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Fig. 1. Road network.
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Fig. 2. The critical curve of 3-0 when the system is stable.

B2, R/ 0 AU L U5 R R, ARE ¢ L
[0,1) KMEAIME, FRGHEAE TS E B AR F 57,
SR B0 BT O R, REECIRE S
o IBUEA 5%, 7T A B2 77 SR .

4.2 [EE 38, Wit 0 M ¢ FEIITRGHEIL

BR1  0<6<0.00155
PLB = 0.0002 441, H1 Bl 2 i 5 i 2807 5,
0 < 09400, RGFaE. WIEER 1A A &4,

St ZRBEE R 20 > 0.9400, KRG
WL 7, 20>7.295 0, R IR, 32
B = 0.0002, PR FEMER B2 1 R E R TS50
o .

mE2 I, 43 = 0.0002, § = 0.5, &
G ERER. BHE3bL)MES )T, H
B =0.0002, 0 = 65 7H, B ¢ MRKEI/NEM, R
Gy Ak BLRRE -5 JE A 23 2 -2 JE a0 o3 3 ) i
2, i ¢ = 0 22 i sh, 18 Cik [1] fdAh e
25 M By A R DU B SRAL B (11951,
H 3 (d)—(h) AT BEE ¢ MR BINEAL, REGETH
1 H IR E -5 B 1 23 4 R - R B 4y 2 1 A
Wil 8, &5 ¢ = 02 2 FIEs); NP HITT A,
TEVRTEIX 3 rp, Hp B — L 8 1 3 & 3 5 S5 A7 44
e Oy KRN TT A, A EOR I R TR,
TRl X I B R 2 AN, 20 = 8.5, TRl AT LA
LA L Xk (B BRI IR AE), 46 = 16
I, FHA 3 & AR AR B, VRVE X I i T PN
20 = 2215, JRMIX A B T 34N, 240 = 33,
VRIS i T 447, 246 = 401, JRIE X 3855
BT 5 AN (51 TR IR ).

MB =00, Hn RMTRA™ = do, #bEFH
SKRIBAE R 58 75 SR AG T%, SCHR [1) BT 7R 3R B0, A
FTRT, 40 < 09230, REtkE, 460 > 0.923
B, RSB ILEZEE, 460 > 6.9830), R4t
BUVRTH LR (F VE4H I 38 WL SClk [1]). X be &R B,
B = 0.0002 I, Fifi 0 MR, MEEAKT o 0%
KIS 8 = 0 AR

RIEER 1 RG0% H NS ARE RN 7377 %, 8
T HAE K, 2HIH B = 0.00020f REX TS50
g BPPIRFS KR53 B, Wil 4 B,

M 4RI PLE F| B = 0.0002 K Fa8 52 XA -
Ji, Ak X3 AE R U7, R X AT LK Ear
3ANY, oAb 2 A B iE 3 X 4, R X ek A e
HLEME) e R H il 2 m: R X
ﬁ$%%@ﬁ%ﬁ%%ﬂ%ﬁ=&mmﬁ%%
6= %(d*, Mo SBEBROLR). H5 R

12+1
B = 0.0007, 0.0012 i} RG KT S50 M ¢ FIRFE
R, AaTRLREL, B 5 (a) FIE S (b) AR X i 5
B 4 AHAL.

M AR 5wl UK B, B B RIS K, R g X
AR ERR R, AR e DX A R, R

060501-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

43 2 )  Acta Phys. Sin. Vol. 66, No. 6 (2017) 060501

FE VR DS T BRI LB B R ST AL EE, 2B > 0.00384 i, NSO (0, +00), ¢
FasE PEA “ 7 M, B 2 O RGE I 7 th 26t n] DA H[0, 1) WAEAT{E, RGEEHLHAR AR E 1.

1600 1600
_ 1400 _ 1400
| |
=} =]
1200 = 1200
& E
i) 1000 ig 1000
1= B
£ 800 g 800
@ @
¥ 600 %= 600
oy 8
400 400
200
(a) 200 (b)
% 0.2 0.4 0.6 0.8 1.0 09 0.2 0.4 0.6 0.8 1.0
¢ ¢
1600 1600
1400 1400
T 7
# 1200 <1200
§§ 1000 §§
ﬂ@ ﬂﬁ 1000
ZS 800 E 800
— i
¥ 600 & 600
B oS
400 400
200 (c) 200 (d)
0 0
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
¢ ®
1600 1600
1400 1400
L 1200 = 1200
=
£ 1000 %E 1000
;] ;|
¥ 800 ¥ 800
g g
~ 600 =
™ & 600
£ 400 = 400
200 200
(e) (f)
0 0
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
é ¢
1600 1600
1400 1400
|
= 1200 = 1200
E§ 1000 EE
ﬂﬁ ﬂﬂ 1000
S 800 = 800
i —
& 600 & 600
o o
400 400
200 200
(8) (h)
b 0.2 0.4 0.6 0.8 1.0 O 0.2 0.4 0.6 0.8 1.0
é ¢

B3 (MTIRME) 8 = 0.0002, 0 AFEMENEERT ¢ BB (a) 6 = 0.5; (b) 0 =6; (c) 6 =T;
(d) 6 =8.5; (e) 0 =16; (f) 6 =22; (g) 0 = 34; (h) 6 =40

Fig. 3. (color online) Flow bifurcation diagrams with ¢ when g = 0.0002 and 0 is different: (a) 6 = 0.5;
(b) 0 =6; (c) 6 ="7; (d) 8 =8.5; (e) § =16; (f) 6 =22; (g) 6 = 34; (h) 6 = 40.
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Fig. 4. (color online) The system’s state with 6 and ¢
when S = 0.0002.
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Fig. 7. (color online) Flow bifurcation diagram with ¢ when 8 = 0.00155 and 6 is different: (a) 6 = 0.5;
(b) 6 =8.5; (c) @ =16; (d) 0 = 35; (e) 0 = 38; (f) 0 = 42; (g) 6 = 45; (h) 6 = 50.
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Fig. 8. (color online) The system’s state with 6 and ¢ when 5 = 0.00233, 0.0032, 0.004: (a) 8 = 0.00233;
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Abstract

Network traffic flow is an aggregated result of a huge number of travelers’ route choices, which is influenced by
the travelers’ choice behaviors. So day-to-day traffic flow is not static, but presents a complex and tortuous day-to-day
dynamic evolution process. Studying day-to-day dynamic evolution of network traffic flow, we can not only know whether
the traffic network equilibrium can be reached and how the process is achieved, but also can know what phenomenon
will occur in the evolution of network traffic flow if the equilibrium is not reached. In a real traffic system, taking day
as scale unit, the day-to-day network traffic demand is variable and changes with everyday’s traffic network state. The
travelers’ route choices are also influenced by the previous day’s behaviors and network state. Then, will the day-to-day
network traffic flow evolution be stable? If it is unstable, when will bifurcation and chaos occur? In this paper we
discuss the day-to-day dynamic evolution of network traffic flow with elastic demand in a simple two-route network.
The dynamic evolution model of network traffic low with elastic demand is formulated. Based on a nonlinear dynamic
theory, the existence and uniqueness of the fixed point of dynamic evolution model are proved, and an equilibrium
stability condition for the dynamic evolution of network traffic flow with elastic demand is derived. Then, the evolution
of network traffic flow is investigated through numerical experiments by changing the three parameters associated with
travelers, which are the sensitivity of travelers’ travel demand to travel cost, the randomness of travelers’ route choices,
and travelers’ reliance on the previous day’s actual cost. Our findings are as follows. Firstly, there are three kinds of
final states in the evolution of network traffic flow: stability and convergence to equilibrium, periodic motion and chaos.
The final state of the network traffic flow evolution is related to the above three parameters. It is found that under
certain conditions the bifurcation diagram of the network traffic low evolution reveals a complicated phenomenon of
period doubling bifurcation to chaos, and then period-halving bifurcation. Meanwhile, the chaotic region is interspersed
with odd periodic windows. Moreover, the more sensitive to cost the travelers’ travel demand the more likely the system
evolution is to be stable. The smaller the randomness of travelers’ route choices, the less likely the system evolution is
to be stable. The lower the degree of travelers’ reliance on the previous day’s actual cost, the more likely the system

evolution is to be stable.
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