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T : t = (id A msg B)

M : m = (id A frm B)
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



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

È�
�º��¢�W�SK\ç§
� � J�����E�6�����É�i;14º96G/OPOC4S9�@C5E4nóPó G/ôØ>}OCGI.:@C4i2Ló�D:4�#*514nD(>/9n9�G/O<D:2351ì�@CG�>}=(2LóPó�23õ/4Iø
ü OPG/.1@C4

r
23óº96G/OPOC4S9�@�òº2t@P;�OP4nóCë*4S9�@�@CG+>¢=(2LóPó�23õ/4

m
2tô

r
óV@<>?OC@Pó�òº2A@C;�@C;14ÁG/OP23ì/235ÂG?ô

m
ö

465ED1óÄòº2t@P;J@C;14HD14nó�@C235E>g@P2AGI5(G/ô
m
>?5ED(46õI46OPí
51G:D:4ºG/ô

r
ú*4n0AGI51ìIó¹@PGÁ@C;14�ó�46@ÄG?ôw51G:D:4nó�G/ô

@C;14¡5E4�@Vò�G/OPûØøP�Äõ/4nOCí(9�G/OPOP4n9�@ÄOPG/.1@C4º;E>IóÄ>g@%034n>IóV@%@Vò�G�51G:D:4Só6øS�i;14ºô�GI0A03Ggòº2A5Eì�ë1OC4SD:2L96>g@P4
D:4�#E5E4nói@P;14nóC4�9�G/5*D:2t@P2AGI5EóB!
è �Sé�z � � � }�zßxVv7ãO�j� � ¤@å�} Ï �B�S�,v

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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List(IdM(m),FrmM(m), ρ(OrgM(m),DestM(m)))
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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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�i;14�0A2Ló�@HG?ôq@C;14¢D:460L>_í/4SDÂ@POP>_õI460Ló�=¢.Eó�@Hú*4¢>+ó�.1úE0A2LóV@¡G/ô
V
øVXEG/OP=+>?030AíIö:G/514�4n5Eó�.EOC4Só

@C;E>?@ºô�G/Oi46õI46OPí$D:460L>_í/4SD+@POP>_õI460
dtr

öY@P;146OP4Á4�ý:2LóV@<óº>¢.E5123KM.14�23512A@C2L>?0w@POP>_õI460
v
óC.E9<;$@P;E>g@

dtr
>?5ED

v
;*>_õ/4}@C;14
óP>?=J4�2LD:465M@P2'#E4nOnö1@C;14
óP>?=J4Áô�O<>?=J4�>?5ED�@C;E4
óC>/=(4�OPG/.1@C4nónø 0 4n5E9�4

@C;14Áô�GI0A03Ggòº2A5Eì¢ë1OPGYG?ôqG/ú1032AìM>g@P2AGI5"!
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)

7Y2A5*9�4�@C;14¡óP9<;14SD:.1032A51ì}ô�.15*9�@C23G/5JGI510Aí�û/464nëEó¹G/5E4�OPG/.1@C4�ô�G/O�4nõ/46OPí
óP9<;14nD:.E0A4SD
@POP>_õI460Þö
@C;14�0A2LóV@

Scheduled
2Ló 5EG?@!46ý1>/9�@P0AíÁ>HóC.1ú1032LóV@qG?ô:@C;E4�23512A@C2L>?0I@CO<>_õ/460/0A2LóV@

V
øB�i;14�23D:4n5M@C2$#E46O<ó

>?5EDÅ@P;14+ô�O<>?=J4nó
>/OC4+5EG?@�=JG:D:2$#E4nDªøFHÅ4$9<;14n9<ûÀ@C;E>?@
@C;E4$OPG/.:@P4/öpGIO
=JG/OP4+ì/465E46O<>?030AíIö
@C;14}OCGI.:@C4Só%G/ô >�óP9<;14nD1.10A4SD+@POP>_õI460EúØ4603G/5Eì
@CG�@C;14}OPG/.:@P4nó�G?ôª@C;E4}96G/OPOC4Só�ëØG/5ED12A51ì�2A512A@C2L>?0
@CO<>_õ/460Þø�X1G/OP=+>?030AíIö!ò�4�465EóC.1OP4$@P;E>g@(ô�G/OJ46õI46OPí óC9<;14SD:.1034nDÛ@CO<>_õ/460

str
ö¹@C;14nOC4�4�ý:2LóV@<ó¢>

.1512LKI.E4$23512t@P23>/0%@POP>_õI460
v
óC.E9<; @C;E>?@

str
>?5*D

v
;E>_õI4J@C;14�óC>/=J4Â23D1465M@C2$#E46OSö!@C;14�óC>/=(4

ô�OP>/=(4(>?5ED8@C;E>?@H@C;E4¢OPG/.:@P4nó�>/óPó�G:9�2L>g@P4nDÕòº2A@C;
str

>/OC4¢>?=JG/51ì$@C;14¢OCGI.:@C4SóH>IóCóCG:9�2L>g@C4SD
òº2t@P;

v
ø

Åb¯�}[}   �¥¹F� � ����� � }Vzäùq~É}_¯�¯��U�5�BzF� ¬B¬ }   �B�F� ¬ ���@�U¤ Ï �E�S¤��B¯�� î �U� ¬ vô[���
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
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⇒ 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
OC4n=J>/2A5E2A51ì+>/OCìI.1=J465M@Pói>?OP4�@C;14�.1ëwD1>?@C4nó¡G?ôq@C;14Á0323ó�@Pó

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

23ó}GIú:@P>/2A514SD¿2Aô�ô�GIOÁ46õ/4nOCíÕ4n0A4n=(4n5M@
ctr

G/ô
@C;14+9�GI=Jë10A46@C4SD8@CO<>_õ/4n03ó

G
öØ@C;14(ô�O<>?=J4J>?5ED¿@C;14J0L>/ó�@}51G:D:4(G?ô�@C;14(OPG/.:@P4 � G?ô ctr

>?OP4
4nKM.E>?0E@CG�@P;14¡ô�O<>?=J4H>/5EDJ@P;14�D:4SóV@P2A5*>g@C23G/5+G/ôª@C;14H=(2LóPó�23õ/4

m
235

M
@C;E>?@�;E>Ió�@C;E4�óP>?=J4

23D:4n5M@C2$#E46O¡>Ió
ctr
ø��i;12Lói23óº46ý:ë1OC4SóCóC4nD$úYí+@C;14�0346=J=+>JúØ4603GgòO!

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)�, J
4
^��-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

GeNoC t

ø
ù�@(ô�GI0A03Ggò¡ó¢ô�OCGI=�ë1OPGMG/ô�GIú10A23ìI>?@C23G/5 3 @P;E>g@J@C;E4ÕóP9<;14SD:.1034nD >/5ED @C;148D:4n03>_íI4nD @POP>_õI460Ló
96>?5 ú*4Åë1OPGgõ/465ÊóC46ë*>?O<>g@C4n0AíIøi719<;14nD:.E0A4SD'@CO<>_õ/4n03ó$;E>_õ/4Å> 9�GIOCOP4nóCëØG/5ED1>/5E9�48òº2A@C; @C;E4
@CO<>_õ/460!0A2Ló�@}2351ë1.:@�235

Scheduling
î¬ë1OCGYG/ôÄG/ú1032AìM>g@P2AGI5 M ñ�øwX1.15*9�@C23G/5

Routing
ë1OCG:D:.*9�4nó

9�G/OPOP4n9�@�OCGI.:@C4Só¢î¬ë1OCGYG/ôÄG/ú1032AìM>g@P2AGI5 Y ñ�öªòº;E239<;À>/OC4(óV@P2A030�9�GIOCOP4n9�@�>gôÓ@P46O
Scheduling

øp7YG*ö
ô�OP>/=(4Só�>?5EDÅD:4SóV@P2A5E>?@C23G/5Eó�>?ôÓ@C4nO

Scheduling
=+>g@P9<;Ç@C;E4+=(2LóPó�23õ/4Só�2351ë1.1@�@CGÕô�.15E9�@C23G/5

Routing
ø4�i;14�D:4n03>_íI4nD�@CO<>_õ/4n03ó >?OP4Äë1OPGgõ/465}.EóC2A5Eì¡@C;E4Ä2A5*D:.E9�@P2AGI5
;YíYë*G/@C;14Só�2Ló >/5ED�ë1OPGYG?ô

G/ú1032AìM>g@P2AGI5 R ø
X1.15E9�@C23G/5

GeNoC
@<>?û/4Só!>Ió¹>?OPì/.1=J465M@<ó!>�0A2Ló�@

T
G?ôE@CO<>?5EóP>/9�@C23G/5Eónö6@P;14ºó�46@

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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X1.15E9�@C23G/5

GeNoC
2Ló�D:4�#E5E4nD .EóC2351ì @C;E4nóC4¿ô�.15E9�@C23G/5Eó�>?5*D

GeNoC t

ø,XE.15E9�@P2AGI5
ComputeMissives

ìI2AõI4nóº@P;14O#EO<ó�@}>?OPì/.E=(4n5M@¡G?ô
GeNoC t

ô�OPG/= @C;14�@CO<>?5EóP>/9�@C23G/5Õ0A2Ló�@
T
øF�i;E4Â03>IóV@(>?OPì/.1=J465M@
G/ô

GeNoC t

23ó
@C;14$46=Jë:@Ví 0A2Ló�@nø@�i;E4$>?úØG/OC@C4SD =(2LóPó�23õ/4Só
>?OP4
ë1OCG:D:.*9�4nD�úYíÂô�.15*9�@C23G/5

GeNoC t

ø_�i;14�D:4�#*512t@P2AGI5ÕG?ô
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
2LóºD:4�#E514nD�úYí$46ý:ë1OC4SóCóC23G/5 ` D:4�#E5E4nD�2A58óC4n9�@C23G/5 Y ø

¸ �@�U}V¯��S� ©"vØ~É}_¯�¯��U�5�BzF� ¬B¬ }  
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)

�, J
4
^��-1�i;14
0L>/ó�@¡@C4nOC= G?ô¹@C;E4�9�GI5�)V.15E9�@H23ó�D:23OC4S9�@C03í�G/ú:@<>?23514nD�ô�OPG/= 9 46=J=+> 2 ø�X1OPG/=
@C;12Lóp0346=J=+>1ö�2A@!>/03óCG�ô�G/030AGgò¡óØ@P;E>g@p@P;14�ô�O<>?=J4nówëEOCG:D:.E964nD}úYí¡ô�.15*9�@C23G/5

ComputeMissives>?OP4
23D1465M@C2L96>/0 @PGÂ@C;E4�ô�O<>?=J4nó�9�GI5MõI46OC@C4SDÕ2A5¿=J4SóCóP>?ìI4nóºúYí�ô�.15E9�@C23G/5
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dist : GenNodeSet ] × GenNodeSet ] → N
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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
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Routing
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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]))
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NumNode = 4N

ø : OP4nD:2L96>?@C4
ValidNodepOct
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∀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 +
NumNode

2
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LOct (s , d ,N ) ,















s
�= 

RelAd = 0

Clockwise(s , 4N )
�= 

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

�= 
3N ≤ RelAd < 4N

Across(s , 4N )
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ρOct
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ρOct (s , d ,N ) ,

{

d
�= 

s = d
s .ρOct(LOct (s , d ,N ), d ,N )
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∀s, d ∈ GenNodeSetOct , s 6= d ⇒

mesOct(LOct (s , d), d ,NumNode) < mesOct (s , d ,NumNode)�, J
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ValidRoutep
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∀M,Mlstp(M,NodeSetOct)
⇒ ∀m ∈l M, ∀r ∈l ρOct (OrgM(m),DestM(m)),ValidRoutep(r ,m,NodeSetOct )

�, J
4
^��-�N�í$2A5ED1.E9�@P2AGI5�GI5�@C;14�OPG/.:@P4�03465Eì?@C; ø
X!235E>/0A03í/öYô�.15*9�@C23G/5

RoutingOct
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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))

�!>/ú10A4 ð1ø Y óC;1Ggò¡ó�D:46@P>/2A0Ló%>/ú*GI.:@�@C;14 ü ê 9 %}=JG:D:46032A5Eì�>?5ED(ë1OPGYG?ôVø ü ê 9 %}23ó%OC.E5(GI5
> : 465M@P2A.1= ù	/ >?@72Iø ïZ? 0 BÁòº2A@C;+%/ð/ï�.¿N'.15*D:46O 9 2A5Y.:ýªø��i;14 8 9�@<>?ì/GI5Âó�ëØ4n962'#Ø96>g@P2AGI5
>?5ED¢ë1OPGMG/ô*>?OP4�OC4n03>?@C23õ/4603í
óC=J>/0A0Þö?>?5(23=(ëØG/OC@P>/5M@qëØG/235M@�ô�G/Oq@C;14º23512A@C2L>?0:;123ì/;(0346õ/4n01D:4nóC23ì/5
óV@P46ëpø1ùa5�@P;14Áë1OCGYG/ôVö1>J;M.Eì/4�>?=JG/.E5I@ºG/ô @C23=J4�23óHD:46õIG?@C4SDÂ@PG+>?OP2t@P;1=J4�@C2L9ÁOP4n>/óCG/5E2A51ì*ø

³ �/T z lnm ³ �/T z l6m �ªTVlglnm �¹[]k�^ Q?['·P^
mLrMWIsPbV[]lSWI` bV�I^<lnTV^Pk�` ´ `a^<s<lnWYX/`ÎµÝ�sPb�R6»SlnW ³ l?X/^�Q/^Cb � � < � `6�}U][tWI^<`

� ^<k�k
Rn`¹lnW mod � ��� < ¤ ���n�ÁU][]WM^<`
v lSr/bV[tWI» �'a �I� ∼ ` { � aS�S�}U][]WM^<`
�Øl6b�RnU { � x � < `6�S� ��¤ { �}U][]WM^<`¸ ��¹��=��u"v XE.15E9�@C23G/5EónöØ@C;14nG/OP46=+ó�>/5ED¿ëEOCGYG?ô�@P2A=J4¢ô�G/O}@C;E4(D:4�#E512A@C23G/5Å>?5EDÀõ_>/0A2LD1>?@C23G/5

G?ôq@C;14 8 9�@P>?ìIG/5

b 5Çå�âHèwÁ�ç1ÝYéVå%â g�âHæ Þ¡ç¡ã1ç¡äjodc åÄä_i
HÇ4�;E>_õ/4%ë1OC4Só�4n5M@C4nD�>HìI46514nOC2L9�=JG:D:460Mô�G/O¹9�GI=J=�.1512L96>?@C23G/5�>/OP9<;E2t@P4n9�@P.1OP4nónø6ù�@¹23ó ô�G/OP=+>?0A÷
2ABn4nDÕúYíÂô�.15*9�@C23G/5

GeNoC
ö1òº;12L9<;823ó�D:4�#*514nDÕúYíÂ@P;1OP464
ûI46í�96G/=JëØG/514n5I@<ó�!E2A5M@C4nO�ô¬>I9�4Só6ö

>�OCGI.:@C2351ì
>/0AìIG/OP2t@P;1=�>?5*D+>�óC9<;14SD:.1032A5Eì
ë*GI0A2L9�íIøD�i;14Hì/465E46OP239�=JG:D:460ØD:GY4nóÄ5EG?@�>IóCóC.1=J4



XqG/OP=+>?032ABn2A51ì 8 5 ê ;123ë ê GI=(=¢.1512L96>?@C23G/5Eó %PY
>?5Yí ëE>?OC@C2L9�.10L>?O(D:4�#*512t@P2AGI5 G/ôº@C;14Só�4Õ9�GI=(ëØG/5E465M@Pónø!ù�@JG/5E0Aí OP46032A4Só
G/5Ù>ÀóC4�@(G?ôHë1OPGYG?ô
G/ú1032AìM>g@P2AGI5Eó�î¬G/Oº9�GI5Eó�@CO<>?235I@<óPñ%>/óPó�G:9623>?@C4nD$òº2t@P;�4S>/9<;�9�G/=JëØG/514n5M@nø��i;14Á9�G/OPOP4n9�@P514nóPó�G?ô
GeNoC

235E9�03.ED:4Sói@C;E4�ë1OCGYG/ôp@C;E>?@¡=J4nóPóC>/ì/4nói>/OC4}462A@C;14nOº0AGMóV@ºGIO�OP4n>I9<;Â@P;14623O¡4�ý:ëØ4n9�@C4nD
D:4nó�@C235E>g@P2AGI5�òº2A@C;1GI.:@�=JGYD12'#*9n>g@P2AGI5�G?ôE@C;14n2AO�9�GI5M@C465M@Sø��i;E23óqë1OPGYG?ôE2Ló¹D:4nD:.*9�4nD�ô�OPG/= @C;E4
ë1OCGYG/ôØGIú10A23ìI>?@C23G/5EóqGI510AíIø 0 4n5E9�4Iö?@P;14¡ó�ëØ4n962'#Ø96>g@P2AGI5+>?5ED¢@C;E4¡õg>?0323D1>?@C23G/5(G?ôp>}ëE>?OC@C2L9�.E03>/O
9�G/=J=¢.1512L96>g@P2AGI5�>/OP9<;E2t@P4n9�@P.1OP4Á>/=JG/.15M@Pó�@PG+ì/23õ/4�>?5à�������¨�=���W�!D:4�#E512A@C23G/5Õ@PG(4S>/9<;89�GI=(÷
ë*GI51465M@�>/5ED(@CG¢ë1OPGgõ/4i@C;*>g@Ä@P;14nóC4�D:4�#E512A@C23G/5Eó�óP>g@C2Ló�ô�í�@P;14�96G/OPOC4Só�ëØG/5ED12A51ì�96G/5Eó�@CO<>?235M@Pónø.8G/OP46GgõI46OSö:4n>/9<;Ç9�G/=JëØG/514n5M@�2Ló�óC460AôÓ÷�96G/5M@P>/2A5E4nD8>?5*D¿96>/58ú*4Jó�ëØ4n962'#*4nD¿>/5ED8õg>?0323DE>g@C4SD
2A5Õ2Ló�GI03>?@C23G/5pø� G}õg>?0323D1>?@C4�G/.1O�>/ë1ë1OPGI>/9<; önò�4i;E>_õ/4�>?ë1ë103234nD¢2t@¹@CG�>�õg>?OP2A46@Ví�G?ôØ>/OP9<;E2t@P4n9�@P.1OP4nó @C;E>?@
9�G/5*óV@P2t@P.:@C4�>/ói=+>/5MíÂ96G/5E96OC46@C4}2A5*óV@<>?5E964nó�G?ôqG/.1Oi@P;146GIOCí6!:ó�GI=J4}96G/=J4}ô�OCGI=�2A5ED1.EóV@POC2L>?0
ó�í:ó�@C46=+ónöI0323û/4¡@P;14 ü .¿N ü úE.Eó%GIO%@P;14 8 9�@P>/ì/G/5+5E4�@Vò�G/OPûØöIG?@P;146O<ó%>/OC4�=(GIOC4�>/96>ID:46=J2L9
4�ý1>?=Jë1034nónö/032AûI4eTeV G/O�D:G/.1úE0A4fV 9<;E>?5E51460*OCGI.:@C2351ì
235$>�%/F =J4nóC;pöIëE>/9<ûI4�@�>/5ED+9�23OP96.12A@
ó�òº2A@P9<;12351ì(@C4S9<;1512LKM.14nóiGIOi@C;14�ú123ë1;E>Ió�4Á=+>?OPûÂë1OPG?@PG:9�G/0ªN�2A÷

φ
÷	. ø�i;14¢96.1OCOP465M@

GeNoC
D:4�#E512A@C23G/5¿2Ló}õ/46OPíÕ>?úEó�@CO<>/9�@}>?5*D8õ/4nOCí8óC2A=Jë1032'#*4nDªøp7Y.E9n9�4SóV÷

ó�23õ/4Iögë1OCGgõI465(9�G/OPOP4n9�@¹OP4�#E514SD(=(G:D:4n03ó�>/OC4i514n4nD:4SD(ú*46ô�G/OP4�OP4n>I9<;12351ìH@P;14º0346õ/4n01G?ôwD:4�@<>?2303ó
G?ô >?5+23=Jë10346=J465M@P>?@C23G/5$óCëØ4n9�2$#*9n>g@C23G/5 ø 8 .1O�ò�GIOCû¢23ó�9�.1OPOP465M@C03í�úØ462351ì�46ýY@C465*D:4nD+235+@Vò�G
D:2'(w46OP465M@�D:23OC4S9�@C23G/5*ó6ø ü @��iù^. ü ögG/.EO!OP4nóC4n>/OP9<;�235Yõ/G/03õ/4Sóª@P;14�>/ë1ë103239n>g@P2AGI5
G?ô

GeNoC
@CG

ò�GIOC=J;1GI0A4iOPG/.:@P2A51ì*ö/>?5*D�@P;14¡4n03>/ú*GIOP>?@C23G/5�G/ôp>ÁOC4�#E5146=J4n5I@Ä=J46@C;1G:D(@CG
D146OP2AõI4i@C;14¡96G/OC÷
OC4S9�@C5E4nóPó¡G?ô%>$ëE>?OC@C2L9�.E03>/O¡;E>?O<D:òi>?OP4�2A=Jë10346=J4n5I@<>g@P2AGI5pø*ùa5r?}46OP=J>/5Yí/ö1@P;14>/�46OP23óCG?ôÓ@�þ 2 ÿ
ë1OCGP)V4n9�@�>?23=Jó�>g@¢D:4nõ/4n0AGIë12A5Eì8=(46@C;1G:D1ó¢>?5EDÇ@PGMGI03ó
ô�G/O�@P;14ÂëØ46OPõg>/óC2AõI4+õ/46OP2$#*96>?@C23G/5ÅG?ô
9�G/=Jë1.1@C46O�óCí:óV@P46=+ó6øw�i;14nG/OP2A4SóH;*>_õ/4¢>/0AOP4n>ID:íÕú*4n465 D:46õI4603G/ëØ4nDÇ>?úØG/.:@Áë1OPGY964nóPó�GIOPó�þ ` ÿÞö
G/ëØ46O<>g@C2351ì ó�í:ó�@C4n=Jó�þ 3 ÿ�öÄ9�GI=(ëE2A0346O<ó�þ 2Sï ÿÞö�=J4n=(GIOC234nó�þ R ÿ�öÄ>?5EDyù)g 8 D146õY23964nó�þ 2BY ÿ�øGHÅ4
>?23= >g@ÂõI46OP2tô�íY2351ìÅ> 96G/=Jë1034�@C48D:2Ló�@COP2Aú1.1@C4nD'óCí:óV@P46= òº;14nOC4Õ4S>/9<;Ù51G:D:4Õòº2A030H9�GI5M@P>?235
4n>/9<; G/514�G?ô¡@P;14�>/ú*GgõI4$9�GI=Jë*GI51465M@Pó(>?5*DÛòº;14nOC4�51G:D:4nó(>?OP4�96G/51514S9�@P4nD @P;1OPG/.1ìI;Û>
@C23=(4
@COP2AìIì/46OP4nD$ú1.EóH2A58>¥Xq0A46ýj*¡>_í\°*>_õIG/OSø ü ë*4n5E9�230 >/5ED�ëE>?ëØ46O¡ëEOCGYG?ô¹G?ô�óC.E9<;8>+ó�í:ó�÷
@C46= >?03OC4S>/D:í+46ý:23ó�@PóÁþ Y ÿ�øjX1OPG/= @C;12Lóië1OPGMG/ôVö:ò�4�;*>_õ/4Áó�ûI4�@P9<;E4nD�>/D1D:2A@C23G/5*>?0p9�GI5Eó�@CO<>?235I@<ó
G/5 @C;E4�235M@C46OCô¬>/964nóÁ@PGÀ4n5Eó�.EOC4ÂëEOCGIë*4nO¢9�GI=J=�.1512L96>?@C23G/5 235 >¿OP4n>/0�@C23=J4�96G/5M@C46ýM@�þ %PA ÿÞø&¡0A@C23=J>?@C4n0AíIö

GeNoC
òº2A030púØ4�.EóC4nDÕ>/ói@P;14�235I@P46ìIOP>?@C23G/5�G?ôq@C;14
D:2$(w46OP465M@º@C;14nG/OP2A4Sói2A58>

ó�2351ì/034}ô�OP>/=J46ò�G/OPûØø

h èjiºâHå[ÄûÁÎo æ;k+iëo!â%ã
�i;14(>/.:@C;EG/O<óHò�G/.10LD8032AûI4
@PG$@P;E>?51û¿-Õ7M@POCG/@C;14nO7.8GYGIOC4Iö�.¿>?@�@Xj�>?.:ô�=+>/515À>?5*D²H >?OC÷
OC4n5 0 .E5I@�ô�G/O�õg>?03.E>?úE0A4}OC4n=+>?OPûYó�>?5EDÂ;14603ë:ô�.10p>ID:õY23964nó�OC4nìI>?O<D:2351ì ü ê 9 %:øSHÇ4Á>?OP4�>/03óCG
@C;E>/51ûMô�.10ª@CGkj�>?@C46030".8GIOC235:÷ ü 030AGIOCíJô�GIO¡ó�.1ìIì/4SóV@P2A51ì(23=(ëEOCGgõI46=J465M@Pó�@PGJ>(ë1OP46õY23G/.Eó�õI46OC÷
ó�23G/5�G?ôq@C;12LóiëE>/ë*4nOnø

l o[l�o äjo âHè6o@Ý
� z �gbabVj�m n�n�Ã�Ã�Ã z \_^PTV[]`al6m3b z XI^ z{?zºÜHz:� k ¶ RSX z�� l?XI^<U oq�I^<s�~/[]WI»ÁbV�M^ �i�JÚ¹� �ªTVlnbVlgs<lnUª[]W Ü Ý � z �Ø^PsC�IWM[]s�RnU*TV^<j:lnTab�f:Z�WM[c�\S^PTV`a[cbÞd�lnm o¹R6k}�/TV[AX/»S^SfYoqlSk�jIrIbV^PT � Rn�:l6T�R6bVlnTadgfYQ/^PjIbV^<k��:^PT { �n�n� z
¤ z Q z�Ú ^Cdg^PT�f�� z<Ú�o �IkJf ��z ��^PTV~S^Sf ��z�Ü []UtU]^<�/T�RnWMXEf�� z�| WºXI^CT v []^�XI^<WEf�Q z�p WYR6jMjEfPh z<� ^<[]WI^<WI�
�MRns��*f?R6WYX ×'z qIz �ªR6rMU z �Øl�Ã�R6T�X/`qbV�M^ÄmLl6TVk
RnUY\S^PTV[cÆYs�R�bV[tlnW¢l6mØU]l�Ã¹^CT�`�d/`�bV^<k UtR<dg^PTV`![]W¢R6rI�
bVlnk�lnbV[]\_^H`�d/`�bV^<k�` zi| Wsr
tS½�uwv�xEx_xyv�½IÑeÌCÒC½Y¼nÑÓÏ�zn½Y¼SÈ�{Ez6½'|�ÌCÒaÌC½:Ð�ÌXzn½}{Ez�~�ÎYÔ?ÑeÌCÒW��Ì)�VÏ%�n½��



%�` -*øE7:9<;1=+>/0t@PB
>?5ED�F�ø*N�GIOCOP23G/514

�^�R� v�ÏL½�{Ez�~�ÎYÔ?ÑeÌCÒ��J¼n½^uK�¹Ò�z�Ð�Ì)���)znÒ�����v�{/{
��r��
���A�'�fr��H���ÄÐPÑ�z
��ÌCÒ�r�������� � ¼6½}��z��PÌ)�
{
���f� � ���R�qÒ�z�Ð�ÌVÌ�unÏL½����Vf:jMRn»n^<`%¤/��`��?¤ { � z1|ÞË!Ë Ë f { �S�_� z

� 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^
� �i� � z*| W�h z ��^P[t`�b�RnWYX Ë�z �*TVlnWMs<[Ófg^�X/[cbVlnTV`<f#{EznÒ�ÒVÌaÐPÑ#�¡¼nÒ�u��!¼nÒVÌ��HÌ)��Ï1�n½+¼n½^u � ÌCÒ�Ï �!Ð�¼��
ÑÓÏMzn½¡ �ÌCÑ<¢£z'u��¤�¥{
�+��¦§ �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
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Z�`a[]WM» � o �w{?z¡| WÀ�¹Ò�z�ÐCÌVÌ�unÏL½����Xz�|HÑ<¢MÌ · znÔ?ÒCÑ<¢kv�½IÑeÌCÒC½Y¼nÑÓÏ�zn½Y¼SÈWÂÃznÒ�­���¢£zCÎ¸zn½ÕÑ<¢IÌ±�W{ � r
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