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Abstract: Delivery delay is an important performance metric in opportunistic networks. With given buffer size and copy numbers, how
to select appropriate nodes to replicate message is the key to minimizing delivery delay. To solve this problem, this paper proposes an
optimal stopping decision method for routing opportunistic networks (OSDR). With OSDR, the average meeting time between a node and
the destination is regarded as the forwarding utility of the node. A node carrying a message observes the random forwarding utilities of the
nodes it meets, and replicates messages according to the optimal stopping rule, which turns out to be threshold-based. By making tradeoffs
between the forwarding utility and waiting cost, OSDR achieves the minimum delivery delay expectation. This paper introduces the
OSDR network model and existence proof and calculation of optimal stopping rule in detail. Simulation results show that OSDR
outperforms other protocols in delivery delay and delivery rate.
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Fig.8 Performance comparison of OSDR with different size of buffers
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Fig.9 Performance comparison of OSDR under conditions of different scale of networks
K9 IR 2 BB S5 4 1 1) OSDR (¥ 1H: BEXYT LL
4 EXIIE

WL 194 2% it o S35 T A J J L2 — bt i P vz 3 077 5, B SR [2,3 8] (A AT Tk #% f 1H H 2161, 1
2 (f3 LR A 3 B M ey SV I 2 PE BT I, 5 — Bl B S0 9 B ey U7 7, Lt Prophet™VT OPFEVR iy
TRAE T AT I R I SEH 4 e TR PR AT R, % 5 LTI i 1R A A 2P G v A B R R (1l 55 vk
FE R, OPF JEF 4 fM A8 AL IS 023 A 1 18 8 000, AE SCTR (L1130 3o B9 1 40 1 R ) 45 SR 1,
2T R 8 MBE 2 B 0200 R oA iy EL YR 45 SR 2 Y A 8 MR 5 30 82 32 R 22 TR 3% 1 5 iy ), 13k 3 S804 B8 A
PRI HME PR T HL AR PR A, PRk, 2 1 M i 300 77 3O F AN S WF 9 il ) T — 23 AR JE Pk
B £E I Lt Bubble™ @1 SDMU.Bubble Sy 7 4 A 5K 05 1) 58 1 F B BeF 194 32, F 38 A3 VP 2 f il
i AT H AU SDM i gk T 1% i) 3 SRR A AH BRATT S0, DAL AH A BT s 0 ek DX P O AN ISR PR,
AT b2 s PR ) e R 7 R AE S DL 2 2R AL

5 BATH AR T AL, SCHR [14,15] 48 #0838k 12 37 B0 B, R S A A AR £ N kT KUK B el
Altmanat Mt F B0 A 5 B 1 s T I 26 R R EL SCIR (161406 He I B iy vk L RB 45 P Bk () Epidemic B st H 1
PRAG B, T OSDR I T LALE #4-Fob 6 i AE 42 p 4™ JR A P Errami |1iTSY S 1 26 S0 15 1) R 43¢ e A0 6 215 4, AR
SCHRS] I 5 B 2.1 Fi A 5 vt P B AR AT AR e 55 Z AH EE, OSDR Hi 144 I 1 84 AR 3 e i 44 4y 42
A AR 38 G 1K A ) R

SIS 117 Y3 A SR AE I % A Ak T T 2 804 22 I, 82 PO B O 4% 1 7 94 1 — b 1 4
L2 6 Fh 0 JE A5 T8 T e N2 1 S0 12 S35 o A A5 T T A e N S5 B 3R 2 TR) i B SR A 1 i 39
S A ik A e SCRR[L 714 0 T AL BEFTthde th TR 2247 2 (K 4 ).

5 #RiE

AR SR — I T i DI A7 L PR A i e R SRS SR SEVE MR I REAS I BB A Y 5 B H AR T R IR 1
I3 AR B8, S AN S IR AR O R [ 412 R K, o S g 0 A5 1 R0 DU 0f R S 3R IR, 224 1Y e 3 B A R
T B, BT RE AT S A X R S S ik T ARV S I, A T IR R T B B D e I R
AKCR T T 1 2% 0T, B ARRE B 9 25 W RE AU 9 R AE AN ) (Y P T b Iz s, S v U A

References:

[1] Pelusi L, Passarella A, Conti M. Opportunistic networking: Data forwarding in disconnected mobile ad hoc networks. IEEE
Communications Magazine, 2006,44(11):134-141. [doi: 10.1109/MCOM.2006.248176]

Vadhat A, Becker D. Epidemic routing for partially connected ad hoc networks. Technical Report, CS-2000-06, Durham, North
Carolina: Duke University, 2000. 1-16.

[2

© PEFRER AT

http:// Www. jos. org. cn



1300 Journal of Software #k#F34& Vol.25, No.6, June 2014

[3] Spyropoulos T, Psounis K, Raghavendra CS. Spray and wait: An efficient routing scheme for intermittently connected mobile
networks. In: Guérin R, ed. Proc. of the 2005 ACM SIGCOMM Workshop on Delay-Tolerant Networking. Philadelphia: ACM
Press, 2005. 252—-259. [doi: 10.1145/1080139.1080143]

[4] Lindgren A, Doria A, Schelen O. Probabilistic routing in intermittently connected networks. Mobile Computing and
Communications Review, 2003,7(3):19-20. [doi: 10.1145/961268.961272]

[5] Ferguson TS. Optimal stopping and applications 2006. 2006. http://www.math.ucla.edu/~tom/Stopping/Contents.html

[6] Helsinki University of Technology. The opportunistic network environment simulator 2012. 2012. http://www.netlab.tkk.fi/
tutkimus/dtn/theone/

[7] Exploratorium. Cabspotting project 2012. 2012. http://cabspotting.org/index.html/

[8] Spryropoulos T, Psounis K, Raghavendra CS. Spray and focus: Efficient mobility-assisted routing for heterogeneous and correlated
mobility. In: Hurson A, Pingali G, eds. Proc. of the 5th Annual IEEE Int’l Conf. on Pervasive Computing and Communications
Workshops (PerComW 2007). New York: IEEE, 2008. 79-85. [doi: 10.1109/PERCOMW.2007.108]

[9]1 Liu C, Wu J. An optimal probabilistic forwarding protocol in delay tolerant networks. In: Knightly EW, ed. Proc. of the 10th ACM
Int’l Symp. on Mobile Ad Hoc Networking and Computing (MobiHoc 2009). New York: ACM Press, 2008. 105-114. [doi: 10.
1145/1530748.1530763]

[10] Balasubramanian A, Levine BN, Venkataramani A. DTN routing as a resource allocation problem. In: Murai J, ed. Proc. of the
Conf. on Applications, Technologies, Architectures, and Protocols for Computer Communications (SIGCOMM 2007). Kyoto:
ACM Pewss, 2007. 373-384. [doi: 10.1145/1282380.1282422]

[11] Cai H, Eun DY. Crossing over the bounded domain: From exponential to power-law intermeeting time in mobile ad hoc networks.
IEEE/ACM Trans. on Networking, 2009,17(5):1578-1591. [doi: 10.1109/TNET.2008.2011734]

[12] Hui P, Crowcroft J, Yoneki E. Bubble rap: Social-Based forwarding in delay tolerant networks. IEEE Trans. on Mobile Computing,
2011,10(11):1576-1589. [doi: 10.1109/TMC.2010.246]

[13] Gao W, Li Q, Zhao B, Cao G. Multicasting in delay tolerant networks: A social network perspective. In: Knightly EW, ed. Proc. of
the 10th ACM Int’l Symp. on Mobile Ad Hoc Networking and Computing (MobiHoc 2009). New Orleans, 2009. 299-308. [doi: 10.
1145/1530748.1530790]

[14] Altmana E, Basar T, Pellegrini FD. Optimal monotone forwarding policies in delay tolerant mobile ad-hoc networks. Performance
Evaluation, 2010,67(4):299-317. [doi: 10.1016/j.peva.2009.09.001]

[15] Erramilli V, Crovella M, Chaintreau A, Diot C. Delegation forwarding. In: Jia X, ed. Proc. of the 9th ACM Int’l Symp. on Mobile
Ad Hoc Networking and Computing (MobiHoc 2008). Hong Kong: ACM Press, 2008. 251-260. [doi: 10.1145/1374618.1374653]

[16] Hanbali AA, Nain P, Altman E. Performace of ad hoc networks with two-hop relay routing and limited packet lifetime.
Performance Evaluation (extended versiton), 2008,65(6-7):463—483. [doi: 10.1016/j.peva.2007.12.005]

[17] Cai S, Zhang SF, Dong YQ, Wu GX. An optimal stopping strategy for opportunistic broadcast channel access. Ruan Jian Xue Bao/
Journal of Software, 2012,23(9):2413-2428 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/4138.htm [doi: 10.
3724/SP.J.1001.2012.04138]

B FR 325 ST
[17] BRI, 5k = W, 35 755, S TR 57 100 1) i A AL 8% H IR I 2 Mesh 4% %43 1 12 N 3 1E 241, 2012,23(9):2413-2428.  http://www.
jos.org.cn/1000-9825/4138.htm [doi: 10.3724/SP.J.1001.2012.04138]

R=1E(1979—), 5, i k& 2 A 4 ik M (1988 —), 3 i =21, 3= W 57 Ak Sy
Jfi,CCF 43 01, T BWF AL A A T4k Mesh B2 9 2.
BESCEY ICE E-mail: chenzhouly@126.com

E-mail: sfzhang@seu.edu.cn

FHi8(1992—), I AR A=, 32 ERE ST A A R E#(1956 —), Y, 9% 1 L AR S,
TCEk B 41 ML M 4% BRI ST A R L 4%, T 45455 AT

[ ERL
E-mail: gwu@seu.edu.cn

E-mail: seusofthd@gmail.com

© PERREERSMROT  httpy/ www. jos. org. cn



