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ä�F_JÖM_J åkN�æ\JLM_JLfGHyNPC Y\MÌY*V-NPF_JÖçuMONPJLfPM_J N�CEh�J å][UJ�D�NPJ�`ÌNPY3V£è_K K éÌC MONPJLæ\fGHyNPJÖH*K KeikC MI`_h�Y*V
`_HyNGH�H*MI`oboJ�`]CEH#D Y\bob�è_M_CEDLHyNPC Y\MIhLê*çuMAD Y\MONPfGH\hwN<NPY�NPY]`_HSé�ë h<NPJLK JL[_F_Y\M_J)M_J Nwì
Y\fPi�R*`_HyNGH
D Y\M_M_J�D�NPC Y\MIh�FIHSí\JZíyH*fPCEH*î_K JÆî_C NPfGHyNPJ�h)H*MI`ANPF_J#bÍH*MIH*æ\JLboJLMON�Y*V7NPF_J�C MI`]C íkCE`]èIH*K�M_Y]`]J�h
hjF_Y\è_KE`�îUJ:hjC bo[_K JLf�êeï)MI`ðC MñD Y\MONPfGH\hwN�NPYÌNPY]`_HSé�ë h�çuMONPJLfPM_J N�R+fPJ�H*K ò�NPC boJ�b�è_K NPC boJ�`]CEH
H*[_[_K CEDLHyNPC Y\MIh<J å][UJ�D�NeboJ�DGFIH*M_CEhjbÍh7V£Y\f�C MID fPJ�H\hjJ�`Íó¶èIH*K C Nwé�Y*V�TkJLfPíkCED J�ô^ó¶YkT_õ�ê\ä�F_CEh�C b�ò
[_K C J�h+NPFIHyNeV£è]NPè_fPJ¶M_J Nwì
Y\fPi]h�M_JLJ�`AH�K C boC NGHyNPC Y\MAY*V½NPfGHyöAD-K YOH\`:÷ ø ùINPY�boJLJ NeNPF_J¶[IH\DGi\J N
K YOhPh7H*MI`#`]JLKEHSéZfPJ�úOè_C fPJLboJLMONGhLêSä�F_CEh�V£è_MID�NPC Y\M�CEh7DLH*K K J�`�H\`]boCEhPhjC Y\M#D Y\MONPfPY\K�ôWï¶c�õ�êyû)C æ\F
úOèIH*K C Nwé#NPfGH*MIhjboCEhPhjC Y\M�CEh+æ\èIH*fGH*MONPJLJ�`�HyN+NPF_J)J å][UJLMIhjJ-Y*V½D Y\MONPfPY\K�R*bÍH*MIH*æ\JLboJLMON�J ü�Y\fjN�R
H*MI`Aî_K Y]DGi\J�`ÍfPJ�hjJLfPíyHyNPC Y\MÍfPJ�úOè_J�hwNGheC MÖYyí\JLfPK YOH\`ÍhjC NPèIHyNPC Y\MIhLêkä�Y�fPJ�H*K C gLJÆH#K YyìñîUY\fG`]JLfjò
NPY*ò^îUY\fG`]JLf�ô£îUýyîUõ�þIYyìÿî_K Y]DGikC M_æA[_fPY\îIH*î_C K C NwéÖC M3NPfGH*MIhjC NÆM_J Nwì
Y\fPi]hLR]NPF_J�M_J Nwì
Y\fPi]h)H*fPJ
[_fPYyíkCE`]J�`Öì-C NPF3hjè]öAD C JLMON-NPfGH*MIhj[UY\fjN)DLH*[IH\D C NPC J�h�ì-F_CEDGF�DLH*èIhjJ�h-D YOhwNGh
V£Y\f�NPF_J�M_J Nwì
Y\fPi
[_fPYyíkCE`]JLf�ê*ä�F_JLfPJ V£Y\fPJ\R\ï¶cÎboJ�DGFIH*M_CEhjbÍh+hjF_Y\è_KE`oîUJ)J öAD C JLMONeî_è]N
hwNPC K KUhjC bo[_K J\ê��_Y\f+fPJ�Hyò
hjY\MIh7Y*VUfPY\î_èIhwNPM_J�hPhLR�NPF_JLé�hjF_Y\è_KE`#M_Y*N�C MI`]èID J-C M]V£Y\fPbÍHyNPC Y\M�hwNGHyNPJ�h<C MIhjCE`]J
NPF_J�M_J Nwì
Y\fPi�ê

�������#H\`]boCEhPhjC Y\M:D Y\MONPfPY\Keô
	�ï¶c�õ-K C boC NGh¶NPF_J#NPfGH*MIhj[UY\fjNPJ�`µNPfGHyöAD�Y\M:HÖhjC M_æ\K J#K C M_i
NPY�[_fPJLí\JLMON�íkC Y\KEHyNPC Y\MIh�Y*V¶C NGhAó¶YkTÌfPJ�úOè_C fPJLboJLMONGhLê7çuMðD Y\MONPfGH\hwN�R��
�����������ÖH\`]boCEhPhjC Y\M

×<ËO| }�Ä<zLswÅ�Ä�rL}�{E�Oxk�\p���~y��twËOp Ã �Oxk�\pG}uv�| xO| }^twpPsw| �Ov�{w��\s Ã | � �\�OxO�3�Oxk���OzLsw}u�jË*�OxO�3zL{
twËOp��Op��\pPsjrL���epGqO�O~O� | �¶zL{+�
pPswv#rLxy��Ç��<�zLsj�\pPswÅSpGxOxO�GpG| �jËOpGxÖ�������)�L�� �Ê�rLxk�µ�*| pGv�pGxO}��e�¶�
! �OxO| �jËIÏk×<ËOp)rL�\twËOzLsw}+rL� z�xOp¶r swp�swpG}uq]z�xO}u| ~O� p-{EzLs+twËOp-�Gz�xytwpGxyt+zL{�twËOp-qkrLq]pPs�Ï

N
O

T
IC

E
:

T
h

is
is

th
e

a
u

th
o
r’

s
v
er

si
o
n

o
f

a
w

o
rk

a
cc

ep
te

d
fo

r
p

u
b

li
ca

ti
o
n

b
y

S
p

ri
n

g
er

.C
h

a
n

g
es

re
su

lt
in

g
fr

o
m

th
e

p
u

b
li
sh

in
g

p
ro

ce
ss

,
in

cl
u

d
in

g
ed

it
in

g
,

co
rr

ec
ti

o
n

s,
st

ru
ct

u
ra

l
fo

rm
a
tt

in
g

a
n

d
o
th

er

q
u

a
li
ty

co
n
tr

o
l

m
ec

h
a
n

is
m

s,
m

a
y

n
o
t

b
e

re
fl

ec
te

d
in

th
is

d
o
cu

m
en

t.
C

h
a
n

g
es

m
a
y

h
a
v
e

b
ee

n
m

a
d

e
to

th
is

w
o
rk

si
n

ce
it

w
a
s

su
b

m
it

te
d

fo
r

p
u

b
li
ca

ti
o
n

in
In

te
rn

a
ti

o
n

a
l

W
o
rk

sh
o
p

o
n

M
u

lt
im

ed
ia

In
te

r-

a
ct

iv
e

P
ro

to
co

ls
a
n

d
S

y
st

em
s

(M
IP

S
2
0
0
3
),

2
0
0
3
.

T
h

e
fi

n
a
l

p
u

b
li
ca

ti
o
n

is
a
v
a
il
a
b

le
a
t

S
p

ri
n

g
er

.



D Y\MONPfPY\K�ô��¶ï¶c�õeCEh�fPJ�úOè_C fPJ�`Aì-F_JLM�`_HyNGHoH*fPJ¶NPfGH*MIhj[UY\fjNPJ�`AYyí\JLf�hjJLí\JLfGH*KUF_Y\[Ih
NPF_fPY\è_æ\F
H�M_J Nwì
Y\fPi3C MIhwNPJ�H\`��wèIhwN#Yyí\JLf�H3hjC M_æ\K JoK C M_i�ê�ä�F_CEh�bÍHSé:îUJÖ`]Y\M_Joîké�H*[_[_K ékC M_æ 	�ï¶c
Y\M H�K C M_iOò^îkéOò^K C M_iÎîIH\hjCEhoî_è]NÍNPF_CEhÍC bo[_K C J�hÍï¶c hwNGHyNPJ�hoC MðNPF_J:D Y\fPJ\ê�û)Yyì
JLí\JLf�R7C NACEh
`]J�hjC fGH*î_K J�NPYØD Y\MONPfPY\K<NPF_JÍK YOH\`�C MIhjCE`]JoNPF_JAM_J Nwì
Y\fPi:Y\M_K é�HyN�NPF_JAîUY\fG`]JLf�fPY\è]NPJLfGhZîké
[UJLfjV£Y\fPboC M_æ#ï¶cÎîIH\hjJ�`�Y\MÍfPJ�hjY\è_fGD J
î_èI`]æ\J NGh�NPFIHyN
H*fPJ�[_fPJLfPJ�hjJLfPí\J�`#V£Y\feD JLfjNGH*C M�NPfGHyöAD
H*æ\æ\fPJLæOHyNPJ�hLê<çuMðNPF_CEhAì
Y\fPi�ì
J3CE`]JLMONPC V£é�V£Y\è_fÖ`]C ü�JLfPJLMON��¶ï¶c5boJ NPF_Y]`_hÍNPFIHyNÖfPJLí\J�H*K
`]C ü�JLfPJLMON�fPJ�hjY\è_fGD Joè]NPC K C g�HyNPC Y\MÎH*MI`�NPFIHyN�DLHyNPJLæ\Y\fPC gLJoboYOhwN#Y*V�NPY]`_HSé�ë hZC bo[_K JLboJLMONPJ�`
H*MI`ÖC Mkí\J�hwNPC æOHyNPJ�`��¶ï¶c�H*[_[_fPYOH\DGF_J�hLê

ä�F_JZ[IH*[UJLf)CEh-hwNPfPèID�NPè_fPJ�`�H\h
V£Y\K K Yyì)hLêITkJ�D�NPC Y\M3ý�æ\C í\J�h�H*M�Yyí\JLfPíkC JLì�Y*V�V£Y\è_f)îIH\hjCED
î_èI`]æ\J N�îIH\hjJ�`��¶ï¶cñDLHyNPJLæ\Y\fPC J�hLêkTkJ�D�NPC Y\M���hjF_Yyì)h+NPF_JLC f-H\DGF_C JLíyH*î_K JÆfPJ�hjY\è_fGD J)è]NPC K C g�Hyò
NPC Y\MÖC M�`]C ü�JLfPJLMON�M_J Nwì
Y\fPikC M_æ�hPD JLMIH*fPC YOheH*MI`µH*MIH*K ékgLJ�h+NPF_JLC f�[UJLfjV£Y\fPbÍH*MID J\ê]TkJ�D�NPC Y\M��
hjè_bobÍH*fPC gLJ�h
NPF_CEh�ì
Y\fPiÖH*MI`Öæ\C í\J�h�H*M�Y\è]NPK YkY\iAY\MÖV£è_fjNPF_JLf-fPJ�hjJ�H*fGDGF�ê
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çuMµNPF_CEh-hjJ�D�NPC Y\Mµì
JZC MONPfPY]`]èID JÆV£Y\è_f)`]C ü�JLfPJLMON-î_èI`]æ\J N)îIH\hjJ�`��¶ï¶cñD Y\MID JL[]NGhLê_ï&�¶ï¶c
C MIhwNGH*MID JØfPJ�D Y\fG`_hoNPF_JÌ`]JLbÍH*MI`ñY*V�H*K KZH\`]boC NjNPJ�`�H\D�NPC í\J3þIYyì)h�'�(*),+.- /0/�12)\ê43ñF_JLM�H
M_JLìÿþIYyì H*fPfPC í\J�hLRUï¶cÿDGF_J�DGi]h¶ì-F_J NPF_JLfZC NGhÆJ ü�J�D�NPC í\JoîIH*MI`]ì-CE`kNPF:NPY\æ\J NPF_JLfZì-C NPFØNPF_J
`]JLbÍH*MI`ÍY*V�H*K fPJ�H\`]é�J�hwNGH*î_K CEhjF_J�`�þIYyì)h65_NGheì-C NPF_C MÖH#DLH*[IH\D C Nwé�î_èI`]æ\J N�êOç^V�hjYIR*NPF_J)þIYyì
CEheH\DLD JL[]NPJ�`½R*Y*NPF_JLfPì-CEhjJ-C NeCEh+fPJ2�wJ�D�NPJ�`½ê��_Y\f�NPF_J¶hPH*i\J�Y*V�H�hjC bo[_K J¶`]J�hPD fPC []NPC Y\M�R*ì
J-NGH*i\J
Y\M_K é�[UJ�H*i�fGHyNPJ)H*K K Y]DLHyNPC Y\M�V£Y\f�þIYyì)h<C MONPY#H\DLD Y\è_MON�ê\û)Yyì
JLí\JLf�RyH*K K_boJ�DGFIH*M_CEhjbÍh+DLH*MoîUJ
D Y\b�î_C M_J�`3ì-C NPFØboY\fPJ�J öAD C JLMON�	�ï¶c(boJ NPF_Y]`_h¶K C i\J�NPF_J�èIhjJ�Y*V+J ü�J�D�NPC í\J�îIH*MI`]ì-CE`kNPF
Y\f-boJ�H\hjè_fPJLboJLMON�îIH\hjJ�`�ï¶cÿ÷ ý"7��*ù^ê

8:9�;=<�>�?A@CBEDGFGHJILKMBEN�O"I�F�PQILK,RTSVUW@CX�FGY�>�O"O">�SJ?$ZTSJ?[K\U]SJ^`_2<�B�PQXaZMb
ä�F_J)K C M_iOò^îkéOò^K C M_iE�¶ï¶c CEh+[_fPY\îIH*î_K é#boYOhwNeC MONPè_C NPC í\J\êOä�F_J¶DLH*[IH\D C Nwédcfe2g h
Y*V½J�H\DGFoK C M_iMe
C MÖNPF_JZM_J Nwì
Y\fPioCEh
bÍH*MIH*æ\J�`AîkéAH�hjC M_æ\K JÆK C M_iÍî_èI`]æ\J N#ô
	Ai-õ4jLkÖô�e�õ+ì-C NPF�hjC gLJlj�kÖô�e�õmg h
NPFIHyN7bÍHSé¶îUJ
H\`]boC M_CEhwNPJLfPJ�`½RLJ\ê æIê�HyN�NPF_JeC M_æ\fPJ�hPh½fPY\è]NPJLf�Y*V]NPFIHyN�K C M_iZY\f�C M�H)D JLMONPfGH*K C gLJ�`
`_HyNGH*îIH\hjJ\êUï M_JLì�þIYyìon[p"q rs 1 r ì-C NPFØC M_æ\fPJ�hPh-fPY\è]NPJLf�tLuORUJLæ\fPJ�hPh-fPY\è]NPJLf�v#R½H*MI`3î_C NPfGHyNPJ
n[p"q rs 1 r g h)b�èIhwN�[IH\hPh+NPF_JZï¶c�[_fPY]D J�`]è_fPJ)V£Y\feNPF_J�	Ai�h
Y*V�H*K K�K C M_i]h+NPFIHyN-H*fPJ)NPfGHSí\JLfGhjJ�`oC M
NPF_JoM_J Nwì
Y\fPi3îkéwn[p"q rs 1 r ôWD�Vwê �7C æ\è_fPJ�øOôWHOõjõ�ê½ä�F_Ja�¶ï¶c�[_fPY]D J�`]è_fPJ�CEh�hjèIDLD J�hPhwV£è_K<C V
NPF_J
V£Y\K K Yyì-C M_æoC M_J�úOèIH*K C NwéAF_Y\KE`_h

x eGy�z|{Le2g }<ô~tJ��vÆõ4�$��{
n p"q rs 1 r g h4�"e2g }<ô~tJ��vÆõ����

�W�m� �W���:������� � �����\� � �
n[� q � g h4�"e2g }<ô~�A���_õ��$jLkÖô�e�õmg h]g ôwøSõ
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ä�F_JLfPJÆH*fPJ)bÍH*Mkéohjé]hwNPJLbÍh
H*MI`Í[_fPY*NPY]D Y\KEh+ì
Y\fPikC M_æ#H\DLD Y\fG`]C M_æZNPY#NPFIHyN�[_fPC MID C [_K J\êkä�F_J
D Y\M_M_J�D�NPC Y\MØï¶c�C MØï�ä-B,÷ �Sù�H*MI`�NPF_J�çuMONPJLæ\fGHyNPJ�`:TkJLfPíkCED J�h�÷ �_R���ù<H*fGDGF_C NPJ�D�NPè_fPJ#C M:ç��
NPJ�DGF_M_Y\K Y\æ\éµH\`]Y\[]N¶C NÆC M:[_è_fPJ�V£Y\fPb�ê��)NPF_JLf¶[_fPY*NPY]D Y\KEh-fPJLí\J�H*K½NPF_J�hPH*boJ#îUJLFIHSíkC Y\f¶H*K ò
NPF_Y\è_æ\F�NPF_J)boJ�DGFIH*M_CEhjb CEh�M_Y*N+C bo[_K JLboJLMONPJ�`ÍH\h+H*MoJ å][_K CED C N�	Ai �¶ï¶c¶êOï îIH*MI`]ì-CE`kNPF
î_fPY\i\JLfe÷ �W7�ø"�yùOH\`]boC M_CEhwNPJLfGh½NPF_J
î_èI`]æ\J NGh�C M�H)D JLMONPfGH*K\JLMONPC NwéZì-F_CEDGF#fPJL[_fPJ�hjJLMONGh�H¶hjC M_æ\K J
[UY\C MON�Y*V�VWH*C K è_fPJ¶î_è]N-îUJLFIHSí\J�heC MµH�hjC boC KEH*f
ì�HSé\êkä�F_JZhwNGHyNPJLK J�hPhwòuD Y\fPJ¶H*[_[_fPYOH\DGF_J�h)÷ ø\øm7
ø"�yùeH*fPJÍH*î_K J�NPY:HSí\Y\CE`ØhwNGHyNPJ�hZC M�NPF_JAD Y\fPJÍHyNZNPF_JÍJ å][UJLMIhjJÍY*V�boJ�H\hjè_fPJLboJLMONGhÆY\f�C M]ò
D fPJ�H\hjJ�`AfPJ�hj[UY\MIhjJÆNPC boJ\ê
3ñC NPF�NPF_CEh#H*[_[_fPYOH\DGF�R½D Y\fPJofPY\è]NPJLfGhÆM_JLJ�`ØNPY3F_Y\KE`Ìï¶cÿhwNGHyNPJ�h�[UJLfZþIYyì ì-F_CEDGFÌCEh

[_fPY\î_K JLbÍHyNPCED�ì-C NPFÎfPJ�hj[UJ�D�N�NPY:hPDLH*KEH*î_C K C NwéØH*MI`�fPY\î_èIhwNPM_J�hPhLê½ç^V�M_J Nwì
Y\fPi:fPJ�hjC K C JLMID JoCEh
fPJ�úOè_C fPJ�`½R½þIYyì)h�H*fPJA`]JLíkCEHyNPJ�`ÌC M�DLH\hjJÍY*V)H3[IH*fjNPCEH*KeM_J Nwì
Y\fPi:Y\è]NGH*æ\JÖH*MI`�NPF_JLC f�ï¶c
hwNGHyNPJ�h�b�èIhwN-îUJ#úOè_CEDGikK éÍfPJ�hwNPY\fPJ�`½ê]ä�F_CEh�ì
Y\è_KE`ÖJLMONGH*C K�H�NPfPJLboJLMI`]Y\èIheNPJ�DGF_M_CEDLH*K½Yyí\JLfjò
F_J�H\`�C M:fPJ�H*K ò�NPC boJZV£Y\f¶KEH*fPæ\J#hjé]hwNPJLbÍhLêUä�F_J�V£Y\K K Yyì-C M_æÍNPF_fPJLJT�¶ï¶c�boJ NPF_Y]`_h)bÍH*MIH*æ\J
NPF_J#M_J Nwì
Y\fPiÖDLH*[IH\D C NwéÖC M:HÍ`]CEhwNPfPC î_è]NPJ�`3ì�HSé\R]C�ê J\êUH*K K�î_èI`]æ\J NGh-fPJLKEHyNPJ�`ÖNPYÖH�þIYyì�DLH*M
îUJ�D Y\MIhjè_K NPJ�`µHyN�C NGh�C M_æ\fPJ�hPheY\f�C NGh�JLæ\fPJ�hPheîUY\fG`]JLf
fPY\è]NPJLf�êkçuM�H#VWH*C K è_fPJZhPD JLMIH*fPC YIROY\M_K é
VWH\hwN�K Y]DLH*KefPJLfPY\è]NPC M_æ3Y*V�NPF_JÍNPfGHyöADÍCEh#fPJ�úOè_C fPJ�`�C V¶hjè]öAD C JLMON�îIH\DGikè_[ DLH*[IH\D C NPC J�h#H*fPJ
HSíyH*C KEH*î_K J\ê
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ä�F_JÍç2i�����i �¶ï¶c `]J*5IM_J�hZV£Y\f#JLí\JLfPé:C M_æ\fPJ�hPhZM_Y]`]J t�y�� H*MÌC M_æ\fPJ�hPhZî_èI`]æ\J Nµô£ç2i-õ
�°kÖô~t]õ
H*MI`ÍV£Y\f�JLí\JLfPéoJLæ\fPJ�hPh+M_Y]`]J³v&y�� H*MÖJLæ\fPJ�hPh+î_èI`]æ\J N#ô���i-õ��AkÖô~vÆõeNPFIHyN�b�èIhwN
M_Y*N�îUJÍJ å_D JLJ�`]J�`½ê�ï�M_JLì þIYyì n[p"q rs 1 r b�èIhwN#[IH\hPh¶NPF_JAï¶c�[_fPY]D J�`]è_fPJ�V£Y\f��°kÖô~t]õZH*MI`
�AkÖô~vÆõ
H*MI`oC N�CEh+Y\M_K éÍH\`]boC NjNPJ�`ÍC V�NPF_J¶fPJ�úOè_J�hwNGh�NPY�îUY*NPFAî_èI`]æ\J NGh
H*fPJ¶hjèIDLD J�hPhwV£è_K7ôWD�Vwê
�7C æ\è_fPJoøOô£îUõjõ�êIû)JLMID J\R]NPF_JZV£Y\K K Yyì-C M_æoC M_J�úOèIH*K C NPC J�h�b�èIhwN)F_Y\KE`

n p"q rs 1 r g h�� �
����� � ��� ���"!"!������� � ����� � p �

nJg hl���°kÖô~t]õmg h8H*MI` ô�ý\õ

n p"q rs 1 r g h�� �
����� �"� ���"!"!������� � ����� � r �

nJg hl���AkÖô~vÆõmg h ô��Oõ

�7K Yyì)hÖH*fPJ:H\`]boC NjNPJ�`�HyNANPF_JØC M_æ\fPJ�hPhAH*MI`ðNPF_J:JLæ\fPJ�hPhÍC fPfPJ�hj[UJ�D�NPC í\J3Y*VZNPF_JLC fµJLæ\fPJ�hPh
Y\fZC M_æ\fPJ�hPh¶fPY\è]NPJLfGhLê�ä�F_JoboJLfPJ�ç2i �¶ï¶c¶R½ì-F_CEDGFØY\fPC æ\C MIHyNPJ�h)V£fPY\b�NPF_J�#¶C ü�TkJLfPíØD Y\M]ò
NPJ åkNØ÷ ø\�]7�ø��yù^R<H\`]boC NGh�NPfGHyöADµY\M_K é�HyNoNPF_J3C M_æ\fPJ�hPh�îUY\fG`]JLfÍfPY\è]NPJLfÍH*MI`�Y\M_K é$�eúOèIHyò
NPC Y\MÌô�ý\õeb�èIhwN-îUJZboJ N-V£Y\f
NPF_J�ï¶c [_fPY]D J�`]è_fPJ\êIc
H*[IH\D C NwéÍbÍH*MIH*æ\J�`AîkéÖH*M%�°k�Y\f&�Ak
DLH*MÌîUJÖèIhjJ�`ÌC M H�í\JLfPé:þIJ å]C î_K JAbÍH*M_M_JLf�ê�û)Yyì
JLí\JLf�R�NPF_JAM_J Nwì
Y\fPi:b�èIhwN�îUJµH*î_K JoNPY
DLH*fPfPéÌH*K K�7 H*KEhjY:[IHyNPF_Y\K Y\æ\CEDLH*K�7�NPfGHyöADA[IHyNjNPJLfPMIh�NPFIHyNÍH*fPJµH\DLD JL[]NGH*î_K JÖîkéÌNPF_Jµç2i�h
H*MI`'��i�h)ì-C NPF:NPF_J�fPJ�úOè_C fPJ�`Øó¶YkT�ê�ä�F_JLfPJ V£Y\fPJ\RIJLM_Y\è_æ\F:DLH*[IH\D C Nwéµb�èIhwNÆîUJoH*K K Y]DLHyNPJ�`
hjèIDGFANPFIHyN-H*KEhjY�í\JLfPéoè_M_K C i\JLK éT7Íî_è]N-H\`]boCEhPhjC î_K J 7ÍhPD JLMIH*fPC YOh+ì-C NPF�H�hwNPfPY\M_æ\K éÍhji\JLì
J�`
NPfGHyöADÆbÍHyNPfPC åµDLH*MµîUJ#hjè_[_[UY\fjNPJ�`½ê
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ï�îUýyî�î_èI`]æ\J NÖô�i.i.i-õ³kGkGkÖô~tJ��vÆõ�bÍH*MIH*æ\J�h¶NPF_JÍDLH*[IH\D C Nwé3V£Y\f#H*K K<þIYyì)hÆîUJ Nwì
JLJLM|t
H*MI`Qv#RUC�ê J\êUC NZ`]J*5IM_J�hÆHÍíkC fjNPèIH*K�NPè_M_M_JLK7C MØDLH\hjJ#Y*VehjC M_æ\K J ò^[IHyNPF3fPY\è]NPC M_æIêUû)JLMID J\RINPF_J
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i.i.i��¶ï¶c�NGH*i\J�h7îUY*NPF�NPF_J-C M_æ\fPJ�hPh<H*MI`#NPF_J�JLæ\fPJ�hPh7îUY\fG`]JLf<fPY\è]NPJLf<Y*V�H¶þIYyì$n[p"q r�C MONPY
H\DLD Y\è_MON¶V£Y\f¶NPF_Joï¶c([_fPY]D J�`]è_fPJ\êUï M_JLìÿþIYyìon[p"q rs 1 r [IH\hPhjJ�h)Y\M_K éµNPF_Joï¶c([_fPY]D J�`]è_fPJ
V£Y\f kGkGkÖô~tJ��vÆõ�ôWD�Vwê �7C æ\è_fPJ�øOôWD�õjõ�ê]ç^N)CEh-H\`]boC NjNPJ�`ÖC V7NPF_CEh�fPJ�úOè_J�hwN-CEh-hjèIDLD J�hPhwV£è_K�RkC�ê J\ê]C V
NPF_JZV£Y\K K Yyì-C M_æoC M_J�úOèIH*K C NwéAF_Y\KE`_h

n p"q rs 1 r g h�� �
�����:������� � �����\� p"q r �

nJg h³�CkGkGkÖô~tJ��vÆõmg h]g ô~�kõ

ä�F_JlkGkGkÖô~tJ��vÆõ
bÍHSéÍîUJZD Y\MONPfPY\K K J�`AHyN
NPF_JÆC M_æ\fPJ�hPhefPY\è]NPJLf4toY\f�HyN
NPF_JZJLæ\fPJ�hPh+fPY\è]NPJLf
v#R½C�ê J\êUNPF_JMi.i.i&�¶ï¶c�HSí\Y\CE`_h¶hwNGHyNPJ�hÆC M:NPF_JÍD Y\fPJ\RINPYkYIê�ä�è_M_M_JLKEhÆbÍHSé:H*KEhjYÖîUJ�èIhjJ�`
F_C JLfGH*fGDGF_CEDLH*K K é�÷ ø��kR ø��yù^êLä�F_J<NPè_M_M_JLKkDLH*[IH\D C Nwé)bÍHSéÆîUJehjC æ\MIH*K J�`ÆèIhjC M_æ-J å][_K CED C N�fPJ�hjJLfPíyHyò
NPC Y\MÖhwNGHyNPJ�h+C MoNPF_J¶M_J Nwì
Y\fPiµ÷ ø
�_RPý��yù^R\Y\M_K é�C MÍK Y\æ\CEDLH*KIJLMONPC NPC J�h+K C i\J)îIH*MI`]ì-CE`kNPFAî_fPY\i\JLfGh
÷ �yù^RIY\f¶C NÆbÍHSéµîUJ�H\hPhjC æ\M_J�`�îké�HÖD JLMONPfGH*K�JLMONPC NwéÎ÷ ý]ø ù^êUä�F_J�DLH*[IH\D C Nwé�kGkGkÖô~tJ��vÆõmg h�Y*V
H�NPè_M_M_JLK�CEh-`]J�`]CEDLHyNPJ�`µNPYÍY\M_J�hj[UJ�D C 5UDZîUýyî3H*æ\æ\fPJLæOHyNPJ��½ô~tJ��vÆõ-H*MI`�DLH*MµM_Y*N¶îUJ�èIhjJ�`
V£Y\f+Y*NPF_JLf�NPfGHyöAD�ì-C NPFA`]C ü�JLfPJLMON
hjY\è_fGD J-Y\f+`]J�hwNPC MIHyNPC Y\M�êOû)JLMID J\R*NPF_JLfPJ-CEh+M_YZþIJ å]C î_C K C Nwé
V£Y\f-fPJ�hjY\è_fGD J¶è]NPC K C g�HyNPC Y\Mµî_è]N)[IHyNPF_Y\K Y\æ\CEDLH*KINPfGHyöADÆ[IHyNjNPJLfPMIh-H*fPJÆJ å_D K èI`]J�`½ê_ä�F_J¦i.i.i
�¶ï¶c�CEh¶Y*VÉNPJLM:C bo[_K JLboJLMONPJ�`3C MØHÍboY\fPJ�þIJ å]C î_K J�bÍH*M_M_JLf�RUhjèIDGF�NPFIHyN¶NPF_JohjC gLJ#Y*V�NPF_J
i.i.i�h�DLH*M�îUJ-fPJ�H*fPfGH*M_æ\J�`Í÷ ý\ý]RPý��yù^ê*ä�F_J)hPH*boJ-DLH*M�îUJ)`]Y\M_J
V£Y\f<NPF_J-Y*NPF_JLf��¶ï¶c
hLRSNPYkYIê
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ä�F_JØç 	Ai�����	Aiº�¶ï¶c4`]J*5IM_J�hÖC M_æ\fPJ�hPhAK C M_i î_èI`]æ\J NGhÌô£ç 	Ai�hGõ �°jLkÖô�e2��t]õAH*MI`�JLæ\fPJ�hPh
K C M_iµî_èI`]æ\J NGh�ô���	Ai�hGõ&�AjLkÖô�e2��vÆõ�NPYAbÍH*MIH*æ\JZNPF_J�DLH*[IH\D C NwéÖY*V�J�H\DGFQe�y¶z+ê�ä�F_JLé�H*fPJ



H\`]boC M_CEhwNPJLfPJ�`ðîké�îUY\fG`]JLfÍfPY\è]NPJLfGhMt�H*MI`Cv#ReC�ê J\ê�NPF_J:K C M_iðDLH*[IH\D C Nwé CEhÍ[IH*fjNPC NPC Y\M_J�`
H*boY\M_æ�� ������øÍîUY\fG`]JLf�fPY\è]NPJLfGhLê�çuMÎDLH\hjJÍY*V-hjC M_æ\K J ò^[IHyNPFÌç���fPY\è]NPC M_æIR½NPF_JAK C M_i]h��We³{
�°jLkÖô�e2��t]õf�»����D Y\MIhwNPC NPè]NPJ�HÍhjY\è_fGD JZNPfPJLJ#H*MI`µNPF_J#K C M_i]h	�We6{ �AjLkÖô�e2��vÆõf�»����V£Y\fPbdH
hjC M_i�NPfPJLJ�ôWD�Vwê��7C æ\è_fPJ�øOôW`Iõjõ�ê]ï�M_JLì þIYyì�n[p"q rs 1 r b�èIhwN�[IH\hPh�NPF_JZï¶c�[_fPY]D J�`]è_fPJ)V£Y\feNPF_J
�°jLkÖô2g ��t]õ�H*MI`��AjLkÖô2g ��vÆõ�Y*V½H*K K_K C M_i]h�NPFIHyN
H*fPJ
NPfGHSí\JLfGhjJ�`�C M�NPF_J)M_J Nwì
Y\fPi#îké n[p"q rs 1 r ôWD�Vwê
�7C æ\è_fPJ�øOôW`Iõjõ�êIä�F_J`�¶ï¶c [_fPY]D J�`]è_fPJÆì-C K K½îUJ#hjèIDLD J�hPhwV£è_K½C V�NPF_JÆV£Y\K K Yyì-C M_æ�C M_J�úOèIH*K C NPC J�h
H*fPJÆV£è_K 5IK K J�`

x eGy�z¸{ e2g }<ô~tJ��vÆõ4�$�E{
n p"q rs 1 r g h.�\e2g }<ô~tJ��vÆõ½� �

��
 � � ���
� � 
 � � ��� ���"!"!������� � �����
n p"q � g h4�"e2g }<ô~tJ���_õ�� �°jLkÖô�e2��t]õmg h H*MI` ô"�\õ

x eGy�z¸{ e2g }<ô~tJ��vÆõ4�$�E{
n p"q rs 1 r g h.�\e2g }<ô~tJ��vÆõ½� �

�W�m� �:���
� � ��� �"� ���"!"!������� � �����
n[� q r g h4�\e2g }<ô~�A��vÆõ.� �AjLkÖô�e2��vÆõmg h]g ô��Oõ

ä�F_JLfPJ-H*fPJ-hjJLí\JLfGH*K]hjC æ\M_C 5UDLH*MON+`]C ü�JLfPJLMID J�h<NPYZNPF_J i.i.i��¶ï¶c¶êOï�i.i.i D Yyí\JLfGh7Y\M_K é�H*M
H*æ\æ\fPJLæOHyNPJ¶Y*V�þIYyì)h
ì-C NPFµNPF_J#hPH*boJ�hjY\è_fGD JZH*MI`µ`]J�hwNPC MIHyNPC Y\Mµì-F_C K JZNPF_J�ç 	Ai�hZô���	Ai�hGõ
bÍHSéÎD Yyí\JLf�þIYyì)h�ì-C NPF NPF_J�hPH*boJµhjY\è_fGD JØôW`]J�hwNPC MIHyNPC Y\MUõ#î_è]NÍ`]C ü�JLfPJLMONo`]J�hwNPC MIHyNPC Y\MIh
ôWhjY\è_fGD J�hGõ�ê�ä�F_JLfPJ V£Y\fPJ\R�NPF_JÍç 	Ai�����	Ai&�¶ï¶cÿCEh�boY\fPJ�þIJ å]C î_K J�NPFIH*M�NPF_Jai.i.io�¶ï¶c¶ê
3ñC NPFANPF_J³i.i.i$�¶ï¶c¶ROY\M_K éoY\M_J�kGkGkÖô~tJ��vÆõ
CEh
DGF_J�DGi\J�`�ì-F_C K JÆì-C NPFAç 	Ai�����	AiC�¶ï¶c¶R
NPF_JÖMkè_b�îUJLf�Y*V)î_èI`]æ\J NGh#NPYØîUJ�DGF_J�DGi\J�`ÌCEh#Nwì-CED JANPF_JÖ[IHyNPF K JLM_æ*NPF Y*V¶H3þIYyì�ê�	�C i\J
ì-C NPFANPF_J¶ç2i�����iC�¶ï¶c¶R\NPF_JLfPJ¶CEh+NPF_JÆY\[]NPC Y\MoNPY�èIhjJ¶Y\M_K éoç 	Ai�heY\f ��	Ai�h+îkéÍH*[_[_K ékC M_æ
Y\M_K é �eúOèIHyNPC Y\M3ô"�\õ<Y\f��eúOèIHyNPC Y\M3ô��Oõ�êkä�F_J)ç 	Ai�����	AiÎY\feç 	Ai �¶ï¶cðDLH*MÍîUJ)íkC JLì
J�`ÍH\h
K Y]DLH*K7îIH*MI`]ì-CE`kNPFØî_fPY\i\JLfGh¶HyN¶NPF_JoîUY\fG`]JLf¶fPY\è]NPJLfGhLR�`]CEhj[UYOhjC M_æÖYyí\JLfÆHÍV£fGH\D�NPC Y\M:Y*V+NPF_J
M_J Nwì
Y\fPi�DLH*[IH\D C Nwé\êSä�F_J�hjJ�D Y\MID JL[]NGh7H*fPJeM_JLì�H*MI`#FIHSí\JeM_Y*N<é\J N<îUJLJLM�C bo[_K JLboJLMONPJ�`#îké
H*Mké#fPJ�hjY\è_fGD J
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