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Abstract—With the growth of systems complexity the need for 

verifying the behavior of systems is increasing. UML per se 

provides no means to check model consistency. However, UML 

models can be checked if they are converted into their equivalent 

formal representation. In this paper, we propose an approach 

based on Model-to-Text transformation to perform a semi-

automatic mapping for verification of concurrent UML models 

using MERL language and MetaEdit+ tool. State machine is 

transformed into SMV model description and activity diagram is 

transformed into LTL formulas. Then, we use NuSMV model 

checker to verify the obtained formal specification. To evaluate 

the work, a case study of the ordering system is presented to 

illustrate our approach. A mapping method to check the 

consistency of state machines with related activity diagrams at 

early stages of system development is the main result of our 

work. 

Keywords— UML diagram; Model transformation; MetaEdit+; 
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I.  INTRODUCTION 

Model is a representation of a system that hides some 
detailed properties of the system while highlights those 
properties that are of interest to the user. Software modeling 
have been heavily used in development of complex systems. 
Since today’s software systems are becoming more and more 
complex, taking advantages of software models is inevitable. 
However one of the most challenging issues in software 
development is to ensure that different software models are 
consistent. 

The Unified Modeling Language (UML) [1] has become 
accepted as the de facto standard notation for modeling and 
design of object-oriented software. In addition to the diagrams 
that represent the static structure of a system, UML also defines 
diagrams to model the dynamic behavior of the system. 
However, UML per se, even the latest version 2.5, provides no 
means to check model consistency. But UML behavioral 

diagrams can be used to verify the system behavior. In 
particular, dynamic aspects of system behavior can be specified 
by state machine. Activity diagrams also give a view of the 
system that is associated with instances of classes. These types 
of diagrams represent complementary views of the system, 
while, at the same time, they hide redundant descriptions of the 
same aspects of the system. This gives us the opportunity for 
verification and validation techniques to ensure the consistency 
of the software system design. 

Model Checking [2] offers a large potential to obtain an 
early integration of verification in the design process. Model 
checking is a formal and automatic technique used to verify 
computational systems against the given properties to improve 
the quality of complex software systems. It is applicable for 
finite state systems and generally operate on system models 
rather than actual systems. The system itself is represented by a 
finite state model and its properties is represented by a set of 
temporal logic formulas. The verification method consists of 
deciding whether the finite state model satisfies the formulas or 
not. The properties can be formalized using some sort of 
temporal logic such as Computation Tree Logic (CTL) or 
Linear Temporal Logic (LTL) [2]. Model checkers are 
automatic tools that are able to examine system states to check 
whether they satisfy the desired properties or not. If a state 
violates the property under consideration, model checker 
provides a counterexample that shows a trace indicating the 
violation. 

Model-driven software engineering [3] is a software 
development methodology which relies on models to conduct 
the software development process automatically. This way, 
models are refined using a set of transformations until the final 
application is obtained. Model-to-Text (M2T) transformation is 
one of the vital steps in model-driven development (MDD), 
which makes it possible to generate an extensive amount of 
code from models [3]. This transformation aims to bridge the 



 
 

gap between informal and formal notations and allows a formal 
verification of concurrent UML models. 

This paper presents a method that is jointly related to both 
MDD and model checking. In short, the focus of this paper is 
the practical application of M2T transformations for 
automatically generating formal specifications from concurrent 
UML models. The generated formal specifications are used for 
consistency checking of UML models using model checking. 
To do the job, MERL language [4] and MetaEdit+1 tool [5] 
have been used. Unlike most of the related works, we consider 
two UML behavior models: state machine and activity 
diagrams. The aim is to check the consistency of state 
machines with related activity diagrams. In other words, we 
will check the system models in a way which ensure that the 
behaviors represented by activity diagrams conform to what 
has been specified in the related state machines. For this we 
define a set of transformation rules for generating the system 
specification from state machines using Symbolic Model 
Verifier (SMV) language [6] as well as the Linear temporal 
logic (LTL) formulas from activity diagrams. LTL and SMV 
are used as the underlying formalisms because we can leverage 
the existing powerful tools, such as NuSMV model checker 
[7]. Using NuSMV, the consistency of activity diagrams 
specified by LTL formula with the specification provided by 
state machine diagrams in form of SMV description can be 
checked. This consistency verification of activity diagrams 
against state machine diagrams is the main contribution of this 
paper. 

The rest of this paper is organized as follows. In Section II, 
an overview of the related work is presented. Section III shows 
details of the proposed approach. Section IV describes a case 
study and shows the preliminary results. Finally the conclusion 
is presented in Section V. 

II. RELATED WORK 

This section presents a review on the research literatures 
related to this work. Lilius and Paltor [8] translated state 
machines into PROMELA, the input language of SPIN model 
checker. It supports checking of deadlock, livelock, and 
reachability properties. Beato et al. [9] translates UML state 
machines into the input language of SMV model checker. Lam 
[10] formally analyzed activity diagrams to determine its 
correctness by using NuSMV model checker. The objective 
was determining the correctness of activity diagrams. Shen et 
al. [11] presented a toolset which is based on the SMV model 
checker. It is capable of checking properties of Abstract State 
Machines. Eshuis [12] assess  the activity diagrams from the 
point of requirements and implementation level using two 
translations from activity diagrams to the input language of 
NuSMV. Liu et al. [13] presented a self-contained toolkit, 
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which provides editing, interactive simulation as well as 
powerful model checking support for UML state machines. 
Dubrovin and Junttila [14] analyzed hierarchical UML state 
machines by symbolic model checking techniques, such as 
BBD-base model checking and SAT-based bounded model 
checking. Most of the above works deal with a specific type of 
UML diagram and appropriate logic formulas. However in all 
of the works the logic formulas used to specify the UML 
properties are made manually. We consider this issue here to 
semi-automatically generate the UML properties.  

Fernandes and Song [15] discussed verification of three 
UML models, activity, state and use case diagrams through a 
translation of this diagrams into formal models to be verified 
by a symbolic model checker. Dos Santos et al. [16] presented 
an approach to transform up to three different UML behavioral 
diagrams (sequence, state machines and activity) into a system 
to support model checking by the NuSMV model checker. 
However these two works also need a set of predefined CTL or 
LTL formulas for checking the diagrams. 

Based on the existing formal verification techniques, 
Muram et al. [17] focus on activity diagrams and propose 
containment checking as a tool to assess whether the system’s 
behaviors described by the low-level models satisfy what has 
been specified in the high-level counterparts or not. This work 
addresses the “vertical consistency” because it requires 
consistency between high-level and low-level activity 
diagrams. In contrast to this work, our approach checks 
consistency between state machines and activity diagrams and 
address the “horizontal consistency”.  

Finally, there are several other approaches that verify 
consistency of UML sequence or collaboration diagrams 
against state machines or class diagrams. For example, Schafer 
et al. [18] applied consistency checking between state 
machines and collaborations to automatically verify whether 
the interactions expressed by a collaboration can be 
accomplished by a set of state machines. Tsiolakis and Ehrig 
[19] used attributed graphs and graphical constraints to check 
the consistency of UML class and sequence diagrams. 
Simmonds et al. [20] checked the consistency of state machines 
and sequence diagrams using a description logic based 
approach. In contrast to their work, we introduce a particular 
approach for verifying consistency between state machines and 
activity diagrams. 

III. THE PROPOSED APPROACH 

A prerequisite for model checking is a property to be 
checked and a model of the system under consideration. We 
propose a semi-automatic approach that formally transforms 
UML activity diagrams and state machines into their equivalent 
LTL and SMV specifications respectively using two 
transformations that implemented in the MetaEdit+ tool by 
MERL languages. Our formal description is validated using 



 
 

NuSMV model checker. NuSMV was chosen because it is 
open source and it has a widespread use in academia. The 
outline of the proposed approach is presented in Fig. 1. The 
main purpose of the work has been shown by the red box. 

It is noteworthy that transformations that are shown as 
represented as solid arrows in Fig. 1 are those that are 
performed automatically. The first translation will be used to 
transform UML state machine into formal specifications and 
the second translation to generate the basic LTL formula from 
UML activity diagrams. Afterward, partitions are characterized 
for each activity diagram according to the state machine. Each 
partition is groups of actions that relate to one state that exist in 
state machines. Eventually, by using this partitions, basic LTL 
formulas can be translated to final LTL formulas. Both 
transformations have been implemented in MetaEdit+ tool. 
MetaEdit+ offers a domain-specific modeling environment to 
define dedicated modeling languages and code generators. 
MERL is used to define generators. Finally, we apply model 
checking for the generated specification using NuSMV model 
checker to realize about inconsistency in the behavioral 
description of the system represented by the UML diagrams. In 
the following, we describe the process of formalizing the 
model in detail. 

 

A. Generation of SMV Specification from State Machine 

To generate SMV specification from UML state machine it 
is needed to define a set of transformation patterns. For this 
purpose, approach of Fernandes and Song [15] for simple state 
machines, extended by inclusion of complex states, and 
transformation code to automatically formalize fundamental 
elements of state machines according to SMV notations 
implemented by MERL language. 

In the transformation, the simple states of state machine are 
grouped into ENUMERATION and complex states are 
modeled by SUB MODULE. Each event or action is 
transformed to a BOOLEAN variable which is initialized with 
false value. To transform a state transition, we define a CASE 
STATEMENT. 

To illustrate the proposed transformation, a simple state 
machine shown in Fig. 2 and Fig. 3 shows the SMV 
specification code that is automatically generated for this case. 

 

 

 

 

 

 

 

 

 

Fig.  1. Overview of the approach 

Fig.  2. A simple state machine 

Fig. 3. SMV specification of Fig. 2 



 
 

B. Generation of LTL formula from Activity diagram 

The second part of our approach transform UML activity 
diagrams into appropriate LTL formula. LTL is an expressive 
formalism that is widely used in formal verification tools.  

In TABLE I, we consider a fundamental elements of 
activity diagram, and present corresponding transformation 
rule by MERL to automatically generate formal description 
according to the corresponding LTL-based primitive patterns 
[17]. Using these transformation rules, we automatically 
translate elements of activity diagram into corresponding LTL 
formulas. These formulas are not appropriate to check against 
formal SMV specifications of state machines because they 
have been created based on available actions of activity 
diagrams. We call these formulas as the basic LTL formulas. 

In order to create the appropriate LTL formulas, it requires 
a designer defined mapping between actions and states. This 
mapping, which is called partitioning, determines the state 
equivalent to each action. 

TABLE I.   REPRESENTATION OF UML ACTIVITY 

DIAGRAM’S ELEMENTS USING MERL LANGUAGE 

By using this partitioning, actions in basic LTL formulas can 
be manually translated to equivalent states and create 
appropriate LTL formulas for checking the state machines. 
These LTL formulas are called final LTL formulas. Example of 
this generation will be provided in the next section. 

IV. CASE STUDY 

This section presents a case study to illustrate the feasibility 
of the proposed approach. We have carried out consistency 
checking between state machine and activity diagram of an 
ordering system as case study. An ordering system is a 
computer software system used in a number of industries for 
order entry and processing. In our experiment the sample state 
machine shown in Fig. 4 has been considered.  This state 
machine has a semantic design error which could lead to loop 
(red arrow in Fig. 4). The generated SMV code is shown in 
Fig. 5 for this case study. 

The next task is to generate LTL formula from activity 
diagram. Fig. 6 shows an activity diagram of ordering system. 
We will verify whether the flow of control between actions that 
expressed by this activity diagram can indeed be realized by 
state machine viewed in Fig. 4 or not. Hence we need to pass 
two steps. First, activity diagram to LTL specification 
transformation was executed in order to generate basic LTL 
formulas. Second, the partitions has been considered in order to 
translate basic LTL formulas to final LTL formulas, as input 
for NuSMV model checker. By applying the first step for 
activity diagram shown in Fig. 6, LTL formulas generated as 
shown in Fig. 7. After its creation, the basic LTL formulas can 
be used to generate final LTL formulas according to the 
partitioning shown in Fig. 8. To refine basic LTL formula, 
replace each action’s name to equivalent state’s name. Fig. 9 
shows final LTL formula for this activity diagram. 

Now, the NuSMV model checker is used to perform 
consistency checking based on the generated SMV code 
illustrated in Fig. 5 and the LTL formulas presented in Fig. 9. If 
the checking of the NuSMV description doesn’t produce any 
unsatisfied properties and the NuSMV model checker returns 
true for all LTL formulas, the models will be consistent. After 
applying model checking for formula 5 and 6, the results 
indicate that the first property is satisfied. However, the second 
property violates and generates a counterexample, so these two 
models are inconsistence. When analyzing the counterexample, 
the cause of the inconsistency (existence of the loop in this 
case) can be found. 

V. CONCLUSION 

Despite all the benefits of model checking, it has not seen 
widespread adaptions as a routine part of systems development. 
So, this paper presented an approach to facilitate and thus 
increasing the usage of model checking in earlier stages of 
software development. 
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Fig. 4. State machine for the ordering system 

Fig. 5. SMV code for the state machine showing in Fig. 4 

Fig. 6. Activity diagram for the ordering system 

Fig. 7. The generated basic LTL formulas for the activity diagram shown in 

Fig. 6 

Fig. 8. Partitioning for the activity diagram shown in Fig. 6 to represent 

equivalent states 



 
 

 

 

We presented an approach that semi-automatically 
generates formal specifications from state machine and activity 
diagrams to support consistency checking. Since most of the 
automated development methods need to use system behavioral 
models, such as state machine and activity diagrams, so we 
believe that there is a great potential to be used in real software 
systems development. In general, our work includes the 
following results: 

 Checking the consistency of the given state machine 
and activity diagrams. 

 Presenting a mapping method to check control flow of 
activity diagram over formal description of state 
machine. 

 Verification of system designs at early stages that will 
reduce the development cost and improving quality of 
complex system. 

 Using formal specifications without the need to learn 
fundamental concepts of writing SMV specification 
and LTL formula. 

As future work, we are going to develop a comprehensive 
tool to support all stages automatically and visualize the 
analysis results. Additionally, we can also adapt and apply this 
approach for other UML behavioral diagrams. 

REFERENCES 

[1] “OMG Unified Modeling Language, Version 2.5,” Object 
Management Group (OMG), 2015. [Online]. Available: 

http://www.omg.org/spec/UML/2.5. 

[2] D. A. P. Edmund M. Clarke Jr., Orna Grumberg, Model checking. 
MIT Press, 2000. 

[3] M. Brambilla, J. Cabot, and M. Wimmer, Model-Driven Software 
Engineering in Practice. Morgan & Claypool, 2012. 

[4] C. S. Kaist, “The Merl – Language,” 2003. [Online]. Available: 

https://www.metacase.com/support/45/manuals/mwb/Mw-5_3.html. 

[5] Metacase Company, “EAST-ADL Tutorial,” 2015. [Online]. 

Available: https://www.metacase.com/support/45/manuals/. 

[6] A. Cimatti, E. M. Clark, F. Giunchiglia, and M. Roveri, “NUSMV: 

A New Symoblic Model Verifier,” in 11th Int’1 Conf. on Computer 
Aided Verification (CAV), 1999, pp. 495–499. 

[7] F. B. KESSLER, “NuSMV Home Page,” 2011. [Online]. Available: 
http://nusmv.fbk.eu/. 

[8] J. Lilius and I. P. Paltor, “vUML: A tool for verifying UML 

models,” in 14th IEEE International Conference on Automated 
Software Engineering, 1999, pp. 255–258. 

[9] M. E. Beato, M. Barrio-Solórzano, C. E. Cuesta, and P. de la 
Fuente, “UML Automatic Verification Tool with Formal Methods,” 
in Workshop on Visual Languages and Formal Methods, 2005, vol. 

127, no. 4, pp. 3–16. 

[10] V. S. W. Lam, “A Formalism for Reasoning About UML Activity 

Diagrams,” Nord. J. Comput., vol. 14, no. 1, pp. 43–64, 2007. 

[11] W. Shen, K. Compton, and J. Huggins, “A Toolset for Supporting 
UML Static and Dynamic Model Checking,” in COMPSAC, 2002, 

pp. 1–6. 

[12] R. Eshuis, “Symbolic model checking of UML activity diagrams,” 

ACM Trans. Softw. Eng. Methodol., vol. 15, no. 1, pp. 1–38, 2006. 

[13] S. Liu, Y. Liu, J. Sun, M. Zheng, B. Wadhwa, and J. S. Dong, 
“USMMC : A Self-Contained Model Checker for UML State 

Machines,” in 9th Joint Meeting on Foundations of Software 

Engineering, 2013, pp. 623–626. 

[14] J. Dubrovin and T. Junttila, “Symbolic model checking of 
hierarchical UML state machines,” in 8th International Conference 

on Application of Concurrency to System Design, 2008, pp. 108 – 

117. 

[15] F. Fernandes and M. Song, “UML-Checker: An Approach for 
Verifying UML Behavioral Diagrams,” J. Softw., vol. 9, no. 5, pp. 

1229–1236, May 2014. 

[16] L. B. R. dos Santos, V. A. de Santiago Junior, and L. N. 

Vijaykumar, “Transformation of UML Behavioral Diagrams to 
Support Software Model Checking,” Electron. Proc. Theor. 

Comput. Sci., vol. 147, pp. 133–142, Apr. 2014. 

[17] F. U. Muram, H. Tran, and U. Zdun, “Automated Mapping of UML 

Activity Diagrams to Formal Specifications for Supporting 
Containment Checking,” in FESCA, 2014, pp. 1–15. 

[18] T. Schafer, A. Knapp, and S. Merz, “Model Checking UML State 
Machines and Collaborations,” vol. 47, pp. 1–13, 2001. 

[19] A. Tsiolakis and H. Ehrig, “Consistency Analysis of UML Class 

and Sequence Diagrams using Attributed Graph Grammars,” in 
Workshop on Graph Transformation Systems (GRATRA), 2000, pp. 

77–86. 

[20] J. Simmonds, R. Van Der Straeten, V. Jonckers, and T. Mens, 

“Maintaining Consistency between UML Models Using Description 
Logic,” in 6th international conference on The Unified Modeling 

Language, Modeling Languages and Applications, 2004, pp. 0–13.  

 

 

Fig. 9. Final LTL formulas for the activity diagram shown in Fig. 6 


