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Abstract: In this paper, we introduce new FTL(Flash
Translation Layer) driver algorithm that tolerate the power
off errors. FTL driver is the software that provide the block
device interface to the upper layer software such as file
systems or application programs that using the flash
memory as a block device interfaced storage. Usually, the
flash memory is used as the storage devices of the mobile
system due to its low power consumption and small form
factor. In mobile system, the state of the power supplement
is not stable, because it using the small sized battery that
has limited capacity. So, a sudden power off failure can be
occurred when we read or write the data on the flash
memory. During the write operation, power off failure may
introduce the incomplete write operation Incomplete write
operation denotes the inconsistency of the data in flash
memory. To provide the stable storage facility with flash
memory in mobile system, FTL should provide the fault
tolerance against the power off failure. SSR (Simple Sector
Remapper) is a fault tolerant FTL driver that provides block
device interface and also provides tolerance against power
off errors.

1. Introduction
In this paper, we introduce a new Flash Translation Layer
(FTL) driver algorithm that tolerates power-off errors. FTL
driver is the software that provides the block device
interface to the upper layer software such as file systems or
application programs that use the flash memory as a storage
device.

Usually, the flash memory is used as the storage devices of
mobile systems due to its low power consumption and a
smal] form factor. In mobile systems, the state of the power
is not stable. So, asudden power-off can be occurred during
the read or write operations are held on the flash memory.
To provide the stable storage facility with flash memory in
mobile systems, FTL should provide the fault tolerance
against the power-off failure.

In this paper, we provide SSR (Simple Sector Remapper)
the new FTL for NAND flash memory. SSR provides block
device interface and tolerance against power-off errors.

2. Related Work

Flash Translation Layer (FTL) driver is the software that
provides the block device interface to the upper layer
software such as file systems or application programs that
use the flash memory as a storage device. M-System s

TrueFES [3] and Datalight s FlashFX (4] is a typical FTL
software. The software s component, which supports re-
mapping algorithm, is called as FTL in TrueFFS and as
VBF in FlashFX. M-System s FTL is adopted as the
standard FTL of a PC card. AMD s DMS (1] is also a
mapping driver such as FTL and VBF. However, it stores
all mapping information on memory so it is not appropriate
to use in systems with a small memory.

To access a flash memory by a block unit, a flash
memory is divided into smaller blocks with a fixed size.
Numbers are assigned to each divided block in order and
these numbers are called as a Physical Sector Number
(PSN). When the data on a block is changed, it is
impossible to overwrite the old data with the new data
directly in flash memory. To change the old data, there are
two different methods. First method is to erase the old data
first and then write the new data, However, the erase
operation can be performed only by erase block unit.
Therefore, other blocks, which belong to the same erase
block unit, will be erased together even though the data on
those blocks is not changed. Second method is to write new
data on a free block and then sets an erase flag on a block,
which contains the old data. When new data is written on a
free block as described above, the Logical Sector Number
(LSN) is not changed and only the PSN is changed. LSN is
the address, which is used by programmers or application
programs. When LSN remains same and PSN is changed, it
is also necessary to update the mapping information
between LSN and PSN. There are three major mapping
algorithms for LSN and PSN mapping. First is a fixed
mapping algorithm. Second is a random mapping algorithm,
Third is a hybrid mapping algorithm.

3. SSR

SSR is using a hybrid mapping algorithm. LSN (Logical
Sector Number) is assigned to each sectors and the
assignment method is similar with hash function, which is
used for key value assignmert to each bucket (Search
(Hash(LSN))=PSN). In actual implementation of SSR,
sector allocation table or hash function can be used. There
are also several search algorithms to find required LSN
inside the bucket.

In SSR, using an erase unit instead of a block to perform an
erase operation An erase unit is consisted of several blocks
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from each flash memory. N blocks consist of one erase unit
and the user can define the number of blocks that consists
the erase unit.

Physical Unit Number (PUN) and Logical Unit Number
(LUN) are assigned to each erase unit. PUN is decided by
the physical order of each sector at NAND flash memory,
and LUN indicates logical order of each erase unit. During
flash memory initialization, memory with the mapping
information between PUN and LUN is loaded to the main
memory, and as the data is erase or modified, this mapping
table is updated according to mapping changes between
PUN and LUN.

An erase unit can be divided into smaller sector and each
sector is used as the basic unit of NAND flash memory
operation The size of each sector is same with the page
size in NAND flash memory. At each erase unit, first sector
contains the configuration information of the corresponding
erase unit (such as the size of an erase unit) and control
information (LUN, wear level). The first sector of each
erase unit is called as an Erase Unit Header (EUH).

At each erase unit, the spare arrays of the sectors are used
for BAM (Block Allocation Map). BAM has the LSN and
status information about each sector. LSN is the address of
a sector, which is used by programmers or application
programs. BAM shows how LSN and PSN (Physical Sector
Number) are mapped to each corresponding address.

To access one sector with LSN, it is necessary to find out
which LUN it is located at. LUN can be found by using
LSN with hash function or hash table. After LUN is found,
LUN-PUN mapping table is used to find out PUN. After
PUN is determined, BAM of this PUN is accessed to find
out PSN.

More details of the mapping algorithm of SSR are provided
in the full paper (7].

4. Power Failure Recovery

In SSR, the whole data cannot be used, if mapping
information is lost by a power-off failure. It is necessary to
have a consistent ECC to recover mapping information.

Fig 3.1 shows NAND flash memory s sector data structure
for SSR. Generally, flash memory s sector is divided into
data and spare area. Data area is used to store the data and
spare area is used to store sector s logical address, ECC
value, and FTL control information.

In spare area, Is indicates LSN, cnt is a flag for sector status,
ecc_ls is ecc value for sector number, and ecc_dat is an ecc
value for the data.

Cnt field stores 4 bit flag values. 4 bit flag values at cnt
field indicate each sector s current status. The meaning of 4
bit flag values are explained below:

- 1111: free status
- 0000: Deleted statws
- 1110, 1100, 1000: Valid statis

1111 means that this sector is an available free sector.
When cn field has 0000, it indicates that this sector s data is
invalid and will be erased later. Other 4 bit values are used
to indicate current status. If more than two sectors have a
same LSN, 4 bit values have a priority as shown below and
the sector with a higher priority flag values is valid.

1110 >1100 > 1000 > 1110

Based on above information, sector write and modification
and ECC processes are ©iown at Fig 3.3.

In Fig 3.3, (a) column s (1) row indicates a free sector. To
write the data on this free block, following steps are needed.

Step 1: Write cnt field and ecc_data ((a) s (2) inFig 3.3)
Step 2: Write the data, lpn, and ecc_lpn ((a s (3))

If power-off error happens during or right after step 1, ECC
checks the data area and ecc_data to find out whether data
write is processed or not, and sets cn field in spare area as
deleted status during recovery process. If power-off error
happens during step 2, ECC checks Ipn and ecc_lpn to find
out whether current process has been finished or not. If the
current process was not finished, ECC changes cn field to
deleted stats.

To modify the old data, it writes new data at an available
free sector. These modification steps are shown at (4), (5),
(6) in Fig 3.3. In each row, (a) column indicates a old sector
and (b) column indicates a new sector. Steps at each row is
explained below:

- (4) row: Subtract one from cn field and write this new cnt
field value and ecc_data at a new sector.

- (5) row: Write new sector s data, lpn, and ecc_ipn

- (6) row: Set old sector s cnt field as 0000.

If power-off error occurs during above processes, ECC
compares cnt field values. The sector associated with
unfinished process has a smallest cnt field value and this
sector s cnt field status is set to deleted statis.

5. Conclusion

To use flash memory more efficiently, hardware oriented
device driver is necessary. Flash memory driver needs to
consider flash memory s unique erase properties. In mobile
systems, the state of the power is not stable. A sudden
power-off can be occurred when we read or write the data
on the flash memory. In mobile systems, FTL should
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provide the fault tolerance ECC against the power-off
failure.

This paper introduces SSR algorithm, which is designed to
provide ECC for power-off failure and to manage the
memory more efficiently with a better mapping algorithm.
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Figure 3.3 Sector Record Control
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