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HL7 (Health Level 7) International is an organization that defines health information standards. Most HL7
domain information models have been designed according to a proprietary graphic language whose
domain models are based on the HL7 metamodel. Many researchers have considered using HL7 in the
MDE (Model-Driven Engineering) context. A limitation has been identified: all MDE tools support UML
(Unified Modeling Language), which is a standard model language, but most do not support the HL7 pro-
prietary model language. We want to support software engineers without HL7 experience, thus real-
world problems would be modeled by them by defining system requirements in UML that are compliant
with HL7 domain models transparently. The objective of the present research is to connect HL7 with soft-
ware analysis using a generic model-based approach. This paper introduces a first approach to an HL7
MDE solution that considers the MIF (Model Interchange Format) metamodel proposed by HL7 by making
use of a plug-in developed in the EA (Enterprise Architect) tool.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

HL7 (Health Level 7) International [1] is a non-profit organiza-
tion that promotes and defines standards associated with health
information systems. HL7 International members develop stan-
dards related to the exchange and model of Health information,
with the objective of supporting clinical practice, management,
development, and evaluation in Health services. This set of stan-
dards is known as HL7 standards, or simply, HL7.

A domain model is a conceptual model that describes con-
cepts related to the problem domain [2,3]. It copes with con-
cepts linked to the problem itself, instead of describing
software system concepts. MDE (Model Driven Engineering) is
a new paradigm that centers on creating and exploiting models
[2,3]. Using MDE, productivity is increased because compatibility
among systems is maximized (thanks to reutilization), thus sim-
plifying the design process. Models act as system bases. This

Abbreviations: HL7, Health Level 7; MDE, Model Driven Engineering; UML,
Unified Modeling Language; MIF, Model Interchange Format; NDT, Navigational
Development Techniques; CDA, Clinical Document Architecture; OMG, Object
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way, the conceptual definition of applications can be separated
from the technology where they are executed. For this purpose,
metamodel is a fundamental concept because it describes the
concepts used in a specific model. There are many accepted
notations to represent metamodels. In this case, we use UML
(Unified Modeling Language)-class diagrams because they are
the notations applied to both HL7 and UML.

HL7 has a metamodel called MIF (Model Interchange Format)
[4]. This metamodel is not compliant with UML. In addition, HL7
International has developed its own graphic language to design
the elements that compose its models. Considering the wide range
of entities that MIF needs to cover in order to collect all the con-
cepts necessary in a general health system, we must argue that
MIF is very extensive and is presented in such an abstract way that,
although it seems very interesting from the conceptual perspec-
tive, it can be difficult to manage.

HL7 International defines different domain models to explain
each working problem or scenario that has been identified
throughout the process. These conceptual schemes cover all areas
that range from the information necessary to define system mes-
sages to the clinical documents themselves. All HL7 domain mod-
els can be modeled from MIF.

Considering that HL7 models are built in their own graphic lan-
guage, and regarding the extension they present to cover all the
entities necessary in a health system, we conclude that designing
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a software solution that can fulfill an HL7 standard is not an easy
task for a software engineer. The fact that HL7 has a metamodel
in a proprietary format produces much impact in the industry
because lack of a commercial tooling support is identified, and a
smaller knowledge field is produced simply because this notation
is not a typical subject taught to software engineers at the univer-
sity. In contrast, software engineers generally know UML and can
design solutions through this standard. In addition, many MDE
tools exist that perform a series of actions automatically, such as
generating code or documentation, through a UML model.

Therefore, working to connect HL7 with software analysis has
been relevant for us. Our long-term objective is for software engi-
neers to design their solutions using the UML metamodel and the
HL7 metamodel automatically. Consequently, we offer the capabil-
ity of using standard MDE tools that need the problem to be mod-
eled with UML modeling, apart from simplifying the solutions
design.

This article lays the foundation for this research that we have
recently started, and is motivated by our previous experiences,
such as Diraya Specialized Attention project [5,6] and the eHealth
project [7]. On the one hand, we performed a practical experience
in the MDE context in the first project, which consisted in applying
NDT (Navigational Development Techniques) Web Engineering
methodology [8] when performing the Requirements and Analysis
phases in a large-scale Web system focused on supporting Health
information systems in Andalusia. On the other hand, the second
project aimed to adapt the eHealth platform of the Virgen del Rocio
University Hospital of Seville to a process-based SOA (Service-
Oriented Architecture) to allow greater modularity, independence,
maintainability, and usability for the development of functional
modules that provide support to the clinical services of this hospi-
tal. For this purpose, we defined a model-driven proposal sup-
ported by automatic software tools.

These experiences concluded that MDE can reduce develop-
ment time and identify possible errors or inconsistencies in early
phases.

The main target of the research presented in this paper is to use
the HL7 metamodel in the MDE context.

Fig. 1 illustrates the general process we aim to reach with this
study.
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Our secondary goals are as follows:

e To provide software engineers involved in the healthcare area
with a solution that employs the benefits of the UML general
proposed standard, standards recommended by HL7 Interna-
tional, and MDE existing tools.

o To take advantage of the potential of the existing tools that work
with the new domain models exploitation paradigm: MDE.

This paper is structured as follows: After this introduction,
Section 2 reviews and presents previous experiences. Then,
Sections 3 and 4 explain the methodology used and the results
obtained, respectively. Finally, Section 5 provides further discus-
sion, and Section 6 states final conclusions.

2. Previous experiences

Some members of the HL7 International community have expe-
rienced the need of using a modeling standard instead of the mod-
eling language that defines the domain models generated from
MIF.

Previous experiences have studied the connection between HL7
v2.X and UML structures [9]. One of the first steps to use HL7 in the
MDE context consists in implementing MIF in a computer-
workable language. There are cases related to implementing
computer-workable languages of a specific domain model, for
example HL7 v3, but they do not cover the HL7 metamodel com-
pletely [10].

Researchers from the Polytechnic University of Catalonia have
conducted an experiment in this domain. They identified some
weaknesses while using the HL7 modeling language, and proposed
a translation of the HL7 domain models to UML nomenclature in
order to overcome such weaknesses. The researchers even imple-
mented a translation from the HL7 v3 domain model to UML models
[11]. Finally, they concluded that the HL7 International community
could not find the UML model sufficiently suitable to replace the
original MIF, and therefore, they could reject its adoption.

Since 2012, Sparx Systems has sponsored the HL7 Tooling Chal-
lenge, a yearly contest aiming to encourage the development of
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Fig. 1. Solution using the HL7 metamodel in the MDE context.
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HL7 tools. The 2012-2013 edition of this contest aimed to generate
a set of tools in order to support developers in the implementation
of MIF-based HL7 v3 standards. The winners of this edition were
the aforementioned researchers from the Polytechnic University
of Catalonia. The 2013-2014 edition aimed to produce the design
specifications of a tool capable of generating RIM-based informa-
tion models. The winners of this edition have not been released,
yet.

There is an open source project called Model-Driven Health
Tools that has developed a common modeling framework in order
to improve interoperability in the healthcare infrastructure, thus
allowing the creation of computable models of the CDA (Clinical
Document Architecture) templates in UML, which is based on
MDE. Currently, this project has already built models from some
existing HL7 specifications (continuity of care document, public
health case reports, personal healthcare monitoring report, etc.),
and some researchers have successfully used this set of tools
[12,13]. The difference between this experience and our proposal
is that they centered their effort on one of the HL7 primary stan-
dards, CDA. However, our proposed solution covers the entire spec-
trum of concepts that exists in the HL7 metamodel.

No previous studies that intend to use HL7 in the MDE context
making a correspondence between the elements of HL7 and UML
metamodels are found, in which the software engineer can use
UML directly (being able to get help from all existing UML tools
in the MDE context) and work automatically on the HL7
metamodel.

3. Materials and methods
3.1. The HL7 metamodel

All HL7 domain models are simply HL7 metamodel instances.
Consequently, such metamodel represents the general knowledge
of all HL7 domain models.

The elements that characterize the HL7 metamodel are
described separately in the document offered by HL7 International
to standardize such metamodel [14]. The most important parts of
each of the four diagrams applied to the present study are indi-
cated below:

o Information Model diagram. Defines the content of the mes-
sages that can be exchanged through HL7. The main elements
of this information model are classes, connections, attributes,
and states. Classes provide objects abstractions; semantic rela-
tionships between classes are expressed through connections;
attributes represent the facts that affect the class objects; and
states capture the changes that events caused on classes.

e Data Types and Vocabulary Domains diagram. Defines the
structures and vocabulary domain relationships used to outline
the information model attributes and message design models.

e Use Cases and Interaction diagram. Defines the elements neces-
sary to design use cases and interaction diagrams.
Messages Design diagram. Defines message specification model
maps, and information content models, and are used to cover
message particular specifications. This diagram includes the
message information model, which is an essential information
model subset used to define a message set, a message hierarchi-
cal description, and a message element model type.

3.2. The UML metamodel

Within the OMG (Object Management Group) proposals that
cover MDE, UML is the most prevalent conceptual modeling lan-
guage. Conceptual modeling languages allow defining the entities

and relationships presented by an information system. This way,
they allow designing the software system at the Design phase of
the software lifecycle. UML helps make specifications and create
documentation of the software system domain models from the
structure and design perspective.

UML models are simply UML metamodel instances, and conse-
quently, such metamodel represents the general knowledge of all
models defined with UML.

In addition, the UML metamodel is described in two docu-
ments: infrastructure [15] and superstructure [16]. A description
of all the elements of the UML metamodel can be read in the doc-
uments of infrastructure and superstructure included in the OMG
official website.

Some of the parts of this metamodel that are considered rele-
vant for the present research are highlighted below in order to
study their correspondence with the HL7 metamodel:

e The Types diagram within the Core::Basic chapter of the UML
infrastructure (described in clause 10.1) considers the definition
of elements, comments, and different types of elements that can
be found.

e The Classes diagram within the Core::Basic chapter of the UML
infrastructure document (described in clause 10.2) refers to the
definition of classes and attributes.

o The Expressions diagram within the Core::Constructs chapter of
the UML infrastructure document (described in clause 11.2)
involves the definition of the values given to these elements.

e The Classes diagram within the Core::Constructs chapter of the
UML infrastructure document (described in clause 11.3) identi-
fies the definition of associations.

e The Generalizations package within the Core::Basic chapter of
the UML infrastructure document (described in clause 9.2) ana-
lyzes the definition of generalizations.

e The Constraints diagram within the Core::Constructs chapter of
the UML infrastructure document (described in clause 11.5)
studies the definition of constraints.

e The Profiles package within the Core::Profiles chapter of the
UML infrastructure document (described in clause 12.1) outli-
nes the use of extensibility mechanisms to UML, including the
definition of stereotypes.

e The Packages diagram within the Core::Constructs chapter of
the UML infrastructure document (described in clause 11.9)
copes with the definition of packages.

e The State Machines diagram in the BehaviorStateMachines
package within the State Machines chapter of the UML super-
structure document (described in clause 15) represents the def-
inition of states.

e The UseCases diagram in the Use Cases chapter of the UML
superstructure document (described in clause 16) represents
the definition of use cases, actors, and relationships.

e The Interactions diagram in the BasicInteractions package
within the Interactions chapter of the UML superstructure doc-
ument (described in clause 14) covers the definition of
interactions.

3.3. Comparative analysis between both metamodels

Currently, we are working on reaching a solution in the MDE
context by evaluating the possibility of associating both the UML
and HL7 metamodels. Focused on this goal, we have first conceptu-
ally analyzed the UML and HL7 metamodels; second, we have the-
oretically studied the correspondence among their elements.
Table 1 lists the result of this analysis.

As expected, there are many elements in the HL7 metamodel
that we could not identify with UML. This is mainly because UML
is a general standard, whereas HL7 is a specific standard (for
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Table 1
Correspondence between both metamodels.
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HL7 metamodel diagram

HL7 metamodel element

UML metamodel element

Information model

Data types and vocabulary domain

Use cases and interaction

Messages design

Class

Attribute
Structural_attribute
Association
Composite_aggregation
Generalization_relationship
State

Data_type
Data_type_category
Attribute_type
Vocabulary_concept
Domain_version
Code_system
Coded_term
Concept_relationship

Actor

Use_case
Use_case_relationship
Storyboard
Interaction
Application_role

Design_information_model
DIM_class_row
DIM_attribute_row
DIM_relationship_row
DIM_state_row

Hierarchical_message_description

HMD_class_row

Class

Property

Direct correspondence not found
Association

Direct correspondence not found
Generalization

State

Type

Direct correspondence not found
TypedElement

Direct correspondence not found
Direct correspondence not found
Direct correspondence not found
Direct correspondence not found
Direct correspondence not found

Actor

UseCase

DirectedRelationship

Direct correspondence not found
Interaction

Direct correspondence not found

Direct correspondence not found
Direct correspondence not found
Direct correspondence not found
Direct correspondence not found
Direct correspondence not found
Direct correspondence not found
Direct correspondence not found

HMD_attribute_row Direct correspondence not found

HMD_relationship_row

Message_type

Direct correspondence not found
Direct correspondence not found

healthcare) that defines specific elements for needs associated
with the health area.

Then, it is necessary to find out a solution that uses all the HL7
metamodel conceptual richness in our MDE solution.

3.4. Stereotypes as solution to cover all HL7 richness

We propose using the extensibility mechanisms of UML in order
to define a new UML-based language that models those aspects not
previously covered by UML. This way, the notation and semantics
of this language can be broadened.

Extending UML (i.e., specializing its concepts and establishing
semantic constraints on them, but always preserving the UML ele-
ments’ original semantics) is known as UML Profile and allows
defining a collection of UML extensions that together describe
some particular modeling problems, and facilitate modeling con-
structions in that domain. This type of extensibility mechanisms
is defined in clause 12.1 in the UML infrastructure document [15].

UML extension mechanisms are based on: (i) stereotype, which
defines the elements of a specific domain to extend UML classes
from them; (ii) tagged value, which adds additional meta-
attributes to any stereotyped element defined in the Profile; and
(iii) constraint, which identifies the conditions of the stereotyped
elements to create well-defined models and extrapolate con-
straints to the profile.

In this paper, we define an UML Profile using previous extension
mechanisms to model HL7 domains. Our UML Profile is not
explained in detail because this paper would become too exten-
sive, but we describe a particular case as an example. In particular,
we describe how the HL7 classes, attributes, and structural_at-
tribute metaclasses are defined in our UML Profile. The first meta-
class is an object abstraction of a set of real-world things,
considering that all objects must have the same characteristics,
and all instances must conform to the same rules. The second

metaclass (i.e., the «<HL7Attribute» metaclass) represents data cap-
tured on classes, and allows taking values that are independent for
each HL7 class. The third metaclass constitutes a structured attri-
bute that establishes a link between the class and the coding
applied to represent the instances of these classes (set of allowed
codes).

We have followed several steps to define these metaclasses in
the UML Profile.

On the one hand, it is necessary to create three stereotypes to
represent the HL7 class, attribute, and structural_attribute meta-
classes. These stereotypes are named «HL7Class», «<HL7Attribute»,
and «StructuralAttribute» in our UML Profile, and they are respec-
tively extended from the UML «Class» metaclass, «Property» meta-
class, and «Property» metaclass using the UML extension
mechanism, as indicated in Table 1. Although Table 1 does not
identify a direct correspondence for utilizing a structural_attribute
element (HL7 metamodel) through a UML metamodel element, we
have decided to use the UML «Class» metaclass because it has a
similar structure.

On the other hand, each attribute defined in the HL7 standard
for the HL7 selected metaclasses have been mapped using tagged
values in each stereotype.

The «HL7Class» stereotype has four tagged values: (i) descrip-
tion, which is a short informative statement; (ii) history, which is
a compound data type that serves to track the history of any HL7
metaclass (e.g., the «<HL7Class» and «HL7Attribute» metaclasses);
(iii) isAbstract, which indicates whether this class can be instanti-
ated; and (iv) name, which specifies a unique name for the HL7
class.

The «HL7Attribute» stereotype has seven tagged values: (i)
description, which covers a short informative description of the
attribute; (ii) history, which is a compound data type that serves
to track the history of any HL7 metaclass (e.g., the «HL7Class»
and «HL7Attribute» metaclasses); (iii) inclusion, which indicates
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ametacliasse
Property

aggregation :AggregstionKind = none «metaclassa xenumersati...
default :String Class BasicDataType
isComposite :Boolean
isDerived :Boolean = false isActive :Boolean String
isDerivedUnion :Boolean = false Integer
isID :Boolean = false DataTime
isReadOnly :Boolean = false Boolean

«stereotypexs «stereotypexs astereotypes

HL7Attribute StructuralAttribute HL7Class

description :String
history :CompoundHx

code :string
code_system :string

description :String
history :CompoundHx

inclusion :boolean
name :String
repeatability :boolean
sequence :Integer
type :BasicDataType

isAbstract :boolean
name :String

Fig. 2. Fragment of our UML Profile related to the «<HL7Class», «<HL7Attribute», and «StructuralAttribute» stereotypes.

whether inclusion of the attribute is mandatory; (iv) name, which
specifies a unique name; (v) repeatability, which covers the repeat
characteristics when this attribute is included in a hierarchical
message description; (vi) sequence, which identifies the relative
sort order of the attribute within the containing class; and (vii)
type, which specifies the data type of the attribute (the data types
allowed are formalized through the «BasicDataType» enumerations
on our profile).

The «StructuralAttribute» stereotype has two tagged values
defined according to the HL7 standard: (i) code_system, which
means the code system that defines the set of allowed codes used
in the structured attribute; and (ii) code, which means the specific
code assigned to the attribute in an instantiation.

Fig. 2 shows how the «HL7Class», «<HL7Attribute», and «Structu
ralAttribute» stereotypes extend respectively from the UML «Class»
and «Property» metaclasses in our UML Profile.

3.5. Transformation rules

After laying the theoretical foundations in the previous section,
we use the transformation techniques in the MDE context in order
to establish a systematic protocol with which to obtain the HL7
model from a specific UML model. For this purpose, we have
defined a set of model-to-model transformations (M2M) rules that
are formalized using QVT (Query/View/Transformation [17]). All
our QVT rules are not explained here because they are outside
the scope of this paper, and would make the paper too extensive.
Nevertheless, as an illustrative example, Table 2 describes the

Table 2
QVT rule to obtain the «<HL7Class» metaclass.

mapping UMLMetamodel::Class::toHL7Class (): HL7Metamodel::HL7Class {
description:= “DESCRIPTION”;
isAbstract:= self.isAbstract;
name:= self.name;
history:=
has += self.Property—forAll (p: Property | p.resolveone(HL7Metamodel::
HL7Attribute);
relationship += self.Property — forAll (a: Association |
a.resolveone(HL7Metamodel::HL7Relationship);
}

QVT rule used to obtain the «HL7Class» metaclass (HL7 meta-
model) from the «Class» metaclass (UML metamodel). This QVT
rule is formalized at the «Class» metaclass using the QVT directive
«mapping» that allows mapping concepts from the source meta-
model (UML) to the target metamodel (HL7). In addition, such rule
initializes all properties of the «<HL7Class» metaclass and resolves
all relationships between this metaclass and the «HL7Attribute»
and «HL7Relationship» metaclasses (the latter has not been men-
tioned before; here, we represent a relationship between HL7
classes).

3.6. Tool developed on Enterprise Architect

One of the most important aspects to ensure the applicability of
our model-driven proposal in real environments is to design and
develop tools that support our theoretical framework. In this sense,
these tools should allow defining HL7 models (using our UML Pro-
file described in Section 3.4) in a friendly way, and allow automatic
execution of the transformation rules.

In this context, we have chosen to integrate our proposal within
the EA (Enterprise Architect) tool in order to provide a real envi-
ronment that covers the proposal in a practical context. However,
this decision has not been an easy task. We have considered several
market studies. One [18] is the market study by our research group
(IWT2, Web Engineering and Early Testing of University of Seville,
Spain) in collaboration with the Andalusian Regional Ministry of
Culture, Education and Sport (Spain).

This study compares nine modeling tools in order to identify the
best tool to perform our research with regard to technology trans-
fer issues. This comparative study is conducted considering the fol-
lowing points: (i) to provide UML2.0 extension mechanisms (i.e., a
tool must allow developing and designing UML Profiles); (ii) to
incorporate MDE processes (i.e., a tool must support mechanisms
or algorithms in order to systematically generate models from
other models); (iii) to allow generating documentation in an
automatic, flexible, and agile manner; (iv) to allow managing big
project lifecycles; (v) to be useful for the entire software lifecycle
(i.e., the phases that cover the feasibility study phase,
requirements, analysis, design, implementation, testing, and
finally, maintenance); and (vi) to be compatible with UML2.0.
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In the end, we conclude that EA offers the best quality-cost
relationship in the evaluated points. Another reason that led us
toward using this tool instead of another is the fact that EA is used
widely in a high number of IWT2 projects, and it is known by most
of its customers and partners. Some examples include the
AQUAWS project [19] performed with EMASESA, CALIPSOneo pro-
ject [20] performed with Airbus Military, THOT project [21] per-
formed with Public Works Agency of Junta of Andalusia, and
SICATA project performed with Andalusian Health Service, among
others.

All these reasons made us finally choose EA as our base model-
ing tool, but it is important to emphasize that our solution can be
implemented by any tool that manages UML2.0 and extension
mechanisms if the tool provides import and export options struc-
tured in the XMI format.

3.7. Our solution

After choosing our modeling tool base, we integrated our solu-
tion on it. In this sense, we implemented our UML Profile through
EA and each QVT transformation rule through a plug-in in EA.

Fig. 3 shows the graphical user interface for our solution within
EA, and how several HL7 classes were modeled (Section 4 describes
this example in detail). The (A) mark shows the EA Toolbox associ-
ated with our UML Profile; and the (B) mark shows the modeling
area where users can represent their HL7 models.

4. Results

We present a first approach to the HL7 MDE solution without
discarding the metamodel proposed by HL7 International, through
a plug-in developed with the EA tool.

This research is currently addressed as the subject of a PhD the-
sis. Nevertheless, the present work is based on previous practices,
such as the Diraya Specialized Attention project previously men-
tioned, which constitutes the first previous experience on this
research topic.

@ Prueba_HL7-MDE 2.0 - EA Academic -

i File Edit View Project Diagram Element Tools Anahzer Extensions Settings Window Help

The short-term objective considers designing a solution in the
MDE context in order to connect both the UML and HL7 metamod-
els, but focuses on the requirements and analysis levels.

We would also like to test these results in the NDT methodology
context. This methodology, basically developed in the software
project context, has been applied in biosanitary fields related to
HL7 and offers a suitable framework on which to center the prac-
tical assessment of our results. In addition, we execute a proof of
concept in this line in the Oncolnves project context (code PI-
0116-2012) by designing its scenario based on the EHR functional
model, the clinical research profile for HL7 [22], and therefore, fol-
low the HL7 metamodel underlying any model.

In order to show that a correspondence between the HL7 and
UML metamodels is feasible, this section describes an example
based on the Care Plan reference model. The HL7 Care Plan defines
the management action plans for various problems identified for
patients. In this structure, the care planning for each professional
can be organized, planned, and checked for completion, thus allow-
ing the monitoring of unperformed activities and unmet goals for
later follow up. Within the Care Plan Model, Plan and «HealthGoal»
classes have been selected and extracted. The «Plan» HL7 class rep-
resents a generic care plan that contains all relevant components
to support different types of care plans. The «HealthGoal» HL7 class
represents the goals that include a specific Plan. Fig. 4 shows the
relationship between these HL7 classes according to HL7
specification.

The above classes can be represented using our UML Profile.
However, we did not model all classes in order to not overextend
this paper. The undefined classes are secondary classes in our
example, and are colored in dark in order to identify them.

Both the «Plan» and «HealthGoal» HL7 classes are represented
by the «HL7Class» stereotype. These HL7 classes have three types
of attributes: (i) basic attributes, which represent simple values
such as logical values, strings, and integers; (ii) list of values, which
represents a fixed list of allowed values; (iii) and structured attri-
butes, which represent a data type composed of other attributes.
As Table 1 indicates, the first and second attribute types have a
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Plan
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Fig. 4. «Plan» and «HealthGoal» classes extracted from the Care Plan reference model.

direct correspondence with the UML Property and Enumeration
metaclasses, respectively. For example, the «Plan» HL7 class has
the confidentiality attribute defined as a value from the list of val-
ues named ConfidentialityType.

The third attribute type does not have direct correspondence
with UML. Section 3.4 demonstrates our solution based on
extending the «Class» metaclass of UML and using the «Struct
uralAttribute» stereotype (Fig. 2). For example, the «Plan» HL7
class has an attribute named discipline that is a set of Code

«HL7Class»
Plan

«HL7Attributex»
completeDate
creationDate

objects. The Code concept is an HL7 object itself with its own
attributes. To model this situation in UML, we define the Code
concept (with its own attributes) using the «StructuralAttribute»
stereotype. In addition, we establish a relationship between the
Code and Plan HL7 concepts. In this relationship, we indicate
that Plan HL7 can have a set [0...x] of Codes.

Finally, Fig. 5 shows how the «Plan» and «HealthGoal» HL7
classes are represented using our UML Profile.
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Fig. 5. UML-based representations of «Plan» and «HealthGoal» HL7 classes.
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Fig. 6. Correspondence between HL7 and UML metamodels.

5. Discussion

As presented in Section 3.1, the HL7 metamodel is composed of
four diagrams. Fig. 6 shows the relationships among the concepts
identified (or not) in the UML and HL7 metamodels by classifying
these relationships in terms of HL7 metamodel diagrams using
the information included in Table 1.

Globally, approximately 35% could be identified, against 65%
that could not be identified.

Despite the fact that it obvious that all the elements that corre-
spond to the Messages Design diagram of the HL7 metamodel can-
not be represented with UML elements, this is not understood as a
problem because these elements are necessary for designing a sys-
tem, and the present research is focused on the Requirements and
Analysis phases exclusively. Discarding the part of the HL7 meta-
model that covers the Messages Design Diagram for this reason,
we obtain the following percentages: approximately 52% could
be identified, against 48% that could not be identified.

As a solution for using all the HL7 metamodel conceptual rich-
ness in our MDE solution, we employ stereotypes, as explained in
depth in Section 3.4. With our solution, we expect to fully cover
the HL7 metamodel (with the exception of the Messages Design
diagram). Therefore, using our solution, we can design HL7 models
taking advantage of UML commercial tools.

Using model transformation techniques in the MDE context, we
can ensure that the results of these transformations are consistent
with the source models. This fact will reduce effort and errors.
When an application implements an HL7 standard, this implemen-
tation is conditioned to the interpretation applied by the technical
staff. Using our proposal, if different HL7 applications are modeled
with our tool, although this different HL7 applications use a differ-
ent subset of the HL7 standards, will be more compatible and their
interoperability will be increased.

HL7 International involves many standards’ development lines.
Many researchers, as part of the scientific community, are working

with HL7 standards in the field of healthcare information systems
[23-26].

The approach explained in this paper affects all MIF-based
artifacts from HL7 International. Several HL7 International sub-
groups exist that are conducting the work that covers a domain
model based on MIF utilization, and therefore all these domain
models are based on the same metamodel. The HL7 domain
models provide a standard interoperability framework that
allows an unambiguous information exchange, thus providing
maintenance and extension abilities in order to achieve a com-
mon interoperability framework as a driver for the semantic
interoperability among health information systems. When devel-
oping a new HL7-based interoperability use case, software engi-
neers face the generation of a new domain model according to
HL7 specifications. Based on MDE and relying on the HL7 meta-
model common to all domain models, our proposal provides
software engineers with a tool that allows them to generate
these domain models through UML-based modeling, thus being
transparently compliant to HL7 specifications while shortening
development time, avoiding errors, etc.

HL7 International is working on introducing a new proprietary
representation in order to reduce the complexity of HL7 reference
models in the context of the Fast Healthcare Interoperability
Resources specification. This issue highlights our reflection on
HL7 complexity: we are walking in the same direction in order to
design HL7 systems in an easier way.

We find it interesting to lead our work toward the working lines
listed below, once the correspondence between UML and HL7
metamodels has been studied and the transformation between
models has been implemented:

e To design software system models through the UML standard in
order to obtain HL7 correspondence automatically. The learning
curve for software engineers who would like to design these
systems in accordance with HL7 would be shorter if they were
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they to model directly in UML. Most software engineers know
UML because it is the most commonly used conceptual model
language.

e To use UML-based tools. There are several UML-based tools,
both in open-source and private markets, that allow designing
a system with UML. In addition, there are several tools that
can use UML diagrams that allow software engineers to work
easier, such as NDT.

e To align, in a simple way, the concepts used in HL7 models with
a system of concepts in a health scenario: ISO 13940. Studying
the correspondence among concepts used in the HL7 meta-
model is the only requisite to align all HL7 models with a stan-
dard system of concepts because all HL7 models are based on
the same metamodel.

e To spread this work through the analysis of the conformance
between metamodel UML and other information domain for-
mats, even allowing the ontologization of HL7 domain models.

e To connect our solution to the emerging ADL (Archetype Defini-
tion Language) specification, the language in which openEHR
archetypes are expressed. This proposal from the openEHR
Foundation is an abstract syntax with the features of being
human readable and computer processable (i.e., it can be edited
manually using a normal text editor). To cover this connection
between our solution and ADL, we consider using AML (Arche-
type Modeling Language) from OMG, a UML profile for model-
ing archetypes that cover the transformation of AML models
to an instance of ADL.

e To certify the compliance of HL7 domain models with UML
information system design models. A tool that reports errors
found will be created once UML models have been automati-
cally transformed into HL7 models. Thanks to M2M, we will
be able to validate models because we will specify the meta-
model with which the source model must comply. It may be
interesting for HL7 International to have a tool that can validate
a UML requirements model that should include the system
requirements for the HL7 functional model in order to initiate
a validation process of the existing systems.

Moreover, our research must confront a challenge: We expect
for software engineers to plan systems with UML, and align them
automatically with the HL7 metamodel. Nevertheless, this raises
the following question: What would happen if we wanted them
to be aligned with a specific HL7 model, for example, with the Ref-
erence Information Model (RIM)? We will have to find a solution to
this challenge, and perhaps we may obtain it by aligning them with
HDF (HL7 Development Framework).

6. Conclusions

This paper presented research with the aim of using the HL7
metamodel in an MDE context.

UML is a generic conceptual modeling language that intends to
support any scenario in the domain model design. Thus, its meta-
model is very generic.

In contrast, HL7 International is an organization that defines
and promotes standards focused on healthcare domains. Its meta-
model is less generic than the UML metamodel because it is
restricted to the healthcare area.

HL7 standards propose very remarkable domain models from a
conceptual perspective, but they are very complex at the same
time. For this reason, software engineers who attempt to design
systems that follow these standards may find some difficulties
when managing them, and encounter a long learning curve.

Using HL7 standards in the MDE context remains an unexplored
area, from which many benefits and research areas can be

obtained. This will provide software engineers who attempt to
design Health information systems with solid support.

This work uncovered a problem when searching a solution to
the use of HL7 in the MDE context: there are elements in the
HL7 metamodel that do not correspond to elements of the UML
metamodel. An experiment was performed using a UML meta-
model extension through stereotypes to solve this problem, and
it was concluded that it is possible to completely cope with the ele-
ments present in the HL7 metamodel.

The authors will continue working on this research in order to
find a solution in the MDE context that automatically links the
HL7 metamodel to the UML metamodel, mainly focusing on the
Requirements and Analysis levels. To cover all the richness that
the HL7 metamodel represents, a systematic method is being used
by defining stereotypes and transformation rules class by class
through this metamodel.
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