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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| S Hejste] vjx|ste AT v
2] g MG Aok 71ge 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
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wdev 28 1 72 65148 171448
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2. Experimental result
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V. Conclusions
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