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Abstract

Recently, the use of NAND flash memory is being increased as a secondary device to displace

conventional magnetic disk. NAND flash memory, as one among non-volatile memories, has many

advantages such as low power, high reliability, low access latency, and so on. However, NAND flash

memory has disadvantages such as erase-before-write, unbalanced operation speed, and limited P/E

cycles, unlike conventional magnetic disk. To solve these problems, NAND flash memory mainly

adopted FTL (Flash Translation Layer). In particular, garbage collection technique in FTL tried to

improve the system lifetime. However, previous garbage collection techniques have a sensitive

property of the system lifetime according to write pattern. To solve this problem, we propose BSGC

(Balanced Selection-based Garbage Collection) technique. BSGC efficiently selects a victim block

using all intervals from the past information to the current information. In this work, SFL (Search

First linked List), as the proposed block allocation policy, prolongs the system lifetime additionally. In

our experiments, SFL and BSGC prolonged the system lifetime about 12.85% on average and reduced

page migrations about 22.12% on average. Moreover, SFL and BSGC reduced the average response

time of 16.88% on average.
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Fig. 2. Block allocation procedure based on SFL
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Table 1. The values of simulation environment

Description Value
Total capacity 4Gb
Reserved free blocks 15%

Garbage Collection Trigger

the number of free blocks
performed under 5%

Flash chip elements

Planes per elements

Blocks per plane 2048

Pages per block 64

Page size 4KB

Page read latency 60us

Page program latency 800us

Block erase latency 1.5ms

Blocks per lifetime 10*
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Table 4. Summary comparisons of experiment results

Benchmark GA CB CAT FIFO-EIGC | LEF-BSGC | FIFO-BSGC | SFL-BSGC
tracel 1421.9 | 1716.0 | 1766.0 | 1707.7 1896.4 1772.0 1938.9
First Failure time (sec) trace2 | 1521.6 | 1858.0 | 1890.8 | 1836.5 2100.4 1927.9 2147.6
trace3 | 1741.6 | 1956.4 | 1979.2 | 1925.1 2049.0 1976.2 2091.0
mean 1561.7 | 1843.5 | 1878.7 | 1823.1 2015.3 1892.1 2059.2
trace1 1669.7 | 1833.1 1853.2 | 1846.1 1898.2 1874.0 1940.6
System failure time (sec) trace2 | 1732.9 | 1946.0 | 1969.2 | 2031.9 2102.0 2069.2 2149.4
trace3 | 1933.8 | 2016.8 | 2020.8 | 2054.8 2050.5 2065.2 2092.5
mean 1778.8 | 1932.0 | 1947.7 | 1977.6 2016.9 2002.8 2060.8
trace1 100.0 96.6 96.4 96.6 96.3 91.8 91.5
Standard deviation (%) trace2 | 100.0 96.6 96.4 88.2 88.0 83.8 83.6
trace3 | 100.0 96.6 96.4 87.1 87.1 82.8 82.8
mean 100.0 96.6 96.4 90.7 90.5 86.1 86.0
tracel | 100.0 |92.7 | 949 |585 57.8 55.9 55.0
Average page migrations (%) | trace2 | 100.0 93.4 94.2 68.4 68.2 65.6 64.9
trace3 | 100.0 94.9 951 89.8 89.6 85.6 85.4
mean 100.0 93.7 94.7 72.2 71.9 69.0 68.4
tracel | 8.5 8.0 8.1 5.4 5.3 5.4 5.3
Average response time (ms) | trace2 | 15.9 15.0 151 10.9 10.9 11.0 10.9
trace3 | 15.3 14.6 14.6 13.3 138.2 13.3 13.2
mean 13.2 13.2 12.5 9.9 9.8 9.9 9.8
S, W= B vEels sold oF7) S4U4S B S AP P SFLE Ak
W AR e S7ksk] Wil A A9 Hit & SFL+BSGC+= o2 71" 3t vlatste] 3 WA wj= 55
HARRES #Fske Zlo] Fasith 2§ 88 JHIA AU A AREE EiAoR 12.85% AFAZAL, Al2E TS
Hi §9 A ®HolFa . SFL+BSGCE= GA, CB,  6.27% 4743kt L3k SFL+ BSGCY] ¥+ Az FdH o
CAT, FIFO+EIGC, LIF+EIGC, FIFO+BSGCe} Hlaste] 3 & 8.62% &L, Bt do]A] o]F+= 22.12% =3t 7HI1A]
59 A A 58.74%, 49.19%, 52.13%, 5.93%, 5.0%, AHMe] H SH AHE 16.88% E3th o ol A9} o]
1.12% =it} o4 o= AQFsl=BSGCe SFL& v 7193t BSGCE 7IE £5 &9 449 FIFOE AH-§l = 452 &

& 9
dslel A2H 4, Pl WA, 23S, HE S A PIDAL 2 A SILE B9 Al £9E 2
QI B WA} LM Ze2H BSGCo A

3 e N9l REAGA 53 45S BASS 95 %
dom, A5 FHrlo] U3t AT B} AT T 304 AAE ste 22 sk MG A BAE s Azt B
Al 7133t SSD 7]Hke] 7pu]x) AeAo] A A|2Elel| 7]X]= eke B

V. Conclusions
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