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Abstract

Hard disks, which have

long been used as secondary storage

In computing systems, are

increasingly being replaced by solid state drives (SSDs), due to their relatively fast data input /
output speeds and small, light weight. SSDs that use NAND flash memory as a storage medium are

significantly different from hard disks in terms of physical operation and internal operation. In

particular, there is a feature that data overwrite can not be performed, which causes erase operation

before writing. In order to solve this problem, a hot data for frequently updating a data for a specific

page is distinguished from a cold data for a relatively non—hot data. Hot data identification helps to

improve overall performance by identifying and managing hot data separately. Among the various hot

data identification methods known so far, there is a technique of recording consecutive write requests
by using a Bloom filter and judging the values by hot data. However, the Bloom filter technique has

a problem that a new bit array must be generated every time a set of items is changed. In addition,

since it is judged based on a continuous write request, it is possible to make a wrong judgment. In

this paper, we propose a method using a counting filter for accurate hot data verification. The

proposed method examines consecutive write requests.

It also records the number of times

consecutive write requests occur. The proposed method enables more accurate hot data verification.
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[I. Preliminaries

1. Related works

1.1 FTL(Flash Translation Layer)
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Fig. 1. Flash Memory based Storage System
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1.2 NAND flash structure and memory read, write and
delete operations
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1.3 Bloom Filter2}t Counting Filter
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Fig. 2. Bloom filter
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Fig. 3. Counting filter
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Table 1. Rate of positive error according to bit vector size and
number of hash functions

m/n k=1 k=2 k=3
12.0 7.99% 2.36% 1.08%
13.0 7.40% 2.03% 0.86%
14.0 6.89% 1.77% 0.72%
15.0 6.45% 1.56% 0.60%
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1.4 Problems of existing hot data identification
technique
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Fig. 4. Multi Hash Function Framework
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[1l. The Proposed Scheme

3.1 The operation structure of the proposal
verification method
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3.2 A value recording process for judging the hot
data of the proposal verification technique
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Fig. 6. operation process of the proposed method
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3.3 The continuity of write requests and the number
of occurrences of a particular write request pattern
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Fig. 7. continuity of write request
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Algorithm 1. Continuity of writing operation.(lpn).
Input: Ipn
Output: none

1 : While(True){

2 if(write operation occurred)
3 if( initial increase or first increase after decline)
4 nbit of h2 = nbit of h1
5: nbit of h1 += 1
6 else

7 if(nbit of h1 =1 < 0)
8 continue

9: if(first decrease)

10 : nbit of h3 += 1

11 nbit of h1 —= 1

12 @}

Aot A=714
=4 LPNOﬂ EH
J 7=

rsh

o
N
ngrﬂrﬂ;
My ooy L
k3
-
N
iy
o
o
AU
AN
S
ox [y
fo [0
oy =
N
i



6 Journal of The Korea Society of Computer and Information

H2o| nuEo| Askozn 27]|aigd A% gt & ks 2
7y 7155 k. ol Zal 7wkl AolE st 54
LPNol| that 22713 9] ddd:Ado] e ALAIAA] 71 A4
AAE A3siA wdst 5 A ek

Algorithm 1.2 227183 9] A&HAFE 7|53k S e
ok oo g At AS7IHe 54 27| sde] w3l

= 715371 98 Hlel nHlE d
nH B9 ghs 14 S7RARITL o] ghe 2718
2 4 7158k Aotk whek Hiell nH| =9 gk

| AL A 4§ Haoll th&ohs nH| B9 gt B3 Assto]
1A 2RI, o] gt od 7] 849 A&l tigk sl
% 1” “718-“401 s dgo

rlr 4
2
_O‘L
2
N
moJp

o ATHE AT 2
ok b 27) 9ol
& IR B S FO5E 2100 A g 2
ol 158 1 12 o29] gl Aol el ool
A /129 B0 oleld fHES 38T
Aekshs Bgol vlal Ak

3.4 The hot data judgment process of the proposal
verification technique
Aot Az H21e 7] 9 AE LPNS 7188 2 3
Eof| F71gko 24 AlZkelH hot data BS54 LPN
ek 27] 84 WAL 7159 Hiol nH B gho] Hx 7
2% o Fs) SEAIRE Hloll nH|ES] Fhe] H2ell nH]E<]
Ak gk Aesbge o o) WaE OLLE}
£7 LPNe] & hot data I 7|5
2718301 A% WAtk A91 21 454 2 71 271840
A ASRE 9ol 1 9l 27]2 e
E20 7 Pt) hot data el LLF Fe T 7 olth,
A= H1ol nRE9] 4w} H2ol n¥]E9] ghon] o]i= H4ol
ni| o] A2 Waslo] 71S 5k E4E H3Sl ndlE9 grolth
o] T 714 k9] en)= ZHzF Haol nH|EQ] 3R A7) 93 e] 9144
< ejujato] Haol nH| 9] gt 57 27189 sfele) ) S48
oJu)&t}, hot data Fek> A ZF nH|EQ] k) 24 2 ne|Eg)
e A= s 8] 2AHn) dEF o7 AA7EA e 27184
o thgk H4¢k H3ell 715 g3k @Aje] 2271 a4 oigk Hat
H30ll 715 3t wwgho = s LPNel| gt 227] 4] wist=

TJ
lo
?:
lo
Q,
>
{o
s
™

U?O}Oq hot data 04“[‘3 E]'—B]'": 74011;]'
Aot 5719 hot data HEHAHE F o HEs] Arys)
7] $13 57 LPNel| oigk 7] 9% A A 7|55 ges

o EA [PNol| )3t 27830 =2 wayst J%"o]fq 01 WH
7 nH]ES] 2 0000 2

start value of frequency value

e:?ﬂ\;a::ﬁ;;:e the write of the write cowr::lhr;url‘t:"]ljﬂa;r:e
I requiest. rquuest. I
Hl H2 H3 H4
[ o $\I o | [ ] [o ]
+1
., o | [ | [ |
L2 L o J [ o ] [ ]
Jud;xr?tt;antgess ,l [ |+ | e Y I‘ ....... | ........ ||
V3 1
2st hot data v | | T = | | |

Judgment process

~
)

°ﬂ nH|E9| glo]m
%%H e ARFEeE A
*o}cﬂ “71324 o] H“ﬂﬁ“—:é—% & glom BE‘% ffi%ﬂ h3°ﬂ n
HIEQ| gho] 1o]B & Zh <
/}Ez/s\y\o [e] oL 2= o};]_ xh‘(j
A H33}F H4oll nH|EQ] Ft3} H|
71849 AL TASlF B
LPN2 hot data® FHehsic}, spA|Rk o] 3 Hol 227] 8.7 o]
o 2ek 5 ulz gasto R o] w) Hadl nH|EQ] k2 09
E]—. o]h /%7]_9_%9] :t/ﬂo] = Q
H3ell nRIEQ] 3t T3k 002 %7]3
#1100 0% 7|55 o] 2 7heH® IH oA
3| LPNo] AHAlE S ofnjgit}, gl o= o]
o] o A9-olth

Fig. 9.+= Fig. 8. o]%& 3H19] 2
THA] 3He] A7) 97 1 7ha & 2W9] 271849 1
°ﬂ 727 A Adgtolt, 53 J2 oAl WA hot data

HGHA F h3ell nH|ES] Fholth o] gho] 308 ZItelA &

22 Al FAEE olf A hddll nvIEQ] Flho]
h4ol] nH|E9] gt} 2h&o 7 1 7443819 7] wﬂfolv} o]
271279 dddAdo] o 3ol 2w o v ¢
15t = ald 27]aie] AHAHS oA Ezé 27184 o9

=)
Ay slerel] whegatA] ekan A8t 2ot

N
2
>
o
o
o
(o
)

E

I3

]B_%jl} ltﬂoﬂ 7]—/\ _'lE]

rlr N
O

o

p

Lo
L
e



Hot Data Verification Method Considering Continuity and Frequency

of Write Requests Using Counting Filter 7

start value of frequency value

end value of the N ) continuity of the
write request. t[z:::;? Dfr:;::srtllta write request
] H1 H2 H3 Hd
+
e S [ e o
dsthotdata [ Y v g
judg:ar?ttp:::sss ||‘1|K | ] g A }/L ....... ||
zwsﬂsuzusu
=] [ [
Sst hot d T
judg:ar?ttpr?:ass || | e ] Moei |"/L ..... ”
Fig. 9. Judgment Process 2
olglg 7% A4 Haoll nHIES] gho] A% H4ol nH]ES)

#Eeh ZARE H3ell nH|EC] ke $UFOoRE o443 hot
data T3t} oukshd o] F I thA] 28 ]93] o

o] WA = 9l7] wjitoln ofejgh - F W] ALl i*_
7124 gt YRGS 7 75O R o|F hot data F
ol 7hsalr] wiitelth ARA o R AH7A o] 7|8
oigk H4<} H3ell 715 %bﬂr el 2] 2o itk H49F H3
o 7]& ZkS v 39 LPNo| sk 7] @M e] W=
AS3te] hot data AI5-5 kst €t

ko
oro.

V. Experimental
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Table 2. Trace file characteristics

property value
Total Requests 1,138,396
Read request 655,198
Write request 483,198
Using block 65,536
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4.3 Analysis of experimental results
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V. Conclusions
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