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1.  Objectives and Approach

The general objective in considering the definition of a time-series object is to identify a possible standardization effort that will result in the following benefits:

1.  There can be a set of standard interfaces supported by  formatting system software (e.g., possible extensions to, or built on top of, HDF, CDF, IDFS), which then allows applications to work in a standard way with time series data from a variety of instruments and across disciplines.

2.  Data product developers will know what metadata is needed to support the standard time-series view of their data, thereby enabling new data products to be more readily accessible to existing application software.

3.  The understanding of the time aspects of data made available as a time-series object will already be known to data users and will therefor reduce their learning time in handling new data products.

The FEPC is pursuing a draft 'time-series' object to demonstrate the feasibility and utility of pursuing this type of standardization.  The FEPC does not expect its work to be a standard, but to point the way if this proves productive. Given a draft definition, the implications for supporting it by some of the current space physics formatting systems used today, and by new technologies such as XML, including XDF, can be investigated.

A time-series object can not do all that anyone might want.  Each potential user may have some favorite requirements to be fulfilled.  As a way to proceed, a summary of what FEPC thinks a time-series object looks like is presented in section 2.  Then, a list of questions that a time-series object might be expected to be able to answer is postulated in section 3.  In other words, from an application point of view, what inputs should one be able to give it and what type of results should one expect to be able to get back?  FEPC proposes to focus on a minimum set of time-related services, but allow additional services to be added as needed.  A full standardization effort would flesh this out more thoroughly.  Section 4 provides some examples of how a time-series object might be implemented using well known formats.  Section 5 provides a view of how an API for a time-series object may appear.

2. Time-Series Object Conceptual View

It is important to note that the material to follow provides a conceptual view and is not an implementation.  How the necessary information is organized and stored is not addressed.

1. A Time-Series Object appears (conceptually) as a sequence of records.

2. Each record contains a 'key time' value (including date), which is monotonically increasing or decreasing from record to record.

3. Each record also contains other data, of arbitrary complexity.  This data can be viewed as a sequence of fields, but may also be viewed as groups of fields which map to various types of objects such as images, vectors, matrices, etc.  It is not necessary to call out all detailed structure, so that a whole image may be viewed as one field if so desired.

4. Each record also contains one or more 'processing durations'.  Each such processing duration gives the time span over which one or more of the other data fields has been determined.  For example, a data field may be a 1 minute average of other values, in which case the 'processing duration' would be 1 minute.  It may, of course, be zero as well.  The 'processing duration' is known for all data fields, identified as such, in the time-series object.

5. Each record also contains one or more 'time offset' values.  Each data field has a time offset value which relates, through the use of addition, its time of observation/determination to the record's key time value.

6. The relationship of the key time to all other fields, including each processing duration field, is known because either it is given explicitly or it is a part of the standard.  Possible relationships include:  

     - For each subset of the data fields, the key time, after being augmented with the relevant offset value, corresponds to the beginning, the middle, or the end of the associated processing duration value. Figure 1 below is an example where the offset is to the middle of the processing duration for data fields 'x' and 'y', but to the beginning of the processing duration for data field 'z'.

     - Other ways to define the relationships are possible, but are not explored here.

7. The meaning of each field, including key time, processing durations, time offsets, and data is known and described.  This is a general requirement intended to ensure that the information that comprises the time-series object is at least minimally understandable.














3. Questions to be Supported by the Time-series Object

These questions can be viewed as motivating the necessary data or metadata to be available as a part of the time-series object, and/or as suggesting the types of values that an API might require.

3.1 Proposed Required Questions for Any Data Object

1.  What are the fields available? (Give names)

2.  What is the definition of field 'x'.

3.  What is the representation type for field 'x' (e.g., integer, real, image array, character string)

4.  What are the units for field 'x'?

3.2 Proposed Required Questions for Time-series Object

1.  What is the meaning of the key time as used in this object?

2.  What is the start date/time and what is the end date/time for this object?

3. What is the processing duration for data field 'x'?

4.  What is the offset time for data field 'x'?

5.  How does the offset time relate to the processing duration for data field x? (e.g.,  'mid point')

6.  Get the records between time a and time b.

7.  Get the values for fields x, y, and z for the key time between time a and time b.

3.3 Proposed Optional Questions for Time-series Object

1.  Get the values for fields x, y, and z for their times between a and b.

2.  How many records exist between time a and time b?

3.  How many bytes exist between time a and time b?

4.  What is the maximum record size in bytes?

5.  How many records in the object?

6.  How many data fields are present in the object?

4.  Example Implementations

In order to clarify both conceptual and practical issues, this section provides some examples of how a time-series object might be implemented using a few data formats.

4.1 CDF

4.2 HDF

4.3  IDFS

4.4 (others? FITS?)

5.0  Time-series API

(tbd)
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Figure 1:  Time Relationships Example








