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Time series or sequence data sets arise naturally in many
real world applications like stock market, weather fore-
casts, video databases, sensor-based controls, and medicine.
There is a frequent need to understand the information con-
tent of this data in order to respond better to common trends,
to provide corrective emergency steps, or to predict the fu-
ture evolution based on past records.

Defining the distance as some norm of the difference
between two time sequences may be insufficient if the se-
quences can be made closer by linear transformations. The
most important transformations are scaling and shifting.
Scaling is needed because of the need to compare time se-
quences recorded on devices with different calibrations or
different units. For example, a medical sensor in North
America may record body temperature in ° F' while a similar
sensor in Europe may use °C'. A sensor may also lose exact
calibration over time (e.g. weather sensors on a satellite)
leading to a need to compare measurements after different
scalings. A similar case can be made for comparing time
series data after eliminating shifts. Usually this is because
the zero value in a time sequence differs in different mea-
surements, and the results of a query need to be invariant
under all possible shiftings.

In this paper [1], we considered the problem of shift and
scale invariant search for multi-attribute time sequences.
Our work fills a void in the existing literature for time se-
quence similarity since the existing techniques do not con-
sider the general symmetric formulation of the problem. We
define a new distance function for multi-attribute time se-
quences that is symmetric: the distance between two time
sequences is defined to be the smallest Euclidean distance
after scaling and shifting either one of the sequences to be
as close to the other. We define two models for compar-
ing multi-attribute time sequences: in the first model, the
scalings and shiftings of the component sequences are de-
pendent, and in the second model they are independent.

We propose a novel index structure called CS-Index
(Cone Slice) for shift and scale invariant comparison of time
sequences. As a part of this technique, the sequences in the
database are first mapped to the shift eliminated plane. The
transformed points are then clustered in hierarchical cone

slices. These slices are stored on disk according to an in-
order traversal, and a pointer to each slice along with an-
gle and spatial extent information is maintained in memory.
Given any query, it is first mapped to the shift eliminated
plane. The shift and scale invariant distances between the
query and the slices are computed in memory to obtain a
set of candidate slices. The hierarchical construction of the
index structure allows early pruning. Finally, the candidate
slices are read from disk in a single seek, and false hits are
eliminated. In-order storage of the slices on disk reduces
the number of pages that need to be read. We show that the
CS-Index structure can be extended easily to support multi-
attribute sequences.

Experimental results show that the CS-Index structure
performs 5 to 10 times faster than the R*-tree index struc-
ture and sequential scan. The efficiency of the index struc-
ture can be further improved by selectively replicating or
caching parts of the index structure. If the pages at the first
level of the index structure are replicated on disk, then the
performance of our method improves further by a factor
of two. Replicating one more level improves the perfor-
mance slightly, but further replication has an adverse effect.
Caching of the index structure (instead of replication) can
also be used to improve the performance of the index struc-
ture. In our experiments, caching only one level of the in-
dex structure led to a performance improvement of 10 to 25
times over other techniques.

Based on the idea of using multiple resolution levels,
we proposed another index structure called MRCS-index
that clusters the subsequences for different resolutions in
a grid of cone slices. The MRCS-index structure is a dy-
namic index structure and it allows subsequence search for
queries of arbitrary length. According to our experiments,
the MRCS-index structure performs 3 times faster than se-
quential scan.
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