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broan user cnmmunjtv. This software is a part of SEEDIS 
(Socio-Economic-Environmental-Demographic Information 
System) [l], a b>:oRclly·-based set of data bases and 
software which includes 100 million data items and a 

. .. . t f 1 t . ; .:! ~ • p 1 1 t 00 1 "neie var1e.y o .. an0.y tc an11 r,,_s_.a, ... s. 

T-i!P knn,,7 thnt t"~:i.sp1ays such as CAR'T'E are imHspensable 
to our users Rnd we fee, thRt as the state of the art 
is a~vancen it will become possible and economjcal to 
supplv the genera! public with these kinds of graphic 
displavs. This will a 1 lm~ citizens to participate in 
necision-makinq with the same access to data that only 
a few 1ucky a~m;nistrators now have. 

2. Software Oraanization 

SEEDIS, includ{nq CAR,.,E, has heen under development 
since 197~ (see [2] for an overvie~ of an earlier 
ver.s:ion of CAR'f'E), hut the recent acquisition of a 
f)iqiti'1. 1 Equipment VAX-·ll/780 promptec1 us to r1 o i"l 

cnmp 1 ete rer1 es j qn. l\n over vi e~·7 of CA:R.'T'E proq•- am 
structure is q;ven {n F{qure l. 

CARTE FUT\IC'riONAL MODULES 

[nArrA 

!usER Il\l'f'ERFACE) 

-· i 
/K:RYB0A RD / 

~---? 

REMOTE 
MTNICO.fvlPU'T'ER 
'T'ERHINAL 

GRAPH!CS 
DEVICE 
DRIVER 

Fiqure l. CA~'T'E FunctionaJ Overvie~ 

2 



As shown, input comes from three sources: geographic 
base (map) file, themati.c data fiJe ann user 
di rect:ives. Both map and datn. files for use in CAR'1'E 
are prepare~ hy other modules in the SEEDIS system. Mn.p 
files are organized by polygon, with each record 
containing an array of geocodes as well as a list of 
~oundary points. No other topological information is 
ma~ntained in the map file. Data files are also keyed 
using geocodes, so that map recor~s and data records 
may be presented in any order. 

Output from CARTE is mainly in the form of maps, but it 
can also dispJay tables and histograms of data :items 
for explor0tocy pnrpoSPS. A.nother form of output is 
the scrint file, bv which a user can save and reca 1 1 

thP desiqn of a map. The script file is in the form of 
CARTE ~irectives, so that it mav be modified with a 
text enitor an~ reprocesser'l in CAR.'T'E to produce a 
corrected map design . 

.,.,o support the possible use of inte1ligent terminals in 
map-m2l< i nq ~'u" have n i vi deC! CAR'T'E conceptua, 1 y into bm 
parts: host- and (potentially) termina 1 -resident. ~he 

ph~losoohy hehin~ the division is th~s: Basic graphic 
~isplav functions must be performed by the terminal, 
while manipulation of items from a 1 arge data base can 
only he done by the host. For rapid response, the map 
itself is stored at the te~minal. In order to make a 
map, certain information must be passe~ from the host 
to the terminal. The exact division between the parts 
was chosen to minimi.ze the amount of this information. 

With the separation of control. an~ graphics generation, 
CAR'T'E can use a unique qrophi.cs portion for each 
graphics (ievice. Th1.s allm•lS •,vide vari.ati.onro in 
strategy for controlling these Clevices. Even the m~p 
files can be nifferent for differing termina's, since 
thev are unique to each terminal. With raster devices, 
we would expect to store the image in raster form an~ 
manipulate the color look-up tabJe to achieve the 
des{re~ display [3] ~ This approach prom'sPs extremely 
fast qraph~c generation for many types of maps. 

The termina1 functions include the gengraph4c hase f{le 
interface plus routines to display symbolism and 
C'lnnotntion. 'T'he rema~nC!er of the program (about 90% oF 
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th~ co~e\, is the host portion. It includes the 
control proara~, data base interface an~ us~r input 
ana 1 ysis an~ s~m?.ntic routines. rrhe host computer r'loes 
not access the map file ~irectly, but instea~ uses a 
man index (ess~ntiallv the qeocode portion of the 
geographic haPe file) to correlate the data an~ maP. 

rro make a map, the termJna1 first receives from th~ 
host a list aescribina the tvpes of svmbolism aes{re~. 
A symbolism description ~enotes whether polvgon 
outlines an~ labels are to he drawn as well as the tvpe 
of' A!'"f:'a ~; 11 (crosslJatc}1, soli r'~ color, etc.). 
FIP·thennore, the (1.escription conta;ns a list nf graph~c 
attributes such as vector color, line style an~ 
ch~ract~r size. These attributes are i~entifie~ 
mnemonically so that they can he passe0 directlv to the 
device driver without further processing by the 
terminal.. Since qraph~c attributes can be applied to 
annotation as wel 1 as to the display of polygons, we 
have introduced the term "~tsplay sty~e" to ~enote th~s 
w~der use of svmboJism. 

In a~ditton to the style definitions, the terminal 
receives the name of the mao file, the limits of the 
geograohic area to be displayed and the area of the 
screen to contain the disolay. To produce the map, the 
termfnal receives a vector giving for each geoarea, the 
index oF the corresponding display style. Finally, the 
terminal receives graphic primitive instructions for 
~rawinq any necessarv annotation. 

4. User Interface 

J,ike manv other large software svstems, CAR~E emp 1 oy2 a 
central~zed user interface. Our part~cular 
implementation somewhat resembles GPTS [4], wh~ch 1s 
used in ~TMMS. Our design goals were: flexibility, 
a hi 1 i tv to prnmpt the user, ;:tN1 ease of use not onTy 
from thf:' user's standpoint hut From the implemPntor's 
as ~,rp 1 1 • 

A typical CAR'T'~ comman~ heg~ns with a kevword or verh, 
an(1 continues v1ith one or more paramPter lists. TtJith5n 
a Jist, parameters are separated hy comm~s, and the 
lists themselves are separated by spaces. Each cal.l on 
the scanner processes one list, so that the 
applications program can perform ~ny necessary 
intermediate semantic processing. A comman~ can he 
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implicitly continued to more than one line bv 
terminnting the 9r~vious line with a comma, equals-Dign 
or (within an expression) an operator. 

Pa•·ameters are 
though a va 1.ue 
no ambigu 1.ty 
exa:rnple: 

commonJ.y of the form "keyword::::value", 
~,one may appear in selecte~ cases where 
resu1ts. The folJowing is a typica 1 

'l'!'T'LE 1 S'l'RING="text", XY=(.3,.3), MODE=CENTER 

which s?ecifies a text string, centere~ about the 
screen coor~inates (.3,.3). As evidence~, parameters 
can have severa~ kini'1s of va 1.ues, incluoing nn::nbe1·s, 
expressions, character strings, or other keywor~s. 
Since the XY parameter specifies a graphic location, 
its va1ne cou 1 ·-'~ have been innut by pnsi.tion:ing a 
graph'c cursor. Howeve~, on1.v locators can be input in 
t h i. s •11 a y • 

The user interface incorporates three settable 
prompti.ng mor'!es: "beginner"' "fami 1 ~ar" an(1 "expert". 
Tn a11 three mortes, the user may enter i't command as "n 
the example ahove. If the prompt mode is "expert", no 
promptinq i.'> c'!.one; 0.efau 1 t: 'ro 1 ues are supp1 ie~ for 
omitted parameters. tn "beginner" mo~e, the system 
prompts for a 1 l omitted parameters; the user. mav sti1 1 

decline to enter a va 1 ue for any of them. "Familiar" 
mode ~s a hybrid of the other twor there is no 
prompting un1.P.ss th('> user requests it by omitt".ng 
parameters from the commanfl lin~. The prompts 
thPmse} ves are very s i.mple: a kevwo:rd fol.lowec~ by one 
or two words describing the type of va 1 ue desi:rp~. We 
are cons~dering the possibility of incorporating the 
on-line help information, which is organized by command 
and parameter, into the prompts. Below is a sample 
diB1og in "beginner" mode (user inputs are in 
lmvercase): 

title 
INDFD{? 
1 
.L 

S'rRINGry (Character st:r1ng) 
"text" 
XY" (Coo:rfinates) 
(.3,.3) 

MODF." (LEFT, RIGHT, or CENTER) 
center 
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5. Use of VAX/VMS _sys_~~m Features 

In movinq CAR"'E to the VAX, we have been able to take 
a~vantage of some specia, features offe~ed hy this 
machine. One such feature is virtuaJ memo~y. With 
vi.rtua1 memory program organization is simplified since 
there is no need for explicit overlays. Dynamic paging 
ensures that main memorv is occupied only by proqr~m 
seoments "'hjch are actua 1 lv being used. CAR'T'E a1.so 
allocates virtual memory itself when convenient. 'T'his 
enable~ us to remove explicit limits, for example, on 
the number of geographic areas and on the number of 
points per polvgon which can be plotted. 

Ano.ther important feature used j n CAR'T'E is the 
cone 1. t ion han01 'ng faci l i tv. CAR'.l'E uses the condit-ion 
hanrHing facility to process a 11 . abnormal cono:i.tions, 
including user input errors an<'l user interrupts. When r.1 

signaled condition is too serious for execution to 
continue, program flow is unwound to the main contra] 
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 beJieve this 
to be very important in an interactive system. 

6. Unresolved Issues 

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

o Base map organization. 
Map f' i les represent. each polygon as r.1 1_ ist of 
points ana ~o not store anv h1gher leve, 
topological info~mation. Whi]e this structure 
mak~s assemb1~ng of polvgon outlines very 
efficient, there are some drawbacks. For 
exampl.e, interior houn~aries are drawn twice. 

0 merminal hardware depen<'lencies. 
CI\R'T'E r"~oes not make use of i.nformi'lti.on about 
graphics terminal characteristics. For examole, 
it wou 1 d be n~ce to know the possible character 
sizes in order to place the defau 1 t title an~ 
legend; or, it wou 1 d he n ce to use the output 
resolution in order to optim ze polygon outlining 
anel shading. 

o Base map preparation. 
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CAR',E cc=m only operate with one base map at a 
time an~ ~oes no cartoqraphic processing. If the 
uqer wishes to combine two maps, or otherwise 
e~it the map file, a separate processing step is 
necessary. 

7. Conclusions 

In the six months CAR~E has been operational on the 
VAX, it has been use~ to prepare over 150 maps for 
P'~P.senta ti on, pJ us an uncount.eri number for expe;::- :i menta 1 

or exp1 o,- ato•:v pu q:)OSPS. rr>hese i ncl u<led: 

o A se~ies of maps of energetics ~ata for the u.s. 
bv state and Fe~eral Region IX by countv. 

o A series of maps of air quality statistics anrl 
cancer mortality data for the Popu 1 ations at Risk to 
Air PoJlution project. 

o Other maps dealing with economic an~ demographic 
data (Figure 2}. 

Our users are more than pleased with the rapidity and 
qual~tv with which maps can he composed and produced. 
~hey believe, as we do, that such qraphica! displays 
can be a great aid in developing and presenting new 
knovrl enlje. 
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