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Frequent pattern mining
[Agrawal et al., 93;Mannila and Toivonen, 97]

Discovering relevant local correlations in 
itemset language 𝓛 = 𝟐{𝑨,𝑩,𝑪,𝑫,𝑬,𝑭,𝑮,𝑯} 
considering the dataset 𝓓

❑Drawbacks of pattern mining:
1. Long response time

2. Threshold definition of constraints: 
𝑓𝑟𝑒𝑞 𝑋, 𝒟 ≥ 𝛾

3. Overwhelming number of mined patterns
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

Itemset FGH with 
𝑓𝑟𝑒𝑞 𝐹𝐺𝐻, 𝒟 = 3



Pattern sampling with frequency:
[Al Hasan et al., 09;Boley et al., 11]

Each pattern 𝑿 ∈ 𝓛 is drawn with a 
probability proportional to its frequency 
𝒇𝒓𝒆𝒒(𝑿, 𝓓). 

𝐹𝐺𝐻 is 3 times more likely to be drawn than 
𝐴 because its frequency is 3 times greater.
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

𝒮

ℒ

FGH
A
CD

𝑘 = 3



Pattern sampling with frequency:
The two-step random procedure [Boley et al., 11]
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

Itemsets

A

B, B

…

CD, CD

…

FGH, FGH, FGH

…

ABCDEFGH

How do you generate a sample without 
extracting all the frequent patterns?



Pattern sampling with frequency:
The two-step random procedure [Boley et al., 11]

 Calculate ω the number of itemsets per transaction
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

Tid Itemsets

t1 D, G, H, DG, DH, GH, DGH

t2 C, F, G, H, CF, CG, CH, FG,…, FGH

t3 A, B, C, D, E, F, G, H, CD,…, FGH

t4 B, E, F, G, H, BE, BF, BG,…, FGH

t5 C, D, E, F, CD, CE, CF, DE, DF, EF,…



ω

7

15

255

31

15



Pattern sampling with frequency:
The two-step random procedure [Boley et al., 11]

 Draw a transaction 𝒕 ∈ 𝓓 with a probability proportional 
to the number of itemsets ω contained in 𝒕
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

Tid Itemsets

t1 D, G, H, DG, DH, GH, DGH

t2 C, F, G, H, CF, CG, CH, FG,…, FGH

t3 A, B, C, D, E, F, G, H, CD,…, FGH

t4 B, E, F, G, H, BE, BF, BG,…, FGH

t5 C, D, E, F, CD, CE, CF, DE, DF, EF,…



ω

7

15

255

31

15



Pattern sampling with frequency:
The two-step random procedure [Boley et al., 11]

 Draw a transaction 𝒕 ∈ 𝓓 with a probability proportional 
to the number of itemsets ω contained in 𝒕

 Draw uniformly an itemset from 𝒕
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

Tid Itemsets

t1 D, G, H, DG, DH, GH, DGH

t2 C, F, G, H, CF, CG, CH, FG,…, FGH

t3 A, B, C, D, E, F, G, H, CD,…, FGH

t4 B, E, F, G, H, BE, BF, BG,…, FGH

t5 C, D, E, F, CD, CE, CF, DE, DF, EF,…

Itemsets

A

B, B

…

CD, CD

…

FGH, FGH, FGH

…

ABCDEFGH

 

ω

7

15

255

31

15



Pattern sampling with frequency:
Interests for user-centric pattern mining

❑Controlled size of the pattern sample

❑Very fast extraction with the two-step 
random procedure

❑Useful profiling of the dataset for 
different mining processes:
▪ Feature construction [Boley et al., 11]

▪ Outlier detection [Giacometti et al., 16]

▪ Interactive pattern mining [Dzyuba et al., 16;Hien 
et al., 23]
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𝒮

ℒ

FGH
A
CD

𝑘 = 3

𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F
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Pattern sampling with frequency:
Curse of the long tail [Diop et al., 2018]
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𝒮

ℒ

FGH
A
DGH

𝑘 = 3
203

40
8

41

Number of patterns per frequency

1

2

3

4

5

86% of the drawn 
patterns have a 
frequency of less 
than 2!

Despite the draw bias, the sampling 
focuses on non-frequent patterns :

𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F



Pattern sampling with frequency:
Curse of the long tail [Diop et al., 2018]
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𝒮

ℒ

FGH
A
DGH

𝑘 = 3
203

40
8

41

Number of patterns per frequency

1

2

3

4

5

73% of the drawn 
patterns have a 
frequency of less 
than 2!

Despite the draw bias, the sampling 
focuses on non-frequent patterns :

𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

Bias amplified with 𝑓𝑟𝑒𝑞 𝑥, 𝒟 2!!!



Pattern sampling with frequency:
Curse of the long tail [Diop et al., 2018]
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𝒮

ℒ

FGH
A
DGH

𝑘 = 3
203

40
8

41

Number of patterns per frequency

1

2

3

4

5

53% of the drawn 
patterns have a 
frequency of less 
than 2!

Despite the draw bias, the sampling 
focuses on non-frequent patterns :

𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

Bias amplified with 𝑓𝑟𝑒𝑞 𝑥, 𝒟 3!!!!!!



Pattern sampling with frequency:
Curse of the long tail [Diop et al., 2018]
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𝒮

ℒ

FGH
A
DGH

𝑘 = 3
203

40
8

41

Number of patterns per frequency

1

2

3

4

5

What we want!

Despite the draw bias, the sampling 
focuses on non-frequent patterns :

Our goal: Pattern sampling with constraint for avoiding non-frequent itemsets

𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F
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Pattern sampling with length constraint
[Diop et al., 2018]
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

𝒮

ℒ

≤ 𝑙

𝑙𝑒𝑛𝑔𝑡ℎ

❑Key idea: short patterns are more frequent

➔ Maximum length constraint



Pattern sampling with length constraint
[Diop et al., 2018]

 Calculate ω the number of itemsets per transaction and 
ρ the number of itemsets per transaction and per length
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

ρ

Tid len.=1 len.=2 len.=3

t1 3 (D, G, H) 3 (DG, DH, GH) 1 (DGH)

t2 4 6 4 (FGH)

t3 8 (A) 28 (CD) 56 (FGH)

t4 5 10 10 (FGH)

t5 4 6 (CD) 4



ω

7

14

92

25

14

𝒍𝒆𝒏𝒈𝒕𝒉 𝑿 ≤ 𝟑



Pattern sampling with length constraint
[Diop et al., 2018]

 Draw a transaction 𝒕 ∈ 𝓓 w.r.t ω
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

ρ

Tid len.=1 len.=2 len.=3

t1 3 (D, G, H) 3 (DG, DH, GH) 1 (DGH)

t2 4 6 4 (FGH)

t3 8 (A) 28 (CD) 56 (FGH)

t4 5 10 10 (FGH)

t5 4 6 (CD) 4



ω

7

14

92

25

14



Pattern sampling with length constraint
[Diop et al., 2018]

 Draw a transaction 𝒕 ∈ 𝓓 w.r.t ω

 Draw a length 𝒍 w.r.t ρ
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

ρ

Tid len.=1 len.=2 len.=3

t1 3 (D, G, H) 3 (DG, DH, GH) 1 (DGH)

t2 4 6 4 (FGH)

t3 8 (A) 28 (CD) 56 (FGH)

t4 5 10 10 (FGH)

t5 4 6 (CD) 4



ω

7

14

92

25

14





Pattern sampling with length constraint
[Diop et al., 2018]

 Draw a transaction 𝒕 ∈ 𝓓 w.r.t ω

 Draw a length 𝒍 w.r.t ρ

 Draw uniformly an itemset of length 𝒍 in 𝒕
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

ρ

Tid len.=1 len.=2 len.=3

t1 3 (D, G, H) 3 (DG, DH, GH) 1 (DGH)

t2 4 6 4 (FGH)

t3 8 (A) 28 (CD) 56 (FGH)

t4 5 10 10 (FGH)

t5 4 6 (CD) 4



ω

7

14

92

25

14

Itemsets

A

B, B

…

CD, CD

…

FGH, FGH, FGH

…







48
32

8
4

1

Number of patterns per frequency

1

2

3

4

5

Pattern sampling with length constraint
[Diop et al., 2018]
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73% of the drawn 
patterns have a 
frequency of less 
than 2!

Despite the length constraint (𝒍𝒆𝒏𝒈𝒕𝒉 𝑿 ≤ 𝟑), 
the sampling focuses on non-frequent patterns :

𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

𝒮

ℒ

≤ 𝑙

𝑙𝑒𝑛𝑔𝑡ℎ
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Challenge of frequent pattern sampling

❑Families of pattern sampling methods:
✓Stochastic methods [Al Hasan et al., 08]

✓Constraint programming [Dzyuba et al., 16]

Multi-step random procedure [Boley et al., 11]

❑Constraint-based multi-step random 
procedure
✓Syntactic constraints can be pushed into the 

language ℒ [Diop et al., 18]

Frequency-based constraint
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

𝒮

ℒ

≥ 𝛾

How to push the frequency constraint into the sampling procedure?

Possible to push 
constraints but 
poor efficiency

𝑓𝑟𝑒𝑞



The old pots make the best soups
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[Bonchi et al., 03] [El-Hajj et Zaiane, 03]



The old pots make the best soups

❑Using pre-processing on the dataset 
for decreasing the search space 
[Bonchi et al., 03]

❑Recursive reduction
▪ Anti-monotone constraint : 

𝑓𝑟𝑒𝑞 𝑋, 𝒟 ≥ 3

▪ Monotone constraint : 𝑙𝑒𝑛𝑔𝑡ℎ 𝑋 ≥ 4
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The old pots make the best soups

❑Recursive reduction
▪ Anti-monotone constraint : 

𝒇𝒓𝒆𝒒 𝑿, 𝓓 ≥ 𝟑

▪ Monotone constraint : 𝑙𝑒𝑛𝑔𝑡ℎ 𝑋 ≥ 4
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F



The old pots make the best soups

❑Recursive reduction
▪ Anti-monotone constraint : 

𝑓𝑟𝑒𝑞 𝑋, 𝒟 ≥ 3

▪ Monotone constraint : 𝒍𝒆𝒏𝒈𝒕𝒉 𝑿 ≥ 𝟒
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F



The old pots make the best soups

❑Recursive reduction
▪ Anti-monotone constraint : 

𝒇𝒓𝒆𝒒 𝑿, 𝓓 ≥ 𝟑

▪ Monotone constraint : 𝑙𝑒𝑛𝑔𝑡ℎ 𝑋 ≥ 4
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F



The old pots make the best soups

❑Recursive reduction
▪ Anti-monotone constraint : 

𝑓𝑟𝑒𝑞 𝑋, 𝒟 ≥ 3

▪ Monotone constraint : 𝒍𝒆𝒏𝒈𝒕𝒉 𝑿 ≥ 𝟒
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F



The old pots make the best soups

❑Recursive reduction
▪ Anti-monotone constraint : 

𝒇𝒓𝒆𝒒 𝑿, 𝓓 ≥ 𝟑

▪ Monotone constraint : 𝑙𝑒𝑛𝑔𝑡ℎ 𝑋 ≥ 4
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F



The old pots make the best soups

❑Recursive reduction
▪ Anti-monotone constraint : 

𝑓𝑟𝑒𝑞 𝑋, 𝒟 ≥ 3

▪ Monotone constraint : 𝒍𝒆𝒏𝒈𝒕𝒉 𝑿 ≥ 𝟒
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F



Key ideas

Benefiting from existing pattern 
sampling methods
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Database 
projection

Non-
frequent 

item 
deletion

Rejection

𝒮

ℒ𝒟 The language ℒ 
cannot be changed.



Key ideas

Benefiting from existing pattern 
sampling methods

 Filtering the output: rejection step
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Database 
projection

Non-
frequent 

item 
deletion

Rejection

𝒮

ℒ𝒟

Naive

The language ℒ 
cannot be changed.



Key ideas

Benefiting from existing pattern 
sampling methods

 Filtering the output: rejection step

 Filtering the dataset 𝓓: deletion + 
projection
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Database 
projection

Non-
frequent 

item 
deletion

Rejection

𝒮

ℒ𝒟

Naive

Deletion
Projection

The language ℒ 
cannot be changed.



Naive method: sampling with rejection (1)

Principle:

1. Draw a pattern

2. Compute its frequency

3. Reject it if its frequency is less than 𝛾

Rejection rate with 𝜸 = 𝟑: 86%
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𝒟

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

FGH (3), A (1), CD (2),…

𝒮

ℒ

≥ 3



Naive method: sampling with rejection (2)
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Naive method does not work.

The rejection rate 
is too high!

Lower is better



Deletion method: discarding non-frequent items (1)

Principle: Delete all the non-frequent items 
(and then, all the itemsets containing at 
least one non frequent item)

Deletion of A ➔AC, AD, ACD,…

Rejection rate with 𝜸 = 𝟑: 86% → 52%

Journée CAVIAR - 8/04/2025 37

𝒟3

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

FGH (3), A (1), CD (2),…

𝒮

ℒ

≥ 3



Deletion method: discarding non-frequent items (2)
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How can this approach be generalized to non-frequent item pairs?

The rejection rate remains 
too high for low thresholds.



Projection method: adding item sampling (1)

Projected database for the item 𝒊:

It contains only the transactions where the 
item 𝑖 occurs and the items greater than 𝑖.
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𝒟
(𝐶)

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

Projected database for the item 𝐶 
(considering the lexicographic order)

> 𝑪



Projection method: adding item sampling (1)

Principle:

1. Draw the first item 𝑖 proportionally to 𝜔(𝑖)

2. Sample an itemset 𝑌 in the projected 

dataset 𝒟
𝑖

3. Return the pattern 𝑖 ∪ 𝑌 (if its fequency ≥
𝛾)

Rejection rate with 𝜸 = 𝟑: 86% → 52% → 52%

Journée CAVIAR - 8/04/2025 40

𝒟
(𝐶)

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

𝒮

ℒ

Draw an item

F, D,…

C



Projection method: adding item sampling (1)

Principle:

1. Draw the first item 𝑖 proportionally to 𝜔(𝑖)

2. Sample an itemset 𝑌 in the projected 

dataset 𝒟
𝑖

3. Return the pattern 𝑖 ∪ 𝑌 (if its fequency ≥
𝛾)

Rejection rate with 𝜸 = 𝟑: 86% → 52% → 52%
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𝒟
(𝐶)

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

CF (3), CD (2),…

𝒮

ℒ

∪ {𝑖}

Draw an item

≥ 3

F, D,…

C



Projection method: adding item sampling (1)

Principle:

1. Draw the first item 𝑖 proportionally to 𝜔(𝑖)

2. Sample an itemset 𝑌 in the projected 

dataset 𝒟𝜸
𝑖

 (with deletion!)

3. Return the pattern 𝑖 ∪ 𝑌 (if its fequency ≥
𝛾)

Rejection rate with 𝜸 = 𝟑: 86% → 52% → 0%
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𝒟𝟑
(𝐶)

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

CF (3), CD (2),…

𝒮

ℒ

∪ {𝑖}

Draw an item

≥ 3

F, D,…

C



Projection method: adding item sampling (2)

Example for 𝒟3
(𝐶)

: ∅ and F in t2 for leading to  C and CF (idem for t3 
and t5)
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𝒟3
(𝐶)

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

𝒟3
(𝐷)

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F

𝒟3
(𝐸)

Tid Items

t1 D G H

t2 C F G H

t3 A B C D E F G H

t4 B E F G H

t5 C D E F …

𝜔 𝐶 = 6 occurrences 𝜔 𝐸 = 6 occurrences𝜔 𝐷 = 3 occurrences



Projection method: adding item sampling (3)
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Projection method works well for any threshold.



Projection method: adding item sampling (3)
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Projection method works well for any threshold.

AUC = 0.973

AUC = 0.603

AUC = 0.271



AUC of rejection rates

Journée CAVIAR - 8/04/2025 46

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Naive Deletion Projection

Projection method works well for any threshold and any dataset.

0.950

0.483

0.296



Storage of projected datasets (worst case)
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0

5

10

15

20

25

30

Naive Deletion Projection

Projection method requires more data storage (x30).



Conclusion

❑ Lesson 1: Complementary of sampling and constraints
▪ Sampling : Controlled number of patterns + fast
▪ Constraint : Elimination of non-relevant patterns

❑ Lesson 2: Syntactic constraints can be pushed into sampling
▪ Not so hard to apply
▪ Maximum length constraint not so efficient for avoiding the curse of the long tail 

❑ Lesson 3: Syntactic constraints can be derived from non-syntactic constraints
▪ Generic: Any frequent pattern sampling method can be reused
▪ Efficient: Low rejection ratio at the cost of extra storage
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