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TOWARDS THE AUTOMATIC GENERATTON OF PROGRAMMED FOREIGN—LANGUAGE
B INSTRUCTIONAL MATERIALs*

Joseph A Van Campen
Instltute for Mathematlcal Studies -
in the Social Sc1ences |
© Stanford Unlver51ty o
Stanford, California 94305

Introduction.

- An attempt to provide a thorough-going answer to the question of
the extent to which the utilization of a computational system can facilitate

- the generation of programmed materials for the teaching of forelgn languages

would involve a coneidergtion of so many elusive varlables as to’
necessitate a proléonged research effort by a number of specialists in such
diverse areas as computer hardware, systems programmlng, compilers and
interpreters, peripheral devices, foreign language teaching, and programmed

~instruction. The purpose of this report is & much more modest. cne--to

describe a set of programs, written for and successfully implemented on the
PDP-10 computing system of the Institute for Mathematical Studies in the
Socilal Bciences at Stanford University, which either perform certain tasks
useful in the generation of programmed foreign-language instructional
material or fgcilitate the wrltlng of such task—orlented programs by other

.. researchers.:

Since no further Federal funds have been requested by the principal
investigator for research in this area, each program dealt with below will
be presented insofar as possible, on its own terms, without overly great
emphasis on the advantages which might flow from its integration with
programs not as yet impiemented. _(The:ties hetween two or more existing

 programs are, of course, pointed out in the introduetion to the sections

dealing with each of the individual programs.)

1. _Program.for-the_Cycled Selection of Individual Vocabulary Items
Belonging to Certain Semantic Classes.

1.0 Purpose and Justification.

It would appear that a certain economy in the generation of foreign-
language instructional material could be schieved by taking advantage of
the fact that in the case of wvast numbers of conerete utterances one or
more of the vocabulary items which mske up the utterance can be replaced
by any one of a (in the case of elementary language courses almost always

- fairly limited) set of .other vocabulary items without destroying the

Thls research was supported by ONR Contract Number NOOO1h- 67 AD112-00k2
and Project Number ONR Code 458, . _




acceptability of - the utterarnce. Thus, for instance, in the English
utterance the doctor is writing a book, the word doctoer can be replaced
by any member of a set 1nclud1ng such Words ‘as lawyer, man, teacher,
author, and giri. The word book could be replaced by any member of g seu
which includes the words pOemg'storyg'novel, letter, and speech. It would
appear that if we labelled the first set 'non-infant humans' snd the
gecond 'written object' we could rewrite the utterance as the (non-lnfant
human) is writing a (written object), in which the set lebels are set off
from concrete Words-by parentheses. Assuming that the words listed above
exhaust the membership of the sets in question (a situation quite possible
in the early stages of a first-year language course), we see that the
rewritten utterance could itself be rewritten in twenty-five different
ways by replacing both of the set labels by different members of the sets
in guestion.

_ The above example is, of course, an extremely crude one. On the one
‘hand it takes no account of the additional'acceptable'utterances which-
might be" produced by allowing some variation in'the grammatical categories
expressed in’ the orlglnal utterance.(e g. the doctor has written a book,
‘the doctors are writing a Dook, etc.). On the other hand, it ignores:
troublesome cases of the type the doctor is writing the prescription (in
“which the set - Of items whieh can replaced doctor is wvery small) and such
compllcatlons as the dlfference in set membership needed to acc0unt for
" the doctor s readlng (not ertlng) a newspaper. S s

However, there is as yet no reason to belleve that, Wlthln the
_framework of a given language course, the use of set labels would net .-

“result in considerable economies in a large number of cases. ® The fact:

that such economies might not stand in any direct relationship to those
attalnable on the basis of a thorough analysis of the total semantlc
structure of a glven 1anguage need not concern us here B

Given the desirability_ef'the replacement of “some or all of the
constituents of utterance types by set labels, there can be no doubd
that it would be useful to develop a program capable of replacing any:.
given set label by an individual member of the set in question. Purthermore,
it would also be degirable 4o have l) scme record of the relative.:’
freguency of usage of the various members of the set, and 2) a means of
insuring that this frequency Would remaln relatlvely unlfonn for all
members of the set. : :

1.1 Documentation
1.11. Funcnion of" the Program |

For the above mentloned ends the principal investigator Wrote and '
1mplemented a FDP-10 assembly language program which examinés a string containing
one or more set labels and replaces those labels it encounters with:
wmﬁs'belonglng to the sets in question. In addltlon, this program examines
the usage index accompanying each member of the given set and selects the
member to be used in & given case from the subset with the lowest. index.

- Finally, the usage index of the member selected 1s 1ncreased by one, unless




this would result in an index greater than the upper limit (decimal 9).
In the latter case, the index of the member selected is set. at one and
those of the other set members are reset to zero.

1.12 File Format.

1.121 Input Files.

The input for the program consists of 1) a disk file (channel 1)
containing one or more strings including set labels to be replaced by
get members, and 2) a disk file (channel 2) containing an alphabetiZed list
of -gel~labels-eath accompanied by the members of the given set.

l 1211 String Format.

Each strlng on. channel 1 must include 1) one or more set labels,
each of which must be enclosed in parentheses, and 2) a slash, not
enclosed in parentheses, indicating the end 6f tle given string. The
string may include cther items not enclosed in parentheses, e.g., _
punctuation marks and concrete language material. The only restriction
on such items is that they not include any of the following: an opening
or closing parenthesis, a slash, a plus mark (see 1012111), & comma
(see 2.2%22), a divide sign (see 2.2412), or either of the symbols < and
= (see 1.1222). Except for the terminating slash, which is omitted | from
‘output strings, material not enclosed in parentheses ig simply transferred
from the input te the outpul file Wlthout affecting the flow of the program
in any. other way.

1.12111 Format of Set Labels in Strings.

As was pointed out in the preceding paragraph, set- labels within
input strings are regularly enclosed in parentheses.  However, it may
often prove ugeful for other purposes te include with a given set label
additional information concerning the item in gquestion, such as its
syntactic role in the given string or possible restrictions on the set
of grammatical categories (e.g. number, tense) it may exhibit. In order
- .to permit the convenlent notatlon of suck additional information it was

‘decided to utilize a plus sign placed immediately after the final _
character of a given set label in place of the closing parenthesis. The
latter is used. to terminate the information accompanying the label.
Thus, material accompanying a set label may include any characters other
than an opening or closing parenthesis, a slash or a plus sign. '

"1312112 ‘Examples of String Input.

1.121121 Strlng Contalnlng only Set Labels Unaccompanled by Addltlonal
' Information.

(person) (emotion verb) (person)/

- 1.121122 Same_String 25 1.21121 with Punctuation Mark (Period).

(person) (emotion verb} {person)./




1.12112% Same String as 1.21122 with Concrete Language Ttems. -

(person) does not (emotion verb) (person)./

1.121124 Same String as 1.21123 with Additional Syntactic Information.

(person + subject) does not (emotion verb) (person + direct object)./

1.121125 Same String as l.2112h W1th Addltlonal Informatlon on Category
L Restr:Lch,lons.= ' S

~(person * subjech 51ngular) does not (emotion_verb)
(person + direct object plural)./ :

Note that only the items in 1.121121 are significant for the program
in question. The other examples merely illustrate the manner in which
additional materlal, presumzbly of use in connection w1th other programs,
can be included along with the SJgnlflcant 1tems

1. 1212 Set- Llst Format.

" Bach of the alphabetically ordered set labels on channel 2 is..
immedlately followed by the members of the 'set. in guestion. . :

l 12121 Set- Label Format.

, Bach set label is enclosed in parentheses. Labels mzy include any
"character excep% a parenthesis, slash, or plus mark. In contrast to
1.2111, no additional information of any kind is permitted within the
rarentheses enclosing the label.

1. 12122 -Set—Member'Format'

121221 Set=Member Dellmlterst

Each member of & set is set off by l) a precedlng less= than—or-equal
sign (<), and 2) a follow1ng greater—-than—or-equal sign (>)

As1de_frem_the usage 1ndex discussed in 1.121222 below, the characters
occurring between these two delimiters are never examlned by the program
and may include, in addltlon to the basic form of a given vocabulary item,
additional coded information ontle: ﬂxmin1questlon, such as its inflectional
or Syntactlc peculiarities. While it is obvious that certain conventions
would have %o be established in order to insure the proper interpretation
of such informaticn by programs concerned with generating inflected forms
or establishing the appropriate categories to be assigned to words governed
by or modifying the word in question, such conventlons are 1rrelevant to
the operation of the program under considerstion. -

1.121222 Usage Index.

Immediately after the initial < there is a single decimal dlglt
indicating the relative freguency of usage for the word in question.  This
digit, which can range from ¢ to 8, is increased by one each time the given
word is selected for use in a concrete sentence. The program rejects for
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use in any given case & set member with a usage index higher than that of
any other menmber of the set, fthus insuring a relatively uniform frequency
of use for all members of the set. (When the usage index of each member
of the set reaches eight,all of the indices in question are reset to zero.)

1.12123 Exemples of Set-List Format.

1.121231 Bet Labels.
 ({person)
{square object)
(emotion verb)

1.21232 Set Members (with zero usage index).

< ¢ man >
g cube >
¢ like >

l/\i/\'!

1.21233 Set Labels followed by Set Members (with zere usage index).

(perSOn)

< d man >

< ¢ woman >
<-§ boy >~

(square object)
cube >
@ square >

emotion verb)
like >
hate >
despise >
adore >

IALATALA =~ TATA

RSN R SR SN

l.122 Output Files.

The oubput of the program consts of 1) & disk file (channel 3)
consisting of one or more. strings containing members of the sets specified
"in the input strings discusgsed under 1.1211 above, and 2) a disk file
(channel. %) ceontaining the updated version (i.e., the version with usage
indices reflecting the utilizatlon of set members employed in the output
strings) of the set list described under 1.1212 above.

1.221 Output Strlng Format

~Bach set label of the 1nput gtring has been replaced by a member of
the set in question. . Where the set label of the input string was -
accompanied by ‘additional information of the type described in 1.12111,
such additional informatien is placed immediately before the cleosing
delimiter of the set member. . The usage index of the set member-is omitted

in the output string.




1,2211, -Examples of String Output With Corresponding Input,

1. 22111 Input Set Labels Lacklng Addltlonal Informatlon, L

o Imput s (person) (emotlon verb) (person) /
Output°_ < man > - < like > < woman >,

1.22112 Input Set Labels Including Addltlonal Informatlon.

Input: {person + definite) (emotion verb + 3. s, pres.)
(person + definite)./ .
Cutput: < man + definite > < like + 3. s. pres, >,
< woman + definite > . : I

l.222. Updated«Set~List Formatl.:

The format of the updated set list is identical with that of the set-
list input file described in 1.1212. Only the usage indices of set members
utilized in the output strings described under 1.221 dlffer from the
correspondlng 1tems on the 1nput flle.

1.2221 Example Of Updated Set Llst Correspondlng to Input Set .
List Given Under 1.21233 after Generation of Output Strlng :
Given Under 1.22111. .

—

person)
1 man >
1 woman >
¢ boy >

square object)
% cube >
¢ square >

IAIA — TATALA

(emotien verb)
1 like >

¢ hate >

@ despise >
¢ adore >

IIAI/\E/\I/\

'1}2'_:'F Evaluatlon and Prospects for Future Development

_” The program 1n questlon performs a useful, if somewhat tr1v1al,

function. It could be made moie valuable by the addition of two features:

reiterative string geheration and optional non-incrementation of the
usage index of a given set member. The latter feature would allow the
repeated utilization of one and the same sef member within a ‘single output
string (as in, for example, this. man. likes Mary and that man hates her).
The former would allow the generatlon of more than-one .outpub string for
a single specified input string, persumably Dy means. of .4 decimal digit '
placed after the £inal slash of the strlng Thus, u51ng the sets glven
lunder:1.2123%3,  the dnput string I ST T : ‘ R




-(person)‘ {emotion verb) (person) ./3 would give

3< man. > < llke.f < woman >
< bey > < hate > < maxn, >

< wo_m.an 2 < desplse > < boy =

Whether or net reiterative-string generation is implemented, it would
be extremely desirable to have some means of avoiding undesirable limitations
on the make-up of output strings resulted from randem coincidences in the
nuber of members constituting individual sets (e.g.s the limitation of a
group of ten cutput strings from sets A, B, and C, each with. three members
te the types al Bl Cl AR BR 02 and A5 B5 C ) Where the output strings
are all generated‘from a single input .specification this problem can be
solved simply by comparing éach new output string with those previeusly
_generated and replacing one or more members until elther a new string is
formed or all possible combinations are exhausted. In other cases one
might insure that no two sets would have the same number of members by
adding dummy members with an "illegal" usage index at the end of some of
the sets. (Whenever such a dummy was encountered the first member of
the set could be utilized, bubt only the illegal index usage of the dummy
member would be raised. By keeping the illegal indices in a fixed relatien
to-theose of the real members of the set 1t would be ppssible to- 1nclude more
than one dummy ‘member 1n a given set )

2. Codlng System,for Concise Formulatlon of a Relatlvely Large
Number of Semantlc -8yntactic Patterns.

2.0 -Justification and Purpose.

As was pointed out in 1.1 zbove, the utilization ‘of dnput: strings
containing one or more set labels corresponding to groups of words sharing
certain semantic features may enable us to generate a large number of
concrete sentences from a single specified input string. Such input
strings will henceforth be referred to as semantic-gyntactic patterns,
since, as we have seen in 1.123111, they may include as much information
as necesgsary concerning the syntactic reles played by the members of the
strlng .

The guestion arises whether it might be possible to attain certain
economies in the specification of the semantic- syntactic patterns
themselves by developing a coding system which would permit twoe or more
semantic-syntactic patterns including one or more cemmon set labels to
be included within a single 'master pattern.' From the point of view of an
-individual generating the input for a language course, such a formulation
would presumably be more economical than the separate specification of each
of the semantic~syntactic patterns in question. It would, of course, .
necessitate the development of some procedure for the retrieval of
individual patterns from a master pattern, a procedure discussed in
section 5 below.

o The exact extent to which the use of master patterns would prdve more
"econemical than the specificgtion of all individual patterns is difficult
to predict. Hewever, it would appear that in certain cases considerable

9



gains could be made. One of these cases is that of a noun which can-occur
with only one of a set of mutuwally exclusive modifiers, e.g. the noun

house, which can be medified by the definite article, the indefinite

article, a demonstrative adjective or a possessive adJectlve (e +g. the house,
& house, this house, my house), but not, at least 4in normal usage, by two

— e et —

.:"the:house, ete. )

Another’ case occurs when a Word dependent on another Word mey, but
_need not, itself e modified by yet another word, e.g: good books, very
"good books, write letters, erte short letters, write very‘short 1etters°

Whlle it may be that a more sophlstlcated approach 0 1nput codlng
will account for such cases by the use of general algorithms based on
considerations of semantic’ and/or syntactlc compatibility, it would not be
unreasonable to provide a more immediate means of reducing the redundanc1es
which might arise from an approach llmlted to the spec1flcat10n of
1nd1v1dual patterns,_

.2ai, General Characterlstlcs of a De51rable Coding System.

A coding system for master patterns should make a clear dlstlnctlon
between items which must be present in.any and all the .individual patterns
generatable from the master pattern and those which are absent from one
or more of “the individual patterns. Within the datter group it must
distinguish, on the one hand, between items which can cdoceur &nd items
which are mutually exclusive, and, on the other, between items which can
occur independently of any other item and items which are dependent on
another item, i.e., which can occur in an individual pattern only if another
. item is present. Finally, the coding system,must prov1de for the above
' distinctions Wlth a maximum of’ simplicity so that the specification of

master pattern does not involve 51gn1f1cantly greater effort and e
possibility for error than “the specification of an 1nd1v1dual pattern
1nclud1ng approx1mate1y the same number ot characters

2.2 Introductory Comments on The Proposed Coding System.

2.21 . Relation of the Proposed Coding. System to fhe: Format 01 Ind1v1dual
R Semantlc_Syntactlc Patterns.

Slnce individual semantic-syntactic patterns must contain at least
_one or‘more set labels delimited by parentheses (ecf. 1.1211) it would
seem reasonable to utilize parentheses-as:the: fundamental delimiter in
master patterns as well. On:the other hand, since the plus sign can occur
swithin individual set labels (ef. 1.12111), it cannot conveniently be
used as a. set-label delimiter in a master pattern.: The slash used to
terminate individual syntactic-semantic patterns can be retained to
signal the end of a master pattern.

2.22 Relation of the Proposed Coding System to Boolean Algebra,

R The proposed codlng system, while utlllzlng somewhat different symbols,
was strongly 1nfluenced by Boolean algebra.in 1) the utilization of
parentheses, and 2) the expression of ¢onjunction and disjunction.  Since
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it may be reasonzbly assumed that a large percentage of those reading
this. report will be familiar with the Beelean notatior, it would seem
that a discussion of the features of the proposed coding. system can best :
be carried out: by contrasting these features with their Boolean .
counterpartsﬂ\- :

2.23 Congunctioa,

2.2%31  Use of Parentheses to Express Subordinative Conjunction.

As was ‘pointed out in 2.21, the utilization of parentheses in a
delimitative function allows us to retain in master patterns symbols
employed as delimiters in concrebe semantic-syntactic patterns. In Boolean
algebra the parentheses are utilized for determining the order of operations.
In the proposed .coding system this function has been essentially retained
(for illustrations see 2.52 and 2.5% below). In addition, however,
rarentheses are employed in noting a subordinative conjunctive relationship
between a pair of set labels, i.e., a relationship in which .one of the -
conjoined set labels is grammatically dependent on (e.g.. in agreement
with, a modifier of, governed by) the other. = This is accomplished by
placing the depéndent (i.e.. governed, agreeing, or modifying) set label,
together with its enclosing parentheses within the parentheses which enclose
the non-dependent member of the pair. Thus, for example, the set~label
pair (noun subject (verb predicate)) indicates that the predicate depends
on (agrees wzth) the subject. :

This additional function results in a much more extensive utilization
of parentheses in our notation than in Boolean algebra, since there are
numerous cases which necessitate the noting of subordinative conjunction
. between, members. .of a set~label palr, even ‘though the order of operations::
is irrelevant. :

Thus, in Boolean algebra (Al B(C))) is merely an extremely uneconomlcal
notation of (ABC) or simply ABC. In our notation, since it includes no
indication of non~subordinative conjunction or of disjunction (see 2.232
and 2.2l below), (ABC) represents simply a single set label (recall that
no set label may occur without parentheses), while (A(B(C))) represents
three conjoined set labels such that C is dependent on (modifies or is
governed by) B and B.is dependent on A. . The sequence (AB(C)) represents
two conjoined set.labels, (AB) and (C), the latter modifying or belng
governed by the former, while (A(BC)) shows the same relatlonshlps between
the set labels (A) and. (B2).

2.2311% 'The Ordering Of Dependent Set Labels.

In order to simplify the operation of the program discussed in
section 3 below, a dependent set label camnet precede the-set label en
which it is dependent. There is, for example, no such pattern as ((4)BC)
or ({AB)C).  The notation for such cases must be (BC A)) and (C(AB)),
respectlvely

11



It follows that our dependency notation mey entail significant
differences between the order of set labels included in a masgier pattern
and the order of concrete words occurring in sentences generazted from
individual semantic~-syntactic patterns derived from the master pattern.

- Thus, a string of the type poor men might correspond to a master pattern
including the set-label sequencé-TEerson (wealth adjective)). Provisions
for converbting dependency-oriented seguences to the order actually '
employed in utterance strings are discussed in section 3 below.

2.2312  Examples of the Use of. Parentheses to Express Subordinatiye
ConJjunction. : o .

2,251217 Master-Pattern_Notétion Matches.Uttéfance.OrderL

- Master-Pattern Notation: - (person(emotion verb(person )./
Utterance; - John likes Mary.

2. 25122 Master-Pattern Notation Differs from Utterance Order.

Master-Pattern I\Totatlon, _ (wrltzng verb(writing obJect(duratlon
o adjective(adjectival 1nten31f1er)))) /.
" Utterance: Write very short stories. .

(The master-pattern order (A (B(C(D)))) corresponds <o the

. ubterance order ADCBE.) . _ _ _

2.252 Use of the Comms and Parentheses to Express Non-Subordinabive
- Conjunction. :

2.222. . Definition of'Non—Subordinafive Conjunction.

It is p0551b1e that two set labels which are themselves net members
of the same dependency pair (i.e., do not have a subordinative - '
. conjunctive relationship with one another) may nevertheless play 1dent1cal
“(dependent or, less frequently; non-dependent ) roles in separate
subordinative~conjunctive relationships with one and the same set label.
From the point of view of -grammsticsal analy81s, such set-label pairs
fall into two cebegories: .those which are clearly cases of coordinstive
conjunction”(e,g,, big, black clouds) and those in which one of two
dependent set labels can be viewed as dependent not on & single non-
dependent set label but on the dependency pdir formed by the non-dependent
set label with the other dependent set label. Thus, for instance, in the
phrage this old book the demonstrative adjective can be viewed as- :

- modifying the phrase old book. Again, in he rarely writes letters
the adverb may be viewed as dependent on the phrase writes letters.

However, it would.appear that little .or nothing is gained by
providing separate notations for these two types of sequences.  In all .
the cases which have che.to-the.attentibn_of the principal investigator
thus far, there is no evidence that items which could be viewed as.
dependent on a dependency pair as a whole behave differently from items
dependent only on the non-dependent member of such a pair. Thus, the
agreement of the demonstrative in such phrases as this old book follows

12




the. same rules as in phrases of the type thls book. Agaln the adverb 1n
he rarely ‘writes letters 1s subJect to the same rules as the one 1n he'h
i‘rarely writes. . i

: For thls Teason 1t Would seem.ln the 1nterests of notatlonal economy
to view both of the cases discussed above as examples of a single
phenomenon--non-subordinative conjunction, i.e. a conjunctive relatlonshlp
between two set labels not entailing the dependency of one of them on the

. other.. Accordlngly, phrases of the type this old book will .receive the

‘ same notatlonal treatment as. those of the type old, tatﬁered books. '

: 2,2528. Notatlonal Dev1ces,_ _

2 25221 Non—subordlnatlve Congunctlon of Two Set Labels Dependent on
:  Third Set Label.

Since by definition set labels which stand in a non-subordinative. :
conjunctive relationship to one another also play identical roles in
separate subordinative conjunctive relationships to a third set label,
it follows that if the non—subordlnatlvely conjoined set labels are
dependent on the third. set label it would be possible simply to 1nclude

“both of the former within the parentheses enclosing the latter., "For.
example, (A(B)(C)) would represent the: non- subordinatively con301ned pair
of set labels (B) and. (C), each of which is depéndent on the third set
label (A) However, it would. appear that not oniy notsbional economy,
but also" graphlc clarlty would be served by 1ntroduc1ng intoe our - system '
a new delimitafional symbol which would permit us to ineclude
non-subordinatively conjoined set labels within a single set of parentheses.
Since the dot and the multiplication sign, commonly employed to denote
congunctlon in Beoolean algebra, are ea511y ‘confuged with the perlod and
the letter x, respectlvely, it was decided to utilize the comma, for this
puUrpose. Thus, in place of . (A(B)(C)) we may, erte (A(B C))

2.2%222 Non-Subordinative ConJunctlon of" Two Set Labels with
Dependent Third Set Label .

It might seem at first glance that the notatlon of cases of this
type (e.g.. expensive hats and shoeg, in which thé adjective applies to
both nouns) could follow the pattern esteblished in 2.23221, i.e., that
the non-subordinately conjoined sei!labels could be-separated by a comma
and the dependent third sef label included within the parentheses
surrounding the non-dependent pair. Thus, (A,B{C)) would represent the

. nen-subordinatively conjoined set labels (A) and (B) and the third set
label {C) which depends on both (A) and (B)

Unfortunately, the utilization of this notation for cases of this
type is rendered less than desirable by the need for a convenient .
representation of such phrases as this very old book, in which, from the
peoint of view of our notational system, the adjective g@ld participates
‘in ‘three relationships: 1) non-subordinative cOﬂJHHCthE with this,
2) subordinative conjunctive with the non-dependent item book,  and
3) subordinative conjunctive with the dependent item very. In accordance

13



with 2.23%221, the master pattern for phrases of this type could include
(noun(demonstratlve adJectlve, age adgectlve)) However, it would appear

- that the most convenient and graphically clear notation.of the set label .
for the adjectival intensifier modifying old would be its inclusion between
the set label corresponding to that adgectlve and the first closing
parentheses, 1@@0, (noun(demonstratlve adJectlve, age adJectlve(adJectlval
.1nten51f1er))) '

It would therefore appear that, unless we wish to modify the notation
adopted in 2.23221, it would be best to dev1se another notstion for phrases
of the type expensive hats and shoes. Tt would seem that this could be -
geceomplished with maximal clarity by 1) placing the dependent third set
label outside the paremtheses surrounding the non-subordinatively conjoined
pair and 2) indicating its dependence on the preceding pair by enclosing
it within an extra set of parentheses. Thus, instead of (A4, B(C))-—a '
notation reserved for cases in Whlch (C) is dependent only on (B}--we would
write (4, B)((C)) .

2.2322% Non—Subordlnatlve ConJunctlon of More Than Two Set Labels,

It is quite possible that the non—subordlnatlve conJunctlve ‘relation-
shlps dlscussed in 2.23%22]1 and 2. 23222 may held ameng ‘more than two set
labels. Thus, 1nstead of this old book or old, fatiered books we might’
have this old, tattered boek with three non—subordlnetlvely conJ01ned o
items dependent on booku On the other hand, in addition to phrases such
as expen51ve ‘hats and shoes we can expect expensive hat s, shoes and gloves,
in which expen51ve is dependent on’ three con301ned nouns. " -

The notation of such cases can be adequately handled simply by
extending the technlques discussed in 2.23221 and 2.23222 4o provide for
the insertion of a delimiting comma after every non—subordlnatlvely
conjoined set label except the lastaj Thns, the first series cited in
the preceding paragraph would correspond to the notation (A(B,C,D)),
while the second would be written as (4,B,C)((D)).

2. 2523 Examples of Non-Subordinative Conjnnetion '
2. 23251 TWO NoneSubordlnatlvely Con301ned Set Labelsn”

..2 232511 NonnDependent Thlrd Set Label.

. Master—Pattern Notation: " (noun(demonstrative pronoun, ‘age adjective))/
Utterance: this old book o i '
“Master-Pattern Notation: {noun(age adJectlve, condltlen adJectlve))/
Utterance: - 0ld, tattered books '

2. 252312 Dependent Thlrd Set Label.

Master-Pattern Notation: (purchase verb sale verb)((object noun))/

- Utterance: buy and.sell books .

Master-Pattern Notation:- - {male adult female adult)((wealth adgectlve))/
Utterance:. rich men and womer

1



2.2%2%2 More than Two Non-Suberdinatively Conjoined Set lLabels:

2.2323%21 Nonrbépendent Subordinativeiy'Conjdined Set Label.

Master Pattern: (noun(demonstratlve pronoun, age adaectlve,
- " condition sdjective))
- Utterance: this old, tattered book

2.232322 Dependent Subordinativeiy‘Conjoined Set Label.

Master Pattern: (purchase verb sale verb, exchange verb)((object
noun) )/ I
Utterance: dbuy, =ell, and trade books

2.24 Disjunction.

2.2h3 Primary Role of Exclusive Disjunction.

Since, as was pointed out in 2.0 above; ene of the strongest
Justifications for the creastion of a master-paltiern netation lies in the-
Tact that certain words can occur with any one of a set of mutually
exclusive medifiers, it is not unreasonable to attend first to the
notation of the "exclusive or" relationship.

2.2413 Definition of Exclusive Disjunétioﬁ°

For our purposes an exclusive disjunctive relationship can be said
to occur between two cor more set labels in a given master pattern when
1) for any concrete semantic-syntactic pattern derivable from the given
master psttern only one.of the set labels can be present, and 2) any’ one
- of the set labels, if it is indeed present in a concrete semantic-syntactic
pattern, will play one and the same role in a dependency pair with one
and the same subordinatively conjoined set label. Thus, for instance
phrases of the type my book and this book could be derived from a single
‘mester-pattern formulation in which the set labels correspending to my and
this are in exclusive disjunction.

2, 2&12 Notation.

2.24121  Exclusive DlsJunctlon between Two Set Labels.

Since we have aliready employed the plus sign within set labels
(cf 1. 1211) it cannot conveniently be employed to indicate a digjunctive
relationship between iwc. set labels.  Since, however, it seems desirsble
to utilize avsymbol.not normally employed -in the strings censtituting
such labels; and because of the associative ties between disjunction,
separstion and division, it was decided to employ the divide sign (+) to
separate the members of an exclusive disjunctive pair. .The subdrdinative
conjunctive relatlonshlp of each member of the pair to a third set label
in the master pattern is 1nd1cated by the devices discussed in 2.23221
and 2.23222 above. Thus, (A ¢ B) indicates that the set labels (4) and (B)
are in exclusive disjunction; (C{4& 2+ B)) indicates that whichever one of
them is present in a given string will depend on (C), while (A 2 B)((C))
indicates that (C) Will depend on whichever one of (A) or (B) occurs in a
glven string.
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2.,24122 Exclusive Disjunction between More Than Two Set Labels.

As in the case of non-subordinative conjunction we simply modlfy the
notation developed for pairs of set labels by writing a delimiter after
each set label except. the last. Thus, with a non-dependent gsubordinatively
‘conjoined set label we write (A(B C D)), while with a dependent one
we write (A # B+ C)((D)).

2.241%5  Example of Exclusive Disjupction, _
.. Master Pattern:. (noun(demonstrative adjective + possessive .

) adjective 2 definite article))

2,24131 Concrete Patterns.

2.241311 (noun(demonstrative adjective))

2.241312 (noun{possessive adjective))

2,241313 (noun(definite article)) - ¢

2,24132  Usterances.

2.2413%21 Corresponding to 2.2L1311;
thls book '

2. 241522 Correspondlng to 2. 2&1312. o
iy book f DR

2, 2&1525 Correspondlng to 2. 241313.,]=
“hhE- book '

?2¢242 . Inclu51ve Disjunctien. -

- 2.2421.  Definition of Inclusive Disjunction.

. For our purposes an inclusive disjunctive relationship can be said
to oceur between two or more sget labels in a. given master pattern when
1) any combination of the set labels in questlon can occur within a
conerete semantic- syntactic pattern derived from the given master pattern
anQ,Q) each of the sét labels which does oceur in“a concrete semantic-
syntactic pattern will play one and the ‘samé role in a dependency pair -
with one and the same subordinatively conJ01ned set Yabel. Thus, if w1th1n
a single master pattern, in addition to phrases of the type, old
tattered books, which were cited in conjunction W1th non-subordinative’
conjunction~(ef: 2.23221), we wish to make provlslon for phrases such as’
0ld books and tattered books, we need simply change the relationship
. between the set labels (age adJectlve) and (condition adjective) to one
70f inclusive’ dlsaunctlon,' : s L I '




2.422  Notation.

There would appear to be no-strong reasons for introducing a new
symbol ‘to represent the inclusive disjunctive relastionship.  First of-
all, as is pointed cutin2.631232, this type of relationship is not
likely +o occur with any great freguency in the msterial with which
we are concerned. BSecondly, it is adequately covered by the notational
devices utilized to indicate restrictions on the omission of optlonal
depenaent set labels (ef. 2. 631232 and 2. 652252)

2.5 . The Orderlng of-Operatlons.

2.51 Relationship of Ordering to Subordinative Conjunétion;

. In order to permit the derivatién of an optimslly large number
of concrete semant1c~syntact1c patterns from & single master pattern,

;1t is necessary to allow for a wide variety of disjunctive and
conjunctive relationship ' networks ‘involving a large number of set

labels. This in turn necessitates a set of rules governing the order
in which we will perform the selection or grouping of set labels in
deriving concrete patterns° Thus, if we are faced with a master
pattern of the type (A '+ B(C + D)), we must be able to decide whether
one of the selective operations-indicated by the two disjunction
gymbols' dependg on the results of the other. 'A similar guestion must ..
be asked about the selection and grouping operations 1nd1cated by the
divide 51gn and’ the comma. in. (A 'y B(C D)) : -

As Was p01nted out ‘in 2 251 ‘a subordlnatlve conJunctlve
relationship between two set labels indicates that one of them is
grammatically dependent on the other. In addition, if the non-
dependent label or labels with which a given dependent label 1is
gubordinatively conjoined is (are) not non-subordinatively conjoined
with a dummy label (ef. 2.63 and 2.7 below), the dependent label
can-occur only in those concrete semantic-syntactic patterns -which
include (one of) the- non-dependent label( )i :

It follows that subordlnatlve congunctlon ¢can serve as a guide
to the ordering of operations, since operations affecting the dependent
set label of a given dependency pair need be performed only after the
completlon of these operations which determine the presence- or absence
in a given concrete pattern of the set label(s) with which the
dependent label must be conjoined.
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2.52 Parentheses Depth as a Guide to the Ordering of Operations

Since in noting subordinative conjunction we place the dependent
set label(s) ‘either within the parentheses enclosing the non-dependent
label(s) or (cf. 2:23222) within an extra set of parentheses, it follows
that we can order our operations Iin the merner described-in 2.51 simply:
by performing first those operatlons enclosed by the smallest number of
sets of parentheses,-:~w: R . -

Operatlons entallingfa greater mumber of sets of parentheses would -
be performed onrly if they invelved set labels which were subordinatively
conjoined with one or more set labels selected from the master pattern - -
as a result of the performance of precedlng operatlons.

Thus,. for example in (A 4 B(C)), We: would first choose between (A)
and (B).. Only if (B) ‘were chosen Would we proceed to the selectlon of
(C), eince'(cf 2. 25222) thig label is noﬁ subordlnatlvely con301ned with
(A). Similar considerations would apply %o (A ¢ B(C ¢+ D)) or (A + B(C,D)).
On the other hand, in (4 = B)((C)), C) would always be selected, since it
depends on. elther (A) or (B). SRR

2.521 . The Utlllzatlon of Addlta.onal Sets of . Pa,rentheses, '

The orderlng of operations in accordance Wlﬁh tThe hlerarchy of
subordinative conjunction does-not permit. us to lmpose different orders
of grouping and selection. on a number of set labels all of which. play one
and the same role in subordinative conjunction with one and .the same set
label. Thus, we have so far no way of deciding whether (A(B,C+ D,E))
will result in the :concreté. patterns (A(B D E)) and: (A(B c E)) or in
(A(BC)) and- (A(DE)) K

Tt would: appear that “the" 51mplest solutlon to thls problem is the =
introduction irto our notation of additional sets of  parentheses.not--
needed for-the representation of subordinative conjunction. Thus, if-
we wish to:insure . the derivation of the first pair of concrete patterns
mentioned in the preceding paragraph, we need-enly write (A(B,(C+D),E)),
while the derlvetlon of the second palr is assured by (A((B, C) + (D E)))

: Note that the addltlonel parentheses do- not replace any. of. the other
operational symbols.: This-feature, which leads-to the use of what may
appear te: be superflucus sects of " parentheses in certaln cases. (et the
second notation above), was intreduced to elmpllfy the program discussed
in section 3 below. : R

2.53% Exanples of the Perivation of Ceoncrete Semantic-Syntactic
- Patterns from Master Pattersn in which the Crdering of
Operations is' Significant.

2.531 Additional Parentheses Not Required.

Master Pattern: (proper name ¢ kinship noun(proper name 4+ possessive
adjective))((oral-noise Verb))/
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2.5311 ' Concrete Pattern Resultlng from Selectlon of Set. Label o
{Proper Name). S TR

(proper name({oral noise verb))/

2.5312 Concrete Patterns Resultlng from Selectlon of Set Label
: '(Klnshlp Noun)/ : i

2,55121 _(klnshlp rmnufproper neme Oral Hoise Vérb )/
2.53122" (klnshlp noun(posse551ve adjective,. oral-noise verb))

2.5313 'Utterance Correspondlng to 2 5511

John is 51nglng

2.53141  Utterance CorreSponding to 2.53121.
Mary's brother is talking

2 551&2 Utterance Correspondlng to 2. 55122

Thelr nephew is crying.

2.552:\‘ Addltlonal Parentheses Requlred

Master Pattern: (noun((posse851ve adjective + demonstratlve
o o adgectlve), age adJectlve))/ L

2.5321. Concrete Patterns.:
2.53211 (noun(90553551ve adJectlve, age adJectlve))/
2.53212 (noun(demonst'ratlve adjective, age adgectlve))/
2.5322 = Utterances.
2.55221-.Cbrresponding £6:2955211;
' - my old house N
2.53222 Correspondiﬁg'to 2.53212.
| this new table |
2.6 Optiénal Reiéiionshipsﬁ
2.61 Definition of Optional Relationships and Optionsl Set Tabels.

As was indicated in 2.0, there are numerous cases in which a set
label may, but need not, be subordinatively conjoined with = dependent
set label. In such caseg the subordinative conjunctive relationship can
‘be referred to as an optional relationship and the dependent set label as
an optional set label. Thus, in a master pattern notation (noun(quality
adjective(adjectival intensifier))), correspondlng to phrases of the type
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very good books,sthere is:one; optional. relationship--(quality. adgectlve -
(adjectival intensifier))--and one opticnal set label--(adjectival '
intensifier).

2.62 The Need for a Notatlonal Dev1ce,“

It mlght at flrst appear that there is llttle or.no need to prov1de
a separsbe notation for opticonal relationships and/or set labels.
Indeed, in the case Just-.cited.and in many others it would be: possible.
%o account for such concrete patterns lacking the optional items--in
thig case the pattern-{noun(guality.adjective})--by-a general algorithm .
based on the rule for the ordering of operations. Thus, the dependent
set label of a subordinatively conjoined palr might be regarded as an, -
optional set label and the subordinative conjunction viewed as an optional
relationship whenever the non-dependent set label alsc oceurred s the
dependent member in a Subordlnatlve conJunctlve relatlonshlp with a
third set label.

There are, however, a number of cases in which such an approach
would fgil. Thus; in representing: prepositionsl phrases modifying a - -
verb we employ the pattern (verb(prep051tlon noun))) In many cases the
omlssion of the set label (noun) will result in a concrete’ pattern
leading to the generation of unacceptable utterances. Compare for
instance he reads in bed and he reads in. Again, certain transitive

- verbs (e g pulvemlze, compressi hardly ever: occur without.-a direct
object in normal speech, while others. {e.g. read, write) do so guite
frequently. It would, therefore, appear that the development of a
separate notation for optional relationships an@/p:llabels,is both .. -
necessary and useful . '

.63 The Urilization of the Dummy Label ‘o Indlcate R
Optional Relationships.. _ e

2.6%1 Rationale,

Since; on the one hand, 1% would seem desirable to keep the set of
symbols not permitted within set labels as small as possible, and since,
on the other, it would seem less than desirable to develop . new notational
devices for optional variante of each of the three types of relationships
discussed above, 1t was decided to signal the presence of -an optional
relationship by placing the opbtional set label in exclusive disjunction
with a "dummy” or "zero" set label consisting of the single digit ¢.
 Note that the utilization of the dummy label (@) does not forece us to
exclude the character ¢ from other set labels. . The only" restriction it
entails. is the exclu51on of set labels con51pt1ng solely of the
character @. :

2.6311 - Optional Relationship Affeétiﬁg Only- One Dependent Set Label.

. This type 15 extremely 51mple, requlrlng only the insertion of the
‘divide 51gn and the dummy label after the optlonal label Thus, while
(A(B(C))) includes no optional relationship, in (A(B(C « @})) ‘the
:relatlonshlp (B(CY) and’ the set label (C) are optional. Again, in -
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(A s B)((C)) the concrebe patterns are 11m1ted to (A(C)) and (B(C)),
while in (A~J'B) {c s+ ¢)) they include {A(C ), {(3( c)), (4}, and (B).

2.6312  Optional Relatlonshlp Affectlng Two or More Dependent Set Labels.

2.63121 Dependent Set Labels in Exclusive Disjunction.

This type is.alsc quite simple: since only one of the dependent
set labels participating in such a relationship can be present in any
concerete semantic-syntactic pattern, we can make the relationship
optional by the same means asg in 2. 6511, Thus, non-optional (A(B 1 C)),
which allows only the concrete patterns (A(B))} and (A(C)), corresponds
to optional (A(B 4 C + ¢)), which permits (A) as well.

. 2.63122 Dependent Set Tabels in Subordinative Conjunction.

This case too is taken care of simply by inserting the exclusive
disjunction symbol and the dummy label. Thus, non-optional (A(B(C))),
which generates only one concrete pattern, corresponds to optional
(A(B(C) ¢ @)), which permits both (A(B(C))) and (4).

2.6312% Dependent Set Liabels in Non-Subordinative Conjunction.

This case is somewhat more complicated than the preceding ones,
“since it requires the utilization of additional sets of parentheses to
define the order of operations (cf. 2.521).

2.631231 Unrestricted Omission of Optional Labels.

This type entails no complications other then the use of additional
sets of parentheses. Thus, if the non-optional notation is (A(B,C,D)),
which generates only one concrete pattern, the notation (A(B,C,(D % @)))
permits both (A(B,C,D)) and (A(B,C)); (A(B,{c + ¢),D)) allows (A(B,C,D))
and (A(B,D)); (A(B,(C ¢ d{(D s @))) gives all of the above plus (A( V);
(A((B ¢+ ¢),C,D)) generates (A(B,C,D)) or (A(C,D)); etc., etc, The
maximum number of concrete patterns is genersted by (A((B 2 $),(C 2 @),
(D # ¢)))) which permits any combination of dependent labels Wlth the
label (A), as well as a concrete pattern consisting of (A) alone.

2.6312%2 Restricted Omission of Cptional Labels.

It may prove desirable in some cases to insure that all the
concrete patterns derived from a given master will include at least one
(or, less probably, more than one)} member of s group of non-subordinatively
condoined opticonal set labels. Thus, one might wish to permit phrases
of the type he speaks Russian well, he speaks well, and he speaks Russian,
but to exclude phrases such as he speaks. While there is some doubt as
to whether restrictions of this type are likely to be utilized very
often, they can be adequately conveyed by a combination of optional non-
subordinative conjunction and non-optional exclusive disjunction.

Thus, if we wish to generate the concrete patterns (A(B,C)),(A(B)) and
(A( c)), but to exclude (A), we need write not (A((B s ¢),(C + ¢))), but

(A( B,(C ¢ ¢))sC)).
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Ingofar as only one of the optional dependent sel labels need be
present In any concrete pattern, the restricted omission of optiocnal set
labels is equivalent to an inclusive disjunective relationship among them.
Ag wag pointed out in 2.422, this fact, combined with the relative
infrequency of this relationship, cobviates the necessity for a special
‘notaticnal device representing inclusive disjunection as such.

2.632 Examples of the Derivation of Concrete Semantic-Syntactic
Patterns from Master Patterns including Optional Relationships.

2.6%21  Only One Dependent Set Label.

Master Pattern: (person(reading verb(reading object + ¢)))./

2.63211 Concrete Pattern including Optional Relationship.
- {person{réading verb(reading cbject)))./

2,65212 Concrete Pattern Without-optibnal Relationship.

{person(reading verb)),/

2.6%21% Utterance Correspondlng to 2 63211,

John is reading a book

2.6%214 Utterance Corresponding to 2.63212.

John is reading.
- 2.6322 More then One Dependent Set Label.

2.6322]1 Dependent Set Labels in Exclusive Disjunction.

Master Pattern: (noun{demonstrative adJectlve + possessive
adjective + #))/

2.63%2211 Concrete Patterns with Opticnal Relationship.
2.6%22111 {noun(demonstrative adjective))/
2,6322112 (noun{possessive adjective))/

2.632232 Concrete Pattern w1thout Optlonal Relationship.

(noun)/
T2.652215 Utterances.

2.6%22131 Ccrrespondlng to 2.6322111.
this hat.

2,63021%2 Corresponding to 2.63%22112.
- my hat
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2.63221%3  Corresponding to 2.632212.
hat

2.63222 Dependent Set Labels in Subordlnatlve Congunc%zon

. Master Pattern: (noun(age adJectlve(adJectlval 1nten81f1er + gn)/

2.6%2221 Concrete Patterns.

2.6%22211 (noun(ﬁgé adjective(adjectival.intensifier)))/
2.6322212  (noun)/
2.632222 - Utterances.

2.6%22221 © Corresponding to 2.6322211.
very old hats

. 2.6322222  Corresponding to 2.6322212.
hats

2.6%223 - Dependent Set Labels in Non-Subordinative Conjunction.

2.6%2231 Unrestricted Omission of Dependent Set Labels

| Master Pattern: (person(read verb({read obJect + ¢) speed adverb =

8)))).

2.6322311 Concrete Patterns.

2.63223111 (person{read verb(read object,”speed adverb)))./
2,63225112 (pefson(reéd verb(read object)))./

2.6322311% (person(read verb(speed adverb)))./.

2.6322311Y4 - (person(read verb))./

2.6%22312  Utterances.,

2,6%223%121 Corresponding to 2,63223111.
John reads books guickly.

2.63223122 Corresponding to 2.63223112.
. John reads books.

2. 63225123 Correspond_lng £0 2, 63225113.
John reads quickiy.
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2.63222312l Corresponding to 2.63%222311k.

John reads.

2.632232 Restricted Omission of Dependent Set Labels
(Inclusive Disjurction).

“Master Pattern: (person(read verb((read object,(speed adverb 4 @}) =
speed adverb)))./

The concrete patterns and utterances are 1dent1ca1 with thosge in
2.63223111 through 2. 65225115 and 2.6%223121 through 2. 65225125,
respectively.

2.7 Evaluation and Prospects for Future Development.

Apart from the large number of sets of parentheses needed to lnsure
the proper ordering of operations (cf. 2.521) and the complexity of the
notational devices for inclusive disjunction {(cf. 2.631232), our
-notation makes no provision for the optlonal notation of the non-dependent
set label in a subordinatively conjoined pair. Since in patterns almost
all labels which play a non-dependent role in oné subordinative conjunctive
relationship alse play a dependent role in another such relationship,
only such set labels es those playing the role of the subject or, in the
cage of subjectless imperative sentences, the verb, are not covered by
our noctation.

There is, however, no reason why we could not cover these cases as
well, simply by placing the non-dependent set label in exclusive disjunction
with the dummy label. Thus, if we wish to zllow for both the concrete
pattern (A(B}) and {B), we could write (A = @){(B)). Such a modification.
would require a corresponding modification ¢f the program disecussed in
the following section of this report.

3. Program for the Generation of Concrete Semehtic-Syntactic
Patterns from Master Patterns. :

3.0 Purpose and Justification.

The creation of a program of this type is necessary in order to
realize the economies made possible by the coding system discussed in
gsection 2. The potential value of the latter is discussed in_2.0 above.

3.1 Documentation.
3.11 Functions of the Program.
3.111 The Derivation of Concrete Patterns.

The primary funciion of the program is to produce the complete set
. of concrete semantic- Syntactic patterns derivable from a master pattern
(ef. 2.0). The concrete patterns could then presumably be used as 1nput
for a program of the type descrlbed in sectlon 1.
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%.112 The Bépresentation of Corjunction in Concrete_Pattefps._

The program discussed in sectlen 1 operates on set labels each of

" which 1s enclosed by a single set of parentheses. . It follows that it
cannot operate on corcrete patterns which utilize the devices discussed
under 2.231 and 2.2%2. On the other hand, the information on the
subordinative and non-subordinsative conjunction of set labels which must
be inciuded in master patterns cannot be simply omitted in generating concrete
patterns, since it provides a major part of the information on govermment,
agreement and modification needed to generate the correct forms of
individual words selected by the program discussed in section 1. BSince
that program permits the inclusion of additional information relevant to
a given set label after a plus sign follewing the string of characters
constituting the label itself and preceding the closing parentheses for

© that label, -it would appear that a second function of the program under
discussion must be the conversion of the master-patiern representation

of conjunctive relatlonshlps to a form compatlble with the input format
spec1f1ed in 1.3211.

A1z . 0 File Format;

3,121 Input Files. '

The input for the program consists of a disk file (channel 1)
‘containing one or more master patterns with the format specified in section
2. FYor examples of master pattern input see 2.2312, 2.2323, 2. 2413,

2.53, etec. (Note that there is no provision in the existing master
pattern notation for the imelusion of literals, i.e. concrete words. At
present the only way o include a litersl in a master pabttern nctation is
to represent it as a set label corresponding to a set with a single
member. )

3.122 OQutput Files.

. 3.1221  Eguivalence of Concrete Patterns and. Input Strings Discussed
in 1.1211.

The output of the progrem consists of a disk file (channel 3)
identical in format to that of the input file on channel 1 mentioned in
1.121. Fach concrete pattern of our output is identical with one of the
input strings discussed under 1.1211.

3.1222 The Representation of Subordlnatlve and Non—Subordlnatlve
Conjunction. -

As was indicated in 3.112, information on conjunctive relationships
between set labels is coded as additional information accompanying
individual set labels in accordance with 1.12111.  This information takes
the form of two alphabetic characters immediately following the plus sign
and themselves followed by a space. The space, which serves only to szet
off the two characters from any other additional information which may
precede the closing parenthesis for the given set label, may be omitted
if there is no additional information. The First.of the two characters
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serves to identify the set label in question, while the second identifies
a non-dependent set label with which the set label is subordinatively
conjoined. Thus, the coding (x + ba) indicates that set labsl (x) is
represented by the character b and is a dependent set label subordinatively
conjoined with the non-dependent get label represented by the character
a. Again (v + ca) states that set label (y) is represented by the
character £ and also depends on the set label represented by the character
a. .

Whether or not (x) and (y) are coordinatively conjoined can be -
decided only after a consideration of such factors as their semantic =
compatibility and, in come cases, additional coding. However, it is
clear that the fact of their. non-subordinative coordination--the only
information conveyed by our master-pattern netation--can be established
simply by ascertaining that they both depend on the set label represented
by the character a.

I a set label does not depend on any other set label, the second
character after the plus is identical with the first. Thus, the sequence
(z. + aa) indicates that the set label (z) is represented by the character
a and is not a dependent set label in any subordinative conjunctive
relationship. It would appear that, subject to certain limitations
connected with clause boundaries, representations such as {x + aa) and
_(y‘+ bb) would indicate that (x) and (y) are nonésubordinative1y conjoined.
4.122% - Examples of OQutput with Corresponding Input and Sample Utterances.

3.12231 Input with No Optional Relationships.

Inpui: (persbn(read verh + Write'verb(ﬁrife bbject)))./
%.,1223%11 Output.
%,1223111 {person + aa){read verb + ba)./
%,1223112 (person.+ aa)(w?ite syerb + ca)(write @bjec£ + de)./
3. 122312 U%teranéeso 

3.122312]. Corresponding to 3.1223111,

John 1s reading.

3.1223122 Corresponding to 3.1223112.

- John is writing a letter. .

3.122%2  Input with Optional Relationshipso
Tnput: (person(read Verb((read object + ), (speed adverb = 9)}))./

3. 122521 Output
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3.1223211 (perso? + aa){read ¥erb + bs)(read object + cb)(speed adverb
+ db). - ' o

3,122%212 (person + aa)(read Verb + ba)(read object + cb)./
5.1223215 '(person + aa)(read verb,4 ba)(spéed adverb + db):/
3.122321k (ﬁerson +_aa)(iead ﬁerﬁ + ba)./ _ . .
3.100%2  Ubberances. -

3;1225221 " Corresponding to 3.1223211.
John reads books quickly.

3.1223%222 Corresponding to 3.1223212.

John reads books.

3,1223223 Corresponding to 3.122521%.
- John reads quickly,-

| 3.120322) Corresponding to 3.122321L.

. John reads.

5.2 'Evaluation and Prospects for Future Development.

Insofar as the notation discussed in section 2 iz a satisfactory

- one, the program under considerastion would appear to operate quite
satisfactorily: 1t converts master patterns to concrete paitterns without
losing any informstion on subordinative and non-subordinative coordination.
However, as was pointed out in 2.2311, the sequence of set labels in a
.master pabttern and, conséduently, in concrete patierns as well, may
-often differ from the order in which individual words corresponding to
such labels would occur in normal utterances. It would appear therefore,
that the conerete patterns produced by the program documented under 3.1
should be utilized not as input for the program documented under 1.1,

but as input'for a "re-ordering" program, which would have as its output
concrete- patterns identical to those of the input in every respect except
the sequencing of set labels. The latter would correspond to the normal
word order of utterances to be generated from the gueen concrete pattern.

While it is impossible to give here a detailed outline of the.
cperation of such & program, it is clear that it would entail the use
of transformations based on 1) the information on subordinative and non-
subordinative conjunction placed after the plus sign accompanying each
set label in a concrete pattern, and 2) ‘other information on the semantic
and/or syntactic properties of members of individual sets. Thus, if in-a
concrete pattern for English utterances 1)} {x) depends on (y), and 2) (x)
is an adjectival intensifier while (y) is an adjective, the concrete patiern
- notation (y + aa)(x + ba) would be converted to {x + ba){y + aa) to insure
the correct order of such phrases as very good, extremely bad, etc.
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Mﬂ . :Program Tor the Automatilc Llstlng of Coded Vocabulary Items as.
Members of Semantic Sets.

k.o Justification and Purpose.

The preparation of a set list of the type dlscussed in l 1212
necessitates the association of ‘individual vocebulary items with the set
- labels referring to the semantic sets of which a given vocabulary item
is s member. However, once this association has been established; there
is no reason why the actual inclusion of the vocabulary item in the list
of set members corresponding to each relevant set label cannot be -
accomplished by a computer program. It would appear that such a program
would significantly reduce the time and effort required to create and
update the set iist.

.1 Documentation.

h.11 Function of the Program.

The program operatés on 1) an alphabetized list of vocabulary items
each of which is followed by the set labels corresponding to the sets of
which it is a member, and 2) a set list of the type discussed:in 1.1212.
Each vocasbulary item is listed among the set members corresponding to each
of the set labels with which it is associated. If a given set label is
not found on the set list, it is entered at the appropriate alphabetic
positicn in the list with the new vocabulary item(s) as its member(s).

.12 File Format.
h 121 - TInput Files.

The input for the program consists of 1) a disk file (channel 1)
ccntalnlng a list of new. vocabulary items with their associated set labels,
and 2) a disk file {channel 2). identical in format Wlth the set llst ,
discussed under 1.1212.

‘401211.‘ Vocabulary List Format.
. Bach vocabulary item is immediately preceded by the symbol < and.:

immediately followed by the symbol >. The set labels sesociated with the

'vocabulary item follow the symbol’ > ‘Fach set label is enclosed in
parentheses. Resirictions on set- label format are the same as those
discussed in 1.12121.

k., 12111 Example of Vocabulary List Format.

< boy > (anlmate belng)(Juvenlle)(male)(person)
<go > . {motion verb)

< house > (building)(inanimate belng) re81dence)
< red > " (color adgectlve)

h.1212 . Set List‘Format,
Bee 1.1212.
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122 Output Files.

The output consists of a digk file (channel 3) of the same format
as the input set list. It differs from the latter in that it 1) lists
the vocabulary items found on the channel-1 input file under each of the
set labels with which they are associated, and 2) includes set labels
found in the vocabulary list but not in the channel-2 input file, §

74.l221 Example of Output with Oorresponding'Inpnt.

h.12211 Channel 1 Input.
< boy > (anlmate belng)(Juvenlle)(male)(person)

u 12212 Channel-2 Input,

(animate being)
c<dog >

< man >

_< woman >

(male)
< man >

-(pefson)
< man >
<'Woman >

L.12213 Output.

(animate being)
< boy. >
< dog >

< mantz

5 woman >

(juvenile)
Sboy >

(male)
Sboy >
< man >

(person)
< poy >
C < man >

< woman >

hq§  Evaluatlon and Prospects for Future Development.

While the program documented under h 2 is a useful labor saver, it
would appear that considerably greater economies could be zttained by a
program which, by taking account of the fact that membership in one set
often implies membership in one or more additional sets, would permit a
significant reduction in the number of set Zabels associated with
vocgbulary items on the input list. Thus, it would appear that the item
© < boy >, used in k.12211, could be coded simply as (Juvenile)(male), since
any item associated with the first of these two set 1abels would also be
associated with (animate being) and (person).
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T 5. The Elementary Verbal Communicator (EVC). A New String~-Manipulaticn
Language for the PDP-10 Compuler.

5,Q Justificatidn and Purpose.

5¢01. The Need for a Higher~Level Language.

Although the programs documented in sections 1, 3, and 4 were written
in PDP-10 assembly language, it soon became clear that rapid progress in
the development of programs capable of generating instructionsl material
would necessitate the use of a higher-level language. This was due to
1) the large number of programs to be written, and 2) the interdependent
character of many of the programs. Thus, the three programs documented so
far center on a single problem--the generation of large numbers of
utterance patterns from a small amount of input. No attention has been
paid to such complex problems as the correlation of utterance patterns in
the base language with those of the target language or the generation of
inflected forms from the basic forms given in set lists.

The interdependency of many programs can be seen from the fact that,
of the three programs discussed so far, the output of those documented
under 3.1 and 4.1 serves as input for the one documented under 1.1. This
means that a modification in one program may easily entall corresponding
" modifications in another. Such a chain-like relationship between different
programs makes the greater programming speed afforded by a higher-iewvel
language pariicularly desgirable.

5.02 Reasons for Developing a New Language.

The higher-level langnages available on the PDP-10 system used by
the principal investigator included Fortran, Gogol, Sail and Lisp. OF
these, the first was not at ali suited for string manipulation of the type
entailed by cur programs. Gogol and Sail were also less than satisfactory
for cur purposes, and, in addition, were not regularly used by the systems
programmer connected with our project. The fourth language, Lisp, while
more suited Lo our needs; was 50 inadeguately documented theat its use might
have entalled a large number of unforeseen difficulties. It was hoped
that the IMSSS would be able to make available ancther string-manipulation
language-~SNOBOL IIL. However, this language, which was ideally suited
for our purposes, did not become available during fThe contract period.

In view of thege difficulties it was decided to develop a string-
manipulation language specificelly adapted te the needs of our own research.
This approach proved to have two major advantages. First, it made the
principal investigator tec a large extent independent of other programmers,
since the writing of the programs documented above had given him considerable
Tamiliarity with the PPP-10 assembly language-~the basic teol in the
creation of the new string menipulsation language. Secondly, it allowed
him to try a large number of approaches to one and the same programming
problem--a freedom always curtalled to some extent by the utlllzatlon of
a pre- ex1st1ng language, ‘ :
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5.1 Documentation.

Any program written in the string- manipulation language EVC congists
of a series of instructions. Each instruction must begin with an operation
code. An operation céde is defined as a string of alphammeric characters
immedistely preceded by a line feed and immediately followed by the
tabulation character (henceforth referred to as the tab mark). Operation
codes may not begln with a hyphen (cf 5. 311) Most, but not all, instructiocns
include one or more additiomal constituents, henceforth called operands.
Operands are discussed in the sections dealing with the operatlon codes
they accompany.

5,11 Input

5.111 . "Pisk-Tile Input

The current version of EVC permits the concurrent usage of two disk
files for input purposes. (It would, of course, be relatively simple to
increase this mumber, but such a modification would entail no fundamental
changes in the language--only the creation of additional input 1nstruct10ns=)
Since the input files currently allowed must be attached to disk channels
-2 and &, we shall henceforth refer to them as flle 2 and flle L,
respectlvely

5.1111 - Input from File 2. -

5.11111 General Characberistics.

Input from file 2 1s transferred to a core storage area which will
henceforth be referred to as the item buffer. (The size of the item
buffer currently permitted is 50 PDP-10 words, i.e., 250 seven-bit, :ASCTI
characters. It would, however, be a simple matter to develop one or more
other versions of EVC with item buffers of different lengths.) The
storing of new input always beging at the first word of the item buffer
so that newly stored input must be transferred to another storage area
(see 5.111%2 below) if it is to survive the execution of subsequent
Irput instructioens. :

5.11112 Input Operation Codes.

All instructions resulting in the transferral of input from file 2
to the item buffer operate on a character-by-character basis, i.e., only
one seven-bit ASCTT character at a time is read into the PDP-10
acctmulator utilized for such input. The operation codes, which all
begin with the ‘sequence TXT, fall into two groups--those which commence
the storage of input in the item buffer with the next available :ASCIT
character on file 2, and those which store no cliaracters until a given
character or character sequence has been encountered. The latter type will
henceforth be referred to as initiator-dependent operation codes.
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5.111121 Operation Codes with Immediate Commencement of Character
Storage.

_ The storage of characters from file 2 in the item buffer continues
until the program encounters a terminator. In addition to the end-of-file
mark, the terminator may be a single character, a character sequence, oF
any one of as many as five different characters. Where only a single
character or character sequence is utilized to terminate the transmission,
it is possible either to stop the storage of characters with the last '
character preceding the terminator to store the terminator as well.

5,1111211 The Operation Code TXTUPTO.

This operation code causes the storage in the input buffers of the
next available character on file 2 and of all characters following it up
to {but not including) a given character or tharacter sequence. -The .
character or sequence which is used as & terminator follows the tab mark
and is enclosed by a palr of identical delimiting symbols which may take
The shape of eny character not included in the terminator itself. '

Thus, the 1nstruct10n TXTUPTO x.Xx will result in the storage in
the item buffer of the next avallable character on file 2 and of all the
following characters up to the first period. The same result can be
- achieved by TXTUPTO 1.1, TXTUPTO -,=, ete. The instruction
TXTUPTO -and- would result in the storage of all characters preceding .
the first occurrence of the word and, while TXTUPTO zbutz would halt -
storage with the last character precedlng the first occurrence of the
string but. '

5.1111231]1 - Examples of Operation.

5.111121111 Instruction: TXTUPTO *  y,¥-

. Wext available file 2 dinput: Tom, Dick and Harry...
! Characters stored-in item buffer: Tom:

5.111121112 Instruction: TXTUFTO. - .. and,
(File input as in 5.111121111)

Characters stored:  Tom, Dick

5.1111212  The Operation CoGe TXTHRU.
This differs from TXTUPTC {cf. 5.11112311) only in that it results in
the storing of the terminator asg well as the characters preceding it.

Thus, if we use TXTHRU in 5.121121111 the characters stored would be Tom,-.
Tts uwse in 5.111121112 would result in the Storage of Tom, Dick and.

5.1111213% The Operation Code TXTALT

This operation code is identical inibs efféct with TXTHRU, except that
the terminsior may be any one of a set of five or fewer single characters.
The characters to be used as terminators immediastely follow the tab mark.
The final character of the set is immediately followed by a period, while
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any others are immediately followed by a comma, which is itself immediately
followed by the next terminator. The instruction TXTALT L, 7. will
terminate the transmission of input with the storage of the first
exclamation point or question mark encountered. Note that both the comma
and the period will be treated as terminators, if they occur in an odd-
numbered position. Thus, the instruction TXTALT sys3t,3,7. would result
in the termination of input trensmission after the storage of the first
period, comma, exclamation point, semicolon, or guesticn mark encountered
in the text. )

5.11311213%). : Examples of Operation.

5.111121311 Instruction: TXTALT . ,,.,7,I.

5,1111213111 Next availsble input: Tom, Dick and Harry.

" Characters stored: Tomg

5.11311213112 Next available input: Dick and Harry.

Characters stored: Dick and Harry.

5.1111213113 Wext available input: Is he home? No, he's not!

" Characters stored: = Is he home?

5.111122° InitisteP-Dependent Operation deesp

As was indidated sbove, these operation codes do not result in the
storage of input characters in the item buffer until the program encounters
an initiater, i.e., a character or string of characters specified in the
instruction. BStorage may commence with the initiator itself or with the
first character fellowing the initiator. Termination follows one of the
patterns discussed in 5.1111211 and 5.1111212. Note that in these
instructions both initiaters and. terminators are limited to a single
character or character sequence. It would, however, be relatively simple
to develop additienal instructions permitting the use ef alternative
Anitistors and/or terminators (cf. 5.111121%).

5.1111221  The Operation Code TXTING.

This operation code commences storage of characters in the Input
buffer with the first character of the initiastor itself and terminates
storage with the final character of the ferminator. The initiator follows
the tab mark and is set off in the manner specified for the terminator
in 5.13111211. The closing delimiter of the initiator must be immediately
followed by the terminater, alseo set off as in 5.1111211. Thus, for
example, the instruction TXTINC -and--but- will result in the storage
of the first example of the string and encountered on file 2 plus all the
following characters through the first occurrence of the string EEE'

5.11112211 Examples of Operation.
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"5,111122111 Instruction: TXTINC /D) v/

Next available input: Tom, Dick and Harry.

Characters stored: Dick and Harry

5.111122112 Instructien: TXTING ~Ha~x.x
Toput as in 5.1111221131, '

Characters stored: ° Harry.

5.13111222 The Operation Code TXTEXC.

This is identical in formast and operation with TXTINC, except that
neither the initiator nor the terminator is stored. Thus, 1ts use in
5.131122111 would result in the storage of ick and Harr. In 5.1311322112
it would store arry oniy. ' .

5.1111223 The COperation Code TXTEAID

This cperation code is identical in format and operation with TXTINC
and TXTEXC, except that it stores the terminator and omits the initiator.
Thus, its use in 5.111122111 would glve ick and Harry. In 5.111122112
it would stere arry. only. :

5.1112 Input from File &,

This follows exactly the same pattern as that described under
5.111%, even to the use of one and the same item buffer. Instruction
format is identical except that cperation codes which operate on file 4
fiust begin with the sequence TMT 1nscead of T™XT, e.g., T+TUPTO ThTALT
TkTINu; ete,

5.1113 The Tnput of Titerals.

5. 11151 Transfer of Literals to Ttem Buffern

It is p0551b1e to place a string of one or more ASCLI characters in
the item buffer simply by using the coperation code IKTLIT. -The
characters to be stored in the item are set off in the same manner zs the
terminator peed with TXTUPTO {ef. 5.1111231). Thus, IKTLIT ~boo~ places
the three characters boc in the item buffer. The same result 1s, of course,
achieved by IXTLIT xboox or LKTLIT /boo/, etc., Te place the phrase
Tom, Dick and Harry in the item buffer we write only IKTLIT xTom, Dick
and Harryx. ' ' ' ' -

501l152 " Imput Followed by Storage of Literals and/or Setg of
Literals in Core Area Other than Input Buffer.

Since in the vast majority of cases it is desirable to be able to
retain stored literals for fubture usage, the input of a literal will
almost always be followed by its transfer from the item buffer to another
gtorage area. In additicon, 1t is often convenient to be able Lo retrieve
more than one literal at a time. The following instructions result in
1) the storage of a literal or a seb of literals in an area of core other
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than the item buffer, and 2) the association of the.literal or set of
literals stored with another litersal, also stored in an area of core
other than the input buffer. The former will henceforth be referred to
& a class, while the latter will be called = class name. - If a class
includes more then one llteral, each 1ndiv1dual llteral will be called

a class membery

5.111521 The Operation Code NWCLS.

Thig operation code, which can be:used only when none of the literals
to be processed includes either a comma, & period, or a percentage sign,
has the following format: +the tab mark is 1mmed1ately followed by the
literal which is to become the class name. The latter is immediately
followed by a comma which is itself follewed either by a space or by the
first character of the first class member. The last class member is
immediately followed by a period. All the others are immediately followed
by commas, which may be followed by a space preceding the first charscter
of the next class member. Thus, the instruction NWCLS vowels a,e,i,o,u.
results in the storage of the literal vowels as a clags name asgociated with
a class whose members are the five vowel letters preceding the period.

The Iinstruction NWCIS 7,7. results in the storage of the literal %
both as a class neme and as the sole member . of the assoclated class.

5.111322  The Operatlon Code NCLNTM

This may be used in place of NWCLS when it is necessary to store
class names or class members including either a comma or a period or both
(no class name or class member may- ever include the percentage 51gn)

. The first character gfter the tab mark is the delimiter chosen to set off
the class name from the first class member and the individual class members
from one another. It must be Iimmediately followed by the first character
of the class name and it must immediately follow both the last character
of the class name and that of each of the class members. There may,
however, be a space between the delimiter and the first character of a
class member. The delimiter Immediately following the last character of
the last class merber is itself immediately followed by another delimiter.
Wone of the literals to be stored may include the delimiter.

Thus, the instruction NCINTM 4/vowels/a/e/1/o/u// has the same
results as NWCLS vowel, a,e,i,0,u. (cf. 5.111321). However, the latter
cannot be utilized in place of NCLNTM /averages/l 2/3. 4/6 2//, where the
class menmbers 1. 2, 3,4, 6.2 include the period.

5.12 Manlpulatlon of Strings within Core Storagé.Areas,
5.121 String Stored in Item Buffer.
5.1211 Deletion of String Characters.

5.12111 ‘Operation'Codes.Specifying Characters to be Deleted.
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5.121111 The Operation Code KILIST.

This operation code results in the deletion of the final character
and zs many as 28 of the immediately preceding characters from the string:
currently stored in the item buffer. The tab mark is followed by a decimal
number from 1 through 29. Thus, if the item buffer contains the string

Harry, the instruction KILLST 1 would reduce the contents te Harr, -
while the instruction KILLST 2 would reduce Harry to Har.

5.121112 The Operation Code KILFRS.

This is identical with KILLST except that deletion beglns with the
first .character and proceeds with the 1mmedlaiely follow1ng ones. Thus,_
KIIFRS 1 changes Harry to arry, etec. o '

S.12112 Operation Codes Specifying Characters_to be‘Retained,
5n121121 Numerical-Specification=

-5 1211211 'THe Operation Code LKTLST¢

This code causes the deletion of all but the final character and as
many as 28 of the characters immediastely preceding it. Format follows
that for 5.12111Y. Thus, LKTLST 2 changes Harry to rry.

5.1211212 The Operation Code LKTFRS

This is the reverse of ILKTLST, deletlng all but the first character
plus as many as 28 of the 1mmed1ately follow1ng characters. Thus,
LKTFRS p) changes Harry to Har. :

50121122 Delimiter~Dependent Specification.
5.1211221  Specification of Initial Delimiter.

5.12112211 - The Operation Code LKBGNG

This code deletes all characters in the input buffer preceding the
first oeccurrence of a given character of character sequence. The latter
is set off as in 5.1111211. Thus, IKBGNG -r- changes Harry to rry.

e5,l2112212 The Opersation code_LKFLEW.

This differs from LKBGNG only in that the delimiting character or .
sequence is also deleted. Thus, LKFLLWl /r/ changes Harry to ry.

5.1211222  Specification of Terminal Delimiter.

5.12112221 The Operation Code IKTHRU.

This causes deletion of all characters following the Tirst occurrence
of a given character or character sequence. TFormat as in 5.1111211,
. Thus, LKTHRU xrx changes Harry to Har. T
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5.12112222 The Operation Code IKUPTO.

This differs from LKTHRU only in. that the delimiting charscter or
sequence is also deleted. Th Thqsg ILKUPTO ,r, changes Harry to Ha.

5.12113 Deletion Dependent on Inmediately Preceding. Instruction.

5.1211%1 . The -Operation’ Code IKTRST.

This c¢peration code, which has no operand must be usged immedistely
after an instruction containing one of the follewing eoperation codes:
WMBGNG, NMFLIW, NMFRST, NMLAST, NMTHRU, NMUPTO (cf. 5.12122 below). TIts
effect is to delete from the item huffer these characters stored by the

imnediately preceding instruction.  Thus, the two instructions NMFRST 1,
start (ef. 5.1212212) and IKTRST have the same effect on the item buffer
as the single instruction KIIFRS =~ 1, i.e.. they change Harry to arry.

The sole difference is that in the former case the H has been stored as
the sole member of the class start, while in the latter it has been-
irretrievably lost.

5.1212 Transfer Qf Characters in Item Buffer to Other Core Areas.

Transfer of some or all of the characters currently in the item
buffer to another core area follows the pattern for the storage of iiterals
described under 5.11132.° The characters to be stored are ireated as s
single literal, i.e.. they become the sole member of a class. Since
storage and retrieval ent=il the association of the charscters with a
class name, each of the operation codes described below. contains eilther
the sequence NM or the sequence NAM.

5.12121 Storage of Entire Contents of Item Buffer.

5.121211  The Operation Code NMITEM.

This operation code stores the entire current centents of the item
buffer as the sole member of a class. The class name follows the tab
mark and, in contrast to-5.121212, is not subject to modification by the
program. Thus, NMITEM ~ label stores the entire current contents of the
item buffer as the sole member of a class with The name label.

5.121212  The Operatibﬂ Code: SERNAM.

This code differs from NMITEM only in that the class name following
the tab is expanded by one of the decimal digits From @ through 9. The
digit chosen is determined by the number of times the class name occurring
after the operation~code tab mark has already been used. Thus, the first
occurrence of SERNAM ~ label will associate the current contents of the
“item buffer with the class name label. The next occurrence of this
instruction associates the item-buffer string with labell, the next with
label?, otc.

5.12122 Transfer of Part of Item~Buffer Contents.

5.121221' ) Numerical Specification of Characters to bg Stdred;
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5.1212211  The Operation Code NMLAST.

This operatlon code transfers the final character in the item buffer
plus as many as 28 Immedlately preceding characters to a core area other
than the item buffer and associateés the characters, which are trested as
a single class member, with a new class name. The conbents of the item
" buffer are not affected, but pointefrs are set Ho indicate which characters
in the buffer were not transferred (cf. 5.121131 and 5.121223%1).

The tab mark is immediately followed by a decimal number from 1
through .29, which is 1tself immediately followed by a comma. The latter
is followed by the new class name, with or without an intervening space..
.Thus, the instruction NMLAST 2,end does not change the contents of the
item buffer, but, if the latter contains the string Harry, stores the
sequence ry as the sole member of the class end. . In addition It sets
pointers 1ndlcat1ng that the characters Har were not stored by this
instruction.

5.1212212 The Operation Code NMFRST.

This operation code differs from NMLAST only in that it transfers
the first character and as many as 28 immediately following characters.
.. Thus, NMFRST 2,begin leaves Harry unchanged in the item buffer, stores
Ea as the sole member: of the class begin, and sets pointers to indicate
That the characters rry were not transferred by this instructlon.

55l21222 Ielimiter—Dependent Specification of Characters to be Stored.

5.1212221  The Operation Code NMFLLW.

This operation code transfers all characters in the item buffer which
follow the first occurrence of a glven character or character seguence and
associates them with a new class name as the sole member of the class in
question. . The contents of the item buffer are unchanged but pointers are
set to indicate the characters not stored as a result of this instruction
(ef: 5.1211%1 and 5.12122%1). The tab mark is immediately followed by
the delimiting character or character sequence, set off as in 5.1111211.
The latter is fellowed by the new class name, with or without an
intervening space. If the item buffer conbtains Harry, the instruction
NMELIW -ar-end stores the sequence ry as the sole member of the class
end, leaving the item buffer unchanged, and indicates that Har hag not been
moved.

5.1212222  The Operation Code NMBGNG.

This parallels NMFTIW, except that the delimiting character or
sequence is also stored. Thus, its use in the example for 5.1212521 would
result in the storage not of ) but of arry.

5.121222%  The Operatilon Code NMUPTO,

This code paralleléuNMFLLW except that it steres the characters
preceding the first occurrence of the delimiting character or seguence.
Ite use in the example for 5.1212221 would result in the storage of H.
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5.1212224 The Operation Code NMTERU.

This parallels NMUPTO, except that the delimiting character or
sequence is also stored. Its use in the example for 5.1212221 results
in the storage of Har. ' -

5.121223% Transfer Dependent on Immediately Preceding InStfuction.

5.1212231 The Operation Code NMREST.

This code, which can be used only immediately following an
instruction with one of the operation codes NMBGNG, NMGLIW, NMFRET,
NMLAST, NMTHRU or NMUPTO, transfers all the characters. in the item buffer

"not moved as a result of the preceding instruction and associates them
with & new class name as the sole member of the class in question. - The
contents of the item-Buffer are unchenged. The tab mark is immediately

- followed by the new class name. Thus, the instruction sequence
NMFRST 1l,start and NMEEST  end leaves an item buffer containing Harry
unchanged, bul stores the character H as the sole member of the class
start and the string arry as the sole member of the class end.

5,122  Manipulation of Strings Stored in Core Areas Other than
Item Buffer. )

,5Q1221 inclusion of Two or More Classes in Another Class.

It may often be useful to be able to manipulate the members of two
or more classes at a single stroke. This can be accomplished by
including the membership of each of the classes in gquestion ameng the
menbers of a .single larger class.

5,.12211 The Operation Code COMPOS.

This operation code establishes a new class the members of which
include all the members- of two or more other classes. A new class
resulting from the use of this operation code will be called a composed
clasg, in contrast to a non-composed class, i.e., a classg resulting from
the use of any other operation code. '

The format of instructions with this operation code exactly parallels
that of those used with the operation code NWCLS (ef. 5.111321). The name
of the new composed class stands between the tab mark and the first commsa,
~ followed by the classes whose members will be included in the membership
of the new composed class. The new composed clags may include not only
the members of non-composed classes but alse those of other composed
classes. . Note that none of the class names or class members may include
a period, comma, or percent sign (ef. 5.111321).

If we assume the existence of the non-composed classes start and end,
generated as in 5.1212231, we can gain the ability to manipulate the entire
name Harry by using the instruction COMPOS name, start,end. The members
of the new non-composed class name would be H and srry. (Note that the
sequencing of the members of a composed class reflects the order in which
its component classes are named in the QOMPOS -instruction. )
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As a more meaningful example we may cite the instructional seguence

NWCLS - vowels, a,e,1,0,U.
- NWCLS liguids, r, 1.
WWCLS nasals, n, m. )
COMPOS yocalics, vowels, ligquids.
COMPOS sonorants, vocalics, nasals.

The composed class vocalices includes the members a, e, i, 0, u, T,
and 1. The composed class gsonorants includes all of these plus n and m.

5.1222 " Peletion of Classes.

The following instructions permit the deletion of strings stored in
core areas other than the item buffer. Since. sucth strings are always
associated with a non~composed class, their deletion also entails the
. deletion of the corresponding class name. Note that there is as yet no
provision in EVC either for the deletion of composed classes or for their
modification to reflect the deletion of non-composed classes which they
include. It follows that the deletion instructions must be used with
extreme care. On the other hand, the deletion feature permits the
repeated use of one and the same class name with different memberships,
i.e., it makes possible the storage of both variables and constants in the
sane manner. ' ‘

5.12221 The Operation Code DELETE.

This operation code results in the deletion from core of an entire
non-compoged class--both the class members and the class name. The tab
mark is immediately followed by the name of the class to be deleted.

Thus, assuming that the instructions cited in 5.1212231 had been executed,
the instruction DELETE end would result in the removal from core of
both the class name EE@ and the class member arry.

5.1z2222 The Operation Code DELSER.

This code parallels DELETE except that it deletes the names and
memberships of all the non-composed classes constituting a series formed
in accordance with 5.121212 above. Thus, if, after executing two of the
SERNAM instructions discussed in 5.121212, we write DELSER label; both
the class names label@ and labell and their members would be deleted.

5.1223 Transference of Strings to Item Buffer.

5.12231 Transfer of Individual Classg Members to the Item Buffer.

These instructions make pesgible the examination and manipulation of
individual classg menbers.,. They are applicable only to non-composed
classes. . .
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5.122311  The Operation Code LOCKAT.

. This cperation code transfers the first member of a given non-composed
class to the item buffer.. In addition; it sets a class-member pointer to
the first character of the second member of the class, 1f any such member
exists. . The class name immediately follews.the tab mark. Thus, if we
assume the previous execution of the instruction NWCLS nouns, hat , dog,
face. {ef. 5. 111521), the instruection LOOKAT nouns places the
characters hat in the 1tem,buffer, : :

D.l223312 . The_OpenatiOn Code'LKCINXn_"

. .This code transfers to the item buffer that member of a given class
which is indicated by the pointer mentioned: in 5.122%311.  In-addition it
resets the class~member pointer to the first character of the next member
of the class, if any such member exists.  The format parallels that for
5.122%11.

Thus, if we follow the LOOKAT instruction illusﬁrafed in 5.122311
with IKCLNX nouns, the string dog will be transferred to the item
buffer. If we repeat the IKCINX instruction the item buffer will contain
- Tface. S _ _ o

5.122%13% The Operation Code IKCRCM.

This operation code alsc transfers to the item buffer a single member
of the class whose name follows the tab mark. However, the member chosen
is the member whose sequential position within the class corresponds to
that of the last class member of any non-composed class transferred to
the item buffer by either an LOOKAT or an IKCINX instruction. Thus, if
the class verbs has the membership. run, 5_, Juap, and if after manipulating
the strlng face, placed in the item buffer by‘the second IKCINX ‘instruction
mentioned in 5.122312, we write LKCRCM wverbs, the member transferred
to the item buffer will be Jump, since it occuples the same sequential
position within the class verbs, which face occuples Wlthln the class houns.

5.122314°  The Operation Code IKSREG..

This operation code places in the item buffer the sole member of the
first of a series of one-~member classes generated by the use of the
instruction. SERNAM (cf. 5.121212 above)o In addition, a series-member
pointer is set to indicate the class, if any, which is the second member
of the series in question. The flormat is the same as for the operation
code SERNAM (cf. 5.121212). . Thus, the instruction IXSRBG lahel will
put the class member a55001ated with the class hame label@ in the
item buffer.

5.122315 The Operation Code IKSRNX.

This operation code places in the item buffer the class menber
assoclated with that class of a series generated by the use of SERNAM
instructions (cf. 5.121212) which is indicated by the series-member
pointer mentloned in 5.12231k, Tt alsc resebs the pointer to indicate the
next class in the. series, if any such exists. Thug, if, after execution
of the IKSREG instruction cited in 5.12231), the program encounters
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TKSRNX label, it will transfer to the item.buffer‘the class membér'
associated with the class name labell and reset the serles-member p01nter
‘to 1nd1cate the ‘class ‘name labe12 if such a class exists. -

5 122316 + The Operation Code LKCREM.

This code parallels LKCRGM (cf 5. 122513), except that it operates
with classes included in series generated by SERNAM instructions
(cf 5.121212). Thus, if after the execution of the IXSRNX instruction
cited in 5.122315 the program encounters the 1nstructlon IKCRSM word,
it will place in the item buffer the class member associated with the
class name wordl and set the Serles-member p01nter to 1nd1cate the class
name word2 : : :

C5.12232 Transfer of All Members of a Class to the Item Buffer.

5.122321 The Operation_Code DUMP,

This operation code moves the entire membership of a non-composed
class, with percentage marks separating the individual members, to the
item buffer. The class name Tollows the tab mark. Thus, assuming the same
class membership as that given in 5.122311, the instruction DUMP nouns
places in the item buffer the sequence hat%dogﬂface -

"5,1223% = Transfer to the Item Buffer of the Membershlp of All.
SR : Clabses 1n a Series.

5.122%3%1 * The Operation Code JOINER.

This operation code places in the item buffer, without intervening
-spaces, the membership of all the classes in a series generated by
repeated SERNAM Instructions. {ef. 5. 121212) The seguencing of class
menmbers corresponds to the ascendlng numerical order of the digits in )
the class names associated with them. Thus, if the class labelﬁ has

“the member xy and the class labell has the member &; and there 1s no

class labe12, the instructicn JOINSR - .label places. xya in the item
buffer. B ' ' '

5. 122552 ‘The Operation Code SEQSER.

. This @iffers from JOWER only in that 1nd1vldual class members are
separated by a space. Tts use in the example clted for 5 122331 places
Xy a in the item buffer.

5.1% ~ Control of Program Flow.
5.131 Unconditional Transfer.
5.1311 -+ Transfer to an Instruction Proceded by a Label.

A label. in sn EVC program is a string of characters immediately
. preceded and followed by single hyphens. The initial hyphen must be
immediately preceded by a line feed. While the terminating hyphen need
not be immediately followed by a line feed,. the program will ignore all
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the characters which occur between that hyphen and the next line feed.
(For examples of labels see 5.13111 and 5.13112.) '

5.,15113% The Operation Code GOTO.

' This operation code csuses the program to take as its next
instruction the first instruction folleowing a given lzbel. The label,
~minus the preceding and following hyphens, is placed immediately after

the tab mark. Thus, GOTO middle causes the program to take as its
next instruction the instruction following the label -middle-.

'5.13112 The Operation Code GOTOIT.

This operation code differs from GOTC in that the label is not
specified. in the instruction but i= assumed teo be already present in the
item buffer. There are no other operands.. Thus, if the item buffer
contains the seguence middle the instruction GOTOIT will have the same
effect as GOTC . middie. :

5.1311% The Operation Code VISIT.

This operation code differs from GOTO only in that it sets a
return pointer te indicate the location of the next instruction following
- the VISTT instruction. The return pointer may then be utilized in
connection with a GOHOME instruction. (ef. 5. 13121) Thus, the use of
VISIT middle has the same 1mmsdla$e effect on program flow as the use
©af GOTO middle. :

5.13114 The Operation.CoderVISITI,

This differs from VISIT (cf. 5.13113) just as GOTOIT (cf. 5.13112)
differs from GOTO (ef. 5.1%111). Thus, if the item buffer already
contains the strlng middle, VISITI will have the same effect as
VISIT middle. :

5.1312 Transfer to an Instruction Preceded by a VISIT
or VISITI Instruction. ‘

5.13121 The Operation Code GOHOME.

This operstion code causes the program to take as its next
instruction the instruction dndicated by the return pointer mentioned
in 5.1311%. It has no operands. - Note that the use of GOHOME must be
carefully coordinated with that of VISIT and VISITI.

5.1515% Omiseion of Instructions.

5.13131 The Operation Code SKIP.

This operation code causes the program to ignore a number (from 1
to decimal 29) of lines (instructions and/or labels) in selecting the next
instruction to be executed. The number of lines to be ignored is
specified by a decimal number following the tab mark. Thus, SKIP )
causes the program to take as its next instruction the instruction on the
fourth line following the SKIP instruction. (If that line is occupied
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“the item buffer contains the string Harry, the instruction IFIDEN .. -John-

by a label the program will teke its next instructien from the following
line.) '

5.132 Conditional Transfer.

Since all conditicnal-transfer instructions have opersastion codes
beginning with the seguence IF, they will henceforth be referred to as
IF instructions. All IF instructions cause the program to test for the
‘existence of a given condition. Depending on the results of the test,
the program either proceeds to the next instruction follow1ng the IF
ingtruction or omits that instruction and transfers to the follow1ng
instruction, i.e., behaves as if the IF 1nstructlon were the 1nstruct10n
SKIP 1 (cf L 15131)

5.1321 - Transfer Conditional on the Results of a Comparison
o of the Contents of Item Buffer and a Literal.

5.1%211  The Operation Code IFIDEN.

This operation code causes the program to omit the next instruction
if the contents of the item buffer are not ldentical with a given literal.
The literal, set off as in"5.1111211, follows the tab mark. Thus, if

will result in the'omission of the next instruction. TIf the item buffer
does contain the'string dJohn, the'next instruction'will be executed.

The next 1nsfructlon after an IFIDEN 1nstructlon is usually an
unconditional~transfer instruction (cf. 5.1%1). Taus, the instruction
IFIDEN xdohnx might be immediately followed by GOTO middle so that
the presence of the string John in the item buffer would result in =
transfer to the 1nstruct10n following the label —mlddle— (cf. 5. 15111)

5.13212 The Operation Code TFING.

This causes omisgsion of the following instruction if the contents of
the item buffer do not include & given literal. Format as in 5.132%11.
Thus, if the item buffer contains the string Johnny, the instruction
TFINC /John/ would not result in an omitted 1nstrucﬁ10n, although
TRIDEN  /Jdohn/ would.

5132131 The Operatlon Code IFEND

- This causes omission. of 2. llne if seguence of characters in the
item buffer including the final characterare not identical with a. given

literal. Format as in 5.1%2%11. Thug, IFEND -y=- will not result in
an omitted instruction  whether the item buffer contains Harry or Johnny.
However, IFEND ~ry=- Wwill omit an iastruction if the latter string is
encountered. o ‘

5.1321%  The Operation Code IFEEG.’

This differs from IFEND only in that the string in the 1tem4buffer
must include the first character. Thus, IFBEG /John[ will not omit
an instruction if either John or Johnny is in the item buffer, but:
TFBEG - ~Johnn- will omit an instruction if it encounters the former..
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5.13%22 Transfer Conditional on Number of Characters in Ttem Buffer.

”5 15221 ' The Operatlon Code IFENGRTH

o ‘This causes omisgsion of an 1nstruct10n if' the itéem buffer does not
contain more than a given number of characters. The number (in decimal’
notation) is given after the tab. Thus, IFLNGRTH 5 will omit an
instruction if the item buffer contains John or Harry, but not 1f it
contalns Johnny.

5.13222 X The . Operatlon Code IFSHTRTH.

. Thls Omlts an instruction if the item buffer does not contain fewer

than & given muber of characters. Formst as in 5.13221. - Thus,
TFSHTRTE 5 omits a line if the item buffer contalns Harry or Johnay,
but not if it contains John.

- 5.13223 The COperation Cede IFEQIGTH.

This omlts a. line if the item buffer does not contain a given number
~ of characters. Formet as in 5.13221. IFEQIGTH - 5 omits an instruction
(AT either John. or Johnny 15 encountered, but- noﬁ if the 1tem buffer contalns

Harrxo

5.133 Transfer Conditional on the Results of a Comparisen of the
Gontents of the Ttem Buffer with Oné or More Class Members.

5.13%31 SAThe Operaﬁlon Code IEMEM

This operatlon code omlts an 1n5truct10n if the contents of the
item buffer are not identical with one of the members of a given class
{composed or non-composed). The c¢lass name follows the tab mark. Thus,
assuming the same class membership as in 5.1223%11, the instruection
TFMEM nouns will omit g line if the item buffer does not contaln one
(and only ore) of the three strings, dog, face, hat.

5.13%3%2 The Operation Code IFMBSR. -

This differs from TFMEM only in that the contents of the item buffer
are compared with the membership of each of the classes constituting a
series generated by the use of SERNAM instructions {c¢f. 5.121212). Thus,
IFMBSR label, assuming the same classes and membership as in 5.122331,
will omit an instruction unless the item buffer contains either a or xy.

5.133% - The Operation Code TFMREXTH.

This operatlon code omlts sn instruction if the item buffer does not
include a larger number of characters than the number found in the first
member of a given non-composed class. Format as in 5.13%1. Thus,
JEMREXTH nouns, assuming the same membership as in 5.1223311, will omit
an instruction if the item buffer contains less than four characters since
hat, the first member of the class in question, contains three.
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5. 1554 - The Operation Code. IFLSEXTH

Thig differs from IFMREXTH only in that an 1nstruct10n igs omitted if
the item buffer does not contain fewer characters than: the first member.sf
the non-composed .class.  Thug, assuming the same membership as in 5.122511,
TFLSEXTH. nouns . Wlll omlt an 1nstruct10n 1f the 1tem buffer contalns more
than two' characters. .

5. 1535 The Operatlon Code IFEQEX

Thig differs from IFMREXTH only in that an 1nstruct10n is omltted 1f
the item buffer and the First m menber of ‘the non-composed class do not:
contain the same number of.characters. Thus, in the example cited in
5.1334, TFEQEX  nouns will omit a llne if the input buffer contalns either
more OT less than three characters,_ - y

5.1336 The Operation Code IFLSTH.

This operation code omits an 1nstruCt10n if the first ASCII character
in the item buffer is. not numerlcally less.than the first ASCIT character
of +the first. member of a given non—composed class. Thus, assuming the

... - same. membershlp as. in 5% 122511 TFLSTH nouns will omit s, llne if the ;

first ASCII character in the item has an octal value of 150 or more, Slnce
octal 150 is the value of ASCII h, the first character of hat. ‘
5. 1537 “The Operatdon Code IFGRTH. . -

This differs from IFLSTH onty in that an 1nstruct10n is omltted if the
first ASCII character in the input buffer is not numerically greater than
the first character of the first member of a given non-composed class.
Thus, in the example cited in 5.1336,. IFGRTH __ nouns will omit a line
if the flrst ASCTIT character in the 1tem<buffer has an. octal value of 150
or less..

5,134 ) ;”'Tfaﬁsfef Cbnditiohai.oﬁ EXisténcé Qf a Giﬁen Non-CQmpose@:Ciaés.

5.1341 The Operation Code JFEXST..

This operation code omits a line 1f a. glven non-composed class is
not currently stored in.core.. The class name Tollows the tab mark., Thus,

assuming only- the classes mentioned in 5. 122511 IFEXST nouns = will not
omit an 1nstruct10n, while IFXST adjs will. '
5,1542 The Operatlon Code TFISNO.

This differs from IFEXT only in that 'the omission of an instruction
takes place. if' a given non»composed class is currently in core. Thus,
in the example cited. in 5.1341, TFISNO nouns omlts an 1nstructlon,
while IFISNO adjs does not, '

L5}lh 'i ' Output..

Output is always onto a dlsk file amtached to channel 5 For this -
reason we will refer to the output file as file 3. ‘
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5.141 Output of Contents of ITtem Buffer.

5.1411 . The Operation Code. PUITL.

. This operation code causes the entlre current contents of the 1tem
buffer to be written on:file 3. No operands.are used. . Thus, if after
the instructions IKLIT abc {cf. 5.11131) and KILFRS 1 (ef. 5.121112)
the program encounters a PUTIT 1nstructlon, the strlng be will be written
on file 3.

5.142 Output of Class Membership. -
5.1421% " Tha Operation Code’ PUTALL.

This operation code causes the program to write on:ifilé 3 thel. o
- entire menmbership of any class--composed or non-composed--with a carriage
return following each class member:; The class name follows the tab mark.
Thus, -PUTALL . nouns, assuming the same membershlp as in 5.122311, causes
the program to. erte on flle 5 the - sequence- :

hat - : P

~-face

U dog

5.1h22 The Operetion Code PUTSER.

_ -.This results in the writing on file 3 of the class members corresponding
to all of the classes in a series generated by repeated SERNAM instructions
(cr. 5. 121212)., Each class member is followed by a carriage return. Thus,

‘assuming the same classes and class menbers as 1n 5. 122351 the 1nstruct10n
PUTSER label ertes on. file 3 . . .

Xy
. 5.143 - The Output of Literals.
5.14%1°  The Operatlon Code PUTLIT,

: This operation code causes a string of: characters following the .tab
. mark and set off as in'5.1311211;, to be written on flle 3. - Thus,

PUTLIT: - -abc— wrltes abc on’ flle A
- 5.15 : Program Dellmlters,
5.151 The Operation Code BEGQ

The first instruction of any EVC program must begin the operation
code BEG. The tab mark may, but need not, be followed by additional
material. This materlal st not - extend beyond ‘the first llne Ffeed
following Bﬂ3,__' T
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5.152 The Operation Code FIN:

The last instruction of any EV( program. must begin with this
operation code. Frogram operation is ‘normally terminated by a GOTO
instruction (ef. 5.1311) -which leads to the-execution:of the FIN instruction.
Materlal follow1ng the tab mark of the FIN 1nstructlon is 1gnored. =

6. 'Program.for the Conver51on of Assertlons Concernlng
a Target Language to a Coded Format.

6.0 Justification and Purpose.

6.01 Archetypal Assertions as a Substitute for a Programming: Language.

One rof the“major=obstaéles“to the utilization-of .computational
~bechniques. by language teachers has been the need to master. a programming
language. - Such languages, no matter how user-oriented; always. entail-..

Lothe assimilation of new modes of -disceurse rabout a.familiar subject, a:-

task which many find difficult: or insurmountsble. It would, therefore; -
seem desirable to make it possible for language iteachers (and other
scholars as well) to interact effectively with a computing system."on
their own terms,"” i.e. without the previous acquisition of a sSystem of
discourse which differs markedly from that Whlch they are accustomed to
employ- : { . :

It Would appear that a satlsfactory solutlon to thls problem enta1ls

*””an'approach to-the problém” ‘of discourse systems dlametrlcally opposed. to

 that inherent in the programmlng language approach Instead of ‘forcing’
the language teacher to master &4 new lexicon and grammar, “we must analyze
the utterances which characterize his own discourse in the- hope of
deriving therefrom a finite (if, perhaps, large) set of archetypal’
assertions, capable of conveying all the information which a language
teacher normally wishes to communicate. If we are succeseful in this
task we can hope to establisgh effective communication between the language
teacher and the computing system simply by requiring the former to

1) formulate all statements intended for computer consumptlon within the”
framework of. the archetypal assertions included in our set,-and 2), supply
the variables required to.convert: a given archetypal assertion.to a - .
statement applicable to the language or languages he- is:-dealing with. -
(Such a statement will henceforth be called a concrete assertion;)' o

To illustrate the isclation of an archetypal assertlon let us consider
the following statements: _

l) ‘Russian stressed ¥ 1s pronounced llke the vowel of N
“English ftoot". o

_2) ‘The closest Engllsh sound to that of stressed Rus51an

""'Y is the vowel sound heazrd in words 1like’ 'toot‘ o

3) To pronounce Russian stressed Y place the 1ips and = < %' =
tongue in approximately the same position as that
for the vowel of English *toob'.
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‘We submit that each of the above statements is adequately covered
_by the following assertion: The sound represented by Russian stressed'g
HlS Very 51m11ar to the sound represented by the 00 of Engllsh toot!.

B : Thls statement may in turn be converted to the - archetypal assertion:
The sound represented by TARGET LANGUAGE VARTABLE is very similar to that
represented by BASE LANGUAGE VARTABLE.

It would appear that a language teacher wishing to -communicate to a
computational system the information conveyed by any of our three.
original: utterances: would 1) easily. recognize the . equlvalence of .the
original ubtterance and our archetypal assertion, and 2) find no difficulty
-in- supplying the varlables heeded for ~the formulstion of a concrete
assertlon, :

6002 The Value of a Converter Program.

If a concrete-assertion is to serve as a useful tool in the
generation of programmed instructional material it is necessary to have
some convenient means of 1) distinguishing the archetypal portion of
the assertion from the variables accompanying it, and 2)-retrieving the
individual variables whenever they may be needed in the generation of
instructional frames. It follows that it will be useful to converi a
concrete assertion from its original formulation to 1) a string of
characters corresponding to the archetypal portion of the instruction
and constituting an operation ccde to be utilized in calling computer
routines used to generate the. appropriate instructional frames, and 2) a
set of literals corresponding to the variables of the concrete assertion
and each associated w1th g 51ngle label utlllzed in the frame—generatlon
routines.

6,l Documentation.

' 6.11 . . Function of the. Program.
(See 6.01 and 6.02.)

6.12 File Format.

6.121 Input File.

The input consists of a disk file (channel 2) contalnlng one or
more concrete assertions.

C6.1211 ' eUse_Qf_the-TebeMark vlus a Delimitative Character to
L indicate the Beginning of a Ccncrete Assertion.

, Each concrete assertion must begin with a tab mark. The tab mark
must be immediately fcocllowed by a delimitabive character. Thie may be
any ASCIT character other than the tab mark which does not occur within
the assertion in a non-delimitative function. However, it is generally
more convenient to use ‘a character such as a slash or a hyphen than to

enploy an alphanumeric character. '
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_6 1212  The* Dellmlnatlon of Varlables Wlthln & Conerete Assertlon,

Varlables Wlthln a concrete assertlon are set off by a precedlng and
a following single occufrence of the delimitative character specified a%
- the beginning of the assertion.. Spaces immediately preceding or following
K the delimitative character are ignored. \ : -

6.121% Use of the Delimitative Character to Termifiate s Goncrebe
Assertlen : . .

The last non~de11m1tat1ve character ‘of a concrete assertlon is
1mmedlately follOWed by an unlnterrupted sequence of two: delimitative
characters. “If the’ terminal non-delimitative character is part of a
variable, the- “delimitative character which signals the end of the “variable
also serves as the first of the two characters used to terminate the -
aggertion. A period preceding the terminating characters is ignored.

6.121% . Example of Concrete Construetlon with Varlables.,

6Ql21h1 Hyphen Used as. Dellmltatlve Character.'

"“The sound represented by -Russian stressed Y- is very 81mllar to
that represented by —the Engllsh vowel 1n 'toot’,—— ca -

(In thls assertlon the varlables are Russ1an stressed Y and the'
Engllsh vowel in ‘toot' )f‘ - 2 : T LT

'6 12142 Slash Used as Delimitative Character,~'

o /The sound represented by /Ru851an stressed Y/ is very 51m11ar to . .
thalt represented. by /the Bnglish vowel in ftoot'.//

6.122 Output File.

The output consists of a disk file (channel 3) contalnlng the
initial portion of an EVC program including one NCLNTM 1nstruct10n {cf.
5.111322) for each of the concrete assertions of the input file.

6.1221 Delimitative Characters. e y

The deliminative character for the NCINTM 1nstructlon (cf. 5.,111322)
is identical with that for the concrete assertion. - : SRR
6.1202  Class Neame.

The class name for each NCINTM instruction consists of the initial
letters of the ‘words which make up the non-variable pertlon of the concrete
assertion corresponding to thé instruction. - Thus, for the example cited
under 6.1214 the class name is tsrbivstibrb. -

6yl223h Class Menbers.

" The individual ‘class members for each NCINTM instruction consist:
of ‘the individual variables included in the corresponding concrete
assertion. - Thus, for the example cited under 6.1214 the class members -
are the sbtrings Russian stressed ¥ and the English vowel in toot.
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6.1224 Example of Output Correspondlng +6 the Input
Illustreted .tnder 6 121h ' -

6.12241 With Delimitative Character as in 6.12141.

NCLNTM ~tsrbivstirb-Russian stressed Y-the English vowel
in 'toot!--

6.12240 With Delimitative Character as in 6.3121he.

NCINTM  /tsrbivsttrb/Russian stressed Y/the English vowel
in 'toot!// : a : :

6.2 ' Evaluation and Prospects for Future Development.

The program documented under 6.1 provides material which could be.
used a8 input for more sophisticated EVC programs designed to generate
instructional frames. Thus, the example cited under 6.1224 could be
converted to a presentation frame, consisting of the archetypal assertion
itself, end two fill-in frames, one calling for the student to fill in
the first variable, the other calling for the second variable.

It would appear that a carefully organized set of archetypal assertions
< would make possible -a much more sophisticated set of frame generatien
routines. = Thus, if we changed the example cited under 6.1214 to -The

" sound represented by -~Russian- stressed -Y- is very similar to that
represented by the -oo- in the -English- word -took--, the more discrete
nature of the variasbles would permit a much wider variety of reinforcement
frames. ' : -

T Conclusions. o

The work carried out during the .contract period resulted in the
development of a number of research tools which, it is to be hoped, will
prove useful in future work on the automatic generation of materials for
programmed language instruction. Thus, the programs and notabions '
~ discussed in sections 1 through 3 should prove helpful in the automatic
generation of a wide varlety of phrases and/dr utterances utilizing a
~given vocabulary item. The program discussed in section 4 facilitates
the input of information necessary for the successful application of such
generative technigues to a new vocabulary. The EVC langusge discussed
in section 5 will, it is hoped, greatly increase the speed with which new
programs can be written and debugged. Finally, the EVC program discussed
in section 6 allows language teachers to_prépare input for computer
processing without learning a new mode of discourse.

While it is obvious that many problems must be overcome in developing
. automatically generated programmed language-instructional materials, it
would seem that we can now proceed to the investigation of such problems
in a2 much more eff1c1ent manner than was preVlously possible.- :
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