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Bi-level Programming Models for Sustainable Intercity Transportation
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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
is 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 passengers, 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 pollution, 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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AR # B R| F ke ) F R RS Fgt 3¢ Rz
(2000) KR S#AE B 1Y R ETH

EN

A A2 D
pAEA A

TR OP RS
B B U B

s
< b
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%22 BEBEEAI LY AR 2 L (F)

Cao and % iE R ® PR | @ MRS R %

Chen(2006) Bo] SEE L Mm
ek kol IR AT 1 S s
Brho @ % AT 4

B g 2 A
® TR
Bl i gsk g

A
AR Mc? | e pstger (@ PPN | @ EiNsri g
(2006) i AR e B

B A go)

® 3 & Wardrop
¥ = R enig
R Ad e B
£ 3947 42

Hheaiz (@ R mE: e dlyhi
R ERRE @ HIFR iR
(2006) 3 o Tkt

5
Huang et al. W

FH KR AR
2.2.2 T\ﬁ*/ﬁw/z

Bard(1998) » # 1 #ic B B & B ] ch i ja= f > F RN L AP BT
13 Kth-Bestiz ~KKT/2 ~ 3472 - RBFRZE 32T R 57 58
r’}%\ﬂ ’Eﬁq:%\” ‘?|/%¥/}A?ﬁ/z‘%%ﬁ“§l:}g{/zi"\“ﬁ;%°

Colosn(2005) » # F|:83F 5 A e f@if 5% o fFipde™
1. 7% BLj%(Extreme-point)iT i %

PR A AP RS Y s AT o H R g £ u
¥

J
% % 48 (Polyhedron) » @ "B gL 4 #7 & .‘T\Eﬂﬁ* B TR R

0={(xy):xeX,G(x,y)<0,and g(x,y)<0} (2.2.1)

B8 Gxy)frg(ny) s 2 TR THA G xh 0 k2 Bk

2. & 4x B %% (Branch and bound)
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BT K R A5 (53] (Convex) ® 2R iE(Regular)ihaj iR ™ » 7 0% — FEIT
i% i# (Karush-Kuhu-Tucker, KKT) % B~ % » #-F 38 & 7 40T !

min  F(x,y)<0 (2.2.2a)
xeX,y,A

s.t G(x,y)<0 (2.2.2b)

g(x,»)<0 (2.2.2¢)

A20 i=l..,m, (2.2.2d)

Ag (x,y)=0 i=L..,m, (2.2.2¢)

V,L(x,y,4)=0 (2.2.2)

He o Lx,y,A)=f(x)+ ) Ag(x,y)

i=1
PR AT R D R R S SN S R I R

ﬁz’:’ ) ,,'Fl v L(x,y’ﬂ) :‘—;..Jh‘”_;\‘ El-’rﬁ:t ’ 2’1 :";b é‘l—f’% %g(o

3. %#cT AT 4% 2 (Parametric Complementary Pivot, PCP)

B IR AR R KR A E - w L F Y PR AR
GRELCR SRR R SR AR = SRS = S

LAT- = Flt PRy 25w gt g LAT0 E D2 27 Fenfa st
L

e T - s ek EfE o
4. 3 '% % (Descent methods)

P RAFST AR 0 RBASALT - T FfEx 0 A58
xtad(@>0) 23 F KT - g @ 1R ORALE KR K DR E DR
(Gradient) ¥ [ * T g o ;8 K70

V. F(x,y(x)) =V F(x,y)+V F(x,y)V y(x) (2.2.3)

BV F(x,yx) %7 kP& R

5. ¥ 93k (Penalty Function Method)
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PP T U RRfEERP R RGN B2 T R AR -
8] Sl P 1 2

min - p(x,y.r) = f(%0)+rd(g(x,») (2.2.4)
B r - BRH R BFHT S

6. 1% #f % ¥ 2 (Trust-Region Method)

S @tﬁ*mﬂs o A1 T 00R R AL AECR] doRgE o P R
PR R AL - T ERREPN > BRSSO G U S| R AT

min  f(x) (2.2.5)

Y

l’ft:):k‘}"g “/\{L'ﬁpmxkﬁ*"’!kaé‘“% Akﬂ"/{a_’jz_wﬁ?ﬁ %

- I:ﬁ%ﬁ(Ball) »m, L KB R F‘:B%E‘fﬁg ’I‘iﬂr-'k » FR1S Ffz 3 B ey

min  m,(x, +5) (2.2.6a)

Isl|< A, (2.2.6b)

ZASEFE MR AEEE T MRS F o I T o

S)—f(x +5,) (2.2.6¢)

p =
’ my (x,) —m (X, +35,)

dedk o p >0, (R P 0<n,<l) BlER*Y PP BEAEN T - ® &y, =x 45,0 p,

E’ﬁfﬁ’l? A g@’] v F]pL JI)D’Q /E, =+ B %\:’J’J-— /{:._A ’ @Jl R E'J’&‘—"T .

olif p, 21,
Ay €9 INAGAf pe 21, (2.2.6d)
(MALA N P2,

He > 0<y <y, <l i e wddce
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?ﬂgg:mg@,ﬁ&ﬁQWQ

Hejazia et al. (2002) te> ¥ P AU A R 2 4K ;FIT L T A S B s
By &papth £ %ﬂ%ﬁi’f® FUEH o om A RBIZ R AL < g
# = NP-hard 7 4 - %%%}rﬂhﬁﬁ:faﬁﬁﬂmk,majwﬂzﬂnw
ﬁﬁ@ﬁﬂmiﬁfﬂ%*ﬁw%*ﬁ#%&%wJ éoﬂi%&i%$:%%
(Second level) * - }‘E.bi;auz 1% % (Kuhu- Tucker)rn Y T LI P - =
DIRIE T & 2 H R A 4 FHE R ,?ﬁ 22— e & 30F + (Hybrid
tabu-ascent algorithm, HTA) > ' /7 & 2 chfA A4 LA * 8 Sficenpe £ 2 45 1)
A 4o fiE 0 TP RGBILG hfE o

Oduguwa and Roy (2002);% = Bk SF R E - B XjFARF 2 E° > 5
FoFlR2ZFTAF RN JE PG e BF IR LA ¢ F3F S RfEDD 2R
ﬁﬂ%’wprﬁmévl SR 2 S SR IELE AR AY SN
S R R BF 5 2 (Bi-level genetic algorlthm BiGA) - m F 7 B % #HP » F
K il B R E R I AN SeenfE A B E RN A 12 fRAILF A E P APRER
W L BApE R R o

223 EREE R AR B AN PR

% B RT3 it T Ffa-
Jonathan F. ® MR EL
Bard (1998) Kth-Best;*
KKT;*
3 M E
) ) £33 SERLSE:
® — irfiim
B ARGE
B R ) S i
B aoding ® FidFghi:
Liu(1998) ] ]
Hejazia et al. ® Fiyy:
(2002) i i ® HTA
Oduguwa and ] ] ® R BFEZ
Roy (2002)
Coloson(2005) - - ® “HELiZ
® i RME
LIS S T
® ik
® EiEHTE

ALK AR R
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£ FRiFe B
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(6)  FRFAAGINERY R BT BEEER LS e A e
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(1) 5K & AR BF RGE» f A g 2 R PR ’dl%%ﬁﬁ
- Bk xo R T@]mﬁ—ﬁ\ﬂ.ﬂ;ﬁd‘?¢m"$x;& SN
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31 #ik

A BT R L E R & ’“ii‘-?fijﬁfi*’?l foerrd koo P IR g
¢ 7 FLRY T F o b F#rﬁz\x; ~ A feiE ﬁ;f]“-‘_}_mﬁl 1%*35 T~ BLihenyy
s FiRpe R R R PR EE o AT OV EET R R E &R
ﬁ o fde i & BGE ﬁ%mﬁ?éﬁﬁ\ y S @ ﬁ—ﬁ()"j‘l}}{ > FCIH ey g ke ko
FORp R RE S @ L B b o T @ B3 Fe R K T At R £
R FF AP R RETTE RS o DT TIE DL S G B A Y

Lo

P F AR WIRF AP

311 R

EAEERL A LLETE G B IR B o+ ST RY G LT
Fp R o R P RN F T R AL R AT TET F%p&
LI R Bk TV RTEE s B X TV R B TV RTEE S B T R Bk 1 R BEfrdc]
TR B TR RE o T U BER B R - eSS g

max  F(x,y) 3.1.1)
st G(x,y)<0 (3.1.2)
min f(x.y) (3.13)
st g(x,y)<0 (3.1.4)

do b2 R R T e A B3RS NG f£3.13) 0 A
IR A H?'m,i—ﬁ\ﬂ CEE R B @ (3.1.2) (B LR AL & T 5N e b R
ARG ® F i R BeS 2] 4 B (Leader) © T K AR (B.1.3)H & BAEF
(Follower) o @ T & B #5877 5 F K 4 \'Or:&jﬁl—-ij\ BB ehpEig 0 4
FA R IIE i o R i RS xo By %P’l‘i‘?—}\i LS A T
et Rad e R RN 0 ® gl B%;*"m ST T
X LT ROR - Sl TR K ¥y, T A EDE- Sdce
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312 N k2

B B E R P AGET 0 kG S S RS R
Colosn(2005) % #% 213F % i 5 % » Gldos < 4 (Branch and bound) > P E_ -
e p 8 PV S e SV P R U R R E RfE S B R B
(Trust-Region method) > & — f87 f FKfgen= 2 > * B P HENTH - 7 7
JRRE PN 0 B R AP LG U k] 1 R AR

LB A B ﬁ,m-%;;%%;; g %‘f—"zﬁ VB RUFE G R R 2 s B4 Liu(1998)
B v gl (Genetlc algorlthms GAs) T f2 iR (TFH- T/ ) & 3 K
CENG SN AN DES 3£ 5
32 ANEWL ERET RN

AET S B - SoE R E R A RN Y- S
FAFE 2 R AN RBIAEG S Finpﬁﬂﬂ - AR TR A
T o rgsL S k0 U2 B g 2 BRI 0 RO T i R
FEARG S BEREF R T l——é*mﬁﬁﬂ AELo TIIRT lrnjV%‘] SRR g E
PEBf enL B0 2 3 B Rt o B 3.1 5 BEA P EANG AR B 3.2 BRI
B P4 B

321 ¥FEIHNmE

Upper level
o BAZRX I KEEHIEAZ R AR IME
EMARTERAL

o RRGB . ELEALZIF

t—————p Stackelberg
2 1% oL

e

A

Lower level
. a#‘?é& LEg e EEAE R AL
o RRGHRFEHEEIR

SRR |oAE | | BEZRE «» NE B
IE R IE R FEIPR &R
Nash
ESE:

B 3.1 A 3 E AL B
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o AT A eh 4 Bl @ LTI B SR EEISTX Pl E A F O o fRan 50 B
W R R E G FI > Al PRt 2 B i F Nash 5§(Nash equilibrium)
ﬁﬁﬁoﬁﬁﬁNﬁhﬁﬁiﬁ:@‘&ﬁ?i%m%%ﬁ;ﬁ,wﬁ%4ﬁﬁ
IV SR S B A LR E'J fﬁ F K w2 35 fI= (Dominant strategy
equilibrium) » #* f¥ Nash 32§78 = — g > % v ;vrs PR S I G ER
%mﬁﬁﬁﬂ@ﬁﬁ’éﬁﬁ—:ﬁ%%*ﬂ&fﬁﬁmﬁbﬁ%ﬁm&@

LN R R R SRR
q

e Ry RS TR A RS TR

PR B3 3 ¥ Stackelberg 32fF(Stackelberg equilibrium) b % o #3f
Stackelberg 3275 @ Stackelberg Af4d oAl 5 @ > § ¢ o — E Af4d(Leader) A ¥
- 3"3{* (Followers) » AF4d — > & 134512 ";{—*1 E ool  H BGE TS e
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BUEE R Sl SEE B i S e
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Upper Level

o PR3 ﬁ;,‘ KRS E R S
E@] K uuig H o A
N *ﬁ@%ﬁﬂ#ﬂ = ﬂ\ﬁ’. i

7 Stackelberg

, 5K )
%
Y
Lower level
« PHAIGERYITEFHREA
o ALF B#ck “?\i’g"@?]%;*_ﬁ FI=X
e o omE o REgEE [£3
2 2 R % =
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Bk )
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CA; % ifgi@ i k2 533 & (A /500)

I B Gikdp- B3R - prkx A4 A% (Daily trips
patterns ) » #-%jE & p | £ B 5L F RE (DxPr)) S iz B o

~

it Bifhh BAEH f i B FE S A (S5

By B IBER LTSGR 0 i=1,2,3,40 % f=—1, f,=0

FUTE R RS R R A A 2 L
JIEjBRPEY o J LERYF B E (£)
e;: WIfEER L2 QEX AR (~)o
kit BB g vz B dede g (#) e
m R ARE R 2 BEATFEY (F)o
325 FEIHNEKE L
FEAUBG 2 1P RS E G AFER RS A do] o AF IR 2 H

Efﬁ%’éi’wﬂuﬁﬂﬁﬁﬁimm¢%7mﬁ’¢L§%&p§'@ﬁ
gdeZ RR e 2T R QB EIEER S PR B RS L 2E
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[Upper level]

Min SC (3.2.1)

X

[Lower level]
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Max x,xDxPr—y, xc, (3.2.2)
Vi

2 Pr=———— 3.2.3
; (3.2.3)

S.L.
CA xy, 2 DxPr,, forall i (3.2.4)
vy, <F, foralli (3.2.5)
x, 20 (3.2.6)
»,20 (3.2.7)

2 SCH 2 AFERA AN S AR e 3-8 e T
SC=AP+AC+EC+TC (3.2.8)

SC % £, \‘g‘g@?ﬁﬁﬁ‘— }fﬁfﬁgﬁa\?ﬂ‘\“"fr’ & F.Z}‘;fp‘ﬁ"—j]b%\;ﬂ\ (AP)~ EE;‘JS?(‘))J’%&%H&
(EC) EE AKX (AC) MEFERFI A > =2 3 A2 38 Sofich 4T !

3 DxP
A=Y (b, xyx 1y +b, )

3.2.9
/, (:29)

3 DxP
AC= }:abXJ@xL)+@4i—§7§le (3.2.10)

i=1 »

3 DxP
EC= Z(b3i><yi><L)+b34(>}—rp)xL (3.2.11)
i=1 »

d iz N A RIBRTF ML E B d 03 (REE) sMpD

1
W ESEENEES { TV R RS SEDNAIHRE RS EF XIS o)

F Poc] o Fpt ’—é‘agxﬁ,k:séfsgﬁi%]p e Bew BL S

SC= Zszaxypij (D?%)L

m TC N &2 {7pF /A A >

(3.2.12)

B AN 4T
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D xPr,

n?[szxm><——+ox J+HEL+%O+ L 1V N
N 2V, 73 (3.2.13)
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RNy e = EEa R IEEE it A H p BB E 0 iVE
mﬁ%*%HW%%W%@ﬁﬁﬁgﬂmﬂﬁvm&ﬂ%QW%ﬁE§ﬁ+%

Bk et > NIRRT E P BRaE p RS Rk

(2) % 2
%ﬁ

(3) - W RE K W en2h 4155 (3.2.6)
(4) AR R B 51 520 PN (3.2.7) -
3.2.6 RPIAUHNEE LS
AOARBIA B E AN AT o R L et L R P RS TS 4 T

i

SR SIIALBAG £ (25) VLG LLFE L - D o
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2 —}iﬁi?’fiﬁ“]—&r—f :

[Upper level]
J}{/Iin BC+0OC +SC (3.2.14)

[Lower level]

Max x,xDxPr—y, xc, (3.2.15)
Vi
ealtl-+;—;i+a3x,
I e (3.2.16)
4 ealt,+2—yi+a3x,-
i=1
S.1.
CA xy,2DxPr,, forall i (3.2.17)
v, <F,foralli (3.2.18)
x,20 (3.2.19)
;20 (3.2.20)

i el
Fe=2 ,Zk: Gy ™ (3.2.21)

I J * 1z J *
oC = ZUZ;(Z) - 3??”21‘,”{2 (?f - r?ff) (3.2.22)
A SCH & AFEf IR d0 M > A e 2 8 SfdeT
L 365
C= ; Tor (AP+ AC+EC+TC) (3.2.23)

A AE IR E 25N e 324 E AR e Bt 7 A mERP o v
2t AR 2 AR F1(3.223) A TE | R ENE P A EHRT
PR Tx gy SR

M LRI & FEP 0 SR 2§ B0 o T gy
T 2 A R

I 1P Ep
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(1) @ﬁﬁﬁ%g$i

FG22DAFER S ARE S A b BE LA E L AR
BRGNS BT R B g B s
ﬁﬁi?ﬁ’mvfﬁma@ﬁ, N N Tt L oF
@ﬁﬁiﬁﬁo

(2) @ﬁ%/ lf‘-"'ké ‘:.‘:" ﬂ\

5“(3.2.22)%7%@%7],;‘ vz ? E\ﬂ\orgkg\.j\/ﬂ L5 BANIE LK - A
A H?ﬁéﬁiﬁﬁﬁi RIdZIA 2 FEXARIGERERF 2 5 - #3815
BabE G PR ER ISR R RS AL R PSR T
%Ga%@é%:?:%@é%ﬁi@ﬁ}%’%ﬁﬁmﬁﬁéiﬁﬁ}ﬁ,ﬁ
iR AEFTEZER AN BE AL UER LI IR R E oA RYF S A
2 2hE L ued J@L@ﬁ;—]} SR FAE S AR T ERFES A o RG]
Btz e rE kY oV 2 > PR FEAUR R &R FEFER
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AR i -3 . . 5o
F T F '}\ﬁ; ) R

AR E AR RBAFY THREZES DREFEZ > TRBFEZE - AR
WEEPER L EFS N LR EM R ITSE R AN PRfES 2 o

41 R EE R fri

AL S ¥ AT R LR é:’v;gkw«;épﬂ,ﬁaﬁ,jp;'gg;
AT AN A RAN DS A  R TR Y AW
ERSEY - U S VR IR R

Liu(1998)% # 1 » * <& 5% & ;2 (Genetic algorithms, GAs) -2 & (¥ -
TR AR (75 BT E) 2 8F R3] ; Hejazia ¥ < (2002) 1% o @
Bz kR RS A BF RBIR AL 0 & 2 HTA (Hybrid tabu-ascent algorithm)#p 3
v g Huang % 4 (2006) R 240 % i @i 502 0 2 s B F ks k 1 5 p ok
74 & R (Traveling salesman problem, TSP)§: i< A 3] & 42 ; Oduguwa and
Roy(2001)p £ 4] * gk if 5% 5 2 X.T\ﬁ”’ 33 T E NIRRT S X
5 X (2000)P] A1 * i @ ix B 2 - ehCGAC > FfESLM-IIEE = =k & F fos 4
ﬁ“ggmﬁﬁﬁﬁéﬁ*°ﬂ*P¢w*@émeﬁ el W o A
NFEI R R AR AL

42 BdEE 2

i# &% & ;2 (Genetic Algorithms, GAs)# % ¥_d Holland > 1975 & 4% 1) » 2 A&
N r#wm%ﬁJ 3 Tg@zp f?ﬁm =N 3 lﬁ,-Fm o 73 Mz lﬁ.I‘”FmJ n—\iﬁ
GAs ¢ & fpauffe? 4 £ .;:ﬁ- 7 %ﬂ;&imz& B g Rigaaf oa [
AR TR T 2R AR ER A REREEZ AR L A
BFEE o

421 £& L#@f:g
GAs 3 B REE L 4™ !
1. # 7%](Gene)
A BT R R HEAL S AT E(Allele) o — A G- B A TR A
- BAKEE O AFETRAL L ¥k s PRFEZTE > R FHEBAT
A - g
2. % ¢ %8(Chromosome)
A Md AFred s RARPID- BT FiEc 44 WA FEE(T L
A4 #E & > Length of chromosome)iiL P 42 &- K S B2 5 0 B AFR
- BAKRED T - A G o T L MR RBER o
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3. *%2¥(Population)

Fd - FHLI M ES o EEPN DA M EFERN
(Population 51ze) B A AR T E 50 B 100 BTG K TEE o A
FOEHERH L - TREFOT FEBER S E DT E ooy ARt o 2 &
KIEEF T (FRERRS 0 T F JEEF'W’&W' v i P aetT R e N F oo

4. if & & (Fitness)

AR RETA M BRI ER > TR TR AT (7R
PAdolic s ¥ Ufm)E o oom s %I A ¢ R o if & R E(Fitness value) % * &k &
?\ijlbg BAFCERY R EY EFIROBFF M FIP o &R DR

FREARF G Bt AU Y A4 3R UEFHBARATET o T b
EEEA R R GERABVER D ESEKEE T 0 dok T E ] R
3o RN &R P S A Ao A AT A P RS A2

5. & % (Parents)¥? 3 % (Offsprings)

GAs e it B4 % £ 45 o IFL): EH P PES TR E LS T
R auE o A AR W B ST WA RE . A T - BRH
F o b G RS P ’%’?Héiﬁ#ﬁﬁm’%ﬁ R EE L
§RERIAL S F & o

6. if 1% ;% PB](Genetic principle)

(MS*—“ﬁﬁﬂfé%F’aﬁﬁﬁ%%tﬁ%&imﬁMAm,a
Rrfrip g ples TR, 2 TRE YR, Rt E R A BERL
& 5 i% #% (Selection) ~ 2 fiz(Crossover) % % % (Mutation) % = < 2 ] - H ¢ 333‘&
=N IR -@l‘*,ﬁj&; CEVEWPGES AU 4 F R R fRE R A - N N ST
AFe LML T AT S RPENNLRE L F Re- ATFEFRE
¥R IR EFATA) & Ak Flie (Gene pool)ig >t it o

7. % #%(Encoding) ~ f##5 (Decoding)

GAs @31 * 2R F18 & B 4o B 3R e Sl Tt -l K Sl 3% 5 GAs
AT G A o BT F 2 RA T AN ERERFS fEE o
PV AT Y kE T RS H_GAs ¥ R bR {Eé‘ﬁiﬁi@?}%ﬁﬁ- o
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. R P
2 EH » R B
® :
P
5 s
= 5

\ H‘ éugﬁi%%.

B 4.1 B4R 38 GAs chb %

BASR R AL R Bl Rl V- sz 5 - AFEad i 2 44 L
EReme  VEFEBFREZROEY - R EF - LI M ERER D
B d WA FILfRB T AR R ¥ RS S T EE R Fo ki o

¥R G 24

o~

(1) = ~ %% (Binary coding)

S AKBARAFIEL O 1o L H mES 0-1 FHECRLIEIE P Hg
ﬁﬁmﬁi@p?@p%ﬁﬁﬁﬁﬁ

%41 - Am R d AN

4 ¢ 8 AT PR
A 01010111101010111000101010100101110 ot
B 11110100010101000101110101010010100 ot

(2) £ 71| ¥ 7% (Permutation coding)

B e FliE S AP SER o i & TSP~ VRP 55 R AL Hi0F 3
m Lle bldek [P 8 27 7 p g fagei el B Bho T Rl S i &0
&@xﬁ’m%ﬂﬁ%@%ky WE P AVER o dedk 42 F ¢ R A AT
REF PP HFEETR L 13D1D4D52 0 2 F FALH Ly EE T
EAF O TUAHR TR G SLe
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2 42 P\t d AN

444 A PELR
A 3 1 4 5 2 5!
B 8 351 6 7 2 4 9 9!

(3) 7 #c ¥ #8 (Value coding)

B B e FIE T it A7 #ic(Real number) ~ & #ic(Integer) ~ p #X #ic(Natural
number) & 4 77 # € 5 5L ig 4% B ¥ 2 - B F RN AL 2 FRCREI R
WoFZRARLE Leor VA FHEBAFTNL - AR bloih LR
BEARO0L 9992 P iz BATFEAA - A Rl A 43 44
WAL O] AKX SHEX=T32 x=147 ~ x57394 72 % =501 ; 4 ¢ $BAE_17 4 7]
BN A TS, L MCENAFENLA T RH; L4 DI NAFENL
#F] £ H T o

# 43 F Bcg R ¢ A

* 4 0 e
A 7 4 3 21 4 7 3 9 4 5 0 1
B 32.11 680.2 4.21 65.123 26.8 209.21
C K L M DVFMAS SV F OV D C
D T W (S = " T

e 2% 52 GAs 2. = < j#p ’%‘f\ﬁi L8 2 AR BT B M2
% o 10T i} Goldgerg (1989)#73 1 2 i # GAs(simple GAs; SGAs) 7 & >
Hp b = 2 P2 a7 50

1. £¥# (Selection)

EHLZBEE - B4 8(Chromosome)Z. if & & (Fitness)® 4 > &% H %)+
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75*“?§%ﬁﬂ’£%&£mﬁﬁ+fﬂ”@ﬂﬁﬁ%ﬁﬁﬂ;ﬁ@&

mjw;fé BT - 3R R H Y RARR OB P EE* § R O #ie(Fitness
function) % &> # ¢ Bg® > 5% % 12 5 + R i 4 (Monte Carlo wheel) 2. $#% 4 4c 1
GiE o TR - LI RREY BRI AL BF I LI M fERERE - 4
d Rz FEREREZ 6 dwBl42977 ¢

B mAE RN
f(m) i et

my

ms

Bl42 5+ @ EEHTLE

mijﬁﬁl 4.2.1)
Z,f(mj)

B REjBAE MO Pm)E T BAMBRES LS F o fim) 2 Fi B
A4 M2 FERE o nh EHEK

TP ERBLGMRET P AL T - R R IR G
R L ER IV R

2. % fz(crossover)

Lfe aﬁ&&‘“@@@iﬁﬁemﬁ Mz SR M- ST (LS ) AT AT
R LD RN EATREEZATFINWFT S AL F R o U A 2 90-]
323 A,\ﬁo(Unlform distribution) p* #ic & 5 M3 2 fe F 0 PR T L e 0 UATETF KB
R Ko K2 o PIARPE ST R A REFIfR BRE N FTHEHY o ,’f‘%’d < ety
FloFRTRELG A SRS BT A e Rk 2B A B
BANALRGFARII(DEFHFELEFLGWPREQEPRAL S HLE I 2
fedtBlh > L oiRfeytBhz =¥ > B FAF)T o Qe 20 B BV Y o
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%3 = : H 8% f2(One-point crossover) ~ F 2% fie(Two-point crossover) 4 % 32
< fie

3 2 fie(Uniform crossover) °

o E M A T - fx'ﬂ’ﬂ%%" c AT hHF
g AR S ﬁ;@ o PIA A R SR g R e — A
HAZ08-09f o Ldrk AfiecniBf|Ed 3 B2+ RAL A B AR T - Y
RB-RA L A FPFFEREBERS DD BERREF - F A4S R “ﬁz » B
.&E;{Q]‘fja$ 0

SRR TR RER S A S
B X o

-
L] o

<k

sS4 Ay

e One-Point Crossover

e Two-Point Crossover

e Uniform Crossover

3. R % (Mutation)

RE? AEHF A2 BBATI - TPFEF M) L85 - AFE0-]
B1—o0)> Mok A WAATE 2 I fiEART BB E R L AT AN E R
WG EFEN LA MM F o g A S 0-1353 A FRpLEcEF MR
FEORFFIARBEARF L2 O RFRTEFRE VIRTHIfPRESDAT
BE o - AT 0 REDEIZS G 2 (1A FIR % (Gene mutatlon) TR AL
PR R RR I TEP LB F - AT E S (R P (Shift
mutation) > FTEH - L F R L AT =8 o A REE o RRF 2R TP
DEBRAE > FZEE | BAZFERRLZF 0 T g mELTIRE: > F 2
Rl kA N2 A AT - BERA TR E TR B &K
% 50.01-0.03/F -

4y
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11711100101 17111100100
11711000101 0111110010
(a) AF%% (b) H# %%
44 - AREABRES AT LE
423 £&#FP

AFFEZ2E - BBR2FE 251852 B2 RO

1. 3% %F B2 (Stochastic search) > T8 5 1% 5 i &2 pII0H &3F (F2
g o FlMBRGL R E A R R RRE 2B R
(deterministic) > ;K & 4 o

2. %g& k2 (Multipointsearch) » T — X $3E B HFE(7TEEY > @ 2 L3

*ﬁ—%%éﬁﬁg’ﬁ%kﬁd’%L%%W%wa’&wkﬂp—ﬁ
YT EEA P R R A RS T T B @B B R X b

i

3. EHFiRZE (Directsearch) » B3 MFERITEFAHL I 2 BT 2T 23"
gt A X2 FREBH TR (AohR) o Tt R L B R A chii
;Eﬁ’ﬁs o

4., T i7F ;2 (Parallel search) > 2 4 ¢ WA F G 2P T2 F®GT 2 b

D BET o

FI 0 Bk GAs KRB & fAPF 0 B R 2B B FS > FIRGE £ RBGR
@Em%ﬁwwuiﬁﬁﬁw’%”éiiﬁﬁ& fE2dd M(T- BT

2)o D LR N R EF @ R IE R T A
424 % f't‘-H},?F

ITGAST 2 AT S 7 0 S
I R R R o RBA R R R EAERA I AWE R -

2 R REEE -
3 ;{Aé‘ﬁ‘iﬁaix%’%;\:o
4 RERAPFEREF -
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5.

@ 2 & kB LR M - R LR E o b 4

o

fmg) = f(my,,) <107 P& i% 1k

(3)‘3\'% *"‘-,;QT‘ILTE°3'1'§f’€£iU280%F¢"$'L 07711;\.% o gt 3 5N
s F o

GAs i (¥ % Fpde ™

A A2 AR Y A S BAES A A AAER S T LR
A EHE L FE AR D nd 2 odrk o A B ende i
AT LA e - A d MR~ a3 o

B. T 13 EIRG %EEY & - if 4 ¢ H i & & @ (Fitness value) o
4ok %4 ¢ WA 7 {7 fZ(Infeasible solution) » i F € "% L H 3§
&R TGS -

C. 8 1 pmj %¥H? » i %®w > 3% (Selection without
replacement) € AF TS EH A HL I MW P EAFRFPEFR
fie s A2 F R FREA T wER

D. 2fiei#a® A% AFe N UEE A S A BE T A A
FER RS R SR B R

Ay
ELN
N

E. i%.u:i’}}%v{%—ﬂ-’ EI_\'"‘]7 ’uiﬁfifg%%f&ﬁ
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T
Baoding Liu #7#& ) 0 &
(Followers) f & crfic s R4 1° 4L

IR R AR S RS A A
SRS ST ST SER

Min SC

ki ox;

BARRETAG g 2 o F] R A KRR KL E

g %ﬁﬁéﬁﬁl
R

LEifat 1B

A B’fﬂ o /é]_rﬁ ﬁ'i” ;\'. f,’?lqu:r
@RS I T A

RYEA A UE A i&@a#ﬁ*ﬂi7
AR g () 1234

(4.3.1)

B g

TE ARG - B S AR R A S S T N B BRI

LRBEPER A0 2 999 2

R L E Y

A TR & - AR bl

Z¢ M2 A FE 5 810589286339 % £ - K F#cix B 5 x,=810x,=589 ~ x;=286 ~

X4:339° %*3—)?\4%"‘ ﬁn}l’,%t; ’—‘T’%}E])JEEI ﬁ’}'ﬂt.}\‘ B p %71‘?:‘]’&’1’73»,,_. ; %fﬁiﬁ :
o BRAL Rk

SREEME p Y] E

‘ng_:‘»_ ~N

BAA 03 9999 2 FF > i

B AFINE - AL S mAd MPER S 16 BATF o Yk T RS 100 -

EHE > G

%Jﬁé%iéaamkwnﬁ’wwmamﬁigam
FEH R ® * Rl fe(Two-Point Crossover) ; 2
TW*‘“?X T2ZRBFE > TP & F -
TLe g »HF AWK

— R R RE R e
%ﬁ*ﬁﬁ*%ﬂiﬁ’*$ﬁ4’f
A F)E 0@ fRk 2R R
T_5 80% °
432 FEAE Tk ffE 2

kG TR RO i ik

- }é] SRk A %J
Baoding Liu #1# d) e ,‘é

EHE MR ST R g e+ B(Monte Carlo wheel)s iz &

—4—11}
CRAEY KA AT

R Pl iplsE o 2 F AR

IR A A e TR RS S B
TR F S S BAKE o B2

3 0 B

% > 41 * Stackelberg-Nash Equilibrium % :& 7 $f% o

AR SR
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AR R DR EE I B g0 0 T EE -‘J"\.ﬁ?—‘bi‘fl | B X ﬁ—,p S
B B F I L U R My B RIS E 0 RIS R EF B A X D
FART Ao R EES ) gt EEAF T B Ay kit fu s N R R
%.;J-,Er v B PR A Edy B i FT SREEE FFIE D] - TR Lo arik
fi m b o gt RjE 3V 2 53 &% Nash 2Bl % o
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B EALEIER
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FLEIER B ZEPER
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HER

B 4.6 Tk ffz>
44 AFERHLRHIIER EF WS LT
4.4.1 RPN K RfR 2
RGP LR L kBN kRS i .

| % ﬁjﬁ:;“ é:ﬁﬂﬁl b A A @‘] /; i 4 1F A X LR A §' %]#p’f—r
*ooF g ko] VL PR
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SRS DR
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2 KFiE %J % ,bm_%f,;\? Fo Ao H BB NE 2 F S AL 100(%/&3' o
2)s AR K| SUED 400 22 AL 40000(m/fr,k) BN 4s cnl
R AE A A G 500(m/z4£é 22) > AEEXFH D 400 22 0 g EA A
200000(~/51=) ; MR EEE A F S AL J0(R/ED 2T > AER S 0L
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2. REARFEF A

EER Y £ 427 2 7 F A (Running time) 2 FJEL T B 3
B R B a B 4o 2 pF R 48 ¥ (Intersection delay) o Aot §e 2 3
2+ &#*ﬁﬂmﬁﬁ Ry HP ERRLR Y nE ERS
of Public Roads; BPR)#& = cazr 34 » 5 BPR 205 o

Z 5.1 RipRLAE W] Sl
L e FHciE FH
3o a 0.390
5 3 B 1.331
g a 0.777
B 1.897
3o a 0.515
595 B 1.569
g o 1.287
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T ER )RR N FREF L 100 22 5 rL F
E iy AP Lo ] B

holPEz o] B8 in R thikdh- Bk - PR A4 A (Daily trips
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