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Vehicle Routing T at the heart of OR
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Vehicle Routing T at the heart of OR

_ _ _ _ Ruin and Recreate (Christiaens)
Hybrid Genetic Algorithm (Vidal)

_ . Ant Colony Optimisation (Reimann)
Bees Mating (Marinakis)

Guided Tabu (Jin) Local Searc R-10-R (Groen

Adaptive Large Neighborhood Search (Pisinger)

Acive guided evolution strategies (Mester)
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Local Seach 1 the tools

Operator Complexity Description

2-opt O(n?) Remove and reinsert 2 edges between cus-
tomers from the same route.

3-opt O(n?) Remove and reinsert 3 edges between cus-
tomers from the same route.

Insert / Relocate  O(n?) Remove a customer from a route, and rein-
sert it into another route.

Swap O(n?) Exchange two customers from different
routes.

Crossover O(n?) Exchange the route ends (one or a sequence
of customers) between two routes.

CROSS-exchange O(n?) Exchange any two customer sequences be-

ftween two routes.

Complexity vs Size of Neighborhood
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Imagine we had no computational restrictionse

A CROSS-exchange

A Ejection chain

A n-opt

(Improve a pair of routes)

(can improve more t

(keep routes optima

nan 2 routes)

In themselves)
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From imagination to computational efficiency
CROSS-exchange
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—NBado edg
Near Neighbor

Tightly constrained




From imagination to computational efficiency
Ejection Chain
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From imagination to computational efficiency

Intra -Route optimization

2-0pt Is not sufficient

10 customers : - 0.5 % =
20 customers : - 2.0 % S -_s
o \.\ :‘:,.';' " > d\ > ‘\’ & i
A Solve a TSP efficiently AR
A ~N \—of

A Lin-Kernighan Heuristic
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Whati s a edgea d o

Data Mining study on 100.000 instances

What make a solution good?

A Width of routes, compactness, intersections

A Bad edges are wide, make routes non-compact, and intersect




(Smart & Simple) Guided Local Search

S

Penalize Edge Local Search Penalize Edge Local Search




Finetuning

A Reset penalties
A Optmise the entire solution after

start

a best solution has been found

a certain amount of unsuccessful iterations
A Edge selection

Usually . width

After restart . width, compactness, intersections with random weights
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lteration 1
Best Value 14821

#EC 0
#CROSS 0

Current Value 14821




Performance (Golden Benchmark Set)




Performance (Golden Benchmark Set)

Vidal et al. Mester and Braysy GLS
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Performance (Uchoa et al Benchmark Set)

Vidal et al. Subramanian GLS
+024% 994min +0,42% 42,3 min +1,2% 2,4 min




Performance (Uchoa et al Benchmark Set)

customers Vidal et al. Subramanian GLS
<300 +0,11% 7,7 min +0,41% 3,2 min +0,41 % 0,8 min
300-600 +0,27 % 452min  +0,75% 41,9 min +0,85% 1,8 min
600-1000 +0,30% 318,2min +0,97 % 304,121 min +0,58% 3,5min

Vidal et al. Subramanian GLS
X-n701 +0,24% 253,1min +0,91% 210,21 min +0,15% 3,0 min
X-n957 +0,18% 4329 min + 0,31 % 311,2 min +0,14 % 2,6 min
X-n1001 +0,29% 5492min +1,71% 791,8min +0,85% 4,1 min
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Performance (Uchoa et al Benchmark Set)

A

4 — Avg Computation time

— Avg Gap in %

# Customers
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How useful are the components? (Golden)
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How useful are the components? (Uchoa)

1Jh

—— Penalize longest edges
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Does it also work for other Routing Problems?

A Adapt Edge Penalization : edges between depots

A Cordeau Benchmark Set

Vidal et al. Pisinger & Ropke GLS
+0,06% 4,0 min +0,4% 3,3min +0,35% 0,3 min




