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Outlines

❑ Context and motivations

❑ Challenges for pattern sampling in distributed databases

❑ DDSampling (Distributed Database Sampling) : a generic two-step 
random procedure

❑ Experimentations and Perspectives

26/08/2020 ADBIS'2020 / Lyon 2



The transactions are distributed over several sites.

There is no repetition of items in the same transaction.

Definition of a distributed transactional database
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Types of fragmentation

Vertical

[Cheug & al., 1996]

[Otey & al., 2003]

[Jin & Agrawal, 2006]

[Kum & al., 2006]

[Zhu & al., 2011]
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Description of the communication model

𝒍𝒆𝒏𝒈𝒕𝒉𝑶𝒇(j, 𝓓𝒌) : the number 

of items in the transaction j 

contained in the fragment 𝓓𝒌

𝒊𝒕𝒆𝒎𝑨𝒕(i, j, 𝓓𝒌) : t𝐡𝐞 𝒊𝒕𝒉 item 

in the transaction j contained 

in the fragment 𝓓𝒌
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Challenges for pattern sampling in distributed
databases

Challenge 1 : Weight the 

transactions in the transactional 

distributed database without 

centralizing any item

Challenge 2 : Decentralize 

pattern sampling
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Challenge 1 : Weight the transactions in the 
distributed transactional database

𝕄  𝕄

1       2      0      0 3

0       2      1      1 4

0       0      0      3 3

2 0      2      0 4

2       1      0      0 3
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05

𝒍𝒆𝒏𝒈𝒕𝒉𝑶𝒇(j, 𝓓𝒌) : the number 

of items in the transaction j 

contained in the fragment 𝓓𝒌

𝒟1 𝒟2 𝒟3 𝒟4
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Challenge 1 : Weight the transactions in the 
transactional distributed database

𝕄  𝕄 𝜔≤2(𝑗)

1       2      0      0 3 7

0       2      1      1 4 11

0       0      0      3 3 7

2       0      2      0 4 11

2       1      0      0 3 7

01
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04

05

𝒍𝒆𝒏𝒈𝒕𝒉𝑶𝒇(j, 𝓓𝒌) : the number 

of items in the transaction j 

contained in the fragment 𝓓𝒌

𝒟1 𝒟2 𝒟3 𝒟4

Norm-based utility : 𝑢 𝜑 = 𝑓𝑢(||𝜑||) with 

𝑓𝑢: ℕ ℝ+

Class of norm-based utility  measures ℳ : 

𝑚𝑢 𝜑,𝒟 = 𝑓𝑟𝑒𝑞 𝜑,𝒟 × 𝑓𝑢(||𝜑||)

[Diop et al., 2019]𝑢≤2
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Challenge 2 : Decentralize pattern sampling

01

02

03

04

05

𝒍𝒆𝒏𝒈𝒕𝒉𝑶𝒇(j, 𝓓𝒌) : the number 

of items in the transaction j 

contained in the fragment 𝓓𝒌

Step 1 : Draw a transaction 

identifier j proportionally to 𝜔≤2(𝑗)

Tid ℓ = 𝟎 ℓ = 𝟏 ℓ = 𝟐 ℓ = 𝟑

03 ∅ 𝑖1, 𝑖2, 𝑖3 𝑖1𝑖2, 𝑖1𝑖3, 𝑖2𝑖3 𝑖1𝑖2𝑖3

𝕄  𝕄 𝜔≤2(𝑗)

1       2      0      0 3 7

0       2      1      1 4 11

0       0      0      3 3 7

2       0      2      0 4 11

2       1      0      0 3 7

𝒟1 𝒟2 𝒟3 𝒟4
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𝒍𝒆𝒏𝒈𝒕𝒉𝑶𝒇(j, 𝓓𝒌) : the number 

of items in the transaction j 

contained in the fragment 𝓓𝒌

𝕄  𝕄 𝜔≤2(𝑗)

1       2      0      0 3 7

0       2      1      1 4 11

0       0      0      3 3 7

2       0      2      0 4 11

2       1      0      0 3 7
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05

Step 1 : Draw a transaction 

identifier j proportionally to 𝜔≤2(𝑗)

Challenge 2 : Decentralize pattern sampling

Step 2 : 2-1. Draw a norm ℓ
2-2. Draw uniformly a subset of ℓ=2 

indexes

𝜔≤2
𝟎 = 1 𝜔≤2

𝟏 = 3 𝜔≤2
𝟐 = 3 𝜔≤2

𝟑 = 0

Tid ℓ = 𝟎 ℓ = 𝟏 ℓ = 𝟐 ℓ = 𝟑

03 ∅ 𝑖1, 𝑖2, 𝑖3 𝒊𝟏𝒊𝟐, 𝑖1𝑖3, 𝑖2𝑖3 𝑖1𝑖2𝑖3

𝒟1 𝒟2 𝒟3 𝒟4
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𝒍𝒆𝒏𝒈𝒕𝒉𝑶𝒇(j, 𝓓𝒌) : the number 

of items in the transaction j 

contained in the fragment 𝓓𝒌

𝕄  𝕄 𝜔≤2(𝑗)

1       2      0      0 3 7

0       2      1      1 4 11

0       0      0      3 3 7

2       0      2      0 4 11

2       1      0      0 3 7
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04

05

Step 1 : Draw a transaction 

identifier j proportionally to 𝜔≤2(𝑗)

𝒊𝒕𝒆𝒎𝑨𝒕(𝒊𝟏, 3, 𝓓𝟒)=D 

𝒊𝒕𝒆𝒎𝑨𝒕(𝒊𝟐, 3, 𝓓𝟒)=E 

Challenge 2 : Decentralize pattern sampling

Step 2 : 2-1. Draw a norm ℓ
2-2. Draw uniformly a subset of ℓ=2 

indexes

𝜔≤2
𝟎 = 1 𝜔≤2

𝟏 = 3 𝜔≤2
𝟐 = 3 𝜔≤2

𝟑 = 0

Tid ℓ = 𝟎 ℓ = 𝟏 ℓ = 𝟐 ℓ = 𝟑

03 ∅ 𝑖1, 𝑖2, 𝑖3 𝒊𝟏𝒊𝟐, 𝑖1𝑖3, 𝑖2𝑖3 𝑖1𝑖2𝑖3

𝒟1 𝒟2 𝒟3 𝒟4

𝒊𝒕𝒆𝒎𝑨𝒕(i, j, 𝓓𝒌) : t𝐡𝐞 𝒊𝒕𝒉 item 

in the transaction j contained 

in the fragment 𝓓𝒌
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Experimental protocol for DDSampling

• Artificial distributed databases : Uniform fragmentation in K = 10 fragments

• Horizontal partitioning : every transaction is described in only one fragment

• Vertical partitioning : every item is present in only one fragment

• Hybrid partitioning : neither horizontal nor vertical

• Utility : 𝒖 𝝁.. 𝑴 = 𝑢≥𝜇 × 𝑢≤𝑀 𝑤𝑖𝑡ℎ 𝜇 = 1 𝑎𝑛𝑑 𝑀 ∈ [1. . 5]
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DDSampling communication cost

Preprocessing
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DDSampling communication cost

• DDSampling is very parsimonious in communication cost

Preprocessing

Vertical : Nb patterns(𝑴 = 𝟓)
before reaching the cost of 
centralization

Chess 17 976

Connect 460 165

Mushroom 23 973

Waveform 13 820

Cost of 
centralization 
in nb 𝒊𝒕𝒆𝒎𝑨𝒕

118 252

2 904 951

186 852

110 000
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Outlier entities detection in semantic Web databases

Two fragments : 
DBpedia + Wikidata

Class Person contains 772,432 entities described by DBpedia and Wikidata
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Degree of aberration of each instance

• FPOF [He et al., 2005] : Frequent Pattern Outlier Factor

• FPOF with utility : 𝑢≥1 × 𝑢≤3

• Approximate the FPOF with a sample of 10,000 patterns [Giacometti 
& Soulet, 2016] under norm constraints
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Qualitative evaluation of outlier detection on Person

Artist 
(48%)

Politician
(40%)

Other persons 
(12%)

772,432  instances  ordered 

list in descending order of 

their FPOF

100 first instances

Real 
person 
(48%)

Fictional 
character (33%)

Other class (19%)

100 last instances

The sampled

patterns are 

effective in 

detecting 

outliers in real 

life databases, 

even if they 

have the long 

tail curse.
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Conclusion

❑ A Two-Step random procedure on distributed transactional databases

▪ First sampling method on distributed transactional databases

• Generic algorithm ({horizontal, vertical, hybrid} × {area, frequency, norm constraints})

▪ Very accurate to detect outliers in transactional databases

❑ Perspectives

▪ Weight correction mechanism to counterbalance the breakdown of a site

▪ Replace the exact drawing of transactions with a stochastic method to minimize the cost

https://github.com/DDSamplingRDF/ddsamplingTry it !
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https://github.com/DDSamplingRDF/ddsampling


Thank you for your attention!


