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Abstract: As newly proposed end-to-end, store-and-forward networks, delay and disruption tolerant networks
(DTN) are characterized by intermittent connectivity, frequent partitions, extremely high latency, asymmetric data
rates, high error rates, heterogeneous interconnection, etc. Hence, traditional routing protocols for Internet, mobile
ad hoc networks and wireless sensor networks, are difficult to be applied efficiently in DTN scenarios, and routing
in DTN faces many new challenges. After briefly describing the fundamental characteristics of DTN and the major
challenges in designing routing protocols, the metrics used to evaluate the DTN routing protocols are proposed.
Next, research on routing protocols for DTN is comprehensively summarized and deeply analyzed in this paper,
including unicast routing, multicast routing, and anycast routing. Finally, the main routing protocols are compared,
and the open issues for the future research are also pointed out to motivate new research and development in the
field of DTN.
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‘ Literatures on DTN routing protocols ‘
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[69-75] [74,76]
\ \
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Fig.1 Overview of the literatures on DTN routing protocols
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FH#E‘ZE*J’L%'J,/I\ﬁﬁﬁﬁﬁ%‘ﬁgﬂ‘ﬁﬂ’ﬂﬁ B B A Hash R 51FR A B 45 (summary) [7] 5, 54 &t —
AR IR FE I 2 2 W N1 RURE 8 0 32 (contact: i, T m BT 1 ANTEAG AL S )IE, 28 i 5 45 1) 285k e A4 s i i
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PGB 1) B Ak S KA AL i e /DM S 3 i I 408 0 S A 0 YR A
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BEL DA PR 7t 2 TR R A A DR R A B 1 I O 0 JEL B LA i v 47 25, v 3T A iz il R, 2 P 4R
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V5 B IMEAR T I SE. 5 SCER[20]AN ), SCR[22]48 H— R 2 Bk 4k 2 I i (multi-copy ) B HH SR J5 15 sk v 8
S 2 A H g et 15 FLE B 0 T A AR S 4 IR B8 FUKE Y AR S R H T A

PREP(prioritized epidemic)bis & —Ff 3 108 56 4 A A% Y vk 6 1t V0 1% B SO R4S bundle 43 1 A4S
TG pa B 1 ML p s> AT bundle E 3RS b p, 5 p, ATEUT & SE LU/, DL e 22
R, AR AN 56 2 R 20K bundle AP ZT7 2UAE X 43 F 7 A0 56 25 oR 50 000 S N A0 25 21 RS s A . B
TSR A 2 E IR TRLRI AR p IR 8] 757 5518 1R e AN B S 235 ) FH 1 (average availability) fF 4 B fe bRk, 52K 7 2 0]
FH P T8 5 A% Gk 65 e A i 380 A A U AT A  3 i TRE A

MRP(message relay protocol)Fpil ! — I T v 4k S 176k 2 2 100 6 b b S 3Z Bhas 78 40 R T T4 2500
T B YL RO At BE 77,24 B0 28 v 8% 1 AN AETE IS, 15 20U S 52 2% (controlled) A B ™ 3ok 72 4 i SLIE L T 3k AR Hin 25 40
Jai 5 RV S v gk O AR A B, T AR R AR RS Bl TRI T 88 0 T SR 4R R R Y R
M2 SCHR[25 ]38 HE —Rh LT 5 34> 75 5 (ordinary differential equations, ffi#% ODE )RR () 45 — s 4 HE 42, 1 T-1F
GO 2 N R SR BE VRS, ODE A5 2 SR F A B G A% LG /R W R R4S T AL 80y 2 B 80
B P A R 7R 2 5 A6, SCHBR[26140 BT T 78719 RUR) 56 v 4500 T A% G 1 B R i 380 iR) P B, 74 s 18] 5 AR 30 4 A7 B
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High rank —» Low rank MEZ A 52 FAR e P U B R I A S5 A
packets with hop | packets with hop RAPID(resource allocation protocol for intentional DTN routing)
counts <7 : counts =¢: W DTN 6 eh 5 78 5 40 Wi ) A 45 45 R R & a7 25,48 DTN £
sorted by hop sorted by delivery N ) L - IR
(count likelihood 1 B M ZE G=(V.E),HH,V RIRTT S E RN SR 42 il
Packets Buffer storage Packets HAE M e Rox, 3P ;)Céﬂ(te,se)ﬁ 7, LA, R I B
pransmitted first deteted IS fuing 1], AL HIHL 2 KB 111 AR fik(workload) s Xk Hedf (4 45

Fig.2 MaxProp routing strategy P = {0y V158054, (V3088 ) Vo851, SR ES £ A S0 P 0

B2 MaxProp Pl (K thsems 2P 0 ER A . Hn 0 H s AL 22 R/ R o ) AR

w1 P H R v, ST DB 0 DA A 1) 250 R K, B R SR AR T A 1 1

I SE . d KIS SE AR I cdls B 80 BETE T RAPID RS04 A5 1, ] 142 3 DTN B R GUIR A B X
BRAMET IR 3 A B R bR,
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B B, L AR 4R 5 44 H AT B AL i (direct transmission), BL 2 B S AL H A B 0717 59 % BIB9S AT 2 T
IR0 SCHR[32,33 ]38 Y — Bl I T+ Infostation A 7Y (1) 4% Y P % 2R W%, Bk & SWIM(shared wireless Infostation
model) /7 5. 1% 7 S K SCF J7 3 ¥ AL K28 56 B (FR 0 whale tag) B35 76 5 4 3R 01 L5 R 5 £, UL Infostation 1f
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SRAD(selective replication-based adaptive data delivery)sf iU g — % 5 /% & k) Fh L T B BB &
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G el HEBARIV S 3K 4 KR A0 A I W Hh AR ] 0 1 3 DIN AR 2R
B R HE ORACLE M i th 89570 4 3 252 4111H (zero knowledge) i < 543 &1 (partial knowledge) 4 H Fll5¢ 4
H1iH (complete knowledge)# Hi. AR 6 Pt th 5092 L3R 1L SR C R W& 4 ok,
Table 1 Routing algorithms in Reference [18]
F 1 SCHER[18]H2 K el Sk

Abbr. Name Description Oracles used
FC First contact Use any available contact None
MED Minimum expected delay Dijkstra with time-invariant edge costs based on Contacts summary

average edge waiting time

Modified Dijkstra with time-varying cost function
based on waiting time

EDLQ| Earliest delivery with local queue |ED with cost function incorporating local queuing Contacts
ED with cost function incorporating queuing
information at all nodes and using reservations
Centralized algorithm and requires complete traffic| Contacts, queuing
demand and traffic

ED Earliest delivery Contacts

EDAQ| Earliest delivery with all queue Contacts and queuing

LP Linear program

MEED(minimum estimated expected delay)Wpis P34 & T SCHR[18]32 Hi i MED 5592, & — il fs /ML A% - 18]
EH I JGE P 3% 1 18012 W U0 A i 380 0 ) AaE Dy B B v, T e B [ S B 1) (sliding history  window) e s 4 fi
V18032 4 55 T T BT ) AR AR 39 S k7 S i s v B B I A 2 A B B RS AR R AR e T A R DAY O
A i B A R ST A ) B R A T AT e 2 PSR 1] A R ) S TR T RIS ) R A AL A

AED(advanced earliest-delivery) {12 —Fhi 3 A ED (1) DTN 8% rh 55092 A B H138 47 19 52 B X 48 R 855 1
6 SCRR[ 18] ORACLE FRURS fff P A5 H % R, 76 SCRR[1 814 Hi 19 ED S92 (R SRk b, B N4 5 (0 I 1% 6 1 DR 7
Pp(A),FHLLZAE R ED S35 rp A IRA TR, 1 1Y RIS AN 8 VRS NI AED S35 Be 0% 4 RE R0 UT 1R 1k fig.

SCHR[37-3914¢ i — Ak T 1 U S 0 e e sk eh 20 A HE S SCHIR [37, 38141 T % 8 512 4K #4132 MULE



2560 Journal of Software #4F33k Vol.21, No.10, October 2010

(mobile ubiquitous LAN extension) U 8 . 7 fifi {1 8% 25 15 5510 I A ECH 98 J5 4 A% N RS2 T MULE 1)
3 2K RE (A LT T4 BB A A . MULE A8, CHRI39TEE L T 4 F 1 1K 82 1L 2 5 (opportunistic)
1B k(hop-by-hop) % FH A8 A, 8 i LB A7 50,56 TR & U731 “Seek and Focus™ % B 8035 HAT B £ 14 68 1% 5%
WA T AL e SRS R 28 F s

Knowledge Oracles
Algorithms___ > LPAI
SN T > EDAQ 3
AN N

E \ EDLQ /'éontacts\\\

Y ED L+

; MED Contacts ; QUng 'i

| 4 * \ Traffic |
FC Contacts Contacts Queuing | \ demand /
Zero summary ) ’

\ A ~ A )

Zero knowledge Partial knowledge Complete knowledge
Increasing knowledge

Fig.4 Performance comparison of six different routing algorithms under different levels of knowledge
Bl 4 AFEIRELMET,6 Fhifk b kM me b ik
2.1.3 T3 /00 SR 1

TEHT AR B IR ER 1) RUB 5 ZebraNet LR R 40 T, SCHR[4014%2 HH R T2 1) 66 el P BSORT G 1 )7 e 1)
HHPp 3. 7E ZebraNet F 4t , 8 B 45 76 BE 5 05 A0 b 19 4% 8888 Bk b BR B2 101 B8l (tracking collar), 15 &% BL P2P
(peer-to-peer) Ji 2K AR AR AL S B B A BT ST Th e % s Beul . R BB B s A R H A IR & A7l
2% 1) R Y30 R S B AT S P 800 A A A e Tt 1) e bl B A vt v 3 8 i R AR T SR Bl 2
P o 8 A AL i B B 3l 7 L T 7 SR 0 B R SO e Tk 2 R R A2 A 3 B 1 A OO RN T RIS 1 AN
AL, S5 00 (T v B % B 81 5 o 11 R 3 S A, DR b 2 W 1800 455 2 0 A1 v 1901 A e A i

SCHR[4119 /& T SCHBR[ 191/ AR, BT siA7 (i 25 B A7 B, 32t 4 Fb bundle 2% 73 SR 08 I T4 7€ 15 i 1B 1)
bundle A2 #t.bundle FF-3M& %4 DRA(drop-random),DLR(drop-least-recently-received),DOA(drop-oldest)Fll
BT 45 R Bl B %< A% 71 ) DLE(drop-least-encountered). DLE R HI 2 19 s A7 B A 8l KLY [ 38 3 7 5, 17
FLATIR LW AREE T AR HT B & 75 = (1 3 H 0, 5 T DLE 1A% G PR B BB B SU AT 800 A 1 .

CAR(context-aware routing) 7212 —Ffi i 5 (context) A1 (1) 138 B 525 % th 5030, 15 Sl o SCH —Fhoxt
DA S A% Sk FE R AT 48638 110 Ja P .49 ) VG 0 A i 30 o 3 L A e e ¥ SR A MR 3 110799 Rk 8 1 A% i
W AT LA LY A B S AE B ERA. 53 A, SCRR (4218 7 11 S A5 B VPl S T RO AHE 2.

SCHR[43142 P T Ad Hoc [945 H LT 57 ] (interrogation) ) Hh 4K 25 E B3, T2 A2 745 40 IR) 30 1o 04 0 1) 6
i SR W) I (R Ay ) ) SR A 199 2 0 0 418 Jos =5 s 4 JE AT A8 L8 R B B bl o 38 A% 0 R H 23 WL i (optimistic
forwarding), N7t i e, € 6 b B & bR vE HI R 38 T — BT 2799 st T 3 5 A8 490 42 1)V JE e o i A, 34
HIVH SR H AR A 5 #F 1 5 KQML(knowledge query and manipulation language).

SEPR(shortest expected path routing) Vit —Fh Ik 1 J5: Ji 391 28 #6422 1) % e S50 SCRR 441387 7 — A
TR EFI BB Ad Hoe W45 (1B HL I 25 1810 26 0% G IR AL 58 42 B GV Feeh v R 17 s, AR
Pif(0<p,; SRR R jIRAFEIE R IORE AR AR 2B, 8 SO R AR E(DAE Al ki H 9
T 20 P R S o, S T 3R B A i 1) A3 P 7 (R I T (T T 7R

e ZebraNet L2 R GE T 2004 4F #2578 1 Je YL Mpala AF 57 P0, 22 THR R 501500 4@ A5 P SURR T i 07 10 S5 3 1
A7 F1 3 S R R AR R B T A K A IR IR RGPS o7 A B A5 A, I W B i) 2 1
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Horb TT@ 24 BT s B0 R 5 BB 43 A1 SEPR SV 38 1o 1 S0 e ke Al o5 i i 5 j 2 TR IR AL
1H p; . BP:
 omection ] Time_Window 3)
o, Time,,,, oion 38T 1015 j ORFFZE RGBT R], Time  Window 7R KAE I 8] B 11104 BE BN 05 4 5 1 5K
PRI H W20 32 0T R B I T R AT 2 ST, 1B T AR ) Dijkstra $32: 3845 30 H At 5 s IR BE AR K1

FH(routing algorithm based on transfer history)4& ikt it —Fi5e T4 o J7 sl 1) 57 25 M e 00k R 20 4R 3 o
(0 17 A TRV RE AN B Eh e S, 25 s o 4 T 1 e PR s e, LA sk 2 £h T R R DR 43 2T A ) I g
2.1.4 BT b SR (¥ 5 1

SCHR[46]5% H —Fofr 5 T 20 0N i A0 1) 86 p A0y, AR U 09 R4 [ 8 A VAT T T SCHR[20]1% 2 Bk 4k ik
FH S 5 B K124 v W 2K g MR YR 34T 2 W G b 3R A 45 TR AR IS (ke N ) /N 4k 38 01X
H TSP B R A B R S BT SR 1 SRS T SRR .

TESCHR[46] 0 Al 25 B2 fi 7% 8 (contact volume) 7 1 {2 fidt i A% i P e KB 1, e 42 R o 2 b e %71
B A2 25 i RN B AR s/ DI 1 5 A X RN A M G A R R IS SR ETE 5 7 AR AR DT o R L,
BT 2L s AR TR/ m BV R BT 5,75 5 s 5 d ZTAETE n 4 RTAT AR MV ROR B i IR IR N AR A 2,
S BT B AR5 1 4% M A D A% 10) B A A B A I 2 5 77 A2 b=(mr)/ 1 SRS, BN R L E S RO mil
AN Y B A AV R SR [47 1R T — R NP HME B R AR 2 T W Viel.,n B E (x,%,,..x,) , B
0<x, <V,/(mr), Z:lej =145

p,.,; =Time

maxProb(Z" xS, = l/r) 4)

Horh, Prob R IRME 268 AT 5 A% R A0 73 TE ) i 1) o o DK A A A (1) 71 A e 22

EBEC(estimation-based erasure-coding routing)$i4: 81—l B & 21 I 2 2 A0 3 -4l T J7 vk (0 8% th 05 %%
7 GEHET OR300 B bt 3, DA BT B TR) P Y A HAl Y A ) P B B il 5% (average contact frequency, i
B ACF)EAE A Bt b v, Ak o109 a5 A v B B8 ) AN s 4R RE 1 9K ACF 38,717 s (] (1 R R e ot 5 4
WS S ACF B RIE BE. SRR [49 1A 9 55 T 24 1000 Gt RS 1 V45 865 £ S5 S, T ) A [) FR) A i PN 2 (LA PN 5 0 o), 38
T3 By 8 BV Y B K (sequential forwarding). 438 Z(full interleaving)Fl 7 4148 24 (block-based
interleaving).

SCHR[SOVER HE — ol 5 T 090 295 gt T 1100 AE 3 6 i ey o 30 90 49 o T o ) 8% g 0 26 B A5 8 1) o, 1 6L ) o 5
Tsh ) 2 AF DGR, 9 A v O RIAE S I o 0 i A [, -4 G [ A b A e )45 8 ) B A N PRI AR B G, . — N
W B s 4 B A BRI AR B G, PRI I, IR % 8504 49 4 innovative 0.5 N4 R N1 d, 2475 A F innovative
AL, A % d AN BT B 0 I R B4R R s BT R B L 08 1 BB I YR RS ) AR R T A PR,
T AT T AL SRS 1HRF 199 5% G L I FH 70 A% e 1 26 el v Bt 7 — A BE AL BT AE 4.
2.1.5  FET PRI I8 T

SCHR[52]38 Y —F 3 T 8 3)) 2538 W 4% (delay tolerant mobile network, & FX DTMN) 1] X 3 (region) &) {5
(messenger) Vi [ J7 5. DX sk p A T3 8 1) 95 5 T A ) A A i, DX 3 Ak T IR 2, DX 3R] Ak 1 7 IR 38, DX 3k ]
i) bundle &%t 45 52 B, Wi 5 BT ok SEDR X 38 A] bundle 5,32 H T 2 B 5 fd i16 BL(ownership) /7 /1 3
Tof (5 A5 8 FEE S5, i 0,75 [X 3 (regional ) 7 4 A1 (independent) 5 4, J #4075 & W (periodic) i [ R B . 351
{7 fi#i (storage-based) 1 I [1] 1 J& F11 % 75 (on-demand) i [ 1 Ji£.

MF(message ferrying) /7 e — Rt FHE R R 275 15 message ferry 1265 308 5 32 # (mobility-assisted)
% HH SR, HH message ferry §7 5710 B (145 S AL Fr 60115 5588 80,51 N JERE AL (non-randomness) i &, AR $% JE
BE ML 5 36 T S B KR AR, SCHR[53]30 MF 7 % %% 4 NIMF(node-initiated MF) J7 % f1  FIMF
(ferry-initiated MF) /5 28,717 & H 19 s £ 3 K, J5 & HH message ferry =3 Kl A B 45 R B ,MF 75 0T LA
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Fig.5 Diagram demonstrating regions and messengers in DTMN

5 DTMN XI5k 5F & K

EZF(elliptical zone forwarding) /7 &P HELL T MF J5 58 0 AR, & — i 6 T4 53 X 4a 8 2 1) i 1y S15 8% R )
1 A message ferry $7 57 JCVEEHE Y RUAR B o AR W U2 000 4% S BN 280N [) 1% 07 559 T893 Oh X 2 (urgent)
FUH FH (regular) 9 Fh 2 7Y 0T 5 VE 2 W0 T AS [F) 1A 45 28 78 5 4h, SCRIR[37,38] 1) % pH SR iR T 38 T4 40 i
SRS (1 75 AR BT 000 R RAS [R), 4708 I U5k 366 T % e SRS 1) g .
2.1.6 BT LA SN 1) 7 1

SCER[SS1HE H — R I 1 SR B BB M B v 7 R AR A S N ML E R BN RS, AT
A7 & A A 1 R B AR T R (power law) /A, BLAEAN Y UM BN M SO — % PR 5
TR SR D R EA o, WY S AT E R

P(i)=K(1/d)" )
o ny FoR A BCR IAEALE § ML K N Rl T Y PG =1, 7 15
K=(1-1/d)/1-1/d") (6)

AL R R d A RGE T R AAT DI EE S Y S B R B MR AR S N AE N 4ERR L B A3 [a] v ) —
A 5 ) b e T AR SR B BT SR A A B BT AL IR bundle AR RIZ Y AL — 20 L il
Tk v AL R A ) v R D PR B R B TR — Bk, SCRR[SS14A HE T 4 Rk R R I U .
PROPHET(probabilistic routing protocol using history of encounters and transitivity) Ppi) P& —Fh 3 T MR
TR B 1 £ B 10, FH Y 6 TR) AH 38 (encounter) F 77 5245 SURIE 33 PE (transitivity ) R B 6 — B35 &L, LA 4 o]
DT (predictability) B, ,) e [0,1] 1F A B4 & A v, B
By = Basyou +(1 B syora) * Lo @)
Hord g RoRAERE N piLb SRR R a PRAE R H 1 5, Py, € (0,1] - W1 4G & 5. 1 5 19 A Y ] Fill 2 CA 1) 12 %
A AEA, BAT 7R s (R AT A e, 55 A, A& mT el V#E;ﬁﬂz‘ﬁ PEBI AT 0 4 W51 8 B SR, M A B XNHE
AL C IR AT LA AT A C 51 AL A4 e UL i h R R B AR B AT R R
P(a o) = La,e)oa +(1- (zz c)old)x (a,b) % (b ) xf (8)
Mo, B e[0,1] 4% R 7 PROPHET P s (K19 B % RSB MU 7T 55 4 5 B I #5717 5 B B AT T = 10 A
AL TR, DU R A K B R B R B,
PD(probabilistic delay)$iiZl7 i — i 56 T ML I 4 f) 8% ph 50005, 2 B 1 AL S vk N E  AE 8 Y I 3 A g S PR
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FEACRU R T IN T ARSI R I L T T B4 e R RO L o), 308 5 1 2 T 0 3 P O T
RIS S SE AT AL B 4 TR] (10 2 e M IS S A O il — S AL IR S T S B g — o — A
HAT A4 7 U EHE, R Dijkstra 595 33k S 4 B 11 BDPBR (bounded-delay,probability based routing)f i
VAT FA% i It G0 1) S SN SR A 7 L R AT A i, S BT B v I A AT SR R R pR Y A IR B AR I A
FEAR I HT SR T, W JE IR 7 I e e AT 45, LA Sk R AT A B S50 9k e DT 000 R 97 A2 o o A Be Al
B T T TN 0 5 AL 22 (required delivery probability)Fl b 75 A& H#y 4E 1N (required delivery delay)¥& 5, AT LL 4
F G SR A 1 SR R B R A A T 3, O e S A ST M i A T A TR AR
2.1.7  HAhTsi%

SimBet SVELE Bl 3L T 23 9 4 43 BT B AR (1 5 Eh 30 A 2 1o 0% S B0 HE /N A S 5 OO0 LA b 1 % B
VERE PR T A A FA I R DR 25 £ P 2 (betweenness  centrality) 5 5 m At s AL (similarity) (1) 3% b 5295 8
RS R0 T 75 e s A A 0, 00 A 7 388 oo JE A e T R 3 7 SR A A 38 B R AT R b 1R 1S L 2R A
Hi1,PSCF (polyogarithmic store-carry-forward) % % 'VfT SWR(small world routing) /p i 2 5 ] T /I 1 LA 774 s
fif R DTN 2% b ] 8. SCER63 AR A 85 06 48 J 15 sl (0 AR B Y 5 P T 2240 648 Ad Hoe 9 2% IR HL 2 20 TH
FVEE J S0 SCR[ 64 M TRE B0 X 25 4R 2E 1) £ JE 38 Y —Fh & T ParaNets W 454K R 458 19 5 % B (cloud routing) 3R
B R 9% 3% 122 34 FH T HE (connection utility reordering) Fl 2 %5 4% T HE(cloud rank reordering) 5 F{ KL il K 1L 41 & HL 71
¥ bundle T HrHEFE AT 5.5 A6, % B 1H £ 4 DHR(DTN hierarchical routing) 5721, MORA (multi-objective
robotic assistance) ¥ ). BLOB #X*"Vfl SocialCast Hp3 ™.

2.2 (RIEREH Y
£ 6T DTN G145 % 1 B 130, 7% ST 38 355 A (1% 4 47 i p 1 D50 R 366 1338 () 1140 200 99 56 ph 0 30 A 9 1 43 5 1 s
2.2.1  FEFHR A B B i
J X4 DTN &4 5 H 3T fi(intended receiver),
CMD semantic

SCRR[6915E X T 3 FleH #%1E XA (semantic model), 737 Ay It ] 7%,
Bi (temporal membership, fij # TM) #i B | I ] 4% % (temporal %
delivery, fi FX TD)AE A T 24 {1 % 53 4% fii (current-member delivery,

R CMD)BETY ] 6 45 T 3 Fh4LiRiE SUBY (] (1) 5¢ &R, ,CMD

P RS V2 S U TD Al TM RS EZE CMD A7 1) Fig.6 DTN multicast semantic models
Fefh E N T — e 4 PR U TV B S PV L LB A, 6 DTN Z 4 it SUBLAH

AR A JE I AL R A B 2 O BRI kb G 4 3R 0 I IR 2 1045 B L A4 T SCRR[18142 HE 1 4 ORACLE
ST T AR AT ORACLE, $2 4 &L 3% 8% rh 5w, 43 751 o 2k T~ B3 119 % 1H (unicast-based routing, fiij #%
UBR). #£F ) #&1 H1 (broadcast-based routing, ffj Fx BBR) #&T-#4 K] 4 Hi (tree-based routing, f&j # TBR)F13E
T 3% I 41 % 1 (group-based routing, fif # GBR), W1 &l 7 i 7~ FEA R 411K ORACLE T ,4 Fi g it 3 s R B HL AN
[ ¥k g, Wi ] 8 BTz, BBR ANl 2 ORACLE H. E A7 AR [R] (1% %, HoAth 3 ol 5 wés Bt o n i R 389, HoA& i 26
7 38 I AR A B b SRS AN 1R ORACLE, SCHR[6914€ 5 i el 550325, 20 il O 2 T W) 11 4 976 1% 1 (static
tree-based routing, fii A STBR). 3k T8 28 Y 21 3% % 111 (dynamic tree-based routing, & #% DTBR). & T4 K 411
14k i t1(GBR) 3= 11 4 (0 4188 ¥ 1 (BBR)AIIE T L4k (1 4L 6 ¥ 111 (UBR).STBR 15 DTBR SE#R 23 Tk
W (011 R A 0, )5 8 BN 1.

OS-Multicast(on-demand situation-aware multicast)$T 21702 — P 5L T2 28 18 32 75 315 7B (situation) & 40
R AL 9 G TZEVEE I S BER (K I T A1, DTN 2 AT G S 28 TR R Z M4 (i3 Ad
Hoc M £%)2 EMM 4% DTN 15 A58 DTN L fig, FoAh 5 2005 % 25 (normal) 15 575 W LAY B 10 I 1) Y545 AU R0
FE AR B AR B RO B R A%, 1 7 DAYE Y a5 A ) A R Y v ) 75 s 4 B bundle B 12T RURR B 24 T
P 28 AR, B0 25 b T 4 DAAS T SO AR R A R 2 SRR B U B L bundle /£ RIS YEY . T B KA
bundle Ff% 5 #7r. 5 DTBR 5540, 0S-multicast VAR AL S F B Mk, 508 7 DTBR VA GE R A7 5)
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AR FH 2 AT AT B AR 0 Il AL, 07 0 4 AR W R AR ) 9 I 48 457,08 -multicast Hi% L DTBR Sk B A B miff
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K8 AN &R R 2 A 2 3% it o SEms 1L e LA Ko mzepny

CAMR(context aware multicast routing) i1 — Pl 5L T 5585 18 1) 19 38 0 41 47 % b b i A% P i 55 5
Ay, @ AT U AR, @ 2-BhAB R AR AL TE,®) MA@ BHEE.0 BRSO
I LA 208 by ST BB AR R AR ORI AL 4R e AR SC AT 0 1 2 4 T R UER R A T o @@ T
UTRT AR i o R RS ) RO S R TR B3R AT 2- AT i e Ak MR (R A T A VR T SR AR S E I U ST
VUG R 43 ®), B s n] LU I 1715 R S )y e ke 5 G Hh R IO AR E T s IR B R T B IR A R
B &5 K, J0) R S 38 4 @3 88 4 @SR A bundle Hp 3R Ah A B O 21 E B A B O SURER UE B,
FpE] Y S IE T message ferry JEAT B AL M.

EBMR (encounter-based multicast routing)5yE7* 14k & T PROPHET Wi 4%y v To00 P, J& — o 35 T AH 48
1) DTN 2045 % th 5030 % BV 08 9 i 4 #% )% bundle 75 £ B #5i 2 LA F &bz —© Wil4 5 BARE, HAY
5B WA AT M i AR TR P, @ SEAFINE wTABIN A5 WT B I bundle I AR K, NI 45 4 {7 5
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BEPE—N FAT S s A 3 mT M 1 AL 6K bundle #2045 1%715 s EBMR STV R SURTER D RS SR
B AL B R SCHR[ 7413 Y EBMR2(encounter based multicast routing with replication) 7%, 1% 535 FIAERH T
FL TSI DTN L4k % 1 505 06 TR H AR R Ui, EBMR2 512K bundle & T w K, 5 1, EBMR2
SAEWTRR A TUAR ) EBMR 534

RelayCast HIE" W i 17 SCHR[20148 H 1) 2 Bhrh 4k 1 Y58ty s, SC L T DTN 4148 B oy s [ 10 44
TRV TAEWRAE, 2 AP B 4RI B AL RE 8 1T R 6 A0 0 3 43T AL (R 4R RO H B
)@ ALHBY B, 8 o 5, 4k AR AR R BN R E B s i S SRS RN ) B BB SRR S

H IR R AL
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Fig.10 Overall procedure of RelayCast
10 RelayCast 5% TAE W FE

L xx

2.2.2 BET 3R] R A % B el AL

SHIM(scalable hierarchical inter-domain multicastyPp i8SV — AT 47 i 2 24k 7] DTN 21 3% % th 0 3304
WA DTN X3k 5 DA —ANRERR AT 50 FR b 38 2 (domain leader). 21 11 Fi7R, 384> DTN W4 ] %1l 43 4 92 1
BEORE BT EEE), 513 A DTN DX sk e A B 51 s 4, )5 3 BT AT DTN X s g e Ath 1 s 4
BARTE A 4 DO, RN SR SL(source leader). WY I8 RL(receiver leader). #5 & 75 filah gy
FL(forwarder leader) 1% 215 &3k & NL(normal leader).SHIM /3% ' bundle L4 H LU T 3 26:Q© Wit s
8% b1 ¥p 1 bundle BT AL E] SL;@ i ik 38 8] 414 1% e i, 26 38k 1 2 bundle B SL &%) RL;® it
B A % B P 7E 52 bundle B RL AR H R H 00T A A B 25 53R B 70 (R A BB R R A BT
OS-multicast 575 F1 DTBR %7k, SHIM Wi n] 35753 5 ey (1) 44 4 2.

FBIMR (ferry-based interdomain multicast routing) 45 %12 —Fh 3L T message ferry [¥135 [a) DTN 41 4% % rhi 55
R SR RSB T SCHR[7615E (1 DTN 2B S5, 2545 T CAMR PRl EBMR 5%k ARk
Wi, FBIMR 5035 11 3 #4021 O 41 (BUFK 9 30 TRAT 15 B b e 4@ 3R] 240 #5 A4 ®) 33 P9 21 4% % i FBIMR £
1K FH message ferry AT 35k 1) (1) 2H 4% 7 8.5 %, K F EBMIR2 B3k 3R AT 35k Py 140 4L 4% ¥4 JE % o 3 1) 2 978 £ B 1) 5%
24K 5E message ferry FI4L & (group leader), ™ 41 ¥ 5 message ferry $2 M I, 20 1 75 sG A 7 H 2 5 7724t % 2 1)
bundle, # /&, K bundle f£ %4 message ferry; 75 WL, AL B IT 5 100s 5 #5481 2 617, 241 1 R 3931 b ) iy FC i 42
[ bundle 4,58 I £ 11 TF I 25 4% & bundle;#5 I, I 20 & B 8246 & L BLE 1 bundle.
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A — e 2 A

SCHR[7718E H — Pk T2 #5122 £ H b 4E (expected multi-destination delay for anycast,fij KX EMDDA)H]
EHG I th H 6 DTN B8 — AN F 1 E G=(V,E), L,V R S8, E Romia £l 12 Fiw, B G iy s
u H5HEMT S v LN K URRNET R w 5SHNT R v ARSI E,bw)S b(v) 73 R RIET R u
5 H BT s v AR A B BRI w5 H BT sy RN Bl 4 B A A IR A8 3 1R, BV EL A5 A [ 1) I
HE d(u,v). F BB A I TT I TA) I AR 2R 50 A0 wue,v), B B W& AR R T c(u,v), B 3l B & IO AE FHAH =4 7715 A
45 EAE R 4% th T DTN G 85 21 7 02 (R Bl A8 PR A SCR[ 77188 11 3 Pl 4815 A8 DU — 22 B B
A 22 U A B R Y 43 B 4 24 1T K B2 (current membership) A% Y L B [E] [F] B ik 2 (temporal interval
membership) A 5 F i) 25 B 53 (temporal point membership)A 28y 7 %1 A — AN A 2 5 H G 7 4 il
JC 2 T PR B2 Bt — oot 1 B2 et AV, B) EMDDA, K H 5 i A B2 ] 4E (practical expected delay, {f#% PED)Z /R
A AN AR PRI S, D005 R s B H 9719 2R D NIRRT EE 2 H bR It 2 24

EMDDA(s,D) = min{PED(s,d,), PED(s,d,),...,PED(s,d,_|)} 9

Hh S seV, BN 5% D=1{d,.d,,...d,_} PED T i SCHR[ 18142 1 ) MED 533K
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Fig.12 An edge between source and destination nodes in directed graph of DTN
Kl 12 DTN A7 [ B A i 55 1 B s Rl i) — 4504

SCHR[78,7910F 78 T 26 4k 41 K/ % DTN 3% £ i th (9 58 W0, 32 1 — B 3% T 5 oL B & (receiver base
forwarding) (K32 4k % 1 S92, 12 SEVE MU B AR L AT R — B n] 25K K B HL K H 2E4T bundle #4%.
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e=((u,v),w(u,v),d(u,v),c(u,v))
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3 DTN BRI LR

TERE R L ALHR R RR B R IX 3 T DN DTN B H D CHEAT 20 A A 18, B A P AR A AH B
F9 2 Y 2% A1 R 0 7 5% AR 0 R Aol Blp 5L BB DR, 2 1760 HE AT DTN e el P 30— AR A TR A SO A
DTN & di WPl S b, 70 B A LS AT 1) i o P iSO e s A7 B T BT S I 4 o R N St B A AT 1 8% ot B
VAR BEIEA _F,3E 20 A DA kA S il AR B 7 W7 65 2R, AT A 52 e I8 FHY R 355 v 3 5 35 v A % 1) B8 e P,
A BT BT % PR A2 Gl 5 2 0 DTN 6 eh i8R 4 10 20 A, JC 18 R el L ALk K ik it ik
Fo s, L% LB R 25 18 B 22 A PR b, MO SO AN UE 22 A VSR bR N RE TG . AFftiasin) o T JEE Ak
ISE . RZRTERLR AR 6 AN J5 1 R 5112 19 J7 2008 32 ik eh DG AT 20 R ELRL AR R 2 A o b ilB RoR
AEELTHAE;C RoR A7t 22 01D Fos i 3 R E RORIN B F R S8 MG oo fledin €.

Table 2 Comparison of routing protocols in DTN
%2 DTN Bl tbig

A B C D E F G
epidemic™! Large Large  Normal High Low High
Ref.[20] Low Normal Normal High Low Low
Ref.[22] Normal Large  Normal High Low Low
PREP*! Limited Normal Normal Normal Normal Normal
MRP??4! Large Large  Normal Normal Low Normal
MaxProp!?*! Normal Normal Normal Low High High
RAPID!! Normal  Normal Bad Normal High Normal
MyEY Large  Normal Bad Normal High  Normal
Ref.[31] Low Normal  Good Low Low Normal
SWIMPP23] Large  Normal Normal High Low Normal
FCl' Low Normal Bad High Low Low
MED!'®! Low Normal Bad High Low Normal
ED!'Y Normal  Normal Bad Normal Normal Low
EDLQ“S] Normal Normal Normal Low Normal Normal
EDAQ!"® Normal Normal Normal Low Normal High
Lp!® Normal Normal Normal Low High High
MEED"?! Low Large Bad Normal Low Normal
Data MULEs®7¥! Large  Normal Normal High Low Normal
Ref.[40] Low Low Normal Normal Normal Normal
Ref.[41] Large Large  Normal High Low High
CAR¥! Normal Low Good  Normal Normal Normal
Ref.[43] Normal Normal Normal High High  Normal
SEPR™*Y Normal Low Normal Low High  Normal
Ref.[46] Normal Large  Normal High High High
EBECH¥! Normal Large  Normal Normal High High
Ref.[50] Normal Large  Normal Normal High High
Ref.[52] Normal Normal Bad High High Normal
MFDP3! Low Normal Normal Normal Normal High
EZFP4 Low Normal Normal Normal Normal High
Ref.[55] Normal  Normal Bad Normal High Normal
PROPHET®® Normal Normal Normal Low Normal Normal
pD""! Normal Normal  Good Low Normal High
BDPBR!* Normal Normal Normal Low Normal Normal
SimBet®”! Normal Normal Normal Normal Normal High
STBR! Normal Large  Normal High Normal High
DTBR!®! Normal Normal Normal Normal Normal High
GBR[*! Large Large Bad Normal High High
BBR!%! Large Large Bad Normal Low Normal
UBR®! Large Large Bad High Low Low
OS-Multicast!’") No metric Normal Normal Normal High High
CAMR!™ Normal Normal Normal Normal High High
EBMR!"! No metric Large  Normal Low Normal High
EBMR2!"*! No metric Large Normal Normal Normal High
RelayCast!’! No metric Normal  Good  Normal Normal High
SHIM! No metric Normal  Good High High High
FBIMR!™ No metric Large  Normal High Normal High
Ref.[77] No metric  Small Bad Low Normal Normal

RBF!%7 No metric  High Normal Low Normal High
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4 BHEERE
DTN & A 5 626 P 4% 1 AT 50 1) — AR # S A, 6 f A DTN I — /M%) 8L A SCPE 240 B DTN
FE AR S o s vl T I Bk ) A b R I AR [ Y AMNAE DTN B eh P80 b EUASH 119 32 200 0 8 S N P 95 i
B AR AR R th 3 ANJ7 G BT T A 10000 20 A RS 8 38 a6 & 32 BP0 EE B AN 4347, O F 45 4 3R
TE T IS TAE, AT, DTN B i Hh s AE LU LA e A F i — PR AL
(1) EFX RSB TR T 1 DTN, WER A A T 12 () 25008 5 5 W A% I 0 gy v 2 2 R IR K R AR
ERWLEM ., %374 T Ad Hoe W45 45 28 N H 37 e i) s KRR AU e 2 A RIS B Hor AR, 5
A AN TE AL BEAE A BRI B e BN % L
o BRI R AL BT A HE A 0 B 0 AT AR K M B AR YT 5P B S R, AN T BN A A i — D
A 28 A i J 3. DR e B RS T R S LA IR B ER P SO0 Ok T 75 TN B e WL A 5 % i DTN R
T ) L [R) B, 0 DA DTN 25 23— U Atk 5 85 J2 Wb [A) 1) i OR3P AL A

o SR in) L b T AR R PR B A B, AR T A v SR O AN AL SR D RE R o A R, 7 I th
PSR B A AR (PR 250 5 A0, 6% 1 3 150 5 T2 30 I ) 248 A (1) 7 Ak, L — S8 T e v O L%t P
WO 2% H & N R g 7, BB 40 715 05 IR O Z8AN I 5 W A o 2% 1) 1

o R ] BT A 2 TR AR PR S B0 £ 25 Ok, A DTN HLA [R] BGZE H2 (1R AL A0 15 ) 4% A& i 22
A AR AT, TR M A2 i % v 1) 5 B I D30 52 380 5 Wbk, ) It B R AT S o B FH 75 K

(2) DTN 75 s #02 %% i 1) U £ Ho B b 4 38 22 Ol 45 7 2R FH TE 8eft %, 25 4 % 3] DoS Huili v AR
FAE R B TA RO e R R 5 22 4 B, 75 L MR L B 15 B RO DR B I ek . AT IR DAIE LA R ANR A
48 ) X DTN % E0 T I 445 8 22 4 Tl B, PR P A R0 3 B B R . T A R0 e 4 i e P 3L LA B
AL SR I DAGERL 5 2 b 2 4 S, 1 — 20 M T RS 2 4R AR B e B L) e A

(3) B3 DTN ¥ B B ik = 2 TRPEAL FR BR 10 276 25 08, AR AR TR AN e b Bk Be LB, (G VE LK 2 T 47,
o 23 5 A i M DA SRAS AR OR R B2 T DXLt o 50 OB (00 20 A L E 5T DTN 6 ey, [m] B 2% 18 22 A Bevk B bR gk AT 40
b, T 2 HARRAL B 2 DTN 2% PR 490 i, LAY s RE v RE . I A | AR e DU R 22 4Pk o H A% 24T
% HAR YR, Bk H s U0 B b 3L

(4) EIXF DTN 75 i 388 9 2% 7 22 WA N P %0 5 SR, A vy AT B0 1 1% 200 L P 20 3605 D9 245 g 328 B IX 2 % Je v
%K Internet #2¢ N it 50l g 10 55, 6248 8 FH 37 55 7 2 B b ) 150 A 008 £ A1 o 1) i 1) IR 45 0 2 (quality of service,
fIFR QoS)FEHI R RAE, W AE . B A, A g, Ak iEAE QoS FR AR DTN B i B i8I 243l i 45 7€ 19 QoS 72K,
B R I L R NC A, LA A o 30 355 1Y) QoS 75 3K AEE, VI B0 A2 22 QoS LY SR FE AR 1 B th & — N NP 58 4% 1) i,
DAL b, 75 A B T 3 R AN R BT I DA T B SR vk 3036 42 2 T QoS Fa s (1 AR 4k %

(5) £ DTN P& b b ) 2 AR AR s BENLHE N DL ST s I N B FA T T4 2 B FA IR IR RE R, 75
FIH B o0 TR R ARSI SRR ER DTN B i i) 8006 F 1 — Bk SO 8, 7T R SRR 4E o L
LA 3 10 A R e 56 88 1 0 Ak S TR s B LA 23 TR 9% (stochastic differential game)®H 1650V 45 £
i P BE ML 2)) 7 28 U 7 TE Il i, DR b, e 7 BE LA 2 ST A B A 0 DTN 2% e ) Rt gk — 28 BB 9 7 ).

(6) B0 AR SAe P 2% S8 rh St ) 281G FH T 2 385 K PRy A 7 S B PR i, A ke 19 8% 1 FH SR FH 3l 2 il 4
A (dynamic spectrum access)] A %1762k Hi(cognitive radio) A& AR 1 K a4 IX s B SR IN L i 5
DTN HHLh &5 5,3 — P W5 N S o 2k L4 B DTN(cognitive radio aided DTN) W 4% J2 [ i, Sk TH AT T Jg 41 1
% FAH 45 G i 2 DTN 2% B s, AT £ s #5026,

/:

N

BOSH A5 AT A SV SR 1T AT S 048 SO AN G B S AT B IR A [ e e AR
LI ARG 7 SORF IR 5 5 WU AT 5 5K DLRAE St BHBOR 24 B TR 2 Be 8 sl vk 55 55 8 Rt A s B = A
T 2L £ 2 DR [ 27 3 7 OB PR U
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