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Abstract: SIN (Space Information Network) has recently emerged as a promising approach to solving the collaboration 
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composed of GEO (Geostationary Earth Orbit) satellites as backbone network nodes, LEO (Low Earth Orbit) or other types 
of satellites as enhanced coverage nodes, and high-altitude platforms to meet the service requirements of emergency or hot-
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1  Introduction

Space information and networking research have 
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the various kinds of space programs, most systems 
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information services using their own strengths, 
and the designs have always been targeted to meet 
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integrated communication, navigation, and remote 
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are not universal and differ from one mission to 
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is to develop a space-information network that can 
be standardized, interconnected, and easily evolved 
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development of networking architectures and model 
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SIN is a new type of self-organizing system composed 
of space, air, land, and sea information systems[6-10]��
It can integrate various types of platforms as network 
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various service requirements, SIN nodes can be 
distributed to different altitudes, work in different 
environments, and have different computing or 
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main layers can be categorized, based on the orbital 
distance from the Earth: GEO layer, LEO layer, and 
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layered and hierarchical satellite network architecture 
called SoS (Satellite over Satellite), and designed 
a corresponding routing protocol for hierarchical 
satellite networks called HSRP (Hierarchical Satellite 

Routing Protocol)[17]��&
	����'���������
�
�����������
	�
IP-based routing algorithm for multilayered satellite 
networks called MLSR (Multi-Layered Satellite 
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which is composed of GEO satellites as backbone 
network nodes, LEO or other satellite types as 
enhanced coverage nodes, and high-altitude platforms 
to meet the service requirements of emergency or 
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Section 4, we propose a topology control algorithm 
to achieve low time delay and strong connectivity 
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2  SIN architecture
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system comprised of heterogeneous platforms to 
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satellites; however, we use a DSC as a logical node in 
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the GEO backbone and improves the SIN coverage 
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Figure 1  SIN architecture
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These nine LEO satellites are connected as a loop by 
&?���#&	
��\?

����
����	��%��!�������
��
����
����	��
�	����

��	�
��
����	��������§���
��
��'�
������
���
SIN contains different satellite orbits, it is based on a 
§����
����	���<	�����=�?£����
�����

����
������
��
only play enhanced roles to provide better coverage 
��
�����������
�

#¡%�"����
�
�
������

�����	�
��������	������	��

�������
����

����
�����������������������
�� ���>��	����
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satellite platforms are costly, especially in hotspot 
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of the operation and control network are to maintain 
the normal operation of various types of platform, 
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TT&C (Telemetry Track and Command) stations, and 
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ground information grid networks, navigation 
satellites, Earth observation satellites, deep-space 
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navigation data to other sub-networks or users to 
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GEO satellite, unaffected by atmospheric conditions; 
secondly, the data continues from the GEO satellite to 
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can either access the SIN through a teleport station or 
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of a teleport station is similar to that of a gateway 
station; it connects the GEO backbone network, 
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3  Network model
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organizing system composed of heterogeneous 
platforms to meet various information-service 
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altitudes and work in different environments in either 
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their nodes move slowly and connect to each other 
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Figure 4  Topology of SIN is complex
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hierarchical AS model, the dynamic AS network is 
���������� �	
������\�


��� ���
�� ���\'?�	�
�������
!����� 
���?&£�����
����� 
����	
�����£����� �	� 
���'?�
network autonomously form sub-AS networks and 
����
����\'?���������
������������	

���
���
��������
control of the intra-sub-AS network and inter-sub 
'?�	�
������!�

�����
����	������������
�������������

������\'?�����	

�������
���
��	
�������!���'?\��
topology control is usually based on the satellite 
��	�
���

��	��������	_���������	�
��������� �
� �	� 
����

�
������!������
����
����
�
������
�	������������	�
���
'?\�³¡³@��	
��\���\'?�
����������	
������
����

Considering that the properties of nodes in an AS 
network are similar, we assume that nodes in the 
same AS network are homogeneous and have the 
same maximal transmission range Rmax����
�
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network topology be represented by an undirected 
simple graph G=(V, E), where V = {u1, u2,  ,un} is 
the set of nodes (or equivalently, vertices) and E = 
{(ui, uj)|(ui, uj  V)  (r(ui, uj)  Rmax)} is the set of 
��	���#�����%��r(ui, uj) is the distance between nodes ui 
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 E, u and v can exchange information with each 

�
�����¤��
����
������
�

�
�����	����������
����
	��
obstacle-free, and each node can obtain its location 
�	����

��	���� �������
	�� #������§�?%��¤��	��
�
define several graphs related terms, which will be 
������	���
��
�����
����
	��������������
������	�
��	���
we refer to graph G = (V, E) and sub-graphs Gi = (Vi, 
Ei) and Gj = (Vj, Ej%�
�	�����������¤����
���	�
��	������
	������e = (u, v), 
the weight function is w(u, v) = (d(u, v), min(ID(u), 
ID(v)), max(ID(u), ID(v))), where d(u, v) is the time 
delay between u and v����	�����
	��	���	����

��	��
Given (u1, v1), (u2, v2)  E, the relationship between 
w(u1, v1) and w(u2, v2) is given as

w(u1, v1) > w(u2, v2)  d(u1, v1) > d(u2, v2)
or (d(u1, v1) = d(u2, v2))
(min (ID(u1), ID(v1)) > min(ID(u2), ID(v2)))
or (d(u1, v1) = d(u2, v2))
(min (ID(u1), ID(v1)) = min(ID(u2), ID(v2)))
(max(ID(u1), ID(v1)) > max(ID(u2), ID(v2%%%��������#�%

It is obvious that edges with the same vertices have 
�>���
��	
������
���"����������������
���������	
�
�	�\���
������
����������	
������
��
Definition 2  k\��		��
���� &	���
��� #
�������%�G, 
node u is said to be connected to node v, if there 
exists a path p = , where xi  V and 
(u, x1),(xi, xj),(xm, v)  E�����
���������
	��u, v  V, 
if there exists at least k�������	
��

�����
���	�
�����
Graph G is k-connected, and denoted by CON (G, 
k%�� &��G is k-connected, it follows that, there does 
not exist a set of k 1 vertices, whose removal will 
partition G��	
��
�������������		��
��������	�	
��

satellites
AS-1

airplanes

AS-3

HAPs

AS-2

ground nodes AS-4

Figure 5  The whole SIN is divided into a series of AS 

networks according to the property of the nodes

Figure 6  Nodes in the AS network autonomously form 

sub-AS networks and elect sub-AS cores

AS network

sub-AS-6sub-AS-2

sub-AS-7sub-AS-4

sub-AS-3 sub-AS-6

sub-AS-1
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Definition 3  Neighboring k\��		��
������\��
�����
����
���������	
����\��
����Gi and Gj of G, if u  
Vi, v  Vj and (u, v)  E, Gi and Gj are neighboring 
sub-graphs, denoted by NBRG (Gi, Gj%�� &��CON (Gi, 
k) CON (Gj, k), and (u1, v1),  ,(uk, vk)  E, 
where u1,  , uk  Vi and v1,  ,vk  Vj, Gi and Gj 

are neighboring k-connected sub-graphs, denoted by 
NBRG (Gi, Gj, k%�
�	����������  Multihop k\��		��
������\��
�������
�
G1, G2,  ,Gn be a partitioning of G��&�� Gl subject 
to NBRG (Gi, Gl, k)  NBR G NBRG (Gl, Gj, k), Gi 

and Gj are multihop k-connected sub-graphs, denoted 
byMCONG (Gi, Gj, k%�

4  Algorithms for inter-sub -AS topology 

control

In this section, we propose an inter-sub-AS topology 
��	
����
�����
������	������	�� 
�����
������
�?&£��

�����

	
�
��������
��	���� 
��� ��	���
�������� ��	���
Excessive use of these longdistance links not only 
brings additional delay but also reduces the system 
efficiency|�¡���@~��!����� �	� 
���?&£� 
����������	
�����
�	�\
�\�	�����
���������	�
���� ��	������ &	�
�
�����
using long links in the proposed algorithm, nodes 
in different sub-ASs collaboratively determine 
which links should be used to form proper neighbor 
���

��	��� 
	���		�����
��� ��	��� 
��� ���������'��
a result, the network topology may be susceptible 

���	������

�������	
��� �����
���
���
����
��������
Therefore, to design a robust topology-control 

�����
����
���	�
�������k\��		��
���
�������	���������
The failure of less than k 1 nodes will not disconnect 
the k\��		��
���
��	�
�����

As mentioned above, nodes in the AS network 
autonomously form sub-AS networks and elect 
sub-AS cores using the backbone-based algorithm 
��������� �	�*���|��~�� &	������� 
�� 
�����
��
��	
�
sub-AS networks to discover each other every node 
continue broadcasting hello message (NodeID, 

���

��	������&+��+�������+��
�%���������
�����!���
����
	

��	�����
�����������
������������%�£���&+��
���
�	�>���&+�����
���	������%����

��	��
������

��	����
�
���	�����¡%�����&+��
���&+����
����������
��������

�����	��	��	������������	
���
�����

����£�
��
�

�
�
�����	��������� �
����	�&+����� 
�����������@%�+�������
the degree of connectivity (the number of neighboring 
	����%���%�+��
���
�������
��
���
���	��������	��	����
���	�����
	����	����

��	��¤��	�
�	����u receives 
a hello message from a node v that belongs to a 
�������	
����\'?�#������
�����
����������	
�����&+%��u 
will place v����	����

��	��	��
������������
��!��	�
����
����������
���������
���
��
���	�������
��	
�������¤�
��
these border lists, we present a distributed algorithm 
���� �	
��\���\'?��!���� 
�����
��� ��� ���������� �	�
'�����
������¤�����G represents the AS, and let G1, 
G2 ,  , Gn (sub-AS) be a partitioning of G�

In this algorithm, the core of a sub-AS A checks 
whether there exist k disjoint links from this sub-
AS to each adjacent sub-AS B��!�

����
������������
by applying an algorithm (MaxMatching)[26] that 
computes a matching of maximum cardinality in a 
���
�
�
����
������	������
���	������	�������
�������\
AS networks and the edges with one vertex in each 
���\'?��&��k does not exceed the size of maximum 
cardinality matching, the core of sub-AS A select k 
������	
� ��	��� 
�

����
� 
�����	\�
�����
����
��
���
When there does not exist k disjoint links between 
Aand B (only km disjoint links), the core preserve 
the km-connectivity between these two sub-AS 
networks and minimize the maximum delay between 

�����£�
�� 
�

� 
������		��
���
���������

��	�#km-
connectivity) cannot guarantee k-connectivity between 
sub-AS A and B��"������������
��k-connectivity can 
be guaranteed after Algorithm 1 is completed as long 
as the original physical topology is k\��		��
���
���
!��������������������	�?��
��	���

Parameter DIA (G1, G2) in Algorithm 1 is used to 
perform an optimization which removes unnecessary 
links between certain adjacent sub-AS networks, 
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while preserving the connectivity of the resulting 

���������DIA (G1, G2) is the maximum delay of the 
selected k� ��	����"�����������	� 
���	������km of 
disjoint links between two adjacent sub-AS networks 
is less than k, DIA (G1, G2%����Â��!��	�����\'?�A will 
not connect to a neighboring sub-AS B directly if it 
observes that there exists another sub-AS C, where C 
is also a neighbor of B, and both DIA (GA, GC)and DIA 
(GB, GC) are less than DIA (GA, GB%�

After Algorithm 1 is completed, each border node 
is as-signed an inter-AS link list, and border nodes 
of different sub-AS connect each other according to 

��������
���!����
�����������������
�	

�	������������
node with hello message periodically, and always 
���������
��������
������		��
���
�����
���	�
�����

!
����������
���
���
�����	
��������
�����
�������
to complete the topology algorithm for each sub-
'?����
�N be the total number of nodes in the AS 
	�
��������
�S be the number of sub-AS networks, 
and NS be the average number of nodes per sub-AS, 
������NS = N³S����
�RB be the average probability of 
nodes that are border nodes in a sub-AS, where 0 < 
RB�Ã������
�SN be the average number of neighboring 
���\'?�	�
�����������
������\'?�� ������P�Ã�SN < S��
¤���
�
�
��	�'�����
����� �	
���
�����
�����"�	����
�����!
����� 
��� 
�

��	�����������	
��������
����
required in the AS is S (NS RB + 2SN����%�� &
� �
	�
be simplified as RBN + 2SNS + 2S, which is o(N) + 
o(SNS%��	�
�������
��
���

Algorithm 1: Inter-sub-AS topology control

Input: (at sub-AS Gk = (Vk, Ek))
    k (required connectivity)
Output:
    Links for all nodes in Gk�������������
�
Begin:
    Gki = (Vki, Eki), Vki�Ä�Vk, Eki�Ä�
    for all Gi subject to NBRG(Gk, Gi) do
        Vª�Ä�Åv | (v Gi) v is adjacent to Gk }
        Vki Ä�Vki  Vª

        

        M�Ä�
        Ea�Ä����
�
����������	�Eki in ascending order of 

�����
�#
�����	����	�+��	�
��	��%
        km�Ä�ÆMaxMatching (Gki)|
��������Á�ÆMaxMatching (Gki)| is the number of edges 

in MaxMatching (Gki)
        if km  k then
            for all edges et = (ut, vt)  Ea in the order 

do
������������������	��
�����
����
�t, subject to |M|  k, 

where M�Ä�MaxMatching (Gt = (Vki, Ea (t))), and |M| 
is the number of edges in M, Ea (t) = {e1,  ,et}

            end for
            L(Gk, Gi%�Ä�M, where |et| is the weight of et

            L(Gk, Gi%�Ä�M
        else
            for all edges et = (ut, vt)  Ea in the order 

do
������������������	��
�����
����
�t, subject to |M|  k2, 

and M�Ä�MaxMatching (Gt = (Vki, Ea (t)))
            end for
            DIA (Gk, Gi%�Ä�Â
            L(Gk, Gi%�Ä�M
        end if
        Send DIA (Gk, Gi) to neighbor sub-AS
    end for
    Collect DIA from neighboring sub-AS
    LIST�Ä�
    for all Gp subject to NBRG (Gk, Gp) do
        if there does not exist Gq subject to
            NBRG (Gk, Gq)  NBRG (Gk, Gp)
            (DIA (Gk, Gq) < DIA (Gk, Gp))
            (DIA (Gp, Gq) < DIA (Gk, Gp))     then
                LIST�Ä�LIST  L(Gk, Gi)
        end if
    end for
Return LIST
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5  Proof of strong connectivity

In this section, we prove that the strong connectivity 
of Algorithm 1[27]��!��� �����
�� 
��� ����	� 
�� 
���
�������	��
���������£�
�� 
�

������
���	�
������	
�
intra-sub-AS topology control algorithms in this 

�
������"���������������	
� �	
�
\���\'?� 
��������
control algorithms may be executed in sub-AS 
	�
�������������'�����
�������������
������
��	�������
to achieve global k-connectivity, nodes of any intra-
sub-AS should be k\��		��
����!�

������������������\
AS Gi, we know that CON (Gi, k%����
����
Theorem 1  Let G = (V, E) be the initial topology 
��� 
	�'?����
� Gª� ­� #V, Eª%� ��� 
��� 
�������� 
�
���
'�����
��������������
����!��	�����
���CON (G, k) 

 CON (Gª��k%�
Before proving the correctness of Theorem 1, 

�����
������
��������	�
�

�������
������
����������
Lemma 1  Let Gi = (Vi, Ei) and Gj = (Vj, Ej) be two 
sub-graphs of graph G��&��NBRG (Gi, Gj, k), then CON 
(Gi G  Gj, k%�
Proof of Lemma 1  In order to prove CON (Gi G  Gj, 
k), we prove Gi G  Gj is connected with the removal 
of any k �����
�����������
��?�	���NBRG (Gi Gj, k), we 
have CON (Gi, k) and CON (Gj, k%����������	������
	��u, 
v  Gi or u, v  Gj, u is k-connected to v��!��	����
only need to consider the case (u  Gi) (v  Gj%�

Since NBRG (Gi Gj, k), u0 Gi, v0 Gj, u0 is conne- 
cted to v0 with the removal of any k 1 vertices from 
Vi  Vj��Åu0, v0¨��¤�
��CON (Gi, k) and CON (Gj, k), 
we know that u is connected to u0, and v is connected 

to v0��"�	���u is connected to v��!�

�����Gi G  Gj is 
connected with the removal of any k �����
�����������
�
Corollary 1  Let sub-graphs G1, G2,  , Gn be a 
partitioning of G����
�Sm be the maximal set of sub-
graphs subject to Gi, Gj  Sm, MCONG (Gi, Gj, k%��
Then, G  {Gi|Gi  Sm} is k\��		��
���
Lemma 2  Let Gs be a sub-graph of G, and let Gsª����
edges reduction of Gs����
�Gªª�­�#V, Eª%�­�#G���Gs) G  
��Gsª��&��CON (Gs, k)  CON (Gsª��k)  CON (G, k), 
then CON (Gªª��k%�
Proof of Lemma 2  In order to prove CON (Gªª��k), 
we prove u, v Gªª������		��
�����
��
��������
�����
any k 1 vertices from Gªª��¤�
���
�����������	��
��
���

������
����
�����	���������	�
����������	��

1) u, v  Vs: It is obvious true because of CON (Gsª��k%�
2) u  Vs and v  V���Vs: Since CON (G, k), u 

is connected to v in path p with the removal of any 
k 1 vertices in G��&��p  E�Es, p is also exist in Gªª��
u is connected to v by removing those k �����
������
Otherwise, (a  p)  (a  Vs) and a is connected 
to v in G���Gs��?�	���CON (Gsª��k), u is connected to a 
by removing those k �����
������!��	�u is connected 
to v with the removal of any k 1 vertices in Gªª�

¡%�u, v  V���Vs: Similarly, since CON (G, k), u is 
connected to v in path p with the removal of any k 1 
vertices in G��&��p  E��Es, u is k-connected to v in 
Gªª���
��������� (a1, a2  p)  (a1, a2  Vs), u is 
connected to a1 and a2 is connected to v in G�Gs��
Since CON (Gªs, k), a1 is connected to a2 by removing 
those k �����
������!��	�u is connected to v with the 
removal of any k 1 vertices in Gªª�

Table 1  Average message complexity in a sub-AS

steps in each phase number of control messages

'����������	����������
�
���������������
��
��
����
��	
������ Ns · RB

Core node distribute DIA����
���
���
���������	����� 1

Border nodes send DIA����
���
���������	���������
�������\'?� SN

Border nodes of other sub-AS report DIA����
���
��
������
��	
������ SN

�����	������	���
�����	�����
�
��
������\'?��������� 1
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Corollary 2  Let G1, G2, ,Gn be k-connected sub-
graphs of k-connected graph G����
�G1ª��G2ª� ,Gnª����
edges reduction of G1, G2, ,Gn, andG1ª��G2ª� ,Gnª�
���

k\��		��
����!��	��  

is k\��		��
���
Lemma 3  Let G = (V, E) be the initial topology of an 
'?����
�Gª�­�#V, Eª%����
���
��������
�
���'�����
���
�����������
������
�Gi = (Vi, Ei) be sub-AS networks, 
where i = 1,  , n����
�Giª�­�#Vi, Eiª%��������Eiª�­�Ei 
Ç�Eª��!��	�� i, j subject to 1  i  j  n , we have 
MCONG (Gi, Gj, k)  MCONGª (Giª��Gjª��k%�
Proof of Lemma 3  Since nodes of any intra-sub-AS 
are k\��		��
����¤��

���
����\'?�
��
�node ������
����
���������������	
���
���G as  =(VS, ES), where 
VS = {G1, G2,  , Gn} and ES = {(Gi, Gj)|NBRG (Gi, Gj, 
k%¨��'�
�
����������#Gi, Gj) contains at least k disjoint 
paths between Gi and Gj����
� ª�­�#VS, ESª%����
������\
AS level representation of Gª��������ESª�­�Å#Giª��Gjª%�
|NBRGª�(Giª��Gjª��k%¨��¤������VS to represent the set 
of sub-AS networks in ª�����
�������	����	�
� 
��
consider the topology of intra-sub-AS (both Gi and 
Giª�
���k\��		��
��%��¤��

���
������
����
��	���������
we consider (Gi, Gj) and (Giª��Gjª%�
��
����
���������
Recall that in Algorithm 1, each edge (Gi, Gj)  ES 
has a weight DIA (Gi, Gj%�

&	�������
������������
�����
���������
�������
�

�
Gi, Gj  , Gi is connected to Gj in ª��¤��������

all edges in  in the ascending sequence of weights, 
and then judge whether an edge should be place into 

ª��¤�
���
�����������	��
��
�����
�
���������	�����#e1, 
e2,  ,em), where m =|ESÆ��!��	��������������
���
����	���
��	�

Base: Obviously, the pair of sub-AS networks 
corresponding to edge e1 should always be placed into 

ª��������e1  ESª�
Induction: t  m, if for all q < t, the pair of sub-

AS networks corresponding to eq are connected in 
ª�#��
���������
�������	�����
��%��'	����������et = (Gi, 

Gj%�������'�����
������
����	�����
��	�����et  ESª�#Gi 
is not directly connected to Gj in ª%����
�

�
���������
��
another sub-AS Gl, where both DIA (Gi, Gl) and DIA (Gl, 
Gj) is less than DIA (Gi, Gj%��"����������	���������#Gi, 
Gl) and (Gl, Gj) come before (Gi, Gj) in the ascending 

�������������

�� , Gi is connected to Gj in ª�
By induction, we prove that Gi is connected to Gj 

in ª��
	��
��	�MCONG (Gi, Gj, k)  MCONGª (Giª��
Gjª��k%�

��	
�������������� 
���������
	�������!����������
In the proof, Gi and Giª��
���
����
�������	�
��	��	�
����
�¡�
Proof of Theorem 1���������������\'?�Gi, we know 
that CON (Gi, k%� ��� 
�����!��	�����
�
�
��	� 
�����
sub-AS networks into sets A1,  , As, where each set 
contains sub-AS networks are multihop k-connected 
in G�������� r = 1,  , s, then, (Gi  Ar) (MCONG 
(Gi, Gj, k))  Gj  Ar��!��	�������	����
��A1ª��  , Asª��
where i, Gi  Ar  Giª�  Arª��'�����	������
�
¡�����������������Arª�­�Å�Gr1

ª� ��  , Grmª¨�� 1  i < 
j  m, we have MCONGª (Griª��Grjª��k%��!
���Arª�
��
�
sub-graph of Gª��Arª�­#VArª, EArª), where VArª = {v |v  
Arª¨�
	��EArª = {(u, v)|(u, v  Arª%�  ((u, v)  Eª%¨��
Since Arª��	�����	

�	�����
�����k-connected sub-
graphs, applying Corollary 1 here, we have Arª� ���
k\��		��
����!��	��
�����	��������
���������������
���

 is k\��		��
����

Then CON (G, k)  CON (Gª��k%�

6  Simulation results and discussions

In this section, we present a set of simulation results 
to evaluate the effectiveness of the proposed inter-
���\'?�
����������	
����
�����
����!����������

��	��
������
��������
����	��
���£?�������

���

In the simulation study, nodes are randomly 
distributed in a 2 000×2 000 km2� �����	�� &	�������
to study the effect of sub-AS size on the resulting 
topologies, we vary the number of nodes in the 
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�����	�
��	���������P��������PP���������P��!���
maximal transmission range Rmax of each node is 
¡�P����

�����
���'?�	�
�����������	������
1) k-connectivity: k=1 and k=2;
�%�
�����
���������
����	����� �	� 
���'?�	�
�����

autonomously form sub-AS networks and elect 
sub-AS cores using VDBP[26]��?���	�����
������������
�	
��\���\'?�
����������	
����
�����
�����������
���

¡%���PPP�=�	
���
���������

��	��
We configure that each node is at most one hop 


�
�� ����� �
���
��	
������� &	����� �����

��	��� 
���
VDBP algorithm generates sub-AS networks where the 

���
���	���������	������������\'?����¢���������´�¢������

	���P���#�����
�������PPP������

��	�%��������
������

&	����������������
���
���
	���
���������
��
between two sub-AS networks which obtained from 

������������
�����
����£�
��
�

������	�����	������
��	������
�

��	����
���	�
��������

��	��&
���������	
�
from those results that the proposed algorithm is 
�����
�����	�������	��
������
����
���	�	������*��
���
that the maximal transmission range Rmax of one 
	���� ���¡�P�����!�����������	��	�����
�� ������¢��
����¤��	�k = 1, the proposed algorithm reduces 

����
���������
��
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Figure 8  Number of messages exchanges per node when 

the number of nodes in the AS increases

7  Conclusion

In this study, we investigated the SIN architecture 
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Figure 7  Delay results from the proposed topology control 

algorithm when k = 1 and k = 2
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SIN architecture, which was composed of GEO 
satellites as backbone network nodes, LEO or other 
satellite types as enhanced coverage nodes, and high-
altitude platforms to meet the service requirements 
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proposed a hierarchical AS network model, which 
decoupled the complex SIN into simple sub-AS 
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simulation results validated the theoretic analysis and 
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widely used in existing topology algorithms, some of 
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are homogeneous) for the proposed algorithm so as to 
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