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In E-Science data provenance[3] and technical data qual-
ity measurements [1] are two major recent contributions,
aiming to make data processing more accountable and veri-
fiable. Both techniques have a series of drawbacks, notably
in stream data processing[2]. Scenarios in which a sensor
may continue reporting correctly yet its environment has
changed without it being reflected in the data are possible.
Provenance on can only account for foreseen, changes in the
sensing environment i.e. scheduled sensor maintenance. We
propose the introduction of annotations in order to encode
and propagate changes in the data. Annotations take the
form of tokens, manually or automatically generated, which
are streamed with the data.

Motivating scenario.
As part of producing avalanche reports the NSL1 uses

data obtained from the Interkantonal sensor network de-
ployed over most of the Swiss territory. The sensing sta-
tions report amongst other parameters temperature, cloud
coverage, wind speed and direction, radiation levels, snow
height, etc. With these data twice a day a complex model
is run in order to estimate the state of the snow-pack. The
Snow-pack is the assembly of the layers of snow on top of the
diverse mountainous areas. Certain configurations of snow
layers are known to be responsible for avalanches. Based
on the output of the model an avalanche forecast is done.
The Bi-daily forecast enables ski station managers to take
appropriate action in order to minimise risks.

Under normal conditions all the stations report correctly
and any lack of data or malfunction can be represented in
the provenance information originating from the sensor net-
work monitoring. If one of the stations reported timely but
happened to the covered in snow, the data would still be
considered to be valid. Yet the meaning of the data has
changed, i.e. it is now not air temperature but tempera-
ture under a varying layer of snow. It is only after several
months, that as par of a manual inspection the change in
meaning of the data could be detected.

With the new data change diverse users may interpret
the data differently. Forecasts can not be updated after the
fact, but this new fact may account for some extraneous
behaviour in the forecasts.

In order to enable the motivating scenario we have to first
understand what is the impact of changes in data mean-
ing in the diverse data transformations that conform such a
forecasting application.

Annotation transform model.
We propose investigating the transformation of annotated

data by decomposing it in three different components: (1)
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Structural, (2) Data, (3) Annotation.
The Structural transform accounts for the change of data

structure as part of the data processing step. In the case of
a spatial interpolation the input is a series of temperature
readings, a single value at a specific location and a specific
time, whilst the output is a geographical coordinate indexed
array holding the values that sensors at the different loca-
tions are expected to have.

The Data transform is the transformation that the data
values suffer, i.e. the interpolation.

The Annotation transform is the decision made as to a
specific output value being annotated or not. This deci-
sion depends on three elements: The structural contribution
δS , the temporal contribution δτ and the annotation signif-
icance ξ. The structural contribution can be understood as
the contribution of an input value to the value being output
when there is a change of data structure as part of the data
transform. In the case of a spatial interpolation the weight
associated to each one of the inputs materializes such a con-
tribution. The temporal contribution δτ can be understood
as the contribution of an input data point to the output in
the case of a temporal aggregation. In the case of a monthly
aggregation this contribution could be represented as one
over the number of data points being aggregated, assuming
all data points have the same contribution. We have then
that the output value contains an annotation if the following
inequality holds δS + δτ ≥ ξ. Where the annotation signif-
icance can be intuitively defined as to how significant is an
annotation to warrant its propagation.

We propose annotation density ρA as a metric to com-
pare different significance mechanism. Annotation density
is defined as the number of annotated data points over the
total number of data points participating in the transform.
Stability of annotation density ρA across a transform is a
desirable property for annotation propagation enabling the
chaining of transforms without the loss of annotations, or
the data being fully annotated.
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