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1 Introduction
Reasoning frameworks are used as the quality-attribute-reasoning basis by the Architecture Expert (ArchE). ArchE is a tool to help software architects and designers explore more effective architectural models and designs. It relies on quality attribute knowledge embodied by the reasoning frameworks to propose design alternatives in terms of architectural tactics(transformations) suggested by the reasoning frameworks—the more reasoning frameworks are available, the broader the reasoning capabilities of ArchE will be.
To ease the proliferation of reasoning frameworks that can work with ArchE, we introduce the ArchE Reasoning Framework Interface (ArchE RFI). This is a research prototype created by the Carnegie Mellon Software Engineering Institute (SEI) and a supplementary tool of ArchE to help reasoning framework developers build reasoning frameworks that can be used by ArchE. This guide will prescribe how to use ArchE RFI to (a) create a reasoning framework and (b) run it with ArchE. 
The rest of this guide is organized into 6 sections. Section 2 describes the key concepts on which reasoning frameworks are based and the key responsibilities that they have to provide in order to work with ArchE. Section 3 explains how ArchE interacts with reasoning frameworks at runtime. Section 4 introduces ArchE RFI in more details; it starts with defining the representations of the key ArchE concepts in the RFI; it illustrates how a reasoning framework operates on top of the RFI; it ends with describing how to use the RFI in the Eclipse development environment. Section 5 explains a conceptual reasoning framework that we will use as an example throughout the following sections. Section 6 presents the series of steps necessary for implementing the example as an ArchE-compatible reasoning framework. Section 7 explains how to run the example with ArchE. Finally, Section 8 provides contact information for reporting errors on the use of ArchE and the RFI, and concludes the documentation.
2 Reasoning Frameworks
A reasoning framework is a vehicle for packaging the quality attribute knowledge needed to reason about the behavior of a system with respect to a particular quality attribute. It also encapsulates the knowledge of architectural tactics needed to adjust the architectural design for satisfying unmet architectural requirements [Bachmann 03a]. 
Like ArchE, reasoning frameworks described in this guide are based on the following five axioms explored in prior reports [Bachmann 02, Bachmann 03a, Bachmann 03b]: 

· Quality attribute requirements (including the requirements for reuse, time to market, interoperability, performance, and modifiability) have the most dominant influence on architecture design.
· Quality attribute requirements can be expressed as quality attribute scenarios.
· Given a quality attribute model (such as performance queuing models, or reliability Markov models) that satisfies particular quality attribute scenarios, an associated set of architectural decisions can be inferred from the model.

· Interactions between several quality attribute models can be identified by using responsibilities as the “communication glue” among the models.

· The quality attribute model and the architecture design can be bridged by an architectural tactic that specifies how the parameters of the quality attribute model can be controlled through architectural decisions to achieve a desired response measure. 
From these five axioms, we introduce the key concepts to which reasoning frameworks need to stick.
2.1 Key Concepts

The key concepts include general quality attribute scenarios, concrete quality attribute scenarios, quality attribute models, responsibilities, architectural tactics, and architectural views. We are concerned here only with ontology. The representation or implementation of these concepts that you need to follow to build your reasoning framework will be discussed in Section 4.1.
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Figure 1 - Conceptual Model of Key Concepts
Figure 1 shows the ontology of the key concepts and their relationships. We describe these concepts in enough detail with which you can understand the remaining sections, but because this document doesn’t go into the very detail about them, we have provided references for further reading.
· General quality attribute scenarios. A general quality attribute scenario is a system-independent table for deriving quality attribute requirements. The table consists of six parts, namely: a stimulus, a stimulus source, an environment, an artifact being stimulated, a response, and a response measure [Bachmann 02]; each part having different possible values.  General scenarios for several quality attributes are discussed in [Bass 03]. In the case of modifiability, the general scenario is about the cost of change and the table addresses three concerns: i) what can change (the artifact)?; ii) when is the change made who makes it (the environment)?; and iii) how the impact of the change is measured? The tables can be customized to define scenarios for specific design contexts.  
· Concrete quality attribute scenarios. A concrete quality attribute scenario is a system-specific quality attribute requirement that is an instance of a general quality attribute scenario. This means that the entries of the general scenario table are set to specific values. For instance, a concrete scenario for modifiability would be “The operating system used by different customers may vary (stimulus). Adaptation of the software to the different processors (response) should be done within 1 person-day (response measure)”.
· Quality attribute models. A quality attribute model is the result of interpreting an architecture with an analytical theory, and represents an instance of using a reasoning framework -in other words, the instantiated independent parameters for the reasoning framework. These parameters are linked to their source (i.e., scenario, designer specifications, results of the application of a particular tactic), as well as to the responsibilities and architectural design elements (if applicable) to which they pertain. For example, the response time of an architecture (latency) can be estimated with a queuing-theory model [Bachmann 07]. In this model, events arrive, are queued, are processed by the server, are sent to another queue, are processed by another server, and so on, until the events exit the system. The interpretation will configure a specific queuing network, according to the characteristics of the architecture and the scenarios being analyzed.
· Responsibilities. A responsibility is an activity undertaken by the software being designed. ArchE uses responsibilities as a means of expressing functional requirements, as an integral part of quality attribute scenarios, and as a means of integrating the models produced by various reasoning frameworks [Wirfs-Brock 03]. Initially, responsibilities can come from functional requirements and quality attribute scenarios. As the design process progresses, responsibilities are added, split, or modified as a result of applying tactics for achieving particular quality attribute scenarios. Also, relations among responsibilities, properties of responsibilities, and properties of their relations provide clues necessary for reasoning frameworks to create an architecture and reason about particular quality attributes of the architecture [Bachmann 03b]. For instance, the concrete modifiability scenario given above involves two groups of responsibilities: one set includes all the responsibilities assigned to the processor, and the other includes all the responsibilities of the software [Bachmann 03a].
· Architectural tactics. An architectural tactic is a means of satisfying a quality-attribute-response measure by manipulating some aspect of a quality attribute model through architectural design decisions [Bachmann 03a]. It consists of reasoning framework rules and architectural design rules. The reasoning framework rules specify how the independent parameters of a quality attribute model can be controlled through architectural decisions to achieve a desired response measure. The architectural design rules codify architectural decisions used to transform an architecture into another. These rules also determine its corresponding responsibilities and their relationships, that are consistent with the quality attribute model manipulated in terms of its parameters. Coming back to the queuing-theory model for performance scenarios, it comes with a number of parameters such: as arrival rate of requests, service time per request, scheduling policy for the server, or queuing discipline; whose setting controls the behavior of the model [Bachmann 07]. For instance, a tactic can affect the average service time to reduce the total latency of the model, and to do so, produce specific modifications in the architecture being interpreted.
· Architectural views. A view is a design structure of the system that can be seen from a viewpoint, consisting of architectural design elements, their properties, and their relations for the viewpoint. Examples of common views [Bass 03] are: a module view, a process view, a component-and-connector view, etc. An architectural view is generated from responsibilities, translated to a quality attribute model for reasoning about its particular quality attributes, and transformed by applying architectural tactics to satisfy unmet quality attribute requirements. For instance, a process view can be used to generate the queuing-theory model mentioned above.
2.2 Key Responsibilities
In a general scenario, a reasoning framework is in charge of creating a quality attribute model (an analytic model) from an architectural view, and then, evaluating this model with an evaluation procedure (analytical theory) that calculates quality-attribute-response measures (the dependent parameters) when all the independent parameters of the model have values. Also, the reasoning framework can transform the view and the accompanying responsibility structure by applying an architectural tactic for satisfying unmet quality attribute requirements (concrete quality attribute scenarios).
In the context of ArchE, a reasoning framework has the following key responsibilities
:
· Self Description. This functionality allows advertising the reasoning framework to ArchE with its manifesto. The manifesto states the type of quality attribute scenarios the reasoning framework is interested in, as well as the data types that the reasoning framework can interpret for reasoning about quality attribute. The data types include scenario types, responsibility relation types, view element types, and the like. 

· Analysis. This functionality supports the interpretation of the architecture into a quality attribute model. Specifically, it says how to extract information from the current view of interest to build a quality attribute model instance, and how to execute an evaluation procedure that provides values about how well the scenarios are fulfilled. It is a good idea to have a clear description of how the model is obtained from the architectural view and the scenarios of interest.
· Suggesting Tactics. If some interesting scenarios are not fulfilled, this functionality provides a list of promising tactics that will help to create a better architectural view. To find promising tactics, the reasoning framework may implement or use its own search strategy. Search strategies could be either implemented internally or by external programs, such as SAT solvers. 
· Applying Tactics. If a decision is made by the user of ArchE to apply a particular tactic to the architecture, then this functionality change the current view according to the tactic. If the decision is made internally by ArchE, then this functionality creates a new candidate view as a result of applying the tactic to the current view (see Section 3.2 on the ArchE’ control flow). 
· Describing Tactics. When ArchE determines that certain tactics are worthwhile to be proposed to the user, this functionality takes the tactics from ArchE and creates questions to the user. It could also provide other recommending questions not related to a tactic. For example, a modifiability reasoning framework can give a suggestion that the user should setup the ‘cost of change’ parameter of a newly-created responsibility. 

· Initial Design. The Analysis functionality requires an existing design to execute the interpretation and evaluation procedures. In case of the first start of ArchE, no architectural view exists. This functionality generates an initial view from the current responsibility structure so that a quality attribute model can be created. 

· Consistency Check. This functionality detects conflicts that might break data consistency with ArchE and other reasoning frameworks. If found, the conflicts are resolved. Possible negative dependencies to check include custom responsibility relations that have missing responsibilities (orphans) and responsibility parameters with no assigned values.
· Learning. When reasoning frameworks work with tactics, they often have to make assumptions about what the concrete instance of a tactic might be. For example, putting a more abstract interface to a module will influence the probabilities of the dependencies, but how much strongly it is depends on the level of abstraction. At least, a reasoning framework has to make “default” assumptions for tactical parameters. These are opportunities for learning. This Learning functionality keeps the current values of those assumptions, but may include some learning mechanisms to  adjust those assumptions over time. 
ArchE doesn’t force a reasoning framework to implement all the key responsibilities, but at least the Self Description functionality must be implemented to start communicating with ArchE. Other responsibilities are optional so you can decide to implement them or not, depending on the type and desired reliability of your reasoning framework. Typically, the Analysis functionality will be provided. For example, if you want to build a simple reasoning framework that only analyzes a specific architectural view, you can do it by implementing the Analysis and Initial Design responsibilities and ignoring other responsibilities. Here, the Consistency Check functionality could help to ensure a correct analysis. However, if you would like your reasoning framework to be able to apply architectural transformations (after performing analysis), then you need to implement the Suggesting Tactics responsibility. The Learning functionality is an optional responsibility in most of the cases.

2.3 Manifesto: Self Description
Every reasoning framework has to publish a manifesto that states what functionalities are provided. This manifesto is used to integrate a reasoning framework into ArchE with possible conflicts with other reasoning frameworks checked. The information items published in the manifesto are listed below.  
· Identification. The reasoning framework must have a unique identifier (ID) to allow ArchE distinguish among reasoning frameworks. This ID is used to scope the new types that the reasoning framework uses for model analysis or for design construction (see Section 6.1 for more details). In addition, the reasoning framework should include a name to be displayed by the ArchE, and a version number.
· Quality attribute of interest. This is the name of the quality attribute the reasoning framework is able to reason about. Examples of qualities of interest include modifiability, performance, and the like. In the current prototype, ArchE does nott allow to have more than one reasoning framework attending the same quality attribute.
· Scenario types. These are general scenarios responding to the quality attribute of interest, and whose instances the reasoning framework will process. The reasoning framework has to define at least one scenario type.
· Parameter and relation types for the responsibility structure. This is the group of custom responsibility types and relationship types that the reasoning framework will have available to construct its architectural view.  ArchE doesn’t allow the reasoning framework to define new types of responsibilities; however, it provides two customization mechanisms: responsibility relations and parameters. The reasoning framework may define new relation types between responsibilities, e.g. a dependency relation for modifiability.  The reasoning framework may also attach parameters (properties) to both responsibilities and relations. To do so, new parameter types needs to be specified.  A parameter type is a <name,primitive-type> pair that has a specific meaning for the reasoning framework, e.g., the ‘cost of change’ in a responsibility or the ‘probability of change’ propagation in a dependency relation.
· View types. This is the set of design elements and design relations used to represent the architectural view. A view element type defines the structure for instances of design elements, e.g., a module element for modifiability. A view relation type defines the structure for instances of relation between design elements, e.g., a module dependency for modifiability.  Both view element types and view relation types can be annotated with properties. The specification of the view types is mandatory.
· Model types. This is the set of model elements and model relations used to represent the quality attribute model. For instance, in the queuing-theory model for performance, the queues and servers are types of model elements; and the allocation of requests to queues and the usage of queues by servers are types of model relations. The model types are defined similarly to the view types. Nonetheless, if the reasoning framework doesn’t want to expose its quality attribute model to ArchE, this specification can be omitted. 
A template of this manifesto is defined in XML. More information about the specification of the manifesto is given in Section 6. In addition, see Appendix A for a complete example.  
3 How ArchE interacts with Reasoning Frameworks

An intuitive way of understanding the working of ArchE is through a blackboard metaphor in which different actors work together to produce a solution for a problem [Buschmann 96]. Each actor can potentially read information from the blackboard that was developed by other actors; and conversely, each actor can introduce new information into the blackboard that could be of interest to anyone else. These actors are usually referred to as knowledge sources, because they are experts in particular aspects of the problem. Often, there is a designated actor called control that manages the interactions among the knowledge sources so as to ensure progress in the problem-solving process. The blackboard style fosters modularity and autonomy of the design, and furthermore, serves us to capture the usual division of expertise found in the software architecture domain. In the semi-automated approach to design assistance of ArchE, the reasoning frameworks correspond to knowledge sources, ArchE itself acts as the control component, and ArchE Architecture Database becomes the blackboard. Since not all the decisions can be made by the ‘control’ component, the user becomes an additional actor with the necessary knowledge to make the final design decisions. This modality of assistance is known as mixed-initiative [Wilkins 01]. 
A distinctive characteristic of ArchE as a control component in the blackboard schema is that ArchE has very little knowledge of either the design techniques for specific quality attributes or the semantics of the system being designed. The model for ArchE is that of ‘tax preparation software’. Tax preparation software has a great deal of knowledge about the structure of the tax code and has the ability to check for consistency, but the information on which the tax return is based and the correctness of the resulting return depend on the information provided by the user.  Departing from basic concepts such as scenarios and responsibilities, ArchE delegates the design work to the respective reasoning frameworks, each of which is able to somehow relate quality attribute requirements to architectural structures. Then, ArchE simply coordinates the reasoning frameworks and assembles their results.  
Figure 2 shows simplified interactions between ArchE and a reasoning framework. Assuming that it already knows the availability of the reasoning framework, ArchE simply sends an asynchronous interaction command to the reasoning framework, and then, either waits for the command result or execute the next command depending on the context. The command results include analysis results, suggested tactics, or questions to the user. Meanwhile, the reasoning framework executes on the received command, and then, sends the result back to ArchE. The ArchE Architecture Database is used to manage any persistent data that need to be shared by ArchE and all participating reasoning frameworks. The persistent data include scenarios, the responsibility structure, architectural views, and relations among them.
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Figure 2 - Context Diagram of a Reasoning Framework
Section 3.1 will introduce the five interaction commands that ArchE uses to control the reasoning framework. Section 3.2 will illustrates the order in which these five interaction commands are executed. 
3.1 Interaction Commands
ArchE has the following five interaction commands to govern reasoning frameworks.

· ApplyTactics. This is a command for requesting a specific reasoning framework to apply a tactic to the current architecture in order to refine it. The tactic must come from a user question that was given to the user of ArchE and the user agreed. The expected result is to have the refined current architecture in the ArchE database. 
· AnalyzeAndSuggest. This is a command for requesting a reasoning framework to analyze the current architecture for scenarios of interest and to suggest new tactics if some scenarios are not fulfilled. The reasoning framework has to return the analysis results and the tactics, if suggested, to ArchE. Also, it might update the current architecture in the ArchE database by checking the responsibility structure consistency and by initializing its view based on the responsibility structure. 
· ApplySuggestedTactic. This is a command for requesting a reasoning framework to apply a tactic to the current architecture in order to create a new candidate architecture. The tactic must be one of the tactics that the reasoning framework suggested as a result of executing the AnalyzeAndSuggest command. The expected result is to have a candidate architecture in the ArchE database. 

· Analyze. This is a command for requesting a reasoning framework to analyze a candidate architecture for scenarios of interest. The reasoning framework has to return the evaluation results that ArchE will use to prioritize candidate architectures.
· DescribeTactic. This is a command for requesting a reasoning framework to provide ArchE with user-friendly questions that describe tactics or any other recommendations. 
3.2 ArchE Control Flow
ArchE runs a search control algorithm whenever the user makes a change in ArchE. The purpose of the algorithm is to find promising candidate architectures with help from reasoning frameworks, if some scenarios are not fulfilled. To achieve it, the algorithm interacts with reasoning frameworks, using the five interaction commands in the controlled way illustrated in Figure 3.
The sequence view emphasizes the execution order of interaction commands (blue words) for utilizing the functionalities of reasoning frameworks. The current and candidate architectures reside in the ArchE Architecture Database. When the user makes a change to ArchE, ArchE starts the following reasoning.

1. If the change is a decision to apply a tactic, ArchE sends ApplyTactics to the reasoning framework that suggested the tactic, and then, the reasoning framework modifies the current working architecture according to the tactic.
2. For every reasoning framework, ArchE sends AnalyeAndSuggest sequentially. Each reasoning framework that receives the command might modify the current architecture, if needed in preparation for the following analysis. It could assure consistency on the responsibility structure and initialize its view if applicable. Then, it analyzes the architecture. If the analysis results say that there are some scenarios not fulfilled, it suggests tactics to improve the architecture. Lastly, it returns the analysis results, and the suggested tactics if applicable.
3. For every suggested tactic, 
a. ArchE sends ApplySuggestedTactic to the reasoning framework that suggested the tactic. The reasoning framework creates a new candidate architecture by modifying the current architecture according to the tactic.        
b. For every reasoning framework, ArchE sends Analyze in parallel. Each reasoning framework analyzes the candidate architecture and returns the evaluation results to ArchE.  
4. ArchE prioritizes all the evaluation results that came from applying each suggested tactic.
5. For every reasoning framework, ArchE sends DescribeTactic in parallel. Each reasoning framework provides ArchE with user-friendly questions that describe suggested tactics or any other suggestions, if applicable. 

6. ArchE shows the user all the questions sent by reasoning frameworks. 
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Figure 3 - Sequence View of ArchE interacting with Reasoning Frameworks
3.3 Reasoning Frameworks As External Plug-ins
Figure 4 shows an example of how reasoning frameworks can be deployed to work with ArchE. ArchE thinks of a reasoning framework as an external plug-in. 
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Figure 4 - Deployment View of ArchE interacting with Reasoning Frameworks
The external term means anywhere outside the ArchE process so that the reasoning framework can reside even on a remote machine over networks. It also implies that reasoning frameworks can be transparent in location so that ArchE does not need to know their locations in order to interact with them. Furthermore, it implies that ArchE can have the chance to utilize multiple computing resources at the same time by executing remote reasoning frameworks in parallel.  
The plug-in term means that a reasoning framework can be added to or removed from ArchE at rum time without disturbing the current task of ArchE. A single reasoning framework allows the reasoning about a specific quality attribute and the more reasoning frameworks are available, the broader the reasoning capabilities of ArchE will be. 
In order to make reasoning frameworks external plug-ins, we use the following two components:
· XmlBlaster
. This is a message-oriented middleware where implicit message invocations can take place among participants over networks, greatly improving extensibility in terms of adding/removing a participant without considering others.  
· Reasoning Framework Interface. This is the interface to a reasoning framework. It abstracts the details about working with XmlBlaster, the communication protocol between ArchE and the reasoning framework, and the algorithms executing interaction commands, while allowing the reasoning framework to concentrate on the specifics of its reasoning. 
4 ArchE Reasoning Framework Interface
ArchE RFI can be seen as an object-oriented framework that governs the design of your reasoning framework applications. It therefore predefines the overall design structure, its decomposition into interfaces, and classes, the key responsibilities about them, how they collaborate, and the flow of control. Also, such design decisions are common to the domain of your reasoning framework, comprising its main body. When you instantiate an application on top of a framework, you reuse the main body and write the code it calls. Even though you will have to create some subclasses and write methods with particular signatures, the framework reduces the design decisions you have to make. As a result, you can concentrate directly on the application functionality, and build your applications faster with similar structure. Furthermore, the similarity makes them easier to maintain and look more consistent to their users.   
We implemented ArchE RFI in Java, so you’ll have to implement your reasoning framework in Java as well. However, you might write its core functionalities in any other programming language such as C and C++, and then, assemble them with the top level Java code by using JNI. 

Figure 5 illustrates the layer view of this interface. Each layer (Java package) provides services for the upper layers. Nonetheless, there is no strict layering, so a given layer can potentially use all lower layers. A description of the four layers is outlined below.
· edu.cmu.sei.arche.external.communication. This is the Communication layer, and it includes all the classes and interfaces related to interacting with ArchE via XmlBlaster. It provides the following functionalities:
· Register (un-register) a reasoning framework for ArchE at runtime.

· Listen to an interaction command from XmlBlaster that is sent by ArchE, and delegates its execution to the Execution layer.
· Send messages for progress monitoring, and receive messages for command cancellation. 

· edu.cmu.sei.arche.external.execution. This is the Execution layer which is equipped with a set of algorithms, each processing a different interaction command which is forwarded from the communication layer. Based on the services from the two layers below it, the Execution layer provides the following functionalities:
· Define the skeleton of an algorithm in an operation for each interaction command, deferring some steps to either the Reasoning Framework or the Data layers. These two layers are allowed to redefine certain steps of an algorithm without changing the algorithm’s structure. For example, the execution layer defines when to restore, save, and delete the current architecture in the ArchE database, while delegating ‘how to do’ it to the Data layer.  
· Handle exceptions. 
· Check whether the command is cancelled by ArchE
· edu.cmu.sei.arche.external.reasoningframework. This is the Reasoning Framework layer, and it provides the base class ArchEReasoningFramework that you will have to extend in order to implement your reasoning framework, as well as other helping classes that you may use to access inputs and return outputs for an interaction command. 
· edu.cmu.sei.arche.external.data. This is the Data layer providing the upper layers with the key concepts illustrated in Figure 1. It includes only Java interfaces needed to abstract and manage the key concepts. Therefore, you will have to realize this layer by implementing the Java interfaces. 
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Figure 5 - Layer View of ArchE Reasoning Framework Interface
In the following three subsections, we will take a closer look at the two bottom layers as they are where you have to implement your reasoning framework. Then, subsection 4.4 will illustrate how an interaction command is executed inside of the Execution layer, based on the two bottom layers. Subsection 4.5 will guide you to start using this interface in Eclipse.  

4.1 Java Interfaces for Key Concepts
From the perspective of ArchE RFI, the Data layer is seen as a set of Java interfaces that models the key concepts in Figure 1. Interfaces are separated from implementations because we wanted to make the ArchE RFI independent of any implementations for dealing with the ArchE database. This separation enables you to implement the Data layer with any data access method such as Hibernate
 or native SQL, without changing the structure of the ArchE RFI. However, your implementation must conform to the predefined Java interfaces structured in Figure 6.  

At the very top level are ArchEArchitecture and ArchERequirementModel interfaces. They abstract an architecture and a requirement model for the system under design respectively. The architecture is a container for all the design items needed by a reasoning framework but the scenarios. Instances of ArchEArchitecture and ArchERequirementModel are connected by sharing the same instance of ArchEVersion interface. The versioning schema is managed by ArchE as it explores alternative architectures for an initial setting. 
An ArchEArchitecture object contains an ArchEResponsibilityStructure instance and an ArchEView instance, representing the responsibility structure and the architectural view in Figure 1 respectively. A software architecture can be organized into more than one architectural view. However, we used here a one-to-one mapping between them because we assume that a reasoning framework takes a look at the system in design from a single viewpoint. 
In particular, the ArchEResponsibilityStructure object groups a set of ArchEResponsibility instances for holding responsibilities that the architecture has to deliver, and another set of ArchERelation instances for holding the relations between responsibilities. Similarly, the ArchEView object groups a set of ArchEDesignElement instances for holding design elements that comprise the architecture, and another set of ArchEDesignRelation instances for holding the relations between design elements.  All the items necessary for the responsibility structure and the architectural view are specified in the manifesto.
You should interpret the responsibility structure as a purely “functional” view of the architecture, and then think of the architectural view as the “design frame” to map the responsibilities in the responsibility structure to specific design elements and relationships. Typically, both ArchEResponsibility and ArchEView classes will be specialized when developing a reasoning framework (see Sections 6.3 and 6.4).
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Figure 6 - Java Interfaces for Key Data Concepts and their Relations
Lastly, an instance of ArchERequirementModel consists of ArchEScenario instances, each of which is a concrete quality attribute scenario in Figure 1. ArchE takes care of creating and distributing scenarios among the reasoning frameworks, so that each reasoning framework only receives those scenarios it is interested in. Because of that, you shouldn’t have to manipulate an ArchEScenario object directly but simply access to its data within your reasoning framework.
4.2 Java Interface for a Data Provider

Another important Java interface in the Data layer is ArchEDataProvider. This interface can be seen as a façade to create appropriate instances of ArchEArchitecture, ArchEResponsibilityStructure, ArchERequirements, and ArchEView objects on behalf of the reasoning framework. To do so, ArchEDataProvider defines a set of methods that the Execution layer will call for managing versions, requirement models, and architectures in the ArchE database. Table 1 shows the methods with them categorized in terms of responsibility.  Whenever you implement a new reasoning framework, you will have to define a specific data provider for it (see Section 6.5).
	Functionality
	Related Methods

	Get data


	ArchEVersion getVersion (String architectureName)

ArchERequirementModel restoreRequirementModel (ArchEVersion version)

ArchEArchitecture restoreArchitecture (ArchEVersion version)

	Update data


	void saveRequirementModel (ArchERequirementModel requirement model)

void saveArchitecture (ArchEArchitecture architecture)

	Create data

	ArchEVersion newChildVersion (ArchEVersion parentVersion, 

                                                      String childArchitectureName)

void saveRequirementModelAs (ArchERequirementModel requirementModel,

                                                     ArchEVersion newVersion)

void saveArchitectureAs (ArchEArchitecture architecture, 
                                         ArchEVersion newVersion)

	Delete data
	void deleteArchitecture (ArchEVersion version)


Table 1 - ArchEDataProvider Interface
· Get data. As described in the previous subsection, an ArchEVersion instance is used to link ArchERequirementModel and ArchEArchitecture instances. Therefore, the Execution layer first calls the getVersion() method to get an ArchEVersion instance for an architecture name given by ArchE. Then, it calls the restoreRequirementModel() and restoreArchitecture() methods to get ArchERequirementModel and ArchEArchitecture instances for the version instance. 

· Update data. The Execution layer calls the saveRequirementModel() and saveArchitecture() methods to update the current requirement model and architecture in the ArchE database.
· Create data. The Execution layer first calls the newChildVersion method to create a new version data for a new architecture candidate (child) which will be later derived from the current architecture (parent). Then, it calls the saveArchitectureAs() method with the architecture to save and the new version data in order to save the new architecture candidate in the ArchE database. Similarly, it calls the saveRequirementModelAs() method to save the current requirement model with the new version data.
· Delete data. The Execution layer calls the deleteArchitecture() method to delete the architecture in the ArchE database whose version equals that of the ArchEVersion instance.  

To implement this interface, you might either directly use naïve SQL statements such as SELECT, INSERT, UPDATE, and DELETE, or use an object-relational mapping library, like Hiberate, to avoid the complexity of using SQL statements. In Section 6, we will demonstrate a Hibernate-based implementation of this interface. 
Also, note that you must not call any of these methods directly from your application code; their executions are under control of the Execution layer. 
4.3 Main Java Class for a Reasoning Framework
The class ArchEReasoningFramework in the Reasoning Framework layer provides support for the main functionalities of any ArchE-compatible reasoning frameworks. You will normally extend this base class when developing a particular reasoning framework. ArchEReasoningFramework is implemented as a Java abstract class, including issues common to all reasoning frameworks while letting you implement issues specific to your own reasoning framework.  Common issues range from general patterns of behavior supported by ArchE RFI (i.e., abstract and template methods) to default implementation parts that may be overridden by subclasses (i.e., hook methods).
Pre-implemented common functionalities

The common functionalities of reasoning frameworks include having a data provider, managing analysis results and suggested tactics, self-description (manifesto), starting/stopping the communication with ArchE, and logging. They are pre-implemented in specific methods as shown in Table 2. 
	Functionality
	Related Methods

	Aggregate a data provider
	ArchEDataProvider getDataProvider()
void setDataProvider (ArchEDataProvider provider)

	Manage analysis results
	void clearRepositoryForAnalysisResults()
void saveAnalysisResult(String scenarioFactID,

                                        ArchEAnalysisResult analysisResult)

ArchEAnalysisResult restoreAnalysisResult(String scenarioFactID)

Hashtable<String,ArchEAnalysisResult> getRepositoryForAnalysisResults()

	Manage 

suggested tactics
	void clearRepositoryForSuggestedTactics() 

void saveSuggestedTactic(String tacticID,

                                           ArchETryTacticResult suggestedTactic) 

ArchETryTacticResult restoreSuggestedTactic(String tacticID) 
Hashtable<String,ArchETryTacticResult> getRepositoryForSuggestedTactics()

	Describe self
	void configure(String rfConfigFilePath)
String getID()

String getName()

String getQuality()

String getInstallPathName()

String getRFConfigFileName()

	Start/Stop the interaction with ArchE
	void start()
void stop()

	Log


	Logger getLogger()

void printLog(int depth, Level level, String msg)


Table 2 - ArchEReasoningFramework Abstract Class: Pre-implemented Methods
This introduces the following constraints on your implementation:
· You can feel free to call all the pre-implemented methods except the clearResponsibilityForAnalysisResults(), saveAnalysisResult(), clearRepositoryForSuggestedTactics(), and saveSuggestedTactic() methods. They are intended to be called by the Execution layer in order to maintain analysis results and suggested tactics during the single ArchE search cycle illustrated in Figure 3. 

· The configure() method must be called prior to using others. This loads a XML-based manifesto file, initializing a reasoning framework.

· The start() method must be called in order to start the communication with ArchE. Similarly, the stop() method must be called before closing your reasoning framework so that ArchE can be notified of it in advance.  

Remaining functionalities to be implemented   

ArchEReasoningFramework has eleven abstract methods that the Execution layer can call for processing an interaction command published by ArchE. To build your reasoning framework, therefore, you have to extend this abstract class and implement all or some of the abstract methods. For the unimplemented methods, you have to return null for any class type and false for boolean. All the abstract methods are linked to the responsibilities described in Section 2.2 as shown in Table 3.  
	Responsibility
	Abstract Method Names

	Consistency Check
	checkRFDependencies 

	Initial Design
	initializeView

	Applying tactics
	applyTacticByUserQuestion

	
	applySuggestedTactic

	Analysis
	Analyze

	Analysis + Suggesting Tactics
	analyzeAndSuggest

	Describing Tactics


	describeTactic

	
	describeOtherThanTactic

	Learning


	beginLearning

	
	learnBy

	
	describeWhatLearned


Table 3 - ArchEReasoningFramework vs. Responsibilities to be Implemented
In addition, the following table shows which abstract methods are called by the Execution layer, given one of the interaction commands described in Section 3.1.

	Interaction Command
	Abstract Method Names (ordered by execution)

	ApplyTactics


	initializeView

applyTacticByUserQuestion

	AnalyzeAndSuggest


	checkRFDependencies

initializeView

beginLearning

analyzeAndSuggest*

	ApplySuggestedTactic
	initializeView

applySuggestedTactic

	Analyze
	checkRFDependencies

initializeView

beginLearning

Analyze*

	DescibeTactic
	describeTactic

describeOtherThanTactic

describeWhatLearned


* You might call the learnBy() method inside of these methods for learning.

Table 4 - ArchEReasoningFramework vs. Interaction Commands
Here, we describe the full specification of each abstract method. Again, note that you must not call any of these abstract methods directly from your application code; their executions are under control of the Execution layer.
boolean checkRFDependencies ( [in] ArchERequirementModel, 






                [inout] ArchEResponsibilityStructure)  

Parameters: 

ArchERequirementModel - Requirement model used to find the responsibilities and their relations in which you're interested 

ArchEResponsibilityStructure - Responsibility structure to be checked and updated  

Returns: 

true if the responsibility structure is changed. Otherwise, return false. 

Description: 

Implement this method if your reasoning framework wants to assure that if another reasoning framework has already made changes to the given responsibility structure and some of the changes have any dependencies (negative effects) on your reasoning framework (i.e., your view and your analysis model), the dependencies have to be checked and resolved. The possible negative dependencies include:

- Responsibility relations of your interest that have missing responsibilities (orphans) (e.g., another reasoning framework deleted a responsibility that is part of the responsibility relation in which you're interested). The resolution consists of removing such responsibility relations 

- Parameters of responsibilities of your interest that have no values (e.g., unbound execution time of a responsibility for a real-time scheduling reasoning framework). The resolution involves assigning default values to unbound parameters. 
boolean initializeView (
[inout] ArchEView,




[in] ArchEResponsibilityStructure,




[in] ArchERequirementModel) 

Parameters: 

ArchEView - View to be initialized 

ArchEResponsibilityStructure - Responsibility structure from which a might be generated 

ArchERequirementModel - Requirement model from which a view might be generated  

Returns: 

true if the view is changed. Otherwise, return false. 

Description: 

Implement this method if your reasoning framework wants to initialize its view before starting an analysis or applying a tactic on the architecture. In the process of view initialization, you might implement your own design rules for creating or updating your view based on the given responsibility structure (i.e., set of responsibilities and set of their relations). If your reasoning framework will only support analysis, just do nothing with this method. 

boolean applyTacticByUserQuestion ( [inout] ArchEArchitecture,





           [in] ArchEUserQuestion)

Parameters: 

ArchEArchitecture - Aarchitecture to which a tactic is to be applied 

ArchEUserQuestion - User question describing a tactic to apply and its relevant parameters 

Returns: 

true if the tactic is applied successfully. Otherwise, return false. 

Description: 

Implement this method if your reasoning framework wants to apply a tactic chosen by the user of ArchE. You need to apply the tactic described by the given user question to the architecture. 

ArchEAnalysisResult analyzeAndSuggest ( [in] ArchEArchitecture,




          

      [in] ArchEScenario,




   

      [out] List<ArchETryTacticResult>)

Parameters: 

ArchEArchitecture - Architecture to be analyzed 

ArchEScenario - Scenario for which the architecture will be analyzed 

List<ArchETryTacticResult> - The list of suggested tactics 

Returns: 

ArchEAnalysisResult - Analysis result of the architecture 

Description: 

Implement this method if your reasoning framework wants to suggest tactics back to ArchE, based on your analysis of the architecture for the given scenario. You might need to do the following things: i) create your quality attribute model based on the architecture (i.e., interpretation); ii) analyze the quality attribute model (i.e., evaluation); and iii) suggest tactics that result from adjusting parameters of the quality attribute model. 

boolean applySuggestedTactic ( [inout] ArchEArchitecture,




               [in] ArchETryTacticResult)

Parameters: 

ArchEArchitecture - Architecture to which a tactic is to be applied 

ArchETryTacticResult - One of the tactics suggested as a result of executing the analyzeAndSuggest() method

Returns: 

true if the tactic is applied successfully. Otherwise, return false.

Description: 

Implement this method if your reasoning framework wants to apply one of its tactics suggested by the analyzeAndSuggest() method. You need to apply the suggested tactic to the given architecture. 

ArchEEvaluationResult analyze ( [in] ArchEArchitecture,




                [in] ArchEScenario)

Parameters: 

ArchEArchitecture - Architecture to be analyzed 

ArchEScenario - Scenario for which the architecture will be analyzed 

Returns: 

ArchEEvaluationResult - Evaluation result of the architecture 

Description: 

Implement this method if your reasoning framework wants to evaluate the architecture for the given scenario and to return the result. You might need to do the following things: i) create your quality attribute model based on the architecture (i.e., interpretation); and ii) analyze the quality attribute model (i.e., evaluation). 

ArchEUserQuestion describeTactic ( [in] ArchETryTacticResult)

Parameters: 

ArchETryTacticResult - Tactic to describe to the user of ArchE 

Returns: 

ArchEUserQuestion - Question presenting the tactic in a way that the user can understand 

Description: 

Implement this method if your reasoning framework wants to describe its tactic to the user of ArchE. It has to translate a tactic to a user-friendly question, and return the question. 

List<ArchEUserQuestion> describeOtherThanTactic ( [in] ArchERequirementModel,

                                                                                            [in] ArchEArchitecture)

Parameters: 

ArchERequirementModel – Requirement model which might be referred to

ArchEArchitecture – Architecture which might be referred to 

Returns: 

List<ArchEUserQuestion> - The list of questions presenting the tactics in a way that the user can understand 

Description: 

Implement this method if your reasoning framework wants to describe any suggestions other than tactic-related ones to the user of ArchE. 

void beginLearning ( )

Description: 

Implement this method if your reasoning framework works with tactics and wants to make default assumptions about what the concrete instance of a tactic might be. This method is used to begin a learning process. 

void learnBy ( [in] int,  [in] Object[])

Parameters: 

int – Integer indicating the type of learning for which relevant data will be given 
Object[] – The list of Java objects of any type that will be given as inputs for the probing 

Description: 

Implement this method if your reasoning framework wants to learn about interesting information that can be used later to adjust the assumptions made to create concrete instances of a tactic. 

List<ArchEUserQuestion> describeWhatLearned ( )

Returns: 

List<ArchEUserQuestion> - The list of questions presenting the tactics in a way that the user can understand 

Description: 

Implement this method if your reasoning framework wants to suggest some questions to the user of ArchE about whether to adjust some default assumptions or not based on what have been learned.
4.4 Execution of an Interaction Command
The Execution layer has the logic for handling the different interaction commands sent by ArchE. Given an interaction command, the Execution layer processes it by relying on designated methods of ArchEDataProvider and ArchEReasoningFramework classes as shown in Figure 7. As you create your reasoning framework class as a subclass of the ArchEReasoningFramework class that implements its abstract methods, the Execution layer can execute your reasoning framework instance without changing its logic. Similarly, the Execution layer can call the methods of your Data Provider instance without changing its logic. Note that you must explicitly write the code in the constructor of your reasoning framework that instantiates your data provider and assigns it to your reasoning framework instance by calling its setDataProvider() method.  [image: image7.emf]«interface»
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Figure 7 - Relations between Execution Layer, Data Provider, and Reasoning Framework
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Figure 8 - Flow Chart of Executing an Interaction Command
Conceptually, an ArchEReasoningFramework object works as a command listener that is registered with ArchE for interaction commands. The flow chart of Figure 8 illustrates common steps in the logic for processing an interaction command. The red text indentifies the points in which a reasoning framework instance may introduce variations to the general logic. The variation points correspond to specific methods called by the ArchE RFI in the ArchEReasoningFramework class. These methods have to do with: checking the responsibility structure for consistency, providing a suitable initial view, analyzing and suggesting tactics (if applicable), and eventually calling learning capabilities. In addition, the chart shows the points in which the current architecture is restored /saved from/to the ArchE database, though how to do it is up to you.

Upon invocation of the different interaction commands, ArchE will make available an instance of the “current architecture” to the reasoning framework. That is, ArchE RFI will retrieve the architecture from the database, then the reasoning framework will access different parts of the architecture and do its processing, and finally ArchE RFI will save the resulting architecture to the database (if the command type indicates so).

4.5 How to Use ARCHE RFI in Eclipse 

ArchE RFI is deployed as a directory of an Eclipse plug-in named SEI.ArchE.External_0.1.0.  After installing ArchE, you can find this plug-in in <Your Eclipse Path>\plugins. To use this plug-in in your Eclipse Java plug-in project, please open your plugin.xml, go to the Dependencies tab, and add SEI.ArchE.External to the list of required plug-ins as shown in Figure 9.
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Figure 9 - Example of Using ArchE RF Interface in Eclipse
5 Example: A Change Impact Model for Modifiability
In this section, we introduce several concepts for modifiability analysis and design based on a change impact analysis model [Bachmann 04], as an example of an analytic theory to reason about modifiability scenarios. The technical steps to implement this quality-attribute model as a reasoning framework for ArchE will be explained in Section 6.

The model considers modifiability in a software architecture as a graph (also called dependency graph), in which the nodes correspond to “units of change” (e.g., responsibilities, modules, interfaces) while the arcs represent dependencies between the nodes (e.g., functional dependencies, data flows). A  modification of a specific node of the graph is likely to propagate to a neighborhood of nodes. We assume that the effects of the change in the neighbors decrease as a function of the distance to the source of the change.  Then, a function evaluates the graph with respect to a given scenario of change and returns a cost measure for the change. To do this evaluation, nodes and arcs are annotated with different properties. For example, a typical measure is the total cost of making a change, which can be estimated from the costs of individual nodes and the strength of coupling given by the arcs. Furthermore, we allow manipulation of the graph so as to affect the results of the evaluation function. This is accomplished either by adjusting the values of the properties, or altering the topology of the graph.

Wrapping this change impact model according to the principles of reasoning frameworks [Bass 05] involves three basic activities, as listed below.

1. Interpretation. Define a procedure to convert an architectural description into a dependency graph suitable for modifiability analysis. After executing the interpretation procedure for a given scenario, the resulting graph will have those design elements and design relations that are related to scenario-specific responsibilities.
2. Evaluation. Specify a function to compute one or more modifiability measures (e.g., metrics) over the elements participating in the graph. These measures will serve to characterize the cost and ramifications of the changes described by a scenario. These measures may also guide decision-making if re-design of the architecture is needed.
3. Re-design (optional). Provide transformations to change parts of the architectural description. Making changes in architectural configuration will lead to a re-interpretation and a new graph, which may improve the results of the evaluation function. Candidate tactics are usually selected by means of “screening” rules. These rules are actually heuristics to identify problematic areas in the architecture by looking at the metrics for individual nodes or arcs in the graph.
In the following sections we discuss the details of each of the activities for the case of change impact analysis.

5.1 Interpretation

In the reasoning framework jargon, interpreting an architecture is about extracting information from the architecture in order to create an analytic model for a quality attribute. In a way, the interpretation is a model transformation [Akehurst 05] that translates the architecture model to another model more suitable for quality-attribute analysis.  A prerequisite for interpretation is the specification of the architectural elements, relations and properties that have influences on that quality attribute. 
Modifiability can be defined as “the ability of a software architecture to accommodate changes”. Based on this definition, the level of modifiability of an architecture is determined by how functionality is allocated to modules and how these modules interact with each other. A type of architectural description that is convenient for reasoning about modifiability is the module view [Clements 03]. A module can be thought of as a code or implementation unit that delivers some functionality. Modules have relationships with other modules. A common relationship between modules is dependency, which denotes coupling between two modules.  Besides, since ArchE uses responsibilities to capture pieces of functionality, we can extend the module view with allocation relationships, so that a module can support one or more responsibilities
.  If so, dependencies between modules can be computed in terms of responsibility dependencies and allocations. That is, if a responsibility A is dependent on a responsibility B and they are allocated to different modules MA and MB respectively, we will have then a dependency between modules MA and MB (let’s consider for simplicity that a module dependency is a symmetrical relationship, if M A depends on M B, then M B depends on M A). Figure 10 gives an example of a module view with allocation of responsibilities to modules.

When analyzing a particular scenario of change, it is made concrete through a set of responsibilities within the system. The responsibilities that are relevant to a ‘class of change’ are labeled as primary responsibilities (PRs) in our modifiability model. In practice, the architect can provide an informed guess of the PRs for different modifiability scenarios. Departing from a set of PRs, the effects of the change will reach other responsibilities within the module view. The set of responsibilities indirectly affected by a change is called the rippling chain (ripChain) for that change. 
Two situations that favor rippling of changes are: i) co-allocation of responsibilities (allocation within the same module), and ii) dependencies between responsibilities allocated to different modules. On this basis, a ripChain is obtained by counting all the responsibilities that either share a module with some PR or are dependent upon a PR that resides on a different module. Once the PRs and the  ripChain sets for a modifiability scenario S are determined, we can approximate the modules of the view that are sensible to changes captured by S. These modules are labeled as primary modules (PMs) in our model. 

[image: image10]
Figure 10 – Module view augmented with allocation of responsibilities

The steps to identify the PMs set of an architecture and then convert the module view into a dependency graph are the following:

1. Provide a set of primary responsibilities PRs = {r1, r2, … rk } as input

2. Use the primary responsibilities to infer the rippling chain in the module view. This determines the set ripChain = {r1, r2, … rm}  (if some responsibilities overlap with RF, they are discarded)

3. Identify the set of primary modules as PMs = { mj | allocated(rk, mj) with mj in PRs or 
                                                                       mj in ripChain }
4. Given an empty graph G, each module in PMs becomes a node in G

5. Each module dependency between modules of PMs becomes an arc in G that connects the respective nodes for the modules. 

6. Label nodes and arcs in G according to the properties of modules, responsibilities and dependencies in the module view (see evaluation section below)

Figure 11 shows the result of applying the steps above to the module view of Figure 10, under a particular modifiability scenario.

5.2 Evaluation

Modifiability as a quality attribute can be quantified through an estimate of the cost of change. This cost has at least two factors:  i) the cost of making a modification to the architecture as it is now; and ii) the cost of re-designing the architecture to support specific modifications. Let’s consider the former factor as the only cost contributor in our model. In addition, two useful measures for the module view are coupling and cohesion [Bachmann 07]. By coupling, we mean the strength of the relationships between a module and the rest of the modules in the view. Cohesion is the degree of coherence of the responsibilities allocated to a particular module. Coupling is a function of the module dependencies, while cohesion is a function of the responsibility allocations for a module (although also influenced by the dependencies of the module with other modules). We will take advantage of coupling and cohesion measures for the ‘screening’ rules.

[image: image11]
Figure 11 – Generating a dependency graph from primary responsibilities in the module view

In order to compute cost, coupling and cohesion measures from the module view,  it is necessary to  annotate  modules, responsibilities and their relationships with several parameters. A first parameter for responsibility and module is the average cost of making a change to that element. Assigning costs to each responsibility and module is done by the architect, based on previous experiences, empirical data, or just ballpark estimations. For instance, we could assume that the cost of a module is 5 days and the cost of a responsibility is 2.5 days (these values are normalized before analysis, so as to compare different evaluations with the same scale). A second parameter is the strength of a dependency between responsibilities, which is specified using probabilities. For a pair of responsibilities, a probability value of 0.0 would indicate almost no propagation of changes (i.e., weak coupling), while a probability value of 1.0 would model a tight relationship between the responsibilities (i.e., strong coupling). We could also consider the directionality of the dependencies, dividing the probability of change into two parts: probability of outgoing changes (due to modifications in the source responsibility that affect other responsibilities), and probability of incoming changes (due to modifications in responsibilities others than the source of the relationship) .This same property applies to module dependencies, because they are a consequence of responsibility dependencies. 
Once all the parameters are set in the module view, we run the interpretation to map parameter values to labels for corresponding nodes and arcs in the dependency graph. After that, we run the evaluation algorithm to compute modifiability figures for cost, coupling and cohesion, as exemplified in Figure 12. The formulae used for the evaluation are weighted sums of costs and probabilities, coming from a slight variation of the model described in [Bachmann 04]. For the sake of brevity, the details are omitted. Indeed, other modifiability measures are possible by combining figures of individual elements within the graph. 

[image: image12]
Figure 12 – Labeling the graph and computing costs of change

5.3  Screening Rules and Transformations

Looking at the evaluation results, we as architects can decide whether the current architecture fulfills the scenario(s) or needs to be redesigned. For instance, a modifiability scenario will be considered satisfied if the predicted cost of change for it is below a given threshold. Moreover, a detailed inspection of the evaluation is useful to point out problematic elements in the graph (e.g., nodes with costs higher than expected, arcs with strong coupling, etc.), as a kind of mirror of problematic situations in the module view.  For example, a node with a high cost in the graph is an indicator that either the ‘interpreted’ module or its responsibilities back in the architecture have high costs as well. In general, we know that an architecture can be improved by putting adequate tactics and patterns in place (e.g., layers, events, etc.); therefore, we can apply several modifiability-oriented transformations to try to solve the problems. This way, the results of the analysis model are linked to specific transformations for the architecture [Bachmann 07]. 

Two examples of ‘screening’ rules to detect problems in the module view and corresponding tactics to fix the problems are listed below.
· Reduce the cost of modifying a responsibility via splitting. If the reason for a scenario to be unmet is the presence of a costly responsibility, a candidate tactic for the problem is to split that responsibility into children responsibilities [Bachmann 07]. The rationale is that the responsibility may include a great deal of capability, and therefore, refining that responsibility into smaller ones will reduce the total cost of the change under consideration. It is assumed that, after splitting, the changes will only affect a portion of the original responsibility. A heuristic to identify costly responsibilities is to look at the individual costs of primary responsibilities in the graph, and then select as the target for splitting the responsibility that has the greatest cost.

· Reduce the coupling of modules via insertion of intermediary. Another reason why a scenario is not satisfied could be an excessive coupling among modules, which favors the rippling of changes and increases the total cost [Bachmann 07]. Under this presumption, a candidate tactic to solve the problem is to insert an intermediary that breaks the involved dependencies. The rationale is that, by modifying the chain of dependencies, the extent of the change can be circumscribed to a smaller area of the architecture. A heuristic to find the placeholder for an intermediary is to seek primary modules whose coupling values indicate high probability of rippling.

Tactics are vehicles to control the quality-attribute response of a scenario because they affect specific parameters of the analytic theory. In particular, the tactic of splitting a responsibility aims at limiting the number of primary responsibilities and/or lowering their costs; while the tactic of inserting an intermediary is focused on breaking the rippling chain with the consequent reduction in primary modules. In terms of the architectural model, a tactic is materialized through a transformation that changes the structure of modules and responsibilities. Below, we describe the architectural transformations to implement our two tactics within the module view. 

Tactic 1: Split responsibility R (primary responsibility with highest cost)
1. Create two children responsibilities R1 and R2 as refinements of R

2. Remove R from the module M it was assigned to (M should be deleted if no longer contains other responsibilities)

3. Allocate the new children R1 and R2 to new modules M1 and M2 respectively

4. Specify a dependency relation between R1 and R2

5. For each responsibility coupled to R (through a dependency relation), remove the dependency and define two new dependencies with R1 and R2(*). The strength of coupling for these new dependencies should not be greater than the original strength of R.
6. Update the module dependencies according to the current stage of the responsibility dependencies
7. Update or set the coupling and cost properties as needed.

(*) It is up to the user to decide, after splitting R, which of the responsibilities originally linked to R will be coupled to each of the children R1 and R2. This choice influences the structure of the possible module views resulting from the tactic.

Tactic 2: Insert intermediary for module M (primary module with highest coupling)
1. Create a new responsibility R to act as the intermediary

2. Create a new module I and allocate R to this module

3. Delete the module dependencies of M with any other module in the view

4. For any module Mold that had a dependency with M, redirect the dependency of N to module I

5. For any responsibility Rold allocated Mold that had a dependency with responsibilities in M, redirect the dependency of Rold to R. 

6. For each responsibility in M, create a dependency to R. Then, create a module dependency between M and I.

7. Update or set the coupling and cost properties as needed.

Figures 13 and 14 show the modifications in the initial module view, after applying the transformations ‘split responsibility’ to responsibility R3 and ‘insert intermediary’ to module A respectively. These two examples give an idea of the spectrum of transformations that can be derived from basic tactics. Other variants for the same tactics may include: splitting more than one responsibility, keeping the less costly portion of the responsibility in the same module, using “proxy” responsibilities to talk to the intermediary, etc.

Note in Figure 13 that a new type of responsibility relation called refinement is introduced in the architectural specification. After applying the tactic, responsibility R3 becomes an “abstract” responsibility that is refined by children responsibilities R3A and R3B. Thus, the children are allocated to the new version of the module view. In terms of change impact analysis, the effect of the transformation reduces the number of responsibilities affected by the change, because now it only affects R3A (instead of the whole responsibility R3) and the rippling chain is narrower than in the original architecture. 
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Figure 13 – Refining responsibility R3 into responsibilities R3A and R3B 
As for Figure 14, we have a new module that mediates the communications between module A with modules B and C. Even when the number of affected responsibilities seems to be larger than in the initial architecture, we assume that the module coupling has been reduced, and so does the coupling of module A. Also, as a side-effect, changes to the intermediary responsibility are kept localized into a single module. 

The re-interpretation of the candidate architectures generated by the transformations produces slightly different dependency graphs, and consequently, the modifiability measures resulting from the evaluation of these graphs vary. The process of interpretation-evaluation-transformation continues until the modifiability analysis reaches values that meet the architect’s expectations.

As a comment, note that altering the structure of the module view through some tactic does not always guarantee an improvement in the cost function, because this function is based on both the architectural configuration and the parameters as inputs for the evaluation. For example, when selecting the tactic of splitting a responsibility, we must set the costs for the children responsibilities and set the probabilities for their responsibility dependencies. The specific values of these parameters lead to different instances of the same tactic, some of which reduce the cost function and others do not. Finding adequate parameter values for a given tactic is not trivial, and it often needs heuristic search.
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Figure 14 – Inserting an intermediary to decouple module A from modules B and C 
6 Building an ArchE-Compatible Reasoning Framework

In this section, we describe the main steps you should follow to develop a reasoning framework using ArchE RFI. ArchE RFI provides a number of hooks and default classes that keep you from knowing the internals of the communication of reasoning frameworks with ArchE, and therefore, let you focus on implementation tasks such as: definition of scenarios, analysis of the architecture, transformation of the architecture via tactics, etc. As part of the communication with ArchE, you need to have access to the ArchE database, in order to restore and save data for your reasoning framework.

We will use the change impact analysis model presented in the previous section to flesh out the pieces of functionality required by a reasoning framework. The implementation steps are outlined below.

· Write reasoning framework manifesto. The manifesto is the XML file that let ArchE know about the features provided by your reasoning framework. In the case of change impact analysis, the manifesto will contain information about a new type of modifiability scenario as well as other modifiability-related concepts for it.

· Define the architecture. The architecture is the design vocabulary of the reasoning framework. The architecture includes the responsibility structure plus one (or more) architectural view(s) appropriate for the kind of analysis and transformations performed by the reasoning framework. Thus, two sub-steps are required:
· Define the responsibility structure. Responsibilities are shared by all the reasoning frameworks and ArchE, but each reasoning framework defines its own responsibility relationships as well as quality-specific parameters for them. For instance, change impact analysis relies on ‘dependency’ relationships to link responsibilities.
· Specify architectural view(s). Each reasoning framework must have its own representation (i.e., design elements and design relationships) in order to map scenarios and responsibilities to it. For instance, change impact analysis uses the module view as basis for interpretation and evaluation. ArchE provides a library of common design elements that you can reuse and extend when defining your architectural view.
· Define the data provider. This component manages the lifecycle of all the elements encompassed by the reasoning framework vocabulary (e.g., architecture, responsibility structure, architectural view, etc.).  The data provider is also responsible for handling the connections with the database for them. 
· Define reasoning framework. A reasoning framework class must be created to account for the key responsibilities listed in Section 2. When specifying a reasoning framework for a specific domain, there are some features that are mandatory, while others are optional. For example, you may decide that your reasoning framework will have only “analysis capabilities” (i.e., interpretation and evaluation), so thetactic support is not a concern for this framework. As another example, you may decide not to expose the details of your analysis model (i.e., analysis elements and relationships) to ArchE via the database.
· Implement reasoning framework features. Based on the choices made above, you proceed to implement specific classes and/or override predetermined methods in ArchE RFI. If needed for tactics, you have to provide an additional configuration file with the types of user questions that ArchE should display for your reasoning framework.
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Figure 15 – Relationships of steps with key reasoning framework concepts

Figure 15 shows a workflow with the steps and their relationships to the key concepts for reasoning framework development. Each step is unfolded and explained in separate subsections. We briefly refer to the main classes used by our example, and show some code snippets illustrating important parts of the implementation.
6.1 Step 1: Define your Reasoning Framework Manifesto

The manifesto is the first piece of information that a reasoning framework must have to identify itself with ArchE. Among other things, ArchE will use this information to display appropriate dialogs and panels in the GUI, and also to know the mapping of data items to tables in the database. The manifesto is written in XML and includes the following sections:
<!--xml header -->

<rf>


<!-- Reasoning framework identification -->


<scenarioTypes>



<!-- Specification of 6-part general scenario -->


</scenarioTypes>


<responsibilityStructure >



<!-- Information about responsibility parameters, types of responsibility relationships 
                 and parameters for those relationships -->


</responsibilityStructure >


<model >



<!-- Description of elements and relationships used for quality-attribute analysis -->


</model >


<view >



<!-- Description of the design elements and relationships used in the architectural 
                 representation-->


</view >


</rf>

First of all, you must provide a unique ID for your reasoning framework and the quality attribute that it will attend. For instance, the naming section of a reasoning framework for change impact analysis would look like the following:

<rf
 id=”ChangeImpactModifiabilityRF”

<!-- Unique ID for reasoning framework -->



quality=”Modifiability”


<!--Target quality attribute -->



name=”ModifChangeImpact  RF v0.1”
<!--Description (for visualization purposes) -->



version=”0.1”



<!-- Version of this reasoning framework -->


>

…

</rf>

All the new types defined by your reasoning framework will be located by ArchE under that ID. This avoids type naming conflicts with other reasoning frameworks (as long as the ID is unique). When processing the manifesto, ArchE will use the ID as a name prefix to create the tables for the reasoning framework types in the ArchE database. For a given type, the corresponding table will be named as ID_<AnyTypeName>.

From the perspective of ArchE, a reasoning framework takes care of quality-attribute scenarios that belong to a particular type. A scenario type is captured by a general quality-attribute scenario, and you should specify your general scenario(s) in the second section of the manifesto
 (tag <scenarioTypes>). In order to define a general scenario for modifiability, we can write the following specifications:

<rf>

…


<scenarioTypes>



<scenarioType
name=”ChangeImpactModifiability”
<!-- Name for the scenario -->





desc=”Tooltip/help for this scenario type” 
<!-- text -->





tID=”ChangeImpactModifiability”

<!--Quality-attribute ID -->



>



<parts>  <!-- description of each of the 6 parts --> 



<part
partType =”SOURCE_ OF_ STIMULUS”






defaultText =””


<!--text -->





defaultTypeId=”endUser” 

<!-- initial table entry -->





defaultUnitId=””


<!-- units for that entry -->





defaultValue=””


<!--value for the entry -->





<types> <!-- list of possible entry types --> </types>



<part




<part
partType =”RESPONSE_MEASURE”






defaultText =”Type  cost measure here”
<!--text -->





defaultTypeId=”costConstraint” 

<!-- initial table entry -->





defaultUnitId=”days”


<!-- units for that entry -->





defaultValue=”30”


<!--value for the entry -->




<types> <!-- list of possible entry types --> </types>



<part




>




… <!-- complete here the remaining parts that comprise the scenario --> 



</parts>


</scenarioType>

</scenarioTypes>

…

</rf>

The specification above provides “meta-information” about columns and values of the scenario table that ArchE should display when a user creates a concrete quality-attribute scenario (or scenario instance) through the GUI. For example, when a scenario instance for modifiability  is initially created  (e.g., field “ChangeImpactModifiability” in the XML script), the user is expected to enter data for two specific parts of the instance: source of the stimulus (i.e., change) and response measure (i.e., how the satisfaction of the scenario will be measured). In the former part, the stimulus producing the change is the end user (by default); while in the latter one, the response is the cost of making the change in terms of days per person.

The third section of the XML manifesto is about the responsibility structure (tag <responsibilityStructure>). In the case of change impact analysis, we have that a responsibility can take part in a ‘functional dependency’ relationships. Besides, we can decorate plain responsibilities with a parameter for single cost of change (“P_Cost_of_Change”), and dependency relationships with two parameters for rippling probabilities (“P_Probability_Incoming” and P_Probability_Outgoing”), as it reads from the specification below. Further implementation details for the responsibility structure are given in Section 6.3.
<rf>

…


<responsibilityStructure>    


    <parameterTypes>  <!-- Available parameters for the responsibility structure -->

        <parameterType
tID="P_CostOfChange" 
 <!-- Property ID (and ID for database table) -->





name="Cost of change (days)"  <!-- Text description -->





dataType="double"  
<!-- Type (double, integer, Boolean or string) -->





defaultValue="0.0" 
<!-- Initial value for the property -->

 



/>

        <parameterType 
tID="P_ProbabilityOutgoing" <!-- Property ID (and ID for database table) -->

           


name="Probability outgoing (%)"





dataType="double" 





defaultValue="0.0"



/>

          …
    </parameterTypes>


    <relationshipTypes>


        <relationshipType 
name="Dependency”  >   <!-- New type of responsibility relationship -->

            
<operands>   
<lhs> ArchEResponsibility </lhs>     <!--left side of the relationship --> 





<rhs> ArchEResponsibility </rhs>    <!--right side of the relationship -->  



</operands>



<!-- Parameters for the dependency relationship -->

            
<parameter tID="P_ProbabilityIncoming" />   <!-- Change rippling in one direction -->

            
<parameter tID="P_ProbabilityOutgoing" /> <!-- Change rippling in the other direction -->

        </relationshipType>


    </relationshipTypes>


    <responsibilityParameters> 
<!-- Parameters for responsibilities -->

        
<parameter 
tID="P_CostOfChange" />  <!-- Basic cost for change impact analysis -->

         …


    </responsibilityParameters>    


</responsibilityStructure>

…

</rf>

Note that newly-defined concepts such as parameters and responsibility relationships have no “semantic meaning” outside the context of the reasoning framework, so ArchE gives them just a syntactic treatment. Nonetheless, ArchE is aware of the mapping of those concepts to corresponding tables in the database. 

The manifesto finishes with two sections, devoted to the architectural view (tag <view>) and the quality-attribute model (tag <model>) respectively. The view section includes the list of design elements and design elements used as the underlying architecture for the reasoning framework. For instance, we based the change impact analysis on a module view consisting of modules, responsibilities, responsibility allocations and module dependencies. These elements and relationships are specified inside the view section by means of <viewElementType> and <viewRelationType> tags. A specification of the module view is outlined below (the analysis model is left blank). This specification allows the ArchE GUI to display the modules and allocations for the current design. 
</rf>

…


<view> <!--Design elements and design relationships for the architectural view -->
     

<viewElementType 
tID="Design.Module"   >   <!-- Module element -->



<property 

name="id"
 type="integer" 
display="true"  
/>




<property 

name="name"
type="string" 
display="false"   
/>
            
<property
 
name="costOfChange" 
type="double" 
display="true" 
/>
       
</viewElementType>       


       
<viewRelationType
tID="Design.ModuleDependencyRelation" 
                                                      <!-- Module dependency relationship -->

       



lhsProperyName="parent"    <!--left side of the relationship -->






rhsProperyName="child"  >   <!--right side of the relationship -->


<property 
name="id" 

type="integer" 
display="false" />
        
<property 
name="parent" 

type="object" 
display="false" />
            
<property 
name="child" 

type="object" 
display="false" />
            
<property 
name="probability"
type="double" 
display="true" />
       
</viewRelationType>

       
<viewRelationType 
tID="ResponsibilityToModuleRelation"  





<!-- Allocation relationship -->

       



lhsProperyName="parent"    <!--left side of the relationship -->






 rhsProperyName="child"  >  <!--right side of the relationship -->


              <property 
name="id" 
type="integer" 
display="false" />


<property 
name="parent" 
type="object" 
display="false" />


 <property 
name="child" 
type="object" 
display="false" />
       
</viewRelationType>

   
</view>   


<model>    


<!-- Here you should describe nodes and arcs of dependency graph in a similar style than above -->

</model>

…

</rf>

The model, in turn, should expose those elements and relationships that are the output of the interpretation procedure. For change impact analysis, nodes and arcs are the main constituents of the dependency graph.  Likewise, these elements and relationships could be specified inside the model section by means of <modelElementType> and <modelRelationType> tags.  View and model elements and relationships can be also annotated with properties
. 

Note the naming convention “Design.Module”, which indicates that Module is a design concept that is predefined by ArchE. You can either use a predefined design type as it is or extend it with simple properties (e.g., string, double, integer, and boolean). You should keep in mind that the design types predefined by ArchE are available to all the reasoning frameworks, so a particular design type may be shared (used) by more than one reasoning framework simultaneously.

The view and model sections can be omitted the manifesto. These sections should be specified only if you want to make their elements and relationships “visible” for ArchE.  To support this functionality, you must take care of the mappings of elements to tables in the database. Implementation guidelines for the architectural view are further discussed in Section 6.4. The model is considered when implementing the reasoning framework class, as described in Section 6.7.

6.2 Step 2: Define your Architecture
The architecture contains items such as responsibilities, responsibility relationships, design elements, design relationships, etc., that are necessary for the reasoning framework work. As noted from the manifesto, those items related to responsibilities are grouped in the responsibility structure, while those related to the representation of the system (e.g., module view) are grouped in an architectural view.  The Data layer provides Java interfaces for all these items (see Section 4.1). To facilitate the management of architectures by the programmer, ArchE RFI comes with default implementations for the three Java interfaces that capture the architecture, the responsibility structure and the architectural view. These implementation classes are: ArchECoreArchitecture, ArchECoreResponsibilityStructure and ArchECoreView. These classes already take care of the persistency of its constituents in the database. 
When defining the architecture of your reasoning framework, the default behavior given by the ArchECoreArchitecture container should be enough for most of the cases. However, it is likely that you consider extensions of ArchECoreResponsibilityStructure and ArchECoreView classes to fit the needs of your quality-attribute analysis.  The main classes and relationships are depicted in Figure 16. 

For change impact analysis, we relied on ArchECoreArchitecture as the top-level architecture, and then created two domain-specific subclasses of ArchECoreResponsibilityStructure and ArchECoreView respectively. The former subclass handles responsibility dependencies, and the latter is a specialization of the architectural view into the module view. These subclasses are show in Figures 17 and 18, and further discussed in Sections 6.4 and 6.4.
The persistency logic in ArchE is currently supported with Hibernate via a schema of “value objects”, although the developer is free to choose other approaches for persistency.  In our Hibernate-based implementation, we use a “value-object” class for each concept that needs to be store in the database (e.g., responsibility, scenario, responsibility relation, module, etc). Hibernate also helps us to specify object-to-relational mappings in XML format quite easily. On this basis, the ArchECoreXXX classes invoke the Hibernates API to deal with database connections, queries, and loading/saving/updating operations. See Appendix D for more information about this topic.
6.3 Step 3: Define your Responsibility Structure

Depending on the contents of your reasoning framework (as specified in the manifesto), you may want to define new responsibility parameters and responsibility relations.  This functionality can be supported by any class implementing the ArchEResponsibilityStructure Java interface (or alternatively, a subclass of ArchECoreResponsibilityStructure class).  ArchECoreResponsibilityStructure already provides methods to handle responsibilities and relationships within a particular architecture. 
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Figure 16 - Interfaces and classes representing architecture-related concepts for ArchE
A responsibility is represented by the ArchEResponsibility Java interface. A ‘parent-child’ relationship between responsibilities is represented by the ArchERelation Java interface (note that this interface is not intended for design relationships).  Both ArchEResponsibility and ArchERelation interfaces include methods for the manipulation of parameters. In particular, ArchERelation is equipped with a default implementation class ArchERelationVO. 
Two special classes that realize ArchERelation are ArchETranslationRelationVO and ArchERefinementRelationVO.  An ArchETranslationVO object keeps the correspondence between a quality-attribute scenario and a responsibility, whereas an ArchERefinementRelationVO object means that a coarse-grained responsibility is elaborated into a more detailed responsibility (e.g., as a result of an architectural transformation).  Translation and refinement relationships are classes internal to ArchE, and therefore, they cannot be manipulated by developers. For any other reasoning-framework-specific relationship, you need to create your own class and manage its persistency.
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Figure 17 – Implementing a responsibility structure for change impact analysis

Figure 17 shows the extension of the responsibility structure for change impact analysis. We created  a subclass of ArchECoreResponsibilityStructure called ChangeImpactModifiabilityStructure, which deals with modifiability-related parameters and responsibility dependencies. The ArchEResponsibilityDependencyRelationVO class is the “value-object” for a dependency between a pair of responsibilities, which inherits the basic dependency structure from class ArchERelationVO.  As you should do, we also provided a Hibernate-based mapping of ArchEResponsibilityDependencyRelationVO objects to a table in the database. 
Regarding the parameters defined in the manifesto, some programmatic configuration is needed to associate parameters to responsibilities or relationships. Although ArchE can infer the mapping of parameters to the database from the manifesto, you must implement a couple of methods within your ArchECoreResponsibilityStructure subclass to restore/save specific parameters by name. The class ArchEDAOParameter provides utility methods to deal with parameter-related SQL queries. In Figure 17, our ChangeImpactModifiabilityResponsibilityStructure class implemented access to the parameters: P_CostOfChange (for responsibilities), P_ProbabilityIncoming and P_ProbabilityOutgoing (for dependency relationships).
6.4 Step 4: Define your View

Either for doing analysis or applying tactics, your reasoning framework must work with an architectural view. You have freedom to define your own classes for architectural views, as long as these classes comply with the ArchEView interface. Conceptually, any class implementing ArchEView must give support for a collection of design elements and design relationships, as defined in the manifesto.  There is a default class ArchECoreView for ArchEView, but unlike ArchECoreResponsibilityStructure, ArchECoreView leaves some storage methods abstract. This is so because you are responsible for handling the specific design items that constitute the architectural view.

In the case of change impact analysis, we defined a module view in terms of the Java interface RFModuleView. The methods specified by RFModuleView will be used later by the class that implements the interpretation procedure. In addition, we introduced three classes for the concepts of module, module dependency and responsibility allocation. The ArchEModuleVO class is the main design element within the module view. The ArchEResponsibilityToModuleRelationVO and ArchEModuleDependencyVO classes are both types of design relationships. As usual, all these classes are implemented as “value-objects” and supported by Hibernate. However, recall that we relied on design concepts predefined by ArchE when specifying the module and module dependency in the manifesto. Consequently, ArchEModuleVO  extends a design element predefined by ArchE whose implementation class is ArchECoreModuleVO. In similar way,  ArchEModuleDependency is a predefined design relationship that extends its behavior from the implementation class ArchECoreModuleDependency. Finally, we created the class ModuleADLWrapper as a subclass of ArchECoreView that implements at the same time the RFModuleView interface. The main classes are shown in Figure 18.  
In general, since design elements and design relationships are not core concepts in ArchE, it’s up to the reasoning framework developer to decide the best data structure for them within the architectural view. For instance, we used matrices to arrange module dependencies and responsibility allocations inside ModuleADLWrapper, because these matrices can facilitate the computation of our interpretation and evaluation functions. The ModuleADLWrapper class provided the storage-related implementations prescribed by class ArchECoreArchitecture. As a comment, we also codified a special method called loadViewWithConsistencyChecking(), which ensures that only those responsibilities from the database that exist in the responsibility structure are allocated to modules in the view. The reasons for this consistency checking are discussed in Sections 6.6 and 6.7.
6.5 Step 5: Define your Data Provider 

The ArchEDataProvider Java interface specifies the methods to manage the access to the ArchE database. Class ArchECoreDataProvider is a default implementation for ArchEDataProvider. It configures appropriate instances of ArchEArchitecture, ArchRequirementModel, ArchEView and ArchEResponsibility for the reasoning framework. Figure 19 depicts the main classes involved in this configuration. 
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Figure 18 - Implementing an architectural view for change impact analysis

Internally, ArchECoreDataProvider follows a "per-request session with detached objects" pattern, which is implemented on top of Hibernate. Basically, ArchE RFI uses two separate database transactions to serve a request for executing an interaction command from ArchE. First, when a command is received by the reasoning framework, a session is opened to restore the architecture from the database and then closed. After the command is finished (and before submitting the results to ArchE), another session is open to commit the architecture to the database and then closed. Of course, the architectural information handled by these sessions depends on the semantics of each command. Hibernate helps simplify the whole pattern by providing built-in context management capabilities.  In this way, ArchE RFI keeps you from handling JDBC connection/disconnection as well as session lifetime.
Usually, you just need to have a subclass of ArchECoreDataProvider and set the factory methods for the creation of ArchEResponsibilityStructure and ArchEView objects, as required by your reasoning framework. In our example, we created the class ChangeImpactModifiabilityRFDataProvider and configured methods newResponsibilityStructure() and newView() to return ChangeImpactModifiabilityResponsibilityStructure and ModuleADLWrapper objects respectively.
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Figure 19 - Configuration of reasoning framework classes in ArchEDataProvider
6.6 Step 6: Define your Reasoning Framework

Having ready all the building blocks the reasoning framework operates with, you can start supporting the reasoning framework functionalities described in Section 2.2. Possible functionalities for a reasoning framework are: creation of an initial architectural view, analysis, suggestion of tactics, application of tactics, description of tactics, consistency checking, and learning. The ArchEReasoningFramework class provides specific hook methods for each of these functionalities (see Tables 3 and 4 in Section 4.3). You need to create a subclass of ArchEReasoningFramework and override the respective methods. For change impact analysis, we implemented a full-fledged reasoning framework called ModifChangeImpactReasoningFramework that supports all the functionalities mentioned above (with the exception of learning). Figure 20 sketches the classes and methods used in the example. A table with a short description of functionalities is included below.
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Figure 20 - Supporting modifiability tactics as architectural transformations

	Functionality
	Description of the implementation

	Initial Design

	When our modifiability reasoning framework executes for its first time, the ModuleADLWrapper object representing the module view is empty. The default strategy to construct a module view out of a set of responsibilities consists of allocating each individual responsibility to a different module. Then, module dependencies are computed from the dependencies between responsibilities.  We implemented this strategy in method initializeView(). 
After several executions of the reasoning frameworks, we are likely to have changes in the responsibility structure. Existing responsibilities could be deleted (or refined), and new responsibilities may be added by ArchE or as the result of a tactic.  To account for these updates, a new module will be created for a responsibility only if that responsibility has no refinements (i.e., it is a leaf in the responsibility structure) and it is not already allocated to other module. Furthermore, if a module that contains no responsibilities is detected, it will be removed from the view.

	Analysis

	Once a module view has been created (or updated), the reasoning framework is allowed to analyze modifiability scenarios on that view.  This functionality is codified in methods analyze() and analyzeAndSuggest(). 
The interpretation/evaluation of the module view via the dependency graph described in Section 5 is delegated to class ChangeImpactAnalyzer. This class receives the list of primary responsibilities as input, constructs the dependency graph, and then computes a number of measures on the graph.  The reasoning framework simply takes the average cost of the change and passes it as the response for the scenario under analysis.

	Suggesting tactics
	When the results of the cost-based analysis are above the expected response of the scenario, we can look for tactics to transform the architecture into a candidate architecture with a lower cost. This functionality is supported by method analyzeAndSuggest(). This method performs the same analysis described for the analyze() method, although the results provided by ChangeImpactAnalyzer are used to drive the selection/configuration of a list of  tactics.  You can implement here any strategy to find tactics suitable for the architecture.  
In our example, we supported three tactics, namely: splitting a responsibility, adjusting the children for a refined responsibility, and inserting an intermediary between a module and other modules. We did not perform a complete search for suitable tactics, but rather we implemented some heuristics. The tactics are considered by the reasoning framework when the figures computed by the analysis are above specific thresholds. Our heuristic traverses the graph and filters out a target for the tactic (e.g., the responsibility with the highest cost, or the module with the highest coupling). The target (as well as other parameters) defines the configuration of each suggested tactic. This configuration may be used later by the reasoning framework (see functionality “Applying tactics” below).  At last, the method analyzeAndSuggest() returns a list of candidate tactics for the architecture.

	Applying tactics
	A particular tactic may come either from a list of suggested tactics or from a user’s decision.  Even when a tactic always produces an architectural transformation, the reasoning framework invokes different methods depending on the origin of the tactic. 
On one side, a “suggested” tactic corresponds to the explorative phase of ArchE, so the transformation will generate a new candidate architecture with no modifications to the current architecture.  This kind of functionality is implemented by method applySuggestedTactic(). On the other side, a tactic coming from the user (through an answer to a question) means that ArchE will replace the current architecture by the architecture resulting from the transformation. This functionality is supported by method applyTacticByUserQuestion(). 
When a tactic is about to be applied, we create and execute a transformation command based on the tactic parameters.  These commands are implementations of the interface RFArchitecturalTransformation. For example, three specific commands are defined for our tactics, namely: SplitResponsibilityCommand, InsertintermediaryModuleCommand and AdjustRefinedResponsibilitiesCommand. Each command is responsible for implementing modifications to the module view and the responsibility structure.  We assume that, after execution, the command will leave the transformed architecture in a consistent state.

	Describing tactics
	If tactics are proposed by the reasoning framework, ArchE will present a number of questions to the user regarding those tactics. Questions are generated in methods describeTactics() and describeOtherThanTactic(). The user questions are shown in the GUI, according to templates that  must be specified in a special file loaded by ArchE when the reasoning framework starts (see Section 6.6.1 for more details)

	Consistency check
	The actions of other reasoning frameworks or the user can lead to inconsistencies in the responsibility structure, as seen by our modifiability reasoning framework. Problems in the responsibility structure may, in turn, lead to an erroneous module view, which is then not suitable for analysis. 
In order to avoid these problems, the checkRFDependencies() method is a placeholder for checking the consistency of the responsibility structure. Consistency rules for our example include: deletion of orphan responsibility dependencies, and addition of missing parameters in responsibilities or dependencies. Orphan dependencies appear because the parent or child responsibility in the dependency does not exist anymore.  Missing parameters appear usually when a responsibility or dependency is added externally. The completion of parameters is a prerequisite for interpretation and evaluation of the module view


Table 5 - Implementation of reasoning-framework specific functionalities
6.6.1 Specifying user questions to display by ArchE 
User questions allow the reasoning framework to interact with the user. The contents and format of these questions are specific to each reasoning framework domain. Typically, a question describes the purpose of a particular tactic to the user. For instance, as a result of our change impact analysis, a question for the tactic of splitting responsibilities could be: “Responsibility X has a great deal of functionality and strong dependencies to other responsibilities, do you want to split responsibility X to improve modifiability?” If a positive answer is entered by the user, then ArchE will trigger the corresponding tactic to transform the current architecture.  You have to specify the templates for this kind of questions in a text file as a supplement of the manifesto file. An example of how you should write these templates is below.

 ################################################################## # questionId: splitResponsibility
 # parent: null (cf. index is <0>)

 # affectedFacts: the target responsibility (to be split)

# parameters:  
<1> the target responsibility (ArchEResponsibilityVO)

 #              

<2> the current cost for the scenario (double)

 #             

 <3> an estimated cost after applying the tactic (double)

 # options: null

 # default: null (this could be 'yes')

##################################################################  splitResponsibility.questionType = yesNo

 splitResponsibility.category = Applying modifiability tactics

 splitResponsibility.purpose = The responsibility "<1:name>" has multiple strong dependencies to other 
                     responsibilities. Therefore, it might be a good idea to split responsibility "<1:name>"

                     into two children responsibilities so as to minimize the dependencies. An estimation 
                     suggests that you could reduce costs from "<2>" to "<3>" person days for this change scenario.

 splitResponsibility.question = Do you want to split the responsibility "<1:name>"?
The ArchE naming convention is that, if your XML manifesto is <AnyReasoningFrameworkID>-rfconfig.xml, the name for the questions file should be <AnyReasoningFrameworkID>-rfconfig.questions. ArchE automatically recognizes the templates for the questions file when the reasoning framework is registered. This way, any request for displaying questions from the reasoning framework will be processed by ArchE on the basis of the templates in the questions file. Figure 21 is a snapshot of the question ‘splitResponsibility’ as instantiated by ArchE when running our modifiability reasoning framework. More information about question types is given in Appendix C.


[image: image21]
Figure 21- Snapshot of a user question as displayed by ArchE
You can create user questions inside the methods describeTactic() and describeOtherThanTactic(). All the questions generated by reasoning frameworks will be collected by ArchE at the end of its command cycle and then displayed in the GUI. When the user answers a question, this information is sent back o the reasoning framework that emitted that question through the method applyTacticByUserQuestion().

6.6.2 Error handling during analysis

There may be cases in which the parameters of responsibilities or relationships have invalid values, which might produce errors during the analysis of scenarios. Errors may also occur in the interpretation or evaluation procedures themselves. To account for these situations, the ArchE RF Interface provides a set of methods you can use to flag and report errors. For instance, you can abort the execution of the analysis functionality upon problems when checking responsibilities, or you can suggest no tactics if the interpretation/evaluation finished with errors. ArchE automatically clears all the error flags at the end of its command cycle.

Furthermore, error messages can be displayed as warnings in the GUI. A warning is a special type of user question that needs no response from the user. For example, our modifiability reasoning framework can detect probabilities values that are out of the range [0..1] in responsibility dependencies, and then triggers the corresponding error message. If so, no further analysis of the scenarios take place until the user corrects the problematic values. This example is shown in Figure 2.2.

[image: image22]
Figure 22- Snapshot of a warning reporting a problem with a responsibility parameter
6.7 Step 7: Implement your Reasoning Framework

Based on the above functionalities, we provide here some code snippets to illustrate the implementation of the functionalities supported by our ModifChangeImpactReasoningFramework class. The first snippet shows how the class constructor would look like. You need to set two parameters, namely: the data provider explained in Step 5, and also the XML file with the manifesto.
public ModifChangeImpactReasoningFramework() {


super();




setDataProvider(new ChangeImpactModifiabilityRFDataProvider());  // Set a data provider
    

  
try { // Configure this RF with the configuration file 



URL rfConfigURL = getClass().getResource("modifchangeimpact-rfconfig.xml");

  

String rfconfigFullPath = FileLocator.resolve(rfConfigURL).getPath();



configure(rfconfigFullPath);


} catch (IOException e) { e.printStackTrace(); }


}
The following snippet covers the strategy to create the module view using as input the responsibility structure. The current implementation of the module view (class ModuleADLWrapper) requires the definition of individual responsibilities and modules prior to establishing relationships among them. Note also that the reasoning framework relies on a helper method called loadViewWithConsistencyChecking() to ensure consistency with previous module allocations (if any). For example, this helper method removes from the view those modules that have zero responsibilities, and then updates the module dependencies accordingly.
public boolean initializeView(ArchEView view,  




ArchEResponsibilityStructure responsibilityStructure, 




ArchERequirementModel requirementModel)  {


if(view == null)
throw new ArchEException("view must be not null");

     boolean changed = false;


moduleView = (ModuleADLWrapper) view;



coreResponsibilities = (ArchECoreResponsibilityStructure)responsibilityStructure;


// Initial design rule 0: Load a view from raw data and remove relations with orphan responsibilities

changed = moduleView.loadViewWithConsistencyChecking(coreResponsibilities);



// Initial design rule 1: Each leaf responsibility corresponds to a different module 


// (unless the responsibility has been already allocated in previous steps)


ArchEResponsibilityVO respVO = null; ArchEModuleVO moduleVO = null;


ArchEVersionVO versionVO = (ArchEVersionVO)view.getParent().getCurrentVersion();

for (Iterator it = coreResponsibilities.getResponsibilities().iterator(); it.hasNext();) {





respVO = (ArchEResponsibilityVO)(it.next());



If (coreResponsibilities.isLeaf(respVO) && !moduleView.isAllocated(respVO)) {





//  Only leaf responsibilities are considered




moduleView.defineResponsibility(respVO);



moduleVO = new ArchEModuleVO(versionVO); // A new module is created




moduleVO.setName("(M) " + respVO.getName());






 moduleView.defineModule(moduleVO);









moduleView.setResponsibilityAllocation(moduleVO, respVO, true);



changed = true;



}


}


// Initial design rule 2: A dependency between two responsibilities maps to


// a dependency between corresponding modules





ArchEResponsibilityDependencyRelationVO respDependencyVO = null;


List parentList = null; List childList = null;


String relationTypeVO = ArchEResponsibilityDependencyRelationVO.class.getName();


List dependencies = coreResponsibilities.getRelations(relationTypeVO);


for (Iterator itDependencies = dependencies.iterator(); itDependencies.hasNext();) {



respDependencyVO = itDependencies.next());



// The modules each end of the dependency is assigned to



parentList = moduleView.getModulesByResponsibility(respDependencyVO.getParent());



childList = moduleView.getModulesByResponsibility(respDependencyVO.getChild());



ArchEModuleVO mod1 = null; ArchEModuleVO mod2 = null;



for (Iterator<ArchEModuleVO> i = parentList.iterator(); i.hasNext();) {




for (Iterator<ArchEModuleVO> j = childList.iterator(); j.hasNext();) {





mod1 = i.next(); mod2 = j.next();





moduleView.setModuleDependency(mod1, mod2, true);




changed = true;




}



}


}


return changed; // For ArchE to know if changes have been made to the view
}

Below is the code snippet to check the responsibility structure according to the rules of the modifiability reasoning framework. The rules iterate over all the responsibility and responsibility dependencies, in order to fix missing parameters, remove orphan relationships, or detect wrong parameter settings. Note that, as a result of this consistency checking, the actual responsibility structure may suffer modifications, which need to be saved to the ArchE database.
public boolean checkRFDependencies(ArchERequirementModel requirementModel,




ArchEResponsibilityStructure responsibilityStructure)




throws ArchEException {


boolean changed = false;


coreStructure = ((ArchECoreResponsibilityStructure)responsibilityStructure);


// Check for missing parameters in the responsibilities


double costOfChange = ChangeImpactAnalyzer.DEFAULT_RESPONSIBILITY_COST;


ArchEResponsibilityVO itemResp = null;


for (Iterator<ArchEResponsibility> itResps = coreStructure.getResponsibilities().iterator(); 



itResps.hasNext();) {



itemResp = (ArchEResponsibilityVO)(itResps.next());






// In case no costOfChange parameter exists, the parameter is added


If  (!itemResp.hasParameter(PARAMETER_COST_OF_CHANGE)) {



itemResp.defineParameter(PARAMETER_COST_OF_CHANGE, costOfChange);





changed = true;



} 


. . . // Additional responsibility checking

}


. . .






// Check for missing parameters in the relations


double rippling = ChangeImpactAnalyer.DEFAULT_RIPLING_PROBABILITY;


for (Iterator<ArchERelation> itDependencies = coreStructure.getRelations(relationTypeVO).iterator(); 



itDependencies.hasNext();) {






dependency = (ArchEResponsibilityDependencyRelationVO)(itDependencies.next())




if  (!respDependencyVO.hasParameter(PARAMETER_PROBABILITY_INCOMING)) {



       // In case no probability parameter exists, the parameter is added


       respDependencyVO.defineParameter(PARAMETER_PROBABILITY_INCOMING, rippling);

      changed = true;



} 



// The the value probabilityIncoming must be within the range [0..1]



double v = dependency.getDoubleParameter(PARAMETER_PROBABILITY_INCOMING);



if  ((v > 1.0) || (v < 0)) { // Error reporting because of inconsistency



       String message = "Relationships parameter must be in [0..1]";



       ArchEAnalysisProblem problem = new ArchEAnalysisProblem(message, dependency);



       setResponsibilityStructureStatus(RF_ERROR, WRONG_PROBABILITY_SETTING, problem);



       printLog(1, Level.INFO, message);



}


. . .





} // End iteration over dependency relations


return (changed);
}

The snippet below shows the internals of the interpretation and evaluation procedures.  The responsibilities related to the scenario under analysis are obtained from the responsibility structure. We consider these responsibilities as the primary responsibilities for the dependency graph.  Once the class ChangeImpactAnalyer is set with the primary responsibilities, it can automatically infer the rippling chain and the set of primary modules. Note that the analysis process is conditional to error status
public ArchEEvaluationResult analyze(ArchEArchitecture architecture, ArchEScenario scenario) {

double response = Double.MAX_VALUE;

try {  // Configuration of the analyzer





adlModel = (ModuleADLWrapper)(architecture.getView());




responsibilities = 



(ArchECoreResponsibilityStructure)(architecture.getResponsibilityStructure());



if (this.isResponsibilityStructureValid()) {

                   
analyzer = new ChangeImpactAnalyzer(adlModel,coreResponsibilities);






// Identification of primary responsibilities




List primaries = responsibilities.getResponsibilitiesByScenario(scenario);




boolean allOk = analyzer.doInterpretation(responsibilities);




if (allOk) {





analyzer.doEvaluation(); // It performs the graph evaluation






// Print out figures computed by the analyzer for the scenario





printLog(3, Level.INFO, "Average module cost --> "+ 






analyzer.getAvgModuleEstimatedCost());





. . . 




response = analyzer.getTotalCost();




this.setAnalysisResult(RF_OK);




}




else {
this.setAnalysisResult(RF_WARNING);





printLog(3, Level.INFO, "Errors with interpretation ...");




}


}




else  {
this.setAnalysisResult(RF_WARNING);




printLog(3, Level.INFO, "Errors with responsibility structure...");






}

} catch (ChangeImpactAnalysisException e) {



throw new ArchEException(e.getMessage(),e.getCause());

      }

      ArchEAnalysisResult previousAnalysisResult = this.restoreAnalysisResult(scenario.getFactId());


double diff = 0.0;


if (previousAnalysisResult != null)  



diff = response - previousAnalysisResult.getValue();


ArchEEvaluationResult evaluationResult = new ArchEEvaluationResult();


evaluationResult.setScenario(scenario.getFactId());



evaluationResult.setChange(diff);


evaluationResult.setResult(response);

return (evaluationResult); // The final evaluation of the architecture
}
The code snippet for method analyzeAndSuggest() has two parts. The first part is the analysis functionality shown by the snippet above. The second part is the selection of candidate tactics, according to the results of the analysis. To do so, we rely on a helper method called suggestTacticsBasedOnAnalysis(), which actually implements the “screening” rules to decide what to do regarding tactics. In the example, we have one rule per available tactic. Each rule iterates over the list of primary responsibilities or modules, and decides on the parameter(s) for the tactic.  Despite the simplicity of the example code, it is possible to support more elaborated rules for proposing tactics with different configurations. Note that if none of the rules hold, the list of candidate tactics is returned empty.
public ArchEAnalysisResult analyzeAndSuggest(ArchEArchitecture architecture,






ArchEScenario scenario) { 

double response = Double.MAX_VALUE;


// The analyzer performs here same analysis than in method analyze()


…


response = analyzer.getTotalCost();


ArchEAnalysisResult analysisResult = new ArchEAnalysisResult();


analysisResult.setValue(response);


analysisResult.setOwner(scenario.getFactId());


analysisResult.setReasoningFramework(this.getID());


// Check if the scenario is satisfied or not by the current architecture
      . . .

if ((analysisResult.getValue() < scenario.getMeasureValue())



analysisResult.setSatisfied(true);


else
analysisResult.setSatisfied(false);





analysisResult.setQuality(this.getQuality());

if (this.isAnalysisOk() && !analysisResult.isSatisfied()) {



// Tactics for this reasoning framework are selected, based on the results of the analysis



List candidateTactics = suggestTacticsBasedOnAnalysis(analyzer,responsibilities,…);



ArchETryTacticResult tryTactic = null;



for (Iterator it = candidateTactics.iterator(); it.hasNext();) {




tryTactic= it.next();
// Here parameters for the tactic are configured




tryTactic.setReasoningFramework(this.getID());




tryTactic.setTacticID(tryTactic.getTacticName());




tryTactic.setScenario(scenario.getFactId());




outTactics.add(tryTactic);  // Note that outTactics is used as  an output parameter



}


}


return (analysisResult);


}

protected List suggestTacticsBasedOnAnalysis(ChangeImpactAnalyzer analyzer, List primaryReps, 



List primaryModules)  {

 // This method is not prescribed by the ArchE Reasoning Framework Interface

ArrayList modifiabilityTactics = new ArrayList();


// This rule suggests a tactic to split a costly responsibility


if (analyzer.getAvgResponsibilityEstimatedCost() > THRESHOLD_SPLITTING) {



… // Screening rules



candidate = new ArchETryTacticResult();



candidate.setTacticName(SPLIT_RESPONSIBILITY_TACTIC);



if (targetResponsibility != null) { // The target for splitting




List at = new ArrayList();




at.add(targetResponsibility);




candidate.setAt(at);




// Set additionally other parameters for the tactic 




. . .




modifiabilityTactics.add(candidate);



}


}


// Similar rules to select a tactic that inserts an intermediary module


…



// Similar rules to select a tactic that adjusts the refinement of responsibilities (after splitting)

…



return (modifiabilityTactics); // Here are the suggested tactics

}

The configuration of a question for a tactic suggested by the reasoning framework is detailed in the following snippet. Note that you only need to provide the identification of the question (e.g., SPLIT_RESPONSIBILITY_QUESTION), and at runtime ArchE will associate that identification with the templates of the questions file. 
public ArchEUserQuestion describeTactic(ArchETryTacticResult tactic) { 

ArchEUserQuestion userQuestion = null;


if (tactic != null)  { // The tactic configuration for the question







// A corresponding question is created



if (tactic.getTacticName().equals(SPLIT_RESPONSIBILITY_TACTIC)){




userQuestion = new ArchEUserQuestion();




userQuestion.setQuestionID(SPLIT_RESPONSIBILITY_QUESTION);




userQuestion.setParent(null);




userQuestion.setAffectedFacts(tactic.getAt());






userQuestion.setParameters(tactic.getParameters());




parent = (ArchEObjectVO)(tactic.getAt().get(0)); // The target responsibility



userQuestion.setParent(parent);




List defaultList =  new ArrayList();




defaultList.add("yes"); // Because this is a yes/no type of question



userQuestion.setDefaults(defaultList);







. . .


}


else {




// Code for other types of questions




. . .



}


}




return (userQuestion);

}
The code snippet below shows a slight variation of the previous method to generate warning questions if problems are encountered during analysis. The templates for warnings must be also declared in the questions file.
public List<ArchEUserQuestion> describeOtherThanTactic(
      ArchERequirementModel requirementModel,


ArchEArchitecture architecture) throws ArchEException  {


List<ArchEUserQuestion> warningQuestions = new ArrayList<ArchEUserQuestion>();


ArchEUserQuestion question = null;


if  (!this.isAnalysisValid()) { // Some errors occurred during analysis


Integer key = null; 
ArchEAnalysisProblem problem = null; String text = null;


for (Enumeration<Integer> enumErrors = reportedProblems.keys(); 


        enumErrors.hasMoreElements();) { // It collects all the errors



key = enumErrors.nextElement();




problem = reportedProblems.get(key);




text = problem.getMesssage()+" ( error= "+key+" )";




question = new ArchEUserQuestion(); // It creates warning questions for the user



question.setQuestionID(FIX_ANALYSIS_PARAMETERS_WARNING);




question.setParent(problem.getSource());








question.setAffectedFacts(null);






List parameters = new ArrayList();




parameters.add(text);




question.setParameters(parameters);





warningQuestions.add(question);



}


}




else {  // Check any other types of errors

      . . .


}


return (warningQuestions);

}
The last code snippets show the application of tactic by means of an architectural transformation. In the first case, the actual tactic being applied is determined by calling the restoreSuggestedTactic() method.  After that, the specific command to execute on the architecture is configured using the parameters of the recovered tactic. In the second case, the code for method applyTacticByUserQuestion() is implemented in a similar way, except that some of the parameters come from a question answered by the user.
public boolean applySuggestedTactic(ArchEArchitecture architecture,



ArchEApplySuggestedTactic suggestedTactic) {


ArchETryTacticResult tryTactic = this.restoreSuggestedTactic(suggestedTactic.getTacticID());


If (tryTactic != null) { // The tactic configuration to apply the transformation 



Object tacticTarget = tryTactic.getAt().get(0);


RFArchitecturalTransformation transf = null;
// A command for the transformation is created


if (tryTactic.getTacticName().equals(SPLIT_RESPONSIBILITY_TACTIC)) 




transf = new SplitResponsibilityCommand(tacticTarget);


else



      . . . // For other tactics





}


if (transf != null) {




transf.setSourceArchitecture(architecture);



return (transf.execute());









}


}




return (false);

}
public boolean applyTacticByUserQuestion(ArchEArchitecture architecture, 





ArchEUserQuestion userQuestion) {

// The user question that was answered by the user






if (userQuestion != null 
&& (userQuestion.getAnswers().get(0).equals("yes")) { 


// A command to execute the transformation is created



if (userQuestion.getQuestionID().equals(SPLIT_RESPONSIBILITY_QUESTION)) {




ArchEResponsibilityVO targetResp = userQuestion.getParameters().get(0);




transf2 = new SplitResponsibilityCommand(targetResp);




transf2.setSourceArchitecture(architecture);




return (transf2.execute());








}


else {




// For applying tactics coming from other questions



}

}


return false;

}

7 How to run it with ArchE
As long as the XmlBlaster server is on, you can run your reasoning framework and open a virtual communication channel to ArchE, no matter whether ArchE is running or not. If ArchE is running, it will detect your reasoning framework automatically and enlarge its reasoning capability by interacting with the reasoning framework. If ArchE is not running, your reasoning framework will sleep until ArchE runs and detects the reasoning framework.
Similarly, you can close the virtual communication channel to ArchE and exit your reasoning framework, without considering the existence of ArchE running. If ArchE is running, it will be notified of the fact that your reasoning framework is being closed before it actually happens. Then, ArchE will remove out the reasoning framework from its registry for available reasoning frameworks. If ArchE is not running, nothing happens in ArchE.
ArchE runs as an Eclipse application. To interact with ArchE as a normal user, you do the same than described in the ArchE User’s Guide, except that you should make sure of starting  the XMLBlaster server first. The following snapshots provide a visual tour with the steps to run our modifiability reasoning framework.
Once XMLBlaster is running in background, you can start ArchE and open the view for the external reasoning framework. See Figure 23.

[image: image23]
Figure 23- Enabling an external reasoning framework view in ArchE

To activate the reasoning framework processing, you need to click the ‘Start’ button located at the bottom of the view. See Figure 24.

[image: image24]
Figure 24- Activation of an external reasoning framework in ArchE

If scenarios of interest for the reasoning framework are detected, it will analyze those scenarios and suggest tactics for them. These activities are logged in the view. You can navigate to the design views to see the architecture currently under consideration.  You can move to the questions view to execute tactics for the architecture. See Figure 25.

[image: image25]
Figure 25- External reasoning framework at work
At last, you can disable the reasoning framework by clicking the “Stop” button on the view. See Figure 26.

[image: image26]
Figure 26 - Shutting down an external reasoning framework in ArchE
8 Reporting Errors

To report errors in the use of ArchE and ArchE RFDK, please email ArchESupport@sei.cmu.edu, describe the problem and its symptoms, and attach the log file found in <Your Eclipse Path>\workspace\.metadata.

Appendix A: Example of Reasoning Framework Manifesto 
The script below is the complete XML manifesto for the modifiability reasoning framework used in Sections 5 and 6 (modifchangeimpact-rfconfig.xml).
<?xml version="1.0" encoding="utf-8"?>
<rf id="ChangeImpactModifiabilityRF" quality="Modifiability" 
name="ModifChangeImpact RF v0.1" version="0.1">
<scenarioTypes>
        <scenarioType desc="Tooltip/help for this scenario type"
            name="ChangeImpact Modifiability" 
tID="ChangeImpactModifiability">
            <parts>
                <part defaultText="" defaultTypeId="endUser"
                    defaultUnitId="" defaultValue="" 
partType="SOURCE_OF_STIMULUS">
                    <types>
                        <type name="End user" tID="endUser"/>
                        <type name="Administrator" tID="admin"/>
                        <type name="Developer" tID="developer"/>
                        <type name="System" tID="system"/>
                    </types>
                </part>
                <part defaultText="Type response measure here"
                    defaultTypeId="CostConstraint"
                    defaultUnitId="days" defaultValue="30" 
partType="RESPONSE_MEASURE">
                    <types>
                        <type name="Cost Constraint" tID="CostConstraint"/>
                    </types>
                    <units>
                        <unit name="Days" tID="days"/>
                    </units>
                </part>
            </parts>
        </scenarioType>
</scenarioTypes>
<responsibilityStructure>    
    <parameterTypes>
        <parameterType dataType="double" defaultValue="0.0"
            desc="Tooltip/help for cost. of change"
            name="Cost of change (days)" tID="P_CostOfChange"/>
        <parameterType dataType="boolean" defaultValue="false"
            desc="Tooltip/help for prob. outgoing"
            name="Parameter Boolean Test (%)" tID="P_BooleanTest"/>
        <parameterType dataType="double" defaultValue="0.0"
            desc="Tooltip/help for prob. outgoing"
            name="Probability outgoing (%)" tID="P_ProbabilityOutgoing"/>
        <parameterType dataType="double" defaultValue="0.0"
            desc="Tooltip/help for prob. incoming"
            name="Probability incoming (%)" tID="P_ProbabilityIncoming"/>
    </parameterTypes>
    <relationshipTypes>

<relationshipType name="Dependency" desc="Dependency"
        
recursive="false" tID="ResponsibilityDependencyRelation">
            
<operands>
                <lhs>ArchEResponsibility</lhs>
                <direction>bidirectional</direction>
                <rhs>ArchEResponsibility</rhs>
            
</operands>
            
<parameter tID="P_ProbabilityIncoming"/>


<parameter tID="P_ProbabilityOutgoing"/>

</relationshipType>
    </relationshipTypes>
    <responsibilityParameters>


<parameter tID="P_CostOfChange"/>

       <parameter tID="P_BooleanTest"/>
    </responsibilityParameters>    
</responsibilityStructure>
<model>
<!—The elements in this section are optional, because they are not used by our reasoning framework -->
</model>    
<view>

<viewElementType tID="Design.Module" namePropertyName="name">


<property name="id" type="integer" display="true" />


<property name="name" type="string" display="false" />
            
<property name="costOfChange" type="double" display="true" />
            
<property name="complexity" type="double" display="true" />            
            
<property name="source" type="string" display="false" />
            
<property name="status" type="integer" display="false" />
       </viewElementType>       

       <viewRelationType
tID="Design.ModuleDependencyRelation"
       


lhsProperyName="parent" rhsProperyName="child">


<property name="id" type="integer" display="false" />
            
<property name="source" type="string" display="false" />
            
<property name="parent" type="object" display="false" />
            
<property name="child" type="object" display="false" />
            
<property name="probability" type="double" display="true" />
       </viewRelationType>
       <viewRelationType tID="ResponsibilityToModuleRelation"
       

lhsProperyName="parent" rhsProperyName="child">


<property name="id" type="integer" display="false" />
            
<property name="source" type="string" display="false" />
            
<property name="parent" type="object" display="false" />
            
<property name="child" type="object" display="false" />
            
<property name="parentType" type="string" display="true" />
       </viewRelationType>
</view>    
</rf>
Appendix B: Working with the MySQL ArchE Database
ArchE now uses a MySQL database to store/restore the project data, but also uses it to temporarily store other data, such as the current design. Using a database on one hand enables ArchE to use large amount of storage which is necessary to search through a large space of designs. On the other hand it also enables better integration of tools external to ArchE, such as analysis tools or tools that provide input to ArchE, such as requirement tools.

The Database Structure

Beside holding the stored facts, the database also contains two important tables that the MySQL interface uses to manage the data. These tables are:

· “__factsets__” – holds the definition of sets of facts

· “__versions__” – holds the information about stored fact sets

The purpose of the table __factsets__ is to allow a user to define fact sets. Figure 27 shows the structure. The table contains a row for every fact that belongs to a set of facts. The field “setName” contains the name of the set, the field “factType” contains the name of the fully qualified deftemplate, (MAIN::Responsibility) of a fact that belongs to this set and the field “group” organizes the facts into a sequence in which they get loaded into ArchE’s fact base.

The group number is important if facts contain references to other facts using the fact-id. The MySQL interface automatically tries to resolve those references when restoring the facts, but for performance reasons the interface expects that the object that is referenced is already in the fact base. This applies a certain sequence when entering facts in the fact base. First, all the facts that do not have any reference, such as element facts, need to be stored (group 1). Then all the facts that have references to the first group of facts, such as relation facts, need to be restored (group 2), and last all the facts that also can have references to the second group, such as the property facts (group 3) need to be restored.

If a fact included references to non-existing facts then the MySQL interface will not restore this fact. Figure 28 shows an example content of this table.


[image: image27]
Figure 27 – Table structure of table __factsets__
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Figure 28 – Example content of table __factsets__
The other important table is the table “__version__”. Its purpose is to manage all the different data that is stored in the database. Every time a set of facts is stored, a record is entered into the __versions__ table containing information about what was stored, especially the name, such as the project name, and the fact set that was used to store the data. The MySQL interface uses the “InnoDB” engine for storing data, which allows putting constraints on the content of tables. The interface uses constrains to make the facts stored in the tables dependent on this single record in the __versions__ table. This allows deleting all records stored in one operation to be removed by just deleting this single record (cascading deletes).

The structure of this table is shown in Figure 29. This table should not be edited manually. This may confuse the interface and because of the cascading deletes an error can result in loss of data.
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Figure 29 – Structure of table __versions__
All the other tables in the database hold the stored facts. For every stored type of fact (deftemplate) there is a one to one mapping to a table. The name of the table is derived from the name of the fact type. For example the fact type “MAIN::Responsibilities” maps to the table with the name “main_responsibilities”. The first three fields of every such table contain information to manage its content. These fields are:

· uid – a unique identifier used internally as a primary key

· version – holds the reference to the record in the table “__versions__” (field ID) that describes to which stored set a record belongs

· fact-id – contains the id of this fact that was true when this fact was stored. This is important if other facts exist that have a reference to this fact.

· The other fields are directly taken from the deftemplate definition. This requires to add a type definition to each slot in the deftemplate

The following table shows how type definitions for slots translate to type definitions in the table.

	Deftemplate slot type
	Table field type
	Description

	SYMBOL
	varchar(200)
	A jess symbol. Can also be Boolean TRUE or FALSE

	STRING
	TEXT
	Any string

	FLOAT
	DOUBLE
	Float value

	INTEGER
	INTEGER
	Integer value

	OBJECT
	varbinary(100)
	A fact id of another fact


Important note: The MySQL interface cannot handle multislots yet. Since Jess does not allow to type definition for multislots it is not possible to automatically generate tables for deftemplates with multislots.
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Figure 30 – Example structure of a table for a deftemplate
If you decide save a new fact type, the only thing that needs to be done is entering a new record in the table __factsets__ that defines the fully qualified name of the deftemplate and the fact set to which this fact should belong to. A fact can belong to more than just one set. When there is an attempt to store this new type of fact the first time, the MySQL interface will automatically create the new table for this fact.

If the definition of an existing template changes, such as a new slot was added or an existing slot was remained then the interface will automatically extend the table definition for this deftemplate.

Note: So far, the MySQL interface only adds to the definitions. It will not remove tables, even if the corresponding deftemplates do not exist anymore, if will not change the data type of a field, even if the data type of the deftemplate changed, and it will not delete a field in a table, even if the slot was removed from the related deftemplate. If such kind of maintenance is required some of the tables, it has to be done manually. A table can always be deleted if you don’t need the old data anymore. It will be recreated the next time in the correct form.
The Database Connection Parameters

The connection to MySQL from Hibernate is set in the hibernate.cfg.xml file. Below is an excerpt of this file with main configuration parameters. 

<hibernate-configuration>
<session-factory>
<property name="hibernate.bytecode.use_reflection_optimizer">false</property>
<property name="hibernate.connection.driver_class">com.mysql.jdbc.Driver</property>
<property name="hibernate.connection.password">yourpassword</property>
<property name="hibernate.connection.url">jdbc:mysql://localhost:3306/arche</property>
<property name="hibernate.connection.username">ArchE</property>
<property name="hibernate.dialect">org.hibernate.dialect.MySQLDialect</property>
<!-- Enable Hibernate's automatic session context management -->
        <property name="current_session_context_class">thread</property>
<!-- Disable the second-level cache  -->
<property name="cache.provider_class">org.hibernate.cache.NoCacheProvider</property>
<!— Mapping of ArchE core concepts (VOs)-->
<mapping resource="arche/example/hibernate/vo/ArchEVersionVO.hbm.xml" />
<mapping resource="arche/example/hibernate/vo/ArchEResponsibilityVO.hbm.xml" />
...               
</session-factory>
</hibernate-configuration>
Working with the Database from Reasoning Frameworks
When working with ArchE’s database outside the ArchE environment, you need to keep two important facts in mind. You always have to remember that the database can contain multiple sets of facts. This always requires an appropriate identification of the fact set you are interested in.

The second issue is that the ArchE fact base contains facts that have references (fact id’s) to other facts. Those references have to be unique within a project. This requires the creation of unique identifiers when inserting new facts into the database.

Identification of the appropriate fact set
If you issue an sql statement to the database, such as: 

SELECT * FROM main_responsibilities

Then this will deliver all the responsibilities of all the stored fact sets, which is probably not what you wanted. Every table that stores ArchE facts has a field called “version” which contains an (integer) identifier of a fact set. If you know this identifier (nnn), then a sql command such as:
SELECT * FROM main_responsibilities WHERE version=nnn

will deliver the correct set.

Typically a fact set is known by its name, not the identifier. You can get the identifier by using the __versions__ table with a command, such as 

SELECT ID FROM __versions__ WHERE version_name=’fact set name’

Or you could just combine those two statements in a join command, such as:

SELECT * FROM main_responsibilities r JOIN __versions__ v ON r.version=v.ID WHERE version_name=’fact set name’

which will deliver all the responsibilities that belong to the set with the name “fact set name”.

Special attention is required when joining multiple tables. For example, assume we want to have all the responsibilities that are decomposed from the fact set FS1. If a responsibility is decomposed, then a fact main_responsibilityrefinementrelation with a reference to a responsibility as parent exists. To get that information, the two tables main_responsibilities and main_responsibilityrefinementrelation have to be joint together using the parent field of the relation. Again, a statement, such as:
SELECT r.* FROM main_responsibilities r JOIN main_responsibilityrefinementrelation rr ON rr.parent=r.`fact-id`

very likely will deliver the wrong results because the query is not limited to the fact set of interest. For both tables you have to ensure that only facts from the fact set of interest are joint, which is done with the following statement:
SELECT r.* FROM main_responsibilities r JOIN main_responsibilityrefinementrelation rr ON rr.parent=r.`fact-id` WHERE rr.version=r.version AND r.version=nnn

or using the name of the fact set with the statement:

SELECT r.* FROM main_responsibilities r JOIN main_responsibilityrefinementrelation rr ON rr.parent=r.`fact-id` AND rr.version=r.version JOIN __versions__ v ON v.ID=r.version WHERE v.version_name='fact set name'

Unique identifier
In case you want to add new facts into the database you need to make sure that every fact has to have a fact id, which does not interfere with already used fact id’s. When ArchE stores fact it always uses the following pattern for a fact id: “<Fact-nnn>”. If you do not use that pattern you can ensure that you will not interfere with already used facts.

The id you provide can be any string of not more then 20 character length. You also may have to keep track about your unique id’s in case you want to create facts that have references to other facts in the database. 

When ArchE restores the facts into its fact base, the MySQL interface does a simple string matching to translate the unique identifiers into fact id’s. In case ArchE saves the facts again, then your identifiers are replaced with ArchE’s identifiers (<Fact-nnn>).

Appendix C: Creating User Questions
The question properties file provides the templates for the reasoning framework questions that ArchE can show to the user.  These templates are specified using a simple scripting language. When ArchE parses a question instance, it loads its associated template and substitutes some parts of the text with specific question parameters. The GUI uses that information to show the questions to the user by means of predefined graphical widgets. As the user answers a question, the results are unparsed by ArchE and translated into an applyTacticByUserQuestion() command for the reasoning framework that provided that question.

A question template can be seen as a record with different properties. Each template must have its own identification, which is used by both ArchE and the corresponding reasoning framework. For question ID  'xyz' the following properties can be defined:

·  xyz.questionType: defines the way the user will answer the question

· xyz.category: title to the question dialog box

· xyz.purpose: introductory explanation to the question

· xyz.question: text of the question per se

·  xyz.columns: if present, it indicates how many columns should be used  to render the answer options (default is 1)

[The following properties are dependent on the question type]

· xyz.optionLabel1: label for the first answer option/input field 

·  xyz.optionLabel2: label for the 2nd answer option/input field

·  ...

·  xyz.optionLabelN: label for the Nth answer option/input field

In the text of any of the properties, you can put tags as placeholders for dynamic data elements. These are some examples:

· <1>: tag is replaced with text of first question parameter/option.

· <2+>: tag is replaced with text of all question parameters/options from the 2nd to the last ones (the strings should be separated by comma).

· <3:xxx>: third question parameter should be an object that maps to a Jess fact within the ArchE working memory. The fact is retrieved from the working memory and the tag is replaced with the value of slot xxx? for that fact.

Currently, ArchE supports five types of questions: single choice, multiple choice, input value, yes/no and alert. In the following, we provide an example of each of these types.

The symbol ‘#’ is used for adding comments in the script.

Yes/No Question

This question is displayed as a dialog that includes a radio button with predefined options (‘yes’ and ‘no’). Use this question to make a proposal to the user that can be either accepted (‘yes’) or rejected (‘no’). The usual case is that the reasoning framework will do something (e.g., apply a tactic) only if a ‘yes’ response is entered by the user.

Example: Question to apply a localization tactic to a set of related responsibilities

###################################################################
question ID:  localize
#
parent: the target scenario

#
affectedFacts: null (or the scenario and the affected responsibilities)

#
parameters: the affected responsibilities
#
option: null
#
default: ‘yes’

##################################################################llocalize.questionType = yesNo
localize.category = Applying modifiability tactics

localize.purpose = The scenario "<0:description>" cannot be satisfied by the current design. It affects 


the responsibilities "<2+:name>". Therefore, it might be a good idea to apply a localization 


tactic. An rough estimation suggests that you could save about "<1>" percent of the modification



cost for this scenario by doing so.

localize.question = Do you want me to apply the localization tactic for scenario "<0:description>"?
##################################################################
Input Value Question

This question is displayed as a dialog with one (or more) text boxes. Use this question to make a proposal that needs some user’s input. You could provide a default value for that input. The question can be either accepted (‘yes’) or rejected (‘no’) by the user. The usual case is that the reasoning framework will do something (e.g., apply a tactic) only if a ‘yes’ response is entered by the user.
Example: Question to configure the cost parameters of a list of responsibilities

##################################################################
# question ID: costOfChange
# parent: null
# affectedFacts: null (or the affected responsibilities)
# parameters: the affected responsibilities
# options: a list of costs for the responsibilities (e.g., 0.0)
# default: ‘yes’

##################################################################costOfChange.questionType = inputValue
costOfChange.category = Values for parameters

costOfChange.purpose = To calculate the impact of a change, ArchE needs to know the effort of changing 



responsibilities.
costOfChange.question = Please provide an estimation for changing the listed responsibilities?

costOfChange.optionLabel1 = Cost of change (person days) for "<1+:name>":
##################################################################
Alert Question

This question shows some information to the user. Use this question to report problems in the design or during the analysis process. Given its characteristics, this question needs no answer from the user. This question has no consequences for the current design, but the reasoning framework may stop its processing until the problems are fixed.

Example: Warning about inconsistencies when reading a file

##################################################################
# question ID: inconsistentData
# parent: null
# affectedFacts: null 

# parameters: file name and error message
# options: null
# default: null

##################################################################
inconsistentData.questionType = alert

inconsistentData.category = Warning

inconsistentData.purpose = When reading the file "<1>" an "<2>" was found in the line containing "<3>". 

This line was ignored, but all correct line have been processed. Please correct this problem.

inconsistentData.question = 

##################################################################
Single Choice Question

This question shows a dialog with a list of entries and a radio button that allows the user to pick only a single entry from the list. Use this question to offer alternatives for doing something when only one response is expected. You could provide a default selection. The question can be either accepted (‘yes’) or rejected (‘no’) by the user. The usual case is that the reasoning framework will do something (e.g., apply a tactic) only if a ‘yes’ response is entered by the user.
Example: Choice to adjust responsibility dependencies

##################################################################
# question ID: moveDependency
#
(parent : the target dependency
#
affectedFacts: null  (or the responsibilities involved)
#
parameters: ‘localization’ and responsibilities involved
#
options : null
#
default : ‘1’ (the option to be selected)

##################################################################moveDependency.questionType = singleChoice
moveDependency.category = Adjust Dependencies

moveDependency.purpose = After the "<1>" tactic was applied, some functionality was moved from 


"<2:name>" to "<4:name>". This might have an influence of the existing dependency between 


the responsibilities "<2:name>" and "<3:name>", and therefore the dependency might have to 


move to the new responsibility "<4:name>".

moveDependency.question = What do you want me to do with the dependency between the



responsibilities "<2:name>" and "<3:name>"?

moveDependency.optionLabel1 = Leave it where it is

moveDependency.optionLabel2 = Move the dependency to "<1:name>"

moveDependency.optionLabel3 = Both

moveDependency.optionLabel4 = Remove dependency
##################################################################
Multiple Choice Question

This question shows a dialog with a list of entries and a check box that allows the user to pick several entries from the list. Use this question to offer alternatives for doing something when multiple responses are expected. You could provide a default selection. The question can be either accepted (‘yes’) or rejected (‘no’) by the user. If a positive response is entered by the user, all the marked entries are taken as a valid input.

Example: Arranging responsibility dependencies to solve a possible inconsistency

##################################################################
# question ID: decomposedDependency
# parent: the target dependency
# affectedFacts: null
# parameters: the responsibilities involved

# options: the responsibilities involved

# default: all
##################################################################decomposedDependency.questionType = multipleChoice
decomposedDependency.category = Possible Inconsistency

decomposedDependency.purpose = ArchE discovered a possible inconsistency with dependencies among



responsibilities

decomposedDependency.question = There is a dependency between the responsibilities "<1>" and "<2>", 


where the responsibility "<3>" is decomposed into other responsibilities. Please describe what to 


do with the dependency.

decomposedDependency.optionLabel1 = Delegate the dependency to "<1+:name>"

##################################################################
Appendix D: ArchE Design Vocabulary & Hibernate

ArchE is built around a set of core concepts that includes scenarios, responsibilities and relationships. Some of these concepts must be used as they are, while others can be customized to some extent by third-party developers. All these concepts are implemented by means of “value objects” and mapped to database tables via Hibernate. The corresponding classes and mapping files are located in the arche.example.hibernate.vo package.
The main rules for the manipulation of ArchE concepts are the following:

· You cannot extend the scenario class (ArchEScenarioVO) or create scenario instances within your reasoning framework code. The ArchE engine takes care of all the scenarios, providing you with specific instances for quality-attribute analysis.

· You should not change the mapping of the responsibility structure class (ArchECoreResponsibilityStructure) to the database.

· You cannot extend the responsibility class (ArchEResponsibilityVO). However, you may create and manipulate responsibility instances when implementing your tactics. Besides, responsibilities can be decorated with basic parameters (as specified in the XML manifesto file). You  should provide programmatic support for these parameters in you ArchECoreResponsibilityStructure subclass.

· ArchE allows many types of responsibility relationships.  



a). You cannot extend the scenario-to-responsibility mapping class (ArchETranslationRelationVO) or the responsibility refinement class (ArchERefinementRelationVO), because they are internal to ArchE. User-defined parameters for these two types of relationships are not allowed. By default, translation and refinement relationships are stored and handled by the responsibility structure. However, you may create and manipulate specific instances of translations or refinements in your reasoning framework code. 



b). Aside of the above, you have freedom to define your own types of responsibility dependencies and also add quality-specific parameters to them (as specified in the XML manifesto file). To implement a responsibility relationship, you have to create a subclass of ArchERelationVO and then update your ArchECoreResponsibilityStructure subclass.

· You are responsible for supporting any type of design element, design relationship, analysis element or analysis element used by your reasoning framework (see guidelines below).

· Keep in mind that all the concepts are versioned.

The ArchE Design Base

In addition to scenarios and responsibilities, the working of your reasoning framework must rely on some design representation, i.e., an architectural view. In principle, you are free to decide the right combination of elements/relationships for your view and how to implement them.  However, ArchE is equipped with a base of common design concepts that can be reused across different architectural views.

To implement an arbitrary design element/relationship, follow these steps:

· Create a subclass of ArchEObjectVO that implements the interface ArchEDesignElement or the interface ArchEDesignRelation depending on the case.

· Implement appropriate set/get methods for the properties specified in the manifesto file for your element. 
· Write a new Hibernate mapping file (.hbm.xml) to relate the properties to table columns in the database (you can copy here the “style” of other mapping files available in ArchE). Update the main Hibernate configuration file (hibernate.cfg.xml) with a reference to your mapping file.

· Keep in mind that all the design elements/relationships should be versioned.

Figure 31 shows an example of a Hibernate mapping file for module as a design element.

<?xml version="1.0"?>
<!DOCTYPE hibernate-mapping PUBLIC "-//Hibernate Mapping DTD 3.0//EN"
"http://hibernate.sourceforge.net/hibernate-mapping-3.0.dtd">
<hibernate-mapping>
    <class name="arche.example.hibernate.vo.ArchECoreModuleVO" 
table="design_module" catalog="arche"> comment></comment>
        <id name="uid" type="java.lang.Integer">
            <column name="uid" />
            <generator class="identity" />
        </id>
        <properties name="uniqueFactID" unique="true" update="false">

        <property name="versionNumber" type="int">

            <column name="version" not-null="true">

            </column>

        </property> 

        <property name="factId" type="string">

            <column name="`fact-id`" length="20" not-null="true">

            </column>

        </property>

    </properties>                  
       <many-to-one name="version" 
class="arche.example.hibernate.vo.ArchEVersionVO" 
update="false" insert="false" fetch="select">
            <column name="version" not-null="true"> </column>
        </many-to-one>
        <property name="name" type="string">
            <column name="name" length="65535"> </column>
        </property>
        <property name="source" type="string">
            <column name="source" length="200"> </column>
        </property>
        <property name="status" type="int">
            <column name="status"> </column>
        </property>
        <property name="id" type="string">
            <column name="id" length="200"> </column>
        </property>
    </class>
</hibernate-mapping>
Figure 31 – Hibernate mapping file ArchECoreModuleVO.hbm.xml
Currently, the design base only contains implementations for the concepts of module (class ArchECoreModuleVO) and module dependency (class ArchECoreModuleDependencyRelationVO). 

You can easily take elements/relationships from the design base and customize them with quality-specific parameters. For example, let’s consider that you want to define you own module (MyModule) as an extension of the module concept that exists in the design base.  In this particular example, you should follow these steps:

· Specify your module type as ‘Design.MyModule’ in the <view> section of the manifesto file, and then define properties for that design element in the usual form.

· Create a subclass named ArchEMyModuleVO  that extends the base module class provided by ArchE  (class ArchECoreModuleVO)

· Create a ArchEMyModuleVO.hbm.xml that includes the contents of ArchECoreModuleVO.hbm.xml but also adds mapping information for the new properties.Update hibernate.cfg.xml with a reference to your mapping file.

We expect to populate the design base with more concepts in further developments of ArchE.
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Evaluation





module cost(avg.) = 3.8 days 


responsibility cost (avg.) = 2.5 days


module coupling (avg.) = 0.71


module cohesion (avg.) = 0.42


rippling probability (avg.) = 0.85


primary responsibilities ratio = 80%


primary modules ratio = 66%


( total cost = 36.65 days (scenario response)
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Modifiability scenario S’ → primary responsibilities { R3A,  R9 }





When analyzing the original scenario, the user turned R6 dependent only from R3A and made R4 dependent only from R3B








� These responsibilities refer to what a reasoning framework can do from the perspective of a developer; and thus, they should not be confused with the “functional” responsibilities used in the architectural specification.


� http://www.xmlblaster.org/


� Hibernate is an object-relational persistence framework for Java (http://www.hibernate.org/)


� Conceptually, a module view can include other design elements such as sub-systems, or interfaces, as well as other design relationships such as composition, or generalization. For the sake of clarity, these elements are not used in our interpretation procedure. A further elaboration of the procedure to consider new design elements and relationships is straightforward.


� In the current implementation, a reasoning framework deals only with a single general quality-attribute scenario.


� These properties behave slightly different than ArchE parameters in that properties are always attached to elements owned by a reasoning framework.
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