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Abstract Bloom filter is a data structure that represents a set and returns whether data is

included or not. However, there are cases in which false positives are returned at the cost of using
less space. The learned bloom filter is a variation of the bloom filter, that uses a machine learning
model in the pre-processing process to improve the false-positive rate. The learned bloom filter stores
some data in the machine learning model, and the leftover data is stored in the auxiliary filter. An
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auxiliary filter can be implemented by using a bloom filter only, but in this paper, we use the bloom

filter and the learned hash function, and this is called an extended learned bloom filter. The learned hash

function uses the output value of the machine learning model as a hash function. In this paper, we
propose a method that improves the false positive rate of the extended learned bloom filter through grid
search. This method explores the extended learned bloom filter with the lowest false positive rate, by
increasing the hyperparameter that represents the ratio of the learned hash function. As a result, we

experimentally show that the extended learned bloom filter selected through grid search, can have a 20%

improvement in false-positive rate compared to the learned bloom filter, in the experiment that needs
more than 100,000 data to store. In addition, we also show that the false negative error may occur in
the learned hash function by the use of 32-bit floating points in the neural network model. This can be

solved by changing the floating points to 64-bit. Finally, we show that in an experiment where we query

10,000 data, we can adjust the structure of the neural network model to save 20KB of space and create
an extended learned bloom filter with the same false—positive rate. However, the query time is increased

by 2% at the cost of saving 20KB of space.

Keywords: data structure, bloom filter, learned bloom filter, learned hash function, learned index,

machine learning, neural network, false positive rate, grid search, hyperparameter
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Bloom Filter
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Hell H(Hello") = 1
S 1> Sl O N D DO ES

Hello World

[ofafefofo]o]]

Yes, pass filter

[ofa]efofo]o]]

H('Foo’) = 3 No,

do not pass filter

ofafofofofo]u]

Yes, pass filter

Query 1. Is 'Hello' inside the set?
H('Hello) = 1

Query 2. Is 'Foo' inside the set?

Query 3. Is 'Bar’ inside the set?
H(Bar') = 6

but it's a mistake!

a9 1 EF ¥H
Fig. 1 Bloom Filter
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Fig. 3 Extended Learned Bloom Filter
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Algorithm 1 Initialization of Extended LBF

1. Function init(a, m):

2. mp =[a*m]

3 mg =L(1-a)+*m]
4 By, = bitarray(mp)
5.  Bgp = bitarray(mg)
6. end

Algorithm 2 Insert of Extended LBF

1. Function insert(x):

2. model_value = f(x)
if model_value > threshold:
pass
else:
fori=1, ..
Bg [hi(x)]
end

2
3
4
5 , ke

6. =1

7

8 Brlmodel_value * mp] =1
9. end

10. end

Algorithm 3 Query of Extended LBF

1. Function query(x):
2. model_value = f(x)

2 if model_value > threshold:

3 return True

4 else:

5 fori =1, ki

6. if Bplh; (X)] ==

7 return False

8 end

9. end

10. if Brlmodel_value * my] ==

11. return False

12. end

13. end

14. return True

15. end
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Algorithm 4 Grid Search of Extended LBF

1. Function grid_search(m):
2 best_model = None

3 min_FPR = o

4 for @ = 0.01, -+, 0.50:
5. init(e, m)

6 for data in train_data:
7
8
9

insert(data)
end
FP_count = 0
10. for data in negative_test_data:
11. FP_count += query(data)
12. end

13. FPR = FP_count / len(negative_test_data)
14. if FPR < min_FPR:

15. min_FPR = FPR
16. best_model =
17. end

18. end

19. end
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