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Abstract
In this paper we discuss two projects looking at applying ad-
vanced abstraction mechanisms from software engineering to
the field of physiological modelling. We focus on two abstrac-
tion mechanisms commonly found in modern object-oriented
programming languages: generics and inheritance. Generics
allows classes to take other classes as parameters, allowing
common behaviour to be described with particularities ab-
stracted away. We demonstrate this technique on an example
from heart modelling. Inheritance allows one to reuse code
and to establish a subtype of an existing object. We focus on
the benefits reaped from inheritance where this property en-
ables run-time substitutability. This technique is demonstrated
within the context of multi-scale tumour modelling. Finally,
we look at how combining both techniques enables greater
modularity and the construction of a model driven framework
for the rapid creation and extension of families of biological
models.

1. INTRODUCTION
Extensibility is a characteristic of systems design that is a

measure of the degree and effort to which a system can intro-
duce new functionality, with minimal disruption to its existing
behaviour. Software designed to be extensible tends to exhibit
low coupling and high cohesion. Coupling is a measure of the
interdependency between program modules, while cohesion
is the degree to which functionality within a module is related.
Low coupling is typically achieved by designing modules to
interact through well-defined interfaces independently from
their internal representation, making them easier to reuse and
extend. High cohesion occurs when software is designed to
encapsulate functionality that is closely related, making mod-
ule code easier to understand and maintain. Designing soft-
ware that exhibits both of these properties is technically de-
manding, but ultimately leads to more extensible software be-
ing developed, a desirable quality that is invaluable to encour-
aging the longevity of software.

Within the domain of physiological modelling, there are
different approaches to describing models beyond document-
ing the raw mathematics or formal specification. A wide range
of software tools for developing models and running simula-

tions of physiology have been developed and many model de-
velopers rely on general purpose modelling tools (e.g. Mathe-
matica, MATLAB etc.) and software programming languages
(e.g. R, C/C++, Perl etc.). Machine readable description lan-
guages are needed to develop computer-based simulations,
however, the use of general purpose tools and environments
creates challenges for model reuse and composition, since
different model implementations may be based on completely
different technological frameworks. Without a Common Ref-
erence Model [1] to enable interoperability of software tools,
and careful consideration in the design of such a domain-
specific language (DSL), model extensibility will be difficult
to achieve.

Over the last decade, two markup languages for computa-
tional biology have emerged as standards for model descrip-
tion, with the Systems Biology Markup Language (SBML) [2]
and CellML [3] research programmes. SBML is a domain-
specific XML-based markup language that addresses bio-
chemical processes at the molecular scale. Developed out of
the cardiac modelling community, CellML is a modelling
markup language that aims to cover a range of biological phe-
nomenon, primarily cell-function. Both SBML and CellML
encapsulate models and internal components to a certain de-
gree, but their approaches are relatively basic to ensure back-
wards compatibility with existing models. What neither lan-
guage takes into account is that by simply allowing direct con-
nectivity of data between modules, any notion of cohesion
is not accounted for. Models typically simulate multiple pro-
cesses where biological concepts may be spread over differ-
ent parts of the code or multiple concepts represented in one
portion of code. The grouping of concerns to achieve better
modularity and encapsulation is left to the developer.

This rest of this paper presents our experiences in two case
studies that approach biological model development using
methods taken from software engineering that promote low
coupling and high cohesion, and aim towards extensibility.
We first present a syntax of an ideal object-oriented (OO) lan-
guage for mathematical modelling. Throughout this paper the
language is used alongside UML diagrams in order to con-
vey the key concepts at a high level. Next we present the first
case study that discusses generic modules and demonstrate
their efficacy for enabling modularity in cardiac modelling.
We then go on to introduce an OO modelling framework for
implementing hybrid multi-scale models of vascular tumour



growth. We use examples from this framework to exhibit how
class inheritance could be used within an OO biological mod-
elling language to enable effective code reuse. Finally, we
bring the two approaches together and discuss the benefits of
combining inheritance with generics.

2. A CORE PHYSIOLOGICAL MOD-
ELLING LANGUAGE

In this section, we define the syntax of a simple OO lan-
guage that describes several important properties that we feel
a physiological modelling language should incorporate. Such
a core language would have similar syntax and semantics to
the restricted subsets of Java often used for research purposes
with extensions for modelling continuous, deterministic math-
ematical models.

OO programming (OOP) involves describing a system in
terms of encapsulated objects and the interactions between
them through well-defined interfaces. OO design is often used
in software engineering when designing large-scale reusable
systems, with some of the key tenets being encapsulation, ab-
straction, modularity and reuse. Inheritance is a central feature
of OOP which allows classes to reuse code defined within an-
other class. It is commonly used to enable code reuse within
an OO framework and to allow inherited objects to be substi-
tuted for one another. Generics enable modellers to operate on
encapsulated objects in an abstracted manner, enabling reuse
and substitutability, as commonly seen in C++ templates. Both
inheritance and generics, applied appropriately, can be used to
enable greater code reuse and extensibility when structuring
complex biological models.

2.1. Core Language
Our OO modelling language supports value declarations,

functions, conditionals and looping constructs for logical and
control-flow. To support mathematical modelling we include
explicit support for ODEs and facilitate linking to PDEs
solvers for certain classes of problems, thus enabling the cre-
ation of multi-scale continuous, deterministic models.

We utilise the typed object system of the core language
to structure our models into classes consisting of collections
of related value and component definitions that form some
logical (potentially biological) grouping. Classes may be im-
ported through an import declaration and their definitions ac-
cessed using the dot-notation as found in Java. Objects have
type signatures used to specify the module requirements and
enable safe composition and reuse of its encapsulated com-
ponents. Finally the language defines templates that may be
used to parameterise the classes used within an object and the
interfaces they implement in a generic manner. A simplified
overview of language requirements of our DSL are shown in
Figure 1.

fileDef ::= ( importStmt | interfaceDef | classDef )∗

importStmt ::= import id [ as id ]

interfaceDef ::= interface id {interfaceVar∗}
interfaceVar ::= id :: typeDef ∗ -> typeDef ∗

typeDef ::= double | bool | [typeDef ]

classDef ::= class id [ < (id :: id)∗> ]
[ extends id | implements id] {classStmt∗}

classStmt ::= funcDef | valDef | odeDef | arrayDef
funcDef ::= function f (id∗)

{ funcStmt∗; return expr}
funcStmt ::= valDef | ifStmt | arrayDef | odeDef

valDef ::= valid = expr
ifStmt ::= if expr then expr∗ [ else expr∗]
arrayDef ::= val id [number]=[expr∗]
odeDef ::= ode id {init:number} = expr

expr ::= e * e | e / e | e > e | · · ·
e ::= (expr) | number | boolean | time

| ifStmt | id.e′ | e′

e′ ::= f (expr∗) | id[number] | id

Figure 1. Simplified EBNF for Physiological Modelling
DSL (assumes presence of basic operators such as id).

Section 3. examines the use of generics, interfaces and mod-
ular programming, utilising our core language to structure
complex models. Section 4. utilises the OO support, inheri-
tance and polymorphism within the language to reuse models
within a structured model framework. The examples in the re-
mainder of this paper are given using the syntax displayed in
Figure 1 which we explore through case studies.

3. GENERICS
Our first project has explored the use of generics. Generic

programming is a style of programming in which algorithms
are written in terms of to-be-specified-later constructs that are
then instantiated when needed by replacing the generic vari-
ables with appropriate concrete parameters. In the context of
heart modelling, we show that this technique enables the reuse
of modules, the creation of alternative implementations, and
the mixed usage of ion channel representations from a variety
of models.

The work in this section is based on an independent DSL
we have created and implemented for high-performance sim-
ulation of single-scale biological models [4]. However, the ex-
amples and general modelling concepts are given in terms of
our core OO modelling language described in the previous
section.



class Parameters {
val Cm = 1
val E_R = -75
val i_Stim = if (time > 10 and time < 10.5)

then 1 else 0 }

import Parameters as Pa

class Model {
function membrane() {

ode dV {init : 0} = (-Pa.i_Stim
+ i_L) / Pa.Cm

val i_L = 0.3 * (V - E_L)
val E_L = Pa.E_R + 10.613 } }

Figure 2. Including Classes.

Figure 3. UML diagram which indicates how Model takes a
class parameter, this binding relationship indicates the assign-
ment of a class to a template parameter, which in turn gener-
ates a new concrete model class from the template.

3.1. Generic Classes
Utilising our core language described in Section 2., we

demonstrate in Figure 2 a simple example that defines a model
used to calculate the voltage across a cell membrane, as found
in biological electrophysiological models [5]. Constant val-
ues, such as Cm and E_L, may be defined from the results of
mathematical expressions. Functions, such as membrane, are
provided as a means to group, abstract and parameterise re-
peated computations. Finally we demonstrate how biological
models may be structured into reusable components that may
be shared and reused between models utilising the class im-
port system. Within our work in cardiac modelling we utilise
objects to represent an ion channel component of a cell model,
or the model parameters.

Utilising objects to group related definitions enables mod-
ularity and code reuse, however the imported objects and
abstractions are fixed rather than generic. When creating
reusable components it is desirable to configure them accord-
ing to a specific use-case, for instance altering the parameters
of a reusable ion channel. Figures 3 and 4 indicate how gener-
ics may be used both at a high level and syntactically within
our DSL to achieve this goal.

Here, we have introduced a form of interface-based model

class Parameters {
val Cm = 1
val E_R = -75
val i_Stim = if (time > 10 and time < 10.5)

then 1 else 0 }

class Model <Pa :: Parameters> {
function membrane() {

ode dV {init : 0} = (-Pa.i_Stim
+ i_L) / Pa.Cm

val i_L = 0.3 * (V - E_L)
val E_L = Pa.E_R + 10.613 } }

Figure 4. Cardiac model example utilising generic classes to
describe model parameters.

construction that enables the specialisation of reusable model
components and facilitates several modelling use cases
through the modification of parameters and equations used
within a model. Generics enables the substitutability of com-
patible components, yet may be specialised by providing a
type signature/interface that a generic component must im-
plement. Objects may be parameterised by other objects lead-
ing to the creation of complex, specialised objects via a form
of aggregation. They may be implemented as a compile-time
construct in a similar manner to templates in C++, or at run-
time as in C#, allowing type-safe substitutability of compo-
nents with differing performance trade-offs. Generics were
implemented in our previous DSL via parameterised modules
[4], using an implementation influenced by ML functors [6]
and C++ templates [7].

3.2. Application of Generics
Our core language may be used to model mathematically

many classes of biological systems at differing scales, such as
cell-cycle models and signalling pathways. In [8] we focus on
cardiac electrophysiological models as they are well-known
and highly-developed [5]. We utilised generics to develop a
range of models to investigate the rapid, collaborative devel-
opment, modification and reuse of models in this DSL.

At a high-level the excitation process of a cardiac cell is
governed by the flux of charged ions. The results from a sam-
ple simulation are given in Figure 5. Within our cardiac mod-
elling framework the models were split into classes to describe
the flow of charged ions across the cell membrane caused by
ion channels. We separate our cell models into a collection of
reusable and substitutable ion channel objects as most cardiac
research data and experiments occur at the ion channel level.

This abstraction can be expressed utilising generics within
our object system, multiple objects representing the same
ion channel may be easily created, coexist and be substi-
tuted within ever more complex and existing models. A type-
signature suitable for describing ion channel objects within
cell models was created that all ion channel objects must im-
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Figure 5. Action potential of Squid Giant-Axon from
Hodgkin-Huxley Model [9].

Figure 6. UML diagram indicating how a class implements
an interface.

plement. When applying generic objects, we specify the in-
terface a generic object requires, ensuring that only valid ion
channel objects may be utilised as generic parameters. This
could be checked at compile-time by the type system.

interface IonChannel {
getCurrent :: (membraneV, restingV) -> current }

class NaChannel implements IonChannel {
getCurrent (membraneV, restingV) { ... } }

class Model <NaChannel :: IonChannel> { ... }

This relationship is demonstrated by the UML diagram in
Figure 6.

3.3. Results
Utilising generic objects to model ion channels within car-

diac systems enables more advanced or detailed representa-
tions of ion channels, perhaps representing newer experimen-
tal data, to be placed into existing models. Detailed represen-
tations of ion channels may be utilised to investigate the func-
tionality of a particular ion channel or more simple representa-
tions may be used to reduce the computational complexity of
a specific model [10]. Performing such abstracted model reuse
through the application of compile-time generics enables spe-
cialisation without incurring a run-time performance penalty.

Generic objects may also be used to alter models for par-
ticular simulations, e.g. to perform sensitivity analysis of the
model to parameter fluctuations or to alter equations, e.g. to
model the ion channel changes caused by mutation or drug
block [11]. As an example, type-correct generic adapter ob-
jects may be created that simply reduce the current of an
generic ion channel parameter by 50%, enabling investiga-
tions into drug block in an abstracted manner.

Objects created in the way that we have illustrated do not
depend on each other explicitly. They do not communicate
with one another either. Parameterisation only requires the
type signature of the parameter object to be known. Conse-
quently they demonstrate low coupling and encourage high
cohesion, grouping biological function together where need
be.

4. CLASS INHERITANCE IN OBJECT ORI-
ENTED MODELLING

Our second project involves the development of an OO
modelling framework for implementing hybrid and multiscale
models of vascular tumour growth. The focus of development
has been to apply software engineering techniques that al-
low models developed in our framework to be highly reusable
and extensible. The development strategy adopted has been
to reverse-engineer a family of related models published by
Tomás Alarcón and collaborators [12, 13, 14, 15, 16, 17] in
order to extract and abstract the common methodologies and
data structures involved in the development of vascular tu-
mour growth models. The OO framework has been developed
based on these abstractions, and a functioning implementa-
tion of the framework is being developed in C++ [18, 19]. In
this section we use examples taken from the implementation
of this framework to outline the benefits of our second ab-
straction mechanism, inheritance. We also demonstrate how
inheritance can be used to structure the dynamic behaviour of
an entity such as a collection of cells.

Inheritance in OOP is, in part, a mechanism by which
to prescribe appropriate relationships between classes of
objects in a model system. More specifically, inheritance
describes an is-a type relationship between classes of
objects. In this way, if used properly, inheritance can im-
prove the understandability of model code by helping to
minimise the conceptual distance between code and the
real-world system which the code models. For instance, in
the models which motivate our work we consider several
different sub-cellular models. We consider one model which
instructs cells to divide after a fixed duration (Figure 7b:
FixedDurationSubCellularModel), a model which
considers the explicit time evolution of several cell-cycle
proteins and is dependent on the local concentration of
oxygen (Figure 7b: Alarcon2005SubCellularModel)
and a more phenomenological model which consid-



Figure 7. This class diagram (a) shows some of the major classes involved in a simulation of vascular tumour growth in our
modelling framework. The abstract classes in (a) are replaced by concrete classes at runtime. For example, objects which are
of type FixedDurationSubCellularModel, Alarcon2005SubCellularModel or Owen2011SubCellular-
Model in (b) may be provided by a modeller where a SubCellularModel object is expected by a Simulation object.
The visit methods, shown in (b) are necessary in order to implement the visitor pattern adopted in our framework.

ers the time evolution of a simple cell-cycle phase
(Figure 7b: Owen2011SubCellularModel).
These models are described in full in [12], [13] and
[20], respectively. In our modelling framework the
classes FixedDurationSubCellularModel,
Alarcon2005SubCellularModel and
Owen2011SubCellularModel all inherit from the
class SubCellularModel since they are a type of sub
cellular model. Similarly, we define relationships between
various biological entities. For example, in our framework
we define the classes CancerousCell and NormalCell,
which inherit from another Cell class, which in turn inherits
from a BiologicalEntity class. In this way, appropriate
relationships, which mimic real-world relationships, are
defined between some classes of objects in our modelling
domain.

As alluded to above, class inheritance also provides a pow-
erful mechanism by which code may be reused. By inheriting
from an existing class, such as our Cell class, the subclasses
(CancerousCell and NormalCell) automatically ob-
tain all of the functionality (operations) and attributes defined
in the Cell class. Furthermore, new attributes and operations
may be defined in the subclasses. Thus inheritance allows new
classes to be defined in terms of incremental variations of
more basic and abstract classes.

Inheritance also enables run-time substitutabil-
ity. In our example this means that objects of
type FixedDurationSubCellularModel,
Alarcon2005SubCellularModel or
Owen2011SubCellularModel, if defined appropri-
ately, may be provided at run-time in any context where an
object of type SubCellularModel is expected without
affecting the correctness of the model implementation. This
property of an OO system imposes strict rules on class
inheritance, namely that any class inheritance hierarchy must

follow the principle of type conformance [21].
Inheritance exploits what is known as subclass coupling,

where the subclass is connected to the superclass, but the su-
perclass is not connected to the subclass. This means that other
objects only need to know about the parent as through substi-
tutability the outside client can treat them all the same. More-
over, through subclass coupling, changes in the superclass in-
herently causes changes in the subclass. This helps to elimi-
nate redundancy in subclasses.

Dynamic polymorphism, or overriding, is another OO tech-
nique which permits programmers to redefine the implemen-
tation of inherited operations in a subclass. Calls to an op-
eration which have been overridden in a subclass generally
provide some sort of modified functionality. This technique
therefore works hand-in-hand with the substitutability prop-
erty of class inheritance to allow modellers to create model
implementations which are both malleable and extensible.

4.1. Application of Inheritance
Vascularisation of a tumour marks the transition of that tu-

mour from being essentially harmless to increasingly inva-
sive and eventually fatal [22]. During their avascular growth
phase, tumours are typically manageable and relatively harm-
less. They are limited in size due to the lack of nutrients avail-
able to fuel their proliferation. However, once a tumour grows
too large to be supported by the oxygen supplied from exist-
ing vasculature, the tumour cells secrete various angiogenic
growth factors, known collectively as tumour angiogenesis
factors (TAFs). TAFs diffuse through the healthy tissue sur-
rounding the tumour and upon reaching a blood vessel will
stimulate vascular growth towards the tumour. This process is
know as sprouting angiogenesis. Over time the vascular net-
work evolves to a state in which the level of nutrients and oxy-
gen in the tissue surrounding the tumour have increased suffi-
ciently to allow for further growth of the tumour.



In order to gain comprehensible insight into such a com-
plex and multiscale phenomenon and, in particular, to expose
cross-scale coupling mechanisms, multiscale mathematical
models are commonly constructed. Modelling tumour growth
in this way involves the integration of a number of biologi-
cal models concerning different processes which may occur
on different time and length scales. Each model may also in-
tegrate different mathematical methodologies to adequately
model these processes [23]. Figure 7a illustrates how the sim-
ulations of such multiscale models are constructed in our mod-
elling framework. An instance of a Simulation class con-
tains references to various model components. These com-
ponents may be partitioned into physiological-based classes
(e.g. CellPopulation) and a number of physics- or rule-
based classes which dictate the behaviour of those physiolog-
ical classes.

Using these model components the Simulation class
co-ordinates the events which occur during a model simula-
tion, whilst delegating the responsibility of carrying out spe-
cific tasks to other classes. For example, a Simulation con-
tains a reference to a SubCellularModel object. Differ-
ent types of subcellular models are implemented in the con-
crete subclasses of the SubCellularModel class, as de-
scribed above. Due to substitutability, an instance of one such
subclass may be assigned to the SubCellularModel ref-
erence at run-time, providing the implementation as desired
by a modeller for a particular realisation of a model. Similar
substitutions may be made for the other aspects of the system
behaviour shown in Figure 7a, e.g. cell movement, angiogen-
esis, etc. By exploiting class inheritance and substitutability
in this way, our framework allows the construction and im-
plementation of a wide array of different models of vascular
tumour growth. The structure of the framework in Figure 7 is
actually an example of extensive use of the strategy pattern.
Further details of this and other design patterns implemented
in our framework may be found in [18].

Figure 8 illustrates how a new subcellular model may be
defined within our modelling framework. After compilation,
this new sub cellular model may again be substituted at run-
time where the SubCellularModel class is defined within
the Simulation containment hierarchy (Figure 7a). Thus,
by exploiting the substitutability property of inheritance, our
framework allows scientists and modellers to rapidly develop
and implement novel models within the constraints of our
framework.

4.2. Results
Our use-case driven design process has yielded an OO

framework which allows a particular family of vascular tu-
mour growth models to be extended both intuitively and with
relative ease. In large part, this extensibility has been achieved
by applying OO design patterns which exploit the substi-

class NewOxygenDependentModel extends SubCellularModel {
...
// When p53 concentration exceeds threshold, kill cell
if (Cell.getChemicalConcentration(Chemical.p53) >

Parameters.normalCellDeathThresholdConcentration)
Cell.kill();

// When cycle time exceeds divide time,
// flag cell to divide.
if (Cell.cellCycleTime >=

Parameters.cellDivideTime) {
// Flag cell to divide.
Cell.divide();
// Reset the cell cycle time of this cell.
Cell.setCellCycleTime(Cell.cellCycleTime -

Parameters.cellDivideTime);
}

}

Figure 8. Pseudocode fragment illustrating how our OO
framework extends the abstract SubCellularModel class,
allowing model developers to provide their own concrete im-
plementation.

Figure 9. Progressive time points from a 3-D simulation of
vascular tumour growth. Cell distributions are shown sepa-
rately to the local evolving vasculature. Cancerous cells are
shown in red and normal cells in blue.

tutability property of class inheritance hierarchies.
Figure 9 shows three time points of a simulation imple-

mented within our framework, which coupled several of the
submodels originally described by Alarcón and co-workers.
We are currently working on extending our framework to also
enable the implementation of continuum models of vascular
tumour growth. Results of this work will be presented in fu-
ture publications.

5. GENERICS AND INHERITANCE
In this section we demonstrate how inheritance may be used

to abstract out common functionality, enable code reuse and
further constrain the types of arguments that may be passed to
objects as generic parameters. Meanwhile, generics are used
to provide substitutability without incurring a performance
penalty. Both techniques orthogonally help model develop-
ment by increasing cohesion and decreasing coupling.



interface IonChannel {
getCurrent :: (membraneV, restingV) -> current }

class BaseNaChannel implements IonChannel {
getCurrent(membraneV, restingV) { ... } }

class NaChannel_N62 extends BaseNaChannel { ... }

class NaChannel_BR77 extends BaseNaChannel { ... }

Figure 10. Extending Cardiac electrophysiology modelling
framework to inheritance.

class Model <NaChannel :: BaseNaChannel> { ... }

Figure 11. Generic Cell Model.

From a cardiac modelling perspective, we can use inheri-
tance to define common functionality for ion channels that are
then extended in later, more complex channel models (mirror-
ing the real life development of such models), as is shown in
Figure 10.

Generics provide the ability to alter the models and pa-
rameters in a standardised manner. By exploiting the substi-
tutability property of inheritance in combination with gener-
ics, we are able to further restrict a modellers intentions. For
example, in Figure 11 the generic variable NaChannel is of
type BaseNaChannel. Through substitutability, at compile
time NaChannel_N62 [24] or NaChannel_BR77 [25]
may then be provided as a generic parameter to the Model
class in a type-safe way. The compiler ensures that the sig-
natures of any class provided as a parameter are consistent
with the Model class specification, and should a modeller at-
tempt to provide an inappropriate type as a parameter a com-
pile time error is generated. This therefore ensures that, at run-
time, models are correctly defined and implemented.

We utilise both inheritance and generics to abstract be-
haviour and provide substitutability of reusable model com-
ponents, as shown in Figures 12 and 13. This benefits the

Figure 12. Use of inheritance within Cardiac electrophysiol-
ogy model framework.

Figure 13. Use of generics within Cardiac electrophysiology
model framework, as in Figure 3 we indicate the application
of a template using a binding relationship.

modellers by allowing for model reuse, type-safe component-
driven development, and type-checking of model composi-
tion. Further work could employ type wildcards, as imple-
mented in Java generics, further restricting the implementa-
tions allowed by the compiler and allowing type-safe model
composition.

6. DISCUSSION
In this paper we have looked at key features that a DSL for

physiological modelling would ideally provide for enabling
modularity, encapsulation, reuse and extensibility. We have
built upon an existing DSL in order to demonstrate how gener-
ics may be used to facilitate the creation of a reusable repos-
itory of cardiac model components parameterised at the ion
channel level. A range of published models, parameterised by
their ion channels, have been created and validated utilising
this technique. We introduced an OO framework for imple-
menting multi-scale models of vascular tumour growth and
used examples from models implemented in this framework to
exhibit how class inheritance may be used to enable run-time
substitutability of various model components. This enables
modellers to easily customise and extend existing models in an
intuitive way. Finally we showed that, when combined, these
techniques allow model designers to pick and choose suitable
abstractions to ensure that their codes may be maintained and
extended in a well-structured and type-checked manner.

Both of these abstraction techniques independently increase
cohesion and decrease the coupling of modules. However,
there is a cost involved with utilising these techniques; mod-
ellers have to spend time and effort designing their code with
such abstract architectures in mind in order to reap the bene-
fits. We feel that it is an endeavour that allows many implicit
understandings of the modeller to be captured, and one that is
well suited to teams working together. Even though the initial
investment of structuring one’s designs in a modular OO fash-
ion might not be immediately academically relevant for one’s
particular field, the ability to rapidly modify code enables a
more adaptive approach to model creation.

We have demonstrated interoperability with a weak seman-



tic alignment at the code level; through interfaces, subtype in-
heritance and generic instantiation. Future work will consider
the use of ontologies to facilitate a Model Driven Approach
using UML’s meta-object facility and corresponding tool sup-
port.
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