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Ex4.1: Sequential Pattern Mining
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𝑫𝑫∅

𝑺𝑺𝟏𝟏 𝐴𝐴𝐵𝐵𝐵𝐵𝐴𝐴
𝑺𝑺𝟐𝟐 𝐵𝐵𝐵𝐵𝐴𝐴𝐵𝐵𝐴𝐴
𝑺𝑺3 𝐵𝐵𝐵𝐵𝐴𝐴𝐴𝐴
𝑺𝑺4 𝐴𝐴𝐵𝐵𝐴𝐴
𝑺𝑺5 𝐵𝐵𝐴𝐴𝐴𝐴𝐵𝐵
𝐴𝐴 5 , B 4 , C 3

𝑫𝑫𝐀𝐀

𝑺𝑺𝟏𝟏 𝐵𝐵𝐵𝐵𝐴𝐴
𝑺𝑺𝟐𝟐 𝐵𝐵𝐴𝐴
𝑺𝑺3 𝐴𝐴
𝑺𝑺4 𝐵𝐵𝐴𝐴
𝑺𝑺5 𝐴𝐴𝐵𝐵
𝐴𝐴 5 , B 2 , C 2

𝑫𝑫𝐁𝐁

𝑺𝑺𝟏𝟏 𝐵𝐵𝐴𝐴
𝑺𝑺𝟐𝟐 𝐵𝐵𝐴𝐴𝐵𝐵𝐴𝐴
𝑺𝑺3 𝐴𝐴𝐴𝐴
𝑺𝑺4
𝑺𝑺5 𝐴𝐴𝐴𝐴𝐵𝐵
𝐴𝐴 4 , B 3 , C 1

𝑫𝑫𝐂𝐂

𝑺𝑺𝟏𝟏
𝑺𝑺𝟐𝟐 𝐴𝐴
𝑺𝑺3 𝐵𝐵𝐴𝐴𝐴𝐴
𝑺𝑺4 𝐴𝐴
𝑺𝑺5
𝐴𝐴 3 , B 1 , C 0

Sequence Database
<(ABBA)(BBACA)(CBAA)
(ACA)(BAAB)>
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𝑫𝑫𝐀𝐀𝐀𝐀

𝑺𝑺𝟏𝟏
𝑺𝑺𝟐𝟐
𝑺𝑺3
𝑺𝑺4
𝑺𝑺5 𝐵𝐵
𝐴𝐴 0 , B 1 , C 0

𝑫𝑫𝐀𝐀𝐁𝐁

𝑺𝑺𝟏𝟏 𝐵𝐵𝐴𝐴
𝑺𝑺𝟐𝟐
𝑺𝑺3
𝑺𝑺4
𝑺𝑺5
𝐴𝐴 1 , B 1 , C 0

𝑫𝑫𝐀𝐀𝐂𝐂

𝑺𝑺𝟏𝟏
𝑺𝑺𝟐𝟐 𝐴𝐴
𝑺𝑺3
𝑺𝑺4 𝐴𝐴
𝑺𝑺5
𝐴𝐴 2 , B 0 , C 0

𝑫𝑫𝐀𝐀

𝑺𝑺𝟏𝟏 𝐵𝐵𝐵𝐵𝐴𝐴
𝑺𝑺𝟐𝟐 𝐵𝐵𝐴𝐴
𝑺𝑺3 𝐴𝐴
𝑺𝑺4 𝐵𝐵𝐴𝐴
𝑺𝑺5 𝐴𝐴𝐵𝐵
𝐴𝐴 5 , B 2 , C 2

𝑫𝑫𝐀𝐀𝐂𝐂𝐀𝐀

𝑺𝑺𝟏𝟏
𝑺𝑺𝟐𝟐
𝑺𝑺3
𝑺𝑺4
𝑺𝑺5

𝐴𝐴 0



𝑫𝑫𝐁𝐁

𝑺𝑺𝟏𝟏 𝐵𝐵𝐴𝐴
𝑺𝑺𝟐𝟐 𝐵𝐵𝐴𝐴𝐵𝐵𝐴𝐴
𝑺𝑺3 𝐴𝐴𝐴𝐴
𝑺𝑺4
𝑺𝑺5 𝐴𝐴𝐴𝐴𝐵𝐵
𝐴𝐴 4 , B 3 , C 1
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𝑫𝑫𝐁𝐁𝐀𝐀

𝑺𝑺𝟏𝟏
𝑺𝑺𝟐𝟐 𝐴𝐴
𝑺𝑺3 𝐴𝐴
𝑺𝑺4
𝑺𝑺5 𝐴𝐴𝐵𝐵
𝐴𝐴 3 , B 1 , C 1

𝑫𝑫𝐁𝐁𝐁𝐁

𝑺𝑺𝟏𝟏 𝐴𝐴
𝑺𝑺𝟐𝟐 𝐴𝐴𝐴𝐴
𝑺𝑺3
𝑺𝑺4
𝑺𝑺5
𝐴𝐴 2 , B 0 , C 0

𝑫𝑫𝐁𝐁𝐁𝐁𝐀𝐀

𝑺𝑺𝟏𝟏
𝑺𝑺𝟐𝟐 𝐴𝐴
𝑺𝑺3
𝑺𝑺4
𝑺𝑺5

𝐴𝐴 1

𝑫𝑫𝐁𝐁𝐀𝐀𝐀𝐀

𝑺𝑺𝟏𝟏
𝑺𝑺𝟐𝟐
𝑺𝑺3
𝑺𝑺4
𝑺𝑺5

𝐴𝐴 0



𝑫𝑫𝐂𝐂

𝑺𝑺𝟏𝟏
𝑺𝑺𝟐𝟐 𝐴𝐴
𝑺𝑺3 𝐵𝐵𝐴𝐴𝐴𝐴
𝑺𝑺4 𝐴𝐴
𝑺𝑺5
𝐴𝐴 3 , B 1 , C 0
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𝑫𝑫𝐂𝐂𝐀𝐀
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𝑫𝑫∅
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𝑫𝑫𝐀𝐀 𝑫𝑫𝐁𝐁 𝑫𝑫𝐂𝐂

𝑫𝑫𝐀𝐀𝐀𝐀 𝑫𝑫𝐀𝐀𝐁𝐁 𝑫𝑫𝐀𝐀𝐂𝐂 𝑫𝑫𝐁𝐁𝐀𝐀 𝑫𝑫𝐁𝐁𝐁𝐁 𝑫𝑫𝐂𝐂𝐀𝐀

Frequent patterns: 
𝐴𝐴,𝐴𝐴𝐴𝐴,𝐴𝐴𝐵𝐵,𝐴𝐴𝐵𝐵,𝐴𝐴𝐵𝐵𝐴𝐴,𝐵𝐵,𝐵𝐵𝐴𝐴,𝐵𝐵𝐴𝐴𝐴𝐴,𝐵𝐵𝐵𝐵,𝐵𝐵𝐵𝐵𝐴𝐴,𝐵𝐵,𝐵𝐵𝐴𝐴

𝑫𝑫𝐀𝐀𝐂𝐂𝐀𝐀

𝑆𝑆𝑆𝑆𝑝𝑝 = 5

𝑆𝑆𝑆𝑆𝑝𝑝 = 5 𝑆𝑆𝑆𝑆𝑝𝑝 = 2 𝑆𝑆𝑆𝑆𝑝𝑝 = 2

𝑆𝑆𝑆𝑆𝑝𝑝 = 2

𝑆𝑆𝑆𝑆𝑝𝑝 = 4

𝑆𝑆𝑆𝑆𝑝𝑝 = 4 𝑆𝑆𝑆𝑆𝑝𝑝 = 3

𝑆𝑆𝑆𝑆𝑝𝑝 = 3

𝑆𝑆𝑆𝑆𝑝𝑝 = 3

𝑫𝑫𝐁𝐁𝐀𝐀𝐀𝐀 𝑫𝑫𝐁𝐁𝐁𝐁𝐀𝐀
𝑆𝑆𝑆𝑆𝑝𝑝 = 3 𝑆𝑆𝑆𝑆𝑝𝑝 = 2



𝑫𝑫∅
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𝑫𝑫𝐀𝐀 𝑫𝑫𝐁𝐁 𝑫𝑫𝐂𝐂

𝑫𝑫𝐀𝐀𝐀𝐀 𝑫𝑫𝐀𝐀𝐁𝐁 𝑫𝑫𝐀𝐀𝐂𝐂 𝑫𝑫𝐁𝐁𝐀𝐀 𝑫𝑫𝐁𝐁𝐁𝐁 𝑫𝑫𝐂𝐂𝐀𝐀

Frequent patterns: 
𝐴𝐴,𝐴𝐴𝐴𝐴,𝐴𝐴𝐵𝐵,𝐴𝐴𝐵𝐵,𝐴𝐴𝐵𝐵𝐴𝐴,𝐵𝐵,𝐵𝐵𝐴𝐴,𝐵𝐵𝐴𝐴𝐴𝐴,𝐵𝐵𝐵𝐵,𝐵𝐵𝐵𝐵𝐴𝐴,𝐵𝐵,𝐵𝐵𝐴𝐴

𝑫𝑫𝐀𝐀𝐂𝐂𝐀𝐀

𝑆𝑆𝑆𝑆𝑝𝑝 = 5

𝑆𝑆𝑆𝑆𝑝𝑝 = 5 𝑆𝑆𝑆𝑆𝑝𝑝 = 2 𝑆𝑆𝑆𝑆𝑝𝑝 = 2

𝑆𝑆𝑆𝑆𝑝𝑝 = 2

𝑆𝑆𝑆𝑆𝑝𝑝 = 4

𝑆𝑆𝑆𝑆𝑝𝑝 = 4 𝑆𝑆𝑆𝑆𝑝𝑝 = 3

𝑆𝑆𝑆𝑆𝑝𝑝 = 3

𝑆𝑆𝑆𝑆𝑝𝑝 = 3

𝑫𝑫𝐁𝐁𝐀𝐀𝐀𝐀 𝑫𝑫𝐁𝐁𝐁𝐁𝐀𝐀
𝑆𝑆𝑆𝑆𝑝𝑝 = 3 𝑆𝑆𝑆𝑆𝑝𝑝 = 2

closed

maximal

Suffix-Inklusion
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𝑫𝑫𝐀𝐀

𝑺𝑺𝟏𝟏 𝐵𝐵𝐵𝐵𝐴𝐴

𝑺𝑺𝟐𝟐 𝐵𝐵𝐴𝐴

𝑺𝑺3 𝐴𝐴

𝑺𝑺4 𝐵𝐵𝐴𝐴

𝑺𝑺5 𝐴𝐴𝐵𝐵

𝐴𝐴 2 , B 1 , C 2

𝑫𝑫𝐀𝐀𝐀𝐀

𝑺𝑺𝟏𝟏

𝑺𝑺𝟐𝟐

𝑺𝑺3

𝑺𝑺4

𝑺𝑺5 𝐵𝐵

𝐴𝐴 0 , B 1 , C 0

Mining for consecutive patterns

1) Large frequent patterns can start later. Consider all starting points when
projecting in the first step:

𝐴𝐴𝐵𝐵𝐴𝐴𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵𝐴𝐴
⇒ 𝐴𝐴𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵𝐴𝐴 ∧ 𝐵𝐵𝐴𝐴 ∈ 𝐴𝐴𝐴𝐴𝐵𝐵

2) Do not skip objects. Next one is important for later projections!

3) Pruning strategy has to be changed



Ex4.2: 𝛼𝛼-Algorithm

Log 𝐿𝐿 = 𝑎𝑎𝑎𝑎, 𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

Obviously: 
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a b c

a # → →
b ← || →
c ← ← #

a c



Ex4.2: 𝛼𝛼-Algorithm

Log 𝐿𝐿 = 𝑎𝑎𝑎𝑎, 𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

Due to 𝐴𝐴 = 𝑎𝑎 ,𝐵𝐵 = {𝑎𝑎}
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a b c

a # → →
b ← || →
c ← ← #

a c



Ex4.2: 𝛼𝛼-Algorithm

Log 𝐿𝐿 = 𝑎𝑎𝑎𝑎, 𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

Other possibilities for a place 𝑝𝑝 and two sets 𝐴𝐴 → 𝑝𝑝 → 𝐵𝐵?
𝑎𝑎 ∉ 𝐴𝐴,𝐵𝐵 because 𝑎𝑎#𝑎𝑎

Observation: || on diagonal (= 1-loop) impossible for 𝛼𝛼−Algorithm
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a b c

a # → →
b ← || →
c ← ← #

a c



Ex4.3: 𝑘𝑘-means

Mapping from sequences to ℝ2:
„Bag-of-Words-Model“ defines classes (→ vector components) and

stores support of these classes in a vector
In the sequence case, we lose order information

1220.05.2016Knowledge Discovery in Databases I: Exercise 4

day sequence Vector repr.

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑎𝑎𝑚𝑚 bbabb 1,4
𝑡𝑡𝑆𝑆𝑢𝑢𝑢𝑢𝑚𝑚𝑎𝑎𝑚𝑚 aabaa 4,1

𝑤𝑤𝑢𝑢𝑚𝑚𝑚𝑚𝑢𝑢𝑢𝑢𝑚𝑚𝑎𝑎𝑚𝑚 ababaaa 5,2
𝑡𝑡𝑡𝑆𝑆𝑡𝑡𝑢𝑢𝑚𝑚𝑎𝑎𝑚𝑚 baababaa 5,3
𝑓𝑓𝑡𝑡𝑓𝑓𝑚𝑚𝑎𝑎𝑚𝑚 bbaabaa 4,3
𝑢𝑢𝑎𝑎𝑡𝑡𝑆𝑆𝑡𝑡𝑚𝑚𝑎𝑎𝑚𝑚 babbbb 1,5
𝑢𝑢𝑆𝑆𝑚𝑚𝑚𝑚𝑎𝑎𝑚𝑚 bbbabbba 2,6
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done!
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