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Abstract 1. Iatreduction

Large ampunts of data are stored in computer
systems. Very oftemn, graphical presentation is pre-
ferred; it seems that human beings understand pic-

lUsers want to retrieve parts of the data stored torial information better than ltarge tables of
and to have them shown in graphical form. They alphanumeric items.
need an easy and flexible guery language to select
the datz needed and to describe the form of rep~
resentation. The existing query languages do not
suit this purpose without amendments. This paper
presents a proposal for adaptation and gives some
examples for query formulation. Moreover, it dis—
cusses the special problems of graphical input and

The storage of geographical data is a growing
type of application within data processing.

An important problem in connection with the
application of computer graphics is the farm in
which a casual user with little training can express
his information needs. A query lanpuage. adapted to
the special requirements of graphical represen—
tation is apparently needed |12§.

output. This paper proposes a Formal language for data
retrieval and presentation. Formal, because a for—
CR Categories and Subject Descriptors: mal language seemed easier to implement in our

environment lacking experience with natural language
systems. It is, furthermore, uncertain whether it is
worthwile to implement a natural language interface

H.2.3 |Database Management|:
Languages — Query languages;j

1.3.6 |Computer graphics|: for this application. Although some working systems
Methodology and Techniques - are reported |1}, |23, |26|, it is not absolutely
Interaction technigues; certain whether a natural language is appropriate

J. 1 iAdministrative Data PrDcessing|: as a query language |31|' |3E|' As users'ara Aot
Covernment conversing EFequently about maps and their appear-

. ance, there is no fixed, widely used vocabulary on

J.2  |Physical Sciences and Engineering|: which to base znatural language query systam |22],

Earth and athmospheric sciences lz25].

General Terms: Human Factors, Languages
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A number of substantially different types of
data storage and graphical representation appli-
cations can be differentiated:

- retrieval of previously stored complete pic—
tures usually in raster Format (references may
be found in |5|, |6, |8]),

~ representation in graphical form of data which
is usually shown in tabular form {spatial data
manapement system) |21],

— retrieval and representation of data, usually
presented in the form of geographic maps |15|,
|16}, |29].

This paper will treat the latter case only; it
is, however, felt that part of the conclusions may
easily be extended to the area of spatial data
management system, too,

Based on a2 concrete simplified application, the
needs of users for ratrieval and representation of
information are described. The well known SEQUEL
language |2}, |3]| is used as a starting point to
develop MAPQUERY which is believed to be especially
suited for retrieval of geometric data.

2. The Application

Land Surveyors traditionally gather data related
to cbjects in space and represent these data on maps
of different style, size and scale. These maps are
used by a wide variety of users to many different
purposes.

The gathering of peometric data is a costly
process and closely related to the representation
of data in the ferm of maps. The drawing of clear,
easily understandable maps is a tedious and very
expensive operation demanding highly qualified
personnel {fig. 1).

In our socisty land has become a resource of
utmost importance, requiring very careful management.
Ail planning activities in connectien with e.g. land
use or environment protection need data about objects
in space as they are traditionally shown on maps.

But for different planning purposes different data
are needed and often the form should bhe specially
adapted. Traditional surveying techniques make it
difficult to transfer information represented on one
map into a new map of different style. The process
requires expensive and time consuming manual work.
More compiicated — if not impossible - is very often
to combine in cone drawing data represented on
different maps.

The possibilities of modern electronic data
processing induced the idea to store land related
data in a computer and to draw the desired maps on
demand, exactly suited to the use intended.

3, Limitations of Available Specialised Systems

For differeat types of users — e,g. public
utility companies - such systems have been develaped
to fulfil certain needs of these users - e.g.
drawing of plans of the actual situation of pipes
and lines in underground. Similar examples can be
shown for planning applicatioms. |15§, |27|, |41|,
[47].
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In the past these systems have been based on
storage and retrieval of the graphic features of the
plans. The different map sheets are usually attri-
buted to different files and in each file the lines
and other graphical features of the map are stored.
These systems do normally not provide a powerful
interactive user query language. The selection of
the objects on the screen is usually done by indi-
cating the name of the map-sheet and then 'zoom'
and 'pan' may be used to choose the desired window.
It is obvious that such systems allow only for a
very limited flexibility of adaptation to users
needs, i.e. different query strategies, contents
and representations.

But systems should be built to fulfil the needs
of a wider group of users — a requirement that is
certainly reasonable if we compare the costs of
congtructing such a system {which are very likely
to be in the order of milliocns of dollars) to the
costs of data gathering and maintenance (for a
larger city a complete survey will cost tens of
millions of dollars) |4Z]|.

We call these systems Land Information Systems
(LIS} because they are intended to store land re—
lated (i.e. spatially referred) data. Such Land
Information Systems may not be based on stored
graphical representations of objects but must
store an internal (abstract) model of objects, from
which model different graphical representations cam
be derived upon demand.

4. Data Base Management Systems

The theory concerning data base systems !lﬂf,
{46 and the available Data Base Management Systems
are very valuable for implementing Land Information
Systems.

The data model which has to be stored is to a
certain extent similar to the data in the commer=~
cial environment where such systems have heen
succesfully applied.

In order to minimize the problems of updating
stored information, data base theory states certain
rules for splitting up information into independent
parts (often called entities), Generally the goal
is to minimize redundancy by storing one piece of
information in one place only - for example, even
if a parson owns several houses, the address of the
person i1s not stored as a data element in connee-
tion with each house but as an attribute of the
entity "person". With the houses only a logical
connection to the owner is stored; using this schema
of storage it is evidently much simpler to update
the owner's address.

5. DBifference between Ordinary Commercial Data and
Geo-Data

There is a great difference hetween ordinary
commercial data and geometric data in a Land In—
formation System. All data in a Land Information
System are related to objects in space} they are,
therefore, alsa related to a position in space.
This 13 in contrast to commercizl and. administra-—
tive systems, in which data are hardly ever ex-—
ploited in connection with position in space.
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This relation to space and geometry is impor-
tant to consider. Between the different data el-
ements geometric and topological relations exist,
e.g. a house is situated on & pareel, a parcel is
adjacent to a street.

There are so many potential relationships that
it is impossible to store all of them explicitly;
but they can he stored implicitly in the form of
coordinate geometry. However, the deduction of
topolopical information from geometry may be guite
expensive.

The second difference is in the form of access
to the data. Commercial data are very often re-—
guested in queries yielding one or meore selescted
data elements, presented in the form 0of a list.

As an example:

List all

employeas with age higher than 55!

which yields fig. 2 as an answer.

(/'Name

"\\

Ape
Ares, Jan 57
Myer, Don 60
Orles, Pit 58
Pier, Mark 57

o /

Figure 2

Tt is patural to represent objects in Land In—
formation Systems geometrically, for which reason
these systems are usually queried in order to get
a map on the screen:

Show all fwouses, streets, parcels within

'Lohaelg " area!l

which yields fig. 3 as an answer.

-

Figure 3
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This typical query may be generalized into the
form

show all <object-type—lise>
within <window>!

where <window> specifies a subset of the two-—
dimensional space (range in X and ¥) and is used
to select a great mamy of data elements, which are
shown as a map.

Tt is very important that this type of query
can be answered fast. The storage structure should
support fast access to data in spatial neighbourhood.
This East access is important not only for the
queries, but also for fast geometrical and topo-
logical algorithms (e.g. in case a topological re-
lation must be deduced from the co-ordinate geo-
metry). Such a storage structure has been implemen-—
ted at our institute |17|. It can ba based on a
commercially available Data Base Management System,
i.e. DEMS-10 from DEC, a CODASYL network type, and
should form the base for building a Land Information
System.

6. A Query Language for Geo-Pata

The query languages in commercial Data Base
Management Systems are often based on relatiomal
caleulus |14|; many are similar te SEQUEL|Z|, |[3],
which will serve as a background for the following
discussion. It has been shown that these languages
are 'relationally complete' i.e. all gueries that
can be formulated in first order predicate cal—
culus may alsa be formulated in this language !10].
'"Completeness' is regarded as a minimal require-
ment for the expressive power of a query language
and the need for extensions is generally fele |1},
l9]. jsol.

Expressing topological (s.g. 'a is within b') or
geametrical (e.g. 'a is nearer to b than c¢') con-
ditions in relational caleculus is difficult if not
impossible [38}. Tt will therefore ba necessary to
extend the language to include such specific fune—
vions, as a.g.

WITHIN: object x window -+ boolean
which is true, if the object or part of it extends
into the window. WITHIN evckes therefore an operation

like 'clipping' and cannot easily be expressed by
boolean expression (¢.f. Fig. 4).

, Pl (xl :)’1)

Figure 4



The specizl type of information the user expects
makes other changes necessary. It is not simply a
change in the form of representation of retrieved
data from alphanumeric to graphical, but & far-
reaching change in the form of man-machine communi-
cation.

The most important points to consider in this
respect are:

- context neseded {environment)

— selection through geometric or topological
* relationship (e.g. window)

- form of presentation

- graphical input.

6.1 Envircoment

If a user wishes a point to be represented, he
will accept the gutput of the co-ordinate values of
this point in alphanumeric form (fig. 5). But he
will certainly not accept the point represented
graphically on the otherwise empty screen {Ffig, 6) —
he is simply unable to interprete the data.

_‘\\

Point—Nr X ¥

435 936.51  574.73

Figure 5

. 435

- v

Figure 6

Therefore, in the graphical representation not
only the object asked for but a suitable environ-—
ment for interpretation must be presented. This is
probably one of the reasons for the superiority of
graphical communication.

'In general, personnel gather tao little information
prior to making a diagnostic decision. However, when
more information is available, subjects are more ef-
ficient in selecting data items' [30]. '"This
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sugeests

that it may be wiser to provide the user with more
information than he or she appears to ask for in
answer to a query' |43].

Two different aspects of the environment needed
for interpretation have to be differentiated:

- the contents (e.g. houses and/or streets)
- the spatial extension (the window).

6.2 Window

In a query which should yield an answer in gra-
phical form the user must set - implicitly or
explicitly - a window |32| indicating the part of
the world which is to be shown on his screen.

To set the window explicitly, the user must be
given a command to indicate the limiting co—ordinate
values (x.min, x.max, y.min, y.max). In many cases,
this would be too troublesome for the user; he
wishes to see a certain house of which he knows
the postal address but not the co-ordinates.

it is the system's task to find out these co-
ordinates! The user should be allowed to state a
gquery like:

Shew fiouse with address = '23  Parkland Drive'

and expect the system to choose a suitable window
to show the desired house with a reasonable part of
the environment.

The window cannot be determined by the extreme
coordinates of the object desired alone, but must
be extended in order to inciude some of the sur—
rounding objects. Some experiments show that users
prefer the drawings not to be in an arbitrary
scale, but are more at ease with some standard
values. To decide whether a map is in the scale of
1:1000 or 1:300 is easy (based on e.g. widch of
streets) and unconsciously done. The user may then
interpret the whole contents in accordance to his
preexisting concept of a 1:500 scale map. This seems
preferable to a scale adjusted to a maximum size on
the sereen, arriving at arbitrary scales, which make
interpretaticn difficult.

First Example Query

The user desires a traditional map showing
streets and street names, houses with numbers,
parcel boundaries (fig. 7) within a window given
by two corner points.

Figure 7




Although an abbreviation should be prepared for
this query, we will discuss it here in detail. The
concept of extensibility of a language to let the
user define a query with the normal query language
and then store this query and let him call it later
Ty Tn abbreviation is certainlty very useful |11],

44

The data base provided for answering this query
contains the following data—types (fig. 8).

area

area—name

geomelLry
parcel street
parcel-nr street-name
area“nr area-nr
geometry gaometry

house

house - nr

street~name

parcel-nr

geometry

Figure 8

This schema naming the entities with their data
fields and indicating possible conmections by arrous
is intended for ease of presentation only. The prob-
lem of designing optimal data description for geo—
metric data is treated in |19, |42].

We can now express this first query in a SEQUEL
like language:

DEFINE window (x.min, x.max, y.min, y.max)

SHOW street-name, geometry
FRAOM street

WHERE geometry WITHIN window
SHOW house-nr, geometry
TFROM house

WHERE geometry WITHIN window
SHOW geometTy

FROM parcel

WHERE geometty WITHIN window

Certain liberties have been taken with SEQUEL
to express this query but the result is not very
promising for daily users. SEQUEL was developed for
the selection of data through complex criteria - it
seems less useful for the selection of several
groups of data using always the same very simple
criteria, i.e. the w1ndow.

It is certainly adequate - as it is usual in
computer graphics languages |32| - to extend the
effects of the WINDOW-statement from the place where
it is given until it is explicitly recalled or over-
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ridden by a new WINDOW-statement, The WINDOW command
sets, as understood by the user, a context which
must be used to interpret his further commands |24].
Second, it seems superfluous to restrict each ob-—
ject selected by the condition that it extends into
the window — this is from the user's point of view
natural, otherwise it cannot be shown (and the user
evidently does not care whether it is retrieved or
not).

This would give:

IN WINDOW (x.min, x.max, y.min, y.max)

SHOW street-name, geometry TFROM  street
SHOW house-nr, geometry FROM  house
SHOW geometry  FROM  parecel !

Second Example Query

The usar desires a& similar map as before hut
with a larger scale and featuring the house with
address '7 Hill Drive' in the center (fig. 9).

SEQUEL (and most other query languages) requires
the user te write two different query statements:
one for selecting the window and another for selec—
ting the contents within the window.

A specialized language for retrieval of geomatrlc
data should offer a simpler formulation:

SHOW

IN WINDOW

THE geometry TROM house
WHERE street—name = '"Hill Drive' AND

house-nr = 7

ALL geometry, honse-nr FROM house
ALL geometry, street-name FROM street
ALL geometry, FROM parcel!

This query would effectively select the desired
house twice, firstly in the "THE' statement where
the window is built, and secondly in the 'ALL...FROM
house' phrase. This seems no real problem for CRT
displays — for plotters it would be necessary to-
select first the window and check the output on a
display and then ask for a new drawing with the
previously set window:
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SHOW

ALL geometry, housa-nr FROM house
ALL pgeometrty, street—name FROM street
ALl, geometry, FROM parcel!

The same construct allows alsa to build a map
gradually, first selecting an entity which sets
the window and then adding further data to the
picture.

Third Example Query

The usar needs the same type of map as before,
but showing streets, houses and parcels for the
arez 'Talacher' (fig. 10).

T Y
E/ac/rer/«_,w /\

Figure 10

SHOW
IN WINDOW
THE peometry FROM area
WHERE area-name = 'TALACHER'
ALL geonetry, street-nr FROM street
WHERE area-nr =
SELECT area—nr FROM area
WHERE area~name = 'TALACHER'
ALL geometry FROM parcel
WHERE area—nr =
SELECT area-nr FROM area
WHERE area-name = 'TALACHER'
ALL geometry, house—nr FROM houge
WHERE parcel-nr =
SELECT parcel-nr ¥ROM parcel
WHERE area-nr =
SBELECT area-nr TROM area
WHERE  area-name = 'TALACHER™!

An easier solution is obviously neaeded:

The natural hierarchical structure of area con-
taining streets and parcels, and parcels containing
houses should be exploited.

The user starts with his naming of 'area' a con-
text for the rest of the gquery. He can now ask te
sea the streets thereof (understood: the streets of
this area), the parcels (understood: the parcels of
this area) and the houses thereof (understood: Erom
the parcels selected - the context has heen moved).
This context can be interpreted, given the connec—
tions between area, street and parcel and between
parcel and house shown in fig. B. To stress this
context, it seems better to change the 'field FROM
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entity' phrase in 'entity (field)' {33|. This pro-
posal exploits mainly ideas from |33], [37| with
different keywords and some minor differeaces in
syntax.

SHOW

I WINDOW

THE area (geometry) WHERE . name = 'TALACHER'
THEREOF ALl streets (geometry, street-nr)

ALL parcels (geometry)
THEREQF AlLL houses (geometry,
house-nr) !

This is a2 unique description as long as there
are not twe different connections between two
object—types. During the design of the user's view
of the sorted data such problems can be catered to.

Fourth Example Query

The user needs a map showing the street named
'Hill Drive' and all the adjacent parcels.

In & schema in which a connection between street
and parcel already exists (meaning the parcel which
is formed by the street}, we have in order to pre-
pare this type of query to include a new object in
the user's view: adjacent parcel to a street (fig.
11). With this solution we can dispense with in—
cluding commands for selection hased on topological
relationship (c.f. |45]).

adjacent parcel

street

parcel ‘éa

street—name

parcel-nr area-ntr
area-nr geometry
geometry

Figure 11

This alliows cthe guery

SHOW

IN WEINDOW

THE street (geometry} WHERE street-name =
THill Drive'

THEREQF ALL adjacent—parcels (geometry)!

7. Form of representation

For each application a basic list of conven-—
tional signs has to be prepared. This list should
include sigas with gradual differences to represent
different classes of similar objects (fig. 12}.

These conventional signs are implemented as
proceduras, using the routines of a general
graphics package. Provisions for adding new signs
should be made.
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The query language must include = command to
choose a certain sign for a class of objeets.

We propose

SHOW ... ALL streets (geometry)
AS street-sign-1!
‘§§ \ngs
NN
hDUSE_ house— hHouse—
sign-1 sign—2 sign-3
Figure 12

Turther, the query language should allow ta
separate one group of objects into several classes
depending on the values in a certain Ffield.

An example how to graphically differentiate
houses depending on their ages:

SHOW IN WINDOW THE area (geometry) WHERE
area-name 'TALACHER'

THEREOF ALL streets (geometry)
ALL houses (geometry)
WITH year-built <1850 AS Hous-sign 1
WITH year—built >1850 AND year-built
> 1900 AS Hous-sign-2
WITH year-built > 1900 AS Hous-sing-3!

There a very interesting problem appears: which
objects can be represented by which conventional
signs.

Traditionally, conventional signs in carto=
graphy are classified into points, lines and areas
with distinct or open limits. Further research will
show what types of signs can be used to represent
which objeets, Two different aspects must be con—
sidered.

— the possibility of interpretation of the
result by the human user

- the interfacing between the data producing
routines of the data base system and the
routines for drawing.

B. Conventional Form and Contents of Output

In daily routine the user must be able to state
in the shortest possible form that he wishes a
certain representation. It is customary to see cer—
tain things in a map, as customary as to use certain
signs to show the objects.

It is therefore necessary that with evoking a
prestored map type the user not only selects the
cartographic signs to be used for the different en-
tities, but also a standard selection of contents,

In these cases, the formulated guery rather des-
cribes the window to be chasen (e.g. by stating a
usniquely selected object} or indicates some ad-
ditional (preferably highlighted) information asked
for.
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In our preposition for a query language, after
SHOW the name of the type of presentation needed
can be included.

In this short form the gquery from the second
example is oniy:

SHOW map-type-1 IN WIKDOW
THE house {geometry)} WHERE street-name
AND  house-nr

"Hill Drive!
7!

but the result shows also houses, parcels and
streets, i.e. all the details needed for interpre-
tation, because the query is automatically completed
with the prestored selections.

9. Graphical Input

If some pictures are already drawn on the screen,
it seems most natural to formulate a query with
graphical input.

Thera is little difficulty to permit the selec~
tion of the key words of a query with a menu and
a pointing device |[36].

More important is to be able to include the

variable parts of a query. The last query would be
simpler, replacing the description of the housa by
pointing om the screen:

SHOW IN WINDOW

X!

map—type-1
THE house {geometry)

where the 'X' indicates that the user will indicate
the house desired by peinting on the screean (this
is similar to 'Query by Pictorial Example' 41},

In case where more than one cbject can be
identified through pointing at one point (e.g.
house or parcel}, this requires a subtle inter-—
action between the query analyzer and the PICK
function. Depending on the syntactical context,
the result must be the address of a house or the
number of a parcel.

10. Related Work

In {5|, |8] an overview of pictarial and peo-
graphical data bases and their query languages has
been given. Therefore, we can restrict our dis—
cussion to the main features of the present
proposal.

The language preoposed here is designed for
‘skilled frequent user' [3B). It seems of prime
importance that simple daily problems can be salved
with short queries easy to formulate: nevertheless,
extensions to specify more complex retrievals
should be possible. We therefore opted for a Formal
language, permitting well chosen default values
and did not consider systems like Query-by-Example
|48§ or derivates extended to graphical applications
QPE }4|,IDAMS |34].

Some systems {GEO-QUEL |20|, caDS |28, GRAIN
|7]) separate the selection of a map's contents
from its display. This allows for an easy implemen-
tation of manipulation routines treating the re-
trieved map-data, but we preferred to hand a single
step solution to the daily user. Nevartheless,



such a splitting-up could easily be introduced in
the design hers proposed.

11. Conclusion

A query language for retrieval of geometric data
and their graphical representation has to be adapted

to the special needs of such systems. Traditional
guery languages for commercial systems cannot be
used without changes.

The special problems ara

- within the limits of the screen a multitude
of objeects hava to be shown,

- window is selected either with coordinate
values or 'reasonable' in respect to an
object of interest,

— language must allow for constructs yielding
sevaral object types shown independently on
the same screen,

- user should be able to evoke with one name
a prestored style of representation,

- this style includes also a standard choice
of ohject types,

- differentiation of object classes basad on
an attribute and their differentiated
representation must be peossible,

- graphical iaput must be acceptable wherever
the user prefers this form.

A proposal for such a query language has been
describad, This proposal features:

— actomatic adjustment of a window including
the object of interest,

-~ use of context during selection of objects
in order to shorten query specificatioas,

— including selection of cartographic signs
for representation,

- recall of standard selection and standard
representation.

It is implemented in a restricted fashion in
a prototype of a Land Information System at ETH
[18].
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