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Abstract

This study proposes two bi-level programming models -- operational model and
planning model to achieve the goals for sustainable transportation along an intercity
corridor. In the operational model, the upper level is to determine the optimal fare (toll)
rates, while the lower level is to determine the optimal operating frequencies of
transport carriers and patronage of passengers. In the planning model, the upper level
1s to simultaneously determine the optimal construction horizons and fare rates of
transport systems, while the lower level is the same as that of the operational model.
The underlying theories are basing on,various objectives viewed by the government,
transport carriers and passengets, which cannot be incorporated into a single-level
programming model. The goal of government is'to achieve sustainable transportation
in terms of safety, energy consumption,-air pollttion, and travel time. The goal for
transport carriers is to maximize their profits.in determining the operating frequencies.
The goal for passengers (road users) is to choose transport modes to maximize their
utilities. It is assumed that Stackelberg equilibrium exists between the government
(leader) and the transport carriers (followers); Nash equilibrium exists among the
transport carriers in the lower level while competing the quantity (frequencies); and
Stackelberg equilibrium also exists between transport carriers (leaders) and passengers
(followers). Due to the complexity of the proposed bi-level programming models, this
study develops a solution algorithm based on genetic algorithms (GAs).

To investigate the operationability of the proposed models and solution algorithm, this
study tests an exemplified case of intercity corridor with four modes including air, rail,
bus and private vehicles. Assume that the annual travel demand and its growth rate are
given, the travel times of air and rail are constant, and the travel times of buses and
private vehicles follow a BPR function. Under the demand of 50,000 trips per day, the
results of operational model show that the optimal regulated fares (tolls) are NT$ 794,
1,508, 794, and 3,000, respectively, for rail, air, bus and private vehicle in association
with the corresponding market shares 33%, 23.09%, 32.97% and 10.94%. If only a
freeway system exists in this corridor at the beginnig, the results of planning model
show that the three transportation systems should be introduced on the horizon of first



year (railway), fourth year (airports) and seventh year (another railway).

Keywords: sustainable transportation, bi-level programming, Stackelberg equilibrium,
Nash equilibrium.
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ERL
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RPN 2 PR
ZER ol I
Bl = 1
® - /ég Pk

PE‘}JF] /‘\f{b ’fﬂ-—
k

17




£22 BAEERALT 5SS LS PREL (4)

g,_if—:é”};'k A % ° p% g,; SN EVAS S S
(2002) /l‘\‘gl Hﬁ;? .Emﬁﬂ A‘Em'r%i' ﬁ
2 b F»ﬁ&&“

® TP RS
Adags 15 5

<
“
(T
[}
L
o

=
F
% G

Fiod o Bt

AR RS E AH 2T
(2002) )

w5 a1
R NNES

nl
“E e
‘1‘4

Lutt

A 5w -

&
bN
N,

—

W R W
3«»{\7 (xx, 3«»{\‘

(.

ook B4R | MBI | @
(2003) D

| @ R R AT S RAL
Boif 37 % & 2 (Sensitivity
Analysis Based, SAB)

® TRPES: ® Bell’s Interative Balancing

(R EEAR I A
Ry

- wWE )~

Chen H. B RLE A | @ SR RS 0 @ o7 RSUAE R AT
K.(2004) e AR Ep (@ R AR e

Foedko RN FAERAIL O P EPHRS D | @ SR RASTS A#HZL
(2004) ¥ E i% B i (Sensitivity

* Analysis Based, SAB)
-

MAR 4 2| wizded | @ PR @ Fgstjn

(2006) BT AR B iR R

EW =5y EUEE - =5
#AES A

® Tk P
Big Rl B

X
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Cao and
Chen(2006)

Y TEH

2R P RS
Boo] it Bk B
Fa ke
ke @ p
B g = A
TR
L Y
A A

® ifER B R %
LH A L #am
AR R e
B AL A fi2

FRB R R EE
(2006)

§ i o dn B

kB AR

AR B
KN A

+ & Wardrop

% = R ) e
B A e B R
= R

[ ) ‘\*%ﬁzll’/z‘

Huang et al.
(2006)
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&
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™
= 5
g
o X
&

iing

TR RRE
i £
A
£, KB

® iy 2

! = > %2, oL
® T ik
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222 FRfriwy it

Bard(1998) > #

BB R S R AR 2 > FRMERA L A BT

5 Kth-Bestiz ~ KKTiZ ~ 3 4% ~ FBg /825327 ™ f23E %”1 P

AR o R

Colosn(2005) » 3& 7| 3F %

1. 7% gkfz(Extreme-point)iT iV %

L= 1 ¥
ll' ’/2?74'\?"

% m %8 (Polyhedron) > &

N2

Q= {(x,y):xeX,G(x,y)SO,and g(x,y)SO}

FT

A9 G(xy)frg(xy) s 2

SRS 1 AR -

2. &3 B &3 (Branch and bound)
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RAC ERIT R AL AR AT SR B0 R
BEA R m B o i AeT

Jfg_‘_;t {ruqﬁtq;u A _%gz\.t}_;_’—jmri-q;"r » H ﬁ;g; g VA g{— [E3
FEET L R Feehfz o B 5, =

FRERET AT 40T



& KRR 5 B3] (Convex) ¥ 12 (Regular) 325w ™ 5 # 040* — FEIT Y
i% i (Karush-Kuhu-Tucker, KKT) &k B~ % » #-R* g % 77 40T

mm F(x,y)<0 (2.2.2a)
s.t G(x,y)<0 (2.2.2b)
g(x,»)<0 (2.2.2¢)
A =0 i=1,...,m, (2.2.2d)
Ag(x,y)=0 i=L..,m, (2.2.2¢)
V,L(x,y,4)=0 (2.2.29)

R LA = f)+ Y Ag(mm)

i=l
PR AT K b p R R NSRS Ve R U AR
20 2P Lix,y,A) 5 58 Solie 45 48 B -

3. %#cT AT 3 2 (Parametrie Complementary Pivot, PCP)

AR A AR SR A KRR AR - w0 PR KRR

fa - {—‘rmﬁi’f FEEPRNTPENZ - B Fdka o S lE Y &R
{#7- r]ﬁ pEiEs n&m«“’ffﬁ LAT ERH A IV FenfE s ko
R I & S N § E

4. # '3 ;= (Descent methods)

B2 2R AEAHT AR BB AL T - VAR RIEEE
x+ad(a>0) = ;4 F ]‘\’f—é‘l‘b’m AR AY R R P RRESHAR
(Gradient) ¥ [ * T g o ;%0 F 47 ¢

V,F(x,y(x)) =V, F(x,)+V F(x, )V, y(x) (22.3)

BV Fy(x) 47+ EP &SR

5. ¥ Sz (Penalty Function Method)

20



L= ok w1y % j\j\ﬁ;;gﬁﬁm%%{é Y 4E » ﬁ%jz.&;}z_‘r}%]&, -

\"1—

min - p(x,y,r) = f (%) +rg(g(x.y)) (2.2.4)

e r 8- B ¢ndfEE Ik
6. 13 #f % & % (Trust-Region Method)

ﬁ‘ﬁﬁﬁ?ﬁm*é’ﬂ*%w&wimrﬂxﬁ@,%%ﬂﬁﬁ
R K B T R VN KR R SR AL G U o] R AT

mxin f(x) (2.2.5)

R kW AP B RA e R x5 P B A REE S B REER G

- kR (Ball) > m, 5 * KB RFEAED N > R RfEF R 4R
min  m, (x, +5) (2.2.6a)

Is]< A, (2.2.6b)

2 (AR EE N R R AT AT WAL o 1 T 2

Dy = f(xk)_f(xk +Sk) (226C)

my (x,) —m; (x, +5,)

ot o, >, (B9 O<y,<1) RIFR* JLEEARUEEN T - % Ex  =x+s5, 0 p,

EE T AL 4 g@] ) rﬂ“*)jém B F i A, 0 BT R AeT

[A,lif p, 21,
A € [ALAf py 21, (2.2.6d)
[NAGYA N P 2m,

B o 0<y<y,<li e wddke
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TR D AR > # E F(2006)

Hejazia et al. (2002) te> » P &I BEA ]2 4§ % o BEere 0T
B Etpehpih BERSAHEH THSEEDE o d BARBLKA 2 AR
2 5 NP-hardshRP 3T« 3 2% 5 B R A fBAE- 2 ¢ k0 ko @ AR f A
B BFEERFRED - B oS AR 2 o H

(Second level) * — F#i& i i% % (Kuhu-Tucker)® = 3 % — F# R FrLH N 0 @
BIRTHE T X S H K PR ATe B AR SR E B S 2 2 - B L 40F 2 (Hybrid
tabu-ascent algorithm, HTA) » ' /& & 2 s A LA 4% f) S ficnpe £ 2 45 1)
A4 fE 0 TF RCEIRG fE o

Oduguwa and Roy (2002):% 5 & #cf A48 B kfEAmF 2 %7 +
B R 2 FOR R M- P B S I AT AL 3 SRR 24
Bk wFeh? 2 0% 0 2REA R B AL R R o t—*—“ Qﬁ?ﬁm '
3D A @ x5 # (Bi-level genetic algorithm, BiGA) - @ # 3 7L *EP B
B Bw i R BianR BcF 2RI R 0 U R fR :_/r"; R
o LBpE R E o

723 g a2l e R g
3

o B AT 2a R
Jonathan F. ® 4R AR
Bard (1998) Kth-Best
KKT:#
3 E
] ' £ 3 SERENE
® - LRAE
B I §ES
% R 3 o iz
B aoding ® fiBFy
Liu(1998) ] ]
Hejazia et al. ® fidgh:
(2002) ] ] ® HTA
Oduguwa and ] ] ® hBEFEZ
Roy (2002)
Coloson(2005) - - ® FELiz
® sz
® ST AR
o ii % =
o I;, ﬁ'Fl T R /zJ‘

‘f,j\/);ﬂ 7“55 ngE—’_
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RHEE T RPE AT LEREE T FER o

(5) rggi?kﬁg@sﬁ]fg’ﬁ I AR R EH O RAR o AT 0E ¥ iy
5 F T SL2OREAGT o ECT G ERAFEREY LA

(6) FrEAFAPPERLE > WF Y gEEE ﬁ?iyu%@kﬁﬁﬁﬁ%
BB R - EH AR SRR 0 R AT DB R RSP
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2. BEREERIET ARG Y Y R Lo
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- B> % xo # %T%m,i—ﬁ\ﬂﬁ%ﬁ-dw etk x B AP Ridbw
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%%%ﬁﬁﬁ L& R B 0 R o R B g
DG ST b blde T g 3 BB E R I el
FINFmpel 2R Rl 2R RRLRALY K FREET PR s R
% o 4 ¢k i@ ﬁ;]r'ﬂ?fd‘?évﬁiﬁ\ AV y‘.;(fil-u}. } z;;:fl;}_] p;.ﬁq.:;/}'%%b;%i .
TR FE A S AR B ROl R AT R B SR W R £
G A S SLk NS SN SN Sl E R L2 F 3
BB FALR ARG ALY o

311 KRR

%%&5‘3%% RE LR & npp}i%%mﬁigrﬁgléﬁ;\:oi\T%&"éb’ﬁé'étﬁ-i»ié
-‘]b’\ﬁ”@’f%i“°%%]mf'ﬁ‘—'\ MR BE R B T TREY RS
AU BoA U R s Bt R SO P RS B 10U R B X U R AR foBe]
TUE B VR EE o 10T u%%g;;ﬁ%:i 2. — LT VA o

max  F(x,) (3.1.1)
st G(x,y)<0 (3.1.2)
min £ (x,) (3.1.3)
st g(xy)<0 (3.1.4)

)2 EREERYGET @ § A B3 RSP G f7(3.13) 0 4
NEERIEN L S R S R N R WS CEBROLIE- ST S REE VE A
RENEARIEE SRR & S8 L 8 @WMPT@iﬁQIQAaF%H
(Follower) « & L st 5t L m"’!ﬂf] 3o o ﬁ f_i Frtp i apFiz o 5
FH RIS R oo R X RHc: xo BRI R P ENERE AT
%%%%Pi%m“ﬁﬂfﬁﬁ’%yam2g%q IEEE N TN S
XV R TR R - Sl TR kR Ry T 5 K enE - Sk
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R R B R R 0 A R R
Colosn(2005)% #% 213F % 5 5 i » b %lrl»\ 1:;» i“ 4% (Branch and bound) > £ ‘{
B p i i Sl NS P R UGN R R RS ip e
(Trust-Region method) » % — f& & B Rf2en= 2 > # F N HpP RN 2 H - 7
fEREP > B R ADORFIELZ R H s VR o

\_\,}
o

e

Ky

4B A M e }I?cﬁ d g gdﬁzﬁjzw ERFEERLFE > bl4c Liu(1998)
¥ &4 > % i % ¥ % (Genetic algorithms, GAs) 2 £k (T H - T &) & 5 &
b (wE BT R ) 2 EERY .
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AP HES BRI - S FAEE R 2 R RS T -
AT 2 B B A - AR ;;ixp&ﬁﬂ Ao EER R A
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f%i R A DR e B SR EE ¥ EAR SR R 3.2 B
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Upper level
o BARK I AKEEMIEIERAK N
AREBEERLZ/E

———— Stackelberg
Z 15 B

gl

Lower level
. B#ﬁﬁ'%ﬁi"*&i@é‘?%‘ﬂ}ﬁ%k&
REGB AP ERBRIR

= 4izS omE | | BER NE B
BER Bk R || KRR
Nash
o Fi )

B 3.1 B4 EA L
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hbg % o #73) £0 Nash 2§78 4p @ - ;;1;:}# AR LY s mEE A A
225 SRR N G R el s ,a e i | iR 4 R v: 35 7 (Dominant  strategy
equilibrium)’ L g Nash 3578 =< - migl%gg S &, W R R faz
RN S A *%iﬁ B b I 7 SRR R B o

R A R T’éﬁb’ﬁﬁjﬂ!ﬁﬂy‘i WerFL o U E vk A %g{vskﬁgﬁﬁ&%)\{ % i
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Max x,xDxPr—y, xc, (3.2.2)
Vi

)
at;+—=—+azx;
2y;
e

x Pr=——— 3.2.3
: (3.2.3)

4 ay +—+a3r
2

i=1

S.L.
CA,x y, > DxPr,, forall i (3.2.4)
vy, <F, foralli (3.2.5)
x>0 (3.2.6)
v, 20 (3.2.7)

ﬂﬁSC@%kﬁﬁﬁﬁﬁiwwﬁiﬁﬁ’%ﬁ&&%T:
SC= AP+ AC+EC+TC (3.2.8)

SCT&%’k%Lﬁ;ﬁ#F]*ﬁ—;#E%G\;ﬂ\“"f\?’é’ "’%?’54%\3%(14}))‘;;5@‘/‘)1'%52\31\
(EC) Ei’%\'*\(z‘lc>"1£‘wﬁf§f%%\ﬂ\’ e - )L;Eﬁﬁ'nﬁit/}ﬁ—ér'f:

3 DxP
AP="Y (b, % y,.xL)+bl4(>}—rf')xL (3.2.9)

i=1 p

3 DxP

AC= Z(bz,-xy,-xLHbmﬂxL (3.2.10)
p £,

3 DxP

EC= Z(b3ixyixL)+b34¥xL (3.2.11)
i=1 P

d Fitz Ny A2 GRIBR TP w42 EEadued o028 (REE) st

1
VR B < RS 2L KRG DLxy)  FAELBud 2 q)

DxP
Lo X rpxl o F] ,aﬁgxﬁ,k_ééf@ﬁg?]p%&.gc?gg#; :
P
3 DxP
SCI—ZZb ><(L><y)+Z " ;r) (3.2.12)
i=l k=1 p

AOTC R 2% (TR A A > H2LE &8 e
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5 X (2000)R] 2 A1 * i @ x5 E 2 - ehCGAC » FfESLM-IIE 3= =k & # ik 4
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Rl A S
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3. %% (Population)

EFED - FL I MATES o PPN DL MEE L EERE
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5. & % (Parents)¥ + i (Offsprings)

GAs et 1t A2 £ AF 0 TLF %7 PF 4 R S 9% e h
BEHZERFT AL R FTAL I AN GERE S A4 T - BEHE
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3. % % (Mutation)

A7 LB BB ORT - G F ) 8- AR (0]
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BE o - a0 REGURILS 3 - (DA F1 % % (Gene mutation) » T F A 2
PR s BB MR LE L RTE QB 6 % (S
mutatlon) s TP - A RPN AATFZ R o n At HE o RS2 ?}i"ix;
WHEBpH 4> EE ] %#%%ﬁi%iﬂﬁ’?ﬁ%4%ﬁ&ﬂm? V2
#&—E‘»ﬂ&—f Rk A N2 B Flo - MERKRTREF E T EE 2 Bl &K
% 5% 0.01-0.03/F o

40



|
1111100101 1111100100
1111000101 -0111110010
(a) AFIR¥ (b) #EH R %
Bldd - A& FRE > NTLF
423 £ & #F

AFFE 2o - @M FRESFHIR 5w B il

1. 5% “ﬁﬁﬁi’? ;% (Stochastic search) > T 5 v 5§ B2 Pl fpH &2 F F2
Ty oo FlP o B A RAA B E R IR
(determlmstlc) SR S

2. % gh&F 2 (Multipoint search) yopr— X > B EFEFTESL > @ 7 L3
%ﬁ—%%@ﬁ@*’ﬁ%k%d’@a%%W%ﬁa,ﬁwkﬁ; g >
gt T ALY R O RANBCE AR I IR L E R 2 B s oD
tpEE -

3. ®#FE2 (Directsearch) “ig W &R T 544 M2 By BT 2™
'p%‘p’fﬂ @ TR FEH B AR E R (e R ) 0 T G L 8 AR AR i
§ EEI o

4., T i7&F g2 (Parallel search) > 2 4 ¢ 3 F2 T 2 FFRT (70 fp
TR o

Ft oo g GAs KRB AR > R e Eaa G2 @ TS 0 TR & BB GE
FRIE ) w0 iﬁaﬂwﬁ A L RGR R (T BT
fR)» THURFEI N ROCHFEFLRINEAGEZ Tl

424 3kt
P (FGAsT & RLHT 74 177 3N 8 S
K IBE o~ fEAE D N o BRI B RS T MR R o
R o
TIER R

»ﬁjai

v
(‘d}

[\
‘&‘L};
¥

23

$ N o

W
-3‘.\»;,
}
i
-Eﬁ
O 4
bt

o

i

%

N

\
ﬂ}
<k
L
bets

41



N
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EHPINIERENRIFET &Y 5+ B(Monte Carlo wheel)enix s & - B
AERERFLEREA G L RU W HRB AL R EARARE PIAREY RFAZAT
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