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Abstract- Bidirectional model transformations (Bx) are 
considered as one of the cornerstones of model-driven 

engineering paradigm. Bx re-establishes the consistency between 
the source and target models, when they are evolved 

independently. Recently, a large number of approaches for Bx 
are proposed, each with different capabilities and characteristics. 
Among them is a novel Bx approach, called EVL+trace, which 
have previously proposed by the authors. In order to choose an 

appropriate bidirectional transformation language for a 

particular task, a developer needs to evaluate and compare Bx 
approaches. In this paper, a comparison method is proposed in 
which a family of 19 major criteria, mainly inspired from 

programming language evaluation criteria and bidirectional 
features, is used to evaluate Bx languages. In order to investigate 

the effectiveness of the EVL+trace approach, it is compared to 
three well-known bidirectional languages including 

QueryiView/Transformation-Relational (QVT -R), Triple Graph 

Grammar (TGG), and Janus Transformation Language (JTL) 

based on the elicited criteria. The results of analysis demonstrate 
the effectiveness of the comparison method for Bx approaches 

and the superiorities and weaknesses of EVL+trace. 

Keywords- model-driven engineering, Bidirectional 
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1. INTRODUCTION 

Model Driven Engineering (MDE) is one of the promising 
methodologies in the development of software systems. In 
MDE, the model is the center of focus in different levels of 
abstraction. The principle of "everything is a model" in MDE 
results in uniformity and coherency of model-driven 
approaches [1]. Based on this principle, the definition of the 
modeling language is expressed by a model that is called 
metamodel [2]. 

One important aspect of MDE paradigm is model-to-model 
transformation, in which one (or multiple) target model(s) is 
automatically generated from one (or multiple) source 
model(s), based on a transformation specification [3]. To 
specify model-to-model transformations, a well-defined 
language with appropriate syntax and semantics is used, which 
is called Model Transformation Language (MTL) [2]. 

There exist three styles for model transformation 
languages including declarative, imperative, and hybrid styles 

 
 

[4]. A declarative approach describes mathematical relations 
between source and target models. An imperative language 
specifies the details of transformation as a program. Hybrid 
approaches use a combination of declarative and imperative 
styles to exploit the superiority of both approaches. 

From the directionality point of view, transformation 
approaches are classified into two groups: unidirectional and 
bidirectional [3]. A unidirectional approach is accomplished in 
one direction from source to target named forward 
transformation. However, a bidirectional transformation (Bx) 
can be carried out in forward direction or from target to 
source, which is named backward transformation. The aim of 
Bx approaches is to preserve the consistency between the two 
or several models [5]. 

In [6], the authors have previously proposed a Bx 
approach, which combines the Epsilon Validation Language 
(EVL) [7] with traceability techniques. It is called EVL+trace. 
To present its advantages and disadvantages, it is required to 
compare it to other Bx approaches. A large body of literature 
has established methods to investigate transformation 
languages and their characteristics from different aspects 
[3,4,8-11]. However, bidirectional languages and approaches 
get less attention in these works. 

We have recently proposed a method in which 
programming language (PL) evaluation criteria have been 
used for the assessment of MTLs [12]. This method applied 
three major criteria and nine sub-criteria for the task of MTL 
evaluation and studied the effectiveness of the method using 
five MTLs. In this paper, the mentioned research work is 
extended for bidirectional approaches by proposing a family 
of 19 major criteria. These criteria are defmed based on some 
PL evaluation criteria [13] and some bidirectional features 
[ 14]. 

In order to investigate the effectiveness and drawback of 
our Bx approach [6], the introduced criteria are studied on 
EVL+trace and three other well-known Bx approaches 
including QueryIView/Transformation-Relational (QVT-R) 
[15], Triple Graph Grammar (TGG) [16], and Janus 
Transformation Language (JTL) [17]. As expected, the results 
of comparison based on the evaluation criteria confirm that no 
approach is absolutely superior to the others. However, it is 
possible to recognize the most appropriate approach among 
the Bx candidates based on the user priorities. 



The contribution of this work is: (i) to introduce a set of 
significant criteria characterizing bidirectional model 
transformations, (ii) to identify the shortcomings and 
superiorities of the new Bx approach EVL+trace, which has 
been proposed by the authors [6], and (iii) to validate the 
introduced criteria against well-known bidirectional 
approaches, such as QVT-R and TGG, and a constraint-based 
bidirectional language, JTL, with less attention. 

The rest of the paper is organized as follows. Section IT 
presents an introduction to the selected Bx approaches. 
Section ITT introduces the criteria for the assessment of 
bidirectional model transformation methods. In Section IV, the 
evaluation of four bidirectional approaches using the elicited 
criteria are presented in details. Section V concludes the paper. 

IT. THE SELECTED BIDIRECTIONAL ApPROACHES 

Tn the following, the selected bidirectional approaches, 
which are considered in our evaluation, are briefly introduced. 
Four bidirectional candidates are selected from the MDE 
technical space [14], which means they are used only for 
model-driven applications. The reason of selecting these 
approaches are as following: 

• EVL+trace [6] is a new bidirectional approach 
proposed by the authors that is required to 
investigate its characteristics in comparison to 
other methods for identifying its capabilities and 
weaknesses. 

• QVT-R [15] is a standardized declarative MTL 
established by Object Management Group (OMG) 
and have been commonly evaluated in different 
studies. 

• TGG [16] is a popular and widely used 
representative of graph grammar MTLs, which is 
known as a practical bidirectional language. 

• JTL [17] is a constraint-based transformation 
language tailored for providing bidirectional 
features with less attention in studies. 

A. EVL+trace 

The EVL language, a member of the Epsilonl Language 
family, can be used for validating models by checking user
defined constraints and fixing them if a violation has been 
occurred [7]. Each EVL constraint contains two essential 
parts, including check and fix parts. Like other Epsilon 
languages, EVL is built on top of the Epsilon Object Language 
(EOL) [18], a Java-like language, which provides model 
management tasks such as creating, querying, and modifying 
models. EVL can validate inter-model constraints and provide 
some fixing ways to repair models for resolving the 
recognized violations, which leads to bidirectional 
transformations [19]. However, EVL cannot distinguish 
between old modified model elements and new inserted ones. 
To resolve this problem, EVL+trace [6] keeps the information 

1 https: l lwww.eclipse.org/epsilon/ 

 

of the corresponding elements from both models in the third 
model named trace model. 

EVL+trace defmes all consistency constraints in one single 
EVL program supporting model synchronization with 
reconciliation. This bidirectional approach uses an interactive 
and human-in-the-Ioop execution of the transformation to 
mange conflicting updates and proposes more than one way 
for repairing the inconsistencies. It can be executed 
incrementally. It uses the Epsilon platform for implementing 
transformation, which is actively updated on the new versions 
of Eclipse development tool. 

B. QVT-R 

The declarative part of QVT specification [15] is organized 
into a two-layered architecture. The upper layer is a user
friendly Relational language (QVT-R) which supports 
complex object pattern matching and object template creation. 
The lower layer is named Core language (QVT-C) that is 
defmed using minimal extensions to the meta-object facility 
(MOF) and object constraint language (OeL). It supports 
bidirectionality but needs the execution direction to be 
specified. It can be used for model-to-model and in-place 
transformations. It creates trace model implicitly. 

QVT medini2 has been developed based on QVT-R by 
ikv++ technologies. The main feature of this tool is a trace 
management during the transformation. It uses a trace engine 
to support incremental updates. The generated traces are 
visualized, so developers can identity the relationship between 
source and target elements. However, this tool is no longer 
maintained. Another QVT-R tool is the Eclipse QVTd project 
is implemented as the model-to-model transformation (MMT) 
project for QVT-R that is under active development [20]. 

C. 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 [16]. Tn addition 
to model transformation, TGG can also be used for model 
integration and synchronization. It uses OeL expressions in a 
constraint node for different purposes such as selecting an 
appropriate TGG rule or determining the values of attributes. 

Several tools have been developed to implement the TGG 
language. MoTE3 is a tool that supports bidirectional model 
transformation and synchronization. TGG Interpreter4 is 
another TGG model transformation tool that can be also used 
for incremental update. EMoflon5 can be used for specitying 
Bx and unidirectional transformations with Story Diagrams. 
EMorF6 supports incrementality, traceability, and standard 
OeL expressions. It can be used for model query, 
modification, transformation, integration, and synchronization. 

2 projects. ikv.de/qvt 
3https: l lwww.hpi.uni-potsdam.de/giese/pubJic/mdelab/mdelab-projects/mote
a-tgg-based-model transformation-enginel 
4 http://www.cs.uni-paderborn.de/index.php?id=tgg-interpreter 
5 http://www.emofion.org/emofion/ 
6 http://emorforg/index.html 



Henshin multi-view editors 7 include a TGG editor and a TGG 
engine for transfonnations. The TGG engine has supports for 
model integration, incremental model synchronization, and 
bidirectional transfonnations. Finally, A ToM38 is a tool to 
design domain specific visual languages, which has been 
extended to work with TGG. This tool has its own (simple) 
metamodel to represent abstract syntax of modeling 
languages. 

D. JTL 

Besides the aforementioned Bx approaches that have 
interpreter-based or compiler-based implementation tools, JTL 
uses solver-based transformation engine [17]. The solver
based engine is usually built on a solver of a logical problem. 
In this type of engine, the specification of the transfonnation 
program is converted to an instance of a logical problem. 
Then, the solver is executed on the instance and fmds a set of 
solutions. With a special decision-making approach, one of the 
best solutions is selected and converted into a user-friendly 
fonnat. 

JTL [17] is a QVT-like syntax language that is specifically 
developed for supporting bidirectionality and change 
propagation. It uses logic programming to generate a set of 
possible target models. The engine of JTL is built based on 
Answer Set Programming (ASP) solver. ASP expresses a 
problem instance as a set of facts, and a problem class as a set 
of rules. The JTL engine exploits DL V solver (a special ASP 
solver) to execute transfonnations in both forward and 
backward directions. To use DL V solver, first the program of 
JTL transfonnation is automatically transformed into ASP 
programs. The source and the target metamodels are also 
encoded in ASP, and the engine uses the full ASP program 
(including source model, metamodels, and the considered 
transformation) to generate the output model(s). However, the 
development of JTL9 is not updated after 2011 and it is not 
emitted as a plug-in to become usable. 

Ill. THE EVALUATION CRITERIA 

In this section, the evaluation criteria for Bx approaches 
are introduced that are the extension of PL evaluation criteria 
[13] and bidirectional features [14]. 

1. Expressiveness: It defines the expressive power of the 
transformation language, which refers to Turing-completeness 
[13,21]. 

2. Incrementality: The ability of updating one existing 
model based on the changes in another model, in which the 
model is not computed from the scratch [8]. This feature can 
be specified based on the transfonnation directions: source
incremental and target-incremental. 

3. Learning curve: It is the expected difficulties in learning 
to read and write language specifications [22]. If a language 
constructs are specified based on another well-known 
language, such as Java or OCL, it will be more learnable. 

7 http://de-tu-berlin-tfs.github.iolHenshin-Editori 
" http://atom3.cs.mcgill.ca/ 
" http://jtl.di.univaq.it/ 

 

4. Simplicity: This feature is measured based on the 
language size [13,23]. It is obtained from the language kernel 
size and the size of auxiliary languages (metamodels). To 
compute this feature number of classes, attributes, and 
associations of the language metamodel is considered. Small 
languages are simpler. 

5. Maturity: It defmes the history of use or the number of 
years that a tool has been public, the number of case studies 
that implemented within the tool [4], and availability of 
technical supports such as forum, or email. 

6. Portability: To assess this feature, those tools that can 
be installed as plug-ins on Eclipse IDE are particularly 
considered. Eclipse can be executed on different platfonns. 
Hence, the subject tool (plug-in) can be portable on several 
platforms (hardware or operating system). Due to the diversity 
of Eclipse versions, we consider the last six versions including 
Helios (H), Juno (J), Indigo (I), Kepler (K), Luna (L), and 
Mars (M). Then, for each transformation tool, it is checked 
whether the plug-in can be compatible with each version. 

7. Support of Translator and debugger: A good-quality 
translator checks the language's syntax and type system, 
translates and runs the source program efficiently, and reports 
any errors precisely [13]. A good-quality IDE combines all 
aspects of documenting, helping, developing and debugging of 
programs effectively. 

8. Rapid development: Rapid development is defined 
based on frequent release, which is the frequency of release 
and regularity in bug fixing [13]. 

9. Easy installation: In easy installation, the language tool 
can be installed easily without any other requirements. 
Therefore, it is detennined based on the number of plug-ins or 
software, which are required to be installed. 

10. Timeliness: It refers to the appropriate time for 
standardization of a language [24]. A language may be never 
standardized, early-standardized (before releasing any 
implementations), lately-standardized (after releasing a 
number of translators), or timely-standardized (after few years 
of language design and releasing limited number of 
translators ). 

11. Conformance: This refers to the fact that current 
translators conform to the standard of the language or not [24]. 

12. Obsolescence: This criterion identifies whether the 
language's standard is reviewed periodically or not [24]. The 
standards should be reviewed and upgraded in certain periods 
due to the ongoing new requirements. New standards should 
preserve the functionalities of current standards. 

13. Definition Directionality: It has two cases including 
unidirectional or bidirectional definition [14]. In unidirectional 
defmition, tools use the user specification as the forward 
transformation and the backward transformation can be 
derived or just simulated by the bidirectional engine. In 
bidirectional case, tools rely on a natively bidirectional 
defmition, which is executable in both directions. 



14. Change Representation: The changes on models can be 
represented as sequences of states (State-Based systems) or a 
set of edit operations ( Operation-Based systems) [14]. 

15. Change Input: This feature classifies systems into live 
and offline [14]. Live systems allow users to insert updates 
only during the system execution monitoring the user 
interaction. However, offline systems provide changes as an 
input artifact. 

16. Backward Transformation: The backward 
transformation may be needed to express explicitly (Explicit 
Backward) or it may be automatically derived by the 
transformation engine (Implicit Backward) [14]. 

1 7. Preservation: Preservation states that while updates are 
applied to the source or target models, the effect of them 
should preserved in the artifacts after executing the 
transformation [14]. 

18. Hippocracticness: Hippocracticness says that the 
execution of the transformation must not modify the source 
and target models if they are already consistent [25]. 

19. Reconciliation: When users want to modify both 
models independently, the bidirectional approach with 
reconciliation should synchronize both models simultaneously 
[26]. 

IV. COMPARISON OF BxApPROACHES 

In this section, four Bx approaches, EVL+trace, QVT-R, 
TGG, and JTL are compared based on the evaluation criteria 
introduced in Section Ill. 

A. Assessment of EVL+trace 

EVL+trace uses the EVL language, which involves 
imperative statements in declarative constraints, so the 
approach has a hybrid style. It uses the EOL statements, which 
is Turing-complete. EVL+trace can support incrementality [6]. 
The EVL language is OCL-like and applies Java-like EOL 
statements. Therefore, among the mentioned languages, EVL 
has a low learning curve that leads to high learnability. The 
EVL+trace kernel contains the EVL metamodel with II 
classes including 16 associations and the trace metamodel 
with 6 classes, 7 associations, and 2 attributes. The EVL 
metamodel uses EOL including III classes with 101 
associations and 14 attributes. EVL has been available since 
200S [7]. The Epsilon forum has been active since 2011 with 
more than 7817 messages (at the time of writing this paper). 

The last version of Epsilon (v 1.3) based on Mars has been 
released in 2016. Epsilon does not offer a debugger for EVL 
or other family of languages and it is necessary to install GMF 
and Emfatic projects before Epsilon installation 10. Therefore, 
the number of Epsilon requirements is three (GMF, Emfatic, 
and Epsilon). Four versions have been released since 2013. 
EVL is timely-standardized because its abstract syntax 
metamodel have been standardized after few years of language 
design. 

10 https://www.ecJipse.org/epsilon/download/ 

 

Since the transformation definition of our approach is 
specified for both forward and backward directions, and the 
transformation engine does not need to derive the backward 
side, this approach is placed in the bidirectional definition 
approaches. EVL+trace has a state-based representation. In 
addition, it is an offline approach; this means that updating 
input models and executing the transformation process are not 
synchronized. It checks models to be consistent before the 
enforcement phase, so it supports hippocracticness. 

From the point of backward transformation feature, the 
approach defines backward transformations explicitly. Since 
the approach acts as a synchronizer incrementally, it can 
preserve the information, which is updated by the user; so 
EVL+trace provides the Preservation feature. Both directions 
of transformation in EVL+trace can be executed 
simultaneously, and it supports the reconciliation feature. 

B. Assessment ofQVT-R 

From the expressiveness feature viewpoint, it is possible to 
call QVT operational mappings from QVT-R transformations 
that result in Turing-Completeness [21]. QVT-R can support 
target-incrementality to provide change propagation, but it 
cannot preserve user updates in the target [27]. It does not 
offer source-incrementality. Declarative languages determine 
what should be mapped by the transformation specification, 
and they do not provide the control flow to specify how the 
transformation should be executed. Therefore, the learning 
curve of these languages will be high. 

QVT-R metamodel [15] is specified based on four 
auxiliary metamodels named EMOF, EssentialOCL, QVT
Template, and QVT-base. The metamodel, itself, contains 
only nine classes with 22 associations and one attribute. The 
auxiliary metamodels includes S2 classes with SO associations 
and 50 attributes. The medini tool was active between 2007 
and 2011. The medini tool has not been updated after Indigo 
[27]. Eclipse QVT-Declarative, another QVT-R 
implementation, has been in the incubation phase but its forum 
has been active since 2012. There is not any compiler or 
interpreter for it. 

Due to the timeliness feature, QVT languages are early
standardized. OMG proposes QVTs since 2001. Concerning 
conformance, QVT-R translator cannot conform to the whole 
language standard [2S]. QVT-R supports bidirectional 
definition and it has a state-based representation. Like 
EVL+trace, it provides offline change. It proposes to check the 
inter-model consistency before enforcing any changes on the 
models that provides hippocracticness [25]. Concerning the 
backward transformation, the QVT-R engine derives 
backward direction automatically [14]. However, it does not 
provide the preservation feature. Since the direction of 
transformation should be set before execution, this approach 
does not support reconciliation. 

C. Assessment ofTGG 

The TGG approach does not satisfy Turing-Completeness 
[16]. TGG inherently supports incrementality in both 
directions, but some of its tools such as EmorF do not 
implement incrementality in their transformation engines [29]. 



TGG requires learning and working with specific formalism. 
There is no standard metamodel for TGG, and each tool use its 
own metamodel. To compute the language size, we consider 
the HenshinTGG metamodel. TGG has six implemented tools, 
which are eMoflon (2012 to now) with issue tracker page and 
available contact email, TGG-Interpreter (2006-2011) with 
contact email, HenshinTGG (2012 to now, 2015) with issue 
page and several case studies, MoTE (2007-2012) without 
any support, ATOM3 (until 2002) without any support, and 
EMorF (2011 to 2012) with contact email. Therefore, the 
number of years is estimated between three to five with 
several case studies, and active support for at least two tools. 

A ToM3 cannot be installed on the Eclipse versions 
anymore. MoTE and TGG-Interpreter can be installed on only 
Helios version. The Juno version supports EMorF, and 
HenshinTGG is provided on Luna. The newly TGG tool is 
HenshinTGG which is available for Eclipse Luna (4.4). It is 
required to install Eclipse Modeling Tool, GlT plug-in, and 
Zestll. It is needed to perform a number of settings. The tool 
provides user-friendly editor with model validating. It 
provides a debugging process for single forward rules. 

TGG is lately-standardized for model-driven context 
because it was firstly proposed by Andy Schurr in 1994 [16]. 
The aforementioned TGG tools either have not been upgraded 
or have been developed newly. TGG supports bidirectional 
defmition and has a state-based representation. Like the 
previous approaches, it provides offline changes. TGG does 
not support hippocracticness because it only provides the 
enforcement phase. Considering backward transformation 
feature, it implicitly derives the backward direction of the 
transformation. However, it cannot support preservation and 
reconciliation similar to QVT-R. 

D. Assessment of JTL 

Due to the expressiveness feature, JTL is a relational 
language that uses imperative OCL statements to support 
Turing-Completeness [17]. Since it generates the target model 
from the scratch, it does not provide incrementality. The 
syntax of JTL is similar to QVT-R that leads to high learning 
curve. The JTL metamodel [17] contains five packages 
including jtl, emof, essentialocl, template, and imperativeocl. 
The jtl package contains six meta-classes with 22 associations 
and 3 attributes. Other packages totally contain 7 data types, 
88 meta-classes, 102 associations, and 28 attributes. The JTL 
tool has not been emitted as a public plug-in. This constraint
based transformation approach has been proposed in 2011. 
However, it is not updated from that year. 

Concerning timeliness, JTL is early-standardized because 
its metamodel is similar to QVT-R, which was proposed by 
OMG in 200l. From the conformance feature point of view, 
JTL translator conforms to the language standard. JTL 
provides bidirectional defmition and it has a state-based 
representation. Like QVT-R, it provides offline change. It 
proposes two phases of the transformation including check
only and enforcement that provides hippocracticness [29]. 
Concerning the backward transformation, the JTL engine 
derives backward direction automatically. However, it does 

l'https://github.comide-tu-berlin-tfs/Henshin-Editor/wikilInstall_HenshinTGG 

not support the preservation feature [29]. Since the direction 
of transformation should be set before execution, this 
approach does not provide reconciliation. 

E. Discussion on the Assessments 

As shown in Table I, all the considered Bx approaches 
(EVL+trace, QVT-R, TGG, and JTL) are OCL-like, and have 
state-based change representation with bidirectional definition 
directionality that support offline change input. According to 
the introduced criteria, the evaluations of the selected Bx 
approaches can be visually presented by a radar chart (Figure 
1), which gives a brief overview on the measurements. The 
arrangement of features on axes follows a loose relation 
between them. With limited interpretation, a large and uniform 
surface can present a rich-featured approach. To visualize the 
results of comparison, we try to make the outcome numerical. 
Numerical values for each criterion are explained in the 
following: 

Expressiveness: Ratio level of measurement (range 0 .. 2) 
the points are accumulated (+1 for support of imperative 
algorithm, and + 1 for Turing-Completeness). 

lncrementality: Ratio level of measurement (range 0 . .2) the 
points are accumulated (+ 1 for Target-incrementality, and + 1 
for Source-incrementality). 

Learning curve: Ratio level of measurement (range 0 . .2) 
the points are accumulated (+1 for OCL-like, and +1 for Java
like ). 

Simplicity: Ratio level of measurement (range 0 .. 1) value is 
calculated as (max language size12 in comparison - amount of 
language size)/(max language size in comparison - min 
language size in comparison) 

Maturity: Ratio level of measurement (range 0 .. 1) the 
points are accumulated (+ 1 for each year, + 1 for supporting 
email contact and + 1 for supporting forum) / (max number of 
years in comparison+2) 

Portability: Ratio level of measurement (range 0 .. 1) the 
points are accumulated (+ 1 for support of each version)/6 

Support of Translator and debugger: Ratio level of 
measurement (range 0 . .2) the points are accumulated (+ 1 for 
translator, and + 1 for debugger). 

Rapid development: Ratio level of measurement (range 
0 .. 1), (number of tool releases/ max number tool releases in 
comparison) 

Easy installation: Ratio level of measurement (range 0 .. 1) 
value is calculated as [1-(number of requirements - min 
number of requirements)/(max number of requirements - min 
number of requirements)] 

Timeliness: Ordinal level of measurement, [values are 
lately (0), early (0.5) or timely (1)]. 

Conformance: Ordinal level of measurement, [values are 
yes (1) or no (0)]. 

12 The language size is obtained from the kernel size plus the auxiliary 
language size. 



TABLE I. THE Ev ALVA nON OF THE Bx ApPROACHES 

Criterion Snb Criterion EVL+trace QVT-R TGG JTL 

1 Expressiveness Turing-complete v' v' x v' 
I mperative algorithm v' x x v' 

2 Incrementality Target v' v' v' x 
Source v' x v' x 

3 Learning curve OCL-like v' v' v' v' 
Java-Like v' x x x 

4 Language size Kernel( #ciasses, #associations, #attributes ) 11,16,0 (27) 9,22,1 31,105,46b 6,22,3 
( overall) + 6,7,2 (15)" (32) (182) (31 ) 
A u x i I iary( #c lasses ,#assoc iati on s,#attri butes ) 111,101,14 82,80,50 0,0,0 95, 102,28 
(overall) (226) 

5 Maturity #years, contact email, forum 8 v' v' 

6 Portability Version(H/J/IIK/LlM) v'v'v'v'v'v' 
7 Available tools Translator, Debugger v'x 
8 Rapid development #releases 13 
9 Easv Installation #requirements 3 

10 Timeliness - timelv 
II Conformance - v' 
12 Obsolescence - Upgraded 
13 Definition Directionality Bidirectional 
14 Change Representation - State-based 
15 Change Input - Offline 
16 Backward transformation - Explicit 
17 Preservation - v' 
18 H ippocracticness - v' 
19 Reconciliation - v' 

(212) 
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The first expressIOn IS related to the EVL metamodel + the second expreSSlOn IS referred to the proposed trace metamodel of the EVL+trace approach 

It is measured based on Henshin metamodel because it is public 
The JTL implementation is not emitted as a plug-in to be public 

It is measured based on the medini QVT tool 

It is measured based on the Emoflon TGG tool because it is more acceptable 

Obsolescence: Ordinal level of measurement, [values are 
upgraded (1) or outdated (0)]. 

Definition Directionality: Ordinal level of measurement, 
[values are bidirectional (1) or unidirectional (0)]. 

Change Representation: Ordinal level of measurement, 
[values are operation-based (1) or state-based (0)]. 

Change Input: Ratio level of measurement, (range 0 . .2), 
the points are accumulated (+ 1 for offline- and + 1 for live). 

Backward Transformation: Ordinal level of measurement, 
[values are implicit (1) or explicit (0)]. 

Preservation: Ordinal level of measurement, [values are 
yes (1) or no (0)]. 

Hippocracticness: Ordinal level of measurement, [values 
are yes (1) or no (0)]. 

Reconciliation: Ordinal level of measurement, [values are 
yes (1) or no (0)]. 

The radar chart of the visual assessments is demonstrated 
in Figure l. Only the EVL+trace approach requires the explicit 
definition of the backward transformation. The learning curve 
of EVL+trace is lower than other methods due to its Java-like 
syntax. The portability and maturity of this approach is more 
considerable in comparison to other approaches thanks to the 
Epsilon platform. EVL+trace is the only approach which 
supports preservation and reconciliation among the considered 
approaches. EVL+trace, QVT-R, and JTL are able to provide 
Turing-completeness; however, QVT-R IS a relational 

 

language that uses QVT-Operational for imperative algorithm. 
Notwithstanding easy installation of medini (QVT-R tool), it 
is outdated and does not conform to all language standards. 
Like EVL+trace, this language supports hippocracticness. 

o EVL+trace GQVT-R DTGG DJTL 

u:pressiveness 

1 

Bac kward trans-formation 

P orta b ility Change I nput 

Change Representation 

Figure I. The visual summary of the assessments 

TOO is the simplest language because of its small total 
size. Like EVL+trace, the TOO approach can be incremental 
in both directions by using traceability techniques. The 
maturity and learning curve of this approach is assessed 
medium. However, it is not able to support bidirectional 
features such as preservation, reconciliation, and 
hippocraticness. Moreover, TOO IS not an expressIve 
language. 



JTL is an expressive language that supports 
hippocracticness. Tn addition, the implementation of JTL 
conforms to the language standard; however, it is outdated and 
its portability and maturity are not acceptable. Like TGG, the 
JTL language does not provide preservation and reconciliation 
features. 

V. CONCLUSION 

Bidirectional transformation is a mechanism for 
establishing inter-consistency among related models, if they 
are evolved independently. Recently, bidirectionality has been 
attended III MDE applications such as consistency 
management, synchronization, change propagation, and 
round-trip engineering. Tn this paper, a set of evaluation 
criteria have been identified, which analyze the Bx approaches 
and their implementation tools. Additionally, the effectiveness 
and weaknesses of the new Bx approach proposed by the 
authors, EVL+trace, have been studied based on the elicited 
criteria in comparison to three well-known bx languages 
including QVT-R, TGG, and JTL. This analysis leads to 
particular applications in which one of these approaches is 
more preferable based on a set of specific features. There exist 
scenarios in which it is required to execute both forward and 
backward transformation at the same time. In this respect, 
EVL+trace is a promising approach to synchronize modified 
source and target models based on the user decision. 

Tn some cases, the simplicity of the bidirectional language 
is remarkable and the developer desires to produce the 
backward transformation automatically to assure reliability of 
the transformation code. Therefore, TGG approach will be 
proposed due to its simplicity and reliability. JTL is the only 
approach that can generate more than one consistent target 
models from a source model. Tn comparison to three Bx 
approaches, QVT-R, TGG, and JTL, which have declarative 
style, the transformations written in EVL+trace are very 
verbose and so error-prone. Therefore, for the future work, it 
is proposed to apply model-driven techniques to generate 
transformation code automatically. 
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