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TRAFFIC EQUILIBRIUM IN CONGESTED NETWORKS AND
THEIR NUMERICAL SOLUTION

b=
By Hiroshi INOUYE

Traffic equilibrium in congested networks is dealt by considering queues at

intersections. The travel time on a link with congested flow is expressed as the sum of

running time at non-congested flow regime and imaginary waiting time at the end of link.

Not only traffic volume but also waiting time in queues are required through equilibrium

conditions. The problem is formed as a convex programming, by adding capacity res-

traints explicitly to the traditional equilibrium problem, The Lagrange multiplier

associated with a capacity restraint implies the waiting time in a queue, The problem
can be solved numerically by constrained optimization methods. A solution using Lag-

range multiplier method and some examples are showed. If queues do not extend to their

upstream links, then the solution is unique, Elsewhere, signal control conditions should

be added to the problem to require a rational solution.
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fl(Xl)‘f‘Uh:fz(Xz)'FU)z ................................ (28)
f1(X|)+w|+40=80 ..................................... (29)

Eld, COBERMBE X, X w, w,D4DOTH
B 5, BEEMEZ G CEBIE—BICIEKRE 5 50,
RimEOFHRRM (27) 2WETABDOH 5, HHEK
(16) ZFH/NILTHLDE wy=w, DHETH B,
OB b-EB S LEVHIEBIRRHELICCL. Z
DEE, AENGHREZ —BNICED L 120HIE, 3561
FohDEGEE2EATHEPDETHS. BEHICH
FAHESHIMEHEICAT) v PRI ZOBEOKE
Tro¥—-EELOND. LB AEEBEMGE, U
VIOMATORBEED LUESICL BN Z N
TRELITHDTERICHEZ BEL THEH, U/7@é
XS E L > 2B EICIZ X 51T Y 7%/ — T
DAT) v MW LT v 75D 70— DWAI
BEENICEEL L 5.
WERERTOESHALA SIS NTVELDE
L, $U v 20EIS»E0DHY, ) v 7 OEXE
LTV XH aBeiciE, Uy oK/ — Kb
LESEROA 7ty FOEENERM/ — FIZETR
EHOWHEDEREST S, COLIBREDEETIE, V)
V7 3OEBOBREN—EORETHIET A LTS
DT, /—F2iXBIE) v 1B LU 2 OKEBRE/M
oRTY 7 1BLU2AH ) vy 3ICTU—BRAT
HIENTEL. 2 TIORBURBEELYI & 21,
9:1/9.=0.6/0.4 £ >TWVWABPHITIE, X,=480, X,=
320 &85, & XHESELE

SUX)+ w= LX)+ w,
fl(XlH_ Wy AO =80 - rerrerermemer e

EKY, TADAEBNUTHELE w,=6.96, w,=2.52
PELND. IhsORBIKENICE, Yol 20

H—7 ##OL#) 7 Ok
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AEEERZ (30), (31) wEs#Z, Y2730
RBEHBRIZE TS5 75 v Vo B-E%L 15 ICEE L
T, FARCBIREE (16) £2B/ME3 2 2 &Ik - TH
Hh5.

BB OHE, BEHROFHICL>TE—HFDY ¥
UM EASTCEEWESLH S, e, &
BURESRIH S 9./9.=0.5/0.5 £ 2> TWnAHDEL &
A, ZDEE X, =X,=400 &5 B0, hnEX (28),
(29) EHENLTHLE, wmi=14, w,=—9 0B oNb.
V7 208 5ERPRELADT, JOBEIKIEY Y
J2IEFHBLRELCLEVWLDEEZLNS. T IDY
Gizd) v sl 25 v 3AORAKRBED LR

WRBRE R E B —R U 50, ZOBREDOHERMFIR
Xib Xp=800 cceceerroermrrnrrensrnrinieii, (27’)
f1(X1)+ w]:fz(Xz) ...................................... (32)
SUXD)F w0y 40=80- - oreereree (29)

B HN, RiILX=
5.

uL®Mm HETHRILBAI & BIREEFZR T2

SEOHBNIHEERCH L. EROZERTIIA T
ty FNOEEZO Y, ThHOREISEECIEKD L
HIZ< Wb LRG0V, ZITIEE—BINICREY
B D 1 DOHERETNVELICRLELDTHS. 12
1ZUEBICIZE O FN L, REROEROESH#
HEOFEZEEAORERDORMFIC L TERLDL. F12
EROBERED L ORBERE T CREEIR) v 7 iib
o> THMTEFELH 0, FO—HAULEDEOITD
WTCHEIZARBRTH 5.

7. # B

S AT A TREEICHT U CEEOEHILENTS
0, ZOROREEEEOERERCL-> TS, [k
B OBEIE 2 HE 28 U, F2EBSEOHEN
nEMAZERS HIE, LORFICHLERETOR
BHREORESNECH 5. COORFFICBOTIE
R L) v 7 R BT HEBRICE T 5 BREED
Bas BRI L, FORBRIRELRRLI. ARROR
i, EEMAICBI A ERERERO TR ZFEICILIZC
EILH B, ZOFHIT, BHEICBT 5 BEFORE

KISHT 52 DT BUREMEB LTV,

KFROABALELDHERODEBVTH S,

(1) ko @BEERIGARSERLTOLLL
ZEERBELLZLOTHY, TBERLLY VI TR
FETRRIBE S M E n st s, BELIA Y
P27 IC1d ARROFEOERICSHEN S 5.

<m FEEOBRE T IERRMERISE LA ERERT

ABABICERAL, REAZEHEETIERIRES

460.9, X,=339.1, w,=8.76 &
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5. COBERE) v 7 OFETHERME, )y soR
E#BHEESORE CET UL & & OFERRE ) &
7 DRI B B IRIEN S 5 R B & CESENR
OHIZ L > TEDT I ENFTES.

(3) BB &)Y /oXBELES L OCEESEE
BEz LN EE, )Y IRRMED & ORI IEE
BEEMIFICE > TRET DI ENTE S,

(4) B EHEEREEECES RS
ZENTEBY, THIEREROSBEEMEIC) v T
OREFIE % BRIICIL 723 OICHY T 5.

(5) ASEHRM & MIHHE TR, FEHRAIC
B4 25750V cEIEINE) V7 OB L5
BREEICEL L.

(6) ABREIRM S W@EHMEE, )Y 7aEE
WCBL TRSEBHRIEHE—TH 5.

(7) AEHRAEQRGEHHEE, BHEORAIC
S o THEINIZIRL 2 &M T, Bl 70— L0
)y 7 DRFBRREKRS SN b.

(8) BEHBRNICETST7 7Y TN LERME
B2 A5G, TROBRMENVOE KRNI ERY v
WWECHEMT S E &I, BEBIE-TIEN, 20
BEBRFEICE UL ERE RO D IcoiciE, X610 v
T — R TOAT) v MR EEET 52 L PNE
THb.

#HOBRIBRBIIAMFALOTESHBICHLY, B
BT RERBERLOEEZIHE R LV
EEMEL, BL<AEEETAIRECTHS.

f & 1

RERTOESIC L2 FIENRKMEE T REORF
X, fEREIICIIIRD EDICKD B ENTX S,

W¥, T, R, G#+hFhESOHAMN, 18t
R, BEEME L, FRRBEANOHEHBOBIE IZ—K
THHETH. B UERERNDOBIBRL 1 L%
R HDMFEREL 1, 2R LTV A,

BEY) b IR ESIBIE U CEORNICW g, PG OH

R G__.IT ty

E—8 ZERANDEERL EERD 5 OHRRFL}

FE:

B9 E2ICL3THENRRELARORNK

W H oo, ZOEORERD HDHFERLIL

[1
tZ:R+,ng;a‘: ............................................ (33)
ElB, U L2 &Y
RCrax ,_ .,
t;éﬁm’;xj_’*q*(—l )

INLIBIC RELICBIE L ERE, P bIREASE
HEEG B ENTEL, LN TREATOESICL
5 BN 1

:ZR;T.C,HC;:B—XQ ....................................... (34)
Ernb.
bl ol BN W 158
SUP §==Cuax* G/ T (S C)rverrememmrmennmseernnens (35)

THO, AP v ImAREICHETS. £l
x,

w=R/2

Enh, B9 EKEEERERTOREENRRE D
Bi%EERLTNAS.

T & 2

Newton FE& VBB EICE, 7T L LIERD &
A B, 1L Lix)=Lr,s, t(x, A ¢ v)

(1) FHmxzindz
d=—{V*L(x™|"'V'L{x™)

EB<.

(i) WYoEHMERTLVITY XL2HOT

L{x™+ ad)

HRNMIT B a D a* 23K 5.

(i) x™:=x™+a*d

k> TEBEZEHT 5.

(iv) VLx"=0TdbhiEATy 72~ 3bizid
hig (1) ~NE5.
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