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1. Introduction to CRA
This document details the software architecture pertaining to a Class Relationship Analyzer Program - CRA.

1.1 The goals of CRA
CRA aims at extracting all the relationships (namely Inheritance, Aggregation, Composition and Using relationships) that exist between C# classes present in one or more C# code files specified by the user of this program.

CRA also permits storage of the results of this relationship analysis in the form of Relationship Analysis Projects - RAPs. A RAP is nothing but a store that contains references to (or the filenames of) one or more C# code files along with the results of the relationship analysis performed on these code files. The user can create as many RAPs as he/she wishes using CRA. The user can also use CRA to review a previously performed relationship analysis by opening any previously created RAP.

1.2 The significance of CRA
The results of the relationship analysis performed by CRA can be extremely useful to organizations involved in developing software projects using C#, especially if the volume of code involved in their projects is huge. With voluminous software projects involving large number of design and implementation teams, thousands and at times millions of lines of code and over hundreds of files, it is almost impossible to use just code as a tool for analyzing the software.

Therefore, with such complex software projects, it becomes extremely important to visualize relationships that exist between the various components (including classes) in the project. This is exactly what CRA does. CRA hides the inherent complexity of the project code from the user and gives him/her a much more digestible view of the project design in terms of the relationships that exist between various classes involved in it.

In fact, the significance of CRA is enhanced several times when we realize that the components used in implementing CRA can be reused in implementing a follow-on CASE tool that would aid in complete reverse engineering of complex software systems. Class relationship analysis could be a small but highly significant part of the functionality of this CASE tool and this CASE tool could further extend the functionality of CRA by depicting class relationships diagrammatically.

2. The Actors and Use Cases for CRA
2.1 Actors

CRA is being envisaged as a software analysis tool for organizations involved in developing software projects using C#. Consequently, the following class of users can interact with CRA and hence do qualify as Actors for CRA.

2.1.1 Customer

If the software project is being developed for some customer, then this customer can use CRA to monitor the progress of the project and to determine whether all the requirements initially specified by the customer are being catered by the project under development.

2.1.2 Software Architect

The Software Architect of an organization can use CRA to monitor the progress of the project design and to ascertain whether the project design is indeed consistent with the architecture initially laid down by him/her. He/She can create RAPs for the project regularly (say once every month) and can compare RAPs created at different times to actually monitor how the project is progressing.

2.1.3 Project Manager

The Project Manager can use CRA to monitor progress of the development process and to monitor that the resources allocated for the project are indeed being used wisely. In other words, CRA can help the Project Manager in ensuring that the project design does not address anything that is drastically out of the scope of the project requirements.

2.1.4 Quality Analyst

The Quality Analyst can use CRA to ascertain whether the quality of the software design is as per expectation.

2.1.5 Designer/Developer

A Designer/Developer can use CRA to judge how some change in the code pertaining to one class would affect other classes. CRA can also help a Designer/Developer (who is usually involved in the design/development of just a single module of the project) to better understand the design of the entire system under development.
NOTE: As mentioned earlier, the components used in implementing CRA can be reused in implementing a follow-on CASE tool that can be used to reverse engineer complex software systems. Logically therefore, even this follow-on tool should become an Actor for CRA, since it would be using the services provided by some of the components of CRA. However, this follow-on tool will probably not use several components (such as the Graphical User Interface (GUI)) of CRA. Since CRA as a complete system will never serve this follow-on tool, this follow-on tool is not being considered as an Actor for CRA.

NOTE: Even though each of the aforementioned Actors uses CRA with a different goal in mind, the relationship analysis output that CRA provides to each of these Actors is the same. These actors then process the output provided by CRA differently to achieve their goals. Hence for purpose of simplicity, we will generalize all the Actors of CRA using a single Actor. Let us for the sake of simplicity call this generalized Actor as ‘user’.

2.2 Use Cases

The following use cases describe the types of interactions that a user can have with CRA. Since the permutations and combinations of the interactions that the user may have with CRA are very large in number, some typical user interactions have been identified and described.

2.2.1 Use Case 1: User creates a new RAP

The user can create a new (i.e. an empty) RAP. Once created, the user can add C# code files to this RAP, perform relationship analysis on these code files and eventually save the RAP to the disk.

2.2.2 Use Case 2: User opens an existing RAP

The user can open and modify an existing RAP. When a command for opening a RAP arrives from the user, CRA reads the contents of the RAP stored on the disk and displays the contents (i.e. names of the C# code files and results of the relationship analysis performed on the code in these files) in user readable form.

For example, the user can open a RAP and review the results of the relationship analysis previously performed relationship analysis. The user can then modify this RAP (by adding more C# code files to it or by removing some existing C# code files from it), reanalyze the class relationships and subsequently save the results of this analysis in a new RAP or even overwrite the currently opened RAP.

NOTE: Reanalysis may have to be carried out even without modifying the RAP. This would be required in cases where the code in the C# files that the RAP refers have changed thereby affecting the relationships that previously existed between the classes.
2.2.3 Use Case 3: User adds files to the currently open RAP

The user can either add individual C# code files (having extension .cs) to the RAP or add all C# code files that are part of a specified directory or to recursively add all C# code files that may be present in a specified directory as well as its sub-directories or indeed add files using any combination of these three steps.

When the user adds files to a RAP, CRA can display the names of these files to the user so that the user is aware what files have been added and what other files are yet to be added.

2.2.4 Use Case 4: User removes files from the currently open RAP

The user can remove one or more C# code files from the RAP.

Again when the user removes files from a RAP, CRA can remove this file from the list of filenames displayed to the user.

2.2.5 Use Case 5: User saves a RAP

The user can either save the current RAP as a new RAP (i.e. make a copy of a RAP) or modify an existing RAP and overwrite it.

NOTE: The data corresponding to a RAP that is to be saved can be written onto an XML data file. So RAPs would be nothing but XML data files holding the names of the analyzed C# code files, the results of this analysis as well as the date when this analysis was performed. The reason for choosing an XML data file as a means for making the relationship analysis results persistent is discussed later in this document.

NOTE: A RAP can be saved onto the disk only after a relationship analysis has been performed on the C# code files specified in the RAP. This is required since the relationships that exist between the classes in a project at a given point of time may not remain the same at a later date. So a within a RAP there is a tight coupling between the code files specified, the relationship analysis performed and the time when this relationship analysis was performed.

2.2.6 Use Case 6: User closes the currently open RAP

Once the user is done with a particular RAP he/she can close the current RAP. Subsequently, the user can either open an existing RAP or create a new RAP.

When a command to close the currently open RAP arrives from the user, CRA must free all the resources that it had previously reserved for CRA. (For example, file handles to open files must be destroyed). It must also clear the view presented to the user so that it contains no information pertaining to any RAP.

2.2.7 Use Case 7: User deletes the currently open RAP

If the user feels that the utility of a RAP is no longer significant, he/she can delete the RAP. Subsequently, the user can either open an existing RAP or create a new RAP.

When a command to delete the currently open RAP arrives from the user, CRA must free all the resources that it had previously reserved for CRA. (For example, file handles to open files must be destroyed). It must also clear the view presented to the user so that it contains no information pertaining to any RAP. Deletion results in closure of the RAP followed by the removal of the RAP from the disk.

2.2.8 Use Case 8: User performs a relationship analysis

Once the user has added all C# code files he/she wishes, he/she can then use CRA to analyze the relationships between the classes in these files.

CRA will internally scan all the code specified by the user in order to determine what (Inheritance, Composition, Aggregation and Using) relationships exist between classes in this code. Once all relationships have been extracted, CRA internally stores the results of the relationship analysis in the RAP. However, the RAP need not be stored onto the disk until the user explicitly saves the RAP.

2.2.9 Use Case 9: User views results of the relationship analysis

Once the user has performed a relationship analysis on the C# code files in the RAP the user can separately view the Inheritance, Composition, Aggregation and Using relationships that exist between the classes in these files.

2.3 Load Model

Based on the Use Cases described above, we can develop a load model for CRA i.e. we can discuss how much load CRA can handle in terms of the number of users, input and output.

· Number of users: Just a single user can use an instance of CRA at any given time. Moreover, CRA does not distinguish between its users i.e. there is no user management. If a user has a CRA session, CRA has no way of knowing what RAPs the user would have been working on during this user’s past CRA sessions.
· Volume of input: As the number of C# code files that CRA must analyze for relationships as well as the number of lines of C# code that CRA must scan increases, the amount of memory used up by CRA can keep increasing thereby affecting CRA’s performance.

We can put a limit on the maximum number of files that the user can input. Upto this limit, the reduction in performance is acceptable. Beyond this limit however, performance can deteriorate drastically as shown in the graph below. In order to decide this limit, it is necessary to develop some prototype code that will allow us to study the effects of large volume of input. The optimum number of files, which CRA can handle without much deterioration in performance, can be determined using the prototype as shown below and the limit that must be put on the number of input files can be decided on the basis of this optimum number.
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Graph 1: Performance v/s Volume of input for CRA
It might very well be that the reduction in performance is not drastic enough to require that this issue be taken into consideration during design.

· Volume of output: As the number of relationships between C# classes in the input C# code files increases, so does the amount of memory used up for storing the results of relationship analysis. Also there is informational clutter on the user interface i.e. the amount of information (relationships) present to the user becomes extremely large and difficult to comprehend.
The user interface design must be such that there is less informational clutter. For example, the information clutter can be reduced by providing the user with a graphical view of the class relationships rather than a textual or a table view.

NOTE: See the discussion of critical issues at the end of this document for how memory usage can be made more efficient thereby reducing the dependency of performance on volume of input and output.

· Frequency of input and output: Since just a single user can use an instance of CRA at any given time, the frequency of input and output operations is limited by how fast the user can provide input (i.e. C# code filenames) and how frequently the user needs to perform relationship analysis.
3. A Graphical User Interface (GUI) prototype for CRA
3.1 The main screen

The prototype GUI shown in the following screenshot can be incorporated into CRA. The user provides input to CRA on this GUI and the output generated by CRA is shown to the user on the same GUI.
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Screenshot 1: A GUI prototype for CRA
The prototype GUI has buttons that cater to each user interaction specified by CRA’s Use Cases. Additionally there is a ‘Help’ button that can provide help documentation on the various features of CRA.

It is important to mention that the design of the screen which pops up when the user clicks the ‘Add’ button below the file view data grid (i.e. the screen where the user can input C# code files), must allow the user to either input individual C# code files or all C# code files in a directory or all C# code files in a directory tree.

An overview of the system operation can be obtained by looking at the prototype GUI. For example, the prototype tells us that in order to view the results of the relationship analysis, the user must not only provide input to CRA (i.e. C# code files) but he/she must also command CRA to perform this relationship analysis (by clicking on the ‘Analyze Class Relationships’ button). If this were not so, there would have been no need for this button.  A click on this button by the user signifies that the user has completed giving input to CRA and that CRA can now go on and produce the desired output.

The ‘RAP Name’ field displays the name of the currently open RAP while the ‘RAP Date’ field displays the date and time when the currently open RAP was last saved.

The ‘File View’ data grid lists all the files that the currently open RAP contains. The results of the relationship analysis are shown in the ‘Class View’ data grid. The user can view each of the four relationships independently. The user interface design can be further enhanced by providing the user with a graphical view of the relationships between the classes (probably using a tree view control). See the discussion on critical issues later in this document for a discussion of how such enhancements must be handled.

4. The Context of CRA
The following context diagram describes how CRA interacts with its environment.
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Diagram 1: Context diagram for CRA
CRA’s environment basically comprises of two main interfaces as described below. CRA accepts input (filenames of C# code files) or commands (like ‘Save RAP’) from the user. It acts on this input and commands in order to produce output.

The main output produced by CRA is the results of the relationship analysis. In order to perform relationship analysis, CRA requires input in the form of filenames of C# code files. Most input commands trigger processing related to management of RAPs.

4.1 The ‘File System Services’ interface

The file system is an important source of input and destination for output so far as CRA is concerned. CRA utilizes the services of the file system whenever it has to access (open or save) a RAP (which is nothing but an XML data file). CRA also uses the services provided by the file system when it needs to access C# code files that are a part of the RAP. All services provided by the file system require filename of the file that needs to be accessed as well as a file handle (i.e. a reference to that file).

4.2 The GUI related interfaces

Even though the GUI of CRA is a part of CRA and not part of its environment, here we consider the interactions between the GUI and the user as a part of CRA’s environment and not as part of CRA. As shown in the context diagram the ‘GUI Input’ interface accepts commands and input (filenames of C# code files, RAP name) while the ‘GUI Output’ interface displays the output (results of relationship analysis, RAP name and date).

NOTE: In console applications, there is a clear boundary between the application and the I/O services it uses (i.e. the console is used for input and the standard output is used for output). In case of applications with a GUI, this boundary is more difficult to establish because here the GUI is part of the application.

4.3 Data flow within CRA
The following data flow diagram depicts how the processing of CRA can be partitioned into processes and also depicts the flow of information that is necessary between these processes.
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Diagram 2: Data flow diagram for CRA
The data flow diagram enhances the detail provided by a context diagram. More specifically, the data flow diagram depicts what happens inside the context diagram bubble titled CRA. It shows where the data input obtained from CRA’s environment is used in CRA’s processing. It also shows what part of CRA’s processing generates the output data that CRA gives to its environment.

As shown, the processing of CRA can be divided into four ‘processes’. A glance at the name of each process reveals what processing it is responsible for.

· Input Processing: This process acts as a go-between between the ‘GUI Input’ interface (see context diagram) and CRA. It accepts user input and commands and depending upon what input or command it receives, (from the ‘GUI Input’ interface), it forwards this input or command to either the ‘RAP Management Processing’ process or to the ‘Relationship Analysis’ process.

· RAP Management Processing: This process encapsulates all the processing involved in management (i.e. creation, opening, deletion etc. of RAPs). For example this process must perform the conversion of data stored in the RAP into program readable form and vice-versa because data can be stored differently within a program and without it. It accepts the names of C# code files as input from the ‘Input Processing’ process and forwards this input to the ‘Relationships Analysis’ process whenever a relationship analysis is to be performed. It also accepts RAP name as input from the ‘Input Processing’ process whenever the user opens an existing RAP and passes on both the RAP name as well as the RAP date to the ‘Output Processing’ process for display to the user.
Since RAPs are stored in the form of XML data files, the ‘RAP Management Processing‘ process also needs to use services offered by the file system.
· Relationships Analysis: This process encapsulates all the processing involved in analyzing the relationships that exist between the C# code files present in the RAP. It accepts names of C# code files as input from ‘RAP Management Processing’ process and returns the results of the relationship analysis to the ‘RAP Management Processing’ process.
Since this process has to access C# code files stored on the disk, it also needs to use services offered by the file system.

· Output Processing: This process acts as a go-between between the ‘GUI Output’ interface (see context diagram) and CRA. It accepts the output and error messages generated by the ‘Relationships Analysis’ process and the ‘RAP Management Analysis’ process, converts it into user readable form and forwards it to the ‘GUI Output’ interface for display.

NOTE: ‘Relationships Analysis’ and ‘RAP Management Processing’ can be further decomposed using more data flow diagrams and sub-processes in order to make the data flow diagram more leveled. However, the aim of this document is to simply present an overview of the software architecture of CRA. Hence we do not show these lower level data flow diagrams.

5. The Modules of CRA
The following module diagram describes how the CRA’s processing can be divided amongst a number of cohesive modules each responsible for addressing a specific small chunk of CRA’s functionality.
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Diagram 3: Module diagram for CRA
As shown in the module diagram, CRA can be partitioned into six modules. Such partitioning simplifies comprehension of how CRA works. The following list describes the responsibilities of each module as well as the interactions each module has with other modules.

NOTE: It is important to note that processes that have been shown in the data flow diagram of CRA and the modules that are shown here cannot be mapped to one another. The processes shown in the data flow diagram encapsulate just the processing involved, while the modules shown here encapsulate not only the processing involved in each module but also the data that each module holds.

5.1 CRAGUI

This module is the user interface for CRA. It also acts as the executive module of CRA.

Some of the main responsibilities of the CRAGUI module are listed below.

· Accepting all user input (filenames of C# code files) and commands as well as displaying processed output (relationships between class).

· Directing the operations of server modules.

The CRAGUI module forwards user inputs and commands, which have to do with management of RAPs to the RAPManagement module. For example, a user request to create a new RAP is forwarded to the RAPManagement module. The CRAGUI module also forwards user inputs and commands, which have to do with relationship analysis to the RelationshipsParser module. Subsequently, CRAGUI displays the results of the processing carried out by these modules.

NOTE: It is important to note that even though each RAP stores the results of relationship analysis, the RAPManagement module does not use any of the services provided by the RelationshipsParser module. This is because a tight coupling is formed between the results of a relationship analysis and the RAP’s user specified C# code files only when the user actually saves the RAP onto the disk. Until then this coupling is loose. So the executive CRAGUI module gives the results of the relationship analysis that it obtains from the RelationshipsParser module to the RAPManagement module only when the user selects to save the RAP.

5.2 RAPManagement

This module is a server module that is responsible for managing RAPs.

It interacts with the CRAGUI module in order to provide a user readable view of a RAP. 

Some of the main responsibilities of the RAPManagement module are listed below.

· Converting the data presented by the CRAGUI module (the names of the C# files that are to be analyzed along with the results of the analysis) into an XML data file and storage of this file on the disk whenever the user selects to save a RAP.

· Interpreting the XML data file and providing the CRAGUI module with details regarding the RAP, which the latter can display, whenever the user selects to open an existing RAP.

· Deleting a RAP from the disk when the user so chooses.

· Resolving simultaneous RAP access (synchronization) issues in case two users are using CRA to access the same RAP over a network. This issue is addressed in greater detail later in this document when we discuss critical issues.

5.3 RelationshipsParser

This is a server module that is responsible for the main processing of CRA.

It is responsible for deciphering the relationships that exist between classes in a RAP’s C# code files whenever the user selects to analyze class relationships. 

The CRAGUI module tells the RelationshipsParser module to identify relationships between the classes present in the RAP’s C# code files. When such a command arrives the RelationshipsParser module parses the C# code files with the help of the services provided by the CodeConstructsDetector and SemiExpressionExtractor modules.

In order to decipher relationships, the RelationshipsParser module scans the entire code in the C# files, and in the process identifies critical code constructs (such as classes, functions and data member declarations) using services provided by the CodeConstructsDetector module. As and when a critical code component is encountered, the RelationshipsParser module calls services offered by the SemiExpressionExtractor module in order to determine whether the identified critical component reveals any information regarding class relationships.

Once the relationship analysis is complete, the RelationshipsParser module passes on the results of this parsing to the CRAGUI module for display.

5.4 CodeConstructsDetector

This is a server module that is responsible for identifying the constructs (such as classes, functions and data member declarations) of C# code that are required to be identified in order to make decisions regarding the relationships between classes.

The CodeConstructsDetector module uses the services provided by the SemiExpressionExtractor module in order to do this.  The SemiExpressionsExtractor module converts the code being scanned into a sequence of semi-expressions. (See description of the SemiExpressionsExtractor module for the definition of a semi-expression.) The CodeConstructsDetector module identifies classes, functions and data member declarations by scanning the code and looking out for a particular sequence of semi-expressions in the code.

5.5 SemiExpressionsExtractor

This is a server module that is responsible for converting the code that it scans into semi-expressions.

A semi-expression is a unit of code that ends in a “;” (the end of a statement) or a “{“ (the beginning of a scope) or “}” (the end of a scope).

The SemiExpressionsExtractor module uses services provided by the CodeTokenizer module. The CodeTokenizer module is converts the code being scanned into a sequence of code tokens. (See description of the CodeTokenizer module for the definition of a code token.) The SemiExpressionsExtractor module extracts semi expressions by scanning the code and looking out for the code tokens - “;”, “{” or “}” to identify the end of the current semi expression. 

The SemiExpressionsExtractor must be able to discard comments from the code.

5.6 CodeTokenizer

This is a server module that is responsible for converting the code that it scans into a series of code tokens.

A code token is either a punctuation mark (such as “?”, “;” etc.) or a series of ASCII characters (such as “for”, “while” etc.).

5.7 Relationship between modules and use cases

The following table shows a mapping of which module caters to what use case. This is useful in visualizing what user actions affect which modules.

	Use Case No.
	Use Case
	Responsible Modules

	1
	User creates a new RAP
	CRAGUI, RAPManagement

	2
	User opens an existing RAP
	CRAGUI, RAPManagement

	3
	User adds files to the currently open RAP
	CRAGUI, RAPManagement

	4
	User removes files from the currently open RAP
	CRAGUI, RAPManagement

	5
	User saves a RAP
	CRAGUI, RAPManagement

	6
	User closes the currently open RAP
	CRAGUI, RAPManagement

	7
	User deletes the currently open RAP
	CRAGUI, RAPManagement

	8
	User performs a relationship analysis
	CRAGUI, RelationshipsParser, CodeConstructsDetector,

SemiExpressionExtractor

CodeTokenizer

	9
	User views results of the relationship analysis
	CRAGUI


NOTE: A paradox that can be easily seen from the above table that most of the use cases in CRA deal with management of RAPs even though the most involved processing is related to analysis of class relationships. The reason for this is that a major chunk of the user interaction with CRA has to do with management of RAPs rather than with relationship analysis.

6. Activities in CRA
The following activity diagram depicts the high level activities in CRA and along with the flow of logic in CRA.
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Diagram 4: Activity diagram for CRA

The activity diagram reveals all the typical activities that occur from the beginning to the end of a CRA session. It is also important to note that this is a rather high-level activity diagram where basic activities have been shown without decomposing these activities into more detailed activities. Most activities have self-explanatory names except the ‘Analyze Class Relationships’ activity.

6.1 Relationship between the activities and modules

A mapping can be observed between CRA’s modules and the activities. This mapping can be used to segregate activities into different categories as follows.

· The activity diagram reveals that a major chunk of activities are related to management of RAPs (for example, the activity ‘Close RAP’). All such activities map to the CRAGUI and the RAPManagement modules described earlier.

· The activity ‘Analyze Class Relationships’ is probably the most involved (complex) activity as regards processing. This activity maps to the RelationshipsParser, CodeConstructsDetector, SemiExpressionsExtractor and CodeTokenizer modules described earlier.
NOTE: We could have decomposed the ‘Analyze Class Relationships’ activity into several activities. However, since its decomposition involves a lot of processing logic, and since the development of this logic is more of a design issue, we do not do this here. Please read ahead for a detailed discussion of what this activity involves.

· The activities that involve accepting user inputs (for example, the ‘Remove C# code files to RAP’) as well as the activities that involve showing the relationship analysis results to the user (for example, the ‘Show Inheritance Relationships’ activity) map to the CRAGUI module.

6.2 Relationship between the activities and Use Cases

A mapping can also be observed between CRA’s Use Cases and several of these activities. For example, the Use Case ‘Use Case 2: User opens an existing RAP’ can be mapped to the activities ‘Open Existing RAP (XML Data File)’ and ‘Show RAP Contents’.

6.3 The ‘Analyze Class Relationships’ activity

CRA scans the entire code in the C# files, and identifies critical code constructs (such as classes, functions and data member declarations) using services provided by the CodeConstructsDetector module. As and when a critical code component is encountered, CRA tries to determine whether the identified critical component reveals any information regarding class relationships.

NOTE: The following guidelines can be used in order to extract the four relationships namely Inheritance, Aggregation, Composition and Using relationship that exist between classes in C# code files. These guidelines are courtesy Dr. James Fawcett and they have been downloaded into this document (with certain small changes to suit the style and terminology of this document) from Dr. Fawcett’s website. The following is a link to the original version of these guidelines. (http://www.ecs.syr.edu/faculty/fawcett/handouts/CSE681/code/Pr2Help/GrammarIssues.doc)
Please note that even though the guidelines mention relationships between structs, interfaces etc., the primary purpose of CRA is analyzing class relationships. Hence CRA need not extract relationships between any code constructs other than classes.

Even though the architecture described in this document does not consider such extraneous relationships, considering the fact that with minimal effort, the functionality of CRA can be extended to analyze such extraneous relationships and that such analysis can further enhance the value of CRA, the design of CRA must be done in such a way that it is possible to make these extensions at a future date.

· Inheritance:
A class may inherit from another class, a struct, or an interface, using the syntax:
class myClass : yourClass { … }
which says that myClass inherits from (is derived from) yourClass.


· Composition:
One class or struct, say A, is composed with another, say B, when B holds a reference to A as a data member, and the lifetime of A is the same as the lifetime of B.  That happens only when A is constructed in the constructor of B or is initialized in the data declaration. 

class B  // case #1 – A is initialized in B’s constructor
{
 
   private A myA;
 
   public  B() { A myA = new A(); … }
 

:
}
class B  // case #2 – A is initialized before B’s constructor call
{
 
   private A myA = new A();
 
   public  B() { … }
 

:

}


· Aggregation:
One class or struct, say A, is aggregated with another, say B, when either B holds a reference to A which is initialized in a non-constructor member function, so that its lifetime is less than the lifetime of the aggregator, B, or when it is constructed as a local data in a member function of B.

class B  // case #1 – lifetime of A starts later than B
{
 
   private A myA;
 
   B() { … }
 
   someFunction() { myA = new A(); … }
 

:
}


class B  // case #2 – lifetime of A is shorter than B on both ends
{
 
   B() { … }
 
   someFunction() { A myA = new A(); … }
 

:
}


· Using Relationship:
A using relationship occurs when one class, say A, is accessed by another, say B, but B does not construct the instance of A.

class B  // case #1 – B holds onto reference to A for use later
{
 
   A anA;
 
   B() { … }
 
   void anotherFunction(A yourA) 
 
   { 
 
      anA = yourA;  
 
      // use yourA instance in some way here or elsewhere
 
   }
}

class B  // case #2 – B uses A only in anotherFunction(…)
{
 
   B() { … }
 
   void anotherFunction(A yourA) 
 
   { // use yourA instance in some way here }
}

NOTE: After reading the above guidelines it becomes clear why functions, classes and data member declarations qualify as critical code constructs so far as relationship analysis is concerned.

Detecting the Using relationship requires the identification of class member functions. Detecting the Aggregation and Composition relationships also requires the identification of class member functions (including constructors) and data member declarations. Detecting the Inheritance relationship requires identification of classes themselves.

7. A look at some critical issues

Let us now look at some issues that are critical to the design of CRA. The design of CRA must address all these issues.

7.1 Effects of voluminous input on memory usage and performance

Issue: What if the user inputs a large number of C# code files to CRA?

If the number of C# code files specified as input by the user is large and the number of lines of code is large, then the amount of memory utilized by CRA will be very large and will affect performance of the system.

Possible Solution: Memory management must be given proper consideration. The memory model of CRA must be built in such a manner that irrespective of the number of files that the user has input, the amount of memory utilized by the system at a given time is always fixed. This can be achieved because at a time CRA needs to access just one C# code file.

It is possible to achieve improved performance by using a reusable pool of objects i.e. instead of creating new objects for parsing each input file we can have the design in such a way that objects required for parsing the files are created just once. Every time the need to create the same parsing object for another code file arises, we can reuse the objects used in parsing previous input files. The singleton design pattern can be employed to good purpose here.

NOTE: Since C# is being thought of as the language for implementing CRA, it is important to realize that C# performs garbage collection at runtime. This added activity would affect the performance of the software being developed. Having a reusable pool of objects would mean that we do not have to worry about whether the garbage collection mechanism can handle the large number of objects that would have to be created in order to parse these many files. It would also mean improved performance since the garbage collector need not come into picture until and unless the objects in the pool needs to be destroyed.

NOTE: It would not be a futile effort to write some prototype code and find out whether voluminous input and large scale creation and destruction of objects really does impose a significant performance overhead on C# programs. If it doesn’t then there is no need to worry about this issue.

7.2 Security

Issue: What if a competitor somehow gets its hands on some of the RAPs pertaining to projects being developed by an organization?

Issue: What if a disgruntled employee of the organization uses CRA to delete some critical RAPs?

These issues are of critical importance to the organizations survival. If a competitor ever gets its hands on the RAPs of a project under development and using the same ideas releases a product on similar lines before the organization does, then the organization will lose out on a huge amount of market share.

Possible Solution: 

· The data within a RAP can be stored in an encrypted format in the XML data file. Even though encryption and decryption will introduce time overheads, these overheads will occur only at the time of saving a RAP or opening a RAP.

· RAPs can also be password protected. The user can define a password for each RAP at the time of saving the RAP. This password can also be encrypted and stored in the XML data file. Whenever the user selects to open the RAP using CRA, he/she will be asked to enter the password. Since only the user who created the RAP will know the password and since it is almost impossible to decrypt an encrypted password, we can ensure that no one can misuse CRA
7.3 Versioning

Issue: What if the number of RAPs pertaining to a particular software project becomes so large that it becomes very difficult to manage all these RAPs?

If the software architect has been regularly creating RAPs using CRA to monitor the progress of a project with reference to its initially laid out architecture, it becomes very difficult after a point for the architect to manage the large number of RAPs and to remember what was created when.

Possible Solution: CRA can implement some versioning mechanism whereby whenever the user selects save a pre-existing RAP, the user is asked whether he/she wants it is saved as a new version. This new version can be saved in a new XML data file that is appropriately named by CRA to identify its version. Tools can be provided in CRA that would allow the user to view what is present in each version of a RAP using versioning comments that the user can give. In short services very similar to a source code control system can be provided by CRA for RAP files.

7.4 Flexibility and Usability

Issue: The usability of CRA can be enhanced manifold if the results of the relationship analysis were shown graphically to the user in the form of class diagrams.

Issue: What if the company decides to develop a software CASE tool that would aid in complete reverse engineering of software projects? Wouldn’t it be great if components of CRA can be reused in analyzing class relationships in this application?

Issue: What if we want to extend CRA so that we can analyze relationships between classes, interfaces, structures and enumerations?

It is important to realize that such requirements can arise in future releases of CRA. The design of CRA must be able to cater to all such enhancements. The key is to keep the design simple and to divide the processing into cohesive units with clearly defined goals so that even if enhancements are needed, new units can be plugged in easily (seamless integration).

7.5 Concurrent access of RAPs

Issue: What if two users access the same RAP concurrently over a network?

This is a serious issue. Two users concurrently accessing the same RAP can both make changes to the RAP. Changes made by a user would be lost if another user also makes changes to the same RAP.

However, before thinking of a solution for this problem it is important to know the size of the organization for which CRA is being developed. In other words it is important to consider how many users are likely to use CRA in an organization. If this number is large then it means that the problem could prove a grave one. Otherwise we might as well choose not to address it.

Possible Solutions:

One of the following solutions can be implemented depending upon how critical this issue is to the users of CRA.

· Some locking mechanism can be introduced. For example, whenever any instance of CRA opens a RAP, it can create an appropriately named lock file in the directory of the RAP indicating that the RAP is in use. Another instance of CRA that tries to access the same RAP can come to know that the RAP is already in use and therefore disallow the user to open it.
The problem with this approach is that it cannot address real time access of RAPs (If two users try to access the RAP at virtually the same instant, both will get access to it because no lock file would be present when either of the two try to access the RAP). Moreover, it is not desirable to have your program creating lock files all over the place and using up disk space. However this is a simple solution that can be easily implemented in minimal time.

· Another approach would be to develop a ‘RAP Server’ application. This ‘RAP Server’ would run on any one machine on the network and act as a central RAP manager. All CRA instances would have to connect to the RAP server first and take its permission before accessing any RAP. If the RAP is already in use, the ‘RAP Server’ would disallow access to any instance of CRA.

This approach takes care of the real time accesses issue by ensuing that access to RAPs is provided on a first come first served basis since connections to servers will always occur sequentially even if there is minimal time difference between the connection requests. However, this approach is more costly as regards time and efforts.

7.6 Bad code

Issue: What if the users inputs files with .cs extension that do not contain C# code?

Issue: What if the user inputs files of C# code that do not compile (i.e. code with errors in it)?

It is very difficult for a program to look at a file and say whether it contains C# code that can be compiled. An application that needs to do that probably needs to incorporate some part of a C# compiler. Since designing such functionality into CRA would not only be expensive and time consuming but would also highly increase complexity of CRA, we can ignore this issue. If the user does input files of C# code that do not compile, CRA will probably produce erroneous results. On the other hand, if the user inputs files that are not C# code, then CRA may or may not produce erroneous output, since the file may not contain any C# language constructs that contribute towards the output.

A preliminary check for the number of lines of code in the file (i.e. ensuring, for example, that there are at least five lines in a file that has been input) can be made in order to avoid accepting certain file types such as binary files as input.

7.7 Persistency within a CRA session (Use of hash tables)

Issue: How can we make the results of relationship analysis persistent within a CRA session?

The data structure used to store the results of a relationship analysis within a CRA session must ensure that the data access is suitably fast. In analysis of RAPs involving huge number of code files and huge number of classes, the results of relationship analysis can be very voluminous.

In case of traditional data structures access time to access a single row of data can be very large. The use of the hash table data structure (present in the .NET framework class library - System.Collections) can be considered.  Data is stored in key-value format in hash tables. In case of hash tables, data access is much more efficient than in case of other data structures since the hashing mechanism is used here in order to make data access faster. 

7.8 Persistency across CRA sessions (Use of XML data files)

Issue: How can we make the results of relationship analysis persistent across CRA sessions?

As mentioned earlier, the results of relationship analysis can be made persistent by storing RAPs as XML data files.

We do not want to use complex databases such as Oracle Sybase or MySql simply because we would like to keep things as simple as possible and as less costly as possible.

We would like not to save data in the form of character data (For example, data stored as characters with data fields separated using comma.) into normal files since this method is error prone (If we miss adding even one comma separator, the entire data file becomes useless).

The advantage with XML is that the .NET framework class library provides large amount of support for developing applications that use XML. This would probably mean lesser product development time and hence a savings in cost.

8. Summing it all up

We have discussed the potential Uses and Actors for CRA along with Use Cases. The most significant user of CRA is the Software Architect who uses CRA to track the progress of the software design in perspective of the initially laid out architecture.

We have laid out a prototype GUI for CRA and seen what kind of services this prototype provides to the user.

We have discussed the context of CRA (context diagram) as well as the flow of data in CRA and it is clear that CRA needs two main forms of inputs i.e. a RAP (for reviewing a previously performed relationship analysis) or C# code filenames (for new carrying out relationship analysis). CRA generates one main form of output, which is a table view of the various C# classes and the relationships between them.

We have discussed the partitioning of CRA into modules (module diagram) and processes (data flow diagram). In summary the processing in CRA can be easily divided into two major chunks – RAP Management and Relationships Analysis. RAP Management involves access, creation and deletion of RAPs. Relationship Analysis involves deciphering relationships between classes in the C# code files input by the user. Both these processing chunks are dependent on each other. For example, we cannot save a RAP unless relationship analysis has been performed on it.

Finally, we have also discussed certain critical issues affecting performance, security and extensibility usability of CRA that could affect the design of CRA.

Thus, we have discussed the various high-level concepts that comprise the software architecture of CRA without going too much into low-level design and implementation details. It is believed that this architecture can be implemented in reasonable time at a reasonable cost. The design team for CRA must utilize the discussions provided in this document constructively in order to develop a strong and flexible design for CRA.
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