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INTRODUCTION

A. WHAT REL IS

A-1. 'REL (RAPIDLY EXTENSIBLE LANGUAGE SYSTEM) is a complete software
system designed to facilitate natural and casy interaction between a
user unskilled in programming with the computer. It is designed to
support work with specialized data bases, and for this purpose it
allows the user to manipulate the data bases by introducing changes
and extensions in the data bases themselves. 1t also provides
languages for communication which can be modified and extended by the
user in facile and natural ways. The architecture of the system is

fully described.in Reference 3.

A-2. “The principal language in the REL system is REL English, which
is the subject of this book. 1t can generally be characterized as
a technical dialect of natural English, with some restrictions on
the constructions that can be used, and with some restrictions on
colloquial usages.. Elegance and [ laency is certainly far less
important here than usefulness and case of adaptability to specialized
technical jargons.

The ways of changing and extending a user's language and
data to adapt it to his needs are extensively illustrated in the text.

Arithmetical capabilities are also illustrated.

A-3. An important part of the architecture of the system is that it
allows the user to have several versions, either containing different
data bases and languages or copies of his own data base and language.
Having a backup copy and a working version is quite essential if one
introduces changes and extensions in the language and data base.

How versions can be managed by the user is amply discussed

and illustrated.




A-4. 1In order to make natural communication possible, response times
are of great importance. A lot of attention has been devoted to this
problem in the design of the system. The result is that we have
achieved an average of three to four seconds response times for complex
questions under good machine conditions, that is when the load is not

very heavy.

B. THE PURPOSE AND ORGANIZATION OF THIS BOOK

B-1. 'This book is intended as an illustration of the capabilities
of REL English. Examples are provided of typical sentences that can

be used But exhaustive coverage is clearly impossible.

%
It is recommended that the user become acquainted with the
whole book on a preliminary basis before starting on specific examples.

Although an attempt has been made at proceeding from simple to more
complex sentences, this was not always possible. For instance, verbs
are used early in the text, in sentences that appear quite simple,

but the discussion of how verbs can be introduced by the user is later

in the text.

B-2. The organization of the book is meant to facilitate working with
a data base familiar to the user, first through providing examples of
the types of questions and commands that can be used. And second,
through providing means and examples of how a given data base and
language can be modified and extended.

Also provided is an illustration of how an unfamiliar data
base can be approached.

The protocols (i.e. interactions with the computer) which
constitute the examples are all actual printouts from the terminal,
and their quality unfortunately often leaves much to be desired.

Lines have been numbered in the protocol for easy reference
to the discussions.

In some cases, mistakes in typing are corrected by the '"~"

character, as will easily be observed.




The "prompt" character ("), which is typed in the computer,
is sometimes missing in front of questions or commands. This is simply
due to the manipulation of paper as the examples were being collected.

Portions of some pages are left blank, and some blank pages
are provided to allow the user to take notes when working with the

book.

C. THE STATUS OF THIS BOOK RELATIVE TO THE STATUS OF THE SYSTEM

This book represents the status of the system as of several
months ago. In many cases, limitations in grammar that the user will
encounter have already been eliminated. The same is true of bugs.

Some capabilities, for instance, the ways of introducing
verbs, have been considerably extended.

' a version

The reason for this datedness is that we "froze'
of the system at a certain point, that is no corrections or improvements
could be introduced to it. This freezing was done in order to ensure
that the book will correspond to the system which it describes.

At the same time, however, work progressed on another version

of the system, which is now considerably advanced beyond the status

of the system represented in the book.
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I. AN REL SESSION

The initiation of an REL session, i.e. the access to the REL
system, clearly depends on the particular computer system configuration
that one is using. The same applies to the characteristics of the
specific computer device which provides the access with respect to such
capabilities as character or line deletion, error correction, or sending

of the request.

As an example of the initiation of a session the logon

procedure at Caltech is used in the protocol below.

REL is operating

at Caltech on the IBM 370/158 in time-sharing mode under TSO.

access is via Texas Instruments Silent 700 terminal through which all

of the protocols were obtained.

LOGON PMM-REL ZIZE <1323

PMM LOGOM INH PROGRESS AT 12:12:42 OM JANUARY 13, 1978
MO EBEPOADCAZT MESZSAGES )
FERDY
FEL HUM 2D
FLERZE IDENTIFY YOURSELF.
*RELEYE
COMMAND LAMGLIARGEs PROCEED.
“DIRECTORY
UZERP ID YERZION NRAME EATENTE ENTERARBLE COPYARBLE
TOTAL cl0
ALLOCATED 150
RELZYEZ COMAIR 37 CREATOR CREATOR
MAYY 7E CREATAOR CREATOR
REL ENGLIEH i CREATOR CRERTOR
ZYZTEM 4 CRERTOR CREATOR
COMMAND 2 CRERTOR CREATOR
N ™ R — S — -




EMTER MAYY
FROCEED.
20 sWHAT 12 2e27
L=
SEATT
COMMAND LANGUAGEs PROCEED
*COPY TEST FROM REL EMGLIZH
s WERSIOM HAT BEEN COPIED
*EMTER TEZT
FPROCEED.
SWHAT IE 24327
0 GEAIT
COMMAND LANGLIAGEs PROCEED
»DELETE TE=T
YERZION HAZ EBEEN DELETED.
SERTT
% PROCESSING COMPLETED. THRMK YOL.
FERDY

The initial specific logon messages are not of general
interest. Line 6, PLEASE IDENTIFY YOURSELF, is the first message
from the REL system. Line 7 is an identification code of the user,
which currently is RELSYS for all users at Caltech. The system respands
with line 8, COMMAND LANGUAGE, PROCEED, at which point the user can

start working. One of the options is to request the display of the

directory which appears in the first two protocols (line 9 in the

protocol above). \

*DIRECTORY
UZER 'ID ~ YERTZION NAME " EXTENTEZ ° 'ENTERRBLE *~ COPYAREBLE
‘ ' TarAL - o e D,
‘ALLOCATED * 206
RELZYE HAYY-=1 " I B 1 " CREATOR ‘CREARTOR
s O COMAIR R s e e R 27 7 'NO ONE © " ANYONE
NAY'Y 3 A S " 'NO ONE ANYONE
REL EMGLIZH ' R LA T NO ONE " ANYONE
CEYEITEM i A e v " 'CREATOR ~ ° °  CREATOR
COMMAND o : o " 'CREATOR ~ CREATOR
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The directory shows what versions exist, how much space they occupy,
and what their status is. Illustration of these points is found on
page 117. It will be noticed here that more extents are allocated in
the second protocol duc to the inclusion of another version, NAVY-1.

When one is in the COMMAND LANGUAGE and if the display of
the directory is not requested, one can enter an "enterable" version,
or copy a "copyable" one, and/or delete one. The second protocol
includes a new version that had been created by copying NAVY. When
naming a new version, care should be taken to use a name that had not
been assigned to some other version.

A sequence jllustrating working with versions is included

in the protocol below.

PLERZE TDENTIFY YOURZELF.

YRELSYE

COMMAMD LANGUAGEs PROCEED.

YEMTER HAYY—1

'PROCEED.
“WHO IZ COMMAMDER OF THE KITTYHAWK?
CAPT R. ZPRUANCE

SEATT

COMMANMD LANGUAGE. PROCEED

~DELETE HAYY-1

“YERZIOM HARZ BEEM DELETED.

AC0PY COMAIRP-1 FROM COMAIR

YERZIOM HAT PEENM COPIED

"EMTER COMAIR-1

PROCEED.

LOCKHEED IZ THE MANJUFACTURER 'OF HOW MAMY AIRCRAFT?Y
B

FEATT

COMMAMD LAMGLUAGEs PROCEED
~DELETE COMARIR-1

YERZTIOM HAZ PEEN DELETED.

JEATT

PROCEZZING COMPLETEDs THAMK 0L,
READY




.

It will be noticed that the lines typed in by the user are preceded
by the "prompt" character > which is supplied by the computer. It is
important to remember to ENTER the version of one's choice, as
illustrated in line 4, and to EXIT from it (line 8) when one has
finished working with a particular version. One is then returned to
COMMAND LANGUAGE (line 9) and can continue working with versions
(lines 10, 12). Finally one must EXIT also from the COMMAND LANGUAGE
when one intends to terminate an REL session.

I't should be pointed out that the results of an REL session
are automatically stored permanently, so that the contents will be
present at the next session. If the user introduces or deletes
versions, this status will be preserved. If changes are made in
some versions or some definitions introduced, they will be available

for future use.




I[I. QUERYING A FAMILIAR DATA BASE

A. GENERAL INFORMATION
A-1. SOME BASICS

The data base which is used in the examples in this book is
one concerning 202 ships, naval and merchant, U.S. and foreign; and
various items of information about them such as flag (indicating the
country to which a ship belongs), destination, percent fuel, speed --
about 52 attributes in all. This data base is quite spotty, that is
in the case of very many ships most of those items of information are
missing. The ways in which a user can find out about the coantents
of a data base are described in Chapter V. In this section, it is
assumed that the user is working with a data base whose contents are
familiar to him.

Examples are given in this section of the typical interactions
with a familiar data base. The types of interactions can be questions
requests, definitions, and data additions but in this section they
are mostly questions and requests, or commands (such as LIST). They
represent the type of interactions in English which are real in terms
of semantics, that is they are meaningful with reference to the data
base.

The questions or commands have to be complete sentences in
grammatical English, terminated by a question mark or a period (as
appropriate), and observing the¢ comma punctuation. The answers,
however, consist only of the information contained in the data base
and are not English sentences. Spelling has to be normal English
spelling unless different spelling is introduced by definition (page 93).

The system does not correct spelling errors at this time.
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A-2. DIAGNOSTIC MESSAGES

In general, the user will not find very many diagnostic
messages. This is the result of a deliberate decision in system design.
Good, truly helpful diagnostics are notorously difficult to come by.
That is one reason for the decision. A more important one is, however,
that a serious, involved user would find numerous diagnostics -- often
inappropriate and diagnosing in a lengthy manner a point quite obvious
to the user -- more of a burden than a help. This is primarily because
the user would be considerably slowed down in the work.

The decision, therefore, in system design wdas to concentrate
on quick response time and to give one quick, short diagnostic -- the
message EH? ~-- in cases when the uscer's input is not understandable to
the system for a variety of reasons. These may range from a simple
mispelling or an unintroduced vocabulary item to the system's inability
to handle some grammatical or semantic difficulty. Hopefully, this
quick diagnostic frees the user to explore, through further questions,
the nature of the difficulty.

Some diagnostics are supplied, however, and these are discussed
below. Other than EH? and WHAT?, their format is that of sentences or
phrases which, it is hoped, are fairly understandable. The discussion
will be illustrative rather than exhaustive in character.

Occasionally, in cascs of ambiguity, double messages appear.

a. The Message EH?

This message appears whenever the user's input is not
understandable == which may be for a great variety of reasons. The
user may even deliberately cause this message so as to, for instance,
abandon ("kill") an input rather than obtain undesirable results -- or

because of a misspelling as illustrated in the following example.

DEF:LAONGEET "ZHIP":ZHIP WHOZE LEE
eH?




If the message occurs and the difficulty is not obvious,
spelling should be checked first of all. Occasionally the difficulty

b may clear up if the sentence is simply repeated, for example when

transmission line problems occur. Vocabulary items should be checked
for their familiarity to the system. The sentence may have to be
paraphrased into a different form or restated in a simpler form if the
grammatical or semantic structure cannot be handled.

Some examples of problems that may cause the EH? message
follow, but the user will quickly become familiar with others.

A vocabulary item such as U.S. may not be known while US is,

for instance:

WHAT ‘ARE "U. 2. 'MAYAL WESSELI?
‘EH7
SWAAT 'ARE U HAYAL WEIIELIT

‘THERE 'ARE ‘43 'UTNEZ ‘TN 'THI” 'ANZWER. ' 'HOW 'MANY ‘DO "rOU ‘WANT?
‘REZPOND '"WITH "“ALL "y "“NMONE °s 'OF 'A 'NUMBER.

43

'CAONZTELCLATTAON

‘ZARATOGAH

‘AMERTCH

‘W I TTCHAWK

"JOHN 'F. 'KENNED'Y

In the following protocol several reasons for EH? occur.

*WHO 1T THE COMMANTER OF THE KITTYHAWK?
EH?

*WHO 1Z THE COMMAMDER OF THE KITTYHAWK?
CAPT RP. ZPRLIANCE

s»IZ THE THAT TO7?

EH7?
»1%2 CAPT. R ZPRUAMCE A COMMANDER?
EH?
»I% CAPT R. SPRUANCE A COMMANMDER?
1o YES
YWHAT 1% THE KITTY HAWK- T HOME PORT?
EH?
*WHAT IS THE KITTYHAWK S HOME FORT?
MAYPORT




In line 1 COMMANTER is a misspelling. Line 5 is not a grammatical

sentence. In line 7 there is a period after CAPT and one missing after R,

while the vocabulary item has been entered as it appears in line 9.
Similarly in line 11, KITTYHAWK is spelled with a space it should not
have.

Another reason for the EH? message may be line length. If the
input goes beyond the terminal's line length, problems will occur. To
avoid that, hyphenation and/or continuation of the line should be used

as illustrated in the protocol below.

b. The Message WHAT?

In some cases of semantic or data base problems this message
will occur even though grammatically the sentence is understandable.
The difficulty may be avoided by asking simpler questions. In the example

below the WHAT? message occurs because no ship qualifies for an answer.

WHAT ZHIP IN Tee7.1 WHOZE ENDURANCE TIZ AT LEAZET 70~
*HAZ PERCENT FUEL NOT EAUAC TO 1007
WHRAT?

c¢. The Messages INSUFFICIENT DATA, NONE, VACUOUS

These messages reflect lack of information in the data base.
In the protocols below some examples of specific cases are shown which
are fairly self-evident. There may be other cases which are not so

clear, and further exploratory questions may be needed.

‘LIST THE COMMANDER AND CARGO TYPE OF THE LOS ANGELES.
INSUFFICIENT DATA.
JWHAT 1% THE CARGO TYPE OF THE LOE ANGELEZ?

HOME
5 »WHAT IS THE DEPARTURE POINT "OF THE LOT ANGELET?
UNKNOWN

WHO IZ THE COMMANDER OF THE LOZ ANGELEZ?
CIPP D. JONET




ZWHAT T2 THE READINEZZs CALL ZIGHNs MAAIMUM CRUTIZING ZPEED-

1o »AND enNDURANCE UF EACH ZHIP WHICH HAZ MAYPORT A DEZTINATION?

[
]

IMNZUFFICIENT DRATH.
T2 MACYPORT A DEZTINATIAN?
R[]

LIST THY CALL =IGM AND COMMANMDER Z LIMEAL FOR EACH SHIP WHOZE™

“IPEED 1% GREATER THAN 1& AMD WHICH DEPARTED WAZHINGTOM.

INSUFFICIENT DRATH.

12 THERE A THIFP WHOZE SPEED 1T GREATER THAM 16 AND WHICH

DEPARTED WATHIMNGTOMN?
HO

WHAT T2 «MOWN ABOUT IHIPZ THAT DEPARTED 0O:L07
THERE ARE NONE.

*LIST THE CALL SIGN AND COMMAMDER”S NAME FORP EACH SUBMARINE-
*WHOZE TPEED 1% GREATER THAN 15 AND WHICH DEPARTED NORFOLK.

HOUM PELATIVE CLAUSE PHRASE 17 VACUOUS.

‘ARE THEFE AMY ZUBMARINES WHICH DEPARTED HORFOLK?
TYES

*ARE THERE AMY ZUBMARIMES WHOZE SPEED IT GREATER THAN 157

MO

e p————————— ——. - — —
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In line 2 the INSUFFICIENT DATA message is due to the fact that the
cargo type of the Los Angeles is not in the data base, evidence for L
which is the NONE of line 4, even though the commander is known (line 8).
In line 11 this message is due to the fact that Mayport is not a
destination of ships (line 13). The situation is similar in lines 14-19.

The message NONE is self-explanatory in lines 4 and 21. There
are, however, cases where this message may reflect the ogranization of
the data base and appear where no direct relation exists between data
items, even though the user may not be aware of this lack of connecting
data. The message NONE may also appear with other messages in cases
of ambiguous analyses.

Paraphrased, simple e¢xploratory questions are the best ways
to clarify such situations.

The message referring to VACUOUS in line 24 results from the
fact that one of the relative clauses is indeed vacuous., i.e. has no
referent in the data base (lines 27-28). Other messages including the

term VACUOUS also exist, and may at times be inappropriate.

d. The Message PLEASE REPHRASE

In some cases of underlying complexities in processing or
sources of ambiguity in analysis that may not be apparent on the surface
we have chosen to request rephrasing rather than attempting to diagnose

such deep problems.

HOW MANY SHIPS ARE THERE InN Tu24.2.27
PLERSE REPHRASE.

FWUHAT I3 THE NUMBER OF IHIPZ INH Tu24.2.27
[

DOEZ ANY ZHIP HAVE AZ LITTLE A: 10 PERCENT FUEL?
‘PLEAZE REPHRRASE.

/I2 THE PERCENT FUEL 'OF ANY ZHIP AZ LITTLE AS 107
(EZ

ARE “THE DESTINATION AND DEPARTURE “POINT OF
>THE TARU EUROPEAN PORTZ?
PLEASE REPHRAZE.




11

e. The Message NOT IMPLEMENTED YE!

Clear as this message is, in some cases it appears where

implementation will not follow, as in the example below, where a question

is ended with a period instead of a question mark. Usually the message

is appropriate, as in the second exchange.

HOW MANY ZHIPZ APPROACH EACH PORT WHICH IZ THE DEZTINATION-

+0F AT LEAZT Twd ZHIPZ.
(07T IMPLEMENTED YET. PLERTE BE PRTTENT.

- BREee ) EYE TNk WRE LR YR  iEMERNEE - A TRCRAFT CARRIERS
MOT IMPLEMENTED YET. PLEASE BE PATIENT.

f. The Message NEGATIVE ARGUMENTS FOR SQRT
This message is clear enough. It is typical of diagnostic

messages ol a technical nature,

WHAT IZ THE ZJUARE ROOT aQF -5°7
NEGATIVE ARGUMENT FOR ZQRT.

g. Messages Pertaining to Adding of Data and Definitions

The chapter on modifying (page 81) and the section on verbs
(page 53) should be referred to in conjunction with these messages.
If one attempts to add an item of data that is already in

the data base, this is signaled as in the messages below.

CRPT R. ZPRUANCE IZ COMMAMDER OF THE KITTYHAWK.
DATA WAZ ALPEARDY THERE.

CAPT 'R." 'SPRUANCE ' <4AME
‘MEW 'WURD 'HAZ 'AURFERDY 'BEEN 'ITNTRODUCED.
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The following protocol illustrates messages that are generated

in connection with definitions and introduction of verbs.

OEFSLONGEZT ZHIP: "IHIP” WAOZE LENGTH IZ THE MAX LENGTH OF “IHIP"Z
" 'REJECTED. Y“ARIRBLES MUZT MATCH.
ZDEFSLONGEET "IHIP " IHIP” WHOZE LENGTH IZ THE MAA -~
FLENGTH OF "IHIP"Z
s DEFINED.

YERBIZHIPZ “"BELOMS TO"NORWAY:(1ORWAY s
INCORRECT FORMAT. REJECTED.

ZWHAT 2 THE DEFINITION OF Own?
‘N0 DEFINITIONZ FOUND.
10 »YERBINORWY "OWN"Z THE TARU:NORWAY IZ THE FLAG OF THE TARU
ONE ZIDE DID NOT PARSEs REJECTED.
YERBYNORW(Jddd
‘INCORRECT FORMAT. REJECTED.

WHAT 'TZ 'THE 'DEFTNITION 'OF ‘duWwn?
15 '{ORWAY "“OWN I 'TARUNORWAY ‘T3 ‘THE 'FLAG 'OF 'TARU
ZWAd 'dWHE 'THE 'TARU?
‘TMAPPROPRIRTE 'UZE 'OF 'VERB.
WHAT "CAUMTR Y "Jwi s 'THE 'TARU?
‘HORWA'Y

The message in line 2 refers to the fact that no quotation marks appear
around the word SHIP on the left-hand side.

In the case of verbs, a message such as in lines 7 and 13
appears if the user aborts the definition by typing in nonsense or
in other ways disobeys the format.

A message such as line 11 refers to the fact that the word

NORWY on the left-hand side is not known to the system.
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The message in line 17, INAPPROPRIATE USE OF VERB, results from the way
the verb was defined (for discussion on how verbs are defined see page 53).
NORWAY is an inanimate noun (only persons are animate in this data base),
therefore WHO in the question cannot refer to NORWAY. WHAT COUNTRY (or
WHAT alone) gets the correct answer.
h. Messages Signaling Lack of Adequate Work Space

Sentences which require a great deal of processing may run into
the problem of lack of processing space. The message in the example
below alerts the user. The solution is to break up the sentence into

simpler ones.

CITZT 'THE 'CARGOs 'JUANTITY ‘'JF 'CARGO 'AND 'CACL "STen

AAF CEHIPZE 'WHTCH "0EPARTED ‘fcw " ¢ARK "AND ‘WHICH 'NETHERLAND S
AWEET '"GERMANY "R 'NARWAY 'JuWZ.

‘Z¢STEM 'ERROR ‘AT '(PARSER ' '+4EC Y

‘N0 'AVATUABLE ‘LTET 'EPACE.

'ZENTENCE 'ABNORMALLY 'TEPMTHATED. 'VERSTOM ‘MAY

"' 'HAYE 'BEEN 'ERRONEOUELY 'MODIFTIED.' ' '‘PROCEED.

When a good deal of work is done with a particular version,
especially involving adding of data and definitions, available storage
space may be used up. This is signaled by the message in the example

below.

JLIST THE DESTINATION AND EpPLgEEENEDgg EACH SHIP WHOSE™
"UBERRIVEERRBIHT "Mrvs2™® SYBRE )
UMABLE TO ALLCCATE ALDITIONAL EXTENTS.

SENTENCE ABNORMALLY TERMINATED. VERSION MAY
HAVE BEEN ERRONECOUSLY MODIFIED. PROCEED.

It is still possible to continue working with one's version if
one uses simple sentences and does not add any new data or definitions.

Otherwise one would have to free some space; see Chapter IV on versions.
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i. Messages Signaling Bugs

It is doubtful if it is possible to produce a system of this
degree of complexity that would be entirely free of bugs. When a bug
is encountered, the system sends some message, of which the one below

is a typical illustration.

LIZT THE FLAG. CARGO TYPE AND QUANTITY OF™
*CARGO OF ZHIPE WHOZE DEZTIMATION IZ™
*ALEZANDRIA.

AEMORPMAL INTERRUPTION AT C‘EXPAND +06ED.

ZENTENCE AERNORPMALLY TERMINATED. YERSION MAY

HRYE BREEM EPROMNEDUSLY MODIFIED. PROCEED.

Despite the warning that the version may have been erroneously
modified, in most cases the system recovers graciously without damage
to the version, so that one can indeed proceed safely. Clearly, the
sentence which hit the bug should be rephrased.

But to make certain that the version had not been modified,
it may be good practice to repeat a couple of previous requests to check
for the sameness of answers. In case a version does get modified, the
only safe thing to do is to delete it and make a fresh copy of one's
permanent version. This, unfortunately, means loss of new data and

definitions if such had been added to the current version.
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A-3. CONTINUATION OF AN INPUT LINE

Continuation beyond the admissible line length results in a
double EH? answer. This can be avoided by using the conventions for
line continuation. There are two possibilities: ending a given line
on a completed word, and ending the line in the middle of a word.

In the first case, only the line continuation character needs to be
employed; in the second, the hyphenation character is also necessary.
In the first case, the continuation character '"\" should be placed
after the last word; in the second case, the hyphen should be placed
where the word is to be hyphenated, followed by the continuation
character. The continuation character "\" by itself acts like a blank,
and it is therefore not necessary to insert a blank after the last word
in a line to be continued. Preceded by a hyphen, the "\'" does not act
like a blank and the word is simply continued. How this works can be
illustrated as follows:

. « DESTINATION\
OF SHIPS

is equivalent to: . . . DESTINATION OF SHIPS.

. . DESTINAT-\
I[ON OF SHIPS

is equivalent to: . . . DESTINATION OF SHIPS.

The examples below show these points in actual use.

WHAT [Z THE FLAG AND CARGO OF EACH MERCHANT -
YMESZEL WHOZE DEZTIMATION IZ ALEAANDRIA AND~
/WHOZE DEPARTURE POINT IZ ZEVASTOPOL?

‘TAECO  NORWARY  AIRCRAFT

TAURUZ  NORWAY = TANKS

TERNR ~ NORWRY AIRCRAFT

WHAT T2 THE FLAGs CARGO AND CALL ZIGN OF MERC--
ZHANT YEZZELZ WHOZE DESTIMATION IS ALEAANDRIA
7AND WHOZE DEPARTURE POINT IZ TEVASTOPOL?

NORWAY AIRCRAFT K404
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B. SOME SIMPLE QUERIES

B-1. SIMPLE ENGLISH QUESTIONS ABOUT INDIVIDUALS

A query of the type WHAT IS THE FLAG OF THE CALIFORNIA STAR?
and similar simple questions reflect well the data base and its
organization. The basic types of REL English structure are individuals,
classes, relations, and number relations. Examples of these follow.

A distinction, grammatically important, pertains to these
categories, and that is of the feature of animate vs inanimate.
Individuals, classes, and relations can be either animate or inanimate.
Number relations, clearly, do not have this distinction. The significance
of the distinction of the animate fecature is with respect to the use of
such words as WHO or HIS. The distinction of the animate vs inanimate
should be observed when putting in new vocabulary items. This is

discussed in the appropriate section (page 87).

WHRT 1% THE FLAG OF THE CALIFORPNIA STAR?
UNITED KINGDOM

ZWHAT I3 THE DESTINATION OF THE ROBIZON?

L IVERPOOL

sWHAT TZ THE CALL ZI5GN OF THE PATHBURNE?

NADB

sWHO T2 THE COMMANDER OF THE LIOZ ANGELEZ?

CDR 'D. JONEZ

ZWHO IZ THE COMMANDING OFFICER OF THE KITTYHAWK?

CAPT R. ZIPRURNCE

WHAT IZ THE HULL NUMBER OF THE KITTYHAWK?

63

WHAT T2 THE MARZIMUM CRUIZING ZPEED OF THE KNOX7?
a7

ZWHAT T2 ZTERETT Z 'HWOME PORT?

CHARLESTON

ZWHAT T2 ROARK "2 ENDURANCE 7

‘39

X

WHAT [Z THE NAME OF THE KITTYHAWK “S COMMANDING OFFICER?

‘CAPT R. ZPRURANCE

v

ZWHAT T2 THE CONZTELLATION Z COMMANDER " NAME?

‘CAPT "J. ELLTIZON

R

WHAT ARE THE LENGTH AND BEAM OF THE ROARK?

433 47
WHAT ARE THE LEMNGTHs BEAM AND DRAFT OF THE CONSTELLATION?

1072 130 36
12 MAPLEZ THE DESTIMNATION OF THE KITT/YHRWK?

‘EZ
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02 THE Z2ARATOSA A MAvAL VEZZEL?

(ES
*TZ THE HOME PORT OF THE KITTYHAWK CHARLEZTON?
(R]8]
AT2 MAYPORT ZARATAGA "I HOME PORT?

R]8]
AWHAT ZHIP HAZ HJLL NMUMBER w37

KITTYHAWK
#DOEZ CAPT A. BROwWM HAYE A ZHIP?

(EZ

SDOEZ THE KITT/HAWE HAYE HUCL NJMBER 637

TEZ
+D0EZ THE LOZ ANGELEZ HAYE A DOCTOR?

™O
»DOEZ THE AMERICA HAYE REPLENIZAMENT AZ EMPLOYMENT?
N0
ZWHAT EMPLOYMENT DOEZ THE AMERICA HAVE?
OYERHAUL
AWHAT EMPLOYMENT DOE:Z THE KnO< HAVE?

UNKNOWN

SWHAT T2 AMERICA"Z EMPLOYMENT ?

OYERHALIL
~IZ THERE A HUJLL NUMBER 3557

TEZ
AIZ THERE A COMMANDER OF THE KMNOJA7?

TEZ
sDOEZ CAPT R. ZPRUANCE COMMAND THE KITTYHAWK?
‘EZ

#WHO COMMANDZ THE RATHBURNE 7
CDR W. MORAN
DOEZ THE TARIFA CARRY AIRCPAFT?

fEZ
*HAZ THE TARL DEPARTED RIGA?
(EZ
*HAZ NORFOLK BEEN DEPARTED BY TRER“““ERMA?
‘"a

An individual is exemplified in line 1: CALIFORNIA STAR, which is
the name of a ship in this data base. A relation is exemplified

in the same line by FLAG. Another individual is in line 2: UNITED
KINGDOM.
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Examples of Individuals
CALIFORNIA STAR, UNITED KINGDOM, ROBISON, KITTYHAWK, TARU, NORFOLK,
RIGA, NAPLES, REPLENISHMENT, UNKNOWN

Examples of Individuals (animate)

CDR D. JONES, CAPT R. SPRUANCE, CAPT A. BROWN

Examples of Classes

SHIP, NAVAL VESSEL, AIRCRAFT

Examples of Classes (animate)

[Not in this protocol; see page 90.]

Examples of Relations

FLAG, DESTINATION, CALL SIGN, HOME PORT, EMPLOYMENT

Examples of Relations (animate)

COMMANDER, COMMANDING OFFICER

Examples of Number Relations

HULL NUMBER, ENDURANCE, LENGTH

Examples of Numbers

63, 855

The possessive construction with 's (' for plural, e.g. SHIPS'
COMMANDERS) is exemplified in lines 15, 17, 19, 21, 49.

Use of conjunctions is shown in lines 23 and 25.

The next few lines after 25 are yes/no type questions.

The verb HAVE appears in lines 35, 37 (in a question with DO),
39, 41, 43, 45, 47,

Lines 51 and 53 show the use of THERE.

Verbs other than IS and HAVE are illustrated in lines 55, 57,
61, and 63 (in passive form). For the discussion of verbs and how they

can be introduced sce page 53,
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B-2. SIMPLE ENCLISH QUESTIONS ABOUT INDIVIDUALS

A variety of examples illustrate some structural types of
questions that can be asked about classes such as LOS ANGELES CLASS SHIPS,
TANKERS, TASK GROUPS, PORTS, EUROPEAN COUNTRY. English quantifiers
such as EACH, WHAT, WHICH, HOW MANY, AT LEAST TWO provide good means
of grouping data and obtaining listing of information about the members
of a group. The questions below employ a number of quantifiers, but
not all that can be used. The ones found in the examples are: WHAT, EACH,
WHICH, ANY, SOME, HOW MANY, AT LEAST . . . , WHICH OF, HOW MANY OF, EACH OF,
SOME OF, ANY OF, AT LEAST . . . OF. Not exemplified here are ALL, ALL OF,
ALL BUT, EVERY, EACH OF, AT MOST, EXACTLY which, however, are found in
examples in later sections. At present, ALL still runs into some difficulties,
and there are no examples of ALL OF and ALL BUT. EVERY is exemplified in
the section on relative clauses in line 99, and ALL in lines 106 and 109. AT
MOST and EXACTLY are found in the section on comparisons. Numerous examples

of quantifiers are in the section on formatting of output.

‘WHAT ARE LOZ ANGELEZ CLRZE EZHIPZIZ?
PHILADELPHIA
BATON ROUGE
LOZ AMNSELEZ
s WHAT ARE TANKERZ?
THERE RARPE 40 LINEZ IN THIZ ANIWER. 'HOW MANY DO vYOU WANT?
REZPOND WITH "ALL"y "NOMNE"+ OF A NUMBER.
S
ATLANTIC
10 PACIFIC
ARABIAN ZER
uAmIco
ANTARCTIC
ARCTIC
15 INDIAN OCERN
WHAT ARE TAZIK GROUPZ?
TGe7.2
T527.7
T667.1
20 T67.3
T524.2
AWHAT TS THE ENDURANCE OF KITT/HAWK CLAZZ EHIPI?

45
WHAT [2 THE ZTATE OF READINEZZ OF Teée7.17
‘'C3
(=4

30 121
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“WHAT T2 THE NUMBER OF HAZZIAYAMPA CLAIZ ZHIPZIZ?

2

SWHAT T2 THE NUMBER OF FRIGATEZ?
-
~WHO ARE ‘THE COMMANDERS ‘OF CHARLES F. ‘ADAMS CLASS IHIPS?

COR "J. FOXA

CDR F. HOLLIZTER
CDR 'R. BRANDENBURG
CDR J. P. JONEZ

‘CDOR ‘W. BURNE

CDR w. T. DOOR
DR A. BURKE

CDR . PREZGROVE

CDR P. 0=c00D
CDR W. T. HATCH

‘COR W. HUNT

ZWHO 'TZ THE COMMANDER OF EACH LOZ ANGELES CLASS IHIP?

PHILADELPHIA CDR L. ENERK

‘BATON ROUGE °~ CDR VY. QUIET

LOZ ANGELEE ° CDR 'D. JONES

ZHAT 'ITZ THE LINERL OF THE COMMANDER OF €ACH LOS ANGELES ™

s

CLRZZ ZMIP?

PHILADELPHIAR 4340
BATON ROUGE 4339
LOZ ANGELESZ 4333

ZUHAT IZ THE EMPLOYMENT OF €ACH HAIZZAYAMPA CLAZI IHIP?

KAWIZHIWT REPLENISHMENT

HAZZAYAMPR  REPLENISHMENT
AZHTABULAR  REPLEMISHMENT

WHAT IZ THE PERCENT FUEL OF EACH Tu24.2.27

HOEL - ' 73
ROBIZON 33
JELLERS Pisdecar. |
TOWERS =~~~ 30
L'YNDE ‘B. MCCORMICK = 35
KNOX """ """ 90

WHAT ARE THE PORTZ OF EACH EUROPEAN COUNTRY?
FRANCE =~ LEHAYRE
4 1. % SRR S NAPLES
HORWAY SRR LT
NE THERLAND S ROTTERDAM
UNITED « INGDOM  LOMDOM

; o LIVERPOOL

Mk " 'GIBRALTAR

PORTUGAL © LUIZBOM
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THE CARsO OF wWHAT ZHIPZ TZ OIL?
THERE ARE 410 LIMEZ IN THIZ ANIWER.  HOW MANY DO vOU WANT?
PEZPOND WITH "ALL"s “NOMNE”+ ORF ‘A NUMBER.

b |

ATLANTIC )
PRCIFIC
ARABIAN ZER
ZuAmMICO
ANTARCTIC

#THE HOME PORT OF WHICH ZHIPZ IZ MAYPORT?

CONZTELLATION

K ITT (HRWK

JOHN F. KENNEDY
INDEPENDENCE

EACH EUROPEAN PORT IZ THE DEZTINATION OF WwHAT SHIPI?
‘THERE ARE ©2 LINEZ IN THIZ ANIWER. HOW MANY DO vOU WANT?

PEZPOND WITH "ALL"s "NONE”. OR ‘A NUMBER.

211
LEHAYRE TAMEZTZ
MAPLEZ CONZTELLATION
: KITT ¢ HRWK
HAZZAYAMPAR
AZHTRBULA
‘TANCRED
azLo ‘TRIPING
‘ TAGRIZ
TAGAYTRAY
TABOR
JARE ANY ZHIPZ 'IN Tu24.2.2 AIRCRAFT CARRIERZ?
1a
»TZ 020 THE DEZTIMATION OF ZOME LIBERIAN IHIP?
ro
T2 THE AULL NJMBER OF ZOME ZOYIET ZHIP SREATER THAN 10007
§]8}
HOW MANT SHIPZ ARE IN Tin24.27
20
SHOW MANY KN0A CLAZZ ZHIPS ARE THERE?
3
ZHOW MANY COMMANDER: OF KNOX CLAZZ ISHIPZ ARE THERE?
3
JWHAT TAZK GROUPZ ARE THERE ?
Tee7.2
Te2?7.7
To67.1
TE67.3
re24..2




130

140

145

150

165

+ARE THERE AT LeEAST S5 FRIGATEE?

(‘EZ

SWHAT ZHIP HAZ HULL NUMBER 3557

ADMIRAL os0OLOvKO

AWHAT AIRCRAFT CARRIERZ HAYVE DOCTORZI?

CONZTELLATION
ZARATOGH
AMERICAH

K ITTYHAWK

JOHN F. KENNEDY
INDEPENDENCE

ZWHAT ZHIP DOEZ CDR C. JACK ::ON HAVYE?

KNOX

s/WHAT ZHIPS HAVYE MAPLES AZ DEZTINATION?

CONETELLATION
KITTYHRWK
HAZZAYAMPR
AZHTABULA
TANCRED

00 ANY ZOVIET ZHIPEZ HAVE PERCENT FUEL LESS

(R]8)

3

AWHAT COUNTRIEZ HAVE PORTZ?

UNITED ZTRATEZ
ZOVIET UNION
EGTYPT

FRANCE

IrAacy
YENEZUELR
ZAUDT ARABIA
AMcOLA
LIBERIR
NORWA'Y

OUTH AFRICAH
NETHERLANDZ
UNITED K INGDOM
PORTUGHL
ARGENTINA

WHAT CAUNTRY HAZ EACH PORT?

JUNITED ZTATES MAYPORT
EHE [ ‘NORFOLK
BALTIMORE
" NEW YORK
WHSHINGTON
CWILMINGTON

ZOVIET UNION ZEVAITOPOL

RIGA

THAN 307

SHOW MR ZOYIET ZHIPE HAVE ZPEED SREATER THAN 157

22



175

195

200

23
eEGTPT : ALEXANDRIA
FRANCE LEHAVRE
ALy - MAPLEZ
WENEZUELR CARACAS
ZAUDI ARABIAR ALMANAMAH
ANGOLA " 'MOCAMEDES
‘ C o LuANDA
LIBERIA : MmONROYIA
HORWRY ‘azLo
Z0UTH AFRICH ‘CAPE TOWN
HETHERLANDE " ROTTERDAM
‘UNITED ¥ INGDOM  LONDON
’ ' REAT - LIVERPOOL
""" ‘OIBRALTAR
PORTUGAL - ‘ LIZBON
ARGENTINR " 'BUENOZ RIREZ
ZWHICH 'OF THE AIRCRAFT CARRIER: HAYE NAPLEZ AS DESTINATION?
‘CONSTELLATION
KITTYHAWK
ZHOW MANY OF THE UZ ZHIPZ HAYE PERCENT FUEL GRERTER THAN-
,33‘
ZDOEZ EACH OF THE AIRCRAFT CARRIERSE HAYE A DOCTOR?
CONZTELLATION  YES
ZARATOGAR T YES
‘AMERICH T MES
EITT Y HAWK T YES
JOHN F. KENNEDY = YES
INDEPENDENCE =~ YESZ

SIZ 'THE ENDURANCE OF ZOME OF THE SUBMARINEZ LESZ THAN 207

no

SDO0EZ ANY OF THE COMMANDERZ dF JZ ZHIPIZ HAVE A LINEAL~

HIGHER THAN 100007

(ES

/D0 AT LEAST 13 OF THE MERCHANT WEIIELS CARRY OIL?

210

(EZ
SCOMBAT READIHEZZ RATING OF WwHAT SHIPZ IZ NOT C17
AMERICH

K ITTYHRWK

‘ZTERETT

CHARLEZ F. ADAM:

‘HOEL

‘CONNOLE

‘FATHBURNE

MEYERKORD

215 /THE DEZTINATION OF WHAT JZ ZHIPZ IS NAOT NAPLES?

‘THERE ARE 71 LINES TN THIZ ANTWER. 'HOW MANY DO YOU WANT?
REZPOND WITH “ALL"s "NONE”s ORF A NUMBER.

73

ZARATOGAH

220 AMERICA

JOHN F. KENNEDY
INDEPENDENCE
ZTURGEON




225

230

240

245
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THE PERCENT FUEL OF WHAT JZ ZHIPZ 'IZ NOT LEZZ THAN 307

THERE RARE 40 LINES IN THIZ ANIWER. 'HOW MANY DO vOU WANT?
‘REZPOND WITH “ALL"s “NONE”. OF A NUMBER.

>D

COMNZTELLATION

ZARATOGAH

KITT'?HAWK

JOHN F. KENNEDY

INDEPENDENCE

YTHE CARGO OF HOW MANY NORWEGIAN EHIPZ IZ NAT OIL?
139

THE DEZTINATION OF WHAT U ZHIPE T3 JUNKNOWN?
AMERICR

JOZEPHUS DANIELS

ZOUTH CAROLINA

CALIFORNIA

WAINWRIGHT

FOx

WILLIAM H. STANDLEY

ZTERETT

HORNE

JAUETT

BIDDLE

KNOX

The questions in lines 1-27 result in a single list, those
in lines 31 and 33 in a count. If an answer exceeds a certain length,
30 lines, the user is given the option of obtaining only part of the
answer, as is shown in line 6. In lines 47-67 the questions result
in a listing in two columns. Nonnumerical and numerical data may be
mixed, as in line 60. In questions in lines 76-90, WHAT does not
appear at the beginning of the question. Lines 104-108 are yes/no
type questions. Lines 112-122 show the use of THERE. In lines
124-192 the verb HAVE is employed. Numerical comparisons are found
in lines 108, 141, 143, 189, 199, 202, and 224. Comparisons are
further discussed and further exemplified in on page 48 ff. The verb
CARRY is used in line 204 in a yes/no question. Lines 206, 215,

224, and 233 contain the negative NOT. The use of UNKNOWN is shown
in line 235.
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A great many of the possible sentence types involving
combinations of some of the structural elements introduced so far
and later in this book cannot all be illustrated here. It is hoped,
however, that from these examples a user may start having a feel

for the variety of sentences that can be constructed.

il i i i e et
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C. TENSE AND TIME

REL English includes capabilities for handling tenses other
than present, i.e. past and future, as well as explicit references to
time of events, i.e. dates. The smallest unit of time in REL English
is a day. The time span covered is from 1826 to 2000.
NOW refers to the day the user signed on the terminal. These capabilities
cannot, however, be illustrated on the Navy data base since it does not
include time information. To include examples of how tense and time
is handled, a small data base was constructed dealing with contracts
which have various time intervals attached to them.

The protocol below illustrates the use of tenses and a

variety of times. Comments and explanations follow the protocol.

LIST MICROPROCESSOR CONTR
~-7F—F < i [» 9 N ER 197
Hi-25-%. =1EEFINR RE:FHB€§ i 1254 EPRDYRCAKENRES 4 191857
NI-2d-12 SIARTING RPRIL 15 1974 LENDING APRIL 14, 1376
CHEREL TN A Fg%”ﬁ"ﬁi 155,181, 17
~2E-24 18 £ mAvE 14325 RETRE A 8
NI-76-31 ~“TARTING OCTDRER 1976 ENDING “EPT MBER 1978
NI-77-12 -TARTING nsgsnnsp 15, 1977 EN?LPG nsrgggsﬁa14;q;278
10 NI-27-2_ _ZIARTING DCIDEF 5 ’
AT Ade ng cnquHETDEB Erd “ambin <E P MR PENT
'MICROPROCEZ0F COMTRAC
GENERAL DATA CORP 24000
DENVER-GRAHM ORP 122000
15 A, JOHN CORP S200
RIS Sy . . jgdi)
SWHO WAS THE PRINCIPAL IMYESTIGATOR AND CONTRACTOR OF EACH-
SOCTOBER 1s 1977 MICROPROCEZSOR CONTRACT?
20 HI-76-6 H. LANSDALE GEMERAL DATA CORP
NI-77-14 L. MC COY DEMVER-GRAHM CORP
NI-76-17 F. LOST COLORADO INST OF TECH
HI-76-24 (. CHARLES  NATIONAL BUSINESS MACHINES
MI-76-2%1 H. CHANG A. JOHY CORP




-

M YhsTiipTBAC T T

MI-7%-4  NETWORKS AND COMMUMICATIONS
MI-76-22 INSTITUTIONAI

o MI-76-10 HMETWORKS AND COMMUNICAT IONS
MI-76-6  MICROPROCESSORS
HI-?7-14 MICROPROCESSORS
HI-76-17 MICROPROCESSORS
MI- 7§-§? MICROPROCESSORS
gECl. L .

—:'-:l »
nice-i3 AETIEIEIAE INTEL-IRENCE
MI-76-2  ARTIFICIAL INTELL IGENCE

wo MI-76-20 ARTIFICIAL INTELLIGENCE
NI-76-15 FARTIFICIAL INTELLIGENCE
Hi=%6=2q -HETHREE ENRINEERIHR
Nj-26-12 % FTJHPE ENGINEER ING

ws MI-77-5 FTWARE ENGINEERING
MI-77-15 THEORETICAL COMPUTEF SCIEN
NI-c6-22 THEORETICAL COMPUTEFR SCIEN
NI-76-2S THEORETICAL COMPUTER SCIEN
NI-77-2  THEORETICAL COMEUTEF SCIEN

50WHAT WAS THE AMOUNT OF THE JUHE 1295

SCLASSIFICATION?
ARTIFICTAL INTELLIGENCE }80000
TOFTWARE ENGINEERING 32988

5 176000

INSTITUT IONAL £00000

220000
THEORETICAL COMPUTER SCIENCE 28000
MICROPROCESSORS 12000

60 - 40000
METWORKS AND COMMUNICATIONS 320

SWHAT wgz THE TOTAL AMOUMT OF JUNE 12
A0 o e -

65 ﬁb?rri }RF }HVELerFNrF 288000
“OF TWARE ENGINEERING 222000
INZTITUTIONAL 320000
THEDRETICAL COMPUTER SCIEMCE 22000
MICROPROCESSORS 52000

70 METWORKS AND COMMUNICATIONS agnnn

’H”ﬂs"“"* AT CONTRACTE ARE THERE?
SHOW MAMY AT COMTRACTS WERE THERE IN
2 STARTING NOVEMBER 07, 1977
"] e coioaes o2 1ot enpine
[
d ZIRRTINE PEI9BREe 5 B ot
2 fEetf ‘“'“'f"i ”’°2°’§~$
so 2 5TA 2 mAY 145 Aee HreYs
9 ENDING JANUARY 15, 1977
; ;iggT;NF mg AE 1277 gg?rnr mA

a"édﬂ PAe ¥HETE§I 1] fﬁgéé7 SRTDR B
) e A e A cHd Ep 13681 ne HOvE
HI-76-22%2 M. CHAMBERE  EMDING MARCH
MI-76-7 Y. MILLZAPS  ENDING FEBRL
MI-77-12 H. FHAMPFRS <TARTIMNG 1977

21

CONTRACT IN OCTOBER 19777

<

= ENDING OCTORBRER 19s 1977
STARTING OCTOBER 10. 1977
ENDING OCTOBER 22y 1977
FNDING OCTORER 13s 1977
CE
CE
CE
8
COMTRACTSE WITH ERCH™
75 CONTRACTSE WITH EACH™
LAZT YERAR?
NE¥EMB§P 36-19???
QPP giﬁ e 13,19§77
Bueht i § g3
Y
20 O
FMExFH TA%EERD UNIVERSITY™~
MRER 1976
N4« 19?8
ARY 1978
ENDING JUNFE 1977
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WHAT | AMOUNT = AN ATSIFLE M3 OF CONTRACTS WHOZE
BINC BEE MBSV ¥dp =R hRAEEEAD
420000  INSTITUTIO
STARTING MOVE nnsn 1976
0000 ARTIFICIAL INTELLIGENCE
STARTING MARCH 0%, 1376 ENDING MARCH 14, 1978
14000 THEORETICAL COMPUTER <CIENCE
__ ZTARTING 1977 ENDING JUNE 1977 ’
/LIST THE AMDUNTS AND PRINCIPAL INVESTIGATORS OF CURRENT-
CONTRACTS WHICH WERPE CONTRACTS BEFORE JUNE 1977.
00000 T. BURDICK  STARTING OCTOBER 1972
20000 D. ARCHER STARTING JIINE 1974
20000 H. CHAMBERS <TARTING NOVEMBER 1976
24000 H. LANSDALE STARTING DECEMBER 1976
22000 L. MC_COY STARTING
€3000 H. CHANG STARTING OCTORER 1976
2000 FA. COPPI STARTING NOVEMBER 21 1976
40000 R, GASPAR STARTING AUGLST 15,
WHAT WAS THE SUMs MAXs MIN AND MEAN_OF THE AMOUNTS OF JANUARY 15~
2978 CONTPACTS WITH EACH CLAS. IFICATIONY
RPTIFICIAL INTELLIGENCE 108000 £0000 48000 S4000
SOF TWARE ENGINEERING 196000 27000 47000 6£5323.32
INSTITUTIONAL L3E+06 &00000 220000 433333
THEORETICAL COMPUTER SCTENCE Dﬁnoo 4nnno 21000 31666,7
S O 11 iR 1 S 1 I 1
JIRAYORK rB‘?S ARBIATMae anfRRY 1, 1878 conTRACTS.
-0F EACH CONTRACTOR?
COLORADO INST OF TECH 346000
ITNFORMATION =C1_CORP £24000
MELLON UNIVERSITY 6000
SIANDARD UNIVERSITY £27000
GEMERAL DATA CCRP £4000
DENVER-GRAHM CORP 122000
MATIONAL BUSINESS MACHINES 163000
A. JOHM CORP €20N0
COMPUTER CONSULTANTS INTNL 18000
MIAMI STATE UNIVERSITY 96000
mrnnescrﬁ POLYTECHMIC INST 42000
MULTIVAC CORP 1012000
1runxnr “STATE UNTVERSTT 40000
AUTHUR 1. BIGGER CCORP 21000

— bfuvju:l

T
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Line 1 is a command that holds for all time, i.e. all
microprocessor contracts are listed, with their times, both those
that are currently continuing, as in line 2, and those that had
already ended, as in line 3.

CURRENT contracts which are inquired about in line 11 are
limited tec those that are in existence at the particular time that
the user is working. Thus, as can be seen from lines 13-17, there
are 5 contracts in existence. These correspond to lines 2, 5, 8,

9, and 10 of the previous answer.

Time information can precede the noun which it modifies,
as in lines 19, 50, 63.

The time information may consist of a specific day, as in
line 19, or cover a longer interval, e.g. a month, as in line 25,
or a year, as in line 73. If a period such as a month is used, as
in line 25, contracts which were in existence throughout the period
are listed (lines 28, 29), and also contracts which ended or started
within the period, with the appropriate information (lines 30, 36).

In line 71 the present tense elicts the answer NONE. As
can be seen from the lines that follow, a number of such contracts
existed in the previous year. Line 82 means that there were 9 contracts
also starting May 02, 1977 and ending May 29, 1977.

Prepositions such as IN (line 25), AFTER (line 85), BEFORE
(line 99) can be used in their ordinary meanings.

If a question is in a given tense, e.g. in the past tense, as
in lines 90-91, but there is no time expression to specify the time
period, the tense of the verh determines the answer. In the case of
the past, events that existed in the past and that either ended in
the past or continue in the present moment are considered.

Various complex operations can be performed on data with
attached times, such as total (sum), maximum, minimum, mean, as can

be seen from lirnes 63, 108, 116.
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Line 1 is a command that holds for all time, i.e. all
microprocessor contracts are listed, with their times, both those
that are currently continuing, as in line 2, and those that had
already ended, as in line 3.

CURRENT contracts which are inquired about in line 11 are
limited to those that are in existence at the particular time that
the user is working. Thus, as can be seen from lines 13-17, there
are 5 contracts in existence. These correspond to lines 2, 5, 8,
9, and 10 of the previous answer.

Time information can precede the noun which it modifies,
as in lines 19, 50, 63.

The Limv‘informutiun may consist of a specific day, as in
line 19, or cover a longer interval, e.g. a month, as in line 25,
or a year, as in line 73. If a period such as a month is used, as
in line 25, contracts which were in existence throughout the period
are listed (lines 28, 29), and also contracts which ended or started
within the period, with the appropriate information (lines 30, 36).

In line 71 the present tense elicts the answer NONE. As

can be seen from the lines that follow, a4 number of such contracts
existed in the previous year. Line 82 means that there were 9 contracts
also starting May 02, 1977 and ending May 29, 1977.

Prepositions such as IN (line 25), AFTER (line 85), BEFORE
(line 99) can be used in their ordinary meanings.

If a question is in a given tense, e.g. in the past tense, as
in lines 90-91, but there is no time expression to specify the time
period, the tense of the verb determines the answer. In the case of
the past, events that existed in the past and that either ended in
the past or continue in the present moment are considered.

Various complex operations can be performed on data with
attached times, such as total (sum), maximum, minimum, mean, as can

be seen from lines 63, 108, 116.

A s ———
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D. MORE COMPLEX QUERIES
D=1. QUERIES WITH RELATIVE SUBORDINATE CLAUSES

Relative subordinate clauses supply some information about
the noun to which they are attached, for instance, SHIPS THAT CARRY
COAL. They function as a unit with the noun which they modify in the
main sentence. They refer to the noun by means of relative pronouns
WHO, WHICH, THAT, and WHOSE. Comments and explanations follow the

protocol.

WHAT I3 THE NAME OF THE OFFICER WHO COMMANDS THE BIDDLE?
‘CAPT 1. TOWNES

ZIZ THE LINEAL OF THE OFFICER WHO COMMANDZ THE KNOX-
ZBREATER THAN S0007

5 (ES

WHAT ARE THE LIMNEALT OF OFFICERE WHO COMMAND EACH-~
#ZHIP WHOSE HOME PORT IZ CHARLEZTON?

JOZEPHUS DANTELSE 4843
ZOUTH CcAROLINR 4842
10 CALIFORNIAR ; C 4841
FOX A Vs i 4343
WILLIAM H. ZTANDLEY 48413
ZTERETT =~ T - 4347
‘HORNE - (SRR IR T . ‘4346
15 JOUETT ' ‘4345
BIDDLE = © 4350
KNOX ' 10012
CONNOLE ‘ 10016
'‘HEPBURN ' 10015
20 5RAY ' =X 10014
‘ROARK i 10013
‘RATHBURNE = 10017
LANG ; B roogo
W, 3. TIMS " " 10019
25 MEYERKORD o ronr3

Dt
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HOW MANY SHIPS ARE THERE THAT HAYE A DOCTOR?
22
SHOW MANY SHIPS ARE THERE THAT HAYE MAPLES AS DESTIMATION?
s
y
30 ;WHAT SHIPZ THAT HAYE NAPLES AZ DEZTINATION ARE THEPE?
! CONSTELLATION
K ITT7HAWK
HAZZAYAMPA
AZHTABULA
% TANCRED
JHOW MANYC CHIPS ARE THERE THAT HAYE MAZIMUM CRUISING-
JIPEEDS NMOT LEZZ THAMN 357
13
JWHAT ARE THE FLAGS OF ZHIPZ THAT CARRY TANKI?
WO NORWAY
WEST 15ERMANY
ME THERLANDS
UNITED KINGDOM
JWHAT DO HIPZ THE ‘AT DEPARTED LONDON CARRY?
o GEMERAL MERCHANDISE
JWHAT DOEZ EACH SHIP THAT DEPARTED RIGA CARRY?
TARU AIRCRAFT
TARAMTED  TAMKS
YDOEZ EACH IHIP THAT DEPARTED RIGA CARRY AIRCRAFT?
50 TARU (ES
TARANTED MO
WHAT TZ THE DESTINATION OF ZHIP THAT HAVE DEPARTED-
LONDON?
ROTTERDAM
55 LEHAYRE
»00 ZHIPZ THAT DEPARTED LONDOM HAYE ROTTERDAM AS DEI--
> TINATION?
(E3
/D0 ZOME ZHIPZ THAT DEPARTED 0SLO CARRY OIL?
60 YES
JDOEZ THE ZHIP WHICH CAPT R. ZPRUANCE COMMANDS HAVE -
JMAYPORT AZ HOME PORT?
(EZ
~D0 Z0ME ZHIPS WHICH CARRY COAL HAYE BALTIMORE AZ-
5 » DEPARTURE POINT?
MO
JWHAT DO SHIP:Z WHOSE DEPARTURE POINT IS BALTIMORE CARRY?
GEMERAL FOODS
CONSTRUCTION MATERTALS

N

A"

v

70 )PDOES THE ZHIP WHICH CDR C. JACKZION COMMANDS HAVE~
'ENDURANCE GREARTER THAN 707
MO
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WHAT TZ THE ENDURANCE OF THE ZHIP WHICH CDR C. JACKZON-
~C0MMANDE?
75 3%
SDOES THE ZHIP WHICH CAPT RP. ZPRUANCE COMMANDS -
>APPROACH NAPLE=?
fES
>DOEZ ANY ZHIP WHOZE DEPARTURE POINT IZ ZOME UT PORT~
80 /CARRY RIRCRAFT?
TEZ
00 SHIPZ WHOZE NMORMAL CRUIZING ZPEEDZ EXCEED 1S HAVE~
#PERCENT FUEL GRERTER THAN 707
YES
#THE PERCENT FUEL, OF WHAT ZHIP: WHOSE NORMAL CRUO™ISING~
#ZPEEDS EACEED 1S I3 GRERTER THAN 707
‘THERE ARE 46 LINES IN THIZ ANZWER. HOW MANY DO vYOU WANT?
‘RESPOND WITH “ALL"s “"NONE"s OR A NUMBER.
3
90 CONSTELLATION
‘ZARATOGH
KITTYHRWK
JOHN F. KENNEDY
‘'ITNDEPENDENCE
95 "JOZEPHUZ DANIELS
WAINWRIGHT
FOX
WILLIAM H. STANDLEY
DOES EVERY ARIRCRAFT CARRIER WHICH HAS A DOCTOR SAIL FAR-~
100 * Z0OME 'EUROPERN PORT?
‘NO
I3 'ANY ZUBMARINE WHOSE ZPEED [Z GREATER THAN OR EJURL '~
#T0O 10 OWNED BY USSR OR W=7
JUNITED STATEZ  NO
105 ZOVIET UNION YES
ARE ALL AIRCRAFT CARRIER: wHOZE DESTINATION IS NAPLES~
JOWNED BY UZ7
YEZ
200 ALL MERCHANT YEZZELZ WHICH CARRY OIL OR AMMUNITION~
110 BELONG Td W=7
AMMUNITION  NO
are " 'NO

=
o




In the protocol WHO is found in lines 1,

lines 61, 64,
85,

70,
102, and 106.
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3, 6; WHICH is in

73, 76, 99, and 109; WHOSE is in lines 7, 67, 79, 82,

The rest of the sentences contain THAT. The verbs

BE and HAVE occur in these relative clauses, but regular verbs such as

DEPART predominate.

Relative clauses are e¢ither attached at the end or possible

end of the main sentence

THE BIDDLE?, or embedded within the sentence as in line 3, . . .

WHO COMMANDS THE

KNOX GREATER.

line 1, . . . OFFICER WHO COMMANDS

as in
OFFICER

The two types of constructions

are indicated with the lines where they occur.

Lines 6
could end the
in the listing.
30
37

Line
Line
In line

Line 44
the main sentence

46
49

Line
Line
Line 56
Line 59

Line 61

sentence, i.e.

and 7 contain two relative clauses, each of which

be final. The presence of EACH results

has an embedded clause also with the THERE construction.
has a final clause that contains a comparative.

39 the clause is final and contains a regular verb.
contains a clause with a regular verb embedded in

with a regular verb.

is similar to line 44 but contains EACH.

is a yes/no question with EACH and an embedded clause.
is similar to line 49 but is without EACH.

is similar to line 49, but contains SOME.

has an embedded clause with a subject that is different

from the noun which the clause modifies.

Line 64
Line 67

In such clauses the subject

modifies.
In line
the main sentence

73
76

Line
Line

In line

has an embedded clause.
contains an embedded clause with the pronoun WHOSE.

is different from the noun which the clause

70 the embedded clause has a different subject and
contalns a comparison.

has a final relative clause with a different subject.
contains an cmbedded clause with a different subject.

79 the embedded relative clause has the pronoun

WHOSE and the quantifier SOME.

Line 82

has an embedded c¢lause with WHOSE and a comparison,
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and the main sentence also has a comparison.

In line 85 almost all the words are the same as in line 82
but due to a different grammatical structure different results are
obtained. The relative clause contains WHOSE and is embedded.

Line 99 contains an embedded relative clause with WHICH.

There are two quantifiers -- EVERY and SOME. The verb SAIL FOR is
shown in the section on verbs.

In line 102 the relative clause starts with WHOSE, is embedded,
and contains a comparison. The ANY quantifier is present. The passive
verb IS . . . OWNED is treated in the section on verbs. The conjunction
OR is discussed in the section on conjunctions.

Line 106 is somewhat similar to the above, but contains the

quantifier ALL.
In line 109 the relative clause is also embedded but it

starts with WHICH. The verb BELONG TO is shown in the section on verbs.

A special case of sentences with relative clauses are elliptical
gentences which on the surface do not contain a relative clause. Examples

are found in the protocol below.

WHAT ARE AIRCRAFT CARRIERS WITH EACH MISSIONT
UPVEILLHNFE OPERATIONS COMETELLATION
i © KITTYHAWK
| JOHN F. KENMNEDY
5 TEMDER RESTRICTED AVAILARILITY SARATOGA
e e 0 S IMDEPEMDENCE
OYEPHAUL 2 AMERICH
“HOW MAMNY AIRCRAFT CARPRIERS WITH EACH FLAG ARE THERE?
UMITED STATEZ £
1o ZOVIET UMIOHN 4
YARE THERE MORE THAM THWO SUBMARINES WITH EACH EMPLOYMENT?
POUTINE MAINTENANCE YES
SUPVEILLANCE OPERATIONS “MO
ANTI-SHIPPING OPERATIONS MO
15 ANTI-ZUBMARINE OPERATIONS YES

JHOW MANY AIRCRAFT CARRIERZ NITH EACH MISSION HAVE A DOCTOR?

;gz;EILLRNPE OPERAT IONE ‘ 2
ER PE°TPIFTED RVHILHBI
OVERHALIL LIT( f

70 HOW MANY SUBMARIMNES WITH HOME PORTS ARE ‘THERE?

AT SUBMARIMNES WITH SPEEDS GREATER THAN S ARE THERE?

OREPsH
/v USSR 17
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Such sentences contain elliptical, or truncated, relative
clauses where the relative pronoun and the verb, usually HAVE, have
been substituted by WITH. Thus, HOW MANY AIRCRAFT CARRIERS WITH EACH
MISSION HAVE A DOCTOR? is equivalent to HOW MANY AIRCRAFT CARRIERS WHICH
HAVE EACH MISSION HAVE A DOCTOR? The elliptical construction results
in a shorter and smoother sentence.

Just as in the case of relative clauses, the WITH constructions
can be sentence final or embedded. In lines 1 and 11 they are final,

and in lines 8, 16, 20, 22 they are embedded.

o —————. . a— - —
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D-2. CONJUNCTIONS

36

Noun phrases (including single nouns) can be conjoined with

other noun phrases; verb phrases (including single verbs) with other

verb phrases; and relative clauses with relative clauses. The conjunction

words are AND and OR.

possibilities of using conjunctions.

the protocol.

The protocol below illustrates some of the

Comments and explanations follow

WHAT ARE THE DEZTINATIONE OF «ITTYHAWK AND LOS ANGELEZ?

KITTYHAWK NAPLES

LOZ ANGELEEZ  NORFOLK
ZWHAT ARE THE DEZTINATIONE OF THE LOS ANGELES AND-
JKITTYHAWK CLAZZ IHIPE?
CONETELLATION ‘NRPLES

AMERICAH UNKNOWN
KITTYYHARWK NAPLES

JOHN F. KENNEDY NORFOLK
LOZ ANGELES ‘ NORFOLK

ZDOEZ ANY EZHIP CARR'Y
AIRCRAFT  YES
THNKS e

‘TANKSE AND AIRCRAFT?

SWHAT ZHIPZ CARRY TANKS AND COAL?
TANKE ° CANADRIAN EZTAR

AMSTELHOF
" TRANSAMERICAH
" 'POZEIDON
" TARANTED
TAURUZE
COAL  ~ ENGLIZH ETAR
iy EMPIRE ETHR
DUNEDIN ZTHR
AMETELDIEP

ZHOW MANY ZHIPZ CARR

‘AIRCRAFT 3
TANK S =

¢ TANK: AND RIRCRAFT?

/HOW MANY ZHIPZ ARE THERE WHICH CARRY AIRCRAFTs TANKI-

Z0OR TRUCKZ?
‘AIRCRAFT '3
TANKS "6
TRUCKE ~ 2

ZWHAT IZ THE HULL NUMBER AND HAME PORT OF ERCH RIRCRAFTN

#CARRIER?
CONSTELLATION ‘64
ZARATOGA 60
‘AMERICA 66
KITTYHAWK 63
JOHN F. KENNEDY 67
INDEPENDENCE -T-

MAYPURT
‘NORFOLK
NORFOLK
‘MAYPORT
‘MAYPORT

MAYPORT




50

60

65

70

75

80

85

ZWUHAT I3 THE DEZTINATION. PERCENT FUEL AMD ENDURANCE -
70F EACH ZHIP WwHOZE HOME PORT IS NORFOLK?

'“HPHTDbH ‘ ‘6000N £ 3000 100 45
‘AMERICH j UNKNOWN 0 43
"ZTURGEON T TIN A 45“UE S1a0 7 96
‘PHILADELPHIR ‘NORFOLK 100 130
‘BATON ROUGE ‘NORFOLK Cra0 130
LOZ ANGELES T NORFOLK 100 130
‘POGY - ' " 'NORFOLK BN 81 1) -
GRAYLING 7 3500N < 1000E 100 Je6
TRUTOG - C 37008 £ 2000E° 1007 36
WHALE = il 15002 £ 13200E° 100 '36
AEPRO ' " NORFOLK T ran T 96
ZUNFISH s " MORFOLK 100 36
‘CHARLES F. ADAMS  NEW vORK "~ '30 " '40
‘HEMNRY B. WILZOM ‘MEW vORK =~ S0 " 40
‘BARNEY ' ‘NEW YORK 7 35 40
‘CLAUDE V. RICKETTS 'NEW YORK 88 " '40
‘LAWRENCE ~ NEW YORK ~ " " '86 " 40
“JOHN KING " MEW YORK T 30 ° 40
‘HOEL - i © T LIVERPOOUL 7340
‘ROBISON LIVERPOOL " 39 40

WHAT IS THE READINESS, CALL ZIGNs MAXIMUM CRUISING~

> ZPEED AND ENDURANCE OF EACH THIP WHICH HAZ MNAPLES AS~
DEZTINATION?

‘CONSTELLATION 'C1  'NABC 23 " 45

KITTYHRWK C2 MNABE '35 45
HAZSAYAMPA  ~  C1 " 'NADF " 25 ‘&0
‘ARZHTABULAR  'C1I  'NADH 25 &0

ZWHAT "ZHIPZ HAYE O2ZL0 OT*R LIZBON AZ DEZTINATION?
OzL0 ~ TARIPING
e - TRGRIS
"""" TRAGAYTRAY
‘TABOR
‘LIZBON TENNESSEE
""" " 'TENERIFFR
' - TENNERARTRE
ZWHAT ARE DEZTINATIONS AND EMPLOYMENTE OF SHIPZ THAT-
+DEPARTED MAYPORT 'ORF NORFOLK?
MAYPORT ~ 6000N X 3000w TENDER RESTRICTED AYRILABILITY
Pl ' 37008 « 1700 'TENDER RESTRICTED ARYARILABILITY
HUPFULK UNKNOWN -~ - OYERHAUL
""" ON X '4300E  ~ ROJTINE MAINTEMNANCE
""" " 3500N X 1000E " 'ROUTINE MARINTENANCE
' ~ 3700Z Z 2000E  ROUTINE MAINTENANMNCE
15003 % '1300E  'ROUTINE MARINTENANCE

37



WHAT T2 THE CALL ZIGNs DEZTIMNATION AND EMPLOYMENT OF ERCH-

ZZHIP THAT DEPARTED MAYPORT OR NORFOLK?
MAYPORT  ZARATOGA " NABG  s000N X 3000W
90 TENDER RESTRICTED AVAILABILITY
P ' INDEPENDENCE  NABH 2700N X 1700E
‘TENDER REZTRICTED RVYRILAEILITY

NUPFULK AMERICR © 'NABF © UnNKNOWN
OVERHAUL
95 " ETURGEDON S NRBL 0N X 4500E
' ROUTINE MRINTEMNANCE
" BRAYLING " 'NABO © 3300N X 1000E
" ROUTINE MARINTEMNANCE
' O TRUTOG ' NABHN © 3700% X '2000E
100 - ROUTINE MATINTENANCE
o WHALE " NABM  1500Z X 1300E

‘ROUTINE MAINTENANCE

38

ZWHAT ARE THE DESTINATIONZ OF THE IHIPZ WHICH CARRY TANKZI-

/HND WHICH DEPARTED RIGA?
105 LUANDA
ZWHAT ARE ZHIPZ WHOZE MAZIMUM CRUISING RPANGE IS EQUAL -~
sTO 4000 AND WHICH HAYE PERCENT FUEL GREATER THAN 307
COMSETELLATION
SARARTOGAH
110 INDEPENDENCE
SIZ THERE A ZHIP WHOSE DESTINATION IZ 03L0 AND THAT HAS~
SBUENOZ AIREZ AZ DEPARTURE POINT?
TeS
JWUHAT [Z THE CARGO TYPE OF SHIFS WHICH DEPARTED RIGA-~
115AND WHOZE DEZTINATION TZ LuANDA?
‘HIRCRAFT
TANKE
JARE THERE ZHIP:Z THAT DEPARTED MAYPORT AND WHICH HAVE-
SPERCENT FUEL NOT LEZZ THAN 1007
120 ¢(EE
WHAT T2 THE EMPLOYMENTs HULL MUMBER AND CALL IIGN OF~
JIHIPZ WHICH ARE IN Tie7.3 AND WHICH DEPARTED MACYPORT?
TENDEP REZ TPICTEU RVRILHBILITY ‘60 'NRBG
""" j ‘62  NABH
125 ARE THERE ZHIPZ IMN T667.1 WHOZE READINEZE IS CI AND~
sWHICH HAYE A DOCTOR?
fEZ

ZWHO 'IZ THE COMMANDER OF EACH ZHIP IN To67.1 WHOSE PERCENT-

YFUEL 'ITZ NDT LE:: ‘THRAN 'S0 AND WHICH HAZ A DOCTOR?

130 KITTYHAWK Sl CAPT R. IPRUANCE
WAINWRIGHT " CAPT d. EVANS
WILLTAM H. ZTANDLEY CAPT C. MICHRELS
SEEREE - ot T R CAPT wW. 'HOHMANN
‘HORNE ' N R CAPT J. PRANIN

ss JEMERY Tt CRPT T. FREMNZINGER

212 'NORFOLK 'THE HOME PORT OF EACH SHIP IN TG67.3 WHOSE~
/READINEZZ IZ C1 AND WHICH DEPARTED MAYPORT?
‘ZARATOGA YES

'TNDEPENDENCE '~ NO

B R ——

Y
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140 »WHAT PORTZ DOEZ TARU APPROACH OR DEPART?

145

160

170

‘LUANDA
RIGA

YWHAT EHIPZ APPROACH OR DEPART NORFOLK OR MAYPORT?
‘MAYPORT ZARATOGAH

" INDEPENDENCE

‘NORFOLK = AMERICA
0 JOHN F. KENNEDY
‘STURGEDON
" 'PHILADELPHIA
" 'BATON 'ROUGE
‘LOS ANGELES
POGY
" GRAYLING
""" CTARUTOG6
B B WHALE
HIEPRO
" ZUNFISH
KAWIZHIWI

WHAT SHIPZ
JMRTERIALE?
TENERIFFA
ZWHAT SHIPZ
TRLISMAN

TANR
TALLEYRAND
‘TENNESSEE
TENERIFFA
TENNERRIRE
ZWHAT SHIPZ
ZMATERIALE?
‘TENNESSEE
TENNERAIRE

ZAIL TO LISBAON AND CRARRY CONSTRUCTIOM~

‘ZAIL TO LIZBON OR CARRY CONZTRUCTION MATERIALS?

ZAIL TO LISBON AND DO NOT CARRY CONSTRUCTIONN

In line 1, two individual nouns are conjoined through AND,

in line 4 an individual and a class.

Line 11 contains the quantifier ANY and conjuction of two

individuals. The ANY quantifier, which works like SOME, results in

YES/NO answers. In line 14, the two conjoined individuals are with the

WHAT quantifier, and in line 25 with HOW MANY.

Line 28 has three Iindlviduals conjoined by OR with the THERE

construction.
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Line 33 conjoins two relations (attributes) with AND;
line 41 has three relations conjoined with AND; line 63 contains
four relations conjoined with AND.

It should be noted that in cases where more than two data
items are conjoined, all but the last two are separated by commas.
This format can easily be changed if a different one is desired,

e.g. DESTINATION AND PERCENT FUEL AND ENDURANCE as an alternate to
line 41 by introducing a rule of grammar with the desired format.

Line 78 illustrates conjunction of two relations through
AND and two individuals through OR in the same sentence. Line 87 is
quite similar but contains three conjoint relations. What is of note
in the answer, lines 89-102, is the folding of lines which would be
too long.

In line 103 two relative clauses are conjoined, each starting
with WHICH and containing regular verbs.

In the case of conjunctions of relative clauses, the answer
consists of those data items which satisfy conditions specified by
both relative clauses.

Line 107 introduces the conjunction of two relative clauses,
one of which starts with WHOSE and the second one with WHICH. The
clause with WHOSE has a different subject. Line 111 is similar, but
the relative conjunction in the second clause is THAT. The question
is of the yes/no type with THERE.

In line 114, which contains again a conjunction of two
relative clauses, the first of those starts with WHICH and the second
with WHOSE followed by a different subject.

Line 118 has two conjoint relative clauses, the first starting
with THAT and the second with WHICH.

Line 121 contains a conjunction of three relations and two
relative clauses, both of which start with the relative pronoun WHICH.
The first relative clause is of a different construction than those
exemplified so far. .

Lines 125 and 128 contain further examples of conjunctions

of relative clauses.
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In line 136, the yes/no question with conjoined relative
clauses yields both the YES and NO answers due to the listing caused
by the EACH quantifier.

Line 140 is an example of conjunction of two regular verbs
joined by OR. Line 143 contains both conjunction of two verbs and
two individual nouns. The conjunction word is OR in both cases.

In line 159 extended verb phrases are conjoined by AND,
and in line 162 they are conjoined by OR. In the first case, the
answer consists of that data item which satisfies both conditions
simultaneously; in the second case, data items satisfying both
conditions independently are listed. Line 169 contains two conjoined
extended verb phrases, one of which is negative, conjoined by AND.
This results in the listing of those data items which satisfy the

conditions in both verb phrases simultaneously.
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D-3. PRONOUNS AND OTHER FORMS OF REFERENCE

Pronouns constitute a very powerful means of achieving fluency
and economy in discourse. They are also however a notorious source of
ambiguity and therefore difficulty in handling. In current REL English,
some problems still remain unsolved, and some sentences similar to
those illustrated may not work. Also, some cases are not implemented
yet.

The processing of pronouns is quite complex, and the user
cannot be burdened with those aspects. It may be helpful, however, to
know that potential pronoun referents are retained over three sentences,
and that the data item which turns out to be the referent continues to
be treated as a potential referent. Thus, in line 3 KITTYHAWK is the
referent of ITS, and it is retained as a potential referent for future
sentences, so that in lines 5, 7, and 9 it is also the referent.

Pronouns can be used in the subject form as in line 5 (IT),
the possessive form as in line 3 (ITS), in the animate subject form as
in line 24 (HE), and in the possessive animate form (HIS) as in lines 13,
15, and 22. Pronouns can also be used in the plural form, where the
animate/inanimate distinction is irrelevant. The subject plural THEY
appears in line 33; the possessive plural THEIR in lines 65, 79, 105, 157;
the object plural THEM in lines 132, 143, 168, 174. This latter is
used with quantifiers such as EACH and WHICH.

The animate/inanimate distinction can best be observed in

lines 11-18, where the possessive HIS refers to the person and the

possessive ITS5 to the ship.

Other forms of reference are also used in the examples. The
demonstrative THAT and plural THOSE which refer to previously mentioned
data items are found in lines 95, 97, 42, and 56.

OTHER, which selects data items of the same class but not
those which had been most recently mentioned, is exemplified in lines 76,
92, 99, 111. How it works is casy to see from the sequence in lines 86-112.
In line 99 all the OTHER aircraft carriers but KITTYHAWK are referred to,
and in line 111 the OTHER aircraft carrier is again, in turn, KITTYHAWK.

The pronominal THAT which refers to a simple relation previously
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mentioned or the result of some operations carried out on relations

is illustrated in lines 115-135. In line 121 an operation is performed

on two relations, and lines 124 and 125 use the result of that calculation.
Pronominal referents can also refer to antecedents within the

same sentence, using ITS, HIS, and THAT as illustrated in lines 174-195.

At the present time THEIR works in an unsatisfactory manner, or is not

yet implemented.

WHAT IZ THE DEZTINATION OF THE KITTYHAWK?

NAPLES

JWHAT IZ ITZ ZPEED?
20

s DOEZ 'IT HAYE A DOCTORY
“fES

JWHO IZ ITZ COMMANDER?
‘CAPT R. ZPRUARNCE
SWHAT T2 ITZ HAOME PORT AND CALL STGN7?
10 MAYPORT  NHBE
SWHAT T2 THE NMAME OF THE COMMAMDER OF THE IARATOGA?

CAPT RA. BROWM
JWHAT T2 HIZ LINEAL?
4336

15 YWHAT IS THE DEZTINATION OF HIZ ZHIP?
B000N % 3000
ZWHAT T2 ITZ EMPLOYMENT?
TENDER RESTRICTED AVRILREILITY
WHAT IZ «NOWN ABOUT CAPT J. FEELY?
20 HAZ A LIMNEARL
IZ A COMMANDER
ZWHAT T2 HIZ CLINERL?
4342
/WHAT SHIP DOEZ HE COMMAND?
25 ZOUTH CAROLINA
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WHAT COMMANDERS HAYE LINEALZ GREATER THAN 101000+7
COR R. DRUGHERTY

CDR "J. HIGH
‘CDR X. COHEN

30 COR 'J. HORMNER
‘CDR M. MORTON
CDR T. CHANDLER

ZWHAT ZHIPZ ‘DO THEY COMMAND?
CDR P; DRUGHERTY = GRATYLING

35 'CDR J. HIoH S TAUTOG
CDR X. COHEN '~ WHALE
‘'COR J. HORNER POGY
COR M. MORTOM - SUNFIZH

‘CDR 'T. CHANDLER ~ RSPRO
40 THE RERDINES: OF HOW MANY “HIP: IS NOT C17

a
ZLIST THE PEH’UN FOR EACH JF THOZE ZHIPE.
‘AMERICA = ‘OVERHAUL
KITTYHAWK " 'AIR ZERRCH RRDAR FARILURE
s ITERETT A ZONAR FAILURE
CHARLEE F. ADAME GUMN ZYETEM FAILURE
MEEE * " T GUN ZYITEM FRILURE
‘CONNOLE - © 7 'ZONAR FRILURE
‘RATHBURNE ' SOMNAR FRILURE
so MEYERKORD ~° -ZONAR FRILURE

WHAT T2 THE NUMBER 0OF Ti25. 3 d[P;{ﬂITH EACH CLASIIFICATION?
‘BUIDED MIZEILE LUIGHT CRUIZ

AIRCRAFT CARRIER """ """ """~ 5 'I
FRIGATE B RGe agl SR S Ut >
55 MUCLEAR POWERED ARTTACK ZUBMARINE 2
JLIZT 'THE 'CALL ZIGN AND HUCL NJMBER OF ERCH OF THOZE SHIPZ.

GUIDED MIZZILE LIGHT CRUIZER ~ ~ 'HORNE NRBx ~ 30
AIRCRAFT LHPPIEP e A e KITTYHAWK ~ " 'NABE 63
FRIGATE i ry LIRS KNOX " NACW 1052

60 e Y PRl s ROARK ~ " NACX 1053
NUCLEAR POWERED ATTACK ZUBMARIMNE BRATON ROUGE  NABJ 689

. . S v POGY NREP 647

i

HOW MANY MERCHANT YESZELS ARE THERE THAT CARRY VvANRDIUM ORE?
5

65 /WHAT ARE THEIR NAMEZ AND DEZTINATIONZ?
MORRIZ E. CRAIN WILMINGTON
GREENYILLE VICTORY WILMINGTOM
TRUMAN KIMLOW C WILMINGTON
ZHIPPER T WILMINGTON

70 ZERFARER WILMINGTON




WHAT T2 THE HAME AMD CEMSTH OF ZOYIET AIRCRAFT CARRIER:?
LENINGRRD  &25 CriREER

MOzKYA [=Y=gs]
K IEY 225
75 MINZK 325

AWHAT T2 THE FLAs AND LeMsTH OF OTHER ATRCRAFT CARRIERZ?
UNITED ZTATEZ 1033

1072
AHAT ARE THEIR MAMEZ AND LEMSTHEZ?
80 CONZTELLATION 19072
ZARATOGH 1033
AMERICH 1a72
KITT (HRAWK 1372
AN F. KENNEDY 1072
[HDEPENDENCE 1133
WHAT IZ THE T(¢PE OF EACH Tu23.3.27
EITT (HRAWK AIRCRAFT CARRFIER
BATON ROUGE  HNUCLEAR POWERFED ATTACK ZUBMARINE
0 FRIGRTE

0 uHd T2 THE CAMMAMDER OF THE KITT (HAWK?
CAPT R. ZIZPRURNCE
WHd IZ THE COMMANDER OF EACH dF THe OdTHER Tu25.3.2 IHIPZ?
PATONM ROUSE CDR Y. JUIET

v MO CDR C. JACKZION
35 soHRAT T2 THE LEMGTH OF THAT ZUBMARINE?
2e0
ZWHAT T2 THE LENGTH OF THAT AIRCRAFT CARRIER?
1072
JuHd T2 THE COMMANDER OF edACH JF THE OTHerR AIRCRAFT CARRIERZ?
1oo COMZITELLATION CAPT J. eLLIZON
ZARATOGA CAPT A. EROUN
AMERICAH CAPT W. HALZEY
JOHM F. KENNEDY CAPT P. MOFFETT
INDEPENDENCE CAPT Z. JACKZON
105 /WHAT ARE THEIRP DEZTINATIONZ?
Urik 0L
HORFOLK
HAPLEZ

000 A 20004
110 2700 4 1700E
JuHAT T2 THE JTHER AIRCPAFT CARRIER?
EITTYHRAWK
JUHAT T2 ITZ DEZTIMATION?
MAPLEZ
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115‘wHHT'IS‘THE PERCENT FUEL OF THE KNOX?
/SgﬂT IS THAT OF THE RORARK?
0)?? THAT OF ZOME KNOX CLASS IHIP LESZ THAN 307
120 ¢ES
NQET'IS THE RANGE DIVIDED B¢ NORMAL CRUISING IPEED OF THE ~

ZKITTIHRWK 7
750
ZWHAT T2 THAT OF THE KNOX?
125 3123
IS THAT OF Z0ME KMOX CLAZZ ZHIP LEZZ THAN 3007
Na
WHAT I3 AMERIACA"Z REAZONY
OVERHAUL
130 >WHAT I3 THAT OF EACH SHIP WwHOZE READINEZS TIZ C37
ZTERETT 7 ZOMNAR FATLURE
CHARLES F. ADAMS  GUN 3YSTEM FRILURE
CONNOLE e o "SONAR FRILUPE
RATHBURNME CSOMAR FRILURE
135 MEYERXORD " SOMAR FAILUPE
HOW MANY NUCLEAR POWERED ATTACK ZUBMARINES ARE THERE?
10 '
FWHAT [3Z THE HULL NUMBER AND CRLL SIGN OF EACH OF THEM?
ZTURGEON " 537  NABL

140 PHILADELPHIA 630 NABK
BATON ROUGE 689 'NABJ
LOS ANGELES 638  NABI

POG'Y " 647  NABP
GRAYL ING 46  NABO
1ws TAUTOG 533 NHBN
WHALE ' 633 NABM
AZPRAO 6483 NABY
ZUNFIZH " 649 NABR

Ry

WHICH OF THEM ARE ZTURGEON CLAIZ 3IHIPZ?
150 2TURGEON
POGY
GRAYL ING
TAUTOG
‘WHALE
155 AEPRO
P ZUNFIZH
ZWHAT ARE THEIR EMPLOYMENTS?
'ZTURGEON  ROUTINE MAINTEMNANCE
POGY ANTI-ZHIPPING OPERATIONS
160 BGRAYLING  ROUTINE MARINTEMNANCE
TRUTOG " 'ROUTINE MAINTENAMNCE
WHALE ' ROUTINE MAINTEMANCE
‘AZPRO " ZURVETILLANCE OPERATIONS
ZUNFTIZH ‘ZURVETLLANCE OPERATIONS
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165ARE THERE MERCHANT VEZZELZ THAT CARRY vANADIUM ORE AND-
WHOZE DEZTINATION I3 WILMINGTON?
(ES
ZWHICH OF THEM?
‘MORRIS E. CRAIN
170 "GREENVILLE VICTORY
TRUMAN KIMLOW
ZHIPPER
SERFARER
2WHAT IZ THE NUMBER OF THEM?
178 'R
DOES THE KITTYHAWK S NORMAL CRUISING RANGE EXCEED ITS-
MAXIMUM CRUISING RANGE?
YES
>I1Z THE HULL MNUMBER “OF CDF C. JACKSON7S SHIP THE SAME™
‘“0>ng HIS LIMERL?

ﬂaFETaEEEQPBE7wHHT SUBMARINEZ IS HIGHER THAN THAT

TSR 17
15 15 THE PERCENT FUE % OF THE KITTY YHAWK EQUIVALENT 10 THAT-
~OF ERCH THE HER AIREFAFT CARR
CoNETE AT 1N
ZARATOGA nn
E§ICH KENMNEDY H“
190 2
YROEPEMDERREEY  NB
LENINGRAD NO
MOTKY : YES
. YES
ME%‘K = B
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D-4. COMPARISONS

Comparisons are relatively simple, and they had already been
used in previous protocols without any introduction.

The examples that follow illustrate comparisons in more complex
sentences, comparisons used with operators such as MAXIMUM, and the
variety of comparator terms that can be employed.

Comparisons fall into three groups with the basic meanings
GREATER, LESS, AND EQUAL. Conjoined phrases with OR are possible --
such as GREATER THAN OR EQUAL TO and LESS THAN OR EQUAL TO, but not such
as ''greater than or less than." Negation of comparisons can be used by
combining a given word or phrase with NOT, thus NOT GREATER THAN, NOT
AS HIGH AS.

The examples in the protocol include several comparators, but
they do not exhaust the ones that can currently be used. HIGHER THAN,
EQUIVALENT TO, AS GREAT AS, AS LITTLE AS are not found in the examples.
There are also only a few combinations with OR and a few negations.

GREATER THAN is illustrated in line 1, EQUAL TO in line 3,
LESS THAN in line 7. In these questions the comparative is either in
a relative clause (line 1) or in the WITH-phrase equivalent to a relative
clause (line 3 and 7). This is also the case in lines 9, 14, 17, and 22.
The comparators are LESS THAN OR EQUAL in line 9, AT LEAST in line 14,
and both GREATER THAN and EQUAL TO in line 17. The first of these is
in an embedded WITH phrase. In linc 22 NOT LESS THAN is in an embedded
WITH phrase.

THE SAME AS is found in lines 34 and 37, in the latter case
in a sentence with a pronoun.

In line 40 the comparator EQUAL TO is used with the MAXIMUM
operator. (It will be noticed that the word MAXIMUM also appears in
line 37, but there it is part of the vocabulary item, not an operator.)

In line 43 the comparator EXCEED is found with the MAXIMUM
operator. EQUAL is in line 46. Two MAXIMUM operators are employed in
this example. MAXIMUM is compared with MINIMUM in line 49.
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In line 52, EXCEED is again used, with MAXIMUM operators and
pronominal OTHER. In line 64, EXCEED is employed in a complex sentence
with two relative clauses and the verb DO.

In line 70 the comparators AT LEAST and the negative
NOT EQUAL TO both appear. The negative NOT LESS THAN is in line 73.

The comparator MORE THAN is in lines 77 and 80, in the latter
in a command sentence starting with LIST.

The subsequent several lines illustrate the case of other
comparators. AS HIGH AS is in line 87, AS MUCH AS in 89, AS LOW AS
in 91, AT MOST in 93.

Lines 98 and 101 contain MORE THAN which was found earlier
in lines 77 and 80. But it should be noted that the construction is
different here. In lines 77 and 80, MORE THAN was followed by a number
alone, while in line 98 it is followed by a number and a noun -- thus
MORE THAN 80 as against MORE THAN 7 SHIPS.

Lines 101 and 104 draw attention to the fact that numbers can
appear as figures such as 10 as well as spelled as TEN.

In the remaining lines the comparators OVER and UNDER are used
in similar ways as MORE THAN in two types of contructions in lines 77
and 80 on the one hand and 98 and 101 on the other. In line 105, OVER
is followed by a number alone, in line 110 by a number and a noun --
thus OVER 49 as against OVER 70 SHIPS. Similarly, in line 108, UNDER 10
is found as against UNDER 300 SHIPS in line 112.

The comparator EXACTLY is illustrated in line 114, followed

by a spelled out number and a noun phrase.
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ARE THERE ZHIPZ WHOZE SPEED: ARE GREATER THAN 157
(EZ
sWHAT ARE KAZBEK CLAZZ IHIPZ WITH ZPEED EQUAL TO 107
ALATYR
5 ANDREY
DEZNA
“HOW MANY ZHIPZ WITH PERCEMT FUEL LEZZ THAN 70 ARE THERE?
15
WHAT [Z THE PERCENT FUEL OF ERCH ZHIP WITH PERCENT FUEL~
1o »LEZS THAN OR EQUAL TO 407
AMERICH 0
PROVORNY 40
ANDRE"’ 40
#ARE THERE ANY RIRCRAFT CARRIERZ WHI“03E ENDURANCE TZ-
15 AT LERZT 507
(ES
ZWHAT ZHIPZ WITH PERCENT FUEL o©RERTER THAN 310 HAVE -
ZMAAIMUM CRUTZING RANGE EQUAL TO 40007
CONETELLATION
20 "ZARATOGAH
'INDEPENDENCE
WHAT DOEZ EACH ZHIP WITH PERCENT FUEL NOT LEZT THAN-
230 D07
THERE ARE 40 LINES IN THI: ANZWER. 'HOW MANY DO (OU WANT?
25 REZPOND WITH “ALL"s "NONE”s OF A NUMBER.

Y

CONSTELLATION ~ " SURVETLLANCE OPERRTIONS
ZARATOGA " TENDER RESTRICTED AVAILABILITY
KITTYHAWK i " 7 ZURVETLLANCE OPERATIONS

30 JOHN F. KENNEDY ~  SURVEILLANCE OPERATIONS
INDEPENDENCE = ' TENDER RESTRICTED RVAILABILITY
ZTURGEON ROUTINE MAINTENANCE
PHILRDELPHIA " ANTI-SUBMARINE OPERRTIONS

»IZ THE ENDURANCE OF ZOME SUBMARINE THE ZAME AZ THE-
35 ENDURANCE OF THE KITTYHAWK ?
NO
#IZ THE MAZIMUM CRUTIZING ZFEED OF THE COMITELLATION-
,THE ZAME AZ ITZ ZPEED?
NO
vwo,DOEZ Z0ME AIRCRAFT CARRIEF HAYE PERCENT FUEL EQUAL TO~
7THE MAAIMUM PERCENT FUEL OF IHIPZ IN Toe7.37
(ES
sDOEZ THE LENGTH OF ANY TANKER EXCEED THE MAXIMUM-
LENGTH OF AIRCRAFT CARRIERZI?
ws ‘MO
»DOEZ THE MAAZIMUM LENGTH OF SO0YIET AIRCRAFT CARRIERS™
JEQUAL THE MAZIMUM LENGTH OF AIRCRAFT CARRIERS?
NO
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IZ THE MA<IMUM LENGTH OF ZOYIET AIRCRAFT CARRIERZI-
50 LEZZ THAM THE MINIMUM LENGTH JF UZ AIRCRAFT CARRIERZ?
(EZ
O0EZ THE KITT/HAWK "2 MAATMUM CRUIZING RANGE EXCEED~
STHE MAZIMUM CRUIZIMG RANGE OF EACH OF THE OTHER-
SAIRCRAFT CARRIER=?
CONZTELLARTION NO

w
o«

ZARATOGR - NO
AMERICH ‘ T NO
JOHN F. KENNEDY ' NO
'INDEPENDENCE ‘NO
60 LENINGRAD © 'WES
MOzZKVA : TES
KIEY ' ~ WES
MINZK TES

THE ENDURANCEZ OF WHAT ZUBMARINES WHICH DO ANTI-ZUB-~
65 *MARINE OPERATIONS E<CEED THE ENDURANCEZ OF SUBMARINES -
‘WHICH DO ANTI-ZHIPPING OPERATIONZI?
PHILADELPHIR
BATON ROUGE
LOS ANGELES
70 7WHAT ZHIPZ IN To67.1 WHOZE ENDURANCE IZ AT LEAST S0~
HAYE PERCENT FUEL NOT EJUAL TO 1007
AZHTABULA
#WHO COMMANDE EACH SUBMARIMe WHOZIE EZPEED [Z NOT LEZZ-
sTHAN 77
75 AIPRO - CDR T. CHANDLER
SUNFISH CDR M. MORTON
‘HOW MANY ZUBMARINEZ ARE THeERE WHOSE ENDURANCE IS MORE~
ZTHAN 337
10
80 /LIZT THE READINEZZ AND eMPLOY/MENT OF EACH AIRCRAFT~
FCARRIER WHOZE PERCENT FUEL IZ MORE THAN 30.

n

v

S

CONZTELLATION C1  SURVETLLANCE OPERATIONS
ZARATOGA ‘'C1 ~ TENDER RESTRICTED AVRILABILITY
KITTYHRWK C2 'ZURVEILLANCE OPERRTIONSE

85 JOHN F. KENNEDY C1  "SURVEILLANCE OPERATIONS
INDEPENDENCE C1  TENDER RESTRICTED AVAILABILITY

IZ THE COMZTELLATIONZ ENDURAHCE AZ HIGH AZ 707

HO

JIZ THE KITTYHAWK "2 PERCENT FUEL ‘AZ MUCH AZ 307
90 '‘NO

#IZ THE PERCENT FUEL OF ANY ZHIP AZ LOW Az 107

(EZ




200 AT MAZT Twd ZHIPZ CARRY GENERAL MERCHANDIZE?
(EZ
9500 AT LEAZT 'S ZHIPZ WHICH CARRY OIL BELOMG TO-
#THE UNITED KINGDOM?
TEES

00 MORE THAN 7 ZHIPZ THAT DEPARTED MNEW vORK BELONG-

~TO THE UNITED ZTATEZ?
100 MO
ARE THERE MAORE THAN TEN ZHIP: WHICH CARRY CORL7
‘NO
D00 LEZZ THAN 10 ZHIPZ APPRAACH NAPLEI?
fEZ
1052 THE NUMBER OF AIRCRAFT CARFPIER: OVER 437
(R ]8]
T2 THE NUMBER OF ZHIPZ THAT CHARRY CHROME ORE ~
sUNDER 107
TEZ
110 >ARE THERE OYER 70 ZHIPZ?
(EZ
*ARE THERE UNDER 300 ZHIP3Y
‘EZ
ARE THERE EXACTLY "TEN UZ "ZUBMRARINES?
115 YES

52
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E. VERBS

We distinguish between verbs BE and HAVE on the one hand and
verbs such as COMMAND or DEPART which we call regular verbs on the other.
BE and HAVE exist in the rules of REL English grammar. Regular verbs
are introduced by definition. The definitions are in the form of a
paraphrase in which the meaning is assigned to the verb on the basis
of some relation. Meanings of verbs thus depend highly on the relation
that is used in the paraphrase. This situation parallels the one in
ordinary English where the meaning of verbs is highly dependent on
context. As an example, the verb TAKE has vastly different meanings
depending on whether the discourse is about "TAKING a book from the
shelf," "TAKING a science course," "TAKING a shower," or "TAKING a
northbound course."

A simple example of a verb definition by paraphrase is the

one below.

VERB:OFFICERS "COMMAND” ZHIPZ:OFFICERZ ARE COMMANDER: OF ZHIPZE
‘DEFIMNED.

The verb COMMAND is simply defined in terms of the relation
COMMANDER. Usually, however, the paraphrase is more complex, as will
be seen from definitions in a subsequent protocol.

Verbs can also be defined in terms of other verbs.

In general, the relation word or other verb which appears on
the right-hand side in the definition must be known to the system, as
must be the other words, both on the left and right sides (except, of
course, the verb which is being defined). Moreover, the words on both
sides must match and they must be in the same order. Thus, COMMANDER
is a relation known to the system, as are the nouns OFFICER and SHIP.
OFFICER and SHIP are in the same order on both sides. If the order
were changed, e.g. to COMMANDERS OF SHIPS ARE OFFICERS on the right-hand
side, problems might arise, with the reasons for which the user will not
be burdened.

The verb that is being defined must be placed between double

quotation marks, and must appear in its dictionary form, that is,




without any endings. The case of verbs which are introduced in the
singular, i.e. with S following the verb, and the case of the verbs
which require special spellings are discussed when such definitions
are introduced in the second protocol.

The nouns which are used in a definition, such as OFFICER
and SHIP in the above definition, are only place holders, as it were,
for other nouns which make seénse in a given context. Thus in line 3
of the protocol below which illustrates some uses of the verb COMMAND
that has just been defined, the nouns CAPT R. SPRUANCE and KITTYHAWK
are substituted for the original OFFICER and SHIP. 1In line 5, it is
likewise CDR C. JACKSON and TAVYU, the order being reversed here
because of the passive constructic IS Y COMMANDED BY X, which is
equivalent to X COMMANDS Y.

Forms such as COMMANDS in line 1, 7, 17, that is the regular
singular forms, are¢ handled by rules of grammar. Irregular forms
such as CARRIES require an additional definition. This is treated
in lines 41 and 48 of the scecond protocol.

Passive forms of verbs (lines 9% and 14) are also handled by
rules of grammar. If the form of the verb is irregular, such as CARRLED,
an additional definition has to be made use of, the same as for handling
CARRIES,

In line 17 COMMANDS is found within a relative clause.

WHO COMMAND: THE kMNO<?
‘CDR C. JACK ZON

O0ES CAPT R. ZPRUANCE COMMAND THE KITTYHAWK?
(EZ

5202 TARW COMMANDED B¢ CDR C. JACKZON?
na

ZWHO COMMAND: EACH UZ AIRCPAFT CARRIER?
CONZTELLATION CAPT J. ELLIZOMN

ZARATOGAH CHAPT A. BROWN

10 'AMERICA CAPT W. HALZEY
KITTYHAWK CAPT R. ZPRUANCE
JOHN F. KENNEDY CAPT P. MOFFETT
INDEPENDENCE CAPT Z. JACKIOM

ZWHAT ZHIP IZ COMMANDED B¢ CDR L. ZMNEAK?

15 PHILADELPHIA
WHAT IS THE DEZTINATION UF THE SHIP THAT CAPT P. MOFFETT-:
/COMMANDZ 7
'‘NORFOLK




Negation of verbs can be used, and an example is found at
the very end of the last protocol.

In the next protocol several verb definitions are introduced.
In line 1 DEPART is defined in terms of the relation DEPARTURE POINT.

It will be noticed that even though DEPARTURE POINT is the first term
on the right-hand side, the order of SHIPS MAYPORT is the same on
both sides.

CARRY is defined in line 4 in terms of CARGO TYPE. The
format is the same as in the case of DEPART.

OWN in line 6 is defined in terms of FLAG, which is a specific
meaning to this data base. The format here is different than in the
case of DEPART and CARRY since the order NORWAY TARU has to be preserved.
Here, as in line 8 ftor SIGNAL, the verb is introduced in the singular
form. The verb is placed between double quotes as usual and the S for
the singular form immediately follows. A verb defined in this way can
equally well be used without the S in other forms, e.g. past or passive
OWNED.

SIGNAL is defined in terms of CALL SIGN in line 8 in keeping
with the meaning in this data base. The format is the same as in the
case of OWN.

APPROACH in line 11, SAIL TO in line 17, SAIL FOR in line 19,
and MOVE TOWARDS in line 26 are all defined in terms of DESTINATION,
which was the only suitable relation in the data base. These examples
fllustrate two points: the possibility of using synonyms and prepositions
as part of the verb.

In lines 21 and 29, SAIL FROM and MOVE AWAY FROM are similarly
defined as synonymous with DEPART, since they are defined in terms of
the relation DEPARTURE POINT.

In line 14 the verb DO is defined fn terms of EMPLOYMENT,
which again is the only suitable attribute in the data base.

BELONG TO in line 24 is defined similarly as OWN in line 6 in
terms of FLAG, but the order s reversed here.

Lines 32 and 34 illustrate verbs defined in terms of number

relations: MEASURE in terms of length and STEAM AT in terms of SPEED.




The noun SHIP and the numbers could of course be substituted by others.

The next three definitions, lines 36, 38, and 41, deal with
irregular forms of verbs. The definition of CARRIE in line 36, which
is identical, as would be expected, to that of CARRY, allows this form
to be used in CARRIES and CARRIED. Similarly, APPROACHE in line 38
allows APPROACHES and APPROACHED (although the latter is also handled
by grammar rules, like COMMANDED).

Line 41 introduces SIGNALL as an alternate spelling of SIGNAL
which can be used in SIGNALLED, and also 1llustrates how a verb in singular
form can be defined -- the verb is placed between double quotes as usual,
and S follows immediately.

Lines 44 and 46 illustrate definition of verbs as synonymous
with other verbs. TRANSPORT is defined as a synonym of CARRY and CRUISE AT
as a synonym of STEAM AT.

Line 48 shows how a verb in singular can be introduced it the
verb is followed by a preposition. As will be noticed the verb part
is CRUISES. Thus, in case a preposition follows, both forms of verbs,
such as singular in line 48 CRUISES AT and plural in line 46 CRUISE AT,
have to be defined separately.

Examples in lines 50, 53, 55, and 57 illustrate the use of
irregular verb forms introduced by definitions above. Lines 53 and 57

are in the passive form.

YERB: ZHIP: "DEPART” MAYPORT:DEPARTURE POINT dF ZHIPZ-
I3 MACPORT
DEFINED.
JYERBEZHIPZ "CARRY” COAL:CARGO TYPE OF ZHIPZ T2 COAL
5 'DEFINED. P :
SYERBSNMORWAY "OWN"Z TARUINORWAY I3 THE FLAG OF TARU
DEFINED. ' _ y
SYERB:MABSG “ZIGNAL "2 THE SARATOGAINABG T2 THE CALL ZIGN-
/OF THE ZARATOGA
1o " DEFINED.
JYERB:ZHIPZ "APPROACH” NAPLEZ:DEZTINATION OF ZHIPZ IS~
/MHAPLEZ
DEFINED.
JYERBSZHIPZ “DO" ANTI-ZUBMARINE OPERATIONI: THE EMPLOY--
15 /MENMT OF ZHIPZ IZ ANTI-ZUBMARINE OPERATIONZ
" 'DEFINED.
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CHERB: THIPZ CIAIL TO” NAPLE Z:DESTIMATIAON OF ZHIPZ I2 MAPLES
DEF INED.
SVERB: ZHIPZ “IAIL FOR™ MAPLEZ:DECTINATION OF SHIPZ I NAPLED
20 DEFINMED.
SWERBI ZHIPZ "IAIL FROM”™ NAPLEZ: DEPARTURE POINT OF CHIPZ I3
SHAPLE S
DEF INED.
ZJERB: SHIP® “BELONG TO” NOPWAC:FLAG OF SHIPS I3 NORWAY
24 DEFIMED.
‘ERB: SHIPS “MOVE TOWARDZ” CONDON:DESTIMATION OF SHIPZ
STZ LOMDON
DEF INED.
SYERB: SHIPZ “MOVE AwWA¢ FROM” LONDON: DEPARTURE POINT OF -
vo - SHIPZ T2 LONDON
DEF INED.
CYERB: ZHIPZ "MEASURE” SO0:LENGTH OF SHIPZ IZ S00
DEF INED.
SYERB: THIPS “ITEAM AT 20:>PEED OF SHIPZ I2 20
v5  DEFIMED.
, WERB: SHIPZ "CARRIE” COAL:CARGA TYPE OF IHIPI I3 COAL
DEF INED.
SWERB: CHIPZ “"APPROACHE " NAPLEZ:DESTIMATION OF SHIPZ-
STZ HAPLES
wo  DEFINED.
SYERBINABG “IIGNALL "Z ZARATOGA:MABS TS THE CALL SIGH OF -
S ZARATOGA
DEF INED.
/ERB: SHIPZ “TRAMZPORT” COAL: IHIPS CARR( COAL
ws DEFINED.
SWERB: ZHIPZ "CRUIZE AT” 20:3HIPS STEAM AT 20
DEF INED.
YERB: SHIP “"CRUISEZ AT” 20:THE SPEED OF ZHIP IS 20
DEF INED.
50 JWHICH SUBMARINE CRUISES AT 3 7
AZPRO
SUNFTSH
ARE CONSTRUCTION MATERIALS CAPRIED B¢ SUME NORWEGIAN SHIP?
(EE
55  WHAT SHIP APPROACHES LONDON?
TALLE'YRAND
T2 THE KITT¢HAWK SIGNALLED BY MABD?
1O
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Examples of a variety of sentences containing verbs are
provided in the next protocol. Several sentences with verbs are also
found in previous sections.

For the most part, the sentences here are self-evident.
However, a few comments may bring out some interesting structural
possibilities.

Most verbs which appear in this book are either in present
or past tense. This is due to the nature of the data base which does
not contain time information. However, REL English does allow the
ugse of tenses and time information, as was shown in Chapter C.

Line 1 contains CARRY followed by the object AIRCRAFT,
and the quantifier WHICH.

In line 6 the object is inquired about with WHAT. It will
be noticed that WHAT is not followed by a noun here as it is in line 12,
WHAT SHIPS.

Line 8 contains the ANY quantifier and is a yes/no question.

Line 10 has the verb DEPARTED, in past tense, and the HOW
MANY quantifier.

Line 12 contains APPROACH.

In line 16 the verb is in the disconctinuous form HAS . . .
DEPARTED.

Line 18 has the verb SIGNALS. It will be noticed that the S
is here combined with the verb SIGNAL which was defined in the previous
protocol in line 8 and not in line 41.

Line 21 contains the verb TRANSPORT which had been defined
in terms of CARRY (line 44 of the previous protocol), and the EACH
quantifier.

Line 30 has APPROACH in passive and the AT LEAST quantifier.

Line 35 has both the HOW MANY and EACH quantifiers which
result In the expected listing.

The verb DO is used in line 53.

Line 58 contains the verb CRUISE AT which was defined in terms
of the verb STEAM AT, which in turn was defined on the basis of the

number relation SPEED (lines 46 and 34 of the previous protocol).




!
The operator MAXIMUM is also used here, as well as in line 63 below,
where the verb is also defined in terms of the number relation LENGTH
! (line 32 of the previous protocol).
Conjunctions of verbs can be used, which is illustrated in
p

line 74. The two verbs are first used singly: SAIL FROM (which is
synonymous with DEPART) in line 69 and SAIL TO (synonymous with APPROACH)
in line 72. The conjunction is OR and therefore the answer consists
of entities which satisfy either of the conditions.

Verb phrases such as DEPARTED SOME EUROPEAN PORT in line 78
can be conjoined with other verb phrases, as shown in that line. The

conjunction is AND, therefore the answer consists of only those entities

which satisfy both conditions.

Line 90 contains two verbs, one in the passive form, ARE .
TRANSPORTED, and another, OWNS, in the relative clause. The OR
conjunction of nouns results in the NO and YES answers for the entities
involved.

Line 94 also contains two verbs, COMMANDS in the relative
embedded clause and the verb DO in the main sentence.

In line 96 the passive Is in the form HAS . . . BEEN DEPARTED,
and the verb BELONG TO (which had been defined in terms of the FLAG
relation) is in the final relative clause.

Line 98 has the verb SAIL FOR which is synonymous with APPROACH,
followed by a noun phrase with the conjunction OR which is in the
embedded relative clause, and the verb CARRY in the main sentence. The
presence of the FACH quantifier causes the names of the ships to be
listed.

In line 105 the LIST command is used. It will be noticed that
gince EACH is not used, the names of the ships do not appear.

Line 117 has two occurrences of OWN. The one in the embedded
relative clause singles out only those countries which own ships, thus
eliminating from the listing countries which own zero merchant vessels.

Line 127 contains a passive and a past tense.

In line 130 the passive is in the past tense, WAS . . . DEPARTED,

and CARRY {is followed by a conjoined noun phrase with OR.

——
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Line 134 has two verbs, CARRY and DEPARTED, each in a relative
clause which are conjoined. Due to the AND conjunction only entities
which satisfy both conditions are listed.

In line 156 both verbs are in the singular and APPROACHES
arises from the special spelling definition of APPROACHE (line 38 of
the previous protocol).

Line 159 is synonymous with line 74.

The next four examples employ verbs defined in terms of number
relations.

Line 163 is a complex sentence in which the embedded relative
clause has the verb MEASURES with a comparison. The object is inquired
about, and the subject contains the EACH quantifier.

In line 168 the seemingly simpler sentence 1is similar to
line 163 but it does not contain the EACH quantifier.

Line 170 has the command LIST followed by a conjunction of
four nouns, and the verb STEAM AT followed by a comparison in the
relative clause.

Line 174 contains two conjoined verb phrases. The first
illustrates the use of verb negation, DO NOT STEAM AT, and the second

contains the verb HAVE with a negative comparison.

WHICH NORWEGIAN SHIPS CARRY AIRCRAFT?
TAZCO
TARU
TARIFA
° TENNESSEE
SWHAT ‘DO LIBERIAN SHIPS CARRY(?
oIL
/D0 ANY US MERCHANT VESSELZ CARRY OIL7?
(ES
10 /HOW MANYC SHIPS DEPARTED RIGA?
-J'e
JWHAT ‘SHIPS APPROACH ‘ALEARANDRIA?
TRSCO
TAURUS
15 TERNA
YHAZ THE TARU DEPARTED RIGA?
(ES
JWHAT SIGNALS THE KNOA ‘AND THE SUNFISH?
SUNFISH MABR
20 KNOX ~ NACW

T Y - Y e g .~ X T P D = S W T GO, TR R S TN~
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65

WHAT DOE: EACH WEZT GERMAN ZHIP

TRANZPARCIFIC AMMUNITION
TRANZGERMANIA AMMUNITION
TRANZEUROPA ‘RIRCRAFT
TRANZCANRDR  AIRCRAFT
TRANZATLANTIC  AIRCRAFT

‘TRANZAMERICH
POZETIDON

TANK?Z
TANKZE

TRANZQUEBEC AMMUNITION

ZWHAT EUROPEAN PORTZ

NAPLEZ
‘azLa
LIVERPOOL

LIZBON

UNKNOWN
PHOZPHATES
TUNGETEN
AMMUNITION
‘AIRCRAFT

TANK Z

TRUCKZ

FARM HH'HINEPY
TIN

CHROME ORE
ZANADIUM ORE
cOoRL

‘WHERT ~

arc ! ' '
SENERAL FOODZ
CONZTRUCTION MA
‘GENERRL MERCHAN
ZuHAT 00 ZUBMARIT

15 /d0W MANY ZHIPZ CARRY EHCH'CHRGU?

W Wl W o — -

[}
TERIALS 4
DISE ~ &
NEZ DO?

‘POUTINE MAINTENANCE

ZURVETILLANCE OP
ANTI-ZHIPPING O
ANTI-ZUBMAR INE

ERRTIONS
PERATIONS

‘OPERRTIONS

‘ARE APPROACHED BY AT LERZT THREE

‘TRANZPORT 7

ZWHAT AIRCRAFT CARRIERZ CRUIZE AT THE MAX IPEED-

/0F ARIRCRAFT CAR
CONZTELLATION

K ITTYHAWK
“JOHN F. KENNEDY
ZWHAT T2 THE NAM
/MAZIMUM OF THE
CONZ TELLHTIDN
AMERICAH
KITTYHAWK

JUHN F. KENMNEDY

RIERZ?

E AND FLA5 dF ZHIPS

LENGTHS OF SHIPZ?
UNITED ZTRTEZ
‘UNITED ETATES
‘UNITED STATES
WUNITED STATES

‘WHICH MERSURE THE-~
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SHIPI?
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AWHAT ZHAIP S SRl FROM LOMDOMN?
70 TAMPA
TAMEZTZ
WHAT ZHIPZ ZAIL TO LOMDON?
TALLEYRAND
SWHAT ZHIPZ SAIL FROM OR ZAIL TO LOMDON?
75 TAMPA
TAMEZIS
TALLEYRAND
sWHAT SHIPZ DEPARTED SOME U PORT AND 3AIL FOR 30ME
;EJROPERAN PORPT 7
20 THERE ARE 55 LIMNEZ IN THIZ ANIWER. HOW MANY DO YOU WANT?
PEZPOND WITH "ALL"» "MONE~> OF A NUMBER.
>
HOEL
RPOBIZON
85 ZELLERZ
TOWERZ=
L'/NMDE B. MCCORMICK
RDELRIDE ZTHR
HMERICAR STAR
20 ARE WHERT OF GEMERAL FDODI TRANSPORTED BY SOME SHIP-
> THAT MNORWAY OWMS?
WHERT NO
CENERAL FODODZ  YES
WHAT DOEZ THE ZHIP WHICH COR J. HORMER COMMANDS DO7
15 ANTI-SHIPPIMNG OPERATIONS
sHAZ RIGA BEEN DEPARTED BY SHIPZ THAT BELOMNG TO U37
NO
WHAT DOES EACH OF THE MERCHANT VESSELS WHICH SAIL FOR-
JLUANDA OF ALEAANDRIA CARRY 7

100 ALEXANDRIA TASCO ARIRCRAFT
TRURLS TAMK =

TERNA ARIRCRAFT

LUANDA TARV RIRCRAFT

THRANTED TAMKS
105 LIST THE CARGO AND CALL SIoN OF SHIPS THAT BELONG-
»TO Z0UTH AFRICA.
TUNGZTEM P3R8
P3R7
P3R6
110 CHROME ORE P3RA2
P3R3
P3B0
P3A9
P3B1
115 YANADIUM ORE P3RS
P3R4




“HOW MANY MERCHANT VEZIELZ DOEZ EACH COUNTRY THAT-
ZOWNZ IHIPZ OwN?
UNITED STRTES 26

120 ZOVIET UNION 0

LIBERIR ) 5

b NORWH'Y ' 0 ao
WEST GERMANY ‘3

‘S0UTH AFRICA 10

125 NETHERLANDE 10

UNITED «INGDOM 31
T2 vANADIUM ORE TRANZPORTED BY ZHIPZ WHICH DEPRARTED-
/LUANDR?
TES
130-WAS SOME EUROPEAN PORT DEPARTED B¢ SHIPZ WHICH CARRY~
ZWHERT 'OR COARL?
COAL MO
‘WHERT ~ NO
LIST THE OWNER OF SHIPS WHICH CARRY ERACH CARGO AND~
135 ;WHICH DEPARTED NEW YORK.

TUNGSTEN NE THERLANDS
AMMUNITION WEST GERMANY
INTTION b o S
ATRCRAFT " ‘NORWAY
g T Rl R e 3 ek O WEST GERMANY
M e " 'UNITED K INGDOM
TANKS i St A A ST WEST GERMANY
Ay T NETHEPLANDS
" 'UNITED K INGDOM
ius TRUCKS e NE THERLANDS
Sl GELR k- 8 s 4 UNITED K INGDOM
FARM MACHINERY  ‘NETHERLANDS
S NI TED K INGDO
16 1, S NETHERLANDS
150 "COAL S NETHEPLANDS
Sl R S SN R " UNITED KINGDOM
WHERT ~  NETHEPLANDS
g g s S TS e UNITED KINGDOM
PIE s e s " UNITED K INGDOM

155 'CONSTRUCTION MATERIALS < NORWAY
ZWHO COMMANDS THE AIRCRAFT CARRIER WHICH APPROACHES -
/NORFOLK?
CAPT P. MOFFETT
ZWHAT SHIPS APPROACH OR DEPART LONDON?
160 "TAMPA
TAMESIZ
TALLEYRAND
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WHAT PORT DOES EACH AIRCRAFT CARRIER WHICH MERASURES-
MAORE "THAN 1000 APPROACH?
165 CONSTELLARTION  'NAPLES
KITTYHRWK *~° 'NAPLES
JOHN F. KENNEDY ' 'NORFOLK
ZWHAT DO SUBMARINEZ WHICH MERZURE MORE THAN 300 DO?
ANTI-SUBMARINE OPERARTIONS
170 /LIST THE NAMEs SPEEDs LONGITUDE AND LATITUDE OF SOVIET~
ZCRUIZERZ THAT STEAM AT MORE THAN 10.
‘ADMIRAL oOLOVKO 15 -2 7259
ADMIRAL FOKIN 1S 1 7258
WHAT SOVIET CRUISERS DO NOT ZTEAM AT 10 AND HAVE~
175 /PERCENT FUEL NOT LESZ THAN 507
YRARYRG
‘GROZNY
‘ADMIRAL G0LOVKO
‘ADMIRAL FOKIN
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F. PARAPHRASE AND DECOMPOSITION

In cases when a given sentence is not understood by the
computer, it may be necessary to rephrase it or restate it as a sequence
of simpler sentences.

The discussion here is merely illustrative.

As used here, paraphrase refers to expressing the meaning of
a given sentence in different words and structures which still result
in a single sentence. Decomposition refers to restating a given sentence
as a series of sentenc2s. The reasons for paraphrase and decomposition
overlap, but in the case of paraphrase, they are mostly that words or
linguistic structures (or both) may be unknown to the system. In the
case of decomposition, a given sentence, which may even be of simple
structure, may require a number of steps in computation, which have to
be expressed to the system in a sequence. The distinction is not
always completely clear-cut, yet it may be useful to illustrate the
two processes separately. As examples of simple paraphrase let us take
WHERE IS TARU BOUND? which can be restated as WHAT IS THE DESTINATION
OF TARU? and WHAT IS KITTYHAWK DOING? which can be paraphrased as
WHAT IS THE EMPLOYMENT OF THE KITTYHAWK?

As an example of what might necessitate decomposition the

following question can be considered:
CAN STERETT REACH NORFOLK WITHOUT REFUELING?

The answer will clearly be different depending on whether the Sterett
will go at normal or at maximum cruising speed. Let us assume it will

be normal speed. What we need to know (for this data base) is:

(1) That a U.S. naval ship consumes 7 percent of its fuel
in 24 hours at its normal speed.
(2) Where is Sterett?

(3) What is the distance from that location to Norfolk?
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(4) What is Sterett's normal cruising speed?
(5) How much fuel does Sterett have?

(6) How much fuel does Sterett use per hour?

Then we need to compute Sterett's steaming time from where
it is to Norfolk, how much fuel it would use in that time, subtract
that amount of fuel from its fuel percent, and find out whether that
is greater than zero to obtain the answer.

In a situation as complex as this, decomposition of the

original question, simple as it may appear to be, is clearly required.

RS Y
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G. ARITHMETIC OPERATIONS AND FUNCTIONS

Normal arithmetic expressions can be used. For example:

ZUHRAT IS 3e(4+5)7
ac

JWHAT 'IZ 36.66/37
12.22

The asterisk is used as the multiplication sign. Exponentiation is
expressed by double asterisks. Thus the square of 8 (i.e. 8*8) may

be expressed as 8**2, Decimals may be used:

ZWHAT T2 16.54+4. 016627
32.6201

ZUHAT IZ 2ee.57
1.41421

Arithmetic operations may be combined using normal precedence

conventions. Thus

SWHAT IZ 364+57

17
ZUHAT 'IZ 36(4+5,7
27
JWHAT IS 3ee2e27
13
JWHAT IS 3ee(262)7
31

Numbers are always carried to six digit accuracy. Thus

FWHAT IZ '1.234567
'1.23456

JWHAT IS '1.234567337
'1.23457

Very large or very small numbers are expressed using "scientific

notation," i.e. a six~digit number followed by a power of 10.

ZWHAT IS 'S6733¢100007
'5.6733E+08
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Note that the answer is to be interpreted as:

5.6789%10% or 567890000

JWHAT IS '1.2345-100007
1.2345E-~04

Which is to be interpreted as:

12345%107"  or .00012345

Literal numbers through millions may be used.

SWHAT TS ONE THOUSAND NMINE HUMDRED AND SEVENTY EIGHT?
‘1978
SWHAT TS TWO TIMES SEVEN?
14
SWHAT IS THIRTY TO THE POWER 27
300

Extra spaces are of no consequence.

YIS~ 364 ¥ 'S/7 Y 3+ 4 +57
YES

Numbers may arise from nonnumeric expressions. These can be used

in arithmetic expressions.

WHAT TS THE RANGE OF THE KITTYHAWKe257

‘300000
JWHAT TIZ THE NORMAL CRUISING RANGE TIMES PERCENT FUEL OF-
»THE KITTYHAWK DIVIDED BY ITS NORMAL CRUISING SPEED?
66000

The usual mathematical functions can be used in normal ways.

ZWHAT IS COSC30>7
. 866025
JWHAT IS THE SQUARE ROOT OF '.647
.8
WHAT IS 'LOG (NUMBER OF AIRCRAFT CARRIERS WHOSE FLAG IS USY7?
. 778151
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The following is a list of the functions that are provided, together

with abbreviations which may be used:

ABSOLUTE VALUE (ABS)

SQUARE ROOT (SQRT)

EXPONENTIAL (EXP)
[i.e. the number E to the stated power exp(5) = ES]

LOGARITHM (LOG, LOG10)

NATURAL LOG (LOGE)

SQUARE (also SQUARED)

CUBIC (also CUBED)

SIN

cOS

TAN

COTAN

ARCSIN

ARCCOS

ARCTAN

PI (=3.14159)

Arithmetic functions and standard operations may be applied when

classes are involved. Thus

WHAT T2 THE RANGE AND LOG (RANGE» 'OF TU25.3.2 SHIP:?
12000 '4.07918

UNKNOWN ~ UNKNOWN
5000 3.69837

SUIST 'THE LENGTH AND ZQUARARE ROOT 'OF THE LENGTH OF «

7EACH SHIP WHOSE CARGO IZ TIN.

‘ANDREW MILLER 455 21.3307

FRANCIS MCGRAW 4535  21.3307

AMETELMOLEN 559  23.6432
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The simple statistical functions are provided. They, of course, usually

take classes

4s arguments.

statistical functions:

ZWHAT 'IZ THE LENGTH OF ERCH
KITTYHAWK

BATON R
KMNOX
JWHAT T2
1972
JWHAT IZ
1972
JWHAT I2
‘360
JWHAT I3
'‘$23.333
JWHAT T2
623.333
JWHAT T2
1370
SWHAT T2
1370
ZWHAT I3
'1.63033
JWHAT IZ
STU2S. 3.
'318.385

OusE
THE
THE
THE
‘THE
THE
THE
THE
THE
E+03

‘THE
2 3H

1972

360

433
MAZIMUM LENGTH
MAZIMUM OF THE
MINIMUM LEMGTH
MEAN LENGTH OF

AYERRBGE LENGTH

The following illustrates the various

Tues. 3.2 SHIP?

OF Tua25.3.2 ZHIPZ?

LENGTHE 0OF Tu25.3.2 ZHIP:?

OF Tu25.3.2 ZHIPZ?

TU25.3.2 ZHIPZ?

‘OF TU25.3.2 ZHIPZ?

ZUM ‘OF THE LENGTHZ OF TUu25.3.2 ZHIPZ?

TOTAL LENGTH dF Tu25.3.2 ZHIPZ?

PRODUCT OF THE

LENGTHE OF TuUu25.3.2 IHIPZ?

ZTANDARD DEVIATION OF THE LENGTHS OF -~

IPZ7?

ZWHRT 'IZ THE YARIANCE OF THE LENSGTHE OF TUu25.3.2 ZHIPZ?

101665

These of course may be used in combinations:

ZWHAT T2 THE MAZs MINs MEAM AND STANDARD DEVIATION OF -

/THE LENGTHZ OF Tu25.3.2

1072 '3

60

623.333 313.3%5

SHIPZ?

FLIZT THE MAZIMUMs MINIMUM AND AVERAGE OF THE LENGTHS-
/OF AIRCRAFT CARRIERE WITH EACH FLAG.

UNITED

ZTART

ES 1072 1039

ZOVIET UNION 325 625

1061
7’75
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H. FORMATTING OF OUTPUT
H-1. THE COMMAND "LIST"

The command LIST, employment of quantifiers (especially multiple
ones), and graphic display of data are means available for obtaining
tabular listings of data, and of plots and histograms.

The command LIST can be used as an alternate to a question
simply to obtain one item of data, for instance LIST THE COMMANDER OF THE
KITTYHAWK instead of WHO IS THE COMMANDER OF THE KITTYHAWK?, but this is
clearly not where the power of the command lies.

When L1ST is used in more complex sentences with conjunctions,
quantifiers, or relative clauses extensive tables of output can be produced.

Some of the structural properties of useful sentences are
illustrated in the following protocol. Although they had been employed
in earlier sections, some comments are provided here.

The LIST command can be used to obtain nonnumerical information,
as in line 1, or numerical information, as in line 4, or mixed, as in
line 13. In line | the conjunction AND is found; in lines 4 and 14 the
conjunction AND and the quantificr FACH.

Line 20 illustrates the use of FOR with LIST. FOR and OF are
mutually substitutable with LIST. Also illustrated is the elliptical
relative construction WITH, which is commonly used with LIST.

Line 34 contains the conjunction AND and quantifier EVERY.

Lines 46 and 49 contain the quantifier ANY and the relative clause
with WHOSE. It will be noticed that UNKNOWN is an item of data just like
other individuals.

Lines 56 and 6/ illustrate the quantifier ALL and contain
relative clauses with WHICH and THAT respectively.

Line 71 is a complex sentence with five nouns conjoined by AND,
the quantifier EACH, the elliptical WITH phrase with two nouns conjoined
by OR, which results in a listing with seven columns.

The next example, linc 104, illustrates the situation where the
output is too long for being printed in one line and is therefore "folded."
The sentence contalns three conjoined nouns, the EACH quantifier, and a

relative clause which is a negative with NOT.
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Lines 122 and 130 are connected, since the pronoun THEM,
preceded by the FACH OF quantifier, in line 30 refers to the output
obtained through the command in line 122.

Lines 137 and 152 are somewhat similar, since they employ
AND and OR conjunctions, the EACH quantifier, and relative clauses.
However, in line 137 the OR conjunction applies to two noun items
which follow the verb 1S, and in line 152 the verb DOES.

Line 162 contains the conjunction of four noun items through
AND and of two relative clauses through AND, one starting with WHICH
and therefore having the same subject (SHIPS) and one starting with
WHOSE with a different subject (DESTINATION). The second relative

clause is negative. That many conditions are met by only one ship.

LIZT THE FLALs HOME PORT AND CURRENT EMPLOCMENT OF -

s THE K ITT (HAWK .

UNITED ZTATES MAYPORT CURVEILLANCE OPERATIONS

LIZT THE eNMDURANCEs MAAZIMUM CPUTZING RANGE AND MAZIMUM-
SCCRUTZING ZPEED OF EACH ZHIP IHM Toe/7. 1.

K ITTYHAWK 45 4000 35
WRAINWRIGHT 45 1300 24
wILLIAM H. ZTANDLEY 45 1200 34
ZTERETT 45 1300 34
10 HORNE 45 1300 34
JUUETT 45 1300 234
AZHTABULA 50 /000 25

LIZT THE QUANTITY¢ OF CARGOs ZPEEDs DESTINATION AND-
SCALL CIoN OF EACH HIGH-INTERET ZHIP.

15 TRZCO 1507 1S ALEXAMDORIH K404
TRRU 5ar e  LUANDA K493
TARIFAR 1507 15 MOCAMEDES K432
TAURUZ 1507 '15.1 ALEZAANDRIA K405
TERNA 1507 15 ALEXZANDRIA K436

20 7LIET THE EMPLOYMENT AND DEZTINATION FOR EACH SHIP WITH-
/PERCENT FUEL GREATER THAN 35.
THERE ARE 33 LINEZ IN THIZ ANWER. HOW MANY DO 70OU WANT?
REZPOMND WITH “ALL”"s “"MONE”s OF A MNJMBER.

;3
29 CONZTELLATION SURVE ILLANCE OPERATIONS " NAPLES
ZARATOGA TENDER RESTRTICTED AVAILABILITY 60008 X 3000W
K IT T HAWK SURVE TLLHANCE OPERATIONS NAPLES
JOHN F. KENMEDY SURVE TLLANCE OPERATIONS NORFOLK
INDEPENDENCE TENDER RPESTRICTED AVATLABILITY 37008 X 1700E
10 STURGEOM ROUTINE MATNTENANCE ' ON % 4S00E
PHILADELPHIA ANTI-SUBMARINE OPERATIONS " NORFOLK
BATON ROUGE ANTI- SUBMARTNE OPERAT IONS NORFOLK
LOZ ANGELES ANTI-ZUBMARINE OPERATIONS NORFDLK
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LIZT THE HULL NUMBER AND CALL ZIGN FOR EYERY RIRCRAFT -

so 2ICARRTER.
CONSTELLATION 64  'NABC
ZARARTOGAH =0  NRABG6
HMERICH 66  NABF
KITT (HRWK 63 NABE

wo JOHN F. KENNEDY o7 NABD
INDEPENDENCE o NABH
LENINGRRD c RNO4
MOZkKvR 1 RMNO3
KIEV 3 RN02

ws MINZK 4 PRNO)

JLIZT THE HULL NUMBER OF AN¢ AIRCRAFT CARRIER WHOZE DESTIMAT--

AI0M T2 UNKNOWN.

AMERICR 66

LIZT THE COMMANDER AND CALL ZIoN FOR ANY ZHIP IN Tee7.1-
50 ,WHOZE DEZTIMNATION T2 UNKMNOWH.

WRAITNWRIGHT CAPT 0. EVANE NHABY
WILLTAM H. ZTANDLEY CAPT C. MICHAREL:Z NABZ
ZTERETT CRPT . HOHMANN NABY
HORNE CAPT J. ERANIN NABX
s JOUETT CAPT T. FRENZINGER NABW
ALIZT THE CALL ZIoM FOR ALL TANKERS WHICH ARE ZEALIFT CLAZZ-
7 ZHIPZ.
ATLANTIC UR1K
PRACIFIC Ut
0 ARABIAN ZEAR UA1LL
ANTARCTIC URIR
ARCTIC UR1P
INDIAN OCERN UR1pP
CRRRIBEAN uR1a
65 CHINR ZER JRIN

MEDITERRAMEAN URLM
SLIST ALL SHIPS THAT CARRY TIN.
ANDREW MILLER
FRANCIZ MCGRAW
70 AMZTELMOLEN
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LISRST THE LENGTHs BERMs DRAFT, MALIMUM CRUISING SPEeD AND-
DEZTINATION OF EACH SHIP WITH MAYPORT OF NORFOLK AS HOME-

YPORT.
MAYPORT  'CONSTELLRTION ; dga 130 36 35 NAPLES
75 KITTYHRWK g g2 " 1300 36 33 " NAPLES
"""" JOHN F. KENNEDY 1072 130 36 35 'NORFOLK
SR - INDEPENDENCE 1033 1300 37 23 3700N X 1700E
NORFOLK ZARATOGH 1033 130 37 33 000N X 3000
S HMEREER Co1av2 130 3 35 UNKMNOWN
08 S ETURGEON - 232 32 26 30 ON X 4500E
i ' " 'PHILARDELPHIR s 30 33 38 30 NORFOLK
‘ BRATON ROUGE g 30 33 3¢ 30 NORFOLK
"""" LOS ANGELES IS 360 33 3" 30 NORFOLK
""""" BEGE e s ggg | 32 26 30 NERFHUK
85 S E N Ty GRAYLING ) 232 32 26 30 '3500N X 1000E
et TRUTOG © 232 32 86 Jo 3¥u0is X 2000E
' C T R ' 292 32 26 30 1500F X 1300E
"""" ASPRO e e e 1 [0
R o [t e 232 32 26 31 'NORFOLK
90 "~ CHARLES F. AROAMS 0 437 47 20 33 'NEW YORK
A " HENRY 'B. WILSON 437 47 0 207 33 NEW YORK
""""" BARNEY 437 47 0 20 "33 7 NEW YORK
T T T 'CLAUDE V. PICKETT"' $37 47 0 207 "33 NEW YORK
""""" LAWRENCE - T 437 0 47 200 "33 7 NEW YORK
LA 1 (0 [ B 1 | S 437 47 207 ‘33 NEW YORK
.......... HOEL "~~~ """ """ 437 47 20 "33 ' LIVERPOOL
""""" ROBIZON ~ 7777 437 "7 47 20 "33 LIVERPOOU
.....  ZELLERS 437 47 20 "33 LIVERPOOL
""""" TOWERS ~ 77" '437 47 20 ‘33 LIVERPOOL
yoo, " LU'YYNDE ‘B. MCCORMICK =~ 437 47 " '20° '33 LIVERPOOL
""""" KRWIZHIWI """ '382 " 68 42 25  'NORFOLK
"""" ‘HRZEZRAYAMPR - 382"'68"48"25"NHPLES
""""" ASHTABULAR "~ '5382 " ‘638 42 25 'NAPLES

FUTET THE EMPLOYMENTs READINEZZ AND RERZON FOR EACH IHIP "~
105 YWHICH IS NOT A SUBMARINE.

‘AMERICH " " " " T OvERHAUL -~ T CS
S OYERHARUL
KITIFYHRK - - ZURVEILLANCE OPERRTIONS ° C2
""" AIRP ZERRCH RADAR FARILURE
ENo SHENETRE CARRIER ESCORT "~~~ c3
""" ZONAR FRILURE
CHARLES F. ADAMS ° COMvOY EZCORT 77 c3
""" GUN ZYETEM FAILURE
o, T coNvOoy EZCORT "~ c2
11s 7 GUN ZYETEM FARILURE
CONNDLEE " © " T T " CUNvVaY ESEORT 0 c3
SONAR FRTILURE
RATHBURNE CONVOY EBESEERT - c3
ZONAR FARILURE
MEYERKORD CONVOY EZCORT ~ e e

SONAR FAILURE
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LIZT THE HULL NUMBER. TYPE AND HOME PORT OF ERCH-
IHIP IN Tode. 4.
K ITTTHAWK "'63 AIRCRAFT CRARRIER =~ 77~ MRYPORT
{ 125 BATON ROUGE 689  NUCLERR POWERED RTTACK SUBMARINE NORFOLK
PaOGY 847 NUCLERR POWERED RTTACK ISUBMARINE NORFOLK
q HOEL ‘ 13"GUIUEU'MIJ:ILE'UE&TPUYEP" """" NORFOLK
JELLERS 11 GUIDED MISSILE DESTROYER " 'NORFDOLK
SRAY eSS4 ERIGHEE S E e e e CHARLESTOMN
130T THE COMMANDER AND COMMANDER S LINERAL FOR EACH OF THEM.
K ITTYHAWK CAPT R. SPRURANCE ~ 4334
BATON ROUGE CDR V. QUIET =~ 4339
POGY CDR 'J. HORMNER ‘10104
HOEL CDOR W. HUNT 10010
135 "ZELLERS " CDR C. PRESGROVE 10009
cRAY CDR P. LILLY 10014
SUIET THE JUANTITY OF CARGO AND CALL SIGN OF ERCH SHIP WHOSEX

CARGO IS YANARDIUM ORE OR CHROME ORE.

‘CHROME ORE JOHN TOULE ‘50T " 'URIB

L AR S JACK 'J. PENDLETON " 50T~ URIT
""""""" JOSEPH E. MERRILL "~ 'S0T ~ URIH
..........  MERCHANT - L IS0T  P3R2
"""""" ‘PIONEER "~~~ "~ """ '150T " P3R3

R ST L VENTURE ** " 'ISOT ' ‘P3B0
1 AR R e T e S VANGURRD 1S0T ° ‘P3RS
............... VICTORY " '{S9T * ‘P3Bf
YANADIUM ORE  MORRIS E. CRAIN " 23T  'URIE
"""""""" GREENVILLE VILTUFY ‘50T URIR
"""""""" TRUMAN KIMLOW 50T T URLF
LR TR TR TR SHIPPER &~ 1S0T ° ‘P3RS
............... SERFARER -~ ‘1S0T ' ‘P3R4

FLIEST THE COMMANDER AND COMMANDER S LINERL FOR ERCH SHIP WHICHN
#DOEZ ZURVETLLANCE OPERATIONS OR ANTI-SUBMARINE OPERATIONS.
ZURVETLLANCE OPERATIONS = CONSTELLATION ‘CAPT 'J. ELLTISOM 4832

L e e St ST R R TR KITTYHRWK - " 'CAPT R. SPRUANCE '~ 4334
"""""""""""""" JOHN F. KENNEDY " 'CAPT P. MOFFETT ' 4333
............................ ASPRO - """ ‘CDR ‘T. CHANDLER ' ‘10105
........................... SUNFISH " " 'CDR ‘M. ‘MORTON ‘10106
‘ANTI-SUBMARINE OPERATIONS ' PHILADELPHIA CDR L. SNEAK "~~~ ' 4340
T e BATON ROUGE CDR V. ‘QUIET '~ 4839
............................ LOS ‘ANGELES **°** 'CDR 'D. JOMNES * ‘4838

YLIST THE DESTINATIONs CALL SIGNs 'SPEED HAND CARGO OF HIGH-INTEREST™
YZHIPE WHICH DEPARTED RIGA AND WHOSE DESTINATION IS 'NOT SOME
EUROPERN PORT.

165 LUANDAR ~ K433 " 16 ° AIRCRAFT




76

H-2. MULTIPLE QUANTIFIERS

Obtaining output in tabular form can also be achieved through
the use of quantifiers, especially if more than one is employed. Numerous
examples have been included in other sections as well as Section H-1 in
connection with LIST. Here just a few illustrations are given of possible
combinations of quantifiers.

Line 1 contains HOW MANY and EACH OF, line 10 the same quantifiers
plus a relative clause.

Line 16 illustrates HOW MANY OF with a relative clause containing
the conjunction OR of four noun items.

In line 22 HOW MANY is followed by a relative clause containing
the AT LEAST quantifier.

Line 34 illustrates the use of two EACH OF quantifiers, the
second one being in a relative clause.

In line 50 the quantifier WHICH OF appears together with the
EACH quantifier.

HOW ‘MAMY ZHIPZ 'ARE OWNED B+ ERCH 'OF THE EUROPEAN COUNTRIES?

FRANCE ~~+ - - 0
SPRIN 0
TTALY - 0
5 NORWRY =~~~ """ 13
WEST GERMANY =~ 3
‘NETHERLANDE ~ 10
‘UNITED KINGDOM 31
‘PORTUGHAL * "~ L}
10 HOW MANY SHIPZ ARE OWNED BY EACH OF THE EUROPEAN COUNTRIES™
FWHICH OWNE EHIPET
‘NORWRY ~~ "~~~ """ 77 19
‘WEST GERMANY =~ 3
‘NETHERLANDS * " 10

15 'UNITED KINGDOM 31
SHOW MANY ‘OF THE SHIPS WHICH ZAIL FOR LIVERPOOL CARRYX
FWHEATs 'COALs 'OIL 'OR FARM MACHINERY?
‘FARM MRCHINERY '3

CORL 3
20 ‘WHERT ~ =~~~ &
OIC - 13
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HOW MANY SHIPZ APPROACH EACH PORT WHICH IS THE DESTINATIOM™
JOF AT LEAZT Twd IHIPZ?

‘NORFOLK ~~ a3
25 NRAPLES ° " 'S
857 3 S 4
‘MONROVIR I

‘NEW fORK ~~~ 28
‘ALEXRNDRIR '3
30 LUANDR T T 2
‘LISBON 3
LIVERPOOL 54
‘WILMINGTON 27
AT IS THE CALL SI6N» LONGITUDE AND LATITUDE OF ERCH™
35 *UF THE SUBMARINES THAT 'BELONG TO EACH OF THE COUNTRIEI?
‘UNITED STRTES * PHILADELPHIR  'NABK ~° 2000 =3700
"""""""" BATON ROUGE "~ NABJ 4130  -=15S00

"""""""" LOS ANGELES " " NABI ~ 4500 " """ 0
................ POGY - 'NABP ‘1000 3500
T S S RIPRO "~ NAB@ * '=30040 " " '3000
"""""""" SUNFISH ~ '~ 'NABR " '-6000 3000
‘SOVIET UNION °© USSR ‘10" " " RNL7 °~ =2713 "~ ‘2310
................ USSR 1S RN22 ° <5300 ' 1615
................ USSR 14 " RM2I ° ‘=4305 ' ° ‘1630
gt USSR-13 """ RN20 © =3315 ‘1940
................ USSR 12 RNI9 - ‘=3410 ‘1945
................ USSR LT RNLE - =3100 2150
................ USSR ‘16 """ 'RN23 " ‘5410 300
................ USSR 17" 'RN24 ° ‘=3005 ' ‘6000

50 WHICH OF THE MERCHANT WEZZELZI THAT BELONG TO NORWAY~
#HAVE EACH EUROPEAN PORT ‘AZ DESTINATIONT

MAPLES ~ TANCRED
71 521 5 TRIPING
o Ol b g 1 TAGRIS
"""""" TRAGRYTRAY
............ TRBOR
‘ROTTERDAM * 'TAMPR
‘wONDON - TRALLEYRAND
s0 LISBON "~ TENNESSEE
""""""" TENERIFFR
"""""" TENNERRIRE
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H-3. GRAPHIC DISPLAY OF DATA
Two ways are available for graphic display of the data:
plotting and histogramming.

Scatter plots can be obtained with commands such as these:

ZPLOT MAXIMUM CRUIZSING RANGE AGAINST MAXIMUMN
>CRUIZING SPEED OF UZ 'NAVAL ZHIPES.

............... e

.................
S UL e e et
................ AR e s S A
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FPLOT PERCENT FUEL ‘AGAINST ENDURANCE OF ZHIPS.
......... 100 <<= € @ e e e
................. R T
............... B I
................. D R
............... e e
................. N T T T
............... e
................. € e
................. ?..‘.....‘A.A.......,...................‘
............. iy e
................. R I AR o
............... B I I R
........... R T P S S S A A A A A R I I AT
..................... e ek i SE Kt Sl e B TR S
................ - R R Ry - 1

Histograms may be used in order to see the distribution
of the values of some attributes of objects. The commands for

obtaining them are such as those illustrated on the following page.




80

o0
-~

‘SHIP

Z0OF

*HISTOGRAM LENGTH:

o

R 2K K I A I
B bR B R E S S b
e s e I et e e e e S
eSS RN VTN Y
o $EFRI Y

L I R 2

L 4
R 2

‘&

R R K e R R X Y I Y S

R O R R

‘NORMAL CRUISING RANGE-

THIPS.

$
«
=

TOGRAM PERCENT FUEL 'TIME
#DIVIDED ‘BY 100 'OF US NARVAL -

FHIS

sesen

se

‘w‘w“wwvrvww

BEIREEDIDIIIIPIREL SN

e ———— e ——

P e P P P =

PO

‘12000

' .....................:.
[} ' ' ' '
'r "
'
S———




81

III. MODIFYING AND EXTENDING THE LANGUAGE
AND THE DATA BASE

Perhaps the most important feature of REL is its extensibility,
the facility offered the typical end-user unskilled in programming to
modify his data base and language by changing the existing data base,
adding new data items (and thus vocabulary), and defining new expressions
and concepts, including such complex ones as verbs. Each of these will
be discussed and illustrated here, except for verbs which were discussed
in Section II-E.

The facilities allow the user to change his data and language
to update it according to the changing situation, which in many real
applications happens all the time. They also allow him to explore his
data along a variety of paths, including the formation and testing of

hypotheses.

A. MODIFYING AN EXISTING DATA BASE

A-1. CHANGING AN EXISTING DATA BASE

As information about existing data base items changes, changes
can be made in the data base to reflect the new information. For instance,
if a change has occurred in the commanding officer of a given ship, say,
the KITTYHAWK, from CAPT R. SPRUANCE to CAPT P. MOFFETT at a certain
time, the data base can be changed by statements such as those found
in the protocol below in lines 11-17.

In general, changes can be made by deleting the existing
information, as in line 3 through a negative statement, and entering the
new information, as in line 5.

If it is desirable to include information about times when

changes took place, this can be done as in lines 14 and 17.
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Changes can be made concerning single entities, as in line 27,
or about conjoined entities, as in line 29, or about a class, as in

line 31.

*WHAT 'TZ THE PERCENT FUEL 'OF THE BIDDLE?
‘as
»THE PERCENT FUEL OF THE BIDDLE 'IS 'NOT 382.
DATA HAZ BEEN DELETED.
s *THE PERCENT FUEL OF THE BIDDLE IZ 72.
‘DATA HAS BEEN ARDDED.
YWHAT 'ITZ BIDDLE“Z PERCENT FUEL?
i~
*WHO COMMANDE THE KITTYHAWK?
10 'CAPT R. =ZPRUANCE
YCAPT R. ZPRUANCE IS 'NOT THE COMMANDING OFFICER OF-
Y THE KITTYHAWK.
‘DATA HAZ BEEN DELETED.
“THE COMMANDER OF THE KITTWHAWE WAE CAPT-
15 R, EPRUANCE ENDING JUNE 4 1976,
DATA HAZ BEEN ADDED.
CAPT P. MOFFETT WAS COMMANDING OFFICER OF THE "~
EITTYHAWK STARTING JUNES™ 5s 1976,
ODATA HAS BEEN ADDED.
20 *WHO COMMANDED THE KITTYHRWK?
CAPT R. SPRUANCE '~ 'ENDING JUNE 04, 1976
CAPT P. MOFFETT ~ STARTING JUNE 05, 1976

*WHAT IS THE ZPEED OF EACH Tu25.3.2 SHIP?

KITTYHAWK 20
25 'BATON ROUGE ~~ 0
KNOX Dk -

»*THE ZPEED OF THE KITTYHAWK IZ 'NOT 20.
DATA HAS BEEN DELETED.
»THE ZPEED ‘OF THE BATON ROUGE AND KNDX IS 'NOT 0.
30 DATA HAZ BEEN DELETED.
#THE "ZPEED 0OF Tu25.3.2 SHIPZ TZ 10
‘DATA HAZ BEEN ADDED.
WHAT TS THE ZPEED OF EACH TUW25.3.2 SHIP?

KITTYHAWK = 10
35 'BATON ROUGE 10
KNDOX S SR 1
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Some more complex examples are provided in the next protocol.

The statement in line 8 deletes the existing information about
LOS ANGELES CLASS SHIPS, which are known to be PHILADELPHIA, BATON ROUGE,
and LOS ANGELES of lines 2, 3, and 4 respectively. The statement in
line 10 assigns a speed to these ships collectively, and the change is
reflected in the answer to line 12. The speed of POGY in line 16 remains
unchanged.

Changes can be made about an individual and a class in a single
statement, as can be seen from line 19. Since no data is deleted, this
statement simply adds the new data to the existing information, as can
be seen from the answer to the question in line 22.

In lines 33 and 35 part of the information is again deleted,
resulting in the change revealed in the answer to the question in line 37.

This protocol illustrates how a succession of changes can be

made in a dynamically changing environment.

WHAT IS THE IPEED OF EACH JZ ZUBMARINE?
‘PHILADELPHIAR "'UNKNOWN
BATON ROUGE * ° 'UNKNOWN
LOZ ANGELES = 'UNKNOWN

R = (1 AR UNKNOWN
ASPRO - a
SUNFISH -~ a

4

#THE "ZPEED OF EACH LOZ ANGELEZ CLAZ
‘DATA HAZ BEEN DELETED.
10 THE SPEED OF EACH LOZ ANGELEZ CLAIZ ZHIP IZ '10.
‘DATA HAS BEEN ADDED.
WHAT 'IZ THE ZPEED OF EACH JZ ZUBMARINE?

)

T IHIP IE 'NOT UNKNOWN.

¢

4
4

(%

"

‘PHILADELPHIR 10
‘BATON ROUGE 10
15 'LOS ANGELES 10
POEY " UNKNOWN
et PR el &
SUNEESI -7t 3

»THE ZPEED 'OF THE AZPRO AND EACH LOZ ANGELES CLAIS IHIP-
20255 9.
DATA HAS BEEN ADDED.
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40

ZWHAT IS THE HJULL NUMBER AND IPEED OF ERACH UZ SUBMARINE?

v
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‘PHILADELPHIR 630 "~~~ '3
.............. 530 10
BATON ROUGE 39 " 7 I
vt e e e 5§33 0
LOS ANGELESE 638 3

............. 633 10
[ 3 (5 647 UNKNOWN
AZPRO 043 3
.............. 543 3
‘SUNFISH " 649 " """ 7 3

+THE ZPEED OF THE AIPRO IZ AT 3.

‘0ATA HAZ BEEN DELETED.
THE SPEED OF EACH LOZ ANGELEZ CLASZ SHIP 'IZ 'NOT 10,
‘DATA 'HAS BEEN DELETED.

WHAT 'IZ THE HULL NUMBER AND ZPEED OF EACH UZ SUBMARINE?

‘PHILADELPHIR 690 3
'BATON ROUGE ~ 689 3
‘LOS ‘ANGELES ~ 689 """ - 3
POGY 647 UNKNOWN
ASPRO "~ 648 3
B e i e s MEREE 3

The next protocol illustrates how a change can be made about
one entity without disturbing others which share the same characteristics.
In this case, we have three destinations of SHIPS THAT CARRY GENERAL
FOODS, and we would like to change OSLO (line 4) to LISBON. The desired
effect would not be achieved by statements such as OSLO IS NOT THE
DESTINATION OF SHIPS THAT CARRY GENERAL FOODS and LISBON IS THE
DESTINATION OF SHIPS THAT CARRY GENERAL FOODS. The result of such
statements would be that OSLO would no longer be a destination, but
LISBON would be added as a destination of all ships THAT CARRY GENERAL
FOODS, thus also those whose destination is NAPLES and MONROVIA, which
is not what is intended here since we want to only substitute LISBON
for OSLO. The protocol illustrates how this can be done.

In line 6, LISBON is made a DESTINATION but only of those
SHIPS WHOSE DESTINATION IS OSLO AND THAT CARRY GENERAL FOODS. The use
of two conjoined relative clauses is shown to single out that particular

group of ships. The result of this change is shown in the answer to
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the question in line 9. As can be seen, LISBON is added as a destination
of ships whose destination was only OSLO.

To remove OSLO, the negative statement in line 21 is used,
and the desired change is obtained, as shown by the answer to the question

in line 24.

¥WHAT ‘ARE THE DESTINATIONS OF THIPS THAT-
¥CARRY GENERAL FOODS?
NAPLES
0sLO
5 "MONROVIA
FLTSBON TS ‘A DESTINATION OF SHIPS WHOSE DESTINATIONN
IS ‘0SLO ‘AND THAT ‘CARRY GEMERAL FOODS.
'DATA HAS 'BEEN ‘ADDED.
YWHAT TS THE TDESTINATION OF EACH SHIP WHOSE-
1o ¥CARGO IS GENERAL FOODS?
TALABOT ** ‘MONROVIA
TAIPING ~ OSLO
............ i
TAGRIS 0zLO
RN T LISBON
TAGAYTRAY * 'OSLO
"""""" LTSBON
TABOR ~~ OsSLO
""""""" LISBON
20 TANCRED ' ‘NAPLES
*OSL0 ‘TS ‘NOT THE ‘DESTINATION OF SHIPS THAT-
¥CARRY ‘GEMERAL ‘FOODS.
'DATA 'HAS 'BEEN DELETED.
“WHAT TS THE DESTINATION OF EACH SHIP WITH:
25 ¥GENERAL FOODS ‘AS CARGO?
TALABOT *** ‘MONROYIA
TAIPING ~~ LISBON

TAGRIS = " LIZBON
‘TAGAYTRAY ~ 'LISBON
30 'TABOR ~ ~ " " LIEBON

‘TANCRED * * * 'MAPLES
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A-2. ADDING A NEW PIECE OF INFORMATION TO AN EXISTING DATA BASE

A new piece of information may have been acquired, say, about
the employment of some ships. This information can be added either about
each of these ships individually, or collectively, as can be seen from

the protocol below.

WHAT IS THE EMPLOYMENT OF ERCH YANKEE CLAZSI SHIP?

‘MONE

ZWHAT ARE YANKEE CLASZ 3IHIPZIT

USSR 'S

UISR 4

USSR '3

THE EMPLOYMENT 'OF USSR 'S I3 ANTI-SUBMARINE OPERATIONS.
‘DATR HAS BEEM RDDED.

THE EMPLOYMENT OF YAMKEE CLRIZ SHIPS IS ANTI-SUBMARINE-
~OPERRTIONS.

‘'DATA HAS BEEN RDDED.
WHART IS THE SPEED AND EMPLJYMENT OF ERCH YANKEE CLASS ‘SHIP?
‘UESR 'S '3 ANTI-SUBMARINE OPERATIONS

‘USSR ‘4 '3 " 'ANTI-SUBMARINE OPERARTIONS

USER '3 '3 ANTI-SUBMARINE OPERRTIONS
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B. ADDING DATA ITEMS

One can very well imagine a situation in which information

would somehow be obtained about another U.S. Navy ship which had been
dispatched from Norfolk to join those currently in the Mediterranean
port Naples. Whatever items of information had been obtained about
ships can immediately be incorporated in the user's data base and be
available for immediate use.

There are the following ways of introducing new primitive
data, that is data which is not defined in terms of existing data

(see discussion on page 93).

B-1. INTRODUCING NEW INDIVIDUALS
(a) XXX:=NAME
e.g. ALBATROS : =NAME
(b) XXX:=NAME (ANIMATE)
e.g. CAPT T. FERN:=NAME (ANIMATE)

B-2. INTRODUCING NEW CLASSES
(a) XXX:=CLASS

e.g. RADIATION HAZARD SHIP:=CLASS
(b) XXX:=CLASS (ANIMATE)
e.g. SPECIAL OFFICER:=CLASS (ANIMATE)

B-3. INTRODUCING NEW RELATIONS
(a) X¥X:=RELATION

e.g. COMPUTER : =RELATION
(b) XXX:=RELATION (ANIMATE)
e.g. RADIATION OFFICER:=RELATION(ANIMATE)

B-4. INTRODUCING NEW NUMBER RELATIONS
XXX:=NUMBER RELATION
e.g. RADIATION LEVEL:=NUMBER RELATION

Note: The notation XXX is used to indicate any character or character
combination, for example JOHN or INCOME. Thus XXX:=NAME stands for a
case such as ALBATROS:=NAME. Spacces in the format berore and after
":" and "=" arc ignored.
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B-5. DISCUSSION OF THE WAYS OF INTRODUCING NEW DATA

a. The Ways of Introducing New Individuals

XXX:=NAME

We can introduce a new ship, say, the ALBATROS, by saying:

ZALBATROZ ¥ =NAME
‘DEFINED.

Now, whatever data we have about it can be introduced through

statements such as:

#THE ALBATROZ I3 'A 'LOX ANGEL

‘DATA HAZ BEEN ADDED.

#THE 'HULL NUMBER OF THE ALBATROSZ 'IE '225.
‘DATA HAZ BEEN ARDDED.

#THE DESTINATION OF THE 'ALBATROZ IS 'NORFOLK.
‘DATA 'HAZ BEEN ADDED.

#THE PERCENT FUEL OF THE ALBATRJS 'IZ 35.
‘DATA HAZ BEEN ADDED.

E

-~ -
]

and so on, provided that all the vocabulary is known to the system.
If we came, for instance, to the name of the commanding officer of
the ALBATROS and that name is not in the data base, it is necessary
to introduce it. Thus,

XXX:=NAME (ANTMATE)

ZCAPT 'T. FERNZ=NAME CANIMATE .~
‘DEFINED.

Note: The distinction between NAME and NAME(ANIMATE) just as between
CLASS and CLASS (ANIMATE) and RELATION and RELATION(ANIMATE) discussed
below should always be made when relevant. The distinction is more
grammatical than following the facts of the real world, that is ANIMATE
items are those to whom we want to refer to with such pronouns as HE,
SHE, HIS. Thus, if we wanted to talk of ships as SHE we would have to
make them animate; but if we do not want to refer to a male dog as HE
and are satisfied with using IT instead we need not make Fido animate.
All humans should be introduced as animate.
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Data can then be added about CAPT T. FERN, as in line 1 below.
It will be noticed from the answer to the command in line 3 that ALBATROS
has been added to the LOS ANGELES CLASS SHIPS, and that the data about

its hull number and destination, as well as commander, has been added.

ZTHE 'COMMANDIMG OFFICER OF THE ALBATROZ IZ CAPT T. FERN.

‘0ATA HAZ BEEN RDDED.
ZLTIET THE COMMANDER. HULL MUMBER AND DEZTINATION OF -

sEACH 'LOZ ANGELEZ CLAZI SHIP.

PHILADELPHIA CDR L. 3INERK 30 NORFOLK
‘BATON ROUGE ~ COR %Y. GQUIET 639  'NORFOLK
‘LOS ANGELEE *~ CDR 'D. JONES o238 'NORFOLK
ALBATROZ *~  CAPT T. FERN 225  'NORFOLK

b. The Ways of Introducing New Classes

XXX:=CLASS

If for some reason we wish to single out a group of items, for
example ships that have been exposed to high radiation, we can designate
these, for instance, as RADIATION HAZARD SHIPS in the following way:

*RADIATION HAZARD ZHIPI=CLAZZ
DEFINED.

and assign the given ships to this new class, for example:

ZHIPZ THAT WERE I TUu24.2.2 FROM MARCH 1es 1376~
AT JuNE 20+ '1'376 ARE RADIATION HAZARD IHIPSI.
‘DATA HAZ BEEN ADDED.

»WHAT ARE RADIATION HAZARD IHIFZ?

‘HOEL

'ROBIZ0ON

"ZELLERE

TOWERE

‘LYNDE 'B. MCCORMICK

KNOX
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XXX:=CLASS (ANIMATE)

If a group of humans needs to be singled out for some purpose,
for example officers who have been selected for some special award or

study, we can designate them, for instance, as SPECIAL OFFICERS:

ZZPECIAL OFFICERS=CLAZI (ANIMATEY
DEFINED.

and assign to it officers in question as illustrated in the protocol

below.

SCAPT 20 "JACKEZON IE A ZPECIAL OFFICER.
DATA HAS BEEN ADDED.

ZALL COMMANDING OFFICERS WHJ COMMAND LOZ ANGELES CLAIZ~
c2Rlf: ARe SPECIAL OFFICERZ.

DRATA HAS BEEN ADDED.

+WHO ARE IPECIAL OFFICERZE?

CDR L. INERK

‘CDR %Y. JUIET

'CDR D. JONEZ

CAPT Z. JACKZON

‘CAPT T. FERN

c. The Ways of Introducing New Relations

XXX :=RELATION

New relations can also be introduced as primitive relations.
If we want to add to the data on some ships information about, for
instance, their computer capability, where the various computers are
Y42, Y43, and Y44, this can be done as follows.

The names of the computers have to be introduced, unless

they are already known to the system; thus,

#2423 =NAME
‘DEFINED.
7 Z43¥=NAME
‘DEFINED.
/2443 =MAME
‘DEFINED.
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COMPUTER is introduced as a relation (the order of these two operations

can obviously be reversed).

/COMPUTER:=RELATION
‘DEFINED.

Now we can establish the relationship between a given computer
and a given ship as in lines 1, 3, and 5. It will be noticed that the
information in line 5 is added about a class of data. Questions such

as in line 7 and 9 show that the new data has been added.

“;THE COMPUTER 'OF THE LOS ANGELES IS 242.
DATA HAZ BEEN ADDED.
/THE COMPUTER OF KITTYHAWK CLRZIZ ZHIPI IZ Z243.
‘DATA HAZ BEEN ARDDED.

5 ;THE COMPUTER OF Uz ZUBMARINEI I Z44.
‘DATA HAZ 'BEEN ADDED.
ZWHAT 'COMPUTER DOEZ THE AMERICA HAVE?

+ 243
SHOW MANY ZHIPZ HAYE EACH COMPUTER?
10 244 11
243 4
242 1

XXX :=RELATION(ANIMATE)

We can introduce for a ship such a new relation involving

animate objects as

/RADIATION OFFICER:=RELATIONCANIMATE
‘DEFINED.

and if the commanding officer of a ship wants to designate a person to

be a radiation officer, he will proceed as shown in the protocol. First,
he will name the officer, possibly add some data about him, and establish
him as the radiation officer. This will allow a question such is

illustrated in the protocol.
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LT '‘B. PIKEZ=NAME C(ANIMATE »
DEFINED.
/LT 'B. PIKE IZ THE RADIATION OFFICER 'OF THE ALBARATROS.
‘DATRA HAZ BEEN ADDED.
LT B. PIKE"S LINEAL I3 1307,
‘DATA HAZ BEEN RDDED.
ZWHAT 'ITZ THE LINEAL OF THE RADIATION OFFICER OF THE ALBATROS?
1307

d. The Ways of Introducing New Number Relations

XXX:=NUMBER RELATION

The number relation serves to introduce a new numerical data

item, for example:

SRADIATION INDEX:=NUMBER RELATION
‘DEFINED.

This allows adding of information and asking questions as in

the protocol below.

ZTHE RADIATION INDEX 'OF THE AMERICAR IE 'Se.
‘DATA 'HRAS BEEN ADDED.
#THE RADIATION INDEX ‘OF THE KNOXs THE SELLERI AND-
#THE BIDDLE IZ 83.
s 'DATA HAS BEEN ADDED.
#THE RADIATION INDEX ‘OF FORRESTAL CLASS SHIPS IS 40.
‘DATA 'HAS BEEN RDDED.
ZWHICH SHIPZ HAVE ‘A RADIATION INDEX GREATER THAN 507
‘AMERICH
1o BIDDLE
"SELLERE
‘KNOX

It will be noticed that in line 3 the data is added about three
ships at once conjoined through AND, and in line 6 about a whole class

of ships.
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C. DEFINITIONS

An existing data base can be significantly extended by the
user through definitions of new concepts and expressions. This capability
allows the user to introduce terms and concepts by defining them on the
basis of existing ones in such a way that their meaning is most natural

and appropriate for the user.

C-1. SIMPLE DEFINITIONS

A number of simple definitions may prove quite useful and
helpful in ongoing work. Such are, for instance, abbreviations. The
ship named JOHN F. KENNEDY may be conveniently referred to as JFK. To

be able to do so we define the latter in terms of the former as follows:

»DEF*JFK:JOHN F. 'KENNEDY
" 'DEFINED.

If abbreviations or special spellings of any kind are
introduced, one has to be consistent in using the form that was

introduced, or else have several definitions, for example:

YDEFYJFKSJOHN F. KENNEDY

" 'DEFINED.
YDEFFJ.FUK. 2 JOHN F. 'KENNEDY
" 'DEFINED.

Other simple definitions may be different terms which are
used interchangeably.

In the following examples the term HOME PORT is the one that
is already known to the system (as a primitive relation), and the

others are defined on the basis of it.

Note: Terms and concepts introduced through definition on the basis
of existing ones are preceded by DEF:, unlike the primitive ones
discussed earlier (see page 87), and the format does not include
Spaces before and after ":" are ignored.
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(a) »DEFTHOME STATION:HOME PORT

" 'DEFINED.

(b) »DEFFHOME CITY:HOME PORT
" 'DEFINED.

(c) »DEF: 'ASSIGNED HOME PORT:HOME PORT
" DEFINED.

Once a term becomes known through a definition, as, for
instance, HOME STATION through (a), a new expression such as in (d) can

be introduced in terms of it, as follows:

(d) >DEF:PERMANENT ZTATION:HOME STATION
" 'DEFINED.

I1f, however, such a series of definitions becomes very long
it may be more costly in time then defining on the basis of primitively
existing terms (i.e. HOME PORT in this case).

For other examples of simple paraphrasing definitions see the

following prctocol.

#DEF*DEPARTURE POSITION:DEPARTURE POINT

" DEFINED.
*DEF*CARGO:CARGO TYPE
‘DEFINED.
»DEF *ECONOMICAL CRUTISING RANGE:NORMAL CRUISING RANGE
‘DEFINED.
»DEF *CURRENT EMPLOYMENT:EMPLOYMENT
‘DEFINED.
YDEFCURRENT AZSIGNMENT EMPLOYMENT
‘DEFINED.
DEF:STATE OF READINEZZ:COMBAT READINEZE RATING
" DEFINED.
»DEF £ INOPERATIVE ZONAR:SONAR FAILURE
" 'DEFINED.
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C-2. COMPLEX DEFINITIONS

Complex definitions may involve subordinate clauses, extensive
calculations, the use of variables, the use of ambiguity, defining
relations.

The user's needs and imagination may lead to the definition
of quite complex concepts through lengthy definitions which then can be

used in rather simple sentences just like simple primitive concepts.

a. With Subordinate Clauses

>DEF *NOREGIAN SHIP:SHIP WHOSE FLAG IS NORWAY

" 'DEFINED.

YDEFsOIL CARRYING VESZEL:SHIP WHOSE CARGO IS OIL
" 'DEFINED.

7DEF S SUPERZHIP:SHIP WITH LENGTH GREARTER THAN 700
" 'DEFINED.

Suppose that we want to define the concept of EFFECTIVE RANGE
for U.S. ships which will have the meaning of "how far a given ship can
go at its maximum speed with the amount of fuel that it currently has."
This would not be a meaningful notion for submarines, as they appear
in the data base, since their fuel percent is always 100. Therefore,
we first want to limit the group of ships under consideration to all
but the submarines. We can define them as follows, using a subordinate

clause:

>DEF*SURFACE SHIP:SHIP WHICH IS 'NOT ‘A SUBMARINE
" 'DEFINED.

b. With Extensive Calculations

The concept which we want to define, namely EFFECTIVE RANGE,
involves knowing
(1) What a given ship's maximum speed is.
(2) What its fuel percent 1is.

(3) How much fuel it uses at its maximum speed.
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Since maximum speed is given in the data base in terms of
hours and fuel consumption in terms of days, we may want to introduce

the term MAXIMUM FUEL CONSUMPTION, abbreviated to M FUELC, as follows:

“DEF:M FUELC: 2624
'DEFINED.

which gives us maximum fuel consumption per hour (26 percent is fuel
consumption of U.S. Navy ships in 24 hours in this data base). The
concept EFFECTIVE RANGE can be defined now in terms of PéRCENT FUEL,
MAXIMUM CRUISING SPEED, and M FUELC as follows:

~DEFTEFFECTIVE RANGE: (PERCENT FUEL/100> eMAXTMUM-
>CRUTZTING PANGE- M FUELC
DEFINED.

If we do not introduce the term M FUELC the definition may

alternately be stated in either of these ways:

>DEFTEFFECTIVE RANGE: (PERCENT FUEL/100)> ¢ (MAXTMUM-
JCRUISING RANGE/ (26241
DEFINED.
*DEF:EFFECTIVE RAMGE: (PERCENT FUEL ‘¢ MAXIMUM™
CRUIZING RANGE & 24/ (2641007
DEF INED.

Once we have the concept EFFECTIVE RANGE we can use it in

questions the same way as we would use a primitive notion. The protocol

that follows illustrates this.

Note: The use of parentheses is necessary to indicate precedence, as
in ordinary arithmetical operations.
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JUHAT T2 THE EFFECTIVE RANGE OF THE KITTYHAWK?
'3243.23
ZWHAT IS THE EFFECTIVE RANGE OF IHIPZ WHOZE ENDURANCE -
#IZ 'SREATER THAN 1007
UNKNOWN
UNKNOWN
UNkNOWN
4373.34
3523.23
3931.54
1735.33
1606.15
‘312.303
S 1200
1643.03
‘16443.2
11132.°3
5646.15
'14353.3
ZWHAT IZ THE EMDURANCE OF IHIPZI WHOZE-
FEFFECTIYE RANSE IZ SREATER THAN 40007
-1
60
50
130
‘130
‘130
150
150
150
150
“WHAT I3 THE EFFECTIVE RANGE OF EACH AIRCRAFT CARRIER-
WITH EACH FLAG?
UNITED STATES ' CONSTELLATION ~ '3692.31

............... IARATOGA ' 3692.31
................ AMERICA '~ Ty
"""""" KITTYHAWK = " '3249.23
"""""" JOHN F. KENMEDY * '3323.08
"""""""" INDEPENDENCE ~ ° '3692.'3t1
‘ZOVIET UNION ' LENINGRAD ' ' 23547.'69
R e e L MOSKVA 2436.32

.............. KIEV =~ " " 2436.32 |

"""" MINSK =" """ '2298. 46 |

/MHHT'IS'THE'MHKIHUH'HND‘MINIMU"'EFFE&TIVE'RHNF“GE'DFQ
“AIRCRAFT CARRIERS?
3632.31 "0
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¢c. With Variables

Definitions can employ variables, which constitute a powerful
mechanism for allowing a generalized statement. The variables, which
are expressed between double quotation marks (" "), have no values.

" o

They stand for 'things like what is between " .

(1) If a number is between " ", any number can be used

in its place.
(2) If ncins like SHIP, SPECIAL OFFICER, CAPT R. SPRUANCE,

LENGTH are between " ", any noun or noun phrase can

be used.

The protocol that follows illustrates the use of definitions

with variables.

The question which appears under each definition illustrates

how the defined terms can be used.
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FOEFSF € 73 s " 2128 13 "3 "IN GTD "

DEFINED.
ZWHAT T2 Fo3a407

! 25
,JI-IHHT IZ FCCOZ (3D sF(Sy. 07007
29. 993

/DEr"’ KOZHIP:ZHIP WHOZE MAATIMI“UM CRUIZIMNS RANGE IZ-
/BREATER THAN "27e1000

‘DEFTNED.
ZWHAT ARE THE FLAGI OF 25K IHIPZ?

UNTTED "ZTRTEZ

LIBERTH

UNTTED 'K INGDOM
+DEF"NORFOLK ™ ZTATIONED "IZHIP "z "IHIP" wWHOZE HOME PORT -
A2 "HORFOLE ™

DEFTINED.
ZLTEZT THE HAME. HULL NUMBER ANMD COMMANDER OF THE CHARLEZTOM-
AZTATIONED FRIGATE:Z.

L o il 1032 ' 'COR 'C.’ ' JACK ZOM
'CONNOLE ** 1036 ' ‘COR W ‘CARL

HEPBURN ' ' " '1 1033 ' 'CDR 'D.' 'WETSSERBER

GRAY 1034 'COR 'P. LTLLY

ROARK 0 1032 * 'COR "J. ELLTOTT
RATHBURNE ' ' '1037 * "COR 'W.' "MORAN

LA " * e rasa ’ ‘COR ‘D. 'LEACH

Wl 'S0 ZIMS 1099 COR 'D. ‘RODGERS

'MEERKORD ' * ‘1033 ' 'COR 'P.' 'RILEY

SDEF:"UZ" FLAG “IHIP":"IHIP” WHOZE FLAG T3 "UI”
DEFTNED.

“HOW MAN(¢ UTBERTAN FLAG TAHKER™ ARE THERE?

s

The example below shows that a given variable can appear in

more than one place on the right-hand side.

JDEFSLONGEZT "ZHIP"# " IHIP” WHOZE LENGTH IZ THE MALIMUM-
FLENGTH dF "ZHIPTZ

‘DEFTNED.'
ZUHAT T2 THE HAME AND LENGTH OF THE LONGEZT ZUBMARTNE?
‘PHILADELPHIA ' 360

‘BATON ‘ROUGE ' * 380

‘LOZ 'ANGELEZ ' ' "380
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It may be at times useful to define a concept in ambiguous

ways. If for some reason we want to compare certain qualities of ships,

for instance, we can define ships with these qualities under a common

name. Thus,

FDEF*ZUPERZHIPZIHIP 'WHOSE 'LEM5TH 'TS 'CREATER 'THAN 300

' 'DEFTINED.

ADEF#ZUPERZHIPZHIP 'WHOZE 'ENDURANCE 'TZ 'GREARTER 'THAM '1'60

' '‘DEFTNED.

Answers to questions about items defined in more than one way

reflect this ambiguity, as in the examples below:

AuWHAT 'ARE 'ZUPERZHIPZ?
"AMBIGUOUZ

ey

‘“RENOMETR
‘BAROGRAPH
‘AMPERMETR
‘CONZTELLATION
‘ZARATOGAH
‘AMERTCH

‘K ITTYHAWK
*JOHN 'F.' 'KENNEDY
‘TNDEPENDENCE
‘K.TEY

‘MINZK

ZWHAT ‘TS 'THE 'CENGTH 'AND 'ENDURHACE 'OF 'EACH 'SUPERIHIP?

‘AMBIEU0US ¥

it
'CONSTELLATION ' ' 1072 "
"SARATOGA "'t 1033
'AMERTCA "'t roze "
KITTYHAWK * 0 ro7e
"JOHN ‘F. ‘KENMEDY ' '1072 *
'TNDEPENDENCE * ' * 1033
BERNEIE B30 E v e v v 323 '
WEMER * ey ‘329 "
‘ad

'KRENOMETR ' ‘163 * '130
'BAROGRAPH ' 163 ' '180
‘AMPERMETR ' '163 ' ‘180

‘43
‘43
‘43
‘43
‘43
‘43

50
&0
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e. Defining Relations

(1) As Converse:

In defining relations it is sometimes convenient to use the
notion of the converse of a relation. Examples of this notion are
CHILD as converse of PARENT, SUBORDINATE OFFICER as converse of
SUPERIOR OFFICER. The converse of a given relation can be defined as:

DEF:XXX:CONVERSE OF YYY

The relation whose converse is to be de¢fined obviously has to
be known to the system. The following sequence gives an example of a

converse definition and its use.

DEF : COMMAND: CONVERSE OF COMMANDER

DEF INED. "
»WHO 15 THE COMMANDER OF THE ROARK?Y

CDk J. ELLIOTT =
>WHHT 15 THE COMMAND OF CDF J. ELLIOTT?

RUHRKRK
DEF :HOME:HOME PORT OF COMMAND

UEF INED. e
*WHHT 1S THE HOME PORT AND COMMANDER OF THE KITTYHAWK?

MAYPORT CHPT R. SPRUHNCE
*WHHT 1S5 CAPT R. SPRUANCE & HOME™
MHYPORT

(2) Through Existing Relations:

New relations may be defined in terms of existing relations, as
in the example below, and the example of EFFECTIVE RANGE in the section

on definitions with extensive calculations.

*DEF:EFFECTIVYE ENDURANCE:ENDURAHNCE o PERCENT FUEL -~ 100
DEF INED.

*WHAT 15 THE EFFECTIVE ENDURANCE OF EACH RIRCRAFT
*LHRRIER WITH EACH FLAG?

UNITED STATES CONSTELLATION 45
SARATOGA 45
HMERICH 0
KITTYHAWK 39.6
JOHN F. KENNEDY 40.5
INDEPENDENCE 45
ZOVIET UNION LENINGRRARD 55.¢
MOSK VA 5¢.8
KIEY S5e.8
MINSK 49.8
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A new relation can also be defined in terms of a relation that
is itself defined. The sequence below shows the definition of FATHER as
MALE PARENT, the converse definition of CHILD, and the definition of
GRANDFATHER in terms of FATHER. (No use of these terms is shown here,
since none of the data bases used for these protocols includes data on

family relationships.)

PARENT : =RELHT ION CANIMATE?
DEF INED.
2MALE: =CLREE
DEFINED.
>DEF:FATHER:MALE FARENT
DEF INED.
»DEF:CHILD: CONVERSE OF PRRENT
DEFINED.
»DEF: GRANDFATHER: FATHER OF FATHER
DEF INED.
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C-3. MANAGING DEFINITIONS
a. Inquiring about Definitions

The most general question is the one exemplified below,
WHAT ARE DEFINITIONS?
which can also be asked in these ways:

WHAT ARE THE DEFINITIONS?
WHAT HAS BEEN DEFINED?
WHAT DEFINITIONS ARE THERE?

WHAT 'ARE 'DEFTINITIONZ?

‘THERE 'ARE 34 'UTNES ‘TN 'THIZ 'ANSWER. ' 'HOW ‘MANY ‘DO ‘YOU 'WANT?
'TESPDND'wITH‘"ﬂtE"i'“NUNE”J'DP'R'NUHBEPJ
A1

‘UZSUNTITED "STRTESZ

‘AMERTCANZUNTTED 'ETATES

'WIZRTSOVIET 'UNTON

‘RUZITASZOVIET ‘UNTON

‘RUZSTANSZOVIET 'UNTOM

‘ZOVTETZSOVIET 'UNTON

‘UKSUNTTED 'K INGDOM
'‘ENGLANDZUNITED ‘K INGDOM
‘ENGLTZHSUNTITED 'K ITNGDOM
‘BRITAINUNITED 'K INGDOM

In specific cases, questions such as below can be asked:

ZWHAT ‘TS 'THE '‘DEFTNITION 'OF 'CTBERTAN ‘SHIP?
‘UTBERTAN 'ZHIPYSHIP ‘WHOSE 'FUAG TS 'LUTPERTA

ZWHAT 'TZ 'THE 'DEFINITION ‘'OF ‘ZUPERIHIP?
‘ZUPERIHIP:IHIP 'WHOZE 'LENGTH ‘TS ‘GRERTER ‘THAN 300

In cases where items were defined ambiguously, the answers
reflect this, as was done in the case of SUPERSHIP. It will be noticed

that two ways are available for making the inquiry:

WHAT IS THE DEFINITION OF . . . ?
WHAT ARE THE DEFINLTIONS OF . . . ?
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ZWHAT ‘T2 ‘'THE ‘DEFTNITION 'OF 'SUPERZHIP?

‘AMBrsugus s

eory
"ZUPERSHIPZSHIP 'WHOSE 'ENMDURANCE 'TS 'GREATER 'THAM 'I'60
“¢oey
"ZUPERSHIPZIHIP ‘WHOSE 'LENGTH ‘TS 'GRERTER 'THANMN ‘300
JWHAT 'ARE 'THE 'DEFTNITIONZ 'OF ‘ZUPERZHIP?

‘AMBrGuauUs:

ears
‘%ngRSHrPrSHrP'NHUSE'EHDUPHNCE‘IS'GRERTEF"THRH‘IGO
Cenay

‘SUPERSHIPZSHIP 'WHOSE ‘LEMGTH 'I'Z 'GRERTER 'THAN '300

One important point about definitions involving variables is
that one need not know the specific items involved in a given definition
in order to get at it. If, for instance, the user wants to find out
about the definition of STATIONED but does not know (or remember) the
variables which were used in defining it, he may use any items which
are of the same character as the variables in the definition. Thus, as
illustrated in the first example below, any numbers can be used in
definitions involving number variables. 1In cases of definitions involving

nouns, any nouns can be used, as shown in the second example.

ZWHAT ‘T2 'THE 'DEFTNITION ‘OF 'F "3 37

FCTg@ Ty "IN e g 4G eI

ZWHAT ‘T2 'THE 'DEFTNTTION ‘OF 'F<¢3+4)7

‘F T3y ") 2@ e g e g e g

ZWHAT 'I'Z "'THE 'DEFTNTTTON ‘OF 'NEW "YORK ‘STATIONED ‘SUBMARTINE?
""NORFOLK™ 'ZTATIONED ‘“SHIP™:“ZHIP™ 'WHOSE 'HOME 'PORT ‘IS '“NORFOLK "™

b. Deleting Definitions

Definitions can be deleted in a simple manner, as shown in the

sequence below.

WHAT IS THE DEFINITION OF CHILD?
CHILD: CONVERSE OF PARRENT
»DELETE THE DEFIMITION OF CHILD.
DEFINITION DELETED.
sWHAT 1% THE DEFINITION OF CHILD?
HO DEFINITIONS FOUND.
»WHAT 135 THE DEFINITION OF GRANDFATHER?
GRANDFATHER:FRTHER OF FATHER
»DELETE THE DEFINITION OF GRANDFATHER.
DEFINITIDN DELETED.
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In cases of definitions involving variables, the values of
the variables need not be known in order to delete a given definition,

as illustrated in the following protocol.

AHOW ‘MANY ‘1I'0K "ZHIPZ 'ARE 'THERE?

‘I'r's

AAWHAT ‘'TZ 'THE 'DEFTNITION 'OF ‘2K "SHIP?

*2"K 'ZHIPZSHIP 'WHOSE ‘MAXTIMUM ‘CRUTSTMS ‘RANGE 'TS 'GREATER 'THAN '“2=er000
#DELETE 'THE 'DEFINITION ‘OF ‘2 'IHIP.

‘OEFTNITION 'DELETED.

JWHAT 'TZ ‘THE 'DEFINTITION 'OF ‘2K "ZHIP?

‘MO ‘DEFINTTIONS 'FOUND.

ZHOW ‘MANY "T'0K "ZHIPZ 'ARE 'THERE?

'ONE '0OF 'THE 'PHRAZES 'TT 'NOT 'DEFINED ‘ANY 'MORFE.’

The next protocol shows how the deletion of a definition is

propagated.

SDEF TG C 4"y iF €4y 0+ g

' ‘DEFTNED.

JWHAT T3 Gerus?

Tro

/WHAT ‘TS 'THE 'DEFTNITION ‘OF 'F¢3445'7

b- BRI A e

#DELETE ‘THE ‘DEFINITION ‘OF F ¢3545.

‘DEF INITTON 'DELETED.

JWHAT ‘TS FC354,7

'ONE 'OF 'THE 'PHRASES ‘TS ‘NOT 'DEFTNED ‘ANY 'MORE.
SWHAT ‘T2 'Geran?

'ONE 'OF 'THE 'PHRASES ‘TS ‘NOT 'DEFTNED ‘ANY ‘MORE.
JDEFEF €3y 3", s g e g

' ‘DEFTNED.

SWHAT T3 G eroy?

20

In cases of ambiguous definitions, either one can be delected,
or both, as the protocols below illustrate. The wordings that can be
used are:

DELETE DEFINITION 2 OF .

DELETE THE SECOND DEFINITION OF . .
DELETE ALL DEFINITIONS OF . . .
DELETE THE DEFINITION OF . . .
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JWHAT 'TZ 'THE 'DEFINTTION 'OF 'SUPERSHIP? 1
‘AMBIGUOUS

eary
"ZUPERSHIPZSHIP 'WHOSE 'ENDURANCE ‘TS 'GREATER ‘'THAN 'I'60
‘02 1
‘ZUPERSHIPZSHIP 'WHOSE ‘LENGTH ‘TS 'GRERTER 'THAN ‘300

#DELETE 'DEFINITION '@ 'OF 'SUPERZHIP.

‘DEFINITION ‘DELETED.

/DEF : GRANDFATHER: FATHER OF FATHER

DEFINED. '
> DEF : GRANDFATHER: MALE PARENT OF FATHER

DEFINED.
WHAT 13 THE DEFINITION OF GRANDFATHER?

HMBIGUOUS :

01 ‘
CNANDFARTHER:MALE PARENT OF FATHER

o)

GRANDFATHER:FRATHER OF FATHER
»DELETE THE SECOND DEFINITION OF GRANDFATHER.

DEFINITION DELETED.
DELETE ALL DEFINITIONS OF GRANDFATHER.

DEFINITION DELETED.
sWHAT 1S THE DEFINITION OF GRANDFATHER?

NO DEFINITIONS FOUND.

c. Changing Definitions

Changing a definition can be achieved by deleting the existing

one and substituting a new one for it, as shown in the following protocol.

ZWHAT 'I'Z 'THE 'DEFTNITION 'OF 'SUPERIHIP?
"ZUPERIHIPZZHIP 'WHOSE 'ENDURANCE ‘TS 'GRERTER 'THAM ‘160
#DELETE 'THE 'DEFINITION ‘OF 'SUPERPIHIP.

‘DEFTNITION 'DELETED.

/DEF#SUPERIHIP¥IHIP 'WHOSE ‘LENGTH 'ITS 'GREATER 'THAN '300
' '‘DEFINED.

JWHAT 'TZ 'THE 'DEFINITION ‘OF ‘SUPERSHIP?
"ZUPERSHIPZSHIP 'WHOSE 'LENGTH ‘TS 'GRERTER 'THAM ‘300
JWHAT 'TZ 'THE ‘LENGTH ‘AND '‘ENDURAICE 'OF 'EACH 'SUPERSHIP?
‘CONSTELLATION ' ' ' ‘1072 ' '43

‘IARATOGA Iro39 - ‘43
‘AMERICAR " ' """ttt rgze ' ‘43
‘KITTYHAWK * " """ 1rg7e ‘' '43
‘JOHN 'F.' 'KEMNEDY ' ‘1072 ' ‘43
‘'TNDEPENDENCE ' * ' "' £039 ' ‘43
WEEY T AT e ‘323 ' '60
PERRISIG T T A 323 ' '60
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D. DELETING VOCABULARY ITEMS
Words for individuals (names), classes, relations, and number
relations which have been introduced as primitive items can be deleted,

as illustrated below.

CDR H. HOCKETT:=NAME

DEFINED.
»DELETE YOCRBULARY ITEM CDR H. HOCKETT.

VOCABULARY 1TEM HAS BEEN LELETED.
2 THEK SHIP:=CLRSS

DEF INED.

>DELETE YOCABULARY ITEM TASK SHIP.
YOCABULARY ITEM HAS BEEN DELETED.
»FIRE SUPPORT:=RELATION

DEF INED.

>DELETE YOCRBULARY I1TEM FIRE SUPPORT.
YUCHBULHRY ITEM HAS BEEN DELETED. 1
FIRE POWER:=NUMBER RELATION

DEF INED.

>DELETE YOCRBULARY ITEM FIRE POWER. J
VOUHBULARY ITEM HAS BEEN DELETED.

In cases, however, where data has been introduced about the

vocabulary items, this data must be deleted before the vocabulary item
itself can be deleted. As the following protocol shows, the user is

given help in accomplishing this task.

ZTMPORTANT 'SHIP#=2CLAZZ

‘DEFINED.

JTHE "KITTYHAWK 'AND 'JOHN ‘F.' 'KENNEDY ‘ARE ‘TMPORTANT 'SHIPS.
‘DATA 'HAZ 'BEEN 'ADDED.

RATING:=NUMBER 'RELATION

‘DEFTNED.

#THE 'RATING 'OF 'EACH 'TMPORTANT ‘SHIP 'IS '34.

‘DATA 'HAS 'BEEN ‘ADDED.’

#DELETE 'YOCABULARY 'ITEM 'TMPORTANT 'SHIP.'

‘DATA 'MUET ‘FIRST '‘BE 'DELETED.

‘MEMBERS 'AND 'MEMBERS 'OF 'SUBCLASSES '‘ARE®

'K ITTYHAWK

‘JOHN 'F.' 'KENNEDY

JETTTYHAWK 'AND ‘JOHN ‘F.' 'KENNEDY 'ARE ‘NOT 'TMPORTANT 'SHIPS.
‘DATA 'HAS 'BEEM 'DELETED.'

/DELETE 'YOCABULARY ‘ITEM 'TMPORTANT 'SHIP.
"/OCABULARY 'TTEM 'HAS 'BEEN 'DELETED.




#DELETE 'VOCABULARY 'TTEM ‘RATING.'

'DATA 'MUST 'FIRST 'BE 'DELETED.'

‘RELATED 'PRIRS 'ARE?

KITTYHAWK * 't 34

‘JOHN 'F.' ‘KENNEDY ' ‘34

#THE 'RATING 'OF 'EACH 'TMPORTANT 'SHIP ‘IS 'NOT '34.
‘EH?

#THE 'RATING 'OF 'THE '‘KITTYHAWK ‘T3 'NOT '34.

‘DATA 'HAS 'BEEN 'DELETED.'

#THE 'RATTNG 'OF 'THE 'JOHN 'F.' 'KENNEDY ‘T3 ‘NOT '34.’
'DATA 'HAS 'BEEN 'DELETED.

#DELETE 'VOCABULARY 'TTEM 'RATING.
"YOCABULARY 'TTEM 'HAS 'BEEN 'DELETED.'

108
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IV. VERSIONS IN THE REL SYSTEM

The architecture of the REL system is oriented towards giving
the user as much flexibility as possible in working with his data, as
evidenced in the preceding section on modifications, extensions, and
definitions. If those capabilities are to be indeed useful, however,
the user cannot be limited to one copy of a given data base, since that
would soon be changed by the user in a number of ways, some of which
he might not want to be permanent. This consideration led to the
development of a system organization that allows the user to have two
(or more) copies of his data -- one that he works with, thus changing

it, and another that he keeps as a backup. Those copies are called

versions.

A. THE NATURE OF A VERSION

There are two kinds of versions:

(1) User's versions

(2) Base versions

A-1. USER'S VERSIONS

A user's version is a language-data base package, that is
it incorporates the grammar and processing routines of a particular
REL language and a user's data base. Any changes, extensions, and
definitions that the user introduces into it become part of it
permanently. Versions, unless they are deleted, are automatically
retained from session to session. An REL system at a given installation
may thus contain a number of versions belonging to a number of users,
This is an important consideration from the point of view of space.

Typically, a given user will want to have at least two
versions for two reasons. One version would be a permanent, backup

version which could not be modified either by the user himself or by
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anybody else. The other version would at a certain initial point be

an exact copy of the permanent version, but soon after would most likely
undergo changes, through extensions and definitions. This working

version is the one in which the user will also experiment with definitions
and data analyses in order, for instance, to find a most suitable
definition or alternate conclusions in data analyses. Once the user is
satisfied with the modifications and extensions they can be incorporated
into the permanent backup version by replacing it, through deleting and
copying, with the working version.

That is one reason for having two versions. Another is that
things can go wrong -- for instance through hitting a bug. Although
this is highly unlikely, the working version may become unreliable or
even unusuable. It should then be deleted, and a fresh copy made of the
backup version. The new copy will not, of course, contain any of the
modifications or extensions introduced by the user. To avoid this,

a user may make copies of the working versions as he goes along, but

limitations of space may, of course, be a consideration.

A-2. BASE VERSIONS

A base version may have the same characteristics as a user's
permanent version, but it may also be different and consist only of
a given language and contain no data. Base versions are supplied by
the system. One of the principal REL languages is REL English. It
constitutes a base version which contains only the grammar rules and
a corresponding set of interpretive semantic routines. It does not
contain any data base, and hence vocabulary, except such grammatical
words as WHAT, WHO, HOW MANY, FACH, EQUAL TO, BEFORE, AND, TWO, names
of months (e.g. JANUARY), and the like which are part of the grammar

rules.
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B. THE VERSIONS IN THIS DEMONSTRATION SYSTEM
The versions currently available in the demonstration
system are:
(1) NAVY

(2) NAVY-1

These two versions are identical, but there is a difference
in their status, that is what can be done with them (see section on
status of versions). These versions contain the REL English language

and the Navy data base described in reference 1.

(3) COMAIR

This version contains the REL English language and a data

base on U.S. commercial aircraft.

(4) REL ENGLISH

This version is a base version (see section on the nature of

versions). It contains the REL English language but no data.
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e

C. WORKING WITH VERSIONS

I N

There is a body of commands in the REL system that are used
for the manipulation of versions. They constitute part of the command
language which is fully described in Reference 2. Some commands are

as follows.

C-1. COPY <version name 2> FROM <version name 1>

ZCOPY 'NAVY-2 FROM NAVY
VERSION HAZ BEEN COPIED

»COPY COMAIR-1 FROM COMARIR
YERSION HAS BEEN COPTIED

This command makes a copy of an already existing version.
The new version is identical to the one of which it is a copy. The
new version can be used and altered without in any way disturbing the
version of which it is a copy.

The name of the new version may be any characters, including
blanks, up to twenty (20) in length, but it may not be a name that has

already been used for some other version.

7COPY COMARIR-1 FROM COMRIR

‘NEW YERZION NAME IS ALREADY IMN USE
»COPY NAYY FROM REL ENGLIZH

‘NEW VERZION NAME IS ALREADY IM USE

Thus, if a copy of the NAVY version is mad~ it cannot be called NAVY-1
since such a version already exists (see section on current versions).
The user who makes a copy with a new name is considered the creator

of this new version (see section on status of versions).

The result of the command

»COPY 'ARPA PROJECTE FROM REL EMGLIZH
VYERSION HAZ BEEN COPIED

is a version containing nothing but REL English. A user can start
building the data base into this new version named ARPA PROJECTS by

entering data (see section on adding data items).
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C-2. ENTER <version name>

In order to use a version, one that has been around for a
while or a newly copied one, the user must ENTER it, as in the examples

below:

*ENTER COMAIR-1
PROCEED.

*ENTER ‘ARPA PROJECTZ
PROCEED.

Clearly, only a version which is ENTERABLE can be entered
(see section on status of versions). After the ENTER command is
executed, the user is already in his version and his statements
thereafter are interpreted in the language of a given version until

he exits from the given version.

C-3. EXIT

This command is the way to get out of a given version.

If a user is in a version and types EXIT, the system responds:

EAIT
'COMMAND LANGURGE> PROCEED

At that time the user may make use of any of the other
commands, for example, copy another version or delete a version.
1f, however, he wants to terminate the session, it is necessary to
type EXIT again. Thus the sequence from entering a version to

getting out of the REL system entirely is:

7ENTER COMAIR-1

'PROCEED.

*HOW MANY AIRCRAFT ARE THERE?
78

JERIT
COMMAND LANGUARGEs PROCEED
JEAIT
‘PROCESZING COMPLETEDs THANK YOU.
READY
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C-4. DELETE <version name>

This command completely erases the version specified. Only
the creator of a version can delete a version (or a system administrator,
if such a person has been designated).

The disk space (extents) occupied by a given version is
released back to the system when a given version is deleted. This is

important to remember upon the appearance of the message:
UNABLE TO ALLOCATE ADDITIONAL EXTENTS

In such a case, some version that can be spared should be deleted, for
example:

DELETE NAVY-2

The following protocol illustrates such manipulations. It will
be noticed that in the DIRECTORY two versions appear, SYSTEM and COMMAND,
which are system versions. SYSTEM cannot be entered by users. COMMAND

is automatically entered when logging on or exiting from a user version.

#DIRECTORY

‘UZER 'ID " VERSION NAME ~ " EXTENTS " 'ENTERABLE ~  COPYARBLE
A e M e YOTAL 310

............... ALLOCATED " ‘210

RELSYS °° ~CAMAtR-=y " " o me s e s 37 ' CREATOR "~ CREATOR
"""" " 'ARPA PROJECTS "~~~ """ '33 " 'CREATOR ' '~ 'CREATOR
........... COMATR o 3m e nONE - ANYONE
L R R AR NAVY ~ e 66 NOONE ANYONE
"""""" REL ENGLISH """ """ """ '27 """ 'NO ONE ' 'ANYONE
"""""" SYSTEM " * """ rr ettt CREATOR C C C C CREATUR
........... COMMAND ©* " * " " "“** "3 - CREATOR ' ' ' 'CREATOR

ZCOPY NAVY-1 FROM NAVY

‘NOT ENOUGH ROOM FOR 'NEW VERSION

YENTER COMAIR-1

‘PROCEED.

*DEF:SPECIAL AIRCRAFT:AIRCRAFT WHOZE TAKEOFF LENGTH~
ZIZ 'LEZZ THAN 4500 AND THAT HAYE LANDING SPEED™
YLEZZ THAN 100

" 'DEFINED.

e ————————————
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LIET THE TAKEOFF LENGTH AND LANDING SPEED OF EACH-

»ZPECIAL RIRCRAFT.

Z¥STEM ERROR AT C(UTYBé ~ +07A
‘UNABLE TO ALLOCATE ADDITIONAL EXTENTS.

ZENTENCE ABNORMALLY TERMINATED. VERSION MAY
'HAYE 'BEEN ERRONEOUSLY MODIFIED. " 'PROCEED.

FYEXIT

‘COMMAND LANGUAGEs. PROCEED
*DELETE COMAIR-1
YERSION HAS BEEN DELETED.
*DELETE 'ARPA PROJECTZ
YERZION HAT BEEN DELETED.
ZCOPY MAVYY-1 FROM NAVY
YERZION HAS BEEN COPIED
*DIRECTORY

RELESYS © V=10 e
b - COMRIR "~

..... e NANY e
o) 5 e REL ENGLISH
........... SYSTEM ~ -« -t

" 'ENTERABLE ' 'COPYARBLE

CREARTOR ~ ~ ~ CRERTOR

NO ONE "~ " " ANYONE

NO ONE ANYONE

NO ONE ~ ANYONE

CREATOR " "~ CRERTOR

CREATAOR "~ "~ CREATOR
T ——— —— kil T
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D. STATUS OF VERSIONS

The status of a version determines:

(1) Who can enter the version

(2) Who can copy the version

The status can be changed only by the creator of a version.
The commands which are available to the creator for this purpose are
described in Reference 2, and one is illustrated in the middle of the
following protocol. When a version is created, its initial status is
that it can be copied and entered only by the creator.

There are three cases with respect to the status of a version.

It may be copyable or enterable by:

(1) Anyone
(2) No one
(3) Creator

Since these properties are independent, there are thus nine
possibilities. NAVY, COMAIR, and REL ENGLISH are copyable by anyone

and enterable by no one. It is thus possible to:

COPY NAVY-2 FROM NAVY

but it is not possible to:
ENTER NAVY

NAVY-1 is copyable by creator and enterable by creator only.

The creator can thus:

COPY NAVY-3 FROM NAVY-1
ENTER NAVY-1

ENTER NAVY-3

DELETE NAVY-1

DELETE NAVY-3

I ———-. ——— e —
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The status of existing versions and the amount of storage

they occupy can be found out from the director through the command:

DIRECTORY
as is illustrated below.
*DIRECTORY
USER ID " VERSION NAME 77 EXTENTSE
o . i CIOTAL e 210
"ALLOCATED T T T 140
RELEYS " " "“CEMAIR  ~ ~ - 7 R e m ey 37
o i CMANMY e 66 -
REL ENGLISH =~ """~ """ 27
........ SYSTEM -~ o
......... COMMAND ~~ """ g
*ENTER COMAIR
YERSION CAN NOT BE ENTERED
»COPY COMAIR-1 FROM COMAIR
YERSTION HAS BEEN COPIED
3DIPECTDPY
UZER 'ID " VERSION NAME ~~° ~ EXTENTS °
.............. TOTAL - 210
............ ALLOCATED - " 177
RELEYS CEMIR=- -~ " o c oo 37
...... CCOMARIR ©~ " e egps
CNAVY e 66 -
REL ENGLISH -~ "« """ " " " 27
...... SYSTEM ~ - """t trretime e
NIRRT e COMMAND ©  ~* """ e q-
»MARK. COMAIR-1 'COPYABLE 'BY 'NO ONE
YERSTION HAS BEEN MARKED
>DIRECTORY
‘UEER 'ID  C VERSION NAME EXTENTS -
............... TOTAL -ttt 210
............... ALLOCATED "~ " ‘177
RELEYS COMAIR=t "~~~ """t s 37
........... COMRIR ~ "~ " - 37
........... NAVY " * """ gg
........... REL ‘ENGLISH R
........... SYSTEM "« "ttt m
e AT e o S COMMAND *© """ """ e 3"
>COPY TEST FROM COMAIR-1
YERSION MAY 'NOT BE COPIED
ENTER COMARIR-1
‘PROCEED.
»HOW MANY AIRCRAFT ARE THERE?
78
JEXIT
‘COMMAND LANGUAGE » PROCEED
P—

ENTERABLE -

" 'ENTERABLE "~

" 'NO 'ONE
' 'CREATOR
' 'CREARTOR

‘ENTERABLE -

‘COPYRBLE

ANYONE
ANYONE
ANYONE
CRERTOR
CREARTOR

‘COPYRBLE

CREATOR
ANYONE
ANYONE
ANYONE
CREATOR
CREATOR

‘COPYARBLE

CREATOR
CREATOR
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V. QUERYING AN UNKNOWN DATA BASE

A data base that is not known to a user can be approached
through a number of general questions, which are aimed at revealing
the underlying structures of the data base and their contents, as well
as definitions which may have been introduced.

For the purpose of this illustration it is assumed that a
version called COMAIR contains such an unknown data base.

We can inquire about the structural organization of the data
with questions about what classes and relations it contains. Information
about what is known about specific individuals and classes can also be
obtained. Another group of questions pertains to definitions which may
have been introduced.

To find out what CLASSES are in the data base, one can ask
any one of the following questions:

WHAT ARE CLASSES?

WHAT ARE THE CLASSES?
WHAT CLASSES EXIST?
WHAT CLASSES ARE THERE?

ZWHAT ARE CLAZZEE?Y
‘AIRCRAFT

‘PAESENGER PLANE
‘CARGO PLANE

ZWHAT ARE THE CLASSEE?
‘ATRCRAFT

‘PASSENGER PLANE
‘CARGO PLANE

YWHAT CLASSES EXIET?
‘ATRCRAFT

'PASSENGER PLANE
‘CARGO 'PLANE

YWHAT CLASSES ARE THERE?
‘AIRCRAFT

'PASSENGER PLANE

CARGO PLANE




To obtain information abour RELATIONS, one should similarly ask:

WHAT ARE RELATIONS?

WHAT ARE THE RELATIONS?
WHAT RELATIONS EXIST?
WHAT RELATIONS ARE THERE?

YWHAT ARE RELATIONZ?
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‘THERE ARE 41 LINEZ IN THIZ ANSWER. " 'HOW MANY DO YOU WANT?

REZPOND WITH "ALL"s “NONE"s OF A NUMBER.

ZALL

‘MANUFARACTURER

‘MODEL

POPULAR NAME

ZERTEZ DESIGNATION

‘MIZZTION

‘CREW SIZE

‘MAX PARASZENGERE

‘ZEATING CAPACITY

‘CARGO CAPACITY

‘CARGO ZPACE

‘WINGEPAN

‘MAX LENGTH

MAX HEIGHT

EMPTY WEIGHT

GROZEZ WEIGHT

MAX LANDING WEIGHT
‘HUMBER OF ENGINES

‘ENGINE MAKE

ENGINE MODEL

‘ENGINE DESIGNATION

‘MAX SPEED

‘MAX MACH ZPEED

‘OPT CRUIZE ZPEED

‘OPT CRUIZE MACH ZPEED
LANDING ZPEED

'CONDITIONAL LANDING SPEED
TAKEOFF LENGTH

CONDITIONAL TAKEOFF LENGTH
LANDING LENGTH

‘CONDITIONAL LANDING LENGTH
‘ETILL AIR RANGE
‘CONDITIONAL ZTILL AIR RANGE
‘CONDITION 1

‘CONDITION
‘CONDITION
‘CONDITION -
‘CONDITION
'2ND ENGINE MODEL

‘2ND 'ENGINE DESIGNATION
‘3RD ENGINE MODEL

‘3RD ENGINE DESIGNATION

AAKWn




*WHAT RELATIONZ EXIST?
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THERE ARE 41 LINES IMN THIE ANSWER. ' 'HOW MANY ‘DO YOU WANT?

‘PESPOND WITH "ALL"s
>e

‘MANUFACTURER

‘MODEL

>WHAT RELATIONE ARE THERE?

"NONE ™ »

‘OR 'A 'NUMBER.

‘THERE ARE 41 LINES 'IN THIS ANSWER. 'HOW MANY DO YOU WANT?

RESPOND WITH
e

MANUF ACTURER
‘MODEL

TALLT s "NONE s

Some such questions can clearly have very long answers in case

of large data bases. As an aid,

‘OR ‘A 'NUMBER.

the computer tells the user how many

lines of output there are and gives the option of selecting as many as

are wanted, or all, or none.

To find out if there are any DEFINITIONS and what they are,

one can ask:

WHAT ARE DEFINITIONS?

WHAT ARE THE DEFINITIONS?
WHAT HAS BEEN DEFINED?
WHAT DEFINITIONS ARE THERE?

The following sequence illustrates a situation in which at first there

are no definitions in the version.

YWHAT ARE DEFINITIONZE?
‘NONE
+DEFSAIRPLANE:RIRCRAFT
" 'DEFINED.

JDEFPAYLOAD:GROZS WEIGHT - EMPTY WEIGHT

" 'DEFINED.
YOEFSRANGESTILL AIR RANGE
" 'DEFINED.

*DEF*LONG RPANGE AIRCRAFT:AIRCRAFT WHOSE RANGE EXCEEDT 7000

" 'DEFINED.

YWHAT ARE DEFINITIONE?
‘ATRPLANE:ARIRCRAFT
‘PAYLOAD:GROSE WEIGHT - EMPTY
‘RANGE2ETILL AIR RANGE

LONG RANGE RIRCRAFT:ARIRCRAFT
YWHAT 'HAZ BEEN DEF INED?
‘ATRPLANE:RIRCRAFT
PAYLOAD:GROSS WEIGHT - EMPTY
RANGE:STILL AIR RANGE

LONG RANGE AIRCRAFT:RIRCRAFT
WHAT DEFINITIONS ARE THERE?
‘AIRPLANE:AIRCRAFT
PAYLOAD:GROSE WEIGHT -~ EMPTY
RANGE:ETILL AIR RANGE

‘LONG RANGE AIRCRAFTSAIRCRAFT

WEIGHT
‘WHOSE RANGE EXCEEDE 7000

‘WEIGHT
WHOSE RANGE EXCEEDS 7000

WETGHT
‘WHOSE RANGE EXCEEDS 7000
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The information contained in the data base about INDIVIDUALS
and CLASSES can be obtained through three equivalent phrases:

WHAT IS KNOWN ABOUT . . . ?
WHAT DO YOU KNOW ABOUT . . . ?
DESCRIBE. .

Thus, if we have the class of AIRCRAFT, we can ask:
WHAT IS KNOWN ABOUT AIRCRAFT?

JWHAT IS KNOWN ‘ABOUT ARIRCRAFT?
‘THERE ‘ARE 39 LINES IN THIS ANSWER. ' HOW MANY DO YOU WANT?
‘RESPOND WITH "ALL"s “NONE”, OR ‘A 'NUMBER.
ZALL
ALL ARE "~ " 'AIRCRAFT
‘ALL HAVE *  '3RD ENGINE DESIGNATION
"""""" 3RD ENGINE MODEL
e 2ND ENGINE DESIGNATION
""""" Z2ND ENGINE MODEL
LR CONDITION 'S
""" CONDITION 4
"""""" CONDITION 3
............ CONDITION 2
s et R CONDITION ‘I
pES e ELT ENGINE DESIGNATION
DA e ENGINE MODEL
"""""" ENGINE MAKE
"""""" GROSE WEIGHT
"""""" MAX HEIGHT
""" " 'MAX LENGTH
"""""" WINGEPAN
"""""" ZERIET DESIGNATION
............ POPULAR ‘NAME
........... MODEL
T T T MANUFACTURER
‘ZOME ARE ~ CARGO PLANE
"""""" PRASSENGER PLANE
‘ZOME 'HAVE ~ MAX LANDING WEIGHT
"""" " LAMDING LENGTH
"""""" MAX PASSENGERS
"""""" EMPTY WEIGHT
"""""" LANDING SPEED
kR MISZTON
O T T MAR SPEED
" ETILL AIR RANGE
CREW TIZE
“““ " 'CARGO CAPARCITY
"""" " 'CARGO SPARCE
T T 'TAKEDFF LENGTH
""" " 'NUMBER OF ENGINES
777 '0PT CRUISE MACH SPEED
‘OPT CRUISE SPEED
""" ZEATING CAPRCITY
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In the case of individuals, say, the BOEING 720, one can similarly ask:

WHAT IS KNOWN ABOUT BOEING 7207

WHAT IS KNOWN ABOUT THE BOEING 7207
‘THERE ARE 36 LINES IN THIS ANSWER. 'HOW MANY ‘DO YOU WANT?
‘ReCPOND WITH “ALL"> “NONE"”s ORF A NUMBER.
ZALL
‘TS ‘A~ PASSENGER PLANE
T 'RIRCRAFT
‘HAS ‘A 3RD ENGINE DESIGNATION
© 77 '3RD 'ENGINE ‘MODEL
“7 7 '2ND ENGINE DESIGNATION
"""" 2ND ENGINE MODEL
"7 T 'CONDITION 5
" 'CONDITION 4
‘CONDITION 3
i il i oo CONDITION 2
7 T 'CONDITION 't
" STILL AIR RANGE
‘LANDING LENGTH
" TAKEOFF LENGTH
" 'LANDING EPEED
- 0PT CRUISE MACH SPEED
ey ‘MAX SPEED
s ENGINE DESIGNATION
" 'ENGINE MODEL
" 'ENGINE MAKE
""" NUMBER OF ENGINES
" MAX LANDING WEIGHT
‘GROSS WEIGHT
" 'EMPTY WEIGHT
" 'MAX HEIGHT
""" MAX LENGTH
T T WINGEPAN
" CARGO CAPACITY
ST ZEATING CAPACITY
""" " MAX PASSENGERST
"""" CREW EIZE
"""" MISSION
"""" ZERIES DESIGNATION
"""" POPULAR ‘NAME
© 7 'MODEL
"""" MANUFACTURER
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*WHAT DO ¥YOU kKNOW ABOUT THE BOEING 7207
THERE ARE 36 LINES IN THIS ANSWER. 'HOW MANY DO vYOU WANT?
REEPOND WITH "ALL"s “"NONE”. OR R NUMBER.
b
TS ‘A" 'PRASSENGER PLANE
i ‘AIRCRAFT
*DESCRIBE THE BOEING 720.
THERE ARE 36 LINES IN THIT ANSWER. 'HOW MANY DO YOU WANT?
RESPOND WITH "ALL™s “NONE™s OR ‘A NUMBER.
e
‘TS ‘A ~ 'PASSENGER PLANE
o ‘AIRCRAFT

One can also ask specific questions about existing classes or relations,

such as:

WHAT AIRCRAFT ARE THERE?
THERE ARE 78 LINES IN THIS ANSWER. ' 'HOW MANY ‘DO YOU WANT?
RESPOND WITH “ALL™s, “NONE"s OR A NUMBER.

210

BOEING 707-320C INTERCONTINENTAL
BOEING 720

‘BOEING 707-420 INTERCONTINENTAL
‘BEECH B-99

BOEING 707-120

‘BOEING 707-120B

‘BOEING 707-320B INTERCONTINENTAL
BOEING 707-320 INTERCONTINENTAL 1
‘BOEING 720B

‘BOEING 727-200 ADVANCED

SWHAT ARE MANUFRCTURERS?
‘BOE ING !
‘BEECH

‘MCDONNELL DOUGLAS
FATRCHILD INDUSTRIES
‘GENERAL DYNAMICS/CONVYRIR
‘LOCKHEED




1.

124

REFERENCES

D. Small and R. Brandenburg. A Data Base for Application to the

Research and Development of Advanced Navy Command and Control

Systems. NELC Technical Note, February 1976.

F. B. Thompson. The REL Command Language (Revised). REL Report
No. 8, 1977.

F. B. Thompson and B. H. Thompson, '"Practical Natural Language
Processing: The REL System as Prototype" in Advances in Computers.

Vol. 13. New York: Academic Press, 1975.




