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246  Chapter Nine: Flash Memory File Systems

Sector-Level Modification Method

To achieve an even higher degree of functionality, a slightly more
advanced flash device driver that performs sector-level modification
may be employed. Every time the user modifies a file, the flash memory
devices containing the FAT, directory, and associated file sectors get
copied into system RAM. In RAM, the file system modifies the contents,
updating the FAT and directory and inserting the user's changes into the
file. (This method would not have to perform the FAT bit-flipping used
in the previous example, because the FAT is completely rewritten with
every change). Afterwards, the file system's software erases the
corresponding flash memory devices and writes the modified file
structures and file contents back into flash memory. Figure 9.11 shows
this sequence for a simple single-device FSSD.

FLASH MEMORY ARRAY SYSTEM RAM
FLASH MEMORY DEVICE
FAT FAT
Directory Copied Directory
Device 0
User Data to RAM User Data
STEP 1

FLASH MEMORY DEVICE

Modified FAT

{(Power Loss= ) Madified Directo
Catastrophic Erased i
Data L.oss) User Data

STEP 2

FLASH MEMORY DEVICE
Modified FAT
Modified Directory
User Data
STEP 3

Figure 9.11: Sector-Level Modification Requires Considerable
Overhead
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The Disk-Drive Emulators 247

If you're thinking, “Geez, this must be a long, slow process”.....YOURE
RIGHT! Remember that flash memory devices typically require one
second to erase. A modification could constitute more than just a few
erases for a file fragmented among many flash memory devices. Coming
from a perspective that disk drives do not need to perform erases, these
multiple one second erases become very visible in performance to the
end user. Next you should ask, “What if power goes down during the
erase process?”. All the data temporarily stored in RAM goes away
forever! However, analogous to the disk-image approach, if the user
only requires occasional application changes, this flash file system may
be adequate. Also realize that when performing excessive modifications,
the flash memory devices in the FSSD experience an unequal amount of
cycling, especially those containing the FAT and directory structures.

This type of flash device driver may function best using some of the
smaller-sectored flash memory devices, such as Toshiba's NAND
devices.

Full-Featured Disk-Drive Emulators

The example FSSDs we have seen up to this point have had very
minimal functionality. Some of the noteworthy enhancements exhibited
by real disk-drive emulators include:

° Virtually unlimited read and write capability
. Reclamation of memory space containing deleted files
° Compatible with all disk-related system commands

Today, several full-featured DDEs can be obtained from companies like
M-Systems (True Flash File System, TFFS) and SCM. The file systems
(e.g., FAT file system) supporting these drives access the DDE using all
the standard mechanisms (disk interrupts and DOS function calls). When
these file systems initialize, they install the disk interrupt filters we've
discussed (just like the primitive flash file systems had to). Although
these DDEs utilize a DOS FAT format and manage the media in terms of
sectors, they differ considerably from the methods described earlier
because they incorporate a logical (rather than physical) sector
addressing scheme. This eliminates the dependency on any type of
"fixed-in-flash" disk-drive data structures and allows the FAT and
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248  Chapter Nine: Flash Memory File Systems

directories to move around. This means that the FAT, directory and user
files can be modified simply by relocating them to free flash memory.

BLOCK O . FILE ALLOCATION TABLE
Sector 1 XXX 1
Saector 2 XXX 2
Sector 3 XXX 3

| Sector4 DEL 4

" 'Sectors DEL 5

Sector 6 XXX 6

- secter7s | &/ DEL 7

XXX 8

DEL 9
/[ n+1

Sector n

 Sectorn+l XXX m-1

Sector n+2 XX m

Sector n+3

BLOCK DEL Indiotes Delatod Fie

Sector n+4

Sector n+5

Sector n+6

Sectorn+7

Sector m-1
Sector m

o Each block is an erasable flash unit.
o Fat entries point to physical location of a sector within a specific flash memory block.
o Full-featured DDEs can remove 'dirty' space occupied by deleted files.

Figure 9.12: One-to-One Correspondence Between FAT Entries and
Sectors
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