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Ri(m) =
1
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(1 + Qi(m− 1)) i = 1, ..., N

X(m) =
m

N
∑

i=1

eiRi(m)

Xi(m) = eiX(m) i = 1, ..., N
Qi(m) = Ri(m)Xi(m) i = 1, ..., N
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Xi(m) = eiX(m) i = 1, ..., N
Qi(m) = Ri(m)Xi(m) i = 1, ..., N
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pi(k − 1,m− 1) i = 1, ..., N
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M = aN + b
K {a, b} ∈ N
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Number of channels in the system (N)

M = 10 users with a variable number of channels (N) during 10 seconds

Method a) - Fixed
Method b) - Common Data Channels

Method c) - Single Channel
Method d) - Sequential

Method e) - Pool
Method f) - Random
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Number of channels in the system (N)

M = 10 users with a variable number of channels (N) during 10 seconds

Method a) - Fixed
Method b) - Common Data Channels

Method c) - Single Channel
Method d) - Sequential

Method e) - Pool
Method f) - Random
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Number of channels in the system (N)

M = 10 users with a variable number of channels (N) during 10 seconds

(Throughput curves)

(Mean wait time curves)

Opportunistic = System Throughput - Simulation
Pool = System Throughput - Analytical

Opportunistic = Mean wait time - Simulation
Pool = Mean wait time - Analytical
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· · · = · · ·
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for N = 10, and M = 10 and Variations of nmin and nmax
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Simulations scenarios: building layout, locations of APs and users in the building

(AP 1 locations)

AP 1

(AP 2 locations)

AP 2

Building Layout
Locations of AP 1 and AP 2 = (1, 5, 10, 15, 20, 25, 30, 37.5) m from building center point

Locations of the users
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Attenuation(Modei) = 3 dB + PR(Modei) + Blocking(∆f)
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Attenuation(Modei) = 3 dB + Sensitivity(Modei)−N + Blocking(∆f)
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CBlocking =
P Tx

InterfGTx
InterfGRx

V ictim

PL×AttenuationBlocking
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CInterf Total = CSpurious + CBlocking + Nthermal
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IEEE 802.11a - Single cell scenario, single user 
Goodput versus distance to AP with and without the RTS/CTS mechanism 

Payload = 1500 octets

Without RTS/CTS
With RTS/CTS
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AP distance to building center point [m]

Average goodput per user for each cell and the entire network in the case of 1 AP and 2 APs,
for various AP positions and frequency channel offsets

1 AP
2 APs - Adjacent Channel: Entire Network

2 APs - Adjacent Channel (left): Cell 1 (down), Cell 2 (up)
2 APs - Alternate Adjacent Channel: Entire network

2 APs - Alternate Adjacent Channel (right): Cell 1 (down), Cell 2 (up)
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AP distance to building center point [m]

Aggregated goodput for the entire network in the case of 1 AP and 2 APs,
for various AP positions and frequency channel offsets
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2 APs - Adjacent Channel - Entire network

2 APs - Alternate Adjacent Channel - Entire network
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QSRUT8VXW YDZ [ \8]6WG^_Wa`cb6^DbedfWg`fhib_RUbejXhi`f^Dkf^6WGl4jm`nbed8jX^#o6dpRU\8b6Wa]qZ
r/hib6WsbedpRUbBbedfWG^6Ws`fhib_RUbejXhi`f^/RU]6Wutvk8]ebedfWa]#Wxwy\8VzRUjm`fWGlnjm`nbedfWu]6Wa{|RUjm`8jm`8}~hUt�bed8jX^Do6dpRU\8b6Wa]qZ

-/.�� �yC�7pH�9s�E�K��7A369DC

Q?dfW�oak8]e]6Wa`cbsb6Wa`fl8Wa`foa�=jX^ub6h�kf^6WEbedfW�RUVmVXh�oqRUb6WGl�^6\JWGoabe]ek8{�TpRU`fl8^s{�hi]6W�l��y`pRU{�jXoqRUVmVm��Z���`fW�lfRq���
bedfW�Wa`�bejm]6W�^e\JWGoabe]ek8{ TpRU`fl8^/{�jm}�dcb/TJWKoGhi`f^ejXl8Wa]6WGl=Ri^uR�d�k8}�WKoGhi{�{�hi`�^e\�WGoabe]ek8{ \�hyhiV��vWqRio6d�^e��^eb6Wa{
hi\�Wa]_RUbejm`8}Kjm`*Rg\pRU]eb?hUt�bedfW/^e\JWGoabe]ek8{�TJWabeb6Wa]?^ek8jmb6WGl~b6h�jmb6^�oqRU\pRUT8jmVmjmbejXWG^1��RU`fl~{�jm}�dcb?kf^6WDbedfW/^e\�WGoabe]ek8{
hi`8Vm�n�BdfWa`=`fWGWGl8WGl��J�Bjmbed�R|l���`pRU{�jXo�^e\�WGoabe]ek8{ ]ejm}�d�b���hUt���kf^_W�Vmjm{�jmb6WGl=b6h~bedfW�bejm{�Wx��^e\pRioGW�RU]6WqR~hUt kf^6W�Z
r/Wa�¡^eb_RU`flfRU]6l8^�RU]6W�T�Wajm`8}*VzRUk8`fo6dfWGl%RU`fl¢RUT8VXW�b6h*{|RU£�W�R�{�hi]6W�¤pWxw�jmT8VXW�kf^6W�hUt�bedfW�]_Ril�jXh4]6WG^_hik8]6oGW�Z
Y�wfRU{�\8VXWG^�jm`foaVmkfl8W�bedfW/¥¦Y Y Y¨§�©�ª�Zm«�«a�~^eb_RU`flfRU]6l��v¬�k8Vm�~ª�©�©��� t®hi]¯jmb6^�oqRU\pRUT8jmVmjmb���b6h�oGhyWxwyjX^6b¯�Bjmbed*hibedfWa]
¥¦Y Y Y°§�©�ª�Zm«�«�^e�y^6b6Wa{�^g± �« ²�Z
³¢Wg^6be]6hi`8}�Vm�*TJWaVmjXWa´�WsbedpRUbDtµk8bek8]6W�b6WGo6d8`fhiVXhi}�jXoqRUVS\8]6hi}�]6WG^6^6WG^D�BjmVmV¶]6Wajm`�tvhi]6oGWgbedfWg]6WaVXWa´�RU`foGW�hUt�kf^ejm`8}

RU`%�/·�¸u¹»º¯¼D½¾VzRG��Wa]�tvhi]s�Bjm]6WaVXWG^6^KoGhi{�{�k8`8jXoqRUbejXhi`f^q��WG^e\�WGoajzRUVmVm��jm`RU`%�/·�¸u¹À¿>oGhi`cb6Wxw�bqZ|¥Á`fl8WGWGl��
�/·�¸u¹ÂWa`pRUT8VXWG^/b6h�hi\8\�hi]ebek8`8jX^ebejXoqRUVmVm�ÃhyoGoak8\c�n^_hi{�WgjXl8Wa`cbejÅÄpWGlÀk8`ckf^_WGlÀ^e\�WGoabe]ek8{ÆTpRU`fl8^��eÇa^e\�WGoabe]ek8{
dfhiVXWG^ÈÇq�Btvhi]/hi\JWa]_RUbejXhi`f^/T��ÀRU`fhibedfWa]/^6�y^eb6Wa{ bedpRU`ÀbedfWKjm`cb6Wa`fl8WGl�hi`fWG^qZ�¿BoGoGhi]6l�jm`8}�Vm����oGhi}�`8jmbejm´�WE]_Ril�jXh�^
oGhik8VXl4b_RU£�WgRil�´�RU`cb_RU}�WghUt�bedfWu}�h�hyl4^e\�WGoabe]ek8{É}�]_RU`ck8VzRU]ejmb��*hUÊ�Wa]6WGl4Tc�n�/·�¸/¹Ëb6hEkf^6Ws^e\�WGoabe]ek8{É{�hi]6W
WxÌ|oajXWa`cbeVm�¢± ª�Í ²�± Î�© ²�Z
¥Á`�bed8jX^So_dpRU\8b6Wa] �ÏW?^eb_RU]eb��Bjmbed|RU`|�/·�¸u¹À¿Ðl8WG^_oa]ejm\8bejXhi`�Z¯�/·S¸u¹=¿NRUVmVXhyoqRUbejXhi`�oqRU`ET�W�WajmbedfWa] ^eb_RUbejXo

hi]Bl���`pRU{�jXosRU`fl4hi]e}cRU`8jmÑqWGl¢�voGhiVmVzRUT�hi]_RUbejm´�WÈ�xZ¯Q?dfWa`��y�ÏWu\8]6WG^6Wa`�bB^6Wa´�Wa]_RUV�^ebekfl�jXWG^B^edfhq�Bjm`8}�bedfW/jm`cb6Wa]6WG^6b
hUt RU`nÒ�Ó�l�jX^ebe]ejmT8k8b6WGlnoGhiVmVzRUT�hi]_RUbejm´�W�^e\�WGoabe]ek8{É]6WG^6Wa]e´�RUbejXhi`n{�WGo6dpRU`8jX^e{�oGhi{�\pRU]6WGlnb6h�bedfWg^_WaVÅÄp^ednhi`fW
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:<;>=�?@=BAC;�D E<F
G�H
IJA&K�=BAC;�D
α
�
β

º�RU]_RU{�Wab6Wa]6^uoGhi`cbe]6hiVmVmjm`8}
f(x)
tvk8`foabejXhi`4L ^#^6dpRU\JW

αij(t1, t2) M Wa]e´yjXoGWsbejm{�W|��t®hi]D¸D¿�Q�¿,be]_RU`f^6{�jX^6^ejXhi`A�?hUt�`fh�l8W i
hi` MON j

T�Wab���WGWa`
t1
RU`fl

t2
Z

αFair
�
βFair

º�RU]_RU{�Wab6Wa]6^uoGhi`cbe]6hiVmVmjm`8}
fij
tµk8`foabejXhi`4L ^�^edpRU\JW��µkf^_WGl4tvhi]Bbejm{�Wx��TpRi^_WGl4t®RUjm]e`fWG^_^1�

αs
�
βs

º�RU]_RU{�Wab6Wa]6^uoGhi`cbe]6hiVmVmjm`8}
pij
tvk8`foabejXhi`4L ^D^edpRU\�W

ε
º�RU]_RU{�Wab6Wa]�kf^_WGl4b6h�Äf`flnhik8b

xl

^ekfo6dÃbedpRUb
f(xl) = ϕ− ε

RU`fl
xu
^ekfo6dÃbedpRUb

f(xu) = −ϕ + ε

γij M jm}�`pRUV�b6h�r�hijX^_WQP�RUbejXhn� M rRP/�Ï´�RUVmkfWghUtS`fhyl8W i
hi` MON j

γmax
�
γmin

P�WG^e\�WGoabejm´�WaVm�~{|R w�Z¯RU`fl*{�jm`�Z¯Rio_d8jXWa´iRUT8VXW M r-P ´iRUVmkfWG^Bjm`ÃbedfWs^e�y^6b6Wa{
θij

Q?d8]6WG^6dfhiVXln´�RUVmkfWujm`Ãhik8]#RUVm}�hi]ejmbed8{
θinit

¥Á`8jmbejzRUV�bed8]6WG^edfhiVXln´iRUVmkfW�R tvb6Wa]B]6WG^6Wab
θmax
�
θmin

P�WG^e\�WGoabejm´�WaVm�~{|R w�jm{�k8{�RU`fl*{�jm`8jm{�k8{ \Jh�^6^6jmT8VXWubed8]6WG^edfhiVXl*´�RUVmkfW
ξ

º�RU]_RU{�Wab6Wa]/oGhi`�be]6hiVmVmjm`8}|bedfWsVXWa´�WaV¶hUtSbejm{�Wx��TpRi^6WGlnt®RUjm]e`fWG^_^Bjm`*bedfWg^e��^eb6Wa{
φi

³¢Wajm}�d�b�hUtS¤phq�
i

ϕ
º�RU]_RU{�Wab6Wa]/oGhi`�be]6hiVmVmjm`8}|bedfWs{|R w�jm{�k8{

∆θij
´iRU]ejzRUbejXhi`Ã\JWa]B`fWa}�hibejzRUbejXhi`=bejm{�Ws^eVXhib

∆θij
Q?d8]6WG^6dfhiVXln´�RU]ejzRUbejXhi`njm`nhik8]�RUVm}�hi]ejmbed8{

∆c
P/RU`8}�WghUt�oqRU\pRioajmbÁ�4´iRUVmkfWG^?t®hi]�R�^6oGWa`pRU]ejXh

∆x
P/RU`8}�WghUt¶w4´�RUVmkfWG^?tvhi]#R�^_oGWa`pRU]ejXh

a
�
b

º�RU]_RU{�Wab6Wa]6^/b6h�oGhi`cbe]6hiV�bedfWgbe]_RU`f^�tvhi]e{|RUbejXhi`ÀhUt
cij
jm`�b6h

Tij

aij S jm`pRU]e�4´�RUVmkfWukf^6WGl*b6h�jm`fl�jXoqRUb6Wg�BdfWabedfWa]�hi]D`fhibB`fh�l8W i
dpRi^#^6WaVXWGoab6WGl MON j

cij M dpRU`8`fhi`=oqRU\pRioajmb��nRio6d8jXWa´�RUT8VXWgT��4`fh�l8W i
hi` MON j

cmax
�
cmin

P�WG^e\�WGoabejm´�WaVm�~{|R w�Z¯RU`fl*{�jm`�Z¯Rio_d8jXWa´iRUT8VXW�oqRU\pRioajmb��*´�RUVmkfWG^Bjm`nbedfWs^e��^eb6Wa{
cmax j

�
cmin j

P�WG^e\�WGoabejm´�WaVm�~{|R w�Z¯RU`fl*{�jm`�Z�]6WGoGWajm´�WGl
cij
´iRUVmkfWG^#RUb#bedfWgoGWa`cbe]_RUV�`fhyl8Wut®hi] MON j

cl

�
cu

P�WG^e\�WGoabejm´�WaVm�~VXhÈ�ÏWG^ebuRU`fl*d8jm}�dfWG^eb�Rio_d8jXWa´iRUT8VXWKoqRU\pRioajmb��4´iRUVmkfWstvhi]#R�^6oGWa`pRU]ejXh
f(i, j, k, x)

·fk8`foabejXhi`ÀoGhi`cbe]6hiVmVmjm`8}�bedfWgRU{�hik8`cb/hUtSbejm{�Wx��TpRi^6WGlnt®RUjm]e`fWG^_^Bjm`*bedfWg^e��^eb6Wa{
f(x)

��k8]�RUVm}�hi]ejmbed8{TL ^�bed8]6WG^edfhiVXl�jm`8}�tvk8`foabejXhi`%�µ{�hyl�jÅÄpWGln·fWa]e{�jÅ��¸/jm]_Rio�l�jX^6be]ejmT8k8bejXhi`A�
i
�
j

P�WG^e\JWGoabejm´�WaVm��jm`fl8Wxw4tvhi]BbedfWg`fh�l8WG^#RU`fl*tvhi]BbedfW MON ^
ni

r�k8{�T�Wa]#hUt RUVmVXh�oqRUb6WGl MON ^Db6h�`fhyl8W i

nmax
�
nmin

P�WG^e\�WGoabejm´�WaVm�~{|R w�Z¯RU`fl*{�jm`�Z ^6jm{�k8Vmb_RU`fWGhikf^D`�k8{�T�Wa]�hUt MON ^Dkf^6WGl4\�Wa]#Rioabejm´�Ws`fhyl8W
pij

º ]6hiTpRUT8jmVmjmb��nbedpRUb#RU`ÀRU}�Wa`�b
i
\�Wa]�tvhi]e{�^Djmb6^Bb_Ri^e£

j

q U kpRU`�bejÅÄpoqRUbejXhi`=^eb6Wa\
q(cij) U kpRU`�bejÅÄpWGl cij

´�RUVmkfW
xij

P�WG^ek8VmbDhUt�bedfWsbe]_RU`f^�t®hi]e{|RUbejXhi`ÀhUt
cij
´iRUVmkfWG^Dhi`ÃRU`

x
^6oqRUVXW

xl

�
xu

P�WG^e\�WGoabejm´�WaVm�~be]_RU`f^�t®hi]e{�WGl
cl

RU`fl
cu
´�RUVmkfWG^

D
¥Á`fl8Wxw4hUt�bedfWs`�k8{�T�Wa]�hUt�be]_RU`f^e{�jmbeb6WGlÃ¸D¿�Q¶¿:tµ]_RU{�WG^Dl�k8]ejm`8}�R�^ejm{�k8VzRUbejXhi`

Dij
r�k8{�T�Wa]#hUt�bejm{�WG^D`fhyl8W

i
kf^6WGl MON j

E
r�k8{�T�Wa]#hUt�WaVXWa{�Wa`cb6^�kf^6WGl4b6hWV�kpRU`cbejÅtv�

cij
´�RUVmkfWG^

Fj
¬�RUjm`4L ^Bt�RUjm]e`fWG^6^Bjm`fl8Wxwnhi` MON j

K
Q¶hib_RUV�`ck8{KTJWa]/hUt�¸#¿�Q�¿:tµ]_RU{�WG^Dbe]_RU`f^e{�jmbeb6WGln\�Wa]D^ejm{�k8VzRUbejXhi`

Ki(p) N ]6WGl�jmb#oGhik8`�b6Wa]�hUtS¤phq� i
RUbDbejm{�W

p

Li(p)
¼/WqRily��hUt���Vmjm`fWs\pRio_£�Wab#VXWa`8}�bed*t®hi]B¤phÈ�

i
RUbDbejm{�W

p

M
r�k8{�T�Wa]#hUt�`fh�l8WG^

N
r�k8{�T�Wa]#hUt RG´�RUjmVzRUT8VXW MON ^Bb6h|RUVmVXhyoqRUb6W

TD
¸/k8]_RUbejXhi`=hUtSbedfWslfRUb_R�\8dpRi^_W

TF
¸/k8]_RUbejXhi`=hUt�RKtv]_RU{�Wsjm`foaVmkfl�jm`8}�`fWa}�hibejzRUbejXhi`�RU`flnlfRUb_R�\8dpRi^6WG^

Tij
Ò/Ó¢T8k8]6^6bB{�WG^6^_RU}�Wgl�k8]_RUbejXhi`

TN
¸/k8]_RUbejXhi`=hUtSbedfW MON ^#`fWa}�hibejzRUbejXhi`Ã\8dpRi^6WG^

TDL
�
TUL

P�WG^e\�WGoabejm´�WaVm��¸uÓ�RU`flÃÒ�Ó�`fWa}�hibejzRUbejXhi`Àbejm{�Wg^eVXhib6^Dl�k8]_RUbejXhi`
Ttimeout

Q?jm{�WGhik8b/l�k8]_RUbejXhi`*t®hi]DbedfWu`fWa}�hibejzRUbejXhi`Ã\8dpRi^6W
Ui(p)

Y ^ebejm{|RUb6WGlÀoGh�^eb?t®hi]B`fh�l8W
i
b6h�be]_RU`f^e{�jmbDbedfW

pth \pRio6£�Wab
V X RUVmkfWsb6h|oGhi{�\pRU]6Wg^6Wa´�Wa]_RUV�`fhyl8WG^Bjm`nbedfWgoGWa`�be]_RUVmjmÑqWGlnbejm{�Wx��TpRi^6WGlnt®RUjm]e`fWG^_^#RUVm}�hi]ejmbed8{

QSRUT8VXWZYyZm«\[�Ó�jX^6b#hUt�r/hib_RUbejXhi`f^Bt®hi]Bbed8jX^ N dpRU\8b6Wa]
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jm{�\8VXWa{�Wa`cb6WGl�jm`=bedfW�¥ÁY¯Y Y(§�©�ª�Zm«�«K^6b_RU`flfRU]6l�Z�³¢W�l8Wa´�WaVXhi\¢RU`=jm`cb6WaVmVmjm}�Wa`cb�RU`fl�RilfRU\8bejm´�W�{�WGo6dpRU`8jX^6{
TpRi^6WGl=hi`ÀbedfW�^e�?RU]e{ jm`�b6WaVmVmjm}�Wa`foGW�{�Wab_R ��dfWak8]ejX^ebejXo*�µ]6Wxt®Wa]/b6h�o6dpRU\8b6Wa]  �Djm`À�Bd8jXo_dRUVmV¶bedfWEoGhi`cb6Wa`fl�jm`8}
`fhyl8WG^DoGhiVmVzRUTJhi]_RUb6W�b6h�Rio6d8jXWa´�W�bedfWsTJWG^6bD^e�y^6b6Wa{¾Ò/Ó^6k8{ oqRU\pRioajmb���Z
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�/·S¸u¹=¿K�SRUVX^6hn]6Wxt®Wa]e]6WGl�b6h=Ri^�{�k8VmbejÅ��kf^6Wa]��¦�/·�¸u¹ �µ{Kk8VmbejÅ��kf^6Wa]�Wxwyb6Wa`f^ejXhi` hUt/�/·�¸u¹��x��jX^�T�Wajm`8}
oGhi`f^ejXl8Wa]6WGlNRi^�RÀ{�hyl�k8VzRUbejXhi`°RU`fl {�k8Vmbejm\8VXWÀRioGoGWG^6^�{�Wabedfh�l�Z ¥Á`fl8WGWGl�� jm`Ðoak8]e]6Wa`�b��/·�¸/¹ ^e��^eb6Wa{�^q�
hi`8Vm�¢R*^ejm`8}�VXW�`fhyl8W|oqRU`be]_RU`f^e{�jmbKhi`�RUVmVÏhUt?bedfW|^ek8TJoqRU]e]ejXWa]6^�RUbKRU`��=}�jm´�Wa`�bejm{�W��SRU`flbejm{�W�l�jm´yjX^ejXhi`
hi]Ktµ]6W V�kfWa`foa�¢l�jm´�jX^6jXhi`�{Kk8Vmbejm\8VXW4RioGoGWG^_^KjX^EWa{�\8VXhq��WGl%b6h=^ek8\8\�hi]ebK{Kk8Vmbejm\8VXW~`fhyl8WG^qZÀ¼�hÈ�ÏWa´�Wa]q�¯RÃ{|R �
� hi]�l�]_RG�BTpRio6£N�BjmbedÐbed8jX^|^eb_RUbejXon{�k8Vmbejm\8VXWÀRioGoGWG^_^|^6o_dfWa{�W*jX^�bedpRUb�jmb~l8h�WG^�`fhib~Wxwy\8VXhijmb�bedfWÃl�jÅÊ�Wa]6Wa`�b
o6dpRU`8`fWaVBoGhi`fl�jmbejXhi`f^�^6WGWa`�Tc�WqRio_d�`fhyl8W��Sb6hÃ{�hyl�jÅtµ�¢RioGoGhi]6l�jm`8}�Vm��bedfW MON RUVmVXh�oqRUbejXhi`�Z��/·S¸u¹=¿K�¶hi`bedfW4hibedfWa]�dpRU`fl��¯RUVmVXhq�D^�{Kk8Vmbejm\8VXW4`fh�l8WG^Eb6hÀbe]_RU`f^e{�jmb�^ejm{�k8Vmb_RU`fWGhikf^eVm� hi` l�jÅÊ�Wa]6Wa`�b�^ek8TJoqRU]e]ejXWa]6^E\�Wa]
�/·�¸u¹Ë^e�y{�T�hiV�Z�·Sjm}�k8]6W YyZm« ^edfhÈ�D^#RU`nWxwfRU{�\8VXWghUt�RU`nÒ/Ó MON RUVmVXhyoqRUbejXhi`nT�Wab���WGWa`=ÎE`fhyl8WG^?jm`ÀR�oGWaVmV�ZQ?dfWu´�RU]ejzRUbejXhi`f^DhUt¶bedfWsRU{�\8Vmjmbekfl8WG^D\�Wa] MON {|RU£�WsWqRio6dnhi`fWu{�hi]6Ws^ek8jmb_RUT8VXW/t®hi]B^6hi{�Wu`fhyl8WG^BoGhi{�\pRU]6WGlb6h=hibedfWa]6^qZÃQ?dfW~`fh�l8WG^E^edpRU]6W~bedfW|^e��^eb6Wa{ MON ^Kb6hÃ}�WabKbedfW~{�h�^eb�hik8bKhUtDbed8jX^�RUVmVXhyoqRUbejXhi`�Z���`�Äf}�k8]6WYyZm« ��bedfW�oGhiVXhi]6WGl�^e\�WGoabe]ek8{ \pRU]eb6^ujm`fl�jXoqRUb6W�bedfW�TJWG^6b MON RU{�\8Vmjmbekfl8W�t®hi]sWqRio6d�`fhyl8W����Bd8jmVXW�bedfW��Bd8jmb6WT8VXhyo6£�^¯oGhi]e]6WG^e\�hi`fl�b6h�jXl�VXW MON ^qZ�¿�^Ï^6WGWa`���bedfWDÄf`pRUVf]6WqRio6dfWGl4RUVmVXhyoqRUbejXhi`~T�Wab���WGWa`~`fhyl8WG^ jX^�jm`�b6Wa]eVXWqRG´�WGl��]6WG^ek8Vmbejm`8}�jm`À`fhib�`fWGoGWG^6^_RU]ejmVm�ÃoGhi`�bejm}�kfhikf^ MON ^qZD¿�VX^6h8�AbedfW�hi\8\�hi]ebek8`8jX^ebejXo�Ri^e\JWGoab�jX^#jmVmVmkf^6be]_RUb6WGlÃT��nbedfWt�RioabBbedpRUb#WqRio6dÀb6Wa]e{�jm`pRUV�b6Wa`fl8^Db6h�kf^6WubedfWgTJWG^eb MON ^Btvhi]Bjmb6^#kf^6W�Z

Amplitude

Frequency

Amplitude

Frequency

Amplitude

Frequency

UL

User 1

User 2

User 3

AP / BS

Amplitude

Frequency

UL

UL

·Sjm}�k8]6W�YyZm«\[ Ò/Ó��/·�¸u¹À¿	Y�wfRU{�\8VXWg�BjmbedÀÎ�r/hyl8WG^
Q?dfW�{�jm`8jm{Kk8{ }�]_RU`ck8VzRU]ejmbÁ��tvhi]�R�]_Ril�jXh4]6WG^_hik8]6oGW��BjmVmV�TJW�bedfW�kf^_W�hUt?RU`��/·�¸u¹ MON t®hi]�R�}�jm´�Wa`\�Wa]ejXh�l*hUt�bejm{�W/tvhi]DlfRUb_REbe]_RU`f^6{�jX^6^ejXhi`�Z ¿�`À�/·�¸/¹Ã��TpRi^6WGln^6�y^eb6Wa{Él�jm´yjXl8WG^#REd8jm}�d���^e\�WGWGln^6Wa]ejzRUV�jm`�t®hi]��

{|RUbejXhi`Ã^ejm}�`pRUV�jm`�b6h�{�k8Vmbejm\8VXW�VXhq��Wa]���^e\JWGWGlÃ^ek8T���^ejm}�`pRUVX^Dbe]_RU`f^6{�jmbeb6WGln^ejm{�k8Vmb_RU`fWGhikf^6Vm��jm`*\pRU]_RUVmVXWaV�kf^ejm`8}
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l�jÅÊ�Wa]6Wa`cbÏtµ]6W V�kfWa`foajXWG^qZ¯�/·�¸u¹À¿ \8]6hÈ´�jXl8WG^BRs´�Wa]e��}�hyhyl|^eVmjXoajm`8}�hUt�bedfW�^e\�WGoabe]ek8{n��{|RU£�jm`8}Ejmb¯{�hi]6W/WxÌ��
oajXWa`cbDtvhi]#WqRio_dn`fhyl8Wub6h�\8]6WGoajX^6WaVm��jXl8Wa`cbejÅtv��d8jX^D{�h�^ebD]6WaVXWa´�RU`cb#^6WabDhUt MON ^�[�kf^_Wshi`8Vm�~bedfWsT�WG^ebB]6W V�k8jm]6WGl
MON ^?t®hi]Dhi`fW\L ^Dkf^6W�Z
¿�VX^6h8�p�/·�¸u¹À¿	hUÊ�Wa]6^�RETJWabeb6Wa]#hi\8\�hi]ebek8`8jmb��4t®hi]#R�^6WGoGhi`flfRU]e�*^e\�WGoabe]ek8{ kf^_RU}�WubedpRU`n�BjmbedÀ^e\8]6WqRil

^e\�WGoabe]ek8{¡^ejm`foGW?jmb�Wa`pRUT8VXWG^�b6hshyoGoak8\c�E`fhi`�oGhi`cbejm}�kfhikf^¯^6\JWGoabe]ek8{MdfhiVXWG^�kf^6jm`8}g�/·�¸u¹%Z�¥�`�hibedfWa]��Ïhi]6l8^È�
jmbg\8]6hÈ´�jXl8WG^ER4TJWabeb6Wa]Kl���`pRU{�jXo|]6Wakf^6Wn± Î�Í ²ÏhUtBbedfW�^e\�WGoabe]ek8{�]6WG^6hik8]6oGW�TJWabÁ�ÏWGWa`%{�k8Vmbejm\8VXW�`fhyl8WG^q��jm`�R
oGhi}�`8jmbejm´�Wg]_Ril�jXh|oGhi`cb6Wxw�bqZ

-/.�� LN9����6P���7A3��DP��¡2 ��� 	���

��k8]#RU\8\8]6h�Rio6dÀ^ebekfl�jXWG^BbedfW/{�WGo6dpRU`8jX^e{�^#VXWqRil�jm`8}�b6h�RU`nÒ�Ó�/·�¸u¹=¿:RU]e]_RU`8}�Wa{�Wa`cb/hUt¶bedfWu`fhyl8WG^
hi` bedfW�^e�y^6b6Wa{TL ^ MON ^ÈZM³¢W�Ri^6^ek8{�W=bedpRUb�tvhi]�bedfW�lfRUb_R%be]_RU`f^e{�jX^6^ejXhi`���bedfWÀÄf`pRUV MON RUVmVXhyoqRUbejXhi`FjX^hi]ebedfhi}�hi`pRUV [BR MON jX^/Ri^6^ejm}�`fWGlnb6h�`fh�{�hi]6WgbedpRU`=hi`fWg`fhyl8Wg^ejm{�k8Vmb_RU`fWGhikf^6Vm��ZB¼�hÈ�ÏWa´�Wa]q�J^6Wa´�Wa]_RUV�`fhyl8WG^tv]6hi{ bedfWn^_RU{�WnoGWaVmVB{�jm}�d�b|T�W4be]_RU`f^e{�jmbebejm`8}�^ejm{Kk8Vmb_RU`fWGhikf^eVm�¨T8k8b�kf^ejm`8}l�jÅÊ�Wa]6Wa`cb MON ^qZÐÒ/^ejm`8}�bedfW^e�?RU]e{�jm`�b6WaVmVmjm}�Wa`foGW�{�Wab_R ��dfWak8]ejX^6bejXo����ÏW�\8]6hq´yjXl8W/R�l�jX^ebe]ejmT8k8b6WGl*RUVm}�hi]ejmbed8{�]_RU`�Tc��WqRio_d~`fhyl8W�RU`fl4RUT8VXW
b6h�]6WqRio6d=oGhiVmVXWGoabejm´�WaVm�*bedfW/Äf`pRUV�T�WG^eb#RUVmVXh�oqRUbejXhi`Ãtvhi]BbedfWs^6�y^eb6Wa{nZ
r/h�jm`�b6Wa]�� MON jm`�b6Wa]�tvWa]6Wa`foGW�Wxw�jX^eb6^#jÅt MON ^/RU]6WK£�Wa\8b/hi]ebedfhi}�hi`pRUV�Z/¿BoGoGhi]6l�jm`8}�Vm����b6h~TJWa`fWxÄfb�tµ]6hi{ bedfW}�hyh�l°^e\JWGoabe]ek8{»\pRio6£yjm`8}�\8]6hÈ´�jXl8WGl°Tc�NbedfW=�/·�¸u¹ b6WGo6d8`8j V�kfW��B�ÏWÀ{�kf^eb�{|RUjm`cb_RUjm`�bedfWÀjm`cb6Wa]���`fhyl8W

^e�y`fo6d8]6hi`8jmÑÈRUbejXhi`�Z�¿/^K^6dfhq�B` jm`Äf}�k8]6W YyZm« ����W�oGhi`f^6jXl8Wa]Ehi`8Vm�¢bedfW�Ò/Ó MON RUVmVXhyoqRUbejXhi`%\8]6hiT8VXWa{nZ�¥Á`bed8jX^goqRi^6W��¶RUVmV�bedfW�Ò�Ó¨{�WG^_^_RU}�WG^sjm`cb6Wa`fl8WGl�tvhi]sbedfW�]_Ril�jXhnRioGoGWG^6^gjm`�tµ]_Ri^ebe]ekfoabek8]6W|W Vck8jm\8{�Wa`�bq�¶^edpRUVmV�T�W
^ejm{Kk8Vmb_RU`fWGhikf^eVm�¨]6WGoGWajm´�WGl°RUb�bed8jX^|l8WG^ebejm`pRUbejXhi`�Z°r/hib6W4bedpRUbq��\8]6hi\pRU}cRUbejXhi`�l8WaVzRq�¨oGhi]e]6WGoabejXhi`f^~oqRU`ÐT�W
jm`cbe]6hyl�kfoGWGl��Abedckf^�VXWqRil�jm`8}|b6h�`fhib/^ejm{�k8Vmb_RU`fWGhikf^eVm�*be]_RU`f^6{�jmbeb6WGlÃÒ/Ó{�WG^6^1RU}�WG^qZ¯¼/hq��Wa´�Wa]q�p�BdfWa`Àkf^ejm`8}
^e{|RUVmV/oGWaVmV#^ejmÑqWG^q�BRi^�jmb~jX^�bedfWÀoqRi^6W4t®hi]�³�Ó�¿�r�^e��^eb6Wa{�^q���ÏWÀoqRU`NoGhi`f^ejXl8Wa]�bedfW*\8]6hi\pRU}cRUbejXhi`Fl8WaVzRG�
Ri^K`fWa}�Vmjm}�jmT8VXW�Z=¥Á`�^6kfo6dÐRnoqRi^6W���bedfW�Ò/ÓN{�WG^6^1RU}�WG^KdpRq´�W�b6hnT�W~^ejm{Kk8Vmb_RU`fWGhikf^eVm��^_Wa`cbEjm`%hi]6l8Wa]Eb6hÃT�W
^ejm{Kk8Vmb_RU`fWGhikf^eVm�*]6WGoGWajm´�WGlÃRUbDbedfWu]_Ril�jXh|RioGoGWG^_^Djm`�tv]_Ri^ebe]ekfoabek8]6WgW V�k8jm\8{�Wa`cbqZ
¿#tµb6Wa]�]6WGoGWajm´yjm`8}�R=T8]6h�Ril8oqRi^eb|{�WG^6^_RU}�W�tv]6hi{ bedfW4]_Ril�jXhRioGoGWG^6^�jm`�tv]_Ri^ebe]ekfoabek8]6WnW V�k8jm\8{�Wa`cbq�?WqRio_d

`fhyl8WDjX^ÏRUT8VXW#b6h�WG^ebejm{|RUb6W�jmb6^ M ¥¦rRPNVXWa´�WaVJhi`~WqRio6d4oGWaVmV L ^ MON ZyQ?dfWa`���RUVmVpbedfW#oGhi`�b6Wa`fl�jm`8}�`fh�l8WG^¯\JWa]�t®hi]e{R*\pRU]_RUVmVXWaVBÒ/ÓN]6WG^_Wa]e´iRUbejXhi` hi`�bedfW~jm`cb6Wa`fl8WGl MON ^qZ M Wa´�Wa]_RUVÏ`fhyl8WG^E{�jm}�dcbEdpRG´�W�]6W VckfWG^6b6WGl¢bedfW�^_RU{�W
MON Z�¿�`¨jmb6Wa]_RUbejm´�W*\8]6h�oGWG^_^�TpRi^6WGlÐhi`NR=oGhiVmVXWGoabejm´�Wnjm`�b6WaVmVmjm}�Wa`foGWÀRUVm}�hi]ejmbed8{ dfWaVm\f^�jm` Äf`pRUVmVm� ]6WqRio_d8jm`8}RU` hi]ebedfhi}�hi`pRUV MON RUVmVXhyoqRUbejXhi` TJWabÁ�ÏWGWa`NRUVmV?bedfW~`fh�l8WG^�jm` Ò�Ó¯Z¶r/hib6W�bedpRUbEkf^6jm`8}=hik8]�RU\8\8]6h�Rio6d��¯bedfWjm`cb6WaVmVmjm}�Wa`foGWERU`fl4bedfW MON RUVmVXh�oqRUbejXhi`ÀoGhi`cbe]6hiV�jX^?VXhyoqRUb6WGl4jm`*bedfWukf^6Wa]�L ^Bl8Wa´yjXoGWgRU`fl4`fhib#RU`c�y{�hi]6Wsjm`*bedfW]_Ril�jXhnRioGoGWG^6^sjm`�tv]_Ri^ebe]ekfoabek8]6W�W V�k8jm\8{�Wa`cbqZ��#tÏ{�kfo_djm{�\�hi]eb_RU`foGW���`fhib6W�bedpRUb�hik8]gl��y`pRU{�jXo�RUVmVXhyoqRUbejXhi`
RUVm}�hi]ejmbed8{�^ek8\8\�hi]eb6^ujm`8\8k8bslfRUb_R|´�RU]ejzRUbejXhi`f^sl�k8]ejm`8}*bedfW�hi\8bejm{�jmÑÈRUbejXhi`¢\8dpRi^6W���VXWqRil�jm`8}4b6h*R~]6WqRUVÅ��bejm{�W
hi\8bejm{�jmÑÈRUbejXhi`=RUVm}�hi]ejmbed8{nZ
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Q?dfWBRUVm}�hi]ejmbed8{M\8]6WG^6Wa`cb6WGl�dfWa]6WqR tvb6Wa]�jX^�jm{�\8VXWa{�Wa`cb6WGl|RUb�bedfW?¹=¿ N VzRq��Wa]q��T8k8b RDb6WGo_d8`8j VckfW�t®hi]�\pRU]��RUVmVXWaVy]6WG^6Wa]e´iRUbejXhi`Ekf^ejm`8}�bedfW?�/·�¸u¹Éº ¼#½ÐVzRG��Wa]SjX^SRUVX^6h#{�h�l8WaVXWGl��iVXWqRil�jm`8}/b6huRDoa]6h�^6^���VzRq��Wa]Shi\8bejm{�jmÑÈRUbejXhi`
RUVm}�hi]ejmbed8{ t®hi]Bjm`cb6WaVmVmjm}�Wa`�buRU`flÃl���`pRU{�jXog^6\JWGoabe]ek8{Ékf^6W�Z
Q?dfW#tvhiVmVXhÈ�Bjm`8}�^6WGoabejXhi`f^Ï\8]6WG^6Wa`cb?bedfW�]6WG^ek8Vmb6^Ïtµ]6hi{>bedfW#{�hyl8WaVmjm`8}�o6dpRUVmVXWa`8}�W���b6hK}�hgtv]6hi{ÉRg��hi]eVXl�hUt

^6hyoajzRUV�jm`f^6WGoab6^?b6h�RK�Bjm]6WaVXWG^6^B�Ïhi]eVXl�Z ³¢Wud8jm}�d8Vmjm}�dcbDbedfWujm`�b6Wa]6WG^ebDhUt�RKT�hibeb6hi{���k8\ÀRU\8\8]6h�Rio6dnjm`ÃRK{Kk8VmbejÅ�
kf^6Wa]¢���/·�¸u¹À¿s��^e\�WGoabe]ek8{'RUVmVXhyoqRUbejXhi` oGhi`�b6Wxwybq�/�Bd8jmVXW�b_RU£yjm`8}ÐoqRU]6W�hUtK]6WGl�kfoajm`8}¨bedfW�oGhyhi]6l�jm`pRUbejXhi`
hq´�Wa]edfWqRil�ZÏQ?dfWa]6WsjX^DRKTJWa`fWxÄfb#jm`�kf^6jm`8}|R�oGh�hi]6l�jm`pRUb6WGlnl�jX^6be]ejmT8k8b6WGlÃRU\8\8]6h�Rio6dÀRi^#^edfhq�B`*jm`no_dpRU\8b6Wa]  Z
·Sjm]6^ebg`fhib6W|bedpRUbq��jm`�bedfW�t®hiVmVXhq�Bjm`8}�^ebekfl�jXWG^q�?Çxkf^6Wa]6^ÈÇ�RU]6W~oqRUVmVXWGl°Çx`fhyl8WG^ÈÇiZ~¿�VX^6h8��VXWab�kf^�l8WxÄf`fW�Ri^

ÇaoGWa`cbe]_RUV¯`fh�l8W�ÇEbedfW�jm`�tv]_Ri^ebe]ekfoabek8]6W�W V�k8jm\8{�Wa`cb~�v¿/ºÏ�x��RU`fl¢Ri^�Çx`fhyl8WG^ÈÇEbedfW�kf^6Wa]sW Vck8jm\8{�Wa`�b6^~�v¹=Q#�xZ
·Sjm`pRUVmVm���¯��W4]6WxtvWa]�b6h¨Ça^ek8{ oqRU\pRioajmbÁ��ÇÃRi^�bedfW*^ek8{ hUt/bedfW4oqRU\pRioajmb�� \�Wa]|RUVmVXh�oqRUb6WGl MON hÈ´�Wa]|RUVmVBbedfW^e��^eb6Wa{ MON ^qZ
Ó�jXoGWa`f^_WGlÀRU`flnk8`8VmjXoGWa`f^_WGlÃ^e��^eb6Wa{�^�RU]6W�oGhq´�Wa]6WGlÀTc�*hik8]�^6oGWa`pRU]ejXh�^ÈZÏ¥ÁbDjm`foaVmkfl8WG^/^e\JWGoabe]ek8{Æ\JhyhiVmjm`8}

�®RU`¢k8`8VmjXoGWa`f^6WGl^e\JWGoabe]ek8{ TpRU`fl¢jX^g^edpRU]6WGl¢Tc��RUVmV bedfW�oGWaVmVX^skf^ejm`8}=R4³�Ó�¿�r>^e��^eb6Wa{~�uRU`fl¢^e\�WGoabe]ek8{
^edpRU]ejm`8}À�µ\8]ejm{|RU]e�nRU`fln^_WGoGhi`flfRU]e��kf^_Wa]6^DhUt�R�^6\JWGoabe]ek8{ TpRU`flp�xZ
³¢W�RU]6WKjm`�R~oGhi`cb6Wxw�bu�BdfWa]6W�oGhi}�`8jmbejm´�W�]_Ril�jXh�^soqRU`=oGhyhi\JWa]_RUbejm´�WaVm�À`fWa}�hibejzRUb6WEtvhi]u^e\�WGoabe]ek8{�RioGoGWG^_^

�Bjmbed�hibedfWa]6^qZ���k8]�\8]6hi\Jh�^_WGl�RUVm}�hi]ejmbed8{n�yRio6d8jXWa´�WG^¯R/l��y`pRU{�jXoDRU`flK¤pWxwyjmT8VXWBÒ/Ón�/·S¸u¹=¿ MON RUVmVXhyoqRUbejXhi`Tc��Wxw�\8VXhijmbejm`8}*{�k8VmbejÅ��kf^6Wa]�l�jm´�Wa]6^6jmb���Z�r�hyl8WG^uoGh�hi\�Wa]_RUb6W�kf^ejm`8}ÃR�l�jX^ebe]ejmT8k8b6WGlRU\8\8]6h�Rio_d���b6h�{|R w�jm{�jmÑqW
bedfWEoGWaVmVS^ek8{�oqRU\pRioajmb���Zu¿/^#{Kk8VmbejÅ��kf^6Wa]sl�jm´�Wa]6^ejmb��ÀjX^#b_RU£�Wa`=jm`cb6h*RioGoGhik8`�b/jm`=bedfWE^e\JWGoabe]ek8{ RUVmVXhyoqRUbejXhi`��
bedfWg^e��^eb6Wa{ ^ek8{ oqRU\pRioajmbÁ�4jm`foa]6WqRi^6WG^D�BjmbednbedfWg`ck8{�T�Wa]�hUt�`fhyl8WG^g± �Í ²�Z
¿�VX^6h�hUt }�]6WqRUb�jm`cb6Wa]6WG^ebq��hik8]/RUVm}�hi]ejmbed8{�oqRU`ÃT�W�oGhi`�be]6hiVmVXWGl=Tc�4t®Wa�(}�VXhiTpRUV¶\pRU]_RU{�Wab6Wa]6^È�pb6h|\8]6hq´yjXl8W

R~`fWab���hi]e£�hi\�Wa]_RUb6hi]u�BjmbedRU`�WqRi^ejXWa]ubek8`8jm`8}nhUtÏjmb6^/`fWab���hi]e£ U h M Z�Q?d�kf^q��jmbu]6WGl�kfoGWG^sbedfWET8k8]6l8Wa`RU`floGh�^eb#Ri^6^_h�oajzRUb6WGl*�BjmbedÀ^e\JWGoabe]ek8{É`fWabÁ�Ïhi]e£*\8VzRU`8`8jm`8}f�p{|RUjm`cb6Wa`pRU`foGW�RU`fl*k8\8}�]_Ril8W�Z
��k8]s{�Wabedfhyl�jX^u\pRU]ebejXoak8VzRU]eVm��jm`cb6Wa]6WG^ebejm`8}Ã�BdfWa`¢bedfWa]6W�RU]6W�{|RU`c��`fhyl8WG^ujm`�bedfW�oGWaVmV#�µ�Bjmbedfhik8bgbedfW

`fWGWGl�t®hi]�bedfW�RUVm}�hi]ejmbed8{�b6hs£y`fhq�NbedfWD`ck8{�T�Wa]ÏhUt�oGhi`�b6Wa`fl�jm`8}K`fhyl8WG^1�x��Ri^¯�ÏWaVmVARi^¯jÅt�bedfW?Äf`pRUVARUVmVXhyoqRUbejXhi`
oqRU`�TJW�]6WqRio_dfWGlEt®Ri^eb6Wa]�bedpRU`�R/oGWa`cbe]_RUVmjmÑqWGl|RU\8\8]6h�Rio_d�t®hi]SbedfW?^_RU{�W�]6WG^ek8Vmbejm`8}ubed8]6hik8}�d8\8k8bqZ�¥Á`�Ril8l�jmbejXhi`��
�ÏWul8hK`fhib?]6W Vck8jm]6W��®Ri^�jmbÏjX^�bedfWuoqRi^6W�jm`4RKoGWa`cbe]_RUVmjmÑqWGlnRU\8\8]6h�Rio_dA�?RU`c�|\8]ejXhi]BQB¸u¹=¿D��Vmjm£�W#tµ]_RU{�W/b6hKb6WaVmV
WqRio6d4`fhyl8W#�BdfWa`4b6hKbe]_RU`f^e{�jmb?d8jX^�]6WG^6Wa]e´iRUbejXhi`4]6W V�kfWG^ebqZ�Q?dfW/oGWa`cbe]_RUVmjmÑqWGlÃRU\8\8]6h�Rio_dnl8h�WG^Ï`fhibBhUÊ�Wa]�bedfW
^_RU{�Wsl��y`pRU{�jXoajmb��*jm` MON ]6WqRUVmVXhyoqRUbejXhi`=Ri^#hik8]�RU\8\8]6h�Rio6d�Z

��������1 243,"5.768.09;:<"/.0%= ?>@#/%�ACB0DE6

Q?dfW~oGhi`f^ejXl8Wa]6WGl hi\8bejm{�jmÑÈRUbejXhi`¨\8]6hiT8VXWa{ÂjX^�bedfW�^_RU{�W4Ri^�\8]6WG^_Wa`cb6WGl%jm`%^_WGoabejXhi` �Z Î�Z ª ��T8k8bE{�hi]6W
^e\�WGoajÅÄpoqRUVmVm�*l8Wa´�WaVXhi\JWGl*jm`ÃRU`��/·S¸u¹=¿:oGhi`�b6WxwybqZ
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Q?dfW/hi\8bejm{�jmÑÈRUbejXhi`*\8]6hiT8VXWa{>oGhi`f^6jXl8Wa]6WGl�oqRU`�T�W#l8WG^6oa]ejmT�WGl�Ri^¯t®hiVmVXhq�D^s�µjm`fl8Wxw
i
]6WxtvWa]6^Ïb6h�bedfW�`fhyl8WG^

RU`fl~jm`fl8Wxw
j
b6h�bedfW MON ^1�xZ��/jm´�Wa` N

RG´�RUjmVzRUT8VXW MON ^Ïb6h�RUVmVXhyoqRUb6W/RU{�hi`8} M
`fh�l8WG^È��WqRio_d�`fhyl8W

i
dpRq´�jm`8}

R M rRP°´iRUVmkfW γij
hi` MON j

�c{Kkf^ebÏÄf`fl�bedfW�TJWG^ebÏÒ�Ó�RUVmVXhyoqRUbejXhi`�hUt�`fhyl8WG^Ïhi` MON ^q�cb6h�{|R wyjm{�jmÑqW�bedfW/oGWaVmV^ek8{ÆoqRU\pRioajmbÁ���A^6k8T � WGoabDb6h|^6hi{�WgoGhi`f^ebe]_RUjm`�b6^/l8WG^_oa]ejmTJWGl*dfWa]6WqR tvb6Wa]qZ�Ó�Wab#kf^�l8WxÄf`fW
cij
Ri^DbedfW M dpRU`8`fhi`oqRU\pRioajmb��|Rio_d8jXWa´iRUT8VXWDTc��`fh�l8W

i
hi` MON j

��t®hi]¯R/k8`8jmb TpRU`fl��BjXl�bedA���Bd8jXo6d|jX^B[
cij = log2(1+γij)

Z�Ó�Wab¯kf^
l8WxÄf`fW

aij
Ri^�bedfW?´iRUVmkfW?kf^_WGlKb6hujm`fl�jXoqRUb6WD�BdfWabedfWa]¯hi]�`fhib�`fh�l8W

i
dpRi^ ^_WaVXWGoab6WGl MON j

���Bjmbed
aij = {0; 1} Z³¢W�RU]6WEjm`cb6Wa]6WG^eb6WGl�jm`�bedfW�oqRi^6WEhUt�oGhi`cbejm`�kfhikf^goGhyl�jm`8}ÃRU`flÀ{�hyl�k8VzRUbejXhi`���jm`fl8Wa\�Wa`fl8Wa`cbgT�Wab���WGWa` MON ^qZ¥�t¶�ÏW�l8WxÄf`fW

ni
Ri^BbedfWu`ck8{KTJWa]/hUt�RUVmVXhyoqRUb6WGl MON ^Db6h�`fhyl8W i

�fRU`�ÇGRUVmVXhyoqRUb6WGl*`fhyl8W�ÇudpRi^
ni 6= 0

Z
Ò/^ejm`8}gRUVmV8bedfWG^6W?`fhib_RUbejXhi`f^q��bedfWBhi\8bejm{�jmÑÈRUbejXhi`|\8]6hiT8VXWa{ oqRU`�TJWÏt®hi]e{�k8VzRUb6WGl�jm`�{|RUbedfWa{|RUbejXoqRUVpb6Wa]e{�^

Ri^?t®hiVmVXhq�D^qZ¯Q?dfWghiT � WGoabejm´�W�hUtSbedfWghi\8bejm{�jmÑÈRUbejXhi`À\8]6hiT8VXWa{ÆjX^?b6hO[
{|R w ∑

i

∑

j

aijcij

^qZ bqZ [























































(1) {nmin, nmax} ∈ [0;N ]

(2) ∀i � ni = 0⇔
∑

j

aij = 0

(3) ∀i � ni 6= 0⇔
nmin ≤

∑

j

aij ≤ nmax

(4) ∀j � ∑
i

aij ≤ 1

� YyZm«È�

¥Á`�hibedfWa]?�Ïhi]6l8^È��bedfW/hiT � WGoabejm´�W/jX^�b6h�Äf`fl�bedfW�Äf`pRUV�^e��^eb6Wa{¾RUVmVXhyoqRUbejXhi`4´�WGoab6hi]?{|R wyjm{�jmÑGjm`8}�bedfWu^e��^eb6Wa{
^ek8{ oqRU\pRioajmbÁ���JRi^6^6k8{�jm`8}|RUVmV�bedfWgoGhi`f^ebe]_RUjm`�b6^�RU]6Ws]6WG^e\�WGoab6WGl�Z
·Sjm}�k8]6W YyZ ª \8]6WG^6Wa`�b6^gbÁ�ÏhÃ^6jm{�\8VXW�Wxw8RU{�\8VXWG^KhUt�bed8jX^ghi\8bejm{�jmÑÈRUbejXhi`�\8]6hiT8VXWa{TL ^g]6WG^6hiVmk8bejXhi`�Z M Wa´�Wa]_RUV`fhyl8WG^�`fWGWGl=b6h~TJW�RUVmVXhyoqRUb6WGl MON ^/}�jm´�Wa`�jm`8\8k8bsoqRU\pRioajmb��À´iRUVmkfWG^ cij

Zu¥�`�WqRio6d�b_RUT8VXW�hUt Äf}�k8]6W YyZ ª �JbedfW
}�]6WGWa`ÃWaVXWa{�Wa`�b6^#]6Wa\8]6WG^6Wa`�bDbedfWghi\8bejm{|RUVS^6hiVmk8bejXhi`*t®hi]BbedfWu\8]6hiT8VXWa{nZ

·Sjm}�k8]6W�YyZ ª@[ Y�w8RU{�\8VXWghUt¯��\8bejm{�jmÑÈRUbejXhi`Àº ]6hiT8VXWa{ P#WG^_hiVmk8bejXhi`
¥Á`�Rs^6\JWGoabe]ek8{>^edpRU]ejm`8}Ehi]Ï\JhyhiVmjm`8}KoGhi`�b6Wxwybq��RgoGWaVmVJ^e\�WGoabe]ek8{ ]6WG^6hik8]6oGW�jX^ÏRg´iRU]ejzRUT8VXW-VckpRU`�bejmb��|hÈ´�Wa]

bejm{�W�Z P�Wa}�k8VzRU]eVm����bedfW4oGWa`cbe]_RUVB`fhyl8W~k8\�lfRUb6WG^EbedfW*RU{�hik8`cb|RU`fl%\Jh�^6jmbejXhi` hUt�bedfW�oGWaVmVDRio V�k8jm]6WGl MON ^qZQ?d8jX^Ehi\JWa]_RUbejXhi`%jX^gTpRi^6WGl�hi`bedfW|£�`fhÈ�BVXWGl�}�W��¯RUb�bedfW~oGWa`cbe]_RUV�`fh�l8W�Ri^���WaVmV�Ri^�RUb�bedfW�`fhyl8WG^q��hUtBbedfW
o6dpRU`8`fWaVS^eb_RUbejX^ebejXoG^?t®hi]#RUVmV�bedfW MON ^Bjm`*bedfWuTpRU`fl�Z¯Q�h�Wxw8o6dpRU`8}�WK^e\JWGoabe]ek8{É]6WG^_hik8]6oGW|�®RUk8}�{�Wa`cb_RUbejXhi`�hi]]6WGl�kfoabejXhi`A�x� WqRio_d%oGWa`�be]_RUVÏ`fhyl8W~oqRU`�`fWa}�hibejzRUb6W��Bjmbed�hibedfWa]�oGWa`cbe]_RUV?`fh�l8WG^ÈZ*Q?dfWa`���bedfW~oGWa`�be]_RUVÏ`fhyl8W
T8]6h�Ril8oqRi^eb6^E�Bjmbed8jm`bedfW�oGWaVmV¯bedfW|\Jh�^6jmbejXhi`f^KhUtBbedfW�`fWa�¾^6WabEhUt MON ^Kb6hnkf^_W�Z N

jX^KbedfW|^e\�WGoabe]ek8{Ë^6jmÑqW
Rio V�k8jm]6WGl�� `fWa}�hibejzRUb6WGl¨Tc�¢bedfW�oGWa`cbe]_RUVB`fhyl8W�Z�Q?dfW|´�RUVmkfWG^�hUt

nmin
RU`fl

nmax
RU]6W4oGhi`cbe]6hiVmVXWGl T��¢bedfW

oGWa`cbe]_RUVs`fhyl8W�RU`fl�oqRU` T�WÃbek8`fWGlFRioGoGhi]6l�jm`8}¨b6h�bedfW�Wa`cbejm]6W¢RG´�RUjmVzRUT8VXW�^e\�WGoabe]ek8{»]6WG^_hik8]6oGW���o_dpRU`8`fWaV
^eb_RUbejX^ebejXoG^È�8Wab6o�Z
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³¢WgRi^6^6k8{�W�bedfWa]6WsWxw�jX^eb6^�Vmjm`8£�RilfRU\8b_RUbejXhi`ÀoqRU\pRUT8jmVmjmbejXWG^D\�Wa] MON ^ekfo_d*bedpRUbB`fh�l8WG^?�Bjmbed4}�hyh�l4o_dpRU`��`fWaVDoGhi`fl�jmbejXhi`f^��BjmVmVBdpRq´�WÃR=d8jm}�dfWa]|oqRU\pRioajmbÁ�%bedpRU`¨bedfh�^_W4�BjmbedÐ�Ïhi]6^eb�o_dpRU`8`fWaV�oGhi`fl�jmbejXhi`f^qZ¨Q?dfW
nioGhi`f^ebe]_RUjm`�b6^E�µ]6Wxt®Wa]Bb6h�W V�kpRUbejXhi` YDZ  �DRU]6Wg]6W Vck8jm]6Wa{�Wa`�b6^�hi`*bedfWg^6\JWGoabe]ek8{ T8kfl�}�Wab#\JWa]�RUVmVXhyoqRUb6WGl*`fhyl8W

�Bjmbed�RU`=hiT � WGoabejm´�WEb6h|{|RUjm`�b_RUjm`R�oGWa]eb_RUjm`�VXWa´�WaV�hUt¯^ek8{�oqRU\pRioajmbÁ�Ã\�Wa]/RUVmVXhyoqRUb6WGl=`fh�l8W\[
nmin

Wa`f^6k8]6WG^
R�{�jm`8jm{Kk8{�^6k8{ oqRU\pRioajmb��Ã\JWa]�RUVmVXhyoqRUb6WGlÀ`fh�l8W��p�BdfWa]6WqRi^

nmax
Vmjm{�jmb6^�bedfW�hÈ´�Wa]/l�jm{�Wa`f^ejXhi`8jm`8}4hUt�bedfW

`fWGoGWG^6^_RU]e�~^e\JWGoabe]ek8{>]6WG^6hik8]6oGW�b6h�]ek8`*R�}�jm´�Wa`�^6Wa]e´yjXoGW�jm`~bedfW�TJWG^6bÏo6dpRU`8`fWaV�oGhi`fl�jmbejXhi`f^ÈZ�¿�^�^ekfo6d���WqRio_d
RUVmVXhyoqRUb6WGlÃ`fhyl8WgjX^/Wa`f^ek8]6WGlnb6h|dpRG´�W�RUb#VXWqRi^6b

nmin MON ^/oGhi]e]6WG^e\Jhi`fl�jm`8}�b6h~R�{�jm`8jm{�k8{ ^ek8{�oqRU\pRioajmb��b6hg]ek8`*Rs}�jm´�Wa`4^6Wa]e´yjXoGW�Z�¼�hÈ�ÏWa´�Wa]q��bedfW�RUVm}�hi]ejmbed8{Él8hyWG^¯`fhibÏbe]e��b6h�W V�kpRUVmjmÑqW#bedfW/oqRU\pRioajmb��|TJWabÁ�ÏWGWa`4bedfW
`fhyl8WG^qZ
¿/^�bedfWBoGhi`f^ejXl8Wa]6WGl~hi\8bejm{�jmÑÈRUbejXhi`|\8]6hiT8VXWa{ jX^¯r�º���oGhi{�\8VXWab6W���bedfWa]6WDWxw�jX^eb6^�`fh�RUVm}�hi]ejmbed8{�b6h/Äf`fl�bedfW

hi\8bejm{|RUVÏ^_hiVmk8bejXhi`jm`%RUVmVÏoqRi^6WG^gjm` R4\JhiVm�y`fhi{�jzRUV¯bejm{�W�Z4¿BoGoGhi]6l�jm`8}�Vm���Sb6h*Äf`fl�RÇx}�hyh�l�Ç�^6k8T���hi\8bejm{|RUV
^6hiVmk8bejXhi`��ÏW�kf^6W~RU`¢dfWak8]ejX^ebejXo�Z�¥�`l8WG^6jm}�`8jm`8}ÃbedfW|RUVm}�hi]ejmbed8{n�SbedfW|oGhi{�\8]6hi{�jX^_W�T�Wab��ÏWGWa`�bedfW V�kpRUVmjmb��
hUtÏbedfWKt®hik8`fl�^6hiVmk8bejXhi`N�vl�jX^eb_RU`foGW�b6h�bedfW�hi\8bejm{|RUV ^6hiVmk8bejXhi`A�uRU`fl�bedfW�^e\�WGWGl�hUt�oGhi`�´�Wa]e}�Wa`foGWÃ�µbejm{�W�b6h
hiT8b_RUjm`njmb1��jX^Db_RU£�Wa`njm`cb6h|RioGoGhik8`�bqZ

��������� � .�� "5#&.0AC)�"5DE' 2 3,"/.�68.09;:<"/.0%= 

Q?d8jX^*��hi]e£NjX^4`fhibÃR�bedfWGhi]6WabejXoqRUV�^ebekfl���hi`(l�jX^ebe]ejmT8k8b6WGlFhi\8bejm{�jmÑÈRUbejXhi`(T8k8b*]_RUbedfWa]*jmb*\8]6WG^6Wa`�b6^
RÀ¤pWxw�jmT8VXWÃRUVm}�hi]ejmbed8{��BjmbedNRU`NWa{�\8dpRi^6jX^�\8k8b|hi`¨bedfW*]6WqRUVmjX^ebejXoÀRi^e\JWGoab6^�hUtujmb6^�jm{�\8VXWa{�Wa`�b_RUbejXhi`��BbedfW
V�kpRUVmjmb��*hUtSbedfWsÄf`pRUV�RUVmVXh�oqRUbejXhi`�RU`fl*bedfWs^e\�WGWGl*hUt�oGhi`�´�Wa]e}�Wa`foGW�Z
Q?dfWDWa`�´�jX^1RU}�WGl|^6oGWa`pRU]ejXh�^ÏoGhi`f^ejX^eb jm`~Rg^ejm`8}�VXWDoGWaVmVf�Bjmbed~RgoGWa`cbe]_RUVp`fhyl8W#RU`fl�^_Wa´�Wa]_RUVp}�WGhi}�]_RU\8d8jXoqRUVmVm�

l�jX^ebe]ejmT8k8b6WGl¨`fhyl8WG^�jm`¨bedfW*oGWaVmV�Z Q?dfW*`fhyl8WG^�dpRG´�W4tvk8VmV?]6WG^e\Jhi`f^6jmT8jmVmjmb�� jm`Ðo6dfhyh�^ejm`8}�bedfWajm]|^6Wab�hUt MON ^b6hnkf^_W�tvhi]Kbe]_RU`f^e{�jX^6^ejXhi`��¶�BdfWa]6WqRi^EbedfW|oGWa`�be]_RUVÏ`fhyl8W|l8hyWG^g`fhibKjm`�¤fkfWa`foGW|bedfW|`fh�l8WG^�L¶RUVmVXh�oqRUbejXhi`�Zn¥Á`
bedpRUbu^6Wa`f^6W��AbedfWERUVm}�hi]ejmbed8{�jX^/l�jX^ebe]ejmT8k8b6WGl�RU`flÃbedfWK\JhÈ�ÏWa]shUt¯l8WGoajX^ejXhi`=jX^�^6\8]6WqRilÃT�Wab���WGWa`�bedfWg`fhyl8WG^qZ
Q?dfW�hi\8bejm{�jmÑÈRUbejXhi`%jX^�Rio6d8jXWa´�WGl%T��¢oGh�hi\�Wa]_RUbejXhi`�T�Wab���WGWa` }�WGhi}�]_RU\8d8jXoqRUVmVm��^6Wa\pRU]_RUb6WGl�`fh�l8WG^ÈZ M kfo6d¨Rl�jX^ebe]ejmT8k8b6WGl*RU\8\8]6h�Rio6d*jX^?hUt�\pRU]ebejXoak8VzRU]Bjm`�b6Wa]6WG^eb?�BdfWa`�bedfW�`ck8{KTJWa]DhUt�RUbeb_Rio6dfWGl�`fh�l8WG^�T�WGoGhi{�WG^?VzRU]e}�W�Z
³¢WnRi^6^6k8{�W4R=VXhÈ�É{�hiT8jmVmjmb��¨hUt�bedfW4`fhyl8WG^q�¯R=£y`fhq�B`Ðo_dpRU`8`fWaV�RUb�bedfW�]6WGoGWajm´�Wa]q��R�^6��`fo_d8]6hi`8jmÑqWGl

Ò/ÓÐ]6WGoGWa\8bejXhi`�hUtBbedfW�{�WG^_^_RU}�WG^�RU`fl�Rn^e��{�{�Wabe]ejXo|o6dpRU`8`fWaV¯�Bjmbed�`fhibgb6hyh*]_RU\8jXl�´�RU]ejzRUbejXhi`f^qZ~Q?d8jX^�jX^
]6WqRi^6hi`pRUT8VXWut®hi]D³ Ó�¿/r:^e��^eb6Wa{�^?�BjmbedÃ^6{|RUVmV�oGWaVmV�^ejmÑqWG^qZ
³�d8jmVXW�l8WG^6jm}�`8jm`8}�hik8]BRUVm}�hi]ejmbed8{n���ÏW/dpRq´�W�Vmjm{�jmb6WGl*RUVmVJVXh�^6^6WG^�l�kfW/b6hKoGhyhi]6l�jm`pRUbejXhi`*hq´�Wa]edfWqRil%[ hi`8Vm�

bedfWE`fWGoGWG^6^_RU]e�Àjm`�tvhi]e{|RUbejXhi`�jX^/be]_RU`f^e{�jmbeb6WGl�b6h�bedfW�oGWa`cbe]_RUV�`fhyl8W�Zg¿ MON ]6WqRUVmVXhyoqRUbejXhi`¢jX^sRio6d8jXWa´�WGlN�µjÅt`fWGoGWG^6^_RU]e�f�Et®hi]~Wa´�Wa]e�ÐlfRUb_R¢\pRio6£�Wabq�BT8k8b~bedfWntv]6W V�kfWa`foa� hUt MON ]6WqRUVmVXh�oqRUbejXhi` oqRU`NT�Wn´�RU]ejXWGlÐT��¨bedfWhi\�Wa]_RUb6hi]q�Jl8Wa\�Wa`fl�jm`8}*hi`ÃbedfWK]_RUb6W�hUt¯o6dpRU`8}�W�hUt [�bedfWEo6dpRU`8`fWaV���bedfW�RG´�RUjmVzRUT8jmVmjmb���hUt `fWa� MON ^È�pbedfWEoGWaVmVbe]_R Ì|o�Z%Q?dfW�hi\8bejm{�jmÑÈRUbejXhi`�RUVm}�hi]ejmbed8{�oGhi`f^ejX^eb6^Ejm`NRU`¨hi\8\Jhi]ebek8`8jX^6bejXo*^e\JWGoabe]ek8{�RioGoGWG^_^�RUbEbedfW�`fhyl8W
VXWa´�WaV�Z
Q?dfW¯bejm{�W jX^�l8WGoGhi{�\�h�^6WGl�jm`cb6hBtv]_RU{�WG^�hUt8´�RU]ejzRUT8VXW¯l�k8]_RUbejXhi`

TF = TN+TD
Z¶YÏRio6dgtv]_RU{�W¯oGhi{�\8]ejX^_WG^

RE`fWa}�hibejzRUbejXhi`n\pRU]eb��µ´�RU]ejzRUT8VXWgl�k8]_RUbejXhi`
TN
�?RU`flnR�lfRUb_RE\pRU]eb���Ä8w8WGl*l�k8]_RUbejXhi`

TD
�xZ�Q?dfWg`fWa}�hibejzRUbejXhi`

\pRU]eb�oGhi`f^ejX^eb6^�jm`Ð^6WqRU]6o6d8jm`8}�t®hi]�bedfWnhi\8bejm{�jmÑqWGlNRUVmVXhyoqRUbejXhi`��Ï�BdfWa]6WqRi^�bedfW*lfRUb_R�\pRU]eb�oGhi`f^ejX^6b6^�jm`¨bedfW
be]_RU`f^e{�jX^6^6jXhi`ÐhUtulfRUb_RÀtv]_RU{�WG^qZ%³¢WnRi^6^ek8{�W4bedpRUb M rRPÉ´�RUVmkfWG^�l8h�`fhib�o6dpRU`8}�WÃl�k8]ejm`8} TF

Z ·Sjm}�k8]6W
YDZ � \8]6WG^6Wa`cb6^/bedfWKbejm{�Wxtµ]_RU{�W�oGhi`�b6WxwybuhUt bedfWKhi\8bejm{�jmÑÈRUbejXhi`RUVm}�hi]ejmbed8{ RU`fl=^edfhq�D^sRU`�Wxw8RU{�\8VXWEhUt MON`fWa}�hibejzRUbejXhi`Ãjm`=R�oGWaVmV�oGhi{�\Jh�^_WGl*hUt�Î�`fhyl8WG^qZ



«qª�ª ��������	
	�����������������������! #"���	
$%�%�&��'(�)��*,+-��*%./��*1032�'4��6570-8�*9�����90-��'%�

·¶jm}�k8]6WZYyZ Î@[ ¸uWG^6oa]ejm\8bejXhi`ÀhUt�bedfW���\8bejm{�jmÑÈRUbejXhi`=¿�Vm}�hi]ejmbed8{Æº�RU]eb6^
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¿/^D^6WGWa`nhi`*Äf}�k8]6W YDZ � �8bedfWs`fWa}�hibejzRUbejXhi`À\pRU]eb#oGhi`f^ejX^eb6^Bjmb6^_WaVÅtSjm`ÃR�^ekfoGoGWG^_^ejXhi`n\8dpRi^6WG^�[

• Ò/Ó�bejm{�Ws^eVXhib�[�Ò/Ó�{�WG^6^_RU}�WG^DRU]6Ws^ejm{Kk8Vmb_RU`fWGhikf^eVm��^_Wa`cbBTc�~bedfWsoGhi`cb6Wa`fl�jm`8}�`fhyl8WG^DRU`fl4jm`cb6Wa`fl8WGlt®hi]/bedfWEoGWa`�be]_RUV�`fh�l8W�ZsYÏRio6d�`fhyl8WKoGhi`�b6Wa`fl�jm`8}*tvhi]sR|}�jm´�Wa` MON be]_RU`f^e{�jmb6^ub6h�bedfWEoGWa`cbe]_RUV�`fhyl8WRU`ÀÒ�Ó�T8k8]6^6bD{�WG^6^_RU}�Wshi`nbedpRUb MON Z
• ¸uÓ�bejm{�Wg^6VXhib�[�Q?dfWa`���bedfWsoGWa`cbe]_RUV�`fhyl8W/T8]6h�Ril8oqRi^eb6^Djm`*bedfWsoGWaVmV�R�¸uÓ�t®WGWGl�TpRio6£�{�WG^6^_RU}�W��µkf^6jm`8}R�l8WGl�jXoqRUb6WGlNo6dpRU`8`fWaV#oGhi{�{�hi`Ðb6h¢RUVmV MON ^x��^_hiVXWaVm�%oGhi`�b_RUjm`8jm`8}¢bedfW4{�jm`8jm{�k8{ RU`fl {|R wyjm{Kk8{oqRU\pRioajmbÁ�*´iRUVmkfW/t®hik8`flnhi`ÃWqRio_d MON Z

Q?dfWG^6W~b���hÃ\8dpRi^_WG^ERU]6W|]6Wa\JWqRUb6WGl%l�k8]ejm`8}ÀbedfW~`fWa}�hibejzRUbejXhi` \pRU]eb�k8`�bejmVÏbedfW4RUVmVXh�oqRUbejXhi`%jX^�Äf`8jX^edfWGl�Z
Q?dfWa`��SbedfW|lfRUb_RÃ\pRU]eb�b_RU£�WG^K\8VzRioGW���l�k8]ejm`8}À�Bd8jXo_d RÃlfRUb_R4tv]_RU{�W|oqRU`%TJW�be]_RU`f^6{�jmbeb6WGlT���bedfW|`fhyl8WG^
kf^ejm`8}�bedfWajm]/Rio Vck8jm]6WGl���/r	^eb_RUbekf^1� MON ^ÈZ
¸/jX^ebe]ejmT8k8b6WGl=hi\8bejm{�jmÑÈRUbejXhi`À{�Wabedfhyl8^�\Jh�^6^_WG^6^B{|RU`c�ÃRil�´�RU`cb_RU}�WG^u^ekfo_d=Ri^�[�^6oqRUVzRUT8jmVmjmbÁ���p]6hiT8kf^ebe`fWG^_^q�

RilfRU\8b_RUT8jmVmjmb��~b6hg´�RU]e��jm`8}EoGhi`fl�jmbejXhi`f^qZ ¿�VX^6h8�cl�jX^6be]ejmT8k8b6WGl�RU}�Wa`�b6^�oqRU`�T�WDW Vck8jm\8\�WGl~�Bjmbed|VXWqRU]e`8jm`8}�oqRU\pR �
T8jmVmjmbejXWG^�^ekfo_d�Ri^ P#Wajm`�t®hi]6oGWa{�Wa`cb�Ó�WqRU]e`8jm`8}|� P�Ó¶�Ï�v^6WGWÏ^_WGoabejXhi` YDZ §�Z Î�Z [ �xZ�YÏRio6d�RU}�Wa`cb�]ek8`f^SbedfWBRUVm}�hi]ejmbed8{
^6Wa\pRU]_RUb6WaVm�*RU`fl4Tc��jm`cb6Wa]_Rioabejm`8}~�BjmbedÃhibedfWa]#RU}�Wa`cb6^q�fbedfWa�4RUVmV�oGhi`�be]ejmT8k8b6Wgb6h�oa]6WqRUb6W�RE}�VXhiTpRUVmVm�4hi\8bejm{|RUV
^6hiVmk8bejXhi`��8�Bjmbedfhik8b�bedfWu`fWGWGl4t®hi]#R�oGWa`cbe]_RUVSoGhi`cbe]6hiVmVXWa]qZ

M hiVm´yjm`8}bedfWÃ]6WG^6hik8]6oGWÀRUVmVXhyoqRUbejXhi`N\8]6hiT8VXWa{��Bjmbed�R�l�jX^6be]ejmT8k8b6WGl�RU\8\8]6h�Rio_dNt®hi]|bedfWnhi\8bejm{�jmÑÈRUbejXhi`dpRi^�bedfWnRil�´�RU`cb_RU}�W*hUt�\pRU]_RUVmVXWaVmjmÑGjm`8}bedfW*hi\8bejm{�jmÑÈRUbejXhi`Ðb_Ri^e£%RU{�hi`8}RUVmV?bedfW4`fhyl8WG^qZ¢¥Áb�]6WGl�kfoGWG^�bedfW
oGhi{�\8VXWxw�jmb��%\JWa]�`fhyl8W�Z��k8]|RUVm}�hi]ejmbed8{ jX^E^_oqRUVzRUT8VXW4�Bjmbed%bedfW�`�k8{�T�Wa]|hUt#`fhyl8WG^�RU`flÐRUT8VXW�� �Bjmbedfhik8b
RU`c�|\8]ejXhi]Ï£y`fhq�BVXWGl�}�WuhUt�bedfWD`�k8{�T�Wa]BhUt�`fh�l8WG^q��b6hEl���`pRU{�jXoqRUVmVm�~RilfRU\8b�b6h�RUVmVpbedfW#tvhiVmVXhÈ�Bjm`8}�^_oGWa`pRU]ejXh�^�[
N = M

�
N < M

RU`fl
N > M

�fRi^B�ÏWaVmV�Ri^Bb6h�RU`c�
nmin

RU`fl
nmax

´�RUVmkfWG^qZ
Q?dfWB`fWxw�b¯^6WGoabejXhi`~l8Wa´�WaVXhi\f^ bedfWB�Bjm]6WaVXWG^6^¯oGhi{�{�k8`8jXoqRUbejXhi`4{�WGo6dpRU`8jX^e{�kf^6WGl�b6h�Rio_d8jXWa´�W�RU`|WxÌ|oajXWa`�b

l�jX^ebe]ejmT8k8b6WGlÀoGhi`cbe]6hiV�Z

��������� ��.�6 )*B0:<"/.0%= ?>@#/%=3,:���:<"/.0%= �� %�' D B

Q?d8jX^4^6WGoabejXhi`Fl8WG^6oa]ejmTJWG^�bedfW=^ejm{�k8VzRUbejXhi`F{�hyl8WaVukf^6WGlNtvhi]*RUVmV�bedfW�^ejm{Kk8VzRUbejXhi`f^*oGhi`foGWa]e`8jm`8}Ðhik8]
RUVm}�hi]ejmbed8{nZS³¢W kf^6W�RD^ejm{�\8VXW¯\8]6hi\pRU}cRUbejXhi`K{�hyl8WaVy�Bjmbed�bedfW {|RUjm`EhiT � WGoabejm´�WÏb6h#oGhi`foGWa`�be]_RUb6W?hi`K^edfhÈ�Bjm`8}
bedfWsjm`�b6Wa]6WG^ebejm`8}|\8]6hi\�Wa]ebejXWG^#hUt�bedfWgRUVm}�hi]ejmbed8{Æ]_RUbedfWa]DbedpRU`À^ejm{�k8VzRUbejm`8}~]6WqRUVmjX^ebejXogo6dpRU`8`fWaV¶{�h�l8WaVX^ÈZ
·fhi]EWqRio6d%`fh�l8W���t®hi]KWqRio6d MON � M rRP¡´�RUVmkfWG^�RU]6W�]_RU`fl8hi{�Vm�¢l�]_RG�B`�tv]6hi{ÂR*k8`8jÅt®hi]e{Ël�jX^6be]ejmT8k8bejXhi`�ZQ?dfWsb6hib_RUV�]_RU`8}�W�hUt M rRPF´�RUVmkfWG^DjX^Dl8Wab6Wa]e{�jm`fWGl=Ri^?tvhiVmVXhÈ�D^�[

• ¹Àjm`8jm{�k8{ M rRP°´�RUVmkfWK� γmin
� [�hiT8b_RUjm`fWGl4Ri^ÏbedfWD��hi]6^eb�\Jh�^6^6jmT8VXW�oGhi`fl�jmbejXhi`f^?hUt�]6WGoGWa\8bejXhi`�tvhi]ÏbedfW

{�WG^_^_RU}�WG^qZn¥Á`�oqRi^6W~^6Wa´�Wa]_RUV�be]_RU`f^e{�jX^6^ejXhi`%{�h�l8WG^EWxw�jX^eb��vWqRio_d%hi`fW~TJWajm`8}=o6dpRU]_Rioab6Wa]ejmÑqWGl T��¢jmb6^
^_Wa`f^ejmbejm´�jmbÁ��VXWa´�WaV���oGh�l�jm`8}=]_RUb6W��S{�h�l�k8VzRUbejXhi`A�x�

γmin
jX^�oqRUVXoak8VzRUb6WGl%\JWa] MON �Bjmbed�bedfW�{�jm`8jm{�k8{^6jm}�`pRUV�VXWa´�WaV�Wa`pRUT8Vmjm`8}�b6h�oGhi]e]6WGoabeVm�4]6WGoGWajm´�Ws{�WG^_^_RU}�WG^Dkf^ejm`8}�bedfWg{�jm`8jm{�k8{ Q�w*{�h�l8W�Z

• ¹�R wyjm{Kk8{ M r-P(´iRUVmkfW�� γmax
� [�hiT8b_RUjm`fWGlÀRi^ÏbedfWuT�WG^eb?\�h�^6^ejmT8VXW/oGhi`fl�jmbejXhi`f^#hUt�]6WGoGWa\8bejXhi`*t®hi]?bedfW

{�WG^_^_RU}�WG^q��j�Z W�ZÀbedfW|{�jm`8jm{Kk8{�oGhik8\8Vmjm`8}�VXh�^6^ÈZ
γmax

jX^�bedfW M rRP�´�RUVmkfW�oGhi]e]6WG^e\Jhi`fl�jm`8}�b6hÀbedfW
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oaVXh�^_WG^eb�\Jh�^6^6jmT8VXW�l�jX^6b_RU`foGW?TJWabÁ�ÏWGWa`|R�`fh�l8WBRU`fl�bedfW?oGWa`cbe]_RUV8`fhyl8Ws�µbedckf^q�cjm`�Ó�jm`fWD�#t M jm}�dcb#�vÓS� M �oGhi`fl�jmbejXhi`f^x�xZ
γmax

jX^DoqRUVXoak8VzRUb6WGlÃ\JWa] MON Z

r/hib6W/bedpRUb
γmin
RU`fl

γmax
RU]6W/\pRU]_RU{�Wab6Wa]6^Do6dpRU]_Rioab6Wa]ejmÑGjm`8}�bedfWu^e��^eb6Wa{n�ybedfWa�~RU]6W/`fhibBl8WGl�kfoGWGl4Tc�

bedfWs`fhyl8WG^qZ
Q?dfWa`

cij
jX^#l8WGl�kfoGWGlÀRioGoGhi]6l�jm`8}�b6h M dpRU`8`fhi`=oqRU\pRioajmb��nRi^?t®hiVmVXhq�D^�[

cij = log2(1 + γij)
� YyZ ª��

r/h�l8WG^DbedfWa`nbe]e�~b6h�hi\8bejm{�jmÑqW�bedfWajm]Db6hib_RUV�Ò/Ó¢oqRU\pRioajmb��n^6b_RU]ebejm`8}�tµ]6hi{ÉbedfW
cij
´iRUVmkfWG^qZ

Y�´�Wa]e�Àbejm{�W�R~o_dpRU`8`fWaV o6dpRU`8}�W�hyoGoak8]6^q��RUVmV�bedfWK`fhyl8WG^/k8\JlfRUb6W�RUVmVSbedfWajm] M r-P	´�RUVmkfWG^/tvhi]sRUVmV�bedfWajm]
MON ^qZ¢r/h�oGhi]e]6WaVzRUbejXhi`¨TJWabÁ�ÏWGWa`ÐbedfW�`fhyl8WG^�jX^E{�h�l8WaVXWGl�Z�¿#VX^6h8��tvhi]�RÀ}�jm´�Wa` `fh�l8W��¯d8jX^ MON ^�dpRq´�W4`fhoGhi]e]6WaVzRUbejXhi`ÃT�Wab���WGWa`ÃbedfWa{nZ
¸uWa\�Wa`fl�jm`8}|hi`nbedfWg^ebekfl�jXWGlÃ^6oGWa`pRU]ejXhi`f^q�8bedfWso_dpRU`8`fWaV¶oqRU`nT�WsWajmbedfWa]�[

• r/hib#o6dpRU`8}�jm`8}�l�k8]ejm`8}|^6Wa´�Wa]_RUV�`fWa}�hibejzRUbejXhi`À\8dpRi^6WG^
• r/hib#o6dpRU`8}�jm`8}�l�k8]ejm`8}~RE`fWa}�hibejzRUbejXhi`Ã\8dpRi^_WsT8k8b�R tvb6Wa]#R�¸D¿�Q�¿,Q�w4\8dpRi^_W
• N dpRU`8}�jm`8}�l�k8]ejm`8}�`fWa}�hibejzRUbejXhi`Ã\8dpRi^6WG^/RU`fl4`fhib#l�k8]ejm`8}�bedfWg¸#¿�Q�¿MQ�w4\8dpRi^6W

r/hib6WÃbedpRUb��ÏWÀ{�jm{�jXoÀbedfWnt�Ril�jm`8}�\�Wa] MON Tc�¨kf^6jm`8}�bedfWÃtvhiVmVXhÈ�Bjm`8} {�h�l8WaV [��BdfWa` M r-P ´�RUVmkfWG^o6dpRU`8}�W��pbedfWa��o_dpRU`8}�WKRioGoGhi]6l�jm`8}~b6h�R�k8`8jÅtvhi]e{ l�jX^ebe]ejmT8k8bejXhi`��µ\�Wa] MON �xZ
³�dfWa`�`fh�Vmjm´�W�]6WG^ek8Vmb6^gRU]6WE\8]6hq´yjXl8WGlRUbubedfW�Wa`fl=hUtBR�^ejm{�k8VzRUbejXhi`���bedfW�]6WG^ek8Vmb6^gRU]6W�RG´�Wa]_RU}�WGl¢hÈ´�Wa]

^6Wa´�Wa]_RUV�VXhyhi\f^shUtÏ^ejm{�k8VzRUbejXhi`�oGhi`fl�kfoab6WGl�k8`fl8Wa]sbedfWE^1RU{�WEoGhi`fl�jmbejXhi`f^ÈZ�¥Á`=^ekfo_dR�oqRi^6W��JbedfW�^eb_RU`flfRU]6l
l8Wa´yjzRUbejXhi`ÃhUtSbedfWg]6WG^ek8Vmb6^B´�RU]e��l8Wa\�Wa`fl�jm`8}~hi`*bedfWg^_oGWa`pRU]ejXh8Z

��������� � D �$+ #&.03,"5.�%= :� *' � %�' DEB7.� � % � "��,D�� DE),#&.�� "/.�+

Q?dfW�hiT � WGoabejm´�W�hUtÏbed8jX^s\pRU]ebsjX^ub6h4l8WG^6oa]ejmT�WGl�dfhq�MbedfW�l�jX^ebe]ejmT8k8b6WGlhi\8bejm{|RUV¯RUVmVXh�oqRUbejXhi`¢hUt MON ^sjX^]6WqRio6dfWGl=RU{�hi`8}�bedfWs`fhyl8WG^qZ
¿?bubedfW�Wa`fl�hUtÏbedfW�hi\8bejm{�jmÑÈRUbejXhi`¢\8dpRi^6W���bedfWa]6W�jX^shi`8Vm��R�^ejm`8}�VXW�^e\JWGoajzRUVmjmÑqWGl�`fhyl8WE\JWa] MON �JT8k8bgR`fhyl8W�oqRU`ÃT�W�^6\JWGoajzRUVmjmÑqWGlÃjm`À^6Wa´�Wa]_RUV MON ^qZB¸/k8]ejm`8}|bedfWEhi\8bejm{�jmÑÈRUbejXhi`�\8]6h�oGWG^6^#bedfWa]6W�jX^#TJhibed�RU`Ãjm`�b6Wa]��`fhyl8W�`fWa}�hibejzRUbejXhi`N�µb6h~]6WG^e\�WGoabuoGhi`f^6be]_RUjm`cbu[��/RU`fl=RU`=jm`cbe]_R ��`fhyl8W�`fWa}�hibejzRUbejXhi`N�voGhi`f^ebe]_RUjm`cb6^gª4RU`fl�Î��xZ

¥Á`fl8WGWGl���WqRio_d~`fhyl8WD��hik8VXl|�?RU`cb?b6hgkf^6W�RUVmVpbedfW
nmax MON ^ÏT8k8b¯T���{�WqRU`f^?hUt�VXhyoqRUVpjm`�b6Wa]_RioabejXhi`f^?jmb¯{Kkf^ebT�Wshi\8bejm{|RUVmVm�4^6dpRU]6WGlÃRU{�hi`8}~RUVmV�bedfWs`fhyl8WG^Bb6h�}�VXhiTpRUVmVm�4{|R w�jm{�jmÑqWgbedfWsoGWaVmV�Ò/Ó¢^ek8{ÆoqRU\pRioajmbÁ��Z

¿>`fhyl8W�oGhi`cb_RUjm`f^*��«È�gRnoGhi`f^ebe]_RUjm`cb�oGhi`cbe]6hiVmVXWa]�RU`fl°�®ª��sRÃ^6Wab�hUt
N
oGh�hi\�Wa]_RUbejm`8}=RU}�Wa`�b6^��vhi`fW|Tc�

MON �xZyQ?dfW#oGhi`f^ebe]_RUjm`�b?oGhi`�be]6hiVmVXWa]BWa`f^ek8]6WG^¯bedpRUb�bedfW/oGhi`f^ebe]_RUjm`cb6^�jm`|`�k8{�T�Wa]BhUt¶Rioabejm´�W MON ^Ï\JWa]Ï`fh�l8W/RU]6WRUVm��Rq�y^¯Wa`f^ek8]6WGl�Z¯��`�bedfWBoGhi`cbe]_RU]e����bedfW?{|RUjm`�hiT � WGoabejm´�WBhUt�RU`|RU}�Wa`cb jX^�b6hs^eb_Rq�ERioabejm´�W����/rs�SRUb�bedfWBWa`fl
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hUt?bedfW�hi\8bejm{�jmÑÈRUbejXhi`\8]6hyoGWG^6^qZ�¿#}�Wa`�b6^gjm`�b6Wa]_Rioabgjm`cb6Wa]e`pRUVmVm�N�µ�BjmbedhibedfWa] MON �ÁRU}�Wa`�b6^��Bjmbed8jm`bedfW�^_RU{�W`fhyl8WÈ�#RU`flÀWxwyb6Wa]e`pRUVmVm���µ�Bjmbed�RU}�Wa`cb6^/]6Wa\8]6WG^6Wa`�bejm`8}4bedfWK^_RU{�W MON jm`fl8WxwÀT8k8bDtv]6hi{�hibedfWa]/`fh�l8WG^x�xZDQ?dfW]ek8VXWG^BhUt¶jm`�b6Wa]_RioabejXhi`f^#hUt�RU}�Wa`cb6^BT�Wab���WGWa`nbedfWa{n�fRU]6W/T8k8jmVXl4b6hK]6WqRio_dÀRK}�VXhiTpRUV�hi\8bejm{�k8{ T��|kf^ejm`8}�VXhyoqRUV
jm`cb6Wa]_RioabejXhi`f^È� Ri^�jm`�RUk8b6hU��hi]e}cRU`8jmÑÈRUbejXhi`�ZÀ³�d8jmVXW�bedfWa��jm`cb6Wa]_Rioabq� RU}�Wa`�b6^EWxw8o6dpRU`8}�W~jm`�t®hi]e{|RUbejXhi` RUT�hik8b
oqRU\pRioajmb��*´�RUVmkfWG^��v^6WGWs^_WGoabejXhi` YyZ �Z �Z Î �xZ
·Sjm}�k8]6W YyZ [ l8Wa\8jXoab6^#bedfWsoGhi`cb6Wxw�b�hUt�bedfWujm`cb6Wa]e`pRUV�RU`flnWxwyb6Wa]e`pRUV�jm`cb6Wa]_RioabejXhi`f^qZ

·Sjm}�k8]6W�YyZ [�[ ¥Á`cb6Wa]e`pRUVSRU`fl*Y�wyb6Wa]e`pRUVS¥�`�b6Wa]_RioabejXhi`f^
Q¶hgT�WGoGhi{�WD^ebe]6hi`8}�Wa]�RU`fl�dpRG´�WDT�Wabeb6Wa]Ïo_dpRU`foGWG^¯b6h�^eb_RG��Rioabejm´�W���RU}�Wa`cb6^�hi]e}cRU`8jmÑqWDjm`�}�]6hik8\f^/�µ�Bjmbed8jm`

WqRio6d%`fhyl8WÈ��RU`flbe]e��b6hnÄf`fl�bedfW�T�WG^ebKhibedfWa]E{�Wa{�T�Wa]6^�hUtDbedfWajm]K}�]6hik8\��¶t®hi]�bedfWa{Âb6hÃT�W��/r RUbKbedfW
Wa`fl�Z �/]6hik8\f^nRU]6W�RU`(RU}�}�]6Wa}cRUbejXhi`(hUtEWqRio_d RU}�Wa`cb4t®hi]6oGW\[¢bedfW=}�]6hik8\(oqRU\pRioajmb���jX^�bedfW�^ek8{'hUt�bedfW
oqRU\pRioajmbejXWG^Stv]6hi{MRUVmV8RU}�Wa`cb6^�Wa`8}cRU}�WGl�jm`Ebed8jX^S}�]6hik8\�Z�Q?dfWÏ��WqRU£�WG^eb¯RU}�Wa`cb6^ RU]6WÏVXWxtvb�RU\pRU]eb RU`flK}�]6hik8\f^ RU]6W
]6WGoGhi`f^ebe]ekfoab6WGlÀk8`cbejmV¶bedfWgWa`flnhUt�bedfWghi\8bejm{�jmÑÈRUbejXhi`=\8]6h�oGWG^6^ÈZ �/]6hik8\f^�RU]6WKhi]e}cRU`8jmÑqWGlÀRU`fl*]6Wx��hi]e}cRU`8jmÑqWGl
l��y`pRU{�jXoqRUVmVm��RU`fl�RUk8b6hi`fhi{�hikf^eVm�Eb6h/]6WqRio6d�bedfW?T�WG^ebSÄf`pRUV8oGhi`�Äf}�k8]_RUbejXhi`�tvhi]�bedfWB^e��^eb6Wa{nZSQ?dckf^q��}�]6hik8\f^
dpRG´�WKR�´iRU]ejzRUT8VXW�^ejmÑqWshq´�Wa]Dbejm{�W�Z
³¢W*Ri^6^ek8{�W~bedpRUb�Rn`fhyl8W~jX^�RUT8VXW�b6h=^ejm{�k8Vmb_RU`fWGhikf^6Vm��\�Wa]�tvhi]e{

nmax
b_Ri^6£y^Ehik8b�hUt/Rnb6hib_RUVBhUt

Nb_Ri^e£�^qZ�¿�`RU}�Wa`cbsjX^gRUT8VXW�b6h4\�Wa]�t®hi]e{�hi`8Vm�=R4^ejm`8}�VXW�b_Ri^e£���RU`fl�jmbsoqRU`¢WajmbedfWa]g\�Wa]�tvhi]e{�jmb|���/r ^6b_RUbekf^
t®hi]BbedpRUb MON �?hi]B`fhibqZ
¥Á`Àhik8]�{�h�l8WaV��JRU`�RU}�Wa`�b�L ^#bed8]6WG^edfhiVXlÀ´�RUVmkfW�o6dpRU`8}�WG^uhÈ´�Wa]�bejm{�WERU`flÃjmb6^#´iRUVmkfWKl8Wa\JWa`fl8^/hi`%��«È�Djmb6^

\8]6Wa´yjXhikf^sd8jX^eb6hi]e���Ï�®ª���jmb6^KRUT8jmVmjmb���b6h4\JWa]�t®hi]e{ jmb6^ub_Ri^e£=TJWabeb6Wa]sbedpRU`bedfW�RU}�Wa`cb6^stv]6hi{ bedfW�^_RU{�W�`fhyl8W
�µjm`cbe]_R ��`fhyl8W�oGhi`cb6WG^eb6^1�KRU`fl°�®Î��ujmb6^ERUT8jmVmjmbÁ��b6hn\�Wa]�tvhi]e{�jmb6^Kb_Ri^e£�T�Wabeb6Wa]�bedpRU`bedfW�RU}�Wa`cb6^�tµ]6hi{ÂhibedfWa]
`fhyl8WG^?tvhi]BbedpRUb�^_RU{�Wsb_Ri^e£��µjm`cb6Wa]���`fhyl8WKoGhi`�b6WG^eb6^Bt®hi]BbedfWs^_RU{�W MON �xZ
Q?dfW=RU{�\8Vmjmbekfl8WÀhUtgo6dpRU`8}�W=hUt�RU`°RU}�Wa`cb�L ^*Rioabejm´yjmb��¨bed8]6WG^edfhiVXlNjX^�´�RU]ejzRUT8VXWÀRU`flNjX^~R�tvk8`foabejXhi`°hUt

bedfWÀRU}�Wa`�b�L ^�tvhi]6oGWÀoGhi{�\pRU]6WGlNb6h�hibedfWa]6^*RU}�Wa`cb6^~tvhi]~bed8jX^|b_Ri^6£JZFQ?dfWÃbed8]6WG^edfhiVXlN´�RUVmkfWÀ{�h�l�jÅÄpWG^~bedfW
\8]6hiTpRUT8jmVmjmb���hUt?RU`¢RU}�Wa`�bsb6h~\�Wa]�t®hi]e{�jmb6^/b_Ri^e£Ãjm`=bedfWKtvk8bek8]6W���^ekfo6d�bedpRUb�[/R~VXhq�Mbed8]6WG^edfhiVXl�VXWqRil8^/b6h*R
d8jm}�d�\8]6hiTpRUT8jmVmjmb���b6h/\JWa]�t®hi]e{,jmb6^�b_Ri^e£��i�BdfWa]6WqRi^ R#d8jm}�d�bed8]6WG^6dfhiVXl�{�WqRU`f^ R#VXhÈ� \8]6hiTpRUT8jmVmjmb���b6h/\JWa]�t®hi]e{
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jmb6^Bb_Ri^e£�Z
¥Á`�hi\8bejm{�jmÑÈRUbejXhi`��fbedfWa]6W#jX^BRU`�jm{�\Jhi]eb_RU`�bBbe]_Ril8Wx��hUÊÀT�Wab��ÏWGWa`*bedfW/Wxw�\8VXhijmb_RUbejXhi`4hUt¶bedfW/oak8]e]6Wa`�bB^6hiVmk��

bejXhi`=RU`flÃbedfWgWxw�\8VXhi]_RUbejXhi`=hUt�`fWa�:^_hiVmk8bejXhi`f^qZ?Q?dfW�o6dfh�^_Wa`ÃdfWak8]ejX^ebejXo��Jhq�Bjm`8}�b6h�jmb6^D´�RU]ejzRUT8VXWgbed8]6WG^6dfhiVXl
{�hyl8WaV���RilfRU\8b6^u��WaVmV�b6h4R~l��y`pRU{�jXoEWa`�´�jm]6hi`8{�Wa`�bKRU`flÀVXWqRil8^ub6h�t�Ri^eb6Wa]uoGhi`c´�Wa]e}�Wa`foGWÃ�µT8k8bu`fhib/\8]6Wa{|R �
bek8]6WÈ�ubedpRU` hibedfWa]�dfWak8]ejX^6bejXoG^qZn¥ÁbgjX^ERUVX^_hn´�Wa]e��WxÌ|oajXWa`cb�jm`%Rq´�hijXl�jm`8}ÀVXhyoqRUVÏhi\8bejm{|R�ZÃ¥�bKkf^6WG^KRÃ^ejm{�\8VXW
P#Ó%RUVm}�hi]ejmbed8{ l8WG^6oa]ejmT�WGl*dfWa]6WqR tvb6Wa]qZ?¥�`ÃRil8l�jmbejXhi`��Jhik8]D{�hyl8WaV�jX^�RUT8VXWsb6h~RilfRU\8b#b6h|R�VzRU]e}�WK^6WabDhUt oGhi`��
^ebe]_RUjm`�b6^qZ ¿/^#RE]6WG^ek8Vmbq�8bedfWs^_RU{�WKRUVm}�hi]ejmbed8{Æ^6hiVm´�WG^BbedfWs\8]6hiT8VXWa{ hUt MON RUVmVXhyoqRUbejXhi`*t®hi]#RE]_RU`8}�WghUt MON ^\�Wa]�`fhyl8Wgtv]6hi{�«�k8\=b6h

N
Z�Q?dfWK\pRU]ebejXoak8VzRU]goqRi^6WK�BdfWa]6W�R|^ejm`8}�VXWK`fhyl8WKoqRU`�oqRU\8bek8]6W�RUVmV

N
Rq´iRUjmVzRUT8VXW

MON ^DoqRU`nT�Wujm`cb6Wa]e\8]6Wab6WGl�Ri^#RE`fWa�:RUVmVXhyoqRUbejXhi`n{�Wabedfhyl4t®hi]#R�^ejm`8}�VXWso6dpRU`8`fWaVS^e��^eb6Wa{nZ
Q?dfW�`fWxw�b�^6WGoabejXhi`f^��BjmVmV¯l8WG^6oa]ejmT�W�{�hi]6W�jm`l8Wab_RUjmVX^KbedfW�jm`�b6Wa]e`pRUV�RU`fl¢Wxw�b6Wa]e`pRUVÏhi\�Wa]_RUbejXhi`f^gb_RU£yjm`8}

\8VzRioGWsT�Wab���WGWa`Ã`fhyl8WG^qZ

������������� 	 F�D�F
IJ?�
� IJF
G�F D�=�?@=BAC;�D

Q�hu^6hiVm´�W�bedfW�oGhi`f^ejXl8Wa]6WGl�hi\8bejm{�jmÑÈRUbejXhi`�\8]6hiT8VXWa{,�ÏW�jm{�\8VXWa{�Wa`cb6WGl|R#{�Wab_R ��dfWak8]ejX^ebejXo?jm`f^e\8jm]6WGlKtv]6hi{
RK{�h�l8WaV�hUt�l�jm´�jX^ejXhi`*hUtSVzRUTJhi]?kf^6WGl�Tc��^6hyoajzRUVJjm`f^_WGoab6^B^ekfo6dÃRi^BRU`cb6^È����Ri^e\f^q�8Wab6o�Z�Q?d8jX^?dfWak8]ejX^6bejXosoGhi{�WG^
tv]6hi{�bedfW�l8hi{|RUjm`¢hUt�T8jXhiVXhi}�� �v^6bekfl�jXWG^shUt�^6hyoajzRUV�jm`f^6WGoab6^1�#bedfWa`�{�h�l8WaVXWGl�T��ÃbedfW�l8hi{|RUjm`¢hUtBRU]ebejÅÄpoajzRUV
jm`cb6WaVmVmjm}�Wa`foGW��Jjm{�\8]6hÈ´�WGl=RU`flÀ^ekfoGoGWG^6^�tvk8VmVm�nRU\8\8VmjXWGlnb6h|^_hiVm´�Wg]6WqRUV���hi]eVXlÀhi\8bejm{�jmÑÈRUbejXhi`=\8]6hiT8VXWa{�^q�Akf^ejm`8}
R�^6WabDhUt�oGh�hi\�Wa]_RUbejm`8}~RU}�Wa`�b6^qZ Q?d8jX^D{�Wab_R ��dfWak8]ejX^6bejXog��Ri^D\8]6hq´�Wa`Ãb6h�T�Wu´�Wa]e�4WxÌ|oajXWa`cb#b6h�hi\8bejm{�jmÑqW�]6WqRUV
VmjÅt®Wu\8]6hiT8VXWa{�^#hUt�l���`pRU{�jXo�RU`flÃl�jX^ebe]ejmT8k8b6WGlnb_Ri^e£�^DRUVmVXhyoqRUbejXhi`Ãjm`*bedfWsjm`fl�kf^ebe]e��± ��© ²���± ��« ²�Z
Q?d8jX^�{�Wabedfhyl|�?Ri^¯t®hik8`fl~b6h�}�jm´�W�TJWabeb6Wa]�]6WG^ek8Vmb6^�bedpRU`*Rs{|RU]e£�Wab���TpRi^6WGlnRU\8\8]6h�Rio_d~t®hi]�bedfW�l��y`pRU{�jXo

RU`fl¨l�jX^ebe]ejmT8k8b6WGl b_Ri^e£ RUVmVXh�oqRUbejXhi`N\8]6hiT8VXWa{ ± ��ª ²�Z N VXWqRU]eVm�%bedfW*hiT8b_RUjm`fWGl ]6WG^ek8Vmb6^�hi` �ÏWaVmVÅ��£y`fhq�B`�hi\��bejm{�jmÑÈRUbejXhi`%\8]6hiT8VXWa{�^ERU]6W|´�Wa]e��}�h�hyl��¶RU`flbedfW�k8`fl8Wa]eVm�yjm`8}ÀbedfWGhi]e��jX^K^ebejmVmV jm`jmb6^�jm`�t®RU`foa�N�µbedfWGhi]e�¢hUt
oGhyhi\JWa]_RUbejm`8}4RU}�Wa`cb6^1�xZB¿�VmV�bedfWKRU}�Wa`�b6^#kf^_WgbedfWg^_RU{�WgÄf`8jmb6W�^6Wab�hUt�^6jm{�\8VXWg]ek8VXWG^�b6h�jm`cb6Wa]_Rioab/�BjmbedÀWqRio_d
hibedfWa]qZ|Q?dfW�]6WG^ek8Vmb�hUtBbed8jX^goGhyhi\JWa]_RUbejXhi`�jX^�RU`�RUk8b6hU��hi]e}cRU`8jmÑÈRUbejXhi`¨RUbgbedfW�^e��^eb6Wa{ VXWa´�WaV�Z|¿�{�hyl8WaVmjm`8}
o6dpRUVmVXWa`8}�WDjX^¶b6h�Äf`flEbedfWBRU\8\8]6hi\8]ejzRUb6WB^6Wab�hUtAVXhyoqRUV�]ek8VXWG^�bedpRUb��BjmVmV�}�VXhiTpRUVmVm�Eoa]6WqRUb6W�bedfW?l8WG^ejm]6WGlET�WadpRG´yjXhi]qZ
³¢WE{|RU`pRU}�WGl�b6h4^ekfoGoGWG^6^�tvk8VmVm�ÀRilfRU\8b�RU`fl=kf^6WEbed8jX^udfWak8]ejX^ebejXoEjm`�hik8]u\8]6hiT8VXWa{ �Bjmbed�}�h�hylÃ]6WG^6k8Vmb6^q�

bedckf^�^edfhq�Bjm`8}|jmb6^B}�]6WqRUb#\�hib6Wa`cbejzRUV�t®hi]Dhi\8bejm{�jmÑÈRUbejXhi`�RU`fl*oGhi`cbe]6hiV¶hUt�oGhyhi\JWa]_RUbejm`8}~RU}�Wa`�b6^qZ
Q?dfW�{�Wabedfhyl�jX^sjm`f^e\8jm]6WGl=tv]6hi{ ^6hyoajzRUV�jm`f^6WGoab6^s�BdfWa]6W�bedfW�RUT8jmVmjmbÁ��hUtBRU`RU}�Wa`�bgb6h*\�Wa]�tvhi]e{ R�b_Ri^e£

l8Wa\�Wa`fl8^�hi`Àjmb6^/RUT8jmVmjmbÁ�4tvhi]�bed8jX^#b_Ri^e£��pRi^��ÏWaVmV�Ri^DbedfW�`ck8{�T�Wa]gRU`flÀRUT8jmVmjmbÁ�ÃhUt hibedfWa]uRU}�Wa`�b6^#�BjmVmVmjm`8}�b6h
\�Wa]�tvhi]e{�bed8jX^�b_Ri^e£�Z~Q?d�kf^q�SRU}�Wa`�b6^�Ça^6\JWGoajzRUVmjmÑqW�Ç|hq´�Wa]�bejm{�W|jm`¢bedfW�b_Ri^e£�^s�BdfWa]6W|bedfWa�RU]6W�TJWG^6bsÄfbeb6WGl
t®hi]q��Tc�4{�WqRU`f^#hUt�R�´iRU]ejzRUT8VXWgbed8]6WG^edfhiVXl��pRi^B��WaVmVSRi^BT��~jm`�b6Wa]��ÁRU}�Wa`cbuoGhi`�¤fjXoab6^K�vl8hi{�jm`pRU`foGW�oGhi`�b6WG^eb6^1�xZ
Q?d8jX^?{�hyl8WaV�hUt�´iRU]ejzRUT8VXW/bed8]6WG^edfhiVXl�T8]ejm`8}�^?]6hiT8kf^ebe`fWG^_^?b6h�bedfWu^e��^eb6Wa{nZ�¥Á`fl8WGWGl���RUVmV�bedfW/jm`fl�jm´yjXl�kpRUVX^

b6hi}�WabedfWa]#RU]6WsRUT8VXWub6h�RU\8\8]6hi\8]ejzRUb6WaVm�4RilfRU\8b#RU`fl~Äf`fl*RU`*hi\8bejm{�k8{Æ^6hiVmk8bejXhi`4b6h�RK\8]6hiT8VXWa{ Wa´�Wa`*k8`fl8Wa]
´�Wa]e��l��y`pRU{�jXo�Wa`�´�jm]6hi`8{�Wa`�b6^qZ¯¿�`|jm{�\8]6hÈ´�WGl~´�Wa]6^6jXhi`=± ��Î ²Jkf^6WG^?Rs{�hq´yjm`8}Ebed8]6WG^edfhiVXl��Bjmbed~bejm{�W�hUt�kf^6W�Z
¿�}�Wa`cb6^�]6WGoGWajm´�WK^ebejm{Kk8Vmj�tv]6hi{Æb_Ri^6£y^#jm`Àhi]6l8Wa]#b6h|\JWa]�t®hi]e{�R�b_Ri^e£�Z�Q?dfWa�nWxÊ�WGoabejm´�WaVm�n\�Wa]�tvhi]e{ bedfWgb_Ri^e£
RioGoGhi]6l�jm`8}|b6h�R�}�jm´�Wa`n\8]6hiTpRUT8jmVmjmb����ftµk8`foabejXhi`ÃhUt�bedfWajm]Dbed8]6WG^edfhiVXlÃ]6Wa}cRU]6l�jm`8}�bed8jX^DbÁ��\�WshUt�b_Ri^e£JZ
Q?dfW#{�hi]6W/RU`4RU}�Wa`cb�TJWGoGhi{�WG^�^e\�WGoajzRUVmjmÑqWGl|jm`4Rs}�jm´�Wa`|bÁ��\�W#hUt�b_Ri^6£J�cbedfWD}�]6WqRUb6Wa]�bedfW#\8]6hiTpRUT8jmVmjmbÁ��b6h

Wa`8}cRU}�Wujm`*l8hijm`8}�jmbÏt®hi]�tµk8bek8]6Wu^ebejm{Kk8Vmj�hUt¶bed8jX^?b��y\�W�Z�Y¯Rio6dÃRU}�Wa`�bB{|RUjm`cb_RUjm`f^#RU`fl�k8\�lfRUb6WG^Bhq´�Wa]Bbejm{�WsR
bed8]6WG^edfhiVXl*\�Wa]Bb��y\�WghUt � hiT*b6h�T�Wsl8hi`fW�Z
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·Sjm}�k8]6W YyZ  ^ek8{�{|RU]ejmÑqWG^|bedfWn^ejm{�jmVzRU]ejmbejXWG^�RU`fl¨l�jÅÊ�Wa]6Wa`foGWG^|jm`ÐbedfWnRU`pRUVXhi}�jXWG^�T�Wab���WGWa`NbedfWn^6hyoajzRUV
jm`f^6WGoab6^#RU`flnbedfWs�Bjm]6WaVXWG^6^#RU}�Wa`�b6^#��WsdpRG´�Ws{�hyl8WaVXWGl�Z

·Sjm}�k8]6W�YyZ @[ M h�oajzRUV�¥Á`f^6WGoab6^B´�^?³�jm]6WaVXWG^6^D¿�}�Wa`cb6^
Q?dfW�`fWxw�b�^6WGoabejXhi`f^Kl8WG^6oa]ejmT�W�{�hi]6W�jm`¢l8Wab_RUjmVX^�hik8]�{�h�l8WaV¯hUtBbedfW��Bjm]6WaVXWG^_^�RU}�Wa`cb6^qZ~¥�`\pRU]ebejXoak8VzRU]q�

bedfWE`fWxwybs^6WGoabejXhi`f^u�BjmVmV Wxw�\8VzRUjm`�dfhq� RU`fl��BdfWa]6WEbedfW�´�RU]ejzRUT8VXWKbed8]6WG^6dfhiVXl�jX^ukf^6WGl���Ri^/�ÏWaVmV¯Ri^udfhq�M��W
{|RU`pRU}�WGl°`fhib|b6h¢kf^_W*bedfWÃ^ebejm{Kk8Vmkf^|\pRU]ebqZFQ?dfWntvhiVmVXhÈ�Bjm`8}%^_WGoabejXhi`f^~oGhi`foGWa`�be]_RUb6W=hi`°bedfWÃ^eb6Wa\f^�RU`fl
hi\�Wa]_RUbejXhi`f^#hUt�bedfWs`fWa}�hibejzRUbejXhi`Ã\8dpRi^6W���T�hibednjm`*bedfWs`fhyl8WG^#RU`fl*jm`*bedfW�oGWa`cbe]_RUV�`fhyl8W\[

• ��\�Wa]_RUbejXhi`f^?jm`cb6Wa]e`pRUV�b6hKbedfW#`fhyl8WG^s�µjm`cbe]_R ��`fhyl8WÈ�x��\JWa]�t®hi]e{�WGl|�Bjmbed8jm`*WqRio_d�`fhyl8W\L ^Ïb6Wa]e{�jm`pRUV��fRU`fl^6b_RU]ebejm`8}4R tvb6Wa]#bedfW�]6WGoGWa\8bejXhi`=hUtÏR�¸uÓ�{�WG^6^_RU}�Wgtµ]6hi{ bedfWKoGWa`�be]_RUV¶`fhyl8W\[¯jm`�be]6h�l�kfoGWGl=jm`=^6WGoabejXhi`
YyZ �Z �Z ª �JRU`fl*l8WG^6oa]ejmT�WGl*{�hi]6Wsjm`Ãl8Wab_RUjmVX^#jm`n^6WGoabejXhi` YyZ �Z �Z � Z

• ��\�Wa]_RUbejXhi`f^�Wxwyb6Wa]e`pRUVyb6h#bedfWÏ`fhyl8WG^��µjm`�b6Wa]���`fh�l8WÈ�x���Bdfh�^_W¯]6WG^ek8Vmb6^�RU]6W?RU`pRUVm��ÑqWGlK�Bjmbed8jm`KbedfW�oGWa`cbe]_RUV`fhyl8W\L ^�W V�k8jm\8{�Wa`cbq�cRU`fl�^eb_RU]ebejm`8}gR tvb6Wa]SbedfWÏ]6WGoGWa\8bejXhi`�hUtJRUVmV�bedfW�be]_RU`f^e{�jmbeb6WGl�Ò�Ó4T8k8]6^6b¶{�WG^6^1RU}�WG^
tv]6hi{ RUVmVAbedfWuoGhi`�b6Wa`fl�jm`8}�`fh�l8WG^�[Sjm`�be]6h�l�kfoGWGl4jm`*^6WGoabejXhi` YyZ �Z �Z Î �fRU`fl4l8WG^6oa]ejmTJWGl�{�hi]6W�jm`*l8Wab_RUjmVX^
jm`À^6WGoabejXhi` YyZ �Z �Z  Z

������������� � 
��>;9IJAC=���� :<F	�>;�=BA&?@=BA&;9D�
�=�F
K�G��� D�=�I ?��7D�;���F���K F
IJ?@=BAC;�D1G

Q?d8jX^D^_WGoabejXhi`Ãl8WG^6oa]ejmT�WG^BbedfWsjm`cbe]_R ��`fhyl8W�hi\�Wa]_RUbejXhi`f^qZ Q?dfWG^_Wshi\JWa]_RUbejXhi`f^#]6WxtvWa]Bb6h�bedfWgRioabejXhi`f^#bedpRUb
RU]6Ws]6Wa\�WqRUb6WGl�Vm�4]6WqRUVmjmÑqWGl*�Bjmbed8jm`ÃWqRio6dÀ`fh�l8Wsl�k8]ejm`8}~bedfWu`fWa}�hibejzRUbejXhi`Ã\8dpRi^6W�Z
Q?dfW�hi\8bejm{�jmÑÈRUbejXhi`^eb_RU]eb6^u�Bjmbed�WqRio_d�`fh�l8W�^6Wabebejm`8}4b6hn�/r¡jmb6^

nmax MON ^u�Bjmbed�bedfWET�WG^ebuoqRU\pRioajmb��´�RUVmkfWG^4RU`fl°bedfWa`��DbedfW�RUVm}�hi]ejmbed8{ be]ejXWG^4b6h�jm{�\8]6hq´�W�bed8jX^4^6hiVmk8bejXhi`�Z,Q?dfWa`��#^6Wa´�Wa]_RUVs^eb6Wa\f^4RU]6W=}�hi`fW
bed8]6hik8}�d¢�v^6WGWDT�WaVXhq��� k8`cbejmV�RUVmVJbedfW#hi\8bejm{�jmÑÈRUbejXhi`noGhi`f^ebe]_RUjm`�b6^DRU]6W#Wa`�t®hi]6oGWGl��8RU`fl|bedfW#tvhik8`fl�^6hiVmk8bejXhi`�jX^
oGhi`f^ejXl8Wa]6WGlÃRi^DbedfWuÄf`pRUV�hi`fW�Z
¿?b�WqRio6d%jmb6Wa]_RUbejXhi`¨hUtDbedfW�\8]6hyoGWG^6^q�SbedfW~^6b_RUbejXhi`f^ERU]6W~]_RU`fl8hi{�Vm�¢be]_RU`f^e{�jmbebejm`8}�hi` hi`fW|hi]�^6Wa´�Wa]_RUV

MON ^qZ*Q?dfW|\8]6hiTpRUT8jmVmjmb��b6hÃbe]_RU`f^e{�jmbKhi]K`fhibEhi` R MON jX^KRnl8WGoa]6WqRi^6jm`8}Ãtvk8`foabejXhi`�hUt�Rn\pRU]_RU{�Wab6Wa] θij
Z
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Q?dpRUb?\pRU]_RU{�Wab6Wa]?jX^�l8WxÄf`fWGl~t®hi]�WqRio_dnRU}�Wa`cb
j
hUt�WqRio6d*^eb_RUbejXhi`

i
�8RU`fl~jX^Ïk8\�lfRUb6WGl4RUb?WqRio_d4jmb6Wa]_RUbejXhi`��fRi^

RKtvk8`foabejXhi`ÃhUtSbedfWstvWGWGl�TpRio_£4hUt�bedfWgoGWa`�be]_RUV�`fhyl8W�Z

M Wa´�Wa]_RUV `fhyl8WG^u{|RG��^ejm{Kk8Vmb_RU`fWGhikf^eVm��be]_RU`f^e{�jmbghi`�bedfW�^_RU{�W MON Z�Y¯Rio6d�hi`fW�dpRi^gR�\pRU]ebejXoak8VzRU]�oqR �\pRioajmb���t®hi] bed8jX^ MON Z�Q?dfW#oGWa`�be]_RUVA`fhyl8WDjX^¯bedfWa`�RUT8VXWBb6hKl8Wab6Wa]e{�jm`fW�hi`~WqRio6d MON j
bedfW#}�]6WqRUb6WG^ebÏoqRU\pRioajmbÁ�

cmax j
RU{�hi`8}|RUVmV�bedfWuoGhi`cb6Wa`fl�jm`8}|`fhyl8WG^?bedpRUb?dpRG´�Wube]_RU`f^e{�jmbeb6WGlÃhi`�bedpRUb MON �ybedpRU`8£�^Bb6h�REl�k8]_RUbejXhi`��oGhyl�jm`8}�b6WGo6d8`8j V�kfW��µ]6Wxt®Wa]Db6h�^_WGoabejXhi` YyZ �Z �Z Î �xZ�Q?dfWg{|R w�jm{�k8{ oqRU\pRioajmbÁ�*´iRUVmkfWG^/RU]6WsbedfWa`ÃT8]6h�Ril8oqRi^6b6WGl

Tc�4bedfWsoGWa`�be]_RUV�`fhyl8W|��tvWGWGl�TpRio_£4\8]6h�oGWG^6^x�xZ
Y¯Rio_dÃRU}�Wa`cbB{|RU£�WG^?bedfWul�jÅÊ�Wa]6Wa`foGWuTJWabÁ�ÏWGWa`

cij
RU`fl

cmax j
RU`fl4oGhi{�\8k8b6WG^#RK´�RU]ejzRUbejXhi`*^eb6Wa\

∆θij
Z

Q?dfW#tµk8`foabejXhi`�bedpRUb�l8WxÄf`fWG^
∆θij
jX^�]_RUbedfWa]�oGhi{�\8VXWxw4RU`fl|jX^?l8Wab_RUjmVmVXWGl~jm`�^6WGoabejXhi` YyZ �Z �Z � Z Y¯Rio_d*^eb_RUbejXhi`

bedfWa`ÃoGhi{�\8k8b6WG^/R�`fWa�F´iRUVmkfW�hUt
θij
�µ�Bd8jXo6dÀjX^

∆θij + θij
�?RU`fl*jmb6Wa]_RUb6WG^#bedfWube]_RU`f^e{�jX^6^ejXhi`n\8]6hyoGWG^6^qZ

� 
��>;>I AC=�� � � A�=���A D F�?OH � D�;���F
i
�

• 
�=�F
K � � ·fhi]#WqRio_dÀRU}�Wa`cb
j
�foGhi{�\8k8b6W�bedfWujm`8jmbejzRUV�´�RUVmkfWG^#hUt

θij
Z

• 
�=�F
K � �

�
R���¸uWab6Wa]e{�jm`fW�bedfW=\8]6hiTpRUT8jmVmjmb��FhUt�WqRio6d RU}�Wa`cb

j
b6h�T�W�Rioabejm´�WÐ���/ru��t®hi]4bedfWÀ`fWxw�b*Ò�Ó

oGhi`�b6Wa`cbejXhi`�Q?jm{�W M VXhibK�vQ M �BRioGoGhi]6l�jm`8}~b6h<[

pij =
1

1 + αseβsθij

� YyZ Î��
�BdfWa]6W

αs
RU`fl

βs
RU]6Wub��Ïh|\pRU]_RU{�Wab6Wa]6^�oGhi`�be]6hiVmVmjm`8}

pij
tµk8`foabejXhi`4L ^D^6dpRU\JW�Z

�
TA�D¸uWab6Wa]e{�jm`fW�bedfWERioabejm´�jmbÁ�n^eb_RUbekf^E���/r,hi]s�/·S· �DhUt�WqRio_d�RU}�Wa`�b

j
[¯jÅt

pij
jX^D}�]6WqRUb6Wa]/bedpRU`

hi]uW V�kpRUV¶b6h4R�]_RU`fl8hi{�Vm�=l�]_RG�B`�´�RUVmkfW�T�Wab���WGWa`�©�RU`fl «gbedfWa`�bedfW�RU}�Wa`cbujX^/Rioabejm´�W*���/rs�x�
hibedfWa]e�BjX^_WgjmbBjX^Bjm`pRioabejm´�W|���/·�· �xZ

• 
�=�F
K���� N dfWGo6£jÅt�bedfW~{|R w�jm{�k8{�`�k8{�T�Wa]�hUt/Rioabejm´�W*RU}�Wa`cb6^�jX^EVXhq��Wa]�bedpRU` nmax
�voGhi`f^ebe]_RUjm`�b

oGhi`�be]6hiVmVXWa]1��RU`fl%jm`pRioabejm´iRUb6W��µT���o6dfhyh�^ejm`8}�bedfW
nmax

RU}�Wa`�b6^��Bjmbed bedfW~d8jm}�dfWG^6b
pij
b6h=T�W4�/rs�

Wa`fhik8}�d�Rioabejm´�W�RU}�Wa`cb6^#k8`cbejmV¶bedfWa]6WsjX^?VXWG^6^#Rioabejm´�W�RU}�Wa`�b6^#bedpRU`ÃbedfWu{|R wyjm{Kk8{
nmax
Z

• 
�=�F
K�� � Q�]_RU`f^e{�jmbsRU`ÀÒ/ÓT8k8]6^eb/{�WG^6^_RU}�W�b6h�bedfWKoGWa`cbe]_RUV�`fh�l8W�kf^ejm`8}~hi`8Vm�*bedfW�Rioabejm´�W MON ^Dt®hi]bedpRUb#`fh�l8W
i
Z

• 
�=�F
K � � ³RUjmb�t®hi]/bedfW�t®WGWGl�TpRio6£Ãtµ]6hi{�bedfW�oGWa`cbe]_RUV�`fhyl8W���oGhi`f^ejX^ebejm`8}4jm`ÀbedfW
cmax j

RU`fl
cmin joqRU\pRioajmbÁ�*´iRUVmkfWG^Btvhi]#RUVmV

j
Z

• 
�=�F
K���� ·fhi]nWqRio6d
j
��oGhi{�\8k8b6W

∆θij
�®Ri^nRtµk8`foabejXhi`(hUt

cmax j
RU`fl

cij
�|bedfW

θij
bed8]6WG^6dfhiVXl

´�RU]ejzRUbejXhi`�Ri^�R�]6WG^6k8VmbghUtÏbedfW�`fWa�BVm�=]6WGoGWajm´�WGl
cmax j

´�RUVmkfW�\JWa]gRU}�Wa`�b
j
Z�Q?dfW�oGhi{�\8k8b_RUbejXhi`�jX^

]_RUbedfWa]�oGhi{�\8VXWxwÀRU`fl4�BjmVmV�TJW/tvk8]ebedfWa]#l8WG^6oa]ejmT�WGl*jm`n^6WGoabejXhi` YyZ �Z �Z � Z
• 
�=�F
K � � ·fhi]#WqRio_d

j
�fk8\JlfRUb6WsbedfWgbed8]6WG^edfhiVXl*´�RUVmkfW

θij
RioGoGhi]6l�jm`8}�Vm��[

θij ← θij + ∆θij
� YyZ [��

• 	 ;�=�; 
�=�F
K � ����� �Bd8jmVXW~bedfW�`fWa}�hibejzRUbejXhi`%\8dpRi^_W~jX^K`fhib�oGhi{�\8VXWab6WGl�Z�¥�tDbedfW4Wa`fl�jm`8}�oa]ejmb6Wa]ejzRÀjX^
{|RUb6o_dfWGl���bedfWa`�^eb6hi\�bedfW�`fWa}�hibejzRUbejXhi`%RUVm}�hi]ejmbed8{ �µj�Z W�Zsl8h�`fhibu}�h~b6h�^6b6Wa\�ª~T8k8bsWxwyjmb/bedfW�RUVm}�hU�
]ejmbed8{~�xZ#Q?dfWKWa`fl�jm`8}�oa]ejmb6Wa]ejzR�jX^�{|RUb6o6dfWGl=�BdfWa`fWa´�Wa]/jm`À^eb6Wa\���fbedfW�oGWa`�be]_RUV�`fh�l8WK^ejm}�`pRUVX^#jm`Àjmb6^
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¸uÓ*{�WG^_^_RU}�W?bedpRUb¯RUVmV8bedfWBoGhi`f^ebe]_RUjm`cb6^ÏhUtJbedfWBhi\8bejm{�jmÑÈRUbejXhi`|\8]6hiT8VXWa{�RU]6W?{�Wab���t®hi]SbedfWBoGhi`�be]_RUjm`cb6^
]6Wxt®Wa]ub6h4^6WGoabejXhi` YyZ �Z ª �xZ�¥Á`À\pRU]ebejXoak8VzRU]q��bedfW�oGWa`cbe]_RUV�`fhyl8WEoGhi`�be]6hiVX^sbedpRUbsbedfWa]6WEjX^gRUbu{|R wyjm{Kk8{
Rn^ejm`8}�VXW�be]_RU`f^e{�jX^_^ejXhi`°�v^ejm`8}�VXW~oGhi`cb6Wa`fl8Wa]1�g\JWa] MON ��Tc��o6dfWGo_£�jm`8}=bedpRUb�bedfW�T8k8]6^eb�{�WG^6^1RU}�W�oqRU`T�Wu\8]6hi\�Wa]eVm��l8WGoGhyl8WGl�Z ¿�VX^6h8��jmbDoGhi`cbe]6hiVX^�bedpRUbBbedfWs`ck8{KTJWa]�hUtSjXl�VXW MON ^DjX^?{�jm`8jm{�k8{n�phibedfWa]e�BjX^_WbedfWn`fWa}�hibejzRUbejXhi`°oGhi`cbejm`�kfWG^�TJWGoqRUkf^6W4{�hi]6W MON ^�oqRU`ÐT�WnRio Vck8jm]6WGlÐTc� bedfW*`fhyl8WG^qZÐQ?dfW*`fhyl8WG^�µkf^6jm`8}bedfWajm]|oGhi`f^ebe]_RUjm`�b�oGhi`�be]6hiVmVXWa]1�|RU]6Wn]6WG^e\Jhi`f^6jmT8VXW4tvhi]|´�Wa]ejÅtµ�yjm`8}¢bedpRUb|bedfWa� ]6WG^e\�WGoab�bedfW

nioGhi`f^6be]_RUjm`cb6^qZ Q?dfW/Wa`fl�hUt�bedfWD`fWa}�hibejzRUbejXhi`4\8dpRi^6W/^edfhik8VXl~oGhi]e]6WG^6\Jhi`fl~b6hERU`�hi\8bejm{�k8{ RUVmVXhyoqRUbejXhi`
t®hi]BbedfWg^e��^eb6Wa{nZ

Q?dfWK`fWxwybu^6WGoabejXhi`�Wxwy\8VzRUjm`f^�bedfWK\8]ejm`foajm\8VXWG^gRU`flÃbedfW�\8]_RioabejXoqRUVSjm{�\8VXWa{�Wa`�b_RUbejXhi`hUt bedfWKjm`cb6Wa]���`fhyl8W
oGhi{�{�k8`8jXoqRUbejXhi`={�WGo6dpRU`8jX^6{n�ARU`fl*bedfWgoGhi`�¤fjXoab6^#]6WG^6hiVmk8bejXhi`�Z

����������� � � 
��>;9IJAC=���� :<F	�>;�=BA&?@=BA&;9D�
�=�F
K�G��� D�=�F
I��7D1;���F�� K)F
IJ?@=BA&;9D�G

¥Á`�R/l�jX^ebe]ejmT8k8b6WGl�^e��^eb6Wa{n�ibedfW�t®hiVmVXhq�Bjm`8} V�kfWG^ebejXhi`f^�dpRG´�W?b6h/T�W�RU`f^6�ÏWa]6WGl�b6huWxw8o6dpRU`8}�W?jm`�t®hi]e{|RUbejXhi`
T�Wab��ÏWGWa`=Wa`cbejmbejXWG^�[

«�Z U kfWG^6bejXhi`���«È� [�³�dpRUbDjm`�tvhi]e{|RUbejXhi`Ãb6h�jm`foaVmkfl8Wsjm`nbedfWs{�WG^_^_RU}�WG^ �

ª�Z U kfWG^6bejXhi`��®ª�� [ ¼/hq�(b6h�oGhi{�{Kk8`8jXoqRUb6W��µjm`�b6Wa]���`fh�l8WKoGhi{�{�k8`8jXoqRUbejXhi`={�WGo6dpRU`8jX^e{~� �

Q¶h4RU`f^6�ÏWa]QVckfWG^6bejXhi` ��«È�x��R~^ejm{�\8VXWET8k8b/WxÌ|oajXWa`�bgl�k8]_RUbejXhi`���oGh�l�jm`8}*b6WGo_d8`8j VckfWE��Ri^ukf^_WGl%[DWqRio6d
cij´�RUVmkfW*jX^|oGhyl8WGl¨jm`NÒ/Ó:Ri^�bedfWÀl�k8]_RUbejXhi`

Tij
hUt�R�T8k8]6^eb�{�WG^_^_RU}�W�µbe]_RU`f^e{�jmbeb6WGlNjm`NÒ�ÓS��^ekfo6d°bedpRUb�[

Tij = a
cij

+ b
Z Q?dckf^È�8bedfWu}�]6WqRUb6Wa]

cij
��bedfW�^edfhi]eb6Wa]

Tij
Z

Q¶h~RU`f^e��Wa]-V�kfWG^ebejXhi`%�®ª��x�JRUVmV�oGhi`cb6Wa`fl�jm`8}�`fh�l8WG^�^ejm{�k8Vmb_RU`fWGhikf^6Vm���v^_RU{�Wgbe]_RU`f^6{�jX^6^ejXhi`Ã^eb_RU]eb�bejm{�WÈ�
kf^6W�RU`�Ò�Ó%be]_RU`f^e{�jX^6^6jXhi`�^_o6dfWa{�W�hi`�bedfW MON Z�Y�´�Wa`�bedfhik8}�d=Äf}�k8]6W YyZ � \8]6WG^_Wa`cb6^gRU`�Wxw8RU{�\8VXWE�Bjmbed¢R^ejm`8}�VXW MON �pÎ�`fhyl8WG^q� a = 1

�
b = 0

�JRU`fl*ÄpoabejmbejXhikf^�`ck8{�Wa]ejXoqRUVS´iRUVmkfWG^È�fbedfW�Wxw�\8VzRU`pRUbejXhi`f^/^ek�Ê�Wa]#`fh�VXh�^6^
hUt�}�Wa`fWa]_RUVmjmb���Z
¿/^�^edfhÈ�B`jm`Äf}�k8]6W YyZ � ��Î*`fhyl8WG^�oGhi`cb6Wa`flt®hi] MON j

��WqRio_d�Bjmbed%RÃl�jÅÊ�Wa]6Wa`�bE^6jm}�`pRUV VXWa´�WaV�RUbKbedfW
]6WGoGWajm´�Wa]�RU`fl

cij
´iRUVmkfWn�µ]6Wxt®Wa]ub6h4bedfWEb_RUT8VXW�VXh�oqRUb6WGl¢RUbsbedfWEb6hi\¢hUtÏbedfWEÄf}�k8]6WÈ�xZEQ?dfW�VXWxtvb/\pRU]ebghUt�bedfW

Äf}�k8]6Wgjm`fl�jXoqRUb6WG^/bedfW�bejm{�Wx��oGh�l�jm`8}4hUt
cij
jm`cb6h

Tij
�ARU`flnbedfW�P MOM ZfQ?dfW�]ejm}�dcb/\pRU]eb�hUt bedfWgÄf}�k8]6W�^edfhÈ�D^bedfW�]6WG^ek8Vmbejm`8}s^ejm}�`pRUV8RU}�}�]6Wa}cRUbejXhi`|RUb¶bedfW�]6WGoGWajm´�Wa]q���Bjmbed�bedfW�l8Wab6WGoabejXhi`�hUtpbedfW¯{�jm`8jm{Kk8{ RU`flE{|R wyjm{Kk8{

´�RUVmkfWG^qZ
¿�VmV�Ò/Ó�^ejm}�`pRUVX^/RU}�}�]6Wa}cRUb6W�jm`fl8Wa\�Wa`fl8Wa`cbeVm�Ã\JWa] MON ZAQ?dfWa`��pbedfWKoGWa`cbe]_RUV¶`fh�l8W�kf^6WG^DbedfWERU}�}�]6Wa}cRUb6WGl^ejm}�`pRUVX^�b6hnWxwybe]_RioabKbedfW�{�jm`8jm{Kk8{�RU`fl�{|R w�jm{�k8{�oGhyl8WGl

cij
´�RUVmkfWG^qZ~¥Á`¢\8]_RioabejXoGW��SbedfW|oGWa`�be]_RUV¯`fhyl8W

WqRi^ejmVm��Äf`fl8^EbedfW~{|R wyjm{Kk8{Ë´�RUVmkfW|T��l8Wab6WGoabejm`8}=bedfW�Äf]6^eb�l�]6hi\F�v^ejm{�\8VXW|}cRU\ l8Wab6WGoabejXhi`%]ek8VXWÈ�sjm`%bedfW
RU}�}�]6Wa}cRUb6WGlÃ^6jm}�`pRUVX^qZ�Q?dfWgl�k8]_RUbejXhi`nT�Wab���WGWa`ÃbedfWs^eb_RU]eb#hUtSbedfWgÒ/Ó�]6WGoGWa\8bejXhi`ÀRU`fl*bedfW/Äf]6^ebDl�]6hi\Ã}�jm´�WG^
bedfW*oGhi]e]6WG^e\�hi`fl�jm`8}¢be]_RU`f^e{�jmbeb6WGl¨´�RUVmkfW�Z S �%l8Wab6WGoabejm`8}¢bedfW4VXhi`8}�WG^eb�{�WG^6^1RU}�W*l�k8]_RUbejXhi`��¯bedfW*oGWa`�be]_RUV`fhyl8WsÄf`fl8^�bedfWg{�jm`8jm{�k8{�´�RUVmkfW�ZB¿�^#bedfW�hi\8bejm{�jmÑÈRUbejXhi`�\8]6hi}�]6WG^6^6WG^q�Ahi`8Vm�4bedfW�T�WG^ebD´�RUVmkfWG^D]6Wa{|RUjm`�ZD¿
¸uÓÃ{�WG^_^_RU}�WBjX^¯^_Wa`cbÏhi`8Vm�|R tvb6Wa] bedfW�Wa`fl|hUt�bedfWDVXhi`8}�WG^ebÏT8k8]6^eb {�WG^6^1RU}�W�Z�¿#`~Ril�´�RU`cb_RU}�W/hUt�hik8]¯{�Wabedfhyl
jX^BbedfWg^6jm{�\8VmjXoajmb��nhUt�bedfWgoGhyl�jm`8}~RU`flnl8WGoGhyl�jm`8}f�p^ejm{Kk8Vmb_RU`fWGhikf^/RU`flÃ\pRU]_RUVmVXWaV�Wxw�o_dpRU`8}�WKhUt�jm`�t®hi]e{|RUbejXhi`
hi`�bedfW#^_RU{�W�]_Ril�jXh�]6WG^_hik8]6oGW���]6hiT8kf^6be`fWG^6^BRU}cRUjm`f^ebÏjm`�b6Wa]�tvWa]6Wa`foGW��µjÅt�oGhi`f^eb_RU`�bBl�k8]ejm`8}KbedfW/Ò�ÓÀbejm{�W/^eVXhib1�
RU`fl|oGhiVmVmjX^6jXhi`f^q�yRU`fl�jmbÏl8hyWG^ `fhib¯]6W V�k8jm]6W�RU`~hi]ebedfhi}�hi`pRUVJoGhyl�jm`8}�b6hK^6Wa\pRU]_RUb6WD`fhyl8WG^¯hi]�oqRU\pRioajmb���´�RUVmkfWG^qZ



«qÎ�© ��������	
	�����������������������! #"���	
$%�%�&��'(�)��*,+-��*%./��*1032�'4��6570-8�*9�����90-��'%�

0 T1j T3j

Signal aggregation

T3jT1j0

Time

T2j

Max Tij

T2j

Time

1

2

3

at central node on SC j

= Max cij
Min Tij

= Min cij

2
0.5
340

10
20

1/10
1/20

1/40

cij TijNode

1
2
3

index

Rx signal strength
(RSS) at central node

from node i

Node index and RSS on SCj

·Sjm}�k8]6W�YyZ �@[ N RU\pRioajmb��n¸/k8]_RUbejXhi`�� N hyl�jm`8}�RU`fln¿�}�}�]6Wa}cRUbejXhi`Ã¹=WGo6dpRU`8jX^e{ �BjmbedÀÎ�r/h�l8WG^Dhi` MON j

Q¶h~oGhyhi]6l�jm`pRUb6W�bedfWajm]sRUVmVXhyoqRUbejXhi`��AbedfW�`fh�l8WG^/l8h~`fhib�oGhi{�{�k8`8jXoqRUb6W�l�jm]6WGoabeVm�Ã�BjmbedÀWqRio6d�hibedfWa]q�AT8k8b
hi`8Vm�*]6W V�k8jm]6Wgb6h|Wxw8o6dpRU`8}�WKjm`�t®hi]e{|RUbejXhi`À�Bjmbed=bedfW�oGWa`�be]_RUV¶`fhyl8W�ZBQ?dfW�oGWa`�be]_RUV¶`fhyl8WKRioab6^uRi^�RÀÇ1ÄfVmb6Wa]ÈÇ
Wxw�be]_Rioabejm`8}~bedfW�{|R wyjm{Kk8{�RU`flÃbedfWg{�jm`8jm{�k8{�´�RUVmkfWG^#hik8b�hUtÏRUVmV�bedfWg]6WGoGWajm´�WGlÀ´iRUVmkfWG^q�JRU`flÃ^6Wa`fl�jm`8}~jmb
TpRio6£4b6h�bedfWs`fhyl8WG^?t®hi]Bjm`�tvhi]e{|RUbejXhi`=^edpRU]ejm`8}fZ
³ Ó�¿/r ^e��^eb6Wa{�^u�BjmbedR�l�jX^ebe]ejmT8k8b6WGl¢oGhi`�be]6hiV��vW�Z }fZ [u¥ÁY Y¯Y:§�©�ª�Zm«�«�jm`¢¸ N ·N{�hyl8WÈ�/^ek�Ê�Wa]u\JWa]�t®hi]��{|RU`foGW�VXh�^6^sl�kfW�b6h4bedfW�d8jXl8l8Wa``fh�l8WE\8]6hiT8VXWa{nZ|��k8bghUt?]_RU`8}�W�`fh�l8WG^�RU]6W�^1RUjXlÀb6h4T�W�d8jXl8l8Wa`�`fhyl8WG^qZ

Q?dfWa��dpRq´�W�`fhK\�h�^6^ejmT8jmVmjmb��|b6hKoGhi{�{Kk8`8jXoqRUb6Wub6hERq´�hijXl�Ò/Ó�oGhiVmVmjX^ejXhi`f^?hi`4RK^edpRU]6WGl�o6dpRU`8`fWaV�Z?��k8]Ï{�WGo_d��
RU`8jX^e{�hUt jm`cb6Wa]���`fhyl8W�Wxw�o_dpRU`8}�WKhUt jm`�t®hi]e{|RUbejXhi`�jX^#T8k8jmVmb/b6h|Wa`foGhik8]_RU}�W�RU`flÀ{|RU`pRU}�W�{�WG^6^1RU}�WKhÈ´�Wa]eVzRU\
�®RU}�}�]6Wa}cRUbejXhi`4hUt�^ejm}�`pRUVX^x��Wa´�Wa`|T�Wab���WGWa`|d8jXl8l8Wa`|`fhyl8WG^qZ�Q?dfWDoGhi`f^6W V�kfWa`foGWDjX^ `fhs{�hi]6W#oGhiVmVmjX^ejXhi`~l�k8]ejm`8}
bedfW*lfRUb_R=be]_RU`f^e{�jX^6^6jXhi`�Z%¿BoGoGhi]6l�jm`8}�Vm���ÏbedfW4\8]6hiT8VXWa{�hUt/d8jXl8l8Wa`Ð`fh�l8WG^�jX^�oGhi{�\8VXWab6WaVm� ]6Wa{�hÈ´�WGlNRU`fl
bedfWa]6WsjX^B`fh�]ejX^e£~hUt�\JWa]�t®hi]e{|RU`foGW�l8Wa}�]_RilfRUbejXhi`=l�kfWub6h�oGhiVmVmjX^ejXhi`f^qZ

����������� � ����?OGBA&H�� ;>I��4A D ���	�4? � K 
&F

Q?d8jX^D^_WGoabejXhi`*\8]6WG^6Wa`cb6^#RU`nWxwfRU{�\8VXWghUtSdfhq�:R MON RUVmVXhyoqRUbejXhi`*`fWa}�hibejzRUbejXhi`ÃT�Wab���WGWa`n`fh�l8WG^#Wa´�hiVm´�WG^hq´�Wa]�bejm{�W�Z¢Q?dfW|t®hiVmVXhq�Bjm`8}¢^6oGWa`pRU]ejXh�oGhi`f^ejmb6^�hUt
M = 3

`fhyl8WG^El�jX^6be]ejmT8k8b6WGl�jm`ÐRÀoGWaVmV�Z�Q?dfWa�be]e�¢b6h
oGhyhi\JWa]_RUbejm´�WaVm��^edpRU]6W

N = 3 MON ^s�Bjmbed�bedfWKt®hiVmVXhq�Bjm`8}ÃoGhi`f^ebe]_RUjm`�b6^�[ nmin = 1
RU`fl

nmax = 1
ZE¿�VX^6h8�

bedfW
θ
bed8]6WG^edfhiVXl8^#dpRG´�WsbedfWut®hiVmVXhq�Bjm`8}~´iRUVmkfWG^B[

θmin = −75
RU`fl

θmax = 75
Z

Q?d8jX^gWxwfRU{�\8VXW�jmVmVmkf^ebe]_RUb6WG^�dfhq�¡bedfW�]6Wajm`�t®hi]6oGWa{�Wa`cbK\8]6h�oGWG^6^shi]ejXWa`�b6^gbedfW�`fWa}�hibejzRUbejXhi`�b6hq��RU]6l8^�bedfW
T�WG^ebK^6hiVmk8bejXhi`�t®hi]�bedfW�^e�y^6b6Wa{nZ

pij
jmVmVmkf^6be]_RUb6WG^KbedfW|\8]6hiTpRUT8jmVmjX^ebejXo4o6dfhijXoGW*Rio6d8jXWa´�WGl%T��¢WqRio6d `fh�l8W~hi`

WqRio6d�hUt�jmb6^ MON ^#b6h|l8WGoajXl8WEhi`Ãjmb6^�^eb_RUbekf^E���/r,hi]s�/·S· �?tvhi]�bedfWg`fWxw�b#`fWa}�hibejzRUbejXhi`�^eb6Wa\��fTpRi^6WGlÀhi` θijRi^B��WaVmV¶Ri^Dhi`njm`�b6Wa]e`pRUVmVm�nWa`�tvhi]6oajm`8}�bedfW
ni
oGhi`f^ebe]_RUjm`�b6^qZ

QSRUT8VXW YyZ ª \8]6WG^6Wa`�b6^DbedfWsjm`8\8k8b#oqRU\pRioajmbÁ�*´iRUVmkfWG^ÈZ
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:T;���F�G�� 
�� G � ��� � ��� � ���
��«È� [fZ U[�Yi§�« YyZ Î�«q�«a[ ª�©�Z ��Í�ª�«
�®ª�� «a[fZ Î�ª�ª\� «q�Z Í�«qª�Î Í�Zm«q§�Î\��Í
�®Î�� �Z �ª��Î\� «qÍ�Z ©U[
� «qÍ�Z ©���Î
QSRUT8VXW�YyZ ª@[ ¥Á`8\8k8b N RU\pRioajmb�� X RUVmkfWG^

QSRUT8VXW YyZ Î \8]6WG^6Wa`cb6^ÏbedfW#Wa´�hiVmk8bejXhi`4hUt�bedfW#oGhiVmVzRUT�hi]_RUbejm´�W�`fWa}�hibejzRUbejXhi`4hq´�Wa]�bejm{�WD�Bjmbed~bedfW
θij
´�RUVmkfWG^

RU`fl*bedfW MON ^�^eb_RUbekf^qZ

	�
�	��������������
θij ��� 
��� ����� � � �"!#� ��� 
#�$

%
	�� &#��('��#�)� *,+.- *0/1- *021-

3 %"4 565�7 5856585 565�7 5856585 565�7 58565
3:9 4 565�7 5856585 565�7 5856585 565�7 58565
3<; 4 565�7 5856585 565�7 5856585 565�7 58565

⇒ pij ⇒

	=�>&>.�('?���)� *,+.- *@/�- *@21-
3 %"4 7 7 √
3:9 4 7 √ 7
3<; 4 7 7 √

9
	�� &#��('��#�)� *A+.- *@/�- *@21-

3 %"4 BC5�7 565ED 9 F"G 7 H8I ; B 9 H�7 96;(G
3:9 4 5 5 5
3<; 4 B 9 I�7 H ;EF BCJ8J�7 H6JED F(G 7 I8I8I

⇒ pij ⇒

	=�>&>.�('?���)� *,+.- *@/�- *@21-
3 %"4 7 7 √
3:9 4 √ 7 7
3<; 4 √ 7 7

;
	�� &#��('��#�)� *A+.- *@/�- *@21-

3 %"4 BC5�7 565ED 9 F"G 7 H8I ; B 9 H�7 96;(G
3:9 4 B G 7 5�% G H B F(G 7 I6I 9 F D
3<; 4 G D�7K%�J ; B F D F D

⇒ pij ⇒

	=�>&>.�('?���)� *,+.- *@/�- *@21-
3 %"4 7 7 √
3:9 4 7 √ 7
3<; 4 7 √ 7

G
	�� &#��('����)� *A+.- *@/�- *@21-

3 %L4 BC5�7 565ED 9 F"G 7 H8I ; B 9 H�7 96;6G
3:9 4 B F D 5�7 5658H ; J F D
3<; 4 %"DM7 ;E98F B F D F D

⇒ pij ⇒

	=�>&>.�('?���)� *,+.- *@/�- *@21-
3 %"4 7 7 √
3:9 4 √ 7 7
3<; 4 7 √ 7

Q¶RUT8VXW�YyZ Î@[¯Q?jm{�WgY�´�hiVmk8bejXhi`ÀhUt�bedfW MON r/Wa}�hibejzRUbejXhi`

QSRUT8VXW YyZ Î l8Wab_RUjmVX^?t®hi]DWqRio6dn`fWa}�hibejzRUbejXhi`=^eb6Wa\f^?bedfWgWa´�hiVmk8bejXhi`ÃhUt�T�hibed*b_RUT8VXWG^DhUt
θij
´�RUVmkfWG^#RU`fl MON^eb_RUbekf^�b_RUT8VXWG^qZ#¥Á`Ãbed8jX^/WxwfRU{�\8VXW��p[�`fWa}�hibejzRUbejXhi`�^eb6Wa\f^/RU]6W�`fWGoGWG^6^_RU]e�*b6h4Rio6d8jXWa´�WEbedfWsÄf`pRUV�RUVmVXhyoqRUbejXhi`�Z

Q?dfW
θij
´iRUVmkfWG^�RU]6Wsk8\JlfRUb6WGlÀRioGoGhi]6l�jm`8}|b6h�bedfWs]6WaVXWa´�RU`foGWghUt�bedfWgo6dfhijXoGWghUt R�`fhyl8WgRioabejm´iRUbejm`8}�R�}�jm´�Wa`

MON t®hi]DQ�w�Z
¿BoGoGhi]6l�jm`8}Àb6hnW VckpRUbejXhi` YyZm«qª ��bedfW�d8jm}�dfWa]~�µ]6WG^6\�Z�bedfW�^e{|RUVmVXWa]1�/bedfW

θij
´�RUVmkfW���bedfW�^e{|RUVmVXWa]��µ]6WG^e\�Z

bedfWgd8jm}�dfWa]1�BbedfWg\8]6hiTpRUT8jmVmjmbÁ�ÃhUt�bed8jX^�o_dfhijXoGW�ZB·fhi]�WqRio_dÃ`fWa}�hibejzRUbejXhi`�^eb6Wa\f^�QSRUT8VXW YyZ Î jX^D]6WqRil*tv]6hi{ VXWxtvb
b6hE]ejm}�dcbqZ ¥Á`�bedfW MON ^eb_RUbekf^?b_RUT8VXW��fR�ÇiZXÇ�jm`fl�jXoqRUb6WG^#RU`Ã�/·�· MON �BdfWa]6WqRi^#R�Ç √ Ç�jm`fl�jXoqRUb6WG^#RU`*�/r MON ZQ?dfWK`fWa}�hibejzRUbejXhi`=jX^/oGhi`cbejm`�kfWGl�k8`cbejmV�]6WqRio6d8jm`8}nR�`fhi`=oGhi`�¤fjXoabejm`8}nRUVmVXhyoqRUbejXhi`=T�Wab���WGWa`�bedfW�`fhyl8WG^qZ#¿�VmV
bedfW�`fh�l8WG^�oGhiVmVzRUTJhi]_RUb6W�b6hsÄf`fl~bedfW�TJWG^eb?RUVmVXh�oqRUbejXhi`~t®hi]¯bedfW#^6�y^eb6Wa{n���Bd8jXo6d�jX^Ï`fhibÏ`fWGoGWG^6^1RU]ejmVm��bedfW#T�WG^eb
RUVmVXhyoqRUbejXhi`*tvhi]BbedfW�WqRio6dÃ`fhyl8Wub_RU£�Wa`Ã^6Wa\pRU]_RUb6WaVm��Z
Q?d8jX^ WxwfRU{�\8VXW?jX^�jm`�b6Wa]6WG^ebejm`8}gT�WGoqRUkf^6W?jmb�jmVmVmkf^ebe]_RUb6WG^�bedfW#RUVm}�hi]ejmbed8{TL ^¯TJWadpRq´�jXhi] hi`|RU`�WxwfRU{�\8VXWDWqRi^e�

b6h�´�Wa]ejÅtv�4Tc�4dpRU`fl�ZB¥Á`ÀRil8l�jmbejXhi`��pjmb/^edfhq�D^#dfhq�	bedfWg^e��^eb6Wa{ VXWqRU]e`f^/hq´�Wa]/bejm{�Wg�Bjmbed�RUVmV�bedfW
θij
´�RUVmkfWG^

b6hi}�WabedfWa]�oGhi`f^6jX^ebejm`8}�jm`nbedfWg^e��^eb6Wa{TL ^?{�Wa{�hi]e��Z
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������������� � 
��>;9IJAC=���� :<F	�>;�=BA&?@=BA&;9D 
�=�F
K�G� � D�=�F
I��7D1;���F � K)F
IJ?@=BA&;9D�G ���Q?OIJA&?�� 
CF����1?�D�=BA	� H/?��
=BAC;�D 
�=�F
K

³¢Wu`fhÈ� ^edfhq�FbedfWu\8]_RioabejXoqRUV�jm{�\8VXWa{�Wa`cb_RUbejXhi`�Ri^e\JWGoab6^BhUt�hik8]Bjm`cb6Wa]���`fhyl8WgoGhi{�{Kk8`8jXoqRUbejXhi`À{�WGo_d��
RU`8jX^e{nZ S Wxtvhi]6W�]6WqRio6d8jm`8}�bedfWsÄf`pRUV MON RUVmVXh�oqRUbejXhi`��J^6Wa´�Wa]_RUVSÒ�Ó �U¸uÓ�bejm{�W�^eVXhib6^uRU]6Wskf^ekpRUVmVm�*`fWGoGWG^_^_RU]e��ZQ?dfWDÒ/ÓÃRU`fl�¸uÓ*`fWa}�hibejzRUbejXhi`~bejm{�WD^eVXhib6^�dpRq´�W#R/]6WG^e\�WGoabejm´�WDl�k8]_RUbejXhi`|hUt

TUL
RU`fl

TDL
Z¶Q¶hsT�hik8`fl�bedfW

Ò/Ó T8k8]6^ebu{�WG^6^_RU}�WG^ul�k8]_RUbejXhi`���bedfW
cij
´iRUVmkfWG^u��Wa]6WZV�kpRU`cbejÅÄpWGl¢jm`cb6hnR�Ä8w�WGl=`ck8{KTJWa]

E
hUtÏWaVXWa{�Wa`cb6^qZ

¼/hq�ÏWa´�Wa]q�ÏbedfW�]6WG^ek8Vmbejm`8}�\8]6WGoajX^ejXhi` jX^�`fhib�^ek�Ì|oajXWa`cb�b6h�l�jÅÊ�Wa]6Wa`cbejzRUb6WnoaVXh�^_W~´�RUVmkfWG^qZ�¿BoGoGhi]6l�jm`8}�Vm���Ïb6h
jm`foa]6WqRi^6W�bedfWg\8]6WGoajX^ejXhi`��A�ÏW�kf^6WGlÃR�´�RU]ejzRUT8VXW V�kpRU`cbejÅÄpoqRUbejXhi`�^eb6Wa\À\JWa] MON �Bjmbed=R�Ñqhyhi{Æ�Bjm`fl8hÈ�gZBQ?dfW\8]ejm`foajm\8VXWDjX^¯Wxwy\8VzRUjm`fWGl�jm`�Äf}�k8]6W YyZ Y �vWqRio6d~be]ejzRU`8}�VXW#RU`fl�oa]6h�^6^�]6Wa\8]6WG^_Wa`cb6^ÏbedfW?`fhi`�� VckpRU`�bejÅÄpWGl

cij
´�RUVmkfW

hUt�`fh�l8W
i
hi` MON j

�xZ

Total cij coded range

q

Iteration 1

Iteration 2

Iteration 3

Existing value not Tx in UL (SCij = OFF)

Existing value Tx in UL (SCij = ON)

·Sjm}�k8]6W�YyZ Y [ X RU]ejzRUT8VXW U kpRU`�bejÅÄpoqRUbejXhi`�hi` MON j

·Sjm}�k8]6W YyZ Y ]6Wa\8]6WG^6Wa`�b6^KbedfW~Wa´�hiVmk8bejXhi`¨hq´�Wa]Ebejm{�WÀ�µjmb6Wa]_RUbejXhi`ÐR tµb6Wa]Kjmb6Wa]_RUbejXhi`A�ghUtDbedfW|]_RU`8}�W~hUt#Wxwy�
\8]6WG^6^6WGl V�kpRU`cbejÅÄpWGl

cij
´iRUVmkfWG^s�µj�Z W�Z

q(cij)
´iRUVmkfWG^x��jm`4�Bd8jXo6d*bedfW�Äf`pRUV�T�WG^ebÏ´�RUVmkfWG^��BjmVmV�TJW/VXhyoqRUb6WGl�Z�¿?b

WqRio6dÃjmb6Wa]_RUbejXhi`��fbedfWgoGWa`�be]_RUV�`fhyl8W\[

«�Z N hiVmVXWGoab6^ubedfW�Ò/Ó%]6WGoGWajm´�WGl V�kpRU`cbejÅÄpWGl�Wxw�be]6Wa{�WE´iRUVmkfWG^��µ{�jm`8jm{Kk8{ RU`flÀ{|R w�jm{�k8{~��\�Wa] MON ZJ¥Á`Äf}�k8]6W YyZ Y �JbedfWE{�jm`8jm{�k8{��µ]6WG^6\�Zu{|R wyjm{Kk8{~�/´iRUVmkfWEoGhi]e]6WG^e\�hi`fl8^gRUbsWqRio6d�jmb6Wa]_RUbejXhi`�b6h�bedfW�VXWxtvb
�µ]6WG^6\�Z�]ejm}�dcb1�?oGhi]e`fWa]/hUtSbedfWu{�hi]6WKRUbBbedfWsVXWxtµb��µ]6WG^6\�Z�]ejm}�dcb1�?^ VckpRU]6W�Z ¿	^ V�kpRU]6Wu]6Wa\8]6WG^6Wa`cbejm`8}~bedfW
]_RU`8}�W?hUtpl�jÅÊ�Wa]6Wa`cb

cij
´iRUVmkfWG^SdpRG´yjm`8}/bedfWÏ^_RU{�W V�kpRU`cbejÅÄpWGl�´�RUVmkfW

q(cij)
l�kfWÏb6h�bedfW V�kpRU`cbejÅÄpoqRUbejXhi`

^6b6Wa\�Z
ª�ZD¿Bl � kf^eb6^BbedfW�Wxwybe]6Wa{�Ws�Bjm`fl8hÈ� Vmjm{�jmb6^#RU]6hik8`flÃbedfWG^6WsWxw�be]6Wa{�Ws´iRUVmkfWG^ÈZ
Î�Z S ]6h�Ril8oqRi^eb6^EbedfW|`fWa���Bjm`fl8hÈ�>Vmjm{�jmb6^�RU`fl!VckpRU`�bejÅÄpoqRUbejXhi` ^6b6Wa\ q

Zn¥�`fl8WGWGl��
q
jX^Ko6dpRU`8}�WGl¨R tvb6Wa]

WqRio_dÃÑqhyhi{ �Ul8WaÑqh�hi{ hi\JWa]_RUbejXhi`�Z

Q?d8jX^S´iRU]ejzRUT8VXW�V�kpRU`cbejÅÄpoqRUbejXhi`�\8]6hyoGWG^6^¶kf^6WG^�RDÑqhyhi{:�Bjm`fl8hÈ� b6h�Wa`f^ek8]6WBR�^edfhi]eb6Wa]S`fWa}�hibejzRUbejXhi`�l�k8]_RUbejXhi`��
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RU`fl*b6h�oGhi`foGWa`�be]_RUb6W�bedfWs\8]6WGoajX^6jXhi`ÃhUtSbedfWQV�kpRU`cbejÅÄpoqRUbejXhi`�hi`8Vm�~tvhi]DbedfWsoak8]e]6Wa`�b�Wxw�\8]6WG^6^6WGl4´�RUVmkfWG^qZ
¥�t¶R tµb6Wa]?Rg\�Wa]ejXhyl|hUt�bejm{�W

Ttimeout
`fhsÄf`pRUV�oGhi`c´�Wa]e}�Wa`foGWu��Ri^?hiT8b_RUjm`fWGl��ybedfW/oGWa`cbe]_RUV�`fh�l8W�jm{�\�h�^6WG^

b6h ^eb6hi\FbedfW�hi\8bejm{�jmÑÈRUbejXhi`(\8]6hyoGWG^6^nRU`fl�tvhi]6oGWG^nRUVmVubedfW�`fhyl8WG^�b6hÐRU\8\8Vm��R!Vck8jXo_£�^_hiVmk8bejXhi`�Z�Q?d�kf^q�
bed8jX^ub6WGo6d8`8j V�kfW�T�hik8`fl8^sbedfW�`fWa}�hibejzRUbejXhi`l�k8]_RUbejXhi`�Z�¿#tµb6Wa]ubedfW�bejm{�WGhik8bg�?Ri^s]6WqRio6dfWGl��SRU`RioGoGWa\8b_RUT8VXW
^6hiVmk8bejXhi`ÃoqRU`ÃTJW/t®hik8`fl4jm`nb���h|Ò/Ó �U¸uÓ¢bejm{�Wg^6VXhib6^qZ

����������� � � 
��>;9IJAC=���� :<F	�>;�=BA&?@=BA&;9D�
�=�F
K�G��� D�=�I ?��7D�;���F���K F
IJ?@=BAC;�D1G ��� ;>IJF A D(E<F/=�?�A�
&G

Q?d8jX^Ï^6WGoabejXhi`�l8WG^6oa]ejmT�WG^¯{�hi]6W�jm`~l8Wab_RUjmVX^�^6hi{�W#hUt�bedfW#jm`cbe]_R ��`fhyl8Wuhi\JWa]_RUbejXhi`f^Ï\8]6WG^6Wa`cb6WGl�jm`�^6WGoabejXhi`
YyZ �Z �Z ª Z

� A&IJG = 
�� ����Ws\8]6WG^6Wa`�bB{�hi]6Wujm`nl8Wab_RUjmVX^Bdfhq�(bedfWs^6b6Wa\<�*�µ]6Wxt®Wa]?b6h�^6WGoabejXhi` YyZ �Z �Z ª �?hUtSbedfWgRUVm}�hi]ejmbed8{
jX^ \�Wa]�t®hi]e{�WGl%[¶bedfWDk8\JlfRUb6W�hUtJbedfW

∆θij
´iRUVmkfWG^�kf^6jm`8}ER/tvk8`foabejXhi`�Z�³¢WB��RU`�b6WGl|b6hgkf^6W#R/tvk8`foabejXhi`|�Bd8jXo_d

^edpRU\�W4oGhik8VXl¨TJW4^ejm{�\8Vm��bek8`fWGl¨kf^ejm`8}=t®Wa�É\pRU]_RU{�Wab6Wa]6^~RU`fl �Bd8jXo6d¨��hik8VXl¨T�W�^6jm{�jmVzRU]�b6h¢R�^ejm}�{�h���l
tvk8`foabejXhi`�Z�³¢W�dpRG´�W|o6dfh�^6Wa`¢b6hnkf^6W�bedfW�t®hiVmVXhq�Bjm`8}*tvk8`foabejXhi`

f(x)
���Bd8jXo_d¢jX^�R�{�hyl�jÅÄpWGl¢·fWa]e{�jÅ��¸/jm]_Rio

l�jX^ebe]ejmT8k8bejXhi`�Ri^Dl8WG^6oa]ejmT�WGl4jm`ÃW VckpRUbejXhi` YyZ  [

f(x) = 2ϕ ·
(

1

1 + αeβx
− 1

2

) � YyZ ��

Q?dfWgtµk8`foabejXhi`
f(x)
jX^�R|l8WGoa]6WqRi^ejm`8}�tvk8`foabejXhi`�hUt

x
Z�Q?dfW�jm`8\8k8b

x
´�RUVmkfWG^#oqRU`Ãb_RU£�WERU`c�*]6WqRUV¶´iRUVmkfW

T�Wab��ÏWGWa`
[−∞; +∞]

RU`fl%Ri^KR4]6WG^6k8Vmbq�
f(x)
�Ïhik8VXl�b_RU£�W~RU`c��]6WqRUVÏ´iRUVmkfWG^�TJWabÁ�ÏWGWa`

[−ϕ; +ϕ]
Z*¿�VX^6h8�

f(x)
jX^DoGhi`�be]6hiVmVXWGlnTc�4bedfWut®hiVmVXhq�Bjm`8}|\pRU]_RU{�Wab6Wa]6^�[

• ϕ
\pRU]_RU{�Wab6Wa]�[ÏoGhi`cbe]6hiVX^DbedfWstµk8`foabejXhi`ÀRU{�\8Vmjmbekfl8WgtvhiVmVXhÈ�Bjm`8}|bedfW

y
R wyjX^qZ

• α
\pRU]_RU{�Wab6Wa]�[¯oGhi`�be]6hiVX^DbedfWutvk8`foabejXhi`4L ^#hUÊ�^6Wab?t®hiVmVXhq�Bjm`8}~bedfW

x
R w�jX^qZ

• β
\pRU]_RU{�Wab6Wa]�[¯oGhi`cbe]6hiVX^#bedfWg^eVXhi\�WshUtSbedfWstµk8`foabejXhi`�Z

·Sjm}�k8]6W YyZ § jmVmVmkf^6be]_RUb6WG^DbedfWgRi^e\�WGoab#hUt
f(x)
Ri^#RE]6WG^ek8Vmb#hUt�´iRU]ejzRUbejXhi`f^#jm`

ϕ
�
α
RU`fl

β
Z

Ó�Wab
cl

RU`fl
cu
T�Ws]6WG^e\�WGoabejm´�WaVm�4bedfWg{|R w�jm{�k8{�RU`flnbedfWg{�jm`8jm{�k8{ Rio6d8jXWa´�RUT8VXW�oqRU\pRioajmbÁ�*´iRUVmkfWG^#Tc�

bedfW#^6�y^eb6Wa{nZSr/hib6WBbedpRUb
cl

RU`fl
cu
RU]6W#l8Wa]ejm´�WGl|]6WG^e\JWGoabejm´�WaVm��tv]6hi{

γmin
RU`fl

γmax
��kf^6jm`8}�W VckpRUbejXhi` YyZ ª Z

¼/Wa`foGW
cl

RU`fl
cl

RU]6W�jm`8\8k8b�\pRU]_RU{�Wab6Wa]6^|�vl�jm{�Wa`f^ejXhi`8`8jm`8}Ã\pRU]_RU{�Wab6Wa]6^x��tvhi]ubedfW�^e��^eb6Wa{nZEQ?dckf^q��bedfWG^6W
´�RUVmkfWG^BdpRG´�W�b6h�TJWu£y`fhq�B`nT��4bedfWs`fh�l8WG^�RU`flÃRU]6Wu`fhib#oqRUVXoak8VzRUb6WGlnT��~bedfWa{nZ
³¢Wu��hik8VXl4Vmjm£�Wub6hKVmjm{�jmbBbedfW/]_RU`8}�WshUtS\Jh�^6^6jmT8VXW

x
´�RUVmkfWG^?�Bd8jmVXWuT�Wajm`8}�^6k8]6WubedpRUbÏt®hi]?bedfWG^6WsWxw�be]6Wa{�W

x
´iRUVmkfWG^q�

f(x)
]6WqRio6dfWGl −ϕ

RU`fl
+ϕ
�Bjmbed�R�\8]6WGoajX^ejXhi`�oGhi`cbe]6hiVmVXWGl=T��nbedfW�\pRU]_RU{�Wab6Wa]

ε
Z#Q?dckf^q��R tvb6Wa]

^6Wabebejm`8}~R�´iRUVmkfW/t®hi]
ε
RU`fl
	

ϕ
	 �8��WgbedfWa`ÃoqRUVXoak8VzRUb6W�bedfWgoGhi]e]6WG^e\�hi`fl�jm`8}~Wxw�be]6Wa{�W

x
´�RUVmkfWG^K�

xl

RU`fl
xu
�x�

t®hi]¯bedfW/oGhi`fl�jmbejXhi`�bedpRUb
α = 1

��oGhi]e]6WG^e\�hi`fl�jm`8}�b6h�bedfW/oGWa`cb6Wa]6WGl~tvk8`foabejXhi`��
f(0) = 0

�ÏRi^Ï^_WGWa`�hi`~Äf}�k8]6W
YyZ § Z�³¢WKl8WxÄf`fW

xl

�µ{�jm`8jm{�k8{ Rio_d8jXWa´iRUT8VXW
x
´iRUVmkfWÈ�#^ekfo_d=bedpRUb�[

f(xl) = ϕ − ε
Z M jm{�jmVzRU]eVm�����ÏWEl8WxÄf`fW

xu
�µ{|R w�jm{�k8{ Rio_d8jXWa´iRUT8VXW

x
´iRUVmkfWÈ�Ï^ekfo_d*bedpRUb�[

f(xu) = −ϕ + ε
Z�Ò�^ejm`8}�W V�kpRUbejXhi` YyZ  ��WshiT8b_RUjm`*bedfW

t®hiVmVXhq�Bjm`8}|´�RUVmkfWG^?t®hi]
xl

RU`fl
xu
[

xl =
1

β
ln

(

ε

2ϕ− ε

) � YyZ ���
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Variation of f(x) for several ϕ values, and with: α = 1, β = 1

ϕ = 1.0
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Variation of f(x) for several α values, and with: ϕ = 1, β = 1

α = 0.2
α = 1.0
α = 5.0
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α X RU]ejzRUbejXhi`f^
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f(
x)

x

Variation of f(x) for several β values, and with: ϕ = 1, α = 1

β = 0.5
β = 1.0
β = 5.0

�voÈ�
β X RU]ejzRUbejXhi`f^

·Sjm}�k8]6W�YyZ §@[
f(x)
¿�^e\�WGoabB�BdfWa` M Wa\pRU]_RUb6WaVm� X RU]e�yjm`8} ϕ

�
α
RU`fl

β
ºSRU]_RU{�Wab6Wa]6^
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xu =
1

β
ln

(

2ϕ− ε

ε

) � YyZ Y��

¥Á`(¸uÓ�RU`fl(Ri^ÃR%]6WG^ek8VmbÀhUt�^ejm{Kk8Vmb_RU`fWGhikf^ÀÒ/Ó¡Q�w°tv]6hi{ oGhi`cb6Wa`fl�jm`8}°`fh�l8WG^È��bedfW�oGWa`�be]_RUV�`fhyl8W
T8]6h�Ril8oqRi^eb6^ÃRUVmV

cmax j
´�RUVmkfWG^nhi`(RUVmVsbedfW�oGWaVmV MON ^qZ>Q?dfWG^6W�´�RUVmkfWG^noGhi]e]6WG^e\�hi`fl b6h bedfW�{|R wyjm{Kk8{V�kpRU`cbejÅÄpWGl%oqRU\pRioajmb���´�RUVmkfWG^�Wxw�be]_Rioab6WGl�RU{�hi`8}=RUVmV�Ò�ÓNT8k8]6^ebg{�WG^6^1RU}�WG^�hi`�WqRio_d MON j

�SRi^K^edfhq�B`%hi`
Äf}�k8]6W YyZ � ZB³¢WgdpRq´�W\[

cmax j = max
i
{q(cij)}

�p�BdfWa]6W
cij
RU`fl

q(cij)
RU]6W�]6WG^6\JWGoabejm´�WaVm�*`fhi`�� V�kpRU`cbejÅÄpWGl

RU`fl VckpRU`�bejÅÄpWGlnoqRU\pRioajmb���´�RUVmkfWG^qZ P#Wa{�Wa{KTJWa]BbedpRUbDhi`8Vm� VckpRU`�bejÅÄpWGl4´iRUVmkfWG^DRU]6Wube]_RU`f^e{�jmbeb6WGl4jm`*Ò/Ó�Tc�
bedfWs`fhyl8WG^qZ
Q¶h�oqRUVXoak8VzRUb6W

∆θij
t®hi]BbedfWsoak8]e]6Wa`cb#Ò/Ó �U¸uÓ�bejm{�Ws^eVXhibq����Wu�BjmVmV¶Ri^6^6hyoajzRUb6W/bedfW

x
R wyjX^?b6h�bedfW

c
R w�jX^

�voqRU\pRioajmb���R wyjX^x�xZ/Q?d�kf^q�J�ÏWE\�Wa]�tvhi]e{ RU`�Ri^_^6h�oajzRUbejXhi`�T�Wab���WGWa`
cij ∈ [cl, cu]

´�RUVmkfWG^uRU`fl
xij ∈ [xl, xu]´�RUVmkfWG^gkf^ejm`8}ÀbedfW|^ejm{�\8VXW�t®hiVmVXhq�Bjm`8}�^6oqRUVmjm`8}Àbe]_RU`f^�tvhi]e{|RUbejXhi`4[

xl ⇐⇒ cl

RU`fl
xu ⇐⇒ cu

Z~Q?d�kf^q�STc�
l8WxÄf`8jm`8}

∆x = xu−xl

RU`fl
∆c = cu− cl

���ÏWul8WGl�kfoGW/bedfWDt®hiVmVXhq�Bjm`8}�Wxw�\8]6WG^6^ejXhi`~tvhi]
xij
Ri^BRstvk8`foabejXhi`

hUt
cij
[

xij =
∆x

∆c
(cij − cl) + xl

� YyZ §��

¿/^|bedfWÀ`fhyl8WG^~Wxw8o6dpRU`8}�W�oGhyl8WGl
cij
´iRUVmkfWG^��µ`fhib

xij
´�RUVmkfWG^1�x�B��WÃ`fWGWGl°b6h�kf^6WnbedfW�Ri^6^6hyoajzRUbejXhi`

\8]6WG^6Wa`�b6WGl¢jm`W V�kpRUbejXhi` YyZ § b6h*\�Wa]�t®hi]e{�bedfW
∆θij

k8\�lfRUb6W�Z|Q?dfW
ϕ
RU`fl

β
\pRU]_RU{�Wab6Wa]�´�RUVmkfWG^s�BjmVmV¯T�W

bedfWg^_RU{�W/t®hi]#RUVmV�bedfWs`fhyl8WG^qZ�Q?dfWa]6Ws�BjmVmV�TJWshi`fWutvk8`foabejXhi`
f(x)
kf^6WGl4\�Wa]#RU}�Wa`cb�\JWa]B`fhyl8W�Z

³�dfWa`fWa´�Wa]D]6WGoGWajm´yjm`8}
cmax j

�fWqRio_dn`fh�l8W
i
�BjmVmV [

«�Z N hi`�´�Wa]ebKbedfW|]6WGoGWajm´�WGl cmax j
jm`cb6h=RU`

xmax j
´iRUVmkfW|�Bd8jXo6d%�Ïhik8VXl�TJW�kf^_RUT8VXW~Ri^ERU`¢jm`8\8k8b�t®hi]

f(x)
Z

ª�Z N RUVXoak8VzRUb6WERE`fWa� α
´iRUVmkfW/t®hi]

f(x)
^ekfo_dnbedpRUb�[

f(xmax j) = 0
Z Q?d8jX^DoGhi]e]6WG^6\Jhi`fl8^#b6h�oGWa`cb6Wa]ejm`8}

bedfW/tvk8`foabejXhi`4t®hi]�bed8jX^�RU}�Wa`cb#RUb
xmax j

Z�¥�`*hibedfWa]D��hi]6l8^q�fRUbBbed8jX^?´iRUVmkfWubedfWa]6Wu�BjmVmV�`fhib?dpRq´�W�RU`c�
o_dpRU`8}�WDjm`�bedfWBbed8]6WG^edfhiVXl�´�RUVmkfWg�

∆θij = 0)
Z�r�hib6W?bedpRUb�t®hi]¯R�}�jm´�Wa`�`fh�l8W���bedfWa]6W?�BjmVmVfTJW?l�jÅÊ�Wa]6Wa`cb

α
´�RUVmkfWG^/\JWa]/`fhyl8W��vhi`fWK\JWa]sRU}�Wa`cb1�x��oGhi]e]6WG^6\Jhi`fl�jm`8}4b6h~bedfWKl�jÅÊ�Wa]6Wa`cb

cmax j
]6Wabek8]e`fWGl=\JWa] MON

j
Z~·Sjm`fl�jm`8}ÃbedfW�`fWa�

α
´iRUVmkfW�jX^s\JWa]�t®hi]e{�WGl¢T���^6hiVm´�jm`8}

f(xmax j) = 0
Z�Ò�^ejm`8}nW V�kpRUbejXhi` YyZ  �

bed8jX^#VXWqRil8^#R tvb6Wa]#^6hi{�WuTpRi^ejXogoqRUVXoak8VzRUbejXhi`f^#b6hO[

α = e−βxmax j
� YyZ Í��

Î�Z N hi`�´�Wa]eb#jmb6^ cij
´�RUVmkfWsjm`�b6h|RU`

xij
´�RUVmkfW�Z

[fZ N hi{�\8k8b6W~bedfW ∆θij
´�RUVmkfW|^6kfo6d¢bedpRUb

∆θij = f(xij)
Z S �=jm`foGhi]e\�hi]_RUbejm`8}=bedfW|Wxw�\8]6WG^6^ejXhi`hUt αtv]6hi{»W V�kpRUbejXhi` YyZ Í jm`cb6hbedfWÃWxw�\8]6WG^6^ejXhi`�hUt

f(x)
tµ]6hi{�W VckpRUbejXhi` YyZ  �?��WÀhiT8b_RUjm` R tµb6Wa]�^6hi{�W

WaVXWa{�Wa`�b_RU]e�noqRUVXoak8VzRUbejXhi`f^�[

∆θij = 2ϕ ·
(

1

1 + eβ(xij−xmax j )
− 1

2

) � YyZm«q©��
·phi]�`fh�l8W

i
�ÈbedfW hi\�Wa]_RUbejXhi`�hUt8oqRUVXoak8VzRUbejm`8}#bedfW�bed8]6WG^6dfhiVXlsk8\JlfRUb6W

∆θij
oGhi]e]6WG^e\�hi`fl8^�b6h#oGhi{�\8k8bejm`8}

W V�kpRUbejXhi` YyZm«q© t®hi]DWqRio6d�RU}�Wa`cb
j
Z
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Q?d8jX^BjX^?T�WG^ebBWxw�\8VzRUjm`fWGl*bed8]6hik8}�dÃRU`nWxw8RU{�\8VXW�Z¯Q?dckf^q��Äf}�k8]6W YyZ Í jmVmVmkf^6be]_RUb6WgRUVmV�bedfWG^6WsoGhi`foGWa\8b6^qZ ¿/^
RU`�Wxw8RU{�\8VXW���RU`flÀ�Bjmbedfhik8bsRU`��ÃVXh�^6^/hUt }�Wa`fWa]_RUVmjmb������ÏWKb_RU£�WKbedfW�t®hiVmVXhq�Bjm`8}4`ck8{�Wa]ejXoqRUV�´�RUVmkfWG^�[

ϕ = 5
�

α = 1
�
β = 1

RU`fl
ε = 0.001

Z|·¶jm}�k8]6W YyZ Í ^edfhq�D^gbedfW�´iRU]ejzRUbejXhi`¢hUt�bedfW�bed8]6WG^edfhiVXl�jm`8}*tvk8`foabejXhi`¢�Bjmbed
cmax j

�8RU`fl�\8]6WG^6Wa`cb6^�RU`4WxwfRU{�\8VXWshUt
∆θij
oqRUVXoak8VzRUbejXhi`�Z¯Q?dfWub6hi\4dfhi]ejmÑqhi`cb_RUVSR wyjX^?oGhi]e]6WG^e\�hi`fl8^Bb6hEbedfW

oqRU\pRioajmb��nR w�jX^q�fRU`fl*bedfWuVXhÈ�ÏWa]#dfhi]ejmÑqhi`�b_RUV�R w�jX^BoGhi]e]6WG^e\�hi`fl8^Db6h�bedfW
x
R wyjX^qZ�Q?dfW/t®hiVmVXhq�Bjm`8}~´iRUVmkfWG^D�BjmVmV

T�WsoGhi{�\8k8b6WGlnT�Wxtvhi]6W/Äf`fl�jm`8}|hik8b#bedfW
∆θij
´iRUVmkfW\[

«�ZB³¢Wul8WGoajXl8W/b6h�^6WabÏtvhi]�bed8jX^B^6oGWa`pRU]ejXhO[
cl = 4.54

RU`fl
cu = 15.9

�µ]6WxtvWa]�b6hEbedfW�b6hi\�dfhi]ejmÑqhi`cb_RUVSR wyjX^
hUtSÄf}�k8]6W YyZ Í �xZ

ª�ZB³¢W�l8WGl�kfoGW\[
xl = −6.14

RU`fl
xu = 6.14

�µ]6WxtvWa]Bb6h�bedfWsTJhibeb6hi{Édfhi]ejmÑqhi`�b_RUV�R w�jX^DhUtSÄf}�k8]6W YyZ Í �xZ
Î�ZD¿BoGoGhi]6l�jm`8}�Vm���A�ÏWgdpRG´�W\[

∆x = 12.28
RU`fl

∆c = 11.36
Z

[fZD¥Á`*bed8jX^#WxwfRU{�\8VXW��8��Wskf^6WgRKÄ8w8WGlTVckpRU`�bejÅÄpoqRUbejXhi`À^eb6Wa\
q = 1

Z
�ZD¥Á`4bed8jX^BWxw8RU{�\8VXW���bedfW/{|R w�jm{�k8{ V�kpRU`cbejÅÄpWGl*oqRU\pRioajmbÁ�4´iRUVmkfW/T�Wab��ÏWGWa`ÃRUVmV�bedfW/`fhyl8WG^Bhi` MON j

jX^�[
cmax j = 8

Z
��ZDÒ/^ejm`8}�W VckpRUbejXhi` YyZ § ��W/hiT8b_RUjm`4[

xmax j = −2.4
�µ]6WxtvWa]?b6hKbedfW/TJhibeb6hi{¾dfhi]ejmÑqhi`cb_RUV�R w�jX^?hUt�Äf}�k8]6W

YyZ Í �xZ
YyZDQ?d�kf^q�ykf^ejm`8}�W VckpRUbejXhi` YyZ Í �ybedfW#`fWa�

α
´�RUVmkfWDt®hi]ÏbedpRUb MON jX^�[ α = 36.59

�µ]6WxtvWa]�b6hKbedfW#]6WGl4oak8]e´�W
jm`nÄf}�k8]6W YyZ Í kf^ejm`8}�bedfWsT�hibeb6hi{ dfhi]ejmÑqhi`�b_RUVSR w�jX^1�xZ

�/jm´�Wa`�bedfW�\�hijm`cbKhUt?´yjXWa� hUt#R4`fh�l8W
i
���Bd8jXo_ddpRi^

cij = 7.5
�¶jmbg�BjmVmV¯dpRq´�W�b6hnoGhi{�\8k8b6W|jmb6^

∆θijbed8]6WG^edfhiVXl�´iRU]ejzRUbejXhi`%kf^ejm`8}=W VckpRUbejXhi` YyZm«q© ZnQ?d8jX^Ehi\JWa]_RUbejXhi`%jX^K^6dfhq�B` hi`¢Äf}�k8]6W YyZ Í T���bedfW~RU]e]6hq�D^È�
RU`fl*VXWqRil8^Bb6h

∆θij = +1.88
Z

Ò/^ejm`8}%R¢bed8]6WG^edfhiVXl°´iRU]ejzRUbejXhi`�TpRi^6WGlNhi`°bedfWn{|R w�jm{�k8{ ´�RUVmkfWnjX^4R�´�Wa]e�ÐWxÌ|oajXWa`cb*RU`fl�^6oqRUVzRUT8VXW
{�Wabedfhyl�tvhi]*l�jX^6oa]ejm{�jm`pRUbejm`8}NR�VzRU]e}�W�`ck8{KTJWa]ÀhUtK´�RUVmkfWG^qZ¡¿/^�l8WG^_oa]ejmTJWGl jm`M± �U[ ²��#bedfWa]6W�oqRU`�T�W�RU`
jm{�\�hi]eb_RU`cbs}cRUjm`�jm`Àkf^6jm`8}*RU`�hi\8bejm{�jmÑqWGl�Wxw8o6dpRU`8}�W�hUt¯jm`�t®hi]e{|RUbejXhi`��BdfWa`=kf^6jm`8}�{Kk8VmbejÅ��kf^6Wa]gl�jm´�Wa]6^ejmbÁ��Z
¿BoGoGhi]6l�jm`8}�Vm���f��WghiT8b_RUjm`4[

∀i �8hi` MON j
[







cij < cmax j ⇒ ∆θij > 0
cij = cmax j ⇒ ∆θij = 0
cij > cmax j ⇒ ∆θij < 0

� YyZm«�«È�

S ��\8]6hi\�Wa]eVm��Ril � kf^ebejm`8}�bedfW/`ck8{�Wa]ejXoqRUV�´�RUVmkfWG^?hUt ϕ RU`fl β
�ÏWuoqRU`*]6WqRUVmjmÑqWsREoGhi{�\8]6hi{�jX^6WuT�Wab��ÏWGWa`

bedfWg^e\�WGWGl*hUt�oGhi`c´�Wa]e}�Wa`foGWKRU`flnbedfW VckpRUVmjmbÁ�*hUtSbedfW/Äf`pRUV�^_hiVmk8bejXhi`�Z


%F
H/;�D � 
�� �¶�ÏW~��RU`�bKb6hÃ\8]6WG^6Wa`cbK{�hi]6W|jm`�l8Wab_RUjmVX^�dfhÈ��bedfW~^eb6Wa\%ª¢�µ]6Wxt®Wa]�b6hÀ^6WGoabejXhi` YyZ �Z �Z ª ��hUtBbedfW
RUVm}�hi]ejmbed8{�jX^�\�Wa]�t®hi]e{�WGl%[*bedfW4k8\JlfRUb6WÃhUt/WqRio6d RU}�Wa`cb�L ^~^eb_RUbekf^Ã���/r�hi]~�/·S· ��Ri^|RÀtvk8`foabejXhi`NhUtujmb6^
bed8]6WG^edfhiVXl

θij
Z�Q?dfW�\8]6hiTpRUT8jmVmjmbÁ�

pij
bedpRUbDRU`nRU}�Wa`cb

i
\�Wa]�tvhi]e{�^?jmb6^�b_Ri^e£

j
jX^�l8WxÄf`fWGl4jm`4W V�kpRUbejXhi` YyZm«qª [

pij =
1

1 + αseβsθij

� YyZm«qª��
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∆θ
ij

x axis

Capacity axis [b/s/Hz] (cij values)

cij = 7.5

∆θij = + 1.88

maxi q(cij) = 8

·¶jm}�k8]6WZYyZ Í@[
∆θij X RU]ejzRUbejXhi`nt®hi]Dr/h�l8W i

hi` MON j

Q?dfW�tvhi]e{�hUt bed8jX^u^eb_RUbekf^#be]_RU`f^6jmbejXhi`Àtvk8`foabejXhi`���Ri^uo6dfh�^_Wa`Ãt®hi]�jmb6^�jm`cb6Wa]6WG^6bejm`8}*\8]6hi\JWa]ebejXWG^�[?T��ÀRil � kf^eb��
jm`8}=bedfW|\pRU]_RU{�Wab6Wa]6^

αs
RU`fl

βs
jmbEjX^K\Jh�^6^6jmT8VXW|b6hÃ{�h�l�jÅtv�¢bedfW�^e{�h�hibed8`fWG^_^KhUtDbedfW�l8WGoajX^ejXhi`�Z�¥�`�bedfW

^ejm{Kk8VzRUbejXhi`f^q�fbedfW/t®hiVmVXhq�Bjm`8}~´iRUVmkfWG^B]6Wa{|RUjm`4[
αs = 0.5

�
βs = 2.0

Z
r/hib6WsbedpRUb�[
{

θij → −∞ =⇒ pij = 1 ⇐⇒ d8jm}�dn\8]6hiTpRUT8jmVmjmbÁ�nhUt�RU}�Wa`�b j
b6h�T�WgRioabejm´�W|���/rs�

θij → +∞ =⇒ pij = 0 ⇐⇒ d8jm}�dn\8]6hiTpRUT8jmVmjmbÁ�nhUt�RU}�Wa`�b j
b6h�T�Wujm`pRioabejm´�W~���/·�· � � YyZm«qÎ��

¥Á`=hibedfWa]s��hi]6l8^q��bedfW�^e{|RUVmVXWa]
θij
��bedfWET�Wabeb6Wa]ubedfWE^6\JWGoajzRUVmjmÑÈRUbejXhi`¢hUt�`fh�l8W

i
tvhi] MON j

��bed�kf^sbedfWE{�hi]6W
`fhyl8W

i
�BjmVmV�T�WsoGhi`cb6Wa`fl�jm`8}�t®hi]Bbe]_RU`f^e{�jmbebejm`8}�hi` MON j

Z

� ��A&I � 
�� ��`fhib6W�bedpRUb�RUVmV bedfW�hibedfWa]�^6b6Wa\f^ghUt�bedfW�RUVm}�hi]ejmbed8{ �µjm`foaVmkfl�jm`8}ÃbedfW�Wa`fl�jm`8}Ãoa]ejmb6Wa]ejzR��gRU]6W�bedfW
^_RU{�WgRi^#RUVm]6WqRil��4\8]6WG^6Wa`�b6WGlnjm`Ã^_WGoabejXhi` YyZ �Z �Z ª Z
¿/^�R�oGhi`foaVmkf^ejXhi`���hik8]?RUVm}�hi]ejmbed8{¾oGhi`cb_RUjm`f^B^_Wa´�Wa]_RUVA}�VXhiTpRUV�RU`fl~WqRi^6�Eb6hEoGhi`cbe]6hiV�\pRU]_RU{�Wab6Wa]6^q�8RUVmVXhÈ�?�

jm`8}nb6h*bek8`fW|bedfWWV�kpRUVmjmb���hUt�bedfW~^6hiVmk8bejXhi`�Ri^�`fWGWGl8WGl�Z~Q?dfW�´�RU]ejzRUT8VXW�bed8]6WG^edfhiVXl{�h�l8WaVÏhUÊ�Wa]6^ER4}�]6WqRUb
l��y`pRU{�jXoajmb���jm`¢bedfW~hi\8bejm{�jmÑÈRUbejXhi`\8]6hyoGWG^6^q��Wa´�Wa`�jm`o6dpRU`8}�jm`8}�oGhi`fl�jmbejXhi`f^q��RU`fl¢jX^s��WaVmV�RilfRU\8b6WGlb6hÃR
l�jX^ebe]ejmT8k8b6WGlÃjm{�\8VXWa{�Wa`cb_RUbejXhi`�Z

N hi`f^ejXl8Wa]ejm`8}~bedfWg^eb_RU]ebD´�RUVmkfWG^?t®hi] θij
TJWabÁ�ÏWGWa`=b��Ïh~hi\8bejm{�jmÑÈRUbejXhi`Ã\8dpRi^6WG^È�8bedfWa]6WsjX^#R�oGhi{�\8]6hi{�jX^_W

T�Wab��ÏWGWa`�VXWabebejm`8}ÃbedfW|RUVm}�hi]ejmbed8{ËVXWqRU]e`hq´�Wa]Kbejm{�W���´�Wa]6^ekf^�bedfW�]_RUb6W|RU`flRU{�\8Vmjmbekfl8W�hUt?o_dpRU`8}�W|hUt?bedfW
jm`8\8k8b#lfRUb_Rn� M rRP(´�RUVmkfWG^1�xZ



«qÎ�§ ��������	
	�����������������������! #"���	
$%�%�&��'(�)��*,+-��*%./��*1032�'4��6570-8�*9�����90-��'%�

-/.�� � ��O�@D��7:9D;��%@DH��s36C���7AIEP  � �D9BH�3�7AI ����5,LN9DC�7pH�9��	�@BHJ@ ��PS7AP�HJ5

Q?dfWgt®hiVmVXhq�Bjm`8}*^6WGoabejXhi`f^u^edfhÈ�,bedfW�]6hiVXWEhUt¯WqRio6d�hUt¯bedfW�RUVm}�hi]ejmbed8{TL ^u\pRU]_RU{�Wab6Wa]6^shi`ÀbedfWE^e\�WGWGlÀhUt
oGhi`c´�Wa]e}�Wa`foGW�RU`fl<V�kpRUVmjmb��*hUtSbedfWsÄf`pRUV�^6hiVmk8bejXhi`�Z

����
���� ��B0%�3 D % � "��,D� �,#/D � � %=B7',.7 ���,), ,+-"/.�%= 

Q?dfWÏ^6VXhi\JWÏhUtpbedfW¯bed8]6WG^6dfhiVXl�jm`8}�tvk8`foabejXhi`n�µ]6WxtvWa]Sb6h/W VckpRUbejXhi` YyZ  ��jX^¶oGhi`�be]6hiVmVXWGl�Tc�gbedfW
β
\pRU]_RU{�Wab6Wa]

Ri^D^edfhÈ�B`njm`*Äf}�k8]6W YyZm«q© �Bjmbedn´iRU]ejXhikf^
β
´iRUVmkfWG^qZ
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∆θ
ij

x

β = 0.4
β = 1.0
β = 5.0

β = 50.0

·¶jm}�k8]6WZYyZm«q©@[
∆θij X RU]ejzRUbejXhi`�Ri^#R�·8k8`foabejXhi`ÀhUt β

Q?dfW�]_RU`8}�W|hUt
x
´�RUVmkfWG^skf^6WGl¢jX^sjm`fl�jXoqRUb6WGl¢jm`¢^6WGoabejXhi` YDZ §�Z Î�Z [ Z|·Sjm}�k8]6WG^ YyZm«�« RU`fl YyZm«qª ^edfhÈ�¡bedfW

jm{�\pRioab|hUt
β
´iRU]ejzRUbejXhi`Ð]6WG^6\JWGoabejm´�WaVm� hi`¨bedfW*`ck8{KTJWa]~hUt/`fWa}�hibejzRUbejXhi`N^6b6Wa\f^q�ÏRU`flÐhi`¨bedfW4b6hib_RUVD^6k8{

oqRU\pRioajmb���ZÏ¥�`*T�hibedÃoqRi^6WG^DbedfWu`ck8{�Wa]ejXoqRUVS´iRUVmkfWG^Bkf^_WGlnRU]6Wg^ek8{�{|RU]ejmÑqWGlnjm`*b_RUT8VXW YyZ [ Z
·Sjm}�k8]6W YyZm«�« ^edfhÈ�D^ubedpRUbsbedfWKd8jm}�dfWa]

β
�µj�Z W�Z�bedfW�d8jm}�dfWa]sbedfWEbed8]6WG^edfhiVXl�jm`8}*tvk8`foabejXhi`4L ^g^eVXhi\�WÈ�x��bedfW

^e{|RUVmVXWa]~bedfWnoGhi`c´�Wa]e}�Wa`foGW����µj�Z W�Z°bedfW*d8jm}�dfWa]~bedfWn`ck8{KTJWa]�hUts`fWa}�hibejzRUbejXhi`�^eb6Wa\f^x�xZN¥Á`°Ril8l�jmbejXhi`��?bedfW
jm{�\pRioabuhUt

β
´�RU]ejzRUbejXhi`Àb6Wa`fl8^�b6h~´iRU`8jX^ed�Ri^

M
jm`foa]6WqRi^_WG^qZ#¥Á`nt�Rioabq�pjm`�R�}�jm´�Wa`�^6oGWa`pRU]ejXh4RUVmV¶bedfWK`fhyl8WG^

kf^6W4bedfW*^_RU{�W4bed8]6WG^6dfhiVXl�jm`8}�tµk8`foabejXhi`Ðtvhi]�RUVmVBbedfW MON ^qZ%¿�VX^6h8�¯l�kfW4b6h�bedfWÃRilfRU\8bejm´�WnÑqh�hi{ �Bjm`fl8hÈ�{�WGo6dpRU`8jX^6{n��bedfW=bed8]6WG^edfhiVXl�jm`8}ÐWxÊ�WGoab¢�µ´iRU]ejzRUT8VXW�l8Wa\�Wa`fl�jm`8}¨hi`
β
��jX^4{�h�^6beVm�NoGhi`foGWa`cbe]_RUb6WGlF�Bjmbed8jm`

bedfW��Bjm`fl8hÈ�g���BdfWa]6WqRi^�bedfW�´iRUVmkfWG^Khik8b6^ejXl8W�bedfW��Bjm`fl8hq��]6WGoGWajm´�W�Wxw�be]6Wa{�W
∆θij

´�RUVmkfWG^|�µ{�jm`8jm{�k8{Âhi]
{|R w�jm{�k8{~�g�®RUVm{�h�^6bDjm`fl8Wa\JWa`fl8Wa`�bDtv]6hi{

β
�xZ

·Sjm}�k8]6W YyZm«qª ^edfhq�D^�bedpRUbDbedfWgjm{�\pRioab/hUt
β
´iRU]ejzRUbejXhi`ÀjX^D`fWa}�Vmjm}�jmT8VXW�hi`ÀbedfWsb6hib_RUV¶^6k8{ÆoqRU\pRioajmb���Z?¿/^

R�oGhi`foaVmkf^6jXhi`��Jl8Wa\�Wa`fl�jm`8}*hi`
β
�AbedfWgÄf`pRUVST�WG^eb�^6hiVmk8bejXhi`={�jm}�dcbub_RU£�WKVXhi`8}�Wa]�b6h|TJWgtvhik8`flÀT8k8b/�BjmVmV¶T�W

bedfWg^_RU{�Wu]6Wa}cRU]6l�VXWG^_^#hUt�bedfWgoak8]e]6Wa`cb
β
´iRUVmkfW�Z

Q?dfW�tvhiVmVXhÈ�Bjm`8}*^6WGoabejXhi`f^/\8]6WG^6Wa`cbubedfWKjm{�\pRioab/hUt¯hibedfWa]u\pRU]_RU{�Wab6Wa]6^�LJ´�RU]ejzRUbejXhi`=hi`=bedfWERUVm}�hi]ejmbed8{TL ^
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 ��F
G
ε

ºSRU]_RU{�Wab6Wa]/kf^6WGl4b6h�Äf`fl*hik8b
xl

^ekfo_dnbedpRUb
f(xl) = ϕ− ε

RU`fl
xu
^ekfo_d

bedpRUb
f(xu) = −ϕ + ε

10−3

θinit
¥�`8jmbejzRUV�bed8]6WG^edfhiVXl*´�RUVmkfWgR tµb6Wa]D]6WG^_Wab

0

θmin
¹Ãjm`8jm{Kk8{Æ\�h�^6^ejmT8VXWubed8]6WG^edfhiVXln´iRUVmkfW

θij
�µ]6Wxt®Wa]Bb6h�W VckpRUbejXhi`�
�
�� −25

θmax
¹=R w�jm{�k8{Æ\Jh�^6^6jmT8VXWubed8]6WG^edfhiVXln´�RUVmkfW

θij
�µ]6Wxt®Wa]Db6h�W V�kpRUbejXhi`
�
��

+25

ϕ

ºSRU]_RU{�Wab6Wa]�oGhi`cbe]6hiVmVmjm`8}�bedfW/{|R w�jm{�k8{
∆θij
´iRU]ejzRUbejXhi`*\�Wa]?`fWa}�hibejzRUbejXhi`

bejm{�Wg^eVXhib 5

nmin
¹Ãjm`8jm{Kk8{ ^ejm{Kk8Vmb_RU`fWGhikf^#`�k8{�T�Wa]#hUt MON ^Dkf^6WGl4\�Wa]#Rioabejm´�Wg`fhyl8W 1

nmax
¹=R w�jm{�k8{ ^ejm{�k8Vmb_RU`fWGhikf^�`ck8{KTJWa]/hUt MON ^Bkf^_WGl*\JWa]#Rioabejm´�Wg`fh�l8W 1

M
r#k8{KTJWa]#hUt�`fhyl8WG^

[10 : 10 : 100]

N
r#k8{KTJWa]#hUt RG´�RUjmVzRUT8VXW MON ^Db6h�RUVmVXh�oqRUb6W 20

������������������������� �!�#"�� $%��&�'(����)��+*,�������!�-� "#'��/.�02143���'�������'��657.98:�!��;<�6�=�()>���?'>����)>� $ ��@A)>�B�7�B'(3��C�6�AD
�FE�G�EH���I'��+"�$%�J"�"��?)��6KLEM&N"A)O*#'P�=)>�='�&�)I@

K = 100
�FE�G�EQ@��I'�$R��"'��!����B'��S"�$%���?�<�B5#@T)��U�!'(3��V�6��D

�+��$ $ �A�W)I@���)X5Y��"

Q¶RUT8VXW�YyZ [�[ r�k8{�Wa]ejXoqRUV X RUVmkfWG^Bt®hi]BbedfW M jm{�k8VzRUbejXhi`=ºSRU]_RU{�Wab6Wa]6^��µ]6Wxt®Wa]Bb6h�Äf}�k8]6WG^ YyZm«�« RU`fl YyZm«qª �
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·Sjm}�k8]6W�YyZm«qª@[ Q�hib_RUV M k8{ N RU\pRioajmb��ÃRi^�R�·8k8`foabejXhi`ÀhUt β
\�Wa]�tvhi]e{|RU`foGW�Z

����
���1 � %= �"$#&%=B�B7.� � " � D ��� � "5DE6�� ��� D�:�#& *.� � :
 ,' ��%�# �=D;"$"5.7 ��� :�3*:<AC.�B7. "/.0D �	',),#&.� �
:�� D ��%
"/.0:<"/.0%= ?> �,: �!D

Q?dfW�^e��^eb6Wa{TL ^��voGhi{�\Jh�^6WGlÀhUtÏRUVmV�bedfWK`fh�l8WG^x�?{�Wa{�hi]e�Ãl�k8]ejm`8}4R�`fWa}�hibejzRUbejXhi`=\8dpRi^6WKjX^#oGhi`cbe]6hiVmVXWGl
Tc�4bedfW/t®hiVmVXhq�Bjm`8}~\pRU]_RU{�Wab6Wa]6^#bedpRUbB]6W V�k8jm]6Wsb6h�T�Wshi\8bejm{�jmÑqWGlnb6hi}�WabedfWa]�[

ϕ
�
θmin
RU`fl

θmax
Z

Q��Ïh|^_oGWa`pRU]ejXh�^D�BjmVmV�T�Wsjm`c´�WG^ebejm}cRUb6WGl=Ri^Dl8WG^6oa]ejmT�WGl*jm`*b_RUT8VXWG^ YyZ  RU`fl YyZ � Z
Q?dfW~`ck8{�Wa]ejXoqRUV?´�RUVmkfWG^�kf^6WGljm`bedfW ��IJG = GBH/F�D�?OIJA&; ^ejm{Kk8VzRUbejXhi`f^�RU]6W�^ek8{�{|RU]ejmÑqWGl�jm`b_RUT8VXW YyZ  Z

Q?dfWs]6WG^ek8Vmb6^�RU]6Ws\8]6WG^6Wa`cb6WGlÃjm`4Äf}�k8]6WG^ YyZm«qÎ RU`fl YyZm«a[ Z
·Sjm}�k8]6W YyZm«qÎ ^6dfhq�D^�bedfW#{�WqRU`nRU`fl~Vmjm´�W/´iRUVmkfWG^¯tvhi]�bedfW�`ck8{�T�Wa]DhUt�`fWa}�hibejzRUbejXhi`n^eb6Wa\f^?Ri^BRstvk8`foabejXhi`

hUt
ϕ
��t®hi]DbedfWuÄf]6^6bD^6oGWa`pRU]ejXh8Z¯r/hib6WsbedpRUbBt®hi]BVmjX^ejmT8jmVmjmb��*\8k8]e\�h�^6WG^BbedfWg]6WG^ek8Vmb6^Bt®hi]DWqRio6dÀ´iRUVmkfWghUt�`ck8{KTJWa]

hUt�`fhyl8WG^ÏdpRi^BR�^e{|RUVmVJhUÊ�^6Wab�jm`~bedfW�dfhi]ejmÑqhi`cb_RUV�R w�jX^qZ�Q?dfW/^eb_RU`flfRU]6l4l8Wa´�jzRUbejXhi`4]6WGl�kfoGWG^BRi^�bedfW#`�k8{�T�Wa]
hUt�`fh�l8WG^#jm`foa]6WqRi^6W�Z�¿#VX^6h8�fbedfWsTJWG^6bD]6WG^ek8Vmb6^K�µVXhÈ� `�k8{�T�Wa]/hUt�`fWa}�hibejzRUbejXhi`=^6b6Wa\f^�RU`flnVXhÈ�:l�jX^e\�Wa]6^ejXhi`ÃhUt
´�RUVmkfWG^1��RU]6WBhiT8b_RUjm`fWGl�t®hi]

ϕ = 5
Z�·¶jm}�k8]6W YyZm«qÎ ^edfhÈ�D^ bedpRUb \8]6hi\�Wa]eVm��bek8`8jm`8}�bedfWB^e��^eb6Wa{TL ^�VXWqRU]e`8jm`8}�RU`fl

t®hi]e}�Wabebejm`8}|oqRU\pRUT8jmVmjmb��*dpRi^/RU`*jm{�\Jhi]eb_RU`�b#jm{�\pRioab�hi`ÃbedfWs^e�y^6b6Wa{TL ^B`fWa}�hibejzRUbejXhi`Àl�k8]_RUbejXhi`�ZÏY ^e\�WGoajzRUVmVm���
�BdfWa`*oGhi`f^ejXl8Wa]ejm`8}�bedfWu^e�y^6b6Wa{TL ^¯`fWa}�hibejzRUbejXhi`nl�k8]_RUbejXhi`���bedfW/l�jÅÊ�Wa]6Wa`foGW/T�Wab���WGWa`

ϕ
RU`fl~bedfW

θ
Wxw�be]6Wa{�W

Vmjm{�jmb6^K�
θmin
RU`fl

θmax
��^edfhik8VXlnTJWs`fhib#b6h�h�^e{|RUVmV��µ`fh�l8WG^BT�WGoGhi{�Wsjm`f^eb_RUT8VXWKl8WGoajXl8Wa]6^D�BjmbedÀRUVm{�h�^6bD`fh

{�Wa{�hi]e�|hUt�\pRi^eb�Wxwy\�Wa]ejXWa`foGWG^1� RU`fl~`fhib¯b6hyhgjm{�\�hi]eb_RU`cbs�µ`fhyl8WG^¯T�WGoGhi{�W#^eVXhÈ�°VXWqRU]e`fWa]6^x�xZ
ϕ
oGhi`f^ebe]_RUjm`cb6^

bedfWD{|R w�jm{�k8{
∆θij
Rio6d8jXWa´�RUT8VXW#´�RUVmkfW��µk8\�lfRUb6WGl�R tvb6Wa]¯WqRio6d�`fWa}�hibejzRUbejXhi`�bejm{�W#^eVXhib1�x���Bd8jXo6d�bedfWa`�t®WGWGl8^

θij
Z
·Sjm}�k8]6W YyZm«a[ ^edfhq�D^?bedfW/{�WqRU`nRU`fl4Vmjm´�W/´iRUVmkfWG^Ït®hi]?bedfW�b6hib_RUV�^ek8{ÉoqRU\pRioajmbÁ�4Ri^BR�tµk8`foabejXhi`nhUt

ϕ
�yt®hi]

bedfWuÄf]6^ebD^_oGWa`pRU]ejXh8Z¯r/hib6WsbedpRUbBt®hi]BVmjX^ejmT8jmVmjmb��*\8k8]e\�h�^6WG^BbedfWs]6WG^6k8Vmb6^?tvhi]�WqRio6dn´�RUVmkfWghUt�`ck8{�T�Wa]�hUt�`fhyl8WG^
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 ��F
G
β

ºSRU]_RU{�Wab6Wa]6^/oGhi`cbe]6hiVmVmjm`8}
f(x)
tµk8`foabejXhi`4L ^�^edpRU\�W

0.4

ε

ºSRU]_RU{�Wab6Wa]/kf^6WGl4b6h�Äf`fl*hik8b
xl

^ekfo_dnbedpRUb
f(xl) = ϕ− ε

RU`fl
xu
^ekfo_d

bedpRUb
f(xu) = −ϕ + ε

10−3

θinit
¥�`8jmbejzRUV�bed8]6WG^edfhiVXl*´�RUVmkfWgR tµb6Wa]D]6WG^_Wab

0

θmin
¹Ãjm`8jm{Kk8{Æ\�h�^6^ejmT8VXWubed8]6WG^edfhiVXln´iRUVmkfW

θij
�µ]6Wxt®Wa]Bb6h�W VckpRUbejXhi`�
�
�� −50

θmax
¹=R w�jm{�k8{Æ\Jh�^6^6jmT8VXWubed8]6WG^edfhiVXln´�RUVmkfW

θij
�µ]6Wxt®Wa]Db6h�W V�kpRUbejXhi`
�
��

+50

nmin
¹Ãjm`8jm{Kk8{ ^ejm{Kk8Vmb_RU`fWGhikf^#`�k8{�T�Wa]#hUt MON ^Dkf^6WGl4\�Wa]#Rioabejm´�Wg`fhyl8W 1

nmax
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H/;�D �,GBH/F�D�?OIJA&;*^ejm{Kk8VzRUbejXhi`f^DRU]6W�^6k8{�{|RU]ejmÑqWGl~jm`�b_RUT8VXW YyZ � Z

Q?dfWs]6WG^ek8Vmb6^�RU]6Ws\8]6WG^6Wa`cb6WGlÃjm`4Äf}�k8]6WG^ YyZm«q RU`fl YyZm«�� Z
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YyZm«qÎ jm`fl�jXoqRUbejm`8}�bedpRUbÏjmb�jX^�TJWa`fWxÄpoajzRUV�b6hKdpRG´�WsR�^6k�Ì|oajXWa`cbB^e��^eb6Wa{�{�Wa{�hi]e��tvhi]BRg}�jm´�Wa`
ϕ
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¿�^�]6Wa\8]6WG^6Wa`�b6WGl4jm`�Äf}�k8]6W YyZm«BY ��k8\�lfRUbejm`8}�bedfW
θij
´iRUVmkfW�t®hi]�WqRio_d4`fh�l8W

i
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RU`fl*��Ws�BjmVmV�oGhi{�\pRU]6WsbedfWut®hiVmVXhq�Bjm`8}�hi`fWG^�[

«�Z��sWGWa\ÃbedfWs\8]6Wa´�jXhikf^
θij
´�RUVmkfW�Z

ª�Z3P�Wajm`8jmbejzRUVmjmÑqW
θij
b6h

θinit
Z

Î�Z3P/RU`fl8hi{�Vm�*o6dpRU`8}�W
θij
b6h|RE´�RUVmkfWuTJWabÁ�ÏWGWa`

θmin
RU`fl

θmax
Z
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f(x)
tµk8`foabejXhi`4L ^�^edpRU\�W

0.4

ε

ºSRU]_RU{�Wab6Wa]/kf^6WGl4b6h�Äf`fl*hik8b
xl

^ekfo_dnbedpRUb
f(xl) = ϕ− ε

RU`fl
xu
^ekfo_d

bedpRUb
f(xu) = −ϕ + ε

10−3

θinit
¥�`8jmbejzRUV�bed8]6WG^edfhiVXl*´�RUVmkfWgR tµb6Wa]D]6WG^_Wab

0

θmin
¹Ãjm`8jm{Kk8{Æ\�h�^6^ejmT8VXWubed8]6WG^edfhiVXln´iRUVmkfW

θij
�µ]6Wxt®Wa]Bb6h�W VckpRUbejXhi`�
�
�� −10× ϕ

θmax
¹=R w�jm{�k8{Æ\Jh�^6^6jmT8VXWubed8]6WG^edfhiVXln´�RUVmkfW

θij
�µ]6Wxt®Wa]Db6h�W V�kpRUbejXhi`
�
��

+10× ϕ

nmin
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[fZ
θij
b_RU£�WG^�R4´�RUVmkfW�]6Wx¤pWGoabejm`8}=bedfW V�kpRUVmjmb��¢hUtDbedfW~oqRU\pRioajmb���´�RUVmkfW

cij
T��¢l8hijm`8}�RU` RU\8\8]6hi\8]ejzRUb6W

^_oqRUVmjm`8}fZ
�Z N dpRU`8}�W θij

RioGoGhi]6l�jm`8}sb6h/R#}�jm´�Wa`Etµk8`foabejXhi`�b_RU£yjm`8}�t®hi]�Wxw8RU{�\8VXW�jm`cb6hsRioGoGhik8`�b o6dpRU`8`fWaV8´�RU]ejzRUbejXhi`f^
hi]�hibedfWa]D{�Wabe]ejXoG^qZ

0

Θmin

maxΘ

Θ ij
Step k Step (k+1)

t

Negotiation Phase Data Phase Negotiation Phase Data Phase

SC Status = ON

Θinit choice?

SC Status = OFF

?

?

?

?

·¶jm}�k8]6WZYyZm«BY [)P#Wa\8]6WG^6Wa`�b_RUbejXhi`ÀhUt�bedfW
θinit
Ò#\�lfRUb6W N dpRUVmVXWa`8}�W

Q?dfWa`�����W~oGhi{�\pRU]6W~{�Wabedfh�l8^4«�Z*b6hÃ[fZ*�Bdfh�^6W~]6WG^ek8Vmb6^�RU]6W|\8]6WG^6Wa`�b6WGljm`�Äf}�k8]6WG^ YyZm«q§ RU`fl YyZm«qÍ Z
Q?dfWs`�k8{�Wa]ejXoqRUV�´�RUVmkfWG^Bkf^6WGl*jm`*bedfWG^6W�^ejm{�k8VzRUbejXhi`f^/RU]6Wg^ek8{�{|RU]ejmÑqWGlnjm`*b_RUT8VXW YyZ Y Z
·Sjm}�k8]6W YyZm«q§ ^6dfhq�D^DbedfWujm{�\pRioab/hUt�WqRio_d

θij
k8\JlfRUb6Ws{�Wabedfhylnhi`nbedfWs^6\JWGWGl*hUt�oGhi`c´�Wa]e}�Wa`foGW�Z
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f(x)
tµk8`foabejXhi`4L ^�^edpRU\�W

0.4

ε

ºSRU]_RU{�Wab6Wa]/kf^6WGl4b6h�Äf`fl*hik8b
xl

^ekfo_dnbedpRUb
f(xl) = ϕ− ε

RU`fl
xu
^ekfo_d

bedpRUb
f(xu) = −ϕ + ε
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θmin
¹Ãjm`8jm{Kk8{Æ\�h�^6^ejmT8VXWubed8]6WG^edfhiVXln´iRUVmkfW

θij
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�� −50

θmax
¹=R w�jm{�k8{Æ\Jh�^6^6jmT8VXWubed8]6WG^edfhiVXln´�RUVmkfW

θij
�µ]6Wxt®Wa]Db6h�W V�kpRUbejXhi`
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ϕ

ºSRU]_RU{�Wab6Wa]�oGhi`cbe]6hiVmVmjm`8}�bedfW/{|R w�jm{�k8{
∆θij
´iRU]ejzRUbejXhi`*\�Wa]?`fWa}�hibejzRUbejXhi`

bejm{�Wg^eVXhib 5.0

nmin
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nmax
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θij = θij
θij = θinit

θij = rand (θmin, θmax)
θij = scaling to reflect cij

·Sjm}�k8]6W�YyZm«q§@[ ¥Á{�\pRioab#hUt X RU]ejXhikf^ θij
Ò#\�lfRUb6Wg¹=Wabedfh�l8^Dhi`*bedfW M \JWGWGlnhUt N hi`c´�Wa]e}�Wa`foGW
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¿/^�^6WGWa`jm`¢Äf}�k8]6W YyZm«q§ �SbedfW|{�Wabedfh�lkf^6WGl�b6hnk8\�lfRUb6W
θij
T�Wab���WGWa`%bÁ�ÏhÀ^e\JWGoabe]ek8{Ë]6WqRUVmVXh�oqRUbejXhi`f^

�®R tvb6Wa]¯Ruo6dpRU`8`fWaVpo_dpRU`8}�WÈ��dpRi^ RU`�jm{�\pRioab¯hi`�bedfW?`fWa}�hibejzRUbejXhi`�l�k8]_RUbejXhi`�Z P#Wa{�Wa{�T�Wa]�bedpRUb jm`�hik8]¯^ejm{Kk��
VzRUbejXhi`f^ÏbedfW#o6dpRU`8`fWaV�oGhi`fl�jmbejXhi`f^?RU]6W#]_RU`fl8hi{�Vm��k8\�lfRUb6WGl�Z�Q?dfWDbÁ�ÏhET�WG^eb {�Wabedfhyl8^�RU]6W#b6hg]6WG^6Wab

θij
b6hE©

hi]�b6hujmb6^�\8]6Wa´yjXhikf^�´iRUVmkfWg�µ`fhso_dpRU`8}�WÈ�x��oGhi]e]6WG^6\Jhi`fl�jm`8}g]6WG^6\JWGoabejm´�WaVm�Eb6hu]6WG^6Wabebejm`8}gbedfWB^e��^eb6Wa{TL ^�{�Wa{�hi]e�
hi]�`fhib�o6dpRU`8}�jm`8}�jmb�RUbERUVmV�Z*³�dfWa`%bedfW~o_dpRU`8`fWaV?oGhi`fl�jmbejXhi`f^�l8hÃ`fhibEo_dpRU`8}�W�l�k8]ejm`8}=bedfW~`fWa}�hibejzRUbejXhi`
\8dpRi^6W/bedfWa`4bedfWu^e�y^6b6Wa{>{�Wa{�hi]e���vl�jX^ebe]ejmT8k8b6WGl4jm`nRUVmV�bedfW�`fhyl8WG^BRU`fl4oGh�hi\�Wa]_RUbejm´�WaVm�~k8\�lfRUb6WGlp�¯jX^?\JhÈ�?�
Wa]�tvk8V�Z�¼/hq��Wa´�Wa]q�pdpRq´�jm`8}*R�{�Wa{�hi]e�4t®hi]#bedfWg^6�y^eb6Wa{ÆjX^D{�h�^ebeVm�*T�Wa`fWxÄpoajzRUV��BdfWa`ÀbedfWgjm`8\8k8b�oGhi`fl�jmbejXhi`f^
l8h�`fhibDo_dpRU`8}�Wgb6hyh�RUT8]ek8\8beVm���phibedfWa]e�BjX^6Wsjmb#jX^#REkf^6WaVXWG^6^Dhi]DWa´�Wa`Ã\JWa]�t®hi]e{|RU`foGWsVmjm{�jmbejm`8}�t�Rioab6hi]qZ
¿BoGoGhi]6l�jm`8}�Vm���8�BdfWa`�bedfW�`fWa� o_dpRU`8`fWaV�oGhi`fl�jmbejXhi`f^DRU]6W#]_RU`fl8hi{�Vm��l�]_RG�B`���bedfWa`�bedfW/TJWG^eb�^6hiVmk8bejXhi`4jX^

b6h�{|RU£�Ws`fh~Ri^6^ek8{�\8bejXhi`ÀRU`fl*b6h|l�]_RG�:R
θinit
´�RUVmkfWsVXh�oqRUb6WGlnjm`nbedfWs{�jXl8l�VXWghUt�bedfWs]_RU`8}�W��fj�Z W�Z dfWa]6Wsjmb

jX^#©�Z
·Sjm}�k8]6W YyZm«qÍ ^6dfhq�D^DbedfWujm{�\pRioab/hUt�WqRio_d

θij
k8\JlfRUb6Ws{�Wabedfhylnhi`nbedfWub6hib_RUV¶^ek8{ÆoqRU\pRioajmb���Z

 150

 200

 250

 300

 350

 400

 450

 500

 550

 10  20  30  40  50  60  70  80  90  100

T
ot

al
 S

um
 C

ap
ac

ity
 [b

/s
/H

z]

Number of Users

θij = θij
θij = θinit

θij = rand (θmin, θmax)
θij = scaling to reflect cij

·¶jm}�k8]6WZYyZm«qÍ@[ ¥�{�\pRioab�hUt X RU]ejXhikf^ θij
Ò�\JlfRUb6Ws¹=Wabedfhyl8^Dhi`nbedfWgQ¶hib_RUV M k8{ N RU\pRioajmb��

¿/^~^_WGWa`Njm`ÐÄf}�k8]6W YyZm«qÍ �#RUVmV�bedfWÃ{�Wabedfhyl8^�Äf`fl�W V�k8jm´iRUVXWa`�b�^6hiVmk8bejXhi`f^�jm`°b6Wa]e{�^�hUt�^6�y^eb6Wa{»^ek8{
oqRU\pRioajmb���Z¯¿�^

M
jm`foa]6WqRi^6WG^�bedfW#{�Wabedfhyl~bedpRUb�l8hK`fhibÏk8\�lfRUb6W

θij
}�jm´�WG^�VXhq��Wa]�]6WG^6k8Vmb6^�oGhi{�\pRU]6WGl�b6hKbedfW

hibedfWa]D{�Wabedfhyl8^qZ
¿/^SR�oGhi`foaVmkf^ejXhi`���jm`EbedfW?RUTf^6Wa`foGW?hUtAR#o_dpRU`8`fWaVy{�hyl8WaV��®RU`fl�dfWa]6W��BjmbedE]_RU`fl8hi{�Vm��´�RU]e��jm`8}uo6dpRU`8`fWaVX^x�

jm`Ðhi]6l8Wa]�b6h={�jm`8jm{�jmÑqW*`fWa}�hibejzRUbejXhi`°l�k8]_RUbejXhi`NRU`fl {|R w�jm{�jmÑqWn^e��^eb6Wa{�b6hib_RUVD^ek8{ oqRU\pRioajmb�����bedfW4T�WG^eb
{�WabedfhylÃjX^�b6h~^_Wab

θij
b6h4©�T�Wab���WGWa`�b��Ïh4o_dpRU`8`fWaVS´�RU]ejzRUbejXhi`f^qZ/Q?d8jX^u^6WGoabejXhi`ÀdpRi^sRUVX^6h~^edfhq�B`�bedpRUb/bedfW

VXWqRU]e`8jm`8}=\8]6h�oGWG^6^gjX^gT�Wa`fWxÄpoajzRUV¯t®hi]gbedfW|^6�y^eb6Wa{n��T8k8b�]6WG^6Wabebejm`8}ÀbedfW|^e��^eb6Wa{TL ^s{�Wa{�hi]e�¢^6dpRUVmV¯T�W�l8hi`fW
kf^ejm`8}�RK{�Wabedfh�l*RilfRU\8b6WGl4b6h�bedfW/jm`8\8k8b?\pRU]_RU{�Wab6Wa]6^�L8´�RU]ejzRUbejXhi`f^qZ¯��bedfWa]e�BjX^6W��fRU`*hik8bDhUt¶lfRUb6Wu{�Wa{�hi]e�
oqRU`Ãl8h�{�hi]6WsdpRU]e{ÆbedpRU`n}�h�hyl��fRU`fln^eVXhÈ�D^#l8hÈ�B`nbedfWg^6WqRU]6o_d*tvhi]#R�`fWa�FTJWG^ebD^_hiVmk8bejXhi`�Z
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¿�^�RsoGhi`foaVmkf^ejXhi`��ybed8jX^¯\pRU]ebÏ��Ri^Ï`fhib¯jm`�b6Wa`fl8WGl|t®hi]¯oGhi{�\pRU]ejX^6hi`��Bjmbed�RU`fhibedfWa]�{�Wabedfhyl��cT8k8bÏ]_RUbedfWa]
b6h%^edfhq��bedfW=RUVm}�hi]ejmbed8{TL ^4]6WqRioabejXhi` k8`fl8Wa]*l�jÅÊ�Wa]6Wa`cb*o6dpRU`8}�WG^4jm`°jmb6^�oGhi`�be]6hiVu\pRU]_RU{�Wab6Wa]6^qZ	³¢WÀ^_Rq�
bedfWKjm{�\Jhi]eb_RU`foGW�hUtÏoGhi`�be]6hiVmVmjm`8}*bedfWK^6�y^eb6Wa{TL ^/VXWqRU]e`8jm`8}*oqRU\pRUT8jmVmjmbejXWG^ujm`¢RioGoGhi]6lfRU`foGW��BjmbedÀbedfW�o_dpRU`8`fWaV
oGhi`fl�jmbejXhi`f^q�pjm`nhi]6l8Wa]Db6hWV�k8jXo6£yVm�|Äf`fl*bedfWuT�WG^ebD^6hiVmk8bejXhi`f^ÈZ

-/.e- � ��O�@D��7:9D;��%@DH��s36C���7AIEP � HJ9�� �6P ����5 �yCKOE��7 �¢@DHJ@ ��PS7JP�HJ5

Q?dfW�tvhiVmVXhÈ�Bjm`8}=^_WGoabejXhi`f^�^edfhÈ� bedfW�jm{�\pRioab�hUtB´iRU]e�yjm`8}ÃWqRio_d%hUtBbedfW|RUVm}�hi]ejmbed8{TL ^Ejm`8\8k8bKlfRUb_Rn\pR �
]_RU{�Wab6Wa]6^#hi`ÃbedfWs^e\JWGWGl*hUt�oGhi`c´�Wa]e}�Wa`foGW�RU`flTV�kpRUVmjmb��*hUt�bedfW/Äf`pRUV�^6hiVmk8bejXhi`�Z

��� � ��� ��),'*' DE � � :
 , ,DEB��@:�#&.0:<"/.0%� � A D;"�� D�DE � D ��%
"/.�: "/.�%= > � : �!D �

¥Á`Fbed8jX^Ã^6WGoabejXhi`��/bedfW¢o_dpRU`8`fWaVX^Ão_dpRU`8}�Whi`8Vm�(R tµb6Wa]n^_hi{�W�bejm{�W��/T8k8bÀRUVm��Rq�y^ÃTJWabÁ�ÏWGWa` \8dpRi^_WG^q�
WG^e\�WGoajzRUVmVm��TJWabÁ�ÏWGWa`ÐR*lfRUb_R*\8dpRi^_W~RU`fl�R*`fWa}�hibejzRUbejXhi`�\8dpRi^6W�Z4Q?dfW|`ck8{�Wa]ejXoqRUV?´iRUVmkfWG^�kf^6WGl¢jm`bedfWG^6W
^ejm{Kk8VzRUbejXhi`f^/RU]6Ws^ek8{�{|RU]ejmÑqWGlÃjm`*b_RUT8VXW YyZ § Z Q?dfWs]6WG^6k8Vmb6^#RU]6Ws\8]6WG^6Wa`�b6WGlnjm`4Äf}�k8]6WG^ YyZ ª�© RU`fl YyZ ª�« Z
:<;�=�?@=BA&;9D E<F�G�H/I A&K1=BA&;9D �Q?�
 ��F
G

β
ºSRU]_RU{�Wab6Wa]6^/oGhi`cbe]6hiVmVmjm`8}

f(x)
tµk8`foabejXhi`4L ^�^edpRU\�W

0.4

ε

ºSRU]_RU{�Wab6Wa]/kf^6WGl4b6h�Äf`fl*hik8b
xl

^ekfo_dnbedpRUb
f(xl) = ϕ− ε

RU`fl
xu
^ekfo_d

bedpRUb
f(xu) = −ϕ + ε

10−3

θinit
¥�`8jmbejzRUV�bed8]6WG^edfhiVXl*´�RUVmkfWgR tµb6Wa]D]6WG^_Wab

0

θmin
¹Ãjm`8jm{Kk8{Æ\�h�^6^ejmT8VXWubed8]6WG^edfhiVXln´iRUVmkfW

θij
�µ]6Wxt®Wa]Bb6h�W VckpRUbejXhi`�
�
�� −50

θmax
¹=R w�jm{�k8{Æ\Jh�^6^6jmT8VXWubed8]6WG^edfhiVXln´�RUVmkfW

θij
�µ]6Wxt®Wa]Db6h�W V�kpRUbejXhi`
�
��

+50

ϕ

ºSRU]_RU{�Wab6Wa]�oGhi`cbe]6hiVmVmjm`8}�bedfW/{|R w�jm{�k8{
∆θij
´iRU]ejzRUbejXhi`*\�Wa]?`fWa}�hibejzRUbejXhi`

bejm{�Wg^eVXhib 5.0

nmin
¹Ãjm`8jm{Kk8{ ^ejm{Kk8Vmb_RU`fWGhikf^#`�k8{�T�Wa]#hUt MON ^Dkf^6WGl4\�Wa]#Rioabejm´�Wg`fhyl8W 1

nmax
¹=R w�jm{�k8{ ^ejm{�k8Vmb_RU`fWGhikf^�`ck8{KTJWa]/hUt MON ^Bkf^_WGl*\JWa]#Rioabejm´�Wg`fh�l8W 1

M
r#k8{KTJWa]#hUt�`fhyl8WG^

100

N
r#k8{KTJWa]#hUt RG´�RUjmVzRUT8VXW MON ^Db6h�RUVmVXh�oqRUb6W 20

����������� ����� "���$W��& '>����)>�S*2' �=)>�='�& )B@
K = 1000

�2E�G�E @��B'�$R��" '��!� ���B'��S"�$W���?�<�B5YK
θij

� "%�B��" �A�2�=)
θinit'I@��<�A�W�B'(3�� �2E�G�E @��B'�$R�

Q¶RUT8VXWZYyZ §@[�r�k8{�Wa]ejXoqRUV X RUVmkfWG^Dtvhi]BbedfW M jm{Kk8VzRUbejXhi`=º�RU]_RU{�Wab6Wa]6^��µ]6WxtvWa]Db6hEÄf}�k8]6WG^ YyZ ª�© RU`fl YyZ ª�«
·Sjm}�k8]6WG^ YyZ ª�© RU`fl YyZ ª�« oGhi{�\pRU]6WgbedfWgoGhi`�´�Wa]e}�Wa`foGW�^e\�WGWGl*hUt�bedfW�RUVm}�hi]ejmbed8{ÆT�Wab���WGWa`Ãbed8]6WGWgoqRi^6WG^B[

«�Z N Ri^_W�«\[
• Q?dfWa]6WsjX^�R�o6dpRU`8`fWaVSo6dpRU`8}�W�R tvb6Wa]#WqRio6dÀ¸D¿�Q�¿	tv]_RU{�W�Z
• Q?dfWs`fhyl8WG^B]6WG^6Wab#bedfWajm] MON ^eb_RUbekf^#R tvb6Wa]#WqRio6dÀ¸D¿�Q�¿	tv]_RU{�W�Z
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ª�Z N Ri^_W�ª@[
• Q?dfWa]6WsjX^�R�o6dpRU`8`fWaVSo6dpRU`8}�Wghi`8Vm�nR tvb6Wa] 300th RU`fl 700th ¸D¿�Q�¿:tv]_RU{�W�Z
• Q?dfWs`fhyl8WG^B]6WG^6Wab#bedfWajm] MON ^eb_RUbekf^#R tvb6Wa]#WqRio6dÀ¸D¿�Q�¿	tv]_RU{�W�Z

Î�Z N Ri^_W�Î@[
• Q?dfWa]6WsjX^�R�o6dpRU`8`fWaVSo6dpRU`8}�Wghi`8Vm�nR tvb6Wa] 300th RU`fl 700th ¸D¿�Q�¿:tv]_RU{�W�Z
• Q?dfWs`fhyl8WG^B]6WG^6Wab#bedfWajm] MON ^eb_RUbekf^Dhi`8Vm�nR tvb6Wa] 300th RU`fl 700th ¸D¿�Q�¿:tv]_RU{�W�Z
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·Sjm}�k8]6W�YyZ ª�©@[ ¥Á{�\pRioab#hUt¶bedfW N dpRU`8`fWaV X RU]ejzRUbejXhi`f^DT�Wab���WGWa`Àr/Wa}�hibejzRUbejXhi`Ãº�dpRi^6WG^�hi`*bedfW N hi`c´�Wa]e}�Wa`foGW
M \�WGWGl
·Sjm}�k8]6W YyZ ª�© ^6dfhq�D^�bedfW=RUVm}�hi]ejmbed8{TL ^Ã^eb_RUT8jmVmjmb��Ðk8`fl8Wa]4Vmjm´�W=o6dpRU`8`fWaVs´�RU]ejzRUbejXhi`f^qZ	¥�` oqRi^6W%«��BbedfW

o6dpRU`8`fWaV�jX^Bo_dpRU`8}�jm`8}�´�Wa]e�~hUtvb6Wa`nRU`fl�bedfWuRUVm}�hi]ejmbed8{É]6WqRioab6^Db6hKbedfWG^_W/o_dpRU`8}�WG^qZ ¥Á`�oqRi^_Wuª��ybedfWso_dpRU`8`fWaV
o6dpRU`8}�WG^#hi`8Vm�|b��BjXoGWuT8k8b?bedfWsRUVm}�hi]ejmbed8{ ^ebejmVmV�]6WG^6Wab6^?jmb6^�{�Wa{�hi]e�*RU`fl|t®hik8`fl4^6hiVmk8bejXhi`nRi^?jÅt�jmb?��Ri^BWqRio_d
bejm{�WuRs`fWa�N\8]6hiT8VXWa{nZ N hi{�\pRU]6WGl|b6hKoqRi^6W�«���bedfW�^6b_RU`flfRU]6l~l8Wa´yjzRUbejXhi`|jm`�`ck8{KTJWa]?hUt�`fWa}�hibejzRUbejXhi`*^eb6Wa\f^jX^�^6{|RUVmVXWa]�jm`oqRi^6W~ª�Z�¥Á`fl8WGWGl��¶�BdfWa`bedfW�o_dpRU`8`fWaV�l8hyWG^g`fhibEo6dpRU`8}�W��SbedfW�\8]6hiT8VXWa{Ëb6hn^6hiVm´�W�dpRi^�bedfW
^_RU{�WuoGhi{�\8VXWxw�jmb��4k8`cbejmV�bedfW/`fWxw�bDo6dpRU`8}�W�Z ¥Á`*oqRi^6WsÎ���bedfW/o_dpRU`8`fWaV�o6dpRU`8}�WG^�Ri^BhUtµb6Wa`nRi^?jm`*oqRi^6Wsª���T8k8b
bedfW�^e�y^6b6Wa{ £�WGWa\f^Ejmb6^�{�Wa{�hi]e��k8`cbejmV�bedfW|`fWxw�b�o6dpRU`8`fWaVBo6dpRU`8}�W�Z�¿BoGoGhi]6l�jm`8}�Vm��� jmbKb_RU£�WG^�hi`8Vm��R4t®Wa�
`fWa}�hibejzRUbejXhi`À^6b6Wa\f^Bb6h�oGhi`c´�Wa]e}�WER tµb6Wa]DWqRio_dÀo_dpRU`8}�W�RU`fl*bedfWa`Ãhi`8Vm��«g^eb6Wa\�Z
·Sjm}�k8]6W YyZ ª�« ^6dfhq�D^�bedpRUb?jm`�oqRi^6WE«uRs`fWa�F^6hiVmk8bejXhi`�`fWGWGl8^Ïb6hET�WBt®hik8`fl�R tvb6Wa]?WqRio6d*o6dpRU`8`fWaV�o_dpRU`8}�W�Z

��`4bedfWuoGhi`cbe]_RU]e���8jm`*oqRi^6Wsª��y�BdfWa`*bedfWa]6W/jX^?`fhEo_dpRU`8`fWaV�o6dpRU`8}�W��8bedfWu^e��^eb6Wa{>dfWG^ejmb_RUb6WG^?T�Wab��ÏWGWa`=Rst®Wa�
oaVXh�^6WD^_hiVmk8bejXhi`f^��µ[gT�Wxtvhi]6WDbedfWBÄf]6^eb¯o_dpRU`8}�W��yª�R tµb6Wa] bedfWBÄf]6^eb¯o6dpRU`8}�WuRU`fl�bedfWa`�hi`8Vm�4«�R tµb6Wa] bedfW#^6WGoGhi`fl
o6dpRU`8}�WÈ�xZ?�#t�oGhik8]6^_W��8jm`ÃoqRi^6WgÎEbedfWg^6�y^eb6Wa{É£�WGWa\f^DbedfWg^_RU{�W/t®hik8`fln^6hiVmk8bejXhi`nT�Wab���WGWa`Ào6dpRU`8}�WG^ÈZ
¿/^�RnoGhi`foaVmkf^6jXhi`���bedfW~^e�y^6b6Wa{ RilfRU\8b6^�b6h*bedfW~o6dpRU`8`fWaV?o6dpRU`8}�WG^�RU`fl�be]ejXWG^Kb6h4Äf`fl�`fWa��^_hiVmk8bejXhi`f^

�BdfWa` `fWGoGWG^6^_RU]e�N�voqRi^6W�«È�x��hi]KÄf`fl8^EbedfW~^_RU{�W~T�WG^ebE^_hiVmk8bejXhi`f^K�BdfWa`%bedfWa]6W�jX^E`fhÀo_dpRU`8}�W~jm`¨RÀ^e{|RUVmV
`ck8{KTJWa]~hUt/`fWa}�hibejzRUbejXhi`N^6b6Wa\f^Ã�voqRi^6Wnª��Ehi]�jm{�{�WGl�jzRUb6WaVm� �BdfWa`ÐbedfW*^e��^eb6Wa{�£�`fhÈ�D^�bedpRUb�`fh�o_dpRU`8}�W
hyoGoak8]e]6WGl:�voqRi^6WÃÎ��xZ Q?d8jX^~^edfhq�D^~bedfWÃRUVm}�hi]ejmbed8{TL ^�\Jhib6Wa`�bejzRUV#b6h%RilfRU\8b|jmb6^|^_WqRU]6o6dN\�h�^6^ejmT8jmVmjmbejXWG^�RU`fl
]6WG^ek8Vmbejm`8}�\�Wa]�t®hi]e{|RU`foGWG^�RioGoGhi]6l�jm`8}|b6h�jmb6^D£�`fhÈ�BVXWGl�}�W�hUt�bedfWs\8]6hiT8VXWa{�RUbBdpRU`fl�Z
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Case 1
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Case 3

·Sjm}�k8]6W YyZ ª�«\[K¥�{�\pRioab�hUtBbedfW N dpRU`8`fWaV X RU]ejzRUbejXhi`f^KTJWabÁ�ÏWGWa`�r/Wa}�hibejzRUbejXhi` º�dpRi^6WG^�hi`bedfW|Q�hib_RUV M k8{
N RU\pRioajmb��

��� � ��1 � � :
 , ,DEB��@:�#&.0:<"/.0%� � � .0"��*.� � D �=%
"/.0:<"/.0%= > �,: �!D �

¥Á`¢bed8jX^K^6WGoabejXhi`¢�ÏW~^ebekfl���bedfW�\�hib6Wa`cbejzRUV t®hi]gbedfW|RUVm}�hi]ejmbed8{Âb6hÃRilfRU\8bKb6hno6dpRU`8`fWaV�´iRU]ejzRUbejXhi`f^ERUb
]_RU`fl8hi{ jm`f^eb_RU`�b6^#l�k8]ejm`8}~bedfWu`fWa}�hibejzRUbejXhi`À\8dpRi^6WG^È��jm`*b6Wa]e{�^#hUt�oGhi`c´�Wa]e}�Wa`foGWE^e\JWGWGl�Z
Q?dfW~`ck8{�Wa]ejXoqRUV?´�RUVmkfWG^gkf^6WGljm`�bedfWG^6W~^ejm{�k8VzRUbejXhi`f^�RU]6W~^ek8{�{|RU]ejmÑqWGl%jm`b_RUT8VXWÃZÃQ?dfW�]6WG^ek8Vmb6^�RU]6W

\8]6WG^6Wa`�b6WGlnjm`4Äf}�k8]6W YyZ ª�ª Z
³¢W�´�RU]e�ÃbedfWE\8]6hiTpRUT8jmVmjmb���b6h�dpRq´�W|R�o6dpRU`8`fWaV¯o_dpRU`8}�W|RUbubedfW�`fWxwybsÒ/Ó �U¸uÓ¨bejm{�WG^eVXhibqZ�¿ o_dpRU`8`fWaV

o6dpRU`8}�WEoGhi]e]6WG^e\�hi`fl8^#b6h�RU`=RUT8]ek8\8b/o6dpRU`8}�W�tvhi]uRUVmV MON ^#hUtÏRUVmV¶bedfWg`fhyl8WG^K�voGhi`�b6Wa`fl�jm`8}4hi]�`fhib1�xZ M hi{�WoGhi`cb6Wa`fl�jm`8}K`fh�l8WG^ {�jm}�dcbÏ^6�Bjmb6o6d�b6hu`fhi`|oGhi`�b6Wa`fl�jm`8}Khi] bedfWBoGhi`�be]_RU]e��Z Q?dfWDWa`�bejm]6WD^e��^eb6Wa{¡o6dpRU`8}�WG^qZ�¥Á`
Ril8l�jmbejXhi`��fbedfW

θij
RU]6Ws`fhibB]6Wajm`8jmbejzRUVmjmÑqWGl�Z P�RUbedfWa]q����WsVXWabDbedfWgRUVm}�hi]ejmbed8{ l�jX^_oGhq´�Wa]DbedfWgo_dpRU`8}�WsTc�4jmb6^6WaVÅt

RU`fl*]6WqRioabDb6hEÄf`flnbedfWs`fWa�(T�WG^ebB^6hiVmk8bejXhi`ÀRi^3V�k8jXo6£yVm�nRi^B\Jh�^_^ejmT8VXWuTJWxt®hi]6WubedfWs`fWxw�bDo6dpRU`8}�WKh�oGoak8]6^qZ
·Sjm}�k8]6W YyZ ª�ª \8]6WG^6Wa`cb6^ bedfW?{|R wyjm{Kk8{n��{�WqRU`��cRU`flE{�jm`8jm{�k8{ `ck8{�T�Wa]¯hUtJ`fWa}�hibejzRUbejXhi`|^eb6Wa\f^¶tvhi]�WqRio_d

´�RUVmkfWghUt�o_dpRU`8`fWaV�o6dpRU`8}�W�\8]6hiTpRUT8jmVmjmb���Z
¿/^K^_WGWa`�jm`�Äf}�k8]6W YyZ ª�ª ��jm`foa]6WqRi^6jm`8}=bedfW~`ck8{KTJWa]�hUt�o_dpRU`8`fWaVBo6dpRU`8}�WG^�]6WG^ek8Vmb6^Ejm`%RÃVXhi`8}�Wa]�{�WqRU`

`fWa}�hibejzRUbejXhi`%\8dpRi^6W�l�k8]_RUbejXhi`�Z�¥�`�t�Rioabq�SRU`jm`foa]6WqRi^6WGl�`ck8{KTJWa]�hUtBo6dpRU`8}�WG^Kjm`foa]6WqRi^6WG^gbedfW|`fWa}�hibejzRUbejXhi`
l�k8]_RUbejXhi`����Bd8jXo_d=jm`�bek8]e`�jm`foa]6WqRi^6WG^/bedfWE\8]6hiTpRUT8jmVmjmb���hUt¯dpRG´yjm`8}nRU`fhibedfWa]go6dpRU`8}�W�T�Wxtvhi]6WEoGhi`c´�Wa]e}�Wa`foGW��
Wab6o�Z/Q?d8jX^�jX^/Wxw�\8VzRUjm`f^�bedfWEjm{�\�hi]eb_RU`cbujm`foa]6WqRi^6WKjm`À{|R w�jm{�k8{ `fWa}�hibejzRUbejXhi`�VXWa`8}�bed�ZuQ?dckf^È�AbedfWa]6WEjX^uRU`
RG´�RUVzRU`fo6dfWKWxÊ�WGoabqZ¯¥�`*oqRi^6WghUt�RU`ÃRUT8]ek8\8b�o_dpRU`8}�W��8]6WG^6Wabebejm`8}�bedfW

θij
´�RUVmkfWG^#R tµb6Wa]#R�o_dpRU`8}�Ws�Ïhik8VXlÃ}cRUjm`

^6hi{�W�bejm{�W#jm`~`fWa}�hibejzRUbejXhi`���]_RUbedfWa]ÏbedpRU`�be]e�yjm`8}Kb6h�tµk8VmVm��t®hi]e}�WabBRU`fl�]6WqRilfRU\8b?b6h�bedfW#`fWa�°jm`8\8k8b�´�RUVmkfWG^qZ
Q?dfWa]6WsjX^Bbe]_Ril8WGhUÊ�b6h�oGhi`f^6jXl8Wa]qZ
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:<;�=�?@=BA&;9D E<F�G�H/I A&K1=BA&;9D �Q?�
 ��F
G
β

ºSRU]_RU{�Wab6Wa]6^/oGhi`cbe]6hiVmVmjm`8}
f(x)
tµk8`foabejXhi`4L ^�^edpRU\�W

0.4

ε

ºSRU]_RU{�Wab6Wa]/kf^6WGl4b6h�Äf`fl*hik8b
xl

^ekfo_dnbedpRUb
f(xl) = ϕ− ε

RU`fl
xu
^ekfo_d

bedpRUb
f(xu) = −ϕ + ε

10−3

θinit
¥�`8jmbejzRUV�bed8]6WG^edfhiVXl*´�RUVmkfWgR tµb6Wa]D]6WG^_Wab

0

θmin
¹Ãjm`8jm{Kk8{Æ\�h�^6^ejmT8VXWubed8]6WG^edfhiVXln´iRUVmkfW

θij
�µ]6Wxt®Wa]Bb6h�W VckpRUbejXhi`�
�
�� −50

θmax
¹=R w�jm{�k8{Æ\Jh�^6^6jmT8VXWubed8]6WG^edfhiVXln´�RUVmkfW

θij
�µ]6Wxt®Wa]Db6h�W V�kpRUbejXhi`
�
��

+50

ϕ

ºSRU]_RU{�Wab6Wa]�oGhi`cbe]6hiVmVmjm`8}�bedfW/{|R w�jm{�k8{
∆θij
´iRU]ejzRUbejXhi`*\�Wa]?`fWa}�hibejzRUbejXhi`

bejm{�Wg^eVXhib 5.0

nmin
¹Ãjm`8jm{Kk8{ ^ejm{Kk8Vmb_RU`fWGhikf^#`�k8{�T�Wa]#hUt MON ^Dkf^6WGl4\�Wa]#Rioabejm´�Wg`fhyl8W 1

nmax
¹=R w�jm{�k8{ ^ejm{�k8Vmb_RU`fWGhikf^�`ck8{KTJWa]/hUt MON ^Bkf^_WGl*\JWa]#Rioabejm´�Wg`fh�l8W 1

M
r#k8{KTJWa]#hUt�`fhyl8WG^

100

N
r#k8{KTJWa]#hUt RG´�RUjmVzRUT8VXW MON ^Db6h�RUVmVXh�oqRUb6W 20

����������� ����� "���$%��& '>���?)��S* ' �=)>�='�& )I@
K = 1000

�FE�G�E/@��I'>$ ��" '>�B�����B'��S"�$%���?�<�B5

QSRUT8VXW�YyZ Í@[ r�k8{�Wa]ejXoqRUV X RUVmkfWG^Bt®hi]BbedfW M jm{Kk8VzRUbejXhi`Àº�RU]_RU{�Wab6Wa]6^��µ]6Wxt®Wa]Bb6h�Äf}�k8]6W YyZ ª�ª �
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·Sjm}�k8]6W YyZ ª�ª@[g¥Á{�\pRioab�hUt?bedfW N dpRU`8`fWaV X RU]ejzRUbejXhi`f^K�Bjmbed8jm`r/Wa}�hibejzRUbejXhi`�º�dpRi^6WG^�hi`¢bedfW N hi`c´�Wa]e}�Wa`foGW
M \�WGWGl
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+-" % �
M

:
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N �

:�#&.0:<"/.0%= �

¥Á`Fbed8jX^n^6WGoabejXhi`(��W¢^ebekfl���bedfW�jm{�\pRioabÃhUt�´iRU]e�yjm`8}ÐbedfW
M
RU`fl

N
\pRU]_RU{�Wab6Wa]6^È�sjm`Fb6Wa]e{�^ÃhUt

oGhi`c´�Wa]e}�Wa`foGW/^e\�WGWGl�RU`fl�b6hib_RUVAÒ/Ón^ek8{�oqRU\pRioajmb���Z�Q?dfW?t®hiVmVXhq�Bjm`8}EoGhi`f^eb_RU`cbÏ`ck8{�Wa]ejXoqRUVJ´iRUVmkfWG^¯RU]6WDkf^6WGl%[
nmin = 1

RU`fl
nmax = 10

Z Q?dfWs]6WG^ek8Vmb6^#RU]6WgjmVmVmkf^ebe]_RUb6WGlnjm`4Äf}�k8]6WG^ YyZ ª�Î RU`fl YyZ ªU[ Z
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·Sjm}�k8]6W�YyZ ª�Î@[ ¥Á{�\pRioab#hUtSbedfW
M
RU`fl

N X RU]ejzRUbejXhi`f^#hi`nbedfW�¹ÀWqRU`nr�k8{�T�Wa]#hUt�r�Wa}�hibejzRUbejXhi` M b6Wa\f^

·Sjm}�k8]6W YyZ ª�Î ^edfhÈ�D^#bedfWERUVm}�hi]ejmbed8{TL ^s^6oqRUVzRUT8jmVmjmb��njm`À`ck8{KTJWa]uhUt�`fh�l8WG^�[�bedfW�d8jm}�dfWa]
M
bedfW�^6{|RUVmVXWa]

bedfWg{�WqRU`=oGhi`c´�Wa]e}�Wa`foGW�l�k8]_RUbejXhi`�ZB¿�VX^6h8�8bedfWgd8jm}�dfWa]
N
bedfWgd8jm}�dfWa]#bedfW�{�WqRU`ÀoGhi`�´�Wa]e}�Wa`foGWEl�k8]_RUbejXhi`�Z

¼/hq�ÏWa´�Wa]q�pbedfWgl�k8]_RUbejXhi`Ã^eb_Rq�y^#]6WqRi^6hi`pRUT8VXWgoGhi`f^ejXl8Wa]ejm`8}~bedfWu\8]6hiT8VXWa{ ^ejmÑqW�Z
¿/^u^6WGWa`�jm`ÀÄf}�k8]6W YyZ ªU[ �Jt®hi]gR�}�jm´�Wa`

N
´�RUVmkfW���bedfWEb6hib_RUV�^6k8{�oqRU\pRioajmbÁ�ÀT�Wa`fWxÄfb6^/tv]6hi{ jm`foa]6WqRi^ejm`8}

M
�µ{�k8VmbejÅ��kf^6W/l�jm´�Wa]6^ejmb��f� Ri^¯jmb T8]ejm`8}�^ `fWa�°`fh�l8WG^¯�Bjmbed~^6hi{�WDTJWabeb6Wa]¯o_dpRU`8`fWaVJoGhi`fl�jmbejXhi`f^ÈZ�¥�`~Ril8l�jmbejXhi`��

bedfWsb6hib_RUV�^6k8{ oqRU\pRioajmb��*jm`foa]6WqRi^6WG^B�Bjmbed
N
Z

��� � ��� �!6 3,:
+-" % �
nmin

:
 *'
nmax

� :<# .0:<"/.0%= �

¥�`=bed8jX^s^6WGoabejXhi`��ÏW�^ebekfl��ÃbedfWKjm{�\pRioabshUt¯´�RU]e�yjm`8}�bedfW
nmin

RU`fl
nmax

\pRU]_RU{�Wab6Wa]6^È��jm`=b6Wa]e{�^shUt
oGhi`c´�Wa]e}�Wa`foGWK^e\�WGWGl�Z�Q?dfW/tvhiVmVXhÈ�Bjm`8}|oGhi`f^eb_RU`cb#´iRUVmkfWG^DRU]6Wukf^6WGl%[

M = 100
RU`fl

N = 100
Z Q?dfWu]6WG^ek8Vmb6^

RU]6WsjmVmVmkf^ebe]_RUb6WGlnjm`*Äf}�k8]6W YyZ ª� Z
¿/^g^6WGWa`¢jm`¢Äf}�k8]6W YyZ ª� �S^6hi{�W

nmin � nmax
oGhi{KT8jm`pRUbejXhi`f^K]6W V�k8jm]6W�{�hi]6W�`fWa}�hibejzRUbejXhi`%^eb6Wa\f^�bedpRU`

hibedfWa]6^q�yWG^e\�WGoajzRUVmVm��bedfW�oqRi^6WK«
�
«Dtvhi]Ï�Bd8jXo6d4WqRio6d�`fh�l8W#{�kf^eb�dpRG´�WuRUb¯bedfW�Wa`fl~hi`8Vm�|R�^ejm`8}�VXW MON Z�¥�b�oqRU`
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·Sjm}�k8]6W�YyZ ªU[�[ ¥Á{�\pRioab#hUtSbedfW
M
RU`fl

N X RU]ejzRUbejXhi`f^#hi`nbedfW�¹ÀWqRU`nr�k8{�T�Wa]#hUt�r�Wa}�hibejzRUbejXhi` M b6Wa\f^
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·Sjm}�k8]6W�YyZ ª�@[�¥Á{�\pRioabBhUt�bedfW
nmin

RU`fl
nmax X RU]ejzRUbejXhi`f^Bhi`�bedfW/¹ÀWqRU`4r#k8{KTJWa]BhUt�r/Wa}�hibejzRUbejXhi` M b6Wa\f^
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T�W�`fhib6WGl¢bedpRUbg�BdfWa`fWa´�Wa]
nmin = 1

RU`fl
nmax! = 1

��bedfW�oGhi`�´�Wa]e}�Wa`foGW|jX^�RUVm�?RG��^�V�k8jXo6£yVm��Rio6d8jXWa´�WGl�Z
Q?d8jX^BjX^D^6jm{�\8Vm�4Wxw�\8VzRUjm`fWGl*T��~bedfWut�RioabBbedpRUbDbedfWa]6WsjX^�RUVm��RG��^/^6hi{�Wu\8VzRioGWsVXWxtvbBb6h�ÄfbBVXWqRi^eb�R�^ejm`8}�VXW MON Z

��� � ��� �!6 3,:
+-" % � :� �� A*#&) 3," � �,:� ��D % �
M

¥�`~bed8jX^�^_WGoabejXhi`~��W�^edfhÈ�°bedfW#}�h�hyl~RilfRU\8b_RUbejXhi`*oqRU\pRUT8jmVmjmbejXWG^BhUt�bedfWuRUVm}�hi]ejmbed8{¾b6hKR�VXh�Ril�´�RU]ejzRUbejXhi`
jm`*b6Wa]e{�^#hUt V�kpRUVmjmb��*hUtSbedfWg]6WqRio6dfWGlÃ^_hiVmk8bejXhi`ÀRU`fl*oGhi`c´�Wa]e}�Wa`foGWKbejm{�W�Z
Q?dfWE`ck8{�Wa]ejXoqRUV�´�RUVmkfWG^�kf^6WGl=jm`ÀbedfWG^6WE^ejm{Kk8VzRUbejXhi`f^gRU]6WE^6k8{�{|RU]ejmÑqWGlÀjm`=b_RUT8VXW4Z�·Sjm}�k8]6WG^ YyZ ª\� RU`fl

YyZ ª/Y ^edfhÈ�(bedfW�RilfRU\8b_RUbejXhi`=hUtSbedfWgRUVm}�hi]ejmbed8{ b6h�bedfWu{�h�l�jÅÄpWGlÃoGWaVmV�VXh�Ril�µjm`n`�k8{�T�Wa]�hUt�`fh�l8WG^1�xZ
:<;�=�?@=BA&;9D E<F�G�H/I A&K1=BA&;9D �Q?�
 ��F
G

nmin
¹Ãjm`8jm{Kk8{ ^ejm{Kk8Vmb_RU`fWGhikf^#`�k8{�T�Wa]#hUt MON ^Dkf^6WGl4\�Wa]#Rioabejm´�Wg`fhyl8W 1

nmax
¹=R w�jm{�k8{ ^ejm{�k8Vmb_RU`fWGhikf^�`ck8{KTJWa]/hUt MON ^Bkf^_WGl*\JWa]#Rioabejm´�Wg`fh�l8W 10

M
r#k8{KTJWa]#hUt�`fhyl8WG^ ´�RU]ejXWGl

N
r#k8{KTJWa]#hUt RG´�RUjmVzRUT8VXW MON ^Db6h�RUVmVXh�oqRUb6W 100

G ���F�=)(�='�&��+��$ $ �A�M)I@ ���I'>�S"�$%���?�<�B5 �2E�G�E@��B'�$R��"2) �O���M��� $R� � "
K = 1200

K%G ��� � ��$ $ ��� )I@F3!)�� �<���65�� ���
3 ��&�& ��) 5���"

M
�J"R' $ ��� �6��& �3���'>���Y�B55������ ���7����� "�� $%��&�'>���?)��6K

M
� "R' $ ��� �6��& �73A��'����Y�!5'O"F@A)>& & )�D "�� '>�

D = 0
*
M = 20

* �������'>�
D = 400

*
M = 100

'��65�� �6'�& & �R'>�
D = 800

*
M = 60

QSRUT8VXW�YyZm«q©@[ r�k8{�Wa]ejXoqRUV X RUVmkfWG^?t®hi]DbedfW M jm{�k8VzRUbejXhi`�º�RU]_RU{�Wab6Wa]6^E�µ]6Wxt®Wa]Db6hEÄf}�k8]6W YyZ ª\� RU`fl YyZ ª/Y �

 0

 20

 40

 60

 80

 100

 0  200  400  600  800  1000  1200
 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

T
ot

al
 n

b 
of

 it
er

at
io

ns

N
b 

of
 n

od
es

 (
M

)

Nb of sent DATA frames

Nb negociation steps
Nb of nodes (M)

·Sjm}�k8]6W�YyZ ª\�@[ r�k8{�T�Wa]#hUt�¥Áb6Wa]_RUbejXhi`f^Bt®hi]
N = 100

¿/^K^_WGWa`�jm`�Äf}�k8]6WG^ YyZ ª\� RU`fl YyZ ª/Y ��bedfW*RU}�Wa`cb6^���Wa]6W4^ekfoGoGWG^6^�tvk8VmVm�RUT8VXW|b6h�RilfRU\8bEb6h�Rn{�hyl�jÅÄpWGl
�µjm`foa]6WqRi^6W�RU`fl=l8WGoa]6WqRi^6WÈ�#`ck8{�T�Wa]shUtÏoGWaVmVS`fh�l8WG^qZ/Q?dfWK`ck8{�T�Wa]shUt¯`fWa}�hibejzRUbejXhi`�^eb6Wa\f^/]6Wa{|RUjm`fWGl�^e{|RUVmV
�µ{�WqRU`¢´�RUVmkfW��¾ÎU[fZ §��x��oGhi`f^ejXl8Wa]ejm`8}ÃbedfW�hi\8bejm{�jmÑÈRUbejXhi`\8]6hiT8VXWa{Ë^6jmÑqW�ZE¿�VX^6h8��bedfW�`�k8{�T�Wa]KhUt�`fWa}�hibejzR �
bejXhi`^eb6Wa\f^g]6Wa{|RUjm`fWGl�RUVm{�h�^ebgjm`fl8Wa\�Wa`fl8Wa`cb�tµ]6hi{

M
´�RU]ejzRUbejXhi`�RU`fl¢oGhi`f^eb_RU`�bKWa´�Wa`�t®hi]�R�\Jhi\8k8VzRUbejXhi`
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·Sjm}�k8]6W�YyZ ª/Y [¯Q�hib_RUV M k8{ N RU\pRioajmbÁ�4tvhi] N = 100

{�k8Vmbejm\8VmjXWGl�T��
5
RU`flÀbedfWa`�l8WGoa]6WqRi^6WGl=T�� 5

3

ZuQ?dfWE`ck8{KTJWa]ghUt¯`fWa}�hibejzRUbejXhi`¢^6b6Wa\f^/l8hyWG^/`fhibuRU\8\�WqRU]ub6h
l8Wa\�Wa`flnhi`

M
�8bed�kf^D\8]6hÈ´�jm`8}�bedfW�^6oqRUVzRUT8jmVmjmb��*hUt�hik8]#l�jX^ebe]ejmT8k8b6WGlÀRUVm}�hi]ejmbed8{�RU`fl*jmb6^B}�]6WqRUbDjm`�b6Wa]6WG^ebqZ

¥Á`�·¶jm}�k8]6W YyZ ª/Y ��bedfW�hiT8b_RUjm`fWGl�^6�y^eb6Wa{ ^ek8{ oqRU\pRioajmbÁ�À�?Ri^sjm`foa]6WqRi^6WGl=�BjmbedRU`�jm`foa]6WqRi^6WGl�´iRUVmkfW�hUt
M
��\8]6hÈ´�jm`8}~bedfWs{�k8VmbejÅ��kf^_Wa]#l�jm´�Wa]6^ejmb��*jm`�b6Wa]6WG^ebDb6h�jm`foa]6WqRi^_WsbedfWs^e��^eb6Wa{ ^ek8{ oqRU\pRioajmb���Z

��� � ��
 � %= ,+;B7) �$.0%= 

¿/^ÏR�oGhi`foaVmkf^ejXhi`���bedfWG^6W#^6WGoabejXhi`f^ÏdpRG´�W#TJWGWa`~kf^6Wxtvk8Vfjm`~^edfhÈ�Bjm`8}KbedfW#{|RU`c��jm`�b6Wa]6WG^ebejm`8}�RUVm}�hi]ejmbed8{TL ^
\8]6hi\�Wa]ebejXWG^sk8`fl8Wa]g^6Wa´�Wa]_RUV�jm`8\8k8bg\pRU]_RU{�Wab6Wa]6^�L�´iRU]ejzRUbejXhi`f^qZE¥Á`fl8WGWGl���bedfW�^6oqRUVzRUT8jmVmjmb����Bjmbed�bedfW�`�k8{�T�Wa]
hUt�`fh�l8WG^È�8bedfWg]6hiT8kf^ebe`fWG^_^/RU}cRUjm`f^eb/o6dpRU`8}�WG^q�JRilfRU\8b_RUT8jmVmjmb����J\�h�^6^ejmT8jmVmjmb��*b6h|hi\8bejm{�jmÑqW�bedfWK^e�y^6b6Wa{ k8`fl8Wa]
RU`c��]6WG^6\JWGoabejm´�WB´�RUVmkfWDhUt [

nmin
�
nmax
�
M
RU`fl

N
Z�Q?dfWB{�k8VmbejÅ��kf^_Wa]�l�jm´�Wa]6^ejmbÁ��dfWaVm\JWGl|jm`�jm`foa]6WqRi^ejm`8}KbedfW

oqRU\pRioajmb��~�Bjmbed
M
Z�¿#VX^6h8��Ri^Ïjm`foa]6WqRi^ejm`8}

M
l8hyWG^Ï`fhib�^ejm}�`8jÅÄpoqRU`�beVm�|jm`foa]6WqRi^6W�bedfW�`fWa}�hibejzRUbejXhi`4l�k8]_RUbejXhi`��

RioGoGhi]6l�jm`8}�Vm���f��WghiT8b_RUjm`=RU`*jm`foa]6WqRi^6jm`8}�bed8]6hik8}�d8\8k8b��Bjmbed
M
Z

-/.�� �¨3 ��P�� ��@D5pP�� ��@D3eH�CEP�5p5

��������� �! �"$#&%('*),+-"/.0%� 

¥�`~bed8jX^�^_WGoabejXhi`|�ÏW/jm{�\8VXWa{�Wa`�bBR�l�jX^ebe]ejmT8k8b6WGl�bejm{�Wx��TpRi^6WGl|t®RUjm]e`fWG^6^?RUVm}�hi]ejmbed8{¾b6hK^_hiVm´�WDbedfW/^e\pRUbejzRUV
k8`�t�RUjm]e`fWG^6^ \8]6hiT8VXWa{�jm`�o6dpRU`8`fWaV�RioGoGWG^6^q��WxÌ|oajXWa`�b t®hi] TJhibed|k8`8jÅtvhi]e{�RU`fl�`fhi`���k8`8jÅtvhi]e{�`fh�l8WG^�Lcl�jX^ebe]ejmT8k��
bejXhi`�Z���k8]DoGhi`�be]ejmT8k8bejXhi`ÀjX^#T8k8jmVmbDk8\�hi`*bedfWs{�WGo6dpRU`8jX^e{�^�\8]6WG^6Wa`�b6WGlnjm`Ã^6WGoabejXhi` YyZ  �fWa`8dpRU`foGWGlnb6h�hUÊ�Wa]
R�l�jX^ebe]ejmT8k8b6WGlÀbejm{�Wx��TpRi^6WGlnt®RUjm]e`fWG^6^�oGhi`cbe]6hiVSjm` MON RioGoGWG^_^qZÏ¿BoGoGhi]6l�jm`8}�Vm���JjmbD\8]6hÈ´�jXl8WG^uR�^_WaVÅt���oGhi`�be]6hiVmVXWGlRUVm}�hi]ejmbed8{Âtvhi] U h M {|RU`pRU}�Wa{�Wa`�bq���Bjmbedfhik8b�bedfW�`fWGWGltvhi]KbedfW|oGWaVmV�b6hn£y`fhq�>bedfW|oak8]e]6Wa`cb�`�k8{�T�Wa]�hUt
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oGhi`cb6Wa`fl�jm`8}�`fhyl8WG^q�8hi]?tvhi]BbedfWg`fh�l8WG^Bb6h�{|RUjm`cb_RUjm`=REVmjX^6bDhUtS`fWajm}�d�TJhi]6^qZ
Q?dfWÏhi\8bejm{�jmÑÈRUbejXhi`E\8]6hiT8VXWa{	\8]6WG^6Wa`�b6WGl�jm`�W V�kpRUbejXhi` YDZ  hUtf^6WGoabejXhi` YyZ �Z ª �?Ri^SRUk8}�{�Wa`�b6WGlKb6hDjm`foaVmkfl8W

R*bejm{�Wx��TpRi^_WGl¢t�RUjm]e`fWG^6^�oGhi`f^6be]_RUjm`cb*�voGhi`f^ebe]_RUjm`cb���xZ�³¢W�]6Wxt®Wa]�b6h
αij(t1, t2)

Ri^gbedfW|^_Wa]e´�jXoGW|bejm{�WÀ��t®hi]
¸D¿�Q¶¿Ébe]_RU`f^e{�jX^6^ejXhi`A��hUtB`fh�l8W

i
hi` MON j

T�Wab��ÏWGWa`
t1
RU`fl

t2
Z*³¢W|]6WxtvWa]Kb6h

f(i, j, k, x)
Ri^ERn}�jm´�Wa`

tvk8`foabejXhi`4oGhi`�be]6hiVmVmjm`8}�bedfWsRU{�hik8`cbBhUt�bejm{�Wx��TpRi^6WGl�t�RUjm]e`fWG^6^Ïjm`�bedfW/^e��^eb6Wa{nZ�Q?dfWuhi\8bejm{�jmÑÈRUbejXhi`*\8]6hiT8VXWa{
oqRU`�TJW�t®hi]e{�k8VzRUb6WGlÐ�µjm`foaVmkfl�jm`8}4bedfW�Ril8l�jmbejXhi`pRUV oGhi`f^ebe]_RUjm`cb1��jm`={|RUbedfWa{|RUbejXoqRUV b6Wa]e{�^sRi^�tvhiVmVXhÈ�D^qZsQ?dfW
hiT � WGoabejm´�W~hUtDbedfW�hi\8bejm{�jmÑÈRUbejXhi` \8]6hiT8VXWa{ÂjX^Kb6h���t®hi]EbedfW�`fhib_RUbejXhi`f^�]6Wxt®Wa]�b6h=W VckpRUbejXhi` YDZ  hUt#^6WGoabejXhi`
YyZ �Z ª � [
{|R w ∑

i

∑

j

aijcij

^qZ bqZ [ { (1)− (4)
Y�wfRioabeVm�4bedfWg^_RU{�WsoGhi`f^ebe]_RUjm`�b6^/Ri^Djm`nW VckpRUbejXhi` YDZ  hUt�^6WGoabejXhi` YyZ �Z ª

(5) Pr(|αik(t1, t2)− αjk(t1, t2)| ≥ x) ≤ f(i, j, k, x)

� YyZm«a[��
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Q?dfW�bejm{�Wx��TpRi^6WGlEt�RUjm]e`fWG^6^�{�WGo6dpRU`8jX^e{ jm{�\8VXWa{�Wa`cb6WGl�oGhi`f^ejX^6b6^�jm`�R�{�hyl�jÅÄpoqRUbejXhi`�hUtAbedfW?oGWa`cbe]_RUVmjmÑqWGl
´�Wa]6^ejXhi`Ð\8]6WG^_Wa`cb6WGlÐjm`(± �� ²uRilfRU\8b6WGl¨b6hR�l�jX^ebe]ejmT8k8b6WGl°�/·�¸u¹=¿ oGhi`�b6WxwybqZ°Q?dfWnRUVm}�hi]ejmbed8{�RUVmVXhq�D^�R
oGhi`cbe]6hiVmVzRUT8VXW�^6b_RUbejX^ebejXoqRUV¶T�hik8`fl*t®hi]/bedfWst�RUjm]e`fWG^6^#T��n{�WqRU`f^uhUtÏR�^ejm`8}�VXWK\pRU]_RU{�Wab6Wa]

ξ
�voqRUVmVXWGl

β
jm`=bedfW

hi]ejm}�jm`pRUV�RU]ebejXoaVXWÈ�x�S�Bd8jXo_d%o_dpRU`8}�WG^�bedfW~oGh�^eb�hUtBkf^ejm`8}ÀR4}�jm´�Wa` MON ZS��k8]K´�Wa]6^ejXhi`�RUVmVXhq�D^�WqRio_d`fhyl8W�b6hl�jÅÊ�Wa]�jmb6^�oGhi`�b6Wa`cbejXhi`¨hi]�`fhibq��l8Wa\�Wa`fl�jm`8}=hi`bedfW�t�RUjm]e`fWG^6^�bed8]6WG^6dfhiVXl¢\8]6hiTpRUT8jmVmjmb���ZÀQ?dfW~RUVm}�hi]ejmbed8{ÂjX^
Wxw8WGoak8b6WGl¢jm`cb6Wa]e`pRUVmVm�Tc��WqRio6d%`fh�l8W~RU`fl¢]6W V�k8jm]6WG^g`fhÃWxw8o6dpRU`8}�W~hUtBjm`�tvhi]e{|RUbejXhi`%TJWabÁ�ÏWGWa`%bedfW�`fhyl8WG^qZ
¿/^�R�]6WG^ek8Vmbq�pbedfWg}�WGhi}�]_RU\8d8jXoqRUV�l�jX^e\�Wa]6^ejXhi`ÃhUt�bedfWg`fhyl8WG^DjX^#{�hi]6W�hi]#VXWG^_^Bd8jXl8l8Wa`�Ri^/REtvk8`foabejXhi`ÀhUt�bedfW
l8WG^ejm]6WGlVXWa´�WaVÏhUt?t®RUjm]e`fWG^_^qZ4r�hib6W�bedpRUbEhik8]ERUVm}�hi]ejmbed8{ÂjX^�^6oqRUVzRUT8VXW|�BjmbedbedfW|`ck8{�T�Wa]�hUt?`fhyl8WG^gjm`�bedfW
oGWaVmV�Z
¿#tµb6Wa]|bedfWÀWa`fl°hUtubedfWÃ]6WG^6hik8]6oGWG^~kf^6W��BRUVmV#`fhyl8WG^|k8\�lfRUb6WnbedfWajm]|t®RUjm]e`fWG^6^|´iRUVmkfWG^|t®hi]~RUVmV#bedfW MON ^^6Wa\pRU]_RUb6WaVm���BTpRi^_WGlNhi`NbedfWÃ��RUjmb6WGl�� be]_RU`f^e{�jmbeb6WGl�bejm{�W��

γij
V�kpRU`cbejmbÁ�°RU`flNl�k8]_RUbejXhi` hUtsbedfWn\8]6Wa´yjXhikf^

]6WG^6hik8]6oGWskf^_W�Z
¥Á`~bedfW�VXWa}cRioa��RUVm}�hi]ejmbed8{n��bedfW/oGWa`cbe]_RUVJt�RUjm]e`fWG^6^?oGhi`cbe]6hiVmVXWa]D^6o_dfWGl�k8VXWG^?bedfW#`fhyl8W/�Bjmbed~bedfW�{�jm`8jm{�k8{

´�RUVmkfW
V
^ekfo_dnbedpRUb�[

V = mini
Li(p)−Ki(p) + Ui(p)

φi�Bjmbed4[














φi
bedfWs�ÏWajm}�d�b�hUtS¤phq�

i
Li(p)

bedfWsdfWqRily��hUtµ��Vmjm`fWg\pRio_£�WabDVXWa`8}�bednt®hi]?¤phq�
i
RUbDbejm{�W

p
Ki(p)

oa]6WGl�jmb�oGhik8`�b6Wa]�hUtS¤phq�
i
RUbDbejm{�W

p
Ui(p)

bedfWgWG^ebejm{|RUb6WGlÃoGh�^ebBt®hi]B`fh�l8W
i
b6h�be]_RU`f^e{�jmbDbedfW

pth \pRio6£�Wab

� YyZm«q��

¥Á`hik8]�^ebekfl�����W~Ri^6^ek8{�WGl
φi = 1

� ∀i Z|¥Á`¢bedfW�l�jX^ebe]ejmT8k8b6WGl�´�Wa]6^ejXhi`��¶�ÏW�kf^_W|R4{�hyl�jÅÄpWGl·fWa]e{�jÅ�¸/jm]_Rio�l�jX^ebe]ejmT8k8bejXhi`¢b6h~Äf`fl=bedfW�t�RUjm]e`fWG^6^ubed8]6WG^edfhiVXl=\8]6hiTpRUT8jmVmjmbÁ�
fij
t®hi]�`fhyl8W

i
b6h�oGhi`�b6Wa`fl�t®hi] MON j

�
^ekfo_dnbedpRUb�[

fij =
1

1 + αFaireβFair(Li(p)−Ki(p)+Ui(p))

� YyZm«����
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Q?d8jX^*RUVm}�hi]ejmbed8{ jX^4Rio_d8jXWa´�WGl�jm`cb6Wa]e`pRUVmVm�NT��NWqRio6d `fhyl8WG^*RU`flN]6W V�k8jm]6WÃ`fh%Wxw8o6dpRU`8}�W�hUtgjm`�t®hi]e{|RUbejXhi`
T�Wab��ÏWGWa`=`fhyl8WG^qZÏQ?dfWKhi`8Vm�4]6W Vck8jm]6WGlÃjm`�tvhi]e{|RUbejXhi`Ãtvhi]�bedfWs`fh�l8WG^/R tµb6Wa]uR�kf^6WghUt�]6WG^6hik8]6oGW

j
T��*`fh�l8W

ijX^?b6hE£�`fhÈ�FbedfWu´iRUVmkfW\[
Ki(p)−Li(p)

���Bd8jXo6dnoqRU`n^ejm{�\8Vm�~TJW/jm`foaVmkfl8WGl4jm`ÃRKT8]6h�Ril8oqRi^ebB{�WG^6^1RU}�WuRi^DRU`
Ril8l�jmbejXhi`pRUV�ÄpWaVXl�Z
Q?d8jX^ERUVm}�hi]ejmbed8{Ëd8jXl8WG^�bedfW�}�WGhi}�]_RU\8d8jXoqRUV?l�jX^e\JWa]6^6jXhi`hUtBbedfW�`fh�l8WG^ÈZ~¥Á`�Ril8l�jmbejXhi`���l�kfW�b6hnjmb6^�l�jX^��

be]ejmT8k8b6WGl|Ri^e\�WGoabq��jmb�jX^�^6oqRUVzRUT8VXWD�Bjmbed�bedfW?`ck8{�T�Wa]¯hUt�`fh�l8WG^ÈZ¶r/hib6W?bedpRUb�jm`�bedfW#RUVm}�hi]ejmbed8{¡��WBoqRU`|WajmbedfWa]
kf^6WubedfWut�RUjm]e`fWG^6^Dhi]B`fhibq�ARU`fl*�BdfWa`nkf^ejm`8}�jmbB��WgoqRU`ÃoGhi`�be]6hiV�bedfWgRU{�hik8`cb/hUt¶t�RUjm]e`fWG^6^B]6W V�k8jm]6WGl�Z
Q?dfW*`fWxw�b|^6WGoabejXhi`°\8]6WG^6Wa`cb6^|bedfWn^ejm{Kk8VzRUbejXhi`°]6WG^ek8Vmb6^~hiT8b_RUjm`fWGlÐjm`ÐbedfWÃoGhi`cb6Wxw�b~hUts^6Wa´�Wa]_RUV#`fhyl8WG^

l�jX^ebe]ejmT8k8b6WGlÃjm`ÃR�oGWaVmV�Z

��������� � D �$)*B " � �  :
B � �$. �

Q?dfW#`�k8{�Wa]ejXoqRUVJ´�RUVmkfWG^Ïkf^6WGl�jm`~bedfWDt®hiVmVXhq�Bjm`8}�^6oGWa`pRU]ejXh�RU]6WD{�hyl�jÅÄpWGl|´�RUVmkfWG^¯b_RU£�Wa`~tv]6hi{>RU`~¥¦Y Y Y
§�©�ª�Zm«�«qR�^e��^eb6Wa{nZ�¼/hq��Wa´�Wa]q�AhibedfWa]D´�RUVmkfWG^DoGhik8VXl*T�Wub_RU£�Wa`n�Bjmbedfhik8buRUVmb6Wa]ejm`8}�bedfWgoGhi`foaVmkf^ejXhi`f^qZ
QSRU£�jm`8}�Ri^ERU`%Wxw8RU{�\8VXW�RU` §�©�ª�Zm«�«qRÀ^e��^eb6Wa{�± ª ²�jm`bedfW~TpRU`fl

[5.25 − 5.35]
�u¼�Ñ�����W~oqRUVXoak8VzRUb6WGl

bedfW�{|R w�jm{�k8{Â]_RU`8}�W�hUt M r-P ´iRUVmkfWG^stvhi]KRU`���oGWaVmV¯`fhyl8W�Z|Q?dfW�{|R w�jm{�k8{Ë]_RU`8}�W|hUtBoqRU\pRioajmb���´�RUVmkfWG^\�Wa] MON ��Ri^ul8WGl�kfoGWGl�Zu¿Dtvb6Wa]�oqRUVXoak8VzRUbejXhi`f^KRU`flÃb_RU£yjm`8}~jm`�b6h*RioGoGhik8`cbubedfW�{|R w�jm{�k8{�be]_RU`f^e{�jmbu\�hq��Wa]]6Wa}�k8VzRUbejXhi`f^q�JbedfW MON TpRU`fl��BjXl�bed¢RU`flnbedfWE^6Wab/hUt \Jh�^6^6jmT8VXWgbe]_RU`f^e{�jmb/{�h�l8WG^È�p��WKhiT8b_RUjm`�bedpRUb/RUVmV M rRP´�RUVmkfWG^
γij (∀i, j) RU]6W��Bjmbed8jm`4[ [γmin; γmax] = [13.5; 78.07]

l S Z�¥�`=hik8]/^ebekfl�����hi`8Vm�*bedfWEoGhi`cbejm`�kfhikf^oqRU\pRioajmb��ÀoqRi^6WgjX^�oGhi`f^ejXl8Wa]6WGl�ZB³¢W�oqRU`À`fhq�	be]_RU`f^�t®hi]e{ÆbedfWG^6W M r-P:´iRUVmkfWG^�b6h�Äf`fl=hik8b#bedfW�{|R wyjm{Kk8{oqRU\pRioajmb��|]_RU`8}�W
cij (∀i, j) RU]6WD�Bjmbed8jm`4[ [cmin; cmax] = [4.54; 25.9]

T �U^ �U¼#Ñ¾��tvhi]?R MON TpRU`fl��BjXl�bed*hUt�«¼�Ñ �xZ
cij
´�RUVmkfWG^¯RU]6W�k8`8jÅtvhi]e{�Vm��l�]_RG�B`��Bjmbed8jm`

[cmin; cmax]
Z¶r/hib6W���bedpRUb�bedfWBRUjm{¡hUtAbedfWG^6WB^6bekfl�jXWG^�jX^�`fhib

b6h�tvhyoakf^Ïhi`�bedfW/o6dpRU`8`fWaV�{�hyl8WaV���T8k8b�]_RUbedfWa]?b6hKl8Wa{�hi`f^6be]_RUb6W�bedfW�T�Wa`fWxÄfb?hUt�bedfW�\8]6hi\�h�^6WGl*RUVm}�hi]ejmbed8{nZ

Q?dfW � I G�= I F�G � 
C=�GDoGhi{�\pRU]6W/RsoqRi^6WB�BdfWa`~bedfW?t�RUjm]e`fWG^6^�jX^ `fhib¯b_RU£�Wa`|jm`cb6hERioGoGhik8`cbÏ�Bjmbed�RsoqRi^6WD�BdfWa`�jmb
jX^�b_RU£�Wa`�jm`cb6hgRioGoGhik8`�b �Bjmbed|R�´iRU]ejzRUT8VXW?VXWa´�WaV8hUtpt�RUjm]e`fWG^6^qZ¶³¢WBRU]6W?jm`cb6Wa]6WG^eb6WGl�jm`�oGhi{�\pRU]ejm`8}gjm`�WqRio_d�oqRi^6W
bedfWs\�Wa]�tvhi]e{|RU`foGW�hUtSbedfW�RUVm}�hi]ejmbed8{Æjm`nb6Wa]e{�^#hUt�^e\�WGWGl*hUt�oGhi`�´�Wa]e}�Wa`foGWKRU`flTV�kpRUVmjmb��*hUt�bedfWg^6hiVmk8bejXhi`�Z
Q?dfWÃ]6WG^ek8Vmb6^|\8]6WG^_Wa`cb6WGl RU]6WÃhiT8b_RUjm`fWGl¨t®hi]|bedfWntvhiVmVXhÈ�Bjm`8}]_RU`8}�W=hUts´iRUVmkfWG^�[

N = 90
�

M = 20
�

nmin = 1
RU`fl

nmax = 5
�
ξ
��Ri^�´�RU]ejXWGl�Z¿�VX^6hÀ`fh�l8WG^�RU]6W4^e\8Vmjmb�T�Wab��ÏWGWa`�ÎÀoqRUb6Wa}�hi]ejXWG^�hUtuo6dpRU`8`fWaV

oGhi`fl�jmbejXhi`f^�[gÇxTpRil�Çi��Çx`fWak8be]_RUV�Çi�SÇx}�hyhyl�ÇiZBY¯Rio6d�oqRUb6Wa}�hi]e�*jX^/l�]_RG�Bjm`8}�jmb6^ M rRP ´�RUVmkfWG^Btv]6hi{�R�bed8jm]6lÀhUtbedfWsb6hib_RUV�]_RU`8}�W�hUtS´�RUVmkfWG^qZ
·Sjm}�k8]6WG^ YyZ ª�§ RU`fl YyZ ª�Í ^edfhq� bedfWghiT8b_RUjm`fWGln]6WG^ek8Vmb6^ÈZ
³¢WDoqRU`~^6WGW?bedpRUb bedfW?jm{�\pRioabÏhUt�Wa`f^ek8]ejm`8}st�RUjm]e`fWG^6^ oGhi{�\pRU]6WGl|b6hgRs^e��^eb6Wa{,`fhib¯oGhi`cbe]6hiVmVmjm`8}Kt�RUjm]e`fWG^6^

RUbERUVmV��¶jX^�R4]6WGl�kfoGWGl�^6�y^eb6Wa{ËoqRU\pRioajmb���RU`fl%RU`jm`foa]6WqRi^6W|jm`bedfW�`�k8{�T�Wa]EhUtB`fWa}�hibejzRUbejXhi`¨^eb6Wa\f^qZ4¿�VX^6h
`fhib6WsbedpRUbDbedfWu]6WG^6k8Vmb6^Bt®hi]BbedfWgoqRi^6Wu�Bjmbedn`fhEt�RUjm]e`fWG^6^DoGhi`�be]6hiV�]6Wa{|RUjm`fWGlnjm`fl8Wa\�Wa`fl8Wa`cb#tµ]6hi{

ξ
Z

� D1;>=��1F�I�H/;�D1G A ��F
IJF � G�H/F D1?OI A&;¨jX^�^ebekfl�jXWGl¨RU`fl¨oGhi`f^ejX^eb6^�jm`
M = 50

�
N = 10

�
nmin = 1

RU`fl
nmax = 2

Zg¿�VX^6h8��`fhibgRUVmV�bedfWK`fhyl8WG^gRU]6WEjm`�bedfWE^1RU{�WK]_Ril�jXh*oGhi`fl�jmbejXhi`f^È��b6h4^ejm{�k8VzRUb6W�`fhyl8WG^uoaVXh�^6WEb6h
bedfWg¿/ºNRU`flnhibedfWa]6^Dt®RU]?tv]6hi{ÉjmbqZ Q?dfWut®hiVmVXhq�Bjm`8} M rRP(´�RUVmkfWG^#RU]6Wsjm{�\�h�^6WGl%[
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Fairness Controlled? NO
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·Sjm}�k8]6W�YyZ ª�Í@[¯Q�hib_RUV M k8{ N RU\pRioajmb��4\JWa]D¸#¿�Q�¿MQ�w�± T �U^ �U¼�Ña²SRi^#RKtvk8`foabejXhi`ÃhUt ξ
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• M = [1 : 5]
RU`fl

N = [1 : 5]
[ �uh�hyls]_Ril�jXh/oGhi`fl�jmbejXhi`f^�^ekfo6dKbedpRUb

γij ∈ [γmax−28.07; γmax ]
l S Z

• M = [1 : 5]
RU`fl

N = [6 : 10]
[ S Ril~]_Ril�jXh�oGhi`fl�jmbejXhi`f^D^6kfo6d*bedpRUb γij ∈ [γmin; γmin + 20.0]

l S Z
• M = [6 : 50]

RU`fl
N = [1 : 10]

[¯¹ÀWqRU`n]_Ril�jXh|oGhi`fl�jmbejXhi`f^#^ekfo_dnbedpRUb
γij ∈ [γmin; γmax]

l S Z

Q¶hgWG^ebejm{|RUb6WDbedfW�t�RUjm]e`fWG^6^¯jm`�^e\JWGoabe]ek8{>RioGoGWG^6^q����W#oGhi{�\8k8b6WD¬cRUjm`4L ^ t®RUjm]e`fWG^_^ jm`fl8Wxw
Fj
hi` MON j

�cbedfW
^eb_RU`flfRU]6l�be]_Ril�jmbejXhi`pRUV¯{�WqRi^ek8]6W�hUt�`fWabÁ�Ïhi]e£=t�RUjm]e`fWG^6^�± �ª ²�ZE³¢W�]6WxtvWa]sb6h

Dij
Ri^ubedfW�`�k8{�T�Wa]KhUt�bejm{�WG^

`fhyl8W
i
kf^6WGl MON j

Z Q?dckf^q�f�ÏWghiT8b_RUjm`nbedfW�Wxwy\8]6WG^6^6jXhi`4[

Fj =
(
∑M

i=1 Dij)
2

M ·∑M
i=1 Dij

2

³�dfWa`
Fj = 0

bedfWa]6WsjX^B`fh�t�RUjm]e`fWG^6^q�fRU`fln�BdfWa`
Fj = 1

bedfWa]6WsjX^D\JWa]�t®WGoab?t®RUjm]e`fWG^_^qZ
·Sjm}�k8]6W YyZ Î�© \8]6WG^_Wa`cb6^DbedfW�hiT8b_RUjm`fWGl*VXWa´�WaV�hUtSt®RUjm]e`fWG^6^D�BdfWa`

ξ
´�RU]ejXWG^qZ

 0.84
 0.86
 0.88
 0.9
 0.92
 0.94
 0.96
 0.98
 1

Jain’s fairness index per SC

 1e-04
 0.01

 1
 100

 10000
 1e+06

 1e+08

ξ
 1  2  3  4  5  6  7  8  9  10SC index

 0.84
 0.86
 0.88

 0.9
 0.92
 0.94
 0.96
 0.98

 1

Jain’s fairness index

·Sjm}�k8]6W�YyZ Î�©@[ ¬cRUjm`4L ^Dt®RUjm]e`fWG^_^Bjm`fl8Wxw*\JWa] MON Ri^�RKtµk8`foabejXhi`ÃhUt ξ
Q?dfW�VXWa´�WaV8hUtft�RUjm]e`fWG^6^SjX^S^6kfoGoGWG^6^�tvk8VmVm�goGhi`cbe]6hiVmVXWGl�T��

ξ
[�tvhi]�^e{|RUVmVy´iRUVmkfWG^�hUt

ξ
bedfWa]6W�jX^�RUVm{�h�^eb¶\�Wa]�t®WGoab

t�RUjm]e`fWG^6^qZ*·fhi]Kd8jm}�d�´�RUVmkfWG^KhUt
ξ
����W�Äf`fl�hik8bKbedfW|jm`8jmbejzRUVÏ]_Ril�jXhÀoGhi`fl�jmbejXhi`f^�o6dfh�^6Wa` hUtDbed8jX^�^6oGWa`pRU]ejXh8Z

Y¯Rio_dÃ\�hijm`cbD]6Wa\8]6WG^6Wa`�b6^�RU`ÀRq´�Wa]_RU}�W�hÈ´�Wa]�«q©�©�©�^6Wa`�b#lfRUb_REtv]_RU{�WG^Bjm`*bedfWg^e��^eb6Wa{nZ
·Sjm}�k8]6W YyZ Î�« \8]6WG^_Wa`cb6^DbedfW�hiT8b_RUjm`fWGl*\JWa]�t®hi]e{|RU`foGWg�BdfWa`

ξ
´�RU]ejXWG^qZ

¿/^u^6WGWa`�jm`ÀÄf}�k8]6W YyZ Î�« ��bedfWEVXhq��Wa]sbedfW�VXWa´�WaV�hUt t®RUjm]e`fWG^_^��
ξ
jm`foa]6WqRi^6WG^1�x��bedfWEVXhq��Wa]sbedfWE`ck8{�T�Wa]�hUt

jmb6Wa]_RUbejXhi`f^�RU`flnbedfWsTJWabeb6Wa]BbedfW�oqRU\pRioajmb����fT�WGoqRUkf^6WsbedfWgTJWG^eb?`fhyl8WG^�RU]6W/t�RG´�hi]6WGl�Z
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Total sum capacity and speed of convergence as beta varies

Total sum capacity
Mean nb of iterations

·Sjm}�k8]6W�YyZ Î�«\[ Q�hib_RUV¶^ek8{ oqRU\pRioajmb��ÃRU`fln^6\JWGWGl*hUt�oGhi`c´�Wa]e}�Wa`foGW�Ri^#RKtvk8`foabejXhi`ÃhUt
ξ

¿BoGoGhi]6l�jm`8}�Vm���JbedfWgVXWa´�WaVShUt�t®RUjm]e`fWG^6^�oqRU`ÃT�WgWxÊ�WGoabejm´�WaVm�ÃoGhi`cbe]6hiVmVXWGlÀTc�*bedfWK^ejm`8}�VXWg\pRU]_RU{�Wab6Wa]
ξ
RU`fl

jmb6^Bjm{�\pRioab/hi`*bedfWs\JWa]�t®hi]e{|RU`foGWsdpRi^BT�WGWa`ÃWa´�RUVmkpRUb6WGl�Z Q?dfWa]6WgjX^�REbe]_Ril8WGhUÊ�T�Wab���WGWa`ÀWa`f^ek8]ejm`8}�R�}�h�hyl
VXWa´�WaV�hUtSt®RUjm]e`fWG^_^#RU`fl*dpRG´yjm`8}�{|R w�jm{�k8{�oqRU\pRioajmb���tvhi]BbedfW�^e�y^6b6Wa{nZ

��������� � %= ,+;B7) �$.0%= 

¥�`=bed8jX^s^6WGoabejXhi`�����WK\8]6WG^_Wa`cb6WGl¢R~l�jX^ebe]ejmT8k8b6WGl�bejm{�Wx��TpRi^6WGlÀt®RUjm]e`fWG^_^uRUVm}�hi]ejmbed8{ Ril8l8WGl�hi`=bedfWEb6hi\
hUtDR4oGhiVmVzRUTJhi]_RUbejm´�W~^e\JWGoabe]ek8{ `fWa}�hibejzRUbejXhi`%RUVm}�hi]ejmbed8{nZ�Q?dfW�hi\�Wa]_RUb6hi]gjX^�RUT8VXW�b6h*oGhi`cbe]6hiV¯bedfW|l8WG^ejm]6WGl
VXWa´�WaVDhUtDt�RUjm]e`fWG^6^Et®hi]Kd8jX^�^e��^eb6Wa{�Tc��bek8`8jm`8}�bedfW�\pRU]_RU{�Wab6Wa]

ξ
ZQ?dfWa`�� `fhyl8WG^EoqRU`Ð^_WaVÅt���oGhi`�be]6hiVBbedpRUb

bed8jX^�hi\JWa]_RUb6hi]���]6W V�k8jm]6WGl¨VXWa´�WaVBhUtDt�RUjm]e`fWG^6^EjX^�Wa`f^ek8]6WGl�Z�Q?d8jX^�oqRU` TJW~{�hibejm´iRUb6WGl%b6h�RilfRU\8b�b6h�^6Wa´�Wa]_RUV
oGhi`fl�jmbejXhi`f^ghUt?o6dpRU`8`fWaV ^e\�WGWGl�RU`fl¢RU{�\8Vmjmbekfl8W�hUtÏ´�RU]ejzRUbejXhi`�Z M kfo6dRU`RUVm}�hi]ejmbed8{ jX^u´�Wa]e�=WxÌ|oajXWa`cbst®hi]`fWxw�b�}�Wa`fWa]_RUbejXhi`f^�hUtf³�Ó�¿�r ^e��^eb6Wa{�^q� b6h#hi\8\�hi]ebek8`8jX^ebejXoqRUVmVm��kf^_W�bedfW�RU\8\8]6hi\8]ejzRUb6W�\pRU]ebShUtfbedfW¯^e\�WGoabe]ek8{
RioGoGhi]6l�jm`8}|b6h�bedfWg`fh�l8WG^�L�`fWGWGl8^/RU`fl*�BjmbedÀRKt�RUjm]e`fWG^6^DoGhi`�be]6hiV�Z

-/.�� u�SP�CE@BHJ3_9D5 �(3�7JI ��LN9 ��O�PS7A36C�� L �_@D5p5AP�5F9D; uP�H �s36�¶P

¥Á`Ãbed8jX^�^6WGoabejXhi`Ã��Wg\8]6WG^6Wa`�b�bedfW�]6WG^ek8Vmb6^#oGhi`foGWa]e`8jm`8}*^6Wa´�Wa]_RUVS^6oGWa`pRU]ejXh�^��Bjmbed=ª�oGhi{�\�Wabejm`8}�oaVzRi^_^6WG^
hUt�^6Wa]e´�jXoGW�ZÏQ?d8]6WGWg^6oGWa`pRU]ejXh�^#dpRG´�WgT�WGWa`Ã^ebekfl�jXWGl�Z¯¥�`ÃWqRio_dÃ^6oGWa`pRU]ejXh8�pbedfWgoaVzRi^6^6WG^DhUt�^6Wa]e´yjXoGWsdpRG´�W�bedfWajm]
hq�B`À^6WabDhUt

ni
]6W V�k8jm]6Wa{�Wa`cb6^uRi^D^edfhq�B`ÃTJWaVXhÈ� [

• M oGWa`pRU]ejXhn«\[�jm`*bed8jX^B^_oGWa`pRU]ejXh M Wa]e´�jXoGW�«sRU`fl M Wa]e´yjXoGWgªEdpRG´�W/tvk8VmVm�~hq´�Wa]eVzRU\8\8jm`8} ni
]6W V�k8jm]6Wa{�Wa`cb6^

^6kfo6dnbedpRUb�[
� M Wa]e´yjXoGW�«\[ nmin = 1

RU`fl
nmax = 6

Z
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� M Wa]e´yjXoGW�ª@[ nmin = 1
RU`fl

nmax = 15
Z

• M oGWa`pRU]ejXh*ª@[?jm`=bed8jX^�^6oGWa`pRU]ejXh M Wa]e´yjXoGW�«ERU`fl M Wa]e´yjXoGW�ª�dpRq´�W�\pRU]ebejzRUVmVm�=hq´�Wa]eVzRU\8\8jm`8} ni
]6W V�k8jm]6Wx�

{�Wa`�b6^#^ekfo_dnbedpRUb�[
� M Wa]e´yjXoGW�«\[ nmin = 1

RU`fl
nmax = 10

Z
� M Wa]e´yjXoGW�ª@[ nmin = 5

RU`fl
nmax = 15

Z
• M oGWa`pRU]ejXh4Î@[ jm`Àbed8jX^#^6oGWa`pRU]ejXh M Wa]e´�jXoGW~«�RU`fl M Wa]e´yjXoGWKª�dpRq´�Wgtvk8VmVm��`fhi`Àhq´�Wa]eVzRU\8\8jm`8} ni

]6W V�k8jm]6Wx�
{�Wa`�b6^#^ekfo_dnbedpRUb�[
� M Wa]e´yjXoGW�«\[ nmin = 1

RU`fl
nmax = 6

Z
� M Wa]e´yjXoGW�ª@[ nmin = 7

RU`fl
nmax = 15

Z

Y¯Rio_d°oaVzRi^6^|hUtu^6Wa]e´yjXoGWnoGhik8VXlÐoGhi]e]6WG^6\Jhi`flNb6h¢R�l�jÅÊ�Wa]6Wa`�b~^6Wa]e´yjXoGW4�BjmbedN^e\�WGoajÅÄpo*]6W V�k8jm]6Wa{�Wa`cb6^~jm`
RU{�hik8`cbshUt¯^e\�WGoabe]ek8{�b6h|kf^6W�Z/¿/^#Wxw�\8VzRUjm`fWGlÀjm`�^6WGoabejXhi` YyZ �Z ª �JbedfW

ni
oGhi`f^ebe]_RUjm`�b6^soGhi]e]6WG^e\�hi`flÃb6h~bedfW

{�jm`8jm{�k8{
nmin

RU`fl¢{|R w�jm{�k8{
nmax

`ck8{KTJWa]�hUt MON ^KRUVmVXhÈ�ÏWGl%\JWa]�`fh�l8W�tvhi]�¸#¿�Q�¿Ébe]_RU`f^e{�jX^_^ejXhi`�ZY¯Rio_dÀ^6oGWa`pRU]ejXh�jX^#Wxwy\�WGoab6WGl4b6h�}�jm´�Wgl�jÅÊ�Wa]6Wa`cbD]6WG^6k8Vmb6^q�pRi^Dl�jÅÊ�Wa]6Wa`cb#oGhi`f^6be]_RUjm`cb6^uRU]6Ws\8]6WG^6Wa`cbqZ
Q?dfWs`�k8{�Wa]ejXoqRUV�´�RUVmkfWG^Bkf^6WGl*jm`*bedfWG^_Wg^ejm{�k8VzRUbejXhi`f^uRU]6Ws^ek8{�{|RU]ejmÑqWGlÃjm`*b_RUT8VXW�Z

:<;�=�?@=BA&;9D E<F�G�H/I A&K1=BA&;9D �Q?�
 ��F
G
ξ

ºSRU]_RU{�Wab6Wa]DoGhi`�be]6hiVmVmjm`8}�bedfW#VXWa´�WaV�hUt�bejm{�Wx��TpRi^6WGl~t�RUjm]e`fWG^6^�jm`~bedfW/^e��^eb6Wa{
1

nmin
¹Ãjm`8jm{Kk8{ ^ejm{Kk8Vmb_RU`fWGhikf^#`�k8{�T�Wa]#hUt MON ^Dkf^6WGl4\�Wa]#Rioabejm´�Wg`fhyl8W ´�RU]ejXWGl*\�Wa]D^6Wa]e´�jXoGW

nmax
¹=R w�jm{�k8{ ^ejm{�k8Vmb_RU`fWGhikf^�`ck8{KTJWa]/hUt MON ^Bkf^_WGl*\JWa]#Rioabejm´�Wg`fh�l8W ´�RU]ejXWGl*\�Wa]D^6Wa]e´�jXoGW

M
r#k8{KTJWa]#hUt�`fhyl8WG^

100

N
r#k8{KTJWa]#hUt RG´�RUjmVzRUT8VXW MON ^Db6h�RUVmVXh�oqRUb6W 20

�F���6�A���B'>���?)��#�I'(�<� � D � '�& D ' �O" ��' �O�����+G ���F"���$%��& '>���?)��#5>���B'>���?)�� 3!)����B��"���)���5�"M�=)%',�=)>�='>&�)I@
K = 10000���I'��+"�$%���?�<�!5 �FE�G�E @��B'�$R��"TKVG ���R.�0M1 3!)���5������?)��S" 3���'����Y�-'B@��<���-�B'(3���FE�G�E @��B'�$R� ���I'��+"�$%�J"�"��?)��S*

�B�?�Y'��I5S& ��"�"%)I@ ���S��" ��� � ��3����Y" �B5

Q¶RUT8VXW�YyZm«�«\[ r�k8{�Wa]ejXoqRUV X RUVmkfWG^Bt®hi]BbedfW M jm{�k8VzRUbejXhi`=ºSRU]_RU{�Wab6Wa]6^��µ]6Wxt®Wa]Db6hEÄf}�k8]6WG^ YyZ Î�ª b6h YDZ § �
Q?dfW�]6WG^6k8Vmb6^KRU]6W�hi]e}cRU`8jmÑqWGl�Tc��^6oGWa`pRU]ejXh8Z~·fhi]KWqRio_d�^6oGWa`pRU]ejXh8�¶�ÏW�oGhi{�\pRU]6W|bedfW�]6WG^ek8Vmb6^KhiT8b_RUjm`fWGl

�Bjmbedfhik8bDt�RUjm]e`fWG^6^#�BjmbednbedfWghi`fWG^#hiT8b_RUjm`fWGlÃ�Bjmbednt�RUjm]e`fWG^6^qZÏQ?dfWsbejm{�Wx��TpRi^6WGl*t�RUjm]e`fWG^6^#{�WGo6dpRU`8jX^e{ kf^6WGl
jX^D^ejm{�jmVzRU]#b6h�bedfWghi`fWs\8]6WG^6Wa`�b6WGl*jm`Ã^6WGoabejXhi` YyZ § Z¯¥�`nWqRio_dÃoqRi^6W���bedfWut®hiVmVXhq�Bjm`8}~]6WG^ek8Vmb6^#RU]6Ws\8]6hÈ´�jXl8WGl%[

«�ZDQ?dfWgb6hib_RUV�`ck8{KTJWa]/hUtSbejm{�WG^�WqRio6dn`fhyl8Wukf^6WGlÃRE}�]6hik8\ÃhUt
i MON ^?t®hi]Bjmb6^D¸D¿�Q¶¿MQ�w�Z

ª�ZDQ?dfWgb6hib_RUV�`ck8{KTJWa]/hUt MON ^#kf^6WGl4Tc�*WqRio6dÃ`fh�l8Wut®hi]D¸D¿�Q¶¿	Q�w��ARU}�}�]6Wa}cRUbejm`8}�RUVmV�bedfWgoqRi^_WG^B�BdfWa`kf^6jm`8}|R�}�]6hik8\nhUt
i MON ^qZ�¿/^?RU`nWxwfRU{�\8VXW��fRK`fh�l8Wukf^6jm`8} i MON ^�tvhi]DRE¸D¿�Q�¿,Q�w~�Ïhik8VXlÀRil8l i

b6h
bed8jX^#`ck8{KTJWa]qZ

Q?dfWuÄf}�k8]6WG^/RU]6Wshi]e}cRU`8jmÑqWGlÀRi^?t®hiVmVXhq�D^B[

• ·Sjm}�k8]6W YyZ Î�ª \8]6WG^6Wa`cb6^#bedfWs]6WG^ek8Vmb6^?t®hi]D^6oGWa`pRU]ejXhn«s�Bjmbedfhik8bDt®RUjm]e`fWG^6^ÈZ
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• ·Sjm}�k8]6W YyZ Î�Î \8]6WG^6Wa`cb6^#bedfWs]6WG^ek8Vmb6^?t®hi]D^6oGWa`pRU]ejXhn«s�Bjmbednt®RUjm]e`fWG^6^ÈZ
• ·Sjm}�k8]6W YyZ ÎU[ \8]6WG^6Wa`cb6^#bedfWs]6WG^ek8Vmb6^?t®hi]D^6oGWa`pRU]ejXh|ª��Bjmbedfhik8bDt®RUjm]e`fWG^6^ÈZ
• ·Sjm}�k8]6W YyZ Î� \8]6WG^6Wa`cb6^#bedfWs]6WG^ek8Vmb6^?t®hi]D^6oGWa`pRU]ejXh|ª��Bjmbednt®RUjm]e`fWG^6^ÈZ
• ·Sjm}�k8]6W Y#Z Y \8]6WG^6Wa`cb6^#bedfWs]6WG^ek8Vmb6^?t®hi]D^6oGWa`pRU]ejXh|Î��Bjmbedfhik8bBt®RUjm]e`fWG^_^qZ
• ·Sjm}�k8]6W Y#Z § \8]6WG^6Wa`cb6^#bedfWs]6WG^ek8Vmb6^?t®hi]D^6oGWa`pRU]ejXh|Î��Bjmbed*t®RUjm]e`fWG^_^qZ

Q?dfWut®hiVmVXhq�Bjm`8}~{|RUjm`noGhi`foaVmkf^ejXhi`f^�bedpRUbDoqRU`nTJWsl�]_Rq�B`ntv]6hi{ÉbedfWs]6WG^ek8Vmb6^B\8]6WG^_Wa`cb6WGlnjm`4Äf}�k8]6WG^ YyZ Î�ª
b6h YDZ § RU]6W\[

• ³�jmbedfhik8bst�RUjm]e`fWG^6^sbedfW�oGhi{�\�Wabejm`8}ÃoaVzRi^6^6WG^ghUt?^6Wa]e´yjXoGW�l8h*`fhibs\8]6hi\JWa]eVm��oGhyWxwyjX^ebgWa´�Wa`jÅtÏjm`¢WqRio6doaVzRi^_^*hUtE^6Wa]e´yjXoGW�RUVmV/bedfW�`fhyl8WG^4]6WqRio6d RU\8\8]6hqwyjm{|RUb6WaVm� bedfW�^_RU{�W�b6hib_RUVgRU{�hik8`cbÀhUtE^e\�WGoabe]ek8{
]6WG^_hik8]6oGW�Zs¥�`fl8WGWGl���^6hi{�W�RUVmVXhq��WGl�´iRUVmkfWG^uhUt

ni
RU]6WE^6hi{�Wabejm{�WG^u`fhibuWa´�Wa`�]6WqRio6dfWGl=Tc��RU`c�n`fhyl8W

tv]6hi{ RE}�jm´�Wa`ÃoaVzRi^_^DhUt�^_Wa]e´�jXoGW�Z
• ¿Bl8l�jm`8}�bedfW*bejm{�Wx��TpRi^6WGl¨t�RUjm]e`fWG^6^��?Ri^�tvk8VmVm� TJWa`fWxÄpoajzRUVDb6h¢dpRG´�WÀR�\8]6hi\JWa]|oGhyWxw�jX^eb6Wa`foGWnhUtubedfW^_Wa]e´�jXoGWG^q�cWqRio6d��Bjmbed�jmb6^¯hq�B`|^6Wab hUt�]6W V�k8jm]6Wa{�Wa`cb6^qZ�Y¯Rio_d~hUt�bedfW?bed8]6WGWD^6oGWa`pRU]ejXh�^��?Ri^¯^ekfoGoGWG^_^�tµk8VmVm�
oGhi]e]6WGoab6WGl¢Tc��Ril8l�jm`8}nbedfWEt®RUjm]e`fWG^_^qZK¿�VX^6h8��WqRio_d¢`fhyl8WK]6WGoGWajm´�WGl�RU\8\8]6hGw�jm{|RUb6WaVm��bedfW�^_RU{�W�b6hib_RUV
RU{�hik8`�bghUt¯^e\�WGoabe]ek8{�]6WG^_hik8]6oGWERi^/bedfWEhibedfWa]6^/tµ]6hi{�bedfWK^1RU{�WKoaVzRi^6^uhUt¯^6Wa]e´yjXoGW�Ri^���WaVmV Ri^Dtv]6hi{
bedfW/hibedfWa]?oaVzRi^6^?hUt�^6Wa]e´�jXoGW�Z�¥Á`fl8WGWGl��ybedfW#bejm{�Wx��TpRi^6WGl~t�RUjm]e`fWG^6^ÏjX^¯{|RU`pRU}�WGl�Tc� MON t®hi]ÏWqRio6d4`fhyl8W�Z

• r/hib6W�bedpRUb¯R�^6be]ejXoab6Wa]SVXWa´�WaVfhUtAt®RUjm]e`fWG^_^?�v^6{|RUVmVXWa] ξ ´�RUVmkfWÈ�SRi^��ÏWaVmVpRi^ R�VXhi`8}�Wa]�^ejm{�k8VzRUbejXhi`|l�k8]_RUbejXhi`��hik8VXlnRUVmVXhq� b6hKTJWabeb6Wa]?W VckpRUVmjmÑqW/bedfW�]6WG^ek8Vmb6^�TJWabÁ�ÏWGWa`ÃRUVmVJbedfW#`fhyl8WG^q�yT8k8b��Ïhik8VXl�`fhibBo6dpRU`8}�W/bedfW
oGhi`foaVmkf^6jXhi`f^qZ

¿BoGoGhi]6l�jm`8}�Vm���8bedfWsRUVm}�hi]ejmbed8{ �?Ri^B^ekfoGoGWG^6^�tvk8VmVm�~RUT8VXW/b6h�l�jX^ebe]ejmT8k8b6WubedfWu^e\�WGoabe]ek8{>]6WG^_hik8]6oGWG^?tvhi]?Ò/Ó
be]_RU`f^e{�jX^6^6jXhi`�T�Wab���WGWa`%^6Wa´�Wa]_RUV�`fhyl8WG^KWqRio_d%hi`fW|�Bjmbed�jmb6^Ehq�B` ^6WabKhUtB]6W V�k8jm]6Wa{�Wa`cb6^qZ=¥Á`�Ril8l�jmbejXhi`�� R
}�]6WqRUbD]6WG^ek8Vmb�jX^BbedpRUb#WqRio_dÃ`fhyl8Wgl8h�WG^D`fhib#`fWGWGl*b6h�£y`fhq� dfhq� {|RU`��nhibedfWa]D`fhyl8WG^�RU]6Wg^ejm{Kk8Vmb_RU`fWGhikf^eVm�
oGhi`cb6Wa`fl�jm`8}f� RU`fl¢dfhq� {|RU`��¢l�jÅÊ�Wa]6Wa`�bKoaVzRi^6^_WG^�hUtB^6Wa]e´�jXoGWÀ�®RU`fl�Ri^6^6hyoajzRUb6WGl¢^e\�WGoabe]ek8{ ]6W V�k8jm]6Wa{�Wa`cb6^x�
RU]6Ws\8]6WG^6Wa`�bDjm`nbedfWsoGWaVmV�Z Q?d8jX^#��Ri^#Rio_d8jXWa´�WGlnjm`ÀR�oGhi{�\8VXWab6WaVm�nl�jX^6be]ejmT8k8b6WGl4t®Ri^6d8jXhi`�Z

-/.10�� LN9 ��O�@BH�365p9DC �(3�7AI ��7JIKP�H � PS7AIK9s�E5

¥Á`¢bed8jX^E^6WGoabejXhi`��W|oGhi{�\pRU]6W~hik8]�{�Wabedfhyl¢�Bjmbed�hibedfWa]K{�Wabedfh�l8^Kjm`b6Wa]e{�^KhUtBb6hib_RUV¯]6WqRio6dfWGl%Ò/Ó
^ek8{�oqRU\pRioajmbÁ��R tvb6Wa]goGhi{�\8VXWabejm`8}ÀRU`RUVmVXhyoqRUbejXhi`�ZEQ?d8jX^g�BjmVmV�TJW�Wa´�RUVmkpRUb6WGl��Bd8jmVXW�bedfWEb6hib_RUV `ck8{KTJWa]�hUt
`fhyl8WG^

M
jm`nbedfW�^e�y^6b6Wa{>´�RU]ejXWG^qZ Q?dfW/t®hiVmVXhq�Bjm`8}~{�Wabedfh�l8^/RU]6Wukf^6WGl4t®hi]DoGhi{�\pRU]ejX^6hi`4[

• � '���;AG�)>�='�& [SjmbÏoGhi]e]6WG^e\�hi`fl8^¯b6h�bedfW�RUVmVXhyoqRUbejXhi`~hUt
N
´�RUVmkfWG^ÏRUb

cmax
�c�Bd8jXo6d�jX^ �BdfWa]6W�bedfW#^e��^eb6Wa{

b6Wa`fl8^ tvhi] RU`�jm`�Äf`8jmb6WD`ck8{�T�Wa]¯hUt�`fh�l8WG^ �BdfWa`�kf^ejm`8}s{�k8VmbejÅ��kf^_Wa]¯l�jm´�Wa]6^ejmb���Z S k8b bed8jX^ VXWa´�WaVfoqRU`8`fhibT�Wu]6WqRio6dfWGlÃjm`n]6WqRUVmjmb����pjmbBjX^Bjm`cb6Wa`fl8WGlÃb6h�}�jm´�WgRU`nk8\8\�Wa]DT�hik8`fl�tvhi]BbedfWsb6hib_RUV¶^ek8{ oqRU\pRioajmb���Z
• 	�
 � � EQ[�bed8jX^DjX^#hik8]Dl�jX^ebe]ejmT8k8b6WGln{�Wabedfhyl�Z
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Spectrum usage without fairness for Scenario 1:
Service 1 and Service 2 have fully overlapping ni requirements

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 1, nmax = 15
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Spectrum usage without fairness for Scenario 1:
Service 1 and Service 2 have fully overlapping ni requirements

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 1, nmax = 15
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Spectrum usage with fairness for Scenario 1:
Service 1 and Service 2 have fully overlapping ni requirements

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 1, nmax = 15
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Spectrum usage with fairness for Scenario 1:
Service 1 and Service 2 have fully overlapping ni requirements

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 1, nmax = 15
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Spectrum usage without fairness for Scenario 2:
Service 1 and Service 2 have partially overlapping ni requirements

Service 1: nmin = 1, nmax = 10
Service 2: nmin = 5, nmax = 15
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Spectrum usage without fairness for Scenario 2:
Service 1 and Service 2 have partially overlapping ni requirements

Service 1: nmin = 1, nmax = 10
Service 2: nmin = 5, nmax = 15
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Spectrum usage with fairness for Scenario 2:
Service 1 and Service 2 have partially overlapping ni requirements

Service 1: nmin = 1, nmax = 10
Service 2: nmin = 5, nmax = 15
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Spectrum usage with fairness for Scenario 2:
Service 1 and Service 2 have partially overlapping ni requirements

Service 1: nmin = 1, nmax = 10
Service 2: nmin = 5, nmax = 15
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Spectrum usage without fairness for Scenario 3:
Service 1 and Service 2 have fully non overlapping ni requirements

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 7, nmax = 15
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Spectrum usage without fairness for Scenario 3:
Service 1 and Service 2 have fully non overlapping ni requirements

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 7, nmax = 15
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Spectrum usage with fairness for Scenario 3:
Service 1 and Service 2 have fully non overlapping ni requirements

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 7, nmax = 15
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Spectrum usage with fairness for Scenario 3:
Service 1 and Service 2 have fully non overlapping ni requirements

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 7, nmax = 15
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• 1 '>��5()�$ [�t®hi]DWqRio6d MON �ARE]_RU`fl8hi{ `fh�l8WsjX^#b_RU£�Wa`Ãb6h�T�WgRUVmVXhyoqRUb6WGlnb6h�bed8jX^ MON Zf¥�`ÀhibedfWa]D�Ïhi]6l8^q�bedfWa]6W�jX^#RUTf^6hiVmk8b6WaVm�4`fh�jm`�b6WaVmVmjm}�Wa`foGWKjm`*bed8jX^�o6dfhijXoGW�Z�¥�b#jX^D^ejm{�jmVzRU]Db6h�l8hijm`8}4RnÇxT8Vmjm`fl�Çgo_dfhijXoGW�ZÏ¥Áb
jX^#Wxwy\�WGoab6WGl*b6h�\8]6hq´yjXl8WKREVXhÈ�ÏWa]�TJhik8`fl4t®hi]BbedfWsb6hib_RUV�^6k8{ oqRU\pRioajmb���Z

• � '���; �F�A�B0,) 5Y��; 	 �����BEM&�& 0 ) 5Y��" [|tvhi]EWqRio6d MON ��W�RUVmVXhyoqRUb6W|bedfW|`fh�l8W|dpRG´yjm`8}�bedfW�{|R w�jm{�k8{ cij´�RUVmkfW#hÈ´�Wa]?RUVmVAbedfW#hibedfWa]Ï`fh�l8WG^qZ�Q?dfWa`���bed8jX^¯`fhyl8WBjX^¯]6Wa{�hq´�WGl~tµ]6hi{�bedfW?tvk8bek8]6W#o6dfhijXoGWG^È��RU`fl|bedfW
l8WGoajX^6jXhi`n}�h�WG^#hi`n�BjmbednbedfWu`fWxw�b MON k8`cbejmV¶bedfWgoGhi{�\8VXWab6W�RUVmVXhyoqRUbejXhi`ÀhUt RUVmV�bedfW MON ^qZ

Q?dfWs`�k8{�Wa]ejXoqRUV�´�RUVmkfWG^Bkf^6WGl*jm`*bedfWG^_Wg^ejm{�k8VzRUbejXhi`f^uRU]6Ws^ek8{�{|RU]ejmÑqWGlÃjm`*b_RUT8VXW�Z
:<;�=�?@=BA&;9D E<F�G�H/I A&K1=BA&;9D �Q?�
 ��F
G

nmin
¹Ãjm`8jm{Kk8{ ^ejm{Kk8Vmb_RU`fWGhikf^#`�k8{�T�Wa]#hUt MON ^Dkf^6WGl4\�Wa]#Rioabejm´�Wg`fhyl8W 1

nmax
¹=R w�jm{�k8{ ^ejm{�k8Vmb_RU`fWGhikf^�`ck8{KTJWa]/hUt MON ^Bkf^_WGl*\JWa]#Rioabejm´�Wg`fh�l8W 1

M
r#k8{KTJWa]#hUt�`fhyl8WG^

[20 : 10 : 100]

N
r#k8{KTJWa]#hUt RG´�RUjmVzRUT8VXW MON ^Db6h�RUVmVXh�oqRUb6W 20

E �=)(�='�& )I@
K = 1000

�2E�G�E/@��I'�$R��",'��!�W���B'��S"�$%���?�<�B52@A)����!'(3��
M

� '�& �+�

Q¶RUT8VXW�YyZm«qª@[ r#k8{�Wa]ejXoqRUV X RUVmkfWG^Bt®hi]BbedfW M jm{�k8VzRUbejXhi`=ºSRU]_RU{�Wab6Wa]6^��µ]6WxtvWa]#b6h�Äf}�k8]6W YyZ Î�§ �
·fhi]uWqRio6d

M
´�RUVmkfW���RUVmV¶bedfW�{�Wabedfhyl8^uoqRUVXoak8VzRUb6WEbedfW�{�WqRU`=b6hib_RUVSÒ/Ó ^ek8{ oqRU\pRioajmbÁ�=Ri^uR�]6WG^6k8Vmb/hUt

bedfW
K
be]_RU`f^e{�jmbeb6WGln¸D¿�Q¶¿	tµ]_RU{�WG^ÈZ

·Sjm}�k8]6W YyZ Î�§ \8]6WG^_Wa`cb6^DbedfW�hiT8b_RUjm`fWGl*]6WG^ek8Vmb6^qZ
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¿/^*Wxwy\�WGoab6WGl���bedfW�1 '���5()>$Ë{�WabedfhylFoGhi`f^eb_RU`cbeVm� }�jm´�WG^*bedfW���hi]6^eb*]6WG^ek8Vmb6^qZ>¥Á`FRil8l�jmbejXhi`��/T�hibed
bedfW � ' ��; �2���B0,) 5Y��; 	 �O���!EM& & 0 ) 5���"�RU`fl�bedfW 	�
 � � E {�Wabedfh�l8^K]6WG^ek8Vmb�jm` RU`jm`foa]6WqRi^ejm`8}�oqRU\pRioajmb�� Ri^
M
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Ri^e�y{�\8b6hibejXoqRUVmVm�*b6Wa`flÃb6h�bedfW � ' �>;AG�)>�='�&8VXWa´�WaV�]6Wa\8]6WG^_Wa`cbejm`8}4bedfWgT�WG^ebD\�h�^6^ejmT8VXWs]6WG^6k8Vmb6^qZ?Q?dfWg{�Wabedfhyl8^
� ' �>; �F���!0 )X5Y��; 	 �O�A�BEM&�& 0,) 5Y��"*RU`fl 	�
 � � EÉ}�jm´�WnoGhi{�\pRU]_RUT8VXWÀ]6WG^ek8Vmb6^�jm`Ðbed8jX^�^_oGWa`pRU]ejXh8ZN¼/hq�ÏWa´�Wa]q�
bedfW � ' ��; �F���!0 ) 5���; 	 �O���!EM&�& 0,) 5Y��"Ã{�Wabedfhyl��Ïhik8VXlFoGhi]e]6WG^e\�hi`fl b6h¨R%oGWa`cbe]_RUVmjmÑqWGl({�Wabedfhyl����BdfWa]6WqRi^
hik8] 	�
 � � E�{�Wabedfhyl jX^�RÃl�jX^ebe]ejmT8k8b6WGl {�Wabedfhyl jm`%�Bd8jXo6d¨`fhyl8WG^�l8hÀ`fhib�£y`fhq� RUT�hik8b�WqRio_d¨hibedfWa]qZ
¿BoGoGhi]6l�jm`8}�Vm����hik8]sRUVm}�hi]ejmbed8{�}�jm´�WG^/´�Wa]e�n}�hyhyln]6WG^ek8Vmb6^/�BdfWa`�oGhi{�\pRU]6WGlÀb6h�^6hi{�WEhibedfWa]�{�Wabedfhyl8^sRU`fl
oqRU`nT�Wujm{�\8VXWa{�Wa`cb6WGlÀjm`ÃR�l�jX^ebe]ejmT8k8b6WGln�?RG��Z
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¥Á`gbed8jX^So6dpRU\8b6Wa]�hik8]¶oGhiVmVXWGoabejm´�WÏÒ�Ó*�/·�¸/¹=¿ ^6hiVmk8bejXhi`gt®hi]�\�Wa]�tvhi]e{|RU`foGW¯jm{�\8]6hq´�Wa{�Wa`�b���Ri^SWxwy\�h�^6WGl
RU`flÃ^6bekfl�jXWGlnjm`Àl8Wab_RUjmVX^ÈZ?³¢WgdpRG´�WEl8WG^6oa]ejmT�WGlnbedfW�{�h�l8WaVmjm`8}�o6dpRUVmVXWa`8}�W�Rio6d8jXWa´�WGlÀb6h~RilfRU\8b�bedfW�^e�?RU]e{
jm`cb6WaVmVmjm}�Wa`foGWEb6h�RU`��/·�¸u¹À¿MoGhi`�b6WxwybqZDQ?dfWK{|RUjm`=RUVm}�hi]ejmbed8{TL ^uoGhi`�be]6hiVS\pRU]_RU{�Wab6Wa]6^/dpRq´�W�T�WGWa`Ã´�RU]ejXWGl
RU`fl bedfWajm]�jm{�\pRioab�hi`¨bedfW�\JWa]�t®hi]e{|RU`foGWG^�dpRq´�W*TJWGWa`¨Wa´�RUVmkpRUb6WGl�Z ¿�^�^6WGWa`%tv]6hi{ bedfW4]6WG^ek8Vmb6^�jm` bed8jX^
o6dpRU\8b6Wa]q�yhik8]¯l�jX^ebe]ejmT8k8b6WGl�RUVm}�hi]ejmbed8{�l8hyWG^�`fhib dpRq´�W#Rs^ejm`8}�VXWBT�WadpRG´yjXhi] T8k8b¯oqRU`|TJW?´�RU]ejXWGl�Tc��o_dpRU`8}�jm`8}
^6hi{�WshUt�bedfWs{|RUjm`ÃoGhi`�be]6hiV�\pRU]_RU{�Wab6Wa]6^�b6h�TJWabeb6Wa]�RilfRU\8b#b6h�bedfWs\8]6hiT8VXWa{�RUbBdpRU`fl�Z
Q?dfWE£�Wa�ÀoGhi`foGWa\8bsjm`�bed8jX^uT�hibeb6hi{���k8\RU\8\8]6h�Rio6d¢jX^/b6h4oGhi`cbe]6hiV¯bedfWE^6�y^eb6Wa{ tv]6hi{�bedfWEjm`f^ejXl8W�ZKQ?dfW

oGhi{�\8VXWxw�jmb��ÀhUt�bedfWE^e��^eb6Wa{ oqRU`=bedckf^/T�Wg]6WGoa]6WqRUb6WGl�Ri^/R|]6WG^ek8Vmb�hUt bedfWK{|RU`c�ÃT8k8b/^ejm{�\8VXW�jm`cb6Wa]_RioabejXhi`f^
b_RU£yjm`8}n\8VzRioGW�T�Wab���WGWa`�bedfW�VXhÈ�ÏWG^eb�oGhi{�\�hi`fWa`cb6^EhUt?bedfW|^e�y^6b6Wa{nZ|¥Á`hibedfWa]���hi]6l8^q��bedfW~oGhi{�\8VXWxwyjmbÁ��jX^
`fhib�dfWaVXl|T���WqRio6d4`fh�l8W\L ^�l8Wa´yjXoGW�Z�Q?dfW#T8k8]6l8Wa`*hUt�oGhi{�\8k8b_RUbejXhi`*oqRU`~bed�kf^�TJW�l�jX^ebe]ejmT8k8b6WGl�TJWabÁ�ÏWGWa`4bedfW
{|RU`c�4`fhyl8WG^qZ
¥Á`�bed8jX^�^ebekfl�������W�be]ejXWGl�b6hÀ{�jm`8jm{�jmÑqW�bedfW~oGhyhi]6l�jm`pRUbejXhi`Ðhq´�Wa]edfWqRil T�Wab���WGWa`¨bedfW|`fhyl8WG^q��{|RU£yjm`8}

kf^6W~hUt/R*\pRU]_RUVmVXWaV?]6WG^6Wa]e´�RUbejXhi`�{�WGo_dpRU`8jX^e{ RU`fl%RÃ´�RU]ejzRUT8VXW V�kpRU`cbejÅÄpoqRUbejXhi` �Bjm`fl8hq�Éb6hÃVmjm{�jmbKbedfW�Ò/Ó
`fWa}�hibejzRUbejXhi`�bejm{�WG^eVXhib�l�k8]_RUbejXhi`�Z�Q?d8jX^�oGhi]e]6WG^6\Jhi`fl8^�b6h|l8hijm`8}4oa]6h�^6^���VzRq��Wa]/hi\8bejm{�jmÑÈRUbejXhi`�Z#³¢W�^ebe]6hi`8}�Vm�
T�WaVmjXWa´�W~bedpRUbE}�]6WqRUb�}cRUjm`f^�oqRU`�]6WG^ek8VmbEtv]6hi{Âl8hijm`8}�oa]6h�^6^���VzRq��Wa]�hi\8bejm{�jmÑÈRUbejXhi`¨jm`f^eb6WqRil%hUt�^6Wa´�Wa]_RUV?^ek8T��
hi\8bejm{�jmÑÈRUbejXhi`f^uRUbDWqRio6dÃVzRq��Wa]qZ

S �4^ejm{�k8VzRUbejXhi`f^��ÏWs´�RUVmjXlfRUb6WGl*bedfWut®hiVmVXhq�Bjm`8}|jm`cb6Wa]6WG^ebejm`8}~\8]6hi\JWa]ebejXWG^Dtvhi]Dhik8]�RUVm}�hi]ejmbed8{T[

• P�hiT8kf^ebe`fWG^6^#RU}cRUjm`f^eb�o6dpRU`8}�WG^Djm`ÃbedfWgWa`c´yjm]6hi`8{�Wa`cb��µ`ck8{�T�Wa]�hUt�`fhyl8WG^q�fo6dpRU`8`fWaVX^�o6dpRU`8}�WG^1�xZ

• ·SVXWxw�jmT8jmVmjmb���[gbedfW~RUVm}�hi]ejmbed8{ÂoqRU`�RilfRU\8bgb6h*´�RU]ejXhikf^�oGhi`�Äf}�k8]_RUbejXhi`f^�hUt M � N � nmin
�
nmax

RU`fl
´�RU]ejXhikf^#^_Wa]e´�jXoGWG^qZ

• M oqRUVzRUT8jmVmjmbÁ��jm`4`�k8{�T�Wa]#hUt¶^ejm{Kk8Vmb_RU`fWGhikf^eVm�*oGhi`cb6Wa`fl�jm`8}�`fhyl8WG^�[�bedfWuoGhi`c´�Wa]e}�Wa`foGWsbejm{�Wu]6Wa{|RUjm`fWGl]6WqRi^_hi`pRUT8VXWKRU`fl*´�RU]ejXWGl4`fhib#^ejm}�`8jÅÄpoqRU`�beVm�*�BjmbedÀRU`*jm`foa]6WqRi^ejm`8}|`�k8{�T�Wa]#hUt�`fh�l8WG^qZ

• Y�Ì|oajXWa`foa��[�bedfW VckpRUVmjmbÁ�hUtDbedfW�^6hiVmk8bejXhi`��?Ri^E´�Wa]e��}�h�hyl¢�BdfWa` oGhi{�\pRU]6WGl%b6hÀhibedfWa]E{�Wabedfh�l8^ÈZQ?dfWu^e\�WGWGl�hUt¶oGhi`c´�Wa]e}�Wa`foGWsjX^�]6WqRi^6hi`pRUT8VXWuoGhi`f^ejXl8Wa]ejm`8}�bedfWu^ejmÑqW/hUt�bedfWuoGhi`f^ejXl8Wa]6WGl�\8]6hiT8VXWa{�^qZ ¥Á`
Ril8l�jmbejXhi`��AbedfW�oGhi`�´�Wa]e}�Wa`foGW�oqRU`nTJWKRioGoGWaVXWa]_RUb6WGlÃT��ÃRil � kf^ebejm`8}~bedfW�RU\8\8]6hi\8]ejzRUb6WEoGhi`cbe]6hiVS\pRU]_RU{��
Wab6Wa]6^ÈZ

• ·pRUjm]�[�Q?dfW/RUVm}�hi]ejmbed8{ÉoqRU`~oGhi`cbe]6hiV�bedfWDt®RUjm]e`fWG^6^ÏT�Wab��ÏWGWa`4bedfW#`fh�l8WG^Ïkf^ejm`8}ERgbejm{�Wx��TpRi^6WGl~t®RUjm]e`fWG^_^{�WGo_dpRU`8jX^e{nZ
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��k8]�RUVm}�hi]ejmbed8{n��TpRi^6WGlhi`�bedfW|^e�?RU]e{Ëjm`�b6WaVmVmjm}�Wa`foGW*RU\8\8]6h�Rio6d���dpRi^ER*}�]6WqRUbE\Jhib6Wa`�bejzRUV¯t®hi]gtvk8bek8]6W
}�Wa`fWa]_RUbejXhi`f^ hUtf�Bjm]6WaVXWG^6^�^6�y^eb6Wa{�^¶kf^ejm`8}soGhi}�`8jmbejm´�W�]_Ril�jXh�^qZ�¥�`fl8WGWGl��ijmb�jX^�RU`�RUVm}�hi]ejmbed8{¡hUtAl���`pRU{�jXo?^e\�WGox�
be]ek8{ÆRUVmVXhyoqRUbejXhi`*bedpRUbDoqRU`*TJW/jm{�\8VXWa{�Wa`cb6WGlÃjm`*l8Wa´�jXoGWG^Bb6hET�Wabeb6Wa]#RilfRU\8bBbedfWs^e\�WGoabe]ek8{Ékf^6WsRioGoGhi]6l�jm`8}
b6h�bedfWs`fhyl8WG^�L�`fWGWGl8^Djm`=RE`fWab��Ïhi]e£�Z
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M jm`foGW�R�t®Wa�,��WqRU]6^q�Jkf^ejm`8}nR~{�hiT8jmVXWK\8dfhi`fW�jX^/`fh�VXhi`8}�Wa]s^6hiVXWaVm�nVmjm{�jmb6WGl�b6h�T8kf^ejm`fWG^6^/\�WGhi\8VXW���T8k8b^e\pRU`f^�bedfW*�BdfhiVXW4]_RU`8}�WÃhUtuRU}�WG^�tv]6hi{ o6d8jmVXl�]6Wa`Ðb6h�hiVXl8Wa]�\�WGhi\8VXW�Z ¥�`fl8WGWGl��Ï{�hi]6WnRU`fl¨{�hi]6W4\�WGhi\8VXW
RU]6W/kf^ejm`8}E�Bjm]6WaVXWG^6^?{�WqRU`f^?hUt¶oGhi{�{�k8`8jXoqRUbejXhi`nb6h�Wxw8o6dpRU`8}�W/jm`�t®hi]e{|RUbejXhi`���tvhi]?l�jÅÊ�Wa]6Wa`cb?\8k8]e\Jh�^_WG^qZ�Q?dfW
\�h�^6^ejmT8jmVmjmb��¢hUt#oGhi{�{Kk8`8jXoqRUbejXhi`Ðhi`�bedfW|{�hq´�W�jX^Ehi`fW�{|R � hi]�Ril�´�RU`cb_RU}�W4hUtB�Bjm]6WaVXWG^6^�oGhi{�{�k8`8jXoqRUbejXhi`f^
hq´�Wa]��Bjm]6WGlEhi`fWG^qZ¶³°jm]6WaVXWG^6^Skf^6Wa]6^�RUVm��Rq�y^ Ri^6£utvhi]�RU`Kjm`foa]6WqRi^ejm`8}u`�k8{�T�Wa]�hUtJ^6Wa]e´�jXoGWG^È�iRDTJWabeb6Wa] U h M �iRU`flR/^6Wa]e´yjXoGW?Rq´iRUjmVzRUT8jmVmjmbÁ��RU`c�ybejm{�W#RU`fl�RU`c�y�BdfWa]6W�Z�r�hib6W?bedpRUb��Bjm]6WaVXWG^6^�Wxw8o6dpRU`8}�WG^¯hUtAjm`�t®hi]e{|RUbejXhi`~RU]6WBRUVX^6h
T�Wajm`8}�Wxw�b6Wa`f^ejm´�WaVm�Ãkf^_WGlÃT��Ã^6Wa´�Wa]_RUV�l8hi{|RUjm`f^/tvhi]/l�jm´�Wa]6^6W�RU\8\8VmjXoqRUbejXhi`f^g^ekfo_d�Ri^�[#^eb6h�o_£n{|RU`pRU}�Wa{�Wa`cbq�
^ek8\�Wa]e{|RU]e£�Wab#\8]ejXoGWEl�jX^e\8VzRG�*{|RU`pRU}�Wa{�Wa`�bq��RUjm]e\8VzRU`fW�VzRU`fl�jm`8}�^e�y^6b6Wa{Ë� �uº M �x�A^6WqRU]6o6d�RU`fln]6WG^6oakfW��AWab6o�Z¿�VmVpbedfWD�Bjm]6WaVXWG^_^�RU\8\8VmjXoqRUbejXhi`f^�kf^6WD^6\JWGoabe]ek8{>b6hg��hi]e£|RU`fl~RU]6W#^6k8T � WGoabÏb6h�^e\�WGoabe]ek8{ ]6Wakf^6W�oGhi`f^ebe]_RUjm`cb6^
b6hKRq´�hijXl�]_Ril�jXh�jm`�b6Wa]�tvWa]6Wa`foGW�Z N hi`f^6jXl8Wa]ejm`8}EbedfW/RUTJhÈ´�W/Ri^Ï�ÏWaVmV�Ri^ÏbedfWDt�Rioab¯bedpRUb�bedfW#WqRU]ebed4L ^�\�hi\8k8VzRUbejXhi`dpRi^sRU`�WG^ebejm{|RUb6WGl=jm`foa]6WqRi^ejm`8}4]_RUb6W4��t®hi]/bedfWK\�Wa]ejXhyl�«qÍ�ÍU[i�Áª�©�ª���/hUt�«�Z Î��Æ\�Wa]���WqRU]q��bed�kf^ubedfW��Bjm]6WaVXWG^_^
oGhi{�{�k8`8jmbÁ��k8]e}�Wa`cbeVm�E`fWGWGl8^�b6h/Äf`fl�jm`8`fhq´�RUbejm´�WD^6hiVmk8bejXhi`f^ b6h/Wxw�\pRU`fl�bedfWBRUVm]6WqRil���oGhi`8}�WG^eb6WGl�^e\�WGoabe]ek8{
TpRU`fl8^qZ
¥Á` {�h�^eb*oGhik8`cbe]ejXWG^q��bedfW�oak8]e]6Wa`cbeVm�FRUVmVXh�oqRUb6WGlF^6\JWGoabe]ek8{ TpRU`fl8^nRU]6W�RUVm{�h�^ebÃRUVm]6WqRil��°^1RUbek8]_RUb6WGl��

�Bd8jmVXW�{�WqRi^6k8]6Wa{�Wa`cb6^�oqRU{�\pRUjm}�`f^�dpRq´�W|^edfhÈ�B`bedfWajm]E^e\pRU]6^6W�kf^6W�T�hibedjm`bejm{�W|RU`fl^e\pRioGW�Z�¥Á`hibedfWa]
�Ïhi]6l8^È��hi`8Vm�=R�^e{|RUVmV�\Jhi]ebejXhi`�hUt¯bedfW�RUVmVXhyoqRUb6WGl�^e\JWGoabe]ek8{�jX^ukf^6WGl=Wa´�Wa]e�y�BdfWa]6W�RU`fl�RUVmV�bedfWEbejm{�W�Zg¿/^
RnoGhi`f^_W VckfWa`foGW���bedfW�^6hU��oqRUVmVXWGl Ça^e\�WGoabe]ek8{Â^6oqRU]6oajmbÁ��Ç~Wxw�jX^eb6^Khi`8Vm��jm`%bedfW�^e\JWGoabe]ek8{ RUVmVXhyoqRUbejXhi`�\pRU\�Wa]
o6dpRU]eb¯T8k8bS`fhib�jm`�]6WqRUV�Z�¿BoGoGhi]6l�jm`8}�Vm����bedfWÏ`fWa�¨]6Wa}�k8VzRUb6hi]e��^e\�WGoabe]ek8{¡RioGoGWG^6^�]ek8VXWG^�b6hul8Wa´�WaVXhi\|^edfhik8VXl�T�W
{�hi]6W#¤pWxwyjmT8VXW#b6hgT�Wabeb6Wa]Ï]6Wx¤pWGoabÏbedfW#\�h�^6^ejmT8jmVmjmbÁ�Ã�®Ri^¯��WaVmV�Ri^¯bedfW#b6WGo_d8`8jXoqRUVJoqRU\pRUT8jmVmjmbÁ�8�¯b6hgkf^_W#^e\�WGoabe]ek8{
RioGoGhi]6l�jm`8}¨R¢^e��^eb6Wa{ `fWGWGl8^��µ�BdfWa]6W=RU`flN�BdfWa`°`fWGWGl8WGlp�xZ	�#tgd8jm}�dNjm{�\�hi]eb_RU`foGW��B]6Wa}�k8VzRUb6hi]6^4^edfhik8VXl
T�WKhi\�Wa`�b6h|]6Wx¤pWGoabujm`�bedfWajm]u]6Wa}�k8VzRUb6hi]e�ntv]_RU{�Wa�Ïhi]e£=bedfWKoak8]e]6Wa`�bg^6oajXWa`cbejÅÄpo�RU`fl=b6WGo6d8`8jXoqRUV Wa´�hiVmk8bejXhi`f^ÈZ
Y ^e\�WGoajzRUVmVm���JbedfWa�n^edfhik8VXlÀTJW�´�Wa]e�ÃoqRU]6Wxtµk8V¶�BdfWa`�^6Wabebejm`8}|k8\=]6Wa}�k8VzRUb6hi]e�n]ek8VXWG^/jm`À�Bd8jXo_dÀbedfWE^e\�WGoabe]ek8{
]6WG^6hik8]6oGW�jX^4oGhi`f^ejXl8Wa]6WGl(Ri^*R�{|RUb6Wa]ejzRUVs]6WG^6hik8]6oGW�Z M kfo_d R�\Jh�^6^6jmT8jmVmjmb��°^6dfhik8VXl°T�W=hi`8Vm�Nb6Wa{�\�hi]_RU]e�����RUjmbejm`8}=t®hi]�bedfW~`fWxwybKb6WGo6d8`fhiVXhi}�jXoqRUVBT8]6WqRU£ybed8]6hik8}�d��¯RU`fl^6dfhik8VXl�oGWa]eb_RUjm`8Vm�¢`fhib�^eb_RU`fl¢tvhi]6Wa´�Wa]�hi]KT�W
oGhi`f^ejXl8Wa]6WGl�Ri^�RU`Àjm`cbejm{|RUb6WK\8]6hi\JWa]ebÁ�ÃhUt�bedfW�^e\�WGoabe]ek8{nZ?r�hÈ��RilfRG��^q�Jjmb#jX^#b6WGo6d8`fhiVXhi}�jXoqRUVmVm�À\Jh�^6^6jmT8VXWsb6h
l8Wab6WGoab�^e\JWGoabe]ek8{	dfhiVXWG^�RU`flKhyoGoak8\c��bedfWa{n��Wa´�Wa`�t®hi]SR�^edfhi]eb�\�Wa]ejXhylKhUtfbejm{�W�ZS¼�hÈ�ÏWa´�Wa]q��T�Wxt®hi]6W�RUVmVXhÈ�Bjm`8}
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^ekfo_d�RU`�hi\8\�hi]ebek8`8jX^ebejXoB^e\�WGoabe]ek8{:kf^6W��i]6Wa}�k8VzRUb6hi]6^�Wxw�\�WGoab¶jm`f^ek8]_RU`foGWG^�bedpRUb�`fh/dpRU]e{É�µjm`cb6Wa]�t®Wa]6Wa`foGWÈ�S�BjmVmV
R Ê�WGoab�bedfW~\8]ejm{|RU]e��kf^6Wa]6^��µbedfW|VmjXoGWa`f^6W~dfhiVXl8Wa]6^KhUt�RÃoGhi`f^ejXl8Wa]6WGl�^6\JWGoabe]ek8{ËTpRU`flp�goGhi{�jm`8}Àtµ]6hi{ËbedfW
^6WGoGhi`flfRU]e��kf^6Wa]6^/�µbedfWD`fhi`���VmjXoGWa`f^6WGl|dfhiVXl8Wa]6^¯�BjmVmVmjm`8}Kb6h�hi\8\�hi]ebek8`8jX^ebejXoqRUVmVm��kf^6W#bedfWDoGhi`f^ejXl8Wa]6WGl~VmjXoGWa`f^6WGl
^e\�WGoabe]ek8{ËTpRU`flp�xZ�º ]6hq´yjXl�jm`8}�jm`cb6WaVmVmjm}�Wa`cb�RUVm}�hi]ejmbed8{�^�b6hÃ{|RU£�W�bedfW~TJWG^ebEkf^6W�hUt/RÀ^e\JWGoabe]ek8{Â\pRU]eb�jX^
�BdpRUbD��WsdpRG´�Ws\8]6hi\�h�^6WGl*jm`Ãbed8jX^BbedfWG^ejX^qZ
¼�jX^eb6hi]ejXoqRUVmVm���DoGWaVmVmk8VzRU]*hi\�Wa]_RUb6hi]6^~dpRq´�WÃT�WGWa`FRi^6^ejm}�`fWGl�^e\JWGoabe]ek8{»TpRU`fl8^�Tc�Ð]6Wa}�k8VzRUb6hi]6^��µkf^ekpRUVmVm�

Vmjm{�jmb6WGlEjm`E^6jmÑqW�� jm`�\pRU]eb6^�l�kfWÏb6h#jmb6^Sjm{�\�hi]eb_RU`cb�oGh�^eb1��b6h#kf^6W?R#}�jm´�Wa`Eb6WGo_d8`fhiVXhi}���Z�Q?dfWa`���hi\JWa]_RUb6hi]6^SdpRq´�W
be]ejXWGlnb6h�{|R wyjm{�jmÑqW�bedfWg^e\�WGoabe]ek8{ kf^6WsT��*RU\8\8Vm�yjm`8}�tv]6W V�kfWa`foa��]6Wakf^_Ws\8VzRU`8`8jm`8}fZÏ¼/hq��Wa´�Wa]q�p`fhÈ��RilfRq�y^q�
bed8jX^|oGWa`�be]_RUVmjmÑqWGl	ÇaoGhi{�{|RU`fl RU`flNoGhi`�be]6hiV�Çn]ek8VXWnjm{�\Jh�^6WGlNhi`°hi\�Wa]_RUb6hi]6^�dpRG´�W=oa]6WqRUb6WGl°RU`�RU]ebejÅÄpoajzRUV
^e\�WGoabe]ek8{É^6oqRU]6oajmb����8�Bd8jXo_d*jm`*bek8]e`nRUVX^6hEjm{�\pRioab6^BbedfW/]6Wa}�k8VzRUb6hi]6^BbedfWa{�^6WaVm´�WG^Dl�kfWub6hEd8jm}�d8Vm�~oGhi`8}�WG^6b6WGl
^e\�WGoabe]ek8{�RUVmVXhyoqRUbejXhi`�o_dpRU]eb6^qZ(¿BoGoGhi]6l�jm`8}�Vm���#]6Wa}�k8VzRUb6hi]6^4RU]6WÃTJWabeb6Wa]4WqRU}�Wa]|b6hVXh�hi£NRUb~`fWa�Æ�?RG��^�hUt
RUVmVXhyoqRUbejm`8}gbedfWD^e\�WGoabe]ek8{nZ�Q?dfWB`fWa�Ð\�Wa]6^e\JWGoabejm´�WG^¯hUt�^e\�WGoabe]ek8{�RUVmVXhyoqRUbejXhi`~RU`fl�kf^6WB^6kfo6d~Ri^�[S^e\�WGoabe]ek8{
be]_Ril�jm`8}f�8^e\�WGoabe]ek8{>Wxw8o6dpRU`8}�W��8^6\JWGoabe]ek8{¾\�h�hiV����BjmVmV�TJW�]6Wa`fl8Wa]6WGl4^ekfoGoGWG^6^�tvk8VA�Bjmbed4bedfW/l8Wa´�WaVXhi\8{�Wa`cb#hUt
bedfWgoGhi}�`8jmbejm´�Ws]_Ril�jXh�^E�v^e{|RU]eb6Wa]#l8Wa´yjXoGWG^1�xZ
¥Á`Àbed8jX^ubedfWG^6jX^q�J�ÏWEdpRG´�W�oGhi{�\pRU]6WGl�^6Wa´�Wa]_RUV�{�Wabedfhyl8^��vl���`pRU{�jXo��JÄ8w8WGlp��hUt�Ri^6^ejm}�`8jm`8}*o_dpRU`8`fWaVX^sb6h

kf^6Wa]6^Khq´�Wa]Ebejm{�W�ZnQ?d8jX^g�?Ri^�Rio_d8jXWa´�WGlkf^6jm`8}ÃbedfW�}�]6WqRUb�RU`pRUVm�ybejXoqRUVÏb6hyhiV¯hUt V�kfWak8jm`8}ÃbedfWGhi]e��Zn¿�{�hi`8}
RUVmVJbedfW/^6bekfl�jXWGl~{�Wabedfhyl8^s�µTpRi^6WGl4hi`4RK·�¥Á·S� V�kfWak8jm`8}�\JhiVmjXoa�f�x�ybedfW#d8jm}�dfWG^ebB^e��^eb6Wa{>bed8]6hik8}�d8\8k8bDoqRU{�W
tv]6hi{ËbedfW~{�Wabedfh�l%oGhi`cbe]6hiVmVmjm`8}�bedfW�o6dpRU`8`fWaV#RioGoGWG^_^ERUbEbedfW|kf^_Wa]KVXWa´�WaVDRi^�R*tvk8`foabejXhi`%hUt�bedfW~o_dpRU`8`fWaV
oGhi`fl�jmbejXhi`f^qZ*Q?dfW|TJWa`fWxÄfb�oGhi{�WG^stv]6hi{ÂRÃl���`pRU{�jXo�RU`fl¢`fWa}�hibejzRUb6WGl%hi]6l8Wa]ejm`8}=hUtBbedfW�kf^_Wa]6^�b6hÃRioGoGWG^_^
jXl�VXWso6dpRU`8`fWaVX^È�fVXWqRil�jm`8}�b6h�bedfWuT�WG^eb?\Jh�^_^ejmT8VXWs^e��^eb6Wa{¾bed8]6hik8}�d8\8k8bqZ¯r/Wxwybq����Wu\8]6WG^6Wa`cb�RE{�hi]6Wg]6WqRUVmjX^ebejXo
oGhi`cb6Wxw�bDbedpRU`nbedfW�·S¥¦·¶�	�?RUjmbejm`8}�\�hiVmjXoa��Z
¥Á`�bed8jX^ bedfWG^ejX^È���ÏW#dpRG´�WD^ekfoGoGWG^_^�tµk8VmVm��Wxw�\8VXhi]6WGl~R/\pRU]eb¯hUt�bedfWD¸ M ¿�o6dpRUVmVXWa`8}�WDkf^6jm`8}KRsoGhiVmVzRUT�hi]_RUbejm´�WRU\8\8]6h�Rio6d=t®hi]#`fWa}�hibejzRUbejm`8}*^e\�WGoabe]ek8{Æ]6WG^6hik8]6oGWG^�T�Wab��ÏWGWa`�kf^6Wa]6^ÈZB¥�b�}cRG´�WK}�h�hyln]6WG^ek8Vmb6^uRU`flÃWG^6\JWGoajzRUVmVm�

�ÏWD{|RU`pRU}�WGl��yR tvb6Wa] {�hyl8WaVmjm`8}f��b6hsjm`foaVmkfl8WBbedfW#^e��RU]e{¡jm`�b6WaVmVmjm}�Wa`foGW\L ^ÏtvhiVmVXhÈ�Bjm`8}g\8]6hi\JWa]ebejXWG^¯jm`|^e\�WGoabe]ek8{
RUVmVXhyoqRUbejXhi`�TJWabÁ�ÏWGWa`�^6Wa´�Wa]_RUVfkf^6Wa]6^�kf^6jm`8}�^6Wa´�Wa]_RUV MON ^�[S^6oqRUVzRUT8jmVmjmbÁ���c]6hiT8kf^ebe`fWG^_^�b6hgo6dpRU`8}�W��c¤pWxw�jmT8jmVmjmb���jm``fWa}�hibejzRUbejXhi`�ZÏ���Bjm`8}�b6hKbedfWDt�Rioab¯bedpRUb�bedfW�^6��RU]e{¾jm`cb6WaVmVmjm}�Wa`foGWujX^?Rg{�Wab_R ��dfWak8]ejX^6bejXo���jmb¯jX^Ïbedckf^?\�h�^6^ejmT8VXW
b6h�kf^6W/jmbBb6h�^6hiVm´�WshibedfWa]B\8]6hiT8VXWa{�^D]6WaVzRUb6WGl4b6h�^6\JWGoabe]ek8{ÆRUVmVXhyoqRUbejXhi`�Z Q?d8jX^B��hi]e£~jm`f^ejX^6b6WGl*hi`*\8k8]6^ek8jm`8}
bedfWs��hi]e£4hUt�^6WGWajm`8}�bedfWs�Bjm]6WaVXWG^_^D{�hyl8WaVmjm`8}~Ri^#RET�hibeb6hi{���k8\=RU\8\8]6h�Rio6d�Z
¿�`�jm{�\Jhi]eb_RU`�bgWxÊ�hi]ebu��Ri^u`fWGoGWG^_^_RU]e�nb6h*RilfRU\8bsbedfW�^e��RU]e{�jm`cb6WaVmVmjm}�Wa`foGW�b6h4RU`�/·�¸u¹À¿ oGhi`cb6Wxw�bqZ

³¢WE{|RU`pRU}�WGl�b6h�\8]6hq´yjXl8W�R~\JhÈ�ÏWa]�tvk8V l�jX^ebe]ejmT8k8b6WGlRUVm}�hi]ejmbed8{�t®hi]sRio_d8jXWa´�jm`8} MON ^gRUVmVXh�oqRUbejXhi`�T�Wab���WGWa`^6Wa´�Wa]_RUV�kf^6Wa]6^qZ(Q?dfW=RUVm}�hi]ejmbed8{�dpRi^�RUVX^6h¢bedfW=oqRU\pRUT8jmVmjmb��Nb6hoGhi`cbe]6hiVubedfWnt®RUjm]e`fWG^6^~jm`°^6\JWGoabe]ek8{»kf^6W
T�Wab��ÏWGWa`�bedfW�kf^6Wa]6^#kf^6jm`8}�RU`�RilfRU\8b6WGlÃbejm{�Wx��TpRi^6WGl�RUVm}�hi]ejmbed8{nZD³¢WKkf^6WGlÀoa]6h�^6^���VzRG��Wa]uhi\8bejm{�jmÑÈRUbejXhi`�b6h
l8WG^ejm}�`Ðhik8]|RUVm}�hi]ejmbed8{�^_hÀbedpRUb���W*oGhik8VXl¨{�jm`8jm{�jmÑqW4bedfW4`fWa}�hibejzRUbejXhi`°l�k8]_RUbejXhi`¨�Bd8jmVXWnb6WG^ebejm`8}�{|RU`c�
l�jÅÊ�Wa]6Wa`cb�oGhi{�T8jm`pRUbejXhi`f^�hUtDkf^6Wa]6^Khi` MON ^qZ*¿BoGoGhi]6l�jm`8}�Vm�����Bjmbed%bed8jX^�RUVm}�hi]ejmbed8{Ë��W|dpRq´�W~^ekfoGoGWG^_^�tµk8VmVm�oGhi`cbe]ejmT8k8b6WGlb6h�}�jm´�jm`8}ÃRU`RU`f^e��Wa]|�®RU{�hi`8}ÃhibedfWa]s\�h�^6^ejmT8VXWÈ�#b6h4bedfW VckfWG^6bejXhi`¨�v¸ M ¿>o6dpRUVmVXWa`8}�WÈ� [udfhÈ�oqRU`��ÏW~Rio6d8jXWa´�W~R4^_WaVÅt��ÁRilfRU\8bejm`8}Ã^6\JWGoabe]ek8{ RUVmVXhyoqRUbejXhi`¢T�Wab��ÏWGWa`�{|RU`c��kf^6Wa]6^skf^6jm`8}*{|RU`c� MON ^q��^ekfo_dbedpRUbgbedfW�^6\JWGoabe]ek8{Ë�BjmVmV TJW�bedfW|TJWG^6b�RUVmVXh�oqRUb6WGlb6h4bedfW�kf^6Wa]6^sjm`%RioGoGhi]6lfRU`foGW|�Bjmbed¢bedfWajm]�`fWGWGl8^ � ³¢W
t®hik8`flnbedfWg^e�?RU]e{ jm`�b6WaVmVmjm}�Wa`foGWERU\8\8]6h�Rio_d�´�Wa]e��\�hq��Wa]�tµk8V¶t®hi]#^6hiVm´yjm`8}|¸ M ¿Mhi\8bejm{�jmÑÈRUbejXhi`À\8]6hiT8VXWa{�^�jm`RU`=�/·�¸u¹À¿	oGhi`cb6Wxw�bqZ
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¥ÁbuoGhik8VXl�T�WEjm`cb6Wa]6WG^ebejm`8}Ãb6h~jm`�´�WG^ebejm}cRUb6W|R�^eVmjm}�d�bgo6dpRU`8}�W�jm`¢hik8]shi\8bejm{�jmÑÈRUbejXhi`\8]6hiT8VXWa{ RU`fl�b6h*RUVmVXhÈ�
hq´�Wa]eVzRU\:TJWabÁ�ÏWGWa`	^6Wa´�Wa]_RUVgbe]_RU`f^e{�jX^6^6jXhi`f^q�/jm` R N ¸/¹=¿#��Vmjm£�W���Rq��ZÆQ?dfWRUVm}�hi]ejmbed8{ ��hik8VXl(dpRq´�W�b6hjm`foaVmkfl8W�jm` jmb6^Eo_dfhijXoGW�bedfW~\�h�^6^ejmT8jmVmjmbÁ�¢b6h=dpRG´�W4^6hi{�Wabejm{�WG^�hÈ´�Wa]eVzRU\8\8jm`8}¢be]_RU`f^e{�jX^6^ejXhi`f^�hi`ÐRÃ\pRU]eb�hUt
bedfWn^e\�WGoabe]ek8{n�Ïjm`°Ril8l�jmbejXhi`Nb6h��BdpRUb���WÀRUVm]6WqRil��¨^ebekfl�jXWGl�ZÐQ?dfWÀRU\8\8]6h�Rio6dN��hik8VXlÐdpRq´�Wnb6h�T�W*^ebejmVmV
oGhyhi\JWa]_RUbejm´�W�Z
¿/^¯bedfW/^e�?RU]e{�jm`�b6WaVmVmjm}�Wa`foGWujX^�R�{�Wab_R ��dfWak8]ejX^ebejXo/jmb�oqRU`�T�WDkf^6WGl~b6hK^_hiVm´�W�hibedfWa]�\8]6hiT8VXWa{�^Ïtµ]6hi{>bedfW

�Bjm]6WaVXWG^6^?��hi]eVXl�Z¯¿(\�h�^6^ejmT8VXWsR w�jX^?hUt¶]6WG^6WqRU]6o_dÃoGhik8VXl4TJW/b6hEkf^6W/bedfWs^e�?RU]e{Éjm`cb6WaVmVmjm}�Wa`foGWg{�Wab_R ��dfWak8]ejX^6bejXo
b6h/^6hiVm´�W¯jm`�b6Wa]���¿�º�hi]Sjm`cb6Wa]�� S M oGhyhi]6l�jm`pRUbejXhi`�\8]6hiT8VXWa{�^qZ�r�hib6WÏbedpRUbShibedfWa]�{�Wabedfhyl8^�oGhik8VXl�T�W¯kf^_WGlK^ekfo_dRi^SbedfW�}cRU{�WÏbedfWGhi]e���i�Bd8jXo_d�jX^�oak8]e]6Wa`cbeVm��jm`�b6Wa`f^ejm´�WaVm��^ebekfl�jXWGlETc��^6Wa´�Wa]_RUV�]6WG^6WqRU]6o_dfWa]6^�b6h/^6hiVm´�W¯\8]6hiT8VXWa{�^
tv]6hi{ �Bjm]6WaVXWG^6^�^e��^eb6Wa{�^qZ N k8]e]6Wa`�beVm��� hi`8Vm�R*Vmjm{�jmb6WGl%`ck8{KTJWa]�hUtD\8]6hiT8VXWa{�^�oqRU`�T�W|^_hiVm´�WGlkf^ejm`8}ÀbedfW}cRU{�W/bedfWGhi]e��Z�¼�hÈ�ÏWa´�Wa]q��jmb6^�{|RUbedfWa{|RUbejXoqRUV�tv]_RU{�Wa�Ïhi]e£|jX^Ï]_RU\8jXl�Vm�|\8]6hi}�]6WG^_^ejm`8}�RU`fl~�BjmVmV�^6hyhi`|\8]6hi\�h�^6W
jm`cb6Wa]6WG^6bejm`8}À^6hiVmk8bejXhi`f^�b6h*l�jÅÌ|oak8Vmbg\8]6hiT8VXWa{�^qZ|¿�`c�ydfhq�g��kf^ejm`8}ÀR4oGhiVmVzRUT�hi]_RUbejm´�W�T�hibeb6hi{���k8\�RU\8\8]6h�Rio6d
t®hi]B{�h�l8WaVmjm`8}|^6�y^eb6Wa{�^DjX^#RE�Bjm`8`8jm`8}|\pRUbednb6hEt®hiVmVXhq� jm`nbedfW/tµk8bek8]6W�Z
³¢W?^ebe]6hi`8}�Vm�gT�WaVmjXWa´�W�bedpRUb¶be]6Wa{�Wa`fl8hikf^ \8]6hi}�]6WG^6^6WG^ � }cRUjm`f^�oqRU`8`fhib�T�W�Rio_d8jXWa´�WGlE^_hiVXWaVm�gTc�Kjm{�\8]6hq´yjm`8}

bedfWu¹À¿ N VzRq��Wa]qZ ¥Á`fl8WGWGl���bedfW�k8Vmbejm{|RUb6WgjX^Ïb6h�T�Wa`fWxÄfbDRUb?bedfWuk8\8\JWa]?VzRG��Wa]6^Btµ]6hi{ RKTJWabeb6Wa]Bk8`fl8Wa]6^6b_RU`fly�jm`8}ÃhUtBbedfW�jm`�bejm{|RUb6W�\8]6hi\�Wa]ebejXWG^KhUtBWaVXWGoabe]6hi{|RU}�`fWabejXo|�?RG´�WG^qZ�·fhi]K{�W���bedfWa]6W~RU\8\�WqRU]gbedpRUb�^_hi{�Wabed8jm`8}
jm{�\�hi]eb_RU`cb¯jX^ {�jX^6^ejm`8}sjm`�hik8] k8`fl8Wa]6^eb_RU`fl�jm`8}EhUtJbedfW#WaVXWGoabe]6hi{|RU}�`fWabejXoD��Rq´�WG^¯�Bd8jXo_d|dpRi^�VXWGl�kf^ b6hsT8k8jmVXl
Çal�k8{�T�]6WGoGWajm´�Wa]6^ÈÇiZ�¿,{|R � hi]ul�jX^6oGhÈ´�Wa]e�n�BjmVmVS^6k8]6WaVm�*b_RU£�W�\8VzRioGWEjm`Ãbed8jX^/l�jm]6WGoabejXhi`�jm`ÀbedfWgtµk8bek8]6W��Jbed�kf^
oa]6WqRUbejm`8}=R*b6WGo6d8`fhiVXhi}�jXoqRUV�T8]6WqRU£�bed8]6hik8}�d�jm`¢b6Wa]e{�^�hUtDRio6d8jXWa´�RUT8VXW|\�Wa]�t®hi]e{|RU`foGWG^q�¶Ri^K^e\JWGoabe]ek8{ jX^sbedfW
^ek8\8\�hi]eb?tvhi]#�Bjm]6WaVXWG^6^DoGhi{�{�k8`8jXoqRUbejXhi`�Z
¿�VX^6h8��`fWa�:l�jX^_oGhq´�Wa]ejXWG^Djm`Ãjm`�tvhi]e{|RUbejXhi`ÀbedfWGhi]e�*RU`fln}�]6hik8\ÃoGhi{�{�k8`8jXoqRUbejXhi`�bedfWGhi]e�4�BjmVmV�T�Wa`fWxÄfbDb6h

k8\8\�Wa]sVzRG��Wa]6^|�µjm`foaVmkfl�jm`8}nbedfW�¹=¿ N VzRG��Wa]1�xZ�¿BoGoGhi]6l�jm`8}�Vm����oa]6h�^_^���VzRG��Wa]�hi\8bejm{�jmÑÈRUbejXhi`jX^gRU`�jm{�\Jhi]eb_RU`�b£�Wa�~tvhi]Bk8`8VXWqRi^ed8jm`8}~bedfWutvk8VmV�\Jhib6Wa`�bejzRUV�hUt�^6\JWGoabe]ek8{Ét®hi]BbedfWutvk8bek8]6Ws}�Wa`fWa]_RUbejXhi`f^#hUt��Bjm]6WaVXWG^6^�^e�y^6b6Wa{�^qZ
¥Á`°Ril8l�jmbejXhi`��?VzRUb6Wa]_RUVDbed8jm`8£yjm`8}jX^�RU`Ðjm{�\Jhi]eb_RU`�b~^eb_RUb6WÃhUtu{�jm`flÐb6h�dpRG´�W��?T�WGoqRUkf^6W*jmb|oqRU`°T8]ejm`8}

RÀtv]6WG^ed `fWa�Æ^eb_RU]eb�b6h¢R�l8hi{|RUjm`���^ejm{�\8Vm��T���VXhyhi£yjm`8}RUb�bedfWnl�jX^6oGhq´�Wa]ejXWG^�tµ]6hi{ hibedfWa]�l8hi{|RUjm`f^�RU`fl
oa]6WqRUbejm`8}�R�T8]ejXl�}�Wg�BjmbedÀ��hik8]�l8hi{|RUjm`�Z?¿�^�RU`ÀWxwfRU{�\8VXW��fVzRUb6Wa]_RUV�bed8jm`8£yjm`8}|dpRq´�W�dfWaVm\�WGl*jm`=l8Wa´�WaVXhi\8jm`8}
^6Wa´�Wa]_RUVS{�Wab_R ��dfWak8]ejX^ebejXoG^u�Bd8jXo6d¢RU]6WKjm`f^e\8jm]6WGlÀtµ]6hi{�`pRUbek8]6WEhi]�\8d��y^ejXoG^��v^ejm{Kk8VzRUb6WGl�RU`8`fWqRUVmjm`8}f��}�Wa`fWabejXo
RUVm}�hi]ejmbed8{�^q��^e��RU]e{ jm`�b6WaVmVmjm}�Wa`foGW��ÏWab6oÈ�xZ%Q?dfWa]6WnRU]6W4^6Wa´�Wa]_RUVB\8dfWa`fhi{�Wa`pR�bedpRUb��ÏW*l8hi`4L b�k8`fl8Wa]6^6b_RU`fl
jm``pRUbek8]6W���T8k8bE�Bd8jXo6dÐRU]6W�RUVm]6WqRil��¢�Ïhi]e£yjm`8}À\8]6hi\�Wa]eVm�������n³¢W~`fWGWGlb6hÃ}cRUjm` Rn}�]6WqRUb6Wa]Eoa]6h�^6^e��l8hi{|RUjm`
jm`cb6Wa]_RioabejXhi`�RU`fl4}cRUjm`ÀR�}�]6WqRUb6Wa]#jm`f^e\8jm]_RUbejXhi`*tv]6hi{ `pRUbek8]_RUV�^e��^eb6Wa{�^Dhi]D^e\�WGoajXWG^qZ
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M Wa´�Wa]_RUV�Wxw8RU{�\8VXWG^BhUtS^ekfoGoGWG^6^�tvk8V�RUbeb6Wa{�\8b6^BhUt¶kf^ejm`8}�bedfW M ¥�t®hi]B^6Wa´�Wa]_RUV�RU\8\8VmjXoqRUbejXhi`f^#RU]6W/\8]6hq´yjXl8WGljm`�bed8jX^�¿#\8\�Wa`fl�jÅw�Z¶Q?dfW M ¥�{�Wab_RUdfWak8]ejX^6bejXoBdpRi^�\8]6Wa´�jXhikf^6Vm��T�Wajm`8}/kf^_WGl���TpRi^6WGl�WajmbedfWa] hi`�bedfWÏb6WGo_d8`8j VckfWG^hUt#¿�`cb N hiVXhi`��%��\8bejm{�jmÑÈRUbejXhi`(�v¿ N �s��± �\� ²?hi]Kº�RU]ebejXoaVXW M ��RU]e{���\8bejm{�jmÑÈRUbejXhi`(�vº M �s��± �/Y ²��Sb6hÀ^6hiVm´�WT�hibedn^eb_RUbejXo�RU`flnl��y`pRU{�jXoghi\8bejm{�jmÑÈRUbejXhi`Ã\8]6hiT8VXWa{�^B[

• M b_RUbejXo N hi{KT8jm`pRUb6hi]ejzRUV¯��\8bejm{�jmÑÈRUbejXhi`Àº�]6hiT8VXWa{�^E�®Ri^6^ejm}�`8{�Wa`cb���bÁ��\�WK\8]6hiT8VXWa{�^1� [
�
Q�]_RG´�WaVmjm`8} M RUVXWG^e{|RU`Ãº�]6hiT8VXWa{Â± �\� ²�Z

� U kpRil�]_RUbejXoERi^6^ejm}�`8{�Wa`�b#\8]6hiT8VXWa{ ± ��§ ²�Z
�
¸/�y`pRU{�jXouQ¶Ri^e£�¿#VmVXhyoqRUbejXhi`nRU`fl M o6dfWGl�k8Vmjm`8}�º�]6hiT8VXWa{�± ��Í ²���± Yi© ²���± Yy« ²���± Yiª ²���± YiÎ ²���± Yi© ²���± Yy« ²�Z

�
�u]_RU\8d�� N hiVXhi]ejm`8}�º�]6hiT8VXWa{Â± Y [ ²�Z

• ¸/�y`pRU{�jXo N hi{�T8jm`pRUb6hi]ejzRUVp��\8bejm{�jmÑÈRUbejXhi`�º�]6hiT8VXWa{�^?�µ]6hik8bejm`8}#\8]6hiT8VXWa{�^�tvhik8`flsjm`KoGhi{�{�k8`8jXoqRUbejXhi``fWabÁ�Ïhi]e£�^1� [
� N hi`8`fWGoabejXhi`��¦��]ejXWa`�b6WGl�r�WabÁ�Ïhi]e£<P#hik8bejm`8}À± Yi ²���± Y � ²�Z
� N hi`8`fWGoabejXhi`8VXWG^_^�r/Wab���hi]e£TP#hik8bejm`8}Ã�v¥Á`cb6Wa]e`fWab���b��y\�Wg`fWab���hi]e£y^x�s± Y\Y ²���± Yi§ ²���± YiÍ ²���± §�© ²�Z

¿/^SR#]6WqRUVÅ���Ïhi]eVXl�RU\8\8VmjXoqRUbejXhi`�WxwfRU{�\8VXWBRU`fl�b6h�d8jm}�d8Vmjm}�dcb�bedfW�T�Wa`fWxÄfbShUtAbedfW M ¥x� �sWa`fWa]_RUVy¹=hib6hi]6^SdpRi^RUVm]6WqRil��n]6WqRUVmjmÑqWGl=^6Wa´�Wa]_RUVS{�jmVmVmjXhi`f^/hUt¯l8hiVmVzRU]6^/hUt¯^_Rq´�jm`8}�^/Tc�n^_hiVm´�jm`8}4R�t�Rioab6hi]e�nhi\8bejm{�jmÑÈRUbejXhi`�\8]6hiT8VXWa{
± ��ª ²�kf^ejm`8}�bedfW M ¥Ï{�Wab_RUdfWak8]ejX^ebejXo�ZÏQ?dfWs\8]6hiT8VXWa{ ��Ri^/RE]6WqRUVÅ��bejm{�W�hi\8bejm{�jmÑÈRUbejXhi`À\8]6hiT8VXWa{ÆhUt�Ri^_^ejm}�`8jm`8}be]ekfo6£�^ b6h�\pRUjm`cbÏTJhyhibedf^�t®hi]ÏRube]ekfo6£�\pRUjm`�bejm`8}Khi\�Wa]_RUbejXhi`�Z�Q?dfWa����RU`�b6WGl|b6hsdpRq´�W�Rs^6jm{�\8VXWBT8k8bÏWxÌ|oajXWa`�b
RUVm}�hi]ejmbed8{n�A�Bd8jmVXWgbe]ekfo6£�^��ÏWa]6Wg}�hijm`8}�hik8bDtv]6hi{ bedfWg\8]6hyl�kfoabejXhi`ÃVmjm`fWG^È�fb6WaVmVmjm`8}|�Bd8jXo_dÀbe]ekfo_£n^edfhik8VXlnT�W
\pRUjm`cb6WGlÃTc���Bd8jXo6dÀTJhyhibed���jm`ÀRE{�jm`8jm{�k8{�RU{�hik8`cb/hUtSbejm{�W�RU`fln�BjmbedÀRE{�jm`8jm{�k8{�RU{�hik8`cb�hUt���Ri^6b6WGl
\pRUjm`cbqZ
Q?dfW M ¥SjX^Ïoa]6WqRUbejm`8}�Rs}�]6hÈ�Bjm`8}Ejm`�b6Wa]6WG^eb�jm`|T�hibed~]6WG^6WqRU]6o_d4RU`fl|jm`fl�kf^ebe]e�|oGhi{�{Kk8`8jmbejXWG^�tµ]6hi{>^6Wa´�Wa]_RUVl8hi{|RUjm`f^q�iWa´�Wa`gjm`foaVmkfl�jm`8}/bedfW��Bjm]6WaVXWG^6^SoGhi{�{�k8`8jmbÁ��Z�Q�WG^ebejÅtv��jm`8}#b6hDbedpRUb�WxÊ�hi]ebSRU]6W ^_Wa´�Wa]_RUVcjm`cb6Wa]e`pRUbejXhi`pRUV

jm`8jmbejzRUbejm´�WG^#l8WG^_oa]ejmTJWGl*T�WaVXhq� [
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• P�WG^6WqRU]6o6dn}�]6hik8\f^#jm`*k8`8jm´�Wa]6^ejmbejXWG^�[
�
Ò�`8jm´�Wa]6^ejmb���Ó�jmT8]6W�l8W S ]ek�w8WaVmVXWG^¢� S WaVm}�jmk8{~�x�/�Bjmbed(¬�WqRU`���Ó�hik8jX^n¸uWa`fWak8TJhik8]e}°RU`fl ¹�RU]6oGh¸uhi]ejm}�h8Z

� M b_RU`�t®hi]6lnÒ�`8jm´�Wa]6^ejmb��¢�vÒ M ¿u�x�f�BjmbedÃ¸uWaTJhi]_RUd �uhi]6l8hi`�Z
� N rRP M �8Q¶hik8VXhikf^6W~�v·f]_RU`foGWÈ�x�f�Bjmbed �/k8�4Q?dfWa]_RUk8VzRUÑ�Z
�
Y¯º ·�Ó M �?RU]e{���¥�`�b6WaVmVmjm}�Wa`cb P#WG^6WqRU]6o_d �/]6hik8\=��tvhik8`fl8WGl�jm` M Wa\8b6Wa{�T�Wa]�ª�©�©�Î��x���Bjmbed~¿#VXo_dfWa]ejXh¹�RU]ebejm`fhiVmj�Z

• N hi{�\pRU`8jXWG^�dpRG´yjm`8}�kf^6WGl*hi]#^6bekfl���jm`8}�bedfW M ¥ [
�
¸uWak8b6^6o_dfW�Q¶WaVXWa£�hi{ ¿ �É� �uWa]e{|RU`��8�x�p�Bjmbed M b6WxÊ�Wa`ÃÓ�jm\8\�Wa]eb6^qZ

�
¹=hib6hi]6hiVzR��ARUbBVXWqRi^6bD�Bjmbedn¬�WqRU`�� N d8]ejX^eb6hi\8dfWE¸/k8`pRUbDjm`nbedfWs¹=hib6hi]6hiVzR�Ó�RUTf^K�v·f]_RU`foGWÈ�xZ

�
�sWa`fWa]_RUV�¹Àhib6hi]6^ÈZ

• Ò M ��}�hq´�Wa]e`8{�Wa`�b�tvk8`fl8WGl*hi]e}cRU`8jmÑÈRUbejXhi`f^�[
�
r/¿ M ¿KZ

�
¸#¿-P�ºA¿>^ek8\8\�hi]ebejm`8}*k8`8jm´�Wa]6^ejmb���\8]6h � WGoab6^sbed8]6hik8}�d¢}�]_RU`cb6^~�vW�Z }fZ [ S jXhU��r/Wab���hi]e£�jm`8}À¿#]6o_d8jÅ�b6WGoabek8]6WKº�]6h � WGoab1�xZ

• ¥Á`cb6Wa]e`pRUbejXhi`pRUVS�Ïhi]e£�^edfhi\f^q�foGhi`�t®Wa]6Wa`foGWG^�RU`fl � hik8]e`pRUVX^�[
�
¥Á`cb6Wa]e`pRUbejXhi`pRUVS³¢hi]e£�^edfhi\nhi`Ã¿�`cb#¿�Vm}�hi]ejmbed8{�^K�v¿/r�Q M �xZ

�
¥Á`cb6Wa]e`pRUbejXhi`pRUV8³¢hi]e£�^edfhi\�hi` S jXhiVXhi}�jXoqRUVmVm��¥Á`f^e\8jm]6WGlK¿�\8\8]6h�Rio6dfWG^�b6h/¿Bl�´�RU`foGWGlE¥Á`�t®hi]e{|RUbejXhi`Q¶WGo6d8`fhiVXhi}���� S jXhU��¿/¸u¥ÁQ#�xZ

�
¥¦Y Y Y M ��RU]e{ ¥�`�b6WaVmVmjm}�Wa`foGW M �y{�\Jh�^ejmk8{Â� M ¥ M �xZ

�
¥¦Y Y Y ¥�`�b6Wa]e`pRUbejXhi`pRUV N hi`�tvWa]6Wa`foGW|hi`�Y ´�hiVmk8bejXhi`pRU]e� N hi{�\8k8bejm`8}f�¶·8k8ÑGÑG� N hi{�\8k8bejm`8}f�SRU`flr/Wak8]6hyoGhi{�\8k8bejm`8}fZ

�
¥¦Y Y Y�Q�]_RU`f^1RioabejXhi`f^#hi`ÃY�´�hiVmk8bejXhi`pRU]e� N hi{�\8k8b_RUbejXhi`�Z
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r�hÈ��RilfRG��^q���Bjm]6WaVXWG^6^�kf^6Wa]6^�]6W Vck8jm]6WKjm`foa]6WqRi^ejm`8}4^e\�WGoabe]ek8{ ]6WG^6hik8]6oGWKb6h~dpRU`fl�VXWK^6Wa]e´yjXoGWG^uRU`c�y�BdfWa]6W
RU`flÐRU`c�ybejm{�W��Ï�BjmbedÐ^6WqRU{�VXWG^6^�oGhi`cbejm`�k8jmb��ÐhUtu^6Wa]e´�jXoGW�Z%¸uWa´�WaVXhi\8jm`8}¢`fWa�Éb6WGo6d8`8j V�kfWG^�b6h�T�Wabeb6Wa]�{|RU`��
RU}�W�^e\�WGoabe]ek8{ ]6WG^6hik8]6oGW�oqRU`�jm`foa]6WqRi^6W�jmb6^ukf^_RU}�W�WxÌ|oajXWa`foa����]6WGl�kfoGW�]_Ril�jXh4jm`cb6Wa]�t®Wa]6Wa`foGWG^KRU`fl�`fWabÁ�Ïhi]e£
oGhi`8}�WG^ebejXhi`f^qZ�¿/^gR�]6WG^ek8Vmbq��bedfW�`fWGWGl8^ut®hi]s^ebekfl�jXWG^gl8WqRUVmjm`8}*�BdfWabedfWa]g�Bjmbed�bedfW�oGhyWxw�jX^eb6Wa`foGW�hi]sbedfW�jm`��
b6Wa]6hi\�Wa]_RUT8jmVmjmb��¢hUt?{�k8Vmbejm\8VXW P�¿�Q�^q���BdfWabedfWa]g�Bjmbed¢bedfW�\�Wa]�tvhi]e{|RU`foGW|hUt?R*^ejm`8}�VXW P�¿�Q¡RUbsbedfW�^e��^eb6Wa{
VXWa´�WaVS£�WGWa\�hi`Àjm`foa]6WqRi^ejm`8}fZ�P�Ril�jXh�hi]ejXWa`cb6WGl�^e��^eb6Wa{ÆVXWa´�WaV�^ejm{Kk8VzRUbejXhi`�{�h�l8WaVX^sRU]6WK`fWGoGWG^6^_RU]e�4t®hi]/^e\�WGox�
be]ek8{�{|RU`pRU}�Wa{�Wa`�b~]6WG^_WqRU]6o6dNb6h¢´iRUVmjXlfRUb6W=RU`flÐ]6Wajm`�t®hi]6oGW*bedfWGhi]6WabejXoqRUV/^6bekfl�jXWG^~RUb�bedfWÃkf^6Wa]q�ÏoGWaVmVuRU`fl
`fWab���hi]e£4VXWa´�WaVX^?\8]ejXhi]�b6h�l8Wa\8VXhÈ��{�Wa`�bqZÏ¥Á`4Ril8l�jmbejXhi`��fbedfWa�|dfWaVm\4jm`4jXl8Wa`cbejÅtv��jm`8}�jX^6^6kfWG^g�µjm`cb6Wa]�t®Wa]6Wa`foGW��8]_R �
l�jXhu]6WG^6hik8]6oGWDRioGoGWG^6^�k8`�t�RUjm]e`fWG^6^q�cWab6oÈ�¶RU`fl�\8]6hÈ´�jXl�jm`8}K^6hiVmk8bejXhi`f^#�µ]_Ril�jXhu]6WG^6hik8]6oGW?{|RU`pRU}�Wa{�Wa`�bÏ^6o_dfWa{�WG^q�
Wa`8dpRU`foGWGl�\8]6hib6hyoGhiV���Wab6oÈ��b6h*RU`cbejXoajm\pRUb6W�\8]6hiT8VXWa{�^sbedpRUbgoGhik8VXl�hyoGoak8]sjm`�]6WqRUV�Z�¿/^/^6kfo6d���R�^ejm{Kk8VzRUbejXhi`
\8VzRUb�t®hi]e{ÆoqRU`ndfWaVm\njm`*jm`foa]6WqRi^ejm`8}�oGh�^ebD^_Rq´�jm`8}�^qZ
¥Á`¢bed8jX^sbedfWG^ejX^È�¶R4{Kk8VmbejÅ� P#¿�Q ^6jm{�k8VzRUbejXhi`\8VzRUb�t®hi]e{ dpRi^�TJWGWa`¢l8WG^6jm}�`fWGl�Z~Q?dfW�`fWxw�b�^6WGoabejXhi`f^��BjmVmV

l8WG^6oa]ejmT�W/jmb6^DRU]6o6d8jmb6WGoabek8]6W��fjmb6^Ïtvk8`foabejXhi`pRUVmjmbejXWG^#RU`fl4b6hE�BdpRUbBWxwyb6Wa`fl4jmb?dpRi^?T�WGWa`�kf^_WGl~jm`*hik8]?]6WG^6WqRU]6o_d�Z

� .¦� � � ��7A3 ���  � � �6@?7A;G9DH�� �FH<�#@DCK3��¶@?7J369DC

��k8]�^e��^eb6Wa{ VXWa´�WaV�^6jm{�k8VzRUbejXhi`�\8VzRUb�tvhi]e{�tµk8VÅÄfVmVX^~bedfWn^ejm{Kk8VzRUbejXhi`°`fWGWGl8^4RU`flÐdfWaVm\f^|jm`°^ebekfl��yjm`8}
�v^eb_RUbejXo�hi]*l���`pRU{�jXo�^_oGWa`pRU]ejXh�^1�~bedfW=\JWa]�t®hi]e{|RU`foGW�hUtER%^ejm`8}�VXW P#¿�Q��µjX^6hiVzRUb6WGlFhi]*oGhU��Wxw�jX^ebejm`8}¨�Bjmbed
^6Wa´�Wa]_RUV�]_Ril�jXh|^e�y^6b6Wa{�^1�x�8hi]BbedfWsjm`cb6Wa]6hi\�Wa]_RUT8jmVmjmb��ÀhUtS{Kk8Vmbejm\8VXW P#¿�Q¶^qZ
��k8]D\8VzRUb�t®hi]e{ jX^Dl8WGoGhi{�\�h�^6WGl*jm`�b6h�bÁ�Ïh�oGhi{�\8VXWa{�Wa`�b_RU]e�nb6h�hiVX^�Ri^D^edfhq�B`Ãjm`*Äf}�k8]6W S Zm« [

• ¿	^ejm{�k8VzRUbejXhi`Àb6h�hiV [¯oGhi`cb_RUjm`f^DbedfWg{�h�l8WaVX^#RU`fln\JWa]�t®hi]e{�^BbedfWg^ejm{Kk8VzRUbejXhi`f^qZ
• ¿�l�jX^e\8VzRq�¨b6h�hiV [ÃdfWaVm\f^�jm`Ð´yjX^ekpRUVmjmÑGjm`8}%RU`fl°Wxwy\8VXhijmbejm`8}�bedfWn^ejm{Kk8VzRUbejXhi`°]6WG^ek8Vmb6^|kf^ejm`8}�R¢}�jm´�Wa`^_hUtµbÁ��RU]6W~�vW�Z }fZ [¯¹=RUbeVzRUT�� �u`ck8\8VXhibq�pY�w�oGWaV��fWab6oÈ�xZ
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·Sjm}�k8]6W S Zm«\[ ¹Àk8VmbejÅ� P#¿�Q M jm{�k8VzRUbejXhi`�º�VzRUb�t®hi]e{���´�Wa]e´yjXWa�

S hibedFb6hyhiVX^*oGhi{�{�k8`8jXoqRUb6W¢T���Wxw8o6dpRU`8}�jm`8}°b6Wxwyb�ÄfVXWG^4t®hi]e{|RUbeb6WGl(RioGoGhi]6l�jm`8}Ðb6hÐR%}�jm´�Wa` t®hi]e{|RUboGhi{�{�hi`%b6hnT�hibedb6hyhiVX^qZ4Y�w8RU{�\8VXWG^�hUtD^ejm{Kk8VzRUbejXhi`%hik8be\8k8b�lfRUb_Ri^q��WajmbedfWa]EoGhiVmVXWGoab6WGl%hq´�Wa]Kbejm{�W~hi]�Ri^
l�jX^ebe]ejmT8k8bejXhi`f^q�ARU`flnWajmbedfWa]�RUbDbedfWskf^_Wa]q��bedfWgoGWaVmV�hi]BbedfWs`fWabÁ�Ïhi]e£*VXWa´�WaV¶RU]6Wujm`foaVmkfl8WGlÃTJWaVXhÈ� [

• P/Ril�jXhg\pRU]_RU{�Wab6Wa]6^�[�oGhÈ´�Wa]_RU}�W#{|RU\f^q�yl8WG^ejm]6WGl�RU`fl�jm`cb6Wa]�t®Wa]ejm`8}�^ejm}�`pRUVX^¯]6WGoGWajm´�WGl4RUb¯^6hi{�W�l8Wa´�jXoGWG^È�Wab6o�Z
• º�]6hib6hyoGhiVp\�Wa]�t®hi]e{|RU`foGW\[¶`�k8{�T�Wa]�hUt�\pRio_£�Wab6^Ï^6Wa`�bq��bed8]6hik8}�d8\8k8bq�y��RUjmbejm`8}El8WaVzRG��T�Wxtvhi]6W#^ekfoGoGWG^6^�tvk8Vo_dpRU`8`fWaVSRioGoGWG^6^È�8��RUjmbejm`8}|l8WaVzRq�*b6h�be]_RU`f^e{�jmb�RE}�jm´�Wa`À\pRG�yVXh�Riln^ejmÑqW��8Wab6o�Z
• Y�b6o�Z

Q?dfW�jm`8`fhÈ´iRUbejm´�W�Ri^e\JWGoab6^shUt�bed8jX^s}�Wa`fWa]ejXo�\8VzRUb�t®hi]e{�]6WG^ejXl8W�jm`�bedfW�^ejm{Kk8VzRUbejXhi`¢b6h�hiV�jmb6^_WaVÅt�ZE¿ o_dpRUVÅ�
VXWa`8}�jm`8}|WxÊ�hi]ebB��Ri^B}�hi`fWgbed8]6hik8}�dnb6h�}�Wab#RKtµk8VmVm�~{�h�l�k8VzRU]#RU`fl*¤pWxwyjmT8VXWu\8VzRUb�t®hi]e{ RU]6o6d8jmb6WGoabek8]6WERU`fl4b6h
hi]e}cRU`8jmÑqW�RUVmVpbedfWD^6oGWa`pRU]ejXh�^¯WaVXWa{�Wa`�b6^¯jm`�b6hg^6Wa´�Wa]_RUVJhi]ebedfhi}�hi`pRUVpVmjmT8]_RU]ejXWG^��vWa´�hiVm´yjm`8}ERi^ jm`fl8Wa\JWa`fl8Wa`�beVm�~Ri^
\�h�^6^ejmT8VXWÈ�¯oGhi]e]6WG^e\Jhi`fl�jm`8}�b6hE´�RU]ejXhikf^ÏVXWa´�WaVX^?hUtSRUTf^6be]_RioabejXhi`�Z ¿F^6oGWa`pRU]ejXh�^6WaVXWGoab6^?^6Wa´�Wa]_RUV�WaVXWa{�Wa`cb6^�tv]6hi{
^6Wa´�Wa]_RUV�hUt�bedfWG^6WuVmjmT8]_RU]ejXWG^qZÏ·Sjm}�k8]6W S Z ª \8]6WG^6Wa`cb6^/R�^6oGWa`pRU]ejXh|hi]e}cRU`8jmÑÈRUbejXhi`Àjm`c´�hiVm´yjm`8}|bedfWG^6WuVmjmT8]_RU]ejXWG^qZ
Q?d8jX^B\8VzRUb�t®hi]e{ÉjX^?b_RU]e}�Wab6WGl*b6hÈ��RU]6l8^#^6�y^eb6Wa{>\�Wa]�tvhi]e{|RU`foGW�RU`pRUVm��^ejX^DRUb?bedfWukf^6Wa]q�8oGWaVmV�RU`fl4`fWabÁ�Ïhi]e£

VXWa´�WaVX^qZSQ?dfW¯^ejm{Kk8VzRUbejXhi`Kb6hyhiV�kf^6WG^SRU`KhiT � WGoab���hi]ejXWa`cb6WGl�RU\8\8]6h�Rio6dn�µbedfWa`KoGhyl8WGlgkf^6jm`8}DbedfW N���� VzRU`8}�kpRU}�Wt®hi]�jmb6^�]_RU\8jXl�jmb���hUt�Wxw8WGoak8bejXhi`|hÈ´�Wa] ¬cRG´�RgRU`fl�jmb6^¯RUT8jmVmjmbÁ�Eb6hudpRU`fl�VXWBhiT � WGoab���hi]ejXWa`cb6WGl~{�hyl8WaVmjm`8}��Sb6huT8]ejm`8}
{�hyl�k8VzRU]ejmb��~�vWqRi^e�sb6h#kf^6W¯RU`flK´iRUVmjXlfRUb6WÈ�x� ¤pWxw�jmT8jmVmjmb��~�vWqRi^6jmVm�sk8\8}�]_Ril8WqRUT8VXWÈ�¶RU`flKoGh�l8W¯]6Wx��kf^6W¯oqRU\pRUT8jmVmjmbejXWG^ÈZ
Q¶RUT8VXW S Zm« }�jm´�WG^D{�hi]6Wgl8Wab_RUjmVX^#RUT�hik8b#WqRio_dnVmjmT8]_RU]e��Z
Q?dfW/`fWxw�b�^6WGoabejXhi`4l8WG^6oa]ejmT�WG^�{�hi]6W�\8]6WGoajX^_WaVm��bedfW/{�k8VmbejÅ� P#¿�QFRi^e\�WGoab6^?hUt�bedfWu^ejm{�k8VzRUbejXhi`4\8VzRUb�t®hi]e{nZ

� . � �  � 	¡P�5p�¶HJ36O�7A3_9DC

¿#VmV�RUVXhi`8}�bedfW�VmjÅtvWabejm{�W�hUt�bedfWD\8VzRUb�t®hi]e{n�y^_Wa´�Wa]_RUV9P#¿�Q¶^¯�BjmVmVATJW#{�h�l8WaVXWGl4RU`fl�kf^_WGl|WajmbedfWa]�jX^6hiVzRUb6WGl
hi] jm`4RsoGh�hi\�Wa]_RUbejm´�WD�?RG��Z ¿BoGoGhi]6l�jm`8}�Vm���yT�Wajm`8}ERUT8VXWBb6h�jm`cbe]6hyl�kfoGW#`fWa� P#¿�Q�^�WqRi^ejmVm��jX^ÏRs{�kf^ebqZ�¼uRG´yjm`8}
^6Wa´�Wa]_RUVQP#¿�Q¶^�{�h�l8WaVXWGl�jm`�bedfW=^1RU{�WÀ^ejm{Kk8VzRUbejXhi`F�Ïhik8VXl {|Ril8W=jmb�\Jh�^6^6jmT8VXWÃb6h%^ebekfl��Ðjm`�b6Wa]���^e�y^6b6Wa{
jm`cb6Wa]�t®Wa]6Wa`foGWKRi^6\JWGoab6^Dhi]#jm`cb6Wa]���^e��^eb6Wa{ dpRU`fl8hÈ´�Wa]#{�WGo6dpRU`8jX^6{�^qZ
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� A ��IJ?OI �,:T? � F � A	��IJ?OI �,E<F
GBH/IJA&K�=BA&;9D

M �y^eb6Wa{
Ò/^6WGl�b6h*]ek8`�bedfW�^ejm{�k8VzRUbejXhi`f^B[KR*º N hi]gbedfW�oaVmkf^eb6Wa]qZ~º�]6hq´yjXl8WG^E^6hi{�W�}�Wa`��Wa]_RUV�jm`�t®hi]e{|RUbejXhi`n]6Wa}cRU]6l�jm`8}�bedfWs^ejm{Kk8VzRUbejXhi`ÃlfRUb6WgRU`fl4bejm{�W���bedfWsoGhi{�\8k8bejm`8}
Rioabejm´yjmb����pbedfWs^e�y^6b6Wa{ ^eb_RUbekf^q�8Wab6o�Z

M jm{�k8VzRUb6hi]�L ^ N hi]6W
��]e}cRU`8jmÑqWG^ÃbedfW¢^ejm{�k8VzRUbejXhi`	^6oGWa`pRU]ejXh�^qZ N RU` TJW�hi\�Wa]_RUb6WGlFjm`(bÁ�Ïh¨{�hyl8WG^�[^eb_RUbejXo�RU`fl l��y`pRU{�jXo�Z ¹�RU`pRU}�WG^nRUVmV/bedfW�l�jÅÊ�Wa]6Wa`cb*VzRq��Wa]6^*jm`c´�hiVm´�WGl jm` bedfW
^ejm{Kk8VzRUbejXhi`�ZÀY�w8RU{�\8VXWG^�[�\8d��y^6jXoqRUV�Wa`�´�jm]6hi`8{�Wa`�bÈ�v^1�x� oGhi{�{�k8`8jXoqRUbejm`8}¢Wa`�bejmb��
l8Wa\8VXhÈ��{�Wa`�bÈ�v^1�B\pRUbeb6Wa]e`��v^x�x��P#¿�Qg�v^1�x�8Wab6o�Z

�uWGhi}�]_RU\8d8jXoqRUV ¿�VmV�^ejm{Kk8VzRUbejXhi`=^6oGWa`pRU]ejXh�^�kf^6W�R�^ejm{�\8VXW�hi]ebedfhi`fhi]e{|RUV�oGh�hi]6l�jm`pRUb6WK^e��^eb6Wa{ b6h
Wxw�\8]6WG^6^#RUVmV�oGhyhi]6l�jm`pRUb6WG^�Y�w8RU{�\8VXW\[ ^6jm{�k8VzRUb6WGlÀRU]6WqR�Z

M \pRioGW
M hi{�W*TpRi^6jXo4}�WGhi{�Wabe]ejXoqRUV#^edpRU\�WG^�dpRG´�W*T�WGWa`Ðl8WxÄf`fWGl �vW�Z }fZ [4\�hijm`cbq�Ï´�WGoab6hi]q�oajm]6oaVXW��u]6WGoab_RU`8}�VXW��udfWxwfRU}�hi`��sWab6oÈ�xZ Q?dfWG^6W¢^6jm{�\8VXW�^edpRU\JWG^n{�jm}�dcbÃbedfWa` TJW
]6Wa\8]6WG^6Wa`�b6WGlRi^uhiT � WGoab6^gjm`=k8\8\�Wa]uVzRG��Wa]6^|�vW�Z }fZ [uR�^ V�kpRU]6WEoGhik8VXl�]6Wa\8]6WG^_Wa`cb�R
ªi¸	T8k8jmVXl�jm`8}|jm`*bedfWg\8dc��^ejXoqRUV�Wa`c´yjm]6hi`8{�Wa`cb/VzRG��Wa]1�xZ

Q?jm{�W ¸uWxÄf`fWG^#oaVXhyo6£4oGhik8`cb6Wa]6^��BjmbedÃl�jÅÊ�Wa]6Wa`cbDVXWa´�WaVX^�hUtS}�]_RU`�k8VzRU]ejmb���Z

º�dc��^ejXoqRUV�Y�`�´�jm]6hi`8{�Wa`�b
Ò/^ekpRUVmVm��hUtJbed8]6WGWÏbÁ��\�WG^�[�k8]eTpRU`Ã�vW�Z }fZ [¶¹�RU`8dpRUbeb_RU`�Wa`c´yjm]6hi`8{�Wa`cb1�x��^ek8T���k8]eTpRU`
RU`fl�]ek8]_RUV�Z�¥Áb/jX^KR~oGhi{�\8VXWa{�Wa`�b�b6h4bedfW�\8]6hi\pRU}cRUbejXhi`�{�h�l8WaV���RU`fl�l8hyWG^u`fhib
jm`foGhi]e\�hi]_RUb6W�RU`c�À]_Ril�jXh4Ri^6\JWGoab/T8k8bu]_RUbedfWa]sjmb/{|Rq�ÀoGhi`f^ebe]_RUjm`�bskf^6Wa]6^�LA\pRUbedf^qZ
Y�wfRU{�\8VXWG^�[�T8k8jmVXl�jm`8}�^È�f^ebe]6WGWab6^q�fWab6o�Z

N hi{�{�k8`8jXoqRUbejm`8} Y�`cbejmbÁ�¸/Wa\8VXhÈ��{�Wa`�b/º�RUbeb6Wa]e` Ó�jX^6b#hUt�RUVmV�bedfW�oGhi{�{�k8`8jXoqRUbejm`8}4Wa`cbejmbejXWG^#hUt�bedfWg^_RU{�Wgb��y\JW�Z
¥�`�tv]_Ri^ebe]ekfoabek8]6W ¸/Wa\8VXhÈ�c�
{�Wa`cb�º�RUbeb6Wa]e`

Ó�jX^6b?hUt¶bedfW�jm`�tv]_Ri^ebe]ekfoabek8]6WuW V�k8jm\8{�Wa`cb6^Dl8Wa\8VXhÈ��WGl4jm`�bedfWu^ejm{Kk8VzRUb6WGl4\8dc��^ejXoqRUV
Wa`�´�jm]6hi`8{�Wa`�bqZÏY�wfRU{�\8VXWG^�[�`fWabÁ�Ïhi]e£�µVmjX^eb1�BhUt S M ^q�8¿/º ^q�8Wab6o�ZÒ�^6Wa]	¸uWa\8VXhq�y{�Wa`cbMºSRUb��

b6Wa]e`
Ó�jX^6b�hUt8bedfW kf^6Wa]6^¶l�jX^ebe]ejmT8k8b6WGlgjm`KbedfW ^ejm{�k8VzRUb6WGlK\8dc��^ejXoqRUVyWa`c´yjm]6hi`8{�Wa`cbqZ�Q?dfWajm]
l�jX^ebe]ejmT8k8bejXhi`FoqRU`°TJW\[=k8`8jÅt®hi]e{n�Bdfhib���^e\�hibq�DWab6o�Z(Y�wfRU{�\8VXW\[��Bjm]6WaVXWG^6^�kf^6Wa]6^
l�jX^ebe]ejmT8k8b6WGlÃjm`ÃR�oajmb���Z

N hi{�{�k8`8jXoqRUbejm`8}4Y�`cbejmbÁ�
¥Áb�]6Wa\8]6WG^6Wa`cb6^�bedfW W V�k8jm\8{�Wa`cb6^�^6k8\8\Jhi]ebejm`8}DbedfW ]_Ril�jXhDoGhi{�{�k8`8jXoqRUbejXhi`�RU`fl�RU]6W
hUt�bÁ�ÏhK£�jm`fl8^�[S]_Ril�jXhERioGoGWG^6^¯jm`�tv]_Ri^ebe]ekfoabek8]6WuW V�k8jm\8{�Wa`cbBRU`fl|kf^6Wa]�W Vck8jm\8{�Wa`�bqZ

¥�`�tv]_Ri^ebe]ekfoabek8]6WgY�VXWa{�Wa`�b
¥Áb�jX^¯R/£�jm`fl�hUt�oGhi{�{�k8`8jXoqRUbejm`8}�Wa`cbejmbÁ��Z�¿#`�jm`�tv]_Ri^ebe]ekfoabek8]6WDWaVXWa{�Wa`�b jX^�dpRG´yjm`8}
RnVXh�oqRUbejXhi`��SjX^KRUbeb_Rio_dfWGl%b6hÀRTP�¿�Q RU`fl�jX^KRUT8VXW�b6hÀ^ek8\8\�hi]ebERUVmV¯bedfW~jm{�\8VXWx�
{�Wa`�b6WGl P#¿�QF^_Wa]e´�jXoGWG^qZ�Y�w8RU{�\8VXW\[ S M ^È�8¿�º ^È�8Wab6o�Z

Ò�^6Wa]DY VXWa{�Wa`cb
¥Áb~jX^*R�£yjm`fl�hUtEoGhi{�{�k8`8jXoqRUbejm`8}NWa`�bejmb���Z YÏRio6dFkf^6Wa]4dpRi^nRk8`8j VckfW�¥¦¸E�?R
{�hiT8jmVmjmbÁ�|\8]6hUÄfVXW��8R�^_Wa]e´�jXoGW#\8]6hUÄfVXWuRU`fl4R P�¿�Q°¥¦¸�ZcY�wfRU{�\8VXWG^�[�Ò/¹ÀQ M kf^6Wa]q�³ Ó�¿/r kf^6Wa]q�8Wab6o�Z

¹ÀhiT8jmVmjmbÁ�4º ]6hUÄfVXW N dpRU]_Rioab6Wa]ejmÑqWGl|Tc�E\Jh�^ejmbejXhi`��c^e\JWGWGl�RU`fl�l�jm]6WGoabejXhi`�Z X RU]ejXhikf^ {�hiT8jmVmjmb���\8]6hUÄfVXWG^RU]6W�l8WxÄf`fWGlkf^ejm`8}n^e\�WGoajÅÄpo�]ek8VXWG^�hi`bedfW�Wa´�hiVmk8bejXhi`�hUtD^e\�WGWGl¢RU`fl¢l�jm]6WGoabejXhi`
hÈ´�Wa]Dbejm{�W�Z Y�wfRU{�\8VXWG^�[ÏRUVXhi`8}~^ebe]6WGWab6^q��]_RU`fl8hi{Æ{�hÈ´�W��f^eb_RUbejXhi`pRU]e���AWab6o�Z

P�Ril�jXh N hi`�b_RUjm`f^Ï^6Wa´�Wa]_RUVp\8]6hi\pRU}cRUbejXhi`~{�hyl8WaVX^qZ�Y�wfRU{�\8VXWG^�[¶tµ]6WGWB^e\pRioGW���¼/RUb_R���^edpRily�hÈ�Bjm`8}f�p¹�RU`8dpRUbeb_RU` S Wa]e}f�fWab6o�ZP#¿�Q Q?d8jX^ÃVmjmT8]_RU]e��jX^Ãl8Wab_RUjmVXWGl(jm`(bedfW�t®hiVmVXhq�Bjm`8}�^6WGoabejXhi`�ZÆY�w8RU{�\8VXWG^�[°Ò�¹=Q M �³ Ó�¿/rK�8Wab6o�Z

M Wa]e´�jXoGWgº ]6hUÄfVXW
¿>kf^6Wa]gjX^ERUbeb_Rio6dfWGl�b6hÀR<P�¿�QMt®hi]KR4\pRU]ebejXoak8VzRU]�^6Wa]e´yjXoGW�jmbKhUÊ�Wa]6^qZ�Q?dfW�jm`��
tv]_Ri^ebe]ekfoabek8]6WuRU`fl|bedfW�kf^6Wa]6^ÏdpRG´�WsR�^_Wa]e´�jXoGW#\8]6hUÄfVXW��yWajmbedfWa]Boajm]6oak8jmb?hi]Ï\pRio_£�Wab��
^e�Bjmb6o_dfWGl¢b6hÀ^ek8\8\Jhi]eb�´�hijXoGW|hi]�lfRUb_R�Z4Y�wfRU{�\8VXWG^KhUtBbe]_R Ì|o|{�h�l8WaVX^�[K^ejm{�\8VXW
^_RUbek8]_RUb6WGl��f³¢WaT��fWab6o�Z

¹=RUbedfWa{|RUbejXoG^ M hi{�WÀ}�Wa`fWa]ejXo=RU`fl°Wxwyb6Wa`f^6jm´�WaVm�¨kf^6WGlN{|RUbedfWa{|RUbejXoqRUV/tvk8`foabejXhi`f^|dpRq´�WÃT�WGWa`jm{�\8VXWa{�Wa`�b6WGl~jm`~bed8jX^¯\pRU]ebqZ�Y�wfRU{�\8VXWG^�[D�vW�Z }fZ [S\f^6Wakfl8hU��]_RU`fl8hi{¾`ck8{KTJWa]�}�Wa`��
Wa]_RUb6hi]q�8\8]6hiTpRUT8jmVmjmbÁ�nl8Wa`f^ejmb���tvk8`foabejXhi`f^q�fWab6oÈ�xZ

¥�`8\8k8b ����k8be\8k8b N hi`�b_RUjm`f^#´�RU]ejXhikf^?tvk8`foabejXhi`f^Db6h�{|RU`8jm\8k8VzRUb6Wgjm`8\8k8b/RU`flnhik8be\8k8bBÄfVXWG^qZ
Q¶RUT8VXW S Zm«\[�¹Ãk8VmbejÅ� P�¿�Q(º�VzRUb�t®hi]e{ Ó�jmT8]_RU]ejXWG^�¸/WG^_oa]ejm\8bejXhi`
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·Sjm}�k8]6W S Z ª@[ M oGWa`pRU]ejXh���]e}cRU`8jmÑÈRUbejXhi`

¸/kfW b6h�WqRio6d�P#¿�QQL ^S^e\�WGoajÅÄpo \pRU]_RU{�Wab6Wa]6^q�UÄf`fl�jm`8}sRB}�Wa`fWa]ejXoÏ{�Wabedfh�l�b6hD{�hyl8WaVy^_Wa´�Wa]_RUV�P#¿�Q¶^�jm`KbedfW
^_RU{�W/oGh�l�jm`8}�Wa`�´�jm]6hi`8{�Wa`�bBjX^?R�]6WqRUV�o6dpRUVmVXWa`8}�W�Z M hi{�W�{�Wabedfhyl8^ÏdfWaVm\4jm`�be]6h�l�kfoGW/]6WqRUVJ¤pWxwyjmT8jmVmjmbÁ�|jm`�bedfW\8VzRUb�t®hi]e{	Wa´�hiVmk8bejXhi`�^ekfo_d�Ri^SbedfW�hiT � WGoab���hi]ejXWa`�b6WGl�\8d8jmVXh�^6hi\8dc���ibedfW M b_RU`flfRU]6l�Q�Wa{�\8VzRUb6WBÓ�jmT8]_RU]e�~� M QBÓS�x�l8WG^ejm}�`À\pRUbeb6Wa]e`f^/RU`flÃb6Wa{�\8VzRUb6Wgtvk8`foabejXhi`f^qZ?·fhi]D¤pWxw�jmT8jmVmjmb�����^ejm{�\8VmjXoajmbÁ�ÃRU`fln{�Wa{�hi]e�n^_Rq´�jm`8}f�p�ÏWEoqRU{�W
k8\Ã�Bjmbed=bedfWst®hiVmVXhq�Bjm`8}*RU]6o6d8jmb6WGoabek8]6W�b6h~WxÌ|oajXWa`cbeVm�Ãhi]e}cRU`8jmÑqW�RWP�¿�QQL ^#\pRU]_RU{�Wab6Wa]6^È��Ri^#�ÏWaVmV�Ri^#�Bjmbed�R
{�WGo6dpRU`8jX^6{ t®hi]#REkf^6Wa]Db6h�T�WgRUbeb_Rio6dfWGlÀb6h�R�P#¿�QsZ
¿ P#¿�Q%jX^ oGhi{�\�h�^6WGl�hUt�R/kf^6Wa]�\pRU]ebq��RU`�jm`�tv]_Ri^ebe]ekfoabek8]6WB\pRU]ebÏRU`fl�R/{�hyl8WaV�t®hi]�bedfW3P#¿�QF�µ\8]6hib6hyoGhiV��

^e\�WGoajÅÄpo~tµk8`foabejXhi`f^1�xZ�¼/hq��Wa´�Wa]q�Ï^_hi{�W|t®WqRUbek8]6WG^�RU]6W4^6hi{�Wabejm{�WG^ P#¿�Q¾^e\�WGoajÅÄpo���{|RU£yjm`8}=jmbEjm`fWxÌ|oajXWa`cb
b6h=kf^6W*R=}�Wa`fWa]_RUVB{�h�l8WaV?t®hi]�RUVmV?bedfW<P#¿�Q�^ÈZ¼/hi\JWxtvk8VmVm����bedfW�t®hiVmVXhq�Bjm`8}�{�Wabedfhyl¨l8WxÄf`fWG^|R=oGhi{�{�hi`
\8]6hyoGWGl�k8]6Wu�Ïhi]e£yjm`8}�tvhi]DRUVmV�bedfWQP�¿�Q�^qZ�Ó�WabBkf^DRi^_^ek8{�WubedpRUb#RKkf^6Wa]q�8Ò�^_Wa]

i
��jX^?�BjmVmVmjm`8}|b6hKT�WgRUbeb_Rio6dfWGl

b6h P#¿�Q
j
�8bedfW/t®hiVmVXhq�Bjm`8}~^6b6Wa\f^#RU]6Ws}�hi`fWsbed8]6hik8}�d��®RUVX^_h�]6WxtvWa]Bb6h�Äf}�k8]6W S Z Î � [

«�ZDÒ/^6Wa]
i
Ri^6£y^ P�¿�Q

j
b6h�]6Wa}�jX^eb6Wa]qZ

ª�ZD¥�t�jmb#jX^�\Jh�^_^ejmT8VXW��>P�¿�Q
j
oa]6WqRUb6WG^/R|oGhi\c�nhUtÏR�kf^_Wa]�L ^ P#¿�Q \pRU]_RU{�Wab6Wa]6^�tvhi]/Ò�^6Wa]

i
�µjmb�jX^/R|oGhi\c�

hUt�bedfWs`fWGoGWG^6^1RU]e�~\pRU]_RU{�Wab6Wa]6^#tvhi]#REkf^_Wa]Djm`TP#¿�Q
j
�xZ

Î�ZDQ?dfWa`��yÒ/^6Wa]
i
jX^?Ril�´�Wa]ebejX^6WGl|bedpRUb¯dfWDjX^¯`fhq�FRUbeb_Rio6dfWGl~b6h P�¿�Q

j
��RU`fl�bed�kf^ÏdfWDk8\JlfRUb6WG^Ïd8jX^ P�¿�Q

Ril8l�]6WG^_^gRioGoGhi]6l�jm`8}�Vm��Z�Q?dfW�Vmjm`8£nT�Wab���WGWa`Ò�^_Wa]
i
RU`fl=d8jX^u^6WabshUt P#¿�QQL ^u\pRU]_RU{�Wab6Wa]6^sjm` P#¿�Q

j�voGhi\��8�BjX^DRio6d8jXWa´�WGlÀTc��d8jX^Bk8`8j V�kfWg¥Á¸MRi^B��WaVmV¶Ri^BT���bedfWQP�¿�Q Ril8l�]6WG^6^qZ

³�dfWa`~Ò/^6Wa]
i
�BjmVmVp`fhg{�hi]6W#TJWD\pRU]ebÏhUt4P#¿�Q

j
�vl�jX^_oGhi`8`fWGoabejXhi`A�x��bedfW�oGhi\c��hUt�d8jX^ P#¿�Q¨\pRU]_RU{�Wab6Wa]6^

�BjmVmV�TJW�]6Wa{�hÈ´�WGlEtµ]6hi{ P#¿�Q
j
Z�Q?d8jX^�{�Wabedfhyl�RUVmVXhq�D^¯R�kf^6Wa]�b6hu^ekfoGoGWG^6^ejm´�WaVm��kf^6W?^6Wa´�Wa]_RUVOP#¿�Q�^��Bjmbedfhik8b

d8jm{ T�Wajm`8}|RG�?RU]6W�hUt�bedfWg^e\�WGoajÅÄpos\pRU]_RU{�Wab6Wa]6^Dkf^6WGl*tvhi]Bd8jm{ÉT��4WqRio_d P#¿�QsZ
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Copy of RAT 

user parameters

for User i

RAT j

Infra Users

User i

Mobility

Service

RAT @

(1)

(2)

= RAT j

(3)

·Sjm}�k8]6W S Z Î@[ Ò/^6Wa]D¿?beb_Rio6d8{�Wa`�b/º�]6hyoGWGl�k8]6Wsb6h|R�P�¿�Q
� . � s3 �É� �6@?7J369DC � �6@?7A;G9BH
� 36C � 5pP

·phiVmVXhq�Bjm`8}ÃbedfW�\8]6Wa´�jXhikf^eVm��\8]6WG^6Wa`�b6WGl�RU]6o_d8jmb6WGoabek8]6W��¶��W�dpRq´�W�kf^6WGl�bedfW�^6jm{�k8VzRUbejXhi`\8VzRUb�t®hi]e{�t®hi]
^6Wa´�Wa]_RUV�^6bekfl�jXWG^Dl�k8]ejm`8}�bedfWgº�df¸,]6WG^_WqRU]6o6dfWG^qZ�³¢WgdpRG´�Wghi`8Vm��jm`c´�WG^ebejm}cRUb6WGlÀl���`pRU{�jXo�^ejm{�k8VzRUbejXhi`f^��µ`fhib
^eb_RUbejXoÈ��jm`�´�hiVm´�jm`8}�l8Wa\8VXhq�y{�Wa`cb6^/hUtSkf^_Wa]6^#RU`flnhUt RE`fWab��Ïhi]e£nhUt�oGWaVmVX^qZ
Y�´�Wa`%bedfhik8}�d%jm`foaVmkfl8WGljm`�bedfW�\8VzRUb�t®hi]e{�RU]6o_d8jmb6WGoabek8]6W����ÏW|dpRG´�W~`fhib�b6WG^eb6WGl%^6oGWa`pRU]ejXh�^Kjm`c´�hiVm´yjm`8}

{�k8Vmbejm\8VXW�P#¿�Q¶^Djm`nbedfWg^1RU{�Wg^6oGWa`pRU]ejXh8Z¯¼/hq��Wa´�Wa]q�pl8Wa\8VXhÈ��{�Wa`�b6^/hUt�^6Wa´�Wa]_RUV�oGWaVmVX^/RU`fl*kf^6Wa]6^BdpRq´�WgT�WGWa`
jm`c´�WG^6bejm}cRUb6WGl�Z¯Q?dfWg^ebekfl�jXWG^#]6WqRUVmjmÑqWGl*kf^ejm`8}�bedfWs^6jm{�k8VzRUbejXhi`Ã\8VzRUb�t®hi]e{ RU]6Ws\8]6WG^_Wa`cb6WGlndfWa]6WqR tvb6Wa]�[

• ¥¦Y Y YF§�©�ª�Zm«�«K³�Ó�¿/rM¹=h�l8WaV?�v^6WGW�¿�\8\JWa`fl�jÅw N RU`fl=o6dpRU\8b6Wa] � � [��ÏWKdpRG´�WK{�h�l8WaVXWGlÀbedfW�¹=¿ NRU`fl º ¼D½�VzRG��Wa]6^ÀhUtKbedfW¢¥¦Y Y Y�§�©�ª�Zm«�«¢^eb_RU`flfRU]6l �vWG^6\JWGoajzRUVmVm��bedfW¢¥¦Y Y Y §�©�ª�Zm«�«qR��4�Bjmbed(bedfW
\�h�^6^ejmT8jmVmjmbÁ�Àb6h*^6bekfl��ÃbedfW�jm{�\pRioab�hUt�bedfW�³�Ó�¿/r�\8]6hib6h�oGhiV hi`�bedfW�\�Wa]�tvhi]e{|RU`foGW�]6WG^ek8Vmb6^ujm`�bedfW
oqRi^_WnhUtsR¢l8Wa\8VXhq�y{�Wa`cb~hUtg^6Wa´�Wa]_RUV#kf^6Wa]6^�jm`°R=`fWabÁ�Ïhi]e£ÐhUtu{�k8Vmbejm\8VXW=oGWaVmVX^qZÐQ?dfWn¥¦Y Y Y>§�©�ª�Zm«�«
^6b_RU`flfRU]6l~kf^_WG^�Rg\pRio6£�Wab���TpRi^6WGl��fRi^e�y`fo6d8]6hi`fhikf^?be]_RU`f^6{�jX^6^ejXhi`4hUt�\pRio6£�Wab6^?kf^ejm`8}�^6Wa´�Wa]_RUVJbe]_RU`f^e{�jmb
{�hyl8WG^qZ�Q?dfW�]6WG^ek8Vmb6^�hiT8b_RUjm`fWGl��ÏWa]6W?{|RUjm`8Vm�Kt®h�oakf^6WGlEhi`�bedfW�jm{�\pRioab hUtpjm`cb6Wa]���oGWaVmVpjm`cb6Wa]�t®Wa]6Wa`foGWDhi`
bedfW�kf^6Wa]#\�Wa]�t®hi]e{|RU`foGW���tv]_RU{�WG^�LpoGhiVmVmjX^6jXhi`À]_RUb6W��p{�WqRU`À�?RUjmb�bejm{�W��pbed8]6hik8}�d8\8k8b1��RUb/oGWaVmV�VXWa´�WaV��Ajm`
R�`fWab���hi]e£�hUt�{Kk8Vmbejm\8VXWuk8`fW VckpRUVmVm�|VXh�Ril8WGl�oGWaVmVX^ÈZ�¥�`fl8WGWGl���^6Wa´�Wa]_RUVJVmjm{�jmb_RUbejXhi`f^DWxw�jX^eb¯�Bjmbed4³ Ó�¿�r
^6�y^eb6Wa{�^B[¶d8jXl8l8Wa`*`fhyl8WG^q�yjm`cb6Wa]���oGWaVmV�jm`cb6Wa]�t®Wa]6Wa`foGW��f^e\pRUbejzRUV�k8`�t®RUjm]e`fWG^_^q�8Wab6o�Z�¿�^BRU`*Wxw�b6Wa`f^ejXhi`���bedfW
oak8]e]6Wa`�b�^6oGWa`pRU]ejXh�^q�¶Î � � ³�Ó�¿�r�^6oGWa`pRU]ejXh�^soGhik8VXl�TJWEjm`�´�WG^ebejm}cRUb6WGl��¶Ri^6^6k8{�jm`8}*bedfW�Î �É^eb_RU`flfRU]6l
��hik8VXlnT�Wu{�h�l8WaVXWGlnjm`nbedfWu\8VzRUb�tvhi]e{ Äfbebejm`8}|�Bjmbed8jm`nbedfWs\8]6Wa´yjXhikf^eVm��\8]6WG^6Wa`cb6WGl=RU]6o6d8jmb6WGoabek8]6W�Z

• M jm{Kk8VzRUb6hi]�b6h#´�RUVmjXlfRUb6W�bedfW V�kfWak8jm`8}�{�hyl8WaVy]6WG^ek8Vmb6^B�v^6WGWÏo_dpRU\8b6Wa] [ � [�jm`EbedfW¯\8]6WaVmjm{�jm`pRU]e��RU`pRUVm��^ejX^q���W�dpRq´�W�´iRUVmjXlfRUb6WGlhik8]�W VckpRUbejXhi`f^�kf^ejm`8}nbedfWÃÇ V�kfWakfW�Ç�oGhi`�b_RUjm`fWa]KhUÊ�Wa]6WGl�Tc��bedfW M QBÓ�RU`fl�Tc�jm`�b6Wa]6oGhi`8`fWGoabejm`8} bedfWÃl�jÅÊ�Wa]6Wa`cb V�kfWakfWG^~b6h¢oa]6WqRUb6WÀR�`fWabÁ�Ïhi]e£NhUtgoGhi`8`fWGoab6WGl VckfWakfWG^ÈZ°·fhi]|bed8jX^
^6bekfl����f^6hi{�W/tvk8`foabejXhi`f^D�ÏWa]6W�b_RU£�Wa`*tv]6hi{ÉbedfWs\8VzRUb�tvhi]e{ÆVmjmT8]_RU]ejXWG^qZ

• ¸/jX^ebe]ejmT8k8b6WGl�³ Ó�¿/rÐ¹Àhyl8WaV��v^6WGWÏo_dpRU\8b6Wa] Y � [�b6h/jm{�\8VXWa{�Wa`�b hik8]�^6��RU]e{,jm`cb6WaVmVmjm}�Wa`foGWDl�jX^6be]ejmT8k8b6WGlhi\8bejm{�jmÑÈRUbejXhi`�RUVm}�hi]ejmbed8{n�f��WsdpRG´�Wgkf^6WGl*^6hi{�Wutvk8`foabejXhi`f^Db_RU£�Wa`*tv]6hi{ÉbedfWs\8VzRUb�t®hi]e{ VmjmT8]_RU]ejXWG^qZ
• Y�b6o�Z
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jX^ `fhib?RUVm��Rq�y^Ï\Jh�^_^ejmT8VXWDjm`~Rg�Bjm]6WaVXWG^6^ {�WGl�jmk8{¾l�kfWDb6h�d8jXl8l8Wa`|`fhyl8WG^qZ�¿#VX^_h8��Ri^¯hi`8Vm��hi`fW#]_Ril�jXh�o_dpRU`8`fWaV
jX^gkf^_WGl�tvhi]�TJhibed¢be]_RU`f^6{�jmbERU`fl¢]6WGoGWajm´�W���R M Q¶¿¾oqRU`8`fhibEQ�w¢RU`fl�PBw¢RUbgbedfW|^1RU{�W�bejm{�W�Z4Q?dckf^q�¶bedfWl8Wab6WGoabejXhi`*hUtSRK^ejm{�k8Vmb_RU`fWGhikf^?be]_RU`f^e{�jX^_^ejXhi`~jX^�`fhib�\Jh�^_^ejmT8VXWDt®hi]¯bedfWuQ�w���jmb�oqRU`*hi`8Vm��T�W#jm`�b6Wa]e\8]6Wab6WGl4Tc�
`fh<PBw�hUtDRU`Rio6£y`fhq�BVXWGl�}�{�Wa`cbqZ4¿�VmV�bedfW�\pRio6£�Wab6^Kjm`c´�hiVm´�WGljm`R4oGhiVmVmjX^ejXhi`�RU]6W�VXh�^eb�RUbsbedfW�]6WGoGWa\8bejXhi`�Z
Q?d8jX^BjX^B�Bd��4bedfW N M ¹À¿ � N ¿:{�WGo6dpRU`8jX^e{ jX^Bkf^6WGl�Z
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Q?dfW N M ¹À¿ � N ¿	\8]6hib6h�oGhiV¶jX^�R�]_RU`fl8hi{�RioGoGWG^6^D{�WabedfhylnTpRi^6WGlÀhi`nbedfW~ÇxVmjX^6b6Wa`nTJWxt®hi]6Wg^6Wa`fl�Çg]ek8VXW�Z¿�VmV�hik8]�^ejm{�k8VzRUbejXhi`f^�{|RU£�W~kf^6W�hUtDbedfW|jm`�tv]_Ri^ebe]ekfoabek8]6W�{�hyl8W=�®RUVm�?RG��^�RU`%¿/ºÏ�KRU`flbedfW4oGhi{�\8k8VX^6hi]e�
¸ N ·%{�h�l8W|�v^_WGW/Äf}�k8]6W N Z Î �x�8T8k8bD`fhibDbedfW�º¶hijm`�b N hyhi]6l�jm`pRUbejXhi`À·8k8`foabejXhi` �vº N · ��{�h�l8W�Z

·Sjm}�k8]6W N Z Î@[ ¹=¿ N ¸ N · �Eº N ·F± « ²
¥Á`�¸ N ·�{�h�l8W���bedfWa]6WDjX^�`fhgoGWa`cbe]_RUVA\Jhijm`�b¯hUt�oGh�hi]6l�jm`pRUbejXhi`~jm`�bedfWDoGWaVmV���jm`f^eb6WqRil�bedfWDoGh�hi]6l�jm`pRUbejXhi`~jX^l�jX^ebe]ejmT8k8b6WGl4hq´�Wa]DRUVmV�bedfW M Q�¿/^qZ�¥�`4¸ N ·?�cbedfWu¿/º�dpRi^�bedfW/^_RU{�W/\8]ejXhi]ejmb��~VXWa´�WaVAb6h�RioGoGWG^6^�bedfW�{�WGl�jmk8{bedpRU`FWa´�Wa]e�Ðkf^6Wa]4hUtgjmb6^ S MOM Z�·fhi]4{�hi]6W=l8Wab_RUjmVX^nRUTJhik8b�bedfWÀ¸ N · \8]6hib6h�oGhiVu]6Wxt®Wa]~b6h�bedfW�^eb_RU`flfRU]6ljmb6^6WaVÅtD± « ²�Z?Q?dfW�^6jm{�k8VzRUbejXhi`f^uRUVm��RG��^/{|RU£�Wgkf^6WgbedfW P�Q M � N Q M {�WGo_dpRU`8jX^e{nZDQ?dfW�bed8]6WG^edfhiVXlnb6h~o6dfhyh�^6WT�Wab��ÏWGWa`NbedfW4TpRi^ejXonRioGoGWG^6^Ã�µ`fh P�Q M � N Q M {�WGo_dpRU`8jX^e{~��RU`fl bedfW<P�Q M � N Q M l8Wa\�Wa`fl8^�hi`¨bedfW*lfRUb_Rtv]_RU{�W/^6jmÑqW�b6hEbe]_RU`f^e{�jmbqZ�¥Á`fl8WGWGl���T�WaVXhq�

RTSThreshold

�µ��Ws^6Wab
RTSThreshold = 1500

T8jmb6^BRi^B^ebekfl�jXWGl
jm`*bedfWsVmjmb6Wa]_RUbek8]6W~± U[ ²µ��bedfWsTpRi^ejXogRioGoGWG^6^D{�Wabedfh�l*jX^Dkf^6WGl*jm`f^eb6WqRil*hUt�bedfW P�Q M � N Q M {�WGo_dpRU`8jX^e{nZ
¥Á`Ã¸ N ·?�8bedfWgo6dpRU`8`fWaV�RioGoGWG^6^/RU`fl*]6WG^6Wa]e´�RUbejXhi`Ã{�Wabedfhyl*jX^#^_RUjXlnb6h�TJWKRU`ÀRily��dfh�o�^eVXhibeb6WGln{�Wabedfhyl��Wa´�Wa`�b6hik8}�d*RKoGWaVmVJ{�jm}�dcbBT�WDkf^ejm`8}EbedfW#jm`�tv]_Ri^ebe]ekfoabek8]6Wu{�hyl8W�Z�¥�b�jX^�Rily��dfhyo/TJWGoqRUkf^_W#bedfW/oGhi`cbe]6hiV�jX^�`fhib

oGWa`cbe]_RUVmjmÑqWGl�Z�¥ÁbBjX^D^eVXhibeb6WGl4�BdfWa`nbedfW M Q¶¿�^�l8WGoa]6Wa{�Wa`cb�bedfWajm]DTpRio6£�hUÊ¢oGhik8`cb6Wa]qZ
Ò/^ejm`8}¢bedfW=§�©�ª�Zm«�«Ã¹=¿ N \8]6hib6hyoGhiV��DR�lfRUb_R�be]_RU`f^e{�jX^_^ejXhi`°Wa`foGhi{�\pRi^6^_WG^|bed8]6WGWÃ{|RUjm`N\8dpRi^6WG^��®Ri^^edfhÈ�B`njm`*Äf}�k8]6W N Z [ � [

• 8 ��'>�+�6��&�E23!3 ��"�" [�¿Dtvb6Wa]#RE`ck8VmV S N �
• � �!5�� ��$ 12��"T��� � '>���?)��>[ P�Q M RU`fl N Q M tv]_RU{�WG^DWxw�o_dpRU`8}�WG^q�
• ��'>�='GS�B'��S"�$%�J"�"��?)��>[S¸D¿�Q�¿	tv]_RU{�W��v¸D¿�Q�¿s�DRU`flÃ¿ N �,tµ]_RU{�WG^#Wxw�o_dpRU`8}�WG^qZ

Q?dfW�\8]6hib6hyoGhiVBjX^KTpRi^_WGl%hi`%bedfW�{�hi`8jmb6hi]ejm`8}hUt#bedfW�{�WGl�jmk8{ ^eb_RUb6W~Tc�%WqRio6d M Q�¿EZ�Q?dfW�{�WGl�jmk8{^eb_RUb6WujX^DWajmbedfWa]�[

• ¥¦¸uÓ�Y �Ér�hnoak8]e]6Wa`�bEQ�w�jm`¢bedfW|oGWaVmV�Z�¿#`fl¢jmbg{�WqRU`f^ER*\Jh�^6^6jmT8jmVmjmb���b6hÃl8WGoa]6Wa{�Wa`�bKbedfW�TpRio_£�hUÊoGhik8`�b6Wa]/RU`fl*�BdfWa`ÃjmbBjX^B`ck8VmV��pbedfW M Q�¿	be]_RU`f^e{�jmb6^Djmb6^#lfRUb_R��
• S Ò M ½ �¡¹=WqRU`f^�bedpRUbsR|oak8]e]6Wa`cbsbe]_RU`f^e{�jX^_^ejXhi`ÀjX^�b_RU£yjm`8}�\8VzRioGWKjm`=bedfWKoGWaVmV�ZuQ?dckf^È��R M Q�¿¡�BjmVmVl8Wxt®Wa]Djmb6^ S N l8WGoa]6Wa{�Wa`�b�k8`�bejmV�bedfWgWa`flnhUt�bedfWsoak8]e]6Wa`cb/Q�w*\8Vmkf^#R�¸u¥Á· M \�Wa]ejXh�lÃhUtSbejm{�W�Z
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·Sjm}�k8]6W N Z [�[ ¹=¿ N º�]6hib6hyoGhiV�º�dpRi^6WG^K± « ²

Q?dfW|`fWxwybK\8]6hib6h�oGhiV�^eb_RUb6W~RU`fl%RioabejXhi`�jX^KoGhi`fl�jmbejXhi`fWGl�T���bedfW�{�WGl�jmk8{Â^eb_RUb6W~RU]6hik8`fl%WqRio6d M Q�¿EZ¸/kfW/b6hER M Q�¿ Vmjm{�jmb6WGl�be]_RU`f^e{�jmbB]_RU`8}�W��ybedfW�]6WG^6k8Vmb?hUt¶bedfW/oqRU]e]ejXWa]B^6Wa`f^6jm`8}�hi\�Wa]_RUbejXhi`4jX^?hi`8Vm�|´�RUVmjXl|t®hi]RKoGWa]eb_RUjm`*]6Wa}�jXhi`*RU]6hik8`fl4bedfW M Q¶¿��µd8jXl8l8Wa`4`fh�l8W/\8]6hiT8VXWa{~�x�fRU`fl�bedckf^?jX^�VXhyoqRUbejXhi`*l8Wa\JWa`fl8Wa`�bBVXWqRil�jm`8}b6h�^6hi{�WsVmjm{�jmb_RUbejXhi`f^uRi^Dl8WG^6oa]ejmT�WGl4jm`Ã^6WGoabejXhi` ��Z � Z
: � �
Q?dfW�r�¿ X {�WGo_dpRU`8jX^e{ÆjX^Dkf^6WGl*jm`noGhi{�T8jm`pRUbejXhi`�hUt�bedfW P�Q M � N Q M {�WGo6dpRU`8jX^6{��v^6WGW/Äf}�k8]6W N Z  �xZ¥Á`�Ril8l�jmbejXhi`4b6h�bedfW/º ¼#½ oqRU]e]ejXWa]B^6Wa`f^ejm`8}Khi\�Wa]_RUbejXhi`��8R�¹=¿ N ´�jm]ebekpRUV�oqRU]e]ejXWa]�^_Wa`f^ejm`8}KjX^Ï\�Wa]�tvhi]e{�WGl~Tc�RUVmV�bedfWu`fhi`nbe]_RU`f^6{�jmbebejm`8}�Rioabejm´�W M Q¶¿�^qZ

·Sjm}�k8]6W N Z @[ r/¿ X ¹=WGo6dpRU`8jX^e{Â± « ²
Q?dfW*r/¿ X jm`�tvhi]e{|RUbejXhi`ÐjX^�jm`foaVmkfl8WGl jm`NRUVmVBbedfW�be]_RU`f^e{�jmbeb6WGl¨tµ]_RU{�WG^n�voGhi`�be]6hiV�RU`fl¨lfRUb_R���RU`fl jX^]6WqRilfRUT8VXW�Tc��RUVmV M Q�¿/^*�µ{�h�l8W=«È�xZ�Q?dfW~r/¿ X jm`�tvhi]e{|RUbejXhi` jm`fl�jXoqRUb6WG^�bedfW~bejm{�W|�BdfWa` bedfW�oGhi{�\8VXWab6WlfRUb_R|be]_RU`f^e{�jX^6^ejXhi` �µ]6WGoGWa\8bejXhi`�hUtÏR|¿ N �¡tv]_RU{�WÈ�?\8]6hyoGWG^6^�jX^DÄf`8jX^6dfWGl��AoGhi]e]6WG^e\�hi`fl�jm`8}4b6h�bedfWK^eb_RU]eb/hUtbedfWg`fWxw�b#¸u¥¦· M ��RUjmb#\�Wa]ejXhyl*\8]ejXhi]#b6h�bedfW�`fWxwyb�oGhi`cb6Wa`fl�jm`8}4\JWa]ejXhyl�Z�¿�^D^6kfo6d��ARUVmV¶bedfWsVmjX^eb6Wa`8jm`8} M Q�¿/^T�WGoGhi{�W�RG�?RU]6W�hUt�bedfWsbejm{�Wut®hi]BbedfWu`fWxwyb#oGhi`�b6Wa`cbejXhi`=\JWa]ejXhyl*hUt�bedfWs{�WGl�jmk8{nZ
Q?dfWgr/¿ X l�k8]_RUbejXhi`ÃjX^#W VckpRUV�b6h�bedfWstvhiVmVXhÈ�Bjm`8}�´iRUVmkfW\[

• P�Q M tv]_RU{�Ws]6WGoGWajm´�WGl%[ TTX = TSIFS + TCTS + TSIFS + TDATA + TSIFS + TACK

• N Q M tv]_RU{�Ws]6WGoGWajm´�WGl%[ TTX = TSIFS + TDATA + TSIFS + TACK

• ¸D¿�Q¶¿	tµ]_RU{�Wu]6WGoGWajm´�WGl%[ TTX = TSIFS + TACK
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Tx
oGhi]e]6WG^e\Jhi`fl8^�b6h��?RUjmb�bejm{�WKl�k8]_RUbejXhi`f^�hi]#tµ]_RU{�Wsbejm{�WK^e\�Wa`cb#jm`ÀbedfW�RUjm]qZ?·fhi]#{�hi]6WKl8Wab_RUjmVX^/RU`flÃbedfW

\pRU]_RU{�Wab6Wa]6^�Lp´iRUVmkfWG^B]6Wxt®Wa]Bb6h�bedfW�§�©�ª�Zm«�«qR�^eb_RU`flfRU]6l¢± ª ²�Z
� � � 
��>;9IJAC=���� ?�D � �Q?OI AC?�� 
&F � �

Q?dfW N M ¹=¿ � N ¿�\8]6hib6h�oGhiV/kf^6WGlÐT��ÐoGhi`cb6Wa`fl�jm`8} kf^6Wa]6^~jX^�R¢]_RU`fl8hi{ RioGoGWG^_^|{�Wabedfhyl�Z(Y�´�Wa]e�\�Wa]ejXh�l4\8]ejXhi]Db6h�REbe]_RU`f^6{�jX^6^ejXhi`njX^D^6VXhibeb6WGl¢�vl8WGoGhi{�\Jh�^6WGlnjm`nbejm{�Ws^eVXhib6^1��l�kfWsb6h�bedfW S N ´�RUVmkfW�Z Q?d�kf^q�bedfWa]6W�jX^/`fh�\8]6Wx��WG^eb_RUT8VmjX^edfWGl�be]_RU`f^e{�jX^_^ejXhi`�^6o6dfWGl�k8VXW�ZEY¯Rio6d M Q¶¿ l8WaVzRq�y^sjmb6^/be]_RU`f^e{�jX^_^ejXhi`¢^eb_RU]ebubejm{�WTc�¨^6hi{�W4]_RU`fl8hi{ S N ´iRUVmkfW�µ}�Wa`fWa]_RUb6WGl�RioGoGhi]6l�jm`8}b6h¢R�k8`8jÅt®hi]e{�l�jX^ebe]ejmT8k8bejXhi`A���Bjmbed8jm`°R�´�RU]ejzRUT8VXWN ³,Z�¿°t®RUjmVmk8]6WBb6hgbe]_RU`f^e{�jmbÏWxw�\Jhi`fWa`�bejzRUVmVm��jm`foa]6WqRi^6WG^ÏbedfW N ³'^ejmÑqWBjm`|hi]6l8Wa]Ïb6hs]6WGl�kfoGWDbedfW#\8]6hiTpRUT8jmVmjmb��bedpRUb/b��Ïh�kf^6Wa]6^/hi]/{�hi]6WKl�]_Rq�	bedfWK^_RU{�W S N ´�RUVmkfW��JRU`fl=^ejm{�k8Vmb_RU`fWGhikf^6Vm�Ãbe]_RU`f^e{�jmbqZ/Q?d8jX^#{�jm`8jm{�jmÑqWG^oGhiVmVmjX^ejXhi`f^�TJWabÁ�ÏWGWa`%{�k8Vmbejm\8VXW M Q�¿/^gTc��b6Wa{�\�hi]_RUVmVm�¢^e\8]6WqRil�jm`8}ÃbedfWajm]Kbe]_RU`f^e{�jX^6^ejXhi`�^eb_RU]ebgbejm{�WG^qZ�Q?dfWl�k8]_RUbejXhi`¨hUtDbedfWG^6W��?RUjmbejm`8}�\JWa]ejXhyl8^�jX^K]_RU`fl8hi{n� RU`fl%l8Wa\JWa`fl8^�hi`bedfW~`ck8{KTJWa]�hUt#oGhi`�b6Wa`fl�jm`8}�kf^6Wa]6^
RU`fl*bedfWu{�WGl�jmk8{�^eb_RUb6WgRU]6hik8`flÃWqRio_d M Q�¿EZfQ?dfW�RUVm}�hi]ejmbed8{ kf^6WGl4jX^B\8]6WG^6Wa`�b6WGlnT�WaVXhq� [

CWn+1 = 2× (CWn + 1)− 1

�BdfWa]6W
n
jX^ÏbedfW#`�k8{�T�Wa]?hUt�be]_RU`f^6{�jmbBRUbeb6Wa{�\8b6^ÈZ�Q?dfW#{|R w�jm{�k8{É`�k8{�T�Wa]?hUt�be]_RU`f^6{�jX^6^ejXhi`*RUbeb6Wa{�\8b6^?jX^

Vmjm{�jmb6WGlÀTc�noGhik8`cb6Wa]6^gRi^#\8]6WG^6Wa`cb6WGl=jm`ÀbedfWst®hiVmVXhq�Bjm`8}4\pRU]_RU}�]_RU\8d � M dfhi]eb�P#Wabe]e� N hik8`�b6Wa]�� M P N � �UÓ�hi`8}P#Wabe]e� N hik8`cb6Wa]À�vÓ1P N �e�xZ�¿/^�R�oGhi`f^6W V�kfWa`foGW�� bedfW*¹=¿ N \8]6hib6hyoGhiVB��RUjmbejm`8}\8d8jmVXh�^6hi\8dc�%jX^�bedfW4{�hi]6WR M Q¶¿¾t�RUjmVX^gb6hnbe]_RU`f^6{�jmb�R*tµ]_RU{�W��SbedfW~{�hi]6W�jmb��?RUjmb6^E�BdpRUb6Wa´�Wa]Kjmb6^ElfRUb_R*tv]_RU{�W|^6jmÑqW~RU`fl�be]_RU`f^e{�jmb{�hyl8W�ÇiZ

 � � � � � �
Y¯Rio6d%k8`f^ekfoGoGWG^6^�tvk8VÏRUbeb6Wa{�\8bEb6h*be]_RU`f^e{�jmb�R�tµ]_RU{�W|jm`foa]6WqRi^6WG^�R4]6Wabe]e��oGhik8`cb6Wa]qZ*Q?dfWa]6W~RU]6W|b���h

oGhik8`cb6Wa]6^/l8Wa\�Wa`fl�jm`8}|hi`nbedfW/tv]_RU{�Wg^ejmÑqW��voGhi`cbe]6hiVShi]#lfRUb_REtv]_RU{�WG^1� [

• M P N � Vmjm{�jmb6^BbedfWu`ck8{KTJWa]�hUt¶be]_RU`f^e{�jX^6^6jXhi`ÃRUbeb6Wa{�\8b6^?tvhi]BoGhi`�be]6hiV�tµ]_RU{�WG^DRU`fl�t®hi]BlfRUb_RKtµ]_RU{�WG^�Bdfh�^_Wg^ejmÑqWujX^BVXWG^6^DbedpRU`nbedfW
RTSThreshold

�

• Ó4P N �,Vmjm{�jmb6^DbedfWs`�k8{�T�Wa]�hUt�be]_RU`f^e{�jX^6^ejXhi`=RUbeb6Wa{�\8b6^#hUt lfRUb_REtv]_RU{�WG^D�Bdfh�^6Wg^6jmÑqWsWxw�oGWGWGl8^#bedfW
RTSThreshold

Z

¿#tµb6Wa]/WqRio6d�^ekfoGoGWG^6^etµk8V¶be]_RU`f^e{�jX^6^ejXhi`�hUtÏR�tv]_RU{�W��pbedfWEoGhi]e]6WG^e\�hi`fl�jm`8}4]6Wabe]e�noGhik8`cb6Wa]ujX^#]6WG^_WabqZ S k8bR tvb6Wa]s]6WqRio6d8jm`8}nbedfW�{|R w�jm{�k8{�´�RUVmkfW�hUt�WajmbedfWa]sbedfW M P N hi]gÓ4P N ��bedfW�oGhi]e]6WG^e\�hi`fl�jm`8}ÃlfRUb_R~tv]_RU{�W�jX^l�jX^6oqRU]6l8WGl�Z
� � 
 � � � 
 � F�H ��?�D�ACG �

Q¶h¢]6WGl�kfoGW*bedfWn\JWa]�t®hi]e{|RU`foGWÃl8Wa}�]_RilfRUbejXhi`�l�kfW*b6h�d8jXl8l8Wa`Nb6Wa]e{�jm`pRUVX^È�?R�{�WGl�jmk8{�]6WG^6Wa]e´�RUbejXhi`
b6WGo6d8`8j V�kfW*TpRi^6WGl hi`ÐRÀ]6WG^6Wa]e´�W¢� P�Q M tµ]_RU{�WÈ��RU`fl oGhi`�Äf]e{ � N Q M tv]_RU{�WÈ�K{�WGo6dpRU`8jX^e{ T�Wab���WGWa`ÐbedfW^6hik8]6oGWgRU`fl4bedfWsl8WG^ebejm`pRUbejXhi`ÃjX^?\8]6hi\Jh�^6WGl4jm`n¸ N ·%{�hyl8W�Z¯��`foGWsbedfWu{�WGl�jmk8{ÉjX^D^ekfoGoGWG^6^etµk8VmVm�~]6WG^6Wa]e´�WGlt®hi]ER M Q¶¿K�¶bedfW|lfRUb_Rntv]_RU{�W|oqRU`%TJW|be]_RU`f^e{�jmbeb6WGl�Bjmbed¨R*d8jm}�dfWa]�o6dpRU`foGW4hUt#^ekfoGoGWG^_^qZ*¿#VX^_h8�¶�BdfWa` RoGhiVmVmjX^ejXhi`�h�oGoak8]6^¯TJWabÁ�ÏWGWa`4^6Wa´�Wa]_RUV>P�Q M tv]_RU{�WG^q��t�RU] VXWG^6^ TpRU`fl��BjXl�bed~jX^¯��Ri^eb6WGl|�BdfWa`~oGhi{�\pRU]6WGl~�Bjmbed~RVzRU]e}�Wa]ulfRUb_R�tv]_RU{�WKoGhiVmVmjX^ejXhi`�Z#Q?dckf^q�Akf^ejm`8}�bedfW P�Q M � N Q M {�WGo_dpRU`8jX^e{�jX^#]6WGoGhi{�{�Wa`fl8WGl=�BdfWa`={|RU`c�kf^6Wa]6^/RU]6W�oGhi`cb6Wa`fl�jm`8}~t®hi]DbedfWg{�WGl�jmk8{ b6h�be]_RU`f^e{�jmb�VzRU]e}�W�lfRUb_R�tv]_RU{�WG^qZ�¼�hÈ�ÏWa´�Wa]q�J^ejm{�k8VzRUbejXhi`f^u^edfhÈ�
bedpRUbubedfWEd8jXl8l8Wa`�`fh�l8WE\8]6hiT8VXWa{ jX^/`fhibsoGhi{�\8VXWab6WaVm�À]6WG^6hiVm´�WGl=T��ÃbedfW�P�Q M � N Q M {�WGo6dpRU`8jX^e{n�¶Wa´�Wa`=jÅtjmbBjX^B}�]6WqRUbeVm�4]6WGl�kfoGWGl�Z
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� ��� � ����� � � � 
 � � 
&? �9F�I � ?�D1? �9F	�6F�D�= ��D�=BAC= � ��� � � ;� � � � �
º�]6WG^_Wa`cb_RUbejXhi`�hUtSbedfWg¹=¿ N ^ek8T8VzRq��Wa]#{|RU`pRU}�Wa{�Wa`cb/Wa`cbejmbÁ��[

• ?�� 
 �1D�H ��IJ;9D�A��
?@=BAC;�D ��� � ��� � ;  � � � � �°¿�`FY MOM jX^*oGhi{�\�h�^6WGl hUtE^6Wa´�Wa]_RUV S MOM ^nWqRio_d(hi`fWoGhi`�be]6hiVmVXWGl Tc�RU`%¿�ºSZ S MOM ^�RU]6W|`fhib�^e�y`fo6d8]6hi`8jmÑqWGl�jm`%hi\�Wa]_RUbejXhi`%`fWajmbedfWa]Kjm`%bejm{�W�Zn¼/hq�ÏWa´�Wa]q�jm`f^6jXl8WDR S MOM RUVmVf^eb_RUbejXhi`f^ RU]6W?^ek8\8\�h�^6WGlEb6hu£�WGWa\�bedfWB^_RU{�W�bejm{�W?´iRUVmkfW���bed�kf^�TJWajm`8}g^6��`fo_d8]6hi`8jmÑqWGl�Bjmbed¨bedfW*¿/ºMbedfWa� RU]6WnRi^6^6hyoajzRUb6WGl �Bjmbed�Z�¥Á`fl8WGWGl��ÏWqRio_dÐ¿�º¡]6Wa}�k8VzRU]eVm�%^6Wa`fl8^�T�WqRioGhi` tv]_RU{�WG^
oGhi`�b_RUjm`8jm`8}ÀRU`�k8\JlfRUb6W�hUt¯bedfWEbejm{�W�´�RUVmkfW���RU`fl=^_hiVXWaVm�Ãjm`cb6Wa`fl8WGl=t®hi]ubedfW S MOM jmbuoGhi`cbe]6hiVX^qZKQ?dfW{�WGo_dpRU`8jX^e{ hUtu^6Wa`fl�jm`8}�TJWqRioGhi`Ðtµ]_RU{�WG^|jX^�`fhib�{�hyl8WaVXWGlÐjm`¨bedfWÃ^6jm{�k8VzRUb6hi]|T�WGoqRUkf^6W*jmb|jX^�`fhib
l�jm]6WGoabeVm�4Vmjm`8£�WGl*�BjmbedÃbedfWsbe]_RU`f^�t®Wa]#hUt�lfRUb_R�Z

• � � �R; � F
I�� ?�D�? �>F�� F�D�= ��� ��� ���,;� � � � � ��Q?dfW�\�hq��Wa]K^_Rq´�WÃ�v^eVXWGWa\A�/{�hyl8W�oqRU\pRUT8jmVmjmb���t®hi]�R
M Q¶¿(jX^Ï`fhibÏ{�hyl8WaVXWGl�jm`~bedfW/^ejm{Kk8VzRUbejXhi`�{�hyl8WaV��ybedckf^q�8RUVmVJbedfW M Q¶¿�^BRU]6W/^ek8\8\�h�^6WGl|b6hKT�W�RUVm��Rq�y^Rioabejm´�W�Z�¿�VX^6hDbed8jX^S{�WGo_dpRU`8jX^e{,{�jm}�dcb�jm`foa]6WqRi^6WÏbedfWÏTpRUbeb6Wa]e�ERUk8b6hi`fhi{���bed8jX^¶jX^S`fhib�RDb6hi\8jXo?^ebekfl�jXWGl
jm`ÃbedfWs^ejm{�k8VzRUbejXhi`f^qZ

• H���� G�G�;%H
A&?@=BA&;9D ?�D �,I F�?OG�G�;%H
A&?@=BA&;9D ��� � ��� � ;� � � � � � P�WxtvWa]Ïb6hK^6WGoabejXhi`f^ N Z ª�Z �Z ª RU`fl N Z ª�Z �Z [t®hi]B{�hi]6Wgl8Wab_RUjmVX^qZ

� ��1���� > � � � : �=DE#

Q?dfWÀ§�©�ª�Zm«�«qR�b6WGo6d8`fhiVXhi}��°�/·�¸u¹ º ¼#½�VzRq��Wa]|jX^�l8WG^_oa]ejmTJWGl¨jm`NbedfWÃ§�©�ª�Zm«�«qR¢^eb_RU`flfRU]6l:± ª ²�ZN¿/^
^edfhÈ�B`¢jm`^6WGoabejXhi`��Z §nhUts± « ²���bedfW�º ¼#½>VzRq��Wa]�jX^Kl8WGoGhi{�\Jh�^6WGl¢jm`cb6hnbÁ�ÏhÃVzRG��Wa]6^�[�bedfW�º ¼#½¯^ejXoqRUV¯Ó�Rq��Wa]
N hi`c´�Wa]e}�Wa`foGWEº�]6hib6hyoGhiVÏ�vº Ó N º��DRU`fl*bedfWgº dc��^ejXoqRUV�¹=WGl�jmk8{Æ¸uWa\JWa`fl8Wa`�bE�vº ¹=¸g�xZ

� ��� � � ��� � � 
C=BA&IJ?@=�F 
 �1K�K);9IB= ����� � � ; �� � � ?�D � � � ��� ����� ��� ;� � � � �

M hi{�W*º ¼#½ÆVzRG��Wa]6^n�vWG^e\�WGoajzRUVmVm�bedfWn�/·�¸u¹ º ¼#½�hUt#bedfW*§�©�ª�Zm«�«qR=^eb_RU`flfRU]6lp�K\8]6hÈ´�jXl8W4{Kk8Vmbejm\8VXWlfRUb_R=be]_RU`f^�t®Wa]�]_RUb6W*oqRU\pRUT8jmVmjmbejXWG^�bedpRUb|RUVmVXhq�Éjm{�\8VXWa{�Wa`�b_RUbejXhi`f^|b6h�\�Wa]�t®hi]e{�l��y`pRU{�jXo4]_RUb6W*^e�Bjmb6o_d8jm`8}
�BjmbedNbedfWÀhiT � WGoabejm´�WÀhUtsjm{�\8]6hq´yjm`8}�\�Wa]�tvhi]e{|RU`foGW�Z Q?dfWÃd8jm}�dfWa]|bedfWnbe]_RU`f^6{�jmb|{�hyl8W��ÏbedfWnt®Ri^6b6Wa]�bedfW
lfRUb_REbe]_RU`f^e{�jX^6^6jXhi`*Ri^?��WaVmV�Ri^?bedfWud8jm}�dfWa]BbedfW/`fWGoGWG^6^_RU]e� (

C
I

) ]_RUbejXh8Z ¿BoGoGhi]6l�jm`8}�b6h�hik8]DÓ�¿	RUVm}�hi]ejmbed8{
�v^6WGoabejXhi` N Z ª�Z �Z Î �x��R M Q�¿ �BjmVmV RUVm��RG��^sbe]e�nb6h�kf^6WKbedfWEd8jm}�dfWG^ebu\Jh�^_^ejmT8VXWEbe]_RU`f^e{�jmbu{�h�l8W���jm`�hi]6l8Wa]ub6hRio6d8jXWa´�W?RBT�Wabeb6Wa]�}�hyhyl�\8k8bqZ¶QSRUT8VXW N Z ª \8]6WG^6Wa`cb6^�RUVmVcbedfW¯\Jh�^6^6jmT8VXW {�hyl8WG^�hUtfhi\JWa]_RUbejXhi`�Z�¿�VmVcbedfW¯be]_RU`f^e{�jmb{�hyl8WG^�RU]6W~{�hyl8WaVXWGl%jm` bedfW�^6jm{�k8VzRUbejXhi`Ð{�hyl8WaVBWxw�oGWa\8b�{�hyl8W4ªÀT�WGoqRUkf^6W4hUt#jmb6^��Ïhi]6^_W~\�Wa]�t®hi]e{|RU`foGW
oGhi{�\pRU]6WGl¢b6hnbedfW�hibedfWa]�{�hyl8WG^qZ�¥Á`hik8]�^ejm{Kk8VzRUbejXhi`{�hyl8WaV��SRUVmVÏoGhi`cbe]6hiV tv]_RU{�WG^~� P�Q M � N Q M �¶¿ N ���RU]6WgRUVm��Rq�y^Dbe]_RU`f^e{�jmbeb6WGl4kf^ejm`8}�{�hyl8WE«����BdfWa]6WqRi^BlfRUb_RKtv]_RU{�WG^DRU]6Wube]_RU`f^e{�jmbeb6WGl4kf^ejm`8}|RK{�hyl8Wul�]ejm´�Wa`
Tc�4bedfWuVmjm`8£nRilfRU\8b_RUbejXhi`=RUVm}�hi]ejmbed8{nZ

� ��� � � ��� � ��� � ? �9F�I � 
�
 �R?OIJ? � F/=�F�I G

QSRUT8VXW N Z Î ]6WGoqRU\8jmbek8VzRUb6WG^#bedfWs{|RUjm` S MOM \pRU]_RU{�Wab6Wa]6^Dkf^_WGl*jm`*bedfWg^ejm{Kk8VzRUbejXhi`Ã{�hyl8WaV�Z
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Q¶RUT8VXW N Z ª@[��/·S¸u¹Âº ¼#½ P�¿�QBY���¸uWa\JWa`fl8Wa`�b�º�RU]_RU{�Wab6Wa]6^

Q?dfW�Wxw�\8VzRU`pRUbejXhi`f^gjm`�b_RUT8VXW N Z Î �ÏWa]6W�t®hik8`fl�jm` � Í�Z ª�Zm«q©��¯«q©�Z [fZ Î�Z ªÃhUt/± « ²��¶RU`fl�bedfW�oGhi]e]6WG^e\�hi`fl�jm`8}
´�RUVmkfWG^��ÏWa]6W tvhik8`flujm` � «BYyZ �Z ªDhUt�± ª ²�ZSQ?dckf^q� bedfWG^6W�´�RUVmkfWG^�RU]6W¯RUVX^6h�RU\8\8VmjXoqRUT8VXW�tvhi]�bedfW §�©�ª�Zm«�«qRDWxw�b6Wa`f^ejXhi`�Z

� ��� � � � � � � � � �%IJ? � F �%;>I � ?@= ��� ��� � ����� ; �� � � �
Q?d8jX^g^6k8T���oaVzRUkf^6W�\8]6hq´yjXl8WG^�R4oGhi`�´�Wa]e}�Wa`foGW|\8]6hyoGWGl�k8]6W�jm`��Bd8jXo6d�º Ó N º M ¸uÒ��vº M ¸uÒu�¦^KRU]6W�oGhi`��´�Wa]eb6WGlÀb6h�RU`flntµ]6hi{�º Ó N º º�]6hib6hyoGhiV�¸uRUb_R|Ò#`8jmb��vº º ¸uÒs�¦^qZ#¸/k8]ejm`8}�be]_RU`f^e{�jX^6^ejXhi`��AbedfWEº M ¸uÒM^edpRUVmVT�W�\8]6hÈ´�jXl8WGl4�BjmbedÃREº Ó N ºÐ\8]6WqRU{�T8VXWKRU`fl4dfWqRil8Wa]Bb6hEoa]6WqRUb6WubedfWsº¯º ¸uÒKZ8¿?b?bedfWu]6WGoGWajm´�Wa]q��bedfWsº Ó N º\8]6WqRU{�T8VXWERU`fl*dfWqRil8Wa]�RU]6Ws\8]6hyoGWG^6^6WGl4b6h~RUjXl4jm`Ãl8Wa{�h�l�k8VzRUbejXhi`�RU`flnl8WaVmjm´�Wa]e�*hUtSbedfWsº M ¸/ÒEZ
·Sjm}�k8]6W N Z � ^6dfhq�D^DbedfWujm`�b6Wa]_RioabejXhi`=hUt�bedfWsº Ó N º RU`fl*bedfWgº¯¹À¸�Z

·Sjm}�k8]6W N Z �@[ º M ¸/Ò,RU`flnº º¯¸/Ò,·8]_RU{�WK·fhi]e{|RUb#hUt�bedfWK�/·�¸u¹Ëº ¼#½É± ª ²
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��?OI �

¿#jm]�º ]6hi\pRU}cR �
bejXhi`ÃQ?jm{�W

Q?dfWgRU`cbejXoajm\pRUb6WGlnbejm{�W��µjm`
µ
^1�¯jmbBb_RU£�WG^#RKbe]_RU`f^e{�jmbeb6WGlÃ^ejm}�`pRUV

b6h�}�h�tµ]6hi{ÉbedfWgbe]_RU`f^e{�jmbebejm`8} M Q¶¿:b6h�bedfWg]6WGoGWajm´�jm`8} M Q¶¿KZ � « µ
^q��`fWa}�VXWGoab6WGl

M VXhib#Q?jm{�W
Q?dfW M VXhib¯Q?jm{�WK�µjm` µ

^x�¶bedpRUb bedfWD¹=¿ N �BjmVmVfkf^6WBb6h�l8WxÄf`fWBbedfWº ¥Á· M RU`fln¸u¥¦· M \JWa]ejXhyl8^qZ
Í

µ
^

M ¥Á· M Q?jm{�W
Q?dfW4`fhi{�jm`pRUVDbejm{�W�µjm`

µ
^1��bedpRUb�bedfW*¹À¿ N RU`fl¨º¯¼D½��BjmVmV]6W Vck8jm]6W*b6h]6WGoGWajm´�WnbedfW*VzRi^6b|^e�y{�T�hiV#hUt�RÀtµ]_RU{�W=RUb�bedfWÃRUjm]

jm`cb6Wa]�t�RioGW��B\8]6h�oGWG^_^�bedfW*tv]_RU{�W��DRU`fl¨]6WG^e\�hi`flÐ�Bjmbed°bedfW4Äf]6^eb
^e��{KTJhiVyhi`KbedfW?RUjm]Sjm`cb6Wa]�t�RioGW�hUtfbedfW�WqRU]eVmjXWG^ebS\Jh�^_^ejmT8VXW ]6WG^e\�hi`f^6W
tµ]_RU{�W�Z

«��
µ
^

¸/¥¦· M Q?jm{�W ¸ N ·%jm`�b6Wa]�tµ]_RU{�WK^e\pRioGW�Z
TDIFS = TSIFS + 2× TTS

Z ÎU[
µ
^

Y ¥Á· M Q?jm{�W Y�wyb6Wa`fl8WGlnjm`cb6Wa]�tv]_RU{�W�^e\pRioGW�Z
TEIFS = TSIFS + TACK + 13× TODFM + TDIFS

«a[
�
µ
^

N Q M Q?jm{�WGhik8b
Q?jm{�W�b6h~��RUjmbuT�Wxtvhi]6WEoGhi`f^ejXl8Wa]ejm`8}4bedpRUb�bedfW N Q M tµ]_RU{�WK�BjmVmV`fWa´�Wa]DTJWu]6WGoGWajm´�WGl�Z
TCTS � T imeout = TSIFS + TCTS + TDIFS

ÍU[
µ
^

¿ N �¡Q?jm{�WGhik8b
Q?jm{�Wsb6h���RUjmb�TJWxt®hi]6WsoGhi`f^ejXl8Wa]ejm`8}~bedpRUbDbedfWg¿ N �,tv]_RU{�Ws�BjmVmV`fWa´�Wa]DTJWu]6WGoGWajm´�WGl�Z
TACK � T imeout = TSIFS + TACK + TDIFS

ÍU[
µ
^

N N ¿	Q?jm{�W
Q?dfWB{�jm`8jm{�k8{�bejm{�W��µjm`

µ
^1�¶bedfW N N ¿�{�WGo6dpRU`8jX^e{�dpRi^¯RG´�RUjmVÅ�RUT8VXW#b6hERi^6^6WG^6^¯bedfWD{�WGl�jmk8{>�Bjmbed8jm`�Wa´�Wa]e��bejm{�W�^eVXhib¯b6hEl8Wab6Wa]��

{�jm`fWs�BdfWabedfWa]DbedfWs{�WGl�jmk8{ jX^BT8kf^e�4hi]BjXl�VXW�Z � [
µ
^

N ³ ¹Àjm` Q?dfWs{�jm`8jm{�k8{�^ejmÑqWshUtSbedfW N ³	��jm`nk8`8jmb6^#hUt M VXhib6Q?jm{�W�Z «q
N ³ ¹�R w Q?dfWs{|R wyjm{Kk8{ ^ejmÑqWshUt�bedfW N ³,��jm`*k8`8jmb6^#hUt M VXhib6Q?jm{�W�Z «q©�ª�Î
M P N Ó�jm{�jmb Ó�hq��Wa]#Vmjm{�jmbBt®hi]#REtv]_RU{�Wu]6Wabe]_RU`f^e{�jX^6^ejXhi`�RUbeb6Wa{�\8b6^ Y †Ó4P N Ó�jm{�jmb Ò#\8\�Wa]BVmjm{�jmbBt®hi]#REtµ]_RU{�Wu]6Wabe]_RU`f^6{�jX^6^ejXhi`ÀRUbeb6Wa{�\8b6^ [ †PSQ M Q?d8]6WG^ed��hiVXl

·fhi]BlfRUb_RKtµ]_RU{�WG^?VzRU]e}�Wa]?bedpRU`*bed8jX^?bed8]6WG^edfhiVXl���bedfW�P�Q M � N Q M{�WGo6dpRU`8jX^e{ jX^Bkf^6WGl «q©�©�©�hyoab6Wab6^ †
† X RUVmkfWG^BTpRi^_WGlnhi`ÃRU]ebejXoaVXWG^D]6WqRil�jm`8}�^q�p`fhib?tvhik8`flnjm`*bedfWg^eb_RU`flfRU]6l�Z

Q¶RUT8VXW N Z Î@[ ¹=RUjm`nº¯¼D½¡Ó�Rq��Wa] S MOM ºSRU]_RU{�Wab6Wa]6^
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¥Á`�bedfW#^6jm{�k8VzRUbejXhi`�{�h�l8WaV��yº Ó N º%º)P#Y¯¿�¹ S Ó�Y¨RU`fl M ¥ �ur�¿/ÓÃRU]6W/RUVm��RG��^?Q�w�jm`|{�hyl8Wg«#�BdfWa]6WqRi^bedfW#¸#¿�Q�¿ \pRU]eb��vhi`8Vm��t®hi]¯lfRUb_R/tv]_RU{�WG^1��kf^_WG^¯Rs{�hyl8WDl8Wab6Wa]e{�jm`fWGl~Tc��bedfWDVmjm`8£�RilfRU\8b_RUbejXhi`*RUVm}�hi]ejmbed8{nZ

� ��� � � � � � � � � � ?�A&D �R?OI ? �6F/=�F
IJG ��� ��� � ��� ����� ?�D � � ��� � � ��� � � ; �� � � �
Q?dfWKW VckpRUbejXhi`ÀTJWaVXhÈ� }�jm´�WG^�bedfWsbejm{�WKR�\pRio6£�Wabu^e\JWa`fl8^#jm`nbedfWKRUjm]E�µbedfWgbe]_RU`f^e{�jX^6^6jXhi`Ãbejm{�WÈ�xZ?Q?dfW

º ¼#½	VzRq��Wa]#]6Wa\�hi]eb6^Bbed8jX^B´�RUVmkfWsb6h�bedfWg¹=¿ N VzRG��Wa]#TJWxt®hi]6Ws^6Wa`fl�jm`8}�bedfWs\pRio_£�WabqZ

TTx = TPREAMBLE + TSIGNAL + TSY M × Ceiling

(

16 + 8× LENGTH + 6

NDBPS

)

�BdfWa]6W\[

• NDBPS
jX^¯l8Wa]ejm´�WGl|tµ]6hi{�bedfWD¸D¿�Q�¿RP#¿�QBY \pRU]_RU{�Wab6Wa]qZD� N WajmVmjm`8}EjX^ÏRstµk8`foabejXhi`~bedpRUb¯]6Wabek8]e`f^ÏbedfW^6{|RUVmVXWG^eb¯jm`�b6Wa}�Wa]Ï´�RUVmkfWB}�]6WqRUb6Wa]¯bedpRU`�hi]ÏW V�kpRUVfb6hgjmb6^�RU]e}�k8{�Wa`cb�´iRUVmkfW�Z �EÓ�Y r �sQB¼°jX^¯bedfW#º M ¸uÒVXWa`8}�bedÀjm`nh�oab6Wab6^ÈZ

• TPREAMBLE
�	º Ó N ºN\8]6WqRU{KT8VXW�l�k8]_RUbejXhi` �>«�� µ

^È�

• TSIGNAL
�	¸/k8]_RUbejXhi`ÀhUt�bedfWg^ejm}�`pRUV S º M �/�¦�/·�¸u¹ ^e�y{�T�hiV � TOFDM

�	[
µ
^q�

• TSY M
� M ��{KTJhiV�jm`�b6Wa]e´iRUV �:[ µ

^qZ
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\ �a`ck8]ejXWgl8Wg^6\JWGoabe]6Wsl�jX^e\�hi`8jmT8VXW�Z
¼/Wak8]6Wakf^6Wa{�Wa`cbq�8l8W�`fhi{�T8]6Wakf^_WG^?{�WG^ek8]6WG^?hi`cb?{�hi`cbe]���V�k4L k8`fW#}�]_RU`fl8W/\pRU]ebejXW/l�k�^e\�WGoabe]6W/hUÌ|oajXWaVmVXWx�

{�Wa`cbDRUVmVXhik ��Ko6dpR V�kfWs^e�y^6b�
a{�WD`4L WG^ebBWa`�]��qRUVmjmb���\pRi^�k8bejmVmjX^��/\pRU]eb6hik8bBWab�b6hik8b�VXW�b6Wa{�\f^qZ N W/oGhi`f^eb_RUbBl8WÇxbe]6hikf^ÈÇ�lfRU`f^¯VXW/^e\�WGoabe]6WD]_Ril�jXhEhik8´�]6W#VzRg´�hijXWuRUk~l �a´�WaVXhi\8\�Wa{�Wa`cbDl8W#`fhik8´�WaVmVXWG^�{ �abedfh�l8WG^?l%L RUVmVXhyoqRUbejXhi`
l�kÃ^e\�WGoabe]6Wu\8Vmkf^?¤pWxw�jmT8VXWG^#WabDhi\8\�hi]ebek8`8jX^eb6WG^qZ
r/hibe]6W�bed�
G^6W�^�L WG^6b�oGhi`foGWa`cbe]��GW�^ek8]�VXWG^�Ri^e\�WGoab6^�b6WGo6d8`8j V�kfWG^�l8W b6WaVX^�RUVm}�hi]ejmbed8{�WG^�l��y`pRU{�j VckfWG^¶l%L RUVmVXh�oqRUbejXhi`

l�k�^e\JWGoabe]6W�Z#r�hikf^�`fhikf^u^6hi{�{�WG^#\8VzRio �ElfRU`f^/VXW�oGhi`�b6Wxwyb6W�l8WG^�]_Ril�jXh�^/oGhi}�`8jmbejm´�WG^��µ]_Ril�jXh�^uoqRU\pRUT8VXWG^ul8W
l �ab6WGoab6Wa]�WabDl8W�^�L RilfRU\8b6Wa]��EVXWak8]#Wa`�´�jm]6hi`8`fWa{�Wa`�b1�xZ
r/hibe]6Wn\8]ejm`foajm\pRUVXW=oGhi`cbe]ejmT8k8bejXhi`(R �ab��ÃVXWnl �a´�WaVXhi\8\�Wa{�Wa`cb*l%L k8` RUVm}�hi]ejmbed8{�W=l%L RUVmVXhyoqRUbejXhi`�hi\8\�hi]��

bek8`8jX^eb6WDl8WB^_hikf^���\Jhi]eb6Wakf^_WG^Ï�/·�¸/¹ Wa`�´�hijXW?{�hi`cb_RU`�b6W#\�Wa]e{�Wabeb_RU`cb��/\8Vmkf^ejXWak8]6^ {�hiT8jmVXWG^ l8WB^_W?\pRU]eb_RU}�Wa]
VXWG^B]6WG^6^_hik8]6oGWG^D]_Ril�jXh�l�jX^e\�hi`8jmT8VXWG^K�µ\8Vmkf^6jXWak8]6^#^6hikf^���\�hi]eb6Wakf^6WG^��/·�¸u¹���l8Wut®R��Ghi`��E{|R wyjm{�jX^6Wa]#VzR�l �aT8jmb
l%L k8`fWgoGWaVmVmk8VXW�Z N Wab#RUVm}�hi]ejmbed8{�Wg]��qRUVmjX^6Wsk8`fWKRUVmVXh�oqRUbejXhi`Ãl8W�^e\JWGoabe]6Wsl8Wg{|RU`8j�
a]6Wgl�jX^ebe]ejmT8k �GW�WabD^BL jm`f^e\8jm]6Wl8WG^�]��G^ek8Vmb_RUb6^�^6k8]#VXWG^/oGhi{�\Jhi]eb6Wa{�Wa`�b6^sl8WG^Djm`f^6WGoab6WG^u^6hyoajzRUk�w*\Jhik8]�VXWg\pRU]eb_RU}�WEl8WG^#b��io_dfWG^qZ#r/hikf^D\�Wa`��
^6hi`f^ V�kfW?l8W?b6WaVX^ RUVm}�hi]ejmbed8{�WG^ \�Wa]e{�Wabeb_RU`cb k8`fWDRUk8b6hU��hi]e}cRU`8jX^_RUbejXhi`~l%L k8`�}�]6hik8\JWBl%L Wa`�bejmb��G^¯^6hi`�b¯RU{�Wa` �G^
��^6Wsl �a´�WaVXhi\8\�Wa]#\�hik8]BVXWG^B\8]6hyo6dpRUjm`fWG^�} �a` �a]_RUbejXhi`f^#l8Wg^e��^eb�
a{�WG^Dl8WsoGhi{�{Kk8`8jXoqRUbejXhi`=^1RU`f^?ÄfV�Z
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Ó�WG^gk8bejmVmjX^_RUb6Wak8]6^�l8WG^ub6WGo_d8`fhiVXhi}�jXWG^K^_RU`f^sÄfV ^6hi`cbgl8W�\8Vmkf^gWa`�\8Vmkf^�Wxwyjm}�WqRU`�b6^�^ek8]sVzR V�kpRUVmjmb���WabsVzR
l�jX^e\�hi`8jmT8jmVmjmb���l8WG^�^6Wa]e´�jXoGWG^D\Jhik8]DVXWG^ VckfWaVX^#jmVX^D\pRUjXWa`cbq�AoGWa]eb_RUjm`f^�l�jX^6\Jh�^_RU`�b6^#l8Wsb6Wa]e{�jm`pRUk�wn{Kk8Vmbejm{�h�l8WG^ÈZ
N Wa\�Wa`flfRU`cbq�yk8`fW#b6WGo_d8`fhiVXhi}�jXW/`fWD\�Wak8bÏhUÊ�]ejm]¯b6hikf^ÏVXWG^¯^6Wa]e´yjXoGWG^�Rq´�WGo#VXW#{�WajmVmVXWak8]�l �aT8jmbqZ�Ó�WD\pRG��^_RU}�W�l8WG^b��aV �GoGhi{�^¯WG^6b¯l8hi`foB` �GoGWG^6^_RUjm]6Wa{�Wa`�bÏ´�hik �����abe]6WBd �ab��a]6hi} 
a`fW���RG´�WGo#l8WG^ \pRi^6^6Wa]6WaVmVXWG^¯Wa`�be]6WDVXWG^ l�jÅÊ �a]6Wa`cb6WG^
b6WGo6d8`fhiVXhi}�jXWG^|^_RU`f^gÄfVB^6hi`�bK\8Vmkf^�V�kfW � RU{|RUjX^E` �GoGWG^6^_RUjm]6WG^E\�hik8]�Ri^6^6k8]6Wa]Kk8`fW4oGhi`cbejm`�k8jmb��*l8W~^_Wa]e´�jXoGW �
V L k8bejmVmjX^_RUb6Wak8]qZ
¸sRU`f^ oGW?be]_Rq´iRUjmVpl8W?bed�
G^_W?`fhikf^¯RG´�hi`f^Ïo6dfWa]6o6d � ��\8]6hi\Jh�^6Wa]Ïl8WG^ RUVm}�hi]ejmbed8{�WG^¯jm`8`fhÈ´iRU`�b6^¯l%L RUVmVXhyoqRUbejXhi`

l8WKVzR�]6WG^6^_hik8]6oGWK^e\�WGoabe]_RUVXWEl8Wgt�R��Ghi`À\8Vmkf^ul��y`pRU{�j VckfW�Wa`Àtvhi`foabejXhi`�l�k=b6Wa{�\f^/Wabul8WKV L WG^e\pRioGWE\Jhik8]/VXWG^
k8bejmVmjX^_RUb6Wak8]6^qZ�r/hikf^�RG´�hi`f^�\8]ejm`foajm\pRUVXWa{�Wa`�b �abekfl�j ��VzRnbe]_RU`f^e{�jX^_^ejXhi`¨l8W|\pR V�kfWab6^�]_Ril�jXh8Z�r�hikf^�Rq´�hi`f^
hiT8b6Wa`ck°k8`°oGhi`�be]��iVXWÃl�jX^ebe]ejmT8k �Àl8W*V L RUVmVXh�oqRUbejXhi`�l8Wn^e\�WGoabe]6W�voGhi`cb6Wxw�b6W=l8W*V L �/·�¸/¹=¿s��RG´�WGoÃk8`fWÃRU\��
\8]6hyo6dfW�{�hi`cb_RU`cb6W��vl8WG^Ïb6Wa]e{�jm`pRUk�w~l8WG^Ïk8bejmVmjX^_RUb6Wak8]6^�´�Wa]6^¯VXWG^ � Vck8jm\�Wa{�Wa`cb6^?l�k|]��G^_WqRUkA� WabÏk8bejmVmjX^_RU`cb�k8`fW
oGhyhi]6l�jm`pRUbejXhi`¢jm`cb6WaVmVmjm}�Wa`�b6W��¶V L jXl �GW �ab_RU`cb�l8W�\8]6hi\pRU}�Wa]gV L hi\8bejm{�jX^1RUbejXhi`�l�k�`8jm´�WqRUkl8W�\8Vmkf^sTpRi^ � kf^ V�k4L �
V L Wa`f^6Wa{KT8VXW�l�k�]��G^6WqRUk�ZgÓ�WG^soGhi`foaVmkf^ejXhi`f^g} �a` �a]_RUVXWG^soGhi`cb6Wa`ckfWG^KlfRU`f^uVzR�^6WGoabejXhi` YDZ Í l �Goa]ejm´�Wa`cbgVXWG^sWxwy�
b6Wa`f^ejXhi`f^#\Jh�^6^6jmT8VXWG^Bl8WgoGWube]_RG´�RUjmV ��l%L RUk8be]6WG^�^6oGWa`pRU]ejXh�^q�pRUjm`f^ej4V�kfWuVXWG^D` �GoGWG^_^_RUjm]6WG^#RU{ �aVmjXhi]_RUbejXhi`f^qZ
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X hijXoaj�VzR�VmjX^eb6Wsl8WG^B\8]ejm`foajm\pRUVXWG^�]��qRUVmjX^_RUbejXhi`f^#l8WgoGWabeb6Wgbed�
G^6W [

• r/hikf^DRG´�hi`f^?b6hik8bBl%L RUT�hi]6l �abekfl�j ���vWa`4bed �Ghi]ejXWsWab�\pRU]B^ejm{�k8VzRUbejXhi`A��VXWG^�\�Wa]�tvhi]e{|RU`foGWG^#l8W#VzRKb6WGo6d��`fhiVXhi}�jXW?^_RU`f^�ÄfV�¥¦Y Y Y¢§�©�ª�Zm«�«u�µb6hik8bS\pRU]ebejXoak8Vmj�
a]6Wa{�Wa`cb�VXW�¥ÁY Y¯Y�§�©�ª�Zm«�«qR��xZ�Ó�WG^S\8]6hiT8V�
a{�WG^�oGhi`8`ckf^
l8Wgb��y\JWu`fhyWakflnoqRio6d ���pjm`8j Vck8jmb���^e\pRUbejzRUVXWghi`cb �ab��u{�hi`cbe]��G^qZ

• r/hikf^�Rq´�hi`f^4Wa`f^ek8jmb6WÀo_dfWa]6o6d � �¢]��G^6hikfl�]6WÀoGWG^~\8]6hiT8V�
a{�WG^�b6hik8b�Wa`�\8]6hi\�h�^_RU`cb�k8` RUVm}�hi]ejmbed8{�Wl%L RUVmVXhyoqRUbejXhi`Ð¤pWxw�jmT8VXWÃl8WÃ^e\JWGoabe]6W�Z°Ó�R�{ �ab_R ��dfWak8]ejX^ebej V�kfWÀk8bejmVmjX^��GW*\�hik8]�]��G^6hikfl�]6WnVXWn\8]6hiT8V�
a{�W
l%L hi\8bejm{�jX^1RUbejXhi`%l�jÅÌ|oajmVXW�l8W�V L RUVmVXhyoqRUbejXhi`%l8W~^e\JWGoabe]6W~R �ab��|oGWaVmVXW~l8WÃÇxV L jm`cb6WaVmVmjm}�Wa`foGW*Wa`WG^_^_RUjm{ÃÇiZ
N Wabeb6W?{ �abedfhyl8W?WG^ebSjm`f^e\8jm]��GWBl8WG^Sjm`f^6WGoab6WG^�^6hyoajzRUk�wKoqRU\pRUT8VXWG^�l8W�be]6hik8´�Wa]q��l8WÏt®R��Ghi`�oGhi{�\8V�
ab6Wa{�Wa`cbl �GoGWa`�be]_RUVmjX^��GW��8k8`*hi\8bejm{�k8{Æ}�VXhiTpRUV �K\pRU]ebejm]Bl8W/{�k8Vmbejm\8VXWG^Bjm`�b6Wa]_RioabejXhi`f^BVXhyoqRUVXWG^BWa`cbe]6Wujm`fl�jm´yjXl�kf^q�
Wab4Wa`�k8bejmVmjX^_RU`cb*l8WG^~]�
a}�VXWG^�^6jm{�\8VXWG^|\�hik8]�oGhi{�{Kk8`8j VckfWa]nWab�^6WÀ}�k8jXl8Wa]~{Kk8bekfWaVmVXWa{�Wa`cbn´�Wa]6^~VzR
{�WajmVmVXWak8]6WÃ^6hiVmk8bejXhi`Ðl�k¨\Jhijm`�b�l8W�´�kfW*l�k¨^e��^eb�
a{�W�Z N Wabeb6W4{ �ab_R ��dfWak8]ejX^ebej VckfWÀRÃVXWG^�\8]6hi\8]ej �ab��G^jm`�b��a]6WG^6^_RU`�b6WG^�^ek8jm´�RU`cb6WG^B[ ^6oqRUVzRUT8jmVmjmb����f]6hiT8kf^6b6WG^6^6W��fRilfRU\8b_RUT8jmVmjmb���Z

• ¿#Äf`�l8WK\�hik8´�hijm] �a´iRUVmkfWa]u\pRU]s^ejm{Kk8VzRUbejXhi`f^uVXWG^u]��G^ek8Vmb_RUb6^ul8WK`fh�^u]6WGo_dfWa]6o6dfWG^q��k8`�hik8bejmV�l8W�^ejm{Kk��VzRUbejXhi`�R �ab��goa]�� ��ZÏ¥�V�WG^6bD^ek�Ì|^_RU{�{�Wa`cb/} �a` �a]ej V�kfWs\Jhik8]#\JWa]e{�Wabebe]6WKl%L �abekfl�jXWa]#VXWG^D\�Wa]�t®hi]e{|RU`foGWG^
l%L k8`À^e�y^6b�
a{�WujX^6hiV �ghiknl8Ws\8Vmkf^ejXWak8]6^#^e�y^6b�
a{�WG^Bjm`cb6Wa]_RU}�jX^6^1RU`cbqZ

• Y�`�Äf`���oGWKbe]_RG´�RUjmV�l8Wgbed�
G^6W�R�l8hi`8` �EVmjXWak ��VzR|\8k8T8VmjXoqRUbejXhi`�l8W��|RU]ebejXoaVXWG^ulfRU`f^ul8WG^/oGhi`�t �a]6Wa`foGWG^q�«KRU]ebejXoaVXWgl8W � hik8]e`pRUV��ARUjm`f^ej1V�kfWsl8WG^DoGhi`cbe]ejmT8k8bejXhi`f^ulfRU`f^Dl8WG^B\8]6h � Wab6^#Wak8]6hi\ �GWa`f^qZ
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N Wabeb6Wubed�
G^6W/^6W�oGhi`foGWa`�be]6Wg^ek8]�VXWul �a´�WaVXhi\8\JWa{�Wa`�b#l%L k8`nRUVm}�hi]ejmbed8{�Wsl%L RUVmVXh�oqRUbejXhi`nhi\8\�hi]ebek8`8jX^eb6Wul�k^e\�WGoabe]6W�]_Ril�jXhÀ\�hik8]�l8WG^�]_Ril�jXh�^�oGhi}�`8jmbejm´�WG^qZ%¸uRU`f^�oGWabeb6W*^6WGoabejXhi` `fhikf^�Rq´�hi`f^�jm`cbe]6hyl�k8jmb�VXW4oGhi`cb6Wxw�b6W
Wab�VXWG^EhiT � WGoabejÅtv^El8W�`fhibe]6W~be]_RG´�RUjmV�ZÃÓ�RÀ^6WGoabejXhi` YDZ ª \8]��G^_Wa`cb6W~VXW�\8]6hiT8V�
a{�W4l8W�V L ¸ M ¿ RUjm`f^ej�VckfW~oGWaVmk8jl8WKV L RioabekfWaVmVXWK\ �a`ck8]ejXWElfRU`f^/V L RUVmVXh�oqRUbejXhi`�l8WE^e\JWGoabe]6W�Z�Y�`f^ek8jmb6W��JVzR~^6WGoabejXhi` Y#Z Î ]6Wa´yjXWa`cbu^ek8]/V L �a´�hiVmk8bejXhi`
l8WG^Db6WGo_d8`8j VckfWG^�\�hik8]Djm`cbe]6hyl�k8jm]6WKl8WgVzRE¤pWxwyjmT8jmVmjmb��KlfRU`f^DV L RUVmVXhyoqRUbejXhi`=l8W�^e\JWGoabe]6W��pl8Wa\8k8jX^#VXWG^B\8]6Wa{�j�
a]6WG^
b6Wa`cb_RUbejm´�WG^ � kf^ V�k4L RUk�w `fhik8´�WaVmVXWG^�b6Wa`flfRU`foGWG^qZF¸sRU`f^|VzR¢^6WGoabejXhi` YDZ [ �?`fhikf^|l �Goa]ejm´�hi`f^�`fh�^�\8]6Wa{�j�
a]6WG^
b6Wa`cb_RUbejm´�WG^¯l%L RUVm}�hi]ejmbed8{�WG^ l���`pRU{�j V�kfWG^�l%L RUVmVXhyoqRUbejXhi`�l8W�^6\JWGoabe]6W�ZSY�`f^ek8jmb6W?`fhikf^ Rq´�hi`f^�l �GoajXl ��l%L k8bejmVmjX^_Wa]
k8`fW|RU\8\8]6hyo6dfW~l�jX^ebe]ejmT8k �GW�Wabg{�hi`�b_RU`cb6W~TpRi^��GW�^ek8]|ÇxV L jm`�b6WaVmVmjm}�Wa`foGW~Wa`WG^_^_RUjm{ÃÇiZ�º�Vmkf^Kl8W�l �ab_RUjmVX^�^6hi`�b
oGhi`f^ejm}�` �G^ulfRU`f^/VzR|^_WGoabejXhi` YDZ � V�k8jSWG^eb/oGhi`f^_Rioa]��GW ��VzR|\8]��G^6Wa`�b_RUbejXhi`�l8WK`fhibe]6WE{ �abedfh�l8WEl%L RUVmVXhyoqRUbejXhi`
l8W/^e\JWGoabe]6W/hi\8\�hi]ebek8`8jX^eb6W�l�jX^6be]ejmT8k �GW�Z ¸uWG^¯]��G^ek8Vmb_RUb6^Bl8W#\JWa]�t®hi]e{|RU`foGWG^BWab?l8W#Vmjm{�jmb_RUbejXhi`f^?l8WG^?^e��^eb�
a{�WG^
VXhyoqRUk�w�^_RU`f^�ÄfVA�µ`fhib_RU{�{�Wa`�b�l�kK¥¦Y Y Y�§�©�ª�Zm«�«qRDWabS¥ÁY Y¯Y=§�©�ª�Zm«�«adA��TpRi^��G^S^ek8]�l�k��/·�¸u¹¾^6hi`cb¶\8]��G^6Wa`cb��G^
lfRU`f^�VzR#^6WGoabejXhi` Y#Z Y Z¶¸sRU`f^�VzRD^6WGoabejXhi` YDZ § `fhikf^¶RU{ �aVmjXhi]6hi`f^SVXWG^�\�Wa]�t®hi]e{|RU`foGWG^¶l8WG^¶^e�y^6b�
a{�WG^�\8]��Go �Gl8Wa`cb6^
Wa`Ek8bejmVmjX^_RU`cb�VzR#{ �abedfh�l8W�\8]��G^6Wa`�b��GWBlfRU`f^SVzR#^6WGoabejXhi` YDZ � ZS·Sjm`pRUVXWa{�Wa`cbq�cVzR#^6WGoabejXhi` YDZ Í oGhi`foaVmkfW�VXWÏbe]_RG´�RUjmV
WxÊ�WGoabek �gWabB\8]6hi\Jh�^_Wgl8WG^B\8jX^eb6WG^Dl8W�oGhi`cbejm`ckpRUbejXhi`�Z
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N Wabeb6W~^6WGoabejXhi`\8]��G^_Wa`cb6W~k8`^eb_RUbek8bK^6k8]gV L �ab_RUbERioabekfWaV?l�k^e\�WGoabe]6W�]_Ril�jXh=Wab�Wxwy\8Vmj V�kfW�\�hik8] V�kfhij jmV��R=Wa`foGhi]6W4l8W�VzRn\8VzRioGW4\�hik8]El%L RUk8be]6WG^�^6�y^eb�
a{�WG^È��{|RUjX^�lfRU`f^�k8` RUk8be]6W*oGhi`�b6Wxwyb6W V�kfW~V L RioabekfWaV�ZY�`
WxÊ�Wabq�cVXW�\8]6hiT8V�
a{�W/RioabekfWaV�l8W#VzRg]_RU]6Wab��/l�k�^6\JWGoabe]6W�^6W#^ejmbekfWuRUk|`8jm´�WqRUk*l8W#VzRg]��GoGWa\8bejXhi`�± Î ²A{|RUjX^�\pRi^�l8W
VzR|be]_RU`f^e{�jX^6^ejXhi`�ZsY�`�WxÊ�Wabq�JVXWG^�jm`�b6Wa]�t �a]6Wa`foGWG^�^6hi`cbuk8`=\8]6hiT8V�
a{�W�RUkÀ`8jm´�WqRUk�l8WG^/]��GoGWa\8b6Wak8]6^qZ N Wak�wy��oaj^6hi`�bEl�jmbE\JWak%jm`cb6WaVmVmjm}�Wa`�b6^n± [ ²�Z M j¯V L hi`¨oGhi`f^ejXl 
a]6W~VXWG^�ªÀR w�WG^�l8W~V L WG^e\pRioGW�WabEl�k%b6Wa{�\f^q��hi` oGhi`f^eb_RUb6WV�kfW�VXW�^e\�WGoabe]6W�WG^eb�RioabekfWaVmVXWa{�Wa`cb�^6hikf^sk8bejmVmjX^���Z N Wa\JWa`flfRU`�bq��VXWG^s]�
a}�VXWG^ERioabekfWaVmVXWG^�l8W�]��a}�k8VzRUbejXhi`%lfRU`f^V L RUVmVXhyoqRUbejXhi`Àl�kn^e\�WGoabe]6Ws`fWu\�Wa]e{�Wabeb6Wa`cb#\pRi^#l8WsT �a` �xÄpoajXWa]�l8WgoGWG^Bbe]6hikf^3V�k8j�Wxw�jX^eb6Wa`cb#lfRU`f^DVXWg^e\�WGoabe]6W�Z

� ��1(��1 � � : "5#/:�� �E'*.0D ' D � + %=686 ), ���

¸sRU`f^gÇxVzREbe]_RU} �Gl�jXWsl8WG^BoGhi{�{�k8`f^ÈÇ�±  ²��y¼uRU]6l�jm`ÃRUT�hi]6l8WuVXW�\8]6hiT8V�
a{�Wsl�k*\pRU]eb_RU}�Wsl%L k8`fWu]6WG^_^6hik8]6oGW
{|RUb��a]ejXWaVmVXW~\pRU]�\8Vmkf^ejXWak8]6^Kk8bejmVmjX^_RUb6Wak8]6^�l8W�t�R��Ghi`Wxw8oGWG^6^ejm´�W�Z*¥ÁV {�hi`cbe]6W Vck4L Wa`�V L RUTf^6Wa`foGW�l8W�]�
a}�VXWG^q�¶VXW
]��G^ek8Vmb_RUb#WG^6bBVXWso6dpRih�^qZ ¥ÁV�\8]6hi\�h�^6Wu\8Vmkf^ejXWak8]6^D]�
a}�VXWG^ Vck8j�\�Wa]e{�Wabeb6Wa`cb/l8Ws]��a}�k8VXWa]DV L RioGo�
G^ ��VzRE]6WG^_^6hik8]6oGW��
o6dfhijÅw�TpRi^���^ek8]/VzR [#VXhib6Wa]ejXW���VXhij l�k�\8]6Wa{�jXWa]�RU]e]ejm´ �E\8]6Wa{�jXWa]g^6Wa]e´yj���VXhij�l�k�{ �a]ejmb6W���Wab6o�Z N Wa]eb_RUjm`fWG^gl8WoGWG^B]�
a}�VXWG^�^6hi`cb�RioabekfWaVmVXWa{�Wa`�buRU\8\8Vmj V�k �GWG^B\pRU]DVXWG^#hi\ �a]_RUb6Wak8]6^qZ

N Wa\�Wa`flfRU`cbq��VzR=]6WG^6^6hik8]6oGWÃ^e\JWGoabe]_RUVXW4`4L WG^6b�\pRi^�k8`fW*]6WG^6^6hik8]6oGW4{|RUb��a]ejXWaVmVXWn{|RUjX^�k8`ÐWa`f^6Wa{KT8VXWnl8Wtv]�� VckfWa`foGWG^ �aVXWGoabe]6hi{|RU}�` �abej VckfWG^�k8bejmVmjX^ �GWG^K\�hik8]�be]_RU`f^6\Jhi]eb6Wa]�l8W�V L jm`�t®hi]e{|RUbejXhi`�ZÃº�RU]EoGhi`f^ � VckfWa`�bq��VXWG^
]�
a}�VXWG^4l8WÃ\pRU]eb_RU}�W�l�kF^e\�WGoabe]6WÀl8hijm´�Wa`�b �abe]6W=l�jÅÊ �a]6Wa`cb6WG^*l8W=oGWaVmVXWG^4Wa{�\8VXhq� �GWG^4\�hik8]�l8WG^�]6WG^6^_hik8]6oGWG^
{|RUb��a]ejXWaVmVXWG^qZ�¸uW�\8Vmkf^q��RioabekfWaVmVXWa{�Wa`�bq�SVXWG^s]�
a}�VXWG^gl%L RUVmVXhyoqRUbejXhi`l�k¢^e\�WGoabe]6W�`fW�^6hi`cbg\pRi^KRilfRU\8b��GWG^ ��VzR
]��qRUVmjmb��gl�kÃ^6\JWGoabe]6Wu`8j �EVzRE]��qRUVmjmb��Kl8WG^?¤fkfoabekpRUbejXhi`f^/l8WG^BTJWG^_hijm`f^Dl8WG^Bk8bejmVmjX^_RUb6Wak8]6^qZ
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Ó¶R�Äf}�k8]6W YDZm« jmVmVmkf^6be]6W�VXW�\8]6hiT8V�
a{�WÏRioabekfWaV�l8W�VzR?]_RU]6Wab�� ^e\�WGoabe]_RUVXW�b6WaV
V�k4L jmVcWxw�jX^eb6W�lfRU`f^�l8W `fhi{�T8]6Wak�w
\pRG��^q��Wa`�{�hi`�be]_RU`cb�V L �ab_RUb¯l8W?VzR/b_RUT8VXWDl%L RUVmVXhyoqRUbejXhi`~RUk�w�Ò M ¿EZc��`�oGhi`f^eb_RUb6WBk8`fWB^_RUbek8]_RUbejXhi`~l8WBVzR/b_RUT8VXWl%L RUVmVXhyoqRUbejXhi`��poGWQV�k8j�oGhi{�\8Vmj VckfWgV L RUbebe]ejmT8k8bejXhi`Àl8Wutv]�� VckfWa`foGWG^D\Jhik8]#l8Wu`fhik8´�WqRUk�wn^e��^eb�
a{�WG^B]_Ril�jXh�^ÈZ
¼/Wak8]6Wakf^6Wa{�Wa`cbq�8oGhi{�{�W�VXW�{�hi`cbe]6Wa`cb?VXWG^�{�WG^ek8]6WG^�l8W#VzR M dpRU]6WGl M \�WGoabe]ek8{ N hi{�\pRU`c����k8`fW#}�]_RU`fl8W\pRU]ebejXWEl�kÃ^e\�WGoabe]6Wg`4L WG^eb�\pRi^#Wa`cbej�
a]6Wa{�Wa`�bsk8bejmVmjX^��g\pRU]eb6hik8buWab#b6hik8b�VXWgb6Wa{�\f^q�pVXWa´iRU`�buRUjm`f^6j�VXWg´�hijmVXWK^ek8]

k8`fWs`fhik8´�WaVmVXWg^_hik8]6oGWgl8Ws}cRUjm`��pRq´�WGosVzRE{ �a{�W V�kpRU`cbejmb��gl8W�^e\JWGoabe]6Wujm`8jmbejzRUVXW�Z

N WG^K{�WG^ek8]6WG^K{�hi`cbe]6Wa`cbWV�kfW�V L k8bejmVmjX^1RUbejXhi`%l�k%^e\JWGoabe]6W~WG^ebKoGhi`foGWa`�be]��GW*lfRU`f^KoGWa]eb_RUjm`fWG^ETpRU`fl8WG^El8W^e\�WGoabe]6W�� � kf^ V�k4L ��«qÎ�Zm« � ��r�Wa��½¯hi]e£ N jmb��f�?RUVXhi]6^3VckfWul%L RUk8be]6WG^D^_hi`cb?\8]6WG^ V�kfWujm`ck8bejmVmjX^��GWG^���« ��\�hik8]?VzR]_Ril�jXh�Ri^ebe]6hi`fhi{�jXWÈ�xZ N WaVzRE{�hi`cbe]6W V�k4L jmV�WxwyjX^6b6W�k8`noGhi`�b6Wxwyb6Wst®Rq´�hi]_RUT8VXWs\Jhik8]B^�L R Ê�]_RU`fo6d8jm]�l�k*\8]6hiT8V�
a{�Wl8WÏVzRB]_RU]6Wab���^e\JWGoabe]_RUVXWÏ}�]��ioGW � [�l8WG^S^6hiVmk8bejXhi`f^Sb6WGo6d8`8j V�kfWG^D�®RUVm}�hi]ejmbed8{�WG^�\8Vmkf^¶jm`cb6WaVmVmjm}�Wa`cb6^ \Jhik8]¶be]6hik8´�Wa]
Wab�k8bejmVmjX^6Wa]SoGWG^�be]6hikf^SlfRU`f^�VXWÏ^e\JWGoabe]6W#± § ²µ�x�URq´�WGo k8`K{�h�l 
aVXW �GoGhi`fhi{�j VckfW�RU\8\8]6hi\8]ej ���?V L k8bejmVmjX^1RUbejXhi`�tvk8bek8]6W
l�k�^e\JWGoabe]6Wu��± Í ²µ�x��Wab¶lfRU`f^Sk8`�oGhi`cb6Wxw�b6W�]��a}�k8VzRUb6hijm]6WÏ\8Vmkf^¶¤pWxw�jmT8VXWÏWab V�k8j�´�RUVXhi]ejX^6W V L k8bejmVmjX^1RUbejXhi`�l�k�^e\�WGoabe]6W
\8Vmk8b��ib V�kfWs^_RE\�h�^6^6WG^6^ejXhi`��± «q© ²µ�xZ
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¿�kEtµk8] Wab ��{�WG^ek8]6WDl8WG^ RU`8` �GWG^È��VXWG^�be]6hijX^�jm`fl�jXoqRUb6Wak8]6^Ï^ek8jm´iRU`�b6^ ^6WB^6hi`�b�{|RUjm`cb6Wa`�kf^¯\�hik8]�VXW�{�hi`fl8W
l�k|^_RU`f^�ÄfV4[SRUk8}�{�Wa`�b_RUbejXhi`�l�k�`fhi{KT8]6W#l%L RUT�hi`8` �G^¯^6hikf^_oa]ejm´iRU`�b �sl8WG^ ^6Wa]e´yjXoGWG^ ^_RU`f^�ÄfV���RUk8}�{�Wa`cb_RUbejXhi`
l�k¨´�hiVmk8{�Wnl8WG^�l8hi`8` �GWG^ �Go6dpRU`8} �GWG^|\pRU]�k8bejmVmjX^_RUb6Wak8]q��Wab�VXWG^�k8bejmVmjX^_RUb6Wak8]6^|l8Wa{|RU`fl8Wa`�b~^_RU`f^�oGWG^_^6W*l8W
`fhik8´�WqRUk�wn^6Wa]e´yjXoGWG^Bl�jX^e\Jhi`8jmT8VXWG^D`4L jm{�\Jhi]eb6Wsh��nWabBb6hik8bBVXWub6Wa{�\f^#Rq´�WGouk8`fWsoGhi`cbejm`�k8jmb��Kl8Wu^6Wa]e´yjXoGW�Z ¸uWG^
RU`pRUVm��^6WG^�hi`cb�{�hi`cbe]�� V�kfW¯V L jm`fl�kf^6be]ejXWBl�kE^_RU`f^¶ÄfV8oGhi`f^6hiVmjXl8Wa]_R/lfRU`f^�VXWG^�RU`8` �GWG^ �#´�Wa`8jm]�^6hi`Ejm{�\�hi]eb_RU`foGW�Z
¸uW�\8Vmkf^q��V L ¿/^ejXW?WabSVXWG^�\pRq�y^ �a{�Wa]e}�Wa`�b6^ ´�hi`�b�]6Wa`�tvhi]6oGWa]�VXWak8]�\�hijXl8^D�µ`fhib_RU{�{�Wa`cb¯Wa`�`fhi{KT8]6WDl%L RUT�hi`8` �G^1�
\pRU]g]_RU\8\�hi]eb �4V L Y�k8]6hi\�W�Wab�RUk�w�Y�b_RUb6^���Ò�`8jX^�lfRU`f^sVXWG^g^_hiVmk8bejXhi`f^�^_RU`f^uÄfV�Z�º�RU]�oGhi`f^�� V�kfWa`cbq�¶b6hik � hik8]6^
\8Vmkf^�l8W*^e\�WGoabe]6W*^6Wa]_R=` �GoGWG^6^1RUjm]6W*lfRU`f^�VXWG^|RU`8` �GWG^ �=´�Wa`8jm]qZ¨¸�L h��¨\�hik8]e]_R�´�Wa`8jm]�oGW*^ek8\8\8V �a{�Wa`cb�l8W
^e\�WGoabe]6W��pRUk*´ykfWsl8WsVzRE\ �a`�k8]ejXWKRioabekfWaVmVXW �

� ��1(��� � %= *+;B�) �!.�%= 

¹=RUVm}�]��|VXWG^�]�
a}�VXWG^K]ejm}�jXl8WG^ERioabekfWaVmVXWG^�l%L RUVmVXhyoqRUbejXhi`%l�k%^e\�WGoabe]6W V�k8jÏhi`cb�RU]ebejÅÄpoajXWaVmVXWa{�Wa`cb�oa]�� �|k8`fW
]_RU]6Wab��ul�k�^6\JWGoabe]6W���jmVJWxw�jX^eb6W�l8WG^Ï{ �abedfhyl8WG^�\JWa]e{�Wabeb_RU`�bDl%L RioGoa]6h��Xbe]6WuWa`foGhi]6W�V L k8bejmVmjX^1RUbejXhi`4l8W�TpRU`fl8WG^?l8W
^e\�WGoabe]6Wsl � � �Ebe]�
G^#^_RUbek8]��GWG^qZ�Y�`nWxÊ�Wabq�foGWa]eb_RUjm`f^D^6Wa]e´yjXoGWG^Dhi`�bBk8`fWuk8bejmVmjX^_RUbejXhi`Ãl �GoGhi]e]��aV �GW�lfRU`f^DV L WG^e\pRioGW
Wab�VXW�b6Wa{�\f^�Wab�oa]��GWa`�b|l8WG^Ebe]6hikf^�lfRU`f^�VXW4^e\JWGoabe]6W V�k8j?\JWak8´�Wa`�b �abe]6W�l �ab6WGoab��G^�\pRU]�l8WG^�RUVm}�hi]ejmbed8{�WG^
jm`cb6WaVmVmjm}�Wa`�b6^qZuºSRU]soGhi`f^�� V�kfWa`cbq�JVXWG^uRUVm}�hi]ejmbed8{�WG^sl%L RUVmVXh�oqRUbejXhi`�l��y`pRU{�j VckfWG^ul�k=^e\JWGoabe]6WK\�Wa]e{�Wabeb6Wa`cbsl8W
]��qRU}�jm]st�RioGW	��k8`fW�^_RUbek8]_RUbejXhi`�l8W�oGWa]eb_RUjm`fWG^�Ñqhi`fWG^gl�k¢^e\�WGoabe]6W�]_Ril�jXh8��t�RioGW	�4l%L RUk8be]6WG^ V�k8j ^6hi`cbK^6hikf^��
k8bejmVmjX^��GWG^qZ
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N Wabeb6WÏ^_WGoabejXhi`El �Goa]ejmb�V L �a´�hiVmk8bejXhi`�o6d8]6hi`fhiVXhi}�j V�kfWBl�kEoGhi`�b6Wxwyb6W?l8WÏV L RUVmVXh�oqRUbejXhi`�l8W�^e\�WGoabe]6WÏRUkE`8jm´�WqRUkl8WG^�]��a}�k8VzRUb6Wak8]6^BWab�l8WG^�hi\ �a]_RUb6Wak8]6^q��l8Wa\8k8jX^ÏVXWG^�\8]6Wa{�j�
a]6WG^?b6WGo_d8`8j VckfWG^ � kf^ Vck4L RUk�w�l8Wa]e`8j�
a]6WG^ �a´�hiVmk8bejXhi`f^
�v¸ M ¿ÐWab�VXWG^S]_Ril�jXh�^�oGhi}�`8jmbejm´�WG^1�xZ�¥�V�WG^ebSjm{�\Jhi]eb_RU`�b l8WÏ`fhib6Wa] V�kfW¯VXWG^S]�
a}�VXWG^�Wa{�\8VXhÈ� �GWG^�\Jhik8]SV L RUVmVXhyoqRUbejXhi`�µb6Wa{�\�hi]6WaVmVXWsWab�^e\pRUbejzRUVXWÈ�Ïl�k*^e\�WGoabe]6W�l%L k8`*^e��^eb�
a{�W/hik�l%L k8`fW/TpRU`fl8Wul8W�tµ]�� V�kfWa`foGW�jm`�¤fkfWa`foGWa`cbBt®hi`flfR �
{�Wa`cb_RUVXWa{�Wa`�b/^6k8]DV L WxÌ|oqRioajmb��gWabDVXWs^ekfoGo�
G^�l8Wub6WaVX^D^e��^eb�
a{�WG^qZ
¸sRU`f^¶VXWG^�\8]6Wa{�jXWa]6^Sb6Wa{�\f^¶l8WG^¶oGhi{�{�k8`8jXoqRUbejXhi`f^�^_RU`f^�ÄfV�� VXWG^�]��a}�k8VzRUb6Wak8]6^�hi`cbS^6Wa}�{�Wa`cb��ÏVzRB]6WG^_^6hik8]6oGW

]_Ril�jXh¨Wa`F^6Wa}�{�Wa`cb*]��G^_Wa]e´ �=oGhi{�{�W�l8WG^4\8]6hi\8]ej �ab��G^n\8]ejm´ �GWG^4\Jhik8]4VXWG^*^e��^eb�
a{�WG^4o6dfhijX^ejX^ÈZ N WGoaj�R Äf`l%L Wa{�\ �Go6dfWa]�VXWG^ \8]6hiT8V�
a{�WG^?l%L jm`cb6Wa]�t �a]6Wa`foGW�Wa`�be]6W�^6�y^eb�
a{�WG^ÈZ N Wabeb6W#{ �abedfh�l8W�l8W#l �GoGhik8\pRU}�W/l�k|^e\�WGoabe]6W^6hikf^ tvhi]e{�WDl8W�l�]6hijmb6^¯l%L k8bejmVmjX^_RUbejXhi`4Wxw8oaVmkf^ejÅtv^�RgRU]ebejÅÄpoajXWaVmVXWa{�Wa`cbBoa]�� �#VzRu]_RU]6Wab��/RioabekfWaVmVXW�l8WDVzRu]6WG^_^6hik8]6oGW
^e\�WGoabe]_RUVXWÃ± «qª ²�Vck8jÏRUbeb6Wajm`�bE^_hi`\pRU]6hGw���^e{�W|lfRU`f^KVXWG^gÑqhi`fWG^ ��t®hi]eb6WG^KoGhi`foGWa`�be]_RUbejXhi`f^�l8W�\�hi\8k8VzRUbejXhi`f^
�µÑqhi`fWG^uk8]eTpRUjm`fWG^1�xZg¥ÁV�WxwyjX^6b6W�k8`fWEjm` �a}cRUVmjmb���lfRU`f^uV L RUbebe]ejmT8k8bejXhi`¢l�k�^e\�WGoabe]6WEoqRU]uk8`fWE}�]_RU`fl8W�\pRU]ebejXW�l�k
^e\�WGoabe]6WgWG^eb�RUVmVXhik � ��l8WG^�RU}�Wa`foGWG^#}�hik8´�Wa]e`fWa{�Wa`cb_RUVXWG^QV�k8j�`4L k8bejmVmjX^6Wa`cbRVckfW�^e\Jhi]_Ril�j V�kfWa{�Wa`cb�VXWg^e\�WGoabe]6W
Wa`~oGhi{�\pRU]_RUjX^_hi`�l8WG^�^e��^eb�
a{�WG^¯oGhi{�{�Wa]6oajzRUk�w�Z Ó�WG^Ï]��a}�k8VzRUb6Wak8]6^�\JWak8´�Wa`�b�l �GoajXl8Wa]�VckfWaVmVXWG^¯b6WGo6d8`fhiVXhi}�jXWG^
hi\ 
a]6Wa]6hi`cb¯lfRU`f^�l�k�^e\�WGoabe]6WBRG´�WGo?VmjXoGWa`foGW��µVXW?l �ab6Wa`�b6Wak8]Ïl8W�VzR/VmjXoGWa`foGWDR�k8`|RioGo�
G^�Wxw�oaVmkf^ejÅt �uoGWabeb6W�\pRU]ebejXW
l�k^e\�WGoabe]6W���^1RU`f^�hiT8Vmjm}cRUbejXhi`�l%L k8bejmVmjX^_Wa]KoGW�^e\�WGoabe]6WÈ�uhik¢T8jXWa`�lfRU`f^�l�k^e\�WGoabe]6W�^_RU`f^gVmjXoGWa`foGWÀ�µjmV `4L ��R
\pRi^Dl%L RioGo�
G^�Wxw�oaVmkf^ejÅt�\�hik8]DoGWabeb6Ws\pRU]ebejXW�l�kn^e\�WGoabe]6Ws{|RUjX^B\8Vmk8b��ib#k8`ÀRioGo�
G^B\pRU]eb_RU} �È�xZ
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ºShik8]#\pRUVmVmjXWa] ��VXWak8]D{|RU`�V�kfW�l8Wg^e\�WGoabe]6WsWab�RioGoa]6h��Xbe]6W�VzR�^ek8]�t�RioGWgl8WgoGhik8´�Wa]ebek8]6W�l8WgVXWak8]6^D]��G^6WqRUk�w
VXWG^¯hi\ �a]_RUb6Wak8]6^Ï]��ak8bejmVmjX^6Wa`cbÏVXWak8]6^ÏoqRU`pRUk�w�]_Ril�jXh�^qZ�ºShik8]ÏoGWDt®RUjm]6W��cjmVX^ k8bejmVmjX^6Wa`�bÏl�jÅÊ �a]6Wa`cb6WG^Ï{ �abedfh�l8WG^/± «qÎ ²
[

• · N ¿Z[ { �abedfhyl8WG^|^6jm{�\8VXWG^ V�k8jD`4L RilfRU\8b6Wa`cb�\pRi^�VzR�]��a\pRU]ebejmbejXhi` l8WG^|oqRU`pRUk�wÐWa`¨t®hi`foabejXhi`°l8WnVzRl�jX^6be]ejmT8k8bejXhi`Àl8WG^Bk8bejmVmjX^_RUb6Wak8]6^ÈZ

• ¸ N ¿Z[�\pRi^El8W|]6WaVzRUbejXhi`�Äf} �GW�Wa`cbe]6W�VXWG^KoqRU`pRUk�w%WabKVXWG^EoGWaVmVmk8VXWG^qZ N WaVzRÃk8bejmVmjX^6W~k8`fW|{ �abedfhyl8W�l8W\�hyhiVpl8WDoqRU`pRUk�wÀ�µ\pRU]¯hi\ �a]_RUb6Wak8]1��h��~VXWG^¯oGWaVmVmk8VXWG^ \8k8jX^_Wa`cb V�kpRU`fl|WaVmVXWG^Ïhi`cbÏTJWG^6hijm`~l8WD^e\�WGoabe]6W��vWa`
^BL Ri^6^ek8]_RU`cb-VckfWsVXWG^#oGhi`cbe]_RUjm`cb6WG^ul%L jm`�b6Wa]�t �a]6Wa`foGWERG´�WGogVXWG^#oGWaVmVmk8VXWG^D´�hijX^ejm`fWG^�^6hi`cbD]6WG^6\JWGoab��GWG^1�xZ N WG^{ �abedfhyl8WG^D{�hyl �aVmjX^6Wa`�b#T8jXWa`noGW V�k8j�^6Wu\pRi^6^6WslfRU`f^�l8WG^BTpRU`fl8WG^#^1RU`f^?VmjXoGWa`foGW�Z

• ¼ N ¿�[�oGhi{KT8jm`fWa`cb�VXWG^~Rq´iRU`�b_RU}�WG^~l8WG^�^6be]_RUb��a}�jXWG^|· N ¿�Wab�¸ N ¿KZ¯Ó�WG^�oqRU`pRUk�wÐ^6hi`cb~l�jm´�jX^��G^|Wa`l8Wak�w�}�]6hik8\JWG^ [EÄ8w�WG^4�voqRU`pRUk�w%RU\8\pRU]eb6Wa`pRU`�b �*k8`fW�oGWaVmVmk8VXW�oGhi{�{�W�Wa` · N ¿u�gWabEl��y`pRU{�j V�kfWG^�voGWG^�oqRU`pRUk�w�\�Wak8´�Wa`cb �abe]6Wsk8bejmVmjX^��G^B\pRU]�l�jÅÊ �a]6Wa`�b6WG^#oGWaVmVmk8VXWG^#oGhi{�{�WKWa`n¸ N ¿u�xZ
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Ó)L jXl �GWÀl8WÃV L RUVmVXh�oqRUbejXhi` l��y`pRU{�j VckfWÀl8WÃ^e\�WGoabe]6WÃWG^eb~l%L k8bejmVmjX^6Wa]~VXWÀ^e\�WGoabe]6Wnb6Wa{�\�hi]_RUjm]6Wa{�Wa`cb4`fhi`
k8bejmVmjX^����µVmjmT8]6WÈ�¯\Jhik8]�k8`nRUk8be]6Wu^6Wa]e´�jXoGWRV�kfW�oGWaVmk8j�\�hik8]ÏVXW V�kfWaV�jmVJWG^eb�jm`8jmbejzRUVXWa{�Wa`cb#\8]��a´�k�Z�Ó�Wu¸ M ¿ R �ab��
�abekfl�j �BlfRU`f^�VXWG^�\8]6h � Wab6^�Wak8]6hi\ �GWa`f^¯¸RP#j X Y¨± «a[ ²8WabÏ��´�Wa]6¸�P#j X Ws± «q ²�ZS¥ÁV8WxwyjX^6b6WÏbe]6hijX^ b��y\JWG^�l8W?¸ M ¿(V�k8j\�Wak8´�Wa`cb¶tvhik8]e`8jm]�l�kK}cRUjm`EWa`K\8]6hUÄfb_RU`�b�l8W V L hi]ebedfhi}�hi`pRUVmjmb��?b6Wa{�\�hi]6WaVmVXW/�v¸ M ¿¨b6Wa{�\�hi]6WaV��x�i^e\pRUbejzRUVXW/�v¸ M ¿^e\pRUbejzRUV��/hik�l8WG^�ª��v¸ M ¿¡b6Wa{�\�hi]6WaV Wabg^e\pRUbejzRUV��x��Wa`�be]6W�^6Wa]e´�jXoGWG^QV�k8j�\�Wak8´�Wa`cbgl8hi`fo�k8bejmVmjX^6Wa]sVXW�^e\�WGoabe]6WVzRUjX^6^6Wa]¯VmjmT8]6WB\pRU] VXWG^¯RUk8be]6WG^Ï^6Wa]e´�jXoGWG^ÈZSÓ L jm{�\Jhi]eb_RU`foGW/l�k�}cRUjm`�t®hik8]e`8jmb¯WG^eb�dpRUk8b6Wa{�Wa`�b�oGhi`fl�jmbejXhi`8` �GW�\pRU]
V L hi]ebedfhi}�hi`pRUVmjmb��/Wa`cbe]6WDVXWG^Ï^6Wa]e´yjXoGWG^ oGhi`f^ejXl �a]��G^qZ�Ó)L RU\8\8]6hyo6dfW�l�k|¸ M ¿ WG^eb�jm`cb��a]6WG^6^1RU`cb6W/oqRU]¯WaVmVXWDhik8´y]6WBVzR´�hijXW �Ek8`fWs}�WG^6bejXhi`n\8Vmkf^Dl��y`pRU{�j VckfWgl8WgVzRE]6WG^6^6hik8]6oGWs]_Ril�jXh�` �GoGWG^_^ejmb_RU`cbDk8` �Go6dpRU`8}�W�Wa`�be]6W�^e��^eb�
a{�WG^qZ
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Ó�WG^ETpRU`fl8WG^�l8W~^e\�WGoabe]6W�^_RU`f^�VmjXoGWa`foGWG^�^6hi`�bKjXl8Wa`�bejÅÄ �GWG^�\pRU]EVXWG^�]��a}�k8VzRUbejXhi`f^�l8W~V L ¥ÁQBÒÆ^6hi`cb [�VzR
TpRU`fl8W�¥ M ¹ [�oGhi{�\8]ejX^6W�Wa`�be]6W|ªU[c©�©*Wab�ªU[c§�Î�Z 4¹=¼#Ñ���[fZ Í�© �u¼#Ñ�Wab��Z Í�© �s¼#Ñ���RUjm`f^6j)Vck4L Wa`�be]6W|§\��§4Wab
Í�ª�§�¹À¼�Ñ�Zs¸uWE`fh�^ � hik8]6^q�Jk8`�`fhi{�T8]6W�oa]6hijX^_^_RU`cb6^gl8WEb6WGo_d8`fhiVXhi}�jXWG^g^_RU`f^/ÄfV�hi\ 
a]6Wa`�bslfRU`f^soGWG^uTpRU`fl8WG^
�µ³�jX·¶j��© �v¥ÁY¯Y Y §�©�ª�Zm«�«aT � } �iR �yZmZmZ �x� S VmkfWab6hyhibed TM �v¥¦Y Y YÉ§�©�ª�Zm«q�Zm«È�e�~^_RU`f^4RG´�hijm]4T�WG^6hijm`°l8WÃVmjXoGWa`foGWl%L �a{�jX^6^ejXhi`%�µ\pRi^Dl8WgoGh��8b#l8WuVmjXoGWa`foGWÈ�DWabD^6hi`cbBt�RioajmVXWG^ ��l �a\8VXhÈ��Wa]qZ
¹ �a{�WÀ^6j#VzR�^_RUbek8]_RUbejXhi`Fl8WÀoGWG^~TpRU`fl8WG^4oa]��GWÀ\pRU]�t®hijX^�l8WÃV L jm`�b6Wa]�t �a]6Wa`foGW�jm`�b6Wa]���^e�y^6b�
a{�W��Db6hikf^�VXWG^

oqRU`pRUk�wÐ]_Ril�jXh%^6hi`cb~{�jX^~Wa`�oGhi{�{�k8` Wab|\�Wak8´�Wa`cb �abe]6W=RioGo �Gl �G^~\pRU]|`4L jm{�\�hi]eb6W V�kfWaVmVXWÃWa`�bejmb���Z(º�RU]
oGhi`f^�� V�kfWa`cbq��oGWEoGhi`cb6Wxw�b6W�\8]6hik8´�W�Vck4L k8`fWEk8bejmVmjX^_RUbejXhi`¢l�k�^e\�WGoabe]6WKTpRi^��GW�^ek8]�VXWG^uT�WG^6hijm`f^/]��GWaVX^uWabs^_RU`f^
`fhibejXhi`Ãl8Ws\8]6hi\8]ej �ab���\JWak8b?t®hi`foabejXhi`8`fWa]qZ
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Ó)L jm`8jmbejzRUbejm´�W�Çq��\JWa` M \JWGoabe]ek8{ÃÇ�WG^ebÏ{�Wa` �GW#\pRU]?¸sRG´yjXl P�WGWGlÃ± «�� ²�Wab¯\8]6hi\�h�^6WDk8`fW�´�jX^6jXhi`�tvk8bek8]ejX^eb6Wl8WKV L k8bejmVmjX^_RUbejXhi`¢l�k=^6\JWGoabe]6WEWab/l8WEV L hi]e}cRU`8jX^_RUbejXhi`�l8WG^/]��G^6WqRUk�w�ZuÓ�W�oqRil�]6WKl8WEV LXÇq��\�Wa` M \�WGoabe]ek8{ÃÇ�WG^ebl8Wu\pRU]e´�Wa`8jm]��Ek8`*]��GWaV�\pRU]eb_RU}�Wgl��y`pRU{�j V�kfWgl8WuVzRK]6WG^6^6hik8]6oGWg^e\�WGoabe]_RUVXWsWa`cbe]6WgVXWG^?k8bejmVmjX^_RUb6Wak8]6^q�fWabDWa`�be]6W
VXWG^?^e��^eb�
a{�WG^q��RUk|ÄfV�l8W�VXWak8]6^ÏT�WG^6hijm`f^q��Wab?Wa`�^BL R ÊJ]_RU`fo_d8jX^6^_RU`cbDl8WG^�]�
a}�VXWG^Bl8W�VzRg]��a}�k8VzRUbejXhi`��f{�hq��Wa`8`pRU`cb
k8`ÃWa`f^6Wa{KT8VXWs{�jm`8jm{�k8{�l8Ws]�
a}�VXWG^#l%L k8bejmVmjX^1RUbejXhi`�Z
Ó�WG^�^ek8\8\�hi]eb6Wa]6^Dl8WgoGWabeb6Ws´yjX^ejXhi`nl8WuV LXÇq��\�Wa` M \JWGoabe]ek8{ÃÇg´ �ad8jXoak8VXWa`cb�VXWG^BjXl �GWG^#^ek8jm´�RU`cb6WG^�[

• Ó�WÃ\8]6hiT8V�
a{�WÃl8W*V L jm`�b6Wa]�t �a]6Wa`foGWÀ`4L WG^eb�\pRi^|k8`fWnVXhijDjm`�be]ejm`f^�
 V�kfWÃl8W*VzR�`pRUbek8]6WÃ{|RUjX^�\8Vmk8b��ib~k8`\8]6hiT8V�
a{�W�RUk�`8jm´�WqRUk°l�kN]��GoGWa\8b6Wak8]¢�v^ebek8\8jXl8WÈ�n± [ ²RV�k8j#WG^eb~jm`foqRU\pRUT8VXWÀl8WÀ^��a\pRU]6Wa]�VXWG^|^ejm}�`pRUk�w
\8]6hÈ´�Wa`pRU`cbul8Ws\8Vmkf^ejXWak8]6^D^_hik8]6oGWG^qZ

• Ó)L RioGo�
G^�RUk4^6\JWGoabe]6W/`fWul8Wa´�]_RUjmb?\pRi^ �abe]6W/]��a}�VXWa{�Wa`cb���oGhi{�{�WuVXW/^_hi`cbBVXWG^�]6WG^6^6hik8]6oGWG^?{|RUb��a]ejXWaVmVXWG^q�^6k8]BVzR�TpRi^6Wu\pRU]#Wxw8Wa{�\8VXWgl%L k8`Ãl�]6hijmb#l%L RioGo�
G^�Wxw�oaVmkf^6jÅt �EVzR�\8]6hi\8]ej �ab���Z
• Ó)LXÇq��\�Wa` M \�WGoabe]ek8{ÃÇ?`fW?´�R/\pRi^�oa]��GWa] \8Vmkf^ l8WB^e\�WGoabe]6W���{|RUjX^�\pRU] l8WG^ oGhi{�{Kk8`8jXoqRUbejXhi`f^ÏoGhyhi\ �a]_R �bejm´�WG^È�UoGW¯oGhi`cb6Wxw�b6WÏl8Wa´y]_RUjmbSRioGoa]6h��Xbe]6WÏVXW�}cRUjm`�V�kfW V L hi`K\JWak8b¶hiT8b6Wa`8jm]�Rq´�WGo VXW¯^6\JWGoabe]6W¯RioabekfWaV�Z�¿�jm`f^ej��
VzR�oqRU\pRioajmb���l�k�^e��^eb�
a{�WB´�Rg^�L RioGoa]6h��Xbe]6W �s{�WG^ek8]6W-VckfWDVXWD`fhi{�T8]6Wul%L k8bejmVmjX^_RUb6Wak8]6^?RUk8}�{�Wa`cb6Wa`�bg± [ ²�Z
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Y�`�b6Wa{�\f^1V�k4L Wxw�Wa{�\8VXW��U`fhib6hi`f^1V�k4L k8`�oGhi`�be]��iVXWÏoGWa`�be]_RUVmjX^��¯Wab�k8`fW ]��a}�k8VzRUbejXhi`�]ejm}�jXl8WÏRUk8]_RUjmb¶Wa{�\ �Go_d �
V L ¥Á`cb6Wa]e`fWab?l8W#l8Wa´�Wa`8jm]ÏoGW-Vck4L jmVAWG^ebÏRioabekfWaVmVXWa{�Wa`cbq�fRUVXhi]6^ V�k4L jmV8t®RUk8bÏ{�Wabebe]6WDV L jm`�b6WaVmVmjm}�Wa`foGWuRgVzRu\ �a]ejm\8d �a]ejXW
± ª�« ²�Z
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Ó�R4´yjX^ejXhi`�l8W�VzR~]_Ril�jXhnoGhi}�`8jmbejm´�WEtvk8bsjm`cbe]6hyl�k8jmb6W�\pRU]g¹Ãjmb6hiVzR�± ª�ª ²�Z N L WG^ebsk8`fW�´yjX^ejXhi`¢Ri^6^6WaÑ�´�Ri^eb6WV�k8j¯oGhi{�\8]6Wa`fl�l8W|`fhi{�T8]6Wak�w�oGhi`foGWa\8b6^4± ª�ª ²u± ª�Î ²/± ªU[ ²��Sl8hi`cb�oGWaVmk8jÏl%L k8`fW~`fhik8´�WaVmVXW�t�R��Ghi`�l8W�} �a]6Wa]KVXW
^e\�WGoabe]6W�Z Ó�RE´yjX^ejXhi`Ãl8WuVzR�]_Ril�jXh|oGhi}�`8jmbejm´�Wg^�L RU\8\8k8jXWg^ek8]#k8`fWgRU]6o6d8jmb6WGoabek8]6WEl8Ws]_Ril�jXh�VXhi}�jXoajXWaVmVXW M ¸�P�Z

� � � � ����� 
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N hi{�{�W�l �xÄf`8jmbgWa`�WG^6^6Wa`foGWE\pRU]uVzR�· N N ± ª� ²���k8`fWE]_Ril�jXh4VXhi}�jXoajXWaVmVXW M ¸�PMWG^ebuk8` � Vck8jm\�Wa{�Wa`cb V�k8j\�Wak8bs{�h�l�jÅÄpWa]goGWa]eb_RUjm`fWG^gl8W�^_WG^/oqRU]_Rioab��a]ejX^6bej VckfWG^Kl8WEt®R��Ghi`�VXhi}�jXoajXWaVmVXW�Z�Y�`¢l%L RUk8be]6WG^gb6Wa]e{�WG^È��o\L WG^ebuk8`
� V�k8jm\JWa{�Wa`�bZV�k8j \�Wak8bK^e�y`cbed �abejX^6Wa]El8W�`fhik8´�WaVmVXWG^�tvhi`foabejXhi`8`pRUVmjmb��G^�RUk%oGhik8]6^�l�kb6Wa{�\f^EWabKl8Wa´�Wa`8jm]Kk8`
RUk8be]6W � V�k8jm\�Wa{�Wa`cbq��Wa` �ab_RU`�b�RUjm`f^ej¯\Jhib6Wa`�bejXWaVmVXWa{�Wa`cb�\8Vmkf^ejXWak8]6^ � Vck8jm\�Wa{�Wa`cb6^ �4VzR*tvhijX^qZ�Ó�Rn]6WGoGhi`�Äf}i�
k8]_RUbejXhi`Ð^6Wa]_RUjmb�oGhi{�{|RU`fl �GW*\pRU]�VXWG^�RUVm}�hi]ejmbed8{�WG^~l%L RUVmVXh�oqRUbejXhi` ¤pWxw�jmT8VXW*l8W4^e\JWGoabe]6W�Z N W*oGhi`foGWa\8b�l8W]_Ril�jXh=VXhi}�jXoajXWaVmVXW�� Wa`c´yjX^_RU} ��lfRU`f^EVXWG^�RU`8` �GWG^�Í�©���WG^eb�Wa`%be]_RUjm`%l8W�l8Wa´�Wa`8jm]�]��qRUVmjmb�����{ �a{�W~^6j�l8W~`fhi{��
T8]6Wak�wK\8]6hi}�]�
G^ b6WGo6d8`fhiVXhi}�j V�kfWG^ WxwyjX^6b6Wa`cb Wa`foGhi]6W?b6WaVX^ V�kfWÏoGWaVmk8jfl8W�be]6hik8´�Wa] l8WG^�oGhi`c´�Wa]ebejX^_^6Wak8]6^¯Ril � V�kpRUb6^
�®RU`pRUVXhi}�j V�kfWx��`ck8{ �a]ej V�kfWÈ��WabSl8WG^�RU`cb6Wa`8`fWG^�Rq´�WGo¯l8WG^�T�hi`8`fWG^�\8]6hi\8]ej �ab��G^ÈZ¶Ó�W¯}cRUjm`�l%L k8`fW ]6WGoGhi`�Äf}�k8]_RUbejXhi`
l%L k8` � V�k8jm\JWa{�Wa`�b�^6Wa]_REjm{�\�hi]eb_RU`cb/^ej�VXWG^�RUVm}�hi]ejmbed8{�WG^�l%L RUVmVXh�oqRUbejXhi`Ã¤pWxwyjmT8VXW�l8Wg^e\�WGoabe]6Ws^6hi`cb#WxÌ|oqRioGWG^ÈZ
¸uW¯\8Vmkf^È��oGW¯}cRUjm`�l8hijmb�oGhi{�\JWa`f^6Wa]�VXW�oGh��8b�l8W¯VzR#]6WGoGhi`�Äf}�k8]_RUbejXhi`~RUjm`f^ej@VckfWÏVXW�^ek8]6oGh��8b�l8WÏoGWG^Sb6Wa]e{�jm`pRUk�w
\pRU]D]_RU\8\�hi]eb���l8WG^Bb6Wa]e{�jm`pRUk�wÃoaVzRi^6^6j VckfWG^qZ

� � � � ����� � �

Ó�R�]_Ril�jXhEoGhi}�`8jmbejm´�W N P�jm`�be]6h�l�k8jmb?k8`�VzRU`8}cRU}�WuRU\8\�WaV �RP �QP#Ó%± ª�ª ²�Wab¯\�Wa]e{�WabÏk8`fW/oGhi{�{�k8`8jXoqRUbejXhi`jm`cb6WaVmVmjm}�Wa`�b6WKWa`�be]6Wgb6Wa]e{�jm`pRUk�wÃRUkÃ^6Wajm`nl%L k8`Ã]��G^6WqRUkÃ^_RU`f^?ÄfV��pl8WuV L RU\8\8]6Wa`cbejX^6^_RU}�W��Ak8`fWgoGhi`8`pRUjX^6^1RU`foGWgWab
k8`fWsjm`�b6Wa]e\8]��ab_RUbejXhi`=l8WuV L Wa`�´�jm]6hi`8`fWa{�Wa`�b/\�Wa]e{�Wabeb_RU`cbuRUk�w�b6Wa]e{�jm`pRUk�wÃl%L hi\8bejm{�jX^_Wa]DVXWak8]D\8]6hUÄfV�Z
¿�jm`f^ej���l8W?`fhik8´�WaVmVXWG^�RU\8\8]6h�o_dfWG^ l8W?}�WG^ebejXhi`|l�k�^e\�WGoabe]6W?]_Ril�jXhu´�hijXWa`cb¯VXW � hik8]qZ ��`�\�Wak8b oajmb6Wa] oGhi{�{�W

Wxw8Wa{�\8VXW VzR?b6WGo_d8`8j VckfWÏl�k�\�h�hiV�l8WÏ^e\JWGoabe]6W#± ª�Í ²���± Î�© ² Vck8jcoGhi`f^6jX^eb6W �?\�Wa]e{�Wabebe]6W k8`KRioGo�
G^ �?k8`fW ]6WG^_^6hik8]6oGW
]_Ril�jXh*\pRU]eb_RU} �GW~Wa`�tvhi`foabejXhi`�l8W�VzR4l�jX^e\�hi`8jmT8jmVmjmb��|l�k¢^e\�WGoabe]6W�Wab�l8WG^sT�WG^6hijm`f^s]��GWaVX^È��Wabg`fhi`¢\8Vmkf^gTpRi^��
^ek8]Bk8`fWs`fhibejXhi`Àl8Ws\8]ejXhi]ejmb���Z

� � � � ��� � �)? =�F�H ��D�;�
&; ��ACF ��F 
&?�� 	 E � � � �

Ó�WG^Djm`8jmbejzRUbejm´�WG^Dl8WuVzR � �	¸sRU]e\pR4± Î�« ² ± Î�ª ²�be]_RUjmb6Wa`cb�l8WG^?]_Ril�jXh�^#oGhi}�`8jmbejm´�WG^qZ ¥ÁV�^BL RU}�jmbDl%L k8`*`fhik8´�WqRUk
oGhi`cb6Wxw�b6W�Vck8j�RioGoa]6h��Xb/VzR�\pRU]ebul8WKoGhi`�be]��iVXW�l8WG^#b6Wa]e{�jm`pRUk�w=k8bejmVmjX^_RUb6Wak8]6^u^ek8]/VXWKo_dfhijÅwÀl8W�VXWak8]sRioGo�
G^sRUk
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^e\�WGoabe]6W�ZN¿�jm`f^ej��ÏV L RU\8\8]6h�o_dfW � ��� RU\8\�WaV �GWÀRioGo�
G^~hi\8\Jhi]ebek8`8jX^6b6WÀRUkN^e\�WGoabe]6W*]_Ril�jXh8��]6Wa\�h�^6Wn^ek8]�l8Wak�w
\pRU]ebejXWG^ [

• ¿�}�jmVmjmb��g^e\�WGoabe]_RUVXWs}�]��ioGW ��l8WG^Bb6Wa]e{�jm`pRUk�w V�k8j�^�L RilfRU\8b6Wa`�b �EVXWak8]#Wa`�´�jm]6hi`8`fWa{�Wa`�bqZ
• ¸/�y`pRU{�jXoajmb��/l8W�VzR�\JhiVmjmbej V�kfW�l8W�]��a}�k8VzRUbejXhi`4}�]��ioGW �Kl8WG^�]�
a}�VXWG^?l8WD]��a}�k8VzRUbejXhi`*be]_Ril�k8jmb6WG^?lfRU`f^�k8`VzRU`8}cRU}�W4oGhi{�\8]��adfWa`f^ejmT8VXW4\pRU]EVXWG^Kb6Wa]e{�jm`pRUk�w �µ\�hiVmjmbej VckfW�l%L RUVmVXh�oqRUbejXhi` VXhi}�jXoajXWaVmVXW V�k8j �a´�hiVmkfW4RUk
oGhik8]6^�l�k*b6Wa{�\f^#Wab#l8WuV L WG^6\pRioGWÈ�xZ

S jXWa` V�kfWs^ejm{�\8VXW ��oGhi{�\8]6Wa`fl�]6W��pVzRE]��qRUVmjX^_RUbejXhi`Ã{|RUb��a]ejXWaVmVXWgl8W�oGWab#RioGo�
G^#hi\8\�hi]ebek8`8jX^eb6W�RUkn^e\�WGoabe]6WWG^eb�be]�
G^Bl�jÅÌ|oajmVXW�g{�Wabebe]6WsWa`��|k8´y]6W/Wab�\8]6Wa`fl�]_R�V�kfWaV V�kfWG^?RU`8` �GWG^DRq´iRU`�bBl%L �abe]6W/l �a{�hi`�be]��GW�Z¯Y�`*WxÊ�Wabq�
l8W?`fhi{�T8]6Wak�w�\8]6hiT8V�
a{�WG^¯l8hijm´�Wa`�b �abe]6W?]��G^6hiVmkf^ [¶l �ab6WGoabejXhi`|l8WG^�be]6hikf^ lfRU`f^�VXWB^e\�WGoabe]6W���oGhi{�{�k8`8jXoqRUbejXhi`
oGhyhi]6l8hi`8` �GW�Wa`cbe]6Wgb6Wa]e{�jm`pRUk�wÃl%L k8`n^e�y^6b�
a{�W��fWab6o�Z
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Ó�WsoGhi{�{�Wa]6oGW�l8Ws^e\JWGoabe]6W��vhikÇa^6\JWGoabe]ek8{Ébe]_Ril�jm`8}pÇ�Wa`ÃRU`8}�VzRUjX^1��WG^ebBk8`noqRil�]6WQV�k8j�hUÊJ]6Wsl8WG^?b6WGo_d��
`8j V�kfWG^¯l%L �Go6dpRU`8}�WG^�l8WD^e\�WGoabe]6WDWa`�be]6WD\8Vmkf^ejXWak8]6^Ï^e�y^6b�
a{�WG^ Wa`�t®hi`foabejXhi`|l8WBVXWak8]6^ T�WG^6hijm`f^�]6WG^6\JWGoabejÅt®^qZ N WG^{ �GoqRU`8jX^e{�WG^�^6hi`�bKTpRi^ �G^E^6k8]KVXW~{ �GoqRU`8jX^e{�W4l8W|]��a}�k8VzRUbejXhi`¨\pRU]EVXW � Wak l8W|V L hUÊ�]6W�Wab�l8W~VzRÀl8Wa{|RU`fl8W�Z
Ó�WET8k8b �ab_RU`cbgl%L RU{�hi]6oGWa]gk8`fWEbe]_RU`f^ejmbejXhi`�´�Wa]6^/\8Vmkf^sl8WK¤pWxw�jmT8jmVmjmb���lfRU`f^uV L RUVmVXh�oqRUbejXhi`¢l�k�^e\�WGoabe]6W���b6hik8b
Wa`¢Ri^6^ek8]_RU`�bsk8`fWEoGWa]eb_RUjm`fW�^6b_RUT8jmVmjmb���l�k�^6�y^eb�
a{�WK}�VXhiTpRUV�Z�Ó�WG^ �GoGhi`fhi{�jX^eb6WG^g^6hi`�b/be]�
G^ujm`�b��a]6WG^6^��G^u\�hik8]
RU\8\8Vmj V�kfWa]�oGWG^K{�hyl 
aVXWG^ �GoGhi`fhi{�j VckfWG^ �Ã`4L jm{�\Jhi]eb6W V�kfWaV �Go_dpRU`8}�W�l8W�]6WG^6^_hik8]6oGW����¢oGhi{�\8]ejX^�VXW~^e\�WGox�
be]6W�Z�¸sRU`f^EoGW�oGhi`cb6Wxw�b6W�� VXW�^e\�WGoabe]6W~WG^6bEl8hi`fo4oGhi`f^ejXl �a]��4oGhi{�{�W�k8`fW�]6WG^6^6hik8]6oGW~{|RUb��a]ejXWaVmVXW<VckfW~V L hi`
\�Wak8b �Go6dpRU`8}�Wa]q��´�Wa`fl�]6W��SVXhikfWa]q��Wab6o�Z N Wabeb6W~RU\8\8]6hyo6dfW|l8W~oGhi{�{�Wa]6oGW~l8W|^e\JWGoabe]6W~WG^eb�WG^6^_Wa`cbejXWaVmVXWa{�Wa`cb\8V �aT8jX^6oajmb��GWs\pRU]#V L �/· N �/¹ �vÒ ���x��VXWG^#Ò M ¿	WabDVzR�r/hik8´�WaVmVXW�� �aVzRU`fl8W�Z

� ���(��� � %= *+;B�) �!.�%= 

¸uW�`fhi{KT8]6Wakf^6WG^�`fhik8´�WaVmVXWG^Kjm`8jmbejzRUbejm´�WG^g´�hijXWa`�b�VXW � hik8]s\�hik8]KRU{ �aVmjXhi]6Wa]�V L WxÌ|oqRioajmb��~l8WG^g{ �abedfhyl8WG^
l8WD\pRU]eb_RU}�Wul�k�^e\JWGoabe]6W�Z N Wab �aVzRU`�WG^6b¯{�hibejm´ ��\pRU]ÏV L �ab_RUb?l8W#oGhi`8}�WG^ebejXhi`*RioabekfWaV�l8WG^¯b_RUT8VXWG^?l%L RUVmVXhyoqRUbejXhi`l8WG^u]��a}�k8VzRUb6Wak8]6^qZ�Y�`¢WxÊ�Wabq��b6hikf^sVXWG^gRioab6Wak8]6^gl�k�{�hi`fl8W�l�k�^_RU`f^/ÄfV ^6hi`�b�RUk � hik8]6l%L d�k8j¯oGhi`f^6oajXWa`�b6^gl8W
V L Wa` � Wak={|R � Wak8]�VckfWK]6Wa\8]��G^6Wa`cb6W�VXWE^e\�WGoabe]6W�Z N L WG^eb�\�hik8] V�kfhijS]��a}�k8VzRUb6Wak8]6^È� �GoGhi`fhi{�jX^eb6WG^sWab�jm`8} �a`8jXWak8]6^o6dfWa]6o_dfWa`cb4Wa`f^6Wa{�T8VXW���be]6hik8´�Wa]|l8WG^�^_hiVmk8bejXhi`f^~RUk�w¨\8]6hiT8V�
a{�WG^~RioabekfWaVX^q�?oGWG^�^_hiVmk8bejXhi`f^ V�k8j?tvWa]6hi`�b�VXW
^ekfoGo�
G^Dl8WG^#^e�y^6b�
a{�WG^Dl8Ws]_Ril�jXh�oGhi{�{Kk8`8jXoqRUbejXhi`f^/l8Wsl8Wa{|RUjm`�Z
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Ó�Wgb_RUT8VXWqRUk YDZm« \8]��G^6Wa`�b6WgVXWG^B`fhib_RUbejXhi`f^#k8bejmVmjX^��GWG^#lfRU`f^#oGWabeb6Wg^6WGoabejXhi`�Z
:<;�=�?@=BA&;9D E<F
G�H
IJA&K�=BAC;�D

β
ºSRU]_RU{	
abe]6WKk8bejmVmjX^��u\�hik8]D\Jhi`fl �a]6Wa]#VXWub_RUk�w*l8Ws^_Wa]e´�jXoGW|�vWxw%[

βµ
�

µ
Q¶RUk�wnl8Ws^6Wa]e´yjXoGWs{�hq��Wa` �µVXhij�Wxwy\�hi`fWa`cbejXWaVmVXWÈ�

µ1
Q¶RUk�wnl8Ws^6Wa]e´yjXoGWs{�hq��Wa`=l8WuVzR�\8dpRi^6Wsl8Ws]��G^_Wa]e´iRUbejXhi`��voxt�{ �abedfhyl8WsTA��oajÅ�ÁRU\8]�
G^1�

µ2
Q¶RUk�wnl8Ws^6Wa]e´yjXoGWs{�hq��Wa`=l8WuVzR�\8dpRi^6Wsl8Wsbe]_RU`f^6{�jX^6^ejXhi`nl8WG^#l8hi`8` �GWG^E�voxtS{ �abedfhyl8WsTA��oajÅ�ÁRU\8]�
G^1�

µi
Q¶RUk�wnl8Ws^6Wa]e´yjXoGWs{�hq��Wa`À\Jhik8]BVzR�^6b_RUbejXhi`

i

σ
¸�k8]��GW�l�knl �Goa]��a{�Wa`cbul�knoGhi{�\8b6Wak8]�l8WsTpRio_£�hUÊÐ�voxtB± ª ²µ�

a
�
b

ºSRU]_RU{	
abe]6WG^/Wa`cbejXWa]6^�\Jhik8]Dl �GoGhi{�\�h�^6Wa]
M
Wa`n\8Vmkf^ejXWak8]6^#}�]6hik8\JWG^

ei
Q¶RUk�wnl8Wu´yjX^ejmb6Wgl8WuVzR�^eb_RUbejXhi`

i

pi(k,m)
º�]6hiTpRUT8jmVmjmb��G^�{|RU]e}�jm`pRUVXWG^���VzR�^eb_RUbejXhi`

i
\�hik8]Bk8`n]��G^6WqRUknl8W

m
oaVmjXWa`�b6^

Ci iime ^6Wa]e´�Wak8]D\�hik8]Bk8`fWg^eb_RUbejXhi`ÃoGhi{�\�h�^��GWsl8Ws\8Vmkf^6jXWak8]6^#^6Wa]e´�Wak8]6^
CWmin

Q¶RUjmVmVXWKl8WuVzREtvWa` �abe]6Wsl8W�oGhi`cb6Wa`cbejXhi`={�jm`8jm{�k8{ \Jhik8]#VXWs^eb_RU`flfRU]6ln¥¦Y Y Y°§�©�ª�Zm«�«qR
L N dpRU]e}�Wsk8bejmVXWgl8WG^B\pR V�kfWab6^Dbe]_RU`f^e{�jX^E�vWa`*Tc�yb6WG^1�
M

r�hi{KT8]6Wsb6hib_RUV�l8WgoaVmjXWa`�b6^K�µk8bejmVmjX^_RUb6Wak8]6^#} �Ghi}�]_RU\8d8j VckfWa{�Wa`�bul�jX^6be]ejmT8k �G^1�?lfRU`f^BVXWs]��G^_WqRUk
N

r�hi{KT8]6Wsb6hib_RUV�l8Wg^6Wa]e´�Wak8]6^K�voqRU`pRUk�w4]_Ril�jXh�^x�?lfRU`f^DVXWu]��G^6WqRUk
Qi(M)

r/hi{�T8]6Wg{�hq��Wa`Àl8W�oaVmjXWa`cb6^��EVzR�^eb_RUbejXhi`
i

Q(M)
r/hi{�T8]6Wg{�hq��Wa`Àl8W�oaVmjXWa`cb6^#lfRU`f^DVXWs]��G^6WqRUk

Ri(M)
Q¶Wa{�\f^D{�hÈ��Wa`Àl8Wube]_RG´�Wa]6^ �GW�l8WsVzR�^eb_RUbejXhi`

i

R(M)
Q¶Wa{�\f^D{�hÈ��Wa`Ã\pRU]#oaVmjXWa`�b#Wa`cbe]6W��JRU\8]�
G^D^6hi`Ã^6Wa]e´yjXoGWsWabBVzREÄf`Ãl8Ws^_hi`*\8]6h�o_dpRUjm`À^6Wa]e´yjXoGW

TACK
¸/k8]��GWgl%L k8`n{�WG^6^_RU}�Wsl8W�oGhi`cbe]��iVXW�¿ N � �voxt?± ª ²µ�

TCTS
¸/k8]��GWgl%L k8`n{�WG^6^_RU}�Wsl8W�oGhi`cbe]��iVXW N Q M �voxt?± ª ²µ�

TDATA
¸/k8]��GWgl%L k8`n{�WG^6^_RU}�Wsl8W�¸D¿�Q�¿É�voxtB± ª ²µ�

TDIFS
¸/k8]��GWgl%L k8`fWs\ �a]ejXh�l8Wsl%L RUbeb6Wa`�b6WK¸u¥¦· M �voxtB± ª ²µ�

TRTS
¸/k8]��GWgl%L k8`n{�WG^6^_RU}�Wsl8W�oGhi`cbe]��iVXW P�Q M �voxtD± ª ²µ�

TSIFS
¸/k8]��GWgl%L k8`fWs\ �a]ejXh�l8Wsl%L RUbeb6Wa`�b6W M ¥¦· M �voxt?± ª ²µ�

Xi(M)
¸ �aT8jmb#l8WuVzR�^eb_RUbejXhi`

i

X(M)
¸ �aT8jmb#l8WuVzR�^eb_RUbejXhi`Ãl8Wu]��xt �a]6Wa`foGW

Q¶RUT8VXWgYDZm«\[¯Ó�jX^eb6Wgl8Wgr/hib_RUbejXhi`f^B\�hik8]#oGWabeb6W M WGoabejXhi`

� ��� ��1 �  �"5#/%�',)*+-"/.0%= 

¸uRU`f^/oGWabeb6W�^_WGoabejXhi`À\8Vmkf^ejXWak8]6^�{ �abedfhyl8WG^�l%L RioGo�
G^uRUk=oqRU`pRUV¶]_Ril�jXh~Wab/l8Wg\�hiVmjmbej VckfWKl8Wg\pRU]eb_RU}�WEl�k
^e\�WGoabe]6W/´�hi`cb �abe]6WsoGhi{�\pRU]��GWG^qZ r/hibe]6WuT8k8b �ab_RU`cb#l8W/be]6hik8´�Wa]BVzRK{ �abedfhyl8W/tvhik8]e`8jX^6^1RU`cbBVXWsl �aT8jmb?b6hib_RUV�VXW
\8Vmkf^ �aVXWa´ ��^ek8jmb6W�RUkÀ\pRU]eb_RU}�W�l8WE^e\�WGoabe]6WKWa`�be]6W�\8Vmkf^ejXWak8]6^uk8bejmVmjX^_RUb6Wak8]6^ �ab_RU`cbsl8hi`8` �E\8Vmkf^ejXWak8]6^soqRU`pRUk�w
]_Ril�jXh�l�jX^e\�hi`8jmT8VXWG^qZ
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¸sRU`f^�oGWabeb6W/^_WGoabejXhi`�RG´�hi`f^?{�hyl �aVmjX^��#VXWG^Ïb6WGo_d8`8j VckfWG^?l8W�\pRU]eb_RU}�W�l�k4^e\�WGoabe]6W#Wa`�k8bejmVmjX^_RU`cb?VzRgbed �Ghi]ejXW
l8WG^¯ÄfVXWG^�l%L RUbeb6Wa`�b6WG^qZ r/hikf^Ï^6k8\8\Jh�^6hi`f^Ïk8`|}�]6hik8\�W/l8W

N
oqRU`pRUk�w|]_Ril�jXhEl�jX^e\�hi`8jmT8VXWG^q��Wab

M
k8bejmVmjX^_RUb6Wak8]6^

} �Ghi}�]_RU\8d8j V�kfWa{�Wa`cbul�jX^ebe]ejmT8k �G^qZ ¸uWu\8Vmkf^q��`fhikf^D^6k8\8\Jh�^6hi`f^ VckfWuVXWG^DoqRU`pRUk�w4`fWs^�L jm`�b6Wa]�t 
a]6Wa`�b#\pRi^DWa`�be]6W
Wak�w��%Vck4L jmV�`4L �=R�\pRi^sl8W�oGhiVmVmjX^ejXhi`f^ [�b6hik8bsVXWG^ � V�k8jm\JWa{�Wa`�b6^s{�hi`fl8W�lfRU`f^uVXW�]��G^6WqRUk�hi`cbsk8`fW�\pRU]�t�RUjmb6W
oGhi`8`pRUjX^6^_RU`foGWsl8W/V L �ab_RUbDl�kn^e��^eb�
a{�W�Z�Ó�WG^B]��G^6k8Vmb_RUb6^Bl8W/oGWabeb6W �abekfl8Ws^_hi`cbBl8WG^ebejm` �G^ �Kk8`fW/{�h�l �aVmjX^1RUbejXhi`
l8WsVzRE´�hijXWs{�hi`�b_RU`cb6W�Z

N dpRioak8`fW�l8WG^ { �abedfhyl8WG^¯\8]��G^6Wa`�b��GWG^ÏoajÅ�ÁRU\8]�
G^¯]��a\Jhi`fl~l8W?t�R��Ghi`|l�jÅÊ �a]6Wa`�b6W �goGWabeb6W V�kfWG^ebejXhi` [?Ç��uk8`jm`f^eb_RU`�bDl8hi`8` ���OVckfWaV�k8bejmVmjX^_RUb6Wak8]Bbe]_RU`f^e{�WabDWabBWa`*k8bejmVmjX^_RU`�b3VckfWaV�oqRU`pRUV�]_Ril�jXh � ÇiZ�r�hibe]6W/{�hyl 
aVXWuk8bejmVmjX^6W
k8`fW�\JhiVmjmbej V�kfWul%L RUbeb6Wa`cb6Wsl8WG^�oaVmjXWa`cb6^g�µk8bejmVmjX^_RUb6Wak8]6^1�Ï\�hik8]BRioGo �Gl8Wa]BRUk�w�^6Wa]e´�Wak8]6^s�voqRU`pRUk�wf�Ïl8WRVckfWakfW/l8W
b��y\�Ws·S¥¦·¶�EZfÓ¶REÄf}�k8]6W YDZ ª jmVmVmkf^6be]6WsVXWG^B`fhib_RUbejXhi`f^Dk8bejmVmjX^ �GWG^D\pRU]BV L �abekfl8W�Wa`noGhik8]6^ÈZ

..

.

..

.
i

1

N

M clients = M utilisateurs

N serveurs
= N canaux

Une seule station

Queue FIFO

µi

·Sjm}�k8]6WgYDZ ª@[Ïr�hib_RUbejXhi`f^#l�kn{�h�l 
aVXW�l8W/ÄfVXWgl%L RUbeb6Wa`cb6W
º�Vmkf^6jXWak8]6^D{ �abedfhyl8WG^#^6hi`�b#oGhi{�\pRU]��GWG^#lfRU`f^#VXWG^B\pRU]_RU}�]_RU\8dfWG^#^ek8jm´�RU`cb6^�[

• R���·SjÅw�W [KVXWG^Ek8bejmVmjX^_RUb6Wak8]6^�^6hi`�bEhi]e}cRU`8jX^ �G^KWa`%}�]6hik8\JWG^�l8W|\8Vmkf^El%L k8`�k8bejmVmjX^_RUb6Wak8]q� WabKjmVÏ�RÀRUk{|R w�jm{�k8{�k8`|oqRU`pRUVf\pRU] }�]6hik8\�W�Z�¸sRU`f^ o6dpR V�kfWD}�]6hik8\�W���b6hikf^ VXWG^ k8bejmVmjX^_RUb6Wak8]6^¯k8bejmVmjX^6Wa`cbÏVXWB{ �a{�W
oqRU`pRUV�\Jhik8]DVzREbe]_RU`f^6{�jX^6^ejXhi`ÃWabDVzRE]��GoGWa\8bejXhi`�Z

• TA� N RU`pRUV�oGhi{�{�k8`¢WabsoqRU`pRUk�wÀl8W�l8hi`8` �GWG^ [g«�oqRU`pRUV�oGhi{�{�k8`¢Wab N − 1
oqRU`pRUk�w=l8W�l8hi`8` �GWG^qZ

¿¶´�RU`cbKo_dpR VckfW|be]_RU`f^e{�jX^6^ejXhi`�k8`k8bejmVmjX^_RUb6Wak8]El8hijmb�}cRU}�`fWa]EVzR*oGhi`cb6Wa`�bejXhi` \Jhik8]K\Jhik8´�hijm]EWa`f^ek8jmb6W
o_dfWa]6o6dfWa]/k8`noqRU`pRUV�l8Wgl8hi`8` �GWG^#VmjmT8]6W�Z ¥�V�be]_RU`f^6{�Wabebe]_R�^ek8]DoGWsoqRU`pRUV�VmjmT8]6W�Z

• oÈ� N RU`pRUV�k8`8j V�kfW [�k8`�^6Wak8V�oqRU`pRUV WG^ebul�jX^e\Jhi`8jmT8VXW�\�hik8]uVXWG^ M
k8bejmVmjX^_RUb6Wak8]6^q��{|RUjX^ujmV�R~k8`�b_RUk�w

l8W�^6Wa]e´�jXoGWsl8W
βµ
Z N WgoqRU`pRUV�^ejm{�\8VXWsoGhi]e]6WG^e\�hi`fl ��b6hikf^DVXWG^ N oqRU`pRUk�w*{�jX^DWa`f^6Wa{KT8VXW�Z

• lp� M � VckfWa`�bejXWaV [�k8`%k8bejmVmjX^_RUb6Wak8]�o6dfhijX^ejmb�RUV �qRUb6hijm]6Wa{�Wa`cb|k8`%oqRU`pRUV?\pRU]e{�j N Wab�RU\8]�
G^�VzRnÄf` l8Wo_dpR VckfW�be]_RU`f^e{�jX^6^ejXhi`*jmV¶o6dfhijX^ejmb#l%L k8bejmVmjX^_Wa]#^�� V�kfWa`cbejXWaVmVXWa{�Wa`cb/VXWgoqRU`pRUV¶Rq´�WGosV L jm`fl8Wxwn^ek8jm´�RU`cbqZ
• WÈ��ºShyhiVARUV �qRUb6hijm]6W [¶VXWB^e�y^6b�
a{�WBWG^eb oGhi`f^ejX^eb��Bl8W N oqRU`pRUk�w�hi]e}cRU`8jX^��G^¯Wa`�k8`�\�hyhiV�oGhi{�{Kk8`�Z Q�hikf^VXWG^#oqRU`pRUk�w*^_hi`cb�RioGoGWG^6^6jmT8VXWG^D\pRU]Bb6hikf^DVXWG^Dk8bejmVmjX^_RUb6Wak8]6^#l 
G^3V�k4L k8`ÃoqRU`pRUV�l8Wa´yjXWa`cb#VmjmT8]6W�Z
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• tx��P#hik8b_RU}�W�\8]6hiTpRUT8jmVmjX^eb6W [�VXWB^e��^eb�
a{�W?WG^eb�oGhi`f^ejX^eb��?l8W N oqRU`pRUk�w�Wab�k8`�k8bejmVmjX^_RUb6Wak8] \�Wak8b�RioGo �Gl8Wa]�À`4L jm{�\�hi]eb6W4VXW VckfWaV?l%L Wa`cbe]6WÃWak�w�Z�Ò�`�k8bejmVmjX^1RUb6Wak8]�o6dfhijX^ejmb|RUV �qRUb6hijm]6Wa{�Wa`�b�k8`¨oqRU`pRUVBRq´iRU`�b�k8`fW
be]_RU`f^6{�jX^6^ejXhi`ÃWabDWa`f^ek8jmb6WujmV�RUbeb6Wa`fl VckfWsoGWsoqRU`pRUV�l8Wa´yjXWa`8`fWsVmjmT8]6W�R Äf`nl8Wu\�hik8´�hijm]DV L k8bejmVmjX^6Wa]B\�hik8]
be]_RU`f^6{�Wabebe]6W�Z

• }��D��\8\�hi]ebek8`8jX^eb6W [�VXWg^e��^eb�
a{�W��8oGhi`f^ejX^eb��gl8W N
oqRU`pRUk�w��fo6dfhijX^6jmb#b6hik � hik8]6^#l%L hUÊ�]ejm]DV L hi\8\Jhi]ebek8`8jmb��

l8Wgbe]_RU`f^e{�Wabebe]6W ��V L k8bejmVmjX^_RUb6Wak8]RVck8j�REVXWu{�WajmVmVXWak8] M ¥ÁrRP(^ek8]Bk8`ÀoqRU`pRUV�l8hi`8` ��Z

Ó�WG^K´�RUVXWak8]6^Kl8W M ¥ÁrRP ´�RU]ejXWa`cb�RUk�oGhik8]6^El�kb6Wa{�\f^È�SoGW Vck8jÏWG^eb�{�hyl �aVmjX^���\pRU]KVzR*´�RU]ejzRUbejXhi`%l8W|VzRl�k8]��GWÃl�kN\pR VckfWab��vWab|l8hi`foÃl�k�^6Wa]e´�jXoGWÈ�xZ N Wa\�Wa`flfRU`cbq�?VXWG^�{ �abedfhyl8WG^4R�� �=tx�E`fW*\8]6Wa`8`fWa`�b~\pRi^~Wa`oGhi{�\8b6W�VXWG^/´iRUVXWak8]6^sl8W M ¥¦r-P	\�hik8]gRilfRU\8b6Wa]sVXWak8]u^6be]_RUb��a}�jXWEl%L RUVmVXhyoqRUbejXhi`�Z�¿�k�oGhi`cbe]_RUjm]6W���VzR~{ �abedfhyl8W}��Ï^6o6d �Gl�k8VXWub6hik � hik8]6^?V L k8bejmVmjX^_RUb6Wak8]#Rq´�WGouVXWG^?{�WajmVmVXWak8]6WG^BoGhi`fl�jmbejXhi`f^B]_Ril�jXh�^q�8oGW�Vck8j�WG^ebB^ek8\8\�h�^��/l8hi`8`fWa]
VXWG^Dl �aT8jmb6^/RU}�]��a} �G^DVXWG^B\8Vmkf^ �aVXWa´ �G^ÈZ
¸sRU`f^?`fhibe]6W �abekfl8Wu`fhikf^#Rq´�hi`f^B{�h�l �aVmjX^ �/l8WG^?]��G^_WqRUk�w4l8W�ÄfVXWG^Dl%L RUbeb6Wa`�b6WutvWa]e{�WG^È�yoGhi]e]6WG^6\Jhi`flfRU`�b��

k8`�be]_R Äpo�^_RUbek8]���Rq´�WGo�`fhi{�T8]6W|oGhi`f^eb_RU`cbEl%L k8bejmVmjX^_RUb6Wak8]6^qZ�ºShik8]gbe]6hik8´�Wa]gVXWG^s\�Wa]�tvhi]e{|RU`foGWG^�l8W�o6dpR V�kfW
{ �abedfhyl8W�l8WEt®R��Ghi`RU`pRUVm�ybej V�kfW�`fhikf^�RG´�hi`f^�k8bejmVmjX^���V L RUVm}�hi]ejmbed8{�W�jmb��a]_RUbejÅtBl8W�¹ X ¿ ± ÎU[ ²�ZEr/hikf^�Rq´�hi`f^oGhi`f^ejXl �a]��uVXWG^Bl8Wak�w4oqRi^B^ek8jm´iRU`�b6^Q[�]��G^6WqRUknoGhi{�\�h�^��ul%L k8`fWshik�\8Vmkf^6jXWak8]6^D^eb_RUbejXhi`f^DRG´�WGos^6jm{�\8VXWs^6Wa]e´�Wak8]
\pRU]#^eb_RUbejXhi`��pWabB]��G^6WqRUkÃoGhi{�\�h�^��sl%L k8`fW�hik*\8Vmkf^ejXWak8]6^�^eb_RUbejXhi`f^#Rq´�WGog{�k8Vmbejm\8VXWG^�^6Wa]e´�Wak8]6^D\pRU]�^eb_RUbejXhi`�Z

� ��� ��� � %=6 3*:<#&:�. �!%= ' D � 6 ��"��,%�' D �

¸sRU`f^?VXWG^¯Äf}�k8]6WG^B^6k8jm´iRU`�b6WG^q��hi`*RK´�RU]ej �
N
l8W�«�Eª�©�\pRU]?\pRi^?l8W�«E�v^1RUk�t�\Jhik8]?VzRK{ �abedfhyl8W�TA� V�k8j

oGhi{�{�Wa`foGW �
N = 2

�x�
M = 10

�AWab�VzR�l�k8]��GWE^ejm{�k8V �GWEWG^eb#l8W~«q©�^6WGoGhi`fl8WG^qZ#Ó�WG^�l�jÅÊ �a]6Wa`cb6WG^/{ �abedfhyl8WG^
^6hi`�bKoGhi{�\pRU]��GWG^EWa`¢b6Wa]e{�W|l8W�l �aT8jmb�RU}�]��a} ��b6hib_RUVÏ\Jhik8]gVXW~^e��^eb�
a{�W�Z|Ó�WG^KoGhik8]eTJWG^Ehi`cb �ab���hiT8b6Wa`ckfWG^
Wa`�jm{�\8V �a{�Wa`cb_RU`cb#VXWG^Ï]��G^6k8Vmb_RUb6^?RU`pRUVm�ybej V�kfWG^u�®RU\8]�
G^?VXWG^?RG´�hijm]B\8]��qRUVzRUT8VXWa{�Wa`�bB´iRUVmjXl �G^�\pRU]?^ejm{�k8VzRUbejXhi`A�x�
^_RUk�t�\Jhik8]BVzR�{ �abedfh�l8Ws}�� V�k8j¶R �ab��ghiT8b6Wa`�kfWg\pRU]D^ejm{Kk8VzRUbejXhi`�Z
Ó�R�Äf}�k8]6W YDZ Î ]6Wa\8]��G^6Wa`�b6W�l �aT8jmb�RU}�]��a} �gb6hib_RUV�\Jhik8]�o6dpR V�kfWs{ �abedfh�l8W~�vl8W�R�� �Etx�e�xZ
Ó�WG^#\8]ejm`foajm\pRUVXWG^#oGhi`foaVmkf^ejXhi`f^�^6hi`cb#VXWG^D^ek8jm´�RU`cb6WG^ [

«�ZDQ¶hik8b6WG^#VXWG^D{ �abedfh�l8WG^B`fW�l8hi`8`fWa`cb#\pRi^DVmjXWakÀRUkn{ �a{�Wgl �aT8jmb6^qZ
ª�ZDºShik8]

M
l8hi`8` ����k8`�RioGoa]6hijX^6^6Wa{�Wa`�b�l�k�`fhi{�T8]6W�l8W�oqRU`pRUk�wÀ]��G^6k8Vmb6WK\�hik8]ub6hik8b6WG^uVXWG^u{ �abedfh�l8WG^

Wa`Ãk8`ÃRioGoa]6hijX^6^6Wa{�Wa`cb/l�kÃl �aT8jmbq�8{|RUjX^/RG´�WGosk8`fWs\�Wa`cb6W�l�jÅÊ �a]6Wa`�b6W�^ek8jm´�RU`cbBVXWG^#{ �abedfh�l8WG^qZ
Î�ZDÓ�WG^�{ �abedfhyl8WG^/t®hik8]e`8jX^6^_RU`cb/VXWG^ul �aT8jmb6^/VXWG^�\8Vmkf^ �aVXWa´ �G^s^6hi`�b�VzR|{ �abedfh�l8WKÄ8w8W�Wab/VzR�{ �abedfhyl8W�l�k
\�hyhiV�l8WgoqRU`pRUk�w�Z

[fZDÓ¶R/{ �abedfh�l8WDRq´�WGo?k8`�oqRU`pRUVfoGhi{�{�k8`|Wab�l8WG^ oqRU`pRUk�w�l �Gl�j �G^�\Jhik8]�VXWG^�l8hi`8` �GWG^¯WG^eb�{�hijm`f^�WxÌ|oqRioGW
V�kfWÏVzRD{ �abedfhyl8W?l�kK\�h�hiVyl8WÏoqRU`pRUk�w�oqRU]SWaVmVXW�oa]��GW�k8`K}�hik8VXhib�l%L �abe]_RU`8}�VXWa{�Wa`�bÏRUkK`8jm´�WqRUk�l�k�oqRU`pRUV
oGhi{�{Kk8`�Z

�ZDºShik8]
N ≥ 4

��VzRD{ �abedfhyl8WBl�kEoqRU`pRUV8k8`8j V�kfWÏtvhik8]e`8jmb�VXW�l �aT8jmb l8W¯\8Vmkf^St�RUjmT8VXW?oqRU]�WaVmVXWÏ`fWÏ\pRU]_RUVmV �aVmjX^6W
\pRi^DVXWsb6Wa{�\f^#l%L RUbeb6Wa`�b6W�^ek8]B\8Vmkf^ejXWak8]6^�oqRU`pRUk�w�Z
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Nombre de canaux dans le systeme (N)

M = 10 utilisateurs avec un nombre variable de canaux (N) pendant 10 secondes

Methode a) - Fixe
Methode b) - Canal commun et canaux de donnees

Methode c) - Canal unique
Methode d) - Sequentiel

Methode e) - Pool aleatoire
Methode f) - Routage probabiliste

·Sjm}�k8]6WgYDZ Î@[ N hi{�\pRU]_RUjX^_hi`Ãl8WG^D{ �abedfhyl8WG^#R�� �Ktx��Wa`*b6Wa]e{�Wgl8W�l �aT8jmb�RU}�}�]��a} �gl�kÃ^e��^eb�
a{�W�± ¹ÀT8\f^�²

Ó�R*Äf}�k8]6W YDZ [ ]6Wa\8]��G^6Wa`cb6W~k8`fW�oGhi{�\pRU]_RUjX^6hi` Wa`cbe]6W|VzR*{ �abedfhyl8W|WÈ���µVzRn{�WajmVmVXWak8]6W�{ �abedfhyl8W|Wa`�be]6W
b6hik8b6WG^ oGWaVmVXWG^Ïl8WDR�� ��tx�e��Wab�VzR/{ �abedfhyl8WB}��x��Wa`�b6Wa]e{�W#l8WBl �aT8jmbÏRU}�]��a} �Dl�k�^e��^eb�
a{�W?Wab¯l8W?b6Wa{�\f^�{�hÈ��Wa`
l%L RUbeb6Wa`cb6W�Z
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Nombre de canaux dans le systeme (N)

M = 10 utilisateurs avec un nombre variable de canaux (N) pendant 10 secondes

(Courbes de debit)

(Courbes de temps d’attente moyen)

Opportuniste = Debit du systeme - Simulation
Pool = Debit du systeme - Analytique

Opportuniste = Temps d’attente moyen - Simulation
Pool = Temps d’attente moyen - Analytique

·Sjm}�k8]6WuYDZ [�[ N hi{�\pRU]_RUjX^6hi`nl8WG^�{ �abedfh�l8WG^?WÈ�ÏWab�}��¯Wa`�b6Wa]e{�Wul8W�l �aT8jmbDRU}�}�]��a} �sl�k4^e��^eb�
a{�WK± ¹ÀT8\f^�²�Wabl8Wsb6Wa{�\f^B{�hÈ��Wa`Àl%L RUbeb6Wa`�b6W|± ^�²

N hi{�{�W~hiTf^6Wa]e´ �|^ek8]KVzR�Äf}�k8]6W Y#Z [ ��V�kpRU`fl�VXWG^�k8bejmVmjX^_RUb6Wak8]6^KWa`�b��ab6W|l8WWV�kfWakfW|lfRU`f^�VzR*{ �abedfhyl8W}��?hi`�b#VXW�o_dfhijÅwnWa`cbe]6WK{�hijm`f^ V�k4L k8`ÀoqRU`pRUV��voqRi^�h��
N <= M

��VXWgl �aT8jmb/WG^ebDVXWs{ �a{�W�VckfWsVzR�{ �abedfh�l8W
Wa`=\JhyhiV�ZD¹�RUjX^�l 
G^RVckfW

N > M
�AVXW�l �aT8jmbul8WKVzR�{ �abedfhyl8WK}��#RUk8}�{�Wa`cb6W�Vmjm` �qRUjm]6Wa{�Wa`�bu^6k8jm´iRU`�b

N
�AWab

]6WG^eb6W�oGhi`f^6b_RU`cb�\�hik8]gVzR4{ �abedfhyl8W�WÈ�xZ~Y�`k8bejmVmjX^_RU`�b�`fh�^sd���\�hibed�
G^6WG^Kl8W�oGWabeb6W �abekfl8W��¶VzR4{ �abedfhyl8W�}��
t®hik8]e`8jmb

G
�
G = max{0;N −M}+ 1

�Ït®hijX^?\8Vmkf^Dl8Wsl �aT8jmb V�kfWuVzRE{ �abedfhyl8WgWÈ�u�
N > M

�xZ Y�`4t�RUjmbq��VzR
\�Wa`cb6W�l8Wa´yjXWa`cb

M
t®hijX^/\8Vmkf^sjm{�\�hi]eb_RU`cb6WWV�kpRU`fl

N > M
V�kfWEVXhi]6^ V�kfW

N ≤ M
ZEÓ�R~]_RUjX^6hi`�´yjXWa`cbgl�k

o6dfhijÅw�hi\8\Jhi]ebek8`8jX^eb6WRV�kfW#o6dpR V�kfW�k8bejmVmjX^_RUb6Wak8]Ï\�Wak8b t�RUjm]6W�Rq´iRU`�b�l%L k8bejmVmjX^_Wa]Ïk8`�`fhik8´�WqRUk�oqRU`pRUV [¶jmVAo6dfhijX^6jmb



ª�«�� ��*%��'1<� "�$�0�032�*��

l%L k8bejmVmjX^6Wa]DVXW�oqRU`pRUV�VmjmT8]6Ws\�hik8]BVXW VckfWaV�jmV�REVXWG^#{�WajmVmVXWak8]6WG^#oGhi`fl�jmbejXhi`f^�l8WgoqRU`pRUV�Z

�N.�� LN9DCE� �_�K5A369DC

Y�`=oGhi`foaVmkf^6jXhi`�l8W�VzR|oGhi{�\pRU]_RUjX^_hi`�l8W�b6hik8b6WG^/VXWG^#{ �abedfhyl8WG^ �abekfl�j �GWG^��µTpRi^ �GWG^/^6k8]#k8`fWK\JhiVmjmbej V�kfW
l%L RUbeb6Wa`cb6W/·�¥Á·S�s�x��VzR/{ �abedfh�l8W#T �a` �xÄpoajzRU`�bÏl�k|l �aT8jmbÏVXW?\8Vmkf^ �aVXWa´ �B\�hik8] VXWD^6�y^eb�
a{�WBWG^6b VzRu{ �abedfhyl8WB}��xZ
Y�`*WxÊ�Wabq�cVzREl�jm´�Wa]6^ejmb��/{�k8VmbejÅ��oqRU`pRUV¯�voGWabeb6W/{ �abedfhyl8Wul�jX^e\Jh�^_W�l%L k8`4o6dfhijÅw4hi\8\Jhi]ebek8`8jX^eb6Wul�k*oqRU`pRUV�]_Ril�jXh8�
oGhi`cbe]_RUjm]6Wa{�Wa`�b ��k8`*o6dfhijÅw�^6�y^eb��a{|RUbej V�kfWuhiknRUV �qRUb6hijm]6WRV�k4L hi`cbDl%L RUk8be]6WG^?{ �abedfhyl8WG^1�¯jm`cbe]6hyl�k8jmbDl�k4}cRUjm`
lfRU`f^�VXWKl �aT8jmb/l�k=^e��^eb�
a{�W�ZDº�RU]uoGhi`f^�� VckfWa`�bq�Jk8`ÀoGhi`cbe]��iVXWEVXhyoqRUV?�vWxÊ�WGoabek ��RUkÃ`8jm´�WqRUk�l�kÀb6Wa]e{�jm`pRUV�l8W
V L k8bejmVmjX^_RUb6Wak8]1� l8WBV L RioGo�
G^ÏRUk�oqRU`pRUVpWa`�tvhi`foabejXhi`|l8WG^ÏoGhi`fl�jmbejXhi`f^ ]_Ril�jXh�^�RioGoa]6h��Xb VXWDl �aT8jmb \�hik8] V L Wa`f^6Wa{KT8VXW
l�kÃ^e��^eb�
a{�W�Z
Ò�`fW|{ �abedfhyl8W*Wa`foGhi]6W�\8Vmkf^�WxÌ|oqRioGW*Wa`%l �aT8jmbn�µ{|RUjX^�`fhi` \8]��G^6Wa`cb��GW*lfRU`f^�oGWabeb6W4^6WGoabejXhi`¨oqRU]�WaVmVXW

`4L k8bejmVmjX^6W~\pRi^�k8`fW~\�hiVmjmbej VckfW~l%L RUbeb6Wa`cb6W*·�¥Á·S�s�x��WG^ebK\8]��G^6Wa`cb��GW4lfRU`f^KVzRÃ^6WGoabejXhi` YDZ � Z N Wabeb6W|{ �abedfhyl8Wjm`cbe]6hyl�k8jmb�l8WuVzR�l�jm´�Wa]6^ejmb��s{�k8VmbejÅ��k8bejmVmjX^1RUb6Wak8]6^/WabB{Kk8VmbejÅ��oqRU`pRUk�w�Z

N WG^4]��G^ek8Vmb_RUb6^*^_hi`cb*TpRi^��G^*^ek8]4l8WG^4dc�y\�hibed�
G^6WG^*^ejm{�\8VmjÅÄpoqRUbe]ejXoGWG^n\pRU]4]_RU\8\�hi]eb ��VzR]��qRUVmjmb���Z¾��]lfRU`f^Kk8`^e��^eb�
a{�W�]��GWaV���l8WG^�oGhiVmVmjX^ejXhi`f^ElfRU`f^KV L RioGo�
G^ERUkoqRU`pRUV?^6hi`�b�jm` �a´yjmb_RUT8VXWG^qZ4ºSRU]�oGhi`f^�� V�kfWa`cbq�SVzR
oGhi{�{�k8`8jXoqRUbejXhi`ÀWa`cbe]6W/VXWG^�k8bejmVmjX^_RUb6Wak8]6^?WG^ebÏ` �GoGWG^_^_RUjm]6W#\�hik8]�Vck4L jmVX^?^6W�oGh�hi]6l8hi`8`fWa`�bDWab V�k4L jmVX^�` �a}�h�oajXWa`�b
WxÌ|oqRioGWa{�Wa`cb/VXWak8]�RioGo�
G^#RUkÀ^e\JWGoabe]6W�Z
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Ó�Wgb_RUT8VXWqRUk YDZ ª \8]��G^6Wa`�b6WgVXWG^B`fhib_RUbejXhi`f^#k8bejmVmjX^��GWG^#lfRU`f^#oGWabeb6Wg^6WGoabejXhi`�Z

:T;�=�?@=BA&;9D E<F�G�H/I ACK�=BA&;9D
aij X RUVXWak8]DT8jm`pRUjm]6W�� 0 hi] 1 ��\�hik8]Bjm`fl�j VckfWa]#^6j�VzR�b��io6dfW i

WG^ebBk8bejmVmjX^��GWs\pRU]BVzR�]6WG^_^6hik8]6oGW
j

fij X RUVXWak8]#l8Wstvhi]6oGWshiT8b6Wa`�kfW�^ek8jmb6W �EV L k8bejmVmjX^1RUbejXhi`Àl8WuVzR�]6WG^6^_hik8]6oGW j
\pRU]DVzR�b��io_dfW

i

i
¥Á`fl8Wxw�k8bejmVmjX^��g\Jhik8]?t�RUjm]6Ws]��xt �a]6Wa`foGW�RUk�w�b��io_dfWG^q�f`fhib_RU{�{�Wa`�b#VzR�b��io_dfW

i

j
¥Á`fl8Wxw�k8bejmVmjX^��g\Jhik8]?t�RUjm]6Ws]��xt �a]6Wa`foGW�RUk�w�]6WG^_^6hik8]6oGWG^q�8`fhib_RU{�{�Wa`�b#VzR�]6WG^6^_hik8]6oGW

j

ni
r/hi{�T8]6WKl8Wu]6WG^6^6hik8]6oGWG^�RUVmVXhik �GWG^ �EVzREb��io6dfW

i

nmax
r/hi{�T8]6W�{|R wyjm{Kk8{ RUk8b6hi]ejX^��gl8Ws]6WG^_^6hik8]6oGWG^D^ejm{Kk8Vmb_RU` �a{�Wa`cbuk8bejmVmjX^��GWG^B\pRU]Db��io_dfW

nmin
r/hi{�T8]6W�{�jm`8jm{�k8{�RUk8b6hi]ejX^ �gl8Wu]6WG^6^6hik8]6oGWG^�^ejm{�k8Vmb_RU` �a{�Wa`�b�k8bejmVmjX^��GWG^#\pRU]Bb��io6dfW

M
r/hi{�T8]6Wgb6hib_RUV¶l8Wub��io6dfWG^

N
r/hi{�T8]6Wgb6hib_RUV¶l8Wu]6WG^6^6hik8]6oGWG^#l�jX^6\Jhi`8jmT8VXWG^ � �abe]6WKRUVmVXhik �GWG^D\�hik8]#l8WG^Bb��io6dfWG^

RNA
r/hi{�T8]6WKl8Wu]6WG^6^6hik8]6oGWG^DVmjmT8]6WG^#Wa`n]_RUjX^6hi`nl8WG^#oGhi`�be]_RUjm`cb6WG^/l�kn\8]6hiT8V�
a{�W

RA
r/hi{�T8]6WKl8Wu]6WG^6^6hik8]6oGWG^ V�k8j�´�hi`cb �abe]6W�RUVmVXhik �GWG^#Wa`n]_RUjX^_hi`nl8WG^DoGhi`cbe]_RUjm`�b6WG^/l�kÃ\8]6hiT8V�
a{�W

S(N, i)
r�hi{KT8]6W�l8Wu\pRU]ebejmbejXhi`f^/l8WuV L Wa`f^6Wa{�T8VXW

N
Wa`

i
}�]6hik8\�WG^

S(N ; k1, k2, ..., kN )
r/hi{�T8]6W�l8Wu\pRU]ebejmbejXhi`f^/l8WuV L Wa`f^6Wa{KT8VXW

N
Wa`

ki
T8VXhyoG^Dl8Wsb_RUjmVmVXW

i

TA
r/hi{�T8]6WKl8Wu}�]6hik8\JWG^�l8Wu]6WG^6^6hik8]6oGWG^ V�k8j�RE\8k �abe]6WgRUVmVXhik �
QSRUT8VXWgYDZ ª@[ Ó�jX^6b6Wgl8WG^B`fhib_RUbejXhi`f^�\Jhik8]DoGWabeb6Wg^_WGoabejXhi`

� � � ��� ��� �%;>I � � 
&?@=BA&;9D � ?@=�� � �6?@=BA � �1F � �(K�IJ; � 
��	� F ��� ;>K�=BA �6A&G�?@=BA&;9D

r/hibe]6W|\8]6hiT8V�
a{�W4l%L hi\8bejm{�jX^_RUbejXhi`¨WG^ebEk8`%\8]6hiT8V�
a{�W�l%L RUVmVXhyoqRUbejXhi`¨l8W�]6WG^6^_hik8]6oGW�ZÀY�b_RU`�b�l8hi`8` �
N]6WG^6^6hik8]6oGWG^#l�jX^e\Jhi`8jmT8VXWG^#Wab ��RUVmVXhikfWa]D\pRU]e{�j

M
b��io_dfWG^q�fo_dpR VckfWsb��io_dfW

i
Rq�cRU`cb#k8`fWu´�RUVXWak8]Dl8W/t®hi]6oGW

fij^ek8]�VzR�]6WG^6^6hik8]6oGW
j
�A`fhikf^ �abekfl�jXhi`f^/VzR�{�WajmVmVXWak8]6W�RUVmVXhyoqRUbejXhi`=l8WG^#b��io6dfWG^u^ek8]�VXWG^#]6WG^6^_hik8]6oGWG^�l8Wgt®R��Ghi` �

{|R w�jm{�jX^6Wa]DVzRE´�RUVXWak8]#^6hi{�{�Wsb6hib_RUVXWs\�hik8]BVXWg^e��^eb�
a{�WsWa`nWa`�bejXWa]qZ
Y�`Nk8bejmVmjX^_RU`cb�VXWG^�`fhib_RUbejXhi`f^|l�k¨b_RUT8VXWqRUk YDZ ª �ÏV L hiT � WGoabejÅtul�kÐ\8]6hiT8V�
a{�WÃl%L hi\8bejm{�jX^_RUbejXhi`N\�Wak8b �abe]6W
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t®hi]e{�k8V �gWa`nb6Wa]e{�WG^#{|RUbed �a{|RUbej VckfWG^Z[
¹=R w�jm{�jmÑqW ∑

i

∑

j

aijfij

^qZ bqZ [























































(1) {nmin, nmax} ∈ [1;N ]

(2) ∀i � ni = 0⇔
∑

j

aij = 0

(3) ∀i � ni 6= 0⇔
nmin ≤

∑

j

aij ≤ nmax

(4) ∀j � ∑
i

aij ≤ 1

�vY#Zm«È�

Ó)L hiT � WGoabejÅt�WG^eb¯l8WBbe]6hik8´�Wa]ÏVXWB´�WGoab6Wak8]Ïl%L RUVmVXhyoqRUbejXhi`~Äf`pRUVp\�hik8] VXWD^e��^eb�
a{�WBb6WaV>V�k4L jmVf{|R w�jm{�jX^6WDVzRg^6hi{�{�W
l8WG^?t®hi]6oGWG^q�8Wa`Ã^ek8\8\�h�^_RU`�b VckfWub6hik8b6WG^#VXWG^DoGhi`cbe]_RUjm`�b6WG^ul�k*\8]6hiT8V�
a{�W�^6hi`�bD]6WG^e\�WGoab��GWG^qZ

� � � ��� ��� � ; �6K 
&F �1AC= � � �(K�IJ; � 
��	� F ��� ;>K�=BA �6A&G�?@=BA&;9D

Ó�WG^~\pRU]_RU{	
abe]6WG^4^ek8jm´�RU`cb6^�^6hi`cb~´iRU]ejzRUT8VXWG^~\Jhik8]~`fhibe]6WÃ\8]6hiT8V�
a{�W![=oGhi`fl�jmbejXhi`f^~]_Ril�jXh8�?]6WG^_^6hik8]6oGW
^e\�WGoabe]_RUVXW�l�jX^e\�hi`8jmT8VXW��A`fhi{�T8]6WEl8Wg`fhyWakfl8^#Wa`ÀoGhi{�\ �abejmbejXhi`��JWab6o�ZBÓ�Wg\8]6hiT8V�
a{�WEl%L hi\8bejm{�jX^_RUbejXhi`�RioabekfWaV
RG´�WGo~^6WG^goGhi`�be]_RUjm`cb6WG^�WG^eb�r/º���oGhi{�\8VXWabEWabg]6W Vck8jXWa]ebKV L k8bejmVmjX^_RUbejXhi` l%L k8`fW�dfWak8]ejX^ebej V�kfWÀ�vhik�l%L k8`fW|{ �ab_R �
dfWak8]ejX^ebej V�kfWÈ�BR Äf`Ãl8WW[

«�Z �uk8jXl8Wa]DVzR�]6WGo6dfWa]6o_dfW�lfRU`f^#V L jm{�{�Wa`f^6WgWG^e\pRioGWgl8WG^#^6hiVmk8bejXhi`f^D\�h�^6^ejmT8VXWG^qZ
ª�Z N dfWa]6o_dfWa]#k8`fW|ÇxT�hi`8`fW�Çs^6hiVmk8bejXhi`ÀlfRU`f^Dk8`*b6Wa{�\f^KÇx]_RUjX^_hi`8`pRUT8VXW�ÇiZ
Î�ZDºSWa]e{�Wabebe]6Wsl%L WxÊ�WGoabekfWa]�l8WG^�oGhi{�\8]6hi{�jX^BWa`cbe]6W�VzR V�kpRUVmjmb��/l8WDVzRK^6hiVmk8bejXhi`�hiT8b6Wa`�kfW�Wab�VzRs´yjmb6WG^6^6W�l8W
oGhi`�´�Wa]e}�Wa`foGW�Z

¸sRU`f^gl8WG^gWa`�´�jm]6hi`8`fWa{�Wa`�b6^Kl��y`pRU{�j V�kfWG^q��hi`¢o_dfWa]6o6dfW ��k8bejmVmjX^_Wa]gl8WG^�RUVm}�hi]ejmbed8{�WG^Kl%L hi\8bejm{�jX^1RUbejXhi`
]_RU\8jXl8WG^#WabB]6hiT8kf^6b6WG^q�8\8Vmk8b��ib V�kfWgl8WG^#RUVm}�hi]ejmbed8{�WG^DÄf`f^#WabBVXWa`cb6^ÈZ

� ��
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ºShik8]~]��G^_hikfl�]6Wn`fhibe]6Wn\8]6hiT8V�
a{�W=l%L hi\8bejm{�jX^_RUbejXhi` r�º���oGhi{�\8VXWab~\8Vmkf^ejXWak8]6^~dfWak8]ejX^ebej V�kfWG^~hik°{ �ab_R �
dfWak8]ejX^ebej V�kfWG^�\JWak8´�Wa`�b �abe]6W=k8bejmVmjX^��GWG^ÈZ:Ò�`fWÃdfWak8]ejX^6bej VckfW=WG^eb�k8`fWÃ{ �abedfhyl8W=k8bejmVmjX^_RU`cb4k8`fW�RU\8\8]6h�o_dfW
WG^6^_RUjÅ��Wa]e]6Wak8]E\�hik8]�be]6hik8´�Wa]�k8`fW|^6hiVmk8bejXhi`¨RioGoGWa\8b_RUT8VXW4Wa`k8`%b6Wa{�\f^�]_RUjX^_hi`8`pRUT8VXW��µ\�hiVm�y`fhi{�jzRUV�� �Ãl8WG^
\8]6hiT8V�
a{�WG^gl%L hi\8bejm{�jX^_RUbejXhi`�l�jÅÌ|oajmVXWG^qZ�Ó�WG^u{ �ab_R ��dfWak8]ejX^6bej VckfWG^K^6hi`cbsl8WG^udfWak8]ejX^ebej V�kfWG^gl8WEdpRUk8bu`8jm´�WqRUk
V�k8j�\JWak8´�Wa`�b �abe]6Wg^e\ �GoajzRUVmjX^��GWG^B\�hik8]B]��G^6hikfl�]6Wgl�jÅÊ �a]6Wa`cb6^#b��y\JWG^�l8Wu\8]6hiT8V�
a{�WG^#l%L hi\8bejm{�jX^_RUbejXhi`�Z
º�Vmkf^6jXWak8]6^u{ �ab_R ��dfWak8]ejX^ebej VckfWG^�^6hi`cbujm`f^e\8jm]��GWG^sl8WE^e��^eb�
a{�WG^/`pRUbek8]6WaVX^ [D]6WGoak8jmbs^ejm{�k8V ����RUVm}�hi]ejmbed8{�WG^

} �a` �abej V�kfWG^q�J]��G^6WqRUk�wÀl8Wg`fWak8]6hi`fWG^È�Ajm`�b6WaVmVmjm}�Wa`foGW�Wa`=WG^_^_RUjm{nZ#¸�L RUk8be]6WG^/bed �Ghi]ejXWG^uWab�{ �abedfhyl8WG^/\JWak8´�Wa`�b
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^6Wa]e´yjm]��g]��G^6hikfl�]6W�l8WG^Ï\8]6hiT8V�
a{�WG^Bl%L hi\8bejm{�jX^_RUbejXhi`*oGhi{�\8VXWxw8WG^Ïl8W#t®R��Ghi`�WxÌ|oqRioGW�[�bed �Ghi]ejXWul8WG^Ï}�]_RU\8dfWG^q�
bed �Ghi]ejXWgl8WG^ � Wak�w���\8]6h�oGWG^_^ekf^Bl8Wgl �GoajX^ejXhi`f^�l8Ws¹=RU]e£�hÈ´J�8VXhi}�j V�kfWu¤phikfW��fWab6o�Z
¸sRU`f^�oGWabeb6W�bed�
G^_W�`fhikf^�RG´�hi`f^¶o6dfhijX^ej�l8W oGhi`cbe]ejmT8kfWa]�RUk�o6dpRU{�\�l8W VzR�{ �ab_R ��dfWak8]ejX^ebej VckfWÏl%L jm`cb6WaVmVmjm}�Wa`foGW

Wa`¨WG^6^_RUjm{�Wa` ]_RUjX^6hi`¨l8W�^_hi` Ri^e\�WGoab�l�jX^ebe]ejmT8k �4Wab�l8W�^_hi` RU\8\8]6hyo6dfW4{�hi`�b_RU`cb6Wnl8W�VzRÃ]��G^6hiVmk8bejXhi`Ðl�k
\8]6hiT8V�
a{�W�Z ¸sRU`f^�oGWabeb6W/RU\8\8]6hyo6dfW�� V�k8jJRU\8\pRU]ebejXWa`cb#RUk�o6dpRU{�\*l8WDV L �abedfhiVXhi}�jXWÈ�¯\8Vmkf^ejXWak8]6^?^6hiVmk8bejXhi`f^?^6hi`�b
�a´�RUVmk �GWG^#Wa`*\pRU]_RUVmV�
aVXW��poGWQV�k8j¶RioGo �aV�
a]6WsVzR�oGhi`c´�Wa]e}�Wa`foGWg´�Wa]6^#VzRE{�WajmVmVXWak8]6W�^6hiVmk8bejXhi`�Z
Y�`Ã} �a` �a]_RUV��fVXWG^B{ �ab_R ��dfWak8]ejX^ebej V�kfWG^#^6k8jm´�Wa`cb#jmb��a]_RUbejm´�Wa{�Wa`�b�VXWG^ �ab_RU\JWG^D^6k8jm´iRU`�b6WG^ [

«�ZD¸/jm´�Wa]6^ejÅÄpoqRUbejXhi` �vWxwy\8VXhi]_RUbejXhi`A�Q[�l8Wu`fhik8´�WaVmVXWG^D^6hiVmk8bejXhi`f^D^6hi`�bDWxwy\8VXhi]��GWG^D\pRU]DoGWa]eb_RUjm`f^Djm`fl�jm´yjXl�kf^q�
l8Wst®R��Ghi` ��l �GoGhik8´y]ejm]Dk8`fWs{�WajmVmVXWak8]6W�^6hiVmk8bejXhi`ÀRUkn\8]6hiT8V�
a{�W�Z

ª�ZD¥Á`cb6Wa`f^6jÅÄpoqRUbejXhi`À�vWxwy\8VXhijmb_RUbejXhi`A� [�oGWa]eb_RUjm`f^�jm`fl�jm´yjXl�kf^ Wxw�\8VXhi]6Wa`cb�VXWG^�{�WajmVmVXWak8]6WG^ ^6hiVmk8bejXhi`f^ be]6hik8´ �GWG^
� kf^ V�k4L RUVXhi]6^qZ

Î�ZD¹ �a{�hijm]6W4Wab�RU\8\8]6Wa`�bejX^6^_RU}�W [�VzRÃ{ �a{�hijm]6W~\�Wa]e{�Wab�l8W~^6W~^6hik8´�Wa`8jm]�l8WG^�T�hi`8`fWG^�^6hiVmk8bejXhi`f^�RU`fl
l%L hik8T8VmjXWa]uVXWG^#{|RUk8´iRUjX^6WG^/^6hiVmk8bejXhi`f^qZ#¿#jm`f^ej��pV L RUVm}�hi]ejmbed8{�WERU\8\8]6Wa`fl�Wab/l8Wa´�jXWa`�b�\8Vmkf^#]_RU\8jXl8W�\�hik8]
be]6hik8´�Wa]�VXWG^B{�WajmVmVXWak8]6WG^#^_hiVmk8bejXhi`f^ V�k4L RUknl �a{|RU]e]_RU}�W�l8WsVzRE]6WGo_dfWa]6o6dfW�Z
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¸sRU`f^�VXW*oGhi`cb6Wxw�b6W*l8W4V L hi\8bejm{�jX^_RUbejXhi`Nl�jX^6be]ejmT8k �GW��Ïhi` \�Wak8b�]6Wa\8]��G^6Wa`cb6Wa]|o_dpR VckfW4k8bejmVmjX^1RUb6Wak8]�jm`fl�jÅ�
´yjXl�kfWaVmVXWa{�Wa`cb/Rq´�WGog^6WG^BoqRU]_Rioab��a]ejX^ebej V�kfWG^D\8]6hi\8]6WG^#WabDhi`n`4L WG^ebB\8Vmkf^BhiT8Vmjm} �gl8WuVXWsoGhi`f^ejXl �a]6Wa]�oGhi{�{�Wsk8`
k8bejmVmjX^_RUb6Wak8]S{�hq��Wa`�ZS¿�´�WGo¯V L hi\8bejm{�jX^_RUbejXhi`�l�jX^ebe]ejmT8k �GW���hi`g\�Wak8b �abekfl�jXWa]¶l8WG^Sl�jX^ebe]ejmT8k8bejXhi`f^¶} �Ghi}�]_RU\8d8j VckfWG^
l%L k8bejmVmjX^_RUb6Wak8]6^El8hi`cbgVXWG^�oqRU]_Rioab��a]ejX^ebej VckfWG^ �a´�hiVmkfWa`cb�RUkoGhik8]6^gl�k¢b6Wa{�\f^ÈZ N WGoaj `fhikf^g]_RU\8\8]6hyo6dfW~l8W�VzR]��qRUVmjmb��ghikÃl8WG^#Wa`cbejmb��G^Djm`�b6Wa]_RU}�jX^6^6Wa`�b/Wa`�be]6WgWaVmVXWG^qZ
¸sRU`f^�VzRu`pRUbek8]6W#hi`�be]6hik8´�W �a`fhi]e{ �a{�Wa`cb?l8WD^e��^eb�
a{�WDRq´�WGoDk8`�t®hi`foabejXhi`8`fWa{�Wa`cb?l �GoGWa`cbe]_RUVmjX^��#\8Vmk8b��ib

V�kfW*oGWa`cbe]_RUVmjX^��%�vWxw [�t®hik8]e{�jX^q�?RUTJWajmVmVXWG^q�Ïdfhi{�{�WG^q�?Wab6oÈ�x��l%L h��ÐV L jm{�\Jhi]eb_RU`foGWÃl8W*{�jXWak�wÐoGhi{�\8]6Wa`fl�]6W
VXWG^s\8]6hi\8]ej �ab��G^�tvhi`flfRU{�Wa`�b_RUVXWG^�l8W�V L jm`cb6Wa]_RioabejXhi` l%L jm`fl�jm´�jXl�kf^KlfRU`f^gk8`¢}�]6hik8\�W�Z|¸sRU`f^�VXWG^s}�]6hik8\JWG^Kh��
VXW�oGhi`cbe]��iVXW*WG^eb�l�jX^ebe]ejmT8k ����VXWG^Ejm`fl�jm´yjXl�kf^�hi`cb�k8`fW�oGhi`8`pRUjX^6^_RU`foGW4jm{�\pRU]�t�RUjmb6W�l8W�VXWak8]�Wa`c´yjm]6hi`8`fWa{�Wa`cb
{|RUjX^sjmVX^sjm`�b6Wa]_RU}�jX^6^6Wa`�b�Rq´�WGo�VXWak8]6^g\8Vmkf^s\8]6hyo6dfWG^�´�hijX^ejm`f^gl8W�t�R��Ghi` �*Wa`8]ejXo_d8jm]�VXWak8]�oGhi`8`pRUjX^6^1RU`foGW�Wab �
RU\8\8]6Wa`fl�]6W�Z
Ó�WG^n\8]6hi}�]�
G^nb6WGo6d8`8j V�kfWG^n]��qRUVmjX^ �G^noGWG^nl8Wa]e`8j�
a]6WG^ÀRU`8` �GWG^n`fhikf^n\�Wa]e{�Wabeb6Wa`cbÃl%L jm{|RU}�jm`fWa]=l8WG^*b6Wa]��

{�jm`pRUk�wÀ\8Vmkf^ujm`�b6WaVmVmjm}�Wa`cb6^KWab�V�k8j¶tvhi`foabejXhi`8`fWa]_RUjXWa`�bERG´�WGoEk8`�oGhi`cbe]��iVXW|l �GoGWa`cbe]_RUVmjX^���Z N Wa\JWa`flfRU`�bs`fhikf^`4L ��^6hi{�{�WG^g\pRi^gWa`foGhi]6W�Z~º¶hik8]El �G^ejm}�`fWa]gk8`¢`fhik8´�WqRUk%^e��^eb�
a{�W���VzR4{ �abedfhyl8W�l%L k8`oGhi`foGWa\8b6Wak8]EoaVzRi^��
^ej V�kfWgWG^ebBk8`fW�RU\8\8]6hyo6dfWEl8WG^6oGWa`flfRU`�b6W V�k8j�o6dfWa]6o_dfW ��oGhi`�be]��iVXWa]�VXW�^e�y^6b�
a{�Wsl8WsV L Wxwyb��a]ejXWak8]Z[ oGhi{�{�Wa`cb
oGhi`cbe]��iVXWa]�VXW�^e��^eb�
a{�WÏ\Jhik8] Vck4L jmV8^6WÏoGhi{�\Jhi]eb6WBl%L k8`fW�oGWa]eb_RUjm`fW�t�R��Ghi` � ¿�k�oGhi`cbe]_RUjm]6W���V L RU\8\8]6hyo6dfW?{Kk8VmbejÅ�
RU}�Wa`cbE�®RU\8\8]6h�o_dfWg{�hi`cb_RU`�b6WÈ�Bo_dfWa]6o6dfW ��oGhi`cbe]��iVXWa]DVXWg^6�y^eb�
a{�Wul8WsV L jm`�b��a]ejXWak8]�[�oGhi{�{�Wa`�b�oGhi`cbe]��iVXWa]�VXWG^
RU}�Wa`cb6^#\Jhik8]/RU]e]ejm´�Wa]��Ek8`ÃoGhi{�\�hi]eb6Wa{�Wa`cb�l8hi`8` �Kl�kn^e��^eb�
a{�Wu\pRU] �a{�Wa]e}�Wa`foGW �
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ºShik8]�]��G^6hikfl�]6W�VXW�\8]6hiT8V�
a{�W4l8W|V L RUVmVXhyoqRUbejXhi`¨l8W|]6WG^_^6hik8]6oGW~l �Goa]ejmb�lfRU`f^KVzRÃ^_WGoabejXhi` YDZ ��Zm«�Zm« � `fhikf^
RUVmVXhi`f^Ek8bejmVmjX^6Wa]Ek8`fW|{ �ab_R ��dfWak8]ejX^ebej V�kfW*l�jX^ebe]ejmT8k �GW*RU\8\�WaV �GW=Çxjm`�b6WaVmVmjm}�Wa`foGW*Wa`%WG^6^1RUjm{ÃÇÀ�vWxw�\8]6WG^6^ejXhi`%jm`��
be]6hyl�k8jmb6Wg\pRU] S Wa`8j�WabD³RU`8}�Wa`«qÍ�§�Í��x�fjm`f^6\8jm]��GW�l8WsV L hiTf^6Wa]e´�RUbejXhi`Àl8WG^#jm`f^6WGoab6WG^#^_h�oajzRUk�w�Z���`n\pRU]eVXW�jXoajl8W|oGhiVXhi`8jXWG^�RUk8b6hU��hi]e}cRU`8jX^��GWG^�l8W|\8Vmkf^ejXWak8]6^E{�jmVmVmjXhi`f^Kl%L jm`fl�jm´yjXl�kf^E]��qRUVmjX^_RU`cb�l8WG^�b��io_dfWG^�oGhi{�\8VXWxw�WG^El8W
{|RU`8j�
a]6W�l �GoGWa`cbe]_RUVmjX^��GW�Z M ¥sWG^ebKl �xÄf`8jXW�oGhi{�{�W�Çxk8`fW�jm`�b6WaVmVmjm}�Wa`foGW*oGhiVmVXWGoabejm´�W �a{�Wa]e}�WqRU`�b�l8W�}�]6hik8\�WG^l%L jm`fl�jm´yjXl�kf^#^ejm{�\8VXWG^ÈÇ|� S hi`pRUT�WqRUkÀRU`flÃRUV���«qÍ�Í�Í��xZ

M ¥�hUÊ�]6W k8`KWxw8oGWaVmVXWa`cbS{�hq��Wa`�l8W oGhi`�be]��iVXWa]�l8WG^¶^e��^eb�
a{�WG^�l�jX^ebe]ejmT8k �G^SoGhi{�\8VXWxw8WG^ �DV L RUjXl8W¯l8W \8Vmkf^6jXWak8]6^]�
a}�VXWG^?^ejm{�\8VXWG^?hi\ �a]��GWG^BRUk�`8jm´�WqRUk~VXhyoqRUV��8R Äf`�l%L RUT�hik8bejm] �gk8`4oGhi{�\�hi]eb6Wa{�Wa`cbD^6hik8dpRUjmb����µ]��G^6hiVmk8bejXhi`*l8W
\8]6hiT8V�
a{�W��fb��io_dfWgoGhi{�\8VXWxw8W��fWab6oÈ�?RUkn`8jm´�WqRUk*}�VXhiTpRUV�Z¯Y `*´iRU]ejzRU`�bDVXWG^B\pRU]_RU{	
abe]6WG^#l8WsoGhi`�be]��iVXW�hi`*\�Wak8b
]��qRUVmjX^6Wa]Dk8`noGhi{�\8]6hi{�jX^/Wa`cbe]6W�VzRE´�jmb6WG^_^6Wsl8WsoGhi`c´�Wa]e}�Wa`foGWEWabBVzR V�kpRUVmjmb��gl8WuVzR�^6hiVmk8bejXhi`ÃhiT8b6Wa`�kfW�Z
Ó�WG^�V�kpRUbe]6W�\8]ejm`foajm\�WG^ETpRi^ej VckfWG^El8W~V L RUk8b6hU��hi]e}cRU`8jX^_RUbejXhi` Vck8j�^6hi`cbEk8bejmVmjX^��G^E^6hi`cb [Et®WGWGl�TpRio6£¢\�h�^ejÅ�

bejÅte��t®WGWGl�TpRio6£` �a}cRUbejÅt���RU{�\8VmjÅÄpoqRUbejXhi`���jm`�b6Wa]_RioabejXhi`f^�{�k8Vmbejm\8VXWG^qZ=¸uW�\8Vmkf^q�SVXWG^E^e�y^6b�
a{�WG^ V�k8j t®hi`foabejXhi`��
`fWa`cb �4TpRi^6W~l8W M ¥u^�L RU\8\8k8jXWa`cb�^ek8]�l8WG^�jm`cb6Wa]_RioabejXhi`f^�l8W�b��y\�WT[�l�jm]6WGoab6WG^Ehik¢jm`fl�jm]6WGoab6WG^*�vWa`¢k8bejmVmjX^_RU`�bV L Wa`c´yjm]6hi`8`fWa{�Wa`cb�oGhi{�{�W�k8`fW|{ �a{�hijm]6W�oGhiVmVXWGoabejm´�W�}cRU]6lfRU`�bEV L d8jX^6b6hi]ej VckfW�l8WG^KWxw�\8VXhi]_RUbejXhi`f^E\pRi^6^��GWG^��
\8d �a`fhi{	
a`fWKRU\8\�WaV �g^ebejm{�Wa]e}�jXWÈ�xZ
¿�k%Äf`pRUV��¯k8`fW*oGhiVXhi`8jXW*l%L jm`f^6WGoab6WG^~^6hyoajzRUk�w �ÀVXWG^�\8]6hi\8]ej �ab��G^�jm`�b��a]6WG^6^_RU`cb6WG^~^ek8jm´�RU`cb6WG^WV�kpRU`fl¨WaVmVXW

]��G^6hik8buk8`�\8]6hiT8V�
a{�W�l8WKt®R��Ghi`�oGhiVmVXWGoabejm´�W<[#^6oqRUVzRUT8jmVmjmb��n�vWa`�`fhi{KT8]6W�l%L jm`fl�jm´�jXl�kf^sjm{�\8Vmj V�k �G^1�x�J¤pWxw�jmT8jmVÅ�
jmb��À�µ]��G^6jX^eb_RU`foGW�RUk�w¢\�Wa]ebek8]eTpRUbejXhi`f^�Wxwyb6Wa]e`fWG^x�x�¶]6hiT8kf^6b6WG^6^6W���l �GoGWa`cbe]_RUVmjX^_RUbejXhi`��ÏRUk8b6hU��hi]e}cRU`8jX^_RUbejXhi`(�µVXWG^
o6dfWa{�jm`f^ ´�Wa]6^¶VXWG^�^_hiVmk8bejXhi`f^�^6hi`cb �a{�Wa]e}�WqRU`cb6^ \8Vmk8b��ib)VckfWÏ\8]��Gl �xÄf`8jX^1�xZ�r/hib_RU{�{�Wa`cbq��`fhikf^ Rq´�hi`f^�be]6hik8´ �
VXW�oGhi{�\Jhi]eb6Wa{�Wa`�b�l8WG^u}�k �a\�WG^��vl�jm´�jX^ejXhi`�l�k�be]_RG´�RUjmV l��y`pRU{�j VckfWÈ��be]�
G^u\8]6hyo6dfWG^sl8W�oGW�VckfWE`fhikf^so_dfWa]��
o6d8jXhi`f^#\Jhik8]#V L RUVmVXh�oqRUbejXhi`*¤pWxw�jmT8VXWgl8Wg^6\JWGoabe]6W�Z

� ��
(��� � %= *+;B�) �!.�%= 

¸sRU`f^#oGWabeb6W�^6WGoabejXhi`n`fhikf^#Rq´�hi`f^Djm`cbe]6hyl�k8jmb#VXWg\8]6hiT8V�
a{�W�l%L hi\8bejm{�jX^_RUbejXhi` � �abekfl�jXWa]qZ¯Y�`f^ek8jmb6Wg`fhikf^
RG´�hi`f^�l �Goa]ejmb�V L RU\8\8]6hyo6dfW�VckfWÏ`fhikf^�RUVmVmjXhi`f^S^6k8jm´�]6WÏ\Jhik8]S^_R#]��G^6hiVmk8bejXhi`�� �#^1RG´�hijm]SV L k8bejmVmjX^_RUbejXhi`�l8W¯VzR#{ �ab_R �
dfWak8]ejX^ebej V�kfW�l%L jm`cb6WaVmVmjm}�Wa`foGW�Wa`�WG^6^_RUjm{n��RUk�´�kfWEl8WE^6WG^/\8]6hi\8]ej �ab��G^ujm`cb��a]6WG^6^_RU`�b6WG^s\�hik8]�VXWE\8]6hiT8V�
a{�W�l8W
V L RUVmVXhyoqRUbejXhi`Àl��y`pRU{�j VckfWgl8Ws^6\JWGoabe]6W�Z
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Ó�Wgb_RUT8VXWqRUk YDZ Î \8]��G^6Wa`�b6WgVzREVmjX^eb6W�l8WG^B`fhib_RUbejXhi`f^Dk8bejmVmjX^��GWG^�lfRU`f^DoGWabeb6Wg^6WGoabejXhi`�Z

:T;�=�?@=BA&;9D E<F�G�H/I A&K1=BA&;9D
γi

QSRUk�wnl8Ws\pR VckfWab6^Dbe]_RU`f^e{�jX^�Rq´�WGog^ekfoGo�
G^B\�hik8] M Q�¿ i

∆f
�#Ê�^6WabDWa`*tv]�� VckfWa`foGW�Wa`cbe]6WsV L jm`�b6Wa]�t �a]6Wak8]/WabDVXWu]��GoGWa\8b6Wak8]�l8WsVzRE´yjXoabejm{�W

d0
¸/jX^eb_RU`foGW�l8Ws]��xt �a]6Wa`foGWg\Jhik8]BVzR�\8]6hi\pRU}cRUbejXhi`=Wa`nWG^e\pRioGWsVmjmT8]6W

k N hi`f^eb_RU`�b6W�l8W S hiVmbeÑG{|RU`8` �É«�Z Î�§�«uw�«q© �Áª�Î�³ �U¼�Ñ � �
n

Y�w�\�h�^_RU`cbD\�hik8]DVzRE\�Wa]eb6Ws\pRU]B\8]6hi\pRU}cRUbejXhi`
t

Ò�`*jm`f^eb_RU`cb/lfRU`f^BVXWub6Wa{�\f^
B

Ó�RU]e}�Wak8]/l8WuTpRU`fl8W�l�k*]��GoGWa\8b6Wak8]
CBlocking

r�jm´�WqRUkÃl%L jm`�b6Wa]�t �a]6Wa`foGW�]6W��akÃl%L k8`njm`cb6Wa]�t �a]6Wak8]�l �=RUk*T8VXh�o_£�jm`8}
CInterf Total

r�jm´�WqRUknb6hib_RUV�l%L jm`�b6Wa]�t �a]6Wa`foGW�]6W��ak ��k8`*]��GoGWa\8b6Wak8]/WabB´�Wa`pRU`cb�l%L k8`À^6Wak8V�jm`cb6Wa]�t �a]6Wak8]
CSpurious

r�jm´�WqRUkÃl%L jm`�b6Wa]�t �a]6Wa`foGW�]6W��akÃl%L k8`njm`cb6Wa]�t �a]6Wak8]�l �=RUk �a{�jX^6^ejXhi`f^D\pRU]_Ri^6jmb6WG^
FT

¥Á`fl8Wxw*l%L � Vck8jmb��gl8W�¬cRUjm`n\�hik8]DWG^ebejm{�Wa]DV L � V�k8jmb��gl%L k8`fWsb6hi\�hiVXhi}�jXW
GRx

j

�gRUjm`Ãl8WuV L RU`cb6Wa`8`fWKl8W M Q�¿ j
� PDwf�

GTx
i

�gRUjm`Ãl8WuV L RU`cb6Wa`8`fWKl8W M Q�¿ i
�vQ�wp�

GT
¸ �aT8jmbDk8bejmVXWKRU}�]��a} �s\Jhik8]#VXWs^e�y^6b�
a{�W

Ij M hi{�{�W�l8Wsb6hik8b6WG^DVXWG^D^6jm}�`pRUk�w�jm`�b6Wa]�t �a]6Wa`�b6^ � M Q¶¿ j

K
r/hi{�T8]6WKl%L �aV �a{�Wa`cb6^/l8WuVzR�¥Á·�·�Q

N
r/hi{�T8]6WKl%L k8bejmVmjX^_RUb6Wak8]6^#Wa`ÃoGhi{�\ �abejmbejXhi`ÃlfRU`f^#k8`fWsoGWaVmVmk8VXW

Nthermal

r�jm´�WqRUkÃl8WuT8]ek8jmbDbedfWa]e{�j V�kfW
PLij

ºSWa]eb6Wg\pRU]#\8]6hi\pRU}cRUbejXhi`ÀWa`cbe]6W M Q�¿ i
Wab M Q�¿ j

PL(d)
º¶Wa]eb6W�\pRU]D\8]6hi\pRU}cRUbejXhi`À^6k8]BVzR�l�jX^eb_RU`foGW

d

PL(d0)
ºSWa]eb6Wg\pRU]D\8]6hi\pRU}cRUbejXhi`=Wa`nWG^e\pRioGWsVmjmT8]6W|�v^6k8]BVzR�l�jX^eb_RU`foGW

d0
�

PR
º�]6hib6WGoabejXhi` P�RUbejXh�l�k*]��GoGWa\8b6Wak8]/Wa`*{�h�l8W|«

PR(Modei)
º�]6hib6WGoabejXhi` P�RUbejXh�l�k*]��GoGWa\8b6Wak8]/Wa`*{�h�l8W

i

P Tx
i

º k8jX^6^_RU`foGWgl8WgQ�w4l�kÃ\pR VckfWab#l8W M Q¶¿ i

Rij
r�jm´�WqRUkÃl8Ws^ejm}�`pRUV�]6W��ak � M Q�¿ j

´�Wa`pRU`�b�l8W M Q¶¿ i

T
·8]�� V�kfWa`foGW�l%L �Go_dpRU`cbejmVmVXhi`8`pRU}�W��/·�¸u¹

TKelvin

Q¶Wa{�\ �a]_RUbek8]6WERUTf^6hiVmkfW�± �sWaVm´yjm`�²
S

Y�Ì|oqRioajmb��Kl�kn\8]6hib6hyoGhiVXWg¥ÁY¯Y Y°§�©�ª�Zm«�«g¹=¿ N
S1

r�jm´�WqRUkÃl8Ws^6Wa`f^6jmT8jmVmjmb��gl�kn{�hyl8W�«
Sj M hi{�{�W�l8Wsb6hikf^BVXWG^B`8jm´�WqRUk�wnl8Wg^ejm}�`pRUk�w4]6W��akf^�� M Q¶¿ j

St
r�jm´�WqRUkÃl8Ws^6Wa`f^6jmT8jmVmjmb��gl�kn{�hyl8W�«s\8Vmkf^#ª�©�l S

QSRUT8VXWgYDZ Î@[ Ó�jX^6b6Wgl8WG^B`fhib_RUbejXhi`f^�\Jhik8]DoGWabeb6Wg^_WGoabejXhi`
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�/·�¸u¹ WG^eb�k8`fW4b6WGo_d8`8j VckfWÀl8W4be]_RU`f^e{�jX^6^ejXhi` Vck8jBk8bejmVmjX^6W*l�kN{�k8Vmbejm\8VXWxwfRU}�WÃWa` tv]�� VckfWa`foGW�µ\8Vmkf^6jXWak8]6^
^6hikf^���\�hi]eb6Wakf^6WG^1�#h���V L jm`�tvhi]e{|RUbejXhi`¢WG^6b�be]_RU`f^e{�jX^_WK^ek8]so_dpR VckfW MON ZJY�`�\8Vmkf^sl%L hUÊJ]ejm]ul8WG^/dpRUk8b6^sl �aT8jmb6^\�hik8]�VXWG^E^e�y^6b�
a{�WG^�^_RU`f^�ÄfV��SVzR*b6WGo6d8`fhiVXhi}�jXWn�/·�¸u¹ R*VXWG^K\8]6hi\8]ej �ab��G^�oaV �G^K^ek8jm´�RU`cb6WG^ [�hUÊJ]6W|k8`T�hi`
\pRio6£yjm`8}�Wa`¢tv]�� VckfWa`foGW���± [cª ²��?± [cÎ ²���± [�[ ²µ�x��hUÊ�]6W�k8`fW~TJhi`8`fW|}�]_RU`ck8VzRU]ejmb��4l8W|l �GoGhik8\pRU}�W4Wa`tµ]�� V�kfWa`foGW��
T�hi`8`fWs]��G^ejX^eb_RU`foGW�RUk�w4{�k8VmbejÅ��be]_R � Wab6^qZ

N Wa\�Wa`flfRU`cbq��V L jm{�\8V �a{�Wa`�b_RUbejXhi`Nl8W�VzRnb6WGo6d8`fhiVXhi}�jXWn�/·�¸/¹'l8hijmb�t®RUjm]6W�t®RioGW �nl8W|`fhi{�T8]6Wak�w�o_dpRUVÅ�VXWa`8}�WG^Ïb6WaVX^ V�kfW [Sl8WG^¯\8]6hiT8V�
a{�WG^�l8WD`fhi`���Vmjm` �qRU]ejmb�����l8WG^ÏVmjm{�jmb_RUbejXhi`f^Ïl8W�ºA¿/º)P���^6Wa`f^ejmT8jmVmjmb��#\8Vmkf^¯jm{�\�hi]��
b_RU`cb6W �EV L hUÊ�^_WabDWa`*tµ]�� V�kfWa`foGWgWab �EVzR�l �a]ejm´�W VckfWuVXWG^D^6�y^eb�
a{�WG^���^ejm{�\8VXWs\�hi]eb6Wakf^6W�Z
¹�RUVm}�]���oGWG^�Vmjm{�jmb_RUbejXhi`f^q�yVzR�b6WGo6d8`fhiVXhi}�jXW��/·�¸u¹�WG^ebÏbe]�
G^Ï\8]6hi{�Wabeb6Wakf^_W/Wab?l8W�`fhi{�T8]6Wak�w�^6b_RU`flfRU]6l8^

´�hi`cbuV L k8bejmVmjX^6Wa]soGhi{�{�WETpRi^6WE\�hik8]�VzR~oGhikfo6dfW�\8d��y^ej V�kfWKb6WaVX^RV�kfW [DY Q M ¥#¸#¿ S �J¿�¸ M Ó ��Ò�³ S �p¥¦Y Y Y§�©�ª�Zm«�� �Áª�©�©U[s^eb_RU`flfRU]6lg\�hik8]��Bjm]6WaVXWG^_^¶¹=¿�rF�µ³�jX¹À¿ �g�x� �/·�¸/¹ÉWG^6b�k8`KoqRU`fl�jXlfRUbS\�hik8]�VXWG^¶^6�y^eb�
a{�WG^¶l8W
oGhi{�{�k8`8jXoqRUbejXhi`f^#[ � {�hiT8jmVXWG^q�yVXWG^�^6b_RU`flfRU]6l8^BY Q M ¥ ¸ X S ��Q,��«qÍ�Í/Y��ÏWab?¸ X S ��¼��®ª�©�©U[��x��VXWG^�^6b_RU`flfRU]6l8^¥¦Y Y YÐ�Bjm]6WaVXWG^_^#Ó�¿/r>�v¥¦Y Y Y�§�©�ª�Zm«�«qRn± ª ²Ï��«qÍ�Í�Í��DWabD¥ÁY Y¯Y°§�©�ª�Zm«�«a}=�®ª�©�©�ª��xZ

� � ����� >@#&D �!DE �"$:<"/.0%� '*) � � � � ���=1(���=�

Ó�W|^eb_RU`flfRU]6l�¥ÁY¯Y YM§�©�ª�Zm«�«~WG^eb�k8`�^eb_RU`flfRU]6l%l8W�]��G^6WqRUk�VXh�oqRUV�^_RU`f^sÄfV Vck8j�oGhi{�\8]6Wa`fl\8Vmkf^6jXWak8]6^
´�Wa]6^ejXhi`f^q�poGhi{�{�Ws\8]��G^6Wa`cb��KoajÅ�ÁRU\8]�
G^�Rq´�WGosk8`fWgWxw�\8VmjXoqRUbejXhi`Ãl8WsVXWak8]D{�jX^6^6jXhi`*]6WG^e\JWGoabejm´�W [

• §�©�ª�Zm«�«qR@[¯\Jhik8]Dl8WG^�l �aT8jmb6^B\8Vmkf^ �aVXWa´ �G^ �|�Z [ �u¼#Ñ

• §�©�ª�Zm«�«aT4[Ï^eb_RU`flfRU]6l*jm`8jmbejzRUV ��ª�Z [ �s¼#Ñ

• §�©�ª�Zm«�«Go\[Ïhi\ �a]_RUbejXhi`Ãl8Wg\Jhi`�b

• §�©�ª�Zm«�«Gl%[ÏWxÊ�hi]ebB}�VXhiTpRUVSl%L dpRU]e{�hi`8jX^_RUbejXhi`ÀWa`�be]6WgVXWG^Bjm`f^eb_RU`foGWG^#l8Ws]��a}�k8VzRUbejXhi`f^#jm`�b6Wa]e`pRUbejXhi`pRUVXWG^

• §�©�ª�Zm«�«GW\[ U h M \Jhik8]BVXWG^#^6Wa]e´�jXoGWG^Db6Wa{�\f^D]��GWaVX^Bjm`foaVmkpRU`�b�l8WsVzR�l�jÅÊ�Wa]6Wa`cbejzRUbejXhi`�l8Wg^6Wa]e´yjXoGW

• §�©�ª�Zm«�«xt [�jm`cb6Wa]6hi\ �a]_RUT8jmVmjmb��EWa`cbe]6WgVXWG^#¿�º

• §�©�ª�Zm«�«a}�[¯\Jhik8]Dl8WG^�l �aT8jmb6^B\8Vmkf^ �aVXWa´ �G^ �|ª�Z [ �u¼#Ñ

• §�©�ª�Zm«�«ad4[�{ �GoqRU`8jX^6{�Wsl8W�oGhi`�be]��iVXWgl8W#\8k8jX^_^_RU`foGWuWab?l8Wu^��aVXWGoabejXhi`*l��y`pRU{�j VckfWul8W�tv]�� VckfWa`foGW/\�hik8]k8`fW�oGWaVmVmk8VXW��fWa`n\8Vmkf^Dl�kÀ§�©�ª�Zm«�«qR

• §�©�ª�Zm«�«aj [�RU{ �aVmjXhi]_RUbejXhi`Àl8WsVzR�^��Goak8]ejmb��KRUkn`8jm´�WqRUkÃl8WuVzR�oGhikfo_dfW�¹=¿ N
• ¸�L RUk8be]6WG^�Wxw�b6Wa`f^ejXhi`f^�[s§�©�ª�Zm«�«a`¢\�hik8]KRq´�hijm]�l8WG^ube]�
G^sdpRUk8b6^gl �aT8jmb6^��®RU{ �aVmjXhi]_RUbejXhi`�l8W�VzR4oGhikfo6dfW¹=¿ N Wab�l8W�VzR�oGhikfo6dfWnº¯¼D½��x��Wab�¥ÁY Y¯Y §�©�ª�Zm«�«a�F± �« ²?VzRU`fo �n]��GoGWa{�{�Wa`cb�\�hik8]|RU]e]ejm´�Wa] �=k8`fWoGhyWxw�jX^eb6Wa`foGW�RG´�WGo�l%L RUk8be]6WG^#^e��^eb�
a{�WG^D¥¦Y Y Y�§�©�ª�Zm«�«�Z
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X hijXoaj1V�kfWaV V�k4L k8`f^#l8WG^B\8]6hiT8V�
a{�WG^�WabDVmjm{�jmb_RUbejXhi`f^D]6Wa`foGhi`�be]��GWG^#\pRU]DVXWG^#l8WG^D^e��^eb�
a{�WG^#§�©�ª�Zm«�«W[

• N hyWxwyjX^6b6Wa`foGWKl8WG^�{�h�l8WG^ul8WKbe]_RU`f^e{�jX^6^ejXhi` [?Ó�WEoqRU`pRUVSWG^eb/\pRU]eb_RU} �K\pRU]�b6hikf^/VXWG^�k8bejmVmjX^_RUb6Wak8]6^ul8WVzR�oGWaVmVmk8VXW�Z ¥�V�Wxw�jX^eb6Wu\8Vmkf^ejXWak8]6^#{�h�l8WG^#l8WsQ�wnl8hi`8`pRU`cb�VmjXWak �E\8Vmkf^ejXWak8]6^Dl�k8]��GWKl8WsQ�w�Z ¸sRU`f^Bk8`fW
oGWaVmVmk8VXW�RG´�WGo�k8`fWg´�RU]ej �ab��Kl8Wg{�h�l8WG^/l8W�Q�w��pVzR�´yjmb6WG^6^6Wgl8WgQ�wÃl8WG^#k8bejmVmjX^1RUb6Wak8]6^�^6Wgbe]6hik8´�W�]_RUVXWa`�bej
\pRU]#V L k8bejmVmjX^_RUb6Wak8]#VXWu\8Vmkf^BVXWa`�bqZ

• N hiVmVmjX^ejXhi`f^�Wab¶`fh�Wakfl8^SoqRio6d �G^�[�Y�`E{�hyl8W¯¸ N ·*VXW¯oGhi`�be]��iVXW?l8W VzRDoGhyhi]6l�jm`pRUbejXhi`�WG^eb¶l�jX^ebe]ejmT8k ��Wa`cbe]6Wb6hik8b6WG^KVXWG^ M Q¶¿�^EoqRUkf^_RU`�bKl8WG^EoGhiVmVmjX^ejXhi`f^~�®RU]e]ejm´�W�l 
G^ V�kfW|ª*`fhyWakfl8^g`fhi`%oqRio6d �G^Kbe]_RU`f^e{�Wabeb6Wa`cb^6jm{�k8Vmb_RU` �a{�Wa`cb�hik,VckpRU`fl¨ªÀ`fh�Wakfl8^�oqRio_d �G^�be]_RU`f^e{�Wabeb6Wa`�b�l8WG^�\pR VckfWab6^ V�k8jB^6W~o_dfWa´iRUkfo_dfWa`cbq�
]��G^6k8Vmb_RU`cb|lfRU`f^|RUkfoak8`N\pR VckfWab�oGhi]e]6WGoab6Wa{�Wa`�b~l �GoGhyl �È�xZ%Ò�`¨`fhyWakfl¨oqRio6d �nWG^eb	�=\�hi]eb��GW*l8W4VzR
l8WG^6bejm`pRUbejXhi`�l%L k8`~{�WG^6^_RU}�W���{|RUjX^¯dfhi]6^�l8WD\�hi]eb��GW#l8WD^_hi`|be]_RU`f^e{�Wabeb6Wak8]qZ Ó¶RgoGhi`f^�� V�kfWa`foGW�WG^6b k8`
RioGoa]6hijX^_^6Wa{�Wa`cb/l�kn`fhi{�T8]6WKl8WsoGhiVmVmjX^ejXhi`f^#Wab#l8WG^D\JWa]�t®hi]e{|RU`foGWG^#l �a}�]_Ril �GWG^qZ

• Y�Ê�Wabnl8W�oqRU\8bek8]6W [ RU]e]ejm´�W�l 
G^<Vck4L k8`F]��GoGWa\8b6Wak8]nWG^ebnoqRU\pRUT8VXW�l8W�l �GoGhyl8Wa]noGhi]e]6WGoab6Wa{�Wa`cbÀk8`{�WG^_^_RU}�WDbe]_RU`f^e{�jX^�Wa`�{ �a{�W�b6Wa{�\f^ V�kfWD\8Vmkf^ejXWak8]6^�RUk8be]6WG^qZ�Ó)L WxÊ�WabÏl8W�oqRU\8bek8]6W#WG^ebÏb6hik � hik8]6^¯\8Vmkf^
T �a` �xÄ>V�kfWs\Jhik8]BVXW�l �aT8jmb#l�kÃ^e��^eb�
a{�WQV�kfWuVzR�oGhiVmVmjX^ejXhi`ÃoqRU]�RUkn{�hijm`f^Dk8`n\pR VckfWab�WG^ebDl �GoGh�l ��Z

� � ����� > :�#/:
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�
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Ó�W*T8k8b|l8WG^|^6jm{�k8VzRUbejXhi`f^ VckfW*`fhikf^�RG´�hi`f^|t®RUjmb6WG^ �ab_RUjmb~l8WTV�kpRU`cbejÅÄpWa]~VXWG^|oGhi{�\�hi]eb6Wa{�Wa`cb4l8W*VzR
b6WGo6d8`fhiVXhi}�jXW�§�©�ª�Zm«�«qR�\�hik8]Dl�jÅÊ �a]6Wa`�b6^�l �a\8VXhijXWa{�Wa`�b6^�l8W�oGWaVmVmk8VXWG^#WabDl%L k8bejmVmjX^_RUb6Wak8]6^qZ
Ó�WG^#{ �abe]ej VckfWG^ �abekfl�j �GWG^#lfRU`f^DVXWG^#^ejm{�k8VzRUbejXhi`f^/^6hi`cb [

• Ó�WÀl �aT8jmb�k8bejmVXW\[Ãl �xÄf`8j/oGhi{�{�WnVzR�]_RU\8\�hi]eb|Wa`�be]6WnVzR�o_dpRU]e}�Wnk8bejmVXWÃWa`�´�hq� �GW=Wab�VXW*b6Wa{�\f^|b6hib_RUV` �GoGWG^_^_RUjm]6Ws\�hik8]DVzREbe]_RU`f^e{�Wabebe]6W�Z
• Ó)L WxÌ|oqRioajmb��~l�k�\8]6hib6h�oGhiVXW�¹=¿ N S

[/Wa`�b6Wa]e{�W�l8W�]��G^6Wa]e´iRUbejXhi`¢l�k�oqRU`pRUV Wabgl8WEVzR�be]_RU`f^e{�jX^6^6jXhi`
l8WgVzR�lfRUb_R�RG´�WGoK^ekfoGo�
G^��vWxw�\8]ejm{ �gWa` ����b6WaV1V�kfW [

S =

r/hi{�T8]6WKl8Wube]_RU{�WG^#¿ N � RUbeb6Wa`fl�kfWG^�Wa`n]��GoGWa\8bejXhi`r/hi{�T8]6WKl8WQPSQ M be]_RU{�WG^Dbe]_RU`f^e{�jX^6WG^Rq´�WGogÇxbe]_RU{�WB¿ N �(RUbeb6Wa`fl�kfWBWa`�]��GoGWa\8bejXhi`�ÇBoGhi]e]6WG^e\�hi`fl ��k8`fW?]��a\�hi`f^6WBRG´�WGoB^ekfoGo�
G^ ��k8`fWsÇ P�Q Mbe]_RU{�Wgbe]_RU`f^e{�jX^6W�ÇiZ
• Ó�Wgb_RUk�w4l8WgoGhiVmVmjX^6jXhi`
• Ó�WKl �aVzRUj�{�hÈ��Wa`=l%L RioGo�
G^�[�l �xÄf`8j�oGhi{�{�WgVXWgb6Wa{�\f^#{�hq��Wa`=\pRi^6^��s\pRU]�k8`Ã\pR V�kfWab�lfRU`f^#VzRWV�kfWakfW¹=¿ N ��j�Z W�Zm�Sl8Wa\8k8jX^�V L jm`f^6b_RU`cbKh��jmV¯WG^ebg{�jX^KlfRU`f^gVzR<V�kfWakfW � kf^ Vck4L �noGWWVck4L jmVÏ^6hijmb�oGhi]e]6WGoab6Wa{�Wa`cbbe]_RU`f^6{�jX^qZ

ºShik8]/l �ab6Wa]e{�jm`fWa]�V L � Vck8jmb��Kl�kn\8]6hib6hyoGhiVXW�¹=¿ N hi`Ãk8bejmVmjX^6WgV L jm`fl8Wxw*l8WK¬cRUjm`�± �ª ²�Z�Y�}cRUVXWa{�Wa`�bq�p\�hik8]oqRU]_Rioab��a]ejX^6Wa]�VzR�l�jX^6\JWa]6^ejXhi`ÐWxw�be]��a{�W*l%L k8`fWn^��a]ejXW*l8W4´�RUVXWak8]6^q�Ïhi`¨k8bejmVmjX^6W*VzR=]_RU\8\�hi]eb�Wa`cbe]6W*VzR=´�RUVXWak8]
{|R w�jm{�k8{ WabB{�jm`8jm{Kk8{ \pRU]e{�j�b6hikf^BVXWG^Bk8bejmVmjX^_RUb6Wak8]6^qZ
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� � � � ����� � � K�?OH\= ��F 
&? ��A&G =�I A � �1=BA&;9D ��F
G �1=BA�
 ACGB?@=�F ��I G

Ó�WÃT8k8b~l8WnoGWÀ^6oGWa`pRU]ejXhWG^6b|l%L jm`c´�WG^ebejm}�kfWa]4V L jm{�\pRioab�l8WnVzR�l�jX^ebe]ejmT8k8bejXhi` l8WG^�k8bejmVmjX^1RUb6Wak8]6^~^ek8]~VXWG^
\�Wa]�tvhi]e{|RU`foGWG^?l�k�\8]6hib6h�oGhiVXW/¹À¿ N Zyr/hikf^�Rq´�hi`f^?{�hi`cbe]��/\pRU]Ï^ejm{Kk8VzRUbejXhi`TVckfW#VXW#\8]6hib6hyoGhiVXW/¹À¿ N �ab_RUjmb
be]�
G^u^6Wa`f^ejmT8VXW �|VzR|b6hi\�hiVXhi}�jXW�l8WEVzR~oGWaVmVmk8VXW���l8hi`8`pRU`�bsVmjXWak ��k8`�^e��^eb�
a{�WE^e\pRUbejzRUVXWa{�Wa`cbg`fhi`�� V�k8jmb_RUT8VXW
lfRU`f^BV L RioGo�
G^/RUkÃoqRU`pRUV�]_Ril�jXh�Wab?t�RG´�hi]ejX^_RU`�b#VXWG^Bk8bejmVmjX^1RUb6Wak8]6^Dbe]�
G^D\8]�
G^#l�kn\Jhijm`�b#l%L RioGo�
G^qZ
r/hikf^/Rq´�hi`f^u^ejm{�k8V �Ek8`Ãb6Wa{�\f^ul8W�ª�©�©i^q��RG´�WGoEk8`Ã`fhi{KT8]6WEl%L k8bejmVmjX^1RUb6Wak8]6^��µk8`8jÅtvhi]e{ �a{�Wa`�bs]��a\pRU]ebejX^

lfRU`f^�VzR=oGWaVmVmk8VXWÈ��lfRU`f^�VzR�oGWaVmVmk8VXW4´�RU]ejzRU`cb|l8W* �À[c©�Z Ó�RÃÄf}�k8]6W YDZ  \8]��G^6Wa`�b6W
S
´�Wa]6^ekf^�VXW4`fhi{�T8]6W

l%L k8bejmVmjX^_RUb6Wak8]6^�lfRU`f^DVzR�oGWaVmVmk8VXW�WabDl8WgVzR�l�jX^eb_RU`foGW �EV L ¿/º¶Z

Nb de Rx paquets ACK / Nb de Tx paquets RTS [%]

Mode 8
Mode 7
Mode 6
Mode 5
Mode 4

Valeur moyenne (Niveau cellule)

0
10

20
30

Dist a
l’AP [m]

5 10 15 20 25 30 35 40
Charge de la cellule [nb utilisateurs]

30

35

40

45

50

55

60

65

70

75

80

85

90

·Sjm}�k8]6WgYDZ @[
S
� ��� X Wa]6^ekf^B`fhi{KT8]6W�l8Ws`fhyWakfl8^DWab#l�jX^eb_RU`foGW �EV L ¿�º

Ó�WG^�`fhyWakfl8^#`4L Rq�cRU`cbQVckfW�\JWak=l%L hi\8\Jhi]ebek8`8jmb��G^ul%L RioGo�
G^uRUkÀoqRU`pRUV�^6hik�Ê�]6Wa`cbul%L k8`Ã\�hik8]6oGWa`cb_RU}�WEjm{��
\�hi]eb_RU`cbsl8W�oGhiVmVmjX^ejXhi`f^sWab/l%L k8`�b6Wa{�\f^sl%L RUbeb6Wa`�b6W�VXhi`8}4Wa`�be]6W�ª|Q�w���l8hi`8`pRU`�bsVmjXWak �~l8WE\8j�
abe]6WG^/\JWa]�t®hi]��
{|RU`foGWG^qZsÓ)L jm`8j V�k8jmb���^e\pRUbejzRUVXW�WG^eb �a´�jXl8Wa`�b6W �ab_RU`cbgl8hi`8` ��V�kfW�{ �a{�WEVXWG^uk8bejmVmjX^_RUb6Wak8]6^ube]_RU`f^e{�Wabeb_RU`�bsVzR
{ �a{�W V�kpRU`cbejmb��Kl8WslfRUb_R�k8bejmVXWghi`cb�l8WG^Dhi\8\Jhi]ebek8`8jmb��G^/l�jÅÊ �a]6Wa`cb6WG^#l%L RioGo �Gl8Wa]uRUkÃoqRU`pRUV�Z

� � � � ����� � D�=�F
I  � IJF�D�H/F F�D�=�IJF 
&F
G H/F 
�
 � 
&F�GWF�D ��� � ��� � ? � K�?OG ��F H/;�D�=�I�� 
&F ��F K ��A&G�G�?�D�H/F��

��`R�^ejm{Kk8V ��\8Vmkf^ejXWak8]6^s^6o �a`pRU]ejXh�^�Rq´�WGo�\8Vmkf^ejXWak8]6^soGWaVmVmk8VXWG^gWabs\8Vmkf^6jXWak8]6^gl�jX^eb_RU`foGWG^sWa`cbe]6W�VXWG^gRioGo�
G^
\�hijm`cb6^Ãl8WG^Ãl�jÅÊ �a]6Wa`�b6WG^ÃoGWaVmVmk8VXWG^qZ Ó�W�T8k8b �ab_RUjmbÃl%L jm`c´�WG^6bejm}�kfWa]À^�L jmVs�FRG´�RUjmbÃl8WG^noGhi`�be]_RUjm`cb6WG^�l8W�l �x�
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\8VXhijXWa{�Wa`cb6^	�Ã]6WG^e\�WGoab6Wa]ElfRU`f^Kk8` oqRi^ERq´�WGo~\8Vmkf^6jXWak8]6^EoGWaVmVmk8VXWG^E\�hik8]KoGhi`f^6Wa]e´�Wa]�VXWG^K\JWa]�t®hi]e{|RU`foGWG^�l�k
]��G^6WqRUk��f^6j�V L hi`n\�hik8´iRUjmbBt�RioajmVXWa{�Wa`cb�]��ak8bejmVmjX^6Wa]#VXWG^#oqRU`pRUk�wÃWa`n\JhyhiV�hiknT8jXWa`Ã^BL jmV�t®RUVmVzRUjmb#\8Vmkf^#l8WgoGhyhi]6l�jÅ�
`pRUbejXhi`�Z
Ó�RgoGhi`foaVmkf^ejXhi`~WG^eb Vck4L jmV8t�RUk8b�\8]6Wa`fl�]6W#Wa`~oGhi{�\8b6WDVzRs^��a\pRU]_RUbejXhi`�Wa`�tv]�� VckfWa`foGWDWabÏWa`|l�jX^eb_RU`foGWDWa`�be]6W

VXWG^�¿�º ^�R Äf`�l8W�^6WD\8]��a{Kk8`8jm]BoGhi`cbe]6W/l8WG^¯\8]6hiT8V�
a{�WG^?l%L jm`cb6Wa]�t �a]6Wa`foGW/jm`cbe]_R ��^e��^eb�
a{�W/Wa`�§�©�ª�Zm«�«qR�Z ¥ÁV8t�RUk8b
l8hi`fo/\8Vmkf^?l8W/oGhyhi]6l�jm`pRUbejXhi`nWa`cbe]6W/VXWG^?¿/º ^BR Äf` V�kfW/l8WG^Ïk8bejmVmjX^1RUb6Wak8]6^D^ejmbek �G^?lfRU`f^?l8WG^�oGWaVmVmk8VXWG^?´�hijX^6jm`fWG^
`fWs^�L jm`�b6Wa]�t 
a]6Wa`�b#\pRi^B\�Wa`flfRU`cb�VXWsl �a]6hik8VXWa{�Wa`cb�l�kÃ\8]6hib6h�oGhiVXWg¹=¿ N Z8¸uWu\8Vmkf^q�8k8`fWu{�WajmVmVXWak8]6W�jX^6hiVzRUbejXhi`l8WG^�oqRU`pRUk�w�\Jhik8]e]_RUjmb �a}cRUVXWa{�Wa`cbDRUjXl8Wa] �s{�jXWak�w|^��a\pRU]6Wa]ÏVXWG^ÏoqRU`pRUk�w~Wab�l8hi`foD{�jXWak�w|jX^_hiVXWa]Ïl8WG^�oGWaVmVmk8VXWG^
³ Ó�¿�r:´�hijX^ejm`fWG^qZ

� � ��� � � %= *+;B�) �!.�%= 

¸uRU`f^/oGWabeb6WE^6WGoabejXhi`À`fhikf^/\8]��G^6Wa`�b���VzR|b6WGo6d8`8j V�kfW��/·S¸u¹�Rq´�WGoK^_WG^/Rq´iRU`�b_RU}�WG^q��^6WG^#jm`foGhi`�´ �a`8jXWa`cb6^
WabD^6WG^�\�Wa]6^e\JWGoabejm´�WG^ÈZ�r�hikf^DRq´�hi`f^ �a}cRUVXWa{�Wa`cb�\8]��G^6Wa`cb��QV�kfWaV VckfWG^#^ejm{�k8VzRUbejXhi`f^B]��qRUVmjX^ �GWG^D^ek8]?VzRE{�jX^6WuWa`
�a´yjXl8Wa`foGWgl8W V�kfWaV VckfWG^B\8]6hiT8V�
a{�WG^�l�kÀ§�©�ª�Zm«�«qR�Z
¸sRU`f^�VzRB^6k8jmb6W�l8W�`fhibe]6W�be]_RG´�RUjmV�`fhikf^�WG^_^_RG��Wa]6hi`f^¶l8W�be]6hik8´�Wa]�l8WG^�RUVm}�hi]ejmbed8{�WG^¶jm`cb6WaVmVmjm}�Wa`�b6^¶l%L RUVmVXhyoqRUbejXhi`

l8Wg^e\�WGoabe]6Wu\�hik8]Dl8WG^#^e��^eb�
a{�WG^?³ Ó�¿�r V�k8j�]��G^6hiVm´�Wa`cb�VXWG^B\8]6hiT8V�
a{�WG^#jXl8Wa`�bejÅÄ �G^#lfRU`f^�oGWabeb6Wg^6WGoabejXhi`�Z
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� ���(��� � . � "$D ' D �  %�"$:<"/.0%� � 3 %=),# + D�"!"5D �!DE+-"/.0%= 

Ó�Wgb_RUT8VXWqRUk YDZ [ \8]��G^6Wa`�b6WgVXWG^B`fhib_RUbejXhi`f^#k8bejmVmjX^��GWG^#lfRU`f^#oGWabeb6Wg^6WGoabejXhi`�Z

� ���(��1 2 � � � � + %=B�B�DE+-"/. � DE 
�
%=.�D 6 %= �"5:
 ="5D

r�hikf^#k8bejmVmjX^6hi`f^�l8WgV L �/·S¸u¹=¿ �µk8`fW�Wxw�b6Wa`f^ejXhi`Ã{Kk8VmbejÅ��k8bejmVmjX^_RUb6Wak8]6^sl8WgV L �/·�¸u¹��xZpÓ)L jm`�b��a]��abuWG^6b#l8W
\�hik8´�hijm]ERilfRU\8b6Wa]EV L RUVmVXh�oqRUbejXhi` l8WG^ MON ^EWa`cbe]6W~VXWG^gk8bejmVmjX^1RUb6Wak8]6^�RUk�}�]��|l8WG^�´iRU]ejzRUbejXhi`f^�l8WG^�oGhi`fl�jmbejXhi`f^]_Ril�jXh8Z�Ó�R*}�]_RU`�k8VzRU]ejmb��|{�jm`8jm{Kk8{Ë\�hik8]gk8`fW�]6WG^6^_hik8]6oGW�]_Ril�jXhÃ^6Wa]_R*V L k8bejmVmjX^_RUbejXhi`�l%L k8`fW~^6hikf^���\�hi]eb6Wakf^6W
�/·�¸u¹ \JWa`flfRU`�b4k8`fWÀ\ �a]ejXhyl8WÀl8WÀb6Wa{�\f^qZMÓ)L �/·�¸u¹À¿ hUÊJ]6WÀk8`Fl �GoGhik8\pRU}�W=l�kF^e\�WGoabe]6W�RG´�WGo=k8`fW
be]�
G^�TJhi`8`fW�}�]_RU`ck8VzRU]ejmb���Wab�^1RU`f^Bt®hi]6o �a{�Wa`cbgRG´�hijm]ul8WG^#T8VXhyoG^/l8Wstv]�� VckfWa`foGWG^/oGhi`cbejm}�kf^/\�Wa]e{�Wabeb_RU`cbuk8`fW
{�WajmVmVXWak8]6Wgk8bejmVmjX^1RUbejXhi`Ãl8WG^Bbe]6hikf^#lfRU`f^DVXWg^e\�WGoabe]6W�± Î�Í ²�Z
r/hikf^�`fhikf^�jm`cb��a]6WG^_^6hi`f^¯RUk�w�{ �GoqRU`8jX^e{�WG^�\�Wa]e{�Wabeb_RU`cb¯l8W?]��qRUVmjX^6Wa]�k8`fWDRUVmVXhyoqRUbejXhi`��/·�¸u¹À¿°Wa`�´�hijXW

{�hi`cb_RU`�b6W�Z Y�`�k8bejmVmjX^_RU`�b VzR�{ �ab_R ��dfWak8]ejX^ebej V�kfW#l%L jm`cb6WaVmVmjm}�Wa`foGW�Wa`�WG^6^_RUjm{n��`fhikf^�be]6hik8´�hi`f^ k8`|RUVm}�hi]ejmbed8{�W
l�jX^ebe]ejmT8k �s\�Wa]e{�Wabeb_RU`cb/l8Wsbe]6hik8´�Wa]Dk8`fW�RUVmVXhyoqRUbejXhi`ÀRUk8b6hU��hi]e}cRU`8jX^��GWKl8WG^ MON ^DWa`�be]6WsVXWG^Dk8bejmVmjX^1RUb6Wak8]6^qZ

� ���(��� � �,:�B7B0DE ��D@',D 6 %�' �EB7.��!:<"/.0%= ',D B � .� �"5DEB�B7. ��D  ,+ D�DE D � � :
.76 :
�
DE+ ',D B � 2 � � � �

� ��� � ����� � D�=�I ;�� �1H/=BAC;�D

r/hibe]6W~RUVm}�hi]ejmbed8{�W4oGhi`foGWa]e`fW�WG^6^6Wa`cbejXWaVmVXWa{�Wa`�b�VzRnoGhikfo_dfW~¹=¿ N ��{ �a{�W�^ej¯`fhikf^�RG´�hi`f^ �a}cRUVXWa{�Wa`cbl �a´�WaVXhi\8\ �sk8`*{ �GoqRU`8jX^e{�Wgl8Wu]��G^6Wa]e´�RUbejXhi`n\pRU]_RUVmV�
aVXW V�k8j�oGhi`foGWa]e`fWsVzR�oGhikfo_dfWgº ¼#½�Z8Ó�Wube]_Rq´iRUjmV�VXWu\8Vmkf^
l�jÅÌ|oajmVXWDR �ab��?oGWaVmk8j�l8W�VzR�{�hyl �aVmjX^_RUbejXhi`T[�\pRi^6^_Wa]�l%L k8`�{�hi`fl8WBl%L jm`f^6WGoab6WG^�^_h�oajzRUk�w �Dk8`�{�hi`fl8WBl%L RU}�Wa`cb6^
^ejmbek �G^DlfRU`f^�l8WG^Bb6Wa]e{�jm`pRUk�wn^_RU`f^?ÄfV�Z
��`%l�jX^ebejm`8}�kfW|VXW~`fhyWakfloGWa`cbe]_RUVs�v^6Wa{KT8VzRUT8VXW �nk8`�¿/º:Wa`¨§�©�ª�Zm«�«È��WabERUk8b6hik8]�l8W�Vmk8jÏl8WG^K`fhyWakfl8^

�µb6Wa]e{�jm`pRUk�w4k8bejmVmjX^_RUb6Wak8]6^1�xZ Ó�WG^D`fh�Wakfl8^Bl�k4]��G^6WqRUknoGhyhi\ 
a]6Wa`�bDl8W/t®R��Ghi`*l�jX^ebe]ejmT8k �GWu\�hik8]#RU]e]ejm´�Wa] �Kk8`fW
RUVmVXhyoqRUbejXhi`Nl8W MON ^ Vck8jB{|R w�jm{�jX^6W4VzR�oqRU\pRioajmb��n^_hi{�{�W4b6hib_RUVXW�v^6hi{�{�W*l8W4b6hik8b6WG^�VXWG^�oqRU\pRioajmb��G^|^ek8]o6dpR V�kfW MON �xZ�Ó)L RUVm}�hi]ejmbed8{�WÀWxwy\8VXhijmb6W4VzR=l�jm´�Wa]6^ejmb��4{Kk8VmbejÅ��k8bejmVmjX^_RUb6Wak8]6^~Wa`¨WG^6^1RG�cRU`cb~l%L RUVmVXhikfWa]�VXWG^ MON ^RUk�w4k8bejmVmjX^_RUb6Wak8]6^DVXWG^B\8Vmkf^ �E{ �a{�Wgl8Wut®hik8]e`8jm]DVXWu\8Vmkf^Dl8WgoqRU\pRioajmb���Z

� ��� � ����� � IJ; � 
 ��� F � � ;>K�=BA �6A&G�?@=BA&;9D

Ó�W¯\8]6hiT8V�
a{�W¯l%L hi\8bejm{�jX^_RUbejXhi`�WG^eb�VXW¯{ �a{�W)VckfW¯oGWaVmk8jc\8]��G^6Wa`�b��¯lfRU`f^�VzRD^6WGoabejXhi` YDZ ��Zm«�Zm« �U{|RUjX^�\8]��GoajX^��
\�hik8]DVXWsoGhi`cb6Wxw�b6WE�/·�¸u¹À¿EZ8Y�`nk8bejmVmjX^1RU`cb#VXWG^D`fhib_RUbejXhi`f^#l�knb_RUT8VXWqRUk Y#Z [ �phi`4t®hi]e{�k8VXWgVXWu\8]6hiT8V�
a{�W�b6WaV
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G�H/I A&K1=BA&;�D
α
�
β

º�RU]_RU{	
abe]6WG^uoGhi`cbe]��iVzRU`cb�VzREt®hi]e{�Wgl8WuVzREt®hi`foabejXhi`
f(x)

αij(t1, t2)
Q¶Wa{�\f^#l%L k8bejmVmjX^_RUbejXhi`=l�kÃ^6Wa]e´yjXoGWu\pRU]DVXWu`fh�Wakfl

i
^ek8]DVzR MON j

Wa`cbe]6W
t1
RU`fl

t2
Z

αFair
�
βFair

º�RU]_RU{	
abe]6WG^uoGhi`cbe]��iVzRU`�bDt®hi]e{�Wutvhi`foabejXhi`
fij
� � Vck8jmb��gWa`Ãb6Wa{�\f^Dl8Wg^6Wa]e´yjXoGWÈ�

αs
�
βs

º�RU]_RU{	
abe]6WG^uoGhi`cbe]��iVzRU`�b#VzREt®hi]e{�Wgl8WuVzREt®hi`foabejXhi`
pij

ε
º�RU]_RU{	
abe]6WG^/k8bejmVmjX^��G^B\�hik8]Bbe]6hik8´�Wa]

xl

b6WaV1V�kfW
f(xl) = ϕ− ε

Wab
xu
b6WaV�VckfW

f(xu) = −ϕ + ε

γij X RUVXWak8]�l8W M r-P \Jhik8]BVXWg`fh�Wakfl i
^6k8]BVzR MON j

γmax
�
γmin

P�WG^e\�WGoabejm´�Wa{�Wa`cb#VXWG^D´iRUVXWak8]6^B\�h�^6^ejmT8VXWG^D{|R w�Z�WabD{�jm`�Z¯l8W M r-P \Jhik8]DVXWs^6�y^eb�
a{�W
θij X RUVXWak8]�l8Wg^6Wak8jmV�lfRU`f^DV L RUVm}�hi]ejmbed8{�W
θinit X RUVXWak8]#jm`8jmbejzRUVXW�l8Ws^6Wak8jmV¶RU\8]�
G^D]6WG^6Wab

θmax
�
θmin

P�WG^e\�WGoabejm´�Wa{�Wa`cb#VXWG^D´iRUVXWak8]6^B\�h�^6^ejmT8VXWG^D{|R w�Z�WabD{�jm`�Z¯l8Ws^6Wak8jmV
ξ

º�RU]_RU{	
abe]6WKoGhi`�be]��iVzRU`cb/VXWu`8jm´�WqRUkÀl%L � V�k8jmb��gWa`*b6Wa{�\f^#l8Ws^_Wa]e´�jXoGWs\�hik8]BVXWg^e��^eb�
a{�W
φi

ºShi`fl �a]_RUbejXhi`�l�k*¤fk�w
i

ϕ
º�RU]_RU{	
abe]6WKoGhi`�be]��iVzRU`cb/VzRE´iRU]ejzRUbejXhi`Ã{|R wyjm{Kk8{ l8W

∆θij
\pRU]Dbejm{�W�^eVXhibDl8Wu` �a}�h�oajzRUbejXhi`

∆θij X RU]ejzRUbejXhi`=l�kÃ^6Wak8jmV�lfRU`f^BV L RUVm}�hi]ejmbed8{�W
∆c

·fWa` �abe]6WKl8Wu´iRUVXWak8]6^�l8WsoqRU\pRioajmb��g\�hik8]BVXWg^e��^eb�
a{�W
∆x

·fWa` �abe]6WKl8Wu´iRUVXWak8]6^�l8W
x
\�hik8]DVXWs^e��^eb�
a{�W

a
�
b

º�RU]_RU{	
abe]6WG^uoGhi`cbe]��iVzRU`cb�VzR�be]_RU`f^�t®hi]e{|RUbejXhi`Àl8W
cij
Wa`

Tij

aij X RUVXWak8]#T8jm`pRUjm]6Wgk8bejmVmjX^��GWs\�hik8]Bjm`fl�j V�kfWa]#^ej�VXWs`fhyWakfl i
R�^��aVXWGoabejXhi`8` ��VzR MON j

cij N RU\pRioajmb��Kl8W M dpRU`8`fhi`=RUbeb6Wajm}�`pRUT8VXW�\pRU]DVXWu`fh�Wakfl i
^ek8]DVzR MON j

cmax
�
cmin

P�WG^e\�WGoabejm´�Wa{�Wa`cb#VXWG^D´iRUVXWak8]6^Dl8W�oqRU\pRioajmb��4{|R w�ZÏRU`fl*{�jm`�Z�\�h�^ejmT8VXWG^DlfRU`f^BVXWg^6�y^eb�
a{�W
cmax j

�
cmin j

P�WG^e\�WGoabejm´�Wa{�Wa`cb#VXWG^D´iRUVXWak8]6^
cij
{|R w�Z¯RU`fl*{�jm`�Z ]6W��akfWG^#RUkn`fhyWakfl*oGWa`cbe]_RUV�\�hik8] MON j

cl

�
cu

P�WG^e\�WGoabejm´�Wa{�Wa`cb#VXWG^D´iRUVXWak8]6^B\�h�^6^ejmT8VXWG^D{|R w�Z�WabD{�jm`�Z¯l8WsoqRU\pRioajmb��g\�hik8]BVXWg^e��^eb�
a{�W
f(i, j, k, x)

·phi`foabejXhi`ÀoGhi`cbe]6hiVmVzRU`�b�VXWgb_RUk�w4l%L � V�k8jmb��glfRU`f^DVXWs^e��^eb�
a{�W
f(x)

·fhi`foabejXhi`=l8Wg^6Wak8jmVmVzRU}�Ws\�hik8]B`fhibe]6W�RUVm}�hi]ejmbed8{�W
i
�
j

P�WG^e\JWGoabejm´�Wa{�Wa`�b#VXWG^Bjm`fl8Wxw*\�hik8]BVXWG^B`fhyWakfl8^DWabD\�hik8]BVXWG^ MON ^
ni

r/hi{�T8]6WKl8W MON ^�RUVmVXhik �GWG^#\Jhik8]BVXWu`fhyWakfl i

nmax
�
nmin

P�WG^e\�Z�`fhi{�T8]6WG^�{|R w�Z�WabD{�jm`�Z l8W MON ^Bk8bejmVmjX^_RUT8VXWG^�^ejm{�k8Vmb_RU` �a{�Wa`�bu\pRU]Bk8`n`fh�WakflnRioabejÅt
pij

º ]6hiTpRUT8jmVmjmb���V�k4L k8`ÃRU}�Wa`cb
i
]��qRUVmjX^6WsVzREb��io6dfW

j

q
º�Ri^#l8W V�kpRU`cbejÅÄpoqRUbejXhi`

q(cij) X RUVXWak8] V�kpRU`cbejÅÄ �GW cij

xij
P �G^ek8Vmb_RUb#l8WuVzR�be]_RU`f^etvhi]e{|RUbejXhi`Ãl8WG^#´iRUVXWak8]6^#l8W

cij
^ek8]Dk8`fW �Go6dfWaVmVXW

x

xl

�
xu

P�WG^e\�WGoabejm´�Wa{�Wa`cb#VXWG^D´iRUVXWak8]6^Bbe]_RU`f^etvhi]e{ �GWG^�l8W
cl

Wab
cu

D
¥Á`fl8Wxw4l�kÃ`fhi{�T8]6W�l8Wube]_RU{�WG^�l8Wgl8hi`8` �GWG^Dbe]_RU`f^6{�jX^6WG^B\�Wa`flfRU`cb#k8`fWs^6jm{�k8VzRUbejXhi`

Dij
r/hi{�T8]6WKl8W/tvhijX^ Vck4L k8`n`fhyWakfl

i
REk8bejmVmjX^��gVzR MON j

E
r/hi{�T8]6WKl%L �aV �a{�Wa`cb6^�k8bejmVmjX^��G^B\�hik8]3VckpRU`�bejÅÄpWa]#VXWG^B´�RUVXWak8]6^#l8W

cij

Fj
¥Á`fl8Wxw*l%L � Vck8jmb��gl8W�¬cRUjm`n\�hik8]BVzR MON j

K
r/hi{�T8]6W�b6hib_RUV�l8Wube]_RU{�WG^#l8Wgl8hi`8` �GWG^#be]_RU`f^e{�jX^6WG^B\pRU]�^ejm{�k8VzRUbejXhi`

Ki(p) N hi{�\8b6Wak8]�l8W�oa]��Gl�jmbD\Jhik8]BVXWs¤fk�w i
��V L jm`f^eb_RU`cb

p

Li(p)
Ó�hi`8}�kfWak8]/l�kn\pR VckfWab�Wa`*b��ab6Wgl8W V�kfWakfWu\Jhik8]DVXW/¤fk�w

i
�EV L jm`f^6b_RU`cb

p

M
r/hi{�T8]6WKl8Wu`fh�Wakfl8^

N
r/hi{�T8]6WKl8W MON ^���RUVmVXhikfWa]

TD
¸/k8]��GWgl8WgVzRE\8dpRi^6Wgl8Wube]_RU`f^e{�jX^6^6jXhi`Ãl8WG^Dl8hi`8` �GWG^

TF
¸/k8]��GWgl%L k8`fWgbe]_RU{�Wsjm`foaVmkpRU`cb�` �a}�h�oajzRUbejXhi`=WabDbe]_RU`f^e{�jX^6^ejXhi`nl8WG^�l8hi`8` �GWG^

Tij
¸/k8]��GWgl8WG^D{�WG^6^_RU}�WG^#l8WuT8k8]6^6b#Wa`*´�hijXWs{�hi`cb_RU`�b6W

TN
¸/k8]��GWgl8WG^D\8dpRi^6WG^#l8Wu` �a}�hyoajzRUbejXhi`

TDL
�
TUL

P�WG^e\�Z�VXWG^Dl�k8]��GWG^�l8WG^Bbejm{�Wg^eVXhibDl8Ws` �a}�hyoajzRUbejXhi`ÀWa`*´�hijXWG^�l8WG^6oGWa`flfRU`cb6WKWabB{�hi`cb_RU`�b6W
Ttimeout

¸/k8]��GWgl8WgV L Wxwy\8jm]_RUbejXhi`n\�hik8]DVzRE\8dpRi^6W�l8Wu` �a}�h�oajzRUbejXhi`
Ui(p) N h��8b#WG^ebejm{ �g\Jhik8]BV L k8bejmVmjX^_RUb6Wak8] i

l8Wube]_RU`f^e{�Wabebe]6W�VXW
pime \pR V�kfWab

V X RUVXWak8]D\�hik8]#oGhi{�\pRU]6Wa]�\8Vmkf^ejXWak8]6^B`fhyWakfl8^#lfRU`f^BV L RUVm}�hi]ejmbed8{�WKl%L � Vck8jmb��goGWa`�be]_RUVmjX^��
QSRUT8VXWgYDZ [�[ Ó�jX^6b6Wgl8WG^B`fhib_RUbejXhi`f^�\Jhik8]DoGWabeb6Wg^_WGoabejXhi`
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V�kfWuV L hiT � WGoabejÅt WG^ebDl8WW[
{|R w ∑

i

∑

j

aijcij

bqZ VJZ [























































(1) {nmin, nmax} ∈ [0;N ]

(2) ∀i � ni = 0⇔
∑

j

aij = 0

(3) ∀i � ni 6= 0⇔
nmin ≤

∑

j

aij ≤ nmax

(4) ∀j � ∑
i

aij ≤ 1

�vY#Z ª��

Y�`�l%L RUk8be]6WG^ b6Wa]e{�WG^q��V L hiT � WGoabejÅt�WG^ebÏl8WDbe]6hik8´�Wa]¯VXWD´�WGoab6Wak8]Ïl%L RUVmVXhyoqRUbejXhi`|Äf`pRUV>V�k8jf{|R w�jm{�jX^6WDVzRgoqRU\pRioajmb��
^6hi{�{�Ws\�hik8]BVXWg^e��^eb�
a{�W���b6hik8b#Wa`*]6WG^6\JWGoab_RU`�b#VXWG^DoGhi`�be]_RUjm`cb6WG^/l�kn\8]6hiT8V�
a{�W�l%L hi\8bejm{�jX^_RUbejXhi`�Z

� ��� � ��� � ��K�=BA �6A&G�?@=BA&;9D � ACG�=�IJA � � � F

Ó�WG^¯^6o �a`pRU]ejXh�^¯oGhi`f^ejXl �a]��G^ÏoGhi`f^ejX^eb6Wa`�b¯lfRU`f^�k8`fWDoGWaVmVmk8VXW#Rq´�WGoBk8`�`fhyWakfl�oGWa`cbe]_RUVJWab�\8Vmkf^ejXWak8]6^�`fhyWakfl8^
} �Ghi}�]_RU\8d8j V�kfWa{�Wa`cbKl�jX^6be]ejmT8k �G^slfRU`f^uVzR~oGWaVmVmk8VXW�ZKÓ)L jXl �GW�WG^ebQV�kfW�VXWG^u`fhyWakfl8^shi`cbsVzR~]6WG^e\�hi`f^_RUT8jmVmjmb���l�k
o6dfhijÅwnl8WsVXWak8]#RUVmVXhyoqRUbejXhi`Àl8Ws^6\JWGoabe]6WgWabB`fhi`Ã\8Vmkf^BVXWs`fhyWakfl*oGWa`cbe]_RUV�Z
��`�oGhi`f^ejXl 
a]6W V�kfW�VXW�b6Wa{�\f^ WG^eb�l �GoGhi{�\Jh�^ �BWa`Ebe]_RU{�WG^¯l8W�l�k8]��GW?´�RU]ejzRUT8VXW

TF = TN +TD
Z N dpR V�kfWbe]_RU{�WuoGhi{�\8]6Wa`fl4k8`fW/\8dpRi^6Wul8W�` �a}�hyoajzRUbejXhi`�vl�k8]��GW/´iRU]ejzRUT8VXW

TN
�¯Wab?k8`fW/\8dpRi^6Wul8W#be]_RU`f^e{�jX^_^ejXhi`*l8WG^

l8hi`8` �GWG^��vl�k8]��GWnÄ8w8W
TD
�xZ(Ó�R` �a}�hyoajzRUbejXhi` oGhi`f^6jX^eb6W ��o6dfWa]6o_dfWa]�VzR{�WajmVmVXWak8]6W�RUVmVXh�oqRUbejXhi` l8WG^ MON ^Wa`cbe]6WÃVXWG^�k8bejmVmjX^_RUb6Wak8]6^q��b_RU`fl�jX^ VckfW4VzR�\8dpRi^_W*l8WnQ�wÐl8WG^�l8hi`8` �GWG^|k8bejmVmjX^6W*V L RUVmVXhyoqRUbejXhi`Nbe]6hik8´ �GW*\�hik8]

be]_RU`f^e{�Wabebe]6W�Z Ó¶RKÄf}�k8]6W Y#Z � \8]��G^_Wa`cb6WuV L Wa`fo6dpR �X`fWa{�Wa`�b#b6Wa{�\�hi]6WaV�l8WG^?\8dpRi^6WG^?Wab?jm`foaVmk8bBk8`4Wxw8Wa{�\8VXWul8W
` �a}�hyoajzRUbejXhi`ÀlfRU`f^Bk8`fWgoGWaVmVmk8VXW�l8W�ÎEk8bejmVmjX^_RUb6Wak8]6^qZ

N hi{�{�WKl �Goa]ejmb#lfRU`f^BVzREÄf}�k8]6W Y#Z � �8VzRE\8dpRi^6Wgl8Wu` �a}�hyoajzRUbejXhi`ÀoGhi`f^ejX^6b6WglfRU`f^Bk8`fWg^ekfoGoGWG^_^ejXhi`nl8WW[

• Ò/Ó bejm{�W4^eVXhib�[|¸uWG^�{�WG^6^_RU}�WG^�^6hi`�b�^ejm{�k8Vmb_RU` �a{�Wa`�b|Wa`c´�hÈ� �G^Ã�µ´�Wa]6^�VXW�`fh�Wakfl oGWa`�be]_RUV��K\pRU]�VXWG^`fhyWakfl8^uWa`=oGhi{�\ �abejmbejXhi`�Z N dpR VckfWK`fhyWakfl V�k8j¶VXWKl �G^ejm]6W�Rio Vck8jXWa]ebuk8`fW MON l8hi`8` �GWEbe]_RU`f^e{�Wab/k8`{�WG^_^_RU}�Wgl8WuT8k8]6^eb#Wa`*k8bejmVmjX^1RU`cb�oGWabeb6W MON Z

• ¸uÓ�bejm{�Wu^eVXhib�[�Y�`f^ek8jmb6W���VXW�`fhyWakfl�oGWa`�be]_RUV�]��a\Jhi`fl4Wa`4]6Wa`c´�hÈ�cRU`cbDk8`4{�WG^6^1RU}�W ��b6hikf^?VXWG^�`fh�Wakfl8^l8W#VzRsoGWaVmVmk8VXW��yWabÏoGhi{�\8]6Wa`fl~VXWG^ ´�RUVXWak8]6^ {�jm`~Wab¯{|R w�l8W�oqRU\pRioajmb�� V�k4L jmVJRsl �ab6WGoab���^ek8]Ïo_dpR VckfW MON Z

N WG^Eª�\8dpRi^6WG^g^6hi`�bg]��a\ �ab��GWG^ � kf^ Vck4L �4oGWWV�kfW�VzR4` �a}�hyoajzRUbejXhi`�^6W�b6Wa]e{�jm`fW�Z~Y�`f^ek8jmb6W�oGhi{�{�Wa`foGW|VzR\8dpRi^6Wgl8WsQ�wnl8WG^Dl8hi`8` �GWG^qZ
r/hibe]6W#RUVm}�hi]ejmbed8{�W�]��G^6hik8b¯VXWG^ ^_o �a`pRU]ejXh�^Ï^ek8jm´�RU`cb6^-[

N = M
�
N < M

RU`fl
N > M

��RUjm`f^ej>V�kfWB\�hik8]
`4L jm{�\�hi]eb6W VckfWaV�´iRUVXWak8]6^Dl8W

nmin
Wab

nmax
Z
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·Sjm}�k8]6WgYDZ �@[¯¸/WG^_oa]ejm\8bejXhi`Ãl8WG^D\8dpRi^6WG^#l8WuV L RUVm}�hi]ejmbed8{�WKl%L hi\8bejm{�jX^_RUbejXhi`
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� ��� � ��� � E<F
G�H
IJA&K�=BAC;�D F
= � ;�� � 
 A&G�?@=BA&;9D ��F 
 � ��F ��IJA&G =BA � ��F

Ó�R*{ �ab_R ��dfWak8]ejX^ebej VckfW~l%L jm`cb6WaVmVmjm}�Wa`foGW4Wa`¢WG^6^_RUjm{ÂR4l8hi`8` �|l8W�be]�
G^gT�hi`f^s]��G^ek8Vmb_RUb6^�\Jhik8]ghi\8bejm{�jX^_Wa]
l8WG^K\8]6hiT8V�
a{�WG^El��y`pRU{�j V�kfWG^EWabEl�jX^ebe]ejmT8k �G^El%L RUVmVXh�oqRUbejXhi`¨l8W�b��io_dfWG^�lfRU`f^�V L jm`fl�kf^ebe]ejXW�± ��© ²��?± ��« ²�Z*Ò�`fW
´�Wa]6^ejXhi`�RU{ �aVmjXhi]��GW=�vl8W�VzR V�kfWaVmVXW�`fhikf^�^6hi{�{�WG^�\pRU]ebejX^1�/k8bejmVmjX^6W�k8`^6Wak8jmV�´�RU]ejzRUT8VXW~RUk¢oGhik8]6^�l�kb6Wa{�\f^
± ��Î ²1V�k8j�\JWa]e{�Wab�l8Wu{�jXWak�w*^BL RilfRU\8b6Wa]�RUk�wno6dpRU`8}�Wa{�Wa`cb6^/l8WsV L Wa`�´�jm]6hi`8`fWa{�Wa`�bqZ
Ó)L hiT � WGoabejÅt l8WgoGWabeb6Ws\pRU]ebejXWgWG^6bDl8Wgl �Goa]ejm]6WgoGhi{�{�Wa`cb�V L RUVm}�hi]ejmbed8{�W�\pRU]e´yjXWa`cb ��be]6hik8´�Wa]DV L hi\8bejm{�k8{nZ

Ò�`=RU}�Wa`cbsoGhi]e]6WG^e\�hi`fl ��k8`fWEWa`cbejmb��EVXhi}�jXoajXWaVmVXW�Vck8jSWG^eb#]6WG^6\Jhi`f^_RUT8VXWEl�k�^ek8jm´�jSl%L k8`fW MON \�hik8]�k8`=k8bejmVÅ�jX^_RUb6Wak8]qZ�Ò�`�`fhyWakfl�oGhi`cbejXWa`cb*��«È��k8`oGhi`�be]��iVXWak8]Kl8W�oGhi`�be]_RUjm`cb6WG^4� Vck8j�´ �a]ejÅÄpWWV�kfW�VXWG^goGhi`�be]_RUjm`cb6WG^El�k
\8]6hiT8V�
a{�W�^6hi`cbu]6WG^e\�WGoab��GWG^/\pRU]uVXW�`fhyWakflp��Wab��®ª��

N
RU}�Wa`cb6^��µk8`�\pRU] MON �xZJ¥ÁVS�ÃR|l8hi`fo N

RU}�Wa`�b6^u\pRU]
`fhyWakflWabERUk�b6hib_RUV

MN
RU}�Wa`cb6^ElfRU`f^�VXW|]��G^6WqRUk�Z*Ó�WG^�RU}�Wa`cb6^Kjm`cb6Wa]_RU}�jX^6^6Wa`�b�l8W�t�R��Ghi`jm`cb6Wa]e`fW��µ\�hik8]

]6WG^e\�WGoab6Wa]BVzREoGhi`cbe]_RUjm`cb6W�[�l�k*\8]6hiT8V�
a{�WÈ��WabDWxwyb6Wa]e`fW��µ\�hik8]B]6WG^e\�WGoab6Wa]BVXWG^BoGhi`cbe]_RUjm`�b6WG^�ª�WabDÎ�l�k*\8]6hiT��
V�
a{�WÈ�?RUk*b6Wa]e{�jm`pRUV�� �Eo6dpR V�kfW/t®hijX^BWa` �Go6dpRU`8}�WqRU`cb/WabDWa`*oGhi{�\pRU]_RU`cb#VXWak8]6^?´�RUVXWak8]6^Dl8WuoqRU\pRioajmb��G^qZ ¿ VzR
Äf`|l8W?VzRu` �a}�hyoajzRUbejXhi`|jmV8��RgRUk�{|R w�jm{�k8{�k8`�`fh�Wakfl~RioabejÅt�\pRU] MON ��{|RUjX^ k8`�`fhyWakfl�\�Wak8b ^6WB^e\ �GoajzRUVmjX^6Wa]lfRU`f^B\8Vmkf^ejXWak8]6^ MON ^��®RUkn{|R w�jm{�k8{ nmax

�xZ
Ó�WG^S^6WGoabejXhi`f^�^ek8jm´�RU`cb6WG^S^6W¯oGhi`foGWa`�be]6Wa`cb ^ek8]¶VXWG^ �ab_RU\�WG^SWab�VXWG^Shi\ �a]_RUbejXhi`f^�l8W VzRD\8dpRi^6W�l8W ` �a}�hyoajzRUbejXhi`

lfRU`f^BVXWG^#`fh�Wakfl8^DWabDlfRU`f^#VXWu`fh�WakflÃoGWa`cbe]_RUV [

• ��\�Wa]_RUbejXhi`f^Djm`�b6Wa]e`fWG^/RUk�w4`fh�Wakfl8^È�f^ek8jmb6W �EVzR�]��GoGWa\8bejXhi`=l%L k8`*{�WG^6^_RU}�Wgl�kn`fhyWakfl*oGWa`cbe]_RUV [�¿#Vm}�hU�]ejmbed8{�W�\Jhik8]Do_dpR VckfWg`fh�Wakfl
i
[

�
Y b_RU\JW�«\[¯º¶hik8]#o_dpR VckfWERU}�Wa`cb

j
�foqRUVXoak8VXWa]#VXWG^B´�RUVXWak8]6^Bjm`8jmbejzRUVXWG^�l8W

θij
Z

�
Y b_RU\JW�ª@[
∗ R��#¸ �ab6Wa]e{�jm`fWa]/VzR�\8]6hiTpRUT8jmVmjmb���VckfWEo6dpR V�kfWERU}�Wa`�b j

^_hijmbuRioabejÅt����/rs�#RUkÀ\8]6h�o_dpRUjm`�Q Ml8W�oGhi`cb6Wa`cbejXhi`�^ek8jm´�RU`cbDV L � V�kpRUbejXhi`6[

pij =
1

1 + αseβsθij

�vY#Z Î��
Rq´�WGo

αs
Wab

βs
l8Wak�w4\pRU]_RU{	
abe]6WG^�oGhi`�be]��iVzRU`cb#VzR�tvhi]e{�Wgl8WuVzR�tvhi`foabejXhi`

pij
Z

∗ TA�?¸ �ab6Wa]e{�jm`fWa]/VXWg^eb_RUbekf^Dl8WKo6dpR V�kfW�RU}�Wa`cb j
���/r	hi]u�/·S· ��[p^ej

pij
WG^6b#^ek8\ �a]ejXWak8]#hik

�a}cRUV �Ek8`fWs´iRUVXWak8]#RUV �qRUb6hijm]6Wgbejm]��GWsk8`8jÅtvhi]e{ �a{�Wa`�b�Wa`�be]6WK©�Wabg«��fRUVXhi]6^DV L RU}�Wa`�b#WG^eb#RioabejÅt
���/rs�x�f^ejm`fhi`*jmV¶WG^ebBjm`pRioabejÅt#���/·S· �xZ

�
Y b_RU\JW�Î@[ X �a]ejÅÄpWa] V�kfWÃVXWÃ`fhi{�T8]6W�l%L RU}�Wa`cb6^nRioabejÅt®^~WG^6b|jm`�t �a]ejXWak8] � nmax

Wab~l �G^1Rioabejm´�Wa]
�vWa`°o6dfhijX^ejX^6^1RU`cb�VXWG^

nmax
RU}�Wa`cb6^~RG´�WGo*VXWG^�´�RUVXWak8]6^�l8W

pij
l%L �abe]6W=�/rÆVXWG^�\8Vmkf^�}�]_RU`fl8WG^1�

^6k�Ì|^_RU{�{�Wa`cb/l%L RU}�Wa`cb6^uRioabejÅtv^ � kf^ V�k4L ��oGWQVck4L jmV�`4L ��Wa`ÃRUjmbD{�hijm`f^-VckfW
nmax

l%L RioabejÅt®^qZ
�
Y b_RU\JW�[�[/Q�]_RU`f^e{�Wabebe]6W�k8`�{�WG^6^_RU}�W�l8WET8k8]6^ebgWa`�Ò�Ó ´�Wa]6^uVXW�`fhyWakfl�oGWa`cbe]_RUV¯Wa`�k8bejmVmjX^_RU`�b
^_Wak8VXWa{�Wa`cb#VXWG^ MON ^�Rioabejm´�WG^B\�hik8]#oGWu`fhyWakfl i

Z
�
Y b_RU\JWE@[�¿?beb6Wa`fl�]6WKVzR�]��a\�hi`f^6W�l�kÀ`fh�WakflÀoGWa`cbe]_RUV���oGhi`f^ejX^eb_RU`�b ��]6Wab6hik8]e`fWa]�VXWG^#´iRUVXWak8]6^/l8W
oqRU\pRioajmb��

cmax j
Wab

cmin j
\�hik8]Db6hikf^BVXWG^

j
Z

�
Y b_RU\JWW�@[/º¶hik8]Ko6dpR V�kfW

j
��oqRUVXoak8VXWa]

∆θij
�vWa`=t®hi`foabejXhi`¢l8W

cmax j
Wab

cij
�DVzR~´�RU]ejzRUbejXhi`¢l�k

^_Wak8jmV
θij
Wa`Ã]��G^ek8Vmb_RUb#l8WuVzR�`fhik8´�WaVmVXWs´�RUVXWak8]D]6W��akfW

cmax j
\pRU]#RU}�Wa`cb

j
Z

�
Y b_RU\JW�Y [¯º¶hik8]#o_dpR VckfW

j
�8{�Wabebe]6W � � hik8]DVzRE´�RUVXWak8]#l�kn^6Wak8jmV

θij
[

θij ← θij + ∆θij
�vY#Z [��
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�
¿�VmVXWa]	�ÀV L �ab_RU\JWnª%ZmZmZ¢b6Wa{�\f^ V�kfW�VzRÀ\8dpRi^6W4l8W~` �a}�hyoajzRUbejXhi`Ð`4L WG^eb�\pRi^�b6Wa]e{�jm` �GW�Z%Ó�RÃÄf`
l8WgVzR�` �a}�h�oajzRUbejXhi`�RU]e]ejm´�WsVXhi]6^ V�kfWsb6hik8b6WG^DVXWG^#oGhi`cbe]_RUjm`cb6WG^ul�kn\8]6hiT8V�
a{�WG^/^6hi`�bD]6Wa\JWGoab��GWG^�Wab
`fhib_RU{�{�Wa`�bRV�k4L jmV�`4L �*R�\8Vmkf^#RUkn{|R w�jm{�k8{ V�k4L k8`Ã^6Wak8V�`fhyWakfl*\pRU] MON Z

• ��\ �a]_RUbejXhi`f^#Wxw�b6Wa]e`fWG^�RUk�w4`fh�Wakfl8^È�fl8hi`cbDVXWG^D]��G^ek8Vmb_RUb6^#^6hi`�b�RU`pRUVm��^��G^DlfRU`f^BVXWs`fhyWakfl*oGWa`cbe]_RUV [
� U kfWG^6bejXhi`,��«È� [ N hi{�{�Wa`�b4oGhi{�{Kk8`8j VckfWa]*Wa`�be]6WÃVXWG^~`fh�Wakfl8^ � Ó�WG^|`fhyWakfl8^~`fWÀoGhi{�{Kk��
`8j V�kfWa`cb�\pRi^�l�jm]6WGoab6Wa{�Wa`�b¯Wa`cbe]6W?Wak�w�{|RUjX^�jmVX^S\pRi^6^6Wa`�b�\pRU]¶VXW�`fhyWakflEoGWa`�be]_RUV8Wa`EVmk8j8Wa`�´�hq�cRU`cb
l8WG^D{�WG^6^_RU}�WG^#^6jm{�k8Vmb_RU` �a{�Wa`cbu^ek8]BVXWG^ MON ^ Vck4L jmVX^D^_hik8dpRUjmb6Wa`cb/Rio V�k �a]ejm]qZ

� U kfWG^6bejXhi`À�®ª�� [ U kfWaVmVXW?jm`�t®hi]e{|RUbejXhi`|jm`foaVmk8]6WBlfRU`f^ VXWG^�{�WG^6^_RU}�WG^ �Go_dpRU`8} �G^¯Wa`�\pRU]_RUVmV�
aVXWDWa`�be]6WVXWG^Ï`fhyWakfl8^ � Ó�WG^�{�WG^6^_RU}�WG^ �Go6dpRU`8} �G^BoGhyl8Wa`cb�VzRs´�RUVXWak8]�l8W/oqRU\pRioajmb���l�k�`fhyWakfl|^ek8]�o6dpR V�kfW
MON Z�Ó�W�{�WG^6^1RU}�W4RÀk8`fW4l�k8]��GW�´iRU]ejzRUT8VXW4Wab�jm`c´�Wa]6^_Wa{�Wa`cb�\8]6hi\�hi]ebejXhi`8`fWaVmVXW �ÃVzRÃ´�RUVXWak8]�l8WoqRU\pRioajmb��KoGhi]e]6WG^e\�hi`flfRU`cb6W�Z

� ���(��� � 6 3*:�+-" ',D B0:
�
:�#&.0:<"/.0%= ' D �43,:�#/:
6 �;"5#/D � ' D + %= �"5#��=B0D ' D B � :�B ��%�#&.0" �,6 D

r/hikf^#RG´�hi`f^ �abekfl�j �gVXWG^B´�RU]ejzRUbejXhi`f^#l8Wu\pRU]_RU{	
abe]6WG^/^ek8jm´�RU`cb6^q�fRq´�WGogVXWG^DoGhi`foaVmkf^6jXhi`f^#Wa`*]6Wa}cRU]6l6[

• X RU]ejzRUbejXhi`l8WEVzR~\�Wa`cb6W�l8WEVzR|tvhi`foabejXhi`¢l8W�^6Wak8jmVmVzRU}�W [�\8Vmkf^ β
WG^ebu}�]_RU`flÐ�µj�Z W�Zs\8Vmkf^uVzR~\JWa`�b6W�l8W

VzR�tvhi`foabejXhi`=l8Wg^6Wak8jmVmVzRU}�W�WG^6bDjm{�\Jhi]eb_RU`�b6WÈ�x�p\8Vmkf^#VzR�oGhi`c´�Wa]e}�Wa`foGWEWG^ebDVXWa`�b6W��f\�hik8]Dk8`Ã]��G^6k8Vmb_RUb#Wa`
b6Wa]e{�W�l8WgoqRU\pRioajmb��gb6hib_RUVXWsjm`f^_Wa`f^ejmT8VXW ��VzRE´�RU]ejzRUbejXhi`Ãl8W

β
Z

• X RU]ejzRUbejXhi` l8WG^*oqRU\pRioajmb��G^Ãl%L RU\8\8]6Wa`cbejX^6^_RU}�WWab4l%L hik8T8VmjKl8WÀV L RUVm}�hi]ejmbed8{�W¢\JWa`flfRU`�b*VzR%\8dpRi^6W�l8W` �a}�hyoajzRUbejXhi`�[�\8]6WG^ VckfWs\pRi^#l%L jm{�\pRioab�^ek8]BVzR�oqRU\pRioajmb���b6hib_RUVXWghiT8b6Wa`ckfW�Z
• X RU]ejzRUbejXhi`*l8WG^?oqRU\pRioajmb��G^?l%L RU\8\8]6Wa`cbejX^6^_RU}�WsWab?l%L hik8T8Vmj�l8W#V L RUVm}�hi]ejmbed8{�WsWa`�be]6W�VXWG^Ï\8dpRi^6WG^?l8W�` �a}�hU�oajzRUbejXhi` [¶VXW#\8]6hyoGWG^6^ekf^�l%L RU\8\8]6Wa`cbejX^_^_RU}�WuWG^eb¯T �a` �xÄ>VckfW�\�hik8]ÏVXW�^e�y^6b�
a{�W�ZSº�RU]BoGhi`cbe]6W��y]6WG^6Wabeb6Wa]�VzR
{ �a{�hijm]6W�l�k�^e��^eb�
a{�WKl8hijmbu^6Wgt®RUjm]6WEWa`=oGhi]e]��aVzRUbejXhi`Rq´�WGo�VzR|´�RU]ejzRUbejXhi`�l8WG^/\pRU]_RU{	
abe]6WG^sl%L Wa`�be]��GW
R Äf`�l8WET �a` �xÄpoajXWa]/\8VXWajm`fWa{�Wa`�b�l8WKV L jm`cb6WaVmVmjm}�Wa`foGW�l8WEV L RUVm}�hi]ejmbed8{�W�Z M jm`fhi`���k8`fWE{ �a{�hijm]6W�\8Vmkf^�� hik8]�RE\8Vmkf^Bb6Wa`flfRU`foGW �E]_RUVXWa`cbejm]�V L RUVm}�hi]ejmbed8{�WKlfRU`f^D^1R�oGhik8]6^6W �EVzR�^6hiVmk8bejXhi`ÃÄf`pRUVXW�Z

Y�`ÀoGhi`foaVmkf^ejXhi`��poGWabeb6Ws\pRU]ebejXWKRE\JWa]e{�jX^Dl8Wg{�Wabebe]6WgWa` �a´yjXl8Wa`foGWsVXWsoGhi{�\Jhi]eb6Wa{�Wa`�b/l8WuV L RUVm}�hi]ejmbed8{�W
VXhi]6^ V�k4L jmV�WG^ebD^6hik8{�jX^���l�jm´�Wa]6^#o6dpRU`8}�Wa{�Wa`�b6^ul8WsoGWG^D\pRU]_RU{	
abe]6WG^#l8W�oGhi`cbe]��iVXW�Z

� ���(��� � 6 3*:�+-" ',D B0:
�
:�#&.0:<"/.0%= ' D �43,:�#/:
6 �;"5#/D � ' ��D  ="5# �ED ',D B ��:
B ��%=#&. " �,6 D

Ó�WG^¶^6WGoabejXhi`f^�^ek8jm´�RU`cb6WG^�{�hi`cbe]6Wa`�b¶V L jm{�\pRioab�l8W VzR�´iRU]ejzRUbejXhi`�l8WG^�\pRU]_RU{	
abe]6WG^¶l%L Wa`�be]��GW¯l8W�V L RUVm}�hi]ejmbed8{�W
^ek8]/^_R�´yjmb6WG^6^6Wgl8WKoGhi`c´�Wa]e}�Wa`foGW�Wab�VzRWV�kpRUVmjmb���l8WKVzR�^6hiVmk8bejXhi`ÀÄf`pRUVXW�ZDr/hikf^�RG´�hi`f^ �abekfl�j �KVXWG^�^_o �a`pRU]ejXh�^
^ek8jm´�RU`cb6^�[

• X RU]ejzRUbejXhi`*^6hikflfRUjm`fW�l8WG^ÏoGhi`fl�jmbejXhi`f^�]_Ril�jXh�^?Wa`cbe]6W�VXWG^ \8dpRi^6WG^�l8W�` �a}�h�oajzRUbejXhi` [�{�hi`�be]6W/VXWD\�hib6Wa`��bejXWaV¶l8WsV L RUVm}�hi]ejmbed8{�W ��^�L RilfRU\8b6Wa]�Wa`*tvhi`foabejXhi`Àl�kn\8]6hiT8V�
a{�W�Z
• X RU]ejzRUbejXhi`=^6hikflfRUjm`fWgl8WG^DoGhi`fl�jmbejXhi`f^#]_Ril�jXh�^D\�Wa`flfRU`cbDVzRE\8dpRi^6W�l8Wu` �a}�h�oajzRUbejXhi`6[¯¿BoGoa]6hijX^6^6Wa{�Wa`cbjm{�\�hi]eb_RU`cbnl8WÀVzR%l�k8]��GW�l8WÃ` �a}�hyoajzRUbejXhi`FWa`°t®hi`foabejXhi`Fl8WÃVzR\8]6hiTpRUT8jmVmjmb���l8W=o6dpRU`8}�Wa{�Wa`cbÀl8WG^
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oqRU`pRUk�w�ZDY�`=oqRi^�l8WKo6dpRU`8}�Wa{�Wa`�bsT8]ekf^ VckfWKl8WG^#oGhi`fl�jmbejXhi`f^/]_Ril�jXh��v^_RU`f^�oGhi`8`pRUjX^_^_RU`foGW ��\8]ejXhi]ej��x�
VzR�{�WajmVmVXWak8]6Ws{ �abedfh�l8WKoGhi`f^ejX^eb6W �E]6WG^6Wabeb6Wa]#VXWG^D´�RUVXWak8]6^Dl8W

θij
Z

• ¥Á{�\pRioab|l8WG^�´�RU]ejzRUbejXhi`f^|l8W M
Wab

N
[nºShik8]

N
l8hi`8` ���?VzR�oqRU\pRioajmb��Ã^6hi{�{�W*b6hib_RUVXWÃT �a` �xÄpoajXW

l%L k8`RioGoa]6hijX^_^6Wa{�Wa`cb�l8W
M
�vl�jm´�Wa]6^ejmb���{�k8VmbejÅ��k8bejmVmjX^_RUb6Wak8]1�xZ�¸uWE\8Vmkf^q��VzR�oqRU\pRioajmb���^_hi{�{�W�b6hib_RUVXW

RUk8}�{�Wa`�b6WERq´�WGo
N
Z

• ¥Á{�\pRioabÏl8WG^¯´iRU]ejzRUbejXhi`f^�l8W nmin
Wab

nmax
[ N Wa]eb_RUjm`fWG^Ï´iRUVXWak8]6^�l�k|oGhik8\8VXW nmin � nmax

]6W Vck8j�
a]6Wa`�b
k8`fW�\8Vmkf^DVXhi`8}�kfW�` �a}�hibejzRUbejXhi` V�kfWgl%L RUk8be]6WG^q�A`fhib_RU{�{�Wa`cb/VXWgoqRi^�«

�
«�ZÏº�RU]uoGhi`cbe]6W��Jl 
G^ V�kfWsV L hi`

R
nmin = 1

Wab
nmax! = 1

��VzR�oGhi`�´�Wa]e}�Wa`foGWK^_W/t®RUjmbB]6WaVzRUbejm´�Wa{�Wa`�b�]_RU\8jXl8Wa{�Wa`�bqZ
• ¥Á{�\pRioab~l%L k8`fW*´�RU]ejzRUbejXhi`NT8]ekf^ VckfWnl8W M

[ÀÓ�WG^~RU}�Wa`�b6^~hi`�b �ab��noqRU\pRUT8VXWG^�l8Wn^�L RilfRU\8b6Wa] ��k8`fW
´�RU]ejzRUbejXhi` ^6hikflfRUjm`fWl8W

M
��b6hik8bÃWa`(oGhi`f^6Wa]e´�RU`cbnk8`fW�l�k8]��GW¢l8W�` �a}�hyoajzRUbejXhi`(jm`f^6Wa`f^6jmT8VXW �%VzR

´�RUVXWak8]#l8W
M
Z�Ó�R�oqRU\pRioajmb��g^_hi{�{�Wsb6hib_RUVXWs´�RU]ejzRUjmb�RG´�WGo

M
�vl�jm´�Wa]6^ejmb��g{�k8VmbejÅ��k8bejmVmjX^_RUb6Wak8]1�xZ

N WG^�^ejm{�k8VzRUbejXhi`f^/hi`cbD\�Wa]e{�jX^#l8W�oqRU]_Rioab��a]ejX^6Wa]#VXWgoGhi{�\�hi]eb6Wa{�Wa`cbul8WsV L RUVm}�hi]ejmbed8{�W�\Jhik8]#l�jÅÊ �a]6Wa`cb6WG^´�RU]ejzRUbejXhi`f^#l8WG^B\pRU]_RU{	
abe]6WG^/l%L Wa`cbe]��GW�Z

� ���(��
 �(+ �  :�#&.0% � :
�
DE+ 1 +;B0: � � D � ' D �!D�#

�
.7+ D DE + %=6 3 �;"/.0"5.�%= 

¸sRU`f^�oGWabeb6Wn^_WGoabejXhi`Ð`fhikf^|RG´�hi`f^|jm{�\8V �a{�Wa`cb��Àk8`NRUVm}�hi]ejmbed8{�WÃl�jX^ebe]ejmT8k �Ãl%L � Vck8jmb��nWa`Nb6Wa{�\f^�l8W
^6Wa]e´yjXoGW4]_R � hik8b��ÀRUk���l8WG^6^ekf^|l8W4V L RUVm}�hi]ejmbed8{�W=oGhiVmVzRUT�hi]_RUbejÅtsl%L RUVmVXhyoqRUbejXhi`°l8W*^6\JWGoabe]6W*\8]��Go �Gl8Wa`�bqZN¿¶´�WGo
oGWabgRUVm}�hi]ejmbed8{�W���V L hi\ �a]_RUb6Wak8]gWG^ebsoqRU\pRUT8VXW�l8WEoGhi`�be]��iVXWa]gVXWK`8jm´�WqRUk¢l%L � Vck8jmb���l8W�^6hi`=]��G^6WqRUk�Wa`�´iRU]ejzRU`�b
VzR�´�RUVXWak8]|l8W

ξ
ZÐY�`f^ek8jmb6WÃVXWG^�k8bejmVmjX^_RUb6Wak8]6^�´ �a]ejÅÄpWa`�b~VXhyoqRUVXWa{�Wa`cb Vck4L jmVX^|hi`cb�T8jXWa`°VXW4`8jm´�WqRUk°l%L � V�k8jmb��

l8Wa{|RU`fl �K\pRU]#V L hi\ �a]_RUb6Wak8]qZ#Ò�`nb6WaVSRUVm}�hi]ejmbed8{�W�WG^eb�be]�
G^#WxÌ|oqRioGWK\Jhik8]�VXWG^#\8]6hyo6dpRUjm`fWG^/} �a` �a]_RUbejXhi`f^ul8W
^e��^eb�
a{�WG^�VXh�oqRUk�wÀ^1RU`f^DÄfV���R Äf`�l%L k8bejmVmjX^6Wa]ul8Wgt�R��Ghi`�hi\8\Jhi]ebek8`8jX^eb6WKk8`fWE\pRU]ebejXWKl�k�^e\�WGoabe]6WEWa`Ãt®hi`foabejXhi`
l8WG^BT�WG^6hijm`f^Dl8WG^Bk8bejmVmjX^1RUb6Wak8]6^qZ
��`�RB]_R � hik8b�� k8`fWÏUj�
a{�W�oGhi`cbe]_RUjm`�b6WBRUk�\8]6hiT8V�
a{�W�l%L hi\8bejm{�jX^_RUbejXhi`�\8]��G^6Wa`cb���lfRU`f^�VzR#^6WGoabejXhi` Y#Z ��Zm«�Zm«

[�Ó)L hiT � WGoabejÅt l�kn\8]6hiT8V�
a{�W�l%L hi\8bejm{�jX^_RUbejXhi`=WG^eb [
{|R w ∑

i

∑

j

aijcij

bqZ VAZ [ { (1) − (4)
{ �a{�WgoGhi`cbe]_RUjm`�b6WG^-V�kfWglfRU`f^BV L � V�kpRUbejXhi` YDZ  l8WgVzR�^6WGoabejXhi` YDZ ��Zm«�Zm«

(5) Pr(|αik(t1, t2)− αjk(t1, t2)| ≥ x) ≤ f(i, j, k, x)

�vY#Z ��

��`:R%{�hyl�jÅÄ ��V L RUVm}�hi]ejmbed8{�W�l%L � Vck8jmb��¢Wa`Fb6Wa{�\f^Àl8W�^6Wa]e´yjXoGW�\8]6hi\Jh�^���lfRU`f^�± �� ²KR Äf`�V�k4L jmVg^6hijmb
l�jX^ebe]ejmT8k �gWabBk8bejmVmjX^1RUT8VXWglfRU`f^Bk8`noGhi`cb6Wxw�b6WE�/·�¸u¹=¿KZ8Ó)L � V�k8jmb��gWG^ebBoGhi`�be]��iV �GW�l8Wut�R��Ghi`n^eb_RUbejX^ebej V�kfWu\pRU]
VXW�\pRU]_RU{	
abe]6W

ξ
V�k8j�{�h�l�jÅÄpW�VXW�oGh��8bKl%L k8bejmVmjX^_RUbejXhi`�l%L k8`fW MON Z N WabERUVm}�hi]ejmbed8{�W|WG^ebgWxw �Goak8b���l8WEt�R��Ghi`jm`cb6Wa]e`fW�\pRU]DVXWG^B`fhyWakfl8^qZ

r/hikf^/Rq´�hi`f^/k8bejmVmjX^��KoGWabuRUVm}�hi]ejmbed8{�WE\Jhik8]sRi^6^ek8]6Wa]�k8`�RioGo�
G^ � Vck8jmb_RUT8VXW�RUk�^e\JWGoabe]6WKWa`cbe]6W�ª�oaVzRi^_^6WG^
l8W/^6Wa]e´�jXoGW/oGhi`foak8]e]6Wa`cb6WG^ÈZ¯¸sRU`f^�VXW�^6o �a`pRU]ejXhE^ejm{Kk8V ���8o6dpR V�kfW/oaVzRi^_^6W�l8W/^6Wa]e´yjXoGW/RK^6hi`~TJWG^6hijm`�\8]6hi\8]6WuWa`
V�kpRU`cbejmb���l8Ws^6\JWGoabe]6W|�

ni
� [

• M Wa]e´yjXoGW�«\[ nmin = 1
RU`fl

nmax = 6
Z
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• M Wa]e´yjXoGW�ª@[ nmin = 7
RU`fl

nmax = 15
Z

r/hikf^�RG´�hi`f^�oGhi{�\pRU]���VXWG^u]��G^ek8Vmb_RUb6^KhiT8b6Wa`ckf^KRq´�WGo�Wabg^_RU`f^ � V�k8jmb���Z�Ó)L � V�k8jmb���WG^ebsjXoaj Wxw�\8]ejm{ �GW�Wa`
b6Wa{�\f^#l%L k8bejmVmjX^1RUbejXhi`Ãl%L k8`fW MON l8hi`8` �GW�ZÏ¸uRU`f^#o6dpR V�kfWgoqRi^Dhi`ÀREVXWG^B]��G^6k8Vmb_RUb6^#^ek8jm´�RU`cb6^�[

«�ZDr/hi{�T8]6W�b6hib_RUVsl8WÀt®hijX^ V�kfW�o6dpR V�kfW�k8bejmVmjX^_RUb6Wak8]nR�k8bejmVmjX^��=k8`�}�]6hik8\�W�l8W
i MON ^�\�hik8]*Q�w�^_WG^l8hi`8` �GWG^ÈZ

ª�ZDr/hi{�T8]6W�b6hib_RUVBl8W MON ^�k8bejmVmjX^��GWG^E\pRU]�o6dpR V�kfW�k8bejmVmjX^_RUb6Wak8]�\Jhik8]�Q�w�^_WG^Kl8hi`8` �GWG^q��Wa`¨RU}�]��a}�WqRU`cbb6hik8b6WG^�VXWG^/oaVzRi^6^6WG^#l%L k8bejmVmjX^1RUbejXhi`=l%L k8`=}�]6hik8\JWKl8W
i MON ^qZ N hi{�{�WKWxw8Wa{�\8VXW��pk8`Àk8bejmVmjX^_RUb6Wak8]/k8bejmVÅ�jX^1RU`cb

i MON ^D\Jhik8]DQ�w*^_WG^Dl8hi`8` �GWG^�R � hik8b6Wa]_R i
��oGWu`fhi{KT8]6W�Z

Ó�WG^#]��G^ek8Vmb_RUb6^D^6hi`�bDjm`foaVmkf^#lfRU`f^DVXWG^?Äf}�k8]6WG^ YDZ Y �v^_RU`f^ � V�k8jmb��È�?Wab YDZ § �®Rq´�WGo � V�k8jmb��È�xZ
��`�]6Wa{|RU] V�kfWB^ek8]SoGWG^SÄf}�k8]6WG^ V�kfW?^_RU`f^ � Vck8jmb���VXWG^�oaVzRi^6^_WG^Sl8W?^6Wa]e´yjXoGW?Wa`�oGhi{�\ �abejmbejXhi`�`fW?oGhyWxwyjX^eb6Wa`�b

\pRi^Bl8W�t®R��Ghi` � V�k8jmb_RUT8VXW��fRUVXhi]6^ VckfW�V L � V�k8jmb��slfRU`f^ÏV L RioGo�
G^��gVzRK]6WG^6^6hik8]6oGW/]_Ril�jXh�WG^eb?oaVzRUjm]6Wa{�Wa`cb#]��ab_RUT8VmjXW
RG´�WGog`fhibe]6W�RUVm}�hi]ejmbed8{�W�l%L � V�k8jmb��gl�jX^ebe]ejmT8k ��Z

� ���(� � � %= *+;B�) �!.�%= 

r�hikf^nRq´�hi`f^*l �ab_RUjmVmV �=VXWÃt®hi`foabejXhi`8`fWa{�Wa`cbÀl8WÀ`fhibe]6W�RUVm}�hi]ejmbed8{�W�TpRi^���^ek8]�VzR�{ �ab_R ��dfWak8]ejX^ebej V�kfW
l%L jm`cb6WaVmVmjm}�Wa`foGW4Wa`%WG^6^_RUjm{nZ*Ó�WG^K\pRU]_RU{	
abe]6WG^�l8W|oGhi`cbe]��iVXWG^�l8W|V L RUVm}�hi]ejmbed8{�W4RUjm`f^6j V�kfW�VXWG^g\pRU]_RU{	
abe]6WG^
l%L Wa`cbe]��GWÀl�kÐ\8]6hiT8V�
a{�Wnhi`�b �ab��*´�RU]ej �G^�\Jhik8] �a´�RUVmkfWa]�VXWnoGhi{�\�hi]eb6Wa{�Wa`cb�l8W*`fhibe]6Wn^6hiVmk8bejXhi`°lfRU`f^�l8W
{�k8Vmbejm\8VXWG^�oGhi`�Äf}�k8]_RUbejXhi`f^qZÐ¸uW4\8Vmkf^q�Ïk8`NRUVm}�hi]ejmbed8{�WÃl8W*oGhi`�be]��iVXWÃl%L � V�k8jmb���vWa`¨b6Wa{�\f^|l%L k8bejmVmjX^1RUbejXhi`
l%L k8`fW�]6WG^6^_hik8]6oGWÈ�/l�jX^ebe]ejmT8k �|R �ab���jm{�\8V �a{�Wa`cb���RG´�WGo�^6kfoGo�
G^q��Wabs\�Wa]e{�Wabgl8W�} �a]6Wa]gl8WG^g^6o �a`pRU]ejXh�^�Rq´�WGo
\8Vmkf^ejXWak8]6^�oaVzRi^6^6WG^Bl8Wg^6Wa]e´yjXoGW�Z
Ò�`fW#jXl �GW/oaV �/l8W#V L RU\8\8]6hyo6dfWu{�hi`�b_RU`cb6WsWG^eb?l8W�oGhi`�be]��iVXWa]BVXW�^6�y^eb�
a{�W�l8W#V L jm`�b��a]ejXWak8]qZ¯Ó�RKoGhi{�\8VXWxw�jmb��

l�kÃ^e��^eb�
a{�WsWG^ebB]6WGoa]��GW�^ek8jmb6WgRUk�w*{�k8Vmbejm\8VXWG^Djm`�b6Wa]_RioabejXhi`f^uWa`cbe]6WsVXWG^B`fhyWakfl8^qZ
º�RU]�^ejm{Kk8VzRUbejXhi`f^D`fhikf^/RG´�hi`f^#l8hi`fog\8k*´iRUVmjXl8Wa]DVXWG^D\8]6hi\8]ej �ab��G^�^ek8jm´�RU`cb6WG^#l8WsV L RUVm}�hi]ejmbed8{�W [

• P�hiT8kf^eb6WG^6^6W/t�RioGWso6dpRU`8}�Wa{�Wa`�b6^/l8WgV L Wa`c´yjm]6hi`8`fWa{�Wa`cb��µ`fhi{�T8]6W�l8Wg`fh�Wakfl8^q�8oGhi`fl�jmbejXhi`f^�]_Ril�jXhc�xZ
• ·SVXWxw�jmT8jmVmjmb��\[�V L RUVm}�hi]ejmbed8{�W4\�Wak8bE^�L RilfRU\8b6Wa]	�Àl8W|`fhi{KT8]6Wakf^6WG^�oGhi`�Äf}�k8]_RUbejXhi`f^�l8W M

�
N
�
nmin
�

nmax
Wab#Rq´�WGog\8Vmkf^ejXWak8]6^DoaVzRi^_^6WG^Dl8Wg^6Wa]e´yjXoGWG^qZ

• M oqRUVzRUT8jmVmjmb��KWa`n`fhi{�T8]6WKl8Wu`fh�Wakfl8^�^ejm{�k8Vmb_RU` �a{�Wa`�b/Wa`noGhi{�\ �abejmbejXhi`�Z
• Y)V�k8jmb��\[�V L RUVm}�hi]ejmbed8{�WK} 
a]6WsV L � V�k8jmb��sWa`nb6Wa{�\f^#l8Ws^6Wa]e´yjXoGWgWa`�be]6Ws\8Vmkf^ejXWak8]6^Dk8bejmVmjX^1RUb6Wak8]6^qZ
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Utilisation du spectre sans l’equite pour le scenario :
Service 1 et Service 2 ne se chevauchent pas pour les ni specifications

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 7, nmax = 15
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