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meteorology, finance,
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What are Time Series?

A time series Is a collection of observations made
sequentially in time.
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Virtually all similarity measurements and
dimensionality reduction technigues
discussed in this tutorial can be used
with other data types
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Why Is Working With Time Series so
Difficult? Part |

Answer:How do we work with very large database

E 1 Hour of EKG datai Gigabyte.
E Typical Weblogs Gigabytes per week.

E Space Shuttle Databas®o Gigabytes and growing.

E Macho Databases Terabytes, updated with several gigaby
per night

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 so
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.
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Examples of problems in time series
and shape data mining

In the next few slides we will
see examples of the kind of
problems we would like to be
able to solve, then later we
will see the necessary tools to

solve them




All our Experiments are Reproducible

People that do irreproducible
experiments should be boiled alive

/ ! .
) .‘,
'-‘ Agreed! All
~ experiments
’ In this

tutorial are
reproducible



Examp|e 1: JOin Given two data collections, link items occurring in each

Libytheinae $ We can take two

" Danainae $ different families of
—Cahnagmaew butterflies,

—Charaxmaew Limenitidinaeand
—Satyrinae P Danainag and find

the most similar
. e
,e 'Coh'_m_ae .." shape between them
v—leenltldlnaew

Pseudergolini w
Nymphalinae Y

Cyrestini a1 ¥/




Adelpha iphiclus  Harma theobend wrtpoea | \Why would the two most
- 2 similar shapes also have

w M similar colors and patterns?

Aterlca galene Limenitis reducta || Gretamorgane Danaus pIexppus Thatc a rbé a Coincidence

ww This is an example of
Mdullerian mimicry

Danaus affinis

Limenitis archippus Catuna crithea || Tellervo zoilus Placidina euryanassa e
Limenitidinae Danainae - i
P m Q‘F s N7
Limenitis Danaus s :
| e e
- /

archippus

Not Batesian mimicry
as commonly believed

Viceroy Monarch

.. SO similar in
colorationthat | will
put them both to orie




Example 2: Annotation

2 383

Given an object of interest, automatically
obtain additional information about it.

Fri edr i c Bilddtbaeah funkKadebd
(Weimar, 17981830)

This page was published in 1821

Bilderbuchi s a chi |l dr en
natural history, published in 237 parts ov
nearly 40 years in Germany.

Suppose we encountered this page and
wanted to know more about the insect. T
back of t IS®ckipsakg e wh
we mi ght be S8tiokIrseadit,
but what kind? How large is it? Where d«
they live?

Suppose we issue a query to Google se:
f o®tickinsea@d@ and f urt he
results by shape s
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Most i mages returned by t

i nsectodo do not segment i n
including the 2986 one.

It looks like our insect is a Thorny Legged Stick Insect, o
Eurycantha calcaratérom Southeast Asia.

Note that in addition to rotatio
invariance our distance meas }
must be invariant to other
differences. The real insect has a
tail that extends past his legs,
and asymmetric positions of
limbs etc.

| = y




Example 3: Query by Content

Given a large data collection, find tkenost

Petrog|yphs similar objects to an object of interest.
AThey appear worldwide _ = _
AOver a million in America alone Petroglyphs are images incised in rock,

ASurprisingly little known about them usually by prehistoric peoples. They were ar
iImportant form of prewriting symbols, used

In communication from approximately 10,00
B.C.E. to modern time$Vikipedia

who so sketched out
the shapes theré?

.. they would
strike the subtlest
minds with awe

*Purgatorio -- Canto Xl 6




