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Abstract

Abstract: Opportunistic transmission mode of “store-carry-forward” is usually used to make routing in
mobile opportunistic network. Currently, there have been many researches in this area. However, the
existing opportunistic routing mechanisms pay much attention to the single index of delivery success
ratio, but neglect the constraints on other performance indicators, which may lead to the extreme
imbalance of network performance. Aiming at this issue, the diffusion of data packets between multiple
nodes are modeled as a cooperative game with the goal of maximal performance balancing, and an
opportunistic routing protocol based on the cooperative game for performance balancing is proposed.
Simulation results based on the real-life mobility traces and the synthetic traces show the scheme can
greatly improve the performance balancing index while ensuring certain delivery success ratio.
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Abstract: Opportunistic transmission mode of “store-carry-forward” is usually used to make routing in
mobile opportunistic network. Currently, there have been many researches in this area. However, the
existing opportunistic routing mechanisms pay much attention to the single index of delivery success ratio,
but neglect the constraints on other performance indicators, which may lead to the extreme imbalance of
network performance. Aiming at this issue, the diffusion of data packets between multiple nodes are
modeled as a cooperative game with the goal of maximal performance balancing, and an opportunistic
routing protocol based on the cooperative game for performance balancing is proposed. Simulation
results based on the real-life mobility traces and the synthetic traces show the scheme can greatly improve
the performance balancing index while ensuring certain delivery success ratio.

Keywords: mobile opportunictic network; opportunictic routing; performance balancing; multi-player

cooperative game

5= Pk, g T IR, A4S Y

I AR T A I 4 MR (A A R 0
PRSI AR IR gy s e+ B pseiok, 688

pat NG A He hi- ILI_‘ N } P ) 7 p e O N . . N N NS
i 2 g ) B 422, Aty B0 SR PR ML & B ok 247 20 T PR T H R By T 2 N (1
Wk L 301: 2018-03-19 10l F131:2018-07-02; TS5, oG 7 AT A= fAns 7, i

BETH: ER ARFEHEE(61772175); et A 2L B R S AR ae g
fE#fi S S0 (1979), L, WEHIL 11 AARBSERIF AT HIE VI 2800, B 1A
ko UG, FSOT DB RIS B Sy SR S B O A LRI 4 1 W
(1979-), B, WTHNSM, W, BEGE, BRIOIR

BHHLL % HER1965), T, T HI, T R AR HE A 57— A i B ) B 42, DAL

b, Bz, W55 R A LA R 2R LS

http: // www.china-simulation.com

<404

Published by Journal of System Simulation, 2020



Journal of System Simulation, Vol. 32 [2020], Iss. 3, Art. 7

932 55 3
2020 4F 3 H

BBl A0 5 R AL “A7fib- #5415 7 bl
AR, Hdhs A e e A B £ B 1Y s 1l R
BE RN NEMORBEAT , BENAZ BN 1Y R U ST At
A S H R

HAT, BB bHEii R o a Rz, [
AT ISR B TE H AR K 2 2 I B0 e 2h 5 185K
SEARASH 1) SE BT o b TR B — MR REFR b i 0t
S50 IR SR i R TR HA Y e R W E A%
WOT I SE LR, AN S EEL P RER U B
B 2R A B ORI BB A O AKX $5d
I 3E, AR BIBGS P RE NI AN B o 1 EAR 2 N
Sy rb o S ) A e Wi e AN AL a5
A, AT DUOR S e 1 ot 2% R B AT K
5, DI Ae 5 BRI 2R IFAS AR ™47, (H
T I 2 PR SR AR A e o DALt 3R it R B
BIRAKIE G XL W5, 10 AE St fe 8
A7 1) B o P RSO BE AT SRR N A . (R, ]
FUAT D 0k, a0 1 RE 2 i i) AL B0 AT 5 1 A2
IIPSE

AR XS IR BE A REAN BT 1], 3o 0] 45 v
TR S REAT 734, FEAR AR P S AT A
BRI Sy — AN RA LR 2E M 3 B S it U AE A
T Y RN 2 ) RS IS TR PR P 453 ol DI R 45 s
I 3E; 25 R 247 ARG DL, K Kl t i Al R
R 22 NG A R DL, I DAVE RS B 1) fe K
WO TSR H bR, SR T 3T 1E R PR bl
S e TR P RE RS A 2 A1 1 1 PR 5 B
Xt e ELAE AT Y R R DL A P, 7 DRI 3508 5
o R [ I 5 DR A I 8% F) P e A0 18 2

1 FRIAE

N T RS BOR IR, MM R Z
2 (17 AT Ells 80 , JLHY S0 Epidemic,
K PP ALHILE 99 28 v o™ SO SR A . 7R e
PHIR TGP, LA A s BUS R, Be/ME
BB IE . 17 SEBR, Epidemic 77 2E LA RIA 4
THFER B 2 ORI, AT AR 25 PR . O T 7

gy, A5 LT A AERSR IR RE ML 2 e b S0 FL A

Vol. 32 No. 3
Mar., 2020

R TIE 3833 1 2 1 T AR B0 AR AR L 20
VT4 25 B0 B 20 S 1 0 A A
Sy PR e SimBet ™SR A A LR
LoV BV BB, JE LA Ay B AT R 4 11
LR K 5 1) Bt B T 2 A (R B AKL . 2 S 1
— R, SRR ] P R, S AN
TET P 75 1 T B P AR 2 R R
SR SO AT TR S 4 LS
B, B DU PE B — 2 AR T,

s Bk B R R PR 30 oK 5 BOLA 110 B
PMSE R i P B E A B AR o R b b e
HEISI BT 0 SCHR AR 2 . SCRROTAR HE T 35 T34 11y
L RIANLLF % Bl MOUF, 38 ish V48 1B il
R AR B . SCHR[10]7E (R BE I %
(A5 50 % B e RN 42 (1 070 1) 50, 412 1 50 1
RIS AWTRI B . SCRR[LTT IR s — R 4k
X[ & ST 5T CAS, FLASHSTEAE X B4 i
R R0 5 ) 7 4% 2 A7 1) T 4 P e
AR, ST R IR A 2 18] 1 34

73 3o 6 SRR HE T M A [ (1) 3
7, PRI AR SR SR s s, IR I
1EMPERE FURS L B s T . b 45 £8
S bR UEA TR AL, AT 5 SO0 P B (1 5
FEIE AT W AR TE: Besh, DR e R 2AL
S PR 5 1 SR £ 6 T 220 W T 7 ik T R
T £ OB 3 5, T S BRI
BTSRRI o T 22747 25 10 0 2 10 U0 o B i
T 2 AL
2 MXRERMIR
2.1 A1EHZE

SRR 2 A5 5 S HE IR H T — i A7
B fEZ R, AN S AR I, AR
A AR R, AT 2B 1 S ek

A T 38 SRR BT (B A A AR s
[ 45 R T 2% % U5 BHE BRSO i kA, B

http: // www.china-simulation.com

<405+

https://dc-china-simulation.researchcommons.org/journal/vol32/iss3/7
DOI: 10.16182/j.issn1004731x.joss.18-0149



Ma et al.: Performance Balanced Opportunistic Routing and Simulation Analysi

5532 555 3 ) RGN EAR Vol. 32 No. 3

2020 43 J Journal of System Simulation Mar., 2020
LW Ar A E ) . 24 v 1

Bl B — NS5 L AT 30 misg i a5, B @kquwfﬂ“zH;ﬂ 4

AT HS RIS A, B AT S ) — 7 IR
AR LSRG o LIS R LAY TR B T — ANk
?4&[13—14]0

Hig 1 g8 Tl G=(S.F T,
S={S1,85, S} KK R Z NGRS A 2 5%
L S A B F=(F\,Fy,.. F, 2800 ES . 0
RAFAE AL {51750 sy VTS 5%
i (RS s, R Hofh 2 b5 2 Sems (R e ot 55, )
RS ={s1" 52 s, VA G I—AN G 11 ,

NI AL 4 AR ANTARTEL SRR
M PERIG ZICEARED Y, AR RER:

S*z(sf,s;,~-~s:)<— argmax [[(F,—F") (1)
(F,F,,-F,)eF ieN

A SRR BT IN 44 2 15 R AU Hemss, B
el BRI FoRS 59 i R
fEfrh s s BRI F ORI, OB
HEVEIN 2 5% i as: [IFE-FOBAZ NEAE
MRt N 22 5FES, T N={1,2,-n}
KR

2.2 JUTER TSR

X2 NG, e TR SR A b (i BRI AR
P 5 T SRR — A b 2 70 2 T 5 FR AL R
VRIS I T I R A R LA
182 [ 255 Y B8 e D3 A g v ) AR I, A%
THEAZ 5 UK IS 5 5 HE 1% RN RS
(5 JEL, KT SR AR A B FER ARSI U B OGN

B S HEEE N N={1,2,-n}, FTHK
WL M={1,2,~-m}, H—3KW& kX T2 54
i B BRBOA wj o W, T T V2SR AR IR BRGNS

(1) VHEFRAE LT RE RS

dy=——13" L kemien )
U i Uy
(2) By skmg d b B AT LA HE s
DS[ ={X:di,x <di’y,V(X,y)€M,X¢y},
3)

ieN
(3) THE S ) - R AR

h.k
(4) AL BB @0, T DS,
P P AT

D =44, |x:DS, ,xeM} %)
(5) VHEP AR 5
PB:%ZL@MENJGM (6)
(6) THRFCEALAE

0, ={DS,; |x:Y" @, <PP,YxeM} (7)

5% i MERUREELX & &y RINHE
SETRIAX RN 2 5 BT 2 A SIS AR

2.3 WL AR

T H K 72 B 23 W 258 7R Ry — N0 BRI A kA
%K GVE). V M AT eSS,
V={V1,Vo, Va3 (N=1)e E &SP ILRgES,
E={eienn, eyt (iF, 1<<i, jJ<N), ey &R V;
HU Yy Z AR o P9 RUAH B0 7 (1) 38
fEYE RIS, P ROn] DAAS e 8 F 2 A7 IR A A0

ZSCERII6] 75 ARV AL V; RAHIE ICE
N NZSEA Ay ARA s A, b, 2y o 3 2 ]
(R Al A
2.4 MRMBIK

— B RS A A IR R B T A R AT
FEA R B () DA 2 ) AT R o Ay T A 1 1)
B, ARG A3 KA MR R S A2 25 W),
A7 A ERE AL R /A IR, IR F S A oKk A
T RGAE RN 2471 KU AR X I, A
FHINVE R 92 A7 DX BRI EAT B S ) 25 5 Ay ™
A I B 5 A A 1R () 75 i (Time-To-Live, TTL),
Hln 0 RIS 208G, A Wb, S FER
TTL 94 0 I, Edn 3w 2 55 .

3 PhHSEBLE

PR P BT HAsr it : (1) AT ae i i 1k
REHbR; (2) PRIE— & S R H . BT

http: // www.china-simulation.com

Published by Journal of System Simulation, 2020

« 406 *



Journal of System Simulation, Vol. 32 [2020], Iss. 3, Art. 7

932 55 3
2020 4F 3 H

BE H PR TR K 2 SR RERAT B e ) 3638 ok Ty S
BN RIBCB I SE,  HAOREE R AT e/ SR AR .

HBAFIXA H b, K ot O3 st B4
2 NE AR, R TSR g 2 dir i 3 4
E/ NN

NIRRT TSR T 2 5 a1k,
LUERIEZRI AR Rt il D207% ig M &t h
FITAT 5 s R RIS AT R e o R i, R 3HL
WL A E R AT AR AR, Y R RESRA M
SRR, ARG RGN XK
ARS8 2 £ 5 TR R £ R 5 1) — NS 4R b . A
gt SIARISERRII S .

3.1 W KRR IEZE

EX 1 EEEE: W R v s e M BT
A5 RS SG), WIBATT 2L v Ay b (i 2R A%
ALLE S : GC={Vy US(). Bll: GC A1
SE N ZIT 5V AR IR AT — R AR Ja T m A

FEIFZ, BT A A R A
RN, eSS AR, T AR A
HLTT . BB NS IR T sl A M 4, Jm Xt
286 1B IS 4 1 1 43 g 1 28 43 R R 22 S AN T
A PR P RV A%, A P PR S 3 TR A SR At A AT
HMSTH . AR REL, CYIEEGER A T Y
SN RS B KA I, TEZRIA BIMET, i3
WA RA I SRR I AN AT 3 i fe o A6 [ — B %1, BT
A TG [F) IS HEAT AT B KA, SRAF AN 79
PRI R AN RL, B GUAT S8 R K IR i T
AR Y s B R AT BA 3, B IR A3 A4
O 6% 238 1 SR R AN AR IR i AL, A1 A 28 1 8¢
(o I e DA o R, S — B D6 BEAN B B L2 Y
28 TR A A X187 SRR 55 T il SR AR A2 ) 220 P A 1.
GRS i

TEAE TR GC; A, 715 sl R B 4 B
PRI Ay 22 N A TS 100 o K 52 N P A7 1
& SCNTZR 2 54, NPT 5 R B ok
TZ G BRI AV ST T R IRk

gy, A5 LT A AERSR IR RE ML 2 e b S0 FL A

Vol. 32 No. 3
Mar., 2020

fift s IR I LA 25 A 1 BITAT ot A 34T B
PR

32 HEEHRWEER

AR AT B, PRI AL VR A B A
AR SEC Ay AR S, D0 25 TR A S
) ) U IR NS ECN 12 (e EoAm o 8 S
k S s v 5, B E BT SO 1V, T DR
TR & RS MBGER A, T, R OAE
WL AEIT IR [R], T 19 0 VA B A0, & $i
9V BT AR IO A () o AL & fE TTL IR py i
R AV B A H I SR AT LU Py
(Ti<TTL-Ty)KEm. W), TR 5 v Bos gt
k BRI 2 A i3 B 2 43531 FH 23 5X(8)~(9) e o

_j’i/ (TTL_Tl,k) (8)

)

Pip(Ty <TTL-T;;)=1-e

3.3 XA BBt

E TSR A 0 Bt 2 1K 3 RO A i i AR A0
NGRS V=1LV Vst VIR
GEE GG WA RUINER T, M={1.,2,-m} J& 1% %
W BITA Y Rl R AR & . BORE 0 & 4
R E0E G WRZBR A T sV s
32 2 (K H IR SO0 2R G ARl T 4300 2R () 4 2
AL A RA0)E R, I HEX R G BL
AR A XADE . i, Hdlit

kR AV R AT A R (12)308 <
_ Pl <TTL-T,)%

P = I L i<n,k<m(10)
Da,i,k = Di,k /N (11)
C,
T Foix  Dix(Ty <TTL-T, )" (12)
k= =
l Da,i,k Da,i,k

TR VAR GCNIBE I A XA3)&.

U= ((Pis ! Dy -aiy) (13)
1 Bk S
a, =11 Bl M VR FI s (14)
0 Hr

http: // www.china-simulation.com

407+

https://dc-china-simulation.researchcommons.org/journal/vol32/iss3/7
DOI: 10.16182/j.issn1004731x.joss.18-0149



Ma et al.: Performance Balanced Opportunistic Routing and Simulation Analysi

$ 3255 3 M
2020 4F 3 H

A R13)~(14) r] 511, 5 R URROH S T A 2
P EAE T SO A SRR éi&?ﬁ%@%ﬁ
HENBATRAE LT s, A 1, T R
TF WAL K1, A, AEH 0.

Dk, 5835 BT LLE s GEURUS, U
ST BRI T R RTI I 25 o SRABRAN AT 2 i gt A2
FHR AU S= {5152} AR IR g4
fFRL HARS)FE R, B

S «argmax [] (U,-U’)=
ieGC;

P
argmax H (Zk 1 Dak1

a,k,i

) =U;) (15)

3.4 PHhURSEIR
RV RIS RN N A o

ARG HAR

Journal of System Simulation

Vol. 32 No. 3
Mar., 2020

Fr . FEANEE RV IRRAURAE o
for k=1;k<m; k++  do
THEEE AL ke AR TR 5V RO wis
end
for k=1; k<m; k++ do
VAL kAR TAE 9 50V bR AL R
dis WHBHGE k AR TAE 19 550 V; B R -2
T pirs
end
for i=1;i<n;i++do
X R Vi % d THPHER? S 13 DSis XA R Vi
2 DS; Uy S i - R4 &y
end

for i=1;i<=n;i++do

I, WIZERR GG B, SRR AL V5 A O VT A R PP VST Vi
ety TR AT, i 7 MW?E* SEMSIE s WA 0 X1 RV, AT B4 R G
WUZRETE, JFERZRAORIN, RARMZEROAE o),
T Kl AT T 4. @fdmwﬁﬁ%ﬁw end
WA W GO V=P Vi AP SR | B, R
M={1.2, .y PRI 2 .
( k=1 2 3 4 5 6 (=N 4 5 6
0.02 0.9 0.2 0.06 0.2 0.97 Vi kvl 0.9414 0.0204 0.2195 0.6667 0.2451 0.0526
@ @ u—|:0.5 0.02 0.9 0.3 0.07 0_3] v, d={0,0377 0.9184 0.0488 0.1333 0.7004 0.1579]
@ 0.9 0.3 0.06 0.2 0.9 0.06 | Vs 0.0209 0.0612 0.7317 0.2000 0.0545 0.7895

T RLGEAT S
1 2 1
2 | 4 5
3 6
o 1

i 2 6 3 5 4 1

BHCES
DS, =1{0.0204 0.0526 0.2195 0.2451 0.6667 0.9414} ;9 6,=1DS, ,, DS, .}
1 1,2? 1,6

={0.0184 0.0474 0.0439 0.0490 0.0400 0.0188} ®
HID 1 3 4 6 5 2
DS, = {0.0377 0.0488 0.1333 0.1579 0.7004 0.9184} MKk

BID 1 5 2 4 3 6

®, ={0.0184 0.0439 0.0400 0.0474 0.0490 0.0184}% 2= DS0r DSash it

PRGN
HHIFEG

k= 1 2 3 4 5 6
0.0188 0.0184 0.0439 0.0400 0.0490 0.0474

¢=|:0.0188 0.0184 0.0439 0.0400 0.0490 0.0474]
0.0188 0.0184 0.0439 0.0400 0.0490 0.0474

HiRK s [l @

PP =[0.0725 0.0725 0.0725]

packet 2 and 6 N iZ 4V

N 12 4N 4

DS, = {0.0209 0.0545 0.0612 0.2000 0.7317 0.7895} W4k e Gl ar o ’% f?j’tﬁaiz V2

@, ={0.0188 0.0490 0.0184 0.0400 0.0439 0.0474} 03={DS;,, DS;5} packet1and S ViSRS Vs
K1 i — AN s

Fig. 1

Example of our protocol

http: // www.china-simulation.com

- 408 «

Published by Journal of System Simulation, 2020



Journal of System Simulation, Vol. 32 [2020], Iss. 3, Art. 7

932 55 3
2020 4F 3 H

| Geil A, AR 2%

| XHEZRFEGC, Geil iR M 3 A B FI SR (A Kom |

[ 4 5 B b T 98 5 20T D

| TSR |

EErTEGiRel

[ 38— A AR APP@ |

BERPRE—1 RV, AR TR R R AT HE
2 H A IR B 51D

XAV, DS BRI 7 SR
AR5 ¢, ®

!
SRRV, HZDS BE BN 3 5 T 5
ORI RN, HEE TR ROk, e,
25 ZRMBER A5 516, BN 5LV KRR

| w50, o PR AT B |

K2 izl
Fig.2 Flowchart of our protocol

R 1, 3 AN R R — AN AR . AT
2 NHZE, FF25E G0 A s AN BORAR R
T FEUH SRR AN B A A3 AR TR Y S SO
EHE 1 TO). REBFHITO~O, EBEILEO
SKIFFR R B LA AR, TEARH 45 RN AR A A7 4l
AT BB FRIR « AP BRI D6 B 2 iR v i O
F|©. MWE 1 ATH, EIRLE W, R 1 bR
IRESTT T VL L vy, B LIRSS 1 £
PR AR, B 1,3,5,6 0l AR
e 4t LRI 3N AU RO AR AR /N 3 30
BHE A S S A L.

M 2 ] DUE H, — B SRR, Rt
Wl v BRI A A AN 2 NG EHIRHAT IS
P, HRafRRmRIUESE, IO LT B
(1) T BT 2 o A SC TR (1 Wb UL B % S A L I
H S, 9800 90 28 rh B A i s A H, () B ORAE il
WP PE R TR R -

gy, A5 LT A AERSR IR RE ML 2 e b S0 FL A

Vol. 32 No. 3
Mar., 2020

35 MXMBEIE

AR 56 122 W UL PR AR I R B 52 2 A T 4y
Bro BIEZEE GC WA N AT R, MASEHRE.
W) 58 B R A I 4T e B R A 2tk iz S
—IHFHEY, HPEERES M AR, EaRE
N O(M.log,"), LRHEHIZSIEIE N OMN). ¥
XPEARER M GETt, AR RN N KE0h
2~30, PRI, BB SRR AR E ) O(M log,™).
ARSCPTEI, BT S B AN HUR KA
100, W M B KAH KL 200~300. X H ATHI# 3
WAk, s H ] LA AT

4 ESMHEREVEY

S VEA T AR BRI PE B, 76 Cambridge AT
Infocom05 ELSZHRAENTRIEE T TVCM 4 8
PR XA BHSURT Epidemic, SimBet!” & CAS™
HEAT T A

4.1 iEASERE

ASCAE Visual Stdio2010 JF AR IS T C++iE
FIPR T — AR shBL 2 W45 1 W 25 HEZL HE4T 45 ¢
JAMEREVEMY o TEAZAEZE T, {5 BLAS AT LLIZAT M1 X
Bk, It A3 R A e fepi Bl
W AR AR S A AN B A,
SRR AN B 1000, AU SR H
S W B BIEE T R BEATLIZE BRI P AN AS [ 45 5,
PRI TR AZAT S sl B2E P A R B SE I R] o 2 A
RIS TTL BN, (FEE. etk
46 H (FIFO) SIS F R EAT 22 i X A 3L
42 RREE

(1) HEBRIZH

SR P A S5 AR eI s H 0. 5 T e
EEHR A R R RN, FabsoR, PR,

(2) B

Z A8 bR 2R 7 BL I RE AN B A 11 38 R A
B, BIAEGERZ, W8N K. % T b
NG

http: // www.china-simulation.com
* 409 «

https://dc-china-simulation.researchcommons.org/journal/vol32/iss3/7
DOI: 10.16182/j.issn1004731x.joss.18-0149



Ma et al.: Performance Balanced Opportunistic Routing and Simulation Analysi

532 %5 3 ) E R Vol. 32 No. 3
2020 43 A Journal of System Simulation Mar., 2020

(3) LIS E

AR PR TR D 50 s AL P il L1 S )
[B), 45360 I Sl /N e

(4) HephrEagtars

XA R FE B FH R VR — AN o P L A
PeRef e, HAX(16)%F K.
e X(1/ (A gy X Do) (16)
s Reater Adetay B Deose 73 M 375 HE BRI R AT 1)
B I Bod i aE A A . R FEbR
M SCIR) P e 340 17 P bk vy o

4.3 MERELLE 5tk

3ERT 4 FhPMXAE Cambridge Hidl 45 111
PIEL e B o BLH KD Z . Fs A R4 I ZE 53 531
ik 3(a)~(0)fin, & 3(d)on T AR RESR R .
Bl R AR bR m ARER 5B

FENARESIP

(1) JIrA7 B V5L IR 45 35t ol Ly 5 R 5 32t I 4 i A
TTL (P3G i 5 5 45 o

(2) Epidemic 17 f5 ey (R # s A R 55 /N R #0028
AL o 5 AR EL, FRATT A PRSERAT T AL

1

Overall_Perform index=R delay

09 F Our scheme g
! CAS —+—

0.8 F SimBet ---9---
07 E Epidemic —-a-=
0.6 F
05 F
04 F
03 F
02 F
0.1 4 :;;_:.5‘(
o

Delivery success ratio

I | I L L | |
60 180 360 720 1440 5760 1008015840
The TTL of packet/m

() BLLINH

g 1000 ey
= ur scheme g
g 0F CAS —+—
5 80 F SimBet -+-9---
i iC e

= 700 E Epidemic
=}
‘2 600 F
‘E 500 F
£ 400 f
£ R > S §
S 300 8
& 200
: L S
g 100 F s
< oh—s T S .

2 10 30 60 180 360 720 1440 5760 1008015840

The TTL of packet/m

(c) “TEIBLLIE

B A, BNIBOE A R N AE .
(3) dmeJa — A R L — U S b
VOHEL, FRATT B SGRAT T d5e i ) Pk B X T FiR A
51 SUJRETET, BOKH TTL SRE KT
Kot G AAF IS ), b 2508 60 77 i 3T 48 25 57 10
Kt N Eo S B TTL (I3 b, (45500
BATE L2 NS DB, BB 1) 1Y
IIANEEE S ZE3E . 565 2 miJRUAAE T, Epidemic
IS E H A S HI ] B4 T 30N B
SEAR R I 17 R AR P AT o SimBet 3G FEAT
B BERARBLRE 1Ry mifirh gk, S5 mTRes
BB )2, AR TR IR AN E 1
A AP I E . CAS ML B A0 130 4%
TTL AKX $icdii 0 e vr & Bt AT /0, FZEHI
RO BERPP AT B I SE R AR . E IR S 3k 3
BUNRBOERACHY, (PR BOEVERRAEATE . T
AV BCERTEIN, 2 NGVERZER S AR
B, IFLAPEREM S RIS A ST H bR, 2 51ZRI)
JITAT 15 s PRI 38 2 AU B B KA IR SR 23
BRI YERE . AR S 3 NS
T ABATRIH VGRS T fe i I Pk RESA TR b o

16
Our scheme &
14 £ CAS —+—
SimBet ---0---
. 12F  Epidemic —-a-—
3 /pu-"‘*u
s 10F 7 s SR -
5 7
s 8k,
g B e LSRR R RREEE 4
> 6 F @ A : """ P ': o o
Z e
4F
0 1 1 1 1 1 1 1 1 1
2 10 30 60 180 360 720 1440 5760 10080 15840
The TTL of packet/m
p NN
(b) FREEAM
8 T T
x Our-scheme E=—2
37 [\ P —
k= SimBet
o 6 Epidemic & =
Qo
5 5
E .
£
g 3
3 2
£
153
8! H
0 O i 1

30 60 360 1440 5760 15840
Simulations in different TTL/m

(d) FEARIERET RIS

3 5T Cambridge 145 B 45
Fig. 3 Simulation results based on Cambridge

http: // www.china-simulation.com

<410

Published by Journal of System Simulation, 2020



Journal of System Simulation, Vol. 32 [2020], Iss. 3, Art. 7

932 55 3 Vol. 32 No. 3
2020 4 3 Hapgr, G BTSRRI R AT L& B (i AT B A Mar., 2020

Kl 4~5 7387 T 4 MrplE Infocom05 Fil
TVCM ik i 45 50 . INIZ 2 MK
1FEN & 2 Bt . H5Ib 3 MU, &
AT BE A B3 I SiE | BEIBAR M T eI A 2

1

Our scheme -
09 CAS
0.8 F SimBet ---9---
i iC =l
07 E Epidemic

0.6

Delivery success ratio

0 1 L 1 1 1 1 1 1 1
1 10 30 60 120 180 360 720 1440 2880 4320

The TTL of packet/m

(a) B IhHR

Our scheme =g

E CAS —+—
600 SimBet ---9---
500 F Epidemic -=-&.-

Average transmission delay/m

1 10 30 60 120 180 360 720 1440 2880 4320
The TTL of packet/m

(c) “THIBOLIE

U B3, ERA T R PR AR T . ot
RV, EIRAF T AR A 8L R L AR
RIF803 I S RV R B3 A QT o IX LS ANHE N BRATT T
BB B oK.

Our scheme g
14 CAS —+—
A SimBet ---o---
12°P-, Epidemic —a-—

Average cost

1 10 30 60 120 180 360 720 1440 2880 4320
The TTL of packet/m

(b) “PEBBEA

% ! bur—schemét:l
E 20 -
° Epidemic
Q
g 15 .
S
T 10r -
o
R
3

0 | e o

1440 4320

Simulations in different TTL/m

(d) FEARIERETEbS

& 4  F:T InfocomO05 [ EL45

Fig. 4 Simulation results based on Infocom05

09 F
08 F
07 F
06 F
05 F e S D T S 3
04 | d ’

03
02
01k

Our scheme gk
CAS —+—

Delivery success ratio

SimBet ---9---
Epildemic 'T“A"_'

2 10 30 60 120 180 360 720 1440
The TTL of packet/m

() BLHRRIHR

80
7 E Our scheme =&
CAS —+—

64 F SimBet ---9---
i ic A
56 | Epidemic

40 F
32 F
24 £
16 F

Average transmission delay/m

2 10 30 60 120 180 360 720 1440
The TTL of packet/m

(c) PRI T

20
18 F Our scheme &
CAS —+—
16 _SimBel o A aeema
2 14F Epidemic - f:::—‘* """" freeeneeen Qnenennee R SEETERee & -nnnnnns P
8 12
S
& 10
e 8 8
< 6
41;
2 ¥
0 1 1 1 1 1 1 1
2 10 30 60 120 180 360 720 1440
The TTL of packet/m
Lo
(b) “TEIFEBARA
5 14 Our-scheme 3
[Ty — SimBet m i
5} Epidemic
2 10
<
E 8
£ -
5 6 d
A (= =/ re
3 4 | R
S | ;
= 2 i I f i~ = n
o . B w  m e
0 i ll R BEEE BEEE B

10 60 180 360 1440
Simulations in different TTL/m

(d) #BARVEREFR b

K5 LT TVCM i siah )
Fig. 5 Simulation results based on TVCM

http: // www.china-simulation.com

<411 -

https://dc-china-simulation.researchcommons.org/journal/vol32/iss3/7

DOI: 10.16182/j.issn1004731x.joss.18-0149



Ma et al.: Performance Balanced Opportunistic Routing and Simulation Analysi

532 %5 3 ) E R Vol. 32 No. 3
2020 43 J Journal of System Simulation Mar., 2020
5 %1‘,/8 Opportunistic Networks[J], Journal of Software, 2009,

AN SCRE RO A AE 227 8] T O R AR AL
A2 NEAETEZEI L, AR K IR P RS A O g%
Hbx, $eih 73T R v se s bl 2 i i
WL, JFHET B HHR AN OB SRR A ST B b
BURECAL 3 AN EsUe T 05 SR PERE VP0G o (7 45 R
R, TR AR SR R 5 e 4R 1, A
PIT3R IhCE FA 3 AN RSCH EL, FEORUIE 3 #5038 A
DRI FIN, #3RAT T s Ve R L . 5k
T B X Kt 56 BEE SR AN v A 1 fE
Py EOR B R I 5N (A s i . EE
FER SN L8, B 2 A Bl e 4R
TR T HAE AR . PR B F B AR IR S5 A5 I DI RE
ARIOFBE RGO 72T D TR, AN
27 L8 BT AT A2 18 B TR A5 (0 IX R
N, IR DR REIR IR R

SR

[1] Yuan P, Fan L, Liu P, et al. Recent progress in routing
protocols of mobile opportunistic networks: a clear
taxonomy, analysis and evaluation[J]. Journal of Network
and Computer Applications (S1084-8045), 2016, 62:
163-170.

[2] SR, I, BAR. BAhHLa Mg i) ST 5T
BEFE[T]. AR, 2015, 26(3): 600-616.

Ma Huadong, Yuan Peiyan, Zhao Dong. Research
progress on routing problem in mobile opportunistic
networks[J]. Journal of Software, 2015, 26(3): 600-616.

[3] FEF, Rk, WREL, 45 BL A fEs 2 A L

23 19 2% e BOMIG N A B el SV 0], AR A, 2013,
34(10): 1-8.
Ren Zhi, Suo Jianwei, Chen Hong, et al. Efficient
low-delay routing algorithm for opportunistic networks
based on cross-layer sensing of encountered nodes[J].
Journal on Communications, 2013, 34(10): 1-8.

[4] Batabyal S, Bhaumik P. Mobility models, traces and
impact of mobility on opportunistic routing algorithms: A
survey[J]. IEEE Communications Surveys & Tutorials
(S1553-877X), 2015,17(3): 1679-1707.

[5]1 REAK-F, VRIRS, ZRfh, &%, Bl MIZR(T]. ARAFSAR,
2009, 20(1): 124-137.

Xiong Yongping, Sun Limin, Niu Jianwei, et al.

20(1): 124-137.

(6] ZE8KT, FUGH, Yol S5 T4 ML R A2

2% g i P 1B LA FLE9E[0]. R G0 B4Rk, 2014,
26(2): 345-352.
Li Yiwen, Bai Guangwei, Shen Hang, et al. Simulation
study of video-aware opportunistic network coding
protocol over wireless networks[J]. Journal of System
Simulation, 2014, 26(2): 345-352.

[7] Daly E M, Haahr M. Social network analysis for
information flow in disconnected delay-tolerant
MANETs[J]. IEEE Transactions on Mobile Computing
(S1536-1233), 2009, 8(5): 606-621.

[8] Ma H H, Zheng G Q, Wu H H, et al. A multi attribute
decision routing for load-balancing in crowd sensing
network[J]. Wireless Networks (S1022-0038), 2017,
2017(10): 1-16.

[9] Liu C, Pan Y, Zhang J, et al. A Utility-based Multi-copy
Forwarding Algorithm in Delay Tolerant Networks[C]//
12th Annual IEEE International Conference on Sensing,
Communication, and Networking, SECON 2015. USA:
IEEE, 2014: 301-309.

[10] Li Y, Sheng M, Wang C X, et al. Throughput—delay
tradeoff in interference-free wireless networks with
guaranteed energy efficiency[J]. IEEE Transactions on
Wireless Communications (S1536-1276), 2015, 14(3):
1608-1621.

[11] Miao J, Hasan O, Mokhtar S B, et al. A delay and cost
balancing protocol for message routing in mobile delay
tolerant networks[J]. Ad Hoc Networks (S1570-8705),
2015(25): 430-443.

[12] AR5, 8RS HAE TR Zeili A5 M 2 h (R B H M. 1
fi. dbnt: FERE Tk kAL, 2015: 152-176.

Ma Zhonggui. Game Theory and Its Application on
Wireless Communication Networks[M]. 1 st edition.
Beijing: Nation Defense Industry Press, 2015: 152-176.

[13] Nash J. Two-person cooperative games[J]. Econometrica
(S0012-9682), 1953, 21(1): 128-140.

[14] Wu H, Liu L, Zhang X, et al. Quality of video oriented
pricing incentive for mobile video offloading[C]/ 35"
Annual IEEE International Conference on Computer
Communications, IEEE INFOCOM 2016. USA: IEEE,
2016: 1-9.

[15]Li L, Qin Y, Zhong X. A novel routing scheme for
resource-constraint opportunistic networks: A

cooperative multiplayer bargaining game approach[J].

Vehicular

IEEE  Transactions on Technology

http: // www.china-simulation.com

Published by Journal of System Simulation, 2020

<412+



Journal of System Simulation, Vol. 32 [2020], Iss. 3, Art. 7

5 32 4 3 3 Vol. 32 No. 3
2020 43 /4 gy, A5 LT A AERSR IR RE ML 2 e b S0 FL A Mar, 2020
(S0018-9545), 2016, 65(8): 6547-6561. [18] Spyropoulos T, Sermpezis P. Soft cache hits and the
[16] Chen K, Shen H, Yan L. Multicent: A multifunctional impact of alternative content recommendations on mobile
incentive scheme adaptive to diverse performance edge caching[C]// Proceedings of the eleventh ACM
objectives for DTN routing[J]. IEEE Transactions on workshop on challenged networks. USA: ACM, 2016:
Parallel and Distributed Systems (S1045-9219), 2015, 51-66.
26(6): 1643-1653. [19] Nelson S C, Bakht M, Kravets R. Encounter-based
[17] Pirozmand P, Wu G, Li X. Centrality Prediction in routing in DTNs[C]/ 28th Conference on Computer
Mobile Social Networks[J]. International Journal of Communications, IEEE INFOCOM 2009. USA: IEEE,
Engineering Research and Applications(S2248-9622), 2009: 846-854.

2015, 5(5): 15-22.

http: // www.china-simulation.com
<413

https://dc-china-simulation.researchcommons.org/journal/vol32/iss3/7
DOI: 10.16182/j.issn1004731x.joss.18-0149

10



	Performance Balanced Opportunistic Routing and Simulation Analysis Based on Cooperative Game
	Performance Balanced Opportunistic Routing and Simulation Analysis Based on Cooperative Game
	Abstract
	Keywords
	Recommended Citation

	<4D6963726F736F667420576F7264202D205B332D30375D5F31382D303134395FC2EDBBAABAECA3A8B7C2D5E6BDA8C4A3C0EDC2DBD3EBB7BDB7A8472B62A3A93430342D343133>

