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Abstract In delay tolerant network (DTN), due to the frequent changes of network topology, there
is no stable link between the end to end, so it is one of the key problems in DTN research to select the
appropriate relay node for message forwarding and delivering the message to the destination node in a
short time. Aiming at the blindness of relay node selection and the lack of reasonable control over
message copies distribution in existing routing algorithms, an adaptive spray and wait routing
algorithm based on comprehensive performance of node (CPN-ASW) is proposed: in spray phase, a
new metric, called as node similarity, is used to measure the similarity degree of motion trajectory
between nodes, and different relay node selection strategies are adopted according to whether the node
similarity exceeds the given threshold value, and subsequently the number of message copies are
adaptively allocated according to the relative utility value of nodes; in wait phase, an active forwarding
strategy based on delivery probability is implemented, if a relay node has a lager delivery probability
to the destination node, forwarding the message to this relay node. Simulation results show that
compared with the Epidemic, Spray and Wait (SaW), EBR and PBSW, CPN-ASW can effectively

control the network overhead while improving the delivery ratio and reducing the average delay.

Key words delay tolerant network (DTN); spray and wait routing; node similarity; relative utility

value; delivery probability

#H B R ETLM%(delay tolerant network, DTN) W, & TR & MM E T L, 38 3|58 2 8] R 5 &
AR BRI e TR B A E M P 4k B AT B AR A B AR A A AT B ARY & DTN
G KGR AL — AT ISR AR kT LA B EAMAATIE G Ry X2 S IEH
e AL R — AR T RS Ak e A E N kM F F % i Ak (adaptive spray and wait routing
algorithm based on comprehensive performance of node, CPN-ASW) : #& Spray (" 43) M- 51 A & 48
AL A8 A7 R AT 2 B8 iE S AT ey AR AR L AR T S ARMUE R TR T R AR R 69 P 4k
WHER S R T RN EJE BT SR AONE AR 5 BH &S AR E; E Wait (5 £) B %L

s HH#.2020-11-25;f8 B H#3.2021-06—-21
ELTWB EHHEHRB#IELTH (61672257,61702210,61772377)

This work was supported by the National Natural Science Foundation of China (61672257, 61702210, 61772377).
BIS1EE . W W (ynchang@mail.cenu.edu.cn)



FEHTEAE DTN P2 T 0 S0 A PR BE 9 A I8 0 WS 25 R B o 5k

853

IHEHE HHEHEL LI BAT SR ETMNAE S PR T S T4 R AW, 5 Epidemic, Spray
and Wait (SaW) ,EBR,PBSW ix 4 #f Z 48k ,CPN-ASW H i: 495 A 23T 504 B 3% 8 F , B W& T

A a3 B 2E

EgpiE MRETDM% ;"4 F 43w S AR A8 xR AR 3% TR A

HEZESES TP393

FEIR 25 2 W 4% (delay tolerant network, DTN)
ST — PR IR SR HARTY 552 T ME LUE RS SE 1Y I
) 3 2 2 0 e R P T RS Sl R B A I ML R AT
WAER A LM IE R T DTN 3 Fhod {5 4
R R ARl -5 T T s e AL 0 B R
) T R IR A 3 H 2 BK HAR T SLDTN
T Y A% fi I A2 ) P 2 | v R A 3 4 A KR 3
fRIREE AT 2 ML RBR M F
R o 2 ) 45 s EL A )T T2 B N S O AR
R AR 3 T N A ) 4% Y R AR Ut
DTN # A Ay 2 52 30 T Ak AN T 7Y X 2% 7 1Y) — T OC 5
BR BAHEW PR L.

TE DTN % i & v, SaW (spray and wait)-
TR B A% 7R 2 T T U2 R A Y 4 T 2 B B A R
P21 AZ T AE Spray (WU By Be R JH X PR 73 BE 1 B
RIA KL, 78 Wait CGERP) By BOHEAT 16 B 19 9 30 1% .
SCHRL7 JUE B 7 72 57 18] 23 Al 09 719 5 # 3l A 8 b
SaW B f o iy H SR AE R Z 8O 00 T I AN TE
JEAE B S R A3 A RS SR RL, Pt SaW B AT SR A
R B el g 2 ]

H TR SaW 5832 i ele itk = 2R BAE 3 4> Jy I
DTE Spray B B i 16 H 4k 15 a1, M4 20OH R 80k 5
e AR i A Y R S TR — Bk A R T R T R R
R 2)FE Spray By Bt ST IE 4 Lo 4] ) @I A, R4S AN
(6] 47 51 S5 1 R R B L 43 BC AN () 114 R A Bl Al R A
PP ARG 53) Mt Wait By B9 4% i
SR SR, H AT R 280 SaW Bl ik 53 vk HUE AR
Hob iy 1ANE 2 A5 AT IR 5T AR A5 R X 3
T5 W45 G RS SaW JEAT I PR RESE w5 A W] 1.

B D S TN A R R E S vk N S BT A
T 31 2 AR B LA B Wait By BEAY OOtk 25 & % 1 ok
e B — b T R LR MR AR I A 3 N S A R
% rh 3 ¥ (adaptive spray and wait routing algorithm
based on comprehensive performance of node, CPN-
ASW). FEZ TTERA 5 A T5 1

1) 58 SCT 1 RURARLBE R 2 1Y £02 3l B3 Y
ARARURR BE S R T R AL B 428 1 B o 1 i

T B AE A2 B B0 AR LAY 5 18] 1% i 19 28 T B 48 O
Pt AR IG5 A8 Al LAY 2

2) I KU BREE ML 3ok S e a5 5 H Al Y
AT 3 BE T DN TTRE 58 22 9 T 2RI AR 20 IS 40 7% BR
JEE W YT L B B RE S LR AN N T R R 2
T L 53 A R R 73 2 BRI ] BT 100 R B v
M AT TR BRI

3) ZEE YR BRI AR AR AT L 4 Hh 1Y R XS
ROMIE W ABE A& MR 406 5 52 8] B9 A 6 RO (L A3 B
TC T 5 AR 205 9 BRBE o TR AR AT 2 1Y 3
B2 B BRI AS T B AR R 2 b RO S R
e v 1 S B I8 H AR A AT R

4) A Spray [ B4R H 3 T 50 R 8L R A
AR X 2880 A 55 55 5 s o A A 52 BRI DL R L 9
ISEGEIREIE/NiIe

5) 7 Wait B Bt 58 70 F FH 15 k6] (9 A B AL 2
it T S B0 T (R B 32 g B ke R L ik — AP
% I A% i A2

1 #HxIME

HHET. 78 DTN B850, % il 8k £ 850y
P2 DLl D SUFN 22 45 DL % ply P 8. M Y (4 B DL K
i B UA Direct Delivery™ ' Hl First Contact™'? 3% 2
ol 66 F DM ASC I 6% FE 5 /DN AL A% i B A AR vy L ELYH R
B3R HAR Y 580 RRAR AR, 22 45 DL g% dy b i
e ELACF 1 1%t DIV Epidemict® Fl Prophet!'',
Epidemic J&—Ff itz X % iy 55 2%, #8545 IH 2 A0 5 4
Toa) 388 3] 1) A — > 7 AT A T L G T 2% E YRR
T B SRR B R . FLAR S i I {H R AR
SR 25 Y b I SR IR AR AR 2 B, R B &R &
FE LT LR, B AR AIR W 45 P BB s Prophet B
VR T TR A 388 g Sl AR R R A i M R L — i
oL R A R AR TV R R TA) R ) A% T R R AR
B2 AT AR I I 2L R B3k B AR T R B0
(B 5 1 1Y 5 R T B R 4K 5L {H 2 Prophet 4T
AR B A L AT Epidemic 4% 0T #1 9 &2



854

HHEIR S AR 2022, 59(4)

/N AH T AT Ak
IR SE 55K

T Epidemic 553 1 B8 B8 1Y w5 a0k 5
R AS B HE AL 5 0 T W PE AR 45 A ARG BFSE H 4R T
SaW [t B9k 2 B A R Spray fl Wait iX 2 A4
W B 20 18 T 2 A I 3 ) R A T B R AR e R
R B R R SaW BIE R T 2 A =, 1
Binary #3E Binary #52. Binary #i2( T , 7£ Spray B
B, #EA S BRI BOR T 1 /97 51 8 3 1 ok 52
AEZE T U R MTH B — 2B R A, A B ) 7
YT EEIA 2 P R R R AR RO 1L
A Wait By Bt , 18 B LA Direct Delivery B9 77 2 iE4T
e, BIHEA I S 09 9 md B 208 3 B AR Y s A
Bk 2 Binary SaW Al W H F 2K s, K
ZEAVEREE & T Epidemic Ml Prophet. iZ 8 ¥ 3
T AR A 3B S BEAIL 0 I IR A 2 4% SR T AE
ELST Y 28 PR A b L Y ARIE SR e A R AIL, BT SR
TH B A% 5 B H AR SR8 11 & AN E 19, W, SaW
TYETE Spray i B4 X FK 43 Bl @A £oe A R
It BAE Wait B B2 9l g 1% a2 F — 25 19 4% 4 g
FE B X SaW Bk 1 3 B W o, H AT E R AN F S E
C7E SaW Byt IS 1 — 2 i 2R,

SCHRE8 IXF Prophet B89k v A4 4% 328 Tl I {8
80T i — 20 W L T AT Y 5 s T AN A 7 A
W UREL RS G T U] Y 3% H2 B )L FE Spray B Bt
A T S B H BR 5 SR 45 3k T D0 {8 07 20 b 4k R
Wait B B [f) A S0 A7 R 4E  B 208 B 25k B br 3y
JUSCHRL O J 45 G719 w1 450 ask 000 {150 001 s AR DL BE A
R SO e BRI RO 1A 3 1 73 TS R AR 45 3¢
BRET0 J 46 Hh 6 T 7 50 by s A G (R 8 1Y % i 550 1%
EBR,IZ 551 B 4 AR 40 19 m0 06 BREE 8 1 L 70 TE 9
SRS B K B 2 00T R AR 23 T 4 T R RE B v Y
TR SCHRC TS T4 Hh — i T A 2 1 g e 25 4
£ i B PR BSW-SN, iZ 535 7E Spray By Boi 4 5
SRR Sl S ORI A5 T L Y e T AR ke p AL X
Ak BB E R AR S 4 BT SR TR BR B A 3 N 53 T
TH B B AS L SCHR 16 42 i — b 3 75 0 o i B 1Y
% 575 QoN-ASW., 7E Spray Bir Bt % J& 17 25 19 R
I BEAE S SR A 43 T A AR s 7 Wait B Bel i 2
e O 2 ) AR 5 A% 3k 0TI (B B v Y b A Y R, A
7T 980 /0 9 J2 A% i P B SCR [ 17 J 4 i 5 7 AH 38 A
(¥ M 55 44 A s 1 S PBSWL 7 Spray B Bt 4% 5
E R e A T8 AR 30 S g Y AR B Y U S kT R
SR A HLAE W 5 H bR 15 s A A 38 A 38 4 FBC 3 Y e ]

AT 3 B B F AR AR

A8 BRI AS SR T o 3 SCHR L2 AT 8 v 4 3 A
R 73 BCTH BRI B ot Waie [ BEA& i 5w o i)
1ANE 2 AT T AT et DT A SR s AN A% 4 T

BT UL BT AR SCER A B IR P AR S L H
TN 23 BE T R R A B SO Wait [ Befg i R X
3 ANT5 T 4R — R T LR TR RE A O N
S5 % B A CPN-ASW. X 595 7 Spray B Bt
AR A TED A9 A DA B2 2 ok 45 1 T R AN
(7 14 P 3 s 308 56 SRS, 25 B A 08 T ) ) 3 R 2
FOT A GEAAAE 0y 35 5 B9 AR R 280 AR S 2 79 1] £ A
LR BE/IN T 5 7 AL, L F2 AR 0 5 e 9 AR X RO T
3 N7 1 PE S RS S 7 U e 5 Y R
A PR AR X 25 A 23 TS T R R A s ok —
A 0 38 53 RIS AR B9 A ML 22 L 72 Wait By BORE I
ES oS RWIREPSR i St NE R sk ot BRI R e R
A0 rh 2

2 [ EEEE

2.1 MIZKER

BB RS n DT L.G=(V,E) N M4
FANEL V= {0, [ 1< <<n ) BR MG T S EA .
E R ARG Ry 4R AR gk 2 ) i 7 4
W o, B — D EAMHBE Y EER E = (v, |
n,; 70} LRI KNG EIF R 5 v, BB
B E YA o, Mo, BEA BB 0 Y 15 Y
Moo, I E, H2EET T o, & T v, A
FAEE, L A o, B o, INEIE, LI B
E, Ffn  fEM L ETSEUEEE, b Uil MW
I A R e B E R e, i 1
2.2 TAHEME

FATERZH0 DTN NS, A EE
DIRer B8 sl i 5 K 2 02 th AN S Bl B #5401, N2
BB A& T8 2 BEAL Y, AT £ R B — 2 1 4L
SRR AR 2 AN A 1 A BCE 24 SRR
IR A TR 43X 2 A N BCh BN 9 T e PR AR &, 3 R
SRR AT A 2 A iz 3h B A L. dn SR T
STES S HGI AR AL T A5 R 5 K I 4 7R R W 4%
T 14 ) g, XoF 41 vy 450388 238 I A S B A 5 B A
W, FEAS SCrp g Y SRR RS A Aok R T A )i
B30 B AR AR B, A R 2 AT I A AR L L )
o B 1R T B R A T D AR BRI B R B

X 1. ALY 8 v, 5 A v, AR AH
IG5 o, AT o, WP AHB A S S



FEHTEAE DTN P2 T 0 S0 A PR BE 9 A I8 0 WS 25 R B o 5k

855

A B [ Iy s A S S X 2 A AR
BRDT AR A B e iE
SD ., »HFEKIRH

|E.NE;|
max{|E;[,|E; |}’
WER SD ., 8K, B £ (8] A9 AH DL B, R
W o, B AR v, B8 B R i s R 4B
23 TRIERE

FE DTN 6 BR A9 19 BB % P i A% 3 T8 B L (il
EPSR e L A R A R T N E 7
e A% i R, PR A AL i e A AR T, DTN H I 248 4 0 45
P00 AR Ak, 9 SORH 38 Al Y R RE O R K O
LI R N AT BB I 8h A K, BRI AR S Hp i ol R oy B
B B[] B 10 ok B M o A A 1T S TG R Y 1
A T) i 10 38009 S0 T 9 0 BRI BR B S
BT 1 A 1) I 2% v T 0T B R

BT 25, v, TS Z 20 T4 £+ 1 S [E]
T 0N LTESS £+ 1 /B8] 0 E P AH 8 1 0 s
JE R AN L AS SC g T s R A I TED BT R T R
FEAG T v, 8 0 B B TP A 9 R

BN 2. ARG BRBE. W A v, MG BR B AR v,
E 5 i I [R] 0 00 RR 38 AT B ) . id o EVETY
HFRR N

SD(i.j):

ey

CWC* k=1,
EViit= (2
aXCWCtH+(1—a) XEVE !k >1,
Hrp EVET SRS v, TR £+ 1 AN R B
1P 2] A A [R]3T JSE i s  RoR T 0, DI
B ] B OB s CWCE R il 1 458 2 i 1]
T T o BB R SRR Y 1 AT
%W O, CWC! BiE 0, FF 4 5 58 1 37 19 i 18] 1
FTPA A BT SRR EVE D R W BT LR B4R
k—1 AW A 60 20 T8 5 9 8 v, TR BREE. Y
k=1, B0 & v, D558 1 A58 8 ) g 1, otk
BT v FESS b+ 1 B[R] PN 95 BRE R
JNCRTESE 1 AN R ET TP BT I E A OR TR A
WM R BT o FES k1 ASEEEE P
TG R 2R N G B AR R4 b — 1 AN 2 11 )
Wi B EVETD RIS £ A% 03B A A
CWC! B IBURT, Hov o Sy 3 8K EF- 18 L7
24 TRENMAE
9 7 ffi CPN-ASW ) Spray B BE @Il A 43 Bt i B
A A BRI AR SCRR 4l 1 A ] 0 AH X R0OH 1 % i A 1F
(i TR RS ST S N E R T s
AT RE P U] 2 3 R R R T A L 2 T R

RIAS 3k 2 3 BT IR EE /85 19 19 0 B R AR A e Y
5 0 o 3 B B B A B 22 B T A A B 9 R
J3E 1 B BB 8 R TE I 2% b DR T O AR B
TGRS R s T e b R ZE A R DU [
FR A GEAFAE R SR AS 7 E B M S T 2R AT AR
R EE TR A B A7 A DUl A 45 65 22 9 T U2, )
AR EC G M S B R RO R E S B R S
YRR 1 DT A 55 22 B9 T B B AS S RE B AT A%
A 338 . DR M AR SCE3 5 R T 00 05 BR 8 R A% 2 77
e A ST AR X A8 P o AR T 4 T R i
R G A7 B 22, ORE X BT B v 15 2 A9 e 1% T
ISNIN/ S EIER
TEX 3. 1 S R AE. 1 8 o AT R o,
TESS kA1 AN BF A 8 I 55 5 o0 I AR X 2%
MEIE R U, Kt h
Evett FB;
wXWJF(l—w)Xm»
(3)
Htwe (0, DM BAHESELEVE M FB,
HEV," R FB; 435K R 5o, AR v, 75
Fe 1 A T) 77 11 AR 388 I A9 396 R 2 R 38 AR A7 R/ ).
2.5 TRBREHMNE
1E DTN A, iz gl 9 R 58 4 BEAL. 40 215 a5
v, Mo, FEAE 25 00 I TE] A 36 ik L0 5036, IR 4 oK ok
EATH A A R A 23 OB  Prophet B i 55 1E 2
T Dy sk T R m ) AR 3R % 5 R Y R TR Y AR
18 I3 52 A5 B R A% 3 M Ok i SCHE 1IN AE (delivery
probability) , F| HI4% i T A R £ 34 5 5[] 114 AH 38
BER YT 5 o, Flo;, AHIBES, HA o, 21EE Hir T
SR AR U S o, AV B AR R4S v, il
XA R A T BRI A A S8 R AT 0 4
AN P, 2K 375 75 a5 R 5 18] 4 45 3k )
(B, Py BT Sy 3 AN B BT e Bl R % 338 k.
D) B S5 8 v, o, AT N e, T
538 T AE -
Pip=PijpoaaTUA=Pejoa) XPiiis» (4
Hr, Py R R v, Flo; (8] Y Py S 45 388 1500
6. P €L0, 1 R AL &
2) FIR. Y v, Mo, 7E—BET T N
B A, X 5 3ok S R A T S 080
Pi)h=PaijpaaXys &))
Hor,y BaRBFEWKETF.c B]ARTTE 0, Mo, NEIKR
AH I B H AT R 1 BT 28 7 0 I ] e S 2.
3) AL 3k M Y A0 OO (Bt FL AT AL B L AR AR

U,':



856

HHEIR S AR 2022, 59(4)

WLEE AR i o, 2 BB o, A v, B
B ENN R v A8 2K HAR Y R A o, BTH B
AL v, ATRE SR — AR Y 2R L X Rl AR 1

‘@ﬂﬂfﬂ&ﬁﬁ{ﬁ‘ﬂﬁ P
P(;.m:Pu.mdeV(l*P(;.h)old)X
Pm._,’) XP(_,.m Xﬁ- (6)

3 CPN-ASW B HE %

BT A LR A YRRy I I T A5 AR I
CPN-ASW 434 Spray 1 Wait iX 2 > B¢, 7£ Spray
B B, B8 2 T4 R AR LR AT R X 24 R A T
SR A Wait By B, B 1 3 T 5 a5 45 38 I 6 7Y
F B R W
3.1 Spray MrE&

TEESM DTN W 5, K s i 4
WAt AR, N AT O B AR 5 0 4k 2 v o
PHAT AR R - 2 4 19 N0l H 2 AR AE — 2, B X gk
N P43 Bl 03 AR ARL7E @I AR 32 BR A 17 B0 T 5 I B2 3 7
JTEREBLRE 3 A 1Y R R) B A e A% A sl A 0 25 T 4
B P 3 R A T B W 4R = 0 OO 0 B D Ah AN TR
TR s B AT 8 s AR S AR ), PRI R T R
B R AT 55 W RE 7 A e KL AR AR S e ST A
AFRT 240 AP R 1 3R 71 A 2 T L Y BB 0 40 A X A%
FHAE i B 77 43 TE B 22 1998 BRI AS G AT B AR
ARy B

BT UL LA A, A1 4 0 — b T A LR
TRV A5 X 280 L 1 5 ST SR W . R 90 5 AR DL R 2
7 R R FHAS [ 0 b 3 i1 3k 3 SR WS, B 47
Ak U 4 R ASURE X 280 B 43 TE T S R AR 2
e RN S

M5 05 0, B S o, AHIEES ST S v, A
v, FEAEE my, s K v, 1 8 v, P ECTH B m, R
EN AP S

1) FIWrT i v, S Je HART A A W5
v, HIHIH B — A RIAAL 56 25 o, o [N SR 120
B w0 AT TR 2) 805K 3).

2) & B AHRLE SD (., =, WX 2 4
T AR SRS B A I S i B AR s
B3 KB B A X0 B AH 25 8 KA 15 A TR i
e UK A

U, >U,+UyXSD.,, - (7
DY R0, BfE T R o, PR LA 0 RS

H AR 9 B A AR 3 I, o R A RS A
Ua B S5
A RS R (D ARG A v, BT AR o,
FIRD R X A58 (L 4 B 451 2 P T B R AR 8 159 A 0 TR
AT R my BIARECN Lo Gm ) s AP T R v, FTH
HEIAREL, . (m)H
L;ww(m)) =|U; X L;gCm)|. (8
Tl o, AEREWEE m, BIAKL, .(m )R
Liwew(m))=L;qqa(m;)—L; Gn,). (9
3) H AW AAUE SD () <o, UL 2 A4
T I 3 Y A AL P N S i Sy T I B 15 R
T ST A BT AR X 8O (B TE 19 A 1) 4% L
53 FE T 2 B A A BE 4 v, B R m, B AR B
L e G D IO 7R 5 5 v, BIRIEE m, RIA
BOL e G D IO IR,
M v, FI A vy A 0, 18] o, 43 B TH R R
AW 1 PR
&% 1. Spray Br Bt B 1=,
Wi 0 o, AT A v, FHI
B o, B R E4S o, MORIASECR T 1 931 8
£ 4 M forwardList.
© 17 43 16 AH B2 e 2E i EVET L FBLEVET
FB;;
@ WA DO EF SD )
Q@ WX OHITFE U, .U, 5
@ FOR Vm,€v; and m, & v,
IF L, yq(m,)>1 THEN
vy =m,.destination ;
IF v, ==wv; THEN
W o BB m, R v,
T o WERTE R m, 5
continue;
ELSE IF SD; ;, =t THEN
IFU,>U,+U,XSD,;, THEN
L;.(m)= LU,‘ X L; nld(m[)J 3
L;e(m)=L;q(n,)—L; .(m);
END IF
ELSE
Ljw(m)= U XL, u(m)];
Liwew(m,)=L;ga(m,)—L; .(m,);
END IF
IF L; o G, )70 THEN
M forwardList.add (m; s L e (1)) 3

©0 606606 ©PBE 6 OB O



FEHTEAE DTN P2 T 0 S0 A PR BE 9 A I8 0 WS 25 R B o 5k

857

@ END IF

@ IF L, (m,)==0 THEN

@ W v, MERTEE m,

@ END IF

END IF

@ END FOR

@ ¥ M forwardList "I B B 4 A4 A7 B
[ A 2/ INHE ) 5

@ ¥ M forwardList W HITE B E KB H ;.

BEL P A0~ RGBT H v, Z2HE
HAR 1 5B, R B R4 o, JEMBR T AL o,
IR T @~ O R R B9 5 o F A o, M
JE R T (B I 0 6 5 3 rh 4k 1 SIS PR R YT AOAH
XPRAME T3 BOIH B EIA BT @O~ B KR v,
v PR ABLRE AR a5 {1 B4 2 Y SRR X 380 1L
THEAE Y 8] 43 B SR A KL AT @ ~ @ RN H AT
A& B INE M forwardList H;47@ ~ @
7R BEH B TR 4 A A7 s TR] AN R B N 1 I T K
M forwardList WiH B &% v;.

B P2 b I BB B8O ML TR 1 b,
LR ETEFETEAT D ~@, M Z 2 EH O(M),
W B B I TR S A B Ry O (MD).

3.2 Wait T &

TEALGERY SaW i Hy S50 v, 25599 A0 RT #5710
MEEWRIAECH 1 8, #E A 2] Wait BBz, i B B
AEAE B - 7 S HEA TH E B8 B H AR S A
BV R 2 A FE A T R A AH AL 2

BT R HT, AT 4 R T A 0 T
(1 3 3 5% R ms AE Wait By BEFI ] Prophet % i 55
125 T A A5 3ot T A il 3R T R] B A U R ) HE
NN R v, PREA BT o, IR I BT,
DAIFHIE T 88 v, MIZAE 5 R IR B K/, A
o, BIHE B AR SR AR08 BN AE K T A v,
FNH S B AR A B0k O E O B E R0E R A
T 19 A5 A58 T A DX 3 BE KT 4 i B A I, T A
v, AKETHE m, B R SR o).

AT o PETHE m, KRR — AN BRI A
B, 5RGAAE R m, W5 8o, AHIE AL

P;o>PisH+PuwXOB;, (10)
AT v B B R G A v, P, Py A
P MR85 o, M o, BB m, %
BB HART A v, BHER P, €0, 1 K S AL
OB; AAHIB T 5 v, WGAE i 38 A5 Kl 78 b id

IE R AR TS 50 v, BOZRAE & LG R 98 19 59 5 1a) Y
158 FONAE X 73 BE , — 5 T 3 e 7 S, 7 45 3dk A 3 0
LR SRR S, o —J7 TR AHIE Y 5 o, IIZAF
o AN WG T e R 2% A BOR: R Ry o T B3R AT 69 28%
TEHS BEORTEE bk 1 91 ZE 0 00 19 ) B

16 Wait BB, 19 5 o, B9 88 o, AHIE I, 5 51
v, PAT IO B A B AN G0 2 P

Bk 2. Wait Br Bk,

B TS v, M A v, FE

Fith o, BEE R IE % o, BIRIARZCH 1 0 B4
4 SforwardList.

@O WX OFH P, s

@ T A AH B A2 & OB, ,OB,;

@ FOR VYm, €v; and m, & v,

@ IFL,uGn,)==1THEN

® vy =m,.destination ;

© IF v, ==v; THEN

@ W v IR m, ek v,

W o MBERTEE m

©) continue;

) ELSE IF P(;.,,>P .., + P, XOB;

THEN

) SforwardList.add (m, 1) ;

@ T o MERTE R m, 5

® END IF

@ ENDIF

® END FOR

© S forwardList ™ EYTH B 1 ) 43 H A7 15t 18]
IR ENNHEFE 5

@ ¥ SforwardList "HIHTH B ZHTH 0.

B2 ATO~QR R YT A v, EHE B
WA R B RS o, IR A o, Pt
HEITO~®FRR YW o, AZHEE BB
L, HA 2 X QO AR B K4 o, [[E o,
R T B 470 ~ O % 7 i JET 2T 4% 2B A7 15 1] AL
KBNINITFHR S forwardList FiE B K% v, .

4 HELERESH

4.1 HFEFRERE

F 45k Al ONEV™ fjj B & . % CPN-ASW 5
Epidemic,SaW, EBR, PBSW 7 A [d] 52 5 ¥ 55 T i#
FXE Lo A BRI ONE B A B9 7K 2 3 17 b B AR



858

HHEIR S AR 2022, 59(4)

sz, K/NR 4500 m X 3400 m, 95 5 4G5S
K126 A 35 3 KW ALAT AV E A LR
B AT N 80 Ay i, A4 40 AT L 3X 2
£ i R T b Rl J 4% 1) I e B AR A A RS B, A B
FA A 6 AT S e R T b TR ) A i 4 B AL B
S BRI ESHEE WL 1 PR, A S HCR
ONE & H# 1B & X TR dh o & P 1%
BT BLEIM Sy X 3 DS B E A B % ik
(1479 % E W B P, =0.75,8=0.25,y=0.98.

Table 1 Simulation Parameters

x1 HFESH

S8 H
{5 EL i [E] /s 43200
4 B AE A7 JE )/ min 250
WG A R/NMB 12
T2 A /s 25~35
H & K/NMB 0.5~1
TH B 1 R A 5 16
1% %1 ¥ 5 [Kbps 250
1% i 30 FEl /m 10
T 0.8
Uum 0.1
P, 0.5
a 0.8
w 0.3

4.2 EMIERR

D fis

3B % = N ) B3 B H bR a0 B R
25 PR AR T BB

2) V- Hy i Sk

S-S AT = ) 4% v BT A R )45 3 A TR
T AR FE G B H AR 58 B AR I 4 i 1 F- 2
sy 8]

3) 2 T4

D 8% FE 4. U AR 1Y h 4k i e v B i o sk B H
(AR ED=NSRE PSR &1

4) T ¥k AR

-S4 Bk I 45 BT A B B B AR s T R TR
WA IR B H bR R SR B R B £ T
BEL.
4.3 SEIEEXE
4.3.1 EEREEPI A F o WHE

a MYBUE X CPN-ASW B33 (14 52 56 850 5 52 ) 448

K TER 1 SROEFM T ER « BE. L5/ FE
366 AV BIBAE 0 = 0.8 B 52 B8 R e £ A 181 1
JI7R

0.78

0.77 1

0.76 1

Bt

0.75 .

0.74 + o

&
L

0.1 02

03 04 05 06 07 08 09
o

() o/NRIHUE N I EE R LR

P40 %iE /ks
w
~
o0

0.1 02 03 04 05 06 07 08 09
a
(b) aANFVEUE T -3 4 EL %
Fig. 1 Performance comparison of CPN-ASW

under different a

El 1 CPN-ASW 7£ o AR BUE T 891 8 F i

M 1Ca) AT A ER 5], a = 0.6 B 4% 338 R i
= MR 4R Markov 00 3, AT Al < 4 0T 38 o H H
T4 AR 50 A T80 2 = 424 4 ok %A~ e 2] (e 30D ) A2
SIPRL. FR I AT R0 0 B 9 R R G 0 Y R R R — B
i TE0) A 00 0 52 3¢ v 1) 3 BR . 24 o BRU(EL i T I
I 1A e BRI ] B TS BRRE S, TR v A S0 T AR
TEA S — BB 0] 9 3% BR . H 2 R A I E2 &1 1 (b,
a=0.6 I $E 33 F8 05 w5, b I - 1 I 9 A A 5. BT LA 25
B B R I AE .o = 0.8 BT R L o =
0.6 A ZEWEAR RS- BB A A T BH 58 9 3, T DA AR
SCH @ =0.8 B S5 AR f A
4.3.2 AXSHNMESE w WKHE

w I HBUE B2 5 3 SR A S T 5 1 G B
P ARSCGE I w AFEIBE T 1858 R 2,15 1
w=0.3 B0 55 &, A 2 frw .



FEHTEAE DTN P2 T 0 S0 A PR BE 9 A I8 0 WS 25 R B o 5k

859

0.770

0.765

0.760

0.755

Bt

0.750 |
0.745 | ; ”

0.740

01 02 03 04 05 06 07 08 09
w

0.735

Fig. 2 Delivery ratio of CPN-ASW under different w
2 CPN-ASW 7 w AR IRAE T B9 B 508 4 L

4.4 EEUBRESH

J T Bl CPN-ASW Sk iy bk 47 17 2 4
15 B S  #E R TR 1 9 8 AR A7 R CTTL) LR TR i
W EAF KN T XX 5 B AT B R R Y
BFSE | ) 26 F £ ST 4 Bk X 4 A4S D T BEAT PP AR 52
Ky gk R W] CPN-ASW 7E 42 = 1 B 380 5 4 761 <
L5 TT R REAR T 24 5 S Jy 1 50R

D AS[EH B A7 A

TE AL T EEECE T L A B AR A R, X
Ll A5 P AR AR AN [TV 2B AF R T I B 3 R (i
B 3 Fran) Y BT AE Can &l 4 v L 2% T S Can
5 B BB CAnEl 6 BT R )aX 4 AN J T AR
fR1G L.

B3 Won T4 R A R AT AR A R T T
BER R A ARG Ol o rh CPN-ASW 53k 19 25
RIg M e Epidemic “F ¥ 8 T 58.55% . A L
SaW #2551 3.60% . M lt EBR F¥ 45 T
1.20% , fH L PBSW “F-348 5 T 11.22%. X =215

0.80
0.75 °
0.70
0.65
% —o— CPN-ASW
& 0.60 —— EBR
=l Epidemic
0.55 PBSW
—- SaW
0.50
0.45
0.4

0 1 1 1 1 1 1 1 1 1
100 125 150 175 200 225 250 275 300
W B AEAE ) /min

Fig. 3 Delivery ratio under different TTL

B3 TR B AAT AT B £

45F 2 N . 1) CPN-ASW % 8 7E Spray By Bt AR
1 A5 TR) AR AL A B2 2 75 8 ok 1 {0 R AN (] i) v 4k
T LR W, IR AR S Y ) AR X RO L AR
N3 TH R R A B, R B E H B K 2) TR
Wait B Be SE 80 B F 35 &, e 3 B A5 15 800
FOO A T vy ) b Ak R AT e e (R B DA ST 5 2
T LIE . Epidemic 88 3% 19 8 3% R 1t I T A 5%
e, 07 HOM 2 5 B0 B kA 3 L s R TR Ry AR VR A BR
T R R AR B e R ¥ DL, B o T A A S B Y 4
. ETEARE AR EERETER,FHZ S S
B eE 7 DA NG R BN NN A IR R 7 E S DS K 'e
SCHES AT

4 VAR T £ AT 3 i 48 9 AR fR I 1505 A
SR ) S X B S i O S A A I A G R A
PRI AR F L TR Ry 3G 0 2B A7 ) 4 ok A e i [ Py
ANBEE A H AR 5 B R B 2 #5388 L CPN-
ASW V2B 98 fe /N A LG SaW R BE T 4.44 %, 4
It EBR F & 2.08% . M1 Lt PBSW F [ 9.67 %1% &
BRI CPN-ASW S 7E Wait BrBeSE 8t 171 2
F B & B 4k ST AR R R T
B F3k B AR S 03 . Epidemic 8 55 % 3tz #L
il s 32k 22 10 52 T B2 B £ I 46 B A 2 L T 4 I
LB Tl HAth B 325 Of 150 2 SR R Y.

6.0
—e— CPN-ASW
551 — EBR
Epidemic

501 PBSW

2 - SaW

g 45t

=

T 40t

35+

3.0

5 1 1 1 1 1 1 1 1 1
100 125 150 175 200 225 250 275 300
W B AEAE A /min

Fig. 4 Average delay under different TTL
B4 AR B A AE R /7 4 A

5 FLE A AN R RE B 25 T 8. B T Sa W,
EBR,PBSW, CPN-ASW ¥ 7¢ —JF 45 FR il T 3 B &l
A DUHC, A e 2 R 1 % e Y30 W0 I 24 I i e 1
T Epidemic 8.9%.CPN-ASW 5.3 [ 2% 144 A Xt SaW
SRR 17.71% 3 X R N A X SaW 353k 7 Spray
KBt H B &, CPN-ASW S 3k 7E Spray B Bkt 4
T4 B 12 B A AL 7 Rl e &, 7F — e R
U0 TN Wb v AR B B AE Wit B B H 3



860

HHEIR S AR 2022, 59(4)

P e e 2 R A TT A BN ONEL S ik T R
i PBSW B335 1 9 26 IF 8 e/ LU 32 AR AR
2 ANJ5 - D Spray B BE UK B A4 5 H Y9 51
AR 28 AR AR R e A s AT T L e U sz 3 PR 5
2)7E Wait By BeB A AR AT AL SR me , B35 H i s
R I A R 2B AN AR TR TUAR B P Ak B

60
50
?E mi o~ CPN-ASW
L—Q —+— EBR
% . Epidemic
F a0l PBSW
- SaW
20 + ’\rﬁo‘.‘.
N "
—— ——

O 1 1 1 1 1 1 1 1 1
100 125 150 175 200 225 250 275 300
T B AAE A ) /min
Fig. 5 Overhead ratio under different TTL
&5 AN[R] T B A A JE BT Y 00 2% T 45

B 6 Fhde T4 4505 1 7 5 Bk g o CPN-
ASW X} SaW - H1 Bh5 T B% 4.22 %, 32 2 5 A £
T CPN-ASW £ Spray Bir Bt >4 7 5 6] 1 2l 3 il = J&
AEARL RS B 48 500 14 o 4k 45 5 40 TC T B I A B, T
Wait BBt BARHEAT F 805 Kk AH 2 A 3 N 4 i % &
F A s B 2T Y O BGA 2 B B AL T SaW. Hh PBSW
(4 °F- 35 B B AR . AT 2 AT A 2 1) Spray By B 4k
T PR T Ry T 2, A B H B 5 A 10 A
T 0 T 4R A BC T R R AR 5 2) Wait B Bl 8l 5%
B, BRI B B A s A 2T I B .

32
o~ CPN-ASW
—+— EBR
3.0 Epidemic
PBSW

—- SaW
2.8
26 L ‘_/K//"_/*—)

241

T

](I)O 155 lé() 1%5 2(I)0 22|5 230 2%5 3(‘)0
T B AAE A W /min
Fig. 6 Average hop under different TTL
& 6 AN IR S AEAE R DT B 2 k5

SRR F LA [ B A A7 AT, CPN-

ASW A Fb At 4 b 5375 35 38 B0 1R A v 1 03 R
WA Y S B SIE . 5 LR I 45 FF B RN S X Bk 8O T
B SaW L3 B B 5 1 PR 34 PBSW 553 BUAR 7 I
2 I 55 TN 4 Bk K T 3R B S A L AR AR X T A
3 BRI T 2 I AS Bl ik (SaW, EBR, CPN-ASW)
KU, 153 3 - 4 ) A28 Ty 1A $4) 3R B A 4 H
AT F YL Epidemic 549 M fE & 2% . 8 W1 7E %%
IRz R B3z 5 rh b iz A 6 R Bk IR AN e
5 R AF R

2) AT AR RN

TERF AT BB AFR/NT o RN 43 BT 45 15k
T B R CNE 7 frs) O EE CAn & 8 Bt
) TR CnEL 9 TR Rk Can &l 10 B
TR IX A AN 5 T I AR A

B 7 B T8 AN EIRAEA Y S A T B
R AR A BL. 5 b B I B0 R AR B A T S
A B 10T R i 33X R R A R A R, LT g
GHIDFEPSE S RN S R T T E S PR IR
W45 W 28 fit . Hoth CPN-ASW 5036 1 £ 3 oK B
&, AL Epidemic “F3¥42& & T 67.07%, #H [k SaW
EHHRE T 5.28% . M EBR P E T 2.55%,
FH L PBSW S H4m 1 9.12%.

0.9
—o— CPN-ASW
0.8+ —+ EBR
Epidemic
0.7 F PBSW

- SaW
0.6

Bt

05t
04} ¢

03}

0.2

4 6 8 10 12 14 16 18 20
W RGP R/NMB
Fig. 7 Delivery ratio under different buffer sizes

B 7 ARZAAR/NT 08 R

Bl 8 i T 4 45 1k 1) 7 2 if 4. CPN-ASW
(47 43I 4 AF L PBSW P2 F B 10.26 6. AT 8
AT W B L AET S AN T 12 MB i, CPN-ASW
()1 23 Bf SE B K T SaW s 497 sl 2 AF i 12 MB,
CPN-ASW [~V B SE FF- 4 /N T SaW 1 B 43X S
i T CPN-ASW 7E Spray i B2 44 #5514 (8] 19 A7 X5
ACHIEL 2 BC T B R AR 550, AH X BRI (B 25 B 25 1T 0
TG BR BRI s R AR AT U700 A A B /N TS
S G A7 28— AR AR o AR X 0T A o i BR



FEHTEAE DTN P2 T 0 S0 A PR BE 9 A I8 0 WS 25 R B o 5k

861

PR 22 1 B B Sy 2 L T IR BE R Y 5 T U
FE L H B EUWEUE L2 T B T 2 W OB
REF 35 H AR 1T AT A% i B 28 5K 5 B A 19 A5 2 A7 1 3
T T B g N A A A B 28 e, O
CPN-ASW 7E Wait Bir Be & £F 5000 09 rp 4k 5 s 2k 47
Wk e CPN-ASW 1 - 15 ] 4 J5 T80 1) f0 88 1 75
F AL

6.5
o CPN-ASW
6.0 —« EBR
Epidemic
>3+ PBSW
2 50l —— SaW
)
B 45F
N
B 40f
35¢F >
3.0
2.5

4 6 8 10 12 14 16 18 20
T REAFK/NMB

Fig. 8 Average delay under different buffer sizes
Bl 8 AR ZEFEK/NT T &

B9t Y 2 4 I B Bl 17 A G2 A7 1 A8 AR
B 24 5 B AT BTG, 5 R A Y I 4% T B 4R 2
R B L 3k SR PR Ry 2 A S (ALK /I L Y U A AT RE A
o AR P RSN SR I RS DS EEE U R E A L]
TR UECA R B 3k H bR 9 a5 Hh CPN-ASW /Y 1%
I Epidemic P TRET 69.55% .88 SaW -
BIFRET 17.99%. 0040 il i WA & 9 7T A1, Epidemic
SELVE 0 T 45 T 47 Bt A 8 A 1) 189 T 20 R B X R
AH L 5 9 38 FH 06 U8 70 B I 465 L TE R A7 B FE MR I
FE A A0 ALR D0 286 JF 5 o 48 10 BT A OR

90
g0k o CPN-ASW
—+— EBR
70 F Epidemic
PBSW
m 00T - SaW
i
S 50
= 40}
30
2or :\&\2::

10

4 6 8 10 12 14 16 18 20
T RGATK/N/MB

Fig. 9 Overhead ratio under different buffer sizes

9 RIRGAT RN B 9 2% TT 4

K10 s ANk 7 ¥ kg PBSW (1)
S35 B B AR . CPN-ASW SF- Bk B0f EBR 55 %k
AR , CPN-ASW 1#~F- 21 Bk £ AH X Epidemic *F- 3
TRET 17.36 %, HXT SaW SFH FRET 2.50 Y6.3X 13 BH
T CPN-ASW S35k I 4k 7 sS BE £ 10 & $iLE.

4.5
o~ CPN-ASW
40 —+— EBR
Epidemic
PBSW
w® 351 —— SaW
§
ﬂ
B 3.0t
251
2.0

élt é é llO 1I2 1I4 1I6 1I8 2I0
T RGAFR/NMB

Fig. 10 Average hop under different buffer sizes

10 ANEZAFRNT BT HBEEL

SARE TR 5 R LA AT ARG AE R
T .CPN-ASW $3k 1 B 8008 R d ey o 25 A7 09T A2
RSP 24 1sf 40 f /0N, L ZE T 4% F 4 R 249 8k 85 T
R HAZE.

5 ZRiIE

A SCE R DTN KB IE | ] 8P % 42 55 47 0, 32
b R TN 2R A P BE Y T S SE 1 I R A Tk
CPN-ASW.iZ 8L 1E Spray By BEAR 48 19 o 8] AH 1
A R I 4 A BAE SR FHAS [) o 4 75 057 328 56 5 s, I
Fig BV UM 6F R HTE B 3 0 43 T O R I A B A
Wait By BOKG T4 25 K 25 ) H bR 1 5 45 3 7000 i 57
e Y PP AR T L FH R PR A AT A R AR SCHR A
RE A% A A50HE e T S 800k 30, 455 1 1) 285 T B R B G-
B 4.

SR o IS 36 rhr s PR £ 3], CPN-ASW 875 4
X TALGE SaW K, 7575 5 G2 A7 38/ INIf - B8 I S 458
15N HE— 2 BT I 4E 15 B — A AL R A
PR WS ™ — W TAEM .

TEE Tk A AR . B 2 A A ST 42 B AT 4 AL
W IMEBL A Tk IR R R R R RS
M EAG R TIR TR XAER A A SRR G A
P AR B LR R RE G AR ERSTE
LS5 Bk .



862 RIS KR 2022, 59(4)
[12] Jones EP C, Li L, Schmidtke J] K, et al. Practical routing in
% % Tk delay-tolerant networks [J]. IEEE Transactions on Mobile
Z
Computing, 2007, 6(8): 943-959
. o . [13] Vahdat A, Becker D. Epidemic routing for partially
[1] Xiao Mingjun, Huang Liusheng. Delay-tolerant network
) ) . connected ad hoc networks [R]. Durham, North Carolina:
routing algorithm [J]. Journal of Computer Research and
Duke University, 2000
Development, 2009, 47(7): 1065-1073 (in Chinese) uke University
CH I, xR, 7 R 4 Bt B, SR LR S % [14] Lindgren A, Doria A, Schelen O. Probabilistic routing in
JE. 2009, 47(7): 1065-1073) intermittently connected networks [J]. ACM SIGMOBILE
[2] Wang Hezhe. Wang Huigiang. Zhu Jinmei. et al. OCIGM. Mobile Computing and Communications Review, 2003, 7
An optimized control information generation method for DTN (3): 19-20
routing [J]. Journal of Beijing University of Posts and [15] Zhao Yuhong, Yin Zili, Zhang Xiaolin. Spray and wait routing
Telecommunications, 2017, 40(1): 79-83 (in Chinese) protocol of node sociality in opportunistic network [J].
(CEB, £, K&%, %, OCIGM: MW DTN # il # Computer Simulation, 2018, 35(7): 231-236 (in Chinese)
etz w45 B A O i [T ). b st R e R 24 24 4, 2017, 40 GRFLL, AL, iR, FEF 3 st S i P2 W 4 w55
(1) 79-83) SEfE A EMLT ). IFSEHLOT L, 2018, 35(7): 231-236)
[3] Trono E M. Fujimoto M, Suwa H., et al. Generating [16] Cui Jianqun, Cao Shugin, Chang Yanan, et al. An adaptive
pedestrian maps of disaster areas through ad-hoc deployment spray and wait routing algorithm based on quality of node in
of computing resources across a DTN [J]. Computer delay tolerant network [J]. IEEE Access. 2019, 7. 35274—
Communications, 2017, 100(1): 129-142 35286
[4] Cuka M, Shinko I, Spaho E, et al. A simulation system [17] Kim E H, Nam J C, Choi J I, et al. Probability-based spray
based on ONE and SUMO simulators: Performance and wait protocol in delay tolerant networks [ C] //Proc of Int
evaluation of different vehicular DTN routing protocols [J]. Conf on Information Networking. Los Alamitos, CA: IEEE
Journal of High Speed Networks, 2017, 23(1): 5966 Computer Society, 2014 412-416
(5] Tornell S M. Calafate C T. Cano J C. et al. DTN protocols [18] Kerdnen A, Ott J, Karkkiinen T.The ONE simulator for
for vehicular networks: An application oriented overview [ ]J]. DTN protocol evaluation [C/OL] //Proc of the 2nd Int Conf
IEEE Communications Surveys & Tutorials, 2015, 17(2): on Simulation Tools and Techniques. New York: ACM.
868-887
2009 [ 2020-06-01]. https://dl. acm. org/doi/pdf/10. 4108/
[6] Xiao Mingjun, Wu Jie. Huang Liusheng. Community-aware .
ICST.SIMUTOOLS2009.5674
opportunistic routing in mobile social networks [J]. IEEE ) ) )
[19] Zhang Yang, Wang Xiaoming, Lin Yaguang, et al. Message
Transactions on Computers, 2014, 63(7): 1682-1695
forwarding strategy based on Markov decision process in
[7] Spyropoulos T, Psounis K, Raghavendra C S. Spray and
. . . . . opportunistic networks [J]. Journal of Frontiers of Computer
wait: An efficient routing scheme for intermittently connected
. . e Science & Technology, 2016, 10(1): 82-92 (in Chinese)
mobile networks [C] //Proc of ACM SIGCOMM Workshop
Bkt . F/N, MREOE, 2. T D/RN SR HL A
on Delay-Tolerant Networking. New York: ACM, 2005: it N BRI 5. BT SRR R AR L2
259-959 W 4 e s ms (], TH R HLBL2: SR E . 2016, 10(1) : 82-92)
[8] Yu Chen, Tu Zhonggiu, Yao Dezhong, et al. Probabilistic
routing algorithm based on contact duration and message Cui Jianqun, born in 1974. PhD, professor.
redundancy in delay tolerant network [J]. International Member of CCF. Her main research interests
Journal of Communication Systems, 2016, 29(16): 2416— include opportunistic networks, the Internet
2426 of things, mobile networks, and application
[9] LiJianbo, Jiang Shan, Song Youmei, et al. A multi-scheme layer multicast.
adaptive routing algorithm based on spray and wait for delay BB, 1074 4E AR M, 8, CCF &R+
tolerant networks [J]. International Journal on Smart SRS T L2 2 L B 4%
Sensing and Intelligent Systems, 2015, 8(4) . 2136-2158 §
¢ sent >y 1 2 41 4.
[10] Nelson S C, Bakht M, Kravets R. Encounter - based
routing in DTNs [C] //Proc of IEEE INFOCOM.
Piecat NJ. IEEE, 2009 846-854 Sun Jiayue. born in 1996. Master. Her main
iscataway » : . 9: -85
[11] Spyropoulos T, Psounis K, Raghavendra C S. Spray and research interests include delay tolerant
focus: Efficient mobility-assisted routing for heterogeneous networks, social networks and = wireless
communication.

and correlated mobility [C] //Proc of the 5th Annual IEEE
Int Conf on Pervasive Computing and Communications

Workshops. Piscataway, NJ: IEEE, 2007. 79-85

FME IR 1996 4F A A -, = B ST U7 19 O
B P AL 32 T 25 N TE LGB 1R



FEHTEAE DTN P2 T 0 S0 A PR BE 9 A I8 0 WS 25 R B o 5k

863

o~
- -~
(¢
- |
L -
o

A A

Chang Yanan, born in 1984. PhD, associate
professor. Her main research interests
include wireless mesh networks, delay
tolerant networks, and social networks.

HAEAE 1984 R4 T L B #OR. EE AT
] A Jo 2k mesh &% FEIR 25 W25 4 E 22 W45

Yu Donghai, born in 1997. Master. His main
research interests include delay tolerant
networks, social networks and wireless
communication.

KRR 1997 4F At B 55 ) A AE
SRR L I ol | b e B R (o

Wu Yao, born in 1995. Master. His main
research interests include delay tolerant
networks, social networks and wireless
communication.

BB 52,1995 4F A= Wt WS 5 [ 4 SE
R A 3T P 4 R T 2R 15

Wu Libing. born in 1972. PhD. professor.
Member of CCF. His main research interests
include network communication,  grid

computing, and the Internet of things.
REENI72HF4 . H®.CCF &£
BRG] Ay IO 44430 1 L A T B AT R

2022 F(HENARE X B E M (IEF] ) 1E 2@ A
HIERS 5B REARPHR

N TR RERE REUE .MM N E RN EDRR. O 28 B0 R ¥R BT AU RS BT A% R
Sk, 4 N LR 7 A T R T A K A ) AL e 2 A TR I S T T 0 A T R RS i A L T 5 L 3 P T R A 5
F OB B AL B AT X T RE T H RS R A O A SRR R T R E N AN E AR T — RGOSR A
Unfaf 78 AR 3 P 500 42 4 0 TR B, SN T B R R 10 o T PR R b A SR R R R Tl B S TR 0 B Bk R Y
o I

S it — 4 e B B [ 2 A B 4 A S RE R RA R A R B B 5T, A R GE R B B A RR X & 5 R R R O m Y
B ot R GHAPLII S 5 R BV T 2022 4F 10 A RN S5E R e — — BiE 22 58 R IrE, T 5 R
FE B 2 4 B0 S A 55 N R B B RD (R b G B S B R R F 5 U A G ST Y & R AN RHIE N B B BR AR

1 3238 B (AR BR )

o AR B A A B

o HLERAE T BRAARI R

s BIE RS KA

« NLEBeRGE R ICE KI5 B AR

EXER

1) SR8 FAEH MR B B SRR, B A 2 R A (A R A M R A P9 AN A F & AT I R ks
W R R RAFAE— i 2 15 0] {0 A 35 A 1 i B o 75 1o 2t 60 450 02 58 WA 1L 8L

2) &3 —HH word # FCHEM 4% 20 B 22535 1 AR 0 G S MLBIE 9T 45 % i ) SCRE I 2SR (hittp /[ crad.ict.ac.cn).

3) I8 3CIE I A T R 3 Chitp /[ crad.ict.ac.en) #EAT 8RS BRI R ALER MR R = P EMEE B S H W WL 5E A
A4 2022 BT CGR M B kAL 3D

EEZHH

FESCHE AR H . 202246 A 10 H

YEF BRI H 02022 £ 8 H 5 H

HEBRE

bR #% WA K¥  xql@sdu.edu.cn

KEW B PEBEFEBE R EHKI AN AR E PO zhangyg@ucas.ac.cn

FERE A EEREIMEAKY  dongxiaolei@sei.ecnu.edu.cn

BRREAK

i ¥ #:crad@ict.ac.cn, 010-62620696, 010-62600350

WA EE . b5 2704 (S CGTE LI 5 & B ) 4 455

il 44 :100190

TR R (R4 B O e 1
C AIEA

© MR R B A R

¢ TR R % A R (R

SEHEAH W . 2022487 H 20 H
HR 2022 4E 10 A



