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Critical Nodes Evaluation of Opportunistic Networks Based on
Topological Condensation Graph
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Abstract; By evaluating critical nodes of opportunistic networks, it was found the nodes that have the
greatest influence on the throughput of network, which can support for network optimization and mainte-
nance. The topological condensation graph was constructed according to the characteristics of frequent
topology changes in opportunistic networks, and three evaluation metrics, such as second-order degree,
connection strength, and key domain importance, were defined. The Euclidean distance of the metrics
was employed to characterize the importance of the nodes. Experiments show that the proposed model is
effective and superior compared with the betweenness method, and the model has higher accuracy when
the time window is set for 20 minutes.

Key words: opportunistic networks; critical nodes; Euclidean distance; topological condensation graph

Pl 2 e — RN 2R S HA Y Rz | (Rl R, PPAS 9 28 i A S 1 i Xk T Ak Fn 4
FAAERSE SR, R SR A R AUAH B ML S S B 47 RO 2%, 80 [0 4% e 1 A EAT I Fi 2 0 S
AR A AL B 4 DL A7 i — 45— SRHENT RL AL T 1 B RS RE T SR
Fek ML (5 B (5 R 2 ks M2 2m TSR Tk BT R —S 0 75 kA 11 50k
I DGHET AR RO BN 48 4 WISl R RS DS R T 2SR R A ZREIRY 22

i EHE: 2018-09-13

E£WA: HEARBFILATE (61762065, 61363015) ; TLIG4 A AR 5E4: 5 2791 H (20171 ACB20018 , 20171 BBH80022) ; YLP4 44 f
FEAEQHT L WG 45 H (YC2017069 )

M & R(1964—), B, #H#Z, E-mail; shujian@ nchu. edu. cn.

S

1E&T



58 | T/ = R =~ = O ¢

Bt

W EHET D CH K R ) A H X sk £ R
EEXFEAS L, R % FEHL S 45 R AR P | (i A5k o
FEFRAS AT T L4 00 4 S S 5 i iTAs . P,
T BRI AL 2 9 45 1R P R R T P FE A DA S e
Bt S R4 IO 45 1) ) 73 A A T A o 3R PRI TR
Z0 i S AR I 5 45 A HIL2s 0 4% rp3 skt 14 Jrl S
FEPE AT RHRE L B A R T
PR B AN SR T R 3 TG TR AR, 78 I LRl
SRR B 8 PP AL 2 9 45 rf g G B 45

1 Hl&MERFHE

MR REME AT AR DL K 4 R R 3 A7 T
FAEHL S WL (P | 78 B LAl b b e ey o5 EE
SR IPAL FE R
1.1 B4

BIL2 TR 245 19 Joy 3505 R 1 T 0 a5 %) Jm 30 o 42 1%
BN, WA SRR S A R E A
R R e 1 SR A B P 1 A O, A RE R AR
LBIHAMA A FRE L. 2 X2 TR A7 AR < AT B
AFIR) P 40 50RO R Wi o ) o M
PRI, AR S0 B AR R 1 R B Z Bk AR . Pl
) 2% B A AN A 7 g 1) 3y %) 3% 422, 19 A5 R 38 1 A 3
S WA I A R, R 4% A 5 R 2 A iR
B HA WA B AR . BRI
SEIRIE 5 R Y 2 BRAR R, FH Y A RAE
I SRR E IR AR AT AU B AR
Y15 L.

1.2 1TAH%MH

IR S-S S IV Y NS E XL SERUE: 21 sl b N e
M= 2 B — e st ot et s
R ST NSRS TR Al VS P N Pe
FREE. PINER R AIRBUI 2 | Bk ZR ) [) B, AT R
ANKRBER M EZ B E . 5T RIS A
RIS, 25715 S B A3 i T — 2 PR, RAETT 2
B AR B B R R E I AR R, %
JECNE B i R P 4 5% 8] & A 2 42 1 SR BRI A s
A FRE R0 i (8] S B A, R Y A S 4R
SACER 22 FERAE 19 A5 A G R R
1.3 25

ML W 26 HAT — 3 B AT 4, A Bt A P
D i 1 R R I 5 S0 N i s el ST £ 4 & R e

XEETTRR AL T S ol Gead X 2874 R A5 i
P8 R Bl L B A B ) A T 2 o Y R A
SRR 2 1 R AR . A Brb oo MR ER IE PO
PP RE B S v B L K B S I 2% b0 0 B B
M AERTHLSS R0 25 1) Bl 2590 D EAT s 1Y A
WFFERALT R R R BE bR, 45 G Pl M2 1Y
Mg , 25 A B A A B8RO 1 A4
AT L R P B SR B D BIL 2> I 46719 0 A2 R
Rtk ) — 4545

2 HlEMBXRETRIFMTTE

XIHLZs (28 B A AR AR AR FhiE T3R8 S5 AL
23 W28 FRRPE AL VP AL H A, 280 1 S PP A A AL X
OCBEET w AT VA [k 25t OCBE Y i PEAG k.
2.1 h&EWRINERTR

BILZs I 45 10 Bof 722 P fefi 75 DO 2% (1) 4 N AL A T AR
b, TR A 3 B0 A A0 R PPl SR T A B AT K
S AR — R A IR B 1 7R B4~ R 5
P AT 2 AR TE A 1 Y o5 EAR I R ok BRIV i) ) 7
N SIS HRFMEER B — RIS 28 AL

EX 1 HiMNEERE

WNEEREES 6= {6, ,G,,- G, | E— R
WP T (g e, 1, Ctyuty ]y oee, (8ot VO IRIAE
H(ty,t,] =T,(ty,t,] =(t,,t,] =+ =(t,_,,t,] =
At,G, = (V,E, ,0,) FRERIE O (e, ] AR D
R, BIES ¢ AR B 1 P15 A (B] 30 A 35 3R 45
V, RIZE A g 0N SRS E, A E
RAEEERN T REANES o, WHE E &1
FUAH s L R

EX 2 HIMNERERAE

HFEHANERE G, = (V. E,,0,) |, T 5%t 2 8]
NIIRUESE R o, & CIZBT B 3 5 8% 2 ]
RS E R 2 O

w;: = %wib =H ZH‘, (tzb—end _tzlismn) |Ya,

k=1
beV(a#b) N(a,b) ek,
keN" He N} (1)

Hrbwl, A i DM HMERE P A o 5 b ZIH3L
PIAUE , H 55 i BRI N S o 5 b 857 0E
FEOVRE kR a5 0 55 b WSS 1 N
W a5 b5k UGEERITFIRZ] " N a
5 b 55 k T IR B Z1.



#2 M

FRfE SC 1 FE 2, T LA #L2s P9 2% 1) 3l 2
AMEAT IR AR EIANE 1 Fr/R AR,

BT BLos M2 4h 4 gER

2.2 XY SREMHIER

FH 19 5 B 3 B B L R G R L 3
AV FEARRAE T s FEHL 23 ) 2 i (Y B AR, 5
XAnF.

ENX3

SEWIMNERKES 6= 16,,6,,- G| TE
WINEERE G, P AR o ARIECR o, , BN S5
Hoa SBEER T S ER  a, = (b1 (a,b) e E} b R a
(ARIETT S5, 1 b MRS R K, TR a B
BT B A

D,= Y K, (2)

bea,

VI a (9 R R RE R T A a AR
V5 R EE A R T ELAERS RIS o R ET AR 46
4 1 57 8 o T BEE A RO L

N4 R

TEFINEERE 6, P T35 5 o 9 7 P20 3 o
SO a FERE A AL 2, A o
SR BE 5 LN

Q.= 2 o, (3)

bea,

Hi w,, 35 o F b FEHAIAUA.

TR T H AR S R SR B A
(R B RR I, AN A ) B B A, U A5
Sy ey 8 I 45 K AL 1) T B K

EXN S5 p

FETT S a BARIR o, WP AR 2 AT AL by YRR
BTN o, o, X oa MKEEINF, = {slse
(,Na;) Ua,,s#al ,B, T F, THERE SN Z
AL o MEJE AR, S, Fm F, PAEREAT AN
X2 B 280t o WEREAAEL B a WTTEENK,,
BT A 1 o A EUE SUN

& WA, BT FMEER E B HL S LS SCEEY ST 59
0, K, =1
G,=1 8, K =2 (4)
S, +B, T

F, 99555 a 3] b K E (BEBEO H d(a,b)
RN FET O A0 Y A o WREEEE LR
1
C =, a%b
Y d(a,b) ¢

TE SN A a 1R R T 2y
1,=6G,C, (6)
RSP 50 gy NS I R A el
w8 AT BB, 5 R R 2
2.3 KT RITHER
INZA 1 BE 2 R ML £ I 45 R 8 3 ST T R
WM 3 A IEA AR, 45 R T R B Y
PEAGREIY | 2552 FEAT A B R R LA
T Rt 358, T P VA L 2 D) 5% e ) G
DRRENT B T S D, GEREREE Q, LUK
KRR BLRE 1, 453X 3 NMehsId— b5 2 S
a WORRRHE B | B PEA R
U= ID, 1+ 11, I+ L 1*  (7)
T B AR K, G2 T A5 R A SRR A A
Al REPE K.
2.4 XETEREEEXNILIT
PEAG L2 48 BT A SR AR
BR 1 SLTARTNEESR B HL 2 0 45 A A
LR ERZS
B BAESE U BRI A, BB T
i CHET S S
FB1L M AXF T YR S g
PR MEE SR RIS AR RIS W PEAG H Fn AL
B2 X3 DR E I A SR
TEAGREAY (R A A5 B A R AR | (i
A1 A5 R BEALL A
$B3 EESLBER 1 ~2, KB A A 5
TP A8 SR ST i G5
B4 G 1 AR Sy BE G A
FURER, 48t KB/ P HES ).
]S HERHDT RN SR

3 hEXERITSSHN
LA [ 7 5 R T 7 0% H 05 205356

(5)




60 | T/ = R =~ = O ¢

Bt

55 B ATHE R A EH O T 06 H B8 E A SO A 5
RUFR) A B R SO
3.1 fAEKRERIT

K HIAL 2 X 4% A 5L i fU 4% ( ONE, opportunistic
network environment ) JE47 05 ELAZ 5 X E 3 ANA]
18 S 0 7 S AR U LS g B A B A AR X 1Y
RUID 9 ID R AR B 2 GE A AR 2.
Matlab2014a X §cdfs 4 £ 47 70 Hrab B {5 9046 2
B WL 1, Herp | DX Y Y RS SR D BEAIL
4% 5 (RWP, RandomWayPoint ) , [X 38 [8] 7 25 (1) F%
iR Sk B T b B B2 3 ( MBM, map based move-

ment ).

&1 FEXBSHRE

i 24 15
B RWP MBM
K3 KN/ m? 200 x 200
XA H A 4-~6
DI 5 S A 10
DIl )45 B A 4~6
DA R B/ (mes ™) 0-~1
DI E] T SR B/ (mes ™) 5
T RUEAE 2/ m 50
WEIT Bluetooth
B 18] 7 [/ min 10,2030
RSP [ /h 10

P R e S e I N [T R
JEANTRI G A BEDPAR DG . 5 OGRS
LS FA I BN O, B L 5 1, %8
SREET SRR BN 45 A I B A O, 1
S 2 5 7 PR R A5 0T B 4 T A X
Sy EIRE L, T SR e 3.

D5 ELSL B 5 2 Fis B,

1) 51 A8 A ~D 34 AN KE, Xk g
W BHNLES Bl KIRZ B 1 ~4 538 4 AN di e [
FEMARRE N, K 2 (a) Bk,

2) Yt 2. A A ~F 2b6 AN, X sy
SRS B, KIRZ A 1 ~6 S3k 6 AN Sk E &
AR, A 2 (b) FiR.

3) 3. AU A ~E 35 AN, X
TSRS B, A 1 ~5 53 S AN SR e AR
B, E 2 (c) Fr.

O B - DXIRAN T @ DX - [ A
(a) PF AT EY 5L

O D6Hk - DR  o DRI - [ B2
(b) D TR

D0 BB BB 5 o BB & -~ B2 2
(o) DAL 5

B2 SCHET il B st

3.2 ERERREHSH

HY T DXl P AT S B AL A, L5 a5 %% B R
R BRI, O AN TR X sl BT a5, I 2% ) 5%
T N DI 5 S i A 3 AN R, B
DX ] 5 AR A Sy B OGBSO E I e 45
e 3 ~5 .

Yise 1 45 3 5 BURRL S XK A AR
Ay 2 SOz TR ST . B3 T3 S
TR BEL O SRR £, VAN B OB T
RS SEBRAAE. ARSOERAL 3 S5 S 7E 10,20 .30
min B} AR BEARL G 58 59 SR B3 3 ol 25,19 (12, 1Al
TERREEAY M 41. 7% 63.3% 60%. it2 Hh 453
Sk 4 ST SRS R 4 E] i ABC . DEF Fi
ANVETE B X I, 53 SR 4 S SRS A, 5K
4 BRI EE R —2 AR SCBRR 3 B4 B
JAE 10,20 .30 min B %) B AR OG5 0 K000 1) ok
43 24 13, PEAR MERG BE 550k 71. 7% .80% 65%.
Y3 1 S SRS BN A X ™ A



%2 & R, BT HMNEER BSR4 T S A 61
30 25
s A&k
430k ORI
R HCT Lk gL SABBLEETE
ﬁ 7 § % N
f‘% 20+ E 15k N
e i
i N i®
™10 N
2 s 1N ® ,
E 250 N A 7
N A A
0 N 1 L [A\N\N oLk [ L 1 1 %N I
1 2 3 4 1 2 3 4 5 6
1 s S G
(a) At:lgmin (a) At=10 min
20 15 p—
7B S A A5k
éﬁﬁ¢@ﬁﬁ% 7 » Nioh ot P
ﬁw— i) -
“é N 2 101
g i N
iz 10 i N
® W
H K5l
= S TR
® ST § B \ \ <
N N N
N N H
0 | | NN\ | 0 % 1 % ! L N | %
1 2 3 4 1 2 3 4 5 6
WEART W
(b) AI:Zg I‘:li]’l (b) Az:Z(I)rU min
20 10
ATk ZE: S @ps 7
A b E | SAECRO
% 15 NFI G GyRER N o 8 S
= X
2 £ ol
% =
gm— g
% i
2 = N
® Sf ® | §
\
O 1 ) | 1 L 1 1 0 | \N\ i L
1 2 4 1 2
Rt e

(c) At=30 min

B3 i1 SO i gt

O3RN BRI N, SIS R L AR
I 1 S AR 10,20 .30 min B S8 BL 56 B
WHL 3R 52 .30 18, PFA% HER B 4351 4 86. 6% |
100% 90%.

ANTR B[R] T 9 X B S 56 25 2R R B . 20 min
10 min fEHC T A EGH B2 T 5,30 min B ) EAR 2
A FRE, AT B0 oM IE. XOEH TRE
P T 8 110 8 K, BSF R 78T 10 A1 s R0 ) 328 4 0 2 4
B HAE N — AW ) B 3 & AR AR I, N4
AL I 4% 34 1 PR A R A, S EOE AL 45 R Y
HER B A TR B, T ] % B 20 min 22 45 B PR
RO BT

(c) At=30 min

B4 52 RO ik gt

Zi ERTIR X 3 A AR T O RS
L5 FI S DL, 235 52 1 A SC BT A PPAG
BRI AT LLERR DA AR S 5 HIL2s R4 A DG BT
RO B A R

4 HRiE

P T LS 2% T AP A b, il 3
VAR bR 20 AL 23 ) 280 A7 3 i v B0 e R
AR TR R R LS ES RAGE T AR bR
AR E AL, e Ah, AN TR] IR E] 1 /Y S 36 25
SRHE— LR IR B 20 min FRFEAT 885 9 3F A
WERRR. T — 2 % B 1% 07 vk 3 S2 30 IR S 0



| T/ = R =~ = O ¢ o 42 3

USRI BT 5 P A R ) A R

I
(=4

BELSCHE Y K MRS
[
=

ZFij:TfZ ‘
7‘ NFi s GV daes 52k
i (1] hdiek, D86, = ET65 ML ML Y—
Pt FOMALEI[J]. JEstliRes RAe 2w 4f, 2016, 39
(4):103-107.
Yao Jansheng, Ma Chunguang, Yuan Qi. A debt-based

barter trade incentive mechanism in opportunistic net-

N3 )
= (=

—_

BEMRISCHE T K MR
(=

oo}
W

— N3
wn =

J—

BERDLSCE Y K VR
(=

W

SR I\ TS works[ J]. Journal of Beijing University of Posts and Tel-
! : ﬁj"‘.\;g”}% N > ecommunications, 2016, 39(4) . 103-107.
(a) Ar=10 min [2] Gianni F, Pier L. Connectivity analysis of ecological
B 730 7 landscape networks by cut node ranking [ J ]. Applied
R Eeh Ok Network Science, 2018, 3(1) ; 1-15.
N [3] Yang Y, Xie G. Efficient identification of node impor-
tance in social networks[ J]. Information Processing and
Management, 2016, 52(5): 911-922.
[4] Chen Q, Liu L, Yang Z, et al. Prediction approach of
critical node based on multiple attribute decision making
J J . J for opportunistic sensor networks[ J]. Journal of Sensors,
1 2 3., ¢ 5 2016(4) ; 1-8.
1 S
(b) At=20 min [5] 3Bke, B9, A, & RTFLS500 5 HF A SDN
Bk FERIARRE R [J]. deat B K% 274, 2016, 39
N/ (4): 30-34.
7T Zhang Yan, Huang Tao, Lu Bo, et al. SDN controller
deployment strategy based on multi-parameter node sorting
[J]. Journal of Beijing University of Posts and Telecom-
munications, 2016, 39(4) ; 30-34.
[6] Wang Song, Zhang Tiankui, Feng Chunyan. Nodes and
links jointed critical region identification based network
1 2 3 I 4 5 vulnerability assessing[ C ] // IEEE International Confer-

19 s
(c) At=30 min

K5 G5t 3 hEERIOCHTY R B gt

ence on Network Infrastructure and Digital Content (IC-

NIDC). Beijing: IEEE Press, 2017 66-71.



