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Abstract 

ADL is a formal language to express archetypes, independent 

of standards or domain. However, its specification is not 

precise enough in relation to the specialization and semantic 

of archetypes, presenting difficulties in implementation and a 

few available tools. Archetypes may be implemented using 

other languages such as XML or OWL, increasing integration 

with Semantic Web tools. Exchanging and transforming data 

can be better implemented with semantics oriented models, for 

example using OWL which is a language to define and 

instantiate Web ontologies defined by W3C. OWL permits 

defining significant, detailed, precise and consistent 

distinctions among classes, properties and relations by the 

user, ensuring the consistency of knowledge than using ADL 

techniques. This paper presents a process of an openEHR 

ADL archetypes representation in OWL ontologies. This 

process consists of ADL archetypes conversion in OWL 

ontologies and validation of OWL resultant ontologies using 

the mutation test. 
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Introduction 

An archetype is a formal expression of a distinct concept in 

the domain level, expressed as constraints on data whose 

instances are in accordance with the reference model. The 

development process of an archetype consists mainly of 

translating a clinical concept for Reference Model entities, 

defining structure and data representation in an Electronic 

Health Record (EHR) [28]. Information sources for its 

development are varied: expert knowledge, specialized 

publications, data entry screens and system reports, term lists, 

clinical system data models, messages and regulatory forms, 

and forms used in clinical appointments or medical records [7, 

8]. 

Clinical archetypes developed according to the openEHR [16] 

model use the Archetype Definition Language (ADL) as a 

standard [26]. This language presents an abstract syntax that 

can be used to express archetypes based on any information 

model. However, it presents difficulties in implementation and 

a few available tools to manage contents [3]. 

Although ADL language has its own syntax, it can be 

described using other languages such as eXtensible Markup 

Language (XML) [27] and Web Ontology Language (OWL) 

[10], increasing the integration with other Semantic Web tools 

and decreasing interoperability problems between health 

information systems [3, 4]. Therefore, processes for  

exchanging and transformating data can be better 

implemented with semantics oriented models, such as 

ontologies using OWL [1]. 

Ontologies define terms to describe and represent a knowledge 

domain. They are descriptions of concepts and relationships 

that can be used by people or software agents to share 

information in this domain. So, they can be used as a unifying 

structure for semantic representation of information [17, 18]. 

Ontologies have been frequently used to represent biomedical 

knowledge in recent years [12, 13]. They provide strict 

structures for knowledge management tasks related to 

archetypes and EHR systems representation [3].  

We define in this article a process for the representation of 

ADL archetypes in ontologies described in OWL (or OWL 

ontologies) which are validated using mutation test. This 

process has two steps: the conversion of ADL archetypes in 

OWL ontologies using the algorithm of Elkin et al. [14] and 

the validation of OWL ontologies using the mutation test of 

Porn et al. [19, 20]. 

Archetype Definition Language (ADL) 

ADL is a formal language to express archetypes, where the 

structure is independent of standard or domain. In general, it is 

not a language for clinical domains. It can be used to define 

any type of archetype for different reference models therefore 

it is possible to represent the same syntactic structure among 

diverse models [1]. 

ADL archetype is basically composed of three sections [1, 9]: 

(1) the section header, which contains the name of the 

archetype, a unique code that identifies the clinical concept 

and information of specialization and the language in which it 

was written; (2) the definition section, which specifies the 

structure and constraints associated with the clinical concept, 

restricting the cardinality and the content of the instances of 

the information model;  (3) and the ontology section, which 

represents terminological definition to each clinical concept. 

In this paper only the definition section of archetypes is used 

to the conversion process to OWL. 

ADL has some difficulties in implementation. When 

performing semantic processing two elements are required: 

one ADL parser and one parser of the reference model to 

ensure clinical accuracy of content [1]. 

The ADL parser produces a set of objects without explicit 

semantic relations among them. The semantics are unknown 

to the parser and only the association among the elements of 

Definition and Ontology section can be defined [1]. Thus, 

ADL reasoning possibilities are currently very limited [3], as 

well as the availability of tools to manage ADL contents is 

reduced. Consequently, the formalization of exchanging data 

and data transformation processes among systems becomes 

more difficult than using semantics oriented models, such as 

OWL ontologies. 

Ontology Web Language (OWL) 

An alternative to problems related to ADL language is the 

archetypes representation through OWL ontologies. OWL 

allows definitions that are meaningful, detailed and accurate 

with consistent distinctions among classes, properties and 
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relations defined by the user [1]. Thus, the construction of 

archetypes using OWL can ensure the consistency of 

knowledge in a more general way than when using ADL 

techniques due to the lack of tools for managing these models. 

The OWL language is used to define and instantiate Web 

ontologies and is defined by the W3C (World Wide Web 

Consortium) [10]. OWL ontology specifies how to derive 

logical consequences through the formal semantic OWL, 

clarifying facts that are not presented in the ontology but are 

bounded by the semantics [11]. 

Ontologies impose strict structures to knowledge management 

related to archetypes and EHR systems [3], so that several 

methodologies and tools have been proposed to compare 

different ontologies, mixing and identifying inconsistencies. 

Thus, activities such as comparison, selection, classification 

and consistency checking can be performed in the OWL in an 

easier and more efficient way than in the ADL content. As a 

matter of fact, OWL is a knowledge representation language. 

The use of ontologies to represent biomedical knowledge is 

not a new process, as ontologies have been used in biomedical 

domains in recent years in different purposes [12, 13]. Thus, 

OWL becomes appropriate to represent clinical archetypes 

and information about EHR, so that constraints on archetypes 

can be determined by OWL or by defining appropriate 

elements. 

 Materials and Methods 

For the representation of ADL archetypes in OWL ontologies 

two steps were established: 

1. Convert openEHR archetypes developed in ADL 

language to OWL ontologies, based on an algorithm 

for mapping ADL objects to OWL, adapted from a 

model proposed by Elkin et al. [14]. 

2. Validate OWL ontologies obtained after conversion. 

For this, OWL ontologies are tested using mutation 

tests [19, 20]. 

Figure 1 shows an example of definition section of an 

openEHR archetype implemented in ADL language, that will 

be converted to an OWL ontology. 

 

Figure 1 – Definition section of an ADL archetype 

To represent archetypes in OWL, it is necessary to define in 

OWL the classes from the Reference Model used by the 

archetype. Thus, the following algorithm is used to the first 

step of the conversion process: 

1. Reference Model classes used by the archetype are 

represented as OWL classes; 

2. Each archetype node defined as a clinical concept is 

represented as a subclass of one of the classes of the 

Reference Model used; 

3. Object properties that define associations among nodes 

and archetype components are defined as OWL Object 

Properties. The domain declaration of this properties is 

indicated for the archetype class itself, and the range 

declaration to the set of objects that should be 

associated to the domain of this property; 

4. Properties that represent data structures in ADL are 

defined as OWL Data Type Properties, being the 

domain declaration indicated as the cardinality of 

objects associated to this property, and the range 

declaration defined as the data types of all objects 

found in the archetype with respect to this attribute; 

5. Properties constraints and cardinalities defined in ADL 

archetype are converted in constraints and axioms of 

OWL language. 

Basically, an archetype has a hierarchical structure and 

constraints started with a root class. Thus, for an ADL 

archetype that presents several archetype nodes of the 

Reference Model of the same type, as ELEMENTs, in OWL 

just one class is defined to represent this node as a root class 

of the hierarchy and the clinical concepts of the archetype are 

represented as subclasses of these classes of the Reference 

Model. 

Based on the conversion algorithm, it is possible observe at 

Figure 2 the definition of the archetype nodes 

EVALUATION, ITEM_TREE, CLUSTER and ELEMENT of 

the Figure 1, represented as OWL classes. 

 

Figure 2 – openEHR Reference Model classes in OWL 

In the hierarchy of an ADL archetype, properties that define 

associations among archetype nodes, refer to Information 

Reference Model classes, therefore they associate individuals 

of classes from a lower level, to individuals of classes from a 

higher level, defining classes and subclasses from the 

archetype [44]. Figures 3 to 7 show excerpts of one OWL 

ontology representing each structure of ADL archetype of 

Figure 1. Figure 3 presents OWL Object Properties which 

represent the properties that define associations among nodes 

and components of the ADL archetype. 

 

Figure 3 – ADL Operators as OWL Object Properties 

In Figure 4 it is possible to observe the domain declarations 

defined to the OWL Object Properties presented in Figure 3. 
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Figure 4 – Domain definitions of OWL Object Properties 

Figure 5 presents range declarations defined for OWL Object 

Properties presented in Figure 3. 

 

Figure 5 – Range Definitions of OWL Object Properties 

It is possible to observe in Figure 6 the definition in OWL of 

the properties that represent data structures in ADL from 

Figure 1, with domain and range declarations of these 

properties defined as shown for OWL Object Properties.  

 

Figure 6 – ADL Operators as OWL Data Type Properties 

As ADL data properties are represented as OWL Data Type 

Properties according to the conversion algorithm, associations 

can be made through OWL constructors hasValue, 

someValuesFrom and allValuesFrom. 

So, according to the last step of the conversion algorithm, 

ADL property constraints and cardinalities are defined as 

OWL constraints, as shown in Figure 7 the constraints 

concerning the ELEMENT and ITEM_TREE classes of the 

archetype from Figure 1. 

 

Figure 7 – ADL constraints as OWL constraints 

The conversion process and the resulting representation of 

ADL archetypes to OWL were assisted by a tool for creating 

and editing of ontologies called Protégé [15]. The following 

steps were defined: 

1. Manual selection of openEHR ADL archetypes in the 

online repository CKM [16]. Seven archetypes in the 

review state were selected. Three archetypes are 

OBSERVATION type, respectively the “Apgar score”, 

“Autopsy examination” and “Fetal heart rate” 

archetypes. Two are EVALUATION type, the “Alert” 

and “A health oriented check list” archetypes. One is 

INSTRUCTION type and one is an ACTION type, 

respectively “Informed consent request” and “Follow 

up action” archetypes. 

2. Manual conversion of ADL archetypes to OWL based 

on the conversion algorithm, being the process realized 

with the aid of Protégé tool; 

To validate archetypes and reveal possible defects inserted in 

OWL ontologies (proposed in step 2 of the process), we 

applied the mutation test technique to OWL Ontologies [19, 

20]. 

Results 

OWL ontologies obtained after the conversion process are 

readable for humans and computers, facilitating the 

interpretation of clinical concepts as well as the development 

of queries and content management. 

Test methods which validate OWL models help to ensure 

adequacy and quality in ontologies. Tests allow the 

representation of knowledge domain with security and 

accuracy. Written queries in SPARQL [25] or DL Query [21] 

can be used to validate the correction of syntactic and 

semantic structures in tests of instantiation, recovery, 

achievement, satisfaction and classification [22]. 

Published studies have shown that mutation test is the most 

effective in revealing defects [23, 29]. Mutation test is a 

defect-based technique proposed in [19, 20, 24] to simulate 

defects on ontologies, generating mutant ontologies, according 

to predefined mutation operators known. Mutant ontologies 

must reveal defects or be considered equivalent (non 

defective) to the original ontology, according to the DL Query 

test data used. 

After seven openEHR ADL archetypes have been selected in 

the online repository CKM and converted to OWL, it was 

possible to generate a total of 2000 mutants ontologies and 

187 defects in all OWL ontologies [20]. 

Detailing in the “Apgar score”, “Autopsy examination” and 

“Fetal heart rate” archetypes were found respectively 41, 19 

and 44 defects. In the “Alert” and “A health oriented check 

list” archetypes were found 16 and 21 defects and, in the 

“Informed consent request” and “Follow up action” 

archetypes revealed 31 and 15 defects. 139 mutant ontologies 

were defined as equivalent to the original ontology and other 

mutants were killed with test data generated. 

Discussion 

Archetypes are used to guide clinical practice, requiring the 

exploration, comparison, classification and integration of 

information originating from different heterogeneous systems. 

The OWL language presents excellent mechanisms for these 

activities, enabling the representation of ADL archetypes in 

OWL ontologies and providing an excellent semantic 

representation of the clinical concepts addressed. 

The representation of archetypes in OWL requires the 

semantic interpretation of clinical archetype, so that the ADL 
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structures defined in the archetype specialize in openEHR 

Reference Model classes [9]. Therefore, defects can be created 

by the developer during the definition of the OWL archetype 

constraints, and these defects can cause failures. This was 

possible to observe with the reached results after the 

application of the mutation test technique in the archetypes 

was represented in OWL. 

It is also possible to observe with the reached results, the large 

number of mutants generated, determining a high possibility 

of occurrence of defects in the development. However, the 

existence of defects in obtained models does not characterize 

problems in the conversion process. This is because OWL 

ontologies are based on open world assumption, thus the 

representation of archetypes in OWL requires the semantic 

interpretation of clinical archetype. 

The purpose of applying the mutation test technique was to 

validate the obtained results after the conversion process, in 

this case OWL ontologies, and not the conversion process 

proposed. Consistently selected archetypes in the online 

repository CKM were in their review state. Defects were 

found after the conversion process in OWL ontologies; 

however, this did not invalidate the proposed method of 

conversion ADL archetypes to OWL ontologies. 

In some cases it was not possible to identify the defect applied 

by the mutation operator with any given test data because it 

was not considered in this analysis the instantiation of objects 

for each archetype classes represented in OWL, which might 

produce better results. The mutants of these cases are defined 

as equivalents. 

For 139 mutants that have been defined as equivalent, it would 

be possible to obtain better results (that is, it is possible to 

define whether the ontology has or not defects) executing the 

mutant ontologies with same test data and instantiating 

individuals to ontology classes. Moreover, it can be concluded 

in these cases that the test data used were not efficient, 

because they do not produce distinct results from the original 

ontology and there is the possibility of generating new test 

data. 

With the application of the mutation test on the archetypes in 

OWL, it is possible to validate the models obtained after the 

conversion process due to the identification of committed 

defects, correcting and ensuring the correction of the 

archetype. 

Conclusion 

Ontologies define concepts, classes, properties, relationships, 

constraints and axioms about a particular knowledge domain, 

which can represent the real and conceptual world through 

semantic identifiers. Ontologies have proven to be extremely 

useful to assist the development of computer systems, due to 

some of their own characteristics such as vocabulary for 

representing knowledge and the possibility for extending a 

generic model for a specific domain. 

A clinical archetype represents a specific knowledge domain 

and can be modeled in ontologies in different ways. It was 

proposed in this paper to convert clinical archetypes of the 

openEHR standard implemented in ADL to OWL ontologies. 

In the conversion process, two steps were defined: (1) the 

conversion from ADL to OWL; (2) the validation of the model 

obtained. 

The ontology developed tool Protégé was used to perform the 

first step of conversion process of openEHR archetypes to 

OWL ontologies as well as to perform the second step of 

process, where it was applied the mutation test in the OWL 

ontologies obtained. For each mutation performed, it 

generated a new ontology defined as mutant. For the 

generation and execution of test data, it used the DL Query 

language, a query language for ontologies available on the 

Protégé tool. 

For this experiment, seven openEHR archetypes were used, 

generating an average of 285 mutants to each model. From the 

total of mutants ontologies obtained, 187 defects were 

identified and 139 mutants were defined as equivalent to the 

original ontologies. Each defect revealed in a mutant ontology 

corresponds to mutation performed by a mutation operator. 

The analysis and correction were made based on the 

characteristics of this known mutation operator.  

The conversion process was experimented. A test method 

determined the correction of resulting OWL ontologies. A 

high number of mutants was generated and defects were 

revealed, consistent with the fact that they were under review. 

It is also possible to infer that this test method can be applied 

to other knowledge domains represented by OWL ontologies. 
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