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Abstract. UML is being increasing used for the analysis and design
of Web Information Systems. At the same time, many XML–based languages are cornerstones in the development of this kind of system. As
a consequence of the predominance of these languages, there are many
works in the literature devoted to exploring the relationships between
UML and XML. In this paper we present a survey of current approaches
to the transformation of UML models into XML schemas. The study is
focused on the case of transformation of UML class diagrams to XML
schemas, since we have not found any proposal regarding other kinds of
UML diagrams.
Key words: UML model, XML Schema, Model Transformation

1

Introduction

Several recent papers (see [5, 24, 25, 35]) address the increasing interest in using
UML in order to analyze and design Web Information Systems. The use of UML
within this context has some limitations [24] that have been partially resolved by
means of the definition of some UML extensions for web modeling [10]. Nevertheless, the advantages of using a well–established, tool–supported and standard
language are beyond doubt. At the same time, more and more XML–based technologies are being used in the implementation and deployment of Web Applications. Therefore, it is not surprising that there are many works in the literature
devoted to studying the different relationships between UML and XML. This
number will probably grow in the foreseeable future due to the proliferation of
Model–Driven Development approaches, which will be applied to the development of Web Information Systems in a natural way.
?
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In the present paper we investigate numerous approaches in the literature for
the transformation of UML models to XML schemas. One result of our research
is that, to our knowledge, there are no approaches devoted to the transformation
of UML models to XML schemas other than UML class diagrams. On the other
hand, there are many papers that deal with the transformation of UML class
diagrams to XML schemas. Because of this, the main contribution of the paper
is to provide an exhaustive revision and comparison of such transformations.
The comparison of the different approaches has been realized in a systematic
way. On the one hand, and taking as a base the framework proposed in [11], we
have compared the different features of transformations proposed by each approach. One conclusion regarding this comparison is that only one approach [15]
considers traceability properties, which are considered as desirable features in
transformation frameworks such as MDA [1]. On the other hand, we have analyzed which UML class diagram elements are considered by each proposal. A
conclusion of this analysis is that the proposal of [26, 27] is the most complete
but it does not provide general transformation rules for UML models including
the application of some profiles. However, we would stress the necessity for such
rules, since the use of profiles is the most common method for tailoring UML to
the requirements of specific domains, as for instance Web Information Systems
Development. For this reason, we have made a proposal including profiles, with
a practical application in a medical context [13].
The paper is structured as follows: in the following section we present an
overview of the different UML to XML Schema transformation proposals. A
statement about the method of comparison that has been used is presented in
Section 3. Sections 4 and 5 are devoted, respectively, to the presentation of the
feature–based comparison and the element–based comparison. Finally, Section 6
includes some conclusions and future work.
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UML Models to XML Schemas Proposals

Due to the widespread use of UML and XML Schema languages, it is no wonder
that there are many works in the literature whose goal is to propose a transformation of UML diagrams into XML schemas.
These transformations are far from being trivial, and one reason for this complexity is that UML and XML Schema have several important differences [42].
For instance, UML is primarily used in the early stages (analysis, design) of the
development process. However, XML Schema is more implementation oriented
and includes programmatic and syntactic details (such as ordering or scoping)
that are not generally captured in UML models. Another (almost obvious) difference is that UML is mainly a graphical, visual language whereas XML Schema
has essentially a textual representation. Moreover, the most important difference
is that while XML Schema is concerned with the structure of XML data representing entities and their components and relations, UML allows us to represent
not only the structure but also the behavior of a system, by means of different
kinds of diagrams. Because of this, it is not surprising that all the papers we

have found regarding the transformation of UML to XML Schema only deal with
UML class diagrams (the most important part of UML devoted to the representation of structural aspects). In the rest of the paper we focus our attention on
this kind of transformation, carrying out an exhaustive revision and comparison.
Let us make now a brief comment about the transformations of UML diagrams
different from class diagrams to XML.
The main result in this respect is that all the proposals translate the other
kinds of UML diagrams to XML documents not to XML schemas. On the one
hand, the OMG’s XML Metadata Interchange (XMI) [38] defines rules to map
MOF [37] metamodels and metadata to XML documents. In particular, it can be
used to transform any type of UML diagram into an XMI document. Although
XMI is widely used as an interchange format, some works claimed its verbosity,
poor readability and compactness [11]. On the other hand, several works are
concerned with the transformation of particular kinds of diagrams to XML documents. With respect to UML sequence and collaboration diagrams, the paper [43]
defines a previous XML schema for UML sequence and collaboration diagrams
in order to be used as a base for the definition of XML documents. Regarding
UML activity diagrams, several papers [18, 34] use the XML Process Definition
Language (XPDL) to transform activity diagrams to XML documents. As for
UML state machines, StateChart XML (SCXML) [9] has been proposed by the
W3C in order to provide a generic state–machine based execution environment,
and XTND (XML Transition Network Definition) [33] is a notation for simple
finite state machines.
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Comparison Method Statement

As we have mentioned previously, henceforth we only deal with the transformation of UML class diagrams to XML schemas. In particular, in this section we
explain the method followed to select the papers to be compared, as well as the
decisions we have taken to determine the type of comparison to be performed.
With regard to the selected papers, firstly we made a bibliographic search
of papers proposing UML to XML Schema transformations, without restricting
the search to the area of web information systems. Sometimes the proposals
of different authors were very similar, in which case we have selected only one
proposal representing all of them. In these cases, we have considered that the
papers not included in the comparison do not provide any additional information.
Finally, we have analyzed 22 papers in all, grouped into 13 different groups, which
provide a general vision of the different published proposals.
It should be noted that the goal of some papers we have analyzed [2, 3, 21,
26–28, 32, 41, 44] is the definition of a UML to XML Schema transformation,
whereas other papers [4, 6–8, 12–17, 19, 20, 30, 36, 39, 40] form part of more general projects that do not have this transformation as the only goal. Also, it is
worth mentioning that, although several of the analyzed papers explicitly indicate the application domain (database design [27], construction industry [44],
e-learning [4, 30], e-business [6–8, 12, 19, 36], evolution architecture [14–17], life

sciences [13, 20]), most of the works present their transformation approach in a
general way without specifying a specific domain where it could be applied. We
have not included a summary of individual works for space reasons.
As for the type of comparison, we have decided to compare the selected papers according to two different dimensions. On the one hand, we have analyzed
the features of the approach followed to define the UML to XML Schema transformation. In order to do this, we have considered several proposals of model
transformation classifications [11, 22, 31]. Of these, we have decided that the taxonomy proposed in [11] is the most rigorous and complete approach. For this
reason, we have chosen it to carry out our feature–based comparison.
On the other hand, we have considered it appropriate to compare the papers
in terms of the specific UML elements that are taken into account by each
proposal. Besides, the strategy followed in order to translate each UML element
into XML Schema elements is also analyzed.
We also want to note that, beyond the specific papers we compare in this
work, the comparison method we have followed can be used as a general framework to compare other UML to XML Schema transformation proposals.
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Feature–Based Comparison

Due to the wide range of varied model transformations proposed in the literature, several recent papers [11, 22, 31] have tried to determine taxonomies or
frameworks that help to analyze and compare different approaches. We have
considered it appropriate to use these papers in order to perform our comparison. In particular, we have performed the comparison mainly on the basis of
the feature model proposed in [11] which makes explicit several possible design
choices for a model transformation approach.
Since the type of transformation proposals we want to analyze is not general,
some of the features proposed in [11] are not really possible choices. To be precise,
in all the analyzed papers:
(1) the proposed transformation is exogenous, since the source and target
models are not the same,
(2) the proposed transformation involves two different technological spaces [31],
(3) regarding the resulting XML schema, although it has a tree–based structure, it is a textual representation of the UML class model, so that we
have considered that the type of transformation to be defined is a modelto-text transformation.
Aside from these features shared by all the analyzed works, other features
that we have used to compare the papers are proposed in [11]. Results of the
comparison are summarized in Table 1 which shows the characteristics of each
work according to nine different features. In the remaining part of this section,
we explain each feature and we comment on the conclusions that can be deduced
from each of them.
Directionality. The majority of papers only propose transformations from
UML class diagrams to XML schemas (unidirectional), only two approaches, [2,

Table 1. Feature–based comparison.

3] and [6–8], consider the possibility of executing the transformations in both
directions (bidirectional), so that the XML to UML case is also considered.
Traceability and Incrementality. Traceability is concerned with maintaining
an explicit link between the source and the target models of a model transformation [11, 31]. On the other hand, incrementality refers to the ability to update
the target model based on changes in the source model [11]. To our knowledge,
the proposal developed within our research group [15] is the only work that deals
with traceability, maintaining explicit links between the UML and XML models.
The aim of this proposal is to use the automatic generated trace for keeping
the consistency between the models when evolution tasks are carried out. In
this way, target incrementality is achieved since the target model is updated
according to the evolution changes performed in the source model.
Metamodel Approach. A metamodel approach is followed in most cases. In
these cases, all the papers define UML metamodels and in five cases the metamodel is defined together with a UML profile.
Category. Among the analyzed papers a distinction can be defined on the basis
of the fact whether they perform directly a Model-to-Text (M2T) transformation
from UML Class Diagram to XML Schema or they accomplish some intermediate
transformation. In this second case, the analysis of the works has led us to consider two different categories. Model-to-Text-to-Text (M2T2T): the UML class
diagram is translated first into another representation using some intermediate
textual language (XMI in the majority of cases) and then another transformation is performed to obtain the XML schema. Model-to-Model-to-Text (M2M2T):
an intermediate metamodel is determined so that the UML class diagram is first
translated into another model which is an instance of the intermediate metamodel. This second model is then transformed into an XML schema. Two works
([15] and [41]) propose this type of transformation. In both cases, the intermediate metamodel represents a metamodel of the XML Schema language. Let us
note that [29] also proposes to use an M2M2T approach but we have not included it in the table because the paper is very short and we do not have enough
information to describe it according to the different criteria.

Number of Metamodels. This feature depends on the three previous ones. The
M2T and M2T2T papers with a metamodel approach use only one metamodel
for the UML class models. The paper [41] with an M2M2T approach defines two
metamodels, which are used, respectively, at the conceptual and logical levels.
Finally, the M2M2T proposal with traceability, developed within our research
group [15], defines three metamodels: two of them for the conceptual and logical
levels and a third metamodel representing modeling knowledge with regard to
the way in which UML elements are translated into XML Schema elements.
Kind of Transformation and Paradigm. These features are difficult to determine because some authors explain their proposals by means of examples but
they do not explain the way in which the transformation is implemented. In
these cases, this information cannot be extracted from the papers (the symbol
‘–’ is used to represent this fact). When this feature is mentioned, the great
majority of authors implement the transformation by means of XSLT. We have
considered, as it is stated in [23], that XSLT is a declarative language, in the
sense that the transformation you require is described, rather than providing
a sequence of procedural instructions to achieve it. The rest of the papers use
different approaches: (1) transformation patterns [2], (2) declarative approach
by means of mapping rules [36, 44] and (3) a hybrid approach (declarative and
imperative) by means of rules [32].
Tool. According to the information we have gathered from the papers, few works
develop a tool based on their proposals. Only three of them indicate the name
and the characteristics of the tool, and one work explains that they have a tool
but they do not give its name (which is shown by means of the symbol ‘–’).
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Element–Based Comparison

The goal of this comparison is to analyze which UML Class Diagram elements
are considered by each proposal and the strategy followed in order to translate
them into XML Schema elements.
The results are summarized in Table 2 indicating in each cell the proposal of
each author. Let us note that (1) an empty cell represents that the authors do not
comment anything about the element in question, (2) the symbol ‘–’ indicates
that the authors propose to translate the corresponding element but they do not
explain their strategies and, (3) the symbol ‘X’ means that the authors explicitly
state that they do not translate that element.
The first conclusion that can be extracted from Table 2 is that the proposal
of [26, 27] is the most complete approach. Furthermore, in order to compare
the way in which each element is considered by each author, we have gathered
together the rows in five groups (represented by alternating grey/white colors
in Table 2) using a mixture of two criteria. The first and the last group are
determined according to the number of works that deal with each element. In
particular, the first group includes the elements for which the majority of works
propose a translation. In contrast, the elements of the last group are analyzed by
either few works or none. The rest of the groups have been determined according

Table 2. Element–based comparison.

to the similarities or differences among the translation strategies followed by the
authors. Next, we explain in detail each group.
As we have said, the first group includes the elements that are considered by
almost every proposal. It is no wonder that the elements of this group are the
most widely used UML Class Diagram elements: class, attribute, association,
generalization and built–in data type. With regard to the strategy followed to
translate classes, attributes and built–in data types, the authors more or less
agree. This is not the case of the associations and the generalizations.
As for associations, a study of the possible translation strategies is presented
in [26, 27] proposing four different options: (1) nested element, (2) key/key references of elements, (3) references via association element and (4) references with
XLink and XPointer. These authors, like our proposal [13, 15], decide to use the
second option, but, as can be seen in Table 2, the other three options are more
frequently used by the other authors.
Something similar occurs with regard to generalizations. A study of possible
translation strategies is presented in [28] proposing three different options (which
we have called G1, G2 and G3) and, besides, a fourth option (G4) is proposed
in [6–8] and [39, 40]. Of these, the option G2 is the most frequently used by the
authors. The meaning of each option is the following:
– G1: All classes are transformed into complex types and elements of these
types. The generalization relation between a class and its subclasses is mapped
to containment between the corresponding elements.
– G2: The root class is mapped to an element and a complex type. The subclasses are mapped to complex types derived by extension from the complex
type of the superclass.
– G3: Elements are declared for every class and they are organized in a substitution group.
– G4: The root class is mapped to an element and a complex type. Specialization classes are mapped to types derived by restriction from the type of
the superclass.
The second group includes the UML Class Diagram elements for which all
the proposals that deal with them propose the same transformation. This is
the case of: abstract class, multiplicity of attribute, multiplicity of association,
model and note. The elements of the third group, user defined data type and
composition, are not translated in the same way by the authors but there are
very few differences among the proposals.
Different approaches are proposed with regard to the two elements of the
fourth group. As for the restriction in the value of attribute, in general, the
authors decide to propose the use of several options based on the kind of restriction. In the case of aggregation the option we have called Ag1 is the most
frequently used. The meanings of the abbreviations used to express the proposed
translation strategies of these two elements are the following.
Restriction in the value of attribute
– RVA1: Range restrictions are declared using min/max Exclusive and min/max
Inclusive properties.

– RVA2: Pattern restrictions are mapped to templates for the instances of an
attribute.
– RVA3: Enumeration restrictions are translated as enumeration of possible
values of attributes.
Aggregation is rendered by
– Ag1: a nested child element linked to its remote element definition.
– Ag2: a proxy element linked to its remote element definition.
– Ag3: an XML element with ref attribute pointing to the referencing class.
– Ag4: an attribute named ‘relation’ with value ‘aggregation’.
As we have said before, the elements of the last group are considered by none
or almost none of the authors. Specially remarkable is the fact that methods are
not translated by any author, and some authors even state that methods of a
class do not have an equivalent representation in the XML Schema [32]. We also
want to note that only two proposals ([26, 27] and [13, 15]) take into account UML
stereotypes. The proposal of [26, 27] translates stereotypes without considering
their properties, whereas the proposal developed within our research group [13,
15] is the only work that specifies transformation rules for the general application
of UML profiles. According to this proposal (denoted as S1 in Table 2), firstly, an
XML schema is created for each UML profile and, later, the stereotyped elements
are translated into XML elements of a specific complex type (the definition of
the complex types is based on the XML schemas previously created).
Finally, we want to note that, due to space reasons, we have not included
in Table 2 elements that appear only in one paper. They are: qualified association [27], XOR constraint [27], n-ary association [27], primary key of a class [41],
identity constraint (such as unique, pk, exists or isa constraints) [16] and null,
non-nillable or not-absence constraints [16].

6

Conclusions and Future Work

In this paper we have presented a survey of current approaches to the transformation of UML models to XML schemas. A conclusion is that there are numerous
papers that propose transformations of UML class diagrams into XML schemas.
The rest of the UML diagrams are translated in the papers into XML documents
but not into XML schemas. We have compared the UML Class Diagram to XML
Schema transformations from two different viewpoints: first, considering the features of each one of the transformations and, second, checking what UML Class
Diagram elements each proposal takes into account.
With regard to the feature–based comparison, the majority of authors propose a unidirectional transformation (from UML to XML Schema), implemented
by means of XSLT, making use of an intermediate structure (instead of performing a direct translation). Generally a UML metamodel for the representation of
the UML class diagrams is defined, and some authors propose to use other metamodels for achieving a transformation with better features. In this respect, we
consider that the proposal developed within our research group [13, 15, 16] is a

noteworthy work, with some remarkable features (traceability, target incrementality and M2M2T approach).
As for the element–based comparison, the majority of works propose a translation for the most widely used UML Class Diagram elements (class, attribute,
association, generalization and built–in data type). Nevertheless, there is no
agreement about the way of translating associations and generalizations. As another conclusion, the proposal of [26, 27] is the most complete approach, but
a weakness of this proposal is that it does not specify complete transformation rules for the general application of UML profiles. However, based on the
widespread use of UML profiles as a way to add domain specific semantics to
UML class models, we consider it necessary to have at our disposal a general
way for translating stereotyped class models. For this reason, in [13] we have
made a proposal in this sense.
There are several lines of future work. One important issue is the transformation of other kinds of UML diagrams to XML schemas. For instance, the
representation of a UML state machine by an XML schema would allow us to
store the execution traces of the state machine in an XML document conforming
with that XML schema. We will incorporate the results of this research to our
general framework of evolution of UML/XML models [13, 15, 16]. In particular,
the development of an evolution tool is an ongoing project.
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