
Event-Driven Metrics 
 

C.R.Russell, M.J.Smith, A.D.Smith, R.G.Dewar, P.A.Wilcox, L.M.MacKinnon, R.J.Pooley 
Department of Computer Science, School of Mathematical and Computer Sciences, Heriot-Watt 

University, Riccarton, Edinburgh, EH14 4AS, Scotland, UK. 
{C.R.Russell, M.J.Smith, A.D.Smith, R.G.Dewar, P.A.Wilcox, L.M.MacKinnon, 

R.J.Pooley}@hw.ac.uk 
 

Abstract 
 
This paper describes the notion of event-driven metrics as an alternative to generating metrics from software project 
artefacts on-demand or periodically. The rationale for wanting such an alternative stems from on-demand metric 
updates being prone to human error and for potentially missing important project events and trends. Furthermore, 
periodic updates, even if they are automatic, can also miss data and, at the other extreme, may even become 
burdensome if their frequency is too high. We begin by using scenarios to show how the event-driven mechanism 
might work, and then highlight some of the implementation issues. Finally, we point to the OPHELIA project as a 
concrete implementation of this notion. 
 

1. Introduction 
Software metrics are measurements of quantitative 

attributes of the software system [1] - typically related to 
specific project artefacts, for instance schedules, bugs or 
code. They are useful in defining a standard way of 
measuring system characteristics such as software size, 
cost and project difficulty [2]. It is recognised that such 
measurements are helpful in evaluating and improving 
the software product [3], the process [4,5,6] and for 
supporting decision making associated with software 
maintenance. 

Many existing metrics engines (tools to collect, 
calculate, update and display metrics) are configured to 
generate metrics at periodic time intervals or even after 
human intervention. However, software development and 
maintenance activity is sporadic and unpredictable. As a 
result periodic updates of metrics merely sample the data. 
Indeed, sampling may well miss vital changes and does 
not capture the full history of a metric over time - time 
being a key dimension of metric data [9]. Moreover, 
Gopal et al. [10] found that increasing the frequency with 
which metrics are captured had a positive impact on 
project managers’ opinion of the metric validity, 
consequently encouraging the use of such metrics in 
decision-making. On the other hand, updating metrics 
too frequently, when nothing has changed, is inefficient.  

Alternatively, if we could automatically react to any 
changes that happen to artefacts (feature requests, class 
diagrams, etc.) instead of relying on periodic updates, we 
could optimise the process and capture a complete metric 
change history. Such a history would be useful to 
maintenance tools that detect and predict problems with 

software [7, 8]. We call these artefact change reactions 
event-driven metrics. 

We begin by presenting two scenarios that portray our 
vision of how event-driven metrics would work, then 
provide some insights into the design and 
implementation issues of such a mechanism. Finally, we 
report on a concrete realisation of event-driven metrics 
within the OPHELIA project. 

2. Scenarios of Use 
The use cases in Figure 1 highlight how users will 

benefit from the strong relationship between events and 
metrics. Furthermore, the user scenarios described below 
provide paths through the use cases and should clarify 
the intended usage of the event-driven metrics system. 

 
Figure 1. Event-driven metrics use cases 



2.1. Scenario 1 

With reference to Figure 1 and Figure 2, a software 
engineer is responsible for the Java code for class A. 
Using some networked tool, he registers interest in any 
changes (events) that happen to the UML class model 
that mentions class A. To provide additional 
functionality a modeler adds methods to class A. New 
metrics are generated for this model. A comparison with 
the previous metrics from this model indicates that extra 
methods have been included in class A. As a result the 
software engineer receives notification (email) that the 
model for class A has been altered. He now has to decide 
if and how to amend the code he is responsible for. 

 

 
Figure 2.  Scenario 1, a change notification 

2.2. Scenario 2 

With reference to Figure 3, a project manager uses the 
metrics client to provide a dynamic project view. In other 
words, with event-driven metrics she always has an up-
to-date presentation of the project metrics. Using this she 
compares bug-tracking metrics. A tester uploads a new 
bug and the project manager’s metrics view is instantly 
updated so she can review the latest metrics. Another 
tester adds an additional bug and again the metrics are 
updated. The interesting point here is that it is the metric 
client tool that has registered interest with the bug 
change events and not the user. 

 
Figure 3. Scenario 2, a dynamic view of metric 

changes 

These scenarios aim to highlight two key 
characteristics of an event-driven metrics system. Firstly, 
new metrics are calculated when artefacts are altered thus 
providing up-to-date data. Secondly, users or tools can 
register their interest in events. This characteristic 
affords opportunities for widening the scope of metrics 
beyond the traditional project manager role and means 
that, as we discus later, we can filter, manage and 
combine events and notifications to our advantage. 

3. Design Issues and Abstract Architecture 
In developing our event-driven metrics architecture 

we began with the premise of an artefact of the software 
development process. Such artefacts can be considered as 
a representation of software information managed by 
different tools and include requirements, design models, 
code, tests and documentation [11]. Software metrics are 
calculated from artefacts. For example, we can calculate 
OO design metrics [12] from a UML [13] model artefact. 

In order to capture project wide metrics we have to be 
able to expose each software artefact in such a way that a 
metrics tool can process the information within that 
artefact. Furthermore, to build an event-driven metrics 
history, there must be an event mechanism in place 
through which a metrics calculation tool can be notified 
of changes to a given software artefact. An abstract 
architecture for such a system is shown in Figure 4. 

 



 
Figure 4. Abstract architecture for event-driven 

metrics 

As discussed, in order to realise such an abstract 
architecture, we have to be able to expose each software 
artefact in such a way that a metrics tool can process it. 
One solution to exposing software artefacts across a 
heterogeneous toolset is to wrap the artefacts as CORBA 
[14] objects, as proposed by the OPHELIA project [15]. 
As part of our work toward this project we have 
developed a prototype event-driven metrics module, 
which is discussed in the next section. 

4. OPHELIA Event-Driven Metrics 
The OPHELIA project aims to develop a platform to 

support software engineering in a distributed 
environment through tool integration. OPHELIA defines 
a set of standard interfaces for accessing different types 
of software artefact. These interfaces are defined in terms 
of CORBA IDL and currently include requirements, 
(UML) models, project management schedules, 
repository artefacts, bugs and documents. By wrapping 
the outputs of tools that fall into these categories the 
OPHELIA platform provides seamless access to all 
artefacts within the development process. The OPHELIA 
architecture is illustrated in Figure 5. 

The core of OPHELIA is the kernel modules layer, 
which provides a broker through which individual Tool 
Modules are discovered. Additionally, the kernel 
provides support for user and project administration and 
logging. The Tool Modules layer comprises tool servers 
that expose the CORBA IDL interfaces and thus supports 
access to all software artefacts. The integration layer 
includes Traceability and Tool Integrators. Traceability 
allows us to create relationships between different 
software artefacts. Tool Integrators take the output of a 
particular tool and perform some transformation that 

provides an input for another type of tool, e.g. we have a 
Modeling to Project Management Integrator that takes a 
UML model and derives a project schedule from the 
elements in that model. Finally, the external applications 
layer comprises individual client tools, e.g. ArgoUML, 
MSProject, etc. 

 

 
Figure 5. The OPHELIA architecture 

 
The OPHELIA metrics module is designed to be 

event-driven and process metrics when existing artefacts 
are changed or new artefacts are added. In this way we 
are able to build up an exact change history of a 
development project. The current implementation of the 
metrics module processes: project schedule artefacts; 
UML model artefacts; and requirement artefacts. As an 
example, we can consider the relationship between the 
OPHELIA modeling module and metrics module as 
illustrated in Figure 6. 

 
Figure 6. Modeling-Metrics interaction in 

OPHELIA 

The metrics module registers as a listener on the 
modeling module to receive model added and model 
changed events. Upon receiving these events, the metrics 



for that model artefact are recalculated and archived so as 
to build up the entire change history for a given model. 
The same approach is used to generate the metrics' 
history for the other artefact genres discussed above. 

5. Conclusions  
We have described an event-driven architecture to 

capture the temporal dimension of metrics data based on 
software artefact change. This approach has advantages 
over manual or automatic sampling of data in terms of 
providing a complete artefact history and potentially 
encouraging project stakeholders to make more use of 
metrics. Furthermore, we have implemented a prototype 
of this architecture as part of the OPHELIA project. 

Our future work will consider combining this event-
mechanism with the notion of “triggers”, where updated 
metrics are compared with threshold values and 
notifications are only sent when thresholds are breached. 
Use of such “triggers” can effectively focus and filter the 
use of metrics information [16]. This mechanism would 
enable project managers, developers and maintenance 
engineers to align their metric notification with their 
individual concerns.  
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