Homework #3: Floppy Disk FAT File System Due: Thursday, Sept. 21
Overview: The FAT file system used by MS-DOS and Windows 95 is a fairly simple file system. Disks using the FAT file system are broken up into fixed size chunks, called sectors.  For a 1.44 MB floppy disk, sectors are 512 bytes in size, giving a total of 2880 sectors. The sectors of the disk are logically broken up into 2 areas -- the system sectors, and the data sectors.  The number of sectors that make up the system area is a function of the capacity of the disk.  For a 1.44 MB floppy disk, there are 33 system sectors making up the system area, leaving 2847 data sectors for a total capacity of 1,457,664 bytes (1.44 MB).
System area: The system area is further broken down into 4 separate parts.  Here is a diagram of the physical sector layout of the system area of the disk:
  ----------------------------------------------------------------------------------

  |Boot|-------FAT 1-------|-------FAT 2-------|--------Root Directory-----|

  ----------------------------------------------------------------------------------
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The first part is the boot sector.  This sector contains the code that identifies the operating system that has been used to format the disk, and the "bootstrap" code that is necessary to start loading the old DOS operating system into memory.  The boot sector occupies sector 0 on the disk.
The second part in the system area is the File Allocation Table (FAT). This table is used to keep track of the allocation of sectors to files, and does so by storing the next-sector information in the table. Each entry in the FAT is 12 bits in length. So, for example, if a file is located in sectors 5, 12, 35, and 96, entry 5 in the FAT would hold the integer 12, entry 12 holds the integer 35 and entry 96 holds a special value indicating the end of the file. For a 1.44 MB floppy disk, the FAT takes up 9 sectors. Dealing with 12 bit entries in the FAT is rather complex, since there is no data type in most programming languages that is 12 bits in length. In addition to regular sector numbers, an FAT entry might contain one of several special values. For example,



0x000
indicates that this sector is currently not in use, and



0xFFF
indicates that this in the last sector of a file.

There is also a special value used to indicate that the sector has been determined to be physically damaged, and should not be used.
The third part in the system area is a copy of the FAT. This is done to make sure that if any part of the first FAT is corrupted, the data on the disk can still be accessed. Whenever a change to the FAT is made, it is made to both copies of the table.

Finally, the fourth part of the system area is the root directory. There is one file record in the root directory for each file contained in the root of that disk. Records are 32 bytes in length. The number of sectors that the root directory occupies varies according to the capacity of the disk; for a 1.44 MB floppy, the root directory occupies 14 sectors. Each file record in the root directory contains several fields:

   

filename:


8 characters (bytes)

   

extension:

3 characters (bytes)

   

attributes:

1 byte 
   

reserved:


10 bytes

   

modtime:


2 bytes

   

moddate:


2 bytes

   

starting sector: 
2 bytes


   

size:



4 bytes
One of the most important fields in the file record is the starting-sector field that specifies which of the data sectors contains the first sector of the file. This is important to know so that we can use this sector to trace through the chain of sectors belonging to this file according to the next-sector information in the FAT. The attribute field can provide information such as whether it is a directory or a regular file.
Data area: Following the system area of the disk is the data area. It is here where the actual contents of files and subdirectories are stored. The sector numbers stored in the FAT actually refer to the offsets of the sectors relative to the very beginning of the data area. (For technical reasons, relative sectors 0 and 1 in the data area are reserved to be used in determining the length of the root directory. So the first relative sector number available to store data is data sector number 2, which is absolute sector 35.) The data sectors of any non-root directory is also composed of file records like what you see in the root directory, which provide the information of file names, file extensions, the starting data sectors, and so forth of the files in that directory. The data sectors of a regular file store the actual contents of the file. 
Questions:
(1) Could we possibly use 11 bits instead of 12 bits for each entry in the FAT table without any problem or drawback? If not, what are the problems or drawbacks? Could we possibly use 13 bits instead of 12 bits for each entry in the FAT table without any problem or drawback? If not, what are the problems or drawbacks?
(2) Could we possibly use 8 sectors instead of 9 sectors for the entire FAT table? If not, what are the problems or drawbacks? Could we possibly use 10 sectors instead of 9 sectors for the entire FAT table? If not, what are the problems or drawbacks?
(3) What is the maximal number of files that could be stored in the root directory? Does the same limit apply to other directories too? Why or why not?
(4) Describe a procedure that you can use to read all the sectors of any file file1.doc located in the root directory. 
(5) Describe a procedure that you can use to read all the sectors of a file file2.doc located in the testDir directory that directly under the root directory. 
(6) Describe a procedure that you can use to create a new file3.doc in the root directory. 
(7) Describe a procedure that you can use to create a new file3.doc in the testDir directory under the root directory. 
