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Disequilibrium adjustment mechanism for urban resident travel markets

HUANG Zhong-xiang, CAI Jian-rong, WU Li-xuan
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Changsha 410114, Hunan, China)

Abstract: To achieve the equilibrium state between traffic demand and supply on the condition
that the demand and supply in traffic do not fluctuate greatly and moderators do not experience
large changes, and to solve the current common disequilibrium problem in traffic demand and
supply, the road network system was considered as an economic system, and the urban residents
travel market was established based on the definitions of travel demand-side and supply-side. In
the travel market, the definitions of travel demand function and travel supply function were
proposed based on OD pair. Different from the traditional situation where the demand and supply
functions have different manipulated variables, the defined functions shared the common price
manipulated variable. Based on the disequilibrium theory of economics that only through the
adjustments of both price and quantity, the relationship between demand and supply could tend to

an equilibrium state, the impacts of both price and quantity on traffic demand and supply were
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taken into consideration, and a more realistic disequilibrium travel market model was built. The
adjustment mechanism of price and quantity as collective adjustment variables to the relationship
between demand and supply of disequilibrium travel market was analyzed by using the dynamic
programming method, the optimal adjustment laws were concluded and the effects of different
optimal adjustment laws on traffic demand and supply were demonstrated. The results show that
the same price and quantity adjustment variables are used in both the demand and supply
functions in the disequilibrium travel market model, so the regulating effect of price and quantity
on the relationship of traffic demand and supply can be investigated in the same coordinate
system. The single optimal adjustments of price or quantity are both the special case of the
optimal price-quantity adjustment in the extreme situations. Compared to the single optimal price
adjustment or the single optimal quantity adjustment, the optimal price-quantity adjustment can
truly adjust the traffic demand and supply to achieve equilibrium state. 2 figs, 20 refs.
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Fig. 1 Effect of price adjustment on relationship

between traffic demand and supply

Mk 4T AT 4 SR OB B IR Y B R B % OD
XoF 22 (] AT P B P 4 b 5 T 8 T R K B
PEAR E AT B B )45 48 1, R i OD X 22 [A] Y H
A 55 SR W v /) o R BT 3 75 5K B A A% 1Y) 1S 0 i 9
AN 2 45 E AR ZNEE , OD b 22 1] B 0 5 42 E Y
B A S R 45 7 R SR Ak 4 4% OD el iy 1 %%
SR PR AR B AT R AT R OR . BB B AR T A Y
T o J B A b 1 B T R L b G G B — o R
F P28 25 T 7 T AR LS 2 SR R AR OR T R Y
AT 3R LA S HE 78 BRIV T 7 4k 465 Bl A A4 1) 38 i i
. BLBs 38 A SR X7 B % 30 1 A A% 1 I T AR
A ZE F A1 E SRR MRE  BUET £ E X R i 0 4%
pe B R ¥ A A%, X6 I A B g Rk Y AR

2 HiTHIHEE

R4l IE 3 i B8 AT T 3 oh o A RO K R
B 52 Mo 22 3 i SR AR 25 . 5 R — 1T 3 L (1 %
OD i) B A ] 5 = WD B AT M4 P 23 52 10
B A 60 75 5K AL 25 L [) i AR SR X7 A) LR 45 A 31
MERAR BL A 22 S 7 @ (B HATHY OD &), X458
kA= 1304 52 By A T8 QI AR A1 5030 1) B 3 1
S AH I R AE k1 IR LA BRI SR . RED
AT T S SR ATy 34 45 52 B AT A R T A8 1Y)
XUEE 52 ], U TR Sy

Di=a! X, TpP.+70

S;=a) Y, T3P, +7.0i

B <0 (3)
5,0 D



108 ¥ERXFFROGAAFR

2016 4

Q; =min(D,,S;) £=0,1,-,N (5)
KDy B kAW HATT K s AN AR 1 )
X, WG SR R E s X, R s e 5 R ) A AR AR B
B A IATINAE P XERER R RGP A R
MY ATIAE sy RRTER ke B BT AR 0 T AC &) i %565 &
T RS2 RE S, AR R R IR RS s e jﬂ%
AARRY, X LG S I REGY, A I 2 1
HMEAS A LB A HATINAS P XIEZG Eﬂlﬂ%;&;
v FNPER R AT 0 FUA 28 5 i XA b AL 25 1
2500 N R HE 2 TE) OD i & .

3 HiTHFIAENE S

M- 2L 16 0 5 B R A B OR R 22 R
AN i 3Rt I R == 8 5 PO NI TR 2 S s E i ]
Y « O A B2 R AT A A RN B0 R YT B O AN R
K AR B 8 R Ty 3 % - AT 73

Xt fr i g Al a8 (3) ~ X (5), 4 Z, =
D.—S..H
Zi=B—BOP+ (i —7)0 ol X, —a) Y, (6)

F A HE S B AR BN SR AR R A A A D
X=X, Y =Y, .2 AP, =P, — P, AQ, | =
0,—Q B HEIEXRN

Z,H:Z,Hr(,&*ﬂ;)AP,+(y1*77)AQk1 (7

X T B AR M R AL A AR o ) A, HOR A
AN

X, —AX,+BU, €
Kb X, €E (n 4 RE W 55U, € R (n 4EFE ] 1]
LR R T U AZARA B HEAEY

R I 5 7S
2 W B AR P — B e A 4 ) ) A B A= 1
K (DA N
Z..,=Z,+BU, (9
H

B:[Bliﬁz 71*72:|v Uk:|:
ZIRBIERESR bR R

AP,
AQy— }

N—1

J = XIGXy+ > [XIHX, +U'RU,]  (10)
i=0

w0
R:
[0 /JJ
A G H R 78 X FRAE B s R AR B B
HbRRME J A/ W B AR R (G=1.H=1)

_E..

J—Z\—O—Z[Z +U'RU,] — min (D

mﬁﬁm*ﬂm{zkﬁ’q’:,y\@ﬁ Wit it N
YRR SR 2 1) fre e P REHE A T 327

Jo= 24+ SN2 4 AP 0] (12)

=0

e g A FE ) U AP, CHY AR 38 35 X B2 A9 A
A e AR U B AQ, - CRCEETA ) X R Y
BAREL.

MGG b BV IR Gead N— R PR 2 2 3 U)X
— B e fiﬁﬂa%T%‘zﬂU@

N—1
Jo =74 + ZEZ + o AP A+ AQE ] (13)
*E%EEWE@JE}E A LA ST AE eR RO
Ji=Jv1 + 2+ 10 AP+ 1 AQF (14)
RS ] ) B U BE AR A AR A 1) R
bR &5 . BRI
J.=V.Z; (15
Jo =V Ziy, (16)
PV Vi 2000 55 kL5 k-H 1 A 2
B AORAX D NE
Jo=VirZi + 2+ 10 AP+ AQE - =
Vi lZo (3 =B AP+ (i — )
AQi i P+ Zi+ i AP+ 1 AQG - =
Vil Zi+22, (B —B) AP 2y, —72) +
AQy Z,+ (B — B AP +2(B — B AP, »
N —7)AQ + (i — ¥ AQi - +
(1 =72 AQE - I+ ZE+ AP+ AQi—y (1T7)
B ) 5 U, A2, Hig b6l Ul
HrEREE bR J « B/ A
aIk

5P, =2V (BB 2V (B —R)FAP
Vit (BB (=7 AQuy 21 AP, =0
aAaIQ:l =22V, h =) T2V (=) AQ T
2V, (B =B AP 24 AQ, -, =0
MNTT RIS E A U
ap,—=—2YViri B =) Vi BB Oh =) AQ-
(BB Vi
(18)
AN = 2V ) Vi (:81 —B)n— 1) AP,
/xzﬂyl ¥V,
[@5))
ZS



% 64 H P A, R E R B AT % A SRR LR 109
Y=71"7: 21) 0, =min(D,,S,) k=0,1,-,N

F (18) Fz (19) AT L faT b
_ =LV Vi frAQi—

AP, > (22)
' H1 +ka+l
2LV y—Vy 1BVAPk
AQ,—1 = ; (23)
Qi Y22 +7Vi
Fr @A 22) /135
AP, — Ve z, (24)

:/ul Y’ Vi +/lzﬁzvk+1 +/11/12
F g R R AR ) 22 4E .V, =V = VLG
2 e 04 M 50 1Y R AR A A R T
P,.,=P,—

(B —BOV ,
(25)
/11(71_72)2V+/12 B _BZ)2V+#1#2 !

[l B2t 22) A (23) AT 7 45 e A M 4% -
Bom A P R R
Qh :Qk*l -

m =7V
(7 _Vz)ZVJF/xz B _BZ)2V+#1#2

He,V H Riccati y#28 —V+H+ A'VA —
A'VB(B'VB+R) 'B'VA=0 W IEEf#% .

H 20 (25) Fn = (26) 7] F1 . 2 [ B 2% 18 AT f 4%
FIERCAE F BUEE IR 45 B A A I T AN AN B2 A% 1Y
M), A1, 52 250 00 ) 5 W) 5 250 9 T AN AN 32 B T
W, sz BATM A R, 4 71 =0,7.=0,
FRAZ(25) W] 15 58— 1) A% 1 15 A

pmzpk—% k 27)

4 B =0,8=0, 10 A (26) ] 15 B — i K i

A

0, =0+ _#eriy(‘y] 12;2‘/)2‘/Zk (28)

PRI I o B — (8 0 A 901 3 R B — Y B R T 2
Wi A AR S [ 9 55 19 4R
4 HHIETR

R A OD Xf 2 I3 47 632 0 & R
10 000FA » Fif 1 3% OD X} iz i X 38 (14 3¢ 38 5 Lol
10 % .38 B W 4% 3% 32 1% OD ) Br 3 B 26 10 B L 45 i
J1°4 2 000 BA, HELGRE T AN ELR K 5% . ks
Xof A2 SR B S e R AT B pr=— 5.5 =6, Ui
I X A A SR Y 52 e R A v =2, 7, =10,
DU T g G Y T S A

D,=10% <100 000—5P, +2Q;

S, =5% X2 000+6P,+10Q;,

Z, (26)

BHp—p=—1l.vn—7.=—8 il B=

[—11,—8],JfH
pmo 0 500 0

Ri[o #j*[ 0 500}

AHER S Riceati 77 B 04 1F & %y 2. 218 343,
B AT 2 F RSB B A 00 {8 23 1 10 5L 02
H MATLAB 4 s iyl B mE 2 fros. A
MEF Y, 42 BE S U0 A0 A - B0 R T A AT R T L (I oR
PEXEL S EREE R

1400
1200F

—_
(=3
(=3
=3
T

800F
600}
400f/ -
2000”

A3 sk B/pcu

0

2 AR B X 3 kSR O 2R 1 R VS AR
Fig. 2 Price and quantity adjustment processes for

traffic demand and supply
A
5 & iF

(D LU R 4501 5 8 A — 25 R4
g T ER AT . T ET AR eI E IR
ks AR ] I 53 PR 7 A g R i f a1 I
WA R TS AR s BCR T T IR
A RS AR IR Y 28 A PR G PT LT [ — A AR AR R R
AT A% 1 RS ) Sl 3t 3R 5 2R AR EL IR PR I

(2)iz Bl &R T7 i 00 B 1 A0 M R4
i) A X AR H A R AT T S R 56 R R A
BLH  FF2RAT T AL B S LT 1 IR R T — f D
AR VR BB — e DIE SR R 3 3 D e I A MR
IR AR AR i 15 D0 AR

(3) WA ] de PG 81 3 A 0 5 3 A3 SR 381 3 4 T 19
{7 AT LA L 7 A R O 52 R B B sl
RS BOR AT T 7305 Ho A3 W AT 115 3 b R
R LR EN O] YR - NN NG /o NS & 1
AT R — S LR I B — S I B
T RE A B A b 9 A Sl R IR B B RS 45 5 AR
Yoy flir 22 T 2 TR 10 B il L

DR AEZHGIA R T B S8 47 T ik
AT O I DGR R — 20 F S 0 ] R O
W {5 X B AR B R AT O B 5 W o AT ZR AT B O



110

K2 RFFHROARAAF RO

2016 4

AT 552 P B ) 2% 5230 3L S A1 A X5 A o T R R A
Ji B 5 0] S A T A TR iR R S T 3 R %
U5 PR B B G AT 1Y TR

S & k-

References:

[1]

L3]

[4]

[6]

(10]

[11]

FRIESZ T L,LUQUE J, TOBIN R L,et al. Dynamic
network traffic assignment considered as a continuous
time optimal control problem [ J]. Operations Re-
search,1989,37(6) :893-901.

FRIESZ T L,BERNSTEIN D, MEHTA N ], et al.
Day-to-day dynamic network disequilibria and ideal-
ized traveler information systems[ J]. Operations Re-
search,1994,42(6) :1120-1136.

FRIESZ T L.,SHAH S. An overview of nontraditional
formulations of static and dynamic equilibrium net-
work design [ J ]. Transportation Research Part B:
Methodological ,2001,35(1) :5-21

BIE J, LO H K. Stability and attraction domains of
traffic equilibria in a day-to-day dynamical system for-
mulation[ J ]. Transportation Research Part B: Meth-
odological,2010,44(1) :90-107.

WATLING D. Stability of the stochastic equilibrium
assignment problem: a dynamical systems approach
[J]. Transportation Research Part B: Methodological,
1999,33(4) :281-312.

WATLING D,HAZELTON M L. The dynamics and
equilibria of day-to-day assignment models[]J]. Net-
works and Spatial Economics,2003,3(3) :349-370.
CAREY M. The dual of the traffic assignment prob-
lem with elastic demands[J]. Transportation Research
Part B: Methodological,1985,19(3) :227-237.
CAREY M. Network equilibrium: optimization formu-
lations with both quantities and prices as variable[ J].
Transportation Research B,1987,21(1) :69-77.
BPAE BEDE. X 39 A -Hoe Y A0 E
B[] ARG TR 41999, 14(2) 1 145-151.
HUANG Zhong-xiang, HE Guo-guang, LIU Bao. Dis-

73 e A

equilibrium traffic assignment models by price-quanti-
ty regulation [ ] ]. Journal of Systems Engineering,
1999,14(2) :145-151. (in Chinese)

HUANG Z X,HE G G. Disequilibrium transportation
planning view[ C]//WANG K C P,XIAO G P,J1J L.
Proceedings of the 2nd International Conference on
Transportation and Traffic Studies. Beijing: ASCE,
2000:305-310.

BORRE L BUEDG, X A AR s m MR PR LT DL
HERF 22 4] . 2001,4(1) 1 52-57.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

(20]

HUANG Zhong-xiang, HE Guo-guang, LIU Bao. A
primary study on disequilibrium transportation plan-
ning[ J ]. Journal of Management Sciences in China,
2001,4(1) :52-57. (in Chinese)

ZHANG ] Y, MONDEN H. Transport demand and
supply model based on disequilibrium theory[J]. Jour-
nal of the Eastern Asia Society for Transportation
Studies,2003(5) :1262-1277.

TANG S P, YANG X G,JIANG N,et al. Transit ca-
pacity equilibrium evaluation for transit network
based on matrixes’ matching degree[J]. Journal of
Highway and Transportation Research and Develop-
ment: English Edition,2011,5(2):99-104.

B S RO T A S e TR A5 A 0 B E A B A
BEFELT]. W IR ¥ Tl K272 4R . 2000,32(2) : 65-69.
AN Shi, MA Tian-chao, YIN Jin-rui. Parking fee pri-
cing model for urban cities in China[ ] ]. Journal of
Harbin Institute of Technology,2000,32(2):65-69.
(in Chinese)

B ZEL P T O T W B i T Y TR R S R M A
(1], op B2 3 45, 2003(4) : 198 203,

HUANG
congested road-use pricing [ J]. Bulletin of National
Natural Science Foundation of China, 2003 (4).198-
203. (in Chinese)

LEAPE J. The London congestion charge[ ] ]. The Jour-
nal of Economic Perspectives,2006,20(4) ;157-176.
QUDDUS M A,CARMEL A,BELL M G H. The im-

Hai-jun. Research and practice progresses of

pact of the congestion charge on retail: the London ex-
perience[ J]. Journal of Transport Economics & Poli-
cy»2007,41(1):113-133.

SIS i B A TR A TE Y B A ) 2% B i Ak
JriklI]. *@%1&%4%,2007,15@) :86-91.

ZHANG Hao-zhi, GAO Zi-you. Optimization ap-
proach for traffic road network design problem[]].
Chinese Journal of Management Science,2007,15(2) :
86-91. (in Chinese)

PR 0B MR A G BT R A E B T
KWL ], HRAC W K224 - B AR 2, 2008, 27
(6):1127-1130.

CHEN Jian, HUO Ya-min. Study on setting design of
variable lane on typical tide traffic road [ J]. Journal of
Chongqing Jiaotong University: Natural Science,
2008,27(6):1127-1130. (in Chinese)

JIANG Y H,BAO L X. Study on setting of variable
lanes near intersection between one-way and two-way
traffic[ J]. Journal of Shanghai Jiaotong University,
2011,45(10):1562-1566.



