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GRASP Algorithm with Parameter Selection Mechanism for Heterogeneous Fleet School Bus Routing Problem
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Abstract This paper dealt with the heterogeneous fleet school bus routing problem,in which students are served by a
heterogeneous fleet of buses with various capacities, fixed and variable costs. A GRASP (greedy randomized adaptive
search procedure) algorithm with probability selection mechanism was proposed to solve the problem. In the initial solu-
tion construction phase,a set of threshold parameters with selection possibility is designed to control the size of restric-
ted candidate list (RCL). The threshold parameter is selected by roulette-wheel selection method. The initial solution is
then improved by variable neighborhood search (VNS). The selection probabilities for threshold parameters are equally
set at first and periodically updated when certain iterations are finished, Each threshold parameter is evaluated by its
historical performance records and its selection probability value is adjusted according to its performance, This parame-
ter selection mechanism aims to find better average solution gradually. Our experiments are executed on a set of bench-
mark instances with different bus types. The results confirm that the proposed GRASP algorithm is more effective com-
pared with classical GRASP algorithm. In addition, the proposed algorithm gives better results than existing algorithms
for heterogeneous fleet school bus routing problem.
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GRASPE &, W RS Bk HEIEE. % 1 <v<6 B,

LGRASP B #1715k, F 19 Bk LR T &
v=6 I, IR BRIV v="7 B EE M RE; K 8<
v{11 B}, LGRASP Bk i 1R B8 T B K F v=6 i
HIPE% . B 28 « WBUER S B A B IF-F9MR R
6 M8, Bp L=1{0. 3,0.7,0. 2,0. 6,0. 8,0. 5},

4.3 EFEAR

R T RAEA X SGRASP B LML E . KHE 554 2 #
GRASP BT HHE . —RRSEE a WFFI[0, 1] FEHL
PHEH GRASP B (iE % RGRASP) ; —fh RS 8{E o BEIE
B GRASP & 1 (i€ 2% FGRASP),a Bt[0.1]2Z & By — 1 ¥
fE. BHE 27754, % a=0. 3 i, FGRASP BE45 KB 8 IF IR
#tkfE. RGRASP,FGRASP 5 SGRASP B4 HRI MK
BB A/DEEER, 4RIMEAX 3 # GRASP BikK
fRiX 12 MR BHRFFEYLETT 20 K, ic R HBITFR . F
B B AT HT ]

T IMFE AW 12 RO 3 HERT WETFH.FY
BEPATEE . HA,Ts, Tr M Tr {i% SGRASP, RGRASP
F1 FGRASP & BUE TR B B BRAT B 8] 5 Tsa » Tra #1 Tra 533
KRIMEENEYHRITRE., AFE 3 HATUEH,
SGRASP H i fafk b F RGRASP & 1 #1 FGRASP & 12,
SEH R AN Sy 31322, 03, SGRASP B 7 12 R4 HE# %
BT B 4%, i RGRASP % 3 f1 FGRASP B ¥ 7E Co6 #1
RO2 ) L3N T B4R 7EPTET ) I , SGRASP #E-33k
776t ElBS 5 F RGRASP #1 FGRASP & 8 ; i %t F &4~ £
B #E T 5 » SGRASP 7E T R 41 b #3K18 T 84707 8
f#% , LA BT 34 TR ] ,

#3 3% GRASP B kM Br e B 7t 18]

24 BARX PATH B ()
SGRASP RGRASP FGRASP Ts Tg Tr

C01  42189.19 42215.19 42253.38 27.58 27.62 26.73
C02  31975.16 31999.42 31994.27 7.06 7.04 7.11
03 22012.48 22024.93 22475.48 4.49 4,39 4.43
C04  18147.20 18147.46 18152.05 2.55 2.58 2.65
Co5  59632.50 60222.23 ©59662.19 32.55 32.37 32.58
Co6  19329.76 19329.76 19329.76 1.42 1.33 1.35
RO1  22884.98 23084.66 23099.48 7.99 8.31 8.08
ROZ  31269.18 31269.18 31269.18 8.01 8. 92 9.04
RO3  42829.33 42962.51 42966.91 13.98 13.97 14.70
RO4  26692.28 26693.52 26703.93 6.19 6.26 6.10
RO5  30641.66 30952.74 30669.06 9.20 9.29 9.24
RO6  28280.67 28747.36 28751.11 9.96 10.13 10.32
¥ 31322.03 31470.74 31443.90 10.92 11.02 11.03
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# 4 3 GRASP BTV X FHIATHT I

ffn R A HPATH H ()
#9 SGRASP RGRASP FGRASP  Tsa Tra Tra
C01 4221518 42217.42 42632.66 27.02 27.37 27.24
C02  32044.06 32087.96 32112.99 7.23 7.32 7.31
C03  22457.89 22477.8 22494.86 4.38 4,44 4,38
Co4 18166.6 18178.33 18180.41 2.64 2.68 2.67
Co5  60486.33 61132.14 61091.19 32.07 32.3¢ 32.15
Co6  19332.05 19333.10 19332.93 1.41 1.41 1. 34
RO1  23964.69 24237.44 24215.99 8.23 8.41 8.38
RO2  31732.41 31853.38 32050.00 9.07 9.05 9.22
RO3  43658. 14 43928.59 43743.19 14.38 14.6 14.72
R0O4  27044.31 27100.95 27166.68 6.16 6.27 6. 27
RO5  31374.29 31491.46 31636.01 9.16 9.43 9.11
RO6  29072.89 29247.594 29314.19 10.45 10.27 10.42
F3  31795.74 31940.51 31997.59 11.02 11.13 11,10

f 22 3 M 4 WA, AR SGRASP BETE R B
FEME g ERERE, REETZEREZHTE
BHREBIEREN « HETHIANENGER . BIRITIRE
ERERABIEN o B, RBFET —KERBEAHHER o« R
MR, B ER o HARERR, EEKEEE TR
8 o ELPWR R, AT ESELRER M ITI R FHKE
FRRBENM. T RGRASP Bkt a BIEREHLAL0, 1]
TikER, B B EERE RIS K& MO RBER,
FGRASP B MR/ o 8, B 7T 4T o« HARE
TEFHBE. EHATHE L, SGRASP Bk S B BMH T
RGRASP #l FGRASP, E/{&TWi 5 s SGRASP #8888 752 Fl
B R ER, SEHER o WBE, BEREFRERE.

4.4 HELE

WA ST SGRASP B i 5 A £ % & SBRP
ERANEREET S, AMEEL SBRP FRNERLR
EREERE, AECEKI25 ] ET LB MBEYLE & (RL-
BH) & g SCHR[21 109 Wi B Be B i RRH. SCEK[ 2489 B 38 R
ETFMEBEAREZALBHDE RS, CE[24]8iET RRH {i
F RLBH B#:, b A 5 RLBH B #17 .

SGRASP,RRH #1 ALBH 3 MBS RN 5 A
Fil, Hh, Te F1 Tre 4 51403 SGRASP #1 RRH A9 $h 4T B
5, ALBH B THi& 8 R RE &, TG RO BITHEHA R
0. 01s, JLAL R EFI Y, g1 f3% SGRASP A%t T RRH H 3

B i 3 g sy G —Zgrase) 10008y oy

ZRRH
Zrrn » Zarase 53 BIAFE RRH 1 SGRASP B 521 HinfE.
g2 183 SGRASP #%4F ALBH B & (M ¥GHE, itE F R F
gl. ¥ gl f g2 MME N IESAT , RonB LA BGH .

RS HELBSR

w6 B AR K EEH () RFMECA)
SGRASP  RRH  ALBH Tg Tg gl g2

C01 42189.19 44370.53 46379.03 27.58 0.86 4.92 9.03
C02 31975.16 32668.81 33150.57 7.06 0.27 2.12 3.55
C03 22012.48 24150.49 24097.23 4.49 0.22 8.85 8. 65
C04 18147.20 18948.46 18440.56 2.55 0.11 4,23 1.59
C05 59632.50 64463.55 65861.34 32.55  0.95 7.49 9. 46
Co6 19329.76 20357.58 19816.63 1.42 0.05 5. 04 2.46
RO1 22884.98 25202.77 24995.03 7.99 0. 26 9. 20 8.44
RO2 31269.18 37016.87 36378.55 8.01 0.32 15,53 14,05
RO3  42929.33 45062.37 48190.42 13.98 0.38 473 10.92
R04 26692.28 30437.39 30838.35 6.19 0.19 12.30 13.44
RO5 30641.66 34742.46 36362.83 9.20 0.26 11.80 15.73
RO6  28280.67 30009.76 30833.47 9.96 0.33 5.76 8. 28

F#  31332.03 33952.59 34612.00 10.92  0.35 7. 67 8. 80

M 5 AT LAF ), SGRASP HILTE T A R4 L4 8 B4
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LT RRH B ALBH &5, i B HFY BB A &
/. SGRASP #%t-F RRH #1 ALBH B 5k P Hs B E H
7.67%%1 8. 80% . ALBH Bk /&2 F RRH f1 SGRASP,
BRAETHE-IFFHERARESFITHRARR, EHEFTE
RIRR LB R M. ERITRTIE L, RRH it ALBH BB
MREPLE, EEAET RRH B A BB E A6, (UHH
1-interchange B ¥} A X R R KB B &, AT HBE B W
ALBH B ¥ 7 RLBH B ER DTSR &
KB, e 7ES E KBt A N BRI 3 . SGRASP &
il BREAE T A5 B T LU PAT A H K T RRH
M ALBH, /R4 SGRASP HysR it a4 Bt in , {8 32K i
BETRIBEEF, #AxF RRH #1 ALBH ME B4 5
9 15.53% 0 15. 73% .. LEE % IR LIE h, SGRASP B ik
I TEREAE Y B 18] P9 (R A BT I1 2 32, 55 o) JRAB 8 R 8 il
g

BRIE AN EERRERZHE, BE - S
BB HNORERMVAENE R, ZEREESRY
GRASP py2RE 3853 15 B G B E 3 R E S5
IR, G EF A T EERERBREREN
SHE. IR AR T 24 GRASP EiC1ZThEERIB &,
BB ESFARRICRERETSERENN, BT ESE
BRFEEEES TR ABEREHARE, NTiHEEE
BEEBHRERFM IR . ERERAE L NIHREIET
AR ERARE. RN AP S ERKEE AT
EERN, ERENSMFRETEBIENAR, T—5%
W LB R F B R WA PR 8 0 TR IR W £ E &) SBRP
i e SN
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