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Introduction
Executive Summary

The Hierarchy Analysis system will evaluate C# files and report their class relations. This document discusses the core architectural components of the system and attempts to be a competent resource during the development of the system. The following is an outline of the topics discussed:
High Level Architecture: A discussion of the three layers that provide functionality for the system

Use Case: A discussion of the manner in which the system is used by the principal users.

Modular Architecture: A discussion of the modules and their class functions that comprise the system.

Activities: A discussion of the program behavior via the user perspective.

User Interface: A discussion of the ascetic look and feel of the system.

Design Issues: A discussions of possible issues within the design regarding the development phase.
Future Additions: A discussion of the system in terms of its lifecycle and future additions.

Conclusion: A closing discussion reiterating the concept of the document.
Requirements

This section of the document covers the explicit requirements that were provided by the customer and the inherent requirement that were provided by the nature of the project. The explicit requirements discuss the required functionality and output while the inherent requirements discuss necessary specifications of the system.

Based on the specification document Project #2 – Hierarchy Analysis, the requirements provided by the customer are as follows:
· The program must evaluate multiple C# program files and look for relationships between all the classes in those files.

· The program shall be implement using C# and the .NET framework class libraries and must compile, link and execute using the Visual Studio .Net development environment provided in the ECS clusters.
· The program shall provide the capability to enter a pattern string defining the files to analyze, e.g. *.*, *.cs or foo.cs or any other combination.
· The program shall for each class defined in the file set identify its inheritance, composition, aggregation and using relationships with other classes of the file st.

· The program Shall save the displayed information into an XML file.

· This XML  representation shall hold relationship information for all files analyzed

· The program shall display the class relationship on the users console in a readable intuitive format at the conclusion of analysis.

Based on the nature of the project the inherent requirements are as follows:
· The program shall separate unnecessary information like C and C++ syntactical comments from actual code segments with in the C# program files being inspected.
· The program shall make appropriate use of computer system resources for which is running on.

· The program shall make a decision as to how to execute erroneous or incomplete code files.

· The program shall provide a logical intuitive interface for the principal users.

Principal Users

The principal users are those who use the application based on the requirements provided by the customer. Proper interaction between the user and the Hierarchy Analysis system is necessary for correct functionality. Depending on the functional size of the system, different principal users will use the same system in very different ways. For the case of the Hierarchy Analysis, all users will functionally use the system in the same fashion but for different reasons. The ultimate for using the system can be broken into two distinct categories: use of the system as 1)development reference or use of the system as 2)code management. It should be noted that these reasons are not exclusive from each other; a principal user may use the system just as development reference or just as code management or as both (particularly if the principal user participates in development over the entire course of the project).
Development Reference

Hierarchy Analysis’ core functionality is to analyze the relationships between classes. Because of this functionality it is an exceptional learning tool, by which the user is able to evaluate the class structure of unfamiliar code. This may be code that the user is using, as with C# libraries, or it may be code that he may modify in the future. For either case, understanding the class relations is necessary in any software project and is exceptionally useful if the class relations are organized in an intuitive format. For the case of development reference the principal users are:
Software Architects: A user who may need knowledge of class relations of development platforms (like .NET) or prior projects, to structure new software projects and write competent software specification documents.

Developer: A user who may need knowledge of class relations of development platforms as part of a learning tool that assists in software development and appropriate use of software classes.
Code Management
As a software project grows, there is a natural tendency to deviate from the specification. Though this trend may not be premeditated, it does compromise the ability to manage the project. One major component of software development is class structure. A class structure inconsistent with specifications leads to issues with the code structure and ultimately compromises the management and development of the project. An approach to curbing such class issue is to review project code as it is being developed. From a user perspective, making use of Hierarchy Analysis’s ability to review code and report its class relations assists in monitoring and managing the code development of a software project. For the case of development reference the principal users are:
Project Management: A user who may use class relations to help assess the development progress of a software project with regards to its given specifications.
QA Tester: A user who examines runtime issues in a software project and may use class relations as a method of finding issues within the code.
Developer: A user who need to review his own code or the code of other developers to asses the progress of the project with relation to the specifications.

Load Analysis
Load analysis issues associated with the application will primarily occur during the access of files for the application to evaluate. The requirements provided for the application will be designed to run on a single processor machine regardless of the particular principal user. Traditional usage of the application would be defined as evaluating files on the same machine the application is running on. Issues related to traditional usage is dependant on common single machine limitations like hard disk cycle speed, available memory and processor speed/architecture.

Major load and runtime issues will occur when a principal user uses the program to evaluate files across multiple machines on a network or multiple machines via the internet. General speed of communication for such scenarios are as follows:
Application evaluating files on same machine: 1x
Application evaluating files on multiple machines on a network: 100x
Application evaluating files on multiple machines via the internet: 1000x
Load analysis estimates may vary due to a range of situations. Situations that result in changes of load time may be dependent on: priority given to the application, files that may cause the application to slow or halt, accessing files at varying times of the day resulting in bandwidth limitations when accessing files across the network or via the internet. Regarding the system’s effect on a single machine or multiple machines across a network, the performance load will be great. This is because multiple files will be accessed for evaluation in a very short period of time. Such activity will result in a hindrance among other processes running on the application 
In terms of general usage, principal users will utilize the application sporadically, dependent on the need to evaluate files at any particular time. Total usage time of the application is dependent to the time it takes for properly evaluate the given set of files. 
High Level Architecture
Introduction
The Hierarchy Analysis system is divided into three layers: 1) Searching user designated files and establishing class relations between those files, 2) Storing those relations in an organized format, and 3) Presenting that organized format of relations to the user. For such functionality there must be the following structure as displayed in the diagram below:
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	Fig. 1: Context Diagram for Hierarchy Analysis system.


As seen in the diagram all the inputs, outputs, sinks and sources are identified and shown. Computational functionality, like comparing files for developing class structure links, is kept as central functionality and remains in the bubble labeld Hierarchy Analysis. Hierarchy Analysis handles all processing related to each of the services associated with the system. 

Command Line Interface

The Command Line Interface allows for interaction between the system and the user. The interface is a text-based dialogue box that initially prompts the user with information about the system and how to make use of its functionality. This functionality will be displayed as a numbered menu by which the user may enter a number to select the type of functionality allowed. All the services provided by the system can be activated and managed through the Command Line Interface by the user. If the user enters a number that is out of the scope of option offered, a notice is sent to Error Handling at which the user will be prompted about his/her mistake. The options that are available to the user in numbered menu format are: 
1. Select path and specific files or a file type to search and compare for class relations.

2. View class relations in XML format base on the just executed class analysis.

3. Save XML file to a specific location
4. View previous Hierarchy Analysis searches that were saved in XML format, 
5. Exit Program. 

File management like those dictated in options 1 (select path and files to compare), 3 (saving a XML file), and 4 (accessing previous XML files) make use of File System. Viewing XML formatted text applies to option 2 (viewing most recently executed analysis) and 4 (accessing previous XML files) makes use of Output To User.
Error Handling

Error Handling manages errors and reports them to the user via the Command Line Interface. Error handling is divided into two sections: management of user based errors and system based errors. User based errors encompass incorrect syntactical input like invalid menu option values or invalid paths or file names/types. System based errors reports issues include accessing corrupt or missing files and memory management issues due reading too many files or organizing too large of a class structure.

File System

The File System performs file open and file save functions so that XML files can be retrieved and stored by the user.
XML Formatter
The XML formatter writes the class relations identified by Hierarchy Analysis to an XML format for the user to review. Based on the three core services provided by the context diagram, the XML formatter stores all relational data into an organized format and allows the user to view this information via Output to User. 
Output to User (XML)

Displaying the class relational XML information in an organized intuitive format is core task preformed by Output to User. Prior to the displaying the information the data must be properly managed by the XML Formatter and saved via File System. 
Modular Architecture
Introduction
The Hierarchy Analysis system is divided into separate modules. To increase reusability, each module performs a separate task. Within each module are the classes associated with that module. Below is a diagram that visualized the module breakup of the system.
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	Fig. 2: Module Diagram for Hierarchy Analysis system.


Executive Module
Contains the Executive class used by the system to manage activities of other modules.
User interface Module
Contains the Interface class used by the system to display and manage the user menu. Interface is aggregated with the Executive of the Executive Module
Syntax Analyzer Module
Contains the CFuncDet and the CTest classes used by the system to evaluate the parsed code. CFuncDet identifies functions so that they may be skipped when evaluating files for class relations. CTest evaluates the code for any class relations.
Grammar Detector Module
Contains the CGrammer class used by the system to provide a protocol for matching grammatical constructs. CGrammar is aggregated with CTest of the Syntax Analyzer Module.
Parser Module
Contains the CToker and the CSemiExp classes used by the system to parse code segments so that they can be evaluated by the Syntax Analyzer Module. CToker tokenizes ASCII text files. CSemiExp extracts a sequence of tokens that contains the right amount of information to parse for the Syntax Analyzer Module. CToker is aggregated with CSemiExp and CSemiExp is aggregated with CTest of the Syntax Analyzer Module.
XML Module

Contains the XmlFormt and the FileStore classes used by the system to save and open XML formatted files used by the system. XmlFormt formats class relational information into XML format. FileStore loads and saves the XML files generated by XmlFormt. XmlFormt is aggregated with Interface of the User Interface Module and FileStore is aggregated with XmlFormt.
Activities

Introduction
Derived from use cases, the Activities Diagram acts as a high level description of program behavior. Below is a diagram that visualizes the activities that are synchronized or at what point the system terminates:
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	Fig. 3: Activity Diagram for Hierarchy Analysis system.


Activity Description

Initial Display
The user is presented with menu of various functions that can be preformed by the system.

Select Path/Files To Evaluate

The user runs the systems core function of evaluating files for class relations by entering the numeric value assigned to this option in the initial display. Path or file selection results in evaluating a series of files for their class relations and displays the information on an organized XML format which is displayed to the user.

Select File To Open

The user opens a previous class relations XML formatted file to view by entering the numeric value assigned to this option in the initial display. Note, this file cannot be manipulated by the user via the system.
Save File
The user saves the generated or opened file to a user specified path and filename by entering the numeric value assigned to this option in the initial display.

Terminate

The user is able to exit the program by entering the numeric value assigned to this option in the initial display.
User interface

The user interface of the Hierarchy Analysis system is menu driven. Below is the example menu stated earlier in the document:

	1. Select path and specific files or a file type to search and compare for class relations.

2. View class relations in XML format base on the just executed class analysis.

3. Save XML file to a specific location

4. View previous Hierarchy Analysis searches that were saved in XML format, 

5. Exit Program. 



	Fig. 4: Example user interface menu.


As seen within the Activity Diagram, there are no additional options from the main menu as compare to a more complex system, like a database. For this reason, a console based menu is an appropriate interface for the user. The only motive for providing a graphical interface is to better acclimate new users and to display XML documents in a more stylized manner.
Use Cases

Introduction

Defining how a user interacts with the Hierarchy Analysis system is crucial to developing the system for users and their needs. Derived from the Activities and User Interface sections of this document, the use cases are defined as Creating Class Relations and Reviewing Class Relations.

Development Reference

Creating Class Relations

The user begins the application with the intent to analyze new files and compile class relational information. The user initially specifies the location/files that he wishes for the system to review. Once complete the sytem presents relational information to the user in XML format; it is at this point the user may save the information to a file or exit to the main menu.

Reviewing class relations

The user begins the application with the intent to review previously class evaluations saved in XML format. The user initially specifies the path and the file he wishes for the system to display. The main reason for viewing previously saved files via the system is to assure that the information will be displayed in a competent manner. Once the user is finished reviewing the file the user may save the file under a name or to a different path or exit to the main menu.
Design Issues

Introduction

Within design and development of software there are always issues. Development issues in particular can postpone a project or send it back to the design phase. Discussing possible issues during the design phase helps in notifying the developer of development problems and allows for more competent software.
Parser Issues

For the Hierarchy Analysis system to properly evaluate segments of code, it must parse the file into distinct segments. To do this the system evaluates code line by line and identifies key aspects of the code (like syntactical expressions or class declarations). From this point the system is able to analyze the code for its class relations. Though conceptually the parser works in all cases, developing the module in code may result in some issues
Tokenizer

Most important is that the code is properly evaluated. This is done with the tokenizer which syntactically separates parts of the code to make it manageable. Issues with the tokenizer would be its unfamiliarity with particular syntactical expressions or its ability to fully ignore commented code segments. If particular segments of code are not properly parsed then the systems functionality could be compromised.
Non C# files

The system is designed to parse C# code. Because C# is syntactically similar to C++ and Java, users might use the system to evaluate their class structure in these languages. The result may be improper code analysis results or a halt in the program do to unfamiliar syntactical expressions or format. Though such a case can only be seen in actual test results, in the future it may be appropriate to design the parser to identify different file types and parse them accordingly.

XML Format

Defining the exact format of the XML file is required for the user to properly store class relations and file information relating to those classes. For the XML file to be helpful to the user, the actual file layout must be organized and intuitive. The issue with managing a XML file for the user is providing the proper type of data regarding class structure. Because of this, the exact format of the XML file cannot be defined until the necessary class relation information is defined in detail.
Memory issues

Memory management is a concern in any system. In the case of Hierarchy Analysis, analyzing a large set of files for class relations could result in memory issues. Though a computer with enough physical memory will not have an issue, it is best to design the system to run efficiently on any computer that is able to execute .NET applications. A sensible approach to resolving memory issues is to make use of reusable object rather than creating a new object for every detected class structure. This will provide as little work for the .NET sandbox as well as the computer running the application
Network Issues

Hierarchy Analysis users may wish to analyze the class structure of code that is not local to their machine and instead across the network. Accessing files across the network brings up the issue of access rights and locking files for analysis. Because the system may be analyzing several hundred files concurrently, accessing these files may cause problems if any of the files are locked or are being modified while being read. From a network perspective the load of reading hundreds of files across the network and locking those files for read purposes may be an inconvenience for other users. There is no current solution for this issue other than copying files to the local machine or to use the system at non peak times. 
Future Additions

In any software project, extendibility and portability is an important issue. If a system is robust and modular in design then its is capable of being extended or implemented as a component for other systems In the case of Hierarchy Analysis, its ability to evaluate code and determine its class relations would be useful in similar implementations.
Improved Functionality
Over time changes to the system will be requested by the principal users. These changes may range from altering the menu layout to adding entire modules to the system. One major request may be to provide a graphical front end to the application verses a console base interface. Such an addition would improve usability to new and non-technical users. Another user request would be changing the layout of the XML file; providing information like the history of the class relations, by archiving and comparing previous and current versions of a particular class. 
New Functionality
The core functionality of the Hierarchy Analysis system is to evaluated text and find specific relations between other texts. This abstract functionality could be useful in any form of data analysis or comparison. Such functionality could lent itself to internet search engines (for listing similar websites), plain text search engines (for detecting plagiarism or similar events), email filters (identifying and disposing of junk mail), and financial tools (evaluating trends in spending).
Conclusion
Though this document discussed topics necessary for an OCD, there is no promise that during development the specifications or the requirements may change because of factors internal or external to the project. Some of the concepts that result in changes in the system have been mentioned within the Design Issues and Future Additions sections of this document.

A final issue that should be stressed is the extendibility of the system. Developing a system with modules that are independent of each other allows for future extendibility and manageability of the system. A modular design also allows for other systems to make use of particular functionality within the Hierarchy Analysis system.

Peter Nofelt
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