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[Abstract]

In this paper, we propose to solve the problem of increasing system memory usage due to an
increase in the number of mapping information management when using a NAND flash memory-based
storage device in an existing sector-based file system. The proposed technique is to store only mapping
information in page units based on index blocks and manage them in block units. To this end, the
proposed technique uses a sequential offset for storing and managing a plurality of mapping information
in one page in a small block, and a reverse offset for a spare page corresponding to a change in
mapping information in the block. Through this, the proposed technique has the advantage that the
number of block-unit deletions is less than that of the existing technique, and the system memory usage

required for mapping information management is low. Reduced by about 32%.
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I. Introduction
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II. Preliminaries

1. Related works

1.1 FTL(Flash Translation Layer)
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‘ File System

‘ Block Device Driver

FTL(Flash Translation Layer)

‘ STL(Sector Translation) ‘

‘ BML(Block Management) ‘
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‘ LLD(Low Level Driver) ‘
SiwW
HW ‘ NAND Flash Device ‘

Fig. 1. Overview of FTL
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Fig. 2. Log Block Mapping Scheme
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III. The Proposed Scheme

1. Overall operation structure of the proposed
technique
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3. Reverse offsets map table
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5. Writing of the proposed technique
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Fig. 6. Writing process in the proposed technique
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6. Index block Merge of the proposed
technique
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Fig. 8. Block copy of the proposed technique

Block Map Table

Before offset  After offset //'

0 4
1 0
2 5
3

Reverse Offset
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IV. Experimental
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1. Experimental environment and Trace file spec

Table 1. 1Gb NAND Flash
Organization

Large-Block Array

Total capacity 4GB
Block count 4096
Page count per block 64
Page size 2KB
Erase time 2ms
Write time 5.20MB/s
Read time 16.13MB/s
Table 2. 1Gb NAND Flash Small-Block Array
Organization
Total capacity 1GB
Block count 8192
Page count per block 32
Page size 512byte
Erase time 2ms
Write time 2.33MB/s
Read time 12.65MB/s
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2. Experimental environment and Trace file
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3. Block generation experiment result
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Fig. 9. Block generation when applying the log block
technique
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g. 11. Block creation when applying the proposed
technique.
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4. Block deletion experiment result
ZY77F & X
= R
|

LR
=

N

I rl

|

5327olc}. 7170l 3% HY Al HolHES W Bt
invalid H|0Jx] 7H¢% g1 ol § =5 W ’%**é% A
valid Ho]x] 7= 3927700 55 W AgH #A
invalid H|o]x] 7j4%= 53777}0]c}.

AlQb o] el 22 Al 1%0] ojuje cheat 2.
AR Ige 7127]0] SRS WHE HlolEgAloe
oIy wAysts WIS Fol7] ¢fsy A HolEg 2t
Al 2o ARSI S S2lolAlet A AR E
Aol B2 WE st 5 AP Ml 2=
W amolx] YO o o]4 ofQuolx]} gL A

}\_]‘40] E.E LH HH\:ﬂoT-J_}XJ]o] l:‘l:l-}\ é‘jq }\HC])_] %ﬁ ALK

-
%] % 2= xlC’Wl‘ﬂdoﬂ %‘i—%‘%‘ Y SIrE ofujeit;

L
=

O

0}04 #}4“71 gL EﬂolEV“’\‘ /\l =5 U ArHelRlE
o3t A2jgitt. & 25 Ul Hojx]o] &=5 27197
mjlof 5y ViAo s 283 4 Qle A7l AlH. Fig.
12,014 #7124 140080l|A] 22008 Th7FR]= e 2491
52 AA Al 25 Ul Ft invalid Ho]x]e] 7147} 5

A ulatel Z1e & 4 glon) sjg A7 77t0] AlufE e

ai9l27] 0 eloleptlact #x20] vigel o ol
g el BEe 2% ) fasolARct famolx
Blgo] of e Zojc,

T T
—&— Average invalid pages

—+—Numberof block merge

Number of Index block merger
5
—

e ]
/ . .

" " . . .
0 5 10 15 20 2% 30 35 40 5 50
Number of Write Requests (x100)

Fig. 12. Average invalid pages when merging index
blocks

gt #7194 230080 A] 25008 C7tR]= s AHQl
=52 A Al &5 Ul B+t invalid Ho]x]2] 7h47t
M AZ & 4 A & 6l 2715t A7|o|
A7) 9 glo]g73Al vl&o] ©f Fof slig AQl 252
=5 W faHolx|9] vlgktt famo]X|9] H|go] ¢
=2 slojot. ZEAlog Ao Aol 552 A7|uf
ol T2t =5 W Ho|x]9] 31ts E8she 7hiA mo]
A] &80 AA™o] 9tk ¥HH Fig. 10.5¥ 7|&7|¥HQl =
J55 719d 4% &5 W 53 EE=7T AR b
ol BojRl= A2 & 4 Tk 21550 A¢ 52
HlolE 25 A 2155 Jhof 'IA¥shy 2A7|mjjglo]
SARI27] 9 gojE78Alo] HE 3¢ HlolHE5 Yl T
ofx|of] FH 712 H[o|Ql= JHle 2 1554} Wﬂtﬂ B
o ¥¥sIA "t 7|E7Ho] 4% Fig. 10.94 258
A] Hlo]&|£50] Ht Ho]X] 7 8712 o= 27|87
o mjgo] FAR27] U gjo]e7dAlo] T2 73 HlolE
E5 U HolRl= 9] ZEEA] Xk AS Qujgitt.

E3E AR ARl 25 AA| Slae F 499]olch
AIRE7IH2 9PA Hot data ©H7|Hat ARl S50 AFY
AEE As] A ARl 55 WS o]8sto 2|dst &

-lﬂ$

Aei27] U HolEPINg a7k 78S olgals

A% A2 22 7|8 A0l 2 ) molalo] tipol AP
HEE T e e RARIRT] % HlolERAl
FoR WHY 4 YA A Ee ol F=al]
Hot date Beb7|'a Aol 2% vin} 7g Alolalgie



Index management technique using Small block in storage device based on NAND flash memory 13

o ol &3 S Stiek & & ok 7IE7180) B¢

2A9)#7] 9l HlolEIALS 2 1LSENUS ol 8sto] A
gog SUst »7)aA0] s B2AR Hps 7382
APl RO o 2 224 342 712590

V. Conclusions

Zala] lze] 7|9 AR ALE-S Sl
714 K A] BAII#T] 2 wINE Hlolepy
QI3 AFS 2T WA 21220 T3
7] ALg2F 2 3145k 919 SLC type A2
229 0]83F AP |HS Aokt
A Datagt i #7]@70 AR S

AZ 2 3 A9l B0 HE A

08 Mol 2% U solxld] 271870 Azt
RIS Wt Co] AIRE o
Aol 22

9]

r
P
r

N
%
(o]
re
m

U
o 4

=
>z e
E%

Liz
o T

jﬂjo?:

= ﬁ

< 1

Z

O,

u
>
2
N
cE
Mo 4

P
H.I

S
)
e
J

ol
el
(=L
o
od

o 9 N

(S

>

> S

4o OZ

)
o

Ho]X] TR TS =3¢ O

o

H|o]x] o] 7<1 3 5
()

(@)

T 27

o121 ottt

"z
U re
e
i
=
_‘|:L
i

S~ r
>
oz
ox N
ke

2
rg o
o,
£

-0

S K ¥ Hon
=
>
b
)
o
ke
i
—[o
[
z
>~
o
=
b =
o
=
>
e
_E
ol
ok

L
o,
i

591 59 25 3 cifalol ol gt

A
jﬂgd;

1PN
B ZAARIE AR

EEE PR
2=y 9as of % Wonﬂ sauolx] WAo] o}
2 AAE R AF8Fol 7 71E71 o] 90% 24
soick. Aol ol & AlASIRe] Atga] 7S Hot
data TP ALRE AARI RS R B9 A
A NAEIOIR2] ALgEFS oF 10%0] AlAHE|wE] ALS
o a0 ang ol

REFERENCES

[1]1 Y. Takai, M. Fukuchi, R. Kinoshita, C. Matsui, K. Takeuchi,
“Analysis on Heterogeneous SSD  Configuration with
Quadruple-Level A (QLC) NAND Flash Memory,” 2019 IEEE
11th International Memory Workshop (IMW), June 2019. DOL:
10.1109/IMW.2019.8739689

[2] S.W Choi, K.T Park, M. Passerini, H.J Park, D.Y Kim, C.H Kim,
K.W Park, J.W, Kim “A Al current compensation scheme for 3D
NAND FLASH memory,” 2015 IEEE Asian Solid-State Circuits

Conference (A-SSCC), January 2016. DOI: 10.1109/ASSCC.201
5.7387432
[3] Hang-Ting Lue, “3D NAND flash memory,” https://patents.goog
le.com/patent/US9018047B2/en
[4] A. Soga, C. Sun, K. Takeuchi, “NAND flash aware data
management system for high-speed SSDs by garbage collection
overhead suppression,” 2014 IEEE 6th International Memory
Workshop (IMW), May 2014. DOIL: 10.1109/IMW.2014.6849374
[5] T.S Chung, D.J Park, S.W Park, D.H Lee, SW Lee, and HJ Song,
“A survey of Flash Translation Layer,” Journal of Systems
Architecture, Vol. 55, No. 5, pp. 332-343, April 2009. DOIL
https://doi.org/10.1016/j.sysarc.2009.03.005
[6] S.J Kwon, A. Ranjitkar, Y.B Ko, and T.S Chung, “FTL algorithms
for NAND-type flash memories,” Design Automation for
Embedded Systems, Vol. 15, No. 3-4, pp. 191-224, March 2011.
DOI: https://doi.org/10.1007/s10617-011-9071-9
[7] D. Ma, J. Feng, and G. Li, “A Survey of Address Translation
Technologies for Flash Memories,” ACM Computing Surveys
(CSUR), Vol. 46, No. 3, pp. 1-39, January 2014. DOL: https://
doi.org/10.1145/2512961
[8] Y. Wang, Z. Qin, R. Chen, Z. Shao, Q. Wang, S. Li, L.T. Yang,
“A Real-Time Flash Translation Layer for NAND Flash Memory
Storage Systems,” IEEE Transactions on Multi-Scale Computing
Systems Vol. 2, No. 1, pp. 17-29, March 2016. DOIL:
10.1109/TMSCS.2016.2516015
[9] Y. Hu, H. Jiang, D. Feng, L. Tian, S. Zhang, J. Liu, W. Tong,
Y. Qin, L. Wang, “Achieving page-mapping FTL performance at
block-mapping FTL cost by hiding address translation,” 2010 IEEE
26th Symposium on Mass Storage Systems and Technologies
(MSST), pp. 1-12, June 2010. DOIL: 10.1109/MSST.2010.5496970
[10] S.W Lee, D.J Park, T.S Chung, D.H Lee, S.W Park, H.J Song,
“A  Log Buffer-Based Flash Translation Layer Using
Fully-Associative Sector Translation,” ACM Transactions on
Embedded Computing Systems, Vol. 6, No. 3, July 2007. DOI:
https://doi.org/10.1145/1275986.1275990
[11] D.W Jung, J.U Kang, H.S Jo, J.S Kim, and J.W Lee, “Superblock
FTL: A Superblock-Based Flash Translation Layer with a Hybrid
Address Translation Scheme,” ACM Transactions on Embedded
Computing Systems (TECS), Vol. 9, No. 4, April 2010. DOL:
https://doi.org/10.1145/1721695.1721706
[12] SW Lee, KW Ryu, “Block Unit Mapping Technique of NAND
Flash Memory Using Variable Offet,” Journal of The Korea Society
of Computer and Information Vol. 24 No. 8, pp. 9-17 August
2019. DOI : http://dx.doi.org/10.9708/jksci.2019.24.08.009
[13] Y.J Kim, B. Tauras, A. Gupta, B. Urgaonkar, “FlashSim: A
Simulator for NAND Flash-Based Solid-State Drives,” 2009 First
International Conference on Advances in System Simulation,
October 2009. DOIL: 10.1109/SIMUL.2009.17



14  Journal of The Korea Society of Computer and Information

Authors

Seung-Woo Lee received the M.S and Ph.D.

degree in Computer Science and Engineering

4% form Kyungpook National University, South

\4 Korea, in 2013 and 2020, respectively. He is
‘g . currently a Professor in the Department of
Aecronautical Software Engineering, Kyungwoon University.

He is current interests include embedded system and flash

memory based storage system.

Se-jin Oh received the M.S. and PhD.
degrees in Computer Science and Engineering
from Kyungpook National University, Korea,
in 2011 and 2014, respectively. Dr. Oh

‘z. joined Advanced Technology Center at

Samsung Techwin in 2014. He is currently a Professor in the

Department of Aeronautical Software Engineering, Kyungwoon
University. He is interested in Embedded System, Information

Security, IoT System.



