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Analysis of AIP User Roles and their Design Models 

Analysis of AIP User Roles and their Design Models

Executive Summary

User Roles define classifications; with the responsibilities and actions that role should have in a given process. An entity (an object, employee etc) can have many roles during the process lifecycle. Design Models, refers to concepts and rules that assist the different user roles to reason about, and fulfill, their responsibilities. 

This report attempts to study and analyze the methodologies, as well as design decisions, which drive the creation of an Industrial Solution using AIP. The report will provide the different user roles that take part in the development process of an AIP solution. Also an analysis for each such user role will attempt to explore design issues found in other similar in nature technologies, specifically OOP and AOSD. 

Industrial Solutions, unlike mass production software (e.g. Microsoft Word, Netscape etc), have specific requirements and are faced with unique problems not found in mass production software. The AIP platform attempts to provide a common base platform upon which customer specific requirements can be easily implemented and provided. Furthermore, the AIP platform is being deployed in many different domains ranging from power plant automation to resource management. Even though these domains may share some common operations, reusing AIP components from one domain to another, requires careful planning, design and flexibility.

Through the analysis in this report, we provide design solutions to commonly occurring problems but also, promote reusable solutions for systems developed with the AIP platform. Covering the whole development process of an AIP solution this document aims to assist all involved roles to identify their domain and provide them with rules of “good practice” originating primarily from OOP and AOSD techniques.

The document can also be used as a general guideline on how to decompose the development process for an AIP solution. The discussion is general enough and so it can be easily adapted to different process development models (iterative, waterfall, the unified process etc). 

The design rules as well as “good practices” are by no means definite or complete. Their purpose is to provide guidelines for the AIP user roles, coming form the OOP/AOSD domain. The domain of “Program Design” covers many different technologies and definite solutions that will work in all cases are by no means realistic. As each project has specific requirements, the design rules can be flexed (adapted) so that they best fit with the project requirements. The goal is to still maintain their over all benefits.  

This report addresses design rules and techniques that one could borrow/adapt from the AOSD/OOP domain in order to provide better design rules for AIP. Further analysis, coming from different yet related design domains, should be attempted in order to provide a more complete and constructive design rules for AIP applications. This report is simple one piece of the puzzle, bringing design expertise from the OOP/AOSD domain. At the time of this writing there are, to the best of my knowledge, two other attempts towards this goal, specifically [21]
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1 Introduction

1.1 Purpose

The purpose of this document is to provide a look at the development stages that an AIP solution goes through. Each development stage is defined; also the user roles that participate in these roles are defined. For each role, a further analysis of what the role performs and how, within the lifecycle of an AIP solution, is provided. 

Separating the responsibilities of each participant allows us to concentrate on how each role could go about performing his tasks. Methodologies used and interactions between user roles are provided in this document. From the analysis provided and the goals that an AIP Solution might have, proposals on job assignments to user roles, as well as general methodology guidelines, are suggested. The suggestions aim to make the whole AIP Software lifecycle, more robust, manageable, assign clear responsibilities and provide guidelines (good practices) that will facilitate better solutions (i.e. robust, manageable, reusable solutions).

1.2 References

[1] IndustrialIT AIP Programmers Guide (3BSE 023 959R101)

[2] IndustrialIT Aspect Express User’s Guide (3BSE 017 546R301)

[3] Parnas D. L., On the Criteria to be Used in decomposing Systems into Modules, in Communications of the ACM, vol. 15(2), 1972

[4] AspectJ Team, AspectJ Programmers Guide, http://aspectj.org/doc/dist/progguide/index.html
[5] HyperJ, http://www.alphaworks.ibm.com/tech/hyperj
[6] Karl Lieberherr, Doug Orleans, Johan Ovlinger, Aspect-Oriented Programming with Adaptive Methods, Technical Report NU-CCS-2001-01, College of Computer Science, Northeastern University, Boston , MA , February 2001. http://www.ccs.neu.edu/research/demeter/biblio/aspectual-methods.html
[7] IndustrialIT Aspect Automation Model (3BSE 024 835R101)

[8] Graig Larman, Applying UML and Patterns: An Introduction to Object-Oriented Analysis and Design, Prentice Hall, 1st Edition 1998

[9] E. Dijkstra. A Discipline of Programming. Prentice-Hall, 1976.

[10] Karl Lieberherr, Ian Holland, Assuring Good Style for Object-Oriented Programs, in IEEE Software vol. 6(5), pages38-48, 1989
[11] Otto Preise, Alban Frei, Systematic Reuse Concept Report, ABB CH-RD 2002-18, ABB Corporate Research, Switzerland

[12] E. Dijkstra. A Discipline of Programming. Prentice-Hall, 1976

[13] Erich Gamma, Richard Helm, Ralph Johnson, John Vlissides, Design Patterns, Addison-Wesley Pub Co; ISBN: 0201633612; 1st edition

[14] Bertrand Meyer. “Object-Oriented Software Construction” (2nd Edition). Prentice Hall, March 2001 

[15] R. Filman, D. Friedman. “Aspect-Oriented Programming is Quantification and Obliviousness”. Workshop on Advanced Separation of Concerns, OOPSLA 2000, Minneapolis, October 2000

[16] DemeterJ/DJ home page, URL: http://www.ccs.neu.edu/research/demeter/DJ/
[17] AOSD home page, URL: http://aosd.net/ 

[18] Design Patterns home page, URL: http://hillside.net/patterns/ 

[19] The Java Language, URL: http://java.sun.com/
[20]  ”Discussing aspects of AOP”, Communications of the ACM, Volume 44, Issue 10 ACM Press, NY, (Editors: Tzilla Elrad, Mehmet Aksit, Gregor Kiczales, Karl Lieberherr, Harold Ossher  )

[21] Esther Gelle, “Concepts of the Aspect Integrator Architecture”, ABB Switzerland (work in progress)

[22] Erik Svensson , “Design Decisions in Data Modelling with ABB Aspect Object Model”, ABB Switzerland (work in progress)

[23] Therapon Skotiniotis, Alban Frei, Karl Lieberherr. “Industrial IT Structures as a Means to Express Context Sensitive Information”, Workshop on Engineering Context-Aware Object-Oriented Systems and Environments, OOPSLA 2002, Seattle. (To appear)

1.3 Definitions and Acronyms

Definitions, abbreviations and acronyms that are used in the rest of the document are provided in the following table along with their meaning. In some cases, the same definition is being used in different context with different meanings. These definitions are not presented in this table, but instead, provided in subsequent sections along with their contextual meaning.

	Term / Acronym
	Meaning

	AIP 
	Aspect Integrator Platform

	Artifact
	Any tangible object resulting from any phase of a software development process. Including design diagrams, source code etc.

	ASO 
	Aspect System Object: A COM component that is used by AIP and is linked to an Aspect Type

	Component 
	A module with a well-defined external interface.

	Concern 
	Conceptual units into which one decomposes a given problems solution.

	Implementation
	The working (programs) representation of a concept/concern

	Industrial Solution 
	Tailor made solution to fulfill a specific Industries tasks developed on top of AIP

	Modules
	Software units with which you organize your implementation (code).

	OOP 
	Object Oriented Programming: Programming within a tool or computer programming language that supports Object Oriented mechanisms and concepts 4.1

	OOSD 
	Object Oriented Software Design: A design that leverages on the ideas supported by Object Orientation 4.1

	Software Component
	An encapsulated software entity that can be used as a black box. Documentation for the software components public interface must be provided.

	Software Reuse
	The ability to reuse a software entity at some other part of your overall system, or even, in another system.

	The Law of Demeter (LoD) [10]
	“Do not talk to strangers”. Within a method, messages can only be sent to the following objects: 
I. A parameter of the method, including the enclosing object (this or self); 

· For pragmatic reasons: a global object; 

II. An immediate part object (computed or stored): 

1. An object that a method called on the enclosing object returns, including attributes of the enclosing object; 

2. An element of a collection which is an attribute of the enclosing object; 
III. An object created within the method

	Design Patterns[13]
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	A written document that describes a general solution to a design problem that recurs repeatedly in many projects. In the case of Object Oriented programming, class definitions as well as object behavior can be provided. 

	OOD 
	Object Oriented Analysis


2 Overview of User Roles 

In this section, the target is to pinpoint the different roles that interplay in the development lifecycle of an AIP Industrial Solution. Each role has to fulfill a specific task within the Development Lifecycle of an AIP Industrial Solution. For each role, the tasks that need to be completed, as well as the roles specific requirements, are provided.  

2.1 Overview of the Development Process 

In any product development, (software or not), there are many activities that need to be performed, starting with an understanding of what needs to be solved by the final product, to the creation of the actual product. Grouping activities together, and their associations, into a development process makes the task manageable, less complex and provides an order on how to proceed.

The possible order of activities within a development process cannot be definite. Any product development is faced with specific problems (technology limitations, resources available, time to deliver) and requirements that it’s final product must fulfill (adaptable to changes in the future, reusable, configurable etc). However the activities themselves are still the same, even though their order during a projects life span can be different to fit a projects needs.

Industrial IT solutions using the AIP platform are domain specific solutions, which differ from typical mass production Software (e.g. Netscape, Word etc). According to the domain in which one is working (power plant, water mill) and the specific customer requirements, AIP needs to be able to adopt with ease and be configurable in order to address the domains requirements.
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Figure 1 A development roadmap for an Industrial IT solution using AIP

The figure above gives a roadmap of the development activities (in square boxes) and their meaning (circles) of an Industrial solution using AIP. The items enclosed by a red line in Figure 1, are separated from Deployment, as it is usually given in a Software Development process, in order to emphasize their importance. 

The flow of information starts from the end Customer who specifies the problems/tasks that he would like to have implemented by the final system (system here refers to AIP Industrial Solution). From the non-formal problem specification, a formal set of requirements are set that hold all relevant information about the problem in question The Design phase takes as input the formal requirements and produces a diagrammatical design that would facilitate (possibly) all requirements. A diagrammatical design consists of one or more diagrams, which clearly specify the different components/artifacts, which comprise the architecture of the proposed solution. For each component its internal operations, but also, all communications with all other components is specified. 

The Implementation Phase creates all necessary AIP components, that is Aspect Systems, Aspect Type, Aspect Object Types etc that provide implementations of all artifacts found in the provided design. The Deployment Phase is responsible for getting all newly implemented AIP components and from them creates installable modules. These installable modules are now in a form that can be installed on top of a base AIP system. Once installed, they will provide their extra functionality and behavior to be used with the AIP system. The Commissioning Phase configures and fine-tunes, according to the customer’s needs and hardware setup, the final Industrial solution. Configuration and fine-tuning at the commissioning phase, manipulates Aspects and Aspect Objects that are provided both by the basic AIP platform but also from the incorporated AIP components introduced at Deployment. Connecting and configuring hardware specific equipment, is also done during the commission phase. 

Within the context of the above mentioned development roadmap we can then distinguish the user roles in an AIP development process.


[image: image2.wmf]Requirements

Analysis and

Design

Implementation

Deployment

Commissioning

Aspect

System

Developer

Packager

Software

Architect

Customer

Application

Designer

Software

Architect

Application

Engineer

Operator

Customer


Figure 2 Development Phases and AIP User Roles

The figure above shows the relationship between the different roles, on the right, and the development phases, on the left. The following subsections give a definition of each of the AIP user Roles found in Figure 2.

2.2 Customer

The customer role provides the informal description of the final products requirements. This role provides all operations as well as functionality that should be provided by the final product. Detailed descriptions in English along with examples of operations and features that should be provided are provided by the customer role. 

The goal is to satisfy (possibly) all requirements that the customer expressed at the beginning of the project. The extend to which the final product fulfills all customer requirements defines the level of customer satisfaction, and success, of the whole project.

2.3 Application Architect

The Application Architect is responsible for providing a complete and detailed, implementation independent, model architecture of how the system should operate, in order to provide for the requirements set forth by the customer. 

The design’s motivation should not be constraint solely by the requirements. The following properties are also to be addressed (or at least attempted), by the design process, and included in the resulting design.

· Separation Of Concerns (divide and conquer). Each concern (see also in Section 4.2.1) should be encapsulated in an autonomous and self-contained module/component. An old criterion that was introduced by Parnas [3]. In simple terms, each module/component should deal with one issue of the overall problem.  
· Modularity. The design itself should be made up of modules/components. Each component deals with a specific sub-problem of the whole system. Modules can then be created, grouped together to created a larger module/component, as well as connected with each other if there needs to be a communication between 2 or more components.
· Minimize Communication. By communication here we refer to interdependencies between your modules/components. The more communication links you have between these modules then the less flexible your design becomes. Small changes in the design might cause partial or even complete restructuring of your initial design due to the presence of communication dependencies. The Law of Demeter states, “do not talk to strangers”[10].
· Stability. The design should provide a stable and predictable interoperation between its modules/components. The Law of excluded miracles[11], that is to say that each module is expected to behave in a specific and predictable manner (in terms of its inputs and outputs). By moving the same component/module to a different part of the design and providing correct inputs, you would expect the component to behave in the same manner as before and provide the analogous output as result.
· Extensibility. The design should be able to accommodate possible future extensions without the need of re-designing (or at least with the minimum effort). This requirement comes hand in hand with modularity as defined above. Defining new, or even extending the design with existing, components should require the minimum possible alterations to your initial design.
· Reusability. Modules/components should be designed with the thought of reuse. Problem specific details should not restrict the module/component from being able to function within another section of the same design space, or even be used in another project’s design phase. 
· Manageability. Simple and well-formed formulations should make the understanding as well as the management of the design easy. Manageability is also achieved in part by Modularity, since one can analyze or view the whole design, at different levels of granularity. In this way one can expose modules/components depending on the abstraction level that he system is viewed under.
Some of the above requirements persist and can also be found as requirements in the roles that follow. Actually the task of maintaining the above requirements at the implementation level tends to be hindered by the tools and technologies that are used at the implementation phase
. 

2.4 Application Designer

The Application Designer uses the implementation independent design provided by the Software Architect and produces the AIP specific artifacts. The designs are essentially capturing the same idea in the same logical way. The Application Designer however has to provide a detailed design of each component that consists of AIP specific information. 

A mapping from the logical solution to AIP specific concepts has to be performed by the Application Designer. Decisions of what is going to be encapsulated as an Aspect, what should the Object Types be in a system, what structures should be created and which Aspect Objects participate in them, are the questions that need to be answered by the Application Designer. This immediately implies that an Application Designer is aware of all AIP concepts and their capabilities. 

The task of an Application Designer however is not to simply map the logical design to an AIP specific design. He has to also make sure that all properties embedded in the original design are preserved and also, that the resulting AIP specific design still provides the same, correct logical solution. The solutions semantics found in the Software Architects design have to be maintained by the Application Designer.

In order to achieve a high level of Software Quality, the following properties should be addressed using AIP concepts in the Application Designers design.

· Separation Of Concerns (divide and conquer). Each concern that the programmer has to address within his code has to be separated and modularized using the programming constructs that are available by the language/tool that is being used. For example, code required to check proper authorizations to operations by users should be localized in a module (library/object/Aspect System) and not scattered across each operation that requires authorization (i.e. wrapping operations with multiple ‘if’ statements in order to perform the necessary checks)
· Open/Close Property. Modules (libraries, classes, Aspects) should be open to extensions. For example it should be possible (and not tedious as a task) to add an extra variable or procedure or Aspect to an existing system in order to extend its capabilities. The addition should not require re-designing your original solution. At the same time, a module needs to be closed if other modules use it. This implies that there is a well-defined, stable description of what the module provides to external modules. These externally available calls are the only actions that another component can request. Any other calls/operations that are not explicitly made available to outside components should be hidden away.
· Minimize Communication. By communication here we refer to interdependencies between your programmed modules/components. The more communication links you have between these modules then the less flexible your application becomes. Small changes to the code, due to an extension for example, might cause partial or even complete redesigning of your initial module due to the presence of communication/data dependencies. The Law of Demeter states, “do not talk to strangers” and this should be followed. 
· Composability. Refers to the ability of constructing new software elements by combining existing smaller software components.
· Understandability. The ability to observe a module and understand it’s over all functionality without having to refer to other parts of the program (or at least minimizing the number of other software components that one has to examine in order to understand the modules functionality). 
· Reusability. Software components should be reusable in nature[11]. That is, an already existing software component that provides an authority checking mechanism for data read operations should be reusable in the case where authorization is needed for data writing operations. Reuse should be simple to deploy and should require minimum code alterations (if any).
Some of the above properties are depended; to some extend, to each other. For example, Separation of Concerns and Minimum Communication do overlap as one can be partly facilitated by the other. However a more concrete and deeper analysis follows in 3 User Roles and their Models
2.5 Aspect System Developer

An Aspect System Developer is essentially the person that undertakes the task to translate the final design given by an Application Designer into running code. Using the AIP specific design as a roadmap, code is created to reflect the designs architecture and functionality. 

The Aspect System Developer is well aware of programming tools and mechanisms inside AIP. Using the technologies and tools at his disposal (C++, VB, Aspect Automation Model etc) he creates new Aspect Systems or even performs alterations to existing Aspect Systems. The responsibility of following the design and verifying that the code actually enforces the design principles lies with the Aspect System Developer.

As a programmer, the code developed should also address the following properties:

· Separation Of Concerns. Code should be well structured into modules and classes with each component addressing one issue inside the whole system

· Reusability. Good abstractions, for coding purposes, should be used in order to facilitate reuse at the coding level. Design Patterns should be documented but also easily accessible inside ones code.

· Maintainability. The source code should be structured and developed with maintenance also in mind. Proper organization or even tools to facilitate code management (CVS) and versioning could be deployed.

· Extensibility. The programmer should anticipate the possibility of program extensions in order to meet future or evolving requirements. Modules/classes should be easily extensible with the minimum amount of re-design to the original code.
2.6 Packager

The packager holds the responsibility of transforming the code created by the Aspect System Developer into AIP installable modules. These AIP installable modules can then be installed into an AIP base system and can then be used. Dependencies to system libraries, other Aspect Systems or AIP services are detected. These dependencies are either resolved inside the packaging of the installable modules (if possible), or a check is forced during the installation of the module in an AIP system. This checking mechanism is implemented and incorporated inside the package.

2.7 Application Engineer

An Application Engineer performs the final setup and configuration of Aspect Object Types, Aspect Objects and setup of Structures inside AIP as defined by the Application Designer. This role is also aware of all the new Aspect Systems, and their functionality, that are provided by the Aspect System Developer. Application Engineers understand and know how to work inside the AIP Plant Explorer, in order to create all necessary Aspect Objects and Structures, in order to reflect the specific customers working environment and process. 

The final mapping (running system) of the plants operations, and functions into their corresponding representation inside the AIP system is performed by this role. No knowledge of programming is required, but instead an understanding of how Aspect Objects and Aspects are used and managed within the AIP Plant explorer is needed. As such, the process of creating the final tailored Industrial Solution is in essence a modeling task from the actual working environment of the specific industry, onto the AIP model, using the design model provided by the Application Designer as your implementation roadmap.

2.8 Operator

Operators are concerned with the every day-to-day operation of the plant. Observing the current state of the plant and managing the smooth operation of all equipment during the production phase of the Industry’s products. The main tasks involved are 

· Collecting and monitoring data and equipments state. 

· Process completion and operation 

· Process scheduling and assignment of equipment to processes 

· Reporting of alarms and events critical to the system

· General management of the systems state.

In more general terms I consider the Operators to be the corresponding end user to a typical application that simply views and operates the application.

2.9 Summary

In this section we have provided the different roles that interplay during the development of an AIP Solution. For each role, definitions of responsibilities and goals that need to be achieved have been given. In real life, one or more roles may be realized through the same physical person, the decision is clearly one made by the company itself. However, understanding what are each role’s responsibilities and criteria on their individual end results; allows for better separation and assignment of responsibilities within an AIP development project.

The table provided below gives for each role the corresponding knowledge as well as development tools that are essential to the completion of his task.

	Role
	Knowledge
	Tools

	Customer
	Functionality and operations of its specific Industry
	N/A

	Application Architect
	System Analysis, Architecture Design, UML, Use Cases
	Drawing Tools, UML, Word Processing

	Application Designer
	Object Oriented Design, Aspect Objects, Object Types, Structures, Aspect Systems, UML, Use Cases
	UML Tools, Drawing Tools

	Aspect System Developer
	Programming Skills (OOP, Scripting). Programming Design, Testing, UML
	Visual Studio (C++, Visual Basic), Aspect Express, Aspect Studio

	Packager
	Dependency Analysis, Windows Registry process, AIP Registry process
	Aspect Express Packager

	Application Engineer
	Structures, Aspect Objects, Aspects, AIP Platform Operations and Network topology. 
	Plant Explorer

	Operator
	Basic Windows and computer operations. Industry domain operations. 
	AIP Operator Workplace, Plant Explorer.


Table 1 Tools and Knowledge for AIP Roles

Tools that are mentioned in Table 1 already exist in Industrial IT or from commercial vendors. However, it is the author’s belief, that there is a need for new tools or specializations of existing tools in order to allow user roles to better express their needs/results. An Application Designer, for example, has no means to express Aspect Objects in a diagram. Although UML, and related tools, are really close to the ideas expressed by Aspect Objects and Aspects, they are not sufficient. Aspect Objects do not map directly to Classes and/or Objects as they are used in OO Community. Using UML and OO representation techniques to express Aspect Objects will lead to abusive usage of UML terminology and introduce communication problems between Application Designers and Aspect System Developers. As an example, it is really difficult to express the level of inheritance in aspects using UML. 

However, since UML can be extended to facilitate modeling of extended or related ideas to Object Orientation, a study on possible extensions to UML to support Aspect Objects and some of the concepts in Industrial IT is necessary. Tools could then be developed to model and convey design solutions between roles (Application Designer, Aspect System Developers etc). 

3 User Roles their Models and “Rules of Thumb” 

In this section a description of design, and implementation, models as supported by AIP, and related tools, as well as general rules of thumb are provided. Each AIP User Role is examined separately.

Identical terms are used in the context of different roles, which actually have a different meaning and interpretation. For example, the term inheritance for an Aspect System Developer denotes a different mechanism, with different properties, than in the case of an Application Designer. Due to this conflict, such conflicting terms will be clarified accordingly in each section. Discussions on design rules and techniques that each role could follow are also sketched.

Certain AIP User Roles (e.g. Customer, Operator) are not included in the analysis that follows. The excluded roles are really simple in their definition and do not heavily influence the mechanisms that are used in AIP to provide better solutions. In the case of the Customer role, the task is to provide the tasks/problem that needs to be addressed. The Operator role simply uses the final AIP product to monitor and maintain daily operations. Both roles do not directly manipulate the AIP system to create new behavior; they simply use the final solution for day-to-day operations.

3.1 Application Architect

The goal of an Application Architect is two fold:

· Transform the textual (or even verbal) specification provided by the customer into concrete requirements in the form of Use Cases or formal description documents

· Give an overall architecture, made up of components, which show the structure of a logical solution that will provide all requirements requested from the customer.

“Components”, as implied above, are by no means related to Software Components like COM objects, instead for an Application Architect a component is a way to structure (group/organize) related responsibilities. These responsibilities will at a later stage of the application development evolve into pieces of code (Objects, Aspects, Libraries etc). 

The first goal of the Application Architect is to extract and state in a more formal and clear way, customer requirements. Documenting all possible scenarios of how the program must operate but also identifying the restrictions and conditions on operations. 

Specifically one can distinguish between 

· Operations that will create a visible change or action to the end user 

· Conditions that the system has to verify in order to allow/disallow an operations execution 

We refer to the first conditions as operations and the second as system conditions. As an example consider the development of an airport traffic control system. One of the customer’s requirements is:


“ In flight planes that are in a state of emergency need to get priority in landing “

The above statement hides a lot of details that need to be taken into account. From the point of view of operations we can distinguish the following:

1. The Control Tower accepts requests of emergency

2. The planes can send requests of emergency

3. The Control Tower should return an available Air Strip for the plane to land

4. The plane can actually land after receiving an Air Strip

These are operations that are “visible” to the users (Plane, Control Tower etc) however there are more conditions and operations that one has to guard or test against. In this specific case:

1. The Control Tower needs to find an appropriate Air Strip.

2. After finding the appropriate Air Strip, all other planes need to be blocked from using this Air Strip.

3. The Air Strip has to be prepared for the emergency landing (call Ambulance, Fire Department etc)

4. Once everything is in place then notify the plane for landing.

5. After landing and when everything is back in order, the Air Strip needs to be unblocked and become available for usage again

The above could be also provided in a picture: 
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Figure 3 Sample Architecture Diagram for Emergency Landing

However the picture alone does not give all the information. In the above example the way by which you obtain “the available” Air Strip is not explained. Is there an Air Strip that is only used for emergency or should I pick the one that has the least traffic at the point the emergency signal is received? These details have to be cleared up with the customer and documented (either in English or in diagrams) to show how one should logically resolve these issues. The blocked components found in Figure 3 might (and most probably) also appear in other use cases of the same system. Each such component needs to be further analyzed in order to capture all possible operations and requirements that it needs to fulfill. Thus a more specific view of each block along with internal sub-blocks to define further decomposition of operations/conditions will have to be created by the Application Architect.

These stepwise refinements of artifacts allows for Separation of Concerns at the Architecture level. We first identify the Concerns (operations and system conditions), encapsulating each one into one entity. Then each entity is examined in isolation to expose all needed operations and requirements that it needs to address. This is a form of Divide and Conquer approach that allows the Architect to reason about a complex system’s logical solution.

The important thing to notice at this step is that there is no implementation specific information in these artifacts. The components found in the Architects design do not necessarily imply a COM component or an OO Class or an Aspect or even a Data model description. They are simply logical components along with their interactions that need to take place in order to provide the desired behavior as stated by the customer requirements. 

The most powerful operations that the Architect has are its implementation neutral components and interactions between them. Design Patterns[13] that are well known micro-architectures can be deployed when the solution matches a patterns usage and definition. Further more, new patterns should be identified by the Architect (for example the way that the emergency Air Strip is found can be used for any resource allocation situation found in the system) and developed as micro-architecture solutions.

3.2 Application Designer

The role of the Application Designer is to transfer the logical solution provided by the Application Architect and create a more specific, detailed design suitable for the Industrial IT platform. The Application Designer is familiar with the mechanisms and features inside Industrial IT, and attempts to create a design to facilitate both the logical solution defined by the Application Architect but also the constraints and requirements as mentioned in 2.4 Application Designer.

Industrial IT shares many similarities with OO Design and Analysis. Although the two fields are not identically the same, some design principles found in the OO Design world could be deployed inside Industrial IT’s design phase. However a more detailed analysis on which OO Design or OO Programming principles apply (or not) to Industrial IT can be found in [21]
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[22]. In this section I will try to focus on the design issues, which AOSD address for OO Design to the corresponding design phase in Industrial IT. Some OO design rules will be used in order to provide enough substance to base AOSD related issues and make the discussion more coherent. 

3.2.1 Aspects and Aspect Objects

Aspects, inside AIP, denote the smallest software component that the AIP platform can express. Operations as well as data are encapsulated inside Aspects; these Aspects are the building blocks, which are used to create the model of operations and representation of an Industries day-to-day process. Aspect Objects are containers representing real life physical entities, which hold references to Aspects. Aspects inside Aspect Objects denote the sets of operations and data that the real life entity is expected to have in order to be operable inside a system. Essentially a decomposition rule that can be drawn do distinguish between what should be an Aspect Object and what should be placed as an Aspect could be formulated as 

“Physical entities should have Aspect Object(s) representing them inside your application, operations as well as data that deal only with this Aspect Object’s operations and responsibilities should be then decomposed into Aspect(s)”

The above rule attempts to capture the relationship between real life entities (the Modeling view of the entity) along with their individual operations that they need to provide (the operational view of the entity). It should be pointed out that physical entities should not be restricted to one Aspect Object, but a group of Aspect Objects (representing themselves real-life entities) can be grouped together to form the representation of a larger, and more complex, real-life entity within your system
.  

As the definition of Aspect Object implies, the core functionality (operations) that an Aspect Object can perform is provided by the Aspect definitions found inside the Aspect Object. The rule that one should attempt to follow is that operations that your entity should hold (what can I do with a tank) should be encoded as Aspects. 

The decomposition of each operation to distinguish how to deal with each operation and how many Aspects would be needed in order to provide an operation should follow the general rule:

“ Each Aspect should deal with one operation, or one subpart of an operation, minimizing as much as possible interactions between other Aspects inside this Aspect Object, but also, interactions with other Aspects found in different Aspect Objects ”
The above is a general rule, and following it to the letter may sometimes be practically impossible due to the requirements/nature of the problem. In Layman’s terms:

“ Keep your Aspect small, in that they only deal with one issue; keep their interactions with other parts of the system minimal”

The above two rules are essentially borrowed (to an extend) from the general OOD rules, that have been widely used in the last years. In the case of AIP, the decomposition of the design takes up two roles. 

· Decomposing real-life entities and maintaining their relationships to the different tasks that they participate in. For example, keeping the Location relationship between entities and at the same time keeping their functional relationship. If your decision on what becomes an Aspect Object is not well thought then you will run into problems fitting your Aspect Objects in the correct manner inside your AIP Structures.

· Decomposing, for each Aspect Object, the operations that they need to provide as Aspects in a way so that Aspects are general enough to be reused for many Aspect Objects, but also simple enough to allow easier understanding of your code and faster evolution/maintenance.

The first task on decomposing and assigning Aspect Objects refers to the Modeling view of your solution, while the decomposition and choice of what should be used as an Aspect refers to the operational view of your solution. Both of these views share some common features in the way that are analyzed and decomposed; however they do need to be treated, at first, separately in order to minimize complexity and ease understandability of your design. The two views do interplay together since operations of Aspects use Structures and Aspects Objects found within structures
.

To make the discussion concerning the above rules more complete, lets walk through an example. Suppose that you would like to model an aircraft, being a part of a whole Airport. First of all you would like to model the different parts that make up an Aircraft, and then analyze the operations that are to be performed by an aircraft inside the whole Airport. 

Looking first at the modeling view we have to consider the different parts that comprise an Aircraft. So a list of Aspect Objects that we will need could be:

· Wings, Engines, Wheels, Seats, Fuel Tank, Cockpit, Luggage Space etc

Important here to note is that we are not being specific (yet) to details of “How many wings in your aircraft, how many engines etc”. We are simply formulating the important, or necessary, parts of our entity so that we can then group them together and model any type of aircraft inside our airport. The parts of the skeleton, sort of speak, that will allow us to put together any possible definition of an aircraft. 

Having listed the important parts of our entity we have to now decide on operations that each individual component is required to have. The analysis for each component at this stage is only concerned with operations that affect/require the component itself alone. This will give us a generic enough definition that could be reused or refined later on to facilitate more specific types of our generic entity.

So in the case of an Engine we have requirements set that dictate the following:

· An engine should report back its temperature, last service date, next service date, get the engines rpm 

With the above operations and with the design rule stated earlier, one should address each such operation using a separate Aspect inside the Aspect Object for Engine. This does not mean that we cannot abstract common behavior. The Application Designer through the definition of Aspect Categories and Aspect Types (3.2.2) can define part of the factoring out of common code between Aspects. 
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A diagrammatical representation of the Engine Aspect Object

Diagrams, like the one above, can be used to convey design prototypes to the Aspect System Developer role or to other Application Designers
. In the case of RPM the aspect deals with retrieving and setting the RPM value of the engine. In the case of Temperature the aspect simply reports back the current temperature of the engine. The above design however is not final. After representing all operations that have to deal only with the Aspect Object itself, Application Designers have to then address operations that require the collaboration of one, or more aspects within this Aspect Object. As an example consider the requirement

· If an engines temperature gets over a certain threshold, then the RPM value has to be halved in value

The above requirement deals with the collaboration of two aspects found in the engine’s Aspect Object definition. Although there are more than one way to implement this, I believe that the best approach would be one where 

· The temperature aspect could be implemented to raise an event in case that the threshold temperature is reached. The number that specifies the threshold could be made available as a field in the aspects configuration view

· An extra Aspect, TempControl, has to be created that will register to receive this event from the Temperature Aspect and on reception of this event look for the RPM Aspect in the current Aspect Object, send a request to the RPM Aspect to decrease its value by half.

The alternative will be, instead of creating a new Aspect to receive the event and then delegate to the RPM aspect, to place the reception of the event inside the RPM Aspect. This, alternative solution, in my opinion, limits the reusability of both Aspects (Temperature and RMP). The reason is that, if one would like to reuse simply the RPM Aspect to some other Aspect Object then you should have to carry with you the Temperature Aspect, or simply reuse the RPM aspect along with ‘”dead code” since this extra functionality is not required. With the proposed solution above although we are introducing an extra Aspect we do not alter RPM. We are however altering Temperature since we have introduced the event mechanism
.

Another solution that one could implement is to remove the Temperature and RPM Aspects and combine them into one Aspect that will deal both with Temperature, RPM as well as the extra functionality of the threshold requirement. Following this approach creates one Aspect and thus removes the coupling between the three Aspects (Temperature, RPM, TempControl) into one Aspect. On the other hand though, it creates a larger module that can be reused to return Temperature in some other type of engine but will carry along with it RPM and the threshold notification that we might not need. Again carrying around “dead code”. 

One can argue “What is wrong if code is there but it does not affect the behavior? After all it saved me more coding”. The problems that arise is that you have extra code that hinders reuse as well as understandability making it harder to extend or maintain. Aspects become larger in size, and with multiple instances due to reuse this will also decrease your performance. 

So in the cases where Aspects inside an Aspect Object are required to collaborate in order to achieve a task, the recommendation is to create a Control Aspect that will receive/delegate between the Aspects as well as perform any operations on the data retrieved from Aspects. In this way we minimize (as much as we can with current technologies inside AIP) alterations to Aspects. In this way we maintain the majority of our Aspects as general as possible, without loitering their implementation with extra concerns. At the same time, we are capturing the collaboration logic and mechanism localized inside the Control Aspect making our code more modular. The price that we have to pay though is, an increase to the number of Aspects, as well as dependency between Aspects since in order for the collaboration to work we now require to have all related Aspects as well as the Control Aspect that manages the logic of the collaboration.

Another collaboration issue that has to be analyzed, has to deal with the cases where operations need to access/use Aspects inside other Aspect Objects found in the system. For a discussion on this issue refer to 0 b Browser Template aspect.

3.2.2 Aspect Types and Aspect Categories

In dealing with Aspects that will be needed inside the system, similarities or common behavior can be extracted and generalized using the notions of Aspect Types and Aspect Categories. The usage of Aspect Types and Aspect Categories allows one to group Aspects in order to express differences between Aspects. Categories can be easily used as a criterion during filtering operations in order to extract Aspects of interest. Providing well-formed denominations, through the usage of Aspect Categories and Aspect Types, allows for easier usage of filtering operations.

This grouping also facilitates the definition of Template Aspects. Template Aspects can be used to define initial configuration that is shared by all Aspects that are part of the Category or Type on which the Template Aspect is specified. For example in the case where all documentation of an industries artifacts can be found online using a web browser, then we can create a Category that groups all documentation Aspects and define a Web Browser Template aspect on this Category. This will allow the definition of the Web Browser Aspect to take effect over all members of the Documentation Category.

Having this ability Aspect Types and Aspect Categories should be used to group together Aspects that are considered to be alike in nature. For example, one can create a Documentation Aspect Type that will have as sub Categories:

· HTML Documentation 

· PDF Documentation 

· WORD Documentation

The grouping will allow common initialization for a Browser in the case of HTML Documentation Category that will take effect over all Aspects found under this category. Further more, extensions or initialization that is common to all Documentation related Aspects (clearing or setting the temporary directory to open files for the application used to view a document), can be defined at the Documentation Type level.

3.2.3 Structures and Name Paths

Structures inside AIP provide the means by which one can capture relationships between Aspect Objects. Some predefined structures are available inside the system but new structures could also be created at will. Some examples of structures are:

· Location Structure: Denotes the relationship between Aspect Objects and their physical location inside a Plant/Industry

· Functional Structure: Denotes the processes used by the plant and the Aspect Objects that are needed to provide the over all functionality for a process.

Structures could be modified/extended at runtime through the usage of Plant Explorer in order to allow for extensions and/or modifications. Further more, operations on, but also between, structures can be expressed through the definition of Name Paths and the usage of provided implementations of the Structure Cursor [23].

“ Collaborations between Aspect Objects/Aspects are dealt through the usage of Structures and Name Paths. Structures will denote the dependent Aspect Objects that should be present (possible others as well), actions performed on the whole collaboration should be coded inside a new Aspect. This new Aspect should be part of the top most Aspect Object in the structure that takes part in the collaboration itself”
Collaborations between Aspect Objects can therefore expressed through the definition of a Structure inside AIP that will denote the dependencies between Aspect Objects that participate in a collaboration. The logic (actions) that needs to be coded inside the collaboration can then be captured inside an extra Aspect through the use of Name Paths. By using Name Paths one can navigate through the Structure in order to find Aspect Objects/Aspects of interest, obtain information from the collaborating components and introduce the new actions required by the collaboration (either directly inside the new Aspect or delegating to some other Aspect within the System).

In this manner, new code (that is the actions that need to be performed according to the collaboration) remains localized inside this newly created Aspect. At the same time through the usage of Name Paths, we are minimizing dependencies between Aspects and Aspect Objects by not hardwiring each Aspect Object that we have to walk through within the Structure. The usage of ‘*’ inside Name Paths, to denote Aspects as well as levels inside the Structure, allow for an abstract definition that introduces only the minimum and essential Aspect Object/Aspect coupling. These properties allow your original Aspects to remain intact by the collaboration (and as such increasing their chances for reuse in other contexts), the collaboration itself becomes more adaptive in nature (through the abstraction mechanisms that are provided by Name Paths) increasing the chances of reuse, but also the applicability of your code to future changes that may occur on the structure itself. Adaptability of your code is, in the eyes of the author, a vital characteristic that should be promoted throughout an AIP design (as well as implementation). The reason being that, since Aspect Objects can be altered after the solution has been delivered to the customer site, having code that can withstand alterations without halting or producing erroneous behavior is essential.

The new Aspect, introduced to capture the collaboration’s actions, should be a member of the top most Aspect Object, according to the Aspect Object’s position in the structure. In this way one could identify the relative root of the collaboration and will make packaging of the collaboration into a new entity easier since we will only have to deal with anything below this Aspect Object. 
3.2.4 Object Types

Object Types can be used to denote generalizations on Aspect Object definitions. That is, an Object Type definition holds the same information as an Aspect Object definition, and can be used as a template to instantiate and initialize an Aspect Object. Object Types can therefore be used to encapsulate common features (i.e. Aspect definitions inside Aspect Objects) that are shared by a group of Aspect Objects. 

One can use an Object Type to instantiate an Aspect Object that will automatically hold some of the general Aspects. Having that as a starting point one can specialize the instantiated Aspect Object by dynamically inserting new Aspects through Plant Explorer. The ability to dynamically extend the behavior of Aspect Objects allows for easier system evolution. 

The Application Designer can use Object Types to define “default” Aspect Object configurations that will hold the bare necessary Aspects. One can populate the system with Object Types for each entity using a hierarchical manner, much like an inheritance chain in OO programming. An important feature found in Object Types is that, although one can dynamically alter the instantiated Aspect Object, removing an inherited Aspect from an Aspect Object is not allowed. That is, after you have instantiated an Aspect Object using an Object Type you can add new Aspects to your new Aspect Object in order to fine-tune its operations or even introduce new behavior. But if you attempt to remove an inherited Aspect of the Aspect Object from its Object Type the system will not allow this. This consistency that the system provides, should be used in the cases where Aspects within an Aspect Object have a dependency to Aspects from other Aspect Objects in the system (for example in Name Path definitions). In this way, we can protect the user from removing an Aspect that will cause other parts of the system to break.

Using again the Aircraft engine as an example, one can define a general Object Type definition for Aircraft Engines containing the Aspects Temperature, RPM, Last Service, and Next Service. A specialized version of this type can be then defined that will refer to the Engines that also have the threshold requirement where we have the more specialized Temperature Aspect that also contains the event notification behavior and the Temp Control Aspect. Therefore for Object Types one can use the same rules as for Class decomposition in OOP in order to create generalized definition and specialize them according to the needs that one has. The difference between Class decomposition in OOP and Object Type decomposition in AIP is that in OO languages Class definitions define types and subtypes. In AIP the notion of subtype as it is understood in OOP is not the same. Type checking and runtime type casting is not enforced in AIP and therefore one should not rely on these mechanisms when designing AIP solutions. However one could reuse the decomposition rules that are used in OOD [14]
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[8]. 

3.2.5 Issues /Extensions

On of the main features of AIP is its dynamic ability to alter Aspect Objects, Structures, and Aspect Categories etc. This ability of AIP allows for rapid and on the spot development changing the initial definition of your system. This poses a requirement on the design as well implementation of code found inside AIP. The ability of implementation as well as design to be adaptive and accommodate future (and in most cases unforeseen) changes to operations inside AIP is essential. Current tools inside the AIP platform do provide good enough abstraction mechanisms to create adaptive code that would allow for modification without breaking the over all system.

However some issues could be improved, or made more expressive, in order to increase both the adaptive ness of the implementation as well as its possibility for reuse and provide, as a result better separation of concerns.

Looking at events inside AIP, the mechanism can be effectively used to allow for event based programming; generalizing code and allowing for more modular behavior extensions. An example was given in this document using the Aircraft Engine and the threshold requirement (3.2.1 Aspects and Aspect Objects). The fact that one has to open up the Temperature aspect to enable events, does not allow for extensibility to treat existing objects as black-box entities on top of which one could extend and express new behavior. Therefore extensions to the system will require opening the implementation of the original code and performing additions/modifications. Although this might not appear as a great disadvantage, it does not allow for non-invasive extensions to your system. Adding extra code clobbers your original source with extra concerns inside the same module, making its implementation more complex. This may lead to versioning problems, but also, creation of bugs that will be hard to trace and resolve. Most of the AOSD technologies 4.2.4 AspectJ, 4.2.5 DemeterJ/DJ 4.2.6 HyperJ, allow the definition of extensions to be completely outside of the original module. For example HyperJ allows a composition rules file that does not require the alteration of your existing code in order to accommodate additions/extensions.

The ability to allow extensions of your code to view the existing code found in your application as a black box allows, to an extend, the support of Components Of The Shelf (COTS). COTS make the integration as well as extension of your system cleaner, but more importantly increase reuse, maintainability and understandability of large complex systems.     

3.3 Aspect System Developer

 The Aspect System Developer holds the responsibility of transferring the AIP specific design into an implementation (code) in the form of Aspect Systems. The main concern is to check that all necessary Aspects and their functionalities, as defined and presented by the Application Designer’s design, are available inside AIP. The Aspect System Developer could also create all necessary Object Types inside AIP (this task however can be given to the Application Engineer depending on his knowledge on AIP). Industrial IT currently supports C++, Visual Basic, VB Script, JavaScript and the Aspect Automation Model as supported programming languages/tools for the development of Aspects and Aspect Systems. 

At the implementation stage, the only tool that best supports ideas from OOP is C++. Visual Basic, VB Script and JavaScript are not Object Oriented, but rather Object Based. That is, code inside Object Based languages can be structured inside an object. However inheritance as well types as they are known in OOP are not part of the language and are not provided to the programmer.

Implementing Aspects in C++ one can design and use OOD techniques [8]
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[13]
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[14] for his implementation. As an OO Programmer the following coding techniques are assumed to be known and, when necessary, used in the implementation of Aspects.

· Abstraction of common behavior using inheritance, abstract classes etc. 

· Aggregation as a means to reuse functionality found in existing classes in your design

· Deployment of Software Design Patterns[13] to address known problems within the OO community

The topic of OO Programming has an extensive and well-documented literature; references are also given inside this document (1.2 References) for the interested reader as well as a short introduction can be found in 4.1. Important to note here is that Object Oriented technology and its features are available through the usage of C++ to create running code. The requirements from the Industrial IT’s architecture are:

· Implement the correct interfaces if you are to use services or information that the core Industrial IT architecture provides

· Create new interfaces as specifies by the Application Engineer that are specific to the problem/project under development.

The way by which your code is being developed and organized falls partly on the language and the programming paradigm that you are using. For example, one could implement everything inside one C++ class. This is not the best way to code a solution but it will provide an answer. Using proper OOP techniques ensures that your code will be better organized, easier to reuse and faster to debug and/or extend. OOP techniques have been discussed extensively, repeating these discussions will be both repetitive and even not as well done as some of the already existing bibliography on the subject. Concentrating on new programming mechanisms supported by AIP would be more beneficial for the reader. 

At the code level, the interesting coding issues that arise when developing Aspect Systems for Industrial IT are when your code has to address runtime information and manipulate Industrial IT Structures. With Runtime, in the case of Industrial IT, we refer to information that can be retrieved and operated on from a currently running Industrial IT System, using the Aspect Automation Model or directly through AIP core interfaces.  The ability to modify/extend Aspect Objects while your system is running is one of the key features that distinguish Industrial IT. At the same time, this flexibility of the system can create inconsistencies within the system that will require the introduction of new code or even re-coding old existing system operations.

3.3.1 Structures

Structures and the Aspect Objects that would participate in them would be provided to the Aspect System Developer by the Application Designer’s design. However the operations to be performed on these structures will only be defined by the Application Designer (in terms of their functionality). The actual implementation of these operations lies on the Aspect System Developer. The notions of Name Paths along with the operations that are provided by the Aspect Automation Model provide a very powerful programming mechanism.

Structures hold context sensitive information about a users view of his System. Information collected through structures can trigger operations on the same or different structures. Hard coding paths inside structures, would perform the task, but render your code non-reusable. Also the fact that the users can alter structures at runtime implies that hard coded paths will fail after an alteration in the structure. 

Name Path definitions allow for the usage of ‘*’ in order to pattern match both Aspect Object names (e.g. Bagga*) as well as levels in the structure (e.g., Landing/*/Convey*/Motor*, will match Motor 2 in Figure 4). The ability to abstract on the levels that one has to go through in order to reach a target object is a powerful way to achieve reusable code as well as more adaptable. For example, if initially we have a Batch Structure as the one found in Figure 4, the name path Landing/*/Convey*/Motor* will retrieve the Motor 2 Aspect Object. Later on if we decide to add more levels that increase the distance of Motor 2 from Landing the Name Path will still retrieve the correct aspect object.
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Figure 4 Location and Batch Structure for an Airport

The ability of you code, to still correctly perform its task even after modifications to the original structure, makes it adaptable. At the same time, any structure that holds the elements Landing Convey* Motor* and one contains (or relates) to the other in the order of, starting from Landing, going through Convey* and holding Motor*, will allow your Name Path to still retrieve the correct Aspect Object. So, reuse of this code in some other similar, but not identical, structure is also possible.

However, the adaptability and reuse what is provided through the abstraction on Name Paths is not always available. The Name Path holds a dependency on the following:

· Landing, Convey*, Motor* need to be in the Path of the structure to which you want to apply your code. If any of these Names are altered or completely removed then your code does no longer work.

· The relationship has Landing at a higher level that Convey* and Motor*. Also Convey* is at a higher level than Motor*. Altering this relationship between these 3 entities will break your code.

To achieve the best possible reusable, but also adaptable, code with a Name Path definition, the dependencies in your Name Path definition must be minimal in number, and to Aspect Object names that are less likely to change or be removed from the structure in question.

Typically the definition of the operation will provide a good indication to what Aspect Objects are considered to be essential for determining the Name Paths target object. For example, using the structures as found in Figure 4 the operation that needs to be coded is:

· Find the location of the replacement motor that is used in the Baggage Process with Conveyor Belt A

Can be coded as:


Figure 5 Code Sample Using Structures and Name Path

The adaptable nature of code inside Industrial IT is beneficial and should be promoted by the Aspect Systems Developer. Since, Aspect Objects can be altered by an operator (adding/removing/modifying the Aspects inside or even moving the whole Aspect Object within a structure) at any time. Developers cannot foresee all possible modifications at development time in order to accommodate them in their code. The adaptable nature of Name Paths, however, allows for a broad possibility of alterations to the running system without the need of re-coding. In this way we achieve reusability as well as higher system stability.

3.3.1.1 Issues / Extensions 

With the current implementation of structures inside AIP the following situations are, what I consider to be, missing cases or cases that could be improved to allow for greater adaptability and reusability.

1. When a Name Path definition is used and the topology of the structure contains more than one Aspect Object, which fulfills the Name Path specification, AIP returns one of these Aspect Objects. The choice of the Aspect Object returned, seems to be according to the last one added in the structure (Last In First Out, LIFO).

2. Using Name Paths, when multiple Aspect Objects fulfill the Name Path specification, an option to return the Aspect Object found at the shortest/longest/specific depth from the current root inside the structure would be a nice addition.

For point 1 above, it is often the case that more than one occurrences of an Aspect Object are found under the same root node in a structure. Although one could use an indexer (like CursorDown(1) to get a specific child of the current node you are on, this implies that you have knowledge of the number of children under your current structure node. Multiple executions of the code will always pick the same child Aspect Object (the indexer is never changed). Also the addition of a new occurrence inside the structure that would cause 2 distinct, instead of 1, Aspect Object to be found from the Name Path, will not break your code, but will cause your code to behave incorrectly. 

These reasons mentioned in the above paragraph increase the number of situations that your Name Path code either breaks, or even worse, continues to run smoothly but with the wrong behavior. 

To draw a parallel situation to the problem above, DJ provides two mechanisms when it comes to Traversals and their target objects; fetch and gather. Traversals in DJ correspond to Name Path specifications in Industrial IT. From a Traversal Specification in DJ one can extract a TraversalGraph. A TraversalGraph holds all objects that satisfy the Traversal query. Performing a fetch operation will return the single target object of this traversal. Performing a gather operation will return a list of all objects that are targets of this traversal.  

The ability to provide all valid targets, if more than one Aspect/Aspect Object satisfy the Name Path query, makes Name Paths even more adaptable. A suggestion, for the case of Industrial IT, would be to return a collection of structure cursors. Each structure cursor in the collection points to a node that fulfills the Name Path query. The programmer can then check for these situations and accordingly iterate and obtain the Aspect Object(s) that are of interest for his programming needs. 

A counter argument in favor of Industrial IT is that, instead of using Name Paths, one could obtain the target Aspect/Aspect Object through Filtering. That is filtering out the Aspect/Aspect Objects that you are interested in. The result will be a collection of Aspects/Aspect Objects, which you can iterate through and find the instance of the Aspect/Aspect Object that is of interest to you. 

The filtering solution to the problem has some drawbacks 

· Iterating through the collection of filtered results is time-consuming and resource costly

· Filtering takes effect over all Aspect/Aspect Objects found in the system and as such it would be more appropriate to use this functionality for operations that deal with a large number of Aspects/Aspect Objects. Filtering provides a more global solution, which takes effect over the nature of Aspects/Aspect Objects, while in the problem above we are interested in a subset Aspects/Aspect Objects with context sensitive information as provided by Structures.

In case 2 since structures denote relationships between Aspect Objects it is usually the case that a Name Path is used to retrieve or find the closest related Aspect Object instead of all Aspect Objects that fit your Name Path query. Adding the option to return that (as an extra parameter in the Name Path definition) will make programming using Name Paths more accessible. Also, this will stop different ad-hoc implementations of getting the shortest distance Aspect Object, created by individual programmers.

3.3.2 Events

Inside the Aspect Automation Model, Events are available to the programmer when he needs to be notified about operations on Aspect/Aspect Objects inside an Industrial IT system. All system data inside Industrial IT provide by default events on operations:
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Figure 6 Available events through the Aspect Automation model[7]
Events can be used to create notifications inside Industrial IT that inform the user about alterations/operations that have been performed on some other part of the system. However, programming using events also provides the basic mechanisms for AOP[15]. More concretely, events are used as pointcut designators (4.2 Aspect Oriented Software Design). Events denote the points within your execution to which you would like to either notify or add some behavior to the system. The code that is to be executed after the event has fired can be viewed as the code that would have been placed as an Aspect’s Advice (using AOSD terminology). Therefore one could use events as the basic building mechanism to simulate basic AOP inside Industrial IT.

Events can also be used to allow for easier system extension. For example, the Aspect Automation Model provides the above event notifications for all system data objects. Aspect System Developers can easily register their code to receive these events and accordingly perform extra operations depending on the event received. In this manner new operations can be implemented without great modification to existing code, allowing for easier program extensions. 

Events inside Industrial IT are only found, by default, inside system data objects. Newly created Aspect Systems however need to be explicitly implemented with events in order for this mechanism to be available for future use with the newly created Aspect System.

3.3.2.1 Issues / Extensions

Currently inside Industrial IT events are available for systems data objects, and Aspect System Developers have the option of adding events to newly created Aspect Systems. In a newly created Aspect System, the types of events that can be added by an Aspect System Developer are restricted to the following types 

· Aspect creation

· Aspect deletion

· Reading of Aspect Data

· Writing of Aspect Data

To the best of my knowledge, the Industrial IT framework provides COM interfaces against which one can easily add the above types of events. There is no easy build-in mechanism to define new types of events. For example, an event before a certain operation, that will not read/write to any data or delete/create a new Aspect, is to be executed. Adding this facility, or at least the choice to introduce new types of events, will allow for greater possibilities to use evens in order to extend a greater range of system behavior. 

It should be noted thought, that by allowing developers to introduce their own types of events, we are essentially increasing the number of event types that programmers need to be aware of and deal with in their code. This can potentially increase the complexity of the systems code. Since now there are more events to deal with, but also, the execution flow of your code becomes more scattered making the system harder to understand and debug. 

3.3.3 Object Types

Object Types provide the mechanism by which one can abstract common templates for Aspect Objects. The definition of an Object Type provides a template that contains a default set of Aspects. Instantiating an Aspect Object using an Object Type definition will create a new Aspect Object that will contain pointers to Aspects as they are defined in the Object Type definition.

Object Types provide the means to create generic definitions for certain types of Aspect Objects that can be reused/extended accordingly. This provided mechanism within Industrial IT allows for the same type of abstraction and problem decomposition as the one used for defining abstract classes and super classes in OO Programming. However the OO mechanisms of abstraction are not identical to the ones provided by Object Types. In OO languages, there is also the notion of types and type consistency that is not enforced within Industrial IT. For example, by defining a class/abstract class/interface in Java you are immediately defining a type within your program. Inheritance in Java immediately denotes a sub-type.   
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Figure 7 Types and Sub-Type relationships

In Figure 7a) one can instantiate an object of type ThreeButtonMouse and refer to it as an object of type Mouse. This is allowed since a ThreeButtonMouse is a type (or kind of) Mouse, however one cannot instantiate a WheelMouse object and then use it as an object of type ThreeButtonMouse. Although both ThreeButtonMouse and WheelMouse are types of Mouse they can be used as a Mouse object would be used since they are substitutable. A WheelMouse provides all the operations that a Mouse object would be expected to have. However using a ThreeButtonMouse as a WheelMouse is not possible since one type is not substitutable for the other and there are operations that are expected by a mouse of type WheelMouse that a ThreeButtonMouse does not have. The ability to view instances of one type as some other type is fundamental in OO programming and allows for better code reuse and information hiding through dynamic dispatch[8]
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[13]. Using the Java Language as an example the above rules are being automatically checked by the language and errors are reported accordingly that help developers remove erroneous code or possible bugs in their programs.

In the case of Industrial IT though, the user can alter Aspect Objects at any point in time. Alterations change the functionality and behavior of the Aspect Object, creating a running instance of an Aspect Object that no longer confronts to the original Object Type from which it was originally created. Even worse one could alter an Aspect Object, so that in now confronts to a different Object Type than the one originally used to create it. In this case, the Object Type reference of the Aspect Object will still point to the original Object Type definition. As a result the system’s information about the instances of Aspect Objects is not up to date. 

Aspect System Developers should be aware of these features found in Industrial IT and definition similarities, since one could misinterpret some definitions and create erroneous code. 

3.4 Packager

The packager role is responsible for generating all necessary packages (executables/libraries) that are to be shipped to customer sites. Through the use of Aspect Express Packager, all relevant files are collected and packaged together in order to create a stand-alone package. The package also contains information regarding the installation procedure that it needs to follow for the successful installation of the package inside an Industrial IT solution.

Dependencies within the different artifacts of the package itself should be included in the distribution, but also dependencies between this package and other Industrial IT platform components should be stated and checked during package installation.

3.5 Application Engineer

The Application Engineer role deals with most of the work that takes place at the customer site.  The Application Engineer has at his disposal the packages provided by the Packager as well as all necessary AIP core-related software. Also, knowledge of what are the specific Object Types that the Aspect System Developer has provided along with diagrams defining extra Structures (along with their context) as defined by the Application Designer
. 

The main tasks of the Application Engineer is to install and fine tune all AIP Software components, as well as, bring the whole system to a state that can be then used by the customer (Operators). Installation problems with the underlying platform (Windows 2000) as well as possible conflicts in the installation of the extra customer specific AIP Packages should be recorder and reported back in order to be resolved by the appropriate role (the Packager or Aspect System Developer depending on the conflict). 

Having a successful configuration ready, the following task is to instantiate all Aspect Objects that need to interplay in the system for its full operation. Instantiation happens by using the Object Types available. By following Object Type definitions the core functionality
 should be then made available to the running system. However, fine tuning Aspect Objects for last minute requirements that he customer might have (due to miss communication or situations that in the actual plant to not confront to the ones assumed during development) could be accommodated by this role.

This “fine tuning” however needs to be carefully considered. That is, addition of Aspects on Aspect Objects that simply affect one operation on that Aspect Object and do not influence some other part of the computation are what one can include in the definition of “fine tuning”. On the other hand altering core Object Type definitions that might affect multiple parts of the whole system, should be reported back to Aspect System Developers, and if necessary all the way back to Application Designers and Application Architects. Alterations of the later type may severely compromise the overall design and cause unexpected behavior or bring the system to a hold. This scenario is an indication of either a new requirement that has emerged, or an altered requirement due to more specific customer needs. 

Therefore it should be clear to the Application Engineer that 

· Object Types are templates from which instantiation of Aspect Objects can be materialized.

· Inheritance of Aspects inside Aspect Objects is merely a definition inheritance not a subtype relationship. So you simply inherit the definition (copy the definition over to Aspect Objects) without a notion of Typing that is enforced by the system

As a rule of thumb though an Application Engineer should not go into detail when it comes to altering Aspect Categories, Object Types and Structures. The roles main concern is to simply create, if needed, the structures according to the definitions set forth by the Application Designer and using the implementation provided by the Aspect System Developer found in Aspect Systems. 

4 Appendices

4.1 Object Oriented Software Design

This appendix is provided as a quick introduction to some of the basic features and practices of Object Oriented Software Design (OOSD)[8]
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[14]. Even though one cannot talk about OOSD without mentioning an Object Oriented Programming Language (OOPL) and its features, this appendix attempts to exclude any language specific details in the discussion that follows.

4.1.1 Objects

At the heart of any Object-Oriented (OO) based technology is the concept of an Object. An object is the lowest level artifact with which one communicates and performs computations on. 

 
An object

One can consider an object as a “black box”, living in some environment along with other entities (objects). Communications between the different entities happens through messages send and received. For example, we can view Mary as an object and John as another object. Mary can send a message to John asking, “How old are you?” Assuming that John is an object that can understand the message, the reply can then be send back to Mary as “35”.

Questions to the “black box” are in essence requests that will perform some sort of operation. These operations may affect data stored in the object itself or outside of the object in some publicly available data, or simply report back values without explicitly manipulating any data. In order to have the above facilities any object must be able to 

· Define data that is to be stored inside the object

· Define operations (and their implementation) that the object will perform when queried.

Operations, which an object supports, are usually referred to as “methods”. Both data as well as methods inside an object can be defined to be accessible (public) to other entities (i.e. other objects) or private to the object itself (operations that are only of importance to the object itself and not to the outside world).

By its design, an object hides away operations that are not of interest to outside entities and makes publicly available the operations that it (the object) provides to the rest of the world (system). This exposed behavior of an object is referred to as its “interface”. Modularity as well as data hiding is thus realized, since an object is a modular single entity, hiding irrelevant information and allowing itself to only be manipulated through a well defined interface that it exposes.

4.1.2 Classes

So how does one then define an Object with its data and methods? The answer to this question is: “Use Class definitions”. A Class is the way by which one can define anything about an object. For instance, John and Mary (from 4.1.1 Objects) could be defined through a class Person. The class Person should then contain a data item that holds a person’s age and a public method that returns back the age of the specific Person Object, when queried.

A class definition is thus used to define an objects data and methods. This definition can be then used to create instances (Objects) holding the methods and definitions found in their Class definition to manipulate their specific Object data.


A class definition for Person in Java[19]
In the code segment above bolded items are language-reserved words. Line 3 defines one data member for the class, which will hold an integer value (int). There are 2 methods defines and are both publicly available (public). One assigns a person’s age (set_age) the other replies with a person’s age (get_age).


Using the class Person in a Java Example

Line 2 in the code listing above is a special language feature of Java that is executed first in order to initiate a computation. The important lines above are 3,4 and 5. In lines 2 and 4 we are creating through the usage of the special word new Objects, whose definition will be taken from the class Person. We created 2 objects Mary and John. The program then continues, and sends a request to the object John to update its age field to 35 (line 5). Line 6 uses a Java specialized call that prints results on the computer screen, The printed output will be the value that the request get_age to the object John will provide, the number ‘35’ appears on your screen. 

The above, simple, code examples show how one can define a class, use the class definition to create Object instances and finally communicate between the different object instances in order to perform so computation (in this case set and report back the age of John).

4.1.3 Inheritance

As pointed out in 4.1.2, the definition of Objects is realized through the creation of Classes. Inheritance is a relationship between Classes that allows the categorization, extension as well as reuse of Class definitions. The over-all structure created using inheritance between Classes is termed as “inheritance hierarchy” or “inheritance chain”.

In an inheritance relationship, we can define the parent (base class, superclass, ancestor) Class of some other Class (subclass, child class). Establishing this relationship, the implementation (data and definitions) found in the superclass is available to the subclass. These definitions, at the subclass level, can be re-defined, so as to provide a different kind of behavior to the one provided by the superclass. Also the addition of extra methods/data at the subclass level is also possible, and allows for the creation of more specialized Class definition of the superclass definition available. 
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Using inheritance for extension / specialization

The diagram above shows 2 popular ways of using inheritance to extend (a) and to specialize (b) a class definition. In (a) the structure of 3 different computer mice (Mouse, ThreeButtonMouse, WheelMouse) are presented as an OO Design. Using inheritance, the definitions of left and right mouse click (along with the data for this operations) have to be defined once, inside the Mouse Class. The definitions are automatically provided through inheritance in the subclasses ThreeButtonMouse and WheelMouse. This feature allows us to simply add the extra methods (and data) needed to implement clickMiddle() (ThreeButtonMouse) and rollUp(), rollDown() (WheelMouse). In (b) we have a normal Robot that in order to turn the Robot on you have to explicitly press a button found on the Robot itself. The RemoteControlRobot is exactly the same as Robot but it has a remote control system and thus uses infrared technology to turn on or off. Since the 2 items have the same functionality (on or off), but require a different process to achieve this (different hardware thus different implementation), through inheritance we can reuse the common features (all walk operations) of Robot and simply redefine the ones in which Robot and RemoteControlRobot differ. 

Inheritance relationship between classes denotes also an “is-a” relationship, denoting groupings of types or kinds of classes. In the example above both ThreeButtonMouse as well as WheelMouse are of type Mouse. Looking at the same relationship, but from the opposite direction, WheelMouse and ThreeButtonMouse are subtypes of Mouse. Behind the idea of types and subtypes we find another powerful OO technique, polymorphism. The ability of an Object to be viewed differently by a system at different occasions, are the effects of polymorphism. This is achieved by referring to the same Objects but via a different type, according to which type is preferable by the user. 

As an example consider that you have a WheelMouse on your PC but you do not want to use the Wheel option in a specific application and you would like to disable its use. Viewing the Object WheelMouse as a Mouse object will provide you with the desired behavior (i.e. disabling the wheel operations). Changing an Objects Type under which it is used (not implemented), certain criteria have to be fulfilled, which a programming language may (or may not) enforce. In general though an Objects O1 of Type (or Class) C2 can be viewed as of type C1 if and only if C2 is a subtype of C1.

4.1.4  OO Design 

Using the facilities as described in this section of the appendix, software can be designed and implemented (under an OO Language) in a manner that will allow for greater reuse, increase in modularity and ease of program extension. However, system design remains a task that is dependent on both the problem that needs to be solved by the design (deliver a solution), but also the requirements that the design itself has to fulfill (e.g. reusable, modular etc). Designers and Software Engineers have developed sets of rules; principles, to help in the process of designing systems and satisfying some of these properties. These principles are to be considered as “rules of thumb”. Designers draw their solutions with these rules in mind and according to a problems requirements and needs, decisions are made, to obtain an “optimal solution” satisfying as many of its requirements as possible (if not all).

4.1.4.1 Design Principles 

The principles are aimed to provide a guide when one has to design a system. Their target is general enough so that Software Designers, Software Engineers, System Designers could benefit from these principles. 

· Shy Modules; modules that don't reveal too much about themselves and that talk only to a few friends 

· Dry Principle; do not repeat yourself. In all cases in which you find a repetitive process, this is a sign for a reusable component. Do not re-invent the wheel; reuse components as much as possible.

· High Cohesion; artifacts should contain strongly related and focused responsibilities.

· The Law Of Demeter. “Do not talk to strangers”. Within a method, messages can only be sent to the following objects: 
1. A parameter of the method, including the enclosing object (this or self); 

· For pragmatic reasons: a global object; 

2. An immediate part object (computed or stored): 

· An object that a method called on the enclosing object returns, including attributes of the enclosing object; 

· An element of a collection which is an attribute of the enclosing object; 

3. An object created within the method

As a “rule of thumb”, keep your objects small and maintain references to Data Members and method parameters. In this manner you have higher possibilities to reuse your classes, but also make alterations to your code in a more localized manner. As a side effect of this design principle, we end up with a large number of small classes. Certain operations will then require the interoperability of a big number of classes increasing the level of coupling within your code. The DemeterJ and DJ tools along with Visitors [4.2.5 DemeterJ/DJ] are the provided solution to remove this high coupling while still maintaining the above mentioned design principles. 

The extend to which one can follow the above rules depends on the problem itself, the requirements set forth for the design but also the mechanisms that one uses to create the design (tools, models, programming language etc). Under OOSD we can identify properties of OOSD that can help designers address the principles above.

· Inheritance allows designers to reuse common features of components when creating new components for more specific tasks.

· Objects (and thus class definitions) provide a mechanism to encapsulate and create modules. With a careful analysis one can define the public interface of an object and thus create shy modules, exposing only the necessary operations of an Object.

· Communication between different Objects has to be minimized in order to provide the minimum amount of dependencies between classes. Dependencies between Classes make reuse difficult since you have to satisfy all dependencies if you are to reuse a Class definition in another part of your design.

· Through inheritance, one can define specializes subclasses from their corresponding superclasses. High cohesion is achieved since each module concentrates on closely related operations with focused responsibilities.

· Polymorphism is another means to reuse an existing Object, by using it under a different form (view) within your program. Thus, your inheritance chain should accommodate this type casts between the objects that you intend to reuse in this manner. That is, the 2 types should have a common ancestor Class.

4.2 Aspect Oriented Software Design

Aspect Oriented Software Design[17] (AOSD) and Aspect Oriented Programming (AOP) is a new emerging technology that attempts to explicitly address certain design, as well as programming, issues, specifically crosscutting concerns[20]. Using currently available technologies, the solutions provided to address crosscutting concerns tends to be ad-hoc, and as a result, decrease the benefits of encapsulation, modularization and the ease of extensibility of a Software System.

4.2.1 Crosscutting Concerns

A Concern in the context of Software Engineering refers to a system property, whether that is a functional property of the system, or a constraint on the systems behavior. Functional property refers to system operations, which are visible by the systems user (create a new file or give me the name of all pumps in the plant). Constraints on a system refer to conditions that need to be satisfied and checked when the user requests specific operations from the system (e.g. logging of read and write operations on all pumps or an authorization mechanism for all data requests within a Database)

Crosscutting Concerns are those system concerns, which take effect over multiple artifacts
 within a design or program. An example of a crosscutting concern could be the need to log all operations that call external programs (third party software) from your application. Even though the definition of the concern in English is simple and appears to be a trivial task, its implementation is not. Different, third party software, provide different ways of being called from within your program. Typically this sort of task requires the addition, at each specific point in your system that an external application is called, of extra code/instructions to perform logging.

Designing and implementing a crosscutting concern in this manner, although the final result is achieved, it also introduces tangling. Introductions at all the specific points to which the crosscutting concern addresses creates a dependency inside your design/code between your artifacts. This makes your design/code less flexible, breaks the modularity of your system, and thus diminishes the reusability of your system. Furthermore, the design becomes harder to understand since now your artifacts are “polluted” with extra conditions and information about all crosscutting concerns that the system needs to satisfy.

4.2.2 Aspects

Aspects, in the context of AOSD, are the new encapsulation with which crosscutting concerns can be expressed. The new encapsulation provides for a more modular and easily extensible way of defining and deploying crosscutting concerns. In detail, an aspect holds all the information (operations and data) that a crosscutting concern uses/manipulates. The ability to encapsulate your crosscutting concern inside an aspect allows you to separate it from the rest of your design/implementation. The separation thus allows,

· Better modularity. Each crosscutting concern is now localized inside this new artifact that we call an Aspect. Just like in the case of Objects, we now have a new classification to address the needs for crosscutting concerns, encapsulated into a module that exposes an interface to the rest of the system.

· Easier understanding of a systems properties and operations. Looking at an Aspect in isolation, one can clearly understand its operations. You no longer have to go through all of your artifacts to find out if logging is used and how. 

·  Easier means of system extensibility. Using Aspects, altering a crosscutting concern (e.g. change your authorization algorithm) simply requires altering your design/implementation at one specific point, inside the Authorization Aspect. In the absence of Aspects the alterations will have to be made at all the points to which authorization is needed. An error prone and time consuming process

4.2.3  JoinPoint Model

Separating the operations and data, which a crosscutting concern deals with, is the first step. Naturally, there must be a way by which one can define at which points within your design/implementation an Aspect gets to execute its code. Current tools in the AOSD area provide you with a mechanism to define these points; we refer to this ability as the JoinPoint Model. The process by which the Aspect Code
 gets introduced into the rest of the system is termed as weaving. 

There are two common concepts behind OOSD and AOSD, Separation of Concerns [9](SoC) and encapsulation. The ability to separate each concern and encapsulate it in an artifact. Achieving this clear separation allows you to address each problem in isolation (due to separation) and expose only relevant information from an artifact to the rest of the system (due to encapsulation) making interaction between your artifacts clear, distinct and well defined.

The following sections of this appendix present a short introduction to currently available AOSD tools. The presentation of these tools is provided to show how the ideas from AOSD are being materialized today, but also, to compare these ideas to the ones supported by AIP.

4.2.4 AspectJ

AspectJ[4] is an extension to the Java language with facilities to support AOP. The compiler provided by AspectJ allows the definition of an entity called Aspect in the same manner as Java allows for definitions of Classes. Inside an Aspect, AspectJ allows you to define

· Advice. This relates to the operations that you need to introduce to the program, which would otherwise be spread (tangled) inside your Class Hierarchy of your Java application. Advice can be specified to execute before, after or around
 a pointcut. 
· Pointcuts. A mechanism that allows you to define points within your Class Hierarchy, but also points within your programs execution, to which your Aspect will introduce its Advice to be executed (methods calls, object creation etc)


AspectJ code for Logging all calls to public method in Class6, Class8, Class3, Class2

Bold items in the code listing above are language keywords. The notation * matches all names of methods, the (…) convention implies any number of arguments to the method. The Logging aspect above will print to the screen the message “Called public method” before each call to any public method found inside the classes Class6 or Class8 or Class2 or Class3. 
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Incorporating an Aspect inside your Class Hierarchy

AspectJ allows one to declare super and sub aspects and as such create hierarchical structures as in OOP but this time with Aspect definitions instead of Class definitions. This hierarchical definition makes it possible to design and reuse Aspects in the same manner as Classes in OOP. 

4.2.5 DemeterJ/DJ

DemeterJ[16] as well as DJ are tools that allow the encapsulation of Traversal Related Concerns. Traversal Related Concerns refers to concerns whose implementation requires a set of collaborating classes/objects found in your OO Systems. At each member of this set of classes certain operations need to be executed. Both tools, DemeterJ and DJ, provide you with the means to define the set of classes/objects involved, as well as the means to define the operations that you would like to execute at certain (or even all) members of this set.

Looking at DJ, for example, the tool allows one to view a program’s Class Hierarchy as a graph of connected nodes. On this graph, you can define a path and operations that you would like to perform when you reach a node in the path, as well as when you leave a node from the path. In detail: 

· Strategy. Provides a high level way to define a path on a Class Hierarchy. For example: from Room to Pump. The Strategy definition can also accept wild cards like ‘*’ to mean any, but also restrictions on the path definition (via, bypassing, only-through).
· Visitor. Inside the Visitor class one can define the specific operations that need to be performed during a traversal. One can create visitors to perform different tasks and reuse the same strategy, or even write a general visitor and reuse the visitor with different strategies. The visitor class can be used to define operations immediately before you pass a node (i.e. class/object), or immediately after. 

Allowing Strategy definitions to be general, programs can be defined so that they are not explicitly depended on the system structure that they depend on. The Strategy definition itself does not refer to all visited objects, but instead allows you to define only those objects that are of importance to the computation/traversal (e.g. from Room to Pump). This means that new artifacts introduced (or removed) from the design of the system do not directly affect your computation. Your programs are thus Structure Shy, they are not tightly couples with the underlying systems structure, and as a result, can still operate (adapt) after certain changes to the systems structure.
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Counting the number of People waiting at Bus Stops

Separating the operations that you need to perform inside a Visitor provides a further decoupling between the path and the instructions that one wants to perform. This separation allows one to reuse, when possible, both the path definition (strategy), but also the operations (visitor) in any desired combination.

DemeterJ/DJ allows you to define traversal related concerns in a clear and encapsulated manner. You, therefore, do not pollute your modules with extra code from crosscutting concerns, making your system more adaptive to changes, more readable, and also much easier to extend.

4.2.6 HyperJ

HyperJ[5] is yet another tool based on the Java language that allows the encapsulation but also the composition of concerns. The ideas behind HyperJ revolve around the idea of Multiple Separation of Concerns. Multiple Separation of Concerns takes the approach that a System should be viewed as a space with dimensions. Each dimension is simply a Concern, thus creating your system simply denotes creating and composing concerns to provide the desired functionality of your system. In more detail we have:

· Hyperslice. Defines the lowest building block, which is a dimension, comprising of a concern (e.g. Logging, Authorization etc).
· Hypermodules. Are created by composing together hyperslices. Besides the hyperslices themselves, a hypermodule also has a information on how hyperslices communicate/map between them. Composition of hyperslices can result to a complete working system (your final system) or an incomplete system that still needs to be composed with other hypermodules/hyperslices in order to provide a functional system. 
· Hyperspace. Refers to the whole space in which hypermodules and hyperslices are defined in. 
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Multi-Dimensional Separation of Concerns 

HyperJ is a tool that supports all of the above mechanisms, using the Java language. The tool has the ability to extract hyperslices from an existing application but also the ability to compose hypermodules through the usage of hyperslices and composition rules.

Taking an existing set of compiled Java files one can define (cut out a copy) of a concern and maintain it as a hyperslice. Using an external file you can then define the mapping rules of the hyperslice to another Java program. 


5 Conclusion 

The goal set forth for this document was to provide 

· A decomposition of User Roles that interplay within the development of an AIP Solution

· Examine the models for each role and provide general design guides that each role could use in order to assist the role in its task

· Expose issues (similarities or drawbacks) that one sees inside the whole AIP development phase using a comparison with AOSD/OOP techniques.

It should be pointed out that Software Design is a broad field with many issues that even well knows technologies that have been around for sometime, still have not yet produced definite mechanisms to analyze and design the “perfect solution”. Rather, guidelines and techniques are presented and Designers have to make the decisions according to the limitations and situation of each project how and to what extend a design rule should be followed. 

As such the topics covered in this document, do not fully cover all possibilities and are by no means complete in covering every aspect of a design phase. The document concentrates on ideas and issues found in AIP that share similarities with ideas in AOSD/OOP. Using results from AOSD/OOP the attempt was to convey knowledge and experience through the definition of rules and guidelines for AIP User Roles. In the situations where a clear-cut design rule could be extracted, the rule was stated and arguments to support these decisions where given. 

Going through and analyzing the different tools and ideas, certain issues/extensions became more evident. Issues on tool functionality, abstraction mechanisms and design decisions found in other domains but not in AIP where stated. Stating these issues/extensions we hope to provide grounds for discussion amongst AIP Developers to assess whether these issues degrade the quality of AIP software. The final decision to whether the issues expressed in this document should be taken into account and incorporated inside AIP lies with the AIP Development team. 

The author hopes that this document could serve as a starting point for discussion on design rules but also enhancements for the AIP platform to facilitate easier development and higher AIP Software quality. 
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1. Dim ChildNumber As Long


2. Dim NumberOfNodes As Long


3. Dim OriginalMotor As String


4. Dim NewMotor As String


5. Dim StrCur1 As ABBStructureCursor





6. ChildNumber = 1


7. Set StrCur1 = System.StructureCursor


8. StrCur1.SetCursor "Landing/*/Conveyor Belt A/*/Motor*", "Batch Structure"


9. NumberOfNodes = StrCur1.SwitchStructure(“Location Structure”)


10. OriginalMotor = StrCur1.Path


11. NumberOfNodes = StrCur1.SwitchStructure("Maintenance Structure")


12. StrCur1.CursorDown (ChildNumber)


13. NumberOfNodes = StrCur1.SwitchStructure(“Location Structure”)


14. NewMotor = StrCur1.Path


15. MsgBox "Motor at: " & OriginalMotor & " needs to be replaced with motor found at:" & NewMotor
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aspect Logging{


pointcut my_log():call(Class6.public *(…)) || call(Class8.public *(…))||


call(Class3.public *(…)) || call(Class2.public *(…));


before():my_log(){


						System.out.println(“Called public method”);


					}


}





1 class RunMe {


2 public static void main(String[] args){


3 Person Mary = new Person();


4 Person John = new Person();


5 John.set_age(35);


6 System.out.println(John.get_age());


7 }





1 class Person {


2 // Data 


3 int age;


4 //Methods


5 public int get_age(){ return age;}


6 public void set_age(int new_age){ age = new_age;)


7 }















































Composition Rules





check is the concern extracted as a Hyperslice from its original Hyperspace. Then mapped to the new Hyperspace as an extra new Dimension





check()








� See � HYPERLINK  \l "_User_Roles_and" ��Section� � REF _Ref17173723 \n \h ��3� for more detailed explanations.


� Important here to note is that since physical objects can be viewed at different levels of detail (for example a plain has 2 engines, 2 wings etc) the rule above does not restrict you in modeling each sub-component separately in different Aspect Objects. Capturing the relationships between these components is discussed in the following section (� REF _Ref21114611 \r \h ��3.2.3� � REF _Ref21114611 \h ��Structures and Name Paths� and � REF _Ref20990037 \r \h ��3.2.4� � REF _Ref20990037 \h ��Object Types�).


� The interplay between Aspects and Structures is discussed further in � REF _Ref21114611 \r \h ��3.2.3� � REF _Ref21114611 \h ��Structures and Name Paths�


� Diagrammatically, none of the existing tools (UML) can accommodate all of the AIP concepts. The lack of this tool inside AIP makes communication of ideas a bit more informal. 


� An ideal case would be to denote the creation of the event outside the Temperature Aspect and thus not altering its implementation. 


� One can assume that even the extra structures are available since Aspect System Developer should have created them for testing and verification of their implementation. 


� By “core functionality” we mean the agreed upon requirements that both customer and ABB agreed upon.


� Artifacts here refers to any tangible object (not as in OO) at any level of the Software Development process


� Aspect Code refers to the operations defined inside an Aspect


� Around advice executes before entering a pointcut and has the ability to proceed executing normally all call some other entity in the system instead.
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