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Heuristics
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TSP – 2-opt

Croes, 1958
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TSP  – 3-opt

Lin, 1965
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TSP  – More heuristics

• k-opt (Lin and Kernighan, 1973)

o Remove k edges, reconnect the possibly reversed strings

• or-opt (Or, 1976)

o Relocate a string with maximum cardinality 3
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VRP – Inter-route 2-opt
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VRP  – More neighborhoods

• Or-opt (Or, 1976)

o Relocate 1 string with maximum cardinality 3, possibly to a different route

• Single, double, pair+single, double pair  (Waters, 1987)

o Relocate 2 strings with maximum cardinality 2, possibly to different routes

• Chain-exchange (Fahrion and Wrede, 1990)

o Relocate 2 strings with maximum cardinality Τ|𝑡| 2
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VRPTW  – Exchange, Cross, Relocate

Savelsbergh, 1988
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VRPTW  – More heuristics

• 2-opt* (Potvin and Rousseau, 1995)

o inter-route 2-opt without string reversal, or Cross

• CROSS-exchange (Taillard et al., 1997)

o Savelsbergh’s Exchange, Cross, Relocate

o (+) Relocate may operate as intra-route operator
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Ruin & recreate (R&R)

• Term introduced by Schrimpf et al.

o Record Breaking Optimization Results Using the Ruin and Recreate Principle (2000)

o Optimization with Ruin Recreate (2002) (United States Patent, IBM)

o # ruins, 1 recreate

• Concept established in older publications

o Performance of Interconnection Rip-Up and Reroute Strategies (1981)
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VRPTW heuristics

VRPTW heuristics Reference

Exchange, cross and relocate Savelsbergh 1988

2-opt* Potvin and Rousseau 1995

CROSS-exchange Taillard et al. 1997
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Ruin & recreate heuristics

Reference Ruin Recreate

LNS Shaw 1998 related removal Branch & Bound

R&R Schrimpf et al. 2000 random, radial or string 

removal

greedy insertion

ALNS Pisinger and Røpke

2007

random, worst, related, 

cluster, time-oriented

or historical removal

greedy or regret insertion 

with(out)

noise function

SISRs THIS TALK adjacent string removal greedy insertion with 

blinks
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Data 
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SISRs

1. Ruin

2. Recreate

3. Fleet minimization
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1. SISRs ruin

Remove customers – Adjacent string removal

• capacity slack - vehicles gain free capacity

• spatial slack - vehicles are detached from regions
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Spatial slack
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Spatial slack – Maximum distance
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Spatial slack – Maximum distance

schedulingseminar.com



Spatial slack – Total distance
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Spatial slack – Total distance
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SISRs ruin – Adjacent string removal
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Ruin methods - Alternatives

Small number Random Radial

schedulingseminar.com



Ruin methods - Alternatives

Small number Random Radial
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Ruin methods - Alternatives

Small number Random Radial
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SISRs ruin – Adjacent string removal
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SISRs ruin – Adjacent string removal
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SISRs ruin – Adjacent string removal
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SISRs ruin – Adjacent string removal
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SISRs ruin – Ajacent string removal
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SISRs ruin – Ajacent string removal
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2. SISRs recreate

• insert customers - greedy insertion with blinks

• options enabled by slack - strongly dependent on ruin
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SISRs recreate
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SISRs recreate – Greedy insertion with blinks

Greedy insertion:

• always at best position

• very greedy 

Greedy insertion with blinks:

•

•

•

•

Heuristic-Biased Stochastic Sampling

•

•

•
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SISRs recreate – Greedy insertion with blinks

Greedy insertion:

• always at best position

• very greedy 

Greedy insertion with blinks:

• mostly at best position

• less greedy ☺

•

•

Heuristic-Biased Stochastic Sampling

•

•

•
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SISRs Recreate – Greedy insertion with blinks

Greedy insertion:

• always at best position

• very greedy 

Greedy insertion with blinks:

• mostly at best position

• less greedy ☺

•

•

Heuristic-Biased Stochastic Sampling

• HBSS (Bresina 1996)

• rank all options (best to worst)

• exponentially decreasing probability
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SISRs recreate – Greedy insertion with blinks

Greedy insertion:

• always at best position

• very greedy 

Greedy insertion with blinks:

• mostly at best position

• less greedy ☺

• rank-based selection probabilities

• without ranking all options!! ☺

Heuristic-Biased Stochastic Sampling

• HBSS (Bresina 1996)

• rank all options (best to worst)

• exponentially decreasing probability
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3. SISRs fleet minimization

• Fleet minimization - absences-based acceptance criterion
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SISRs fleet minimization

• VRPTW, PDPTW …

• Not strictly related to distance→ two-stage approach

1. Fleet minimization

2. Distance minimization

• Nagata, Bräysy, and Dullaert (2010) VRPTW

Nagata and Kobayashi (2010) PDPTW

1. Remove vehicle

2. “Squeeze” until all customers are served

3. Repeat
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Fleet minimization – 1st attempt

• Consider partial solutions

• Let A = set of absent customers

1. Apply SISRs

2. Accept s* if

3. Repeat

𝐴 ≥ 𝐴∗
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
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
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☺
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
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
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☺
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




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Absences-based acceptance criterion

Accept s* if
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Absences-based acceptance criterion

Accept s* if

𝐴 > 𝐴∗
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Absences-based acceptance criterion

Accept s* if

σ 𝑐∈𝐴 𝑎𝑏𝑠𝑐 > σ 𝑐∈𝐴∗ 𝑎𝑏𝑠𝑐

or if

𝐴 > 𝐴∗
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Skip to

29 vehicles
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Acceptance criteria compared – Start
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Acceptance criteria compared – Start
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Acceptance criteria compared – Final solutions
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