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Abstract—Model driven engineering is a new paradigm in 

software engineering in which software is automatically 

generated from the model via applying transformations. Model 
transformations, which are defined using transformation 

languages, play the major role in model driven approaches. 

During the last decade, different transformation languages have 

been introduced to the model driven community. Epsilon 

Transformation Language (ETL) is one of the most widely used 
ones across the community. S ince the correctness of a 

transformation has direct impact on generating the final product, 

verification of a model transformation is an important issue. In 

this paper, we aim to propose an approach to verify the 

correctness of ETL transformations. Our proposal is to use 
DSLTrans, which is a graph transformation language, as well as 

the SyVOLT tool, which provides symbolic execution of 

DSLTrans transformations. To achieve our goal, first we 

transform the ETL transformation to DSLTrans, then, using the 

SyVOLT tool, we verify the transformation. To evaluate our 
approach, a case study is performed and the results suggest its 

capability to detect errors that previously were not easily 

identifiable. 

Keywords—Model-Driven Engineering; Model 

Transformation; Epsilon Transformation Language; Verification 
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I.  INTRODUCTION 

Software engineering techniques make it possible for 
developers to create larger, more accurate, and more reliable 

software systems which have higher maintenance facilities. 

This is dramatically influenced by increasing the levels of 
abstraction in problem and solution domains. Model-Driven 

Engineering (MDE) is one of the best paradigms to organize 
these levels of abstraction [1]. 

Model transformation is the heart and soul of MDE [2]. A 
transformation, as a program which is written using a 

transformation language, provides a mapping between different 
models and takes the input model and provides the output 

model [3]. There exist many transformation languages in the 

community, including Atlanmod Transformation Language 
(ATL) [4] and Epsilon Transformation Language (ETL) [5]. 

ETL is one of the common-used transformation languages , 
which is not only applicable to academic cases, but also to 

industrial ones [6]. 

Due to the important role of model transformations in MDE 

in general, and the popularity of ETL in model driven 

community [7] in particular, providing a method for 

verification of ETL transformations is  an important issue. 

Despite that, few researches [8]–[12] have addressed the 
verification of ETL transformations. These researches have 

several limitations as follows: no reasoning about the 
correctness of output [8], less attention to the transformation 

definition and focus more on a black-box testing [9], 
considering a specific input model [10], and lack of fully 

automatic tool [11], [12]. 

One of the recent researches in the field of verifying ETL 
transformations is the work of Wei and Kolovos [8] which is 

based on static analysis. While static analysis can analyze all 
execution paths of a program, it inspects a program without 

execution. Therefore, it cannot provide strong reasoning about 
whether or not the program output is correct [13]. Finding such 

errors generally requires the execution of a program. A few 
works [9], [10] have focused on verifying the ETL 

transformations via execution. One of the approaches that can 

benefit from the execution of programs is “symbolic 
execution”. In symbolic execution, instead of running the code 

on concrete inputs, it is run with symbolic inputs [14]. To 
address the aforementioned issue, in this paper the symbolic 

execution technique is used to verify the ETL transformations. 
Oakes et al. [15] have conducted a recent research on symbolic 

execution of model transformations . They supported contract 

verification of ATL transformations by transforming 
declarative part of the transformation into DSLTrans [16] and 

then symbolic execution of DSLTrans transformation. The 
main advantage of their approach is exhaustiveness, i.e., it is 

input independent. 

In this paper, we apply the symbolic execution approach for 

verifying the ETL transformations. To do so, first using a 

higher-order transformation (HOT), we transform the ETL 
transformation to a middle representation that is called 

DSLTrans. A HOT is a model transformation which at least 
one of its inputs/outputs is a transformation [17]. Then, we use 

the SyVOLT tool [18] for symbolic execution of the 
transformation in order to verify its pre/post-condition 

contracts. Each contract determines what the transformation 
should do or what it should not do. Contract verification 

ensures contract satisfaction. This approach which is inspired 

from [15] is transformation dependent and input independent, 
i.e., if the tool shows that a contract happens, it happens on all 

input models of that transformation. The result identifies the 
high level of automatic error detection in the proposed 

approach. 

This paper is organized as follows. Section 2 shortly 



 

 
Fig. 1. The proposed approach for verifying ETL transformations

introduces the ETL and DSLTrans transformation languages. 

Section 3 describes the steps of the proposed approach for the 
verification of ETL transformations, which includes type 

extraction, ETL to DSLTrans transformation, and use of the 
SyVOLT tool. Section 4 via a case study, evaluates the 

approach. Section 5 discusses the related work and advantages 
of the proposed research. Section 6 concludes the paper. 

II. BACKGROUND 

Due to the fact that the DSLTrans transformation language 

is used in the proposed approach for verifying the ETL 
transformations, both ETL and DSLTrans are briefly 

introduced in the following sections. 

A. Epsilon Transformation Language (ETL) 

ETL is a hybrid model transformation language that is used 
for model to model transformations. Each ETL program 

consists of several modules . Each module contains a number of 

rules that transform an element of the source metamodel to 
element(s) of the target metamodel. An ETL rule contains one 

source parameter, one or more target parameters, optional 
guard and block of statements [5]. 

B. DSLTrans 

DSLTrans is both a visual graph-based model 

transformation language and a tool for model transformations. 
Any transformation written in this language is certainly 

terminated and has confluence. DSLTrans is Turing-
incomplete as it has no loop or recursion constructs. Any 

DSLTrans transformation contains a number of Sequential 

Layers, that inside each sequential, Rules are located. Each rule 
has a source pattern part, which is called MatchModel, and also 

a target pattern part which is called ApplyModel. The relation 
between those parts can also be displayed. For example, 

BackwardLink  is used for matching the input and output 
elements of a rule and AttributeRef [19] is used to copy the 

attribute value of 'match' element to the attribute of 

corresponding 'apply' element [16]. 

III. THE PROPOSED APPROACH 

In this section, the proposed approach for verifying the ETL 

transformations is described. First, an overview of the approach 

is described, and then the core transformation, called 

ETL2DSLTrans, which is used in the approach, is explained in 

detail. 

A. Overview of the approach 

Fig. 1 shows the approach proposed in this research for 

verification of ETL transformations. It is important to note that, 

since the input of the SyVOLT tool is DSLTrans 
transformation, the transformation in ETL must be transformed 

into DSLTrans such that the SyVOLT tool can be used to 
symbolically execute the transformation. 

As shown in Fig. 1, first by using the Epsilon Haetae [20] 
tool the ETL Transformation Definition is transformed into the 

ETL Transformation Model, which conforms to the ETL 

Metamodel. Then, using two HOTs, the ETL Transformation 
Model is converted to an equivalent DSLTrans transformation. 

Here, ATL is used for implementation of the HOTs. Two 
HOTs are implemented as follows. First, using Input 

Metamodel and Output Metamodel that are conformant to 
Ecore Metamodel, Type Extracted HOT is defined. In this 

HOT, types of the ETL model are extracted. Types of features 

in each rule are obtained by extracting navigation paths and 
navigating expressions including FOLMethodCall expressions. 

Then, the extracted types along with the ETL model and Input 
and output metamodel are given to ETL2DSLTrans HOT as 

input, in order to obtain the corresponding DSLTrans 
Transformation Model. This model conforms to the DSLTrans 

metamodel. At the end, this output along with pre/post-
condition contracts that were written in DSLTrans, are given to 

the SyVOLT tool and the tool specifies the satisfaction or 

dissatisfaction of those contracts on the given transformation. 
When a pre-condition is met by the transformation, the contract 

will be satisfied if the corresponding post-condition is true. 

In the next section, the ETL2DSLTrans transformation is 

explained in more details. 

B. ETL2DSLTrans Transformation 

Inspiring from ATL2DSLTrans transformation [15], we 
have proposed an HOT called ETL2DSLTrans. Fig. 2 shows 

the steps of ETL2DSLTrans transformation which is described 
as per following. Note that, since DSLTrans is Turing-

incomplete and ETL is Turing-complete, it is not possible to 

transform all ETL imperative parts to DSLTrans. In addition, 
from the ETL imperative part, only AssignmentStatements 

which are initializing the attribute or reference of target 



 

parameters are considered. For instance, if an error exists in the 

block of ifStatements or loops it cannot be detected. 

Each ETLModule in ETL transformation is transformed 

into TransformationModel in DSLTrans transformation. In this 
TransformationModel, a FilePort is located which contains the 

source metamodel. 

Any non-lazy TransformationRule in ETL is transformed 

into Sequential in DSLTrans. In this Sequential, a 

MetaModelIdentifier which is related to a target metamodel 
and a Rule are located. Source parameter of 

TransformationRule is transformed into MatchModel of the  
 

 
Fig. 2. ETL2DSLTrans transformation algorithm 

Rule. Since it is always possible to have one source parameter 

in any ETL rule, only one AnyMatchClass is located in the 
MatchModel in each corresponding DSLTrans rule. For classes 

that appeared in the navigation guard, if that class has not 
already appeared in the source parameter, the ExistMatchClass 

is located in the MatchModel. For each element of target 
parameters is also created one ApplyClass inside the 

ApplyModel. 

A MatchClass will have a MatchAttribute when there exists 
an AssignmentStatement for initializing an attribute of a target 

parameter and rhs of this AssignmentStatement is related to a 
source parameter. In this case, ApplyAttribute is created in 

ApplyClass for that attribute and this ApplyAttribute refers to 
its corresponding MatchAttribute. This MatchAttribute relates 

to the AnyMatchClass which is created from the source 
parameter. 

For AssignmentStatements that their rhs are 

NameExpressions which refer to the target parameter of the 
same rule, an ApplyAssociation is created. 

For any AssignmentStatement that resolves a reference of 
target parameters, if this AssignmentStatement is in a non-lazy 

rule, a Sequential is created in DSLTrans. In this Sequential, 
the target metamodel is located in MetaModelIdentifier and a 

rule is also created. The rhs elements of this 

AssignmentStatement are appeared in MatchModel part of this 
rule and the lhs elements of the AssignmentStatement are 

appeared in ApplyModel part and an association is created 
between them. 

Another case occurs when there exists a call to a lazy rule 
on the rhs of the AssignmentStatement that resolves a 

reference. As if the AssignmentStatement be a type of a 

specialAssignmentstatement or on the rhs of the 
AssignmentStatement there exists calling of equivalent(s). In 

this case, one AnyMatchClass is created in the MatchModel 
part of this rule for each element in the rhs of 

AssignmentStatements of that lazy rule. If the elements 
appeared on the guard part, an ExistMatchClass is created. If 

an AssignmentStatement exists in a lazy rule that initializes a 
reference of one of target parameters, ApplyClass is also 

created for it. 

IV. CASE STUDY 

In this section we investigate the capability of error 

detection of the proposed approach by using a common-used 
Interactive Television Application case study [21]. The purpose 

of this experiment is to answer the following question. “Is this 
approach capable to detect different errors in ETL 

transformations that are neither manually recognizable nor 
identifiable by using current automated methods  for verifying 

ETL transformations?” 

A. “Competition to TVApp” transformation  

Interactive Television Application is a case study which is 
presented in [21]. The context of this example is digital 

televisions. A digital TV has interactive content and it is 

required for non-technical producers of TV programs to build 
interactive content from a series of high-level components. 



 

 

Fig. 3. The Competition metamodel [22] 

 
Fig. 4. The TVApp metamodel [22] 

For instance if a producer needs to build an application for the 

football competition, it is required to list the information of 
teams and allow viewers to vote for the winner team and settle 

teams in groups. In [22] a solution to the Interactive Television 
Application is provided in Epsilon and a transformation called 

Competition to TVApp is written as part of this solution. In this 

paper, part of the transformation code in Epsilon (except the 
conditional statements and loops) is considered. 

For the transformation of Competition to TVApp, any 
Competition is transformed into Vote and Application. This 

Vote contains a set of Labels that have been created from 
Group as well as a set of Choices that have been created from 

the Competitor. The Competition metamodel in source is 

presented in Fig. 3. It contains information about the 
competition, groups and participating teams. The target 

 

 

Listing 1. The erroneous Competition to TVApp transformation  

metamodel, TVApp in Fig. 4 includes information about the 

teams and adding them into groups through changing the 

competitors list of each group. 

The program in Listing 1 includes a number of errors that 

are manually injected to the transformation. None of them are 
detected by ETL static analyzer. The errors are as follows: 

 In line 5 the c.name + “ Application” expression need 
to be assigned to a.name instead of v.name. 

 In line 13 the name property of competitor class should 
be called but the information property has been called 

incorrectly. 

 In line 20, the Group String is wrongly written as 
Member. 

It is clear that it is not convenient to detect such errors 
before run time, e.g. by the existing ETL static analyzer. 

B. Contract verification of Competition to TVApp 

transformation 

For verification of the mentioned transformation, contracts 
of this transformation along with its equivalent DSLTrans 

transformation are given to the SyVOLT tool. If a contract 
fails, it is expected to have an error either in the contract or 

transformation. 

First, two HOTs are applied to the ETL transformation and 

its equivalent DSLTrans transformation is achieved. This 
transformation is shown in Fig. 5. 

In Fig. 6, three examples of the transformation contracts are 

shown in DSLTrans language. 

 Contract1 shows that in this transformation the name of 

the Competitor should be assigned to the name of the 
Choice. 

 Contract2 indicates that the name of the Application is 
obtained from the concatenation of Competition name 

and “ Application” string. 



 

 

Fig. 5. Competition to TVApp transformation in DSLTrans 

 Contract3 shows that the name of the Label is obtained 
from the concatenation of “Group ” string and Group 

name. 

Similarly, it is possible to add more contracts as the 

requirements of a transformation. 

 

Fig. 6. Samples of Competition to TVApp transformation contracts 

 
Fig. 7. Failed contracts 

The required contracts for the transformation are given to 

the SyVOLT tool and it specifies the problems with relevant 
contracts. Therefore the tool is capable to identify all three 

errors. However, to the best of our knowledge, the previous 
ETL verification approaches are not capable to automatically 

detect these errors. 

As shown in Fig. 7 all three contracts were failed. The tool 
does not support error localization [15] and only shows that 

there exists an error. In the Summary, first for each contract, 
the number of succeeded and failed contracts is shown. Num 

Succeeded Contracts is the number of path conditions where 
the pre-condition part of the contract matched over the path 

condition. Following it the time taken to prove 3 contracts and 

time to build the set of path conditions are indicated. Then, 
Number of path conditions is shown. Since in this case we 

have three rules and these rules have no interactions to each 
other this number equals to the power set of these 3 rules that 

means 8. At the end, the total time is also shown. 

Fig. 8 shows that if the correct transformation (Listing 2) is 

given to the SyVOLT tool, it then identifies the satisfaction of 

these contracts. This means that for any input model that gives 
to the transformation the contract will be held. 

It is worth noting that the presented case study is quite 
simple and the contracts can be more complicated. Therefore, 

the tool does more than simply comparing contract and 
transformation with each other. 



 

 
Fig. 8. held contracts 

 
Listing 2. The Competition to TVApp transformation 

V. RELATED WORK 

There exist different studies for verification of model 
transformation languages  such as [7], [23], [24]. However, in 

this research the related ones for verification of ETL 

transformations are discussed. Some researches, such as [11], 
[12] are focused on formal verification of ETL 

transformations by using theorem proving. However, these 
approaches are not fully automatic and require an assistant, 

while the proposed tool in this research is automatic. EMG [9] 
is an alternative tool for verification of ETL transformation. 

Although this method (randomly) generates the test cases for 

checking the correctness of the output, this method does not 
consider the transformation definition and provides black-box 

verification. However, the applied approach in this paper 
enables white-box verification. In addition, the EMG is semi-

automated. EUnit [10] framework provides an oracle testing 
and by receiving the test cases enables to check whether the 

concrete output match to the expected output. However the 
tool does not generate test cases. In addition, it reasons about 

the correctness of the transformation when a specific input  

model used. The applied method in this paper is input 
independent. The Epsilon static analysis [8] is an alternative 

research for verification of ETL transformations . This study 
does not have the capability of reasoning about the output of 

the transformation, while the applied approach in this paper 
can detect some of the execution errors. Therefore, the applied 

approach in this paper provides effective improving for 

verification of ETL transformations  in detecting different 
errors. 

Table 1. Comparison of approaches for verifying ETL transformations 
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Haetae [8]     -  -  -    -  -  

EMG [9] ~ -   - -  -  -  -    

EUnit 
[10] 

  -   - -  -  -  -  -  

[11] ~ -  -  -    ~ -  -  

[12] ~ -  -  -    ~ -  -  

Proposed 
approach 

  -  -    -  -    -  

Guideline:  full support   ~ partial support   – not support  

Table 1 provides a comparison between the proposed 
approach in this paper and other common used ETL 

verification approaches according to tool support, applied 
techniques and capabilities. The applied technique in the 

EUnit tool is testing and it does not have fault localization 
capability. For an input model the tool checks whether the 

concrete output matches with expected output. Therefor it can 

be concluded that EUnit does not support the contract 
verification. It provides oracle test and does not generate test 

cases. Alternatively, EMG employs semi-automatic method 
and its applied technique is testing. It does not have the 

capability of fault localization and does not s upport the 
contract verification. Moreover, EMG generates test cases in a 

black-box manner without considering the transformation 

definition. Haetae is a fully automated tool for static analysis 
of Epsilon platform languages. In the case of error occurrence, 

Haetae shows the location of error, but it does not have 
contract verification and test case generation capabilities. In 

[11], [12] for transforming ETL to a middle representation, the 
user requires to write the program and then UML-RSDS tool 

can be used for verification. Therefore these methods are 

semi-automatic. Their applied verification techniques are 
theorem proving. In these methods, fault localization is carried 

out by proof. For instance, if a proof of correctness for a 
particular operation fails, the problem with that operation is 

identified, but the erroneous line is not recognized. Therefore, 
they have partial support for fault localization capability. 

These methods do not provide the contract verification and 
test case generation. In this paper, fully automatic tool is 

proposed. Additionally we use the symbolic execution 

technique. The Fault localization capability and test case 
generation are not supported while contract verification is 

fully provided. Providing symbolic execution technique and 
comprehensive support for contract verification are the most 

significant features presented in this research. 



 

VI. CONCLUSION 

In this paper, an approach is proposed for the contract 
verification of ETL transformations. The approach is based on 

the development of the presented approach and tool in [15]. By 
applying this approach, it is possible to verify the pre/post-

condition contracts of ETL transformations. This approach is 
based on writing HOTs for transforming ETL transformations 

to DSLTrans such that the SyVOLT tool can be used for 

symbolic execution of the transformation. 

Using this approach for symbolic execution of ETL 

transformations enables us to discover some logical errors; 
hence, it is an improvement to the verification of ETL 

transformations. In this approach by considering the definition 
of the transformation, we have the ability of reasoning about 

the transformation output regardless of what input is given to 

the transformation. 
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