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Sequence Data
Timeline A
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Formal Definition of a Sequence

* Asequenceis:
— An ordered list of elements (transactions)
s s=(e;e€;5...)
— Each element contains a collection of events (items)
o e ={iy iy .., i}
« Each element s attributed to a specific time or location

» Length of a sequence, |s|, is given by the number of
elements of the sequence

* Ak-sequence is a sequence that contains k events

(items)
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Introduction

* Whatis sequence mining?

- Well...
P.2
Examples of Sequence Data
T
Sequence Sequence Element Event
Database (Transaction) (Item)
Customer Purchase history of a given | Aset of items bought by | Books, diary products,
customer a customer at time t CDs, etc
'Web Data Browsing activity of a A collection of files Home page, index
particular Web visitor viewed by a Web visitor page, contact info, etc
after a single mouse click
Event data History of events generated | Events triggered by a Types of alarms
by a given sensor sensor at time t generated by sensors
Genome DNA sequence of a An element of the DNA Bases A, T,G,C
'sequences particular species sequence
Element
T Event
(Transaction)
(Item)
Sequence _ : : : . : :

L
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Examples of Sequence

* Web purchasing sequence:

— ({Homepage} {Electronics} {Digital Cameras} {Canon Digital
Camera} {Shopping Cart} {Order Confirmation} {Return to

Shopping})

« Sequence of books checked out at a library:

— ({Fellowship of the Ring} {The Two Towers} {Return of the
King})
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Formal Definition of a Subsequence

* Asequence(a, a, ... a,) is contained in another
sequence (b, b, ... b,,) (M =n) if:
— there exist integers i, <i, < ... <i, such that a, c b, , a, < by,

a,c by,
Data sequence Subsequence Contain?
({2.4}{3,5,6} {8} ({21{3,5) Yes
{1.21{3.4}) {13{2h No
({2,4}{2,4}{2,5}) ({2H{4h Yes

« The support of a subsequence w is defined as the
fraction of data sequences that contain w

« A sequential pattern is a frequent subsequence
— l.e., a subsequence whose support is = min-sup

More example
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Sequential Pattern Mining
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Given:
— A database of sequences
— A user-specified minimum support threshold, min-sup

Task:
— Find all subsequences with support = min-sup
« Given library records of three people:

S, = ({Fellowship of the Ring, ... {...}{...{The Two Towers}{...})

S, =({...X..., Fellowship of the Ring, ...}{...{The Two Towers}

)

Sn = ({Fellowship of the Ring}{...X...}{...X...{The Two Towers} )

« Pattern identified:
({{Fellowship of the Ring} {The Two Towers})

Object | Timestamp Events

A 1 1,2,4 Minsup = 50%

A 2 2,3

A 3 5 Examples of Frequent Subsequences:

B 1 1,2

R o S

3 S=|

g % ;'32 V3 ({2,4}) $=80%
({3} {5h s=80%

¢ 3 245 ey $=80%

D 1 2 ({2} 2 $=60%

D 2 3,4 {13{2.3) $=60%

D 3 4,5 {2 2,3p $=60%

E 1 1,3 (1.2} {2.3) $=60%

E 2 2,4,5

Extracting Sequential Patterns
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Sequential Pattern Mining — Challenge
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Given a sequence:

- {ab}{cde}{f{ghi}

Examples of subsequences:

= {a}{c d} {f} {gh. ({c d e}), ({b}{g}), etc.
Question:

— How many k-subsequences can be extracted from a given
n-sequence?

({a b}{cde}{f}{ghi}) n=9(9differentitems)
Answer :

k=4:x _ _xx _ _ _X n 9
(@ e} » [k):@:m

» Givenn events:
T T
» Candidate 1-subsequences:
= (i, (D (i) - (i)
» Candidate 2-subsequences:
= (in b i by s o Qi {id s i id) s - (i )
» Candidate 3-subsequences:

= i iy i) (i by 1ad) s o i ) s i 12 i) -
= i, B i i, i s o i {id i i (i {i2h s -

Generalized Sequential Pattern (GSP)

Step 1:

— Make the first pass over the sequence database D to yield all the

1-element frequent sequences
Step 2:
— Repeat until no new frequent sequences are found

« Candidate Generation:

— Merge pairs of frequent subsequences found in the (k-1)th pass to
generate candidate sequences that contain k items

« Candidate Pruning:
— Prune candidate k-sequences that contain infrequent (k-1)-
subsequences
« Support Counting:
— Make a new pass over the sequence database D to find the support
these candidate sequences

« Candidate Elimination:

— Eliminate candidate k-sequences whose actual support is less than
min-sup

for



Candidate Generation

9/16/2009

* Special case (k=2):
— Merging two frequent 1-sequences ({i,}) and ({i,}) will produce
two candidate 2-sequences: ({i;} {i,}) and ({i, i,})

* General case (k>2):

— Afrequent (k-1)-sequence (w,) is merged with another frequent
(k-1)-sequence (w,) to produce a candidate k-sequence if:
« The subsequence obtained by removing the first item in w, is the
same as the subsequence obtained by removing the last item in w,
« The resulting candidate after merging is given by the sequence w;
extended with the last event of w,.
— Ifthe last two events in w, belong to the same element, then the last
event in w, becomes part of the last element in w;
— Otherwise, the last event in w, becomes a separate element appended
to the end of w;

Candidate Generation Examples

* Merging the sequences:
- w;=({1}{2 3} {4} ) and w, = ({2 3} {4 5} )
will produce the candidate sequence ({1} {2 3} {4 5} )

* Merging the sequences:
- w;=({1}{2 3} {4} ) and w, = ({2 3} {4} {5} )
will produce the candidate sequence ({1} {2 3} {4} {5} )

* We do not have to merge the sequences:
- wy =({1}{2 6} {4} ) and w, = ({1} {2} {4 5} )

Timing Constraints I

{A B} {C} {D E

= >,

=m

Xg. Max-gap
ng: Min-gap

mg: maximum span

Constraint: Xg = 2, ng= 0,mg=4

Data sequence Subsequence Contain?
<{2,4}{3,5,6}{4,7} {4,5} {8} > <{6} {5} > Yes
<{1}{2} {3} {4} {5}> <{1}{4}> No
<{1}{2,3}{3.4} {4.5> <{2}{3}{5}> Yes
<{1,2} {3}{2,3} {3.4} {2.4} {4.5}> <{1,2}{5}> No

GSP Example ‘
Frequent
3-sequences \
<2 B> Candlda_lte
<{1}{25)> Generation \
<{1}{5}{3} > ;
<{2}(3) {4} > <{1}2} {3} (4} > Candidate
<{25}{3}> <{1}{25}{3} > Pruning
<{3}{4} {5} > <{1}{5}{3 4} >
sees Seatas <wese>
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Timing Constraints II
Xg- max-gap
{A B} {C} {D E} ng: min-gap
SXg [>ng|sws ‘ . .
| I ws: window size
=m .
2 mg: maximum span

Constraint: Xg = 2, ng= O,ws=1,mg&=5

Note that Apriori Principle Not Holds...

Object | Timestamp Events Suppose:
A 1 12,4 —
it} X, =1 (max-ga
A > 73 5= 1( axg p)
A 3 5 ng = 0 (min-gap)
B 1 1,2 mg =5 (maximum span)
B 2 2,34 o
C T 12 minsup = 60%
C 2 234
c 3 245 <{2}{5}> support = 40%
5 7 5 {2} {5} pp
D 2 3.4 but
D 3 4,5 <{2}{3} {5}> support = 60%
E 1 1,3
E 2 2,4,5

Data sequence Subsequence Contain?
<{2,4} {3,5,6}{4,7} {4,6} {8} > <{3}{5}> No
<{1}{2} {3} {4} {5> <{1,2}{3}> Yes
<{1,2}{2,3} {3,4} {4,5}> <{1,2}{3,4}> Yes

Problem exists because of max-gap
constraint

No such problem if max-gap is infinite .15



Time Series Segmentation

* Whatis time series segmentation?

— Approximate a time series of length N by K straight lines, where
K<< N

— Example:

— Why it is useful?
« Well...

Online Algorithm

Offline Algorithm
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* General Idea:
— Split and merge

N,

Iteration 2
/\
e .
— A B
2 segments
Iteration 3

merge

_

4 segments 3 segments

* General Idea:

— When a new point comes, extend the current segment to see
whether the error (¢) between the new point and the projected
point is larger than a specific threshold

« If No:
— Continue the segment
« If Yes:
— Break the segment and continue at the new point

Online and Offline Algorithm

* Major question:
— How to determine when to split (or merge)?
« i.e. how to set the thresholds?

Equation of astraignt line: Y %2 = Y1 =Yz

X=X X=X

SSE(Y, 9= 23~ 9)°



