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Flash memory and magnetic disk

AMagnetic disk
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Flash memory2| &

ANOR flash memory
_ XFA
O [
= Random, direct access interface

« Fast read performance
_C}™
— |3

= Slow erase and write

ANAND flash memory
P NYS
= Better performance for erase and write

= Lower cost
—NOR: requires full address and data bus lines
—NAND: commands and data are multiplexed onto eight I/O lines
_C}A
— |3

= Slow random access
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Flash memory2| += & E4A

0%17|(read): H 0| X[(page) =H
Q27| (write): | Ol X| (page) EH
QX7 (erase): = F(block) tH

Access Time
Read Write Erase

NOR 23 us 28ms 1.2sec
NAND | 156us 652us 2ms

< Flash memory S 4 >
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Flash memory2| = 3! 54 (cont.)
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Block-mapping Techniques
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QSolution

— Wear-leveling
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Block-mapping Techniques (cont.)

Data block Flash
Erase unit

128 KB
128 KB

RAM

4 KB

128 KB




Wear Leveling

OFlash= 10KH S erase/writestA| =™ =3} §1Atol| 2|35l bad
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The Block-Mapping Idea

nd|o|E{ 2| AAIS 2[5l virtual blocko| & 2t I sector (physical
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The Block-Mapping Idea (cont.)
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Data Structures for Mapping

virtual-to-physical block map

virtual block5
= linear sector 6
= sector 2 in erase unit 1

virtual block #
erase counter 6
valid bit
obsolete bit
etc
version number

header

data

erase unit 0 erase unit 1 erase unit 2

< Block mapping >
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Data Structures for Mapping (cont.)

virtual-to-logical page maps
virtual block5

= logical block 7 0 g P >
= sector 3 in logical erase unit 1 - eeeed
= sector 3 in physical erase unit 0 ' -
= sector 3 in the linear order 2 7
logical-to-physical erase-unit map primary map replacement map
2
0
7 2
logical erase unit 1 empty erase unit logical erase unit O

< FTL mapping structure >
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Data Structures for Mapping (cont.)

9 data e
headers

A,

0

7

An erase unit containing variable-sized sectors

legend: E free
[ in use

obsolete

< Block mapping with variable-length sectors >
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Erase-Unit Reclamation

QGarbage collection
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Wear-Centric Reclamation Policies and
Wear-Measuring Technigues
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Wear-Centric Reclamation Policies and
Wear-Measuring Techniques (cont.)

QFErase =l 2| Aot S FX|sl= 7|&=
—MALE S 25l MEHE eraseEE 2| valid H|O0|E{ = CIE
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Combination Wear-Leveling with Efficient
Reclamation
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Combination Wear-Leveling with Efficient
Reclamation (cont.)

Cold block copy Hot block

erase

Free blocks

< Wear-levelingtll (tE =5 WAl >
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FLASH-SPECIFIC FILE SYSTEMS

aBackground : Log-Structured File System
QThe Journaling Flash Filing System
AYAFFS : Yet Another Flash Filing System
QThe Trimble File System

QThe Microsoft Flash File System

ANorris Flash File System

AQOther Commercial Embedded File System
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Log-Structured File System

QIn-place modification 2| =X A
— B AlZE 22 28l (long seek),
3| ™ X[ 21 A ZF (rotational delay )

— clolE6{ S ClA 30 M3 £F A2 Ch2o|Lt 2 X 7h gk 3t
U2 A|AE &

AJournaling file system
— Hlo|H & C|A 3| 27| Mol Log ofl H|0|E{E HZE

— NTEFS (Windows ), JFS ( AlX, Linux ), XFS ( IRIX, Linux ),
ext3, reiserfs, HFS+
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Log-Structured File System (cont.)

T of &t

QM7= ME 239 ma|of Al
_HE R, T AT B g0
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Log-Structured File System (cont.)

O [
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The Journaling Flash Filing System

QAxis Communication

AQJFFS2

QONOR Flash Memory of| & &t
aLog-structured file system 7| 2t
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The Journaling Flash Filing System (cont.)

Q Write
— LFS 2} 7AlSHA HIO|HE ZEOHE 2 TXIM 2 7|5
Q Read
- EOE Qo= HAMs 71E (Aol HlolH 13
Q Garbage Collection
— QR R EERE XH ZE AKX sl Bl S EE
0 JFFS2

— Garbage collection 2 & L 2822 Td35H7| ?l5
wachOolEe| Hl& 52 8l =& 2 !
AR
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The Journaling Flash Filing System (cont.)

AQWear-leveling
~-£% gle=HlolE 7t &

—cleaning operation O
=o| AME EEL=

ro

ol—‘
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YAFFS : Yet Another Flash Filing System

aONAND oA H 22| M ufed A|AH

— O2E £ T2l NAND §8 ZeiA| M 22|l QlEa] & oA
JFFS2 2Lt 4 STl M T
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YAFFS : Yet Another Flash Filing System (cont.)

QYAFFS
—512 byte chunks

AYAFFS2
—1 ~ 2 Kbyte chunks

—chunks header
= file ID, position, sequence number

— a2l AMX| Al trash directory O| &
—write : 1.5x ~ 5x

—delete : 4x

—garbage collection : 2x

—25 ~ 50 % lower RAM footprint

Advanced Operating System
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YAFFS : Yet Another Flash Filing System (cont.)

AQWear leveling
—erase unit 2 random StA| 41EH
—NOR C|HO|AHLC S E7F AL}
—storage 2| &2 EX| 2t file system ol = 3 A A&k gict
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The Trimble File System (cont.)

ANOR ( Trimble Navigation )
QYAFFS 9| Ztctst mpel A|AED 22

QT4
—4 byte header
= file number, chunk number
— 252 byte chunks

aFile

— header sector, file number, valid/invalid word, file name,
14 file record 2 T+

Advanced Operating System

30



The Trimble File System

derase count
—erase block € AtA| M erase count & ¥ 0|0 E

awear-leveling ol AFE
—erase count 7} 22 block = erase unit

Advanced Operating System

31



The Microsoft Flash File System

Al

QFFS2 2t =2|= 0| =S
Tl Al AR

L

=i Al O 22| 2

Q==+ oF write performance

AONOR Flash

—one large erase unit
—write-once device
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The Microsoft Flash File System (cont.)

£
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original data structure: ™ il Gl
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] ~.[ [ 1 ~. 1 [

| I | | | =] | |20] | ) =1 | |

data structure after overvwriting 5 bytes withim a block of 20 bytes:
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Norris Flash File System

aMicorsoft Flash File System 7| gk

— Handheld audio recorder ol AFE3517| 9| St I}
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Other Commercial Embedded File System

aTargetFFS
—NAND, NOR

AsmxFFS
—nonremovable NAND
— block-mapping device driver
—simple FAT-like file system
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Other Commercial Embedded File System

AQEFFS

— Failsafe File Systems
« EFFS-STD
—NOR, NAND 0i| A=
— FAT Compatible File System
- EFFS-FAT
—PC
—Comapct Flash, MMC, SD, HDD

= EFFS-THIN
—8-bit processor

QFLite
— kAol FAT uted A|AR T} FTL-compatible =5 &
ClHIO|A E2t0[H & AT AlZ] mhed Al AH]

=
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Beyond File Systems

AFlash-Aware Application-Specific Data Structures

—B-trees, R-trees
—timedl| 2|5l M &
—-EMH
- application-specific data structure £ ¢/ g+ TtE|/4 1} CIZ data
(file) 2 <8t TE|M 2

- OlE[ME 822 =H o o CHH wasting space 2
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Beyond File Systems (cont.)

QExecute-in-place (XIP)

—Flash file system0l| M &= A= AW Z=E
oF Otz Al
_of i W22 QTR A

Oy Oy
() )

Flash Flash

Holl XA 5hK|

Dl'IJ
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Beyond File Systems (cont.)

QFlash-Based Main Memories
—magnetic disk 2 DRAM CH |
- single-word access it = C}

= nonvolatile
« 44O| MIC}

—wide bus
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Summary
QFlash memoryE Z2HIY 7|7]2] K& &EX[ 2 ALS

QM 22 dEf Q| C|HIO|AE Q6] M2 AT E Q0]
7|3 A|AH 2x T @
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