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[Abstract]

The use of NAND flash memory is continuously increased with the demand of mobile data in the IT
industry environment. However, the erase operations in flash memory require longer latency and higher power
consumption, resulting in the limited lifetime for each cell. Therefore, frequent write/erase operations reduce
the performance and the lifetime of the flash memory. In order to solve this problem, management techniques
for improving the performance of flash based storage by reducing write and erase operations of flash memory
with using disk buffers have been studied. In this paper, we propose a CPWL to minimized the number
of write operations. It is a disk buffer management that separates read and write pages according to the
characteristics of the buffer memory access patterns. This technique increases the lifespan of the flash memory
and decreases an energy consumption by reducing the number of writes by arranging pages according to

the characteristics of buffer memory access mode of requested pages.

» Key words: Disk buffer, Flash memory, LRU algorithm, CLOCK algorithm, Page replacement,
Page access patterns
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I. Introduction
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Table 1. The characteristics of flash memory

. Access Access
Operation . .
Time granularity
Read 80 us page (2KB)
Write 200 ps page (2KB)
block
Erase 1.5 ms (128KB = dpages)

S vlwe) o] AT v B Jlge Sep
t2elo) At 588 kol7] $ish 5710 g0 U =
o Weo] DRAM F7te BRI AT IS M2
AT g2 71lsh gAT B oz S
o2 AH&5HY vulo] thgol 92 A fAT WA ¢
o] B2 Abgo] F5RE Y7l U 7] &gS kol
g1, 22 st F] teso) Hs 2 epA
20] et S Itk 4 9tk AT v el
Mozt LRU, CLOCKH 2 ZuaiZwt o2 /jugh
CF-LRU, CCF-LRU, LRU-WSRS ofg] DRAM tjA3
s 73t} 7]5o] Aokl 1 9leHe-9).

2 =20 i 0Re}s £ 7jo) oloR Lol
97] / 27 wo|x| 5 Hejste] vjx|sHe AT v
2] g Mg Aok 71de el mojxlo]

ooks Ao ERoll et Hm tR2|of S0 SHA o
OJRIE HiR[St 27] Sag &t olF &Sl ElAl
o2 o] £ S7IIZIAL oYA|9) ARE HAaARIT.

© = 92 Uat E2oh 22 2] diRe o
S84 7180 At H23 v 2 ARof disto]
Yot 3ol Ao AJARY A 29 da2f 5o
Tl Mzttt 4golM= 7180 Aok 7S] vl
2 & =wolAd Aiftshs 7] AFEAS g Jlojnth

SPolMe 22 Al

II. Background and Related works
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Fig. 1. The structure of flash—-based DBMS
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III. CPWL policy
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2. CPWL operation
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Fig. 2. The structure of CPWL

2.1. Page migration within and between regions
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2.2. Page eviction and insertion when page miss
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2.3. CPWL Algorithm
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Algorithm 1. CPWL algorithm

input page : a requested page;

Pam : the access mode of a page:
LSR : long stay region

SSR : short stay region

1 if page is in LSR then

2 move page to MRU of LSR;

3 else if page is in SSR then

4 if Pam == Write then

5 if LSR is not full then

6 insert page into MRU of LSR;
7 remove page in SSR;

8

else
9 victim = PWL(page):
10 insert page into MRU of LSR;
11 insert victim into SSR:
12 end if
13 else // Pam == Read
14 run clock algorithm in SSR;
15 end if
16 else // page miss.
17 if Pam == Read then
18 run clock algorithm in SSR;
19 else // Pam == Write
20 if LSR is not full then
21 insert page into MRU of LSR;
22 else
23 victim = PWL(page):
24 insert page into MRU of LSR;
25 insert victim into SSR:
26 evict victim in SSR to the flash;
27 end if
28 end if
29 end if

IV. Performance Evaluation

1. Experimental setup
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Table 2. The parameter in experiment

Parameter Description
Page size (bytes) 4096
Block size (pages) 64
Read latency (us) 25
Write latency (us) 200
Erase latency (us) 1,500

Table 3. The characteristics of workloads

Trace Read/Write Total read Total write
name ratio (%) counts counts
ascii 78 1 22 806397 210281
home 4 : 96 39055 908863
wdev 28 1 72 65148 171448
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2. Experimental result
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V. Conclusions

2 Aol 27] Aitat AR K197

w2 7IEE AEtezM oUR] ArE 7Y
7] lag &0 S| HlR] £ TAE 4t she
gag e 7ide Aijbstich o]
LSR(Long Stay Region)y} SSR(Short Stay Region)?]
2le] gelo 2 L1 Holx] 715A] 7]e Algetol »
7] Ho|x|So] wmo] 2 pj22 YEE sl Q7] T
ojXlz0l tiet AxEE =0|=F St



CPWL : Clock and Page Weight based Disk Buffer Management Policy for Flash Memory Systems 27

13% _ 210000
& [ ©OIRU  wDPWIRU  oCPWL
o 12% g M
5 . ‘_@ # 200000 | —
S 11% —=59="" 5
0 -@.5 :9 =
" T e " = 190000 |
Z10% g: === Ve E
= . g 180000 |
z o 2
E 8% . £
5 -7 Z 170000 |
Z 1 o —O-1RU :
= oo - & =DPW-LRU = 160000 |-
- -0 -CPWL &
5% : £ 150000
4 8 16 32 64 32 64
Disk buffersize (ME) Disk buffer size (ME)
(a) ascii {a) ascii
16% 785000
- OLRU EDPWIRU  mCPWL
; 15% _____,_._-Q:SF‘Q g I
e _z=tF*FT < 775000 |
= Ee :
él-‘lo %:;'r g1 T70000 |
S 13% § 765000 +
= g
2 = 760000 | S
S qpp =
= 12% —O-1RU 2 735000 | %
2 150 | - & —DPW-LRU E 750000 | §
- 0=-CPWL 2 745000 | §
) z N
10% £ 740000 : ' :
4 g 16 32 64 i 16 2 6
Disk buffersize (ME) Disk buffersize (MB)
(b) home (b) home
60% 78000
e & OLRU  @DPWIRU  mCPWL
= 550 - g
Pt - - = 7 L
e “,g’, e j 73000
2 - - E
300 - . - e
470 LA . O/ = 68000 |
= Cpeezz=OF T E
= @==='ﬁ g 63000 |
E -O-1RU 2 N
= 40% Z 58000 | %
= - & =DPW.LRU g §
E 5
3394 =
£ 355 O —CPWL £ 33000 | %
N | |
30% E 48000 L :
4 g 16 32 64 1 3 16 3 64
Disk buffer size (ME) Disk buffersize (MB)

(c) wdev

Fig. 5. The hit ratio in disk buffer

ug A 2

=

=wolA Aok 7o) SlEg

1.2%, 2o 6.0% 5715I¥al, 27] A4t slas

1.3%, 2cf 16.6%7F ZAEIQACt R|A A)ZEe] 4L
1.1%, 2t 13.7%7} 44"-S &olstoict. o]Z A &4
Jee2 A Hmert o]8El= FHlE o &8
2 ol& & A 5+ ATE 7IH2 §9] AFEL
Q45t ooz A2 F1te] ZA] tzelE o &
St AHn e oA 7 50| Soied Aojoh

ol oE'. ol

ERE ?E dl o

o OOI‘
12

{c) wdev

Fig. 6. The number of write counts in flash storage
T2t Mgk CPWL ZsiollA 2t <
o qoka} 34 oﬂ st A28 S 7k=x]
Ao gt ngo



28 Journal of The Korea Society of Computer and Information

370000

OLRU @DPW-LEU oCPWL

350000 | O[]
330000 |
10000 |

480000 +

The num ber of totallatency

470000 +

50000 L1 LN
4 8 16 32 64
Disk buffersize (MB)

(a) ascii

1580000

| OLEU BDPW-LRU ISCP'\'\"L,|

1570000

1360000

1350000

1540000

1330000

1320000 -

Thenumber of totallatency

1510000

1500000 —

Disk buffersize (MB)

(b)Y home

170000

| OLEU BDPW-LEU QCPWL

160000

150000

140000

130000

120000

Thenum ber of totallatency

110000

s s
4 g 16
Disk buffersize (MB)

100000 —-

{c)wdev

Fig. 7. The number of total latency

ACKNOWLEDGEMENT

This research was supported by Basic Science
Research Program through the National Research
Foundation of Korea(NRF) funded by the Ministry
of Education (2017R1D1A1A09000654).

REFERENCES

[1] Lawton, George, “Improved flash memory grows in popularity”,
Computer, Vol. 39, No. 1, pp. 16-18, 2006.

[2] M. Lee, J. Kim, and S. Park, "A Recent Trend of Buffer Management
based on Database using Next-generation Memory Module,"
Database Research, KIISE, Vol. 32, No. 1, pp. 31-45, 2016.

[3] K. Zheng, and J. Wang, "Page Weight-Based Buffer Replacement
Algorithm for Flash-Based Databases," 2017
Conference on Computer Technology, Electronics and
Communication, pp. 466-470, 2017.

[4] Dong, Xiangyu and Xu, Cong and Xie, Yuan and Jouppi, Norman

International

P, “Nvsim: A circuit-level performance, energy, and area model
for emerging nonvolatile memory”, IEEE Transactions on
Computer-Aided Design of Integrated Circuits and Systems, Vol.
31, No. 7, pp. 994-1007, 2012.

[5] Saxena, Mohit and Swift, Michael M, “FlashVM: Virtual Memory
Management on Flash.”, USENIX Annual Technical Conference,
2010.

[6] C. Kavar, S, and S. Parmar, "Performance Analysis of LRU Page
Replacement Algorithm with Reference to Different Data
Structure," International Journal of Engineering Research and
Applications, Vol. 3, No. 1, pp. 2070-2076, 2013.

[7] S. Park, D. Jung, J. Kang, J. Kim, and J. Lee, "CFLRU: A
Replacement Algorithm for Flash Memory," Proccedings of the
2006 international conference on Compilers, architecture and
synthesis for embedded systems, pp 234-241, 2006.

[8] G. Xu, F. Lin, and Y. Xiao, "CLRU: A New Page Replacement
Algorithm for NAND Flash-based Consumer Electronics," IEEE
Transactions on Consumer Electronics, Vol. 60, No. 1, pp. 38-44,
2014.

[9] U. Anwar, J. Paik, R. Jin, and T. Chung, "Log-Buffer Aware Cache
Replacement Policy for Flash Storage Devices," IEEE Transactions
on Consumer Electronics, Vol. 63, No. 1, pp. 77-84, 2017.

[10] R. Bez, E. Camerlenghi, A. Modelli and A. Visconti,
"Introduction to flash memory," Proceedings of the IEEE, Vol.
91, No. 4, pp. 489-502, 2003.

[11] H. Kim, and S. Lee, "A New Flash Memory Management for
Flash Storage System," Proceedings of Computer Software and
Applications Conference, pp.284-289, 1999.

[12] H. Jung, H. Shim, S. Park, S. Kang, and J. Cha, "LRU-WSR:
Integration of LRU and Writes Sequence Reordering for Flash
Memory," IEEE Transactions on Consumer Electronics, Vol. 54,
No. 3, pp. 1215--1223, 2008.

[13] Y. Yuan, J. Zhang, G. Han, G. Jia, L. Yan and W. Lj,
"DPW_LRU: An efficient buffer management policy based on
dynamic page weight for flash memory in cyber-physical
systems," IEEE Access, Vol. 7, pp. 58810-58821, 2019.



CPWL : Clock and Page Weight based Disk Buffer Management Policy for Flash Memory Systems 29

Authors

Byung Kook Kang received a B.S. degree in
the Department of Computer Engineering
SRS from Kyungil University, Daegu, Korea in
i:, 2000. He is currently M.S. student in

Department of Computer Engineering at

Yeungnam University and works as a CEO at MBex Co.,
Ltd. His curer research interests include embedded systems

and non-volatile memory.

Jong Wook Kwak received a B.S. degree in
Computer  Engineering from  Kyungpook
National University, Daegu, Korea in 1998, a
M.S. degree in Computer Engineering from

Seoul National University, Seoul, Korea in

2001, and a Ph.D. degree in Electrical Engineering and
Computer Science from Seoul National University, Seoul,
Korea in 2006. From 2006 to 2007, he worked as a Senior
Engineer in the SoC R&D Center, at Samsung Electronics
Co., Ltd. During 2011~2012, he was a Guest Researcher at
the Research Institute of Advanced Computer Technology,
Seoul National University. During 2012~2013, he was a
Visiting Scholar at the Georgia Institute of Technology,
Atlanta, GA, USA. As a Head Director, he led DREAM
Software Human Resource Training Center from 2014~2015.
During 2018~2019, he was a Visiting Scholar at Arizona
State University, Tempe, AZ, USA. He is currently a
professor in the Department of Computer Engineering,
Yeungnam  University. His research interests include
advanced processor architecture, low-power mobile embedded

systems, and high performance parallel computing.



