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1. Architecture

The Duplicates program accepts a path specification on the command line which is used to start a search over the directory sub-tree, rooted at that path.  Each duplicate file name found during that search is sent to standard output before the program’s execution terminates.  Two file names are considered to be duplicates if they contain the same sequence of characters for both the primary name and extension.  The comparisons are to be made in a case-insensitive manner.
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Figure 1 - Duplicates Context Diagram

If the path specification is not valid, or no path specification is provided, the Duplicates program will send an error message to standard output.

Processing is divided into the three major components shown in Figure 2., e.g., command line processing in DupsExec, directory navigation in Nav, and file and path storage in FileStor.  

· Command line processing accepts a path specification from the command line, saves the current working directory name, and sets the current working directory to match the input path specification.  If this fails and error message is sent to standard output.

· Directory navigation examines all the file names in each directory found in the directory tree rooted at the specified path.  It sends each name and corresponding path to FileStor.

· FileStor saves each encountered file name only once in its storage mechanism.  It associates with that name each path in which the name is found.  Each path is only stored once.
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Figure 2 - Duplicates Module Diagram

The Nav module is existing software and is to be reused without modification.  Note that Nav contains a navig class that owns a dProc base class.  The dProc class contains virtual functions dirsProc and fileProc which may be over-ridden by a derived class in the DupsExec module.  The over-ridden virtual functions provide the facilities to save file names and path names by accepting them from Nav and passing them on to the FileStor module.

2. Reference Documents

2.1. Customer A-Specification

Project #2 – Duplicates, Tuesday 27 July, 1999

2.2. B-Level Specification

Duplicates Program, B Level Specification for Software Development, version 1.0, 12 September 1999

2.3. Reusable Software

nav.h

-  ver 1.2, 6/20/99

nav.cpp
-  ver 1.2, 4/27/99

3. Design

This section describes the processing activities implemented by the DUPLICATES program.  The diagram below shows the classes used to implement the DUPLICATES program and their relationships with each other.
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3.1. DUPLICATES Processing

All DUPLICATES processing is supported by the three modules: navExec, nav, and fileStor.  The nav module is reused code.  The other two are newly developed for this program.

3.1.1. dupsExec Module Processing

The dupsExec module contains the program’s entry point, e.g., main() function.  In this function navig and dupsProc objects are created to carry out the navigation and name extraction functions of the program.  When the dupsProc object is created it creates a fileStor object to implement the file name and path storage activities for the program.

After creating the dupsProc object, the main() function passes a pointer to the new object to the navig object, using its use(dProc *) function.  This allows the navig object to bind to the over-ridden virtual functions in the new dupsProc object, enabling application specific processing, even though the nav class was designed long before this program.

The dupsExec module is responsible for initiating the directory search process, and extracting the results and displaying them on the user’s console.  It performs these activities by calling the navig object’s start(...) function, passing it the starting path, and the dupsProc object’s display(...) function, respectively.

3.1.2. nav Module Processing

The dupsProc class is publically derived from the base dProc class, contained in the nav module.  The nav module provides this class so that the virtual functions dirsProc(...) and fileProc(...) may be over-ridded by an application defined class to provide application specific processing.  

An object of the navig class is responsible for navigating through a directory sub-tree, rooted at a user specified path.  As the object carries out its navigation responsibilities it calls dirsProc(...) whenever it encounters a new file and it calls fileProc(...) whenever it encounters a new directory.  The over-ridden functions in the dupsProc class pass each new file name, along with its associated path, to the fileStor for storage, pending analysis at the end of the search process.

3.1.3. fileStor Module Processing
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The DUPLICATES program is required to store one and only one file name and path for each unique name found in the directory sub-tree rooted at the starting path.  It satisfies this requirement by imple-menting the fileStor class.  An object of this class builds a storage data structure based on the Standard C++ container classes map
, list
, and set
.  An object of the map class holds file names as keys.  Corresponding to each key is a value, which is a list of iterator-based pointers to the paths on which files of that name are found.  These iterators point into a set of all the path names encountered during the search process.  This compound data structure is illustrated in the figure, below.

Figure 4 - fileStor Data Structure

3.2. DUPLICATES Events

Operation of the DUPLICATES program is described here in terms of its events, as they unfold in time.  The event-trace diagram below shows the important messages that each object in the program sends to other objects.  Time increases as you move downward in the diagram.  
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The event-trace does not attempt to show every message.  It does not show loops and other sequence operations.  It does show the first of each impor-tant message transaction conducted by the objects in the program.

Figure 5 - DUPLICATES Events

The most important events are shown bold in the diagram above.  When processing starts the navExec main() function creates navig and dupsProc objects through calls to their constructors.  The dupsProc object, in turn, creates an instance of the fileStor class.  This is done automatically by the C++ code since the fileStor object is a data member of the dupsProc class, as shown in Figure 3.

Once all the relevent objects are created the dupsExec main() function calls the dupsProc object’s startPath() function and the navig objects start(...) function, passing it the starting path.  This causes the navig object to begin directory traversal over the entire sub-tree rooted at the starting path by calling it’s own walk(...) function.  Each time that the navig object enters a directory it calls the (dupsProc object’s) dirsProc(...) function.  This causes the dupsProc object to save the name of the current directory.  The navig object then scans the directory for files and calls fileProc(...) for each file name found there.

When its fileProc(...) function is called, the dupsProc object calls the fileStor object’s add(...) function, passing it the file name and the name of the current directory.  If the path name does not exist in the path set the fileStor object adds it.  If the file name does not exist in fileStor object’s map it adds it and makes a reference to the path (in the path set) in the file key’s associated value list.  It does this by storing an iterator to the path on the path set.

When the directory searching process is complete the navig object’s start(...) function returns and the dupsExec main() function calls the dupsProc object’s display(...) function.  The display(...) function calls the fileStor object’s fileMap() function to get a reference to its file map.  It then looks at each file’s list.  If there are two or more entries then this name is duplicated on the directory sub-tree and that name and its path are sent to the user’s console for display.

3.3. DUPLICATES Calling Structure

The DUPLICATES program calling structure is shown in the diagram below.  All of the navig functions and global functions are reused, without modification.  These are shown in gray.  All other functions are newly developed for this program.
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Structure charts show calling relationships by position.  Callers are above, callees are below.  All of the functions qualified by navExec:: or dupsProc:: are found in the navExec module.  The functions qualified by fileStor:: are found in the fileStor module; and the functions qualified by navig:: are part of the navig module.  All of the dupsProc:: and navig:: functions are member functions of those classes.  The functions qualified by :: are global functions from the Win32 Application Programmer’s Interface (API).

The calls shown in the structure chart, above, are shown essentially in calling order from left to right
.  For example, the constructor calls navig::navig(), dupsProc::dupsProc(), and fileStor::fileStor() are among the first executed as the DUPLICATES program starts up.

The navig::use(...) function registers the dupsProc object with the navig object, binding the derived  virtual functions, dirsProc(...) and fileProc(...) to their calls in the navig::walk(...) function.  This late binding allows us to reuse the nav module’s code without change.  All application specific processing that nav has to support is bound at run-time through this registration process and the virtual function calling mechanism supported by the C++ language.

The navig::start(…) function attempts to find the starting path and, if successful, passes the starting directory to navig::walk(…).  The labels (A) going into and out of the navig::walk(...) function represent the fact that walk(...) calls itself recursively to walk the directory sub-tree.



The navig::walk(…) function uses Win32API directory and file functions, shown in Figure 6, to navigate through the directory sub-tree, rooted at the starting path.  As navig::walk(…) encounters file and subdirectory names, it calls the virtual functions dirsProc and fileProc, bound to the derived class dupsProc, to handle data storage.  It simply passes a file name to fileProc and a path name to dirsProc.  These  names are obtained from the Win32 functions ::FindFirstFile and ::FindNextFile.  At the end of the search of a directory, navig::walk(…) calls ::FindClose to prepare for use of the ::FindFirstFile in the next directory encountered.


The functions dupsProc::dirsProc(…) and dupsProc::fileProc(…) use the low-level functions dupsProc::makeLower(…) and fileStore::add(…) to convert all names to lower case and, if needed, add the file and pathname to the fileMap and pathSet data structures, repectively.  Then the add function creates an association from the file to path by entering a reference to the path in the fileMap value associated with the file name key.

3.3.1. navExec Module Calling Structure
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This diagram shows all the calls that originate from, or call into, the navExec module.  Un-shaded functions belong to navExec.  All others
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Figure 7 - navExec Structure Chart

The navExec::main function starts by creating a navig object and a dupsProc object.  It registers the dupsProc object with navig via its use member function, then calls dupsProc::startPath and navig::start, passing each of them the starting path
, extracted from argv[1].  When the start function returns, all searching activities are finished, and navExec::main calls dupsProc::display to show the results.


Navig::walk calls dupsProc::dirsProc and dupsProc::fileProc to carry out application specific processing required when a new directory or new file is encountered, respectively.  DupsProc::dirsProc makes the path string lower case by calling dupsProc::makeLower and holds onto the resulting string for use in dupsProc::fileProc.  When a new file is encountered, navig::walk calls dupsProc::fileProc which first calls dupsProc::makeLower to render the file name as lower case, then calls the fileStore::add function, passing it the file and directory path to add to the directory information stored to this point.
3.3.2. nav Module Calling Structure

The nav calling structure is the most complex of the three modules making up the DUPLICATES program.  Navig::navig is the class constructor, used by dupsExec, to create a navig object.  DupsExec::main() then calls navig::use, passing it a pointer to a dupsProc object, used to define application specific processing, as described on the previous page
.

The start function calls the Win32 function ::SetCurrentDirectory with the path provided to it as a calling argument.  Should this fail, then navig::start calls ::GetCurrentDirectory to start at the current working directory.  Then it surrenders control to walk.  The walk function traverses the whole sub-directory tree by calling itself each time it enters a new directory.


Navig::walk is called with the path of a directory to walk.  When it starts it uses ::SetCurrentDirectory to enter the directory.  It then saves the path, using the function dupsProc::dirsProc.  It then looks for all the files in the directory using the Win32 functions ::FindFirstFile and ::FindNextFile.  If the file is a directory, it calls itself recursively with the directory path.  Otherwise it calls dupsProc::fileProc to store the file and path.  When finished, it restores the original directory path.
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3.3.3. fileStor Calling Structure
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The fileStor calling structure is shown in the diagram, below.  fileStor simply provides storage services to client modules.  None of the fileStor functions has any communication with other fileStor functions.  Each fileStor function is just called by a client, does its business in isolation, and returns.




The fileStore::fileStore function is a constructor that builds an empty fileStore data structure.  The fileStore::add function adds the path name to a set of paths, if it is not already a member, and adds the file name to a map of files, if not already existing in the map.  It then adds a reference to the path element of the path set in the maps value, associated with that file name.  The value is simply a list of iterators into the path set.
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3.4. Meeting Process Requirements

These requirements specify the physical structure of all code developed and the environment where it operates.

3.4.1. Physical Structure

The DUPLICATES program consists of three modules.  The navExec module is an executive and uses the services of the server modules nav and fileStor. The executive module consists of a single implementation file (navExec.cpp).  The server modules consist of the header files nav.h and fileStor.h and implementation files nav.cpp and fileStor.cpp. 

The modules all contain the following elements:

· preprocessor statements preventing multiple compilations embed-ded around each header file

· a manual page containing a prologue, a paragraph describing module operations, and a list of the public interface with inter-pretations to help a designer to use the module

· a maintenance page describing the build process, specifically naming the required files and compilation commands

· a main function.  

The main function in each server module is enclosed by preprocessor statements preventing compilation unless the preprocessor detects a directive of the form TEST_MODULENAME, where MODULENAME is the name of the module with no extension.

Both the header file and implementation file begin with a prologue that contains descriptions of the following elements:

· file name with a few word summary

· version number

· language of implementation

· platform, e.g., computer and operating system

· application

· author with address, telephone number, and e-mail account

3.4.2. Development Environment

The DUPLICATES program compiles and links from the command line using Visual C++, version 6.0, and operates under the Windows NT operating system, version 4.0, service pack 3.

4. Data Dictionary
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5. Source Code

Source code for the DUPLICATES program consists of the files:


dupsExec.cpp
ver 1.1
08:33 AM, 13 Sep 1999


nav.h


ver 1.2
11:48 PM, 20 Jun 1999


nav.cpp

ver 1.2
10:03 PM, 27 Apr 1999


FILESTOR.H

ver 1.0
09:50 PM, 27 Apr 1999


FILESTOR.CPP
ver 1.0
09:46 PM, 27 Apr 1999

Listings for these files are attached.
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Figure � SEQ Figure \* ARABIC �3� - DUPLICATES Logical and Physical  Structure
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Figure � SEQ Figure \* ARABIC �6� - DUPLICATES Structure Chart





Figure � SEQ Figure \* ARABIC �8� - nav Structure Chart
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Figure � SEQ Figure \* ARABIC �9� - fileStor Structure Chart








� A map is an ordered collection of pairs, where each pair is composed of a key and a value.  In the DUPLICATES program the key is a file name string and the value is a list of iterators pointing into a set of path name strings.  Each file’s list of iterators keeps links to the paths on which that file is found.


� The list class implements a template-based doubly linked list.


� The set class, like the map class, is based on a red-black binary tree structure so insertion, deletion, and look-up are all based on binary search.  Thus these operations are efficient.


� We don’t attempt to show loops or other complex sequencing.


� startPath simply saves the starting path so that it can be restored at the end of processing.  Start uses the starting path to define the root of the directory search tree.
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