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bhroad usevr community. This software is a part of SEEDIS
(Socio-~Tconomic~Environmental -Demogravhic Information
System) [11, a Dbreadlv-based set of data bases and
software which includes 100 million data items and a
wide variety of analytic and displav tools.

We know that displavs such as CARTE are indispensable
to our userg and we fee! that as the state of the. art
is  advanced it will become possible and economical to
supplyv the general! public with these kinds of graphic
displavs. This will allow citizens to participate in
decision~making with the same access to data that only
a few Tucky a‘dministrators now have.

2. Software Organization

SEREDIS, including CARTE, has bheen under development
since 1872 (aee [2] for an overview of an earlier
version of CARTE), but the recent acquisition of a
NDigita? FTguioment VAX-11/780 prompted us to do a
complete redecian. An overview of CARTH program
atructure is gifven in Figure 1. '
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As shown, input comes from three sources: geographic
bhase (map) file, thematic data file and user
directives. Both map and data files for use in CARTE
are prepared by other modules in the SEEDIS system. Map
files are organized by polvgon, with each record
containing an array of geocodes as well as a list of
boundary ©points. No other topological information is
maintained in the map file. Data files are also keyed
using geocodes, 30 that map records and data records
may be presented in any order.

Output from CARTE is mainlv in the form of maps, but it
can a'so display tables and histograms of data items
faor exploratory purposes. Another form of output ig
the gcrint file, by which a user can save and rvecall
the design nf a map. The script file ig in the form of
CARTE Airectives, so that it may be modified with a
text editor and reprocessed in CARTE to produce a
corrected map design.

3. Using Intelligent Terminals

To support the possible use of intelligent terminals in
map-making we have divided CARTE conceptually into two
parts: host~ and (potentially) terminal-resident. The
philosophy hehind the divigsion ig this: Basic graphic
dispnlay Ffunctions must bhe performed hy the terminal,
while manipulation of items from a ‘arge data base can
only he done by the host. For rapid response, the map
itself is stored at the terminal. In order to make a
map, certain information must be passed from the host
to the terminal. The exact division between the parts
was chosen to minimize the amount of this information.

With the separation of control and gravhics generation,
CARTE . can use. a unique  graphics portion for each
graphics device. Thig allows wide variations in
strategy fov controlling these devices. Even the map
files can be different for Aiffering terminals, since
they are unique to sach terminal. With raster devices,
we would expect to store the image in raster form and
maniputate the color look-~un table' teo achieve the
desired digplay [3]1. This avoroach promises extremely
fast graphic genervation for many types of maps.

The terminal functions include the geographic hase file
interface nlus  routines to  digplay  symbolism and
annotation. The remainder of the program (abhout 20% of




the code), is the host portion. Tt includes the
control. program, data base nterface and user input
analvais and gsemantic routin The host computer does
not access h@ map file dire v, but instead uses a
man  index (egsentially the geocode portion of the
gengranhic base file) to correlate the data and man.

T make a map, the termina? first receives from the
host a list Aescribing the tvpes of symholism desired.
A symbolism description Jdenotes whether pnlvgon
outlines and labels are to be Arawn as well as the tvype
of area 417 (crogshatch, g0lid color, etc.).
Furthermore, the description containg a list of graphic
attvibutes  such as vector color, line stvle and
chdracter size. These attrihutes are identified
mnemonically so that they can be passed directly to the
device driver without further processing by the
terminal. Since graphic attributes can be applied tn
annotation as well as to the digplavy of polyvgons, we
have introduced the term "display styie" to denote this
wider use of symbolism.

In addition to the style definitions, the terminal
receives the name of the mav file, the limits of the
geogravhic avea to bhe displaved and the area of the
screen to contain the display. To produce the map, the
terminal receives a vector giving for esach geocarea, the
index of the corresponding digplay stvlie. Finallyv, the
terminal receives graphic primitive instructions for
drawing any necessary annotation,

4. User Interface

Tike many other large software syetems, CARTE employs a

centralized user interface. Our particutar
implementation somewhat regsemhles GPTS [4]1, which isg
used in  GIMMS, Our  design goals were: flexibility,
ability to prompt the user, and ease of use not only

from the user’s standpoint but from the implementor's
as well,

A tvypical CARTE command begins with a kevword or verb,
and continues with one or more parameter ligts., Within

a list, parameters are separated by commas, and the
lists %hpmqp1vnc are separateﬁ by spaces. Fach call on
the scanner processes one lTist, so that the
applicatinns  progranm can nerform any necessary

intermediate semantic processing. A command can bhe




implticitly continued to more than one 1ine hy
terminating the oreavious line with a comma, equals-sign
or {within an expression) an operator.

Pavameters ave commonly of the form "keyword=value",
though a value alone may appear in selected cases where
no ambiguity vresults. The following 1is a tvpical
examnple:

TITLE 1 STRING="text", X¥=(.3,.3), MODE=CENTER

which svecifies a text string, centered about the
gscreen coordinates (.3,.32). As evidenced, parameters
can  have severa®l kinds of values, including numhers,
expressions, character strings, or other keywords.
Since the XY parameter specifies a graphic location,
its valne could have been input hy positioning a
graphic cursor, However, only locators can bhe input in
this wav.

The user interface incorporates three settable
prompting modes: "beginner", "familiar"™ and Texpert".

Tn all three modes, the user may enter a command as in
the example abhove. If the prompt mode is "expert", no
prompting is done; default wvalues are supplied for
omitted parameters, TIn "beginner"™ mode, the svyvstem
prompts for a'l omitted parameters; the user may stil?

decline to . enter a value for anv of them. "Familiar"
mode is a hybrid of the other two: there is no

prompting unless the user reqguests it by omitting
parameters from the command line. The prompts
themselves are very simple: a kevword followed by one
or. two words describing the tvpe of value desired. We
are considering the posgibility of  incorporating the
on-line help information, which is organized by command
and parameter, into the prompts. Below is a sample
diatog in “"beginner" mode (user inputs are in
lowercase) :

title
INDEX?
5

STRING? (Character string)
"text"

Xy? (Coordinates)

(.3,.3)

MODE?  (LEFT, RICHT, or CENTER)
center



5. Use of VAX/VMS System Features

In moving CARTE to the VAX, we have been able to take
advantage of some special features offered by this
machine. One such feature ig virtual memory. With
virtual memory program organization is simplified since
there is no need for explicit overlayvs. Dynamic paging
ensures that main memorv ig occupied only by program
seaqments which are actually being used. CARTE also
allocates virtual memory itself when convenient. Thig
enabled us to remove explicit limits, for example, on
the number of geographic areas and on the number of
points per polvagon which can be plotted.

Another important feature used in CARTE is  the
condition handling facility. CARTE uses the condition
handling facility to process all abnormal conditions,
including user input errvors and user interrupts. When a
signaled condition is too serious for execution to
continue, program flow is unwound to the main control
program, which reads the next user command. Thus, the
user can continue after any error, even coding errors
provided he avoids the failing module. We helieve this
to be very important in an interactive system.

6. Unresolved TIssues

A number of issues have been left unresolved by our
conversion. Among these are:

o Base map organization,
Map files represent each polvgon as a list of

points and 4o not store any higher level
topolngical information. while this structure
makes asgembling of volvgorn outlines very
efficient, there are some  drawbacks.  For

example, interior boundaries are drawn twice.

o Terminal hardware dependencies,.

CARTE does not make use of information about
graphics terminal characteristics. For examnle,
it would be nice to know the possible character
sizes in order to place the default title and
legend: or, it wou'd be nice to use the output
resolution in order to eptimize polygon outlining
and shading.

o Base map preparation.




CARTE can only operate with one base map at a
time and deces no cartographic processing. Tf the
user wishes to combine two maps, or otherwise
edit the map file, a separate processing step is
NeCessarv,

7. Conclusions

In the six months CARTE has bheen operational on the
VAX, it has heen used to prevpare over 150 maps for
presentation, olus an uncounted number for experimenta’
or exploratory purposes. These included:

0 A series of maps of energetics data for the 1J.S.
by state and Federal Region IX by countv.

o A series of maps of air qguality statistics and
cancer morta?ltv data for the Populations at Rigk to
Air Pollution project.

o Other maps dealing with economic and demographic
data (Figure 2).

Nur users are more than pleased with the rapidity and
aquality with which maps can be composed and produced.
They bhelieve, as we do, that such graphical displavs
can be a. great aid in developing and presenting new
knowledqge.
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