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Abstract To solve the problems of the low utilization of the spatiotemporal resource in DA and
unbalance service of cooperative downloading, a strategy of selecting cooperative vehicles named
DSMov is proposed in this paper. DSMov utilizes the two-dimensional matrix to define the spatio-
temporal resource of DA and the action to select vehicles, and simplify the space of behavior to
select vehicles for reducing computation complexity according to the characteristic of VANET. By
building optimization model of Markov Decision Process, DSMov solves the problem of the spatio-
temporal resource allocation in DA. In addition, Euclidean Distance and Manhattan Distance are
utilized as another principle to selecting the vehicles in order to keep the fairness of system.
Simulation results indicate the benefits of the proposed scheme in terms of increasing throughput

and reducing the influence from intermittent connectivity.
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5. v=P(s,,\ls,,» a)getMax(h+1);
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10. end

11. else
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14. 7(t)<h,i;

15. end

16. end

17. end

18. return J;

19. end

B9 iy FESR R

WA AR R RS TR m
Bl 3 UK w0 22 Jmy B A . 76 16 km B9 X BB,
MAEF R A=10 B, B e S B3]2 60 4 Pr 8
L BIRRE 60 BRI (m=60) U4 Ry fe Al 2 AN B
ST H A R - (1) BP A A 4 A b R ARG Y
FIEA BT El Ok R . AR
A Z BB AP B, 7 AL (B A fE . SR
TBCHE 25 5L R BE B AP LLANM 8 i P B 4 (1 2
R IR i 5 3K 20 20 . b — K 2 5 5035 10 U Bl
o EAREMEE W (DB HITEERB L A



5 3 XGRS - — Rl T P B 48005 3 9 A % T 32k 7 SR 927

IR B

£ T Bk #r . DSMov i 2 515 5 U B 721
Hod m<<8, Atk DSMov 3¢ W& 15 Hi (1 i I 9 B IE 1
4 JRy B A o T A2 — A A0 R UG A 2 B AR 4R AR
n<_5 [, DSMov S IR L 5L 75 BE 55 15 by ik 22 A %
M n>5 [, DSMov R F & 0 1 BE 25 1 hy 156 25 A .
XA RRAR T ARG A FLAER .

4 HEBETA

A5 8 A3 05 28236 % DSMov R 2R 508 i 45
PERESR AR 04T 1Vl 42404 T B0 B — 3R 4 ok o
Bl B f 3 R ZE B & ot (RO #E 2010 4F 9 H ~
12 FAE s s 1% G151 i B g i 8 i o5 —3 o
R HIEHE A s B 3l A 0. A B B b 4 AL
90km/h F| 150 km/h Z [A]BEHL ™ A . £ 5 v A
(8 52 B 1 0. 75 228 Ak b B E R 7 AL i R 5y
P HABAL YL I 7E 90 km/h~150 km/h, I HAF &
DS O S FI r  V7 e FRR M s LB [
FE HFR 440, 90 km/h, B4 05 H T H A JAVA
T T T A R i T 2l 25 I R A R A I I
A ——J-DSRelay. X458 10 ~20 il i /Y
FH .

R SCHRC 1T ], 8 3 2 P& 1 AP Sl 5 30 Bl iy
800 m, B4~ AP [A[#HEE 16 km, £ & = M A i b AP
TR A N m R 5 XY S BRI 0. 4 Y {2
VA 300m. BB T #od FE A 2 ST O B AR
5 1p By 2 N7 7 2 T R B ()L 32 R RS R AE T ]
(coherence time) 52 M , & [ 6 Mbps (PU F 45 4 47
JE I QPSKO) [ % 5 # b 18 Mbps (75 H AR IE 52
JE 9 . 16- QAM) Ml 3 Mbps ( = kb 4% A £i7 ¥4 1 .
BPSK) fig #K 15 58 3 i A& 4 M Re T Lk % 2 1 A%
R AT LK B 60 20 Zc A o PRI 4 47 18] 5% % 2% 1) 4% B
HOR AT LA F] 400 KB/ s. {H&25 [ 5] TCP/IP Pl
Bt Ak A0 R M TU AR AN RN AL HILTR] L AR SRR 418 A X
P 22 s AP IXCF AR BN 150 KB/ s, % ) 4
T HIR BT 28 OFE X 3 B2 B KO 3 3R 50 KB/ s, [ [r]
TR 2 GRS B J5 /I3 T %635y 200 KB/ 81,

10 M 1 AN [6) o {E7EAE T S Fb i 42 5K g
CFE PG A L Jag 38 e D0 D X B 12 0 2 I i B )
I PR R B . BT LA 0 B R R
P B T 22 SRS AN 52 m (ELRE . p T 42 P A0 B 4 1K
A4 KA H AR 4 T BB B R L IR 3

S AR 20 60 ML T JR B dee (0 T 08 24 67 ML
A P i B M 4 I o 2 5 3k 1) DSMov 3K i 7
i HiEZ SR N EMZE Y Z T R8s B R
WsE N, B om =4 B PIRPOE T 2R IK T R A
R BB 15 2 =8 I T BB B R R
2975 M. PR & TR AN T ik O IR E T
HrEg F Y. 1810 do i B 7l T i 8 Oy v LAl
W I 2 1 777 12 RE A8 R IO 22 A0 040 T 28 &

85

R R e e

80

- ~
S 3

p

4

4

4

\

4

b

THEHE B E/MB

ol
a

50

1 2 3 4 5 6 7 8
EENNIRES (6

Bl 10 AR W Bl 42 400 T BT 2R A A

KT RE N T O IR SC B A5 R AR SCBUE T A
Vi) 71 2 i o 2% 2 AH [) 19 o i SC o 42 31 DSMov 75 %
gy el YRR T R B R TD R BT L X R A BE ) W
PR HEAT 43 BC o PR B Tk W Bl R 280 55 1 B ) 2 A [
(. 33 R A5 Hh B IR IR 55 1 T BB R R AR TR Y L B R
B #5 = S 1A R 55 TR B < A i R B[R] L BT
i T T [ 1 o PR Ot 52 3 o et P A B IR 55 IR AR
ok & O =g T

11 7R T AR ZE 3 S48 O F i IR 55 B 4
A=5 W}, 4 By ik By B AR 4 ik 55 B 4 i Dl 98
W11 WK 122 YR 125 k. A B 4 P 106 34 10 1% 4=
S, DSMov {153 i 55 B3 1 25 % A2 4. Y
A=TF1 A=10 B}, 4 F ik 42 5 & 452 52 IR 55 19 O 0K
HH A [R) R B2 70 R B . DSMov 55 4% 496 25 11 Jmy 78 45
355 2 5 R L 3 o A B ST B X 1 P O
K DSMov S A .

& 12 ER Tl MobTorrent™ \DSRelay™** |
DCPP""" ) & DSMov () 4 F b B F #8507 & 46— 1
TEX A —NE XN GETTE 2 350 ) 1) F 284k
P L TEHT 30s (19 AP G AR XN . 4 R BT 88
Pt AH ] 30 s~150s Ze 45 WA X 1) 47 38 1 B B 4=
TN, 150s J5 . B U BY B . H



928 it "

2y e 2016 4

130F

[C S0 =i ih K m i

120

110F

100 F

90

25 VB

80

0F

60

50

=5 =7
R

Bl 1L R TA i i 4 By vk B A

A=10

5 |- MobTorrent - DSRelay - DCPP 8- DSMov |

0 50 100 150 200 250 300 350
FiJ 1] /s

B 12 4 BB R 205 5 A9 T R i L AR

B 200 28060 o N W 38 s ANEE SR W] LUE s i
DSMov J5 % B X #E 7 LRI 5 T #8 f7E 220s /5
I e A 3 A7 i AEBR R — A AP JEfE X
AN 2B 47, 2 M AH T At 3 By 2 (39. 9 M,
38. 6 M.36. 2MDHRE T 20 % /2 45 .

P 1 X HE PG I L SR P e A L N SR FH 38 A O s
(1) DSMov 5% FI B 2 BE 828 J5 ik LA K & 0 ot R g 1Y)
DSMov 3£ 4= 5 % 43 Al B2 Bt 45 5 5 5 #5822 19 I 55 Ik
BOHEAT T IR, HIORERITF G R L 45w B T ik
D 110 i 0] 2 g 5 P Bl 2 A 4 AR BORCE S PRI A X
Femg L U B E R AR A 98 WKIR S B 4h T 5
H AR 4. TR FH JRy 34 5 I 1) 1% 4= SR g ] AR B 111 3K
R 55+ K LG T4 0 6 B8 M 55 R B0 b 4 ey LR 3R
HUIR 55 B B 2 1) ¢ (32 WP B R # IR 55) He 3 B
R 55 B e D 1 e (12 WHR B R IR 55) £ 4R B
20 YRR 55 » R 3 P ok 22 S s B0 H bp 42 3R IBUIR 55
AT, R A 25 I& X 5 T 2019 DSMov 1] LA
TECEE R R 134 WG RS T2 20 R K
BN S /ML Z AL AT 9K R 22 8 K. B I W 4 ) A

TR I AT B e R e ey 5T ) 119 DSMov ik
AW AR 4 3R I 55 U R H o R 4 /)
{EL7 AR ZE 5 R 8 AR 85 g B4 4. fELRE AR B I 55
UK A B

x1 FERASHATZRERSRBOLR
HARFE $RIPIEH Rt arflm it RRIRHERS S 0a Wi e

C 20 32 33 27 29
c2 20 18 27 23 25
3 20 12 20 25 22
4 19 21 31 22 28
s 19 28 23 24 21
Mt 98 111 134 122 125

i B IR SR I AR AN S5E

(1) AH BE T $2 Fe A B0 R 38 Jee 0 O 328 45 SRt
il DSMov 15 H1 7 F B R #7200 LA |

(2) R T BR CE 8 h 52 ey B  7 3 34 i 2k
WG BRI P T3S B A TR EES T H
B 2 AR O Bl T 28R 55 9 U RS T E . X R s
ERIE T RGBT A1k

5 B &

R T AR A EHEA AT AP G E XK
Ip 25 B FE PR AIE 28 48 23 F- P 1 i 9 R S AT RE 4R
FHP R B8 AR SCHE T — R A 1 I P Bl T 0k
3 g ———DSMov. DSMov Il $7 ¥4 19 42 H i i —
Y E S X 55 9 U RN B A AT R R A AR
A R AR A AT Sy s ) AW D 5 A2 AR L i
b ST T AR ] e P Ao AR 1 P AR AR R X DX S
VA 43 T[] R 3 A7 3K i 5 [F] B, DSMov £ i 11 58 3] ik
Y3 A7 i 55 1 BRTL LA P 2 D 2 e 8 26 4 O 1B 42 AT
AR S AT AE 4 A5 AR R S B RO 55 1 i
P& A R B v T B R B R

DSMov F| JH T i 38 23 % 22 006 ) A s g b 1 —
Tl 3 AL 4 Jmy de HA 1) 8 U SR i S k. MR L TR
TIF 5 v 1 e e 496 5 A Js 38 J5e 1 6 22 SR I . DSMov R
I —E B B4R TR P B T Bk A R T ELAR
e T RGN 1.

2 % x #

[1] Nandan A, Das S, Pau G, et al. Cooperative downloading in
vehicular Ad Hoc Wireless networks//Proceedings of the
International Conference on Wireless on Demand Network

Systems and Services. St. Moritz, Switzerland, 2005; 32-41



54 XGRS - — Rl T P B 48005 3 9 A % T 32k 7 SR 929

[2] Chen Bin-Bin, Chan Mun-Choon. MobTorrent; A Frame-
work for mobile Internet access from vehicles//Proceedings
of the IEEE INFOCOM. Barcelona, Spain, 2009: 1-9
[3] WuY,ZhuY,LiB. Infrastructure-assisted routing in vehicular
networks//Proceedings of the IEEE INFOCOM. Orlando,
USA, 2012. 48-57
[4] Hung C C, Chan H, Hsiao E. Mobility pattern aware
routing for heterogeneous vehicular networks//Proceedings
of the IEEE WCNC. Las Vegas, USA, 2007. 244-249
[5] Ng$S C, Zhang Wu-Xiong, Yang Yang. Analysis of access
and connectivity probabilities in infrastructure-based vehicu-
lar relay networks//Proceedings of the IEEE WCNC.
Sydney, Australia, 2010 434-440
[6] Trullols-Cruces O, Fiore M, Barcelo-Ordinas J. Cooperative
download in vehicular environments. IEEE Transactions on
Mobile Computing, 2012, 11(1): 663-678
[7] Zheng Z, Sinha P, Kumar S. Alpha coverage: Bounding the
interconnection gap for vehicular Internet access//Proceedings
of the IEEE INFOCOM 2009. Rio de Janeiro, Brasil, 2009:
721-730
[8] Zheng Z, Lu Z, Sinha P, Kumar S. Maximizing the contact
opportunity for vehicular Internet access//Proceedings of the
IEEE INFOCOM. San Diego, USA, 2010. 481-489
[9] SuZ. Ren P, Xu R, Katto J. A novel algorithm to control
contents selectively for vehicular communication networks//
Proceeding of the IEEE Vehicular Technology Conference
Fall. Ottawa, Canada, 2010;: 1011-1017
[10] Lin Chuang, Wan Jian-Xiong, Xiang Xu-Dong, et al.
Dynamic optimization in computer systems and computer

networks: Models. solutions. and applications. Chinese

LIU Jian-Hang, born in 1978, Ph.D.,
associate professor. His research interests
include next generation Internet, VANET

and wireless network.

BI Jing-Ping. born in 1974, Ph. D. , professor. Ph. D.
supervisor, Her research interests include network test,

next generation Internet performance evaluation detection.

Background

This paper focuses on the research about the utilization
of the spatiotemporal resource in DA and unbalance service
of cooperative downloading. Many researches paid more
attention on the method about how to increase the amount of

downloading data, yet ignored to provide balanced service to

Journal of Computers, 2012, 35(7): 1339-1357(in Chinese)
O] 780k, mBARSE. HREILRE ST EME PRl
Pofl: BEm SRS . ML, 2012, 35(T) . 1339-
1357)

[11] Gerlough D L. Poisson and Traffic : Use of Poisson Distribution
in Highway Traffic. Eno Foundation for Highway Traffic
Control, 1955

[12] Liu Jian-Hang, Bi Jing-Ping, Xu Peng, et al. A compensa-
tion model of cooperative downloading improving system
throughput. Chinese Journal of Computers, 2012, 35(7):
1390-1398(in Chinese)

G, M2 P, RISSE. — MM R G Ert /00T 3
AMERR. PR . 2012, 35(7): 1390-1398)

[13] Liu Jian-Hang, Bi Jing-Ping, Bian Yong-Chao, et al.
DSRelay: A scheme of cooperative downloading based on
dynamic slot//Proceedings of the IEEE ICC. Ottawa, Canada,
2012. 621-627

[14] Bychkovsky V, Hull B, Miu A K, et al. A measurement
study of vehicular Internet access using in situ Wi-Fi
networks// Proceedings of the International Conference on
ACM MobiCom. Los Angeles, USA, 2006. 891-897

[15] Bai F, Stancil S, Krishnan H. Toward understanding
characteristics of Dedicated Short Range Communications
(DSRC) from a perspective of vehicular network engineers//
Proceedings of the ACM MobiCom. Chicago, USA, 2010.
471-480

[16] Altman E, Sassatelli L., De Pellegrini F. Dynamic control of
coding for progressive packet arrivals in DTNs. IEEE
Transactions on Wireless Communications, 2013, 12 (2):

32-51

GE Yu-Ming, born in 1985, Ph.D.. engineer. His
research interest is cognitive radio.

LI Shi-Bao, born in 1978, M. S., associate professor.
His research interest is wireless network.

CHEN Hai-Hua, born in 1983, Ph. D., lecturer. His
research interests include bandwidth wireless communication.

LI Zhong-Cheng, born in 1962, Ph. D. , professor. His
research interests include network test, fault tolerant
computing, computing reliability, performance evaluation

and so on.

every client. Actually, the targets of cooperative downloading
method are not only to transmit more data, but also to keep
fairness to all the clients, which make the proposed method
more plausible. Cooperative downloading in vehicular networks

is first introduced by Nandan et al. as a part of the protocol
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SPAWN for cooperative content retrieval and sharing among
users aboard vehicles in 2005. From then on, researchers
propose successively some schemes of cooperative downloading
to help the users access the Internet via APs, which include
Mob Torrent, Cabernet, VADD and so on. However, these
schemes do not give a definitely rule of fully making use of
DAs in highway scenarios for cooperative downloading. To
solve the problems of the low utilization of the spatiotemporal
resource in DA and unbalance service of cooperative down-
loading, a strategy of selecting cooperative vehicles named
DSMov is proposed in this paper. DSMov utilizes the two-
dimensional matrix to define the spatiotemporal resource of

DA and the action to select vehicles, and simplify the space

of behavior to select vehicles for reducing computation
complexity according to the characteristic of VANET. By
building optimization model of Markov Decision Process,
DSMov solves the problem of the spatiotemporal resource
in DA.

Manhattan Distance are utilized as another principle to

allocation In addition, Euclidean Distance and
selecting the vehicles in order to keep the fairness of system.
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