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TOWARDS THE AUTOMATIC GENERATION OF PROGRAMMED FOREIGN-LANGUAGE
INSTRUCTIONAL MATERIALS*

Joseph A. Van Campen
Institute for Mathematical Studies
in the Social Sciences
Stanford University
Stanford, California G4305

Introduction.

An attempt to provide a thorough-going answer to the question of
the extent to which the atilization of a computational system can Tacilitate
the generation of programmed materials for the teaching of foreign languages
would involve a consideration of so many elusive variables as 1o
necessitate & prolonged research effort by a number of specialists in such
diverse areas as computer hardware, systems programming, compilers and
interpreters, peripheral devices, foreign language teaching, and programmed
instruction., The purpose of this report is a much more modest one--tlo
describe a set of programs, written for and successfully implemented on the
PDP-10 computing system of the Institute for Mathematical Studies in the
Sorial Sciences at Stanford University, which either perform certain tlasks
useful in the generction of programmed foreign-language instructional
material or facilitate the writing of such task-oriented programs by othe»
researchers.

Since ro further Federal funds have been requested by the principal
investigator for research in this area, each program dealt with below will
be presentec insefar as possible, on its own terms, without overly great
emphasis on the advantages which might flow from its integration with
programs not as yet implemented. (The ties btelween two or more existing
programs are, of course, poin.ed out in the introduction to the sections
dealing with each of the individual programs.)

1. Program for the Cycled Selection of Inaividual Vocabulary Items
Belongirg to Certain Semantic Classes.

1.0 Purpose and Justification.

It would appear that a certain economy in the generation of foreign-
language instructicnal material could Ye achieved by taking advantage of
the fact that in the case of vast numbers of concrete utterances one or
more of the vocabulary it-~ms which make up the utterance can te replaced
by any one of a (in the case of elementary language cources almost always
fairly limited) set of other vocabtulary items without destroying the

*
This research was supported by ONR Contract Number NOQO14-67~A0112-0042
and Froject Number ONR Code 458.
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acceptebility of the utterance. Thus, for instance, in the English
ulterance the doctor is writing a book, the word doctor can be replaced

by any member of =2 set 1nc1uding such words as lawyer, man, teacher,
author, &nd girl. The word book could be replaced by any member of a sel
which includes the words poem, story, novel, letter, and speech. 1t would
appear that if we labelled the first set 'non-infant humans' and the
second 'written object' we could rewrite the utterance as the (non-infant
human) is writing a (written object), in which the set labels are cetf off
from conerehe words by parentheses. Assuming that the words lis’cd above
exhaust 1he 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 quection.

Tr.e above cxample is, of course, an extremely crude one. On the one
hand it takes no account of the additional acceptable utterances which
migh* te produced by allowing some variation in the grammatical ca‘egories
expressed in the original utierance (e.g the doctor has wriiten a book,
lhe doctors are writing & book, etc. ). On the other hand, 1L ignores
Troublesome cases of the type the doctor Is writing the prescription (in
vhich the cet of items whkich can repleced | doctor 1s vely small) and such
complications as the differcence in set membership needed to account for
ihe doctor fs reading (not writing) a newspaper.

However, there is as yet no reason %o believe that, within the
framework of a given language course, the use of set labels would not
result in considerable economies in a large number of cases. 7The fact
that such economies might not stand in any direct relationship to thro:ze
a‘tainable on the basis of a thorough analysis of the total semantic
structure of a given lenguage nced not cencern us here.

Given *he desirability of the replacement of some or all of the
constituents of utterance tyres by sel lsbels, there can be no doubt
*hat 14 would be uzeful to develop a program capable of replacing any
given 2ot 1atel by an individual member of the cet in question. Furthermore,
1. would also te desirable to have 1) some record of the rela‘ive
frequency of usage of the various members of the se*, ani o) a means of
insuring that this frequency would remain relatively uriform for all
memters of the zet.

1.1 Docww:nt at ion

1.11  Function of the Frogram

For the abeove mentioned ends the principal investigator wrote ani
implemented a PDF-10 assembly language program which examines a siring containing
one Or more cet latels and replaces thoze labels it encounters with
wrl: btelonging to the ats in question. In addition, this program examines
‘{he ussge irdex accompanying ¢ :ch member of the given get anl selecots the
memter ‘o te used in a given :sase from the subset with {he lowest index.

Finally, the usage iniex of *he member selected is increased by one, unless

ERIC "

Aruitoxt provided by Eic:

-,



O

ERIC

Aruitoxt provided by Eic:

this would result in an index greater than the upper limit (decimal 9).
In the latter case, the index of the member cgelected 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
set members, and 2) a disk file (channel 2) cortaining an alphabetized list
of set labels eath accompanied by the members of the given set.

1.1211 String Format.

Each string on channel 1 must include l) one or more set labels,
ecach of which musi be enclosed in parentheses, and 2) a szlash, not
enclosed in parentheses, indicating the end of the given string. The
string may include other 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 opering
or closing parenthesis, a slash, a plus mark {see 1.12111), a comma
(see 2.23%22), a divide sign (see 2.2412), or either of the symbols < and
> (see 1.1222). Excep' for the terminating slash, which is cmitted from
output strings, material not enclosed in parentheses is simply transferred
from the input to the output file without affecting the flow of the program
in any other way.

1.12111 Format of Set Labels in Strings.

As was pointed outl in the preceding paregrsph, set labels within
input strirgs are regularly enclosed in parentheses. However, it may
often prove useful for other purposes to include with a given set label
additional informstion concerning the item in question, such as its
syntactic rode 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 convenient notation of such additional information 1L was
decided to utilize a plus sign placed immediately after the final
character of a given set label in place of the (losing 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.

1.12112 Examples of String Input.

1.121121 Strirg Containing only Set Latels Unaccompanied by Additionsl
Information.

(yerson) (emotion verb) (person)/

1.121122 Same String ss 1.2i121 with Punctuation Mark (Feriod).
(person) (emotion verd) (percon)./



1.121123 Szme String as 1.21122 with Concrete Language I-ems.

(person) does rot (emotion verbd) (person)./

1.121125 Same String as 1.21123 with Additional Syntactiec Infoimat.ion.

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

1.12112% Same String as 1.21124 with Additional Information on Category
Restrictions.

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

Note thar only the items in 1.121121 are significant for the program
in question. The other examples merely illustrate the manner in which
additional material, presumably of use in connection with other programs,
can be included along with the significant items.

1.1212  Set-List Format.

Each of the alphabeticslly ordered set labels on crannel 2 is
immediately followed by the members of the set in question.

1.12121 Set-Label Format.

Each set label is enclosed in parentheses. Lab~ols may include any
character except a parenthesis, slash, or plus mark. 1In contrast to
1.2111, no additional information of any kind is permitted within the
parent neses enclosing the latel.

1.12122 Set-Member Format.

1.121221 Set-Member Delimiters.

Each member of a set is set off by 1) a preceding less-than-or-equal
sign (<), and 2) a following greater-than-or-equal sign (>).

Aside from the usage index discussed in 1.121222 tzlow, the characters
occurring between these two delimiters are never examin23j by the program
and may include, in addition to the basic form of a given vocabulary item,
additional coded information athe item inquestion, such as its inflectional
or syntactic peculiarities. While it is obvious that c2rtain conventions
would have to be cstablished in order to insure the proper interpretation
of such informatlion by programs concerned with generating inflected forme
or establishing the appropriate categories to be assigned to words governed
by or modifying the word in question, such conventions are irrelevant 1o
*te operation of the program under consideration.

1.121222 Usage Index.

Imrediately after the initial < there is a single decimal digit
indicating the relative frequency of usage for the wor¢ in question. Thnis
dfgit, which can range from 4 to 8, is increased by onc each time the given
word is celected for use in a concre'e csentence. Tne jrogram rejecis for
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use in any given case a set member with a usage index higher than that of
any other member of the set, thus 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 zeroc.)

1.12123% Examples of Set-List Format.

1.121231 Set Labels.

( person)
(square object)
(emotion verd)

1.21222 Set Members (with zero usage index).

< ¢ man >
¢ cuve >
g like >

TAIAL

1.2123% Set Labels followed by Set Members (with zero usage index).

{person)
< ¢ man >
< ¢ voman >

< ¢ voy >
{square object)
< ; cube >

3 ¢ square >

(emotion verd)
< ¢ like >

< ¢ rate >

3 ¢ despise 2
< ¢ adore >

l1.122 Out.put Files.

The output 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 discussed under 1.1211 above, and 2) a disk file
(channel 4) containing tre updated version (i.e., the version with usage
indices reflecting the utilization of set members employed in the output
strings) of the set list described w.der 1.1212 above.

1.221 Output String Format.

Each set latel of the input string has been replaced by a merter of
the set in question. Where the set label of the input string was
accompanied by additional information of the type descridved in 1.12111,
such additional information is placed immediately before the closing
delimiter of the set member. The usage index of the set member is omitted
in the output string. .
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1.2211 Examples of String Output with Corresponding Input.

1.22111 1Input Set Labels Lacking Additional Information.

Input: (person) (emotion verb) {person) ./
Output: < men > < like > < woman >.

1.22112 Input Set Labels Including Additional Information.

Inpui: (person + definite) (emotion verb + 3. s. pres.)
{person + definite)./
Output: < man + dsfinite > < like + 3. s. pres. >

< woman + definite >

1.222 Updated-Set-List Format.

The format of the updated set 1list is identicai with that of the set-
list inpu' file deseribed in 1.1212. Only the usage indices of set members
utilized in the output strings described under 1.221 differ from the
corresponding ltems on the input file.

1.2221  Example of Updated Set List Corresponding <o Input Set
List Given Under 1.2123% after Generation of Output String
Given Under 1.22111.

{ person)

1 man >

1 woman >

$ voy >
square object)
< @ cube >
¢ square >

IATAILA

—~

— Ial

emotion verb)

IAYATALA
AR SR
Q.
7]
el
0l
]
v

1.2 Evaluat ion and Prospecte for Future Development.

Tne program in question performs a useful, if sonewhat trivial,
function. 1t could te made more valuable by the addition of two features:
reiterative string generation and optional non-incrementation of the
usage index of a given set nember. The latter feature would allow the
repeated utilization of one and the same set membter within a single output
string {as in, for example, this man likes Mary and that man hates her).
The former would allow the generation of more than one output string for
a single specified input string, persumably by means of a decimal digit
placed after the final slash of the string. Thus, using the sets given

under 1.21233, tnre input string

Q 8
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(person) (emotion verb) (person) ./3 would give

< man > < like > < woman >
< boy > < hate > < man >
< woman > < despise > < boy 2

Whether or not 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 random coincidences in the
number of members constituting individual sets (e.g., the limitation of a
group of ten output strings from sets A, B, and C, each with three members
to the types Al Bl ¢cl, A2 B2 ¢2, and A3 B5 C3). Where the output strings
are all generated from a single input specification this problem can be
solved simply by comparing each new output string with those previously
generated and replacing one or more members until either 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, but only the illegal index usage of the dummy
member would be raised. By keeping the iliegal indices in a fixed relation
to those of the real members of the set it would be possible to include more
than one durmy member in a given set.)

2. Coding System for Concise Formulation of a Relatively Large
Number of Semantic-Syntactic Patterns.

2.0 Justification and Purpose,

As was pointed out in 1.1 above, the utilization of input 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
concrcte sentences from a single specified input string. Such input
strings will henceforth be referred to as semantic-syntactic patterns,
sin:e, as we have seen in 1.12111, they may include as much information
as necessary concerning the syntactic roles played by the members of the
string.

The question 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 twe or more
semantic-syntactic patterns including one or more common set labels to
be included within a single 'master pattern.' From the poini of view of an
jndividual generating the input for a lsnguage course, such a formulaticn
would presumably te 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
jndividual pattierns from a master pattern, a procedure discussed in
section 3 below.

The exact extent to which the use of master patterns would prove rore
economical than the specification of all individual patterns is difficult
to predict. However, it would appear that in certain caces considerable

9



gains could e made. One of these cases is that of a noun which can occur
with only one of a set of mutually exclusive modifiers, e.g. tae moun

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

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

or more of these at the same time (e.g. *the a house, *a my house, *this

the house, etc.)

Another case occurs when a word dependent on another word may, but
need not, itself be modified by yet another word, e.g. good books, very
good books, write letters, write short letiers, write very short letters.

While it may be that a more sophisticated approach to input coding
will account for such cases by the use of general algorithms based on
considerations of semantic and/or syntactic compatibility, it would not be
unreasonable to provide a more immediate means of reducing the redundancies
which might arise from an approach limited to thne specification of
individual patterns.

2.1 General Characteristics of a Desirable Coding System.

A coding system for master patterns should make a clear distinction
between items which must be precent in any and all the individual patterns
generatable from the master pattern and those which are absen! from one
or more of the individual patterns. Within the latter groun it rivct
distinguish, on the one hand, between items which can cocccur ani items
which are mutually exclusive, and, on the other, between items which can
occur independerily of any other item and items which are dependent on
arother item, i.e., which can occur in an individu:l pattern only if another
item is present. Finally, the coding system rust provide for the adove
distinctions with a maximum of simplicity so thal the specification of
master pattern does not involve significanily greater cffort and
rossibility for error than the specification of an individual pattern
including approximately the same number of characters.

2.2 Introductory Comments on The Proposed Coding System.

5.21 Rela‘ion of the Proposed Codi-g System 1o the Format of individual
Semantic-Syntactic Patterns.

Since individual semantic-syntactic patierns must contain at least
one or more set labels delimited by parentheses (cf. 1.1211) it would
seem reazonable to utilize parenthecges as the fundamental delimiter in
master patterns as well., On the other lLend, since the plus sign can occur
within individual set latels (cf. 1.12111), it cannot conveniently te
used as a cet-latel delimiter in a master pattern. 7The slash used 1o
terminate individual syntsctic-semantic patterns can be retaincd to
signal the end of & master pattern.

2.22 Eelation of the PFroposed Coling System to Boolean Algebra.

The proposed coding system, while utilizing somevhat different symbdols,
was strongly influenced by Pooleran algebtra in 1) the utilization of
parentheses, ard 2) the expression of conjunction and disjunction. Since
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it may be reasonably assumed that a large percentage of those reading
this report will be familiar with the Boolean notation, 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
counterparts.

2.23 Conjurction.

2.231 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 concrete csemantic-syntactic patterns. 1In 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 2.53 below). In addition, however,
parentheses 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. 1in agreement
with, a modifier of, governed by) the other. This is accomplisted by
placing the dependent {i.e. governed, egreeing, or modifying) sev lsbel,
together with its enclosing parentheses within the parentheses which enclose
the non-dependent menber of the pair. Thus, for example, the set-label
pair (noun subject (verb predicate)) indicates that the predicate depends
on (agrees with) 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 pair, even though the order of operations
is irrelevant.

Thus, in Boolean algebra {A{B(C))) is merely an extremely uneconomical
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 2.24 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 end B is dependent on A. The sequence (AB(C)) represents
two conjoined set labels, (AB) and (C), the latter modifying or bteing
governed by the former, while (A(BC)}) shows the same relationships between
the set labels (A) and (KC).

2.2311 The Ordering of Dependent Set Labtels.

In order to simplify the operation of the program discussed in
section 3 below, a dependent set label cannot precede the set label on
which 1t is dependent. There is, for example, no such pattern as ((A)EC)
or ((AB)C). The notation for such cases must be {BC{A)) and (C(AB)),
respectively.

11
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It follows that our dependency notation may entail significant
differences bvetween the order of set labels included in a master hattern
and the order of concrete words occurring in sentences generated irom
individual csemantic-syntactic patterns derived from the master pattern.
Thus, a string of the type roor men might correspond to a master pattern
including the zet-label sequence_Tierson (wealth adjective)). Provisions
for converting dependency-oriented sequences to the order actually
employed in utterance strings are discussed in section 3 below.

2.2312 Examples of the Use of Parentheses to Express Subordinative
Conjunction.

2.23121 Master-Pattern Hotation Ma'rhes Utterance Order.

Master-Pattern Noiation: (person(emotion verb(person}))./
Utterance: John likes Mary.

2.23122 Master-Patiern Notation Differs fror Utierance Order.

Master-Pattern Notation:  (writing verb{writing object(duration
adJective(adjectival intensifier))))./

Utterance: Write very rsnort stories.

(The master-pattern order (A(B(C{D)))) corresponds to the

utterance order ADCE. )

2.232 Use of the Comma and Parentheses to Express Non-Subordinative
ConJjunction.

2.2321 Definition of Non-Subordinative Conjunction.

It 1s possible that two set labels which are themselves not members
of the same dependency pair (i.e., do not have a subordinative
conjunctive relstionship with one another) may nevertheless play identical
(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 grammaticai analysis, such set-label pairs
fall into two categorics: those which are clearly cases of coordinative
conjunction {e.g., big, black clouds) and those in which one of two
dependent <set labels can te viewed as dependent not on a single non-
dependent et latel but on the dependency pair formed by the non-dependent
get latel with the cther dependent set label. ‘Thus, for instance, in the
phrase this old book the demonstrative aijective can be viewed as
medifying the phrase old book. Again, in he rarely writes letters
‘te adverdb may bto viewed as dependent on the phrase writed letiers.

LA &

However, it would appcar that 1litile or nothing is gained by
providing separate nota’ions for thece two types of sequences. In all
the cazes which have come to the attention of the principal investiga‘or
thus far, there is no evidence that items which could te viewed as
dependent on a dependency pair as a whole behave differently from items
deperdernt only on the ron-depenient memter of such a pair. Thus, the
agrecriont of the demonsirative in such phrases as this old bock fcllows
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the name rules as in phrases of the type this book. Again the adverd in
he rarely writes letters is subject to the same rules as the one in he

rarely writes.

For this reason it would seem in the interests of notational economy
to view both of the cases discussed above as examples of a single
phenomenon--non-subordinative conjunction, i.e. a conjunctive relationship
between two set labels not entailing the dependency of one of them on the
other, Accordingly, phrases of the type this old book will receive the
cme notational treatment as those of the type old, tattered books.

2.2%22 Notational Devices.

2.23221 Non-subordinative Conjunction 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 conjurnctive relationships to a third cetv label,
it follows that if the non-subordinstively conjoined set labels are
dependent on the third set label it would be possible simply to include
both of the former within the parentheses enclosing the latter. For
example, (A(B){(C)) would represent the non-sutordinatively conjoined pair
of set labels (B) and (C), each of which is dependent on the third set
label (A). However, it would appear that not only notational economy,
but also graphic clarity would be served by introducing into our system
a new delimi*ational symbol which would permit us to include
non-subordinatively conjoined set lebels within a single set of parentheses.
Since the dot and the multiplication sign, commonly employed to denote
‘onjunction in Boolean algebra, are easily confused with the period and
che letter x, respectively, it was decided to utilize the comma for this
purpose. Thus, in place of (a(B)(C)) we may write (A(B,C)).

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

It might seem at first glance that the notation of cases of this
type (e.g. expensive hats and shoes, in which the adjective applies to
both nouns) could follow the pattern established in 2,23221, i.c., that
the non-subordinately conloined set labels could be separated by a comma
and the dependent third set latel included within the parentheces
surrounding the non-dependent pair. Thus, {(A,B{C)) would represent the
non-subordinatively conjoined set labels {A) and (B) and the third set
label {C) “hich depends on both (A) and (B).

Unfortunately, the utilization of this notation for cases of this
type is reniered less than desirable by the need for a convenient
representation of such phrases as this very old book, in which, from the
point of view of our notational system, the adjective old participates
in three relationships: 1) non-subordinative conjunctive with this,

2) subordinative conjunctive with the non-dependent item book, and
3) subordinative conjunctive with the dependent ftem very. In accordance
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with 2.23221, the master pattern for phrases of this type could include
(noun{demcastrative adjective, age adjective)). 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 bpetween
the se' label corresponding to that adjccrive and the first closing
parentheses, i.e., (noun(demonstrative adjective, apme adjective(adjectival
intensifier))).

It woild therefore appear that, unless we wish to modify the notation
adopted in 2.23221, it would be best to devise another notation for phrases
of the type expensive hats and shoes. It would seem that this could be
accomplisha2d with maxinal clarlty by 1) placing the dependent third set
label outside the parentheses surrounding the non-subordinatively conjoined
pair and 2} indicating its dependence on the preceding pair by enclosing
it within an exira set of parentheses. Thus, instead of (A,B(C))--a
notation reserved for cases in which (C) is dependent only on (B)--we would
write (A,B)({(C)).

2.23223 Non-Subordinative Conjunction of More Than Two Set Labels.

It is quite possible that the non-subordinative conjunctive relation-
ships discussed in 2.23221 and 2.23222 may hold emong more than two set
labels. Thus, instead of this old book or old, tattered books we might
have this old, tattered book, with three non-subordinatively conjoined
items depéﬁaent on book. “On the other hand, in addition to phrases such
as expensive hats ggg shoes we can expect expensive hats, shoes and gloves,
in which expensive is dependent on three conjoined nouns.

The notation of such cases can be adequately handled simply by
extending the techniques discussed in 2.23221 and 2.23%222 to provide for
the insertion of a delimiting comma after every non-subordinatively
conjoined set label except the last. Thus, the first series cited in
the preceding paragraph would correspond to the notation {A(B,C,D)),
while tre second weuld be written as (A,B,C)((D}).

2.2%*%% Examples of Nor-Subordinative Conjunction.
2.23231 Two Non-Subordinatively Conjoin:d Set Labels,

2.232311 Non-Dependent Third Set Label.

Master-Pattern Notation: ({noun{dcmonstrative proroun, age adjectjvo))/
Utterance: this old took '
Mactar-Pattern Hotation: (noun{ege adiceiive, condition adlicctive})/
Utterance: ol1d, tattered btooks

2.232312 Dependent Third Set Latel.

Master-Pattern Kotation: {purchase verb, sale verb){{object noun))/
Utterance: tYtuy and sell bocks

Master-Pa*‘ern Notation: (male adult, female agdult){{wealth adjective))}/
Utterance: vrich ren arl women
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2.23232 More than Two Non-Subordinatively Conjoined Set Labels.

2.232321 Non-Dependent Subordinatively Conjoined Set Label.

Master Pattern: (noun{demonstrative pronoun, age adjective,
condition adjective))/
Ut.terance: this old, tat*ered book

2.232322 Deperndent Subordinatively Conjoined Set Label.

Master Pattern: (purchase verb, sale verb, exchange verb)({object
noun))/
Utterance: buy, sell, and trade books

2.24 Disjunction.

2.241 Primary Role of Exclusive Disjunction.

Since, as was pointed out in 2.0 adbove, one of the strongest
Justifications for the creation of a master-pattern notation lies in the
fact that certain words can occur with any one of a set of mutually
exclusive modifiers, it is not unreasonable Lo attend first to the
rotation of the "exclusive or™ relationship.

2.2411 Definition of Exclusive Disjunction.

For our purposes an exclusive disjunctive relationship can be said
to occur between two or more set labels in a glven master pattern when
1) for any concrete semantic-syntactic pattern derivable from the given
master patiern only one of the set labels can be present, and 2) any one
of the set labels, if it 1s 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 bock could be derived from a single
master-pattern formulation in which the set labels corresponding to my and
this are in exclusive disjunction.

2.2412 Noisation.

2.24121 Exclusive Disjunction between Two Set Labels.

Since we have alresdy employed the plus sfign within set labtels
(c¢f. 1.1211) it cannot conveniently be employed to indicate a disjunctive
relationship tetween two set labels. Since, however, it ceems desirable
to utilize 2 gymbol ot normally employed in the strings constituting
such labels, and because of the assocliative ties between disjunction,
separation ard division, it was decided to employ the divide sign (¢) to
separate the menters of an exclusive disjunctive pair. The sutordinative
conjunct ive relationship of each member of the pair to a third set label
in the master pattern is indicated by the devices discussed in 2.23221
and 2.23%222 atove. Thus, (A ¢ B) indicates that the set latels (A) and (B)
are in exclusive disjunction; (C(A ¢ B)) indicates that whichever one of
them is present in a given string will depend on (C); while (A + B)((C))
frdicates that (C) will depend on whictever one of (A) or (B) occurs in a
given string.

15
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2.24122 Exclusive Disjunction between More Than Two Set Labels.

As in the case of non-subordinative conjunction we simply modify the
notation developed for pairs of set labels by writing a delimiter «fter
each set latel except the last. Thus, with a non-dependent subordinatively
conjoined set label we write (A(B + C 4 D)), while with a dependent one
we write (A ¢+ B + C)((D)).

2.2413 Example of Exclusive Disjunction.
Master Pattern: (noun(demonstrative adjective 4 possessive
adjective # definite article))
2.24131 Concrete Patterns.
2.241311 (noun{demonstrative adjective))
2.241312 {noun(poscessive adjective))
2,241%1% (noun(definite article))

2.24132 Utterances.

2.241321 Corresponding to 2,241311.
this book

2.2413%22 Corresponding to 2.241312,
my book

2.241223 Corresponding to 2.241313,
the book

2.242 Inclusive Disjunction.

2.2421 Definition of Inclucive Dislunction.

For our purposes an inclusive disjunctive relationship can te said
10 occur between two or more set labels in a given master pattern when
1) any combinat fon of the set labels in question can occur within a
concrete semantic-syntactic pattern derived from the given master pattern
5nd,2) cech of the set latels which does occur in 8 concrete cemantic-
syntactic pattern will play one anl the same role in a dependency pair
with one and the same subordinatively conjoincd sct latel. Thus, if within
a single master pattern, in addition to phraces of the type, old,
tattered books, which were cited in conjunction with non-subordinative
conjurct ion (cf. 2.22221), we wish to make provision for phrases such as
old tooks and tattered tooks, we need simply change the relationship
Tetween the set labels (age adjective) and (condition adjective) to one
of incluzive disjunction.
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2.422 Not.ation.

There would appear to be no strong reasons for introducing a new
symbol to represent the inclusive disjunctive relationship. First nf
all, as is pointed out in2.631232, this type of relationship is not
likely to occur with any great frequency in the material with which
we are concerned. Secondly, it is adequately covered by the notational
devices utilized to indicate restrictions on the omission of optional
dependent set labels (cf. 2.631232 and 2.632232),

2.5 The Ordering of Operations.

2.51 Relationship of Ordering to Subordinative Conjunction.

In order to permit the derivation of an optimally large number
of concrete cemantic-syntactic patterns from a single master pattern,
it 1is necessary to allow for 2 wide variety of disjunctive and
conjunctive relationship "networks" involving a large number of set
latels. 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 1 D)), we must be able to decide whether
one of the selective operations indicated by the two disjunction
symbols depends on the results of the other. A similar guestion must
be asked about the selection and grouping operations indicated by the
divide sign and the comma in (A 4 B(C,D)).

As was pointed out in 2.231, a subordinative conjunctive
relationship between two cet labels indicates that one of them is
grammatically dependent on the other. In addition, if the non-
dependent label or latels with which a given dependent label is
subordinatively conjoined is (are) rot non-subordinatively conjoined
with a dummy 1abel {cf. 2.63 and 2.7 belcew), the dependent label
can occur only in those concrete cemantic-syntactic patterns which
include {one of) the non-deperdent label{s}).

It follows that subordinative conjunction can serve as a guide
to tre crdering of operations, since operations affecting the dependent
cset latel of a given deperiency pair need be performed only after the
complet ion of these operations which determine the precsence or absence
in a given concrete pattern of the set latel(s) with which the
dependnent latel must te conjoirned.

Q 17
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2.52 Parventheses Depth as a Guide 10 the Ordering of Operations
p P

Since in noting subordinetive conjunctiorn we place the dependent
set label(s) either within the parentheses enclosing th2 non-dependent
label(s) or (cf. 2.23222) within an extra set of pareniaeses, it follows
that we can order our operations in the mamner described in 2.51 simply
by performing first those operations enclosed by the smallest number of
cets of parentheses.

Operations entailing a greater number of sets of parentheses would
be performed only if they involved set labels which were subordinatively
conjoined with one or more et labels selected from the master pattern
as a result of the performance of preceding operations.

Thus, for example in (A ¢ B(C)), we would first choose between (A)
and {B). Only if (B) were chosen would we proceed to ihe selection of
(¢), since (ef. 2.23222) this label is not subordinativ:ly conjoined vith
(A). Similar considerations would apply to (A 4 B{C + D)) or (A 1 B(C,D)).
On the other hand, in (A ¢ B)({C)), (C} would always be selected, since it
depends on either (2) or (R},

2.521 The Utilization of Additional Sets of Parenthe:es,

The ordering of operations in accordance with the hierarchy of
subordinative conjunction does not permit us to impose different ordews
of grouping and selection on a number of set labels all of which pla; one
and the same role in subordinative conjunction with one and the same set
latel. Thus, we have so far no way of deciding whether (A(B,C+ D,E})
will result in the concrete patterns (A(B,L,E)) and (A{B,C,E)) or in
(A(BC}} and (A(DE)}.

It would appear that the simplest solution to this problem is the
irntrojuction into our rotation of additional sets of parentheces not
rceded for the representatior of suvordinative conjuncition. Thus, {f
we wizh to insure tne derivation of the first pair of concrete patterns
meniioned in the preceding paragraph, we need only wri--: (A(B,(C+D),E)),
wnile the derivatfon of e second pair is aseured ty {(A((B,C) + (D,E)}).

Note that the additional parentheses do not repleace any of the cther
operational symeools. This fea‘ure, which leads to ‘he ise of what may
appear to te superfluous cets of parentheses In certain cases {cf. the
seconi notation atove), was introduced to simplify the Hrogram discussed
in szction 3 teolow.

2.53 Examples of the Derivation of Concrete Semantic-Syntactic
Fatterns from Mazter Fattersn in which the Ordering of
Op<rations is Significant.

2.531 Additional Parcnihezes liot Fequired.

Master Pattern: (proyor name ¢ kinship noun(pro;w: name 4 poscessive
aijeetive))((oral roise verd))/
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2.5%2)1 Concrete Pattern Resuiting from Selection of Set Label
(Proper Name).

(proper name(oral noise verb))/

2.53%12 Concrete Patteris Resulting from Selection of Set Label
{Kinship Noun)/

2.53121 (kinship nourd proper name, oral noise verb))/
2.53122 (kinship moun(possessive adjective, oral noise verb))

2.5313% Utterance Corresponding to 2.5311.
John is singing.

2.5%141 Utterance Corresponding to 2.53121.
Mary's brother is talking.

2.53142 Utterance Corresponding to 2.53122.
Their nephew is crying.

2.532 Additional Parentheses Required.

Master Pattern: {noun((possessive adjective + demonstrative
adjective), age adjective))/

2.53%21 Concrete Patierns.

2.53211 (moun(possessive adjective, age adjective))/
2.53212 (noun(demonstretive adjective, age adjective))/
2.53%22 Utterances.

2.53221 Corresponding to 2.53211.
my old house

2.53222 Corresponding to 2.53212.
this new table

2.6 Optional Relationships.

2.61 Definition of Optional Relationships and Cptional Se* Labtels,

As waz indicated in 2.0, there are numerous cases in wiich a set
latel may, but need not, bte subordinatively conjoined with a dependent®
set latel. In such cases the sutordinative conjunctive reletionship can

bte referred to as an optional relationship and the dependent set latel as’™ °

an optional set label. Thus, in a master pattern notation (noun(quality
adjective(adjectival intensifier))), corresponding to phrases of the type
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very good books, there is one optional relationship--{quality adjective
(adjectival .ntensifier))--and one optionzl se. label--{(adjectival
irtensifier).

2.€62 The Need for a Notational Device.

It might at first appear that there is little or no need to provide

e separate no*tation for oprional relationships and/or set labels.
Indeed, in the case Just cited and in many others it would be possible
to account for such concrete patterns lacking the optional items--in
this case the pattern (noun{quality adjective))-~-by a general algerithm
based on the rule for the ordering of coperations. Thus, the dependent
set latel of a subordinatively conjoined pair might be regarded as an

optional set label and 1ne subordirative conjunction viewed as an optional

relarionship whenever the norn-deperdent, et label also occurred as the
dependent member in a subordinrative conjunctive relationship with a
thira set label.

Trere are, however, a number of cases in which such an apprcach
would fajl. Thus, in representing prepositioral phrases modifying a

verb we employ the pattern (ver%(preposition(noun)}). In many cases the

omission of the set label {noun) will result in a concrele patiern
leading to the generation of unaccep!able utterances. Compare for
instance he reads in bed &nd he reads in. Again, certain transitive
verbs (e.g. pulverize, compressi hardly ever occur without a direct
obJect in normal speech, wnile others {ec.g. read, write) do so quite
frequently. If would, rherefore, appear that the development of a
separate nota'ion for op*ional relationships and/or labels is both
necessary and useful.

2.63 The Utilization of the Dummy Label to Indicate
Optioral Relationcships,
2.631 Fa‘.ionale.

Sitce, on the one hand, 1t would szeem desirable to keep the set of
symbols rnot permitied within cet labels as small az possible, and since,

on the other, it would seem less thar deczirable to develop new notational
devices for optional variants of cach of the three types of rela®ionships

discussed above, 1t was decided to signal the presence of an optional
rela fonship by placing the optional set label in exclusive disjunction
with a "dummy" nr "zero’ set latel conzisting of the single digit ¢.
Note *ha* the utilization of the dummy latel (¢) deoes ro' force us to
exclude the craracter ¥ from other set labels. The only rectriction i*
entails iz ‘) » exclusion of s¢t latels consisting solely of the
character ¢,

2.G311  Cp*ional Kelationship Affecting Only Cne Dependent Seot label,
This typ~ ic.ex'remely simple, requiring only the inzertion of the
divide sign «-.1 the dummy latel after *he optiosal latel. Thusz, while
(ACP(C))) inzludes no op*ional rela‘ionship, in (A(B(C &+ ¢))) the
rela*fonship (R{C)) ani the sot labtel (C) are optional. Again, in
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(A 1+ B)((C)) the concrete patterns are limited to (A(C)) and (B(C)},
while in (A ¢ B)({C + ¢)) they include (A(C)), (B(C)), (&), and (B).

2.6312 Optional Relationship Affecting Two or More Dependent Set Labels.

2.63121 Dependent Set Labels in Exclusive Disjunction.

This type 1s also quite simple: since only one of the dependent
set labels participating in such a relationship can be present in any
concrete semantic-syntactic pattern, we can make the relationship
optional by the same means as in 2.6311. Thus, non-optional (A(B ¢ 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 Sel. Labels in Sobordinative Conjunction.

This case 100 1is taken care of simply by inserting the exclusive
disjunction symbol and the dummy latel, Tnus, non-optional (A(B(C))),
which generates only one concrete pattern, corresponds to optional
(A(B(C) + #)), whicn permits both (A(B(C))) and (A).

2.63123 Dependent Set Labels in Non-Subordinative Conjunction.

This case is somewhat more complicated tian the preceding oncs,
since 1t requires the utilization of additional sets of parentheses to
define the order of operations (cf. 2.521).

2.631251 Unrestricied Omission of Optional Labels.

This type entails no complications other than the use of additional
sets of parentheses. Thus, if the non-optional notation is (A(B,C,D)),
vhich generates only one concrele pattern, the notation (A(B,C, (D + N
permits both {A(B,C,D)) ard (A(B,C)); (A(B,{(C ¢+ ¢),D)) allows (A(B c,D))
and (A(B,D)); (A(B, (C + DD ¢+ @))) gives all of the above plus (A(B));
{A((B 4 ﬁ) C,D)) gererates (A(B,C,D)) or (A(C,D)); etc.. etc. The
maximum number of concrete patterns is generated by (A((B ¢+ ¢),(C + ¢),
(D + ¢)))) which permits any combination of dependent labels with the
latel (A}, as well as a concrete pattern consisting of (A) alore.

2.6312%2 Restricted Omission of Optional Labtels.

It may prove desirable in some cases to insure that all the
concrere patterns derived from a given master will include at least one
(or, less protably, more than one) memter of a group of non-subtordinatively
conjoined optional set labels. Thus, one might wish to permit phraces
of the type he speaks Russian well, he speaks well, and he speaks Ruesian,
tut to exclude rhraces such as he speaks. While there is some doubt as
to whether restrictions of this tyre are likely to te utilized very
often, they can e adequately conveyed by a combination of optijonal non-
subordinat ive conjunction and non-optional exclusive disjunction.

Thus, i1f we wish o genora‘e the concrete patterns (A{B,C)),(A(B)) ani
(A(C)), tut 10 exclude (A), we nced write not (A{{B 1 ¢),{C + ¢))), tut
(A((B,(C 1+ ¢))+C)).
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Inso”ar as only cone of the optional dependent set labels need be
present in any concrete patitern, the restricted omission of opticral set
labels is equivalent to an inclusive disjunctive relationship amonz them.
As was pointed out in 2.422, this fact, combined with the relative
infrequency of 1his relationship, obviates the necessity for a special
notational device representing inclusive disjunction as such.

2.6%2 Examples of the Derivation of Concrete Semantic-Syntactic
Patterns from Master Patterns including Optional Relationships.

2.6321  Only One Dependent Set Label.

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

2.63211 Concrete Pattern including Optional Relationship. i

{ person{reaiing verb{reading object)))./

2.63212 Concrete Pattern without Optional Relationship.
(rerson(reading verb))./

2.63213 Utterance Correspondine to 0,071y,

John is reading a book.

2.6%214 Utrerance Corresponding to 2.63212,

John is reading.
2.6322 More than One Dependent Set Label.

2.63221 Dependent Set Labels in Exclusive Disjunction.

Master Pattern: (noun(demonstrative adjective 4 possessive
adjective + 7))/

2.632211 C(oncreie Fat'erus with Opticnal Relationship. i
2.€522111 (noun(deronz*rarive aijective))/
2.6222112 {noun{possessive aidective))/

2.622212 Corereie Fattern withou! Optional Relationship. ‘

(roun)/

2.62%221% Ut erances.

L.

cill.

L)

2.632213%1 Correspending 1o 0.0%
this ha*
2.62122132 Cortesyonding to 2.(322112.

my ha*
Q 22
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2.6322::33  Corresponding to 2.622212.
hat

2.63222 Dependent. Set Labels in Subordinative ConJjunction.
Master Pattern: (noun(age adjective(adjectival intensifier) + ¢@))/

2.632221 Concrete Patterns.

2.6322211 (noun{age adjective(adjectival intensifier)))/
2.6322212  (noun)/

2.632222 Utterances.

2.6322221 Corresponding to 2.6322211.
very old hats

2.6322222 Corresponding to 2.63%22212.
hats

2.63223 Dependent Set Labels in Non-Subordinative Conjunction.

2.632231 Unrestricted Omission of Dependent Set Labels.

Master Pattern: (person(read verb({read object ¢+ ¢),(spced adverd 4

2.6322311 Concrete Patterns.

2,63223111 (person(read verb(read object, speed adverd)))./
2.63223112 (person(read verb(read object)))./

2.6%223115 (perzon(read verbd(speed adverd)))./

2.6322311s  (percon(read verd))./

2.6%22512  Utterances,

2.6322%121 Corresponding 1o 2.63223111,
John reads beoks quickly.

2,53223122 Corresponding to 2.63223112,
John reads books.

2.6322312% Corresponding to 2.63223113,
John reads quickly.
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2.632222124 Correspending to 2.6%222311,

Jonn reads.

2.632232 Recstricted Omission of Dependent Set Labels
(Tnclusive Disjunction).

Master Pattern: (person{read verb({real object,(speed adverb ¢+ ¢)) 1
speed adverd)))./

The concre = patterns and utterances are identical with those in
2,62223111 through 2.6%223113 and 2.67223121 through 2.6%223123,
respectively.

2.7 Evaluat i, and Prospects for Future Development.

Arart from the large number of retc of parentheses needed to insure
the rroper ordering of operations (cf. 2.921) and the complexily of the
rotational devices for inclusive disjunction (cf. 2.631232), our
notation makes no provision for ‘Le oprtional notation of the non~dependen:.
set. label in a cubtordinatively conjoined pair. Since in patterns almost
all labels which play a non-dependent role in one subordinative conjunctive
relationship also play u depenient role in another such relat fonship,
only such set labels 495 those playing *he role of the subjlect or, in tte
cate of subjectless imperative centencer, the verb, are no’. covered by
our notation.

There ic, however, ro reason why we could not cover these cases as
well, simply by placing the non~-dependent cet label in exclusive disjunction
with the durmy latel. Thuas, 1f we wich to allow for both the concrete
pattern (A(R)) and (R), wr could write (A # @}((B)). Such a modification
would require a corresponding modifica: fon of the program discusced in
the following section of ‘his report.

z, Program for the Gerneration of Concrete Scment ic-Syntactic
Fatterns from Master Patterns.
3.0 Purrose ani Justitication.

The creation of a program of "Lis type is necezrary fn crier ‘o
realize the economies made joscible Yy the coding cyotem diceoced din

cection 2. The jotential velue of e Iat'er io dircuc.cd in 2.0 niove,
1 Documernitat jon.

A1l Func*ions ¢f the Frogr-m.

0111 The Uorivation of Consrete Py tern:.

The primary function of thre program i: to produce the complete get
of concrete cemantic-cyntsctic patterns derivatle from a master patiern
(cf. 2.0). Thr connrete pat*ernc could *hen presumably be used as inpat
for a progranm of *he type deceriteq in cection 1.



3.112 The Representation of Cbnjunction in Concrete Patterns.

The program discussed in section 1 operates on set labels each of
vhich is enclosed by a single set of parentheses. It follows that it
cannot operate on concrete patterns which utilize the devices discussed
under 2.231 and 2.232. On the other hand, the information on the
subordinative and non-subordinative conjunction of set labels which must
be included in master patterns cannot be simply omitted in generating concirete
patterns, since it provides a major part of the information on government,
egreement and modification needed to generate the coriect forms of
individual words selected by the program discussed in section 1. Since
tha* program permits the inclusion of additional information relevant to
& given set label after a plus sign following 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-pattern representation
of conjunctive relationships to a form compatible with the input format
specified in 1.1211.

3.12 File Format.

7.121 Input Files,

The input for the program consists of a disk file (channel 1)
containing one or more master patterns with the format spccified in section
2. For examples of master pattern input see 2.2312, 2.2323, 2.2413,

2.53, etc, (Note that there is no provision in the existing master
pattern notation for the irclusion of literals, i.e. concrete words. At
present the only way to includc & literal in a master pattern notation is
to represent it as a set label corresponding to a set with a single
member.)

3.122 CGutpwt Files,

3.1221 Equivalence of Concrete Patterns and Input Strings Discussed
in 11,1211,

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

3.1222 Gre Representation of Siubordinative and Non-Subordinative
Conjunction.

As was Indicated in 3.112, information on conjunctive relationships
between sel latels is coded as additional information accompanying
iniividusl rcet 1latels in accordance with 1.12111. This information takes
the form of two alphatetic characters immediately following the plus sign
and themselves followed by & space. The space, which serves only to sct
of f the tvo characters from any other additional information which may
rrecede the closing parenthecsis for the given set latel, may te omitted
if there is no additioral information. The first of the two characters
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serves “o identify the set label in question, while the second identifies
a non-d:pendent cet label with which the set label is subordinatively
conjoined. Thus, the coding {x + ba) indicates that set label (x) is
represented by the ctaracter b and is a dependent set label subordinatively
conjoined with the non-dependent set labe! represented by the character

a. Again (y + ca) states that set label (y) is represented by the
Character c 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 some cases, additional coding. However, it is
clear that the fact of their non-subordinative coordination--the only
information conveyed by our master-pattern notation--can be established
simply by ascertaining that they both depend on the set label represented
by the character a.

If a s&t label does not depend on any other set label, the second
character after the plus i5 identical with the first. Thus, the seguence
(z + aa) indicates that the set label (z) is represented by the character
a and 1s not a dependent set label in any subordinative conjunctive
relat ionship. It would appcar that, subject to certain limitations
connected with clause boundaries, representations such as (x + aa) and
(y + bb) would indicate that (x) and {y) are non-subordinatively conjoined.
3.1223 Examples of Output with Corresponding Input and Sample Utterances.

3.12231 Input with No Optional Relationships.
Input: ({person(read verdb + write verb(write object)))./

3,122311 Output.

3.1223111 (person + aa){read verd + ba)./

3,1223112 (person + aa){write verb + ca)(write object + de)./
3,1223%12 Uttierances.

3.1223121 Corresponding to 3.1223111.
John is reading.

3.1223122 Correzponding to 3.1223112.

Joln is writing a letter.

3.,1c232 Input with Optiorial Relationships.
Input: (perszon(reaj vert{{read object ¢ #},{spced advert ¢ ¢))))./

3.,122321 Output.



3.1223211 (per§07 + aa){read verb + ba)(read object + cb)(speed aiverb
+ db).

3,1223212 (person + aa)(read verb + ba)(read object + cb)./
3.1223213 (person + aa)(read verb + ba)(speed adverb + db)./
3,1223214 (person + aa){read verb + ba)./

3,1223%22 Utterances.

3.1223%221 Corresponding to 3.1223211.
John reads books quickly.

3,1223222 Corresponding to 3.1223212.

John reads books.

3.1223%223 Corresponding to 3.1223213.
John reads quickly.

3.1223224 Corresponding to 3.1223214.

John reads.

3.2 Evaluation and Prospects for Future Development.

Insofar as the notation discussed in section 2 is a satisfactory
one, the program under consideration would appear to operate quite
satisfactorily: it converts master patterns to concrete patterns without
losing any information on subordinative and non-subordinative coordination.
However, as was pointed out in 2.2311, the sequence of set labels in a
master patiern end, conséquently, in concrete patterns as well, may
often differ from the order in which individual words corresponding to
such labels would occur in rnormal utterances. 1t would appear therefore,
that the concrete 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 ulterances to te generated from the queen concrete pattern.

Wrile it Is impo:sible to give here a detailed outline of the
operation of such a program, it is clear that it would entail thre use
of transformations tased on 1) the information on sutordinative and none-
subordinative conjunction placed after the plus sign accompanying each
so¢ latel in a concrete pattern, and 2) other information on the semanic
srd/or syntactic properties of members of individual sets. Thus, if in a
corcrete pattern for English utterances 1) (x) depends on {y), and 2) {x)
15 an adjectival intensifier while (y) 1is an adjective, the concrete pattern
rotation (y + sa}{x + ba) would be converted to (x + va)(y + aa) to insure
the correct order of such phrases as very good, extremely tai, etc.
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L, Program for the Automatic Listing of Coded Vocabulary Items as
Members c¢f Semantic Sets.

5.0 Justification and Purpose.

The preparation of a set list of the type discussed in 1.1212
recessitates the association of $ndividual vocabulary items with the set
labels referring to the semantic sets of which a given vocabulary item
is a member. However, once this association has been established, there
is no reazon why the actual inclusion of the vocabulary item in the list
of set members corresponding to each relevant set label cannot be
accomplisiied by a computer program. It would appear that such a program
would significantly reduce the Lime and effort required to create and
update the set llst.

4.1 Documentaticn.

Lol Function of the Progranm.

The program operates on 1) an alphabetized list of vocabulary i{tems
each of which is followed by the set labels corresponding to the sets of
which it is a member, and 2) a sel list of the type discussed in 1.1212.
Each vocabulary item is listed among the set members corresponding to each
of the se! latels with which {t is associated. If a given set label is
no*. found cn the set 1ist, i* is entered at the appropriate alphabetic
joziticon in *he list with the new vccabulary item(s) as its member(s).

L.,.2 #{le Wormat.,

bl Inrut Files,

Yoo inpat for 1he pregram conzists of 1) a disk file (channel 1)
conrtainirg a list of new vocatulary ftems with their associated set labtels,
and 2) a dizk file {channel 2) identical in formal with the set list
discusend urnder l.1212.

L.,.2il. wvo.aculary List Forma®.

Eacr vocabuiury item is imm-dia'ely preceded by the symbtol < and
irmediately follewed by “he symtel >, The set labels associated with the
speabulary §tem fellew “ne syrbtel 2. FEach set ladel is enclosed in
rarerthoces, hestriaoticns cr :et-latel format are *he same as those
di{acussed in 1.127121.

L.121l1 Example ¢f Vccabtulary st Format.

< toy > (arirate teing)(Juvenile)(rale)(person)
< go > {mo* fmu werbd)
< houge 2 (tuildfrg)(franimase teing)(residence)
< red > {cclor satective)

L1212 8et List Formst.

See 1.1212.
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4,102 Output Files.

The output consists of a disk file (channel 3) of the seme format
as the input set list. It differs from the latter in that it 1)} lists
the vocabulary items fourd on the channel-l 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.

4.,1221  Example of Output with Corresponding Input.

4,12211 Channel-1 lnput.
< boy > (animate being){Juvenile)(male){person)

4.,1221z Channel-2 Input.

{animate being)
< dog >

< man E

< woman >

(male)
< man >

(person)
< man >

< vwoman >

4.1221% Output.

(animate being)
< toy >
<doe 3
< man 2

< woman >

{Juvenile)

4.3 Evaluz*ion and Frocpects for Future Development .

While the program docurented under 4.2 is a uszeful lator saver, i!
would appear *hat considerably greater economics could te attained by a
program which, Yy taking account of the fact that membership in one cet
often implies membership in one or rmore additional sets, would permit a
significant reduction in the numter of set latels aszcociated with
vocatulary {temz on *he input list. Thus, {t would appcar that '‘hke item
< toy 2, uzed in 4.12211, could te coded simply as (Juvenile)(male), cince
any item associated with the first of these two set lavels would also te

Q associated with (animate Yeing) ani (rercon).
ERIC 5
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5. The Elementary Verbal Communicator (EVC). A New String-Manipulation
Language for the PDP-10 Computer.

5.0 Justification 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 developmen! of programs capable of generating instructional material
would necessitate the use of & 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 tbhree prcgrams documented so
far center on a singie problem--the generavion of large numbers cf
utrerance patterns from a small amoun! of input. No attention has been
raid to such comp.ex prcblems . s the correlation of utterance patterns in
the base largaage with those of the target lenguage or the generation of
inflected forms from the vasic forms given in set liste.

The interdependency of many programs can bte seen from the fact that,
of the three rrograms discusced so far, *“he 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 entail corresponding
modifications in anotner  Such a chain-like relationship between different
programs mzkes 'ha greater programming speed afforded by a higher-level
ianguage particulariy desirable.

5.02 Reaszons for Developing a New tanguage.

Tre higrer-ievel langusges avallable oia the PDE-10 zystem used by
“re principal Investigator inciuded Fortran, Gogol, 8ail and Lisp. Of
trhese, *‘he first was rnot at sll suited for string manipulation of *L-= type
entailed by our precgrats. Gogol and Sail were also less *han satisfactory
for our parposes, and, in addition, were rno* regulsrly used by tre systems
pregrammer conrected with our progect. Ine fourih language, Lisp, while
more suited t2 our needs, was 0 {nadequately docuwrented that {43 use might
have entailed a large numbter of unforeseen difficulties. 1% was hoped
that tne 1MS53S would bte atle ‘o make available ano*her string-manipulation
larguage--SK7BuL IIT. However, ‘nis language, which was ldeally :uited
for our purposes, did no!' tecome available during the coniract perioci.

Ir view of thece difficulties it was decided to develop a string-
ranipulat ien language specifically alapted o 1he nceds of our own recearch.
Thiz aprroach proved to have two major advantages. First, i' made the
rrincipal invectigator to a large extent indiependent of other programrers,
gince the writing of the programs docurented atove had given him consideratle
familiarity wi*h the FDP-10 assembly language--the tasic tool in the
c¢rearicn of the rew ctring manipulation largusge. Secondly, it allowed
him *o try a larfe numter of arproaches to one and the szarme programming
probles--a freedjon olways curtailed ‘o some extent by the utilizaricn of
a fre-exizting language.
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5.1 Documentat ion.

Any program written in the string-manipulation language EVC consists
of a series of instructions. Each instruction must begin with an operation
code. An operation code is defined as a string of alphanumeric characters
immediately preceded by a line feed and immediately followed by the
tabulation character (henceforth referred to as the tab mark). Operation
codes may not begin with a hyphen (ef. 5.311). Most, but not all, instructions
include one or more additional constituents, henceforth called operands.
Operands are discussed in the sections dealing with the operatlon codes
they accompany.

5.11 Input.

5.111 Disk-file 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 number, but such a modification would entail no fundamental
dianges in the language--only the creation of additional input instructions.)
Since the input files currently allowed must be attached to disk channels
2 and 4, we shall henceforth refer to them as file 2 and file &,
respectively.

5.1111 Input from File 2.

5.11111 General Characteristics.

Inpat. from file 2 is transferred to a core storage area which will
henceforth te referred to as the item buffer. (The size of the item
btuffer currently permitted is 50 FDP-10 words, i.e., 250 sevenbit ASCII
characters. It would, however, be a simple matter to develop one or more
other versions of EVC with item tuffers of different, lengths.) The
storing of new inpui always tegins at the first word of the item buffer
so that newly stored input must be transferred to another storage area
(see 5.11132 telow) if it is to survive the execution of subsequent
input. instructions.

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 btasis, i.e., only
one severn-bit ASCII character at a ‘ime is read into the FDP-10
accumulator utilized for such input. The operation codes, which all
tegin with the sequence TXT, fall into .wo groups--those which comrence
the storage of input in the item buffer with the next available ASCII
charazter on file 2, ani thoce which store nocharacters until a given
character or character sequence hLas teen encountered. The latter type will
Lenceforih te referred to as ini. iator-dependent operation codes.

b



5.111121 Operaticn Ccles with lmmediate (ommerncement. of Character
Sicrage-

The storage of characiers from file 2 in the item buffer continues
until the program erncounters a terminator. 1In addition to the end-of-file
marx, the terminator may be a single character, a character sequence, or
any cne of az many as five different characters. Where only a single
character or character sequence is utilized to terminate the transmission,
it. is possible either to <top the storage of characters with the last
character preceding the terminator to store the terminator as well.

5.1011121i1 Trne Cgperation Ccde TXTUPIO.

Tnis 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 character sequence. The
rnaracter or sejuence which i: used as a terminator follews “he tab mark
ard 135 enclosed by a palr of identical delimiting symbols wnich may take
the gnape of any character pot included in the terminator {tself.

1nas, the instraction TXIUEPLC x.» Will resalt in the storage in
the item buffer of the nexdt avallable characcer on file 2 and of all the
fcllowing characters up o the first pericd. The same result can be
achieved by TXTUPLO 1.1, TXTUFIO -.-, ete. The instruction

TYOUFT -and- would resui! in the :tcrage of all characters preceding
the first cecurrence <of tre word ana, wnile TXTUPTO zbutz would halt

storage With “he last cnaracter preceding the first occurrence of the
chrirg Tut,

5.1111211}! Examples of Cperation.

5.111121111 Tnstruction: TATUPTD Yi¥-
Next available file 2 irpa‘. Tom, Dick and Harry...

oharacters stored In {tem buffer: om

5 101121112 Trostraction: TXIUPRDY ;ard,
(*ile inpu* as ir 5.111121111)
Characters stored:  Tom, Lick

5.1111212  The Operaticn Cod UXKUHRU.

This differs from $X70P20 fof. §.1111211) only in that it results in
the stering of the *erminaror as well a: the characters preceding it.
Tras, if we use TXTHKU fn 5.111121111 the characters >tored woula te Tom,.
Ive uge in S.1101z1112 would rezult in the storage of Tem, Dick and.

5.1111213 Tne Cperation Ccde YXTALT.

Thig cperation coie iz identical inils offect with TXTHRU, excep! that
‘e ramminator may te ary on2 of a set of five or fewer sirgle characters.
The ~harac'~rs 1o t» used as terminators inmediatsly follow the tab mark.
The firat charac'er ¢f the ¢o' 12 immediately followrd bty a period, while

ERIC &

Aruitoxt provided by Eic:

——

Vot



O

ERIC

Aruitoxt provided by Eic:

any others are immediately followed by a comma, which is itself immediately
followed by the next terminator. The instruction TXTALT Y, 7. will
terminate the transmission of input with the storage of tle first
exclamation point or questior mark encountered. Note that both the comma
and the period will be treated as terminators, if they occur in an odd-
numbeir=d position. Thus, the instruction TXTALT vyt y37. would result
in the termination of input transmission after the storage of the first
period, comma, exclamation point, semicolon, or question mark encountered
in the text.

5.1'112131  Examples cf Operation.

5.111121311 Instruction: TXTALT PRI TAY

.1111213111 Next available input: Tom, Dick and Harry.

\n

Characters stored: Tom,

5.1111213112 Next available input: Dick and Harry.
Charscters stored: Dick and Harry.

5.1111213113% Next available input: Is he home? No, he's nct!

Characters stored: Is he home?
5.111122 Initiator-Dependent Operation Codes.

As was indicated sbove, these operation codes do not resul! in the
storage of input characters in the item buffer until the program encounters
an initiator, i.e., a character or string of characters specified in the
instruction. Storage may commence With the initiator itself or with the
first character following the initiator. Termination follows one of the
patterns discussed in 5.1111211 and 5.1111212. Note that in these
instructions both initiators and terminators are limited to a single
character or character sequerce. It would, hovever, te relatively simple
to develop additional instructions permitting ihe use of alternative
fnitiators ani/or terminators (ef. 5.1111213).

5.1111221 The Operation Code TXTINC.

This operation code commences storage of characters in the input
buffer with the first character of the initiator itself and terminates
storage with the final character of the terminator. The initiator follows
the teab mark and is set off in the manner specified for the terminator
in $.1111211. The closing delimiter of the initiator must te immediately
followed by the terminator, also set off as in 5.1111211. Thug, 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 tu'.

5.11112211 Examples of Operation.
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5.111122111 TInstruction. IXTINC /D//y/

Next available ianpat: Tom, Dick and Harry.
Cnaracters stored Dick and Harry

5.111122112 1Instruction: IXTING -Ha-x.x
Inpu* as in 5.111122111.

{haracters stored: Harrxt

5.1111222 The Qperation Jode ITUTEXC.

This 1s identical in format and operation with TXTINC, except *that
neither the initiator nor *he terminater is stored. Thus, its use in
5.111122111 would result in the storage of ick and Harr. In 5.111122112
it would s'ore arry oniy-

51111225 Tne Cpera’ion Code TXTEAL.

nis cperaricn code 15 identical in format and operation with TXTINC
and TXTEX’, except that it stores the terminator and omits the initiator.
Thus, 1its use in 5.111122111 would give ick and Harry. 1In 5.111122112
i+ would store arry. only.

5.1112 Irput from File !,

Trhiis Toilow: exaz ly the same pa‘tern as thal described under
5.1111, even 10 *he use of one and 'he zame 1tem btuffer. Instruction
format 1i: identical excep tha' opsrarion codes which operate on file &
mist begin witr the ioquence TuT inzvead of TX7, c.g., TTUPID, TWTALT,
m:, BTG %) -
1eTINy, «nc,

5.1112 ™= Input of Literals.
5. 11151 Jransfer of Li‘erals to {tem Buffer.
It ts¢ poasible *o place a etring of ons or more ASC.T charactera in [

the item tuffer simply by using the oporation code 1ATLIZ.  The
charac'er: 1o te stored in the item are <ot off in tne came manner az the

terminator wed with JXWPIO (of. S5.1111211). Tous, IKTLIT -t00- places i
the three characters 2o¢ 1n the item buffer. The same result ig, of cource, .
achieved by IKTLIT xtoox or IXPLIT /boo/, etc. To place the phrase

Tom, Ditk ard Harry in tae item btuffer we write only IKTLIT xTor, Dick .

and Harryx.

5,1113%2 lrput Followed by Storage of Literals and/or Sects of
Liverals an Core Area Other tharn Input Buffer.

e 4

Sitce ir the vast majority of cases it is deziruble 1o te able to
retain stored literals for fuiure usage, ‘he input of a literal will
almons always t2 Followed by i+35 rrancfer from the item btuffer 1o another
gtorage area,  In edaitien, it is ¢ften convenient to te able 10 retrieve
mecre than one literal a7 a time. Tie fellewing instructions result in
1) “be stornge of a li*eral or a sct of li*erals in an area of core ottor
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than the item buffer, and 2) the association of the literal or sei of
literals stored with another literal, also stored in an area of core
other than the input buffer. The former will henceforth be re’erred to
as a class, while the latter will be called a class name., If a class
includes more than one literal, each individual literal will be called
a class member.

5.1115%21 Thne Operation Code NWCLS.

This opecration code, which can be used only when none of the literals
to be processed includes either a comma, a period, or a percentage sign,
has the following format: the tab mark is immediately followed by the
literal which is to become the class name. The latter is immediately
followed by a comma which is i{tself followed either by a space or by the
first character of the first class member. The last class mzmber is
immediately followed by a period. All the others are immediately followed
by commas, which may be followed by a space preceding *he first character
of Lhe nex' class member. Thus, the instruction NWCIS vovwels a,e,i,o,u.
results in the storage of the literal vowels as a class name associated with
a class whose members are the five vowel letters preceding the period.

I'ne instruction NWCLS 7,%7. results in the storege of the literal 2
both as a class name and as the sole uember of the associated class.

5.111222  The Operation Code NCINTH.

Tnis may te uced in place of NWCLS when it i: necessary to store
clasa names or class members including either a comma or a period or both
(no class name or class member may ever include the percentage sign).

The first damcter after the tab mark ic the delimiter chosen to :et off
the class name from the first class mermber and the individual class merbers
from one another. It mus' be irmediately feliowed by the first character
of the class name arnd it must irmediatcly follow toth the last character
cf the class name and that of each of the class membters. There may,
however, te a space btetween the delimiter and the first character of a
class merber. The delimiter immediately following the last character of
the last class member iz itself irmediately followed by another delimiter.
None of the literals 1o bte stored may include the delimiter.

Thus, the instruction NOIN.M ¥Zyowols[§/e/i/o/u/[ kas the zame
results as NWwCLS vowel, a,e,i,0,u. (cf. 5.111321). However, ithe latier
cannot te utilized in place of NCINTM Javerages/1.2/3.4/6.2//, wrere the
class meriters 1.2, 3.4, 6.2 include the poriod.

5.12 Manipalation of Strings wi*hin Core Storage Arcas.

5.121 Siring Stored in ltem Puffer.

5.1211 Deletion of Strirg Characters.

5.12111 (perarion Codes Specifying Characlcers o te Dele'ed,
35
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5.121111 The Operation Code KILLST.

This operation code resulis in the deletion of the final charac:er
and as many as 28 of the immediately preceding characters from the siring
currently storsd 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 to Harr,
vhile the instruction KILIST 2 would reduce Harry to Lir.
5.121112 The Operation Code KILFRS.

This is identical with KILLST except that deletion begins with the
first character and proceeds with :he immediately following ones. Thus,
K1IFRS 1 changes Harry to arry, etc.

5.12112 Operation Codes Specifying Characters to be Retained.
5.121121 Numerical Specification.

5.1211211 The Operation Code IKTLST.

Tnis code causes the deletion of all but the final character and as
many as 28 of the characters immediately preceding it. Format follows
that for 5.121111. Thus, IKTLST > changes Harry to rry.

5.1211212 The Operation Code !KTFRS.

This is the reverse of IKTLST, deleting all but the first character
plus as many as 28 of the immediately following characters. Thus,

IKTFRS 3 changes Harry to Har.
5.121122 Delimiter-Dependent Specification,

5.1211221  Specification of Initial Delimiter.

5.12112211 The Operation Code IKBGNG.

This code deletes all characters in the input buffer preceding the

first occurrence of a given character or character segquence. The latter
is set off as in 5.1111211. Thus, LXBGNG -r- changes Harry to rry.

9,12112212 The Operation code IXKFLLW.
This differs from IKBGNG only in tha* the delimiting character or
sequence is also deleted. Thus, IXFLLW Zr{ changes Harry to ry.

5.1211222  Specification of Terminal Delimiter.

5.12112221 The Opera*ion Coie IKTHRU.

This causzes deletion of all characters following the first occurrence
of a given character or chtaracter cequence., Format as in 5.1111211.

Thuz, IKTHRU xrx changes Hariv to Har.
o .
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5.12112¢22 The Operation Code IXKUPTO.
This differs from IKTHRU only in that the delimiting char:cter or

sequence is also deleted. Thus, IKUPTO ,T, changes Harry tc Ha.
5.12113% Deletion Dependent on Immediately Preceding Instruction.

5.121131 The Operation Code LKTRST.

This opera*ion code, which has no operand, must be used immediately
after an instruction containing one of the following operation codes:
NMBGNG, NMFLLW, NMFRST, NMLAST, NMTHRU, NMUPTC (ef. 5.12122 below). Tts
effect is to delete from the item buffer those characters stored by the
immediately preceding instruction. Thus, the two instruections NMFRST 1,
start (ef. §.1212212) and IKIRST have the same effect on the item buffer
as the single instruction KILFRS 1, i.e. they change Harry to arry.

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

5.1212 Transfer of Cnaracters 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 literals
desc.lbed under 5.11132. The characters to be stored are treated as a
single literal, i.e. they become the sole member of a class. Since
storage and retrieval entail the association of the characters with a
class name, each of the operation codes described below contains either
the sequence NM or the cequence NAM.

5.12121 Storage of Eutire Contents of Item Buffer.

5.121211 The Operation Code NMITEM.

This operation code stores the entire current contents of the item
buffer as the sole memter of a claszs. The class name follows the tab
mark and, in contrast to 9.121212, ig not subject to modification by the
program. Thus, NMITEM label stores the entire current contents of the
item buffer as tre cole member of a class with the name latel.

5.121212 The Operation Code SEERNAM.

This code differs from NMITEM only in that the class name following
ihe tadb is expandsi by one of the decimal digite from ¢ through 9. The
digit chosen is determined by the nutber of times the class narme occurring
after the operation-code tad rmark has already teen uzed. Thus, ‘he first
occurrence of SERNAM label will ascociate the current contents of the
item buffer with the class nane latol@. The next occurrence of *his
instruction associates the {tem-tuffer string with latell, the next with
latel2, etc.

5.12122 Trancfer of Part of Itcm-Buffer Conternts.
5.121221 Numerical Speocification of Characters to te Stored.
M
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5.12122..1 The Operation Code NMLAST.

This operation code transfers the final character in the .tem buffer
plus as many as 28 immediately preceding characters to a core area other
than the item buffer and associates the charact ‘s, which are treated as
a single class member, with a new class name. <1he contents of the item
buffer are not affected, but pointers are set to indicate which characters
in the buffer were not transferred (cf. 5.121131 and 5.1212231).

The tab mark is immediately followed by a decimal number from 1
through 29, which is itself 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. 1In addition 1t sets
pointers indicating 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
Ha as the sole member of the class begin, and sets pointers to indicate
that the characters rry were not transferred by this instruction.

5.121222 Delimiter-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 given character or character scquence and
associates them with a new class name as the sole member of the class in
question. The contents of the item tuffer are unchanged but pointers are
set to indicate the characters not stored as a result of this instruction
(ef. 5.121131 and 5.1212231). The *ab mark is immediately followed by
tre delimiting character or character cequence, set off as in 5.1111211.
The latter is followed by the new class name, with or without an
intervening space. If the item dbuffer contains Harry, the inztruction
WMFLLW -ar-end stores the sequence ry as the sole memter of the class
eni, leaving the item tuffer unchanged, and indicates that Har has not teen
moved.

5.1212222 The Operation Code IMIGHG.

This parallels NMFLIW, except that the delimiting character or
cequence is also stored. Thus, its use in the exemple for 5.1212221 would
result in the storage not of 1y, tut of arry.

5.1212223 The Operation Code WHMUPIVO.

This code parallels IMFLIW excepl tha! it stores the characters
preceding the first occurrence of the delimiting character or secquence.
Its use in the example for 5.1212221 would result in the ctorage of H.

el
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9.1212224 The Operation Code NMTEEKU.

This parallels NMUPTO, excepl that the delimiting character or
sequence is also stored. Its use in the example for 5.121222'. results
in the storage of Har.

5.121223 Transfer Dependent on Tmmediately Precedirg Instruction.

5.1212231 ‘The Operation Code NMREST.

This code, which can be used only immediately following an
instruction with one of the operation codes NMBGNG, NM>LLW, NMFRST,
NMLAST, NMTHRU or NMUPTQ, transfers all the characters in the item buffer

rnot moved as a result of trhe preceding instruction and associates them
with & new class name as the :zole member of the class in question. The
contents of the item-buffer are unchanged. <The tab mark is immediately
followed by the rew class name. Thus, the instructicn seguence

NMFRST 1l,start ard NMRESY end leaves an item buffer ccntaining Harry

unchanged, but stores the character H as the sole member of tne class

start and the string arry as the sole member of the class cad.

5.122 Manipulation of Strings Stored in Core Areas Other than
Item Buffer.

5.1221 Inclusicn of Two cr More (lasses in Another (lass.

Tt. may often te useful to te able to manipulate 'he members of two
or more clusses a' a sirgle stroke. ‘This can be accompliszhed by
including the memberzhip of each of the classes in question among the
rembers of a single larger cliass,

5.12211  The Operaticn Code UOMFOS.

This coperation code establishes a new class the members of which
incluae all the rembers of two or more other class=s. A new class
resulting from the u e of this operation code will te called & composed
class, in contrast to a non-ccmpo§q@-gl§§§, f.e., & class resuiting from

*he use of any other operation code.

The format of instructicens with this operation code exactly parallels
that of those used with the cperation code NWULS (cf. %.1113%21). %ne name
of the new composed class stands between the tab mark ani the first cemma,
followed by the classes whoze membters will Ye included in the rerbership
of the new composed claszs. The new composed class may include not only
‘{he menters of non-compesed classes but also those of O'her composed
claczes. Note tha' ncne of the class names or class members rmay inclule
a period, comma, or percent sign (cf. 5.111%21).

If we assume *he existernce of the nor-ceomposed classes start ard end,
gererated as In 5.12122%1, e can galn the ability to ranipula‘e the ent ire

narme Harry by uzing the instruction COMPOS narme, start,er.d. The rerters
of the new ncn-cempose1 class rame would te B ant arvy (Note ‘that the

sequencing ¢f the remters of a cerposed class 1eflects the order in wnich
its corporent clasers are named in the JCHPCS dnstracticn.)

)
29



As a more meaningful example we may cite the instructional sequence

NWCLS vowels, a,e,i,o,u.

NWCLS liquids, r, 1.

NWCLS nasals, n, m.

COMPOS vocalics, vowels, liquids.
COMPOS sonorants, vocalics, nasals.

The composed class vocalics includes the members &, e, i, o, u, I,
and 1. The ccmposed class gonorants includes all of these plus n and m.

5.1222 Deletion of Classes.

The following instructions permit the deletion of strings stored in
cove areas oth2r than the iiem buffer. Since cuch strings are always
associated vith a non-composed class, their deletion also entails the
deletion of the corresponding clas3 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 otrer 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

same manner.

5.12221 Tre COperation Code DELETE.

Triis operation code results in the celetion from core of an entire
nori-compozed class--btoth the class memters and the class name. The tad
mark is immediately followed by the name of the class to be deleted.

Trs, asszuming that the instructions cited in 5.1212231 h2d teen executed,
tre instruct.ion DELE(E end would result in the removal from core of
toth the class name end and the class merter arry.

9.12222 The Cperation Code LELSER.

This code parallels DELE'E except that it deletes the names and
rembterships of all the non-composed ciazses constituting & series formed
in accordance with 5.121212 abtove. Thus, if, after executing two of the
SERNAM ingtructions discuszed in 5,121212, we write DELSER latel, both
the class names labtelf and latell and t‘heir menbers would te deleted.

5.1223 Tran:ference of Strings to Ttem Ruffer.

5.12251 Transfer of Iniividual Clazs Memters Lo the Iten Buffer.

Ttesze instructions rake possible the examination ani ranipalation of
individual class members. They are applicable only to nen-composed
classes.

ERIC -
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5.122311 The Operation Code LOOKAT.

This operation 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, I1f any such member
exists. The class name immediately follows the tab mark. Thus, if we
assume the previous execution of the instruction NWCIS nouns,hat,dog,
face. (cf. 5.111321), the instruction LOOKAT nouns places the
characters hat in the item buffer.

5.122312  The Operaticn Code LKCINX.

This code transfers to the item buffer that member of a given class
which is indicated by the pointer mentioned in 5.122311. 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
5.122311.

Thus, if we follow the LOOKAT instruction illustrated in 5.122311
with LKCINX nouns, the string dog will be transferred to the item
buffer. 1If we repeat the ILKCINX instruction the item buffer will contain
face.

5.122313 The Operation Code LKCRCM.

This operation code also 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 correspords to
that of the last class member of any non-composed class transferred to
the item buffer by either an LOCKAT or an IKCINX instruction. Thus, if
the class verbs Las the mnmbership run, go, Jump, and if after menipulating
the string face, placed in the itein . tuffer by the second LKCINX instruction
mentioned in 5. 5.122312, we write IKCRCM verbs, the membex transferred
to the item buffer will be Jump, since it occuples the same sequential
position within the class verbs, which face occuples within the class nouns.

5.12231%  The Operation Code 1KSRIG.

This operation code places in the item buffer the sole memver of the
first of a sgeries of crne-renter classes gerierated by the use of the
instruction SERNAM (cf. 5.121212 above). In addition, s series-member
pointer is set to indicate 1ihe class, if any, which is the second member
of the series in question. The format is the sarme as for the operation
code SERNAM (cf. 5.121212), Thus, tTe instruction 1KSREG label will
jmt the class mepber associated with the class name latelf in the
item buffer.

5.122315  The Uperation Code 1KSHNX,

This operation code places in the item btuffer the class mexber
associated with that class of a series generated bty the use of SERNAM
instructions {cf. 5.121212) which is indicated by the series-member
pointer mentioned in 5.122314. It alco recets the rointer to indicete the
next class in the series, If any such exists. Thus, if, after execu'icn
of the IKSRR; instructinn citel in 5.12231% the program enccunters

B



LKERNX ]°
ascociate it
to anlcat_ 1

2}, it will 2ransfer 1o the item buffer ihe class member
th the class name latell and reset the series-member pointer
he class nzme label?, if sueh a class exists

5.122316 Tre Operation Code IXCREM,

®M (ef. 5.122313), except that it operates

his code parallels IKC
with clarce
(ef. 5.1212
cited in ©.1223515 the program encounters the instruc ~ion IKCE word,
it will place ir "he item tuffer the class member asszociated with the
class rame wordl ani set the series-member pointer to indicate the class
rame wordz.

included in series generated by SERNAM insiructions
>Y. Thus, if afier “he execution of the IKSENX instruction

St

to the Item Rutfer.

5.12222 Transfer of A1l Memt:

5.172521 Uhe Operaticn Jode DUMP.

Tnic operation code moves the entive momtersh
i ‘h

2 ip o non=compo:
class, with percentage marks feparati niiviiua

ng e 1 | 10 tne
item buffer. The clacs nare Tollows the teb mark., Thus, assuming the came
clace mertercship as that given in 5.122211, trr instyuction IiRP nouns
rlaces in the item tuffer the cejuence ha at %40 fa*n

SL1ZeR: Transfor to the Item Puffer of the Membership of All
25 in 1 Series.

3 fre Ogera*ion Code JOINSR,

Tric operation cole places in the item tufTer, withouw! intervening
sraces, -he mentersnip of all the clastes in a veries generated by
repeat=i SERIAMY instructions (of. ).lclalf). The sequencing of class
rorters correcponis f¢o tie asceniing rurerical crier

} 1 1o :3 T

Thug, 11 oine
ihe perler a

H
letel plazec

S.iled332 Tre Creration Cole SEQUER

Thic differs from JOTWER ondy dn thet dniividual class nombors are
sepsrited Yy oa spate. TiE ure in the exznple oited Tor 5.122371 places
¥y o2 dn the item tufler.

—

Tel% Crutrol of Progrom Flow.

n.171 tnwernli-ional Trazn:fer.

P Transfer tc¢ en Insiraztion Trocedaed Yy a Latel.

1

A latel in an ¥oO progream is a string of clharacters inreodiately
k] E . P

! 11

' £
prece el an ollowed Yy singie “yphone. The initial hypuwn roist te
irzediately trecelel Yty a line foei. wWhile ‘he terminati
rot te drredintely follewsd vty a line feed, the pregranm will i
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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.)

5.13111 The Operation Code GOTO.

This operation code causes the program to take as its next
instruction the first instruction following a given label. The label,
minus the preceding and following hyphens, is placed immediately after
the tab mark. Thus, GM'TO 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 d.ffers from GOTO in that the label is not
specified in the instruction but is assumed to be already present in the
item buffer. There are no other operands. Thus, if the item buffer
contains the sequence middle vhe instruction GOTOIT will have the same
effect as GOIO middle.

5.13113% The Operation Code VISIT.

This operation cede differs from GOTO only in that it sets a
return pointer to indicate the loecntion of the next instruction following
the VISIT instruction. The return pointer may then be utilized in
connect ion with a GOHOME instruction {ef. 5.13121). Thus, the use of
VISIT middle has the came immediate effect on program flow as the use

of GOTO middle.

5.13114 The Operation Code VISITI.

This differs from VISIT (ef. 5.13113) just as GOTOIT (ef. 5.13112)
differs from GOTO (cf. 5.13111). Thus, if the item buffer already
contains the ~’rint middle, VISIlI will have the same effect as
VISIT  middle.

5.1312 Transfer to an Jnztruction Freceded by a VISIT
or VISITI Instruction.

5.13121 Tre Operation Code GCHOMVE.

Trnis operation code causesz the program to take as its noxt
instruction the instruction iniicated by the return pointer rentioned
in 9.132113. It has no operands. Note that the use of GCHOME must te
carefully ccordinatei with that of VISIT ani VISITI.

5.1313% Omission of Instructions.
5.131%1 Tre Gpera‘ion Code SKIP,

Tnis opera'ion z0ie cau:iesz the program %o igrore a nurter {from 1
to deciral 293) of line (instructions anifor latels) in seleciing <he next
instruction to te executed, The nurter of lines to te ignored is
gyecified bty a deciral nusbter following the tad rark. Thus, SKIP b
causes *he program to teke as its nex! instruction the instruction on the
fourth line following *he SKIF ins‘ruction. (If tha*t line is occupiei
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5.1%22 Transfer Conditional on Number of Characters in Item Buffer.

5.13221 The Operation Code IFINGRTH.

s This causes omission of an instruction if the item 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 Rarry, bul not if it
contains Johnny.

l 5.13222 The Operation Code IFSHTRTH.

This omits an instruction if the item buffer does not contain fewer
than a given number of characters. Format as in 5.13221. Thus,
[ IFSHTRTH 5 omits a line if the item buffer contains Harry or Johnny,
but not if it contaius Jonn.

| 5.13223 The Operation Code IFEQIGTH.

This omits a line if the item buffer does not contain a given numbter
of characters, Format as in 5.13221, IFEQLGTH 5 omits an instruction
{ if either John or Johnny is encountered, but not if the item tuffer contains

{ Harry.

5.133 Transfer Conditional on the Results of a Comparison of the
1 Contents of the Item Buffer with One or More Class Members.

5.1331 Tre Oreration Code IFMEM.

‘ Tnis operation code omits an Iinstruction if the contents of the
item buffer are not identical with one of the membters of a given class

. (composed or non-composed}. The class name follows the tab mark. Thus,

{ assuning the same class rertership as in 5.122311, the instruction
IFVEN rouns will omit a lire if thre item buffer does not contain ornao
(ani only ore) of the three strings, dog, face, ha'.

5.1332 1te Operation Code IFMBRSK,
This differs from IFVEM only in that ‘he contents of tie item tuffer
’ av conparcl with the remterchip of each of the classes constituting a
ceries generated by the use of SERNAM fnstructions (cf. 5.121212). Trus,
IFMRSK latel, assuning the came claszes and mertership as in 5.122231,

will omit an ins:ruction unless tte item btuffer con‘ainz either 3 or xy.

5.1333 The Operacion Cole IFMREXTH.

This opera*ion code cormits an instruction if the item tuffer does rot
include a larger rnwrter of characters than the nunber founi in the first
remter of a given non-corpofed class, Forrat as in 5.1331. Thus,

I REXTH rouns, as:zuming ‘he sare perbtorship as in 5.122311, «will omit
an dnztruction i the dtem tuffer contains less thran four characters since
hat, the first rerter of “he class In question, contains threc.

O

| ERIC 0

Aruitoxt provided by Eic:



5.1334 The Opevation Code IFLSEXTH.

This differ: from IFMREXTH only in that an instruction is omitted if
the item buff., does not contain rewer characters than the first member o)
the non-composed class, Thus, assuming the same membership as in 5.122311,
IFLSEXTH nouns will omit an instruction if the item buffer contains more
than two characters,

5.1335 The Operation Code IFEQEX.

This differs from IFMREXTH only in that an instruction is omitted if
the item buffer and the fir:l member of the non-composed class do not
contain the same number of characters. Thus, in the example cited in
S.Ijﬁh,IFEQEX nouns will omit a line if the input buffer contains either
more ur less than three characlers.

5,152 Tre Operation Cecde TFLSTH.

This ojeration code omits an instruction if the first ASCII character
in the item buffer is not numerically less than the first ASCII charac*er
of the rirst member of a given non-composed class. Thus, assuming the
came membership as in 5.122311, IFLSTH nouns will omit a line if the
first ASCII character in the item has an octal value of 150 or mere, since
octul 150 is the value of ASCII h, the first character of Eg}.

5.1537 The Operation Code IFGRTH.

This differs from IFISTH only in that an instruction is omitted if the
{irst 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 ire example cited in 5.1336, IFGRTH nouns will omit a line
if the first ASCIT chraracter in the item buffer has an octal value of 150

or less,

5,130 Tranzfer Conditional on BExiztence of a Given Non-Composed Class.
L1 The Operation Code IFEXST.

This operation cod~ omits a line if a given non-ccmposed class is
not currently stored in core. Tnw class name follows 'he tab mark. Thus,

ssuming only ‘he classes ren‘ioncd in 5.122511, IFEXST nouns will not
omit an instruction, while IFXST adjs will.
S350 Tre Operat fon Code 1P ISNC.

This differs from IVEXT only in that the omission of an instruction
fakes place if a given non-composed class is currentiy in core. Thus,
in the example cited in 5.17%1, IFISHO rnouns omits an inatruction,
while JFISNO — 3ijx does not.

5,14 Qutput.

Catypit iz always onto a disk file at*azhed to channel *. For this
z

reascn we will refer ‘o the ou'yput file as file 7.
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5.141 Output of Contents of Item Buffer.

5.1411 The Operation Code PUTIT.

This operation code causes the entire current contents of the item
buffer to be written on file 3. No operands are used. Thus, if after
the instructions IXLIT abc (cf. 5.11131) and KILFRS 1 {cf. 5.121112)
the program encounters a PUTIT instruction, the string be will be written
on file 3.

5.142 Output of Class Membership.
5.1421 The Operation Code PUTALL.

This operation code causes the program to write on file 3 the
entire membership 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 membership as in 5,122311, causes
the program to write on file » the sequence

hat

face

deg

5.1422 Tre Operation Code PUI'SER.

This results in the writing on file 3 of the class members corresponiing
to all of ‘he classes in a cseries generated by repeated SERNAM instructions
(ef. 5.121212). Fach cless member is followed by a carriage return. Thus,
assuming the same classes and class members as in 5.122331, the instruction
PUTSER label vwrites on file 3

Xy

a
5,143 The OQuipu’, of Literals.
5,131 Tre Operation Code PUTLIT,

This operation code causes a string of characters following the tab
rmark and set off as in $.1111211, to te written on file 3. Thus,

FUTLIT -abc- writes abc on file 3.
5.19% Frogram Delimiters.
5.151 ite Cperation Code BES.

Trhe first instruction of any EVC program must begin the operaticn
code BB, Tre tab mark may, btut need not, Ye followed by additional
raterial. This raterial must no* extend teyond tre first line feed
following EBJ.
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5,152 The Operation Cole FIN.

The las® inciruction of any EVC program must begin with th:
nperation code. Program operation is normally terminated by a Cﬁmﬁ

instructicn (27, 5.1311) whick leads %o ihe execution of the PIN inst

faterial followinz the Tab mark of the VIN dinstruction is ignored.

6. Program for ihe Conversion of Asserticns Concerning
a Puvget Lenguage o a Coded Format.

6.0 Jushifieation and raryose.

ruction.

6,01 Ar=Y .typal Ascertinns as a Substitute for a Programming Language.
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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 Y
is very similar to the sound represented by the 0o of Englisii 'toot'.

This staterent may in turn be converted to the archetypal assertion:
The sound represented by TARGET LANGUAGE VARIABIE is very similar to that
represented by BASE LANGUAGE VARIABLE.

It would aypear that a language teacher wishing to communicate to a
computational system the information conveyed by any of our three
original utierances would 1) easily recognize tne equivalence of the
original utterance and our archetypal assertion, and 2} find no difficulty
in supplying the variables needed for the formulation of a concrete
azcertion.

£.02 The Value of a Converter Program.

IT a concrete assertion is to serve as a useful tool in the
generation of programmed instructional material it is necessary to have
come 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 nzeded in the generation of
instructional frames. It follows that it will be useful to convert a
concrete asaertion from its original formulation to 1) a string of
characters corresponding to the archetypal portion of the instruction
and constituting an operaticn code to be utilized in calling computer
routines used to gensrate the appropriate instructional frames, ard 2) a
get of literals corresponding to the variables of ithe ccnerste ascertion
and ecach ascociat«<d with a single latel utilized in the frame-generaticn
routires.

6.1 Documentaticr.

6.11 Functien of the Frogram.

{Sew (.01 and G.02.)
G.12 File tormat.

£.121 Irgut File.

Tres input concicts of a disk file (channel 2) containing one or
moYe conlret» acs-rticnct.

6.1211 Uze of the Tab Mark plus a Delimitative Character to
indicate *he Beginning of a Concretc Assertion.

Each concr<e asserticn must begin with a tab mark. 7The tad rark

muct te irmediatcl

¥ fcilovel Yy a delimitative character. This may te
any ASCII charzelsr o'ter thran the tab rmark which does not ¢ccur within

1
et
tte assertion in a ner-dslimitative functicn. hovwever, it is g-nerally
rore cenvendent to use a charactsr such as a slash or a hyiten (han to
rrmploy an alrhawameric character.
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£,1212 T Deliminstion of Variables within a Ceonerete Acsertion.

Variavlers within a ceonerele assertion are set off by a preceding and
a following singlse cecurvence of fhe delimitative character specified at
te beginning of “he assertion. Spaces immediately preceding or ifollowing
the delimiiative character are ignored.

6.121% s: 30 nhe Delimizative Characier fo Terminate a Concrete
Assertion.

"he la-w non-d-limitative character of a concerste assertion is
imnediately foliowed by an uninterrupled cequence of two delimitative
characters,  Ir *ne terminal non-delimitative character is pari of a
variabie, ‘- detlimitabiv.e characi»r which signals the end of the variable
rfir:4 of LW fwe characters us:ed to terminate the

iing Y o rminacing characuers is igrored.

alio Soerves a3
a

Ezarple of Concrete Consthriuction wi‘h Variables.
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OGCL " oy
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6.1224 Example of Output Corresponding to ihe Tnput
Illustrated under 6.121k,

6.12241 With Delimitative Character as in 6.12141,

NCINTM -tsrbivsttrb-Russian stressed Y-the English vowel
in 'toot'--

6.12242 With Delimitative Character as in 6.12142,

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

6.2 Evaluation and Prospects for Future Development.

The program documented under 6.1 provides material which could be
used as input for more cophisticated EVC programs designed to generate
instructional frames. Thus, ths example cited under 6.1224 would be
converted to a presentation frame, consisting of the archetypal assertion
itself, and two fill-in frames, one calling for the student to fill in
the farst 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 generation
routines. Thus, if we changed the example cited under 6.121k ito -The
sound reprecented by -Russian- stressed -Y- is very similar to that
represented by the -co- in the -English- word -tooh--, the more discrete
nature of the variables would permit a much wider variety of reinforcement
fremes.

T. Conclucsions,

The work carried out during the contract period resulted in the
development of a nurter of recearch tools which, it is to be hoped, will
prove uscful in fulure work on the automatic generation of materisls for
prograrmed language instruction. Thus, the programs ani notations
diccussed in sections 1 through 3 should prove helpful in the automatic
generation of a wide variety of rhrases and/or uttérances utilizing a
given vocabulary item. The program discussed in pection U facilitates
the inpul of information nocessary for the successful application of such
generative techniques *o a new vocatulary. The EVC language discussed
in section § will, it is hoped, greatly increacss the speed with which new
programs can be written amd debugged. Finally, the EVC program discussed
in section 6 allows language teachers to prépare input for computer
rrocessing withou! learning a new mode of discourse.

While it is obvious that many prodlems rust bte overcome in developing
automatioally generated prograrmed language-instructional materialg, it
would seem that we can now proceed to the investigation of such problenms
in a much more efficien' manner than was previously rposcsibdle,
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