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Motivation (1)

e Parallel algorithms often use several (or many)
processes which work simultaneously on available
processors for solving a given problem instance.

e Parallel algorithms can both speed up the search and
improve the robustness and the quality of the solutions
obtained (Crainic, 2008).

e Parallel computing platforms are increasingly accessible.
Parallel algorithms can use such computing resources in
a more efficient way.
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Motivation (2)

e Vehicle routing problem (VRP) 1s a classical operations
research problem.

e It also holds a central place in distribution or
transportation management.

e As the classical version of VRP, the capacitated vehicle
routing problem (CVRP) remains difficult to solve.
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Motivation (3)

 Among the latest metaheuristic algorithms for VRP,
some use multiple neighborhoods. In these methods,
multiple neighborhoods are used in serial fashion, one
after another following a fixed or randomized sequence.

e The objective of this paper 1s to explore the strategies of
utilizing multiple neighborhoods in a parallel setting and
compare their effectiveness.
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Description of the algorithm (1)

Solving the CVRP is to determine a set of vehicle routes
e Start and end at the depot,

e Each customer 1s visited exactly once,

The total demand of any routes does

not exceed vehicle capacity,

The length(duration) of any routes does o

not exceed a upper bound,

The total cost of all routes 1s minimized.
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Description of the algorithm (2)

Four neighborhoods are used:
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Reinsertion: move a node to another position. 2-0pt: remove two edges, add two new ones.
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Exchange: swap two nodes from two routes. 2-0pt™: swap the head/tail parts of two routes.
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Description of the algorithm (3)

e The selected neighborhoods are applied in Granular
Tabu search (Toth & Vigo, 2003) setting to develop
several TS threads. In GTS, most long edges are not
considered when generating neighbors. When we
consider to move a node, we only allow to move it to a
position next to one of 1ts nearest neighbors (or the
depot).
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Description of the algorithm (4)

e The TS threads are run in parallel. A solution pool 1s
used to support the cooperation among them. Each
thread runs for a certain time, stops to exchange
solutions with the pool and resumes search again. All
threads restart from the same solution.
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Description of the algorithm (5)
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Phase 1 aims to create a
feasible starting solution.

Phase 2 aims to improve the
starting solution with four
parallel threads using
different neighborhoods.
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Description of the algorithm (6)

Thread 1
Thread 2
Thread 3
Thread 4

Solution
pool

Reinsertion, 2-opt*.
2-opt*.
Exchange

Shaking procedure +
Improving procedure
(Thread 1+ Exchange)

Main improving thread.
Assistant improving thread.
Assistant improving thread.

Diversifying the search.

Keep and sort the solutions
from each threads, select new
starting solutions for the TS
threads.
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Computational results

Results for the benchmarks of Golden et al. (1998)

Problem Previous Li et al Peinger  Mester Kytsjoki Nagata Groer Groesr PMNTS PMNTS PMNTS
best and and et al. and et al. et al. AVET . AVEL. best

know n Ropke  Braysy Braysy {2010 (010 time

(2005) (2007 (2007} (2007 {2009) 4pc 120pc {(mim}

Zdil ) [l B Ll okl [ 5 [ B . rbwdal A S =5 bl i
2(320) 8431.66 B460.32 B460.332 S447.02 B4T6.26 8431.66 Hdd7 02 RB435.00 B44T.A5 2072 B419.50
3(400)  11036.22 1114580 11047.01 11036.22 11043.41 11036.22 11036.22 11036.22 11080.60 58,44 11030.80
4(480) 13502.B8 13758.08 13635.31 13624.52 13631.T2 1350285 13624.52 1362452 13666.34 87.03 13615.20
5(200) 646008 647809 646668 646008 646098 646008 646098 646098 E464.40 10.47 Gd60.08
G280} 2404.26 B530.61 841613 541288 B415.67 &404.26 241290 3B412.90 846510 2306 B403.25
T(360) 10156.58 1028972 10181.75 10195.56 10207 .66 10156.58 1019559 10195 59 102000524 6216 10184.40
2(440) 1164300 1192052 11713.62 11663.556 1187264 11601.06 11680.31 1164989 1172582 56.68 11671.00
0255} LA BEEIS BERI4 LR BT 5HO0.42 SHI 3T : 5E3.15 1870 i R
10{323) TAT.28 749.49 T4B. 8O T41.56 TELTY TAB.49 T42.43 v3T.28 T30.97 3865 Ta8.50
1130405 013.35 02591 Q22.70 a18.45 Q8680 Oi4.72 091%.91 01335 917.50 LE.O6 514.08
12(483) 1102.76 112803 1119.06 1107.19 1200.02 1106.7v6 111705 110276 111244 T2.84 1109.93

o s J oL AT o 3. I3 3= N = N tn U B . e b = I . az
140320 1080.55 1097.7 109540 1081.31 1155.10 108055 1081.24 1080.55% 1084.50 27.94 1082.52
15(396) 1338.00  1361.41 1359.94 134523 1461.490 134253 134645 133800 1353.07 3807 1351.13
16(480) 1613.66 163558 1639.11 162269 174286 1620.B5 162442 161366 1632 88 55.T7 1629.78
17(240) TOT.76 711.74 TOE. 90 TO7.70 T26.01 T07.76 TOT.TE TOT.% T8 .46 15 83 TO07.B3
18(300) 005.13 101032 1002.42 998.73  1077.53 905.13 905 66 09513 1002.53 3081 100027
19{360) 1365.60 1382 50 1374.24 1366.86 1444.51 1365097 136934 136560 1368 22 36.30 1367.31
200420 1818.25 185092 183080 1820.00 1938.12 1820.02 182498 181825 1830.10 49.62 1827.30
Aver. deviation 7 1.33 047 0.26 1.76 011 036 004 .59 0.78
Time min 1.13 10.80 24.40 0.02 35549 5.00 5.00 41.87
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3 new best solutions. Average deviation 0.28%.
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Computational results

Results for the benchmarks of Li et al. (2005)

Problem Previous Li et al Psinger Mester Kytojoki Dorronsoro Groer Groer PMNTE PMNTSE PMNTS
best and and et al. et al. at al. et al. EVEL. AVar. best
known Ropke  Braysy (2010} {2010 time

(2005)  (2007) (2007} (2007} (2007) dpc  129pc {min}
ITTEED] PR . TR 16210574 1623132 1621067 16210.55 1621083 160782 U863 Ioomon
2600} 14584.42 14651.27 14631.08 14307.18 14634.87 1465228 14631.73 14384.42 1461883 121.60 1459870
2%(640) 18801.12 18838.62 18837.40 18801.12 18810.72  18801.18 18801.13 18801.13 1888380 130,82 1882080
24('720) 21380.33 21616.25 21522.48 2138033 21401.41 2138043 21300.63 21380.43 2149703  B8.08 21309000
a5(7TED)  16VE3.72 17146.41 16002.16 1700527 17388.18 1734041 1708062 16763.72 1682662 176.85 1678170
IG(800) 2307174 24000.74 24014.00 23071.74 23006.86 2307773 230TT.73 2307773 2412710  108.54 2308610
27(840) 1743360 17823.40 17618.22 17488.74 1823303 1832602 17580.05 17433.60 1752203  101.87 17482.30
2R(BE0) 2656502 26606.11 26TO1.T? 2636502 26302.05  26566.04 26567.23 I6566.03 2660050 186.17  26574.40
20(060) 29154.34 20181.21 20405.60 20160.33 20166.32  20154.34 2015554 20154.34 20910008 188.64 2016270
30{1040) 31742.51 31976.73 S10968.33 8174251 S1805.28 3174384 31748.84 3174264 317v2.05  252.06 3175340
31(1120) 34330.84 35360.17 34770.34 54330.84 5433248 3433094 34333.37 54330.04 3438417  246.23  34540.50
32(1200) 36019.24 37421.44 37377.35 8692870 87025.87 3742394 3728500 3718585 37TS05.33  272.50 3720480
Aver. deviation % 1.18 0.68 0,20 0,80 087 0.35 0.06 055 012
Time min TO0  4R.E0 10450 710 TEE0.00 B0 B0 TemA%

I new best solution. Average deviation 0.12%.
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Some observations

Observation 1: both using multiple neighborhoods in serial and
parallel fashion have advantages.

Problem Previous Serial variant SNFP variant PMNTS Constraints tightness
best Ohbj Time| Ohj Time| Ohbj Time | Capacity Tour length
known (min) (min) (min) %o Yo
1(240) a623.47  HG36.TT  26.15( S667.090 13.49] H627.54 16.54 97.0 061
4(480) 13592 .88 13790.27 100.37|13894.88 63.08 | 13666.84 87.03 6.0 85.2
3(200) 646098 648097 21.41( 647353 9.12| 6464.40 1047 8E.0 T1.8
8(440) 11643.90 1179788 BE.74|11774.16 45.38(11725.82 B6.68 O7.8 a7.1
0(255) BTO.7T1 H86.51 20.70| 58527 1788 583.15 18.70 095.9 N /A
IEH::‘-'.'-] 110276 112062 10593 1114.21 64.93] 1112.44 7284 08.4 N/A
13(252) BH7.19 87200 17.26) 86095 12.32 G4 .45 18.82 06.7 N /A
16({480) 1613.66 1647.00 G0.81| 1638.92 40.90| 1632.88 55.48 06.7 N /A
17(240) T07.76  TO09.80 14.81 T14.68 11.40( 7TOB.46 15.83 08.2 N /A
20(420) 1818.25 1830.13 42.44| 1871.28 33.84( 1830.10 49.62 00.5 N/A
Aver. deviation % 1.15 1.33 (.56
Time min 50.76 31.23 43.20
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Some observations

Observation 2: 2-opt* neighborhood is effective for instances

with loose constraints to obtain right route structure.
Example Instance: Golden_Benchmark_5

Step | IniSolObj | Reinsertion | 2-opt* Exchange | BestObj | Improve
1 7239.91 6909.00 6885.87 | 7027.84 | 6885.87 |354.04

2 6885.87 6847.59 6682.38 | 6866.22 | 6682.38 | 203.49

3 6682.38 6664.59 6496.06 | 6680.95 | 6496.06 186.32

4 6496.06 6466.68 6496.06 | 6501.67 | 6466.68 |29.38

5 6466.68 6460.98 6466.68 | 6466.68 | 6460.98 | 5.7
Improvement 35.08 743.85 0 778.93
Contribution(%) 4.5% 95.5% 0 100%
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Some observations

Observation 2: Example Instance: Golden_Benchmark_5

Average route length/route length constraint= 71.8%
Average route load/vehicle capacity = 88.9%

Golden_Benchmark_5

Golden_Benchmark_5

A high quality solution A low quality solution
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Some observations

Observation 3: Exchange neighborhood 1s effective for

instances with overlapping routes

Example Instance: Golden_Benchmark_17

Step IniSolObj | Reinsertion | 2-opt* Exchange | BestObj Improve
1 789.414 713.021 733.136 759.092 713.021 76.393
2 713.021 712.438 712.957 712.600 712.438 0.583
3 712.438 710.857 712.438 712.438 710.857 1.581
4 710.857 710.857 710.857 710.722 710.722 0.135
5 710.722 710.722 710.722 710.534 710.534 0.188
6 710.534 710.167 710.534 710.534 710.167 0.367
7 710.167 709.955 710.167 709.702 709.702 0.465
8 709.702 709.252 709.256 709.691 709.252 0.45
Improvement 79.374 0 0.788 80.162
Contribution(%) 99.0% 0 1.0% 100%
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Some observations

Observation 3:

Example Instance: Golden_Benchmark_17

Golden_Benchmark_17
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Some observations

Observation 4: Reinsertion neighborhood 1s often more
effective than exchange or 2-opt*.

Instance | Solution Solution Frequency of neighborhood used
value path Reinsertion | 2-opt* | Exchange
Goldenl 5646.89 | R/O/R/R/R/E 4 1 1
Goldend 13839.10 | R/R/O/E/E/O/R/R 4 2 2
Golden5 6460.98 U; U; O/ Ee E/O/E/O 1 5 4
Goldens 11768.4 | R/E/O/R/R/R/R 5 1 1
Guldeng a8d.44 R-'E-'E-'R-' R "H.-" (.:Jf-"rE 1 1 3
Golden12 1116.48 | R/R/R/E/R/E/R/E 7 1 5
/R/ ]:iF EJ O/
Golden13 868.23 | O/R/O/R/R/O/R/E 5 3 3
fE H E
Golden16 1629.38 | R/ E;‘ E;‘ O/R/O/R/E 6 4 §
,-"P I,-"r ]I,-"r I,-"r ;.r ]; II.-'r I..-'rE
Golden17 78.81 | R/R/R/E/R/R/R/O/E 6 1 2
Golden20 1867.58 | R/E/E/R/R/E/Q/R 9 2 D

ff'rE ;.rR ff'rR I,-"r(.j I,-"rR ff'rH I,-"rR I,-"rE

Here, R represents reinsertion, E stands for exchange and O represents 2-opt™.
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Some observations

Observation 5: In the setting of parallel multiple-neighborhood
cooperation, one neighborhood can either contribute by
improving the solutions more efficiently than the others or by
generating intermediate solutions that enable other

neighborhoods to find good solutions later.

Step | IniSolObj | Threadl | Thread2 | Threadd | BestObj | Improve
1 7239.91 6934.63 6860.00 T126.31 660.00 379,91
2 6R60.00 6854.39 6606.15 6260.00 6606.15 253.85
3 6606.15 6590.60 6547.60 6601.92 6547.60 58.55
4 6547.60 6508.26 6496.77 6536.05 6496.77 50.83
5 6496.77 6491.16 6496.77 6496.77 6491.16 5.61
§ 6536.05 6508.26 6516.23 6532.27 6491.16 0.00
7 6516.23 6483.79 6508. 35 6492.21 6483.79 7.37
8 6508.35 6472.38 75.19 6484.28 6472.38 11.41
9 H484.28 ‘08 6166.68 484,28 6466.68 5.7
10 653&2" 6508.26 | —6498.79 6507.20 6466.68 0.00
11 6408.7¢1 6483.79 6486.60 | —B489.40 B166.68 0.00
12 6489, 42 . 56.59 648940 6466.68 0.00
13 6486.5% 6483.79 6486.59 | —6484.89 6466.68 0.00
14 6484.9% . 6479.38 6484.99 6460.98 5.8
Improvement 35.79 743.14 0 .00 T78.93
(4.6%%) (95.4%)
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Future work

B Explore effective guiding mechanism in parallel setting to
further improve the performance.

B Apply parallel multi-neighborhood search framework for rich
vehicle routing problems.
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Thanks for your attention!
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