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AN OPTIMAL ROAD NETWORK DESIGN MODEL WITH
VARIABLE OD TRAVEL DEMAND

EER H* - 80 & B K
By Tsuna SASAKI and Yasuo ASAKURA

Previous studies on the optimal transportation network design assume that the travel

demand between origin and destination is given and fixed. However, travel demand will

usually shift according to the improvement of the network. This study proposes a model

that includes the variable travel demand in the optimal road network design. The model

is formulated as a system optimizing model that is constrained by the lower optimizing

model ; a user equilibrium network flow model with variable demand. The model can give

the link capacity and the UE network flow simultaneously. The exact solution method

and heuristic iterative one are discussed and a numerical example of small size is ex-

ecuted to test the validity of the solution method. The model is applied to the large scale

of the actual network and the feasibility for the road planning is discussed.
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frH5E(28483X10° min) X HUBEHRPHLIT LD
BOEELALZVEREZSTVE. S, BERR
Voo BEEy FI—7D—8THBIEILLDEDLEE
Ab5hs. BIENEXEOBRM@ERICH 5L, B
PREVEMINTOE I ENbM5.

34 - EhBEAENS & &, BROBESZIN
i, BRICHANBETEROME (199 390X10°min) &
XhHTKRELLS, Zhix, BE - EhELERSY
fz/ — FOREOY v 7 OBBEPEBEICREL 25120
Thbd. ZOHR, BIELIZEX (F—24~6) OW
BHRERETREOEHEECIHES 2L, HIELLV
BEIKRT1/S5~1/7 &0, SHRDHESRET LS
BYKREL TSN, UL, EBEISIAIETS, BRO
BETHRLOBREZMETHS. Lith-T, REL
TEICE TRE - EFESENT 5B41E, KRBAY
Ft+5TcH o, EEEBANDERERT-> THTROBMER

Table 2 Case Setting.

0,.D, total investment G (x10° yen)
small(10) medium(50) large(100)
same as actual case 1 case 2 cage 3
3 times as actual case 4 case S case 6

DALY, B 6r— XOKEHEEIT
1. F—ARE% Table 2 IZiRT.

B —AIZDWT, EAIREEE TARE R
Lid1sEE L, HERBZENT S HICEK
UEZER 3 I &I RMEOPNREE O EE
ZRH L.

b) Bt E#® R

BT — A&, BETHECEEZEOICR
R % Table 3(a), (b)IXRY. ZThosDiER%E A
3 ERETRECHIEARR, BELEKIEK
FIFEOERIZH B bbb, Tk, BE

REFALEMNS 5 2 &I & VRETHEZ S
TEBHENDLNPS.

Table 3(a) Convergence of Total Travel Time,
(X10° min)
iteration case 1 case 2 cage 3 case 4 case 5 case 6
1 28,483 - - 199,390 — —_
3 27,344 26,966 26,74 39,919 32,131 30,950
S 27,236 26,848 26,630 38,550 31,542 30,527
7 2,27 26,817 26,576 38,319 31,442 30,372
.9 27,210 26,799 26,560 38.2n 31,445 30,261
n 27,205 26,786 26,538 38,270 3,43 30,21
13 27,203 26,792 26,553 38,270 n,4a27 30,207
15 27,211 26,763 26,536 38,269 31,424 30,19
Table 3(b) Convergence of Link Capacity.
iteration case 1 case 2 case 3 case 4 case 5 case 6
2 2,387,400 18,934, 70,163,000 698,560 8,203,600 24,059,000
(1.0000) (1.0000) {1.0000) (1.0000) (1.0000) . {1.0000)
3 592,380 2,358,100 4,083,200 455,740 3,060,500 4,890,500
(0.2061) (0.1245) {0.0582) {0.6524) (0.3731} {0.2033)
5 87,141 325,440 433,190 115,910 722,870 921,820
(0.0303} - (0.0172) (0.0062) (0.1659) (0.0881) {0.0383)
7 44,403 ~ 116,950 158,330 68,121 149,110 662,600
(0.0154) {0.0062) {0.0023) {0.0975) {0.0182) {0.0275)
9 31,153 64,951 105,210 7,699 77,557 10,270
{0.0108) {0.0034) {0.0015) {0.0110) (0.0095) (0.0129)
A 30,812 47,702 104,550 $,132 40,732 178,390
{0.0107) (0.0025) (0.0015). (0.0073) {0.0050) {0.0074)
13 20,113 44,880 28,309 1,25% 34,356 93,714
(0.0070) {0.0024) (0.0004) (0.0018) (0.0042) {0.0039)
15 16,433 33,387 69,964 1,7%6 21,947 52,619
{0.0057) (0.0018) {0.0010) {).0026) (0.0027) (0.0022)
. n n-1,2
upper: z(z‘ z. )

lower: the ratio to the value of iteration 2



OD ZREOLEE % AL L - BB EESME € 7 )

extended link capacity Z, (x10%)

101

BEREBHASSVWEED25—A(r—2X3&6)

Link(v_fC,)

0,00 30,00  60.00  90.00  120.00  150.00 180.00 T HE, B - HEBHRBOEWIZEST, K
75(0.94 ’ «
me e - — BEhaY Yy I NRBE-TVBEIENDDB.
B be——e T . e A3 THHIELEVY Y 2 EELTVSY Y
§§§‘3§§‘§ ¥ x I ADEENS N, F— 26 TEIRE - EhE
i S @M et/ — FEOY Y7 2EIBLTL
AT —— 2
e Fe—e—x ) _ _
13002 Fep——ox Ih b OB AEETT B o ORHERBIE, X
oem L8 BERHHE LB BRI LA S B
IR M B ¥ 2 &LV, FITRARES R T1372 L (R
I e N x WAFEHEM L 5 — 0 FACOM-M 200 T
223(0.81) g = S %
A s —— 308p). T, HOBERIE, BEREWIZFEIIS
235(0.97) N
s G5 BREASCELBLDTRAEN. LEH-T,
K am A —* ERBEOLy T —2IHLTS, COED %
gﬁﬁyﬁ—**iﬁ - o ; 375 + B RREERE B 2 HHO R & 3 5 REE

- —& > case

P S e O case 2 BEGTEEEOBMEHE IEETCHY, TY b
259(1.04) jom o b O case 3 R . —
Zesoen I X case 4 Ty FAhBKEL, FIFRMBEAERTLOD
P - L3 .
269(0.78) W_E_H % case 6 ti’ﬂjﬁf x5,
2710.94) o o % .
27(0.84) & =
o . 5 % &
299(0.32) g = T

" Fig.4 Extended Link Capacity.

MOABRROBERREIVE UL BB LEBTHREINS.
Fig. 412, &4 —AZLOIBXRY v 7 OHEEE
DE (Z,) &, BROBER (Vo/Co) ZXRT. KR
DY v &S, Fig.20o) v /BB EMGLTWVWS.

r—211, BRORE - £PBIHULTRLPEV
BRTCHAY VIV OUBEfTD I —ATHBH. 2D
= ATEHEATRTBV TR BRI BEOLE LY ¥ 7
PHIBINTVWEEARBILENTES. HEFREERE
DOEBEMRE P U WEBREKBEELTBY, 7
VDT Ty bk, BIFFUERERTHEIEEZLN
5. y—A31F, BAORE - EFEIIHLT, BLZ
WEHTHIEZEET 57 - XTH 5. 7— X 1 5E5D
HuRETH-» 1201 L, F—A3TWEAY bT—7
2EICEBBEINTWAIEN OIS, DI EN, 7F—
23 TWHEREREOOD 7u—»o2imL, WRER
EHENS T LRETHBOBRS L VWERTH S »
s LB,

r—2A 4%, BE - EFEBONRICBONTENT 52
WREHI T A1 LEUBETHY, F—RA1 kD&
HIZBUWERBGTHIET Sy —ATh 5. HIBAR%EH
&, F—A1IHERTEODEWEKDOY) v 7IZ3dL
TELOHBEEELTVB I D bas. BEREAINY
BLWVIEE, 2<0Y Y720 Ud28IBT5L0 8,
DED) v I NEFNIRET DO ENTHH &
ERLTWVA.

koOBHES v b7 —7EEETNOE LI,

OD L _NVOXRBREEAAS L T H2REILMET
Hotz. AKF TR, OD HHZRMBLEXZ LN TVER
WIBER, TREBEEMICIROBAZWEEICBIT 5K
WAy b7 —EETTVERELL. 2BV TER
LU R, 5 - RS RERREREZ RERTE L
THOREHKPHENECH 5. COMETE, £ v

P -7 7u—-bRRELERGEREL, OD HWR
BB v IGRE LIS, RENIKREZ NS &0
SRMHEL > TWVA,

3. T, BEZMIDOBEARNEZXHZRBNL,
ELIERANLRBRIP - AT 4 v I BEIRLIT
KBHEERL. BRELKERNICL->T, ZOFED
IR EHERY SOBDThEREIL DD ENTE
7z.

4. Tix, EROERBEHERME DB R % &
B0, 55, HEOKES REROERL Y T —
7 (FEEFERmE) 2HWT, BEFE2ZETLL.
Z DGR, 27 - ROERRERBIC LS Ay P77 -7
Ju—OFRMEREFTH S &, REEEEETEMNE
OROZEHIIIRYTHH &, b

U LSS, TIORULEEBILREICELT, &
HINRXFHELELHEBINATWVS, £, FHOZH%
OD BHHE L ARANLBID L RNVICBWTERT H I EMNT
RV, EVIETHE. Tabb, K cSE
MICEZTWIIRE - EHELZRFET S 2L THS.
FEEHEIO A v NI — 7 9ERETIE, BE - EFE



102

EHWENLRTHIENTE S5, AFRICBOLTERE
Lz 2 ULRVEHTRRIEO 7 L — A2 20 EHANT, &
OREIIRLT AL TEEEEZLNS.

D 1 > DFRE R, BEOHRBRICHS. KPS CRL
fehekE, BELSBERTEENLL B0 REZRE
EidgoTngn. BEZEEIELL DD 1 DOHE
i, TUMETH 55 - BSEBREMEZENTE
HICLDHEERL, ZhE ENRBEICHEAALHTETSH
5. COFES, ATEBOmMPLABEBTULENT
WBEERVZRZWDY, SEBRHINEFETHLEEX
bh5.

BRRICATEZHED 55 2T, EEAFAER HLE
B—FI2id, BEHEZIZUD TV WEE8ah
B, TIRELTBBOERZELET.

& F X & .

1) Magnanti, T.L. and Wong,R. T.: Network Design and
Transportation Planning : Models
Transp, Sci., Vol. 18, pp. 1~55, 1984.

2) AR REREEENFRICEY 5EBOBE, FEX
RN, 1984

3) Wi RERMEEEBULRERY MU -2 ERICET
52, 30FEK, TRHEFWAHEE, No 6, pp.231
~238,1984.

4) Dantzig, G.B. et al.:Formulating and Solving the Net-
work Design Problem by Decomposition, Transp. Res. ,
Vol.13B, pp. 5~17, 1979.

5) Lundqvist, L. : Integrated
Analysis : A Decomposition Approach, Reg. Sci. &

«Urban Eco.,Vol. 3, No. 3, pp. 233~262, 1973.
6) Los, M. :A Discrete Convex Programming Approach to

and Algorithms,

Location  Transportation

the Simultaneous Optimization of Land Use and Trans-
portation, Transp. Res. , Vol. 13B, pp. 33~48, 1979.

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

et - BE -

HE  XBREEZERL CEEEREHETIVEZO
WA, AFEFEHERNE, No.2, pp.157~164,1985.
BRI ZENEHESOER, L HK,pp.210~
215,1982.
Sheffi, Y. :Urban Transportation Networks, Prentice—
Hall, 1984.
H b SEEE s —REROREREAE, ARG EZE
WscakmsE, No.5, pp. 233~237,1983.
"AL-BE 58 EOBEGEESEBRETAETVE
TheRViR#E/ S ARSHEREFEOMSE, TARY
SR8, No,353/IV-2,pp. 101~109, 1985.
Florian, M. : An Introduction to Network Models used in
Transportation Planning,in Transportation Planning
Models (Florian ed.) North—Holland, pp.137~152,
1984.
EiR - B BE - STy < v AHEETNVERLR
B4 232—FEOBE B, BIL%¥, Vol.20,No.1,
pp. 21~30, 1985.
Fisk, C.S. : Optimal Signal Controls on Congested Net-
works, Proc. of 9th International Symposium on Trans-
portation and Traffic Theory in Delft, VNU Science
Press, pp. 197~216,1984.
Evans, S. P. : Derivation and Analysis of Some Models
for Combining Trip Distribution and Assignment,
Transp. Res. , Vol. 10, pp. 37~57, 1976.
Harker, P, T. and Friesz, T.L. : Bounding the Solution
of the Continuous Equilibrium Network Design Prob-
lem, Proc. of the 9th International Symposium on Trans-
portation and Traffic Theory in Delft, VNU Science
Press, pp. 233~252, 1984.
A 5% EHORRREMELZINRBE LR
BEERMEREE TtAHEBEZHABESE
No. 8, pp. 315~317, 1986.
ek - 88 - H b EBEREOEBRMICE )5 0D B
ELX SRR BERATREEOKREGHE, 5410 JSCE
FRFMBESGMESL, IV M, pp.11~12, 1986.
(1986.9. 4 - 2ft)




