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Bk L ir B JE R E) 3R PT B B2 4 IR Bk
FAETHI 14%2 K FEMMA R ERP > ARG LB E E FHH
RERZBT » BT AHFRPTIE L Z I8 35t 7 ik 7T 8 R R P N R SRR A
BN BRI S F

RAGEEE - e ERRAE  BRGW AREEE
ABSTRACT

In order to increase the utilization of public transportation, the government
actively planed feeder bus system to fill the gap of public transportation services.
However, in the traditional transportation planning analysis, small and medium
sized towns usually is a single traffic zone, so is unable to obtain internal
transportation demand. Therefore, how to get the transport demand in the planning
process and designed feasible feeder bus routes to satisfy actual demand and fill the
gap of public transport services will be an important issue. This study combined the
concepts of orienteering problem, geographic information systems and genetic
algorithms to design the shuttle bus route. Using the concept of orienteering
problem control point (score), give each stop a score to represent different
importance. Application of the spatial analysis functions in geographic information
system to build data and analysis the public transportation accessibility. Use of
genetic algorithms to solving bus route design problem, and each route must to
satisfy the time limit and the maximum score. In the real test case, the proposed
method could increase the 14% public transportation service accessibility of
Hengshan Township in Hsinchu County.

Key Words: Seamless transit service, Transit route design; Genetic algorithms

TR BURAEB R & K8 28 R R A R R AERE s B JEHE 1~ RT3 et 17
EEA A GHEIm R e TR ) AEEA GRS - AT RE 102 8 105 FEEXMTT T 28K
RAGERIETTETE ) DI R SGE R IR - SRR R L iR M DU fR
W L 75 1 ARt Y B A R TR SR EELAEA] o [RI b 25 iR T th PR I8 AN el 22 25 i Rl e
SECEIRIREN - AR ARVEDL MM & RREER R R ik — R R - 42
B R B rh NS A28 70 W TR TV AR A 0 e BE— 2 o W - T SRS A/ s
TUSER SR A FlS stk e SR AT TR AR T - DRI IEE DA 0 W oy B A7 K R 5K i e R
A 5 A S A P s W R AR AR T ARWTZEERET < i/ NRLATREE - I H A TR
/NS AR S TR AR ~ sl A D EE DR RSl Ry L - HARBH P E A SRR
ZAREIHPSE » AEASEISEIMBTIEAT WS U 348 SBSE TR e A 12 TKHB S T it
Jrky 5 FEMIE - Hrh ADVEERFASE 1 (SfmEtthl) AL 5~127 AP nE ~ 2R
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2 B(RfmEtlin) FE%E2 128~421 A SPOTAHLELES 3 46 (BRlE) #RHEZ 422~968 A/
TR E - BUR AT ZEATIRES < v/ NIUSREE o B2 LBiRsE < I IR iR R S RE D 8
R E LTS - PR PARR A G S A i A Bl | - B AR GERIRES
PHERIRE ~ AT R MG SR o ACEER AR E RS DU AR R 1 - BB RSB S
At < B RGBT - pFerhad BRI R A RUER TR KR E A 5 - RIS
B~ ARG R FREARERSL > EEEL - ARk RERR R « H7&
Hlik - MARTE R TR T Z ARG TS E Y B 5 ESC R4
JINHERE FH B sy B B R R L e B - RSB R RGE AR e AT S R TR
AL FERE DU R AR PHERET T E BTG - RERE T TR AT - A O e
P H DR 4 PER B EARI TR - (HEFOARGER SR < s T A
FERE R P FBERIPR - WS F R L NIRRT T - AWTSEEELELHT
FeFieth i E R SR TR R T 2L - A s A e o= AR th < R ARTEHE
TR E R SE AR - A VEUSRSE AR < B2 U BB st A S AU B Bk - DR
AT BB ZE IR AERR - [RIRF SOGREIRE R L BB AN FR AR -

— ~ XEkEIREE

WAPE D MR S AR LR L BRI LA . 2 RO R R TR
DAk A 18z e AL St @ S ~ DUE B AR R A S 5 8 A i IM e i = A i
R~ DAL GEEFrEi RSN A e A S B IR - R AR A AR DL A B R
500 7~ R EEE A T ARSI A B E Ryt SATNE - ARAERZI SRR I RER AN A HERL 500 AR
AR P P RS O AT = 205 DA A5 8 (link covering problem, LCP) Fykk
B - DB i/ IMb ~ FT BRI KB e/ IME SRS A T B K65 3 Bl E AR - A AR
126 B AR — T s SR B - 3L TOPSIS (technique for order preference by similarity
to ideal solution) JiEMETTIEZ L KAE » ISR ARIRES A 1B mT R Ml -
e AR TR EEERR GO uhE R iU ¥ 52 - TR N PR AR B - IFTEAS SRR
PRt B AT by R S Ho At B — S5 R B A A T 2% - Szeto Bl WulP BB AR HER /K
[E] St i P 505 2 BB AR BE S R ] S B AR R e SR T TR TR T sl A il T AR A i
IR v 7 — el P S B —isferb 0 HL AT RIS SR BB AR B BE R o B = » Bt
Dl Ngisfe R BB sfe 2 IR TIRA ] (ROFE o B RE R S E AR B9 MU HARE © BfFe
ArF R —E G A EKIEE I (hybrid genetic algorithm, HGA) » FEFEANHEEFHIA L &
EHAPEEE (Hamming distance) WYZREMEREH] (diversity control) #&fH] LURE/ NREIREL » BT
Feti A FHRZ I ELIE Ak 5.05% < sl KBk 4.39%. IRITIRFRE] o MESRRZIH T il A
=T (RIS A FR AR B BT AR TR » (IR TSW Ml 2 A 1855 30 & - HAHEFEK
&  BEEH R DU OD 75K Ry ARSI ELRE
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E_ Bk - B ar D 2 BEFe USRS A IOk AT 56RE - JERIR] OD Zokktt
TToToN » RSB NSRS T TE) 2 DL OD BRb R EERE » [l Fh/NEUYTEE OD &k}
RGESZ B » ZSEE A AR 2 W2 125 Wu fil Hine' s Zhu A1 Liu”'+ Matisziw
X Bl yigitcanlar 2 A ”)s Manaugh 1 El-Geneidy!'” Biba % A '''\Mavoa % A '* Delmelle
F1 Casas!™ ~ Tribby F1 Zandbergen*! + Dharmadhikari §1 Zheng!"Y{#Z2f5 /A4 (spatial
equity) #{EE » T A AR TR B A B 2 4 A AR S M W E e A AR R it 2 B
(community participation) 7= » $2HHEKARFBEER » I A FGEHIEZZHIRB R A H
PEARELET ST - R AT RERE AR B AT Kb E - HHERE
BB LT BB TN R TS Z B AR ST 5% » FEH R ISR T SRR G aTAS - e iR
PEAR TS o IR FT R Z B AR SR E T DU N B 55 515 e e FH B Bk 7 28 A 7 =N AT
UL, fBEat 2 o METTSE R AT AL - TR R PR R - H
Bt BREBHFR N JTEA RN » RInRE @ g BB et N IR T 2 RAR -

BB G AL R P A S EEEIRE (team orienteering problem, TOP) HE&3HE1TH#T
NIRRT B BB N EE PSR AR BT AR ARG S A Hh NSRS B N R 2 Bt
Hh DUBAL AN FTRERR S 2 A LB E R B AR St iy B A [RIRRE AT FH B3 S R B SR Pt
it 6 PRiEEAHIRIRATAE Z 63 MM G ORI S - AR R B I A B
PRARERETCBEMEAY » H TR B3 EA S O PR ARG ZEIRF - JREIRIRE & S i S sk g
ZINEERE

=~ BRIRERETAREIENIBE

3.1 [

ARWFFEERES h VR - BR AV EER ~ FR(ESME > SRl IR Rl £ Hil
AR - HIBRN GE R D SR R GHER S IS - ARSI A S GE fh e e (3
St DB b o DU 1 TR LB R - 25 NE TR R S8R R 5 8 K
FRURER 6 R EERHR - SPE AT FE SR K B BRI T BT BR - SRAERR L 11 flEAd o
HAHEA 5 kR FMERR 0% » i i E RTLEHT Y # e S g s =Crp
TSR B — 2 i » (EAE 1 i R A T B kA I 75 SR & - SRR 1SS L LA P S
11 SERRTE R Rt — TR RAE USSR - #RiEsa s AP w25 B4t
s KRB0 SRR TR E I RER RN Rt b R AR e 14 (Ef
uhEh (A0iE 2) > BLUELERAFT R B N BB R 2 S5 MERIAMEE ST RE R G H
AR EIRTOR - AR R T SRR e R CRRE R A e - RIS
RAETLUAA o SORWIFERTIR R < RIERIESRR T AN AT fE A H AR st BRI 2 2 P IR A
T BREHHEE RN EERRR - Lo R (A R AL T
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3.2 EIBE

ok B it A NGRS R N B B R o R PR BRSPS e ERaT i TR - fR
112l B BB B E A S < M uh B » AR BRI R PO E AR i A - AV B B ity
= HERIRE (team orienteering problem, TOP) HiEAH{L » TOP {&F Chao FEE2EFHIDIES :
RRERA M Ry 2 A B R o BIRR A F R B s BE HH 3 - FERBUE R RN AR 2 A R
G B PEHIEL » WHRTREA A FRIRF R PR 80 HEl i 2 PR AR - DU RERR I % o3 s -
ZE SR IR R - BB T REMEFREI P a Hedil RS - mEEdER i 2 BOCE =
50 #% TOP [EHFE[RIR B HEH B 22 /53 A R o BB ARV I+ L2l Bh A2 R iR 1R
FA B AR -

EI R R TOP R R A e B N PR R AR AT o2 SUBK + ARWFSELL TOP R iz BB A
P EEHE » WA/ NUSREH 2 B N LR R MR » R AT

Ahjg

Max XI5 Bi=1 SV + W * XI55 icj Xikea Comin )
St

Y Vi) tiXije < Trmaws Yk €{1,2,...,K} @
Yhe1Vik <1, vie{2,..,n—1} 3)
YiciXijk + 2isj Xjik = 2Vio  Vj€{2,.,n—1}; Vk€{12,..,K} 4)
Xijio Vik € (0,1), Vi,Vj €{2,..,n—1}; Vk€{12,..,K} )

PR DRI Ry yir B i WAl —TCIRSRABE - 5 yu By 1 IRF » IR HLRRHR & R
B fosEuaES i 5 FARSEHAREIR - ARy 0 xj By /N FRPRAR k i S e n G, 7 Bl a3 uhEg
J BRERE R BRME R 1 I - FORAHLESR & ROBREVEES | Bl nnE, j pREE A
INHLRERR b ARG GRS ¢ Bl sEnnE, j BB » Rl x BEy 0 o (D) Rtz HAFZL - 3%
& AR o3 FrkE i - 26 1 B89 R RS uE B By i R AL, - BRAE Ry N ERERAR k TR UL ES
GBI (S) ZAEA 5 56 2 B3 R P B AR BT A AR B s Y e RA L, » e IR 3t o fhr i
TR BT AP REFT I IR IR B - RS HIBRAR & KRR foe 3Enh Bl @« 2P ae =
WA hy BLNFREEAR b WSS nn B, @ Fris N EsdpiA - HAENH kIR < BB
AESEEREEE w o BERIRE AR FRE(S) . — e H N - MEREHXQEX@DF 3
IR » Q) RS BsHR b L IR IR = - IRBIEERR & i fr A fos @B Frih
JRAEE IR () R NP RS IRF T _EBRAEL T » FEHR 4 RofisS8UERE © BilfpeisEnnt / B%
B AR s Q)R Ry To— e bRl i i % HREH:— B S B IR s BRI 5 =(4)
R Ry e Rt M N ERRAR & IR - LRI T HH B B M L BRI » IRBIVE v By
1HRE 5 g B ooy AZE[EIR Ry 1 o
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3.3 KEEEEE

I S SR s — B AL e (LSRR » Tang 1 Miller-Hooks'* By H2 %%
SSEERIEENE » Bouly S ARG HRHIBEHEHEL - Dang S KR HIRL FHEE S - Lin™
PR R KIASF TR TR - T 5 Brby NSRS R B A B R T R
t% » JRDAESIRIEERIE (genetic algorithms, GA) Ry BRI — B M B RIRHRRAE A SHEIK]
SRR RIS BRI
1. R A

PR rf RGBSR S A S B R B FEREE BRSO 1% - A S H]
RERTIAT R B ERGHE TIBk ) - ZXBRE 3 (2 ZEBILIERI - RERME 5 s SRR R A H AT
BLZiERE - T GECERAIE, 5 (81BN - 5 a4 AUREOL R R N B GG - 575
S 4 (SRR TR AR T - FEBCE S L&A 4,1,2.3) » (4,1.3,2) »
(4,1,2,5 (4,1,52) ~ (4,1,3,5) ~ (4,1,5,3) ~ (4,2,3,5) ~ (4,2,5,3)  (4,2,3,1) ~ (4,2,1,3) ~ (4,2,5,1) »
(4,2,1,5) ~ (43.2,1) ~ (4,3,1,2) ~ (4,3,2,5) ~ (4,3,52) ~ (4,3,1,5) ~ (4,3,5,1) (4,5,2,1) ~ (4,5,1,2) »
(4,53,1)~ (45,1,3) ~ (4,5.2.3) } (4,532) 5 24 Ml - HAEEBE A HERREGT LRIATHE
SRR BERERGAG - AR (4.3,2,1) BR (4.5) TF 2 WA - KIS s A o SR e Rl
5 B2 - AR AR U -

3 RERRELHGTEE

AT FERTiE L < Ao A AL TR AN 4 A7 - A TR PRIKER S BRGS0 7
Y2 L H  IRFPELEASERRRR - P03 I FINESE S # B IR s IR IR A v AT
H S B A b A G P S B BHCR E  Z2 PR BERR 1R (topology) ZEITABSERL (7. NI
TE AR - E R R B e e R ] A LA E @ R 17 - R Ry 1 - S HIETR,
0 #DUE 3 Z#BIM S » HNEBERRARAERERT P ZORAER 1 FR - S IRERE A RfRieE
INELEERRP AR 12 Bl 14 > FAERGERLAT 1| BIEEERT 4 BT > —ESIGREL
2} 3 LSRRI ATHEERAR 1>2->3—4 AT O SR L I E R E Ry 1 I - &
IR R AN FIAT - BT DAER -
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TRERIT— W& B A i SRR T » BifEEHH S BN T AR R &+ s SR A
5 FR » xR H A B EUDEREIIATT

(1) Tyt 07 B Ak SR R B AR AL RS S Y BEEE - ARBIFSEER A 0-1 BEBIHRASS - Lt
HE AL IR (B R PRS- B140 - 45 30 RfpsEERERIKY - R CBgRla 30
fEERE - (AR KB R AUR — el R - EAERIE Ry 1 R - RICREL IR AR
BHERL 5 AR 0 - F— AR RaEBIESE R 100

(2) FIIRERS ST =N A - A DU HRERGE T ARG T S (e - Hirpirl s =
Ah N FRE R A RN ARES @8 (service area) BdE[E (overlap) FEZEMISMT
THREMICAGHEL -

(3) PR it A LR - ARBR (DR NIUE S R R 28— TEARAYBSRAV N - 5
JE BB < B BRI PR AU BRI - IR RHER (EBOBOK - Tofife oRAg— AP
FORERESTH IR - [RIPE BRI B e (B B B e (i 2 SRS
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FMEFTHEFTAAC - SRR E Sy 0.9
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FollE AR EAAE B EERIREST » AW e i R LA R B 5
TR AN HEEREGT - AR S ESEREGTTRGIR  ESRRET R T S
JIHEMELEEA -

4.1 EREHIE=REA

FELLEPRLESHTPTRR UL (A6 8 FiroaR) » SRR R (53 B A A B Tl [
R AR PUARYT BREE  AE 2 S AR S BRI PG $H - B 103 4 9 H R A IR BNy 13,859
A 0 AE 13 (ERSE R RS 9 - SR A RN IREE SRS — P -
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s [mE w E
T
RATE 3K
TreRsA
L iy
T
RS e o
o 2]

8 fRILEEREMER

FELLISEBR R S A TR SE R AT £ B RS © SRER SRR A 6 PR IRT B AR -
EEHR I ATANGE] 1 R T H AT ARG 2R P E R = R ERIE 120 HSERATAIEA
56 flEfT » R SER MR RS ks Ly 68.11% » HAFHERAS ~ BIEAT ~ B ~ BTN
EdiRBRASE 5 (AR Se i AR RGERIRES - S ZIRESMERE RN 3 Frr » Z I
BRER T ] B LB S A AR R S N AE R L3RS - 12 6 R PSS H
AR FCHEE ARSI » IRBS IR 70% DA 5 1 5 RS SE R R IR 2 A
HEFMMBEIARE 200 F - Hi HEBEAE N EEI TR - BRI 2 E S
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REGEARITEARARAE - GBRAE 2011 ST RRERA $H AR H R A B R AR 2L
Ko HEREEEINELHIEE -

®"3 FMBRUPRE KR ERHRIFRER

N # KRS | 5008 R ARE R IR ARB R (%)
JIHTR 368 262 71.20
AR 477 477 100.00
PN A 441 411 93.20
FH A 178 0 0.00
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ABSTRACT

To transform the railway transportation system into the system with MRT's
characteristics, Taiwan Railways Administration(TRA) has promoted a policy called
“Transformation of the Taiwan Railway into a MRT-type railroad” for the past few
years. This study presents the SISDM based on Stochastic Petri Nets (SPN)
describing visualized functions and system dynamic activity functions which can be
regarded as a toolkit of railway operations simulation modeling and analysis. First,
related data provided by TRA and results of own surveys are collected and
summarized. Then, a simulation model based on the SPN is developed to analyze
TRA's train operations and dispatching strategies similar to MRT-type operations.
By taking Keelung-Chungli southbound line as the empirical study, numerous
simulations are performed with various scenarios including different headways,
train types, timetable delays. Having implemented transformation of the Taiwan
Railway into a MRT-type railroad policy, the simulation results indicate the total
system efficiency will be optimal with the average headway 240 s if train cars are
assumed to be available. Longer headway operations are suitable when the
proportional combination between slow and express train types is 1 to 1. No matter
how long or short the headway is, the total system efficiency will be optimal when
the proportional combination is 2 to 1. Nevertheless, shorter headway operations
are preferred when the proportional combination is 3 to 1. Although the strategy of
increasing special frequency to reduce timetable delay is not significant to eliminate
propagation impacts of timetable, it is still very effective to maintain regular
headways.

Key Words: Transformation of the Taiwan Railway into a MRT-type railroad;
Stochastic Petri nets;, Set of information system development
method
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B LR AREEAZE R - AR FFLITHEN I R R - RIEAN R PAZE R A B3 |
77~ SEATREIT ~ B S T RIET R B R L Y TR AR AR I o FrEERI TR
Hil=CEIZ21E FAS B MAS BAZERM NI TELER 1T 51 BEAE G B A & fe N&E A IRF R Y
IR - DU s AR S T -

P 7 1 0 S i 1) BEEE 1T B B R R B F BN (queuing theory) Bl FE K E R
(stochastic process) {4 » FEETHRAITY B i/ NEe B FRIBE B RN - B 7R E A DA
B I AL IR & 75 (formal normative method) © JTAEARFEE A T.E: (artificial
intelligence, Al) Jjikz H#T H 52 » QUEERRM (BRE% - Hss - &L - &80 EHMIRE
Bt (cellular automaton, CA) ~ FEERHRE - IRZZMEEE (Petri nets) ~ REiHSHERS & JTIER
VAT RAE ST AT ~ JEET TEREIRS ~ & HE R B R By BT ~ &1 HER A
{LEERE - CRORUEERIT T W Horr S DU E % R 22 s W 5 iAmY
JEFH b B2 » S5 IER5 T SORANT T+ Tomoeda S A M e FHATNG 3 Bk bs SR Otasing
M IRE T RIS R AR ARE 155 T - A LA B QB AR B < BIIIRF 51 B
PR RIEAN AR TR K &I BT R IRY [ BREREA - DR G 28 A ik i SR HE 7
{915  Zhang B2 Chen ") JE FIAIINE E EhBAERE MAS BHIERM N 23 BT EH bt
2 WAESHI BRI TE S T JIER G P08 A v o B — T B 5 | PR B ek B o
TS SRS AR » A el R R R e SR o R & AR E R AR L A TR B IR

Ch AR ST 190 A e () AR S ST R B o
PAZE Je 2 MRS B PHZE AU H BB (CA) RS - WAEILESRE FEr T 25 TR B PH 28
PRI Y A TAE AR (R ARl e S A SR FR KR & il - BN 1) FEFH—#fE NaSch
AR E B AL s 2 SR Y B HERR X - MRS S R T [ EiRE R EA b
ZHEgE o i U AR SN 1 B R B A 0T [ B SR YRS BIR S B BIEASE R
BEA TR - AT R RRE ~ EHRNS RG] IR EGREHERFEAIEZE
S N LY AL IR SZ M TT - [RIRFINEL 2 el kA 51 B T 1T R s L B h A Bl
PR - AT - BIATE L SE AR B B AEBA SRR R BBk 7

AR R A e B B FE A B i 2 2 ~ BuGA & ~ Y@Ly B R
& (HEOA RSB A ERE MEFCRMIVEIRE - AHEE - Bal - 2055 - Kt
TFRFF L 2B R RENTA R A E PSR ZZMEEE (high level Petri nets) + AIHRFRATIR 22
(timed Petri nets, TPN) ~ fE IR ZZMEES (fuzzy Petri nets, FPN) ~ 2 ARZZHEE% (colored Petri
nets, CPN) ~ [EFEIRZZHEES (stochastic Petri nets, SPN)--- 35 » RfFSeaREE n R IZ AT R LT
e e AN AL E PR EZZ M R 1T R G IRZ2 MRS (hybrid Petri nets, HPN) « [KI[H3T 20 5K
FH v PR I 22 B A L S e A Bl AR R [ P9 S SRR B = N g 2 -

Van Der Aalst B Odijk "™ S5 ik Py 51 BAE AR . B IR - $R RS B 2 IR
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EHHEH Futwg Fol RE-Owit=j

Z2HEER I, o Fay PO I AR IR 22 408 I 0 07 A (S 0 B8 B SRR RS AR - R
IF-THEN W)= 5 3 B 5 R B 5 et i 0[5 Y 158 - TF-THEN JE 24 2 BUSRI I AR
TTAMEE TERITEDL - BIAIA] FHER RS 2L (membership function) W] 2IHFIRIERFZSE ~ 4]
EE[MEE ~ BB ES TR R iR & o Burkolter BV Bl H AT HT RIS B UL A R BE AR 22
PR R - B SEARIB IR WIS 5 | R B AR B R - SRR PR R 0 & SR T T
FF & B RIS EEHE R AL - Fanti S5 A P2 SRR sk o s Sl (ESETRE - $2H
BIFERER G (GREE ~ B~ Bol) ~ I (T - 2CEE) ~ PIHNEST GERG - Bl
GEE) BPRER (WET - REEL) S RMIREEIRIET - Daamen A T TSR BRI BY Y
S| fET S RRE B S B RR o« M i - B — R REEEER 434 T H - Milinkovic 55
A B RS SRR ES A Bk A A 2 B AT AR B R A S I B — O 2 AR
fEp = - WD ARSI R BaRg 2 - e N B R -

R IE SR h B R AR RE SO B R 2 22 it 2 d B B ™) R ik
SR B S ERE S R A TEIR R AT R RE - DUHE R SRR TR 22 ot F B $R I KR
PRSI RIIR 22488 (hierarchical extended fuzzy timing Petri net, HEFTPN) AYR=, » SR DL
R L R > HETTR A G R PR EE T2 CPN Tools HET T HE AT B i HA K
P o Zehgm 2 e PR (R SRR AR (S (S 51 3 T (communication based train
control » CBTC) &#ft NERTIHWIES B TRMAR K o B A E nT AR (5 B0 T 7 HE
17 » ERY IR IR ] B E Y S TR o i SR 705 B n] DAE R E R
HI A TARDLAY BRI T SRR — P % RS T B e T PE - bR Tl AR R
PRt cHE - o0 P RISHE B CTCS-3 Sy e AR Ei e - DS
PAZErLs (radio block center, RBC) Fysr#ri 5 » FEHFEHIRZZMENR < 53 g Bl » 43l
77 RBC AR ERE BT AP UE 2 FER IR M e A =0+ WA [ SR 22 g B
HIEEAZ A R 2 TG RBC AR IR R fh AR -

BIPIE LSRR FE I BR AR T B - 4507 2e BY A T BTy g i S ol 52 o
FIFIRZZ A B BT ~ 7308k~ BAREEMEREERIEE ST » LA IF-THEN AR CEIRIEERES ]
IR URAE B R HI] » S 0y R R P A U B 7 R (Rl RO - AR
P AR 5 A B T S A | s SR B SRR B A T AT = 2kt B R T IBE RS
HAERR ~ S T Bl T M = o ) o R R R BRER R B A Y | AR
AR BNETEL TY ER R E R B R - (H 2 S0 AR A — B SRR FIRS AR e A B
AR 2 EFR R T - (KIBL - BEWFFeRE FhR 2 e Bk A TR BE AL R b 28 DR AR
B - E SRR R A, o B PO R T R BIEH SR R MR A IR
% JEE P A BB 9 | e S R B SRS RS BRAT 5 ) vh » REBORIER FR AR I HE G 2 DUBERIR SR
MR HET T 28 » AR R S Qe B E N R o B N AT Ry » 0 R A DAy ]
HUHETTEUS UL IR S T e L UTHR o [RINFE S8 ] 20 ) 325 i AU BRI Z2 i L RETR B B
R TR S % o P ] ] s 2B R B AR T Ry

TAMES R R SRS 71 » — bR PGS ERE, ~ BERTAEE - #EE 2% sH TR B vk i
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V8 A% Tk 2L 48 2 8 A A A XE AL 2 KB AT SR AR B KSR AT

B ARSI AR HIIZE M B - Li S A 7 FERME VSIS R R i N ERE R - LA S e
S AIRF AT BRE e Ry SR » A8 B ESRE FAE G A Y LA EAs - Dl sam Bk ok
i o 2 A Y QI DIGERTEEE, « H SEEn, - JRaiE (tkEE) R - BRI B R
HEFTIGHEMEE - D’ Ariano 2 A P 2 — BB ILAYY [HHE 24 ROMA (railway traffic
optimization by means of alternative graphs) HYZEHE » R B Sefi o R E R B
HETTIER - RS S sk R TG TRy WS & A R MY TR - Ry ATkl
N [ SR S5 A i o SRR+ R EERINEAE 1 HUSHE B Hh vk R B
UhAEERL . 4 TEAH G S EE AR A U AR G 172,032 SESHAET & ERHET TR 47T -
HAS SR AR R B < R SRS B R hETRERS » 10 [RIRFERANEZ 2 Tt B SRS B S &
SR AR R BRI Ar] B — R RE TR -

2.3 RREFAREL/ N

(=] R Tl A B SRR T AT - E S B TRIF S TR AR 7 Ry AR - — R B R AR
o TSRS - nRE AR « rSREE - RREERTE ) BRI
KEFTHETHREACREE - H RiHCH RAHE Y fEisaae s © « RAILSIM « RAILSYS -
OPENTRACK * DYNAMIS:--5¢ o

PRI - PR EERSET TR R MRS — R R ts - A RN R
HAFIRIBERTTIEELTBE o ERTH R ABEERHBE S R AR L BEsa T 7k~ Dol
IG5k ~ WIEA) (object-oriented) JivABATENSHHBIMHE TRE T IRZFVIRE - BT
FEEE, - BRSO e RS R Y ZERRMBRR SIS (SISDM) 2 —HEfE
SR EAE T o SEHSRECRM TR - BEZMHH T AL I S MR % 7
i% - SISDM Bl 4 T T AR KB AN FILERS [ 158 FI[ER (generalized graph theory)
AR B AT T H - 07 DUIRZZAE RS R 2 L AR A AU B AR 2 - SISDM A 1174
BIFE AR MPE S J5iRA SA/SD 2 ~ ISD i O-O 2 » BB DAFEHEIR 22 M IS B
SRR E B LR - ISR AR RS (FFRB) FrEBLRAEIT R (E1RB)
RAVEET T BARRAY o SFREFRF IR ATRLES © (1) WA AT © (2) BTRERr MEEL R vl H5
ML 5 3) BoL g BRI T SE AT « BIREA TR0 AT RIELAS « (1) M RN
BERSIRERAE RS AR 5 (2) BT BARZPEPEIR SRR A AU J n] BB RGERE 5 (3) DU RIKbEh
TR IFRE IR RE SRR TR R A T oA > 40008 1 o -

AORTATL - FHAIREAREES CA E DL 2 IR BB M OB ER SRR AIENRE -
T~ BB~ ZARACSERAE - IR 2K 2 S S R AT AR R MR R RS IR Z2 AR - 400 TPN
FPN » CPN  SPN £ HPN 5% o TPN w] ARl B B E I TIRF IR - fRiga—
RHIRE (transition) ZEERFHEIAYNE - Ry RSN TH - SPN BASFEREAVEES - 7
# (enable) MYBRRLEIRL KRR/ B ACULUE HAGERFH] - CPN HIFEEREFATC (token)
(0 Bl 1 i AR N RIRVBR L S T ERS HOBSEHERSR A » FPN HI2HRETES L
AR R B E A R E R TS B 15 B —FIB BRI AN - (EIRZA NGRS AE B S BRAUHE
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st FEF Fwtws Full RE-Owf+=A

ASRAENETT ~ [~ EZEIRFHINERIERS - TR (i (RIRS IR S Bl s i - T EE BT
FRRE I H AR P B SE T o W e DA o e IR 2R M 1T o e SR 2R RS ERAHRR L
P A HEBEP Y R B R A SRR A E I B RS T Ry B AR S
B EEHA TR AR AR - TR A8 [ LIRS R Y R A T A,

DIAESERSE T2 2R B IIekiss B LR EE - AR B B vk R B P S HH Y
BERSIRIET Ty - RIELARRIFS R R RE SR B n] R BE BGEAE N BEREIRER A - FEFE R Rk
FENTH T TINR < B R R R - DL 2B RS | HGE T TR AR INGE R TRy - 55
— 71 > H TR P R IR SR A A i s TR T AT SO 2 R A RENRE
515 Je @ AR Al LB RAR B RE TR Bl D AE & FE R IR ZR NI T AL T S S a5 1 T
AR AR U AL (prototype) » PR HAMMTFEARE B - Z W5 [ TPN » CPN » FPN B
HPN SoRfiE T H - I RE R IR MUEERERERMAVEIRE - AHEE - Bak - 24
{ESFRFIE © BERAWTIE ISR I ERSIR 22 M S Fy LR < SRAfe BRI 38 T vARTE A -

4n &%
h o e
CHWMA S
A A DFDE
K AE )
b4z .
[ #% Petri Net[#
3 " 4 1‘
ST T It
2 3 2 A o E-RH
ol Petri Net#]
& B 3
Fik Ty 6l
e i 54 PR
. T A S 8 -
Z At K A A % i Petri Net[H
2EBA
ReA Petri Net &
EHE M A7 E )
A A S ” =
7 B A Ik #% Petri Net[#]

B | LABHIRZ\EAER CEMNRERESEESE (SISDM) REEE
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V8 A% Tk 2L 48 2 8 A A A XE AL 2 KB AT SR AR B KSR AT

Abtgetitezliz SISDM At BRAZE (R I SRR  BH0G » BRRRF BRI AT
BB EES T A REARRE - [RIRF S5 EES TR A S ERIBE BTN REAb » E F AN 7 BT
BRSO AR I B SE CR MU 2 (T8 - e Al HE B BT IR - DR IR AR
APl o FEAEGHRERIEARGE T TP AR (class) B¢ET - ALAZEE (event) AT
T —BAGR AT EAEE —E SR IA SRS - R R BRI F BT TR — A
Hff o HEHEERG © ER LRG3 AR EATERV R R e - BRI AT
S BISERleRs st - SISDM (SR Mfiasa AR P SZEE MR NET Framework 2H3IEEHY CH+
TESEERHT -

3.1 REBHEIE

IREZAE RS TSR EE SR Carl Adam Petri AP 1962 FFAEH LA PATEE
th o Ry — Tl AR B LR ~ ARTEER (state-oriented) ER[E(L (diagrammatic) (YR
LRt AT B g TR - F DA T R BIRET T Ry - BR 1 n] FIACE Sttt Bk
TAAERTRAVEITE 2R S FEE A LIRS T R i S+ I AT IR S0 B SRAREHIAESK -

3.1.1 EATREEE

FEAR YR 22 % ] o A — LB R BRI R A7 e st e th 2 A2 OB A £ - 2R3
PIEAAAE e BB WO R ARRIT T - — 2R - 55— {25 HR o ANFIRIRTRL FE R
PHERS - DLRIRRTRRRE A AR I - — (g e b S A & R ARG S0 1 R (L ELRTTRG (places)
K EFEHTEL (transitions) - HDUE T FITERRRE: (arc) SHEE (7 B RTRREIRERS iR SRS HTRE
BN EETREITTIARGE - IREANGES P DARRD (token) fERERMFZEERD - Hrh AL E TR AT
SHEA ARG - BRSBTS BE &2 R 1 - HAIRZAREE
[EERATCRAE © (1) MERTE (place) » 3l DURIEPKEIRZ © (2) BASHIRL (transition) -
DU ER (SUERTD) KFTRZ - (3) ERGHR (arc) » slH DI TR ZHTHERZ - (4)
R0 (token) » DURGIRFORZ

R LUIRZA M S TR - (L B RTRICR I TP BN P B TR IR TR - SRS
RFORER PRI SR EE B o — (RS ARG e AN SR e AL B B RGA H A EL
A o R LBV BRTERCE R SRR ORI o IRERRGESAY R UG — (RS T RL A B RE B i
% E AR R AT E AR ERTES S A EECRY - SR HTR B R EmER et - #EH
RO NET AT ELE - E R AR R AR HAR L AL E TR - RSS2 s B
AR o

FEIRZZAERR BT - 12T 5 ARG - FEFhIt S REAURRR & A SGES - R n] 2t
F— R IRZA NS ] > AT0E] 2 Firs o Bb S FREATUREERHAN T
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HRE a : 35 4 JI B « E/EHIRY A Beffia @ UG ARECRT - ERSEI B REE < %
TG AU {E0E » JRRIEERSRHOIRRE 720y 4 e A0 B [AIRE =G HRT If.. . Then... |
o vl

IR b : A, H A, H... A, 0 Bl B« F/EMIRY A; ~ A, 60 E W HUSAERCHY - #5%
ERGHEERE IR 2 £+ R IR ENEE - JRRIBLR R YOI RE S R HIRY B - (AR =83

FIf...and...Then... ;| ZHFS; -

HUfE ¢ : ¥ A H B, H B, H...B, o E/MIRY A 60 E WHUSAEECIY - RS BBk
REE 1% - ORI EDESR B, ~ B, » JREILRSRIRRESC# =AM B, & B K...B, »
FIFE %5t TIf... Then...and... | ZHES: -

BIREd @ 35 A B A2 84 A, » Il B o F/EMIRY 4, ~ A, Horp REE — G S
RO - ERETRLMCERETER L 1% - ARG IR EREE - JRBIL R R OINRE S B IRy B
FIFE3%ET TIf...or...Then... | ZHE& -

HURE e : 75 A HI] B, B By BX...B, o E /IR A B e WHTSARACHY - R ETR
RE A 1% » ARG MIATEEER B, ~ B, Hrp—{dl - il 2 A f B <P ¥ (guard
function) %€ » [AIF2=E%5T TIf...Then...or... ;| ZHES -

O—+—0

EY N # Wi
i B 6 2 4 i E 2
w & (B
%
®
, A » i
&‘;1;” e &?f‘;» WEE # wEEn
(Ar~An) % (® (hihe) z ®
IRZZ A P& [ T AURE a IKRZZEHE RS B P AURE b IKRZZ IR B P AURE ¢
k. ] " ; mﬁgg
£
m?gn 4 ﬁﬁg’* - (S“ 2 Gk
) z (B1~Bu)
IRZE AR R P AU RE d IRZEAG P T RURE e

2 IRERIBER S EERE
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3.1.2 RERR 2B

R A 2 T ETC R AIE S « B PN= (P, T 1 O, 4, M. W) » H1F
SEFSATE :

L P={P}, Ps, Ps, ..., P} Fy—{BATIRA PRSI 6 - m A E IR AR AR i B
(o m=1 -

2.T={T), Ts, Ty, ..., T} Bo—(iEIR RS G HORIEE S - n FOr VR 22 A e RS 7
WO n=1° H PRI T BAR » AEIPNT=0» HPUT#D -

3. A fRFE(PXT) U (TxP) Ry A7 VERR BTN SR & » EVF IR AR B T B -

4. IR AT BTN & -

5. 0 Ryl i BB IR £ -

6. M : PN Ryfsi ey » AT E FEGH B JE OB - M(P)FOTAENT S, P rhEis
M ISR ER » My R yiaiEsd -

7. W AN RS A — A I B - N R TF R BT A o

3.2 FEIRZE IR

FEHORZAMEES (SPN) J2H Florin B Natkin 7£ 198 4EHEHY » HGEAIEEZH FAET
(top-down) BGEHI FAE L (bottom-up) MREHH B LA HERM M - B AR 22481 1
ZERICMIMAT TSRS |+ KR R RIS e E R IEI S R - R ik
R AT A SR B R B - A — BRI - ELE R IR IR (RERLRR) R
MR 2R LR A YR 22 A B R UR 22 BT B B E AR T T RE S A AT - Bt
IRZZMEISH SPN= (P, T, 4, M, 2) F&5% » Hrh (P, T, 4, M) BlIEARZZMERS I E ZAH ) -
T A= {01, Aoy oy Ay B AT RS ST B RS I SR B B M1y 75 =1 T 48 3 s

P, T P, P T P,
tl ta, tp ] tl A5 ]
& > " s a x . k]
f:ilii‘-;t- ®H R f:ﬁl%fﬂ;z- f:?if-» LR AR f:?if-»

Ai: EBAERET

AAAR BT
LAY B W7

3 RERIREREETEE
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WEPEIRZZ NS —BRAG B PRI R iTRG L L FERS MR R IRF ] - (B S35 SO HEIAE
PabsmaE kR b o S2EFERAAIRIANEEAURE T1f... Then...or... , ZEEHIREHE - W ARTE
RO FH A1 R R 358 22 A [ H B RG  1R D0 - AR SEEAN FU R M B 1 SRR
EAME - Rt - HAERRS AR LN AN R e Rtk iR - EFEEHR
MR EEGIRDL o BR824 A - REE AR R R A < s R n R B
IR > PR BRI ARSI L iR - DRSS RCAE SR i B A R N

[46] ,

PIM(Py)]
A1 P
> P[M(P
T}—————ﬂ{:> PIM(Py)]
As P
exem s eYim

A EBAFSE

4 FREREBENRZRERRTEE

A ZEFRFE FHPERE TR 22 % < A MR - ARERE Y BE AR rI e BIRESE T T T
Fo > Hr DS HSEA TR i B 5, » JRBICABE IR 2N < e MR IRy | B T
R AESREERE B A [RIRF o T REH iy i DA S | B B R U3 LB — sl EE (R AT
BN AHAIRE -

3.3 EEMEN ZIRHE(L

A FH AL AR B SCRRER AT - BhEE RS | BSE A TR L WP TR AR B R 70 R B R AT
R SRR o BT IR O B R B AR (A YL A A DU TS B 1A R R R
figt > AR DU 2 AGET T - K1 S 2 PR B S AT ik R I s -~ 51
TR T AR A R FEAN -

AL TY R TAERR ~ S HER AL « BOE SR A R BGE T T RS SRR T
gt o B LAY SR R BR SR R - (N3 BN R L 2 SR s B | S E I - HE TR
. R A R BRI - Y BLE TR AT B EASAE R R |
TERIRFE - R | IR IR RZ » AR R T g 1 - AT ERfTERE ~ BRERRFIE
MEITRAE TR R RS - ST
1. EHIIERE © BB Bl PERE EE RS HEES [HE ) ~ SIEHIBIHE S ~ SR ~ FsH iy
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V8 A% Tk 2L 48 2 8 A A A XE AL 2 KB AT SR AR B KSR AT

AT ~ JIHH S - SimERE L B B RGe BY s 2T - MRl AR
BERBET TIRFR] - DO RIS RS THRFRA] o

2. BRERRFIE ¢ BRARFIE T BN BRRERURE UGN E - UERIPUER - H B RSERCE ~ ST
BEG ~ FREGAIE ~ SPAOENE - FREERIEE - B TN E Y A TR ] B
RS - [RIRF IR B I R e

3 GEATRRME ¢ SEITRAE R EURS AL « SR ~ R =TT BRI - ANE
LA TR T RE R RS R TR TR - T s R R R TR

4. LT ¢ ST X B RS e TRk A~ PAZRE R uhRsEEE ] Bt
URAREETERI T » ANEIRY B TR e i B i L A TR

S.BREFFFNE ¢ IRERAIE B R 2t T KR  REB(GARE A ~ T RS
ANEZRE R A E L B L S R B - IR 18 B A By P B TR
[ -

SIEEST L HHRANIE @ & e Ll SIS - WREHEERR A2
#E TRETERFYE » FAREELEA T E MRS T i S E RS - MGET TR - LZESEE
FIRFEERATET THIFE AT - DUT ISR L A -

Ty i AR SRR n] R AN RIS 5 R AR - FRREBn A S L iR = e
e ] SRR TR BRI R R - AWTFe PR LA st T i S astat - B0
=BG IR R A« PIEREE RS R T - JREE R MR A - AE AR
B B HRIRE] ~ FUEE ] ~ Hinh H 15 Bl R S < TR BB AT - etk 2551
HZAHRAEDRL - AN 5 B -

3.3.1 B ARE

BRH ACLRE TEEGE )~ TESER L B TR 5 o AT ¢
1. Hh

BIF52 a2 A B 2 AL B S AWFFERG L TR ) SRR — R AR it
i 5B 5 | LA T o PSR B AR BRI AR B A AR L Euh I - B AR R Lt
SER S S0, - AN ~ =Y [FINEL R E LS -
2. PR

M EAREIREE - SRR AR LR K dh L B e E AR BT
R U TR S ARAY Rz — o IR » ARBHFZE AR B A TR Ui A B L
R ERIFEE - DRSSP R S B B i K ~ IR S B ERE S 55 -
3. Hii

EBIRE R « P REREERERR RS - SR LR MERETT 4 F H 5
9%~ EOER ~ (EBLREL R S 4 o R A Y AGHE ~ SR B ERGE
HEEA A B 2 FE AN AR
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Tk A 48
fsRaRIIsIIIN
f f% %
W o ik b 4k 55 65 65 15 40 M v 5%
i A B A R BB ) A ik b A
% i BN ik
E i 1t fe & 3
- A
! b

(

P SR A5 5% A 72
| 35 4 FIL ] B A |
o mEARMEAKRBEA e H &R
o @ aiss o EREBE
B i R
ARCMR ol AR AAn
A S T v ittt ai t
O = S | Y f
' \1 L EEE Y, H
#"J-“ LS T SO ——aszgzzzaeneees] : o R
N i TN
; ¥ ; : ' v ;
o5 ] 8 4
Illllfllllllllllllllllm
5 ik 3 ® & ®E i 5t
%5 3k 3% Q it M) k25
[ #ssA s : ‘ | sipiesima
( AT A AR | (6 A8 S BL 4] 95k X 3R %)
535288 7 1 S 5 4% 40 5] % 0 9
w5 hya 2t MgRg iges
£ A¥N &ﬁ ok dl A Wi
% i 1 ' ofst
HEREHBia
Wk 5] & 1 0F & 005 B 5
RS R
F I
R B LT
B x BE &%

BS5 AAFEREXZEARETEE

3.3.2 ERERPREIRAE

FHARESAE B L AR IR - WKL ~ S8  SE TR B E
FEBMb - (EMINFRE rTRERS B | B T - AR FEFR A - A Ll BN zR AR
FRIRERS R D H 25 B i R AR S A5 i - DATERIS | BSEEA T SRR AT 5
BB G s B R BRI B RAR ~ BRRERMLL R BB AR A% R S R SR

—346—



V8 A% Tk 2L 48 2 8 A A A XE AL 2 KB AT SR AR B KSR AT

AFHEATE - Hrr - BRI B R s B AT A T
1. BRI S S B IR M RE & s
LSS B PSR R DA oo By BT B B e 2 I RE - AT (1)
T
M ,a(0)—-Mg G

xG
a(G) ~ 1000 _ 40y~ -£ (1)
M 1000

e

A a(G) =FUHEAEIEE G oo HINERE (m/s) 5

M, = pM BFH, 2 F5380E & (equivalent mass) ;

a(0) =FIEAESEFESER 0 LR FIBHE (/s ;

p =FFERERE - LRy HLER R T - EEIE A - R IEIRE B SRR

=5

M =% |HEiEHEE (kg);

g =FEINEHE (m/s)) » g=9.81 m/s” ;

G =i (Cloo) °

FRBEERE p — AT 1.04 ~ 1.10 2] - ZFEFEEZES [P EHERH 1.06 - BB
F 1,088 » ZHESET R p B JTIIEEE ¢ FRAN() » RIFTLIAQ)RMEE S -

a(G) ~ a(0)—0.009G (2)

F RGBT - HILAEE (3) 0k -

b(G) ~ b(0)+0.009G (3)
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ABSTRACT

Reducing greenhouse gas emissions is one major issue and challenge in
transportation sections. To achieve this mission, various administrative divisions
under the central government were asked to propose some low-carbon transport
projects for annual budget planning and allocation.

Instead of arbitrarily evaluating the performance of those projects, this paper
contributes a method for quantifying and jointly optimizing the results of project
selections and budget allocations, while also considering the proportion and
minimum required amount of each proposed budget. A basic model (Model 1)
adapted from the typical 0-1 knapsack problem, an extended mixed integer
programming model (Model 2), and a multi-objective mixed integer nonlinear
programming model (Model 3) are developed in this study.

Models 1 and 2 are maximizing the total reduction of emissions based on
selected projects and approved budget. Model 3 is further pursuing the equality
issue by minimizing the variance of allocation results among administrative
divisions. Through a series of numerical examples and sensitivity analysis, the
models demonstrate their ability to maximize emissions reduction through budget
allocating decisions. Different weight combinations between two objective functions
are also examined.

Key Words: Low-carbon transportation;, Budget allocation; Equity; Multi-
objective mixed integer nonlinear programming problem
(MMINLP)

-t

— > HI

il

s R AT AR TR K - SO %Mﬂﬁkﬁﬁﬁimﬁm IRIB BRI BT ST

4t (International Energy Agency, IEA) ' $5H4 » 2ERIE =R BE7E 1970-2005 4ERS 840

—374—



F& R % BARR I EAMEs Bt S X AL 5

61%>2005 F-EERAKIHFAL 454 (RMARYTE = 561G - = SO% sk A LB (R
1) » JELGER P TE A S ALRPECER & 2Rk S LR EAY 23% (RIE
2) - Lee PG HISEIRTERF 95% . TG B EMHE IR » BT AR Al #6 A MR [
RF -+ SE R RAHE A R R = A e ME A BRI A A i - R RS M I L B St
(Koetse and Rietveld ') o

60000 -
. +61%
50000 - et - i = " Biofuels and incineration of
' = organic wastes

40000 - : | EN20
30000 - [ e BN EE o o p—
20000 - H o B

- m CO2 Forest fires and decay
10000 -

m CO2 excluding organic carbon
0]

14870
1975
1980
1885
1950
1995
2000
2005

11970 F 2005 FREBE M (IEAY)

Other

H Services

1632

B Residential

M Industry
B Power Generation and Energy
1333
B Transport | 878
986
L 1066
1990 2007 2020 2030

2 RESHPIEERE-SLRENE (EAM)



EHHEH Futwg Fol RE-Owit=j

BRI 2 R+ ] 1997 4R AT (2005 FE4:30 - BOUZE 2020 4F) -
ST SRR RS T IEE - RERRER ST TS, o
A+ BRI BF BB ERR I BB IILIRE - WAV BT A SRR
At -

A RIS SRS B3 B AR (A
AT RISTEHE) » A % E TR A SRR « EIRE - S M Ry
BOR BBET2 08 ~ A VRV T T AL AT - ECWOBRREAS St 57
BB - TS TR R BAFELENE - LS - A SR
PRI AR R R BT AL e IRt AR R ST AL -

HERE - A EREBIP 2 (EROE NG SRR ST 01 - (IR R
CHEH - WA TR ) B TR TESI ) 2 - S R
AR BINGE - ARSI A (LI T T RO A A 5
FIE - " EHEATRENE | B ML CLR MR AR, - LU AL
Ut BB A AR+ 6% I AT TRRELATISALH § BT R e 7 2
SRR TR » TR AN BN AR 8 - LIRS R AR AL R AT - )
R AR FTRAI R0 — BT S B » DA KA eI R
AIBA DTG - BRI » AERIDTEAAE 3 For

PR ATT © 57 A SOREIRE ST A R I I A
> AL R SRR AR TR - 5= WA A2 BB AT
B LTINS R S OB CL ROBU B v IR PR I (T
FBTLLD 53 5 OMAA o B3 3 i 2 B OB A LS T I
R G LE OIS 2 WA 5 R S B ARSI RRE » S 5
A SRUBRRT L  URKIEER S LA 57 2 4 » 55 T AP R TR 2
BURTTEEHG ) BRI ITRRTIARSR - WIERIBOT AR 2 % -

=~ XRK[ElEE

2.1 BRIMERERETE

Lenzen 25 A o 1 Q95 & (E 55 5% i B %2 (Organization for Economic Co-
operation and Development),Z % &8 3% S HGH ELREHFE R AET T 07 B REIR IR ERE (5%
AR AR (AR D -

Lee ) FEHTFIESA L4 AR I3k LR ORI AR - AR5
FEFE AT =44 » SO I OGERER B RCE ~ R CREUR ~ HiE TR E
HEAHRBCR -

iz

kil
TR

—376—



Fe R % BARR I EAMEs Bt S X AL 5

BRE - REAZHE

L BERA
(R E - 5
I
¥
(s ER £y B8 1 MAX s s | lRaE st &Y
W RE "
¥
AZEHWFHG B2 MINER & EE
¥ ¥ » LB LEF L
R E FEE R E
AT HEEM 12 B e R
) @ A THRTRERE A P AT AT RE A
> { Fakd
wBR #HADE "
A L BI(%) BRBA
ey O weiaw :> ey
el [V fAHR "R
gns | o ||| game L4 msna | g

EEDI(%e)

3 FRSE

&1 OECD REBFERREAN ZEEFEREREM: BALL)

B b B K

Cars 57 (+1.4) 54 (+1.7) 57 (+1.2)

. Buses 1 (+1.5) 3 (+1.3) 1 (+0.8)

EStik ;

Railways 1(+0.4) 1 (+1.0) 3 (+0.9)

Aviation 8 (+2.3) 8 (+4.5) 5(+3.3)

Trucks 24 (+2.0) 30 (+2.2) 25 (+1.9)

HiE Railways 7 (+1.6) 3 (+0.1) 3 (+1.8)
Shipping 2 (-0.7) 1 (+0.1) 5(+0.2)

BERIKIE : World Energy Outlook 2002, OECD Statistics Database °
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otherwise

z/’

(Ba"ﬂfj (12)

B k .k
if [Oé—ﬂ‘}—Lf/. =0, then a)’ll‘ =Lf/ ;otherwise

Ba' B 13)
k {Bakﬁ-kj k C:
@, =max(0, | ——— |-L.)| —————

= k :
c y Bakﬁik p
ct J

i

g
—386—




F& R % BARR I EAMEs Bt S X AL 5

33 Y Clalsd X Y X Clatr <5 14
>l

i jelp k i jede
J*J

zydy <1 (6)
0<d; <1 Viel,VjeJ, VkeK ™)
zl’; € non-negative integer Viel,VjeJ,,Vke K ®)
riel{0l} Viel,Vjel,VkekK ©
0<p'<l Viel,VkekK (15)

TR0 Ry A LRI AR » Horh o (253 F 5 Ba' 5 Foit i k @ik i T -
AR P B RS R TR - RS 2 3 Lo ERETERRES - 1% B’ B RSy
REEC) » BHFHERREERHRERARBITILH L, - ARATESH AL ; S ENR
THRRARITELS] L, - AR EB T EL BB TR M OARSE S —E v TR - Ry 7
FIRETEEZEMRGTE (o) =0 » JHERERIGETE o =0+ RS ; FRAA12) ~
(13)) -

TR (DRI B Wt B F B 52 A JSCAS T S R o2 7 ML 0k B 5 (it i S P LA R A
JICAS TS 2 e o 72 B SR - NI A B | - BRI R 25 Wb T4
7=t o A RAETEEIRHIZ - 20(6) ~ (9B (15T R BB HH] -

FR TR E AR =GB PR AR SRR & B B R e S R - IR K
KO KRG EHRER - DU — R & B # R EGE E @R AR E Rt (linear
programming relaxation) BH/ T FZM (Lagrangian relaxation) >KEUfEZ FURIE ; 55 B
ERR =R A3 2 Karush - Kuhn - Tucker conditions o [RIRF Ryt RIS fE ~ fmlT pEEAT
A EHENE > ARDTSEER RIS F4E2 /520 (Fatemeh Bl Tarokh ™ » BERL(20)) » I
F =R B I AR A 58 F B (R (L B Lingo 948 Global Solver {/F 4xdalf =5 [ Eil
HEOK W - B2 F IR —EE HEE 0 & A WS RNE 1 (until no further
improvement then stop) o [RIRF Ry FiTast E < MEBE B iR (R R BRGR - ANIFFTRTEE EAR ST
A LR FEET T2 B A o A » IR B ML I PR B 2 -

p J (20)

=

*
z,(x)—z
max *

zZ. —Z.

i=1 i i

k
min {Z w’

—387—



EastEEF Fowtwit Foll RE-Owst+—4

M - FfERfIEREA

PO A SCRKIEIRR 512 ~ EHEGHRRREER - ARETHREZ I H BIAEE 1Tt - [A
IRFPRES AN A 2 BEOE L U AT B 2 EATAE M 0 AT < FEFHRGER - IR P R UE
SR kA 280 (T EDIT (HIBT 1) Bl 400 HETT (HEP12) ZTHR - G 3 e T
FEETEH 3~ 4~ 2 (EE B R 2Rt E A S) - MR EEGEnE 4 -
A RA B Ry T BT » A ISR B 22 o B - FEF AR ZERTiid & 3 R 3
ELEFR BT M L BUEIATHER © ST L TR BRI I R EAT - FRas kit 5
BN ZERE AR mlfE S -

AT k
I
[ I ]
1 st A 2nd E 3rd E

| | FR ||| FE (IR H# | JE

|| || E A || || || 18 ||

R RY | AE RN Y || || AE || A

it || &t || Y AR AT 2V || B BRlE

= || & |8 =|| & ||| F = ||

= = || &= =
5 #fIRAFREEE
x4 BHRATFBEX

R B n cl ch ck Cy, cl c, (o
ESgEN 400 3 85 - 98 150 85 - 80
| Cy, Cy, i Cy, d}, d, dy, dy,
{E 94 83 110 60 - 0.25 - 1/3 1/3
FFaR ds, ds, E! E ES, Ef, E! E%, E!
ESgEN 0.2 - 92 - 97 149 89 - 85
G E E;, E; E! EY, L L, L, L,
e 95 83 99 72 - 0.2 - 0.4 0.4
VR k k k k k k k k _
AT a L, L, L] . le' L21' Lzz‘ L}l' L}z'
ESgEN 0.2 - 0.2 0.4 0.2 0.4 0.2 - -

—388—



F& R % BARR I EAMEs Bt S X AL 5

Hrh 2 BiRE T88 B T T TR IO 2 HEETR Y Ry A A RIEE T B AT
B NG - Bk A T S RAN KA S I A8 BIEASAIUE T S ML
/NP B AS 8 RIERRRS/ NG - AW s i AR P R A ] - &
BIAEREE T IR pR o S W AR IR AR R~ (R E P Aa g EAAEEELLE 12 1 - fEse ok
REALZMETHE Ry 280 FHEIT (B 1) - HORANT AT 3 TR A EOAS RANE 5-1
FEFS53 -

%51 WA 280 EET B | HERE
D A
5 At . S B S T
i’E = + TH =} iR
% FH T L (%) LEBI%) (T 50)
1’ 0
S
1 R 2 0 30.4% 85
B3t = il 1 100%
— 1 0
SR 2 100%
2 1 0 39.3% 110
ey | — 5
s | 1 0
3 ] 1 100% 28.6% 80
P ATEE ¢ 275 FIEITT 5 WL B < 334 HE -

x5-2 REE2B0FEBRT KK 2 2EHER

: AR
o HE = b T A oL bk JEE R A FE
& - I S T A
S FEERETELB(%) (%) (H&7D)
:ﬁ% 1] I 0
| mmm 100% 33.6% 94
Jemgn | 1 0
1 0
ST
) 1 a 55% 154
ST
3'57\—%;5 2 100%
e | 0
T 11.4% 32
JesEgr | 1 40%
e ATHEL 1 280 T 5 BUEL WRERS < 359.2 ENE -

—389—




EHHEH Futwg Fol RE-Owit=j

*5-3 MREE 280 5B R 3 DEHER

; ST
= HE = Y S
= AT HE I WG AT
% LT ERI(%) A et
1’ 0
1 2 2 100% 33.6% 94
JeEEAl | 1 0
e 1 4429
o 2’ 0
2 1 0 37.9% 106
PR 2 47.2%
SHAET r 0
3 [ JpaEm | 1 100% 28:5% 80
T ATHE ¢ 280 TIEIC ; Wi, RIS © 355.3 H «

FHER] | ZHEFESFE MO SRR - USRS (3K 5-1) @ R REg A THR
RAE - SREBEEIRSE R A BB - B30 2 (3% 5-2) (KRR 0-1 BBUREIIRG] 2%
o A 3 FEISER L M e LIRS - H ] RE S AL N T o P B D T
SR TSGR B IR IEF M TaE TR - 1 3 (3% 5-3) BRFEFR AP HARUIGHER
WIS B B AT EE AL LIRS - RIS Rt S i (X T B LB - BIAE{EGT6
AR AT TR MR - DU T R A AT e ia T (B TR - #i) 2 AT
ey 400 HEIT ¢ 3 B PECHERANANZR 6-1 £ 6-3 Fr » HERZHII8HEH] 1 M1
EE

®6-1 MIAH 400 BB 1R | DECHER

; ST
= HE = Y i
Is e I W TG B
% LT EEI(%) e et
1’ 0
1 A 2 0 0% 0
JeEEAl | 1 0
r 0
3 idl]
B 2 100%
2 1 0 65% 260
PR 2 100%
pE b =gl 1’ 100%
3 [ JpaEm | 1 100% 35% 140
T ATHE : 280 TIEIC ; Wi, RIS < 355.3 HEM «

—390—



F& R % BARR I EAMEs Bt S X AL 5

®6-2 MIAH 400 5B R 2 DECHER

D R IE
L2} B %: ~ R R A =] B GBI
i it I EBEHAEDTAY | WS
n+5*§ﬂf7tt1§”(%) ttﬁu(%) (E‘I%E)
_— Ik 0
1 S 2 100% 23.5% 94
FEEHAERY 1 0
Ik 0
SEE A
T 2’ 69.1%
2 1 n 56.5% 226
SEREA
TR 2 100%
SHEfEH 1’ 0
3 ’“ﬁ 20% 80
FEEAE R 1 100%
BATEE : 400 §ETC 5 BlREJRIRNES © 506.2 S -

®6-3 MFAEHE 400 BB 1230 3 DECHER

i} DR
L2t ? % R [=] il = s A [=] y? /E{E?Eki\—
= OF e W T A G AR
n+5*§ﬂf7tt1§”(%) ttﬁu(%) (E‘I%E)
Ik 34.59
SEREA
| 2 2 100% 30.4% 112
E| ==k =il 1 0
E 0
SEE A
T 2’ 60.1%
2 1 5 49.6% 198
SEREA
TR 2 88.2%
SHAERY I 0
3 20.0 80
Sy | 1 100% %
FATHE © 400 FHETT 5 Wl JiREs © 504.7 ENE -

FHEIF] 2 BB TG R T - THREAS ISR - e TS e — A FAEE -
BEARRES | (FEF ERTE) EARRRIG T KTHERE - (HEE | Z 7SR E ST
fITHE > HARRIR AT 3 fRE U Ry i 72 - fRX 3 (B B B TH R S oA SR AMERE
A I TR E L2 A S HSas B X 2 7 ol m I ] o eHA B 22 0E
(#7 0.3~1.1%) »

AWtgeg 3 M DULLBAN R R ERET « AR AR B MECTT - 3 Mt

—391—



st FEF Fwtws Full RE-Owf+=A

LENG G 1855 - EE PR TR A R RER B L PRSI R I -

4.1 HRKES

RIURREE AT 2 M FHE R ARG B A 2 o I LRy - ST bR i -
WFFEiERaT MY IRIES B BUREE T - IBUERIORERCEMRZ 325 -

4.1.1 THE K%

AEEH_E L EE B < BUE AT RGER AT - A RTHRA SN S\ G SR R R E
SCE o AFIDETEE 400 HEITRERE - & 5% LR Ty — & - SIKER TR 30% - JE
PR 3 2ET T TS MAC - B S SRR il < B TE D (40IE] 6) -
FHASERIE 2 G a2 IRBRAET TR (L2 | RRsE i 3) » ERTHERFUKEAE
Rf - RS S BC TR T IRARAE I L ek 2 - ERETHSZ N - iR R — TR
JKHEFTHERRY (411 380 BT 400 (& IT)  BAEK R AP HEZ 28 - A B8
befo PSRRI A A LA bk o et - FHESEE AR 2 (A FHIR/KYERTHE (FIT 460 19 #ICE 480
EEID) K - keSS i 3 B TES o [RIEAKT e Em & TH AR 7o
HRIF - HRIRSRFEAESH B P E SRR P A -

4.1.2 REATHITTRELLA

AR THELLB R 3 55— HEEBHECE - FbIBUE T ATk < FHE
AR IR T NUSIE TR 20%  AHEPR RG2S 40% 5 ZFRHIBRAE - AN
AU Z 153 A DURT AR (G i = T 25 AR &SP BORATHE © A S B R A AT

250

200

—— [ 15 1
R
—— [ 13

50

280 300 320 340 360 380 400 420 440 460 480 500 520
HATHELKAE(F B T)

B 6 ARERKEHSEHFERIEFERZERES

—392—



F& R % BARR I EAMEs Bt S X AL 5

o B RS NIRRT - ARWTSeE AR nT ST E LB F AR TR Z T 20%/40% |
A B B e |E] R A AR R & R B -50% FE+150% » B T 10%/20% ; ~ T 30%/60% ; -
F40%/80% ; ~ "50%/100% , » $ESRNFE T -

K7 BETRITRELLG ZERE DT

AR T T T A 10/20 20/40 30/60 40/80 50/100
WA () 504.67 504.67 504.67 501.97 500.57
AT 20200 20200 20200 14325 5212

o -1 | 34.5% 34.5% 34.5% 40% 50%
Eﬁ%ﬂé ﬁi‘) 120 | 100% 100% 100% 100% 100%
1-3(/]y) 0 0 0 0 0
2-101N) 0 0 0 80% 93%
i 2 FEE 2:2(K) | 60.1% 60.1% 60.1% 0 0
S FCAE R (%) 2-3(K) 0 0 0 0 0
2-4(K) | 88.2% 88.2% 88.2% 86% 100%
Wik 3 FEE 3-1(/]y) 0 0 0 0 0
73 ECAE R (%) 3-2(/]V) 100% 100% 100% 100% 50%

Ak s R TR - AbPER T TP | FREUR S HAR B SR R P RO B AR 8
2 Al - WPVEIBEOR - R MHEEUE - A0 PIHEREE - AIZORE 2 A
(B8N - P H AR RS -

120%
100% —— —
80%
5 60% == 1-1(/]n)
iﬂ / 1-208)
T
E L R . — = 1301
il
= 20%
0% A A A A A

10/20 20/40 30/60 40/80 50/100
BAR T TTHELLLBI (%I / DoAHHE)

7 BEURITRELLGIEE | RETEZHRE ST

—393—



st EF Fwtws Full RE-Owf+=A

T BURERAR TS TS LR Y - (R E R ATHERGRES AT - skt
EIR WK LSS - SHBCZ L PIERIB S SR i AR T T B LLRY - e DU TN
WA T L TR -

DAEdsk 1 Rl - Rl 7 rTLAEHR - B3 1-1 JFARAE MR 10%/20%22 30%/60% 55 1A
TTLEBIERy 34.5% » (HE R AR BT THELLBIFET T2 40%/80% K » A MEREHLARTIHIAT R H
LIEERSHYE 34.5% - NG B EEEETE 1-1 FAERIN LR NRRE » TRt
ABFHHREZGE 12 B R RCHREZ G 13 AR E -

42 @SN

TR S H AR REE R 12 1 - Rfias e AR B R R Ry [R] S /K e -« {H
HERAERSL NAE BNFEAR - ARG G ATRER - AWTIEREIRaT 9 TR
st A AL F AR B AP 2 Bt ME E AU REELEERE S (R S0 1 28 10 5) B
A3 IAEALRER R - Rl AR HAR B ALANE - AWTFe e =T DL - FEx
EM AR REELE -

8 HEUREAFIREERAH & . N HEBRSGZE S B AV H A RS (B 1:3)
I - REBRARAS & el 505.5 WA 2 501.5 B - (HAR [RG5S LB S 4% 1 I ECRBG Ey
ATE# o - IRESRRIBIESER R AL - s T REE IR S BCE AR T AR I I, -

O BURNMEANFEEREM G T - WIRFERE AL BB HIE - & rh R B BEE vk
et (RIEAR 1 AEERR)) - HIBAE TR e e & W PR A LB Rt i = - 3
i kAT PR S BC R B AR M o TP R BB R P EE (BDE AR 2 RS ) » &
ST PR SR e 2 S i ek ) Y AR REE LU SR S YL 1, - U AR e
WE—E M -

506
505
504
& 503
23
2% 502

3 —— B G

A 501
500

499
51 41 31 21 11 1.2 1.3 14 15

BARXMEL GRas © ATH)

8 AFEBFEELLHIHRERNGZEE

—394—



F& R % BARR I EAMEs Bt S X AL 5

60%

50%

B 409 —
éj\
" 0% ‘_‘_‘_/_‘_‘ —o— 1A
%) 3%

2 HE
20% (& 7 7 2 s = e T3P LE A5

10%

0%
5:1 4:1 3:1 2:1 1:1 1:2 1:3 1:4 1:5

EHSURELL (RIS @ AT
B9 TREEEELHSEARERGILHZTE

5 BESH

AWFELIRRE . TR TR = ) SETTE BT - BRI SE R S TR
Fig itz At BRSNS o HrBRBURKL S8 AERRE SR TR R R ST L
PIEIRAAER - ARWTFERIBE R s BRI - s PR VYR < UK A 2k AN
2HECEHIEARERE R - R EEETEHRTERIT - AWTSeEREE N
P A T o SRR ER @RS B AT -

& 8 JIB MG BN Z < EGERE & - HA A BRI DL T EEhE
HURHERTE | CHAGET TR 04T - 2l L an A AERELAENN) ~ th(M) ~ FE(S) =@k
s A WA SRR (S A B R A 2R 433 -

[

N
7/

£ BIREHHERNFICEBRSTERIRERH

Sl W T KipGERE FETE R
- B HALERR
+ B8t LED 558

A AR
- EYEYG Y
JEON) . - AT

- P EARARAE - B CURR
- BTTHHE R

C « EEh R

« S ) ERGE B EEIH )

—395—



st FEF Fwtws Full RE-Owf+=A

x 8 BIARHMEHIBFIZEBREIENIREEN (@)

355 ] W TBUR RRpGE G T e X

AT
b - TR

+ HERE AR (L
- AT

+ R T T

v - HERE T 7o BT
« SR

- RGBT Ry

S E L L
« R HTHLERAR
G - BETT ATED @
- HEBpRk A HE H
- HEE (AR BB T Ry

ST

- S ARSI

. « L T
- LNG et ok

- BUBIET T

- ST LED 503l

- A'E LED 235
M) - TRERREOAGHIE R

« B08T LED §i5E
J - BRETHE
« BRBOCKRIETHHE - BHRM

* BN HFBER

K - A EFRENH 1T HEA

- BOURSE R &

* FEREIR RS N #iE T

. - SRR
- BRI

0 - FEIRIRO2GH
- AR NTTEE

) ; R TR

« ENEAR P

Q + 7Kif LED 2GE SRS
+ HEBHR CEE

- BWRETHE © SRR
U « PR R AR
- HERE{ERGE A

v « FEAR A A

HE . EfFHE

+ B8 LED ZGESREE
W - FERROER
- HEE IR

—396—




Fe R % BARR I EAMEs Bt S X AL 5

450 18%
400 16%
350 14%
300 12%
250 ‘ 10%
200 8%
150 6%
100 49%
I
Q0 . I 0%

NI N2 N3 N4 Ml M2 M3 S1I 82 83
7 4 b 45 (%)
A E(EAN)

10 TEFERTHNE, 2EBHPEER

BRHIE 10 ZEEBISIITRER - JEN) ~ th(M) ~ BIS) =Wt - AN % 2 T
S FOAES © HERSTTARIE AT 2 e ORI s e 2 SR » AT sk
N3 BN, S2 12 AW EAREAEE A » (BE SRS T AR BB R A
w85+ LA BRI N3 B SRS - JEHFREIRE N3 A SR
WOHIE, + (6B 2 T YT AR B T3 ~ BHCEE » B A I, S2
% AR FTHEH R 2 TR A - HAR e A T LD
(BTt BB LA 13 A T L BIATRE A B R S e T + PR 8 2 I AR
SRR RS - RIAE PR B R B P R B3 2 - TR B T
AR, -

RTFSERT 2 A IBEORHIEH S« BRSBTS M7 {125 L% M B S
S FIRFHMIL Z ST 0T » AR IR R B e - (P R 2 4
FTBORFT R W S A5 el PR A I BB A B I K IO T3
f (R RBFAFIR LA T A EMEBRTAL - T AHTZE. 2 A F R R A%
T INRL /N i T

ARt
AWTFELIBRRE . TRIBIRTTAERERT ) Rl - B0 3 MR [EREERE
Z 0-1 BEOHBITHR RO (B 1) ~ ZrETaR IR - TS0 pGE AR
FRERAE T RS BB R T O (IREE 2) ~ A P H AR B g 2 a 2

—397—



EHHEH Futwg Fol RE-Owit=j

ZIE TS TESILED] » FTNALZ % B A S SO IBOY (DBGR 3) - e Thme:

{Lat R G -

FHSCREIRER B TS s O-1 SO IR R 2 AR AL 5P
R SHRUSPE £ » RO RIS 2 2 AP B B T TR
2% » PRI AERES B AR ] AR AL - LIRS AL SREE » AR
BUEATHE RS Rl TR s AR B ATAALaE —HFIAL
PSS WA R U R PRI A YT 20 » 71 L RO -

TP TR B2 W - FIRFATACHs F B BORHARR L s B
BRI 2% - ARDFF B (TR S PR A I B R B A 1S
P » SR B E TR GBI 5% - AR R A
ARSI 2 TR - DRI B BURE -

BERPI BRI 2 fRAF B ~ 3 PRIV A BB T 2 SR E -

AR RAR £ B ORISR BIROTIT G - 3 A T LR

EHERAR AN > AR A TSR S -

ST ESMTFRRIIRER - AT SRR AT ISR - FR5IA T -
L ARBFFESZBRICRA « AT BEEHEEOR SERRUE - (EAEAL IR B A TR 2 2

o BRSSP BRI P AT - KRS L
HCRy S BRI S R T 2 AT -

2. DRSTEAFACH T S AL TR B CIEA - 45 BRI 2 7R R B B T
SR PRI - AR AR TS B A P RSP A R RO A LI
FHFHE R A ARG

3. RS A B BABURT o PO ELTI 5 8 WUOECR - ALARBUR R e T —
PPEL TR « BT R A AR - NIRRT R PR
FREHEBIBSC A PTRIRTAS - 0 T SR il LY AR - FIRFATBD A4
BORFBISTAH AL A VIS -

ZENR

1. IEA (International Energy Agency), World Energy Outlook 2009, OECD (Organization for
Economic Co-operation and Development) / IEA, Paris, France, 2009.

2. Lee, C., “Transport and Climate Change: A Review”, Journal of Transport Geography, Vol. 15,
2007, pp. 354-367.

3. Koetse, M. J. and Rietveld, P., “The Impact of Climate Change and Weather on Transport: An
Overview of Empirical Findings”, Transportation Research Part D, Vol. 14, 2009, pp. 205-221.

4. Lenzen, M., Dey, C., and Hamilton, C., Climate Change, Handbooks in Transport, Vol. 4,
Elsevier, Amsterdam, Netherlands, 2003.

—398—



F& R % BARR I EAMEs Bt S X AL 5

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

USDOT Report, “Transportation’s Role in Reducing U.S. Greenhouse Gas Emissions”, Center
for Climate Change and Environmental Forecasting, U.S. Department of Transportation, 2010.

AGEASERTICRT - ERE AR B R R BB MEN T A EE - R 99 F -

Waterson, B. J., Rajbhandari, B., and Hounsell, N. B., “Simulating the Impacts of Strong Bus
Priority Measures”, Journal of Transportation Engineering, Vol. 129, 2003, pp. 642-647.

Chester, M. V. and Horvath, A., “Environmental Assessment of Passenger Transportation Should
Include Infrastructure and Supply Chains”, Environmental Research Letters, Vol. 4, No. 2, 2009,
pp. 1-8.

Geels, F. W., “A Socio-Technical Analysis of Low-Carbon Transitions: Introducing the
Multi-Level Perspective into Transport Studies”, Journal of Transport Geography, Vol. 24, 2012,
pp. 471-482.

Li, Q. and Li, Q. “Low Carbon Transportation in Japan and Its Developmental Analysis”, IET
Conference Proceedings, Institution of Engineering and Technology, No. 573, 2010, pp. 142-143.

Greene, D. L. and Wegener, M., “Sustainable Transport”, Journal of Transport Geography, Vol.
5, 1997, pp. 177-190.

Anderson, R. J. and Karathodorou, N., “Maximizing the Potential for Metros to Reduce Energy
Consumption and Deliver Low Carbon Transportation in Cities”, Proceedings of Rail Power
Europe Conference, Berlin, Germany, 2012, pp. 1-13.

Lai, F. and Ren, J., “On the Necessity and Governance Model of the Construction of China’s Low
Carbon Transportation System”, Energy Procedia, Vol. 5, 2011, pp. 1502-1507.

Li, H. and Gao, H., “Founding Low Carbon Highway Freight Transportation Networks: An
Example Study on Shandong Province”, IET Conference Proceedings, Institution of Engineering
and Technology, Vol. 2010, No. 573, 2010, pp. 132-137.

AL - DB KRR - AR SRR IRBIT HEBI AT REIRAR RS 4 - EEIEE
MFERTI - 5314 - 558 1 - KB 97 4F - H 40-49 -

BURF > T HRRSERBIRTHEE A RE G T =, - EEAEEMRTEAT - 2B 32% - e K
B 97 4 » H 43-49 -

Kaplan, E. H. and Michael, H. M., “Allocating HIV-Prevention Resources: Balancing Efficiency
and Equity”, American Journal of Public Health, Vol. 92, No. 12, 2002, pp. 1905-1907.

Meredith, J. R. and Mantel, S. J., Project Management — A Managerial Approach, Seventh
Edition, John Wiley & Sons, Inc, New Jersey, 2009.

Huang, C. C., Chu, P. Y. and Chiang, Y. H., “A Fuzzy AHP Application in
Government-Sponsored R&D Project Selection”, Omega, Vol. 36, Issue 6, 2008, pp. 1038-1052.

Puthamont, S. and Charoenngam, C. “Strategic Project Selection in Public Sector: Construction
Projects of the Ministry of Defense in Thailand”, International Journal of Project Management,
Vol. 25, 2006, pp. 178-188.

Wise, K. and Perushek, D. E., “Goal Programming as a Solution Technique for the Acquisitions
Allocation Problem”, Library and Information Science Research, Vol. 22, No. 2, 2000, pp.
165-183.

—399—



EHHEH Futwg Fol RE-Owit=j

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Zayed, T. M., “Budget Allocation for Steel Bridge Paint Maintenance”, Journal of Performance
of Constructed Facilities, Vol. 18, No. 1, 2004, pp. 36-46.

Anderson, S. R., Kadirkamanathan, V., Chipperfield, A. J., Sharifi, V., and Swithenbank, J.,
“Multi-Objective Optimization of Operational Variables in a Waste Incineration Plant”,
Computers and Chemical Engineering, Vol. 29, No. 5, 2005, pp. 1121-1130.

Gabriel, S. A., Faria, J. A., and Moglen, G. E., “A Multi-Objective Optimization Approach to
Smart Growth Inland Development”, Socio-Econ Planning Science, Vol. 40, 2006, pp. 212-248.

WA ~ R BIERK T BB R L R g AR R B R 2 9T — DIRHE 5EE
ETHESEC R, - BIREIERT - 25 1286 52 - KE 96 4 - H 93-124 -

Huang, W., Teng, J., and Li, M., “The Budget Allocation Model of Public Infrastructure
Projects”, Journal of Marine Science and Technology, Vol. 18, No. 5, 2010, pp. 697-708.

Cristobal, J. R. S., “Multi-Criteria Decision-Making in the Selection of a Renewable Energy
Project in Spain: The Vikor Method”, Renewable Energy, Vol. 36, Issue 2, 2011, pp. 498-502.

Ebrahimnejada, S., Mousavi, S. M., Tavakkoli-Moghaddam, R., Hashemic, H., and Vahdani, B.,
“A Novel Two-Phase Group Decision Making Approach for Construction Project Selection in A
Fuzzy Environment”, Applied Mathematical Modelling, Vol. 36, Issue 9, 2012, pp. 4197-4217.

Berger, P. D. and Nasr Bechwati, N., “The Allocation of Promotion Budget to Maximize
Customer Equity”, Omega, Vol. 29, No. 1, 2001, pp. 49-61.

Reinartz, W., Thomas, J., and Kumar, V., “Balancing Acquisition and Retention Resources to
Maximize Customer Profitability”, The Journal of Marketing, Vol. 69, No. 1, 2005, pp. 63-79.

Tsao, H. Y., “Budget Allocation for Customer Acquisition and Retention While Balancing
Market Share Growth and Customer Equity”, Market Letters, Vol. 24, Issue 1, 2013, pp. 1-11.

Merkle, R. and Hellman, M. E., “Hiding Information and Signatures in Trapdoor Knapsacks”,
IEEE Transactions on Information Theory, Vol. 24, Issue 5, 1978, pp. 525-530.

Fatemeh, B. and Tarokh, M. J., “A Fuzzy Approach for Multi-Objective Supplier Selection”,
International Journal of Industrial Engineering and Production Research, Vol. 21, No. 1, 2010,

pp-1-9.

—400—



Eanst 2 &) Transportation Planning Journal

$wtwEk F Vol. 44 No. 4
EE—-QOwH+—_5H December 2015
A" 401~ 7 430 PP. 401 ~ 430

KRB IRFE B Z e fT
BB IR BT

HOW FACTORS OF PORT AREAS SERVICES IN KEELUNG
HARBOR AFFECT CRUISE PASSENGERS’ SATISFACTION

L)% Chin-I Chiang '
%8 & Ming-Jiu Hwang >
#t g & Chang-Yi Hsieh®

(1034 11 7 7 HUichs - 104 53 H 11 HZE 1 KfEek > 104 4 11 F 18 HES 2 Kk
104 ££ 12 [ 20 HER)

wmE

REBL2HERZNARA RRE U5 RAE LA S EHH
BT @R AR TR REK TR T - AFERREARESF
GRS Bk AT AR R AR T B R B AT REBE K2 OEHRREA
o EERTRBEZZERFRSEGREZTR  THEREBKELNER
A o AFF R AW Tetraclasse X IRTH R W48 BURFAE £ Bk B35
ERFHEBRESDTEIVERE  EASARKILRA - HAR - oy
AABRER 4 REK - AARERETRARIEHBT » ThAIRRE
ARF > M 3 AR EFZREELERSE  EARAE  my R - B4R
PP AR R ARG H 0 BT F XA RF ERRBEE  REFHREI
et ek -

I ZEERBPRRE I ELR BB R EE (B L - 300 FriTid I L8 48 5 LIERT
EIREHER 5 EEL ¢ 03-5302255 43#% 1263 ; E-mail: chinichiang@gmail.com) e

2. BNZAGHEA S E Y E B R A B E AR R -

3. BAGE AR Em S E B R AR L

—401—



st FEF Fwtws Full RE-Owf+=A

RASEER © K& H ; #dpR & 5 Tetraclasse R, ; WG EE
ABSTRACT

Keelung Harbor is Taiwan's primal international port of the passenger ship.
The current policy "inside for passenger, outside for freight” has been set as the two
development directions for Keelung Harbor; however the cruise visitors in Keelung
Harbor have steadily increased because of the transformation being towards the
tourism and recreation port and growth of Asia’s cruise market. Thus how fo
enhance the Keelung Harbor s facilities and services towards the quality standards
of international cruise port under the limited resources circumstances so as to meet
the needs of cruise visitors is a vital issue of developing tourism in Keelung Harbor.
This study aims to explore how factors of services and facilities provided by Keelung
Harbor affect cruise visitors’ satisfaction. By using the Tetraclasse model proposed
by Llosa (1997), the factors can be categorized into four types, basic, key, plus and
secondary, based on their influence degree on satisfaction. Then we suggest that
under the circumstances of limited resources, the secondary factors could be
ignored, and allocate the resources according to the priority as follows: basic, plus
and key. In other words, the basic factors must be maintained to meet quality
standards, then focusing on the plus factors to attract visitors by marketing mix,
followed by continually optimizing key factors.

Key Words: Keelung harbor;, Cruise passenger; Tetraclasse model;
Satisfaction
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