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Amount of data that can be received 
by the client buffer up to time t 

Amount of data that has to be played 
out by the client by time t

d

o
EHG�]

>O9
�
q
��� �l�C����6.;"$���W"$*��K!�%[����?,-*+�w�W����!�"$��2h�>��*�����#�)G"[#:��*VM

93de9WR!?
E
Y-9!BM9WJOJ#<)BMPuRWC.@b;�IK93k

E
?
Q
C)D,JOT=<);

E
B
G
q
�
TM9:T

EHG
TM9!>�?�TM9:P�9!I`<

QxE
B"?�>OC�P

]
RW9WPeLM?�TM9y@AC.>O9E

B�DgC.>�@^<)?
E
C.B

E
J <WY�<

E
I`<)n�IK9bC.B

]
; RWC.@

E
B
G
Da>N<)@A9WJ�Lt<)BMP\TM9!BMRW9�L ?�TM9 R!IKC�JO9!>:?�TM9hJOT=<); 9!>&R�<)B

C.; 9!>N<)?O9b?OCuC.;�?
E
@^<)I

E
?
Q
q
�
C.BMJO9�+ ] 9!B"?�I Q L,J�T=<); E B G <)I G C.> E ?�T�@AJ DaC.>:I E Y-9AJ�?�>O9�<)@ E B G L V TM9!>O9

P�9!I`<
Q
JhC)D	JO9!Y-9!>N<)I�JO9WRWC.BMP�JhR�<)B n 9b?OC.IK9!>N<)?O9WP R�<)B <.ROT

E
9!Y-9 T

EHG
TM9!>

G
<
E
BMJ ?�T=<)B ?�TMC�JO9 DgC.>E

BF?O9!>N<.R!?
E
Y-9 <);�;�I

E
R�<)?

E
C.BMJ�L

V
TM9!>O9y?�TM9yP�9!I`<

Q
<�Y.<

E
I`<)n�IK9�DgC.> JOT=<);

E
B
GhE
JwIKC

V
L
E
Bx?�TM9:C.>OP�9!> C)D

?O9!BMJ�C)D,@
E
IHI
E
JN9WRWC.BMP�J�q�

T=<);
E
B
G
<)I
G
C.>
E
?�T�@AJjDgC.>jC.B�I

E
BM9f?�>N<�*^R ] J ] <)IHI Q V

C.>�S�n
Q
<);�;�I

QFE
B
G
93k
E
J�?
E
B
G
<)I
G
C
�

>
E
?�T�@AJ DgC.> J�?OC.>O9WPiY

E
P�9WCu?OCu?�TM9AJO9!? C)D#<�Y.<

E
I`<)n�IK9AD >N<)@A9WJ�q

�
TM9AJO9!? C)D	<WY�<

E
I`<)n�IK9bDa>N<)@A9WJE

J R�<)IHIK9WP <
V�E
BMP�C

V
L�?�TM9 T

EHG
TM9!> ?�TM9 B

]
@ n 9!>hC)D�Da>N<)@A9WJ

E
Bi?�TM9

V�E
BMP�C

V
L�?�TM9AJ�@AC�C.?�TM9!>

?�TM9A?�>N<)BMJ�@
E
JOJ
E
C.B C)D ?�TM9 Y

E
P�9WCuR�<)Bin 9�q

�
9!Y-9!>�?�TM9!IK9WJOJ6Lp<xIKC.B

G
9!>
V�E
BMP�C

V E
BMR!>O9�<.JO9WJ&?�TM9

P�9!I`<
Q^E
BF?�>OCFP

]
RW9WPxn

Q
J�T=<);

E
B
G
L�<)BMP >O9�+ ]�E >O9WJw@AC.>O9�@A9!@AC.> Q n C.?�Tj<)? ?�TM9yJO9!BMP�9!>1<)BMP ?�TM9

>O9WRW9
E
Y-9!> J

E
P�9�q

�
TM9 @AC�JO?:JO?�>N<

EHG
T"? DgC.>

V
<)>OP <);�;�>OC-<.RNT ?OCjC.B�I

E
BM9
�
J�T=<);

E
B
GUE
J:?OCU<);�;�I

Q
<)B

C
� E
BM9 <)I

G
C.>
E
?�T�@ ?OCjBMC.B

�
C�Y-9!>�I`<);�;

E
B
GfV�E

BMP�C
V
J�LpJ

]
RNT <)I

G
C.>
E
?�T�@AJ <)>O9^R�<)IHIK9WPiTMC.;�;

E
B
G.�

V�E
BMP�C

V
n=<.JO9WP�&  F4 ( q � I E P E B G.� V�E BMP�C V n=<.JO9WPf<)I

G
C.>
E
?�T�@AJy; 9!> DgC.>�@ ?�TM9 J�T=<);

E
B
G
C.B\C6Y-9!>

�
I`<);�;

E
B
GuV�E

BMP�C
V
J�Lt<)BMP\TM9!BMRW9 R�<)Bi<.RNT

E
9!Y-9 n 9!?�?O9!>:; 9!> DaC.>�@^<)BMRW9h?�T=<)BfTMC.;�;

E
B
G.� V�E

BMP�C
V

n=<.JN9WPA<)I
G
C.>
E
?�T�@AJ%&  F4 L  "7 ( q � I E P E B G.� V�E BMP�C V n=<.JO9WPb<)I

G
C.>
E
?�T�@AJ�<)>O9�L-TMC

V
9!Y-9!>�LF@AC.>O91RWC.@

�
;
]
?N<)?
E
C.B=<)IHI

QfE
BF?O9!BMJ

E
Y-9�Lp<.J:?�TM9h?�>N<)BMJ�@

E
JOJ
E
C.Bf;�I`<)BiT=<.J:?OCxn 9 >O9WR�<)IKR

]
I`<)?O9WPi@AC.>O9bC)Da?O9!Btq�

TM9	; 9!> DgC.>�@^<)BMRW9	C)D C.B�I
E
BM9
�
<)I
G
C.>
E
?�T�@AJ R�<)Bbn 9�9!B�T=<)BMRW9WPbn

Qh]
J
E
B
G
<y;�>

E
C.>
EME
B�DgC.>�@^<)?

E
C.B

<)n C
]
? ?�TM919!BMRWCFP�9WPbJO?�>O9�<)@ �a9�q G qpDa>N<)@A91C.>OP�9!>�L r � �iIK9!B G ?�T � L V T E ROT^R�<)B TM9!IH;b?OCy;�>O9WP E R!?

?�TM9 J�?N<)?
E
J�?
E
RWJ	C)D

]
; RWC.@

E
B
G
D >N<)@A9WJ6q�

C�JO? C)D	?�TM9
V
C.>�S P�C.BM9 >O9!I`<)?O9WP ?OCX?�>N<�*^RjJ�T=<); E B G DaC�R ] JO9WJ C.Bm<.ROT

E
9!Y
E
B
G
C.;�?

E
@^<)I

JOT=<);
E
B
G
Len
]
?:IK9WJOJ:C.BXTMC

V
@
]
ROT

G
<
E
BiR�<)Bfn 9 <.RNT

E
9!Y-9WPfn

Q
J�T=<);

E
B
G
q
�
BX;=<); 9!>OJ

�
<)BMP0�V

9U<.P�P�>O9WJOJ ?�T
E
J`+ ] 9WJO? E C.B <)BMPmJ�TMC

V
<)B=<)I

Q
?
E
R�<)I#<)BMPmJ

E
@
]
I`<)?
E
C.B >O9WJ

]
IH?OJ

]
J
E
B
G
?
V
C

IKC
V1�
RWC.@b;�IK93k

E
?
Q
J�T=<);

E
B
G
<)I
G
C.>
E
?�T�@AJyJ

]�E
?N<)n�IK9:DgC.>�?�TM9&J�T=<);

E
B
G
C)D C.B�I

E
BM9 ?�>N<�*^R�q�

B <);�;�I
E
R�<)?

E
C.B C)D&JOT=<);

E
B
G
?OClR�<)IHIy<.P�@

E
JOJ
E
C.B�RWC.BF?�>OC.I L#R�<)IHIK9WP n C

]
BMP
E
B
GlE
B"?O9!>�Y�<)I

P�9!; 9!BMP�9!B"?j@A9!?�TMC�PeL
V
<.Jx;�>O9WJO9!BF?O9WP

E
B &  "2 ( q �

B ?�T
E
J JORNTM9!@A9X< ;

E
9WRW9

V�E
JO9 I

E
BM9�<)>u<);

�
;�>OC�k

E
@^<)?

E
C.BmC)D1?�TM9^JOC

]
>ORW9
�
J @^<�k

E
@
]
@ <)>�>

E
Y�<)IwR

]
>�Y-9�L

E
q 9�q ?�TM9A@^<�k

E
@
]
@ <)@AC

]
B"? C)D

PM<)?N<hJO9!BF?wn
Q
?�TM9yJOC

]
>ORW9�C6Y-9!>	<&?

E
@A9

E
B"?O9!>�Y�<)I L

E
JwR�<)IKR

]
I`<)?O9WPjC

� E
BM9�DaC.> JO9!Y-9!>N<)I

E
B"?O9!>�Y�<)I

�
IK9!B
G
?�TMJ6q



<.ROTxC.BM9�C)D ?�TM9�I

E
BM9�<)>wJO9

G
@A9!B"?OJwRWC.>�>O9WJ�; C.BMP�J�?OC <:IK9�<)S

Q
n
]
RNS-9!?�q

�
T=<);

E
B
G
?�TM9



���

JNC
]
>ORW9

]
J
E
B
G
?�TM9WJO9	IK9�<)S

Q
n
]
ROS-9!?OJw?�TM9

E
B"?�>OC�P

]
RW9WPxP�9!I`<

QbE
J*BMC.?w@AC.>O9	?�T=<)B ?�TM9	IK9!B

G
?�T C)D

?�TM9
E
BF?O9!>�Y.<)IMRWC.>�>O9WJO; C.BMP

E
B
G
?OCy?�TM9 IK9�<)S

Q
n
]
ROS-9!?

V�E
?�T ?�TM9 IKC

V
9WJ�?*>N<)?O9�q

�
TM9 @A9!?�TMCFP

V
<.J

<.P�C.;�?O9WP ?OCuC.B�I
E
BM9AJOC

]
>ORW9WJ

E
B & ��� ( n Q >O9!BM9 G C.? E <)? E B G ?�TM9 ?�>N<�*^Rb;=<)>N<)@A9!?O9!>OJ V TM9!BM9!Y-9!>

BM9W9WP�9WPeq
�
D >O9!BM9

G
C.?
E
<)?
E
C.B

E
J BMC.? ; C�JOJ

E
n�IK9�L�?�TM9�JOC

]
>ORW9
�
J*>N<)?O9�T=<.J ?OC:n 9 P�9WR!>O9�<.JN9WPAC.>*PM<)?N<

T=<.J#?OC n 9&P
E
JNR�<)>OP�9WPeq





� �������	��
 �

� ���
� � � �v� ���
���



>�>OC.> RWC.B"?�>OC.IyR�<)B n 9

]
JO9WP

E
B 9!>�>OC.>

�
;�>OC.BM9XBM9!?

V
C.>�S�JA?OC >O9WRWC�Y-9!>ADa>OC.@ IKC�JOJN9WJ�q

�
TM9!>O9

<)>O9^?
V
CU@^<

E
B
G
>OC
]
;MJhC)D19!>�>OC.>hRWC.B"?�>OC.I JOC.I

]
?
E
C.BMJ�L�>O9!?�>N<)BMJ�@

E
JOJ
E
C.B ;�>OC.?OCFRWC.IKJh<)BMP 9!>�>OC.>

RWC.BF?�>OC.I�RWC�P
E
B
G
q
�
TM9WJO9 @A9!?�TMC�P�J <)>O9

V�E
P�9!I
Q ]

JO9WP
E
Bi?OC�PM<

Q �
J:BM9!?

V
C.>�S�J

E
Bf?�TM9 Y�<)>

E
C
]
J

I`<
Q
9!>OJ:C)D ?�TM9 BM9!?

V
C.>�S\<)>OROT

E
?O9WR!?

]
>O9�q

�
TM9 I

E
B�SuI`<

Q
9!>�;�>OC6Y

E
P�9WJy9!>�>OC.>yRNTM9WROS

E
B
G
?OC P�9!?O9WR!?

9!>�>OC.>OJ ?�T=<)?�C�RWR
]
>�>O9WP P

]
>
E
B
G
?�>N<)BMJ�@

E
JOJ
E
C.BxC6Y-9!> ?�TM9�;�T

Q
J
E
R�<)I I`<

Q
9!>�q
�
B
V�E
>O9WP I

E
B�S�J ?�TM9

9!>�>OC.>:RWC.B"?�>OC.I
E
@b;�IK9!@A9!B"?O9WP

E
BU?�TM9 I

E
B�SuI`<

Q
9!>
E
J	?
Q
;
E
R�<)IHI

Q
>O9WJ�?�>

E
R!?O9WPX?OCA9!>�>OC.>:P�9!?O9WR!?

E
C.B

<)BMP P
E
JOR�<)>OP

E
B
G
C)D=?�TM919!>�>OC.BM9WC

]
J n�IKC�ROS�J C)D

E
B�DaC.>�@^<)?

E
C.Btq

�
B
V�E
>O9!IK9WJOJ I

E
B�S�J 9!>�>OC.>,RWC.BF?�>OC.I

R�<)B
E
BMR!I
]
P�9:JOC.@A9�DgC.>�@ C)Dp9!>�>OC.>

�
RWC.>�>O9WR!?

E
B
G
RWCFP�9WJ C.>w>O9!?�>N<)BMJO@

E
JOJ
E
C.Bx;�>OC.?OCFRWC.IKJ�q

�
Bx?�TM9

?�>N<)BMJO; C.>�?&I`<
Q
9!>
��� � ]

JO9WJ:>O9!?�>N<)BMJ�@
E
JNJ
E
C.BMJ&?OCu9!BMJ

]
>O9 RWC.>�>O9WR!? P�9!I

E
Y-9!>

Q
C)D1<)IHI ;=<.RNS-9!?OJ�q�

;�;�I
E
R�<)?

E
C.B\I`<

Q
9!>�9!>�>OC.>yRWC.B"?�>OC.I R�<)B

E
BMR!I
]
P�9 n C.?�TU>O9!?�>N<)BMJO@

E
JOJ
E
C.B ;�>OC.?OC�RWC.IKJ:<)BMPU9!>�>OC.>

RWC.BF?�>OC.I�RWC�P
E
B
G
q

� ��
 � �����  �����  ����  " "��#" � � ��� "����

o=9W9WP�n=<.ROS n=<.JN9WP 9!>�>OC.> RWC.BF?�>OC.I&JOC.I
]
?
E
C.BMJx<)>O9 @^<

E
B�I
Qm]

JO9WP
E
B n

]
IHSm?�>N<)BMJ Dg9!> C)D PM<)?N<�q�

TM9WJN9hJNC.I
]
?
E
C.BMJ

]
JN9h<ADa9W9WP�n=<.RNSXRNT=<)B�BM9!I ?OC JO9!BMP

E
B�DgC.>�@^<)?

E
C.B <)n C

]
?y?�TM9h>O9WRW9!;�?

E
C.BfC)D

PM<)?N< ;=<.ROS-9!?OJ � ��� $ n=<.JO9WPb;�>OC.?OC�RWC.IKJ
�
C.> <)n C

]
?*?�TM9	IKC�JOJ*C)DePM<)?N<&;=<.ROS-9!?OJ � ����� $ n=<.JO9WP

;�>OC.?OC�RWC.IKJ
�
?OCA?�TM9 JN9!BMP�9!>�q

�
TM9 JO9!BMP�9!>#?N<)S-9WJ�?�TM9&BM9WRW9WJOJN<)>

Q
@A9�<.J

]
>O9WJ	?OCA@

E
B
E
@
E! 
9 ?�TM9

93de9WR!?OJ C)D1?�TM9 IKC�JOJ�q
�
9!?�>N<)BMJO@

E
JOJ
E
C.Bin=<.JO9WPi9!>�>OC.> RWC.BF?�>OC.I*@A9WROT=<)B

E
JO@AJ I

E
S-9

��]
?OC.@^<)?

E
R�

9!; 9�<)?
�
9�+ ] 9WJ�? � ��� � � >O9WJO9!BMP ?�TM9 IKC�J�? ;=<.ROS-9!? E B ?�TM9bTMC.; 9 ?�T=<)? E ? V�E IHI*BMC.? n 9 IKC�J�?

<
G
<
E
Btq�
9!?�>N<)BMJ�@

E
JNJ
E
C.B n=<.JO9WPm@A9WRNT=<)B

E
J�@AJjR�<)B n 9

]
JO93D
]
I
E
B ?�TM9 R�<.JN9UC)D&; C

E
BF?
�
?OC
�
; C
E
BF?

@
]
IH?
E
@A9WP

E
<uJ�?�>O9�<)@

E
B
GuV

TM9!B
]
JO9WP\?OC

G
9!?�TM9!>

V�E
?�T < I`<)>

G
9 ;�I`<

Q
C
]
?&n

]
d 9!>�L

V
T
E
RNT RWC.@

�
; 9!BMJN<)?O9WJ*DaC.>*?�TM9�P�9!I`<

Q # E
?�?O9!>

E
B"?�>OC�P

]
RW9WP n

Q
>O9!?�>N<)BMJ�@

E
JOJ
E
C.BMJ�q

�
TM9
Q
<)>O9�TMC

V
9!Y-9!> >N<)>O9!I

Q
]
JN9WP

E
Bx>O9�<)I

�
?
E
@A9:@

]
IH?
E
@A9WP

E
<b<);�;�I

E
R�<)?

E
C.BMJ#P

]
9#?OC ?�TM9:P�9!I`<

Q^E
BF?�>OCFP

]
RW9WPjn

Q
?�TM9WJO9�;�>OC

�
?OC�RWC.IKJ ?�T=<)?

E
J T=<)>OP ?OC ;�>O9WP

E
R!?�q

�
TM9

E
BF?�>OCFP

]
RW9WP�P�9!I`<

Q
P�9!; 9!BMP�JxC.B ?�TM9UB

]
@ n 9!>xC)D

>O9!?�>N<)BMJO@
E
JOJ
E
C.BMJ�>O9�+ ]�E >O9WPjDgC.>#RWC.>�>O9WR!?yPM<)?N<bP�9!I E Y-9!> Q L <)BMP E B ?�TM9 R�<.JO9 C)D >O9�<)I � ? E @A9 @ ] I �

?
E
@A9WP

E
<�L=>O9!?�>N<)BMJ�@

E
?�?O9WPU;=<.RNS-9!?OJ�<)>O9&I

E
S-9!I
Q
?OC @

E
JOJ	?�TM9&;�I`<

Q
C
]
?yP�9�<.P�I

E
BM9�q�

BMC.?�TM9!>ADaC.>�@ C)D:Dg9W9WP�n=<.ROSmn=<.JO9WP 9!>�>OC.>^RWC.B"?�>OC.IyT=<.JATMC
V
9!Y-9!>xn 9W9!B ;�>OC.; C�JO9WP DgC.>

IKC
V1�
P�9!I`<

Q
Y
E
P�9WC ?�>N<)BMJ�@

E
JOJ
E
C.B & ��� ( q �

TM9 n=<.J
E
R
E
P�9�< n 9!T

E
BMP ?�T

E
JjJOC.I

]
?
E
C.B

E
J^?OC

]
JO9

�64



��7 ������� ������� 
 ��� � ��� ��������� � �

Dg9W9WP�n=<.ROS
E
B�DgC.>�@^<)?

E
C.BA?OC JO?OC.;b?O9!@b; C.>N<)I 9!>�>OC.>*;�>OC.;=<

G
<)?
E
C.Btq

�tV
C ;�>OC.; C�JO9WP

V
<
Q
J <)>O9�?OC]

JN9
]
BMRWC.>�>

]
;�?O9WP >O93Da9!>O9!BMRW9#D >N<)@A9WJ <.Jw< n=<.J

E
J DgC.>

E
B"?O9!>

�
Da>N<)@A9yRWCFP

E
B
G � >O93Da9!>O9!BMRW9�; E R!? ] >O9

JN9!IK9WR!?
E
C.B
�
C.> ?OC JO9!BMP

E
B"?�>N<

�
RWC�P�9WP

E
B�DaC.>�@^<)?

E
C.B DaC.> ?�TM9UDa>N<)@A9 JN9

G
@A9!B"?OJu<�d 9WR!?O9WP n

Q
IKC�JNJ �a9!>�>OC.>y?�>N<.RNS E B G � qh8 ] 9h?OC ?�TM9 E > RWC.@b; ] ?N<)? E C.B=<)IwRWC.@b;�IK93k E ? Q ?�TM9WJO9 Dg9W9WP�n=<.ROS\n=<.JO9WP
JNC.I
]
?
E
C.BMJ�<)>O9&BMC.?

V�E
P�9!I
Qx]

JO9WPeq
� � � � �#"�	  " ��� " "��%"�� �#" " �� �  � �

o=C.>
V
<)>OPx9!>�>OC.>wRWC.>�>O9WR!?

E
C.B �ao 
 �#� T=<.J n 9W9!BA;�>OC.; C�JN9WPb?OC&>O9WRWC�Y-9!>wDa>OC.@ IKC�JOJO9WJ

E
B^?�TM9	R�<.JO9

C)Dw@
]
IH?
E
R�<.J�? J�?�>O9�<)@

E
B
G
<)BMP

E
B\>O9�<)I

�
?
E
@A9A<);�;�I

E
R�<)?

E
C.BMJ�L

V
TM9!>O9h?�TM9 I`<)?O9!BMR

Q E
B"?�>OC�P

]
RW9WP

n
Q
>O9!?�>N<)BMJ�@

E
JOJ
E
C.B JNROTM9!@A9WJ

E
JjBMC.?\<.RWRW9!;�?N<)n�IK9�q o


 � E
BMR!>O9�<.JO9WJu?�TM9 >O9WP

]
BMPM<)BMR

Q
C)D

?�TM9X?�>N<)BMJ�@
E
?�?O9WP J�?�>O9�<)@ <)BMP >O9WRWC6Y-9!>OJjIKC�JOJO9WJ n=<.JO9WP�C.B ?�TM9X>O9WP

]
BMPM<)B"?

E
B�DgC.>�@^<)?

E
C.Btq�

TM9!>O9 <)>O9 ?
V
C @^<

E
BXP

E
>O9WR!?

E
C.BMJyC)D*o


 �
P�9WJ

EHG
B ?OCA>O9WRWC�Y-9!>�Da>OC.@ ;=<.ROS-9!?yIKC�JOJO9WJ6L�@A9WP

E
<
�

P�9!; 9!BMP�9!B"?:<)BMPu@A9WP
E
<
� E
BMP�9!; 9!BMP�9!B"?&o


 �
q

� ���#�)��� ���
	 ��!#����!���� ��

�
B ?�TM9bR�<.JO9^C)D @A9WP

E
<
�
P�9!; 9!BMP�9!B"? o


 � � � 8 � o 
 �#� <x>O9WP ] BMPM<)B"? RWC.; Q C)D1?�TM9AC.> EHG�E B=<)I
;=<.RNS-9!?

E
J&<.P�P�9WPf?OCjC.BM9hC)D ?�TM9 J

]
nMJO9�+ ] 9!B"?:;=<.ROS-9!?OJ�q o EHG�] >O9  q � JOTMC V J:?�TM9hn=<.J E R RWC.B �

RW9!;�? C)D
�
8
�
o

 �

q
�
D�?�TM9h;=<.ROS-9!? R�<)>�>

Q�E
B
G
?�TM9 ;�>

E
@^<)>

Q
9!BMRWC�P

E
B
GuE
J:IKC�J�?�L PM<)?N<jR�<)B\n 9

>O9WRWC.BMJO?�>
]
R!?O9WP D >OC.@ ?�TM9 >O9WP

]
BMPM<)BF?�RWC.;

Q
L
G�E
Y-9!Bb?�T=<)?

E
?
E
J >O9WRW9

E
Y-9WPeq

�
TMC
]�G
Tb?�TM9�+ ] <)I E ? Q

C.n�?N<
E
BM9WPUD >OC.@ ?�TM9&>O9WP

]
BMPM<)B"?:RWC.;

QuE
J�IKC

V
9!>�L

E
?
E
J#J�?

E
IHIen 9!?�?O9!>	?�T=<)B

E
D,?�TM9!>O9

E
J#BMC.?�T

E
B
G

?OC ;�I`<
Q
C
]
?�q
�
8
�
o

 � V

<.J1;�>
E
@^<)>

E
I
Q
;�>OC.; C�JO9WP DaC.>1>O9�<)I

�
?
E
@A9 <

]
P
E
CA<)BMP

E
@b;�IK9!@A9!B"?O9WPE

B ?OCFC.IKJ I
E
S-9

�
<)? <)BMP o�>O9W9 � TMC.BM9 & �� L ��� ( L�n ] ? T=<.J <)IKJOCUn 9W9!B E BMR!I ] P�9WP E B ?�TM9 ' q ��) 

Y
E
P�9WCuRWC�P

E
B
G
J�?N<)BMPM<)>OP & ��� ( q � TM9 @^< E B <.P�Y.<)BF?N< G 9AC)D � 8 � o 
 � E

J:?�T=<)?
E
?
E
J&J
]�E
?N<)n�IK9

DgC.> <);�;�I
E
R�<)?

E
C.BMJ

V�E
?�TiIKC

V
n
E
?�>N<)?O9^<)BMP\IKC

V
<WY�<

E
I`<)n�IK9AP�9!I`<

Q
DgC.>&9!>�>OC.> RWC.B"?�>OC.I q

�
9!Y-9!>N<)I

93k�?O9!BMJ
E
C.BMJAC)D�?�TM9uC.>

EHG�E
B=<)I

E
P�9�<\T=<WY-9jn 9W9!Bl;�>OC.; C�JO9WPm<)BMPm9!Y�<)I

]
<)?O9WP Y

E
<\J

E
@
]
I`<)?
E
C.BMJ

<)BMPX@A9�<.J
]
>O9!@A9!BF?OJ�LeJ

]
ROTi<.JyJO9!BMP

E
B
G
JN9!Y-9!>N<)Ip>O9WP

]
BMPM<)B"? RWC.;

E
9WJyC)D*?�TM9hC.>

EHG�E
B=<)I,;=<.RNS-9!?& �) ( L�<)BMP ?OC E BMR!>O9�<.JO9x?�TM9jJ�;=<.R E B G n 9!? V 9W9!Bm?�TM9jC.>

EHG�E
B=<)I#<)BMPl?�TM9 >O9WP

]
BMPM<)B"?A;=<.RNS-9!?OJ& ��� ( q � Bf<)B=<)I Q ? E R�<)I,9!Y.<)I ] <)? E C.BfC)D*?�T E J�JNROTM9!@A9 T=<.J	n 9W9!B ;�>O9WJO9!BF?O9WP E B & ��� ( q � ?�J�TMC V 9WP

?�T=<)?
E
D�<)IHI1RWC.B�BM9WR!?

E
C.BMJ ?�>N<WY-9!>OJ

E
B
G
< n C.?�?�IK9!BM9WRNSl<);�;�I

Q �
8
�
o

 �

?�TM9!Bl?�TM9[+ ] <)I E ? Q E JV
C.>OJO9 ?�TM9!B

E
D ?�TM9

QjV
9!>O9&BMC.?y<);�;�I

QFE
B
GAE
?	P
]
9 ?OCb?�TM9

E
BMR!>O9�<.JO9WPUIKC-<.Peq

Original data

Primary and redundant
encoding created

At least 1 
encoding received

Original data 
reconstructed

Transmission

1 2 3 4

1 2 3 42 31

1 3 42 3

2 3 41

Encoding

Decoding

o
EHG�]

>O9
 
q
��� ta��#:"[�
S�#:��!1���V#:�����BiNp?q ��5C����.;�+M��J�\#:I���#������ZV%'*
=�L�I��%$"8�>&j#:�\�65��6"$!:�6"$*��V�J����cI��W�\#

��*h!���*�6�\5m�w#�����<,-�6*+. %$*+���W�\��M



� 
 � 
 � ����� ����� ��� � ��� ������� � ����� ��� ��2

� ���#�)��� �)! ���
	 ��! ����!%� � ��

�
9WP
E
<
� E
BMP�9!; 9!BMP�9!B"? o


 � � �X��� o 
 �#� JOC.I ] ? E C.BMJ ] JN9A<)I G 9!n�>N< E RARWCFP E B G ?OCuR!>O9�<)?O9b; E 9WRW9WJ
C)Dt>O9WP

]
BMPM<)BF?

E
B�DaC.>�@^<)?

E
C.Bx?�T=<)?w;�>OC.?O9WR!? ?�TM9#C.>

EHG�E
B=<)I ;

E
9WRW9WJ C)D

E
B�DaC.>�@^<)?

E
C.Btq

�
TM9�;

E
9WRW9WJ

C)D
E
B�DaC.>�@^<)?

E
C.Bj?�T=<)?	<)I

G
9!n�>N<

E
R:RWCFP�9WJ1C.; 9!>N<)?O9yC.Bu<)>O9yR�<)IHIK9WPxJ

Q
@ n C.IKJ�q

�
J
Q
@ n C.I R�<)B n 9

C.BM9xC.> JN9!Y-9!>N<)Iwn
E
?OJhP�9!; 9!BMP

E
B
G
C.B ?�TM9 RWCFP�9�q

�
Da?O9!> ?�>N<)BMJ�@

E
JOJ
E
C.BlC.B <uIKC�JOJ

Q
RNT=<)B�BM9!I

?�TM9:C.>
EHG�E
B=<)IeJ

Q
@ n C.IKJ1R�<)Bxn 9�>O9WRWC.BMJ�?�>

]
R!?O9WP

E
Dt?�TM9y>N<)?

E
ChC.> ?�TM9yB

]
@ n 9!>�C)DpIKC�J�?1J

Q
@ n C.IKJE

J#n 9!IKC
V
<bRW9!>�?N<

E
BXY.<)I

]
9�q
�
TM9 ;=<)>�?

E
R
]
I`<)>yY�<)I

]
9 P�9!; 9!BMP�J�C.B ?�TM9&;=<)>N<)@A9!?O9!>OJ:<)BMPU?

Q
; 9

C)D ?�TM9b<);�;�I
E
9WPiRWCFP

E
B
G
JORNTM9!@A9�q

�
TM9h?

V
Cj@^<

E
Bi?

Q
; 9WJ&C)D

�X���
o

 �

<)>O9 n=<.JN9WPiC.B\n�IKC�ROS
RWC�P�9WJ�<)BMPuRWC.BFY-C.I

]
?
E
C.B=<)I,RWC�P�9WJ�q

U ?"���1Le�����(#YO
�
B ?�TM9XR�<.JO9UC)D&n�IKCFRNS n=<.JO9WP o


 �
n�IKCFRNS�J C)D k J

Q
@ n C.IKJx<)>O9U9!BMRWCFP�9WP ?OC n�IKC�ROS�J^C)D n

J
Q
@ n C.IKJ�q

�
TM9&RWC�P�9

E
J�R�<)IHIK9WPuJ

Q
JO?O9!@^<)?

E
R�L
E
D,?�TM9:9!BMRWCFP�9WPxn�IKC�ROSjRWC.B"?N<

E
BMJ�?�TM9 k C.>

EHG�E
B=<)I

J
Q
@ n C.IKJ �

E
Bb?�T

E
J*R�<.JO91BMC P�9WRWC�P

E
B
G E
J BM9W9WP�9WP

V
TM9!BM9!Y-9!>1<)IHIMJ

Q
@ n C.IKJ�<)>O91>O9WRW9

E
Y-9WPeq

�
C.@A9V

9!IHI1SFBMC
V
B n�IKC�ROS RWC�P�9WJ

E
BMR!I
]
P�9 ?�TM9^n

E
B=<)>

Q '
<)@b@

E
B
G
RWC�P�9WJ�L,?�TM9 r C.I`<

Q
RWC�P�9WJ�L ?�TM9�

9W9WP
� � ]

IHIK9!> RWC�P�9WJ�L)?�TM9*IKC
V
P�9!BMJ

E
?
Q
;=<)>

E
?
Q
RNTM9WROS � � 8 � �#� RWC�P�9WJ�L�?�TM9 0 C�JO9 � � T=< ] P�T ] > E �'

C�R�+ ] 9!B G TM9!@ � 0 � '�� RWC�P�9WJp<)BMP&?�TM9 � 9W9WP �5� C.IKC.@AC.B � �y� � RWC�P�9WJ � V T E RNTh<)>O9 BMC.B � n E B=<)> Q0 � '
RWC�P�9WJ

�
q�

9W9WP
�5�
C.IKC.@AC.B RWC�P�9WJb<)>O9j?�TM9 @AC�JO? C)Da?O9!B

]
JO9WPm<)@AC.B

G
?�TM9WJO9jRWCFP�9WJ�Lw<.J ?�TM9

Q
R�<)B

RWC.>�>O9WR!?
]
;x?OC b(n− k)/2c 9!>�>OC.>OJ1C.> n− k 9!>N<.J

]
>O9WJ�q

�
T
E
J ;�>OC.; 9!>�?

QAE
J R�<)IHIK9WP^@^<�k

E
@
]
@

P
E
JO?N<)BMRW9^JO9!;=<)>N<)n�IK9�q

�
BMR!>O9�<.J

E
B
G
?�TM9bn�IKC�ROSfIK9!B

G
?�T n C)D#<

�y�
RWCFP�9

V�E
?�Tl<

G�E
Y-9!B RWC�P�9

>N<)?O9 � k/n
�
C.Bf<xROT=<)B�BM9!I

V�E
?�Tf>N<)BMP�C.@ C.>:RWC.>�>O9!I`<)?O9WPfIKC�JOJO9WJ

E
BMR!>O9�<.JO9WJ

E
?OJy; C.?O9!BF?

E
<)I ?OC

>O9WRWC6Y-9!>�Da>OC.@�IKC�JNJO9WJ1C.Bx?�TM9:C.BM9yT=<)BMPeq
�
Bj?�TM9:C.?�TM9!>�T=<)BMP

E
BMR!>O9�<.J

E
B
G
?�TM9�n�IKC�ROS IK9!B

G
?�TE

BF?�>OCFP
]
RW9WJ P�9!I`<

Q
<)BMP

E
BMR!>O9�<.JO9WJ ?�TM9^P�9WRWC�P

E
B
G
RWC.@b;�IK93k

E
?
Q
L*<uP

E
JN<.P�Y�<)B"?N<

G
9^DgC.> P�9!I`<

QF�
JN9!BMJ

E
?
E
Y-9 <);�;�I

E
R�<)?

E
C.BMJ�q

�
>
EHG�E
B=<)IHI

Q
?�TM9:Y�<)I

]
9&C)D n DaC.>#<

�:�
RWCFP�9

V�E
?�T q n

E
?	J
Q
@ n C.IKJ

E
J

2q − 1 q
�
?
Q
;
E
R�<)IwRNTMC

E
RW9
E
B RWC.@b;

]
?O9!> RWC.@b@

]
B
E
R�<)?

E
C.BMJ

E
J&?OCjT=<WY-9bn

Q
?O9WJ <.J J

Q
@ n C.IKJ� q = 8

�	E
B
V
T
E
RNT\R�<.JO9 ?�TM9 n�IKC�ROSuIK9!B

G
?�T

E
J n = 255 q

�
TM9 IK9!B

G
?�TfR�<)B n 9

E
BMR!>O9�<.JN9WP

]
;

?OC 2q + 1 DgC.> 93k�?O9!BMP�9WP
���y�

RWCFP�9WJ n
Q
<.P�P

E
B
G
;=<)>

E
?
Q
J
Q
@ n C.IKJ6q

�
C\R!>O9�<)?O9 RWC�P�9WJ

V�E
?�T

n�IKC�ROSlIK9!B
G
?�TMJ n < 2q − 1 <X?O9WRNT�B

E + ] 9UR�<)IHIK9WPmJOTMC.>�?O9!B
E
B
G
R�<)Bmn 9

]
JO9WPeq 2q − 1 − n

J
Q
@ n C.IKJ <)>O9 ;=<.P�P�9WP

V�E
?�T
 
9!>OC�J&n 93DaC.>O9b9!BMRWC�P

E
B
G � ?�TM9

 
9!>OCF9WJ <)>O9 BMC.?&?�>N<)BMJO@

E
?�?O9WP ?OC

?�TM9^>O9WRW9
E
Y-9!>�q

�
? ?�TM9b>O9WRW9

E
Y-9!> ?�TM9 JN<)@A9AJ

Q
@ n C.IKJ <)>O9A;=<.P�P�9WP

V�E
?�T
 
9!>OC�J�q

�
TMC.>�?O9!BM9WP�:�

RWC�P�9WJ1RWC.@ n
E
BM9WP

V�E
?�T
E
B"?O9!>�IK9�<�Y

E
B
G
<)>O9

]
JO9WP^DaC.>193kM<)@b;�IK9

E
BuRWC.@b;=<.R!?�P

E
JORWJ�q oMC.>	<)BE

BF?�>OCFP
]
R!?
E
C.B\?OC n�IKC�ROSuRWCFP�9WJ#JO9W9yDaC.>	93kM<)@b;�IK9 & �-4 ( q"

T
E
IK9
�
9W9WP

�5�
C.IKC.@AC.BiRWC�P�9WJy<)>O9 ?

Q
;
E
R�<)IHI

QU]
JO9WPU?OCxRWC.>�>O9WR!?yn

E
?�9!>�>OC.>OJ�L ?�TM9

Q
R�<)B n 9]

JN9WP ?OCi>O9WRWC6Y-9!> IKC�J�? ;=<.ROS-9!?OJ Y
E
<in�IKCFRNS

E
B"?O9!>�IK9�<WY

E
B
G
<.J^P�9WJOR!>

E
n 9WP

E
B & ��7 ( q r E Y-9!B�<

n�IKC�ROSiC)D k ;=<.RNS-9!?OJ�Lt?�TM9 ;=<.RNS-9!?OJ <)>O9b;�>O9
�
k�9WPfn

Q
?�TM9

E
> IK9!B

G
?�TMJ

E
Bin

Q
?O9WJ6L�<)BMPf;=<.ROS-9!?OJ

JOTMC.>�?O9!>*?�T=<)BA?�TM91IKC.B
G
9WJ�?�C.BM9

E
Bb?�TM9	n�IKCFRNS <)>O9�;=<.P�P�9WPAn

Q� 
9!>OC�J�q

�
9W9WP

�5�
C.IKC.@AC.B^RWC�P

E
B
G

E
J&<);�;�I

E
9WPf?OC ?�TM9 ith J

Q
@ n C.I#� ? Q ; E R�<)IHI Q n Q ?O9 � C)D�9�<.RNTi;=<.ROS-9!? � E B\?OC.?N<)I k J

Q
@ n C.IKJ

�
?OC

DgC.>�@ ?�TM9 ith J
Q
@ n C.IKJ C)D,?�TM9 c >O9WP

]
BMPM<)B"?#;=<.ROS-9!?OJ�q � <.ROS-9!?OJy<)>O9y?�TM9!Bx?�>N<)BMJO@ E ?�?O9WPuC.BM9 �

n
Q"�
C.BM9�L

V�E
?�TMC

]
?h?�TM9x;=<.P�P

E
B
G  

9!>OC�J�q
�
TM9^IKC�JNJhC)D�< ;=<.ROS-9!?A<);�; 9�<)>OJb<.J ?�TM9 IKC�JOJhC)Dy<

J
Q
@ n C.I

E
Bf<An�IKCFRNS C)D c + k J

Q
@ n C.IKJy<)?y?�TM9 >O9WRW9

E
Y-9!> <)BMP\R�<)BXn 9 RWC.>�>O9WR!?O9WPi<.J�IKC.B

G
<.J



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

?�TM9 B
]
@ n 9!> C)DwIKC�JO?y;=<.RNS-9!?OJ

E
JyBMCj@AC.>O9 ?�T=<)B c q o

EHG�]
>O9
 
q
xE
IHI
]
J�?�>N<)?O9WJ&?�TM9

]
JO9 C)D

�:�
RWC�P�9WJ�DgC.>	9!>�>OC.>	>O9WRWC6Y-9!>

Q
q

Block of k packets

c redundant  
packets added

At least k 
received

Original packets 
reconstructed

Transmission

Encoding

Decoding

o
EHG�]

>O9
 
q
�� t^��#:"[�
SO"$��#:��!1���V#:�����cilp�q��65C����.;� /��+�W�\#^*����J���\#GS��:*�%$*�.;*��a5�*G#�����MR�O,?�
�B%$���+�>�

k*+I:�w*,
n = k + c

!���5C@+���C�?���6�d����5���"$)���#sZ+�������E�����c*���"'2+"'�V�%�!���5C@+���C�J5���E/1�c�6�\5�*��V�>���6I�5��6�\#yM

�
TM9y; C.?O9!BF?

E
<)I C)D o


 �
?OC >O9WRWC6Y-9!>1D >OC.@ IKC�JOJO9WJ1P�9!; 9!BMP�J1C.Bx?�TM9:RWC.>�>O9!I`<)?

E
C.Bun 9!?

V
9W9!B

IKC�JNJO9WJ�q
0
<.JO9WP C.B 9�<)>�I

E
9!>j>O9WJ

]
IH?OJ

E
?
E
J R!IK9�<)>j?�T=<)?j?�TM9XRWC.>�>O9!I`<)?

E
C.B n 9!?

V
9W9!B IKC�JOJO9WJ

E
J

<�de9WR!?O9WP�n
Q
JO9!Y-9!>N<)I�D <.R!?OC.>OJ�q

�
TM9XIKC�JOJ ;�>OCFRW9WJOJxC)D JO9!Y-9!>N<)I:JOC

]
>ORW9WJ @

]
IH?
E
;�IK93k�9WP <)?u<

J
E
B
G
IK9:@

]
IH?
E
;�IK93k�9!>

V
<.J	JOTMC

V
BuBMC.?�?OChn 9

E
BMP�9!; 9!BMP�9!B"?

E
B & ��2 ( q �FE @ ] I`<)? E C.BMJ V�E ?�TuY E P�9WC

?�>N<.RW9WJ�& ��� ( <)BMPu<)B=<)I Q ? E R�<)I @AC�P�9!IKJ & ��� ( T=<�Y-9�n C.?�TjJ�TMC V Bj?�T=<)? ?�TM9yRWC.>�>O9!I`<)? E C.Bjn 9!? V 9W9!B
IKC�JNJO9WJ*P�9!; 9!BMP�J�C.BA?�TM9�IK9!Y-9!I C)D J�?N<)?

E
JO?
E
R�<)I=@

]
IH?
E
;�IK93k

E
B
G
q
�
? ?�TM9	J/<)@A9�?

E
@A9�?�TM9�BM9!?

V
C.>�S

; 9!> DgC.>�@^<)BMRW9iP�9WR!>O9�<.JO9WJ
E
Dh<)IHIyJNC

]
>ORW9WJxJOT=<)>

E
B
G
< n C.?�?�IK9!BM9WROS <);�;�I

Q
o

 �

P
]
9 ?OCl?�TM9E

BMR!>O9�<.JN9WP^IKC-<.Pj<)BMPA?�TM9#>O9WJ
]
IH?
E
B
G E
BMR!>O9�<.JN9WP^IKC�JOJ�;�>OC.n=<)n

E
I
E
?
Q & ��� ( q � B=<)I Q ? E R�<)I=@AC�P�9!I E B G

JOTMC
V
9WPA?�T=<)? ?�TM91n

]
>OJ�?
E
BM9WJOJ C)D <yJOC

]
>ORW9

E
B
� ]
9!BMRW9WJ*?�TM9�RWC.>�>O9!I`<)?

E
C.BMJ*n 9!?

V
9W9!B^IKC�JOJO9WJ & ��� ( q�

B � <); 9!> 0 L � <)BMPi8
V
9A<.P�PiJOC.@A9 BM9

V
<.JO; 9WR!?OJ:?OCj?�TM9b9!Y�<)I

]
<)?
E
C.B C)D o


 �
; 9!>

�
DgC.>�@^<)BMRW9�q

�
B �,<); 9!> 0 V

9 n�>
E
9
� Q E

BFY-9WJ�?
EHG
<)?O9bTMC

V
?�TM9 n

]
>OJ�?
E
BM9WJNJ&C)D�?�TM9hn=<.ROS

G
>OC
]
BMP

?�>N<�*^R E B � ] 9!BMRW9WJ�?�TM9y9 *^R E 9!BMR Q C)D,o 
 � q � B � <); 9!>OJ � <)BMPj8
V
9:J�TMC

V
C.BM9y@AC.>O9#D <.R!?OC.>

?�T=<)?1R�<)B
E
B
� ]
9!BMRW9y?�TM9�9 *^R E 9!BMR Q C)Dpo 
 � L-?�TM9�;=<.ROS-9!?1J E! 9#P E JO?�> E n ] ? E C.B E B ?�TM9	BM9!? V C.>�S q"

9u9!Y�<)I
]
<)?O9

E
?OJA93de9WR!?OJ

]
J
E
B
G
@^<)?�TM9!@^<)?

E
R�<)I	@AC�P�9!IKJ^<)BMPlY

E
<fJ

E
@
]
I`<)?
E
C.BMJ^<)BMPmJ�TMC

V
?�T=<)?

E
?AR�<)B

E
B
� ]
9!BMRW9u?�TM9j; 9!> DgC.>�@^<)BMRW9uC)Dyo


 �
n C.?�T DgC.> n�IKCFRNS n=<.JN9WPmo


 �
<)BMPlDgC.>�

8
�
o

 �

q�
B
E
B"?O9!>O9WJO?

E
B
G
<)>O9�<\C)D�n�IKC�ROS RWC�P�9WJb<)>O9x?�TM9uJOCXR�<)IHIK9WP >N<)?O9!IK9WJNJbRWCFP�9WJ�L

V
T
E
RNT R�<)B

;�>OC�P
]
RW9w<)B <)IH@AC�JO?�<)>�n

E
?�>N<)>

Q
B
]
@ n 9!>�C)D�>O9WP

]
BMPM<)B"? 9!BMRWC�P

E
B
G
JpC)D�?�TM9 C.>

EHG�E
B=<)I k J

Q
@ n C.IKJ

C)D
E
B�DgC.>�@^<)?

E
C.Btq oMC

]
B"?N<

E
B RWCFP�9WJ & �� ( L V T E ROTb<)>O9 n=<.JO9WP C.Bh<�J�; 9WR E <)I"? Q ; 9*C)D � 8 � � RWC�P�9WJ

<)>O9�<)B^93k�<)@b;�IK9�DaC.>*J
]
RNT^RWC�P�9WJ�q

�
TM91;�>

E
@^<)>

Qb]
JO9�C)D J

]
ROT^RWC�P�9WJ

E
J
E
Bbn

]
IHS
�
IK9�?�>N<)BMJ Dg9!>�L

<)BMPUTM9!BMRW9
V
9 P�CABMC.?#RWC.BMJ

E
P�9!>	?�TM9!@

E
Bu?�TM9 ?�TM9WJ

E
J�q

=>���hK��?"�����"�K(0H?/�%���(#YO
�
C.BFY-C.I

]
?
E
C.B=<)I#RWC�P�9WJhC.; 9!>N<)?O9jC.B <XRWC.B"?

E
B
]
C
]
J
�
C
V
C)DyJ

Q
@ n C.IKJ6q

�
B <XRWC.B"Y-C.I

]
?
E
C.B=<)I

RWC�P�9!> 9�<.ROT k J
Q
@ n C.IKJ C)D

E
B�DgC.>�@^<)?

E
C.B <)>O9 9!BMRWCFP�9WP ?OC n J

Q
@ n C.IKJ C)D

E
B�DgC.>�@^<)?

E
C.BtL

E
B

?�TM9&9!BMRWC�P
E
B
G
?�TM9:I`<.J�?

]
;j?OC kL J

Q
@ n C.IKJ	<)>O9

]
JN9WPeq

�
TM9&RWCFP�9y>N<)?O9&C)D�?�TM9&RWC�P�9!>

E
J k/n

<)BMP L
E
JbR�<)IHIK9WP ?�TM9jRWC.BMJ�?�>N<

E
BF?AIK9!B

G
?�T C)D�?�TM9jRWC�P�9!>�q

�
C�P�9WJ

V�E
?�T T

EHG
TM9!>ARWC.BMJ�?�>N<

E
B"?

IK9!B
G
?�T ;�>OC�Y

E
P�9 n 9!?�?O9!>A;�>OC.?O9WR!?

E
C.BtL�n

]
?^?�TM9

E
> P�9WRWC�P

E
B
G E
JA@AC.>O9 RWC.@b;

]
?N<)?
E
C.B=<)IHI

Q E
B
�

?O9!BMJ
E
Y-9�q

�
CFP�9WJ

V�E
?�T <)>�n

E
?�>N<)>

Q
>N<)?O9WJ:R�<)Bfn 9h<.RNT

E
9!Y-9WPfn

Q
9
E
?�TM9!>:;

]
BMR!?

]
>
E
B
G
>N<)?O9 1/n



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

RWC�P�9WJ�LtR�<)IHIK9WPf@AC.?�TM9!> RWCFP�9WJ�LeC.>:n
QX]

J
E
B
G
RWC�P�9WJ

V�E
?�T k > 1 <)BMPf?�T

]
J <)?:?�TM9 ;�>

E
RW9bC)D

<^T
EHG
TM9!>&P�9WRWCFP

E
B
G
RWC.@b;�IK93k

E
?
Q
q
�
C.B"Y-C.I

]
?
E
C.B=<)I*RWC�P�9WJ&<)>O9 C)Da?O9!B

]
JO9WP

E
B
V�E
>O9!IK9WJOJ:RWC.@

�
@
]
B
E
R�<)?

E
C.BMJ

V�E
?�T >N<)?O9 2/3 <)BMP n 9!IKC

V
q
�
TM9	@AC�J�?w; C.;

]
I`<)>�<)I

G
C.>
E
?�T�@ DgC.>�?�TM9�P�9WRWCFP

E
B
G

C)D,RWC.B"Y-C.I
]
?
E
C.B=<)I�RWC�P�9WJ

E
J ?�TM9

�yE
?O9!>�n

E
<)I
G
C.>
E
?�T�@UL

V
T
E
ROTuR�<)IKR

]
I`<)?O9WJ�?�TM9y@^<�k

E
@
]
@ I

E
S-9
�

I
E
TMC�C�P 9WJ�?

E
@^<)?O9hC)D ?�TM9 C.>

EHG�E
B=<)I JO9�+ ] 9!BMRW9 C)D�J Q @ n C.IKJ	n=<.JO9WPXC.B ?�TM9 >O9WRW9 E Y-9WPXJO9�+ ] 9!BMRW9

C)D	J
Q
@ n C.IKJ�q

�
B <.P�Y�<)B"?N<

G
9 C)D�?�TM9

��E
?O9!>�n

E
<)I
G
C.>
E
?�T�@

E
J&?�T=<)?

E
? R�<)B

E
BMRWC.>�; C.>N<)?O9^JOC)Da?

P�9WRWC�P
E
B
G
9�<.J

E
I
Q
q
�
C)Da? P�9WRWCFP

E
B
G
<.JOJ
EHG
BMJ ;�>OC.n=<)n

E
I
E
?
E
9WJ ?OC ?�TM9xC

]
?�;
]
? C)D	?�TM9 P�9WRWC�P�9!>�L

<)BMPUTM9!BMRW9yDg<.R
E
I
E
?N<)?O9WJ�; C�J�?

�
;�>OC�RW9WJOJ

E
B
G
C)D,?�TM9&P�9WRWCFP�9WPuPM<)?N<�q

'
C
V
9!Y-9!>�LM?�TM9&RWC.@b;�IK93k

E
?
Q

C)D�?�TM9
�yE
?O9!>�n

E
<)I
G
C.>
E
?�T�@

G
>OC
V
J�93k�; C.BM9!B"?

E
<)IHI
Q V�E

?�Tj?�TM9�RWC.BMJ�?�>N<
E
BF?�IK9!B

G
?�TuC)Dt?�TM9yRWC�P�9�q�

9�+ ] 9!B"? E <)IeP�9WRWC�P E B G R�<)Bxn 9 ] JO9WP ?OC P�9WRWC�P�9�RWC.BFY-C.I ] ? E C.B=<)ItRWCFP�9WJ V�E ?�TxT EHG T RWC.BMJ�?�>N< E BF?
IK9!B
G
?�TMJb<)?h?�TM9^;�>

E
RW9xC)D	Y�<)>

E
<)n�IK9 P�9WRWC�P

E
B
G
?
E
@A9�q

�
TM9

]
JO9^C)D#RWC.BFY-C.I

]
?
E
C.B=<)I#RWCFP�9WJ

E
B

;=<.RNS-9!?�RWC.@b@
]
B
E
R�<)?

E
C.B

E
J,BMC.?

V�E
P�9
�
JO;�>O9�<.PeLF<)BMP

V
9�P�CyBMC.? RWC.BMJ

E
P�9!> ?�TM9!@

E
B ?�T

E
J ?�TM9WJ

E
JE

B @AC.>O9 P�9!?N<
E
I q

=>����%03��#Y(03��#%� �����$#%O
�
C.BMR�<)?O9!B=<)?O9WP RWCFP�9WJ:<

E
@ ?OC R!>O9�<)?O9 RWC�P�9WJ

V�E
?�T

G
C�CFPX; 9!> DgC.>�@^<)BMRW9hn

Q
RWC.@ n

E
B
E
B
G
?
V
C

C.>#@AC.>O9 J
E
@b;�IK9 RWC.@b; C.BM9!B"?yRWCFP�9WJ6q

�
TM9 RWC.BMR�<)?O9!B=<)?O9WP\RWCFP�9&T=<.J	?�TM9&; 9!> DgC.>�@^<)BMRW9 C)D*<

IKC.B
G
RWC�P�9	n

]
?
V�E
?�T J

EHG
B
E��
R�<)BF?�I

Q
J�@^<)IHIK9!> P�9WRWCFP

E
B
G
RWC.@b;�IK93k

E
?
Q
q
�
TM9yRWC.@b; C.BM9!BF? RWC�P�9WJ

R�<)B n 9�n�IKC�ROShRWCFP�9WJ C.> RWC.B"Y-C.I
]
?
E
C.B=<)I RWCFP�9WJ�q

�
?
Q
;
E
R�<)IMJOC.I

]
?
E
C.B

E
J,?OC

]
JN9
�
9W9WP

�5�
C.IKC.@AC.B

C
]
?O9!> RWCFP�9 �a9!BMRWCFP�9WP � >OJ�?�L"P�9WRWC�P�9WPAI`<.JO? � <)BMPARWC.BFY-C.I ] ? E C.B=<)I E B�BM9!> RWCFP�9 �aP�9WRWCFP�9WP � >OJ�?�L

9!BMRWC�P�9WPlI`<.J�?
�
q
�t]
>�n CfRWCFP�9WJ & ��� ( <)>O9x< ? Q ; 9xC)D�RWC.BMR�<)?O9!B=<)?O9WPmRWC�P�9WJ RWC.@ n

E
BM9WP

V�E
?�TE

BF?O9!>�IK9�<WY
E
B
G
<)BMP

E
?O9!>N<)?

E
Y-9�L�JOC)Da?^P�9WR

E
J
E
C.B�P�9WRWCFP

E
B
G
q
�
TM9
Q
<.ROT

E
9!Y-9\R!IKC�JO9u?OC C.;�?

E
@^<)I

; 9!> DgC.>�@^<)BMRW9
V
T
E
IK9�@^<

E
B"?N<

E
B
E
B
G
< @ACFP�9!>N<)?O9:P�9WRWC�P

E
B
G
RWC.@b;�IK93k

E
?
Q
q
�
<);�?OC.>1RWCFP�9WJ & �) ( L

>O9WRW9!BF?�I
Q
<.P�C.;�?O9WPjn

Q
?�TM9

� r � �lDgC.>1@
]
IH?
E
R�<.J�?

�
IK9yP�9!I

E
Y-9!>

Q
LM<)>O9&<)IKJOCb< ?

Q
; 9:C)D�RWC.BMR�<)?O9

�
B=<)?O9WP RWCFP�9WJ�L

V
TM9!>O9A?�TM9

E
B�BM9!>�@AC�J�? RWC�P�9

E
J <jo=C

]
B"?N<

E
B RWC�P�9�q


 *^R E 9!B"?hRWC.BMR�<)?O9!B=<)?O9WP
RWC�P�9WJ

E
BF?�>OCFP

]
RW9^I`<)>

G
9^P�9!I`<

Q
J
V
TM9!Bl<);�;�I

E
9WP <)? ?�TM9^;=<.ROS-9!? IK9!Y-9!Iw<)BMP ?�T

]
J
V
9 P�CuBMC.?

RWC.BMJ
E
P�9!>#?�TM9!@

E
Bu?�TM9&?�TM9WJ

E
J�q

� ��� � �  ��� ���%$ " � �� �
	  ��� �� � ���  � �
�
TM9 ?�>N<.P

E
?
E
C.B=<)I*<);�;�>OC-<.ROTf?OCABM9!?

V
C.>�S

E
B
G
L ?�TM9 JO9!;=<)>N<)?

E
C.BfC)D�JOC

]
>ORW9 <)BMP RNT=<)B�BM9!I RWC�P

�
E
B
G
L
V
<.J @AC.?

E
Y�<)?O9WP n

Q �
T=<)B�BMC.B

�
JhJO9!;=<)>N<)?

E
C.B ?�TM9WC.>O9!@ & ��� L ��� ( q � ? JN< Q J ?�T=<)?hJOC ] >ORW9

RWC�P
E
B
G
<)BMPuROT=<)B�BM9!ItRWC�P

E
B
G
R�<)Bjn 9y; 9!> DaC.>�@A9WPuJN9!;=<)>N<)?O9!I

Q^V
T
E
IK9:@^<

E
B"?N<

E
B
E
B
G
C.;�?

E
@^<)I

�
E
?
Q
q
'
C
V
9!Y-9!>�L

�
T=<)B�BMC.B

�
JuJO9!;=<)>N<)?

E
C.B�?�TM9WC.>O9!@ <.JOJ

]
@A9WJA?�T=<)?x?�TM9f<WY�<

E
I`<)n�IK9XP�9!I`<

Q E
J]

B�I
E
@
E
?O9WPeL*?�TM9 RNT=<)B�BM9!I

E
JhJ�?N<)?

E
C.B=<)>

Q
<)BMP ?�TM9A;�>OC�RW9WJOJ

E
B
G
R�<);=<.R

E
?
Q E
J
E
B
�
B
E
?O9�q

�
C.BM9

C)Dy?�TM9WJO9xR!>
E
?O9!>
E
<i<)>O9�L TMC

V
9!Y-9!>�L�?�>

]
9 DgC.>h>O9�<)I

�
?
E
@A9U<);�;�I

E
R�<)?

E
C.BMJ6q

"
T
E
IK9x?�TM9x;�>OC�RW9WJOJ

�
E
B
G
R�<);=<.R

E
?
Q E
J RWC.BF?

E
B
]
C
]
J�I
Q E
BMR!>O9�<.J

E
B
GXE
Bm<.RWRWC.>OPM<)BMRW9

V�E
?�T
�
CFC.>O9

�
J I`<

V
L ?�TM9 P�9!I`<

Q
<�Y.<

E
I`<)n�IK9hDgC.>y@

]
IH?
E
@A9WP

E
<jRWC.@b@

]
B
E
R�<)?

E
C.BMJ

E
J
]
J
]
<)IHI
Q
I
E
@
E
?O9WPi<)BMP\?�TM9

�
B"?O9!>�BM9!?

E
JyBMC.?

JO?N<)?
E
C.B=<)>

Q & �-4 ( q ' 9!BMRW9�L.DgC.> P�9!I`< Q JN9!BMJ E ? E Y-91@ ] IH? E @A9WP E < RWC.@b@ ] B E R�<)? E C.BMJ C�Y-9!>�RNT=<)B�BM9!IKJV�E
?�T I

E
@
E
?O9WPUn=<)BMP

V�E
P�?�TXJNC

]
>ORW9 <)BMPUROT=<)B�BM9!I,RWCFP

E
B
G
T=<�Y-9&?OCbn 9 <.P

# ]
JO?O9WP

#
C
E
BF?�I
Q
q



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

� � ��� � � ��� � � �
����!

�
<)?O9U<)IHIKCFR�<)?

E
C.B P�9�<)IKJ

V�E
?�Tm?�TM9j;�>OC.n�IK9!@ C)D:<)IHIKC�R�<)?

E
B
G
JOC
]
>ORW9j>N<)?O9U<)BMP >O9WP

]
BMPM<)BMR

Q
>N<)?O9h?OCj<.ROT

E
9!Y-9 @

E
B
E
@^<)I P

E
J�?OC.>�?

E
C.B

G�E
Y-9!B <)Bf<�Y.<

E
I`<)n�IK9 ?OC.?N<)I,>N<)?O9b<)BMPXRNT=<)B�BM9!I*RWC.BMP

E �
?
E
C.BMJ6q

�
TM91;�>OC.n�IK9!@ T=<.J n 9W9!B^<.P�P�>O9WJOJO9WP DgC.> ;=<.ROS-9!?*IK9!Y-9!I

�\� �
o

 �

<)BMP
� � 
 r �� RWC�P�9WP

Y
E
P�9WCbn=<.JO9WPuC.B <)BX9!@b;

E
>
E
R�<)It@^<)?�TM9!@^<)?

E
R�<)I�@AC�P�9!ItC)D Y

E
P�9WC`+ ] <)I E ? QjE B & ��7 ( q � J

E
@
E
I`<)>

<);�;�>OC-<.RNT
V
<.J DaC.IHIKC

V
9WP

E
B &  M� ( DgC.> n E ? IK9!Y-9!I o 
 � <)BMP ?�TM9

'
q
����

Y
E
P�9WCXRWCFP�9!>�q

0
C.?�T

JO?
]
P
E
9WJ J�TMC

V
9WP ?�T=<)? ?�TM9!>O9A93k

E
JO?OJ <)B C.;�?

E
@^<)Iw<)IHIKC�R�<)?

E
C.B C)D�JOC

]
>ORW9^<)BMPiROT=<)B�BM9!Iw>N<)?O9�q�

TM9 ;�>OC.n�IK9!@ C)D
�
BMP
E
B
G
?�TM9hC.;�?

E
@^<)I�>N<)?O9 <)IHIKC�R�<)?

E
C.B

E
J�L=TMC

V
9!Y-9!>�L ;�>OC.n�IK9!@^<)?

E
R
E
BX>O9�<)I

J
Q
J�?O9!@AJ6q

�
TM9
�
>OJ�?

E
JOJ
]
9
E
J ?�TM9�9WJO?

E
@^<)?

E
C.BAC)D ?�TM9�ROT=<)B�BM9!I J�?N<)?O9�q



>�>OC.>OJ

E
Bb?�TM919WJ�?

E
@^<)?O9

C)D*?�TM9 ;=<.ROS-9!?yIKC�JOJ	;�>OC.n=<)n
E
I
E
?
Q
<)BMP ?�TM9 RWC.>�>O9!I`<)?

E
C.BMJyn 9!?

V
9W9!BfIKC�JOJO9WJ�P�9WR!>O9�<.JO9 ?�TM9

G
<
E
B

<.RNT
E
9!Y.<)n�IK9 ?�T�>OC

]�G
T C.;�?

E
@^<)It>N<)?O9 <)IHIKC�R�<)?

E
C.Btq

�
B < J�?N<)?

E
C.B=<)>

Q
ROT=<)B�BM9!I�?�TM9&9WJ�?

E
@^<)?

E
C.B

9!>�>OC.>OJxR�<)B n 9j@^<.P�9X<)>�n
E
?�>N<)>

E
I
Q
J�@^<)IHI L�<)BMPmTM9!BMRW9

E
B ?O9!>�@AJ^C)D:@A9�<)B P

E
JO?OC.>�?

E
C.B ?�TM9

<)IHIKC�R�<)?
E
C.B R�<)Bjn 9yC.;�?

E
@^<)I LMn

]
? ?�T

E
J	<);�;�>OC-<.RNTUBM9

G
IK9WR!?OJ�?�TM9&J�TMC.>�?1?O9!>�@

� ]
R!?
]
<)?
E
C.BMJ	C)D

?�TM9�ROT=<)B�BM9!I q
�
;�?
E
@
E! 
<)?
E
C.BjC)De?�TM9	>N<)?O9y<)IHIKCFR�<)?

E
C.BxC.Bx<:BMC.B

�
J�?N<)?

E
C.B=<)>

Q
ROT=<)B�BM9!I L

V
TMC�JO9

n 9!T=<WY
E
C.>�R�<)BuBMC.?#n 9:;�>O9WP

E
R!?O9WPeL

E
J	9!Y-9!BU@AC.>O9&;�>OC.n�IK9!@^<)?

E
R�q�

BMC.?�TM9!>
E
JOJ
]
9
E
J ?�TM9^R�<)IKR

]
I`<)?
E
C.BmC)D�?�TM9^P

E
JO?OC.>�?

E
C.B
�
>N<)?O9xR

]
>�Y-9

E
B ?�TM9^;�>O9WJO9!BMRW9^C)D

IKC�JNJO9WJ n=<.JN9WP C.B Dg9W9WP�n=<.ROS D >OC.@ ?�TM9^P�9WRWC�P�9!>�q
�
;�?
E
@^<)I >N<)?O9x<)IHIKCFR�<)?

E
C.Bm<.JOJ

]
@A9WJ ?�T=<)?

?�TM9y9!BMRWC�P�9!>wT=<.J1< RWC.>�>O9WR!? @ACFP�9!I C)Dt?�TM9	?�>N<)BMJ�@
E
JNJ
E
C.BxRNT=<)B�BM9!It<)BMPATM9!BMRW9yR�<)BxJ

E
@
]
I`<)?O9

?�TM9 93de9WR!?OJ&C)D�IKC�JOJO9WJ:C.Bf?�TM9h9!BMRWCFP�9WPfY
E
P�9WC JO?�>O9�<)@Uq

"
9b<.P�P�>O9WJOJ:?�TM9

E
JNJ
]
9 C)DwC.;�?

E
@^<)I

>N<)?O9A<)IHIKC�R�<)?
E
C.B

E
B �,<); 9!> r n=<.JO9WPfC.B <)B=<)I

Q
?
E
R�<)I @AC�P�9!IKJ <)BMPiJ

E
@
]
I`<)?
E
C.Bi>O9WJ

]
IH?OJ

V�E
?�T'

q
��) 

RWC�P�9WPuY
E
P�9WC�q

� �#� �
� 	 ����� ��	�� � � 	��
����!  � �#� ! �

�X]
IH?
E
;�IK9:P�9WJOR!>

E
;�?
E
C.BuRWCFP

E
B
G � � 8 �#� <.P�P�>O9WJOJO9WJ ?�TM9�;�>OC.n�IK9!@�C)D

#
C
E
B"?1JOC

]
>ORW9:<)BMP RNT=<)B

�
BM9!I RWC�P

E
B
G
q
�
>
EHG�E
B=<)IHI

QUE
?
V
<.J�P�9WJ

EHG
BM9WP DgC.>	?�TM9 ?�>N<)BMJO@

E
JOJ
E
C.BXC)D @

]
IH?
E
;�IK9hP�9WJNR!>

E
;�?
E
C.BMJ

C)Db<lJ
E
B
G
IK9fJOC

]
>ORW9fC�Y-9!>

E
BMP�9!; 9!BMP�9!B"? RNT=<)B�BM9!IKJ�q

�
D C.B�I

Q
C.BM9iC)D ?�TM9iP�9WJOR!>

E
;�?
E
C.BMJ

E
J

>O9WRW9
E
Y-9WPeL

E
?
E
J
]
JN9WP DaC.>b>O9WRWC.BMJO?�>

]
R!?
E
C.B

V�E
?�T <fRW9!>�?N<

E
B�<.RWR

]
>N<.R

Q
q
�
Dy@AC.>O9u?�T=<)B C.BM9

P�9WJNR!>
E
;�?
E
C.BMJ <)>O9b>O9WRW9

E
Y-9WPeL�?�TM9!Bi?�TM9

E
B�DgC.>�@^<)?

E
C.BiD >OC.@ ?�TM9^C.?�TM9!> P�9WJOR!>

E
;�?
E
C.BMJ R�<)Bin 9]

JN9WPX?OCj9!B�T=<)BMRW9 ?�TM9 <.RWR
]
>N<.R

Q � E BiRWC.BF?�>N<.J�?&?OC � 8 � o 
 � L V TM9!>O9 ?�TM9 >O9WP ] BMPM<)BF? RWC.; Q
R�<)B�BMC.?^n 9

]
JO9WP ?OCf9!B�T=<)BMRW9l+ ] <)I E ? Q � q �

? T=<.Jbn 9W9!Bl>O9WP
E
JNRWC�Y-9!>O9WP >O9WRW9!BF?�I

Q
DgC.>

]
JO9
E
B

;=<.RNS-9!?AJ
V�E
?OROTM9WPlBM9!?

V
C.>�S�J�& ��2 ( q�� <.ROS-9!?OJ^RWC.B"?N< E B E B G ?�TM9jRWC.>�>O9WJ�; C.BMP E B G P�9WJNR!> E ;�? E C.BMJ

R�<)B n 9bJO9!BF? C�Y-9!>hP
E
J
#
C
E
B"? ;=<)?�TMJ

E
B ?�TM9 BM9!?

V
C.>�S

E
D
E
?
E
J&; C�JOJ

E
n�IK9�LpC.>

E
BMJ�?O9�<.P C)D

]
J
E
B
G

JN9!;=<)>N<)?O9�RNT=<)B�BM9!IKJ�L�C.BM9#R�<)Bx?
E
@A9
�
J�T
E
Da?w?�TM9�P

E
d 9!>O9!BF?1P�9WJNR!>

E
;�?
E
C.BMJ�LFJ

E
@
E
I`<)>�I

Q
?OC ?�TM9yR�<.JO9

C)D
�
8
�
o

 �

q o
EHG�]

>O9
 
q
�
J�TMC

V
J ?�TM9

]
JO9jC)D

�
8
� V�E

?�T ?
V
C P�9WJOR!>

E
;�?
E
C.BMJ ?OC

E
@b;�>OC6Y-9

9!>�>OC.>:>O9WJ
E
I
E
9!BMRW9�q

�
BX?�TM9

G
9!BM9!>N<)I R�<.JO9�L ?�TM9h<)@AC

]
BF?&C)D

E
B�DaC.>�@^<)?

E
C.BiJO9!BF?yC6Y-9!>�?�TM9hJO9!;=<

�
>N<)?O9 ROT=<)B�BM9!IKJ � ;=<.ROS-9!?OJ � R�<)BUn 9&P E d 9!>O9!BF?�qwoMC.>�J E B G IK9 � ;=<)?�T ;=<.RNS-9!?#BM9!? V C.>�S�J6L E ?#R�<)BUn 9
JOTMC

V
Bu?�T=<)?�n=<)I`<)BMRW9WP

�
8
�
L
E
q 9�q ?�TM9&C.BM9:JO9!BMP

E
B
G
?�TM9:JN<)@A9 <)@AC

]
BF?#C)D

E
B�DgC.>�@^<)?

E
C.B

E
B

<)IHIp;=<.ROS-9!?OJ�L
E
J	C.;�?

E
@^<)I & 4.� ( q�

TM9!>O9
E
J6LMTMC

V
9!Y-9!>�Lt<b?�>N<.P�9

�
C)d n 9!?

V
9W9!Bf?�TM9 P

E
J�?OC.>�?

E
C.B

V
TM9!BfC.B�I

Q
<^J
]
nMJN9!?�C)D*?�TM9

P�9WJNR!>
E
;�?
E
C.BMJ

E
J1>O9WRW9

E
Y-9WPU<)BMP

V
TM9!B <)IHItC)D�?�TM9!@ <)>O9:>O9WRW9

E
Y-9WPeq

�
TM9:IKC

V
9!>#?�TM9&P

E
J�?OC.>�?

E
C.BE

Bi?�TM9bR�<.JN9
V
TM9!B <)IHI P�9WJOR!>

E
;�?
E
C.BMJh<)>O9h>O9WRW9

E
Y-9WPi?�TM9 T

EHG
TM9!>&?�TM9 P

E
J�?OC.>�?

E
C.B

E
Bf?�TM9bR�<.JO9V

TM9!B C.B�I
Q
<XJ

]
nMJO9!? C)D�?�TM9xP�9WJOR!>

E
;�?
E
C.BMJ

E
J >O9WRW9

E
Y-9WPeq

�
T
E
J ?�>N<.P�9

�
C)d

E
J
E
IHI
]
J�?�>N<)?O9WP

E
B



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

Original data

Multiple encodings 
created

Any number of 
encodings received

Original data 
reconstructed

Transmission

1 2 3 4

1 2 3 42 31

1 3 42 3

2 3 41

Encoding

Decoding

o
EHG�]

>O9
 
q
��� t^I�%'�6"$!�%$�F#:����5���"'!��6"$*�� 5�*:#:"$��2VM �:��)�������%B#:�\�65��6"$!:��"'*+����*�,Y�6���3*���"'2+"'�V�%B#��
��� ����

5��6�\�
����#yZG�����c�6�\5�*+���>���6IV5m�6�\#KL�I���%'"'�>&�#:��!V����#���*+�K�����c�GI�. /1���J*�,�#�����5���"'!:��"'*+���?�6�\5���"')+��#yM

o
EHG�]

>O9
 
q
 
DaC.>A?�TM9uR�<.JN9UC)Dy?

V
C n=<)I`<)BMRW9WP P�9WJOR!>

E
;�?
E
C.BMJj<)BMP < r <

]
JOJ
E
<)B JOC

]
>ORW9

V�E
?�T]

B
E
?jY�<)>

E
<)BMRW9�& 4�� L 4. ( q �

TM9fP
E
J�?OC.>�?

E
C.B C)D ?�TM9

E
BMP
E
Y
E
P
]
<)I&P�9WJOR!>

E
;�?
E
C.BMJ��aR�<)IHIK9WP J

E
P�9

P
E
JO?OC.>�?

E
C.BtL D1

1 C.> D2
1

�
R�<)Bjn 9�RNTMC�JO9!BU<)>�n

E
?�>N<)>

E
I
Q �g<.J IKC.B G <.J E ? E J�<)n C�Y-9y?�TM9:P E J�?OC.>�? E C.B

>N<)?O9 R
]
>�Y-9
�
Lpn
]
? ?�TM9AP

E
J�?OC.>�?

E
C.B

V
TM9!B n C.?�T P�9WJOR!>

E
;�?
E
C.BMJ <)>O9^>O9WRW9

E
Y-9WP!�aR�<)IHIK9WP RW9!BF?�>N<)I

P
E
JO?OC.>�?

E
C.BtL D1

0

E
D ?�TM9�J

E
P�9	P

E
J�?OC.>�?

E
C.B

E
J D1

1 L-C.> D2
0

E
D ?�TM9#J

E
P�9	P

E
J�?OC.>�?

E
C.B

E
J D2

1

�
P�9!; 9!BMP�J

C.BX?�TM9 RNTMC
E
RW9 C)D ?�TM9 J

E
P�9 P

E
J�?OC.>�?

E
C.Btq

�
D�<)BX<);�;�I

E
R�<)?

E
C.B

E
J�<
V
<)>O9hC)D ?�TM9 ROT=<)B�BM9!I J�?N<)?O9�LE

q 9�q ?�TM9hP
E
JO?�>
E
n
]
?
E
C.B C)D�?�TM9hB

]
@ n 9!> C)D IKC�J�?yP�9WJNR!>

E
;�?
E
C.BMJ�Le?�TM9!B

E
?&R�<)Bi<.P

# ]
J�?:?�TM9 J

E
P�9

<)BMP RW9!B"?�>N<)I�P
E
JO?OC.>�?

E
C.BMJ	?OCb@

E
B
E
@
E! 
9&?�TM9 @A9�<)B P

E
J�?OC.>�?

E
C.Btq

0 2 4 6 8 10
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Rate (R) in bits per sample

M
ea

n 
si

de
 d

is
to

rt
io

n 
(D

1)

R* 

D
1
1 

D
1
2

���������
	���������
������������������������ !��"#�$	��&%��
%#�
	���'�����&��

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5
x 10

−3

Side distortion (D
1
)

C
en

tr
al

 d
is

to
rt

io
n 

(D
0)

D
1
2 

D
0
2 

D
0
1 D

1
1 

�)(*�,+!�-�.�����'/0�.	�12	��&%��3%#�
	���������
��4 5'�
R

∗

o
EHG�]

>O9
 
q
 M� �l���+#:��SO*~j"$��. I�%8��"'!�%$�d#:����5���"'!��6"$*��K5�*:#:"'��2�MU�����d5C��*�"[5��B*,s�����R�6"[#:�R#�"$�W�6*+�W��"'*+�3n

D1

1����#
D2

1

"$�E!V�����%s�+rQ"'����I����V5����J�6���Y5������6�C�%s#:"[�W�6*��6�6"$*��(n
D1

0

���#
D2

0

"$�E!V�����%y/Vr

�
TM9!>O9 <)>O9j?

V
C @^<

E
B
V
<
Q
J^C)D

E
@b;�IK9!@A9!B"?

E
B
G�

8
� E

B ;�>N<.R!?
E
RW9�q

�
I
G
C.>
E
?�T�@AJAn 9

�
IKC.B

G�E
B
G
?OC ?�TM9

�
>OJ�?

G
>OC
]
;fC.; 9!>N<)?O9hC.B\?�TM9hJOC

]
>ORW9 J/<)@b;�IK9WJ�q

�
TM9 @

]
IH?
E
;�IK9bP�9WJOR!>

E
;�?
E
C.B

JNR�<)I`<)> + ] <)BF? E! 9!> ;�>OC.; C�JN9WP E B & ��2 (*] JN9WJ�? V CUJN9!;=<)>N<)?O9bJOR�<)I`<)> + ] <)BF? E! 9!>OJ&?OCjR!>O9�<)?O9b? V C
P�9WJNR!>

E
;�?
E
C.BMJ�q

�
JOC.I
]
?
E
C.BADgC.> I`<)?�?

E
RW9	Y-9WR!?OC.>_+ ] <)BF? E! 9!>OJ�T=<.J�n 9W9!BA;�>O9WJN9!B"?O9WP E B'& 4.� ( q � 8

RWC�P
E
B
G
n=<.JO9WPmC.BmRWC.>�>O9!I`<)?O9WPm?�>N<)BMJ DgC.>�@AJ & 4� (�] JO9WJA<XI E BM9�<)>b?�>N<)BMJ DgC.>�@^<)? E C.B ?OCfR!>O9�<)?O9

?
V
C RWC.>�>O9!I`<)?O9WPjP�9WJOR!>

E
;�?
E
C.BMJ�C)Dt?

V
C
E
BMP�9!; 9!BMP�9!BF? >N<)BMP�C.@�Y�<)>

E
<)n�IK9WJ1<�Da?O9!>�+ ] <)BF? E! <)? E C.Btq



) ������� ������� 
 ��� � ��� ��������� � �

�
TM9 @A9!?�TMC�P

V
<.J�93k�?O9!BMP�9WP ?OCj<)B\<)>�n

E
?�>N<)>

Q
B
]
@ n 9!>&C)D*>N<)BMP�C.@ZY�<)>

E
<)n�IK9WJ

E
B & 4.� ( q � BE

@b;�>OC6Y-9!@A9!B"?yC)D�?�TM9:JN<)@A9y@A9!?�TMCFP
V
<.J�;�>O9WJO9!B"?O9WP

E
B & 4.� ( L V T E ROTXC.; 9!>N<)?O9WJ�R!IKC�JO9y?OCh?�TM9

?�TM9WC.>O9!?
E
R�<)I n C

]
BMP 9!Y-9!B DgC.>&T

EHG
T >O9WP

]
BMPM<)BMR

Q
q
�
TM9^<);�;�I

E
R�<)?

E
C.BlC)D1?�TM9WJN9

�
8 RWC�P

E
B
G

JNROTM9!@A9WJ ?OCX@AC.?
E
C.BlRWC.@b; 9!BMJN<)?O9WPlY

E
P�9WCX>N<

E
JO9WJ JO9!Y-9!>N<)I

E
JOJ
]
9WJ�q

�
TM9^@AC�JO?hP

E *^R ] IH? ?OC
T=<)BMP�IK9

E
J ?�T=<)? C)D	?�TM9 ;�>O9WP

E
R!?
E
C.Bm9!>�>OC.>OJ�q 8:9!; 9!BMP

E
B
G
C.Bl?�TM9AB

]
@ n 9!> C)D#P�9WJNR!>

E
;�?
E
C.BMJ

>O9WRW9
E
Y-9WPeLM< @

E
J�@^<)?OROTuRWC.BMP

E
?
E
C.BuR�<)Bj93k

E
J�?wn 9!?

V
9W9!Bu?�TM9yP�9WRWCFP�9!>�<)BMP ?�TM9�9!BMRWC�P�9!>

]
BF?
E
I

?�TM9 >O9WRW9!;�?
E
C.B�C)D&?�TM9 BM93k�?

E
B"?�>N<

�
RWC�P�9WP Da>N<)@A9�& 4�4 ( q �

TM9U;�>OC.n�IK9!@ C)D&@
E
J�@^<)?OROT R�<)B

n 9 <�Y-C
E
P�9WPln

Q
?�TM9^;�>

E
RW9 C)D

E
BMR!>O9�<.JO9WPlP

E
J�?OC.>�?

E
C.BtL

V
T
E
RNTl@^<)S-9WJ

E
? P

E *^R ] IH? ?OC\P�9WJ EHG B
9 *^R E 9!BF? � 8 RWCFP�9!>OJ

V�E
?�T @AC.>O9 ?�T=<)Bl?

V
CfP�9WJOR!>

E
;�?
E
C.BMJ6q

�
TM9xC.?�TM9!>

E
JNJ
]
9
E
J
V
TM9!?�TM9!>

<)BMPjTMC
V
?OC
�
8 RWC�P�9y@AC.?

E
C.BUY-9WR!?OC.>OJ#<)BMPuC.?�TM9!>	J

E
P�9

E
B�DgC.>�@^<)?

E
C.BtLMJ

]
RNT <.J1;�>O9WP

E
R!?
E
C.B

@AC�P�9WJ�L�9!?OR�q
�
TM9A?�>

E
Y
E
<)I*JOC.I

]
?
E
C.B

E
J:?OCj>O9!; 9�<)? J

]
ROT

E
B�DgC.>�@^<)?

E
C.B

E
B 9�<.ROT P�9WJOR!>

E
;�?
E
C.BtLV

T
E
RNTtL-9!Y-9!Bh?�TMC

]�G
T
E
BM9 *^R E 9!BF?�L E J,9�<.J Q ?OC E @b;�IK9!@A9!BF?#& 4�4 ( q � TM9WJN9 � 8 RWC�P

E
B
G
@A9!?�TMC�P�J�L

P�9WJO;
E
?O9 C)D�?�TM9

E
>	I
E
@
E
?N<)?
E
C.BMJ6LMR�<)BUn 9

]
JN9WPxDaC.>

E
BF?O9!>N<.R!?

E
Y-9 @

]
IH?
E
@A9WP

E
<^RWC.@b@

]
B
E
R�<)?

E
C.BMJ

<.J	?�TM9
Q
P�C BMC.?

E
B"?�>OC�P

]
RW9 J

EHG
B
E��
R�<)BF?�P�9!I`<

Q
q�

TM9 JN9WRWC.BMPX<);�;�>OC-<.ROTi?OC
E
@b;�IK9!@A9!B"?

�
8
� E

J�n=<.JO9WPXC.Bfo

 �

<)BMPUI`<
Q
9!>O9WPfRWC�P

E
B
G
LE

?
E
J�<)IKJOC&S�BMC

V
Bj<.J*;�>

E
C.>
E
?
Q
9!BMRWCFP

E
B
G
?�>N<)BMJ�@

E
JOJ
E
C.B���� 
*��� & 4.7 ( q � ? ] JO9WJ*I`< Q 9!>O9WP^RWC�P E B G

?OC 9!BMRWCFP�9x<jJO9!? C)D D >N<)@A9WJh<)? C.BMRW9'�a9�q G q <)IHI*D >N<)@A9WJ C)D�< r � � � <)BMPi?�TM9!B C.>OP�9!>OJ ?�TM9
C
]
?�;
]
? n

E
?OJ C)D�?�TM9^RWC�P�9!>

E
B
G
>OC
]
;MJ

E
B P�9WR!>O9�<.J

E
B
G
C.>OP�9!> C)D1?�TM9

E
>
E
@b; C.>�?N<)BMRW9�q

0
IKC�ROS

n=<.JN9WP^o

 �lE

J
]
JO9WPb?OC ;�>OC.?O9WR!?w?�TM9	9!BMRWC�P�9WP^PM<)?N<�LF?�TM9#<)@AC

]
B"?1C)D >O9WP

]
BMPM<)BMR

Q
<.P�P�9WPA?OCG

>OC
]
;MJ1C)Dtn

E
?OJ1P�9!; 9!BMP�JwC.Bx?�TM9	?�TM9

E
>
E
@b; C.>�?N<)BMRW9�q

�
TM9�C

]
?�;
]
?1C)Dt?�TM9�RWC�P

E
B
G
JOROTM9!@A9

E
J

<^B
]
@ n 9!>&C)D ;=<.ROS-9!?OJ6L JNC

]
>ORW9h<)BMPX>O9WP

]
BMPM<)BMR

Q
n
E
?OJyn 9!IKC.B

G�E
B
G
?OCA?�TM9hP

E
de9!>O9!B"?

G
>OC
]
;MJ

<)>O9bP
E
JO?�>
E
n
]
?O9WP <)@AC.B

G
?�TM9 ;=<.ROS-9!?OJ

E
B <

V
<
Q
?�T=<)?

E
?
E
J:; C�JOJ

E
n�IK9 ?OCx>O9WRWC6Y-9!> ?�TM9 @AC�J�?E

@b; C.>�?N<)B"?jn
E
?OJ C)D ?�TM9UY

E
P�9WCin

E
?OJ�?�>O9�<)@

]
; C.B >O9WRW9!;�?

E
C.B�C)D 9!Y-9!B <iJ�@^<)IHI#; C.>�?

E
C.B C)D

?�TM9j;=<.RNS-9!?OJ�q
�
Cin 9u<)n�IK9j?OCiP�9WRWCFP�9j?�TM9jIK9WJNJ

E
@b; C.>�?N<)BF?An

E
?OJbC)D�?�TM9jY

E
P�9WCiJ�?�>O9�<)@ <

T
EHG
TM9!> ; C.>�?

E
C.B C)D1?�TM9 ;=<.ROS-9!?OJ BM9W9WP�J&?OCjn 9h>O9WRW9

E
Y-9WPeq

�
T
E
J JNROTM9!@A9AR�<)B <.RNT

E
9!Y-9

G
CFC�P

9!>�>OC.> >O9WJ
E
I
E
9!BMRW9�L

E
?
E
B"?�>OC�P

]
RW9WJ TMC

V
9!Y-9!> <yRWC.BMJ

E
P�9!>N<)n�IK9#<)@AC

]
BF?*C)D P�9!I`<

Q
<.J
E
?OJ 9 *^R E 9!BMR QE

BMR!>O9�<.JN9WJ
V�E
?�TX?�TM9 B

]
@ n 9!>yC)D*;=<.RNS-9!?OJ�; 9!>#JO9!?yC)D D >N<)@A9WJ�q

�
C.BMJN9�+ ] 9!BF?�I QUE ? E J�J ]�E ?N<)n�IK9

C.B�I
Q
DgC.>	J�?�>O9�<)@

E
B
G
Y
E
P�9WC�q

� � � � " " �#" ��� ��� " � ��� �%"��  ���� � "  � ���  � �  � �

"
TM9!BuROTMC�C�J

E
B
G
?�TM9#n 9WJ�? 9!>�>OC.>1RWC.BF?�>OC.ItJOC.I

]
?
E
C.B DaC.> Y

E
P�9WC ?�>N<)BMJ�@

E
JOJ
E
C.Bx?�TM9!>O9:<)>O9yn=<.J

E �
R�<)IHI

Q
?
V
CuRWC.BMJO?�>N<

E
B"?OJ:?�T=<)?yI

E
@
E
?y?�TM9hJO9!?:C)Dw<WY�<

E
I`<)n�IK9 JOC.I

]
?
E
C.BMJ

�
<�Y.<

E
I`<)n�IK9 n

E
?�>N<)?O9b<)BMP

P�9!I`<
Q
q

oMC.>
E
B"?O9!>N<.R!?

E
Y-9h<);�;�I

E
R�<)?

E
C.BMJ�LMJ

]
RNT <.J�Y

E
P�9WCFRWC.B�Dg9!>O9!BMR

E
B
G
L�n C.?�Tu?�TM9 <WY�<

E
I`<)n�IK9 P�9!I`<

Q
<)BMP\?�TM9b<WY�<

E
I`<)n�IK9 n

E
?�>N<)?O9b<)>O9hIKC

V
q � � D E ? E JyBMC.?:I E @ E ?O9WP\n Q ?�TM9 BM9!? V C.>�S\?�TM9!B E ? E Jyn Q

?�TM91;�>OC�RW9WJOJ
E
B
G
; C
V
9!>�C)D ?�TM9

]
JN9!>
�
J*9�+ ]�E ;�@A9!BF?�q � r E Y-9!B^<:J�@^<)IHIMP�9!I`< Q n ] P G 9!? DgC.> ?�>N<�*^R

RWC.BF?�>OC.ItDgC.>	J
]
ROT\<);�;�I

E
R�<)?

E
C.BMJ�LM?�TM9:;�>OC.n�IK9!@ C)D J�;�I

E
?�?
E
B
G
?�TM9 P�9!I`<

Q
<)@AC.B

G
?�TM9:; C�JOJ

E
n�IK9

D
]
BMR!?

E
C.BMJ�L�J

]
ROTj<.J*?�>N<�*^R�J�T=<); E B G <)BMPAo 
 � L�<)> E JO9WJ�q � C.BMJ E P�9!> E B G ?�T=<)?�?�TM9	9 *^R E 9!BMR Q C)D

o

 �

P�9!; 9!BMP�JwC.B ?�TM9#n
]
>OJ�?
E
BM9WJNJwC)De?�TM9�?�>N<�*^R�<)BMP ?�TM9#o 
 � n�IKCFRNSbIK9!B

G
?�TtL"?�TM9yC.;�?

E
@^<)I

<)IHIKC�R�<)?
E
C.B

E
J	BMC.?	J�?�>N<

EHG
T"? DgC.>

V
<)>OPeq

"
9 <.P�P�>O9WJOJ#?�T

E
J
E
JOJ
]
9
E
B�� <); 9!> 0 q


Y-9!B
E
B"?O9!>N<.R!?

E
Y-9u<);�;�I

E
R�<)?

E
C.BMJ

V�E
?�T J�?�>

E
R!? P�9!I`<

Q
RWC.BMJ�?�>N<

E
B"?OJ R�<)B ROTMC�C�JO9An 9!?

V
9W9!B

Y�<)>
E
C
]
JpP
E
de9!>O9!B"?,9!>�>OC.>pRWC.B"?�>OC.I�JOC.I

]
?
E
C.BMJt?OC�P�9WR!>O9�<.JN9*?�TM9 93de9WR!?OJpC)D�IKC�JOJO9WJ�q

�
?
E
J�L�TMC

V
9!Y-9!>�L



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

P
E *^R ] IH? ?OCUP�>N< V ]

B
E
Y-9!>OJN<)IwRWC.BMR!I

]
J
E
C.BMJ P

]
9b?OCu?�TM9 I`<)>

G
9^B

]
@ n 9!> C)D�P

E
de9!>O9!B"? RWC�P

E
B
G

JO?N<)BMPM<)>OP�J�q
"
9U;�>O9WJO9!B"? < RWC.@b;=<)>

E
JOC.B C)D&?�T�>O9W9U9!>�>OC.>^RWC.BF?�>OC.IyJNC.I

]
?
E
C.BMJ^J

]�E
?N<)n�IK9jDgC.>E

BF?O9!>N<.R!?
E
Y-9&RWC.@b@

]
B
E
R�<)?

E
C.BMJ

E
B �,<); 9!> 
 n=<.JN9WP C.Bj<)B=<)I Q ? E R�<)I @AC�P�9!IKJ <)BMPxRWC.@ n E BM9y?�TM9

>O9WJ
]
IH?OJ#C)D ?�TM9 <)B=<)I

Q
?
E
R�<)I,9!Y.<)I

]
<)?
E
C.B

V�E
?�T @A9�<.J

]
>O9!@A9!B"?:PM<)?N<

E
B'� <); 9!>#o1q

oMC.>^<);�;�I
E
R�<)?

E
C.BMJA?�T=<)?^?OC.IK9!>N<)?O9uT

EHG
TM9!>AP�9!I`<

Q
Jb?�T=<)B

E
BF?O9!>N<.R!?

E
Y-9X<);�;�I

E
R�<)?

E
C.BMJ�L19�q

G
q

JO?�>O9�<)@
E
B
G
<);�;�I

E
R�<)?

E
C.BMJ�L�?�TM9y<WY�<

E
I`<)n�IK9yJN9!?�C)Dp9!>�>OC.>wRWC.BF?�>OC.I ?O9WRNT�B

E + ] 9WJ E Jwn EHG�G 9!>�q ��C E BF? �
?OC
�
; C
E
B"? JO?�>O9�<)@

E
B
G
<);�;�I

E
R�<)?

E
C.BMJ&R�<)B

]
JO9ho


 � V�E
?�T\I`<)>

G
9hn�IKC�ROSUIK9!B

G
?�TMJ6L

V
T
E
RNT

G�E
Y-9WJ

JO?�>OC.B
G
>O9WJ
E
I
E
9!BMRW9 ?OCxIKC�JOJN9WJ�q

�
TM9
Q
R�<)B\9!Y-9!BF?

]
<)IHI
QX]

JN9 >O9!?�>N<)BMJ�@
E
JNJ
E
C.Bi;�>OC.?OCFRWC.IKJy?OC

E
B
�

R!>O9�<.JN9	>OC.n
]
J�?�BM9WJOJ6q

�
Bb?�TM9	R�<.JO9#C)D @

]
IH?
E
R�<.J�?wJ�?�>O9�<)@

E
B
G
>O9!?�>N<)BMJ�@

E
JOJ
E
C.B n=<.JO9WPb;�>OC.?OC�RWC.IKJ

<)>O9 BMC.? Da9�<.J
E
n�IK9�L JNC.@A9bDgC.>�@ C)D#o


 �
T=<.J ?OCXn 9^9!@b;�IKC

Q
9WPl?OC\P�9WR!>O9�<.JO9 ?�TM9 93de9WR!?OJ C)D

IKC�JNJO9WJ�q
� ��� � � � ��� �  ��� � �  � �� � $�� �  �  � � � � "   �  ���

�
TM9bJ

E
@
]
IH?N<)BM9WC

]
J P�9!I

E
Y-9!>

Q
C)D
E
B�DgC.>�@^<)?

E
C.Bi?OCj<^I`<)>

G
9 B

]
@ n 9!> C)D1P�9WJ�?

E
B=<)?

E
C.BMJ:;

]
?OJ <

n
EHG
IKC-<.PjC.Bx?�TM9yRWC.BF?O9!B"?�;�>OC6Y

E
P�9!>OJ1n C.?�T

E
Bj?O9!>�@AJ1C)Dp;�>OC�RW9WJOJ

E
B
G
; C
V
9!>#<)BMP

E
Bj?O9!>�@AJ C)D

BM9!?
V
C.>�S\n=<)BMP

V�E
P�?�T

E
D*?�TM9

E
BMP
E
Y
E
P
]
<)I P�9WJO?

E
B=<)?

E
C.BMJ:<)>O9hJO9!>�Y-9WP\C.Bf<^C.BM9

�
n
QF�
C.BM9hn=<.J

E
J�q�X]

IH?
E
R�<.J�?�>OC

]
?
E
B
G#E
B ?�TM9

� �UI`< Q 9!> V <.Jt;�>OC.; C�JO9WP&?OC�>O9WP ] RW9�?�TM9*IKC-<.P C)DMRWC.BF?O9!B"?,;�>OC�Y E P�9!>OJ
<)BMP

]
JO9�n=<)BMP

V�E
P�?�T >O9WJOC

]
>ORW9WJ,9 *^R E 9!B"?�I Q q 0 ] ? � �X@ ] IH? E R�<.J�? E J,J�? E IHI"BMC.? V�E P�9!I Q <WY�< E I`<)n�IK9�q�

BMC.?�TM9!>1JOC.I
]
?
E
C.BtL�RWC.B"?O9!BF?�P

E
J�?�>
E
n
]
?
E
C.BjBM9!?

V
C.>�S�J � � 8 � J � L V <.J P�9!;�IKC Q 9WPuRWC.@b@A9!> �

R
E
<)IHI
QbE
BMJO?O9�<.PAC)D

� � �X] IH? E R�<.J�?�q � 8 � JwRWC.BMJ E J�?*C)Dp<:I`<)> G 9�B ] @ n 9!>wC)DtJO9!>�Y-9!>OJwP E J�?�> E n ] ?O9WPG
9WC
G
>N<);�T

E
R�<)IHI

Q
<)BMP J�T=<)>O9^?�TM9AIKC-<.P n 9!?

V
9W9!Bl?�TM9^JO9!>�Y-9!>OJ�q

�
8
�
J <)>O9A@^<

E
B�I
Qi]

JN9WP ?OC
P
E
JO?�>
E
n
]
?O9yJO?N<)?

E
R
V
9!n ;=<

G
9WJ�<)BMPxJ�?�>O9�<)@

E
B
G
@
]
IH?
E
@A9WP

E
< RWC.B"?O9!BF?�q

�
TM9
Q
C)de9!>

E
@b;�>OC6Y-9WP

JNR�<)I`<)n
E
I
E
?
Q
<)BMPj>O9!I

E
<)n
E
I
E
?
Q
RWC.@b;=<)>O9WP ?OCA< J

E
B
G
IK9 JO9!>�Y-9!>�L <)BMPU<)>O9 R�<);=<)n�IK9 C)D J�?�>O9�<)@

E
B
G

?OC <&I`<)>
G
9#B
]
@ n 9!>�C)DtR!I

E
9!B"?OJ�q

0w]
?w?�TM9#RWC�J�?OJ C)DtJ�?�>O9�<)@

E
B
GhE
BMR!>O9�<.JO9

V�E
?�T ?�TM9#B

]
@ n 9!> C)D

R!I
E
9!BF?OJ�<)BMPUJ

]
P�P�9!B

E
BMR!>O9�<.JO9WJ	C)D ?�TM9&R!I

E
9!B"?	; C.;

]
I`<)?
E
C.BtL=<)IKJOCbR�<)IHIK9WP

�
<.JOTUR!>OC

V
P�J�LMC)Da?O9!B

IK9�<.PU?OC
E
B"?O9!>�>

]
;�?
E
C.BMJyC)D,?�TM9 JO9!>�Y

E
RW9�q


BMP
�
; C
E
B"?
�
n=<.JO9WPf@

]
IH?
E
R�<.J�?

E
J:< JOC.I

]
?
E
C.Bf?OCxP

E
J�?�>
E
n
]
?O9h?�TM9 RWC�J�?OJ:C)D*I`<)>

G
9 JOR�<)IK9hJ

E �
@
]
IH?N<)BM9WC

]
J @

]
IH?
E
R�<.JO?*J�?�>O9�<)@

E
B
G
<)@AC.B

G
?�TM9 J�; 9WR!?N<)?OC.>OJ�q

�
Bh9!BMP

�
; C
E
BF?
�
n=<.JO9WPb@

]
IH?
E
R�<.J�?

R!I
E
9!BF?OJ*n

]�E
IKPb<)BAC�Y-9!>�I`<

Q
DaC.> PM<)?N<yP

E
J�?�>
E
n
]
?
E
C.B <)BMP DgC.>

V
<)>OPAPM<)?N<�?OC&C.?�TM9!>*R!I

E
9!B"?OJ6L�TM9!BMRW9

?�TM9yIKC-<.PjC)Dp?�TM9yRWC.B"?O9!BF?	;�>OC�Y
E
P�9!>�P�9WR!>O9�<.JO9WJ�q

�F]
ROTURWC�C.; 9!>N<)?

E
Y-9yC6Y-9!>�I`<

Q
J�R�<)BuP

E
J�?�>
E
n
]
?O9

PM<)?N<X?OC\<UI`<)>
G
9 B

]
@ n 9!>bC)D�R!I

E
9!BF?OJ

E
Bm<XJOR�<)I`<)n�IK9

V
<
Q
L n
]
? JO9!Y-9!>N<)I

E
JOJ
]
9WJ T=<WY-9 ?OC n 9

P�9�<)IH?
V�E
?�Ttq�

TM9
�
>OJ�?

E
JNJ
]
9
E
JeTMC

V
?OC�@

E
B
E
@
E! 
9w?�TM9 B

]
@ n 9!> C)D�D >O9W9

�
>
E
P�9!>OJ�q,o�>O9W9

�
>
E
P�9!>OJ <)>O9*R!I

E
9!BF?OJV

TMC
#
C
E
B ?�TM9xC�Y-9!>�I`<

Q
n
]
? P�C BMC.? DaC.>

V
<)>OP PM<)?N< ?OC\C.?�TM9!>hR!I

E
9!BF?OJ�q

�
IK9�<)>�I

Q
?�TM9!>O9

E
J <

BM9W9WP DaC.> JNC.@A9 DaC.>�@ C)D
E
BMRW9!BF?

E
Y-9
�
n=<.JO9WPl@A9WROT=<)B

E
J�@ C.> ; C.I

E
R
Q
9!B�DgC.>ORW9!@A9!B"?�q ��C�JNJ E n�IK9E

BMRW9!BF?
E
Y-9WJ#>N<)B

G
9yDa>OC.@ n

E
?
�
DaC.>
�
n
E
?�J�?�>N<)?O9

G�E
9WJ	C�Y-9!>�P

E
J�?�>
E
n
]
?O9WPj>O9!;

]
?N<)?
E
C.BU@^<)B=<

G
9!@A9!B"?

?OC RW9!B"?�>N<)I
E! 
9WPf?N<�kM<)?

E
C.B�& 4.2 L 7�� L 7��)( L <)BMP\<)>O9 J E @ E I`<)> E BXB=<)? ] >O9 ?OC^?�TMC�JO9 ;�>OC.; C�JO9WPuDgC.>�

IK9 J�T=<)>
E
B
G
<);�;�I

E
R�<)?

E
C.BMJ�q

0 E
?
�
DgC.>
�
n
E
?#JORNTM9!@A9WJ�<)IHIKC

V
; 9W9!>OJ1?OC >O9WRW9

E
Y-9 <.J	@

]
ROT\PM<)?N<b<.J

?�TM9
Q
JO9!BMP ?OCuC.?�TM9!> ; 9W9!>OJ�qb8

E
J�?�>
E
n
]
?O9WP >O9!;

]
?N<)?
E
C.B @^<)B=<

G
9!@A9!B"? JOROTM9!@A9WJ >O9WRWC.>OP ?�TM9

; 9W9!>OJ
�
T
E
J�?OC.>

Q
<)BMP <)IHIKC

V
; 9W9!>OJ�?OC�;=<)>�?

E
R
E
;=<)?O9

E
B ?�TM9 C�Y-9!>�I`<

Q
J n=<.JN9WP C.Bh?�TM9

E
> T
E
J�?OC.>

Q
q
�
B

?�TM91R�<.JO9 C)D=RW9!B"?�>N<)I
E! 
9WP ?N<�kM<)?

E
C.B >O9WJOC

]
>ORW9
�
>
E
ROTb; 9W9!>OJ <)>O9*DgC.>ORW9WP n

Q
?�TM91RWC.B"?O9!BF? ;�>OC�Y

E
P�9!>

?OC^RWC.B"?�>
E
n
]
?O9 @AC.>O9 >O9WJOC

]
>ORW9WJ	?�T=<)BU>O9WJNC

]
>ORW9
�
; C�C.>	; 9W9!>OJ�q



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

�
TM9^JO9WRWC.BMP

E
JOJ
]
9
E
J TMC

V
?OCXT=<)BMP�IK9 BMCFP�9 P�9!;=<)>�?

]
>O9WJ�q

�
C�P�9WJ J�TMC

]
IKP n 9x<)IHIKC

V
9WP

?OC
#
C
E
B <)BMP IK9�<WY-9x?�TM9xC�Y-9!>�I`<

Q
<)?h<)B

Q
?
E
@A9�L�<)BMP

V
T
E
IK9
#
C
E
B
E
B
G
BMC�P�9WJhP�C BMC.?hT=<WY-9u<

P
E
JO?
]
>�n
E
B
G
93d 9WR!?�C.Bj?�TM9:PM<)?N< P

E
J�?�>
E
n
]
?
E
C.BtLMP�9!;=<)>�?

E
B
G
BMC�P�9WJ�R�<)B

E
B"?O9!>�>

]
;�?	?�TM9

�
C
V
C)D

PM<)?N< <)BMPj<)?�?�TM9yJN<)@A9�?
E
@A9�R�<)BjP�9WJ�?�>OC

Q
?�TM9�J�?�>

]
R!?
]
>O9:C)Dt?�TM9yC�Y-9!>�I`<

Q
q
'
C
V
P�9!;=<)>�?

]
>O9WJ

<�de9WR!? ?�TM9APM<)?N<UP
E
J�?�>
E
n
]
?
E
C.Bl<)BMPi?�TM9^C�Y-9!>�I`<

Q �
J JO?�>

]
R!?
]
>O9^P�9!; 9!BMP�J&Y-9!>

Q
@
]
ROTlC.B ?�TM9

;=<)>�?
E
R
]
I`<)> JOC.I

]
?
E
C.Btq

�
9WJOTbn=<.JO9WPbC�Y-9!>�I`<

Q
J & 7� ( <)>O9 ] J ] <)IHI Q @AC.>O91>OC.n ] J�?*?OC:BMC�P�9�P�9!;=<)> �

?
]
>O9WJ6LF<.J PM<)?N<&R�<)Bb>O9�<.RNTABMCFP�9WJ�C.BAJO9!Y-9!>N<)IM;=<)?�TMJ�q

�
Bh?�>O9W9	n=<.JO9WPbC�Y-9!>�I`<

Q
J�?�TM9�P�9!;=<)>�?

]
>O9

C)D*BMC�P�9WJ
E
B"?O9!>�>

]
;�?OJ:?�TM9

�
C
V
C)D�PM<)?N<x<)BMPUTM9!BMRW9hP�9

G
>N<.P�9WJy?�TM9 C6Y-9!>�I`<

Q �
J:; 9!> DgC.>�@^<)BMRW9�q'

C
V
9!Y-9!>A?�>O9W9 n=<.JO9WP C�Y-9!>�I`<

Q
JA<)>O9x@AC.>O9jJOR�<)I`<)n�IK9u<)BMP @AC.>O9j9 *^R E 9!BF?^<.JhPM<)?N<X>O9�<.RNTM9WJ

9�<.RNT R!I
E
9!B"?&C.B�I

Q
C.BfC.BM9h;=<)?�Ttq

�
C.@A9h?�>O9W9

�
n=<.JO9WPi<)>OROT

E
?O9WR!?

]
>O9WJ 9!@b;�IKC

Q
o

 �

C.>
�
8
�

RWC.@ n
E
BM9WP

V�E
?�TX@

]
IH?
E
;�IK9hP

E
J�?�>
E
n
]
?
E
C.B ?�>O9W9WJ	& 7�� L 7) ( ?OCAn 9&@AC.>O9 >OC.n ] J�?	?OCAP E JO> ] ;�? E C.BMJ

P
]
9x?OCXBMCFP�9 P�9!;=<)>�?

]
>O9WJA<)BMP PM<)?N<XIKC�JOJhR�<

]
JO9WP n

Q
RWC.B

G
9WJO?
E
C.B

E
Bl?�TM9 BM9!?

V
C.>�S q

'
C
V

>OC.n
]
JO?�?�TM9WJO9#<)>ORNT

E
?O9WR!?

]
>O9WJ�<)>O9	?OC&BMC�P�9	P�9!;=<)>�?

]
>O9WJ1<)BMPAPM<)?N<&IKC�JOJ*T=<.J*n 9W9!B^?�TM9	J

]
n
#
9WR!?

C)DeJO9!Y-9!>N<)I=J
E
@
]
I`<)?
E
C.B JO?

]
P
E
9WJ�& 7�� L 7) L 7�� ( q � B �,<); 9!> r V

9	P�9!Y-9!IKC.;x<)B^<)B=<)I
Q
?
E
R�<)I=@AC�P�9!I

DgC.> ?�TM9#; 9!> DaC.>�@^<)BMRW9:C)D�<)BjC�Y-9!>�I`<
Q
n=<.JO9WPjC.B^@

]
IH?
E
;�IK9&P

E
J�?�>
E
n
]
?
E
C.Bj?�>O9W9WJ�<)BMP o


 � & 7) (
<)BMP

]
JO9
E
?w?OC 9!Y.<)I

]
<)?O9�?�TM9#93de9WR!?OJ1C)DePM<)?N< IKC�JOJ1<)BMP^BMC�P�9#P�9!;=<)>�?

]
>O9WJ

E
Bu<&I`<)>

G
9yC�Y-9!>�I`<

Q
q



� �������	��
 �

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


� �  " ������ � 	  � � �  ���� � � �	� 	  �  �����  �  �� ����
� � "   ���

��������������� �"!$#&%�#�'(�*),+-�/.103254"687:9;2:�<7:�=#?>A@B0DCFE<9G�DH�IJ91KL2M�N9;%�2O#P@Q.R'O2OCTS�U�VW�X91�ZY-'O#&7[�\#?>
@�YX4^]`_a@�b cLdT�XegfDhi�jdDcgc�dT�k@QC��l�^9m2;Hg#��n]$on�"EgE$�qpsrTtvu�w��

4��$B�B�08��C \ �
B <)B=<)I

Q
?
E
R�<)I,@AC�P�9!ItT=<.J	n 9W9!B P�9!Y-9!IKC.; 9WP\<)BMPu?�TMC.>OC

]�G
TfJ

E
@
]
I`<)?
E
C.BMJ

T=<�Y-9An 9W9!B ; 9!> DaC.>�@A9WPi?OCu9!Y�<)I
]
<)?O9A?�TM9^9 *^R E 9!BMR Q C)D�P�9!I`< Q I E @ E ?O9WP JOC

]
>ORW9AJ�T=<);

E
B
G
DgC.>

?�TM9h?�>N<)BMJ�@
E
JNJ
E
C.BiC)D*I

E
Y-9 Y

E
P�9WCxJ�?�>O9�<)@AJ�q

�
TM9

G
C-<)I,C)D�?�TM9h;=<); 9!>

E
Jy?OCxJ�TMC

V
?�T=<)?:9!Y-9!B]

J
E
B
G
RWC.@b;

]
?N<)?
E
C.B=<)IHI

Q
J
E
@b;�IK9uJ�T=<);

E
B
G
<)I
G
C.>
E
?�T�@AJ^J

EHG
B
E��
R�<)BF?

G
<
E
BmR�<)Bmn 9x>O9�<.RNTM9WPeq"

9 RWC.BMJ
E
P�9!>

� � 
 r RWC�P�9WPuY
E
P�9WCbJ�?�>O9�<)@AJ	@

]
IH?
E
;�IK93k�9WP\<)?#<bJ

E
B
G
IK9:@

]
IH?
E
;�IK93k�9!>�q��2:hxC��	hy91SP91.z2{%	U(0DC|EQ9G�}H}~ "

9U;�>OC.; C�JO9X?
V
ClJ

E
@b;�IK9 J�T=<);

E
B
G
<)I
G
C.>
E
?�T�@AJxDaC.>xC.B�I

E
BM9

JOT=<);
E
B
G
C)D
� � 
 r Y

E
P�9WC

V�E
?�Tu<hJ�?�>

E
R!?	P�9!I`<

Q
n C
]
BMPeL�C.BM9:n=<.JO9WPjC.Bj?�TM9:>O9WJ

E
P
]
<)Ie?�>N<)BMJ

�
@
E
JNJ
E
C.BhP�9!I`<

Q
J#� � � 8 � L)<)BMP <)BMC.?�TM9!>�L-J E @b;�IK9!> C.BM9�L V T E ROT E J�n=<.JO9WP C.Bh?�TM9wn ] d 9!> RWC.B"?O9!BF?

C.B�I
Q � 0 �#� q � TM9 9 *^R E 9!BMR Q C)D ?�TM9&? V CAJOC.I ] ? E C.BMJ E J	9!Y.<)I ] <)?O9WPUn Q RWC.@b;=<)> E B G ?�TM9 RWC�9 * �

R
E
9!BF?	C)DpY�<)>

E
<)?
E
C.B � � C � � C)Dp?�TM9:J�T=<); 9WP J�?�>O9�<)@AJ6q � TM9yR�<)IKR ] I`<)? E C.BMJ�JOTMC V ?�T=<)?�J�T=<);

E
B
G

V�E
?�Tf<bP�9!I`<

Q
n C
]
BMP <.J	JO@^<)IHI,<.J

 "�
@AJ#>O9WJ

]
IH?OJ

E
B\<bJ

EHG
B
E��
R�<)B"?y>O9WP

]
R!?
E
C.BXC)D ?�TM9

�
C
� �

?�TM9 @^<)>
G�E
B=<)I

G
<
E
B P�9WR!>O9�<.JN9WJ

V
TM9!B

E
BMR!>O9�<.J

E
B
G
?�TM9 J�T=<);

E
B
G
P�9!I`<

Q
D
]
>�?�TM9!>�q

�
T
E
J
G�E
Y-9WJ

;�>OC�JO; 9WR!? ?OC ?�TM9y9 *^R E 9!B"? ] JO9yC)Dt?�>N<�*^RyJ�T=<); E B G E BxIKC V P�9!I`<
Q
<);�;�I

E
R�<)?

E
C.BMJ�q

�
TMC
]�G
Tj?�TM9� �

8 <)I
G
C.>
E
?�T�@ ; 9!> DaC.>�@AJ&JOI

EHG
T"?�I
Q
n 9!?�?O9!>�L

V
9
]
JO9h?�TM9

0 �
<)I
G
C.>
E
?�T�@ ?�T�>OC

]�G
TMC
]
? C

]
>V

C.>�S ?OCiJOTMC
V
?�T=<)?bC.BM9uR�<)B <.ROT

E
9!Y-9uRWC.BMJ

E
P�9!>N<)n�IK9

E
@b;�>OC�Y-9!@A9!B"?OJx9!Y-9!Bmn

Q ]
J
E
B
G
?�TM9

J
E
@b;�IK9WJ�?�<)I

G
C.>
E
?�T�@UqoA�<C�hi�T.R9R7{CTh S�#&%�2:hW~ �

TM9b<)B=<)I
Q
?
E
R�<)I @ACFP�9!I ;�>O9WJO9!BF?O9WP

E
BX?�TM9h;=<); 9!>

E
Jyn=<.JO9WPfC.Bf?�TM9

?�TM9WC.>
Q
C)D*I`<)>

G
9 P�9!Y

E
<)?
E
C.BMJ:<)BMPX@^<)S-9WJ

E
?#; C�JOJ

E
n�IK9 ?OC R�<)IKR

]
I`<)?O9h?�TM9 <WY-9!>N<

G
9hIKC�JOJ#;�>OC.n

�
<)n
E
I
E
?
Q
<.J

V
9!IHIy<.Jb?�TM9j>O9!I`<)?

E
Y-9UIKC�JOJ ;�>OC.n=<)n

E
I
E
?
E
9WJxC)D&J�T=<); 9WP <)BMP

]
BMJ�T=<); 9WP J�?�>O9�<)@AJ�q�

<)IKR
]
I`<)?
E
C.BMJ <)>O9 @^<.P�9

]
J
E
B
G
PM<)?N<^P�9!>

E
Y-9WP Da>OC.@ <.R!?

]
<)Ip?�>N<.RW9WJ:C)D

� � 
 r Y
E
P�9WC�J�L <)BMP

Y�<)I
E
PM<)?O9WP

]
J
E
B
G
93k�?O9!BMJ

E
Y-9 J

E
@
]
I`<)?
E
C.BMJ�qoAKL2F'OC&H�2jhW#LU(UnE<'O#��OC��:9Ghi91.R��~ 0

C.?�Ti?�TM9A<)B=<)I
Q
?
E
R�<)I*@AC�P�9!I�<)BMP J

E
@
]
I`<)?
E
C.BMJ J�TMC

V
?�T=<)?

JOT=<);
E
B
G
T=<)I D1C)D�?�TM9hJOC

]
>ORW9WJ&P�9WR!>O9�<.JO9WJy?�TM9hIKC�JOJy;�>OC.n=<)n

E
I
E
?
Q
C)D <)IHI,JO?�>O9�<)@AJ:n

Q
>OC
]�G
T�I
Q

-4



�7 ������� ����� � 
 
�� � � ����� � � ��� � � � ����� � �����

C.BM9xC.>OP�9!> C)D	@^<
G
B
E
?
]
P�9�q\o

]
>�?�TM9!>�@AC.>O9xJO?�>O9�<)@AJ <);�;�I

Q�E
B
G
J�T=<);

E
B
G
93k�; 9!>

E
9!BMRW9x<UIKC�JOJ

;�>OC.n=<)n
E
I
E
?
Q ��

?OC
���
; 9!>ORW9!B"?�IKC

V
9!> ?�T=<)BA?�TM9#<�Y-9!>N<

G
9�<)?�<:IKC-<.PAIK9!Y-9!I

V
TM9!>O9�?�TM9#<�Y-9!>N<

G
9

IKC�JNJ	>N<)?O9
E
J 10−5 q

�
TM9 <.RNT

E
9!Y-9WP

G
<
E
B @

EHG
T"?y@^<)S-9

E
?#P�9WJ

E
>N<)n�IK9 DaC.>

E
BMP
E
Y
E
P
]
<)I
]
JN9!>OJ	?OC

<);�;�I
Q
J�T=<);

E
B
G
q
�
TM9AR�<)IKR

]
I`<)?
E
C.BMJhJ�TMC

V
?�T=<)? DaC.> ?�TM9^RWC.BMJ

E
P�9!>O9WPi?�>N<.RW9WJ JOT=<);

E
B
GUV�E

?�T
<^P�9!I`<

Q
I
E
@
E
?yC)D

����
@AJ

G�E
Y-9WJ�C.B�I

Q
@
E
BMC.>

E
@b;�>OC�Y-9!@A9!BF? RWC.@b;=<)>O9WP ?OC J�T=<);

E
B
G^V�E

?�Ti<
P�9!I`<

Q
I
E
@
E
?	C)D

 "�
@AJ�qY*Cg7��T2:.^hW#LU(U E<'?#}�OC��F91hy9R.R9m2|U 9G���(�5Y C��<%�� >F'?CTS�2FU ~ �

?
E
J S�BMC

V
B ?�T=<)?bIKC�JOJO9WJ

E
B ?�TM9

P
E
de9!>O9!B"?x?

Q
; 9WJAC)D�Da>N<)@A9WJ

E
B�<)B

� � 
 r Y
E
P�9WC P�CiBMC.? T=<WY-9u?�TM9XJN<)@A9U93de9WR!?^C.B ?�TM9

; 9!>ORW9
E
Y-9WPb+ ] <)I E ? Q C)D ?�TM9 >O9WRWC.BMJ�?�> ] R!?O9WP\Y E P�9WC�q � TM9!>O93DaC.>O9 E ? E J E B"?O9!>O9WJ�? E B G ?OC^9!Y�<)I ] <)?O9

?�TM9193de9WR!?OJ C)D J�T=<);
E
B
G
C.B ?�TM9�IKC�JNJO9WJ

E
Bh?�TM91P

E
de9!>O9!B"?,Da>N<)@A9w?

Q
; 9WJ�q

�
TM91J

E
@
]
I`<)?
E
C.BMJ T=<�Y-9

JOTMC
V
Bx?�T=<)?

E
DtJ�T=<);

E
B
GhE
J*BMC.?

]
JO9WPeL

�
Da>N<)@A9WJ�L

V
T
E
ROTxT=<WY-9�?�TM9

G
>O9�<)?O9WJ�?

E
B
� ]
9!BMRW9�C.Bx?�TM9

; 9!>ORW9
E
Y-9WP!+ ] <)I E ? Q L�T=<WY-9:< IKC�JOJ�;�>OC.n=<)n E I E ? Q V T E ROT E J ] ;x?OC ����� ; 9!>ORW9!B"? T EHG TM9!> ?�T=<)Bx?�TM9

<�Y-9!>N<
G
9bIKC�JOJ�;�>OC.n=<)n

E
I
E
?
Q
93k�; 9!>

E
9!BMRW9WP\n

Q
?�TM9 J�?�>O9�<)@Uq

'
C
V
9!Y-9!>&n

Q ]
J
E
B
G
J�T=<);

E
B
G
?�TM9

;=<.RNS-9!? IKC�JOJ:;�>OC.n=<)n
E
I
E
?
Q
<)@AC.B

G
?�TM9bP

E
d 9!>O9!BF?&D >N<)@A9 ?

Q
; 9WJ&R�<)Bin 9 @^<.P�9^9�+ ] <)I L V T E RNT

@^<
Q
D
]
>�?�TM9!>

E
@b;�>OC6Y-9 ?�TM9&; 9!> DgC.>�@^<)BMRW9 C)D,?�TM9 ?�>N<)BMJ�@

E
JOJ
E
C.Btq

=>�K����G�"V$�����"�K/\ �
TM9jC.>

EHG�E
B=<)I

E
P�9�<\R�<)@A9 D >OC.@ ?�TM9jJO9WRWC.BMPm<

]
?�TMC.> C)D�?�TM9 ;=<); 9!>�q�

TM9A<
]
?�TMC.> C)D ?�T

E
J:?�TM9WJ

E
Jy; 9!> DgC.>�@A9WPf?�TM9h@^<)?�TM9!@^<)?

E
R�<)I <)B=<)I

Q
J
E
Jyn=<.JO9WPiC.Bf>O9WJ

]
IH?OJ

E
B

?�TM9 I
E
?O9!>N<)?

]
>O9�L <)BMPUR�<)>�>

E
9WPXC

]
?	?�TM9 J

E
@
]
I`<)?
E
C.BMJ#?OCAY.<)I

E
PM<)?O9&?�TM9 @^<)?�TM9!@^<)?

E
R�<)Ip@AC�P�9!I q�

TM9 <)>�?
E
R!IK9

V
<.J
V
>
E
?�?O9!B

E
BURWC�C.; 9!>N<)?

E
C.B

V�E
?�T ?�TM9 JO9WRWC.BMP <

]
?�TMC.>#C)D ?�TM9&;=<); 9!>�q


� �  " � �	� $  �  � ��
 �  " ����   �  � � 	  � 	����%$	"��  � 	  �  ���
 � � � �#"�	  " ��� " " �#"�� �%" " �� �  � �
����� � ���B�A� �D!$#&%g#T'(�q)���f3C�hi9R.R�A�^9 �A2F'{2F�s.R9;CT.R9R#T���k9R.10 @Q#�fD'O7(2�@s0DC|E<91�}H CT�<%A!a#�'��qCT'?%n4-'|'O#�'
]k#T'|'{2O7 .R9;#��}V �q91� Y-'O#&7[��#?>����OY @ dDcgc��T����#�KL2:S��(2F' dDc�c������ C|E<h 2|U(�"EgE$�Adgdgdgt,d����}�

4��$B�B�08��C \ �
Bm?�T

E
JA;=<); 9!>A?�TM9

#
C
E
B"?

]
JO9 C)D:o


 �
<)BMP P�9!I`<

Q
I
E
@
E
?O9WP JOT=<);

E
B
G E
JE

BFY-9WJ�?
EHG
<)?O9WP

V�E
?�Tj>O9WJ�; 9WR!?w?OChP�9!I`<

Q
<)BMPxIKC�JOJ JO9!BMJ

E
?
E
Y-9�Y

E
P�9WC ?�>N<)BMJ�@

E
JNJ
E
C.Btq

�
TM9�>O9WJ

]
IH?OJ

;�>O9WJN9!B"?O9WP
E
B ?�T

E
J&;=<); 9!> <)>O9bn=<.JO9WP C.B J

E
@
]
I`<)?
E
C.BMJ ; 9!> DgC.>�@A9WP

V�E
?�T ?�>N<.RW9WJ C)D

� � 
 r
Y
E
P�9WC�J#C.B <AJ

E
B
G
IK9:@

]
IH?
E
;�IK93k�9!>�q!J4^] C��<%�U(03C|E<91�}H�> #�'\%T9 �A2F'{2F�s.R9;CT.R9;#��Q~ �

TM9�J
E
@
]
I`<)?
E
C.Bj>O9WJ

]
IH?OJwJOTMC

V
?�T=<)? o


 �
R�<)B

>O9WP
]
RW9 ?�TM9uIKC�JOJb;�>OC.n=<)n

E
I
E
?
Q
n
Q
C.BM9u?OCf?

V
C C.>OP�9!>OJ C)Dy@^<

G
B
E
?
]
P�9XP�9!; 9!BMP

E
B
G
C.B ?�TM9

<)@AC
]
BF?�C)D >O9WP

]
BMPM<)BMR

Q �aC�Y-9!>�TM9�<.P ��] JO9WP E DeC.B�I Q < J�@^<)IHI=; C.>�? E C.BjC)D ?�TM9�JOC ] >ORW9WJ1<);�;�I E 9WJE
?�q
�
T=<);

E
B
G
D
]
>�?�TM9!> P�9WR!>O9�<.JO9WJ:?�TM9hIKC�JOJy;�>OC.n=<)n

E
I
E
?
Q
n
Q\��

?OC
���

; 9!>ORW9!B"?�q
�
TM9 >O9�<.JOC.B

DgC.>#?�T
E
J
E
J	?
V
C)DgC.IKP

�
JOT=<); 9WPUJO?�>O9�<)@AJ#93k�; 9!>

E
9!BMRW9h<bIKC

V
9!>�IKC�JNJ�;�>OC.n=<)n

E
I
E
?
Q
Le<)BMPU?�TM9 IKC�JOJ

;�>OC�RW9WJOJ	C)D J�T=<); 9WPUJ�?�>O9�<)@AJ
E
J	IK9WJOJ	RWC.>�>O9!I`<)?O9WP

V
T
E
RNTU@^<)S-9WJ#o


 �
@AC.>O9 93d 9WR!?

E
Y-9�q+ EQ.R9GS�C�hnC�hGhW#&7{Cg.R9R#�� #O> %�2FhWC�� �{2:.�� 2{2F� !J4^] CT�<%	U(0DCFE<9G�DH�~ 0

C.?�T o

 �

<)BMP�P�9!I`<
Q

I
E
@
E
?O9WP J�T=<);

E
B
GmE
B"?�>OC�P

]
RW9 JNC.@A9iP�9!I`<

Q
<)BMP

E
@b;�>OC�Y-9 ?�TM9i; 9!> DgC.>�@^<)BMRW9

E
B ?O9!>�@AJUC)D

;=<.RNS-9!?#IKC�JOJ�<.J#< D
]
BMR!?

E
C.BXC)D,?�TM9 P�9!I`<

Q
n
]
?
V�E
?�TX< P�9WR!>O9�<.J

E
B
G
@^<)>

G�E
B=<)I

G
<
E
Btq*o

E
BMP
E
B
G

?�TM9 >
EHG
T"?b<)IHIKC�R�<)?

E
C.B C)D#P�9!I`<

Q
n 9!?

V
9W9!B ?�TM9A?

V
CXRWC.BF?�>OC.I�D

]
BMR!?

E
C.BMJ

E
J <)BlC.;�?

E
@
E! 
<)?
E
C.B

;�>OC.n�IK9!@Uq
�
TM9 >O9WJ

]
IH?OJ

E
BMP
E
R�<)?O9 ?�T=<)?y9!Y-9!B\?�TMC

]�G
T\?�TM9 IKC

V
9WJ�? <WY-9!>N<

G
9hIKC�JOJ#;�>OC.n=<)n

E
I
E
?
Q



�2

R�<)Bhn 9 <.RNT
E
9!Y-9WP n

Q ]
J
E
B
G
o

 �

C.B�I
Q
L
E
D
V
9wRWC.BMJ

E
P�9!>�?�TM9

E
@b;=<.R!? C)DMIKC�JOJO9WJ

E
B ?�TM9 P

E
d 9!>O9!BF?

Da>N<)@A9u?
Q
; 9WJAC.B ?�TM9j; 9!>ORW9

E
Y-9WP~+ ] <)I E ? Q L E ? E J V C.>�?�T V T E IK9X?OCiJ�; 9!BMP <fD >N<.R!?

E
C.B C)D:?�TM9

<�Y.<
E
I`<)n�IK9 P�9!I`<

Q
C.B J�T=<);

E
B
G
q!J4^] 'O2{%�f}�Q%gC��<7:�/C��<%ZU|0DC|E<91�}HM%}2FhxCT�g~ r E Y-9!Bi<

�
k�9WP\n=<)BMP

V�E
P�?�TtLe?�TM9

]
JO9 C)Dwo


 �
P�9WR!>O9�<.JN9WJ&?�TM9b93d 9WR!?

E
Y-9AIKC-<.PiP

]
9 ?OC ?�TM9bC6Y-9!>�TM9�<.P

E
@b; C�JO9WPeq

�FE
BMRW9bJ�T=<);

E
B
G
<)BMPio


 �
T=<�Y-9 J

E
@
E
I`<)>x93d 9WR!?OJ

E
?
E
J
V
C.>�?�T

V
T
E
IK9X?OC

E
B"Y-9WJ�?

EHG
<)?O9

E
D&J�T=<);

E
B
G
R�<)B RWC.@b; 9!BMJN<)?O9jDgC.>

P�9WR!>O9�<.JN9WP o

 �

>O9WP
]
BMPM<)BMR

Q
q
�
TM9	; 9!> DaC.>�@A9WP J

E
@
]
I`<)?
E
C.BMJ1J�TMC

V
9WP ?�T=<)?�n

QbE
B"?�>OC�P

]
R
E
B
G

<)Bb<.P�P
E
?
E
C.B=<)I�P�9!I`<

Q
C)D
���
@AJp?�TM9 JN<)@A9*IKC�JNJt;�>OC.n=<)n

E
I
E
?
Q
R�<)B n 9�<.RNT

E
9!Y-9WP <)? <

���
; 9!>ORW9!BF?

IKC
V
9!>y>O9WP

]
BMPM<)BMR

Q
IK9!Y-9!I q@"2F��UF91.R91K&9R.R��C��<CThy�LU|9GU ~ � V

9�<)SFBM9WJNJwC)DS+ ] <)I E ? Q P E de9!>O9!B"? E <)? E C.B ] J E B G o 
 �mE
J
E
?OJwJO9!BMJ

E �
?
E
Y
E
?
Q
?OCA?�TM9 n=<.RNS

G
>OC
]
BMP\?�>N<�*^RhROT=<)>N<.R!?O9!> E J�? E RWJ6q � TM9hRWC.BMJ E P�9!>O9WPXJ E @ ] I`<)? E C.BfJORW9!B=<)> E C

JOTMC
V
9WP ?�T=<)?j9!Y-9!B�?�TMC

]�G
T�?�TM9XIKC�JOJ ;�>OC.n=<)n

E
I
E
?
Q
C)D <)IHI�?�TM9\J�?�>O9�<)@AJjP�9!; 9!BMP�JxC.B�?�TM9

n
]
>OJO?
E
BM9WJOJ�C)D ?�TM9 n=<.RNS

G
>OC
]
BMPX?�>N<�*^R�LM?�TM9 P E d 9!>O9!BMRW9 n 9!? V 9W9!B\?�TM9&IKC�JOJ#93k�; 9!> E 9!BMRW9WPUn Q

JO?�>O9�<)@AJ
V�E
?�TX<)BMP

V�E
?�TMC

]
?#o


 � E
J#<)IH@AC�JO?	RWC.BMJ�?N<)B"?�q

0wQ
RWC.@ n

E
B
E
B
G
o

 � V�E

?�T JOC
]
>ORW9

JOT=<);
E
B
G
?�TM9&>OC.n

]
J�?�BM9WJOJ�C)D,?�TM9 + ] <)I E ? Q P E de9!>O9!B"? E <)? E C.BfR�<)Bun 9 E @b;�>OC�Y-9WPuD ] >�?�TM9!>�q

=>�K����G�"V$�����"�K/\ �
TM9jC.>

EHG�E
B=<)I

E
P�9�<\R�<)@A9 D >OC.@ ?�TM9jJO9WRWC.BMPm<

]
?�TMC.> C)D�?�TM9 ;=<); 9!>�q�

TM9h<
]
?�TMC.>�C)D ?�T

E
J	?�TM9WJ

E
J	T=<.J#R�<)>�>

E
9WP C

]
?#?�TM9 J

E
@
]
I`<)?
E
C.BMJ&<)BMPU9!Y�<)I

]
<)?O9WPU?�TM9 >O9WJ

]
IH?OJ�q�

TM9 ;=<); 9!>
V
<.J
V
>
E
?�?O9!B

E
BXRWCFC.; 9!>N<)?

E
C.B

V�E
?�TU?�TM9&JO9WRWC.BMPX<

]
?�TMC.>#C)D,?�TM9 ;=<); 9!>�q


� �  "�� �=�� � 	� � � �� ����� � � 	� 
� ���  � � ��  
  � � "  � $ �  � �
��� � 	� 
  ���  � � � � � 
 " ��� �� �
�����-� �T���^� �s!a#&%g#�'|���5��� C�'|hyU(U #�����)z+��l.1032`4 �A2O7 .1U #?>A.10�2`Y*Cg7��T2:.J@s9��[2*��9 U:.R'|9m�Ff3.R9R#T�M#��
.10�2nY`Cg7���2:.XIa#LU(UAY-'O#&7(2|U|ULV ��.m#ZC|EgE�2{C�' 91� _Q2Fh 2O7{#�SPSPfD�B9R7(CT.R9R#T� @s�LUF.z2FS U�e}#�fD'F�<C�h

4��$B�B�08��C \ �
Bi?�T

E
J&;=<); 9!> @^<)?�TM9!@^<)?

E
R�<)Iw@AC�P�9!IKJ <)>O9b;�>O9WJN9!B"?O9WP ?OC R�<)IKR

]
I`<)?O9A?�TM9

;�>OC.n=<)n
E
I
E
?
Q
C)D j IKC�JNJO9WJ

E
Bf< n�IKCFRNSUC)D n ;=<.ROS-9!?OJ�DaC.>y< n

]
>OJ�?
Q
JO?�>O9�<)@ @

]
IH?
E
;�IK93k�9WP

V�E
?�T

n=<.RNS
G
>OC
]
BMPA?�>N<�*^R V�E ?�TA93k�; C.BM9!B"? E <)I <)BMP RWC.BMJ�?N<)BF?*;=<.ROS-9!?*J E! 9WJ�q " 9 ] JN9w?�TM91@AC�P�9!IKJ ?OCE

BFY-9WJ�?
EHG
<)?O9

V
TM9!?�TM9!> ?�TM9 ;=<.ROS-9!?*J

E! 
91P
E
J�?�>
E
n
]
?
E
C.B

E
B ?�TM9 BM9!?

V
C.>�S <�de9WR!?OJ,?�TM91RWC.>�>O9!I`<)?

E
C.B

JO?�>
]
R!?
]
>O9 C)D IKC�JOJO9WJ�qI$#LU|U`S�#&%�2Fh ~ �

TM9#@
]
IH?
E
@A9WP

E
< ?�>N<�*^R E J�@ACFP�9!IK9WP^n Q <)B � � J�?N<)?O9 � <)>�S-C�Y � @AC�P ] I`<)?O9WP�,C E JOJOC.B ;�>OC�RW9WJOJ � � � � � � L <)BMP ?�TM9xn=<.ROS

G
>OC
]
BMP ?�>N<�*^R E Jh>O9!;�>O9WJO9!BF?O9WP n

Q
<���C E JNJOC.B

;�>OC�RW9WJOJ�q oMC.>�@
]
I`<.9f?OC R�<)IKR

]
I`<)?O9X?�TM9\IKC�JOJ ;�>OC.n=<)n

E
I
E
?
Q�E

B < n�IKC�ROS C)D ;=<.ROS-9!?OJ
E
B ?�TM9

>O9WJ
]
IH?
E
B
G

MMPP + M/M/1/K <)BMP MMPP + M/D/1/K + ] 9 ] 9WJ#<)>O9&P�9!> E Y-9WP <)BMP
<bB

]
@A9!>

E
R�<)Ip@A9!?�TMC�Pu?OCAR�<)IKR

]
I`<)?O9 ?�TM9&;�>OC.n=<)n

E
I
E
?
E
9WJ
E
J
G�E
Y-9!Btq�/#&%�2:hXK C�hi9R%�CT.R9R#T�Q~ �

TM9A>O9WJ
]
IH?OJ

G�E
Y-9!B n

Q
?�TM9b@ACFP�9!IKJh<)>O9bY�<)I

E
PM<)?O9WP <

G
<
E
BMJ�? J

E
@
]��

I`<)?
E
C.BMJ

V�E
?�T <)B

� � � � <)BMP
V�E
?�T <)B

� � 
 r �  RWC�P�9WPfY E P�9WCj?�>N<.RW9�q � TM9^RWC.@b;=<)> E JOC.B
JOTMC

V
J�<

G
C�C�Pj@^<)?OROT n 9!?

V
9W9!BXJ

E
@
]
I`<)?
E
C.B\<)BMP <)B=<)I

Q
?
E
R�<)It>O9WJ

]
IH?OJ6q!J4^] E�2:'G> #�'FS CT�<7(2&~ �

RWC.@b;=<)>
E
JOC.BlC)D�?�TM9^>O9WJ

]
IH?OJ C.n�?N<

E
BM9WP

V�E
?�T ?�TM9^?

V
C @AC�P�9!IKJ

JOTMC
V
J ?�T=<)?*?�TM91;=<.RNS-9!?�J

E! 
91P
E
J�?�>
E
n
]
?
E
C.B <�de9WR!?OJ ?�TM91;=<.RNS-9!?*IKC�JOJ ;�>OC�RW9WJOJ�L

E
q 9�q,?�TM91;�>OC.n=<

�
n
E
I
E
?
Q
C)DtIKC�JOJN9WJ

E
Bj< n�IKC�ROS <)BMP ?�TM9�@A9�<)B IKC�JOJw>

]
BxIK9!B

G
?�Ttq

"
9#; 9!> DaC.>�@�?�TM9yRWC.@b;=<)>

E
JOC.B



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

E
BiJO9!Y-9!>N<)I JORW9!B=<)>

E
C�J6Lt<)IHI C)Dw?�TM9!@ J�TMC

V
?�T=<)?:?�TM9 93k�; C.BM9!B"?

E
<)I ;=<.RNS-9!? J

E! 
9 P

E
J�?�>
E
n
]
?
E
C.B

IK9�<.P�J	?OC @AC.>O9:RWC.>�>O9!I`<)?O9WPuIKC�JNJO9WJ�q
�
TM9:>O9WJ

]
IH?OJ

E
BMP
E
R�<)?O9:?�T=<)? D >OC.@ <)BU<);�;�I

E
R�<)?

E
C.B
�
J	; 9!>

�
JO; 9WR!?

E
Y-9�?�TM9�93de9WR!?OJpC)D�;=<.ROS-9!? J

E! 
9*P
E
J�?�>
E
n
]
?
E
C.B C.B ?�TM9�IKC�JOJt;�>OC�RW9WJOJ�<)>O9�n

EHG�G
9WJ�?pC.B <.RWRW9WJOJ

I
E
B�S�J�L

V
TM9!>O9 9!Y-9!B

E
BMP
E
Y
E
P
]
<)I,<);�;�I

E
R�<)?

E
C.BMJ�R�<)B

E
B
� ]
9!BMRW9 ?�TM9&;=<.ROS-9!?yJ

E! 
9&P

E
J�?�>
E
n
]
?
E
C.Btq

=>�K����G�"V$�����"�K/\ �
TM9

E
P�9�<XC)D#P�9!Y-9!IKC.;

E
B
G
<U@^<)?�TM9!@^<)?

E
R�<)I�@ACFP�9!I1R�<)@A9 D >OC.@ ?�TM9

JN9WRWC.BMP <
]
?�TMC.>^C)D�?�TM9j;=<); 9!>�q

�
TM9u<

]
?�TMC.>^C)Dy?�T

E
J ?�TM9WJ

E
J T=<.JAP�9!Y-9!IKC.; 9WP ?�TM9j@^<)?�TM9

�
@^<)?

E
R�<)Iw@ACFP�9!IKJ n=<.JO9WPiC.Bi>O9WJ

]
IH?OJ:DgC

]
BMP

E
B ?�TM9 I

E
?O9!>N<)?

]
>O9�L

E
@b;�IK9!@A9!B"?O9WPeL <)BMP R�<)>�>

E
9WP

C
]
?�?�TM9:J

E
@
]
I`<)?
E
C.BMJ�LM<)BMPu<)B=<)I

Q  
9WPj?�TM9y>O9WJ

]
IH?
E
B
G
PM<)?N<�q

�
TM9�DgC.>�@

]
I`<.9:?OC R�<)IKR

]
I`<)?O9:?�TM9

; 9!> DgC.>�@^<)BMRW9A@A9�<.J
]
>O9WJ

V
9!>O9AP�9!>

E
Y-9WP n

Q
?�TM9 <

]
?�TMC.>�q

�
TM9^<)>�?

E
R!IK9

V
<.J
V
>
E
?�?O9!B

]
BMP�9!>

?�TM9 J
]
; 9!>�Y

E
J
E
C.BUC)D ?�TM9&?

V
C^RWC

�
<
]
?�TMC.>OJ�q


� �  " 
 �=�� � 	� � � �� ����� � � 	� 
  ���  � �  �  
  � � "  � $ �  � �
��� � � � 
  " � �%" �  ��� 
�����-� �T���^� �s!a#&%g#�'|���5��� C�'|hyU(U #�����)z+��l.1032`4 �A2O7 .1U #?>A.10�2`Y*Cg7��T2:.J@s9��[2*��9 U:.R'|9m�Ff3.R9R#T�M#��
!J4^] Y`2F'1>:#T'|S�C��<7|2�VW��.m#=C|E�E�2OC�'�9G�l4-hyU 2FK&9m2F'=]k#TS5EQfD.z2F'�� 2:.��q#�'��&U eD#�f}'F�<C�h

4��$B�B�08��C \ �
Bj?�T

E
J�;=<); 9!>

V
9:;�>O9WJN9!B"?�<h?�TMC.>OC

]�G
T 9!Y�<)I

]
<)?
E
C.B C)D,?�TM9&93d 9WR!?OJ	C)D ?�TM9

;=<.RNS-9!? J
E! 
9jP

E
J�?�>
E
n
]
?
E
C.B C.Bm@A9WP

E
<
�
P�9!; 9!BMP�9!BF?j<)BMP @A9WP

E
<
� E
BMP�9!; 9!BMP�9!B"?jo


 �
; 9!> DgC.>

�
@^<)BMRW9�q

"
9^;�>O9WJO9!BF? <u@^<)?�TM9!@^<)?

E
R�<)I @AC�P�9!I ?OC R�<)IKR

]
I`<)?O9 ?�TM9A;�>OC.n=<)n

E
I
E
?
Q
C)D j IKC�JNJO9WJE

B <in�IKC�ROSmC)D n ;=<.ROS-9!?OJu<)BMP ?�TM9XRWC.BMJO9WR
]
?
E
Y-9XIKC�JOJA;�>OC.n=<)n

E
I
E
?
Q
DaC.>x<in

]
>OJ�?
Q
JO?�>O9�<)@

@
]
IH?
E
;�IK93k�9WP

V�E
?�TUn

]
>OJ�?
Q
n=<.RNS

G
>OC
]
BMP ?�>N<�*^R V�E ?�T 
 >�I`<)B G.� >#P E J�?�> E n ] ?O9WPU;=<.RNS-9!?�J E! 9WJ6qI$#LU|U S #[%�2Fh ~ "

9A@ACFP�9!Iwn C.?�Ti?�TM9^@
]
IH?
E
@A9WP

E
< ?�>N<�*^R^<)BMPi?�TM9An=<.RNS G >OC ] BMP ?�>N<�*^RV�E

?�T
�
<)>�S-C�Y

�
@AC�P

]
I`<)?O9WP���C E JNJOC.Bu;�>OCFRW9WJNJO9WJ � � � � � � q " 9y;�>O9WJO9!BF?1DaC.>�@ ] I`<.9&?OC R�<)IKR ]��

I`<)?O9y?�TM9�IKC�JOJw;�>OC.n=<)n
E
I
E
?
Q^E
Bu<&n�IKC�ROS C)Dp;=<.ROS-9!?OJ�<)BMP ?�TM9�RWC.BMJO9WR

]
?
E
Y-9yIKC�JOJw;�>OC.n=<)n

E
I
E
?
QxE
B

?�TM9 >O9WJ
]
IH?
E
B
G

MMPP + MMPP/Er/1/K + ] 9 ] 9�q!J4^]/E�2:'G> #�'FS CT�<7(2&~ "
9 RWC.@b;=<)>O9 ?�TM9&; 9!> DaC.>�@^<)BMRW9 C)D o


 �
DaC.>	JN9!Y-9!>N<)Ip;=<.ROS-9!?yJ

E! 
9

P
E
JO?�>
E
n
]
?
E
C.BMJ

]
J
E
B
G
?�TM9�@^<)?�TM9!@^<)?

E
R�<)Ip@ACFP�9!Ie<)BMPjJ

E
@
]
I`<)?
E
C.BMJ�q

�
TM9�>O9WJ

]
IH?OJ JOTMC

V
?�T=<)?

?�TM9^RWCF9 *^R E 9!BF? C)D1Y.<)> E <)? E C.B C)D1?�TM9 ;=<.ROS-9!?hJ E! 9bP E J�?�> E n ] ? E C.B T=<.J&?�TM9 n
EHG�G

9WJ�? 93de9WR!? C.B
o

 �

; 9!> DgC.>�@^<)BMRW9�q
�
TM9 JOS-9

V
BM9WJOJ#<)BMPuT

EHG
TM9!>	@AC.@A9!BF?OJ	T=<�Y-9 < J�@^<)IHIK9!>

E
B
� ]
9!BMRW9�q��9Gh �{2F':.RtzS�#&%}2FhW~ "

9^9!Y�<)I
]
<)?O9 TMC

V
?�TM9 r

E
IHn 9!>�? @AC�P�9!I

�
J <.RWR

]
>N<.R

Q
?OCU;�>O9WP

E
R!? o


 �
; 9!> DgC.>�@^<)BMRW9uP�9!; 9!BMP�JAC.B ?�TM9x;=<.ROS-9!?bIKC�JNJ ;�>OC.n=<)n

E
I
E
?
Q
q
"
9uRWC.BMR!I

]
P�9j?�T=<)?

E
? @^<

E
B�I
Q

P�9!; 9!BMP�J�C.B
E
?w?�T�>OC

]�G
Tu?�TM9&<�Y-9!>N<

G
9:IKC�JOJ ;�>OC.n=<)n

E
I
E
?
Q
<)BMP ?�TM9�IK9!Y-9!ItC)D�J�?N<)?

E
JO?
E
R�<)I @

]
IH?
E �

;�IK93k
E
B
G
q

=>�K����G�"V$�����"�K/\ �
TM9	<

]
?�TMC.> C)D ?�T

E
J ?�TM9WJ

E
J T=<.J P�9!Y-9!IKC.; 9WP ?�TM91@^<)?�TM9!@^<)?

E
R�<)IM@AC�P�9!I

n=<.JN9WPiC.B\>O9WJ
]
IH?OJ:DaC

]
BMP

E
Bi?�TM9hI

E
?O9!>N<)?

]
>O9�L

E
@b;�IK9!@A9!BF?O9WPeL,<)BMPfR�<)>�>

E
9WP C

]
?:?�TM9bJ

E
@
]
I`<
�

?
E
C.BMJ6L <)BMPi<)B=<)I

Q  
9WP\?�TM9 >O9WJ

]
IH?
E
B
G
PM<)?N<�q

�
TM9 DaC.>�@

]
I`<.9 ?OCxR�<)IKR

]
I`<)?O9 ?�TM9 ; 9!> DgC.>�@^<)BMRW9

@A9�<.J
]
>O9WJ

V
9!>O9�P�9!>

E
Y-9WP n

Q
?�TM9y<

]
?�TMC.>�q

�
TM9�<)>�?

E
R!IK9

V
<.J
V
>
E
?�?O9!B

]
BMP�9!> ?�TM9#J

]
; 9!>�Y

E
J
E
C.B

C)D ?�TM9&?
V
C^RWC

�
<
]
?�TMC.>OJ6q



���

� �  "��8� � "� � $�� �  � �� 
 ���� "  � �  � ��� �  � �� " � 	  � � ����

�����A� ���B� � �$!a#&%g#�'|�n�5� ��CT'|hyU(U #����5)WoA'O2 � f}hx.R9 EQhW2^� 2|U:7 '|9 EQ.R9;#���U �n2:.;.z2F'P.10DC�� #��Q2�� VW� 91�
Y�'?#&7 �^#?>`pB.10 �O!��OY��k_�]Xw � 2:.��q#�'��[91�}H=dDcgcTu��"EgEN�^w��&pBt?w�r}wL� �/C���dDc�cTu

4��$B�B�08��C \ "
9�RWC.@b;=<)>O9w?�TM9�9 *^R E 9!BMR Q C)DM?�T�>O9W9�JOC.I ] ? E C.BMJpDaC.>,9!>�>OC.>,RWC.BF?�>OC.I L.@A9WP E < �

P�9!; 9!BMP�9!B"? o

 � � � 8 � o 
 �#� L,@A9WP E < � E BMP�9!; 9!BMP�9!BF? o 
 � � �X��� o 
 �#� <)BMP @

]
IH?
E
;�IK9UP�9

�
JNR!>
E
;�?
E
C.B RWC�P

E
B
G � � 8 �#� q " 9 ] JO9#< J E @b;�IK9�@AC�P�9!IMDa>OC.@ P

E
J�?OC.>�?

E
C.B
�
>N<)?O9�?�TM9WC.>

Q
<)BMP

]
JO9

?�TM9:@A9�<)BuP
E
J�?OC.>�?

E
C.B <.J1; 9!> DgC.>�@^<)BMRW9

E
BMP
E
R�<)?OC.>�q

�
CbR�<)IKR

]
I`<)?O9:?�TM9y;�>OC.n=<)n

E
I
E
?
Q
C)D,IKC�JOJO9WJV

9
]
JO9�?�TM9 MMPP + M/Er/1/K @AC�P�9!I ;�>O9WJN9!B"?O9WP

E
B �,<); 9!>�8%<)BMPu< J

E
@
E
I`<)>�@AC�P�9!I

?OC^R�<)IKR
]
I`<)?O9 ?�TM9&RWC.BMP

E
?
E
C.B=<)IpIKC�JNJ�;�>OC.n=<)n

E
I
E
?
Q
q����tR!J4^] K U&� ���j]X~ � ]

>�>O9WJ
]
IH?OJ	J�TMC

V
?�T=<)?

�
8
�
<)I
V
<
Q
J#C
]
?�; 9!> DaC.>�@AJ

�
8
�
o

 �

LE
q 9�qU?�TM9^@A9�<)BlP

E
J�?OC.>�?

E
C.B <.RNT

E
9!Y.<)n�IK9xn

Q �
8
� E

J <)I
V
<
Q
JhIKC

V
9!>h?�T=<)B ?�T=<)? <.ROT

E
9!Y�<)n�IK9

n
Q �

8
�
o

 �

q
�
TM9

G
<
E
BmC)D

�
8
�
P�9!; 9!BMP�JhC.B ?�TM9 ;=<.ROS-9!?bIKC�JOJ ;�>OC.n=<)n

E
I
E
?
E
9WJ^<)BMPl?�TM9

<�Y.<
E
I`<)n�IK9X>N<)?O9�q

�
TM9U>O9WJ

]
IH?OJ^J�TMC

V
?�T=<)?^n 9!IKC

V
<iRW9!>�?N<

E
B J�?N<)?

E
C.B=<)>

Q
IKC�JOJA;�>OC.n=<)n

E
I
E
?
Q

9!>�>OC.>�RWC.B"?�>OC.I�R�<)B BMC.?#P�9WR!>O9�<.JO9&?�TM9 P
E
JO?OC.>�?

E
C.Btq���=] K U � ���|t;! 4�]X~ �

TM9&RWC.@b;=<)>
E
JOC.Bun 9!?

V
9W9!B

�X���
o

 �

<)BMP
�
8
� E

J1>O9WJ�?�>
E
R!?O9WPj?OC�

8
� V�E

?�T\?
V
C P�9WJOR!>

E
;�?
E
C.BMJ6q

�
TM9 >O9WJ

]
IH?OJ�J�TMC

V
?�T=<)?

�
8
�
R�<)BXC

]
?�; 9!> DaC.>�@

�X���
o

 �

E
D IKC�JOJO9WJ�<)>O9&n

]
>OJ�?
Q
<)BMPu?�TM9 <�Y.<

E
I`<)n�IK9 P�9!I`<

Q
DgC.>	9!>�>OC.>#RWC.B"?�>OC.I

E
J�IKC

V
q

=>�K����G�"V$�����"�K/\ �
TM9 <

]
?�TMC.>xC)Dy?�T

E
Jb?�TM9WJ

E
JAP�9!Y-9!IKC.; 9WP ?�TM9u@^<)?�TM9!@^<)?

E
R�<)I�@AC�P�9!I

n=<.JN9WP C.B >O9WJ
]
IH?OJ*DgC

]
BMP

E
Bx?�TM9	I

E
?O9!>N<)?

]
>O9�L�<)BMP ; 9!> DgC.>�@A9WPA?�TM9yR�<)IKR

]
I`<)?
E
C.BMJ�q

�
TM9:<)>�?

E
R!IK9V

<.J
V
>
E
?�?O9!B

]
BMP�9!>	?�TM9&J

]
; 9!>�Y

E
J
E
C.BXC)D,?�TM9:?

V
C^RWC

�
<
]
?�TMC.>OJ6q


� �  " � � � 	  ���� �  � ���#"��  � � �  � �� � ��� �  "  ��� � � �

� ��   � �� � ���� ���� � � �  � � � 
 � � �#"
	   � � �  �� � $��  �
������� ���B��� �a!a#&%g#�'|���5� � C�'Fh U|U:#��B�n)Wo��*CT.z2:tv%�9GUF.m#�':.R9;#�� �ACLU 2{% ]k#�SAE3C�'F9GU:#�� #?> � 2O%T9RC�t
%}2zE�2F�<%}2F�s.5!J4^] CT�<% � �j] >:#�'�`2OC�hit,.R91Sj2 oAf3%�9;#�V �A.m# C|EgE�2OCT'j91��Y-'O#&7[� #?> �O4X4X4 ��]*]
d3cgcgw

4��$B�B�08��C \ "
9jRWC.@b;=<)>O9j?�TM9j9 *^R E 9!BMR Q C)D

�
8
�
o

 �

<)BMP
�
8
�
?OC\n 9

]
JN9WP DgC.>

>O9�<)I
�
?
E
@A9&<

]
P
E
C ?�>N<)BMJ�@

E
JOJ
E
C.BjC�Y-9!> ?�TM9

�
BF?O9!>�BM9!?�q

"
9
]
JO9y<&@AC�P�9!I=Da>OC.@ P

E
JO?OC.>�?

E
C.B
�
>N<)?O9

?�TM9WC.>
Q
<)BMP ?�TM9 @A9�<)B P

E
J�?OC.>�?

E
C.BA<.J,; 9!> DgC.>�@^<)BMRW9

E
BMP
E
R�<)?OC.>�q

"
9wRWC.@ n

E
BM91?�TM9 <)B=<)I

Q
?
E
R�<)I

>O9WJ
]
IH?OJ DgC.> ?�TM9	P

E
J�?OC.>�?

E
C.B

V�E
?�T J�?N<)?

E
J�?
E
RWJ*P�9!>

E
Y-9WPAD >OC.@ <:PM<)?N<)n=<.JN9	C)De;=<.ROS-9!?�IKC�JNJ ?�>N<.RW9WJ

@A9�<.J
]
>O9WP C.Bu?�TM9

�
B"?O9!>�BM9!?�qI$#LU|U�S�#&%�2:hW~ �
TM9h9!Y�<)I

]
<)?
E
C.B J�TMC

V
J&?�T=<)? 9!Y-9!Bf?�TMC

]�G
T
�
8
�
<)I
V
<
Q
J C

]
?�; 9!> DgC.>�@AJ�

8
�
o

 �%E

Bi?O9!>�@AJ C)D @A9�<)B P
E
J�?OC.>�?

E
C.BtLt?�TM9bP

E
de9!>O9!BMRW9

E
J:Y-9!>

Q
J�@^<)IHI

E
D C.BM9^RWC.BMJ

E
P�9!>OJ

>O9�<)Ip?�>N<.RW9WJ#C)D ;=<.ROS-9!?#IKC�JNJO9WJ�q
�
TM9 P

E
de9!>O9!BMRW9

E
BMR!>O9�<.JO9WJ#<.J	?�TM9 <WY�<

E
I`<)n�IK9 >N<)?O9

E
BMR!>O9�<.JO9WJ6q



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

=>�K����G�"V$�����"�K/\ �
TM9 <

]
?�TMC.>&C)D�?�T

E
Jy?�TM9WJ

E
Jy;�>OCFRW9WJOJN9WP ?�TM9 PM<)?N<)n=<.JO9hC)D�?�>N<.RW9WJ <)BMP

; 9!> DgC.>�@A9WPu?�TM9&9!Y.<)I
]
<)?
E
C.Btq

�
TM9 <)>�?

E
R!IK9

V
<.J
V
>
E
?�?O9!B

]
BMP�9!>�?�TM9&J

]
; 9!>�Y

E
J
E
C.BUC)D,?�TM9&?

V
C

RWC
�
<
]
?�TMC.>OJ6q


� �  "�� � 	 � � $ � � � �%$	" ���� �
	  � ���� � ���  � � � �%"
	   � � �  ��

� $�� �  ����   
����� � ���B� � �n!$#&%�#�'(�/�5� � C�'Fh U|U:#��B�M) �*#}�Ff�U:.P@Q#�fD'O7(2Ftv7:0DC��B�Q2:h=]k#&%�91�}H�> #�' �`2OC�hit,.R91Sj2
� f}hx.R9GSj2O%T9RC�V �XU|fB�FSP9R.;.z2O%�.m# oP] � �MfDhi.R91Sj2O%�9;C�@<� U:.z2FS U�e}#�fD'|�QC�h

4��$B�B�08��C \ "
9h;�>OC.; C�JN9 <^@A9!?�TMC�P\DaC.>y>N<)?O9b<)IHIKCFR�<)?

E
C.Bi?�T=<)?&R�<)B

E
@b;�>OC�Y-9 ?�TM9h>O9

�
J
E
I
E
9!BMRW9�C)D=@

]
IH?
E
@A9WP

E
< RWC.@b@

]
B
E
R�<)?

E
C.BMJ

E
B ?�TM9 ;�>O9WJO9!BMRW9�C)D RNT=<)B�BM9!I=J�?N<)?O9 @A9�<.J

]
>O9!@A9!BF?

9!>�>OC.>OJh<)BMPiC.BiBMC.B
�
J�?N<)?

E
C.B=<)>

Q
ROT=<)B�BM9!IKJ6q

�
BMJ�?O9�<.P C)Dw@

E
B
E
@
E! WE
B
G
?�TM9 @A9�<)B P

E
J�?OC.>�?

E
C.B

DgC.>,?�TM9w@A9�<.J
]
>O9WPhJO?N<)?

E
C.B=<)>

Q
;=<.ROS-9!? IKC�JOJ�;�>OC.n=<)n

E
I
E
?
QhV

9 ;�>OC.; C�JO9w?OC#@
E
B
E
@
E! 
91?�TM9w@A9�<)B

P
E
JO?OC.>�?

E
C.BUn=<.JO9WPuC.BU<h@ACFP�9!IeC)D,?�TM9&ROT=<)B�BM9!I q

"
9&9!Y�<)I

]
<)?O9:TMC

V
9WJO?
E
@^<)?

E
C.B 9!>�>OC.>OJ#<)BMP

?�TM9
]
JO9&C)D J

E
@b;�IK9 ROT=<)B�BM9!I�@ACFP�9!IKJ

E
B
� ]
9!BMRW9 ?�TM9&; 9!> DaC.>�@^<)BMRW9 C)D ?�TM9&>N<)?O9 <)IHIKC�R�<)?

E
C.BtqI$#LU|U^2|U:.R9GS�CT.R9;#��Q~ "

9
]
JO9y?�TM9 <WY-9!>N<

G
9:IKC�JOJ

E
BF?O9!>�Y.<)I � � �t� � @A9!?�TMC�Pj?OC 9WJ�? E @^<)?O9:?�TM9

RNT=<)B�BM9!I�J�?N<)?O9�q
"
9:;�>O9WJO9!B"?�DgC.>�@

]
I`<.J	DaC.>1?�TM9&Y�<)>

E
<)BMRW9&C)D ?�TM9&9WJ�?

E
@^<)?O9 C.B < J�?N<)?

E
C.B=<)>

Q
RNT=<)B�BM9!I�P�9WJOR!>

E
n 9WPun

Q
?�TM9 r

E
IHn 9!>�?

�
@AC�P�9!I qY`2F'1>:#T'|S�C��<7|2&~ "

9wRWC.@b;=<)>O9 ?�TM9w@A9�<)BhP
E
JO?OC.>�?

E
C.Bb<)BMP ?�TM9wY.<)>

E
<)BMRW91C)DM?�TM9 P

E
J�?OC.>�?

E
C.B

DgC.>1?�TM9:;�>OC.; C�JN9WPj>N<)?O9:<)IHIKC�R�<)?
E
C.BU@A9!?�TMC�P � @ E B�@^<�k � α � ?OC ?�T=<)?	C)Dp?�TM9:@ E B E @ E! <)? E C.B C)D

?�TM9 @A9�<)B P
E
J�?OC.>�?

E
C.BUDgC.>

�
8
�
o

 �

<)BMP
�
8
�
q
�
TM9&>O9WJ

]
IH?OJ	J�TMC

V
?�T=<)?#C.BX< J�?N<)?

E
C.B=<)>

Q
RNT=<)B�BM9!I�@

E
B�@^<�k

�
α >O9WJ

]
IH?OJ

E
B <jT

EHG
TM9!> @A9�<)B P

E
J�?OC.>�?

E
C.B n

]
? <xIKC

V
9!> Y�<)>

E
<)BMRW9AC)D1?�TM9

P
E
JO?OC.>�?

E
C.Btq

�
BbBMC.B

�
J�?N<)?

E
C.B=<)>

Q
ROT=<)B�BM9!IKJw@

E
B�@^<�k

�
α ;�>OC�Y

E
P�9WJ*J�@AC�C.?�TM9!>�P�9

G
>N<.PM<)?

E
C.B^C)D

?�TM9J+ ] <)I E ? Q q " 9 <);�;�I Q ?�TM9 @ E B�@^<�k � α >N<)?O9 <)IHIKC�R�<)?
E
C.B @A9!?�TMC�PU?OC

'
q
��) 

RWC�P�9WPUY
E
P�9WC�q�

TM9^J
E
@
]
I`<)?
E
C.BMJ J�TMC

V
J
E
@
E
I`<)> >O9WJ

]
IH?OJ:?OCj?�TMC�JO9bC.n�?N<

E
BM9WP

V�E
?�Ti?�TM9A<)B=<)I

Q
?
E
R�<)I*@AC�P�9!IKJ

n=<.JN9WPUC.B P
E
J�?OC.>�?

E
C.B
�
>N<)?O9 ?�TM9WC.>

Q
q

=>�K����G�"V$�����"�K/\ �
TM9 <

]
?�TMC.>�C)D�?�T

E
Jt?�TM9WJ

E
JpT=<.JpP�9!Y-9!IKC.; 9WP ?�TM9�@^<)?�TM9!@^<)?

E
R�<)IF@AC�P�9!I L

R�<)>�>
E
9WPbC

]
? ?�TM91J

E
@
]
I`<)?
E
C.BMJ�L"<)BMPA<)B=<)I

Q  
9WPh?�TM91>O9WJ

]
IH?
E
B
G
PM<)?N<�q

�
TM9	<)>�?

E
R!IK9

V
<.J
V
>
E
?�?O9!B]

BMP�9!>�?�TM9&J
]
; 9!>�Y

E
J
E
C.BUC)D ?�TM9&?

V
C^RWC

�
<
]
?�TMC.>OJ6q


� �  "�� �=�� � 	 �� �  �  �  � � � � � � � ��� �  ��� � �  � ��
� $�� �  ����   ��� "   �  ���

�����P�������j� � !$#&%�#�'(� �5� � C�'Fh U|U:#����^),+-� .1032 @Q.mC��F91hy9R.R�l#?> 4-�<%�t E3#�91�s.Rt?�OC�U 2O% �MfDhi.R91Sj2O%�9;C
@Q.R'O2OCTS 91�}H�V �XU|fB�FSP9R.;.z2O%�.m#=ug.10��O!��OY��X_�]Xw � 2 .��q#�' � 9G�}H=dDc�cgw

4��$B�B�08��C \ "
9&;�>O9WJN9!B"?y<b@^<)?�TM9!@^<)?

E
R�<)I,@AC�P�9!IpC)D�<)B 9!BMP

�
; C
E
B"?
�
n=<.JO9WP\@

]
IH?
E
R�<.J�?

JO?�>O9�<)@
E
B
G
<)>OROT

E
?O9WR!?

]
>O9^?�T=<)?

]
JO9WJ:@

]
IH?
E
;�IK9AP

E
JO?�>
E
n
]
?
E
C.Bi?�>O9W9WJ <)BMP\DaC.>

V
<)>OPi9!>�>OC.> RWC.>

�



���

>O9WR!?
E
C.B �ao 
 �#� ?OC E @b;�>OC�Y-9^>O9WJ E I E 9!BMRW9b?OCuBMC�P�9bP�9!;=<)>�? ] >O9WJ <)BMPiPM<)?N<jIKC�JOJ�q � TM9b@AC�P�9!I

R�<)Bln 9
]
JO9WP ?OCXR�<)IKR

]
I`<)?O9x?�TM9 ; C.>�?

E
C.B C)D	?�TM9xPM<)?N<U?�T=<)?b<UBMC�P�9 <)>�n

E
?�>N<)>

E
I
Q
Dg<)> <

V
<
Q

Da>OC.@ ?�TM9A>OC�C.? C)D�?�TM9^@
]
IH?
E
R�<.J�?h>O9WRW9

E
Y-9WJ

E
B ?�TM9A;�>O9WJO9!BMRW9xC)D#RWC.>�>O9!I`<)?O9WP IKC�JOJO9WJ P

]
9 ?OC

RWC.B
G
9WJO?
E
C.Btq

"
9
]
JO9 ?�TM9&?�TM9WC.>

Q
C)D*P

E
JOR!>O9!?O9 P

Q
B=<)@

E
R J
Q
J�?O9!@AJ	?OCbP�9!>

E
Y-9 RWC.BMR!I

]
J
E
C.BuDgC.>

I`<)>
G
9 C�Y-9!>�I`<

Q
J�q@<.mCT.R9;7A#TKL2F'FhxC���~ "

9	Y.<)I
E
PM<)?O91?�TM9�@^<)?�TM9!@^<)?

E
R�<)I @ACFP�9!I=Y

E
<yJ
E
@
]
I`<)?
E
C.BMJ�L�<)BMPbP

E
JNR
]
JOJV

T
Q
?�TM9!>O9:<)>O9#@

E
BMC.>1P

E
JOR!>O9!;=<)BMR

E
9WJ
]
BMP�9!> RW9!>�?N<

E
BjRWC.BMP

E
?
E
C.BMJ1n 9!?

V
9W9!Bj?�TM9#>O9WJ

]
IH?OJ�q

"
9

JOTMC
V
TMC
V
?�TM9 @AC�P�9!I"R�<)B n 9*<);�;�I

E
9WP ?OC1BM9!?

V
C.>�S�J

V�E
?�T TM9!?O9!>OC

G
9!BM9WC

]
J�IKC�JOJe;�>OC.n=<)n

E
I
E
?
E
9WJ6q�

TM9	>O9WJ
]
IH?OJ J�TMC

V
?�T=<)? ?�TM9�C�Y-9!>�I`<

Q
R�<)BAP�9!I

E
Y-9!>�PM<)?N<y?OC:BMC�P�9WJ*<)>�n

E
?�>N<)>

E
I
Q
Dg<)>�<

V
<
Q
Da>OC.@

?�TM9 >OC�C.?#BMC�P�9 <.J�IKC.B
G
<.J�?�TM9 IKC�JOJ�;�>OC.n=<)n

E
I
E
?
Q
n 9!?

V
9W9!BfBMCFP�9WJyC)D*?�TM9 C6Y-9!>�I`<

Q E
J#n 9!IKC

V
< RW9!>�?N<

E
Bf?�T�>O9WJ�TMC.IKPeq

�
TM9 Y.<)I

]
9hC)D�?�TM9 ?�T�>O9WJ�TMC.IKP\@^<

E
B�I
Q
P�9!; 9!BMP�J:C.B\?�TM9h;=<)>N<)@A9!?O9!>OJ

C)D�?�TM9 o

 �

<)BMP ?�TM9^B
]
@ n 9!>AC)D	?�>O9W9WJ�L ?�TM9^B

]
@ n 9!>AC)D	BMCFP�9WJh; 9!> I`<

Q
9!> T=<.Jh< @

E
BMC.>

93de9WR!?�q
�
C PM<)?N<

E
J1>O9WRW9

E
Y-9WPxDg<)>1Da>OC.@ ?�TM9:>OCFC.?1BMC�P�9

E
D�?�TM9yIKC�JOJ1;�>OC.n=<)n

E
I
E
?
Q
93k�RW9W9WP�J�?�TM9

?�T�>O9WJOTMC.IKPeq
"
9 <)IKJOC^J�TMC

V
?�T=<)?�?�TM9 C6Y-9!>�I`<

QXE
J�<)n�IK9 ?OCA>O9WRWC�Y-9!>yDa>OC.@ZJO9!Y-9!>O9hPM<)?N<^IKC�JOJO9WJ

<.J	IKC.B
G
<.J�?�TM9

Q
P�C BMC.?#93k�RW9W9WPu?�TM9:?�T�>O9WJ�TMC.IKP C)D J�?N<)n

E
I
E
?
Q
q�^���<CTS 9;7Z#�KL2F'FhxCT�g~ "

9^J�TMC
V
TMC
V
?�TM9A@AC�P�9!I�R�<)B n 9

]
JO9WP ?OCU;�>O9WP

E
R!? ?�TM9^; 9!> DgC.>

�
@^<)BMRW9

E
B ?�TM9^;�>O9WJO9!BMRW9xC)D	BMC�P�9^P�9!;=<)>�?

]
>O9WJ�q

"
9^Y�<)I

E
PM<)?O9^?�TM9 ;�>OC.; C�JO9WP @A9!?�TMC�P Y

E
<

J
E
@
]
I`<)?
E
C.BMJ�q

�
TM9&>O9WJ

]
IH?OJ	J�TMC

V
<
G
C�CFPj@^<)?ORNTUn 9!?

V
9W9!BX?�TM9 <);�;�>OCWk

E
@^<)?

E
Y-9 @AC�P�9!I�<)BMP

?�TM9\J
E
@
]
I`<)?
E
C.BMJ�L#<)BMP J

]�G�G
9WJ�?^?�T=<)? BMCFP�9XP�9!;=<)>�?

]
>O9WJ

E
B
� ]
9!BMRW9X?�TM9 J

Q
J�?O9!@

�
J^; 9!> DgC.>

�
@^<)BMRW9h<.J#< DgC.>�@ C)D RWC.>�>O9!I`<)?O9WP IKC�JOJO9WJ�q

=>�K����G�"V$�����"�K/\ �
TM9

E
P�9�<XC)D#P�9!Y-9!IKC.;

E
B
G
<U@^<)?�TM9!@^<)?

E
R�<)I�@ACFP�9!I1R�<)@A9 D >OC.@ ?�TM9

JN9WRWC.BMPx<
]
?�TMC.> C)Dt?�TM9	;=<); 9!>�q

�
TM9y<

]
?�TMC.> C)Dt?�T

E
J�?�TM9WJ

E
JwT=<.J�P�9!Y-9!IKC.; 9WP^?�TM9#@^<)?�TM9!@^<)?

E �
R�<)I=@ACFP�9!I L

E
@b;�IK9!@A9!B"?O9WPeLM<)BMPAR�<)>�>

E
9WPAC

]
?�?�TM9#J

E
@
]
I`<)?
E
C.BMJ�L�<)BMP <)B=<)I

Q  
9WPb?�TM9	>O9WJ

]
IH?
E
B
G

PM<)?N<�q
�
TM9 <)>�?

E
R!IK9

V
<.J
V
>
E
?�?O9!B

]
BMP�9!>	?�TM9 J

]
; 9!>�Y

E
J
E
C.BUC)D ?�TM9:?

V
C^RWC

�
<
]
?�TMC.>OJ�q

 � 	� " �  �  "������ �  ����� $ ����  � � 	� � 	���  �

r Q q^8&s)BtL
�
qtoMC�P�C.>�L

)O_a032 4 �A2O7 .R91KL2F�Q2FU(U�#O> _�'OC?687�@B0DC|E<91�}HM9G� � 2 .��q#�' �[U �k91.10/@sS�C�h1h
�`f��A2F'(U|�?V � �:$ ����

L
A�]
BM9

�����
r Q q,8&s)BtL

�
q�o=CFP�C.>�L

)?]k#�SAE3C�'F9 U #��Z#?> @B0DCFE<9G�DH C��<% �*f��A2F'F9G�DHq> #�' �N9;%�2O#�_�'OC���UFSP9 U|U|9;#����OV
E
B�� >OCFR�q�C)D �y�#�\��� L�;�;tq 4.7���7-4 L ��]�G�] J�? ����� qr Q q	8&s)BtL

�
q=oMC�P�C.>&<)BMP r q

$
<)>�IKJOJOC.B

)z+�� .1032 �|SAE3#�':.mC��<7|2 #?>�.10�2^Y*Cg7���2 .�@s9��[2^��9 U:.R'|91t
�:fD.R9;#�� 9G�l!J4^]	Y52F'G> #�'FS�C��<7(2|�OV E

B�� >OC�R�q*C)D ���#�f�64 L�;�;tq ��-46�����7b�#]�G�] JO? ����) qr Q q 8:s)BtL
�
q�oMCFP�C.>	<)BMP r q

$
<)>�IKJOJOC.B

)WoA�<C�hi� UF9 U^#?>\.10325Y*C�7���2:.kI$#LU|U*Y-'O#&7(2FU(UX> #�' �Mf}hx.R91t
Sj2O%T9RC�_B'?C?687:�?V E

B'� >OC�R�q*C)D � � �#� � ��
L�;�;tq

7�����2) 
L
A�]
I
Qj����) 

qr Q q 8:s)BtL
�
q"oMC�P�C.>�<)BMP r q

$
<)>�IKJOJOC.B

)xY`Cg7���2:.X@s9��[2*��9 U:.R'|9m�Ff3.R9R#��"~5C��=o\U|9;%�2��O�OV E
B � >OC�R�q

C)D
�
C
��� � ������

L�;�;tq
4.����7-4

L=oM9!ntq
������

qr Q q 8&s)BtL
�
q�oMC�P�C.>^<)BMP r q

$
<)>�IKJOJOC.B

)z+��8.10�2�onUF�LSAEQ.m#g.R9R7��n2|0DCTK&9R#T'M#?> 4��<%�tWE�#�9G�<.Rt
�{CLU 2O% �Mf}hx.R91S�2{%�9RC @Q.R'O2OCTS 91�}HL�OV

?OCX<);�; 9�<)>
E
B��*>OCFR�quC)D � B"?O9!>�B=<)? E C.B=<)I ��� > E ROT �

9!@
E
B=<)>

C.B
�
C.@b@

]
B
E
R�<)?

E
C.BMJ�L oM9!ntq

������
q





� �������	��
 �

� ����� � � 	 ���v� 	 �z��� ��� ��� ��� � � � �

�
T
E
Jw?�TM9WJ

E
J�;�>O9WJO9!B"?OJ1<)B^9!Y�<)I

]
<)?
E
C.B C)DeTMC

V
P
E
d 9!>O9!BF?�?�>N<�*^R�<)BMP 9!>�>OC.>wRWC.BF?�>OC.I=D ] BMR!? E C.BMJ

R�<)B
E
@b;�>OC�Y-9#?�TM9 + ] <)I E ? Q C)De< ] P E C6Y E J ] <)I RWC.@b@ ] B E R�<)? E C.Btq � ] >*>O9WJ ] IH?OJwC.B^J�T=<); E B G J�TMC V

?�T=<)?1n
QA]

J
E
B
G
?�>N<�*^R�J�T=<); E B G ?�TM9�IKC�JOJw;�>OC.n=<)n E I E ? Q C)D�?�TM9 E BMP E Y E P ] <)IeJ�?�>O9�<)@AJ1P�9WR!>O9�<.JO9WJ

J
EHG
B
E��
R�<)B"?�I

Q
<)BMPxIKC�JOJO9WJ n 9WRWC.@A9:@AC.>O9:9!Y-9!B�I

Q
P
E
J�?�>
E
n
]
?O9WPjn 9!?

V
9W9!Bu?�TM9:P

E
de9!>O9!B"?�Da>N<)@A9

?
Q
; 9WJuC)D

� � 
 r RWC�P�9WP�Y
E
P�9WC�q

�
TM9i<.ROT

E
9!Y-9WP

G
<
E
B
E
JjP

E
>O9WR!?�I

Q
;�>OC.; C.>�?

E
C.B=<)I&?OCl?�TM9E

BF?�>OCFP
]
RW9WP P�9!I`<

Q V�E
?�Tl< P�9WR!>O9�<.J

E
B
G
@^<)>

G�E
B=<)I

G
<
E
Btq

0 Q
?N<)S

E
B
G
?�TM9

E
B
� ]
9!BMRW9xC)D	?�TM9

;=<.RNS-9!? IKC�JNJO9WJAC.B ?�TM9u; 9!>ORW9
E
Y-9WP~+ ] <)I E ? Q E

BF?OC <.RWRWC
]
B"? ?�TM9

]
JO9UC)D J�T=<);

E
B
G
R�<)B n�>

E
B
G

RWC.BMJ
E
P�9!>N<)n�IK9

G
<
E
BMJ DaC.>1?�TM9

E
BMP
E
Y
E
P
]
<)I
]
JO9!>OJ�q

�
TM9yBM9!?

V
C.>�SjC.; 9!>N<)?OC.>OJ�R�<)Bjn 9!BM9

�
?1Da>OC.@

?�TM9
G
>N<.P

]
<)I
E
B"?�>OC�P

]
R!?
E
C.BXC)D J�T=<);

E
B
GAE
Bu?�TM9 9!BMPuBMCFP�9WJ�<.J

V
9!IHI q�

BMC.?�TM9!>wn 9!BM9
�
?1C)DtJ�T=<);

E
B
GhE
J*?�T=<)?

E
?wR�<)B

E
@b;�>OC6Y-9y?�TM9#9 *^R E 9!BMR Q C)Dpo 
 � RWC.BMJ

E
P�9!>

�
<)n�I

Q
q


Y-9!B ?�TMC

]�G
T\?�TM9 C.;�?

E
@^<)I�RWC.@ n

E
B=<)?

E
C.BiC)D�J�T=<);

E
B
G
<)BMPXo


 �
@
EHG
T"?yn 9 P

E *^R ] IH?
?OC
�
BMP

E
Bj;�>N<.R!?

E
RW9�L

E
?
E
J�R!IK9�<)> D >OC.@ ?�TM9y>O9WJ

]
IH?OJ1?�T=<)?1?�TM9!>O9&93k

E
JO?OJ1<)BuC.;�?

E
@^<)ItRWC.@ n

E
B=<
�

?
E
C.B C)D1J�T=<);

E
B
G
<)BMPfo


 � V
T
E
ROT @

E
B
E
@
E! 
9WJ ?�TM9 IKC�JNJ&C)D

E
B�DgC.>�@^<)?

E
C.Btq

�
C.@ n

E
B
E
B
G
?�TM9

?
V
C RWC.B"?�>OC.ItD

]
BMR!?

E
C.BMJ�<)IKJNC

E
BMR!>O9�<.JO9WJ	?�TM9&>OC.n

]
JO?�BM9WJOJ	C)D o


 �
q�

TM9&93d 9WR!?OJ#C)D,?�TM9&;=<.RNS-9!?#J
E! 
9 P

E
JO?�>
E
n
]
?
E
C.B C.BU?�TM9:IKC�JOJ�;�>OC�RW9WJOJ	JOTMC

V
TMC
V
P
E *^R ] IH?E

?
E
Jy?OCx;�>O9WP

E
R!?:?�TM9 ; 9!> DgC.>�@^<)BMRW9bC)D�?�TM9 P

E
d 9!>O9!BF? 9!>�>OC.>:RWC.BF?�>OC.I*JOC.I

]
?
E
C.BMJ�q

0 ]
?:SFBMC

V1�
E
B
G
?�TM9bD <.R!?OC.>OJ ?�T=<)?hR�<)B

E
B
� ]
9!BMRW9 ?�TM9

E
> 9 *^R E 9!BMR Q TM9!IH;MJ ?OCXP�9WJ EHG B JNRW9!B=<)>

E
C�J&DgC.> ?�TM9

; 9!> DgC.>�@^<)BMRW9y9!Y�<)I
]
<)?
E
C.BjC)Dt?�TM9WJO9#JORNTM9!@A9WJ�q oMC.>�<);�;�I

E
R�<)?

E
C.BMJ1?�T=<)?

V
<)B"?1?OC @^<)S-9

]
JO9#C)D

o

 �

?�TM9y>O9WJ
]
IH?OJ

G�E
Y-9:C.BM9y@AC.>O9 <.J�; 9WR!? C)D,;=<.ROS-9!?

E! 
<)?
E
C.B
�
JN9!BMP

E
B
G
BM9�<)>�I

Q
9�+ ] <)IHI Q J E! 9WP

;=<.RNS-9!?OJ BMC.? C.B�I
Q
P�9WR!>O9�<.JN9WJ ?�TM9AJ�?N<)?

E
C.B=<)>

Q
;=<.RNS-9!? IKC�JOJ&;�>OC.n=<)n

E
I
E
?
Q
n
]
? @^<)S-9WJ IKC�JOJO9WJ

IK9WJNJ	RWC.>�>O9!I`<)?O9WPX<.J
V
9!IHI q�

TM9y>O9WJ
]
IH?OJ1RWC.@b;=<)>

E
B
G
?�TM9:P

E
d 9!>O9!BF?	9!>�>OC.>1RWC.BF?�>OC.IpJOC.I

]
?
E
C.BMJ�J

]�G�G
9WJO?w?�T=<)?�>O9WJO9�<)>ORNTE

B ?�TM9
�
9!IKP C)D @

]
IH?
E
;�IK9:P�9WJOR!>

E
;�?
E
C.B RWC�P

E
B
G
R�<)B

G�E
Y-9#J

EHG
B
E��
R�<)BF?wn 9!BM9

�
?OJ�LF@^<

E
B�I
QbE
B^?�TM9�

9!IKPfC)D
E
BF?O9!>N<.R!?

E
Y-9bRWC.@b@

]
B
E
R�<)?

E
C.BMJ�q

�
TM9 <.ROT

E
9!Y�<)n�IK9

G
<
E
BiP�9!; 9!BMP�J

E
Bi<AI`<)>

G
9h93k�?O9!BF?

C.B ?�TM9A<WY�<
E
I`<)n�IK9b>N<)?O9�q

�
D1RWC

]
>OJN9�Lt?�TM9 >O9WJ

]
IH?OJ&;�>O9WJN9!B"?O9WP R�<)BiBMC.?&n 9bP

E
>O9WR!?�I

Q
<);�;�I

E
9WP

?OC <)B
Q
RWCFP

E
B
G
JNROTM9!@A9�LMn

]
?�?�TM9

QjE
BMP
E
R�<)?O9&?�T=<)?#?�TM9 <.ROT

E
9!Y�<)n�IK9

G
<
E
BuDgC.>�IKC

V
n
E
?�>N<)?O9WJ

E
J

@
E
B
E
@^<)I q

�
B 9!Y�<)I

]
<)?
E
C.B

V�E
?�T @AC.>O9x<.RWR

]
>N<)?O9^P

E
J�?OC.>�?

E
C.B
�
>N<)?O9 @ACFP�9!IKJ RWC

]
IKP ?O9!IHI*TMC

V
@
]
ROT

G
<
E
B R�<)BUn 9&93k�; 9WR!?O9WP

]
J
E
B
G
;=<)>�?

E
R
]
I`<)>yRWCFP

E
B
G
JNROTM9!@A9WJ�q

o
E
B=<)IHI

Q
?�TM9:>O9WJ

]
IH?OJ�C.BU9!BMP

�
; C
E
B"?
�
n=<.JN9WPU@

]
IH?
E
R�<.JO?

G�E
Y-9 < J

E
@b;�IK9:@A9�<)BMJ�?OCA<)B=<)I

Q  
9

?�TM9An 9!T=<�Y
E
C.> C)D1I`<)>

G
9AC6Y-9!>�I`<

Q
J�q

�
TM9b>O9WJ

]
IH?OJ <)>O9b9!BMRWC

]
>N<
G�E
B
G
L�n
]
? <)?&?�TM9^JN<)@A9 ?

E
@A9

���



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

JOTMC
V
JNC.@A9^C)D�?�TM9b; C�JOJ

E
n�IK9b;

E
? D <)IHIKJ C)D�?�TM9WJO9 JOROTM9!@A9WJ�q



Y-9!B ?�TMC

]�G
T
E
B ;�>

E
BMR
E
;�IK9 ?�TM9

;=<.RNS-9!? >O9WRW9!;�?
E
C.Bb>N<)?

E
C:R�<)Bhn 9w@^<.P�9	<)>�n

E
?�>N<)>

Q
T
EHG
TtL�?�TM9w@

E
J
�
9WJ�?
E
@^<)?

E
C.BAC)D=?�TM9 BM9!?

V
C.>�S

JO?N<)?O9 <)BMPj?�TM9:BMCFP�9&P
Q
B=<)@

E
RWJ	R�<)Bu>O9WJ

]
IH?
E
BU<)IHItPM<)?N<hn 9

E
B
G
IKC�J�?�q

� ]
>�;�>OC.; C�JO9WPj>OC.n

]
J�?

>N<)?O9	<)IHIKC�R�<)?
E
C.B @A9!?�TMCFPbR�<)B TM9!IH; ?OC&<)IHIK9!Y

E
<)?O9 ?�TM9193de9WR!?OJ C)D=@

E
J
�
9WJ�?
E
@^<)?

E
C.Bbn

Q
?�TM9 ;�>

E
RW9

C)D J�I
EHG
T"?�I
Q
T
EHG
TM9!>:@A9�<)BfP

E
J�?OC.>�?

E
C.Btq

"
9 n 9!I

E
9!Y-9 ?�T=<)?

E
Bi<^RWC�C.; 9!>N<)?

E
Y-9 J

Q
J�?O9!@UL

V
TM9!>O9

BMC�P�9yP�9!;=<)>�?
]
>O9WJ�P�9!; 9!BMP ;=<)>�?�I

Q
C.Bx?�TM9#>O9WRW9!;�?

E
C.BT+ ] <)I E ? Q L E ? E J E @b; C.>�?N<)B"?�?OC @ E B E @ E! 9

?�TM9h;�>OC.n=<)n
E
I
E
?
Q
C)D�?�>N<)BMJ

E
9!BF?yDg<

E
I
]
>O9WJ&<.J�?�TMC�JO9 R�<)BfIK9�<.PX?OC

E
BMR!>O9�<.JN9WPXBMC�P�9hP�9!;=<)>�?

]
>O9WJ

<)BMPUTM9!BMRW9&?OCb?�TM9 RWC.IHI`<);MJO9 C)D,?�TM9&C6Y-9!>�I`<
Q
q

��� � ���
��� � ���

�
TM9 ;�>OC.n�IK9!@ C)Db<

]
P
E
C6Y
E
J
]
<)I RWC.@b@

]
B
E
R�<)?

E
C.BMJ\C�Y-9!>u?�TM9

�
B"?O9!>�BM9!?

E
JjD <)>xD >OC.@ n 9

E
B
G

JNC.IHY-9WPeq
�
9
V
RWCFP

E
B
G
JOROTM9!@A9WJu<)BMP 9!>�>OC.>xRWC.B"?�>OC.I:JOC.I

]
?
E
C.BMJ ?�T=<)? ;�>OC6Y

E
P�9\<.RWRW9!;�?N<)n�IK9+ ] <)I E ? Q <);�; 9�<)>�Le<)BMPXTMC V ?�TM9 P

E
Y-9!>OJO9hJORNTM9!@A9WJ&R�<)BXn 9 RWC.@ n

E
BM9WPX?OC

E
@b;�>OC�Y-9h?�TM9

]
JO9!>

; 9!>ORW9
E
Y-9WP5+ ] <)I E ? Q E JyBMC.?:R!IK9�<)>�q 
 J�; 9WR E <)IHI QUE BfI`<.ROS\C)D < V 9!IHI P�9 � BM9WP <)BMP ] BMP�9!>OJ�?OCFC�PeL

9�<.J
Q"�
?OC
� ]
JO9 @ACFP�9!ItC)D ?�TM9:T

]
@^<)BXY

E
J
]
<)ItJ

Q
J�?O9!@

E
?
E
J1BMC.?�J�?�>N<

EHG
T"? DgC.>

V
<)>OP TMC

V + ] <)I E ? Q
R�<)BXn 9 @^<�k

E
@
E! 
9WPeq

�
C.@b;�IK93k JOC.I

]
?
E
C.BMJ�<)>O9 C)D ?O9!BXT=<)>OPu?OCAP�9!;�IKC

Q
L <)BMPuTM9!BMRW9

V
9 T=<�Y-9

?OC @^<)S-9i?�TM9in 9WJ�?uC
]
? C)Dh?�TM9iDa9�<.J

E
n�IK9iJN9!?UC)D JOC.I

]
?
E
C.BMJ6q

� ]
9WJ�?
E
C.BMJ�LyI

E
S-9iTMC

V
>N<)?O9

<)IHIKC�R�<)?
E
C.B

]
J
E
B
G
J
E
@b;�IK9wn

]
? 9�<.J

Q"�
?OC
� ]
JO9 P

E
J�?OC.>�?

E
C.B @AC�P�9!IKJ,R�<)Bhn 9

E
@b;�>OC6Y-9WPA<)BMP

V
T
E
RNT

RWC.@ n
E
B=<)?

E
C.BXC)Dp?�TM9y@^<)B

Q
<�Y.<

E
I`<)n�IK9yDg9�<)?

]
>O9WJ�C)Dp?OC�PM<

Q �
J1Y
E
P�9WC RWC�P�9!>OJw;�>OC6Y

E
P�9:?�TM9yn 9WJ�?+ ] <)I E ? Q L <)>O9 J�? E IHItC.; 9!Btq�

B ?�TM9
�
9!IKP C)D @

]
IH?
E
R�<.JO?XJ�?�>O9�<)@

E
B
G
?�TM9f; 9W9!>

�
?OC
�
; 9W9!>X<);�;�>OC-<.ROT%R�<)B 9!Y-9!B"?

]
<)IHI
Q

G�E
Y-9U?�TM9uC.;�; C.>�?

]
B
E
?
Q
?OC <)B

Q
C.BM9U?OCfn 9WRWC.@A9U<fRWC.B"?O9!BF?^;�>OC�Y

E
P�9!>�q

�
?
E
J TMC

V
9!Y-9!>xBMC.?

R!IK9�<)>�L
V
T=<)?

E
J ?�TM9An 9WJ�?

V
<
Q
?OCUC.>

G
<)B
E! 
9ABMC�P�9WJ

E
BF?OCX<)B C6Y-9!>�I`<

QiE
D1?
E
@A9!I

Q
P�9!I
E
Y-9!>

Q
C)D

?�TM9 PM<)?N<x<)BMP\>OC.n
]
J�?�BM9WJOJ&<)>O9 n C.?�T

E
JOJ
]
9WJ�q

�
BMC.?�TM9!>f+ ] 9WJ�? E C.B E JyTMC V 9!BMP

�
; C
E
B"?
�
n=<.JN9WP

@
]
IH?
E
R�<.J�?

V
C
]
IKP
E
B
� ]
9!BMRW9j?�TM9 BM9!?

V
C.>�S
�
JA; 9!> DaC.>�@^<)BMRW9�L <.J PM<)?N<\T=<.J ?OCf?�>N<�Y-9!>OJO9j?�TM9

BM9!?
V
C.>�SUJO9!Y-9!>N<)Ip?

E
@A9WJ

E
BX<)BUC�Y-9!>�I`<

Q
R!>O9�<)?O9WP

V�E
?�TMC

]
?y<)B

Q
?OC.; C.IKC

G�E
R�<)I�RWC.BMJ

E
P�9!>N<)?

E
C.BMJ�q�

Y-9!>�I`<
Q
J n

]�E
IH?
]
J
E
B
G
?OC.; C.IKC

G�E
R�<)I

E
B�DaC.>�@^<)?

E
C.B%<)>O9X@AC.>O9 JO9!BMJ

E
?
E
Y-9f?OCl?�TM9\Dg<

E
I
]
>O9iC)D

J
E
B
G
IK9^BMC�P�9WJ�q

�
BMC.?�TM9!>

E
BF?O9!>O9WJ�?

E
B
G
<)>O9�<

V
C
]
IKPln 9^?OC

E
B"Y-9WJO?

EHG
<)?O9 ?�TM9

]
JO9 C)D	>N<)?O9!IK9WJOJ

RWC�P�9WJ
E
B\RWC.B

# ]
BMR!?

E
C.B

V�E
?�TfJ

]
RNTXC�Y-9!>�I`<

Q
J6q
� + ] 9WJ�? E C.B IK9�<.P E B G < V < Q Da>OC.@ ?�TM9 <)>O9�<AC)D

BM9!?
V
C.>�S

E
B
GjE
J	?�TM9 ; C�JOJ

E
n�IK9 JO9!?#C)D n

]
J
E
BM9WJOJ#@ACFP�9!IKJ#?�T=<)?�RWC

]
IKPU@^<)S-9 ?�TM9 P�9!Y-9!IKC.;�@A9!B"?

<)BMP P�9!;�IKC
Q
@A9!B"?:C)D 9!BMP

�
; C
E
B"?
�
n=<.JO9WPXP

E
J�?�>
E
n
]
?
E
C.BXJ

Q
J�?O9!@AJ�9WRWC.BMC.@

E
R�<)IHI

Q
Dg9�<.J

E
n�IK9�q



� ��� � ��� � � ��
 � �

& �)( A
q
'
q
�
<)IH?
 
9!>�Lt8 q ��q � 9W9WPeLe<)BMPi8hq 8 q � I`<)>�S L�� 
 BMP � ?OC � 9!BMP <)>

G�]
@A9!B"?OJ

E
BiJ

Q
J�?O9!@

P�9WJ
EHG
BtL �

oP] � _B'?C��BU �\#�� ]k#�SAE<f3.z2F' @s�LU:.z2FS U
L Y-C.I q


L1;�;tq

-4�4�+��7�7
L
�
C6Y-9!@ n 9!>��2�7) 

q
&  ( �

q
0
>O9WJ�I`<

]
L
�
q
A
<)@

E
BtL <)BMP

�
q
�
TM9!B�S-9!>�L��

�
C.@b@A9!B"?OJlC.B ?�TM9m; 9!> DaC.>�@^<)BMRW9 C)D

@A9�<.J
]
>O9!@A9!B"?

�
n=<.JN9WP <.P�@

E
JOJ
E
C.B RWC.B"?�>OC.Ih<)I

G
C.>
E
?�T�@AJ�L �

E
B
Y-'O#&7[� #?>��O4q4X4 ��5!*+�t

]-+ �
L�;�;tq

������6+ ��) "
L
�
<)>OROT

������
q

& � ( r q
0 E
<)BMROT

E
L
�
q
�
<); C.BM9�L*<)BMP

�
q ��9!>�? E C.I E L�� � T�>OC ]�G T�; ] ?b<)B=<)I Q J E JhC)D	9!BMP + ?OC + 9!BMP

@A9�<.J
]
>O9!@A9!B"?

�
n=<.JN9WP <.P�@

E
JOJ
E
C.B RWC.B"?�>OC.I

E
B
� �#L � E B Y-'?#[7[� #O>��O4X4X4 ��5!�+�]-+ �

L
;�;tq

�! "���/+ �! F4.�
L
�
<)>OROT

������
q

&  ( �
q
0
>O9WJ�I`<

]
L


q
"
q
$
B
EHG
TF?�I
Q
L
�
q
�
TM9!B�S-9!>�L

�
q
�
?OC
E
R�<�L <)BMP

'
q
�

T=<)B
G
L��


BMP�; C

E
BF?

<.P�@
E
JOJ
E
C.B RWC.B"?�>OC.I

� �
>ORNT

E
?O9WR!?

]
>N<)I

E
JNJ
]
9WJx<)BMP ; 9!> DaC.>�@^<)BMRW9�L �

E
B
Y-'O#&7[��#?>ZoP] �

@ �L��]-+ � �
LF;�;tq

�-4�+���2
L
��]�G�]

J�?
������

q
& � ( �

q�o=CFP�C.>	� B	�W9 
 IK9!S � L r q $ <)>�IKJOJNC.BtL=<)BMP � q � _.B�B G >O9!BtL
� � P�@ E JOJ E C.B RWC.B"?�>OC.I,n=<.JO9WP
C.B 9!BMP

�
?OC
�
9!BMP @A9�<.J

]
>O9!@A9!BF?OJ�L �

E
B
Y-'O#&7[��#O> �O4X4q4 ��5!*+�]-+ �

L:;�;tq
����6+������

L�
<)>ORNT

������
q

& � ( �
q
0
q r

E
n�n 9!BMJ�<)BMPAo1q �,q $ 9!IHI Q L���8 E J�?�> E n ] ?O9WP RWC.B�BM9WR!? E C.Bx<.RWRW9!;�?N<)BMRW9�RWC.B"?�>OC.IMDgC.>�<

RWC.B�BM9WR!?
E
C.B�IK9WJOJ*BM9!?

V
C.>�S L �

E
B
Y-'O#&7[�N#O>`.1032�gw�.10 �|�s.z2F'F�<CT.R9;#��<C�h _Q2Fh 2:.R'OC?687 ]k#��}H�'{2|U|U

L
;�;tq

2) M�/+�2���
L
A�]
BM9

��2�2�2
q

& 4 ( r q
$
<)>�IKJOJNC.Bl<)BMP o1q

�
>N<WY�<�L��

�
TM9 8

� �
<);�;�>OC-<.ROT ?OC

�
C
�
L �
E
B
Y-'O#&7[�A#?> �����`#L@

L
;�;tq

�6+�7
L
�
<
Qf��2�2�2

q
& 7 ( �

q
�
s.J
�
Y�<)>OJ <)BMP r q

$
<)>�IKJOJNC.BtL�� � 0 ���y� � >OC.n 9 n=<.JO9WPb<.P�@ E JOJ E C.BbRWC.B"?�>OC.I L � E B Y-'O#&7[�#?> �`#?> �(@B�5]-+ @k_ dDw��
LM;�;tq

2-4�+ ����2
L
�
9!;�?O9!@ n 9!>

������
q

& 2 ( �
q
�
9
E
JOJ�IK9

E
BtL
$
q
�
C�JOJ�LM<)BMP

�
q
�
<
#
<
G
C.;=<)I L
� r

]
<)>N<)B"?O9W9

E
B
G
J�?N<)?

E
J�?
E
R�<)I

�
C
�
?OC >O9

G.�
]
I`<)?O9WP ?�>N<�*^R �#� TM9 @ ] IH? E ;�IK9 BMC�P�9hR�<.JO9�L � E B Y-'?#[7[�q#O>��O4X4X4 ��2O7 9 UF9R#���� ]k#��<.R'?#�h

L
;�;tq

�����/+�����7
L
��2�2�7

q
& ��� ( � q � 9 E JOJ�IK9 E BtL $ q � C�JOJ�LM<)BMP � q � < # < G C.;=<)I L
� r ] <)>N<)B"?O9W9 E B G J�?N<)? E J�? E R�<)I � C � ?OC >O9 G.�]

I`<)?O9WP\?�>N<�*^R �#� TM9 J E B G IK9hBMCFP�9 R�<.JO9�L � E B Y�'?#&7 ��#?> �O4q4X4 ��5!*+�]-+ �
LM;�;tq

�������/+
���-4.

L
��2�2�2

q
�-4



��7 ����� � � � � � ����� �

& ���)( � q � 9 E JOJOIK9 E BtL $ q � C�JNJ�LF<)BMP � q � < # < G C.;=<)I L � � Da>N<)@A9
V
C.>�S DgC.>

G�]
<)>N<)B"?O9W9

E
B
G
J�?N<)?

E
J
�

?
E
R�<)I

�
C
�
L �
�O4X4X4���oP] � _B'?C��BU � � 2:.��q#T' �[91�}H

L=Y-C.I q
���
L�BMC�q

�
L�;�;tq

-4�+" "
L
�����

q
& �� (A� q � C�C.BtL A q�o1q $:] >OC�JN9�L=<)BMPj8hq�o1q � C V J�IK9 Q L�� � <.ROS-9!?:< ] P E C ;�I`< Q C ] ?#P�9!I`< Q <.P # ] J�? �

@A9!B"?
�
; 9!> DaC.>�@^<)BMRW9:n C

]
BMP�J	<)BMPu<)I

G
C.>
E
?�T�@AJ�L �

�Mf}hx.R91S�2{%�9RC�@s�LUF.z2:S�U
L"Y-C.I q

�
L�BMC�q

�
L

;�;tq
�64�+��7

L
��2�2�7

q
& ��� ( � q ��9!>�S E BMJ�L � q ' C�P�JOC.BtLM<)BMP � q ' <)>OP�@^<)BtL�� � J

]
>�Y-9

Q
C)D,;=<.RNS-9!?	IKC�JOJ�>O9WRWC6Y-9!>

Q
DgC.>

J�?�>O9�<)@
E
B
G
<
]
P
E
C�L �

�O4X4X4 � 2 .��q#�' �
L
��2�2�7

q
& �! (�� q " <)B G <)BMP � q � T ] L�� 
 >�>OC.>wRWC.B"?�>OC.I <)BMPARWC.BMRW9�<)IH@A9!B"?wDaC.> Y E P�9WC&RWC.@b@ ] B E R�<)? E C.B �

<h>O9!Y
E
9
V
L �
Y-'O#&7[� �O4X4X4

L�Y-C.I q
7��
LMBMC�q

�
L�;�;tq

2-4� )+�2�2-4
L
��2�2�7

q
& ��� ( r q 0 q r q � q � q "�E

9
G
<)BMPeL

�
q
�F]
IHI
E
Y�<)BtL��

�
Y-9!>�Y

E
9
V
C)D ?�TM9:Ttq

��) F(
<WY-R Y

E
P�9WCbRWC�P

E
B
G

J�?N<)BMPM<)>OPeL �
�O4X4X4 _�'OC���U&��] 9G'O7:fD91.1U\@s�LU:.z�A�$9R%}2O#�_<2O7:0��<#�h �

LMY-C.I q
�64
L
A�]
I
Qu������

q
& ��� ( � q � PM<.J6L � � >N<�*^R�@AC�P�9!IKJ E B n�>OC-<.P�n=<)BMP BM9!? V C.>�S�J�L � �O4X4X4 ]k#�SPSPfD�Q���/C&H��

L�Y-C.I q
���
L

;�;tq
7�6+�7�2

L
��2�2-4

q
& �64 ( � q � C�JN9�L�� �FE @b;�IK9�<)BMP 9 *^R E 9!B"? @ACFP�9!IKJ*DaC.>*Y�<)> E <)n�IK9�n E ?w>N<)?O9 � � 
 r Y

E
P�9WC&?�>N<�*^R�L �Y`2F'1>:#T'|S�C��<7|2n4�K C�hif3CT.R9;#��

LMY-C.I q
���
L�BMC�q

�3��
L�;�;tq

��26+�7��
L
��2�2-4

q
& ��7 ( � q �  + ]�E 9!>OP�C <)BMP 8hq � 9W9!Y-9WJ�L � � J

]
>�Y-9

Q
C)DpJ�?N<)?

E
J�?
E
R�<)I JOC

]
>ORW9	@AC�P�9!IKJ*DgC.>*Y�<)>

E
<)n�IK9

�
n
E
?
�
>N<)?O9 RWC.@b;�>O9WJOJO9WPUY

E
P�9WC�L �

�MfDhi.R91Sj2O%�9;C�@<� U:.z2FS U
L�Y-C.I q

4
L�;�;tq

��2�26+�����
L
��2�2�2

q
& ��2 ( 0 q � < G I`<)> E J�L�8 q � B=<.J�?N<.JOJ E C ] L �,q � 9!BtL r q $ <)>�IKJOJOC.BtL-<)BMP A q � C.n�n E BMJ�L � �,9!> DgC.>�@^<)BMRW9

@ACFP�9!IKJxC)D J�?N<)?
E
JO?
E
R�<)I�@

]
IH?
E
;�IK93k

E
B
GmE
B�;=<.ROS-9!?uY

E
P�9WC RWC.@b@

]
B
E
R�<)?

E
C.BMJ�L � Y-C.I q

���
L

BMC�q
4
L�;�;tq

7��) )+�7) � 
L
��2�7�7

q
& �� ( 8 q � C.TM9!B\<)BMPu8hq ' 9 Q @^<)BtL � ��9!> DgC.>�@^<)BMRW9 @AC�P�9!I E B G C)D�Y E P�9WC ?O9!IK9WRWC.B�Dg9!>O9!BMR E B G^E B

<)?�@ BM9!?
V
C.>�S�J�L � Y-C.I q

�
L�BMC�q

�
L�;�;tq

 "��76+" "��
L
��2�2��

q
& ��)( � q r > � BM9!B�Da9!IKP�9!>�L A q � C�J�@^<.J6L � q � <)B"?�TMC.>�; 9�L-<)BMP � q � P E B�@^< � � S�<�DaC.>�L�� � T=<)>N<.R!?O9!> �E! 

<)?
E
C.B C)D Y

E
P�9WCARWC�P�9WRWJ#<.Jy<

]
?OC.>O9

G
>O9WJOJ

E
Y-9&@AC6Y

E
BMP\<WY-9!>N<

G
9 ;�>OC�RW9WJOJO9WJ�<)BMPu>O9!I`<)?O9WP+ ] 9 ] 9 E B G J Q J�?O9!@ ; 9!> DaC.>�@^<)BMRW9�L �

�O4X4X4 eD�J@"2Fh 2O7 .z� oA'O2{CLUZ]k#�SPSPf}�"�
L=Y-C.I q

2
L BMC�q

�
L

;�;tq
�7) )+��2��

L
��2�2��

q
& � (PA q 0 9!>N<)BtL � q � TM9!>�@^<)BtL � q � <G+n+ ] Lt<)BMP " q

" E
IHI
E
B
G
9!>�L �

�
C.B
G.�
>N<)B

G
9^P�9!; 9!BMP�9!BMRW9E

B Y�<)>
E
<)n�IK9

�
n
E
?
�
>N<)?O9jY

E
P�9WC ?�>N<�*^R�L � �O4q4X4�_�'OC���U&�^]k#�SPSPf}�"�

L�Y-C.I q
 "�
L,BMC�q

-(.�-(� 
L

;�;tq
�������6+ ���-4.2

L
��2�2��

q
& �� ( � q r <)>�>O9!?�?�<)BMP " q

" E
IHI
E
B
G
9!>�L��

�
B=<)I

Q
J
E
J�L.@AC�P�9!I

E
B
G
<)BMP

G
9!BM9!>N<)?

E
C.B C)D JO9!I D

�
J
E
@
E
I`<)>

YFn�>�Y
E
P�9WC ?�>N<�*^R�L � E B Y-'O#&7[�k#O>AoP] � @ �L��]-+ � �

LF;�;tq
���26+��7��

L
�#]�G

q
��2�2) 

q
& ) ( � q '#] <)B G L � q 8y9!Y-9!?OJ E S E C.? E J�L � q � <)@ n=<.PM<)> E J6L�<)BMP � q $ < Q 9�L � � C�P�9!I E B G <)BMPiJ E @ �]

I`<)?
E
C.B C)D*JO9!I D

�
J
E
@
E
I`<)>�Y.<)>

E
<)n�IK9 n

E
?
�
>N<)?O9 RWC.@b;�>O9WJOJN9WPuY

E
P�9WC

��� ]
B
E��
9WPX<);�;�>OC-<.ROTtL �E

B
oP] � @ �L��]-+ � �

LF;�;tq
���! )+ ����

L
��2�2��

q



��2

& �� ( � q r >N<.JOJO9�L � q�oM>N<)?O9!>�L.<)BMP A q � >�BMC.IKPeL � � BM9
V
<);�;�>OC-<.RNT ?OC	IKC.B

G.�
>N<)B

G
9wP�9!; 9!BMP�9!BMRW9E

B Y.<)>
E
<)n�IK9�n

E
? >N<)?O9�Y

E
P�9WCy?�>N<�*^R�L � _<2:hW2O7(#�SPS��Q@s�LUF.z2FS U L.Y-C.I q �� L-BMC�q � L�;�;tq 4.26+ ����� L��2�2�2

q
& �� ( 0 q �	Q�] <)BMP

�
q


I
V
<)I
E
PeL �

�
TM9

E
@b; C.>�?N<)BMRW9XC)DyIKC.B

G.�
>N<)B

G
9XP�9!; 9!BMP�9!BMRW9XC)D

�:01�
Y
E
P�9WC ?�>N<�*^R E B � � � ?�>N<�*^Ry9!B G�E BM9W9!> E B GM���XQ ?�TMJ1<)BMP^>O9�<)I E ? E 9WJ6L � E B Y�'?#&7 � #O>�oP] �@ �L��]-+ � �

LF;�;tq
�6+ �! 

L
��2�2��

q
& -4 ( � q r >OC�JNJ G I`< ] JO9!> <)BMP A q � � q 0 C.IKC.?�L � � Bi?�TM9h>O9!IK9!Y.<)BMRW9^C)DwIKC.B G.� >N<)B G 9AP�9!; 9!BMP�9!BMRW9E

B BM9!?
V
C.>�SU?�>N<�*^R�L � �O4q4X4���oP] � _B'?C��BU � ��2:.��q#�'��[9G�DH

L=Y-C.I q
4
L=BMC�q

�
LM;�;tq

���26+��) "�
L��2�2�2

q
& �7 (A� q � C.n 9!>�?�<)BMP A q � 9 0 C ] P�9WR�L � � 9 V @ACFP�9!IKJ	DaC.>#;MJO9

]
P�C^JO9!I D

�
J
E
@
E
I`<)>	?�>N<�*^R�L � Y52F'|t>:#T'|S�C��<7|2n4�K C�hif3CT.R9;#��

LMY-C.I q
���
L�BMC�q

�/+�
L�;�;tq

�-4�+���7
L
��2�2-4

q
& �2 ( � q � q � BMP�9!>OJO9!Bu<)BMP 0 q�o1q ��E 9!IKJO9!BtL � � @^<)>�S-C�Y

E
<)B <);�;�>OC-<.ROTxDaC.> @AC�P�9!I

E
B
G
;=<.RNS-9!?

?�>N<�*^R V�E ?�TfIKC.B G.� >N<)B G 9bP�9!; 9!BMP�9!BMRW9�L � �O4X4q4 eD�k@"2Fh 2O7 .z�JoA'{2OCLUl]k#�SPS fD�Q�
LMY-C.I q

���
L

BMC�q
�
L�;�;tq

4���26+�4.��
L
��2�2�7

q
& ��� ( � q $ > ] B  <)BMP � q � > E ;=<)?�T E L�� � B\?�TM9 RNT=<)>N<.R!?O9!> E! <)? E C.B C)D �:0 � � � 
 r J�?�>O9�<)@AJ�L �E

B
oP] � @s9WH�Sj2:.R'F9R7:U

L�;�;tq
��2�6+����

q
& ���)( � q"8:< E <)BMP 8 q � C G�]�E BMC�Y L � � B=<)I Q J E Jw<)BMP @AC�P�9!I E B G C)D � � 
 r �  <)BMP ' q ��) @ ] IH? E �

I`<
Q
9!>	Y

E
P�9WCb?�>N<�*^R�L � E B Y-'O#&7[�q#?> �O4X4X4 ��5!*+^]-+ �

L�;�;tq
���-4�+����-4

L
�
<)>�q

������
q

& �� ( � q � <  <)>�L r q �,<.R E�� R E L <)BMPx8 q ��9!BMPM<)>N<)S E J�L � � CFP�9!I E B G Y E P�9WC JNC ] >ORW9WJ DaC.> >O9�<)I � ? E @A9
JOROTM9WP

]
I
E
B
G
L �
�MfDhx.R9GSj2O%�9;Cj@s�LUF.z2FS U

L�Y-C.I q
�
L�BMC�q

�
L�;�;tq

����6+�����
L
��2�2) 

q
& ��� (���E P�9WC � ] <)I E ? Q 


k�; 9!>�?OJ r >OC
]
;tL ��o

E
B=<)I:>O9!; C.>�? D >OC.@ ?�TM9\Y

E
P�9WC
+ ] <)I E ? Q 93k�; 9!>�?OJG

>OC
]
; C.BU?�TM9&Y�<)I

E
PM<)?

E
C.BXC)D C.n

#
9WR!?
E
Y-9 @AC�P�9!IKJ#C)D Y

E
P�9WC,+ ] <)I E ? Q <.JOJN9WJOJ�@A9!B"?�L=;�T=<.JO9�O�

L �
A�]
I
QU������

q
& �) ( � q " 9!nMJ�?O9!>�L � q A C.BM9WJ�L � q � E BMJOC.BtL � q � C.>N<)BtL,<)BMP � q " C.I D�L � � BiC.n # 9WR!? E Y-9bY E P�9WC+ ] <)I E ? Q <.JOJN9WJOJ�@A9!B"?�J Q J�?O9!@ n=<.JO9WPjC.BuT

]
@^<)Bu; 9!>ORW9!;�?

E
C.BtL �

E
B
Y-'?#[7[�a@3Y �O4-t � fDS�C��

�N9GU|9;#���� �N9GU|f�C�h<Y-'O#&7(2FU(U|91�}H C��Q% ��9xHT91.mC�h"�^9GUmE<hWC��
L�Y-C.I q

��2����
L�;�;tq

���6+���
L
��2�2��

q
& ��� ( � q " <)B G L � q 0 C�Y E S L ' q � TM9 E S�TtL�<)BMP 
 q �FE @AC.BMRW9!IHI E L � � @^< G 9,+ ] <)I E ? Q <.JOJO9WJOJO@A9!B"? �

o�>OC.@ 9!>�>OC.> Y
E
J
E
n
E
I
E
?
Q
?OCUJ�?�>

]
R!?
]
>N<)IwJ

E
@
E
I`<)>
E
?
Q
L �
�O4q4X4�_B'OC���U � �|S�C&H}2 Y�'?#&7|2|U(UF9G�}H

L
Y-C.I q

���
L�BMC�q

 
L�;�;tq

�����6+�����
L
����) 

q
& ��� (A� qe8&<)I Q L � � TM9bY E J E n�IK9bP E d 9!>O9!BMRW9A;�>O9WP E R!?OC.> � � B <)I G C.> E ?�T�@ DaC.>&?�TM9A<.JOJN9WJOJ�@A9!B"? C)DE

@^<
G
9
�
P�9!I
E
?
Q
L �
E
B
Y�'?#&7 � @3Y �O4

L�Y-C.I q
�������

L�;�;tq
6+ ���

L
��2�2�

q
& �-4 ( � q � <);�;=<.J^<)BMP �

q
�
<�Da>N<)BM9!S L

Y52F'?7|2zEQ.Rf�C�h57:'F91.z2F'F9;CP>:#T'=91S�C&H�2��:f�C�hi91.R� 2FKLC�hyf�CT.R9;#����
� C��Q%��O#&# � #?>��|S�C&H�2 CT�<% �N9;%�2O# Y-'O#&7(2FU(U|91�}H��1o ���5#�K[9 �&� 2O%����

q
�
R�<.P�9!@

E
R �*>O9WJOJ�L�

<
Qj������

q
& ��7 (A� q " E

B�S�IK9!>�L��
�
; 9!>ORW9!;�?

]
<)I	P

E
JO?OC.>�?

E
C.B @A9!?�>

E
RxDaC.>AP

EHG�E
?N<)I	RWC.IKC.>bY

E
P�9WC�L �

E
B
Y-'O#&7[�

@3Y �O4
L�Y-C.I q

���) � 
LM;�;tq

�64.�6+ ��7) 
L
��2�2�2

q



 "� ����� � � � � � ����� �

& ��2 ( � q)Y.<)BbP�9!B 0 >N<)BMP�9!B � <)@ n�>O9WRNT"? <)BMP � q � 9!>OJORNTM9 ] >O9�L�� �,9!>ORW9!;�? ] <)IK+ ] <)I E ? Q @A9�<.J ] >O9]
J
E
B
G
<iJ�;=<)?

E
C
�
?O9!@b; C.>N<)I#@AC�P�9!I#C)D:?�TM9uT

]
@^<)B�Y

E
J
]
<)I	J

Q
J�?O9!@UL �

E
B
Y-'O#&7[�A@�Y �O4

L
Y-C.I q

�����7
L�;�;tq

 "���6+" "���
L
��2�2��

q
&  "� ( $ q � <)BtL � q r T=<)B"n=<)> E L#<)BMP 8 q �,9�<)>OJOC.BtL � � B C.n

#
9WR!?
E
Y-9 @A9�<.J

]
>O9!@A9!BF? ?OC�C.I	DgC.>� � 
 r Y

E
P�9WC,+ ] <)I E ? Q L � @s9xHT�<C�h<Y-'O#&7(2|U|U|91�}H L=Y-C.I q 4.� L�;�;tq -4.26+��2) L ��2�2�7 q

&  M�)( $ q � ? ] T�IH@ � IHIK9!>�L � qpo c)>�n 9!>�L � q �eE B�S L*<)BMP 0
q r

E
>OCFPeL �

�
B=<)I

Q
J
E
J C)D�Y

E
P�9WCX?�>N<)BMJ

�
@
E
JOJ
E
C.BmC�Y-9!>bIKC�JNJ

Q
RNT=<)B�BM9!IKJ�L �

�O4X4X4 eD�*@"2Fh 2O7 .z�*oA'{2OCLU ]k#�SPSPf}�"�
L Y-C.I q

��7
L
A�]
BM9������

q
&  " (�� q �eE <)B G L A q � ; C�JO?OC.IKC.; C ] IKC�J�L <)BMP 0 q r E >OCFPeL�� � B=<)I Q J E J C)D1;=<.RNS-9!? IKC�JNJ&DgC.> RWC.@ �

;�>O9WJOJO9WP^Y
E
P�9WC

�
P�C�9WJwn

]
>OJO?
�
IK9!B
G
?�Tx@^<)?�?O9!>

�

L �
E
B
Y-'O#&7[� #?> �O4q4X4 ��]$on@s@3Y

L�;�;tq
��7) )+

��7-4
L
�
;�>
E
I
������

q
&  "� ( � q � 9!>OJORNTM9 ] >O9�L �

q r <)>OR
E
<�L r q

$
<)>�IKJOJOC.BtL <)BMP

A
q
'�]

n=<
]
keL �

v
JO9!>
�
C.>
E
9!B"?O9WP

�
C
�UE
B

;=<.ROS-9!?	Y
E
P�9WCAP�9!I

E
Y-9!>

Q
L �
�O4X4X4 ��2:.��q#�'��

L�Y-C.I q
��
L�BMC�q

�
LM;�;tq

��6+���
L
��2�2�7

q
&  � (�" q)oM9!B

G
L-o1q

A
<)T=<)B

E
<)BtLF<)BMP

�
q
�
9WROT�>O9WJO?�L��

�
BbC.;�?

E
@^<)I�n=<)BMP

V�E
P�?�T^<)IHIKC�R�<)?

E
C.BAJ�?�>N<)?

�
9
G�Q

DgC.>&?�TM9AP�9!I
E
Y-9!>

Q
C)D�RWC.@b;�>O9WJOJO9WP ;�>O9!>O9WRWC.>OP�9WP Y

E
P�9WC�L �

oP] � �MfDhi.R91Sj2O%�9;C @s�LUFt
.z2FS U

L�Y-C.I q
�
L�BMC�q

�
L�;�;tq

�2-4�+�����2
L
��2�2-4

q
&  "� (�" q�oM9!B

G
<)BMP

A
q
�
93kFDgC.>OPeL �

�
RWC.@b;=<)>

E
JOC.BmC)D#n=<)BMP

V�E
P�?�TmJ�@AC�C.?�T

E
B
G
?O9WROT�B

E + ] 9WJ
DaC.> ?�TM9j?�>N<)BMJ�@

E
JNJ
E
C.B C)Dy;�>O9!>O9WRWC.>OP�9WP RWC.@b;�>O9WJOJO9WPmY

E
P�9WC�L �

E
B
�O4X4X4 ��5!�+�]-+ �

L
;�;tq

��76+����
L
��2�2-4

q
&  "� (PA q � R � <)B ] J&<)BMP $ q � C�JNJ�L � �yE P�9WCxC.BXP�9!@^<)BMPfC�Y-9!> � � �l� �

C.BMJ�?N<)BF?
�
>N<)?O9 ?�>N<)BMJ

�
@
E
JOJ
E
C.B <)BMP�?�>N<)BMJ�; C.>�?�L �

�O4q4X4 eD��@"2Fh 2O7 .z�ZoA'O2OC�U ]k#�SPSPfD�Q�
L Y-C.I q

�! 
LjBMC�q

�
L

;�;tq
����7-4�+ ����2��

L
��2�2��

q
&  F4 (PA q � 93kFDgC.>OPeL � q � 9!BtL A q 8:9 Q L " q oM9!B

G
L
A
q
$:]

>OC�JN9�L
A
q
�
?N<)B�S-C�Y

E
R�Le<)BMPX8 q

�
C
V
JOIK9
Q
L

�
�
B�I
E
BM9mJ�@AC�C.?�T

E
B
G
C)D I

E
Y-9�LhY.<)>

E
<)n�IK9

�
n
E
?
�
>N<)?O9 Y

E
P�9WC�L �

E
B
Y-'?#[7[�Z#?> � +-@B@3�`o��

L
;�;tq

) "26+���-4
L
�
<
Qf��2�2-4

q
&  "7 (A� q � q � <)@UL � q � TMC V LM<)BMPx8hq $ q � q � < ] L � � Bu<)I G C.> E ?�T�@�DaC.> IKC�JOJ�IK9WJOJ J�@AC�C.?�T

E
B
G
C)D� � 
 r Y

E
P�9WC�L �

E
B
Y�'?#&7 �X#?>AoP] � @ �L��]-+ � �

L�;�;tq
�7��/+��2��

L
��2�2) 

q
&  "2 ( 
 q $ B EHG T"?�I Q <)BMP ' q � T=<)B G L � � >N<�*^R	RNT=<)>N<.R!?O9!> E! <)? E C.Bx<)BMPbJ V�E ?ORNT ] ? E I E! <)? E C.B ] J E B G

<uP�9!?O9!>�@
E
B
E
J�?
E
R n C

]
BMP
E
B
GXE
B"?O9!>�Y�<)I P�9!; 9!BMP�9!B"?h?�>N<�*^RA@AC�P�9!I L � E B Y�'?#&7 �`#?> �O4q4X4

��5!*+^]-+ �
L
��2�2��

q
& ��� ( ' q � T=<)B G <)BMP



q
$
B
EHG
TF?�I
Q
L �
�#


8
� �:01� �f�

>O9!BM9
G
C.?
E
<)?
E
C.B
�
n=<.JO9WP <);�;�>OC-<.ROT ?OC

J
]
;�; C.>�? P�9!I`<

Q"�
JO9!BMJ

E
?
E
Y-9
�:01�

Y
E
P�9WC�L �

oP] � �MfDhi.R91Sj2O%�9;C @s�LUF.z2FS U\e}#�fD'|�QC�h
L�Y-C.I q

�
L

;�;tq
���) )+ �64.�

L
�
<
Qf��2�2-4

q
& ���)( 0 q r E >OCFPX<)BMP � q�o c)>�n 9!>�L���oM9W9WP�n=<.RNS � n=<.JO9WP\9!>�>OC.>#RWC.BF?�>OC.ItDgC.>�@AC.n E IK9 Y E P�9WCb?�>N<)BMJ �

@
E
JOJ
E
C.BtL �

Y-'O#&7[� �O4X4q4
L�Y-C.I q

7-4
L�8:9WRW9!@ n 9!>

��2�2�2
q



 M�

& �� ( � TM9 �X]
IH?
E
@A9WP

E
<

�
BF?O9

G
>N<)?O9WP

�
C.B�Da9!>O9!BMR

E
B
G

DgC.>

 ]
>OC.; 9�<)B

�
9
�

JO9�<)>OROTM9!>OJ � �X� � 
 � �*>OC # 9WR!?�L �
�#� �&���

C.n
]
JO?
�#]

P
E
C
�
CFC.I q � T"?�?�;

� (�(�V�V�V1�
@
E
RW9�q RWJ�q

]
R!I q�<.R�q

]
S
(
@
]
IH?
E
@A9WP

E
<
(
JOC)Da?

V
<)>O9

(
>N<)?�q

& ��� ( � q � q r <)>OR � < <)BMP
�
qjoMC�JOJN9

� �,<)> E J E J6L ��o�>O9W9!;�TMC.BM9 <
]
P
E
C ?OC�C.I q � T"?�?�;

� (�(�V�V�V1�
JOC.;tq

E
B�>
E
<�q Da>

(
>OCFP�9WC

(
Da;�TMC.BM9�q

& �) (PA q � q 0 C.IKC.?�L � q�oMC�JOJO9 � � <)> E J E J�L�<)BMP 8 q � C V JOIK9 Q L � � PM<);�? E Y-9wo 
 ��� n=<.JO9WP 9!>�>OC.>�RWC.BF?�>OC.I
DaC.>

�
B"?O9!>�BM9!?#?O9!IK9!;�TMC.B

Q
L �
E
B
Y-'O#&7[�X#?> �O4X4X4 ��5!*+�]-+ �

LF;�;tq
�! "���6+ �! "���

L
��2�2�2

q
& ��� ( � q $ C ] Y-9!I`<.J�L � q ' C�P�JOC.BtL " q

'
<)>OP�@^<)BtL <)BMP

A
q
�
>OC
V
R!>OC)D ?�L �

�
9WP
]
BMPM<)BMR

Q
RWC.BF?�>OC.IE

B >O9�<)I
�
?
E
@A9

�
BF?O9!>�BM9!? <

]
P
E
CXRWC.B�Da9!>O9!BMR

E
B
G
L �
E
B
Y�'?#&7 �5#?> �|�s.z2F'F�<CT.R9;#��<C�h �P#�'��&U(0D#FE

#��loAf3%�9;#�t��N9GU|f�C�h"@"2F'FK&9;7(2|Uj+�KL2F'^Y*Cg7��T2:. � 2:.��q#�'��&U
L
�
9!;�?O9!@ n 9!>

��2�2-4
q

& ��� ( ��q�8 ] n 9 <)BMP 
 q � IH?�@^<)BtL�� v ? E I E ? Q <)B=<)I Q J E J	C)D J E @b;�IK9&o 
 � JORNTM9!@A9WJ1DgC.>
�
C
� �	L � E BY-'O#&7[�k#?> �O!��OY � 2:.��q#T' �[91�}H=dDcgc�d

L�;�;tq
���6+����2

L
�
<
Qu�����

q
& �-4 ( o1q A q � <.R "�E

IHI
E
<)@AJ <)BMP

�
q
A
q
�
q
�
IKC-<)BM9�L

_a032 _a032O#�'F��#?>-4-'F'O#�'|t:]k#�'F'O2O7&.R9G�}H/]k#&%�2FU
q


IKJO9!Y
E
9!>�L

�
9
V �

C.>�S L
��2-4.7

q
& ��7 ( � q �e] n Q L � q �yE R E JN<)BMC�L A q r 9!@b@A9!IHI L � q �#E!  C�L � q ' <)BMP�IK9 Q Lw<)BMP A q � >OC V R!>OC)Da?�L

�
�
TM9

]
JO9AC)D DgC.>

V
<)>OP 9!>�>OC.>hRWC.>�>O9WR!?

E
C.B �ao 
 �#�&E B >O9!I E <)n�IK9A@ ] IH? E R�<.J�?�L � � o � �) "���

L
8:9WRW9!@ n 9!>

�����
q

& ��2 ( � q �wE P�C.BtL � q $ T=<)@ E J Q L,<)BMP � q �FE P E L � � B=<)I Q J E J&C)D1;=<.ROS-9!? IKC�JNJ&;�>OCFRW9WJNJO9WJ E BiT EHG T
J�; 9W9WPbBM9!?

V
C.>�S�J�L �

�O4X4X4 _B'?C��BU � �|�&> #�'FSj�k_a032O#�'F�
L"Y-C.I q

��2
L-BMC�q

�
L";�;tq

2�76+ ����7
L
��2�2��

q
& ��� ( 
 q 0 E 9!>OJN<.ROS L�� ��9!> DgC.>�@^<)BMRW9A9!Y�<)I ] <)? E C.BiC)D�DgC.> V <)>OPf9!>�>OC.> RWC.>�>O9WR!? E C.B E B � � � BM9!?

�
V
C.>�S�J�L �

E
B
Y-'?#[7[�X#?>AoP] � @ �L��]-+ � �

L�;�;tq
) "76+���-4

L
�#]�G�]

J�?
��2�2�

q
& ���)( $ q $ < V <)T=<)>N<�L $ q $:] @^<  CF9�L � q � <)S E BM9�L�<)BMP � q � E 9�L ��oMC.> V <)>OP 9!>�>OC.>&RWC.>�>O9WR!? E C.BE

B
� � �

BM9!?
V
C.>�S�J

�	�
B\<)B=<)I

Q
J
E
J#C)D�RW9!IHI,IKC�JOJ#P

E
JO?�>
E
n
]
?
E
C.B

E
Bf<bn�IKC�ROS L �

E
B
Y�'?#&7 �q#?>

�O4X4X4 ��5!*+^]-+ �
L�;�;tq

�������6+ ������2
L
A�]
BM9

��2�2) 
q

& �� (PA q 0 Q 9!>OJ�L � q �t] n Q L <)BMP � q � E ?  9!B�@^<.RNTM9!>�L � � P
EHG�E
?N<)I&DaC

]
BF?N<

E
B%<);�;�>OC-<.RNT ?OC

<.J
Q
BMROT�>OC.BMC

]
Jt>O9!I

E
<)n�IK9�@

]
IH?
E
R�<.J�?�L �

�O4X4X4 eD�D@"2Fh 2O7 .z��oA'{2OCLU\]k#�SPS fD�Q�
L�Y-C.I q

��
L�BMC�q

7
L

;�;tq
�����76+ ���) "�

L
�����

q
& ��� ( � q 0 9!>�>OC ] <)BMP

�
q r I`<WY

E
9
]
keL �

�
9�<)>^C.;�?

E
@
]
@ 9!>�>OC.>^RWC.>�>O9WR!?

E
B
G
RWCFP

E
B
G
<)BMP P�9

�
RWCFP

E
B
GM���p]

>�n C
�
RWC�P�9WJ�L �

�O4q4X4 _�'OC���U&�`]k#�SPSPfD�Q�
L=Y-C.I q

 � 
L BMC�q

���
L ;�;tq

������/+ ��-4��
L��2�2��

q
& �) ( � q �t] n Q L � q " <)?OJNC.BtL � q r <.J E n=<�L � q � ?OC�ROS�T=<)@b@A9!>�L <)BMP " q

��]
L �
�
<);�?OC.>#RWC�P�9WJ

DaC.>1>O9!I
E
<)n�IK9&P�C

V
B�IKC-<.PUP�9!I

E
Y-9!>

Q E
B
V�E
>O9!IK9WJOJ	n�>OC-<.P�R�<.J�?	J

Q
J�?O9!@AJ�L �

E
B
Y-'O#&7[�k#O> �O4q4X4

]k#�SAE<f3.z2F'j]k#�SPSPf}�B9;7{CT.R9;#���U C��Q% ��2:.��q#�'��[9G�DH/]k#T�&> 2:'O2F�Q7(2
L
A
<)Btq

������
q

& ��� ( � q 
 q � T=<)B�BMC.BtL � � @^<)?�TM9!@^<)?
E
R�<)I1?�TM9WC.>

Q
C)D#RWC.@b@

]
B
E
R�<)?

E
C.BtL �

�A2Fh1h @s�LUF.z�^_Q2O7F03�
eD�
L�;�;tq

�-4.26+" "��
L
��2) "7

q



 " ����� � � � � � ����� �

& ��� (A� q � 9!@ n ] L � q � 9!>OP ] L�<)BMP � q � ?O9 E BFn 9!> G L � � TM9�JOC ] >ORW9 � ROT=<)B�BM9!IeJO9!;=<)>N<)? E C.Bx?�TM9WC.>O9!@
>O9!Y

E
J
E
?O9WPeL �

�O4X4q4 _B'OC���U � �|�&> #�'FSj�-_a0�2O#�'F�
LMY-C.I q

 M�
L�;�;tq

 � )+��) 
L
A
<)B
]
<)>
Q ��2�2��

q
& �-4 (�� q � T=<)B G L � q�8 ] *^9!IKPeL � q � <�k�JNC.BtL-<)BMP � q � TM9!B�S-9!>�L�� � Bh?�TM91RWC.BMJ�?N<)BMR Q C)D E BF?O9!>�BM9!?

;=<)?�T ;�>OC.; 9!>�?
E
9WJ�L �

E
B
Y-'O#&7[�A#?> �|�<.z2F'|�"2:. � 2OCLUFf}'{2FSj2F�s.j]k#T�&> 2:'O2F�Q7(2

L ;�;tq
��2-4�+�����

L������
q

& ��7 ( ��q o�>OC�JOJ/<)>OPeL �Wo 
 � ; 9!> DgC.>�@^<)BMRW9WJ
E
B @

]
IH?
E
@A9WP

E
< J�?�>O9�<)@

E
B
G
L �
�O4X4X4 ]k#�SPSPf}�"�

Ia2:.;.z�
L�Y-C.I q

�
L�BMC�q

�
L�;�;tq

���6+ ��) 
L
������

q
& ��2 (�� q � q � < E J�T=<)@b;=< Q <)BtL ��8:9WJ EHG BXC)D*@ ] IH? E ;�IK9 P�9WJOR!> E ;�? E C.B\JNR�<)I`<)>;+ ] <)B"? E! 9!>OJ�L � �O4q4X4_�'OC���U&� �|�&>:#T'|Sj��_a032O#�'F�

L�Y-C.I q
��2
L�;�;tq

7���/+�7��) 
L
�
<
Q\��2�2��

q
& 4.� (�� q $ q r C Q <)I L�� �X] IH? E ;�IK9xP�9WJOR!> E ;�? E C.BlRWC�P

E
B
GM� �

C.@b;�>O9WJOJ
E
C.B @A9W9!?OJ ?�TM9^BM9!?

V
C.>�S L ��O4X4X4 @s9WH��<C�h<Y-'O#&7(2FU(U|91�}H �/C[H��

L
�
9!;�?�q

������
q

& 4��)( � q �  <)>OC V L�� � Bb<	JOC ] >ORW9 � RWC�P E B G ;�>OC.n�IK9!@ V�E
?�Th?

V
C:ROT=<)B�BM9!IKJ <)BMP ?�T�>O9W9w>O9WRW9

E
Y-9!>OJ�L ��A2:hGhN@<� U:.z��_<2O7:03�JeD�

L�Y-C.I q
��2
L�;�;tq

��2���26+ ��2���
L 8:9WRW9!@ n 9!>

��2�7��
q

& 4. ( � q � <)@ E >�L � r < ] JOJ E <)B RWC�P�9WJU<)BMP
�
T=<)B�BMC.B n C

]
BMP�JuDaC.>u@

]
IH?
E
;�IK9 P�9WJOR!>

E
;�?
E
C.BMJ�L ��O4X4X4 _�'OC���U&� �|�&> #�'|Sj��_a032O#T'|�

L�Y-C.I q
 "�
L�;�;tq

����26+�������
L
�
C�Y-9!@ n 9!>

��2�2�2
q

& 4.� (�� q � q � < E JOT=<)@b;=< Q <)BtL � q A q � q � IKC-<)BM9�L�<)BMP � qF8hq � 9!>�Y-9!?�?OC�L � �X] IH? E ;�IK9yP�9WJOR!> E ;�? E C.B
Y-9WR!?OC.>_+ ] <)B"? E! <)? E C.B V�E ?�TxI`<)?�? E RW9:RWCFP�9!n CFC.S�J � 8:9WJ EHG Bx<)BMPj<)B=<)I Q J E J�L � �O4X4X4 _�'OC���U&�
�|�&> #�'|Sj��_a032O#T'|�

L�Y-C.I q
 F4
L�BMC�q

�
LM;�;tq

�64���76+ �64.�) 
L
������

q
& 4� (�� q " <)B G L � q � q � >OROT=<)>OPeL � q � q � < E J�T=<)@b;=< Q <)BtL <)BMP � q � q � 9 E n�@^<)BtL�� �X] IH? E ;�IK9

P�9WJOR!>
E
;�?
E
C.BiRWCFP

E
B
Gj]

J
E
B
G
;=<
E
>
V�E
JO9 RWC.>�>O9!I`<)?

E
B
G
?�>N<)BMJ DgC.>�@AJ�L �

�O4q4X4 _B'?C��BU ���|S C[H�2
Y-'O#&7(2|U|U|91�}H

LMY-C.I q
���
L�BMC�q

�
L
������

q
& 4.� (�� q $ q r C Q <)I <)BMP A q $ C�Y�< � 9!Y

E � L � r 9!BM9!>N<)I
E! 
9WP @

]
IH?
E
;�IK9xP�9WJOR!>

E
;�?
E
C.B RWCFP

E
B
GXV�E

?�T
RWC.>�>O9!I`<)?

E
B
G
?�>N<)BMJ DgC.>�@AJ�L �

�O4q4X4 _B'OC���U � �|�&> #�'FS���_a032{#�'|�
L�Y-C.I q

 F4
L�BMC�q

�
L�;�;tq

���2�26+
��) 

q
& 4.� (�� q " <)B G L � q � q � 9 E n�@^<)BtL-<)BMP ' q � >ORNT=<)>OPeL � q � q.<)@AP A <�Dg<)>�S�T=<)B E L � � B E @b;�>OC6Y-9 �

@A9!B"? ?OC�@
]
IH?
E
;�IK9�P�9WJOR!>

E
;�?
E
C.Bb?�>N<)BMJ DgC.>�@ RWCFP

E
B
G
L �
�O4X4X4 _�'OC���U&�3@s9WH��<CThgY�'?#&7|2|U(UF9G�}H

L
Y-C.I q

���
L�BMC�q

���
L�;�;tq

�7) "�6+��7����
q

& 4�4 ( � q � 9 E n�@^<)BtL � q � ] > E L ' q A <�D <)>�SFT=<)B E L � q " <)B G L:<)BMP � q � >OROT=<)>OPeL � �X] IH? E ;�IK9
P�9WJOR!>

E
;�?
E
C.B Y

E
P�9WC	RWC�P

E
B
G	]

J
E
B
G
@AC.?

E
C.B
�
RWC.@b; 9!BMJN<)?O9WP ?O9!@b; C.>N<)I";�>O9WP

E
R!?
E
C.BtL �

�O4q4X4
_�'OC���U&�-] 9G'O7:fD91.1U^@s�LU:.z�A�$9R%}2O#�_<2O7:0��<#�h �

LMY-C.I q
��
L�;�;tq

��2��6+���) 
L
�
<)>OROT

�����
q

& 4.7 ( 0 q � <)@b;=<)>�?O9!>�L � q � IHn=<)BM9WJO9�L � q $ <)I D <)BM9�Lt<)BMP � q � qHL � � 
*� �
;�>
E
C.>
E
?
Q
9!BMRWC�P

E
B
G

?�>N<)BMJ�@
E
JOJ
E
C.B
� �

BM9
V
L�>OC.n

]
J�?1<)BMP 9 *^R E 9!BF? Y E P�9WC n�>OC-<.P�R�<.J�?w?O9WRNT�BMC.IKC G�Q L � E B Y-'O#&7[�#?>AoP] � � f}hx.R9GSj2O%T9RC

L
��2�2��

q
& 4.2 ( 0 q � C.TM9!BtL � � BMRW9!B"? E Y-9WJjn ]�E IKP�>OC.n

]
J�?�BM9WJNJ

E
B n

E
?�?OC.>�>O9!B"?�L �

E
B
Y-'O#&7[��#?>�Y�dLY 4*7{#�t

�<#�SP9;7FU �P#�'��&U(03#|E
L
������

q



 "�

& 7�� (A� q � 9W9�L � q � TM9!> V CFC�PeL-<)BMP 0 q 0 T=<)?�?N<.RNT=<)> # 9W9�L � � CFC.; 9!>N<)? E Y-9w; 9W9!> G >OC ] ;MJ E B �y� � 
 L �E
B
Y-'O#&7[�X#O> �O4X4X4 ��5!�+�]-+ �

L�;�;tq
��-4.6+ ���7�

L
�
;�>�q

������
q

& 7��)(�� q � T ] L A q � T ] <)B G L-<)BMP ' q � T=<)B G L � � R�<.JO9 DgC.>e?N<�k�<)?
E
C.B

E
B ; 9W9!>

�
?OC
�
; 9W9!>,J�?�>O9�<)@

E
B
G

n�>OC-<.P�R�<.J�?�L �
E
B
Y-'O#&7[�X#O>AoP] � @ �L��]-+ � � � #�'��&U|0D#|E	#��lY-'?C�7 .R9R7|2 C��<% _a032O#�'F�=#?>

�|�<7(2F�<.R9GKL2FU�C��<% �`C�Sj2=_a032{#�'|�=9G� � 2 .��q#�' �T2O%=@s�LUF.z2FS U �1Y ��n@ �
L
����) 

q
& 7� (�� q � T ] L � q � <.C�L � q � 9WJ�T=<)BtLp<)BMP ' q � T=<)B G L�� � R�<.JO9 DaC.>&9!BMPfJ

Q
J�?O9!@ @

]
IH?
E
R�<.J�?�L ��O4X4X4 eD�a@"2:hW2O7&.z�aoA'{2OCLU=]k#�SPSPf}�"�

L�Y-C.I q
��
L�BMC�q

7
L
�����

q
& 7�� ( � q � <.J�?�>OC�L ��q 8y> ] JOROTM9!I L � q $ 9!>�@^<)>�>O9WR�L � q � <)BMP E L � q � C V J�?�>OC.BtLe<)BMP � q �FE B G TtL

�
�
;�I
E
?OJ�?�>O9�<)@

�u'�EHG
Tmn=<)BMP

V�E
P�?�T RWC.B"?O9!BF?^P

E
J�?�>
E
n
]
?
E
C.B

E
Bm<fRWC�C.; 9!>N<)?

E
Y-9U9!B"Y

E
>OC.B

�
@A9!B"?�L �

E
B
Y-'O#&7[�q#?> �OY�_NY @

L
������

q
& 7) (�� q � <.P�@^<)B=<)n�T=<)BtL ' q " <)B G Lp<)BMP �,q � TMC ] L � � 9WJ E I E 9!BF?&; 9W9!> � ?OC � ; 9W9!> J�?�>O9�<)@ E B G L �E

B
Y-'O#&7[�X#O> �O4X4X4 ��] �5Y

L�;�;tq
���6+�-4

L
������

q
& 7�� ( $ q � > E ;=<)B E P�S ] IKRNT=< E L � q r <)B # <)@UL 0 q � < G�G J�L�<)BMP ' q � T=<)B G L � � TM9 Dg9�<.J E n E I E ? Q C)D�J ] ; �

; C.>�?
E
B
G
I`<)>
G
9
�
JOR�<)IK9 I

E
Y-9^J�?�>O9�<)@

E
B
G
<);�;�I

E
R�<)?

E
C.BMJ

V�E
?�T P

Q
B=<)@

E
Rx<);�;�I

E
R�<)?

E
C.B 9!BMP

�
; C
E
BF?OJ�L �

E
B
Y-'O#&7[�k#?>AoP] � @ �L��]-+ � �

L�;�;tq
���-4�+ ����

L
����) 

q





�� � 	  � � �  ���� � � �	� 	  �  �����  �  �� ���� ��� "   ���

r Q qM8&s)B <)BMP
�
q�o=CFP�C.>�|�MY-'O#&7(2(2O%�91�}HLU�#?>�.1032 dDcgcLd��|�s.z2:'|�<Cg.R9R#��QC�h"@s��SAE3#LU|91fDS #��lY`2F'1>:#T'|S�C��<7|2^4-K C�hif3Cg.R9R#�� #?>

]k#TS5EQfD.z2F' C��<% _<2Fh 2O7{#TS SPfD�B9;7{CT.R9;#���U�@s�LU:.z2FS U �m@3YX4^]`_a@ b c�d �[�A-]
I
Qu�����

L
�
<)B 8

E
9
G
C�L
�
<)I
E
DaC.>�B

E
<





� $  �  � � 
 �  "�����   �  � � 	  � 	 ���%$	"��  � 	  �  ���  ��� � �#"�	  "��
� " " �#" � �#" " �� �  � �

r Q qM8&s)B <)BMP
�
q�o=CFP�C.>�|��Y�'?#&7|2{2O%�91�}HLU5#?>-.1032 � UF. �|�s.z2:'|�<Cg.R9R#��QC�h �P#�' �[U(0D#|E #�� �Mf}hx.R91S�2{%�9RC �|�s.z2F'OCg7 .R91KL2XY-'O#T.m#&7{#Th U

CT�<%j@s�LUF.z2FS U � ���OY @ dDcgc � �[�
�
C�Y-9!@ n 9!>

������
L
�
<);�IK9WJ�L

�
?N<)I
Q





�� � 	  � � �� ��� � � � 	� 
� ���  � �  �  
  � � "  � $ �  � � � � � 	�

� ���  � � � � � 
 " ��� �� �

r Q qM8&s)BtL
�
q�o=CFP�C.>#<)BMP r q

$
<)>�IKJOJOC.B.m#�C|E�E�2OC�'�9G� _<2Fh 2O7{#TS SPfD�B9;7{CT.R9;#�� @s�LUF.z2FS U�e}#Tf}'F�<C�h





�� � 	� � � �� ��� � � � 	� 
  ���  � �  �  
  � � "  � $ �  ��� ��� � � �

  " � �#" �  ����

r Q qM8&s)BtL
�
q�o=CFP�C.>#<)BMP r q

$
<)>�IKJOJOC.B.m#�C|E�E�2OC�'�9G� ]k#�SAE<fD.z2:' � 2:.��q#T' �&U





� "  � $ � �  � �� 
 �� � "  � �  � ��� �  � �� "�� 	  � � ����

r Q qM8&s)BtL
�
q�o=CFP�C.>#<)BMP r q

$
<)>�IKJOJOC.B91�lY-'?#[7(2{2O%�91�}HLU�#?>`pB.10��O!��OY��k_�]Xw � 2:.��q#T' �[91�}H

�
<
QU������

L
"
<)?O9!>�IKC�C�L

�
BF?N<)>

E
C�L
�
<)I
E
DgC.>�B

E
<





� 	  ���� �  � ���%" �  � � �! ���� � ��� �  "  � ��� � � � ��   � �� � ���� ����
� � �  ��� � 
 � � �#" 	   � � �  �� � $��  �

r Q qM8&s)BtL
�
q�o=CFP�C.>#<)BMP r q

$
<)>�IKJOJOC.B.m#�C|E�E�2OC�'�9G� Y-'?#[7(2{2O%�91�}HLU�#?> �O4X4q4 ��]*] dDcgcgwA-]

BM9
������

L
�
J�?N<)B"n

]
I L
�t]
>�S-9

Q





	 � � $ � � � �%$	" ���� �
	  � ���� � ���  ��� � �#" 	   � � �  �� � $ � �  ����   

r Q qM8&s)BtL
�
q�o=CFP�C.>#<)BMP r q

$
<)>�IKJOJOC.BUFf��:S 9R.;.z2O%�.m#PoP] � � f}hx.R9GSj2O%T9RC�@s�LUF.z2FS U�e}#Tf}'F�<C�h





�� � 	 �� �  �  �  � � � � � ��� ��� �  ��� � �  ���� � $�� �  ����   
� � "   �  ���

r Q qM8&s)BtL
�
q�o=CFP�C.>#<)BMP r q

$
<)>�IKJOJOC.BUFf��:S 9R.;.z2O%�.m#ZuT.10 �O!��OY��k_�]Xw ��2:.��q#�'��[91�}H

�
<
QU������

L
�
C
E
@ n�>N<�L �,C.>�? ]�G <)I




