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ABSTRACT: In this article we are particularly interested in modeling and solving a class of combinatorial
problems encountered in logistics using the Constraint Programming System (CP).
1.

INTRODUCTION

In this article we are interested in one hand to review a set of problems encountered in logistics and particularly
in a warehouse management systems (WMS) and in multimodal platforms, and in a second hand to highlight the
contribution of Constraint Programming Technology in solving them. Existing WMS systems provide advanced
features to manage the movement of items within the warehouse, but fail to comply with the increasing need for
more automation of customer-oriented demands, such as how to pack fragile items in a container, how many
packaging material are needed to pack customer items, how to schedule the manpower to finish the preparation
in time, in which order to pack items on a pallet, and the position of pallets in a truck according to the customers
to visit. Generally, they lack optimization functionalities like planning, scheduling, advanced packing tools,
optimal filling of containers and trucks subject to delivery constraints. Our contribution is the development of
new tools for this sector activity.
2.

KLS OPTIM

KLS OPTIM is an SME specialist in Warehouse Management Systems and Optimization in Logistics, and offers
a complete range of proven packages, solutions and services in a niche of sectors in Supply Chain Management.
The main problems addressed are packing, design of optimal plan of packing products in cartons and cartons in
pallets, optimization in distribution by minimizing the number of pallets, optimization of vehicle/ container
loading plans, optimization of assignment of containers in wagons, decision making applications. Most of the
problems are known in the literature as bin packing problems. Some instances may thus be hard to solve
optimality.
The KLS Optimisation Suite is organised into a set of business packing components (modules) featuring
capabilities to cover the complete process of packing including different functionalities: creating and editing
scenarios, solving optimisation packing problems, visualisation of packing results, production of reporting. The
solution is enriched with several API (XML, SOA) easing the interface with ERP and WMSes of the market.
The presented work is the result of the European Project Net-WMS and the national project SOCHART. Three
key partners contributed to the successful of the industrialization of the results of the projects and which are
INRIA, EMN (Ecole des Mines de Nantes) and ICAM (Institut Catholique des Arts et des Métiers).
3.

CONSTRAINT PROGRAMMING

Constraint Programming (CP) has become a reality in the industrial world. Its success represents an important
development of Artificial Intelligence and a successful vulgarization of the techniques of operations research in
decision-making solutions in various domains. Indeed, CP has effectively addressed a large class of
combinatorial problems. The Constraint Programming system used is Choco [http://choco.emn.fr].
Choco is a Constraint Programming system designed to tackle real world "constrained search" problems with a
short-term development time and good efficiency. The Choco system provides a number of constraint solvers
over different computation domains. These domains have been chosen because of their interest for applications,
but also since efficient specialized constraint solving methods exist for these domains. In this paper we focus on
finite domains in Choco.
The objective of the company is to promote Constraint Programming and to use when it is possible the
Constraint Programming Choco system.
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4.

OPTIMIZATION PROBLEMS

3.1 Optimization of pallets
The problem addressed is taken from warehousing and distribution. It concerns the order preparation of large
orders for intermediate platforms or important customers like manufacturers in different sectors. An order is a set
of lines. Each line describes the ordered product with its corresponding quantity. A carton in a pallet may have
up to six possible orientations which may increase the complexity in some cases. The problem consists of
packing boxes of various sizes into available pallets (larges boxes) in a way which optimizes the total number of
pallets. The objective is to minimize the total number of pallets.
Planning of several orders.
Capabilities to handle several types of pallets.
Subject to orientation, fragility, stackability, weight and volume constraints.
The type of planning is operational planning which means that some decision must be taken in real time. The
context is the following. The in-house warehouse management system (WMS) is connected to an ERP (SAP).
The WMS reads the orders to prepare each laps of time (e.g. 1 minute) from the ERP. The main constraint is that
the WMS must compute in real time the optimal number of pallets and the optimal linear meters of the virtual
vehicle. This decision making information is sent in real time to the transporters (if they are known) or to the
transport department. An order may contain 300 cartons or even more. The objective is to compute this decision
making information in few minutes. For example, the decision is taken at 09h:00 and the preparation will start at
15h:00. Usually the exact number of pallets is known once the order preparation is finished. In this case, the
consequence is that the transport is informed at the last minute with many disadvantages; e.g. sending a large
vehicle by using half of the vehicle capacity.
Usually the logistical manager computes a first estimation based on volumes. From the volumes of the products
the manager estimates the number of pallets. The problem is that there are many different pallets. The estimation
is based on the experience of the managers. Once the order preparation is finished the manager informs the
transporters with the exact number of pallets. The first and one of the main disadvantages of these current
practices is that the transporter is informed very late. This approach has many negative consequences, among
which:
Bad use of the capacities of the vehicles.
Bad planning of vehicles; a vehicle might be used to serve several warehouses.
Bad quality of services; the vehicle might arrive late at the warehouse to pick-up the loads.
Competitiveness: both the warehouse and the transporter will be not competitive and in the market.
In the literature this class of problem is known as Multidimensional Bin Packing Problem (MD-BPP). In these
problems, there is a set of items, with rectangular dimensions, and a set of large containers, or bins, also with
rectangular dimensions. The solution is a set of bins. Items in bin cannot overlap in bins. Optim Pallet solvers
integrates many new constraints (orientation, fragility, stackability, cardinality on top, weight and volume
constraints) and preference packing (grouping items, piles, layers) rules taken from the test cases. In this
problem, bins might of different sizes. The objective is always to minimize the total number of bins.
MD-BPP problems are known to be NP-complete. The related literature is rich in heuristics and approximation
algorithms. There are few references in Constraint Programming. The problem becomes hard when combining
constrains like cardinality on top and orientations of items in a bin.
The Optim Pallet solvers use the important global constraints of Choco. The first constraint is the nonoverlapping constraints since handled objects are boxes (3D shapes). The second constraint is the cumulative
constraint to model various problem requirements like the maximum allowed weight per bin.
From the daily exploitation point of view robustness and quality solutions are the key points. There is no need to
optimal solution which is in some cases infeasible for the operators. Quality solutions are the starting points of
developing novel and efficient heuristics for different types of problems of pallet optimization. The objective of
the heuristics is to respect the user constraints and to drive the CP program to a feasible solution in a short time.
Respecting the user constraints (constraints are expressed through parameters) makes possible to compute
quality solutions. The time spent at each step selecting the best object is important regarding the total time.
However, it make possible to reduce the number of tries and backtracks.
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3.2 Vehicle / container loading plans
Optimizations of vehicle loading are well known problems in TMS (Transport Management Systems). For some
sector activities in logistics they are complementary to optimization pallets. For some variants the combinatorial
problems to solve are similar. Even, one can find similar constraints. First we distinguish two types of problems:
1
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A single container loading problem (SCLP): Boxes of different sizes are stowed in the container as
possible by minimizing the unused. From the exploitation point of view it maximizes the use of a
container’s volume.
A multiple containers loading problem (MCLP): Boxes of different sizes are stowed in several
containers. The objective is to minimize the total number of required containers needed to stow all
given boxes.

Many studies on this problem have been conducted and most studies use heuristic approach because these
problems belong to the class of NP-Hard problems. In practices there are different variants of SCLP and MCLP.
Constraint Programming is a good candidate for loading problems when all items to pack are boxes. Nonoverlapping and cumulative global constraints are good candidate for modelling such problems. Solving the
problems in a reasonable time is less trivial and depends on the business constraints to handle. The problems
become even hard when business constraints like stackability, stability, deformation and equilibrium are taken
into account.
Optim Vehicle / Truck tool provides several engine solvers. Each engine solver is dedicated for a variant of
SCLP or MCLP problem. An engine solver is structured in several parts: pre-processing to classify the problem,
declaration of decision variables, setup of constraints and heuristics. For some problems the optimal solution is
required. The typical case is the computation of total linear meters for a set of pallets. This problem is similar to
rectangle packing. For the other variants the optimal solution is no longer required. Therefore, the heuristics to
drive the CP program are central.
Specific engine solvers are developed to handle circular forms. Specific algorithms were developed for these
classes of problems in addition to CP programs.
3.3 Assignment of containers to trains
First we introduce the different types of planning in order to clarify our contribution. We distinguish three types
of planning:
Strategic Planning: this is for example the construction of new segments or the acquisition of rolling stocks.
Tactical planning: this is for example the computation of hourly time-tabling of train staff or the planning of
the train assignments according to demands.
Operational planning: this it is for example the scheduling of trains, the assignment of containers to trains or
the planning of the loading operations and the equipment handling.
This article deals with the operational planning of trains. Furthermore, assigning a destination of a train is
treated beforehand and the results are inputs for component optimization developed in this article. The number
of wagons and their specifications are also known. The planning of loading and handling equipment is not
addressed in this article.
The main objectives are:
Development of an interactive Full Web application incorporating recent AJAX developments to minimize
the flow between the workstation and server.
Development of an optimization engine to compute an initial solution and to assist the operator when
completing partial solutions.
Development of a fast algorithm to assist the operator in choosing the right container for a wagon
The problem is known in literature as "bin packing". The objective is to minimize the number of wagons (bins)
while placing the maximum number of containers (items). Solving techniques based on mathematical models
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using integer linear programming in (Bursting) or Metaheuristics which are the most well-known for this class of
problems. The constraints taken into account are the maximum weight constraints attached to wagons, the
maximum number of containers per wagon, the number of wagons attached to a train and its total weight. Within
these limited number of constraints the problem can be solved to optimal degrees.
The application handles additional business constraints, among them:
1. The handling of dangerous goods.
2. The incompatibilities between families of containers, e.g. two containers containing dangerous goods cannot
be assigned to the same wagon.
3. The original constraints of wagon-makers which are configuration constraints. A configuration corresponds to
a type of pre-specified load plan by the manufacturer; they are patterns. It is structured into slots. A slot
position describes the position of containers or unit loads on the vehicle. Each configuration has its own
maximum total weight constraint and a maximum weight per slot.
The problem solving is carried out in two steps. In the first step the application loads a new instance of data
(train departure, wagons of the train, containers). After checking the validity of constraints and data, the
application launches the first solver which is constraint programming based. The aim is to compute a first good
solution respecting the business constraints.
Notations : The notations are introduced to facilitate the understanding of modelling constraints.
─
─
─
─
─

N: the maximum number of wagons
M: the number of containers to plan
W: the maximum permitted weight of the train
wi : i :: 1..M, the weight of the container i.
WM i: Maximum Weight of wagon i.

Decision variables:
─ S i: S i: 0 .. N
─ S i = k means the container i is assigned to wagon k.
Bin packing constraints

The cumulative constraint [2, 3] expresses resource constraints between sets of domain variables. It can be used
for many types of problems, e.g. scheduling with resource constraints (machines, manpower etc), packing and
placement problems (one-dimensional bin packing, 2D and 3D problems), or assignment problems (timetabling).
The constraint uses rather complex propagation techniques to analyze and develop necessary conditions for
consistency. A typical use of cumulative constraint is found in resource scheduling. We have to schedule a
number of tasks of different durations where the tasks require certain amounts of resources (e.g. manpower),
during their operation. The overall amount of manpower available during the scheduling period is fixed and the
total requirements at each time point by all tasks should not exceed the available limit.
Syntax: cumulative({So, Do, Ro } o in O, H, Limit)
─ Starts: a list of start dates Si of operations O over a horizon H
─ Durations: a list of their durations Di
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─ Resources: list of quantities of resources they use Ri,
─ Limit: the maximum resources available,
─ End: the end date for all tasks.
The constraint holds if the following condition is satisfied.

R

o
1 o n:So t So Do

Limit, t

1..H ; max( So

Do )

H

The variant of the cumulative constraint used to model various constraints of the problem is the bin packing
cumulative constraints where all tasks have durations equal to one. Helmut Simonis has published several papers
[8, 9] showing the exploitation of the bin packing cumulative constraints.
Modelling incompatibility constraints
These constraints are necessary to model the referencing of containers of dangerous goods. Consider two
containers i and j referenced as containing dangerous goods, a typical constraint is the placement of these two
containers on different wagons. In CP], the constraint is modeled by constraint "different":
─ S i ≠ S j, | i ≠ j
Modelling constraints of maximum weight per car
The cumulative constraint is well-suited for modelling Bin Packing problems where:
─
─
─
─

H: the number of wagons.
Limit: the maximum total weight per wagon.
Each wagon is seen as a bin.
A container is modelled as an operation where:




So models the bin (unknown)
Do = 1
and Wo models the weight of the container (given).

The domain of So is {1 : N’}..
Limit = 75 T
37 T
30 T
23 T
10 T

37 T

23 T

30 T

Wagon

1

Wagon

23 T

2

Wagon
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all bins i (cars) have the same length (D o = 1).
Strategies
Several strategies were developed to solve client’s data. The objective is to focus on the quality and the
robustness. End-uses contributed actively with CP experts to find a compromise between quality, robustness and
to reduce backtracking which is a key point. In the following we sketch the important lines of the best strategy:
Selection of the heaviest unit and in case of conflict selects the largest one. This strategy makes possible
to distribute heaviest units over the wagons.
The assignment of units to containers is guided by a set of preferences. In general it starts from the
smallest to the largest value in the domain of the variable.
By experience, the solution found is close to optimality. The average computation time is less than one minute
on a standard desktop computer. This solution is called the base solution.
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In a second step the operator starts some interactive actions. The application is Full Web featuring advanced
interactive capabilities (WEB 2). Changes are required to take into account urgent constraints (e.g. assignment of
an additional container to a given wagon), moving a container from one wagon to another, moving a container
from one position in a wagon to another one. All these changes are performed online by the operator. They are
implemented as imposed constraints. For the online assignment the constraint programming solver states the
problem, sets the imposed constraints and starts the enumeration phase. The average computation time is a few
seconds. For this step a second solver based on Tabou search is under development. If the imposed constraints
are limited to a small set of moves this solver will be automatically launched.

5.

CONCLUSION

This work uses Constraint Programming to solve several bin packing problems. The presence of several type of
constraints reinforces the choice of Constraint Programming. One of the major contributions is the ability to
exploit the incremental aspect of the Constraint Programming to set strategies to drive the CP engine to calculate
quality solutions.
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