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Your CD-rom contains:
+ VLDB 2006 time series ttorial

+ More than 100 time series datasets
+ Materials for teaching data mining,

“... excellent tforid concerning
temporal mining ..." Dr.
Margaret Dunhar, in her book,
Deta Mining Introductory and
Advanced Topics

Eamenn Keogh’s VLDBO6 Tutorial
A Decade of Progress in Indexing and
Mining Time Series Data
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Defining Distance Measures

Defimiticn: Lt 0, axd O be tors o cts o
thwminre of possbl object, The dirtance
(diseinilarity) & denoted by X0, 0.

Wihat properties are desirable
in o dstenee meosure?

. i
- BAT)=0 TEh=1 v
« AB)S H(AC) +ABE)

“Awesome idorialll It's jusi wanderful... playfil AND deepi I
couldn't siap looking at if, even though I've got ather things to do..
it was & well gpent hour!™ Dr. Ben Shneiderman. Director of the Human-
Computer Interaction Laboratory, University of Maryland at College Park
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What are Time Series?

A time series Is a collection of observations made
sequentially in time.




Time Series are Ubiquitouk

i ATheir blood pressure

AGeorge Bush's popularity rating
AThe annual rainfall in Seattle
AThe value of their Google stock

éand things change ov

/

Thus time series occur in virtually every medical, scientific and businesses don
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Why Is Working With Time Series sc
Difficult? Partl

Answer: How do we work with very large database

E 1 Hour of EKG data1 Gigabyte.
E Typical Weblog 5 Gigabytes per week.

E Space Shuttle Databa$eo Gigabytes and growing.
E Macho Database Terabytes, updated with 3 gigabytes a d

Since most of the data lives on disk (or tape), we need a
representation of the data we can efficiently manipulate.



Why Is Working With Time Series sc
Difficult? Part i

Answer: We are dealing with subjectivity

The definition of similarity depends on the user, the domain and
the task at hand. We need to be able to handle this subjectivity.



Why Is working with time series so
difficult? Part Il

Answer: Miscellaneous data handling problems.

ADiffering data formats.
ADiffering sampling rates.
ANoise, missing values; etc.

We will not focus on these issues In this tutorial.



What do we want to do with the time series da
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All these problems requigimilarity matching
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| Here is a simple motivation for the first part of the tutoria

| You go to the doctor
ECG tester | because of chest pains.
Your ECG looks
strangee

D200 &0 & U
==

You doctor wants to

. Search a database to finc
similar ECGs, In the
hope that they will offer
clues about your
condition...

AHow do we define similar?

Two guestions: |
AHow do we search quickly?



What is Similarity?
The gquality or state of being similar; likeness;
resemblance; as, a similarity of featur@siers pictionary

Similarity is hard to
def i ne, b u
AWe know it when we
see 1D

The real meaning of
similarity is a
philosophical question.

- We will take a more
L pragmatic approach.




Similarity at Two Kinds of Similarity
the level of

shape

Next 40 minutes

Similarity at
the structural

level
Another 10 minutes




Euclidean Distance Metric

Given two time series:

Q=q,€ a,
C=ce c,

n
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About 80% of published
work in data mining uses D(Q,C)
Euclidean distance




Preprocessing the data before distance: calculatior

If we naively try to measure the distance
bet ween two oOorawo ti
very unintuitive results

e ser.i

Euclidean distance is very sensitive to
some odistortionso |
For most problems these distortions are
not meaningful => should remove them

| | A

n the next few slides we AOffset Trane i
AAmplitude Scaling
AlLinear Trend
ANoise

will discuss the 4 most
common distortions, and
how to remove them




Transformation |;- Offset Translation

D(Q,C)
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Transformation ll: Amplitude Scaling

T
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Q =4(Q - meanQ)) / std(Q)
—— ¢ &=G(C - mean()) / std(C)

D ( Q@O

Z-score of Q



Transformation lll: Linear Trend

Removinglineartrend:

A fit the best fitting straight line to Removedinear trend
the time series, then R d offset t lati
A subtracthat line from the time emoved ofiset transiation
series.

Removed amplitude scaling



Transformation 1V:: Noise

20 40 60 80 100 120 140

The intuition behind
removing noise is...

Average each datapoints
value with its neighbors.

\

Q & smooth(Q)

C & smooth()
D( @

100 120 140







