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Executive Summary

1.1 Requirements
The object of this application is to provide a tool for analysis of software.  For this given version of software, C# is the only language that is supported and only these types of programs will be analyzed. However, to allow for further product development the architecture shall be designed in such a way as to allow for additional languages to be supported.  The types of analysis should also be kept as modular as possible as to allow for additional analysis to be easily added in future versions.

The analysis shall consist of mainly function analysis for this given application.  The analyzer must search for all “*.cs” functions in a user defined path and analyze these files that are located.  All analysis will take place on a per-file basis.  This analysis must include the number of functions, the largest function and average function size.  Also the largest and average cyclomatic complexity of each function must be determined.  Last the analyzer must determine the number of lines of comments before any code has been reached, the largest number of lines of comments in a function and the average number of lines of comments per function. 
1.2 Solution

The solution that is presented in this concept document has been designed to be very modular.  This will increase reusability of the individual modules as well as allow for easy expansion of the overall software application.  The application will start in an executive module that will coordinate the overall application flow.  This module will be responsible for retrieving all user input from the user interface as well as relay this information to the lower level processing functions.
The lower level processing starts with a domain search of the path for all valid files. This module will be passed the type of files to search for so that this can be easily extended for several types of file searches.  For this application the only files that will be analyzed will be C# files with a “.cs” extension.  After the search has located the files, the analysis will begin.
The analysis has several layers of processing.  The upper most level will be to coordinate moving through each of the files under test and, this module is the scanner.  The second level is the semi-expression analyzer which is responsible for forming phrases of code that will be used to determine what types of statements have been encountered. This module will utilize the lowest level file analysis tool, called the tokenizer.  The tokenizer module will do the actual file reading and split the file into identifiers and punctuators one at a time.  Once a semi-expression has been found it is then passed to the grammar module that will determine what rule the expression meets and what action it needs to perform because of it.

Once all the analysis is finished the statistics that have been formed from the analyzer section of the tool will be output in two separate forms.  The first output is to an XML file that is saved for later data analysis.  The second output is to the user interface so that the user has a summary of what the tool has determined.  The XML file serves as another gateway for further application expansion and tool development.  
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2. Statement of problem and assumptions
2.1 Statement of the Problem

The C# Program Analyzer is a code analysis tool that will allow for developers to quickly perform analysis on code that they have written.  The analyzer must itself be implemented using C# and the .Net framework.  The Visual Studio .Net development must be utilized for development. The user interface must be implemented using C# Winforms and must provide a spot for the user to input a path as well as a place to output all of the analysis information.
The analysis of the files must include full function and comment analysis.  The exact listing of all of the information that must be determined is listed in Table 1.  All of this information will be provided for each file that has been analyzed.
	Number of Functions

	Largest Function

	Average Function Size

	Largest Cyclomatic Complexity

	Average Cyclomatic Complexity

	Number of Comment Lines to Start File

	Largest Number of Lines of Comments in a Function

	Average Number of Lines of Comments in a Function


Table 1: Required Information

The output must not only be displayed to the user on the screen, but also the information must be output to an XML file that can be later analyzed and compared with other tools.  The architecture must be modular to allow for ease of updates and additions to be made to the application.  This application can be extended in many ways and this must be explored and kept in the forefront throughout the design and development.
2.2 Assumptions

The following assumptions have been made:

1. The user will understand that the analyzer is meant for C# files only
2. Any file that contains an extension of “.cs” is a valid C# file
3. Only a single path will be searched at a time
Use Case analysis

In all systems, regardless of complexity or size, all uses of the system must first be analyzed to understand what is expected of the application.  In many systems there are several users, along with several different ways to use the system.  Each user may be interested in seeing some very unique information to suit their needs.  This small program analyzer is no exception to this rule, and a use case analysis must be performed to determine how to design the architecture to meet all of its needs.

2.3 Users

2.3.1 Software Developers
The principle users of the system are software developers of all levels analyzing their own software.  Both inexperienced developers who are looking to understand their code style, as well as experienced developers looking to improve their skills can utilize this tool.  In either case they will use the system in an identical manner.  Since the current requirements are very limited all software developers will be provided with the same amount of analysis and detail.  In future upgrades to the system, where more complex analysis may be performed, different levels of developers may be provided with different information.

2.3.2 Program Analysis Developers

Another key set of users of the system are developers looking to implement upgrades and future versions of the tool.  While these developers are using the system by stress testing it and looking for places for improvement, they will use the system just as software developers will use the system.  This application has very limited scope and this limits the ways the system may be used.

2.4 System Use Cases

2.4.1 Startup

When running the program the user may provide a command line parameter to indicate the path that they want to analyze.  This path will be automatically populated into the path text box on the user interface.  If the user provides no command line arguments the text box will be empty at startup.  In either case, at any time the user may type directly into the path text box to set the analysis path.  A browse button is also available which will allow for the user to navigate the file system and select a path directly from the system.
2.4.2 Performing Analysis

To begin analysis the “Start” button must be pressed.  If there is nothing currently typed into the path text box then this button will be disabled.  Once there is some path in this text box the run button will become enabled.  Pressing this button will begin the analysis of the path that is located in the text box.  Upon completion of the analysis all output will be displayed in the list box.  The path may be edited and additional runs can be made, or the same path can be analyzed again.
2.4.3 Viewing Analysis Data

The main display will only contain the files that were analyzed and their modification date.  To see the actual in depth analysis of any one of these files the file may be selected from the list box and the “More Information” button may be clicked.  Another possible way to do this is to double click the member of the list box.  In either case a modal display is provided with all of the file’s particular data.  Hitting close in this window will exit this window.
2.4.4 Error Handling

The system will handle two forms of error handling.  The first is path validation of the input path from the user.  If the path is invalid then an error message will be displayed and no analysis will be performed.  The other error that could occur is if there are no C# files in the directory that has been specified.  While this is not an error that will crash the system, it will instead be an error that will cause the program to perform no analysis so this will be relayed to the user.
2.4.5 Exiting
At any point, before or after the analysis, the close button can be pressed to close the application.  Closing the application will not destroy the XML file that has been generated by the application. This file will remain saved and can be analyzed at the user’s leisure.  Any further runs of the application will start at the initial state once again.
Overall System architecture
2.5 Module Layout
A module diagram for the whole system is shown in Figure 1.  This diagram lays out each distinct and separate module for the C# program analyzer.  Each of these modules will be a separate piece of code in the program.  Each of these individual modules will be discussed in the following sections and is meant to be a stand-alone piece of code that can be modified without affecting those around it.  All C# based analysis code will be resident in very low level modules.  By limiting this C# specific code to be low level, it can be concluded that other low level modules could be written to support other languages and they could be called identically.  No changes to the calling modules would need to be made.   
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Figure 1: Module Diagram

2.5.1 Executive

The program analyzer will begin in the executive module.  This module is responsible for the entire flow of the program.  It will be responsible for retrieving and error checking the path that the user has input.  It then will call the domain search module that will find and accumulate all of the valid files that need to be analyzed.  These files are passed back to the executive module.  The executive then calls the scanner for each file that it has received from the domain search module.  After all of the files have been scanned the executive is then responsible for calling the output module that will finish the processing.  The program will then, once again, reside in the executive module’s control, waiting for user input of another path.

2.5.2 Domain Search

The domain search module is the front end processing of valid user input.  For this program, the module will recursively search the input path for all files with a “.cs” extension.  This will indicate valid files for the current analyzer.  This module can be considered standalone functionality and could be used in any system searching a path for a given extension.  This module could also be extended to look for a user defined extension that could be input from the user interface.  This module will pass back to the executive module all files that need to be analyzed.

2.5.3 Scanner

The scanner module will be called once for each file that the domain search module has found and provided to the executive task.  The responsibility of this module is to scan the entire set of files that are going to be processed.  The scanner will be the top level file reading module as it will call a helper function that will determine semi-expressions throughout the whole file.  By repeatedly calling this helper function the entire set of files will be scanned and all of their properties will be determined.

2.5.4 Semi-Expression Analyzer

The semi-expression analyzer will repeatedly call the tokenizer to retrieve each piece of the file.  It will then, based on a set of pre-determine semi-expressions, determine if it has a valid expression.  When it finds a valid expression it will call the grammar module to determine what is to be done with this expression.  After this is determined it will again call the tokenizer and move through the entire file.

2.5.5 Tokenizer

The tokenizer module is responsible for the actual reading of the file and is the lowest level module present in the system.  It will read in both identifiers and punctuators.  These will be read in one at a time (either an identifier or a punctuator).  These are then returned back to the semi-expression analyzer module.  This module is called repeatedly for each file until the end of the file has been reached.

2.5.6 Grammar

The grammar module is responsible for taking a semi-expression and performing some task because of the expression.  It does this by calling the rule set module with the expression and then calling the action module to perform the task.  The grammar module will be called for every semi-expression that is found throughout each file.  This grammar module is independent of the actual expressions of files that are being looked at.  It is merely a manager module for the grammar that is being analyzed.

2.5.7 Rule Set

The rule set module is the main C# dependant functionality in the system.  The current application is a C# program analyzer so this rule set is based off of all of the rules in C#.  This set of rules is based on different sets of expressions that set up functions, comments and other lines of code.  This functionality is separate from the rest of the system.  A future system could have other language rule sets and based on what language the user wants to analyze a different rule set could be used.  Keeping this set of rules separate allows for extensibility.

2.5.8 Actions

The actions module determines what action is to be taken based on what rule has just been found.  This module is constantly updating the file’s statistics based on what rules have been found.  This module will be the only one touching the file statistics.  This will keep the manipulation of this data centralized here.  The actions will be as general as possible so that if other languages were to be analyzed the same actions could be used.  Many of them will be based on starting and stopping line counts.

2.5.9 Output

The output module is responsible for initiating both the XML output module and the user display output module.  The module itself does nothing more then call these functions.  By including this as a separate module, additional sub-modules may be written for different forms of output without ever affecting the executive module of the application.

2.5.10 XML Processing

The XML processing module will be responsible for formatting and writing out all of the analysis data out to an XML file for later processing.  This information will include the file storage information, function information, line counts and comment information.  This XML file will be saved off when the program is finally closed.  This file can then be reviewed at the user’s leisure after the program has been exited.  Also this XML file will allow for additional applications to be written for even further analysis to be done on this stored data.

2.5.11 Main Display

The user display module will be the final module executed for each path that the user inputs.  This module will be writing all of the file information that has been gathered out to the screen for the user to see.  The information displayed on the main screen will only include the file storage information. If the user then selects a file from the list box an additional dialog will appear that displays all of the files function information, line counts and comment information, however this display will take place in a different module. 
2.5.12 Analysis Display

While the main display is run when the program executes, the analysis display is only provided when the user selects a file from the list on the main display.  This module will be responsible for populating an additional dialog that will provide all of the in-depth analysis information on the selected file.  This dialog will be modal so only one file’s information can be viewed at any given time.  
3. Program Execution flow
3.1 Application Activities

The C# program analyzer follows a very distinct set of activities.  It does this in an iterative type process.  The overall flow of the system is show in Figure 2, which is the system activity diagram.  This diagram includes information that would be present in a data flow diagram as well as synchronization of the system.  Error checking and a few loops of iteration make up the entire program.  The section immediately following the diagram will explain this to much finer detail. 
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Figure 2: Activity Diagram
The activity diagram helps illustrate the entire flow of the application.  At startup, a blank GUI is shown to the user and the system waits for input of a path by the user.  After this path is read in, it is validated and if it is invalid an error message is printed and the application returns to its startup state once again.  If it is a valid path the domain search then begins.  For this application the search consists of searching for all “.cs” files within the given path directory tree.  Just as with the path, if no files are found another error message is generated and the application enters the wait state for a new path.  However, if there are files found the program will start processing these.

The processing consists of opening a file and processing this for expressions and accumulating statistics about this file.  The analyzer will read in the file through tokens and by forming expressions from the tokens.  It will then perform actions based on which order of expressions it finds.  It will continue to do this until the file has come to an end.  This is the inner loop of the processing.  The outer loop will run until all of the files that have been found have been processed. 

After this outer loop breaks and there are no remaining files to process, two actions can then take place.  These are the two output actions.  One of these is the output to the user on the screen and the other is the XML output that will be saved off for later analysis.   Once both of these is finished the application returns to a state of waiting for a new path to be input.
3.2 Event Trace Analysis
The program analyzer will be written in C#, just like the code that it is intended to analyze.  In the preceding section, particularly in Figure 2, an activity diagram for the entire system was addressed.  This diagram was a depiction of the program’s flow from a structured stand point.  The event trace diagram in Figure 3 shows this same program flow, but also addresses the use of classes throughout the system. 
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Figure 3: Event Trace Diagram

Looking at the preceding figure shows seven main classes that will be used without the processing.  The Executive class object will be created at startup and remain until the program exits.  The other six classes will have objects created during various stages of the processing.  There will be a single Scanner object for each path that is entered in by the user.  This object will be responsible for cycling through all of the valid files and storing their information in an array.
As each of the files is processed, a CSFileInfo object will be populated with the file’s analysis information.  This is the class that holds all of the required information that will be available at the end of the analysis.  This object will be called from the CSGrammar class anytime a rule is found and a valid action on the data needs to take place.

The two working classes of the analyzer are the CSToken class and the CSSemiExp class.  The token class will hold all methods that deal with a single token in the system.  This class will populate a single instance of the CSSemiExp class.  This object will be built from tokens and will persist until a full expression is found and the CSGrammar object has been passed this data for some action to take place.  All of these classes interacting will make up the entire system, which will end in a simple and extendable implementation.
4. User Interface
4.1 Main Display
The user interface is separated into two Winform windows.  The main interaction with the program will take place in the Main display window.  This window contains the new path to be analyzed and all controls to begin analysis.  Also if a previous file has been analyzed all of the files that were found and analyzed in this path will appear in the list box.  Figure 3 shows a possible depiction of this main screen.
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Figure 4: Main Display Window

It is apparent from the given figure that this is what the display looks like at startup.  No files have been analyzed and a command line argument for a starting path has not been input.  This is only a representation of one possible look that this interface may have and is not meant to be the final version.  The “Analyzed Path” text box will contain the path that has been analyzed and corresponds to the data currently being displayed.  By selecting a file from the list box and pressing the “More Information” button the Analysis Display will appear.
4.2 Analysis Display

While the main display is what the user will mainly interact with, the analysis display is where the real data will be located.  By selecting a file that has been analyzed and clicking on the “More Information” button on the main display this dialog will appear.  Figure 4 depicts a possible screen shot of this dialog.  This particular screen shot shows a blank form; however, this state will never occur during normal processing.  A file needs to be selected from the list box in the main dialog before this dialog will appear.  Therefore, it will always have some information displayed to the user.  This dialog will be modal so that only one file’s information can be shown at a time.  By pressing on the “Close” button the dialog will close and the Main dialog will have focus.
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Figure 5: File Analysis Dialog

5. Critical issues

The following sections will lay out a set of issues with the application concept as well as a solution to each issue.  The solutions are application dependant so further modifications to this product may result in different solutions to these issues.
5.1 Directory Scan
5.1.1 Issue
Since the program analyzer does a recursive search of the directory tree starting at the user defined path; one can imagine that this search may become quite overwhelming.  The search itself could become very time consuming if not done efficiently.

5.1.2 Solution

By utilizing built in classes to perform the directory scan efficiency will be maximized.  By not writing a routine that already exists will save both development time and program efficiency.  Also, in general, this analyzer is intended to be used on a small directory set of the developer’s project, not large areas of disk space.
5.2 Number of Files

5.2.1 Issue
Since the directory search is recursive the shear number of files to be analyzed may become very large.  Displaying this information to the screen could be difficult and processing time could be long.  

5.2.2 Solution

By utilizing scrolling techniques the information for a large amount of files will be able to be displayed.  The user will be able to read the information for approximately 10 distinct files without scrolling. To see any further files the user must scroll.  Also, the second dialog box for all in depth data will eliminate the main display window from becoming over populated with data that is hard to read and understand.  Since the processing of this application is simply reading the file and performing very simple actions based on what is read in the processing shouldn’t be overly long.  If more intensive processing is added the time for running the program may need to be reevaluated.  

5.3 Invalid Files

5.3.1 Issue

An assumption that was mentioned in a previous section was that all files that have a “.cs” extension are valid C# files.  However, this may certainly not be the case.  A text file could be given a “.cs” extension without ever containing valid C# code.  These files will very likely give erroneous information when analyzed.

5.3.2 Solution

For the initial version of this application there will be no solution to this issue.  It has been decided that all files with the appropriate extension will be analyzed.  In further developments this problem may be explored by understanding what impact erroneous data may have on the analysis.  By understanding what effect invalid files would have on the analysis information, these files could then be detected and this could be noted during processing.

5.4 User Input during Processing
5.4.1 Issue

While the analysis is being performed on a given path, the user may change the path that is on the user interface.  The resulting data would then not match the path that is displayed and this could cause some confusion.  Also, if the user expects this path to be processed the information that is provided will appear to be incorrect.
5.4.2 Solution 
To eliminate the user from changing things during processing, the text box will be disabled when analysis is being performed.  The user then must wait for the analysis to be complete before changing to a new path.  Also when the information is output there will be additional text to indicate what path the analysis information relates to.  This will eliminate confusion if the path in the user input changes without analysis being performed.
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