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 
Abstract—This paper proposes a method to automatic 

transformation of CIM level to PIM level respecting the MDA 
approach. Our proposal is based on creating a good CIM level 
through well-defined rules allowing as achieving rich models that 
contain relevant information to facilitate the task of the 
transformation to the PIM level. We define, thereafter, an appropriate 
PIM level through various UML diagram. Next, we propose set rules 
to move from CIM to PIM. Our method follows the MDA approach 
by considering the business dimension in the CIM level through the 
use BPMN, standard modeling business of OMG, and the use of 
UML in PIM advocated by MDA in this level. 
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I. INTRODUCTION 

DE (Model Driven Engineering) [4] is an alternative 
approach which aims at the development of information 

systems, based on the creation of source models and 
transforming them to multiple levels of abstraction until we 
automatically get a code. Its objective is to automate the 
process of software development that the specialists follow 
manually. MDE is a general approach that can be seen as a 
family of approaches, where MDA (Model Driven 
Architecture) [1] supported by OMG, is presented as the most 
interesting and the most common variant. MDA has the same 
principle as MDE, but it provides its own characteristics 
defined in three levels of abstraction, defines some 
requirements to be respected, and also recommends the use of 
some standards.  

The first level of MDA is the CIM (Computation 
Independent Model) presented as models used by business 
managers and business analysts to describe the business 
process. The second level is the PIM (Platform Independent 
Model) which allows defining the models used by analysts and 
the software designers to realize an independent analysis and a 
conception of the developed software. The third level is the 
PSM (Platform Specific Model) which is considered as 
models of code used by software developers. These models 
are believed to contain all the information needed to operating 
an execution platform and used by software developers. The 
code is not a model of MDA, but it is the final result of the 
MDA process. 
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Transformations between the different levels of MDA begin 
with the transformations from CIM to PIM that aim to 
partially build, PIM models from CIM models. The goal is to 
rewrite the information existed in the CIM models into PIM 
models. These transformations are going to ensure that 
business information is conveyed and respected throughout the 
MDA process. Then, the transformation of PIM models to 
PSM models adds PIM technical information related to a 
target platform.  

In practice, the automatic transformation starts from the 
second PIM level. However, our ultimate goal is to make the 
CIM level a productive one, and also a basis for building PIM 
level through an automatic processing so that the business 
models would not only be documents of communication 
between business experts and the software designers. 

In this paper, we propose a solution to induce the 
automation of the transformation of CIM level to the PIM 
level by studying how to use the BPMN, standard of business 
modeling, effectively so as to achieve focused CIM models to 
simplify the transformation to PIM. Then, we define a set of 
rules to automate the transformation to a PIM level. 

Our approach uses the BPMN [3] collaboration diagram and 
process diagram which represent standard business model to 
present the CIM level. Then the rich business models which 
contain concentrated information help us to achieve UML [2] 
models of PIM level. The first model of the PIM level is the 
use case diagram that defines the functionality of the 
information system, however, the model class diagram models 
the system classes and their relationships independently of a 
particular programming language.  

The rest of this paper is organized as follows. Section II 
analyzes the related work of the CIM transformation to PIM. 
Section III presents our approach and describes the rules for 
constructing models of CIM level and the rules for 
transformation from the CIM level to the PIM level. In Section 
IV we illustrate our proposal in a case study showing the 
construction of the CIM level and the transformation to the 
PIM level. Finally, in Section V, we conclude by determining 
the outcome of our work and describing future works.  

II. RELATED WORK 

In this section, we are also going to shed light on the related 
work concerning the passage of the CIM level to the PIM level 
in MDA drawing in part the advantages and disadvantages of 
each approach. 

The oriented service transformation from CIM to PIM was 
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proposed by Castro et al. [6]. The authors present the CIM 
level using BPMN for modeling business process and the 
value model [5] so as to identify services from the beginning 
in the business perspective. Through the ATL language, the 
authors move towards a PIM level presented by two 
extensions of use case model and two extensions of the 
activity diagram. Although this method has the advantage of 
identifying services and the specification of a business process 
at the CIM level in order to guide the transformation to PIM in 
a semi-automatically manner with well-defined rules, but the 
authors are only limited on the use case diagram and the 
activity diagram in the PIM level and do not present the 
structural view (generally through the class diagram) that 
defines the ultimate objective of this level. Also, the use of 
activity diagram in the PIM level is causing great 
inconvenience since this diagram is among the standards for 
modeling business processes. 

A transformation approach from CIM to PIM based on 
security requirements from the beginning in the business 
perspective is presented by Rodríguez et al. [7]. The authors 
use the BPMN notation for modeling business processes 
secure of the CIM level, then, they determine the 
transformations in QVT [12] in order to obtain class diagrams 
and use case. This method manifests a reference in the 
transformation of CIM to PIM security oriented. However, 
this proposal focuses only on secure information systems. 

Hahn et al. [9] focus on engineering services driven by 
models. The authors present the CIM level with BPMN 
notation and establish the ATL language to achieve a 
transformation to the PIM level represented in this approach 
by using SoaML models [15]. The authors use SoaML, the 
new OMG standard for modeling services, but this approach 
does not have the ultimate goal of PIM level which is reflected 
in one or more structural diagrams. 

Zhang et al. [10] describe an approach in which the CIM 
and PIM are respectively represented by features and 
components. Responsibilities in this demarche are considered 
as connectors between features and components to simplify 
the task of transformation CIM to PIM. Grammel and 
Kastenholz [11] rely on a DSL connection, which focuses on 
the management of traceability in general. Both approaches 
offer solutions to transform CIM to PIM, while they do not 
specify models used in CIM level and PIM level. 

An approach, respecting MDA, aims at transforming the 
diagram use case to the activity diagram is proposed by 
Gutiérrez et al. [13]. The authors use QVT to transform 
existing use cases to the activity diagram. While this approach 
makes a CIM to PIM transformation through clear rules, but 
the authors define in the CIM level functional requirements 
represented by the use case. 

Mazon et al. [14] propose an objective-oriented approach by 
defining a UML profile to present the CIM level, based on the 
i* modeling framework. The authors use QVT to move 
towards the PIM that focuses on conceptual modeling of data 
warehouse. However, this approach only tackles the 
transformation in the field of data warehousing. 

Kherraf et al. [8] propose a disciplined approach to 

transform the CIM to PIM using the business process model 
and use case diagram as an initial step in the modeling of 
business processes and a detailed activity diagram which 
defines the requirements system represents the last step in the 
CIM level. The elements of the requirements model are 
transformed as components of the system. These are presented 
in the component diagram as a first step in the PIM level. 
Finally, a set of business archetypes helps to transform the 
system components to obtain the class diagram. This approach 
offers interesting ideas on transforming the CIM to PIM. 
However, this approach uses diagram use case that represents 
the system functionalities in the CIM level. 

Kardos et al. [16] present an analytical method for the 
transformation of CIM to PIM in MDA. The authors define 
the CIM level through the data flow diagram, then use the use 
case diagram to initiate the information system view. This 
approach also defines a model of activity diagram as well as a 
model of sequence diagram and finally a model class diagram. 
The advantage of this method is the use of various UML 
diagrams that present different views of the information 
system in PIM level, but this method does not present a real 
business view since it uses DFD, and does not clearly define 
rules for transforming the CIM to PIM. 

After this overview on related work concerning the passage 
of the CIM level to the PIM level, we can classify the work 
into five categories. Research works that use requirements 
models (such as the use case diagram) in the CIM level, to 
facilitate the transformation to PIM [13], [8]. Then, other 
research works [6], [9] even if they define the business 
processes in CIM level, do not represent the structural view 
(usually through the class diagram) in the PIM level. Then 
there are researches that are moving towards transformation in 
a particular field [7], [14]. There are also methods such as [16] 
which represent the structural view in the PIM level and do 
not oriented to a particular area, but the authors do not specify 
transformation rules. Finally, there are methods [10], [11] that 
just define the transformation rules and do not have the 
models used in the CIM and PIM level. 

So we can say that the main contributions of our study 
compared with others: a business process model is used in 
CIM level, then, we define the structural view in PIM level, 
next we propose an approach of generic transformation that is 
not directed to a particular field and has clear rules to achieve 
the maximum possible automatic transformation from CIM to 
PIM. 

III. PROPOSED METHOD OF TRANSFORMATION FROM CIM TO 

PIM  

A business model is the abstraction of how the business is 
working. According to our modeling purposes we can, more or 
less, make different models to describe the same reality. Also, 
we can model so as to master business process, enhance the 
process of communication with customers or partners, or to 
make an information system. In this paper, our goal is to 
design a business process models as a first step in the process 
of developing an information system. In this case, we are 
faced with two possibilities: make business models in the form 
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of documents to be transformed manually via analysts and 
software designers, or made business models to be 
transformed in an automatic way. Given that we are relying 
with the MDA approach, the second choice was considered in 
our approach in order to design effective business models that 
contain useful information to facilitate the transformation to a 
low level of abstraction. 

Our proposal considers the business dimension in the CIM 
presentation level through the use of real high-level business 
models to preserve the business knowledge during the 
transformation to the PIM level in order to achieve a quality 
information system. 

In this approach, we use the BPMN collaboration diagram 
and process diagram, standard modeling business processes, in 
order to take advantage of each diagram to achieve a rich and 
concentrated CIM level, which simplifies our transformation 
to the PIM level. 

MDA recommends the use of UML in the PIM level, we 
present this level with model use case diagram which shows 
the functional point of view and model class diagram who 
describes the static view of the information system.  

The models of the PIM level are obtained through an 
automatic transformation of CIM level, via well-defined and 
concentrated transformation rules. 

Below, we present the rules of construction of CIM level 
and the rules of transformation to the PIM level.  

A. Rules of Construction CIM Level 

1. The Rules for Constructing the Model of Collaboration 
Diagram BPMN: 

 Define means and not complex sub-processes, i.e., must 
not contain other sub-processes. In fact, each sub-process 
must be comprised of about 4 to 12 tasks. 

 If a sub-process consists of less than 4 tasks, or represents 
a complementary operation to another sub-process, we 
merge two sub-processes into one. 

 Avoid the maximum possible, the representation of tasks 
and present only manual tasks. 

 The model does not describe all possible cases and paths, 
but it just presents a description of the sequence of 
activities of the most common business processes. 

 Focus on sub-processes and their sequences. 
 Identify the maximum possible of the actors who interact 

and who collaborate in the achievement of business 
processes since we are talking about an enterprise process. 

 Avoid in this level, the maximum possible, representation 
of the gateways. 

2. The Rules for Construction the Model of Process 
Diagram BPMN: 

 Detail individually each sub-process in a model as several 
tasks. 

 Do not represent the manual tasks of model collaboration 
diagram. 

 Represent the gateways in this model. 
 Enrich this model with the most exceptional ways. 

 Add a data object at the output of each task. 

B. Transformation Rules from CIM to PIM 

3. The Rules of Passage from the CIM Level Models to 
Model of Use Case Diagram: 

 Every task of the model process diagram that corresponds 
to a functionality of the system is transformed to use case. 

 The collaborator, who realizes the sub-processes of the 
model of collaboration diagram BPMN, becomes an actor 
use cases that correspond to the tasks of this sub-process. 

 If there is "exclusive gateway" between two tasks, the 
corresponding use cases connect by a relationship 
"extend". 

 If there was just a sequence flow between two tasks, the 
corresponding use cases connect by a relationship 
"include". 

 Do not transform the sequence flow returning back. 
 Each sub-process of collaboration diagram model is 

transformed to a package which includes the use cases 
corresponding to the tasks of this sub-process. 

4. The Rules of Passage from the Model of Process 
Diagram to Model of Class Diagram: 

 Transform data objects of model process diagram as 
classes. 

 If several data objects that have the same name, they are 
transformed to one class. 

IV. CASE STUDY 

In this section, we present a case study for sales through e-
commerce to illustrate our approach of transforming the CIM 
level to the PIM level. 

A customer can browse the catalog of products available, he 
can also see detailed information about each item, then he 
decides to put a quantity of product in the cart or not. Each 
time the customer has the right to change the amount or 
eliminate completely the article from the cart. Once products 
that satisfied the needs of the customer are clearly defined, the 
latter starts the command, then, he represents the payment 
information, and precise details of delivery. 

An order agent begins treating the order, declaring the 
reservation of products specified by the customer. Then, the 
assembly worker collects reserved items, manually, from 
stock. 

The assembly team leader checks quantity and quality of 
each product. Then the delivery agent carries the confirmed 
order, so that the customer gets his ordered products. 

A.  Presentation of the CIM Level 

Fig. 1 shows the model of the business process represented 
by the collaboration diagram of BPMN. In this model we just 
specified sub-processes and their sequence by avoiding the 
identification of tasks and gateways to present a business 
process in general. However, we have presented the maximum 
of collaborators to define a true business process, in which 
there is collaboration between several business actors, e.g. 
instead of putting a single lane "delivery service", we 
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identified the lanes: "assembly worker", "assembly team 
leader" and "delivery agent". This fractionation also facilitates 
the task of transformation to the PIM level. So when moving 
to the model diagram use case, collaborators will be 
transformed to actors. However, we presented mediums sub-
processes. So the customer would normally perform the 
activity "select products", then "start order" and later the 
activity "present information", but since "start order" cannot 
contain more than three tasks, we 'have merged with "select 
products" as a single sub-process called "choose products for 
order". Finally, we specified all manual tasks. We can make 
several refinements on an initial model to achieve a model that 
respects our rules. 

 

 

Fig. 1 Collaboration diagram model of “sales through e-commerce” 
 

 

Fig. 2 Process diagram model of “select products for order” 
 
 

Fig. 2 shows the second model in CIM level as a model of 
process diagram. Through this model we individually detail 
each sub-process, of the previous model, as several tasks. 
However, in this model the sub-processes "select product for 
order" is analyzed. Also, we have identified all possible paths. 
Then we presented a data object in the output of each action. 

B. Presentation of the PIM Level 

Fig. 3 presents a model of diagram use case. This model is 
transformed from the business models of CIM level. However, 
in this model the sub-process “select product for order” model 
of collaboration diagram of BPMN transforms to a package. 
Then the collaborator “customer” who performs the sub-
processes becomes actor. Then the tasks that detail the sub-
processes in the model of the process diagram are transformed 
to use cases. Exclusive gateways that lie between two tasks 
become relationship “extend”. For example, in this model 
there is an Exclusive gateway between the two actions 
“designate product” and “put in cart quantity product”, so the 
two use cases corresponding connect via an “extend” 
relationship. Sequence flow that lie between two actions 
become relationship “include”. Thus, in this model there are 
sequence flow between the two actions "present catalog" and 
"designate product," so the two use cases corresponding 
connect via an "include" relationship. However, it is not 
present in this model the sequence flow which returns 
backward. For example, the relationship between the task “put 
in cart product quantity” and “present catalog” is not specified 
in this model, so as not to complicate the model, and since the 
diagram use case focuses only on the identification of features. 

 

 

Fig. 3 Use case diagram Model of “choose products for order” 
 

Fig. 4 shows the final objective of the PIM level is the 
construction of a model of class diagram. This model is 
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transformed from the model of the process diagram. In this 
model the classes are transformed from data objects. Then the 
several data objects that have the same name, they are 
transformed to one class. So the object node “quantity 
product” transforms to class “quantity product”. 

 

 

Fig. 4 Class diagram Model of “choose products for order” 

V. CONCLUSION AND FUTURE WORK 

One of the major challenges in the software development 
process is the definition of an approach that allows moving 
from models that describe the operation of the business to 
models which present the analysis and design of software. 

Based on MDA, our approach provides an efficient solution 
to the problem of transformation of business models 
represented in CIM level to analysis and design models, 
modeled in PIM level. This approach results a set of useful 
classes in the process of software development. 

The ongoing work intended to improve the rules of 
construction of the CIM level and the rules of transformation 
to the PIM, In order to implement these transformations to a 
tool via the QVT language. In addition, in our future work, we 
plan to transform the models obtained in the PIM level to 
models of PSM level, since our ultimate goal is to provide the 
source code from the business models through automatic 
transformations. 
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