SATERERS P LEGRF YRS
k 222 %
On the Optimal Toll Cordon and Toll
Level of In-Town Congestion Charge of
Taipei-Metropolitan

T LR

X;ﬁ;i :l_ : jﬁg;’g_.ﬁ.

o
it
pr

=l

.

.

-
”

|



ARG RESF 2R R Sk g
On the Optimal Toll Cordon and Toll Level of In-Town

Congestion Charge of Taipei Metropolitan

opo4 o gt Student : Ya-Dan Cheng

hERE D RE Advisor : Yu-Chiun Chiou

A Thesis
Submitted to Department of Institute of Traffic and Transportation
College of Management
National Chiao Tung University
In Partial Fulfillment of the Requirements
For the Degree of
Master
in
Traffic and Transportation

June 2010

Taipei, Taiwan, Republic of China

PERRA L4 AR



T I AT ER TR T E RS I9 S,

Fidomns R RpgE L

Azl + § IR

i# &

AT B ERE - BREEEFRING  AAT ot 3g RS AR
Ry 2R EAT AR Ry P R kA st AgART T AT ARG E
EEBBEREFHAE )RS~ LR x%’#—‘f;m s H o 1R L g 1 T R ARGE
BEERY FIOEFHN) kb V3072 A o SR BTG F > BT RfD
PERE ONURG oA FEFRARFTER N R 2 BE L RERT S A R
G NS R R E T 3

SRR PN RS YIS s ST St P RN (N B
Heh & (2% B L AT X UM E AAH S X AT LR chE
BRA L AT REC R R IR SRAH I X AT G Y R (e
7oy X m) ey § 5 i kR F B E g i -Evolver & f2id-ie s B
%,

7

*53;}}%;?‘};%9?‘:/{%‘—‘—_ ﬂ}/J&X}%&9 Fﬁll}%\—é“\b’ﬁ'ﬁ‘j\ “f',/—l{&%.%ﬁl j\., ;Fk
DI T KRR AR RIS 2 ST v S R R

(FACR R AT 2 PR R A2 AR TR o BRI S ARG K e BRI
‘%%ﬁﬁ’&ﬁéﬁﬁ%%Q’Hﬁﬁﬁﬁﬂﬁﬁﬁ?ﬂﬁﬁllm%ﬁﬁgﬁ
Fi o b 7.55% R TR o BERIOE S L BAT - 2R LI E
BT o BT kK ET <3 :moaoﬁﬁ_ Do ppF> i F{ i Als
SR T UK 4 47.09% 5 € e 0 R0 13.03% ik AR > B e R ¥ B
Y S BEERITe R RET 0 o XSG 45kmo JT B 5 L F = 100 &
ELUERER 0 R BB R F R o AR 0 ARE L R kool ¥
Boe AR K R EE

Mt (i e FAEERIZ > JEREHE AFUF L2 > i V550 o



On the Optimal Toll Cordon and Toll Level of In-Town
Congestion Charge of Taipei Metropolitan

Student: Ya-Dan, Cheng Advisor: Dr. Yu-Chiun Chiou

Institute of Traffic and Transportation
National Chiao Tung University

Abstract

This study aims to develop a bi-level mathematical programming model to
determine the optimal in-town congestion charge scheme in Taipei metropolitan. The
upper level is to determine the optimal congestion charge scheme for maximizing the
social welfare (SW); while the lower level aims to determine the optimal mode choice
(by a Logit model) for maximizing road users’ utility and the optimal route choice (by
an user equilibrium model) for. ‘minimizing - their travel cost. A large-scale
questionnaire survey is conducted on car.or motorcycle owners in Taipei metropolitan
for the estimation of the Logit-model. Three generic variables: travel cost, travel time
and toll level are significantly estimated.

Two types of congestion charge schemes are respectively proposed and compared:
the Link-based scheme and the Cordon-based scheme, where the Link-based scheme
determines the optimal toll level on each link in the study network and the
Cordon-based scheme determines the optimal toll cordon (center and radius) and toll
level. An genetic algorithm software — Evolver is used to solve the both schemes.

An exemplified example with a small network of 2 OD pairs and 7 links is
designed to examine the reasonability and applicability of the proposed models.
Sensitivity analysis on some important parameters is also performed to depict the
relationships among the system. At last, a case study on Taipei metropolitan is
conducted. The results show that the Link-based scheme can increase the social
welfare by 17.76% and decrease total travel time by 7.55% by levying in-town
congestion toll. It is worth noting that the tolled link may not be those which
originally bear high traffic flows. The optimal toll levels range from NT$7 to NT$100
(upper toll limit). Meanwhile, the cordon-based scheme can increase social welfare by
47.09% and decrease total travel time by 13.03%. The optimal center and radius of
toll cordon is located near the intersection of 10th Ave. and 7th Blvd and 4.5 km with
a toll level of NT$50 per entrance during the morning peak hour. Obviously, the
Cordon-based scheme performs better than the Link-based scheme.

Keywords: congestion pricing, bi-level mathematical programming, Logit model,
genetic algorithm.
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% T B R 4t KRR R Pigou(1993) 1 & % ;,;Jc R RIERE T
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FHehy § - BB 5 FRabg A o #a”*%"‘%‘ AGEFER AR R DLFE
e REFIRBAIEERT L EHIPEFEF B 03 2§ (The space
dimension of road pricing) & X & Jg F|F SR 4|58 o R N FFH Ik Sk
I #7(The System Optimal Equilibrium) -
BARMCP 2% MET 7 7 7 R4 & Lametal.chv &
PR IIMCP s R E A d A Y RIVYES A FIERR
PRy o RERE R BER e B - BECE R KR BT
EERATF oL R R S FREERE TR 0 a4 @ 2 Yang
and William(1996)4% ! MCP 2.4 & A 4 g 3| 3 R ¥eE DB > G A 4B > 325
BE T3 R AL FEAN AT ANGFAAp > P B frE g
Hpcen P PR R A G Mok L
W(e 7 B ERicEF) 0 FE N - B EE BT AL (bi-level) k75 1w g
)RR 0 R P - B g ‘-‘RVIJ:?’ BE
B R B F AN eI x fE G X @ 4% 2§ (The second-best congestion
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pricing) » Mgz 0 B BB AP HN GG NRAF S A P o T RINE S
i B dp iRl P H N e R 5 o Yang and Yagar(1994) 3 £ T At
B R A7 5 A # w2 (Sensitivity analysis based algorithm ,SAB) ;> 18 & #c
LG H iR 53 45 en¥ s o Yang and William eh< § ¢ 5 & 5% SAB e
5§ H aopt 4 o Sawansirikul et al.(1987) and Friez et al.(1990) % & e 354+
/& f& i+ (Equilibrium decomposition optimization ,EDO) ;> » At #* k-5 k& #c5
BB PR AL F U F R MR ogEs j2 1 (EDO) > A F rUFI &
LA s PR % SAB et e

Zhang and Yang(2004):t s o 7 % K g o @ % =0 i adeg st
(Second-best pricing) » ~ i‘h{%/@ BB RIS > R EREEE LR R
MR AR EH - B RERE RRFE ST R S EREBR RO E
"L (the incidence matrix) » &+ it AL g 45 F] > T = PV B WL T R i i
Foozfi RPBAFIFE 2o 82 MBA BT RIS - PRI ER
fefe pALR 0 4 W kR RS B o) -

Yang et al(2009)+ # 34 FlHe i B8 5 B or S b F A 0 dodezi Bl
o BRGNS & A At B E(value of time, VOT) - #25
T ORGP ‘1?/?»4 eIl R q“«u—fm BRI NSTE S
RATFIRT S JFE R Y - @R F RE R AP EE Y i B A A
FATREPRER  F Ra 2 VOT T s itz g o

Yang and Bell(1997)#F 34 3] » 15 ¥k TH 3" ¢ & B & U] AR R DG
EAT ﬁ-‘r‘a{? FRMBEREFE oA G SFEELE A4 XK i (Queuing line)
{8 o ﬁ.%g A 24w B (Time delay) - 2%/ > B~ g FloviFEEn A4 55
ARG F Mok w Y R AYE PRI T RINERFE
(Environmental capacity) » & & /8 £ e g £ < #J s L HON F FTIE S P A uE
ﬁ%ﬁ“%’ PR EEAPEEEN AR TR OB AT B LA BRE DAY
A o

Yang et al.(2004)34 % &% i 2 Bend LF TS AL Bl r R

FEPEICR H 0 B ERROEHG  MEBE T M REFH M T

% > ¢ * Bi-level 5#ic5¢ > 5 18 Frank-Wolfe /% 272 K F4H5 5 & =W -

HiE A FIRMCP h T W EGmE N EE o AT EAE L Rl BER

FREARSOE T VR RS FESADRA P @ R

~
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R T AAdgmEeom Y > XTI ARERTB IS > ¢ SR LT
b J]?e R RPN Y g R R RRDE s R g
P23l g % A o Jo @ Suaif 2 R IRt o A BF ARAIHEF 4o »
PRGN E I ey A LEFRDER R H G TR
PRk o B AR TN RS A Y B E] V(TR Ak P
2 T BRI E B T A R R B BN ) KRG oA R
ERER TP TFEZ -

dom v ordk o PR AR TR 2 A3 F S 2w AMCP 2ih o~ A E

RBBN e R o B R Ry SRR B G By B LI%
Ra o TRINFEED > PR ORE KB FiEE TR T RH FES
AORPEREAMET 2 TR EAE A henF B A 0 R FRRF %
e ERE LR LK EF ¥R R KRR &N ¥R
defe LT TR R P R 0 R mAR A BT ARG R ARG o

Yang £ Lam(1995) % & * f & R3] -5 (Bi-level programming approach) i ;-
g B f< 7 (Optimal Road Toll)<33)3% o 7 & (lower-level) * 3% & T % i g e 304
Ho 50 (Queuelng network equilibrium) | > i & 2 F &g iR T > @ FRID
E@F L o K (Upper-level) FAE T F 5 g # ¥ R EEFRF LS 0 Rl
B v AT BT R

P EPREER R AR R F e AT K gL A
Bepoenff g o A SN RAL 4 3 A RPEL LS A DLIE BRI A
PETI AL g B T o BA RSN f s ¥ - RE T h-
BAREE R XU R MRS e %2 T3 g3 RS
Best 0 TR F iR R o 2 W R U ARt 3 B R
3R R P R R G BT e (7 0 8 R R
B IR o B R BH L4105 (Bi-level mathematical program)4e™

1 & (Upper-level) @ & & itk 5Ll >0 T BT §

Minimize, F(u,v(u),d(w))

Subject to
vod, < QM 2 € A 2-1)
Yiaea* UaVa = G (2-2)
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Umin <y, < UMaX 3 € A* (2-3)
Where v(u) and d(u) are obtained by solving lower-level:
FELSLP L
Fit k% enp hondie(h P L)
wi b B AR i B (BT )
VIR R e e £ (R E H0RY)
d: % i 2 & P
QI Uf | a chd + £ 1F 8 jRdcP
u A a T R
UM e st a dhd | Je
UDRS e 40 a g % JT 3

F(2-1) 5 AR D R 38 (2:2) 5 UIE A A T E 0 74 (2-3)
AR Tl IEC RN RV = WIS A SR EESEIE N STy =Y
feg o4 AT R FERE A §RBICRES b FURRRICE R R

T RE A FORR T E o B NRBR RS K 5 4ot (2-9)-58 (2-11)# -

T k& (Lower-level) : % iz & = 22574755 (Queuing Network Equilibrium Model)

Minimize, Yaea fota Ca (% Uuz)dX

Subject to
Yrery, fw = Dy, WE W (2-4)
Yrery, frdar = Vo a EA (2-5)
vao<(Cia€A (2-6)
f.>0 (2-7)

FELGLE
W:- 4= iz 8(0-D pairs)sh i &
AR P LR E S
Rig v gt jc f &
Rw:i— &A=z 8w gt ji & &
Dw:— 43z 8 W 2 g K

Va B4 a e &
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frga s r e g

Ogri Bk B s rid sggas a> B ogr=1> &~ 2. » B d4r =0
F(2-4) 5 F RFIF N 25) AR FELFIN 0 (2-6) 5 FNE R R )
N R RN GRS S EARRLE B 1t Sl U L §EE AT
Bl o 720 Rl g BRI FRQuEMamE izt &) &a 22 4B p T (dy
e % (Gt B E ) 0 4osS (2-8) 95T o

vy, <C,,a€A (2-6)
d, =0,if v; <,
{%zmﬂ%=% (2-8)

Py

g e 30 a £ 13 48 B pE T

2t Bi-level 53¢ & & £ 12 (e p 05N U @k S p 4R Sl F(u,v(u),d(u))
i (P RS BEE FL-F2 122 F35 40N (2-9)~ X(2-10) ~ 1 (2-11) %77 ) »

F, = ZaEA {Vata(va) + vad, } (2'9)
F, = ZaEA U,y Vy (2'10)
F; = ZaEA Vaua/ZaEA Vata(va) (2'11)

RQ9)HREBEF S A 2 FREFERTEREEER > £ (2-10) 4 5 Ry
Bt o N(2-11) 5 R R g 3N (2-9) 0T F et (2-10) i 2 A o
AP T EER PGV T L RSO GV R AT R g i
PHRLERTS L EARE R FAR G M g R GRS AR
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AU kK e E TR 0P
IR m #Fi‘“ﬁ% 3 g i —‘ﬁ&é-lf‘_iéﬁﬁﬁ v EREEY g FRETR ST

-
%“%i%&?ﬁﬁ§’w2&¥ﬁl%§%*ﬁi%é?11’i@&%ﬁﬁgﬁ

Y
I

i
S
o
22
4.;.
q..
S
)
=
[
e
e
w;-;»
[l
\ -

BT O B RS R E AT D iR

Jef o B A REFL S FAPREMDE S § Y e r PN o RE o

13
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B AR W A BEL R KR AP R ¥ AE L B R
2R~ fRFEE R HT R K R BN RN T AL B A R
FeRdpwanTXER s > PEEERE LR > REBEHR F @ LER M REE
TR SRR N LA R 0 SIRE £-f Lot 3

Yang £ Lam(1995)"% 1 i * A #cF L3145 (Bi-level programing) » % iz 4
Pek W N3 S R AgR R A 17 (Sensitivity Analysis) © ki T A HC
oo ;T*w\«"% iR R hi o BB FRE Y 2 gEFRARE K
RehiE s pri MEEh R R KT 0 MR AR R R R o W B

S ERE o T AR R A 0 3
MERAFE

HBE k- ededp e U0 Ban=0.
F B~ RfRT KRN ShRE RO A o o et Al G u® s @ o ) S
G E s FRE R P T 0 E paE e B VO e g iz kapEr d o
S AR R AR DA £ov® /u fe0d™/ du -
BB @R AT AR P RS EE S I T RS a
Bk 12 o B 40 5 SRy T A AR5 SRS -
L LR LR S
™D = g™ 4 oM (y — ™) where a™is given by o™ = /(1 + n)?
Where B,y are parameters (B >0,y = 1)

(n+1)

Uy

KT 3B AT R R R ugn) <g | forall ae A", & fe:Z
%

PREAF LA BB - BRI A= v R B

‘“\

kY

G R AR BAGE RA T 2 R Y R R IR B R B -
BAG| LA R AT BRI E N o 5 - BRI E T BREEAERT & F 8
LR RN SR SR L ERE S S L LSS b
RO R RN P R R -

Fo BRI R TERAFORBEER TN F A T N 0 4 ;T;Ugjv fe %
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L

FEERE R S A g IR
AL E L o e f At F o F A F IR o FIL ARG SRR RAL 0 H e
B VHEMEGREE S o A RPN R T A S
NER T RfEF S w W M haa g > VR AR R R O

2]
FE S o7 b BT R T F kGRS o T hE Y B 0 ARSI E
2,
i P

BOSU T o BB f B SR 0 4TI SRR A f B R R AR Bt Al s
BB AIEF R THS RELRT K- B P BRS M BARE B
AP ML 1 AR R O HRR R P A o

RO R AT R AR F ARG S ST R
ﬁﬂ’l—fﬁﬁ\fiﬁj"]/{?—”%— '1 ’%EL’I,ZZ.;I";%]L‘{(F, Eﬁﬂip%ﬁmﬂf}g))ﬁé\*? ﬁl——
£

f
L~ fﬁkf’ B B R AE 2 P RS I WA s B T e & 2.1-2.2 4T o

%21 R BE RN 2 PSS S RGN I T Ros B

)

Authors | Bi-level Mathematical Programming Model
upper-level upper-level lower-level lower-level
objective constraints objective constraints
function function
Yang Max. 1. Physical Min. 1l.the O-D
and 1. total travel capacity (total travel demand
Bell, demand (or environmental) cost) 2.the flow
(1996) 2.consumer 2. non-negative -(consumer conservation
surplus toll surplus) 3.non-negative
3. total revenue flow
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Yang Min. 1. capacity Min. 1.the O-D
and 1. total travel 2. budget total travel demand
William, time 3. toll charge cost 2.the flow
(1995) Max with lower conservation
2. total revenue and upper 3.non-negativity
Max bound 4.capacity
3. total revenue
/total travel
time
Fe 22 R BFRANE 2 P AR~ N2 F R i IR (2)
Authors | Bi-level Mathematical Programming Model
upper-level | upper-level constraints lower-level | lower-level
objective objective | constraints
function function
Zhang | Max. none Min. 1.the O-D
and SW (total demand
Yang, travel 2.the flow
(2004) cost) conservation
-(consumer | 3.non-negative
surplus) flow
Yang et | Max. 5 alternative tolling scheme | Min. 1.the O-D
al., 1.SW specific to individual entry | (travel demand
(2004) | 2.revenue | and exit points time) 2.the flow
A. subject to a lower + B*(travel conservation
bound and an cost) | 3.non-negative
upper bound. -(consumer flow
B. longer distances surplus) | 4.the traffic flow
traveled are subject entry-exit
to higher toll charges, pair on
two or more sub the tolling sub
entry-exit pairs, its toll network

charge should be less
than or equal to the

sum of the toll charges

for these sub-pairs.

C. link-specific toll
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D. proportional to the
distance traveler
E. constant toll charge

22 Bt Bty R

Zhang and Yong(2004) & & * A 5% & i & ?ius% Fizo PRRERE L
PRERGRFAER AT S HRELEN A P ST o2 T H
Boe @R e § v R 0 i Ui e RO R 4T R E

B e AAICS (F oo ) Bt e st o 20 R RS G
Bot AL @ART] > A B R Y AR ] g Y R A R TR TR

B¢ Sheff|(1985)“rﬁ:".mr B R S R R R
BA o kAR P RS AR REAA S P PR A GRERET S
P o 2R RFRORY FRE WSR2 B A - SR ER
oA E R Aot AR .mg Becrid B RAE - vk B o G Aem B RIS RO
B FE A g g B TR B AR R R 2 Sn B E AN R

RfFfe ¥ G TR DB R EE G TR RN PR RET
it EE G L I EARTI AR NE(S 0 R R PR R R ET R
R AABDOTH REFHEAL A R OR T il W F EN R R
B e 45 o

iR FmE ey s Fend 2§ FokE S 10.6(HKS) » & % 1 24k € 457
5 1.634*107(HKS) » fra A F s % 418 % 4pL » 3 4 0.93%:74k § 4871 » &7
Fi AR o A 2.27% 04 € 45 )

BRI AR E L o R TP 29(HKS) o ‘A P~ 8.5(HKS) >
Bk 2 Ak g ART1 5 16417107 odk A F T 41 R APt 4 1.35% ik
gABT 0 BRI LA o I 4 1.85%:ik § A1
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(AR o ﬂiﬁm’l‘f T EAE R e B R B R fRER DR BT
B it i o 2B AT H Y 1998 & Haupt and Haupt 3% 2 snk Tl 5 02 0 ks
FfRF R o pd MO A KR FRRCH PR B WG R F B A g
AT B BAFIHFE E KRBTy ¥ Aoy FRFARBENRE L BH B D2
JrP B2 R R R TR R R oy g oo

23/ERF2FHAE
231 FR& K

%303t 2003 # 2 * it 3V4e gk oy (Congestion Charge)#| A @ d 43¢
Qi%g#ﬁﬁ%’&ﬁé$?¢%ﬁﬁ§%ﬂmﬁﬁ’¢mﬁ’mﬂéii%
EERELDE T RFy ARV UEHERKRLDRS > BR Y AGRD Y o
%” HrE TP AZE B0% A% MY C E B FI 2 (AR EN 25 E L AR

__,_,

% # B R BE O 5300 o o 195 15 5T % i 38 (Transport of London) 7333
%o ﬁ%’#imﬁg%ms\ﬁ% SPER > B34 5 200-400 ¥ #4832 B - 2000 &
Gy £ IR IRy REARE B R ko SERE Y DA
B P e RRE R R B 16% 95 TH SRR 2B FES B b
6% » ot T hengh 2 BR S 14% 0 IR A h L B4 B e 12% R o R
feF P 14 BES - # WRFTAL BIDE e F R LB P Ao
11 #77% > e f R AT ¥ FFLp ¥ - 3 %7 (07:00-18:00) » & A& #p # 4 11T
FoRSkELSEBES -
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The central London Congestion Charging zone

4
Congestion Charging " Charged roads Camdor‘f%' ) \§
=== zonz boundary
Uncharged roads
- Central London i =4
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232REMRPER

THE 3 2006 & AL E B s RRE R L ohn ¢ oo 25 Bk 42 (Congestion
Tax)erd| & > P ehi " Mfedk > 4T 2 0 MR T LRE o 7 BB
B REF OFIR 0 Ao 2.4 977 0 TR FRECG - 18T (6:30-18:30) >
FREWANW 10158205 Fhp * > B XA STy L 60 W o T F
¥R SALFEAED Y w o 4oB 25 47 0 £ 5 18 BTy P HE(Gate) - B S 5
AL T EA R F R g FRE D AT W ie B R iR R o

EE T FICF AR RS L e 2 B FAovk o A AE R30%% Autogiro &

fiv o >m
£

\"}L —=\
ﬁm
&

-
2 o

=
e

Time of day ' Tax

00:00 — 06:29| 0 SEK|
06:30 - 06:59 10 SEK [y
07:00 — 07:29 15 SEK ||
07:30 — 08:29 20 SEK
08:30 — 08:59 15 SEK |
09:00 — 15:29/10 SEK |
15:30 — 15:59 15 SEK.
16:00 — 17:29 20 SEK
17:30 — 17:59 15 SEK
18:00 — 18:29 10 SEK |
18:30 — 23:59| 0 SEK|

Bl 2.4 277 B B B od g o PR
(% J&:Wikipedia.Amounts in Swedish krona.)
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(%% :Head of the C

2.3.3 FrécH

Fr4vstt 1975 E B4 s AR Y IR i h S AP RE R R
& 600 2 F chdr 4] % 5 (Restricted Zone, RZ) » *+ % F « %% pF 2 (7:30-9:30):& 7 4%
BAicp  f A REAF 3R %1 22 2 FEEF NI gm0 LR
Jof ®ehd R B A R T L R (TR (Area License Scheme,
ALS) » B|B4:F % enphiz - & %l 3ATH > — B 1 jcB 60 ATH 0§ pEL )
PRl TR 45% Tiad g KA PFI8 22 M4 A 35 0T

2B Frrant F g 50% 0 FE IR ST K 46% 0 A B R gkt o M Ao %
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R 1987 #£4 B4R s cy o iR g £ 43(Bergen) » Hjc
F PR R (Toll Ring)ed| & > % /1 £ & ey B> RIEB Sy * o i
BAREEEY 0 B3 o BB h BT R AH L Bk )
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SWEEFAREPE . PFRELZ A EXESIMSN £ w5 F = 10 %
= ’l(p‘%Fé&a:}t— IHI AP Baa b gk 2 1530 1990 E 0 RS
B A7 (Oslo)F s R e g HI R > frd B2 B hE > tg 2 AR DA
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*EEECE o d WA BREREHRAL D A S 3 1001 £ o
+ g AR (Trondheim)ie F g e aofl Bo >t - 247 0% F 2 BRI ap b
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feB o o % PR S L % (3:00-22:00) ¢ AL (2:00-21:00) » % PR A 2 dER AR

SRR F S kEL 0785 F A 0 £ 8By KE B RLD 4R A
L iﬁa @f«?‘i’{%’" o
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1996 & » % F* T # 7 B (San Diego)l-15 2 B » it {7 & ¥ % < ¥
oo fef PERY S 1 % | pE(5:45-9:15) » b 4 % ] B (15:00-19:00) 0§ 5 ok
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FoRM L g Ty o G R G A (Demand Based Dynamic
P“Clng) BFoRE L 205 F g o 025 Lo A gRAR o LB S
-l Y
237 t MR HRZ AR

223 L MF S HERTERET 2R
(% %R 45§ AT
B e Yoy R o F R 7ok
Fr4est (600 2F | B o4 AR
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SEB R FRE )T (3
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R Oslo |19 Bycg | 72 ~ P& 1- 45 @ 10338 = =)
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EE
BAF M ~F @ Mol (FER T G 4T
j‘\'."
R 12 By F-187 1.- 83 0 < 10(F% = /=)
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iR A% (3:00-22:00) | kR R AR A T
4 A (2:00-21:00) | 1.0.7~3.5 % ~(8 B fc ¥ -k &)
1 % SR91 2% 2 dR(z A )R e
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5 BRPEY | Fu ] TR
Ty 9B | B (HOV) | (5:45-9:15) 1.70 £ =/ *
‘ri o o M | pE 2.4 1 B iE 2R
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K 5] pE PR (F )
FrIF (5:45-9:15) E RS AR f
# San Bt o M | pE (Demand-Based Dynamic Pricing)
Diego 1-15 (3:00-7:00) 1.05 % ~4=pr> 11 025 %2 ~ 5 - =
(1998) BhAK L E R FRRTEAL A
ERE P T (7:00-21:00) | LA A3 4 )AL F A8 o
% Ly % 2 (7:00:15:00): |, 2. 2000 §§ = (37 2 % 57 ~/=)
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te £ = N N 1o g% 5
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O T M) /km)
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()= .k & 38.85(% /km)
2.5 % %
(1)} 21 & 12.10(%
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(2)~ A2 22.20(% /km)
(3)ms. 2@ 33.30(% /km)
I A RERE |- 28T #1015 20 W -
(2006) B 6:30-18:29 % 5% X605 (985 % )
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» # wEH P | - 2T £ 8ws
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BB | 250 2B BT RPT A4
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B2 ¥R o Pt AL RPER T B

Lo i Em 2R an® B 2 Ry e N (FEqe g~ & 0 ey
HAE) e PR ied 2 N T A EARTIE R E A A TN R E
BB R SRS S AR R

2. R R G HFBTH I RPHELF THYRAZRY P SREANE E MK
o 7R T R A A R R .

3. ERRNFRFRARYEALEAFLEHBHE DG o

4 BN LRGN EBIAFREE 2 4 o

5. IR E L H e AT AR MR TR I (A BF RIS > TR RE
fest) e

6. & FHREARE - B A RE 2 R e S

’

fa)

=,

3.1 BA T A2

B S R o 2 F e A AR E A S TR o
THREANTREP DI A8 L P KR P A F bR g5
PR R R ARRE VARG F R - 5 2 K 5 AR % (Leader) >
TR 5 BIAEF (Follower) » T K £ 199 ¢ K ik e A 0 L RS § 1T A
PAREFEAR el F 7 g IAPRE - T S EAEF ARG - RSt
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LR FIFCLARBIFE > R AR GRG0 FREY RIER Y F
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32 AFiwE

B % £_d Holland (1975) %48 31 5+ H Rdstr B A1 * 2 4+ 4 & REA FI % o0
BA o KA T - BT R e B b 50~ BO-1 RN 0 F B
LR SBrTALLE - BAT (Genes) v mE BT TR L A LI R
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2. # ¥ ¥%#5 (Encoding)

AFFEZe Z I BBMBALE > - B S0kB ~ FE%ND ~ 2 3 b
BREHBE > h- BLAIMAPEFRY - B%BAL s TRERY S
B TAEAS BIRP
1) = ~ %75

LY PR RN PR e TR T A R R & ARSI AL A C B

%Oﬁl’ﬁ%%:£&$£$~ﬁig’ﬁé%ﬁﬁ’%?%&EW
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(2) T kB

TR E H T I R AT RS M F R IDE R A

RY AT o

3. i i S B (Fitness)

FRIBEIAFIFERY gt d MRy i % R R4eh AL
PP Sl it Sl B R R F - B M B A R RE
Th T LI MR T AR -
FEDF A TR AR DERAER R REAS AT
A ARG TET T R B R G ﬁ*rs s EZ i RO PE ARG IS e
4. # %l (Reproduction)

HEEE IR P PARTEFEY BFOL I R FFRELNE
Moo FH R A
(1) #4 ;% £ % % (Roulette wheel selection)
= BB RSB EAR AP T G o T B EAR S
AXE B ARE Y o
(2) #HA 7FE &2 (Tourment Selection)
d EE Y ST B B A R R RS BEF iR T
TR At EAFE PR B RE R R S
5. % pe(Crossover)
EMERS B AL M Rt AT EEPN G B 4 R

Fed Bod o 6 A E T BB A e AL AT S Y
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MEFRBEEEDLI M A DL RE LT A
(1) ¥ 2t< fe(One-Point Crossover)
EPE - B RH QB2 AT e
(2) = < 3 (Two-Point Crossover)
REHSPVE S B Afe R B Az A TR T oo
(3) =3 = pz(Uniform Crossover)
& PR e o d S T2 AT T2 A
6. % % (Mutation)

O LEFEARTBRE - L AT R A GE
et MR RARR o A papREE R RF P F
ERB RS 0 MFH BRSO

G T SR
(1) Swap Mutation(SM)

EES BAF BHT Ao

4r54231876 =*51234876
(2) Three Swap Mutation(TSM)

2 g R R S

454231876 —> 74531826
(3) Adjustment Swap Mutation(ASM)

EiE S AP AR B HE

454231876 > 54321876
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7. B~ (Replacement)

EEEAAE A REZ BEALIS AP £ A LAY R REOP

B GBEESPEEPRAEREL LR IT - A2 3538 §F S5ER o

(1) EHB®

MR R B DIV ATEH T BB 5 & L TR
() ®FF®E

RepEE Y DR S KERS HA DB LFETT Rk OB HAG R



P S BB R S LR RN L ATERE - Y FE A

u¥
X EF AR S FE AT N ER A S BB € TE K o

(1) s&F% p
(2 s¥E% Rk SU R PR
(3) W 40F Pldp Lk dpF
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Frd W)
4.1 405 2 4R )

Upper Level: Lower Level:
Objective function Mode split : Choice OD: Public traffic
. Probability
Max Social Welfare Logit model:
L Toll Cordon — OD: Private traffic
Constraints: and Toll Level mode choice model I::I
1. Upper bound for toll charge g
2. Non-negative toll charge A
Decision variables
1. Toll Charge

2. Toll Cordon

Route choice:
[y

User Equilibrium:

Traffic assignment model
(for cars and motorcycles)

Objective function
Link flow

Min Travel cost

Constraints:
Travel time

1. The O-D demand constraint

2. The flow conservation constraint
3. Non-negative flow constraint

Decision variables

1. Link flow

) 4.1 H 2  W)

%
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’mﬁ%%&ﬁﬁiﬁ’ﬁﬁ

e

Z2H < L A4
L ROE
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Wb ke R R SORER R ER
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5

X g 1&53;;;;%:5 7 P
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LN = VR
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@ﬁ’éﬁﬁ%ﬁgﬁﬁtz%
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B R ES AR E AR o

TR SEERE RN B xR AR R FE L E R A E 0
EROPWF A UL R PAZET > A RFE L AFL R S Mg
L@ h S BEAE kLS Ak oy REER S B R R
C A TR i H IO o PR R R ] MR AR R AL g
AT BEEM T RSN 0 F 2B BB gy P R EER
FHEEERY C BERES LY 7 REITE L E R ey o

‘1'/%] SRR T =3 PFi’J@’J‘%s_‘\ LI I A R S I IR L “lﬁf'];“”‘ Z0E o A

Bl R AR SRR T ERGI o TR I o AR RS RAULE -

g

e

4.2 H;% Li’ﬁ.

AR T RELES o e B A E S IR R TR o T e » 3

BB EBH O R A Bi-level 5ot o ded B e H A B P K a5 itfﬁ

B f o cnihds o TR R g T @ 485473 5 (User Equilibrium, UE) - %4 3
i 'Fff?ft WME AN SR TRBF ALY o AR BT R T A A T

B REE TR o tbfs:;wf TF RA B B E R A A

o e r B Rl ek BGE R S i d e A kB KR B & b

W BER TG AR Y g R VR REE S RFERY HhiF 5 R

QL;H Prigak g RSl 0 &R A Bi-level /ot 0 i3 e T 2 0550

+ & (Upper-level) @ £~ it 4- ¢ 4511

maxy Y i U (TTY, TCY, xV) + (—B3) * xV

=maxy Y, In Y eV’ (T Ie x) | (=B3) * (xq *v)/ Xw Dy

Subject to
= f(TTY,TC%,XV) = By + BLTTY + B,TCY + B3x¥ (3-4)

W= eV S ienel (3-5)
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P

dw =Dw*Pcw/lc+ K DW*Pr‘r/lv/lm (3'6)
XV = Yrery, XX ) Zr Y (3-7)
TTY = Yrer, 7' 7/ 2 1 (3-8)

xy = ZT‘ERW Xq Oar (3'9)

ty = ZreRW ta&‘ﬁ, (3'10)

xW iR EARigEE W 2 BT iR B S (KR K)

TTY : f- A=z g w 2 F end 35 (7 g i

TCY @ f— HAzigg w2 FFenT ok 74 &

Xyl f- AT BEW 2 DB JTr e F R

tWo A - deig B w 2 B e T r R (T PR

X, - BEa Ty g

t, ! BaELa vk e

- EArizEEW 2 B BB iR e B 8=l B2
Pl 83=0 -

Dy: f— JAziz 8w fdd s gk

dy: - mdsiggbw 2 BFend e g R

[PNAN 2 EE & A

l,: 48 _'rﬁ;fcgtfp'

N
S
F_L

UY: f- ledeig@hw 2 b RS EH S R0 ey
Vi"n - edeigBw 2 BA-KFEHE S R DT frd o

PY: h- AW 2 B FER F D

2
F_‘~
|

BAziggEW 2 B E S E R ERT D
Py fo- mdzigghw 2 B Hrd = 0 R B s

o B )T B kR
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T & (Lower-level) : < if ¥=%7H5¢ (Traffic Equilibrium Model)

. 1%
min,  YaeaJ,  co(w,x)dw

_2%4: @0+015())+1ﬂ%x4

subject to
Yrer, M =dy, WEW (3-11)
Ywew Lrer, fr' 6ar = Vo) A € A (3-12)
=0 wew (3-13)

+ BLALp
A ? g g 2
W:- le4eiz 8L(O-D pairs)cm g &

A CEO TRV =

,g\«
= \~
e

Va B A a e §
ta(Va):Be 4 a e {7 P A B AR Vg £ il T 4o chdodic

de‘ EAiZ B W rﬁqﬁ% 1\2%.

Ca(Va, X)L 4 @ e— 45 L 52 {7 & A&
C,: ®fra 3 £
0 LA At od B ymerR AR

B:it® 4R E
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4.3 2B E

The upper-level

ma\z Z UM (TTY,TC,x™) + (—Byp) *x™ = ma\ZIn Z TN LB ) * (%, \-'a:)/z D,

The lower-level

Logit model Traffic network equilibrium
V\\' = (TT“', TC\\',X\\') o
: ! min,, ZaeAfo *ca(o,x)dw
=B+ B, TTY + B, TCY + B,x% ;r
= zaa{tg (1.0 + o.15(c—:) )+ 1//3-xa}
Piw =e% /216,4 e’

dy = Dy * P"/lc+ ocx Dy » Py /1y subject to

2 = Zren, 5 B/ Lo B Sren, £ = dy, WEW
w

TTY = Zrer, 7' K/ 2o ¥

WSW
ZwEWZrERW ff'0ar=Va, a€A

w . w
¥ =Yen. %50
p ZrcRu. a Oar f¥>0, weW

W w
ty = ZrGR“. taaar

B 4.2 B e 01 % 1
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A AR ROV RTRBERE ORI GRER LA GET L R
R B chiasc® o d 2Me R ehs R ehd o TR A TR B 2 2 B € 7
SRR DL RS SRR S ORI S EY T Egly
Sk AR A fESRAE N e T A AT

7

39



% 41 v 5 g Ar(Link-based)efe 3 & % %8 (e § -k E)
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Foom gt XSRS BT R S Rk s R
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1. A= 45 ¥
A de R H A AR PR R E L;H;Zs}'{l;}jié}gkﬂ ol g IR
% 100 B A=4n %3 o

2. 2 Fl i
ARG R R R S AR Y 2 R UE R AAE R
IR RS N RE SRR R LB R
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FiEra(link) s v e E o A e s B AT LR TS 099 A0 E&E
FRRATE FFRTLA BAFE &85 - i B 3 REERFS
0-9 > & * B Hicd® e 58 o
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AR ERA BE O] AW 5] REE AR AR R &

BRSOk BE R ERRE LA R e R SRk d N
L BT e R o

Ao dpe Bl E o (D HECE G T H SR (R R
AFHE F ol d FHS PR EGR T Q) FR B R B kA ()

FRTRE B R o

5.1 ﬁ 1]
PO T R SR ERSGY R Rk LR e R R E R ¢
IR E A kbR BE S SR S| HACES Be 0 A B 1 R Sk

BN R FRIEE

e %ﬂﬁ%@&?%iﬁ\’P%LZgmﬁﬁﬂﬂ’T@ﬁﬁm%W&

v S s TR DR e DR S Ebb"wf’ffﬁfm’izﬁﬁﬁ"ﬁ‘iip ’«‘1?«7}—*—?#@?'&"‘
SRR A T R ERER S L BT B R AR ke
At € Ag T

| AR e % Yang and Lam(1995) < jek ¥ 3k Penff b ood AL 2
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(F# kR : Yang and Lam(1995))

43



A
&
(w
st
=8
a8
B
k-
=3
¥
»}
[k
&
i}
-

251 RMFEBEp Y Bk R
3

Link a 1 2 4 5 6 7

t2 8.0 9.0 2.0 6.0 3.0 3.0 4.0

Ca 20.0 20.0 20.0 40.0 20.0 25.0 5.0

(F#L %% : Yang and Lam(1995))
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ta(v,) = 10{1.0+0.15 (%) } (5-1)

d, = Ayexp (—¢c,/By) (A, >0,B, >0),weW (5-2)
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elastic-demand function Aw Bw
q13=60*exp(-0.04*(travel cost)) 60.00 25.00
q24=50*exp(-0.03*(travel cost)) 50.00 33.33
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# 512 ffil g R B RAy BRANE

Link number 1 2 3 4 5 6 7

System optimum flow 20.00 |0.49 |4.33 |24.33 |20.00 |4.33 |20.00

Optimum toll solution 224 16.92 |0.00 |0.00 |0.00 |0.00 |0.00

Total network cost in system optimum = 528.38

Total network cost in user-equilibrium without toll charge = 576.87

Social Welfare without toll charge = 7033.91
Social Welfare in system optimum = 7928.80
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£ 5134 % % 3ok oy i A
TollLevel($) |0 |10 |20 [30 (40 |50 |60 (70 |80 [90 100
Total Utility  |1.425(1.384(1.347|1.331(1.275|1.261|1.217|1.204(1.170|1.155/1.128
#5142 Jxp § 3R BEFL FHP SR HA5(0D)
OD1 probability/Toll Level($) [0 (10 [20 (30 |40 |50 |60 |70 (80 |90 (100
car(peak) 0.43 |0.42 |0.41 |0.41 [0.39 |0.38 |0.36 |0.35 |0.33 |0.32 |0.30
off-peak 0.33 |0.34 |0.35 |0.35 [0.37 |0.37 |0.39 |0.39 |0.41 [0.42 |0.44
MRT 0.14 |0.14 (0.15 {0.15 |0.16 {0.16 |0.17 |0.17 |0.18 |0.18 [0.19
motor 0.10 |0.10 |0.09 |0.09 [0.09 [0.09 |0.08 |0.08 |0.08 [0.07 |0.07
515 8 e § AORER I S E L E /B KR /(0D2)
OD?2 probability/Toll Level($)|0 |10 [20 (30 |40 |50 [60 |70 |80 |90 |100
car(peak) 0.37 |0.38+(0.38 {0:39|0.37 |0.37 |0.35 |0.35 |0.33 |0.32 [0.30
off-peak 0.38+/0.38 {0.38(0:36./0.38'|0.38 0.40 |0.40 |0.42 |0.43 [0.44
MRT 0.16 |0.16 0.16 0.15 |0.16 {0.16 [0.17 |0.17 |0.18 |0.18 [0.19
motor 0.08 |0.09 {0.09 [0.09 |0.08'|0.09 |0.08 |0.08 |0.08 |0.07 [0.07

AR EEEEA Y o 4o B3 T AT R0 B4 T 100 o pE s 2

B 1425 T " 3 1128 ¢ 4r# 514 &2 £ 515 fror > EHR RS PR B T B L

Al A3%"E 5 30% 12 2 37%%% 3 30% » 4 se=c s 7 108(plhr)E %
76(plihr) ~ 93(pl/hr) % i< 3 76(pl/hr) » < it P chie S B AR F 9 IS > @ Fs o bk

(7P AP el b s chs i B

13{? j\]aa(}i\: "‘;/{%i’}} fz;?k{’[ = s

e A F AP jé%‘%"’?ﬂfc%’fi AR 0 ) R EL O R (TP R
AR F R ko
% 516488 fef F ok 2B EER PSR FA(0D)

OD1 probability/Toll Level($) 0 |10 (20 {30 |40 |50 |60 |70 (80 |90 |100
motor(peak) 0.41 |0.35 {0.29 [0.24 |0.19 |0.16 |0.12 |0.10 |0.07 |0.06 [0.04
off-peak 0.28 |0.30 {0.33 |0.34 |0.37 |0.38 0.39 |0.40 |0.41 |0.42 [0.42
MRT 0.19 |0.21 {0.23 [0.24 |0.25 |0.26 0.27 |0.28 |0.29 |0.29 [0.29
bike 0.12 |0.14 {0.16 [0.17 |0.19 |0.20 |0.21 |0.22 |0.23 |0.24 [0.24
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251748 fcf § 3R ER L HFLERPB TR F25(0D2)

OD2 probability/Toll Level($) [0 |10 [20 (30 |40 |50 |60 |70 (80 |90 [100

motor(peak) 0.33 0.30 |0.26 {0.23 |0.18 [0.15 |0.12 |0.09 [0.07 |0.06 |0.04

off-peak 0.31 |0.32 |0.34 |0.35 |0.38 |0.38 |0.40 (0.40 |0.42 |0.42 |0.42

MRT 0.18 0.20 |0.22 |0.23 |0.25 |0.25 |0.26 [0.27 |0.28 |0.28 |0.28

bike 0.10 {0.12 |0.14 |0.16 |0.17 [0.19 {0.20 |0.22 |0.22 |0.23 [0.24
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Total Utility : -26%

Car model
car(peak) -13% car(peak) -1%
off-peak 11% off-peak 6%
MRT 5% MRT 3%
motor -3% motor -1%
Motor model
motor(peak) -37% motor(peak) -29%
off-peak 14% off-peak 11%
MRT 10% MRT 10%
bike 12% bike 14%
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Population size 100
Chromosome size link-based 656
cordon-based 10
Crossover rate 0.8
Mutation rate 0.01
Stop condition 500 trial
Toll level range 0-100
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