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Abstract

Recently, NAND flash memory, which is used as a storage medium, is replacing HDD (Hard Disk

Drive) at a high speed due to various advantages such as fast access speed, low power, and easy

portability. In order to apply NAND flash memory to a computer system, a Flash Translation Layer

(FTL) is indispensably required. FTL provides a number of features such as address mapping,

garbage collection, wear leveling, and hot data identification. In particular, hot data identification is an

algorithm that identifies specific pages where data updates frequently occur. Hot data identification

helps to improve overall performance by identifying and managing hot data separately. MHF (Multi

hash framework) technique, known as hot data identification technique, records the number of write

operations in memory. The recorded value is evaluated and judged as hot data. However, the method

of counting the number of times in a write request is not enough to judge a page as a hot data page.

In this paper, we propose hot data identification which considers not only the number of write

requests but also the persistence of write requests.
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[l. Preliminaries

2.1 Related works

2.1.1 FTL(Flash Translation Layer)
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Fig. 1. Flash Memory-based Storage Systems
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2.1.2 Features of nand flash structure and
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2.1.3 Hot data identification
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Fig. 2. Multi Hash Function Framework
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[Il. The Proposed Scheme

3.1 The Framework
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Algorithm 1. Frequency of write operation(lpn).
Input: Ipn

Output: none

1 k = the number of hash functions

2 threshold := threshold value for hot data identification
3 for i=1 to k

4 entry=hashing[i] (Ipn)

5 increase hashing_table[entry] by 1

6 end for

end
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3.3 Duration measurement for write operation

Algorithm 2. Duration Counter(lpn).
Input: Ipn
Output:none
1 k := the number of hash functions
2 threshold := threshold value for hot data identification
3 for i=1 to k
4 entry=hashing[i] (Ipn)
5 if idel state is O
6 for times during a certain time
the most signification bit of Frequency counter
are not 0
7 increase hashing_table[entry] by 1
end for
8 end if
9 end for
end

o
i oX
s
o
>
=2,
=
%
[%
)
e
2
ko
ox!
1o,
=
k
1o,
>
I
i)
rO

N

‘e
2

Oz

(
A

W% gho] 7128 7F3E 39 %713 o
A AZE B9 mho 2715 2o wlE

=
zelo] 77 71Sate] 2/1A% 23] A%y ol

oo

e 2 22
kD

Algorithm 2.9} 7Fo] 27|42 84 WAl Al H % 7] e
4bit FHEE7E FAMFEIE A 4bitol] wkA bit #4& 0
o= %73} A7l § 3d 2714 8ol digk A& whE
bit ko2 7|53HA Ht). oW 7|EE = g dAIgF H1¥
th-5-3h= 4bit wWl=elol]l A9 2bite] ko] 00] ohyw 12 7%
sta 71 Rkge] A9l 08 7155 "k o] F 4] left
shift &2 vt} o] & WHEslA| Ht} o] hot data page 1%
£ #Asly] 93 hot data BHHHAS AlzHeiT),

3.4 Hot data judgment process

E4 =g oA tgh hot data I 271G 23
ek N SAZS 54 AR A 7= l
ghol X438 H7KgtoRM o] FoKith 53] A 7|5¢ 7}
bite] #t2 2 e 71F AAE VIEow A% A
2 08 9uE 7M. # =FeAe 27| 8 st
A &S dAshr] 98] 4bit vl el F9l2bitel H92bite]
ol 5% 1¢ o hot data® #eaie},

Fig. 5.9} o] Wl SAgks 74 7153817 98 72 bitE
T1, T2, T3, T4= F-&3I3it} T19 7158 @2 T29] 7=
g AEA SHeA o] w2 7R 7HTh ket
A&l duh o] 7|4 8o] 2 AGEAJEAE
%57] mlEoln AiH o g o oo W ZAgto] 7|5H
T19] 3k T29] ghEvh 27]dqt 84S 7153 Al3el ¥ ¢
A7) wjeltt.

r
an
Mo
X,
Ju

Duration measurement Data

e e

e

Y ~
Tl T2 T3 T4

0 1 i ]

Fig. 5. Duration measurement data
3 Fe12bite} sk9I2bitE TaEske] BrhshoEA AT
b 839 A&E Bdd otk ol & 93l Fig. 5.9 2ol
T1Z T2E 3o A& AF F31es AAsta T3¢
T4% shtel A%Hel ARE F7ho R AF g

hot data &34 Algorithm 3. ¥ 2t}

Algorithm 3. Hot data judgment process (Ipn).

Input: Duration Counter Value

Output: none

1 threshold := if each 2bit balue is 1

2 if Duration measurment Data ( 't1' || 't2" is 1
&& 3 I 't4"is 1)
update hot data list

3 end if

end
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V. Experimental
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Table 1. Trace file characteristics
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4.2.1 Rate of invalid page occurrence
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