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ABSTRACT

Abstract

As one of the most promising cross-disciplinary applications involving 5G, transportation
and automobile, the Internet of Vehicles has become an important development direction of
strategic emerging industries in China. Various Internet of Vehicles applications include road
safety, traffic efficiency, autonomous driving, infotainment, etc. These applications put
forward new requirements for mobile communications such as low latency, high reliability,
large bandwidth, and high mobility. In this thesis, we aim to address three key challenges of
Internet of Vehicles: (1) How to guarantee data security which is crucial for safety? (2) With
the rapid increase of mobile Internet traffic, how to ensure safety, reliability, and stability of
data transmission? (3) How to design efficient caching strategies using limited storage spaces?

This thesis mainly focuses to address three issues: First of all, intrusion detection
technologies based on machine learning has been gradually applied to the intelligent vehicle
networks. However, the actual detection performances of the intrusion detection system
implemented on vehicles has not been tested. Secondly, vehicle networking for information
interaction generates massive amounts of data. Clustering can improve the efficiency of traffic
information collection and distribution, but there are few studies on data transmission
optimization within clusters. In addition, repeated downloading of popular contents will
increase backhaul loads. Caching technologies can effectively reduce transmission delays and
costs by caching popular contents on road side units (RSUs) and vehicles close to the requester.
Most of the existing caching schemes consider RSU and base station (BS) caching. Without
taking cache capacity on vehicles into consideration. To address the aforementioned issues,
this thesis conducts in-depth research on data transmission and caching strategy of Internet of
Vehicles through modeling and simulation analysis in different scenarios. The main
contributions are as follows:

(1) We build and train an intrusion detection system based on simulation data. For
scenarios where RSUs are less deployed, we propose a fuzzy logic-based intelligent detection

system deployment scheme is proposed, which can effectively identify malicious vehicles
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based on the set threshold values.

(2) Based on complex network theory, we propose a clustering algorithm based on
generalized distance, a cluster head selection algorithm based on fuzzy logic, and an
optimization model of intra-cluster data transmission. Our work aim to reduce the information
transmission load of the entire network for urban traffic data service collection and distribution
scenarios. The comprehensive communication scheme can effectively improve the network
throughput in clusters and reduce transmission delays.

(3) We expand an existing single-layer caching scheme for the Internet of Vehicles, and
derive the average content delivery delay and average content delivery cost. We then propose
a caching scheme so that the caching capacity at both vehicles and RSUs can be fully utilized
to minimize the overall transmission delay and cost. We further propose an alternate dynamic
programming search (ADPS)-based algorithm and a low complexity cooperative greedy
algorithm to solve the optimization problem in this scheme. In addition to numerical
simulation, we develop an infotainment content transmission system on the MKS5 platform and
implement the prototype model. Results show that the proposed caching strategy can

effectively reduce content transmission delays and costs.

Keywords: Internet of Vehicles; intrusion detection system; fuzzy logic; caching strategy
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WTAERK, 2B AR (The fifth Generation, 5G) R ML I POER R R, H3)
TG BB S BORTE R RE M BRI R o 5G A= KARFI: 7T SR ks 2 1 5L
Yo UL BEA0 S AT BRSO R AR %, RR NS SRRSO ZE A R AN Re B e, 1fT SG/i%
ZEZEHM (Cellular Vehicle to Everything, C-V2X) A H#255yx /i FiEk, 4w
HE 7B g . BT, RV R O H AR E 30T SCHF 5G V2X M 5G
BN MARVEL R, 5 [E 5G 2 i {5 B 4 3k XV Al IE A0 G 26 FE 8 PR R A
4> (State Radio Regulation Committee, SRRC) ZEFZAH 5G/C-V2X Zufi = filiE, N
5G C-V2X Gy stifva it 7o 7 %

FEEBMEEE AR, FREAEBAIMET LR 2 (Institute of
Electrical and Electronics Engineers, IEEE) 2T IEEE 802.11p Frifi il 2 1% F JE FE @ (E

Fi AR (Dedicated Short Range Communication, DSRC) F1%8 =AC&1E4k it (3rd
Generation Partnership Project, 3GPP) I #i & LTE R4 M 25| € i) C-V2X, f17 LTE-
V2X. 5G-V2X K Jassidt, ¥HF LTE-V2X [A] 5G-V2X j#E#E. DSRC CAfFELE,
RIBIFEFEAMR] . WNEARAER, BIE 5G K4HHE (5G Automotive Association,
S5GAA) MRS, C-V2X 7ERZ HTIYEREM T DSRC, SCHREHELFIIARAEE TERE |
FESh R G A R 5 1 AT SEVE L SE S A LT e 0 A S L RO A ZE AR ) A 0 ARRAS
FbRHEAL I R, C-V2X BT iR NG, FHIEN 4G, 5G M4, EHET,
HEE AR, 11 DSRC AR W 75 Z87 @ K8 I 5.8 (Road Side Unit, RSUD, #F
B . C-V2X (EAFR A4 T A M2 vk HLUE kR 2R V5 I . BURSCREE R, %
[ 2 A — B 34F DSRC. 2020 4 11 H, SEEBPFHMEEZ R E 0 5.9GHz SBCE 7
FCHEAT THEE, FF04r 30MHz 45 C-V2X TR, R m C-vaxPl, o EHA 23k
KM LTE W%, BURFZ AR S C-VaX £ EREME AR KK R . AT Cg
REAE KRB R ERN G T IX, E# T N AT R s B b [
BONSEEREMAES S, 2 V2X PR IR, BT C-V2X ISR %
R, KRR REBEATIEM, /TS .
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AL H PR RSB, KE 28 B 3 20 R R G 2 A T SE R ok B
Kbl ERFEERm N R, W] 28 R AR SRIE RS B0 1) 22 8 2% P DR AUE AN =
O] SE AR AT AR o S5 BEIRIIN, N DR BE AR A N FH 7 R BN e Rl 25 4456, 1)
e FEERGAMRSS (n. BILE. ELF ), X MUK RS SR B
RO AE . ST, 3 2023 48, 5G KL 4G &R AR 3 A REdREREN.
HIRA SR BOR FRIRTH 42 FARHE R, (HMN SRR AT 245 T uli Az 0 kA
IRV [ R B A SR AR R S BS 70, ATTHYA A seilad [a R e g o B TU R AR Al
A7 BB DR 32 I R N A7 i BIIA 2045 L RSU o, ZE5 T 7 R P9 28 (A I S
SEAR, REUA M S A7 T SR A7 At ARAEAT FERIURE . BRI, AR T8 SO0 22 Bk X s 22
Sl Bttt 5 W R A RIS REAT THHFE, BT B AL SR

1.2 ERSME XA

1.2.1 FEERAN RN RS R

bEE B SRR T R, ERN S BE ARG BN L IR, B REMIBOR
ZE B AR B A W 4 = A B AR RN, Ak B R e X . S RN R
G EAG, IR B JOE TR K, X e R B 2 A H A e S A . NIRER
R GLRENS NI U0 B R, (RBREAE B e 4

VP2 58 5 R AT R G HEAT T 5. Alheeti KM A 55 A\SE SCHRIS o
H VB RRERN R AT — R, I—RH—F R RN IR R, EX KN
Weilis i Bl . WEIGE . BIRSGE IR H I T W% SCREmE AL, RALADIER
R Bty B AT N, IREARIIREE . Zaidi K 25 A\ AE SCHR[S]H HE 92 TR B0 56 (1 R 1
FRIGERN, R S AR N S B ZE, B #E KB . Sharma S %5 A
LESCHRIOTA ZEBE I NAZAS I R SR AT T VR 0 RN A AR T LA, JFHiR 7Y
P IH R AR AN AR 2R, 70 24 75 1 P 1 e PR SR ST B T 1 i M B i s I T
KR FERUN A, 6 I Brs S oA S0 08 SO RSl A 50 G P SR B o SCHR[ 1014 HE — ol
PMENR RN R G5, R 2 FI00 28 O U 4%, 1k 2 AN A A E W 4 (Software
Defined Networking, SDN) 4 fill 85 3 [5] Il ZR3EA WX 2% ks A Y, 5 4 v =AM AR L,
RERL IR/ RGETT HORLEAS 13 SCHR[11158 AR TR SR A /0 A A A T st

2



$—F 4t

RLUEK B AR ZEAM A K, el N ARSI 2R G 0 DT AR ARG I AR 8] o SCHR[12TAEAN ST AR
LRI FEAMEAE T O, BT AL 130T 1 RN AR AR Y 1 73 2K g
730 SCHR[13]352 2 TR AR SRR AN AR 5 7%, $2m 1 WAl i dERf k. b
TR FE T B ORE WA S A I SR AR Y, SR ARG B, 103 5 BN AR AR I 3 G At
S o R A R T TR, ST FEE AR X B SR AR RS L, TR X 89 R g =%
FEAS—E RETR A B M. KPR e s I fE T, NN R SR 15 e
BRI B AT O R AR B 2 T R B RS L RO

122 FEMiEFEFRSHFEEMRIRAR

B RE X IR A F AR IE SR 2 i R 4R B A 2 4% (Vehicular Ad hoc NETwork, VANET),
TSR PR 2 B %0F 2 40 < 1) Jg S 368 1) 8 A RN AR A 1R B0 A% i LA SRR B4R I3 FH 78 15
PRk RIS A R VANET H B 80E A% i j o 70 R 5005 i) S B2 AR A — L )
BRI RO — A%, IRk FR %L (Cluster Head, CH) 1555, LAMHE
AN X 2 1) FL AR 8 7 22 B EAT TRLARE L) o Sk B B R 8 A ZE 2 ) 40 T HGAR S R (I
R0 ¥ B CRBEEE R & Bk TR TR RS RS, et 5
WAE, RN AR ) T B L R AN Eh A AR AL, Iid e (5 R i MR, A A AR
5 1 % 18 Sk T8 % L B s e B A i v e )

I3 15 BR300 26 T A e I 4% S ey R 5 AR B A P el 22 STk 16] AR > 2
i MAC 25250 B NEEE 25 18 B 518 R ORI S AT 42 i Do 28 F7 i i
SEVERE . SCHBR[181HE H o0 AT SRR SR BE AL T A g R g Sk 58 B0, et imin Bt
b ORI T P ARG BT . SCRR[2018T 0 S RS $2 HH — b o g | B50%%, JESr AT &
PR, HR R I S R AR T M PR TR o STHER[21)38 Hh—Fh i T M i A e SR 2K
T35, IR B2, A B AT 1) DA B o i 46 P P T 1 Skl 6, A2 BRLVBAE T
eI 2 3 S A T RE RO AR E M o SCHR[22088 ) — ok BT AR e A BB, AR AR R
AR SR 22 e R B AR T, I EU Sk B AR s B AR e 1

SCHR[231HE HH —Fh Ik T 40 A SRR AL S R B, S G Se AR S B ML, ke
P Kb/ IRV 73 BC ) R, SO SRR N AR B A . STHR[24198 2 T b 2R R
TREFHINEEHELE, SEIL IR SRS, LAl 48 7 2508 22 e 8 A5 e . Sk
[25]82 tH—MBr ) VANET B AL RS, £ KR i1 s RS gk, i
(1) 77 VA AE B A A 1 38 7 THI R I B -
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IR MR FEIR AR CGE TR ZEAIE SR DL, (EAE B SR 2 Bk U7 3.
AR SRS B E VAN, R RE T PLIE S R T, EE R AR E T
ULy B 5 BRI LR R o Rl A R T A7 A KB 55 5l 70 Rk 55 1), 5 5 i
FRAH RN 73 2L P IR LT TR #2 P9 B A DAL AR s 1

123 ZEBRMABTEFRIEMR

BEE 5G V2X R ENE, ERARGWSTINEGE, MR AER
FORAAGH R TR 2 2B H IR, FNETREEEMBREMRS . K& F
SR TP B SR BRI, 2 2 A% 0o W R R R 55 4 22 T (1 [ R B i ol 0 380 16 47
TG R 2R R AR IS5 R B T SR S EGAT T N AR B R Y, RSU sl H
FH LA AT A 25 B BT SR AT R G 2 I N 25 ST A I R e TR AT (1 P A S
FH P BT, 37 3R P SR B 28 I S AR o X T R8T I 5, B 1 AL T 3REA
AL, P AR m3REA 2 AR AR B 5 B, @id 4 5%, 45 RSU
V6 [ i P AR T A AR T Al A B B AS R B i ) o 5% U ) B B 25 R 5% R B
ZEAT AR L B B A 0 — 20 B AIK ) 2R S RLAS

Y2 2 E N E L4 (Device-to-Device, D2D) ZBA7 5 HEAT T K &M 75127
381, SCHR[281HE B B B MR AT M e /MU R 8 I ZE o SCHR[3 115K FAS 7] P 2k ]
I IR ASE Y ASLADL F R R Bk, B HH RS B IR N 2R A7 TS SR B KA B 0 0% . TEIX
AR, TR I R R 2 A ASS Y P SRk 22 4715 s R B S OUE T T B 3
St F 2R 3R AR R I B R AE . ST MR A, WIS N A NALE
LA NEAEAE RSU J2. BEMiE . RS, KR iE e RSU 47, SCHk
[39]4& & X RSU ZA-H /ML ZE 2 .76 (OnBoard Unit, OBU) R #i— /MU
Y ] SCRR[40T0F 58 RSU Ze47 3757, AW A SAEE A A RSU BUA7fif 2% 6] $2 & H
5 A ER AL SRR . SCER[4 1158 B SK P 1 SR R 32 SR AR A, TERR
SR N R, REETZ XIS ABREA TR, IREmNAGHE. SCR[42]5H
oy RSN ARSI TR AN R AR /MU T . SCHR[43]38 . RSU
BN GATTT R/ MEBAE I SE T = QoS SCHR[44152 tH T - 3 = M 45 e ) 252
17 T8UE )5 ZE foe /MU A 28 SR KIS 25 15 SE o SCHR[4S 9 H i K A8 ML IZ 4 48 I 245 S H5 11 Q
23] X5 RSU ZAE50%, SRR E FHM% IR 2 MR IRS 1 QoS. SCHR[46]4
BREATES84F . D2D AT EIEFIL S 7 S AT S EEINAELE, HANL HAx i /ME
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5 RSU AFARLL, SEAFAE 4402 8id 424 (Vehicle-to-Vehicle, V2V) 815 eI
/AR KGN GE AN 58 564 o SCHR[4T] VA /MG AT IS SE AT KA BB 00 H b, 3 HH A
TR P T A SRS Ao AR5 1) T B AT SRS o SCTR[48 15 HH — I ) i v SR ) WA X
ZEIR N 3 R R, FEORUE U 1 SR B E SRR S, S KRR R > M il 37 2 R
o SCHR[491HE HH ZEaRGAFHELE, I BE G o0 A AP AT AL T 50k V2V BRI AE N
Ak, BRI A ARG P ARBL], B ORGEAT 1 A 25 AE 1 SR P ISR B 8] Y LA
R R ATAE o STHR[SOVEL ST 22490 P 25 0 0 458 2t — b 32 1 450 g 1k R RS 3 T 1 P 1
GAF T %, SIE BT A LA T R I B A7 P SR AR K Y 2 1) R . SR
[5 1742 B A B SR 2B A7 7 2R e /MU R 48 AR o SCHR[S2 38— 7 T R Bt At
AT 2R RIS B F P 2 T B A8 FLEAT SR, a4 0 45 e Rk bt AE 2R 2R 52 47 7
o SCHR[S3 BT XF i B3 ZEIE I o 1R A A L 2 52 R BE T A8 e AN UL, SR A2
1T T ZE A BEIR R « SCHR[SA1HE Hh 24 N AR AL E 5 & i ik i MG T A 240
ISEEONI L

RO RS RS ERAT )7 %, Hhlin RSU ALt (Base Station, BS) 2 [A] )
TR ZER MM % (Heterogeneous Vehicular Networks, H-VNets) & {FZ21E55, RSU. BS #
T = R B VR RAT S SCHR[S6] Wi 7 —Fhi5E T BS\RSU IR & 1IN & ZATAESL,,
& HIC A ZE AT R R B 3 BC 5 22 B /I A2 P A T S 240 SR TR P A R A

A B 7R 2 BUE R E A0 RSU AT T 5, s 2 G 1R AT R &5 B 1E
NESE, BIAEJZ Z I Refs G AF, %)= AT AP R A 0 ) HoAth 2 4k B R A, 2 —
P SR, HEBA XA F) 2 BARE AR A B AT R 58 BRIk, anfel 7823 FU R A )24
BR PRI 28 A7 7 ()R e KA SR AT I S R R AR N R TUAR T EGR T L E .

1.3 BXEERRRERHE

ARSCAT XS BEHR R P Bl 2 4 ARE T SR LRI TN B TOAR T8, 7 Ak 7e 1
ZEI P T ) 0 22 s R AL R 0 B B R« 7R A a0 A SO R XU 2247
TG o FARTE, A0S N 28 A AR A I Bt S I AN I T 2RI, a0 A B HE SR
T UNGRRLI 2 G0 H 2 RE Al R GE 3 1n) i, 28 Be 19 100! Hh 5 A7 0 (R A2t AT
BEFE o BRE R TSR T Kb 55 Kt 7 ANk 5%, BT R W28 BRAR X AR R R HEAT 22 A5, 58
FRAT R RR Sk ISR LA N BR AR S AL TAE . BETEORIR B, WA TEIUR, #2
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J AR KF RSz L

H BRI DUZ AT, 7050 R FH 22500 RSU G247 25 [ e /M P 2545 3 P 350 B 1
AR, R PR FOR M, 1@ AEAEICT & S AR G IR X S A7 T SRAEAT
Bk A E AT ZH T

B k. EAEREN GRS, 2RI RN RS RS
B A% 4 AN Z2 A7 S W SUBUIR A AFAE I ) BUEAT T 2. S Jm Mt LN R R %
e

R POREERMEIR I AP LI DRI A BOARARIE « A ST I P e
BB AN 28 G A i P Y AR 65

= TR R 2 A R REAL I R GE S AR B BORWE ST G IR N AR A T AL
PRSI Hg st TR LR D FAE . Bt sl BaEmie s, B Rl R 4
RERINGREE R, BEJE W TR ME J7 = N ka2 R . (5 A SRR W PR (&l &
SRS RAT — E WIFET

VU E: RT3 1 i A BB A i SRS I T . AR A I 4 T 0 A S 0 B0 Sz HE AL
TRAERAAT N, WA & B MR LR, AL R, SEr i %k
P LK RN BRI 23 5B A5 0 R . BUE T R AR, Frig )T S Aehs L
ey SRR G R /NI

BT RUR GRS T I A7 SRS W T . 25 FE AR Y | ZE R S AR R AT P 2%
AT S IRBURAERA, AT A B IRBCT B AP A . AR TS SR B AR TR 0 A
FHZEAMAN RSU A7 BR [ 2247 22 [ R e /IME IR 28 P BN SE R ARAS . O 1 SRz el i, 2
LR NS MR FEAR R I E & n 28 HL . (I RA SRR, Prifgeds 7 =4
I 3E A AR HeAth Ty 58, RIS P i P R g v o B e, FRE AR5 e R g 2 R A
RIS A BAR R GE, JEXT A7 T RIHATRAE « 2T SR B, FrigrIgeds i
PyBE SEELIE T HAl 7 SR AROR -



% —F HAAmER

FBIE  FAREMELA
A ZE N R BLA bR AR R . WSO B RIAH B AR A #E 18 SE Ak A & 52 3 DSRC &
&) MKS FE4-F & 49
2.1 FEEENFEARERE

H a1, B bR A B 4256 T 28 (5 BRI bR v 4 28, B IEEE & S AR ) DSRC
FiARFH 3GPP E ShrELHT C-V2X BRI .

2.1.1 DSRC AR

DSRC HiAR & —H ik I%E S, BF5 IEEE 802.11p, IEEE 1609.1/.2.3.4 Whl Kk
FN 2 R 2EE VR4 TR b2 SAE Hill52 [ SAE 2735 4 B4, HHEERMER
AR5 5.9GHz 4ty Hi 1) 75MHz 7 %/ DSRC & J& 15838 2 4 Rl 2R 40 18 15 AR,
P 73 R — NS E R AN RS EED, TR 19 25 22 A0 4 0 [R] 1Y) ELid I8
15, (EAPIEESLE R 22 . 2R B8 SR I @ A5 ) S AN m] S PEAIC S5 6 5 . DSRC B U7
FE L BRINHEAT T T REMTAMNKIEAL, BT @ E R 5B AR, w5 i
JEAHAR

2.1.2 C-V2X #AR

C-V2X HARAHE LTE-V2X Fl NR-V2X, &K 8 53 3 15 AR AN BLE @5 B G M4
B EBM LB ERAR, REE. . EAURENESRKMA . LTE-V2X #
AR f5 5 R LA 0 B OR R HIRA R S FERAARHES] C-V2X [ BRbr A B H st P8, C-
V2X [ RGN SRR 0 5 A5 77 a0, EIEIEME 7 U R Uu #2001, PCS #:
o Uu $2H EZRRCIUC E L%, $emdE i s& 4 TR s, Has T
WMEE R N . PCS M — 07 R TAERR L, B 4 FIiE 3, R4 A P&
vty T PRI R, V2V B R B R (0 A B T AR AR I o A USRI A 3
FEFEVE YRR AC, IS A8 0 Un 928 V2V R R BRI D L, KT
Uu DR S5 5G hiltik—F¢, HET PC5 # ORI HLER, 3GPP E X T
He R EMEAENE, 524 B DSRC K2 HiRyE, M DSRC %3
C-V2X WA SAIR AR . LTE-V2X F T HEAE B 22455, T NR-V2X 32 28] [ 1
SRE) V2X S5, W HARAN TS .



JH Ik KA {E b L

2.2 1EHfiIZEE

B A AR B S, B0 NSRS B A € (5 2 10— Rh ik
ANFETFARIE S, SRR DLE AR RS 0 R U 5 B E AT PR A R 5, T A
SETEAT F R R FE AT AT ARYE — ORI AN E B RHE B R AT RS A6 v R SE B
] UK 2 #OE M, A R A2k, I NI E . Bm, 20EER? 25
Fomt 4, N U iETHENIERIX RS FOFR R R, BORZ AR ML T A

2.2.1 RECARFARI

N T HERA AR RS (A R, ne T, R DA P crpde, i8I
FERIROR SR B R RN RN (AR, P e a1 E T Horp— 2%,
111772 AR SR BEOR M B, AN R ASM) 35 2 5 Sl B AN R O SRR B LR R RN S s S
PRAL. PRI AR 15m/s I, ARSI 52 pR B50mT LUK Sy N\ 3 P Al Oy { DR
0, k. 0.2, 13 1}, R NEUEFAL BRI S J08 JR N R AR REIAL o

SERBAL 5, T EE B AT BB R . H (] TF-THEN SR H8E, fai
NN R AR i Jim o B A R AT I8 5, B R S K f /MEE, - 5 m i) %
HAE B R B R SRR AR &, (HRXARREIFAREMR R ICPr R, BRI 75 20 AR
WAL 5 245 2RO 2 A A AE

2.2.2 1EHWIZIEHEIERTE
AT — AT R VA R O HE AR . — A SRR RO SR A E

5

R R 4
r—— - - - -/ -/ /7 |
|
A | FIE 0] : Lingay
o I
| v In ]
%3 P R > RIE > 2%%%]? aJ&EME |
|| SR }: |
|

K 2-1 BRI R 5
Fig.2-1 Fuzzy logic system
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PRI 2-1 fros, EEAFEERIL . AE. R RGEM BB A — 22
B MO AR e R AR R B TSR, AR R AR o AR DU A I A s 451
Wk 2-2 Fs o SANACERIL S, FE SRR 2t AT 30, O 1 B P L U L
MIgE R, KA Min-Max J7ik, $5AE 2 NI R Min D59, Birey UL s ) 25 2
BATREG IR Max J5ik, WTULE R, BRJRE SIS RV — MM E. A
TARRIREHAIME, 7 E AT EBMACERAE, R FOIR 3T E RO 45 RIBOVHER, K
B K45 R SRR A L, PSRRI E L, B AR AR RIY E B
5 s AR

Distance Mobility | Link quality Rank
Rule 1 Large Slow Good Perfect
Rule 2 Large Slow Medium Good
Rule 3 Large Slow Bad Unpreferable
Rule 4 Large Medium Good Good
Rule 5 Large Medium Medium | Acceptable

Distance {Large:1, Medium:0,Small:0}
Mobility {Slow:0.75, Medium:0.25, Fast:0}
Link quality {Good:0.5, Medium:0.5, Bad:0}

Rule 1- Large:1, Slow:0.75, Good:0.5 —> Perfect:0.5 [=Min(1,0.75,0.5)]

Rule 2- Large:1, Slow:0.75, Medium:0.5 —> Good:0.5 [=Min(1,0.75,0.5)]

Rule 4- Large:1, Medium:0.25, Good:0.5 —> Good: 0.25 [=Min(1,0.25,0.5)]

Rule 5- Large:1, Medium:0.25, Medium:0.5 —> Acceptable:0.25 [=Min(1,0.25,0.5)]
v

Perfect:0.5

Good:0.5 [=Max(0.5,0.25)]

Acceptable:0.25

B 2-2 AR LU HE T s 1]

Fig.2-2 Example for fuzzy rule evaluations

2.3 BHFEMKIEIL

T 7K A2 S TS 5 2 B GE i RS 4 SR AT B S 10— PR ER 18 T L. LI
B AT (0 B S5 A B M B R — A TEARBE S 2 P4, T L ik 52 45
HL IS PN S, TE SG TSI EE 0 R BE A ELI L, T LA MO 3
T FR R R R0 S BRI S 2 2, FOE B B 2R, £ B AR, JF HLE

9
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AR R o

SRR G (VE) BEATHIE, miTilsidE vV MIA4E E Af. v 1 ZIE
ML LI Eh, HAMAME TR N A A SEOETRIR .

(1) JE (Degree) MJE4r4i (Degree Distribution). 545 i & FEIA AT ASE
BRI T SONFE ko JEE53AT RIW48 T 45 s BEDA & 170 RO ST sl B P S IR L3R
A8 1) BE R ATRE G oA oA, B R 2 00 R BE (B BN B i BE A ORI
B, FLAT IR IR 1D I 28 R A T A FEE 465

(2) fr# (Betweenness). 7 miELFE U (1 B SRR 8 (A A BORHEIR, 4) v
N BORAAN 4 WEEHRERE AT R a0 R AR EGE & AT A P AU AT
B L TE SR A DNHCS SR, & SCAMZ THE AT AT e
(R A B AR B o A P R L AR S T

(3) PHIHEKE (Average path length). 5E SR /S i 8] e e B 8 1
PIE, WIZE PR ERATRR )N, AR 2% 10 10 B T o

(4) HHZHL (Clustering coefficient) o [T R RERE, (LR AT
AT R A T RE AR AHAR Y .

2% W 2% B A To bR FERFVERT /N S, TO A AR IS ILE S8 A e 9709 A 7 4
17 BEAEAR A A0 K2 M FE R IR N2 H A K ERE /BRI P81

2.4 MKS5 BBHEENE

MKS5 /& Cohda Wireless 2 & Hi i T 7] Z2 B ) DSRC B4, $2f MK5-OBU Al
MKS-RSU 72y, FERH 802.11p Wil kk, fE%55 /MR REIAA ER L kI8 15 fe
7J. MK-5 RSU HI MK-5 OBU #i5 —FE (£l ThAE, WEREEH—FF, AbFER ST %
B A E K 1MX 6Quad DUAZALFREE, DSRC 5 F 555 i o 5% FH B0 2 1% A 7 (9
RoadLINK /= fitt SAF510x, i&H T V2X MH, WkEHLAEE KM SAF5100. MKS iz
17 Linux #4E R4, AP @it S HREF#E D (Application Programming Interface, APID)
TERITS NHHRERFAE MKS 8w iialT, JHRME SRR EN R4, Cohda Wireless HHT
HEH Y C-V2X 7= MK6C 756 EARERRE, FHAWRES) C-VaX 5256, s [E
RN BRI H A KR, XHER C-V2X HAJERKE B, HgE C-Vv2X BB E S 5
. ZmSE BN RAEERNAT R, ST,

10



% —F HAAmER

MKS5 RS FFRGM V2X rdE ETSI ITS-G5 fl DSRC ik, o Eiid & X
DSRC A B8 Z R B R o R, R RS B 57 . ArdE R
TR BEEWANEEE TR =g T E 3, 1B KA ASN.1 (Abstract Syntax
Notation 1, ASN.1) [IEXT FF AR 4mfid BN . 2248 SAE 12735 & XA % 423 2. (Basic
Safety Message, BSM) »&SZIIANSL V2X [1)2EM. BSM IVH S APER o, ik N4
W R FE BN E . BITRSEES, Wk N AW a5 LN S
Eo BSM ¥ 2 sl V2X VR, W R BRI 2 ], A RvEiar, B
TE I AN Hp 75 0 %5 G R 25 161, BSM-Shell S fE 4 FI#21 BSM 31 B
JSLHREFE, IR E] [E] B A 50ms, DSRC W& £ K IEI 244 EAIHIALHITK) UDP i 305
w5y BSM VM i id DSRC Phill) 3kt 25, RSO fER5 B A i S 1) BSM A,
FEH ARG 1) BSM id 3 B H B SRl 5 BUAH B UDP #2101 .

YFZ T MKS TSI & T AR K DSRC 42560 R 37 5 BT, SCHR[59T4R
Pl 90 21 A v T I AR T IS FH PR R o SCHR[60] 15 T T 2 v B il 1
RG, LFFTEIRGIN TR O 2 A IR 5 o SCRR[61,62]25 T FE 40 % 11 S 48 B TR S
AEIE S E AT S T RS, RGN b T SE ARG I 5 4 FA AR A Ak T
EOH R, HAh AR 8 S [ RO D A @ R R, R AOE R P2 R TP

il 85 T f R 2 63651,
2.5 KRB/

ARFAH T EIRIR S SR bR E PR SCHER FBRIZ R Bk . R IR A ER L
L ARG R SCHL A A ) MKS P 6, 55 851 B HOR BV AT i 7 S LAl
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JTAR Ik K F A 5 A4t ST

$=E EORERLHDERNRGS BEHATR

A B3 I 07 B AIE S S AT NSRRI B A O R AE . TR Rk I AR Sl
Do (RIS 25 REAGIN 28 S8 A 8 AN 38 HH TR IE B B8 5 56, (1 LAl SRR IE 1A
ARG R HERA I AT R E T SRS EEAE

3.1 HHRIRER

KDD 99 £ 55 2 2 W 45 NAZ AT IMATIRE . BUS . BT 12 AW IIbsiESL
. H 1999 FE2AHTAH 21 FM L, ARAEERCEEN, I HERM R —L8
R 58 BUh E B SR IR A R, T AR B S I 2R B RFAE o BRI, AR B 3d i A7)
FLR T A ZE BRI N AR AR A 40 2

3.1.1 FERPBoEE

AT LA IR T A S (SUMO, FRA: 0.12.3) R4 B s AL AR ik
# (MOVE, MiA: 2.91) KAl ii EMiahisss, BB s R 2 s,
MEPRZ Y (R B AL J5 DR G000 5 ) (1 6 436 50 RV 1E A - SUMO 5 MOVE [k
mACE T HAE 3-1. MOVE € F%E. £k (file name.rou.xml) FIHLE (file
name.net.xml) 3CfF, #E—B774E SUMO BREZSCHF (file name.sumo.tr) FF544k4 NS2
(WA 2.35) k&30 (file name.teD

(a) BT B (b) TiEM O A
K] 3-1 SUMO 5 MOVE 3§ i1/ 5 &

Fig.3-1 Screenshot of SUMO and MOVE city simulation
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3.1.2 (FEIME
JHIT NS2 B F 4 5 HA MK 3-2, (i RSHOE WK 3-1.

@ RsU2 RsU3
RSU2 RSU3 &

“é‘ RSU1 )

o

Malicious .
vehicle v
1icious_Vehicle RSU

Halicious Vehic

il
@RsU7 @

K] 3-2 NS2 NAM i 2 &

Fig.3-2 Screenshot of simulation in NS2 NAM
R 3-1 i S 24

Table.3-1 Simulator environmental and parameters

SR ZHE
IG5 2 %3 500x500 (m) 3T I #4
o PNE R TBUYE 30 m/s
TR 50
RSU #& 9
T B IEAE L 802.11p
% HH M AODV
Ui e 250 m
A7 FLI [H] 300 s

3.13 FWEEITA
N T G RGO PERE, ZE R T A
A B B ) M T R HA ZE A% B A ZE A M K e, R

13
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JH Ik KA {E b L

BRI E R, X EAT B HE I AODV St PSR SZIL, MR I AT
AR KB H P A A 3-2 FBE L 5 BRI 2 RIEHEHESmA
AFERBHOT . HTEWSEITNNAESECERRE XS BT NEAEAR
[ AR . EFE SR E TSR AR A R A1T N
3.1.4 $FERIRE

NS2 15 B G 77 A B BR BRSO 3 IH B R 3, AR5 AR B A R 7 S AR A
BREE SO AR AR 3-2. MERBE SO A 3R EURFAE FF3E 4T V0 — AL TRAL 2

22 3-2 IR SO ARRE

Table.3-2 Features of new trace file

RFAIE 44 7R fiER% RFAIE 44 7R fiR%
Event (s/r/d/f) R Is W H 5
Time (t) I [ Id EROETNES;
Hs Y5 R id It Iy R
Hd H A9 5 id 1l IR RN
Ni 802.11p If i id
Nx Ny Nz T AR Ti ME— id
Ne T AR E ) Iv TTL {f
N1 R A P JS2FH 2
Nw HAFR Pt HHEahRd
Ma FRELH 1] Ph AP
Md MAC gk Pb ] HE id

Ms MAC H fHhhk Pd H Bk

Mt MAC 2% Ps VR bk

3.2 BRERMARS

B B I 22 e FH B4 22 IO 238 SR A I VR ) 448 B L R R 4% o ) R W AT O AR
HAEEEEIE 53000 SFERERRFCICSR, 038 1 2RI iR IR % W 4708, s skl n

14
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ANGEE (70%) FRE (30%). VIIRSE TR RN RGN ERARH HE, &
o 82 A E ISR, U ZRB B i B 1 2 41 TrainParam.Epochs=100,

TrainParam.Lr=1*10", TrainParam.goal=0 F1 TrainParam.min_grad=1*10"2, F{5#Z M
KOAFEMANE. REEMNEEZ, MAREE 30 Mi&sc, SRIHESHESE, &I
HIUIZRBCR I N S = M4 e B0y 6 A, 28 2 Mg, BNEW MR, H

gEfnE 3-3,

BNZ

3-3 N LM L2t
Fig.3-3 Structure of the artificial neural network

33 ETIRWZENEERNARHRERR

f£ RSU 3B H LT EE Y 5, BH RS I L RSU kAT SEmf
R T B, ORUE 12 X 458 ) 22 B LS 22 42 . 5 8 31 RSU AT REIEH & FUA LL an 7 Th g,
Y RSU TR A . TBEZIR. fAERE 99N, BRRMINGMEL S, HEMS
RSU J@E I, RSU WX LH I L2 mom, #—BI%k, FEAMIER . £ RSU
AT BIXIR, HRE RSU. B Re A I R Ge 308 AR LA R 22 A e i, 8 HH R T A0R)
WAL T, K RSU R RER I D Redt— 0 T TSI 40, E£ 6151 - 4ME
AR B RSU WSCER Hictls 58 B W A D) e

15
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[IEWIE = B DA 7 P B DB AN B S N S PR Y (B AW
bR, HERROFEEFHFLEE (VFm) RFEEE L ZE (VFV), 915 RRaHE
FT S (LFm) KT 77 % (LFv), U5 )46 4 E e 15 Fh 28 Y A oA
ARSCE, HARER (RF) REFITHKNEE. HitEA T

VFmM(S)sen, = %Zle v(s,t) (3.1)

Horb v(s, )RR A0 s AE ¢ 2R, T RoRFMResh S 8. Ns RoRPTa )
E5.

VFv(S)sen, = % I 1(w(s, t) — VFm(s))? (3.2)
LFm(s)sen, = 7 t—1 C(5,t) (3.3)
LFV(S)sen, = 7 Xi=1(C(s,t) — LFm(s))? (3.4)

Horfr Cls,)Ron 49 s 3845 Y 1 A B P 224

RF(8)sen, = 2i=1y/ (x(s,0) — x(s,t + 1))? + (¥(s,t) —y(s,t + 1))?  (3.5)

Horb x(5,0)50(5,) RN s TERTZY ¢ BIRE AL R o

WETRUTEEMOAR B ERME, BT EMRRRDNAMAR, F—#T7H
AEER . BTN R A PR ER AT R AR, M R R A R ORI S5, B
W VFm X} {Slow,Medium,Fast}, 41151 VEm (BN 0.75, AR5 58 o8 200 B 1)
RO 4 N A &4 {Slow:0,Medium:0.5,Fast:0.5} (1] 3-4 VFm) . P K ZodE . A
TR BV R E BRI E I RS, ReR IR TE 2 RIS AL
¥, WrEh RSU $& sk s BE R o & DR 3000 L AR N o s ek B 1) 3-4. AR
AR RAANF RS, e BN, AR A I 2 LUK ey SR s R BOR 1 5
wJEi . AN FIEON R =ANEG, RN R I 243 S0, 5048000 I,
R 3-30 FTA N IR 30T L PR AR S5 20 EORT S ASEA) L DU 2 v f 00 D 3 e /) B K
(Min-Max) J5 I TH530 Y 5 i PR H RSO S G008, 38 I SR APASORY) 55 S B 0T 2 BT TR 1)
LRI, B IREARR RO B, VE N2 B PR A E A R G VA
i

AR H R BEAS I 2R 4t DA S B BRI B 7 S n] B 45 9 B 3-5. MOVE . SUMO,

16
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NS2 S H TARR ™ AR RHE S S, BoE i miab e, B aete il R ST mlge. Ml &
P E A R 32 A% 7 58 H Matlab 58 Ao

" Slow Medium Fast | Low Medium High . Poor Fair Good
0.8 [N\ i N 0.8 1N\t flo 0.8 F N\ bbbbbbbbbbbbbbbbbbbbbbbbbbb
0.6 N\/ AR 0.6 e R . e 0.6 |
04 f Nt o N 04 b fro N Y A0 N 0.4

0 : 0 0 -

0 0.5 10 0.5 1 0 LFm 0.5
VFm VFv Very Acceptable

1 Low Medium High 1 Short Medium LOIlg 1Bad Bad Unpreferab]e Good Perfect
0.8 F N\ R N -10.8 0.8
065N/t N\ 0.6 L\ . 0.6\ /- ........... .......... S WY S I W
0.4 Ffro\ pee ~10.4 0.4
02 fr g -10.2 \10.2

0 . 0 0

0 0.5 1 0 0.5 1 0 0.2 0.4 0.6 0.8 1
LFv RF Output membership function

B 3-4 Nt SRR pR
Fig.3-4 Input and output membership function
* 3-3 BRI

Table.3-3 Fuzzy rule

Rules VFm VFv LFm LFv RF Rank

Rulel  Slow Low Good Low Long Perfect
Rule2  Slow Low Good  Low Medium Good
Rule3  Slow Low Good  Low Short  Unpreferable
Rule4 Slow Low Good Medium Long Good
RuleS  Slow Low Good Medium Medium Acceptable
Rule6  Slow Low Good Medium  Short Acceptable
Rule7 Slow Low Good  High Long  Unpreferable

Rule8 Slow Low Good High  Medium Good

Rule243 Fast High Poor High Short VeryBad

17
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2
- Non- optimal
ANN

) SVM L Normal Vehicle
i/l%'\C/g — NS2 Tracefile —-u/ Database /\ » LDA | Tr_?'ers];?r?& —> Classifier
e \ \/ QDA 9 Malicious Vehicle

Rule base
v VFm v l
VFv Decisi
Tcl file » LFm  —> Fuzzifier > eciston » Defuzzifier > Reliability —»  Agent
LFv making

RF T
Membership function

3-5 AR R gt KA R EE R

Fig.3-5 Intelligent detection system and deployment agent selection process

3.4 MEREDMR

Y

3 3k

AT VR RGO RS, EEHH SO ER AR, TP (FURD: ERARFBIAIE
L FPCRRMD: RSN RH: TN (LD BRest it A B3 FN (BB

WILK N AIER « M (Accuracy) FETHHFE (TPrae)~ A FIZE (TNrue)~ TWHRF

(FNRate)\ i%ﬂi% (FPRate)y “L—I_ﬁ/l}ﬁﬁu—l:

IEFIRBI SRR (QEH /7%

Accuracy = SRR RE (LR (3.6)
TPrate = mor (3.7

TNrate = mres (3.8)

FNgate = 1= TPrate = (3.9)
FPrate = 1= Thgqte = —— (3.10)

BRI R G GRS 7 eI R LSRN R AR 3-4 MR 3-5. NG FSKRE, il

HAELHE 19056 2% IEH 1A 2433 26 701055, TLEIC SRR BSL il N T4 N
2% P A 25 AR, AR VLR IC 3 W R R P 45 R 5 B SLd AR . B AR R GEx IE
HALR IR R ILH] 99.59%, FRHEICKIEE] 96.75%, RGIIREN 0.41%, WERAE
96.79%5 99.59% [4], BAANERKIRBIRGEL, BR 7 NTAREMZE SN, — LLH Al Rkl
J7iEE 3-5 R, ERn SRR ENL (SVMD L ZRIEFIHI AT (LDA). —UCHA
(QDA) 1] DASEHL S H AT I o

18



FZF maBELLNFRANREALIEFRKTR

® 34 pRUERE

Table.3-4 Accuracy of classification

(el B RERIN RSt

Hegids ATwzemgs ILEdids RILAGICS:  #EF R
I 19056 19057 18978 (TP) 79 (FP)  99.59%

S 2433 2432 2354 (TN) 78 (FN)  96.75%

% 3-5 HHE

Table.3-5 Recognition rate

%ﬁ%%@ TPRate TNRate FNRate FPRate

HWETHZE 99.59% 96.79% 0.41% 3.21%

VPRI 2R G 8B T R AIVERE, SR AN A TR R G 2R AN R s, )
Bt 3t 105338 5%, WHE 3 MRE A CTA%wS: 5, 8, 13) AEREIT N, i
AL AE AN [F) 220575 ORI 25 SR HEAT 0 A T EG B AR AN [R) A2 301 R0 0
SRR R 3-6. & 3-7. IR REMPEREE A —ERIRE, HHEAN R
4 O IR R AR R AT AR, A A AR U ) S O T
A LRI — AN [ R PR AR A, TR HH SR PR S 8 0 SRt I 4 e B A 2R 458 1 PR
XFG, 7 Ll U2 e AR R W] R T . R TR A U7 R PR A (Fuzzy
Agent), FHARFIH R E G AT =4 5,8,13, WIS E 5 ELBE N 10%, TH] DL
BRI R e 0 R, R BRME R, R TR 5y A iR AR DY AN R, T e I AT R
SRR AUERSE (Random Agent 1,Random Agent 2,Random Agent 3) A] G5t £ HI L&A
AR EA BRI AT ReE, AU o5 LU HEAT B (R 2 HE IS DR R I o, B
Random Agent 1 #% /& 7 Eb 2>l 1 14, 17 15 i AR 17 &1, Random Agent2, Random
Agent 3 2 IR IER B0 0, I ELIRBEXT GUiae 2 40T 00, Xt 3 B A I R 40
BAEAFT SO A I R GVEREA AR A2 . ST RBOME 48 1A I R G0 & 7 R RES
CREFHE AU WT . BN ER, VB RSU WEETE £ 572 50 A M AR 18 3
—ANEIF IR BOR,  LEBENLEE S B T D A IRBERT G, et s s A B

19



J AR KF RSz L

Fuzzy Agent
sl 00 ]
X
_LE ........................................................................................................................... -
%
ool WM W i
piis
Bk
2 5 89 13 17 RGNS 56
40 — ! ‘ —— Random Agent 1 . ‘ !
S ; 200 S Y VRN S i
R
LT 90 bt _
% é
oo b Ml i
ELs :
S ‘ “
1 5 10 14 17 20 30 40 50 56
WRES
P 3-6 S0 IR 5 B
Fig.3-6 Percentage of abnormal record identification
Random Agent 2

AEILFEE B

20 25 30 35 40 45

123 5789 13 20 307 R 4T 40
Random Agent 3
S
X
0
ik
Jr
=
14 17 20 30 40 50
WRRS

K 3-7 S ids U b b

Fig.3-7 Percentage of abnormal record identification

3.5 RE/LE

A% B3 I AR IR 0 EOARA R N N T T AR R EAE TN, IR TN
AP 2% R B AN AR G B2k T RORE A AR B T 2, M LA e 28 N AR A
FAAERR AR, /D IR Ry S Mk S R, A B R 2R 0B X 4 1 Bcd e A\ AR A I )
AR B I TARIE R T O FOECE AR AT PRI HR A g AR ROR .

20



FACE RS JOPS Y. SoE- &tk RS

EUE  FEEM RN A ERR RIS

AL AT B S LA GPS HHi A , A A% 190 46 HE 1 A o5 R T 7 Bk o0 308 -5 700,
H R T 2 SRR B A0 S I T RN R P R S e T G, RS R b ST
BRI, RENS T RS N R

4.1 RGHRE

M T, D2 N-F ZE-JR i et 5 77 sk 2 DL R RaE A% 2 3 50U
AR, JCHGRAE R RS SR, R A 3 15 e 6 (10 A5 4 PR 2% O
TR, GRS HA ZREIEATIN 2. 52 2% W0 2% BE 10 B8 08 52 BORS A 1Y) 0 2% 1 TR SR
WM LB A RE B, AT T R 2% A HAR 7 B AR B 4 R R DL R ¢
L SitE

4.1.1 BEE

ARATH AT A T A4 2014 42 8 H 3 HEI 8 A 23 HE L GPS #ifls, HAk
kg X Eonlhy: WAL IDARE AR EBFIRE (1 RREE, 0 RRLR) HE A
1,30.4996330000,103.9771760000,1,2014/08/03 06:01:22. A FHLIZE[103. 90,104.20]
A E[30.55,30.8015E Hl N HI 445 GPS it Fl TRy =B AR AL o 18] 4-1 Dy R i 5

30.70 ° ‘,"'.“ .'. ~ —-'h-__a 1
PG S =t-m~<m
4 ’ B, ™ ?
o, Al Py |
. s \ ‘—l ".
» :-.? '-‘ e ) " = % \:
oo v . £ TSR i SC ?Q:‘S‘-. e e
iy P 2 gy, .-"!’-‘. ...-;-.""- Bove ’.“x‘ .’-s 3
so675 o §F=30 R ,":'“- R O |
4% @ L ] o .. P ) K -
. o~ 7 A S i O g s R n
ey B L R :'l. £y -, :{‘%;‘E
E R SN
& ol g e g FRYC T e . ey o v
TR SISO T e, : Bl ibed e T 2 A0S
m R e et T
Bl omegs TNERGRL TRER ]
DR OO i S NG LA B s S Y T
-..l:.* JTS—— =~ el LgF XL e By e .*? !
=3 SEretm 07, AT S S e Py sl
30.65 A :'..' "r'.; /g‘ .“'..""'s'-.': d ..':‘ ?'4"-‘ e S e
el k-.:‘ . o 2 - : .‘t.‘ B ol s 3..' '0-‘.-:
R TR b M R R
.; o 5‘. £ h ;'.‘ i 4 o 1% N 3 :’({' .’ i
D TR, il AT
Sy S e T (B g
. '.,’\ ¥ b - h 1 \ :'c:- =
7 M= o e el 2 i ’(,
¥ . g “-!t L bl :\ .'..‘:
30.625 : R Rl 31 T e
- oy '-. L \-.‘..\---.h - ! = .
: w s AR I
104.025 104.05 104.075 104.1
2353

4-1 FHRTT A4S GPS AAFR oA

Fig.4-1 Taxis GPS distribution in Chengdu
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Fig.4-3 Betweenness centrality and clustering coefficient
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Table.4-1 Topological time-invariance verification

)| R | PN | CPIIREES | A | RERARM
8:00am. | 2024 4.7273 838 | 0.0040 | 0.5869
10:00 am. | 2647 4.6889 816 | 0.0043 | 0.6970
12:00 noon | 2759 7.0476 749 | 0.0347 | 0.6983
14:00 p.m. | 2863 5.2273 817 | 0.0071 | 0.5653
16:00 p.m. | 2880 4.3889 802 | 0.0026 | 0.6842
18:00 p.m. | 2731 4.0500 841 0.0123 | 0.6123
20:00 p.m. | 2842 3.0667 829 | 0.0069 | 0.5500
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Fig.4-4 Traffic density map
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Fig.4-5 The time-invariant spatial distribution
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Dij = &1(kiB; + k;B;) + &vy; + &3d; (4.4)
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R, dy NG jZINEERS, &, &, SR RHL.
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R A1 HT) R %

Table.4-1 Clustering based on generalized distance

Bk 40 BT EEE AR

waatk

o VPR IR A RR CEE 25 dys

2: HRHE =1000m 7= £ AR A FEHERE ds

3: i‘[‘ﬁkl’ kj’ Biy BJ’ Vij;

—_—

4: TPE)TEESHRE Dy (6, =&, =0.3,& = 0.4),
WwER

5: AP P HTERE Ly, Lv=dwm-Dy;

6: TR AR E R TR Ly

7: VFELy FAEEARAE R &, FREE N B R HER
8: ¥ F] K-means X} HER I [a) 827 (0] 2E47 58 2E

fE. B =AHE (LF, VF, DF). 415K & 3 2% BT SR A rpo s,
WS IR R E S A0S AR SR G T 2 (R T AT AT 5D . BRI R
TR A 5 A0 R R SR G R IRER B, R B [ AT 51 i 2, SR G EE B
/I, JRE R S AR AR R T, FEAR N B SR - A 2R A 00 18 A5 T NS E T RE . B
P IR R EERER. SRR R

LFi = kiBi (45)
Vﬂzzzﬁﬂﬁ%§ﬂ (4.6)
Dﬂzzzﬁqﬁ%gi (4.7

Horb NOWBENZEEHEG o € (0, 1F0RER | HRENZER j & iEfE.

BT SRR KD ERAR, Pra B R T AT 7, 3R ] A
L S R S O AR F AR R, AN D A BRI A Rl U R S
BRI ZEAT V5, oy ) AROROR 1 = A I I 1 S el O AT SO AL AT B
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Fig.4-6 Input and output membership function
42 BRI

Table.4-2 Fuzzy rule

Rules LF VF DF Rank
Rule 1  Good Slow Close Perfect
Rule2  Good Slow Medium Good
Rule3  Good Slow Far Unpreferable
Rule4 Good Medium Close Good

Rule 5 Good Medium Medium Acceptable

Rule 6 Good Medium Far Bad
Rule 7 Good Fast Close Unpreferable
Rule 8  Good Fast Medium Bad
Rule 9  Good Fast Far Very Bad
Rule 10  Fair Slow Close Good

Rule 11 Fair Slow Medium Acceptable
Rule 12 Fair Slow Far Bad

Rule 13 Fair  Medium Close Acceptable
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Rule 14  Fair  Medium Medium  Unpreferable

Rule 15 Fair Medium Far Bad
Rule 16  Fair Fast Close Bad
Rule 17  Fair Fast Medium Bad
Rule 18  Fair Fast Far Very Bad
Rule 19  Poor Slow Close Unpreferable
Rule 20  Poor Slow Medium Bad
Rule 21  Poor Slow Far Very Bad
Rule 22 Poor Medium Close Bad
Rule 23  Poor Medium Medium Bad
Rule 24 Poor Medium Far Very Bad
Rule 25 Poor Fast Close Bad
Rule 26  Poor Fast Medium Very Bad
Rule 27  Poor Fast Far Very Bad
HRAESTHR[66] 7 e KA M 28 A B R IEFE W SR T il (FRSk), el @R an
min
s.t. RAP-Q1+y=0
PT1=1 (4.8)
y=0
P=0

Hrpp =[p(e),t =1,2,.., N]TREFGANT S EONELAMER, 1=[11,..,1]7. Q, yi¥
NEEBNAR R, AU H AR AR T A A S A RO L g R, it g, 5l
N 252X (4.8),
FETARSCHBEEHERL, i I S 5 R N 2% 25 Rk Bk R R a1 4-7,
FRPE AT ST . B R Y A BEKEAE R JJERIRAS, B RIARIETY A OGS Ak
Z, WBENHESHRE kBN L .
4.4 FERABIEEEMMIIEE
B Xt i N R BB AR BRI T oK, BT R WEE R 5) UL 25 18 AL
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Fig.4-7 Cluster head selection probability based on two methods (longitude from 103.9 to 104.2 and

latitude from 30.55 to 30.80)

AR G GRS W, 280 i AR BB L R IRy
Pr; = 1 —exp (—LyK3d;?) (4.9
Ho Ko NE AR RIGEL Ly, = ¢i/[Te(vi)loga(1 +vo)]s ¢ MR i KIEHHREMK
N, yo B SNR B To(v)) = — 22—, ¢ J6HH, fo JIERUANE, vi N i ik

am(c+vy)
E[W]o
K3 = %f“’ (4.10)
Hor No NIMPERE R DI, PRI IIZR .
e (4.11)

Hrbdo =c/fy, Ger G ITRBIHUNHRUSHLI R Lt 2
EHNEDNEMR AR H T
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@i = A(1 = Pry)Ly, (4.12)
HAA A5 | R R,
N AR AR W (4.13)

max  Yiec; Pi
s.t. @i =@ (4.13)
C.
Ziillj =yl

Qo NN BIFBRAL IR, MRS RE R R .
4.5 fFERMRET T
FIFH Matlab X % N B AL st AL R B AT BUE T B, S E0RE LK 4-3.
* 43 iESH

Table.4-3 Simulation parameters

TiHZH Hifh
Grr Gp: RIBFIFZICR LRI 25 1
for BB 5.9GHz
P fLiXThE 2W
Yo: UL SNR BI1H 3dB
No: JInfHEmE T 3.98x10"2mW

¢ B RIEBIE RN 400~500Bytes
®o: AritEEE 400Kbps
pe FEREFHBNR AR EIR 200packets/s

K,: HRHRIEE 2

LT B 8 (Fuzzy) RGN 25 8 (MNC) 1 Fhidk 5 7% S 8 07 0%t
7% A B AR A R P e i R I SE R, U AR SE R RE A 4-8, At R RE AN
4-9, FEANRIAERERRA RN 400kb/s. FTLAE I, B TR0 2 48 6 % Sk 1k 0
7% PR A% 4 (T 2 Bk & S T I SEPEREAR T 55— MhOE, ST RO A SR ik
FEFER RES AERE 5 7R A 22 2 (BRSO IR AE R v 9 Skt A 1A ik B IR Kt

PRI 4E o
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Fig.4-8 The comparision between two methods in terms of the actual time delay
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Fig.4-9 The comparision between two methods in terms of the actual throughput
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Fig.4-10 Comparison of average throughput and average delay in clusters
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Fig.4-11 Comparison of average throughput and average delay in clusters
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LN, 25000 AR S 2 R 0 3 I A S 1 AR A R B RS BB R . iR N A Bk
Hu = 1000, FeFHBIE KT REN TR E ST MNC ABEHLT %, RN Aels
B FVEARH I A, M = 2000, FEA A BAER FIRIN, &N EERI G,
=TT R A S, RIS GRS, (HEE TR Iy R RN T
P ST e B T M T S 315 AR I =2000 B, HoHEREARAL
5 r=1000 IS0, Bl A& 0 A B B I 15 AR AR AL PR FF RLAFPERE
FEE I S o T H LR (4.14)
ta = 1/C; Niec, $i/ 9i = 1/C; Tiec, exp(Lp Kadi?) /i (4.14)
Ly SRR, BT o A6, Pt AR BE vl LA ZRE AT, Rl — R N 2R 1 i S
S 2 1) AR AL S 2 2 B T Sk S5 0 A 2RI BE B, AR B GO/ o L BIE =
4.6 AENGE
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ST M RUE R SL, PRIERR SR R N B 2 IV AL S i e 1 o TERCR B A%
PWIEAE RS, P H ISR G lAE 7 S RENS A R ma i A 0 2 ek i O B IR HO AR S S

32



B B R F BRI RN P 094 A RS

ELE NEFEBRMELFRVEFRIER

AT TN 8 BUAT 1) B R S A7 S, 3R R RIS A7 28K . )= RSU %
fErf, TR s, AELUR AT A, M0 R A A (R AR B AL B XL
JRGAT AN ZE FEHR & 2 A RSU JZZRAT, F8 0 FIHIZEA0WAN RSU HIZRAT-HE IR B K
WRAFIL R - DAL B AR S IMERT T IR RS2 A7 A 25 (1 I 3 DR 38 8 T A A 24 R R AS
I8 7 M A5 212 ) Y AR L I RE RO 1P . SR IR A, SR A B A S IR R
SRR, 25050 RSU BE 25EUE K, @ LR FIRR B R B R, N
TR, SREEH TR SRS E Rk, B EAEE R ET
8, S TR ARG R A 7 TSI BRI 15 A7 SR B R

5.1 BERGIEER

5.1.1 MLgEHR
} g Ig::)(;]\}fdltr (E\)) RSU RSU coveragei

} E content ¥2 vce BS coverage

| VvC .
T TJcache W member é Base Station |

,,,,,,,,,,,,,,,,,,,,,, 1

RC

-~ Entrance II

774'777 e —————

Vehicle \ Vehicle
\ <b
departure \ mm . ) arrival

Vehlcle

Vehicle mmm
arrival :> VCI departure

\;777777777777777

Entrance [ {(— >V2V € —»> V2R «—>V2RC « —> V2B } —

Cooperation among RSUs Backhaul link J

K 5-1 RGpEAY

Fig.5-1 System model
Wl 5-1 firs, FBRENAE R =, BFEEEW, RSU, b (Base Station, BS), #

NG AF)Z, RSU =2 (RSU Cloud, RC), 4 /Z (Vehicle Cloud, VC).
7E RC 1, RSU M HLMEELL BT HZ. VC HFE XS EMHE S o2,
A VC H—MEHE R (VC Controller, VCC), MBTEH =~ Z MBI, VCC it
FIE ML ATIE R . BS RN AILHERE (Content Provider, CP) J& i [mI A2 i 1% 122 5

33



JH Ik KA {E b L

HIM, AR FOERE IR S 4%, AT AR RN . T B, 1K
HIN B WIRGAFAE VC Bl RC HY, WA R ALMEITE R W, BUkTHEWr)zshiis
LUK AR A I B

N TRk, oS b e — ANl 08 o X8, B EKIRFESI N A RSU, K
Jl DSRC # AHAR 54485, AF RSU MAEZIXINES ., 54> RSU MEEEE
r, RSU MZERE A% —EMEAFRET], A RSU M SZAF B RISk, SV
HevfiAn BA A BRI S, ST K RSU HIME BN B S A7 8,

5.12 FEiR%oEE

FERGREM Y, R T HeR I s, TR BT B A A [F) MR ) 449 ]
BB, ERRER L VOC B SBR[V s Unar | ZIAIVY, AR 2R RE
g R L, B VCC B B IO — i B A ImRR T, [ I A 636 2 1815 Y 1 A Y
BRI NP IR Y = (Vmax + Vimin) /2 BB EF 258 — NN E—AH
., #EANE G=1,2) BEREE NV (), 2B ZRIFRASECIAL RS, 5
HACR T2 B3k 2

t) e Mt k=172, (5.1)

P(Vi(©) =k) =
HAVOKMERE[V (O] = Nt, VEGORBVGEANT jIEE, Nyo ZRV G %

R, B, VG = Vi(©)/ Ny, iRV GORIELR (5.2),

u; = E[Ve(0)] = [”ﬂ

513 ABENHEREIER

BN BRI LW, {12 Ly R N ERES, BTWERIRDNNS,
PN P RIS IR BE I S I (K P9 7 o 25 RS B A2 WU A 2 2 B Al Py 7375 SRR,
RN B RIFRAT R GTE R (Ziph A6, A% T RER LA (5.3).

p() =

=12 (5.2)

NVC

e (5.3)

Horhy NFFE R A SHL
MVGH IRV, (1< 1< Nyg) M RC HIIRSUy, (1 <m < Nped, ESCFARL
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RSU i) | G2 A7 R R 2373 9 CV CTRICRE

Nyc.XL
. vc;1vve NRcXL
e =[e] ], R = [k (5.4)

Horie] [T, RO BIARE N B | E RV AIRSU,, OB A BRI T, R (5.5).

ve; pe _ |1 WRRUEEAFAEY G F A0V, 5 RS U, (5.5)
C;1 Cmyl 0 i .

ARG RN 1R, SR ACHEFEN, WRRERIZNZE, N
V2V J7: N VC H LA AR . W VO HEA, WS YE A 9 RSU 3RER.
IR EIE R RSU %A, RSU ZIHA L&A LLEARPME, RC H 1A Rk 53 DA%
BN Y o WIRASRBEAT , 5 R ZE0 H AR JE il I ) R PR IR . BN SR R i 24
HREBMOE R AR . I RIE RN AN B S8 VC 8i#F RC 3K, AR Jydrr, Frld
IR TIE R AR S VC Bl# RC TN AR TIL. S RNEW VC. @1
Yo HE N RSU. RC & 53 AT 25 52 001 7 W A2 I, 0 L ) 380 98 A% o R
Ryv,Rgy, Rrev, Rpy > TR I 23 77 A2 A% fan 0 AS 5 A% i 58 A0 250 48 X0 B2 A9 A0 4%
Py, Pryv, Prevs Ppy o BT EEAIRBERyy > Rey > Rrev > Rpys Pyv < Pry < Prey < Ppyo W

TR SR P 2 T, AT IR R A ) AR 0,
5.2 thikio]@niEi=

5.2.1 EHREFEHATE

BV ABEANT j I, VTR ZEFITIR T HIERENE [, & Xt ;, VT H)
RV T RGENE [ TR IE, BAVC FENA | M IEE N, HEEE
AN ARG RBER, SN

NVC

E[tj] = X p(D) — Zl Ry (5.6)
XUL?E%?W?Fi%ﬁ?%iﬁﬁiﬁ‘]?i’]ﬁim)(ﬁraw ma (5.7 iHE.

u-E[‘L’-]
Tav = ?—1 lj1+ujzl (5.7)

MEHE LRSI, FFERIEE RN BT ZAFALE, WA R mERBO RLA
Rl ERESR, VC RV, A RSU, I FEIRENR, 1y TEVGH, fERIEAE N

RV, mat (5.8) i,

Lml’
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RerLJ;l = (1 - CVC,) <Z:Zi{n¢icz,/f]> RVV( R 1) (5.8)
Horp
(f(-))o={2’ ;8;3 (5.9)

X (5.8) (1—cVCJ)<2

g NV C; A (1R oAt Bl S8R H
i K B TCIRAEY C i /2 I 21 SR A5 B RC, RC H, AR ERS, N

i Cly ) FAHRMN AR ARV, (36

n=1n#i ll

Ri1 = chiRry + (1= R (RS eem o) Rrcv + (1 (TS RC)O) Rpy
(5.10)
FIBVCH RC WAL HNEZ, SRR ER, g TH N
lelj—R:’Tfjl+(1—<2:Zif l"ff>0)lel (5.11)

Nyc

e (1 - (S0 eh) Vaertev G ok R 1%
0
A2 AN F) RSU MR R W A A B R 28 AR L s, i R A i
TR AR AN A B FERGE I VA, 52 XS, o) TRV G IR 4V ERSU i 2

TE RN E Lo

(5.12)

576 b VC BV, e SR IUN 2L
im,l - O, Eﬂﬁj_

BV G R AV, BT RSU (97 26 X, EL2 B FEA A 1 SR 8D, N

im,l
VC r VC -
lmll 212 lm,l,l ;1 Di,m?l = Zm’m-l-l"”'NRC Ri.m,l,2; (513)
M 1A i 564 TASE P2 | FFRG N TE e, 1 T AR
Ve
( o Ll t=1
5q ve ve
Rimi1 Si,m,ll=1.m=1,ci’l 1.1
(m-1) Sa~Pim-14 ve ve
= rim-1), im—1,
E v Rimla 8 mh=1,me(2,3,Npche;, 1#1 (5.1
rNRC+ lNRCl , vme{1,2,3,--Ngc}, 6VC11_0 CVC1¢1
v RV61+ 1-(3 Nycy cVC1 R im
\ Lm,l n=1 "il o PV
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MNE 2 FENBIZER @ FENAE | TR ik 5 7] ARZR N (V5 i) RSU JFFAS
) = (5.15).

e
( 0, Ll =1
S ve vc
q 2 _ — 1
Rimi2 Si,m,l_l’m_NRC’Ci,z #1
4%
= r(Nge=m) 54~ Pimi+11 VCy _ vey
Ti2l = 3 < Rty 8;v2=1,me{1,23,Nrc-1}c %1 (5.15)
pVC2
rN Sq—D
RC LLL . vme{1,2,3,Nrc), SVCZI_O CVC1¢1
voogpvea ZNVCZ Vea\ \p Lm,
\ im]l n=1 i1 iad

522 FHRBEEMMBEA
X FAT 2 N 5 R 877 R PR AR Cost g, 1B N (5.16)

K @)
Costg, = Xy Xf 121 X “1+’H2 v, Cost; j, (5.16)

VG IRV, 25d RSUy, FEAR [, BB % Cost, ;9

VC; Nyc; VC; Nvec; vc;
— ) J ) J ] RC
Costimy = (1-¢;) )<Zn=1,n¢ici,l >O Pyv + (1 - <Zn=1 €t )0) [m,1Prv +

(1= moysiie o )PRCV+(1_( Nc (RC ) )va] (5.17)
IRSUL, M [P K e AR Cost; 51’17'3
Costlml = ZRi,m,l,jCOSti,m,l,j (5.18)

VC TR ERV; BT RSUG 7 o XN, TENAE 1 B A AL oA

sum >
Costimy j/~

Cost’ ¢ (5.19)

sum 4% sum
COStlmll 21,2 COSt COStlle Zm,m+1."' im,l

iml’

MONEL | N4 1 564 FBe 1925 | P (RS Costy y 1T A7 g

JNRC

Costi1; =
SqCOStimyi1, Sy =1m=1
Ve vc
Costim™y 1+ (Sq = Dt 1 | )COStim 11,6, = 1,m € {2,3,+ Ngc} (5.20)
COSthRCll (Sq_D;,/Igllec,l)[ VCq .
vm € {1,2,3 NRC} Slml =0

(1 CVC1)<Z:LC_,1Hi CZlC1>Ova+(1—<Z,IZZ1Cl CZZC1>O)PPV],
MONET 2 FENBIZE40 i 588 T EEGE N [ FT s KA Cost; o, AT LA IR N

Costip; =
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SqCoStim2, 5:/;121 =1,m = Ngc
Costsim, o+ (Sq = Die2y )COSt im0 612y = 1,m € {1,2,3,++ Ny — 1}
0s lm+112 im+1,1)COStim1,2) O 1y ym rEr RC (5.21)
Costs T, +(Sq=D} 7 )l Ve,
= Ym € {1,2,3 NRC} Slml =

(el ) Enen ocl) Prvt(1-(SnE2 ) Jppu,
523 EHABEHRRHER

VG PRV B T HGENE [, AR RSU RIEZAF AL E AR T
BOR AR BAT T2, € XA RSU KA anrh Ik EUS 4id RSU B Kz e yhitratio; .
X TAERAFER, FAN LR R hitratiog, THRITT

C.
hitratiog, = Y4 Xr 121 L P li’#z Isic) hitratio; (5.22)

5.2.4 EEFMHALBIRRERR

N RN IR SR S, P SR 25 IR B ZE DL R 3E 8 7 AR S AR 8 o0 B
B, KREFHEFTSFAHEW N RSU MNERATHE ER/MUNIES A S, BCE R A
RSU S AL inl @i~

P.: min U(CV¢, c"%, cRY)

S.t.

1[1611<SV 1E{Ol}i=12--~NVcl,
(5.23)

If 1€ 1V1C2<SV VCZG{Ol}l v Nyc,,

E 1cml<SR R ef{01},m= 12, - Npc»

l=1,2,--- L.

VC: ,VC» ~RCN — . Tav Costgy _ L veip p; p() Tijl Cost;
U(C 1’C ZIC )_ aTmax+'BC05tmax - l=1z 1Zl 1 #1+#2NVC ( Tmax+'3C05tmax)

(5.24)

Hrfia, AN EMEANESE, Tnaxr COStmax NIRLPI 2T 75 i K75 2 ZE A
el miA, FERXMEEIT, WAL BN BRI, Tnee = Sq/Rpy»
CoStimay = SqPpy. I\ (5.23) LRI RSU M2 A7 N & A HA 5 1)

CEATRE . T E A AR I A R A, Wﬁcmwm$a —1k,

ax Cos tmax
IR, Polal @i 0-1 JELRPEEE K] (Non-Linear Integer Programing, NLIP) [f]
A, JH O NP AER G, @M EAR Hir s 8EEE 24, BirREeh i A (5.9
B ER BRI AAAE , fST45 ) O DAREAT AR AR o 72 5.3 5 ool H A R SRR A
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AT AT SR o
53 REBNSHNBREEL

A MM REIL R KT, ZB A MR E (Alternate Dynamic Programming
Search, ADPS) ik F KSR ) Pe, A4 5t o) @73 i 9 = A1 i) i, A 3has )
(Dynamic Programming, DP) SRR inl 8, 7E5- A PUR, &I E E Hrh A
DRATFE PR Q)T I, A7 n D

Pei: min  U(C[Z, €72, CRC)
s.t. X cRG < SR, cfG e {013, (5.25)
m=12,Nge, L=12-1L,
Pt min U(CY, G RS
s.t.¥ /<Y, /[t e{01} (5.26)

i =12, Nyc, =121,
Pe3: min u(cl, cve, ¢k
c3: fix’ » Yfix
s.t.¥b, 2 <SY, /P e{01}, (5.27)
i = 1’2""NVC2' | = 1,2,--- L.

0@ Pey s Peys PeafT5¥R79 NLIP 8] BA RN S50, £E 5.3.1 Tl FHEREhE
RN R0 ) SR A1 1
53.1 EhEMKIES

BNAS RN RS I b 3B AR B [ @ ) — oAy R, o AU R B A ) R o 2
B B R S 0] FBLAR S o B B R e . R AN BORIRZANRE, BB BUR SRl T ok
FET AT — B B me o 3R DA R B B TR R 28 R o JE 28 — B B i e I o 2 DA S o B [RD )
KR, BB BASREM R SRS, Blld5 fa — i B i) i @b 2 55 () 1 iR ), XA
AT DAHR 2 5 0] B s U o T T DASK A Py I 8 9 48] 150 BA BhaS BRI BRE B OB P 3R, X
SO P PRAFE H S 0] Py N 2 B Bk 5 I i S R BAH AR I B IR B Vo0 &R Bhas LRI
HERFE 5-1 (5.1,

1) Z W Bk s i) @ i A5

K410 BRPey 23R L ANBY B, HLAESE 1 BARALRT [ AR IEAETT %o Poy iR

hl A 5T L — KA N
WEERAL RSU BN BT E. 25 = [sma] (0 < spy < SR)FRE | BIPIRE
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R 5-1 B MRFE R APy

Table.5-1 The DP Algorithm to solve problem Py

Bk 5.0: SRS LSRR 0 P,
1: itk

2:  for fifis; <[S,,]VrRe*1 do

3: J1(s1) = U;(min{1, s,});
4:  end for

5: for /=2 to L do

6: for fTH s, < [S;,]Vre*t do

7 B, (sOPIERA ECR I IEHL

8: for FTE A HEMICRE do

9: if /;(s)) > U;(cf€) +J,(s;-1) then
10: Ju(s) = Uy (ef) + Ji(s1-1);

11: cfer = k¢

12: end if

13: end for

14: end for

15: end for

16: return IRALGAT U E HFECRE
W, ARERA RSU H TAE6ERT [ DN BRI A .
RS I B Is IRZS, X7 I AW B AT UE W /A

Py ]i(s) = min U, (cR%)
{en-,1=sns<l}
s.t.Yh 1 cRC < spm = 1,2, Ngg, (5.28)

cRC €{0,1},ym,1<n<L

HrfeRE =[RS YR g5 1 AR R, HL

Nyc. . . .
Un(ch€) = T3, 3,y AL PO (g Tuin . g 20 (5.29)

=1y +p, NVC]- Tmax Costmax

S TR BRI, =1, s, =SB, 5, = [S]VeeXt = [1SR]VReXT,
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fPcq, AT AR R N (5300,

Hj (n) Ti,jn Costijn
Peyidi(s) = min i X L St P ( Tuin g CO%uin)

cnt, l_l Uitz NVC Tmax Costmax

1snsL} (5.30)
s.t.Xh R < Spm =12, Ngg,

cRe, e {01}, ym,1 <n<L.
BAR, AR LB WP, SR Poy AR, SEILB D KAE R Py, 7T LSS

) J5 i BLP o R BRI o
2) BIHRK R
FEH B, Ysp, = 18, RSU,MEMRIREREAFAE NN, Bk, s =
min{1, s;}.
J1(s1) = U;(min{1,s,}) (5.31)
BNk, B BRI T 1 B AR RS, B BLIR] R U OC & L
(5.32), HorBlni 5-2 fione. 7009 3 BB BrEc 1 2IprE 2 BRI 2, Br

state Caching scheme O\?Sum:l state Caching scheme O\‘/’;:um:' state Caching scheme Osat:umeal
RSU1 RSU2 RSU1 RSU2 RSU1 RSU2
oo 0.92 o 1.52 00) 2.00
(10) | Content1 0.44 ao Content 1 1.04 (10) | Content1 152
20) Content 1 0.44 (20) |Content 1&2 0.73 . (20) |Content1&2 1.20
on Content 1 0.38 on Content 1 0.98 on Content 1 1.46
11 Content1 | Content 1 0.34 11 Content2 | Content1 0.67 an Content2 | Content 1 1.15
(21) Content1 | Content 1 0.34 (21) |Content1&2| Content1 0.63 \ (21) |Content2&3| Content1 0.90
02) Content 1 0.38 02) Content 1&2|  0.63 \\\ 2 Content 1&2 111
(12) Content1 | Content 1 0.34 12) Content1 |Content1&2| 0.59 N N\ 12 Content3 |Content1&2| .86
22) Content1 | Content1 0.34 (22) |Content1&2|Content 1&2 0.56 N (22) |Content 1&3 | Content 1&2 0.82
—— > Selected path ~ -----= > Eliminated path ==—=>» Final solution
Explanation of 4 paths from stage 2 to stage 3 ‘
U/ in (5.29) Caching placement )
path Optimal value
Content/ RSUL1 caches | RSU2 caches RSU1 and 2 RS:OII acgghze do Rsut Reuz
content / content / cache content / content/ (11)—> (22) |Content2&3|Content 1&3|0.67 + 0.17 = 0.84

Content 1 0.44 0.38 0.34 0.92 (21)—> (22) |Content 1&2|Content 1&3| 0.63 + 0.20 = 0.83

Content 2 0.29 0.25 0.22 0.60 (12)—> (22) |Content 1&3|Content 1&2| 0.59 + 0.23 = 0.82

Content 3 0.23 0.20 0.17 0.48 (22)—> (22) |Content1&2|Content 1&2| 0.56 + 0.48 = 1.04

The optimal value is calculated according to (5.32 ), which equals the
gain of the RSUs caching content 3 plus the optimal value at stage 2.

52 FAMREE R, /S =0, €/?=0, Nye=2, SR=2, L = 3
flx fix

=0, C'©

Fig.5-2 An illustration of the proposed DP algorithm with C Vi fix =05 Npc =2, § R =

fix —



J AR KF RSz L

B LRSS REAEHT I DN EIIEAEREST, B, BrEL 2 iIRE (12) AL RSUL 42
FNE 1 ECE 2, RSU2 AFNA | F1 2. s/a ARVEN RSUL AT RSU2 A7 N 1,
RSU2 ZZAF N 2, )5 RSUL ZAF N 3.

Niso =min - V(i) +Ji(si-)

s.t.cR € {0,1}, (5.32)
Crlffl < Sm,l'
m = 1;2;"'NRC

Hrbis_y = s, — ORI BURIFPIR S He B 7 72

HARRYL, 1255 | MBIs RS, BRMMEAA R ROEI R AL 1 BIFTE ZA7 I
BRE, WEMERU () + (51— )BT R, Ji(si—) =&l -1 BrEdg 3. Fik,
P (sOABIFR R (5.32), A LAFR B 0] P, I FAT A -

3) SRS

RIEEE 5.1, B 1 M EERE (4T 2-4) HO(SR + DVrRe), X TFr B
L(1<l<L), B RSUASE+ 17MRE, BMREFTEREREEZFNEIRT 0K
A, —A RSU HIHHEZE NOQRSR +1), N RSU HIHHHEZE (4T 6-14) A
0((2S® + 1Nre), FLUBEAR R0 ((SR + 1DVR) + 0((L — 1)(2SF + 1)Nre), 7]
MR N0 (L — 1)(2SF + 1)Vee),
532 XEBMSAKNREEX

W8Py, Poyr Peafef8 5 A BN RIRIGE SRR, 208 M R E LB KR H
T AINRAEZ I, WK 52 (B 5.2). iZERRE 45 BN 3 S L
WREATT %R

A8 B Bl A5 A 2R SRV AK gt 1) R P ] L R AN AT AR R AR R, IEAR
R A E AR RS, 7 B R BN R T8 5 T e S EOR R RIS 3. B C
Co P RICRE N ZSERE, BIZEMAN RSU ANGATATAT 125, 1EAWIUE 2, SRR R Lnax
ERREERE . BEMASEUE, HE g, = 2NFE.

SORPES T MIBEIE 5.2, BUABISHRIEEWEREE LW E&atrid, i
PLAE I B S RIS (7 4-6) MR REE 4 B8 0((L — 1D(2SR + DVre), O((L —
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D2SY + DMver) F1o((L — 1D)(2SY + 1)Nvez) o BAFIEII T HEZ 2 E N0 (Inax (L —

1)((2S® + 1)Nre + (28V + D)Nver 4 (2SV + 1)Nvez)), iZHILFEEA RSU HIHUE 2

s,

R 5-2 RS RN GFIORA S P

Table.5-2 The ADPS algorithm to solve problem P,

FHE 5.2 RS HRIGE R P

BN
i

) Ve, AVC
Acc, Maxiter,C,*,C, %, CRC

VCi VG ~RC
C]- ,C: ,C]-

i=1
A=o0
while (A > Acc) A(i < Maxiter) do

Ci¢ = argminU (€5, ¢/, CRO) i il DP B R A ] P, ]

€/ = argmin U(CV%, €[2, CRO)[{d Fl DP B3R i P, ]

cVC1

€/ = argmin U(C/™, €V, C{O) [l DP S{RAR I RPcs]

cVe2

|U(CVC1 CVCZ CRC) U(Cll/Ci,Cl/Ci’CRclﬂ
i=i+1

end while

Imax = i \WEIERUEL

j= argmln U(CVC1 Cn 2, CEO)

n=1,2,

Ve, AVC
return C 1 C 2 CRC

54 REAESFRAREEL
P52 B A AS LR AR IR S R P B T A SRR O TR B, Ry

BONSEFRR A E 7738 (Cooperation-Based Greedy, CBG) Ly SRR fift 5t ] @ . 16

15

i 2 4

THRIRE N BB, FE KN F W g VC 53 RC ik 2. VC 83 RC #

REF P =DM RGAFZNE,
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TZNE, RCHMATEREZHFAZNE . BRNERREL LN VC H RIS A7+

K&, Brbh, VC hEAFZNAE)G, RC HIEm MIHT EREAT, XA RIS

RERE B SR MR RER,  [FII L Rede m A7 frHh 3.

%53 RENEMRNEREAFTR, L=25 S'=1, SR=3, S, =150, y=0.6, Ny¢, =5,
Ny, = 6

Table.5-3 ADPS caching scheme with L =25, SV =1, S8 =3, §, =150, y = 0.6, Ny¢, =5 and

NVC2=6
Cachiug A‘MRC =2 1‘7\"'30 =3 J'VRCF =4 ‘N'RC =5
matrix
100 0 0] 100 0 0] 100 0 0] 7100 0 0]
01000 01000 01000 01000
00100 00100 00100 00100
[cvar 00010 00010 00010 00010
00001 00001 00001 00001
0 0 0 0
100000 100000 100000
010000 010000 010000 1000007
001000 001000 001000 010000
000100 000100 000100 001000
el 1000010 000010 000010 000100
1000000 000000 000000 000010
000001
000001 000001 000001
L [) -
0 0 0
0 0 0 0
10 100 1000 10000
10 100 1000 10000
10 100 100 0 10000
01 010 0100 01000
01 01 0 0100 01000
01 01 0 0100 01000
00 00 1 0010 00100
[CreT 00 00 1 0010 00100
00 00 1 0010 00100
00 00 0 0001 00010
00 00 0 0001 00010
00 00 0 0001 00010
0 0 00 0 0000 00001
00 00 0 0000 00001
0 0 00 0 0000 00001
L o | o | o I 0 |
U 0.9134 0.7951 0.7217 0.6752

I A2 B I R SRAE NI SRR I G2 AT 7 AR IR 5-3, ZHE
L=25 S"=1, SR=3, S, =150, y =0.6, Ny, = 5FNy¢, = 6, HMMSHEEM
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5.5 45k —tE. % 5.0 BT RITRFENA D, OfETHIE. WERTLLE i,

R 5-4 GVETAEGAT HIER R AP,

Table.5-4 The cooperation-based greedy algorithm to solve problem P

Hik5.4:  SIEOAEGAF ORI P,

12:

VC, AVC, pHRC
c., %, Ck

VCy* VCy* RCx*
lmax_1' lmax_l’ lmax_1

FITA ZE40A RSU IR KBAERE I lmax = SV * max{Nyc,, Nyc,} + ST * Nge
for I=1t0 Lyq, do

AR IRV €, VCyy RC kPG S 47 2% (1 4400, j . RSU ko

NT VC 5 RC ZABATEME, FEWPUIREFAIZANS, WICTHEZAAE RSU H1, 41
R EWEAFZNG, W FTEEAAE RSU .

ZRERAZMAESER, KRR (524, BEKMRME U WNRHWESFTE

VCi* AVCy* A~RCx
C_1.,C_7,C=»

end for

VCq* VCy* RC*
lmax_l’ lmax_l' lmax_l

return C

VC1 VC2 RC
V1,V2...\VNva V1,V2...\/Nvc2 R1,R2...RNrc
Select vehicle i with extra ] [Select vehicle j with extra | Select RSU k with

vehicle number sequence) vehicle number sequence) (from R1 to RNRC)

cache space (regardless of | |cache space (regardless of | extra cache space
l l l

Selected Caching scheme (for content I) Optimal
vehicles and value and

RSU Vi Vi Rk scheme

Content |

Cooperating Choose the

cache for Content | Content | gggLTnaé
content | Content | No cache scheme for

(stage ) space
No cache content |
Content |
space

Kl 5-3 Bk 5.4 F47 3-5 AT RE

Fig.5-3 Conceptual illustration of line 3-5 in Algorithm 5.4
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W4 RSU HIBENR G, A7 AE VC HHINA LT A, RSU HAARE RSU H0
M. VC 1 RC FFIA MEIRAT N B EAT, VC PR ZFAAFRINEG, RC 5
VC AR F AL, XPhGEAE T 008 700 R A A R A2 (8], 1 K 4240
e L5 FREUE Z N . AR E R UL L B AT, AT b B B A,
&N K, PR A E SRR FIH VC R RC 2 AR BARAAE, 2R A A
&, DOASRIAE S B2 (B B A E AN R L, B AR H A ek BUED B R A DL A
TOAEEIEN K 5-4 (HE 5.4), HL 5.4 HEAT 3-5 TEHIRE LI 5-3 0 BSR4
WA EVE AT TR

STORTE N oA ST SR I L2 2 M0 (2(8Y * max(Nyc,, Nyc,} + S® »

2

Nec)) BEH AUEURLRIER K

55 BIEHESRE SR

AR B 5 B AN R R A7 7 R RE . AR B R G A7 7 S5 b Bk
DA 77 AT, XU E A CE R~ R 7 B 3k 7 Bic 45> RSU A1 VCC,
VCC SECA R4 . ARFE S, NI 1/2 FIZRE N[40,36)/min, FANERIKNN
150Mb, &> RSU KA Y0 Fl y 200m, ZEHHI-F 2058 B0 20m/s, M ZEH/RSU/RC %,
S SR A% 4 A 2 B bR AR AL HE 253 731 09(8,6,4,2]Mbps, AHXT R A% i 5
AL B AN A% N[1,4,6,10], BRILAM, BB ERBA AL EARSE, Bla=p =1,

KT IR ML 5.2 A1 5.3 SRR S5 REN P Rh 247 7 %2 70 73 Axid v ADPS #1 CBG %
7% WOk, R FTRIGEAT 7 2 5 LA T A7 7 AT L.

(1) ETRATEMRZEAE /7% (Popularity-Based Caching Scheme, PoBCS): &4
R NERIRAT 1 A 25 U 2R A7 B B A7k 2 (R BELG

(2) FETRATEHIMEZR 2217 )7 % (Probability-Based Caching Scheme, PrBCS):
AN REANEIET MR, MR S5RATEM, RATEMRER, B aehgf.

(3) BENLZEAE /7% (Random-Based Caching Scheme, RBCS): AN s FHL ok &
ZAENA, SHATEBHAMSHOC .

(4) Fo2847)7% (No Caching): A I AZAFAT T 2 .

(5) KW ZELEF7 /7% (Low Latency Caching Placement, LLCP): CHR[44]4% H A

T/ MUEBTIEZEAF T %, RFIRHE K (Simulated Anneal, SA) H32:, % 5VERENS K
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RGN AP, o SFVFIRFE TR 5-5 (BT 5.5) o VLM E VI TR IR E T » 28 1R Trie»
TR R B AR A E R B0 . FERUOERH, m (m =12, Ngo) BlbLIE
o BAJEDL, BORRSU, RS A7 N 2 I 2 I Pe 20T, THEAR B COM R Cmew X i
ke ZE (T 4-5), C™WLl—E I Pe = exp(—8/T) KN E RILZILZIEL. &
WK GG, AT EE THEROT, T —IRKp KIERFFM e T < T M EIVEZ L,
CeW iR RSU EAF )T %o Bk M B B R GR THIA6ME, SER SOE A IREL

st Tmax—Tmin
j\j 9 X Kln o

R 5-5 PR KRR R FLPe

Table.5-5 The simulated anneal algorithm to slove Solve Problem P,

BVESS:  BHIR KESRAR I P,

A . VC VC RC
BN Tz Toins Kins 8, €1, € 2, CE
iﬁ'jl_luj Cnew

YIAILT = Tpgr; €' = CEC, KRN (5.24) U = y(ch, €y, cola)

1: while T > T,,;;, do

2: for k = 1:K;, do

3 M1 BINp FEHLIESE m

4 AR COM R m AT (KT RS B AT B REC e, U = Uu(Cy™, €p, cmev)
5 § = ynew — yold

6 if 6>0

7: Pe = exp(—6/T),A = rand(1)
8 if A> Pe

9 crew = cold new _ jold
10: end if

11: end if

12: cold = gnew pjold — [ynew

13: end for

14: T =0T

15: end while

55.1 EIERREENANL
AN LCBI A G Ar 7 IO SE . A A AR AT R . 1T ADPS 22477 %
HxEm, BRI, SHEREL=25S5"=1,5%=3,y=085Ny, =5HM
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Fig.5-4 U versus the number of RSUs with L = 25,5 = 1,5® = 3,y = 0.85,5, = 150, Ny¢, =

5and Ny¢, = 6
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The number of RSUs, NRC

Kl 5-5 ANFIZAT 7 5B RSU HUR A RIS AT E], L= 25,8 =1,5% =3,y = 0.85,5, =
150, Ny¢, = 5 MiNy¢, = 6
Fig.5-5 The runtime of caching schemes versus the number of RSUs with L = 25,8V = 1,58 =3,y =
0.85,5, = 150, Ny, = 5and Ny¢, = 6
W 5-4 fiw, TEARRIZAF TR T, RSU MEEEXT U g2, BE RSU FIEE Y

B, U BB ZE 5 B AR FIRZDBE 7 RBCS F1 PoBCS, Ji A J& 2% AR ZEfF 5 1, 4
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WA 2 B SRBUS LRI N 75 . X PoBCS, B BAZAE BN, FAMA RSU
AL A ARRIIRAT N Z, SECRSU ZHMEAEA RN, A BRI B ZZAZ AR R I A 22
U RSU i RECE| AT, 562 1N R e A B 5L R (R AR AR 45 28 K. %
RBCS, #/> RSU BEALkE, BTBENLYE, PreArkREA €, 1 ADPS M1 CBG 4247
T7 RN T HATT RIALE TR A EAE, IF HERRS e /N7 5 N SEBLFAH F PR RE .

FER 5-5 11, JEIR T RSU BB AN FIGATFTT RIS ATIN (A 520, & o 5 B A 4
S5 R T AL AN 3.20 GHz Intel Core i7 MIPNAF N 16GB ] windows & HL. 7 LLE
#|, ADPS ZiAr )i iz AT I} [A]fE RSU #iE B 4a 808 K, CBG A1 LLCP 2217 /7 %2 ff RSU
BRI, X5 53 WS4 WRETHEERE T AEITE. Ak, ZREE 54
FE 5-5, TESCOLLTARIRI 25 AR HERE N, CBG 2247 /7 RIS AT I RZ KT
ADPS ZAF /7% B, Y4Nge = 6/, CBG ZB17 )7 R IKBATI A 0.25s, 1 ADPS 22
1777 RIIBATH Ik 5945s, IXUEHA T CBG SA7 7 RINA Rk Sse i, fER Rk
KA S B, (U CBG 2647 77 R 5 H AR A7 77 RAE N LA

5.52 MBSRIRENEFHRIEENE M
BEl 5-6 B, (EARFIZEAZTT R T, ERIF RSU MIZEAFREIIN U 056, BEZEAT

HESRASYEa, UMD, RERENZAEEEM, ELMNEZGFLE VC il RC A&
T, LA B A A% A T R RN T AR A A AN, AR RE AN AL . U AU ot

1.8¢

: SR - TTTT—

J Y SR A - o VORI ............

—6—PoBCS ($V=3)| ! ;
1 L@ PoBCS (8V=6) * ‘
—&—prBCS (8V=3)|
B PrBCS (Sv=6) : ‘ ; QR S
0.8~ F—LLCPSY=3) | o TR
SR - 0 LLCP (SV=6) : : : H H :
—*—CBG (5¥=3)
0.6 % CBG (5"=6)
2 3

4 5 6 7 8 9 10
Caching Capacity of RSUs, sk
K 5-6 UBiZEAFRE /184, L = 250,y = 0.6,S, = 150, Ny¢, = 5, Ny, = 6FINge = 20
Fig.5-6 U versus caching capacity with L = 250,y = 0.6,S, = 150, Ny¢, = 5,Ny¢, = 6 and Ngc = 20
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Fig.5-7 U versus caching capacity with L = 250,y = 0.6,S, = 150, Ny¢, = 5,Ny¢, = 6 and Ngc = 20
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Fig.5-8 The average hit ratio versus caching capacity with L = 250,y = 0.6,S, = 150, Ny¢, = 5, Ny¢, =

6 and Ngc = 20
FRAA (5.24) IO — @ TR B L, ISR IR A A A5
HEEZEAFRE 71 S*R BN 5-7 Fros. AT RLIEE W S ()7 B SEFI AR 2 B S*R
BN, SEEA U b . BRIEZ AN, CBG S5 £ THAM T %. 4 S"R=10
i), 5 LLCP J7 ZAH L, P &5t &M EA 73 73D 30%H0 25%, LA U b 29%,
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XEZIHMAT CBG SeAr T REEB TR A GIER R SAF 2 AN FRATEE R

el 5-8 s, EAFIZAFTT ST, D401 RSU FIZ2AF BE J1X 145 A 4 il Hh 4 1
. IEIHURIEE, ERMEAR RV RATELZANE, NEMTREN, CBG %
FITEAA VC 5 RCIZA SRR SRR R R A7 AH R A 2, 2 N EEA IR
MR AR, FiteEm T EmHE. 5 MHBNIRFEET A PoBCS, #£
K 5-6 AE 5-8 1, ZHZEANIZEAFRE SISV /T RSU MZRAFRESISR, U T Egdm 2 4)
FEANAE, I8 PoBCS Z2 A7 [ KIIAT W& 20 VC Al RC A AR & 1E, 2247 4E RSU
TR 2 R HIEMI . HRSUMGAF RE T EI A RE ), SREBUCEZ N &
LEBRT RSU FEAFIIN A, P LA SEBRA AT 460800, A h 5T 4a 48 0. CBG 22
1777 S L HA T3 SRAEA IR I G247 BE /1 T RENS SEELSE S IR PR e
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Fig.5-9 U versus Zipf distribution parameter with L = 250,S, = 150,S" = 2,5% = 8,Ny¢, = 5, Ny, =
6 and Npc = 20
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k% 7 RBCS #1 No Caching 77241, [ K2 2y H4 I AT A I8 K o5 238,
ZE5AN RSU (G247 REME S I N 25 R R RHAAT N B A 15 3K« No Caching 77 A%
JEATATZAF R, I A 25 T SR Ik JE it A A 25 (4t 7o PRz PR IR 25 28 3R, BRI
B IEM AR S o XT T RBCS, HTHANGHF RSU BEALE ZAAN S, 5 HAD

51



JTAR Ik K F A 5 A4t ST

SH by 1ok, PEREIL AR E, {HEE No Caching 77 4, g 22 A7 B
K E . SR, 2y = 1.8, PoBCS 1 PrBCS £HitL CBG ZF 7 ZHif. JRKZ
YRR BT BN VG SR IR ZR 19 0, B 1 A BT 218 SRR 1) SR, X RS2

2 T T T T T
1.8 L e ....................... ................ -Ucos‘
’ ‘ : : : U
PrBCEOECS : PoBCS : : T
1.6 s =l PrBCS — ... PeBCS ... . CpeBCS T U i
‘ PrBCS BCS | PoBCS
14l 1 1 | L PBCS
_— LLCP 3 | 5
1.2 oo [ 1olleof - “HCH el LrcP :
2 b ool [ - lolleo - ! 1 Mool ned || o 1 i
1s||® |s||° =I5 ol LLCP v
CBG]| || : il S| ==
= .”C.BG“'? | el I[] CBG o .......... S S| J
‘ Sl o : CBG| |
0.8 ool ...... = o 1 I P 1 ..... | ....... N
< : [ i i H i
S Sl <l | 3| | |||
1 11 1 1
0.4 1 | 1t} I o..... 1 ..... | ....... 4
0.2 F 2 ] A 15 . i ..... 1 ....... 4
0 f i
0.65 0.7 0.75 0.8 0.85

Zipf distribution parameter, -y
5'10 Ulzj\ﬁ_ lef%ﬁ%{’t; L - 250,Sq = 150,SV = 2,SR = 8’NVC[ = 5, NVCZ = 6$DNRC = 20

Fig.5-10 U versus Zipf distribution parameter with L = 250,S, = 150,5" = 2,5% = 8,Ny¢, =

S’NVC2 =6 and NRC =20

é; """"" —o— PoBCS N, C‘1=5)

g [ g — S A==l o POBCS (N, =10)|

= 0.4 Y .. ............ A ........... AT ..... —pg— PrBCS (NVC1=5) -

ez PPBCS (N =10)
035 e e e o — ) e LLCP(N, e |
o2l P v A - S— ey LLCP (N =10) |
o ' ' ; . | —4—CBG (N,(,=5)
: s CBG (N =10)

1 1 L

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Zipf distribution parameter, -y

[ 5-11 FH9dr e Zipf 0%, L = 250,5, = 150,S” = 2,58 = 8, Ny, = 6 Hl Nge = 20
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- BCORAT I A 28 LL U PoBCS Al PrBCS 271 K i I3 24

LA I 9T [41][72]38 By vT BEAR I AN [F] (1 I 2% 15 T N 0.65 F1] 0.85 224k, & 5-10 f&
7~ Ty(0.65 < y < 0.85) X I LEFN S ATEA A 224777 & T BISEbrszin . BEAE v,
TATABTER G L ETE, R CBG A7 77 % BN A RAT AL, 1 RN
JH Al v S AR o PO PR 1 7 SRECBIIRAT A2, BRIIGST 35 B S 0 AR FEEAIG, Sk U >
& 5-10 1, CBG A7 7 RIERAL T HARL T %, 2y = 0.85K, 5 LLCP 7 &ALk, F
PR SN AR BEE 20 D 24% A1 19%, Bk U IR 21%.

Wk 5-11 fs, Jon TARIZAF T RN, vy VC F I A T 2 A A p g

TR . S5 R ELIR CBG 247 7 ML HAMEAF T R, AR s N EmhE. bR

bz 4k, BEy¥EIN, BrA 7 RECE R R, 4 VC R I EECE e, Heh)if
BNy 3, PoBCS TENy¢, = 5HINyc, = 106, “FHNBHHPRIMLTLES, X
L — UL T PoBCS MAEAEME. X PrBCS M1 LLCP F %, HABAHE . My
MO B 1 ABES, CBG 2477 R R FIHENZEEIER R FiERTI. ARR
ATRESAS BRI A AT PR, Sy 1B 2 B, b 3R A0 AR 3 B2 SR R 14 5 1
A VC ENEFEE, X5 PR rE K. £y = 0.65 ~ 0.758, CBG £
1777 FRHF ) i Th 2R RER IS B 85% LA L.

5.6 M AR GG IE

ARATBEE T 1 R N %4 (Infortainment Content Transmission, ICT) &%4t, %1 1%
RY B EIFSIL T XUZE RS JF A,
5.6.1 RGRBISCIN

Ul 5-12, KA Cohda Wireless $#2 i [) MKS OBU 1 RSU 1 N G144, FIH =
R%5 B A A R34, BCE 2.5 GHz CPU A14G A7, 4% 1 (V1) H 1.6 GHzCPU
A 4G WAERIZEICA (Laptopl) #4#: MKS5 OBU 41, AP, 4% 2 (V2) H 1.6 GHz
CPU 1 8G WA RIZEILA (Laptop2) #EH: MKS OBU 4li%. V3 fic# 2.5 GHz CPU Al
8G W AE. [N, Laptop4 BCE 2.2 GHz M1 16G WNIFEREM AN MK5SRSU. V1, V2, V3
AEf% 5 RSU M= k4548 3 ilidid DSRC #2101 4G # il E . Bribz ob, Bl
TR AN A HER AT, kB 50 AN AU B, K/ 8968-9790KB.
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Fig.5-12 Prototype implementation
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Log messages

Get network adapter information successfully!
Please click the drop-down vindow to select a
network adapter...
Successfully selected netvork adapter!
Please select a mode ...
Network Interface Model:
) Current mode:
Server Client —
YLAN | Host IP:192.168.1.14 Sever Client i)
Sever
Des address: [ Des port: Host port: ‘
The file to send: | | [
Datagram num: range: ———
Log file location: | -
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5-13 R&G 5t

Fig.5-13 System interface
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BRARNBEM ARG T NE 5-13, RGN, ORISR, AR
YAl UDP S@E R, R LME N A ECm (IRSs &) AR R (% /73D . 2R
4i5 OBU, RSU, mfR% % [MiEE UDP HhlGE S, UDP MB{EHE R 7@ i
5-14. PSRN B BEAT AL, Bk S5 Ao, MUSIEC e I Py 25 b B e Ab 38 0 UDP
AR S, B AL % 2] DSRC 4 . DSRC #4544 UDP 4 SC ALy FE A 22 43 B (BSMD
i#id DSRC W~ # 2 B FR 224051 DSRC %4, HArZMik ez Fomiat, ok
A, AL 460 50 1R FE 7R S 22 /s AR RN 8 , AL 4, MNAAE i i 7 > AT

BFRIE D, — IR B A S FE 5
UDP client
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Socket()
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| Data request
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| < Sendto()
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Y Y
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P 5-14 UDP @35 AR P8 45

Fig.5-14 Program logic of UDP communication module
5.6.2 fRMNERFEMKSEFH RWIE

FESEBRIECH, WS T IS SR A HAR AR, RSUL RSU WM. = RS 23K HUAS
[T P9 25 () L SAR S 2 Ry, Rey, Rrcy) Rpy e WHEL 5-15 175, Ryy MIRgy AE R H23,
[ MKS RSU A1 MKS OBU [N 45—, T35 EA 5 336.3KB/s, Rpey 117
BIMEZI N 202.1KB/s, Rpy (IPFHMEZI N 171.4KB/s. AT W4T P 2838 i A 1] 7 Q3R B
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Fig.5-16 U versus Zipf distribution parameter in real-world data set with L = 50,5 = 5,88 =
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