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Abstract:  Although socially aware opportunistic communication paradigms are considered to have broad potential
applications, very little is known about how the dynamic networks evolve and which nodes are more important both
in sustaining the network topology and in forwarding or disseminating messages. Through the concept of walk and
the adjacent matrix product of static graph theory, this paper extends a measurement, Katz Centrality (KC) that
originated from Social Networks Analysis (SNA), to dynamic evolving opportunistic mobile networks. This is done
in effort to examine the dissemination capabilities of different mobile nodes. The cornerstone of this method is the
dynamics of an opportunistic contact network can be expressed through time-split observations, which result in a
sequence of snapshots. By simply multiplying the adjacent matrix of each snapshot along the direction of time, the
resulting matrix, in which the spatial and temporal dependency of the network are fully captured, can be obtained,
so as to evaluate the relative information dissemination capability of each mobile node. The research uses two
typical contact trace datasets for validation and the results show that several mobile nodes with the highest
communicability identified by this method are more efficient in information dissemination than others in the whole
network and can be chosen as good candidates when some interventions, such as accelerating or suppressing the
speed of message dissemination in network, are required to be made on network.

Key words: opportunistic social network; evolving graph; dissemination capability; walk; contact trace
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09T 5 RN, % 7 R AR A 2 B R B A AR AR ) S AR D BB A E N SRR D BUR T
AT &Y R, M 0 AR 38R BRI A W T T, dodn ik S A0 ) W 209 0 AR I R T — A A 2ag
T EAAIER IR T k.

KB AR L IRALE A AL B AR R

B2 U2 I F AR DR A . AR AL GURI I 7 S 15 0 25 1 22 A AU JE AT v A 1 ) 2 1
Hl 28 52 BRI 58 U R 50T BE A B 5 B4 v SR A7 it B8 07 0 AN W7 358 5 L 2 W) 498 BOR AR VBN L AL B AL 7
SEATUS AT (¥ N IR AT 2 4 TS L2 14 (opportunistic computing)! i A B K M.

B V2% 0 1l A A I3 Ik N 28 A 2 A ) AR 8 BEAT A, DR 1 3 2 0 A A R AT SR R A e
WA A SOK IR L 2 P 24 B Ay B2 445 9 4% (opportunistic mobile social network, fij #X OMSNet). 1 T A 4t 4>
PER B e T 19 5 1) (R AH B AR 2, 9 25 (1 3 2 M AN S A SR8 s A oG, I Bl 1 2 ARk 25 1k 2
12 KRBT . OMSNet 7] V2 N H TIR iR . BEAE HR S8 #Ea X RIS 5. A Y0% 4
BT LW 5 0 B A 7 5 45 1) A5 U AL £ A 4 9 286 v AN [] PR S B A A4 DAL AR AS (] (9 4 4 J M T L 4% A [
11998 2 53 R RN A% 15 R 7 BIF S8 S AT PPl 0 4% 005 s 14 T A 38 6l 06 T X 43 W 4% o 4 s iR kL 4 vk IR E— 2B
FEPR R AL 23 50 R, LA KON T W 4% o 103 S AR B S s ) 46 3 B B L

AT T P 28 WL 2 o X 8% v (3 JEL A 3 8 A B 52 2 1) 532 T () i S LA B0 20 f IF 1] 2k DA ) 45 3 41 11
00 B X 288 D00 8% 1) 0 I I ) 30 2 A 11, 81 bt 5 B2 M 1 BT 3K SIS 1P 4% 114 0 285 T8 A e k0 1T sl S 0 A7 A 20
LA AT RS 25 R AE AL S BB (9 R 2 R L iR RE . 18 1 4R T B 8 AN E) 5 s ) OMSNet H175 55 A ]
T F ALy B I R R R T AT LA B 1 A I 2 I TRV R S i 8 T AR A i R I A

A
B —— Contact

—3 Deliver
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Snapshot sequence on time to, t, t2 and t3 aggregate graph

Fig.1 A 8-node evolving graph in which a message is delivered from node A to node F
(x, y are spatial dimension and ¢ is temporal dimension; the right side is the aggregate graph)
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3 Trace {11 E

3.1 Trace#{iE

N B8 F A SCHR H T S A S A R R D 5 A et R AT CRAWDADU SR E 18 A g 0 1 s 5
Trace FHEREAT 73 #1, 73 7l A& :(1) MIT Reality i H % 5056 B4 1d 5% T 100 A% 717 Nokia 6600 4 fig LI FH 7 78
2004 4 7 H~2005 4 5 ] [A]3# g Bluetooth i i )it 5%;(2) UCSD Topology Discovery 5l H %525 it 5% T 4 11
JAA 275 A% 802.11b WiFi #2110 PDA W&+ MM P 5EER AP B AE I 8. Trace Edi()idx T
Bluetooth 1% # B #2 I AHIE A & ; Trace 24l () A OIS IEH 2IF — AP I3 I & A BN AHIE R 1 5 T
201 TRAR B LA (1 5 S B SR A DG 1 B

Table 1 Trace datasets
&1 Trace 4

Dataset description MIT reality UCSD
Device Nokia 6600 PDA
Network type Bluetooth WiFi
Duration (day) 309 77
Valid users (total user) 96 (100) 257 (275)
Valid records 47109 101 471
Contact type Directed Undirected

3.2 ETFh-copyRIENE M4 iH BEHEME
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1.0

0.8+

0.6 4

0.4+

message coverage ratio
message coverage ratio

0.2+

- - - -unlimited
0.0 T T T T T T T T T ,f'; - - - -unlimited
0 30 60 90 120 150 180 210 240 270 300 330 0.0-F : : : : : ; :
day(k-copy flooding vs unlimited flooding in MIT) 0 10 20 30 40 50 60 70 80

day (k-copy flooding vs unlimited flooding in UCSD)

Fig.2 k-Copy based message dissemination speed in MIT and UCSD
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Fig.3 Distributions of node dissemination capability in MIT and UCSD with « ={0.01,0.05,0.1,0.2}
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Fig.4 2-Copy dissemination capability of nodes with the highest, middle and least value in A(i) vs.

I 4

the mean speed of each node

HAANIF 73 K68 7 B9 1B 2-copy 7 2UAE W4 4 T 73 A 11 Sl A3 12 55 9 246 1D~ 38 28030 0 B

9 2% 8¢ FAT A TR 43 KR 0719 s R AR 3 808 AR SO MIT Il UCSD (1 55 56 2040 v V51 1 1 AG) 44
WAL B8 8 ) HE Py JE AR FR RE 0B R S/ VAR TV AELFR) 19 5, BL 2-copy 19777 323 il 5 DAY 6% Hh A A 35 s A U5

© PEREEBEARETT

http:// www. jos. org. cn



56 Journal of Software #4353k Vol.23, Supplement (1), October 2012
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