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Abstract: In the recent years, as a new emerging network architecture, Delay/Disruption Tolerant Networks
(DTNs) have received extensive attention and are widely investigated. Since the major application scenarios of
DTN are extremely particular routing protocols designed for the traditional networks are not suitable for DTN.
Therefore, numerous routing protocols have been proposed for DTN. In this paper, the formulation issues of DTN
routing protocols are firstly studied, and the classification concerns are then proposed for those protocols. Thereafter,
this paper focuses on analyzing and comparing existing representative DTN routing protocols. Finally, current
research status and the existing problems about DTN routing protocols are summarized, the key issues and future
trends in DTN routing are pointed out.
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Fig.2 Taxonomy of routing techniques for DTN
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HE P56 K 5L 38 HLAE W 4% Py 72 it ACK (acknowledgement) LES 5k 9 2% ok B 145 BV AR UL 45 S 3R IH %y VR RE S
R B K.

[ F 98N B3 AR R BLVE 22 DTN 45 1 335 b AR 75 5 4k 2 ) 2 A AR LAY — 52 A AL Paolo % A 4T % DTN
JEATINT B ASE 3P N 42 H T Social Castl™M s piy HE 22, 3= B2 I P A 2 0 2% A5 20 60 08 e sl A 7R 6y L 6 0 47 )
AR50 B £ 1) 4k 32 8 1 3 XA — AN IS i SR SR T IR — AN L2 0 AT 62 BAHAS 3 B AR G, AR 1 28 5
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AR IR 50, W7 5T LA o 282 - R A8 3K A M A1 R T 25 1 X A ) 8 ol kSR 7% . Social Castit 1 32 2293y
ORIy R PARIERE . R RAT 3 AN BCAE DR > BB B RN A B O 1 Bk AR R YR A P 4k
T PR B 3 I R 2K B I 5 3 T SR RORT AR R DX ) R0 L, 0 8 e KR AR I 1 s A DAy o 448 0 L )

B 10920 - 1T 210 2850 BT SR DTN IS 4o 4 230 6, 200 1R FTD T k2 0 4 o S DL /I RIS, —
S 1 T B S WA T L2 5 15 4 A 0 2 8 Pan e AR 4 T 9 T4 2 2 1 BUBBLE L) B
S SR TR I AL 0 2o 0 0 A B 15 000 5 AR AR 4 12 LR 0 R R B AT 5
R o 15 8, LT WA S T ) A e ) D 0 A A 0 5 0 K 51
A 5.
3.4 Hl&ENHE

57 DTN T 24011300 SRS 3 T 3 5 TG0 A6 2 L 2% 2 S RAE, K ot B e 13
1 A 0 . R 005 R 0T, B 00O LG GO FL R A o R 1 WD SRHL T
PR BN ST AL LA B B 45 98 TR FEATILAST 2
341 PLEAE L e

FLHE 0 A 35T 25 S B0 o AT B 8, B BE A F 1015 15 0345 V. Lt lData. Mule),
S o1 I 7 KL B4 0 o S0 SR 6K 200 750 AT o 3504 75 00 1T 4 6036 L 2 AT

Vahdat® A\ #2744 4 t (epidemic routing)™®! BIVAEAN T ST IEAT B by e 58, 108 9 S 32 64 F QT AT
(04008 47 i C LA A SO o 4 v 7 A TR A — AN T SR LAY SRR U B AT I A5 5 A A, I A i
KESV(summary vector) LLFR TR A5 3K A I AE— I A Bl 8. 270 A BIE I {5 Vi g B2 LR B i A
HREH 3 AMBrBOE: (1) WRARBRIE H CHISVAi(2) BIEISVAIG 5 A CUES ISV REAT HLER, I W vk
SOHE R AT %, IF HLRRE SV, + SV, 4 A(3) A MR SR &6 MR 45 B9 45 SRR W, 1 S A 1040 25
BB 70 00 B 20, A% e 5 el BE 0% LT T AT 10 500 948 100 2 R, DT o A A 56 8% 1R 1 280 1R 17 IR 100 o 3 4 1 A s
O RATAT I B (K s F T G 6 95 25 T BT (60 0T fi (0 1 B 8 42, RE 05 (RAIE 7207 98« 28 o 2 RD AT 38 4 1
W e 0 e 1) A AL S T RE R U™ I, 1T ELAE B SE IR I B B AL TR 4 o U AT B 2 s ke R U
T e e Gl e pR T i 4 T A

Small&s A 4% 1 T Hem (% HAL s SWIM(shared wireless infostation model) 471 SWIM 2 H LA i 48 fisi 1
5 I B0y A I 0 190 4 A R TR A AT P 7 A e it by 0925, 5 4 4 % o 090 DO AE AT 2 — /N Sl 3 LAVE o H
P a5 T e G i vR ROt T4 5 AR ST — AN H AR 25 . SWIM S VR 1 83 13 B A 9 44 v 1 8 20 15 ok, I
S ARG T A 3 (L[] B A 348 o T 2 o LA B 1 0 VY .

3.42 Ak

SR T A i R A % B o O T o A s 5 O, VF 2 E SN SR T 2 s R AR, DA ek 2D W YR Y 1 [
I 4 o A Yo p B A K 8 i R LA O BRI A B T AR L B A TR T BOH Ty
10, 76 R X 8 5 R A S AT 2 2 g S 1 () B 2 73 B30 AL e i ol (0 B 33, 1T 26 0 104 A U)K s BRI

Brenton & A 42 HY T — ol ] B T 500 e in i3 H48 LB A 30 S ) A e L TR AN LS T 4 S i
ST, T SR 2 R AT L R R A T TR MR g AN I 44 (14 05 BN B B2 30, D0 n 1 4k 492 486 K S B
A AR S P R T Y R MR T R R T A TE RS n A g, 23 50 2R R A AL T MR R
S A TSRS T R M U A n Fng BE5E P A BB CRID, i 5 RUR Ine=C R 0 3 MR AT 52 6l 2R
Ng=D, I8 4 K5 2 Fo 3% B AZ DM ICRRAR T 44 G % eh D S0 R4, O HLEAT T By gt PR o

Erramillideng®s A3 1 T Z5 464 % (delegation forwarding) i b 1oL B skl 14 e Fil A %5 i 6 56 A JEARD R fi
TR e BRI, B SR EE AN AP A e A P 4R i, T LSRR BT MAN T SR T I 5, A
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GG i VA RE 6 AT 5 FL AL % ey D U AL AR P e [R] IR B AL T T 4.
ZebraNet!! 2 i 4 BF A BE 1 45 L 10 B 5 A4 I 100 4% 1% R e 4t T 366 T 7 S 4 R 1 8 e 9k B BA Y i
P TR 3 S 42 A i 280 il () A A1 D B oy e SR, A v B R L PR e MR A 1Y BT T e RS

Jones&5 NI I WL 4T f 2 TA) 42 e 1) 7 B0 A5 I A0 PO U B0 T ATy ot S A A ) N ) A Ay 3 e A A,
M HE Tl 5 T Epidemic ) B 1R 2 B i A% 1] Epidemic s 28 L4 %% 4 J5 41 41 A 45 U, 3 6L 1 4
RATYER R FH SRR AR I8 7 v AR T 25 T8 DR S W UK AN 2 2 A7 T A 19 5 20U i 2 A T 8 9 4 8% B 38, 1T
SEBR B LRE 2N R G AME B AR T A

PROPHET (probabilistic routing protocol using history of encounters and transitivity)®X & — fh 5 T %4 1
(0 H 5 A e B e 1) A 08 S T R R R AN () R s E b (R AR AN T OB 2 il v B0E E IR R A
# PROPHETYE RN sa by BAS T4 B B sib Al oF — /N T 23 Sk 264 P (o py, 38 75 ANHT sa B 45 sib i)
N T3 B, 24T ndafTo B fish Y I i AR 2 DR L BB Py = Prayors + L= Prapyora) X P SEABAEBEF
$5 Py = Prapyors X7 KT P a0y BEAT 608, 3L 1, P € [0, 1] IR AR H . T AT HOP (o, by W) 20 16 B 38 B2 8
Pinit.y€ [0, 1] 7~ B3R 1 kR 7R 7 safilb b — i LS i 48 3o (9 I] T [ I35 R T F0000 3 R B 3R A P o ) 2
HAT i P, SRa, 20 6 2 i, 17 b, o1 28 5 4 i, o A 0 WA At SRR 3 JE A% 3 3@, I8 41 R e 2 — AN PR b 4k
L SLIN P (a0 2 20 2B

Pac) = Pacod + (- Pa.cyold )% Paby X Poey X B
Horp, BRI AL 33 PR 5 1 [X] - AR AR — JROIS 0T 1 28 Bk RE OB T U A B B8 B PROPHET 7R 4178 gl 4
AU PE RS

CAR(context-aware routing)®2H i —Fl i Fil_F 1 S {7 5 BEAT T K 8% b1 a3, 46 1125 A0 5 25 (R4 S04 R WL
GG AL R HLEIE 0 5 Bk B R i s 30 sty 3 A N, A0 DA S E P 18U D R S 2 N A A i B i
PR, W AEE RS B CER W A E . ENEEA. RS AR A RN UEREIEES N
(X1,X2,00, X)o7 XG 2 78 2 1 7T BEARL KA 5 G 2 X PRV 78 1 X 28 J PR I 5 15 B U U (X, X0, X)) =

Zn:Ui(Xi) R U Ja X P 250D R 0, 280 R B8R T R 2 52 08 T 3R T RSN, 28 R AT Joe K RO R 1R 7
i=1

SUVE A 3 7 e, LA I R BT 3 R AR

Spyropoulos#i T 5L T2 1« B A K e v 5% P 8L, B0 38 22 5% 5 (seek and focus)” % p 03 B3 i LA
AT S AP — A I3, FH DA IC SR b I Ak LA JS 1D B 100 3 AN B TR o A 35 ARG 07 B4R R 38 /i
S RL R o] A SR 42 1 T AT AN b R e 3R, LU e B — Bk B 58, M v SR 2 DL — 2 2 pe (0,1) 4%
T AR 25 A8 T AN T B T R AE PN R B R SRR B, BRI o — AN s B B BUJS R4 E ) I
TF1) 1) I P9 AN e VR SRR 326 ] b — B8k, Pk BT 5 P vk o) LA v ke b 4k 380 5 1) B 4T 05000 7 1) 88 A R
S BF 2590 SR PRI AEDO A7 B A5 5, B /N [0 7 T 8 B R R 5 09 st 2 ) B /N (10 B ) Y X 4 39 s SO v B DA

I 2R i RFE T H BRI ROH B2 2 ()3 7 i j AN B R ik DA By 48 3k 100 s D), = ki D A~ o5 i 4
— /N BB C), Ui (D BE S () T 9. il SR T A AFE A — AN Tk B T DRI R, T B AR H Ak 1 7 2
%A Ug(D)>Ua(D)+Uy,, BT JEL 7 B A% 32 38 HL AT 8 g R0OH 1910 .

HET 5 R BRI AR (1) Bl P SRR AR T B R RV R R R T ROR I A AR A SR LU DTN £ g /b 2B IR A
/MG B O A T B S 2 R 1), Spyropoul os i 1 2 5B AR I el Hh BUEAT B 1 T A B o A B o
() 2 B AS 1R 5 55T (spray ) P4 b 305 5] 4545 (spray and wait) G ) 58 #5 (spray and focus) i b B30 5% 5 25 45
% H W SCRE 2% I R 43 kg W S 0 A5 Ay P AN B B B B B S B b — 3 T AR (2 vk YR AR LAY BRI

B 1 75 50N 1) 88 30 s L 2 A 3 EL A AR BER T SR IR, DUt Sy 45 45 56 e B L Pk BE K A P 1 e O T e iR A
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I R, T SRS SR A 1 B P SO L AT LS, RO SR AR B B Al FH T SCHR[53] b B T 28 H 1) B TS A R R R 4 B
A S ORI AL T ORGP B A P e T LA I R, DA K LA R R 4 R U AR
FEOMHT T I S Ay B R BUE R B

RAPID(resource allocation protocol for intentional DTN)®ts —Fft i (i) 45 52 A A6 F K 1) 6 TR0 % i by
W A B AR e S K AR S R RS K R R AR B sk A LT RO R 4 5 1 A B Al
i T P T R MR G S EAT 52 AT AL — AN 52 1 % £R H BR . RAPID P 3 32 B4 45y P9 4% (5 18 . RAPIDIE £
S ML 3 MBTHL RAPIDE SG AL Ay p #2145 38, F) 109 Rl () A8 e M 2R S o5 B, Hooo i B B 22
T3 5 i o WS B A 3 0 T R R AS OB L 1 R TR B BRI TR L 23 R B IR A A B A I R SRR T
SEAEFIE H I R A7, R R T LA AT L2 T2 O, A U s i B 1% b H BR B80T, Uik il it 52
i 8 ST 384 0 1 28 R AR s 3R s T JEL R DR /N B R v ke R R O 0 B 08 S ) 3 B 2 ] (marginal
utility) SUy/si ¢ K (0 ¥ J20 330 A7 52 1 41 30 S50k P o W7 4 4 s % oh B I A L O EL 00 R L T B S G IE
1, RAPIDBEIAEAL I 43 (11« ANHERA I 705 B, 5 BT (R 77 040 B A7) f P S e o508 5 2 1D 36 ey 8 b (9 1
3.5 RADEEMH

PR, BE T G 0 04 K AN LT 047 B e A, I A T 10 4 e ) U R S B DTN (] W 3% Bk
PE AT IE S T LM AL, AT DS Al b B SCBe A5 16 P, DA w00 2 R R S5 1 ph Fi A

Wang Vi F1] T 4 AL I 22 B A% 1R 7 12 86 908 500 23 % 160 T S ) RS £ 35 A S ABURE 7 Ji 5 31 R M 4%z R
T AT & VR T A n(n=Mxr/b) A [R5 KN 1R G i e I8 4, B2 07 R B BT R (L+ OMIb A Zm g B, 1
LRIV R e A e SR G R AR G IR T R SR 2 B AR I e T R S AR I A e A TP 4R R TSR A
T 7= 2 (k> 1, 48R T~ 2 TG B33 A ) 45 K /I (6 G B B 9 R 6 ke /> v 4k 1 i bR T3 T 44 IR () % PR R
TEZ gk s X ke AN gk REER 2 T S R A AL R, TR 4 5 2 @il A i B A b, 2 T 2 s
1) % P 4 AR B IR (1) L5

Jainlf A AL % 3t — 20 20 BT, 6 18 T DTN 45 Pk i 2 2. B A7 00 0 0 e 00 BB JE A A B
T e 2 TA) A7 AE 4 A HL IR ST IR AT AT 645 6 TR A AR, A B R T R 0 TS EE AR A xS AR K T 40 I A 9
SR B H BRI ) S, AR BT 4 SR B A Sy, S 4 BT K T AR D xS, B () 4
P o TAE H AR S Re B B U B 0 R TR B g A B AT AR A 2 L B 2 4% 5 12 E Jain £ X Bk AR K
#h Bernoulli (0-1)« =5 307 43 A 1) 3% 5L 3EAT T WFITAE B 42 2R 3L ME = IR A\ Bernoulli (0-1) /3 Aii 134 5% R Bk 43 2%
ORI R IX 4 IR A B AT T B 2k 78 Bernoulli (0-1)FRIMB L R, G gt B 450 ) 22 W6 425 11 ) B A1 45 Sy —
A B NP hard [F75 G B HOM K 0] 88, HL 3256 30, A0 2 pxr>4/3 B 431 S5 g A Fie B8 2 (¥ B A e 42 v 20l 40 R HE
AR AR R A 3 5T S i AR T B DL — e MR A LB B R R SN T
I KA B3 LY 6 (Sharpe-ratio), A T A AR A 285 2% Hh (1 43 08 20 6 B JEAT 1 ARLSR A

Boudec?% A PB4 H 5 T 0 2% 4 i FAOMUE 25 % ey 59k /9 JE rP 5 4 1) 214 P T A BN B L),
R R RS AT R R Y R T C B ) 1Y B AT 2R M A B g A e A — N Y R e R R A
T R 4R JE 1 L R d<d, W R AR R H AR T R R R 8 2 1T R I IR W S s A
K. v 0 4 G ) 1) /D T B AR A VR, L S PROPHET AR b i 17 90 JE 4 R M.

Attt LinlOMR 1 T 0 4% 2 B 1) A G i v P 0, 0 5t B 08 23 Wi A K% S 3 W 78 5 AT A5 % v 2 R
(1 B0 525 T 190 45 G A 110 £ % 5 el 1k RO T 4% 8 (90 4% G i oh J0E— 20 R B, >4 A di Ktk o 250 i, 5 66 T 52 41
(¥ % Fh1 DA ESUR L, 26T 0 28 G ) 1) 4 et B0 OV 58 AR AR 7 i A i, EL A 0 T /> R AR SEE IR

4 BREEASITS LR

o1 DTN Mg e W35t B i At B AR AN AR A, e DTN % e [RIAE AT 22 RE 1k (0 Ry A
P05 (1 P S R . LA P SRS P 11 it S B A B AN [, 2 — 20 e 17 sz T A R (R AR R 1
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FHASC [ 43 S50 B sH 18 1) i B BORTEAT T 43 S LR, ) IS e 3 £ 6 pl B A J A8 FH PR R A i B s 4
SEIR . Bl oy koA RIORVESEREAT T A e A R SR AT b ey B, T2 AR S 56 AN PR A R AR A [
BTG 5t PGt ARk, SRR B oA &6 K 38 P AR I T4 HH e PR AT R
Table 1  Analysis and comparison of characteristics of routing techniques
R 1B EARRHER) 0BT 5 AL

7

te?:gﬁ::qnu%s N%rgﬁiirs()f Knowledge R;)aubtllgg Storage | Latency D‘::;t\i/gry Complexity
Infrastructure assistant routing
Throwboxes "I 1 Location No Infinite [ Normal | Normal Low
MFEY 1 trajectory No Infinite High High Normal
Muti MFE2 1 trajectory No Infinite | Normal High High
opwpE! 1 No No Infinite | Normal Normal Normal
Proactive knowledge-based
LPET 1 All Yes | Limited Low High High
Space-Time graph[ss] 1 Predictable mobile | Yes | Limited | Low High High
PLSRE®! 1 Predictable mobile | Yes | Limited Low High High
Model-Based routing
MobySpacet™T 1 mobility pattern Yes | Limited | Normal | Normal Normal
RCME! 1 Repetitive motions | Yes | Limited Low High Normal
MV without a[gent[SZ] 1 Movement patterns |  Yes Infinite | Normal Low Low
MaxProp!* 1 History Yes | Limited Low Normal Low
A [41] A [427]
SOCMI%"’BEBI’_E'[E]B& P il Social network Yes Limited | Normal Normal Normal
Opportunistic routing
Epidemicl™” Large No No Infinite Low High Low
SWIMEe47 Large No No Infinite Low High Low
Simple counting][“] Many No No Limited Low High Low
Delegation!* 1 Optimal stopping No Limited | Normal Normal Low
PROPHET®! Many History Yes | Limited | Normal | Normal Low
CARP2 Many Context Yes Limited | Normal Normal Low
ZebraNet™! Many History Yes Infinite | Normal | Normal Low
Seek and focus®! 1 Time Yes | Limited | Normal | Normal Low
Spray and focus®*! Many Time Yes | Limited Low High Low
RAPIDP Many History Yes | Limited Low High Normal
Coding-Based routing
Erasure coding®®>"T Many No No Infinite Low High Normal
Network coding!®®¢% Many No No Infinite Low High Normal

5 HZiRGREKRE

DTN FAZ5 8 FT K X8 LA J 5 MANETSs S5 (R 45 4 {145 DTN % iy JLF 22 e 1 AN PR B 400, i 2 H
TRERIWIFER DTN B 2 — > A PRk 0 i, e SR IE P e . MBI R PRA AR IS PR REAN 21745
PR SS  25 18 AR, IR 25l i R A B A7 A — SRS i) L i A ok

(1) FRiE Lz e BT 0% R BAR AL 58 AR JE e W T IR A I AT RO R A B g B
1%, Grossglauser AU [ 5 (9 76 2% 1 21 90 75 1k - A /3 n B HEAT T 478 3iE W1 724 fo Vil ot 5 3) o
Sk R A0 B RSO A B I, DA K S Sy A B e 0 ¢ 2 . L AF S0 B X DTN 1 e it £ P90 B K 5 80
A 0 e by P3S4 Mk BEREAT T AR A0 7. B AR I S B 8 45 AT — ST MR R 5 T S AR R AR i A, B 5
B B v 5 S BN 5

(2) AEML2 5 SCEE th K D01, Bl 2 06 25 o i e B R AR A 20 A, L D TR 1 T8 56 6 S R i e B
A% Bl B AT AN E P G i e PR RE S B BB T 2 A R S AR L W Rl B AR A Lh AL
ALY RE A Sk 25 05 iR ey D DO R, B A 0 P BB R (0 AR R TR RO Y RGO PR A IR S A AN S
B ¥ BUAT it B AT X DTN BR88 R iy 7 A RMBBE, DA 10 % e AR B AS (7], 3 R AN 7] b 3302 ) 11 i X
PARLER, ELFZ 20 T DTN B s i 1

(3) Sk Z AR PEAURE I H B S RF AR AE B AT S 56 A0 R AR it e, i e 2 i B A, SR i A T A6 6 4 R
(IR D0 3 R P B0 H A e 31— 4 FLAT i e 3 0 i SR KD B A2 e B (RSB SR K e A2 D 17 389 3 A A1
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AFFFUN G0 8 R A | Al U 1Y AR A e 0 S S 0 % e ) X A K R R L ST AR R i AR i AR
() SR 1, BT A5 TR 3 AT 0 S P 3 B AR L 9 S RN 6 S i e R A A AR TR, ORI R e
564 H 5 R PR OIT 6 X R SR R B R RO 2 B RS T DTN Y H IR 25

(4) WL Z B e W AT I VF 22 W BS540 P 1 S 45 5 AT A R 1 e, 3 i i LTI I A — A e
FER PR BB A R B S E . R IE A 0 I A T 2 8 SE PR b I e S U 2 s DUIOAS (7).

AR, [ P _E X DTNHEAT T 8 Fall A J 06 25 B2 5L A7 KB 1 1 I A4 AT g 2 B0 1 i) 7 L8O,
Crowcroftth Xt DTN K4 al B8 (145 F 34T 7 35H e L AT LU 2, A okt T DTNER t (R 98 2% 1 B4 T LU R
JUASTT (L) TFROBT 50T R BT RHRE 8 N 3 55 R BF 50 & i om0 8% B B R, B nVIFI(WFT connectivity
for moving vehicles)!®™ i % T DTN I AR, A1 65 42 4 90 2% 17 1) 356 0 R 25, Aok L R 250 20 7, LA — 5 T B b 2
FEA2 LA Web B 5(2) Ak (DTN 8 55 oAb 19 4% il &5 76 2 RE PR IR BE N REAT T A5, T 22 5 A3 N b % o
FLHIA X (3) WFFCDTNRFLS ()5 8 . B sl . 35 i 2 I e . A7 ik PO A B A TN 32 5 g el
HE M 20 2R B L4 32 SR e PE BE 1 s Ak 1) 8505 (4) DTN eb 888 st B FH SC R 2% 58, B ar A b= LA s EE 4
o ATEESSEHUERIT 7050, LAAR T I (35
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