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Abstract: Due to the powerful storage and computing capability, wireless communication capability and abundant energy supply of
vehicle nodes and roadside facilities, the vehicular ad-hoc network (VANET) can detect change of vehicle driving environment, evaluate
dangerous road conditions and warn drivers, such as warning of accident sites, collision prevention at intersections, predict the reaction
time of drivers, so as to provide technical support for safe driving and driving experience. However, data transmission in a VANET faces
multiple challenges, such as unstable wireless channel quality, time-varying network topology, short lifetime of wireless links, limited
bandwidth and large communication load. Therefore, how to transmit data timely and reliably to the “urban brain” has become a issue.
Taking storage cost, packet loss penalty and transmission reward into account, In this paper, a hybrid flow scheduling strategy for
VANETs is first proposed, which allocates transmission resources for data flows with different priorities; then, combined with link status,
a data transmission strategy for joint optimization of hybrid flow scheduling and path selection is introduced to meet the requirement on
delay for real-time data and improve reliability for non real-time at the same time. Simulation results and analysis demonstrate the
performance of proposed strategies.
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Table 1 Relationship between priority levels and access categories
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Fig.1 System architecture of a VANET
1 VANET RZG4H
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HH A9,0-1 A 1) R AR (0 B 4 SR R 1 28 0 R PR, T A ST IR T K V_MIFS R TR 1) 2 Sl
£, 58 B A 2 2860 (S R BR 5 45 2k 45 1 AR SC ¥ VL MFS B2 T] il 31 0-1 7548 1) 51 (0 S A T DX 5 % T8 v

© TEBREEEEIEDT  htp/ www. jos. org. cn



352 Journal of Software # % 4% Vol.30, No.2, February 2019
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TNAF R IEJTH, 1 R RTINS KL A 3505, e vHIRAS A 1 I s B 450 BRI sk fig 45 21
35 LR KB AR

TR K S35 (simulate anneal TR FK SA)AE SR Af S HUAR [ 416 0 Ak, 1n) 1807 THI A4 R IR SA B30 2 —Fid@
M B LT 5 1 B AL 3 2 P R IR SO R i SR < R B I A B T 4 v AR TR SR AR VA AD,
FEAHGTFE o, 4 8 P Rk i sh B i e T 5o, o ELREMEAE R MBIk B P AR 28 5, 48 8 P ke
To IR BUFEAS, BHI T 1 P At 2R T Rk ) g 2 [0,

N FHASEAELIR K, B 56 A S 40 TOW Yok G JE AT 4a R 8 ) e B BT A A, H b s 8 FON Y T iR SR I A
AE) R IA 45 e Markov BEKCSE L 2 i 78 8 2 1) P B AL B — AN AE g WT AR A8, 2R J AR 8 4 I 1) 408 4k i £ 5t
BUP= 200t v 5 E b R 200 258, AR 3 Metropolis kWA s J& 75 B2 52 B il FR e AT b ad i 7, B B AL 7= 24 3 At
T H bR BT 22 (8 — 0 2 75 4 52 9 i AR IS T Markov SIS, R 4RS00 428 I S 400 T 30047 MR 4k 4
ERHPAT LR PG RIS 5 T 098D, RGOSR R B T Fa e i R A B L g SA Sk e 1 ¢
HOEAHSHRNER A HSHROEEH S T, B KR BANRE T RERIKE Markov #EK L LUK
LA s.

Metropolis i M2 A5 48118 SRR ARG 1, RS 4DLIR K 5 Doy SRVE A bl Z2 TE T e Rl R i N T B ATLIA 3%,
o B 22 AR B A O AN L 2 3 T DA — S N6 S 42 52 0 i, BT LA A K 1) T Rk 3 4 ) e fL i
B0 BEVF AN 52 L 2 i A A I i, DL SRV BRI T AR 75 5 I N 8 S D T AN BB 1) 4 J=) S 0 RS0 K v o
252 WA L Rl /2 Metropolis v, B

o U HARBRE ZEAEAT NF O, F R

o NRAF KT 0, Se Lk B —AN 0-1 Z ] I BEATLEL, 2 W exp(—f'/KT)>Random /& 75 i r 45 i ar, 4552

T T DU AN 22 52 0 .
T BAGE, AN B 30 1T A2 DL — 8 IR 2R 42 52 DL IR K BV I AR B ] 2 s

BHATL/ | SR 2 e,
T H b i 2 Gy
I

!
B e,
T H bR )

v
| A

=) <
st

B2 ¥ Metropolis
w=w |, fw=flw ) AN B2 57 i

BRI

R U

Fig.2 Workflow of the simulated annealing algorithm
2 BEGR KSR
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3.6 EEVANETRIESRIAE R —TESAE %

BT V_MFS B 1) 58 BT it 16, 454 0-1 560 1) JEVARL K A5 284 v 52 B k1] Py SR figé 1 8 7 50 s 306 30 8 ) i
A Ay SR AR AN B A 2 75 36 1) e AL AS TR] 1 500 B2 B RLAE K BT DL — 58 I R Sl a2 32 T 4 il )
AR RE ) A AR R b BT K BV A TR K R 2 Bk R 3 e A, AN T 4R B 4 R B A A 4 S AR AL K AR 1 B
AR SCHE R R ) TESA Bk xt H bR B 3k 47 SR i TESA FyL W R EUARTI L o) jUR == (A] . #Igafd . Hix
PR, HHRM =N M E 25 Metropolis #5252 HEN, TAERAZWIR.
1) ASSCRETR AU TR R 0] R A i Y i) A1 A 04k L B D V_MIFS BEAY,
2) IR 2 ) BT ER O R R T R AT AR R
(X (@), X ()0 X (A (Y A),Y (), Y (A)) | X, X8, +X, xa, < B,0<x, < min{Q,,A},
0<x, <min{Q,, A}, X (i) € {0.13}.Y (i) {0, 1}
3) WU, T AT R A 2 ) R R AT 1 R D DA R R RS AL B R 1 A N AT AR R (0,0,...,0),,,, AV
(0,0,..,0),., -
4)  HFSERELV_MFS BRI B bR g £ A 2 (2) TR,
5) BRI AR A, BEATL I X 2 H L AT AN R AL 1,3 AR A R T A, W) B BN
RIBFEF, BB | ONARE A2 7 2 (10 1R B B I 59— B £ 4 B0 A0 | CDRAE e 0% 7 51, U
i, I BEMLBN HOH A .
6)  UMEZE AR FR A AR 3 R RE A L, 6 R AN 22 K

Solution ={ (16)

S(i)
AS—{S(i)—S(j) (17)
S(J)-s()

S()F A M L 1 BN % FE 91;S (1) -S ()4 K SO, | FBON ELKE B S()-S (1) 2 0% B
OB AL | CLAEAE R 2L 0, UG | I FF BN .
7)  fi % Metropolis #E I, 3825 v )
<0, accept
—-AS
kxT

AS =<>0, if exp[ j> random(0,1), accept (18)

=0, accept

A Fe % A 5 28 0-1 500 10) 8, 45 - LR KR, T TESA B30 B A bR sk i AR DR
KEERITE B T M S H0R VB I S RO — 41 R R S AR 1 S 40 B (T L, o5).

o T RIRTEHISE AR KOG IR,

e L %7 Markov BEKJE;

o aNIBKE,;

o s NEIVERL IR

— Ml KR R BETRBE O AR R AR R IR T G E IR K S EOA RE R IR LR K A
T PR 1 I 1) ks 3 4 RSt T 3k 21 4 R B A i

1) #HISHT MR

PEHISEL T W0 8 R BET BBV 50 8 R 408 DR, B0 P 4 2 1 L 0 e i o2 384 K, B 6 SR A4 J=) B ik 1)
MR AR 385 0 AR T K, W) 25 S BUR R IR 3 A B0 In AL A3 A2 )7 1) CPU & 47 i 1] BH S8 189 0. BRI ik, T {EL 1)
BN 5 H AR S BT v %5 8 SR A IR

2) Markov % [ L

Markov #EH L % T REHUR k HE R G ETE TESA S 4~ Markov #EKIEA LG, 1 it 25
TR B L Bk NAEREAN SIS B T 0 M AR A8 A T- 38 6 B T4 B IR JOh ik TR T AT
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B LA R A 2 R K LB m R (38 4T 2R L5 45
3) B IERK
ol TE IR B IR K o T TR 2 T Bl el i U7 ﬁﬁ%ﬁ“ ARSI W A e, B

tk+l ath k= 012

Aol /N PR S EUE RIS T s, ‘fﬂfﬁzijmivﬂﬂ%% I, TCVEAS R R ] e A T S
A B S ek DTk AR 2K 3 SR T B K A A 5 I S B T G2 18 e vk, AT K 380 B v O (A

4) P2 4T 1 E

FRZ SR AT RIS T AN T3 IE R, BT 242 00 2 5 T<1 I BRR 78 28 1k B AR 2 3010 B
A Traffic f.1¥) deadline {7 B4 %74 deadline 20 .38 g A £5 &% )7 41 Traffic 1 Environment J7 41, & T~ 5
15 1, H AR TR R T L RO B L B A R T 4.

B3E 1 M VANET BRI S8 & 3t o FE S ms——TESA Hik.

Input: A, As, Qr, Qe, L, to, @

Initialization: deadline, t, By, B, to, @y, ae.

1
2
3
4
5:
6:
7
8
9

10:
11:

12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:

X =[0], Y =[0], flag=0, T=to, Xi=0, X¢=0, S=0;
while T=1 do

for k=0—L do
BE ML B — A Hd 40 i, flag=0 b Traffic £,75 W) >4 Environment £,
if flag==0 then
if X[i]==0 then

if Bik Traffic £ i i /2407 5 A Z X £1 0 then
X[i]=1; x¢+=1; S+=(deadline;-t)xBy

else if JR Traffic £ i WZEph X 3 H, WHCH —AS Traffic 2 j BN i then
0=B;x((deadlinej—t)—(deadling;—t));

if (5<0) then
X[i1=0; X[i]=1; S+=¢,

else if e"">random then

X[i1=0; X[i]=1; S+=9,

end if
else
BUETHON Traffic 40 R ECH A §,B0E TON Traffic €3 i [A]ISECH Environment £3 j
if flag==0 then
0=B¢x((deadline;—t)—(deadline;-t));
if (5<<0) then
X[[1=0; X[i]=1; S+=¢;
else if e ¥T>random then

X[i]=0; X[i]=1; S+=0;
end if
else
o6=(deadline;-t)xBsB,
if (6<<0) then
Y[j1=0;X[i]1=1; S+=06; Xe—=1; x;+=1,;
-3

else if e “ >random then
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29: Y[i]=0; X[i]=1; S+=6; x-=1; x+=1;
30: end if

3L end if

32:  endif

33:  else

34: JEEL) Traffic O 7ERF R IE P A, BRI F— DN ARIERF R IE R j
35; if BELIEIN M B0 A28 Traffic 4 then

36: =By x((deadline;-t)—(deadline;-t));
37: if (6<0) then
38: X[[1=1; X[i]=0; S+=6;
39: else if e >random then
40: X[il=1; X[i]=0; S+=6;
41: end if
42: else
43: 6=B.—(deadline;—t)xBj;
44: if (0<<0) then
45: Y [j1=1; X[i]=0; S+=0; x.+=1; x;—=1;
46: else if e">random then
A47: Y[i1=1; X[i]=0; S+=5; Xe+=1; x;—=1;
48: end if
49: end if
50: end if
51: else
FBEALE LR B AL i 2 Environment 41, U5 F2 5 Traffic 1925181,
52: end if
53:  endfor
54: T=Tx«
55: end while

56: output: X, Xe, S.
4 VAENT FiRERIAESRIZREFENHKESMIL

Traffic fA1 Environment £ >4 VAENT 5 i i 2 {1 B 45 60, Traffic /6 5 S5 I 2500, L 52 Ik a0 2043 LA AR
e 505 TR AT AR R R 18 DR S e T A R K B AR e AR DU T LA v O R0 1) B T R R R S YA T S B A
EPEREAT A A, VANET () 50080 44 Hi il D 2.6 0K S 4 vei, Traffic 381 Environment £511 QoS 7 sk #43 LA PR B
4.1 [B1FRIEIR

) VANET FRIVE 20 1 3 SR s Rt A v T VANET w0t 56 20 AR 18] 1 s 7 A IR 1) 8 0 5 3 % 4
I 9 TV BB A T A i e R B v T R R 1 AR i AR Traffic &40 Environment @,ﬁﬁlﬂﬁlﬁ'ﬁﬁﬂ’]iﬁ
P, Traffic £ P #5217 1045 B 32 BLAKE 420 1) SE R AL 5 A5 B A7 Bl B LK 155, 17 Environment €385 41 11145 8
K COpv PM2.5 {HAFIA S 2 K Traffic 40 ) 9 SN Hodhs, 0 7 8 A5 5L I R, Traffic €N S R4 R IX B 271
St T Traffic SR POl B = 11 5T o0, B AR B0 R 06 2L [R] B, 59 5 i Hi e i 1 AR S nT SE vk R

ekl P
BT RAW A EEBE) . WA G TOE R 7 R ST L VANET [R5 s il i 3058 BAG Bk 1k
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SRR 42 2 06 1) ) A 0 o, T D E B R S R, I 28 3 I A A S B AE ZE A 1) 17 AT B, JIC 2 %
R B3R, 9 4% 4 AT A B PR G B A B B AE T VANET, T4 VANET #3024 B3 B 1 5% ik 85 vk,
F B 45 B AR RUAT S ) ORI B A S 6 B AT IO, D A A B S T — Bk
4.2 HEEIET

TEFE FE IS A A, Va T 9545 & 3% 59 7 1Y) Traffic A0 Environment A5 51 8 25 715000, Va Bl 23 E b
2 4% ] R B AR, B AR Ak 3o B AR e A TR S A

o FEMIEUL KEM TR AL =1

o EREES R TIAERS I 0 =1,

1M FL Traffic 24 A0 Environment £ i mT g 73 2 R — 4 A% S i . OR1 0k, AR08 065 1 1100 5 I 96 A2

Deer 2jon, e ¥ x Lixh <BVleL (19)

o,

e F R Traffic A1 Environment P 4 B3R 4

o JAREAT SRR AT R IE B AR

e P MU Traffic B Environment %3 it (1 5 43 15 0k B R 42 4

o L RUNIZA LN AT B 1SR A

o X HI X B Xe,ay BN & B0 a..

W LAl 2SR i, L il

! e{o,l},szPk L =1vke{f,e}jeR (20)

Ho f AR 12 Traffic 5033, e AR 022 Environment B 37, Py K 75 K B8 10 BT 1638 B 42 A AR — 4 %
PR T 4% U008 L =1 SRR I B B | AE R BRI 45 ) B S ! =1 BRI A EE N o)

5 11 V_MFSPS $=# i iy

X
max S =Y (deadling, —t)* x B, x Ly xh{' +x,x B, x LI xh)' —cx[min{A,,Q.}+min{A,Q,}]-

io (21)
7e x(A; +Sou; — Q)" —y, x (A +Sou, —Q,)"

S Dk e X XA x L xh! SB<q (22)

0<x<Q; H W (23)

0=<Xe<Q. H WHHL (24)

Le{0.0.> ., U =1Vke{x . x} iR (25)

i, A5 (22) 24 H A5 o8 3 A 20(22) 24 58 £ R, 2 3 (23) F1(24) g e 3 AR 5 29 5, 4 2(25) 0 B 2 40 R AR B T
V_MFS, R4 U 1A 15 5 B 30 2 R UG £ AR 4K (KB V_MFSPS Al K4 i S50 078 1) A5 8% . F AR 2240 Va
KA Traffic 4 H K< A Environment {140 H 7R 4 Ae, Traffic 43 (1 2% 1l X K /MK 7R 4 QEnvironment
AL X KN R IR A Qe ABARMY B 7 ¢, 8 51 IR 35 Filp L 500.S ARRAE G 1) RO 25 465 4 K A28 9%, V_MFSPS
R e

Xt

max S = (deadling, —t)" x B; x L} xh{' + x,x B, x LIxh)' + ¢ (26)
i=0

S.t. zkeszEpk x xa x L xh' <B<q (27)

0=<x <Qr H W35 (28)

0<x.<Q. H W% (29)

L e{o,l},szPk L =1vke{f,e}jeR (30)

© TEBREEEEIEDT  htp/ www. jos. org. cn



AL S VANET R B s R TR A RA 8 A5 3 F ok 357

oy, ¢=—cx[min{A;, Q3+min{Ac, Qe}1— /< (Ar+Sou—Qy) '~ e x(Ae+Soue—Qe) .
4.3 IBiEHH

V_MFSPS 15 4 N ARG A, O TR0 20240 H bR s 30E S B KAE, A F 1R BRC2 AR 4. T 52 0 i
KA H b BR B0 i) BB AT e 4 45 31 A 5X(26).

T (26), % i(deadlinei —t)" BT R we, T84 2 30(26) 3t i 4k
i=0

S=w; xX; x B x Lk xh!' +x,x g x Lixh!' + ¢ (31)
AT ARAT S BB AR X 22 2 (31) HEAT HOAA b B, T mT 1
S=w, xx; x B x Lk xh!' +x x B x LI xh/ (32)

BERR SR HEE A BON o (B<<c), B & Traffic 400 A7 SEAEGMEL wix B SRR B, 2 wix =15, 22 50(32)
QEE ]
S=x; xf; xLh xh!' + x,x g x LI xh/ (33)
XFT Traffic A1 Environment $s 4 K U, Kot o 73 S RO, 405 Al 10 45 6 S BOK, DR e A4t oK.
Traffic Hdi i) AL HHE A L a E H a0 0K, 4 K 2O R 2, 4, 55 e Ik bL, B

Brpxay, fe=pixae (34)
FEEANECH
S=x, xpuxa, xLbxh +x xpuxa xLIxh!' = u(x, xa, x L} xhi' + x, xa,x LI xh]" (35)
G e AR A 8 R (22), TR
S=x; xuxa, x Lk xhl' +x, x pxa,xLIxh)' = u(x; xa, x LI xh!' +x,xa,x LI xh]") < uxc (36)

SKARE) H bRt S I8 B HAUAE, B max,o S=pxci.S 5 ¢ BUE ¢ BOK,S Bk . R itk 7R A i R B 5 AR
BRI A AL e ms vh d5 A3 S Mg 2 O Traffic 2 v A1 Environment B8 Ui 128 B 14 75 B8 i R PR B8 i 4 1 140
A2
4.4 PS&TESAE Xigit

B AREFE G R AR B AR B 3 AN, 233 g H AR 224 . 2% 11 Traffic £ 1%k H . Environment (0114 H LA
SRR IR RE X 5 Xe I R #5500 TAF RUBE Bk U, U B BUAN IR, MOIE 0 0 B8R L7EKE 8 V_MFSPS 11,3
A e 575 75 B 1) EUAE 1S g S K80, 36T I 1) PS&TESA B ik th g < K &l ) 1, 4 /2 — > NIP-hard i) 111241,

V0 B A2 1 R TR 35 A Oy e R A i, I BB K, I o R M S RO 2 H FR ZE 9 A 6 X PR S AT AL A E
B2 505 ] FH (0 JT A B o 30 0 T BB A e DR PR — 45 A O s U 1 4 i B A, 0 2 B I B AR HEAT AR il 24
H AR ZE A0 B I R 5 17 R0 000 3 25 1047 0k B, 1 B0 3058 H i, B =3 S,

MR &N 4 PS&TESA Bk Hyk by RIS n 53k 2 fiow.

BiE 2. 1fm VANET ¥R At 8 B 5 B ARl B E A U0 A R £ 3 4% i 24 s

10 RIS VL 1oka% S H bR 7R3 A& 3% Traffic A1 Environement 43 1) %5 &
tmp=0; path=0;
for X TAEE — 4% i do

for X FAT R — 40 BN % | do
if max(C))>tmp then
path+=l;
end if
#3205 path;
end for
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10: end for
11 HE FIRE R B B A b L,
12: ¥E#% path 1 bt & 42, L =1

5 RBERSMERESH

T A VANET  H B bR [R]85 2% 10 98 4 B0 7 10 AL i 7 oK TR I s A B AR 2300 R i 2, A SR 1 T
TESA 5 PS&TESA %A UL 56 45 T Al il S % S0 1 A 2%k
51 VANETHIRERMIAE SHREEENBEEML RIS

BE T I G, VF A S ST AR IR SR I P L O B S G UE S TR S TR R e R AR R, A ST R T
PS&TESA Sk AE I %E J7 10 B AT I WA 3.

AR OMNET++F 65 417 B 45 7% 2 ZE 401 S50 A5 15 o, B J5 R FH MATLAB 47 B0 S VL AT M g 4y
AT AT BRI O — 4 XU IR) AT I 0 T T B, AR T 4k R R4S 43 A R TR) B D 20m, RSU 771 34 19 1 B AL
A3AT ETE B Sk 5 2 VAT A0 B T N X8 AT 40 AT 10 B 7R, 4R A TR B t PN IR Traffic A1 Environment
P AL % H 4> B8y 50, 100, 150 1 300.% Traffic ¥ {1 /& 4 5KB,Environment %4 411 & 2 3KB.

T Traffic Foyn 4L 5 4E, 6 R HEAT B AR HE BRI TESA Sk 5 In N 4238 85 11 PS&TESA 5147
EL8E, O B 45 RN 3 TR A Qs Aes Qe 73 T3 BRI 4 (50,50,40,40) . (100,100,80,80) . (150,150,130,130) (300,300,
270,270),18 3 Z5H T S A AR ) UM 23 ST 100 YR A5 LK P48 526N G v Traffic Bs i (0 A& S i
S IR I J5 — A Traffic G04L i 58 /8 6 B[] Ay 38 4% S 05 9t (1) A& 4 i €. (i &l 3 AT %0, PS&TESA [¥) Traffic &% i 4E
WY AT TESA. RIS AUAS I 0, 1% % IRF 4E 4 2R 52 3 H A ) 0 04 A6 T TESA,PS&TESA [ Traffic & % i 4E 5
FHE R, 5 B AR B A LA I AR 5 2000 5 L, PS&TESA ¥ M T AT 1l HH % 1% Hp i 6 ik i 2% o de K1)
5 A% T I 2 R K, T B AT, A TR Bk D A i I SEE ik /D PS&TESA Xt T4 S I 5030 U ok 5 R4, B85 AR IE
Traffic £ (0 (¥ 4 4 i 4.

50, 50, 40, 400 TrafficHHm AL i 1T 100, 100, 80, 80 TrafficHds 44 4t
PSETESA | | - PSGTESA | | ‘ ‘
————— TESA ”
N
e
L. ':.
0 05 h
° 3
T
A
i
0 ‘ S : 0 w \ ‘
30 40 50 60 70 80 40 50 60 70 80 90
& Sy 4E (5) £ %y ) 4iE (s)
150, 150, 130, 1308 Traf £ KA 4 4E 300, 300, 270, 270} Traff1icEdh i i 4
PS&TESA " PS&TESA ‘ === |
[ i
[}
iy )
- 1
i ¢
|
1
_,.'
0 : 0
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1 iy I 4E (5) 4y If 4iE (s)

Fig.3 Comparison of transmission delay between PS&TESA and TESA in different scales
3 BB PS&TESA 5 TESA AL AN XS LE
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5.2 PS&TESA5DSRCH LI 8E LI
SET AL I FE, 45 6 AN R 28 B B0 4 (¥ T R R 22 47 X o5 H LE, % PS&TESA 5 DSRC Sk HEAT LU Al B 5K
50 &5 TR W AH X T DSRC B2 56 16 5 S I 5040 I, A SCHR HE 1) PS&TESA A AU =1 17 55 552 I H0 4 v 1) &
TR IR T S 42 X5 H B i T AL 1 26 2R PS&TESA ZiE NI €5 DSRC &k LI TS W] e 2= 1.
H I 4 W50, PS&TESA ELVEARNY AL ts A sk /N Traffic €0 HAEH IS 4, 117 .7 05 5% w5 59 92 I S0 37 10 R 3% 5
2, BT 55 55 B B A R 22 A7 o T LG
P 4(a) T 4 A 7] () B 4 7= A4 26 R ,DSRC SLidu A 51 T 328 5 552 B 450 ¥, 5 8059 S o) A5 i 1k e
PS&TESA S R v 1 55 92 I B 5 U 1) & 336 3 % 1] 4(b) % I, A SC BT 4t R S i ASANHRE 5 7 599 S ) 30
LI 326 2 1T L AT 58 S5 B 50 7 A AT AT AN R 52, 5 0 5 R 36 0 S I AOHR U ¥ DSRC VA Ll W 35 1)
&SNy ST AL B 4(c)4h T A I I Bt 0 7 A 3l R I 9 2R B0 I o 2 A S TR A B, i B 4(e) mT A,
PS&TESA kAT Rt FFAR T 55 52 I BCHE 1L 1K G2 A7 oy 1 BUAG), BAR T 220 X g v HH A6

800 T T T 0.05 T T T T
7001 [~"PSETESAFIETFREHIE g I e
==DSRCHH 4 ARUE AR ol BT e =z==
600 TN e ; =-PS&TESA+IN FE KK
Te T --DSRC+ FE U H
AT e el 7 003 A ]
¥l < K
a0 T ] /!
BT ool /]
;ﬁ:;oo ——————————————— 7 II’
® Lo e o !
mg200-  ee==TT 7 K
O L 0.01t/
100 === !
. . . . . . . . . , . . , , , \
00 350 400 450 500 550 600 650 700 750 %o 30 a0 2% 500 B0 600 650 700 750
H A A (A ]s) Hdli A A (1 s)
(@ (b)
0.8
E O ——————
N e —————————————T T
_‘_\06’ - .
i —-PS&TESA+I 4
17 ~—DSRCHIHE
X oL = -PS&TESA+IH Atk
£ 04 —DSRC+IHE U K
O
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Fig.4 Performance comparison of PS&TESA and TESA under different packet generating rates
Kl 4 AREHEWEHE T PS&TESA 5 TESA A LL

6 RESRE

TERA AL BA TR N AR, AR ST A SN SR DT T A S A A e ¢, SE I AT T

T AN B A B PETH A B O L SEIN B LA L VANET i S I B b 55 58 N B 3847 i s
W $ ST A2 . T i A7

A7 A HAN T T [ i VANET 38 A5 7 96 52 PR, I i TG 26 £ 18 i A AU

s A MR AR SR KA 2 R A LR T VANET il & i R B L i Ak PRI S DA i Bt A%
W, LA A i I 50 s 0 T O S 140 35 SR T I vy 55 S8 IR 50 110 A2 g T 0 017 B ST 5 1 B 20 44

i
R ARSI IS ML SRS PS&TESA AN HEMS i)~ 5 S I B398 At P I 428, iy L B % 352 vy 55 SI2 I 200

AR IR R AR I 55 S I S50 A R 92 47 o T L

© P EBEEG T

http:// Www. jos. org. cn



360 Journal of Software # % 4% Vol.30, No.2, February 2019

References:

[1] Yang X, et al. A vehicle-to-vehicle communication protocol for cooperative collision warning. In: Proc. of the 1st Annual Int’l
Conf. on Mobile and Ubiquitous Systems: Networking and Services (MOBIQUITOUS 2004). IEEE, 2004. 114-123.

[2] Yin JJ, et al. Performance evaluation of safety applications over DSRC vehicular ad hoc networks. In: Proc. of the 1st ACM Int’l
Workshop on Vehicular Ad Hoc Networks. ACM Press, 2004. 1-9.

[3] Xu Q, et al. Vehicle-to-vehicle safety messaging in DSRC. In: Proc. of the 1st ACM Int’l Workshop on Vehicular Ad Hoc
Networks. ACM Press, 2004. 19-28.

[4] Halstead MH. Elements of Software Science (Operating and Programming Systems Series). New York: Elsevier Science Inc., 1977.

[5] LuR, Lin X, Zhu H, et al. SPARK: A new VANET-based smart parking scheme for large parking lots. In: Proc. of the INFOCOM.
IEEE, 2009. 1413-1421.

[6] Liu B, Khorashadi B, Ghosal D, et al. Assessing the VANET’s local information storage capability under different traffic mobility.
In: Proc. of the 2010 IEEE INFOCOM. IEEE, 2010. 1-5.

[71 Yang X, Liu J, Zhao F, et al. A vehicle-to-vehicle communication protocol for cooperative collision warning. In: Proc. of the Int’l
Conf. on Mobile and Ubiquitous Systems. DBLP, 2004. 114-123.

[8] Fonseca A, Vazdo T. Applicability of position-based routing for VANET in highways and urban environment. Journal of Network
& Computer Applications, 2013,36(3):961-973.

[91 HuS, Liu H, Su L, et al. Towards automatic phone-to-phone communication for vehicular networking applications. In: Proc. of the
2014 IEEE INFOCOM. IEEE, 2014. 1752-1760.

[10] Zhang L, Yu B, Pan J. GeoMob: A mobility-aware geocast scheme in metropolitans via taxicabs and buses. In: Proc. of the IEEE
Conf. on Computer Communications (INFOCOM 2014). IEEE, 2014, 1279-1787.

[11] Baldessari R, Zhang W, Festag A, et al. A MANET-centric solution for the application of NEMO in VANET using geographic
routing. In: Proc. of the Int’l Conf. on Testbeds & Research Infrastructures for the Development of Networks & Communities.
DBLP, 2008. Article No.12.

[12] Wahab OA, Otrok H, Mourad A. VANET Qo0S-OLSR: QoS-based clustering protocol for vehicular ad hoc networks. Computer
Communications, 2013,36(13):1422-1435.

[13] Hafeez KA, Zhao L, Ma B, et al. Performance analysis and enhancement of the DSRC for VANET's safety applications. IEEE
Trans. on Vehicular Technology, 2013,62(7):3069-3083.

[14] Chen L, Chen K, Bai W, et al. Scheduling mix-flows in commodity datacenters with karuna. In: Proc. of the Conf. on ACM
SIGCOMM 2016. ACM Press, 2016. 174-187.

[15] loannou A, Katevenis MGH. Pipelined heap (priority queue) management for advanced scheduling in high-speed networks. IEEE/
ACM Trans. on Networking, 2007,15(2):450-461.

[16] Hammon DKL, Hippner H. Crowdsourcing. Business & Information Systems Engineering, 2012,4(3):163-166.

[17] Abernethy JD, Frongillo RM. A Collaborative mechanism for crowdsourcing prediction problems. In: Proc. of the Neural
Information Processing Systems Conf. 2011. 2600-2608.

[18] Chen L, Li B, Li B. Barrier-aware max-min fair bandwidth sharing and path selection in datacenter networks. In: Proc. of the IEEE
Int’l Conf. on Cloud Engineering. IEEE, 2016. 151-160.

[19] Aarts E, Korst J. Simulated Annealing and Boltzmann Machines: A Stochastic Approach to Combinatorial Optimization and Neural
Computing. Chichester: John Wiley, 1989.

[20] Laarhoven PJM, Aarts EHL. Simulated Annealing: Theory and Applications. Kluwer Academic Publishers, 1987.

[21] Press WH, Flannery BP, Teukolsky SA, et al. Numerical Recipes: The Art of Scientific Computing. Cambridge: Cambridge
University Press, 1986.

[22] Bertsimas D, Tsitsiklis J. Simulated annealing. Statistical Science, 1993,8(1):10-15.

[23] Karp B, Kung HT. GPSR: Greedy perimeter stateless routing for wireless networks. In: Proc. of the 6th Annual Int’l Conf. on
Mobile Computing and Networking. ACM Press, 2000. 243-254.

[24] Madhusudan BS, Wadhai VM. Study of the effect of velocity on end-to-end delay for V2V communication in ITs. Int’l Journal of
Next-Generation Networks, 2013,4(4):19-26.

© TEBREEEEIEDT  htp/ www. jos. org. cn



FBEL S VANET %4085 5 3542 e B BE AR AL 69 4% 4y ok 361

[25] Wang SY, Chou CL. NCTUns tool for wireless vehicular communication network researches. Simulation Modelling Practice &
Theory, 2009,17(7):1211-1226.
[26] Bertsimas D, Tsitsiklis J. Simulated annealing. Statistical Science, 1993,8(1):10-15.

SRE(1991 —), Lo, B ph Pk KN it L, 32 2
T 58 A5 Ay T 2 100 3% , 504 A% i, 4 9 4%
i, 19 2% 22 2

FREEI (1973 —), 9 1+ #oz 1 L4 5
Jii,CCF i 2% 2> b1, 22 B 9 AU T il Jek
S5 A B I ) 5 R 3 A

FroNak (1978 —), 2 1 w0 1 AR
S, CCF 44 51, 5 BRF 5T 45 sk by T 26
) 2%, 40 KK ) 8040 £ i, A 28 4 o, ) 8 4

SRR (1994 —), Lo Wit 2k, TSI
N T £k W 2t 50 A i 1 2 5 L

#1988 —), %, 1 142 ,CCF 2244 0,
T2 B FUATI A 0 IR I B £

A B (1979 ), B 1 Rl #4% ,CCF &
b 2% 17, 3 B AT b A 2k ) 4t 4 19 1A
LA A A

B (1959 —), U5 W b B 1 AR
ifi,CCF 0 4% b1, E B 7T AU 0 I 2% 5
5 B2 4 BT WA 5 TR 2 AR
P10 4 W 4 5 RS Bl S 4 A i

© TEBREEGESIEIFEFDT htp/ www. jos. org. cn



