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Abstract
Query Previews allow users to rapidly gain an
understanding of the content and scope of a digital data
collection. These previews present overviews of
abstracted metadata enabling users to rapidly and
dynamically avoid undesired data.
In this paper we
present our recent work on developing query previews for
a variety of NASA EOSDIS situations.
We focus on
approaches that successfully address the challenge of
multi-valued attribute data. Memory requirements and
processing time associated with running these new
solutions remain independent of the number of records in
the dataset. We describe two techniques and their
respective prototypes used to preview NASA earth science
data.

1. Introduction
Soon, large numbers of users from varying
background will visit the NASA EOSDIS information
systems to locate earth science data of interest. Such
information systems must accommodate different levels
of experience with the content area, with the information
system itself, and with information seeking approaches in
general [Marchionini, 95]. The traditional approach to
querying is to use a form fill-in interface, but such an
approach leads to user frustration when the query returns
either zero hits or a very large number of hits. Often,
users cannot estimate the total number of hits their query
actually returns because the system truncates to the first
25 - 50 hits. It is difficult to estimate how much data is
available on a given topic and how to increase or reduce
result set sizes. b
Our approach to overcome these challenges involves
the presentation of overviews and previews of abstracted
metadata that allow users to perform rapid and dynamic
elimination of undesired data. The reduced volume of the
abstracted metadata allows queries to be previewed and
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refined locally by the user before they are submitted over
the network.
We developed the concept of query previews [Doan,
96; Plaisant et al, 98] that allows users to:
• rapidly gain an understanding of the content and
scope of a digital library,
• dynamically specify their initial query,
• review the effect of their query on the expected total
number of hits, and
• adjust the query accordingly in a dynamic query style
of interaction [Shneiderman, 94]

2. Current EOSDIS use of query preview
After our early prototypes [Doan, 96], we worked in
close collaboration with the Global Change Master
Directory (GCMD) team to apply our techniques to an
operational system [Greene, 98]. The GCMD serves as
catalog or directory for all available earth science data.
The GCMD is a sort of "Yellow Pages" for Earth Science
Data. Currently there are around 5000 datasets available
in the directory.
Our GCMD query preview interface (Figure 1a)
features a single-screen overview of all the datasets in
GCMD, and allows users to rapidly narrow down the
number of datasets according to their interest. Three highlevel attributes (location, years of coverage, and general
topic area) are used to define the users envelope of
interest. These three attributes were chosen by the
GCMD staff as the most salient ones for a majority of
users. The large set of attribute values for each of the
three attributes was aggregated into approximately ten
high-level attribute designations. The granularity of the
attributes was deliberately kept rather crude (or large), in
order to be able to represent the data in a single overview
screen.

to appear in Proceedings of ADL'99, IEEE Computer Press

Figure 1a. The interface for the
NASA Global Change Master
Directory provides a single
screen overview of the digital
library.

Figure 1b. When users select
attribute values (here
Atmosphere and Europe), all
counts are updated using precomputed preview tables. This
gives users an idea of the size
and distribution of the result set
before the query is submitted,
and reduces the zero-hit or
mega-hit query problem.
Following the principles of
dynamic queries, the preview
bars are updated immediately (in
less than 100msec.). The result
bar at the bottom shows the total
number of selected data sets.

Our overall finding was that the query preview
interface concept is a feasible solution in the EOSDIS
directory environment. Consensus was reached rapidly
on attributes and values selection. Performance was
acceptable and continued to improve as speed issues were
solved. Our experience also confirmed the importance of
metadata accuracy and completeness. The query preview
interface makes visible any problems or holes in the
metadata that are unnoticeable with classic form fill-in
interfaces (see for example the large number of datasets
with unspecified year coverage). This could be seen as a
problem for the interface but we think that in the long
term it will have a beneficial effect on the quality of the
metadata, as data providers will be compelled to produce
more accurate and complete metadata.
This interface is included within the operational
GCMD where it is offered as an alternative experimental
service (http://gcmd.nasa.gov).

3. The challenge of data with multivalued attributes
But the work with GCMD also revealed some
problems with our early assumptions about the NASA
data. Our original solution consisted of using as a
preview table a simple N dimensional array for an N
attribute preview table (e.g. for GCMD a small 12x14x16
table of counts). This technique works very well for data
having a single value for each attribute (e.g. the case
where each record only has one topic, and covers only
one time period, and one area of the globe). However,
EOSDIS datasets have multi-valued attributes that require
the duplication of records in the N dimensional array
preview tables (e.g. when datasets have multiple topics, or
cover multiple areas). We had assumed that a small
duplication factor would remain unnoticed by users but
the real data revealed a 700% duplication factor that was
very noticeable as the total number given in the preview
was very wrong.
The obvious way to handle this problem would be to
count the datasets in multiple cells of the table but keep
track of all possible intersections. This would lead to
preview tables and computation time growing
exponentially with the number of attributes and attributes
values, which in turn leads to high processing time that
defeat the purpose of query previews.
This unexpected problem needed a rapid solution for
GCMD, and led to an hybrid solution that keeps the list of
dataset IDs with the dataset counts, so that all duplicates
can be removed to calculate the total number of dataset
accurately. This hybrid technique works well for the
number of datasets kept at GCMD (i.e. in the thousands).
It results in a long but still reasonable loading time (10-20
sec. for the applet and preview table) and good response
time (less than a second) once the applet is loaded and
users start making selections.

In summary:
• When the data is single-valued (i.e. the case of most
relational database) the interface shown in Figure 1 is
simple to implement however large the number of
records is.
• When the data has multivalued attributes, the hybrid
GCMD technique is acceptable for numbers of
records up to 5,000-10,000 records.
• For a large number of records, alternative techniques
have to be designed. In the case of EOSDIS such
alternate techniques are needed to search within
single dataset or within combined datasets that could
include hundreds of thousands of records (called
granules in the case of EOSDIS).
The following section discusses the solutions we
developed to respond to this challenge.

4. Many practical solutions
At this stage of the research we do not know of any
general solution to the problem that is applicable to
datasets of any size. The size of the preview table and the
computation time grows exponentially with the number of
attributes and attribute values. Nevertheless, we know
that there are many practical solutions:
- For small number of records (like GCMD) a hybrid
solution listing individual record IDs in the preview
table works well.
- In all cases, we know that reducing the number of
attributes, or reducing the query attributes values, or
limiting the number of user selections per attribute
dramatically reduces the size of the query preview
table and can lead to acceptable size tables. The
system architect will have to judge if the resolution or
restrictions lead to still useful interface.
- For data having attributes with range values (e.g.
temporal coverage is a range of dates) that lead to
range queries, we can use specific algorithms that
results in query preview tables whose size is
independent of the number of the records.
- Finally it is possible to reduce the preview to a binary
preview in which the users is informed of the
existence of data but not of the volume of data
available. In this case duplication does not matter.
We investigated the last 2 solutions (range queries and
binary previews) and now have working prototypes of
those techniques using EOSDIS datasets.

4.1 Approach 1 - Series of single-attribute, range
queries
Range queries on range variables with multi-valued
attributes are frequent. This is the case for many EOSDIS
queries (e.g. temporal coverage, many geographical
coverages, see Figure 2a&b) For those range queries we
can use a special algorithm that was devised by our
colleagues Richard Beigel and Egemen Tanin at HCIL to
makes the preview tables independent of the number of
records using Euler’s formula [Beigel & Tanin, 1998].

Using Euler’s formula it is possible to make query
previews work without transferring actual data over the
network (i.e. no need to transmit the record IDs). Euler’s
formula computes the number of datasets that actually
fulfill a query by using a few simple arrays of data. For
example, in the case of one-dimensional data (e.g.
temporal data) two arrays are used. One array specifies
the counts of datasets for each cell and the second array
specifies the number of datasets that "cross-over" each
horizontal wall of the cells. For two-dimensional data
(e.g. geographic data) two more arrays are used. The next
array specifies counts for the number of datasets that
crossover the vertical walls and the final array

Figure 2a: This alternative approach presents a series of single attribute, range only, query
previews. The first attribute shown here is Time. Each month has a bar showing the total number
of records for that month. The scale is logarithmic so the taller bars correspond to much larger
number of records. Color-coding reinforces the scale. We can see that data is available from Jan
1978 to Jun 1987. Around May 1984 the instrument must have had problems and therefore the
number of granules is much smaller than usual. Using the sliders, users can select a time range
and see the total number of granule selected on the large bar on the right. This approach scales up
because the preview table size is independent of the number of records. This approach is also able
to handle multivalued attribute data

specifies the counts for the number of datasets that cross
over each corner or vertex of the cells.
To find the number of records that fall within a query
space, simple additions and subtraction operations on
arrays are the only computations required. The arrays are
either pre-computed or calculated on the fly. The initial
arrays for each attribute (when there are no selections yet)
can be pre-calculated and stored. However, when the user
makes a selection and moves to the next attribute, the
relevant arrays have to be recalculated based on the
previous query. For instance, if the temporal query was
from May 1978 to May 1980, and the geographic attribute

is selected, the four geographic arrays will have to be
calculated using all the data that was collected between
May 1978 and May 1980. This process is run on the
server. We are investigating several alternatives. The
first solution is to pass the query values to a program that
searches a database of pre-bucketed data (each record has
already been assigned to one or more bucket/cell of the
query space), and pre-computes the arrays every time a
query is made. This technique is simple but the delay will
be proportional to the number of records. Another more
general alternative is to implement a three-dimensional

Figure 2b: When users select a new attribute, (in this case - geographical coverage region), the
time range selected in Figure 2a is sent to the server, which then generates a new preview table.
Only color coding is used on the map to show the range of numbers of records available. When
users select a range of latitudes and longitudes (a rectangular box), it will be passed to the server
to generate the next preview or return the results.

matrix of the counts (cell counts, overlap counts and
vertex counts), so that the only on-the-fly processing is to
extract a cube subset of this three-dimensional array. This
technique is independent of the number of records and
was found to be quite fast when saving the datacube in a
database.
In the case of the example given in Figure 2a&b, the
table containing the datacube has 1348 records for the
Coastal Zone Color Scanner (CZCS) database with ten
degree geographic resolution and 2600 records for the
CZCS database with five degrees geographic resolution. It
takes about 5 - 10 seconds to load the applet and the
initial preview table. When users change attribute, the
table is recomputed on the server and reloaded in about 35 seconds.

When comparing this technique with the hybrid
technique used for GCMD, readers should
remember that the Single Attribute - Range (SAR)
method is completely independent of the number of
records, therefore scalable to any data collection. In
addition, with the SAR interface we were able to
achieve a much finer granularity for the attribute
value selection (e.g. small 5-degree grid cells
instead of whole continents for the map). On the
other hand, only one attribute is being previewed at
a time - instead of three for the GCMD example,
and only range queries are possible.

Figure 3a: At first the preview shows an overview of the dataset (here about 60,000 granules from the
Coastal Zone Coastal Scanner dataset from the NASA Goddard data center). It shows that almost the
whole globe was covered from about mid 1978 to mid 1986 but no data was collected after mid 1986.

Figures 3b: As users select one month, the binary previews on the map display the data available for
those months, revealing that only a subset of the globe was actually observed during that month. Users
can select more that one-month at a time. Similarly users can select an area(s) on the map and see
during what year and months the data was actually collected for that area.

4.2 Approach 2: Binary previews
Binary previews used a different approach. Previews
do not provide counts but merely indicate the presence
or absence of data. Series of small binary masks can be
compressed and transferred quickly to the applet. These
masks can be combined (OR-ed together) when users
make selections. Figure 3a shows that the records
cover most of the world, and several years, but as users
select attribute values (e.g., a month in Figure 3b) they
can see that the data is actually pretty sparse since each
month has many coverage holes. Similarly users could
select an area of the world and see what is the time
coverage for that area. Selections could be ranges as
well as sets of disjoined grid cells. Because the masks
are small, several attributes can be presented at once,

providing a very interactive exploration of the data
space. Unlike the first approach, there is no need for
recalculation at the server.
In summary, binary
previews present a much simpler approach to query
previews, at the cost of not providing counts. Zero-hit
queries can still be reduced, but not the mega-hit
queries. Binary previews are particularly appropriate
when the data is sparse or has major "holes". This is
the case for many EOSDIS datasets where instruments
are not always active, and the data is not always
captured and stored in a reliable fashion.
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Figure 4: Schematic diagram of the meta-data pipeline.

5. Metadata pineline

6. Related work

Figure 4 illustrates the process used to generate data that
is visualized by the applets. Attributes for the previews
and their granularity (bucket sizes) are determined by
designers (after taking into account user requirements), in
the initial phase of design. The source meta-data is then
processed to generate the bucketed metadata, using these
attributes and granularity values as specifications for the
output. This intermediate data is used to generate the
masks for the binary interfaces and the data cube for the
SAR interface. Both the applets communicate with the
server through a customized communications package.
The binary applet communicates with the server only
once when it retrieves the set of masks. This retrieval
occurs when the applet is loaded. The server returns
preview arrays that are entirely composed of zeros and
ones for each of the display elements or attributes on the
binary screen. The SAR interface sends a query to the
server every time the user moves from one attribute
screen to the other, or when the user resets all the
previous selection. The server returns two arrays for a
temporal query and four arrays for a spatial query. The
server is multi-threaded and can handle multiple users at a
time.

An early proposal for volume previews in a database
search is described in [Heppe et al. 85]. The "Dining out
in Carlton" example was provided to illustrate a search
technique (for a specific restaurant) based on the volume
preview of the number of the available restaurants.
However, query previews were not exploited to support
dynamic queries. Retrieval by reformulation is a method
that supports incremental query formation by building on
query results. Rabbit [Williams 84] and Helgon [Fisher et
al. 89] are examples of retrieval systems based on the
retrieval by reformulation paradigm. INQUERY uses a
ranked output information retrieval system for a library
catalog containing about 300,000 documents [Veerasami,
95]. Its interface supports a visualization scheme that
illustrates how the query results are related to the query
words. Tilebars, visualizes term distribution information
in each document to supplement result lists in full text
retrieval systems [Hearst, 95]. Finally datacubes
[Rousopoulos, 97] seems a promising data structure that
may impact the generation of query preview tables.

7. Future work

8. Conclusions

If enough quantitative guidelines can be devised we
envision a tool that would automatically examine the
data and guide designers toward an appropriate query
preview interface. Such a tool would analyze the
attributes of the data and suggest candidates for the
preview. For example location should not be used for
previewing if all records are global and cover the whole
earth. On the other hand, an attribute such as cloud
cover is good for previews since it has ordinal values and
often has only a single value per record. Such a query
preview advisor (or possibly later on “generator’) would
provide useful assistance to data producers and data
centers and facilitate the inclusion of query previews in a
variety of applications.

This paper presents an update on our work developing
query previews for a variety of EOSDIS situations. We
focused here on approaches that successfully address the
challenge of multi-valued attribute data while remaining
independent of the number of records. We proposed two
techniques and showed examples of their use with
NASA data. We are still in the process of refining our
software and evaluating its performance but the two
techniques are promising. The binary previews may well
be the easiest one to implement first in a large
operational context such as EOSDIS because it does not
require on the fly re-processing at the server and works
quickly with a small applet. The other approach, single
attributes - range only is more complex to implement,
but provides the important counts that help contain the
mega-hit problem.
Both approaches scale up to
collections of any size. More details on the comparisons
between the two techniques have been presented in
Table 1. Query previews have been very well received
by users and we believe those new techniques will
broaden their domain of application.

--- New proposed techniques ---

--- Original techniques ---

Series of single attribute
range queries

Hybrid query preview
(GCMD prototype)

Binary preview

List of IDs kept with the
counts
Allow multi-valued attributes
Gives counts

Initial query
preview technique
(N dimensional
array)
Single valued
attributes only

No counts

Reduces zero-hit problem
Reduces zero-hit problem
AND
Reduces mega-hit problem
Dynamic on-the-fly
processing required
No reprocessing
At server side
Preview table size independent of number of records

Gives Counts
Reduces zero-hit problem
AND
Reduces mega-hit problem

Preview table size a
function of the number
of records
Table 1: Informal comparison between the different options

Reduces zero-hit problem
AND
Reduces mega-hit problem

Preview table size
independent of
number of records
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