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Study on Traffic Network Design Model and Algorithm

LIU Can-q
(Road and Traffic Departmert, Tongji Universty, Shanghai 200092, China)

Abstract: The traffic network design problems deals with how to add or improvement some links on an exiging traffic network using
quantitative analyssi method In this paper, the poblem is described with bi-level optimun models on account of equilibrium assign-
ment Algorithms for the optimum models are proposed, and these algorithms are compared by numerical examples At last, fuither study
in this field is discussed

Key words: Network design problem; Model;  Algorithm

( ) Braess

i
s : Braess t ,

1973 , Morlok

: — (NDP Network De-
(1) « o sign Problem)'"? NDP \
[43 2 R NDP s
(2 ,
’ 1
(3) , NDP
( )

( CNDP —Continuous NDP) ;
(DNDP Discrete NDP)

;20020311
(70071018)
(1964,

’ s



2003 2
NDP ( DNDP)
NDP (CNDP) :min: Z(y) Zx (y) * ta(xa(y).ye) (la)
akA
2 Nm m
st Zbaya =S (1b)
’ vo=0 1,(a= 1,2, ...,m) (1e)
Xa a ) x , x* = ( ceey x: (y)’ ...)
I
Ya a Ya = ] “
{17 " : min: Z(x) = G;J: ta(w,ya)dw (2a)
2 m 2 rs
0’ st Z‘f]‘ = g, VT,S (2b)
Y= (y17 Y2, ) ym); k E
( ) ; = Y0 8 Ya (20
ta a 9 te= ta (xay ya)v f?zo’ Vr, s (2d)
q ’ , (la)y (2a) Yo (a #l,
f;;é (r, S) k ) 2’ e, m) 0
ba a ( ) N b=
(coy bay =) 7
S ; , ,
8.k - , Gur=
1, a (r, s) k ; . * * N
: : = a *ta(Xa,ya A & a
{0’ min: Z(y) = D (y) * ta(xo.ya) + XD by
A . (3a)
; sty,=0 1(a= 1,2, ... m) (3b)
o (r. s) ; cai = (e w (9)) )
a k r s A
DNDP (2)
, NDPD
(1) DNDP ) ,
DNDP , H
2" H
(SO —System Optimal) ; . 2" .
(F-W )s
, m=20 F-w
, DNDP 2" F-W
(UE —Users’ Equilibrium) ” ,
, DNDP

58



[3] , 4
Braess Braess CNDP I10A H-J EDO
, (SA)
Braess s (1) (I0A )
[3] 1 Y, y'= (0 - 0),
, Braess , [3] k=0
: 2: Ny (N (v
Braess , ¥ 1 , ) UE i
D) ) xk
, 3: x = xk, s
3 NDP . y : ’
y o
. " : Z(y"") = min Z(y) = Z,x * tu(xa,ya) + }\;ga(ya)
Ya “ o m (6)
y= (yl, Y2, .. ym) , 4: |yk+1_ yk| < & , y* _ yk+1,
; , : . k= k+ 1,
ga= ga (¥a) a ya 2
10A \ B
CNDP (2) Hooke-Jeeves (H-] )
1961 Hooke  Jeeves
(1) CNDP
, (NDP CNDP  H-J .
1:
smin: Z(y) = 2 () ta(xa (¥), 7.  (4a) 1-1 No= (k, Ao) ,
0 0
“ Y o y=1y:
s 1. ;ga(%) <S (4b) ) N UE 7
¥.20, (a=1, 2, - m) (40) x= (o Xar o), (5a),
cx = (e oxe (), ) Z (y);
1-3 a> 0 6> 0,
(2) B= 1, j=1, k=0
(2) CNDP 2:
CNDP -1 j=m+ 1, .
min: Z(y) = 3xa () * talxa () 570) + 3
o 22 $=y+ BSe¢, (e= (0, -, 0, 1, 0,
A;ga(ya) (5a) L0, o j -
st y.=0, (a=1, 2, -, m) (5b) 0 m ), N (7) UE
A € ) N : x= (e Xa, ),
(5a), Z(9);
(2 23 Z(9) <Z(y), y=7,j=j+1 B
CNDP , =1, 21, 4
CNDP , 24  B=1, B=-1, 22, (B=
-1, j=j+ 1, B=1, 21

59



2003 2

3:
29 <z, Y=g s
; 1k
y+a (y -vy), k=k+ 1, N
UE R x'. = ( FEPS xll,
), (5a), Z (y).
j=1, 2 , 32
32 < e(e ),y
_ykv J’» 9 ] bl 6:0587 j:
I, y= yk, 2
, K (L5m+ 1)
UE , , K
(3) (EDO )
, I0A
, H-J 1987  Suwansirikul
Friesz ( Equilibrium De-
composed Optimization) el , EDO
EDO CNDP

m
min: Z(ya )= % () ta(xa (). 5ya)+ Kol o)

a=1, ... m (7)
¥ (y),
y= (s ya, ) UE
1 1°=
(el )u’= (il ): N(I') N (")
UE ,ox (1) 2 (u)s a=1,
. m, Zo( )y Zo(u): j=1, A= {1, ..,
m},Ax= ¢
2:
21 sh f(Va€
A, s= =y, (Va€Ay);
2-2 $= (o da, ) f= (s
fay ) ( a€A4: UAy), N({) N(7)
UE , x*(sj) x*(tj);
23 , Al a
Za($d) Za(te), Za($)< Za(la),
o= ju ', o= ta, o b= e de=dl -
l< €&  yao= (ot L)]2, A a, A
a
3:A,= $? , ¥ o= (e Yus ),

; , J=j+ 1 2
7A| }’z
Y :
2K UE (K )
H-J
(4) (SA )
CNDP (4
; ; (2)
v = (y),
, CNDP >
CNDP
CNDP
Metropolis 1953
(SA ——simulating annealing) 1986  Lundy
CNDP
[7]
1:
-1 ¥ NG
) Z(y" . y=y"
1-2 M, h,
a,” ” To €, =To
n=1
2: T,
2-1 k= 0;
2-2 7=y+ alU, n= n+ 1, U
LU= (o U, ), U -
( U
23 N(¥%) UE ,
(5a) Z(7);
24 A= Z(§)- Z(y)< O, 5.
7, P(AE)= exp(— AZ[ kgT)
[0, 1] R, R< P(AZ)
7

Ao

Mees
1,
SA

UE

?

> Y=

60



25 k= M? , 3. k= k+ 1,
21 11
3: ®
31 T< € , y* =y, ; , a 14
= a* Jor/M, 32
32 n= 127 , T=0.5T,n=n+1,
,T=0.8T,n- n+ 1, 2 1
(5) 1 q16= 5, qa= 10,
| 4 CNDP
t= 4t Blade+ vl g(y) = dy.. 2 2
1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
a, L0 2.0 3.0 4.0 5.0 20 L0 1.0 2.0 3.0 9.0 40 40 20 50 4
Ba 10. 0 50 3.0 20.0 500 200 10. 0 1.0 8.0 3.0 2.0 100 25.0 330 5.0 1.0
eq 30 10. 0 9.0 4.0 3.0 20 1. O 10.0 45.0 3.0 2.0 60 4.0 2.0 1.0 4.6
d, 20 3.0 5.0 4.0 9.0 10 40 3.0 2.0 5.0 6.0 80 50 3.0 6.0 1.0
T =500 M= 300 h=73 €= 0.01
I0A HJ EDO SA 2
Y1 Y2 Y3 Ya Ys Ye Y7 ¥s Yo Y10 Y1 Y12 Y3 Yia Yis Y16 A n
10A 5.66 210.9 9
H-J 120 3.00 3.00 2 80 215.1 54
EDO 013 6.26 0.13 6 26 201. 8 10
SA 3.16 672 198. 1 18300
0 n UE
(D ) (5)
) ) : HHEIZ(%) =- Sle(x)] +
(2) SA 3 s
, 3 : Zﬁuta(xa,ya) - ZJ: ta(w, ya) dw (8a)
(3) =4 ’ 1 (x) 1= Elmin{ G2}/ & (x)] (8h)
’ CNDP
’ DA  EDO  H-J  SA :
< N(y» ( N N
4 G ) UE ” N (y)
NDP Bechmann (N () NGO )
(UE) , , (2) CNDP
UE UE , ,
NDP : CNDP .
: NDP
(1) CNDP .

61



2003 2

, : an-cr, = qu,Dgl(qm)

CNDP

: min: Z(Y) = (;,«:Zta(xi,y)+ )\a:zlga(ya)—
SanD (¢) (9a)
sitoye 20, (a= 1,2, -, m) (9b)

s

s X =

(vxa (3)s ) @ = (o gu(y)s +)

: mi£1:Z(x) = ;J:ata(w,ya)dw—

ZJ: D (u, ya)du (10a)
st :0=¢gn< ;r, Vr,s ( 10b)
szf = qv, Vr,s (10c)
xo= 2201 S Va (10d)
f1=0, Vr,s Vk (10e)
, gs= Dn (cnw) , Gy Crs
PA (r, s)
, UE
CNDP . “ N (y)
( N (9 N (¥ ) UE
"+ Ny ( N() N ()
) UE
(3) CNDP
3 ( ) ,
Sily) = Drda () f2(y) = Doga(ya) of5(y) =
Z'jm ( ha )
mig}: Z(y) = w chutu(x) + wzuzzl:ga(yu) +
w3 Dtxa (11)
; ) (5 (10
NDP

(12) ,
CNDP
5
NDP
(1)
( ) :
2 3 2
3 )
1 (0
-1 ) )
, Brill (1979)  Andersson
(1981) Chang (1991) Sutanto  (1999)
3
(2
(3)
BPR ,
( 67 )

62



10 , , 14- 19
30 48 [2] Adel W Sadek, Michael ] Demetsky, BrainL Smith. Case-Basd Reason
ing for ReatTime Traffic Flow Management [J] . Computer-Aided Civil
, 48x30= 1440 -
and Infrat ructure Engineering, 1999, 14: 347- 356.
’ [3] Attoor Sanju Nair, Jyh—Cham Liu, Laurence Rilett, Saurabh Gupta.
10x3 Nom-Linear Analysis of Traffic Flow [C] . 2001 IEEE Intelligent Trans-
, , portation Systems Conference Proceedings, 2001: 683- 687.
10x 1 , , [4]  Hojjat Adeli, Asim Karim. Fuzzy-Wavelet RBENN Model for Freevay Ie
cident Detedion [J] . Journal of Tramsportation Engineering, 2000:
30 10 ’ 464 471
1440 40 (5] : o ()M
s 8 ( OD , 2000
) ) s [6] Karene A Kosanovich, Micael J Piovoso. PCA of Wavelet Transformed
4 , Process Data for Monitoring [ J] . Intelligent Data Analyss, 1997 (1):
4 &- 99
’ [7] Vladimir N Vapnik. Statstical Leaming Theory [M] .New York:
’ Wiley, 1988
[8] Vladimir N V apnik. The Nature of Statistical Learning Theory [ M] . New
York: Springer, 1995
[1]  Jiuyi Hua, Ardeshir Faghri. Dynamic Traffic Pattem Classification Using [9]  PARAMICS User Guide-Version 3. 0. U. K. Quadstone Limited [R] . Ed-
Antificial Neural Networks [ R] . Transportation Research Record 1399: inburgh, 1999
( 62 ) ( )
P
[1]  Yang H, BellM G H Models and Algorithms for Road Network Design:
, ' 20% ~ 40% - A Review and Some New Developments [ J] - Transport Review, 1998,
18 (3): 257- 278.
? : < [2] Friew. T L Transportation Network Equil brium, Design and Aggregation:
< ’ Key Developments and Research Opportunities [ J] . Transportation Re-
, search, 19A (56): 413— 427.
[3] RIS
, 2002, 15(2): 87- %.
’ [ 4] [M]. , 2001
? [ 5] Abdulaal M, LeBlanc L J. Continuous Equi brium Nedwork Design Mode-
( BPR ) Is [J] . Transportation Research, 1979, 13B (1): 19- 32
[6]  Suwamsirkul C, Friesz T L, Tobin R L Equilibrium Decomposed Opti-
) miztion: A Heuristic for Continuous Equilibium Network Design Prob-
lenl [J] . Transportation Science, 1987, 21 (4): 254- 263.
[7] Friesz T L, ChoH J, MehtaN J, Tobin R L, Anandalingam G. A Sim&

lated Annealing Approach to Network Design Problem with Variational In-
equality Consraints[J] Transportation Science, 1992,26( 1): 18- 6.

67



