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LUCID

E. Franks*

We in SDC s Command Systems Department feel that in reseftrch directed toward 
solvlne military command and control systems, one of the big problem areas Is 
the management of data. We feel, in fact, that any computer-based system is 
essentially a data-mar.agemcnt system, at least in tne area 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 beguri system designs witnout any clear 
idea of what the data involvement wm; 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 to soive the problem of system 
data content and structure earlier In tne design process This is part of the 
function of the system we call LUCID

Another thing that designers have often experienced is tnat, by the time a 
system is formulated and has gone to the coders and been coded, it s already 
obsolete. The result is that most programming systems have had a very short 
life and many of them have been stillborn. The problem that LUCID attempts to 
attack is the enormous time lag between conceiving a system, and getting some­

thing running on the computer Concomitant with tnis time lag is the expense: 
to get a system going and then not use it seems to me to be a luxury we can 
ill afford

The LUCID project is based on a concept of a system design, namely that computer- 
based command-control systems ore data-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 data management systems can be expressed, and a 
programming system to conve’rt this expression of design automatically into 
something that can be run on a computer. The projectat—present/ is engaged 
in formulating the design concept of data-oriented systems; in the establishment 
of a language that carries design from the mari to the machine, and in the con­

struction of a preliminary model of such sm automatic programming system, which 
can be used, not only to validate the general 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 
what 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 date base His programs, called 
the UJCID (l^guage Used to Communicate Information System ^sign) System, are 
being developed as a tool for system-design reseeirch



6 September I963 3 TM-IU56/0OT/00 

have envisaged tvo methods of operating this system. One would be an 
Interpretive method In which inputs are given to the system; outputs are 
obtained, examined and evaluated; and changes are made through a feedback loop 
that continues over a period time. Then, when the system appears to perform 
according to the current expectations, a generation process would be under¬ 
taken to produce automatically a set of noninterpretive programs that perform 
the same functions that the interpretive system Just exercised had performed. 
This second mode would operate more rapidly on the computer, to meet some real¬ 
time constraints that an interpretive system might not be able to meet However, 

we think that a user who is doing this should not abandon the interpretive 
system from which he made this generation, but should continue to use it for 
development purposes. In other words, he squeezes off a specific version oí 
his system whenever he feels a significant improvement has been made. Once 

the generation process works perfectly, the user never modifies the gencrsted 
version of his system, but he does continue to experiment with the interpretive 
version, and, from time to time, produces new models through the geierotion 
process. Through this means we hope to have all the flexibility inherent in 
interpretive systems, plus access to noninterpretive versions of systems that 
would give us the conçutcr efficiency associated with them--the best of both 
worlds, in fact. 

A further possibility along these linos is that generators could be ecvciopod 
for several different machines, so that if the user wanted to operate the sane 
system on different hardware, or parts of a system on different pieces of hard¬ 
ware, he would have a method of simulating the whole system on tne computer 
that he used in the interpretive mode, and producing the generated versions 
for whatever machines were desirable. 

Another aspect of the interpreter-veraus-generator concept, is that some functions 

of systems are probably not improved by being generated to a specific program-- 
in particular, auch things as what is known as dynamic retrieval, that is, the 
retrieval of data in sets that are not predictable. So, we are thinking in 
terms of partial generation ao that eertain portions of a system could be 
produced as a set of direct programs, while other portions remain in an inter¬ 
pretive form. 

The way that we have gone about our design and development is, I think, tnc 
oppoaita of the case of MITR1 Corporations’a ADAM. We started with the idea 
of a language in which the kind of things you would like to do on a computer 
can be expressed. We found that, even though there is an infinito number of 
waya of doing thinga on the eomputor, the number of things that you do is quite 
finite and tapriLalngly small. 

The idea of our vocabulary, then, is that it contains terms for these basic 
operationa and for tha basic relationships that are tested on a computer or 
are uaed to express algorithms on a computer . A certain grammatical arrangement 
of theae terras is understood by our program However, we do not wish to tie 
users to our particular versions of those terms. Ws tried to canvass opinion 
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t what was a good set of terms and we found that people were not 
orod to answer, so we arbitrarily selected a set of our own; tout 

we do pPBinde the facility for the user to eutstitute his own terra for these 
to einy extent that he wants He can describe his system in French, if he wishes, 
if he first explains to the system the French terras that correspond to the 
terras understood by the system Then, with this set of basic operators, we 
decided that the user should be able to tain about the sy.-tern--his particular 
system—in his own terms, terms that are rataningful to the anaiy'-ts working in 
his area.

The way a system is described in LUCID is that the user taxes some terras, which 
can be (although I hate to use grammatical analogies* nouns*>that is tlic names 
of data; the naises of files, or processes Hc> uses the word to which he wrnts 
to assign this particular meaning in terms of his own system and ne defines it 
in the basic terms that are known In advance--the a prion terms known to the 
UUCID system Then, once he has defined one of these terms, he may combine 
it witn 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 
ultlMtely defines his whole system Finally if he wishes, he may define his 
whole system with a single word, such as OPERATE This word OPERATE will have 
been defined in terns of a whole hierarchy of things previously defined. Or, 
if he wishes, he may leave the system in pieces so that ho can operate parts 
of it by calling cn the names he has assigned to the various pieces I think 
this IS something that, goes along witn the evolutionary approach that we propose 
In developing the syatem in LUCID. You start simple and, as you become satisfied 
with the series of operations that may recur under several different circum­

stances, you .tame them and give thein the full set of definitions, and from then 
on, whenever you need lo use the series of operations, the single term will 
trigger the .operations that you defined

Since we are ntt, fortunately, bound by any production contract that requires 
that things must be done by such-and-suen a time, or that certain things already 
exist that must be accoimodated, we’re able to operate rather freely Our aim 
is Baxlmum 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 moose to call something "THE NUMBER OE TIMES SITUATION 
X HAS OCCURRED'--ail that--if he is willing to repeat it all every time he wants 
to refer to it He nay designate sorae value by such a naan We feel that 
people will naturally tend to use short terns sinply because of the labor of 
writing then.

We are setting up two nodes for the use of LUCID We think that, in most systems, 
there Is a certain amount of processing that is constant--that is, the require­

ments don't change very much in the short run So, for one node we c*m establish 
file building, file raaintexance, and standard rejorts in advance, as part of
the sysroir, with some conf. ionre that tti'w W;:. -ftn-ir. u- f .r lOng -no.;.’,!!

to moke ger.oii'.t.ing this portion worthwh.ie
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The other mode is sn on-line mode, in which the user may want to try something 
Just once, or it msy be an abnormal request that he doesn't expect to be repented. 
Be doenn't wish to add the series of processes involved in this request to the 
permanent system that he has described. In the on-line mode, the request w'îuid 
be translated and performed but the translation would not be added to the system 
as permanently described. On the other hand, he may, at any time, change the 
permanent description of the system. 

LUCID, in fact, is a programming systnm--one that avoids the detailed level cf 
specification that results in the time-ennauming process with which we're 
familiar We have tried to provide operators that are simple to uee and that 
reduce the amount of coding--the amount of description required to produce the 
reaults that the user wants. It's very hard to strike a balance between having 
too detailed a language that would not be essentially different, say, from 
FORTRAN or JOVIAL, and setting up a language that has so many special terms In 
it that it would be very difficult to learn end use We decided that we would 
provide special facilities with tho vocabulary principally in the area of data 
base manipulation. In the description of data base organization, the description 
of sets of the data for retrieval or for making a smaller data base that is à 
logical subset of another data baia, wo hav® tried to provide the most powerful 
operators, so that aa much of the procoas as possible is automated, and the 
specification required by the user is minimised. 

For storage and retrieval of data, wt aasums that usually there will be a normal 
use or maximum use of a data basa and that the organisation of the data base 
•hould ba optimized for this particular usa. 

The WCID language provides for the description of such an organization, and 
the ayatem automatically aorta tho data into this specified organization when 
they are loaded or updated, at the samo time providing retrieval indices based 
on the organization criteria. For thla maximum use of a set of files the 
retrieval path folloya the storage path for maximum efficiency. Unfortunately, 
in real-life eystwna, we always find different uaes of data, for each of which 
the optimal organisation is incompatible. With several high-level uses of a 
data basa in which the optimal organleatlort for each use is different, we 
provide a subsetting process, which may b« a one-to-one subset, or msy involve 
a merging operation si well si s aubset. for the different uses, you have the 
data stored in différant ways. This, of epurse, introduces problems of duplicate 
updating.and duplicata fila maintenance- We have no magical solution to these 
problema. 

In tha extreme oaae| in vhloh tho use of the data base is completely unpredic- 
table--in which it is a master file that may be accessed on tho basis of my 
of the values in it (I thlnX this la probably quite a rare case, but in experi¬ 
mental work, it certainly may wall arl&e)..ve provide the capability for a 
eoaplete croas-lndexlng, vhloh we call a "concordance " What this involves , 
in effeCv, la producing tha data base twiceí once in some logical order; the 
other tima, as a Hat of logically connected croaa references. We feel that, 
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in the case of a data base too large to be contained in a random access or high­

speed access memory (and particularly a data base recorded on more tapes than 
can be mounted at one time on the computer equipment), "concordance" retrieval 
is alvays better than random search, and will pay off, although it is not 
optimum for any one particular retrieval.

To describe a system in UJCID, hierarchies may be established that ve call 
executive systems and subsystems--you may name your control portion vhen 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." Ihe subsystem then has access to 
the data of the executive system. Any comnon data, then, would be described 
as belonging to the executive system, and special data that relate only to a 
certain set of processes in a subsystem would be described as belonging to that 
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 I access to the common data in the system. We are fortunate in that 
we have a machine for which this kind of program interrupt is fairly easy. We 
haven't really faced the problem of a machine without a clock, or something 
like it for which some artificial means would have to be provided.

I would like to say something about LUCID as a programming system We tried to 
experiment with some of the t'lJnga that programmers have always said you should 
do, hut that they seldom do. We have modular!ted to an extreme We have a 
"rule of thumb" that no procedure world exceed 60 JOVIAL statements (.nnd, I 
think the average is well below this). We found out, in actual practice, that 
we have greatly shortened the total amount of code at the expense of increasing 
the number of procedures. We found very many ceses--some in quite unexpected 
places--whcre duplicate lines of code occurred These were token out as 
separate procedures.

TOe system is in four gross parts. We have our own executive system control.
It is quite short, as executive systems go, and whnt it is going to do next 
may bo controlled by so.me operating portion of the system In other words,
UJCID is pretty well data-sequonced, and the operating systems that have been 
described by the user may direct the sequence of events by setting data flags, 
which have also been identified by the user in has description. This control 
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 other systems that sometimes have a higher priority 
sad may have to have their tapes left on. Sometimes tapes are down. This is 
the kind of communication that the control processes. Tfou can 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 conmninicate with our system control
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One of the operators recognized by the Control is the word TEXT. This means 
that what follows is a system description in the LUCID language. When this 
operator la recognized, the control is passed to another section of the system 
called the Translator, which processes the description of the system. We have 

made it so that you may refer to data that are not yet defined. It’s a two- 
pass system in the sense that, after all the inputs are read, there is another 
phase in which they are collated and any discrepancies--ariything that finally 
is undefined, anything that is defined In duplicate, etc.--are flushed out. 
This second pass is a drum pais in the case of the ¢-32. 

îhe Translator output la a series of tables; some are data-description tables 

and some are process-description tables; another level we call a "mode table." 

A mode consists of one or more tasks, a teak being the environment and sequence 
necessary to perform a process as described by the user Every task is ni so n 
mode. When one process defined by the user employs other nrocesres that he 
has defined or will define, a multi-task rn.irtc resu’.ts A mode describes she 
sequence of tasks that con be predicted, that is, the sequence of tasks that 
do not include a decision ns to the next process. At the end of - rch node, the:';, 
is the specification of a switch--a data swltch--that determines wnieh mode 
table will be processed next. Itoe operating program, by setting the valuer, for 
the data switch, controls the sequence of processes in the system. 

When LUCID is assembled it is empty--that is, it knowd nothing about its user's 
wishes. Once a system has been described and translated, ihe ncv> master resul¬ 
ting from the translator still hna the full capability of LUCID to understand 
new descriptions, modifications and operational commands It also understands 
the data and processes that the user has rteiicribcd The master tape la now 
the user’s own LUCID system, end will, ir. fact, carry a ¡abe! that is the name 
the’user has applied to nia system. The presence on this master tape of the 
MJCID system itself makes it possible for the user to change this system or 
add to it; to refer to data already defined ; and to define new data. These 

operations result in a repetition of the aeeond puss of the Translator to collate 
tha new information with the old. Various ayatom-description updating functions 

are possible, such aa eliminating processes or data altogether, changing them 
in part or in whole, or adding to them. 

Ths Interpretive mode of operation of the system is performed by what we call 
the Interpreter, which, again, is a serien of generalized processing routinea, 
some of which are controls for others. These are driven by the tables that are 

output by the Translator. The controls are driven by the mode tablea and the 
rest of the Interpreter is driven by the data process-description tables. 

The Generator is the fourth part of the system. We have several ideaa on how 

to construct this although we haven't started doing it yet. The simplest way 

vs see, and the way that ws will probably start with, especially for the partial- 
generation schema in which cartain parts of the system would run mterpretively 
and osrtain parts directly, would be to take some of our substantive general- 
purpose processing routines and store them in skeleton forms. These skeleton 
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vould b^eupplledñ^the,code\y#¿ «Mérito addre88*8' lndex Vftluea ^ conetents 
these skeletons would bl lîîlmtLÎ ?8neraî°r The appropriate aet of 
taak, and the vhoïe woÏ!d beno^don^í. f^^10"8 °T ^ Particular 
to be called tosetb** wí+k °n "^ster tape aa a closed procedure 
,1« «¿.‘ä u^eh the ^-=- 

«d genersted operation.. The Lie teble »"ïïd .mî coî^/tï ^ lr‘ter',r'tlv' proceeaea., wouxa still control the sequence of 

treat the parame ter tables °oiitDutCbvWththTvk 8îl°W8 mUCh more Proniise> la to 
equivalent to^set I? ¿chiw^.^ctioll“^01' î* “ data ba8e l0«lcally 
itself to specify data transfomïtilïrinH ¿ uae the power of LUCID 
another that is its logical eauivai^nt t0 8ub8et one fona of data base from 
to another form of data base that would be* tabl*B vould be converted 
for a particular machine, such strin« beiná th.redlÍty' ? strln6 of instructions 
proc... de.crlbed in "" 

that ve have^houghto/and*!*«! are'dMiííbí tha* ao'* not hav' »11 the feature, 
pretiv. mode «d doe. nS h.” ^ «mmISL6, I\?f?rate8 0nly ln the 
liaited on-line capability but ^Lnitialîvtl«ïfthîïîbillîy‘ 11 Vl11 have 8 c#rtain 
•nd possibly teletype. It is ísseítiíiw'.^ ï bÍy n0t Wlth b«t cards 
allow the people in our deBartment^hJ1^ * íata bA8e «yitem that will 
to exparinent to Slid íí* ^ whlch ^ 
meats. One of the things that w* forai^ ^ b0 P«rfonn these axperi- 
versions a data »n.rïtJr ïîît înTJ^101*1"« 18 pl#nned for thla initio 
cations that alloTvarious degrees of^doLÎ^1!121*1/8?8 followln« aP*eifi- 
ingenious user to build a dats^bü. ^ V contro1# «d will allow the 
statistical di.tribïtion thíí hï^Llï ^88 wlth the klnda * 
can perform the following operations^ a^ít.^1* preílminary ayaten a user 
from real inputs or fro^artîÎîIiïïîy Líe^h;8*5 ï* can l08d «»itber 
existing data base others ^ith oerhLr I ÎÎÎÎ h® Can ab,tract from an 
content; he can form a third dat^bîîï^ 8 dlff8r,nt organisation and a lesser 
selecting froTelch . piïî of'nî eolt.nïfî* tW° aXliUn* dat8 baaaa, 
through a querying process tha» h8 can retrlava from a data base, 
the query. ^ °*#t th# crlt8rl8 •^eieed i“ ' 
another, the user may sseelfv -Iíí!í!fflg lteai of dtta fro® one data base to 

• for example, ïüî vüSe fîî 2 ÎÎÜ^ dMlPLritÎ°ni t0 b# perfonwd on th«-- 
to feet-per-second as it is transferred CsSL?* oonv#rt#d fr0IB alles-per-hour 
from a selected body of data l^the foms 8UBmary valu,a **V be derive 
statistical meaeuree. Finally" thî mm mil l™'*" or °ther coamon 
of an operation will appearonths priîted^Jî^o^^h" in whloh th# output 
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Its data base; (if it is a process name it has to have a completely unique tag). 

We've often felt that for data that are essentially the same, i.e., mean the 

same thing but are in different files, it is very onerous to have to think of 

new names, maybe a dozen times, for the same piece of data. So ve are experi¬ 

menting with providing a localizing capability in naming the data so tnat, for 

exaaçle, you may say that you want the aircraft number in the generation file 

or the aircraft number in the SORTIE file, and even though the information 

itself has the same name in both cases, you localize it by naming its file. 

We are experimenting with this because ve feel it a necessary concomitant to 

the free use of user terms in naming data. Once the data are in the system, 

UICID refers to them by numeric tags sc that the references in the tables that 

describe processes would be the numbers, and not the original user designation 

In the generated version, of course, they would be in the form of addresses and 

indices. When the user wishes outputs, we have to translate back to his terms 

to make his outputs meaningful to him, We wish to give these data back to him, 

to let him use them in input and receive them again in output. If all the data 

names are in a single large file-and in a large system, this can be n very 

large file—the process of retranslation on output (it seems to us) would consume 
excessive time. We limit the validity of a name to a particular file, and the 

environment that must be accessed to reproduce the user term is much smaller 
and shouldn't seriously affect the running time of the system, 

I ve tried to discuss some of the unique features of the system. In doing this 

I may have left out a few essential features, so I would like to invite any 
questions to try to fill some of the gaps , 

QUESTION: When do you expect to have your first LUCID running? 

AH8WER: We have an impartial arbiter on that called the Q-32 The first ver¬ 
tían ia about 85# coded, and a much smaller amount is checked out; because of 
the great degree of modularity and the fact that it is divided up into very 

Packages, it is difficult to know how much you have actually checked out. 

Tou check out one thing,, and this aids greatly with the next and there is a 

•nowballing effect, which we are already appreciating, and this makes us fairly 

optimist..c. We're planning on having something significant running on the 
eomputer sometime In August. 

QUESTION: You made mention of the fact that when a user complies his system and 

describes his data base on a master tape, this includes a version of LUCID. How 

big is LUCID itself and how many instructions end up on a tape as a result of 
thatT 

AHSWER: LUCID (taking the fim version, which we have a much better handle on) , 

th^t; are necessary for its operation, is about 
30,000 Q-32 48-bit words. Of course, the size of the tape that is produced as 

a result of the user system description is dependent on how much the user has 

described. The tables that represent his system in a parametric form are packed 
and as compact as we can make them. I really don't have any feel, until we've 
done some translation, of how you'd measure this. 




