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Abstract. Modern real time embedded systems are typically composed of mul-
tiple functional and nonfunctional concerns with nonfunctional concerns affect 
the former in many aspects. MARTE, an extension profile of UML2, aims to be 
the unified standard language for real time and embedded systems. Aspect-
Oriented technology, as a complement to Object-Oriented technique, decom-
poses systems into distinct features by separating and modularizing crosscutting 
concerns. In this article, we illustrate how to use plenty of time modeling ele-
ments in MARTE profile to support comprehensive modeling of RTES. Similar 
to general crosscutting concerns, time concerns are often triggered at multiple 
concerns and tangled with other requirements. We try to deal with time as typi-
cally crosscutting concerns by AO technology. We practice these thoughts by 
means of examples and seek to explore an effective modeling mechanism using 
of both Aspect-Oriented methods and MARTE profile. 
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1 Introduction 

UML profile for MARTE (Modeling and Analysis of Real-Time and Embedded Sys-
tems) [1] is a new UML specification which adds capabilities for model-driven devel-
opment of Real-Time Embedded Systems (RTES). This extension provides support 
for specification, design, and verification stages and intends to replace the existing 
UML profile for SPT. With plenty of time modeling elements, MARTE provides 
comprehensive support for modeling time of RTES. 

The evolving cognitive complexity of large computer systems is a topic of utmost 
concern, and then the efforts on simplicity are required. In academic research, lots of 
specific approaches and architectures have already emerged, such as object oriented 
technology, design patterns and aspect-oriented techniques [2]. Each new methodolo-
gy has presented new ways to decompose problems and concerns and allowed a more 
natural mapping from system requirements to programming constructs. But as com-
plexity grew, either these methods had some limitations or raised new problems [3]. 
Theme approach is a typically aspect-oriented method. It performs well in modeling 
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the crosscutting concerns of RTES. In our opinions, modeling the time as an aspect 
with Theme approach and describing the details in MARTE will be a necessary step 
towards an appropriate way for modeling RTESs. 

The rest of this article is structured as follows. Section 2 describes time relevant 
concepts in MARTE profile. Section 3 presents an aspect-oriented design approach: 
Theme approach. Section 4 illustrates how MARTE can aid time modeling how to 
model time concerns in embedded systems as aspects, while Section 5 concludes the 
article and outlines plans for future work. 

2 The MARTE Time Structure 

As a successor of SPT, MARTE must align with the new version UML2 which added 
many new meta-classes to represent time, duration and some forms of time con-
straints. 

2.1 Time Structure and Accesses to Time 

Time structure is well defined in the specification [1]. It can be viewed as the combi-
nation of a set of time bases and time structure relations. A time structure contains a 
tree of multiple time bases. A MultipleTimeBase consists of one or more time bases. 

Clocks are usual devices to measure time in real world. In MARTE we adopt a 
more general point of view: a clock is a model element giving accesses to time, be it 
physical or logical. LogicalClock and ChronometricClock are two concrete subclasses 
of Clock. In the time domain view, the corresponding concepts in the UML view are 
ClockType and TimedDomain. Figure 1 shows their relationships. 

2.2 Time Related Entities 

TimeRelatedEntities package contains multiple entities such as TimedObservation 
and TimedProcessing. A TimedObservation is made in the runtime context of a (sub) 
system behavior execution. TimedProcessing is a generic concept for modeling activi-
ties that have known start and finish times, or a known duration, and whose instants 
and durations are explicitly bounded to Clocks. 

3 Theme Approach 

Aspect-Oriented Modeling (AOM) is an emerging solution for handling complexity 
of software models and application code [4] in which a system is viewed as a set  
of concerns. Recent work in AO design: [5], [6] and [7] have demonstrated the need 
to deploy this technology early in the software life cycle in order to utilize the  
technology to its full potential. 
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4 MARTE Modeling with Timing Aspects 

Theme approach handles system evolution which is common but important in soft-
ware engineering effectively by the definition of themes. Traditional Object Oriented 
can hardly manage it properly. A theme is designed closed focusing only on its direct-
ly related entities. Then the system evolution is viewed just as new themes composing 
to the primary themes. These compositions are easy to achieve with respect to  
the unknown relationships brought by uncertain new entities and behaviors in OO 
technique. 

 

 

Fig. 2.  Thelog theme Fig. 3. The Aspect Theme 

In RTESs, time concerns are common but also the key points. AO usually handles 
crosscutting requirements as aspect themes separating them at point cuts and weaving 
at join points. Time related requirements can also be treated like this. Time related 
entities are modeled as TimedClass and behaviors modeled as trigger actions of Timer 
class in Theme approach. After implementing separately, designers weave these 
themes to form systems. 

MARTE offers the possibility to precisely describe RTES by means of its different 
and useful components [10]. Moreover, MARTE profile provides multiple time ele-
ments to make up existed UML2 profile. To model time concerns, we must first mod-
el time accesses: Clock. According to the system requirements, we set different preci-
sion clock using IdealClock and LogicalClock elements. We present the proposing 
phases in figure 4. 

4.1 MARTE Clock Modeling 

MARTE aims to be the unified standard language for RTES and provides support for 
specification, design and verification/validation stages for it. It extends the semantics 
of UML model by several kernel concepts of ClockType, Clock and TimeBase. 
Among these concepts, MultipleTimeBase are introduced to depict multiple types of 
clock and Clock to use to define synchronization and priority. 
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Fig. 4. Phases in MARTE Modeling with Theme process 

4.1.1 Modeling Examples 
Train-Bridge system, a typical real time and embedded system, is a classic example 
used in UPPAAL which is a model checker tool for Timed Automata. The bridge in 
this system likes a critical region in operating system. It has multiple pathways but 
only one bridge allowing a single train to get through at the same time. The require-
ments are illustrated in figure 5. 

 A train must notice the controller in advance when it is approaching the bridge. 
 Controller decides whether to let it go through or wait. 
 Receiving the let go signal, a train must pass the bridge in 10 min and inform the 

controller. 
 Receiving wait signal, a train must stop in 5 min. 
 Other requirements about response time constraints of hardware. 

 

 

Fig. 5.  Train െ Bridge Requirements 
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Fig. 7. Timed Class Fig. 8. Aspect Theme 

Train-Bridge system contains several time related classes such as the controller, 
train and signal sender. Their behaviors are time constrained. With this resemblance, 
they are abstracted as TimedClass in figure 7 and the corresponding operations are 
just expressed as an abstract operation op (). When this operation comes, firstly it will 
invoke the timer or check its time constraints. After this, it returns to its own execut-
ing thread. At the end of the operation, it will cancel the timer. Then, all the time re-
lated behaviors are modeled as cooperation with Timer (fig.8). 

4.3 System Modeling 

Modeling necessary clocks with MARTE profile after traditional requirement analysis 
provides basic access to system time. Design processes consists base theme design 
and aspect theme design inside which modeling time as aspect theme. When system 
evolves or requirement changes, designers may back to first process to check new 
themes. System modeling in this way helps resolve code tangling and code scattering 
problems and explores an effective modeling mechanism making use of Aspect-
Oriented methods and MARTE profile. 

 

Fig. 9. Process Of system modeling 
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5 Conclusion and Future Work 

In this article, we have presented our thoughts about Timing Aspects Construction 
using UML-MARTE profile. We illustrated the outline of aspect-oriented technique 
and useful timed elements in MARTE. We followed that by describing how MARTE 
facilitates the time modeling with Theme approach. In a Train-Bridge system, we 
have demonstrated how to describe the time by MARTE profile and model them as 
aspect themes. System modeling is then regulated as requirement analysis, MARTE 
modeling and design processes. 

However, the current version of this method has some limitations, some of which 
have already been identified throughout this article. Our method does not capture all 
real-time and embedded systems concerns and provides little support for synchroniza-
tion. We are currently investigating a more mature framework about this thought by 
experimenting on more complex RTES and dealing with more complicated time con-
straints. Besides, we are exploring a useful and efficient tool for both Theme approach 
and MARTE profile. 
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