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Abstract: Taking advantage of the social network centrality index and considering the social network “small world” character-
istic, This paper proposed a CRCR ( centrality-based replica control routing ) algorithm. In the CRCR algorithm, routing was
partitioned by intra-community and inter-community routing, thus messages were limited in the community during message
transmission in the community; while the inter-community message transmission took the centrality utility to measure the node
activity, increased the speed of messages to the destination node. The simulation results illustrate that the CRCR algorithm,
compared with classic opportunistic routing algorithm, has a higher message delivery rate, the smaller network overhead and

the lower average delivery delay.

Key words: mobile social networks; delay tolerant networks; sociality routing; community; centrality

Bl BRI R R, LT — S P R A A
NI L IR 55, 1T HAE LAt 25 B 45 (online social net-
work, OSN) " RGIG T H K. 54 KB sh & R |
Py TCER AT Uk e, S LR I B 3 LA S AE RS 3l i 2ot
TR 32 4 25 P 2% I 55 11 B8 2l 4 23 ) 2% (mobile social net-
works, MSNs) 5] T2 AR SR TAL S 2 6. K
A% OSN 2K B gl Jr S8 A S S SR8 15 0 OC SR MG A, oAt
FEH IT 23 B UN Google F1 Microsoft 45 il 78 MSNs £ AR 3
s T MSNs B ARG K P B B B 54 A 5e T
R F L AEAL MR RS (BRI 55 T 8= C IR 45 55
AT HAFAE)1Z BB, FA M (A, MSNs JC5E HA ) 9 1Y & e Rl
o B R AR AT B FE B AL f A SR, MSNs rp {5 B A%
kiR i — 577 —%% & (store carry and forward, SCF) (1 #%
H1 772K, %) MSNs ik 2 PR h SRR AT IIESE B % MSNs F) i
AR e AR BRI 2 5

H HiI#% sl 2 W 2% % th A BIFFEAR 20, BT % MSNs £2 1 19 %
B A time critical content delivery %T‘qur .message duplica-
tion reduction & 3! \friendship based routing a7 WSW
SIS RSO MSNs A TP RS Bh i 25 LR TR 43
2853 BT A1 BE TP YT R0 B A S BIAS P TR P2 i th Bk 2

I EHEI: 2013-05-05; f&REIHH]: 2013-06-26

HH b e JBE ) ) AS 47 i % 1 5325 ( centrality-based repli-

ca control routing algorithm, CRCR) ,,
1 BHHSMERHEX M E

MSNs S phy 224~ FUAT AR GBI 7] A 11 P i 5 3l
PR BT AR L I A5 R 2l 2 i L PR AR 2 2% . MSNs 255 T
s 0 2 RS Sl 15 P 265, HOA A 22 W 2% A Ak 2 PRI RS Sl 5
P28 RS S, — 8 T P A C R RS sl fi5 R 4,
LI 1 R .

Ell Bahta R
MSNs 43 Hi > 3T Web #8412 [ %% (Web-based
MSNs, WMSNs) F1 43 #2082 s+ 2 W 4% ( decentralized MSNs,
DMSNs) . WMSNs JEHI M |- igtt2s W45 B B3 L5528, 4%
P BRSO IR S5 28 b o LA 5 R i 24 iy ) i 2
HHF Ui RE A AR A5 0 o e 1 A 55, e s A 0 246 v 1) R AR S et

HETH: BEAKRAFZAL KA (61003256) ;TR ARAFZALFSFHAR

(estc2012jiB40008 ) ; & & 7 &AL 5 A2 #8190 B (KJ120522) 5 B FALAF R4 89 B (11XFX025)

EEB Tk A £ (1965-), 5, vl £ A 48, 805, M+, LA 61 4 3843 MR HAR A B 0k 555 B oF) F (1988-) , 4, 7Ty JF 4t
AREBRA, EXHFRLT QAB DR RS R RFE(1974-) 5 GBEMEE) , MAMAA, SRR, AF, AL, 2XHRT L L
B RREIRM G L WAL 5 KA SR R M 55 S0 AL 253845 A (csxwzhang@ foxmail. com).



%2 M

RAE,F B Mk P LR - 489 -

HUB, ATRES M3, DMSNs 28 fEZum L H 44U 7 U
I, B 2l 2 S 22 [ Ak 2565 = 5 JIR 55 i 1) S A, T2 LA SCF Jy
AT HOE 1% i, MSNs H (95 Bl P 74, P Z [l e 3
T [A) Y %R EH AL DX AR L 1X 38 MSNs J2 5 T3 A1 20
MRS ENAL LR IR R EE R o P 2 B 7R —JRFIR 1Y DTN, 247
AP RS BRY T8 A5 30 Bl A BORE B 3 5%, BIHIL 22 #% ik (oppor-
tunistic contacts ) {5}, Ff] Bluetooth B¢ Wi-Fi 25 G4k R #E47(5 8,
M5 2

mﬁm;;g” ﬁ gﬁm -u
B2 A
W%k R A

2 HBEAEHEEHRIAR

MSNs & DTN {1 — > SE ], o) 2% v 4y o 1Y) 7% 4% B AN 1% 2
B (Bt B [R1 30 2 A, ME— AN [R] 92 MSNs i AATTES A 3l T
AT , I B2 A A A st 2 H sk sh g . Skl 4 148
A Bl 2 R 26 R — P AT S TS50 9 4R K 1) Ad hoe 1)
2 I T time critical content delivery B3, F| F I P 7] i
DB AL oS S S i 1 B A 36, b 1 A% i
S, [ it el N T RNZ e R P2 . SCHRES TR AR 1
PR R ARE Ayl VA R I AR S 4 A [V BT R 2 T i 32 L
HAVFAIRSeH BB 2 H A1 s s R B A R X Or 1
BRFK H A 5 000 BRI A LA — 4~ SimBet'* I Sim-
BetTS' " S 2 AL 23 9 4% 3 AT 1O #0018, AR (0L L A B0 0
JEE I 7% 368 FEE 2 th 10 P11 3905 . Bubble rap ™ i phy 55005 2
FARREARICIR AT S5 A Z M X O R 8 A5 20
FUIA R FURFRHRESS , 35 S0 LB A HE22 H 0 B AR i
FIHMT R SCHRL6 ] 5] AR AR B A8 R I 7 A
X, #2 T friendship based routing & %, i i 5 PROPH-
ET' 1 SimBet Xif Ho s H % 7 u AT S BB 3R . SCilik[ 7]
TESCHRL6 ] B LR |, $2 Y T — PB4 friendship based routing
S AR TP AT SO AR R, 25 SR BN A G 22 1 Ji 1A
PEASAL , 32 3 A [ I BEAS [a] I At XAk B R AR Al DG R
B A TER SRS SN Z Eri R AR 2
HHIITEENS . SCHRL 14 ] H1 5] AT Granovetter' ™ F85 K R,
WFSE R 58 O R TE MSNs 1 A2 ST %48 vh 43 86 S 4
FH AT 58 32 BRI 2% rh gl R B N A ALk S 5 55—
55K FRBRIE R B AN RAL 2K AR, SCRRL 16 ] 52 2
7% (content-based routing ) A2 15 326 S22k T FH P A 1Y
PO, BV P AT S Bl X A S SRR . SR
T —Ff1 Clone B H , 24~ 19 45 3L F 24 Wl 0] 40y 2 4L X, 408
T PR L [F] GHR SR ITE— A HELE, AL e Ak X
KK (community principal ) FH T 776l FLHe K0 B . SCHRE8 ] A
FERIA AIBL23 3 o DSR2 T T[] 53 A1 1), A SRR (1)
Wk S 4 0 TC B gtk 2 P 4 v I P (9 048R B2 L T — %R
X Zfj AU (interest-driven mobility model, IDMM ) , 1% 5 % A L
B G AL S R IR T IR R L 1%
R E o

3 ETHOEMEIRZHEEEX

DMSNs #1754 K 2R H SCF 20, 1L 58 DTN B h ik =
Xof P2 Fhg A% s 2 o P Ak 2 M TR 25 0 AR SCAR R /M
B RGP RS R o B2 1 B A i s R B
(CRCR) ,IZBRRE T SR 53 AL DX N AL DX ] P 00
3.1 BIREHEAEEEREE

FERTE] ¢ Bf, 495 0 A TSR R S (1) 5 LR XU B4
HhSSE (0 HIBYT I By - B, TS N B A S
(1) EFSUERE 8L (1) i e [ 1,nl Bzl AR

SLPCt+An) =
JOSED 0,88 () oSSR (0,85 (1), S5 (1)
Vie{A,,... ,n}
SO Ct+An) =f(SED (1), 850 (1) 4,88 (1)
Yie{A,,...,n}
o Ar B—AFEPLAE R A - ) BB BT S A B RT3
1 JE 1o 2 A PRI

21 52 1l ( controlled replication ) 32 24877 7™ £ AN H
SRR 237 A — A B wd (m) =1, BRI I 25 Th A7 AE
MR B B A B R me S, (1) B4 fwd(m) > 1=
SED(t+A) = SLY (1)U {m), B H fwd(m) =1=87
(t+A1) =8,.7( 1)

3.2 CRCREHEZXEM

CRCR 553 1) S AR JEL AR J2 30 ok 1) T U1 o5 0 119
X AT, 43 312K A DX P B phy SR AR DX ) 6 h i o #EIXC
DA FR SRR AR T T R (LR U AR P gk ) R i
BN H A SO0 T, B R EH 2Z0 S A B R H
SRR F A — kDX T8 T ) — S DR R FH A A s o ik
JEHREA TG J, SMIARES S o BRAT AL DX P % oy B, 24795 38 5]
H 5 S 58 O B A B B TTL S/ R 0, MIZ5 3, 4
DX ] 8 Pl B A I DR 2 T B9 R AL R A P 4y 6
I A1 RS TR DR, 0T AR 507 12 0 S A AF I 4y 2R H Y
IR B TR — A X, WY SR T RAL X, IS BT
SURETH S A i R A, ) BT A R T S
O BERURE N, A0SR AR 9 s O BRI R T30 s
O BERUTE AT B K, WAL S o SATALIX 8] % Fi
B ST R Y A LR U SR 4 80 F H
SRR DR TP AR T4 DX P 53, 38 38 B 1 A o B B
B R BCETH B TTL 3/ 0, 2%

TH B R A2 A1 8 i [l XM s A oo
BERCRE RN e AR SCH R P B AL XML, #4544 X114
FORFAS A DA 558 e (0 0 5 DR 38 T % G A 18 i X LA ¢
IINEIVR B AR A1 s RIS AN IR B 434, A AR TR) 4 2 A 1 A
FT RS, SCEA AH R B 28 1 P 8 F ) — AN 4E X
AT BRI B n, BN 5 22 105 2 30 S8 A sl A 5000 i 8
JETT RURH BRI BRI A BN 02 1B R AT S, e
B n/2 JRIAREL, ARk AR R 22 00T B R AR B A i 25, 2
P EA H R R AR T 5 T AR AR A RO
P (degree centrality, DC) A40H.0>E ( betweenness centrality
BC) 323 H.0 B (closeness centrality, CC) , FHHr,BC J& & —
AT AT S AR AR, REASAR LAY S R 1



- 490 - HOE AL E R B R #31 %
AL B FRICREIX I B 45 25, FLATBE RS BC 0 At it (m. getTo( ). glD( ) = = (m. getFrom( ). getlD( )

P2 H s X S Z A A, 18 B TR s k. T P
F BC SR I rh 4 50 2 L B G 26315 2 Py BB
5 AT L] PSR (1) 2.
Cy(p) = 33 8P
ST g
AL ST A B D R A, SCHk [ 17 145
AR 1 2 BC RSB S 2R A U4 BC A7 IR AG %
6, VBN 8 BC IS BRI M E 2208 . MY &4 BC
MR T et L —A n X FRAFIEHERE A, Bn S4HE T
SRR S Z AR R s n RS 8 T NS A8
BT AR M0 ¢RI 2 AT B B 1, 7
My 0, AMAT S BCELHN AL -AINEXNALL FIEE
LR M, Ko 1 FRITEIRREY A L, WA Eh.oE
R F A A ARSI B B W, T &
TR NI A RO O BE B AT RN, R N L n AT R m
B B0 0 BE S (B A BCUL, , G (2) o

BCULl BC, (2
B, + ch) )

Herp:BC, \BC,, Zp 52T A3 n Flm B b0 B 5 BCUL, 1y
BUEFERUZLO0, 1] [RIBE, 45 5 m FHXFT A n 1S 8orbo B2 AL

BC

g _— m
A BCUL, = (BC, +BC, )o

3.3 CRCREHEZ
CRCR 853545 Rl X PN 6 p 800 AR e X0 386 oy 0, HOOfe
FRE S B 3 4 BiR .

(D

MR RADIN
MBRAH R BER

¥ SRR PR A R4
HHE RS EEHTRI A4S

g ey
B4+ X R B R E AR R

AT

{ /AL XN A S A% 5
if (m. getTo( ). getID( ) = =other. getID( ))
{7/ RS SR H T s A X
messageSendTo (other) ;// K& %14 B

else return; // RN&KIETHE
f
else { //#LIX A7 B 1L
if (m. getTo( ). getID( ) = =other. getID( ))
{0 //AHIBTY RUR H T s AR X
messageSendTo( other) ;// K% 4 B
f
else |
if (otherUtil > = util)
{7/ BCUGI[ #8715 51 ] > BCUGL[ 2417 £ ]
messageSendTo( other) ;// &% 74 B

|
|

else return; // ANk LEHE

|
|

|
4 TRIREBIZEMERSH

AR SCH LS P 28 2145 ( opportunistic network environment,
ONE) "™ (B3 , L MSNs A SR 4 VR X 1 , e 53¢
K[ 19 ] 2R IR AE XL SR AL, Xf T 4 ) CRCR 5335 19 A AL
PEEATIAE . 45 G E 220 A7 05, b 200 47 AT
#3516 /> bus 45 51,4 A car W AL KBS SR APICE T 5 4>
DGR, AN ] R RE LR AN ] A M s B AN [ I 5 I R A
B EESEINER 1 PR,

® 1 GRHAESHE

B fid
o 24% [X Ja8/ m? 4500 x 3400
[0 £ 475 ELIN [F]/h 12
T AL E/m 10/100
ki L 250 kBps /10MBps
BACHiE ] B s )/ [15,25]
AN B /KB [100,200]
SRR )/ [0,120]
WS AT NN s/ 200 (0.8 ~1.4 m/s, 0.5 ~2 m/s)

VA R/ 20 (7 ~10 m/s, 2.7 ~13.9 m/s)
T & A A7 a]/ min 300

ST ANIRI AT A 284725 [ K CRCR 8 5 Epidemic™™ |
PRoPHET ,SnW "*" 3k (1 1 R X He o Epidemic &% F11Z it
5 A 1 2 AT ] — 1 3 A0 2 A v, SnW R
A IR 1 B A 3 245 A R R 38 45 455 94 1 AR 425 o) 3 3 , PRoPH-
ET B EMAEA S B T A HBMERE RN T AWM
BUARE o R BET 2 [A) g 57 i 5 0 RE A5 58 MR B %
iy, 2 ALK DA T £ TE Y | el R T 2
V- 34 4% Hip 1) 2 Ty Th) #E AT %) bb S 88, Hodr CRCR 8k Al
SnW Bk R A BN 10, WA E N 1,
2.3.4.5.10,15.20.25 .30 MB,

[l 5 & A3 2 Bl 4 57 472 (RIS IR W, H H 824738
F| 25 MB B}, #% i S50k M B R A TRoe RAE . ZRERY
MR/, ZE| 4 Epidemic 1 PROPHET % p {15 X 2% 1
IUHAZE , 1 R S I R, 538 K 4 B2 24. 3% 1 53.5%




% 2 RAE,F HBHAELRNSE ARG FEIA - 491 -

CRCR L B R K, K5 T 90% , SnW STAFE R B
65% . MZEAFAS MM 1 MB 3 An5] 5 MB B, 454 5%t 5k 1
P S I, CRCR A1 SnW 21688 T2 iR, Hidg
RO BT 94% F189.9% . 45 W £ RIAR i phy 53 X1 Y
SATUAERE K, CRCR B3 %45 s AT MKBE 5/, 7 B #5
GeAEZE M2 R s P BB S BRI A M

6 W RERATH/ I, Z2 B A i h i K T B &
T LA Epidemic WFFEITR K, Bl 2 2% 4725 (8] 1 38 R 4 i T 4% 3
AT B3 2 FE G472 20 MB i, Epidemic JF 75 # 5/ 51 80
#iAi . PROPHET st fER A7 40 /INI e R W iH 4 20, JLTF
IR T9 A, MEA7H 1 MB iZ i K3 4 MB i, g5 A1
T BN, (E 2% AT R U 2E , S0filt A oh 15 A Y B AR
b R 28 TR S T N B 100, 2 )5 Bl & 28 A7 45 [R] B 35 n
BN, FFETE 78 47, CRCR FEiLH SnW 5l T o 2%
FRAFLER RIS ERL, 265 R4 LR, 40 IS 6.4 7110, 45
FEOH X AR S AR 55 , CRCR L4 & T IH
B BCIIER , BT A — R FERE bl 1T B R 4% o s o
BB, MG FE RS /DN

110 RCR 00 —A—CRCR
SaW Q i&ﬂ i
100 l%w‘:’;,t ﬂ 1 o
)
‘;90 Fz“’ "g}w %
o120
20 -
o
B = Fio
© 809
3o &
40
32 df 20| FEggE g
0 10 1 u) 0 25 30

10 1 20 25 30
ize/MB

Els &ﬁ$lﬁ%ﬁ SRALER E6 M%ﬁ%ﬁl‘ﬁ‘%ﬁ = AL BB

(&7 R It R SR BG4 R 1S T 3 i, CRCR 5503k
(1% B 30 R A 5, Epidemic F1 PRoPHET 1) 925 JT- 8578 K, FIF LA
B B RCRARIG, 2247 A 1 MB 3515 5 MB /)33 2 H , Epidemic |
PRoPHET ,CRCR I SnW {45 -5 735 i, £ 10 MB B A2
FE B AR A& 1.1.14.6 F19.2,

& 8 /R T AER/INS, R EAR A £, 2135 H i1 oS
W IIBREICR R, MG A7 25 (RIS R, GE A2 v AT LUAF U 22 BH
BRI S A S 2 LR B H T R, T S BRI
2847k 1 MB I}, PROPHET .SnW #1 CRCR 3 157 249 Bk 5045 31
J&£2.8.2.81 Fl12.56, Epidemic [} BKEUR 3. 87 ;28470 2 MB
A, SnW (CRCR B3 1 BB BI3A 5 2. 8 1 2. 56 AYAR IR
25,10 Epidemic 358 K 4.1, Z )5 HEE 24738 1, Epidemic A1
PRoPHET P-4 8k 852 i i/, 3 /N F CRCR, 533 H] CRCR
TR N, FE HLREYT SRR AR

20

e 5 T
g4 } vl
; EE I D 1%,
g SERS
§12 fs
Hg EE
¥ 25
E . £ ————5 <
).
H 1
50 0 ”051015202530

A7 %mﬁmwﬁ%ﬁ I“BU{GI%‘R I8 BRI s FAS LR
9 T MG MBI, KR B R A B & 57, T8
PRI 19 -G I AN, B A7 A5 ) AN Wb R, 3 8
FETT A AR RIS, A5 2 2% S i e 1 i . Epi-
demic F PRoPHET 3515 [ £ £7 25 [B] (1 3 K111 72 ¥ 3 K, 78 20
MB 43 51 f 5870 F1 5520, SnW & 3 | 4 52 7E 3600 7 45
CRCR FYE Y- 35 7% i B 2 X5 55 W B A AU, — H AT
2600 Zi A5 MRS IRAS  FHEL SnW BYEB/N T 1000, 455320
BRI A 2 i % e B 1 ST AR B s A4/, CRCR BB R T 19

B BRL DO S T B £ R HH
I

SERRWIF T P 3 sl 9 4E X CRCR S0AAH He 2 Bl A
S R A 0, LA R o ) 50 AR e o AR I ELP
Py I B 0 X 245 T B 80/ , K019 3 G A 25 ) B RS2 B A 3 05
HAT B & M o

7500,

AN i )

7000| T SReR
<2 6500 | S
= 6000 .
< 5500
& 5000 Lt
2 4500(-;:5
@m@

3500( B
gesoocw
OLDW
S 200005 19 15 20 25 30

bufferS

Elo ?ﬂf?ﬁﬁﬁ%ﬁ?l@k%ﬂ
—Fﬁﬂ‘ A AE BT ] (time-to-live, TTL) F1YH & 7= A= [a] F@ X
% PEBE 2 IR, o T i PR A i B A i ey 2% . TTL 4y
il 1\2\3\4\5 6.7.8 hy JH B R 2.4.8.12.16 .20,
24 28 s [ 10 A1 11 7353 S 451 i ey B0 1) B e AR Bl TTL
AT A [l AL AR A B

o (S| E2)
214 4t B4 P AA
g1 fo §12
E12 12
10 10
e R 5 B
£ £/
§ 4f-qg 1
2| 2
100 200 300 400 500 ) 5 10 15 20 25 30
message ssage generation interval/s

&l10 %mﬁfﬁlﬁﬂLI%l‘%‘ﬂ E11 Eﬁﬂaﬁt$l‘ﬁ$ﬁ B ) AR RS L

& 10 FBREZE TTL (134 0, CRCR A SnW 1 % h 20 %%
Wi, CRCR B35 1Y 6 AR ik &, 2 Bl A& Epidemic
PRoPHET [ i#% i 33 32 3K, SnW 1) [ i 3K % 7E PRoPHET Al
CRCR k2 (8], 7£ TTL 24 4 h i}, CRCR 7Lk AH EL SnW 5k
HI B BRI T 5.4 245,

B 11 7~ Epidemic #1 PRoOPHET W48 T 8545k, fir LA e
BORARMG . IFRET ] 2 s B, CRCR 5535 19 % 0% L SnW
14 % b AR K 65 [RIFRI B[] 47 8 s BF, CRCR I SnW ) i ph 8% %
PR 8| TRERS . 855 3RW CRCR HLAE AR TTL FIAS [
) 4% 97 28T R RE AR AL /o A B E R, RIS i ) 286 46 ) i
P RE AR 5 2 1 S

5 H#RiE

ARIGE LIS DTN e LA A% sl 25 [ 45
et A S ey B0 AR A 2 288 O AL DX PR R R R P 7 R 2%
AEE R, 4R T — b R T AP0 BE Y RS ] Bk
(CRCR) . fyHEEHREW], CRCR 35 HAT 80w 17 B 88 %
O 2R, I ELY-32 1 i o 228 11 35 B B/, B3 5 1o
FENT R AT 12 2o il A IR RS skt & M 2% 3 o 7
BRI S A S A BT BRI 55 [l i, REA 8 % 8
LA R G, 15 202 S B
S 3k

[1] Online social network [ EB/OL]. (2013-04-11). http://en. wikipe-
dia. org/wiki/Social_network_service.

[2] Mobile social networks [ EB/OL]. (2013-04-11). http://en. wiki-
pediaorg/wiki/Mobile_social_ network.

[3] VASTARDIS N, YANG Kun. Mobile social networks: architectures,
social properties and key research challenges [J]. IEEE Communi-
cations Sureys & Tutorials, 2012,15(3) :1355-1371.

(4% 495 )



%2 M

AR, — T AR E NG IS S B ALE

. 495 -

K7 Md U, = (q, —c,)r AT LA 26 0F T2 B Rk
AT BRI I IR i . T LU R AR SE A MR 32 07
A, BRI BERAEARIE A Cal {57 R A AT HE T AL BT B 2 80
423 PRBATTE 28 BT, B AR g 1 9t W M) T 25 i b 1
ZRFERIRE . 2 1 AT RUA iy TR AT RSE AR BT
Hem2 75 3, REAG RATAL T 45 25 S M (07 A9 U P e 31 ad 4 52
LT JCIE 5 4 B AE BT I, O EL I i sy, T P RE 8
PASEAR A O M BRIBOBTE B2 0o I AT b 23 BC AL A 7E 2 F- 1 L
Wik THETE. JFH AR T ol LU B, SR F b2 1 1 IR
KA E P AUBE AR AT 3 2 fEIcas , 1 ELRERS Hh AHSE 2%
G . BT AE U AR SR R I IE DL T AR A4
T PCHLEIR F 1l R R G A ST

0

e  ZFr =B Ry
F7 EEREA BSOS A E

1 BAEMSE ARG AR S

fEE9 s TSR B PR R
TR EAREA 0.555 1 0.555 1 52.6116
ZBEAEA 0.529 1 0.529 1 56.952 4
PUBAFEAREA 0.508 6 0.3869 62.3722
[ 52 M Mg 4A 32 0.644 4 0.644 4 42.673 4
4 ZERIG

ARSCHR T — i T DA TG 2k 0 45 Y 3 ISR A B Uy
BeBLl o %73 BCHLHITE L SE4h 32 A Al LA T U o 8]

GRS, SR 5 0 SR A SR 8 2 N A8 T B ISR AL
il , AR AR BUS 3 T e D7 ELas SRR, B TH44IL
BN TCL SR 53 By 2N RS A48 5 3 1 P A i 2 17 ]
FARU R P ST AR P BB 8% LABARAN AR AF AT B IRl
FABL, AT 5 T A5 A 28 L R R P 4 A 1) 2 TP o

S 230k

[1] WU Guan-gen, REN Pin-yi, ZHANG Chao. A waiting-time auction

based dynamic spectrum allocation algorithm in cognitive radio net-
works[ C ]//Proc of IEEE Global Telecommunications Conference.
2011:1-5.

(2] BREE T M. e RE G AT FR ko a ik
[J]. 3 FALR BB R, 2011,28(7) :2661- 2663.

(3] ¥4k, B, ATk, §F A AER AT AT HAEOMELST
[J]. - FHum Ratr 5 ,2009,26 (12) :4704- 4706.

[4] KX, ZAZ ATEHA S REHEWHSHESR[I]. &
2 444,2012,33(2) :1- 6.

(5] MR, Ao kT 465 2036 Ao M HOR 60 971 2 3 91 50k (1],
@15 54k ,2011,32(10) :86- 91.

[6] WANG Xin-bing, LI Zheng, XU Peng-chao,et al. Spectrum sharing in
cognitive radio networks ; an auction-based approach[ J]. |IEEE Trans
on Systems, 2010, 40(3) :587-596.

[7] DONG Mo,SUN Gao-fei, WANG Xin-bing, et al. Combinatorial auc-
tion with time-frequency flexibility in cognitive radio networks[ C]//
Proc of INFOCOM. 2012 . 2282-2290.

[8] NIYATO D,HOSSAIN E. Competitive pricing for spectrum sharing in
cognitive radio networks: dynamic game, inefficiency of Nash Equi-
librium, and collusion[ J]. IEEE Journal on Selected Areas in
Communications, 2008, 26(1) :192-202.

[9] &, REF, FERA MARZFTEKEN]]]. AT ER

7r % &R ,2003,12(3) :193-198.

BOGA D K, BASTURK B. A powerful and efficient algorithm for
numerical function optimization: artificial bee colony ( ABC) algo-

rithm[ J]. Journal of Global Optimization, 2007, 39 (3) :459-

471.

(10

—

(#5491 W)

[4] NAZIR F, MA Jian-hua, SENEMIRATNE A. Time critical content
delivery using predictable patterns in mobile social networks [ C]//
Proc of International Conference on Computational Science and Engi-
neering. 2009 :1066-1073.

[5] KAWARABAYASHI K, NAZIR F,PRENDINGER H. Message du-
plication reduction in dense mobile social networks [ C]//Proc of the
19th International Conference on Computer Communications and Net-
works. 2010:1-6.

[6] BULUT E, SZYMANSKI B K. Friendship based routing in delay tole-
rant mobile social networks[ C]//Proc of IEEE Conference on Com-
munications Society. 2010:1-5.

[7] BULUT E,SZYMANSKI B K. Exploiting friendship relations for effi-
cient routing in mobile social networks[ J|. |IEEE Trans on Parallel
and Distributed Systems,2012,23(12) ;2254-2265.

[8] KHOSRAVI A, PAN Jian-ping. Exploring personal interest in inter-
mittently connected wireless mobile social networks [ C]//Proc of
IEEE Consumer Communications and Networking Conference. 2011 ;
503-508.

[9] KAYASTHA N,NIYATO D ,WANG P,et al. Applications, Architec-
tures, and protocol design issues for mobile social networks: a survey
[J]. Proceedings of the IEEE, 2011,99(12) : 2130-2158.

[10] DALY E M,HAAHR M, Social network analysis for routing in discon-
nected delay-tolerant MANETS[ C]//Proc of the 8th ACM International
Symposium on Mobile Ad hoc Networking and Computing. 2007 :32-40.

[11] DALY E M,HAAHR M. Social network analysis for information flow
in disconnected delay-tolerant MANETS[ J]. IEEE Trans on Mobile
Computing,2009,8(5) :606 - -621.

[12] HUI Pan, CROWCRLFT J, YONEKI E. Bubble rap: social-based

forwarding in delay tolerant networks [ C]// Proc of the 9th ACM In-
ternational Symposium on Mobile Ad hoc Networking and Computing.
New York ; ACM Press,2008 ; 241-250.

[13] LINDGREN A, DORIA A, SCHEIEN O. Probabilistic routing in in-
termittently connected networks [ J]. ACM SIGMOBILE Mobile
Computing and Communications Review, 2003,7(3) :19-20.

[14] TIOANNIDIS S, CHIANTREAU A. On the strength of weak ties in
mobile social networks [ C]//Proc of the 2nd ACM EuroSys Work-
shop on Social Network Systems. New York: ACM Press,2009 ;:19-25.

[15] GRANOVETTER S. The strength of weak ties [ J]. American Jour-
nal of Sociology, 1973,78(6) :1360-1380.

[16] ZHANG Yang,ZHAO Jing, CAO Guo-hong,et al. On interest locality
in content-based routing for large-scale MANETs [ C]//Proc of the
6th IEEE International Conference on Mobile Ad hoc and Sensor Sys-
tems. 2009 :178-187.

[17] EVERETT M, BORGATTI S P. Ego network betweenness| J]. So-
cial Networks, 2005,27 (1) : 31-38.

[18] The ONE [ EB/OL]. (2012-07-25). http://www. netlab. tkk. fi/
tutkimus/dtn/theone/.

[19] SPYROPOULOS T, PSOUNIS K, RAGHAVENDRA C. Performance
analysis of mobility-assisted routing [ C]//Proc of the 7th ACM Inter-
national Symposium on Mobile Ad hoc Networking and Computing.
New York : ACM Press 2006 :49-60.

[20] VAHDAT A,BECKET D. Epidemic routing for partially connected Ad
hoc networks ,CS-2000-06[ R]. North Carolina; Duke University, 2000.

[21] SPYROPOULOS T,PSOVINS K,CAULIGI S. Spray and wait: an ef-
ficient routing scheme for intermittently connected mobile networks
[ C]//Proc of ACM SIGCOMM Workshop on Delay-Tolerant Networ-
king. New York : ACM Press,2005 :252-259.



