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LUCID
E. Franks®

We in SDC s Command Systems Depertment feel that in research directed toward
solving militery command and control systems, one of the big problem areas is
the management of data. We feel, in fact, that any computer-based system 1s
essentially a date-management system, at least in tne ares of command and control,
and that certain problems have never been solved in the past We feel. in the
first place, that the data themselves are an integral part of a system concept.
Commonly, in the past, designers have begun system designs witnout any clear
idea of what the data involvement was; often, in fact, people suddenly asked,
"What do these files we talk about actually look like?"” Part of our effort

at SDC has been to provide a tool that will help tc soive the problem of system
date contcent and structure earlier in the design process This is part of the
function of the system we call LUCID

Another thing that cesigners have often expericnced 1s that, by the time a
system is formulated and hes gone to the coders and been coded, it s aslready
obsolete. The result is that most programming systems have hed & very short
life and many of them have been stillborn. The problem that LUCID attempts to
attack is the enormous time lag between conceiving 2 syctem, and getting some-
thing running on the computer Concomitant with tnis time lag is the expense:
to get & system going and then not use it seems to me to be a luxury we can
ill afford g

The ILUCID project is based on a concept of a system design, namely tnat computer-
based commend-control systems are deta-management systems and that the problems
of data base are central to the problems of design LUCID provides both a
language in which design of ceta management systems can be expressed, and &
programming system to convert this expressicn of design automatically into
something that can be run on & computer. The project, ai present] 1s engaged

in formuleting the design concept of data-oriented systems; in the establishment
of a language that carries design from the man 0 the machine, and in the con-
struction of & preliminary model of such an automatic programming system, which
cen be used, not only to validate the gereral concept itself, but also to provide
a useful tool for our other research efforts requiring a data-management facility. !

One large problem is that systems change--what yo. start out with is very seldom
vhat you are going to be satisfied with, even in a very short time. We are trying
to provide a method for getting something on the computer fast, experimenting
with it, modifying it, so that the evolutionary process can be continuous. We

*A member of the SDC programming staff in the ARPA Command Research Project,

Mr. Franks is working on programs for handling a data base His programs, called
the TUCID (Language Used to Communicate Information System Design) System, are
being developed as a tool for system-design research
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t what was a good set of terms and we found that people were not
Mbarcd to answer, so we arbitrerily seiected a set of our own; but

we ide the facility for the user to substitute his own term for these

to any extent that he wants He can descrite his system in French, if he wishes,
if he first explains tc the system the French terms that correspond to the

terms understood by the system Then, with this set of basic operators, ve
decided that the user should be able to telk about the system--his particular
system--in his own terms, terms that are meaningful to the analysts working in
his area

The way a system is described in LUCID 1s that the user takes some terms, which
can be (although 1 hate to use grammatical analogles) nouns--that is 6 the names
of data; the names of files, or processes He uses the word to which he wents
to assign this particular meaning i1n terms of his own system and he defines it
in the basic terms that are known in advance--the @& priori terms known to the
LUCID system Then, once he has defined one of these terms, he may combine

it with others, or with others of the basic vocabulary, and build up more
complex sets of data or more complex sets of operations In this way, he
ultimately defines his whole system Finally if he wishes, he may define his
whole system with a singie word, such as OPERATE. This word OPERATE will have
been defined in terms of a whole hierarchy of things previously defined. Or,

if he wishes, he wey leave the system in pieces so that he can operate parts

of it by calling ¢n the names he Bas assigned to the various pieces I think
this is something that goes along with the evolutionary approach that we propose
in developing the system in LUCID. You start simple and, as you become satisfied
with the series of operations that may recur under several different circum-
stances, you :ame them and give them the full set of definitions; and from then
on, whenever you need 10 use the series of operations, the single term will
trigger the operations that you defined

Since we are not, fortunately, bound by any production contract that requires
that things must be done by such-and-such a time, or that certain things already
exist that must pe accommodated, we're able to operate rather freely Our aim
is maximum freedom for the user, so we have set no arbitrary limits on the
length or the complexity of the names that the user may give to his data or

his processes. He may ~hoose to call something "THE NUMEER OF TIMES SITUATION
X HAS OCCURRED"--all that--if he is willing to repeat it all every time he wants
to refer to it He may designate some value by such & name We feel that
people will naturally tend to use short terms simply because of the labor of
writing them.

We are setting up twoc modes for the use of LUCID We think that, i1n most systems,
there is a certain amount of processing that is constent--that is, the require-
ments don't change very much in the short run.So, for one mode we can establish
file building, file maintc.ance, and standard "yorts in advance, es part of

the system, with some conf.dence that they w | remalin unchenged f Long enough
to make gerereting this portion worthwhild
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in the case of a date base too large to be contained in a random eccess or high-
speed access memory (and particularly a date bese recorded on more tapes than
can be mounted et one time on the computer ejuipment), "concordance" retrieval
is elways better then random search, and will pay off, although it is not
optimum for any one particular retrieval.

To describe a system in LUCID, hierarchies may be established that ve call
executive systems and subsystems--you may name your control portion when you
describe it as an executive system; you may then describe other portions of

the system, and state that they are subsystems of the name to which you have
assigned tne appellation "executive system." The subsystem then has access to
the deta of the executive system. Any common data, then, would be described

as belonging to the executive system, eand special data that relate only to a
certain set of processes in a subsystem would be described as belonging to thset
subsystem. In connection with this, we provide a system of programmed interrupts
and priorities so that different users may have simultaneous (at least, in
human terms) access to the common data in the system. We are fortunate in that
ve have a machine for which this kind of program interrupt is fairly easy. We
haven't really faced the problem of & machine without a clock, or something
like it for which some artificial means would have to be providead.

I would like to say something about LUCID as e programming system. We tried to
experiment with some of the things that programmers have always said you should
do, but that they scldom do. We have modularvized to an extreme. We have a
“rule of thumb” that no procedure #orlé exceed 60 JOVIAL statements (and, I
think the average 1s well below this). We found out, in actuel practice, that
we have greatly shortened the totel esmount of code at the expense of increasing
the number of procedures. We found very many ceses--some in quite unexpected
places--where duplicate iines of code occurred These were taken out as
scparate procedures.

The system is in four gross parts. We have our own executive system control.

It is guite short, as executive systems go, and what 1t is going 1o do next

may be controlled by some operating portion of the system In other words,

LUCID is vretty well date-sequenced, and the operating systems that have been
described by the user may direct the sequence of events by setting deta flags,
which have also been identified by the user in his description. This contral
portion is the link between the user who is to operate the system, and the LUCID
system. It processes control functions, such as describing the computer
environment. We operate with nther systems that sometimes have a higher priority
and may have to have their tapes left on. Sometimes rapes are down. This is

the kind of communication that the control processes. You cen tell the control
that the inputs are on-line, on the on-line card reader; that they're by teletype;
that they're on a pre-stored tape; etc. These, we assume, arc not primarily

the concern of the user, but of the computer-operating staff, and these people

are the ones who will communicate with our system control
-














