
   

  

   

   
 

   

   

 

   

   74 Int. J. Knowledge Engineering and Data Mining, Vol. 4, No. 1, 2016    
 

   Copyright © The Authors(s) 2016. Published by Inderscience Publishers Ltd. This is an Open Access Article 
distributed under the CC BY license. (http://creativecommons.org/licenses/by/4.0/) 
 
 

   

   
 

   

   

 

   

       
 

Patterns: a simple but expressive data modelling 
formalism 

Tony Austin* and Shanghua Sun 
Helicon Health, 
97 Tottenham Court Road, 
London, W1T 4TP, UK 
Email: tonyaustin@heliconhealth.co.uk 
Email: postmaster.electronsea@gmail.com 
*Corresponding author 

Nathan Lea and Yin Su Lim 
CHIME, University College London, 
The Farr Institute of Health Informatics Research, 
222 Euston Road, 
London NW1 2DA, UK 
Email: n.lea@ucl.ac.uk 
Email: y.lim@ucl.ac.uk 

Archana Tapuria 
Department of Primary Care and Public Health Sciences, 
King’s College London, 
3rd floor Addison House, 
Guy’s Hospital, 
London, UK 
Email: archana.tapuria@kcl.ac.uk 

David Nguyen 
Helicon Health, 
97 Tottenham Court Road, 
London W1T 4TP, UK 
Email: davidnguyen@heliconhealth.co.uk 

Dipak Kalra 
CHIME, University College London, 
The Farr Institute of Health Informatics Research, 
222 Euston Road, 
London NW1 2DA, UK 
Email: dipak.kalra@eurorec.org 



   

 

   

   
 

   

   

 

   

    Patterns: a simple but expressive data modelling formalism 75    
 

    
 
 

   

   
 

   

   

 

   

       
 

Abstract: The creation of a clinical application requires models that describe 
the structure of data in a way that can be displayed, exchanged and stored. A 
number of approaches for this have been proposed and are in widespread use. 
However, these are often complex and/or have shortcomings in the breadth of 
data that they are able to represent. The annotations facility provided by many 
computer languages could be used to include information shaping the 
development and run-time behaviour of a clinical application. If this were 
comprehensive, then annotations alone would be sufficient for conceptual 
modelling. A model for representing such annotations is presented and some 
examples shown and discussed. The paper concludes that such a formalism is 
simple to use while developing semantic concepts but is capable of 
representing information from many models simultaneously. It is well suited to 
the needs of clinical teams seeking consensus on the structure of records. 

Keywords: database design; data models; conceptual modelling; electronic 
healthcare records; EHR structure; semantic interoperability; archetypes; 
annotations; model-driven development; MDD. 
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1 Introduction 

Although the creation of a clinical application is a significant engineering effort, much of 
this is not spent in the technical rendering of a mature clinical understanding into a 
computable form but instead on eliciting such an understanding in the first place. 
Successive European Electronic Healthcare Records (EHR) projects starting with the 
Good European Healthcare Record (Lloyd et al., 1995; Grimson et al., 1998; Dixon et al., 
2001) have recognised that it is only possible to ratify the generic attributes of a record in 
advance, such as the date and time of recording and the author. Domain-specific 
information such as that a blood pressure contains a systolic and diastolic component, or 
that an APGAR birth assessment comprises five elements each with a score of 0, 1 or 2, 
requires downstream standardisation from practitioners or learned societies. Since clinical 
knowledge is constantly evolving any attempt to solidify it could not possibly be  
future-proof. For this reason, a so-called ‘dual model’ approach is adopted that separates 
generic attributes from those of specific clinical domains. 

The approach is used most recently in the ISO standard EN 13606 for health record 
communication. Part 1 of this standard (ISO, 2008a) describes how a record should be 
structured when transmitted between systems and defers description of exactly what 
would be included in such a transmission to domain-specific models that need to be 
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defined by clinical communities. Part 2 of the standard (ISO, 2008b) sets out the 
requirements for a domain modelling formalism and provides a candidate object model 
and language that supports those requirements. 

Dual modelling stands in contrast to a typical object-oriented approach where, for 
example, two parties to an exchange of cardiovascular data would expect a real 
‘BloodPressure’ class from which instances would be directly derived. Not so here – an 
instance of the constraint model could restrict the infinite set of class names to one with 
that phrase but the transmitted instance of the record model, representing only authorship 
information directly, would convey just a pointer to the constraints against which it was 
validated. 

A number of industry-standard formalisms could be used to support the  
dual-modelling approach. Some widely known examples are introduced in the remainder 
of this section. 

1.1 Clinical terminology 

Clinical models are not a replacement for, nor are they replaced by, terminologies, in a 
learning healthcare system (Delaney et al., 2012). The focus of a clinical model is in 
defining the mereological structure of a medical record including any containment or 
organisational hierarchy implied by a collection of values. A terminology focuses on 
providing semantic context for the values. For example, an ‘asthma check’ will usually 
comprise a ‘peak expiratory flow rate’ (PEFR) reading and a number of individual 
symptom details such as whether the patient has been waking at night. A terminology 
might describe the PEFR as being a respiratory reading so that a clinician can search for 
the latter and find the more refined PEFR alternative. But the terminology does not 
describe the containment relationship placing a PEFR within an asthma check. The 
structure of the asthma check is what the clinical model provides. It tells a recipient what 
data might be expected in a record and where, which makes it the defining point in a 
conversation between a recorder and a recipient. 

The clinical model must therefore be able to attach codes from one or more 
terminologies or ontologies to concepts it describes (this is also known as ‘terminology 
binding’). This enables a recipient to quickly take advantage of translations or additional 
semantic knowledge provided by those tools. A clinical model can also declare that the 
possible values for a field are taken from a subset defined by a terminology but care must 
be taken to ensure that the values are fully enumerated in the clinical model so as to avoid 
the danger that a recorder or recipient lacking the (possibly fee-based) terminology will 
be unable to create a value or interpret it. If an otherwise free-text value is coded in the 
record, the human-readable equivalent text must be stored along with the code for the 
same reason. 

Usually, post-coordinated terms are not permitted by a clinical model. This is because 
the meaning of such terms can subvert the intended meaning of the enclosing structure. 
Consider a structure calling for a list of diagnoses that apply to a patient. Such a list 
would tend over time towards a complete statement of conditions a patient has or has 
previously had. However, armed with post-coordinated terms a clinician could add ‘NOT 
asthma’ to the list, clearly contrary to the intended meaning but nevertheless with no 
obvious terminology-independent validation possible that would prevent the addition. 
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1.2 Archetype definition language 

‘Archetypes’ (openEHR Project, 2016) are a formalism originally proposed by the 
openEHR foundation, a not-for-profit charity setup by University College London (UCL) 
and Ocean Informatics PTY (representing academic and industrial partners) to foster 
collaboration among organisations interested in EHR development and use. Part 2 of the 
ISO EN 13606 standard (ISO, 2008b) is based substantially on the archetype definition 
language (ADL) formalism provided by the openEHR foundation at version 1.4 (Beale 
and Heard, 2007), the only significant difference being that the underlying object model 
rather than ADL is the basis of the standard. This leaves other formalisms free to exist so 
long as they can demonstrate that they are at least expressive enough to represent the 
same information model content. 

The archetype is a generic constraint mechanism that can be used to constrain models 
in any domain of interest. Since archetypes describe constraints on objects and their 
attributes but makes no distinction between different underlying reference models, this is 
a powerful constraint methodology across computing generally. Unfortunately, the  
13606 standard does not require such generality since the one and only model it requires 
constraining is the one given in the first part of the standard. Still, the complexity 
resulting from the broader generality of archetypes would still be reasonable if it could 
constrain other reference models at the same time (for example, if an HL7 model might 
also be constrained). However, closer scrutiny reveals that while the possibility of 
constraining multiple models is undoubtedly present as stated, they cannot be constrained 
simultaneously. This is because an archetype defines constraints in terms of a reference 
model. For example, the range of pressure on a blood vessel might be stated differently 
by clinical and physiological models. An archetype cannot apply two different constraints 
to the same clinical concept because it cannot differentiate the two uses of the same 
attribute. If a second attribute were defined, it would either have to muddy both reference 
models or be seen as introducing a new ‘superset-model’. Converters between openEHR 
and ISO EN 13606 standard reference models are required, and exist, for example, from 
Valencia (Martínez-Costa et al., 2009). 

The archetype is focussed purely on data validation, that is, how to ensure that record 
data submitted by a user or automated system meets criteria for validity such as being 
within numeric ranges or having a limited set of possible textual values. This is certainly 
a very difficult problem. However, it is not the only problem that a clinical modelling 
paradigm must solve. For a simple example, it is important that an interpreting clinician 
know that the systolic value of a blood pressure is always presented before the diastolic 
value. The archetype typically does not record such clinical knowledge. To do so would 
require another formalism (van der Linden et al., 2009). Although the object model forms 
the basis of the standard, most real archetypes are delivered in an ADL source file that is 
expected to be self-contained and have a fixed scope. It is possible to refer to definitions 
outside the local source using something called a ‘slot’ but more complex aggregation of 
content requires yet another formalism (called a ‘template’). 

1.3 Semantic web 

Key among the metadata standards outside the specifically healthcare environment are 
those from the World Wide Web Consortium relating to the semantic web (Berners-Lee 
et al., 2001). These are intended to address the challenges of moving from a 
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predominantly human-readable World Wide Web of hypertext markup language (HTML) 
pages to a more machine-comprehensible version. 

Central to this is a simple formalism called the resource description framework (RDF) 
(Manola and Miller, 2004). This allows facts (represented by a predicate and a value) to 
be associated with a resource denoted by a uniform resource identifier (URI). For 
example, http://doi.org/someid title ‘Patterns: A simple … etc’. A derivative, the web 
ontology language (OWL) (Hitzler et al., 2012), can describe ontologies at the level of 
detail needed for reasoning. 

RDF demands relatively higher development complexity and discipline to enable 
machine-processability of data, and once annotated it is more vulnerable to automatic 
censorship and privacy violation. It is expected that facts about a resource will be  
crowd-sourced and by design RDF does support information issuing from more than one 
constraint model at the same time. However, this must be carefully curated as  
crowd-sourced data will in general be incomplete or conflict. 

Meanwhile, the primary failing of HTML that gave rise to RDF has been addressed in 
other ways. Microformats (Microformats.org, 2005) and Microdata (Schema.org, 2015) 
are specifications for data that can be embedded in a regular HTML page to facilitate 
processing by machines. 

In the healthcare space, all the models for records in widespread use are models of a 
document and therefore represented most appropriately using XML, not RDF, 
components. Of the World Wide Web Consortium standards that naturally suggests XML 
schema, not RDF or OWL, is the most obvious choice for an information model 
description. 

1.4 Classfile annotations 

A general purpose annotation facility was introduced to the JavaTM programming 
language through JSR-175 in version 1.5 (JCP, 2004). Annotations are a relatively simple 
metadata facility that allows classes, methods and attributes to carry additional 
information that can be introspected at compile-time or run-time. Several languages share 
a similar facility. Annotations encourage a declarative style of programming that 
specifies what must be done, not how it must be done. 

This has been widely used in the creation of frameworks and in particular, the Java 
Persistence API (JCP, 2009) uses annotations to describe how data can be persisted into a 
database. A second version of the record server built by the authors (Austin et al., 2011, 
2013) took advantage of this to embed persistence information into classes from which 
the clinical data was derived. A simple example for alerts is shown in Figure 1. Here, the 
annotation ‘@Entity’ tells the object-relational modeller (in this case, HibernateTM) that 
this is a class requiring persistence and the appropriate table model is defined with for 
example, the ‘@JoinColumn’ and ‘@ManyToOne’ annotations. 

Since Hibernate is able to read classes annotated with information about how they 
should be persisted, it is of course no surprise that we can write frameworks that do the 
same, checking at run-time against data validation annotations (for example, the 
‘@Minimum’ of a ‘PhysicalQuantity’ data type) and laying out a form according to data 
presentation annotations (for example, observing the ‘@ViewOrder’ of the elements in an 
ISO EN 13606 Entry class). 

The real class package and class name, and the supported method, enact the ‘contract’ 
specified by the annotations and is boilerplate code that could be produced from them at 
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compile-time automatically. However, to do so would require further build effort for a 
generator that creates the automatic alternative. This is redundant given that the 
annotations already contain the knowledge needed. The modelling formalism described 
in this paper follows from this observation. 

Figure 1 An annotated class (see online version for colours) 

 

2 Methods 

The word ‘pattern’ is used in regular expressions to describe the set of constraints on an 
input for it to be a valid example. We reuse the same term to describe the set of 
constraints on a concept. The methodology specifically describes constraints applicable 
to a semantic concept rather than to a reference model in order to retain a broad scope. 

2.1 Pattern model 

The model itself is extremely simple. A constraint has one or more arguments (for 
example, the constraint @PatternIdentifier has one argument called the ‘identifier’ of 
type string), and a pattern has a number of constraints, whose arguments are then 
instantiated for the pattern. Arguments may have only one of a limited range of types; 
Boolean, integer, double, timestamp, string, ordinal, pattern and arrays of these. Certain 
constraints are permitted to occur more than once in a pattern, and certain arguments are 
permitted to take a default value. 

A concrete example pattern is shown in Figure 2. This particular pattern uses 
constraints established by the ISO EN 13606 model and these are shown with light 
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highlighting. The model defines some class-level building blocks including the Element 
class which is the container for all actual data values. This ‘clinic code’ concept will have 
the StringWithLanguage data type when it is used for a record extract. 

However, applying the @EN13606 constraint also implies the need for curatorship 
information, and the presence of this can be checked at any time. The dates of 
incorporation and last verification are the dates of original authorship and last change 
respectively, there is an author noted, an (in this case) English string representing a 
description of the pattern, a basic library categorisation of the concept if a full 
terminological categorisation is unnecessary, an identifier and name, a status, and finally 
a version. 

Finally, a constraint is specified on the length of the string (shown in darker 
highlighting). This is among several additional validations that match those available in 
XML schema. 

Figure 2 An example value pattern (see online version for colours) 

 

The ‘pattern’ argument type enables us to conveniently represent child nodes in a record 
hierarchy (see also Section 3.2). In ISO EN 13606, the top-level container is known as 
the ‘composition’ and contains the medico-legal information associated with commitment 
and revision of data. An example from a real application is shown in Figure 3. 

Figure 3 An example container pattern (see online version for colours) 
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This composition has some @Content. A @Composition or any container may change 
the label for the child nodes it contains but in this case the @Composition is happy with 
the <DEFAULT> @PatternName of the contained Pattern. 

The constraint list has also been extended with some presentation features. The dark 
@GroupLabel Constraint enables us to order panels in a navigation bar separately for 
each application the heading appears in. 

2.2 アルチ (Aruchi) 

Annotations are typically added to a program source file so that before and after 
completion the computational artefacts are real program code. However, Section 1.4 
above notes that in fact the executable associated with the annotations is redundant for 
the purposes of describing the concept. In addition, although source files can be shared 
for editing via e-mail, or can have meaningful comments describing an edit attached in a 
source code repository, in comparison to a dedicated editor using source files discourages 
quick update or commenting and demands greater commitment from collaborators who 
are expected to first become ‘committers’. 

Figure 4 The relational structure of a pattern database 
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The simplicity of the pattern model lends itself in contrast to ready representation in a 
variety of underlying databases. A specifically relational model that satisfies the 
requirements for patterns is shown represented as an entity-relationship diagram in  
Figure 4. The actual creation of the database structure in the open-source PostgreSQL 
database is performed using scripts that make the process easy to replicate at other 
locations. These can then maintain their own separate repository of patterns. 

Having an easily replicated relational model to store patterns significantly lowers the 
barrier to entry for organisations hoping to expose the implicit structure models in their 
existing applications. These models can include not only the types and aggregate 
structure of data entry screens but also human-readable descriptions of behaviours that 
populate fields or disable editing according to certain rules. By so doing, the patterns 
approach maximises the shared understanding of how data is represented and collected 
for clinical and research purposes. 

Figure 5 Editing a pattern in Aruchi (see online version for colours) 
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Nevertheless, to encourage the adoption of these semantic resources by teams developing 
very different and often commercially competitive software, a still more inclusive 
approach is needed. To that end the development of a Web-based editor known as 
‘Aruchi’ was begun (Lea et al., 2009). An example screenshot editing the NHNN Clinics 
example from Figure 3 is shown in Figure 5. This cloud-hosted tool is based on a single 
scalable instance of the model presented in Figure 4 and aims to act as an ‘origin’ 
repository enabling new applications and use cases to align themselves with semantic 
concepts already created. Consequently, it maximises the value of communicated records, 
exactly the purpose for which ISO EN 13606 was designed. 

3 Results 

The clinical models developed using the patterns method have underpinned both clinical 
and research activities. Two examples are presented in this section. 

3.1 HeliconHeartTM 

HeliconHeartTM is the flagship cardiovascular care application from Helicon Health Ltd., 
and is designed to support patients at risk of stroke or taking anticoagulant medication, 
including warfarin and the so-called ‘new oral anticoagulants’. 

Figure 6 A warfarin plan screen in HeliconHeartTM (see online version for colours) 
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Warfarin is a vitamin K antagonist that is potentially dangerous and can result in fatal 
complications. Patients taking warfarin have regular blood tests that determine the 
international normalised ratio (INR) of the blood, a measure of its propensity to clot. It 
has been shown that following a decision support guideline improves the time  
spent within an INR range that delivers therapeutic benefit (Rose, 2012). Using a 
computer-based decision support tool can improve time in range still further (Tapuria  
et al., 2013). The screen in Figure 6 shows the creation of a warfarin therapeutic plan 
which specifies the appropriate range for the patient to the built-in decision support 
system. 

Figure 7 The model for the warfarin plan screen 

 

The screen (and the database table that underpins it) is derived from the much more 
complicated pattern model shown in Figure 7. This also acts as a specification for 
extended features such as on-pane behaviours (for example, disabling the ‘planned 
treatment duration’ and ‘date actually ended’ fields if the clinician selects ‘indefinite 
treatment’) and hints (for example, pointing to a ‘withdrawal letter’ when the plan is 
about to end). Many jurisdictions demand that it be clear to a recipient what the context 
of an original recording was to ensure that interpretation can occur in a clinically safe 
way. By providing a comprehensive specification, it is completely clear both to an 
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implementer what was intended by a feature and to a recipient what was available to an 
authoring clinician. 

The application (Austin et al., 2015) underpins a distributed anticoagulation service 
(Austin et al., 2009) in North London that includes the catchment areas of five Clinical 
Commissioning Groups. The distributed service there includes not only hospital-based 
clinics but also General Practices and secondary prescribers, supporting over 100 users 
and having been used in the management of more than 15,000 patients. Helicon is now 
rolling out the software nationwide. 

3.2 EMIF 

The European medical information framework (EMIF project, 2016) is a 60 month, 
€56M project that aims to link up and facilitate access to diverse medical and research 
data sources. ‘Big’ datasets are fragmented across repositories and sources with different 
coding systems and natural languages, bound by different national and local legal and 
ethical constraints, and the actual stored information often does not have a semantic 
match across these. 

Figure 8 The model for Victoria Stroop test 
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In an effort to present a single virtual repository that may be the target of research 
queries, it is first necessary to establish a single definition of the data that researchers 
may then use to frame their requests. Patterns have been applied to aid in this process 
(within the project they are termed ‘EMIF knowledge objects’). 

An exemplar clinical area for the project is the diagnosis and management of 
dementia and Figure 8 shows an example model for a diagnosis instrument, the  
Victoria Stroop test (Bayard et al., 2011), that has been produced in collaboration with 
neurodegenerative disease practitioners. Here, the tree implied by the ISO EN 13606 
container attributes is shown. The light grey bracketed identifiers are each fully modelled 
as patterns (not shown) and receive the labels presented in black when used in a 
container. 

It is intended to incorporate this methodology in a large-scale pan-European 
federation of research repositories. 

4 Discussion 

The model for patterns is relatively simple at least in comparison to other widely-used 
formalisms, but it has required augmenting since the original concept was developed. It 
appears among similar tools in a recent evaluation by Moreno-Conde et al. (2016). 

4.1 Constraints 

Internal validation of argument values is in general not possible with this approach. 
Because the models being constrained are not part of the patterns representation itself, the 
latter has to assume that a knowledge engineer uses correct values. For example, an ISO 
EN 13606 content with a cardinality attribute ‘–1’ cannot be declared unreasonable 
without also knowing what ‘cardinality’ is in the context of the EN 13606 model. 

Nevertheless, it is at least possible to validate that constraints appear together where 
they should. For example, we know that all clinical models in an ISO EN 13606 
environment must have the type composition, section, entry, cluster or element. It is 
therefore possible to ensure that if the @EN13606 constraint appears in a pattern, then 
@Composition or @Entry, etc. appear as well. The general approach is to include a table 
where constraint A can demand constraint C or suggest C. If neither of these are the case 
then the two constraints are unrelated. If A demands C then C must appear if A appears. 
If A suggests C and B suggests C then if C appears one of A or B must also appear. 

This is a moderately powerful check although it can lead to confusing validation 
matrices. For example, the @Composition constraint both demands and suggests 
@EN13606 because @Composition requires the @EN13606 constraint to be present and 
@EN13606 requires one of @Composition, @Section, @Entry, @Cluster or @Element 
to be present. 

Moreover, the naming and argument arrangement of constraints is still a matter of 
research. The example of warfarin plan in Figure 7 shows the balance the authors have 
tried to strike between specificity of constraint and human-readable description, but 
broader consensus may lean further towards one of these extremes. Our efforts have been 
predominantly directed at application design and build but the approach (with additional 
constraints) can at least be applied to security policy modelling (Lea, 2015) as well. 
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4.2 Comments 

One of the key requirements for a tool that facilitates collaborative editing is storage of 
comments that allow users to justify their design decisions and propose new ones. 
However, this is not intended to describe the purpose of the pattern, the text for which is 
more properly stored in the @Description property of the pattern itself. 

In our modelling work, we have noted with dismay more than one occasion where 
clinical domain experts forgot the reason for a previous request and asked for something 
different. The ability to explain requests as they occur is very valuable as, absent this 
facility, there is no basis on which to rebuff the new idea until what the previous choice 
made possible comes to light by its absence. 

4.3 Distributions 

A ‘version’ of a pattern refers to a single clinical concept even as it may collaboratively 
develop over many ‘revisions’. The former is represented as part of the pattern itself with 
the latter a part of the database model. For an example, consider a pattern for ‘emphasis’ 
which begins as a Boolean value indicating that a cohort of data was considered of higher 
importance by an author. The development of this pattern may go through many 
revisions, perhaps adding language translations or links to terminologies. However, it 
remains at version 1. Later, perhaps it is realised that a Boolean is insufficient to 
represent emphasis and the pattern is modified to declare an ordinal with several possible 
values. At this point, the collaboration must begin again around an updated concept. This 
would be considered a second version. 

The process of collaboration between knowledge engineers and domain experts will 
tend towards a completed and usable pattern. However, not all stages of development 
have equal worth for the purpose of representing data. Even after a pattern is seen as 
usable, further development might diverge from broad acceptance before once again 
returning to a viable state. For this reason, each pattern may declare itself ‘publishable’ 
(sensible to use for data) and the database facilitates the creation of ‘distributions’ which 
are collections of publishable pattern revisions from which data may be created in a 
specific clinical domain. Multiple distributions may include the same pattern but only one 
version of a pattern may appear inside a single distribution. Distributions can use patterns 
at any point in their revision history, so long as they are publishable. 

In fact, not only may individual patterns have less sensible iterations but so may 
distributions as a whole. The authors have found that clinical staff understand the 
implications of their modelling much more readily once it is rendered as an application 
they can use. Of course, these applications are only intermediate stepping stones on a 
path to an approved aggregation of patterns and have only limited applicability. A 
‘snapshot’ distribution provides the content for applications regarded as temporary and 
not expected to retain real patient information. Meanwhile, distributions can also be 
‘branched’ to allow more than one group to simultaneously explore different 
aggregations of patterns. 

Since domain modelling forms a part of the ISO EN 13606 standard (part 2), it is 
sometimes assumed that semantic agreement between partners to an exchange would be 
dependent on there being a shared representation underpinning it. In contrast, a typical 
exchange partner who is as yet undecided about the technology to use for exchange, 
would see a full implementation of the standard as rather a burden when a simpler XML 
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schema could suffice. Looked at from the patterns perspective, a ‘simple’ XML schema 
would lack rigorous grounding in the custodianship of records (part 1) and agreement on 
the domain representation (part 2). Nevertheless, a ratified distribution could construct an 
XML schema that would ‘look’ simple but be fully informed on both counts. 

4.4 Scalability 

The approach works well in a small application development environment where 
interoperability is seen positively and the relatively higher cost associated with being 
thorough about the underlying models can be borne on that basis. However, it is not 
necessarily obvious that the approach would scale to a nationwide, continental or even 
global attempt to capture and inter-relate existing models. In particular, the scalability of 
the approach is limited by the rate at which appropriate constraints can be ratified, and 
the rate at which patterns can be created and subsequently found. 

Section 2.2 above describes the drag-and-drop editor for patterns (Aruchi) that has 
been developed as part of this work. It emphasises a typical usage pattern where an 
example pattern of the sort required is found (for example, an ‘integer with a minimum 
value’) and then a new pattern is created using that as a template. This significantly 
improves the performance of knowledge engineers with large numbers of patterns to 
create, such as when beginning investigation of a new domain. 

However, this may still not be quick enough for certain use cases. In clinical research, 
for example, it is more important to capture a description of the content of data than its 
complex curatorship information and governing value constraints. Instead, a ‘rapid 
pattern development’ environment can be envisaged where a minimal pattern model 
follows from a sketch of a data entry form that can be associated with the method used to 
extract data conforming to that structure. 

4.5 Fragmentation 

The formalism externalises and makes explicit a previously internal data model, in much 
the same way as a rule engine does for a knowledge base. The Aruchi tool is designed to 
facilitate collaborative development of the data model for the purposes of interoperability 
and exchange, but it is recognised that some (especially commercial) organisations will 
want to run bespoke instances of the server at least initially. The underlying model is 
deliberately simple at least in part to enable such servers to be established easily. 
However, to avoid fragmenting the pattern repositories and making them harder to 
search, there would be an advantage in having links to widely used ontologies so that 
searches could find patterns across server instances. A project already undertaken within 
the team (Panagiotou, 2011) has shown that the repository could offer patterns using an 
RDF syntax to establish links with broader ontological development. 

5 Conclusions 

The authors have shown that the patterns formalism provides a simple but powerful way 
of representing semantic concepts. The formalism is capable of including information 
from many models simultaneously and consequently it has broad applicability to the 
issues involved in clinical application design. It is also potentially useful in any other 
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situation where parties have not converged on a data model but instances can be 
exchanged at a coarser granularity. Two distinct modelling activities for two very 
different application areas have been discussed in this paper. 

The formalism has a ready database representation and is thus well suited to 
collaborative editing. This lends itself well to the needs of clinical teams seeking 
consensus on the structure of records. Additional work could focus on rounding out such 
a collaborative editor for general use, which would have immediate benefits not only for 
application designers but in particular for interoperability specialists attempting to agree 
on the payload of a clinical exchange. 
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