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Abstract 
 

We present, in this paper, a framework supporting 
a formal verification of UML diagrams using the 
Maude language. The approach considers both static 
and dynamic features of object-oriented systems. We 
focus, in particular, on UML class, state and 
communication diagrams. The formal and object-
oriented language Maude, based on rewriting logic, 
supports formal specification and programming of 
concurrent systems, as well as model checking. The 
major motivations of this work are: (1) bind together 
the UML notation and the Maude language (2) 
preserve the coherence in object-oriented systems 
description, (3) use model checking techniques to 
support formally their verification process. The 
generated Maude specifications, from the considered 
UML diagrams, are validated by simulation and model 
checking. The approach is illustrated using a concrete 
case study.  
 
 
1. Introduction  
 

UML (Unified Modeling Language) is a language 
for specifying, visualizing and constructing the 
artifacts of software systems [18]. Nowadays, it is 
considered as the standard for object-oriented 
modeling. UML allows modeling various aspects of 
complex systems. However, UML models can present 
some ambiguities and inconsistencies as stated in many 
papers [31, 33, 11]. UML allows, in fact, only a semi 
formal specification of object-oriented systems. It 
suffers from a lack of formal semantics [4, 30, 33]. 
This weakness can lead to inconsistencies within the 
developed models. Using formal methods, particularly 
in the development of complex systems, presents 
notable advantages [19, 11, 33, 24, 5], like a simpler 
design without ambiguities, as well as a more complete 
documentation [5, 33].  

In this paper, we present a formal framework 
supporting: (1) the automatic translation of UML 

diagrams into a formal specification based on the 
Maude language and (2) the verification of some LTL 
properties using Maude’s integrated model checker. 
We consider both static and dynamic features of 
object-oriented systems. We focus, in particular, on 
UML class, state and communication diagrams jointly. 
The approach is organized in four major steps. The 
first step consists of describing both static and dynamic 
features of an object-oriented system using UML class 
(static structure), state (individual behavior) and 
communication diagrams (collective behavior in terms 
of dynamic interactions). The second step corresponds 
to an inter-diagrams validation process. Since all 
model elements used in our approach can be captured 
in Maude, we can, in the third step, generate 
automatically a Maude description from the considered 
UML diagrams. The fourth step consists of verifying 
some LTL properties using Maude’s model checker 
[13, 24, 10]. We focus, in this paper, on the verification 
process of UML diagrams using Maude’s model 
checking techniques. The translation process has been 
addressed in a previous paper [26].  

The remainder of the paper is organized as follows:  
Section 2 gives a brief overview of related work. 
Section 3 gives an overview of rewriting logic and 
Maude. We present, in Section 4, the main phases of 
the translation process we propose. Section 5 illustrates 
the translation process using a case study. Section 6 
presents how Maude’s model checker can be used to 
verify some LTL properties on the specifications we 
developed. Finally, we give a conclusion and some 
future work directions in Section 7. 
 
2. Related Work  
 

Funes et al. [16] have formalized UML class 
diagram using the formal specification language RSL 
(RAISE Specification Language). Using the same 
language, Naixiao et al. [27] presented formalization 
for state diagrams. Furthermore, Favre [14] has 
proposed a translation process for class diagrams and 
packages in the NEREUS language, based on the MDA 
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(Model Driven Architecture) methodology. The 
NEREUS specification obtained is then transformed 
into an object-oriented code (Eiffel language). Joao et 
al. [2] proposed a generation process to obtain Object-
Z specifications from UML communication diagrams. 
In the same context, other UML diagrams have been 
considered [12, 20]. On the other hand, Paige and 
Brooke presented in [28, 29] a pragmatic approach 
integrating the object-oriented methodology BON (an 
alternative to UML) and the Object-Z language. The 
majority of these papers have focused on translating to 
a formal specification only one feature of object-
oriented systems, whether static or dynamic.  

In the same context, other approaches have used 
jointly class diagrams to describe static aspects of 
object-oriented systems and state diagrams to describe 
their dynamic aspects (individual behavior of objects). 
We can cite, among others, the U2B tool [33]. U2B is a 
script file for Rational Rose allowing the conversion of 
UML model to the B language. However, the collective 
behavior of objects is not considered. Furthermore, H. 
Ledang et al. have developed the ArgoUML+B tool 
[3]. Of course, those proposals have considerably 
forwarded the domain by integrating static and 
dynamic features of object-oriented systems and their 
translation into formal specifications. However, the 
dynamic features considered in those papers are only 
related to the individual behavior of objects. The 
collaborative behavior is not addressed.  

Model checking issues are nowadays a very active 
research domain. SPIN is one of the most renowned 
model checkers available. It has been used in several 
works. In [32, 25], SPIN has been used to model check 
state machines and collaborations together. The authors 
created a tool called HUGO which compares the state 
charts descriptions defined in PROMELA to textual 
representations of collaborations. HUGO then uses 
SPIN to complete its verifications. In [6], the authors 
present a tool, called NEPTUNE, which contains a 
module, called Checker, supporting the verification of 
UML models including some properties expressed 
using the OCL language. Furthermore, the tool BON-
CASE [29] contains a reasoning engine which allows 
the verification of different properties, which is 
comparable to NEPTUNE. In [7, 8], the authors used 
the RSML language (which is an alternative to UML to 
represent state charts) to formalize the TCAS II 
program (avionics anti collision software). They then 
use the SMV model checker to verify that their system 
accomplishes its tasks correctly. They also present a 
number of ways to reduce the state space explosion 
problem to acceptable levels. 

In [15], the authors propose an approach that 
formalizes the static semantics of UML state charts.  
Furthermore, they verified the mutual orthogonality 

propriety between a set of source states (respectively of 
target states) of a complex transition.  The same 
authors, in [1], formalized UML class diagrams using 
an algebraic specification theory.  In those two papers, 
the authors used the Maude language.  By using the 
Object-Z language, the authors of [17] demonstrated 
how an approach of meta-modeling can be extended to 
define consistency integrity constraints for UML state 
machines. However, those papers take into 
consideration only one model, whether static as in [1], 
or dynamic as in [15, 17].  Also, the authors do not 
take into account the concurrent aspects of OOS, and 
model checking is not addressed in those papers. 

We present, in this paper, a more global approach 
allowing the generation of a Maude formal 
specification integrating both static and dynamic 
(individual and collective) features of object-oriented 
systems. We use UML class diagrams to represent 
static features of an object-oriented system, and state 
and communication diagrams (respectively individual 
and collective behavior) to represent its dynamic 
features. The novelty of the approach lies in the fact 
that it considers both the individual and collective 
behavior of objects through state-transition diagrams 
and a communication diagram. The formal and object-
oriented language Maude, based on rewriting logic, 
supports formal specification and programming of 
concurrent systems [23, 9, 21, 13, 24, 22, 10]. It also 
offers a Model Checking environment. Aside from the 
semantics of concurrency (intra and inter-objects) that 
it offers, Maude is a multi paradigm language [10, 24]. 
Furthermore, the Maude language is supported by a 
tool, which allows validating the generated formal 
descriptions through simulations. Maude integrates a 
model checker supporting the verification of Linear 
Temporal Logic (LTL) properties [13, 24, 10]. The 
Maude environment is still not very used. We wished 
to explore its possibilities in both formal specification 
and model checking aspects of UML diagrams. 
 
3. Rewriting Logic and Maude  
 

Rewriting logic, on which Maude is based, was 
introduced by Meseguer [23]. It allows the description 
of concurrent systems [24, 9, 21, 13, 10, 22]. This type 
of logic unifies all formal models of concurrency [22]. 
The rewriting rules are of the form R :  [t] -> [t’] if C, 
which indicates that, according to rule R, term t 
becomes t’ if a certain condition C is verified. The C 
condition is also optional. 

 
4. Translation Process 
 

The adopted translation process consists of 
systematically deriving a Maude formal specification 
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from an analysis of the UML class, state and 
communication diagrams. Fig. 1.(a) presents the steps 
of the translation process we presented in [26]. 
Because the translation process was already introduced 
in this previous paper, only the main elements are 
mentioned here. During the translation process of the 
considered UML diagrams, several Maude modules are 
generated. Fig. 1.(b) shows those modules. The 
modules in bold are object-oriented modules, while all 
others are functional modules.  
 

 
Figure 1.  (a) Overview of the Translation Process and 

(b) Generated modules 
 

The first step consists of defining the classes’ state 
values in a distinct module, one for each class, a 
’STATEVALUES’ module. One object module is 
defined for each class in which the class itself is 
defined according to the generic form of Fig. 2. 

 
*** The METHOD module *********** 
(fmod METHOD is 
  sorts ParameterList ResultType Parameter Void . 
  subsort Parameter < ParameterList .     
  subsort Void < ResultType .                
  op EmptyParameterList : -> ParameterList . 
  op _,_  : Parameter ParameterList -> ParameterList . 
endfm) 
*** Generic forms ********** 
class ClassName |  State : ClassNameStateValues [, 
ComponentList] . 
op FunctionName : ParameterList -> ResultType . 
*** Messages and Synchronization ********** 
msg ComingMsg :  ResultType Receiver -> Msg . 
msg IsAccomplished :  ResultType Receiver -> Msg . 

Figure 2. The METHOD module and generic definitions 
for class, method and messages 

 

The State attribute is automatically introduced to 
describe an object’s current state. The functional 
module IDENTIFICATION is generated to describe the 
identification mechanism of the objects. The object-
oriented module COMMUNICATION is the principal 
one generated by our approach. In this module, we 
extend all the other object-oriented modules by 
describing the behavior of the different objects 
implicated in the communication diagram using 
rewriting rules. It also takes into consideration the 

different state transition diagrams relevant to the 
different classes involved.  Each message exchanged 
between two objects of the communication diagram is 
translated in the form of a ComingMsg shown in Fig. 2.  
This ComingMsg form is used to standardize the 
messages passed between objects.  The IsAccomplished 
is used to model a synchronization point in a 
communication diagram.  It is not an actual message 
sent between two objects. 
 

5. Case Study: The Elevator  
 
5.1. Presentation 
 

 
Figure 3. (a) Class diagram of the system and (b) the 

Communication diagram to be studied 
 

 
Figure 4.   Transition diagrams for classes Door (a), 

SignalLight (b), Cabin (c) and Elevator (d) 
 

As mentioned previously, the complete translation 
from the corresponding UML diagrams (Fig. 3 and 4) 
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was the main purpose of a previous paper [26], 
therefore only the key elements are presented here. Our 
objective, in this paper, is to extend our work by 
applying a model checking technique for the 
verification of UML models with Maude’s model 
checker (Section 6). Our study focuses on a system 
composed of four classes (Fig. 3.(a)), each of them 
having a corresponding state diagram (Fig. 4). The task 
to be studied is expressed in the communication 
diagram of Fig. 3.(b). 

 
5.2. Application of the Translation Process: A 
Brief Review 

 
*** Module CABIN-STATEVALUES ********** 
(fmod CABIN-STATEVALUES  is 
   sort CabinStateValues . 
   ops Moving Waiting :-> CabinStateValues . 
endfm) 
*** Module IDENTIFICATION ********** 
(fmod  IDENTIFICATION  is 
   including CONFIGURATION . 
   sort Eoid  Coid Doid Soid Receiver . 
   subsort Eoid Coid Doid Soid < Oid . 
   subsort Receiver < Eoid Coid Doid Soid . 
endfm) 
*** Module CABIN ********** 
(omod CABIN is 
  protecting DOOR SIGNALLIGHT . 
  protecting CABIN-STATEVALUES . 
  sorts Cabin Target . 
  subsort Cabin < Cid . 
  subsort Target < Parameter . 
  class Cabin | StateC : CabinState-Values,  
                IdDoor : Oid, IdSL : Oid . 
  ops UP DOWN : -> Target . 
  op GoUp :  ParameterList -> Void . 
  op Stop :  ParameterList -> Void . 
  op Move : Target  -> Void . 
endom) 

Figure 5.  Modules CABIN-STATEVALUES, 
IDENTIFICATION and CABIN 

 

The first modules generated by the translation from 
UML to Maude notations are the four functional 
modules describing the state values of the four classes. 
Furthermore, a module IDENTIFICATION is also 
introduced (Fig. 5) to describe the identification 
mechanism of the objects involved in the 
communication (Fig. 3.(b)).   

More specifically, it introduces several notations to 
better identify the objects involved in the 
communication diagram.  These notations are object 
identifiers used to conform to Maude notations.  In our 
case study, Eoid, Coid, Doid and Soid are four types of 
object identifiers, all sub types of Oid, the general 
object identifier of Maude.  Fig. 5 introduces those 
modules (note that only one state values module is 
given, namely CABIN-STATEVALUES). The next 
modules are object-oriented and introduce the classes 
themselves, along with their respective methods. 

An object-oriented module COMMUNICATION 
constitutes the principal module generated by our 
approach.  In this module, rewriting rules are 
introduced to translate a communication diagram and 
all object interactions it describe while taking into 
consideration the different state transition diagrams for 
the relevant classes. It imports all the modules already 
defined.  
 

(omod COMMUNICATION is  
  protecting IDENTIFICATION ELEVATOR CABIN DOOR .  
  extending SIGNALLIGHT .  
  msg ComingMsg : ResultType Receiver -> Msg .   
  msg IsAccomplished : ResultType Receiver -> Msg .  
  var E : Eoid . var C : Coid . var D : Doid . var SL : Soid .  
  **** Elevator’s Behavior ***** 
  rl [E1]: ComingMsg(Initialize( EmptyParametersList ), E ) 
     < E : Elevator | StateE : Inactive, IdCabin : C > 
  => 
     < E : Elevator | StateE : Initialized, IdCabin : C > 
     ComingMsg(Start( EmptyParametersList ), E ) . 
  rl [E2]: ComingMsg(Start( EmptyParametersList ), E ) 
     < E : Elevator | StateE : Initialized, IdCabin : C >  
     < D : Door | StateD : Closed > 
  => 
     < E : Elevator | StateE : Started, IdCabin : C >  
     < D : Door | StateD : Closed > 
     ComingMsg(Open( EmptyParametersList ), D )  
     IsAccomplished(Start( EmptyParametersList ), E) 
     IsAccomplished(Start( EmptyParametersList ), E) .     
... 
endom) 

Figure 6. Part of the COMMUNICATION module 
 

Only part of this module is shown in Fig. 6. 
Rewriting rules ’E1’ and ’E2’ describe how objects of 
the Elevator class behave when receiving messages 
Initialize and Start. The important information in this is 
the use of IsAccomplished message to ensure the 
synchronization in sending messages, since messages 
SelectFuturFloor and ExternalCall cannot be executed 
before Start is completed (see Fig. 3.(b)). 
 
5.3. Validation of the Generated Description 
 

Rewriting logic is very flexible when it comes to 
simulation of a specification [24, 21, 10]. We consider, 
in this section, the verification of the final behavior of 
the complete system by using simulations.  By this 
process, we attempt to verify that the developed 
specification executes properly.  Since the 
communication diagram of Fig. 3.(b) was translated 
and the developed specification is supposed to model 
the interaction it describes, the simulation we will 
attempt will verify that this exact interaction occurs.  
Fig. 7 shows the results returned by the Maude system 
following the introduction of a rewriting command. 
The initial configuration used is composed of the four 
objects in their respective initial state, as well as the 
sequence of messages shown in Fig. 3.(b). Note that 

Seventh International Conference on Quality Software (QSIC 2007)
0-7695-3035-4/07 $25.00  © 2007



the final configuration of the second rewriting is 
coherent for such an elevator system. It consists on the 
elevator being started, the cabin is moving, the door is 
closed and the Signal Light is on. 
 

 
Figure 7.  Results of the rewritings, the last two 
rewritings verifying the entire system’s behavior 

 

6. Model Checking  
 

In our opinion, the verification of the collective 
behavior of a system must start with the verification of 
the individual behavior of objects. In what follows, we 
adopt an incremental process in the verification of 
properties. Section 6.1 focuses on properties of the 
individual behavior of objects E, C, D and S, instances 
of classes Elevator, Cabin, Door and SignalLight 
respectively. Then, Section 6.2 introduces properties of 
the collective behavior (in terms of dynamic 
interactions) of those same objects.  

 
6.1. Properties Relative to the Individual 
Behavior of Objects 
 

We consider, in what follows, three properties 
(Properties 1, 2 and 3) relative to the internal behavior 
of objects. 
– Property 1:  [] (Elevator-In-Inactive-State("E") -> 

(<> Elevator-In-Initialized-State("E"))) 
This property expresses that it is always true that if 
Elevator ("E") is in its Inactive state, it is 
eventually being in its Initialized state ("<>" is the 
Eventually temporal operator, while "->" is the 
Implies temporal operator and “[]” means Always)  

– Property 2 :  [] ( Elevator-In-Inactive-State( "E" ) 
-> (<> Elevator-In-Started-State( "E" ))) 

This property expresses that it is always true that if 
Elevator ("E") is in its Inactive state, it is 
eventually being in its Started state.  

– Property 3 :  [] (Cabin-In-Waiting-State("C") -> 
(<> Cabin-In-Moving-State( "C"))) 

This property expresses the fact that it is always 
true that if the Cabin ("C") is in its Waiting state, it 
is eventually being in its Moving state. 

 
6.2. Properties Relative to the Collective 
Behavior 
 

In this section, we introduce four properties 
(Properties 4, 5, 6 and 7) concerning the collaborative 
behavior of objects, which was introduced in the 
communication diagram of Fig. 3.(b). 
– Property 4 :  <> (Elevator-In-Inactive-State("E") 

/\ Cabin-In-Moving-State( "C")) 
This property expresses the fact that the Elevator 
and the Cabin are in their respective states Inactive 
and Moving at least once at the same time. 

– Property 5 :  <> (Cabin-In-Moving-State("C") /\ 
Door-In-Opened-State( "D")) 

This property expresses the fact that the Cabin and 
the Door are respectively in their Moving and 
Opened states at least once at the same time. 

– Property 6 :   []~ (Cabin-In-Moving-State( "C" ) /\ 
Door-In-Opened-State( "D" )) 

This property expresses the fact that it is always 
true that the Cabin is not in its Moving while the 
Door is in its Opened state.  This desirable property 
is the counterpart of Property 5. 
 
Table 1. Global states and Corresponding Object 

States. 
Global State Class 

ELEVATOR 
Class 

CABIN 
Class 

DOOR 
Class 

SL 
State0 Inactive Waiting Closed Off 
State1 Initialized Waiting Closed Off 
State2 Started Waiting Closed Off 
State3 Started Waiting Opened Off 
State4 Started Waiting Opened On 
State5 Started Waiting Closed On 
State6 Started Moving Closed On 

 

– Property 7 :  [] (State0 -> <>(State1 -> <> 
(State2 -> <>  (State3 -> <> (State4 -> <> 
(State5 -> <> State6)))))) 

This property expresses the fact that the system 
should follow a sequence of usual steps to 
accomplish its tasks.  This property will be referred 
to as the System’s Invariant, which should always 
be true at any given execution point in the system.  
Table 1 shows, for each global states (State0 to 
State6) the corresponding states of each objects. 
Fig. 8 presents part of the COMMUNICATION-

PREDICATES module, in which we define the 
predicates relative to the Elevator system we are 
studying. We define, in this module, the necessary 
operators we used in the definition of the properties we 
wish to verify. We limit the shown predicates to the 
two, relative to class Elevator, as well as the first 
relevant to he System’s Invariant Property. 

The definition of predicates is a systematic process.  
One predicate is defined for each state of each class.  
For example, line 1 defines a predicate for state 
Inactive of class Elevator.  The same process is 
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adopted for all other classes and their respective states.  
Finally, line 2 shows how a global state for the system 
is defined.  This is done in regard to Property 7, which 
is our System’s Invariant property.  Table 1 showed 
which corresponding states made a global system state.  
Line 2 shows how State0 can be defined.  Again, the 
same process is adopted for the six other global system 
states (according to Table 1).  
 

(omod COMMUNICATION-PREDICATES is  
   protecting COMMUNICATION .  including SATISFACTION .    
   subsort Configuration < State . 
   ***** Operators relevant to the Elevator class *****… 
   ops State0 State1 State1 State2 State3 State4 State5  
          State6 : -> Prop . 
… 
   ***** Predicates *****    
   eq < E : Elevator | StateE : Inactive, IdCabin : C > conf 
        |= Elevator-In-Inactive-State("E") = true . ***1          
… 
   eq   < E : Elevator | StateE : Inactive, IdCabin : C > 
          < C : Cabin | StateC : Waiting, IdDoor : D, IdSL : S > 
          < D : Door | StateD : Closed >  < S : SignalLight |  
              StateSL : Off > conf |= State0  = true .    ***2          
 … 
endom) 

Figure 8.  Part of the COMMUNICATION-
PREDICATES module 

 

6.3. Properties Verification 
 

We used the modelCheck function of Maude to 
verify the properties we retained. Fig. 9 shows part of 
the COMMUNICATION-CHECK module. A single 
initial state is used to verify all the 7 properties.  It 
consists on the four objects of the system in their 
respective initial states, as well as incoming messages 
to initialize the elevator and an external call and a 
selection of a future floor by a user.  

 

(omod COMMUNICATION-CHECK is 
… 
 op initial : -> Configuration . 
 eq initial = ComingMsg(Initialize( EmptyParametersList ), "E" )  
   … 
  < "D" : Door | StateD : Closed > < "S" : SignalLight |   
  StateSL : Off > ComingMsg(ExternalCall( 4 ), "E" )      
  ComingMsg(SelectFutureFloor(EmptyParametersList ), "E" ) . 
endom) 

Figure 9.   Part of the COMMUNICATION-CHECK 
module and 2 model checking calls 

 

Partial results are given in Fig. 10. It shows the 
partial result to Property 5, and the result of Properties 
6. Full results and interpretation are given in what 
follows.  Properties 1, 2 and 3 were relevant to the 
individual behavior of objects.  Namely, Properties 1 
and 2 verified that the start up process done by the 
maintenance technician is performed correctly.  This 
means that, eventually, the Elevator will reach its 
Started state.  Those two properties were verified in 
our case study system.  Property 3 verified that a 

stopped Cabin will eventually be Moving. This 
property also evaluated to true. 

 

 
Figure 10.  Part of the results of the model checking 

calls 
 

As for Properties 4, 5, 6 and 7, they can be 
interpreted as follows.   Property 4 attempted to verify 
if the system allowed for the Cabin to be in its Moving 
while the Elevator system is in its inactive.  This 
property was evaluated to false, meaning the system 
does not allow such a situation.  Property 5 attempted 
to verify if the system allowed to Cabin to be in its 
Moving while the Door is in its Opened.  Again, this 
Property was evaluated to false and means the system 
does not allows such a situation.  Property 6 verifies 
that the Cabin is not in its Moving while the Door is in 
its Opened.  Property 6 evaluated to true, which means 
the important characteristic of passenger safety is 
respected.  Finally, Property 7 insures that the system 
always behaves according to a specified pattern of 
corresponding object states.  This System Invariant 
property was also evaluated to true, insuring the correct 
and coherent sequence of execution steps. 
 

7. Conclusions and Future Work  
 

The translation of UML diagrams in formal 
languages has been addressed in numerous papers. 
However, the majority of those approaches did not 
consider the collective behavior of objects. In this 
paper, we proposed a generic approach that allows 
translating static aspects (described by UML class 
diagram) and dynamic aspects (described by UML 
communication diagrams and state diagrams) of 
object-oriented systems into a Maude formal 
specification integrating both static and dynamic 
features of a system. Our approach is however limited 
to basic state and communication diagrams, modeling 
only the most common features. Moreover, Maude 
offers a simulation and a model checker in its engine, 
which uses Linear time Temporal Logic (LTL).  We 
used these tools to validate our models.  We defined 
some LTL properties and used Maude’s model checker 
to verify them. As future directions to this work, we 
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plan on extending our approach to verify UML use 
cases diagrams. 
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