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Network model and topology control algorithm based on hierarchical
autonomous system in space information network

ZHANG Wei, ZHANG Geng-xin, BIAN Dong-ming, GOU Liang, XIE Zhi-dong
(College of Communication Engineering, PLA University of Science and Technology, Nanjing 210007, China)

Abstract: Due to the distinguishing characteristics of space information network (SIN) such as large scale, high
component complexity and dynamic, a novel network model based on hierarchical autonomous system (AS) was
proposed. This model divided the complex SIN into simpler AS and sub-AS networks according to node properties, link
capabilities, task features, distribution areas, etc. In these AS or sub-AS networks, different control strategies could be
adopted. In this way, the dynamic network was decoupled into semi-static sub-networks, and the high dynamic coupling
problem among sub-networks was solved. Then, an AS network topology control algorithm based on the hierarchical
autonomous system model was proposed to minimize the time delay in the SIN. Compared with most existing
approaches for SIN where either the purely centralized or the purely distributed control method was adopted, the
proposed algorithm was a hybrid control method. In order to reduce the cost of control, the control message exchange
was constrained among neighboring sub-AS networks. It is proved that the proposed algorithm achieve logical
k-connectivity on the condition that the original physical topology is k-connectivity. Simulation results validate the
theoretical analysis and effectiveness of the algorithm.
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AS-2. HARZ RHLA R R AS-3 LA S HiTHT #2715 ri
R AS-4. AS-1 YT mishatEs, HigzhA
AR, AR F R ) R 3 BRI R TR R )
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D)), HA, du,v) 275 ufv 2[5 EAL
ey 4E o X TAEE (u,v),(w,,v,) e B, HUHEKEL
w(u,,v,) Flw(u,,v,) Z AR R WD s, B8,
HA AR T A AT 1 M — AR AA

w(u,,v,) > w(u,,v,) < du,,v,) >du,,v,)

or(d(uy %) = d(u,.v,)) A (min(ID(w,).

ID(v))) > min(ID(u,), ID(v,)))

or(d(u,v,) = d(u,,v,)) A (min(/D(u,),

ID(v,)) = min(ID(u, ), ID(v,))) A
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EX 2 ki@, fEE A 6, EH R
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EEEH) o R Yu,v eV, FEA4E k FMALERAE, MR G
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hlu) = Degree(u) + Degree(u) ‘= Delay(u,v,) )
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O R T U5 sub-AS P % B 01 2 TB] PR AR B
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UE & D 5k 1 45 H T sub-AS IR FMZEHI IR
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ke (CEER B )
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Begin:
VeV E ¢
¥ E, FPTE RILHEREEIEGE X DT PHES
for BT HEBIF 9324 (u,,v,) do
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E. <« E Uy,
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5 AS N IR 5 R o 310 B 48 Bz /ME (Min-Max).
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T RO T R SR [34 ] 83 ( MaxMatching )
Rl A F B 2 [ & AT ke ST 4 %, R A
& (bipartite graph) 55 KULEC, 5Hi2H B
1] B T3 R 53 ) J& T A A B

WIR k/NFEORUCEC P, A1 s A

TR k 2539 /& Min-Max I ZE#E D 55 2% o 4 ANAFAE
k MR BRI (UAETE &, 2O EE R, U0y
RN R k| 2539 & Min-Max B & 7 DU (1) 6 7% ,
REF &, V. FFE YIRS, S 4 A B 5]
R k, B8, (H48%2 2505, BT HAhAHE 0
sub-AS Z [AZEE R LREF, BEAS AS W2 & .
KRR AE M S h EAT IR
H% 2 i D, (G, G,) MZEH TR
B, FRORIEREAR ki [A) I A% BRAH 2E sub-AS o
AR . HF, D, (G,,G,) ER sub-AS G, Al
G, Z 8] 3k 1) ke 5% B B 1) de KN SE B . 25 AH 46
sub-AS Z [AfAFAE k, s HSL 85, W) D, (G,,G,) B
EIR N oo o M2 sub-AS 4 A 2 MHHAR sub-AS B Al
CHf, iR DIA(GA’GC) A DIA(GB’GC) I3/ T
D,(G,,G,) [, 4TI B 2 WK E bk
BB 3 FERE, 0T RO BERR B R 2 K
BB R, R T AR TR R 8 R BRI R R
Ao [N, & A BL—E KB 3 hello 15 & LA
TR SIS TE, 4E IR RO B R
B2 sub-AS [MHh M=
Input: X} T sub-ASG, =(V,,E,)
k (CESRIEEE)
Output:
G, 1T S AHAR sub-AS IBERERVIR
Begin:
Gy =V E) Vi < Vi By <= ¢
for A G 1 /2 NBR;(G,,G,)do
/= {v|(v eG)A(v 5 GAHAD}
Vi Ve OV
E, .« {uv)|ueV)AWweV)YA(r(u,v)
<R}
M« ¢
E, <« E, T HILHE A E (E X
DIt FPES
k, < |MaxMatching(G,a.)|
%  |MaxMatching(G,)| & %
MaxMatching(G,, ) i [ &
if k,=k then
for B A HF 5 W 34 e, = (u,,
v,)e E, do
PHRBUNI £, M| =k, For M <
MaxMatching(G, = (V}, E, (1)) » |M| &
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end for

D, (G,,G)«e|, Hr|e| 2 e MR E
L(G,,G)«M

else

for FIAHESUIRIT R0 e, = (u,,v,) € E, do
BB . E M=k, MM
MaxMatching(G, = (V,, E,(?)))
end for
D, (G;,G) <~
L(G,,G)« M
end if
¥ D,,(G,,G,) KiZEZEHAL sub-AS
end for
MAHZE sub-AS Y 4E D,
LIST < ¢
for X T Fr A & NBR;(G,,G,) 11 G, do
if IR G, W2 : NBR;(G,, G)A
NBR;(G,, G,)A(D,(G,,G,)<D,(G,G)HA (D,(G,,
G,)<D,(G,,G)))
then
LIST « LIST U L(G,,G))
end if

end for
Return LIST

4 EHIERERE SR
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AS AT SR, S ERIR AS H RIS 1) sub-AS
HH, N, KR sub-AS H [ F 4 S scE, B
Ny = o 4 Ry 273 sub-AS H1I SOV A K
IR, 0< Ry <1. 2 S KR sub-AS i AT
sub-AS HIFEN L 0<S <SS

1A TES sub-AS HEVE & BERSE R
Pr AR B 75 B AR T B R . R B AR
BRI NETULIR, W TIEAREEEE. WA
T RATLAER], R AS T, BT E R S
BB S(2+ A+ RN +28, +2) o 2 1LfH
N Q+A+RON+28.S+2S , H E K HH N
O(N)+0(8,S)

Fz1 WF—sub-AS EESMEBRESERE
IS

BB S B P IR

BT 51 hello {5 BRI HAEAE N
BBl i A TR, SER T R AN

BT 514 hello f5 BRI TP MG N,

BREL2 A sub-AS 1 R ] 0
B SRR A Frht N.R,
LA D, TR B T !

WHH S 5 Dy, KI%F I sub-AS 01
BrEp3  Ir
HAh sub-AS [ FH IR D, RIEE
HorLA
HLL A AR ST M U3 R %4 sub-AS
AR B

5 MEERSMERESTH

T AT BRI A T 0 2UR1 40 A1 X
FR A M B, X B S ORI i O s %
FGSS, P K 434 A% FLSS, BUHOG . kPR ix
2 ANEEBAT X L R R 2, AR A HE I A A S
%A /& Min-Max #E . 477 B 45 SR NS2 # -1
RCEIR

e Bk R, 5 R Bl AL 43 A7 7E 2 000 km x
2000 km [1] AS X3 H . 4 T 7L sub-AS FIRIAEXT
A S5 SRR, B ST S E 2
125, 150, 175, 200. 225 F1 250, 55 1 K15
BWCREE BN 350 km.

X TRER AS HAMERIT R, BRI

D) kiEmM: k=1Mk=2,

2) Bk AR MR ARE L, Fn A
S5L9%: FGSS, My A Wd2 i) 57 FLSS, o

3) 1000 REEGtit.

ASCEEH IR A R, EHBY B 1 sub-AS
AR R R A, A T SR 5 AR R A 1
R . XRLT AS XA E T SEH, Bl
LA R % sub-AS T S ECE N
6.68. 7.67. 8.64. 9.69 F1 10.15 (1000 X5t it 45
F)o FTIHERERE, #id AS XA BUAS [R5 55
WH, HREEHMSEH XK, SR
KEBWORER S A4, sibr L% T Hikh
T R .

B34 H THE— IR RS RES, it &
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TR B BESEBR b P i 25 5

B 3(a)2h A AT AN ST BSR4
585 R, VG N S Re e . K
3(b)za  FVERT B 1 455, AS WIIFTA 5 st
45N 19 4> sub-AS, sub-AS [ AN Bk
6.58. & 3(c)gh VLI B 2 #EAT 11 sub-AS P $h
R, Hhr=2. K3 HEENE3
sub-AS [#HFM %I 45 R G HA AS nfh, o,
sub-AS [H] [ FE S FH AR R IR, k=2,

Bl 4 25 THREDT &R, 3 PR
)55 B A A K (max) AP Cave) I SEFK)
GuirsiR. T, EEREG, HET EERE
FEISAE (SEBRHPOE AT REAETEAREE . ARSI 18D .
PR, T R RS BSOR R 2 350 km,
X B A BAE SRR SE N 1.167 ms. M k=10, &K
R A B N 125 B B oK AE AR A
0.864 ms, K17 B H N 225 B 1K) 5 K] SEPE 52
0.577 ms. AHELZ SR> 4 X FLSS, 5%, i K

2000

1500

£ 1000
500 ~
A
o . . .
500 1 000 1 500 2000
x/km
(@) E4hFME R
R ~
1 500 ‘s % /b
£
Z 1000 g. % . '

2 MY

1 000 1 500
x/km
(c)BfT B2

wkm

A 9.5%~18.1%, LA FGSS, HiE R 10.9%~
18.9%. X T-FIYINIE, 24795 mBCN 125 I, A5
VLS BT R E S I AE Y 0.524 ms, 4 R
N 225 B4 0.354 ms. AH L FLSS, 592, ~F¥if
FEAK 9.0%~12.1%, #HLE FGSS, “F 30 ZE 15 10.8%~
13.2%.

Mk =20, 3 FUEVEG TS B 1 O GE AT
B IEI LG ke = 1INy, JF H. 3 R AR iy s 45 2%
PSR X Bhal R TR, oy 2 b 1 %W
HATHERAEENE, BORESMER— A A E i
TERIBERS . W TR RE, ASCERE H A U
FLSS, 1% 12.9%~19.8%, Lt 0305k FGSS, &
14.9%~20.8%; Xf T P35I ZE, ASCH% L FLSS, 1%
12.9%~16.6% , Lt 0 KX H % FGSS, &
10.7%~18.4%.

ATLUE Y, AR SCRVE G133 (0 B 2 1 2E £
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