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Abstract. Dynamic and stochastic vehicle routing problems are receiving more 
attention as both algorithms and computing technology advances. The dynamic 
aspects are important in many applications and research on practical algorithms is 
an area with increasing activity. We present a framework for representing 
dynamic and stochastic vehicle routing problems. The framework is intended for 
use in creating and running benchmark tests. A set of standard benchmarks and 
formats will further the research and facilitate the comparison of various 
algorithms  

1. Introduction 
Actors in the transport industry operate in a dynamic world, where new information directly 
affecting the transportation arrives continuously, also after the regular planning phase. The 
dynamic aspects of orders, fleet and traffic situation will have great impact on the efficient 
use of the available resources. The existing tools and solution algorithms have limited 
support for handling dynamic events during the planning process. There is a considerable 
potential for increasing the transport efficiency by using available dynamic information in 
automatic transportation planning.  
The underlying problem in most transportation planning is the vehicle routing problem 

(VRP) or one of its variants. The VRP is itself a difficult combinatorial optimization 
problem, even without considering stochastic and dynamic aspects. A considerable amount 
of research has been put into the problem, and efficient algorithms based on local search 
techniques exist that find good solutions in reasonable computing time (see [3] and [2]). 
The advances in both algorithms and computing technology mean that the time is now ripe 
to attack the VRP in a dynamic and stochastic setting. For some recent papers see [1] and 
[4].  
However, to further the research and facilitate the comparison of various algorithms, 

there is a need for a set of standard benchmark problems and standard models for 
generating stochastic events.  
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2. Overview 
In this article we present a framework for representing the dynamic and stochastic aspects 
of the VRP. The framework is intended for use in both the production and representation of 
dynamic benchmark problems, and also for the representation and use of statistical data that 
describes the stochastic nature of a given problem.  
The main parts of the framework are the following: 
• An XML format for representing rich VRP models 
• An XML format for representing dynamic events 
• An event model containing a stochastic model used to generate events and store 

historic data 
Each part is discussed in some detail in the following sections. 

3. VRP description format 
There exist several sets of benchmark tests for various forms of the VRP. Among the most 
cited are the Solomon test problems [7] for the VRP with time windows. Originally made 
with up to 100 orders, they have later been extended with cases of up to 1000 orders. The 
format used for the data is a simple, text based format with no support for richer models 
including, e.g., heterogeneous fleet or multiple time windows. Test problems also exist for 
other variants of the VRP, but no uniform format is employed for the data. This means that 
individual parsers have to be written for each test set. 
We have made a first draft of an XML format which will support existing test problems, 

as well as richer problem formulations. The main components of the proposed XML format 
for the VRP are: 

• Capacity model: describes the dimensions used to measure both the capacity of 
vehicles and the size of orders. A typical example will be a weight dimension and a 
volume dimension with size in each dimension given as an integer value. 

• Topology model: gives information about how to calculate distances, travel times 
and travel costs between locations. In the Solomon test cases the Euclidean distance 
is used, but in real applications distances based on an underlying road network will 
be more suitable.  

• Fleet: contains information about the vehicles available, including their capacity in 
all dimensions. 

• Personnel: contains information about the available drivers. This is relevant if work 
regulations are to be considered as part of the problem. 

• Tours: may be used to enforce a desired structure in the plan. A tour defines a time 
interval in which a vehicle may be used for servicing orders, and associated start 
and end locations.  

• Orders: An order represents one or more tasks to take place at specific locations. 
An order consists of either a single visit, a pickup, a delivery or a combined pickup 
and delivery. For an order either all tasks must be serviced or none. Each order 
defines the size of the goods to be transported, except single visits, which represent 
service without pickup/delivery, e.g. by a repair man.  
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• Constraints: In addition to constraints defined implicitly by time windows and 
capacities, additional constraints can be defined. This includes compatibility 
constraints and precedence constraints, amongst others. 

• Objectives: specifies what components to include in the objective function. 
The proposed XML format is rich enough to model a variety of real world problems, 

and it is easy to extend the format with new elements as needed. 

4. Event case  
To capture the dynamic nature of the problems we use the concept of an event. An event 
describes a change in the VRP that arises during the execution of a plan. Examples are: 

• A new order being called in at a specific time. 
• Updated information about an order, either registered at a specific time or at the 

arrival or departure of the vehicle at the customer location. This may include 
volume changes, order cancellation, changes in service time, etc. 

As can be seen from the examples each event has information about when the event 
occurs and what are the changes to the problem. Therefore we build an event from two 
independent parts, a trigger and an action. The trigger describes when the event occurs, 
while the action specifies what happens to the VRP. Triggers can be set at a simple point in 
time, e.g. at 13:04 PM a given order is cancelled, or they can refer to more complex 
conditions, e.g. at the pickup of order 4 it will be discovered that its size is larger than 
previously thought.  
Event triggers are not plan specific in the sense that they refer to a particular plan, but 

the triggering of an event may depend upon the plan. An event that triggers when a vehicle 
arrives at a specific order, will trigger at different times depending on the plan, and mayl 
not trigger at all, if the plan does not service that order.  
To represent a dynamic VRP case, we collect the events together with other relevant 

information in an event case. An event case has the following elements 
• An initial VRP. This is the information that is known when planning starts. The 

initial VRP may or may not contain orders, but it should define all resources 
available for serving the orders. 

• An initial time. The time at which the initial VRP in known and planning starts. 
• A set of events. 
The event case is stored as an XML document. The XML format for describing VRPs 

mentioned above is used for both the initial VRP and the action part of events. Each event 
is an XML element having a trigger and an action as child elements. 

5. Event model 
Each event case will provide information about a single dynamic VRP, but there is also a 
need to store stochastic information. For this purpose we introduce an event model to store 
probabilistic models of uncertain events, building upon both domain knowledge and 
historical data. The event model can be sampled to generate stochastic cases for test 
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purposes, or used to draw stochastic samples for scenario generation purposes. A single 
event model will typically be associated with a single actor operating in a specific area. 
For instance, an event case may contain a list of dynamic orders including when they 

become known, while an event model contains probability distributions for the 
geographical distribution, sizes, time windows and call-in times for such orders. 
The probabilistic models used to represent uncertain events are based on the framework 

of Bayesian networks [5], which encodes the joint probability distribution of a set of 
variables as a directed graph with conditional independence assumptions. The nodes of the 
graph represent the stochastic variables, while edges represent local conditional 
dependencies; the set of nodes having a directed edge to node Ni represent the set of parent 
nodes that Ni depends upon. We discretize the variables of interest (e.g., order size, order 
time window, order service duration, …), and use domain knowledge to set up the initial 
graph specifying how these variables depend on each other. The probability that Ni is some 
discrete value, given the state of the parent nodes of Ni, is represented by a conditional 
probability table for each node. The structure of the graph and the probability tables may 
both be learned from gathered event cases. The resulting models are sampled to generate 
stochastic events with realistic properties. 

6. Further work 
This framework is developed as part of a larger project [6] where the aim is to create 
optimization methods that are able to handle dynamic and stochastic information both in 
the problem (orders and quantities) and in the traffic data. The proposed XML formats are 
currently undergoing in-house testing, and will be documented as XML Schemas. Once 
completed, this documentation as well as a set of real world cases, will be made publically 
available. 
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