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Abstract—Model Driven Engineering (MDE) has been 
considered as an effective discipline in the development of 
software systems. One integral concept of this paradigm is 
model-to-model transformation which can be used in 
different levels of abstraction. The prominent role of Model 
Transformations leads to use them to refine, refactor, 
migrate, improve, and analyze models. Currently, there exist 
numerous languages for model transformation. However, a 
major problem is the lack of an effective and comprehensive 
technique for assessment and comparison of model 
transformation approaches. To address this problem, in this 
paper, a new method has been developed based on the 
programming language evaluation criteria. Then, the 
proposed method has been applied on five widely-used model 
transformation languages. Analyzing the results demonstrate 
that no language is absolutely superior to the others; but 
rather we are enabled to choose an appropriate language for 
a certain application.  

Keywords-Model Driven Engineering, Model 
Transformation Language, Evaluation Criteria. 

I.  INTRODUCTION 

Model Driven Engineering (MDE), similar to other 
significant disciplines, attempts to overcome the increasing 
software complexity and enhancing productivity of 
software development. It is gaining popularity both in 
academia and industry and getting higher importance 
increasingly. As a result, Model Transformations, which 
have been considered as a key element in Model Driven 
Engineering approaches to software development, would 
also achieve the same significance. Model transformations 
were used to generate various artifacts from the models 
automatically in general, and to transform models in a 
certain abstraction level to another model in different 
abstraction level in particular. The models may be either 
generated using graphical languages such as UML, or may 
be produced using textual notations such as programming 
languages or formal specification languages [1]. Applying 
model transformation, one can improve the quality of the 
models, as well as perform refining, refactoring, and 
migrating on models [2].  

A large number of different Model Transformation 
Languages (MTLs) with special characteristics have been 
introduced in recent years. However, a major issue deals 
with the lack of an effective and comprehensive technique 
for assessment and comparison of the characteristics 
concerning model transformation languages. To achieve 
this, the current paper reviews some characteristics of 
MTLs and proposes a new approach based on the 
programming language evaluation criteria [3] in an effort 
to make more effective evaluation on them. As a case 
study, we compare five model transformation languages 

including Epsilon Transformation Language (ETL), QVT-
Operational, QVT-Relational, Atlas Transformation 
Language (ATL), and Triple-Graph-Grammar (TGG). The 
obtained results show that model transformation languages 
have various and different capabilities that make each one 
suitable for a certain application area. The results also 
provide as a guideline in analyzing MTLs for a specific 
task. The proposed approach establishes a way to choose 
from some candidate model transformation languages in an 
application case.  The main contributions of this paper are 
as follows: 

• A new approach to the assessment of model 
transformation languages inspired from criteria 
used in evaluating programming languages.  

• A qualitative evaluation of the proposed approach 
which evaluates and compares five model 
transformation languages, along with a detailed 
discussion on the results.  

The rest of the paper is organized as follows. In Section 
II, we present the background of MTLs. In Section III, 
some related works about evaluating MTLs have been 
reviewed. We propose our approach in Section IV. In 
Section V, we proceed to apply our approach to the 
selected languages. Finally, Section VI draws conclusions 
based upon our contributions and findings.  

II. BACKGROUND 

Models are highly regarded to be central and 
fundamental to Model Driven Engineering and contribute 
much to the application of this paradigm. One important 
aspect of MDE paradigm is model-to-model 
transformation, which may be applied in different levels of 
abstraction. The transformation process is based on a 
source model, a target model, their corresponding 
metamodels, and a transformation language which 
describes the transformation process. In fact, the progress 
that has been made to date to the model transformation can 
be attributed in large part to the high number of languages 
in the literature which would serve to model 
transformation, each with different characteristics and 
capabilities. Despite the large number of MTLs available, 
for the assessment of the proposed approach, this paper 
only focuses on widely-used and well-known languages to 
the best of our knowledge. Therefore, five different MTLs 
were selected that are introduced briefly in the remaining 
of this section.   

Epsilon Transformation Language1 (ETL): ETL is one 
of the task-specific model management languages of the 
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Epsilon platform and classified as a hybrid and rule-based 
language [4, 5]. ETL can transform an arbitrary number of 
source models into an arbitrary number of target models. 
Transformations are organized by a set of modules. For the 
sake of reusability, a module can import other modules. 
ETL supports multiple inheritance and it provides rule 
scheduling functionality such as lazy rules, guarded rules, 
and abstract rules [6, 5]. It can only support transformation 
from source to target and would be considered as 
unidirectional. 

Atlas Transformation Language1  (ATL): ATL would 
be considered both declarative and imperative and supports 
unidirectional transformations [6]. It can produce a set of 
target models from an arbitrary number of source models. 
ATL is built on top of a model transformation Virtual 
Machine (VM). The transformation based on VM has been 
implemented to provide execution support for ATL. In 
fact, a specific transformation is converted from its 
metamodel to the virtual machine bytecode, so ATL 
becomes executable. The transformation is written in 
declarative style, and imperative constructs are used for 
complicated specification. 

Query/View/Transformation-Operational (QVT-O): 
Object Management Group 2  (OMG) has established a 
standardized family of languages for model transformation 
which resulted in the release of QVT specification [7]. 
This specification has a hybrid declarative (Relational) and 
imperative (Operational) style. The model representation 
of transformations is defined both in textual syntax and 
XMI-based metamodel. The operational language, i.e., 
QVT-O extends QVT Core language by providing 
imperative implementation. It supports some operational 
constructs such as loop and conditions. Besides, it is a 
unidirectional language and uses implicit trace models. 

Query/View/Transformation-Relational3 (QVT-R): The 
relational language of QVT provides a relationship 
between models based on Meta Object Facility (MOF). It 
supports bidirectionality but needs the execution direction 
to be specified. It creates trace model implicitly. A 
transformation is specified as a set of relations between 
models that must hold true. The object models have two 
cases in the transformation: enforcement and checkonly. In 
the case of enforcement, the target model can be modified 
to enforce consistency. For the case of checkonly, the 
consistency between source and target is only checked [8]. 

Triple Graph Grammars4 (TGG): TGG is an effective, 
powerful, and formally founded language to define the 
correspondence between two types of models in a 
declarative and bidirectional way [9]. When a model is 
modified, the other model would also be modified 
according to the changes to the first one. This means that 
transformations or synchronizations can be applied 
incrementally by this transformation language. TGG is 
capable of defining correspondence rules for modeling m-
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to-n relationships between two source and destination 
models. 

III. RELATED WORKS 

Several researches [2, 10, 11, 1, 12, 13, 14, 5, 15, 16, 
17, 18, 19] have been studied in the literature in which, 
authors introduced different methods for comparing, 
evaluating, and classification of model transformation 
approaches. Each research has employed different case 
studies to serve as a proof of effectiveness of its method. 
There may be different categorizations for the existing 
studies concerning model transformations. One 
categorization which was proposed in a recent study [2], 
has divided them into three classes: (1) the researches in 
which a classification of model transformation approaches 
have been suggested, (2) the researches in which a way of 
comparing (or evaluating) transformation approaches using 
subjective measures has been defined, and (3) the 
researches in which a way of comparing transformation 
approaches using objective measures has been defined. 

A second way for categorization partitions the current 
studies of transformation approaches based on whether 
they are capable of either evaluating model transformation 
languages or model transformation tools. Hence, this 
categorization would also classify the current studies into 
three classes: (1) the researches in which a framework for 
evaluating model transformation languages has been 
suggested, (2) the researches in which a framework has 
been suggested for evaluating model transformation tools, 
and (3) the researches which would be appropriate for both 
evaluating model transformation languages and tools. This 
latter categorization is suggested in this paper.  

In the remaining of this section, those studies that 
suggested a way or framework to make an evaluation, 
comparison, analysis, assessment, or investigation of 
transformation approaches are surveyed in concise.  

Rose et al. [10] reported the results of Transformation 
Tool Contest 2010 workshop in which nine graph 
transformation tools, including Epsilon Flock, COPE, 
GrGen.NET, Fujaba, MOLA, PETE, ATL, GReTL, and 
UML-RSDS are applied to a migration problem. Another 
related work is that of Varró et al. [11] in which the 
authors report the result of subjective evaluation on graph-
based model transformation tools in the Transformation 
Tool Contest in 2007. Lano et al. [1] provided a unified 
semantic treatment of model transformations, independent 
of any specific transformation language. The authors 
evaluated their framework by comparing the specifications 
of QVT-R, ATL, VIATRA, UML-RSDS, and Kermeta on 
three case studies including quality improvement, UML to 
relational database mapping, and tree to graph 
transformation. 

Some researches, have investigated the key factors that 
affects the quality of model transformations [12, 13]. 
Amstel et al. [12] defined a set of six quality attributes 
along with 27 metrics collected from six heterogeneous 
model transformations automatically. The authors have 
identified a set of predicting metrics for each of the quality 
attributes. Vignaga [14] presented a set of 81 metrics to 
measure the transformations of ATL and assess their 
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quality. Rose et al. [5] conducted a comparison study on 
four model migration tools including AML, COPE, 
Ecore2Ecore, and Epsilon Flock. The comparison has been 
performed using two examples. A comparison of Epsilon 
Flock to other model migration languages has been 
performed by Rose et al. [15] in which they described 
Epsilon Flock, a model-to-model transformation language, 
suitable for model migration tasks. 

In addition to above mentioned studies, Grønmo et al. 
[16] have compared three model transformation languages. 
Two of the languages named as CGT and AGG, are graph-
based and the third one, ATL, is a hybrid model 
transformation approach. The aim of the research by 
Kapová et al. [17] has been to investigate the 
maintainability of transformations, specially written in 
QVT-R. Amstel [18] proposed ways of analyzing model 
transformations which are considered as object 
measurements, such as dependency analysis and 
metamodel coverage. This author and others also 
examined the factors that affect the performance of model 
transformations [19]. 

Referring to the couple of categorizations presented at 
the beginning of this section, the proposed approach of this 
paper lies in the second and third class of the first 
categorization simultaneously as it uses both subjective 
and objective quantitative measurements similar to those 
used in [2]. For the case of second categorization, our 
approach falls into the first class. Since model 
transformation approaches are often languages, an 
overriding question arises whether we can also employ 
programming languages criteria to the assessment of 
model transformation languages and how effective they 
would evaluate MTLs? This idea is presented in the next 
section and further analyzed in its subsequent section. 

IV. THE PROPOSED APPROACH 

In this section, a new approach is proposed for 
evaluating and comparing model transformation languages 
based on programming language evaluation criteria.  There 
are four major criteria for assessing programming 
languages which are readability, writability, reliability, and 
cost [3]. From the model transformation point of view, 
readability is the ease of reading and understanding a 
transformation program and writability is the ease of using 
an MTL to create a program for a special problem domain 
[3]. Reliability is the ability of checking erroneous 
assumptions in the source model and handling the 
exceptions [2]. And cost is defined based on the former 
three criteria.  

To measure each criterion, we define some sub-criteria 
based on the MTL features that are shown in Table I. 
Then, each sub-criterion is described and possible values 
are given. The resulting framework can be used to 
qualitatively evaluate a certain model transformation 
language and provide a means for comparison. 

Readability: As shown in Table I, readability is 
determined by three sub-criteria that are traceability, 
simplicity, and orthogonality. 

• Traceability: The way of recording some 
information about the actual execution of the 

transformation is defined as traceability [21]. It is 
specifically defined for model transformation 
languages. It is effective to make an MTL 
readable. Some MTLs do not support traceability 
(low), some support it implicitly (moderate), and 
some support it explicitly (high). 

• Simplicity: A language with a small number of 
basic constructs is a simple language [3]. From the 
model transformation point of view, imperative 
languages are so complicated (weak), and 
declarative ones are moderate. We consider 
declarative languages with visual syntax as simple 
languages (strong). 

• Orthogonality: A language is orthogonal when a 
small set of basic constructs can be combined in a 
relatively small number of ways to create data 
structures of the language [3]. Lack of 
orthogonality results in exceptions to the language 
rules. It points to the fact that we have a small set 
of basic features and a set of rules to combine 
them such that every combination is compiled 
correctly. Orthogonality has some degrees; hence 
we consider three cases for the orthogonality of an 
MTL. It would be low, moderate, or high. 

TABLE I.  MODEL TRANSFORMATION LANGUAGE EVALUATION 
CRITERIA  

 Criteria 
Readability Writability Reliability 

Traceability  ×   
Simplicity × × × 
Orthogonality × × × 
Expressivity  × × 
Rule inheritance  ×  
Directionality   ×  
Change propagation  ×  
Static type checking   × 
Exception handling   × 

 
Writability: This criterion is defined by six 

characteristics that are simplicity, orthogonality, 
expressivity, rule inheritance, directionality, and change 
propagation. The first two characteristics are defined for 
readability. In the following, the last four sub-criteria are 
described. 

• Expressivity: In general, an expressive language 
has many powerful operators that enable us to 
successfully complete a great deal of computations 
with a relatively small program [3]. For the case of 
model transformation languages, this criterion can 
be extended in that whether it is capable enough to 
specify a required transformation. Thus, the degree 
of expressivity can be specified by the following 
values: weak, moderate, and strong. 

• Rule inheritance: Rule inheritance means creating 
a new rule by inheriting features from other rules. 
It can be supported by single or multiple 
inheritances [20]. Writing a new rule can be made 
simpler by rule inheritance that is important for 
writable languages, so the possible values are 
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nonsupport (weak), single inheritance (moderate), 
and multiple inheritance (strong). 

• Directionality: If a language can specify a 
transformation by rules that can be executable in 
the inverse direction, it is bidirectional [6]. In other 
words, a rule of bidirectional language is used for 
both source to target and target to source 
transformations, so this kind of language is more 
writable than unidirectional one. Hence an MTL 
can be unidirectional or bidirectional. 

• Change propagation: It means that each manual 
change to one model can be mapped back to the 
other model accordingly [21]. If a language has the 
capability of change propagation, it does not need 
to accomplish the whole process of transformation 
per each change of a model which would in turn 
have an indirect effect on writability of the 
language. The measurement of this factor can be 
carried out by three values: manually (weak), semi-
automatic (moderate), and automatic (strong). 
These values account for the amount of effort that 
is necessary for change propagation. 

Reliability: As it is presented in Table I, Reliability is 
described by five sub-criteria that are simplicity, 
orthogonality, expressivity, static type checking, and 
exception handling. The first three ones have been defined 
before. In the following static type checking and exception 
handling are described. 

• Static type checking: Testing type errors in a 
program by compiler is called type checking. A 
language may have this capability (YES) or not 
(NO). 

• Exception handling: An exceptional situation can 
occur during a model transformation. To have a 
safer transformation, it is crucial to handle these 
situations. In model transformation programs, an 
exception can be handled implicitly in the 
implementation of the transformation language (by 
implementation or strong), explicitly by user 
through defining exceptional situations and their 
handlers in the transformation (by user or 
moderate), or may not be handled at all 
(nonsupport or weak ) [1]. 

Cost: In this paper, the cost of an MTL is the function 
of the cost of transformation of big models, cost of training 
programmer and cost of writing a program. Cost of big 
model transformation is the function of incrementality. 
Cost of training programmer is based on simplicity, 
orthogonality, and familiarity level. The cost of writing a 
program is a function of the writability of a language. In 
the following incrementality and familiarity level are 
described. 

• Incrementality: Some model transformation 
engines update the target model incrementally, so 
the target model is not required to be regenerated 
completely [6]. If a language has such an engine, it 
is incremental. This feature is more important 
when the source and target models are so big. In 
this case, if developers make some changes in the 

source model, the target model will be updated in 
an incremental manner. An MTL may be 
incremental (YES) or not (NO). 

• Familiarity level: If a language has some tutorials 
and full documents, we would have an increase in 
the level of familiarity for programmers. Three 
categories of levels would be considered. It can be 
considered strong, if large amounts of examples 
and documents are available. It can be defined 
moderate, if there are not plenty of tutorials 
available, but also the existing materials are not so 
infrequent. Finally, the familiarity level of a 
language is described by weak, if there are not 
enough documents to explain how it works. 

In Table II, the summary of described sub-criteria and 
their possible values are presented. 

TABLE II.  MTL EVALUATION SUB-CRITERIA AND THEIR POSSIBLE 
VALUES 

Sub-Criteria Possible Values 
Traceability  Low Moderate High 
Simplicity Weak Moderate Strong 
Orthogonality Low Moderate High 
Expressivity Low Moderate High 
Rule inheritance Weak Moderate Strong 
Directionality Unidirectional  Bidirectional 
Change 
propagation 

Weak Moderate Strong 

Static type 
checking 

NO  YES 

Exception 
handling 

Weak Moderate Strong 

Incrementality NO  YES 
Familiarity level Weak Moderate Strong 

 

V. EVALUATION 

Since there are various classes of model transformation 
languages each with multiple instances, a representative set 
of languages must have been selected to evaluate the 
proposed approach. Towards this goal, from the graph-
based class, TGG was selected due to its simplicity, 
powerful mathematical basis, and extensive capabilities 
[22] in addition to attaining increasingly much attention in 
recent years both in academia and industry. QVT 
languages were mentioned to be OMG standard to carry 
out model transformations. All of the QVT languages act 
on the models which conform to MOF 2.0 metamodels. 
QVT-O is an imperative and QVT-R is a declarative 
language. ATL was originated according to the RFP by 
OMG and developed based upon MDE. In other words, 
instead of designing the language directly, the metamodel 
of ATL was first designed using MOF, and then it is 
converted to the bytecode. This enables ATL to be applied 
in many Model-Driven systems. ETL is also a new 
successful language, and is getting increasingly higher 
attention because several other relevant languages were 
designed in Epsilon platform along with ETL. Both ATL 
and ETL belong to the hybrid class of MTLs.  

The qualitative comparison of five MTLs is 
summarized in Table III. Some observations are as 
follows: Languages ETL, ATL, and QVT-O have implicit 
traceability (moderate), however, QVT-R, and TGG 
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explicitly create trace models (high). For simplicity, two 
hybrid languages ETL and ATL have declarative syntax 
with imperative power, so we consider them moderate. 
The operational language, QVT-O, is considered 
complicated (weak). TGG is visual so it is simple (strong), 
and QVT-R is moderate because a programmer has to be 
involved more than visual languages such as TGG. 

TABLE III.  COMPARISON OF FIVE MTLS BASED OF EVALUATION 
SUB-CRITERIA; • = LOW (WEAK), •• = MEDIUM (MODERATE), AND ••• = 

HIGH (STRONG), Y=YES, N=NO, U=UNIDIRECTIONAL, B=BIDIRECTIONAL 
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ETL 
•• •• ••• ••• ••• U • Y ••• N •• 

ATL 
•• •• ••• ••• •• U • Y ••• N ••• 

QVT-O 
•• • ••• ••• ••• U •• Y ••• Y •• 

QVT-R 
••• •• •• •• • B ••• Y • Y •• 

TGG 
••• ••• •• •• ••• B ••• Y • Y ••• 

 

ETL, ATL, and QVT-O have a high degree of 
orthogonality because most combination of constructs 
produces meaningful composites; however, the last two 
languages are less orthogonal than the former ones.  

As it is mentioned, expressivity is related to the support 
of several constructs. Two hybrid languages and QVT-O 
have several constructs such as loop and conditional 
structures for different transformations, and they would be 
strongly expressive. However, on one hand QVT-R and 
TGG do not have complete and sufficient constructs 
similar to the former languages. But, on the other hand 
these two languages can be processed efficiently with their 
available constructs in some cases. Hence, they can be 
considered moderate. 

ETL, QVT-O, and TGG support multiple rule 
inheritance (strong); ATL supports single inheritance 
(moderate) and QVT-R does not support any kind of rule 
inheritances (weak) [20]. QVT-R, and TGG are 
bidirectional languages and the first three languages are 
unidirectional. QVT-R and TGG support change 
propagation in both directions from source to target and 
from target to source models. By change propagation the 
consistency between source and target models is assured. 
Since QVT-O is an incremental language, it could 
propagate changes of source model to target ones. 
However, ATL, and ETL are not incremental and changes 
have to be affected manually [6]. 

All MTLs support static type checking. ETL, ATL, and 
QVT-O support exception handling by user (strong), and 
the two latter languages neither implicitly by 
implementation nor explicitly by user (weak). Two hybrid 
languages, ATL and ETL, are not incremental, and the last 
three MTLs are incremental. Both ATL and TGG have 
high level of familiarity due to the larger amount of 
tutorials and documents available for these languages to 
the best of our knowledge. However ETL is young and 
QVTs are vague, so we consider them moderate. 

From the readability point of view, TGG is the most 
readable MTL, because it is the simplest, and strongly 

supports traceability. Moreover, it is moderate orthogonal. 
From the viewpoint of writability, TGG among 
bidirectional languages is more preferable; however, 
unidirectional languages are in relatively same level. For 
reliability, ETL and ATL are more reliable than three other 
languages.  

When it comes to compare languages based on the 
cost, TGG is the most preferable language. However, 
among unidirectional languages, ATL can be the 
appropriate one. ATL is developed based on model-driven 
principles, and can be extended easier than other MTLs. 
Although it is not incremental, it can be extended to 
support incrementality for big and stream models. 

 It is encouraging that the results of applying the 
proposed approach on the MTLs are generally 
demonstrating the different distinguishing aspects of them 
which in turn enable us to decide on the appropriate 
language for the application at hand, despite the fact that 
the evaluations are quite qualitatively carried out.  

To visualize the results of comparison, we try to make 
the outcome numerical. To this end, the possible values of 
strong (high), moderate, and weak (low) in Table II are 
considered as 3, 2, and 1, respectively. The values YES 
and NO are supposed to 2 and 0. For each criterion, the 
average of its sub-criteria values is computed. For 
example, to compute the value of readability for TGG, the 
average of traceability, simplicity, and orthogonality is 
calculated, yielding the result value 2.67. The computation 
of cost is somewhat different. It is calculated as the 
division of maximum cost value to the summation of 
writability, incrementality, and familiarity level. Next, the 
resulting values for all criteria have been used to draw a 
diagram which is depicted in Figure 1. This diagram is 
intended to accompany the results of Tables III. It should 
come as little surprise that the insights gained from the 
diagram also conform to the qualitative results in Table III. 
This reveals the effectiveness of quantitative evaluations 
by considering appropriate numerical values for the 
evaluation criteria. Besides, the results of Table III and 
Figure 1 suggest that accounting for qualitative 
comparisons, along with quantitative evaluations obtained 
from numerical values, has much potential for a 
comprehensive assessment and gaining a thorough insight 
of the capabilities of an MTL.  

 

Figure 1.  The visual comparison of five MTLs 

The results illustrate that MTLs have different 
strengths and weaknesses and the requirements and 
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characteristics of the specific task at hand determines the 
appropriate MTL to be used: TGG would be a good choice 
when it is required a readable, writable, and costless 
language, however it is not suitable for some complicated 
transformations. ETL is a powerful language that can be 
used when reliability is an important factor. ATL is an 
extensible and writable language; it would be a wise 
selection, when the cost and reliability are major concerns. 
From the change propagation point of view, bidirectional 
languages such as TGG and QVT-R are more preferable 
than unidirectional ones. In addition, the constructs of 
QVT-R and its sib, QVT-O, are developed based on MOF, 
so there are more tools that can support these standard 
languages. Overall, the outcomes suggest that 
programming language evaluation criteria have much 
potential when also used for the assessment of MTLs. 

VI. CONCLUSIONS 

A key element of Model-Driven engineering approach 
to the software development is model-to-model 
transformation which is accomplished through model 
transformation languages (MTLs). The problem though 
deals with the large number of MTLs available, each with 
different capabilities and characteristics, which makes the 
decision about the appropriate language for a particular 
application a challenging task. To overcome this issue, the 
current paper proposed a new approach for the evaluation 
of MTLs which makes use of programming language 
criteria. In order to investigate the effectiveness of the 
proposed approach, five MTLs were selected and further 
analyzed: ETL, ATL, TGG, QVT-O, and QVT-R. The 
obtained results demonstrated the specific features of the 
languages in question. It turns out that for an application 
case, one must choose some candidate languages based on 
the overall requirements of his or her task. More insight 
then could be gained using the proposed evaluation 
approach which would in turn enable him or her to pick the 
most appropriate language. 
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