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Wähle einen beliebigen Startpunkt im Raum

der Matrixelemente  x = (D ,D ,D , , )0 1 2 3 12 13 0d d

Berechne den Kern der Jakobimatrix h

durch Lösen von J (x)

D

f Dh = 0

Berechne den nächsten

Näherungsvektor:   x = x + h0 r D

Berechne den nächstliegenden Lösungsvektor x durch

iterative Minimierung von mit dem Startvektor xc
2

0

Abbruch-
kriterium

Ende

x =x0

Dynamische Parameter

mit Meßfehlern
s, b, A, a, x

ds, db, dA, da, dx

Speichere x
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Inklinationsachse

Azimutachse

Stütze
vorn

Stütze
hinten

Balg

Antrieb
Inklination

kardanische
Aufhängung

Lager

Gelenklager Lager

Druckstufe

Kammer

Antrieb
Azimut

Z

Y
X

hn

10 cm

vw wx yz {| } � � �� � { �� � � �|x � � � � �x � �| {| } z �� z � � �w� � � | �� � � �� �x � � �� � � y y� � | zx �� �� � �x � �| {| }x � � z �� v �x � { � �x | � � y � �

�x | } �� � � y y �� z� � zx � � | � yx |� �x � | �� � �� � � �� �x �� y � � � � � �
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10 cm

Transport
linsensystem

zum Mott
Polarimeter

Inklinations-
achse

Spektrometer

Kammer

Turbopumpe
(70 l/s)

Drehantrieb
Inklination

Lager

Umlenker

Halterung

Z

Y

X

vw wx yz {| } � � �� �x | w� { y� } � z �� � � � � � � � � � � �� � {| z �x | � � | �� � � � �� x | z �� z � � �w� � � | �� � � �� � �x � � | � yx |� �x � | �� � �� � yx � } �
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R (1k25)

R (625)A

R (160k)B

U (-5..+5V)A

U (0..+5V)B

MAX 625

Analogbus Ist-Spannungen  (-10..+10V)

Analogbus Soll-Spannungen  (-10..+10V)

Adressbus (6 Adressbits (A0-A5) + 3 Steuerbits (S0-S2=)

D0-D7 B0-B7
(E0, E1, E2) (CS, WR, LDAC)

C6 A0; C7 A1

I

I

I I

CS B2
R/C B3

DTCLK B4
DATA B5

I

I

I

I

C0-C5 Adr. A0-A5
B0, B1 Steuer S0,S1

B6 Schaltbit S2

I

I

I

Port A (A0-A3,
RX, TX)

Port B (B0-B7)

Port C (C0-C7)

Port D (D0-D7)

Port E (E0-E2)

PIC 17C43
AD 7237AD 977

MAX 232
RX T2out
TX R1in
I

I

R1out RX
R1in TX

I

I

(DAC A, DAC B)

Uout

PC

Treiberbaustein für
serielle Schnittstelle

16-Bit AD-Wandler
(100 ksps)

serielles
Auslesen

parallele Ansteuerung

16 MHz
clock

vw wx yz {| } � � ~� �� � � �� z �� �� � z �� � � � � � � � | � | � � | z �� | � { � | � | � �� �� � � � � z { y� �
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-10V...+10V

1
k

100n
... 8 Kanäle
(Erzeugung)

Verstärker-
Endstufe

3
k
3

4.7m

Analogbus Ist-Spannungen  (-10..+10V)

Analogbus Soll-Spannungen  (-10..+10V)

Adressbus (A0-A5 + S0-S2)

ADG 508

4585

4081

4081A=B

A

B

ADG 508

MAX 325

A0-A2 EN

A0-A2 EN

... 8 Kanäle (Einlesen)

-1kV...+1kV-10V...+10V

M
o
d
u
l 
n

+15V

M
o
d
u
l 
n
+

1

A
0

A
1

A
2

S
0

A
3

A
4

A
5

A
0

A
1

A
2

S
1

S
2

vw wx yz {| } � � �� � � }x �� � � � �� � {� v z � �� �x �� {| } z �� �x | � � y| � | � �� | | {| }� �� | �� y ��
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START

i N ?³

Zurücksetzen des Timers

Sichern Schlüsselregister

Schließe Kanal i-1 (S0=0)

Adressiere Kanal i

Starte D-A-Konversion

Öffne Kanal i (E =1)o

i=i+1

Schließe Kanal i-1 (S0=0)

Adressiere Kanal j

Öffne Kanal j (S1=1)

Warteschleife

Starte A-D-Konversion

i=i+1

Setze Schlüsselregister zurück

RETURN

j=j+1

Lese ADC aus

i=1

j=1

i N ?£

j>N ?

(180 Takte) (169 Takte)(53 Takte)

N: Zahl der Kanäle;
i:   Kanalzähler "Schreiben";
j:   Kanalzähler "Einlesen";

1 Takt 250 nsº

ja

nein
nein

nein

ja

ja

Schließe Kanal j (S1=0)
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�
��� �,� S� � �� 8�
��/��0"$/0%2% �� #"	���)(* #"<"$���
(*�0 '3*(* '�� #"<(* '�1R����
"<68��(<���� 0�

/1032 �SL ] ;303=?>@VW2#0�:�P@2#G�vw9@7_:<2 T 2#G T 9 ] HI0�:�2#039@2#H HILiP@2#G89@2#9R��f�2#G8;\Z T eE:�P@0321¥�2#G_462#9@P T 9 ]P@2#GrLMeF2#G Q SZW=?>@2#9@LMG8032#9.:<032#G_:<2#9K�aG8L ] G<ZWHIHI032#G878D@G<ZW=?>@2R�fZWeE¥1032j4 � y § y�� N!46LiP T G8=?>K2#039@25QCST GP@2#9Avw9.462#9@P@2#GUeF2 � T 2#HI2 T 9@PA2#039EQ�ZW=?>@2��62#P@032#9 T 9 ] P@2#7�gs�i7_:<2#HI752#G8G82#03=?>.:54�03G8P | /�ZW7gs:<2 T 2#G8D@G8L ] G<ZWHIH¢2#G8HSL ] ;303=?>.:I2#039@2�78=?>@9@2#;3;32�u1DE:<03HI032#G T 9 ] P@2#G�vwe@e@03;3P T 9 ] 782#0 ] 2#9@78=?>[ZtQ\X:<2#9RZW;3;32#G 2#;32#V.:<G8LM9@2#9@LMDE:<0378=?>@2#9�`a;32#HI2#9.:<2 T 9@P5QCST >@G_:�ZW;3;32wQCST G�P@032�v T Q~9[ZW>@HI2�2#039@2#7�`a;32#VMX:<G8LM9@2#9@78DF2#V.:<G T HI7d�~03H `�/"f�X�RLiP@2���eF2#9fSLW:<0 ] :<2#95giD[ZW9@9 T 9 ] 78eF2#G82#=?>@9 T 9 ] 2#9Z T :<LMH�Zt:<0378=?>P T G8=?> | vw;3;32�giLM;3;YX T 9@P ,^7_:<78D[ZW9@9 T 9 ] 2#9 462#G8P@2#957_:�SZW9@P@0 ] Z T QOP@2#H RLM9@0�:<LMG�ZW9 ] 2#k#2#0 ] : T 9@PZ T Q S��eF2#G82#039@7_:<03HIH T 9 ] VWLM9.:<G8LM;3;3032#G_: | vwe@e@03;3P T 9 ] � | X k#2#0 ] :�P[ZW7��62#P@032#9EQ~2#;3P�P@2#7*gs:<2 T 2#G£XD@G8L ] G<ZWHIHI7 |
/�ZW7wk T G�`aG8>fSLM> T 9 ] P@2#Gdc�2#9[Z T 0 ] VW2#0�:1P@2#G12#G8k#2 T ] :<2#9�v T 7 ] ZW9 ] 7878D[ZW9@9 T 9 ] 2#9�ZW9 ] 2j4 ZW9@PiX



� | § | /�ZW7�giD[ZW9@9 T 9 ] 7 o 2#G878LMG ] T 9 ] 787_�i7_:<2#H y . y

�	�
������
�
�����,� �)� �A '�
�+ '�S�
���83*60�! #" � :/0g$F� h�� '3 RS(* '�� #"<�
"<60�0"$/0%2%23^-;:��",�
/03	 '+ #TS(*"<6�N
�� '��60�
(<��3<g$F� RSB�3*(* '% %2�+(7RS�! #TS(*"<68%& #(* #"'� :� �! #"Z '���� '� � /0F
�3<g$F
/0+(* #"1 :/A0( 3<��g$F
�* '�� '3  '����b# '��� c�� #"Z���
3*�0 '3</0%P( �'L 60�
(<��3<g$F� '� � + '%& '�)(* 0k^�
�+ c%2�+(f��  '����b# '��� '�
RS��/0�
�S�
���83*�!60(* '�)(<��/0+ '� �! #(*"$�+ #�! '�feA #"$�� '�?k
/0�)eh:/0F
+ '�?k�3*62�
/A2 '���� 3<g$F
�� '�+ � ��N
(<��%2�+ #"$�
���2�� #"9�	�
������
�
���83* '�+�0 '�
3<g$F
/�-.(* '�Z/0�+ #",� + '%& '�)(* h%7:60�8���g$F1��3*(#� @9�+ h�,��- N
�
/0F
%& � '���� '3�� + #TS(*"<68�� '�
3*�! #TS(*"$�
%23&� ��% � @\G N 476��� � e	�+"$�9%2�+(�T068�
3*(</0�)(* #" I /03<3 N
� �� #"<�8�+ �0 #- /0F�"< '� �
�
�  #"<-.68+�0( �068��/0��(*68%2/�(<��3<g$F?�

:<2 �aG8039@k#03D�eF2#7_:<2#>.:m039�P@2#G ¤ 039.:<2#G82#039[ZW9@P@2#G878=?>[ZW=?>.:<2#; T 9 ] kj462#032#G y §��60�:_X£/�v'f675�~v T 9@P���dHI0�:�2#039@2#H { �60�:_X S��eF2#G8;\ZWD@DON 78LP[ZW�R:<>@2#LMG82j:<0378=?>b2#039@25§0.��60�:_X_c�2#9[Z T 0 ] VW2#0�:�2#G8G82#03=?>.:462#G8P@2#9UVtZW9@9 | /12#G S��eF2#G8;\ZWD@D�037_: P[ZWeF2#0 9@LW:^462#9@P@0 ] N T H P@2#9;i[2#>@;32#G6P T G8=?>5P@0321�ngE�67 P@2#7/�v'fhv�HI0�:�P@2#9 gE�676P@2#7�/�v'fK�hZ T 78k T ] ;32#03=?>@2#9 | ,^9 vwe@e@03;3P T 9 ] � | { 037_: T 9.:<2#95G82#=?>.:<7P@03262#;32#V.:<G8LM9@0378=?>@2���2�ZW;30378032#G T 9 ] P@032#782#G ¤ 039.:<2#G82#039[ZW9@P@2#G878=?>[ZW=?>.:<2#; T 9 ] P T G8=?>r2#039@2 2#039EQ�ZW=?>@2039 o 2#G_:<032#G82#9@P@2�vwP@P@0�:<03LM9@7878=?>[ZW;�: T 9 ]r] 2#k#2#0 ] : | iwST G�P@032#782 ] 03;�:�P@032d�62#k#032#> T 9 ] C
��� ��� GJ\���� y��� ��� R y�
	 ��	� ��� | y �

��H	2#039@2#9 { �60�:_X S��eF2#G8;\ZWD@D k T 2#G8>[ZW;�:<2#9ON H T �qP[ZW75¥�2#G8>fSZW;�:<9@037 P@2#GU�A03P@2#G87_:�SZW9@P@2p2CBsXZWV.:��
	 ����� G § 9r782#039ON!Q~2#G89@2#GmH T ��462 ] 2#9qP@2#G ] 2jQ~LMG8P@2#G_:<2#9qkj462#0�Q�ZW=?>@2#9�¥�2#G87_:�SZWG8V T 9 ]� ����� G § ] 2#;�:<2#9 | vw;3;32�P@G82#0n�A03P@2#G87_:�SZW9@P@2*4 T G8P@2#9�ZW;371�aG�SZWk#037803LM9@7878D[ZW9@9 T 9 ] 7_:<2#03;32#G�eF2CX7_:<2#>@2#9@PmZ T 7 y ��D[ZWG<ZW;3;32#;WeF2#k#032#> T 9 ] 7_462#037826782#G8032#;3; ] 2#78=?>[ZW;�:<2j:<2#9 y .�V���X£� ZW78037_4�03P@2#G87_:�SZW9@P@2#9G82�ZW;30378032#G_:�N T H�2#039@2�2#G8>fSLM>.:<2*ln2#HIDF2#G<Zt: T G87_:?ZWe@03;30�:�SZt:�P@2#7wln2#03;32#G o 2#G8>fSZW;�:<9@0378782#7wk T 2#G8k#032#;32#9 |/1032Rv T 7 ] ZW9 ] 7878D[ZW9@9 T 9 ] ��� ��� 4�03G8P ST eF2#G 2#039@2#9  T ;�:<03D@;32CBE2#G ZW9K2#039@2#9KP@2#G5� { HSL ] ;30YX=?>@2#9 b 7<ZWHID@;32 � >@LM;3PdcjX£JdZW9fSZW;32�462#0�:<2#G ] 2#;32#0�:<2j: T 9@PhST eF2#G�P@032 e 2j462#03;30 ] 2dZWV.:<0 o 2�`a9@P@7_: T Q~2



y ..§ vw9@9@>[ZW9 ] � | vwD@D[ZWG<Zt:<0 o 2�x�2 T X T 9@PU��2#0�:<2#G82#9.:^4�03=?Vs; T 9 ] 2#9
:^�iD@0378=?>@2#G_462#03782 T H�2#039@2#9 i¨ZWV.:<LMG y . T o 2#G87_:�SZWG8V.:��~78032#>@2R��2jQ | � �M��� QCST Gr2#039@2UP@2j:?ZW03;3;3032#G_:<2�62#78=?>@G82#03e T 9 ] � |
��H%P@032 ] 2j4rST 9@78=?>.:<2c�2#9[Z T 0 ] VW2#0�:rk T 2#G8G82#03=?>@2#9ONaH T �pP[ZW7Igs�i7_:<2#H¢VtZW;303e@G8032#G_:�462#G8P@2#9 |/�ZWk T 4 T G8P@212#039@2w78DF2#k#032#;3;32w��L T :<039@2�D@G8L ] G<ZWHIHI032#G_:�NMP@032wP@2#9 o LM;3;37_:�SZW9@P@0 ] 2#95giD[ZW9@9 T 9 ] 7£XeF2#G82#03=?>52#039@2#7�JdZW9[ZW;37 039 y �m�60�:_X_gi=?>@G80�:8:<2#9 P T G8=?>EQ8SZW>@G_:�N[Z T 7�P@2#G�/10*) 2#G82#9@k1kj4�0378=?>@2#9R2#039iX
] 2#7_:<2#;3;�:<2#GwgiLM;3;YX T 9@P ] 2#HI2#78782#9@2#G�,^7_:<78D[ZW9@9 T 9 ] P@2#92#9.:<78D@G82#=?>@2#9@P@2#9 J�LMG8G82#V.: T G_462#G_:1eF2CXG82#=?>@9@2j: T 9@PpP@032#782#9 039�2#039@2#Gd`a03=?>.:?ZWeF2#;3;32*ZWe@;32 ] : | + T G�R2#787 T 9 ] P@2#G",^7_:<78D[ZW9@9 T 9 ] 4�03G8P2#039�J�2#0�:<>@;32j�.X_§0.1.1.�X� T ;�:<03HI2j:<2#G o 2#G_462#9@P@2j:�N@P[ZW7�ST eF2#G�2#039@21cd� ,£��X_gi=?>@9@0�:8:<7_:<2#;3;32wZ T :<LMH�Z�X:<0378=?>mZ T 7 ] 2#;32#782#9�4�03G8P | `a039@2�:^�iD@0378=?>@2�JdZW;303e@G8032#G T 9 ] P[Z T 2#G_: T 9 ] 2jQ8SZW>@G)2#039@2�>[ZW;3eF2 gs: T 9@P@2 |/�ZW71`aG ] 2#e@9@03712#039@2#Gw78LM;3=?>@2#9 JdZW;303e@G<Zt:<03LM9U037_:1039vwe@e@03;3P T 9 ] � | � P[ZWG ] 2#7_:<2#;3;�: | v T Q ] 2j:<G<Z�X
] 2#9m037_:!P@032�/10*) 2#G82#9@k6kj4�0378=?>@2#9 giLM;3;YX T 9@PM,^7_:<78D[ZW9@9 T 9 ]�] 2 ] 2#9!ST eF2#GaP@2#G�giLM;3;378D[ZW9@9 T 9 ]1o LMG
T 9@P59[ZW=?>UP@2#G�JdZW;303e@G<Zt:<03LM9ONM46LMeF2#0OZ T QnP@2#95¥�2#G87_:�SZWG8V T 9 ] 7_Q�ZWV.:<LMG�P@2#G�`a9@P@7_: T Q~2�9@LMG8HI032#G_:4 T G8P@2 |

-2 -1 0 1 2
-3

-2

-1

0

1

2

3

 

 

 vor Kalibrierung
 nach Kalibrierung

S
p

a
n

n
u

n
g

sd
iff

e
re

n
z

U
ou

t(S
o

ll)
 -

 U
ou

t(I
st

) 
 [

m
V

]

Sollspannung U
out

 [V]

�	�
������
�
���@�,� lS�)d� #"<�8+ '��g$F2�� #"�%2�+(��� #"�d� #"$3*(n:/�"<T0 #"$3<g$F
/0+(<�
���h/0�
3��	�
������
�
��� �,� �
 #"<b# '���0(* '�2�,�
3*�8/0���83<3*��/0�
�S�
���0 '���060" �
�
�h�
/0g$F2�
��"$g$F��0 #-;:�
F�"<(* #" � /0��+�
"$/�(<�+68�h�� #"
�! '���� '� @9�+�8�+(</0 N �,�
/0+60� � 68���0 #"<(* #"'��@, #"	�068�+ �,�
3<3*(* '�� #"$�
���83*�! #"< '��g$F �� #"Q�
/�"<�0 ON
3*(* '�+(* '�7RST�/0�/&�
%&- /03<3*(JN$��
��n�#� ����
&dh�

/1032 ] G8LM�M2#9�giD@GWST 9 ] 2 039�P@2#GrgiD[ZW9@9 T 9 ] 7_Q~LM; ] 2 o LMG*P@2#G*JdZW;303e@G<Zt:<03LM9p462#G8P@2#9�P T G8=?>bP@2#9/�v'f v o 2#G T G87<ZW=?>.: | u�) 2#9@7803=?>.:<;303=?>�462#03=?>.:�P@032Igs:<2#0 ] T 9 ] P@2#7�/�v'f67 o LM9 P@2#H 2CB@ZWV.:<2#9��2#G_:�`a039@7m2#039b462#9@0 ] ZWeONa78LpP[ZW� 039�P@2#GI�60�:?ZWeEQ~LM; ] 2�9[ZW=?>@VWLMG8G80 ] 032#G_:m4�03G8PON!78LMe[ZW;3P�P@032vwe.462#03=?> T 9 ] P@2#7�,^7_:^462#G_:<2#7 ] G�SLM�M2#G�ZW;37 y �ngE��4�03G8P � y �ngE� 2#9.:<78D@G803=?>.:m>@032#G { | � Hr¥d� |�62#0�P@2#H >@032#G o 2#G_462#9@P@2j:<2#9h/�v'f�4�03G8P T 9 ] 2jQ8SZW>@G*ZW;3;32 WAX .��60�: ��� y | � ¥d�d2#039��ngE� 039



� | § | /�ZW7�giD[ZW9@9 T 9 ] 7 o 2#G878LMG ] T 9 ] 787_�i7_:<2#H y . W
P@2#G��60�:8Q~LM; ] 2mZ T 7 ] 2#;\ZW78782#9ON 4 ZW7�2#039@2#Gdvwe.462#03=?> T 9 ] P@2#G*gs:<2#0 ] T 9 ]Uo LM9�`a039@7 T H . | § X V
2#9.:<78D@G803=?>.: | /1032#782�J�LMG8G82#V.: T G6QCST >@G_: P[ZWk T NEP[ZW�mP@0321�60�:?ZWeEQ~LM; ] 2�9@03=?>.:�HI2#>@G 7_:<G82#9 ] HILM9@LtX:<LM9 o 2#G8;^SZ T Q :�NO4 ZW7�9[Zt:MST G8;303=?>pP@032rv T Q~9[ZW>@HI2r2#039@2#7�`a;32#V.:<G8LM9@2#9@78DF2#V.:<G T HI7�7_:�SLMG_: | /1032#782#7¥�2#G8>[ZW;�:<2#9�037_:�78DF2#k#0�¡[78=?>�QCST G�P@032#782#7*� Z T :<2#03; T 9@P o ZWG803032#G_:d03H ZW;3; ] 2#HI2#039@2#9p;32#03=?>.: T 9.:<2#G
o 2#G878=?>@032#P@2#9@2#9��ZW9@P@;32#G89UP@2#78782#;3eF2#9�l��iD@7 |
/ T G8=?> P@032IJdZW;303e@G<Zt:<03LM9R4�03G8P P@032#782I��9@7_:<2j:<0 ] VW2#0�:�HI0�:<>@03;�Q~2�P@2#7�/�v'f�� VWLMG8G80 ] 032#G_: | �A032P@032I��2#G_:<259[ZW=?>bP@2#GrJdZW;303e@G<Zt:<03LM9pk#2#0 ] 2#9ON)7_:<G82 T :rP@032�vwe.462#03=?> T 9 ] T H&P@2#9b��2#G_:rx T ;3;HI0�:d2#039@2#G*gs:?ZW9@P[ZWG8P[ZWe.462#03=?> T 9 ]�o LM9 y .1. � ¥*N 4 ZW7�2#039@2#G�v T�Q SLM7 T 9 ] eF2#78782#G*ZW;37 y �R�60�:2#9.:<78D@G803=?>.: T 9@PReF2#G82#0�:<7�P@032�c�2#9[Z T 0 ] VW2#0�:�P@2#7�J�2#0�:<>@;32j�  T ;�:<03HI2j:<2#G87�2#G8G82#03=?>.: |



y . { vw9@9@>[ZW9 ] � | vwD@D[ZWG<Zt:<0 o 2�x�2 T X T 9@PU��2#0�:<2#G82#9.:^4�03=?Vs; T 9 ] 2#9



� ��� �+��$ �

� � �*�'� � � � � � ���*)�� � �'�
� & � �
� ���,� � ��	 ��� ����� �*� ���

9 ��� : � �!���	�I��+�� � 	 �I���a��	��a+�� ,��+�� ����
��� �����
	�� %� 	�� %�  ��� � �����
�������

����� �"!$#
%&!('*) +-,�.�!/#
0&�"132546.�! �"!$78) 9
:;�"!*78<>=?:*784@25�"!$AB��781?9C� �"4ED-�GF 	IH � I /-J � ��/-J � � FLKM) N��"4OFN�46) P P;�/78)(QR� %&�SN��"�/�"9696�"! �UTVP %&! P;.�0W7846%&957X25%&.�!Y� �"9�D-�GF 	IH /-J � ��/-J � � � Z
[LF@\��"4@Q]780&0&9 �?)*78!325%^2>7_F
25%^,a`")b�"4@Q]789696�"!dc(=*78:;�M%&<>=$QGe) 4C� %&�M`")U� �"!U,��"4696<>= %&�"� �"! �"!gfh��781325%&.�! 9@ih%&! 18�"0&!UN��"�/�"9696�"! �"!
TVP;�"132546�"!$�"%&! �hKM) 96N�0&�"%&<>= 9646�"<>= !?) ! N��/%^2
jk.�%&N825P 46.8l*0&�"!�QGe) 4k� %&�m46�"0&�n,878!325�"!Uop%&! %&�"!a� ) 46<>=VF
N��nQGe) = 4@2�qsr�789m�$7X25= �"�$7X25%&96<>= �IA
46.�: 0&�"���"%&! �"9�tu%^259m�/%^2Rjk.�%&N825P 46.8l*0&�"!b%&9@2h� ) 46<>=*78) 9�18�"%&!
2546%^,V%W780&�"9�A
46.�: 0&�"�vcs�*7U�"9M96%&<>=w) �x�"%&! ��ts780^25) ! N$`nih%&96<>= �"!y�"%&! �"4�zI78) +XFR) ! �Y�"%&! �"4-op.�4OF
�"!325`nQ{) ! 1325%&.�!|=*78! � �"0^2�c(� �"46�"!|KM) 96� 46) <>1U96%&<>=|! %&<>=32h78!*780^}?25%&96<>=|78! N��":;�"!b0Le78+82�qVKM)(Q{N�46) ! �
,��"4696<>= %&�"� �"! �"4aA
46.�: 0&�"�/�a� %&�"96�$fh�"<>= !?) ! N��"!~�/%^2�,�.�46=*78! � �"! �"4�18.��/�/�"46`"%&�"0&0u,��"4@QGe) N�:*7_F
46�"4�TV.8Q�2LiR7846�/� ) 46<>= `")(QGe) = 46�"!dcB=*78:;�/%&<>=��"%&! �"!�78)(Qm�R7896%&9�� %^,��"4696�"4�9@2>78! �*7846� %&96%&�"4@25�"4�!?)VF
�/�"46%&96<>= �"4-jk�"4@Q]78= 46�"!��]op�n,��"!?:;�"46NXF@�g784��?)*7846�(2@F@�v�n25= .V� � � ���(csT;q ����� � cdfh.���:;�"46NXF@TV<>= �"�$7
� �3�VcsT;q^�_�8� � c�78�*78P(25%^,��y�-)*78� 457X25) 4 ���_���VcsT;q �3� ��� 96�"0&: 9@25�"!32Lih%&<>18�"0^25�"!�KM0&N�.�46%^25= ��) 9$78! N��GF
i��"! � �n2�qR�v%^2$��%&0^Q{�b� �"4/�*78� ) 46<>=�N��ni�.�! ! �"! �"!�A
46.8l*0^,��"460Le78)(Q{�|) ! ��) !325�"4ajk�"4@i��"! � ) ! N
,�.�!�25= �".�46�n25%&96<>= �"!/TVP %&! P;.�0W7846%&957X25%&.�! 96�*7X25�"!�QGe) 4B� %&���M78<>=?:*784OFOAB��781?9
%&9@2u�"9u�Ye.�N�0&%&<>=dc��"%&! �"!
P;.�0W7846%&96%&�"4@25�"!b��!325�"46N�46) ! �Y78: `") `"%&�"= �"!dq
KM: : %&0&� ) ! NY�Mq^�U`"�"%&N82�� %&�$780&9�#
46N��": ! %&9�� %&�"96�"4�KM) 96N�0&�"%&<>= 9646�"<>= !?) ! NwN��ni�.�! ! �"! �"!�op%&! %�F
�"! P 46.8l*0&�hQGe) 4C�*789mTVP;�"132546) ��`") ��fh��781325%&.�! 9@ih%&! 18�"0d� �¡�¢����£"qVr-%&�hKM) 96N�0&�"%&<>= 9646�"<>= !?) ! N
:;�"48e) <>1?96%&<>=325%&N82EQGe) !(Q;AB��781?9h�{96%&�"= �R�"469@25�m\��"%&0&�k,�.�!�¤u78:;�"0&0&�R�Mq^� � c_i�.�:;�"%VQ{.�0&N��"! � ��tu%^25P*78457_F
�/�n25�"4C�"%&! N��nQ{46.�46�"!/96%&! �d¥?� %&��1?%&! �n25%&96<>= �"!b#
! �"46N�%&��78: 9@2_e78! � �M) !325�"4C� �"!bAB��781?9-��cV�VcV��) ! �
���{!*78<>=y¦��"46�/�a�n2�780§qk¨��¢©��Xª � cp� %&�/op.�46�"!325`": 46�"%^25�"!�� �"4�op.V<>= `") 9@2_e78! � �w�]«dH��¬���¢©|�/�nj
) ! �y«�I����_�8©U�/�nj!*78<>=�¨��_�8�Xª � ) ! �y�*789-®L!325�"! 96%^2_e7X259@,��"46=¯e780^25! %&9-`nih%&96<>= �"!�AB��781��S) ! �
�g�{�":;�"!(Q]780&0&9�!*78<>=�¨��¢©��Xª � q�r-%&��Q{46�"%&�"!wtu%^25P*784578�/�n25�"4h96%&! �g� %&��®L!325�"! 96%^2_e7X25�"!w� �"4-AB��781?9���c
�(c �a) ! �Y�Vc*�"%&! �-QGe) 4h780&0&��AB��781?9�N��"�/�"%&! 9578�/��zI78) +�: 46�"%^25�a�§TVP;�"132546.��/�n25�"4@Q{) ! 1325%&.�! � c*� %&�

�¢©3�



�¢©�� KM! ! =*78! NU�Mq���.�4646�"1325) 4@,��"4@Q]78= 46�"!g`") 4MTVP %&! P;.�0W7846%&957X25%&.�!

34 35 36 37

0

500

1000
-> Gauß-FWHM:
     340(8) meV

Γ
N

4

 = 120 meV

Γ
N

5

 = 110 meV

4d Sat.
N

4
O

2,3
O

2,3
 3P

2

N
4
O

2,3
O

2,3
 3P

1

N
4
O

2,3
O

2,3
 1D

2

N
5
O

2,3
O

2,3
 3P

2

 

 

In
te

ns
itä

t 
[w

ill
k.

E
in

h.
]

Kinetische Energie E
kin

 [eV]

�������	�	
���������	����������������	�����	����� �����!"�#���	$&%��!����$&%��'����)(*�#+-,/."�#�+!0���.��1�#���3254��� 
����
�����#��6�7��8+!���:9;���	�<
����>=��@?�� H@A I�� J A B9� J A B ?C��������&�!0D��E'+!�&��(*�-254��� �GFH��I�I¢£��

78: 96.�0&)(25�"!$1?%&! �n25%&96<>= �"!|#
! �"46N�%&�"!$,�.�!bAB��781$��) ! �U� c?96.¢ih%&�M�"%&!U18.�! 9@2>78!325�"4m��!325�"46N�46) ! �dq
��!325�"4b�v%^25�"%&!?:;�"`"%&�"=?) ! N�� �"9UAB��781?9$� ck� �"4U780&9a��J8F@T(7X25�"0&0&%^2S`")�%&� �"!325%^l*`"%&�"46�"!�%&9@2Y¨��_�X�8ª§c
0Le78+82h96%&<>=Y�"%&! ��96�"= 4MN�)(25� e��:;�"46�"%&! 9@25%&�/��) ! Na`nih%&96<>= �"!ytu%^2�) ! �YN��"�/�"9696�"! �"� TVP;�"132546) �
�"46`"%&�"0&�"!dq¯r-%&�SKM:3i��"%&<>=?) ! NY`")�! %&�"� 46%&N��"!�1?%&! �n25%&96<>= �"!�#
! �"46N�%&�"!�= %&!�%&9@2�� ) 46<>=�� %&�a� .�4@2
0&%&�"N��"! � �"!|! %&<>=32�:;�"48e) <>1?96%&<>=325%&N825�"!YAB��781?9�� �"4LKIH@A I /-J A B /-J A B@FLKM) N��"46N�46) P P;�I:;�"� %&! N82�q

9M7��D���	�#�L���	��� ��4����
��#�ON��8+!������&����
�E�.�������E'+���� 6�����PQ����
���+!�LRS7��&7�(T��+!�����
RM��7�E ����� H [ U J V ��� I BXW J I'��� H B#W [ Y � Y ��?C��7�+��[Z'��� H B#W J
\ ] � ] Y8^ � ] Z � ] � ] I�_ � ] Y � ] � ^ _"` � V ] � ] � ] ��a � ] Z � � ] � ]�] Z
� [ ? ] � Y I �b� Y � ] � ] _ � ] I � ?�c ?Cd ] � ] � ] � ] ��V[ ? ] � V Z � ] ^"� ? ] � V �"� ] ` � ?�c ?Cd ] � ] � ] � ] �� J ] � ] �"� ] V � ? ] �e��_ � ] ` � ?�c ?Cd ] � ] � ] � ] �

dOf��:�D���!+��	(*(T���<� � 7��	�>����0D."�	7��&�	���#����+�7��������."(*(T���<�
� 7���2g��&����
h
���� Ei�#���	����� � ��P��	$&%8+!��� \ I 6����&��7�$&%��C47������#�+��

TV%&! �kjYAB��781?9��/%^2RTVP %&! P;.�0W7846%&957X25%&.�! �"!aZ�l�e) :;�"460W78N��"4@2-�nmu� �>o�o�o&j � c?�*78! !U�"46N�%&:(2C96%&<>=$� %&�
2>7X259¢e78<>= 0&%&<>=|N��"�/�"9696�"! ��TVP %&! P;.�0W7846%&957X25%&.�!qpZ�� ) 46<>=d¥



�Mq^��qs��!325�"46N�46) ! � 18.�4646�"1325) 4�QGe) 4m� �"!vD-�GF�KIH�� J A B�� J A B B Z
[ F@\��"4@Q]780&0 �¢©3�

35 36

0

50

100

150

200

250

300

N
4
O

2,3
O

2,3
 3P

2

4d Sat.

N
4
O

2,3
O

2,3
 3P

1

N
5
O

2,3
O

2,3
 3P

2

N
4
O

2,3
O

2,3
 1D

2

 

 

In
te

ns
itä

t 
[w

ill
k.

E
in

h.
]

Kinetische Energie E
kin

 [eV]

�������	�	
�����h��� V ���Q������$&%��'����k
������Q���#+!� 47���3
����&$&% 
��#����7�$&%8��7���0D��7�Ei�Of���( =��@?
� H�� J A B�� J A B BXW [ ?C���������f�����2 7��	� �	�34��������
;�	���#���<�i,/."�#�+!0���.��1�#�L
��������	��f����	�����hRM��7�Ei��
��	$�E���
;�	���#���<�/
��#���!���#�D��� ,/."�#�+!0���.��1�#�:���P��	$&%8+!��+ (*�#+*
�����'0D��E'+!��."(T��+!����2 ����E'+��X?
."� � � 7�����0���.��1�>(*�#+ 
�������7��#�'PQ����+��!�������#+!���� ������� I Y ] (T��,��&��� �#�:6�."� 
�������P��	$&%8+!��+!��� R���.��1�#���k���	�������$&%��#."���!���������S�C47�$&%���� �D���!+��	(*(T��� 
��#��6�."(�'0D��E'+!��.�?
(T��+!����7�E'f���0�+��#����+!���k���#��E'+!��."�����<�

pZ ����l! ;[
" l

"_[$# o�o�o%#&"
�
Z�ld����l! ;[	' l�Z�l�o �§�Mq^� �

tMe) 4��"%&! �"!bKM: `") NS� �"9mP;.�0W7846%&96%&�"4@25�"!U��!325�"46N�46) ! � �"9Ri��"46� �"!v�*78= �"4R� %&��z��nih%&<>=325� ' lp) ! �AB.�0W7846%&957X25%&.�! �"!IZ�l?� �"4¯�"%&! `"�"0&! �"!�AB��781?9B:;�"!¯e.825%&N82�q¢r-%&�kTVP %&! P;.�0W7846%&957X25%&.�!-Z�lV=*78:;�k%&<>=|e) :;�"4
� %&��t*.�46�/�"0u�§�Vq��8� � �/%^2�� �"!b%&!U¤u78:;�"0&0&���Mq^�I78! N��"N��":;�"! �"!|%&!32546%&! 96%&96<>= �"!vAu784578�/�n25�"46!b:;�GF
46�"<>= ! �n2�qVr-%&�mz��nih%&<>=325� ' ls�"46N��":;�"!/96%&<>=a!*78<>=/t*.�46�/�"0p�§�Mq^� � 78) 9k� �"!S,�.���TVP;�"132546.��/�n25�"4
781?`"�"P(25%&�"4@25�"!|#
0&�"132546.�! �"!(" lp� �"9RAB��781?9 mu) ! �b96%&! �$�":;�"!(Q]780&0&9C%&!U¤u78:;�"0&0&�M�Mq^�I78! N��"N��":;�"!dq
r�78:;�"%Eih) 46� �/� �"4�t*�"= 0&�"4�78) 9�� �"!~TV<>=3iR78! 1?) ! N��"!~� �"4�tu%^259�`")�� �"!�,��"4696<>= %&�"� �"! �"!�N��GF
�/�"9696�"! �"!�fh��781325%&.�! 9@ih%&! 18�"0&!Y:;�"9@25%&�/��2�q;r-%&��z�4¢e.�+���" l
%&9@2M�*78:;�"%u� ) 46<>=w� %&��tu0Le78<>= ��� �"9
A
46.V� ) 1325�"9m78) 9C� �"��op%&! %&�"! P 46.8l*0�mB) ! �U� �"4mTVP;�"132546.��/�n25�"4@Q{) ! 1325%&.�!$N��"N��":;�"!y�{96%&�"= �MKM:VF
: %&0&� ) ! N/�Mq�� � q
TV%&! � ' lk) ! ��Z�l
:;�"1X78! !32�cd96.|0Le78+82-96%&<>=y� %&�St*.�46�/�"0m�§�Mq^� � !*78<>=�Z�BI78)('Be.�96�"!�) ! �y96.��/%^2
� %&�wN��"96) <>=325�~TVP %&! P;.�0W7846%&957X25%&.�!�78) 9|� �"4b2>7X259¢e78<>= 0&%&<>=�N��"�/�"9696�"! �"! pZ�:;�"46�"<>= ! �"!dq�KM)(QWF
N�46) ! � � �"4U%&! ¤u78:;�"0&0&�Y�Mq^�y78! N��"N��":;�"! �"! ��! 96%&<>= �"46= �"%^25�"! QGe) 4U� %&�wz�4¢e.�+��"! ' l-) ! ��Z�l



�¢©�� KM! ! =*78! NU�Mq���.�4646�"1325) 4@,��"4@Q]78= 46�"!g`") 4MTVP %&! P;.�0W7846%&957X25%&.�!

�"46N�%&:(2m96%&<>=|P;�"4ht*�"= 0&�"4@Q{.�4@25P('s78! `") ! NS�"%&!|`") 9¢e7X25`"0&%&<>= �"4ht*�"= 0&�"4�QGe) 4m� %&�M2>7X259¢e78<>= 0&%&<>= ��TVP %&!VF
P;.�0W7846%&957X25%&.�!/Z�B�q(®L!UKM: : %&0&� ) ! Na�Vq ��96%&! �U:;�"%&� �ITVP %&! P;.�0W7846%&957X25%&.�! �"! pZ��{.����"! �IT?}V��:;.�0&� �
) ! �vZ�B��{N��"96<>= 0&.�9696�"! ��T?}V��:;.�0&� � �*7846N��"9@25�"0&0^2�q r-�"4R,��"46N�0&�"%&<>= 9@i��"%&96��N�46.�+��I#
%&!('*) +a� %&�"96�"4
��.�4646�"1325) 4-78)(Qk� %&��N��"�/�"9696�"! �/TVP %&! P;.�0W7846%&957X25%&.�!b%&9@2M:;�"� %&! N82-� ) 46<>=w� %&�Ii��"%^2546�"%&<>= �"! � �"!
0&.�46�"!325`�784@25%&N��"!�TV<>=?) 0^25�"46!y� �"4�T?2_e.�46P;��781?9�%&! ��.���: %&!*7X25%&.�!Y�/%^2-�"%&! �"� ) ! Nde) ! 9@25%&N��"!y®L!VF
25�"! 96%^2_e7X259@,��"46=¯e780^25! %&9m`nih%&96<>= �"!yTV%&N�!*780�F
) ! �YT?2_e.�46P;��781sq

� ��� ���/�k�
�	��
�w� � ���
�����w�
�	� ����w�����"�������������/�"�������u��
� �!�
�Y���"� ��#%$&�('a���)����
�*������"�

®L� f�78= �/�"!a� �"4�r-%&P;.�0&!¯e78= �"46) ! N���) +I� %&��TVP %&! P;.�0W7846%&957X25%&.�! 9618.��/P;.�! �"!325�mZ,+C) !325�"4C� �"�
fh��781325%&.�! 9@ih%&! 18�"0C������©�£.- 780&96.b%&!y� �"� ts780&0§c;�*78+vA
= .825.�! �"! 9@254578= 0§c¯#
�/%&9696%&.�! 9646%&<>=VF
25) ! NY) ! ��TVP %&! P;.�0W7846%&957X25%&.�! 9646%&<>=325) ! Nv`") �"%&!*78! � �"4�96�"! 1?46�"<>=32$9@25�"= �"!�- ,��"4696<>=3ih%&! � �"!dq
r-%&�"9�%&9@2-�"%&! ��� %&46�"1325�St*.�0&N��I� �"4�780&0&N��"�/�"%&! �"!|%&!gKM: 96<>= ! %^262��Vq��Vq^��� %&961?)(25%&�"4@25�"!yT?}V�/�/�GF
2546%&�":;�"� %&! N�) ! N��"!|) ! �v96P %&�"N��"0^2m96%&<>=v%&!|� �"4m<".�9���FLKM: =¯e78! N�%&N�18�"%^2m� �"4�t*.�46�/�"0
�§�Vq �3� � ih%&�GF
� �"4"q�r-%&�"96�STVP %&! P;.�0W7846%&957X25%&.�! 9618.��/P;.�! �"!325��%&9@2M�*78= �"4-:;�"96.�! � �"469��"�/P(l*! � 0&%&<>=Y78)(Qk1?0&�"%&! �
KM:3i��"%&<>=?) ! N��"!dcs� %&�-�"!32Li��"� �"4-78P P*78457X25%^,/:;�"� %&! N82m96%&! �|.V� �"4h78! � �"46�"4696�"%^259m� ) 46<>=v=¯e.�= �"46�
�v) 0^25%&P;.�0&�/���"1325�M,��"46) 469578<>=32Mi��"46� �"!g1�e.�! ! �"!dq
KM: : %&0&� ) ! N|�Mq �b`"�"%&N82�� %&�SKM9@}V�/�/�n2546%&��QGe) 4-� %&�S�iJ8FOA
= .825.V�"0&�"132546.�! �"!dc�� %&�S96%&��) 0^2>78!Y�/%^2
� �"!yKM) N��"46`"�"4@Q6e780&0&�"!�0yH@A 1�K J A B�K J A B [ 2*3 ) ! �40yH@A 1�KS[&K J A B [ Z
[-�/%^2-� �"� %&!wKM: 96<>= ! %^262I� q^��q��
:;�"96<>= 46%&�":;�"! �"!���5(P;�"46%&�/�"!325�"0&0&�"!�KM)(Q{:*78)�N��"�/�"9696�"!�ih) 46� �8q
¦�%&�b�$78!�96%&�"=32�cE`"�"%&N82a� %&�
��.��/P;.�! �"!325�768+�) !325�"4�������©�£��"%&! �a1?0&�"%&! �S78:;�"4I� �"! ! .V<>=�� �")(250&%&<>=y96%&N�! %^l*1X78!325�SKM:VF
i��"%&<>=?) ! Nb,�.���¦��"4@2I��) 0&0§q�r-%&���"%&! N��"`"�"%&<>= ! �n25�S¤m= �".�46%&�"1?) 4@,��8cp� %&��%&<>=y78)(QC� �"4Iz�46) ! �VF
0W78N��/� �"4��(}V!*78�/%&96<>= �"!�Au784578�/�n25�"4�78) 9�fh�nQOqm¨��_���_ªC�/%^2 2%9;: �"<M©1o��X�Y:;�"46�"<>= ! �n2a=*78:;�8c
�$78<>=32R� %&�"9C:;�"96.�! � �"469m� �")(250&%&<>=dq?®L!U� �"!UQ{.�0&N��"! � �"!U��!325�"4578: 96<>= ! %^2625�"!|� %&961?)(25%&�"46�M%&<>=$� %&�
#
46N��": ! %&9696�M� �"4RKM) 9@i��"4@25) ! N�96�/�n25= .V� �"!dc � %&�M78)(Qd,��"4696<>= %&�"� �"! �"!vKM! !*78= �/�"!$QGe) 4C� %&�M��4OF
9578<>= ��� %&�"96�"9h9@}V9@25�"�$7X25%&96<>= �"!g#=���"1325�"9h:;�"46) = �"!dc*96.¢i�.�= 0�QGe) 4R� %&���iJ8FOA
= .825.XFk780&9m78) <>=bQGe) 4
� %&��N��"�/�"9696�"! �"!YKM) N��"46�"0&�"132546.�! �"!dc*� �"46�"!wTVP %&! P;.�0W7846%&957X25%&.�!$�":;�"!(Q]780&0&9m�*789h:;�"96<>= 46%&�":;�"! �
jk�"46=*780^25�"!|`"�"%&N82�q

>@?BAC?ED FHG	GJIKLI�MLNPORQSFUTWV8XYXZQ[M\K]N^Q,_

�v%^2M� �"� ���"N�46%`�ba_78P P*78457X25%^,���KM9@}V�/�/�n2546%&��c�:;�"`"�"%&<>= ! �S%&<>=w78P P*78457X25%^,|:;�"� %&! N825��#=���"1�F
25�8cs� %&��`")g�"%&! �"4�KM9@}V�/�/�n2546%&�I%&!g� �"!Yfae) <>1?9@2546�") `3e78= 0&�"46!w� �"9��v.82625P;.�0W7846%&�/�n25�"469RQGe) = 46�"!dc
.�:3i�.�= 0B� %&�I2>7X259¢e78<>= 0&%&<>=Y) !325�"4696) <>=325�"!�#
0&�"132546.�! �"!wN3784�! %&<>=32-96P %&! P;.�0W7846%&96%&�"4@2m96%&! �dq�#
%&! �
��e.�N�0&%&<>= 18�"%^2-96.�0&<>= �a#=���"1325�a`")w:;�"96<>= 46�"%&:;�"!�:;�"9@25�"=32�%&!Y� �"4I#
%&!(QGe) = 46) ! Nb�"%&! �"9*��.�4646�"1�F
25) 4@Q]781325.�469.dpq



�Mq��Vq^��q*KMP P*78457X25%^,��IKM9@}V�/�/�n2546%&�"! �¢©��

0,0

0,1

0,2

A
x
 (3d

5/2
)-1

-A
x 
(3d

3/2
)-1

A
sy

m
m

et
rie

 A
x

 

 

30° 60° 90° 120° 150°

-0,1

0,0

0,1

A
z
 (3d

5/2
)-1

A
z
 (3d

3/2
)-1

A
sy

m
m

et
rie

 A
z

 

 

Reaktionswinkel Θ
�������	�	
����� ��� I'������(T�����!������� �	��E����#6�����+!���	�	���� 
���� �����i(*(T��+!�&�#��E�."(T0D."�����8+!���
���L����
	� + 254����
��#��
 �!? I���?CR�%�.�+!.'���#��E'+!��."�����3(*�#+Q
���� �����!"�#���	$&%��!2 ����E'+��#."�����)6����!?
��$&%��#��
��������
 .�������E'+�����6�����2 7�%������<� � �#��'0��	��0D."�	7��&�	��7�+��#."� ����"�#��+3���	$&% 
����&$&% 
����
� ����7�(*(T����%�7��� W F������ 9;: (*�#+�� 9;: F�� ]�� V Y�� ] V �&��� ���&$&%����f�.�����<� 9>%���.�?�&�#���X� V Z�� �i����!+!�&�	$&%����#+��!
 .�������E'+���� 7�0�0�7��&7�+��#6����>�����i(*(T��+!�&�#��� � ������$&%����#+!+���� V �	� �"����0�����E'+!��+��#
 .�������E'+���� ���	����� '0��	�86���E'+!.��&
�����%'���� � ������$&%����#+!+ ��� V � V �"��'+!�&�	$&%i?R�����E'+b? 
;�	���#����
 .�������E'+�����%;4."%�������� � ���#+��#0D."�#+!���&(*��� � ������$&%����#+!+���� V � I%�&�



���¢© KM! ! =*78! NU�Mq���.�4646�"1325) 4@,��"4@Q]78= 46�"!g`") 4MTVP %&! P;.�0W7846%&957X25%&.�!

���������
	�����
���"`"�"%&<>= ! �"!wih%&4��*789M2>7X259¢e78<>= 0&%&<>=Y%&�x#�5(P;�"46%&�/�"!32�N��"�/�"9696�"! ��jk�"46=¯e780^25! %&9M� �"4�\
e78= 0&457X25�"!
%&!S� �"!/:;�"%&� �"!/fae) <>1?9@2546�") � �n25�"1325.�46�"!b�/%^2 p� ) ! �/�*789
%&� ��780&��jk�"46=¯e780^25! %&9E�/%^2 � c��*78! !Sih%&46�� %&��z�4¢e.�+���dv� �nl*! %&�"4@2�� ) 46<>=d¥

p� � d � �§�Mq�� �
r�78�/%^2�Q{.�0&N82RQGe) 4m� %&��%&� #�5(P;�"46%&�/�"!32�N��"�/�"9696�"! ��KM9@}V�/�/�n2546%&� p6�¥

p6 � p� < �
p� #�� � d � < �

d � #�� �§�Mq � �
r-�"�/�"!32596P 46�"<>= �"! �Y%&9@2�� �"4M\�) 9578�/�/�"! =*78! Na`nih%&96<>= �"! p6¡) ! �g� �"4h%&!|�"%&! �"�¬%&� ��780&�"!v#�5?F
P;�"46%&�/�"!32h:;�"9@25%&�/��25�"!bKM9@}V�/�/�n2546%&�	6¡N��"N��":;�"!v� ) 46<>=d¥

p6S�§� � � � d #�� � 6S�§� � < � d!< � �
� d #�� � < � d!< � � 6S�§� � �§�Mq � �

¦�e78= 46�"! ��� �"4h��.�4646�"1325) 4@Q]781325.�4 d~QGe) 4��*789S%&� ��780&�U#�5(P;�"46%&�/�"!32S��5 78132a� �"!~¦��"4@2|�|78!VF
! %&�/��2�cd�"46N�%&:(2�96%&<>=�QGe) 4��*789��/%^2��"%&! �"4�78P P*78457X25%^,��"!�KM9@}V�/�/�n2546%&�/:;�"0&�"N825�$#�5(P;�"46%&�/�"!32
�"%&! �-1?0&�"%&! ��KM:3i��"%&<>=?) ! N/,�.���®L� ��780^i��"4@2h) ����� dU� � #��m�/%^2���� � � q*#
!32Lih%&<>18�"0^2��$78!
� �"!vKM) 96� 46) <>1��§�Mq � � !*78<>=YAB.825�"! `"�"!g%&!��"c*�*78! !v�"46=¯e780^2h�$78!b: %&9h`") 4h�"469@25�"!��-46� !?) ! N ¥

p6S�§� ��� 6S�§� ��� ��# �
� � 6S�§� ��� < �

� � �§�Mq�� �
� 6S�§� � < �

� � �{�/%^2 6S�§� � J � � � �§�Mq � �
TV�"0&: 9@2M:;�"%B�"%&! �"4-TVP %&! P;.�0W7846%&957X25%&.�!$,�.�!wZ�� ��: 0&�"%&:(2.6 � ) 46<>=Y�*789MKM!*780^}V96%&�"4@,��"46�Ye.�N��"!
� �"9��v.82625P;.�0W7846%&�/�n25�"469R78)(Q¯¦��"4@25�I) � ©(q���:;�"N�46�"! `n2�qsr-%&�"96�T��.�4646�"1325) 4Rih%&46132h96%&<>=|�*78= �"4
%&!�� �"4u¦�%&! 18�"0^,��"4@25�"%&0&) ! NJ6S�§� � %&� i��"96�"!3250&%&<>= �"!/� ) 46<>=S�"%&! �"!a78� � %^25%^,��"!��8��96�n2
) �Y< �"!��
78) 9"q

#%$�'&�()�)*,+��.-�/,0213*,+��4�65�$7 /�d98� �

r-) 46<>=$� %&����%&0&� ) ! NI� �"9CN��".��/�n2546%&96<>= �"!b�v%^2625�"0&9k!*78<>=bz�0&�"%&<>=?) ! NU�{� q � � Q]780&0&�"!a:;�"46�"%^259�78PVF
P*78457X25%^,���KM9@}V�/�/�n2546%&�"!dcd� �"46�"!wjk.�46`"�"%&<>= �"!�! %&<>=32�,�.�!�� �"4Iop%&<>=325= �"0&%&`"%^2_e7X2-78: =¯e78! N��"!dcp%&!
�"469@25�"4:�-46� !?) ! N|= �"4578) 9"qBz��"!*78) N��"! .��/�/�"!YN�%&0^2-� %&�"9<;6�"� .V<>=y!?) 4�) !325�"4I� �"4-jk.�4578) 9696�n2@F
`") ! N c(�*78+�� %&��T?254578= 0&0W78N���) ! �b� �"4m#
%&! 96<>=?) +8ih%&! 18�"0§c ) !325�"4R� �"��� %&�-#
0&�"132546.�! �"!|78)(QB�*789
fae) <>1?9@2546�")(2>7846N��n2�%&��v.82625P;.�0W7846%&�/�n25�"4B2546�/���"!dc�QGe) 4
:;�"%&� ���v�"9696) ! N��"!U�/%^2E) !325�"4696<>= %&�"� 0&%�F
<>= �"4Rop%&<>=325= �"0&%&`"%^2_e7X2k� %&�"96�"0&:;��%&9@2�q?#
%&! ��1?0&�"%&! �-T?254578= 0&0W78N��n,��"4¢e78! � �"46) ! N�`nih%&96<>= �"!�=?>sFu) ! �=�@ FOop%&<>=32�1�e.�! !325�$�"%&!y,��"4¢e78! � �"4@25�"9S#
�/P(l*! � 0&%&<>= 18�"%^259@,��"46=¯e780^25! %&9�� �"4�:;�"%&� �"!�fae) <>1?9@2546�")VF
� �n25�"1325.�46�"!gQGe) 4M� %&���v�"9696) ! N��"!y�/%^2�:;�"%&� �"!Yop%&<>=325= �"0&%&`"%^2_e7X25�"!v:;�nih%&4618�"!dqd�v%^2M� �"!w#
�/PVF
l*! � 0&%&<>= 18�"%^25�"!v� �"4�r-�n25�"1325.�46�"!�AU�"46N�%&:(2h96%&<>=|Q{.�0&N��"! � �"4R¦��"4@2hQGe) 4.dp¥

p� � BCCD A >[ K >[ A @J K @JA >J K >J A @[ K @[ �FE GIHJGIHKE GMLJGMLK
BCCD K >[ K @JK >J K @[ � d � �§�Mq�� �



�Mq��Vq^��q*KMP P*78457X25%^,��IKM9@}V�/�/�n2546%&�"! �����

#
%&! �Yi��"%^25�"46�w�Ye.�N�0&%&<>= �Y��469578<>= �8cm� %&�Y� ) 46<>= � %&�"96�"9 ��.�4646�"1325) 4@,��"4@Q]78= 46�"! �"4@Q]78+82bih%&46�dc
%&9@2�� �"4�#
%&!('*) +b�"%&! �"9I��!325�"46N�46) ! �*78: `") N�9"qu�v%^2�� �"!����"`"�"%&<>= !?) ! N��"!�78) 9�KM: 96<>= ! %^262�� q �
�"46N�%&:(2h96%&<>=d¥

p� � BCCD 2 >[ 2 @J2 >J 2 @[ � BCCD �CK >[ #�� >[ � �CK @J #�� @J ��CK >J #�� >J � �CK @[ #�� @[ �
� BCCCD �O� # [

� HJ
� �O��# [

� LK
�

�O� # [
� HK
� �O��# [

� LJ
� BCCD K >[ K @JK >J K @[ � d � �§�Mq � �

i�.�:;�"%p�*789h�"<>=325�STV%&N�!*780�F
`")g��!325�"46N�46) ! �(,��"46=¯e780^25! %&9h�/%^2��a� K�!�� :;�"`"�"%&<>= ! �n2�%&9@2�q

� ��� �4�
	 7 ��&
r-) 46<>=/#
%&! 96�n25`"�"!a� �"4
KM) 96� 48e) <>18���§�Vq ��© � ) ! �g�§�Vq �3� � %&!St*.�46�/�"0p�§�Mq � � cXi�.�:;�"% � �"4k\�) 9578�SF
�/�"! =*78! N�`nih%&96<>= �"!vZ ) ! � 6 � ) 46<>= 6S�§� � � 2%9;: Z��� ���"Z$�§� � N��"N��":;�"!b%&9@2�c?0W789696�"!U96%&<>=U� %&�
��.�4646�"1325) 4@Q]781325.�46�"!bd � ) ! � dL+�:;�"`"%&�"=?) ! N�9@i��"%&96��� � ) ! � � +I780&9�`") 9¢e7X25`"0&%&<>= �Stu%^25P*784578�/�GF
25�"4C78) 9C� �"!U�v�"+��*7X25�"!$� ) 46<>=�a¢0&��789@2C9��?)*7846�"9 cnFLKM) 96N�0&�"%&<>= 9646�"<>= !?) ! NSN��nih%&! ! �"!dq�¦�%&�h96%&<>=
`"�"%&N82�c;%&9@2-!?) 4�� %&�����"9@25%&�/��) ! N/,�.�! � +�78! =*78! �Y� �"4*��.��/P;.�! �"!325� 68+IP 4¢e78`"%&96���Ye.�N�0&%&<>=dc
iR789-�*784578!Y0&%&�"N82�c*�*78+ 68+�� �"!y��) 0&0&� ) 46<>= N378! N$`"�"%&N82-) ! �w�*78= �"4M:;�"96.�! � �"469��"�/P(l*! � 0&%&<>=
78)(Qd� %&�"96����.�4646�"1325) 4C%&9@2�q3¤u78:;�"0&0&���Mq��I�"!325=¯e780^2C%&!/� �"4C`ni��"%^25�"!bTVP*780^25�h� %&�h%&!/� %&�"96�"4k¦��"%&96�
:;�"9@25%&�/��25�"!b¦��"4@25��QGe) 4 � +_q

9M7��D���	�#� ��� V �"�����!"�#���	$&%��!������������	���!��254���S
��#��
 .�������E'+����/7�0�0�7��&7�+��#6����/�����i(*(T��+!�&�#�@?
���<� ��4��� 
��#��R�%�.�+!.'���#��E'+!��."����� "�	�#+ � [ F W �� ��� � 9;: � � ���$��� � J F � W �� ��� � 9;: � ���
� � V � ����
 � B F ��� � V �<254��� 
��#�)������������#��E'+!��."����� "�	�#+�� [ F���� [ � � J F��
 [ ����

� B F"! J 3 � J �$#�J%'&)( �	�!+�
��#�O����
���f��#����+!�+*'��7�
��&7�+��	��$&%������'PQ���	$&%'����3f�P��	��$&%���� �����b?"�#���	$&%��!Ei����6��O����
 �k���"
�7�+!���<�
4N��D����"7��� , + � [ � J.- � B #�J%'&)(
� I��8B0/ J � @ [ ? ] � ] I�Z � ] Z%�q? ] �e����� � ] a%� ? ] �e��_"` � ��� � ] �e� ]�] � I ] �21 ] �	� `
3 H54 J A B54 J A B [ � 3 ] � ] V ] � ] a%� ] � ] a V � ] ^ � ] �e����I � � V �q? ] �e����_ � ] a%� > ] � I"`
3 H54I[�4 J A B [ W [ ] � ] � ` � ] Z%� ] � ]�] _ � ] a%� ] � ] _ Y�� � V �q? ] � ] _ V � ] ` � > ] � Y�Y
� I�� 10/ J � @ [ ] � ] V Z � ] Y � ] � ] `�` � ] Z%� ] �e��Ii� � ��� � ] �e� ]�] � I ] �21 ] �	� `
3 164 J A B54 J A B [ � 3 ? ] � ] � ^!� ] Z%� ] � ] Y ] � ] ` � ? ] �e����I � � V �q? ] �e��I�a � ] a%� > ] � Y V
3 164I[�4 J A B [ W [ ? ] � ] V�V � ] Y � ] � ] a�a � ] Z%� ? ] �e� ] I � ��� �q? ] � ] _i� � ] ` � > ] � I�a
- ����%��#�������8+�%�7��#+!���:
��#�O
����&$&%7,��LF ]�� ]�]98 ]�� ] V 6����&���&��7�$&%8+!�LN������	$&%����&%����#+��1-���	�����2g��.������ � 9>%���.��&�#��PQ����+�7���� �X� V Z��M��f�PO� �X� V a�� �&�> ���	�����2g��.������ � ��7�$&%k9M7��D���	�#� V �	�O����
:! J 3 ������$&%����#+!+�a'� I'�	� �&�



���_� KM! ! =*78! NU�Mq���.�4646�"1325) 4@,��"4@Q]78= 46�"!g`") 4MTVP %&! P;.�0W7846%&957X25%&.�!

r-%&�Mz�4¢e.�+��"! .�46� !?) ! N�%&!/� �"4CKM:3i��"%&<>=?) ! Na� �"4���.�4646�"1325) 4@Q]781325.�46�"!$,�.�� ®L� ��780^i��"4@2-�M0&%&�"N82
96.¢i�.�= 0sQGe) 4C� %&��A
= .825.V�"0&�"132546.�! �"!dc(780&9C78) <>=$QGe) 4k� %&��) !325�"4696) <>=325�"!|KM) N��"46�"0&�"132546.�! �"!U�n2LiR7
:;�"%�� � +�� � ©1o ©3�VqVKM) �
e780&0&%&NI%&9@2R� �"9�i��"%^25�"46�"!b� %&��T?}V9@25�"�$7X25%&1a�/%^2C� �"4R�*789Cjk.�46`"�"%&<>= �"!U,�.�!� +MQGe) 4h� %&��) !325�"4696) <>=325�"! e��:;�"46Nse78! N��Ii��"<>= 96�"0^2�q�#
%&! �"4696�"%^259�`"�"%&N82 � +MQGe) 4�� %&�I:;�"%&� �"!Yt*�"%&!VF
9@2546) 1325) 4618.��/P;.�! �"!325�"! � �"4Y�iJ8FOA
= .825.V�"0&�"132546.�! �"! �"!325N��"N��"! N��"96�n25`n25�"9wjk.�46`"�"%&<>= �"!dc�`") �
78! � �"46�"!w=*7X2 � +-QGe) 4-� %&��KM) N��"46�"0&�"132546.�! �"!Yih%&�"� �"46) ���"!325N��"N��"! N��"96�n25`n25�"9�jk.�46`"�"%&<>= �"!y%&�
jk�"46N�0&�"%&<>=|`")v� �"!v`") N��"=¯e.�46%&N��"!gA
= .825.V�"0&�"132546.�! �"!dq
r�7a�"%&! ��N��"!*78) �����"9@25%&�/��) ! N/� �"9)��.�4646�"1325) 4@Q]781325.�469 � � QGe) 4�� %&� ��.��/P;.�! �"!325��6 � ! %&<>=32
�Ye.�N�0&%&<>=dc�78:;�"4C�*789kjk.�46=*78! � �"! 96�"%&!$� �"4�78P P*78457X25%^,��"!$KM9@}V�/�/�n2546%&�h!*7X2�e) 460&%&<>=$78) <>=$= %&�"46%&!
78! `") ! �"= �/�"! %&9@2�ck96�n25`"�g%&<>= 78)(Q{N�46) ! ��� �"4/KM! !*78= �/�8cC�*78+�:;�"%&� �g78P P*78457X25%^,��"!�KM9@}V�SF
�/�n2546%&�"�"!�� %&�"96�"0&:;�Uz�4¢e.�+��"! .�46� !?) ! Ng=*78:;�"!dc � � � ©1o ©�©�� ©1o ©3�VcpiR789�!*7X2�e) 460&%&<>=�`")��"%&! �"4
jk�"46N�4¢e.�+��"46) ! Nv� �"9�t*�"= 0&�"469I%&!�� �"!��"!32596P 46�"<>= �"! � �"!�tu%^25P*784578�/�n25�"46!wQGe) = 4@2�q¯r-%&�a��5(P 0&%&`"%�F
25�"!/¦��"4@25��QGe) 4C� %&�hi��"%^25�"46�"!btu%^25P*784578�/�n25�"4
96%&! �$�":;�"!(Q]780&0&9k%&!$¤u78:;�"0&0&�M�Mq��I�"!325=*780^25�"!$) ! �
� %&�m`") N��"=¯e.�46%&N��"!/KM) 96N�0&�"%&<>= 961?) 4@,��"!UQGe) 4
� %&���iJ8FOA
= .825.V�"0&�"132546.�! �"!a96%&! �/%&!/KM: : %&0&� ) ! N��Mq �
�*7846N��"9@25�"0&0^2�q

>@?BAC?BA � KLQ��	�	_�
�	Q T��8G	NE_	G����^IK]N^T I�MLN��R_JTWORQ�� M�� KLT
r�789�jk.�46=*78! � �"! 96�"%&!�,�.�!�fh�"9@25�$78N�! �n26Q{�"0&� �"46!�%&� ���"46�"%&<>=�� �"9$r-�n25�"1325.�469@}V9@25�"�/9$1X78! !
��469578<>= �bQGe) 4S�"%&! �|r-46�"=?) ! Ny� �"9$TVP %&! P;.�0W7846%&957X25%&.�! 9@,��"1325.�469�� ) 46<>=�A
4¢e78`"�"9696%&.�!�96�"%&!dcE� %&�
i�e78= 46�"! �a� �"9Cr-) 46<>= 0W78)(Q{9
� �"4k#
0&�"132546.�! �"!VFL¤B457 ;6�"1325.�46%&�"!S,�.��®L.�! %&957X25%&.�! 9@,�.�0&) �/�"!�� ) 46<>=
�*789hTVP;�"132546.��/�n25�"4R) ! �b� %&�MKM: : %&0&� ) ! N�969@}V9@25�"�/��: %&9�`") �¬�v.82625P;.�0W7846%&�/�n25�"4k9@2>7X2626l*! � �n2�q
#
%&! �U96.�0&<>= �br-46�"=?) ! Nw) ��� �"!�¦�%&! 18�"0��w0Le78+82�96%&<>=�`") �/%&! � �"9@2S%&! ! �"46=*780&:�� �"4Sfh��781325%�F
.�! 96�":;�"! � �?)*78!325%^2>7X25%^,U�"4@Q]789696�"!dcs�*7S:;�"%&� � ��.��/P;.�! �"!325�"!v� �"9MTVP %&! P;.�0W7846%&957X25%&.�! 9@,��"1325.�469
:;�"1X78! !32�96%&! �dq

���������
	�����
#
%&! �mr-46�"=?) ! N�� �"9
KM9@}V�/�/�n2546%&�n,��"1325.�469��6 %&! ! �"46=*780&:�� �"4E� ) 46<>=a� %&�R%&� ��780&�"!h��.��/P;.�! �"!VF
25�"! 6 � ) ! � 68+�78)(Q{N��"96P*78! !325�"!yfh��781325%&.�! 96�":;�"! ��) �x� �"!g¦�%&! 18�"0��/QGe) = 4@2-78)(QEQ{.�0&N��"! � �
%&� #�5(P;�"46%&�/�"!32m2>7X259¢e78<>= 0&%&<>=vN��"�/�"9696�"! �"! ��.��/P;.�! �"!325�"!d¥

p6 � � 6w<".�9_����#�� �
p68+ � 6w96%&!p����#�� � �/%^2 6 �  6 J� # 6 J+

� � 7846<n2>78!"!$#!$%
�§�Mq � �

i�.�:;�"% 6�� %&�CoCe78! N��k� �"4BA
46.�;6�"1325%&.�!I,�.�!�6�78)(Q � %&�kfh��781325%&.�! 96�":;�"! �C) ! �&��� �"9696�"!�¦�%&! 18�"0
:;�"`(e) N�0&%&<>=�� �"4(' FLKM<>= 96�m� �nl*! %&�"4@2�q3��!325�"4
� �"4
���"� %&! N�) ! N c8�*78+�� �"4
fh.82>7X25%&.�! 9@ih%&! 18�"0(1?0&�"%&!
%&9@2M�)� � © � c��"46N�%&:(2k96%&<>=$78) 9k� �"!bz�0&�"%&<>=?) ! N��"!g�§�Mq � � � ) 46<>=U#
!32Lih%&<>1?0&) ! N�!*78<>=$AB.825�"! `"�"!
%&!*�a%&!|�"469@25�"4���e78= �"46) ! N ¥

p6 � � 6 � <+� 68+ �§�Mq^�¢© �
p68+ � 68+ #�� 6 � �§�Mq^��� �



�Mq��Vq��Vqsr-46�"=?) ! N/� �"9MTVP %&! P;.�0W7846%&957X25%&.�! 9@,��"1325.�469 ���¢�

#
%&! �Sr-46�"=?) ! Nb� �"9-KM9@}V�/�/�n2546%&�n,��"1325.�469-QGe) = 4@2I780&96.U%&!Y�"469@25�"4���e78= �"46) ! N|78!*780&.�N$`")y� �"!
%&!�KM: 96<>= ! %^262$�Mq��Vq^�b� %&961?)(25%&�"4@25�"!�78P P*78457X25%^,��"!~KM9@}V�/�/�n2546%&�"!�`")��"%&! �"� �8��96�n2S%&!~� �"!
1X784@25�"96%&96<>= �"! ��.��/P;.�! �"!325�"!dq(®L��z��"N��"! 957X25`-`")U�"%&! �"4R78P P*78457X25%^,��"!UKM9@}V�/�/�n2546%&��%&9@2R= %&�"4;6�"� .V<>=b� �"4m#
%&!('*) +S78)(Q¯:;�"%&� �)��.��/P;.�! �"!325�MQ{�"9@25N��"0&�"N82�cV!¯e78�/0&%&<>=$�/%^2C`") �"%&!*78! � �"4R) �/N��GF
18�"= 4@25�"�¡jk.�46`"�"%&<>= �"!dq�#
%&!�¤B�"%&0V� �"4uKM9@}V�/�/�n2546%&�C� �"4u�"%&! �"! ��.��/P;.�! �"!325�Cih%&46��96.�`") 9578N��"!
78)(Qu� %&��78! � �"46�|e) :;�"4@254578N��"!dq

� ��� �4�
	 7 ��&
KM!*780&.�N�`")|KM: 96<>= ! %^262��Mq��Vq^�I0Le78+82�96%&<>=|� �"4�¦�%&! 18�"0 �a� ) 46<>=�a¢0&��789@2R9��?)*7846�"9 cnFLKM) 96N�0&�"%&<>= 9OF
46�"<>= !?) ! N�!*78<>=/#
%&! 96�n25`"�"!/� �"4
KM) 96� 48e) <>18���§�Vq ��© � ) ! �g�§�Vq �3� � %&!at*.�46�/�"0d�§�Mq � � N��nih%&! ! �"!dq
r�789I#
46N��": ! %&9�%&9@2�%&!w¤u78:;�"0&0&�a�Mq �|78! N��"N��":;�"!dqd¦�%&��96%&<>=�`"�"%&N82�c�9@25%&�/�/�"!Y� %&��¦��"4@25��QGe) 4
�/QGe) 4M� %&�I,��"4696<>= %&�"� �"! �"! e��:;�"46Nse78! N���%&�¬f�78= �/�"!g� �"4M9@2>7X25%&9@25%&96<>= �"!w��! 96%&<>= �"46= �"%^2-46�"<>=32
N�)(2R�/%^25�"%&!*78! � �"4�e) :;�"46�"%&!dq ��%&0&� �n2��$78!U� �"!bN��nih%&<>=325�n25�"!Y�v%^2625�"0^i��"4@2�cV96.S�"46=¯e780^2R�$78!/QGe) 4
� �"!YTVP %&! P;.�0W7846%&957X25%&.�! 9@,��"1325.�4R�"%&! ��r-46�"=?) ! N/) � �"%&! �"!b¦�%&! 18�"0p,�.�! ��� <-��o ��£���©1o��8£�q

9M7��D���	�#����� I'�1�����!"�#���	$&%��!������������	���!� 254����
��#� 
 .�������E'+�����
����&$&%h���	��� ������%'����3
����
'0��	��0D."�	7��&�	��7�+��#."���!6���E'+!.��&���%��4��� 
��#��R�%�.�+!.'���#��E'+!��."�����3"�	�#+�� [ F W �� ��� � 9;: � � � �$���
� J F�� W �� ��� � 9;: � � ��� � V �k����
 � B F���� � V ��254��� 
��#� ������������#��E'+!��."����� "�	�#+� [ F ��� [ ��� J F �
 [ ����
 � B F ! J 3 � J � � �#������%��#����2g.���+!0 � 7���f����� 
����&$&% 
��#�N������	$&%����&%����#+>�	��� B P����&
�� �D���;
���� �Q������$&%��'���� 6����&��7�$&%��C47������#�+��$#�J%'&)( �	�!+�
��#�O���@?
���f��#����+!��*'��7�
��&7�+��	��$&%�� ���'PQ���	$&%'����Tf�P��	��$&%����h�����!"�#���	$&%��!Ei����6�� ����
 �k���"
�7�+!���<�
4N��D����"7��� ��� �&7�
�� � [ � J � B #�J%'&)(
� I�� B0/ J � @ [ ? ] � ] _�I � ��I%� ? ] �e��� V � ] ` � ? ] �e��_ ^!� ] I%� ] �e� ]�] 1 ] �	��I
3 H54 J A B54 J A B [ � 3 ? ] � ] _"` � V _%� ] � ] a Y�� ] ^ � ] �	��� Y�� ] Y � ? ] �e����_ > ] � I�Z
3 H54I[�4 J A B [ W [ ? ] �e� ]�] � V ^ � ] � ] � ] � ] a%� ] � ] _�Z � ] I%� ? ] � ] _ V > ] � Y a
� I�� 10/ J � @ [ ? ] � ] _ Y�� ��Z%� ] � ] `�` � ] Z%� ] �	��I V � ] V � ] �e� ]�] 1 ] � V ]
3 164 J A B54 J A B [ � 3 ? ] � ] ^ Y�� V ` � ] � ] Y ] � ] ` � ? ] �e����I � ] Y � ? ] �e��I�a > ] � I�_
3 164I[�4 J A B [ W [ ? ] �e����a � ��_%� ] � ] a�a � ] Z%� ? ] �e� ] I � ] I%� ? ] � ] _i�M> ] � V a
1-���	�����2g��.������ � 9>%���.��&�#��PQ����+�7���� �X� V Z�� �&�> ���	�����2g��.������ � ��7�$&%k9M7��D���	�#� V �	�O����
:! J 3 ������$&%����#+!+�a'� I'�	� �&�

r-%&�ho¯7846�/.�4@Q{46� �?) �"! `8c?�/%^2
� �"4C� �"4�TVP %&! P;.�0W7846%&957X25%&.�! 9@,��"1325.�4
) � � %&�mKM<>= 96�M� �"9R�g78N�! �n2@F
Q{�"0&� �"9hP 4¢e78`"�"� %&�"4@2�c*%&9@2hN��"N��":;�"!v� ) 46<>=~¨ �V��csT;q��V���"ª§¥

��� ���	�
�� �§�Mq^�_� �
i�.�:;�"% �	� �¡�1o�����?�¢© @VJ H���� ¤ �*789M��.�= 4696<>= �a�g78N�! �n25.�!Y%&9@2�q�TV<>=¯e7X25`n2-�$78!g� %&��tu0&) N�`"�"%^2
� �"4�#
0&�"132546.�! �"!~� ) 46<>=~) ! N��nQ6e78= 4������ ��� � �8©�©v! 9S78:dcB�*78! !��"46N�%&:(2�96%&<>=�78) 9Sz�0&�"%&<>=?) ! N



����� KM! ! =*78! NU�Mq���.�4646�"1325) 4@,��"4@Q]78= 46�"!g`") 4MTVP %&! P;.�0W7846%&957X25%&.�!

�§�Mq^�_� � �"%&! �v�/%^26250&�"46�|�g78N�! �n26Q{�"0&�('*) +�� %&<>=325�|,�.�! � � ��o � � ¤�QGe) 4a�"%&! �gr-46�"=?) ! N�) �
��� ��o � £ q

>@?BAC?�� FH_JI��PV.T Q �	Q K�� Q����	I�M\Q,_ I����*�	����JQ KLQ
� � �BMLNEG����������Q�� M\Q
KM)(Q{N�46) ! �Y� �"9M:;�"%B� �"4MKM!*780^}V96��%&!gKM: 96<>= ! %^262I�Mq��Vq^��:;�".�:*78<>=325�n25�"!Yjk.�46`"�"%&<>= �"!3i��"<>= 96�"0&9
%&� ��.�4646�"1325) 4@Q]781325.�4 dy1X78! !y�$78!g,��"46��)(25�"!dcp�*78+b� %&�S�v�"+��*7X25�"!�� ) 46<>=y=¯e.�= �"46�/�v) 0^25%�F
P;.�0^25�"46�/��:;�"�"%&!('*) +82�96%&! �dqpr�7$96%&<>=w� %&��¦�%&! 18�"0W78: =¯e78! N�%&N�18�"%^2-96.�0&<>= �"4����"%^254¢e78N���,�.�!y� �"4
� ) 46<>=wr-%&P;.�0^25�"46�/��N��"N��":;�"! �"!�- 96%&�"= �Sz�0&�"%&<>=?) ! N��"!~�§�Vq ��© � ) ! �~�§�Vq �3� � - ) !325�"4696<>= �"%�F
� �n2�c;1�e.�! ! �"!�78) <>=Y96.�0&<>= �S#=���"1325���"%&! ��KM:3i��"%&<>=?) ! Nv� �"4�TVP %&! P;.�0W7846%&957X25%&.�!vZ,+_�]��© £ � ,�.�!
��) 0&0d= �"4@,�.�4646)(Q{�"!dq

���������
	�����
KM) 96N��"= �"! �U,�.�!U� �"!b%&!$fh�nQOqd¨��_���_ª�78! N��"N��":;�"! �"!|780&0&N��"�/�"%&! �"!aKM) 96� 48e) <>18�"!bQGe) 4�� %&�h¦�%&!VF
18�"0^,��"4@25�"%&0&) ! NU� �"4�TVP %&! P;.�0W7846%&957X25%&.�! �Z�) !325�"4I���"48e) <>1?96%&<>=325) ! Nv�"0&�"132546%&96<>= �"4��-)*78� 46) P;.�0�F
�/���"1325�8c��"46=*780^25��%&<>=Y!*78<>=w�"%&! �"4M¤B4578! 9@Q{.�46�$7X25%&.�!v%&!g�*789�#
0&�"132546.�! �"! 18.V.�46� %&!*7X25�"! 9@}V9@25�"�
Q{.�0&N��"! � �It*.�46�/�"0&!$QGe) 4h� %&��KM9@}V�/�/�n2546%&�"18.��/P;.�! �"!325�"! 6 � ) ! � 68+��(�6 � 2%9;: Z��� ���	�Z � ¥

68+_�§� � � J([(<".�9_�§� � # � [@A J �{<".�9_�§� �6���# J�B>A J �{<".�9_�§� �6� # � Bs<".�9_�§� � # � HnA BX�{<".�9¢�§� �6� �§�Mq^�¢� �

6 � �§� � � ¨ J J # � J <".�9¢�§� � ª¢96%&!¯�§� ���# J�BGA J �{<".�9_�§� �6� # � Bs<".�9_�§� � # � HnA>B_�{<".�9_�§� �6� �§�Mq^��� �
\�)�� �"!�%&!�fh�nQOqC¨��_���_ªk:;�"!?)(25`n25�"!~Au784578�/�n25�"46! ���� � � :;�"9@25�"=32��*78:;�"%
QGe) 4I� %&�aA
= .825.V�"0&�"1�F
2546.�! �"!v� �"4mQ{.�0&N��"! � ��\�) 9578�/�/�"! =*78! N ¥

J([ � 2%9;: Z��� ������� � � [
3 [<�� � � [ J [ �

J J � < 2%9;: Z��� ������� � � [
3 [ #  ��!�� � [ J [ �

J�B � � � � JLJ
3

QGe) 4m� %&� a r-%&P;.�0&P*784578�/�n25�"4 c�cV) ! �|QGe) 4m� %&� a �-)*78� 46) P;.�0&P*784578�/�n25�"4 c�¥
� [ � 2%9;: Z��� ������� � � J [L[<~� � J B6[ �� J � 2%9;: Z��� �����]��� � � J [L[ #�� � J B6[ �� B � � � � [L[

3
� H � � � � B!B

3 �§�Mq^�_� �
r�78:;�"%d%&9@2�A B�%&9@2h�*789h� 46%^2625�Iop�"N��"! � 46�"P;.�0^}V! .��v¥*A BX�§� � � � !��E<".�9 B �U<~��!��E<".�9;��q
��!325�"4/� �"4Sjk.�4578) 9696�n25`") ! N cC�*78+y� %&�g�-)*78� 46) P;.�0&�/���"1325�|1?0&�"%&!�N��"N��"!Ee) :;�"4/� �"! r-%&P;.�0&�nQWF
Q{�"1325�"!�96%&! � � � l � �aQGe) 4*mM�x�>o�o�o6� � cp0Le78+82I96%&<>=�`"�"%&N��"!dc¯�*78+g78) <>=�� %&�a= %&�"4I� %&961?)(25%&�"4@25�



�Mq��Vq��Vqsr-46�"=?) ! N/� �"9MTVP %&! P;.�0W7846%&957X25%&.�! 9@,��"1325.�469 ���_�

KM!*780^}V96�m`") 4
%&!SKM: 96<>= ! %^262R�Mq��Vq^�m:;�"96<>= 46%&�":;�"! �"! ��.�4646�"1325) 4k78)(Q��R7896%&9
�"%&! �"4
78P P*78457X25%^,��"!
KM9@}V�/�/�n2546%&�Ie7 �?) %^,8780&�"!32E%&9@2�q�#
!32Lih%&<>18�"0^2C�$78!�� �"!/KM) 96� 46) <>1|�§�Mq^�¢� � !*78<>=/AB.825�"! `"�"!/,�.�!� [nc � J c � B�) ! � � H_c 96.aQ{.�0&N82�¥

p6a�§� �
� 6S�§� ��� � < � B;<".�9;� # � HnA BX�{<".�9;� �

� # J�BGA J �{<".�9�� � � # � [@A J �{<".�9;� ���# J�B>A J �{<".�9;� �� 6S�§� � # � [@A J �{<".�9;� ���# J�B>A J �{<".�9�� �
�{�/%^2C6S�§� � � B�� 6S�§� � � H � � � �§�Mq^�¢� �

� 6S�§� � < �
�

� [
��# J�B ��QGe) 4�� � ��© £ � �§�Mq^�_� �

r�789h:;�"� �")(25�n2-%&! 96:;�"96.�! � �"46�8c;�*78+/�*789hjk.�46=*78! � �"! 96�"%&!g1?0&�"%&! �"4��"0&�"132546%&96<>= �"4-�-)*78� 46) P;.�0�F
:;�"%^254¢e78N���96%&<>=a78)(Q;� %&��%&!�KM: 96<>= ! %^262��Mq��Vq^�m:;�"9@25%&�/��25�"!Sr-%&P;.�0&P*784578�/�n25�"4¯! %&<>=32k78) 9@ih%&4618�"!
96.�0&0^25�8q

� ��� �4�
	 7 ��&
#
%&! � a 0&��789@2
9��?)*7846�"9 cnFLKM) 96N�0&�"%&<>= 9646�"<>= !?) ! N cV� %&�R�"%&! �RKM! P*789696) ! N�780&0&�"4B96%&�":;�"!/Au784578�/�n25�"4
J([Mo�o�o@J�Bv) ! � � [Mo�o�o � Hw78! � %&��r�7X25�"! 9¢e7X25`"�wQGe) 4�6 � ) ! � 68+g!*78<>= �§�Mq^��� � ) ! ��§�Mq^�¢� �
� ) 46<>=(QGe) = 4@2�c��"46N�%&:(2$�*789$%&!�¤u78:;�"0&0&�Y�Mq �~78! N��"N��":;�"! �w#
46N��": ! %&9"qC®L! tu%^2g�vi��"46� �"! 780&0&�
96%&�":;�"!/Au784578�/�n25�"4EQ{46�"%V,87846%&%&�"4@2�c_i�e78= 46�"! �/%&!atu%^2k�M� �"4kAu784578�/�n25�"4>J�Bk�"%&! N��nQ{46.�46�"!�ih) 46� �8q
r-%&�/`") N��"=¯e.�46%&N��"!~KM) 96N�0&�"%&<>= 961?) 4@,��"!~QGe) 4�� %&�UA
= .825.V�"0&�"132546.�! �"!~96%&! ��%&!�KM: : %&0&� ) ! Nw�Mq �
�/%^2m�"%&! N��n254578N��"!dq
¦�%&���$78!Y%&!w� �"4-KM: : %&0&� ) ! NU96%&�"=32�cd0Le78+82-96%&<>=w� %&��N��"�/�"9696�"! �S¦�%&! 18�"0^,��"4@25�"%&0&) ! NU%&!w� �"�
:;�n254578<>=325�n25�"!Y���"46�"%&<>=|� ) 46<>=v� %&�It*.�46�/�"0&!y�§�Mq^��� � ) ! ���§�Mq^�¢� � :;�"96<>= 46�"%&:;�"!dq;���n254578<>=325�"!
ih%&4�%&!�¤u78:;�"0&0&�$�Mq �w� %&�$Au784578�/�n25�"4 J([I) ! � J J c¯i��"0&<>= �b� %&�Uz�4¢e.�+��/� �"4�= %&�"4�%&!325�"46�"9696%&�GF
46�"! � �"!Ur-%&P;.�0&P*784578�/�n25�"4uQ{�"9@250&�"N��"!dc3�*78! !$9@25�"0&0^2k�$78!Sih%&�h�"4@iR784@25�n2 e��:;�"46�"%&! 9@25%&�/��) ! NI%&!
780&0&�"!aKM) 96N�0&�"%&<>= 96�/�n25= .V� �"!$Q{�"9@2�q3jk�"46N�0&�"%&<>=32��$78!/� %&�h¦��"4@25�hQGe) 4C� %&��78! � �"46�"!bAu784578�/�n25�"4
) !325�"46�"%&!*78! � �"4"cX96.MQ6e780&0^2¯`") !¯e78<>= 9@2
� �"4u9@}V9@25�"�$7X25%&96<>= �Cjk.�46`"�"%&<>= �"!3i��"<>= 96�"0s� �"9EAu784578�/�n25�"469� [h78!*780&.�Na`") �¬%&!vKM: 96<>= ! %^262��Mq��Vq^��Q{�"9@25N��"9@25�"0&0^25�"!|jk�"46=*780^25�"!vQGe) 4 �M78)(QOqsr-�"4�Au784578�/�n25�"4� J i��"<>= 96�"0^2I�":;�"!(Q]780&0&9M96�"%&!gjk.�46`"�"%&<>= �"!YQGe) 4M� %&��A
= .825.V�"0&�"132546.�! �"!dqdr�78:;�"%B96%&! �Y� %&��¦��"4OF
25�8c;� %&�IQGe) 4M� %&�"96��:;�"%&� �"!YAu784578�/�n25�"4M46�"0W7X25%^,bP 4¢e78`"%&96��:;�"9@25%&�/��:*784h96%&! �dc*QGe) 4-A
= .825.XFR) ! �
KM) N��"46�"0&�"132546.�! �"!Y,�.�!YN�0&�"%&<>= �"4-z�4¢e.�+��"! .�46� !?) ! N q�r-�"9�i��"%^25�"46�"!Y`"�"%&N82M� �"4-Au784578�/�n25�"4 � B46�"<>=32MN�46.�+��-¦��"4@25�8c*� %&�I�/%^2R� �"4hKM! !*78= �/� � B � �I! %&<>=32h,��"46�"%&!?:*784h`")v96�"%&!v96<>= �"%&! �"!dq



���¢� KM! ! =*78! NU�Mq���.�4646�"1325) 4@,��"4@Q]78= 46�"!g`") 4MTVP %&! P;.�0W7846%&957X25%&.�!

9M7��D���	�#�O��� Y �������!"�#���	$&%��!������������	���!� 
����>����7�� �i�!� 6�."��� ��7�
��&��0D."�#�D���#+!� 47�����<� ��4���

��#� R�%�.�+!.'���#��E'+!��."�����3"�	�#+�� [ F W �� ��� � 9;: � � � �$��� � J F � W �� ��� � 9;: � � � � � V �-����
� B F ��� � V �"254����
��#�>������������#��E'+!��."�����T"�	�#+ � [ F ��� [ � � J F �
 [ ����
�� B F�! J 3 � J �#�J%'&)( �	�!+3
��#�:����
���f��#����+!� *'��7�
��&7�+��	��$&%�� ���'PQ���	$&%'���� f�P��	��$&%���� �����!"�#���	$&%��!Ei����6������
��k���"
�7�+!���<�
�S�#+ � [ � J � B ��[ � J ��B �>H #�J%'&)(
 �!? � I�� B0/ J � @ [� ? ] �e� ] a � ] ^ �:? ] � V ] � � ] ` � ] � ] Y�� ] _%�:? ] � ] I"` � ] ^ �:? ] � ] _ � ] I%� ] � Y V � � ` � ] � ]�] � ��a%� ] �	���
V ? ] �e� ] Z � ] ^ �:? ] �e��_"` � ] I%� ] �e� ] - ? ] � ] I�a � ] ` �:? ] � ] _ � ] I%� ] � Y Z � ��a%� ] � ] Y�� ��I%� ] �	��I


 �!? 3 H54 J A B54 J A B [ � 3� ] � ] a ] � � ] � ] �e��� ^!� ] _%�:? ] � V a � V Y � ] � ] V Y�� � ] � ] � ] a � ] I%� ] � Y a � I�Z%� ] � ] Z � I ^ � ] � I�I
V ] � ] Z�_ � � ] � ] �e��� Y�� ] Y �:? ] �e� V 1 ] � ] V I � � ] � ] � ] Z � ] I%� ] � Z�Z � I V � ] �	��a � I V � ] � I Y
 �!? 3 H54I[�4 J A B [ W [� ] � ] ��I � ��� � ] � ] _�Z � ] ^ �:? ] �e� Y�� V I%� ] � ] ��a � ] ^ � ] � ] ` � ] _%� ] � Z�_ � ��� ] I%�:? ] �e� ` � I�a%� ] � Z�_
V ] � ] � V � ��� � ] � ] _�I � ] Y �:? ] � ] _ 1 ] � ] � ` � ] ` � ] � ] ^!� ] _%� ] � a�Z � ��� ] Y �:? ] �e� Y�� V ` � ] � a ]
 �!? � I�� 10/ J � @ [� ] � ] `�I � ] a%� ] �e��I Y�� ] Z%� ] � ] Y�� ��� � ] � ] V Y�� ] a%� ] � ] a � ] V � ] � I�Z � V ] � ? ] �e��� � ��_%� ] �	� Y
V ] � ] ` V � ] a%� ] �e��Ii� � ] I%� ] �e� ] - ] � ] V Y�� ] a%� ] � ] a � ] V � ] � Y ] � � ^ � ? ] � ] a � ��a%� ] �	��Z


 �!? 3 164 J A B54 J A B [ � 3� ] � ] I V � ] _%�:? ] �e� ] Z � ] ` � ] �e��� � � ` �:? ] � ] � V � ] ^ � ] � ] _ � ] I%�:? ] � ^ Y�� I ^ � ] � ] I � I ] � ] � Ii�
V ] � ] I�I � ] _%�:? ] �e����I � ] Y �:? ] �e� Y 1 ? ] � ] ��I � ] _%� ] �e� ] � ] Y �:? ] �X` Y�� I�a%� ] �	� ` � I ] � ] � I ^


 �!? 3 164I[�4 J A B [ W [� ] � ] a ] � ] Z%�:? ] � ] _�_ � ] Z%� ] � ] ` � � V �:? ] � ] V I � ] a%� ] � ] Z � ��a%�:? ] � Z�_ � V I%� ? ] �e��a � V I%� ] � V I
V ] � ] ai� � ] Z%�:? ] �e� ] I � ] I%�:? ] � ] _ 1 ? ] � ] V Z � ] a%� ] � ] Z � ] V �:? ] � a ] � V�V � ? ] �e��a � V Y � ] � I ]
� - � B ���	�����2g��.������ � 9>%���.��&�#��PQ����+>7���� �X� V Z�� ��21 � B ���	�����2g��.������ � ��7�$&%k9M7��D���	�#� V �	�O����
:! J 3 ������$&%����#+!+>a'� I'�	� �



�Mq��Vq��Vqsr-46�"=?) ! N/� �"9MTVP %&! P;.�0W7846%&957X25%&.�! 9@,��"1325.�469 ���_�
>@?BAC?�� � Q��4Q K M �	_�
 �	Q K ORQ KLT�� �	N^Q��	Q,_JQ,_�� � KLKLQ�� M �JK\ORQ K ��I��JKLQ,_
\�) !¯e78<>= 9@2-1�e.�! ! �"!gQ{.�0&N��"! � ����469578<>= �"!YQGe) 4h�*789M= %&�"4mQ{�"9@25N��"9@25�"0&0^25�Ijk�"46=*780^25�"!v�/%^2MTV%&<>= �"4OF
= �"%^2�78) 96N��"96<>= 0&.�9696�"!gi��"46� �"!d¥

	 #
%&!�Q]780&96<>= �"4�KM: `") Nw� �"9S��!325�"46N�46) ! � �"9"q
r-�"! !�ih%&�$�"%&! �UKM!*780^}V96�U`"�"%&N82�cB=*7X2�� �"4
��!325�"46N�46) ! �*78: `") Nb�"%&! �"!g�$7 5(%&�$780&�"!v#
%&!('*) +U78)(Q
� %&��TVP %&! P;.�0W7846%&957X25%&.�! 9@i��"4@25�I%&�
A
46.��/%&0&0&�":;�"46�"%&<>=dcV%&9@2�780&96.a) � �"%&! ��z�4¢e.�+��"! .�46� !?) ! N/`")v1?0&�"%&!dq

	 r-�"4Y��!325�"46N�46) ! � �"%&!('*) + � ) 46<>= 0&.�46�"!325`�784@25%&N���KM) 960Le78)(Q{�"4g� �"4Y�M78<>=?:*7846P;��781?9w%&�
TVP;�"132546) �vq_KM) <>=�� %&�"9B%&9@2Bih%&�C�"%&! ��#
!326Q]780^25) ! N�9646�"<>= !?) ! N�78!*780&.�N�`")�KM: 96<>= ! %^262k�Mq^�
`"�"%&N82M,��"46!*78<>= 0Le789696%&N�:*784"c�96�"0&: 9@2MQGe) 4-� %&��A
= .825.V�"0&�"132546.�! �"!dc;� %&��� �")(250&%&<>=Y96<>= 0&�"<>=325�"4
78)(Q{N��"0Le.�9@2h96%&! �v780&9m� %&��KM) N��"46�"0&�"132546.�! �"!dq

	 #=���"1325�8ch� %&�y� ) 46<>= ! %&<>=32v,��"46!*78<>= 0Le789696%&N�:*784|N�46.�+��w) !VF$.V� �"4b0&%&! ��784bP;.�0W7846%&96%&�"4@25�
op%&<>=32>78!325�"%&0&��%&!g� �"4-%&.�! %&96%&�"46�"! � �"!wT?254578= 0&) ! N/,��"46) 469578<>=32Ii��"46� �"!y1�e.�! !325�"!dqdr-�"! !
� %&�Rt*.�46�/�"0��§�Vq �3� � 0W78)(25�n2uQGe) 4u:;�"0&%&�": %&N�P;.�0W7846%&96%&�"4@25��T?254578= 0&) ! NS�{%&!�r-%&P;.�0&!¯e78= �"46) ! N � ¥

Z,+X�§� ��
 � � � [ 3� [b<".�9_�§� �
��# � J 3�� J�� A J �{<".�9;� � < B

J ¨
2 [(<".�9¢�§��
 � # 2 J 96%&!¯�§��
 � ª¢96%&! J �§� ��� �§�Mq^�¢� �

KM)(Q{N�46) ! �v� �"4h<".�9¢�§� � FLKM: =¯e78! N�%&N�18�"%^2�c ��) +/Z,+��*78= �"4mQGe) 4�� � ��©�£m,��"4696<>=3ih%&! � �"!dq
	 #
%&!I9@}V9@25�"�$7X25%&96<>=IQ]780&96<>=I�"%&! N��"9@25�"0&0^25�"4d¦�%&! 18�"0��"461?0Le784@2¯! %&<>=32B� %&�
%&!�KM: 96<>= ! %^262E�Mq��Vq^�
:;�".�:*78<>=325�n25��T?}V9@25�"�$7X25%&1sq

z�46) ! � 9¢e7X25`"0&%&<>=�! %&<>=32S78) 96`") 96<>= 0&%&�"+��"!~96%&! ��� %&�/%&!�KM: 96<>= ! %^262a�Mq��Vq^�U� %&961?)(25%&�"4@25�"!~78P P*7_F
457X25%^,��IKM9@}V�/�/�n2546%&�"!dcs� %&�I� ) 46<>=Y�"%&! � eKM! � �"46) ! NU� �"9MA
= .825.�! �"! 9@254578= 0&9�QGe) 4 =?>�) ! �.=�@ F
op%&<>=32U,��"46) 469578<>=32|i��"46� �"!dqmr-%&�g� %&�"96:;�"`(e) N�0&%&<>= = .�= �wA
4¢e78`"%&96%&.�! � �"4b�M#C�8� � �nFO����78�/0&%&! �
:;�"%B�R#CT T��®6®�96P 46%&<>=32 ;6�"� .V<>=g�"= �"4�N��"N��"!v96.�0&<>= ��#=���"1325�8q�r-�"9mi��"%^25�"46�"!g1X78! !Y78) <>=g� %&�
:;�".�:*78<>=325�n25�Ijk.�46`"�"%&<>= �"! 9@}V9@25�"�$7X25%&1b= %&�"46� ) 46<>=v! %&<>=32�46%&<>=325%&Na�"461?0Le784@2mi��"46� �"!dq
#
%&! ��r-46�"=?) ! NS� �"9�TVP %&! P;.�0W7846%&957X25%&.�! 9@,��"1325.�469Ci�e7846�-= %&! N��"N��"!b�"%&! �-�Ye.�N�0&%&<>= �M#
461?0Le7846) ! N c
.�:3i�.�= 0m�"%&! �|fh�"9@26Q{�"0&� 9@2_e784618�|,�.�!�� � ¤�c
78! N��"96%&<>=3259/� �"4S%&� #�5(P;�"46%&�/�"!32S,��"4@i��"! � �n25�"!
KM: 96<>= %&46��) ! N��"!g) ! �v� �"4�781325%^,��"!g���"0&�/= .�0^25`GF���.��/P;�"! 957X25%&.�!dc?46�"<>=32M= .V<>=v%&9@2�q
z��"N��"!��-)*78� 46) P;.�0&�/���"1325�U780&9���469578<>= �U96P 46%&<>=32S�"%&! �"4696�"%^259�� �"4�`")�N�46.�+��UAu784578�/�n25�"4 � B�c96.¢ih%&�R78! � �"46�"4696�"%^259u� %&�CN�0&�"%&<>= �Rz�4¢e.�+��"! .�46� !?) ! NMQGe) 4uA
= .825.XFd) ! ��KM) N��"46�"0&�"132546.�! �"!dq8r-�"! !
� %&�a�-)*78� 46) P;.�0&:;�"%^254¢e78N��8cs� %&��:;�"46�"%^259MQGe) 4-� %&�SA
= .825.V�"0&�"132546.�! �"!w1?0&�"%&!w`")w�"4@iR784@25�"!y96%&! �dc
96.�0&0^25�"!gQGe) 4-KM) N��"46�"0&�"132546.�! �"!y) � �"%&! ��i��"%^25�"46�/z�4¢e.�+��"! .�46� !?) ! Nb1?0&�"%&! �"4-96�"%&!dcd78)(Q{N�46) ! �
� �"4mt*.�4@25P('s78! `") ! Nge) :;�"4�� %&�MKM0&%&N�! �/�"!32@Fu:;�"`"%&�"=?) ! N�9@i��"%&96�:�-46%&�"!325%&�"46) ! N�9@25�"! 96.�46�"!�� �����
�/%^2����x� � ¨��_�8�Xª]q
r-�"9�i��"%^25�"46�"!�9578N��"!�! �") �"9@25�b,�.�!���q K�qk��= �"46�"P 18.¢,�� ) 46<>= N��nQGe) = 4@25�
fh�"<>= !?) ! N��"!��"%&! �"!y%&��jk�"46N�0&�"%&<>=w`") � = %&�"4�:;�".�:*78<>=325�n25�"!�) � `ni��"%�z�4¢e.�+��"! .�46� !?) ! N��"!
1?0&�"%&! �"46�"!g#=���"132�� ) 46<>=w�-)*78� 46) P;.�0&:;�"%^254¢e78N���,�.�4578) 9�¨��_�8�Xª]q



���¢� KM! ! =*78! NU�Mq���.�4646�"1325) 4@,��"4@Q]78= 46�"!g`") 4MTVP %&! P;.�0W7846%&957X25%&.�!

9M7��D���	�#� ��� Z'� ,/����"�#���	$&%H
���� ����
�������������	���!� 254��� 
��#� �	�8+!�&�	�����	��$&%���� RS7��&7�(T��+!���

���� 
 �!? 3 H@A 154I[04 J A B [ W [ ? ����
 
���� R���.�0D.���+��#."��7��	�#+ 47�+��!2 7�E'+!.������ � 254��� 
��#� 
 �!?
3 H@A 154 J A B64 J A B [ � 3 ?C���������f�����2!47��	�#� 254����
��#� 6����&��$&%��#��
��������:����7�� �i�!��(T��+�%�.i
����<�

3 H54I[�4 J A B [ W [ 3 154I[04 J A B [ W [

 .�������E'+���� � [  [ � [  [
��0�0�7��&7�+��#6��L�����i(*(T��+!�&�#� ] � ] a ^!�gY ` � ] �X` V�V � _�a%� ] � Z ] ^!�gY�Y � ? ] �X`�_�I � _�a%�
'0��	�86���E'+!.��&
�����%'���� ] � ] `�Z �gY8^ � ] �X` Y ] � Ii� � ] � Zi��Z �gY I%� ? ] � ^ ] Z � V ^ �
� ��7�
��&��0D."�#���D��E'+!� ] � ] _"` � ^ _%� ] �X`�Ii� � I�I%� ] � Y8^ ] �gY I%� ? ] � ^ ] ^!� V ^ �

3 H 4 J A B64 J A B [ � 3 3 154 J A B64 J A B [ � 3
� !$% � !$# � !$% � !$#

��0�0�7��&7�+��#6��L�����i(*(T��+!�&�#� ] �e� V a � ��I%� ] �e��I ^!� � ` � ] �e� V _ � ��I%� ] �e��I ^!� V I%�
'0��	�86���E'+!.��&
�����%'���� ] �	� V ^!� ] Z%� ] �	� V _ � ] Y �
� ��7�
��&��0D."�#���D��E'+!� ] �e� V ` � ] Z%� ] �e��I�I � V�V � ] �e� V ^!� ] Y � ] �e��� V � Ii� �

¦�%&�R�$78!S78! =*78! �a� �"9
jk�"46N�0&�"%&<>= 9E� �"4E¦��"4@25�RQGe) 4E� %&�R�/%^26250&�"46�.�?)*78� 457X25%&96<>= �hKM:3i��"%&<>=?) ! N
� J%'&)( %&!v� �"!Y¤u78:;�"0&0&�"!w�Mq���� �Mq �$96.¢ih%&��%&!vKM: : %&0&� ) ! NU�Mq��Vq �U78�x���"%&96P %&�"0¯� �"4MA
= .825.V�"0&�"1�F
2546.�! �"!Y�"4618�"! !32�c;QGe) = 46�"!w� %&�I,��"4696<>= %&�"� �"! �"!yKM!*780^}V96�"�/�n25= .V� �"!w0&�n25`n25�"! � 0&%&<>=g`")Y� �"�/96�"0�F
:;�"! #
46N��": ! %&9|QGe) 4|� %&�y%&!32546%&! 96%&96<>= �"! Au784578�/�n25�"4"qh®L! ¤u78:;�"0&0&���Mq���96%&! � ! .V<>= �$780&9b� %&�
�"! � Nde) 0^25%&N��"!�¦��"4@25�UQGe) 4S� %&�b%&!32546%&! 96%&96<>= �"!�Au784578�/�n25�"4�� �"4a) !325�"4696) <>=325�"! KM) N��"46`"�"4@Q6e780&0&�
`") ��jk�"46N�0&�"%&<>=|`") 9578�/�/�"! N��nQ]78+82�q
tMe) 4u� %&�ki��"%^25�"46�RKM!*780^}V96�R� �"4EKM) N��"46`"�"4@Q6e780&0&�C%&�¡f�78= �/�"!�,�.�!/��.�) 0&.���: �$7X2546% 5(�"0&�"�/�"!325�"!
`"%&�"= ��%&<>=v� %&��#
46N��": ! %&9696��� �"4���.�4646�"1325) 4�� ) 46<>=Y78P P*78457X25%^,���KM9@}V�/�/�n2546%&�"!v= �"4578!dq e��:;�"4
�*789h®L!3,��"4696��� �"4�t*.�46�/�"0
�§�Mq � � ¥

6S�§� � � ��<��)��#�� � p6S�§� �� p6a�§� � <��)��#�� � �§�Mq^�¢� �

0W789696�"!v96%&<>=v�/%^2m� �"!g:;�"1X78! !325�"!��OF ¦��"4@25�"!Y78) 9hKM: 96<>= ! %^262-�Mq��Vq^��18.�4646%&N�%&�"4@25��TVP %&! P;.�0W7846%�F
957X25%&.�! 96�*7X25�"!wQGe) 4IZ � �§� � ) ! ��Z,+_�§� � �"46`"�") N��"!dq¯®L!�� �"!�KM: : %&0&� ) ! N��"!��(q �U) ! ���(q �|96%&! �;6�ni��"%&0&9m� %&�I78)(QE� %&�"96��¦��"%&96��18.�4646%&N�%&�"4@25�"!gTVP %&! P;.�0W7846%&957X25%&.�! 96�*7X25�"!U�*7846N��"9@25�"0&0^2�q
\�%&�"=32��$78!aQGe) 4C� %&��%&!$KM: 96<>= ! %^262m�(q ��N��nQGe) = 4@25�-r-%&961?) 9696%&.�!$� �"4m��.�) 0&.���: �$7X2546% 5(�"0&�"�/�"!325�
QGe) 4a� %&� ��4OFE0yH@A 1�KS[5K J A B [ Z
[LF e��:;�"46Nse78! N��|� %&�v#
46N��": ! %&9696�g� �"4$78! � �"46�"!�KM) 9@i��"4@25) ! N�96�/�GF
25= .V� �"!y= �"4578!dcp96.|QGe) = 4@2I� %&�"9I`")�� �"! 96�"0&:;�"!�TV<>= 0&) +8Q{.�0&N��"46) ! N��"!dqd®L!�780&0&�"!ytme780&0&�"!Y0&%&�"N��"!
� %&�h%&!32546%&! 96%&96<>= �"!UAu784578�/�n25�"4C96.�!*78= �M78!$� �"4�oBT � F���.�P P 0&) ! N�96N�46�"! `"�8cV�*78+�� %&����! 96%&<>= �"4OF
= �"%^2
%&!S� �"!/��5V254578= %&�"4@25�"!/KM�/P 0&%^25) � �"!3,��"46=¯e780^25! %&9696�"!a) ! �/A
=*7896�"! � %`���"46�"! `"�"!$`")/N�46.�+-QGe) 4
�"%&! ���"%&! � �")(25%&N��I���"9@25%&�/��) ! NSih%&46�dq



���������
	��
������������������������

¨��"ª���qs���"4@25`8q���� �"!�#$!&%('*),+-!  � �O�¢���3� � �����(q
¨ �_ªIK�qs#
%&! 9@25�"%&!dq.��� �"!�#$!&%('*),+-! �0/ �O�¢��©3� � �¢�3�Vq
¨ �Xª�ABq*KM) N��"4"q21(!�34!���576$#$!98:5<;=!�%>6@?A;B+4C*DFE��O�¢�3�8� � ���8�(q
¨ �8ª � q GBqs��HBI<J�I<KLK-MN%('*),+-!&3PO<QR!"SFT��O�¢�8�3� � �3�*M
¨ �_ª�t�M UVM&WXHBYZI\[\]:^_M���MBz4`Z[LI<JPabK7cLdfe:]9UVM ghM�i&j@kZlnmh`ZaB[o`ZkZY��2M���M9G9pnHBHBp*dfqFMr%('*),+-!(3PO<QR!/ Cw�O�¢�8�?� � �3�8�0M
¨ �Xª���M��4`ZkZs@M>8F)R�t5f'*?7uRv=?7uR�w3>6$#@;=6@v=;xuR� M(y*zZ[LaBkZlnI\[\]s��I\[LHBaBk:]��¢�3�8�0M
¨ �_ª �{M?¦|aBHBHBI@M&%('*),+<;B}~#�O<?r�"O<;��B5f' O<�"�AOf+,5f'*�BO<�*� ;b��O<?>�*�"#{8F)R�t5f'*?7uRv=?7uR�0+<v=?L6�'*���*�*��+-�\� O<���BO<� M

¤9I\`Z�ZkZI\[\]:y�K7`0KLK7l$j@[�K-]d�¢�����0M
¨ �Xª � M*��I\[Lq@p,JPabK7s@M�%(' uRv�u-6$�A+,uR?��"v=;xuR�0��%(' uRv�uR;xuR� ;b�,6@v=;xuR��6@�"#2%(' uRv�u,O<�BOf5<v=?7uR��8n� Of5<v=?7u,+,5fuR�

�")RM(^�d-j@YZI\mraBdVGX[LI\cLc\];��I<J �.pn[LqF]d�¢�3�8�0M
¨ �Xª � M ^_M UVM&y0j@mrcLpnk:M_�V�����r���V�X�"�*���������Z�B ,¡0�=�����:MI®�kw¦¢M&£�I\eZHBeZpn[Lk:]p��[LcLlZMb]9¤V6@�"#$�\� 5f'

#�O<?o%('*),+<;B}R] ��Y:Ms�(�n]Fy"Mp�_�X�ZMFy*zZ[LaBkZlnI\[\] ��I\[LHBaBk:]d�¢���3�*M
¨��¢©Xª��2Mty*aBI\ln� j@eZkw`ZkZY¥iXM;�Vj@[LHBcLcLpnk:M>�X�"�*���*¦f§�¦\���=¨A���ª©@«�¦\���=¨A��¬A�\�<«*:Mh®�kv¦¢Mt£�I\eZHBeZpn[Lk:]

��[LcLlZMb]t¤V6@�"#$�\� 5f'¥#�O<?�%('*),+<;B}R]F��Y:Ms�(�n]Fy"M;�V�_�*MFy*zZ[LaBkZlnI\[\] ��I\[LHBaBk:]��¢���3�*M
¨����"ª�¦¢MP£�I\eZHBeZpn[Lk:M��h®R¯0¦f¨7°x±X§�¦\���=¨A���²©@«�¦\���=¨A���³¦��=¨�´��µ·¶(��¨A¦w¸�¦�¹,¦f§B¬w��µV�V�����r¬\M ®�k

��M ��[7j@cLI\m·j@kZk:](��[LcLlZMb]Z��v�uRº{;x5P»A� �tO<?A��8Z' O<���0%('*),+<;x5f+<]0y"M;���¢�0M*GXHBI\k�`Zm¼GX[LI\cLc\] ��I<J�.pn[LqF]p�¢�n½3�*M
¨��_�_ª2¾2M$��I\dfq@I\[.`ZkZYr¿hM ^_M$y*eZaB[LHBI<ÀnMF��¡R¨-�=��¡R§�¶�¨A��¬L¬�© ¦\���=�����Z¬.¡R�"Á_���0¯F®@§�¡R¨�Âo�B¬-�=¨L��Ã0®Z�=�����Z¬\M

®�kª¾2M"��I\dfq@I\[4`ZkZY¥¿hM ^_Mty*eZaB[LHBI<Àn];��[LcLlZMb]oÄPÅ�ÄÆ6@�"#·8:uÈÇAv�ÉV�x3>6@)r%(' uRv�uR;xuR� ;b�,6@v=;xuR� ]
y"M�Ê,Ë$Ì*M GXHBI\k�`ZmÍGX[LI\cLc\]���I<J �.pn[LqF]�Ê¢���nÎ0M

¨�Ê,ËXª � M �2M ¿hMtWXHÏj@kZYw`ZkZYwghMty*dfeZmraBY0K-M_¶(���B�"�f��ÁZ¦f�"�\¦VÐª¦<¡R¬-®@¨A¦f�³¦f�"�=¬_���wÑL���Z¬4¡R�"Á�±X§�¦\�A°
�=¨A���Z¬\Mu®�kÒ¾2MZ��I\dfq@I\[P`ZkZY�¿hM ^_MZy*eZaB[LHBI<Àn] ��[LcLlZMb]>ÄPÅ�ÄÓ6@�"#{8:uÈÇAv&ÉV�x3>6@)h%(' uRv�uR;xuR� ;��
�,6@v=;xuR� ]Fy"M*�3�$Ì*M GXHBI\k�`ZmÔGX[LI\cLc\];��I<J �.pn[LqF]�Ê¢���nÎ0M

ÊnÊ¢�



Ê_�8© i�abK7I\[7jRK7`Z[��nI\[Ls\I\aBdfeZkZaBc
¨�Ê��8ª_¾2M���I\aBkZs\m·j@kZk�`ZkZY �2M ^_M���eZI\[LI\zZq@p��"M¢©@«t�B�Æ�X��§�¡R¨L�B ,¡0�=�����Ó�B�Æ�X�"�*���������Z�B ,¡0�=�����:M

®�kª¾2M"��I\dfq@I\[o`ZkZYª¿hM ^_Mty*eZaB[LHBI<Àn];��[LcLlZMb]�ÄPÅ�Ä 6@�"#·8:uÈÇAv�ÉV�x3>6@)r%(' uRv�uR;xuR� ;b�,6@v=;xuR� ]
y"M"Ì��*ÊnM GXHBI\k�`ZmÍGX[LI\cLc\];��I<J �.pn[LqF]�Ê¢���nÎ0M

¨�Ê�Ì_ª_��MF��I\YZI\[LcLpnk:M21.uRº{ºr!:��v�!���uR�b!&%('*),+-!&C��ÈÊ¢�nÎ�� � �ZÊn] Î$Ì*M
¨�Ê,ÎXª � M��4I\cLcLHBI\[\M21.uRº{ºr!t��v�!���uR�b!&%('*),+-!9C��	�ÈÊ¢�n½0Ê � ��
*M
¨�Ê�
_ª_¾2Ms��I\aBkZs\m·j@kZk:M�Z!&%('*),+-!�� C����ÈÊ¢�n½�© � �$Ë$Ì@Ë0M
¨�Ê,½Xª_¾2Ms��I\aBkZs\m·j@kZk:M�Z!&%('*),+-!�� C����ÈÊ¢�n½�© � �$ËnÎ�
*M
¨�Ê¢�Xª���e:Mk��I\dfq@I\kZqRj@mrz:M��³;��0}$O<���_�*�"#¥+��";�� ��6@�AÇL��O<���u,+<v�Or%(' uRv�u,O<�BOf}Rv=?7uR�tO<�0+�� Of}Rv=?7u,+f}$uf�";xO

º{;�v&�\;�?7}R�*�b6@?.� uR�b6@?A;B+<;xO<?Av�O<?P8F)R�t5f'*?7uRv=?7uR�0+<v=?L6�'*���*�*�r6@�VÇA?7O<;xO<�·ÉhO<�tuR����v�uRº·O<� M&¿oaBc��
cLI\[�KfjRK7aBpnk:]�� [LI\aBIV¾�kZa��nI\[LcLabK��jRK���I\[LHBaBk:]tÊ¢�n½8�ZM

¨ �8©Xª���e:Ms��I\dfq@I\kZqRj@mrz:]���MFy*dfe��j ��I\[Lc\]�!{MFy*dfe��pnkZeZI\kZcLI_`ZkZY¥¾2M*��I\aBkZs\m·j@kZk:M�%('*),+-!&3PO<QR!
"&O<v=v�!�#FE	�ÈÊ¢�n½8� � �?�*ÊnM

¨ �*Ê"ª���e:M*��I\dfq@I\kZqRj@mrz:]$��M y*dfe��j ��I\[Lc\]$!{M y*dfe��pnkZeZI\kZcLI2`ZkZY�¾2M*��I\aBkZs\m·j@kZk:M&%�!�%('*),+-!('
E	�ÈÊ�)n½nÎ �* Ì+
*M

¨ *+* ª,!{M y*kZI\HBHx]Z¾2M ��I\[LlnI\kZe j@eZk:]s�2MF£-�`ZHBHBI\[\] £�M ¿o[LI\cLdfeZI\[\] � M*goaBI���e j@`Zc\] ¾2M ��I\dfq@I\[P`ZkZY
¾2Ms��I\aBkZs\m·j@kZk:M�%('*),+-!&3PO<QR!:� S.�	� * ©�©0Ê�/�©nË * 
*Ê * M

¨ * ËXª2^_MC��j@`ZcLm·j@kZk:](��M>�0�j@mrmrI\[LHBaBkZlZ]u�2M��4pncLcLm·j@kZk `ZkZY ghM�y*dfeZmraBY0K-M %('*),+-!>3PO<QR!
"&O<v=v�!tS�C��ÈÊ�)n½n½�/ * ÎnÎ+)0M

¨ * 1 ª � M � aBm32I\kZI\s4��£�aBI\[\];��M ¿hM��Nj@HBY0J�I\HBH&`ZkZYª¿hM iXMFWXYZI\[LI\[\Mo%('*),+-!�3PO<QR!�"&O<v=v�!�# / �ÈÊ�)n½nÎ�/
*+* Î�©0M

¨ * Ì_ª��2Ms��j@mrY0Àn]*�2M � MF��I<ÀnI\[\] � M ��M(¦�I\c�K�`ZkZYg�2M<�4HBI\aBkZz"pnzZz"I\k:M5�Z!&%('*),+-!�� E768�ÈÊ�)+)0Ê�/
1 )$Ì+
*M

¨ * ÎXª_��M��0�j@mrmrI\[LHBaBkZl_`ZkZYÒghM"y*dfeZmraBY0K-M�%('*),+-!�3PO<QR!�"&O<v=v�!tS / �ÈÊ�)+)0Ê�/�Ê,½ 1 ½0M
¨ * 
_ªhy"M � M³y*dfe j@zZeZpn[Lc�K-]:9hM;9oaÏj@k:]·G9M �4[��j@cLcLaBlZ]·��M0�@j@k �Vj@mrz"I\k:]$�2M³y*dfeZI\[LI\[ `ZkZY

ghM"y*dfeZmraBY0K-M�Z!&%('*),+-!��<���8�ÈÊ�)+)�
+/�Ê�)+)�
*M
¨ * ½Xª��2M � Mt��I<ÀnI\[\] � M ��Ms¦�I\c�K-]M�{M � M"UPpncLc\]M�{M"¾�I\Y j0]��2M £�MM�Vj@� j@dfeZkZaBqF];�2M;��j@mrY0ÀÒ`ZkZY

�2M��4HBI\aBkZz"pnzZz"I\k:M5�Z!&%('*),+-!�� EFD��ÈÊ�)+)$Ì+/Ni 1 
*M
¨ * )Xª �hM(GXHBp@K7s\q@I@]5!{M(GX[=�`Zmrz"I\[\](��M5>taBmrmrI\[Lm·j@kZk:]�¾2M(��I\dfq@I\[�`ZkZY �2M>�4HBI\aBkZz"pnzZz"I\k:M

%('*),+-!&3PO<QR!�"&O<v=v�! /F/ �ÈÊ�)+)nÎ�/ * Î 1�* M
¨ Ë�©Xª3�{M�!4p*YZI\e�`ZcLI\k:]:G9M(>taBmrmrI\[Lm·j@kZk:]Z^_M g(I\[�J�I<ÀnI\k:]:^_M.�*Yª��pn[LkZI@]tGXe:Ms¦�I\[LkZI<Ko`ZkZY

��M"y*pnkZk$Kfj@lZM�%('*),+-!&3PO<QR!��?#FD	�ÈÊ�)+)n½�/NU�ËnË�
*ÊnM



i�abK7I\[7jRK7`Z[��nI\[Ls\I\aBdfeZkZaBc Ê * Ê
¨ Ë0Ê"ª !{M·GX[=�`Zmrz"I\[\]r��M >taBmrmrI\[Lm·j@kZk:]{��Mri&j@kZlnI\[\]·UVM/��I\k$K7lnI\c\]U�2M ^_MU��eZI\[LI\zZq@p��"]

��M�y*dfeZmraBY0K7q@I@]�£�M�¿o[LI\cLdfeZI\[\]�¾2Mu��I\aBkZs\m·j@kZk:]9¾2M9��I\dfq@I\[{`ZkZY~�2M��4HBI\aBkZz"pnzZz"I\k:M
%('*),+-!&3PO<QR!�"&O<v=v�!tE768� * ©�©�©�/>Ì8©�
 1 M

¨ Ë * ªV^_MF¿opn[Lk:]'�hM$>:jRK7c7j@[LaBkZk$À�`ZkZY|¦¢M"£�I\eZHBeZpn[Lk:M�Z!&%('*),+-!��<���8�ÈÊ�)+)�
+/ * )�
nÌ*M
¨ ËnËXªV^_M �2M$!4[L`Zm ��!4[Ls\eZaBm·j@aBHBpZ]@^_M ¿opn[Lk³`ZkZY|¦¢MF£�I\eZHBeZpn[Lk:M41.uRº{º{�*�"!(��u-#$!&%('*),+-!�'

C��ÈÊ�)+)+)�/ * )0M
¨ Ë 1 ª �{M:¾�I\Y j0] �{M�y*eZaBmraBs\`:];�2Mp��eZaB� j0] �{M�y0jRK7pZ]:£�MS�4abKfj ;LaBm·j0]s�2M�¤�j@k j@qRj·`ZkZY��2M £�M

�Vj@� j@dfeZkZaBqFMN%('*),+-!&3PO<QR!�"&O<v=v�!tD.�	�ÈÊ�)+)+)�/NÌ 1 ÎnË0M
¨ Ë$Ì_ª2¾2Ms��j@eZk:] � M"y*I\mrq@I@]s�2M"£�I\[Ls2`ZkZY � �4I\cLcLHBI\[\M �Z!&%('*),+-!��´C*D	�ÈÊ�)n½$Ì+/�i 1 Ê�
*M
¨ ËnÎXª2UVM1�4`Zk$K7s\I@]F£�MZy0j@HBs\m·j@kZk:](�2M0� �p@J�I\[LaBkZlh`ZkZYÒ¾2M(��I\aBkZs\m·j@kZk:M�%('*),+-!:3PO<QR! "&O<v=v / �

�ÈÊ�)+)nË�/NË�
*Ê,Î0M
¨ Ë�
_ª2UVM �4`Zk$K7s\I@].£�M(y0j@HBs\m·j@kZk:]u�2MX� �p@J�I\[LaBkZl `ZkZY ¾2M
��I\aBkZs\m·j@kZk:M3%�!N%('*),+-!' ���

�ÈÊ�)+)nË�/ * Ë$Ì*M
¨ Ën½Xª2UVM��4`Zk$K7s\I@]Z£�M0y0j@HBs\m·j@kZk:]3�2M*� �p@J�I\[LaBkZlZ]�¾2M?��I\aBkZs\m·j@kZk:]nghM �{M?® �@j@kZp��~`ZkZYU�2M £�M

�Vj@� j@dfeZkZaBqFMN%('*),+-!&3PO<QR!:� #��8�ÈÊ�)+) 1 / 1 ½+)0M
¨ Ë+)Xª !{M0y*kZI\HBHx]*£�M*¿o[LI\cLdfeZI\[\](�2M0£-�`ZHBHBI\[\]�¾2M(��I\aBkZs\m·j@kZk:]�¾2MV��I\[LlnI\kZe j@eZk:] � M$goaBI���e j@`Zc\]

��Ms��I\aBcLI\[\]F¾2M ��I\dfq@I\[�`ZkZYg�2M ��MF��[Lp*pnq�c\MN%('*),+-!�3PO<QR! "&O<v=v�� / S	�ÈÊ�)+)nÎ�/�Ë+) * Ë0M
¨ 1 ©Xª !{M$y*kZI\HBHx]@��M$i&j@kZlnI\[\]$£�M$¿o[LI\cLdfeZI\[\]3�2M�£-�`ZHBHBI\[\]@��M�>taBmrmrI\[Lm·j@kZk:]R¾2M���I\[LlnI\kZe j@eZk:]� MZgoaBI���e j@`Zc\]F¾2M*��I\aBkZs\m·j@kZk�`ZkZYw¾2M ��I\dfq@I\[\MP%('*),+-!&3PO<QR!�"&O<v=v�!tDFE	�ÈÊ�)+)+)�/ * 1 ½�©0M
¨ 1 Ê"ª !{M¥y*kZI\HBHx]¥£�M¥¿o[LI\cLdfeZI\[\]w�2Mª£-�`ZHBHBI\[\]�¾2MY��I\aBkZs\m·j@kZk:]w¾2MY��I\[LlnI\kZe j@eZk `ZkZY

¾2MF��I\dfq@I\[\M �Z!�%('*),+-!��<�FE	�ÈÊ�)+)+)�/ * ËnÎ0ÊnM
¨ 1�* ª2¾2M
��I\[LlnI\kZe j@eZk:]&!{M(y*kZI\HBHx]�£�MX¿o[LI\cLdfeZI\[\].��M(y*dfeZmraBY0K7q@I@]
�2M(£-�`ZHBHBI\[\]�¾2M
��I\aBkZs4�

m·j@kZk:]F£�M ¦|aBI\YZI\kZe��p=��K�`ZkZYw¾2MF��I\dfq@I\[\M>%('*),+-!&3PO<QR!�"&O<v=v�!tDFE��ÈÊ�)+)+)�/>Ì8© * ©0M
¨ 1 ËXª2��M�y*dfeZmraBY0K7q@I@]:£�M:¿o[LI\cLdfeZI\[o`ZkZY ¾2M���I\aBkZs\m·j@kZk:M4©nZ¬-��¦f��¡0�=���2¡R�ÒÃR�b¯F®@��� ��B�
�=�"¦

¦ � �=¨f¡$���=����� ��µ2��¡0�=¨L� � ¦f§�¦f�³¦f�"�=¬Òµ�¨A��� �=�"¦���¹,¦�Á@Z�F¡R�r���<¡R§>«�¡R¨f¡R�³¦���¦f¨L¬w��µo«t�"�R°
���������Z�B ,¡0�=�����:My®�kÆ%�?7u,5-!����$�"#w»A� v�!21.uR�-Ç\!ouR�Ó%(' uRv�uR� ;x5f�����BOf5<v=?7uR� ;x5�6@�"#w��v�uRº{;x5
1.uR����;B+<;xuR�0+<] y*I\kZY j@ax] �ÈÊ�)+)+)�/AM

¨ 1+1 ª2��M�y*dfeZmraBY0K7q@I@]&£�M:¿o[LI\cLdfeZI\[\]p�2M ^_Mp��eZI\[LI\zZq@p��ª`ZkZY ¾2M
	�I\aBkZs\m·j@kZk:M �Z!�%('*),+-! �
�.�	� * ©�©�©�/ * 1 Ì*ÊnM

¨ 1 Ì_ª2��M>y*dfeZmraBY0K7q@I@]��4M �4e j@HBaBHx]�2M>£-�`ZHBHBI\[\]�£�MN¿o[LI\cLdfeZI\[³`ZkZY|¾2M�	�I\aBkZs\m·j@kZk:M��P¦A°
¬-�=�B�r�³®@�0¯�ÁZ¦f¨>�B�"�=¨L�B�Z¬L�B¬A���"¦f����¡R¨f¡R�³¦���¦f¨����4®@�"Á����PÁ"®@¨A���ª¦ � «t§B�B \����¦�Ðª¦f¬L¬-®@�0¯�ÁZ¦f¨
�ª�B����¦f§�¡ZÃR���¡R�0¯$�b¯���¦f���PÁZ¦f¨_©@«t�B�$«���§�¡R¨L�B¬f¡0�=������¹,�����h®R¯0¦f¨A¦f§�¦��"�=¨A���"¦f�:M���k ÄFO<?7'Z6@�"#0�b!
'o%! #"�Ä"»%$'&)(@] ��pnkZk:] � *+*,*,* /AM



Ê *+* i�abK7I\[7jRK7`Z[��nI\[Ls\I\aBdfeZkZaBc
� 1 Î��_��M·y*dfeZmraBY0K7q@I@]��4M��4e j@HBaBHx]{£�M·¿o[LI\cLdfeZI\[\]'2M�£-�`ZHBHBI\[\] 2M £�M��Vj@� j@dfeZkZaBq�`ZkZY

¾2M 	�I\aBkZs\m·j@kZk:M�Z!&%('*),+-!�� �.��� *+*,*,* />Ì *+* Ì*M
� 1 
��_��M·y*dfeZmraBY0K7q@I@]��4M��4e j@HBaBHx] 2M�£-�`ZHBHBI\[\]r£�Mr¿o[LI\cLdfeZI\[\] 2M £�M��Vj@� j@dfeZkZaBq�`ZkZY

¾2M�	�I\aBkZs\m·j@kZk:M����B¨L¬-���³¦<¡R¬-®@¨A¦f�³¦f�"�=¬o�����=�"¦o¡R�0¯F®@§�¡R¨�ÁZ¦È«�¦f�"ÁZ¦f�"�\¦_���9�h®R¯0¦f¨�¦f§�¦\�A°
�=¨A���³¬�«t�B�~«���§�¡R¨L�B ,¡0�=�������x��¨
	2¦o¡R�"Á��4¨P¡0�����r¬4ÃAÒ�³¦<¡R�Z¬����.�=�"¦��"¦f§B���<¡R§�®@�"Á"®@§�¡0����¨
9±��������³�����N±.©Z©��X°=ÑLÑfM ��k %�?7u,5-!(»A� v�! �wuR?7},+f' uf� uR��%(' uRv�uR;xuR� ;B+-6@v=;xuR� ]��Nj@[L[�À�HBI
UPpn`ZI<K-] � *+*,*,* /AM

� 1 ½��_��M·y*dfeZmraBY0K7q@I@]��4M��4e j@HBaBHx] 2M�£-�`ZHBHBI\[\]r£�Mr¿o[LI\cLdfeZI\[\] 2M £�M��Vj@� j@dfeZkZaBq�`ZkZY
¾2M 	�I\aBkZs\m·j@kZk:M�Âo�B¬A�\�n¹,¦f¨�~��� ¡��È®@�"Á0¡R�³¦f�"��¡R§0ÁZ¦È«�¦f�"ÁZ¦f�"�\¦�Ã0¦����X¦\¦f�{�B�"�=¨L�B�Z¬L���t«�¡R¨f¡@°
�³¦���¦f¨L¬>���t�h®R¯0¦f¨NÁZ¦\�<¡AÒ¡R�"Ár�\���Z¬A¦��Z®�¦f�"�\¦f¬��x��¨��=�"¦�¦ � �=¨f¡$���=�����³���t��¡0�=¨L� � ¦f§�¦f�³¦f�"�=¬
��¨A��� �³¦<¡R¬-®@¨A¦\Á�Á0¡0��¡*M ��k %�?7u,5-!>»A� v�!;�wuR?7},+f' uf�´uR� %(' uRv�uR;xuR� ;B+-6@v=;xuR� ]
�Nj@[L[�ÀÓHBI
UPpn`ZI<K-] � *+*,*,* /AM

� 1 )��_��M·y*dfeZmraBY0K7q@I@]��4M��4e j@HBaBHx] 2M�£-�`ZHBHBI\[\]r£�Mr¿o[LI\cLdfeZI\[\] 2M £�M��Vj@� j@dfeZkZaBq�`ZkZY
¾2M�	�I\aBkZs\m·j@kZk:M|Ñ��_«t§B���<¡0�=�����Z¬·���2¡ �"¦ �X§�²Á��B¬A�\�n¹,¦f¨A¦\Á��B�"��¦f¨AÁZ¦È«�¦f�"ÁZ¦f�"�\¦ª���o�B�"�x°
¨L�B�Z¬L����«�¡R¨f¡R�³¦���¦f¨L¬!�x��¨~�=�"¦h¡R�F¡R§�Z¬L�B¬_���N¡R�0¯$§�¦A°N¡R�"Á¥¬�«t�B� ¨A¦f¬A��§�¹,¦\Á¥�h®R¯0¦f¨_¦f§�¦\���=¨A���
¬�«�¦\���=¨A��¬A�\�<«*
���>�=�"¦"�4¨	0$#&% 1('��)'"*)% + �-, ���h®R¯0¦f¨2ÁZ¦\�<¡A:M ��k�ÄFO<?7'Z6@�"#0�b! 'o%! "�Ä"»%$
&/.R] ��I\[LHBaBk:]�� *+*,* Ê�/AM

� Ì * �_��M·y*dfeZmraBY0K7q@I@]��4M��4e j@HBaBHx] 2M�£-�`ZHBHBI\[\]r£�Mr¿o[LI\cLdfeZI\[\] 2M £�M��Vj@� j@dfeZkZaBq�`ZkZY
¾2M+	�I\aBkZs\m·j@kZk:M�09�"¦
132 0$#&% 14'��)'"*)% + � , �&�h®R¯0¦f¨(ÁZ¦\�<¡A65@�³¦<¡R¬-®@¨A¦f�³¦f�"�����&�=�"¦P�=¨f¡R�Z¬7°
�x¦f¨L¨A¦\Á�¬�«t�B� «���§�¡R¨L�B ,¡0�=������¡R�"Á�¡R�F¡R§�Z¬L�B¬~���>�h®R¯0¦f¨~¡R�_«t§B���L®�ÁZ¦f¬\M y*`Z�ZmrabKLK7I\Y�K7p��Z!
%('*),+-!��P]�� *+*,* Ê�/AM

� Ì*Ê��_��M 	2M���[7j@kZcLYZI\k·`ZkZY7��M � M � p$j@dfe j@aBk:M�%('*),+<;x5f+4uÈÇN��v�uRº_+o6@�"# ��uR�BOf5<�*�BOf+<Mti�pnkZlnm·j@k
y*d\aBI\k$K7a98 d": �9I\dfeZkZaBd-j@Hx]FWXcLcLI�5t]&Ê�)+) 1 M

� Ì * �VghMNy*dfeZmraBY0K-M ���BOf5<v=?7uR�Æ8n� Of5<v=?7uRº·O<v=?A)ÓuÈÇ·��v�uRº_+w�$+<;��*��8F)R�t5f'*?7uRv=?7uR�Æ3>6$#@;=6@v=;xuR� M
¾�kZa��nI\[LcLabK�À³zZ[LI\cLc\];�Nj@mh�Z[LaBYZlnI@]:Ê�)+) * M

� Ì@Ë��_¿hM UVM�	�j@[�K7[LI\I@M=<:' O~1(6@�B5<�*�b6@v=;xuR� uÈÇ���v�uRº{;x5o8Fv=?A� 5<v=�*?7Of+<M?>|aBHBI<Àn]��I<J �.pn[LqF]:Ê�)$Ì+
*M
� Ì 1 �2^_M ��M�y�Kfj@[7j@d\I@M@09�"¦\��¨�²�����V�����r�����X�"�*���������Z�B ,¡0�=�����:M ��kA>¢M�£�I\eZHBeZpn[Lk:] 	�[LcLlZMb]

¤V6@�"#$�\� 5f'w#�O<?o%('*),+<;B}R]F��Y:M Ë0Ên]"y"M:ÊnM"y*zZ[LaBkZlnI\[\] ��I\[LHBaBk:]tÊ�)n½ * M
� ÌnÌ�� �4MCB^��"I\[Ll�`ZkZY !{M 	�p,JNjRK-MD09�"¦\��¨�������=�"¦¥�h®R¯0¦f¨ ¦4E�¦\����M ��k¢y"M ��H �`ZlnlnIª`ZkZY

>¢M9£�I\eZHBeZpn[Lk:] 	�[LcLlZMb]�¤V6@�"#$�\� 5f'�#�O<?h%('*),+<;B}R]���Y:M&Ë0Ên]9y"M 1 Î+)0M&y*zZ[LaBkZlnI\[\]���I\[LHBaBk:]
Ê�)n½ * M

� Ì@Î��_��M��4[��j@cLcLaBlZ]$£�M � `ZkZlZ]$¿hM y"M�!4I\mrmrI\HBHx]RW>M G9MF�Vj@k$K7I\[\],�4M$i�I-��[L`Zk:]*y"M 	2M�y*pn`0K7e$J�pn[�K7e
`ZkZYwiXM��.pn`ZkZlZM�%('*),+-!&3PO<QR!�"&O<v=v�! / #	�ÈÊ�)+)$Ì+/ 1 
@ËnÎ0M

� Ì+
��h£�M � `ZkZlZ]$��M��4[��j@cLcLaBlZ]n¿hM y"M�!4I\mrmrI\HBHx]RW>M G9MF�Vj@k$K7I\[\],�4M$i�I-��[L`Zk:]*y"M 	2M�y*pn`0K7e$J�pn[�K7e
`ZkZYwiXM��.pn`ZkZlZM�%('*),+-!&3PO<QR!:� #763�ÈÊ�)+)nÎ�/ * Ê * 
*M



i�abK7I\[7jRK7`Z[��nI\[Ls\I\aBdfeZkZaBc Ê * Ë
� Ì@½�� �hM�	�I\mrmrI\[Lc\] !{M��aBcLeZI\[\]NG9M !4HÏj@kZc\]�¿hM iXM�	�j@kZcLI\k:]�	2M >�j@kZlZ]>y"M ��M >|eZabK)8 I\HBY:]

UVMF>�I\eZHBabK7s@] � M ��M0i�I��*aBk:] �fM ^_MZy*I\HBHBaBk:]�UVM ��M ��MZG9I\[LI\[7j0]ZW>M >¢M ��M0¿oaÏj@c\] 	2M y"M ��e j@q�[7j��
�"pn[�K�Àn]"G9M ��Mt¿oI\cLeZmh`Zq�e:]:y"M �4Mt£wj@kZcLpnk¥`ZkZY¥¿hM >¢M"i�aBkZYZHBI@M �Z!9%('*),+-! � ���8�ÈÊ�)+)�
+/
i 
 * 
*M

� Ì=)�� 2M iXM y"M&£wj@[�K7aBk:]t¿hM ��M �>eZpnmrzZcLpnk:]�UVM G9M:�Nj@`Zm·j@k:] ��M ¿hM6�Nj@HBY0J�I\HBHx]t£�M �hM6�4[7j@`ZcLI@]
y"M G9M.� [LaBlnp{`ZkZY¥£�M >|aBHBcLpnk:M.%('*),+-!&3PO<QR!�"&O<v=v�!tD�C��ÈÊ�)+)n½�/�ÊnÊ�)+)0M

� Î * � 2M ^_M���eZI\[LI\zZq@p��"M>��#@QR!���v�!���uR�b!&%('*),+-!9C*T��ÈÊ�)n½nË�/NË+)$Ì*M
� Î0Ê�� 2M ��M"£�p@KLKP`ZkZY�	2M y"M >¢Mt£wj@cLcLI<ÀnM <:' O7<:' OfuR?A)³uÈÇ���v�uRº{;x5·1.uR����;B+<;xuR�0+<M ��HÏj@[LI\kZYZpnk

GX[LI\cLc\] �.5���pn[LY:]:Ê�)�
*ÊnM
� Î * �"�{M 2M 	�` j@kZlZM�%('*),+-!&3PO<QR!�� EFE��ÈÊ�)�
=)�/ *+* Ë0M
� ÎnË��4ghM ghM��Nj@HÏj@cLeZp��"].^_M 2M!4[L`Zm ��!4[Ls\eZaBm·j@aBHBp¥`ZkZY 2M £�M �Vj@� j@dfeZkZaBqFM %PuR�b6@?A;b�,6@v=;xuR�

6@�"#�1.uR?A?7O<�b6@v=;xuR�³%(' O<�tuRº·O<�"6h;��³��v�uRº{;x5{1.uR����;B+<;xuR�0+<M��4HB`$J�I\[N^�d-j@YZI\mraBd � GXHBI\k�`Zm
GX`Z�ZHBaBcLeZI\[Lc\] �I<J �.pn[LqF] *+*,*,* M

� Î 1 �4ghMny*dfeZmraBY0K-]+2M@y0j@kZYZkZI\[\]�>¢Mn£�I\eZHBeZpn[Lk:]n£�M �{MR^�Y j@m¢`ZkZY ��M >�`ZaBHBHBI\`ZmraBI\[\M*%('*),+-!
3PO<QR!�"&O<v=v�!��FD	�ÈÊ�)�
+
+/�ÎnË0M

� Î$Ì��2iXMZg(I\lne�`ZkZY � M 	2M"£wj@d\I\qFMN%('*),+-!&3PO<QR!�� #��	�ÈÊ�)+) 1 / 1�* Ë0ÊnM
� ÎnÎ�� �hM"y*dfe$JNj@[Ls\q@pnz �(`ZkZYÒghM"y*dfeZmraBY0K-M�Z!&%('*),+-!�� EFT��ÈÊ�)+)nÎ�/NË *�* Ë0M
� Î�
�� � M goaBI���e j@`Zc\]�!{Mty*kZI\HBHx]FUVM 	�I\k$K7lnI\c\]:£�M >|aBI\YZI\kZe��p=��K-]$��M 	�I\`ZcLI\[\]?�hM�!4I � kZI\[�`ZkZY

¾2MF��I\dfq@I\[\MP%('*),+-!�3PO<QR!�"&O<v=v�!tD��8�ÈÊ�)+)n½�/�Ê,Î0Ê,½0M
� În½��4ghM"y*dfeZmraBY0K-M��o� 5<�b!�»A�0+<v�!���O<v�'Z!�� D / �ÈÊ�)+) 1 / * 1 ÊnM
� Î+)�� !{M >�I\k$K7s\I\HxM %�!�%('*),+-!.6����ÈÊ�) * 
+/>Ì * 1 M
� 
 * � 2M £�M��Vj@� j@dfeZkZaBq·`ZkZY �fM G9Mty0j@s\eZaBk j0M5�Z!&%('*),+-!�� E.�	�ÈÊ�)+) * /�i&Ë$Ì@Ë0M
� 
*Ê��!>¢M UVM � pneZkZcLpnk�`ZkZY �{M �4M���eZI\kZlZM>%('*),+-!&3PO<QR!�"&O<v=v�!tSFT	�ÈÊ�)+) * /�ÊnÊ 1+1 M
� 
 * �!>¢M UVM � pneZkZcLpnk�`ZkZY �{M �4M���eZI\kZlZM>%('*),+-!&3PO<QR!:� 6tS	�ÈÊ�)+) * / * )$Ì * M
� 
@Ë�� 2M £�M��Vj@� j@dfeZkZaBq·`ZkZY �fM G9Mty0j@s\eZaBk j0M5�Z!&%('*),+-!��´C / �ÈÊ�)n½ 1 /�Ê,ËnË$Ì*M
� 
 1 �_£�MF��pn[Lk�`ZkZYwW>M >�pnH��ÈM.%�?A;��t5<; �"�BOf+huÈÇ��9�"v=;x5f+<M(G9I\[Ll$j@mrpnkwGX[LI\cLc\] �.5���pn[LY:]�Ê�)n½nÎ0M
� 
nÌ�� � M �4I\cLcLHBI\[\MN%PuR�b6@?A;b��O7#����BOf5<v=?7uR�0+<M.y*zZ[LaBkZlnI\[\] ��I\[LHBaBk:]:Ê�)n½$Ì*M
� 
@Î��"�{M0��HB`Zm�M 'hO<�0+<;�v=) � 6@v=?A;��$<:' OfuR?A)~6@�"#2���$�"��;x576@v=;xuR�0+<M&GXHBI\k�`Zm GX[LI\cLc\]��I<J��.pn[LqF]

Ê�)+)nÎ0M



Ê * 1 i�abK7I\[7jRK7`Z[��nI\[Ls\I\aBdfeZkZaBc
� 
+
�� >¢MP£�I\eZHBeZpn[Lk:M��h®R¯0¦f¨7°x±X§�¦\���=¨A���²©@«�¦\���=¨A���³¦��=¨�´���·¶(��¨A¦w¸�¦�¹,¦f§B¬w���V�V�����r¬\M ��k

��M���[7j@cLI\m·j@kZk:] 	�[LcLlZMb]9ÉV��?L6@)ª6@�"#³��v�uRº{;x5_»A� �tO<?A��8Z' O<���9%('*),+<;x5f+<]9y"M�Ì@Ë0M&GXHBI\k�`Zm
GX[LI\cLc\] �I<J �.pn[LqF]:Ê�)n½ * M

� 
@½��=�{M 2M 	�` j@kZlZM�%('*),+-!&3PO<QR!:� EFS	�ÈÊ�)n½ * / *+* 
 1 M
� 
=)��_��M@i�pneZm·j@kZk:]R¾2M+	�I\[LlnI\kZe j@eZkh`ZkZY�2M £�M �Vj@� j@dfeZkZaBqFM.�Z!Z%('*),+-! ��EFS;�ÈÊ�)+)nË�/&ËnË * 
*M
� ½ * � 	2M �4HÏj@[\M5�Z!&%('*),+-!�� C����ÈÊ�)n½ * / 1 
 1 ÊnM
� ½0Ê�� 2M £�M �Vj@� j@dfeZkZaBqFM �Z!&%('*),+-!��´C�68�ÈÊ�)n½0Ê�/Ni&ËnË�
*M
� ½ * �_¾2M 	�I\[LlnI\kZe j@eZk�`ZkZY�¾2M���I\dfq@I\[\M:�Z! ���BOf5<v=?\!(8n� Of5<v=?\!X3PO<�b!X%(' O<�tuRº·O<�"! / S �ÈÊ�)+)$Ì+/

*+* Ì*M
� ½nË�� 2M £�M �Vj@� j@dfeZkZaBq�`ZkZY��hM ghMFi�I\I@M �Z!&%('*),+-!��|EFE��ÈÊ�)n½+)�/ * 
 * Ì*M
� ½ 1 �_��M9i�pneZm·j@kZk:MÒ���*�@�BO�6@�"#�8n�";���3POf+,uR��Q@O7#³���n��O<?{%�?7u,5fOf+f+,Of+³uR���:?7OfOh��v�uRº_+³6@�"#

��uR�BOf5<�*�BOf+<M�	�j@�ZaBHBabKfjRK7aBpnk:]*¾�kZa��nI\[LcLabK��jRK�£-�`ZkZc�K7I\[\]&Ê�)+)n½0M
� ½$Ì�� �hM�� pn[Lc�K7I\[\M����"6@��),+<;B+ �$M�goaBI<J�I\lZ]F��[7j@`ZkZcLdfe$J�I\aBlZ]9Ê�)+)0ÊnM
� ½nÎ�� >�jRK7I\[LHBp*pry*p=��K�JNj@[LI@M�Ò��% " �ÔÄ�] �ÈÊ�)+) 1 /AM
� ½�
�� � M"y�K7p*I\[\M��o�*º·O<?A;B+,5f' O � 6@v�' O<ºr6@v=;B}��@M.y*zZ[LaBkZlnI\[\]F��I\[LHBaBk:]tÊ�)+) 1 M
� ½n½�� >¢M 	2M&GX[LI\cLc\]�y"M ^_M �9I\`Zq@pnHBcLq$Àn]�>¢M �4M�g(I<KLK7I\[LHBaBkZl³`ZkZY���M G9M���HÏj@kZkZI\[�ÀnM �o�*º·O<?A;x576@�

3POf5<; � Of+V;��Ó1�M(¾�kZa��nI\[LcLabK�À³zZ[LI\cLc\];�Nj@mh�Z[LaBYZlnI@]:Ê�)+)�
*M
� ½+)��_��M"y*dfeZmraBY0K7q@I@M.¿oaBzZHBpnm·j@[L�"I\abK-]�¾�kZa��nI\[LcLabK��jRK���aBI\HBI���I\HBY:]tÊ�)+)n½0M
� ) * � ��M >¢M ^�c�K7pnk:M�%('*;��b!�� 6,�$!$�FD	�ÈÊ�)0Ê�)�/
 * 
*M
� )0Ê��_W>M £�MFGX`Z[Ld\I\HBHxM�%('*),+-!&3PO<QR!$#763�ÈÊ�)nËn½�/�½0Ê,½0M
� ) * �=�{M � pnc�K-M �Z!&%('*),+-! �|C*E	�ÈÊ�)�
=)�/�Ê *,* Î0M
� )nË��h£�M W>MtUP`ZYZY:M>±X§�¦\���=¨A��¬-��¡0�=�������F¡R§�Z �¦f¨L¬\M���k3�{M ¿hM y*I��*aBI\[\] 	�[LcLlZMb]("&u�� ���tO<?x�@)����BOf5<�

v=?7uR�¥8n� Of5<v=?7uRº·O<v=?A)RM >|aBHBI<À'��k$K7I\[LcLd\aBI\kZd\I@]��I<J �.pn[LqF]�Ê�)�
 * M
� ) 1 �2^_M:£wj@kZqFMV3PuRv�6@v=;xuR�0+f+,O<�BOf}Rv=;�Q@O¥Å&� v�O<?7+<� 5f'*�*�*��#�O<?V%(' uRv�uR;xuR� ;B+-6@v=;xuR�0+-#@)R�"6@º{;B}rQ@uR�

¤P»A� ��uR�BOf} ��*�BO<��#@�*?75f'��X;��0}$O<�����*�"#�+��";��"6@�AÇL��O<���u,+<v�O2%(' uRv�u,O<�BOf}Rv=?7uR�tO<�0+�� Of}Rv=?7u,+f}$uf�";xO<M
¿oaBcLcLI\[�KfjRK7aBpnk:]Z¾�kZa��nI\[LcLabK��jRK���aBI\HBI���I\HBY:]tÊ�)+)0ÊnM

� )$Ì��_iXM !{M(!4[7j-Àn]�£�M >¢M 	�j@[�K-]���M ��M:¿o`ZkZkZaBkZl�`ZkZY !{M �{M >�j@HbK7I\[Lc\M_3PO<QR!�8:5<;=!9»A�0+<v=?A�*ºr!
#.#	�ÈÊ�)n½ 1 /�½n½0M

� )nÎ��_��M 	�I\aBYZI\m·j@kZk:M(¿oaBzZHBpnm·j@[L�"I\abK-]�¾�kZa��nI\[LcLabK��jRK���aBI\HBI���I\HBY:]tÊ�)n½+)0M



i�abK7I\[7jRK7`Z[��nI\[Ls\I\aBdfeZkZaBc Ê * Ì
� )�
�� 2M$£-�`ZHBHBI\[\]@UVMn¿4j �*aBY:]+!{Mny*kZI\HBHx]@UVM �4`Zk$K7s\I@]�£�M$¿o[LI\cLdfeZI\[\]�2Mn� �p@J�I\[LaBkZlZ]nG9M$y�K7pnzZz��

m·j@kZkZc\] y"M ��>¢M �.`:]Z¾2M�	�I\aBkZs\m·j@kZk:] � M*goaBI���e j@`Zc\] 	�I\[LlnI\kZe j@eZk�¾2M0`ZkZYÒ¾2MZ��I\dfq@I\[\M
�Z! ���BOf5<v=?\!98n� Of5<v=?\!&3PO<�b!�%(' O<�tuRº·O<�"! / E	�ÈÊ�)+)$Ì+/�Ê,½�
*M

� )n½�� !{Mty*kZI\HBHxM�8n�";��"6@�AÇL��O<���u,+<v�O ���BOf}Rv=?7uR�tO<�0+�� Of}Rv=?7u,+f}$uf�";xOh6@�{ÇA?7O<;xO<��ÉhO<�tuR� �P�*�"#~��?x��uR�
�"6@v�uRº·O<�Æº{;�vo�\;�?7}R�*�b6@?_� uR�b6@?A;B+<;xO<?Av�O<?�8F)R�t5f'*?7uRv=?7uR�0+<v=?L6�'*���*�*�@M�¿oaBcLcLI\[�KfjRK7aBpnk:]�¾�kZa �
�nI\[LcLabK��jRK���aBI\HBI���I\HBY:]tÊ�)+)�
*M

� )+)��2UVM�¿4j �*aBY:M´8n�";��"6@�AÇL��O<���u,+<v�O·���n��O<?7+�� Of}Rv=?7u,+f}$uf�";xOw6@� &�#@� ��O<v�6@���BO<� �*�"#�� u-#��"6�5f'
��� ?7O��@�*�*�¥º{;�v>�\;�?7}R�*�b6@?o� uR�b6@?A;B+<;xO<?Av�O<?{8F)R�t5f'*?7uRv=?7uR�0+<v=?L6�'*���*�*�@MÒ¿oaBcLcLI\[�KfjRK7aBpnk:]�¾�kZa �
�nI\[LcLabK��jRK���aBI\HBI���I\HBY:]tÊ�)+)n½0M

� Ê *,* � �4M � M�!Vj-À�`ZkZY ��M ��MF¿o`ZkZkZaBkZlZM.3PO<QR!98:5<;=!:»A�0+<v=?A�*ºr!"S.�	�ÈÊ�)+)0Ê�/�Ê,ÎnË$Ì*M
� Ê * Ê�� ��pnk¥y*pn`Z[Ld\I_y*p=��K�JNj@[LI@M>80» �Ò» � �o]��ÈÊ�)+)nË�/AM
� Ê *�* �2W>M 	�j@[�K7aBkZl~`ZkZY ��M UPI-j@Y:M����BOf5<v=?7u,+<v�6@v=;x5 "&O<�0+,Of+<MXWXHBcLI��*aBI\[\] �I<J �.pn[LqF]�Ê�)�
@Î0M
� Ê * Ë��"�{M � M y"M(y0j-JPeZkZI<Àn]&��M(y*I\k �È](£�M(y*dfeZI\I\[\]&��MXy*dfe��j ��I\[Lc\] � MX�Nj@eZ[LY0K-]�^_M !Vj@`ZzZzÓ`ZkZY

>¢M$!4`ZY jRK-M��o� 5<�b!�»A�0+<v=?\!���O<v�'Z!�� �FT��8�ÈÊ�)+)�
+/�Ë+)$Ì*M
� Ê *=1 �2��M �0�j@mrmrI\[LHBaBkZlZ]*��M �4[ �cLcLaBl~`ZkZYÒghM"y*dfeZmraBY0K-M�Z!&%('*),+-!�� E.���ÈÊ�)+) * / 1+1 ½�
*M
� Ê * Ì�� !{MZy*kZI\HBHx]0W>M �4`Zq�qF] ��M0i&j@kZlnI\[N`ZkZY 2MZ��I\[L[7j@e:MX%('*),+-!:3PO<QR!"��S�C � *+*,*,* / *=1�* 
 * )0M
� Ê * Î�� 	2M ^�q�cLI\HÏj0]"y"M ^�q�cLI\HÏj~`ZkZY�	2M GX`ZHBq�q�aBkZI\k:MN%('*),+-!&3PO<QR!�� ���	�ÈÊ�)n½nË�/N½nÎ$Ì*M
� Ê * 
��!>¢MZG9I\[LcLcLpnk:] ��M ��!{MF>�j@eZHBc�K7[��pnm�] !{M*��I\[�K7`Zd\d\I\HBHBax] 	2M �hM0¿oatUPp*d\d\pZ] � M !{M0UPI<À*k jh^�H �

m·j@kZYZpncP`ZkZY¥£�M$!Vj@HBHÏj@[LYZpZMX%('*),+-!98:5<?\!$�FD	�ÈÊ�)n½n½�/�Ë 1 
*M
� Ê * ½��2iXM �hM >�I\[LmrI@]��4MF��I\[Llnm·j@[Lq·`ZkZY �{MFy*aBI\ln� j@eZk:M�%('*),+-!98:5<?\!"S	�ÈÊ�)�
 * /�Ê 1 ÊnM
� Ê * )��_y"MRy*pn`0K7e$J�pn[�K7e:]�¾2M���I\dfq@I\[\] ��M £�M �9[L`ZI\cLY j@HBI@]�G9M 	2M��4pn�Z[LaBk:]-¿hM >¢M�i�aBkZYZHBI@],y"M���JNj@q�a

`ZkZYw¿hM ^_M"y*eZaB[LHBI<ÀnM.%('*),+-!&3PO<QR!�� EFD��ÈÊ�)n½nË�/ * Î0ÊnM
� ÊnÊ * � � M��9`ZHBq�q�ax]�2M £�M��Vj@� j@dfeZkZaBq·`ZkZY�	2M ^�q�cLI\HÏj0MN%('*),+-!&3PO<QR!:� 6tD	�ÈÊ�)+)nË�/�Ê * 
+
*M
� ÊnÊnÊ�� � M � j@`ZeZaÏj@aBkZI\k:] 	2MR^�q�cLI\HÏj0]ny"MR^�q�cLI\HÏj0]R^_M��4a��*aBm �j@q�ax]��hM �ÈG9M@y0j@aB[7j@kZI\k:]RW>M+��pnmrmraBc�K7I

`ZkZY � MZg 2I\lne:M �Z!&%('*),+-!�� EFD��ÈÊ�)+)$Ì+/NËn½nË0ÊnM
� ÊnÊ * �2��M �0�j@mrmrI\[LHBaBkZlZ]���M �4[��j@cLcLaBlZ]3�hMFy*dfe$JNj@[Ls\q@pnz �È] � M G9M UPaB�"I\aB[Lp_`ZkZY³ghM y*dfeZmraBY0K-M&�Z!

%('*),+-!�� E.#	�ÈÊ�)+) * /�i9Ì*M
� ÊnÊ,Ë�� 2M £�M��Vj@� j@dfeZkZaBq·`ZkZY�^_M 2M$!4[L`Zm ��!4[Ls\eZaBm·j@aBHBpZM �Z!&%('*),+-!��<�763� *+*,*,* /�i&ÎnË0M
� ÊnÊ 1 �2��M��0�j@mrmrI\[LHBaBkZlZ] ghM9y*dfeZmraBY0K-];>¢M9£�I\eZHBeZpn[Lk:] >¢M ��M&G9I-jRK7m·j@k:]���M&y*dfe��j ��I\[Lc2`ZkZY

�4M"y*dfeZ[Lp*I<K7I\[\M �Z!&%('*),+-!�� EFE��ÈÊ�)n½+)�/Ni9Ì=)�
*M



Ê * Î i�abK7I\[7jRK7`Z[��nI\[Ls\I\aBdfeZkZaBc
� ÊnÊ�Ì��2W>M !{M&��I\[LI\s\eZq@pZ] 2M £�M �Vj@� j@dfeZkZaBq¥`ZkZY�ghM y"M&UPpnc�K7p��*cLq$ÀnM �Z!(%('*),+-! ��CFC8�ÈÊ�)�
+
+/

Ê�
 1 )0M
� ÊnÊ,Î�� 2M £�M �Vj@� j@dfeZkZaBq�`ZkZY �fM G9M"y0j@s\eZaBk j0M�Z!&%('*),+-!�� E�C��ÈÊ�)n½n½�/ * Î�
*M
� ÊnÊ�
�� 2M £�M �Vj@� j@dfeZkZaBqFM(zZ[La��@jRK7I2£�abKLK7I\aBHB`ZkZlZ](� *+*,*,* /AM
� ÊnÊ,½�� 2M £�M6�Vj@� j@dfeZkZaBqF]��fM G9M&y0j@s\eZaBk j0]��fM y"M�i�I\I{`ZkZY �hM ghM�i�I\I@M �Z!�%('*),+-! �´E�C��ÈÊ�)n½n½�/

ËnÎ+)$Ì*M
� ÊnÊ�)��2¿hM ^_Mng.j@[LcLe j@HBp��*aBdfe:]$^_M 2M0£�pncLqRj@HBI��~`ZkZYrghM �{MF�4eZI\[LcLpnkZcLq�aBaxM��N�Z6@� v=�*º <:' OfuR?A){uÈÇ

���*�@�*�b6@? ��uRº·O<� v=�*º{M?>�pn[LHBY�y*d\aBI\k$K7a98 d@]"y*aBkZl$j@z"pn[LI@]:Ê�)n½n½0M
� Ê *+* �_£�MX¿o[LI\cLdfeZI\[\M�3PuRv�6@v=;xuR�0+-6@�AÇL�@���u,+<v�O 19'Z6@?L6�}Rv�O<?A;B+<;xO<?A�*�*��#�O<?~���*v�uR;xuR� ;B+-6@v=;xuR�0+<?7Of+,uR�

�"6@�*��O<�³Q@uR�·¤{1��F�*�"# 'r1��"#@�*?75f' ��Of+f+<�*�*�~#�O<?>%(' uRv�u,O<�BOf}Rv=?7uR�tO<�0+��";��@� uR�b6@?A;B+-6@v=;xuR� M
¿oaBcLcLI\[�KfjRK7aBpnk:]Z¾�kZa��nI\[LcLabK��jRK���aBI\HBI���I\HBY:]tÊ�)+)nË0M

� Ê * Ê�� �^ ��� � �^oi � oy �PUN¾o£wW����y"M�"�6$� Ä"» � ���  N?L6A� '*;x576@��%�?7u7�@?L6@º{º{;��*��Ç-uR?(»A�0+<v=?A�*�
º·O<� v�6@v=;xuR� ]��ÈÊ�)+) * /AM

� Ê *+* �2¾2M���I<À*k:M ÄFuR?A�BOf+<�*�*��+f+,5<?A; �"v.�\� � �*º·O<?A;B+,5f' O ��O<v�' u-#�O<�Ó#�O<? � 6@v�' O<ºr6@v=;B}r»AMh¾�kZa �
�nI\[LcLabK��jRK���aBI\HBI���I\HBY:]��ÈÊ�)+)nË�/AM

� Ê * Ë��V^_M$^�`ZcLmrI\I\c\]$^_M)	�j@eZHBaBk:]$y"M iXM�y*pn[LI\kZcLI\k:]0y"M*y*`ZkZYZaBk:]�� 	�;LI\HbK7I@] �hM��?;��pn[LkZI\eZpnHBm�`ZkZY
y"M"y��nI\kZcLcLpnk:M �Z!�%('*),+-!��<�FE	�ÈÊ�)+)+)�/NiXÊ�)�
*M

� Ê * 1 � �4M 	�j-À$j@aBcLeZax]�W>M�£�`Z[7j@qRj@mrax] �{M�£�pn[LaBpnqRj0] 	2M9^�q�cLI\HÏj0]�y"M9^�q�cLI\HÏj0]�W>M�y*eZaBlnI\m·j@c7j
`ZkZY�^_M���j@lnaBcLeZabKfj0M(%('*),+-!&3PO<QR!�� 6.68�ÈÊ�)+)0Ê�/NU * 
+
*ÊnM

� Ê * Ì��"�{M 2M 	�` j@kZlZ]/>¢M UVM � pneZkZcLpnk³`ZkZY �{M �4M ��eZI\kZlZMX��v�uRº{;x5 '_6@v�6r6@�"# �o� 5<�BO76@? '_6@v�6
<F6$�\�BOf+>EFS	�ÈÊ�)n½0Ê�/�ËnË0M

� Ê * Î��2¿hM >¢M�i�aBkZYZHBI@]rG9M ^_M 	�I\aBm·j@kZk:]rG9M 	2M;� I\[LI<KLK-]��4pn�Z[LaBkÍG9M 	2Mb]7��M £�M �9[L`ZI\cLY j@HBI@]
¾2MF��I\dfq@I\[�`ZkZY¥y*eZaB[LHBI<À³¿hM ^_M�%('*),+-!&3PO<QR!�� �.���ÈÊ�)n½nÎ�/NË0Ê�)0M

� Ê * 
�� 2M ^_M ��eZI\[LI\zZq@p���`ZkZY¥y"M �{MFy*I\mrI\kZp��"M��4��� °�Á�� «���§�¦�¦4E�¦\���=¬P�B�Ò¬�«t�B�r«���§�¡R¨L�B¬f¡0�=�����³���
«t�"�*���*¦f§�¦\���=¨A���Z¬���¨A��� 	2¦��<«�¡R�"Á �A« ¬L�"¦f§B§B¬\M�K7p~�"IVzZ`Z�ZHBaBcLeZI\Y:]�� *+*,* Ê�/AM

� Ê * ½�� 2M £ �Vj@� j@dfeZkZaBq�`ZkZY �fM G9M"y0j@s\eZaBk j0M�Z!&%('*),+-!�� EFT��ÈÊ�)+)nÎ�/Ni9Ì*Ê�Ì*M
� Ê * )�� 2M ^_M���eZI\[LI\zZq@p��"M�zZ[La��@jRK7I2£�abKLK7I\aBHB`ZkZlZ]�� *+*,* Ê�/AM



^��Zq��`Z[Ls\`ZkZlnc��nI\[Ls\I\aBdfeZkZaBc Ê * 

� ���������¢�������¥���������������������

^o¿ �	� a j@k j@HBpnlhK7prYZaBlnabKfj@H"d\pnk��nI\[�K7I\[ c
�NW.yZy��
�F��I\[LHBaBkZI\[PWXHBI\q$K7[LpnkZI\kZcLz"I\aBdfeZI\[L[LaBkZlnlnI\cLI\HBHBcLdfe j ��K �4�`Z[�y�À*kZdfeZ[Lp@K7[LpnkZc�K7[7j@eZHB`ZkZl
W(¿ �	� a I\kZI\[Ll@À³YZaBcLz"I\[LcLaBpnkÒd\`Z[��nI�c
� > 	o£��La ��`ZHBH"JPaBY0K7ewjRKPe j@H��9m·j 50aBmh`Zm c
¿P^ �	� a YZaBlnabKfj@HFK7p·j@k j@HBpnl{d\pnk��nI\[�K7I\[ c
W(G(U��V£��]a-I\[7j@cLI-j@�ZHBIVzZ[Lpnln[7j@mrm·j@�ZHBI�[LI-j@Y�pnkZHbÀ�mrI\mrpn[�À%c
i9y0�	�La,HBI-j@c�KPcLaBlnkZa98 d\aÏj@k$K>�ZabK�c
	 ��� a 	�j@[�K7[LI\I4��� p*dfq]c
	oy�La 	�j@[�K7[LI\I4��y*HÏjRK7I\[ c
£w�NG ��� a m·j@k$À��"p*Y0À³z"I\[�K7`Z[L� jRK7aBpnk�K7eZI\pn[�À a
£3�N¿ ���\a,mh`ZHbK7aBd\pnk 8 ln`Z[7jRK7aBpnk³¿oaB[7j@d4��� p*dfq]c
£¥£3�N¿ ���La,mh`ZHbK7aBdfe j@kZkZI\H:mh`ZHbK7aBd\pnk 8 ln`Z[7jRK7aBpnk�¿oaB[7j@d4��� p*dfq]c
£3�NG�� a mh`ZHbK7atdfe j@kZkZI\H&zZHÏjRK7I�c
£ 94¿!���La,mh`ZHbK7atdfe j@kZkZI\H���` j@k$K7`ZmÍYZI���I\d<KPK7eZI\pn[�À%c
£¥y0�	� a mrpnc�KPcLaBlnkZa98 d\aÏj@k$K>�ZabK�c
G
�����La,z"pnc�K�d\pnHBHBaBcLaBpnk·aBk$K7I\[7j@d<K7aBpnk[c
94¿!���\a ��` j@k$K7`ZmÍYZI���I\d<K�K7eZI\pn[�À%c
U�U�G"^�� a [LI\HÏjRK7a��*aBc�K7aBd�[7j@kZYZpnm zZe j@cLI_j@zZzZ[Lp�50aBm·jRK7aBpnk[c
y0¿P^��La-cLzZeZI\[LaBd-j@H�YZI�� I\d<K7aBpnkwj@k j@HbÀ*s\I\[ c
¾�	Pg��F¾�HbK7[7j@eZp*dfe��@j@q�`Z`Zm



Ê * ½



¿4j@kZq�c7j@ln`ZkZl Ê * )
� 	Í� � � 	 � �����

¿oaBI\cLI·^�[L�"I\abKhI\kZc�Kfj@kZY j@m i�I\eZ[Lc�K7`ZeZH5�4�`Z[{£�pnHBI\q��`ZH �4`ZkZY �o�"I\[ � �j@dfeZI\kZzZe$À*cLaBq�YZI\[{¾�kZa �
�nI\[LcLabK��jRK2��aBI\HBI���I\HBY¥mrabK 8 k j@kZs\aBI\HBHBI\[o¾�k$K7I\[Lc�K+�`0K7s\`ZkZlwYZ`Z[Ldfe�YZaBI{¿oI\`0K7cLdfeZI0� pn[LcLdfe�`ZkZlncLlnI4�
mrI\aBkZcLdfe j ��K�`ZkZY·Y j@c���`ZkZYZI\cLmraBkZaBc�K7I\[LaB`Zm �4�`Z[���aBHBYZ`ZkZl2`ZkZY � pn[LcLdfe�`ZkZlZM 	�I\[L[Lk�GX[Lp=�ÈM*¿o[\M
¾2M 	�I\aBkZs\m·j@kZk�Y j@kZq@I·aBdfe �4�`Z[2YZaBI~aBk$K7I\[LI\cLc7j@k$K7I·^�` ��l$j@�"I\kZc�K7I\HBHB`ZkZlZ]�Y j@c_mraB[4I\k$K7lnI\lnI\k��
lnI\�Z[7j@dfe$K7IVg(I\[�K7[7j@`ZI\kÒ`ZkZY�YZaBIV¾�k$K7I\[Lc�K+�`0K7s\`ZkZl·�"I\a:YZI\[ ��k$K7I\[LzZ[LI<KfjRK7aBpnkÒ`ZkZYÒ^�k j@HbÀ*cLIVYZI\[
I�50z"I\[LaBmrI\k$K7I\HBHBI\k�WX[LlnI\�ZkZaBcLcLI@M
£�I\aBk��"I\cLpnkZYZI\[LI\[�¿4j@kZq·lnaBHbKP¿o[\MF£�MF¿o[LI\cLdfeZI\[\]FYZI\[�YZaBI\cLIV^�[L�"I\abK �npnk�^�k �=j@kZl·j@kÒYZ`Z[Ldfe
�*aBI\HBcLI\abK7aBlnI ��YZI\I\k�q�[LabK7aBcLdfe��"I\lnHBI\abK7I<KÒe jRK�`ZkZY�J �j@eZ[LI\kZY�YZI\[�q�`Z[Ls\I\k´`ZkZY�Y j@eZI\[�c�K7I<K7c
eZI\q$K7aBcLdfeZI\k¥£�I � s\I\abK7I\kÒj@m y*z"I\aBdfeZI\[L[LaBkZlhaBmrmrI\[(mrabK�cLI\aBkZI\[�J�I\[�K �npnHBHBI\k³I�50z"I\[LaBmrI\k$K7I\HBHBI\k
WX[��=j@eZ[L`ZkZlrs\`Z[>g(I\[��4�`Zln`ZkZl~c�Kfj@kZY:M
	�I\[L[Lk�GX[Lp=�ÈM&¿o[\M 2M ^_M���eZI\[LI\zZq@p���Y j@kZq@IraBdfe �4�`Z[VYZaBI >t`Zc7j@mrmrI\k j@[L�"I\abK4�"I\aXYZI\[hy*`ZdfeZI
k j@dfe�YZI\[�a,m·j@lnaBcLdfeZI\k[c~g(I\[Lq�k �`Zz ��`ZkZlZM !Vj@kZs~�"I\cLpnkZYZI\[Lchm �pndfe$K7IraBdfe�j@`Zdfe 	�I\[L[Lk�GX[Lp=�ÈM
¿o[\M�2M £�M �Vj@� j@dfeZkZaBq0�4�`Z[>YZaBI �*aBI\HBI\kÒaBk$K7I\[LI\cLc7j@k$K7I\kw¿oaBcLq�`ZcLcLaBpnkZI\k�`ZkZYÒYZaBI 	�aBH���Io�"I\a:YZI\[
��k$K7I\[LzZ[LI<KfjRK7aBpnk�YZI\[�£�I � Y jRK7I\k�Y j@kZq@I\k:M
� I\[LkZI\[�Y j@kZq@IoaBdfe 	�I\[L[Lk³¿o[\M 2M0£-�`ZHBHBI\[ �4�`Z[&�*aBI\HBIPaBk$K7I\[LI\cLc7j@k$K7IV¿oaBcLq�`ZcLcLaBpnkZI\k�`ZkZY�aBkZcL�"I4�
cLpnkZYZI\[LI&�4�`Z[&YZaBI�¾�k$K7I\[Lc�K+�`0K7s\`ZkZlo�"I\aBm ��I<K7[LaBI\�_YZI\c�£�p@KLK7z"pnHÏj@[LaBmrI<K7I\[Lc\M 	�I\[L[Lkh¿oaBzZHxM �ÈGXe$À*c\M
�4M��4e j@HBaBH@Y j@kZq@I.aBdfe �4�`Z[9Y j@c&`ZkZI\[Lm �`ZYZHBaBdfeZI�£�abK�JPaB[Lq@I\k2J �j@eZ[LI\kZY_YZI\[�£�I � s\I\abK7I\kVJPaBI�j@`Zdfe
�"I\a�YZI\[�g(pn[L�"I\[LI\abK7`ZkZl³YZI\[4W�50z"I\[LaBmrI\k$K7I@M�¿oI\coJ�I\abK7I\[LI\k m �pndfe$K7IhaBdfe 	�I\[L[Lk�¿oaBzZHxM �ÈGXe$À*c\M
�4M�i�aBcLdfeZq@I�`ZkZY 	�I\[L[Lk
¿oaBzZHxM �ÈGXe$À*c\M9£�M�G9pneZH.Y j@kZq@I\k:]�YZaBIrmraBdfe��"I\a.YZI\k
j@` ��J�I\kZYZaBlnI\k
^�` ��� j@`��&`ZkZY �9[7j@kZcLz"pn[�Kfj@q$K7aBpnkZI\khKfjRK7q�[��j ��K7aBlo`Zk$K7I\[Lc�K+�`0K7s<K.e j@�"I\k~`ZkZYrj@`Zdfe~�"I\aZYZI\k·£�I\c��
cL`ZkZlnI\kws\`�I\aBkZI\mÍj@kZlnI\kZI\eZmrI\k�`ZkZY�I\k$K7cLz j@kZk$K7I\k¥^�[L�"I\abK7cLq�HBaBm·j_�"I\aBlnI<K7[7j@lnI\kÒe j@�"I\k:M
	�I\[L[Lk_ghM@y*dfeZaBmrm·j@kZlPJPaBINj@`ZdfehYZI\k~£�abKfj@[L�"I\abK7I\[Lk2YZI\[�mrI\dfe j@kZaBcLdfeZI\k >�I\[Lq�c�KfjRKLK �=i�I\abK7I\[
	�I\[L[ 	2M �È¿hM���[LI\s\aBk j�/��ZaBk_aBdfe_s\`_�"I\cLpnkZYZI\[LI\m ¿4j@kZq �nI\[Lz � aBdfe$K7I<K �4�`Z[9YZaBI(q@pnmrz"I<K7I\k$K7IN`ZkZY
`ZkZq@pnmrzZHBaBs\aBI\[�K7I·¾�mrcLI<K7s\`ZkZl YZI\[_K7I\aBHbJ�I\aBcLI�j@` ��J�I\kZYZaBlnI\k�K7I\dfeZkZaBcLdfeZI\k �4pnkZc�K7[L`Zq$K7aBpnkZI\k:M
	�I\[L[Lk�	2M �pncLcLI\HBI\[P`ZkZY�	�I\[L[Lk >¢M.!4[LpneZkZI\mrI<ÀnI\[�lnaBHbKNaBkÒYZaBI\cLI\m >t`Zc7j@mrmrI\kZe j@kZl{mrI\aBk
cLz"I\s\aBI\HBHBI\[P¿4j@kZqFM
	�I\[Ls\HBaBdfe�Y j@kZq@I\k
m �pndfe$K7I�j@HBHBI\k�¿opnq$K7pn[7j@kZYZI\k�`ZkZY
¿oaBzZHBpnm·j@kZYZI\k�YZaBI\cLI\[_^�[L�"I\abK7cLln[L`Zz��
z"I �4�`Z[rYZaBI�ln`0K7I >t`Zc7j@mrmrI\k j@[L�"I\abKr`ZkZY-�*aBI\HBIwj@kZ[LI\lnI\kZYZI¥¿oaBcLq�`ZcLcLaBpnkZI\k:].aBkZcL�"I\cLpnkZYZI\[LI
	�I\[L[Lkw¿o[\MF£�M"y*zZaBI<J�I\dfq³`ZkZY�	�I\[L[Lk¥£�ln[\MFG9M��y*a`�:j@HBp��*a �d@]*cLp,JPaBI2j@`Zdfe�YZI\k¥y*I\q�[LI<K��j@[LaBkZkZI\k
�{M i�p=��K7eZpn`ZcLIV`ZkZY3�{MFy*dfeZkZI\aBYZI\[ �4�`Z[>YZaBI4pn[Ll$j@kZaBc7jRK7pn[LaBcLdfeZIV¾�k$K7I\[Lc�K+�`0K7s\`ZkZlZM



Ê,Ë * WXaBYZI\cLc�KfjRKLK7HBaBdfeZIVWX[Lq�H �j@[L`ZkZl

	�aBI\[LmrabK �nI\[LcLaBdfeZI\[LI�aBdfe:]9YZaBI �npn[LHBaBI\lnI\kZYZIr^�[L�"I\abK_I\aBlnI\kZc�K��j@kZYZaBl�`ZkZY�pneZkZI0��[LI\mrYZI 	�aBH���I
YZ`Z[LdfeZlnI��4�`ZeZ[�K�s\`_e j@�"I\k:M,^�HBHBI(�"I\k�`0K7s<K7I\k�	�aBH���cLmrabKLK7I\H@cLaBkZY2aBk2YZI\[�i�abK7I\[7jRK7`Z[LHBaBc�K7I�q@I\kZk$K7HBaBdfe
lnI\m·j@dfe$K-M

��aBI\HBI���I\HBY:]0YZI\k * ½0M *=1 M *+*,* Ê ��I\[LkZY¥y*dfeZmraBY0K7q@I



i�I\�"I\kZcLHÏj@` � Ê,Ë0Ê
� � � ��� ����	Í���

��I\[LkZY¥y*dfeZmraBY0K7q@I
!4I\�"pn[LI\kwj@m�Ê * M * Î0MbÊ�)�
 * aBk 	�j@kZkZp��nI\[
¿oI\`0K7cLdfeZI\[oy�KfjnjRK7cL� �`Z[LlnI\[
i�I\YZaBl

y*dfe�`ZHBaBcLdfeZI\[�`ZkZY��"I\[L` � aBdfeZI\[�>�I\[LYZI\l$j@kZl �
j@��Ê�)�
@½ ��I\cL`Zdfe¥YZI\[ ��aBdfe$K7I\cLdfe�`ZHBI@] 	�j@kZkZp��nI\[
* ½0MbÊ�)n½ * � * ½0MbÊ�)n½ 1 ��I\cL`Zdfe¥YZI\[�	�I\[Lm·j@kZk��Èi&�pnkZc���y*dfe�`ZHBI@] 	�j@kZkZp��nI\[
* ½0MbÊ�)n½ 1 � * ½0MbÊ�)+)0Ê ��I\cL`Zdfe¥YZI\c �Vj@aBcLI\[���>|aBHBeZI\HBm ��!oÀ*mrk j@cLaB`Zmrc\])	�j@kZkZp��nI\[
* Ì*MbÊ�)+)0Ê ^��ZabK7`Z[
* 
*MbÊ�)+)0Ê�� * 
*MbÊ�)+) * !4[L`ZkZY0J�I\eZ[LYZaBI\kZc�K�aBm G�j@kZs\I\[LHBI\eZ[L� jRKfj@aBHBHBpnk:) 1 ]F£�`ZkZc�K7I\[
Ê * MbÊ�)+) * ��I\lnaBkZk�YZI\c�¿oaBzZHBpnmrc�K7`ZYZaBI\kZl$j@kZlncNGXe$À*cLaBq

j@k�YZI\[�¾�kZa��nI\[LcLabK��jRK���aBI\HBI���I\HBY
Ê * MbÊ�)+) 1 g(pn[LYZaBzZHBpnm
*�* MbÊ�)+)n½ ^��ZcLdfeZHB` � YZI\[o¿oaBzZHBpnm·j@[L�"I\abKN�"I\a�GX[Lp=�ÈM"¿o[\M"¾2M�	�I\aBkZs\m·j@kZk:]"mrabK

YZI\m �>eZI\m·j �F^�` ��� j@`w`ZkZY ��e j@[7j@q$K7I\[LaBcLaBI\[L`ZkZl·I\aBkZI\[�^�zZz j@[7jRK7`Z[
s\`Z[hJPaBkZq@I\H �V`ZkZY
cLzZaBk j@` ��lnI\H �pnc�K7I\kÓGXeZp@K7p*I\HBI\q$K7[LpnkZI\kZcLz"I\q$K7[LpncLq@p �
zZaBIVaBk³YZI\[ !Vj@cLzZe j@cLI@M

j@� * Ë0MbÊ�)+)n½ >|aBcLcLI\kZcLdfe j ��K7HBaBdfeZI\[Ò^�kZlnI\c�K7I\HBHbK7I\[Òj@k|YZI\[:�Fj@q�`ZHbK��jRK³YZI\[ÒGXe$À*cLaBq
YZI\[�¾�kZa��nI\[LcLabK��jRK���aBI\HBI���I\HBY³mrabKNYZI\m >taBI\HtYZI\[�GX[Lpnmrp@K7aBpnk:M

��aBI\HBI���I\HBY:]0^�zZ[LaBH *+*,* Ê


