
CS145 Discussion: Week 9

Frequent Pattern Mining, Sequential Pattern 
Mining & DTW

Junheng Hao
Friday, 12/04/2020



Roadmap

● Part 1: Frequent Pattern Mining and Association Rules

○ Apriori

○ FP-Growth

○ Association Rules & Pattern Evaluation

● Part 2: Sequential Pattern Mining

○ GSP

○ PrefixSpan

● Part 3: Time Series

○ DTW



Announcements

Homework #5 Due on 11:59 PM, Dec 4 (Friday, Week 9)

Homework #6 Will be released on Dec 7 (Monday Week 10), due on 11:59 PM, Dec 14 
(Monday, Final week)

Project: Kaggle Deadline Due on 11:59 PM, Dec 6 (Sunday, Week 9)

Project: Final Report Due on 11:59 PM, Dec 18 (Friday, Final week)

Final Exam (100 minutes 
via CCLE)

Morning Session: Around 8:00-9:40 AM, Dec 16 (Wednesday, Final Week)
Evening Session: Around 6:00-7:40 PM, Dec 16 (Wednesday, Final Week)



Roadmap

● Frequent Pattern Mining and Association Rules

○ Apriori

○ FP-Growth

○ Association Rules & Pattern Evaluation

● Sequential Pattern Mining

○ GSP

○ PrefixSpan

● Time Series

○ DTW



Basic Concepts

● Given a transactional database, two itemsets X and Y, and an association rule X 

-> Y

● Absolute/relative support of X: absolute/relative frequency of X

● A frequent itemset X (pattern X): support of X is no less than a minsup threshold

● Support of X -> Y: probability that a transection contains X U Y

● Confidence of X -> Y: conditional probability that a transection with X also contains Y



Closed Patterns and Max-Patterns



Apriori

https://www.kdnuggets.com/2016/04/association-rules-apriori-algorithm-tutorial.html/2
https://edumine.wordpress.com/2013/09/11/apriori-algorithm-simplified-with-an-example/

https://www.kdnuggets.com/2016/04/association-rules-apriori-algorithm-tutorial.html/2
https://edumine.wordpress.com/2013/09/11/apriori-algorithm-simplified-with-an-example/


Apriori: Example 1



https://t4tutorials.com/apriori-algorithm-in-data-mining-with-examples/ min_support=2
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https://t4tutorials.com/apriori-algorithm-in-data-mining-with-examples/


Apriori: Example 2



https://t4tutorials.com/apriori-algorithm-in-data-mining-with-examples/ min_support=3

https://t4tutorials.com/apriori-algorithm-in-data-mining-with-examples/
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https://t4tutorials.com/apriori-algorithm-in-data-mining-with-examples/


FP-Growth



FP-Growth



FP-Growth: Example



FP-Growth



FP-Growth



FP-Growth



Association Rules & Pattern Evaluation

https://www.kdnuggets.com/2016/04/association-rules-apriori-algorithm-tutorial.html

● (Relative) support

● Confidence

https://www.kdnuggets.com/2016/04/association-rules-apriori-algorithm-tutorial.html


Association Rules & Pattern Evaluation



Association Rules & Pattern Evaluation

https://www.kdnuggets.com/2016/04/association-rules-apriori-algorithm-tutorial.html

● Lift

https://www.kdnuggets.com/2016/04/association-rules-apriori-algorithm-tutorial.html


Association Rules & Pattern Evaluation

https://www.kdnuggets.com/2016/04/association-rules-apriori-algorithm-tutorial.html

https://www.kdnuggets.com/2016/04/association-rules-apriori-algorithm-tutorial.html


Association Rules & Pattern Evaluation

https://www.kdnuggets.com/2016/04/association-rules-apriori-algorithm-tutorial.html

https://www.kdnuggets.com/2016/04/association-rules-apriori-algorithm-tutorial.html


Chi-Square Test

https://www.spss-tutorials.com/chi-square-independence-test/

● Question: Are education level and marital status related?

https://www.spss-tutorials.com/chi-square-independence-test/


Chi-Square Test

https://www.spss-tutorials.com/chi-square-independence-test/

● Marital status is related to education level.

https://www.spss-tutorials.com/chi-square-independence-test/


Chi-Square Test

● The null hypothesis for a chi-square independence test is that
○ two categorical variables are independent in some population.

● Statistical independence means that 
○ the frequency distribution of a variable is the same for all levels of some other variable.



Chi-Square Test

https://www.spss-tutorials.com/chi-square-independence-test/

● Expected frequencies are 
○ the frequencies we expect in our sample if the null hypothesis holds.

https://www.spss-tutorials.com/chi-square-independence-test/


Chi-Square Test

https://www.spss-tutorials.com/chi-square-independence-test/

● Null hypothesis (independent)→expected frequencies

P(middle,never)=P(middle)P(never)=(39/300)*(90/300)
Expected # of (middle,never) = 300*P(middle, never)=39*90/300=11.7

https://www.spss-tutorials.com/chi-square-independence-test/


Chi-Square Test

https://www.spss-tutorials.com/chi-square-independence-test/

● Real data → observed frequencies:

https://www.spss-tutorials.com/chi-square-independence-test/


Chi-Square Test

https://www.spss-tutorials.com/chi-square-independence-test/

● Add up the differences for each of the 5*4=20 cells
○ → χ2 

https://www.spss-tutorials.com/chi-square-independence-test/


Chi-Square Test

https://www.spss-tutorials.com/chi-square-independence-test/

● Is χ2=23.57 a large value? 
○ If yes, reject the null hypothesis → A and B are dependent
○ But how to tell if it is a large value?

■  χ2

Pearson 
established 
it in 1900. 
See more.

https://www.spss-tutorials.com/chi-square-independence-test/
https://en.wikipedia.org/wiki/Chi-squared_test


Chi-Square Test

https://www.spss-tutorials.com/chi-square-independence-test/
https://www.spss-tutorials.com/statistical-significance/

● In this example,
○ How to interpret P(χ2>23.57)=0.023? 

■ The probability of _____ under _____ 
hypothesis is very small, 2.3%.

○ A small p-value basically means that the data are 
unlikely under the null hypothesis. The convention 
is to reject the null hypothesis if p < 0.05.

○ Should we reject the null hypothesis in this case? 
Yes!

■ “An association between education and 
marital status was observed, χ2(12) = 
23.57, p = 0.023.”

https://www.spss-tutorials.com/chi-square-independence-test/
https://www.spss-tutorials.com/statistical-significance/


Roadmap

● Frequent Pattern Mining and Association Rules

○ Apriori

○ FP-Growth

○ Association Rules & Pattern Evaluation
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● Time Series

○ DTW



Basic Concepts



GSP—Generalized Sequential Pattern Mining



GSP



GSP: Example



GSP

https://www.slideshare.net/Krish_ver2/53-mining-sequential-patterns

min_sup = 2

https://www.slideshare.net/Krish_ver2/53-mining-sequential-patterns


GSP
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GSP
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GSP
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GSP
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GSP

https://www.slideshare.net/Krish_ver2/53-mining-sequential-patterns
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GSP

https://www.slideshare.net/Krish_ver2/53-mining-sequential-patterns

min_sup = 2
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GSP

https://www.slideshare.net/Krish_ver2/53-mining-sequential-patterns

min_sup = 2

https://www.slideshare.net/Krish_ver2/53-mining-sequential-patterns


GSP

https://www.slideshare.net/Krish_ver2/53-mining-sequential-patterns

min_sup = 2

https://www.slideshare.net/Krish_ver2/53-mining-sequential-patterns


PrefixSpan



PrefixSpan



PrefixSpan: Example



PrefixSpan

● 1. Find length-1 sequential patterns:

 <f>

<(ab)(df)cb>

<cbc>

<a> <b> <c> <d> <e> <f> <g>id  Sequence

10  <a(abc)(ac)d(cf)>

20  <(ad)c(bc)(ae)>

30  <(ef)(ab)(df)cb>

40  <eg(af)cbc>

http://home.etf.rs/~vm/os/dmsw/PrefixSpan%20algorithm.pptx

min_sup = 2



PrefixSpan

● 1. Find length-1 sequential patterns:

 <f>

<(ab)(df)cb>

<cbc>

<a> <b> <c> <d> <e> <f> <g>

4 4 4 3 3 3 1
id  Sequence

10  <a(abc)(ac)d(cf)>

20  <(ad)c(bc)(ae)>

30  <(ef)(ab)(df)cb>

40  <eg(af)cbc>
<a><b><c><d><e><f>

min_sup = 2



PrefixSpan

● 2. Divide search space

Prefix

 <a>  <b>  <f> <e> <d> <c>

id  Sequence
10  <a(abc)(ac)d(cf)>
20  <(ad)c(bc)(ae)>
30  <(ef)(ab)(df)cb>
40  <eg(af)cbc>

min_sup = 2



PrefixSpan

● 2. Divide search space

Prefix

 <a>

 <(abc)(ac)d(cf)>
 <(_d)c(bc)(ae)>

 <(_b)(df)cb>
 <(_f)cbc>

 <b>

<(_c)(ac)d(cf)>
<(_c)(ae)>
<(df)cb>

<c>

 <f>

<(ab)(df)cb>

<cbc>

 <e>

<(_f)(ab)(df)cb>

<(af)cbc>

 <d>
<(cf)>

<c(bc)(ae)>
<(_f)cb>

 <c>

<(ac)d(cf)>

<(bc)(ae)>

<b>

<bc>

id  Sequence
10  <a(abc)(ac)d(cf)>
20  <(ad)c(bc)(ae)>
30  <(ef)(ab)(df)cb>
40  <eg(af)cbc>

min_sup = 2



PrefixSpan

 <d>
<(cf)>

<c(bc)(ae)>
<(_f)cb>

<a> <b> <c> <d> <e> <f> <_f>

● 3. Find subsets of sequential patterns min_sup = 2



PrefixSpan

 <d>
<(cf)>

<c(bc)(ae)>
<(_f)cb>

 <dc>
<(bc)(ae)>

<b>

 <db>
<(_c)(ae)>

● 3. Find subsets of sequential patterns

<db> <dc>

<a> <b> <c> <d> <e> <f> <_f>

1 2 3 0 1 1 1

min_sup = 2



PrefixSpan

 <d>
<(cf)>

<c(bc)(ae)>
<(_f)cb>

 <dc>
<(bc)(ae)>

<b>

 <db>
<(_c)(ae)>

<a> <b> <c> <d> <e> <f> <_f>

1 2 3 0 1 1 1

<b> <a> <e> <c> 

<db> <dc>

● 3. Find subsets of sequential patterns min_sup = 2



PrefixSpan

 <d>
<(cf)>

<c(bc)(ae)>
<(_f)cb>

 <dc>
<(bc)(ae)>

<b>

 <db>
<(_c)(ae)>

 <dcb>
<>

<a> <b> <c> <d> <e> <f> <_f>

1 2 3 0 1 1 1

<b> <a> <e> <c> 
2 1 1 1

<dcb>

<db> <dc>

● 3. Find subsets of sequential patterns min_sup = 2
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Goal of DTW



DTW

https://en.wikipedia.org/wiki/Dynamic_time_warping
https://medium.com/datadriveninvestor/dynamic-time-warping-dtw-d51d1a1e4afc

https://en.wikipedia.org/wiki/Dynamic_time_warping


DTW: Example



DTW

http://www.phon.ox.ac.uk/jcoleman/old_SLP/Lecture_5/DTW_explanation.html

• How similar are these two peaked functions

http://www.phon.ox.ac.uk/jcoleman/old_SLP/Lecture_5/DTW_explanation.html


DTW

http://www.phon.ox.ac.uk/jcoleman/old_SLP/Lecture_5/DTW_explanation.html

7

6

5

4

3

2

1

 1 2 3 4 5 6

 

Distance function:
C(x, y) = (x - y) ^ 2

http://www.phon.ox.ac.uk/jcoleman/old_SLP/Lecture_5/DTW_explanation.html


DTW

http://www.phon.ox.ac.uk/jcoleman/old_SLP/Lecture_5/DTW_explanation.html

7 0 0 1 4 1 1

6 1 1 0 1 0 4

5 4 4 1 0 1 9

4 1 1 0 1 0 4

3 0 0 1 4 1 1

2 0 0 1 4 1 1

1 1 1 4 9 4 0

 1 2 3 4 5 6

 

Distance function:
C(x, y) = (x - y) ^ 2

http://www.phon.ox.ac.uk/jcoleman/old_SLP/Lecture_5/DTW_explanation.html


DTW

http://www.phon.ox.ac.uk/jcoleman/old_SLP/Lecture_5/DTW_explanation.html

Update rule: 7 0 0 1 4 1 1

6 1 1 0 1 0 4

5 4 4 1 0 1 9

4 1 1 0 1 0 4

3 0 0 1 4 1 1

2 0 0 1 4 1 1

1 1 1 4 9 4 0

 1 2 3 4 5 6

 

http://www.phon.ox.ac.uk/jcoleman/old_SLP/Lecture_5/DTW_explanation.html


DTW

http://www.phon.ox.ac.uk/jcoleman/old_SLP/Lecture_5/DTW_explanation.html

Update rule: 7 0 ->7 0 ->7 1 ->3 4 ->6 1 ->2 1 ->2

6 1 ->7 1 ->7 0 ->2 1 ->2 0 ->1 4 ->5

5 4 ->6 4 ->6 1 ->2 0 ->1 1 ->2 9 ->11

4 1 ->2 1 ->2 0 ->1 1 ->2 0 ->2 4 ->6

3 0 ->1 0 ->1 1 ->2 4 ->6 1 ->7 1 ->8

2 0 ->1 0 ->1 1 ->2 4 ->6 1 ->7 1 ->8

1 1 ->1 1 ->2 4 ->6 9 ->15 4 ->19 0 ->19

 1 2 3 4 5 6

 

http://www.phon.ox.ac.uk/jcoleman/old_SLP/Lecture_5/DTW_explanation.html


DTW

http://www.phon.ox.ac.uk/jcoleman/old_SLP/Lecture_5/DTW_explanation.html

Update rule: 7 0 ->7 0 ->7 1 ->3 4 ->6 1 ->2 1 ->2

6 1 ->7 1 ->7 0 ->2 1 ->2 0 ->1 4 ->5

5 4 ->6 4 ->6 1 ->2 0 ->1 1 ->2 9 ->11

4 1 ->2 1 ->2 0 ->1 1 ->2 0 ->2 4 ->6

3 0 ->1 0 ->1 1 ->2 4 ->6 1 ->7 1 ->8

2 0 ->1 0 ->1 1 ->2 4 ->6 1 ->7 1 ->8

1 1 ->1 1 ->2 4 ->6 9 ->15 4 ->19 0 ->19

 1 2 3 4 5 6

 

http://www.phon.ox.ac.uk/jcoleman/old_SLP/Lecture_5/DTW_explanation.html


Thank you!
Q & A


