$./8<&08; OBYN/RBALF <+./-&K ,8;,$**/<;L 1 &5 8))#)
> 'L)#4$9)0-8&+$C.'ASR632. #SPSBES>. ##*- &+ 5 IBIBI #15 3-'&6)$E &CH #& #$'8$,0)23-'&6..
E'4F2363-'&
W6E&E%$1&?@AAOC1L&D!S89)./8<3$,J&#+$,</<; MBEEF3<)8L-B&C'.463-'&$9;-#& #8&\89)*+&@30
H6&5/-8</1&?2334C1&D71+<&!S89S/<;&K8P)9%./8:80850&[8+S89S/<;&E<:/S/:)$90G&HI+&[9/<:&
K,8%9+*L1 &EW&*-&+5$'CH3"#$!"-. 3##&3"$P&3#.&63-' &6) BT RAEES &$1.3-C-;-6)
P&3#))-+#&#SGPQE1PSOTI

145968 &()**+,&+-.), +&(+,/+01&2334

56&7$80+88$898&:6&;6&</+=$891&>233471& GUABCD,B#8-BEIF$8.$=+&DH&. E+& " DDB+,$./F-
"D+FDC)./D8$,1&>IKI?&IG I HEMBER ()*+#, +-.Yo-+1%6(%-'$+0(&+1 24#34-"#(0"5+64784-0
B#(,%"%($%+9/166:;<==>7
#68;$8%/.18:68;6&</+=$891&$89&(68#)N+1&BIIB/RARDENDC)./D8S,1&(+$,-E&HD,&OB./*$C
P)C./$=+8.&Q+E$F/D, 0L VBB ()*+#,+-.%+@."- %% (- +A(-%" (0- #(OBH B Mot B Yo+ #(
C"-' ' $'03+A(-%33')%($%+IABECA; <==>7
#6&;$8%/.8$898(68#)N+18>233271&@ G&" D* B IDBED HRERE) 8+00&S)8-./DSOABINGE ()*
#,+- Yo+%(%-'$+0(&+12#34-#(0"5+6#784-0-H#(+ GHUMOIA66:;<==<?
G68&Q)--/&$898768&;DCCS-N1&>2334?1&@ SB-)BEBELHATRUBHD*+.,-$C&GOB+-.0&DHE& 'D'+EDC
MBBESY6068! ()4 +#,+-. Yo% (Yo' $+0(&+12#34-#(0"5+EHPOBHO%"%6($%6+9/ 166 <==>7
V6&OB&(.$8C+I&$898&:6&P//NN)C$/8+81&>2332/BEB@EEDRUID*S &P+ EDI&DH&PDS/.D,/8=
: D=,+00&/8&"D+FDC)./DALABIIBE ()*+#,+- %o-+%(%o-'$+0(8+12#34-#(0"5+6#]84-0
B#(,%"%($%+0/166:;<==<?+DH#"E* #8+1"#)"07
"6&:D0/8&$898:68Q+C+R1&>IXXY ?1&@Z+R&P-BEDIOES D EDC)./IRHBA-#(0"5
BH#784-0-'#(+B#4"(0B&E&[>J?TI2X
:6&(.D8+&$89&P6&\+CDOD1&>2333718 @ P)C./FEREY P HEMN, D*&$&PS-E/8+&#+$,8/8=8&;+ 0B+
CA-HHTHA+FHGHIR]>A7TAN'4]4

I"HE%8 & () +,&ft+-.) +&(+,/+0182334




