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Study of TASEP Model Based on Road Networks
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Abstract TASEP is a classic model for describing the particle transportation on one-dimension lattices, which considers the vo-
lume exclusion effect of real matters. It has been widely applied in the area of biology and public transportation. In this paper,
based on the real properties of the traffic network,a modified TASEP model was proposed. The TASEP model is improved as fol-
lows, considering the heterogeneity of the hopping rate of particles on each edge,i. e. setting different hopping rates on each edge
and conforming to Poisson distribution,and considering that the particles at the intersection are non-random in choosing the next
section, Specifically.a real-time path strategy was proposed. Combining the traffic flow and the number of particles on a road,an
average moving velocity is obtained for each link. Then a parameter a is introduced to make the movements of the particles at the
intersections more rational. The larger the value of a,the more likely the particles are to move to the edge of the larger average
velocity. Experimental results show that with the increase of «,the flow of the system will be greatly improved, which alleviates
the congestions to a certain extent. By extending the traditional TASEP model, this paper provides a new insight and direction for

the study of urban traffic system.
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Fig. 1 Schematic diagram of particle motion model
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Fig. 2 Schematic diagram of particle path selection at vertices
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Fig.5 Relationship between flow J and a under different density p
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TE W 2% ok T 25 R /INED o0, 3CILEL 6 (a)) B, 45 4531
R TR E R AR 10~ 30, LI 4% P 4% A BB B
L H50E 3R i B AH B A B R B 5 L e IR R
T R TR RO A g B, SRR R ik Lt BT
XF LR 4 v @ LR AR BERAS . Bl 45 ok T8 H Y
W2, ZERPREE LR, WX T p=0.3,0=0.7 XFHFh
RS2 p=0.5 BFCILIE 6(b)) . M4 4 4530 FRL T 1Y

O — RO 5] R TERPIRES L & AR B L ROR TR &
TR IER — 500 b, HUHRH AR B R AR B o 4l R A
1B BB L R R e PR AL TR, TR T TR
B3 AL 326 5 B AR TR OHG O B O 95 A 3k ) A AR A IR 3
TEWE 6 (o) Hp o L1 5 B2 afE — 20 B0, 4% 3 1 kL 1 2 B
BEARZS M R AR T B A, S E s 8,
BARG B W TR

FIA BRI 2 J5 P 2% HoRL T 1932 8l 2 % A AR R R e
AR 2S5 A — I 2R AR X AR b B SOk T ROk
HEJEB WAL, IS o WERT AT 27
N T B T R (=R N B DN s i o S A
IR 2) PR MOk T B2 S WA A NG . e, R ST
T BT R AR AN I 7 TR LR R AR bR R R 4 4 B
KL TR R L AR AR RS R KL T H B BT X I 3 A AR

.

N\
\\}

_ W_§x
oo

0
0 10 20 30 40 50 60 70 80 90

Il |, \ §

0 10 20 30 40 50 60 70 80 90

BFH ok €
(a)a=0 (b)a=1
60
50
«~ 40
1N —
i
S NN \
20 NN
1N S \
o ‘r N\ N NN NN F\

0 10 2 3'0;(; 50‘6’0‘7’08’0 9
BFHn
(c)a=1.5
7 KR TN 0.5 B R o 6T M4 440
R ECE A A B
Fig. 7 Number distribution of particles on each side of the network

under different a values when the particle density is 0.5

74 TR TFHE p=0.5 B RTH o 5T M4 5 R
BIG# %D ERF BN . Y a=0 B R FTERL XL H
BE DL JE 7 B AR, 0 I AE - 09 23 A AR X AR T, SR, RSk T
AL BE AR R S 7 B A 5 R X B B AR b U
EHSR 748 Hamsiim TEp iR iERmib. 4
a=1HF, NEL 7Cb) H AT LA & S0E 7 AR 64 v 1 3 1 18 R T 4
H CRET- %0 10~30 5 70~ 90) 3% #F 16 = 18] % H #% 4k . W\ i
G T M 2 &30 PR TR AR L (5 A5 R Y 4 A
BN AT R 1 AT e D B0 s NIl 7 () W] LB R
e ARSI R o BME , W25 v 4% 43l b kLT 40 A T R 35
LSk T AR AR — O R AE DA BT R G R R E AT
il 0 45 I A T O AT B T A A RS

Z5RIE  TASEP #EAUE R F A 8. 5 T HLf 02 w]
DLAR 5 b iz Wl 52 38 Ik 30 R €5 9 TROUL ASE Y L ) 3z b o
FAY) W BRI U A S G B A% 4 A G
W& XL GE i TASEP #5080 3E 47T etk . AR SCIR o W 4% rh ks



e 7 i, 4 < 3 T 2SI B R TASEP B8 i 4 R BT 5¢

269

THEEEACIL LR BRBR AR AN [, 5 ELE R 2 oy A ol 2 S 4
B IEAF O 5 5380 BL T 78 38 S 8 5 B AR 1Y SR IR T BE L
AR SCH A B — W 20 LR R S R BOR T B AR R L TE
“BRPE” SH o BT A5 R T T W 1] T 4 A A R
REYEEAR . ERF R T3 ET . RGN RS20 3 MR
(] A 2« AR B o 6 L R B RO IR A . 7 3 A AN R A S
T SR 9 0 A S R I 22 L X0 TR AT T R 4
WL T BB S AT AR S B AR Iy . S 6 2 R R WYL 7R TR] B kL T
TSR o R R G A B R B LA AE T B
BRAGRWAITRR . A TBX—HR, A T A
o BT RGURLT W 5345, WXL T /Y8 sh il B A — A~
T T B A TROR B . S S T BT 4R B R X S AR R A
TR ()1 2 AR

2 % X M

[1] TANNAI T, NISHINARI K. Theoretical approach to conges-
tion relaxation and saturated congestion in TASEP (totally
asymmetric simple exclusion process) network with multi-chain
section with flow/density-dependent rules of junctions [ ] ].
Physics Letters A,2017,381(43):3688-3695.

[2] MACDONALD C T,GIBBS J H,PIPKIN A C.Kinetics of
biopolymerization on nucleic acid templates[ ] ]. Biopolymers.,
1986,6(1) :1-25.

[3] LIU M,WANG R,JIANG R,et al. Defect-induced transitions in
synchronous asymmetric exclusion processes[ J]. Physics Letters
A,2009,373(2):195-200.

[4] XIAO S,CHEN X, LIANG R, et al. Shortcut with pool under
parallel update rule on one-dimensional lattice totally asymme-
tric simple exclusion process [ J ]. Physics Letters A, 2017,
381(47):3940-3944.

[5] CHEN X,ZHANG Y,LIU Y,et al. Theoretical investigation of
the synchronous totally asymmetric simple exclusion process
with a roundabout[ J]. Indian Journal of Physics, 2016,91(2);
1-6.

[6] XIAO S,CAI] J,LIU F. Zone inhomogeneity with the random
asymmetric simple exclusion process in a one-lane system[]].
Chinese Physics B,2009,18(11):4613-4621.

[7] JIANG R,WANG R,HU M B. Spontaneous symmetry breaking
in a two-lane system with parallel update[ J]. Journal of Physics
a Mathematical & Theoretical,2007,40(31);9231-9225.

[8] WANG Y Q.,JIA B,JIANG R,et al. Dynamics in multi-lane
TASEPs coupled with asymmetric lane-changing rates[ J]. Non-
linear Dynamics,2017,88(3):2051-2061.

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

WANG Y Q,JIANG R, KOLOMEISKYK A B,et al. Bulk in-
duced phase transition in driven diffusive systems[]J]. Scientific
Reports,2014(4) :5459.

ARITA C,FOULAADVAND M E,SANTEN L. Signal optimi-
zation in urban transport: A totally asymmetric simple exclusion
process with traffic lights[J]. Physical Review E,2017,95(3):
032108.

BAEK Y,HA M,JEONG H. Effects of junctional correlations in
the totally asymmetric simple exclusion process on random reg-
ular networks[ J]. Physical Review E Statistical Nonlinear &
Soft Matter Physics,2014,90(6) :062111.

NERI I, KERN N,PARMEGGIANI A. Totally asymmetric sim-
ple exclusion process on networks[ ] ]. Physical Review Letters,
2011,107(6):068702.

BARRAT, ALAIN. Dynamical processes on complex networks
[M]. Cambridge: Cambridge University Press,2008.

GEORGES A,KOTLIAR G,KRAUTH W,et al. Dynamical
mean-field theory of strongly correlated fermion systems and the
limit of infinite dimensions[]]. Reviews of Modern Physics.,
1996,68(1) :13-125.

RAJEWSKY N,SANTEN L,SCHADSCHNEIDER A,et al.
The Asymmetric Exclusion Process: Comparison of Update Pro-
cedures[ ] ]. Journal of Statistical Physics, 1998,92(1/2):151-
194.

BOLLOBAS B,FULTON W,KATOK A,et al. Cambridge stu-
dies in advanced mathematics[ M]. New York:Cambridge Uni-
versity Press,2001:73.

EMBLEY B, PARMEGGIANI A, KERN N. HEX-TASEP. dy-
namics of pinned domains for TASEP transport on a periodic
lattice of hexagonal topology[J]. Journal of Physics: Condensed
Matter,2008,20(29) :295213.

RUAN Zi-rui, postgraduate,not member
of China Computer Federation (CCF).
His main research interests include in-
telligent transport and complex net-

N works.

RUAN Zhong-yuan, lecture, postgradu-
ate supervisor,is not member of China
Computer Federation (CCF). His cur-
rent research interests include complex

systems and complex networks.





