EERER 2009 4 45 19 % 45 10 #7:1031 ~ 1036

doi: 10.3772/j.1issn. 1002-0470.2009.10.007

(] B 1% 18 78 3h 5 22 25 ) 4% rp 3 B 95 5T A 4T 22 BR PR SR M
FRTO &4 ARG
(LRHEAEEETREREBETER LT 100083)

B AxtEBTEES 845 F 4% (ICMAN) 52 R B2 o A 3 By 23R 5 R 34 3E B
BIFHZTELRARNER, AXEH TRAER BB EE 2T T X ZJHEFEHE

KA HTRET —H

%R 8

La R Z MR AT W FE B R R RBER B i S (BDPBR), 2L 4F 1

RENRHWEM AR, TAEIA HERE WP ERER, U8 2R ERIEH
BB B3 K R FE R . TR RF W, R R B F KRB (RDP) Fr b F
% 4 7 B (RDD) SR 42 4] 34 & Wy 5L BF R 26 3k sk FE W, 6] B ¥ AR 9 RDP A RDD R % &
G, THAPRENELRGERBRUAMLNRNRRHEE, ELTHWRSZE

.
Ko

RBEE Ad hoc, B thil, ZE, X

0 3 %

#ah B 4H 2™ 4 (mobile Ad hoc network,
MANET) 7E 3£ 865555 B 11 3% 5% o B A 8] W 2 1 A 4F
B INFERNE S R 3 B R i DA b B
SRS ST TR B R . BRI, SCHR[ 1-3]42
1T EWTEE R Bh B 421 M % (intermittently connect-
ed mobile Ad hoc network, ICMAN) B #E /2, 76 ICMAN
R B T W A R, BLZE AR B 2 A
FEAE IR SE H BT S S BB A2 ek
TEFOLT ARG MANET % i R % TE. B
WAMY— SR A G 4R T LR T A0 -5 15 -
FE R ICMAN B iy P30, X S Pl R 2 20 LL Epi-
demic [ p1 HpYS) Ay FE Rl BEAT 0 . Epidemic %
PR Iz 3t 4 B A s O =, A B T A B % 3l
P, BZHEEREEHNT R, BB
T EEHRERS , (H R Wik T RE R IR HEE R
AT EEFFHE. AT IFE, SCERE3,7-9]
R T SRS R Az Bt B R HEAIARER
T b A2 158 5 T B R AR S S B, A BB T 2 50 R A
B SR NFRE G A B R, 1R
TR B A B I BRI S R AR UK
U WA T R B, BRI TIH R R IR R,

@ 863 3% (2007AA017213/2007 AA017234) Fl [ 2% [ SR BL#
© %, 1983 R4 Wit WHE 7 1) s ok Bl HH LN, R4 %2
(fef H 3 :2008-01-28)

4
EXL T IN

11, Spyropoulos 25 A\NOV4R H T — ol B A 50 4 3 o O
W, B BRI PP P 20 B 1) OF- X0 4% i 428 B SR A T
BEIAR, LAk f ] Sl s e . SCk[11] 781
Al b, 5 T B B R P RE (B R
TERR YR B & 2% MG S e i, S2 B B P B e 4
U B R4 I R i, AU AR AL B 17 2%
FE RS PG T % E SR B AT I o

ASCHE B 24 795 6 3 HE BB ALY E (random way-
point ) BRI 2058 Sh At 3 ) i 44 2 % FEE B IR A B 12
5% (hypoexponential ) BE #7317 , B T X G5B R T
—FPORIE R R 36 28 B 8 45 1Y B E SRe, 2 LA P
Ve AR ARIF T 8. & 2% I S B 6 A7 , I AT AR 4%
FH P B ise e BOME SR I R i e p sh 25 2 il S A5 P48 o

HAR 5 AT

1.1 BRI RERER

AR SOR A P 25 AR 20 55 SR [ 13-15 JAE A, AR Y
H&T RIER—F 1 b A RSN B 3, Bikik
P S R B EABE A TG BT T S
£54 uniform @ﬁl’fﬁiﬂ[m , B H random waypoint p-Bid
AR . WA, A SRS B E G R 2B/,
HEFIIRBER, EHEATRIER R & FFR S, [F]
s T PRIE 21 AR I, 3 R RB OB R 0 B 2 HiT 58

1

(60573050) ¥ Bi i H o

, E-mail : kettie @ 163 . com

— 1031 —



FHEARER 20004 10H £ 19% 5 108

RIS 2

AL R 458 45 B vp 5 5 8] )4 18 B ] (meeting
time) i& SCOA T B W 0 B 3 H YORE 38 14 I TE] [7]
B, 19 AR R ARIB I B oy Ram. PIERIRTNES
FnT A TG E E GV, E) BETHR, oA v i
BT AT N4, E B &T AT R A
£, 79 TR AH 8 i 1] B B B A A AU

BT ICMAN AR FETE TR T S 3 H 7 S
BB, L, ICMAN AR 558 Sk 6 - 567 -
e R W07 TR B AR XN T 1H B R IR SERT
BRI B FE AT LS B A B (AR B — 1
EIPE R R E PR, AT IR P4 B AR A, 1C-
MAN i) {5 T e — > FEALAS &, R 1 o7 {8 AR

Pri{d < dpundeal = @ (1)

SRA IR JH X% iy S o B 2R, Horr d 1% A
BT, dyounded NN IIEHIIERT, © iR FIFERTE K
M ER/IMER . B, (EHEETFEAR H dyounded 5 © 1
o

A SCWESE B bR B —Fa] LA A% 5 i
TEAR It BB U= R E G5 1 ICMAN B& Hy S0
1.2 HERHH

FEARERY o 5 Bl T AR B B 8] P e 134018, 7T LA
o i 1) i 41 B R AT A 5T, A5 B YA 3
TR TN B RS

A SO 5 SCHR [ 13, 14128480 B R 48450 | SCiik
IR T T B A e A I IR TR B A
PR 5 A [ PR A B et [B] o AR TR B i e B o
1 FA 7 [RIAEAE ], T 7 PR BB

Pr{z; < dioudeat = 1 = ¢, dpounaed = 0 (2)

HH Ay = 17y, PR TAE SRR BF H o FRAR 8 B 1]

(G o, AR 34T O

£ ICMAN H 22 8k 2 Bl A4 1% i BE A8 1 101 i 4
P21 2 e ) 5 50 S ) S Py 2 B 222 o 2
R A ) HE A8 1] 4 A

FE1 B A, AHEWEE, bk, k)
R BRI AL T, by 5 K, AHIAEY S5 B H
W MRBIA i, H Ay 5 Ang o T Ay, HRA
SRR, AR R BN
Pr{Aklkn < diounded } =

n—1
-2 d
1- E :Ci,n—le kk. .y bounded o 0 £ dbounded < ®
i=1

0, HE
— 1032 —

(3)

A
o Gy =[] e,

J#Ei Ak]kj+1 - Akzki+1

;) I (1 % Apr = 2} Thp,,, s Ho 2y
Bk 5k, WAEEETE, W Thi,, R NS Hh Akk,,,
HIFE 8o A, B SCER (1717149, Ag i JIR M 17 4 %
. (JERE)

B (3) AT A, o —TH S B A Y 2 B A% 4 A BB
BN ERER 5K MRS, B, T EE
RIS 22 BRAL SR P AIG (& S LE B AR 3R = A 3R . MR
W S B A 19 1550 A8 B0k ST, 0] py ZEAS ME R 2
AR

Pr{Ast = dbounded} =1- H(l - Pr{APi = dpi})

(4)
He:i = 1,2,,n; d, BT R s HHBRIAREK
9 b B, R KR S BT 1 S BH{E
W 1R, TR s Bl FIEE m JLAIE
T n AEIA, B30 p1y pa, ey p, 30 SIS EE
BFATIE R, W s B ¢ BB KAGH I R dioundea
e A (4) TR

1 ZBREES

F LT S E T B AR A, B AT
Z R A Z AL R IR, (AL PR, 5 s 183
ki I, HABERE pio ASUBRBE p; Tk 51 I ER
R, R MATH 11 THHNEHRINE ¢
(V,E)B3l,

2 FEBA R BEE B K e (BDPBR)

TEASTT , FATTRE AR Ry — 15 #p X5 2 S8 P ) R
FAIR , P —FHRE A S AR %y SRS (bound-
ed-delay probability-based routing, BDPBR) ., H: H#5 &
TR B ERT S8 AR AR T, X R B MY B S
LT, RGBT AR B ki
ST ATE L IAME R (required delivery probability, RDP)



T A « (B TR B B A 2 AR M 4 Hh SE AN A S B AR B e SR

HIATT IR I (8] (required arrival time, RAT) 5B, [A]
R T 78 434 EL 3, AT 51 A 26 F5 % i ZE I (re-
quired delivery delay, RDD) , & st —H} %] &y CURRENT
_TIME ,W0] RDD = RAT - CURRENT _TIME , #4b,3&
EIAHEABEM S, HE ST E M RAT
KT 2w ZME R, RATFRIZE B TR S B 2 25
R

mE 2 fis, AR R A S HER
WeEliZziE S M aE B 7 s B ET, ¥ 4% #8 BDPBR 5
WHETIH B R A BB T IENAIE B B H A
ROMTETRR R EBBHW S, WEEETHE
1, BIREEFAREE m WA 5REEIT
ZHERN TS B, B m WEHWEAARR N
W BT AR PR A0

B 1RBAXQ)ITEEEER IR by,
# pa/DTZIEE m B RDP 36475 p,, , MIBIE m BFF
RIEHBRIA m' I ALR 2, EWAM j#%EHE
BIFERA R 2 5

R 2: HH Dijkstra fe8 3% 5115 B MAHIB T 55
2B M S sE R, IPREAX G ETIZEE Y
TERIEER poy s

H 33T EIHE m' 19 RDP 3845 p, . HH po
= min{(p,, = pat)/(1 = par) » Pest 3

LB AN m' RS

HIE 5. HHIEE m B RDP 1548 p,, , HH p,, =
(P = Pw )/ (1= p ) o

P e

) 1

71

— - i

T2

—— et

=3

— - 4O

. T4

‘Fﬁ?“ - &0
P04 =0

= s

XY _ Yy __v_ __y__x¥_1
——— AR o> B A
N e H#RT4  PRDP_
C,} B HHOTE £ RAT

2 BDPBR i EEHiTE

BB, E p, R0, MIRBI S & FA M B
BIA (AR TH B ER R %, BOCS T B
WRSHE RN SAER A ZRHEE. Nk
B2 T =1 2B 2 2508 5 #1710,
BB | BB EEER IR p, =0.15, &2
Xt % &1 R B H BT ST B AR E R A T T, s
BRBEAXRGVETEEN b BB A ¢ WERE
AR R % BERIHEER 135 p,y, = 0.6; 2558 3 RBEIH
BIE s Bt BTN B b BEN T
Z R EHBEZN 0.76, m' 1) RDP 4847 p,, TR KF
BARRAE, B PR 3 B by MBS TS (E
SRR EE T A E/IME 0.6 50 m' i) RDP 48
b 28 m' 1Y) RDP 38455 , 25 IR 4 58 80H B #:
R RIERIG 5 5 KYE m' i) RDP 3845 553 m
) RDP #8454 0.5,

HH_I- T 1, BDPBR 7E 14 B 1% f 1 B2 7R W ) 3
RDP {H , RAT 7EAE 4 B P AR RS, US4 SR
WA SA R A2 (8], B I BOR X 7 B 4%
FEBNF BB SR A TRIF Y

3 fFEMEMN

BATBAT I LB T — 15 B H L8 ok st
BDPBR #4T HEBETEAL . FTARIM & A5 1.1
7T IR AR A R ], T TR A AR S 00 3
B RS aE R K Xt BDPBR 17 M RE AT 5
A
3.1 ZIER

BERISEIRT 1.1 37 Frak B R HE 1T T fi
RS T a5 LA B ITRI 43 (cell partitioned)
P2 AB T L10) S o AR 2 B T T R TR R RS B Y
B NRHIE

R R E S X R — BRI EAESH
BITHE , T A BV R R A T N AR, X
T B Eh T T R, B e B B
T8 B — B TR B2 3 A 48 B TR, T A8 H e i
B PR L . BARM B St R 530k 7125,
T HEHLE R — A B W SI0A , IR R ORI —
FRyIefRLE T H A 3, MB35 H 9 HL S 55T
PMLEFERT Y B Wi, FEE U F B,

3.2 SHEE

READL 48 3135 1 20 x 20 PRI BATEAG [ 51 # i, 3t
A 9N ETERES P RELEE SN, S5 1 AT REE
TEEF L W RITHS . BIREE T A TH BE 58

— 1033 —



FHEARER 20004 10H £ 19% 5 108

BRI g 2000, S35 L 5% HIME R LR I R T
BT 2000 N8 B4 F8 & 1% 5t B B Ie AT, W

Epidemic [ F 525 7T LUK Bl B L 1 R 2% JE v 5
PEIRE, [HIHAEVEHY BDPBR 1 BE B R BT, 341
¥E 5 Epidemic BB L HTHE . XEFEHH
T WRPEREFE AR OR 4T BDPBR HEFTPEHT , 251 0
BRIASHEBRIRE,

BIH S B4 S, 2t A T S IR 2 T B R
A I R, FE L EE H T S AR B Y i A 2 A
BEIA. E8F R4 B 814809 LA%F BDPBR [¥i&@
EFEETIEM

HEEEE, BRRYZERMESESHESHE
5 BB HE, 8B 3% 8 3L & BDPBR B
PERE M EE R o

ASCGE ETER A B RDP 5 RDD #8453 T #)
SIH B RIAS 5 1H Bk 525k 4 BDPBR ¢k, 3
AT S
3.3 &RE59H

415 [E % RDD 5 RDP 43 # RDP & RDD 1
Ae4k St BDPBR FI 0, DA BISEIR 45 R 5 i
P IZE R E

1) RDP

BDPBR %11 B A5 2 # 2 RE %38 i RDP k4=
T B B A R, DAk AR SR BT R o
A, ExE RDD iy 200, 724 0.1 A2EK, N0 E| 1
W& 11 4457 RDP {E£ 4347 BDPBR YT B ik ik 3
K ETE B BIA%S RDOP ZEIMX R,

SLIGZE R 3 AE 4 fin, HhE 3 #ART
THEKIAHEE RDP Z AWK R, Epidemic % B 1A
REITHRMMIEBERE, L0 0.94, 1 HELH
FITH ER IR R B AR, 29°4 0.41, BDPBR 23 H IH
B 3% 3k 2 B RDPLE 1 3 K (9 7 25 o {H 7E RDPEZ /)y

N

0.9
/X/

5 0.8 = X
X 07 s
ﬁ / —x—BDPBR,RDD=200
o 0.6 X —o—Epidemic H
>~ P — FLE

0.5 X

0.4 k=

0.3

0 01 02 03 04 05 06 07 08 09 1
RDP

E 3 RDPXHHREERIRMm

— 1034 —

B, T B R R R = T E ) RDP fH, X 2K N
24 RDP /A, 435124 RDP 2 0 A, BDPBR #iB 4%
B, T EEA AT FT LA 0.41 I E
REZF, MHh, > RDP B KA, 6 B K % ] BAL
THEM RDP H, X2HWEAMEEEERN
0.94, FHIIH B &% 2N EERE RDP JoRR 38 K.

Bl 4 #5587 BIH S B A% RDP Z A KR
A W E AR T /D, (HR RS B K HIE B
%35 %, 1 Epidemic % M5k BAR SCHL T &AM M
BRIk E HF R B KB FF44 . BDPBR A @ it
VA RDP SRV BE R R 5N R

18000

16000

14000
# 12000

504

mw 10000 =
s "~ BDPBRRDD=200
—o—Epidemic

——

5
@ 8000
6000

4000

2000

0 01 02 03 04 05 06 07 08 09 1
RDP

4 RDPHEEBIFBHFm

2) RDD

1€ BDPBR H /) RDP XJ {4 B, 2% 35 % K i 8 5 8l
B E AR (HA R RDD AW S/ —E 1
N, A, B RDP 24 0.55,3F L4 10 EK, K
100 ] 250 & & 16 4/ [7] RDD fE K43 18 B ik ik
RN AHEEIA%E RDD ZEIHX R,

& 5 ¥ BDPBR, Epidemic DA % B BEf& 5 % th &
BT BRA R Y RDD 2 E A% X B A
KH) RDD W] LA iy 2 BIAS7ES s AEAE R H] , B

0.9 /h/u/u/nf‘“—‘”’_‘k_é
0.8

S R
- 0.7 / /"/x/x

X

s
\\
\

—x—BDPBR,RDP=0.55

m X —o—Epidemic
Zos P —a—FL
04 W

/A/‘“’KA/KVH

02—
100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
RDD

5 RDD M iHREERMZNE




T A « (B TR B B A 2 AR M 4 Hh SE AN A S B AR B e SR

W & 5 BN SAHBRILS /S THER
ik, WA 5 T, BDPBR B35 AR EITE 0.48 &
0.77 Z I8, XM F RDP & EN 0.55, a4
THBERIARA =S E. WE 6 i, BDPBR # &
THEBIAZUW I NFEZE RDD 3 ImAESE

18000 J"_D__u__a——ﬂ—_A

16000 42?’/D,,u,44y,4,,

14000
&
% 12000 T ——
— ’/Er XX ___x—X—X
1 10000 XX

X
X

= 8000 —~—BDPBRRDP=055 | |
H —o—Epidemic

6000 —— HEAW

4000

2000 A il

100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
RDD

B 6 RDD %R ABARIHM
4 % %

A ICMAN [ i 3 2 20 1 1H B WP B 15 5
JERT , SR TS bR 0 P b 5 22 58 JIORS 8 1) S8 ) 48 A
BRI, ASSCEESE T ICMAN Y BE L 9 45 #5580
IR W] 28 22 WA % 1 TH 5 A% 0 S it Al DA 7 5 50
3, EM R T —Fh LB A AL 3R B% i SR g BDP-
BR., BT ALTEREEE ROP 5 00T L H &
A RDD 4847 , 7] 24 A P SR L 58 ks o 1 R 15 9 TH B
EREERT R, R E A R S B E I
EIRRFR . BEIUSL IS5 R K ], BDPBR REf% @ 1) 4
# RDP 5 RDD k#=H1H B B LRk il 3R 5 Rk T
AT, AR AT AR Y% RDP 5 RDD SRIMEE RGE T4, A H
& EA IR QoS Z3K ¥ ICMAN i Y & o

SE

[ 1] Zhang Z S. Routing in intermittently connected mobile ad hoc
networks and delay tolerant networks: overview and chal-
lenges. IEEE Communications Surveys & Tutorials , 2006, 8
(1): 24-37

[ 2] Spyropoulos T, Psounis K, Raghavendra C S. Single-copy
routing in intermittently connected mobile networks. In: Pro-
ceedings of the 1st Annual TEEE Communications Society
Conference on Sensor and Ad Hoc Communications and Net-
work, Santa Clara, CA, USA, 2004. 235-244

[ 3] Nguyen H A, Giordano S, Puiatti A. Probabilistic routing
protocol for intermittently connected mobile ad hoc network
(PROPICMAN) . In: Proceedings of the 2007 TEEE Interna-

[ 4]

[ 5]

[ 6]

(7]

[ 8]

[ 9]

[10]

[11]

[12]

[13]

[14]

tional Symposium on World of Wireless, Mobile and Multime-
dia Networks ( WoWMoM’2007), Helsinki, Finland, 2007.
1-6

Jones E P, Li L, Ward P A. Practical routing in delay-toler-
ant networks. In: Proceedings of the 2005 ACM SIGCOMM
workshop on Delay-tolerant networking, Pennsylvania, USA,
2005. 237-243

Musolesi M, Hailes S, Mascolo C. Adaptive routing for inter-
mittently connected mobile ad hoc networks. In: Proceedings
of the 6th IEEE International Symposium on World of Wire-
less Mobile and Multimedia Networks ( WoWMoM ’ 2005),
Giardini Naxos, Italy, 2005. 183-189

Vahdat A, Becker D. Epidemic routing for partially connect-
ed ad hoc networks:: [ technical report] . Durham: Department
of Computer Science, Duke University, 2000

Tan K, Zhang Q, Zhu W W. Shortest path routing in partially
connected ad hoc networks. In: Proceedings of IEEE 2003
Global Telecommunications Conference ( GLOBECOM’ 03),
San Francisco, CA, USA,2003. 1038-1042

Lindgren A, Doria A, Schel O. Probabilistic routing in inter-
mittently connected networks. In: Proceedings of the 1st In-
ternational Workshop on Service Assurance with Partial and
Tntermittent Resources ( SAPIR’ 2004 ), Fortaleza, Brazil,
2004. 239-254

R, A%, B s A HR MY T BB H
St SR . FHENL TR SR, 2007, 43(25): 150-
152

Spyropoulos T, Psounis K, Raghavendra C S. Spray and
wait: an efficient routing scheme for intermittently connected
mobile networks. In: Proceedings of the 2005 ACM SIG-
COMM workshop on Delay-tolerant networking, Philadelphia,
Pennsylvania, USA, 2005. 252-259

Spyropoulos T. Efficient routing in intermittently connected
mobile networks: The multiple-copy case. I[EEE/ACM
Transactions on Networking , 2007, 16

Johnson D B, Maltz D A. Dynamic Source Routing in Ad Hoc
Wireless Networks. Netherlands: Mobile Computing, Kluwer
Academic Publishers, 1996. 153-181

Moraes R M, Sadjadpour H R, Garcia-Luna-Aceves J J.
Throughput-delay analysis of mobile ad-hoc networks with a
multi-copy relaying strategy. In: Proceedings of the 1st An-
nual TEEE Communications Society Conference on Sensor and
Ad Hoc Communications and Network (SECON’2004), San-
ta Clara, CA, USA, 2004. 200-209

Perevalov E, Blum R. Delay limited capacity of ad hoc net-
works: asymptotically optimal transmission and relaying strat-
egy. In: Proceedings of the 22nd Annual Joint Conference of
the TEEE Computer and Communications Societies ( INFO-

— 1035 —



FHEARER 20004 10H £ 19% 5 108

COM’2003), San Francisco, CA, USA, 2003. 1575-1582 Conference of the IEEE Computer and Communications Soci-
[15] Grossglauser M, Tse D N C. Mobility increases the capacity eties (INFOCOM’2003), San Francisco, CA, USA, 2003.

of ad hoc wireless networks. IEEE/ACM Transactions on 1553-1562

Newworking , 2002, 10(4) : 477-486 [17] Ross M. Introduction to Probability Models. UK: Harcourt,
[16] Bansal N, Zhen L. Capacity, delay and mobility in wireless 2000

ad-hoc networks. In: Proceedings of the 22nd Annual Joint

Bounded-delay probability-based routing in intermittently
connected mobile ad hoc networks

Li Xianning, An Jianwei, Zhou Xianwei
(School of Electronic Information Engineering, University of Science and Technology Beijing, Beijing 100083)
Abstract

In intermittently connected mobile ad hoc networks (ICMAN) , message delivery rate, delay and cost are the three
crucial factors. Based on the analysis of the relationship among the three factors and by means of the probabilistic model
of delivery delay, this paper proposes a novel routing scheme for ICMAN, i.e., the bounded delay probability-based
routing( BDPBR ) scheme which attaches importance to accurate delay target. The scheme can guarantee the bounded de-
livery delay target with a certain probability. The simulation results show that the scheme can control information delivery
ratio and delivery delay and adjust system cost by adjust require delivery probability (RDP) and required delivery delay
(RDD), Meanwhile, our routing scheme can provide diverse qualities of delivery service based on the different setting of
users.

Key words: Ad hoc networks, routing protocols, delays, probability
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