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Classifying Target Blocks Between Garbage Collection and
Wear Leveling)
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Abstract :

In this paper, we propose BCMR (Block Classification with Monitor and Restriction) to

ensure the isolation and to reduce the interference of blocks between a garbage collection and a
wear leveling. The proposed BCMR monitors an endurance variation of blocks during the garbage
collection and detects hot blocks by making a restriction condition based on this information. The

proposal induces a block classification by its update frequency for the garbage collection and the
wear leveling, so we will get a prolonged lifetime of NAND flash memory systems. In a
performance evaluation, BCMR prolonged the lifetime of NAND flash memory systems by 3.95%,
on average and reduced a standard deviation per block by 7.4%, on average.
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Table 1. Comparisons of flash cell
Description SLC MLC TLC

read latency 25us 60us 100us
program latency 200us 800us 2.4ms
erase latency 700us 1.5ms 3.0ms
bit per flash cell 1bit 2bit 3bit
endurance 10° 10* 10°
price per bit high low very low
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File System
(e.g., FAT, Ext2, Ext3, or NTFS)

FTL (Flash Translation Layer)
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o9 1. FTLY +%
Fig. 1 System architecture of FTL
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classifying hot blocks

The threshold for
and cold blocks
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Page number
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NAND Flash Memory Chip MBEC (Monitoring Block Erase Count)
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Fig. 3 The procedure of BCMR
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input: max_ec, max _blk, ec, mbec, v pages,

cost, i, and v_th
output: null
/I Get the maximum number of erase count
1 max_ec < get_max_erase_count();
2 for i = 0 to max_blk do
/I Measure a difference between a maximum
erase count and a corresponding erase count.
3 mbec[v_pages[i]] = max_ec - ec/i],
/I Ignore an corresponding block i when it
satisfies this condition.
4 if v_pages[i] > v_th then
5 ‘ continue;
6 end
/I Estimate a cost of block i on each technique.
7 end
/I Reclaim victim blocks by garbage collection.
8 if wear leveling condition = true do
/I Get a bcmr cost by equation (1).
9 cost < get_bcmr_cost();
10 if cost > 0 then
11 ‘ vith =vth-1,
12 | else
13 ‘ vith =vth+1;
14 end
/I Reset the mbec table and perform procedures
in each technique.
15 end

<32l 1. BCMR &=k
Algorithm 1. BCMR procedure
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BCMR2 7HH[#] AAAS Fd3t= 5ol & ¥ 2. SPC¢} FIU9] Ha2= EA
= 7+ AA WHEgEE 5A357] 918 MBEC Table 2. Workload characteristics of
(Monitoring Block Erase Count) Hlo|&& &3 SPC and FIU

] .
F dAsts 2Ee fa Hold e ¢ & 9 worklonq |0 of reauest () |4yg request
t}. %, MBEC® 9ghe 7hulx @edo] Hashe read | write | (PV1®)
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BEsh AN, ThA AHAe] didde] HA o Garbage collection condition |# of free blocks < 5%
< EFEo] 7R A9 Fost= AS BA # of total blocks 1096
st7] 913 A (DS &8st A=z dAHEES AA Pages per block 128
CRins Page size 4KB
T maz Page read latency 60us
cost = EBCY\[RM* 2 (BCMRYi] >v) oY) Page program latency 800us
o o Block erase latency 1.5ms
2l oA = oA HE, T= 7|£9 sy} Blocks per lifetime 10*
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