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Abstract

Recently the scale of the big data industry has grown, industry requirements such as bigger data processing and
real time data analysis are gradually becoming sophisticated. For this reason, many big data analysis platforms utilize
Bloom Filter to improve analytical performance through minimization of search space, but previous methods focus
mainly on reducing false positive errors and do not well reflect the requirements of system requirements and the
characteristics of big data. However, in the big data area, it is necessary to load a huge amount of data occurring in
real time without delay, and in the case of an in-memory processing engine such as Spark, Storm, storage capacity
must also be utilized efficiently. We propose a dynamic bloom filter methods optimizing insertion performance and
storage efficiency by considering those characteristics and verify these efficiency and performance through
experiments. By applying the proposed methods to big data analysis platforms which use bloom filters, we expect to
improve the performance of those platforms.
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Algorithm 1 Insert (x)

n : the number of items in a set

p : false positive error ratio

k : the number of hash functions
BF : Dynamic Bloom Filter

& : the number of bitTables

BF : i*" hitTable of AF

BF.. ¢ : The number of items of BF,
Require: x is not null

1: counter = 0

2. ActiveBF € GetdctiveBF()

3: if ActiveBF is null then

4:  ActiveBF € CreateNewBF(n, k, p)
5: Add ActiveBF to this dynamic Bloom filter.
6: N €N+ 1

7: for 7 = 1 to k do

] if ActiveBFlhash.(x)] == 0 then
9: ActiveBF hash(x)] =

10: else

NE counter <- counter+/

12: if counter != Kk then

15 ActiveBF.c <- ActiveBF.c + 1
GetActiveBF()

1: if BFw. ¢ < n then

3: Return AF,

4:  Return null

J8 37|12 S8 5 Ueo e ot

Fig. 3. Insert operation of b-DBF

Algorithm 2 Membership (x)

Require: x is not null

1: for 1 =1 to N¥do

2: counter € 0

3: for j =1 to £ do

4: if BFilhashix)] = 0 then
5: break

i else

7 counter € counter + 1
8 1f counter = k then

9: Return true

10: Return false

J2 4712 SN 22 Teo dug o

Fig. 4. Membership operation of b-DBF
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Table 1. Comparison of bloom filter methods
SBF[5] DBFI6] b-DBF s-DBF
Insert cost OlK) ON + k) Olk) ON + k)
Membership cost| Ok OIN + Kk ONN + k) ON + k)
- Dynamic allocation
- Usage varies according to data | - Dynamic allocation - Dynamic allocation
Static distribution - Storage usage varies - Efficient storage
Storage . ) ; . i
allocation | - It implements based on according to data usage irrespective of
CBF[12]. So storage usage is distribution data distribution
relatively high.
Date Delete X 0 ) X
- 3
1) Dynamic data” ;; /Iiynznméco?]?tadata(No
Data 1) Dynamic data® 2) Append only data(No data oo y
. 3 . data update)
characteristics of | data 2) Requires data delete and update) I,
. ) 3) Critical storage usage
applications update 3) In case of data insert :
operation with delay (€. in-memory
database/platform)

1) Known data characteristics(e.g. cardinality) before building bloom filter
2) Unknown data characteristics(e.g. cardinality) before building bloom filter
3) Only the deletion with time condition is possible
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