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HWinnipeg (Canada) v F7—%
« GALDIRICKSFHEREM _EXROMESR.

LKBERE>

TR T — 7 DFRITRIEIM = 2000; ABC77 )L X LDOOOZ—H A4 XN, = 100,; BEBEN, =
50,; RFEEHN, = 50; BIETBINMEREICE(LT HBHBELmit = 50,; R1EEEU 0 = 500.

RFIWT ABDINZ A —=Za,p = 10°% FBERET IV ALDRRFFBRE:, £, = 0.01.

ABCY” )L X LEC++TO—7 r % LVisual Studio 2008IC#EH#L.  TIfERE & BEHUGHAZ GBI &L
CPLEX12.4fA. WINDT—ARZT AIZDWTH20EETE L THFSEEEA.
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By F7—JH

« BRAZA—IFIV 112, BRZ2—ZF)V:7-11, StudyAreaR/—FK :1-6, > bOA R
==/ —F&T 5.

o BIL— FORKRKTER 2392, AFHEEERE 3, XV bV —JAOKEmSLN -
605, Jb— hbE&KEL 5.

Study Area

WY —VHEEESYER

From/To 7 8 9 10 11 Total
1 192 148 102 94 149 685
2 100 74 78 56 102 410
3 87 77 71 46 113 394
4 96 63 49 34 85 327
5 33 24 19 15 34 125
6 19 14 14 9 23 79
Total 527 400 333 254 506 2020
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WNYFI—=7

« RITYVIEAICKY RBEZRR> RBERL411.

«  ABCT)L T RLIC & Y REEZ RFR>STRERER OREREH DT - /eI,
o RV NT=UHBEMESRERELY THRBAEDRRISAIEE

Optimal solution 1 Optimal solution 2

Stop sequence Trip time (min) Headway (min) Stop sequence Trip time (min) Headway (min)
1,3,2,T,8 22.8 13.3 1,3,2,T,8 22.8 12.2
1,3,2,T,9 22.8 124 1,3,2,T,9 22.8 11.5

1,3,2, T, 11 22.8 13.2 1,3,2, T, 11 22.8 12.1

2,5,6,T, 10 20.2 123 2,6,5T, 10 20.2 7.6

2,4, T, 7 22.0 5.9 2,4, T, 7 22.0 11.2

BTFERXI) -V TDRE
« TFRARAZU—Z2JIc&)) Bt REOIH RBILETEICERINET & BEOROAM) &
%ﬂ%%@%?ﬁﬁbﬁﬁm*htg&(&@Eﬁ@%ﬂ)kgoTﬁﬁkﬁbﬁ%hM

o MRHVELEEBLUTABCT VD) X AIEKIEICETERREIHIR.

Brute force method Hybrid ABC algorithm
With lower bound screening No Yes No Yes
Average computation time (seconds) 829255 14.16 1003.80 0.20
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B/\T A—2EEDEE
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=/MERX

fmin = 4.8, W =60,S,0x = 3, Rmax = 5, and Tyqy = 26.
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From/To 24 25 26 27 28 Total
1 192 148 102 94 149 685
2 54 39 38 22 54 207
3 47 40 38 27 55 207
4 33 22 21 14 30 120
5 100 74 78 56 102 410
6 87 77 71 46 113 394
7 113 76 71 46 103 409
8 100 76 71 47 117 411
9 96 63 49 34 85 327
10 33 24 19 15 34 125
11 19 14 14 9 23 79
12 156 134 114 69 165 638
13 177 105 90 78 143 593
14 63 48 36 29 59 235
15 102 81 63 39 93 378
16 253 170 150 127 213 913
17 28 20 20 14 27 109
18 76 63 58 38 71 306
19 34 25 22 14 30 125
20 59 39 30 26 49 203
21 36 23 22 15 28 124
22 33 25 20 16 28 122
23 206 184 147 96 209 842
Total 2097 1570 1344 971 1980 7962
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WESERBENTIVT A NT A —2DRE

- F3DREETF (EHEDT 7 +IV FDORF) CTxEAR.

o RTIWTAINTA=ZICDWVWTEa, B = 108D EEHREBHE (a = BTIRE) .
« INTA=ZDEVEKY LBEEEDEWNDAEHZEM.

680
Flg = 10" — LB, — P, ;675 e
670 A
665

3 o
660 -
—

655 - Fl

1
LB; + Py

=——=F2
F3

650 -
645
640
635

Number of Passenger Transfers

7 8 9 10 11

Log Penalty Parameter Value

Rmax Rmax
Pg = oy max(Trg — Tmax, 0) + f max (Zvr,g -W. 0)*
r=1

r=1
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l@]*‘ﬂ%ﬂé%ﬂégﬂ LD MELimit DRIE HOO-—BRDEE
llmlt = 0DHBELECDRIIRETEITH OO0 -Z—Y A4/ X¢ERERMILERE (BF
N, BEZVEZLERINS. BOER S EBEFERNED) .
«  limit = 150X ClIRREMEHNE, TNU MEN50% T DDEIC R RAR.
Pl B . BEBAZVEFERINDEBHRES
o LimithNE O & RIS DIER L9 NTLES L, DEVERERDZERN
£9, KETTEDZLEMEGIERNEZS. RESNTLES.

1000 645

os0 ) LimitDZEAL a0 d BEBROINSOEIL
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B/ — FiEA - BIFREEROEWNIC K 5RE
/ — FDIEA & HIBRDFRDIEIEZ L TFD3/ N2 — > TLEER.
— Sl:average-direct-demandic K WERE (Z7+IV 1K)
- S2:BEFMERATICKVEE
— S3:total-direct-demandic & Y 5&%E
- EZE&(Inormal demand (100%) & low demand(50%) CLEER.
o SIHVBL FICEEHNKRETWVFEICIEE.
« BRVREEZEDZ(DGZSE, /— FITHBITAEEDOILK OO HEIZ(FED
ILKICDEHY, D/ — FICEYBRZ 558G 5.

Table 3
Comparison of the different insertion and deletion strategies.
S1 S2 S3
50% of the Demand (low demand) 311.62 646.05 602.62
(+107.3%) (+93.4%)
100% of the Demand (normal demand) 604.76 1313.99 1207.59
(+117.3%) (+99.7%)
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BAEEEET COXE

« FEDOHZEFIONT A7) XLDERESZESET 518, 1000 DEET LI IR
HEBMFICER (/— FmbD 52— F)beX TOEEIFI—KD[0.8d8, 1.2d8,] TEXIE)
LEtE, BT —EADIRRELLLEET 5T & THFHM.

« ABC7JLON) XLGERICK Y EEHFBEHMOA KRR, T—EXBREDOAREICKBunserved
demandixtO.

« ABC7 VO XLICLBREMAIFIFITE LR U TTSEEREDREL, HDETHEEHFEEL

(Std. 2.9 min > 2.4miniTiE4)

Table 4
Comparison of the solutions under random demand.
Average No. of transfers Std. of No. of transfers Average unserved demand Std. of unserved demand
Hybrid ABC algorithm 355.491 22.38 0.00 0.00
Current 1563.31 35.95 1350.85 56.18
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/g “NEZ
BArEEFEFCORE
Table 5
I Y Al
Existing route structures and headways. EE{-I
Routes Stop sequence Number of buses Headway (min)
1 20,19, T, 25 12 9.8
2 16,17, 18, 23,22, 21, T, 25 17 8.1
3 16,17,18, 23,22,21, T, 24 19 5.1
4 1,6,9,10, 12,13, 19, 21T, 25 19 8.5
5 1,6,5,4,11,12,13,19, T, 24 23 53
6 14, 15,8, 9, 10, 12,13, 19, T, 24 11 11.1
7 1,6,8,16,17, 18, 23,2221, T, 28 30 4.1
3 14, 13,12, 10, 8, 16, 17, 18, 23,22, T, 26 18 11.0
9 7,6,1,2,3,4,11,12, 13,19, T, 24 11 12.3
10 9,10, 11, 5, 6, 8, 16, 17, 18, 23, 22, T, 27 16 11.3
Table 6

Best solution obtained by the proposed ABC algorithm.

ABC7’ )L dY) X LI & B wiEfF

Routes Stop sequence Number of buses Headway (min)
1 14,13, T, 27 11 11.6
2 16,1, 11, 13,21, T, 24 23 53
3 20, 23,18, 16, 15,14, T, 26 20 9.2
4 7,5,1,6,9,8T,25 14 12.1
5 9,5,6,8,16,17,22,T, 26 15 12.2
6 7,1,2,3,4,12, 13T, 26 15 12.3
7 16, 8, 18, 20,22, 23, 13,12, T, 28 25 6.7
8 23,18, 16, 15,10, 12, 13, 19, T, 25 19 8.9
9 1,2,3,4,5,7,9, 14,19, T, 28 14 9.8
10 16, 23,6, 10,11, 15, 17,21, 19, T, 28 20 8.5
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By F7—7F

o V=854, /—FE1,067, ) U882,995, V—8T7, BEIFEBO0.
. REBRORANEEFEKS5, wITEE455.

-  EBARKEmMHI1200, \X18HY DODA=60.

a7
4 47 2
o > \’—_—_r—'—’_'—/——] ; R
k2 o H s

(a) Winnipeg Network (b) Districts of Winnipeg Network 39
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BGA & DLLE
RIETS LD HCGADEEDRIR, FHAMLFIE, FECRE T IV T X LIS DL TEHybrid

ABC7Z )V XL EHIA T,
AORE=00=_—1 1 XE LTEE.

GAIXFEDERDIRICAAX EZEBAREE KA. el LSEERA T 5GAILEEDGA L DR
IRAENERLG S8, XICDWTIESzetoand Wu 2010)HMEZR LfeF%, TRZTE(ICD

WAL CRWOAEIRRZ A,

£7IVTURLEB0EHE. FHERREIE300WT

FIHEIEHybrid ABCOLHEBNTE Y, BEREL/NE CHEROIVRE (TIEDEIIHE

=2.093TC5%FR) .

Table 7
Comparison of the computation performance of the GA and hybrid ABC algorithm.

Number of passenger transfers GA Hybrid ABC
Average 300.4 252.6 (—15.9%)
Standard deviation 47.6 29.0 (—39.0%)
Minimum 246.0 216.0 (—12.2%)
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BGA L DL

- SRR CLOESERMOE Q0EIOFEE) (FWLFTNDT AL ATEHHybrid ABCDA
HMENTEHY, FLCHBRETLCAKYEBNTWNST &z,
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Conclusions

NHITEBARL—Y 37 & ABNETHERET NEBHTET LT
DED, EBICRBIFOROBELEEEDR T — 7 KL A —DERLE E
L—¢EM%7w«@#%@Mg

ﬁuﬁ%ﬂ@ &@Egﬁ

R ETEA CREL TeOICER B DORBROKRTEEIXERE Lich, EFRIC
I SERCOEFAMNDEZ 5 & TIRHEBEBPERBEIFER. INo%s
EREIAHIEIFTESDD, 7/)03) ALDITRKHIRE

42



BRI DESTEVELE

43



Notations

Sets

Zy a set of nodes in the upper-level network, excluding the depot
Gs a set of centroids within the study area

H,, a set of candidate stops connecting to centroid m

U a set of starting bus terminals inside the study area

1% a set of ending terminals outside the study area

Gg a set of centroids/destinations outside the study area

C a set of bus terminals and candidate stops within the study area
ZL a set of nodes (including centroids) in the lower-level network
™ a set of transfer links or arcs in the lower-level network

A a set of transit links in the lower-level network

A; a set of transit links coming out from node i; and

A a set of transit links going into node i

Indices

i,j,m indices of nodes

e the index of a centroid/destination outside the study area

e' the index of an ending bus terminal outside the study area; and
r the route index

Parameters

Cij the in-vehicle travel time on the shortest path between nodes i and j
Ca the in-vehicle travel time on link a

St the average time for stopping at a node

ds, the travel demand from node m to centroid e

w the maximum bus fleet size allowed for the network

keap the capacity of a bus

Rinax the maximum number of routes in the bus network
fmin the minimum frequency of a route

Sinax the maximum number of stops (including the bus terminal) within the study area on a

route
Tinax the maximum route travel time within the study area; and

p a very large value used in the sub-tour elimination constraint 44



Notations

Decision Variables
Lower-level decisions

Upper-level decisions
Qir

Xijr

Xo )jr

Xior

Xoor

f

X

f

Functions of decision
variables

T;

o

fa

d;

the number of passenger transfers on transit link t to destination e
the flow on link a to destination e

the total waiting time at node i for all flows to destination e

(2]

o)

the node potential at node i, which is needed in the sub-tour elimination constraint for
bus route r

1 ifroute r (r=1to Ryax) passes through node j immediately after node i, and 0 otherwise
1 if route r starts at node j, and 0 otherwise

1 if route r ends at node i, and 0 otherwise

1 if route r is not available, and 0 otherwise

the frequency of route r

[Xir]; and

1]

the trip time of route r from the starting terminal to the ending terminal
1 if route r connects the terminal that links to centroid e, and 0 otherwise
the frequency of link a; and

the travel demand from node i to bus terminal ¢
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Step vi: A7 v TH A1 XDRE & BHRDES
EREEH T ACDDRAT Y THAXZRE. 7777 1B =EHS, TRMADT 5.

a Ofa Olfak cap]
o, = 222 g~ 2 b T (3)
/— FRBROSHI.  BESNICET 356

EEEYTSES0 SAEDITHAR
XUt

)Y Tatil— brORBET - THBBAIIE =1, TS THRINE =0

> athib— b rod raww—/yzoa%i%é;ca[ﬁa—’;aﬂ_ e T THEINE

SFE, a}fti}l/ M DER DI EEZFTND. COESEDHMMESBICEY, JI—
h T ENTERERE L) ATy THA XALERE LY T3,
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