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Abstract 

 
In model-driven engineering, metamodels may get 

lost over time resulting in the inability to load and 
view existing model instances. MARS is a system that 
recovers metamodels from model instances using 
grammar inference. This paper discusses advances in 
MARS that improve accuracy and scalability. 
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1. Introduction 
The rapid development of model-driven engineering [1] 
has made modeling become a widely used software 
development technique. Metamodels define the syntax 
of models and are needed to load model instances into 
a modeling tool. As a metamodel undergoes frequent 
evolution, previous model instances may become 
orphaned from the new definition. The metamodel may 
also be lost, resulting in the inability to load and view 
existing model instances. MARS [2], a metamodel 
recovery system using grammar inference, was 
developed to solve this problem. 

An overview of MARS is illustrated in Fig. 1. The 
metamodel inference process begins with the 
translation of a set of instance models in XML (most 
modeling tools provide a capability to export a model 
as an XML file) into a Domain-Specific Language 
(DSL) called the MRL (Model Representation 
Language) that filters the accidental complexities of 
the XML representation of a model in order to capture 
the essence of the instance models (step 1 in Fig. 1).  

 

 
 

Figure 1 Overview of MARS 
 
The inference is performed within the LISA [3] 
language description environment (step 2 in Fig. 1) 
which is an interactive environment for programming 
language development and was chosen for this project 
because of its benefits in designing DSLs [4]. 
Moreover, the LISA system has been used successfully 
in our evolutionary-based context-free grammar (CFG) 
inference engine [5]. The result of the inference 
process is a context-free grammar that is generated and 
concurrently transformed using formal transformation 
rules into the inferred metamodel in XML file, which 
can then be used to load the instance models into the 
modeling tool (step 3 in Fig. 1). 
 
2. Application of MARS 
MARS has been applied successfully to various 
domains (e.g., Finite State Machines, Petri Nets [6]), 
and the inferred metamodels are almost exactly the 
same as the originals. However, the metamodels in our 
first phase of evaluation are all simple with just a small 
number of elements, because they are from single-



tiered domains. Compared with these domains, multi-
tiered domains are more widely used in model-driven 
engineering, due to being able to represent larger 
models and enabling users to capture multiple 
viewpoints instead of a single one; as a result we call 
these domains multi-tiered. Multi-tiered metamodels 
allow users to create models with different viewpoints 
in the domain. In GME (a modeling tool used in the 
project), each viewpoint is established as a separate 
folder (a model organization concept in GME) under 
the “Root Folder” to store its own elements. But for 
single-tiered domains all elements are placed in the 
“Root Folder”. In this paper, we use ESML 
(Embedded Systems Modeling Language) [7], a typical 
multi-tiered domain as our example. The original 
ESML metamodel has 7 different folders, 
“Configuration”, “Component”, “Event”, “Interaction”, 
“Interface”, “Parameters” and “TNA” to capture 7 
viewpoints of the domain.  

In order to test the effectiveness of MARS in ESML, 
we created an instance model using the original ESML 
metamodel, which captured 4 out of 7 viewpoints. 
After applying MARS on this instance model we 
inferred a metamodel, which we found to be different 
from the original. The inferred metamodel appears 
simpler (only one instance model was used, which 
does not exhibit all properties of the ESML domain), 
but all elements contained in the instance model were 
inferred accurately. Nevertheless, the inferred 
metamodel puts all inferred elements directly into the 
“Root Folder”. As mentioned previously, the instance 
model captured 4 viewpoints of ESML, what we 
expected to see was a metamodel having inferred 
elements arranged to accommodate 4 folders. 
 
3. MARS with Extensions 
For a more accurate ESML metamodel inference, or 
multi-tiered domain metamodel inference, MARS was 
extended in several ways. First, MARS was modified 
to handle C++-style class scoping rules. Specifically, 
the scoping rule for the XSLT translator was changed. 
As a result, the multi-tiered folder information 
contained in the model instance has been incorporated 
into the MRL generated by the translator at the 
beginning of the inference process. A comparison 
between the DSL generated before and after 
modification is illustrated in Table 1. For the new 
MRL, the viewpoint a modeling element belongs to is 
indicated. In other words, we now know which folder 
an element came from when it was created in GME. 
Next, the grammar inference engine was changed 
correspondingly so the output of the inferred grammar 
 

Table 1 Comparison of old and new MRL 
old MRL new MRL

model model1 {  
     fields f1, …, fn; 
     connections 
         con1 : src1 dst1; 
            … 
         conn : srcn dstn; 
} 
atom atom1{ fields; } 

… 
atom atomn{ fields; } 
model model2{ 
     … 
}  
… 

model Viewpointm :: model1 {  
     fields f1, …, fn; 
     connections 
        Viewpointm :: con1 : src1 dst1; 
            … 
        Viewpointm :: conn : srcn dstn; 
} 
atom Viewpointm :: atom1{ fields; } 

… 
atom Viewpointm :: atomn{ fields; } 
model Viewpointm :: model2{ 
     … 
}  
…

 
captures all viewpoints contained in the new MRL. 
Finally, the modified process establishes folders that 
are related to those viewpoints when the grammar is 
translated into the inferred metamodel in XML. 
Elements are placed under the correct folder where 
they came from instead of in the “Root Folder”. 
 
4. Conclusion 
This paper describes the limitation of MARS to infer 
metamodels with multi-tiered domains. The ESML is 
used as an example modeling language. As a result 
MARS with extensions is presented here to solve this 
problem and infer multi-tiered domain models (i.e., 
ESML models). More details about this project are at 
http://www.cis.uab.edu/softcom/GrammarInference. 
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