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Timeseriesor sequencedatasetsarisenaturallyin many
real world applicationslike stock market, weatherfore-
casts,videodatabases,sensor-basedcontrols,andmedicine.
Thereis a frequentneedto understandtheinformationcon-
tentof thisdatain orderto respondbetterto commontrends,
to provide corrective emergency steps,or to predictthefu-
tureevolutionbasedonpastrecords.

Defining the distanceas somenorm of the difference
betweentwo time sequencesmay be insufficient if the se-
quencescanbemadecloserby lineartransformations.The
most important transformationsare scaling and shifting.
Scalingis neededbecauseof theneedto comparetime se-
quencesrecordedon deviceswith differentcalibrationsor
different units. For example,a medical sensorin North
Americamayrecordbodytemperaturein ��� whileasimilar
sensorin Europemayuse��� . A sensormayalsoloseexact
calibrationover time (e.g. weathersensorson a satellite)
leadingto a needto comparemeasurementsafterdifferent
scalings. A similar casecanbe madefor comparingtime
seriesdataaftereliminatingshifts. Usually this is because
thezerovaluein a time sequencediffers in differentmea-
surements,andthe resultsof a queryneedto be invariant
underall possibleshiftings.

In thispaper[1], weconsideredtheproblemof shift and
scaleinvariant searchfor multi-attribute time sequences.
Our work fills a void in the existing literaturefor time se-
quencesimilarity sincetheexisting techniquesdo not con-
siderthegeneralsymmetricformulationof theproblem.We
definea new distancefunction for multi-attribute time se-
quencesthat is symmetric: the distancebetweentwo time
sequencesis definedto be the smallestEuclideandistance
afterscalingandshifting eitheroneof thesequencesto be
ascloseto the other. We definetwo modelsfor compar-
ing multi-attribute time sequences:in the first model, the
scalingsandshiftingsof the componentsequencesarede-
pendent,andin thesecondmodelthey areindependent.

We proposea novel index structurecalled CS-Index
(ConeSlice)for shift andscaleinvariantcomparisonof time
sequences.As a partof this technique,thesequencesin the
databasearefirst mappedto theshift eliminatedplane.The
transformedpointsare thenclusteredin hierarchicalcone

slices. Theseslicesarestoredon disk accordingto an in-
order traversal,anda pointerto eachslice alongwith an-
gleandspatialextentinformationis maintainedin memory.
Given any query, it is first mappedto the shift eliminated
plane. The shift andscaleinvariantdistancesbetweenthe
queryand the slicesarecomputedin memoryto obtaina
setof candidateslices.Thehierarchicalconstructionof the
index structureallows earlypruning.Finally, thecandidate
slicesarereadfrom disk in a singleseek,andfalsehits are
eliminated. In-orderstorageof the sliceson disk reduces
thenumberof pagesthatneedto beread.We show thatthe
CS-Index structurecanbeextendedeasilyto supportmulti-
attributesequences.

Experimentalresultsshow that the CS-Index structure
performs5 to 10 timesfasterthantheR*-tree index struc-
tureandsequentialscan.Theefficiency of the index struc-
ture can be further improved by selectively replicatingor
cachingpartsof theindex structure.If thepagesat thefirst
level of the index structurearereplicatedon disk, thenthe
performanceof our methodimproves further by a factor
of two. Replicatingone more level improves the perfor-
manceslightly, but furtherreplicationhasanadverseeffect.
Cachingof the index structure(insteadof replication)can
alsobeusedto improvetheperformanceof theindex struc-
ture. In our experiments,cachingonly onelevel of the in-
dex structureled to aperformanceimprovementof 10to 25
timesoverothertechniques.

Basedon the idea of using multiple resolutionlevels,
we proposedanotherindex structurecalled MRCS-index
that clustersthe subsequencesfor different resolutionsin
a grid of coneslices. The MRCS-index structureis a dy-
namicindex structureandit allows subsequencesearchfor
queriesof arbitrarylength. Accordingto our experiments,
theMRCS-index structureperforms3 timesfasterthanse-
quentialscan.
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