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?>AB0=>2:5 7040G8 :204@0B8G=>3> ?@>3@0<<8@>20=8O:

min
x∈Rn

1

2
xTPx+ qTx,

s.t. l ≤ Ax ≤ u,

(1)

345 x— 25:B>@ ?5@5<5==KE >?B8<870F88, P = PT � 0—<0B@8F0 :204@0B8G=KE
:>MDD8F85=B>2, q — ;8=59=0O G0ABL DC=:F8>=0;0, A — <0B@8F0 >3@0=8G5=89,
l, u— 3@0=8FK >3@0=8G5=89.

�;O A>3;0A>20=8O >?B8<870F8>==>9 ?>AB0=>2:8 A 35><5B@859 4>@>38
8A?>;L7C5BAO A8AB5<0 :>>@48=0B (@5=5, 7040205<0O >B=>A8B5;L=> >?>@=>9
B@05:B>@88 C : s 7→ (xr(s), yr(s), ψr(s)). #>;>65=85 02B><>18;O >?8AK205BAO
?@>4>;L=>9 :>>@48=0B>9 s, ?>?5@5G=K< >B:;>=5=85< d 8 C3;>2>9 >H81:>9 eφ.

� A8AB5<5 (@5=5 A>AB>O=85 >?@545;O5BAO ?@>4>;L=>9 :>>@48=0B>9 s,
?>?5@5G=K< >B:;>=5=85< d, C3;>2>9 >H81:>9 eφ 8 :@8287=>9 κ. &0:>5
?@54AB02;5=85 ?>72>;O5B 704020BL 4>@>6=K5 3@0=8FK 8 ?@5?OBAB28O :0:
>3@0=8G5=8O =0 4>?CAB8<K9 480?07>= ?>?5@5G=>3> A<5I5=8O.

%2O7L <564C 45:0@B>2K<8 :>>@48=0B0<8 B>G:8 (x, y) 8 ?0@0<5B@870F859
(@5=5 (s, d, eφ, κ) 70405BAO G5@57 35><5B@8N >?>@=>9 B@05:B>@88:

x = xr(s)− d sinψr(s), (2)
y = yr(s) + d cosψr(s), (3)
ψ = ψr(s) + eφ, (4)

κ =
κr(s) + ėφ/ṡ

1− κr(s) d
. (5)

� MB>9 A8AB5<5 4>@>6=K5 3@0=8FK 7040NBAO =5@025=AB20<8
dmin(s) ≤ d(s) ≤ dmax(s), GB> C?@>I05B 2:;NG5=85 8=D@0AB@C:BC@=KE
>3@0=8G5=89 2 QP-?>AB0=>2:C.

#> @57C;LB0B0< >17>@0 AD>@<8@>20=> <5B>48G5A:>5 >A=>20=85
40;L=59H59 @07@01>B:8: 4>?CAB8<K9 :>@84>@ 42865=8O AB@>8BAO A CG5B><
4>@>6=>9 >1AB0=>2:8, 0 3;04:0O 8 48=0<8G5A:8 @50;87C5<0O B@05:B>@8O
?>;CG05BAO ?CB5< @5H5=8O ?>A;54>20B5;L=>AB8 7040G :204@0B8G=>3>
?@>3@0<<8@>20=8O.

!0 >A=>20=88 ?@>2545==>9 0=0;8B8G5A:>9 @01>BK ?>AB02;5=0 F5;L
48AA5@B0F8>==>3> 8AA;54>20=8O, =0 55 >A=>20=88 AD>@<8@>20= ?5@5G5=L
>A=>2=KE 7040G 8AA;54>20=8O, >1>7=0G5= >1J5:B 8AA;54>20=8O.

�B 6FBDB= 7?469 @0AA<>B@5=K <0B5<0B8G5A:85 <>45;8 02B><>18;O 8
0;3>@8B<K A;54>20=8O B@05:B>@88, 8A?>;L7C5<K5 ?@8 ?>AB@>5=88 :>=BC@0
C?@02;5=8O. �2545=0 ?0@0<5B@870F8O B@05:B>@88 ?> 4C3>2>9 :>>@48=0B5 s,
2K?>;=5=0 48A:@5B870F8O <>45;59 8 ?>:070=>, GB> A?;09=-0??@>:A8<0F8O
>?>@=>9 ;8=88 ?>72>;O5B ?>;CG0BL =5?@5@K2=K5 7=0G5=8O :>>@48=0B, :C@A0 8
:@8287=K, =5>1E>48<K5 4;O @0AG5B0 >3@0=8G5=89 8 C?@02;ONI8E 2>7459AB289.
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�;O ?>AB0=>2:8 7040G8 ?>?5@5G=>3> C?@02;5=8O A;54>20=85< 7040==>9
B@05:B@88 2K?>;=O5BAO ?>AB@>5=85 <>45;L=>-?@545:B82=>3> C?@02;5=8O. �
:0G5AB25 ?>45;8 02B><>18;O 8A?>;L7C5BAO ;8=50@87>20==0O <>45;L 02B><>18;O:

ẋe = Ae(v̄)xe +Beδ +Ge(v̄)r
ref, (6)

x =
[

ey ėy eψ ėψ

]T
, (7)

345 ey — ?>?5@5G=0O >H81:0, eψ — >H81:0 :C@A0, ėy 8 ėψ — A:>@>AB8 87<5=5=8O
A>>B25BAB2CNI8E >H81>:. 345 G;5= Ge(v̄)r

ref >1CA;>2;5= CG5B>< >?>@=>9
:@8287=K B@05:B>@88 G5@57 A>>B=>H5=85 ėψ = r − rref 8 @0AA<0B@8205BAO :0:
8725AB=>5 A<5I5=85 =0 3>@87>=B5 ?@>3=>78@>20=8O.

�;O D8:A8@>20==>9 A:>@>AB8 v M;5<5=BK <0B@8F 8<5NB 284:

Ae(v̄) =



















0 1 0 0

0 −
Cf + Cr

mv̄

Cf + Cr

m

Crlr − Cf lf

mv̄

0 0 0 1

0
Crlr − Cf lf

Izv̄

Cf lf − Crlr

Iz
−
Cf l

2
f + Crl

2
r

Izv̄



















, (8)

Be =

















0
Cf

m
0

Cf lf

Iz

















, Ge(v̄)



















0
Crlr − Cf lf

mv̄
− v̄

0

−
Cf l

2
f + Crl

2
r

Izv̄



















. (9)

�8A:@5B870F8O ?> 2@5<5=8 2K?>;=O5BAO A H03>< Ts 8 3>@87>=B><
?@>3=>78@>20=8O Np. � @50;87>20==>9 AE5<5 8A?>;L7CNBAO Ts = 0.1 A 8 Np = 35,
GB> A>>B25BAB2C5B 4;8B5;L=>AB8 3>@87>=B0 ?@>3=>78@>20=8O Th = NpTs = 3.5 A.
�K1>@ Np = 35 >15A?5G8205B 4>AB0B>G=CN 3;C18=C ?@54A:070=8O 4;O CG5B0
?@54AB>OI8E 87<5=5=89 35><5B@88 >?>@=>9 B@05:B>@88 ?@8 A>E@0=5=88
2KG8A;8B5;L=>9 @50;87C5<>AB8 0;3>@8B<0 2 @568<5 @50;L=>3> 2@5<5=8.

*5;520O DC=:F8O MPC D>@<8@C5BAO :0: :204@0B8G=K9 DC=:F8>=0;,
<8=8<878@CNI89 >H81:8 A;565=8O, 25;8G8=C C3;0 ?>2>@>B0 :>;5A 8 53>
?@8@0I5=8O:

J =

Np−1
∑

i=0

(

xT
k+i|kQ xk+i|k +Rδδ

2
k+i|k +R∆∆δ

2
k+i|k

)

, (10)

345 Q � 0 — 25A>20O <0B@8F0 >H81>: A>AB>O=8O, Rδ > 0 8 R∆ � 0 — 25A>2K5
:>MDD8F85=BK, 7040NI85 HB@0D 70 25;8G8=C C3;0 ?>2>@>B0 :>;5A 8 53>
?@8@0I5=85 A>>B25BAB25==>.
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� 2KG8A;8B5;L=KE M:A?5@8<5=B0E <0B@8F0 Q 2K18@05BAO 4803>=0;L=>9, 0
HB@0D>20=85 ∆δ 8A?>;L7C5BAO 4;O A3;06820=8O C?@02;ONI53> 2>7459AB28O.

�;O 35=5@0F88 ;>:0;L=>9 B@05:B>@88 8A?>;L7>20=0 :8=5<0B8G5A:0O
25;>A8?54=0O <>45;L 2 :>>@48=0B0E (@5=5:

z′ =















d′

e′θ

k′















=

















(1− krefd) tan(eθ)

(1−krefd)k
cos(eθ) − kref

u

















, (11)

345 d — ?>?5@5G=>5 A<5I5=85, eθ — >H81:0 :C@A0, k — :@8287=0 B@05:B>@88,
u— A:>@>ABL 87<5=5=8O :@8287=K ?> 4C3>2>9 :>>@48=0B5.

�8=50@870F8O MB>9<>45;8 2 >:@5AB=>AB8 >?>@=>9 B@05:B>@88 >15A?5G8205B
?5@5E>4 : QP-?>AB0=>2:5, ?@83>4=>9 4;O @0AG5B0 2 @50;L=>< 2@5<5=8.

�8=0<8G5A:0O @50;87C5<>ABL B@05:B>@88 >15A?5G8205BAO >3@0=8G5=8O<8
=0 :@8287=C 8 A:>@>ABL 55 87<5=5=8O. !0 <0;KE A:>@>ABOE ?@545;L=0O :@8287=0
>?@545;O5BAO <0:A8<0;L=K< C3;>< ?>2>@>B0 C?@02;O5<KE :>;5A, 0 =0 1>;55
2KA>:8E A:>@>ABOE — 4>?CAB8<K< 1>:>2K< CA:>@5=85<:

|k| ≤ min
(

tan(δmax)
L

,
aymax

v2

)

. (12)

&0:0O D>@<0 >3@0=8G5=89 A2O7K205B 35><5B@8G5A:85 2>7<>6=>AB8
02B><>18;O 8 B@51>20=8O : 48=0<8G5A:>9 157>?0A=>AB8.

� 3;025 A>?>AB02;5=K 0;3>@8B<K: G8AB>5 ?@5A;54>20=85 (Pure Pursuit, PP),
;8=59=>-:204@0B8G=>3> @53C;OB>@0 (LQR) 8 <>45;L=>-?@548:B82=>3> C?@02;5=8O
(Model Predictive Control, MPC). �KG8A;8B5;L=K9 M:A?5@8<5=B ?@>2>48;AO =0 S–
>1@07=>9 B@05:B>@88 (@8AC=>: 1).

0 5 10 15 20 25 30

10

5

0

5

10

15
 XY

 
pp
lqr
mpc

$8AC=>: 1 – %@02=5=85 0;3>@8B<>2 PP,
LQR 8 MPC

�KG8A;8B5;L=K9 M:A?5@8<5=B
=0 S–>1@07=>9 B@05:B>@88
?@8 A:>@>ABOE 3, 5, 10 8 13,88 </A
?>:070;, GB> LQR >15A?5G8205B
=08<5=LHCN ?>?5@5G=CN >H81:C
2 1>;LH8=AB25 @568<>2, 0 Pure Pursuit
E0@0:B5@87C5BAO <8=8<0;L=K<8
2KG8A;8B5;L=K<8 70B@0B0<8.
�<5AB5 A B5< MPC 2K1@0= 2 :0G5AB25
107>2>3> 0;3>@8B<0 40;L=59H59
@01>BK, ?>A:>;L:C ?>72>;O5B
O2=> 2:;NG8BL >3@0=8G5=8O =0 C3>;
?>2>@>B0 C?@02;O5<KE :>;5A 2 548=CN
>?B8<870F8>==CN ?>AB0=>2:C.
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!0 @8AC=:5 2 ?>:070=> A@02=5=85 ?>:070B5;59 0;3>@8B<>2 =0 A:>@>AB8 3 </A.

0.0 2.5 5.0 7.5 10.0
 [ ]

10

5

0

5

10

15

de
lta

 [
]

 ( )
pp
lqr
mpc

0.0 2.5 5.0 7.5 10.0
 [ ]

0.5

0.0

0.5

a_
la

t [
/

^2
]

  ( / ^2)
pp
lqr
mpc

0.0 2.5 5.0 7.5 10.0
 [ ]

0

2

4

6

8

 [
]

   ( )
pp
lqr
mpc

0.0 2.5 5.0 7.5 10.0
 [ ]

20

0

20

d(
de

lta
)/d

t [
/

]

   ( / )
pp
lqr
mpc

0.0 2.5 5.0 7.5 10.0
 [ ]

2

1

0

1

2
 [

/
^3

]
  ( / ^3)

pp
lqr
mpc

0.0 2.5 5.0 7.5 10.0
 [ ]

0.4

0.3

0.2

0.1

0.0

0.1

e_
y 

[
]

 
pp
lqr
mpc

$8AC=>: 2 – %@02=5=85 0;3>@8B<>2 PP, LQR 8 MPC ?@8 A:>@>AB8 3 </A

#@8 3>@87>=B5 ?@>3=>78@>20=8O 35 H03>2 8 H035 48A:@5B870F88 0,1 A
A@54=55 2@5<O @0AG5B0 C?@02;ONI53> 2>7459AB28O A>AB028;> 2,386–2,703 <A, 0
95-?@>F5=B=K9 :20=B8;L — 4,590–5,053 <A, GB> ?>4B25@6405B 2KG8A;8B5;L=CN
@50;87C5<>ABL MPC 2 @568<5 @50;L=>3> 2@5<5=8.

� FD9FP9= 7?469 @07@01>B0=K <5B>4 A8=B570 ;>:0;L=>9 B@05:B>@88
42865=8O 02B><>18;O A CG5B>< 4>@>6=>9 >1AB0=>2:8 8 @50;87CNI89 53>
:><?;5:A=K9 <=>3>ABC?5=G0BK9 0;3>@8B<.  5B>4 >A=>20= =0 A>3;0A>20==><
?@8<5=5=88 ?0@0<5B@8G5A:>3> A3;06820=8O >?>@=>9 ;8=88, D>@<8@>20=8O
4>?CAB8<>3> :>@84>@0 42865=8O 8 2K?C:;>9 >?B8<870F88 B@05:B>@88 2 A8AB5<5
:>>@48=0B (@5=5. #>A;54>20B5;L=>5 CA;>6=5=85 <0B5<0B8G5A:>9 ?>AB0=>2:8
2:;NG05B A3;06820=85 >?>@=>9 ;8=88 157 CG5B0 A2>1>4=>3> ?@>AB@0=AB20,
22545=85 >3@0=8G5=89 ?> 3@0=8F0< 4>@>38 8 ?@5?OBAB28O< =0 ?@O<>;8=59=KE
CG0AB:0E, 0 B0:65 D>@<8@>20=85 B@05:B>@88 =0 :@82>;8=59=>9 4>@>35 A CG5B><
3010@8B>2 02B><>18;O.

�><?;5:A=K9 0;3>@8B< ?@54CA<0B@8205B ?@5420@8B5;L=CN >1@01>B:C 8
?0@0<5B@870F8N >?>@=>9 ;8=88, D>@<8@>20=85 >1;0AB8 4>?CAB8<>3> 42865=8O,
?@54AB02;5=85 55 3@0=8F A8AB5<>9 ;8=59=KE >3@0=8G5=89, A>AB02;5=85 8
@5H5=85 7040G8 :204@0B8G=>3> ?@>3@0<<8@>20=8O, 0 B0:65 ?@5>1@07>20=85
?>;CG5==>3> @5H5=8O 2 45:0@B>2C A8AB5<C :>>@48=0B. �E>4=K<8 40==K<8
0;3>@8B<0 O2;ONBAO >?>@=0O ;8=8O 42865=8O, A2545=8O > 3@0=8F0E ?@>57659
G0AB8 8 AB0B8G5A:8E ?@5?OBAB28OE, 3010@8B=K5 ?0@0<5B@K 8 B5:CI55 A>AB>O=85
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02B><>18;O. !0 2KE>45 D>@<8@C5BAO 48A:@5B=0O ;>:0;L=0O B@05:B>@8O,
?@83>4=0O 4;O ?>A;54CNI53> 8A?>;=5=8O :>=BC@>< A;54>20=8O 8
C4>2;5B2>@ONI0O >3@0=8G5=8O< ?> ?>;>65=8N 2 4>?CAB8<>< :>@84>@5,
:@8287=5, A:>@>AB8 87<5=5=8O :@8287=K 8 157>?0A=><C @0AAB>O=8N 4> 3@0=8F
A2>1>4=>3> ?@>AB@0=AB20. &0:>5 ?>AB@>5=85 >15A?5G8205B A>3;0A>20=85
35><5B@8G5A:>9 7040G8 >?@545;5=8O 4>?CAB8<>9 >1;0AB8 42865=8O A
>?B8<870F8>==>9 7040G59 ?>;CG5=8O 3;04:>9 B@05:B>@88.

#5@2>9 A>AB02;ONI59 @07@01>B0==>3> <5B>40 O2;O5BAO
CA>25@H5=AB2>20==K9 <5B>4 A3;06820=8O >?>@=>9 B@05:B>@88 2 45:0@B>2>9
A8AB5<5 :>>@48=0B. �3> ACI=>ABL 70:;NG05BAO 2 A>2<5AB=>9 ?0@0<5B@8G5A:>9
<8=8<870F88 >B:;>=5=8O D>@<8@C5<>9 B@05:B>@88 >B >?>@=>9 ;8=88,
25;8G8=K 55 :@8287=K 8 87<5=5=8O :@8287=K <564C A>A54=8<8 B>G:0<8. З0
AG5B 87<5=5=8O 25A>2KE :>MDD8F85=B>2 >15A?5G8205BAO 7040==>5 A>>B=>H5=85
<564C B>G=>ABLN A;54>20=8O >?>@=>9 ;8=88 8 ?;02=>ABLN ?>;CG05<>9
B@05:B>@88.

$50;87CNI89 40==K9 <5B>4 0;3>@8B< 2:;NG05B ?0@0<5B@870F8N
8AE>4=>9 F5=B@0;L=>9 ;8=88, 7040==>9 48A:@5B=K< =01>@>< B>G5: (x, y), ?>
4C3>2>9 :>>@48=0B5 s, 55 ?@5420@8B5;L=CN 0??@>:A8<0F8N :C18G5A:8<
B-A?;09=><, D>@<8@>20=85 <0B@8F 7040G8 :204@0B8G=>3> ?@>3@0<<8@>20=8O 8
G8A;5==>5 >?@545;5=85 :>>@48=0B A3;065==>9 B@05:B>@88. *5;520O DC=:F8O
7040G8 8<55B 284:

J =
N−1
∑

i=0

(

Wd (xi − xref,i)
2 +Wd (yi − yref,i)

2 +Wc k
2
i

)

+
N−2
∑

i=0

Wcr (ki+1 − ki)
2,

(13)
345 Wd 70405B AB5?5=L A;54>20=8O >?>@=>9 ;8=88, Wc >?@545;O5B HB@0D 70
25;8G8=C :@8287=K, Wcr — HB@0D 70 87<5=5=85 :@8287=K <564C A>A54=8<8
C7;0<8.

�;3>@8B< ?>72>;O5B CAB@0=8BL A:0G:>>1@07=K9 E0@0:B5@ 87<5=5=8O
:@8287=K 8 ?>;CG8BL 3;04:>5 =0G0;L=>5 ?@81;865=85. �<5AB5 A B5< >BACBAB285
>3@0=8G5=89 =0 A2>1>4=>5 ?@>AB@0=AB2> =5 30@0=B8@C5B A>1;N45=85 3@0=8F
4>@>38 8 157>?0A=KE @0AAB>O=89 4> ?@5?OBAB289, 2A;54AB285 G53> 40==0O
?>AB0=>2:0 8A?>;L7C5BAO :0: ?5@2K9 MB0? :><?;5:A=>3> 0;3>@8B<0.

!0 2B>@>< MB0?5 ?>AB0=>2:0 @0AH8@5=0 ?>A@54AB2>< 22545=8O
>3@0=8G5=89, 7040205<KE 25@E=59 8 =86=59 3@0=8F0<8 4>?CAB8<>3> :>@84>@0
42865=8O. �;3>@8B< A3;06820=8O 4>?>;=O5BAO ?@>F54C@0<8 A>?>AB02;5=8O
:064>9 >?B8<878@C5<>9 B>G:8 A A>>B25BAB2CNI8< 4>?CAB8<K< 8=B5@20;>< 8
2:;NG5=8O ?>;CG5==KE 8=B5@20;>2 2 A8AB5<C ;8=59=KE =5@025=AB2 QP-7040G8.
#@8 C3@>75 =0@CH5=8O 3@0=8FK 4>@>38 8;8 ?5@5A5G5=8O A> AB0B8G5A:8<
?@5?OBAB285< B@05:B>@8O >B:;>=O5BAO >B 8AE>4=>9 >?>@=>9 ;8=88, 0 25A>2K5
:>MDD8F85=BK DC=:F8>=0;0 >?@545;ONB 55 D>@<C 2=CB@8 4>?CAB8<>3>
?@>AB@0=AB20.
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�0==0O ?>AB0=>2:0 ?>72>;O5B A>3;0A>20BL A3;06820=85 B@05:B>@88 A
35><5B@8G5A:8<8 >3@0=8G5=8O<8 =0 ?@O<>;8=59=KE 8 A;01> 8A:@82;5==KE
CG0AB:0E 4>@>38. �;O ?@O<>;8=59=>3> CG0AB:0 A 16 B>G:0<8 8 H03>< 0,5 < 2@5<O
@5H5=8O 7040G8 <5B>4>< OSQP A>AB028;> 0,16 <A, GB> ?>4B25@6405B
2KG8A;8B5;L=CN ?@8<5=8<>ABL ?@><56CB>G=>3> 0;3>@8B<0 2 :>=BC@5 @50;L=>3>
2@5<5=8. �<5AB5 A B5< ?@54AB02;5=85 3@0=8F :>@84>@0 >B=>A8B5;L=>
D8:A8@>20==>9 45:0@B>2>9 >A8 >3@0=8G8205B 2>7<>6=>ABL 53> 8A?>;L7>20=8O =0
CG0AB:0E A> A;>6=>9 :@82>;8=59=>9 35><5B@859.

�;O CAB@0=5=8O C:070==>3> >3@0=8G5=8O @07@01>B0= <5B>4 D>@<8@>20=8O
4>?CAB8<>3> :>@84>@0 42865=8O A CG5B>< 3@0=8F ?@>57659 G0AB8, AB0B8G5A:8E
?@5?OBAB289 8 3010@8B>2 02B><>18;O.  5B>4 >A=>20= =0 ?>AB@>5=88 :0@BK
@0AAB>O=89 8 ?>A;54>20B5;L=>< 8A:;NG5=88 ?>;>65=89 B@0=A?>@B=>3>
A@54AB20, ?@8 :>B>@KE 53> 3010@8B=0O >1;0ABL ?5@5A5:05B 4>@>6=K5 3@0=8FK
;81> ?@5?OBAB28O. � @57C;LB0B5 D>@<8@C5BAO A2O7=K9 ?>;83>= ?@>E>48<>AB8,
>?@545;ONI89 >1;0ABL, 2=CB@8 :>B>@>9 <>65B @0A?>;030BLAO ;>:0;L=0O
B@05:B>@8O.

$50;87CNI89 <5B>4 0;3>@8B< ?@54CA<0B@8205B D>@<8@>20=85 48A:@5B=>9
A5B:8 B>G5: 2 :>>@48=0B0E (s, d) 8 ?@>25@:C :064>9 B>G:8 =0 3010@8B=CN
?@>E>48<>ABL. �5><5B@8O B@0=A?>@B=>3> A@54AB20 0??@>:A8<8@C5BAO G5BK@L<O
?5@5:@K20NI8<8AO :@C30<8, F5=B@K :>B>@KE @0A?>;030NBAO 24>;L ?@>4>;L=>9
>A8 :C7>20. �;O :064>3> ?>;>65=8O 02B><>18;O @0AAB>O=8O >B F5=B@>2 :@C3>2
4> 1;8609H8E 3@0=8F A2>1>4=>3> ?@>AB@0=AB20 A>?>AB02;ONBAO A @048CA0<8
:@C3>2. #>;>65=8O, 4;O :>B>@KE E>BO 1K >48= :@C3 ?5@5A5:05B ?@5?OBAB285 8;8
2KE>48B 70 3@0=8FK 4>@>38, 8A:;NG0NBAO 87 4>?CAB8<>3> <=>65AB20. #>
3@0=8F5 >AB02H53>AO A2O7=>3> <=>65AB20 >?@545;ONBAO =86=OO 8 25@E=OO
7028A8<>AB8 4>?CAB8<>3> ?>?5@5G=>3> A<5I5=8O >B ?@>4>;L=>9 :>>@48=0BK.

!0 >A=>25 AD>@<8@>20==>3> :>@84>@0 @07@01>B0= <5B>4 A8=B570
;>:0;L=>9 B@05:B>@88 2 A8AB5<5 :>>@48=0B (@5=5. �3> ACI=>ABL 70:;NG05BAO 2
?@54AB02;5=88 ?>;>65=8O B@05:B>@88 >B=>A8B5;L=> >?>@=>9 ;8=88 ?@>4>;L=>9
:>>@48=0B>9 s 8 ?>?5@5G=K< A<5I5=85< d, 2A;54AB285 G53> :@82>;8=59=K5
3@0=8FK 4>@>38 ?@5>1@07CNBAO 2 =86=85 8 25@E=85 >3@0=8G5=8O =0 ;0B5@0;L=>5
?>;>65=85. #>;CG5==K5 >3@0=8G5=8O 8<5NB ;8=59=K9 284 8 <>3CB 1KBL
=5?>A@54AB25==> 2:;NG5=K 2 2K?C:;CN 7040GC :204@0B8G=>3>
?@>3@0<<8@>20=8O. &0:>5 ?@54AB02;5=85 ?>72>;O5B CG8BK20BL 35><5B@8N
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