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A Study of Purity-based Page Allocation Scheme
for Flash Memory File Systems

Seungjae Baek' - Jongmoo Choi™

ABSTRACT

In this paper, we propose a new page allocation scheme for flash memory file system. The proposed scheme allocates pages by
exploiting the concept of purity, which is defined as the fraction of blocks where valid pages and invalid pages are coexisted. The purity
determines the cost of block cleaning, that is, the portion of pages to be copied and blocks to be erased for block cleaning. To enhance
the purity, the scheme classifies hot-modified data and cold-modified data and allocates them into different blocks. The hot/cold
classification is based on both static properties such as attribute of data and dynamic properties such as the frequency of modifications.
We have implemented the proposed scheme in YAFFS and evaluated its performance on the embedded board equipped with 400MHz
XScale CPU, 64MB SDRAM, and 64MB NAND flash memory. Performance measurements have shown that the proposed scheme can
reduce block cleaning time by up to 154 seconds with an average of 7.8 seconds compared to the typical YAFFS. Also, the enhancement
becomes bigger as the utilization of flash memory increases.

Key Words : Flash Memory, File System, Block Cleaning, Purity, Page Allocation, Performance Evaluation, Embedded System
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Hardware Component Specification
CPU | 400MHz XScale PXA255
RAM 64MB SDRAM

Flash memory 64MB NAND, 512KB NOR flash memory
Interface RS232, USB, CS8300, JTAG
Others LCD, Touch, LED
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£ HE A4 A (synthetic) YIA2 =0ty Z} EWAMA
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Aste AYeR 74, oY EWYHES A
A B4 vkEg
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50 & block cleaning 80 m block cleaning
O benchmark running 20 Q benchmark running

a0 . 60
— Q
§ 20 ﬁ 50
: " o 40
£ £ %0
=

© 20

10
0 : 0
Original Y AFFS New YAFFS Ornginal YAFFS New YAFFS
a) Postmark (transaction = 500) b) Postmark (transaction = 1000)
50 B block cleaning 60 mblock cleaning
O benchmark running O benchmark running
o O 40
g 30 2 I
p 2 o 30
]

£ £ 20

10 10

a ! 0

QOriginal YAFFS New YAFFS Original YAFFS New YAFFS
¢) DC Benchmark d) Andrew Benchmark

(38 13) mo|x] g 7|

(23 13)d4 ¢d= g9

Hy 25 22 HIE

A Aok 4 3

" —— :
{Iblock:cleaningj A, 71 YAFFSSt AJ29 YAFFS AojA wxviz <
o O benchmark running }\]7‘_}01 _ﬂ_/\],»g].];]_‘ o]E_ Egﬁ 5‘_ %E"l?:‘)ﬂ’q ]c\)l-g_ —]o];(
@ 718e FHQ 8 AY glge ¢ 5 9
3 : A ZE YAFFS AolA 2% Z#)y wlgo] 7]& YAFFS)
E A Boh A, FAFH 2 Postmark(E# A 50070), Postmark
= (E4A4 100071), DC Benchmark, Andrew Benchmarkel]
A z+z} 56, 80, 26, 1542 FAE Ao, FFH O 78%
N F4E Ak ol Atd ol Y o] AAR &
H n E2 PN 22 BE 2E4 RaE paAAe
;2 2 2 2 lre |:2382 |0 ig=
AR A L A R o
6|> ti = 5ll> ti = 5ll> ti = th> ation = uG(:zanon= Iill>j ti = (1% 14)‘—“;—:— POStmark(E%z_q}f‘_ 5007H)% A-ii E}-%
® “© o S CgA FPARAE W T AFolth aYdA e o
(Z12! 14) 0|89 a0 ME Ms w3 < VHE 238 ¢ g AA, o]&&o] Tl et
(® 3 HOIX| B HAD 24E
e Block Status block cleaning Classification
Utilization Scheme valid_only |invalid_only| both | Purity erase copy hot cold
» Orignal YAFFS 4 0 357 0.90 357 10147 N/A N/A
° Modified YAFFS 116 0 246 093 246 6608 137 280
0% Orignal YAFFS 97 0 1045 0.72 1045 30203 N/A N/A
i Modified YAFFS 75 0 369 0.0 369 8527 201 1141
0% Orignal YAFFS 192 0 1732 053 1732 50227 N/A N/A
i Modified YAFFS 1430 0 4% 086 19 10650 373 1633
0% Orignal YAFFS 282 0 2423 0.35 2423 70397 N/A N/A
7 Modified YAFFS 2090 0 617 083 617 12552 460 2241
205 Orignal YAFFS 376 0 3111 016 3111 90435 N/A N/A
70 Modified YAFFS 2750 0 738 0.80 738 14463 545 2973
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