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Abstract

Using microsimulation we investigate a set of lane-changing rules for
highway traffic. We compare three types of lane-changing rules in terms
of the fundamental diagram of traffic flow in multi-lane versions of the
Nagel-Schreckenberg model: (1) the symmetric rule, in which overtaking
is allowed on all lanes; (2) the asymmetric rule, in which overtaking is
forbidden on the right; vehicles should use left-hand lanes to overtake
but return to the right lane after overtaking when safety criteria are
fulfilled; (3) the hybrid rule, in which the leftmost lane is the overtaking
lane while other lanes are treated equally as in the symmetric rule; the
hybrid rule differs from the asymmetric rule only when the total number
of lanes is larger than two. The simulation results show that the overall
traffic flow increases when the asymmetric rule of lane changes is applied,

revealing the advantage of this type of overtaking regulations.

Keywords: microsimulation, multi-lane model, lane-changing rules,

single-lane model, fundamental diagram of traffic flow.
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(relaxation time) » AUl 240 1E IR E REE B PR v, WYFRIE REFT 7R AV
[

T(t) — Voo o €~/ (2.14)

#HEF NaSch A1 > FeFTRIARIZSCRR (14, 15] DU A7 =0 EFREF A -
= /0 (minfo* (£), Boc] = 0(t) ) dt (2.15)

Hop o(r) BRI ¢ SERETT SR (EIFEE AT T o () B IEmRENS
p — 0 MIHAIER ¢ — 0 MBI Y PR - RN SR EARE &
v () = (1 — p)t » A00H » SRR P34 . (1) B e 7 P B —
R R A AT 5 -

60 : — : I
L=128
sol L=256,512,1024| |
— L=2048
40— -

relaxation time 7
(98]
S
I

20—

| L | I |
00 0.1 0.2 0.3

density p

2.14 © BEHE —BEA o AR p = 0 BEHER vne =5 AEHER
&N ZRRGMIRF ] 7 o L0 SRR B R = B AVER SR #EE pe ~ 0.16667 > L
JE BLRRS IR eI S I e &
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TERRREIRTECE p = 0 IFID T > 3 (2.15) JE FAVRRoH R Rl e B A o [ ER S(E
(G 2.14 > Bl vmax = 5 R BERAERIE (L) MRty - 25
THEA ] FHITT By -

60

L=128
L =256,512, 1024
— L=2048

40

relaxation time 7
[y*)
S

! Nl
0.2
density p

B 2.15 ¢ éki*f‘k? p= 0.25 » %——%‘—‘ VUmax = o0 Kl_‘li F‘J_Q‘F L Z%Agwﬁ_fﬁfﬁ

T ©

ESINEIRBEAERR p > 00 [ 2.15 DL p = 0.25 A RIBEURERoHIE R %
FE LR R BN A TR BB S R A B S R Ul (AR A & E) - HSis
MR ENL A B AR/ Lg% (EbieE 2.142 p = 0 15) - #EREER
SRE PRI IR NaSch RAVRYER SRS « /Rl BRI R A E
e R - B30 (2.15) VIES - BER 7 RN RS IRREH Y
H o(t) FINTRERRHYERR Vo > 15 AT H S LR EE B FE E NPT (if p > 0
TALZEERR) - FFPHE R ARETREE 257 (EAIREE > HE ve MK
7 <0 AL AERI - 20 (2.15) AVRRStIF R E SR A B p > 0 15 -

By T ZEZEEESE | (jamming transition) K HJEMERVIREHERT SV SN ]
EMCTHYRRE [11) > ASCRZEAGT LT REYEE - fERERERS > TAFIREF
GEER TSRS YE ) B T RSV ) AR ER AR EEE - EME p > 0
RA B PRS (critical phenomena ) ©
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Fo T RE E H BN B 7 SOBTRI AN 2 BIE 2 4\ i B B SR e

> HEUERAEI LIRSS - 15[ A B 2 S &t B B E R e iE AR - (o
BRI > AT S AE BN ARt - AR HLAY 2 B F TE & M. Rickert S5 A%
ILFY NaSch ALY ZEIERAT [26] - —HEHRZ 28 AER b FITHMZ —
HebeE 1] (4nfE 3.1) - bfA b BdbR T 4[E SE S NaSch AT AR —4EfE 1 1 FT
HESL > TR SEHAGAEAS 2 — 4RSI o SRR SRS R E B A AR E - A2
23R ST (symmetric) EAIR¥STE (asymmetric) BY o SRR Z 1T Ry
BN AR MSA A 2 BEEET - I HEEEA B EFREE - R E
GEEZATEERRRNEMSE | IR ZTERS (PIEATTRZBIZ RO &
AR AT A 2 BT - 0 H s s se R | - R R AR 2 AT
B EAR NG IS o Forp s Ry B DU S bRl T &8l ) [5)07 mfT By
Sy B AT Ry A HARER R E N AT R S R i R —EE

[ || & el ] |-
e e

&l 3.1 0 “EUEARIRGT o B P T AR —SERES I ATAH R o EEERRR 1 AN E B A
AT AT —SEFRT ETAE SN - TR AT AR — 4RSI - BmE (6] -

5

(3]
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Rickert & A B[ b 217 55 77 =0 17 4H JE 2 B/ (symmetric ) Bl JE ¥} 7
(asymmetric ) A1 » w5 [ AAERAE RS R R DB b il s (1 TR E 2 30
TRy [26] - BB R A ISRl 2% - AE[E —HE 2 Fil# R R -
H S —HEARE MR - e RA f B s 2 8t e - XA
B S —HE % 7 R R PR R B = 2RI - Rl e T A R B I 1R 1R T KR
TR 2 R

D. Chowdhury % AJ* 1997 FEFr#ERAVERC [13] #F Rickert T N Z fHAIE T
S e WS T PR EAYEES (AVNREEARER)  LERTEESHEA
FEAE DL 5 AREAY R B A S AR BVER B S R v » KB HLR
Vs max ° EFEEME > IEERMS RSN E B AN EHAE E 2 a5 - IR
AT E—HRET - R ERRE B E R R 2 FIE R (desired speed ) 7252 » 4]
oy NEEEREER - 50 ASEFL R R —LL

S ¥ BB > iR o FR(ME RS Chowdhury BRI - LB AR
KRS TR B — i jy BB N 2 (B -

3.2 BREER

3.2.1 HEER

FESEEAI T N W EIE 2 TIRESe £ H[E - SHMEE 2 RAFERA B AZEAE
R A R o Fia i ME BN EREIE I e R - BAIS A

(i) SLFTHREIEE > By N T £
(if) B350 — B T T O 0,
(i) 8550 — B3 F7 AR JR R 2B o ek ©

L 2B RIS AU E R A R AR 2= R - EERFIRESUE [13] #VE -
ESAINN

e

(i) e/ NAREERAP AR (At = 1) AL SERITHZ B vmax 2K
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(C1

(C

JiER

"RITELZEERE v + 1> EF

¢ =min (v + 1, Vpayx) -

(il) So— B s E R R E AR 2 B (d) Ko %E b By

IS
o

Il
ISH

(ili) 55— EEIE{R T AR Z 2 2 E R Ryim e (R BRI (AL = 1) DU 28

PRAT S BEAE -
eo,baok = Umax -
Ry R RFRAIMEUE (R H Ry DL R - T

2 HHE
BIA—BEAr IR (At =1) ¥R T oL N (E208E 2 ARAE T

eo,back = Ufmax -

i Z A0 S T B 4 S A A AR ) i B (1) 7 AR NaSch fTUE B

1. SHREIE

2. ZHiE NaSch B2 &g (RS 2.1 §1) °

2) %5

A

BJEIE LA T 4 T B A T -

) BARTEEEERE (d) RE d< /(-

—EE TR LR EERTEEERE ¢ d, >

(C3) HamIAHAD.Z i B 5 A -

(C

(C5

) Eﬁ% E {§$$EE (do back) /%Eﬁ‘iﬁﬁl%& do back — > Eo back °

) DA pe HEREEAEIE ¢ ran() < p. © H ran() HHEEHR (0, 1) EREAYRLE -
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E#t (C1) 81 (C2) it /EE M ERIENTE > (C3) B (C4) RfTEZ 2R 1
(C5) HEBIEMERIZ R B N BRFIR - BREtIE (C5) Y51 - bR 755

< do,back I do —

o [T L[| & ]
e -

[l 3.2 ¢ “EAEAR Y S KRR > AT R S LA AR - BlwE [6] -

BEANE R EEAY RSN - eI R L AT HRRR T EEEY T U EE | (ping-pong
lane changes) » HAFAIR @ ¥HER A G HRERF—HE - EHIEES
IF > BT RS BB IS8 A 2 S —H0E » SER AT A I AR R A R S —
WLIF AR — B b iRtiRe ] - 545k PRRR LAt i Fesie 55— 5 LRI Ry R 4G
FrA R BN WEE L o SRR p. WEIR SRS - fEHMSUR [26]) &
GRS > GEREBUR pe BRI A BERAGHAE A ARSE - EER
BERENE © ASRSOR A SR ERE AR - BIEE pe=1-

3.2.2 HEHEIFNBER

AR LR AR - SRS TSR oh Sk e i (R (DB P e R FTIE 2
HHEMAFAR - RIS E G EEREA RN G E A EZ R0 - [
RSGT LRI G A SRR A T W E Z DIRE [F] > IR — s s 2R

ANk B E Ry s 0 HAR GRS ¢ G B e < 7 O (SR TR
VEBIIMETE [9] - AIZEEE[E— T [RIEEEmE B HERT - PLIa iR 2 3 Rt B /e s
HREE ARG HAREEREREE (MRTHHARREEERR ) > AEH
e ~ RIS -

BFE e e HEREE - BIATA B2 S R —2 - REer BB R Al
ME > FEF oy Ry iE Y H B e 25 IE NaSch HEIRYERT - DU BRI RE sl

S IE BT

24



B R AR B R

B AL (IR o SRR R BT AU E - A

(R1) [FHERTTHEE d A EREME

d <min (v + 1, Upax)

o o By T R vy BRI R -

(R2) ZEMIEERTTHEE d, RIRFEIEERTTERE d o 8o R TEH:

do > d.

(R3) TeE[mIAE A 2 i B A S A

(R4) 71_‘@”%: {ﬁj\iﬁﬁﬁ do ,back j(ﬁAﬁEEE%&

do,back Z Umax -

SRy s B R AR

| EE AR

N R 7e st s - A R T - S B ARV R (T E S E
Rt o AR E 2 B o Z2 2 AHERRER -

i

(L) A5 ESEATHTEIE d, EHEEaRbE T 2R v 175 -

do, > v

(L2) feE[aAE s 2 i B A e S A
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(L3) GRS ITEEE dopack e ZETERE *

do,back Z Umax

3.2.3 ZEHEFFHTEHRE
AEAFEBE AT PR EAS - (HE @ B A TRSHERIEY - B Z8 T A iiE i s R
IKFKI : Vf max )5_2 Us max °

R |

B E AL GRS - gS NS o KR R e [ E A R OEEL T
R > (B PR FH SRR

allg

(R1) [EJHEZERTTHER d AR LAHERHLA N —RER NaSch S 2 R TH: » ]
d <min (v + 1, Upax) -

Hf v REWE T ZHER > Unax MR ER > HERENAR 808 0 &
FIT=5 8 B B A Ry DR R - G HL [ 2 i e Y Ry e B e
Rf > FTEREE A R RO Ay

d< Vf,max -
AR DR B A 7 e R I o e R R A U -

(R2) ZEfHIEE BT TR do ARBA[EIHIERTTHEE d:

d, > d.

(R3) A AHAp 2 i B SR S H -

(R4> E@ﬂﬁﬁfﬁﬁﬁﬁﬁ do,back x@%@‘&%%@mz%@ Ut max-

do,back 2 Vf max -
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R |
W ARALR RIS - BT (L1)—(L3) MRS A (e

(L) GAEBERTTHEEE do RS miiblE N Z28R o 75 -

dy > v

(L2) feafmrAE s 2 i B A e S A

=1 -\

(L3) AR ITEE dobacc RFNHEERER L H SR vrmax *

do,back 2 Uf, max

SR RN 2Bl FER A AT ZEREER

RIS E AR PR - DU B (00 e f5 4 ok P 7 () B 2 e A ek ] P
HE - fE R (L1)—(L3) FrAFTRmE -

(L4)" BREERTTTERE do /INPPREREREN SR vt max
do < Vf, max »

HAMN R R A e frte s Bty - N E R s P S i 2 A
172555 e B2 > FLRE R4 (o A (A B e T A BB ] S B 2

3.3 REEER

DN EAM o3 Ak B e )y — BRI » PR R AR T R JR A AR R Oy A
R WAETTHE R

27



0.8

I
—— asymmetric
—— symmetric
0.6 — —
~
04| -
0.2 —
0 Il ‘ 1 ‘ L ‘ Il ‘ Il
0 0.2 0.4 0.6 0.8 1
density p
e e
(a) B E—HE
3 \
—— asymmetric
—— symmetric
4 —
3 L
I
=
]
&

density p
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N = NN ey LRI N i NG RS ) e I S Rl D E S
Tﬁﬂlﬂ’] o) o TTBIZE AR T 0 B T S T B R e
FEEEA AL (EE MR F R R A AR R B FE A -

3.3.1 HEfE

e B BRI B IR AT A R BRI vmax = 5 © RV S/ E S HEIE
NaSch B 1 EREREE RSB AR > BeMIa bR Ry p = 0.5 - Sydioess 3.2.1 fiil
Jefy TR ESE o ABEIAAIR AR R R R F 0 B A b - PR (DL
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ZEMEERS - SRR ZEA K -
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g -

EEEdElen v oyt

B HEEBHR
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AR 1%

H

EA{THLER

Hﬂilﬂl

IR FR SRR T Ay B (] - (8] 3.3 Ry
I - TR 2 B R Ry G O E E A R E
HURAZ R H R K m AV EEZERE - FHREEEE s
MEZEENER - I TR EEEFEI T - SR R IR R 7
R s B U HIESUE H AR R ZE
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&l 3.5 © BLEAE » BRI B RS R ECARRE B 7 PEEY - BEHRAVEES L
BER p = 0.5 IR Upax = 5 ° JREEZERRIF _BUEHA Z FEE Tri’]uuifj
R B R
FEREEZ AR > SR SRR BT R A 22 (B RRE
# Ry (E R E b S B PR AR e R - (8] 3.4 R AL 7 e A RUEFE AR - 40
T > [El 3.4 (a) BURHTHRI SR (MRESE - (ER /G HE Z fRRE &S

0 HERVELAEEEL SN ) « RS ([E 3.4 (b)) WA EEH
=il (p20.9) ik

(BR T R
RARES - B RE LR O e e 2R S
B2 [ RER AN S © IR A RS oA st B o A A A —
BHE B ZE ) BN G R At B 8 I
PR AP BT AT R AR I 2 B E I R (5 F RCR I AN A A R A I
i Y BB AE AR > R Sl R R A

(E SRR HIE R ERSE 2 Ha
MBI - KMTEBEHEEPRE (flow per lane) AELEI AT HR A ]

BB B > e EEE YRR R ER DB EE - TS
BT (A Em R e eI EE TR ) 2

FZEE

REIHNIE 3.5 - AJEIEE R EFERRRF
FHIE PR SRS S R B R R R ARG S » TR EE AR AT
S > QI ARERECS i B0 A S - B S R AR SR

e -
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S i ] SRR R BT R R it i REE (NEEE) Hil
[(ERARE 2 BEEMF 2% « HHADICRBERIES R - ERER RN T LR E RN
SR E AR R PSRN -

3.3.2 —“HfE

e E B S RIEEE N - RS BURI AR FERIZRR - 73 A Ry R 2R
PR vrmax SAZEIRIR vsmax + SHFNAFIECEEMEELS] > BITREELH]

. b 51)
' A E '
R B L5
ws =1 — ws. (3.2)

B jetbie At B REEEAIYE (FIER) —# LR % > RELES T
ARy we = 3/4, 1/2,1/4 WEEREIRFNIE 3.6 > HAFEEES BUR R p = 0.5
KRR Ry Vtmax = 5, Vsmax = 3 ° §EREUNE B FHRERF IR AR R B AR A B
o FEAFESET  JRETEEA SRS R E PR o JEETE A (B S
FEARELEGIECRAYIFIE T A I RS & 2 A 15 e Al B AR R A o7 (B

o FRAMEH LB B s AR R VS IR - ELBEUR T Rt R s (o F e i i U A
[FEIHRE LR G ERERE I E ARSI JESE (heterogeneous )
BRI - EARP R TR PREEE 2 B i N

BRI IR B BRI LA PRET - BM ey A BE s AT — G EEE R (B
RIE A FFEREEN ARG - WPMEEREREN N E A —fHE R
Unax = 3 HVIREREL > H HMEIERIR Ry vmax = 5 > PEECPSEELGI R 75 : 25 Ay
fil R IR - &EER (I8 3.7) BURFENRE n] Sy B AP |
S A AT ERCR > BRE PR E R E BRI 2
ZERE 0 HEAZE FHEEOR © MATETZ 55  FRATREIEA S
BT RA(ES -

AR B S50
FERGHY B TR
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4.1 81
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{58 T N HYR BB Bias /R R — B - ANEMRHE T _HE A 2
TR RRRIEAY - (2 AR R =B BB H A 2 - AR B A RRE
M ZEHEECI P H Z HEE AR ZHIEER T R T I HEEA
BRI ALSN - A BBl E 2 A > R A E S A (Chybrid type) © LA
ZHENR R EERREEERGANT - EEE LA R R
A5 I AR A ERE T Ry o ZAI B A (VR A R PSR A > B (E
HIRHEH b E - WS R E IR HAMEE - RMIRHRILEE R R SRR
(hybrid model) » FEHAFIFTAD > SRR G A HANSTRAERET 28 » DU METHAP I
S MR BT R RS TR A E R SR -

-y -y -y g —
s | Ny & .
o -y o o —

4.1 @ ZHIEBEAIZR - BERE (6] -



<— d]back d|
5 4 4
oy ) oy -
2 5 5
=y oy d oy -
5 4 4
) g g -
< dr,back dr

4.2 1 ZHEARGEAEREE > AT R 2 WL LA - B E (6] -

4.2 HEEE

B REEIPAHE > WA TR RTA S DIREA R - R e A A
SCEHETT > EEERSEREN I K 27 R L E SR AR — 2 AR S —
8 do, do oo IRAETEE R /E BRI RL d), dh pao BUVGEIEBE d,, dypac > YE] 4.2 F7
o IR R BHEME > o e B L B AR BRI R TR | > RIS R e
HEARMEITEE - 740 E=HEBEA D SE AR A, B

RE—RES 2 EE i - M H & 7 (U A R (I i Y B AR 52 A 2 o ] B A
75 R BRI A Al A o e T B [R] Rp SE HA S TP ] B[R] — (L B 2 1B - i se gk
(AU > 40fE 4.3 Fror > BAFPREIER R © SR S I - ARz
o 2 A EETT BHIHUH

S e 7 N .
o ‘ = #L:,‘.k Ny .
oy -y #& o —

4.3 1 ZHIE SN A W ER R R T EE R B 2 TE T - B E (6] -
PUR Aeh e BB - il = B i SR AR A S A B L TS Y ]
B B B i EE R A i e R - H]

(i) EgrEAMEE  EReS ke AMEE L R BNme B REaEE
ZAGR{E

(il) BEEHEE @ HmeEEREANEBE T B e B REENEHE

40



Z I

(it) S EANEE 5 R S 2 B A BRI R - HAANEE
AR d BOEAREK d, -

(iv) SHEAMIEEE %5 E R e 2k 2 A B A AIEE R R - EAHEE
AR d BEMEK d -

(v) 1/2 PRSI E 7 BCE (A © 45 [F] iRy i e 58 4 2 7 (B (A B A A PR
7 - 0 H AR B S (I 2 p e e E A 5

BEpa 5 e SR A R (EARTEEEEgE - HA IR ) B B R AR —
B> BN ERE - XNERT LA (v) SPRaREry sy - JME IR R
ELEHIBERYE - BT PA— HEHREIA R (TR RIS -

BRI B 1% > WMTHEREEIT (MEHEEBHREY) NaSch Hir b
5% o BEEHRE= AR R RE R

4.3 FEHTRREL

ZHUE Z IR SRR B T B R IR A B ] ¢ AR
A ELA A (AE AR R 8 7 22 ks R ] o PRG3R (M [T RE Ak 6 o [ /2 B A5 S
HEZER > HEREEERAHMEE - B REE S - SR E R e 2
MBSV REZ RIF > HAY e B B MBS - R [FI AT SRR
SIA 1/2 ESACHRER M E /s © PERE RS ERE A s BRI A (IR,
JEETEEII T ATA RS (BahREE) SREEEBREGT

(i) BHE/MEHE « BpTEERE ey - B8 E AR Z fRiFme -

(i) S MIEEE 5 R SR 2/ (I B B R R EURG J2 S Ha 2 5 (H s 2
i > BRI EEA 2= M A e N R TR - SRR SR A S K [F H i
FIEEFEIRER/NZ FlE - RS E SE pli& [m] e 22 A (I

41



4.4 HESHEE

LR SRR R A Ry R AT B R AR P B oA B A B o [
TF R EREIE A - &Y RfTEE - A R s > HEA T R B AR
JEIREEIRA -

FlEr iRy > EHERKE PR #E A A FEHEER L A

(R) EEHE@A A - (AR T30 - RIS FHw S A = i i e
Ry > ELAHARHY i HE R (R e HY B A E R > AR TP e -

(M) EEFRALF PRS- (58S 5 =CHIE - B B B A e
prtis

(1) S A M - e S I R BERmESsHmES

(A= PR
(i) ERELMEE SRR E2 G EEZ R BN mESREr
[ = R

(ili) AT 35 FR e B R A fIE S JI =B R - B2
BHZ AR d BOAAREK d, o

(iv) SR EARAIEE © %5 F R R e Sk 2 2 [IE A HI BB A R - B
HE 2 A d SR de

(v) 1/2 HREME /e BCE IS © 5 [FR e S 2 /e (85 (3 Y
i ol H A (Ve AE B (I B e e REAE 5

(L) BRGNS - (IR J5CHEr - BIE PR EEAZER
AIEEE N ERITRIN o AR E PRI o SRR IR LA R E F A AT
A/ N HET - [FEAEN @A se 2= el - (FE(E A EE -

4.5 HEER

I N5 o il e e - G~ 4 = 5 /Al o e BRSSO 3 B B A
s o MHEEREES R SR p = 05 > YHGREHEWERSEN =HE L > &

42



—— asymmetric
1= — hybrid
—— symmetric

08— —

206 —
=
041 —
0.2 —
0 | | | | | | | | |
0 0.2 0.4 0.6 0.8 1
density p
=R
(a) EAHE
3 \
—— asymmetric
—— hybrid
4= —— symmetric —
3 —
>
=]
b]
o

[E] 4.4 : = HiE AR BUR 2 ROAREIE AR R » Skith s BIEERRHAY -
SLHRSR R SR E%EJ%%E%TMEME’JQ“H o A[E N = AR R FR
TRERERRA (BT WA AR -

BRI 3L ¢ = 20000 5208 > & to = 10000 52 " F&A, WefE - e T' = 10000

TAEHE M > T 100 (BB U LK BUEASE -

4.5.1 HEfE

BT BT HR IR Ry vnax = 5 AVELEREIFE - B 44 H=HES
R SRR 7 B LR () BLECRFEE (b) - AR HSHEAN Y g

43



0.4

I
asymmetric 3 lanes
hybrid 3 lanes
symmetric 3 lanes
03 -- asymmetric 2 lanes | —|
-~ symmetric 2 lanes
single lane
~
Q
=1
= |
5 021 _
o
3
=}
= 1
| N
0.1 h —
/
N
{ N
|
0 | | ) | | N
0 0.2 0.4 0.6 0.8 1

[ 4.5 1 —HAHEL T HiE 2 S5

=,

=

—

density p

R B BR BRI BB AR B I T~ 2 e PR

S o o o
[ SO N e e )

lane use percentage

(=]

T T I
asymmetric, w, = 1

—— right lane

— middle lane
—— left lane

| I \

—_

0.4 0.6

0.8

—_

S o o o
[\S I e e ]

lane use percentage

(=]

\ J \
hybrid, w,=1

—_

0.4 0.6

<
o0
—_

o o o
~ O o=

T ' I
symmetric, w, = 1

o
o

lane use percentage

OVO\.xw‘:’wa
\ |
\\ \

(=]

& 4.6 :

0.2

e R BRI (B -

0.4 0.6
o

0.8

[

—HUEEEEEY S B AR - B L2 TR RIEEREER

TTHHAGEFA R o NIHE S 2 s 2R E (BRI ) - SRR

PR -

LU [ A PR o [ 4.5 BUR = HE B T HUE R S SR A A g

B E KRB - H SR nT S R i Y B IE AR

RS E RV ZEFERE A E S A -

44

T



1 T T T T T T T
\\\ —— asymmetric
— hybrid
08— symmetric —
0.6~ —
~
3
=]
=
04—
02
0 I | I | I | I I
0 0.2 0.4 0.6 0.8 1

density p

(a) FAREE

T

—— asymmetric
— hybrid
symmetric

| | 1 ‘ Tt 7
0 0.2 04 0.6 0.8 !
density p

(b) R —E ]

AT ¢ = HE R R B B R ] o ok AR Ry B FE BT AR
SLHER R SR > TRARGRAIR I PSS AR - MTERER HIF R R 5 B
REHF i s 2R S PR > G - ST R AR (R - 30 H 22 S E I
Hi-

e MR A (18] 4.6) TTBISEEITREREIUEN, £ RSN - A3
S PR R~ PR e U R R IS 2 0 A
% o IERA AT o AR - AR R IR - s
K2 SRR -

45



T T
asymmetric, w, = 0.75 _
= —— right lane 4
— — middle lane | 7]
| left lane ]

speed v

speed v

speed v

S = N W A N O = DWW A N O = N W R W
LI I B N B B N | LI I N N B SN B T

()
(=)
(3]
ol |
=~
(=)
(@)}

0.8 1

density p

& 4.8 @ =Fi RS EA 7 L H AR R o [ B2 T oy Rl R IR
R~ 18 R BT Z 1B -

4.5.2 —EE

TELEFA 5 AR ST © HER vgmax = 5 IVPRE R v, max = 3 AYIBH -
IR S R By 75025 0 Hll wp = 3/4

[ 4.7 AR — AR R B S  JEER SR R T R Ry iy
e~ WEBRIR Y - BREAIR - BEABNERES © (1) JEEREEERF
HhAE R A B A 2 R AR N TR MBS, ¢ (2) W ABAE AR
A (S 2 — B EE A (P RAYIf & B T B R S Al e A & B EERY - JRE]
A HE Y BB R O R S BT R B B

AT ER S R — R (4 o B 4.8 BRI EBTRETE SR AR 25
EMRIE D - PRIEER B R ENS 2 B o s i e Y BT R 2 3R
e P B B R At — EE = AR

53 RIS R [E B REAIR - FHIE 4.9 FTEHEL B B EA R I R
B B BT H A AR - SRR (K - 18 B 45 SR R BT s
RS o (HEEANK o OGS R DB RES w0y S HE AR . HREUR
FETHRENT - IR TR e (R B AR 2 25 -

46



0.8

— asy. fast type
- asy. slow type
— hybrld fast type
- hybrid slow type
sy. fast type
sy. slow type

— asy. fast type
- asy. slow type
— hybrid fast type
- hybrid slow type
sy. fast type
sy. slow type

~
204
= ,
021 |
0" ! \ L 0 ! B — ——
0 0.2 04 06 0.8 1 0 0.2 0.4 0.6 0.8 1
density p density p
OF =i (b) AR Il
4.9 ZHE" ﬁ@fﬁ’*”%iﬁﬁﬂiﬁl I lE < PREL - PRERERAE
FEAITE AR A I 2 55 A HIE = T;%%U':P/xﬁ Vil
© 1 N T x T ‘ T , i
%‘) 081 asymmetric, w, = 0.75 — rightlane | —
= - .
3 — middle |
é 0.6 B i:;t lareleane ]
2 04— —
= - -
202 _
< L .
= o | . \ . | . \
0 0.2 0.4 0.6 0.8 1
! \ ' T ' \ ' \
§° 0.8k hybrid, w, = 0.75 |
2 06 \ .
g r i
2 04— —
= = -
g 02 / =
- ol | l | s | 1 |
0 0.2 0.4 0.6 0.8 1
1 T ‘ ‘ T ‘ T ‘
g“ 0.8 L symmetric, w, = 0.75 |
g 0.6 - ]
g r i
0 0.4 _ » _ —
= =" =
202 _
< - .
= 0 \ » . \ \
0 0.2 0.4 0.6 0.8 1

4.10 :

o

R~ 18 AR BT 7 15 -

B AR ([E 4.10) HIELE
TR 2 (F RS 2R A RS
i~ AR
iz B AR - IR R 7 PR B
FETRTT > BEER D IR FALA (A T
2R AN

FEHIEE

B

—HUH G N S BE R o & 2T R Ry R A

B Z SRR R H HRR I 5

» P E A R /e (B o A Ry T B

> B ALAIE ch R B At EE A - ] 4.11 Ry
HERR RS EA GRS - EEE

FEMIEE AR BN A 1F

Hrf L E o Sl H MR R

47

HA&E P AR (EHE M



° 1 T T T T T T T 1 T T T T T T T 11— right
?30 0.8 asymmetric, fast vehicles ] 0.8 L asymmetric, slow vehicles | 7 {n}ddle
= A L eft
§ 0.6 0.6 — _]
15} N L
=%
2 04 04— —
] L L
202 02— —
= L
O Il Il Il Il Il 0 L ‘ Il ‘ Il ‘ Il ‘ Il

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
° 1 T ‘ T ‘ T ‘ T ‘ T 1 T ‘ T ‘ T ‘ T ‘
%‘J 0.8 hybrid, fast vehicles ] 0.8 L hybrid, slow vehicles ]
= L\ 4 L .
?_3 0.6 - — 0.6 @N\ _
15} N i J
=%
2 04 T 0.4 —
4 L = L =
g 0.2 Z/ — 02— —
JER A R N R R ol 1 v 1 1y ]

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
° 1 ‘ T ‘ T ‘ T ‘ T 1 T ‘ T ‘ T ‘ T ‘
%" 0.8 L symmetric, fast vehicles ] 0.8 L symmetric, slow vehicles _|
?.’) 0.6 — — 0.6 — _
a L i L i
9 04 — 04 |- —
202+ — 02+ _|
=
< L m L
- 0 Il ‘ 1 ‘ 1 ‘ Il ‘ Il 0 Il ‘ Il x Il ‘ Il J Il

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

density p density p

] 4.11 © =FE HERE T T SR R IE (K o [ LA 0 Bl R
PR R BN ZREE A B o ] B2 T 20 A R R AY -« 18 S R B A5
RIZIEH -

i o (2 H BB E 2 8 SR PR R R 2 (] T e e
B F e Tt > SR (AR SRR A o 5 (8 T i B

Vi
A IS - RN EE - BRI AR S BRI A 7y sEfE - SEE
HRIGREAEE > Br T RS (R R Ry (] el B » AR AR = B T
HEEEEARTERAK -

ERTHAT T S A BE B 2 e A P B B T B AR A S R B B A
BT HGERBAE - IR MR Z e mE Al E 8 58 ([ 4.12)
B MIEEEY > EEBZIEIEE AR 8B THEER SRS > At
SEREE AR IR A R EAE SR AT - A T R RS AL > I R B AR

=HUE Z SRR A R R B T AR E B T IR R AR - B
A E I E I EY R B H A 5 A 7 AU PR A F R R el 1R SRR - B B
A B fRT RS Z (5 FER

i

48



0.4

— asy. 3 lanes
—— hybrid 3 lanes
—— sy. 3 lanes
---- asy. 2 lanes

- sy. 2 lanes

flow per lane J

4 ‘ T T I
| — asy. 3 lanes |
—— hybrid 3 lanes
—— sy. 3 lanes
--- asy. 2 lanes —
---- sy.2lanes
I
ER -
%
1 _
0 | | |
0 0.2 0.4 0.6 0.8 1

density p

(b) B AT

[l 4.12 :EZE 1 B }F”Z!:Eﬁﬂ?i’jin 2
FRAII R AR B i e B A o P AR

m

II]

49

REBER T -

i



20



AR B ~ CELAE e Z AR AR AR (BRI ) A - HfMAY
SRR BT

L. EHEHAREEAE SR AT R EE R R (R A28 JEEEA
EEE BRI A s o SRR - HEIRIMI Ca
(A1) HE R TS - EERHERERE R 2 M EEET - IR RGN
ARy - BERNE L FEEEANREERHEEEE - BB R R[E]EEE
 EEHE (FraaAEE) EressE  HecaEERE—{THE
I=sHE RG> aMEERTHEE - PEEERENHEEEREE > /L
AR N (At el e P B A B (S

2. EREEEFIAES BT B e R — BB AR - A EIRYEE A
(BIFEEIEETE ) R AN ER B8P sR E 2 (B -

3. WISEHAEIE B EEES 2 ERCR A R

51



5.2 Bl

5.2.1 FREHEZ A

UM EEE RN - 35 Z40ERS T AT i B FERIR S 2 - A [FHEE
AR RIAT 2 B RSB M ) » (H 3 B LU T il PEEREA AT HRER 2 [N R i
DESSER

IZI

I B AR YRR A8 A R EME R A A ED
PR TSR - — RN D SR TR - AR R - i
§h o A b2 BRI 25 MBS RORS R R AN
KA -

2. RS fR¥E UNECE Regulation No. 39 paragraph 5.3 [8] » —Hf=E 7 i

I FEE v, EEEHR v WS
Ogvs—vtg%—l-élkm/h. (5.1)
BIIZ Ry
1(1) (vs — 4 km/h) < v, < vs. (5.2)
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SEATREME 5 96.36 km/h % 110 ki /h > —FFH7E 13.64 ki /h » HILE —
BT RO [ R R RS B URR o, B BT EZ HEEER o ROGHEE

5.1 BARETEMGER - ERIEAE [10] -

52



(2518 5.1)  AIPLRIATREIEREEIRER Z 25 -

3. BEEG R AE (RETIE B RS SC i B S R4 — ST A R iR B A A 56
12 fk 2] "I RAE TYIEE Z—  MARBELETCBL S  BRFPeEER
WG > HIFEEN - UA RS HEEE ORI ERRIRESHITE
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PEEIRA IR Z EESSEHE R S RO -
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R Highway Code [5]

Rule 264 You should always drive in the left-hand lane when the road ahead

is clear. If you are overtaking a number of slower-moving vehicles, you should
return to the left-hand lane as soon as you are safely past. Slow-moving or

speed-restricted vehicles should always remain in the left-hand lane of the

uniform or by signs

carriageway unless overtaking. You MUST NOT drive on the hard shoulder
except in an emergency or if directed to do so by the police, traffic officers in

7%EB Code de la route [4]

Article R412-9 En marche normale, tout conducteur doit maintenir son véhicule

pres du bord droit de la chaussée, autant que le lui permet I'état ou le profil
de celle-ci. ({ER[EESEATTER)

Article R414-6 1. - Les dépassements s’effectuent a gauche. (EE

SEATTHRL)

HEE /M)
{5/ Reglement verkeersregels en verkeerstekens 1990 (RVV 1990) [7]
Artikel 3 1 Bestuurders zijn verplicht zoveel mogelijk rechts te houden. ({FH]
RESE

Artikel 11 1 Inhalen geschiedt links. (EEEL

BELEAE(AD)
1B Straflenverkehrs-Ordnung [9]
§ 2 StraBenbenutzung durch Fahrzeuge (2) Es ist moglichst weit rechts zu
fahren (fEEAIRESEATTEL) ..
§ 5 Uberholen (1) Es ist links zu tiberholen. (FEEE{EA

MDD
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firsk A

RSB E R IE TR

BT

/* speed of car JHEL#f HiE L HEEERZES] o */
/* type of car [ EC#fHE FHEE L ZFE] o */
/* direction_of car Jy3C 6 | B S 5 B 8 Ty ] Z JES o */
* BREERE
/* EEE Y/
/* lane token KHEWGHTKE Z HH > lane token+l RHEEMZIMHAEE -
if (lane tokent+l<num of lanes
&& std::min(speed of car[L*lane token+i]+1,
Vmax [type of car[L*lane token+i]])>pos diff current front-1
&& pos_diff left front>pos diff current front
&& speed of car[L*(lane token+l)+i]<0
&& pos_diff left behind-1>=Vmax[0]) {
left token=1;
}
/rIEEAE K/
/* lane token RKEWFTH Z #EH » lane token-1 RHFH| 2 fHA HEE -
if (lane token-1>=0
&& std::min(speed of car[L*lane token+i]+1,
Vmax[type of car[L*lane token+i]])>pos diff current front-1
&& pos diff right front>pos diff current front
&& speed of car[L*(lane_ token-1)+i]<0

&& pos_diff right behind-1>=Vmax[0]) {

o7

*/

*/




right token=1;
}
/B AR AR ERE A ZEE 2/
if (left token==1 && right token==1) {
/* A () B R R B A MK HI R E A -
if (pos diff left front>pos diff right front) {
if ((double) rand() / (RAND MAX+1.0) < pc)

direction of car[L*lane token+i]=1;

* HEHMAGREEZ T EEEE A > HIZEREAA -~/
else if (pos diff left front<pos diff right front) {
if ((double) rand() / (RAND MAX+1.0) < pc)

direction of car[L*lane token+i]=2;

* HEMHA WG W EEZ AT E A E o AR E - */
else if (pos diff left front=pos diff right front) {

if ((double) rand() / (RAND MAX+1.0) < 0.5){

if ((double) rand() / (RAND MAX+1.0) < pc)
direction of car[L*lane tokent+i]=1;

}

else(
if ((double) rand() / (RAND MAX+1.0) < pc)

direction of car[L*lane token+i]=2;

}
S NEREG B 2/
else if (left token==1) {
if ((double) rand() / (RAND MAX+1.0) < pc)

direction of car[L*lane token+i]=1;

}
/B E T A Z R

else if (right token==1) {

if ((double) rand() / (RAND MAX+1.0) < pc)

28




direction of car[L*lane token+i]=2;
}
/xR </
for (int lane token=0; lane token<num of lanes-2; lane token++) {
for(int i = 0; i < L; i++){

if (direction of car[L*lane token+i]==

&& direction of car[L*(lane_ token+2)+i]==2) {

direction of car[L*lane token+i]=0;

direction of car[L*(lane token+2)+i]=0;

}
/* BEAEE
for (int lane token=0; lane token<num of lanes; lane tokent+) {
for (int i=0; i<L; 1i++){
/[ EEE
if (lane tokent+l<num of lanes && direction of car[L*lane token+i]==1) {
std::swap (speed of car[L*lane token+i],
speed of car[L*(lane token+l)+i]);
std::swap (type of car[L*lane token+i],
type of car[L*(lane token+l)+i]);
}
/*IEEA Y/
else if (lane token-1>=0 && direction of car[L*lane tokent+i]==2) {
std::swap (speed of car[L*lane token+i],
speed of car[L* (lane token-1)+i]);
std::swap (type of car[L*lane token+i],

type of car[L*(lane token-1)+i]);

IR AR

/* speed of car RAlfHE LHEWERZEL] o */
/* type of car JGAL#FHE FHEEEA A ZEL] o x/
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/* direction of car [yFC#kFHE LHEEEREE T EHZES] - </
/r BMAEEE */
/[ EEE A/
/* lane token KHWfTE Z HH » lane token+l RKHZZZ fHAFHEE -
if (lane token+l<num of lanes
&& (std::min(speed of car[L*lane token+i]+1,
Vmax[type of car[L*lane token+i]])>pos diff current front-1
|| (type of car[L*lane token+i]==
&& type of car[L*lane token+ (it+pos_diff current front)3L]==
&& Vmax[0]>pos diff current front-1))
&& (pos_diff left front>pos diff current front)
&& (speed of car[L*(lane token+1)+i]<0)
&& (pos_diff left behind-1>=Vmax[0])) {
if ((double) rand() / (RAND MAX+1.0) < pc)
direction of car[L*lane token+i]=1;
}
/*EEELA
/* lane token KHEHFATIHE ZH & > lane token-1 RHELGMZHAFHEME -
else if (lane token-1>=0
&& (pos diff right front-1>=speed of car[L*lane token+i])
&& (speed of car[L* (lane token-1)+i]<0)
&& (pos diff right behind-1>=Vmax[0])
&& (type of car[L*lane token+i]==
|| (type of car[L*lane token+i]==
&& ! (type of car[L*(lane token-1)+(it+pos_diff right front)%L]==1
&& Vmax[0]>pos diff right front-1)))) {
if ((double) rand() / (RAND MAX+1.0) < pc)
direction of car[L*lane token+i]=2;
}
/xR AL
for (int lane token=0; lane token<num of lanes-2; lane token++) {
for(int 1 = 0; 1 < L; 1i++){
if (direction of car[L*lane token+i]==

&& direction of car[L*(lane_ token+2)+i]==2) {
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direction of car[L*lane token+i]=0;
direction of car[L*(lane_ token+2)+i]=0;

}

}
/* B */
for (int lane token=0; lane token<num of lanes; lane_ token++) {
for (int i=0; i<L; i++) {
VAR -V
if (lane tokent+l<num of lanes && direction of car[L*lane token+i]==1) {
std::swap (speed of car[L*lane token+i],
speed of car[L*(lane token+l)+i]);
std::swap (type of car[L*lane token+i],
type of car[L*(lane token+l)+i]);
}
[ EREE K/
else if (lane token-1>=0 && direction of car[L*lane tokent+i]==2) {
std::swap (speed of car[L*lane token+i],
speed of car[L*(lane token-1)+i]);
std::swap (type of car[L*lane token+i],
type of car[L*(lane token-1)+i]);

}

A

/* speed of car Fil#fH i LHEWFERZEL o */

/* type of car JyAUfEE LHEEAIZ ZES] o */

/* direction of car J3EC#FHH H [ EfHE G EE T A ZE] - */

/* BB </

/* gz e A B F JE R AR~/

/* lane token HHEUFATEE Z HEH */

if (lane token+l==num of lanes) {

I HELE K/

/* lane token FKHUfHTRE Z #HE > lane token+l KRHELMZ HAEE - */
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if (lane tokent+l<num of lanes

&& (std::min(speed of car[L*lane token+i]+1,

Vmax [type of car[L*lane token+i]])>pos diff current front-1

|| (type of car[L*lane token+i]==

&& type of car[L*lane token+ (it+pos diff current front)3L]==1

&& Vmax[0]>pos diff current front-1))

&& (pos_diff left front>pos diff current front)

&& (speed of car[L*(lane token+1)+i]<0)

&& (pos_diff left behind-1>=Vmax[0])) {

if ((double) rand() / (RAND MAX+1.0) < pc)
direction of car[L*lane token+i]=1;

}

/* TEEAE K/

/* lane token REEHHTE ZHiH * lane token-1 R H Ll 2 tHAH H

else if (lane token-1>=0

&& (pos diff right front-1>=speed of car[L*lane token+i])

&& (speed of car[L*(lane token-1)+i]<0)

&& (pos diff right behind-1>=Vmax[0])

&& (type of car[L*lane tokenti]==

|| (type of car[L*lane token+i]==0

&& ! (type of car[L* (lane token-1)+
(i+pos_diff right front)$L]==

&& Vmax[0]>pos diff right front-1)))) {

if ((double) rand() / (RAND MAX+1.0) < pc)

direction of car[L*lane token+i]=2;

* H i B E (A </
else{

[ BEREE K/

/* lane token FKHUjATEE Z HE > lane token+l FKE (Al HHH#HEE

if (lane token+l<num of lanes
&& std::min(speed of car[L*lane token+i]+1,

Vmax[type of car[L*lane token+i]])>pos _diff current front-1
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&& pos diff left front>pos diff current front
&& speed of car[L*(lane token+1l)+i]<0

&& pos_diff left behind-1>=Vmax[0]) {

left token=1;

}

/I TEEAE Y/

/* lane token FTHE{ATRKE ~ HiH > lane token-1 FH G M 1H# H #H

if (lane token-1>=0

&& std::min(speed of car[L*lane token+i]+1,

Vmax [type of car[L*lane token+i]])>pos diff current front-1
&& pos_diff right front>pos diff current front

&& speed of car[L*(lane token-1)+i]<0

&& pos_diff right behind-1>=Vmax[0]) {

right token=1;

* EEFREGEEBEEZAZEE </

if (left token==1 && right token==1) {

* EMHA W E B Z B EEEG A RISEBRE A - */
if (pos diff left front>pos diff right front) {

if ((double) rand() / (RAND MAX+1.0) < pc)

direction of car[L*lane token+i]=1;

* EMHAS G EE  BIE M EER A o RIS R - </
else if (pos diff left front<pos diff right front) {
if ((double) rand() / (RAND MAX+1.0) < pc)

direction of car[L*lane token+i]=2;

* CEHASZE B G B BT E A AULUESR A TE » *+/
else if (pos diff left front=pos diff right front) {

if ((double) rand() / (RAND MAX+1.0) < 0.5){

if ((double) rand() / (RAND MAX+1.0) < pc)

direction of car[L*lane token+i]l=1;

else(
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if ((double) rand() / (RAND MAX+1.0) < pc)

direction of car[L*lane token+i]=2;

}

/* EWE A E L ZMEE

else if (left token==1) {

if ((double) rand() / (RAND MAX+1.0) < pc)
direction of car[L*lane token+i]=1;

}

/* ER R EGZAEE 2/

else if (right token==1) {

if ((double) rand() / (RAND MAX+1.0) < pc)

direction of car[L*lane token+i]=2;

}
/A [ i E
for (int lane token=0; lane token<num of lanes-2; lane token++) {
for(int i = 0; i < L; i++){
if (direction of car[L*lane_token+i]==1
&& direction of car[L*(lane token+2)+i]==2) {
direction of car[L*lane token+i]=0;

direction of car[L*(lane token+2)+i]=0;

}
/B
for (int lane token=0; lane token<num of lanes; lane token++) {
for (int i=0; 1i<L; i++) {
/[ EEE
if (lane token+l<num of lanes && direction of car[L*lane token+i]==1) {
std::swap (speed of car[L*lane token+i],
speed of car[L* (lane token+l)+i]);

std::swap (type of car[L*lane token+i],
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type of car[L*(lane token+l)+i]);

}

[ EREE K/

else if (lane token-1>=0 && direction of car[L*lane token+i]==2) {
std: :swap (speed of car[L*lane token+i],

speed of car[L* (lane token-1)+i]);
std::swap(type of car[L*lane token+i],

type of car[L*(lane token-1)+i]);
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