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Fig.4 Local dynamic regulation process I .
Table 4 Fixed demand equilibrium network path flow and surplus capacity

3
Table 3 Fixed demand equilibrium network path flow and cost / /
(' pcu/h) (‘pcu/h)
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hs 3.6.7.11 217 115.05 hs 3.6.7.10 300 100
he 5.6.7.10 469 115.05 4.3 -

4.2 B

A 10%.
5. 6 h<h, h, Ay 90% h~hy~hyhy~hshg

hyshs  h 7. 08 . N
4



— 109 —

600

020 40 60 80 100 120 140 160 180 200
AR /b
7

Fig. 7 Dynamic regulation process

600 ————————————————

Wardrop

05 10 15 20 25 30 35 40 45 30
i [f)/h
8
Fig. 8 Local dynamic regulation process
5 N
Table 5 Fixed demand equilibrium network path flow cost and

surplus capacity

/ / /

( pcu’/h) h ( pcu/h)
hy 500 117.05 99.98
h, 500 122.50 100.58
hs 299 122.71 100.61
hy 500 115.99 99.86
hs 300 116.20 99.88
hg 301 109.05 99.09

4.4
« ”»
3. 5. 7
3
Wardrop

oD

DTD



— 110 — 2017 8

10

11

12

13

14

Kumar A Peeta S. A Day-to-day dynamical model for the evolution of the path flows under disequilibrium of traffic networks
with fixed demand J . Transportation Research Part B 2015 80: 235-256.

Cantarella G E. Day-to-day dynamics in transportation networks: Stability and limits of equilibrium in a twodink network J .
Sistemi Urbani 1 1993 27-50.

Cantarella G E  Cascetta E. Dynamic processes and equilibrium in transportation networks: Towards a unifying theory J .
Transportation Science 1995 29(4) : 305-329.

J. 2015 18(6): 58-69.
Chen Xingguang. Traffic flow evolutionary dynamics: General research framework and its properties analysis J . Journal of
Management Sciences in China 2015 18( 6) : 58-69. ( in Chinese)
J. 2015 18(12) : 58-67.
Wu Wenxiang Huang Haijun. Generalized system optimal model and properties in traffic networks with fixed demand J .
Journal of Management Sciences in China 2015 18( 12): 58-67. ( in Chinese)
Watling D P Cantarella G E. Model representation and decision-making in an ever-changing world: The role of stochastic
process models of transportation systems J . Networks and Spatial Economics 2015 15(3) : 843-882.
Iryo T. Day-to-day dynamical model incorporating an explicit description of individuals’ information collection behaviour J .
Transportation Research Part B 2016 92: 88-103.
Cantarella G E David P. Watling D P. A general stochastic process for day-to-lay dynamic traffic assignment: Formulation
asymptotic behaviour and stability analysis J . Transportation Research Part B 2016 92: 3-21.
Yang ' Zhang D. Day-to-day stationary link flow pattern J . Transportation Research Part B Methodological 2009 43
(1): 119-126.
J. 2015 18(7): 39

-47.

Xu Hongli  Yu Xinlian Zhou Jing. Day-to-day travel choice dynamics with guidance information in degradable transport
network J . Journal of Management Sciences in China 2015 18(7) : 39-47. (in Chinese)

Wang ] He X Z Peeta S. Sensitivity analysis based approximation models for day-o-day link flow evolution process J .
Transportation Research Part B Methodological 2015 92: 35-53.

He X Z Liu H X. Modeling the day-to-day traffic evolution process after an unexpected network disruption J . Transporta—
tion Research Part B Methodological 2012 46( 1) : 50-71.

Jing B Hong K L. Stability and attraction domains of traffic equilibria in a day-o-day dynamical system formulation J .
Transportation Research Part B Methodological 2010 44( 1) : 90-107.

Guo R'Y Yang H Huang H J. A discrete rational adjustment process of link flows in traffic networks J . Transportation



8 : - — 111 —

Research Part C Emerging Technologies 2013 34(9): 121-137.

15 Ben-Akiva M. Dynamic network equilibrium research J . Transportation Research Part A General 1985 19(5-6): 429
-431.

16 He X Guo X Liu H X. A link-based day-to-day traffic assignment model J . Transportation Research Part B Methodologi—
cal 2010 44(4): 597-608.

17 Zhang D Nagurney A Wu J. On the equivalence between stationary link flow patterns and traffic network equilibria J .
Transportation Research Part B Methodological 2001 35(8) : 731-748.

18 Guo RY Yang H Huang HJ et al. Link-based day-to-day network traffic dynamics and equilibria J . Transportation
Research Part B Methodological 2015 71: 248-260.

19 Xiao F Yang H Ye H. Physics of day+o-day network flow dynamics J . Transportation Research Part B Methodological
2016 86: 86-103.

20 He X Liu H X. Modeling the day-to-day traffic evolution process after an unexpected network disruption J . Transportation
Research Part B 2012 46( 1) : 50-71.

21 TanZ Yang H Guo R Y. Dynamic congestion pricing with day-to-day flow evolution and user heterogeneity J . Transpor—
tation Research Part C Emerging Technologies 2015 61: 87-105.

22 Tobin R L. Sensitivity analysis for variational inequalities J . Journal of Optimization Theory and Applications 1986 48
(1): 191-204.

An evolution model for network traffic flow based on price-quantity regula—
tion

HUANG Zhongxiang JIANG XiangGun WU Jian-hui

School of Traffic and Transportation Engineering Changsha University of Science & Technology Changsha
410114 China

Abstract: In this paper a novel network flow dynamic model is developed based on the price-quantity regula—
tion method of non-Walrasian equilibrium theory in Economics. In addition to the common notion that a travel—
er’ s route choice is only influenced by the travel time ( price) the presented model also considers the impact
of the surplus capacity ( quantity) . A price regulation model and a quantity regulation model are established
separately to form the basis of a price—quantity regulation evolution model. The stable traffic flow pattern resul—
ting from such route choice behavior is defined as the price—quantity mixed user equilibrium. It is found that
the stable state of the price—quantity model is equivalent to the price-quantity mixed user equilibrium. Moreo—
ver both the separated price regulation and quantity regulation models are the special cases of the combined
price—quantity regulation model. At last a numerical example is conducted to analyze the proposed model. The
results show that the proposed three models can describe the variation of route flow perfectly and the stable
states of these models are corresponding to three types of equilibrium traffic flow patterns respectively.

Key words: disequilibrium theory; disequilibrium traffic flow pattern; traffic flow evolution; price regulation;

quantity regulation



