Originated in the late 1970s and early 1980s

~ » Thefile system supported by MS-DOS

+ Originally developed as a ssmple file system
suitable for floppy disk drives less than 500K
insize

« Currently there are three FAT file system
types. FAT12, FAT16, FAT32

— FATnn —nn isthe number of bitsin each entry in
the FAT structure on the disk



 Four basic regions
— 0 —Reserved Region
* First disk sector
 Boot sector, reserved sector, 0" sector
1—-FAT Region
« Always 2 FATsfor redundancy
2 —Root Directory Region (non FAT32)
> Fixed size
3 —Fileand Directory Data Region
 Filesare stored in clusters (cluster = N sectors)
« Directories are specially formatted files

BYTE j unpBoot [ 3] I/ junp instruction to boot code
BYTE SysNare[ 8] I/ name string (MSDGS5. 0)

WORD Byt esPer Sect or I/ 512, 1024, 2048, 4096

BYTE SectorsPerCluster // 1, 2, 4, 8, 16, 32, 64

WORD ReservedSectors /1 1 (for FAT12 and FAT16)

BYTE FATcount Il # of FAT data structures (always 2)

WORD MaxRoot Entri es Il # of 32-byte directory entries in root dir
WORD Tot al Sect ors1 Il Total sectors in the volunme

BYTE Medi aDescri pt or !/ Renmovable media is OxFO

WORD Sect or sPer FAT Il Sectors in ONE FAT

WORD Sect or sPer Tr ack 1

WORD HeadCount

DWORD Hi ddenSect or s

DWORD Tot al Sect ors2

BYTE Dri veNunber

BYTE Reservedl

BYTE Ext Boot Si gnature

DWORD Vol uneSeri al /1 Vol une serial nunber
BYTE Vol uneLabel [ 11] /1 Vol ume | abel

BYTE Reserved?2[ 8]



Boot Sector 0
FAT 1 1 thru SectorsPerFAT

FAT 2 (SectorsPerFAT+1) thru (2* SectorsPerFAT)

Root Directory  (2*SectorsPerFAT +1) thru
(2* SectorsPerFat+RootDirSectors)

/ File clusters (2* SectorsPerFat+RootDirSectors+1) thru
Total Sectors - 1

* Thereare FATcount (2) FATsinthevolume

— Keep both tables consistent
» Each FAT isSect or sPer Fat sectorslong

~ FAT12lab-9
« Each FAT isasingly linked list of the clusters of afile
» All linking is done using logical cluster numbers
* Thefirst data cluster number is 2
« Thefirst sector of cluster 2

— RootDirSectors = ((MaxRootEntries* 32)+(BytesPerSector-1))/BytesPer Sector
—  FirstDataSector = ReservedSectors + (FATcount * SectorsPerFAT) + RootDirSectors

» Thefirst sector of any cluster N

—  FirstSectorOfCluster = ((N-2) * SectorsPerCluster) + FirstDataSector



Directory Entry FAT
~~—  — File Sarting Cluster
N foo 3

Oodn FOF
0000 c
oo
0ooo 5
odn
2
7
. ¢ Each FAT12 entry is 12 bits

— When designed, space was tight
— Pack 2 entriesinto 3 bytes
— 4096 possible clusters
— If asector is512 bytes and cluster = 1 sector, can represent 2

Mb of data

» First 2 entriesin the FAT are reserved

— Don't use

— Logical cluster numbers begin at 2
* FATI12 entry values

-0 Unused cluster
— OxFFO-OxFF6 Reserved cluster
— OxFF7 Bad cluster

. | OxFF8-OxFFF

End Of Clusterchain mark (EOC) <EOF>
| Other 8

Next cluster in file




| - Bytes3xto3x+2
— contain FAT entriesfor logical clusters 2x and 2x+1
* Byte 3x
— 8least sig bits of entry 2x
* Byte3x+1
— 4 least sig bits are the 4 most sig bits of entry 2x
— 4 most sig bits are the 4 least sig bits of entry 2x+1
* Byte 3x+2
— 8 most sig bits of entry 2x+1

Byte 3x+2
Byte 3x+1

Entry 2x+1

B
ey

Byte 3x

* Example FAT:
— FO FF FF 03 40 00 05 60 00 07 80 00 09 FO FF

 First 3 bytesarefirst 2 entries > reserved
» Supposefirst file cluster is2 > bytes3 and 4

» Converting entries2 and 3
— 034000 - 003 and 004

FF8 — FFF indicates EOF
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Determine byte offset in the FAT
— FatIndex = (LogicalCluster * 3)/2
— Fatindex + 1

Determine if an Even or Odd Entry

Split Logical Cluster
— BEven 2> 4 most sig, 8 least sig
— Odd > 8 most sig, 4 least sig
Build next Logica Cluster number

— Start with zero

— Copy most sig bits and shift

Orinleast sig bits
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getd uster(int Logical duster)

sector = 0
/1 Convert Logical Cluster to byte |ocation
Fat I ndex = (Logical duster * 3)/2
if (Logical Cluster is even)
//split Fatlndex + 1 for 4 nost sig bits

sector = FAT[Fatlndex + 1] & OxOf

sector = sector << 8

sector = sector | FAT[ Fatl| ndex]
el se

//split Fatlndex for 4 least sig bits

sector = FAT[ Fat | ndex+1]
sector = sector << 4
sector = sector | ((FAT[Fatlndex] & Oxf0) >> 4)
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Determine byte offsetsin the FAT
— FatIndex = (LogicalCluster * 3)/2
— Fatindex + 1
Determineif an Even or Odd entry
Split LogicalCluster
— Even > 4 most sig, 8 least sig
— Odd > 8 most sig, 4 least sig
Set FAT12 table entry
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" void setFatEntry(int Logical Custer, int value)

/1 Convert LogicalCluster to byte |ocation
Fat | ndex = (Logical Custer * 3)/2
if (Logicalduster is even)
/lsplit Fatlndex + 1 for 4 npost sig bits
FAT[ Fat | ndex+1] &= 0xfO0
FAT[ Fat | ndex+1] | = (val ue & 0xf00) >> 8
FAT[ Fat I ndex] = val ue & OxOff
el se
/Isplit Fatlndex for 4 least sig bits
FAT[ Fat | ndex] &= OxOf
FAT[ Fat I ndex] |= (value & 0x00f) << 4
FAT[ Fat | ndex+1] = (value & 0xff0) >> 4
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 Intel and FAT byte ordering is Little Endian.

-+ FAT12tablein Hex
— each byte given in Little Endian order
« FO FF FF 03 40 00 05 60 00 07 80 00 09 FO FF
— Ordering nibbles (half-byte) from least to most
significant
« OF FF FF 30 04 00 50 06 00 70 08 00 90 OF FF
» TheLittle Endian arrangement of bytes makes
it convenient to extract and set the entries
using a byte offset to the WORD containing
the entry in the table
. —|An entry isthe least significant (Even) or most
- significant (Odd) 12 bits of the WORD 15

FATEnt O fset = (ClusterNum* 3)/2
Fat 12Cl usterEntry = *((WORD*) &FATbyte[ FATEnt Offset]);
1 f(Cl usterNum & 0x0001)
/1 entry is the high order 3 bytes of the WORD
Fat 12Cl usterEntry = Fat 12Cl usterEntry >> 4;
El se
/1 entry is the low order 3 bytes of the WORD
Fat 12Cl usterEntry = Fat 12Cl usterEntry & OxOFFF;
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| FatEntOffset = (ClusterNum* 3)/2
if (CusterNum & 0x0001)
/Il entry is the high order 3 bytes of the WORD
Fat12Cl usterEntry = Fat12Cl usterEnty << 4;
*((WORD*) &FAT[ Fat Ent Of fset] =
* ((WORD*) &FAT[ Fat Ent OF f set] & 0x000F;
El se
/1 entry is the low order 3 bytes of the WORD
Fat 12Cl usterEntry = Fat12C usterEntry & OxOFFF;
*((WORD*) &FAT[ Fat Ent Of f set] =
*((WORD*) &FAT[ Fat Ent Of f set] & OxF00O;

*((WORD*) &FAT[ Fat Ent Of fset] =
(*((WORD*) &FAT[FatEntOffset])) | Fatl1l2C usterEntry;
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1 sector per cluster

1 sector reserved (Boot sector)

18 sectorsfor 2 FAT tables

14 sectors for root directory

Convert logical cluster number to sector number
— Subtract 2 from logical cluster number

— Multiply by number of sectors per cluster (1)
— Add result to first data area sector number (33)
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Array of directory entries
Root directory has afixed number of entries
— 14 sectors reserved > How many entries?
— Contiguous sectors
Subdirectories are ssimply files
— Same array of directory entries structure within
each cluster (no size restriction)
Directory entry
— 32 bytes
— Filename' sfirst character is usage indicator

+ 0x00 Never been used
» 0xe5 Used before but entry has been released
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BYTE Fi | enane][ 8] /1 Pad with spaces

BYTE Ext ensi on[ 3] /1

BYTE Attributes

BYTE Reserved[ 10]

WORD Ti ne /] Hour*2048+M n*32+sec/ 2

WORD Dat e // (Yr-1980)*512 + Mon*32 + day
WORD Startd uster

DWORD Fi | eSi ze
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Bit Mask Attribute

0 0x01 Read Only

1 0x02 Hidden

2 0x04 System

3 0x08 Volume Label
4 0x10 Subdirectory
5 0x20 Archive

6 0x40 Unused

7 0x80 Unused

21

-+ Read boot sector and print out
| + Read root directory and print out

* Read FAT and interpret for filesin root dir
— Print out cluster list for each file

* Read in and print out afile

* Read in and print out a subdirectory
* Finish up

.+ MakeDLL
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