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 ABSTRACT 

 

Transformation patterns optimize transformations and improve their internal structure. 

This paper presents an automatic method for pattern proposition in transformation life 

cycles. Our approach combines the transformation engineering by the idea of 

transformation patterns and proposes appropriate patterns in the design and 

implementation phases of transformation life cycle. We evaluate the impact of proposed 

patterns on generated transformations based on several metrics, automatically. The 

proposed patterns in the design phase are based on the structure of transformation, and 

implementation patterns are proposed according to the result of the evaluation. Our 

method is presented as a semi-automatic process for using the transformation patterns in 

transformation life cycles. The results of applying suggested patterns include decreasing 

the complexity, memory usage, execution time, as well as increasing the quality, 

efficiency, and modularity. 
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Introduction  

A pattern is an idea that has been useful in 

one practical context and will probably be 

useful in others (Fowler, 1997). 

Transformation patterns identify the 

correct and reusable solution in 

transformation implementation and 

optimize the transformations, too. Similar 

to patterns such as design and analysis 

patterns in software engineering, 

transformation patterns can be used in 

transformation engineering to improve the 

quality and efficiency of transformations. 

Transformation engineering means 

applying the sound principles of 

engineering in the implementation of a 

model transformation (Guerra et al. , 

2013). Several life cycles are presented in 

recent research (Bézivin et al., 2003; 

Siikarla et al., 2008; Lano and Kolahdouz-

Rahimi, 2010; Andrea Bollati et al., 2013; 

Guerra et al., 2013), for building the 

transformation based on engineering 

methods. These life cycles, that two of the 

best ones (Andrea Bollati et al., 2013; 

Guerra et al., 2013) are explained in this 

paper, create a transformation using a 

methodology that includes several steps, 

spanning from the specification of 

transformation to the implementation. 

However, we can use design, 

architectural, or specification patterns that 

are called transformation patterns in 

different phases of these life cycles, the 

same software patterns in the life cycles 
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of software engineering. One important 

part of using a pattern is applying the 

appropriate pattern based on the structure 

of the problem. The main goal of this 

paper is automatic proposition of 

applicable patterns in transformation life 

cycle. The transformation patterns 

presented in the past (e.g., (Bezivin et al., 

2003) or (Iacob et al., 2008)),  have 

introduced only the specification of 

several patterns. Some of these patterns 

are formally described in a few papers, 

but these are not usable in an automatic 

manner. In fact, developers must use them 

manually, based on their understanding of 

the pattern. In addition, these presented 

patterns are not applied to transformation 

life cycles; they are just related to one 

phase of the transformation 

implementation, e.g., transformation 

specification or transformation 

architecture. 

In this paper, we present a practical 

method for automatic pattern proposition 

in transformation life cycle. The method 

automatically suggests proper patterns in 

two phases, i.e., design and 

implementation, of transformation life 

cycle to the developer of transformation. 

Proposition of design patterns is based on 

the structure of transformations and 

implementation patterns are conducted 

from the result of applying the other 

patterns. At each stage, in addition to the 

implementation pattern proposition, 

evaluation of applying suggested patterns 

is shown to the developer. As it is 

demonstrated in the evaluation section, 

this evaluation is measured based on 

several metrics, automatically. Evaluation 

of our method has shown that, for using 

the patterns in transformation life cycles, 

it improves the quality of transformation 

specification and design, modularity, 

simplicity of transformation, efficiency, as 

well as decreasing redundancy, 

duplication, complexity, execution time 

and memory usage (in many cases). 

This paper is organized as follows. 

Next section is dedicated to the related 

work. Then we explain about the 

necessity of using the transformation life 

cycle and introduce two transformation 

life cycles that are the most complete life 

cycles and are used in this 

paper.  Subsequently transformation 

pattern is introduced and two patterns as 

two samples are presented in this section. 

At this time, we give an overview of our 

method for pattern proposition in 

transformation life cycles. Description of 

our method is structured in two 

subsections. First, we elucidate the pattern 

proposition part as the core of our method, 

and second subsection outlines evaluation 

part of our method. In this paper, we use a 

case study to clarify our method. Finally, 

in the conclusion section we conclude by 

discussing future work.  

Related work 

Transformation patterns have been studied 

and used by several researchers 

previously. Most of these researches focus 

on the introduction of problems in 

transformation domain and solve them by 

presenting several patterns. In (Bezivin et 

al., 2003), authors profess that patterns are 

a good way of capitalizing experience to 

increase the reusability. This paper 

recommends two patterns for ATL
1
 

transformation language. One of them 

explains specification of the 

transformations. This pattern suggests an 

additional input metamodel that contains 

auxiliary variables of a transformation. 

This metamodel covers recurrent hard-

coding in ATL language that caused by 

unmatched elements of the transformation 

within the source metamodel. Another 

pattern is used in the implementation of 

                                                 
1 ATLAS Transformation Language (https://eclipse.org/atl/) 

https://www.google.com/search?biw=1366&bih=643&q=define+subsequently&sa=X&ei=8KAiVd--LYrkaPivgJAL&ved=0CCEQ_SowAA
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transformations. This pattern is about 

matching multiple elements in ATL rules. 

Multiple matching is supported in the new 

version of ATL, so this pattern is not 

applicable. Patterns presented in (Bezivin 

et al., 2003) are only introduced and no 

manner is presented for using these 

patterns in the transformation languages.  

In (Duddy et al., 2003), one 

declarative transformation language is 

presented based on the concepts of 

patterns and requirements of OMG RFP
2
. 

This pattern based transformation 

language contains transformation patterns, 

their relations and transformation rules. 

The introduced patterns are used to match 

source elements of transformations and 

present a template for target elements of 

transformations. So presented patterns are 

used as constraints frame on the source 

and target elements that must be satisfied 

by a transformation. These patterns are 

the main section of the transformation 

specification format in the presented 

transformation language and are not 

applicable to any transformation 

languages. Therefore, the concept of these 

patterns is different from the concept of 

the software design patterns. The 

approach solves non-trivial Model Driven 

Architecture
3
 problems in small size.  

In (Agrawal et al., 2005), authors 

present GREAT that is a simple graph 

transformation language and uses a 

solution similar to software design 

patterns to solve some design problems 

that arise in the context of model 

transformation. This work proposes two 

patterns for access to the graph objects 

and acclaims that GREAT is a start point 

for collecting more transformation 

patterns. The concepts of presented 

patterns in this work are just for 

                                                 
2 Request For Proposals 
3 Model Driven Architecture (MDA) 

comparison between software patterns and 

transformation patterns. 

Since Object Constraint Language 

(OCL) is the main part of the 

transformation languages syntax, 

appropriate usage of OCL in the 

specification of a transformation is 

important. In (Cuadrado et al., 2009), five 

patterns are introduced for optimizing the 

performance of model transformations in 

which the OCL queries are involved. 

These patterns are described in ATL 

transformation language and are evaluated 

with several benchmarks in this language. 

However, these patterns are specific for 

limited problems in ATL.   

Six model transformation design 

patterns as “a general repeatable solution 

to commonly-occurring model 

transformation design problem” are 

defined in (Iacob et al., 2008). These 

patterns are related to QVT
4
 

transformation language and their 

specifications are almost documented. 

The strength of this research is 

specification of transformation patterns 

according to the presented format for 

design patterns in (Gamma, 1995). 

However, similar to other researches, no 

method for selection or usage of 

transformation patterns is presented.  

All mentioned researches have 

presented the declaration of several 

patterns that some of them are related to 

specific problems. Lano and Rahimi 

(Lano and Kolahdouz-Rahimi, 2011) have 

enhanced previous works about model 

transformation patterns by combining the 

patterns and presented one process for 

developing model transformation with 

patterns. The process is called UML-

RSDS, which is expanded with 

transformation patterns concept in its 

design and implementation. In this 

process, developer must define a 

                                                 
4 Query/View/Transformation 
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transformation based on the notions of 

appropriate patterns with one formal 

language and then build his/her 

transformation in UML-RSDS. Formal 

specification of the transformations in 

UML-RSDS needs high proficiency in 

using formal languages. In addition, 

selecting the proper patterns is the 

responsibility of developer. After that, in 

another research (Lano and Kolahdouz-

Rahimi, 2013), some metrics are 

introduced on transformation code for 

selecting appropriate patterns. These 

metrics benefit from calculating the 

transformation complexity to guide the 

choice and application of patterns, but the 

method for usage of these metrics was 

manual.  

Our work extends and improves the 

results of previous researches. This paper 

provides a manner for practical usage of 

patterns in the transformation engineering. 

We present an automatic method for 

pattern proposition in the transformation 

life cycles and evaluate the transformation 

after applying the patterns. This method 

collects the presented transformation 

patterns from other researches and 

improves the usage of them by the 

automation of pattern proposition and 

evaluation of applying pattern. In 

addition, this method employs 

engineering sounds and applies 

transformation patterns in transformation 

life cycle. Automatic pattern proposition 

in our method is implemented in the EPL
5
 

and are reusable in various life cycles. 

Our method automatically proposes 

patterns during the transformation life 

cycle, so the developer does not care 

about selecting the patterns in the 

specification of a transformation, and uses 

the patterns without changing the usage 

manner of transformation life cycles.   

                                                 
5 Epsilon Pattern Language 

transML and MeTAGeM life 

cycles 

In this section, first a definition is given 

for transformation life cycle and 

transformation engineering. Then, two 

transformation life cycles that are used in 

this paper, are introduced.  

Model Driven Engineering (MDE) 

relies on models to conduct software 

engineering principles. One chief aspect 

in MDE is model management, such as 

round trip engineering, refinement, 

refactoring, and migration between 

different languages. These operations 

need to transform one model to another 

form of the model. These transformations 

are the most important part of MDE that is 

called the heart and soul of model driven 

software development (Sendall and 

Kozaczynski, 2003). Like any other kind 

of software artifact, transformations, 

specially complex or massive 

transformation, should be built using 

sound engineering principles. In other 

words, transformation must be engineered, 

and this is called transformation 

engineering. So there are some 

transformation life cycles that improve 

transformation development quality. 

According to our research, transML 

(Guerra et al., 2013) and MeTAGeM 

(Andrea Bollati et al., 2013) are two of the 

best existing life cycles. One comparison 

between the recent presented 

transformation processes is available in 

(Andrea Bollati et al., 2013). 

transML is a family of modeling 

languages which covers all whole life 

cycle of transformation development: 

requirement, analysis, architecture, design, 

implementation, and test. There is one 

meta-model at each phase that provides 

notations for developers to create models 

that conform to the meta-model of that 

phase. Then, with transforming the model 

of each phase to another phase, the 
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implementation model or transformation 

code is finally created. transML constructs 

the transformation in an MDE approach 

and semi-automatic manner. transML tries 

to cover existing lack of cohesive support 

for transformation development, e.g., 

notation, methods, and tools (Guerra et al., 

2013).  

MeTAGeM is another transformation 

life cycle that implements transformations 

based on MDE principles. MeTAGeM 

works on levels defined in Model Driven 

Architecture (MDA). That means, 

implementing a transformation starts from 

PIT
6

 in MeTAGeM. PIT describes 

relations between source and target meta-

models of a transformation. Then PST
7
 

model is created from PIT, automatically. 

This model contains rules definition based 

on high level specifications in PIT model. 

The next step in MeTAGeM is creating 

PDT
8
 that facilitates migration between 

different abstract levels. Finally, the 

transformation code is created from PDT. 

MeTAGeM generates 80% of the 

transformation code automatically and the 

remaining must be added manually. 

The PIT model in MeTAGeM that 

weaves elements of the source meta-

model to the target meta-model is similar 

to design model of transML. Hence, our 

design pattern proposition method can be 

applied on both transML and MeTAGeM 

tools. We have also used MeTAGeM in 

automatic generation of transformation 

code from the design model of transML or 

the PIT model of MeTAGeM. This will be 

shown in the next sections. 

Transformation patterns 

In the previous section, we explained that 

complex and large transformations should 

be built with sound engineering 

                                                 
6 Platform Independent Transformation 
7 Platform Specification Transformation 
8 Platform dependent transformation 

principles
9

. Like patterns in software 

engineering, transformation patterns are 

presented in transformation engineering. 

These patterns provide solutions for the 

problems of transformation 

implementation and the designing and 

improving the quality of them. In 

particular, these patterns (i) enable the 

factoring of complex transformations into 

modular sub-transformations; (ii) simplify 

individual mapping rules of a 

transformation; (iii) improve the efficiency 

of a transformation by removing 

redundant and duplicated evaluations, 

optimizing execution strategies and 

simplifying complex model navigations 

(Lano and Kolahdouz-Rahimi, 2013).  

In this paper, we describe two 

patterns which are called “Phased 

construction” and “Auxiliary models”. 

These patterns have been introduced in 

(Lano and Kolahdouz-Rahimi, 2013; Lano 

and Kolahdouz-Rahimi, 2014). We 

elaborate them with one practical example 

in our proposed method. In the next 

sections, each pattern is expressed with its 

problem and solution parts.  

Phased Construction pattern 

Problem: Alternation of quantifiers in 

transformation specification or the 

creation of more than one target in each 

rule, complexes the transformation. One 

complex or large transformation can be 

splitted into stages based on the structure 

of target elements.     

Solution: This pattern decomposes 

one complicated transformation to 

separate rules. Each rule relates one 

source model element (or a group of 

source model elements) to one target 

model element. In fact, each rule works 

on one level of target meta-model and 

does not navigate more than one step in 

the entity composition hierarchy.  

                                                 
9 That is called Transformation Engineering 



 

6 

Figure 1 is the structure of this 

pattern that shows one level of target is 

created at each phase. Complete details 

about this pattern is available in (Lano 

and Kolahdouz-Rahimi, 2013) or (Lano 

and Kolahdouz-Rahimi, 2014). 

Auxiliary Models Pattern 

Problem: This pattern is appeared 

when i) input of a transformation is 

complex and causes complexity of 

transformation, ii) evolution of one 

transformation by adapting an existing 

transformation to an enlarge source meta-

model. In this case, we want to use the 

modularity of transformation and prevent 

from redundancy in the implementation of 

transformations, and iii) decomposition of 

one transformation and implement each 

sub transformation using different 

language and technology.  

Solution: This pattern introduces an 

intermediate language and divides main 

transformation into a preliminary 

transformation which produces an 

intermediate auxiliary model. Then main 

section of the original transformation 

operates on this auxiliary model to 

achieve the effect of the original 

transformation.  

 

 

Figure 1. Phased construction (Lano et 

al., 2013) 

 

 

Figure 2. Auxiliary models (Lano and 

Kolahdouz-Rahimi, 2014) 

 

Figure 2 shows a typical structure of 

this pattern. More details about this 

pattern can be found in (Lano and 

Kolahdouz-Rahimi, 2014). 

Method: Pattern Proposition in 

transformation life cycles 

In this paper, we present a method for 

pattern proposition in transformation life 

cycles. As indicated in Fig. 3, this method 

achieves its goal via a number of steps.  

The core of this method is pattern 

proposition block. In the following, we 

give more details on each part of the 

method.  

Transformation Design Model: The 

input of our method comprises 

transformation design model which is 

generated in the design phase of a 

transformation life cycle, such as 

TransML (Guerra et al., 2013) or 

MeTAGeM (Andrea Bollati et al., 2013). 

Pattern Specification: This library 

contains the formal definition of patterns 

in the form of EPL statements. 

Pattern Proposition: At this step, we 

automatically suggest useful patterns to 

the developer. These patterns are proposed 

in two stages. First, patterns are proposed 

in the design phase of the transformation 

life cycle. These patterns must be applied 

to the transformation design model. 

Second pattern proposition is on the 

transformation code or during the 
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implementation phase of the 

transformation life cycle. These two stages 

are shown with the two arrows that enter 

to the pattern proposition step. The third 

arrow shows the relationship between 

pattern proposition and pattern library. 

The proposed patterns can improve 

the quality and efficiency of the 

transformation and increase the modularity 

and simplicity in the implementation of 

transformations (Lano and Kolahdouz-

Rahimi, 2014).  

Applying Pattern: In this step, the 

developer should refine the model 

according to the results of pattern 

proposition. This step is done manually 

and developer must be familiar with the 

concept of the patterns.  

New Model: This is an artifact that is 

created after applying the proposed 

pattern. This can be a new design model 

after applying the patterns to the 

transformation design model, or one 

transformation code after applying the 

patterns proposed in the implementation 

phase of the life cycle.   

Evaluation: This step evaluates a 

transformation automatically. Our 

evaluation is done on the transformation 

code and analyzes the impact of applying 

the proposed patterns on the 

transformation. In this paper, we have 

used MeTAGeM in implementation phase 

to generate the transformation code from 

transformation design model.  

Evaluation is done based on several 

metrics explained in the evaluation section 

of this paper. This evaluation shows the 

effects of applied patterns to the generated 

transformation. As shown in Fig. 3, our 

method has a loop between evaluation and 

pattern proposition phase. This explains 

the suggestion of second group of patterns 

based on the result of evaluation to 

improve the transformation.  

Proposed patterns in this step are 

related to the implementation of 

transformation, so developer can apply 

these patterns and evaluate the new 

transformation again. 

Result: This is the output of our 

method that shows values of measured 

Figure 3. Pattern proposition method 
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metrics in the evaluation phase. These 

values, in fact, quantify the effects of 

applying the proposed patterns on 

transformation. 

Automatic pattern proposition 

In this section, we describe our method in 

two sub sections of pattern proposition 

and evaluation that are two main steps of 

the method. We explain the details the 

steps with one simple example as our case 

study. This is the well-known example of 

transforming UML class diagram to 

relational database tables that is called 

UML2Relational transformation. 

Fig. 4 shows meta-model of UML 

class diagram as source meta-model (left) 

and meta-model of relational database as 

target meta-model (right). 

In UML2Relational, each class is 

transformed to a table in the database and 

each attribute of the class is transformed 

to one column of the table. In this 

example, each table needs one primary 

key too. We develop this transformation in 

the transformation life cycle and use our 

method during the life cycles to optimize 

the transformation with transformation 

patterns. 

In UML2Relational example, we will 

use Phased construction and Auxiliary 

models patterns. The design models of  

 

 

 

 

 

 

 

 

 

 

 

UML2Relational transformation can be 

created automatically in transML or 

MeTAGeM. Our method supports these 

two life cycles. Transformation code 

shown in this paper are created semi-

automatically in MeTAGeM. 

Pattern Proposition 

Pattern proposition in our method is 

automatically done during the design and 

implementation phases of transformation 

life cycle. As mentioned earlier, the 

method can be applied on transML or 

MeTAGeM life cycles.  

Pattern proposition in design phase 

need transformation design models. 

transML design models in EMF
10

 format, 

or PIT design models of MeTAGeM (in 

.amw format) are checked and appropriate 

patterns are proposed to the developer 

based on the structure of the 

transformation design models. 

Checking model for appropriate 

pattern in the design phase of 

transformation life cycle is done using 

pattern specification in EPL
11

 (Kolovos et 

al., 2014). Specification of a 

transformation pattern is checked in the 

transformation design model and if the 

pattern is necessary for the transformation, 

it will be proposed to the developer. Then, 

if a developer prefers to use the suggested  

                                                 
10 Eclipse modeling Framework  

 

Figure 4. Meta-model of UML to relational database mapping (Lano and Kolahdouz-Rahimi, 2014)  
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Figure 5. Transformation design model 

for UML2Relational database 

 

pattern, he/she will apply proposed pattern 

to his/her design model and continue next 

phases of the transformation life cycle for 

implementation of transformation code 

from a transformation design model, 

which is now optimized by patterns.  

Now, unlike the proposition step, the 

step of applying pattern in our method 

needs some knowledge about the structure 

of proposed patterns; hence, this step must 

be applied manually. After each pattern 

proposition in this stage, the method can 

be iterated to check the necessity of other 

patterns. Specification of each pattern 

exists in the pattern specification block of 

our method and can be selected by the 

developer.    

The second time that we suggest 

patterns to the developer is after evaluation 

of the application of the proposed patterns. 

This activity is described in the evaluation 

section of this paper. Recommended 

patterns of this phase are more about the 

implementation phase in the 

transformation life cycle (vs. design phase) 

and are suggested to developer 

automatically. Hence, our method can 

propose useful patterns in the design and 

implementation phases of transformation 

life cycle during the creation of one 

transformation, automatically.  

Now for more details on our method, 

consider transformation of UML class 

diagram to relational database example 

(UML2Relational). Figure 5 shows a 

schema from the transformation design 

model which is created in the design phase 

of transML or MeTAGeM for 

UML2Relational example. This design 

model expresses relations or requirements 

mapping between the source and target 

meta-models. In this figure, we can see that 

Class2Table mapping (which is shown on 

an arrow) gets a class as input of mapping 

and creates one table and primary key 

column (pkey) as outputs of this mapping. 

According to the definition of Phased 

construction pattern, Class2Table mapping 

does not satisfy the requirements of this 

pattern because this mapping accesses to 

more than one level of target meta-model 

(Table, Column). The created 

transformation code for this model in ATL 

is shown in the following (we call it Trans. 

#1). This code is created from design 

model in the implementation phase of 

MeTAGeM, automatically. In 

transformation code, every mapping is 

converted into one rule, so this code 

contains two rules, class2table and 

attributes2columns. Like its model, the 

class2table rule creates two elements, one 

table and one column. 

   

Trans. #1: 

rule class2table {   

from class_in :Class!Class to 

table_out:Relational!Table  

(name <- class_in.name, 

col <-column_out), 

column_out : Relational!Column 

(name <- class_in.name+'_Key')} 

rule Attributes2Columns {  

from attribute_in :Class!Attribute to  

column_out :Relational!Column  

(name <- attribute_in.name, 

owner<-attribute_in.owner )} 

 

 

Now we examine our method with 

the Phased construction pattern for 

UML2Relational transformation. We 

have written definition of patterns such as 
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Phased construction by EPL statements 

based on the meta-model of design phase 

in transML or MeTAGeM. Then this EPL 

code is run on transformation design 

models which are created in design phase 

of life cycles. Whereas UML2Relational 

model does not satisfy the Phased 

construction pattern, this pattern must be 

proposed to the developer. Figure 6 shows 

one section of EPL code for Phased 

construction pattern and the result of our 

pattern proposition on UML2Relational 

model (Fig. 5) during the transformation 

development at transML life cycle. This 

message proposes that the developer can 

use Phased construction pattern for his/her 

model.  

The next step of our method is 

applying the Phased construction pattern 

to the design model. The developer must 

change transformation design model 

according to our suggestion. He/she does 

this task based on the concept of Phased 

construction pattern and with the 

definition of one new mapping in design 

model and assigns the creation of Pkey to 

this new mapping. The transformation 

code created from this new model is 

similar to the Trans. #1 with some 

changes. First, we have a new lazy rule for 

creating of Pkey (Class2Pkey) and second, 

the Class2Table rule has a few changes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We call this new code Trans. #2. 

Mentioned changes can be seen in the 

following. The Attribute2Column rule 

remains the same as this rule in Trans. #1. 

 

The code that is created in this 

section explains the difference between 

transformation code before and after 

applying a pattern like Phased 

construction. These codes are elaborated 

in the evaluation section for estimation of 

the benefits in using the patterns.   

Evaluation (Result) 

In the previous section we proposed 

appropriate pattern on transformation 

design model based on its structure; but 

what is the efficiency of the proposed 

patterns on the transformations? 

 

Trans. #2: 

rule class2table { 

from class_in: Class!Class to  

table_out:Relational!Table  

(name <- class_in.name, 

col <- 

thisModule.class2Pkey(class_in))} 

lazy rule class2Pkey { 

from class_in : Class!Class to  

column_out : Relational!Column  

(name <- class_in.name+'_Key')} 

 

Figure 6. Result of pattern proposition on UML2Relational transformation 

design model 
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Our method can automatically 

evaluate a transformation code (e.g., in 

ETL
12

 or ATL) based on some metrics. In 

the method, evaluation is the next step 

after applying pattern step. Some of the 

metrics that are used in the evaluation step 

are extracted from (Kolahdouz-Rahimi, 

2013; Lano and Kolahdouz-Rahimi, 2013). 

These metrics are syntactic complexity, 

multiple creation, and maximum of 

expression complexity that are calculated 

on one transformation code. Other metrics, 

memory usage and execution time, are 

presented in this paper and are calculated 

by the system information. We present the 

metrics here briefly. 

Syntactic complexity: This metric is 

calculated by sum of i) number of entity 

references and feature references in a rule, 

ii) number of operation occurrences in a 

rule.  

Multiple creation: This metric 

indicates the number of distinct element 

creation actions within a rule.  

Maximum of expression complexity: 

This is the maximum complexity of read 

sub-expressions. In other words, syntactic 

complexity of most complex read sub-

expression in rules. 

Memory and execution time: These 

metrics are defined as average of memory 

usage and execution time for running the 

transformation code and are calculated by 

ATL profile.  

The evaluation procedure is done by 

running one EOL
13

 code. This code calls a 

plug-in that does some processes and is 

essential for running our evaluation phase. 

We have implemented this plug-in in Java. 

This plug-in can be run using any other 

environment, but we have used Epsilon
14

 

to be coordinated with other code that we 

have built. Evaluation phase calculates the 

above metrics on a transformation code 

                                                 
12 Epsilon Transformation Language 
13 Epsilon Object Language 
14 http://www.eclipse.org/epsilon/ 

and shows values of these metrics to the 

developer. In addition, this phase proposes 

some appropriate patterns based on the 

values of these metrics to the developer 

for optimizing the transformation.  

We have done evaluation phase for 

UML2Relational example, before and 

after of applying the Phased construction 

pattern. Results are shown in Table 1 for 

Trans. #1 and Trans. #2, respectively. 

These results are related to one model 

(class diagram) with 100 elements and 10 

runs. 

We can see that multiple creation 

metric, that its decreasing is the main goal 

of Phased construction pattern, is 

decreased. Memory usage and execution 

time are decreased, too. But, syntactic 

complexity is increased. This acceleration 

in syntactic complexity originates from the 

duplicated definition of rules in 

transformation code. In fact, after applying 

the Phased construction pattern, generated 

code (Trans. #2) contains some redundancy. 

Evaluation step of our method can extract 

these results automatically. After showing 

the result in Table 1, our method suggests 

using Auxiliary models pattern for 

declining the syntactic complexity. This 

suggestion is based on the value of 

syntactic complexity metric and one 

threshold that the developer initializes the 

amount of this threshold. If the syntactic 

complexity metric be greater than the 

threshold, the syntactic complexity will be 

high and patterns such as Auxiliary models 

or Object indexing (Lano and Kolahdouz-

Rahimi, 2014) are suggested for decreasing 

the syntactic complexity of transformation. 

Our default threshold in this example was 

20. This value has been conducted from 

syntactic complexity of transformation 

before using the any pattern seen in Table 1. 
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Table 1. Result of evaluation for 

UML2Relational example before and after 

applying Phased construction pattern. 

Trans. Syntactic 

complexity 

Multiple 

creation 

Max. 

expression 

complexity 

Exe. 

time 

(S) 

Memory 

(Kb) 

Trans. 

#1 

20 1 4 0.237 1922.18 

Trans.

# 2 

23 0 6 0.167 783.65 

 

We can change this threshold 

commensurate with size of the problem. 

Figure 7 shows the result of evaluation 

phase for the UML2Relational 

transformation after applying the Phased 

construction pattern (Trans. #2). Defined 

metrics and suggested patterns are 

presented in a message box. 

The metrics related to the system 

(time and memory usage) are achieved by 

running the transformation in the virtual 

machine (VM) profiler that are shown in 

another message box. The average time 

and memory presented in Table 1 are 

calculated for 10 executions to lower the 

influence of system conditions. 

If the developer decides to apply the 

patterns that are proposed in the upper 

message box of Fig. 7, he/she must do this 

task same as applying the Phased 

construction pattern proposed in the 

proposition step and continue the pattern 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

proposition method by doing the applying 

pattern step. We suppose that the developer 

choses Auxiliary models pattern from the 

proposed list, {Auxiliary, Object Indexing}, 

to reduce the syntactic complexity. Now in 

the presented method, developer must 

apply this pattern based on the Auxiliary 

models concept. So, developer creates one 

intermediate model from his/her source 

model. The goal of applying this pattern is 

the reduction of complexity. According to 

the reason of accelerating syntactic 

complexity, the best intermediate model is 

one model that implements repetitive 

section of the Trans. 2. This section is 

definition of Pkey column from class 

(Class2Pkey rule). Hence, an intermediate 

transformation can be performed to convert 

the class diagram to one class diagram in 

which every class has one Pkey as one of 

its features. The model created from this 

intermediate transformation, as an 

auxiliary model, has positive effect on 

decreasing the syntactic complexity. The 

intermediate transformation is a simple 

transformation as following: 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Intermediate Transformation 

for (class in Class!Class.all){  

var att_Key : new Class!Attribute; 

att_Key.name :=class.name+'_Key'; 

class.attribute.add(att_Key);} 

 

Fig. 7. Evaluation result for Trans. #2 



 

13 

This intermediate transformation 

creates a new model as an auxiliary 

model. One example of this auxiliary 

model is shown in Fig. 8. In this figure, 

original elementary model (left side) is 

one class diagram with one student class 

and one name feature. Auxiliary model is 

shown in the right side of the figure. In 

this model, the Pkey is added to the class 

as a feature of the class. This auxiliary 

model must be transformed to the 

relational model. So, we need two serial 

transformations for solving the 

UML2Relational example. First 

transformation is the  

 Intermediate transformation, and the 

second transformation is a sub 

transformation for converting the 

auxiliary model to the relational model. 

 Intermediate transformation shown 

in the above has syntactic complexity 

lower than other sub transformation. So its 

complexity is covered by another 

transformation. In fact, Auxiliary models 

pattern reduces the complexity from 

primary transformation complexity to the 

maximum of sub transformations 

complexities (Lano and Kolahdouz-

Rahimi, 2014).  

In our example, another sub 

transformation that is run after auxiliary 

transformation is shown in the following. 

This transformation, which is called 

Trans. #3, is the main section of 

transformation that operates on auxiliary 

model (similar to Fig. 8) and creates final 

relational target model.  

After applying the Auxiliary models 

pattern and creating the relational model, 

we can run evaluation phase of our 

method and check the effect of Auxiliary 

models on the quality of the 

transformation example. The result is 

shown in Table 2. According to Table 2, 

we can conclude that complexity in syntax 

is decreased after applying patterns 

suggested by our method (Phased 

construction and Auxiliary models) and 

our goal is achieved. Although, required 

memory may be increased rather than 

memory usage in execution of 

transformation before applying the 

Auxiliary models pattern. Whereas, 

patterns can conflict with each other, we 

must use compatible patterns and select 

them in order to satisfy our goals.  

Conclusion 

We presented a method for automatic 

pattern proposition in transformation life 

cycles. The patterns in this method are 

proposed in two steps. The first step is 

applied on transformation design model 

and during the design phase of 

transformation life cycle. Our method 

contains automatic transformation 

evaluation and the second group of 

proposed patterns is presented in this 

phase. As the case study, we tested our 

method with one example and two 

patterns. In this example we used transML 

and MeTAGeM life cycles. Our method 

is applicable on both life cycles and 

supplies facilities of the transformation patterns  

Fig. 8. Auxiliary models in 

UML2Relational example 

Trans. #3: 

rule class2table {  

from class_in : Class!Class to 

table_out : Relational!Table  

(name <- class_in.name )} 

rule att2col {  

from attribute_in : Class!Attribute 

to 

column_out : Relational!Column  

(name <- attribute_in.name, 

owner<-attribute_in.owner )} 
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Table 2. Result of evaluation for 

example of UML2Relational after 

applying two patterns (Phased 

construction and Auxiliary models) 

Trans. Syntactic 

complexity 

Multiple 

creation 

Max. 

expression 

complexity 

Exe. 

time 

(S) 

 

Memory 

(Kb) 

Trans. 

#3 

14 0 4 0.153 may 

increase 

 

usage in these two life cycles. The results 

of our examples show benefits of 

transformation pattern in the 

transformation life cycles. These 

advantages are: improving the quality and 

efficiency, simplifying the 

transformation, removing the 

redundancy and duplication evaluations, 

increasing the modularity and optimizing 

execution strategies.     

Our implementation is done in Epsilon 

and Java. The evaluation step of our 

method is implemented in the form of 

Java plug-in and is applicable for the 

evaluation of every transformation 

code based on recommended metrics. 

Our method can be automatic in the step 

of applying pattern. This might be done by 

several transformations that apply patterns 

on the transformation models. We are also 

planning the pattern proposition in 

evolutionary- incremental cycles. 

Checking the incompatibility of proposed 

patterns in our method is one of the other 

future works, too. 
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