Bt ¥ ow st PR R 2 2 & GENIUS
FFEVRPR 42 A7 7

A Metaheuristic Using BATA and GENIUS
for Vehicle' Routifig Problems



ot ¥ w N AR 2 & & GENIUS 42 VRP B 352 57 %

A Metaheuristic Using BATA and GENIUS
for Vehicle Routing Problems

A Student : Yu-Jie Liao
R GRE Advisors : Anthony Fu-Wha Han

A Thesis
Submitted to Department of Transportation Technology and Management
College of Management
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master

n

Transportation Technology and Management
June 2007

Hsinchu, Taiwan, Republic of China

pa

PEAR 4L & 2



B ¥ ow st R 2 2 4 GENIUS 42 VRP 382/ §
B4 IFL ERR R E R

CEEE RS IR L EL R R
§ 2

¥ ow gm g\ P dE X 2 (Backtracking Adaptive Threshold Accepting, BATA) &_+d
Tarantilis et al. [38]3%2001F & 1 » v EUE PR X 2 5% m Readrd| B B oy Vg2 o
HAIRZRANPIEERELERER §H7F 7T RIDUEHP 7 L3Ry F i
B EATHOF o AT Gt B E TS A AR 0 £ 8- IV HE O /fR %2 (GENIUS)fo H
BRI RR AP L 0 K RFEVRPR AL - 4R B Rt AT 2 KjEEAES
7 AR ;a!ii*:}%"ze’fs— w fov wom st PR S o = B IR o I 12 Christofides et al.
[8]:14%8 B "2 =5 BE B 1% 5 F»ai™in iR G| 4E -

AREE R AR S - 0 i (GEND A 2 Asdp i3 0 1 MUBBER i scit
IIPE IS ;f‘t)?”?‘/z‘ (US) ~ 1-15 2-OptfeOr-Opt F #cfd o & ¥ M F 4. B NEHER
ét!’;‘bﬂ—:‘% ﬁ{l &Xﬁf]\ =] FF%QP&J IR FE o e B o 7"55'7":)‘[‘41"'[%5‘5533}7%
ﬁi%é%%:}%’%‘%@ﬁﬁ# (Expanded US) » "1 8 fE 82 e & F ot o @ 2577 1UCH
22 E B4 > ¥ APentium(R)Y 4 CPUE3.00GHZ B 4 7 PQiBliR e w8 P < i
° é%&g-r v B AL BATAG R B PP fEwym it Bb<IPF > Adedn Pt 50.01 ~ F"’
09> W E PAER L RI8OGF T o 4R E X3P chTIH AT 5 1.2% o
%Pi“ FOFEIR o B RBELABATA A - @ K MY R Eb>1FF > dzde R
Lo 0.02‘q‘jm§vl§] AT " 0.9 1 fpiTenge 0 12 PR R R 180
T TSI Gk B0 B MANI4EEF D T L (M M2087% AR
g & i}i IV A T S PR E enfE o
Bfs o L BITE RFEH T2 @;I;Je%’af% W o AT 143 £ 5 THE ,ﬁilj D
FfEoom ARk EE S22 TIHEAWE0206% 2 4prt2 T ]‘\ﬁerﬁﬁr?’“fa‘ﬁ TV
FRN PR ET LA BRI

b

R

*ﬂﬁ fa m - g et

MAE: 2 IR AR A - VR 2 s RIS S T w R PR R 2



A Metaheuristic Using BATA and GENIUS
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Abstract

Backtracking Adaptive Threshold Accepting (BATA) was first introduced by Tarantilis
et al. in 2001 for the distribution of perishable goods. This algorithm is similar to Threshold
Accepting (TA) but the values of threshold are lowered or raised, depending on if an
acceptable solution can be found in a fixed number of iterations. This research used a BATA
structure embedded with GENIUS and other traditional exchange methods for solving the
Vehicle Routing Problem (VRP). And the 14 classic instances described by Christofides et al.
were selected for the evaluation of our method.

The first phase of our proposed metaheuristic is the following. A feasible initial solution
was generated by a sequential GENJ%and thensimproved by neighborhood search methods
such as US, 1-1, 2-Opt, Or-Opt. Since we. presented the solution as a giant tour, both the
inter-route and intra-route improvements were considered simultaneously. We also proposed a
mechanism named “Expanded US’"'to enhance the performance of US.

In the second phase, we applied. BATA to further improve the giant-tour solution. We
coded our metaheuristic method “in. C# ‘and implemented all experiments on a Pentium 4,
3.00GHz personal computer. Results showed that the average deviation of 14 benchmark
instances can be 1.2% using traditional BATA parameter b<<l. We also tested the case of the
threshold backtracking factor b>1 and found that this change could lead to even better results.
The average of deviation of the 14 benchmark instances can be reduced to 0.87%. Overall,
compared with the recent literatures, among the 14 instances, we found 7 best-known
solutions and the average deviation is merely 0.26%. The average computer time is about 50
seconds which demonstrated the efficiency and potential applicability of our proposed
method.
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o | Ak | 83 8 _f’j‘y PRI ¢ arho it iR
B L L P % i
1 50 160 o0 0 | 524.61 Tallard[36]
2 75 140 o0 0 | 835.26 Tallard[36]
3 100 200 o0 0 | 826.14 Tallard[36]
4 150 200 o0 0 |1028.42 Tallard[36]
5 199 200 o0 0 | 1291.29 | Mester and Braysy [29]
6 50 160 200 10 | 555.43 Tallard[36]
7 75 140 160 10 | 909.68 Tallard[36]
8 100 200 230 10 | 865.94 Tallard[36]
9 150 200 200 10 | 1162.55 Tallard[36]
10 199 200 200 10 | 1395.85 | Rochat and Taillard[34]
11 120 200 o0 0 |1042.11 Tallard[36]
12 100 200 & 02| 819.56 Tallard[36]
13 120 200 720 50, |1541.14 Tallard[36]
14 100 200 1040 90 | 866.37 Tallard[36]
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£33 it -

%042 ARz RA(E %)

T~ PE 3 4 5 6 (AEE=r =1

BL
1 3031 | 2493 | 1626 | 1626 | 1626 | 208
2 3578 | 3413 | 33.83 | 3687 | 3677 | 3548
3 45.41 | 4231 | 3184 | 325 | 2622 | 3566
4 5205 | 4153 | 4439 | 43.62 | 4001 | 44.32
5 4453 | 4747 | 4325 | 3957 | 4082 | 43.13
6 2867 | 112 | 1519 | 1519 | 1519 | 17.09
7 2556 | 2638 | 308 | 2148 | 2148 | 2514
8 3134 | 2557 20 30.51 | 2409 | 263
9 2996 | 234 | 2623 | 1971 | 2289 | 24.44
10 3593 | 2858 | 2668 | 2551 | 2795 | 28.93
11 56 | 6418 | 50.56 | 49.62 | 53.18 | 54.03
12 4717 | 4493 | 3667 | 4323 | 4323 | 43.05
13 4741 | 5723 | 4854 | 496 49.6 | 50.48
14 39.05 | 41391101136,06 | 3172 | 3162 | 3597

Ty | 3898 | .036.66.1032.88% | 3253 | 32.09
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%43 e 7 USzZ B iafieccd 52 34 (H = %)
1E 2osmy i
o P 3 4 5 6 7 |Tmmy
1 15.5 5.38 3.06 4.27 3.19 6.28
2 12.6 11.38 8.41 3.39 5.36 8.23
3 3.45 5.24 2.37 4.75 2.48 3.66
4 6.26 10.95 6.03 6.04 9.47 7.75
5 14.26 15.59 7.14 6.68 7.01 10.14
6 432 2.56 2.3 1.35 1.35 2.38
7 8.98 10.44 4.77 3.91 3.91 6.4
8 731 7.46 4.8 5.67 2.19 5.49
9 7.38 6.95 4.69 7.61 4.98 6.32
10 7.35 8.58 5.88 6.75 6.35 6.98
11 22.42 31.57 26.81 16.39 19.86 23.41
12 591 7.1 14.91 6.36 4.56 7.77
13 7.03 11.44 5.14 6.18 7.65 7.49
14 8.05 9.03 17.82 4.82 7.49 9.44
Ty | 934 10.26 8.15 6.01 6.13
% 44 11 & 3 ExpandedUS 2 a8 0% f5 v ec L {42 24 (H = 1 %)
1EL 2osmy i
o P 3 4 5 6 7 | Timmy
1 9.29 7.54 2.09 3.6 2.46 5
2 11.03 12.05 9.33 4.44 4.57 8.28
3 1.97 1.42 1.94 3.89 2.49 2.34
4 7.02 9.61 3.87 6.85 2.53 5.98
5 11.93 13.56 12.57 8.73 7.69 10.9
6 2.39 2.22 1.35 1.35 1.66 1.79
7 5.73 3.92 6.28 2.28 3.74 4.39
8 8.1 6.38 3.48 3.31 1.49 4.55
9 8.15 5.87 4.77 9.42 5.08 6.66
10 8.15 7.53 8.94 5.99 8.37 7.8
11 26.77 18.21 25.29 14.07 17.2 20.31
12 12.04 5.48 11.98 12.33 5.78 9.52
13 11.81 14.61 9.42 3.18 7.24 9.25
14 8.26 7.24 6.6 4.65 4.28 6.21
TymEd | 947 8.26 7.71 6.01 5.33
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.45 H- ¥ BdRRPRRREAY 2 hiEESE
Bt H v s it

W R i o | i) B

To r | b|p|l K |C
1 524.61 0 10.7 0* |002] 09 |33|4]180]20
2 835.26 1.38 15.39 005 |0.03[095| 7 |4|180]20
3 826.14 0.27 33.09 0* |001] 09 |25|4]180]20
4 1028.42 1.46 60.52 032 |002]095|35|4/|180]20
5 1291.29 1.96 100.8 128 | 0.01]095|36|4|180]20
6 555.43 0 12.05 0* 0.02| 09 |33]|4]180]20
7 909.68 0 19.69 0* 10.02] 09 |33|4]180]20
8 865.94 0.18 37.59 0* 10.02]095|40 418020
9 1162.55 0.97 64.81 056 |0.02] 09 |16|4|180]20
10 1395.85 2.06 111.83 08 |0.02] 09 |25]4/180]20
11 1042.11 3.48 64.16 027* [001[099| 9 |4]180]20
12 819.56 0 42.73 0* 10.02| 09 |33]|4]180]20
13 1541.14 0.43 66.06 029 |0.02] 09 |40|4|180]20
14 866.37 0 53.27 0% 0.02| 09 |33]|4]180]20
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% 4.6 FE I ik
Ergun et al. Tarantilis N}Iges:[er & Ggl(c)lricau Jop
3 (2006) [17] (2005) [37] raysy B
o (2007)[30] | (2006)[25]

DFB| P% |DFB"|DFB| PR |DFB’|DFB’| P% |DFB| F¥R |DFB| F¥® | DFB°
1| 0 |3252] 0 0 | 246 0 0.2 0 | 468 | 0 | 107 | ©
21091 20202] 002 | 0 | 2916 0 55 013 | 1164 | 138 | 1539 | 0.05
3000216806 | 0 0 | 5142 0 1 026 1446 | 027 | 33.09 | 0
4105532028 | 045 | 012 | 594 0 102 | 055 | 331.8 | 1.46 | 60.52 | 0.32
51129(37614| 09 | 156 | 7872 | 156 | 0 | 2160 | 1.59 | 6282 | 1.96 | 100.8 | 1.28
6| 0 |14004| 0 0 | 234 0 42 0 45 0 | 1205 | 0
71 0 [22704| 04 | 0 | 612 0 0.8 0 | 984 | 0 | 1969 | 0
8| 0 [25506| 0 0 | 2256 0 0.8 | 009 | 1488 | 0.18 | 3759 | 0
9 | 12 |21972| 0.05 | 0.06 | 4044 0 | 258 | 124 4062 | 097 | 64.81 | 0.56
10 0 | 2619 | 1.02 | 0.81 | 12924 | 0.81 | 038 | 522 | 1.78 | 633 |2.06 | 111.83| 0.8
110119936 | 0 0 | 192 |40 0 1.1 | 008 | 216 | 348 | 64.16 | 027
12| 1.13 | 1008 | 0 0 | 174 | 0 0 0.2 0 | 1758 | 0 | 4273 | 0
13| 041 [ 11214 | 0.14 | 0.19 | 447 . 0.19 | -0 135 | 1.79 | 339.6 | 043 | 66.06 | 0.29
14| 0 |28044| 0 0 | 228 [ .10 0 1.7 0 | 1404 | 0 | 5327 | 0
; 040 | 1932 | 021 | 02 | 337.5/}:0.18 | 0.03"] 162.66 | 0.54 | 247.93 | 0.87 | 49.48 | 0.26
#
= Sun Sparc Ile Pentium IT Pentium IV Pentium 4 Pentium(R) 4
* S00MHz 400 MHz 2800 MHz 2.53 GHz 3.00GHz
5

: DFB# 57 &8 e ST 2 48R ke feb 22 34 F A > DFBPR|AUPIRE AT

doeriR iR R e Srb R AT AL o
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