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1. GENERAL

This document is part of the software design for CS415 Project 2 – Client Server File System.  It describes the objects and methods created to support Client Server File System as well as how user interface look like.  All programs are coded with java programming language using JDK1.1.4 tool.  The whole file system concept is inspired by NTFS (Windows NT File System)

2. OVERVIEW

The Client Server File System contains two group of classes; Client and Server Groups.  The figure below illustrates the interface between classes and the file system heirachy.
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Figure 1 : Client Server Interface


Figure 2 : File System Heirachy

2.1 Client Group

The Client group contains 5 classes.

1. FileClient Class

2. Library Class

3. ClientCacheMgr Class

4. Cache Class

5. Display Class

The FileClient Class handles all the interactive command with users.  The Library class contains all access procedure such as open, close connection, read, write file(s) and other standard file system commands.  All the files that is requested will either be displayed interactively (cat <fileName>) or by Display Class (read <fileName>) using window working environment (awt-abstract window toolkit).  The Display class handles file close and file save upon user request.  Any information between Client and Server is going through cache.  The entity of cache is represented by Cache class.  The cache update method is managed by ClientCacheMgr Class.  This cache manager is intended to improve the performance of file request.  It is done by making the copy of the last file being accessed to cache.  If all caches are occupied, the replacement policy will be called.  For this project, the Second chance (Clock or LRU) algorithm is used for replacement policy.  The setting for the size and the number of caches depend on the file size being frequently accessed.  Another issues for cache is cache inconsistency.  This problem is solved by every times the file is requested, the server will first send the last-modified-date information of file to client.  The client will use this information to verify his cache validity.  This will slow down the performance but more reliable result is obtained.  Another appoarch is boardcasting.  It is done by broadcasting the modified file information to all clients on the network.

2.2 Server Group

The Server group contains 10 classes.

1. FileServer Class

2. FileMonitor Class

3. ServerCacheMgr Class

4. Cache Class

5. MasterFileTable Class

6. FreeSpaceMgr Class

7. DirFile Class

8. FileAttribute Class

9. DiskDriver Class

10. RequestFailException Class

The FileServer Class interfaces with Client Library Class.  The FileServer class contains all method that match the Library Class method of client.  Every times client is connected to server, new server thread will be created and assigned for.  All connected clients (client ID) and any requests of files will be logged and presented on FileMonitor windows (awt).  This is done through the FileMonitor Class.  The window will be dynamically updated when the requested file status is changed.  The FileMonitor Class also provide reader-writer mutual exclusion.  No writer is allowed to access files if they are being accessed (either read or written).  No reader is allowed if the file is being written.  There can be multiple readers for a file.  Any information between Server and disk is going through Cache.  The entity of cache is represented by Cache class.  The cache update method is managed by ServerCacheMgr Class.  The procedure used is pretty much the same as Client Cache mentioned earlier.

The file system contains layer heirachy. Everything in the system is considered as a file.  The highest layer, application layer, interacts with logical file system layer by symbolic name (fileName) .   The logical file system uses the directory structure to provide the file organization module with the information the latter needs.  The directory entity is represented by DirFile Class containing the fileName under that directory and the index into the file organization module.  The file organization module is managed by MasterFileTable Class (MFT).  MFT contains all file entity in the system.  File entity, represented by FileAttribute Class, contains all file properties such as (fileType, fileName, fileSize, symbolicLink, hardLinkCount, lastModifiedDate, lastAccessedDate, logicalBlockNo mapping with physicalBlockNo).  Once MFT is given the MFTIndex, it will provide the information about physical blockNo to the IO control layer.   MFT also includes the free space manager (FreeSpaceMgr Class, FSM) , which tracks unallocated blocks and provides the informaion about these blocks when requested.  The First Fit algorithm is implemented when free blocks are requested.  However, if not available, the Best Fit algorithm will be used.  Given the physical blockNo, the IO control layer (DiskDriver Class) will be able to provide the needed information.

In this project, harddisk is represented by a single big file “harddisk.txt”.  All information about file and the file contents itself is nowhere else but in this harddisk.  Harddisk contains a series of block or sector and the number of blocks which are defined as final static parameters. 

File Organization Concept and Term

2.2.1 Master File Table

The volume name of the file system is defined during formatting disk process.  For this project, only one partition is available.  All the files in the harddisk is identified by file records in the Master File Table (MFT).  Each file has its own MFT Index which refers to the entry position in the MFT.  (the MFT file itself also has an entry there)  The table below show content of the MFT file;
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Figure 3 : Master File Table
The first block of MFT file is kept at the first block of the harddisk (physical blockNo 0).  However, if the MFT files can grow and shrink link typical file.  When it gets larger than the space originally provided, the free block will be automatically allocated as if it is a normal file that changes size.  The limit is only the size of the harddisk free space.  Thus, there is no limit in number of files or number of subdirectory trees as long as the space on harddisk is available.

MFT contains FileAttribute which hold each file properties;

· File Type can either be “s” (System File) , “d” (Directory File), “t” Text File, “x” Executable File, “l” link file and etc.

· File Name is the name of file.  There is no limit in the number of characters to be used.  The fileName is case sensitive.

· File Size indicates the size of file.

· Link Name indicates the source file to which this file is symbolically linked.

· Link Index indicates the MFTIndex of the source file to which this file is symbolically linked.

· LastModified shows the time when most recently the file is recently modified.

· LastAccessed shows the time when most recently the file is recently accessed.

· HardLink is used when the file is hardlinked and it indicates the number of links to this location.

· BlockIndexNo 0 map the logical address 0 to physical address on disk.

· BlockIndexNo 1 map the logical address 1 to physical address on disk and so on.

Example of MFT and FileAttribute


cs415:/>cat MFT
s MFT - 0 437 879669930099 879669930099 1  0 6

s FSM - 0 17 879669930069 879669930069 1  1

d cs415: - 0 87 879669928207 879669928207 1  2

d etc - 0 29 879669902089 879669902089 1  3

d users - 0 29 879669904793 879669904793 1  4

t .hosts - 0 18 879669922138 879669922138 1  5

t .forward - 0 17 879669930059 879669930059 1  7

l Jim ->/users/JimEzick 7 0 879670483115 879670483115 1  0

<eof>

cs415:/>

remark : As you can see, MFT file itself is located at the index 0.  (for testing the diskBlockSize = 256 bytes), the file size is 329 bytes.  Therefore, it occuppied 2 physical blocks at blockNo 0 and blockNo 6 respectively.

2.2.2 Dir File

The directory file is just another file which contain the pair of (fileName, MFTIndex) of all file under that directory.  When the file under that directory is requested, it will be refered to the MFT using the MFTIndex.  Every client that connects to the file server will have the directory file called “currentDir” assign to it.  It represents the current working directory of that client.

Example of DirFile

cs415:/>cd /users/suwat
cs415:/users/suwat/>ls -l

Directory = cs415:/users/suwat/

d 16-Nov-97 1:04:43 AM 16-Nov-97 1:05:09 AM  1  54 bytes        .

d 16-Nov-97 1:04:12 AM 16-Nov-97 1:05:05 AM  1  47 bytes        ..

t 16-Nov-97 1:04:36 AM 16-Nov-97 1:04:36 AM  1  20 bytes        .forward

t 16-Nov-97 1:04:45 AM 16-Nov-97 1:04:45 AM  1  18 bytes        tmp.txt

4 files.

139 bytes used.

10496 bytes free.

cs415:/users/suwat/>cd ..

cs415:/users/>cat suwat

(.,4)

(..,3)

(.forward,6)

(tmp.txt,7)

(total files,4)

cs415:/users/>

remark : The “.” is the directory that point to itself and “..” is pointing to the parent directory.(except for root which will point to itself)  In this directory file, we can also tell how many files are under this directory.

2.2.3 Free Space Manager

Since there are only limited space on the harddisk, the free space manager is invented to make efficient use of free space.  It keeps track all the free space and also provide the best dicision in allocating the blocks when requested.  The algorithm used is First Fit and, then, Best Fit.  The free space contains the group of contiguous free blocks.  All its the content is kept under the system file called FSM.  

Example of FSM

cs415:/>ls -l
Directory = cs415:/

d 16-Nov-97 1:03:56 AM 16-Nov-97 1:18:12 AM  1  55 bytes        .

d 16-Nov-97 1:03:56 AM 16-Nov-97 1:18:12 AM  1  55 bytes        ..

s 16-Nov-97 1:18:07 AM 16-Nov-97 1:18:07 AM  1  24 bytes        FSM

s 16-Nov-97 1:18:07 AM 16-Nov-97 1:18:07 AM  1  537 bytes       MFT

d 16-Nov-97 1:18:07 AM 16-Nov-97 1:18:07 AM  1  63 bytes        users

5 files.

734 bytes used.

9984 bytes free.

cs415:/>cat FSM
(9,3)

(14,36)

(9999,39)

cs415:/>

The above FSM file shows that there are three free blocks starting from blockNo 9.  In other word, it means blockNo 9, blockNo 10 and blockNo 11 are free.  Similarly, there are 36 consecutive blocks free starting from blockNo 14.  The blockNo 9999 is not exist in the system.  It is used to indicate the total number of free blocks on disk (now total 39 blocks free).

2.2.4 File Monitor

To maintain the concurrency control, the file monitor keeps track of all opened files with the client ID.  The client is identified by the IP address of the client machine and the socket port number.  Moreover, the current directory of each client is monitored.  The reader-writer exclusion is applied at this stage.  There can be multiple readers to the file but there can only be one writer.  If violated, the RequestedFailException will be thrown.

It also applies when trying to delete the opened files or when trying to remove directory that other client is currently on.

Example of FileMonitor


2.3 Supported Commands

The user interacts with client program by typing the available command.  The working environment is similar to DOS environment.  The figure below show how it looks like;


It supports all command which is required for CS415 project.  Additionally, it supports the format command as well as Text editor (AWT).  The term fileArgs that appear in each command descriptions means the supported file argument format.  The fileArgs fully supports wildcard(*) and directory redirection.  Here list some examples of file arguments;

File argument format

cd ../../suwat 

change directory two levels up and then go to suwat directory

cd /users/user1/../user2/./
no matter which current directory you are, do start from root.  Then go down to user and user1 and go up one level and go down to user2 and stay there.

cp ../* ../../

copy anything from one level below to two level below

cp /*.txt ./

copy all files end with “.txt” from root to my present directory

ln –s ../suwat suwat

symbolic link suwat directory one level below to suwat at my present directory

mv su* /users/suwat/ 

mv all files start with “su”, to my home directory.

ls –l project/works/
list directory (long version) anyfile under project/works directory.

System.out.println("list of available commands");

System.out.println("==========================");

System.out.println("Open Connection           : open <serverAddress> <portNumber>");

System.out.println("Close Connection          : close");

System.out.println("Read File                 : read <fileArgs>");

System.out.println("Write File                : write <fileArgs>");

System.out.println("Remove File               : rm <fileArgs>");

System.out.println("Remove Directory          : rmdir <-r> <dirArgs>");

System.out.println("Change Directory          : cd <dirArgs>");

System.out.println("List Directory            : ls <-l> <fileArgs>");

System.out.println("Copy File                 : cp <srcFile> <dstFile>");

System.out.println("Cat File                  : cat <\">\"> <fileArgs>");

System.out.println("Rename File               : mv <srcFile> <dstFile>");

System.out.println("Link (symbolic/hardlink)  : ln <-s> <srcFile> <dstFile>");

System.out.println("List Cache Content        : lcache");

System.out.println("==========================");

System.out.println("Help Menu    
          : help");

System.out.println("Exit                      : bye");

open Connection

Syntax
:  open <serverAddress> <portNumber>
Purpose
:  to open the connection to server

Parameter
:  <serverAddress>
- IP address of server or host name


:  <portNumber>
- socket port number

close Connection

Syntax
:  close
Purpose
:  to close the connection to server

Parameter
:  none

read File

Syntax
:  read fileArgs
Purpose
:  open file using text editor for reading purpose only

Parameter
: fileArgs
PreCond
: fileArgs must be exist and not being written.

write File

Syntax
:  write fileArgs
Purpose
:  open file using text editor for modification

Parameter
:  fileArgs
remark
:  if fileArgs is not exist, new file will be created.

PreCond
: if fileArgs is exist, it must not be being accessed.

Example


rm File

Syntax
:  rm fileArgs
Purpose
:  to remove the file

Parameter
:  fileArgs
PreCond
: fileArgs is not being accessed.

rmdir File

Syntax
:  rmdir <-r>  fileArgs
Purpose
:  to remove the file

Parameter
:  fileArgs
PreCond
: fileArgs and its sub directory is not being accessed.

remark
:  The nonempty directory can not be deleted unless <-r> switch is used.

cd File

Syntax
:  cd  fileArgs
Purpose
:  to change the current directory to new location

Parameter
:  fileArgs
ls File

Syntax
:  ls <-l> fileArgs
Purpose
:  to change the current directory to new location

Parameter
:  fileArgs

remark
:  If –l switch is used, the long version will be displayed.  Also notice that the information about free space and               bytes used are also given.

Example

cs415:/>ls

Directory = cs415:/

.               ..              FSM             lee.txt         MFT             suwat.txt

tmp.txt         users           usr

9 files.

1272 bytes used.

7424 bytes free.

cs415:/>ls -l

Directory = cs415:/

d 16-Nov-97 3:05:07 AM 16-Nov-97 3:05:17 AM  1  103 bytes       .

d 16-Nov-97 3:05:07 AM 16-Nov-97 3:05:17 AM  1  103 bytes       ..

s 16-Nov-97 3:05:08 AM 16-Nov-97 3:05:08 AM  1  18 bytes        FSM

t 16-Nov-97 3:04:22 AM 16-Nov-97 3:05:07 AM  1  16 bytes        lee.txt

s 16-Nov-97 3:05:08 AM 16-Nov-97 3:05:08 AM  1  871 bytes       MFT

t 16-Nov-97 3:05:07 AM 16-Nov-97 3:05:07 AM  1  16 bytes        suwat.txt

t 16-Nov-97 1:50:56 AM 16-Nov-97 3:04:22 AM  1  16 bytes        tmp.txt

d 16-Nov-97 1:18:07 AM 16-Nov-97 3:04:29 AM  1  63 bytes        users

d 16-Nov-97 3:04:30 AM 16-Nov-97 3:04:30 AM  1  66 bytes        usr

9 files.

1272 bytes used.

7424 bytes free.

cs415:/>

cp File

Syntax
:  cp fileArgs1 fileArgs2
Purpose
:  to copy file from one location to another

Parameter
:  fileArgs1, fileArgs2
PreCond
:  fileArgs1 must be exist and fileArgs2 must not be exist. 

Example

cs415:/>ls

Directory = cs415:/

.               ..              FSM             lee.txt         MFT             suwat.txt

tmp.txt         users

8 files.

1967 bytes used.

7936 bytes free.

cs415:/>cp *.txt /users/

server: cp *.txt /users/ Done! successfully.

cs415:/>ls /users

Directory = cs415:/users/

.               ..              jim             lee.txt         suwat           suwat.txt

tmp.txt

7 files.

313 bytes used.

7168 bytes free.

cs415:/>

cat File

Syntax
:  cat (>) fileArgs
Purpose
:  to cat the file.  (>) switch is used when cat a new file.  Otherwise display a file content. To end write press   [ctrl] - E

Parameter
:  fileArgs
PreCond
: For cat read, fileArgs must be exist for reading and must not be being written. For cat write, fileArgs must not be exist.

Example

cs415:/>cat > tmp.txt

this is cs415 fileSystem

to test certain command

cs415:/>cat tmp.txt

this is cs415 fileSystem

to test certain command

cs415:/>

rename File

Syntax
:  mv fileArgs1 fileArgs2
Purpose
:  to move file from one location to another

Parameter
:  fileArgs1, fileArgs2
PreCond
: fileArgs1 is not being accessed and fileArgs2 must not be exist.

linkFile

Syntax
:  ln <–s> fileArgs1 fileArgs2
Purpose
:  to link fileArgs2 to fileArgs1.    If <-s> switch is declared, the symbolic link will be used otherwise hardlink.

Parameter
:  fileArgs1, fileArgs2
PreCond
: fileArgs1 must be exist and fileArgs2 must not be exist.

Example

cs415:/>ln -s /users/suwat/lee lee

server: ln -s /users/suwat/lee lee Done! successfully.

cs415:/>ls -l

Directory = cs415:/

d 16-Nov-97 3:26:01 AM 16-Nov-97 3:26:05 AM  1  63 bytes        .

d 16-Nov-97 3:26:01 AM 16-Nov-97 3:26:05 AM  1  63 bytes        ..

s 16-Nov-97 3:26:01 AM 16-Nov-97 3:26:01 AM  1  59 bytes        FSM

l 16-Nov-97 3:26:01 AM 16-Nov-97 3:26:01 AM  1  29 bytes        lee ->/users/suwat/lee

s 16-Nov-97 3:26:01 AM 16-Nov-97 3:26:01 AM  1  1666 bytes      MFT

d 16-Nov-97 3:10:53 AM 16-Nov-97 3:26:01 AM  1  88 bytes        users

6 files.

1939 bytes used.

7680 bytes free.

cs415:/>

format

Syntax
:  format <volumeName>

Purpose
:  to format the harddisk.

Parameter
:  volumeName.

PreCond
: Harddisk must not be accessed by any other clients.

defrag

Syntax
:  defrag

Purpose
:  to defragmentation the harddisk.

Parameter
:  none.

PreCond
: Harddisk must not be accessed by any other clients.

lcache

Syntax
:  lcache <cacheId>

Purpose
:  to list the cache content.

Parameter
:  optional.   CacheId in order to get the content of that cache.

Example

cs415:/>lcache 2

try> - 0 0 0 0 0  0

? <available-entry> - 0 0 0 0 0  0

? <available-entry> - 0 0 0 0 0  0

? <available-entry> - 0 0 0 0 0  0

<eof>

cs415:/>lcache

cacheId = 0, theFileName = 0,blockIndex = 4,theDataSize = 256,theRefBit = 1,lastModified = 879679561

659,theFileSize = 1666

cacheId = 1, theFileName = 0,blockIndex = 5,theDataSize = 256,theRefBit = 1,lastModified = 879679561

659,theFileSize = 1666

cacheId = 2, theFileName = 0,blockIndex = 6,theDataSize = 130,theRefBit = 1,lastModified = 879679561

659,theFileSize = 1666

cacheId = 3, theFileName = 1,blockIndex = 0,theDataSize = 59,theRefBit = 1,lastModified = 8796798069

02,theFileSize = 59

cs415:/>

help

Syntax
:  help

Purpose
:  to list the available command.

Parameter
:  none.

bye

Syntax
:  bye

Purpose
:  to terminate seesion.

Parameter
:  none.

2.4 Additional Features

The following features and specifications are added to enhance the capabilities of the file system.

2.4.1 Defragmentation

Defragmentation is designed to enhance the efficiency of disk access.  The algorithm being used is by, first, finding the biggest file in the system and put that file in the temporary place and, then, rewrite all other files in the harddisk.  Since, during writing file, the First Fit Algorithm is being used, the dynamic allocation is performed to find the consecutive blocks that fit the file.  Doing this, the free space will be put to the end of the harddisk.  Once all file were written to the right location, the biggest file can be rewritten back to the harddisk. 

2.4.2 Time Stamp

Both modified time and accessed time are recorded as ones of the file attribute.  For typical files, the accessed time is updated when the files are read or written.  For directory files, the accessed time is updated when the directory was passed through.  The modified time is updated when the file content have been changed.

2.4.3 HardLink and  SoftLink

The hardlink and softlink are fully supported.  The idea and implementation are similar to the Unix Inode File System.  To avoid cyclic symbolic link, only upto 7 links are allowed.

2.4.4 File Type and File Name

The file type is fully supported.  The idea and implementation are similar to the WinNT File Sytsem (NTFS).  The file name can be of any length with the exception that white space and wild card symbols are not allowed.

2.4.5 Format

The Format command is used to initialize the harddisk and create a minimal set of system files (MFT, FSM and stdRoot) needed for file system.

2.4.6 Capacity of File System

As long as there is enough space to hold the file content, there are no limit in the number of files in the system and the height of directory tree.

DESCRIPTION OF CLIENT CLASSES

2.5 CLASS FileClient

public class FileClient

A 
General Purpose
The FileClient Class is intended for main activities interacting with user.  There is no argument needed.  All the entering commands will pass through Library Class which handle all procedures.  It is the shortest code of all.

B 
Variable Index 

library

Library that is used to for all server communication.

C 
Contructor Index 
None.

D 
Method Index 
public static void main ()

The main method takes no argument input.  Handle command interactive.

CLASS Library

public class Library

A 
General Purpose
The Library is intended for handling all accessing procedures.  It sits under user for assisting any requests.  It handles all the accessories and interfaces needed.  The accessories are Cache, Cache Manager, Displays for reading and editing.  The inteface is the Socket Stream with FileServer.

B 
Variable Index 

final static int theCacheSize

The size of cache.

final static int theNumOfCache

The number of caches.

private static ClientCacheMgr theCacheMgr

The Client Cache manager to handle cache usage.

private static Socket theConnection

The socket connection with server.

private static String theServerAddress

The server IPAddress.

private static int thePortNumber

The socket port number that use to talk to server.

private static DataInputStream theInput

The input Stream from server

private static PrintStream theOutput

The output Stream to server

private static String theCurrentDirPath

The current directory

C 
Contructor Index 
public Library()

Initializing caches

D 
Method Index 
public void commandHandler(String command)

throws NullPointerException, IOException

Handle all the available command type in by client

private void open(String command)

Open the connection to server.

private void close()

Close the connection with server.

private void read(String command)

throws IOException, NullPointerException

Handle the read request for a file.

private void write(String command)


throws IOException, NullPointerException

Handle the write request for a file

private void cleanup()

Cleanup before terminate session.

private void serverInteract(String command)


throws IOException, NullPointerException

Handle standard server interactive commands such as ls, cd, mkdir, etc.

private void cat(String command)


throws IOException, NullPointerException

Handle cat to file and cat from fiel command

public String getCurrentDirPath()

Obtain the present working directory

private void help()

Show Help Menu.

2.6 CLASS ClientCacheMgr

public class ClientCacheMgr

A 
General Purpose
The ClientCacheMgr class is intended for managing and optimizing the client cache usage.   It assists the Library class in data transfer with Server.  It can be considered as a layer that sent out and receiving data package for server.  In other word, all data inteface with server will always pass through cache manager.  

B 
Variable Index 

private Cache[] theCache

The entity of cache.

private int theCurrentCache

The current Cache.  Used for the replace ment policy.

private int theNumOfCache

The number of caches

private int theCacheSize

The size of cache.

C 
Contructor Index 
ClientCacheMgr(int numOfCache, int cacheSize)

Initialize the cache status

D 
Method Index 
public synchronized String readFile (int MFTIndex, long lastModified,







int fileSize, DataInputStream input, 









PrintStream output)

throws IOException

Handle read file request.  Also caching implementation.

public synchronized void writeFile (int MFTIndex, String dataPackage,





     DataInputStream input, PrintStream output)


throws IOException

Handle write file request.  Also caching implementation.

private synchronized int findVictimFor (int MFTIndex)

Find victim cache using LRU (second chance policy)

private synchronized int findAvailable ()

Find cache which is not occupied

private int findCache(int MFTIndex)

Find cache containing specified information.

private int findCache(int MFTIndex, int blockIndex)

Find cache containing specified information.

private void setAvailable(int MFTIndex)

Make caches to become available cache.

private void setLastModified(int MFTIndex, long lastModified)

Set lastModified property of cache.

public void printAllCaches()

Print cache status.

public void printCache(int id)

Print content of sertain cache.

2.7 CLASS Cache

public class Cache

A 
General Purpose
The Cache class is used for both Server and Client cache manager class.  It represents the physical unit of cache with data content and identification.

B 
Variable Index 

public int theMFTIndex

The file MFTIndex that data is cached.

public long theLastModified

The last modified of the cached file.

public int theBlockIndex

The logical block index to the file

public int theDataSize

The exact data size that contains in this cache.

public int theFileSize

The total file size of the file that this cache contains.

public boolean endOfFile

Flag indicates the end of file cache

public static int theCacheSize

The size in bytes of cache.

public int theRefBit

The reference bit for replacement policy.

public byte[] theCacheData

The byte data contain in cache.

C 
Contructor Index 
public Cache(int cacheSize)

Initialize the cache variables.

D 
Method Index 
public boolean isAvailable ()

Flag indicates the cache availability.

public void print ()

Print cache status.

2.8 CLASS Display

public class Display extends Frame implements WindowListener, ActionListener 

A 
General Purpose
The Display Class is intended for both displaying and editing the file content.  It is called from Library Class to represent the file.  It creates the window working environment to facilitate the user in handling the file.

B 
Variable Index 

protected TextArea theDisplay

The text display area.

protected MenuBar theMenuBar

The menu bar.

protected Menu theFileMenu

The file menu bar.

protected MenuItem theSaveMenuItem

The save menu item in file menu bar.

protected MenuItem theCloseMenuItem

The close menu item in file menu bar.

protected String theDataPackage

The content of the displayed data.

C 
Contructor Index 
Display(String title, String dataPackage)

The main constructor.  Initialize the AWT.

Display(String title, String dataPackage,

DataInputStream input, PrintStream output)

The display constructor for reading file.

Display(String title, String dataPackage,


DataInputStream input, PrintStream output, 

ClientCacheMgr cacheMgr)

The display constructor for writing file.

D 
Method Index 
public void close()

Handle the closing of the file.

public void save()

Handle saving file.

3. DESCRIPTION OF SERVER CLASSES

3.1 CLASS FileServer

public class FileServer extends Thread

A 
General Purpose
The FileServer is the main class in server.  It handles all the activity from the clients.  Once the client is connected, the FileServer will assign one thread to handle that specific client.  The file server uses the cache manager to manage its caches.  It creates the file monitor window to monitoring all the files that being accessed by any clients.

B 
Variable Index 

final static int theCacheSize

The size of cache.

final static int theNumOfCache

The number of caches.

final static int diskBlockSize

The harddisk block size.

final static int diskNoOfBlocks

The total number of blocks.

final static int stdMFTIndex

The MFTIndex for MFT File.

final static int stdFSMIndex

The MFTIndex for FSM file.

final static int stdRootIndex

The MFTIndex for root.

private static String theVolumeName

The harddisk voume name.

private static FileMonitor fileMonitor

The file monitor window.  Monitoring the client status and open file table.

private static ServerCacheMgr theCacheMgr

The server cache manager manage cache usage.

private Socket theConnection

The socket connection with each clients.

private String theClient

The client ID.

private String theCommand

The command sent from client.

private String theFileArgs

The file arguments.

private DataInputStream theInput

The input stream from client.

private PrintStream theOutput

The output stream to client.

private DirFile currentDir

The client present working directory.

private DirFile previousDir

The client previous working directory.

final static int maxLinkCount = 7

The maximum number of link chain allowed in the system.

private int linkCount

The current link count.

C 
Contructor Index 
public FileServer(Socket s)

The initialise the socket connection.

D 
Method Index 
public static void main(String[] args)

The main method.  Listening to client connection and assign thread for each connection.

public void run()

The listening to the client command.

public void commandHandler()

Handler the command syntax.

public String fileNameHandler(String fileArgs) 

Handler the file argument.

private void read ()

Handler the read request for file.

public void write ()

Handler the wriet request for file.

public void save ()

Handler the save of file from the editor.

public void close ()

Close socket connection.

private void cat () 


throws IOException, NotEnoughSpaceException

Handle cat command.

private void catWrite (int MFTIndex)


throws IOException, NotEnoughSpaceException

Handle catwrite command such as $ cat > suwat.txt.

private void catRead (int MFTIndex, long lastModified, int fileSize)


throws IOException

Handle catwrite command such as $ cat suwat.txt.

private void ln () 


throws RequestFailException,



IOException,



NotEnoughSpaceException,



FileAlreadyExistException

Handle symbolic link and hardlink.

private void ls () 


throws RequestFailException

Handle list directory command.

private void cd()


throws RequestFailException

Handle change directory command.

private DirFile cd (DirFile relDir, String nextDirName)


throws RequestFailException

Handle change directory method.

private DirFile nearestDir (DirFile relDir, String nextDirName)

Handle change directory to the nearest possible directory.

private boolean isExist (DirFile relDir, String nextDirName)

Flag if file is exist under the directory.

private boolean isDirectory (DirFile relDir, String nextDirName)

Flag if file under the directory is a directory.

private void cp ()


throws RequestFailException, 



FileNotExistException,



FileAlreadyExistException,



NotEnoughSpaceException,



IOException

Handle copy (cp) command.

private void defrag ()

Defragmentation.

private void mv ()


throws RequestFailException, 


   FileNotExistException,


   FileAlreadyExistException,


   NotEnoughSpaceException,


   IOException

Handle move (mv) command.

private boolean isRelated (int MFTIndex, DirFile ChildDir)

Check if MFTIndex is the parent of ChildDir.

private void rm ()


throws RequestFailException, 


   FileNotExistException,


   NotEnoughSpaceException,


   IOException

Handle remove (rm) non-directory file command.

private void rmdir ()


throws RequestFailException, 


   FileNotExistException,


   NotEnoughSpaceException,


   IOException

Handle remove (rmdir) directory file command.

private void mkdir ()


throws RequestFailException, 


   NotEnoughSpaceException,


   IOException,


   FileAlreadyExistException

Handle make (mkdir) directory file command.

private void format ()


throws RequestFailException,

       IOException,


   NotEnoughSpaceException

Handle formating the harddisk command.

public void requestSuccess()

Standard request success handler

public void endOfTransmission()

Standard end of transmission handler

3.2 CLASS ServerCacheMgr

public class ServerCacheMgr

A 
General Purpose
The ServerCacheMgr Class is intended for managing and optimizing the server caches.   It assists the FileServer Class in data transfer with harddisk.  It can be considered as a layer that reading from and writing to disk.  In other word, all data inteface with disk will always pass through cache manager.  

B 
Variable Index 

private Cache[] theCache

The cache entity.

private int theCurrentCache;

The current cache for replacement policy.

private int theNumOfCache

The total number of cache.

private int theCacheSize

The cache size in byte.

private int diskBlockSize

The harddisk block size.

private int diskNoOfBlocks

The harddisk number of block.

final static int stdMFTIndex

The MFTIndex for MFT File.

final static int stdFSMIndex

The MFTIndex for FSM file.

final static int stdRootIndex

The MFTIndex for root.

private DiskDriver diskDriver

The DiskDriver.

private MasterFileTable MFT;

The Masterfile Table.

C 
Contructor Index 
ServerCacheMgr(int numOfCache, int cacheSize, int blockSize, int noOfBlocks,





   int stdMFTIndex, int stdFSMIndex, int stdRootIndex)

The initialise the cache and mounting to the file system.

D 
Method Index 
public synchronized void readFile (int MFTIndex, int blockIndex, 





long lastModified, int fileSize, PrintStream output)



throws IOException

Handle read file request.

public synchronized String readFile (int MFTIndex)

Handle subroutine read file request.

public synchronized long writeFile (int MFTIndex, int fileSize,

                                   DataInputStream input)



throws IOException, NotEnoughSpaceException

Handle write file request.

public synchronized void writeFile (int MFTIndex, String dataPackage)



throws IOException, NotEnoughSpaceException

Handle subroutine write file request.

public synchronized int newFile (String fileName, String linkName,






int linkIndex, String type, int noOfBlocks)



throws IOException, NotEnoughSpaceException

Handle new file request.

private synchronized int findVictimFor (int MFTIndex)

Find victim cache using LRU (second chance policy)

private synchronized int findAvailable ()

Find cache which is not occupied

private int findCache(int MFTIndex)

Find cache containing specified information.

private int findCache(int MFTIndex, int blockIndex)

Find cache containing specified information.

private void setAvailable(int MFTIndex)

Make caches to become available cache.

private void setLastModified(int MFTIndex, long lastModified)

Set lastModified property of cache.

public void printAllCaches()

Print cache status.

public void printCache(int id)

Print content of sertain cache.

public synchronized String format(int noOfBlocks, String volumeName, 






PrintStream output)



throws IOException, NotEnoughSpaceException

Handle format command.

public synchronized void updateMFT()



throws IOException, NotEnoughSpaceException

Update the latest of MFT and FSM.

public String getFileName(int MFTIndex)

Get file name at MFTIndex.

public long getLastModified(int MFTIndex)

Get last modified time at MFTIndex.

public int getSize(int MFTIndex)

Get file size at MFTIndex.

public String getLinkName(int MFTIndex)

Get link name of file that the file at MFTIndex is linked to.

public int getLinkIndex(int MFTIndex)

Get link index of file that the file at MFTIndex is linked to.

public boolean isLink(int MFTIndex)

Flag true if the file is of type link.

public boolean isDirectory(int MFTIndex)

Flag true if the file is of type directory.

public boolean isSystem(int MFTIndex)

Flag true if the file is of type system file.

public synchronized int mkdir(String newDirName, DirFile currentDir)



throws IOException, NotEnoughSpaceException

Handle make directory command.

public synchronized DirFile rmdir(String opt, String delDirName, DirFile relDir)



throws RequestFailException

Handle remove directory command.

private synchronized DirFile rmAllFilesAndDirUnder(DirFile relDir)

Recursive code of rm all files and directory under the directory.

private synchronized DirFile rmAllFilesUnder(DirFile relDir)

Recursive code of rm all files under the directory.

public synchronized DirFile rmSingleFile(String opt, 






String fileName, DirFile relDir)



throws RequestFailException

Delete a single file from the directory

public void defrag ()

Defragmentation.

public synchronized void mvSingleFile(String srcName, DirFile srcDir, 







String dstName, DirFile dstDir)



throws  RequestFailException,




FileNotExistException,




NotEnoughSpaceException,




IOException,




FileAlreadyExistException

Handle moving file from one place to another..

private synchronized DirFile cpAllFilesAndDirUnder





(DirFile srcDir, DirFile dstDir)



throws NotEnoughSpaceException,



       FileAlreadyExistException,




   IOException

Recursive code of cp all files under one directory to another.

public synchronized DirFile cpSingleFile(String srcName, DirFile srcDir, 








String dstName, DirFile dstDir)



throws  RequestFailException,




FileNotExistException,




NotEnoughSpaceException,




IOException,




FileAlreadyExistException

Copy a single file from one directory to another.

public String cd(DirFile currentDir, String nextDirName)

Handle change directory command.

public String ls (String opt, String fileArgs, DirFile relDir)

Handle lisy directory command.

3.3 CLASS Cache

public class Cache

A 
General Purpose
The Cache class is used for both Server and Client cache manager class.  It represents the physical unit of cache with data content and identification.

B 
Variable Index 

public int theMFTIndex

The file MFTIndex that data is cached.

public long theLastModified

The last modified of the cached file.

public int theBlockIndex

The logical block index to the file

public int theDataSize

The exact data size that contains in this cache.

public int theFileSize

The total file size of the file that this cache contains.

public boolean endOfFile

Flag indicates the end of file cache

public static int theCacheSize

The size in bytes of cache.

public int theRefBit

The reference bit for replacement policy.

public byte[] theCacheData

The byte data contain in cache.

C 
Contructor Index 
public Cache(int cacheSize)

Initialize the cache variables.

D 
Method Index 
public boolean isAvailable ()

Flag indicates the cache availability.

public void print ()

Print cache status.

3.4 CLASS FileMonitor

public class FileMonitor extends Frame

A 
General Purpose
The FileMonitor Class is intended for monitoring all files being accessed.  It is represented by using window environment.(awt)  Additionally, the FileMonitor enforce the reader writer exclusion.

B 
Variable Index 

private static TextArea theDisplay

The FileMonitor text display windows.

private static String theFileList

The list of opened (accessed) file.

private static int theNoOfRecords

The number of log records.

C 
Contructor Index 
FileMonitor( )

Constructing the initial FileMonitor window.

D 
Method Index 
public synchronized void add (String fileAccess, String client)

Insert the log into FileMonitor.

public synchronized void remove (String fileName, String client)

Delete the log into FileMonitor.

public synchronized void remove (String client)

Delete the log related to specific Client.  Occur when Client logout.

public synchronized boolean isBeingRead (String fileName)

Flag check if the file is being read.

public synchronized boolean isBeingWritten (String fileName)

Flag check if the file is being written.

public synchronized boolean isBeingAccessed (String fileName)

Flag check if the file is being written or read.

public int getNoOfRecords ()

Get total number of log records.

public String getContent ()

Get all log content.

public void reset ()

Iniutialize FileMonitor windows.

3.5 CLASS MasterFileTable

public class MasterFileTable extends Vector

A 
General Purpose
The MasterFile table (MFT) contains all the file indexs and file attributes of the whole file system.  MFT keeps track of the status of the file system such as the total number of files.  With help of FreeSpaceMgr, MFT manages the free space using First Fit Algorithm.  The content of MFT itself locate at the stdMFTIndex which is physical block no. 0.  However, if it grows, the new block will be allocated.

B 
Variable Index 

private static FreeSpaceMgr freeSpaceMgr

The FreeSpaceMgr handles free space usage.

private static int noOfFiles

The total number of files in the file system.

private static TextArea theDisplay

The MFT content display.

private static Frame theFrame

The MFT content frame.

private static FileAttribute availableEntry

The default available entry.

C 
Contructor Index 
MasterFileTable (String fileContent)

Constructing the MFT during initial mounting.

MasterFileTable (String fileContent, String freeSpcContent)

Constructing the MFT during final mounting process.

MasterFileTable (int noOfBlocks, String volumeName)

Constructing the MFT during formatting.

D 
Method Index 
public int getNoOfFiles ()

Get the total number of files in the file system.

public int getNoOfFreeBlocks ()

Get the total number of free blocks in the file system.

public String getContent ()

Get the content of MFT.

public String getFSMContent ()

Get the content of FSM (free space manager).

private int getAvailable ( )

Locate the entry that is available.

public long getLastModified (int index)

Get the last modified time of the specific file.

public int getSize (int index)

Get the size of the specific file.

public FileAttribute getFileAttribute (int index)

Get the size of the specific file.

public String getFileName (int index)

Get the name of specific file.

public int getLinkIndex (int index)

Get the linkIndex of the specific file.

public String getLinkName (int index)

Get the linkName of the specific file.

public int getNoOfBlocks (int index)

Get the total number of blocks of the specific file.

public String getType (int index)

Get the type of the specific file.

public void updateEntry (FileAttribute fileAttribute, int index)

Update the file attribute entry.

public int newEntry (String fileName, String linkName, int linkIndex,





String type, int noOfBlocks)



throws NotEnoughSpaceException

Insert a new entry.

public void addBlocks (int index, int noOfBlocks)



throws NotEnoughSpaceException

Allocate more blocks to the specific file.

public void deleteEntry (int index)

Remove the file from MFT.

public boolean isSystem(int index) 

Flag indicate if the file is of type System.

public boolean isDirectory(int index) 

Flag indicate if the file is of type Directory.

public boolean isText(int index) 

Flag indicate if the file is of type Text.

public boolean isExecutable(int index)

Flag indicate if the file is of type Executable.

public boolean isLink(int index)

Flag indicate if the file is of type Link.

3.6 CLASS FreeSpaceMgr

public class FreeSpaceMgr extends Frame

A 
General Purpose
FreeSpaceMgr (FSM) keeps track of all free space in the harddisk and make efficient usage of those.  The First Fit Algorithm is implemented in writing a file to disk.

B 
Variable Index 

private static TextArea theDisplay

The FSM display area.

private static String fileContent

The FSM file content.

private static int currBlockNo, currIndex

The FSM current block number and block index for First Fit Algorithm.

public int maxNoOfFreeBlocks, maxFreeBlockNo

The max number of consecutive free blocks and its location in case First Fit Algorithm failed.

C 
Contructor Index 
FreeSpaceMgr (String fileContent)

Constructing the FSM during mounting the file system.

FreeSpaceMgr (int noOfBlocks)

Constructing the FSM during formatting.

D 
Method Index 
public int firstFit (int noOfBlocks) 



throws NotEnoughSpaceException

Implement First Fit algorithm.  However, if failed, the Best Fit will automatically be used.

public String getContent ()

Get content of the FSM.

public int getNoOfFreeBlocks ()

Get the total number of free blocks.

private void setNoOfFreeBlocks (int noOfFreeBlocks)

Set the number of free blocks.

public boolean take (int blockNo, int noOfBlocks)

Set the number of free blocks.

public boolean free (int blockNo, int noOfBlocks)

Free the block.

public int isFree (int blockNo)

Flag indicating if the block is free.

private void getNext ()

Get next record.

private boolean deleteEntry (int blockNo, int noOfBlocks)

Remove the record entry.

private boolean newEntry (int blockNo, int noOfBlocks)

Insert the record entry.

private void setValue (int blockNo, int noOfBlocks)

Set the number of free blocks.

private int getValue (int blockNo)

Get the consecutive number of free block at the specific location.

3.7 CLASS FileAttribute

public class FileAttribute

A 
General Purpose
The FileAttribute handles all the file property.  The format is as follow;

Type
fileName
linkName
linkIndex
size
lastModified
lastAccessed
hardLink
BlockNo 0
BlockNo 1
…

B 
Variable Index 

public String type

The file type.

public String fileName

The file name.

public String linkName

The file link name.

public int linkIndex

The file link index.

public int size

The file size.

public long lastModified

The file lastModidfied.

public long lastAccessed

The file lastAccessed.

public int hardLinkCount

The file hardlink count.

private Vector blockNo

The file blocks.

C 
Contructor Index 
public FileAttribute (String fileEntry, boolean newFile)

Constructing the FileAttribute based on the entry.

D 
Method Index 
public String getContent ()

Get the content of file entry.

public String getDescr ()

Get the file description.

public int getNoOfBlocks ()

Get the number of blocks that the file used.

public int getBlockAt (int index)

Get the physical block number at the logical block number.

public void addBlocks (String blockNoContent)

Add blocks to the file.

public void deleteBlocks (int noOfBlocks)

Delete blocks from file.

public boolean isSystem(int index) 

Flag indicate if the file is of type System.

public boolean isDirectory() 

Flag indicate if the file is of type Directory.

public boolean isText() 

Flag indicate if the file is of type Text.

public boolean isExecutable()

Flag indicate if the file is of type Executable.

public boolean isLink()

Flag indicate if the file is of type Link.

public boolean isAvailable()

Flag indicate if the file attribute entry is available.

3.8 CLASS DirFile

public class DirFile

A 
General Purpose
DirFile handle the directory tree system.  Its content is kept as a file.

B 
Variable Index 

private String absolutePath

The absolute path name.

private String dirName

The directory name.

private String fileContent

The directory file content.

C 
Contructor Index 
DirFile (String fileContent, String parentPath, String dirName)

Main Constructor for the dirFile.

DirFile (int parentIndex, int index, String parentPath, String dirName)

Constructor used during mkdir for making a new DirFile.

DirFile (int stdMFTIndex, int stdFSMIndex, int stdRootIndex, String rootName)

Constructor used during formatting for making a standard root DirFile.

D 
Method Index 
public String getAbsolutePath ()

Get the absolute path of the directory file.

public String getDirName ()

Get the name of the directory file.

public String getParentPath ()

Get the parent path of the directory file.

public String getContent ()

Get the content of the directory file.

public int size ()

Get the size of the directory file.

public int getNoOfFiles ()

Get the total number of file under the directory.

private void setNoOfFiles (int noOfFiles)

Set the total number of file under the directory.

public boolean isExist (String fileName)

Flag indicate the file existent under the directory.

public boolean isEmpty ()

Flag indicate the empty directory.

public boolean deleteEntry (String fileName)



throws FileNotExistException

Delete entry (file) from the directory.

public boolean newEntry (String fileName, int value)



throws FileAlreadyExistException

Insert new entry (file) into the directory.

private void setValue (String fileName, int value)

Set MFTIndex of the fileName.

public int getValue (String fileName)

Get MFTIndex of  the fileName.

public String getFileName (int dirIndex)

Get the fileName at certain dirIndex.

public int getMFTIndexAt (int dirIndex)

Get the MFTIndex at certain dirIndex.

3.9 CLASS DiskDriver

public class DiskDriver extends RandomAccessFile

A 
General Purpose
Handle the harddisk IO device.

B 
Variable Index 

final static String theHardDisk

The harddisk name.

C 
Contructor Index 
DiskDriver() throws IOException

Mount the IO device to harddisk file.

D 
Method Index 
None.

3.10 CLASS RequestFailException

A 
General Purpose
Handle the exception for specified case.

B 
Variable Index 

None.
C 
Contructor Index 
public class RequestFailException extends Exception

Main exception when the client request fails.

class FileAlreadyExistException extends Excep

Handle exception when file request is already exist.

class FileNotExistException extends Exception

Handle exception when file request is not exist.

class NotEnoughSpaceException extends Exception

Handle exception when no free space is available.

4. CODE LISTING

4.1 CLIENT CODES

Client programs contains the following classes;

· FileClient Class

· Library Class

· ClientCacheMgr Class

· Display Class

· Cache Class

4.1.1 FileClient Class

//--------------------------------------------------------------------

// Class FileClient

//

// Purpose  : Main interactive interface with users for client file

//--------------------------------------------------------------------

import java.io.*; 

public class FileClient

{

//--------------------------------------------------------------------

// main Method

//

// Input
: None

// Output   : None

// Purpose  : create interactive interface with user

//--------------------------------------------------------------------


public static void main (String args[])


{



Library library = new Library();



System.out.println("type -help- for list of available commands");



System.out.print(library.getCurrentDirPath());



BufferedReader input 




= new BufferedReader(new InputStreamReader(System.in)); 



try



{




// spawn for command




while (true)




{





String line = input.readLine();





try





{






library.commandHandler(line);






if (line.startsWith("bye")) break;






System.out.print(library.getCurrentDirPath());





}





catch (Exception e)





{






System.out.println(e.toString());






System.out.print(library.getCurrentDirPath());





}




}



}



catch (Exception e)



{




System.out.println(e.toString());



}



finally



{




System.out.println("terminate session");




System.exit(0);



}


}

}

//--------------------------------------------------------------------

// End Class FileClient

//--------------------------------------------------------------------

4.1.2 Library Class

//--------------------------------------------------------------------

// Class Library of file-access procedure

//

// Purpose  : handle all client interactive command, handling cache 

//            manager and talk to server.

//--------------------------------------------------------------------

import java.net.*;

import java.io.*;

import java.util.*;

public class Library

{

//
final static int theCacheSize = 4096;


final static int theCacheSize = 256;


final static int theNumOfCache = 4;


private static ClientCacheMgr theCacheMgr;


private static Socket theConnection;


private static String theServerAddress;


private static int thePortNumber;


private static DataInputStream theInput;


private static PrintStream theOutput;


private static String theCurrentDirPath;

//--------------------------------------------------------------------

// Contructor for Library

//

// Input
: None

// Output   : None

// Purpose  : construct the caches required

//--------------------------------------------------------------------


public Library()


{



theCacheMgr = new ClientCacheMgr(theNumOfCache, theCacheSize);



theCurrentDirPath = new String ("$ ");


}

//--------------------------------------------------------------------

// Method commandHandler

//

// Input
: command

// Output   : None

// Purpose  : handle all available command from client

//--------------------------------------------------------------------


public void commandHandler(String command)



throws NullPointerException, IOException


{



if (command.length() == 0) return;



StringTokenizer parameter = new StringTokenizer(command);



parameter.nextToken();



int noOfArgs = parameter.countTokens();



if (command.indexOf(",") >= 0)



{




System.out.println("Syntax error : -comma- is not allowed in command.");




System.out.println("type -help- for list of available commands");




return;



}



// command -help-



if (command.equals("help"))



{




help();




return;



}



// socket command



if (command.startsWith("open ") ||




command.equals("open"))



{




open(command);




serverInteract(command);




return;



}



// socket command



if (command.equals("close"))



{




close();




theCurrentDirPath = "$ ";




return;



}



// Interactive Commands that take 1 argument



if (command.startsWith("cd ") ||



    command.startsWith("mkdir ") ||



    command.startsWith("rm ") ||




command.startsWith("format "))



{




if (noOfArgs == 1)




{





serverInteract(command);





return;




}



}



// ls Commands that take 0, 1 ,2 argument



if (command.startsWith("ls ") ||




command.equals("ls"))



{




if (noOfArgs <= 1)




{





serverInteract(command);





return;




}




if ((noOfArgs == 2) && (command.indexOf(" -l ") != -1))




{





serverInteract(command);





return;




}



}



// Interactive Commands that take 1 ,2 argument



if (command.startsWith("rmdir "))



{




if (noOfArgs == 1)




{





serverInteract(command);





return;




}




if ((noOfArgs == 2) && (command.indexOf(" -r ") != -1))




{





serverInteract(command);





return;




}



}



// Interactive  Commands that take 2 arguments



if (command.startsWith("cp ") ||




command.startsWith("mv "))



{




if (noOfArgs == 2)




{





serverInteract(command);





return;




}



}



// cat Commands that take 1 ,2 argument



if (command.startsWith("cat "))



{




if (noOfArgs == 1)




{





cat(command);





return;




}




if ((noOfArgs == 2) && (command.indexOf(" > ") != -1))




{





cat(command);





return;




}



}



// ln Commands that take 2 ,3 argument



if (command.startsWith("ln "))



{




if (noOfArgs == 2)




{





serverInteract(command);





return;




}




if ((noOfArgs == 3) && (command.indexOf(" -s ") != -1))




{





serverInteract(command);





return;




}



}



// command -read- file from server

/*

if (command.startsWith("read "))



{




theOutput.println(command);




read();




theCurrentDirPath = theInput.readLine();




return;



}



// command -write- file to server



if (command.startsWith("write "))



{




theOutput.println(command);




write();




theCurrentDirPath = theInput.readLine();




return;



}

*/



// command -lcache- list cahe content of 



// both server's and client's caches



if (command.startsWith("lcache ") ||




command.equals("lcache"))



{




// list specific cache id




if (command.length() >= 7) 




{





theCacheMgr.printCache






(Integer.parseInt






(command.substring(7)));




}




else




{





theCacheMgr.printAllCaches();




}




theOutput.println(command);




theCurrentDirPath = theInput.readLine();




return;



}



// command -bye- to exit the program



if (command.equals("bye"))



{




theOutput.println(command);




cleanup();




return;



}



System.out.println("Syntax error : command not available.");



System.out.println("type -help- for list of available commands");



return;


}

//--------------------------------------------------------------------

// Method open

//

// Input
: <serverAddresss> <portNumber>

// Output   : None

// Purpose  : open connection with server.

//--------------------------------------------------------------------


private void open(String command)


{



StringTokenizer parameter = new StringTokenizer(command);



if (parameter.countTokens() > 3)



{




System.out.println(" Syntax used  : open <serverAddress> <portNumber>");




return;



}



parameter.nextToken();



// default "localhost"



try



{




theServerAddress = parameter.nextToken();



}



catch (Exception e)



{




theServerAddress = "localhost";



}



// default portNumber = 1997



try



{




thePortNumber = Integer.parseInt(parameter.nextToken());




if (thePortNumber < 0 || thePortNumber > 65535)




{





System.out.println(" Syntax used  : open <serverAddress> <portNumber>");





System.out.println(" <portNumber> : 0..65535");





return;




}



}



catch (Exception e)



{




thePortNumber = 1997;



}



try



{




cleanup();




theConnection = new Socket(theServerAddress, thePortNumber);




System.out.println("Connection established with " + theServerAddress);




help();




theInput = new DataInputStream(theConnection.getInputStream()); 




theOutput = new PrintStream(theConnection.getOutputStream()); 



}



catch (IOException e) { System.out.println(e); }



return;


}

//--------------------------------------------------------------------

// Method close

//

// Input
: None

// Output   : None

// Purpose  : close connection with server.

//--------------------------------------------------------------------


private void close()


{



try



{




theConnection.close();



}



catch (IOException e) { System.out.println(e); }



catch (NullPointerException e)



{ 




System.out.println("error : Close an invalid connection.");



}


}

//--------------------------------------------------------------------

// Method read

//

// Input
: None

// Output   : None

// Purpose  : open file(s) for reading.  Request file from cacheMgr.  

//            The cacheMgr will decide to take from cache or from server

//--------------------------------------------------------------------

/*


private void read()


{



try



{




String title;




String dataPackage;




String fileName;




String lastModified = new String();




String fileSize = new String();




while (true)




{





// server clarifies the name





// return with <fileName>;<lastModified>;<fileSize>





fileName = theInput.readLine();





int i;





if ((i = fileName.indexOf(";")) >= 0)





{






fileSize = fileName.substring







       (fileName.indexOf(";", i + 1) + 1);






lastModified = fileName.substring( i + 1, 







           fileName.indexOf(";", i + 1));






fileName = fileName.substring(0, i);





}





title = "read " + fileName;





System.out.println("Server : " + title);





if (title.indexOf("Fail!") >= 0) break;





if (title.indexOf("successfully.") >= 0) break;





if (title.indexOf("FileNotExists") >= 0) break;





dataPackage = theCacheMgr.readFile






          (fileName, lastModified,








   fileSize, theInput, theOutput);





new Display(title, dataPackage, theInput, theOutput);







}




return;



}



catch (IOException e)



{




System.out.println("event : all requested files were sent.");



}



catch (Exception e)



{




System.out.println("error : No file name defined.");



}



finally



{




return;



}


}

*/

//--------------------------------------------------------------------

// Method write

//

// Input
: None

// Output   : None

// Purpose  : open file(s) for writing.  Request file from cacheMgr.  

//            The cacheMgr will decide to take from cache or from server

//--------------------------------------------------------------------

/*


private void write()


{



try



{




String title;




String dataPackage;




String fileName;




String lastModified = new String();




String fileSize = new String();




while (true)




{





// server clarifies the name





// return with <fileName>;<lastModified>;<fileSize>





fileName = theInput.readLine();





int i;





if ((i = fileName.indexOf(";")) >= 0)





{






fileSize = fileName.substring







       (fileName.indexOf(";", i + 1) + 1);






lastModified = fileName.substring( i + 1, 







fileName.indexOf(";", i + 1));






fileName = fileName.substring(0, i);





}





title = "write " + fileName;





System.out.println("Server : " + title);





if (title.indexOf("Fail!") >= 0) break;





if (title.indexOf("successfully.") >= 0) break;





if (title.indexOf("FileNotExists") >= 0) break;





dataPackage = theCacheMgr.readFile






          (fileName, lastModified,








   fileSize, theInput, theOutput);





new Display(title, dataPackage, theInput, theOutput, theCacheMgr);




}




return;



}



catch (IOException e)



{




System.out.println("event : all requested files were sent.");



}



catch (Exception e)



{




System.out.println("error : No file name defined.");



}



finally



{




return;



}


}

*/

//--------------------------------------------------------------------

// Method cleanup

//

// Input
: None

// Output   : None

// Purpose  : clean-up by closing connection with server.

//--------------------------------------------------------------------


private void cleanup()


{



try



{




theConnection.close();



}



catch (IOException e) { }



catch (NullPointerException e) { }


}

//--------------------------------------------------------------------

// Method serverInteract

// eg. mkdir, rmdir, cd, pwd, lfsm, lmft, format

//

// Input
: command

// Output   : None

// Purpose  : change directory or present working directory

//--------------------------------------------------------------------


private void serverInteract(String command)



throws IOException, NullPointerException


{



// send command to server



theOutput.println(command);



// reply from server



while(true)



{




String tmpString = theInput.readLine();




// end of transmission




if (tmpString.equals("<end of transmission>"))




{





theCurrentDirPath = theInput.readLine();





break;




}




// result from server




System.out.println(tmpString);



}



return;


}

//--------------------------------------------------------------------

// Method ls

//

// Input
: command

// Output   : None

// Purpose  : list directory

//--------------------------------------------------------------------


private void ls(String command)



throws IOException, NullPointerException


{



// send command to server



theOutput.println(command);



String dataPackage;



// server clarifies the name



// return with <MFTIndex>;<lastModified>;<fileSize>



String filePipe = theInput.readLine();



StringTokenizer lsArgs = new StringTokenizer(filePipe, ";");



int MFTIndex 




= Integer.parseInt(lsArgs.nextToken());



long lastModified 




= Long.parseLong(lsArgs.nextToken());



int fileSize




= Integer.parseInt(lsArgs.nextToken());



dataPackage = theCacheMgr.readFile




          (MFTIndex, lastModified,






   fileSize, theInput, theOutput);



System.out.println(dataPackage);



return;


}

//--------------------------------------------------------------------

// Method cat

//

// Input
: command

// Output   : None

// Purpose  : cat file

//--------------------------------------------------------------------


private void cat(String command)



throws IOException, NullPointerException


{



// send command to server



theOutput.println(command);



StringTokenizer parameter = new StringTokenizer(command);



parameter.nextToken();



boolean toWrite = false;



if (command.indexOf(" > ") != -1)



{




toWrite = true;




parameter.nextToken();



}



String fileName = parameter.nextToken();



String dataPackage = new String();



// server clarifies the name



// return with <MFTIndex>;<lastModified>;<fileSize>



String filePipe = theInput.readLine();



StringTokenizer lsArgs = new StringTokenizer(filePipe, ";");



int MFTIndex 




= Integer.parseInt(lsArgs.nextToken());



long lastModified 




= Long.parseLong(lsArgs.nextToken());



int fileSize




= Integer.parseInt(lsArgs.nextToken());



if (toWrite && (MFTIndex == -1))



{




System.out.println("FileAlreadyExistException: " + 





fileName + " is already exist.");




return;



}



if (!toWrite && (MFTIndex == -1))



{




System.out.println("FileNotExistException: " + 





fileName + " is not exist.");




theOutput.println("end request");




return;



}



if (toWrite)



{




BufferedReader input 






= new BufferedReader(new InputStreamReader(System.in));




try




{





while (true)





{






String line = input.readLine();






if (Character.getNumericValue(line.charAt(0)) == -1) break;






dataPackage += line + "\n";





}




}




catch (Exception e) { }




// send fileSize for server preparation




theOutput.println(dataPackage.length());




// write file to cacheMgr




theCacheMgr.writeFile (MFTIndex, dataPackage,






theInput, theOutput);



}



else



{




// request file from cacheMgr




dataPackage = theCacheMgr.readFile





         (MFTIndex, lastModified,







   fileSize, theInput, theOutput);




System.out.println(dataPackage);



}



return;


}

//--------------------------------------------------------------------

// Method getCurrentDirPath

//

// Input
: None

// Output   : None

// Purpose  : getCurrentDirPath

//--------------------------------------------------------------------


public String getCurrentDirPath()


{



if (theCurrentDirPath.equals("$ ")) 




return theCurrentDirPath;



else 




return theCurrentDirPath + ">";


}

//--------------------------------------------------------------------

// Method help

//

// Input
: None

// Output   : None

// Purpose  : list all available commands.

//--------------------------------------------------------------------


private void help()


{



System.out.println("list of available commands");



System.out.println("==========================");



System.out.println("Open Connection           : open <serverAddress> <portNumber>");



System.out.println("Close Connection          : close");



System.out.println("Read File                 : read <fileArgs>");



System.out.println("Write File                : write <fileArgs>");



System.out.println("Remove File               : rm <fileArgs>");



System.out.println("Remove Directory          : rmdir <-r> <dirArgs>");



System.out.println("Change Directory          : cd <dirArgs>");



System.out.println("List Directory            : ls <-l> <fileArgs>");



System.out.println("Copy File                 : cp <srcFile> <dstFile>");



System.out.println("Cat File                  : cat <\">\"> <fileArgs>");



System.out.println("Rename File               : mv <srcFile> <dstFile>");



System.out.println("Link (symbolic/hardlink)  : ln <-s> <srcFile> <dstFile>");



System.out.println("List Cache Content        : lcache");



System.out.println("==========================");



System.out.println("Help Menu    
          : help");



System.out.println("Exit                      : bye");



return;


}

}

//--------------------------------------------------------------------

// End Class Library

//--------------------------------------------------------------------

4.1.3 ClientCacheMgr Class

//--------------------------------------------------------------------

// Class ClientCacheMgr

//

// Purpose  : manage the client's caches

//--------------------------------------------------------------------

import java.io.*;

public class ClientCacheMgr

{


private Cache[] theCache;


private int theCurrentCache;


private int theNumOfCache;


private int theCacheSize;

//--------------------------------------------------------------------

// Contructor for ClientCacheMgr

//

// Input
: numOfCache, cacheSize (in Bytes)

// Output   : None

// Purpose  : initialize the cache manager parameters and create

//            each cache entity

//--------------------------------------------------------------------


ClientCacheMgr(int numOfCache, int cacheSize)


{



this.theNumOfCache = numOfCache;



this.theCacheSize = cacheSize;



theCurrentCache = 0;



theCache = new Cache[numOfCache];



for (int i = 0; i < numOfCache ; ++i) 




theCache[i] = new Cache(cacheSize);


}

//--------------------------------------------------------------------

// Synchronized Method readFile

//

// Input
: fileName, lastModified,

//            DataInputStream input, PrintStream output

//            (input and output interface with server)

// Output   : dataPackage (from either cache or server)

// Purpose  : get the file requested by taking from cache if exist.

//            Otherwise request from server.

//--------------------------------------------------------------------


public synchronized String readFile (int MFTIndex, long lastModified,





int fileSize, DataInputStream input, PrintStream output)





throws IOException


{



String dataPackage = new String();



int blockIndex = 0;



int id = 0, total = 0, tranf = 0;



if ((id = findCache(MFTIndex)) != -1)



{




// the data in cache is no longer valid




if (theCache[id].theLastModified != lastModified)




{





setAvailable(MFTIndex);




}



}



while (true)



{




// look in cache




if ( (id = findCache(MFTIndex, blockIndex)) != -1)




{





System.out.println("found in cache " + id); 





String stringBuffer = new String(theCache[id].theCacheData,








 0, theCache[id].theDataSize);





dataPackage += stringBuffer;





theCache[id].theRefBit = 1;





++blockIndex;





total += theCache[id].theDataSize;





if (theCache[id].endOfFile) break;





continue;




}




if (fileSize == 0)




{





id = findVictimFor (MFTIndex);





theCache[id] = new Cache (theCacheSize);





theCache[id].theMFTIndex = MFTIndex;





theCache[id].theLastModified = lastModified;





theCache[id].theFileSize = fileSize;





theCache[id].theRefBit = 1;





break;




}




// not in cache request from server




output.println(Integer.toString(blockIndex));




String stringBuffer = new String();




int tmplen, len = 0;




byte[] bArray = new byte[theCacheSize];




while ( (tmplen = input.read(bArray)) > 0)




{





total += tmplen;





if (total > fileSize)





{






tmplen = fileSize + tmplen - total; 






total = fileSize;





}





len += tmplen;





tranf += tmplen;





stringBuffer += new String(bArray, 0, tmplen);





dataPackage += new String(bArray, 0, tmplen);





if ( (total < fileSize) && 






 (len < theCacheSize) ) continue;






// look for victim to overwrite





id = findVictimFor (MFTIndex);





theCache[id] = new Cache (theCacheSize);






// set caches





if (len <= theCacheSize)





{






stringBuffer.getBytes(0, len,






                  theCache[id].theCacheData, 0);






theCache[id].theDataSize = len;






len = 0;






stringBuffer = new String();





}





else





{






stringBuffer.getBytes(0, theCacheSize,







                  theCache[id].theCacheData, 0);






theCache[id].theDataSize = theCacheSize;






len -= theCacheSize;






stringBuffer = stringBuffer.substring(theCacheSize);





}





theCache[id].theMFTIndex = MFTIndex;





theCache[id].theLastModified = lastModified;





theCache[id].theFileSize = fileSize;





theCache[id].theRefBit = 1;





theCache[id].theBlockIndex = blockIndex;





++blockIndex;





// end of file





if (total >= fileSize)





{






if (len > 0)






{







id = findVictimFor (MFTIndex);







theCache[id] = new Cache (theCacheSize);







stringBuffer.getBytes(0, len,








                  theCache[id].theCacheData, 0);







theCache[id].theDataSize = len;







theCache[id].theMFTIndex = MFTIndex;







theCache[id].theLastModified = lastModified;







theCache[id].theFileSize = fileSize;







theCache[id].theRefBit = 1;







theCache[id].theBlockIndex = blockIndex;






}






break;





}




}




input.readLine();




break;



}

//

System.out.println( "total     = " + tranf + " bytes transferred");

//

System.out.println( "file size = " + total + " bytes");



output.println("end request");



theCache[id].endOfFile = true;



return dataPackage.substring(0, fileSize);


}

//--------------------------------------------------------------------

// Synchronized Method writeFile

//

// Input
: fileName, dataPackage,

//            DataInputStream input, PrintStream output

//            (input and output interface with server)

// Output   : None

// Purpose  : write the file to server and update the cache

//--------------------------------------------------------------------


public synchronized void writeFile (int MFTIndex, String dataPackage,





     DataInputStream input, PrintStream output)





throws IOException


{



int blockIndex = 0;



int fileSize = dataPackage.length();



int nBytesToWrite = fileSize;



// file was modified.  



// Hence reset all data in cache concerning this file



setAvailable(MFTIndex);



int id = 0;



if (fileSize == 0)



{




id = findVictimFor (MFTIndex);




theCache[id] = new Cache (theCacheSize);




theCache[id].theMFTIndex = MFTIndex;




theCache[id].theRefBit = 1;



}



while(nBytesToWrite > 0)



{




// look for cache to put the filedata into




id = findVictimFor(MFTIndex);




if (nBytesToWrite > theCacheSize)




{





theCache[id] = new Cache (theCacheSize);





dataPackage.getBytes(blockIndex * theCacheSize,






theCacheSize + blockIndex * theCacheSize,






theCache[id].theCacheData, 0);





// send to server





output.write(theCache[id].theCacheData, 0, theCacheSize);





// set cache





theCache[id].theMFTIndex = MFTIndex;





theCache[id].theFileSize = fileSize;





theCache[id].theRefBit = 1;





theCache[id].theBlockIndex = blockIndex;





theCache[id].theDataSize = theCacheSize;





++blockIndex;





nBytesToWrite -= theCacheSize;




}




else




{





// it is the last block of file





theCache[id] = new Cache (theCacheSize);





dataPackage.getBytes(blockIndex * theCacheSize,


                 nBytesToWrite + blockIndex * theCacheSize,






 theCache[id].theCacheData, 0);





// send to server





output.write(theCache[id].theCacheData, 0, nBytesToWrite);





// set cache





theCache[id].theMFTIndex = MFTIndex;





theCache[id].theFileSize = fileSize;





theCache[id].theRefBit = 1;





theCache[id].theBlockIndex = blockIndex;





theCache[id].theDataSize = nBytesToWrite;





break;




}



}



// End OF File



theCache[id].endOfFile = true;



// server feedback with the exact time of lastmodified file



// client update its content



long lastModified = Long.parseLong(input.readLine());



setLastModified(MFTIndex, lastModified);



return ;


}

//--------------------------------------------------------------------

// Synchronized Method findVictimFor

//

// Input
: fileName

// Output   : victim cacheId  ** SECOND CHANCE (CLOCK) ALGORITHM **

// Purpose  : find victim cache to be overwritten by fileName content

//--------------------------------------------------------------------


private synchronized int findVictimFor (int MFTIndex)


{



int victimId;



// look for available cache first



if ((victimId = findAvailable ()) != -1)



{




return victimId;



}



// All cache are in used, find victim by CLOCK ALGORITHM



int noOfFileCache = 0;



while (true)



{




victimId = theCurrentCache;




// skip the cache that contain the same file content




if ( (noOfFileCache < theNumOfCache) &&






(theCache[victimId].theMFTIndex == MFTIndex) )




{





theCurrentCache = (theCurrentCache + 1) % theNumOfCache;





++noOfFileCache;





continue;




}




// cache that has refBit '0' become victim




if (theCache[victimId].theRefBit <= 0)




{





theCurrentCache = (theCurrentCache + 1) % theNumOfCache;





return victimId;




}




// cache that has refBit more than '0' is given SECOND CHANCE




--theCache[victimId].theRefBit;




// CLOCK Hand move next




theCurrentCache = (theCurrentCache + 1) % theNumOfCache;




continue;



}


}

//--------------------------------------------------------------------

// Synchronized Method findAvailable

//

// Input
: None

// Output   : id of cache unoccupied

// Purpose  : find available (unoccupied) cache 

//--------------------------------------------------------------------


private synchronized int findAvailable ()


{



int j = theCurrentCache;



for (int i = 0 ; i < theNumOfCache ; ++i)



{




if (theCache[j].isAvailable()) return j;




j = (j + 1) % theNumOfCache;



}



return -1;


}

//--------------------------------------------------------------------

// Method findCache (1)

//

// Input
: fileName

// Output   : id of cache with fileName identity

// Purpose  : locate the cache that contain fileName's content

//--------------------------------------------------------------------


private int findCache(int MFTIndex)


{



for (int id = 0 ; id < theNumOfCache ; ++id)



{




if (theCache[id].theMFTIndex == MFTIndex)





return id;



}





return -1;


}

//--------------------------------------------------------------------

// Method findCache (2)

//

// Input
: fileName, fromByte

// Output   : id of cache with fileName identity

// Purpose  : locate the cache that contain fileName's content at exact

//            starting byte offset

//--------------------------------------------------------------------


private int findCache(int MFTIndex, int blockIndex)


{



for (int id = 0 ; id < theNumOfCache ; ++id)



{




if ( (theCache[id].theMFTIndex == MFTIndex)





&& (theCache[id].theBlockIndex == blockIndex) )





return id;



}





return -1;


}

//--------------------------------------------------------------------

// Method setAvailable

//

// Input
: fileName

// Output   : None

// Purpose  : set cache that contain fileName's content to become 

//            available cache. (fileName = "$$$" represent unoccupied 

//            cache

//--------------------------------------------------------------------


private void setAvailable(int MFTIndex)


{



for (int id = 0 ; id < theNumOfCache ; ++id)



{




if (theCache[id].theMFTIndex == MFTIndex)





theCache[id] = new Cache (theCacheSize);



}



return;


}

//--------------------------------------------------------------------

// Method setLastModified

//

// Input
: fileName, lastModified

// Output   : None

// Purpose  : update cache that contain fileName's content with the

//            lastModified data.  Usually happen when save an editted

//            file to server and server respond with exact time the

//            file was written to disk.

//--------------------------------------------------------------------


private void setLastModified(int MFTIndex, long lastModified)


{



for (int id = 0 ; id < theNumOfCache ; ++id)



{




if (theCache[id].theMFTIndex == MFTIndex)





theCache[id].theLastModified = lastModified;



}



return;


}

//--------------------------------------------------------------------

// Method printAllCaches, printCache

//

// Input
: None

// Output   : standard output print out all cache identity

// Purpose  : print out all the cache identity

//--------------------------------------------------------------------


public void printAllCaches()


{



for ( int id = 0 ; id < theNumOfCache ; ++id)



{




System.out.print("cacheId = " + id + ", ");




theCache[id].print();



}



return;


}


public void printCache(int id)


{



System.out.println(new String(theCache[id].theCacheData,




    



      0, theCache[id].theDataSize));



return;


}

}

//--------------------------------------------------------------------

// End Class ClientCacheMgr

//--------------------------------------------------------------------

4.1.4 Display Class

//--------------------------------------------------------------------

// Class Display extends Frame implements Runnable

//

// Purpose  : text editor for file

//--------------------------------------------------------------------

import java.io.*;

import java.util.*;

import java.awt.*;

import java.awt.event.*;

public class Display extends Frame implements WindowListener, ActionListener 

{


protected TextArea theDisplay;


protected MenuBar theMenuBar;


protected Menu theFileMenu;


protected MenuItem theSaveMenuItem;


protected MenuItem theCloseMenuItem;


protected static ClientCacheMgr theCacheMgr;


protected PrintStream theOutput;


protected DataInputStream theInput;


protected String theDataPackage;

//--------------------------------------------------------------------

// Contructor for Display (1)

//

// Input
: title, dataPackage

// Output   : None

// Purpose  : display the editor windows with dataPackage content

//--------------------------------------------------------------------


Display(String title, String dataPackage)


{



super (title);



addWindowListener(this);



theDataPackage = dataPackage;



theDisplay = new TextArea ();



theMenuBar = new MenuBar();



theFileMenu = new Menu("File");



setMenuBar(theMenuBar);



theMenuBar.add(theFileMenu);



theSaveMenuItem = new MenuItem("Save");



theSaveMenuItem.addActionListener(this);



theCloseMenuItem = new MenuItem("Close");



theCloseMenuItem.addActionListener(this);



theFileMenu.add(theSaveMenuItem);



theFileMenu.add(theCloseMenuItem);



add ("Center", theDisplay ); 



if (title.indexOf("read") != -1)



{




theDisplay.setEditable(false);




theSaveMenuItem.setEnabled(false);



}



theDisplay.append(dataPackage);



theDisplay.setFont(new Font("TimeRoman", Font.PLAIN, 17));



setSize(640, 480);





show();



toFront();


}

//--------------------------------------------------------------------

// Contructor for Display (2)

//

// Input
: title, dataPackage

//            DataInputStream input, PrintStream output

// Output   : None

// Purpose  : display the editor windows with dataPackage content

//            - link Stream with server (for closing file)

//--------------------------------------------------------------------


Display(String title, String dataPackage,



DataInputStream input, PrintStream output)


{



this (title, dataPackage);



this.theInput = input;



this.theOutput = output;


}

//--------------------------------------------------------------------

// Contructor for Display (3)

//

// Input
: title, dataPackage

//            DataInputStream input, PrintStream output

//            theCacheMgr

// Output   : None

// Purpose  : display the editor windows with dataPackage content

//            - link Stream with server (for closing file)

//            - update the cache through cache manager (for saving file)

//--------------------------------------------------------------------


Display(String title, String dataPackage,



DataInputStream input, PrintStream output, ClientCacheMgr cacheMgr)


{



this (title, dataPackage, input, output);



theCacheMgr = cacheMgr;


}

//--------------------------------------------------------------------

// Method for AWTEvent (override method for standard handleEvent

//

// Input
: Event

// Output   : None

// Purpose  : handle event on the windows editor such as close windows,

//            save file.

//--------------------------------------------------------------------


public void actionPerformed(ActionEvent event)


{



Object evtSource = event.getSource();



// event when -Close- from fileMenu is selected



if (evtSource == theCloseMenuItem) 



{




close();




dispose();



}



// event when -Save- from fileMenu is selected



if (evtSource == theSaveMenuItem) 



{




save();



}


}


// standard window event


public void windowClosed(WindowEvent event) { }


public void windowDeiconified(WindowEvent event) { }


public void windowIconified(WindowEvent event) { }


public void windowActivated(WindowEvent event) { }


public void windowDeactivated(WindowEvent event) { }


public void windowOpened(WindowEvent event) { }


public void windowClosing(WindowEvent event)


{



// event when -Close- from windowDialog is selected



close();



dispose();


}

//--------------------------------------------------------------------

// Method for close

//

// Input
: None

// Output   : None

// Purpose  : handle event when window is closed (close file).  Also

//            inform the server that file is no longer in use by this

//            client

//--------------------------------------------------------------------


public void close()


{



StringTokenizer files = new StringTokenizer(getTitle());



String fileName = files.nextToken();



try 



{




fileName = files.nextToken();




theOutput.println("close " + fileName);




String confirm = theInput.readLine();




System.out.println("\n" + confirm);




System.out.print("$ ");



}



catch (IOException e) { }


}

//--------------------------------------------------------------------

// Method for save

//

// Input
: None

// Output   : None

// Purpose  : handle event when file is saved (save file).  Also

//            inform the server that file is modified by this

//            client.  Cache on both sides get updated.

//--------------------------------------------------------------------


public void save()


{



StringTokenizer files = new StringTokenizer(getTitle());



String fileName = files.nextToken();



String dataPackage = theDisplay.getText();



int fileSize = dataPackage.length();



try 



{




fileName = files.nextToken();




theOutput.println("save " + fileName);




theOutput.println(Integer.toString(fileSize));

//


theCacheMgr.writeFile(fileName, dataPackage, theInput, theOutput);




String confirm = theInput.readLine();




if (confirm.indexOf("successfully.") > 0)




{





System.out.println("\n" + confirm);




}




else




{





System.out.println("\nserver : save " + fileName + " not confirmed.");




}




System.out.print("$ ");



}



catch (IOException e) { }


}

}

//--------------------------------------------------------------------

// End Class Display

//--------------------------------------------------------------------

4.1.5 Cache Class

//--------------------------------------------------------------------

// Class Cache

//

// Purpose  : handle class identity, and data content

//--------------------------------------------------------------------

public class Cache

{


public int theMFTIndex;


public long theLastModified;


public int theBlockIndex; 


public int theDataSize;


public int theFileSize;


public boolean endOfFile;


public static int theCacheSize;


public int theRefBit;


public byte[] theCacheData;

//--------------------------------------------------------------------

// Contructor for Cache

//

// Input
: cacheSize (in Bytes)

// Output   : None

// Purpose  : initialize the cache parameters

//--------------------------------------------------------------------


public Cache(int cacheSize)


{



theMFTIndex = -1;



theLastModified = 0;



theBlockIndex = 0;



theDataSize = 0;



theFileSize = 0;



endOfFile = false;



theRefBit = 0;



theCacheSize = cacheSize;



theCacheData = new byte[cacheSize];


}

//--------------------------------------------------------------------

// Method isAvailable

//

// Input
: None

// Output   : flag true, if the cache is unoccupied

// Purpose  : check if this cache is available

//--------------------------------------------------------------------


public boolean isAvailable ()


{



return (theMFTIndex == -1);


}

//--------------------------------------------------------------------

// Method print

//

// Input
: None

// Output   : standard output print out cache identity

// Purpose  : print out the cache identity

//--------------------------------------------------------------------


public void print ()


{



System.out.println("theFileName = " + theMFTIndex +







   ",blockIndex = " + theBlockIndex +







   ",theDataSize = " + theDataSize +







   ",theRefBit = " + theRefBit + 







   ",lastModified = " + theLastModified + 







   ",theFileSize = " + theFileSize);



return;


}

}

//--------------------------------------------------------------------

// End Class Cache

//--------------------------------------------------------------------

SERVER CODES

Client programs contains the following classes;

· FileServer Class

· ServerCacheMgr Class

· Cache Class

· MasterFileTable Class

· FileAttribute Class

· FreeSpaceMgr Class

· FileMonitorc Class

· DirFile Class

· DiskDriver Class

· RequestFailException Class

4.1.6 FileServer Class

//--------------------------------------------------------------------

// Class FileServer extends Thread

//

// Purpose  : interface with library access procedure from each 

//            client connection.

//--------------------------------------------------------------------

import java.net.*;

import java.io.*;

import java.util.*;

public class FileServer extends Thread

{

//
final static int theCacheSize = 4096;


final static int theCacheSize = 256;


final static int theNumOfCache = 8;

//
final static int diskBlockSize = 4096;


final static int diskBlockSize = 256;


final static int diskNoOfBlocks = 100;


final static int stdMFTIndex = 0;


final static int stdFSMIndex = 1;


final static int stdRootIndex = 2;


private static String theVolumeName;


private Socket theConnection;


private String theClient;


private String theCommand;


private String theFileArgs;


private DataInputStream theInput;


private PrintStream theOutput;


private static FileMonitor fileMonitor;


private static ServerCacheMgr theCacheMgr;


private DirFile currentDir;


private DirFile previousDir;


final static int maxLinkCount = 7;


private int linkCount = 0;

//--------------------------------------------------------------------

// main Method

//

// Input
: None

// Output   : None

// Purpose  : create thread to interface with each clients, setup the

//            file monitor

//--------------------------------------------------------------------


public static void main(String[] args)


{



theCacheMgr = new ServerCacheMgr(theNumOfCache, theCacheSize, 




                             diskBlockSize, diskNoOfBlocks,











 stdMFTIndex, stdFSMIndex, stdRootIndex);



fileMonitor = new FileMonitor();



int thePortNumber;



ServerSocket theServerSocket;



Socket theConnection;



// set the port to listen on



try



{




thePortNumber = Integer.parseInt(args[1]);




if (thePortNumber < 0 || thePortNumber > 65535) thePortNumber = 1997;



}



catch (Exception e)



{




thePortNumber = 1997;



}



try



{




theServerSocket = new ServerSocket(thePortNumber);




System.out.println("Accepting connections on port " 





+ theServerSocket.getLocalPort());




// spawn the thread waiting for client connection




while (true)




{





theConnection = theServerSocket.accept();



        System.out.println("Connection ESTABLISHED with " + theConnection);





FileServer fileServer = new FileServer(theConnection);





fileServer.start();




}



}



catch (SocketException e)



{




System.out.println(e);



}



catch (IOException e) { }


}

//--------------------------------------------------------------------

// Contructor for FileServer

//

// Input
: socket

// Output   : None

// Purpose  : established connection with specific client

//--------------------------------------------------------------------


public FileServer(Socket s)


{



this.theConnection = s;



this.theClient = s.toString();


}

//--------------------------------------------------------------------

// Method run for thread

//

// Input
: None

// Output   : None

// Purpose  : established stream socket connection with specific client

//--------------------------------------------------------------------


public void run()


{



try



{




theInput = new DataInputStream(theConnection.getInputStream()); 




theOutput = new PrintStream(theConnection.getOutputStream());




// set current dir to root




currentDir = new DirFile(theCacheMgr.readFile(stdRootIndex), new String(),





                     theCacheMgr.getFileName(stdRootIndex));




// add into monitor




fileMonitor.add("pwd->" + currentDir.getAbsolutePath(), theClient);




// listen to command from client




while(true)




{





try 





{






theCommand = theInput.readLine();






System.out.println("recieved from" + theClient + " = " + theCommand);






if (theCommand.equals("null")) break;






commandHandler();





}





catch (IOException e)





{






System.out.println("Connection CLOSED by " + theClient);






// when client connection is closed, remove all file accessed by






// him out from the file monitor






fileMonitor.remove(theClient);






break;





}




}




theConnection.close();



}



catch (IOException e)



{




System.out.println(e);



}



catch (NullPointerException e)



{




System.out.println("Connection CLOSED by " + theClient);




fileMonitor.remove(theClient);



}


}

//--------------------------------------------------------------------

// Method commandHandler

//

// Input
: command

// Output   : None

// Purpose  : handle all available command from client

//--------------------------------------------------------------------


public void commandHandler()


{



try



{




if (theCommand.startsWith("read "))




{





try { read(); }





catch (Exception e)





{






theOutput.println(e.toString());





}





return;




}




if (theCommand.startsWith("write "))




{





try { write(); }





catch (Exception e)





{






theOutput.println(e.toString());





}





return;




}




if (theCommand.startsWith("cat "))




{





try { cat(); }





catch (Exception e)





{






theOutput.println(e.toString());





}





return;




}




if (theCommand.startsWith("ls")) ls();




if (theCommand.startsWith("dir")) dir();




if (theCommand.startsWith("ln ")) ln();




if (theCommand.startsWith("cp ")) cp();




if (theCommand.startsWith("mv ")) mv();




if (theCommand.startsWith("cd ")) cd();




if (theCommand.startsWith("rm ")) rm();




if (theCommand.startsWith("rmdir ")) rmdir();




if (theCommand.startsWith("mkdir ")) mkdir();




if (theCommand.startsWith("format ")) format();




if (theCommand.startsWith("close ")) close();




if (theCommand.startsWith("save ")) save();




if (theCommand.equals("defrag")) defrag();




// system command




if (theCommand.startsWith("lcache"))




{





if (theCommand.length() >= 7)





{






theCacheMgr.printCache(Integer.parseInt







                  (theCommand.substring(7)));





}





else





{






theCacheMgr.printAllCaches();





}





theOutput.println(currentDir.getAbsolutePath());





return;




}




endOfTransmission();




return;



}



catch (Exception evt)



{




try




{





theOutput.println(evt);





endOfTransmission();




}




catch (Exception e) { }



}


}

//--------------------------------------------------------------------

// Method fileNameHandler

//

// Input
: None

// Output   : None

// Purpose  : handle the file name argument from client.  Pipe the

//            multiple files to each individual file train with full

//            path and lastModified information

//--------------------------------------------------------------------


public String fileNameHandler(String fileArgs)



throws RequestFailException


{



String filePipe = new String();



StringTokenizer paths = new StringTokenizer(fileArgs, "/");



String tmpString;



int count = paths.countTokens();



DirFile tmpDir = currentDir;



if (fileArgs.startsWith("/"))



{




// return to root




tmpDir = new DirFile(theCacheMgr.readFile(stdRootIndex), 









 new String(),




                     theCacheMgr.getFileName(stdRootIndex));




fileArgs = fileArgs.substring(1);



}



if (fileArgs.indexOf("/") != -1)



{




int end = fileArgs.lastIndexOf("/");




String dirArgs = fileArgs.substring(0, end);




fileArgs = fileArgs.substring(end + 1);




// check if directory if exists




try




{





tmpDir = cd(tmpDir, dirArgs);




}




catch (Exception e)




{





return e.toString();




}



}



if (fileArgs.indexOf("*") == -1)



{




// filePipe = <MFTIndex>;<lastModified>;<fileSize>




int MFTIndex = tmpDir.getValue(fileArgs);




try




{





int i = 0;





while (theCacheMgr.isLink(MFTIndex))





{






MFTIndex = theCacheMgr.getLinkIndex(MFTIndex);






i++;






if (theCacheMgr.isAvailable(MFTIndex))






{







MFTIndex = -1;







break;






}






if (i > maxLinkCount)







throw new RequestFailException







(maxLinkCount + " link limit exceeded.");





}





// constructing filePipe for cat





long lastModified = theCacheMgr.getLastModified(MFTIndex);





int fileSize = theCacheMgr.getSize(MFTIndex);





filePipe = Integer.toString(MFTIndex) + ";" +







   Long.toString(lastModified) + ";" +







   Integer.toString(fileSize) + ";" +







   fileArgs + " ";




}




catch (Exception e)




{





if (e.toString().indexOf("link limit exceeded") != -1)






throw new RequestFailException






(maxLinkCount + " link limit exceeded.");





// file Not found





filePipe = Integer.toString(-1) + ";" +







   Long.toString(-1) + ";" +







   Integer.toString(-1) + ";" +







   fileArgs + " ";




}



}



else



{




boolean allFiles = false;




boolean suffix = false;




boolean prefix = false;




if (fileArgs.equals("*"))





allFiles = true;




else if (fileArgs.startsWith("*")) 




{





suffix = true;





fileArgs = fileArgs.substring(1);




}




else if (fileArgs.endsWith("*"))




{





prefix = true;





fileArgs = fileArgs.substring(0, fileArgs.length() - 1);




}




int noOfFiles = tmpDir.getNoOfFiles();




String tmpName;




for (int j = 0 ; j < noOfFiles ; ++j)




{





tmpName = tmpDir.getFileName(j);





if (allFiles ||






(prefix && tmpName.startsWith(fileArgs)) ||






(suffix && tmpName.endsWith(fileArgs)))





{






// filePipe = <MFTIndex>;<lastModified>;<fileSize>






int MFTIndex = tmpDir.getValue(tmpName);






try






{







int i = 0;







while (theCacheMgr.isLink(MFTIndex))







{








MFTIndex = theCacheMgr.getLinkIndex(MFTIndex);








i++;








if (theCacheMgr.isAvailable(MFTIndex))








{









MFTIndex = -1;









break;








}








if (i > maxLinkCount)









throw new RequestFailException









(maxLinkCount + " link limit exceeded.");







}







// constructing filePipe for cat







long lastModified = theCacheMgr.getLastModified(MFTIndex);







int fileSize = theCacheMgr.getSize(MFTIndex);







filePipe += Integer.toString(MFTIndex) + ";" +









   Long.toString(lastModified) + ";" +









   Integer.toString(fileSize) + ";" +









   tmpName + " ";






}






catch (Exception e)






{







if (e.toString().indexOf("link limit exceeded") != -1)








throw new RequestFailException








(maxLinkCount + " link limit exceeded.");







// file Not found







filePipe += Integer.toString(-1) + ";" +









   Long.toString(-1) + ";" +









   Integer.toString(-1) + ";" +









   fileArgs + " ";






}





}




}



}



return filePipe;


}

//--------------------------------------------------------------------

// Method read

//

// Input
: None

// Output   : None

// Purpose  : read request from client.  Request file from cacheMgr.  

//            The cacheMgr will decide to take from cache or from disk

//--------------------------------------------------------------------


private void read () 



throws RequestFailException


{



StringTokenizer lsArgs = new StringTokenizer(theCommand);



int count = lsArgs.countTokens();



lsArgs.nextToken();



String fileArgs = lsArgs.nextToken();



String multiFilePipe = fileNameHandler(fileArgs);



StringTokenizer filePipe = new StringTokenizer(multiFilePipe);



if (multiFilePipe.indexOf("Exception:") != -1)



{




theOutput.println(multiFilePipe);




return;



}



DirFile relDir = currentDir;



try



{




if (fileArgs.indexOf("/") != -1)




{





int end = fileArgs.lastIndexOf("/");





String dirArgs = fileArgs.substring(0, end);





fileArgs = fileArgs.substring(end + 1);





relDir = cd(currentDir, dirArgs);




}




while (filePipe.hasMoreElements())




{





// filePipe = <MFTIndex>;<lastModified>;<fileSize>





lsArgs = new StringTokenizer(filePipe.nextToken(), ";");





int MFTIndex = Integer.parseInt(lsArgs.nextToken());





long lastModified = Long.parseLong(lsArgs.nextToken());





int fileSize = Integer.parseInt(lsArgs.nextToken());





fileArgs = lsArgs.nextToken();





String fileName = relDir.getAbsolutePath() + fileArgs;





if (MFTIndex == -1)





{






throw new FileNotExistException(fileName);





}





else





{






if (fileMonitor.isBeingWritten(fileName))







throw new RequestFailException







(fileName + " is being written.");






// send to client for confirming the validity of client cache






theOutput.println(MFTIndex + ";" + lastModified + ";" + fileSize);





}





synchronized (fileMonitor)





{ 






fileMonitor.add("read " + fileName, theClient);





}





catRead(MFTIndex, lastModified, fileSize);





// return fileName 





theOutput.println(fileName);





theCacheMgr.updateMFT();




}



}



catch (Exception e) 



{ 




theOutput.println(e.toString());




return;



}



theOutput.println("server: all files sent successfully.");



return;


}

//--------------------------------------------------------------------

// Method write

//

// Input
: None

// Output   : None

// Purpose  : write request from client.  Request file from cacheMgr.  

//            The cacheMgr will decide to take from cache or from disk

//--------------------------------------------------------------------


public void write ()



throws RequestFailException


{



StringTokenizer lsArgs = new StringTokenizer(theCommand);



int count = lsArgs.countTokens();



lsArgs.nextToken();



String fileArgs = lsArgs.nextToken();



String multiFilePipe = fileNameHandler(fileArgs);



StringTokenizer filePipe = new StringTokenizer(multiFilePipe);



if (multiFilePipe.indexOf("Exception:") != -1)



{




theOutput.println(multiFilePipe);




return;



}



DirFile relDir = currentDir;



try



{




if (fileArgs.indexOf("/") != -1)




{





int end = fileArgs.lastIndexOf("/");





String dirArgs = fileArgs.substring(0, end);





fileArgs = fileArgs.substring(end + 1);





relDir = cd(currentDir, dirArgs);




}




while (filePipe.hasMoreElements())




{





// filePipe = <MFTIndex>;<lastModified>;<fileSize>





lsArgs = new StringTokenizer(filePipe.nextToken(), ";");





int MFTIndex = Integer.parseInt(lsArgs.nextToken());





long lastModified = Long.parseLong(lsArgs.nextToken());





int fileSize = Integer.parseInt(lsArgs.nextToken());





fileArgs =  lsArgs.nextToken();





String fileName;





if (MFTIndex == -1)





{






// update current directory, check notenough space






MFTIndex = theCacheMgr.newFile(fileArgs, "-", 0, "t", 1);






relDir.newEntry(fileArgs, MFTIndex);






theCacheMgr.writeFile(relDir.getValue("."), 







relDir.getContent());






fileName = relDir.getAbsolutePath() + fileArgs;






theOutput.println(MFTIndex + ";0;0");





}





else





{






fileName = relDir.getAbsolutePath() + fileArgs;






if (theCacheMgr.isSystem(MFTIndex))







throw new RequestFailException







(fileName + " is a system file.");






if (theCacheMgr.isDirectory(MFTIndex))







throw new RequestFailException







(fileName + " is a directory file.");






if (fileMonitor.isBeingWritten(fileName))







throw new RequestFailException







(fileName + " is being written.");






if (fileMonitor.isBeingRead(fileName))







throw new RequestFailException







(fileName + " is being read.");






// send to client for confirming the validity of client cache






theOutput.println(MFTIndex + ";" + lastModified + ";" + fileSize);





}





// cat new file does not need to check if being read.





synchronized (fileMonitor)





{ 






fileMonitor.add("write " + fileName, theClient);





}





catRead(MFTIndex, lastModified, fileSize);





// return fileName 





theOutput.println(fileName);





theCacheMgr.updateMFT();




}



}



catch (Exception e) 



{ 




theOutput.println(e.toString());




return;



}



theOutput.println("server: all files sent successfully.");



return;


}

//--------------------------------------------------------------------

// Method save

//

// Input
: None

// Output   : None

// Purpose  : save request from client.  Request file to be save to 

//            disk.  The cacheMgr will update cache and save to disk.

//--------------------------------------------------------------------


public void save ()



throws IOException, NotEnoughSpaceException


{



StringTokenizer fileArgs = new StringTokenizer(theCommand);



fileArgs.nextToken();



String fileName = fileArgs.nextToken();



int MFTIndex = Integer.parseInt(theInput.readLine());



catWrite(MFTIndex);


}

//--------------------------------------------------------------------

// Method close

//

// Input
: None

// Output   : None

// Purpose  : client closes file.  

//--------------------------------------------------------------------


public void close ()


{



StringTokenizer filesArgs = new StringTokenizer(theCommand);



filesArgs.nextToken();



String fileName = filesArgs.nextToken();



// remove that specific access from file monitor



synchronized (fileMonitor)



{ 




fileMonitor.remove(fileName, theClient);



}



return;


}

//--------------------------------------------------------------------

// Method cat

//

// Input
: None

// Output   : None

// Purpose  : cat request from client.

//--------------------------------------------------------------------


private void cat () 



throws IOException, 




NotEnoughSpaceException,




FileNotExistException,




FileAlreadyExistException,




RequestFailException


{



StringTokenizer lsArgs = new StringTokenizer(theCommand);



int count = lsArgs.countTokens();



lsArgs.nextToken();



boolean toWrite = false;



if (theCommand.indexOf(" > ") != -1)



{




toWrite = true;




lsArgs.nextToken();



}



String fileArgs = lsArgs.nextToken();



String multiFilePipe = fileNameHandler(fileArgs);



StringTokenizer filePipe = new StringTokenizer(multiFilePipe);



if (multiFilePipe.indexOf("Exception:") != -1)



{




theOutput.println(multiFilePipe);




return;



}



DirFile relDir = currentDir;



try



{




if (fileArgs.indexOf("/") != -1)




{





int end = fileArgs.lastIndexOf("/");





String dirArgs = fileArgs.substring(0, end);





fileArgs = fileArgs.substring(end + 1);





relDir = cd(currentDir, dirArgs);




}



}



catch (Exception e) { }



while (filePipe.hasMoreElements())



{




// filePipe = <MFTIndex>;<lastModified>;<fileSize>




lsArgs = new StringTokenizer(filePipe.nextToken(), ";");




int MFTIndex = Integer.parseInt(lsArgs.nextToken());




long lastModified = Long.parseLong(lsArgs.nextToken());




int fileSize = Integer.parseInt(lsArgs.nextToken());




if (toWrite)




{





if (MFTIndex != -1)






throw new FileAlreadyExistException(fileArgs);





else





{






MFTIndex = theCacheMgr.newFile(fileArgs, "-", 0, "t", 1);






theOutput.println







(MFTIndex + ";" + lastModified + ";" + fileSize);






// update current directory






try { relDir.newEntry(fileArgs, MFTIndex); }






catch (Exception e) { }






// cat new file does not need to check if being read.






synchronized (fileMonitor)






{ 







fileMonitor.add("cat > " + relDir.getAbsolutePath() + 








             fileArgs, theClient);






}






catWrite(MFTIndex);






synchronized (fileMonitor)






{ 







fileMonitor.remove("cat > " + relDir.getAbsolutePath() + 








             fileArgs, theClient);






}






theCacheMgr.writeFile







(relDir.getValue("."), relDir.getContent());





}





return;




}




else




{





if (MFTIndex == -1)






throw new FileNotExistException(fileArgs);





String fileName = relDir.getAbsolutePath() + fileArgs;





if (fileMonitor.isBeingWritten(fileName))






throw new RequestFailException







(fileName + " is being written.");





// send to client for confirming the validity of client cache





theOutput.println(MFTIndex + ";" + lastModified + ";" + fileSize);





catRead(MFTIndex, lastModified, fileSize);




}




theCacheMgr.updateMFT();



}



theOutput.println("all files sent successfully");



return;


}

//--------------------------------------------------------------------

// Method catWrite

//

// Input
: None

// Output   : None

// Purpose  : catWrite to disk.

//--------------------------------------------------------------------


private void catWrite (int MFTIndex)



throws IOException, NotEnoughSpaceException


{



// client will first sent fileSize



int fileSize = Integer.parseInt(theInput.readLine());



if ((fileSize - theCacheMgr.getNoOfBlocks(MFTIndex) * diskBlockSize) > 




(theCacheMgr.getNoOfFreeBlocks() * diskBlockSize))



{




theOutput.println("NotEnoughSpaceException: request = " 





+ fileSize + " bytes, available = "





+ (theCacheMgr.getNoOfFreeBlocks() * diskBlockSize) + " bytes");




return;



}



else



{




theOutput.println("EnoughSpace");



}



// client request specific block offset



long lastModified = 




theCacheMgr.writeFile(MFTIndex, fileSize, theInput);



// for client to update his cache



theOutput.println(lastModified); 



theCacheMgr.setLastAccessed(MFTIndex);



return;


}

//--------------------------------------------------------------------

// Method catRead

//

// Input
: None

// Output   : None

// Purpose  : catRead from disk.

//--------------------------------------------------------------------


private void catRead (int MFTIndex, long lastModified, int fileSize)



throws IOException


{



// client request specific block offset



String blockIndexRequest = theInput.readLine();



while (blockIndexRequest.indexOf("end request") == -1)



{




int blockIndex = Integer.parseInt(blockIndexRequest);




theCacheMgr.readFile(MFTIndex, blockIndex, lastModified, 





                 fileSize, theOutput);




blockIndexRequest = theInput.readLine();



}



theCacheMgr.setLastAccessed(MFTIndex);



return;


}

//--------------------------------------------------------------------

// Method ln

//

// Input
: None

// Output   : None

// Purpose  : ln request from client.

//--------------------------------------------------------------------


private void ln () 



throws RequestFailException,



       IOException,




   NotEnoughSpaceException,




   FileAlreadyExistException


{



StringTokenizer parameter = new StringTokenizer(theCommand);



if (theCommand.indexOf("*") != -1)




throw new RequestFailException





("\"*\" is a reserved character.");



parameter.nextToken();



boolean symbolicLink = false;



// symbolic link request



if (theCommand.indexOf(" -s ") != -1)



{




parameter.nextToken();




symbolicLink = true;



}



String originalFile = parameter.nextToken();



String newFile = parameter.nextToken(); 



// some legal checks



if (isExist(currentDir, newFile))




throw new RequestFailException




   (newFile + " is already exist.");



if (!isExist(currentDir, originalFile))




throw new RequestFailException




   (originalFile + " is not exist.");



DirFile relDir = currentDir;



int linkIndex = 0;



String type = new String();



String fileArgs;



try



{




relDir = cd(currentDir, originalFile);




// link to directory




linkIndex = relDir.getValue(".");




type = "d";



}



catch (Exception e) { }



// link to typical file



if (!type.equals("d"))



{




relDir = nearestDir(relDir, originalFile);




if (originalFile.indexOf("/") != -1)




{





int end = originalFile.lastIndexOf("/");





fileArgs = originalFile.substring(end + 1);




}




else




{





relDir = currentDir;





fileArgs = originalFile;




}




linkIndex = relDir.getValue(fileArgs);



}



int MFTIndex;



if (symbolicLink)



{




// req theCacheMgr constructing newFile




MFTIndex = theCacheMgr.newFile





(newFile, "->" + originalFile, linkIndex, "l", 0);



}



else



{




MFTIndex = linkIndex;




theCacheMgr.setHardLinkCount(MFTIndex,





theCacheMgr.getHardLinkCount(MFTIndex) + 1);



}



// update current directory



currentDir.newEntry(newFile, MFTIndex);



theCacheMgr.writeFile(currentDir.getValue("."), currentDir.getContent());



theCacheMgr.updateMFT();



requestSuccess();



return;


}

//--------------------------------------------------------------------

// Method dir

//

// Input
: None

// Output   : None

// Purpose  : dir request from client.

//--------------------------------------------------------------------


private void dir () 



throws RequestFailException,



       FileNotExistException


{



if (theCommand.equals("dir"))



{




theCommand = "ls -l";



}



else



{




theCommand = "ls -l" + theCommand.substring(3);



}



ls();


}

//--------------------------------------------------------------------

// Method ls

//

// Input
: None

// Output   : None

// Purpose  : ls request from client.

//--------------------------------------------------------------------


private void ls () 



throws RequestFailException,



       FileNotExistException


{



StringTokenizer parameter = new StringTokenizer(theCommand);



int count = parameter.countTokens();



String opt = "-s";



String fileArgs = "*";



parameter.nextToken();



// refresh currentDir



currentDir = cd(currentDir, ".");



DirFile relDir = currentDir;



if (theCommand.indexOf(" -l") != -1)




opt = "-l";



if (theCommand.indexOf(" -la") != -1)




opt = "-la";



if ((count == 2) && (opt.equals("-s")))




fileArgs = parameter.nextToken();



if (count >= 3)



{




parameter.nextToken();




fileArgs = parameter.nextToken();



}



try 



{




relDir = cd(currentDir, fileArgs);




// it is the directory, ls anything under




theOutput.println(theCacheMgr.ls(opt, "*", relDir));




return;



}



catch (Exception e) { }



if (fileArgs.indexOf("/") != -1)



{




int end = fileArgs.lastIndexOf("/");




String tmpString = fileArgs.substring(0, end + 1);




relDir = cd(relDir, tmpString);




fileArgs = fileArgs.substring(end + 1);



}



// standard ls



theOutput.println(theCacheMgr.ls(opt, fileArgs, relDir));



return;


}

//--------------------------------------------------------------------

// Method cd(1)

//

// Input
: None

// Output   : None

// Purpose  : change directory by calling cd(2)

//--------------------------------------------------------------------


private void cd()



throws RequestFailException,



       FileNotExistException


{



StringTokenizer parameter = new StringTokenizer(theCommand);



String oldAbsolutePath = currentDir.getAbsolutePath();



String nextDirName = parameter.nextToken();



nextDirName = parameter.nextToken();



DirFile tmpDir = currentDir;



if (nextDirName.equals("-"))



{




currentDir = previousDir;




nextDirName = ".";



}



// remove oldpath add newpath to monitor



currentDir = cd(currentDir, nextDirName); 



fileMonitor.remove(oldAbsolutePath, theClient);



fileMonitor.add("pwd->" + currentDir.getAbsolutePath(), theClient);



previousDir = tmpDir;



return;


}

//--------------------------------------------------------------------

// Method cd(2)

//

// Input
: origDir, nextDirName

// Output   : newDir

// Purpose  : change to specific directory, throws Exception otherwise

//--------------------------------------------------------------------


private DirFile cd (DirFile relDir, String nextDirName)



throws RequestFailException,



       FileNotExistException


{



if (nextDirName.indexOf("*") != -1)




throw new RequestFailException





("\"*\" is a reserved character.");



DirFile tmpDir = relDir;



if (nextDirName.startsWith("/"))



{




// set current dir to root




tmpDir = new DirFile(theCacheMgr.readFile(stdRootIndex),










 new String(),










 theCacheMgr.getFileName(stdRootIndex));




if (nextDirName.equals("/")) return tmpDir;



}



StringTokenizer parameter = new StringTokenizer(nextDirName, "/");



int count = parameter.countTokens();



// change directory token by token



while (count > 0)



{




nextDirName = new String(parameter.nextToken());




if (!tmpDir.isExist(nextDirName))





throw new FileNotExistException






("directory " + tmpDir.getAbsolutePath() + nextDirName);




int MFTIndex = tmpDir.getValue(nextDirName);




// if link is found, switch to linkIndex




if (theCacheMgr.isLink(MFTIndex))




{





nextDirName = theCacheMgr.getLinkName(MFTIndex).substring(2);





++linkCount;





if (linkCount > maxLinkCount)





{






linkCount = 0;






throw new RequestFailException







(maxLinkCount + " link limit exceeded.");





}





tmpDir = cd(tmpDir, nextDirName);





linkCount = 0;





return tmpDir;




}




// req dirContent from theCacheMgr




String nextDirContent = theCacheMgr.cd(tmpDir, nextDirName);




if (nextDirContent.indexOf("is not directory") != -1)





throw new RequestFailException






(nextDirName + " is not directory.");




String nextAbsolutePath = new String();




// reaching the root




if ( (nextDirName.equals(".")) || 





 (nextDirName.equals("..") && 





 (tmpDir.getValue(".") == stdRootIndex)) )




{





nextAbsolutePath = tmpDir.getAbsolutePath();





int endIndex = nextAbsolutePath.lastIndexOf("/");





nextAbsolutePath = nextAbsolutePath.substring(0, endIndex);





nextDirName = new String();




}




else if (nextDirName.equals(".."))




{





// if <..> step up





nextAbsolutePath = tmpDir.getAbsolutePath();





int endIndex = nextAbsolutePath.lastIndexOf("/");





endIndex = nextAbsolutePath.lastIndexOf("/", endIndex - 1);





nextAbsolutePath = nextAbsolutePath.substring(0, endIndex);





nextDirName = new String();




}




else




{





nextAbsolutePath = tmpDir.getAbsolutePath();




}




// change to new directory




tmpDir = new DirFile (nextDirContent, nextAbsolutePath, nextDirName);




count--;



}



return tmpDir;


}

//--------------------------------------------------------------------

// Method nearestDir 

//

// Input
: origDir, nextDirName

// Output   : newDir

// Purpose  : to change directory to the nearest possible location

//--------------------------------------------------------------------


private DirFile nearestDir (DirFile relDir, String nextDirName)


{



try



{




StringTokenizer parameter = 





new StringTokenizer(nextDirName, "/");




if (nextDirName.startsWith("/"))




{





// set current dir to root





relDir = new DirFile(theCacheMgr.readFile(stdRootIndex),










 new String(),










 theCacheMgr.getFileName(stdRootIndex));





// if it is root just exit





if (nextDirName.equals("/")) 






throw new Exception(new String());




}




while(true)




{





// throws Exception is not the directory





relDir = cd(relDir, parameter.nextToken());




}



}



catch (Exception e) { }



return relDir;


}

//--------------------------------------------------------------------

// Method isExist

//

// Input
: directory, fileName

// Output   : flag true if file exists

// Purpose  : check the existent of file under certain directory

//--------------------------------------------------------------------


private boolean isExist (DirFile relDir, String nextDirName)


{



if (nextDirName.indexOf("/") == -1)




return relDir.isExist(nextDirName);



try



{




relDir = cd(relDir, nextDirName);




return true;



}



catch (Exception e) { }



int end = nextDirName.lastIndexOf("/");



String fileArgs = nextDirName.substring(end + 1);



relDir = nearestDir(relDir, nextDirName);



return relDir.isExist(fileArgs);


}

//--------------------------------------------------------------------

// Method isDirectory

//

// Input
: directory, fileName

// Output   : flag true if file is of type directory

// Purpose  : check if the type of file is directory

//--------------------------------------------------------------------


private boolean isDirectory (DirFile relDir, String nextDirName)


{



try



{




cd(relDir, nextDirName);




return true;



}



catch (Exception e) { }



return false;


}

//--------------------------------------------------------------------

// Method cp

//

// Input
: None

// Output   : None

// Purpose  : cp request from client.

//--------------------------------------------------------------------


private void cp ()



throws RequestFailException, 




   FileNotExistException,




   FileAlreadyExistException,




   NotEnoughSpaceException,




   IOException


{



StringTokenizer parameter = new StringTokenizer(theCommand);



String opt = new String();



parameter.nextToken();



String srcName = parameter.nextToken();



String dstName = parameter.nextToken();



DirFile srcDir = currentDir;



DirFile dstDir = currentDir;



// dstName with wildCard(*) not allowed



if (dstName.indexOf("*") != -1)



{




throw new RequestFailException





("command " + theCommand + " is not supported.");



}



// srcName without wildcard(*) must be exist



if (srcName.indexOf("*") == -1)



{




if (!isExist(currentDir, srcName))





throw new RequestFailException






(srcName + " is not exist.");



}



else



{




// srcName with wildcard(*) 




// the dstName must be directory




if (!isDirectory(currentDir, dstName))





throw new RequestFailException






(dstName + " must be directory.");



}



// no redirection and wildcard(*) used



if ((srcName.indexOf("/") == -1) &&




(srcName.indexOf("*") == -1) &&




(dstName.indexOf("/") == -1) )



{




// req theCacheMgr to cpSingleFile 




theCacheMgr.cpSingleFile(srcName, srcDir,





dstName, dstDir);




currentDir = new DirFile 





(theCacheMgr.readFile(currentDir.getValue(".")),





currentDir.getParentPath(),





currentDir.getDirName());




requestSuccess();




return;



}



// redirection is used on dstName



if ((srcName.indexOf("/") == -1) &&




(srcName.indexOf("*") == -1) &&




(dstName.indexOf("/") != -1) )



{




int end = dstName.lastIndexOf("/");




String tmpString = dstName.substring(0, end + 1);




dstDir = cd(currentDir, tmpString); 




dstName = (dstName.endsWith("/")) ? 


                  srcName : dstName.substring(end + 1);




if (dstDir.isExist(dstName))





throw new RequestFailException






(dstDir.getAbsolutePath() + dstName + " is already exist.");




// req theCacheMgr to cpSingleFile 




theCacheMgr.cpSingleFile(srcName, srcDir,





dstName, dstDir);




currentDir = new DirFile 





(theCacheMgr.readFile(currentDir.getValue(".")),





currentDir.getParentPath(),





currentDir.getDirName());




requestSuccess();




return;



}



// redirection is used on srcName



if ((srcName.indexOf("/") != -1) &&




(srcName.indexOf("*") == -1) &&




(dstName.indexOf("/") == -1) )



{




int end = srcName.lastIndexOf("/");




String tmpString = srcName.substring(0, end + 1);




srcDir = cd(currentDir, tmpString);




srcName = srcName.substring(end + 1);




// req theCacheMgr to cpSingleFile 




theCacheMgr.cpSingleFile(srcName, srcDir,





dstName, dstDir);




currentDir = new DirFile 





(theCacheMgr.readFile(currentDir.getValue(".")),





currentDir.getParentPath(),





currentDir.getDirName());




requestSuccess();




return;



}



// redirection is used on both srcName and dstName



if ((srcName.indexOf("/") != -1) &&




(srcName.indexOf("*") == -1) &&




(dstName.indexOf("/") != -1) )



{




int end = srcName.lastIndexOf("/");




String tmpString = srcName.substring(0, end + 1);




srcDir = cd(currentDir, tmpString);




srcName = srcName.substring(end + 1);




if (isDirectory(currentDir, dstName))




{





dstDir = cd(currentDir, dstName);





dstName = srcName;




}




else




{





end = dstName.lastIndexOf("/");





tmpString = dstName.substring(0, end + 1);





dstDir = cd(currentDir, tmpString);





dstName = dstName.substring(end + 1);




}




// req theCacheMgr to cpSingleFile 




theCacheMgr.cpSingleFile(srcName, srcDir,





dstName, dstDir);




currentDir = new DirFile 





(theCacheMgr.readFile(currentDir.getValue(".")),





currentDir.getParentPath(),





currentDir.getDirName());




requestSuccess();




return;



}



// srcName use wildcard(*)



if (srcName.indexOf("*") != -1)



{




dstDir = cd(currentDir, dstName);




if (srcName.indexOf("/") != -1)




{





int end = srcName.lastIndexOf("/");





String tmpString = srcName.substring(0, end + 1);





srcDir = cd(currentDir, tmpString);





srcName = srcName.substring(end + 1);




}




int MFTIndex;




if (srcName.equals("*"))




{





// command : cp <>/<>/* <>/<>





for (int i = 2 ; i < srcDir.getNoOfFiles() ; i++)





{






srcName = srcDir.getFileName(i);






dstName = srcName;






MFTIndex = srcDir.getMFTIndexAt(i);






if (!theCacheMgr.isSystem(MFTIndex))







theCacheMgr.cpSingleFile(srcName, srcDir,








dstName, dstDir);





}





currentDir = new DirFile 






(theCacheMgr.readFile(currentDir.getValue(".")),






currentDir.getParentPath(),






currentDir.getDirName());





// done





requestSuccess();





return;




}




else if (srcName.startsWith("*"))




{





// command : cp <>/<>/*xxx <>/<>





String suffix = srcName.substring(1); 





for (int i = 2 ; i < srcDir.getNoOfFiles() ; i++)





{






srcName = srcDir.getFileName(i);






dstName = srcName;






MFTIndex = srcDir.getMFTIndexAt(i);






if (!theCacheMgr.isSystem(MFTIndex) &&







 srcName.endsWith(suffix))







theCacheMgr.cpSingleFile(srcName, srcDir,








dstName, dstDir);





}





currentDir = new DirFile 






(theCacheMgr.readFile(currentDir.getValue(".")),






currentDir.getParentPath(),






currentDir.getDirName());





requestSuccess();





return;




}




else if (srcName.endsWith("*"))




{





// command : cp <>/<>/xxx* <>/<>





String prefix = srcName.substring






(0, srcName.length() - 1); 





for (int i = 2 ; i < srcDir.getNoOfFiles() ; i++)





{






srcName = srcDir.getFileName(i);






dstName = srcName;






MFTIndex = srcDir.getMFTIndexAt(i);






if (!theCacheMgr.isSystem(MFTIndex) &&







 srcName.startsWith(prefix))







theCacheMgr.cpSingleFile(srcName, srcDir,








dstName, dstDir);





}





currentDir = new DirFile 






(theCacheMgr.readFile(currentDir.getValue(".")),






currentDir.getParentPath(),






currentDir.getDirName());





requestSuccess();





return;




}



}



throw new RequestFailException("command " + 




theCommand + " is not supported.");


}

//--------------------------------------------------------------------

// Method defrag

//

// Input
: None

// Output   : None

// Purpose  : Defragmentation.

//--------------------------------------------------------------------


private void defrag ()



throws RequestFailException


{



if (fileMonitor.getNoOfRecords() > 1)




throw new RequestFailException





("harddisk is being accessed.");



theCacheMgr.defrag();



try { currentDir = cd(currentDir, "."); }



catch (Exception e) { }



theCacheMgr.defrag();



requestSuccess();



return;


}

//--------------------------------------------------------------------

// Method mv

//

// Input
: None

// Output   : None

// Purpose  : mv request from client.

//--------------------------------------------------------------------


private void mv ()



throws RequestFailException, 




   FileNotExistException,




   FileAlreadyExistException,




   NotEnoughSpaceException,




   IOException


{



StringTokenizer parameter = new StringTokenizer(theCommand);



String opt = new String();



parameter.nextToken();



String srcName = parameter.nextToken();



String dstName = parameter.nextToken();



DirFile srcDir = currentDir;



DirFile dstDir = currentDir;



// dstName must not have wildcard(*)



if (dstName.indexOf("*") != -1)



{




throw new RequestFailException





("command " + theCommand + " is not supported.");



}



if (srcName.indexOf("*") == -1)



{




// wildcard(*) is not used, srcName must be exist




if (!isExist(currentDir, srcName))





throw new RequestFailException






(srcName + " is not exist.");



}



else



{




// wildcard(*) is used, the dstName must be directory




if (!isDirectory(currentDir, dstName))





throw new RequestFailException






(dstName + " must be directory.");



}



// no redirect and wildcard(*) used



if ((srcName.indexOf("/") == -1) &&




(srcName.indexOf("*") == -1) &&




(dstName.indexOf("/") == -1) )



{




// check if any user accessed the file




if (fileMonitor.isBeingAccessed





(currentDir.getAbsolutePath() + srcName))





throw new RequestFailException






(srcDir.getAbsolutePath()



                + srcName







+ " is being accessed.");




// request theCacheMgr to mvSingleFile




if (!isRelated(srcDir.getValue(srcName), dstDir))





theCacheMgr.mvSingleFile(srcName, srcDir,






dstName, dstDir);




currentDir = new DirFile 





(theCacheMgr.readFile(currentDir.getValue(".")),





currentDir.getParentPath(),





currentDir.getDirName());




requestSuccess();




return;



}



// redirection is used on the dstName



if ((srcName.indexOf("/") == -1) &&




(srcName.indexOf("*") == -1) &&




(dstName.indexOf("/") != -1) )



{




// check if any user accessed the file




if (fileMonitor.isBeingAccessed





(currentDir.getAbsolutePath() + srcName))





throw new RequestFailException






(srcDir.getAbsolutePath()



                + srcName







+ " is being accessed.");




int end = dstName.lastIndexOf("/");




String tmpString = dstName.substring(0, end + 1);




dstDir = cd(currentDir, tmpString);




dstName = dstName.endsWith("/") ? srcName : dstName.substring(end + 1);




// request theCacheMgr to mvSingleFile




if (!isRelated(srcDir.getValue(srcName), dstDir))





theCacheMgr.mvSingleFile(srcName, srcDir,






dstName, dstDir);




currentDir = new DirFile 





(theCacheMgr.readFile(currentDir.getValue(".")),





currentDir.getParentPath(),





currentDir.getDirName());




requestSuccess();




return;



}



// redirection is used on the srcName



if ((srcName.indexOf("/") != -1) &&




(srcName.indexOf("*") == -1) &&




(dstName.indexOf("/") == -1) )



{




int end = srcName.lastIndexOf("/");




String tmpString = srcName.substring(0, end + 1);




srcDir = cd(currentDir, tmpString);




srcName = srcName.substring(end + 1);




// check if any user accessed the file




if (fileMonitor.isBeingAccessed





(currentDir.getAbsolutePath() + srcName))





throw new RequestFailException






(srcDir.getAbsolutePath()



                + srcName







+ " is being accessed.");




// request theCacheMgr to mvSingleFile




if (!isRelated(srcDir.getValue(srcName), dstDir))





theCacheMgr.mvSingleFile(srcName, srcDir,






dstName, dstDir);




currentDir = new DirFile 





(theCacheMgr.readFile(currentDir.getValue(".")),





currentDir.getParentPath(),





currentDir.getDirName());




requestSuccess();




return;



}



// both srcName and dstName use redirection



if ((srcName.indexOf("/") != -1) &&




(srcName.indexOf("*") == -1) &&




(dstName.indexOf("/") != -1) )



{




int end = srcName.lastIndexOf("/");




String tmpString = srcName.substring(0, end + 1);




srcDir = cd(currentDir, tmpString);




srcName = srcName.substring(end + 1);




// check if any user accessed the file




if (fileMonitor.isBeingAccessed





(currentDir.getAbsolutePath() + srcName))





throw new RequestFailException






(srcDir.getAbsolutePath()



                + srcName







+ " is being accessed.");




if (isDirectory(currentDir, dstName))




{





dstDir = cd(currentDir, dstName);





dstName = srcName;




}




else




{





end = dstName.lastIndexOf("/");





tmpString = dstName.substring(0, end + 1);





dstDir = cd(currentDir, tmpString);





dstName = dstName.endsWith("/") ? srcName : dstName.substring(end + 1);




}




// request theCacheMgr to mvSingleFile




if (!isRelated(srcDir.getValue(srcName), dstDir))





theCacheMgr.mvSingleFile(srcName, srcDir, dstName, dstDir);




currentDir = new DirFile 





(theCacheMgr.readFile(currentDir.getValue(".")),





currentDir.getParentPath(),





currentDir.getDirName());




requestSuccess();




return;



}



// srcName uses wildcard(*)



if (srcName.indexOf("*") != -1)



{




dstDir = cd(currentDir, dstName);




if (srcName.indexOf("/") != -1)




{





int end = srcName.lastIndexOf("/");





String tmpString = srcName.substring(0, end + 1);





srcDir = cd(currentDir, tmpString);





srcName = srcName.substring(end + 1);




}




int MFTIndex;




if (srcName.equals("*"))




{





// command : mv <>/<>/* <>/<>





for (int i = 2 ; i < srcDir.getNoOfFiles() ; )





{






srcName = srcDir.getFileName(i);






dstName = srcName;






MFTIndex = srcDir.getMFTIndexAt(i);






if (fileMonitor.isBeingAccessed







(srcDir.getAbsolutePath() + srcName))







throw new RequestFailException








(srcDir.getAbsolutePath()









+ srcName









+ " is being accessed.");






if (!theCacheMgr.isSystem(MFTIndex) &&







!isRelated(MFTIndex, dstDir))







theCacheMgr.mvSingleFile(srcName, srcDir,








dstName, dstDir);






else i++;





}





currentDir = new DirFile 






(theCacheMgr.readFile(currentDir.getValue(".")),






currentDir.getParentPath(),






currentDir.getDirName());





requestSuccess();





return;




}




else if (srcName.startsWith("*"))




{





// command : mv <>/<>/*xxx <>/<>





String suffix = srcName.substring(1); 





for (int i = 2 ; i < srcDir.getNoOfFiles() ; )





{






srcName = srcDir.getFileName(i);






dstName = srcName;






MFTIndex = srcDir.getMFTIndexAt(i);






if (fileMonitor.isBeingAccessed







(srcDir.getAbsolutePath() + srcName) &&







 srcName.endsWith(suffix))







throw new RequestFailException








(srcDir.getAbsolutePath()









+ srcName









+ " is being accessed.");






if (!theCacheMgr.isSystem(MFTIndex) &&







 srcName.endsWith(suffix) &&







!isRelated(MFTIndex, dstDir))







theCacheMgr.mvSingleFile(srcName, srcDir,








dstName, dstDir);






else i++;





}





currentDir = new DirFile 






(theCacheMgr.readFile(currentDir.getValue(".")),






currentDir.getParentPath(),






currentDir.getDirName());





requestSuccess();





return;




}




else if (srcName.endsWith("*"))




{





// command : mv <>/<>/xxx* <>/<>





String prefix = srcName.substring






(0, srcName.length() - 1); 





for (int i = 2 ; i < srcDir.getNoOfFiles() ; )





{






srcName = srcDir.getFileName(i);






dstName = srcName;






MFTIndex = srcDir.getMFTIndexAt(i);






if (fileMonitor.isBeingAccessed







(srcDir.getAbsolutePath() + srcName) &&







srcName.startsWith(prefix))







throw new RequestFailException








(srcDir.getAbsolutePath()









+ srcName









+ " is being accessed.");






if (!theCacheMgr.isSystem(MFTIndex) &&







 srcName.startsWith(prefix) &&







!isRelated(MFTIndex, dstDir))







theCacheMgr.mvSingleFile(srcName, srcDir,








dstName, dstDir);






else i++;





}





currentDir = new DirFile 






(theCacheMgr.readFile(currentDir.getValue(".")),






currentDir.getParentPath(),






currentDir.getDirName());





requestSuccess();





return;




}



}



throw new RequestFailException("command " + 




theCommand + " is not supported.");


}

//--------------------------------------------------------------------

// Method isRelated

//

// Input
: ParentIndex, childDir 

// Output   : flag true if it is related

// Purpose  : check that the directory are related

//--------------------------------------------------------------------


private boolean isRelated (int ParentIndex, DirFile childDir)


{



if (!theCacheMgr.isDirectory(ParentIndex))




return false;



DirFile tmpDir = childDir;



while (tmpDir.getValue(".") != tmpDir.getValue(".."))



{




if (tmpDir.getValue(".") == ParentIndex)





return true;




try { tmpDir = cd (tmpDir, ".."); }




catch (Exception e) { }



}



return false;


}

//--------------------------------------------------------------------

// Method rm

//

// Input
: None

// Output   : None

// Purpose  : rm request from client.

//--------------------------------------------------------------------


private void rm ()



throws RequestFailException, 




   FileNotExistException,




   NotEnoughSpaceException,




   IOException


{



StringTokenizer parameter = new StringTokenizer(theCommand);



String delFileName = new String();



String opt = new String();



parameter.nextToken();



delFileName = parameter.nextToken();



// if wildcard(*) is not used



// delDir must be exist and NOT of type directory



if (delFileName.indexOf("*") == -1)



{




if (!isExist(currentDir, delFileName))





throw new RequestFailException






(delFileName + " is not exist.");




if (isDirectory(currentDir, delFileName))





throw new RequestFailException






(delFileName + " is directory. (use rmdir)");



}



// if wildcard(*) and redirect(/) is not used



// delFileName is on the currentDir



if ((delFileName.indexOf("/") == -1) &&




(delFileName.indexOf("*") == -1))



{




if (fileMonitor.isBeingAccessed(currentDir.getAbsolutePath() + delFileName))





throw new RequestFailException






(currentDir.getAbsolutePath()



                + delFileName







+ " is being accessed.");




currentDir = theCacheMgr.rmSingleFile(opt, delFileName, currentDir);




theCacheMgr.writeFile(currentDir.getValue("."), 





currentDir.getContent());




requestSuccess();




return;



}



DirFile relDir = currentDir;



if (delFileName.indexOf("/") != -1)



{




int end = delFileName.lastIndexOf("/");




String tmpString = delFileName.substring(0, end + 1);




relDir = cd(currentDir, tmpString);




delFileName = delFileName.substring(end + 1);



}



if (delFileName.indexOf("*") == -1)



{




// remove delFileName




relDir = theCacheMgr.rmSingleFile(opt, delFileName, relDir);



}



else



{




int MFTIndex;




if (delFileName.equals("*"))




{





// command : rm <>/<>/*





for (int i = 2 ; i < relDir.getNoOfFiles() ; )





{






delFileName = relDir.getFileName(i);






MFTIndex = relDir.getMFTIndexAt(i);






if (!theCacheMgr.isDirectory(MFTIndex) &&







!theCacheMgr.isSystem(MFTIndex))






{







if (fileMonitor.isBeingAccessed








(relDir.getAbsolutePath() + delFileName))








throw new RequestFailException









(relDir.getAbsolutePath()










+ delFileName










+ " is being accessed.");







relDir = theCacheMgr.rmSingleFile(opt, delFileName, relDir);






}






else i++;





}




}




else if (delFileName.startsWith("*"))




{





// command : rm <>/<>/*xxx





String suffix = delFileName.substring(1); 





for (int i = 2 ; i < relDir.getNoOfFiles() ; )





{






delFileName = relDir.getFileName(i);






MFTIndex = relDir.getMFTIndexAt(i);






if (!theCacheMgr.isDirectory(MFTIndex) &&







!theCacheMgr.isSystem(MFTIndex) &&







 delFileName.endsWith(suffix))






{







if (fileMonitor.isBeingAccessed








(relDir.getAbsolutePath() + delFileName))








throw new RequestFailException









(relDir.getAbsolutePath()










+ delFileName










+ " is being accessed.");







relDir = theCacheMgr.rmSingleFile(opt, delFileName, relDir);






}






else i++;





}




}




else if (delFileName.endsWith("*"))




{





// command : rm <>/<>/xxx*





String prefix = delFileName.substring(0, delFileName.length() - 1); 





for (int i = 2 ; i < relDir.getNoOfFiles() ; )





{






delFileName = relDir.getFileName(i);






MFTIndex = relDir.getMFTIndexAt(i);






if (!theCacheMgr.isDirectory(MFTIndex) &&







!theCacheMgr.isSystem(MFTIndex) &&







 delFileName.startsWith(prefix))






{







if (fileMonitor.isBeingAccessed








(relDir.getAbsolutePath() + delFileName))








throw new RequestFailException









(relDir.getAbsolutePath()










+ delFileName










+ " is being accessed.");







relDir = theCacheMgr.rmSingleFile(opt, delFileName, relDir);






}






else i++;





}




}




else




{





throw new RequestFailException






("command " + theCommand + " is not supported.");




}



}



theCacheMgr.writeFile(relDir.getValue("."), relDir.getContent());



requestSuccess();



return;


}

//--------------------------------------------------------------------

// Method rmdir

//

// Input
: None

// Output   : None

// Purpose  : rmdir request from client.

//--------------------------------------------------------------------


private void rmdir ()



throws RequestFailException, 




   FileNotExistException,




   NotEnoughSpaceException,




   IOException


{



StringTokenizer parameter = new StringTokenizer(theCommand);



String delDirName = new String();



String opt = new String();



parameter.nextToken();



if (theCommand.indexOf(" -r ") != -1)



{




opt = "-r";




parameter.nextToken();



}



delDirName = parameter.nextToken();



// if wildcard(*) is not used



// delDir must be exist and of type directory



if (delDirName.indexOf("*") == -1)



{




if (!isExist(currentDir, delDirName))





throw new RequestFailException






(delDirName + " is not exist.");




if (!isDirectory(currentDir, delDirName))





throw new RequestFailException






(delDirName + " is not directory.");



}



// if wildcard(*) and redirect(/) is not used



// delDir is on the currentDir



if ((delDirName.indexOf("/") == -1) &&




(delDirName.indexOf("*") == -1))



{




if (fileMonitor.isBeingAccessed(currentDir.getAbsolutePath() + delDirName))





throw new RequestFailException






(currentDir.getAbsolutePath()



                + delDirName







+ " is being accessed.");




currentDir = theCacheMgr.rmSingleFile(opt, delDirName, currentDir);




theCacheMgr.writeFile(currentDir.getValue("."), 





currentDir.getContent());




requestSuccess();




return;



}



DirFile relDir = currentDir;



if (delDirName.equals(".") || delDirName.equals(".."))




throw new RequestFailException





("standard directory can not be removed.");



try 



{




// the cd() will throws exception if (relDir, delDirName)




// is not of type directory




relDir = cd(relDir, delDirName);




delDirName = new String();



}



catch (Exception e)



{ }



if (delDirName.indexOf("/") != -1)



{




int end = delDirName.lastIndexOf("/");




String tmpString = delDirName.substring(0, end + 1);




relDir = cd(relDir, tmpString);




delDirName = delDirName.substring(end + 1);



}



if (delDirName.length() == 0)



{




relDir = theCacheMgr.rmdir(opt, delDirName, relDir);




// remove relDir and update




delDirName = relDir.getDirName();




// go up one step




relDir = cd(relDir, "..");




// remove delDirName




theCacheMgr.rmSingleFile(opt, delDirName, relDir);



}



else if (delDirName.indexOf("*") == -1)



{




// remove delFileName




theCacheMgr.rmSingleFile(opt, delDirName, relDir);



}



else



{




int MFTIndex;




if (delDirName.equals("*"))




{





// command : rmdir <>/<>/*





for (int i = 2 ; i < relDir.getNoOfFiles() ; )





{






delDirName = relDir.getFileName(i);






MFTIndex = relDir.getMFTIndexAt(i);






if (theCacheMgr.isDirectory(MFTIndex))






{







if (fileMonitor.isBeingAccessed








(relDir.getAbsolutePath() + delDirName))








throw new RequestFailException









(relDir.getAbsolutePath()










+ delDirName










+ " is being accessed.");







relDir = theCacheMgr.rmSingleFile(opt, delDirName, relDir);






}






else i++;





}




}




else if (delDirName.startsWith("*"))




{





// command : rmdir <>/<>/*xxx





String suffix = delDirName.substring(1); 





for (int i = 2 ; i < relDir.getNoOfFiles() ; )





{






delDirName = relDir.getFileName(i);






MFTIndex = relDir.getMFTIndexAt(i);






if (theCacheMgr.isDirectory(MFTIndex) &&







 delDirName.endsWith(suffix))






{







if (fileMonitor.isBeingAccessed








(relDir.getAbsolutePath() + delDirName))








throw new RequestFailException









(relDir.getAbsolutePath()










+ delDirName










+ " is being accessed.");







relDir = theCacheMgr.rmSingleFile(opt, delDirName, relDir);






}






else i++;





}




}




else if (delDirName.endsWith("*"))




{





// command : rmdir <>/<>/xxx*





String prefix = delDirName.substring(0, delDirName.length() - 1); 





for (int i = 2 ; i < relDir.getNoOfFiles() ; )





{






delDirName = relDir.getFileName(i);






MFTIndex = relDir.getMFTIndexAt(i);






if (theCacheMgr.isDirectory(MFTIndex) &&







 delDirName.startsWith(prefix))






{







if (fileMonitor.isBeingAccessed








(relDir.getAbsolutePath() + delDirName))








throw new RequestFailException









(relDir.getAbsolutePath()










+ delDirName










+ " is being accessed.");







relDir = theCacheMgr.rmSingleFile(opt, delDirName, relDir);






}






else i++;





}




}




else




{





throw new RequestFailException






("command " + theCommand + " is not supported.");




}



}



theCacheMgr.writeFile(relDir.getValue("."), relDir.getContent());



requestSuccess();



return;


}

//--------------------------------------------------------------------

// Method mkdir

//

// Input
: None

// Output   : None

// Purpose  : mkdir request from client.

//--------------------------------------------------------------------


private void mkdir ()



throws RequestFailException, 




   NotEnoughSpaceException,




   IOException,




   FileAlreadyExistException


{



StringTokenizer parameter = new StringTokenizer(theCommand);



String newDirName = parameter.nextToken();



newDirName = parameter.nextToken();



if (newDirName.indexOf("*") != -1)




throw new RequestFailException





("\"*\" is a reserved character.");



if (newDirName.indexOf("/") != -1)




throw new RequestFailException





("\"/\" is not allowed.");



if (currentDir.isExist(newDirName))




throw new RequestFailException




   (newDirName + " is already exist.");



int newIndex = theCacheMgr.mkdir(newDirName, currentDir);



// update current directory



currentDir.newEntry(newDirName, newIndex);



theCacheMgr.writeFile(currentDir.getValue("."), currentDir.getContent());



theCacheMgr.updateMFT();



requestSuccess();



return;


}

//--------------------------------------------------------------------

// Method format

//

// Input
: None

// Output   : None

// Purpose  : format request from client.  

//--------------------------------------------------------------------


private void format ()



throws RequestFailException,



       IOException,




   NotEnoughSpaceException


{



if (fileMonitor.getNoOfRecords() > 1)




throw new RequestFailException





("harddisk is being accessed.");



StringTokenizer parameter = new StringTokenizer(theCommand);



String oldAbsolutePath = currentDir.getAbsolutePath();



String newVolumeName = parameter.nextToken();



newVolumeName = parameter.nextToken();



if (newVolumeName.indexOf("*") != -1)




throw new RequestFailException





("\"*\" is a reserved character.");



synchronized (theCacheMgr)



{




theOutput.println(theCacheMgr.format





(diskNoOfBlocks, newVolumeName, theOutput));



}



theVolumeName = new String(newVolumeName);



currentDir = new DirFile(theCacheMgr.readFile(stdRootIndex), 









 new String(),




                     theCacheMgr.getFileName(stdRootIndex));



// reset monitor and add newpath



fileMonitor.reset();



fileMonitor.add("pwd->" + currentDir.getAbsolutePath(), theClient);



requestSuccess();



return;


}

//--------------------------------------------------------------------

// Method requestSuccess

//

// Input
: None

// Output   : None

// Purpose  : standard requestSuccess protocol  

//--------------------------------------------------------------------


public void requestSuccess()


{



theOutput.println("server: " + theCommand + " Done! successfully.");



return;


}

//--------------------------------------------------------------------

// Method endOfTransmission

//

// Input
: None

// Output   : None

// Purpose  : standard endOfTransmission protocol  

//--------------------------------------------------------------------


public void endOfTransmission()


{



theOutput.println("<end of transmission>");



theOutput.println(currentDir.getAbsolutePath());



return;


}

}

//--------------------------------------------------------------------

// End Class FileServer

//--------------------------------------------------------------------

4.1.7 ServerCacheMgr Class

//--------------------------------------------------------------------

// Class ServerCacheMgr

//

// Purpose  : manage the server's caches

//--------------------------------------------------------------------

import java.io.*;

import java.util.StringTokenizer;

public class ServerCacheMgr

{


private Cache[] theCache;


private int theCurrentCache;


private int theNumOfCache;


private int theCacheSize;


private int diskBlockSize;


private int diskNoOfBlocks;


private int stdMFTIndex;


private int stdFSMIndex;


private int stdRootIndex;


private DiskDriver diskDriver;


private MasterFileTable MFT;

//--------------------------------------------------------------------

// Contructor for ServerCacheMgr

//

// Input
: numOfCache, cacheSize (in Bytes)

// Output   : None

// Purpose  : initialize the cache manager parameters and create

//            each cache entity

//--------------------------------------------------------------------


ServerCacheMgr(int numOfCache, int cacheSize, int blockSize, int noOfBlocks,





   int stdMFTIndex, int stdFSMIndex, int stdRootIndex)


{



theNumOfCache = numOfCache;



theCacheSize = cacheSize;



diskNoOfBlocks = noOfBlocks;



theCurrentCache = 0;



this.stdMFTIndex = stdMFTIndex;



this.stdFSMIndex = stdFSMIndex;



this.stdRootIndex = stdRootIndex;



theCache = new Cache[numOfCache];



for (int i = 0; i < numOfCache ; ++i) 




theCache[i] = new Cache(cacheSize);



// mount to disk



diskBlockSize = blockSize;



try 



{ 




diskDriver = new DiskDriver (blockSize);




byte [] bArray = new byte[blockSize];




int len = 0;




String MFTContent = new String();




String LFMContent = new String();




String RootContent = new String();




// block no. 0 is the first block of MFT




diskDriver.seek(stdMFTIndex * diskBlockSize);




len = diskDriver.read(bArray);




MFTContent += new String(bArray);




// mounting first index process




MFT = new MasterFileTable(MFTContent.substring





(0, MFTContent.indexOf("\n") + 1) + "<eof>");




// read all contents of MFT




noOfBlocks = MFT.getFileAttribute(stdMFTIndex).getNoOfBlocks ();




int i = 1;




while (noOfBlocks > 1)




{





diskDriver.seek(MFT.getFileAttribute(stdMFTIndex).getBlockAt(i) 






* diskBlockSize);





len = diskDriver.read(bArray);





MFTContent += new String(bArray);





i++;





noOfBlocks--;




}




MFT = new MasterFileTable(MFTContent);




// read all contents of LSM




noOfBlocks = MFT.getFileAttribute(stdFSMIndex).getNoOfBlocks ();




i = 0;




while (noOfBlocks > 0)




{





diskDriver.seek(MFT.getFileAttribute(stdFSMIndex).getBlockAt(i) 






* diskBlockSize);





len = diskDriver.read(bArray);





LFMContent += new String(bArray);





i++;





noOfBlocks--;




}




// read all contents of Root




noOfBlocks = MFT.getFileAttribute(stdRootIndex).getNoOfBlocks ();




i = 0;




while (noOfBlocks > 0)




{





diskDriver.seek(MFT.getFileAttribute(stdRootIndex).getBlockAt(i)






* diskBlockSize);





len = diskDriver.read(bArray);





RootContent += new String(bArray);





i++;





noOfBlocks--;




}




// temp MFT




MFT = new MasterFileTable(MFTContent, LFMContent);



}



catch (IOException e) 



{ 




System.out.println(e.toString()); 



}


}

//--------------------------------------------------------------------

// Synchronized Method readFile

//

// Input
: fileName, lastModified

// Output   : dataPackage (from either cache or server)

// Purpose  : get the file requested by taking from cache if exist.

//            Otherwise request from disk.

//--------------------------------------------------------------------


public synchronized void readFile (int MFTIndex, int blockIndex, 









long lastModified, int fileSize, PrintStream output)




throws IOException


{



String dataPackage = new String();



FileAttribute fileAttribute = MFT.getFileAttribute(MFTIndex);



int nBytesLastRead = 0;



int nBytesRead = 0;



int id = 0;



int total = 0;



if ((id = findCache(MFTIndex)) != -1)



{




// the data in cache is no longer valid




if (theCache[id].theLastModified != lastModified)




{





setAvailable(MFTIndex);




}



}



while (true)



{




// find in cache




if ( (id = findCache(MFTIndex, blockIndex)) != -1)




{





System.out.println("found in cache " + id); 





nBytesRead = theCacheSize;





output.write(theCache[id].theCacheData, 0, nBytesRead);





theCache[id].theRefBit = 1;





++blockIndex;





total += nBytesRead;





if (theCache[id].endOfFile) break;





continue;




}




else




{





if (fileSize == 0)





{






id = findVictimFor (MFTIndex);






theCache[id] = new Cache (theCacheSize);






theCache[id].theMFTIndex = MFTIndex;






theCache[id].theLastModified = lastModified;






theCache[id].theFileSize = fileSize;






theCache[id].theRefBit = 1;






break;





}





int len = 0;





while (true)





{






// not in cache






int blockNo = fileAttribute.getBlockAt(blockIndex);






try { diskDriver.seek(diskBlockSize * blockNo); }






catch (IOException e) { break; }






// read from disk






id = findVictimFor (MFTIndex);






theCache[id] = new Cache (theCacheSize);






if ((len = diskDriver.read(theCache[id].theCacheData))







<= 0) break;






total += len;






output.write(theCache[id].theCacheData, 0, len);






theCache[id].theMFTIndex = MFTIndex;






theCache[id].theLastModified = lastModified;






theCache[id].theFileSize = fileSize;






theCache[id].theRefBit = 1;






theCache[id].theBlockIndex = blockIndex;






theCache[id].theDataSize = len;






++blockIndex;






if (total >= fileSize) break;





}




}




break;



}



output.println("<eof>");



// End OF File






theCache[id].endOfFile = true;



return;


}

//--------------------------------------------------------------------

// Synchronized Method readFile

//

// Input
: MFTIndex

// Output   : dataPackage

// Purpose  : get the file requested from disk

//--------------------------------------------------------------------


public synchronized String readFile (int MFTIndex)


{



String dataPackage = new String();



FileAttribute fileAttribute = MFT.getFileAttribute(MFTIndex);



int noOfBlocks = fileAttribute.getNoOfBlocks();



int BlockNo;



for (int i = 0 ; i < noOfBlocks ; ++i)



{




BlockNo = fileAttribute.getBlockAt(i);




try 




{





diskDriver.seek(diskBlockSize * BlockNo);





byte [] bArray = new byte [diskBlockSize];





int len = diskDriver.read(bArray);





dataPackage += new String(bArray, 0, len);





fileAttribute.lastAccessed = System.currentTimeMillis();




}




catch (IOException e)




{





System.out.println(e.toString());





break;




}



}



MFT.updateEntry(fileAttribute, MFTIndex);



return dataPackage.substring(0, fileAttribute.size);


}

//--------------------------------------------------------------------

// Synchronized Method writeFile

//

// Input
: fileName, dataPackage,

// Output   : None

// Purpose  : write the file to disk and update the cache

//--------------------------------------------------------------------


public synchronized long writeFile (int MFTIndex, int fileSize,



                                   DataInputStream input)



throws IOException, NotEnoughSpaceException


{



long lastModified;



// file was modified.  



// Hence reset all data in cache concerning this file



setAvailable(MFTIndex);



// file size is 0



if (fileSize == 0) 



{




writeFile(MFTIndex, new String());




FileAttribute fileAttribute = MFT.getFileAttribute(MFTIndex);




int id = findVictimFor (MFTIndex);




theCache[id] = new Cache (theCacheSize);




theCache[id].theMFTIndex = MFTIndex;




lastModified = fileAttribute.lastModified;




theCache[id].theLastModified = lastModified;




theCache[id].endOfFile = true;




theCache[id].theRefBit = 1;




return lastModified;



}



String stringBuffer = new String();



String dataPackage = new String();



int tmplen, len = 0, total = 0, blockIndex = 0;



int id = 0;



byte[] bArray = new byte[theCacheSize];



while ( (tmplen = input.read(bArray)) > 0)



{




dataPackage += new String(bArray, 0, tmplen);




len += tmplen; 




total += tmplen;




stringBuffer += new String(bArray, 0, tmplen);




if ( (total < fileSize) && 





 (len < theCacheSize) ) continue;




// look for victim to overwrite




id = findVictimFor (MFTIndex);




theCache[id] = new Cache (theCacheSize);




// set caches




if (len <= theCacheSize)




{





stringBuffer.getBytes(0, len,



                  theCache[id].theCacheData, 0);





theCache[id].theDataSize = len;





len = 0;





stringBuffer = new String();




}




else




{





stringBuffer.getBytes(0, theCacheSize,




                  theCache[id].theCacheData, 0);





theCache[id].theDataSize = theCacheSize;





len -= theCacheSize;





stringBuffer = stringBuffer.substring(theCacheSize);




}




theCache[id].theMFTIndex = MFTIndex;




theCache[id].theFileSize = fileSize;




theCache[id].theRefBit = 1;




theCache[id].theBlockIndex = blockIndex;




++blockIndex;




// end of file




if (total >= fileSize)




{





if (len > 0)





{






id = findVictimFor (MFTIndex);






theCache[id] = new Cache (theCacheSize);






stringBuffer.getBytes(0, len,




                  theCache[id].theCacheData, 0);






theCache[id].theDataSize = len;






theCache[id].theMFTIndex = MFTIndex;






theCache[id].theFileSize = fileSize;






theCache[id].theRefBit = 1;






theCache[id].theBlockIndex = blockIndex;





}





break;




}



}



dataPackage = dataPackage.substring(0, fileSize);



System.out.println( "total " + dataPackage.length() + " bytes transferred");



// End Of File



theCache[id].endOfFile = true;



// server feedback with the exact time of lastmodified file



// update cache identity



writeFile (MFTIndex, dataPackage);



FileAttribute fileAttribute = MFT.getFileAttribute(MFTIndex);



lastModified = fileAttribute.lastModified;



setLastModified(MFTIndex, lastModified);



return lastModified;


}

//--------------------------------------------------------------------

// Synchronized Method writeFile

//

// Input
: MFTIndex

// Output   : dataPackage

// Purpose  : write the file to disk

//--------------------------------------------------------------------


public synchronized void writeFile (int MFTIndex, String dataPackage)



throws IOException, NotEnoughSpaceException


{



FileAttribute fileAttribute = MFT.getFileAttribute(MFTIndex);



// update fileAttribute properties



int len = dataPackage.length();



fileAttribute.size = len;



fileAttribute.lastModified = System.currentTimeMillis();



fileAttribute.lastAccessed = System.currentTimeMillis();



MFT.updateEntry(fileAttribute, MFTIndex);



// if it is MFT, this attribute is latest one



if (MFTIndex == stdMFTIndex) 




dataPackage = new String(MFT.getContent());



byte [] bArray = new byte[diskBlockSize];



// check if extra block needed



float extraBlocks = 




(float)(len - fileAttribute.getNoOfBlocks() * diskBlockSize)




/ diskBlockSize;



if (extraBlocks > 0)



{




boolean flag = ((extraBlocks - (int)extraBlocks) == 0); 




int moreBlocks = flag ? (int)extraBlocks : (int)extraBlocks + 1;




if ((moreBlocks >= getNoOfFreeBlocks()) &&





(MFTIndex != stdMFTIndex))





throw new NotEnoughSpaceException





(moreBlocks, getNoOfFreeBlocks());




MFT.addBlocks(MFTIndex, moreBlocks);




MFT.reallocate(MFTIndex);



}



else



{




// check if blocks need to be removed




float removeBlocks =






(float)(getNoOfBlocks(MFTIndex) * diskBlockSize - len - diskBlockSize)





/ diskBlockSize;




if (removeBlocks > 0)




{





boolean flag = ((removeBlocks - (int)removeBlocks) == 0); 





int lessBlocks = flag ? (int)removeBlocks : (int)removeBlocks + 1;





MFT.deleteBlocks(MFTIndex, lessBlocks);





MFT.reallocate(MFTIndex);




}



}



fileAttribute = MFT.getFileAttribute(MFTIndex);



int i = 0;



while (len > 0)



{




if (len > diskBlockSize)




{





dataPackage.getBytes(i * diskBlockSize, 






(i + 1) * diskBlockSize, bArray, 0);





diskDriver.seek(fileAttribute.getBlockAt(i) * diskBlockSize);





diskDriver.write(bArray, 0, diskBlockSize);





len -= diskBlockSize;




}




else




{





dataPackage.getBytes(i * diskBlockSize,






i * diskBlockSize + len, bArray, 0);





diskDriver.seek(fileAttribute.getBlockAt(i) * diskBlockSize);





diskDriver.write(bArray, 0, len);





len -= diskBlockSize;





break;




}




bArray = new byte[diskBlockSize];




++i;



}



return;


}

//--------------------------------------------------------------------

// Synchronized Method newFile

//

// Input
: file properties

// Output   : MFTIndex corresponding to that new file

// Purpose  : allocate space for new file

//--------------------------------------------------------------------


public synchronized int newFile (String fileName, String linkName,



int linkIndex, String type, int noOfBlocks)



throws IOException, NotEnoughSpaceException


{



if (noOfBlocks >= getNoOfFreeBlocks())




throw new NotEnoughSpaceException




(noOfBlocks, getNoOfFreeBlocks());



int MFTIndex = MFT.newEntry(fileName, linkName, 








linkIndex, type, noOfBlocks);



updateMFT();



return MFTIndex;


}

//--------------------------------------------------------------------

// Synchronized Method defrag

//

// Input
: None

// Output   : None

// Purpose  : Defragmentation.

//--------------------------------------------------------------------


public synchronized void defrag()


{



int count = MFT.size();



int MFTIndex, maxLoop = 0;



int maxFileIndex = 0, maxNoOfBlocks = 0;



// find the biggest file in the system, skip stdMFTIndex



for ( MFTIndex = 1 ; MFTIndex < count ; ++MFTIndex )



{




int noOfBlocks = getNoOfBlocks(MFTIndex);




maxFileIndex = maxNoOfBlocks > noOfBlocks ? maxFileIndex : MFTIndex;




maxNoOfBlocks = maxNoOfBlocks > noOfBlocks ? maxNoOfBlocks : noOfBlocks;



}



// remove out temporary



String maxDataPackage = readFile(maxFileIndex);



MFT.deleteBlocks(maxFileIndex, maxNoOfBlocks);



// defragmentation



while (!MFT.defragOK(diskNoOfBlocks))



{




if (maxLoop > 3) break;




// compack all files to the beginning of disk




for ( MFTIndex = 0 ; MFTIndex < count ; ++MFTIndex )




{





if ((!MFT.isAvailable(MFTIndex)) && 






(MFTIndex != maxFileIndex))





{






try






{







String dataPackage = readFile(MFTIndex);







MFT.reallocate(MFTIndex);







writeFile(MFTIndex, dataPackage);






}






catch (Exception e) { }





}




}




++maxLoop;



}



// put biggest file back



try 



{ 




writeFile(maxFileIndex, maxDataPackage);




MFT.trim();




updateMFT();




MFT.validate();



}



catch (Exception e) { }



return;


}

//--------------------------------------------------------------------

// Synchronized Method findVictimFor

//

// Input
: fileName

// Output   : victim cacheId  ** SECOND CHANCE (CLOCK) ALGORITHM **

// Purpose  : find victim cache to be overwritten by fileName content

//--------------------------------------------------------------------


private synchronized int findVictimFor (int MFTIndex)


{



int victimId;



// look for available cache first



if ((victimId = findAvailable ()) != -1)



{




return victimId;



}



// All cache are in used, find victim by CLOCK ALGORITHM



int noOfFileCache = 0;



while (true)



{




victimId = theCurrentCache;




// skip the cache that contain the same file content




if ( (noOfFileCache < theNumOfCache) &&






(theCache[victimId].theMFTIndex == MFTIndex) )




{





theCurrentCache = (theCurrentCache + 1) % theNumOfCache;





++noOfFileCache;





continue;




}




// cache that has refBit '0' become victim




if (theCache[victimId].theRefBit <= 0)




{





theCurrentCache = (theCurrentCache + 1) % theNumOfCache;





return victimId;




}




// cache that has refBit more than '0' is given SECOND CHANCE




--theCache[victimId].theRefBit;




// CLOCK Hand move next




theCurrentCache = (theCurrentCache + 1) % theNumOfCache;




continue;



}


}

//--------------------------------------------------------------------

// Synchronized Method findAvailable

//

// Input
: None

// Output   : id of cache unoccupied

// Purpose  : find available (unoccupied) cache 

//--------------------------------------------------------------------


private synchronized int findAvailable ()


{



int j = theCurrentCache;



for (int i = 0 ; i < theNumOfCache ; ++i)



{




if (theCache[j].isAvailable()) return j;




j = (j + 1) % theNumOfCache;



}



return -1;


}

//--------------------------------------------------------------------

// Method findCache (1)

//

// Input
: fileName

// Output   : id of cache with fileName identity

// Purpose  : locate the cache that contain fileName's content

//--------------------------------------------------------------------


private int findCache(int MFTIndex)


{



for (int id = 0 ; id < theNumOfCache ; ++id)



{




if (theCache[id].theMFTIndex == MFTIndex)





return id;



}





return -1;


}

//--------------------------------------------------------------------

// Method findCache (2)

//

// Input
: fileName, fromByte

// Output   : id of cache with fileName identity

// Purpose  : locate the cache that contain fileName's content at exact

//            starting byte offset

//--------------------------------------------------------------------


private int findCache(int MFTIndex, int blockIndex)


{



for (int id = 0 ; id < theNumOfCache ; ++id)



{




if ( (theCache[id].theMFTIndex == MFTIndex)





&& (theCache[id].theBlockIndex == blockIndex) )





return id;



}





return -1;


}

//--------------------------------------------------------------------

// Method setAvailable

//

// Input
: fileName

// Output   : None

// Purpose  : set cache that contain fileName's content to become 

//            available cache. (fileName = "$$$" represent unoccupied 

//            cache

//--------------------------------------------------------------------


private void setAvailable(int MFTIndex)


{



for (int id = 0 ; id < theNumOfCache ; ++id)



{




if (theCache[id].theMFTIndex == MFTIndex)





theCache[id] = new Cache (theCacheSize);



}



return;


}

//--------------------------------------------------------------------

// Method setLastModified

//

// Input
: MFTIndex, lastModified

// Output   : None

// Purpose  : update cache that contain fileName's content with the

//            lastModified data.  Usually happen when save an editted

//            file to server and server respond with exact time the

//            file was written to disk.

//--------------------------------------------------------------------


private void setLastModified(int MFTIndex, long lastModified)


{



for (int id = 0 ; id < theNumOfCache ; ++id)



{




if (theCache[id].theMFTIndex == MFTIndex)





theCache[id].theLastModified = lastModified;



}



return;


}

//--------------------------------------------------------------------

// Method setLastAccessed

//

// Input
: MFTIndex

// Output   : None

// Purpose  : time stamp for each access

//--------------------------------------------------------------------


public void setLastAccessed(int MFTIndex)


{



FileAttribute fileAttribute = MFT.getFileAttribute(MFTIndex);



fileAttribute.lastAccessed = System.currentTimeMillis();



MFT.updateEntry(fileAttribute, MFTIndex);



return;


}

//--------------------------------------------------------------------

// Method format

//

// Input
: noOfBlocks required for harddisk

// Output   : none

// Purpose  : format and prepare harddisk

//--------------------------------------------------------------------


public synchronized String format(int noOfBlocks, String volumeName, 











PrintStream output)




throws IOException, NotEnoughSpaceException


{



String feedback = new String();



byte [] bArray = new byte[diskBlockSize];



diskDriver.seek(0);



for (int i = 0 ; i < noOfBlocks ; )



{




diskDriver.write(bArray, 0, diskBlockSize);




feedback += Integer.toString(i) + "\t";




i++;




if (i%10 == 0) feedback += "\n";



}



// write to disk FSM and MFT



MFT = new MasterFileTable(diskNoOfBlocks, volumeName + ":");



// write to disk new root directory



DirFile newDirFile = 




new DirFile (stdMFTIndex, stdFSMIndex, stdRootIndex, volumeName + ":");



writeFile(stdRootIndex, newDirFile.getContent());



// write MFT and FSM to disk



updateMFT();



if (feedback.endsWith("\n"))




return (feedback +




        Integer.toString(MFT.getNoOfFreeBlocks() * diskBlockSize) +






" bytes free.");



else




return (feedback + "\n" +




        Integer.toString(MFT.getNoOfFreeBlocks() * diskBlockSize) +






" bytes free.");


}

//--------------------------------------------------------------------

// Method updateMFT

//

// Input
: none

// Output   : none

// Purpose  : write MasterFileTable and FreeSpaceMgr to disk

//--------------------------------------------------------------------


public synchronized void updateMFT()



throws IOException, NotEnoughSpaceException


{



// update FreeSpaceMgr (FSM) and MasterFileTable (MFT)



writeFile(stdFSMIndex, MFT.getFSMContent());



writeFile(stdMFTIndex, MFT.getContent());



return;


}

//--------------------------------------------------------------------

// Method getFileName

//

// Input
: MFTIndex

// Output   : fileName

// Purpose  : get fileName at MFTIndex

//--------------------------------------------------------------------


public String getFileName(int MFTIndex)


{



return MFT.getFileName(MFTIndex);


}

//--------------------------------------------------------------------

// Method getLastModified

//

// Input
: MFTIndex

// Output   : lastModified

// Purpose  : get LastModified at MFTIndex

//--------------------------------------------------------------------


public long getLastModified(int MFTIndex)


{



return MFT.getLastModified(MFTIndex);


}

//--------------------------------------------------------------------

// Method getHardLinkCount

//

// Input
: MFTIndex

// Output   : hardLinkCount

// Purpose  : get hardLinkCount at MFTIndex

//--------------------------------------------------------------------


public int getHardLinkCount(int MFTIndex)


{



return MFT.getFileAttribute(MFTIndex).hardLinkCount;


}

//--------------------------------------------------------------------

// Method setHardLinkCount

//

// Input
: MFTIndex

// Output   : hardLinkCount

// Purpose  : set hardLinkCount at MFTIndex

//--------------------------------------------------------------------


public void setHardLinkCount(int MFTIndex, int hardLinkCount)


{



MFT.getFileAttribute(MFTIndex).hardLinkCount = hardLinkCount;



return;


}

//--------------------------------------------------------------------

// Method getSize

//

// Input
: MFTIndex

// Output   : size

// Purpose  : get fileName at MFTIndex

//--------------------------------------------------------------------


public int getSize(int MFTIndex)


{



return MFT.getSize(MFTIndex);


}

//--------------------------------------------------------------------

// Method getNoOfBlocks

//

// Input
: MFTIndex

// Output   : NoOfFreeBloocks

// Purpose  : get number of blocks

//--------------------------------------------------------------------


public int getNoOfBlocks(int MFTIndex)


{



return MFT.getNoOfBlocks(MFTIndex);


}

//--------------------------------------------------------------------

// Method getNoOfFreeBloocks

//

// Input
: none

// Output   : NoOfFreeBloocks

// Purpose  : get total number of free blocks

//--------------------------------------------------------------------


public int getNoOfFreeBlocks()


{



return MFT.getNoOfFreeBlocks();


}

//--------------------------------------------------------------------

// Method getLinkName

//

// Input
: MFTIndex

// Output   : linkName

// Purpose  : get linkName at MFTIndex

//--------------------------------------------------------------------


public String getLinkName(int MFTIndex)


{



return MFT.getLinkName(MFTIndex);


}

//--------------------------------------------------------------------

// Method getLinkIndex

//

// Input
: MFTIndex

// Output   : linkIndex

// Purpose  : get linkIndex at MFTIndex

//--------------------------------------------------------------------


public int getLinkIndex(int MFTIndex)


{



return MFT.getLinkIndex(MFTIndex);


}

//--------------------------------------------------------------------

// Method isLink

//

// Input
: MFTIndex

// Output   : flag true if it is of link

// Purpose  : check if fileAttribute is of type Link

//--------------------------------------------------------------------


public boolean isLink(int MFTIndex)


{



return MFT.isLink(MFTIndex);


}

//--------------------------------------------------------------------

// Method isDirectory

//

// Input
: MFTIndex

// Output   : flag true if it is of Directory

// Purpose  : check if fileAttribute is of type Directory

//--------------------------------------------------------------------


public boolean isDirectory(int MFTIndex)


{



return MFT.isDirectory(MFTIndex);


}

//--------------------------------------------------------------------

// Method isAvailable

//

// Input
: MFTIndex

// Output   : flag true if it is available entry

// Purpose  : check if fileAttribute is available entry

//--------------------------------------------------------------------


public boolean isAvailable(int MFTIndex)


{



return MFT.isAvailable(MFTIndex);


}

//--------------------------------------------------------------------

// Method isSystem

//

// Input
: MFTIndex

// Output   : flag true if it is of System

// Purpose  : check if fileAttribute is of type System

//--------------------------------------------------------------------


public boolean isSystem(int MFTIndex)


{



return MFT.isSystem(MFTIndex);


}

//--------------------------------------------------------------------

// Method mkdir

//

// Input
: currDir

// Output   : none

// Purpose  : fileName

//--------------------------------------------------------------------


public synchronized int mkdir(String newDirName, DirFile currentDir)



throws IOException, NotEnoughSpaceException


{



int newIndex = MFT.newEntry(newDirName, "-", 0, "d", 1);



DirFile newDir = new DirFile (currentDir.getMFTIndexAt(0), newIndex, 






  currentDir.getAbsolutePath(), newDirName);



writeFile (newIndex, newDir.getContent());



updateMFT();



return newIndex;


}

//--------------------------------------------------------------------

// Method rmdir

//

// Input
: opt, delDirName, relDir

// Output   : none

// Purpose  : remove directory return with feedback

//--------------------------------------------------------------------


public synchronized DirFile rmdir(String opt, String delDirName, DirFile relDir)



throws RequestFailException


{



if (delDirName.length() == 0)



{




if (relDir.isEmpty())





return relDir;




else if (opt.equals("-r"))




{





relDir = rmAllFilesAndDirUnder(relDir);





try { updateMFT(); }





catch (Exception e) { }





return relDir;




}




else





throw new RequestFailException





(relDir.getAbsolutePath() + " is not empty.");



}



int delDirIndex = relDir.getValue(delDirName);



if (!MFT.isDirectory(delDirIndex))



{




throw new RequestFailException




(relDir.getAbsolutePath() + delDirName + " is not directory.");



}



DirFile delDir = new DirFile(readFile(delDirIndex),






 relDir.getAbsolutePath(),





 delDirName);



if (delDir.isEmpty()) { }



else if (opt.equals("-r"))



{




rmAllFilesAndDirUnder(delDir);




try { updateMFT(); }




catch (Exception e) { }



}



else




throw new RequestFailException




(relDir.getAbsolutePath() + delDirName + " is not empty.");



if (MFT.getFileAttribute(delDirIndex).hardLinkCount > 1)




--MFT.getFileAttribute(delDirIndex).hardLinkCount;



else




MFT.deleteEntry(delDirIndex);



try { updateMFT(); }



catch (Exception e) { }



return relDir;


}

//--------------------------------------------------------------------

// Method rmAllFilesAndDirUnder

//

// Input
: relDir

// Output   : empty relDir

// Purpose  : recursive rmAllFilesAndDirUnder relDir

//            when called MFT must be updated

//--------------------------------------------------------------------


private synchronized DirFile rmAllFilesAndDirUnder(DirFile relDir)


{



while (relDir.getNoOfFiles() > 2)



{




int MFTIndex = relDir.getMFTIndexAt(2);




String fileName = relDir.getFileName(2);




if (MFT.getFileAttribute(MFTIndex).hardLinkCount > 1)




{





--MFT.getFileAttribute(MFTIndex).hardLinkCount;





try { relDir.deleteEntry(fileName); }





catch (Exception e) { }





continue;




}




if (MFT.isDirectory(MFTIndex))




{





DirFile delDir = new DirFile







(readFile(MFTIndex),







relDir.getAbsolutePath(),







 fileName);





if (!delDir.isEmpty())






rmAllFilesAndDirUnder(delDir);




}




try 




{ 





relDir = rmSingleFile("-r", fileName, relDir); 




}




catch (Exception e) { } 



}



return relDir;


}

//--------------------------------------------------------------------

// Method rmAllFilesUnder

//

// Input
: relDir

// Output   : empty relDir

// Purpose  : recursive rmAllFilesUnder relDir

//            when called MFT must be updated

//--------------------------------------------------------------------


private synchronized DirFile rmAllFilesUnder(DirFile relDir)


{



int i = 2;



while ( i < relDir.getNoOfFiles())



{




int MFTIndex = relDir.getMFTIndexAt(i);




String fileName = relDir.getFileName(i);




if (!(MFT.isDirectory(MFTIndex)) &&





!(MFT.isSystem(MFTIndex)))




{





if (MFT.getFileAttribute(MFTIndex).hardLinkCount > 1)





{






--MFT.getFileAttribute(MFTIndex).hardLinkCount;





}





else





{






MFT.deleteEntry(MFTIndex);





}





try { relDir.deleteEntry(fileName); }





catch (Exception e) { }




}




else i++;



}



return relDir;


}

//--------------------------------------------------------------------

// Method rmSingleFile

//

// Input
: opt, fileName relDir

// Output   : new relDir

// Purpose  : to rm single file from relDir

//--------------------------------------------------------------------


public synchronized DirFile rmSingleFile(String opt, 








String fileName, DirFile relDir)



throws RequestFailException


{



if ((fileName.indexOf("/") != -1) ||




(fileName.indexOf("*") != -1))




throw new RequestFailException




("rmSingleFile() take pure fileName.");



int MFTIndex = relDir.getValue(fileName);



if (MFT.isSystem(MFTIndex))




throw new RequestFailException




("System file cannot be deleted.");



if (MFT.isDirectory(MFTIndex))



{




DirFile delDir = new DirFile






(readFile(MFTIndex),






relDir.getAbsolutePath(),






 fileName);




if (delDir.isEmpty()) { }




else if (opt.equals("-r"))





rmAllFilesAndDirUnder(delDir);




else





throw new RequestFailException





("directory is not empty.");



}



if (MFT.getFileAttribute(MFTIndex).hardLinkCount > 1)




--MFT.getFileAttribute(MFTIndex).hardLinkCount;



else




MFT.deleteEntry(MFTIndex);



try



{




relDir.deleteEntry(fileName);




updateMFT();



}



catch (Exception e) { }



return relDir;


}

//--------------------------------------------------------------------

// Method mvSingleFile

//

// Input
: srcName, srcDir -> dstName, dstDir

// Output   : new dstDir

// Purpose  : to mv single file from one location to another

//--------------------------------------------------------------------


public synchronized void mvSingleFile(String srcName, DirFile srcDir, 








String dstName, DirFile dstDir)



throws  RequestFailException,





FileNotExistException,





NotEnoughSpaceException,





IOException,





FileAlreadyExistException


{



if ((srcName.indexOf("/") != -1) ||




(srcName.indexOf("*") != -1) ||




(dstName.indexOf("/") != -1) ||




(dstName.indexOf("*") != -1))




throw new RequestFailException




("mvSingleFile() take pure fileName.");



int srcMFTIndex = srcDir.getValue(srcName);



MFT.getFileAttribute(srcMFTIndex).fileName = dstName;



dstDir.newEntry(dstName, srcMFTIndex);



srcDir.deleteEntry(srcName);



writeFile(srcDir.getValue("."), srcDir.getContent());



writeFile(dstDir.getValue("."), dstDir.getContent());



updateMFT();



return ;


}

//--------------------------------------------------------------------

// Method cpAllFilesAndDirUnder

//

// Input
: srcDir -> dstDir

// Output   : new dstDir

// Purpose  : recursive cpAllFilesAndDirUnder from one to another

//--------------------------------------------------------------------


private synchronized DirFile cpAllFilesAndDirUnder



(DirFile srcDir, DirFile dstDir)



throws NotEnoughSpaceException,



       FileAlreadyExistException,




   IOException


{



int i = 2;



int noOfFiles = srcDir.getNoOfFiles();



while (i < noOfFiles)



{




int srcMFTIndex = srcDir.getMFTIndexAt(i);




String srcName = srcDir.getFileName(i);




if (MFT.isDirectory(srcMFTIndex))




{





String dstName = srcName;





int dstMFTIndex = newFile(dstName, MFT.getLinkName(srcMFTIndex),






MFT.getLinkIndex(srcMFTIndex), MFT.getType(srcMFTIndex), 1);





DirFile subSrcDir = new DirFile






(readFile(srcMFTIndex),






srcDir.getAbsolutePath(),






 srcName);





DirFile subDstDir = new DirFile 






(dstDir.getValue("."), dstMFTIndex, 






dstDir.getAbsolutePath(), dstName);





subDstDir = cpAllFilesAndDirUnder(subSrcDir, subDstDir);





writeFile(subDstDir.getValue("."), subDstDir.getContent());





dstDir.newEntry(dstName, dstMFTIndex);




}




else




{





try





{






String dstName = srcName;






if (!MFT.isSystem(srcMFTIndex))







dstDir = cpSingleFile(srcName, srcDir,








dstName, dstDir);





}





catch (Exception e) { } 




}




i++;




continue;



}



return dstDir;


}

//--------------------------------------------------------------------

// Method cpSingleFile

//

// Input
: srcName, srcDir -> dstName, dstDir

// Output   : new dstDir

// Purpose  : to cp single file from one location to another

//--------------------------------------------------------------------


public synchronized DirFile cpSingleFile(String srcName, DirFile srcDir, 








String dstName, DirFile dstDir)



throws  RequestFailException,





FileNotExistException,





NotEnoughSpaceException,





IOException,





FileAlreadyExistException


{



if ((srcName.indexOf("/") != -1) ||




(srcName.indexOf("*") != -1) ||




(dstName.indexOf("/") != -1) ||




(dstName.indexOf("*") != -1))




throw new RequestFailException




("cpSingleFile() take pure fileName.");



int srcMFTIndex = srcDir.getValue(srcName);



int dstMFTIndex;



if (MFT.isDirectory(srcMFTIndex))



{




dstMFTIndex = newFile(dstName, MFT.getLinkName(srcMFTIndex),





MFT.getLinkIndex(srcMFTIndex), MFT.getType(srcMFTIndex), 1);




DirFile subSrcDir = new DirFile





(readFile(srcMFTIndex),





srcDir.getAbsolutePath(),





 srcName);




DirFile subDstDir = new DirFile 





(dstDir.getValue("."), dstMFTIndex, 





dstDir.getAbsolutePath(), dstName);




subDstDir = cpAllFilesAndDirUnder(subSrcDir, subDstDir);




writeFile(subDstDir.getValue("."), subDstDir.getContent());



}



else



{




if (dstDir.isExist(dstName))





throw new FileAlreadyExistException





(dstDir.getAbsolutePath() + dstName);




String type = isSystem(srcMFTIndex) ? "t" :





MFT.getType(srcMFTIndex);




dstMFTIndex = newFile(dstName, MFT.getLinkName(srcMFTIndex),





MFT.getLinkIndex(srcMFTIndex), type, 1);




writeFile(dstMFTIndex, readFile(srcMFTIndex));



}



dstDir.newEntry(dstName, dstMFTIndex);



writeFile(dstDir.getValue("."), dstDir.getContent());



updateMFT();



return dstDir;


}

//--------------------------------------------------------------------

// Method cd

//

// Input
: currentDir, nextDirName

// Output   : content of nextDir

// Purpose  : to get content of next directory

//--------------------------------------------------------------------


public String cd(DirFile currentDir, String nextDirName)


{



int nextDirIndex = currentDir.getValue(nextDirName);



String nextDirContent = new String();



if (!MFT.isDirectory(nextDirIndex))



{




return nextDirName + " is not directory.";



}



return readFile(nextDirIndex);


}

//--------------------------------------------------------------------

// Method ls

//

// Input
: command(option) and dirFile

// Output   : content of dirFile

// Purpose  : list directory

//--------------------------------------------------------------------


public String ls (String opt, String fileArgs, DirFile relDir)


{



String dataPackage = new String();



int noOfFiles = relDir.getNoOfFiles();



int bytesUsed = 0;



int i = 0, j = 0 , k = 0; 



int MFTIndex;



// long option is requested



if (opt.startsWith("-l"))



{




if ((j = fileArgs.indexOf("*")) == -1)




{





// wildcard(*) not used





for (k = 0; k < noOfFiles ; k++)





{






MFTIndex = relDir.getMFTIndexAt(k);






if (fileArgs.equals(relDir.getFileName(k)) &&







(opt.equals("-la") || !isSystem(MFTIndex)))






{







dataPackage += MFT.getFileAttribute(MFTIndex).getDescr();







if (MFT.isLink(MFTIndex))







{








dataPackage += "      <LINK>      "









+ relDir.getFileName(k) + " "









+ MFT.getLinkName(MFTIndex) + "\n";







}







else if (MFT.isDirectory(MFTIndex))







{








dataPackage += "      <DIR>       "









+ relDir.getFileName(k) + "\n";







}







else







{








String size = Integer.toString(MFT.getSize(MFTIndex));








while (size.length() < 10)









size = " " + size;








dataPackage += size + " bytes  "









+ relDir.getFileName(k) + "\n";








bytesUsed += 









MFT.getFileAttribute(MFTIndex).size;







}







++i;






}





}




}




else




{





// wildcard(*) used





if (j == 0)





{






fileArgs = fileArgs.substring(j+1); 






for (k = 0; k < noOfFiles ; k++)






{







MFTIndex = relDir.getMFTIndexAt(k);







if (relDir.getFileName(k).endsWith(fileArgs) &&








(opt.equals("-la") || !isSystem(MFTIndex)))







{








dataPackage +=

MFT.getFileAttribute(MFTIndex).getDescr();








if (MFT.isLink(MFTIndex))








{









dataPackage += "      <LINK>      "










+ relDir.getFileName(k) + " "










+ MFT.getLinkName(MFTIndex) + "\n";








}








else if (MFT.isDirectory(MFTIndex))








{









dataPackage += "      <DIR>       "










+ relDir.getFileName(k) + "\n";








}








else








{









String size = Integer.toString(MFT.getSize(MFTIndex));









while (size.length() < 10)










size = " " + size;









dataPackage += size + " bytes  "










+ relDir.getFileName(k) + "\n";









bytesUsed += 










MFT.getFileAttribute(MFTIndex).size;








}







++i;







}






}





}





else





{






fileArgs = fileArgs.substring(0, j); 






for (k = 0; k < noOfFiles ; k++)






{







MFTIndex = relDir.getMFTIndexAt(k);







if (relDir.getFileName(k).startsWith(fileArgs) &&








(opt.equals("-la") || !isSystem(MFTIndex)))







{








dataPackage += MFT.getFileAttribute(MFTIndex).getDescr();








if (MFT.isLink(MFTIndex))








{









dataPackage += "      <LINK>      "










+ relDir.getFileName(k) + " "










+ MFT.getLinkName(MFTIndex) + "\n";








}








else if (MFT.isDirectory(MFTIndex))








{









dataPackage += "      <DIR>       "










+ relDir.getFileName(k) + "\n";








}








else








{









String size = Integer.toString(MFT.getSize(MFTIndex));









while (size.length() < 10)










size = " " + size;









dataPackage += size + " bytes  "










+ relDir.getFileName(k) + "\n";









bytesUsed += 










MFT.getFileAttribute(MFTIndex).size;








}







++i;







}






}





}




}



}



else



{




if ((j = fileArgs.indexOf("*")) == -1)




{





for (k = 0; k < noOfFiles ; k++)





{






MFTIndex = relDir.getMFTIndexAt(k);






if (fileArgs.equals(relDir.getFileName(k)) &&







!isSystem(MFTIndex))






{







String fn = relDir.getFileName(k);







while (fn.length() < 20)








fn += " ";







dataPackage += fn;







if (i%4 == 3) dataPackage += "\n";







if (!MFT.isLink(MFTIndex) &&








!MFT.isDirectory(MFTIndex))








bytesUsed += MFT.getFileAttribute(MFTIndex).size;







++i;






}





}




}




else




{





if (j == 0)





{






fileArgs = fileArgs.substring(j+1); 






for (k = 0; k < noOfFiles ; k++)






{







MFTIndex = relDir.getMFTIndexAt(k);







if (((fileArgs.length() == 0) ||








(relDir.getFileName(k).endsWith(fileArgs))) &&








!isSystem(MFTIndex))







{








String fn = relDir.getFileName(k);








while (fn.length() < 20)









fn += " ";








dataPackage += fn;








if (i%4 == 3) dataPackage += "\n";








if (!MFT.isLink(MFTIndex) &&









!MFT.isDirectory(MFTIndex))









bytesUsed += MFT.getFileAttribute(MFTIndex).size;








++i;







}






}





}





else





{






fileArgs = fileArgs.substring(0, j); 






for (k = 0; k < noOfFiles ; k++)






{







MFTIndex = relDir.getMFTIndexAt(k);







if (relDir.getFileName(k).startsWith(fileArgs) &&








!isSystem(MFTIndex))







{








String fn = relDir.getFileName(k);








while (fn.length() < 20)









fn += " ";








dataPackage += fn;








if (!MFT.isLink(MFTIndex) &&









!MFT.isDirectory(MFTIndex))









bytesUsed += MFT.getFileAttribute(MFTIndex).size;








++i;







}






}





}




}




dataPackage += "\n";



}



String nooffiles = Integer.toString(i);



while (nooffiles.length() < 30)




nooffiles = " " + nooffiles;



String noOfBytesUsed = Integer.toString(bytesUsed);



while (noOfBytesUsed.length() < 23)




noOfBytesUsed = " " + noOfBytesUsed;



String noOfBytesFree = Integer.toString(MFT.getNoOfFreeBlocks() * diskBlockSize);



while (noOfBytesFree.length() < 61)




noOfBytesFree = " " + noOfBytesFree;



return "Directory = " + relDir.getAbsolutePath() + "\n" +




   dataPackage +




   nooffiles + " file(s)" +




   noOfBytesUsed + " bytes used\n" +




   noOfBytesFree + " bytes free";


}

//--------------------------------------------------------------------

// Method printAllCaches

//

// Input
: None

// Output   : standard output print out all cache identity

// Purpose  : print out all the cache identity

//--------------------------------------------------------------------


public void printAllCaches()


{



for ( int id = 0 ; id < theNumOfCache ; ++id)



{




System.out.print("cacheId = " + id + ", ");




theCache[id].print();



}



return;


}


public void printCache(int id)


{



System.out.println(new String(theCache[id].theCacheData,




    




  0, theCache[id].theDataSize));



return;


}

}

//--------------------------------------------------------------------

// End Class ServerCacheMgr

//--------------------------------------------------------------------

4.1.8 Cache Class

//--------------------------------------------------------------------

// Class Cache

//

// Purpose  : handle class identity, and data content

//--------------------------------------------------------------------

public class Cache

{


public int theMFTIndex;


public long theLastModified;


public int theBlockIndex; 


public int theDataSize;


public int theFileSize;


public boolean endOfFile;


public static int theCacheSize;


public int theRefBit;


public byte[] theCacheData;

//--------------------------------------------------------------------

// Contructor for Cache

//

// Input
: cacheSize (in Bytes)

// Output   : None

// Purpose  : initialize the cache parameters

//--------------------------------------------------------------------


public Cache(int cacheSize)


{



theMFTIndex = -1;



theLastModified = 0;



theBlockIndex = 0;



theDataSize = 0;



theFileSize = 0;



endOfFile = false;



theRefBit = 0;



theCacheSize = cacheSize;



theCacheData = new byte[cacheSize];


}

//--------------------------------------------------------------------

// Method isAvailable

//

// Input
: None

// Output   : flag true, if the cache is unoccupied

// Purpose  : check if this cache is available

//--------------------------------------------------------------------


public boolean isAvailable ()


{



return (theMFTIndex == -1);


}

//--------------------------------------------------------------------

// Method print

//

// Input
: None

// Output   : standard output print out cache identity

// Purpose  : print out the cache identity

//--------------------------------------------------------------------


public void print ()


{



System.out.println("theFileName = " + theMFTIndex +







   ",blockIndex = " + theBlockIndex +







   ",theDataSize = " + theDataSize +







   ",theRefBit = " + theRefBit + 







   ",lastModified = " + theLastModified + 







   ",theFileSize = " + theFileSize);



return;


}

}

//--------------------------------------------------------------------

// End Class Cache

//--------------------------------------------------------------------

4.1.9 MasterFileTable Class

//--------------------------------------------------------------------

// Class MasterFileTable (MFT)

//

// Purpose  : handle all file Index (MFTIndex)

//--------------------------------------------------------------------

import java.util.Vector;

import java.util.StringTokenizer;

import java.awt.Font;

import java.awt.Frame;

import java.awt.TextArea;

public class MasterFileTable extends Vector

{


private static FreeSpaceMgr freeSpaceMgr;


private static int noOfFiles;


private static TextArea theDisplay;


private static Frame theFrame;


private static FileAttribute availableEntry;

//--------------------------------------------------------------------

// Contructor for MasterFileTable (1)

//

// Input
: content of MFT

// Output   : None

// Purpose  : contructing the MasterFileTable, initial Mounting

//--------------------------------------------------------------------


MasterFileTable (String fileContent)


{



super ();



int endIndex = fileContent.indexOf("<eof>");



endIndex = fileContent.lastIndexOf("\n", endIndex);



fileContent = fileContent.substring(0, endIndex + 1);



// <type fileName linkName linkIndex size lastModified lastAccesssed 



// hardLinkCount blockNo0 blockNo1 ... \n> 



StringTokenizer entry = new StringTokenizer(fileContent, "\n");



availableEntry = new FileAttribute




("? <available-entry> - 0 0 0 0 0 0 \n", false);



FileAttribute tmpFileAttribute;



int count = entry.countTokens();



for ( int index = 0 ; index < count ; index++ )



{




tmpFileAttribute = new FileAttribute(entry.nextToken(), false);




addElement(tmpFileAttribute);




if (tmpFileAttribute.isAvailable())





setElementAt(availableEntry, index);




else ++this.noOfFiles;



}


}

//--------------------------------------------------------------------

// Contructor for MasterFileTable (2)

//

// Input
: content of MFT and FSM

// Output   : None

// Purpose  : contructing the MasterFileTable (fully mounting)

//--------------------------------------------------------------------


MasterFileTable (String fileContent, String freeSpcContent)


{



this (fileContent);



this.freeSpaceMgr = new FreeSpaceMgr(freeSpcContent);



// table display



theFrame = new Frame ("Master File Table");



theDisplay = new TextArea ();



theFrame.add ("Center", theDisplay );



theDisplay.setEditable (false);



theDisplay.setFont(new Font("Monospaced", Font.PLAIN, 20));



theFrame.setSize(720, 320);




theFrame.show();



theFrame.toFront();



theDisplay.setText(getContent());


}

//--------------------------------------------------------------------

// Contructor for MasterFileTable (3)

//

// Input
: noOfBlocks, volumeName

// Output   : None

// Purpose  : contructing the MasterFileTable (during formatting)

//--------------------------------------------------------------------


MasterFileTable (int noOfBlocks, String volumeName)


{



// block no. 0 reserved for MFT file 



// block no. 1 reserved for FreeSpaceMgr (FSM) file 



// block no. 2 reserved for root directory



this ("s MFT - 0 0 0 0 1 0 \n" +

              "s FSM - 0 0 0 0 1 1 \n" +




  "d " + volumeName + " - 0 0 0 0 1 2 \n" +




  "<eof>" );



this.freeSpaceMgr = new FreeSpaceMgr(noOfBlocks);



// update FSM properties



getFileAttribute(1).lastModified = System.currentTimeMillis();



getFileAttribute(1).lastAccessed = System.currentTimeMillis();



getFileAttribute(1).hardLinkCount = 1;



getFileAttribute(1).size = getFSMContent().length();



// update MFT properties



getFileAttribute(0).lastModified = System.currentTimeMillis();



getFileAttribute(0).lastAccessed = System.currentTimeMillis();



getFileAttribute(0).hardLinkCount = 1;



getFileAttribute(0).size = getContent().length();



theDisplay.setText(getContent());


}

//--------------------------------------------------------------------

// Method getNoOfFiles

//

// Input
: None

// Output   : number of files

// Purpose  : to get total number of files

//--------------------------------------------------------------------


public int getNoOfFiles ()


{



return noOfFiles;


}

//--------------------------------------------------------------------

// Method getNoOfFreeBlocks

//

// Input
: None

// Output   : NoOfFreeBlocks

// Purpose  : to get NoOfFreeBlocks of disks

//--------------------------------------------------------------------


public int getNoOfFreeBlocks ()


{



return freeSpaceMgr.getNoOfFreeBlocks();


}

//--------------------------------------------------------------------

// Method getContent

//

// Input
: None

// Output   : MFT file content

// Purpose  : to get MFT file Content

//--------------------------------------------------------------------


public String getContent ()


{



String tmpString = new String();



for ( int index = 0 ; index < size() ; index++ )




tmpString += ((FileAttribute)elementAt(index)).getContent() + "\n";



return tmpString + "<eof>";


}

//--------------------------------------------------------------------

// Method getFSMContent

//

// Input
: None

// Output   : FSM file content

// Purpose  : to get FSM file Content

//--------------------------------------------------------------------


public String getFSMContent ()


{



return freeSpaceMgr.getContent();


}

//--------------------------------------------------------------------

// Method getAvailable

//

// Input
: None

// Output   : MFTIndex that available

// Purpose  : to get available entry in MFT

//--------------------------------------------------------------------


private int getAvailable ( )


{



return indexOf(availableEntry);


}

//--------------------------------------------------------------------

// Method getLastModified

//

// Input
: MFTIndex

// Output   : lastModified at that MFTIndex

// Purpose  : to get lastModified at that MFTIndex

//--------------------------------------------------------------------


public long getLastModified (int index)


{



return ((FileAttribute)elementAt(index)).lastModified;


}

//--------------------------------------------------------------------

// Method getSize

//

// Input
: MFTIndex

// Output   : fileSize at that MFTIndex

// Purpose  : to get fileSize at that MFTIndex

//--------------------------------------------------------------------


public int getSize (int index)


{



return ((FileAttribute)elementAt(index)).size;


}

//--------------------------------------------------------------------

// Method getFileAttribute

//

// Input
: MFTIndex

// Output   : fileAttribute at that MFTIndex

// Purpose  : to get fileAttribute at that MFTIndex

//--------------------------------------------------------------------


public FileAttribute getFileAttribute (int index)


{



return (FileAttribute)elementAt(index);


}

//--------------------------------------------------------------------

// Method getFileName

//

// Input
: MFTIndex

// Output   : fileName at that MFTIndex

// Purpose  : to get fileName at that MFTIndex

//--------------------------------------------------------------------


public String getFileName (int index)


{



return ((FileAttribute)elementAt(index)).fileName;


}

//--------------------------------------------------------------------

// Method getLinkIndex

//

// Input
: MFTIndex

// Output   : linkIndex at that MFTIndex

// Purpose  : to get linkIndex at that MFTIndex

//--------------------------------------------------------------------


public int getLinkIndex (int index)


{



return ((FileAttribute)elementAt(index)).linkIndex;


}

//--------------------------------------------------------------------

// Method getLinkName

//

// Input
: MFTIndex

// Output   : linkName at that MFTIndex

// Purpose  : to get linkName at that MFTIndex

//--------------------------------------------------------------------


public String getLinkName (int index)


{



return ((FileAttribute)elementAt(index)).linkName;


}

//--------------------------------------------------------------------

// Method getNoOfBlocks 

//

// Input
: MFTIndex

// Output   : NoOfBlocks at that MFTIndex

// Purpose  : to get NoOfBlocks at that MFTIndex

//--------------------------------------------------------------------


public int getNoOfBlocks (int index)


{



return ((FileAttribute)elementAt(index)).getNoOfBlocks();


}

//--------------------------------------------------------------------

// Method getType 

//

// Input
: MFTIndex

// Output   : file type at that MFTIndex

// Purpose  : to get file type at that MFTIndex

//--------------------------------------------------------------------


public String getType (int index)


{



return ((FileAttribute)elementAt(index)).type;


}

//--------------------------------------------------------------------

// Method updateEntry

//

// Input
: FileAttribute, MFTIndex

// Output   : none

// Purpose  : to update MFT entry with new one

//--------------------------------------------------------------------


public void updateEntry (FileAttribute fileAttribute, int index)


{



setElementAt(fileAttribute, index);



theDisplay.setText(getContent());



return;


}

//--------------------------------------------------------------------

// Method newEntry

//

// Input
: fileName, linkName, linkIndex, type, noOfBlock

// Output   : MFTIndex

// Purpose  : to insert newEntry into MFT

//--------------------------------------------------------------------


public int newEntry (String fileName, String linkName, int linkIndex,



String type, int noOfBlocks)



throws NotEnoughSpaceException


{



int index, blockNo = 0;



String blockNoContent = new String();



FileAttribute fileAttribute;



if (!type.equals("l"))




blockNo = freeSpaceMgr.firstFit(noOfBlocks);



// first fit found



if (blockNo != -1)



{




if (!type.equals("l"))




{





for (int i = 0 ; i < noOfBlocks ; i++)






blockNoContent += Integer.toString(blockNo + i) + " ";





freeSpaceMgr.take (blockNo, noOfBlocks);




}




else




{





blockNoContent = "0 ";




}




fileAttribute = new FileAttribute(type + " " +








            
  fileName + " " +








            
  linkName + " " +








            
  Integer.toString(linkIndex) + " " +









              blockNoContent + "\n",









              true);



}



else



{




blockNo = freeSpaceMgr.maxNoOfFreeBlocks;




int blockAvail = freeSpaceMgr.maxFreeBlockNo;




for (int i = 0 ; i < blockAvail ; i++)





blockNoContent += Integer.toString(blockNo + i) + " ";




freeSpaceMgr.take (blockNo, blockAvail);




fileAttribute = new FileAttribute(type + " " +








            
  fileName + " " +








            
  linkName + " " +








            
  Integer.toString(linkIndex) + " " +









              blockNoContent + "\n",









              true);




noOfBlocks -= blockAvail;




while (noOfBlocks > 0)




{





blockNo = freeSpaceMgr.firstFit(noOfBlocks);





blockNoContent = new String();





if (blockNo != -1)





{






for (int i = 0 ; i < blockAvail ; i++)







blockNoContent += Integer.toString(blockNo + i) + " ";






freeSpaceMgr.take (blockNo, noOfBlocks);






fileAttribute.addBlocks(blockNoContent);






break;





}





else





{






blockNo = freeSpaceMgr.maxNoOfFreeBlocks;






blockAvail = freeSpaceMgr.maxFreeBlockNo;






for (int i = 0 ; i < blockAvail ; i++)







blockNoContent += Integer.toString(blockNo + i) + " ";






freeSpaceMgr.take (blockNo, blockAvail);






fileAttribute.addBlocks(blockNoContent);






noOfBlocks -= blockAvail;





}




}



}



// insert to MFT



if ((index = getAvailable()) != -1)



{




setElementAt(fileAttribute, index);



}



else



{




addElement(fileAttribute);




index = indexOf(fileAttribute);



}



theDisplay.setText(getContent());



return index;


}

//--------------------------------------------------------------------

// Method addBlocks

//

// Input
: MFTIndex, additional noOfBlocks

// Output   : none

// Purpose  : to add more blocks to MFTEntry

//--------------------------------------------------------------------


public void addBlocks (int index, int noOfBlocks)





throws NotEnoughSpaceException


{



FileAttribute fileAttribute = getFileAttribute (index);



while (noOfBlocks > 0)



{




int blockNo = freeSpaceMgr.firstFit(noOfBlocks);




String blockNoContent = new String();




if (blockNo != -1)




{





for (int i = 0 ; i < noOfBlocks ; i++)






blockNoContent += Integer.toString(blockNo + i) + " ";





freeSpaceMgr.take (blockNo, noOfBlocks);





fileAttribute.addBlocks(blockNoContent);





break;




}




else




{





blockNo = freeSpaceMgr.maxNoOfFreeBlocks;





int blockAvail = freeSpaceMgr.maxFreeBlockNo;





for (int i = 0 ; i < blockAvail ; i++)






blockNoContent += Integer.toString(blockNo + i) + " ";





freeSpaceMgr.take (blockNo, blockAvail);





fileAttribute.addBlocks(blockNoContent);





noOfBlocks -= blockAvail;




}



}



setElementAt(fileAttribute, index);



theDisplay.setText(getContent());



return ;


}

//--------------------------------------------------------------------

// Method deleteEntry

//

// Input
: MFTIndex

// Output   : none

// Purpose  : to delete entry from the MFT

//--------------------------------------------------------------------


public void deleteEntry (int index)


{



// free it



FileAttribute fileAttribute = getFileAttribute(index);



int noOfBlocks = fileAttribute.getNoOfBlocks();



if (!isLink(index))



{




for (int i = 0 ; i < noOfBlocks ; i++)





freeSpaceMgr.free (fileAttribute.getBlockAt(i), 1);



}



// delete entry



setElementAt(availableEntry, index);



--noOfFiles;



theDisplay.setText(getContent());



return;


}

//--------------------------------------------------------------------

// Method typeCheck

//

// Input
: none

// Output   : flag true if it is that type

// Purpose  : check the type of fileAttribute

//--------------------------------------------------------------------


public boolean isSystem(int index) 


{ 



return getFileAttribute(index).isSystem(); 


}


public boolean isDirectory(int index) 


{



return getFileAttribute(index).isDirectory();


}


public boolean isText(int index) 


{



return getFileAttribute(index).isText();


}


public boolean isExecutable(int index)


{



return getFileAttribute(index).isExecutable();


}


public boolean isLink(int index)


{



return getFileAttribute(index).isLink(); 


}

}

//--------------------------------------------------------------------

// End Class MasterFileTable

//--------------------------------------------------------------------

4.1.10 FileAttribute Class

//--------------------------------------------------------------------

// Class FileAttribute

//

// Purpose  : handle all file attributes

//--------------------------------------------------------------------

import java.util.Date;

import java.util.Vector;

import java.util.StringTokenizer;

public class FileAttribute

{


public String type;


public String fileName;


public String linkName;


public int linkIndex;


public int size;


public long lastModified;


public long lastAccessed;


public int hardLinkCount;


private Vector blockNo;

//--------------------------------------------------------------------

// Contructor for FileAttribute

//

// Input
: fileEntry, newFile(true or false)

//          : fileEntry form <type fileName linkName linkIndex size lastModified 

//            lastAccesssed hardLinkCount blockNo0 blockNo1 ... \n> 

// Output   : None

// Purpose  : contructing the fileAttribute

//--------------------------------------------------------------------


public FileAttribute (String fileEntry, boolean newFile)


{



StringTokenizer entry = new StringTokenizer(fileEntry);



if (newFile)



{




type = entry.nextToken();




fileName = entry.nextToken();




linkName = entry.nextToken();




linkIndex = Integer.parseInt(entry.nextToken());




// add blockNo in to vector




blockNo = new Vector();




while (entry.countTokens() > 0) 





blockNo.addElement(new Integer(Integer.parseInt(entry.nextToken())));




size = 0;




lastModified = System.currentTimeMillis();




lastAccessed = System.currentTimeMillis();




hardLinkCount = 1;



}



else



{




type = entry.nextToken();




fileName = entry.nextToken();




linkName = entry.nextToken();




linkIndex = Integer.parseInt(entry.nextToken());




size = Integer.parseInt(entry.nextToken());




lastModified = Long.parseLong(entry.nextToken());




lastAccessed = Long.parseLong(entry.nextToken());




hardLinkCount = Integer.parseInt(entry.nextToken());




// add blockNo in to vector




blockNo = new Vector();




while (entry.countTokens() > 0) 





blockNo.addElement(new Integer(Integer.parseInt(entry.nextToken())));



}


}

//--------------------------------------------------------------------

// Method getContent

//

// Input
: None

// Output   : file attribute content

// Purpose  : to get file attribute Content

//--------------------------------------------------------------------


public String getContent ()


{



String fileEntry = type + " "








+ fileName + " "








+ linkName + " "








+ Integer.toString(linkIndex) + " "








+ Integer.toString(size) + " "








+ Long.toString(lastModified) + " "








+ Long.toString(lastAccessed) + " "








+ Integer.toString(hardLinkCount) + " ";



int noOfBlocks = blockNo.size();



for ( int i = 0 ; i < noOfBlocks ; i++ )




fileEntry += " " + blockNo.elementAt(i).toString();



return fileEntry;


}

//--------------------------------------------------------------------

// Method getDescr

//

// Input
: None

// Output   : file attribute description

// Purpose  : to get file attribute description for debugging

//--------------------------------------------------------------------


public String getDescr ()


{



String fileEntry = type + " "








+ (new Date(lastModified)).toLocaleString() + " "








+ (new Date(lastAccessed)).toLocaleString() + "  "








+ Integer.toString(hardLinkCount) + "\t";



return fileEntry;


}

//--------------------------------------------------------------------

// Method getNoOfBlocks

//

// Input
: None

// Output   : noOfBlocks

// Purpose  : to get the number of blocks that the file takes

//--------------------------------------------------------------------


public int getNoOfBlocks ()


{



return blockNo.size();


}

//--------------------------------------------------------------------

// Method getBlockAt

//

// Input
: the logical block no

// Output   : the physical block no to the disk

// Purpose  : map logical block number with physical block number 

//--------------------------------------------------------------------


public int getBlockAt (int index)


{



return ((Integer)(blockNo.elementAt(index))).intValue();


}

//--------------------------------------------------------------------

// Method addBlocks

//

// Input
: blockContent to add

//          : <blockNo blockNo blockNo ...> 

// Output   : none

// Purpose  : add blockNo to the tail 

//--------------------------------------------------------------------


public void addBlocks (String blockNoContent)


{



StringTokenizer newBlockNo 




= new StringTokenizer(blockNoContent, " ");



int count = newBlockNo.countTokens();



for ( int i = 0 ; i < count ; ++i ) 




blockNo.addElement(new Integer(Integer.parseInt(newBlockNo.nextToken())));



return;


}

//--------------------------------------------------------------------

// Method deleteBlocks

//

// Input
: noOfBlocks to delete

// Output   : none

// Purpose  : delete blocks from tail 

//--------------------------------------------------------------------


public void deleteBlocks (int noOfBlocks)


{



blockNo.setSize(blockNo.size() - noOfBlocks); 



return;


}

//--------------------------------------------------------------------

// Method typeCheck

//

// Input
: none

// Output   : flag true if it is that type

// Purpose  : check the type of fileAttribute

//--------------------------------------------------------------------


public boolean isSystem()


{



return type.equals("s");


}


public boolean isDirectory()


{



return type.equals("d");


}


public boolean isText()


{



return type.equals("t");


}


public boolean isExecutable()


{



return type.equals("x");


}


public boolean isLink()


{



return type.equals("l");


}


public boolean isAvailable()


{



return type.equals("?");


}

}

//--------------------------------------------------------------------

// End Class FileAttribute

//--------------------------------------------------------------------

4.1.11 FreeSpaceMgr Class

//--------------------------------------------------------------------

// Class FreeSpaceMgr (FSM)

//

// Purpose  : handle free blocks on disk

//--------------------------------------------------------------------

import java.awt.Font;

import java.awt.Frame;

import java.awt.TextArea;

public class FreeSpaceMgr extends Frame

{


public int maxNoOfFreeBlocks, maxFreeBlockNo;


private static TextArea theDisplay;


private static String fileContent;


private static int currBlockNo, currIndex;

//--------------------------------------------------------------------

// Contructor for FreeSpaceMgr(1)

//

// Input
: content of file

// Output   : None

// Purpose  : contructing the free space environment

//--------------------------------------------------------------------


FreeSpaceMgr (String fileContent)


{



super ("Free Space Manager");



int endIndex = fileContent.indexOf("(9999,");



endIndex = fileContent.indexOf(")", endIndex);



this.fileContent = fileContent.substring(0, endIndex + 2);



theDisplay = new TextArea ();



add ("Center", theDisplay );



theDisplay.setEditable (false);



theDisplay.setFont(new Font("Monospaced", Font.PLAIN, 20));



setSize(720, 320);





show();



toFront();



theDisplay.setText(this.fileContent);


}

//--------------------------------------------------------------------

// Contructor for FreeSpaceMgr(2)

//

// Input
: content of file

// Output   : None

// Purpose  : contructing the free space environment during Format

//--------------------------------------------------------------------


FreeSpaceMgr (int noOfBlocks)


{



this.fileContent = "(3," + Integer.toString(noOfBlocks - 3) + ")\n"




  + "(9999," + Integer.toString(noOfBlocks - 3) + ")\n";



theDisplay.setText(this.fileContent);


}

//--------------------------------------------------------------------

// Method getContent

//

// Input
: None

// Output   : free space manager content

// Purpose  : to free space manager Content

//--------------------------------------------------------------------


public String getContent ()


{



return fileContent;


}

//--------------------------------------------------------------------

// Method getNoOfFreeBlocks

//

// Input
: None

// Output   : NoOfFreeBlocks

// Purpose  : to get NoOfFreeBlocks of disks

//--------------------------------------------------------------------


public int getNoOfFreeBlocks ()


{



return getValue(9999);


}

//--------------------------------------------------------------------

// Method setNoOfFreeBlocks

//

// Input
: None

// Output   : None

// Purpose  : to set NoOfFreeBlocks of disks

//--------------------------------------------------------------------


private void setNoOfFreeBlocks (int noOfFreeBlocks)


{



setValue(9999, noOfFreeBlocks);



return ;


}

//--------------------------------------------------------------------

// Method firstFit

//

// Input
: noOfBlocks requested

// Output   : the first contiguous block no

// Purpose  : to get the firstfit for noOfBlocks.  If not found the

//            the bestFit will be returned.

//--------------------------------------------------------------------


public int firstFit (int noOfBlocks) 



throws NotEnoughSpaceException


{



int noOfFreeBlocks = getNoOfFreeBlocks ();



if (noOfBlocks > noOfFreeBlocks) 




throw new NotEnoughSpaceException(noOfBlocks, noOfFreeBlocks);



int blocks;



maxNoOfFreeBlocks = 0;



maxFreeBlockNo = 0;



currBlockNo = 0;



getNext();



while ( currBlockNo < 9999 )



{




// free space found




blocks = getValue(currBlockNo);




if ( blocks >= noOfBlocks)




{





return currBlockNo;




}


 




maxNoOfFreeBlocks = maxNoOfFreeBlocks > blocks ? 









maxNoOfFreeBlocks : blocks;




maxFreeBlockNo = maxNoOfFreeBlocks > blocks ? 








 maxFreeBlockNo : currBlockNo;




getNext();



}



return -1;


}

//--------------------------------------------------------------------

// Method take

//

// Input
: blockNo, noOfBlocks

// Output   : flag show status of taking free blocks

// Purpose  : to acquire the free blocks from the pool

//--------------------------------------------------------------------


public boolean take (int blockNo, int noOfBlocks)


{



boolean flag = deleteEntry (blockNo, noOfBlocks);



theDisplay.setText(fileContent);



return flag;


}

//--------------------------------------------------------------------

// Method free

//

// Input
: blockNo, noOfBlocks

// Output   : flag show status of freeing blocks

// Purpose  : to put the free blocks back to the pool

//--------------------------------------------------------------------


public boolean free (int blockNo, int noOfBlocks)


{



boolean flag;



if (blockNo <= 2) return false;



flag = newEntry (blockNo, noOfBlocks);



theDisplay.setText(fileContent);



return flag;


}

//--------------------------------------------------------------------

// Method isFree

//

// Input
: blockNo

// Output   : the earliest free block in that group else "-1"

// Purpose  : to check if the block is free

//--------------------------------------------------------------------


public int isFree (int blockNo)


{



currBlockNo = 0;



int tmpBlockNo = -1;



getNext();



// that block is even before the first record



if (currBlockNo > blockNo) return -1;



// there is no free blocks listed



if (currBlockNo >= 9999) return -1;



while ( currBlockNo < blockNo )



{




tmpBlockNo = currBlockNo;




getNext();



}



// that block is free and it is the head of the record



if (currBlockNo == blockNo) return blockNo;



currBlockNo = tmpBlockNo;



if ( (currBlockNo + getValue(currBlockNo) - 1) >= blockNo) 




return currBlockNo;



return -1;


}

//--------------------------------------------------------------------

// Method getNext

//

// Input
: none

// Output   : none

// Purpose  : to iterate to next records

//--------------------------------------------------------------------


private void getNext ()


{



String tmpString;



if (currBlockNo == 0)



{




currIndex = fileContent.indexOf(",", 0);




if (currIndex == -1) { currBlockNo = -1; return; }




tmpString = fileContent.substring(1, currIndex);



}



else



{




currIndex = fileContent.indexOf(",", currIndex + 1);




if (currIndex == -1)  { currBlockNo = -1; return; }




int beginIndex = fileContent.lastIndexOf("(", currIndex);




tmpString = fileContent.substring(beginIndex + 1, currIndex);



}



currBlockNo = Integer.parseInt(tmpString);



return;


}

//--------------------------------------------------------------------

// Method deleteEntry

//

// Input
: blockNo, noOfBlocks

// Output   : status if deletion is successful

// Purpose  : to delete the free blocks from the pool

//--------------------------------------------------------------------


private boolean deleteEntry (int blockNo, int noOfBlocks)


{



int blocks = getValue(blockNo);



if ( noOfBlocks > blocks ) return false;



int beginIndex = fileContent.indexOf("(" + Integer.toString(blockNo) + ",");



int endIndex = fileContent.indexOf("(", beginIndex + 1);



String tmpString;



if ( noOfBlocks == blocks )



{




tmpString = fileContent.substring(0, beginIndex)







+ fileContent.substring(endIndex);



}



else



{




tmpString = fileContent.substring(0, beginIndex)







+ "("







+ Integer.toString(blockNo + noOfBlocks)







+ ","







+ Integer.toString(blocks - noOfBlocks)







+ ")\n"







+ fileContent.substring(endIndex);



}



fileContent = new String(tmpString);



setNoOfFreeBlocks(getNoOfFreeBlocks() - noOfBlocks);



return true;


}

//--------------------------------------------------------------------

// Method newEntry

//

// Input
: blockNo, noOfBlocks

// Output   : status if insertion is successful

// Purpose  : to insert new free blocks into the pool

//--------------------------------------------------------------------


private boolean newEntry (int blockNo, int noOfBlocks)


{



int beginIndex, endIndex;



String tmpString;



int prevBlockNo = isFree(blockNo - 1);



int prevNoOfBlocks = getValue(prevBlockNo);



int nextBlockNo = isFree(blockNo + noOfBlocks);



int nextNoOfBlocks = getValue(nextBlockNo);



// between 2 group of free blocks



if ( (prevBlockNo != -1) && (nextBlockNo != -1) )



{




deleteEntry(nextBlockNo, nextNoOfBlocks);




setValue(prevBlockNo, prevNoOfBlocks + noOfBlocks + nextNoOfBlocks);




setNoOfFreeBlocks(getNoOfFreeBlocks() + noOfBlocks + nextNoOfBlocks); 



}
 



else if (prevBlockNo != -1)



{




// can merge with the previous records




setValue(prevBlockNo, noOfBlocks + prevNoOfBlocks);




setNoOfFreeBlocks(getNoOfFreeBlocks() + noOfBlocks); 



}



else if (nextBlockNo != -1)



{




// can merge with the next records




deleteEntry(nextBlockNo, nextNoOfBlocks);




return newEntry (blockNo, noOfBlocks + nextNoOfBlocks);



}



else



{




// not close to any free blocks, insert new entry




currBlockNo = 0;




getNext();




while ( currBlockNo < blockNo ) getNext();




beginIndex = fileContent.indexOf("(" + Integer.toString(currBlockNo) + ",");




tmpString = fileContent.substring(0, beginIndex)







+ "("






    + Integer.toString(blockNo)






    + ","






    + Integer.toString(noOfBlocks)







+ ")\n"






    + fileContent.substring(beginIndex);




fileContent = new String();




fileContent = tmpString;




setNoOfFreeBlocks(getNoOfFreeBlocks() + noOfBlocks); 



}



return true;


}

//--------------------------------------------------------------------

// Method setValue

//

// Input
: blockNo, noOfBlocks

// Output   : none

// Purpose  : set value of certain free blocks group

//--------------------------------------------------------------------


private void setValue (int blockNo, int noOfBlocks)


{



int beginIndex, endIndex;



if ( (beginIndex = fileContent.indexOf("(" + Integer.toString(blockNo) + ","))




== -1 )
return;



beginIndex = fileContent.indexOf(",", beginIndex);



endIndex = fileContent.indexOf(")\n", beginIndex);



String tmpString;



tmpString = fileContent.substring(0, beginIndex + 1)






+ Integer.toString(noOfBlocks)






+ fileContent.substring(endIndex);



fileContent = new String();



fileContent = tmpString;



return ;


}

//--------------------------------------------------------------------

// Method getValue

//

// Input
: blockNo

// Output   : none

// Purpose  : to get how many free blocks in that group

//--------------------------------------------------------------------


private int getValue (int blockNo)


{



int beginIndex, endIndex;



if ( (beginIndex = fileContent.indexOf("(" + Integer.toString(blockNo) + ","))




== -1 )
return -1;



beginIndex = fileContent.indexOf(",", beginIndex);



endIndex = fileContent.indexOf(")\n", beginIndex);



return Integer.parseInt(fileContent.substring(beginIndex + 1, endIndex));


}

}

//--------------------------------------------------------------------

// End Class FreeSpaceMgr

//--------------------------------------------------------------------

4.1.12 FileMonitor Class

//--------------------------------------------------------------------

// Class FileMonitor extends Frame

//

// Purpose  : window monitoring all files being accessed by any clients

//--------------------------------------------------------------------

import java.io.*;

import java.util.*;

import java.awt.*;

public class FileMonitor extends Frame

{


private static TextArea theDisplay;


private static String theFileList;


private static int theNoOfRecords;

//--------------------------------------------------------------------

// Contructor for FileMonitor (1)

//

// Input
: None

// Output   : None

// Purpose  : construct the window display monitoring all files being 

//            accessed by any clients

//--------------------------------------------------------------------


FileMonitor( )


{



super ("File Server Monitor");



theNoOfRecords = 0;



theFileList = new String();



theDisplay = new TextArea ();



add ("Center", theDisplay );



theDisplay.setEditable (false);



theDisplay.setFont(new Font("Monospaced", Font.PLAIN, 20));



setSize(720, 320);





show();



toFront();



theDisplay.setText(theFileList







   + Integer.toString(theNoOfRecords)







   + " records.");


}

//--------------------------------------------------------------------

// Synchronized Method add

//

// Input
: fileName, client

// Output   : none

// Purpose  : add the newly-accessed file to the monitor 

//--------------------------------------------------------------------


public synchronized void add (String fileAccess, String client)


{



theFileList = theFileList + fileAccess + "\t: " + client + "\n";



++theNoOfRecords;



theDisplay.setText(theFileList







   + Integer.toString(theNoOfRecords)







   + " records.");



return;


}

//--------------------------------------------------------------------

// Synchronized Method remove

//

// Input
: fileName, client

// Output   : none

// Purpose  : remove the file that no longer being accessed; correspond

//            to the event when client close the file editor windows.

//--------------------------------------------------------------------


public synchronized void remove (String fileName, String client)


{



String access = fileName + "\t: " + client + "\n";



int begin = 1, end;



int pos = 0;



if ((pos = theFileList.indexOf(access)) == -1)



{




System.err.println("FileMonitor : Try to remove and invalid acces.");




return;



}



// locate the file accessed list in the monitor



while ((end = theFileList.indexOf("\n", begin)) != -1)



{




if (end > pos) break;




begin = end + 1;



}



if ((begin == 1) && (end+1 >= theFileList.length()))



{




theFileList = new String();



} 



else if (begin == 1)



{




theFileList = theFileList.substring(end + 1);



}



else



{




theFileList = theFileList.substring(0, begin) 





+ theFileList.substring(end + 1);



}



--theNoOfRecords;



theDisplay.setText(theFileList







   + Integer.toString(theNoOfRecords)







   + " records.");



return;


}

//--------------------------------------------------------------------

// Synchronized Method remove

//

// Input
: client

// Output   : none

// Purpose  : remove all files being accessed by specific client;

//
          correspond to the event when client close the socket

//            connection.

//--------------------------------------------------------------------


public synchronized void remove (String client)


{



int begin = 0, end;



int pos = 0;



while ((pos = theFileList.indexOf(client, begin + 1)) != -1)



{




if (begin != 0)
begin = theFileList.lastIndexOf("\n", pos);




end = theFileList.indexOf("\n", pos);




if (begin == 0)




{





theFileList = theFileList.substring(end + 1);




}




else




{





theFileList = theFileList.substring(0, begin + 1) 






+ theFileList.substring(end + 1);




}




--theNoOfRecords;



}



theDisplay.setText(theFileList







   + Integer.toString(theNoOfRecords)







   + " records.");



return;


}

//--------------------------------------------------------------------

// Synchronized Method isBeingRead

//

// Input
: fileName

// Output   : flag true if file is being read

// Purpose  : query file status in file monitor

//--------------------------------------------------------------------


public synchronized boolean isBeingRead (String fileName)


{



String access = "read " + fileName;



return (theFileList.indexOf(access) != -1);


}

//--------------------------------------------------------------------

// Synchronized Method isBeingWritten

//

// Input
: fileName

// Output   : flag true if file is being written

// Purpose  : query file status in file monitor

//--------------------------------------------------------------------


public synchronized boolean isBeingWritten (String fileName)


{



String access = "write " + fileName;



return (theFileList.indexOf(access) != -1);


}

//--------------------------------------------------------------------

// Synchronized Method isBeingAccesed

//

// Input
: fileName

// Output   : flag true if file is being accessed (read or written)

// Purpose  : query file status in file monitor

//--------------------------------------------------------------------


public synchronized boolean isBeingAccessed (String fileName)


{



return (theFileList.indexOf(fileName) != -1);


}

//--------------------------------------------------------------------

// Method getNoOfRecords

//

// Input
: None

// Output   : noOfRecords

// Purpose  : to get current records in fileMonitor

//--------------------------------------------------------------------


public int getNoOfRecords ()


{



return theNoOfRecords;


}

//--------------------------------------------------------------------

// Method getContent

//

// Input
: None

// Output   : file monitor content

// Purpose  : to get file monitor Content

//--------------------------------------------------------------------


public String getContent ()


{



return theDisplay.getText();


}

//--------------------------------------------------------------------

// Method reset

//

// Input
: None

// Output   : None

// Purpose  : to clear (reset) the file monitor

//--------------------------------------------------------------------


public void reset ()


{



theNoOfRecords = 0;



theFileList = new String();



theDisplay.setText(theFileList







   + Integer.toString(theNoOfRecords)







   + " records.");



return;


}

}

//--------------------------------------------------------------------

// End Class FileMonitor

//--------------------------------------------------------------------

4.1.13 DirFile Class

//--------------------------------------------------------------------

// Class DirFile

//

// Purpose  : handle dir identity, and data content

//--------------------------------------------------------------------

public class DirFile

{


private String absolutePath;


private String dirName;


private String fileContent;


private int currIndex;

//--------------------------------------------------------------------

// Contructor for DirFile (1)

//

// Input
: content of dirFile, parent absolutePath, dirName

// Output   : None

// Purpose  : contructing the directory data structure

//--------------------------------------------------------------------


DirFile (String fileContent, String parentPath, String dirName)


{



this.dirName = dirName;



this.absolutePath = parentPath + dirName + "/";



int endIndex = fileContent.indexOf("(total files,");



endIndex = fileContent.indexOf(")", endIndex);



this.fileContent = fileContent.substring(0, endIndex + 2);


}

//--------------------------------------------------------------------

// Contructor for DirFile (2)

//

// Input
: parentMFTIndex, dirMFTIndex, parentAbsolutePath, dirName

// Output   : None

// Purpose  : contructing newly-built directory data structure

//--------------------------------------------------------------------


DirFile (int parentIndex, int index, String parentPath, String dirName)


{



// (<fileName>,<MFTIndex>)\n



// :



// :



// (total files,<totalNoOfFiles>)\n



this.fileContent = new String();



this.fileContent = "(.," + Integer.toString(index) + ")\n"




               + "(..," + Integer.toString(parentIndex) + ")\n"







   + "(total files," + Integer.toString(2) + ")\n";



this.dirName = dirName;



this.absolutePath = parentPath + dirName + "/";


}

//--------------------------------------------------------------------

// Contructor for DirFile (3)

//

// Input
: standard Master File Table Index

//            standard Free Space Manager Index

//            standard Root Index

//            root (volume) name

// Output   : None

// Purpose  : contructing the standard directory called during format

//--------------------------------------------------------------------


DirFile (int stdMFTIndex, int stdFSMIndex, int stdRootIndex, String rootName)


{



// (<fileName>,<MFTIndex>)\n



// :



// :



// (total files,<totalNoOfFiles>)\n



this.fileContent = new String();



this.fileContent = "(.," + Integer.toString(stdRootIndex) + ")\n"




               + "(..," + Integer.toString(stdRootIndex) + ")\n"




               + "(FSM," + Integer.toString(stdFSMIndex) + ")\n"




               + "(MFT," + Integer.toString(stdMFTIndex) + ")\n"







   + "(total files," + Integer.toString(4) + ")\n";



this.dirName = rootName;



this.absolutePath = dirName + "/";


}

//--------------------------------------------------------------------

// Method getAbsolutePath

//

// Input
: None

// Output   : absolutePath

// Purpose  : to get AbsolutePath

//--------------------------------------------------------------------


public String getAbsolutePath ()


{



return absolutePath;


}

//--------------------------------------------------------------------

// Method getDirName

//

// Input
: None

// Output   : directory Name

// Purpose  : to get directory Name

//--------------------------------------------------------------------


public String getDirName ()


{



return dirName;


}

//--------------------------------------------------------------------

// Method getParentPath

//

// Input
: None

// Output   : parent path

// Purpose  : to get parent path

//--------------------------------------------------------------------


public String getParentPath ()


{



return absolutePath.substring(0, 




absolutePath.length() - dirName.length() -1);


}

//--------------------------------------------------------------------

// Method getContent

//

// Input
: None

// Output   : directory file content

// Purpose  : to get file Content

//--------------------------------------------------------------------


public String getContent ()


{



return fileContent;


}

//--------------------------------------------------------------------

// Method getSize

//

// Input
: None

// Output   : size of the file

// Purpose  : to get file Size

//--------------------------------------------------------------------


public int size ()


{



return fileContent.length();


}

//--------------------------------------------------------------------

// Method getNoOfFiles

//

// Input
: None

// Output   : total number of the file undex the directory

// Purpose  : to total number of file

//--------------------------------------------------------------------


public int getNoOfFiles ()


{ 



return getValue("total files"); 


}

//--------------------------------------------------------------------

// Method setNoOfFiles

//

// Input
: noOfFiles

// Output   : none

// Purpose  : to set number of files

//--------------------------------------------------------------------


private void setNoOfFiles (int noOfFiles)


{



setValue("total files", noOfFiles); 



return;


}

//--------------------------------------------------------------------

// Method isExist

//

// Input
: fileName

// Output   : status if directory contain that file

// Purpose  : check file under the directory

//--------------------------------------------------------------------


public boolean isExist (String fileName)


{



return (fileContent.indexOf("(" + fileName + ",") != -1);


}

//--------------------------------------------------------------------

// Method isEmpty

//

// Input
: none

// Output   : status if there is any file under that directory

// Purpose  : check if directory file contain anything

//--------------------------------------------------------------------


public boolean isEmpty ()


{



return (getNoOfFiles() <= 2);


}

//--------------------------------------------------------------------

// Method deleteEntry

//

// Input
: fileName

// Output   : status if deletion is successful

// Purpose  : to delete file from the directory

//--------------------------------------------------------------------


public boolean deleteEntry (String fileName)



throws FileNotExistException


{



if (!isExist(fileName))




throw new FileNotExistException(fileName);



int beginIndex, endIndex;



beginIndex = fileContent.indexOf("(" + fileName + ",");



endIndex = fileContent.indexOf(")\n", beginIndex);



fileContent = new String(fileContent.substring(0, beginIndex)








+ fileContent.substring(endIndex + 2));



setNoOfFiles(getNoOfFiles() - 1);



return true;


}

//--------------------------------------------------------------------

// Method newEntry

//

// Input
: fileName

// Output   : status if insertion is successful

// Purpose  : to insert newfile into directory

//--------------------------------------------------------------------


public boolean newEntry (String fileName, int value)



throws FileAlreadyExistException


{



if (isExist(fileName)) 




throw new FileAlreadyExistException(fileName);



int beginIndex, endIndex;



String tmpString;



beginIndex = fileContent.indexOf("(..,");



while (true)



{




beginIndex = fileContent.indexOf("(", beginIndex + 1);




endIndex = fileContent.indexOf(",", beginIndex);




tmpString = fileContent.substring(beginIndex + 1, endIndex);




if (tmpString.equals("total files")) break;




if (tmpString.toUpperCase().compareTo(fileName.toUpperCase()) > 0)





break;



}



tmpString = fileContent.substring(0, beginIndex)





    + "(" + fileName + "," + Integer.toString(value) + ")\n"





    + fileContent.substring(beginIndex);



fileContent = new String(tmpString);



setNoOfFiles(getNoOfFiles() + 1);



return true;


}

//--------------------------------------------------------------------

// Method setValue

//

// Input
: fileName, value (MFTIndex)

// Output   : none

// Purpose  : to set the MFTIndex for the file

//--------------------------------------------------------------------


private void setValue (String fileName, int value)


{



int beginIndex, endIndex;



if ( (beginIndex = fileContent.indexOf("(" + fileName + ","))




== -1 )
return;



beginIndex = fileContent.indexOf(",", beginIndex);



endIndex = fileContent.indexOf(")\n", beginIndex);



String tmpString;



tmpString = fileContent.substring(0, beginIndex + 1)






+ Integer.toString(value)






+ fileContent.substring(endIndex);



fileContent = new String();



fileContent = tmpString;



return ;


}

//--------------------------------------------------------------------

// Method getValue

//

// Input
: fileName

// Output   : none

// Purpose  : to get the MFTIndex of the file

//--------------------------------------------------------------------


public int getValue (String fileName)


{



int beginIndex, endIndex;



if ( (beginIndex = fileContent.indexOf("(" + fileName + ","))




== -1 )
return -1;



beginIndex = fileContent.indexOf(",", beginIndex);



endIndex = fileContent.indexOf(")\n", beginIndex);



return Integer.parseInt(fileContent.substring(beginIndex + 1, endIndex));


}

//--------------------------------------------------------------------

// Method getFileName

//

// Input
: dirIndex

// Output   : none

// Purpose  : get the fileName at that dirIndex

//--------------------------------------------------------------------


public String getFileName (int dirIndex)


{



int beginIndex = fileContent.indexOf(",", 0);



for (int i = 0; i < dirIndex ; i++)




beginIndex = fileContent.indexOf(",", beginIndex + 1);



return fileContent.substring




   (fileContent.lastIndexOf("(", beginIndex) + 1,




    beginIndex);


}

//--------------------------------------------------------------------

// Method getMFTIndexAt

//

// Input
: dirIndex

// Output   : none

// Purpose  : get the MFTIndex at that dirIndex

//--------------------------------------------------------------------


public int getMFTIndexAt (int dirIndex)


{



int beginIndex = fileContent.indexOf(",", 0);



for (int i = 0; i < dirIndex ; i++)




beginIndex = fileContent.indexOf(",", beginIndex + 1);



return Integer.parseInt(fileContent.substring




    (beginIndex + 1,




     fileContent.indexOf(")\n", beginIndex)));


}

}

//--------------------------------------------------------------------

// End Class DirFile

//--------------------------------------------------------------------

4.1.14 DiskDriver Class

//--------------------------------------------------------------------

// Class DiskDriver

//

// Purpose  : handle all access to harddisk

//--------------------------------------------------------------------

import java.io.RandomAccessFile;

import java.io.IOException;

public class DiskDriver extends RandomAccessFile

{


final static String theHardDisk = "harddisk.txt";


private static byte [] bArray;

//--------------------------------------------------------------------

// Contructor for DiskDriver

//

// Input
: diskBlockSize

// Output   : None

// Purpose  : contructing the diskDriver

//--------------------------------------------------------------------


DiskDriver(int diskBlockSize) throws IOException


{



super (theHardDisk, "rw");



bArray = new byte[diskBlockSize];


}

}

//--------------------------------------------------------------------

// End Class DiskDriver

//--------------------------------------------------------------------

4.1.15 RequestFailException

//--------------------------------------------------------------------

// Class RequestFailException

//

// Purpose  : handle FileAlreadyExistException

//--------------------------------------------------------------------

public class RequestFailException extends Exception

{

   public RequestFailException(String reason)

   {


   super(reason);

   }

}

//--------------------------------------------------------------------

// Class FileAlreadyExistException

//

// Purpose  : handle FileAlreadyExistException

//--------------------------------------------------------------------

class FileAlreadyExistException extends Exception

{

   public FileAlreadyExistException(String fileName)

   {


   super(fileName + " already exists.");

   }

}

//--------------------------------------------------------------------

// Class FileNotExistException

//

// Purpose  : handle FileNotExistException

//--------------------------------------------------------------------

class FileNotExistException extends Exception

{

   public FileNotExistException(String fileName)

   {


   super(fileName + " not exists.");

   }

}

//--------------------------------------------------------------------

// Class NotEnoughSpaceException

//

// Purpose  : handle NotEnoughSpaceException

//--------------------------------------------------------------------

class NotEnoughSpaceException extends Exception

{

   public NotEnoughSpaceException(int noOfBlocks, int noOfFreeBlocks)

   {


   super("NotEnoughSpace : requested blocks = " + Integer.toString(noOfBlocks)





+ ", free blocks = " + Integer.toString(noOfFreeBlocks));

   }

}

//--------------------------------------------------------------------

// End Class RequestFailException

//--------------------------------------------------------------------

5. GENERAL SUMMARY

This project has given me a lot of exposure to how file system works.  Please feel free writing to me if there are more information needed or points to be improved.

e-mail - suwat ch.
: sc136@cornell.edu
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