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Freight Transportation Challenge

e Freight transportation for real-world logistics company
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Freight Transportation Challenge

e Freight transportation for real-world logistics company
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Freight Transportation Challenge

e Freight transportation for real-world logistics company
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Freight Transportation Challenge

e Freight transportation for real-world logistics company

MDVRP :multi-depot (W periodic

e Orders/Containers/Trucks/
Trains/Routes for ...

e Multiple depots and pickup and
delivery locations

constraints

e Vehicles (trucks and trains)
have capacity limits

e Time windows for pickup and
delivery
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Freight Transportation Challenge

e Freight transportation for real-world logistics company
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Optimization Problem

e Goal of optimization is to find a freight transportation plan
e Minimize no. of undelivered orders, distance, spare capacity
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Approach: Genotype/Phenotype

e Evolutionary Algorithm
e Transportation Plan = Phenotype = Genotype
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Approach: Search Operations
e Always create valid and physically correct phenotypes
e 16 mutation operations

e 3 recombination operators

e Each operation dedicated to one specific constellation in the
solution candidates

e Reproduction: randomly choose operation, if not applicable
choose another one (and so on)
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Approach: Search Operations (add order)

e Mutation: Add new tours for undelivered freight to plan

4 tours
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Approach: Search Operations (insert order)

e Mutation: Integrate delivery in existing tour
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Approach: Search Operations  (trucks meet)

e Mutation: Freight exchange / Truck-meets-Truck
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Approach: Search Operations (use trains)

e Mutation: Transport freight via trains

e For each operation, there is an inverse operation
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Approach: Search Operations (crossover)

e Crossover: Combine tours from parents
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Experiments: Test Data

e Original data from the DHL

German l‘Jnity Day
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Experiments: Find Good Settings

e Data set of 2007-12-02, 189 orders, original: 19019 km

e Tested settings - steady state / generational
- elitism / no elitism
- population sizes: 200, 500, 1000
- Pareto ranking with and without sharing
- muta. rate: 0.6/0.8 crosso. rate: 0.2/0.4
- convergence prevention (clearing) 0.0/0.3

e 192 configurations a 10 runs
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Experiments: Find Good Settings

e Data set of 2009-12-02, 189 orders, original: 19019 km

e [ested settings

better in two-
tailed significance
tests with a = 2%

~ - steady state / generational

- elitism / no elitism

- population sizes: 200, 500, 1000

- Pareto ranking with and without sharing
- muta. rate: 0.6/0.8 crosso. rate: 0.2/0.4

_ - convergence prevention (clearing) 0.0/0.3

e 192 configurations a 10 runs: 172 configs better than original

e Best configuration: 80% mutation, 40% crossover, ps=1000,
steady state, elitism, sharing, cp=0.3
15883 km in total or 16% saved

2009-04-16 Evolutionary Freight Transportation Planning © Thomas Weise (tweise@gmx.de) Slide 21




\/
‘0

VERTEILTE SYSTEME
Experiments: Tests with various data sets
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Experiments: Tests with various data sets
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Experiments: Tests with various data sets

Distance |
in km _ i
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Sat, 2007-11-03 oo —
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Online Re-Planning
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Online Re-Planning
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Online Re-Planning
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Online Re-Planning
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Conclusions

e Planning in real-world logistics companies is hard

e Evolutionary approach with dedicated representation and
search operations has been provided

e Extensive tests have been performed

e Improvement: never < 1%, normally = 5%, best = 15%
e Offline and online optimization

e Field test of complete in.west system this fall

e Distribution, further improvements
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Thank you very much for your attention!

Any questions?

Corresponding authors:

Thomas Weise Alexander Podlich Christian Gorld
University of Kassel Micromata BIBA
tweise@gmx.de a.podlich@micromata.de gor@biba.uni-bremen.de
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Experiments: Find Good Settings

#| mut | cross | clear | elit? | pop | ss/ge | f-assi || solv-t| bett-t| end-t| no.evals| totaldist
1| 80% | 40% | on elit | 1000 | stead | share 341 609 3078| 3078500| 15883 km
2|1 60% | 20% | on | noel|1000 | gene | share 502 770 5746| 5746500| 15908 km
3|1 80% | 20% | on elit | 1000 | stead | share 360 626| 4831| 4831000( 15929 km
41 60% | 40% | on |noel|1000 | stead | share 468 736 5934| 5934000| 15970 km
5/ 60% | 20% | on elit | 1000 | stead | share 429 713 | 6236| 6236500| 15971 km
6| 80% | 20% | on | noel| 1000 | stead | share 375 674| 5466| 5466000| 16003 km
7|1 80% | 40% | on el |1000 | stead | plain 370 610| 5691| 5691500( 16008 km
8| 80% | 20% | on | noel| 1000 | gene | share 222 450| 6186| 6186500| 16018 km
9| 80% | 40% | off | noel| 1000 | gene | share 220 463 | 4880| 4880000| 16060 km
10| 80% | 20% | off el | 1000 | gene | plain 277 506 2862| 2862500| 16071 km
11| 80% | 40% | on |noel|1000 | stead | plain 412 734| 5604| 5604000| 16085 km
12| 80% | 20% | on el | 1000 | gene | share 214 442 | 4770 4770500| 16093 km
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Experiments: Find Good Settings

4

#| mut | cross | clear | elit? | pop | ss/ge | f-assi || solv-t| bett-t| end-t| no.evals| totaldist
1| 80% | 40% | on elit | 1000 | stead | share 341 609 3078| 3078500| 15883 km
2|1 60% | 20% | on | noel|1000 | gene | share 502 770 5746| 5746500| 15908 km
3|1 80% | 20% | on elit | 1000 | stead | share 360 626| 4831| 4831000( 15929 km
41 60% | 40% | on |noel|1000 | stead | share 468 736 5934| 5934000| 15970 km
51 60% | 20% | on elit | 1000 | stead | share 429 713 | 6236| 6236500| 15971 km
6| 80% | 20% | on | noel| 1000 | stead | share 375 674| 5466| 5466000| 16003 km
7|1 80% | 40% | on el |1000 | stead | plain 370 610| 5691| 5691500( 16008 km
8| 80% | 20% | on | noel| 1000 | gene | share 222 450| 6186| 6186500| 16018 km
9| 80% | 40% | off | noel| 1000 | gene | share 220 463 | 4880| 4880000| 16060 km
10| 80% | 20% | off el | 1000 | gene | plain 277 506 2862| 2862500| 16071 km
11| 80% | 40% | on |noel|1000 | stead | plain 412 734| 5604| 5604000| 16085 km
12| 80% | 20% | on el | 1000 | gene | share 214 442 | 4770 4770500| 16093 km
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Experiments: Find Good Settings

4

#| mut | cross | clear | elit? | pop | ss/ge | f-assi | solv-t| bett-t| end-t| no.evals| total dist
1| 80% | 40% | on elit | 1000 | stead | share 341 609| 3078| 3078500| 15883 km
2|1 60% | 20% | on | noel|1000 | gene | share 502 770 5746| 5746500| 15908 km
3|1 80% | 20% | on elit | 1000 | stead | share 360 626| 4831| 4831000( 15929 km
41 60% | 40% | on |noel|1000 | stead | share 468 736 5934| 5934000| 15970 km
51 60% | 20% | on elit | 1000 | stead | share 429 713 | 6236| 6236500| 15971 km
6| 80% | 20% | on | noel| 1000 | stead | share 375 674| 5466| 5466000| 16003 km
7|1 80% | 40% | on el |1000 | stead | plain 370 610| 5691| 5691500( 16008 km
8| 80% | 20% | on | noel| 1000 | gene | share 222 450| 6186| 6186500| 16018 km
9| 80% | 40% | off | noel| 1000 | gene | share 220 463| 4880| 4880000| 16060 km
10| 80% | 20% | off el |1000 | gene | plain 277 506| 2862| 2862500( 16071 km
11| 80% | 40% | on |noel|1000 | stead | plain 412 734| 5604| 5604000| 16085 km
12| 80% | 20% | on el | 1000 | gene | share 214 442 4770 4770500| 16093 km
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Experiments: Find Good Settings

4

#| mut | cross | clear | elit? | pop | ss/ge | f-assi || solv-t| bett-t| end-t| no.evals| totaldist
1| 80% | 40% | on elit | 1000 | stead | share 341 609 3078| 3078500| 15883 km
2|1 60% | 20% | on | noel|1000 | gene | share 502 770 5746| 5746500| 15908 km
3|1 80% | 20% | on elit | 1000 | stead | share 360 626| 4831| 4831000( 15929 km
41 60% | 40% | on |noel|1000 | stead | share 468 736| 5934| 5934000| 15970 km
5(/60% | 20% | on elit | 1000 | stead | share 429 713 | 6236| 6236500| 15971 km
6| 80% | 20% | on | noel| 1000 | stead | share 375 674 | 5466| 5466000| 16003 km
7|1 80% | 40% | on el |1000 | stead | plain 370 610| 5691| 5691500( 16008 km
8| 80% | 20% | on | noel| 1000 | gene | share 222 450| 6186| 6186500| 16018 km
9| 80% | 40% | off | noel| 1000 | gene | share 220 463 | 4880| 4880000| 16060 km
10| 80% | 20% | off el |1000 | gene | plain 277 506| 2862| 2862500| 16071 km
11| 80% | 40% | on |noel|1000 | stead | plain 412 734| 5604| 5604000| 16085 km
12| 80% | 20% | on el | 1000 | gene | share 214 442 4770 4770500| 16093 km
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Experiments: Find Good Settings

4

#| mut | cross | clear | elit? | pop | ss/ge | f-assi || solv-t| bett-t| end-t| no.evals| total dist
1{ 80% | 40% | on elit | 1000 | stead | share 341 609| 3078| 3078500( 15883 km
21 60% | 20% | on |[noel|1000 | gene | share 502 770| 5746| 5746500| 15908 km
3| 80% | 20% | on elit | 1000 | stead | share 360 626| 4831| 4831000| 15929 km
41 60% | 40% | on |noel|1000 | stead | share 468 736 5934| 5934000| 15970 km
5| 60% | 20% | on elit | 1000 | stead | share 429 713| 6236| 6236500( 15971 km
6| 80% | 20% | on | noel| 1000 | stead | share 375 674| 5466| 5466000| 16003 km
7| 80% | 40% | on el |1000 | stead | plain 370 610 5691| 5691500| 16008 km
8|1 80% | 20% | on | noel|1000 | gene | share 222 450| 6186| 6186500| 16018 km
9| 80% | 40% | off | noel | 1000 | gene | share 220 463 | 4880| 4880000| 16060 km
10| 80% | 20% | off el | 1000 | gene | plain 277 506 2862| 2862500| 16071 km
11| 80% | 40% | on |noel|1000 | stead | plain 412 734| 5604| 5604000| 16085 km
12| 80% | 20% | on el | 1000 | gene | share 214 442 4770 4770500| 16093 km
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Experiments: Find Good Settings

4

#| mut | cross | clear | elit? | pop | ss/ge | f-assi || solv-t| bett-t| end-t| no.evals| totaldist
1| 80% | 40% | on elit | 1000 | stead | share 341 609 3078| 3078500| 15883 km
2|1 60% | 20% | on |[noel| 1000 | gene | share 502 770 5746| 5746500( 15908 km
31 80% | 20% | on elit | 1000 | stead | share 360 626 4831| 4831000| 15929 km
4160% | 40% | on |noel| 1000 | stead | share 468 736 5934| 5934000| 15970 km
51 60% | 20% | on elit | 1000 | stead | share 429 713 | 6236| 6236500| 15971 km
6| 80% [ 20% | on | noel| 1000 | stead | share 375 674| 5466| 5466000( 16003 km
7| 80% | 40% | on el | 1000 | stead | plain 370 610 5691| 5691500| 16008 km
8|1 80% | 20% | on | noel| 1000 | gene | share 222 450| 6186| 6186500| 16018 km
9| 80% | 40% | off | noel| 1000 | gene | share 220 463 | 4880| 4880000| 16060 km
10| 80% | 20% | off el | 1000 | gene | plain 277 506 2862| 2862500| 16071 km
11| 80% | 40% | on | noel| 1000 | stead | plain 412 734| 5604| 5604000( 16085 km
12| 80% | 20% | on el | 1000 | gene | share 214 442 | 4770 4770500| 16093 km
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