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     Abstract

In this paper, we present a proposal for heterogeneous system design called ModelJ. ModelJ represents a component-based approach combined with aspect oriented concepts.  The component approach addresses the system complexity and improves reusability whereas aspect concepts deal with the heterogeneity of application domains. By separating system features (function, communication, timing and computation properties), systems can be refined in separate manners. This work is in keeping with a global methodology that can have UML diagrams as input. After a short description of ModelJ, the example of an automotive case study is presented.

1 Introduction

Embedded systems integrate increasingly complex components. The designers must use an appropriate system design methodology to improve the quality of embedded systems and reduce development cost and time. 

The Object Oriented (OO) approach allows a high degree of abstraction and improves the reusability and maintainability of systems.  Therefore, we have proposed an OO design language based on Java (JavaX) for software/hardware modeling [3]. To demonstrate the usefulness of this approach, we have participated to a case study, a crane control system [9][4]. The simulation results conform with the requirements. Albeit the model was useful for this example, it solves only partially the problems and complexity encountered by designers. Most systems are heterogeneous, including software, digital, analogical, optical or mechanical characteristics. Indeed, modeling complexity can be viewed along two dimensions: 

- Vertical : abstraction, from lower to higher levels, 

- Horizontal : combination of different domains.

The OO approach helps manage vertical complexity as demonstrated by OOVHDL [2], JavaX, etc. However, it creates a tight coupling between objects. Its method-call mechanism involves a static link (at the source code level) that increases components’ dependency. Encapsulating an object with well-defined interfaces increases the decoupling between objects. This  leads us to the notion of software component described in section 2. In order to manage horizontal complexity, ModelJ proposes an Aspect Oriented Design (AOD). This approach is inspired by the Aspect Oriented Programming (AOP) of [6].

The objective of the ModelJ approach is to define a design model that will enable engineers to describe systems into independent components that can be “injected” in any desired domain: digital, optical, mechanical, etc.

This paper is structured as follows. Sections 2 and 3 present  the component approach and the aspect approach. Section 4 describes ModelJ’s entity and structure. Section 5 provides comments on specialized components for embedded systems. Then, after presenting the ModelJ methodology (section 6), the model is applied to a car speed regulator. Conclusions are drawn in the last section.

2 The Component approach

2.1 Definition

As defined by Szyperski [11], “A software component is a unit of composition with contractually specified interfaces and explicit context dependencies. A software component can be deployed independently and is subject to composition by third parties”. For an independent deployment, every component needs to be well separated from its environment and the other components. It may be composed with other components by a third party and needs to be sufficiently self-contained. Also, it needs to declare precisely what it requires and provides, i.e., encapsulate its implementation and interact with its environment through well-defined interfaces.

2.2 Component vs. object 

While a component is a design unit, an object is an instantiation unit. A component is likely to come to life through objects, therefore it will consist of one or more classes. Thus, it may be mapped into a set of objects at deployment time but also into traditional procedural language elements or any other programming artefacts. This shows the abstraction level of the component approach and its strength. 

3 The Aspect approach


Aspect-oriented programming is an approach that allows programmers to first express each aspect of concern in a separate and natural form, and then automatically combine those separate descriptions into a final executable form. This is based on an aspect compiler (also called weaver compiler) to generate a combination of classes and aspects. The result looks like an ordinary program and will be compiled by using a standard compiler.

4 The ModelJ approach

ModelJ is a specific “instance” of Aspect and Object oriented modeling designed to model heterogeneous systems. It aims at providing a support for separating concerns (aspects) in systems to improve systems modularity and to address the reusability and complexity design problems. A ModelJ component is an object-based unit. It is composed of an object or a set of objects on which is grafted an aspect part. The object part describes the basic functionality and the aspect part describes its aspects and strategies. An important question is to determine what are the aspects and how to isolate them from the basic functionality.

4.1 Separation of concerns

In any large-scale embedded system design, component behaviors are often intertwined with communications, implying that component reuse is difficult. Separating communication and behavior becomes essential to dominate system design complexity [10]. This decoupling allows communication to be designed by refinement, independently from the functional specification. 

A component behavior is also interweaved with several aspects related to different Models of Computation (MoC) [7]. Separating the computation aspects—such as concurrency, synchronization and reactivity—form the functional part ensures a clear description, facilitates maintenance, provides added flexibility and increases configuration capacities. 

These design principles allow to abstract communications and computations among components, and permit the same functionality to be reused with different models of computation.

4.2 Design units


By separating concerns, we distinguish two levels of description: basic level and meta level (see figure 1). The basic level corresponds to the basic functionality, which captures “what to do”, and the meta level represents the Communication and Computation Aspects (CCA), which capture various aspects of “how to do it”. A meta level description is attached to components, it can be enriched or specialized separately to fit major types of systems. The power of this decomposition into two levels stems from the fact that each aspect is addressed separately and is generated dynamically by the framework (see section 6). Thus, the designer only has to address the basic functionality and choose  the suitable aspects.
4.2.1 Basic functionality unit


The basic functionality describes the logic of a component, i.e., specifies what the component does. A logic is implemented by a Basic Functionality Language (BFL). The ModelJ BFL is a simplified imperative object-oriented language. We have chosen Java because of its reflective nature [8]. Reflection makes it possible for a component to answer questions about itself (its interfaces) and to support actions on itself (e.g., invocation, state modification).

4.2.2 Computation and communication units (Meta level)


Computation and communication aspects are described by a Communication-Computation Description Language (CCDL). The ModelJ CCDL is a modeling markup language: XML. This choice is promoted by XML features:

-Standardization. XML provides a standard syntax and a formal way of defining and describing information.

-Web integration. The XML syntax is similar to HTML. It is intended for use on the Internet. Unlike HTML, which focuses on “how data looks”, XML was designed to describe information and to focus on “what information is”. 

-Implementation independence. XML enables an abstract description that does not take the implementation technology (language, hardware, etc.) into account. It can work with a variety of tools, like IE5 for viewing its contents.

Designers do not need to specify communication and computation as a program. Instead, they use CCDL to specify these aspects as a meta-description that will be transformed dynamically by framework into objects in BFL (Java).
· The communication unit


A communication layer contains an Abstract Sender Port (ASP) and an Abstract Receiver Port (ARP). They are responsible for abstracting one-way communication among components. The outgoing messages are delegated to an ASP object. Typical refinements of this architecture are buffering messages and applying  protocols. An Abstract Port (AP) can also specify conditions for message acceptance or rejection. It must also provide the possibility of broadcasting, managing  synchronous/asynchronous communications, rendezvous, etc. 
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The communication unit contains two types of abstract ports: computation-based and component-based. Computation-based APs implement a communication semantics satisfying a specific MoC. A rendezvous port is an instance of this type of ports, e.g., for synchronization between active components. Conversely, the component-based APs are independent of any MoC; they are inherent to the component concepts. Receptacle and Member/Contents ports—the basic ports of ModelJ—are  instances of this type of ports. The receptacle port allows a component to be totally independent of others components and ensures the outgoing service call. The member/contents port allows a hierarchical description and enables a component to become member of another one in order to use its services and resources.

· The computation unit


A computation layer must be able to express various MoC schemes. The applications can be conveniently constructed using Computation Aspects (CAs). Therefore, CAs must have a rich semantics to express various MoC mechanisms, such as discrete events, finite state machines and reactivity. A CA must be capable of affecting a synchronization/concurrency semantics to messages,  monitoring and redirecting messages,  managing time, encapsulating a basic method into a thread, etc. The XML meta-description appears as a controller satisfying a MoC. It defines the execution semantics corresponding to the MoC and encapsulates passive codes (basic functionality) with that semantics. 

4.3 Component interactions


The interaction between components is based on receptacle ports that are inherited from the ASP. Through receptacle ports, a component calls services of other components without creating static links. In fact, the component does not reference directly the target components, but calls the required services on its receptacle port. Thus, the component has a port-oriented visibility and is autonomous.  A receptacle port can be viewed as a proxy that records the required services. By including components into a framework, receptacle ports resolve dynamically the link with target components. 


To create new interactions between components, new ports are created according to the MoC. For instance, specialized ports (synchronization and event ports) are introduced in section 5 to manage reactive and active computation.

4.4 Component hierarchy


The member/contents ports let design systems as a set of subsystems. Through a member port, a component can become member of another one to use its private resources (services, ports and computations). Contents ports allow a component to be described hierarchically. This component is composed of child components from which it inherits public services dynamically. These services will be accessible by external components. A contents port supports two modes: synchronous and asynchronous. Under the synchronous mode, all children receive each event  instantaneously.

5 Specialized components for embedded systems


Information appliances include small mobile, and ergonomic devices providing information and communication capabilities to electronic applications, industrial and medical equipments, weapon systems, etc. Most applications have special properties and current modeling approaches typically use heterogeneous models to capture them.  In ModelJ, these properties are supported by several computation aspects. In this short paper we focus on the reactive and active aspects which underlie an automotive case study [1].

5.1 Reactive  Component (RC)


As described above, the basic unit only models the general functional requirements. It does not express the environment in which the system operates, in particular physical requirements.


Reactivity, for instance, requires components or systems to react continuously to their environment at the speed of the environment (in contrast with interactive systems). Reactive systems typically do not terminate. They have real-time constraints, and are frequently safety-critical [7]. 

5.1.1 Reactive Meta Component (RMC)


In the ModelJ approach, the reactive specialization of a meta-component implies: 

· communication by events,

· sensitivity of components to events,

· [image: image2.emf]Ordinarydescription Ordinarydescription

knowledge of global time and satisfaction of the related constraints.


The RMC contains input and output event ports. They are an instantiation of APs and support a publish/subscribe policy. Incoming and outgoing events pass through a communication unit (described in figure 2 as XML) which can buffer events and modify their value, target and/or rate. An AP can require specific events for its data computation and can also provide specific events to some consumers. The computation unit includes sensitivity and control logic aspects. The sensitivity aspect modifies the call semantics of basic methods to sensitive. These methods are then called sensitive methods and are invoked only by incoming events. The control logic aspect intervenes in response to input events. When an event takes place, the functionality performed in response is no longer limited to data manipulation, but also includes management of task calls and task aborts, and satisfaction of time constraints.

5.2 Active Component (AC)
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Another specialized component is the active component. Its main characteristic is to always be “alive”, i.e., it cannot be interrupted; once initiated, it behaves as a cyclic data generator. It can be viewed as the core of a subsystem in the sense that all other components must be synchronized with its rate of computation. 

5.2.1 Active Meta Component (AMC)


To obtain this kind of computation, some features are added to the meta units:

· specific ports to synchronize with the rest of the system,

· periodic activity,

· knowledge of time.


As for reactive components, APs have been extended with a synchronization port. This port can support several synchronization policies. For instance, a rendezvous policy between concurrent activities. 


Because the active components behave as processes, a computation unit is in charge of observing time progress and of reactivating periodically (as imposed by the requirements) the basic functionality.

6 Component design methodology


Figure 4 shows the integration of components into a framework where they are interwoven and then simulated. The framework gives the possibility of refining aspects according  to various implementation hypotheses (FIFO size, ports’ rates, etc.). It  embodies a simulator that controls the global time and executes scenarios. The designers can simulate components as basic functionalities or as entities including time constraints and/or computation features. A backward design allows engineers to modify the component profile or architectural implementation without affecting the basic functionality already validated. This design flow is intended to be mapped with UML. Indeed, the XML meta-description can be generated from UML diagrams, e.g., a collaboration diagram.

7 Solution to the speed regulator with the ModelJ component


We distinguish three main components: regulator, cabin and engine unit. The regulator component includes, as basic functionality, methods for switching actuation, displaying and testing speed and methods for computing regulation. The display method is integrated in the regulator as the service of a sub-component. This allows a dissociation between display and computation. The regulator is used in a reactive context. As described in section 5, the meta-description inserts time constraints into methods and controls the reactivity aspect with the environment. The underlying MoC is an FSM. In fact, the component is reactive—by means of two asynchronous ports—to the car speed event and to the switch actuation.  Once initiated, the regulation may be interrupted by the driver actions (switch/start button, car pedals). 


The environment in which the driver operates is the “cabin”. It is composed of the classical car pedals, which constitute private services. The cabin sends the driver’s actions through asynchronous ports that support the publish/subscriber policy.
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The description of the engine unit is outside the scope of this paper (for more details, see [5]), we only give an outline of its structure. The engine unit is composed of an engine, a speedometer and its display. The engine, being the core of the component, provides public services to the engine unit. The speedometer is an active measure instrument, it broadcasts through its parent port a speed value to external consumers (regulator in the example). Because the engine unit interacts continuously with the driver actions, it must react to the incoming orders instantaneously.

8 Conclusion


In this paper, we have presented ModelJ, a component based approach which combines the aspect and component concepts. The different concepts and their interest for ModelJ, such as aspects, components and objects, were outlined. The aim of such a model is to be able to capture embedded system properties and to simulate them within a framework.


The strength of the ModelJ design is to allow components to be adapted easily to various environments. A speed regulator was modeled as a test bench example for a reactive system. The design of this system has been achieved essentially by configuring system aspects at the meta level and generating the corresponding Java code for simulation. Some aspects remains to be added to the current model in order to fit a large type of systems. Work is in progress to add new models of computation and fill the gap between both the meta and basic level with an implementation level.
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Figure 5 : case study modeling with ModelJ





Figure 4 : ModelJ design flow





Figure 3 : active component





Figure 1 : basic level and meta level





Figure 2 : reactive component
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