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And now for something completely different...

• Using Constraint Programming/Optimization for decision support

• AI, but not that kind of AI

• Not rule based

• Done with a group of PhD students as a side activity
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Overview

• Participation in French OR Competition Roadef Challenge

• "Hobby" project driven by PhD students

• Aim: Achieve good results with limited, low risk effort

• Use Optimization/Constraint Programming where possible

• 4th in qualification, 8th in main evaluation, out of 52 teams

• Two more stages to come
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Background: Roadef Challenge

• Competition run by French OR Society (Roadef) since 1999
• Since 2010 in cooperation with Euro (European Operational Research Society)

• Different topics every two years

• Multi-stage competition with open and hidden datasets

• Problem provided by industrial partner (2022: Renault)

• Very close to industrial reality
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Past Challenges

1999 Inventory Management (Bouygues)

2001 Frequency Assignment (CELAR)

2003 Satellite Mission Planning (ONERA)

2005 Car Sequencing Problem (Renault)

2007 Intervention Planning (France Telecom)

2009 Disruption Management (Amadeus)

2010 Energy Management (EDF)

2012 Datacentre Machine Reassignment (Google)

2014 Rolling Stock Management (SNCF)

2016 Inventory Routing Problem (Air Liquide)

2018 Flat Glass Cutting Problem (Saint-Gobain)

2020 Maintenance Planning (RTE)
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The 2022 Problem

• Transport items from suppliers to factories in semi-trucks

• Items cannot be delivered late, but can be transported early

• Each factory is one instance (20-50 instances per dataset)

• Items are placed in crates, which can be stacked

• Different types of trucks are used

• Given calendar of planned trucks, additional copies can be used when
needed

• Overall cost is cost of trucks used plus inventory cost of items delivered
early
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Main Concepts

Item

Piece

Stack

Actual Truck

Planned Truck

Parameters

Compatibility
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Temporal Constraints

• Each item has earliest and latest arrival window

• Latest timepoint corresponds to some planned truck

• Item cannot arrive late (even on same day)
• If item arrives early, inventory cost (per day) must be paid

• Cost per day varies widely
• No cost if delivered earlier on the last day
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3D Placement Problem

• Fill trailer of semi-truck with pieces

• Pieces must stay upright, may be
rotated lengthwise or widthwise

• Only pieces with identical footprint
can be stacked

• All pieces must fit within trailer
volume

• Weight of all pieces must be below
trailer capacity

Source: Roadef Challenge Description
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Support

• Each item must be supported in z
and x direction

• For z direction
• Either item is placed on floor of

truck
• Or is is placed on top of another

item with the same footprint and
orientation

• Crate corners connect together

• For x direction
• Either item is placed against front

(left) wall of truck
• Or it is (partially) supported by

another item immediately to its
left

?

• Floorplan

• Green: Supported

• Red: Not supported
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Stacking of Crates

• Pieces are packed in crates

• Only crates with same footprint can
be stacked

• Stacked crates may be nesting
• Total height is smaller than sum of

heights

• Most crates can be placed
lengthwise or widthwise

• Some have fixed orientation Source: Roadef Challenge Description
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Loading Order

• Trucks are visiting suppliers in given
order

• Not all trucks visit all suppliers

• Items must be loaded in sequence
of visit

• Earlier visits in front, later visits in
back

• Details more complex
Source: Roadef Challenge Description

14 The Roadef Challenge 2022



Truck Constraints

• Total weight limit is not enough
• Non-linear axle weight constraints

• Placing too many items in front of
truck exceeds mid-axle weight
capacity

• Constraints not incremental,
adding one more item may reduce
an axle weight

• Axle weight limits apply for each
load step, not just for fully loaded
truck

• Checker will reject infeasible
placement

Source: Roadef Challenge Description
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Instance Parameters

• Relative cost of transport vs. inventory
• Ratios 1:5, 1:1, 5:1

• Cost increment of extra trucks

• Runtime limit (1,800 or 3,600s)
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What is provided?

• Problem description (pdf)

• Competition rules (pdf)

• Instance files (multiple files per factory, French csv)

• Result checker (Java, decides if solution is correct, at which cost)

• 3D Visualizer (Java, not used by our team)
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How is the Competition run?

• Competitors provide binary versions of their programs

• Programs run on Roadef machines against known/unseen instances

• Competition machines only allow certain commercial tools, limit resource
use

• Solutions are checked with given checker

• Points allocated for each instance, comparing with solutions by other
competitors

• Total ranking based on sum of points achieved
• Problem size does not matter
• Ranking not based on total cost

• Only best cost value for each instance is made available at end of phase
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Stages of the Competition

• Challenge starts, early July, 2022

• Sprint, Dataset A, October 2022 (DNA)

• Qualification, Dataset B, January 2023

• Test phase, Datasets C and X, June 2023

• (Unlimited Evaluation), Datasets C and X, End September 2023

• Scientific Contribution, November 2023
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Important Observation

• Early datasets are quite different from later ones
• Number of items and trucks relatively small
• Trucks spaced in calendar, little opportunity for early delivery
• Daily inventory cost high
• Not all constraints are present

• Challenging to develop tool based on early instances that performs well on
later ones

• Easy to only focus on improving known instance solutions

• You don’t know how good your solution needs to be
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Samples of Instances (Dataset X)

• 200k pieces, 10k trucks, 300+ suppliers, 2k products per instance

• Different parameter combinations
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Our Involvement

• A group of four PhD students wanted to participate

• Background: UCC came second in 2012 challenge (Google)

• Involved some of their supervisors

• Asked me to help with overall design (end October 2022)

• Weekly meeting (remote/in-person) to discuss progress
• Uses our Java development framework

• Code generator for most boiler-plate code
• Visualization/reporting tools
• Used for≈ 50 projects so far
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Aims

• This is a complex problem, not easy to find feasible solutions

• Problems range from quite small to very large, limited solution time

• First aim is to find feasible solutions, then improve solution quality
• Use decomposition to create sub-problems that can be designed on their
own

• Ideally, decompose into separate, independent sub-problems
• Or, create sequence of sub-problems that chain intermediate results

• Come up with lower bounds for instances to judge solution quality

• Avoid high-risk, high reward approaches due to limited resources

• Cannot afford to spend much time in any sub-problem
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First Step: Minimal Viable Product

• Place every item on last possible truck
• This creates independent sub-problems for each planned truck

• Create minimal number of stacks of compatible items
• Bin packing variant

• Place all stacks in the truck
• 2D placement, since we deal with stacks, not items
• May need more than one truck to take all items

• No inventory cost, everything is delivered just in time

• Produce results files, check against provided checker

• Validates understanding of problem, provides baseline
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Building Stacks

• Group items that can be stacked
together

• Footprint
• Load stage

• Use available height/weight

• Respect stackability constraints

• Respect forced orientation

• Cannot afford to run full
optimization model

• Use lower bound to check
optimality

Colored by Inventory Cost

26 Our Approach



2D Placement as an Optimization Problem

• We have done a lot of work on
using Constraint Programming for
placement problems

• Initial idea was to use CP for the
placement sub-problems here

• We decided against this:
• Thousands of sub-problems to

solve, needs too much time
• Requires tools that are not

installed on Roadef machines
• Axle weight constraints would

need new constraint
• Support only handled by a few

solvers

from Simonis, O’Sullivan: Almost Square Packing, CPAIOR 2011
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Placement Heuristic

• Heuristic placement
• Order items by load stage and

increasing weight
• Place next item in left-most,

lowest free corner

• Guarantees support

• Use lower bound to check
optimality

• No extra points for neat packing!

Colored by Load Stage
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Extensions of Minimal System

• Portfolio of placement methods

• Provide counterfactual explanations
• Allow stacks to be transported earlier

• Clustering of trucks
• Movement of stacks to earlier trucks
• Trade number of trucks against inventory cost

29 Our Approach



Placement Portfolio

• Heuristic is very fast, but
incomplete

• Can afford to run many variants
• Random reordering of items
• Orientation preference
• Maintain axle weight limits

• Try complete models for special
cases

• Add fallback heuristics to always
find a solution

• Quality may be poor
• Better to have bad solution rather

than none
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Counterfactual Explanations (Why didn’t you do that?)
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Pre-processing: Clustering

• We can partition the overall
instance into clusters

• Two planned trucks are in same
cluster, if some item can be
transported on either truck

• Find connected components in
generated graph

• We only have to consider
interactions inside one cluster at a
time

Not all trucks visit all suppliers/docks (or in same sequence)
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Post-Processing: Movement Solver

• Free up some sparsely used trucks

• Move all its stacks to another,
earlier truck

• Saves cost of truck, costs inventory
cost

• MIP Model
• Find all possible moves
• Select subset of moves that are

compatible
• Maximize cost savings
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Underlying Object Model (December Code Review)
Roadef2022 Java Class Diagram as of 11/12/2022

AbstractProblem

AbstractTruck

int cost
int nrErrors

AbstractSelectedTruck

int nrErrors
int copy
double loadedLength
double weight
double volume
double middleAxleWeight
double rearAxleWeight
double excessWeight

AbstractStack

Integer x
Integer y
Integer z
Integer xEnd
Integer yEnd
Integer zEnd
double totalWeight

Truck

int maxStackDensity
int maxMiddleAxleWeight
int maxRearAxleWeight
DateTime arrivalTime
int lbTrucks
int effectiveLength
int effectiveWidth

TruckEntry

int maxWeightOnBottom

Item

int nrItems
int length
int width
int height
double weight
int nestingHeight
int inventoryCost
int maxStackability
DateTime earliestArrival
DateTime latestArrival

Product

PackageCode Stackability

Supplier

SupplierDock

Plant

PlantDock

Orientation

Lengthwise
Widthwise
None

Size

int length
int width

TrailerType

int length
int width
int height
int maxWeight

SelectedTruck

Stack

String stackId
String code

Piece

String code
Integer x
Integer y
Integer z
Integer xEnd
Integer yEnd
Integer zEnd
double totalWeight

CounterTruck

CounterSelectedTruck

CounterStack

ClusterAssignmentCandidate

TruckAssignmentCandidate

SelectedCandidate

StackAssignment

Scenario

Double inventoryCost
Double transportationCost
Double extraTruckCost
Integer timeLimit

ProblemProblemSummary

CheckerError

String item

CheckerProblemType

ProblemStrategyCount

String strategy
int count

SolverResult

int nrStacks
double cost
double time

SolverMethod

SolutionStatus

Solution
Optimal
Unsatisfiable
Unknown

Cluster

Move

Tuple

StackGroup

int lowerBound

WeightAnalysis

int loadStage
double loadedWeight
double middleAxleWeight
double rearAxleWeight
double excessWeight
int nrErrors

ManualBound

int truckLength
int truckWidth
int stackLength
int stackWidth
int maxQty

lastPlannedTruck

forcedOrientation

pieces

1..*

0..1

0..1

0..1

clusters

0..*

clusters

0..*

plannedTruck

1..*

1..*

forcedOrientation

stacked

0..*

bottom

0..1

0..1

0..*

0..*

0..*

1..*

0..1

Generated using PlantUML
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Current High Level Decomposition

• Redesign after qualification phase

• New datasets have many more trucks on same day,
or consecutive days

• Remove assumption of transporting items as late as
possible

• Instead, solve optimization problem
• Assign items in time to minimize number of trucks
• While minimizing resulting inventory cost
• Ignore detailed placement, only approximation of

constraints

Clustering

Stack
Groups

Build
Stacks

Time
Allocation

Assign Stacks
in Time

Offline
Placement
Pattern

Placement
Portfolio

Placement
Selection

Combination
Generator

Combination
Selection

Solution
Export

Visualization
Tools
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Example Assignment in Time (Dataset X/CI)
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Observations

• Many trucks on same day
• Each truck is nearly full

• Unfortunately, not always true

• Each truck contains items of many different sizes

• Only deliver items early that have low inventory cost

• No inventory cost for delivery on same day
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Precomputed Solutions

• Some truck and item sizes occur
very frequently

• We can precompute optimal
solutions for special cases

• For a given set of items to be
placed

• Maximize use of space
• Provide support
• Push weight to end of truck
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Importance of Visualization

• We can only understand results by visualizing them
• Information overload: Show only what is needed

• That may depend on situation, user

• Uses library of predefined visualizations in Java
• Part of our Java development framework

• Add application specific custom visualizations

• Produce LaTeX reports
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Code Size (Java)

Function Package LoC

Generated datamodel 88k
controller 22k
view 4k

I/O import 1,500
export 200

Solvers all 6,000
Visualization all 4,300

41 Results



Example Result Quality (Instance X/CI)
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How do we compare?
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Student Experience

• Round-table discussion of project at CP Training Week
• Valuable learning experience
• How to approach large-scale problem
• Use of visualization to understand problems
• Understand effort/reward compromises
• Lots of fun as well
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Summary

• Presented results for our entry to Roadef Challenge 2022

• Driven by students, limited time available

• Very challenging problem, both in complexity and scale

• Decomposition to create manageable sub-problems

• Fair to middlin’ results

• Some stages of competition still on-going
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