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Robust optimization model of continuous network design

of historic district slow traffic
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Abstract: In order to put forward a reasonable and reliable slow traffic network design method, the
topology conversion of separate slow traffic network in historic district was made based on theory of
complex network and the common structure of historic district slow traffic system. In this paper, it’s
assumed that the demands between every origin and destination belonged to a bounded closed set, and
the widths of road boundary lines were the upper limit of the road capacity. A min-max model of slow
traffic continuous network design was proposed on the conditions of demand uncertainty and user
equilibrium by use of robust optimizations, and sensitivity analysis combined with the method of
sequence average was applied to solve this model. At last, the slow traffic network of Shoshi Temple
historic district in Xi’an was taken as an example for the actual calculation. The results indicate that at

the time of determining transportation network design scheme, the total travel time of robust investment
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is a little larger but this design is more reliable than the traditional solutions; robust investment’s

reliability under the condition of demand uncertainty can more effectively avoid investment risks.

According to the risk preference degree and investment costs of the traffic planning decision maker, this

model can determine robust plan of every road. 4 tabs, 4 figs, 15 refs.

Key words: traffic engineering; historic district; slow traffic; continuous network design prob-

lem; demand uncertainty; robust optimization
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Fig. 1 Scope of Shoshi Temple historic district
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Fig. 2 Slow traffic network of Shoshi Temple historic district
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Tab.1 Free flow travel time and link capacity of slow

traffic network of Shoshi Temple historic district

BT | ARGETTIE /s | U B BUEATRES /(peu - b D)
1 12 16 320
2 10 34 272
3 9 19 040
4 21 12 240
5 11 26 572
6 6 0
7 21 19 040
8 6 12 240
9 6 26 572

10 6 28 832
11 20 28 832
12 22 16 320
13 22 14 688
14 17 35 360
15 13 35 360
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Tab.2 Nominal demand of OD pairs in slow

traffic network of Shoshi Temple historic district

OD 1 2 3 4
5 8 000 32 000 16 000 24 000
4986 400
4986 380
4986 360
2 4986 340
=l 4986320 — B=10000, 6=0.1
1B 4986 300
£ 4986280
¥ 4986260 -
4986 240 |-
4986220
4986200 L L 1 1 1 1 L 1 L )
1 3 5 7 9 1 13 15 17 19 21
ER R EIR
B3 ZRGEMHEST S EREE KR
Fig. 3 Relation between system costs and
number of iteration
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Tab.3 Nominal and robust investment solutions
when available budget is 10 000
B 8~9 9~11 11~13 13~5
% 3R (0=0) 40 1487 5003 3470
R (0=0 0 1672 4 367 3961
% iR (6=0.5) 544 2 156 4178 3132
G RI(0=0.5) | 1623 2175 3159 3051
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Fig. 4 Percent differences between the mean and standard
deviation of total travel times associated with nominal and

robust investment plans under different ¢
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Tab. 4 Reliability of total travel time associated with robust and

nominal capacity investment plans when 6=0. 5

B y* (un) AN/ Y v* (ur) Ar/ %
10 000 4 986 266.00 38.3 5307 959. 34 92.3
20 000 4 952 305.83 41.0 5283 510.92 91.0
30 000 4939 637.48 41.7 5239 177. 46 93.3
40 000 4904 284.71 43.2 5186 419.03 93.0
50 000 4 881 382.57 42.3 5124 648. 96 96. 6

PRI I R 4h 5 i R R0 e 3 8 ) o SRS B o 1 1Y)
it G A B, FE AR R TR A T 0T AT IR SR
RS 7 4 B o T B I B B, R O R
hoCu) =, HIGE R b, A0 R 0 i B @ AT g 77, B
AR PR By A VE R . AR 3R] g, AR R
5 B 2 10 000, H Y& X T OD ASHi & P 1 B
W24 0=0.5 B BT BE 8. AT 45 3 #%
By el B 8~9 i 0. 68 m, B 9~11
TE0.91 m,PEER 11~13 75 1. 32 m, B8 B 13~5
& 1. 27 m,

5 & i&

(L)X g o2 8 DX 0 47 52 3 W 2% R e it i or 1
BRI 45 SR 3R] AR OD R AN B E 11 B0
AR AT DUAR 4 S 38 LA T SR 0k T KU 1) i 4
TR BT 2 o 4% e B ) B AR S B0 3] L AT L
L 58 BB T B L ARUE 1 T A SR XU

(2) PN I A BE T i i AU 47 19 2% T
MATAT N B BUR R TR H bR &5 L A GRIEAR AT &R
GEE PRI DL T L 1 5E e AR I B Be R T & . A
JH VU 2235 Jei Dy e 5 XA A7 5 3 1 295 o L SR T g%
128 58 BEAT D9 AT RE 1 30 4 St IR At S B R L AL AR
UURAE S LIRS 2 v A e L L S T T Co

(3) GG W E » H U H X T OD A E
PE BN 2K 0 B BB I 13 & PRI AL 558 07 &
T T A B BT Y

COARSC M B AT 42 R0 A7 1 i Be B A7 4y
Ph22 5, &M AT J7 Nk # AT O DL R A 07 U
I QAT R 0 AT A 38 ) 4% et L e A IS T B —

AT TT 1A



116

K%K

FERCA KA F RO

2015 %

Sk

References:

(1]

L2]

L3]

[4]

[6]

[7]

[8]

L9]

B KRR ARTE . SE. DS X A 5E MR ik
g i HE 22 4R 0 [T 3T B R 2 )L 2009 (5)
101-106.

HUI Ying, ZHANG Yuxin, YANG Dong-yuan. A
discussion on transport planning and design frame-
work for historic areas[ ] ]. Urban Planning Forum,
2009(5):101-106. (in Chinese)

B WL SRR B AL PHE TR AR R R W AT 07
SRR ] KEREF R AAPRE IR, 2015,
35(1):106-110.

ZHAO Xin, GUAN Hong-zhi, XIA Xiao-jing. Tourist
travel mode split under congestion pricing[ J |. Journal
of Chang’an University: Natural Science Edition,
2015,35(1) :106-110. (in Chinese)
TR RO Bl B Ll
I T 5258 ,2011,9(6) 1 50-55.
BIAN Chang-zhi, GUAN Jing-hui, LU Hua-pu. Ro-

W4 it ik

bust transportation network design under demand un-
certainty[ J|. Urban Transport of China, 2011,9(6):
50-55. (in Chinese)
Ukkusuri S V,Mathew T V, Waller S T. Robust trans-
portation network design under demand uncertainty[ ] ].
Computer-Aided Civil and Infrastructure Engineering,
2007(22) :6-18.
Chootinan P, Wong S C, Chen A. A reliability-based
network design problem [ J ]. Journal of Advanced
Transportation,2005,39(3) :246-270.
Chiou S W. Bi-level programming for the continuous
transport network design problem[ J]. Transportation
Research Part B,2005,39(4) :362-383.
Sun Y, Turnquist M A. Investment in transportation
network capacity under uncertainty; a simulated an-
nealing approach [ J]. Transportation Research Re-
cord,2007(2039) :67-74.
Lu S. Sensitivity of static traffic user equilibria with
perturbation in arc cost fuction and travel demand[]].
Transportation Science,2008,42(1) :105-123.

A o [, E R AR T 18 AT B2 ) 4% R

[10]

[11]

(12]

[13]

[14]

[15]

5554 oM [T, 3838 328 i LR 4 4, 2011, 11(2) .
72-78.

LI Cong-ying, MA Rong-guo, WANG Yu-ping. et al.
Characteristics and structure analysis of urban slow
mode traffic network [ J]. Journal of Traffic and
Transportation Engineering, 2011, 11(2): 72-78. (in
Chinese)

=) ER W . kT A% IO 4% e 3 T AR AT 5
W LD]. PU 4 K% K%, 2012.

YAN Hui-li.

i 9 45 4 1k

Research on the characteristics of urban
slow mode transportation network based on theory of
complex network [ D]. Xi’an: Chang’an University,
2012. (in Chinese)

WA B . A E OD F7 R T L 38
Mgt E IR )] lisM A LTRSS
{5 8.,2011,11(2) . 70-76.

SUN Hua, GAO Zi-you, LONG Jian-cheng. The ro-
bust model of continuous transportation network de-
sign problem with demand uncertainty[ J]. Journal of
Transportation Systems Engineering and Information
Technology,2011,11(2):70-76. (in Chinese)

Ben-Tal A.Nemirovski A. Robust optimization-meth-
odology and applications[ J]. Mathematical Program-
ming,2002,92(3) :380-453.

Luo Z Q. Pang ] S.Ralph D. Mathematical program
swath equilibrium constraints[ M |, Cambridge; Cam-
bridge University Press,2008.

Yin Y, Madanat S M, Lu X. Robust improvement
schemes for road networks under demand uncertainty
[J]. European Journal of Operation Research, 2009,
198(2) :470-479.

1o A SR AR N R ST A ) 4% 5L ) e R XL
B RRIEEL Jr vk R AL ] sgilid i R g LA S 05
H..2004,4(1):35-43.

GAO Zi-you,ZHANG Hao-zhi, SUN Hui-jun. Bi-level
programming models, approaches and applications in
urban transportation network design problems [ ] ].
Journal of Transportation Systems Engineering and
Information Technology,2004,4 (1) :35-43. (in Chi-

nese)



