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IdR(rst) = IdT (t)
∧ MsgR(rst) = MsgT (t)
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∀s, d ∈ GenNodeSet , ∃mes : GenNodeSet × GenNodeSet → S,
s 6= d ⇒ mes(L(s, d), d) ≺S mes(s, d)
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ValidRoutep(r, m,NodeSet) ,







r[0] = OrgM(m)
∧ Last(r) = DestM(m)
∧ r ⊆l NodeSet ∧ Len(r) ≥ 2
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∀M,Mlstp(M,NodeSet)
⇒ ∀m ∈l M, ∀r ∈l ρ(OrgM(m),DestM(m)),ValidRoutep(r, m,NodeSet)
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∀M,Mlstp(M,NodeSet) ⇒ Vlstp(Routing(M,NodeSet))
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∀M,Mlstp(M,NodeSet) ⇒

∀v ∈l Routing(M,NodeSet), ∃!m ∈l M,

{

IdV(v) = IdM(m)
∧ FrmV(v) = FrmM(m)
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Let Scheduled be π3

1 ◦ Scheduling(V , att) and
Delayed be π3

2 ◦ Scheduling(V , att), then :

∀V ,Vlstp(V) ⇒ Vlstp(Scheduled) ∧ Vlstp(Delayed )
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dtr

öY@P;146OP4Á4�ý:2LóV@<óº>¢.E5123KM.14�23512A@C2L>?0w@POP>_õI460
v
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dtr
>?5ED
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Åb¯�}[}   �¥¹F� � ����� � }Vz|ö÷~É}_¯�¯��U�5�BzF� ¬B¬ }   �B�F�²¤F�U�=� ¡ �U¤ä��¯�� î �U� ¬ vô[���

Delayed
Q��

π3
2 ◦ Scheduling(V , att) ø �Ç�j����õ

∀V ,Vlstp(V) ⇒ ∀dtr ∈l Delayed , ∃!v ∈l V ,







IdV(dtr) = IdV(v)
∧ FrmV(dtr ) = FrmV(v)
∧ RoutesV(dtr) = RoutesV(v)
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@POP>_õI460Þö
@C;14�0A2LóV@

Scheduled
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@CO<>_õ/460Þø�X1G/OP=+>?030AíIö!ò�4�465EóC.1OP4$@P;E>g@(ô�G/OJ46õI46OPí óC9<;14SD:.1034nDÛ@CO<>_õ/460
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v
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str
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v
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v
ø
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Scheduled

Q��
π3

1 ◦ Scheduling(V , att) ø �Ç�j����õ

∀V ,Vlstp(V) ⇒ ∀str ∈l Scheduled , ∃!v ∈l V ,







IdV(str) = IdV(v)
∧ FrmV(str) = FrmV(v)
∧ RoutesV(str) v RoutesV(v)

7Y2A5*9�4�OCGI.:@C4Só G/ô1@CO<>_õ/4n03ó 2A5
Scheduled

>?OP4%OPG/.1@C4nó!G?ôE@CO<>_õ/460LópG/ô
V
ö6ô�.15*9�@C23G/5

Schedulingë1OC4Só�4nOCõI4nó%@C;14�96G/OPOC4S9�@C5E4nóPó%G/ô OCGI.:@C4Só6øYù�ô¹OCGI.:@C4Só%G/ô
V
óP>g@P23ó�ô�í+ë1OP4nD:2L96>?@C4

ValidRoutep
ö

ó�G+D:G(@C;E4�OCGI.:@C4SóiG?ô
Scheduled

ø
ü @POP>_õI460p9n>?5151G/@nö1>?@�@P;14
óP>?=J4}@C23=(4Iö1úØ4
óC9<;14SD:.1034nD�>?5EDÕD:4n03>_íI4nDªø

Åb¯�}[}   �¥¹F� � ����� � }Vzäúß£ Ï � Ï �j�]�D�"�D� ÏF¬B� }Vzû¹®�S��¾��U�Uz
Delayed

�_z@¤
Scheduled

v
Let Scheduled be π3

1 ◦ Scheduling(V , att) and
Delayed be π3

2 ◦ Scheduling(V , att), then :

∀V ,Vlstp(V) ⇒ Delayed bid u Scheduled bid = ε

Ú[vWò è �Dé�z � � � }Vzä�jzF¤äãO�j� � ¤@�j� � }�z|}  
GeNoC

�i;14ÇD:4�#E512A@C23G/5ÊG/ô�ô�.15E9�@C23G/5
GeNoC

>?5ED 2A@Pó�9�GIOCOP4n9�@C514SóCóÂë1OCGYG/ô�>?OP4Àó�.E=(=+>/OC23B64SD
2A5Xq23ìEø ð ø]�i;14ÀOP4n96.1O<ó�23õ/4¿9n>?030�235

GeNoC
GI510Aí'235Yõ/G/03õ/4SóJô�.15E9�@C23G/5Eó

Routing
>?5ED

Scheduling
ø[HÇ4ÂD:4�#E514(ô�.15E9�@C23G/5

GeNoC t

@CG8úØ4J@C;14+óC.1ú:ô�.15E9�@C23G/5 9�GI=Jë1.:@C2351ìÕ@P;123ó
OC4S9�.1O<ó�23G/5 ø1ù�@¡@P>/û/4Só¡>/ó¡>/OCìI.1=J465M@PóH>+0A2Ló�@

M
G?ô�=J23óPó�23õ/4Só6ö1@C;14�óC4�@

NodeSet
G/ô¹5EGYD14nó

G?ô%@P;14+5146@Vò�GIOCûwöØ@C;14+032LóV@
att

G/ô%@P;14Â>g@C@C46=Jë:@
5Y.1=¢ú*4nOPó�>/5EDÅ>$@POP>_õI460¹0323ó�@
V
@C;E>?@�23ó

2A512A@C2L>?0303í
46=Jë:@VíIø?ù�@ÄOC46@C.1OP5Eó!@Vò�G}032LóV@<ó�!?>�@CO<>_õ/4n0Y0A2LóV@¹@P;E>g@%96G/5M@P>/2A5Eó!@P;14iô�OP>/=J4nóqOC4S9�4n2AõI4nD



XqG/OP=+>?032ABn2A51ì 8 5 ê ;123ë ê GI=(=¢.1512L96>?@C23G/5Eó 2_ð

⇒ φ(Scheduled)

⇒ φ(Delayed)
∧ üªý�þBÿ������ ��ý��
	������������� �
��� ����������� � !#"�$%��&

true

false

(GeNoC nt
t )

φ(Scheduled) ∧ φ(Delayed)

�����'�)(�*"�	+� ý�þBÿ������ ��ýüªý�þBÿ������ ��ý+,������

ComputeMissives

T : t = (id A msg B)

M : m = (id A frm B)

Routing

ToMissives

ToMissives

A : abt = (id A frm B)
R : rst = (id B msg)

Scheduling

GeNoC t

V : v = (id frm Routes)

SumOfAtt(att)
?
= 0 ScheduledDelayed

- ��./. � »
��� ��� » ����� � !#"�$%��0 ∧ ��� �!#"�$1��2

ComputeResults

�d� �@v4ò"v : OCGYG/ôqG/ô
GeNoC

úMí}@P;14�D:4SóV@P2A5*>g@C23G/5�5EGYD14nó!G?ôY@C;14�=J23óPóC2AõI4nóª235
M

>?5*D�>¡0323ó�@ @P;E>g@¹9�G/5M@<>?235Eóª@P;14�>/ú*GIO�@P4nD
=(2LóPó�23õ/4Só6ø:ù�@<ó�ô�.15E9�@P2AGI5E>?032A@Ví$2Ló�@C;14Áô�GI0A03Ggòº2A5Eì_!

GeNoC t : DM ×P(GenNodeSet) × AttLst × DV → DV ×DM
îÎ2BYMñ

ù�ô*>?030M>?@�@P46=Jë:@Póq;E>_õI4ÄúØ46465(9�GI5Eó�.E=(4SDªö
GeNoC t

OP4�@P.1OC5*óp@P;14%@POP>_õI460Ló >I969�.E=�.10L>g@P4nD
2A5

V
>?5*DJ@C;14�0A2Ló�@�G?ôª@P;14}OC4n=J>/2A5E2A51ì�=(2LóPó�23õ/4Só6öV�=-W�B-M@P;14Á>?úØG/OC@C4nDJ=J2LóCóC23õ/4nónø 8 @P;146OPòº2Ló�4Iö

@C;14À@CO<>_õ/460LóJë1OPG:D:.E9�4SD'úYíÛô�.15E9�@C23G/5
Routing

>?OP48ëE>/óPóC4nDy@CG ô�.E5E9�@P2AGI5
Scheduling

ø�i;14}óP9<;14SD:.1034nDJ@POP>_õI460Ló%>?OP4H>ID1D:4nDÂ@CG�@C;14}0A2Ló�@
V
øS�i;E4}D:4n03>_íI4nD(@POP>_õI460Ló%>?OP4�96G/5Yõ/4nO�@P4nD

@CGÀ=J2LóCóC23õ/4nó�>?5EDÛ96G/5Eó�@C2A@C.1@C4�>/5Û>?OPì/.1=J4n5I@¢G?ôº@C;E4$OP4n9�.EOPóC2AõI4Â96>/0A0%@CG
GeNoC t

øF�i;E4
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att
>?5ED

V
ø

è �Sé�z � � � }�z|©"v è �Dé�z � � � }Vz�}  
GeNoC t

v
GeNoC t(M,NodeSet , att ,V) ,�= 

SumOfAtt(att) = 0
�B�F�Sz

List(V ,M)�S� ¬ �«t�S�
(ScheduledRtg DelayedRtg att1 )

¹®�
Scheduling(Routing(M,NodeSet), att)

� z
GeNoCt(ToMissives(DelayedRtg),NodeSet , att1,ScheduledRtg t V Ö�SzF¤ �= 

�i;14(96G/OPOC4S9�@P514nóPóHG/ôÄô�.15E9�@C23G/5
GeNoC t
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G/ô
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>?OP4
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m
235

M
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23D:4n5M@C2$#E46O¡>Ió
ctr
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3 ³ l6bV^¹bV�YR6bpbVli~S^<^<j}lnrIT WMl6b�R6bV[]lSWI`!sPlSWM`a[]`�bV^<Wgb�fSR�baT�R�\_^<U/[]`qR6U]Ã¹R<dI` k
RSX/^¹lnmER�Ut[]`�b!lnmYTVlnrIbV^<`<f
^<\_^<W¢[cmwbV�M[]`ÄU][t`�b%�MRn`ÄlSWIU]d¢lSWI^º^<U]^<k�^<Wgb z
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«®�U�à�à��x�vb~É}V¯�¯��U�P�BzF� ¬4¬ }  
GeNoC t

v

∀ctr ∈l G, ∃!m ∈l M,







IdV(ctr) = IdM(m)
∧ FrmV(ctr) = FrmM(m)
∧ ∀r ∈l RoutesV(ctr),Last(r) = DestM(m)H ;146OP4P!

G = π2
1 ◦ GeNoC t(M,NodeSet , att , ε)�, J4^��-1�i;123óp@C;14nG/OP46= 23ó ë1OPGgõ/465}úYí�235ED:.*9�@C23G/5�G/5Á@C;E4%óV@POC.*9�@C.EOC4ÄG/ôYô�.15E9�@P2AGI5
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Scheduling
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Routing
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Scheduling
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Scheduling
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Routing
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NodeSetG?ô�5EGYD14nó}G?ô�@C;14J5146@Vò�GIOCûwö*@C;14+0323ó�@
att

G?ôi>g@C@C46=Jë:@�5Y.1=¢ú*4nOPónøwù�@ÁOP4�@P.1OP5Eó�@C;14+0323ó�@
R9�G/5M@<>?23512A5Eì�@P;14ÁOC4Só�.10A@Pói>/5EDÂ@P;14Á0A2Ló�@

A
9�GI5M@P>?23512351ì¢@C;14�>?úØG/OC@C4SDÂ=J2LóCóC2AõI4nónøYù�@i;*>/ó�@C;E4

ô�G/030AGgòº2351ì¢ô�.15E9�@P2AGI5E>?032A@Ví�!
GeNoC : DT ×P(GenNodeSet) × AttLst → DR ×DM

îÎ2�`Yñ
X1.15E9�@C23G/5

ComputeMissives
>/ë1ë1032A4Só�ô�.15E9�@P2AGI5

send
@CGÙ@C;E4 =(4SóCóP>?ìI4ÇG/ô¢4S>/9<;

@CO<>?5EóP>/9�@C23G/5'G?ô�@P;14À0323ó�@
T
ø,�i;12Ló$ô�.15E9�@P2AGI5Êë1OPG:D:.E9�4Só$> 032LóV@�G?ô
=J23óPóC2AõI4nóJô�OPG/= @C;E4

2A512A@C2L>?0p@CO<>?5EóP>/9�@C23G/5EónøYù�@Pó�ô�.15E9�@C23G/5E>/0A2A@Ví$2Ló�@C;E4Áô�G/030AGgòº2351ì_!
ComputeMissives : DT → DM

îÎ2SðIñ
ù�@i2Ló¡D:4�#E514SD�>Ió�ô�G/030AGgò¡óB!

è �Sé�z � � � }�zäÚ[vØ~É}V�à� Ï �B�U£ �E¬B¬4�Çî � ¬ v
ComputeMissives(T ) ,

Λ
t∈lT

List(IdT (t),OrgT (t), send(MsgT (t)),DestT (t))

X1.15E9�@C23G/5
ComputeResults

>/ë1ë1032A4Só%ô�.E5E9�@P2AGI5
recv

@PG¢4S>/9<;$ô�OP>/=(4}G?ô¹>
@POP>_õI460Ø0A2Ló�@
@CGJë1OPGYD1.E9�4
>(0323ó�@¡G?ôqOC4Só�.10A@Pónø:ù�@Póºô�.15E9�@P2AGI5E>?032A@VíÂ23óº@C;14Áô�GI0A03Ggòº2A5Eì_!

ComputeResults : DV → DR
îÎ2nïMñ

ù�@i2Ló¡D:4�#E514SD�>Ió�ô�G/030AGgò¡óB!
è �Sé�z � � � }�zìòwvØ~É}V�à� Ï �B�Uå�� ¬4Ï �=� ¬ v
ComputeResults(V) ,

Λ
tr∈lV

List(IdV(tr),Last(RoutesV(tr)), recv(FrmV(tr)))
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GeNoC t

ø,XE.15E9�@P2AGI5
ComputeMissives
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GeNoC t
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T
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G/ô

GeNoC t
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GeNoC t
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GeNoC

2Lói@C;E4Áô�G/030AGgòº2351ì_!
è �Sé�z � � � }�z|ó"v è �Dé�z � � � }Vz�}  

GeNoC
v

GeNoC (T ,NodeSet , att) ,«t�S�
(Responses Aborted)

¹®�
GeNoC t(ComputeMissives(T ),NodeSet , att , ε)

� z
List(ComputeResults(Responses),Aborted)�i;14�9�G/OPOP4n9�@P514nóPó�G?ô

GeNoC
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GeNoC

vô[���
R
Q��

π2
1 ◦ GeNoC (T ,NodeSet , att)

�W�

∀rst ∈l R, ∃!t ∈l T ,







IdR(rst) = IdT (t)
∧ MsgR(rst) = MsgT (t)
∧ DestR(rst) = DestT (t)

�, J4^��-1�i;14
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ComputeResults
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∀s, d ∈ GenNodeSet ], s 6= d ⇒ dist(L](s, d), d) < dist(s, d)
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∀M,Mlstp(M,NodeSet])
⇒ ∀m ∈l M, ∀r ∈l ρ](OrgM(m),DestM(m)),ValidRoutep(r ,m,NodeSet])î¢%�2_ñ
ü ô�.15E9�@P2AGI5 @C;E>?@�=+>g@<9<;14nóÁ@P;14+ì/4n5146OP2L9+D:4�#E5E2t@P2AGI5

Routing]

9�G/=Jë1.1@C4nó�>Õ0A2LóV@¢G?ô
OCGI.:@C4Só�ô�G/Oº4n>I9<;�=J2LóCóC23õ/4}G?ô�>¢032LóV@

M
!

è �Sé�z � � � }�zìöwvØ~É}VzF�5¯��S�B�+á�z ¬ �B�jzF�P��}  ��[Ï z@�P� � }�z
Routing

v
Routing](M,NodeSet]) ,

Λ
m∈M

List(IdM(m),FrmM(m), ρ](OrgM(m),DestM(m)))
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∀M,Mlstp(M,NodeSet]) ⇒ Vlstp(Routing](M,NodeSet]))
î¢%P%Iñ

HÇ4¡>/ë1ë103í
@C;E23ó�=J46@C;1G:D:GI0AGIì/í�@PGÁ@C;14 8 9�@P>?ìIG/5(514�@Vò�G/OPû�ë1OP4nóC465M@C4SD(2A5Â7Y4S9�@C23G/5 %1ø$2 ø

òwvª© �¥�P�B�j��}�z~�� ¬ ��ñ"� Ï ¤ ¡
�¥�5�4�j��}Vz {+}"¤F� è �Sé�z � � � }Vz 8 .1O 8 9�@<>?ì/GI5 =JGYD1460º9�GI5Eó�2LD:4nOPó(>?5Ù>?OPú12t@POP>/OCíIöpú1.:@#E512A@C4/öE5M.E=�úØ46O¡G/ô!51G:D:4Só6ö15EG?@C4SD

NumNode
ø_�i;E23óº5Y.1=¢ú*4nOº23óH>¢5*>g@C.EOP>/0eö:=¢.10t@P2AëE0A4�G/ô`Eø:7YGEöIò�4}96>?5�D:4�#E5E4¡@C;*>g@�5Y.1=¢ú*4nO�.*ó�2351ì¢>
5E>g@P.1OP>/0

N
ö
NumNode = 4N

ø : OP4nD:2L96>?@C4
ValidNodepOct

@<>?ûI4nóº>/óº>/OCìI.1=J465M@Pói>(51G:D:4
x
>/5ED$5Y.1=¢ú*4nO

N
!

∀N ∈ N, ∀x,ValidNodepOct (x ,N ) ⇔ x ∈ N ∧ x < 4N
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Clockwise(s ,NumNode) , (s + 1) mod NumNode

CounterClockwise(s ,NumNode) , (s − 1) mod NumNode

Across(s ,NumNode) , (s +
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LOct (s , d ,N ) ,















s
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RelAd = 0

Clockwise(s , 4N )
�= 

0 < RelAd ≤ N
CounterClockwise(s , 4N )

�= 
3N ≤ RelAd < 4N

Across(s , 4N )
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ρOct (s , d ,N ) ,
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d
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s = d
s .ρOct(LOct (s , d ,N ), d ,N )
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∀M,Mlstp(M,NodeSetOct)
⇒ ∀m ∈l M, ∀r ∈l ρOct (OrgM(m),DestM(m)),ValidRoutep(r ,m,NodeSetOct )
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RoutingOct

RoutingOct(M,NodeSetOct) ,

Λ
m∈M

List(IdM(m),FrmM(m),List(ρOct (OrgM(m),DestM(m))))
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∀M,Mlstp(M,NodeSetOct) ⇒ Vlstp(RoutingOct(M,NodeSetOct))
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� z Q z?Ú ^Pd_^PT�fIo z�q RnsPlS�M[Óf?h z�p TVlnWM[]WM»/fgh z?� ^<[]WM^<W?�MRns��*f/RnWMX ×'z qIz �ªRnrIU z*| WI`�b�RnWgbV[tR6bV[]WM»¡Z�WI�
[]WgbV^PTVj/TV^PbV^�X u rMWIsPbV[]lSWMRnUpZ�WI[]bV`iRnWYX � ^<k�l6Tad�Q?d/`�bV^<k�m u rIWMsPbV[]lnWYRnUp� ^PTV[cÆYs�R�bV[]lSW$lnmqbV�I^
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�+��¦§ �xX¨ ��t���f/\_lSU]rMk�^ { ¥ x �Hlnm �
© { � f/jYRn»n^<`%�?��� x �?f �Rª ��« rI[tUtR?f | b�RnUcdgf
Ý�sCbVlS�:^PT { �S�S¤ z Q/j/TV[]WM»S^CTa�e� ^PTVUtRn» z

� zºv¡z Q zªÚ l�dg^CTÁR6WYX q Q?baTVl6bV�M^PT � lglnTV^ z �¬{Ez�~�ÎYÔ?Ñ¬¼nÑÓÏ�zn½ � z¥�nÏ�ÐX�¡¼n½^u�¥z'z� z�� s�RSX/^<k�[]s
�ªTV^<`a`<f*�'aS¥n¥ zx/zi×ÙzMÚ �IbabVWM^CT zª| ` u l6TVk
RnU1� ^PTV[cÆYs�R�bV[tlnW Ú lnrMWMX�bVl v ^<k
Rn[]W¢R q rIWM[]lnT��ªR�TabVWM^PTÄl6m Q/[]k}rIUtR6�
bV[]lnW�® | W$h z1Ú lnTaTV[]lnWM^�R6WYX ×'z �ªRnrIUÓf*^<XI[cbVlnTV`<f/{EznÒ�ÒVÌaÐPÑ/�¡¼6Ò�u��!¼nÒaÌ¯�HÌ)��Ï1�n½8¼n½^u � ÌCÒ�Ï �E�
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R?f¡RnWMX�¡z}v
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