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Hot Data Verification Method Considering Continuity and Frequency
of Write Requests Using Counting Filter
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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

E5ZEBloom filter) & wl L4243 zh= g UdlA 7l
o] 847 o]Folz] F-E3 S 8 4M 7] 3 xdsh] ¢
& AMgEE ZF 7| AR Fow o]E 1970 Burton
Howard Bloomedl] ¢]8] ZE¥ it 7-81.

$={xy.2} {x, Y. z }

m=16 k=3 n=3

LefrJofeJefrfofofJofofrjofr]rft]ol]
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 @}
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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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