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ABSTRACT

Spatial Data Management is a technique for organiz-—
ing and retrieving information by positioning it in
a spatial framework. Data is accessed in a Spatial
Data Management System (SDMS) via pictorial repre-
sentations which are arranged in space and viewed
through a computer graphics system. These pictures
can be created by an interactive graphical editor,
allowing an SDMS to serve as a personal repository
of diagrams, text, and photographs. Pictograms can
also be generated from data in a symbolic database
management System, allowing SDMS to be used as an
interface to large, shared databases.

A prototype SDMS has been constructed which employs
a set of color, raster scan displays driven by a
large minicomputer. The user can create and exam-
ine data surfaces which are larger than the display
screen, traversing a surface and zooming in and out
to control the level of detail displayed. The pro-
totype system provides a uniform mechanism for ac~
cessing a wide variety of data types in & manner
which does not require the use of a formal command
or query language.

Key Words and Phrases: <Computer Graphics, man—
machine interaction, database gquery languages,
graphics languages.
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1. INTRODUCTION

Spatial Data Management is intended to allow a per-
son without formal training to access information
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in a computer. Previcus approaches to this problem
have involved replacing the usual formal database
query language with some more friendly means of
specifying the data to be retrieved. These ap—
proaches include letting the user express his query
in natural language [1] [2]), giving examples of the

desired results [3], or describing the retrieval
process graphically [4]. However, each of these
techniques still requires that the user precisely

specify the data to be retrieved. Composing such a
specification requires a knowledge of the contents
of the database and frequently requires some famil~
iarity with its structure as well.

A Spatial Deta Management System (SDMS) addresses
this problem by organizing information in a much
different manner. Whereas a conventional database
management system organizes information in a number
of abstract name spaces which are referenced by
providing values to be matched, an SDMS organizes
information in concrete two-dimensional pgeometric

spaces which are more familiar to computer-naive
users. The data is given a pictoriasl representa-
tion and placed on a surface which 1s viewed
through a computer display. One such surface, rep-
resenting a database of ships, is illustrated
below. By tying the appearance and location of
each picture to the semantic content of the data

which it represents, the system enables the user to
access information through the simple process of
portion of

directing attention te the appropriate
the data surface.

The construction of a useful Spatial Data Manage-—
ment System requires the solution of two key tech-



nical problems:

1. Providing a means by which 2 user can con—
veniently view a large data surface, and

2. @mplementing a mechanism for creating mean-
ingful pictorial representations of symbolic
information.

Two previous approaches to the first problem are
described in [5] and [6]. This paper describes a
prototype SDMS which marries some of the concepts
of spatial organization developed in that early
work with current database technology to provide a
system which can be used to solve resl problems of
database usage.

2. THE PROTOTYPE SYSTEM

The prototype SDMS provides a variety of mechanisms
for creating, viewing, and modifying a Graphical
Data Space {GDS) consisting of a set of connected
surfaces upon which the data is displayed. This
Graphical Data Space is not restricted to contain-
ing the formatted data found in conventional sym—
bolic databases but can include anything that can
be represented in a computer graphics system, such
as charts, diagrams, maps, photographs, and text.
In this way, SDMS may serve as a uniform interface
to a wide range of dissimilar datatypes.

2.1 The Graphical Data Space

One seemingly straightforward way of organizing
data spatially would be to arrange everything on
one large surface which would be displayed” in its
entirety, For most applications, however, such a
display would not only be prchibitively expensive,
but it would require the user to be constantly mov-
ing about a rather large room in search of data.
In order to azllow the user tc remain seated and to
make the system more practical, SDMS uses a graph—
ics disglay as a window through which selected por-
tions of a data surface may be viewed at various
scale factors. By allowing this window to move
constantly over the data surface, and by providing
suitable auxiliary wotion and position cues, the
sensation of interacting with a large surface can
be preserved. The user can thus construct a mental
spatial model of the data surface which aids in lo-
catirg informstion. This process is sided by the
use of distinctive colors and shapes, such that lo-
cations may be recognized by their appearance.

The Graphical Data Space may be partitioned into
multiple data surfaces which are linked together in
a network. The user moves from one data surface to
another by means of special pictures called ports,
Activating a port causes its associated data sur-
face to become the current data surface. The mo-—
tion from one data surface to another is similar to
that of menu—based systems such as 206 [7]. While
this ability provides a convenient mechanism for
partitioning one”s data, motion through a network
is a foreign concept to most users, and in practice
navigation through any appreciably sized network
kas ptoven difficult [6{. The Z0G system has ad-
dressed this problem by allowing extremely fast
transitions between frames. While the results are
promising, the technique is only practical for
frames which are simple enough to display quickly.
In SDMS, the hierarchy of spaces is used most often
for separating unrelated information or for provid-
ing alternate views of related information while
the spatial arrangement within a data surface car—
ries most of the load for organizing information.

Ports can also be used to activate programs exter-
nal to SDMS. This facility provides a general pur-
pose escape mechanism through which the user can
employ various facilities of the operating system
such as electronic mail, text editors, or any other
subsystem. Such subsystems can be written special-
ly for SDMS, such as the text display program il-
lustrated below, which provides a secondary display
of a document teble of contents in additjon to the
document itself.

Figure 2. Text Display Program

2.2 The User Station

The user of SDMS sits at a display station like
that shown below. The system provides three color,
raster-scan displays, fitted with touch-sensitive
digitizers. Additional user input can be performed
through a three-axis joy stick, a data tablet, and
a keyboard. The left-most of the three screens
presents a "world-view" of the entire data surface.
A magnified view of this data surface is simultan-
eously displayed on the main screen in the center,
The location on the data surface of this magnified
portion is indicated by a highlighted rectangle
which appears on the world-view map. The two
screens are shown below. The right-hand display is
used for variocus other maps and for displaying a
menu of commands for use with the graphical editor.

Figure 3, SDMS User Station



of motion is proportional to the pressure exerted
on the joy stick. At the maximum speed the width
of the center display is traversed in approximately
two seconds.

Figure 4. World-View Map

Figure 7. Main Display

A second type of motion which the user can perform
is in a direction perpendicular to the data sur-
face, Twisting the joy stick causes the picture to
enlarge. This occurs in two stages. The first
stage is dome by zooming the display, a hardware
technique which causes pizels to be replicated on
the display, as shown below. The second stage
depends on' the user”s position in the data surface.

Figure 5. Main Display

2.3 Motion in the Graphical Data Space

The user cam control which portiom of the data sur-
face appears on the center display by pressing on
the joy stick shown in the user’s left hand in the
foreground of Figure 3. Pressing the joy stick in
any given direction causes the user’s magnified
window to move immediately in that direction over
the data surface. This motion is reflected in the
corresponding motion of the highlighted rectangle
on the world-view map, as shown below. The speed
"""""""""""""""""""""""""" Figure 8. Zooming the Display

Figure 6. World-View Map Figure 9. World-View Map
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If he is poaitioned over a port, the port is acti-
vated, causing its associated data surface to
become the current data surface. The result of
zooming in om the 'ships"™ port is shown below.
Note that the world-view map has changed to be that
of the new data surface.

Some data surfaces are stored at several levels of
detail. Zooming in on such a data surface causes
the more detailed version to appear. The fcllowing
figures show the result of zooming in on such a
data surface.

Figure 12. Detailed View of Data

2.4 Global Actions

There are four actions which the user can carry out
regardless of his position in the graphical ~data
space. These are:

1. selection of a navigational aid,
2. rapid transit,
3. using the interactive graphical editor, and

4. entering symbolic queries into the database
management system.

The left-hand screen may be directed to display
either of two forms of navigational aid. One of
these is the world-view map, described above. The
other is a map of the hierarchy of the data sur-
faces, illustrated below. Each data surface is re-
presented by a labeled square, with the current
data surface indicated by having its background
color changed to yellow (the label is always vigi-
ble). The lines commecting the squares show the
possible routes {(through ports) which can be taken
from one data surface to another. The green
squares indicate ports which comnect to data sur-
faces already "owned" by another data surface.
Thus, although ownership 1s hierarchical, the paths
which can be taken through the various data sur-
faces form a network. The blue squares are "off-
page-connectors" to other portions of the hierarchy
map.

Figure 13. Hierarchy Map

Rapid transit is a mechanism by which a user may
move from cne point in the Graphical Data Space to
another without traveling through the intervening
space. Rapid tramsit is invoked when the user
touches the navigational aid with his finger, as in
the previous photograph. If a world~view map is
displayed the user”s window is moved to that loca-
tion on the data surface. If the hierarchy map is
displayed, the data surface which was pointed to
becomes the current data surface. Rapid transit
takes between one and three seconds. In order to
provide immediate feedback to the user, the naviga-
tional aid is wupdated as soon as the screen is
touched.

The graphical editor allows the user to annotate
the data surface and add graphical data. It oper—
ates on the portion of the data surface currently
displayed on the center screem. It is also used to
edit the Graphical Data Space by creating data sur-
faces and ports. The editor is described in more
detail in the next sectiom.



Although a large portion of =2 wuser”s need for
access to information can be handled through the
mechanisms described above, there are situations
where the ability to precisely specify a query is
required. In these cases, the user can employ a
formal symbolic query language which is an exten-—
sion of QUEL [8]. This language allows the user to

define new data surfaces containing selected ob-
jects or to cause selected objects om an existing
data surface to be blinked. The relationship

between the symbelic znd graphical modes of repre-
sentation 1s discussed in more detail in the fol-
lowing section.

3. INPUT OPERATIONS

GCraphical representations can be placed in the SDMS

Graphical Data Space through either of two mechan-
isms:

1. Manual picture creatiom allows a user to
create pictures with sn interactive graphi-
cal editor.

2. Automatic picture creation generates a
graphical view of a symbolic database under
the control ef a previously entered descrip-
tion.

The manual mode allows SDMS to function as a per—

sonal electronic workspace im which a user can
store and retrieve maps, charts, diagrams, and
photographs. The automatic mode allows SDMS to be
nsed as an interface to a symbolic database which
may be large, shared, and subject to freguent
updates,

3.1 Manual Picture Creation

The SDMS prototype provides an interactive graphi-
cal editor which may be activated at any location
in the graphical datas space. Like many interactive
painting programs [9] [10] it allows the user to
select from a menn of commands which perform
various graphical operations in response to coordi~
nates input from a data tablet. The SDMS editor
has the unique capability, however, of allowing op-
erations which span an area larger than the display

screen by allowing the user to move continuously
over the data surface both within and between
commands.

A person using the editor selects a function by
touching with his finger a point on the menu which
is displayed on the right-hand screen, shown in the
following photograph., The functions include:

1. Geometric primitives such as lines, rectan-
gles, circles, "ink" (continuous lines), and
a random dot pattern which simulates an air
brush,

2. graphical transformaticns such as

r ; transla-
tion and scaling,

3. attributes such as color and width,
4. a variable grid,

5. dinput digitized from a vidicon, and

6., a library of previously defined shapes.

The wuser performs these operations on the portiomn
of the data surface currently displayed on the
center screen., As he does this, the world-view map
is continuously updated so that it always displays
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a correct scaled-down version of the entire data
surface.

An additional s8et of commands allows a user to
create new data surfaces and ports and perform

other operations described in the next section.

As with the joy stick and rapid transit operations,
the user is given immediate feedback to every
action. When a command is selected by touching the
menu screen, a box is immediately drawn around the
selected command, confirming its selection. If the
command requires input of points on the data sur-
face (as when drawing a line), a cursor appears on
the center display. The position of the cursor is
tied to the position of & puck on the data tablet
on the table in front of the screen. Commands
which require multiple points always provide some
form of intermediate feedback. For example, the
RECTANGLE command requires two points which define
any two diagonally opposite corners of a rectangle.
After the wuser has placed just one corner of the
rectangle a white rectangle appears, with one cor-
ner fixed at the indicated position and one corner
moving as the user moves the puck. When the user
indicates the second point, the rectangle is drawn
in the selected color.

The editor it described in more detail in [11].

3.2 Automatic Picture Creation

One of the most important uses of SDMS is as an in-
terface to informaticn stored in a conventional
symbolic database management system. Such database
may be large, shared with other users, and dymamic.
While it would be possible to use the editor de-
scribed above to manually create pictures for each
entity in the database, this approach would hardly
be practical for a datebase with hundreds, much
less thousands, of entities. Furthermore, these
pictures would have to be modified whenever the da-
tabase was updated. Very often, such databases
already exist in scme symbolic database management
system and, since they are shared with other users,
can not be altered tc fit into the SDMS framework.

To address these issues, SDMS provides a mechanism
for defining a set of rules which determine how the
data in a symbolic database shculd be expressed
graphically. These rules form an icon class_de-
scription and the pictures they create are referred
to as icone. The icon class description used to
create the pictures of the ship database shown on
the preceding pages is shown below.



icon class cluster(r)
begin
maximum size is (110,60);
pesition is

(case r.type begin

oyn :800
"SSNT 11600
"SSBN" 1600
TSSGN" 11600
TCUGN" 12500
el :2500
TCAT 12500
ToDG" 13200
"EEFY $3200
"AGL" 13200
A0 4000
default :1600
end, ¢case r.nat begin
"usT 1200
"UJR":2000
default:2500
end );
template icon case r.type begin
ngun icarrier
n3SN" 1sub
"S5BN"  :sub
"S3GN"  :sub
"CGN" ieruiser
wogm icruiser
vcan ieruiser
"DDG" idestroyer
"FEM :destroyer
"AGIM :destroyer
"AGH toiler
default :cruiser
end;

scale is r.beam*2 percent;

color of region 1 is case r.ready begin
wing

default: gray

end ;
attribute region r.nam from ( 5,16) to (70,28);
attribute region r.ires from { 5,28) to (70,40);
attribute regicen r.conam froem ( 5,40) to (70,52);
end;

Figure 15. Icon Class Description

A data surface is papulated with icons in response
to the user typing a display statement to the query
language of the database management system. This
statement specifies which entities are to be repre—
sented as icons. Through an optional qualification
to the associate statement, the user may specify
that only certain entities be selected, such as
only U.8. ships with less than 20% fuel. TFor each
entity which is selected, the system creates ome
icon by interpreting the icom class description
with its variables bound to values of the particu-
lar entity being displayed.

The icons themselves are not stored in the symbolic
database but are graphical interpretations of data
contained in that database. This is in contrast to
systems like [12] where a symbolic database manage-
ment system is used to contain descriptions of the
geometric primitives used to comstruct a picture,
The approach taken by SDMS allows the system to
display shared databases which do mnot originate as
pictures in SDMS. The statements in an icon class
description perform some graphical action and take
arguments whose values are attributes of the entity
being displayed.

The position statement determines the placement of
the icon on the data surface. In the example, it
waps the ship”s type into x-coordinates and nation—
ality into y—coordinates. Once an icon is created,
further attempts to create icoms at that location
result in a nearby locatiom being used.

of

The template statement specifies the shape the
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of pictures which

icon by selecting among a set whi
database adminis-—

have previously been drawn by the
trator.

The scale statement specifies the size of the icon.

In the example this is & function of the beam of
the ship.

The color statement specifies the color of each
ship according to its readiness,

Finally, the three attribute region statements
place the values of the ship”s name, its interna-
tional radio call sign, and the  commanding
officer”s name into the specified locations in the
icom.

The use of templates allows the user to define
complex icon shapes without requiring the use of an
awkward graphics language. Different templates and
icon class descriptions may be defined for each
level of detail in the data surface, allowing ex~
plicit control over the scaling process. _For in-
stance, the ship data surface presents different
amounts of text and different pictures of ships at
each level of detail. The template for one type of
ship is shown below. Note the four different tem-
plates, one for each level of detail in the ship
data surface.

i
Figure 16. Templates

A template is the starting point for the genmeration
of an icon. Its shape and color determine the
shape and color of the icon. A template is divided
into regions which are distinguished by the colors
with which they are drawn. This allows arbitrary
complexity in the shape of regions. The color of a
region may be trangformed by a color statement in
the icon class description, For example, the
colors of the ships themselves in the ship data
surface are displayed as g function of the readi-
ness attribute of that ship in the database,

4. IMPLEMENTATION

The SDMS prototype runs on a dedicated PDP-11/70
running a modified version of the UNIX operating
system [13]. The wmachine has 1.25 megabytes of
memory which is used primarily for manipulating the
graphical data surfaces and staging them to the
display. The operating system has been modified to
allow user programs to map eselected portions of
their 16 bit address space into portions of physi-
cal memory which contain graphical data. The
images are displayed on a Lexidata raster scan dis-
play system which refreshes three independent color



displays out of its own 480x640 frame buffers.
EDMS system runs in several parallel processes
which communicate through shared memory and pipes
(a low-speed interprocess channel which appears to
a user program as an ifo device). The prototype
configuration supports a single user. Although
general purpose time sharing can be run simultan-
eously with SDMS, memory address space limitations
preclude supporting more than one SDMS user simul-
taneously.

The

Data surfaces are stored on a moving-head disk as
bit arrays known as image-planes. An image plane
is partitioned into tiles which are rectangles of
64 lines, each contalning 128 pixels. Thus each
tile occupies 8K bytes, which is equal to the page
size of the PDP-11/70., The ships database, shown
earlier, consists of four inage planes {to support
zooming to four levels of detail) and occupies 36
megabytes.

A simplified process structure appears below. All
of the processes shown run in the 11/70, The
various input devices conmnect directly to the 11/70
where they are read by processes indicated on the
diagram.

Teuch Teuch
Sereen Scouen

Reybourg

‘lablet

|
—» Craphical M—rI Navi 1 “abas:
it stager e et Tacartace

—»

L)

ICDL w
Nata
Figure 17. SDMS Process Structure

The stager is actually two processes which allow

the user to move the display window over the data
surface. One of these processes reads the bit-
array representation of the data surface into the
main memory of the PDP-11/70. This process en-
deavors to keep in memory all tiles currently on
the screen plus sufficient extra tiles to maintain
the user”s current directiom of motiom. A second
process sends portions of these tiles to the dis-
play, once again endeavoring to maintain a suitable
margin of data just off-screen to allow for motion
across the data surface. When the user presses on
the joy stick, indicating a desire tc move in a
given direction, this process first checks to make
sure that sufficient picture data is loaded into
the display to start moving in that directiom. If
so, the display is commanded to begin its screen
refresh at a new location, causing the picture to
scroll. The program then determines whether new
data must be sent to the display to maintain the
margin around the displayed picture. This may

require that additional data be read in from the
S;SR as well., This process continues as long as
e

user holds down the joy stick or until an edge
of the data surface is reached., This same program
is responsible for wupdating the global variables
describing the user”s current position.
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These two programs are also involved in zooming the
display. When the user twists the joy stick, the
display is commanded to change its scale factor.
If the user is over a port or in a data surface
which has multiple image planes, the stager must
prepare to display the new, more detailed image
plane. Fortunately, zooming the display reduces
the storage required to contain the current image.
The memory which remains is filled with the new im—
age plane in anticipation of the user”s continued
twisting of the joy stick. Finally, if the user
does continue to twist the joy stick, the next im=—
age plane, which has already been loaded into the
display memory, appears on the screen.

process is responsible for
the data
It alters the position of

The navigational aids
displaying the current world-view map or

surface hierarchy map.

the highlighted rectangle as the global values of
the user’ s current coordinates change. This
process also listens to the touch sensitive digi-

tizer mounted in front of the navigational aid dis-
play and directs the stager to perform a rapid
transit operation if the user touches the screen.

The database interface is responsible for creating
data surfaces in response to user commands and for
blinking selected icons when so requested. It is
also responsible for maintaining the consistency
between the symbolic and graphical representations
in the database. To this end, it monitors updates
to the symbolic database. If such an update
changes the value of an attribute which wes used to
create an icon, that icon is recreated with the new
data.

the
It operates upon the same
It also manipu-

The graphical editor allows the user to modify
graphical dats space.
in-core tiles used by the stager.
lates the system”s description of the graphical
data space, allowing the user to delete 1icons,
designate pictures as templates, and create ports.

5. CONCLUSIONS

The initial informal evaluations by users who have
used the system in our laboratory have been enthu-
siastic. Most people learn to use the controls in
a matter of seconds and can create pictures almost
immediately. Much of this success can be attri-
buted to the small number of simple controls and
the furnishing of immediate feedback to every user
action. The touch sensitive digitizers simplify
the process of directing user input to the appro-
priate display. They would have been used for all
three displays (replacing the use of the data tab-
let in the graphical editor) if they had sufficient
resclution and a means of sensing finger position
(for intermediate feedback) before the user pressead
on the screen.

The SDMS method of accessing data seems to be most
appropriate for those situations where the user
needs to browse through & database. BSince the data
to be retrieved need not be specified precisely,

the user does mnot need to learn a formal query
language or possess an intimate knowledge of the
structure and contents of the database. On the

other hand, SDMS is not especially well suited to
those circumstances which require locating some
number of entities in the database which meet some
precisely stated criterion,

As was anticipated, the least successful aspects of
the system are those which require keyboard imput.
The selection of entities which are to appear on a
data surface requires the use of a database query
language which is awkward at best. Likewise, the
icon class descriptions require the services of



someone who not only knows the organization of the
datgbase and the various commands but has the tal-
ent to design a data surface which is useful and
aesthetically pleasing.

A more rigorous evaluation of the system will take
place during the coming year when the system is in-
stalled at several selected sites where it can be
uged under conditions more closely approximating
those of the wultimate operational enviromment.
This process will invelve loading the system with
real databases and adding process ports for some
previously implemented decision analysis programs.

5.1 Future Work

The usefulness of the system could be greatly in-
creased if graphic representations of databases
could be created with less human interventiom. An
approach outlined in [11] would use profiles of
ugsers and their applications together with descrip-
tions of the semantics conveyed by various repre-
sentations to select the most appropriate represen-
tation for any particular circumstance.

The composition of complex queries could be accom-
plished by allowing the user to manipulate the
graphical representations, creating a picture of
the desired result in a form of graphical query-by-
exsmple. This might make the requisite logical
thinking less painful for the user.

In terms of implementation details, two very speci-
fic goals will be pursued: creating icons more
quickly and storing graphical data surfaces more
compactly. A much faster iconr creation would allow
the icoms to be generated on the fly as the user
scrolled over the data surface. This would greatly
reduce the storage requirements of the system and
also eliminate the problems of maintaining the con-
sistency of the two different methods of storage
currently employed. One approach which will be at-
tempted in the short term is to split the process
of icon creation into two stages. The retrieval
from the symbolic database will produce a “com-
piled" icon description. This description will be
expanded as the user traverses the data surface,.
This approach would allow several users to examine
the same graphical data space in an efficient and
economical manner.,
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