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ABSTRACT

Temporary bus network adjustment problem is an important issue in
planning and operation of bus transport systems. When bus operation faces
special events or activities, such as road closures during construction and traffic
control measures for special activities, some road sections are affected and some
original bus routes may not be able to provide services again. Planners need to
adjust the bus network in advance, and announce the adjusted bus routes to
people. After the events or activities come to an end, the bus network will be
restored to its original state. The bus network adjustment is to reduce the
business impacts of operators, and maintain the original service levels of
passengers. However, some past practices were often used based on their
subjective experiences, which lacks a systematic planning standard and fails to
consider the relationship of before-and-after adjustment, as well as the impacts
on existing passengers, often resulting in the waste of resources and loss of
existing passengers.

Hence, the study proposes a multi-objective mixed integer linear
programming model with two conflicting objectives, which maximizes the bus
network similarity and minimizes the normalized travel time, so as to consider
both the change of bus network and the influence on existing passengers. In
addition, the model is reformulated as a set-partitioning problem to increase the
efficiency of problem solving. Also, augmented e-constraint method is used to
solve for Pareto optimal solutions, which can improve the problems of past
studies like the inconsistency of different objectives, the presume of weights, and
the evaluation of trade-offs between different objectives.

To evaluate the effectiveness of bus network adjustment, the study verifies
the reasonability and effectiveness of the model by test examples. Also, through
scenario analysis, the impacts of different closed road sections and different
number of bus routes are discussed. The results show that the proposed model is
reasonable and effective. Also, decision-makers can have the most satisfactory
adjustment plan based on their trade-offs between different objectives. The
results of study can provide a reference for planners in making temporary bus
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network adjustment.
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(0, ))  FERE R 22 A b R » For - BRBRIIESS ¢ HUEEIED | Emax® max fyi%
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EtEER Frt=4 F=28 RE——=ZFA

BRI _E5 > AL TRy B — B A B KT THERITRR L - 2 (34) Zor i s 22 B A i i~
TR - BIEE AR IR A TR BN 07 Bl B 2 T3t () B AR B — 2 - 3 HL R IR
BB AR Fr3di e -

Z Z Pabaju:Z Z Yapaji, V(a,b) € R (32)

leL (a,j)EA leL (a,j)€EA

maxt

Z Papijer = Yapij, V(i,j) € A,(a,b) ER,LEL (33)
t=1

Z Z Pavijie-11 = Z Z Papjkei,Vj € N, (a,b) €R,

LeL {(i,j)€A|j=b} IeL {(j,k)eAlj+a} (34)

t €{2,.., maxt}

EEAEARARE FHERARAR U (Sap) BRARTTIFRIARMIRE (S&p) FITAHEIK - BREARUEE R Ry
ERHERREE AT EZ S R ERAR - TERSNIRRRE IR AL RZ SN A B B AT - Ry il
BERUES I RZ T THCE R D - BRI the fRLERZ RS - DU 2D LEp]
(s B B PR AR AR BRIV > HR— Y 0 2 1 AOsHEigse sy - SHEARHEN 35)
3 (37) Frr - 30 (35) IRHIEEZELLAE IR R GEME - 4 AL - s
TSR L A B IR A IS - FI A AR AT 2D SRR B - LB AR DL (D R 2

5 (36) B2 (37) FURBBTDUEI0FH ST Ry (RX LTl ) o I P20 (a, b) TERGHE

SRR TASBE BB e Do eny Yarist RALEZES (a, b) 1R HEFARS B THSHTBR ST + 7
it R AT TSR BRI S » Aoy BB BRI EZE (o, b) HOTRAA L

MRS

JifkT THF R AEDURE GE 25 By B A A R L 2 P BB AR A AR T THRF ] - BEAERKHEA IR %l
RCETIRA TR 22 AR - Iy BSR N R TR AR SRR A R R AR EY - LUK S RS
RIS A RA AR - o —EA 0 2 1 Ayl - SHREE= (38) B (39)
AR » 20 (38) FURMLEZEE RS NI R B R RAVIRT T 22 (Do) » FTEATHE Ryl EZ ST AE XA
AR R TIRFTH] ~ SRERTIRAR] - DUSCR BB S ELZITRE » SRR e HERR
FERTAVART TR - EASIRTTIRFR A R IR A E - IR HGEEHE © 3 (39) FoR IR THIRF#IAH

AR IRy max {(1 - 222), 0} « #5(1 - 22) GHOUREafi - RAHMZITER R4
R TRFREBEAA - R TRSRINE 2 -

CNgy, = SL,,V(a,b) €R (35)
<ZIELZ(;’3%‘,‘(“Z’ Y"“”) — S, <1—=CNy,V(ab) €R (36)
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ER BRI BRI % B AR AL R

iter X, j)eaqp Yabiji
< T —Sap 20,¥(a,b) ER
nab
Dy = (Z Z time;;Yapiji +Z Z Zfzabﬂe + pabWab>
IeL (ijeA IeL {e€L|l*e} JEN
—t,,|,¥(ab) R

D,
SZ, = max {(1 - tab

),0},v(a,b)ER

ab
2 (40) B (51) R i i B BUE F IR -

Xin={01},v(@i,j)) €A LEL

Vy={01},VieN,leL

H;={0,1},Vie N

CN; ={01},VieN,jEN,i #

Yopiji = {0,1},V(i,j) €A, (a,b) ER,IEL

W,, = {0,1},¥(a,b) €R

Zapjie ={0,1},Vj EN,(a,b) ER,LELe€ Ll *e

Uiju = {01}, V(i,j) €At €{1,..,maxt},l €L

Papiju = {0,1},V(i,j) € A, (a,b) €R,t €{1,..,max'},l €L

0<S} <1,VY(ab)€ER

D, = 0,¥(a,b) €R

0<S2% <1,Y(ab)ER

(37

(38)

(39)

(40)
(41)
(42)
(43)
(44)
(45)
(46)
(47)
(48)
(49)
(50)

(1)

&3 (38) Bl (39) Ry FRR I B - SRR MR B » [RIEE A ZE R
PR AR R - DU RTERREAERE - X (38) HEH Ry = (52) B30 (55) - K (52) B (53)
FHBRITE Dop HI TS - (3 (38) HUFBEHEIFER » Dop WU NI IEEEE - = (54) B (55)
FEHHTHY IR Oqp » FZRIRSE Doy HY 5+ Hom R AIET R =X (38) AUREEHE N EUE
KR Hll 8qp = 0 Dgp B9 Ry (e X jyeatimeijYapiji + Lier Lieerjize} 2jen Zabjie +
PavWap) — tap 3 £ (38 AUHEEE N BE /AR E » Alldep =1 » Dop 89 EF Ry tap —
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Crer Xaijpeatimei;Yapiji + Tier Tieeriizey jen “Zavjte + PapWap) 3 #550 (38) HUKEEHEAEL
HEAZE > HiS,, = 085 1 Dy Y FFURE -

Dab = <Z Z timeinabiﬂ + Z z Z TZabjle + pabWab>

leL (i,j)€A €L {e€L|l#e} jEN (52)
—tg,V(a,b) ER
Dap 2 tap — (Z Z time;;jYopiji + Z Z Z TZapjle
leL (i,j)eA leL {e€L|l#e} JEN
(53)
+ pabWab> B V(a, b) ER
Dgp < <Z Z time;Yapij + Z TZapjle + pabWab>
leL (i,j)€A €L {e€L|l#e} jEN (54)
—tap + M X 6ab,V(a, b) ER
Dop S tgp — (Z Z time;;jYopiji + Z Z Z TZapjle
leL (i,j)eA leL {e€L|l#e} JEN
(55)

+ pabWab> + M x (1 —84),¥(ab)€ER

2 (39) Wi R (56) R (60) - 3X (56) B (57) HEEEHTIY —TEA 00, » FIACHIR
(1~ 2o s SRR (1~ 22) 2 0 - flO, = 15 (1 - 2) <0
B = 0+ 2 (58) F3X (60) FIF Oy Y S, WA - SORHIBTA IS 60 = 1 JIR (58)
FR SZy < M+ 30 (59) B (60) Fr 2, = (1-72) » FiLA 2, = (1-72) £ #60 = 0 -

Azt (58) F21:82, < 0 » 2 (59) B (60) ?%m—M+( - “")<SZ <M+(1— “b) Ft LA

Szb == 0 °
Dab
1- )= (1+&)8y, —&,Y(a,b) €ER (56)
ab
Dab
1- . >-Mx(1-0y),V(a,b) ER (57)
ab
S2, <M X 64, V(a,b) ER (58)
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ER BRI BRI % B AR AL R

2 Dab
Si»—(1—7) + M x 64y <M, ¥(a,b) €R (59)

ab

2 Dab
Sip = (1—72) =M x 60y 2 =M, ¥(a,b) ER (60)

ab

2 (61) i (62) (62) Ry I ERF ML Ry M BUERAR U B ] B BCE IR -

8. = {0,1},V(a,b) € R (61)

6., = {0,1},V(a,b) € R (62)

AWTFE Rterm R CR o ARG o Bl R I B G TR - ok - AWTES
BRI FTA AR R TRR S - R B N E R — B LR B TR - DUR SRR
TR P L — B AR FEE T LR A BRI A0 » MO BB S B A R I8 2 548 - B,
FoBR AR BR AR N RS n ZHIREE S - HOTREL (1)) 205 5 Bl RS RETREE R AR
LN FiTRESR S - HOTREL I 30K - HRISE SRR R R — R A HERIE R
R FOURESRIASM A B D0  FLC Hrl T Ay, PUETERREE IR A |- BRI L 25
BEFHA RS n AR EAFRLIRRATIE S - 1 &2 » 0 IR - AT 2 HERRRAT AT TS
REMS R K - R A HAREEHRIREIZ (G Q) 30 (12) ) KAl edmp: - B
MAZ ARG (63) B (64) - 3 (63) FIREFHRAHERR [ BAEAHHERIE n rhpkis
—IRACE TEL R ARAYE L - 2 (64) FORRE RIS 1 2B DA — R LR - Ko fi
B AR A BRI A RS E - n'e R BRI A B AR -

f1
Epm=LwEL (63)
n=1
D Ay, < ntine — 1 (64)
leL

S5b » TEREREE BRI T E - MR (13) B3 (16) - BUFZ 28 (65)
2k, (68) W EHTHE IO Ly, » FORAETIR IR |- o HIE | R ARSI A
& 2 TR 1 IR - 0 FREE - 2 (65) Bl (66) FIACHIBT AL LR 7 1E A BB ALY
NEPE n b HEAE PR R A R | (AR S B A H Ay = 10 Bl Ly =1 25
HTEE i (ERTEREE ST B H Ay = 0+ 1l Iy, = 0 5 Z5A0EG | RACHIBES BY, ¥ » IR
A Z O T 1+ Iy B0 0 2 (67) Bl (68) FACHI S Bh 2 A A0 T SR I0 e A L » HL5ue
FIBT T Yie YL L = 1 > FORETR: | BAFEH A HEE o B H, =1 %
Sier S L = 0+ FORETB R EATAT A SR L+ HIH; = 0 -
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Ap =L, VIELNEL,...,fi},i € BY, (65)
Lin, =0,VIELn€E(l,..,f;},i € N\BY (66)
fi
ZZliln—1S—6+(M+s)Hi,Vi EN (67)
lEL n=1
fi
Z Z Iyp, = H,Vi €N (68)
lEL n=1

FEFRF B ERSAIRE 71 - MIER=C (19) > B LA (69) » ZoR#riin —
TUBEE Ay B Yopi 0 FNRRATR > FLBHRAIBI RS A = 1 FORESHR | BERI S HERTE n 2KHE
TERZERARIAE S - RSN — RG2S (a,b) TS+ JUZ (0,)) € A\Bf, » BIRBINRLERHRI
N n ZEIR 0 HY i TR 05 35 Ay = 00 FORERKR IRABIHAHERE n KEE
LSRRIV - QIS —RUEEZE (o, b) 15 - SEEmETHR (4 ) SRR A
BRIE > e Yopij 3TR0Ry 0 85 1 - AETHBR TERERRGI051H - AT D HEERHRAT AT TER S
CH IR - HEAHARE A TR - SiER=X (29) 230 (31) - HERIRHI XK
ISR X INLETRERE AN - 103X (70) B2 (71) TyfRE o0 ERA PRI < BT Z RIS -

ARWFSERE G S ERE AT R AV BB R B BRI (1) 2 (37) K (40) £ (62) Ty
FHH - RS RHES 2 EEFTSES B R GEI TR > 2B R (D)~ @) -
(17) > (18) ~ (20) & (28) ~ (32) E (37) » LUK (40) £ (71)

Ain +Yapii—1<0,VIELnED, ..., fi},(i,j) € A\Bf, (a,b) €R (69)
Amn ={0,1},Vie L,ne{l,..,f} (70)
Iim ={01},VieLne{l,..,fi},ieN (71)

Atz gAY e -[RH 30k (Augmented e-Constraint Method) SKfi# 2% H A% [H-E
(Mavrotas ") » HIFEEFESRATT » 155 » 84 Lexicographic Optimization 227 {E {3 » &
FRALE AR LS HEAEEE (fy) Bilds/ IMUEARMELAR ART TR (f2) TRV HARRKEE ¢+ HK -
AT E LR E B AR BRI E R 5 F o AR LSRR (f) BFEEAE - e
BARTTIRFR (f2) IR RRAI =N - K526 B AR R R B — HARRTE - WG RATE LR IR T
WRFFH (f2) BOPRMIHIE &, 5 ff% @ KA FIREE . T RIELAE A= 21 Pareto fufEfF - W HP
Jii—{5k Pareto Hilifg » #f HOVBI A ADREM - BV A A —BhEw S T iy H ALK S -
AR SR BRI A ST = 8 - ARWFSCER B )7 (Fuzzy Approach) FREETR
HAEAES FH BN HZE (Du etal. ') Nezhad etal. ") -
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BN R R R 5 B AR R AL

g~ =GR RS

4.1 I ZES

SRR ZE IR A Mandl U Fre tHAORS 1N BEERAE - 200 1 Fos - BRHE_EILE
15 {EETEE - DU 42 A (8 1 DARERETHRER) - BRSO R R R R A 0
TSRS » DURASEE 2566 (Amiripour et al. ) » T b &y il 1 TR F) 7 i Lo -
iR ERYBCT Ry Wa B RS ERTTIRFRE (3 88) o Ry aPAh AR =CR 28 AR Al R A S BE MR B 2%
T~ BRAETE RS - DU B AR SRR S SE - AN eEE T —(EEER B
TIEAEREA © MR ZFIER A Mandl ') FrfsE FHAO Y6 BERRAR - 20188 2 FFoR » 4331 Route 1:
4-3-5-7-14-6-14-7-5-3-4 -~ Route 2: 0-1-2-5-7-9-10-12-10-9-7-5-2-1-0 - Route 3:
11-3-5-14-8-14-5-3-11 » LUK Route 4: 12-13-9-13-12 ; ARZFIEEETLR (7, 9) KB E T 5%,
AR (A0 ¢ R o RITRIES B AN R U HYCE(H B R A S ke - P
BB Bt T R H R I N BB EAGEIR T B S HUBR B © K | FeillEAZPI 2 2863 E -

8 (Travel time in minutes) @' -~

\@__@

® ' :
./ (6)

\
@ == Route 1
,f’@‘ = = Route 2
\ @ === Route 3
o’ «« = Route 4

~ e
@ Road closed

1 Mandl /A B B AE 2 FAFARES 2 A EHEBEE

4.2 I EFIFER

FESRBERGR T - 2% 2 Tyl - RepiyRgs 1l ERAE . — HARU A2 HARRA L
1B FIZRET5RAS EARRK B IR SE R W LUEE B & (H1R - ARAAE RS Pareto i E:1# -
7 3 Ty Pareto FRfEMERER  HAE AR 20 % - SRR AR ARIRF RIS AE 5 703 1 HH Gap
REITHY O o [ 5 Fwd HARMELZ LEflE] - FriE el 2830 - BEE AR - BsErEIUE (f)
BATHE(EARART THFE (f2) AVBUES SRR - LR IS Sialcios - A - FE(brk
BT TIRFEI AT ey - BRI EafE E AR S AR RS - IR e R Z
H AR B SR TR ROR g L R
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K1 KAFTAREGZBHET
SRR fEE R % H
a AR R RE 0.5
B FRATIF AR A R 0.5
d, PR B AR LA L B A Route 1: 4 ~ Route 2: 0 ~ Route 3: 11 » DU
Route 4: 12 -
dist;; TR 2 R st AN R Ry i/ N 40 A H > R ETEGER
e AR R b SR o
€ i/ N 10°°
fi A SRR 1 BRAR LI HE /N B RR AR B H | Route 1: 9~ Route 2: 7~ Route 3: 6 Jz Route
4:4 -
9 ER A H 1% B AR LT IR B B Route 1: 6~Route 2: 12~Route 3: 8 5 Route
4:9 -
M LY NE] 10°
max®t | BRI TR 46 (Chu ™)
max*t B — PRARAY B AT TS E AR A 26
ndrid R LR IRI TR R (f2) B &l 317 | 20
RS
ngpk PEAEFREE TR EZ 5 (a, D) BT TASEITRE | (RE IS AERRRERT - P ez S PR R
{(EE T TIRFTH 2 A » LA THRETRMIE A 3 P
nline S E RGN YN N2 S (S| 4
w TF PRI A i KT R SRR 2
Pab PEAEEE LR (a, D) RIS < | FTE ST ez (a, b)) FRE AT AT
BENE PRARZ MERRA TIRF AT B = 1Y 1.05 £ » 2]
4 Fi7R o S EEEAN 1 DU v RE
IR 2% - HILENESS » DR
SRR -
Qas 2 (0, DR - i FLEREL | RS TR i (Mand] [ (1979)23 i
% 0 2 1 BYEIE ) - AR R 0 2 1 RYEHE -
tap PEAEEREEHTELEZET (a, D)BIIRT TR | (East iR EERT - T EEZ T SRR
JRATIRE R AR » FLARTTHF 4008 3 Fos
time;; FT G 2= F B A R A TR e 1 FR e
T P AR SR AR R A EHEEE Ry 20 438 » /3 B PRARIEERNY
Ml R W B N B B AR PR R S — e —
Bl 10 43 -
whw?) 53 Al Ry A AR AR (f ) BELASEHE L AR iR | 73 %(0.9,0.1) ~ (0.75,0.25) » LA (0.5,0.5)

T ()RR

—REREEEI TR -
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BN R R R 5 B AR R AL

B 3 ARG ZIBRMREEAEZHRT B4 AREGZBZHRERSEEIE
A LA B E AR B 2

6 Ty Pareto HfGHR + FLAEA: 20 %S - BRHEAHEIREARY 13.44 2 14.59 [ - £RHE(LER
BRI TIRFREISIATRY 6150.64 2 6591.1 ] - FRF% 3 BdlE 6 n] > DUEE W fEiEr T - H—
TIRIEEHRERHENE (f) BAFIRE - 53— JTHURRHEALRART TR (f2) AUEely - IKIEEANEAE —
e R A A R e - BISEREAE B R —TTHUTEDL T - BESS—JTRURER BEAY - EAS R
Fie 2% HARMEINY Pareto S EMERFIE - BIIIAIE X RE R 2 AT BRI T IS 2R 2
GEIY o [ 7 R A EIREE T Pareto e EARHIEEHERR B BB LIE - #REVIR SR CRAEAE
B NELEE R PSR IR AUAEIR - FRE D - (whw?) = (0.9,0.1) FoZf 1 Bl - BEHEHEUE R
14.59 - FEHEALARART TIRFTAT Ry 6591.1 » SREEIRFRET Ry 241 B > FREARAV S HHERAGANGE 8 Fn
(wh,w?) = (0.75,0.25) Ry 4 B - BEREFEUL Sy 14.52 - BHE(LARIRI TR Ry 6508.67 » 3K
FEEIRETAT Ry 250 F) - FRASARAY S EES AN 9 Fis s (whw?) = (0.5,0.5)Fs5 17 B - Bx#EAH
DUEERs 14.01 » ARHEALARARTTIRFET Ry 6219.37 » SKAFIRFRET Ry 261 7 > SHEEIRAY S BB HEANEE
10 iR » 3% 4 Tyt =HREE NARIERER -

FEw,w?) = (0.9,01)F » ZEEPHEKE: (7, 9) K% - RIIL Route 2 SRITBAEREE (7,
14) ~ (14, 6) Bl (6, 9) » HERBSAHERF AR EYS - FIVITEILRER T - HERR S B B
PR Fids s FEwh, w?) = (0.75,0.25) F » ZEIEPHERBEEZEE - Route 2 EFH#ERL (7, 14) »
(14, 6) B (6, 9) » PLR/ B F5lbhE ERGR— 20 (HEMA R ZBEAER Route 3 ATHIEEEL (S,
14) > MATHE (5,7) B (7, 14) - MEARERHEAHEIRE & {E 14.59 [ 14.52 - {HEEHE(LIRIRTT
IRFFETAITRENE 6591.1 P2 6508.67 - FEHIRRNE— NI/ S HEAH U AT - BllREARHE(L
BRARTTIRF A IR - (IS AELLAEEE T - BRI R T SRR B B IR HYER © 12
(wh,w?) = (0.5,0.5) F » ZEIE PR B2 » Route 2 A TBIEI PR EL (7, 9) » SUTHBEERER (7,
14) ~ (14, 6) £ (6, 9) » LUk Route 3 MTBIEKEL (5, 14) » A THE (5, 7) B (7, 14) » BLES>
Bl A BRI — 3 (AR A Z BRAER Route 3 RITHIEKE: (3, 5) - 78k 3, D~ (1,
2) Hd (2, 5) ~ Route 2 ANTHEE (9, 10) Ed (10, 12) » &A75k (9, 13) B (13, 12) » DLk Route 4 A~
178l (12, 13) B (13, 9) > A THE (12, 10) B (10, 9) » SR RRANIL A EED) 5 IR Ry nl iR & 11
IRATIRFATE A RCE » BEASAELLREER NRYRES AR BRI E R iR - FORIELER AR T2
KA E RS IAER
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EtEER Frt=4 F=28 RE——=ZFA

x2 AREFIZEME

fi f2
max fi 14.59 6591.1
min f, 13.43 6150.64

3 GAIFZEHIZ Pareto RRIEMBIER

R & fi f2 KREERFHEIE)  Gap (%)
1 6591.1 14.59 6591.1 241 0.0
2 6567.92 14.53 6558.67 259 0.0
3 6544.74 14.52 6533.67 249 0.01
4 6521.56 14.52 6508.67 249 0.0
5 6498.37 14.47 6498.15 266 0.0
6 6475.19 14.39 6474.13 298 0.01
7 6452.01 14.38 6437.37 267 0.01
8 6428.83 14.37 6422.96 281 0.0
9 6405.64 14.36 6405.14 282 0.0
10 6382.46 14.35 6382.46 241 0.0
11 6359.28 14.3 6357.58 271 0.01
12 6336.1 14.29 6335.24 240 0.01
13 631291 14.25 6312.31 242 0.0
14 6289.73 14.19 6288.84 248 0.0
15 6266.55 14.09 6266.39 260 0.0
16 6243.37 14.06 6241.99 277 0.0
17 6220.18 14.01 6219.37 261 0.0
18 6197 13.95 6196.88 253 0.0
19 6173.82 13.83 6173 272 0.0

20 6150.64 13.44 6150.64 236 0.0

BN R LER - BHRE H SR 4 58 - HLERJFUAC A EARES ULRE FHIE] 5 7ERRES
MEREJTE - FE whw?) = (09,0.1) B (0.75,025) F » AHEKHELITH 4 LB -
(wh,w?) = (0.5,0.5) FIAFHEHERIZATHE 8 A B fERGERE BT » (wh, w?) = (0.9,0.1)
LN BRI THE 2 MEER B - B 2 fEERBt - (whw?) = (0.75,0.25) B9 A HE IR AT T
A8 4 s B - i 2 EER B - 10 (W', w?) = (0.5,0.5) RYA B RERRRAT TS 4 (EERB: - H7
14 4 e  FETEAEEAV ARG [ HORMARE T RRE Ry 0% 5 FH Ll RS
R B BEEARYEA LR ARTTIRF R (f2) REEESNAN - A EEEERVERE S Ef b - Ea A
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ERIFME A PR § AR

13.6 4

13.4 4

} 6600 6600 4

—&— Pareto front

k6500 65004
6400 = = 6400 feasible domain
& z
= E
6300 = 2 6300 A
b £
b =
+ 6200 6200 | infeasible domain
20
1234567 8 91011121314151617181920 13.4 13.6 13.8 14.0 14.2 14.4 14.6
R BRAGARMAE (Max.)

5 AAEGZHBFRELRE 6 CRIFAZESIZ Pareto BIIEHR

o —e— weight 1 = (0.9, 0.1)
-m- weight 2 = (0.75, 0.25)
0.8 ‘1_._.~-\ --&- weight 3 = (0.5, 0.5)
%o.s A.,‘.-»t""'
{3 0.4
k-
0.2 Route 1
Route 2
Route 3
O T T 34567 5 o3 eis16 17181020 * Route 4
R Road closed
7 AAEGIAAEREET Pareto {ERE 8 JAIRRZERIR (W 1,w"2)=(0.9,0.1)FRY

BERERE RS LE NERRAE

Route 1 @
B @ == Route 1

Route 2 .t == = Route 2

. \
Route 3 . @ === Route 3
Route 4 '.@f === Route 4
Road closed Road closed

& 9

AHEFR W, w?) = (0.75,0.25) 10 GAIERZEGIR W, w?) = (0.5,0.5)FH9
THIAERAEE NEHEEE
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K4 AAEGNRTREET ZRBER
(wh,w?) wt,w?) (wt,w?)
/N
IR HL =(0.9,0.1) = (0.75,0.25) = (0.5,0.5)
HE
BhwoR — 1 4 17
g — 6591.1 6521.56 6220.18
&Y
— 14.59 14.52 14.01
FEALLEE
AR AR %
s — 6591.1 6508.67 6219.37
1T
PN
— 241 250 261
()
Gap (%) — 0 0 0
INERFRAR
Route | |43-57-14-6-1/4-3-5-7-14-6-14-7-5-3 |4-3-5-7-14-6-14-7-5-3 | 4-3-5-7-14-6-14-7-5-3
4-7-5-3-4 4 4 4
0-1-2-5-7-9-10|0-1-2-5-7-14-6-9-10-1 |0-1-2-5-7-14-6-9-10-1 |0-1-2-5-7-14-6-9-13-1
Route 2 |-12-10-9-7-5-22-10-9-6-14-7-5-2-1-0 |2-10-9-6-14-7-5-2-1-0 |2-13-9-6-14-7-5-2-1-0
-1-0
Route3  |11-3-5-14-8-1 |11-3-5-14-8-14-5-3-11 | 11-3-5-7-14-8-14-7-5- | 11-3-1-2-5-7-14-8-14-
owe S 453001 3-11 7-5-2-1-3-11
Route 4 |12-13-9-13-12 |12-13-9-13-12 12-13-9-13-12 12-10-9-10-12
HAMER
AR E 4 4 4 4
TSR
104 108 108 112
EE
liloEn
15 15 15 15
L
FHIE] — 15 15 15
kA —
i —
32 32 30 32
% ER
FHIE] — 30 28 28
i -
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