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Abstract

In this paper, we propose a block mapping technique applicable to NAND flash memory. In order

to use the NAND flash memory with the operating system and the file system developed on the basis

of the hard disk which is mainly used in the general PC field, it is necessary to use the system

software known as the FTL (Flash Translation Layer). FTL overcomes the disadvantage of not being

able to overwrite data by using the address mapping table and solves the additional features caused

by the physical structure of NAND flash memory. In this paper, we propose a new mapping method

based on the block mapping method for efficient use of the NAND flash memory. In the case of the

proposed technique, the data modification operation is processed by using a blank page in the

existing block without using an additional block for the data modification operation, thereby

minimizing the block unit deletion operation in the merging operation. Also, the frequency of

occurrence of the sequential write request and random write request Accordingly, by optimally

adjusting the ratio of pages for recording data in a block and pages for recording data requested for

modification, it is possible to optimize sequential writing and random writing by maximizing the

utilization of pages in a block.
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[I. Preliminaries

1. Related works

1.1 Structure of NAND flash memory
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Fig. 1.

Block structure of NAND flash memory

1.2 Characteristics of NAND flash memory
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1.3 FTL(Flash Translation Layer)
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1.4 Page-level mapping techniques
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1.5 Block unit mapping technique
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1.6 Hybrid mapping technique
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[1l. The Proposed Scheme

3.1 Operation structure and characteristics of
proposed method
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Fig. 2. Operational structure of proposed scheme
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3.2 Multiple offsets
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3.4 Block metapages
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3.5 Writing of the proposed technique
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Fig. 3. Writing of the proposed technique
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3.6 Reading of the proposed technique
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3.7 Copy of the proposed technique
Aol 8= w3 sl s A,
Xﬂoﬁltﬁ% E5 U fra oA E BT AHEe E55 U

A 2% BAE )

ri
A
S
i)
T,

LEN FEMN
Block 1 Block 5
Logical Page 0
Address 1 1=5§ 5 ¢&» 5
L 1 2 7
3 g \ 7 sequence
LEN: 00 = 0 page
Offset - 0%0 = 0 Block Map Table /}7 a
Befora offset  Aftar offset /}{/ 9
N 0 B maker
Before 1 random
At F /}{/ } page
‘0'@01 ’ 3 j/
Reverse Offset
Map Table

Fig. 6. Block copy of the proposed technique

4.1 Experimental environment and Trace file spec

Aol AREE A28 91 i5-6500, DDR3 1600MHz
4GB 222 FAE™ Centos 7.3-1611 MA2] S3AAE
ARggT AgolA AlEH A g HE ZEjA] wIE] o] A
A2 obef E1.3} 2t

Table 1. Parameter of Nand flash memory used for simulation.
Pages per block 512
Nand flash memory Page size 16KB
Block size 8192KB
A e T MR AN 84S TPYe R 2% E
Jol~& F5 A& o)A Flashsime o]-&313 o g A}
48 729 27) Hde] fAaz=e} £Ay) dde] fas
Lo AL 2529 blktraceE ol&ste] ¢171/227] HHEHE
F=5lrH12,13]
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4.2 Mapping table total memory usage

= Page mapping == Block mapping

mmm | og block mapping Suggested
300-
i
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o
= 100
(=)
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[=%
[=%
[+-]
=
16GB 32GB 64GB 128GB
Fig. 7. Mapping capacity to memory table memory usage
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4.3 Number of deletions per block

mm Sequential write =a Random write

25000 —
20000+
15000+

10000+

|
=
) ]
% 3
-
=
—J|
= 1 1

Erasing block

5000+

Fig. 8. Proposed technique and number of
block deletion of log block
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4.4 Number of deletions according to the number
of pages per block

15000

10000

5000

Erasing block

1
128 256 512
Pages per block

Fig. 9. Number of deletions according to
the number of pages in the block
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V. Conclusions

B =M s Ha fgZste s e S W] A&
7Fsdk A2 g7 S ARSIt # =i SAERSE
WA e T 8.4 7 TR 8 A Ul-Sshe oA E
4 55 el Azlshr] 913 A 22l -8 5 Fo]A ¢



Block Unit Mapping Technique of NAND Flash Memory Using Variable Offset 17

BEE 7PALOR MAY]] AT LIARAS Ao
o1 Bl A 2IE By A G0 TAL o] g3l £
B2 AolAE o §FORH BE 1 ol BEEE HojP
ol B b 31500 g BAE BT EE QTANAS
olgafe] wap] SEint A1) Rl WAl wet 2%
AolA] BEE 7PAH O ZPFORM B2 A S50 1k
IS BT, ARYOR AW 27187 A ek T
& 271270 it A4k sol 8ol Fsate] W] F7b
91 B glo] 27183% AFFORA FIL Aol $88 22
9] A Adstelinh. B ol ATIS ko ]
2718k S Fole] vine] AEHS F U Y & QE 978
A% ool

REFERENCES

[1] Gartner, https://www.gartner.com/en/newsroom/press—
releases/2017-10-17-gartner-says—worldwide-devic
e-shipments—will-increase—2-percent-in-2018

[2] Sang Oh Park, and Sung Jo Kim, "An efficient file system
for large—capacity storage with multiple NAND flash
memories," IEEE International Conference on Consumer
Electronics (ICCE), March 2011.

[3] Yongju Lee, Hyunwoo Kim, Huijeong Kim, Taeyeong Huh,
Sanghyuk Jung, and Yong Ho Song, “Adaptive Mapping
Information Management Scheme for High Performance
Large Sale Flash Memory Storages,” Journal of The
Institute of Electronics Engineers of Korea Vol. 50, NO.
3, March 2013

[4] Novotny R, Kadlec J and Kuchta R, "NAND Flash Memory
Organization and Operations," JITSE Volume 5 Issue 1,
January 2015.

[5] Yoshiki Takai, Mamoru Fukuchi, Reika Kinoshita, Chihiro
Matsui, Ken Takeuchi, "Analysis on Heterogeneous SSD
Configuration with Quadruple-Level Cell (QLC) NAND
Flash Memory," IEEE 11th International
Workshop (IMW), June 2019

[6] Yoshiki Takai, Mamoru Fukuchi, Reika Kinoshita, Chihiro
Matsui, Ken Takeuchi, “Analysis on Heterogeneous SSD
Configuration with Quadruple-Level Cell (QLC) NAND
Flash Memory,” 2019 IEEE 11th International Memory
Workshop (IMW), June 2019.

[7] Feng Chen, Tong Zhang, Xiaodong Zhang, "Software
Support Inside and Outside Solid-State Devices for High
Performance and High Efficiency," Proceedings of the
[EEE, Vol. 105, Issue 9, Sept 2017.

[8] A. Gupta, Y. Kim, and B. Urgaonkar, "DFTL: A Flash
Translation Layer Employing Demand-based Selective

Memory

Caching of Page-Level Address Mappings," Proc. of the
14th International Conference on Architectural Support

for Programming Languages and Operating Systems, Mar.
2009.

[9] D. Ma, J. Feng, and G. Li, "LazyFTL: A Page-level Flash
Translation Layer Optimized for NAND Flash Memory,"
Proc. of the 2011 ACM SIGMOD International Conference
on Management of Data, Jun. 2011.

[10] Jiang, and Song, "S-ftl: An efficient address translation
for flash memory by exploiting spatial locality," Mass
Storage Systems and Technologies (MSST), IEEE 27th
Symposium on. [EEE, July 2011.

[11] J. Kim, J. M. Kim, S. Noh, S. L. Min, and Y. Cho, "A
space—efficient flash translation layer for compact flash
systems," Consumer Electronics, [EEE Transactions on,
vol.48, pp.366-375, May 2002.

[12] S.-W. Lee, D.-J. Park, T.-S. Chung, D.-H. Lee, S. Park,
and H.-J. Song, "A log buffer-based flash translation
layer using fully—associative sector translation," ACM
Trans. Embed. Comput. Syst. vol.6, no.3, p.18, July 2007.

[13] Dawoon Jung, Jeong-UK Kang, Heeseung Jo, Jin-Soo
Kim, FTL: A
superblock-based flash translation layer with a hybrid

Joonwon  Lee, "Superblock
address translation scheme." ACM Transactions on
Embedded Computing Systems (TECS) TECS Homepage
archive Volume 9 Issue 4, March 2010.

[14] Youngjae Kim, Brendan Tauras, Aayush Gupta, Bhuvan
Urgaonkar, "FlashSim: A Simulator for NAND
Flash-Based Solid-State Drives," IEEE Xplore 09,
October 20009.

[15] Giuliano Casale, Stephan Kraft, Diwakar Krishnamurthy,
"A Model of Storage 1/O Performance Interference in
Virtualized Systems," IEEE Xplore 25, July 2011.

Authors

Seung-Woo Lee received the B.S. degree

from Kyungil University and M.S. degree
from Kyungpook National University,
2010 and 2013,
respectively. He is currently enrolled for

South  Korea, in

‘ PhD degree in degital media lab. His
current interests include embedded and flash memory
based storage system.

Kwan-Woo Ryu received the B.S. degree
from Kyungpook National University. He
received M.S. degree from KAIST, and PhD
degree in University of MARYLAND, USA,
in 1980, 1982, 1990, respectively. He is

currently an professor in school of
computer science and engineering of Kyungpook National

University. His research interests include multi-paradigm
algorithm, parallel computing.



