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A�GID Wg>+bVu
D�NqH�maM�@#A/D�N�W�M�A�B#XiDKL�y1HJWID FKHJN�N/DKF�A
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B#WIFKHJN�N/DKF�A�[t�ÌL/A�>IR+D�WoAqB�LqR+D�·IWIDKRpugS�GID�Nr@�D�XiD�@!H�ms�ZWIH�OQ@�DKRfhiDPM�WIRTMPm�>+WIF�A�B�HJW1y
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B�LjL�>IF�G¬A�G�M�A
u′(s) > 0. Õ ªgA�>IR+D�WoA/LvbdM�S§G�MKXiD�RfB��:D�N/D�WoAvC+N/D�m�D�N/D�WIFKDKL�M�WIR¬RfB��
D�N/D�WgAj@�D�XiD�@�LvH�m�ZWIH�OQ@�DKRfhiDY[

_aGIDQL�B#bPC+@�DKL�A!L/FKHJN�B#W+h�N�>+@�DaB�L|ÖI×ZØ�Ù�Ú�ÛzÛ�Ü�Ý�ÞZß�yiR+D�WIHJA/DKR
S1
yJOQGID�N/DaA�GIDaL/FKHJN/DaB�L8µ%>IL�A5A�GIDaWg>+bVu
D�N

H�m�N�B#hYGoAtM�WIL�O{D�N/L
r à

S1 = r.

ªZHJb�D|L/FKHJN�B#W+htN�>+@�DKL<B#WIFKHJN�C8HJN�M�A/DQMzFKHJN�N/DKF�A�B�HJW m�HJN�hY>IDKL/L/B#W+hnm�D�M�A�>+N/DY[�_sSZC+B�F�M�@#@#SiyJA�GID�N/D�B�L�MzC
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DKF�A/DKR¦XYM�@#>IDwH�m M�WIL�O{D�N�B#W+h�B�Lk��D�N/H+y
D��IMJF�A�@#S�OQG�M�A|A�GIDrL/A�>IR+D�WoAahiD�A/L{m�N/HJbâHJbPB#A�A�B#W+h A�GIDrB#A/D�b�[s_aG+B�L|L/FKHJN�B#W+hxN�>+@�DnSZB�D�@�R+LaM�·IW�M�@
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_aG+B�LnL/FKHJN�B#W+h�b�D�A�GIHZRvSgB�D�@�R+LrM ·IW�M�@�L/FKHJN/D à
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D�W�M�@#A�Sjm�HJN

OQN/HJW+h M�WIL�O{D�N/L�M�N/DzB#WoA/D�WIR+DKR�A/HqB#WIRf>IFKDzA�GIDQL�M�b�Dau8D�G�M�XgB�HJN�B#W�L�A�>IR+D�WoA/L à A/H�RfB�L/FKHJ>+N�M�hiDzhY>IDKL/L�B#W+hOQGID�WpA�GID�L�A�>IR+D�WoArR+HgDKLQWIHJAn�gWIH�O�A�GID�M�WIL�O{D�N�[{¹rHJA/DqA�G�M�A
S2
M�WIR

S3
M�N/Dq@#B#WID�M�N�@#SjN/D�@}M�A/DKR?MJL
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N
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+
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F�M�Wcu8D�XgB�D�O|DKR MJL�MQhoM�bcu+@�D{B#WcOQG+B�F/G�MzL/A�>IR+D�WoA<G�MJL�C+N/HJu�M�u+B#@#B#A~S

qi

H�mIhiD�A�A�B#W+htA�GIDsN�B#hYGgA
M�WIL/O{D�N�y1OQGID�N/DxA�GIDxC+N/HJu�M�u+B#@#B#A~S�R+D�C8D�WIR+L�HJW�A�GIDx�ZWIH�OQ@�DKRfhiDdH�m{A�GIDPL�A�>IR+D�WgAcM�WIRTA�GIDPRfB�¾dF�>+@#A�S
H�m|A�GIDxB#A/D�b�[x��AqB�L�N/D�MJL/HJW�M�u+@�DxA/H�MJL�L�>+b�DxA�G�M�A�A�GIDxC+N/HJu�M�u+B#@#B#A�SlH�m|hiD�A�A�B#W+hvA�GIDxN�B#hYGoAcM�WIL�O|D�N�B�L
B#WIF�N/D�MJL/B#W+hPOQB#A�GkA�GIDt�ZWIH�OQ@�DKRfhiD�H�m�A�GIDqL�A�>IR+D�WgAnM�WIRjR+DKF�N/D�MJL�B#W+hPOQB#A�GjA�GIDtR+D�hYN/DKD�H�m<RfB�¾dF�>+@#A�SjH�m
A�GIDaB#A/D�b�[�_aGIDaC+N/HJu�M�u+B#@#B#A~S�H�m�m\M�B#@#B#W+h�A�GIDaB#A/D�bÌB�L
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[��tL/L�>+b�D|A�GIDQL�A�>IR+D�WoA|M�WIL�O{D�N/LsHJW+@#S B#A/D�b
i
yf@�D�M�XgB#W+h

N − 1
B#A/D�b�Ln>+W�M�WIL�O{D�N/DKR:[{_aGID�N/DVM�N/D�A~O{H�C
HYL/L�B#u+@�D�D�XiD�WgA/L à L�GIDqbdM�SjhiD�AzA�GIDVM�WIL�O|D�NN�B#hYGgArHJNnm�M�B#@\[{ãtD�WIHJA/D

s(r, w, o)
A�GIDVL�FKHJN/D�HJu+A�M�B#WIDKR�m�N/HJb

r
N�B#hYGoA/L�y

w
OQN/HJW+hiLqM�WIR

o
HJbPB�L/L/B�HJWIL�[

Ê�D�A
` {i} R+D�WIHJA/DVA�GIDq@�HJA�A/D�N�SjB#WIRf>IFKDKR�uoSvM�WIL�O|D�N�B#W+h�HJW+@#SkB#A/D�b i

y

` {i} = [qi ◦ s(1, 0, N − 1) ⊕ (1 − qi) ◦ s(0, 1, N − 1)] .

¹tHJA/D A�G�M�A�A�GIDxL/FKHJN�B#W+hvN�>+@�D�M��
DKF�A/LqA�GIDxXYM�@#>IDKL�H�m{A�GIDxL/FKHJN/DYy
s(1, 0, N − 1)

M�WIR
s(0, 1, N − 1)u+>+AaA�GIDqC+N/HJu�M�u+B#@#B#A~S

qi
B�L|N�>+@�D�E\B#WIR+D�C8D�WIR+D�WgA�[{Ê1D�A

U(` {i}) R+D�WIHJA/DqA�GIDq>+A�B#@#B#A�SkR+D�N�B#XiDKRkm�N/HJbäA�G+B�Lå ÷�Ó\ÙÚà+Ô<à�à�ß7ê!æ7Ò¥ÙÚÜ_Õqå7Ü©Ñ(à+Õ\Ü�Ò�Ñ�ñ�ã(áÚß`å�Ñ�æ`Ô�à�àFÿeÞ�Ô<ÙÚáWÑ�ñ7Ô�ê!à�Ù¨Õn��Ó\ÙÚã Ó
u
′
= 0

ß7Õ©Ò¥Ù¨áYÒ¥Ó7Ñ�æ`Ô�à�à+à�ã�Ü<Ø¥Ñ¼ÙÚà�Ø¥Ñ(Ô<ã Ó\Ñ#å�í

¿



@�HJA�A/D�N�Siy
U(` {i}) = qiu(s(1, 0, N − 1)) + (1 − qi)u(s(0, 1, N − 1)).

�\m�A�GIDaL�A�>IR+D�WgAsM�WIL�O{D�N/L�B#A/D�b�L
i
M�WIR

j
yJ@�D�M�XgB#W+h

N−2
B#A/D�b�L�>+W�M�WIL�O{D�N/DKR:ygL�GID{hiD�A/L

s(2, 0, N−
2)
OQGID�W�A�GIDqA~O{HPB#A/D�b�LrM�N/D�FKHJN�N/DKF�A�@#SjM�WIL�O|D�N/DKR:y

s(1, 1, N − 2)
OQGID�W�L�GIDqhiD�A/LQHJWIDqB#A/D�b-OQN/HJW+h

M�WIR
s(0, 2, N − 2)

OQGID�WUL�GIDxhiD�A/L�u
HJA�G�OQN/HJW+hI[½æ«_aGIDPC�MKSiH��:LVM�WIR�C+N/HJu�M�u+B#@#B#A�B�DKL M�N/DPhYB#XiD�W�B#W
A�GID�m�HJ@#@�H�OQB#W+h�A�M�u+@�D

ªZFKHJN/DVM�WIRpç!N/HJu�M�u+B#@#B#A�S
ªZFKHJN/D ç!N/HJu�M�u+B#@#B#A�S
s(2, 0, N − 2) qiqj

s(1, 1, N − 2) qi(1 − qj) + (1 − qi)qj

s(0, 2, N − 2) (1 − qj)(1 − qi)

OQGID�N/D
qi

M�WIR
qj

M�N/D|A�GIDaC+N/HJu�M�u+B#@#B#A�B�DKL�H�m�hiD�A�A�B#W+h�A�GID|N�B#hYGoA{M�WIL�O|D�N!A/HtB#A/D�b�L
i
M�WIR

j
N/DKL�C
DKF�A�B#XiD�@#Si[

_aG+B�Lz@�HJA�A/D�N�SkbdM�Sju8DqOQN�B#A�A/D�W?MJL

` {i, j} = qi ◦ [qj ◦ s(2, 0, N − 2) ⊕ (1 − qj) ◦ s(1, 1, N − 2)]⊕
(1 − qi) ◦ [qj ◦ s(1, 1, N − 2) ⊕ (1 − qj) ◦ s(0, 2, N − 2)] .

_aGID�>+A�B#@#B#A�SvR+D�N�B#XiDKRjm�N/HJb´A�G+B�LQ@�HJA�A/D�N�SjB�L

U(` {i, j}) = qiqju(s(2, 0, N − 2)) + (qi(1 − qj) + (1 − qi)qj)u(s(1, 1, N − 2))

+ (1 − qi)(1 − qj)u(s(0, 2, N − 2)).

ªgB#bPB#@}M�N�@#Siy+B#W�M�W�D��+M�bèOQB#A�G
N
B#A/D�b�LzM�WgSkL�>+uIL�D�AaH�m<B#A/D�b�LaB�LzM�@�L/HPMxFKHJbPC8HJ>+WIRj@�HJA�A/D�N�Si[�Ê1D�A

L(N)
u
DtA�GID�L/D�AQH�m!M�@#@:FKHJbPC
HJ>+WIRv@�HJA�A/D�N�B�DKLQB#WpM�W�D��IM�bäOQB#A�G

N
B#A/D�b�LQB#WIF�@#>IRfB#W+h�MxR+D�hiD�WID�N�M�A/D

@�HJA�A/D�N�SiyZR+D�WIHJA/DKR�uoS
` {0} yoOQG+B�F/GjFKHJN�N/DKL�C
HJWIR+L�A/HcHJbPB#A�A�B#W+h M�@#@�B#A/D�b�L�[!¡IHJN{D��IM�bPC+@�DYyoB#WjM�WdD��IM�bOQB#A�GpA�O{HdB#A/D�b�L�yfA�GID�L/D�AzH�msM�@#@�FKHJbPC
HJ>+WIRv@�HJA�A/D�N�B�DKLzB�L

L(N) = {` {0} , ` {1} , ` {2} , ` {1, 2}} ,

A�G�M�A�B�L�yJA�GID|R+D�hiD�WID�N�M�A/DQ@�HJA�A/D�N�ScOQG+B�F/G�FKHJN�N/DKL�C
HJWIR+L<A/HtHJbPB#A�A�B#W+hVM�@#@fB#A/D�b�L�yJA�GID|@�HJA�A/D�N�S FKHJWIL�B�L�A�B#W+h
H�m:M�WIL�O{D�N�B#W+h�HJW+@#ScA�GID{·IN/L�A�B#A/D�b�yYA�GIDa@�HJA�A/D�N�ScFKHJN�N/DKL�C
HJWIRfB#W+h�A/H�M�WIL�O|D�N�B#W+h�HJW+@#SVA�GIDaL/DKFKHJWIRxB#A/D�b
M�WIR�A�GIDq@�HJA�A/D�N�SkOQGID�N/D�A�GID�L�A�>IR+D�WoAtM�WIL�O{D�N/Lnu8HJA�G�B#A/D�b�L�[
�´L�A�>IR+D�WoAPF�GIHgHYL/DKL A�GIDku
DKL�AcFKHJbPC
HJ>+WIR¤@�HJA�A/D�N�SUB#W L(N) é ¡IHJN�bdM�@#@#SiysL�GID�bdM��fB#bPB#��DKLxA�GIDD��fC
DKF�A/DKRv>+A�B#@#B#A�SvH�XiD�NnA�GID�L/D�AzH�msM�@#@1C8HYL�L�B#u+@�D�FKHJbPC8HJ>+WIR�@�HJA�A/D�N�B�DKL

maxU(`)

` ∈ L(N)

��¢ �
_aG+B�LdC+N/HJu+@�D�bêL/>+bPbdM�N�B#��DKL�HJ>+N�MJL�L�>+bPC+A�B�HJWIL�HJW`L�A�>IR+D�WoA/L��{u
D�G�MKXZB�HJN�[á�aD�N�W�M�N/R+Há� (��Y�Yë � M�WIRì Ð�ÙìÒ¥Ó\Ü<ß7Ò�áÚÜ_à�à+Ü<Þnâ<Ñ(Õ\Ñ�Ø Ô<áÚÙìÒQÝn��Ñ¼Ô<à�à�ß7ê!Ñ�Ò¥Ó`Ô}Ò¬Ô<áÚáJÙìÒ¥Ñ(ê!à�Ý�ÙÚÑ(á¨å.Ò¥Ó7Ñ�à¥Ô<ê!Ñ/æ\Ô#ÝSÜ�Ñ�à(í

À



�|>+N�hiHYLz��¢Y£Y£�¿ � M�N/DaA�GIDaHJW+@#ScHJA�GID�N�M�A�A/D�bPC+A/LsA�G�M�A!O{Da�ZWIH�O§H�m8M�A!b�HZR+D�@#B#W+h�L�A�>IR+D�WoA/L�u
D�G�MKXZB�HJN!B#Wbc>+@#A�B#C+@�D�E�F/GIHJB�FKDaA/DKL�A�[<�aD�N�W�M�N/R+H � (��Y�Yë � L�>+hYhiDKL/A/L1A�G�M�A�L�A�>IR+D�WoA/L<bdM��fB#bPB#��D�A�GID|L/FKHJN/D�HJN5bPB#W+B#bPB#��DA�GID|C+N/HJu�M�u+B#@#B#A~SxH�m�m�M�B#@#B#W+hqA�GIDQD��IM�b�[5�|>+N�hiHYLn��¢Y£Y£�¿ � >IL/DKL�C+N/HYL/C8DKF�A�A�GIDKHJN�S A/HrC
HYL�A�>+@}M�A/DzMr>+A�B#@#B#A�Sm�>+WIF�A�B�HJWpA�G�M�AqMJL/L�B#hYWILrRfB��
D�N/D�WgArXYM�@#>IDKLnA/H�@�HYL/DKLrM�WIRphoM�B#WIL�[Q�rH�O{D�XiD�N�y�WID�B#A�GID�NtH�m!A�GIDKL/D M�>+A�GIHJN/L
A/DKL/A/DKRvA�GID�B#NrMJL/L�>+bPC+A�B�HJWILnD�bPC+B#N�B�F�M�@#@#Si[
_�HlhYB#XiD?L�C
DKF�B�·�FpFKHJWoA/D�WgA�A/HUA�G+B�LdhoM�bcu+@#B#W+heB#WgA/D�N�C+N/D�A�M�A�B�HJW«H�mqB#A/D�b�L�ya@�D�Ad>ILdFKHJWIL/B�R+D�NdA�GID

L�FKHJN�B#W+h�N�>+@�D�A�G�M�AzC
D�W�M�@#B#��DKLzm�HJNQOQN/HJW+hiL�y
S2
[sínWIR+D�NnA�G+B�LnL/FKHJN�B#W+h�N�>+@�DcM�WIL�O{D�N�B#W+hkHJW+@#SkB#A/D�b

i
B�L

M @�HJA�A/D�N�S à
[

qi ◦ 1 ⊕ (1 − qi) ◦
(

− 1

M − 1

)]

.

�~WpA�G+B�LtF�MJL/DYy�OQB#A�GpC+N/HJu�M�u+B#@#B#A~S
qi

A�GIDcL�A�>IR+D�WoAqhiD�A/LqM�L/FKHJN/DcH�m�HJWIDVC
HJB#WoAqM�WIRpOQB#A�GwC+N/HJu�M�u+B#@#B#A�S
1 − qi

L/GID�B#WIF�>+N/LQA�GID�C
D�W�M�@#A�S 1
M−1 ._aGIDQN/D�O|M�N/R�m�HJN�HJbPB�L�L�B�HJWILsL/FKHJN�B#W+h�N�>+@�DzG�MJL{MqL�B#bPB#@}M�NsB#WgA/D�N�C+N/D�A�M�A�B�HJW1[�írWIR+D�N

S3
A�GIDzL�A�>IR+D�WgA

G�MJL|M�L�>+N/DzC�MKSiH�� N
M

B�m1L�GIDrR+HgDKL�WIHJA|M�WIL�O|D�N|M�WoSPB#A/D�b�ygA�G�M�A�B�L�yiB�m1L�GIDzF�GIHgHYL/DKL�A�GIDz@�HJA�A/D�N�S
` {0} [�áGID�WjA�GIDrL/A�>IR+D�WoAnM�WIL�O|D�N/LaB#A/D�b

i
L�GIDr@�HYL/L/DKL|A�GIDqL�>+N/DrN/D�O|M�N/Rkm�HJNQHJbPB#A�A�B#W+h 1

M

[!�\m�L�GIDthiD�A/L|A�GID
N�B#hYGgAnM�WIL�O{D�NrL�GIDthoM�B#WILzMxL/FKHJN/DqH�m

1
M�WIRkB�m<L�GIDrm\M�B#@�LQL�GIDthiD�A/LQ��D�N/H+[!_aGo>IL�y�M�WIL�O{D�N�B#W+hdHJW+@#S�B#A/D�b

i
B�LrMx@�HJA�A/D�N�S

[

qi ◦
(

1 +
N − 1

M

)

⊕ (1 − qi) ◦
(

N − 1

M

)]

.

îvïoð�ñ<ò;ó�ò�ô�ñ�õt_�O{HwL/FKHJN�B#W+hpN�>+@�DKL M�N/Djö�ß�Û�÷Yß�Ú�ÝJÜ�ø/÷Jù�ù^úlÚ/û�×gÜ�ü�÷Jù�Ú�Ö�ß�B�maA�GID�SlM�@#OaMKSfLVB#WIRf>IFKDdA�GID�L�M�b�D
u8D�G�M�XgB�HJNnB#W?M N�M�A�B�HJW�M�@5D��IM�bäA�M��iD�Nc��M�WpD��fC8DKF�A/DKR�>+A�B#@#B#A�SjbdM��ZB#bPB#��D�N � [

�~WvA�G+B�LQC�M�C
D�NzO{DVF/GIDKF/�jOQGID�A�GID�N
S2
M�WIR

S3
M�N/D�DK�g>+B#XJM�@�D�WgAnHJNzWIHJAz>+WIR+D�NnRfB��:D�N/D�WoAnN�B�L���C+N/D�m�D�N%E

D�WIFKDKLrM�WIR�DKL�A�M�u+@#B�L�G�XYM�N�B�HJ>ILQN/DKL�>+@#A/LrHJWvA�GID�L�A�N�M�A/D�hYB�F�DK�g>+B#XYM�@�D�WIFKD�H�m�L�FKHJN�B#W+h�N�>+@�DKL�[
ý:*-þVÿ1ÅI3<2:Å+0:9;7�È5Æw2:ÅIÉ�61Æ�0
É

_aG+B�L C�M�C
D�NPFKHJWoA�N�B#u+>+A/DKLPA�G+N/DKDjN/DKL�>+@#A/L�[�_aGID�·IN/L�AxB�L A�G�M�A�ysFKHJWgA�N�M�N�SeA/HwOQG�M�AxB�L hiD�WID�N�M�@#@#S¤MJF�E
FKD�C+A/DKR?B#W�A�GIDcDKRf>IF�M�A�B�HJW�M�@<b�D�MJL/>+N/D�b�D�WoAq@#B#A/D�N�M�A�>+N/DYy�C
D�W�M�@#B#�KB#W+hkOQN/HJW+hiLtM�WIRpN/D�O|M�N/RfB#W+hvHJbPB#A/L�y
MJLnR+D�·IWIDKRvB#W�A�GIDqC+N/D�XZB�HJ>ILnL/DKF�A�B�HJW1y�M�N/D�WIHJAQB#W�hiD�WID�N�M�@�L�A�N�M�A/D�hYB�F�M�@#@#S�DK�g>+B#XJM�@�D�WgA�[
����ô��sô���ò;ó�ò�ô�ñ���õ

S2
M�WIR

S3
M�N/D�WIHJArL�A�N�M�A/D�hYB�F�M�@#@#SvDK�o>+B#XYM�@�D�WoAQm�HJNzN�B�L��jMKXiD�N/L/DcD��+M�bäA�M��iD�N/L�[

_5HdL�GIH�O»A�G+B�L�yIB#AzB�LrL�>f¾dF�B�D�WoAqA/Hx·IWIRwM�W?D��IM�bPC+@�DVOQGID�N/D MPN�M�A�B�HJW�M�@5D��IM�b-A�M��iD�NtO{HJ>+@�R?u
D�G�MKXiD
RfB��:D�N/D�WoA�@#Sp>+WIR+D�N

S2
A�G�M�Wp>+WIR+D�N

S3. 	 HJWIL�B�R+D�N�M�WTD��+M�b¨OQB#A�GwHJWIDcB#A/D�b�y N = 1,
A�O|HkM�@#A/D�N�W�M�E

A�B#XiDKL�y
M = 2,

MjL�A�>IR+D�WgA�OQB#A�G�XJM�@#>�M�A�B�HJW
u(s) =

√
a + s

y:OQB#A�G
a ≥ N,

M�WIRTC+N/HJu�M�u+B#@#B#A�S
qi

H�m
hiD�A�A�B#W+hpA�GIDxN�B#hYGoAcM�WIL�O|D�N�[x�nWIL�O|D�N�B#W+h�A�G+B�L�D��IM�b�B�L�Mk@�HJA�A/D�N�S

l2 = [qi ◦ 1 ⊕ +(1 − qi) ◦ (−1)]OQG+B#@�DaHJbPB#A�A�B#W+hqSZB�D�@�R+L�MrL�>+N/D{C�MKSiH��jH�m���D�N/Hn>+WIR+D�N
S2
[<_aGIDaL�M�b�D{D��IM�b >+WIR+D�N

S3
F�M�Wxu8D�OQN�B#A�A/D�W

MJL
l3 = [qi ◦ 1 + (1 − qi) ◦ 0]

OQG+B#@�DQHJbPB#A�A�B#W+hVSgB�D�@�R+L�MqL/>+N/D{C�M�SiH���H�m 1
2

[5írWIR+D�N
S2,

A�GIDQD��ZC
DKF�A/DKR
>+A�B#@#B#A~Sdm�N/HJb´M�WIL�O{D�N�B#W+hdB�La@�H�O{D�NnA�G�M�WvA�G�M�Aam�N/HJbäHJbPB#A�A�B#W+h�B�m

qi

√
a + 1 + (1 − qi)

√
a − 1 <

√
a.�tH�O|D�XiD�N�y
>+WIR+D�N

S3
MdN�M�A�B�HJW�M�@�D��IM�b�A�M��iD�Nr·IWIR+L�M�G+B#hYGID�NqD��fC
DKF�A/DKRp>+A�B#@#B#A~S�m�N/HJbËM�WIL�O|D�N�B#W+hjB�m

qi

√
a + 1 + (1 − qi)

√
a >

√

a + 1
2 .
��AxB�LxD�MJL�SUA/HwXiD�N�B�m�SlA�G�M�Axm�HJN

a = 1
M�WIR

qi = 0.6
u
HJA�G

Á



B#WIDK�g>�M�@#B#A�B�DKL|GIHJ@�R:[!¡�MJF�B#W+hxA�G+B�L{D��IM�b�yZA�GIDrL/A�>IR+D�WoA|O{HJ>+@�RjHJbPB#A{>+WIR+D�N
S2
M�WIRkM�WIL�O|D�N{>+WIR+D�N

S3._aG+B�LnL�GIH�OzLnA�G�M�AzA�GID�A�O|H�L/FKHJN�B#W+h�N�>+@�DKLtM�N/DqWIHJAzB#WvhiD�WID�N�M�@5L/A�N�M�A/D�hYB�F�M�@#@#SjDK�g>+B#XYM�@�D�WoA�[

 >+N|L/DKFKHJWIRkN/DKL�>+@#AaL�A�M�A/DKL|A�G�M�A{m�HJNQM�C�M�N�A�B�F�>+@}M�NaA~SgC
DrH�m1N�B�L/��M�A�A�B#A�>IR+DYyZA�GIDrA~O{HxL/FKHJN�B#W+h N�>+@�DKL

u
DKFKHJb�D�L�A�N�M�A/D�hYB�F�M�@#@#SvDK�g>+B#XJM�@�D�WgA�[
����ô��sô���ò;ó�ò�ô�ñ��
õQ¡IHJNrM N�B�L/��WID�>+A�N�M�@�D��IM�bPB#WIDKDYy

S2
M�WIR

S3
M�N/D�L�A�N�M�A/D�hYB�F�M�@#@#SvDK�o>+B#XYM�@�D�WoA�[

_5HpL�GIH�O A�G+B�L�y5B#AVB�LVWIDKFKDKL/L�M�N�STA/H�C+N/H�XiD�A�G�M�AxMvN�B�L��TWID�>+A�N�M�@{L/A�>IR+D�WoA O{HJ>+@�R�M�@#O|MKSfLcbdM��iD�A�GID
L�M�b�DvR+DKF�B�L�B�HJW¥>+WIR+D�N�D�B#A�GID�N�H�mrA�GIDvL/FKHJN�B#W+h�N�>+@�DKL�[eírWIR+D�N

S2
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{

e−λλz

z! for z = 0, 1, 2, ...

0 otherwise
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ω + (1 − ω)e−λ if z = 0

(1 − ω) e−λλz

z! if z = 1, 2, ...

0 otherwise
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D�W�M�@#A�S�u+>+A{A�GID�SjM�N/DnWIHJAa@}M�N�hiDqD�WIHJ>+hYGjA/HVN/D µ�DKF�A
A�GID�Wo>+@#@QH�mzWIHTRfB��:D�N/D�WoA�B}M�@au8D�G�M�XgB�HJNx>+WIR+D�N C8D�W�M�@#A~S¤M�WIReWIHJN�bdM�@#B#��DKR�C8D�W�M�@#A~S`��A�GID�CfE\XJM�@#>IDkB�L
L/@#B#hYGoA�@#SvH�XiD�N ( £PC8D�NzFKD�WgA � [

( ¿



n *po�35.17
Æg614�9�.q�3rVÅ�ÇzÈ52[s<É
�~WpA�G+B�LtC�M�C
D�NrO|DcL/GIH�O�A�G�M�AtL�FKHJN�B#W+h�N�>+@�DKLtOQG+B�F/GTC
D�W�M�@#B#��D�m�HJNtOQN/HJW+hjM�WIL�O|D�N/L�M�WIR?N/D�OaM�N/R?m�HJN
HJbPB�L�L�B�HJWILzM�N/DYy+FKHJWoA�N�M�N�SkA/HxOQG�M�AQB�LahiD�WID�N�M�@#@#SjMJFKFKD�C+A/DKR:yfWIHJAzL/A�N�M�A/D�hYB�F�M�@#@#SkDK�g>+B#XJM�@�D�WgA�[!�lDqC+N/H�E
C
HYL/D MPWIHJN�bdM�@#B#��M�A�B�HJWTb�DKF/G�M�W+B�L�bËA�G�M�AtbdM��iDKLnA�GIDcA�O|H�L�FKHJN�B#W+h�N�>+@�DKLtL�A�N�M�A/D�hYB�F�M�@#@#SpDK�g>+B#XJM�@�D�WgA�[
�|SlFKHJWfm�N/HJWoA�B#W+hlL�A�>IR+D�WgA/LxOQB#A�G¥L/FKHJN�B#W+h?N�>+@�DKLxOQB#A�G¥M�WIR¤OQB#A�GIHJ>+AxWIHJN�bdM�@#B#��M�A�B�HJW1ysB#AxL�GIHJ>+@�R¤u8D
C
HYL/L�B#u+@�D�A/HwRfB�L�A�B#W+hY>+B�L�G¤A�GIDkD��:DKF�AxH�mzN�B�L��eMKXiD�N/L/B�HJWem�N/HJb A�G�M�AxH�mzCIL/SZF�GIHJ@�HJhYB�F�M�@am�MJF�A/HJN/L�[ 
 >+N
·�D�@�RkD��fC8D�N�B#b�D�WgAaL/GIH�OzLaL�B#hYW+B�·�F�M�WoAQRfB��:D�N/D�WIFKDKL|B#WkL�A�>IR+D�WgA/L��gu8D�G�M�XgB�HJNaOQGID�WkA�GID�S�M�N/DrD�XYM�@#>�M�A/DKR
OQB#A�GUC8D�W�M�@#A~S?m�HJN�OQN/HJW+h?M�WIL�O|D�N/LcM�WIRTN/D�OaM�N/R�m�HJN�HJbPB�L/L�B�HJWIL�y�u+>+Aqm�HJ>+WIR�WIHvL/B#hYW+B�·�F�M�WoAcRfB��:D�N%E
D�WIFKDKLVu8D�A~O{DKD�W¤WIHJN�bdM�@#B#��DKReL�FKHJN�B#W+hpN�>+@�DKL�[j_aG+B�LVD�XZB�R+D�WIFKD�B�LcFKHJWIL�B�L�A/D�WgAVOQB#A�GeD��fC
DKF�A/DKRl>+A�B#@#B#A�S
bdM��fB#bPB#�KB#W+hwu8D�G�M�XgB�HJN H�mnL�A�>IR+D�WoA/L�[v�~W¤MJR+RfB#A�B�HJW¤A/H�A�GID�L/FKHJN�B#W+hpN�>+@�DYy�HJA�GID�N L�B#hYW+B�·�F�M�WoAPR+D�A/D�N%E
bPB#W�M�WgA/LVH�m|A�GIDPWo>+bcu8D�NVH�maHJbPB�L/L�B�HJWILVM�N/D à A�GID�MJFKF�>+bc>+@}M�A/DKRUL/FKHJN/DxB#W�C+N/D�XZB�HJ>IL�D��IM�b�L�HJW�A�GIDL�M�b�DzFKHJ>+N/L/DYyi�ZWIH�OQ@�DKRfhiDYyZA�GIDzRfB�¾dF�>+@#A~SdM�WIR�HJA�GID�N�>+WIHJuIL�D�N�XiDKRdF/G�M�N�MJF�A/D�N�B�L/A�B�FKL{H�m:A�GIDzD��IM�b M�WIR
hiD�WIR+D�N�[

( À



t_uquqvqwyxyz�{|t-}k~�wk���`���k�b�`zV�jwy�
_aGID HJN�B#hYB#W�M�@�B#WIL�A�N�>IF�A�B�HJWILtO{D�N/D hYB#XiD�WwB#W�ªgC�M�W+B�L�G�M�WIRw�aMJL��o>ID à OQG�M�Arm�HJ@#@�H�OzLqB�LtM�A�N�M�WIL�@}M�A�B�HJW1[�r@#@:A�N/D�M�A�b�D�WoA/LrB#WIF�@#>IR+DKR�A�GIDtm�HJ@#@�H�OQB#W+h�hiD�WID�N�M�@1B#WIL�A�N�>IF�A�B�HJWIL�[

• � Ú�÷"1v÷Jù�ù:Ü�Ö+ö�ß�Û�×fø�ß�Ü�,JÖIö�ø�÷JÛ�Ú�.�×Zù;ù^ú é
• � ,J×p÷JÛ/Ú�Ö�,ißs÷Jù;ù�,QP{Ú�1�ß\,�ß\÷Yù��c1J×ZÛ�Ü�ÖgÝ�ß�Þ+ÚVÚ�Ti÷YØ é+� .tú",J×jÞZ÷JüJÚV÷�û�×+Ú�ö�ß�ÜV,JÖD�!Û%÷YÜ}ö�Ú�ú",J×ZÛtÞZ÷JÖ�1 é
• � Û�Ü�ß�Ú�1",�P!Ö?ú",J×ZÛ�Ö�÷JØdÚ ÷JÖ�1 ��� ÖI×ZØ�Ù�Ú�Û�,JÖTß�ÞfÚ ÷JÖ+ö(P{Ú�Ûqö�Þ+Ú/Ú�ßQ÷JÖ�1i,JÖTß�ÞoÜ}öcÚ�To÷JØ é
• � ß�ß�ÞfÚxÚ�Ö�1_,/.�ß�Þ+ÚcÚ�To÷JØ¨ú",J×vØx×gö�ßsÞZ÷JÖ�1�Ü�ÖTÙ�,Yß�Þpß�ÞgÜ}öcÚ�Ti÷YØ�÷JÖ�1dú",J×ZÛV÷JÖ+ö�P{Ú�Û�ö�ÞfÚ�Ú�ß é
• � ÞoÜ}öcÚ�To÷JØ´ÞZ÷Jö�����Ü�ß�Ú�Ø ö é
• � ÷iø�ÞvÜ�ß�Ú�ØäÞZ÷�ö`.�,J×ZÛ�W�,�ö�ö�Ü\Ù�ù#Úx÷YÖ+ö�P{Ú�Û�öV÷JÖ�1i,JÖIù^ú�,JÖ8ÚVÜ;ö�øM,JÛ�Û/Ú�øKß é
• � ,J×vÞZ÷JüJÚ����PØxÜ�ÖI×fß�Ú�ö é

�~WkMJR+RfB#A�B�HJWkA/HcA�GIDKL/DzhiD�WID�N�M�@
B#WIL�A�N�>IF�A�B�HJW1yfD�MJF/GkA�N/D�M�A�b�D�WoAaG�MJRkHJWIDnb�HJN/DrB#WIL�A�N�>IF�A�B�HJWkN/D�hoM�N/RfB#W+h
A�GIDVL/FKHJN�B#W+hPN�>+@�D�>IL/DKRjm�HJNQA�G�M�AzA�N/D�M�A�b�D�WgA�[
� ~DE��\|D�yE F |

S2

5

• � ,J×gÛ�ö�ø ,JÛ/ÚdP!Ü�ù;ù5Ù/ÚtÝJÜ�ü�Ú�ÖeÙ�údß�ÞfÚk.�,Yù;ù�,QP!Ü�ÖgÝ�.�,JÛ�Øx×gù#÷

score = 2 ×
(

rights − wrongs

3

)

= (2 × rights) − (0.66 × wrongs).

� ÞZ÷YßrÜ}ö��rú",J×ZÛ�öKø ,JÛ/Ú¡1oÚSW+Ú�Ö�1�ö_,YÖ�ß�Þ+Ú�ÖI×gØdÙ/Ú�Ûi,/.�Û�Ü#Ý�Þgß�öM�gP!Û�,JÖgÝ�ök÷YÖ�1-,JØxÜ�ß�ö é0� ÷iø�ÞlÜ�ß�Ú�ØP!Ü;ù�ù5Ù/ÚVü�÷Jù^×IÚ�1�÷iø/øM,JÛ/1YÜ;ÖgÝjß\,kß�ÞfÚk.�,Jù�ù¢,QP!Ü�ÖgÝdß\÷oÙ�ù�Ú
ªZFKHJN�B#W+h£2n>+@�D
2zB#hYGgA

+2��N/HJW+h −0.66
 bPB#A
0

� ~DE��\|D�yE F |
S∗

2

5

• � ,J×gÛ�ö�ø ,JÛ/ÚdP!Ü�ù;ù5Ù/ÚtÝJÜ�ü�Ú�ÖeÙ�údß�ÞfÚk.�,Yù;ù�,QP!Ü�ÖgÝ�.�,JÛ�Øx×gù#÷

score = 5 + 1.5 ×
(

rights − wrongs

3

)

= 5 + (1.5 × rights) − (0.5 × wrongs).

� ÞZ÷YßrÜ}ö��rú",J×ZÛ�öKø ,JÛ/Ú¡1oÚSW+Ú�Ö�1�ö_,YÖ�ß�Þ+Ú�ÖI×gØdÙ/Ú�Ûi,/.�Û�Ü#Ý�Þgß�öM�gP!Û�,JÖgÝ�ök÷YÖ�1-,JØxÜ�ß�ö é0� ÷iø�ÞlÜ�ß�Ú�ØP!Ü;ù�ù5Ù/ÚVü�÷Jù^×IÚ�1�÷iø/øM,JÛ/1YÜ;ÖgÝjß\,kß�ÞfÚk.�,Jù�ù¢,QP!Ü�ÖgÝdß\÷oÙ�ù�Ú
ªZFKHJN�B#W+hdN�>+@�D
2zB#hYGoA

+1.5��N/HJW+h −0.5
 bPB#A
0

( Á



� ~DE��\|D�yE F |
S∗

3

5

• � ,J×gÛ�ö�ø ,JÛ/ÚdP!Ü�ù;ù5Ù/ÚtÝJÜ�ü�Ú�ÖeÙ�údß�ÞfÚk.�,Yù;ù�,QP!Ü�ÖgÝ�.�,JÛ�Øx×gù#÷

score = 2 ×
(

rights +
omits

4

)

= (2 × rights) + (0.5 × omits).

� ÞZ÷YßrÜ}ö��rú",J×ZÛ�öKø ,JÛ/Ú¡1oÚSW+Ú�Ö�1�ö_,YÖ�ß�Þ+Ú�ÖI×gØdÙ/Ú�Ûi,/.�Û�Ü#Ý�Þgß�öM�gP!Û�,JÖgÝ�ök÷YÖ�1-,JØxÜ�ß�ö é0� ÷iø�ÞlÜ�ß�Ú�ØP!Ü;ù�ù5Ù/ÚVü�÷Jù^×IÚ�1�÷iø/øM,JÛ/1YÜ;ÖgÝjß\,kß�ÞfÚk.�,Jù�ù¢,QP!Ü�ÖgÝdß\÷oÙ�ù�Ú
ªZFKHJN�B#W+h£2n>+@�D
2zB#hYGoA

+2��N/HJW+h
0
 bPB#A

+0.5

( Â
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_aGID�>+W+N/DKL�A�N�B�F�A/DKRIZ8� ç§b�HZR+D�@1B�L

λ = eX′β = eX′β+D3θ3+D4θ4+X′D3η3+X′D4η4
��Á �

OQGID�N/D
D3

M�WIR
D4

M�N/D�Rf>+bPbcS¬XJM�N�B}M�u+@�DKLjm�HJNvWIHJN�bdM�@#B#��DKR�C
D�W�M�@#A�S«M�WIR¬WIHJN�bdM�@#B#��DKR�N/D�OaM�N/R
N/DKL/C8DKF�A�B#XiD�@#S»��C
D�W�M�@#A�S¦B�LdA�GIDpN/D�m�D�N/D�WIFKD?hYN/HJ>+C � M�WIR X

B�LkMlXiDKF�A/HJNkFKHJWgA�M�B#W+B#W+h¦M�@#@nA�GIDwHJA�GID�N
D��fC+@}M�W�M�A/HJN�S¤XJM�N�B}M�u+@�DKL�[UÊ1D�A

L1
u8DkA�GID���bdM��fB#bPB#��DKR � XJM�@#>IDjH�mnA�GIDj@#B#�iD�@#B#GIHZHZRUm�>+WIF�A�B�HJW¥OQGID�WA�GID£Z8� ç¬b�HZR+D�@!B�L�L�C8DKF�B�·�DKRlMJLqB#W§��Á � [ ¹rHJA�B�FKDxA�G�M�A�A�G+B�L�XJM�@#>IDYy L1

y
O{HJ>+@�R�u
D A�GIDPL�M�b�D B�m{A�GID
N/D�m�D�N/D�WIFKDchYN/HJ>+CwO|D�N/DVWIHJN�bdM�@#B#��DKRTC
D�W�M�@#A�S?HJNrWIHJN�bdM�@#B#��DKRwN/D�O|M�N/R:[qírWIR+D�NrA�GIDcWo>+@#@<GoSZC
HJA�GIDKL�B�L
A�G�M�AnWIHJN�bdM�@#B#��DKRpC
D�W�M�@#A�S�M�WIRvWIHJN�bdM�@#B#��DKR?N/D�O|M�N/RpG�MKXiD�A�GIDVL�M�b�D�D��:DKF�AnHJWpHJbPB�L/L�B�HJWIL�y+A�G�M�AzB�L�y
θ3 = θ4

M�WIR
η3 = η4

yfA�GIDdZ8� ç¥b�HgR+D�@�B�LQN/DKL�A�N�B�F�A/DKRvA/H

λ = eX′β+(D3+D4)θ3+X′(D3+D4)η3 .
�\Â �

Ê�D�A
L2
u8DPA�GIDdXJM�@#>ID�H�mQA�GID�@#B#�iD�@#B#GIHZHgRlm�>+WIF�A�B�HJWeOQGID�WeA�GID�Z8� ç»b�HgR+D�@{B�LVL�C
DKF�B�·�DKReMJLVB#Wá�\Â � [�~WlC+N�MJF�A�B�FKD�A�G+B�LcM�b�HJ>+WgA/LcA/H�·IA�A�B#W+hpA�GIDdN/DKL�A�N�B�F�A/DKRUb�HZR+D�@{L/B#bPC+@#SwB#WIF�@#>IRfB#W+h�M�L/B#W+hY@�D�Rf>+bPbVS

XYM�N�B}M�u+@�D FKHJWIL�A�N�>IF�A/DKRlMJLnA�GID L�>+bËH�m�A�O|HjRf>+bPbVSpXYM�N�B}M�u+@�DKL
D3

M�WIR
D4
[r_aGIDc@#B#�iD�@#B#GIHZHgRwN�M�A�B�H

A/DKL/AqH�m|A�GIDxWo>+@#@!GgSgC
HJA�GIDKL�B�LqA�G�M�A�WIHJN�bdM�@#B#��DKR�C
D�W�M�@#A�S�M�WIRTWIHJN�bdM�@#B#��DKR�N/D�O|M�N/RTG�M�XiDPA�GIDxL�M�b�D
D��:DKF�AzHJWpHJbPB�L/L/B�HJWILQB�LzFKHJbPC+>+A/DKR?MJL −2ln(L2/L1)

[
ínWIR+D�NvA�GIDwGoSZC
HJA�GIDKL�B�LvA�G�M�AjC8D�W�M�@#A~S¬M�WIR¬WIHJN�bdM�@#B#��DKR�C8D�W�M�@#A~S`G�M�XiDTA�GIDwL�M�b�D�D��
DKF�AvHJW

HJbPB�L�L�B�HJWIL�yfA�G�M�AzB�L�y
θ2 = θ3

M�WIR
η2 = η3

yfA�GIDdZ8� ç¥b�HgR+D�@�B�LQN/DKL�A�N�B�F�A/DKRvA/H

λ = eX′β+(D2+D3)θ2+X′(D2+D3)η2 .
� ë �

Ê�D�A
L3
u8DPA�GIDdXJM�@#>ID�H�mQA�GID�@#B#�iD�@#B#GIHZHgRlm�>+WIF�A�B�HJWeOQGID�WeA�GID�Z8� ç»b�HgR+D�@{B�LVL�C
DKF�B�·�DKReMJLVB#Wá� ë � [_aGIDx@#B#�iD�@#B#GIHZHZRTN�M�A�B�HvA/DKL�A�H�m|A�GIDxWg>+@#@!GoSZC8HJA�GIDKL/B�L�A�G�M�A�C8D�W�M�@#A~SlM�WIRTWIHJN�bdM�@#B#��DKR�C8D�W�M�@#A~S?G�M�XiD

A�GIDVL�M�b�D�D��
DKF�ArHJWpHJbPB�L/L�B�HJWILnB�LzFKHJbPC+>+A/DKR?MJLQA�GID�N�M�A�B�H�H�m<A�GID�@#B#�iD�@#B#GIHgHZR+L −2ln(L3/L1)
[s_aGID

HJA�GID�Nn@#B#�iD�@#B#GIHgHZRvN�M�A�B�HPA/DKL�AQB�LnFKHJWIL�A�N�>IF�A/DKRpL�B#bPB#@}M�N�@#Si[

(�ë



rVÅ6¬fÅI2:Å�.17
ÅIÉ
­ ((® �|DKF��iD�N�y1�áB#@#@#B}M�b¯�z[1M�WIR 	 M�N/HJ@`°iHJG+WIL�A/HJW1y|� (��Y�Y� � [k±�_aGID$2nD�@}M�A�B�HJWIL/G+B#C�u8D�A~O{DKD�We=?>+@#A�B#C+@�D
	 GIHJB�FKDjM�WIR²�sL�L�MKS³2rDKL�C
HJWIL/Di´r>IDKL�A�B�HJWILxB#W��tL/L/DKL/L�B#W+h-�sFKHJWIHJbPB�FKLPírWIR+D�N/L�A�M�WIRfB#W+hIyµ±j_aGID�sFKHJWIHJbPB�F�2rDKFKHJN/R?ÂJÀ+��¢  f( � y   ¿ ë E~ÀiÂZ[

­ ¢ ® �|D�N/D�ugSoE�=wD�SiD�N�yk'�HgD�@#@}Mfyy°iHiMJF/G+B#b =wD�SiD�N�y 
 R+DKR¥=¤[�¡<@}MJL/F/GID�N�[n��¢Y£Y£Y¢ � [�
~çsN/HYL�C8DKF�A�_aGIDKHJN�S�nW�M�@#SfL�B�LsH�m�%t>IDKL/L/B#W+h�B#Wd=?>+@#A�B#C+@�D 	 GIHJB�FKDn_5DKL�A/L�y �h°iHJ>+N�W�M�@8H�m:�aD�G�M�XgB�HJN�M�@8ãtDKF�B�L/B�HJWd=wM��ZB#W+h( À+��¿ � y  f(�  E   ¢iÂZ[
­  G® �|D�N�W�M�N/R+H+y�°iHYL ¶P=¤[!� (��Y�Yë � [U
~� R+DKF�B�L�B�HJW¤M�W�M�@#SZL�B�L�M�C+C+N/HiMJF�GlA/HjbV>+@#A�B#C+@�D�F/GIHJB�FKD�D��IM�bPB#W�M�EA�B�HJWIL�[ �q�~W�¡a[6°I[�%tB#N ·JW¤��DKR:[ � �nC+C+@#B�DKRpãtDKF�B�L/B�HJWp�nW�M�@#SfL�B�L�[f�aHYL�A/HJW à lq@#>gO{D�N�y (�� À�E~¢Y£iÂZ[
­ ¿ ® �|D�N�A�N�M�WIR:yo=wM�N�B}M�W+WIDYyiãqD�M�Wdª8[Ql�M�N�@}M�W1ygªZD�WIRfG+B#@+=p>+@#@}M�B#W�M�A�G�M�W1y��!@�RIM�N�ªgG�M�·IN�M�WIRY°iHJW�M�A�G�M�W
Z�B#W+bdM�W1[z��¢Y£Y£YÀ � [j±��áG�M�A���LPçsL�SfF/GIHJ@�HJhYSe�lHJN�A�G�¸¨�´¡<B�D�@�R¹�!�ZC
D�N�B#b�D�WoAPB#W�A�GID 	 HJWIL�>+b�D�N
	 N/DKRfB#An=wM�N��iD�A�yµ±��lHJN��gB#W+hdç�M�C
D�N/L �f(�ë yD�sFKHJWIHJbPB�FY%tN/H�OQA�G 	 D�WoA/D�N�y6'{M�@�D�ínW+B#XiD�N/L/B#A�Si[

­ À ® �{N/DKR+HJW1y�%qDKHJN�hiDY[���¢Y£Y£   � [Q
~_5M��iD�E��tHJb�Dr_5DKL�A/LsB#Wc�sFKHJWIHJbPB�FKL�y �O�sFKHJWIHJbPB�Fn�rW�M�@#SfL�B�L�M�WIR�ç<HJ@�EB�F�S  Y  � ( � y�ÀY¢�E~ÁY£f[
­ Á ® �{>IR+DKL�F�>1yIã�MKXZB�RpM�WIR�=TMKSoM��QM�N%E��rB#@#@�D�@\[�� (��Y�Y  � [�
~_5H�%t>IDKL/LnHJNn¹rHJAnA/H£%t>IDKL/L à � ãqDKF�B�L�B�HJWfE_aGIDKHJN/D�A�B�FºftB�D�O¶H�ms¡IHJN�bV>+@}MjªZFKHJN�B#W+hIy ��°iHJ>+N�W�M�@5H�m`�sRf>IF�M�A�B�HJW�M�@�=wD�MJL�>+N/D�b�D�WoA   £+��¿ � y�¢iÂYÂ�E¢ �f( [
­ Â ® �{>+N�hiHYL�yI�n@#u
D�N�A�[1��¢Y£Y£�¿ � [<
/%t>IDKL�L�B#W+h�M�WIRvhoM�bcu+@#B#W+hIy ���sFKHJWIHJbPB�FKLn�|>+@#@�D�A�B#Wp¿���¿ � y ( E ( £f[
­ ëG® �{SZN�WIDKL�y<°oM�b�DKLQç<[#y+ãqM�XgB�R 	 [Z=pB#@#@�D�NzM�WIR��`B#@#@#B}M�bäãx[+ªZF/G�M�m�D�N�[1� (��Y�Y� � 
/%�D�WIR+D�NaãtB��:D�N/D�WIFKDKLB#W 2zB�L��j_5M��ZB#W+h à � =?D�A�M�E~M�W�M�@#SfL�B�L�y ��çsL�SfF/GIHJ@�HJhYB�F�M�@��|>+@#@�D�A�B#W ( ¢YÀ+�   � y   ÁiÂ�E  YëY  [
­ �G® 	 MJR+L�uoSiy 	 [��|N�M�b�M�WIR��!@#B#��M�u
D�A�G =TMKSZWIDKL�[f��¢Y£Y£YÀ � [�
/%qD�WIR+D�N�y�2nB�L�����XiD�N/L/B�HJW1yiM�WIRVA�GID{ãrN�M�OaEB#W+h�ç5H�O{D�NcH�m+�s�g>+B#@#B#u+N�B#>+b B#WUM�W»���fC8D�N�B#b�D�WgA�M�@ 	 HJN�C
HJN�M�A/D�_5M��iDKH�XiD�NY%�M�b�DYy �c°iHJ>+N�W�M�@{H�m�sFKHJWIHJbPB�FV�aD�G�MKXZB�HJNO¼ 
 N�hoM�W+B#��M�A�B�HJWTÀYÁfy  Y� E~À � [
­ ( £ ® 	 G�M�W1y�¹rB��fHJWpM�WIR�ç<D�A/D�Ngl�D�W+WIDKRfSi[5� (��Y�Y� � [<
~�rN/D�=?>+@#A�B#C+@�D�E 	 GIHJB�FKDd���IM�b�Lh�{MJL�B�D�NQm�HJNh�sFKH�EWIHJbPB�FKLdªgA�>IR+D�WoA/L�¸-� 	 HJbPC�M�N�B�L/HJW§H�mr=?>+@#A�B#C+@�D�E 	 GIHJB�FKD�M�WIR½±��s�g>+B#XJM�@�D�WgAX± 	 HJWIL�A�N�>IF�A/DKRZE2nDKL�C
HJWIL/Dg���IM�bp´r>IDKL�A�B�HJWIL�y �cªZHJ>+A�GID�N�WI��FKHJWIHJbPB�F�°iHJ>+N�W�M�@5Á ë ��¿ � y � ÀiÂ�E Â ( [
­ (Y((® �sL�C+B#WIHYL�Mfyt=wM�N�¾}M�ç�M��UM�WIR½°oM�XgB�D�NI%�M�N/R+D�M���M�u�M�@\[c��¢Y£Y£YÀ � 
~ç5D�N/L/HJW�M�@ 	 G�M�N�MJF�A/D�N�B�L�A�B�FKLpM�WIR�|D�G�M�XgB�HJNnB#Wp=p>+@#A�B#C+@�D�E 	 GIHJB�FKDc_�DKL�A/Ln>+WIR+D�NnãtB��
D�N/D�WgAtªZFKHJN�B#W+h�2n>+@�DKL�yfbPB#b�DKH+[
­ ( ¢ ® �tMYM�W1y8=wM�N/FKH+y8�QM�N�ArÊ1HYL�y6'�HJG�M�WIDKLg2zB#SoM�WgA/HkM�WIR?=wM�N�A�B#W¿f�M�W-%�DKDKL�A�[5��¢Y£Y£Y¢ � [6
~_aGIDV�lD�M��gEDKL�A�Ê:B#W+�pEn� ¡<B�D�@�RÀ���ZC
D�N�B#b�D�WoAVB#W-2tM�A�B�HJW�M�@sãqDKF�B�L�B�HJWl=wM��ZB#W+hIy �c���fC8D�N�B#b�D�WgA�M�@{£Y¢Y£   £Y£ ( y

�lHJN��gB#W+hdç�M�C
D�Nn�nN/F�G+B#XiD��sFKHJW��áç8� [
­ (� G® �tM�B#hYG1yi=?B�F/G�MJD�@:ª8[iM�WIR$°iHJG+WdÊ:B�L/A�[I��¢Y£Y£YÀ � [A
~ãqH�ç!N/H�m�DKL/L�B�HJW�M�@I_1N�MJR+D�N/Ly���fG+B#u+B#A�=pSiHJC+B�FnÊ1HYL/L��XiD�N/L�B�HJW�¸p�rW ���ZC
D�N�B#b�D�WoA�M�@��rW�M�@#SZL�B�L�y �m°iHJ>+N�W�M�@<H�m�¡<B#W�M�WIFKD�Ê[ÁP� ( � y�ÀY¢   E~À   ¿I[

(��



­ ( ¿ ® �rDKF��8y#°iD�M�W�Ês[#y�M�WIR¤ã�MKXZB�R«�n[�ªgA/HJ>+A�[Q� (��Y� Â � [Â
~=p>+@#A�B#C+@�D�E 	 GIHJB�FKDjXfL�[ 
 C8D�WfES�!WIR+DKR²���IM�bç!N/HJu+@�D�b�L à �!XgB�R+D�WIFKDaH�m�_aGID�B#N���bPC�MJF�A�HJW�ªgA�>IR+D�WoAsç<D�N%m�HJN�bdM�WIFKD|B#Wx��WgA�N/HgRf>IF�A/HJN�S ¡5B#W�M�WIFKDYy �¡5B#W�M�WIF�B}M�@5ç!N�MJF�A�B�FKDcM�WIR ��Rf>IF�M�A�B�HJW ë y ëY  E �Y  [
­ ( À ® Ê:B�L�A�yÂ°oHJG+W¤M�WIRlã�M�W+B�D�@{=?B#@#@#B#b�D�A�[���¢Y£Y£YÀ � [[
~�|HJ>+WIRfB#W+h?A�GIDd�~bPC�MJF�AVH�mQ=wM�N��iD�A����ZC
D�N�B�D�WIFKDHJW³2rM�A�B�HJW�M�@#B#A~S à �!XZB�R+D�WIFKDPm�N/HJb Mv¡<B�D�@�R»���fC
D�N�B#b�D�WoA OQB#A�GU��bPC
D�N%m�DKF�A 	 HJbPC+@#B}M�WIFKDYy �kãqD�EC�M�N�A�b�D�WoA�M�@1�lHJN��ZB#W+hPç<M�C
D�N/Lz£YÀY£YÀfy�ªZHJ>+A�GID�N�W�=?D�A�GIHZRfB�L�AQírW+B#XiD�N/L�B#A�Siy+ãqD�C�M�N�A�b�D�WoAzH�mb�sFKH�E

WIHJbPB�FKL�[
­ ( Á ® ç!N�B�D�A/H+y�%qD�N�M�N/R+H+[�M�WIR¥�rW�M-2V[�ãqD�@#hoMJR+H+[n� (��Y�Y� � [�
~_aGIDvN/HJ@�DvH�mqB#WIL�A�N�>IF�A�B�HJWIL�B#W¥A�GIDjXYM�N�B�EM�u+B#@#B#A�S�H�mrL/D��ZE\N/D�@}M�A/DKR¥RfB��
D�N/D�WIFKDKLxB#W�bV>+@#A�B#C+@�D�E�F�GIHJB�FKDpA/DKL/A/L/��ysç<D�N/L/HJW�M�@#B#A�S§M�WIR���WIRfB#XZB�Rf>�M�@

ãrB��:D�N/D�WIFKDKLr¢iÂZy ( £YÁiÂ�E ( £iÂYÂZ[
­ ( Â ® ªgB�D�hJm�N�B�DKR:y�°iHJG+WÃ°I[#y{ç!G+B#@#@#B#C`ªfM�>+WIR+D�N/L�y��!A�G�M�W`ªgA�B#W�M�N�y|M�WIR¥�qMJH»Z�G�M�W+hI[n� (��Y� Á � [�
~�tH�OäB�L��WgA�N/HgRf>IF�A/HJN�S¡�sFKHJWIHJbPB�FKLt_5M�>+hYGgAnB#Wp�rb�D�N�B�F�M"¸��¡�sFKHJWIHJbPB�Fc��WI�g>+B#N�S   ¿Iy (�ë ¢�E � ¢f[
­ (�ëG® _1N�M�>+u1y<2nHYL/L#�z[#y�2nHJW�M�@�RclP[Y�qM�bVu+@�D�A/HJWjM�WIR��QM�@#O|M�WgAQªgB#W+hYG1[�� (�� Á � � [Q
Ä���
DKF�A/L{H�m
çsN/HJbPB�L/DKR2nD�O|M�N/R�M�WIR¶_aG+N/D�M�A/D�WIDKR�ç<D�W�M�@#A�S HJW»ç<D�N%m�HJN�bdM�WIFKD�H�m�M§=?>+@#A�B#C+@�D�E 	 GIHJB�FKD¹fsHgF�M�u+>+@}M�N�S_�DKL�A�y �º�sRf>IF�M�A�B�HJW�M�@�M�WIR�çsL�SfF/GIHJ@�HJhYB�F�M�@<=?D�MJL�>+N/D�b�D�WgAt¢ � y ë ¿gÂ�E ë Á ( [
­ (��G® _1N�M�>+u1yD2nHYL�Ly�z[#y+M�WIR_2nHJW�M�@�R_lP[Z�tM�bcu+@�D�A/HJW1[1� (�� ÂJ¢ � [�
~_aGIDm�!�
DKF�AQH�m�ªZFKHJN�B#W+hP�~WIL�A�N�>IF�A�B�HJWILM�WIRwãqD�hYN/DKDPH�mzªgC8DKDKR+DKRfWIDKL/L�HJW�A�GID�f�M�@#B�RfB#A~STM�WIRÀ2rD�@#B}M�u+B#@#B#A�STH�m{=p>+@#A�B#C+@�D�E 	 GIHJB�FKDd_�DKL�A/L�y ��sRf>IF�M�A�B�HJW�M�@<M�WIR�ç�L�SZF�GIHJ@�HJhYB�F�M�@5=wD�MJL�>+N/D�b�D�WoA   ¢fy�Â   Â�E ÂJÀ ë [
­ ¢Y£ ® �UM�@�L�A�MJR:y��`B#@#@#B}M�b¶�q[�M�WIR��`B#@#@#B}M�b �|DKF��iD�N�[g� (��Y� ¿ � [�
~�QF/G+B�D�XiD�b�D�WoA!ãtB��:D�N/D�WIFKDKL�HJWc=?>+@#A�B#C+@�D�E

	 GIHJB�FKD|M�WIR��sL/L�M�S�_�DKL�A/L5B#WY�sFKHJWIHJbPB�FKL�y �Q_aGID��rb�D�N�B�F�M�W��sFKHJWIHJbPB�Fj2rD�XgB�D�O ë ¿���¢ � y (��Y  E (�� Áf[
­ ¢ ((® �UM�A/D�N/L�y 	 M�N�N�B�Dx��[1M�WIR�Ê�MKOQN/D�WIFKD�lP[
�UM�A/D�N/L�[s� (�� Â ( � [U
Sf�M�@#B�RfB#A~S�M�WIRUÊ:B#�JM�u+B#@#B#A~SÀ2rM�A�B#W+hiLm�HJNs_aG+N/DKDqªZFKHJN�B#W+hc�~WIL�A�N�>IF�A�B�HJWIL!m�HJNs=p>+@#A�B#C+@�D�E 	 GIHJB�FKDOfsHZF�M�u+>+@}M�N�S�_�DKL�A/L�y ���sRf>IF�M�A�B�HJW�M�@:M�WIRçsL�SfF/GIHJ@�HJhYB�F�M�@5=wD�MJL�>+N/D�b�D�WgA  f( y �Y  À�E �Y Yë [

¢Y£



_5M�u+@�D ( à ãqDKL/F�N�B#C+A�B�HJWwH�m�L�DKL/L�B�HJWILhÅ D��IM�b�LªZDKL/L�B�HJW¿Å����IM�b ã�M�A/D _1N/D�M�A�b�D�WoA/L ªgA�>IR+D�WoA/L
( =wM�N/F�G � y�¢Y£Y£YÀ

S2
y
S∗

2

y
S∗

3

( ÂYÂ
¢ =TM�N/F/Gw¢ ( yI¢Y£Y£YÀ

S2
y
S∗

2

y
S∗

3

( Á �
  �nC+N�B#@ (�  yI¢Y£Y£YÀ

S2
y
S∗

2

y
S∗

3

( ÁY¢
¿ =TMKSk¿Iy�¢Y£Y£YÀ

S1
( ÀY¢

À =wM�S�¢Y£fyI¢Y£Y£YÀ
S1

( ¿ ë

_5M�u+@�D ¢ à ���fC8D�N�B#b�D�WgA�M�@5R+DKL�B#hYW%tN/HJ>+C ¡<B#N/L�AzD��IM�b ªZDKFKHJWIR�D��IM�b _aG+B#N/R�D��IM�b ¡IHJ>+N�A�GwD��+M�b ¡5B�m�A�G�D��IM�b
�|@#>ID ¹tHJN�b�[!ç5D�W�M�@#A~S ç<D�W�M�@#A�S ¹tHJN�b�[`2nD�OaM�N/R ¹r>+bVu
D�NzN�B#hYGoA ¹r>+bVu
D�NzN�B#hYGgA
'�D�@#@�H�O ¹tHJN�b�[#2nD�O|M�N/R ¹rHJN�b�[sç<D�W�M�@#A�S ç<D�W�M�@#A�S ¹r>+bVu
D�NzN�B#hYGoA ¹r>+bVu
D�NzN�B#hYGgA
�`G+B#A/D ç5D�W�M�@#A~S ¹rHJN�b�[Æ2rD�O|M�N/R ¹tHJN�b�[sç<D�W�M�@#A�S ¹r>+bVu
D�NzN�B#hYGoA ¹r>+bVu
D�NzN�B#hYGgA

_5M�u+@�D   à %tN/HJ>+CpF/G�M�N�MJF�A/D�N�B�L/A�B�FKL¹r>+bVu
D�NnH�m �5XiD�N�M�hiD çsN/HJC8HJN�A�B�HJWwH�m�D��IM�b�L
%tN/HJ>+C ªgA�>IR+D�WoA/L =TM�@�DKL ¡ID�bdM�@�DKL �ZWIH�OQ@�DKRfhiD OQB#A�GvWIH�HJbPB�L/L�B�HJWIL
�|@#>ID À�¿ ¢iÂ ¢iÂ Áf[ ¿gÂ £f[   ¿
'�D�@#@�H�O ÀiÂ ¢ � ¢ ë Áf[ (�ë £f[½¢YÁ
�`G+B#A/D ¿ � ¢YÀ ¢�¿ Áf[½ÀiÂ £f[ ¿o£
�8���<¦������@¹\�¡�©«/���_�Y���H���/�������S�7��¦(��������¦(���Y�¤���4����¦����`�����¡�bÇ
�7�}¦��`�<�}�7�������������}�7��¦����¤���¸��È<Ê©�F�-�����7�/����������¢

¢ (



_5M�u+@�D�¿ à ãqDKL/F�N�B#C+A�B#XiD ªgA�M�A�B�L�A�B�FKLnHJW 
 bPB�L�L�B�HJWIL¹r>+b�[sH�m 
 uIL�[ =?D�M�W ªgA/R:[sãqD�X
[ =pB#W1[ =TM��
[
_�N/D�M�A�b�D�WoA ¡<B#N/L�AnD��IM�b
ç<D�W�M�@#A�Siy

S2
¿ � £f[ ë Á £f[ ë Â £  

¹tHJN�bdM�@#B#��DKRpç<D�W�M�@#A�Siy
S∗

2

À�¿ ( [ (Y( ( [ (Y( £ À
¹tHJN�bdM�@#B#��DKR02rD�O|M�N/R:y

S∗
3

ÀiÂ ( [ ¿gÂ ( [ ¿   £ À
ªZDKFKHJWIR?D��+M�b

ç<D�W�M�@#A�Siy
S2

À�¿ ( [½Á   ( [½£YÀ £ ¿
¹tHJN�bdM�@#B#��DKRpç<D�W�M�@#A�Siy

S∗
2

ÀiÂ ¢f[½£�¿ ( [½À   £ Á
¹tHJN�bdM�@#B#��DKR02rD�O|M�N/R:y

S∗
3

¿ � ( [½ÀiÂ ( [½¢YÁ £ À
_aG+B#N/R�D��IM�b

ç<D�W�M�@#A�Siy
S2

ÀiÂ ( [½¢iÂ ( [½£   £ ¿
¹tHJN�bdM�@#B#��DKRpç<D�W�M�@#A�Siy

S∗
2

¿ � £f[½ÁYÀ £f[ � £ £ ¿
¹tHJN�bdM�@#B#��DKR02rD�O|M�N/R:y

S∗
3

À�¿ £f[ ëf( ( [½£iÂ £ ¿

_5M�u+@�DVÀ à �nN/DqN/DKL�>+@#A/LzN�>+@�D�E\B#WIR+D�C8D�WIR+D�WgA�¸¡<B#N/L�A��!�+M�b ªZDKFKHJWIRpD��+M�b _aG+B#N/R�D��IM�b
ç<D�W�M�@#A�SpXZL�[�¹tHJN�b�[`2nD�OaM�N/R E~¢f[½£Y£Y¢���£f[½£�¿oÀ   � £f[ ¿Y¿ ë ��£f[½ÁYÀ�¿o¢ � ¢f[½ÁYÁ   ��£f[½£Y£iÂYÂ �ç<D�W�M�@#A�SpXZL�[�¹tHJN�b�[sç<D�W�M�@#A�S E ( [½£ ( À���£f[   £ �Y� � E ( [½¢�¿   ��£f[½¢ (�  Â �   [   ÂJ¢���£f[½£Y£Y£iÂ �¹tHJN�b�[`2rD�O|M�N/RvXfL�[!¹tHJN�b�[sç5D�W�M�@#A~S ( [ (� Y  ��£f[½¢YÀiÂJ¢ � E ( [ ¿oÁY¢���£f[ ( ¿oÁY¢ � £f[½Á (Y( ��£f[½À�¿ (Y( �=TM�W+WfE\�áG+B#A�WID�SkA/DKL/Ac��CfE\XJM�@#>ID �

_5M�u+@�DcÁ à �nN/DqN/DKL/>+@#A/LzD��+M�bxE\B#WIR+D�C
D�WIR+D�WoA�¸ç<D�W�M�@#A�S
S2

ç<D�W�M�@#A�S�¹tHJN�bdM�@#B#��DKR
S∗

2

2nD�OaM�N/R
S∗

3¡<B#N/L�AQXZL�[�ªZDKFKHJWIR E   [ ÂJÁYÀ���£f[½£Y£Y£Y¢ � E~£f[½ÁY£   ��£f[½À�¿oÁiÂ � E   [   Â ë ��£f[½£Y£Y£iÂ �¡<B#N/L�AQXZL�[!_aG+B#N/R E~¢f[ ( ¢YÁ���£f[½£  Y  À � ¢f[½ÀY£Y£���£f[½£ ( ¢�¿ � ¢f[  f( Âp��£f[½£Y¢Y£YÀ �ªZDKFKHJWIRvXfL�[!_aG+B#N/R ( [ ÂJÁYÁ���£f[½£iÂYÂ�¿ �   [½¢ ëY� ��£f[½£Y£ ( £ � Àf[ (Y( À?��£f[½£Y£Y£Y£ �=wM�W+WfE\�áG+B#A�WID�SjA/DKL�AV��CfE\XYM�@#>ID �

¢Y¢



_<M�u+@�DcÂ à ç<HJB�L/L/HJW1yI¹t�qy�Z8�~çáM�WIR0Z8�~¹t�áN/D�hYN/DKL/L�B�HJWIL�[ãqD�C
D�WIR+D�WoAzXYM�N�B}M�u+@�D à Wg>+bVu
D�NrH�m!HJbPB�L/L�B�HJWIL à ç<HJB�L/L/HJW ¹r� Z8�~ç Z8� ¹t�
	 HJWIL/A�M�WoA E~£f[ ¿gÂ � Á E~£f[ ¿gÂ � Á E~£f[½Á �Y Yë E~£f[½Á �Y Yë

��£f[ ¿ �f(�  � ��£f[ ¿ �f( ¿ � ��£f[½À (��f( � ��£f[½À (��f( �¹tHJN�bdM�@#B#��DKR 2rD�O|M�N/R ( [  Y  ¢ (AÉ�É�É ( [  Y  ¢Y£ É�É�É ( [ ¿ (�� Á É�É�É ( [ ¿ (�� Â É�É�É
��£f[ ¿   ¿oÀ � ��£f[ ¿   ¿oÁ � ��£f[ ¿  Y� À � ��£f[ ¿  Y� Á �¹tHJN�bdM�@#B#��DKR�ç<D�W�M�@#A�S £f[½À ëY  £ £f[½À ë ¢ � £f[½Á ( £Y¢ £f[½Á ( £  
��£f[ ¿Y¿oÀY£ � ��£f[ ¿Y¿oÀY£ � ��£f[ ¿   ÁY¢ � ��£f[ ¿   Á   �=TM�@�D £f[½£YÀiÂYÂ £f[½£YÀiÂYÂ £f[ ( ¢ (�� £f[ ( ¢Y¢ (
��£f[ ¿oÁ   À � ��£f[ ¿oÁ   Á � ��£f[ ¿oÁiÂYÂ � ��£f[ ¿oÁiÂ ë �ªZDKFKHJWIR0���+M�b £f[ ( £ (�  £f[ ( £ (�  £f[ ¿   ¿ ë £f[ ¿   ÀY£
��£f[ ¿o£Y£ ( � ��£f[ ¿o£Y£ ( � ��£f[  Y�Y�f( � ��£f[  Y�Y�f( �_aG+B#N/R0���+M�b E~£f[½£�¿o¢�¿ E~£f[½£�¿o¢�¿ £f[   À (�ë £f[   À (�ë
��£f[½ÁY£ � £ � ��£f[½ÁY£ � £ � ��£f[½ÁY¢ ( ¢ � ��£f[½ÁY¢ ( ¢ �ªZDKF�A�B�HJWw¢ £f[½£ ë £ ë £f[½£ ë £ ë £f[½£iÂJ¢   £f[½£iÂJ¢�¿
��£f[ (Y(Y(Y( � ��£f[ (Y(Y(Y( � ��£f[ ( £iÂJÀ � ��£f[ ( £iÂJÀ �ªZDKF�A�B�HJW   E~£f[½£�¿ �Y� E~£f[½£�¿ �Y� E~£f[½£Y¢Y¢YÁ E~£f[½£Y¢Y¢YÁ
��£f[ (�  £Y¢ � ��£f[ (�  £Y¢ � ��£f[ ( ¢YÁ � � ��£f[ ( ¢YÁ � �ªZDKF�A�B�HJWp¿ £f[½£iÂ�¿o¢ £f[½£iÂ�¿ ( £f[½£ ë ÂJ¢ £f[½£ ë ÂJ¢
��£f[ ( ÀY¢ ë � ��£f[ ( ÀY¢ � � ��£f[ ( ¿ �f( � ��£f[ ( ¿ � ¢ �ªZDKF�A�B�HJWwÀ E~£f[ ( ¢YÀY£ E~£f[ ( ¢YÀY£ E~£f[ ( ¢   £ E~£f[ ( ¢   £
��£f[ ( ¢Y£ � � ��£f[ ( ¢Y£ � � ��£f[ (Y(�� £ � ��£f[ (Y(�� £ ��|@#>ID�%tN/HJ>+C E~£f[  Y Y  Â É�É E~£f[  Y Y  Á É�É E~£f[   ¢YÀ (AÉ�É E~£f[   ¢YÀ (AÉ�É
��£f[ (�  ÂJÁ � ��£f[ (�  ÂJÁ � ��£f[ (�  Â   � ��£f[ (�  Â   ��áG+B#A/D�%tN/HJ>+C E~£f[½¢�¿oÀYÁ É E~£f[½¢�¿oÀYÁ É E~£f[½¢  f( ¿ E~£f[½¢  f( ¿
��£f[ ( ¿   Â � ��£f[ ( ¿   Â � ��£f[ ( ¿o¢�¿ � ��£f[ ( ¿o¢YÀ ��QFKF�>+bc>+@}M�A/DKR?L�FKHJN/D £f[½£ ë À  �É�É�É £f[½£ ë À  �É�É�É £f[½£YÁ � Á É�É £f[½£YÁ � Á É�É
��£f[½£  f(�  � ��£f[½£  f(�  � ��£f[½£  f( ¢ � ��£f[½£  f( ¢ ��QFKF�>+bc>+@}M�A/DKR?L�FKHJN/DYy+L/�o>�M�N/DKR E~£f[½£Y£Y¢  �É�É�É E~£f[½£Y£Y¢  �É�É�É E~£f[½£Y£ ( Â É�É E~£f[½£Y£ ( Â É�É
��£f[½£Y£Y£ ë � ��£f[½£Y£Y£ ë � ��£f[½£Y£Y£ ë � ��£f[½£Y£Y£ ë �lqWIH�OQ@�DKRfhiD £f[½¢Y¢  Yë�É�É £f[½¢Y¢   Â É�É £f[½¢�¿gÂJÀ É�É £f[½¢�¿gÂJÀ É�É
��£f[ (Y(Y(Y( � ��£f[ (Y(Y(Y( � ��£f[ (Y( ¿gÂ � ��£f[ (Y( ¿gÂ �lqWIH�OQ@�DKRfhiDYy�L/�g>�M�N/DKR E~£f[½£ (�ë £ É�É E~£f[½£ (�ë £ É�É E~£f[½£ ( ÂJÁ É�É E~£f[½£ ( ÂJÁ É�É
��£f[½£Y£iÂYÂ � ��£f[½£Y£iÂYÂ � ��£f[½£Y£iÂ ë � ��£f[½£Y£iÂ ë �=TM�@�D É ¹tHJN�bdM�@#B#��DKR 2nD�OaM�N/R E~£f[ ¿o¢iÂ  �É�É E~£f[ ¿o¢iÂJ¢ É�É E~£f[   Â ( ¢ É E~£f[   Â ( ¢ É
��£f[½¢ ( À ë � ��£f[½¢ ( À ë � ��£f[½¢ (Y( ¿ � ��£f[½¢ (Y( ¿ �=TM�@�D É ¹tHJN�bdM�@#B#��DKR�ç<D�W�M�@#A�S E~£f[½¢  f(Y( E~£f[½¢  f(Y( E~£f[ ( ÂJ£   E~£f[ ( ÂJ£�¿
��£f[½¢Y£YÁ�¿ � ��£f[½¢Y£YÁ�¿ � ��£f[½¢Y£iÂJÀ � ��£f[½¢Y£iÂJÀ �=TM�@�D É ªZDKFKHJWIR �!�+M�b £f[ ¿oÁYÀYÁ £f[ ¿oÁYÀYÁ £f[½¢ ëf( À £f[½¢ ëf( À
��£f[   £ (�  � ��£f[   £ (�  � ��£f[   ¢�¿gÂ � ��£f[   ¢�¿ ë �
¢  



_<M�u+@�DcÂ à ç<HJB�L/L/HJW1yI¹t�qy�Z8�~çáM�WIR0Z8�~¹t�áN/D�hYN/DKL/L�B�HJWIL ��FKHJWoA�B#Wo>IDKR � [=TM�@�D É _aG+B#N/R �!�+M�b £f[½À � ÀiÂ £f[½À � ÀiÂ £f[ ¿gÂ ëf( £f[ ¿gÂ ëf(
��£f[ ¿gÂ � À � ��£f[ ¿gÂ � À � ��£f[ ¿gÂYÂJ£ � ��£f[ ¿gÂYÂ ( �=TM�@�D É �QFKF�>+bc>+@}M�A/DKRwªZFKHJN/D E~£f[½£  Y  ¢ É E~£f[½£  Y  ¢ É E~£f[½£�¿gÂ�¿ É�É E~£f[½£�¿gÂ�¿ É�É
��£f[½£ (�� ¿ � ��£f[½£ (�� ¿ � ��£f[½£ (�� Á � ��£f[½£ (�� Á �=TM�@�D É %tN�MJR+DqB#W?��WgA/D�N�b�[s=wMJF�N/Hd� E~£f[½£Y¢iÂ ( E~£f[½£Y¢iÂ ( £f[½£Y¢�¿   £f[½£Y¢�¿o¢
��£f[½£YÁ�¿ ( � ��£f[½£YÁ�¿ ( � ��£f[½£YÁYÁY£ � ��£f[½£YÁYÁY£ �=TM�@�D É �|@#>ID�%tN/HJ>+C £f[½£YÁiÂJÁ £f[½£YÁiÂJÁ £f[½£iÂ ëY� £f[½£iÂ ëYë
��£f[½¢ ( £   � ��£f[½¢ ( £   � ��£f[½¢ ( ÀY¢ � ��£f[½¢ ( ÀY¢ �=TM�@�D É �áG+B#A/D�%tN/HJ>+C E~£f[½£�¿ ëf( E~£f[½£�¿ ëf( E~£f[½£  Y Y� E~£f[½£  Y Y�
��£f[½¢ (�ë Á � ��£f[½¢ (�ë Á � ��£f[½¢ (� f( � ��£f[½¢ (� f( �¹tHJN�b�[#2nD�OaM�N/R É �QFKF�>+bc>+@}M�A/DKRTªZFKHJN/D E~£f[½£Y¢Y£iÂ E~£f[½£Y¢Y£iÂ E~£f[½£Y¢YÀ ë�É E~£f[½£Y¢YÀ ë�É
��£f[½£ ( ¿oÀ � ��£f[½£ ( ¿oÀ � ��£f[½£ ( ¿Y¿ � ��£f[½£ ( ¿Y¿ �¹tHJN�b�[!ç<D�W�M�@#A�S É �QFKF�>+bc>+@}M�A/DKRTªZFKHJN/D E~£f[½£   Â (AÉ�É�É E~£f[½£   Â (AÉ�É�É E~£f[½£�¿ ( Â É�É�É E~£f[½£�¿ ( Â É�É�É
��£f[½£ ( ¢ ë � ��£f[½£ ( ¢ ë � ��£f[½£ ( ¢�¿ � ��£f[½£ ( ¢�¿ �¹tHJN�b�[#2nD�OaM�N/R É lqWIH�OQ@�DKRfhiD E~£f[ ( À ( Á É�É E~£f[ ( À ( Á É�É E~£f[ ( ÀiÂJ£ É�É E~£f[ ( ÀiÂJ£ É�É
��£f[½£YÁiÂJÀ � ��£f[½£YÁiÂJÀ � ��£f[½£YÁ ë À � ��£f[½£YÁ ë À �¹tHJN�b�[!ç<D�W�M�@#A�S É lqWIH�OQ@�DKRfhiD E~£f[½£Y¢iÂ ë E~£f[½£Y¢iÂ ë E~£f[½£Y¢Y¢YÁ E~£f[½£Y¢Y¢YÁ
��£f[½£YÁ ëY� � ��£f[½£YÁ ëY� � ��£f[½£YÁiÂJÁ � ��£f[½£YÁiÂJÁ �ªZDKFKHJWIR0���+M�b É lqWIH�OQ@�DKRfhiD E~£f[½£ ( ÀYÁ E~£f[½£ ( ÀYÁ E~£f[½£�¿ ë ¢ E~£f[½£�¿ ë ¢
��£f[½£YÁ (Y( � ��£f[½£YÁ (Y( � ��£f[½£YÁ  f( � ��£f[½£YÁ  f( �_aG+B#N/R0���+M�b É lqWIH�OQ@�DKRfhiD E~£f[½£YÁ �Y� E~£f[½£YÁ �Y� E~£f[ (Y( À   E~£f[ (Y( À  
��£f[½£ ë À   � ��£f[½£ ë À   � ��£f[½£ ëYëYë � ��£f[½£ ëYëYë ��~W���M�A/D Z8�~ç Z8� ¹t�

	 HJWIL/A�M�WoA E ( ÂZ[ � £ ë £ É�É�É E (�ë [ ¿gÂ �f(AÉ�É�É
� ( [ ëf( £ ë � � ( [ ëf( £ ë �=TM�@�D ( Àf[ (�  £YÀ É�É�É ( Àf[ ÂJ£YÁY£ É�É�É
��£f[ ë £iÂ�¿ � ��£f[ ë £YÁiÂ �ªZDKFKHJWIR0���+M�b ( [ � ÂJ£ ë ( [ � ÂJ¢iÂ
� ( [ ëf( ÂJ¢ � � ( [ ë ¢Y¢YÁ �_aG+B#N/R0���+M�b E ( ¢f[½£ ëY Y �É�É�É E (Y( [½Á  Y  Â É�É�É
��¢f[ ÂJÀ   Â � ��¢f[ ÂJÁ�¿oÀ ��QFKF�>+bc>+@}M�A/DKR?L�FKHJN/D E~£f[ ¿Y¿   Á E~£f[ ¿Y¿Y¿ (
��£f[ ¿o£ �f( � ��£f[ ¿ (Y( £ �lqWIH�OQ@�DKRfhiD £f[  Y  ¿o£ £f[  Y  ¿o£
��£f[½¢Y£YÁYÀ � ��£f[½¢Y£YÁYÀ �Ê �}����¦��7��¹��<�¡��� �����}���¥°q¦���²¡�¡�¥�¼� �����¡����¦(�d��¦�¦��7¦��¬���¸�¡��¦��<�\�����_� �_��¢

Ë § ËXË ���J� ËGËXË �q�_���������7���¨·-�����J�}�¤�©�+È�§�Ìq���¡�£È_ÊºÍ ¦��<���J�_�#�������<��°7¢

¢�¿



_5M�u+@�D ë à =?HZR+D�@<ªZD�@�DKF�A�B�HJW1[_5DKL�A ªgA�M�A�B�L/A�B�F ç�E\XJM�@#>ID
ç<HJB�L/L/HJW�XfL�[kZ8� çef!>IHJW+hI��LzA/DKL�A ( [ � ¢ £f[½£  

Z8�~ç¦XZL�[kZ8�~¹t�`Ê1B#�iD�@#B#GIHgHZR�N�M�A�B�HPA/DKL/A £f[½£ ( £f[ ¿gÂ

_<M�u+@�D ( £ à Ê:B#�iD�@#B#GIHZHZR 2rM�A�B�HP_5DKL�A/L à DK�g>�M�@#B#A�SvH�m!L/FKHJN�B#W+h�N�>+@�DKL�[_5DKL�A ªgA�M�A�B�L�A�B�F ç�E\XYM�@#>ID
ç<D�W�M�@#A�SvXfL�[!¹tHJN�bdM�@#B#��DKR�ç<D�W�M�@#A�S ÂZ[ ÂJÀYÀYÀ £f[ ( £ ( £
ç<D�W�M�@#A�SvXfL�[!¹tHJN�bdM�@#B#��DKR 2nD�OaM�N/R ( ¢f[ ( Â�¿gÂ £f[½£ ( Á (

¹tHJN�bdM�@#B#��DKRpç<D�W�M�@#A�SvXfL�[�¹tHJN�bdM�@#B#��DKR02nD�OaM�N/R ¿I[½Á ë ¢YÁ £f[   ¢ ( ¿

¢YÀ



_<M�u+@�D � à ªgC
DKF�B�·�F�M�A�B�HJW?L/D�M�N/F�Gvm�HJNQA�GIDdZ8�~ç§N/D�hYN/DKL/L�B�HJWãqD�C
D�WIR+D�WoAzXYM�N�B}M�u+@�D à Wg>+bVu
D�NrH�m!HJbPB�L/L�B�HJWIL�[ � ( � ��¢ � �   � ��¿ �
	 HJWIL/A�M�WoA E~£f[½Á �Y Yë E~£f[ Â  Yë À E~£f[   À   ¿ E~£f[  Y�Y  À

��£f[½À (��f( � ��£f[½ÀY¢ ë ¢ � ��£f[  Y  ¿   � ��£f[   À   À �¹tHJN�bdM�@#B#��DKR 2rD�O|M�N/R ( [ ¿ (�� Á É�É�É ( [ ¿Y¿oÁ ��É�É�É ( [   À�¿ ��É�É�É ( [  YëYë £ É�É�É
��£f[ ¿  Y� À � ��£f[ ¿Y¿   Á � ��£f[  Y� À ( � ��£f[ ¿o£   À �¹tHJN�bdM�@#B#��DKR�ç<D�W�M�@#A�S £f[½Á ( £Y¢ £f[½ÁY¢Y¢�¿ £f[½ÀYÀYÁ ( £f[½ÁY¢�¿oÁ
��£f[ ¿   ÁY¢ � ��£f[ ¿Y¿o£iÂ � ��£f[ ¿Y¿oÁ ( � ��£f[ ¿ (�ë Á �=TM�@�D £f[ ( ¢ (�� £f[½¢iÂJÁ�¿ £f[   ÁY£�¿ É £f[   ÁY¢ ��É�É
��£f[ ¿oÁiÂYÂ � ��£f[ ¿o¢   £ � ��£f[ (�ë Â ( � ��£f[ (�ë ¿gÂ �ªZDKFKHJWIR0���+M�b £f[ ¿   ¿ ë £f[½À   ÂYÂ £f[ (�ë ¢  
��£f[  Y�Y�f( � ��£f[  Y� ÀYÀ � ��£f[½¢Y¢ ë Â �_aG+B#N/R0���+M�b £f[   À (�ë £f[½À  f( À E~£f[½¢Y¢YÁ�¿
��£f[½ÁY¢ ( ¢ � ��£f[½À ë Â ( � ��£f[½¢iÂJÁ ( �ªZDKF�A�B�HJWw¢ £f[½£iÂJ¢   £f[½£iÂJÁ (
��£f[ ( £iÂJÀ � ��£f[ ( £YÁ ë �ªZDKF�A�B�HJW   E~£f[½£Y¢Y¢YÁ E~£f[½£Y¢   ¿
��£f[ ( ¢YÁ � � ��£f[ ( ¢YÁY£ �ªZDKF�A�B�HJWp¿ £f[½£ ë ÂJ¢ £f[½£ ëY f(
��£f[ ( ¿ �f( � ��£f[ ( ÀY£Y¢ �ªZDKF�A�B�HJWwÀ E~£f[ ( ¢   £ E~£f[ ( ¢YÀYÀ
��£f[ (Y(�� £ � ��£f[ (Y(�ë Á ��|@#>ID�%tN/HJ>+C E~£f[   ¢YÀ (AÉ�É E~£f[½¢ � £YÀ É�É E~£f[½¢ � ¢Y¢ É�É E~£f[½¢iÂ�¿Y¿ É�É
��£f[ (�  Â   � ��£f[ ( ¢YÀiÂ � ��£f[ ( ¢ ë £ � ��£f[ ( ¢Y¢iÂ ��áG+B#A/D�%tN/HJ>+C E~£f[½¢  f( ¿ E~£f[½¢�¿Y¿ ��É E~£f[½¢�¿   À É E~£f[½¢�¿ ( Â É�É
��£f[ ( ¿o¢�¿ � ��£f[ ( ¢YÀ   � ��£f[ ( ¢iÂJÀ � ��£f[ ( ¢ ( ¢ ��QFKF�>+bc>+@}M�A/DKR?L�FKHJN/D £f[½£YÁ � Á É�É £f[½£YÁ  Yë�É�É £f[½£iÂJ£ ��É�É £f[½£ ë À  �É�É�É
��£f[½£  f( ¢ � ��£f[½£   £ ( � ��£f[½£Y¢ ëYë � ��£f[½£ ( ÀiÂ ��QFKF�>+bc>+@}M�A/DKR?L�FKHJN/DYy+L/�o>�M�N/DKR E~£f[½£Y£ ( Â É�É E~£f[½£Y£ (�ë�É�É E~£f[½£Y£ (���É�É�É E~£f[½£Y£Y¢ ë�É�É�É
��£f[½£Y£Y£ ë � ��£f[½£Y£Y£iÂ � ��£f[½£Y£Y£iÂ � ��£f[½£Y£Y£YÀ �lqWIH�OQ@�DKRfhiD £f[½¢�¿gÂJÀ É�É £f[½¢�¿oÁYÁ É�É £f[ (�ëf(Y(AÉ�É £f[ (�� £Y£ É�É
��£f[ (Y( ¿gÂ � ��£f[ (Y( À � � ��£f[½£iÂ �Y� � ��£f[½£ ëY  Á �lqWIH�OQ@�DKRfhiDYy�L/�g>�M�N/DKR E~£f[½£ ( ÂJÁ É�É E~£f[½£ ( ÂJ¢ É�É E~£f[½£ ( Á ��É�É�É E~£f[½£ ( ÁiÂ É�É�É
��£f[½£Y£iÂ ë � ��£f[½£Y£iÂYÂ � ��£f[½£Y£YÀ � � ��£f[½£Y£YÁY¢ �=TM�@�D É ¹tHJN�bdM�@#B#��DKR 2nD�OaM�N/R E~£f[   Â ( ¢ É E~£f[  Yë £Y¢ É E~£f[   ÂJ¢Y¢ É E~£f[  Y� £ ��É
��£f[½¢ (Y( ¿ � ��£f[ (��Y� À � ��£f[ (��Y�Yë � ��£f[½¢Y£  Yë �=TM�@�D É ¹tHJN�bdM�@#B#��DKR�ç<D�W�M�@#A�S E~£f[ ( ÂJ£   E~£f[ (�ëf( £ E~£f[ (��Y  À E~£f[½¢ ( ¿o¢
��£f[½¢Y£iÂJÀ � ��£f[½¢Y£YÀY¢ � ��£f[½¢ (Y( À � ��£f[½¢Y£Y£Y£ �=TM�@�D É ªZDKFKHJWIR �!�+M�b £f[½¢ ëf( À
��£f[   ¢�¿gÂ �

¢YÁ



_<M�u+@�D � à ªgC
DKF�B�·�F�M�A�B�HJW?L/D�M�N/F�Gvm�HJNQA�GIDdZ8�~ç§N/D�hYN/DKL/L�B�HJWe��FKHJWgA�B#Wo>IDKR � [=TM�@�D É _aG+B#N/R �!�+M�b £f[ ¿gÂ ëf(
��£f[ ¿gÂYÂJ£ �=TM�@�D É �QFKF�>+bc>+@}M�A/DKRwªZFKHJN/D E~£f[½£�¿gÂ�¿ É�É E~£f[½£Y¢ �Yë�É�É�É E~£f[½£   £iÂ É�É�É E~£f[½£Y¢ � À É�É�É
��£f[½£ (�� Á � ��£f[½£ ( £Y£ � ��£f[½£ ( £Y¢ � ��£f[½£ ( £ ( �=TM�@�D É lqWIH�OQ@�DKRfhiD £f[½£Y¢�¿   £f[½£ (�  Á
��£f[½£YÁYÁY£ � ��£f[½£YÁ�¿ ë �=TM�@�D É �|@#>ID�%tN/HJ>+C £f[½£iÂ ëY�
��£f[½¢ ( ÀY¢ �=TM�@�D É �áG+B#A/D�%tN/HJ>+C E~£f[½£  Y Y�
��£f[½¢ (� f( �¹tHJN�b�[#2nD�OaM�N/R É �QFKF�>+bc>+@}M�A/DKRTªZFKHJN/D E~£f[½£Y¢YÀ ë�É E~£f[½£Y¢YÀ ��É E~£f[½£Y¢YÁ ��É E~£f[½£Y¢ ë ¿ É
��£f[½£ ( ¿Y¿ � ��£f[½£ ( ¿Y¿ � ��£f[½£ ( ÀY£ � ��£f[½£ ( ÀY£ �¹tHJN�b�[!ç<D�W�M�@#A�S É �QFKF�>+bc>+@}M�A/DKRTªZFKHJN/D E~£f[½£�¿ ( Â É�É�É E~£f[½£�¿ ( Â É�É�É E~£f[½£�¿o¢ (AÉ�É�É E~£f[½£  Y� £ É�É�É
��£f[½£ ( ¢�¿ � ��£f[½£ ( ¢YÀ � ��£f[½£ (�  £ � ��£f[½£ (� f( �¹tHJN�b�[#2nD�OaM�N/R É lqWIH�OQ@�DKRfhiD E~£f[ ( ÀiÂJ£ É�É E~£f[ ( ÁY£YÀ É�É E~£f[ ( ¿  Y��É�É E~£f[ ( ¿gÂ ��É�É�É
��£f[½£YÁ ë À � ��£f[½£YÁ � £ � ��£f[½£YÁY¢Y£ � ��£f[½£YÁ  Y  �¹tHJN�b�[!ç<D�W�M�@#A�S É lqWIH�OQ@�DKRfhiD E~£f[½£Y¢Y¢YÁ E~£f[½£Y¢�¿o¢ E~£f[½£ (Y( À E~£f[½£Y¢   Â
��£f[½£YÁiÂJÁ � ��£f[½£YÁ ë Á � ��£f[½£iÂ ( Â � ��£f[½£YÁYÁY£ �ªZDKFKHJWIR0���+M�b É lqWIH�OQ@�DKRfhiD E~£f[½£�¿ ë ¢ E~£f[½£�¿ � ¿
��£f[½£YÁ  f( � ��£f[½£YÁ  f( �_aG+B#N/R0���+M�b É lqWIH�OQ@�DKRfhiD E~£f[ (Y( À   E~£f[ (Y( À  
��£f[½£ ëYëYë � ��£f[½£ ëY� Â ��~W���M�A/D Z8�~ç

	 HJWIL/A�M�WoA E ( ÂZ[ � £ ë £ É�É�É E (�� [½ÁYÀ ë Â É�É�É E ( ÂZ[½ÀY¢ � ¢ É�É�É E ( ÂZ[ ¿   Â ��É�É�É
� ( [ ëf( £ ë � � ( [½Á �Y�Yë � � ( [ Â ëY  £ � � ( [ ëY Y  ¿ �=TM�@�D ( Àf[ (�  £YÀ É�É�É ( ÂZ[½£ ( £YÀ É�É�É ( Àf[   ÁYÀY¢ É�É�É ( Àf[ ¿oÀYÁYÁ É�É�É
��£f[ ë £iÂ�¿ � ��£f[ ÂJ¢YÁ � � ��£f[ ë ÁiÂJ£ � � ( [ (� Y  Â �ªZDKFKHJWIR0���+M�b ( [ � ÂJ£ ë ( [ � ¿  f( ¢f[½£ �f( Â ¿I[½Á   ÀiÂ
� ( [ ëf( ÂJ¢ � ��¢f[½¢YÁiÂ � � ��¿I[ ( Â   ¢ � ��¿I[½Á   £YÁ �_aG+B#N/R0���+M�b E ( ¢f[½£ ëY Y �É�É�É E (�  [½ÁYÀY£Y£ É�É�É E ( ¢f[½À ( Â  �É E ( ¢f[½À ( Â  
��¢f[ ÂJÀ   Â � �   [ ÂJ£ � Â � �\ÂZ[½¢Y¢Y£   � � ë [ ( ÁYÀY¢ ��QFKF�>+bc>+@}M�A/DKR?L�FKHJN/D E~£f[ ¿Y¿   Á E~£f[ ¿oÁiÂ ( E~£f[½À ( ÂJÁ E ( [  Y Y� Â
��£f[ ¿o£ �f( � ��£f[½À�¿ ( £ � � ( [ (Y(Y( À � � ( [½À ( ÂJÁ �lqWIH�OQ@�DKRfhiD £f[  Y  ¿o£ £f[   ¢Y¢�¿ £f[½¢YÀY£YÁ £f[½¢Y¢YÁ (
��£f[½¢Y£YÁYÀ � ��£f[½¢Y£ (�� � ��£f[ (�� Â ( � ��£f[½¢Y£YÀYÁ �Ê �}����¦��7��¹��<�¡��� �����}���¥°q¦���²¡�¡�¥�¼� �����¡����¦(�d��¦�¦��7¦��¬���¸�¡��¦��<�\�����_� �_��¢

Ë § ËXË ���J� ËGËXË �q�_���������7���¨·-�����J�}�¤�©�+È�§�Ìq���¡�£È_ÊºÍ ¦��<���J�_�#�������<��°7¢

¢iÂ


