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Abstract. The paper demonstrates the MOLA transformation program building 
methodology on an example. The example shows how to obtain self-
documenting model transformation programs in MOLA by means of standard-
ized comments. The proper usage of loops in MOLA is also discussed. 

1. Introduction 

There is no doubt that model transformation languages and tools are the key technol-
ogy elements for MDA. Due to OMG initiatives, currently there are several proposals 
for model transformation languages, both as responses to OMG QVT RFP [1,2] or 
“independent” ones [3,4]. Among the independent languages there is also the MOLA 
language proposed by the authors of this paper [5,6]. Each of the proposed languages 
has its strengths and weaknesses, there is no clear adoption of any of the languages in 
the MDA community yet. The main distinguishing feature of MOLA is a natural 
combination of traditional structured programming in a graphical form with pattern-
based rules. Especially, the rich loop concepts in MOLA enable the iterative style for 
transformation definitions, while most of other languages rely on recursion. A more 
detailed comparison of MOLA to other MDA languages is provided in [5,6].  

Transformation languages have two essential requirements. On the one hand, trans-
formations should be easy to write – to implement the intended algorithms in an ade-
quate manner. On the other hand, transformations should be easy readable by much 
broader user community – those wanting to apply a transformation to their models in 
a safe and controllable manner. Transformation readability has been one of the design 
goals of MOLA. 

The only way to evaluate different languages is to compare them on generally ac-
cepted benchmark examples. Since transformation development actually is a com-
pletely new domain, there are no proven methodologies and design patterns, as there 
are in more classical domains. 

The goal of this paper is to analyze the MOLA language from the above-mentioned 
perspectives. Using one of the standard benchmark examples - Class to Relational 
Database transformation, it will be shown how the readability can be achieved in 
MOLA, including also standardized comments. Transformation design methodology 
will also be sketched, especially the proper use of loops. Certainly, the paper does not 
claim to provide a methodology for MOLA-based system design, just some advices 
how the model transformations themselves should be programmed in MOLA. 



2. Brief Overview of MOLA 

This section gives a very brief overview of the MOLA language. A more complete 
description of MOLA is to be found in [5,6]. Authors also hope that the example in 
section 4 will help significantly to understand the language. 

A MOLA program, as any other transformation program, transforms an instance of 
source metamodel into an instance of target metamodel. These metamodels are 
specified by means of UML class diagrams (MOF compliant).  

More formally, source and target metamodels are part of a transformation program 
in MOLA. But the main part of MOLA program is one or more MOLA diagrams (one 
of which is the main). A MOLA diagram is a sequence of graphical statements, 
linked by arrows. It starts with a UML start symbol and ends with an end symbol. 

The most used statement type is the loop statement – a bold-lined rectangle. Each 
loop statement has a loop head – a special statement (grey rounded rectangle) con-
taining the loop variable and the pattern – a graphical condition defining which in-
stances of the loop variable must be used for iterations. The pattern contains elements 
– rectangles containing instance_name:class_name – the traditional UML 
instance notation, where the class is a metamodel class. The loop variable is also a 
special kind of element, it is distinguished by having a bold-lined rectangle. In addi-
tion, a pattern contains metamodel associations – a pattern actually corresponds to a 
metamodel fragment (but the same class may be referenced several times). Pattern 
elements may have attribute constraints – OCL expressions. Associations can have 
cardinality constraints (e.g., NOT). The semantics of this loop statement (called the 
FOREACH loop) is natural – the loop is executed once for each instance of the loop 
variable, where the condition is true – the pattern elements can be matched to existing 
instances and attribute constraints are true on these instances. There is also another 
kind of loop – WHILE loop, which is denoted by a 3-d frame and continues execu-
tion while a valid loop variable instance can be found (it may have also several loop 
heads). Loops may be nested to any depth. The loop variable (and other element in-
stances) from an upper level loop can be referenced by means of a reference symbol 
– the element with @ prefixed to its name. 

Another widely used statement in MOLA is rule (also a grey rounded rectangle) – 
a statement consisting of pattern and actions. These actions can be building actions – 
an element or association to be built (denoted by red dotted lines) and delete actions 
(denoted by dashed lines). In addition, an attribute value of an element (new or exist-
ing) can be set by means of attribute assignments. A rule is executed once – typi-
cally in a loop body (then once for each iteration). A rule may be combined with a 
loop head, in other words, actions may be added to a loop head, thus frequently the 
whole loop consists of one such combined statement. 

To call a subprogram, a call statement is used (possibly, with parameters - in-
stances in the same reference notation). A subprogram, in turn, may have one or more 
input parameters. The same loop statement notation can be used to denote control 
branching – with a guard statement instead of loop head. 

In this paper an additional MOLA element – standardized comments are intro-
duced. These comments are text boxes associated to a MOLA diagram (its start sym-
bol) and its statements. Comments can contain any text, but references to loop vari-
ables are shown in bold, and references to other elements – in italic. The comment for 



the whole diagram is intended to describe its informal pre- and post-conditions. The 
comments to separate statements are meant to describe their goal in an informal way. 

Our goal is to make a MOLA program self-documenting, i.e., so easy readable that 
any one can ascertain that a MOLA program actually performs the intended transfor-
mation. Our experience shows that a well-written MOLA program with such com-
ments is self-documenting really and we hope that the example in section 4 confirms 
this.     

3. The Benchmark Example 

The most popular transformation benchmark example – transformation of UML class 
model to relational database is used here. There are several versions of this example 
originally proposed by OMG – nearly each paper uses its own version. We use here 
the version from the QVT-P proposal [1].  

The source metamodel is a significantly simplified fragment of the UML class dia-
gram metamodel, it is visible in the upper part of Fig. 1. The target metamodel is a 
simplified relational database metamodel, it is given in the lower part of Fig.1. Next, 
the precise informal specification of the transformation task will be given (since there 
are some minor deviations from [1] due to some inconsistencies in it). 

Any persistent Class (with kind=“persistent”) must be transformed into a database 
Table. In addition, a (primary) key is built for this table. Attributes of the class, which 
have a primitive data type, must be transformed into columns of the corresponding 
table (we assume here that types in UML and SQL coincide). Attributes whose type is 
a class, must be “drilled-down”: primitively-typed attributes of this new class are 
added as columns to the table for the original class. Class-typed attributes are proc-
essed as before. The process is repeated until no new columns can be added to the 
table for the original class. In other words, a transitive closure is performed, which 
finds all “indirect” attributes of the class. The added columns have compound names 
consisting of all attribute names along the path. One special issue must be reminded 
here: several attributes of a class may have the same class as a type, in this case the 
added columns are duplicated for each of them (they have unique names!). In other 
words, any path leading to a primitively-typed attribute results into a separate column.  

For primitive-typed “direct” attributes of a persistent class with kind=”primary”, 
the corresponding columns are included in the relevant (primary) key. An association 
(with multiplicities ignored, but direction taken into account) is transformed into a 
foreign key for the “source end” table. The same table is extended with columns cor-
responding to columns of the (primary) key at the target end. For both “primary” and 
“foreign” columns their kind is set accordingly.  

4. MOLA Solution 

4.1. Building the Workspace Metamodel  

The first step in building a MOLA program (transformation) is to define the work-
space metamodel (see Fig.1). This metamodel includes both the source metamodel 



(light yellow classes – the upper part) and the target metamodel (dark yellow classes 
– the lower part). Both metamodels are taken from the problem domain without modi-
fications – they describe the corresponding input data (source model) and the result 
(target model) of the transformation. 
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Fig. 1. The workspace metamodel 
 

However, some elements typically are added to the workspace metamodel. First, 
there are mapping associations – associations linking classes in the source and target 
metamodels (red lines in Fig.1). They serve two different purposes – on the one hand, 
they document relations between the corresponding source and target elements of the 
transformation (e.g., Class and Table, Attribute and Column, etc.) and thus enable the 
traceability at the instance level (which Table was obtained from which Class). On 
the other hand, they have a technical role in MOLA – after being built by one rule, 
they frequently are used in patterns of subsequent rules. It is recommended in MOLA 
to start the role names of mapping associations with “#”. 

Another possible metamodel extensions are temporary classes – AttrCopy in the 
example and temporary associations (associations linking AttrCopy to base classes of 
the metamodel, all temporary elements are in green color in the example). This tem-
porary class will be used to store copies of an attribute – indirect attributes. Tempo-
rary elements serve as a “workspace” for transformations, they have instances only 
during the transformation execution, and they are not supplied at input and are dis-
carded at output. Base metamodel classes may have also temporary attributes added 
(attributes which have value only during the transformation execution) – this example 
does not use them. 



4.2. MOLA Program Implementing the Transformation 

The transformation is specified in MOLA by means of one main diagram (Fig. 2) and 
four subprograms (subdiagrams) – Fig. 3 to 6. The implemented transformation corre-
sponds to its informal specification in a quite straightforward manner. The specifica-
tion requires to perform a transitive closure – to find all indirect attributes of a class, 
and with duplicates included (therefore attribute copying is required). We use an idea 
that each instance of indirect attribute actually is a path in the “instance graph” from 
the “root class” to an attribute. The iterative algorithm (Fig. 3) for finding all indirect 
attributes of a class is inspired by the well known algorithm for finding all paths from 
a node.  

All diagrams (Fig. 2 to 6) are annotated by standardized comments and, we hope, 
will require no other explanations. 
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Fig. 2. The main diagram of
This is the main MOLA program for transformation of classes to
relational database tables
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The main part of the program consists of one 
FOREACH loop over Class instances. For 
each persistent Class three consecutive ac-
tions specified as MOLA subprograms are 
performed in this loop.    

This subprogram builds all indirect attributes 
of the Class, and stores them as copies - 
instances of the temporary class AttrCopy.  

This subprogram builds a Table and a Key 
for the Class. For each indirect primitive-
typed attribute of the Class a Column is built
in the Table. Direct “primary” columns are 
associated to the Key. 

This subprogram deletes all instances of 
AttrCopy.  

This independent subprogram builds For-
eign keys for associations between persis-
tent Classes and Columns for Foreign Keys. 

 the transformation 
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This loop builds the basis for the next 
loop. Namely, each direct Attribute of 
the Class is “copied” as an AttrCopy.  

 

 

 

 

 
Fig. 3. Subprogram CreateAttributeCopies 
This loop builds all indirect attrib-
utes of the Class and stores each as 
an instance of AttrCopy (which in a 
sense represents the path used to 
reach it). Each iteration generates all
direct successors of the current indi-
rect attribute (atc). The list for itera-
tion is expanded continuously by the
nested loop (this is in accordance to 
FOREACH loop semantics in 
MOLA), until no more attributes can
be reached. 
This MOLA subprogram receives the current Class 
instance as a parameter and builds all indirect attributes
for this Class. Each indirect attribute is stored as an 
instance of AttrCopy, and the name in this instance 
contains the required concatenation of Attribute names 
along the path, corresponding to this indirect attribute. 
The nested loop builds new indirect 
attribute atcn for each Attribute, 
which is directly reachable from the 
current indirect attribute 
(@atc:AttrCopy). The new instance
is automatically added to the itera-
tion list for the main loop.    
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Fig. 4. Subprogram BuildTable
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Fig. 5. Subprogram DeleteCop
The Class instance is supplied as a parameter also to this sub-
program, which builds a Table and a Key for it, and a Column
for each its primitive-typed indirect attribute. Columns for di-
rect primary Attributes of the Class are associated to the Key. 
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@ac: AttrCopy

This rule builds a Table and a 
Key for the Class instance.  

This loop for each indirect attrib-
ute (instance of AttrCopy), 
which corresponds to an Attribute
with a Primitive DataType, builds
a Column for the relevant Table. 
The name and the type of the 
Column are set to the correspond-
ing values. 

ies 
For primary Attributes of 
the Class (only the direct 
ones), the corresponding 
Columns are linked as part of 
the Key for the Class. Note 
that only Columns from the 
current Table are relevant. 
 

This subprogram deletes 
all instances of AttrCopy. 
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Fig. 6. Subprogram AssociationsToForeignKeys 
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For each Association 
from a persistent class to 
a persistent one a For-
eign Key is built. It is 
linked to the Table cor-
responding to the source 
Class, and to the Key, 
corresponding to the 
target Class.  

For each Column 
(kcol) of the target Key, 
a new Column of the 
same name and type is 
built (fcol) and linked to 
the source Table. 
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e elements of transformation program de-
d.  
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al formalization of the step, FOREACH 
ics already includes “iterate once for each 
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also eliminated due to a finite set of in-
, 6). However, MOLA FOREACH loop 
ically (the second loop in Fig.3), in this 



case additional considerations should be used (during the building of indirect attrib-
utes we assume that no class is used as the type of its own indirect attribute). On the 
contrary, WHILE loops should be used for steps which are a mix of iteration and re-
cursion (such as the moving of transition ends during the flattening of a UML state-
chart in [5]), there the use of several loop heads per loop enables a natural and com-
pact at the same time formalization for this kind of algorithm step. 

Yet another important design element in MOLA is the selection of loop variables 
so that patterns in loop heads do not become complicated. Especially, for nested loops 
the deepest repeating element must be used. Use of referenced elements from upper 
level loops helps to simplify patterns in nested loops (see the nested loop in Fig. 6). 

Actually, there are more design hints in MOLA and eventually “GOF-style design 
patterns” could be defined, but this is a topic of another paper. 

And finally, nearly any non-standard transformation element can be described in 
MOLA using low-level facilities such as temporary classes and associations. 

 6. Conclusions 

We have shown that by selecting an appropriate design style, the transformation pro-
gramming in MOLA is relatively simple, as it is demonstrated by the complete exam-
ple in section 4. 

By adding standardized comments (even quite short ones, as in section 4), the 
readability of MOLA programs really reaches the level of self-documenting – one of 
main goals for the design of MOLA. 

The implementation of MOLA is expected not to be very complicated due to rela-
tively simple constructs in it. The implementation efficiency is also expected to be 
high enough – if the programming guidelines from section 5 and some more natural 
assumptions are observed, typical pattern matching problems of graph transforma-
tions are avoidable in MOLA.      
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