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Abstract. A review is provided of some database and representation issues involved in the implementation of geographic information systems (GIS).

The increasing popularity of web-based mapping systems such as Microsoft Virtual
Earth and Google Earth and Maps, as well as other software offerings that are coupled
with portable devices, such as the iPhone, has led to a proliferation of services that are
characterized as being location-based. The data provided by these services is differentiated from other offerings by the presence of a locational component. In the past, this
type of data was found primarily in geographic information systems (GIS). The available technology led to a focus on the paper map as the output device for responses.
Since anything is better than drawing by hand, there was little emphasis on efficiency
measures such as minimization of execution time.
However, the emergence of of display devices has changed the mode of operation
to one of expecting answers relatively quickly. This has had a number of effects. First,
the paper medium supports relatively high resolution output while the display screen is
usually of a more limited resolution, thereby enabling the use of less precise algorithms.
For example, a spatial range query such as a buffer/corridor (e.g., a query that seeks all
cities of population in excess of 20,000 within 100 miles of the Mississippi River) often
takes quite a bit of time to compute (i.e., the extent of the spatial region in question)
when using the Euclidean distance. Instead, we can use a Chessboard distance (L ∞ )
to approximate the Euclidean distance coupled with a quadtree representation to yield
algorithms that are several orders of magnitude faster [1] but, of course, may not be as
precise.
Second, the ability to obtain answers quickly led to an increase in the volume of
data that is input to the system. Such high volumes of data need to be organized and
the obvious next step was to make use of databases, which meant incorporating this
technology in the GIS thereby transitioning the field to one that is also known as spatial
databases [2–7]. A natural outgrowth of this transition, which will eventually emerge,
is the use of spatial spreadsheets [8, 9] as they traditionally enable users to ask whatif questions and see the results instantaneously. There are several possible innovations
here.
?
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One innovation lies in the fact that the map plays the role of the spreadsheet with
the the different attributes being the columns and the rows playing the roles of the
individual tuples. The map can be used to visualize spatial variability by using sliders
to select ranges of values of the attributes and show the tuples that satisfy them.
A second innovation lies in the fact that as compositions of operations are performed, data is generated with a locational component [10, 11]. The results can be
viewed as maps and are stored as relations containing the tuples that satisfy the queries.
For example, suppose that we want to find the locations of bridges and tunnels. One
way to do so, assuming the existence of a roads and a rivers relation, is to take the spatial join of the two relations. The result would be a set of pairs of the form (road i,river j )
where the spatial attribute would consist of the location(s) that road i and river j have in
common. Notice that the input spatial attribute of both the roads and rivers relation is a
line segment or a collection of piecewise linear line segments.
In addition to speed, there has also been much activity in expanding the range of
queries for which answers are expected. In particular, spatial queries can be broken
down into the following two classes: location-based and feature-based. A locationbased query takes a location, traditionally specified using lat/long coordinate values,
as an argument, and returns a set of features that are associated with the location, while
a feature-based query takes a feature as an argument and returns the set of locations
with which the feature is associated. The queries can also be characterized as functions
where one function is viewed as the inverse of the other. Feature-based queries have
also become known as spatial data mining [12, 13].
Although features are usually properties of the data such as crops, soil types, zones,
etc., they can be much more diversified. In particular, they can correspond to collections
of unstructured data such as documents in which case the queries reduce to finding
all documents that mention location X, and possibly others, or finding all locations
mentioned in document Y , and possibly others, that could be related in some manner.
STEWARD [14] is an example of a system that supports such queries on a collection
of documents on the hidden web, while NewsStand [15] is an example of a system that
supports such queries on a collection of news articles where the relationship between
the documents is that they are on the same or related set of topics. The two systems are
also distinguished by the fact that the collection of documents in the former is relatively
static, while in the latter it is very dynamic in the sense that its composition is constantly
changing as new articles are processed and old ones fade away in importance.
The inclusion of documents in the range of features reminds us that although spatial
data is usually specified geometrically, in this case it can also be specified using collections of words of text that can be (but are not required to be) interpreted as the names
of locations Textual data that corresponds to spatial data are called toponyms and its
specification invariably involves some ambiguity. This ambiguity has both advantages
and disadvantages. The advantage of the ambiguity is that, from a geometric standpoint, the textual specification captures both point and spatial extent interpretations of
the data (analogous to a polymorphic type in parameter transmission which serves as
the cornerstone of inheritance in object-oriented programming languages). For example, geometrically, a city can be specified by either a point such as its centroid, or a
region corresponding to its boundary, the choice of which depends on the level of zoom

with which the query interface is activated. On the other hand, the disadvantage of the
ambiguity is that we are not always sure if a term is a geographic location or not (e.g.,
does “Jordan” refer to a country or is it a surname as in “Michael Jordan”?). Moreover,
if it is a geographic location, then which, if any, of the possibly many instances of geographic locations with the same name is meant (e.g., does “London” refer to an instance
in the UK, Ontario, Canada, or one of many more others?).
The examples that we have outlined serve to show many of the database and representation issues involved in geographic information systems. Some additional issues
include:
1. How to integrate spatial with nonspatial data in a seamless manner.
2. Retrieval is facilitated by building an index (e.g., [16–18]). There is a need to find a
way to sort the data [19]. The index should be compatible with the data being stored.
We need an implicit rather than an explicit index as it is impossible to foresee all
of the possible queries in advance. For example, if we sort all cities with respect to
their distance from Chicago, we can find the nearest city to Chicago with population
in excess of 200,000. However, this sort will not help in finding the closest city to
Denver with population in excess of 200,000.
3. There is a need to identify the possible queries and to find their analogs in a conventional database [20–22]. For example, a map in a spatial database is like a relation
in a conventional database. However, the difference is the presence of input spatial attributes and also the presence of output spatial attributes as in the rives/roads
example. Another example, is the combination of ranking and the distance semijoin [23] to yield a discrete Voronoi diagram (e.g., [24]) and the ability to do clustering. A recent example, is the ability to perform queries on spatial networks using
simple SQL commands [25].
4. How to interact with the database. SQL may not always be easy to adapt. It may be
desirable to make use of a graphical query language.
5. Determining what functionality users really desire and need, and providing it.
6. How to ensure the spatial integrity of the data such as that the edges of a polygon
link to form a complete object, that line segments do not intersect except at vertices,
that contour lines do not cross, etc.
7. Develop a strategy for answering a query that mixes spatial data with nonspatial
data. This implies a need for query optimization strategies [26], which in turn calls
for the definition of selectivity factors. This depends on whether or not an index
exists on the spatial data. If not, then select on the nonspatial data first. Otherwise,
the situation is more complex as we perform the spatial selection first only if there
is high spatial selectivity (e.g., the range in a spatial range query is small).
8. How to incorporate time-varying data as well as deal with the fact that temporal
data, as well as spatial data, is also continuous rather than being restricted to discrete which is the case when the valid time and transaction time primitives are being
used. This will enable the handling of rates.
9. Processing data lying on a spatial network using network distance [25, 27–31].
10. How to incorporate imagery into the database.
11. Interoperability.
12. How to make use of advanced computing architectures such as GPUs (e.g., [32]).

13. Resolving ambiguities in the textual specification of spatial data with no errors (or
almost none).
14. Determining the geographic focus of a set of documents on a related topic.
As the above show, many database and representation issues are involved in geographic information systems that need resolution, thereby forming a vibrant area of
research.
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