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Tntroductian. .
Antroquchlon

The grammar of French described in the following chapfers differs
from most other grammars of Freheh.in thet it eynthesizes, rather than
analyzes,aFrench.sentences. Furfhermbre, most analytic grammars treat
individual syntacﬁie problems separately, without eensistently placihg"
them in tﬁe:eehtext of a sentence, wherees the grammar to be deseribed _
below is alwaye.concerned with complete sentences. By a series‘of
operations, which are describedvby the rules of the grammar,'the final
constituents (words) of a sentence are developed from higher level
syntactic‘censtiﬁuents, which were in turn developed from constituents
at still higher levels in the syntactic hierarchy, and‘so oh up to the
highest level, 'SENTENCE". _This tvpe of grammar is called a generetive

vgrammar; 1 sinee i£ is designed to geherate sentences in the laﬁguage
beihg described. The process by which an upper level eyntaetic ﬁni£
‘produces two (or more) iower level units which are the immediate

constituents 2

of this higher unit, is called expansion.

A typical rule of a generative grammar'will take’a syntactic unit,
fer example, SENTENCE, and expand it into its iﬁmediate censtituents,
for example, SUBJECT plus PREDICATE, Tt then continues to expand each
unit‘until it reaches a unit (a word) which cannot be'furthef expanded.
The types ofvrules, the ways in which.the& are applied, and the order in
which they are applied, vary depending upoh the type of generative
grammar, but the results are, in’general, the same: There should be

produced a string of words forming a sehtenee in the language, plus a

describ%ioﬁ of the structure of this sentence in the form either of a



list of the rles which;produced the sentence of a listvof the sjhfectic
etructures of which the sentence is composed.

Io this generative grammar of French the syntactic strﬁctures and
words are generated in their normal order: after a conetituentvis ex-
pandedvinto its immediate cohstituents, the 1eftmoet.oonstituent is
operated on first and the following constituent is not operated on until
a terminal symbol, or word has,been>generated There is no reordering
of the vords of the sentence after the sentence has been generated Since
the operatlons of this grammar proceed from left to rlghu, from the be-’
g;nnlng to the end of the sentence, it is commonly referred to aedab
Meft-to-right" grammar, _A;complete.discussion of "left-to—right",gram—
mars end a description of a left-to-right grammar of English can be found
in Professor V.H.’Yngve's article, "A Model‘and an Hypothesis for
Langﬁage Structure". 3 | | |

Since a generative gfammar is intended to generate gremma;ica_ly
correct sentences, the most effective way to test the correctness of the
grammar is to write it in a form in which it can be submitted to a com-
puter which will then rigorously follow the ruies’and generete sentences
which‘oan be examined to see if they are grammatically correct, I have
written such a grammar in a special, stylized language whichopermite the
linguist—researchervto direct the computer to execute complex logical
operations. This programming language, known as’COMIT,.h wes developed
primarily to aid research workers in 1inguistios and mechanical transle—
tion, though it has Been used by research workers in many other fields,

By using it, I have been able, with comparative ease, to tell the com-



puter whé£ operations to execute, under various'COhditioné, in order t§‘
generate French sentences. The program in Appendix V is a list of the.b

. rules of the grammar, written in the COMIT language. When this pfogram,
in the form of impressions on a magnetic tape, is submitted to a compﬁter,
fhe cémpuﬁer will generate é set of senﬁences, printed opt in normal

~ form (i.e., just the French words in their'éorreCt final form) with each
sentence optionally followed by a string of conétituent names which caﬁ
be used to trace its syntactic structure. For a list of sentencgs
generated by the IBM 7090 Computer at thevMaésachusetts Institute of
Technology with this program, see Appendix VI.

Ideally, a generative‘grammar will produce all and only the sen-
tences of the language. ‘The syntactic stfﬁctures and iexical.items are
chosen freely (by a "flip of the coin") by the computer, except for re-
strictions that arise during the develdpmeﬁt of the sentencé. This pfoQ

cess is known as random generation, If a grammar is complete, therefore,

and if the machine were allowed to continue this random generation ad .

infinitum; it could theoretically generate all of the senﬁences‘of the

language. In its present form, this grammar of French will generaté
several typgs of sentences comprising many different syntactic forms,.
but it is not sufficiently complete to produce all of the sehténces'of -
French, However,lit provides a framework within which.furthér syntacvic
forms can be added without requiring major changes in the general strﬁc-
ture of the grammar,

The programmed grammar has three purposes: First, it represents

the f;qal component of a translation process passing from some input



lang ',;;; to French. - Seoond,¢it provides material which is useful in ohe
development of an analytic grammar of French.(usually refefred to in
mechanical translation literature as e‘"recognition routine"). " Third,
it serves as aAtool for the study of French syntax.

Theitype of translation prooess referred to in the sbatement of
the first purposevié the followihg: 1) A glven sentence of the 1nput
.language is analyoed, One(resultfof this analysis is a description 0:]
the syntactic structure o£ the eentenoea. 2)‘ The set of telationshipe
between words that is expressed by the syhtactic structure.of ﬁhe input
sentence is tfanslated iﬁto an equivalent set.of relationships betweeni
the words to be used in the output sentenoe, by’stating the equivalent.
sjntactic stfucture of the output‘sentehce. 3) Taking tﬁe results of
the translation of the sjntactic structure and the traneiation.of vhe -
semantic units, the translator‘(human or mechanical) ﬁrites out the sen;
‘tence in tﬁe output language. 5 I believe that a generative grammar of
. French will be abie.to fulfill the third function in a mecoanical trans-
la;io“.sche of the tvoe outlined above. The statementbof the equiva-
lent syntactic structure (Step 2) would be in the form of a set of dl-
rections requiring the choice of particular rules w1th1n the generatxve
grammar, By applylng these rules in their proper order, the machine
would generate the required sentence.

The ueefulness of this. or any other generative grammar es an aid
“in the developmeot of an analytic grammar (my second purpose menoioned
aoove) remains to be demonstrated.. However, I am hopeful tha the ref

search involved in writing‘thié grammar, and the‘sentences produced by



,iﬁ; will provide ne and other research workers in mechanieal»transleﬁion‘v
with:material that will help us to write a recognition routine for
French sentences. - In correcting the grammatlcal errors in the sentcnces
generated at various stages of the programmed grammar, I have constantly
been forced to clarify grammar rules and make them more‘detailed, thereby
developing a grammar which is extremely explicit.in.its statement of the
structure of each sentence generated. I do not suggest fhat an anaiytic
grammar can be written by simply inverting the rules of a generatlve
grammar, but I do believe that these hlghly explicit rules, whlch are
ne essarily con51stent with each.other, provide a ‘sound basis for an
analytic grammar, I am especially hopeful that the study of complicated
sentences produced by‘this program, with theirvcomplete~syntactic struc—
tures 1nd1catea, will provide 1n51guub 1ato mevi d‘ of analyszing
sentences. |

.Finally, there is the question of ntilizing a generative grammar
as a tool in syntactic research, I have already used the grammar of
French under consideration in thefstudy of French syntax. As’frequently
happens when we approach a problem from a fresh.pointnof view, I was.
able to gain new insights‘into_a number of problems of French syntai
simply by considering how they fit in with the concepﬁ)I had of this
grammar of French. Perhaps more important the flnlshed product
(i.e., the computer program) has been and can be used in ihe study of
specific problems by altering the program for each problem according fo

the needs of the researcher,



It is this third purpose, the developmeﬁt and use of a syntactic_»
research.fool,'that will inﬁerest us most in thié thesis. In the foi—
lowiné chapter, in order to demonstrate how a generative grammar‘is’
useful siﬁply in the form that it takes,ql shall compare it bfiefly
.with other typesJof grammars and describe the steps followed in fhé
writing of my’generative grammar of French. ‘Eaéh step will bé illus~
trated fully with structural diagrams represe“ting my analyses of

various syntactic forms.



| Conception and Development

The flrst steps toward the development of thls grammar were taken
before I had any 1ntent10n of writing a machlne—orlented grammar of
French. I was 51mo1y testlng the "left-to-right" hypothe51s (Wthh.hOldS’.
tbat the sentences of a natural language can be generated from left to
rlght, without back-stepping, by a finite state mechanlsm) by aoplylng
it to various French sentences w1th compllcated structures, in particular,
sentences with discontinuous constituents. (As a 51mple example of a

discontinuous constituent pair, consider, Je n'y suis pas allé, where

the auxiliary, suls, and the past‘participle, g}lé, form one constituent

but ere'separated by the negative particle,'ggsl)i As I continued to .

study this’problen, Iureallseg;tnat although the hypothesis seemed to be

~ satisfied in each case, we would require a comnlete grammar .(oria_
least the complete'framework of a grammar) in order to be sure that all

the rnles were consistent with each other. The denger of inconsistency

is evident: I could demonstrate with.one set of rules how a particular
structure seemed to conform to'the hypothesis, and then with'another

set of rules how a dlfferent structure also was in conformlty w1th thei

‘hypothesis. However, without a more general fremework in which to placen
the separate sets of rules, I could not test tbelr consistency w1th each

other. It seemed obvious, moreover, that such a grammar would not only

' provide a more conclusive means of testing the hypothesis but also

would be useful in the study of various syntactic problems that I had

become interested in while doing research in Mechanical Translation.,



Before flnally deciding to attempt to wrlte a 1eft to-rlght grammar,
I reviewed once again certaln approaches to the problem of syntax and
grammars. Two of them deserve particular attention here: Chomsky!'s

Syntactic Structures and Tesniere's El6ments de Syntaxe Structurale. 6

Chomsky's work is pertinent because“it presents a strong argument
against the possibilify of generating the sentences (all and only) ‘of
a natural language by means of a finite state mechanisﬁ, and because- it
~describes a more sophisticated type of generative grammar, thevtransfore
mational grammar., His book provided an excellent point of departure for;
further consideration of thevmefits of any given ﬁype of'grammar,’and it
was in spite of doubts about the validity of the finite stafe mechanism
approach. to grammar rather than because of a'conviotion'phet Chomsky‘s
arguments were wrong that I went ahead with ﬁork,on my left-to-right
grammar. It should be noted also that the iefteto—right grammer I.haie
written is not, strictly speeking, a finite state grammarvof the type
described by Chomsky; When a struoture is generated whioh.necessarily
limits (for‘example, requires agreement in person and number) a struc-
.ture that is to be generated later in the senﬁence, fhis faop is remem-
bered and is used. to provide for the generation of the correct form of
Athe later structure.- Also,‘though.it is never necessary to return to and
alter eny syntactic structure once it has been generated, such "back-
stepping" is neceseary in the morphophonematic part of the program (See
Chapter six).

Tesniere's attempt to show the semantic as well as the syﬁtactic

relationships that obtain between the words of each sentence analyzed



was particulafly helpfulufd‘ﬁé*in the fifst‘stages qf my researChf“Alj
' hough I did not in fach make any of bhe semantic ties shown in his
anaiyses, fheywdid guide me in deciding which charactefistiés of a par-
ticular structure or word should be carried over to the folloﬁing words
of the sentence. .

Once I had completed reviewing the above?menﬁioned works and

others, 8

and decided that further research based on the notion of a
 left-to-right grammar wduld be frﬁitful, i‘returned‘to the French sen-
ténces I had been analyzing. The anaiysis consisted of‘deﬁermining the
immediate constituents in each sentence and then illustratingvthe way
these immediate constituents were related withiﬁ the sentence. Tﬁe dia- .
grams I used to illustrate these relationships are«calied phrase struc- -
ture trees. Ip order to organize the méﬁerial into syntactic groups, I
ciassified.the sentences-accofding to the principal syntactic categoriés
exemplified in each one, such as negative forms, interrogative forms,
relative clauses, Coﬁpleﬁentary infinitivé clauses, andlanalytic tenses.,
.The use of phrase structure trees'fuifilled two fﬁnctions in my re-
search work. First, a phrase structﬁre tree, -as can be seen in the ex—'
ample at the end of the next o) | | -
- illustration of the relationships that obtain between various bairs of
constituents that make up a phrase or senténce. Second, and most pérti—
nent in‘my attempt to maintain consiétency among the various sets of
rules of the grammar, the format of these diagrams permitted me to label

clearly each syntactic level and thereby check how consistently I was

treating structures at highef-levels in the syntactic hierarchy. A syn-
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.tgctic level in_a'bhrase structure tree is the‘poigt at which £wo (or e
more) consfituents join to form é higher level cbnstituenﬁ >(as the
awxiliary and past participle join bo form the verb). By studying the
labeled syntactic levels ("nodes" of the treeé), I was able to group
the seté'of immediate constituénts which belonged und;r the Same node,
aﬁd I was able to isolate the instances where, in different sentences =
containing similar types of syntactic structures, I‘had‘nof been consis-
tent in my.analjéis of a given structure into its immediate donstituents.

' One result of my‘éolutions to problems such as the preceding, prob-
lems characterized by variations in the immediate constituent analyses
of certain structures when foundiin different conte#ts, was the devel-
opment of a new set of labels for a few symtactic levels. However, for
the most part, I.preferred to use the more traditional terms in 1abe1ing ‘
the nodes of my phrase structﬁré ﬁrees. For example;,I decided to 1abei

the verb, its direct object and its indirect object as follows:

VCMP (Verb plus its compléments)

RGIP (Indirect Object, pronoun) VBOB (Verb pius its Direct Object)

. VB DOBN (Direct Object, noun)
vous : donner . . le stylo
This diagram, given simply as an example of the node-labeling procedure,
illustrates that the verb plus its direct object is taken as a unit
which, when combined with,theiindirect object, forms a still higher unit

in the.syntactic hierarchy. These elements are not restricted to this



particular order.or;final composifion, and some steps are omitfed,‘asrcan“
be seen in the complete program (Appendix V, Rules FO620‘to F1025).

The next step in my research preparatory to writing thé.grammar was
to proceed down each phrase structure diagram, writing the rules fof the
expansion of each syntactic uniﬁ?into its two cqmponents. Taking a sim-

ple sentence, such as, Le gargon me donne Eg'sﬁylo, we can illustrate

the above steps as follows:

1) Draw a phrase structure tree:

((EkamplebNo. 1)) L
. S r—D]iJTM ——————————— 18’

SUBJ-NPHR ——————1
-1 —NOUN--—=—==e—— gargon
SENT — e RGI P e e e e e me
VBe—m e donne
—PRED ‘ DETM-~——~ le
, —VCMP-VBOB ——[—
: » DOBn=JP

2) Write the rules for expahsion:.

SUBJ + PRED DETM

SENT = = le
SUBJ = NPHR ’ ' NOUN = gargon
NPHR = DETM + NOUN - = stylo
PRED = RGIP + VCMP = RGIP = me

- VCMP = VBOB i VB = donne
VBOB = VB + DOBN R
DOBN =

NPHR

.iﬁ is obviéus fﬁat ﬁﬁe fuies given above may correctly form the
sentence of Example 1, but are insufficient both for consistently cor-
rect expansion of the syntactic elements included in this sentence, énd,
of course,'for the generation of other £ypes of sentences. In fact, in

the abpve form; that of a simple phrase structure grammar, they are sub-
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Ject to all the dlfflculties exposed by Chomsky Iu order to eliminatev
the difficulties which are a necessary part of suoh a 11m¢ted grammar;
I decided to analyze many sentences of dlfferlng types in order to de—‘
velop a clearer notion of how much flexibility was required before at-
tempting to write the rules of the grammar. In the following paragraphs
1 shall discuss some particular weaknesses of the sample rules and then |
present the analyses of more interesting sentences w1th.comments, par-
ticularly pertaining to how these analyses pointed to the development
of more flexible rules. | |

One major inadequeoy (not treated by Chomskyj of the sample set
of rules given ebove is that no attempt was made to express and maintain
the>re1ationship uhich obtains necessarily between the determiner and
the substantlve in each noun phrase. This, of course, must be done if
‘we are to generate correctly nouns whlch differ in gender and/or number
from the two masculine singular nouns of the example. Therefore, the
gender and number of the entire noun phrase mist be decided either‘at
the time of the production of the initial word in the noun phrase or at
the syntactic level, "noun phrese“. For reasons to be discussed later,
\ this decision is made at the higher level, as illustrated below. When
the noun phrase constituent (NPHR) 1is replaced byla more specificrcon-
stituent, "Common Noun Phrase" (COMN), a choice is immediately made v
as to the gender and number of the phrase to be generated. This choice
is noted in the diagram by uhe letters after the slash_mark. The "fM
and "s" are oailed subscripts: they serve to define certain cheracter-:

istics‘of the constituent, characteristics which must be transferred to
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all lower constitﬁents within *the same.phrase. -

(é)‘ Tree Structure:

o +— DETM/f,s - DEFART/f § ===m----la .
NPHR - COMN/f,s — ADJA/£,S —mmmmmmm petite
— NOUNAD/f, s ——{. ‘ :
: - \’—-NOUN/f,s ———————— maison
(b) The Pertinent Rules:
- NPHR
NPP‘I = COMN/f,s
= COMN/i‘,p
=. COMN/m, s
= COMN/m,p
COMN/f,s = DETM/f,s * NOUNAD/f s
etc.

As these rules are wriﬂten, each COMN cons%ituent must be expanded'sep-
arately into its immediate constituénts, determiner pius "noun-plus-
adjective", 1In the actual COMIT program, only one expansion rule is
nécessary;v the transfer of subsdripts is handled autqmatically‘without.
the negd of mentioning them speqifically. 9 |
(¢c) Explanation: |

The gender and number of the noun phrase is decided at the level
COMN, thus determining the gender and number of eachjbf the components
his particular syntacblc.unit. Of course, theré may be-a noun -

phrase within a noun phrase, such as la jeune fille within le livre de

la jeune fille, which is independent as to gender and numﬁer. Such con-
structions are accounted for in the program, where each noun phrase is

treated‘independently even in instances where the cdnstituent‘may be

discontinuous.,
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Another 1nadequacf of the sample grammar is that the rules are not
sufflclently flexible.‘ We would have a highly restrlcted grammar if all
sentences generated by 1t were composed only and necessarlly of a sub-
Ject and predlcate, in that order. Therefore, 1nstead of wrltlng rules
which permit only one kind of expansion for each constltuent (for
example,‘SENT = SUBJ + PRED), I write rules of the following type:

SUBJ + PRED

PRED + SUBJ
PRED

SENT

aunu

» The possibility of choosing between the firsﬁ two expansions allows for
inversion; the‘third.choice elloms for the imperative and other sen-
tence types which do not contein en exnressed.subject. |

Similar but much more complex improvements are‘required in the ex-
pansion of the predicate tosellow for various types of compiements and |
to allow for various’orderings‘of tne elements of each complement type.
In order to discuss some of these alterations‘in the grammar,‘I shail
}eave the example above and proceed to a discussion of some of the sen-
 tences studied in the_develdpment of the grammarvgiving‘their tree
ictures and some typical rules to exemplify the diverse methods of
expanding syntactic forms. |

Until now we have seen only noun phrases composed of determiner
pPlus noun. In the following sentence, I have added adJectlves, one pre-

ceding and one following the noun:
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( (Exa.mple No. 2) )

-DETM—DEFART I, PN

SUBJ~-NPHR- CQMN — —ADJV-ADJA-m e e = petlt
»L—NAD
[ .
SENT T » ' —NOUN———-——————-f———gargon
' ' =~ VBMD = VBeme e e e e regarde
PRED-VCMP-VBOB —— . —DETM=m e mmmm e 13,
: L .1—- DOBN-NPHR~-COMN- - —NOUN=~--- -mer
B ) 1 .

ADJV-ADJB-bleue

In both instances ,»' the adjectivés bélong under the node, "cémmon noun'

| (COMN), which determines the gender and nurber of each word within i“os_
range. Where we origiﬁally had simply detérminer plus noun, we now have
| determiner plus "noun-with-its-modifiers" (NAD) 0f course , NAD can- |
simply Be replaced by NOUN with no modifiers , or it can bé expanded ‘
still further, as in the next sentence, to ADJV + NAD, permltulng the .

final structure, DETH + ADJV + NOUN + ADJV:

( (Example" To. 3))

DETM - INDART--m—m e un
—SUBJ- NPHR—COMN—[ ADJV -ADJA-———-—--—-—-—-—-‘-----pe‘bl‘b
NAD——[ 1~ NOUN~==-=memm - gargon
NAD' — . -
SENT—| : — ADJV-ADJB-—— - timide
' ‘ S —~ VB parlait
VBMD B
. ]—- — VBMF'-ADVB—————- lentement
—FRED~-VCHMP ——-—] : _ PREP = a
, RGIN-PRPH ———— :
' - NPHR-PROP-—-~~- Napoléon

This sentence also illustrates a further addition to the verb phrase.
Instead of just VB, we have a constituent VBMD which may be expanded to
verb plus its modifiers. In the example above, the verb-modifier func-

tion is assumed by an adverb, but it could equally well be assumed by a—:-

prepositional phrase, e.g;, devant le tribunal. Another addition seen
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here 1s that of expanding the noun phrase into a proper noun as Well_as
into a common noun. »

" Let's take a moment td‘c6ﬁsider the effect of such additions’oh'the

set of rules. In the initial example, there was only one rule that al-

- lowed two choices, a vocebulary rule:
NOUN = garcon
- = stylo .

This meant that méchénidal application ofbthe seﬁ of fules wduld have

-giyen thesé'four sentenées: | | |

Le gargon me donne 1e-styio. ‘

Le gargon me donne le gargon.

Le stylo me donne le gargon.

Le stylo me donne le stylo,

:Thernlyivariatidn is inrﬁh§ noun chosén tovsefve‘as éubject‘br ob5e§t;

not very interesting symtactically, and a bit bizarre semantically.

(Please note thét the grammar, even in its later form, does not contain

- any device fof assuring thatlthe sentences generated will be ";ogical" '

or will "make sense". Vocabulary iﬁems are chosen atvraﬁdom, the only 

restrictions belng thal they must velong to the syntadtic‘catégOry‘re-'* :

‘quired for the particular point in the sentence and must confofm to thé

rules of government énd‘agreement.) |
When we write rulés to -account for the additions in sentences 2 and

3, we find that there are now grammar rules, not only vocabulary rules,

which contain more than.one possible expansion: ‘
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VBOB + RGIN

NAD = NOUN . vchP= -
= ADSV HTHOUN 7T =RGIRCHVBOB
= JOUN + ADJV.. - = VBID + RGIN
= ADJV + NAD!
NPHR = COMN | VBID = VB
= PROP * | = VB + VBMF

Each,poseible expan51on of a glveﬁ constltuent is called a subrule of "

the expans1on rule for that constltuent. In the complete program, the
number of subrules for eech gfaﬁmar rule is determined by the‘number of
distinct sets of components of which the parﬁicular syntacﬁic structure
may be composed and by the number of different possible arrangements of
5 of eomponents;‘.Fof example, I mentioned above the
expansion of SENT into SUBJ + PRED, or PRED + SUBJ, or PRED. The first 4
two expansions involve the eame immediatekconstitaents, LUy in reverssd
.order: therefore:_separate.subrules afe required. It is.also clear.fhat
~ not all of the,subrulee of aigiven rule mey correctly be chosen at a.giv—
’-en point inithe sentence, due to the limitations develeped‘earlier in .
the sentence. For.this}reasen, rulee aﬁd’subrules must have names so
~'that any feStrictions that are developed may be clearly and'simpiy‘etat-"f
- ed. These procedures will be dlscussed in the next chapter. At this
‘.p01nu, I am pr1n01pa11y 1ntereeted in show1ng how the varloue syntactleu‘
structures were added and what devlees had to be included in the grammar
to account for them. »

The following sentence illustrates the addition'of the analytic

(compound) form of the verb:
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((Exemple No. L))

B SUBJ-NPHR-COMN ———-L | SN ; e
B S P O - NAD o 1\'rmm_._=== ___________ — AT

—DETM - DEFART ——— -le
NOUN e gargon
SENT —{ S _“___‘.__a
’ - —VBMD - VB __-L _ .
o \ PP parlé
PRED-VCMP : PREP—mmmmmm a
) . : L-RGIN-PRP -{ . o
. ) RO . NPHR—PROP—,—Napoléon

The vérb, rather‘than being replacedbby.a synthetié formq(pariéiﬁj; "ban :
now be replacéd,by,‘or expanded‘inﬁo, an analytic form (3 Eiﬁli)" If
we éonsider neit the following negativersentence; we shall see that this
‘yariation in-ﬁﬁs expansion of thebverb mhst be cér;ﬁuliy ;eqordéd‘ér
predétérmined in ofder.to maintain the correct .order of the syntactic

elements of the predicate.

((Example No. 5')) |

' -————DEm-DEFART-'-'--—'-'—-“-'--'-'—'-k—ie"

SUBJ—NPHR—GOMN-——~————-*1 : -
© =~ NAD-NOUN=-=—m =~ m e e m garcon
SEN NEGMER-=m e e e m e e ——— -ne
ooy - NBeeemm e parlalt
PREDJ o _{ ,
L ‘ PRDN ‘ VBMF-NGAD——-—pas o
reshadns l_ . PREP———mem e P i
RGIN-PRPH——{: .

NPHR-PROP--~-Napoléon

. The precéding sentencé can be handled by existing rules . (that is, by
rules developed in this sample presentation of thé grammar ) but the
following one, containing both a negative and an analytic verb form,

presents difficulties which cannot be handled by the present grammar:
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((Example No. 6))

— DETM-DEFART-—-~~- le
SUBJ~NPHR-GOMN —————— ,
—NAD-NOUN=-=—~— e garcgon
SENT NEGMKR -~~~ ——————————— - ne (n')
+ AUXL~~-——m-— a -
— VB
VBMD— %
: -—VBMF-NGAD15+ ------------ pas
PRDN ’ '
: PP parle
' , ~PREP—~~—weemm i
— RGIN-PRPH L o
, NPHR-PROP---Napoleon

If we did not foresee the structure of the sentence in Examp}e No. 6,

" the rules with subrules for the expansion of VB would be:

SYNT  (e.g., parlait)
AUXL + PP (e.g., a parlé)

VB

non

The second subrule is correct for the following sentence: Le garcgon n'a

parlé qu'd Napoléon. However, it is not correct for sentence 6. It

‘would'have generaﬁed: * Le gar?on n'a parlé pas‘é Napoléon. In ordef
to avoid such ungrammatical positioning of tpé negative particlé, I
added a neﬁ type of expansion, one which permits the éeneration and
handliné of discontinuous constiﬁﬁents. Tﬁus, to the possible expan~

sions of VB given above, we add the following:
= AUXL + ,.. + PP (e;g.,'é pas parlé)

The " ... " indicates a constitusnt (specifically the high level con-
stituent which at the time of expansion immediately follows PP) which
will separate the immediate constituents, AUXL and PP, producing a dis- .

continuous constituent structure. Of course, once each of these sub-

* The semi-circle crossing over the NGAD constituent indicates the dis-
conbinuous structure of AUXL . . . PP,
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rules 1s’applied there are restrlctlons)on the syntactlc elements and
classes of words that can be generated later in the sentence, and on the‘ ‘
order of these unlts. | |

The remaining sentences and phrases illuetrate structures requiring
rules of the seme geheral form as tﬁose given above; and I shall present
their tree structures_withibrief comments'since'thebreader now has a ho-
- tion of hew rules are formulated and of the types needed forbeach set of
expansione. The program itseif Appendix V .provides the complete and
' detalled set of rules whlch evolved from the rules ertten for each of
tbe following syntactlc structures.

In order to add the predicate nomlnatlve complement, 1t is neces-
sary to prov1de rules not only to expand VCMP to VBMD + PNM but also

to be sure that the verb is copulaxlve and that the predicate adjective

| wiil be of the same gender and number as the subjeet | Therefore, When
VCMP is expanded 1nto VBMD + PNM - as in the sentence below, the progrmn ‘
automatlcally keeps a record of the gender and number of the subaect(s)

iand also 1ndlcates that the verb must be copulatlve.

‘((Exampie No. 7))

' DETM~ e e e les
“SUBJ—NPHR-COMN-———*—-f—{: ~NOUN-mm— e mm e salsons
‘ , NAD——{

SENT’ APHR-ADJV~ADJB~mmmm froides
: r—VBMD—VB/cop ——————————————— sont
— PRED-VCMP
' PNM-PADJ/cheksub=-mmmmmame saines

An adjective modifying one or more nouns in a "manifold substantive"‘

follows the same rules for agreement as the predicate adjective. An
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exarple of the hanifold substantive is given in thgifollpwing phrase:

((Example No. 8))

DETM-DEFART~~——~—mmmmm la
NPHR—COMN-—{j .
NOUN=m—m e m e m mer :
r-NPHR—COMN , r-CONJ ------------------ et
. T "MORNPH--—1— DETM-DFRT--1e - S
‘NPHRGP-i- ' NPHR—COMN{: : :
' ' NOUN ——————— ciel :
‘ AADJ—ADJV—ADJB ----------------------------------- bleus

NPHR', in the following sentence, 111ustratbs the type of noun

phrase that does not have a determlner as one of 1ts 1mmed1ate constlt—

uents:

(Examole No. 9))

DETH-INDART-----~ S --une

NOUN ——————————————————————————————— table

NPHR-COMN _[ " |-PREP-- _— ———de
NAD R e

LAPHR-PRPH-—L o NOUN~—mmmem bois
NPHR ' ~NAD '{ |
ADJV-ADJB-—dur

More 1mportant, thé phrase in example 9 provides an example of syntactic

iguity, - Compare the following phrase: -

((Example No. 10)) '
DETM-INDART

———————————————————————————— une
NOUN =~ = == e e e table
NPHR L ' PREP--—mm e de
NAD HR—PRPH—{: :
APHRL{ NPHR ! -NAD-NOUN--bois
APHR-ADJV-ADJBmmmm e e carrée

As is in ndi ed

L\AJ—C&VV\-‘.

by the phrase structure diagrams and by the gender
agreement, the adjective QEE modifies bois in No. 9, while the adjective

carrée modifies table in No. 10. However, if no diagram were provided.
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and poth npunsvwere of the same gende;»énd number, it wpﬁld-not Be pos-—
sible to deﬁermine, by syntactic cfiteria, which.noﬁn was modified by

tﬁe adjective. The genérati#e‘grammar.will produce both.tyﬁes'of phraseé,
clearly}ﬁofing'the syntactic structuré of each one.'vIvdo not suggest
that this rather.s mple task ir .
of syhtactic ambiguity in fec@gnition grammars. -‘However, the'study of
tﬁese structures and of the rules for producing them.may be helpful.

In Example No. 11, fhe structure of the common noun phrase (COMN)‘V
indicates that the éeterminer, le, is the determiner for the entire noun
phrase, not Jjust for the‘nouﬁ. Although this is not an ektraofdinéry'
statement? it‘is important ﬁo hbte thgﬁ decisions of‘this sort,mﬁst be
made to assure consistent application of the.rules-for/showing the

structure of noun phrases.

((Example No. 11))’

D M = m e e e e e e e le
ADVB-— e e plus
. s APHRl-[
NPHR~-COMN ———— APHR ADJV = m e m e brave
—~NAD '

- NOUN-—-T-—-——— ------------------ gargon

PREP- = e de
APHR2-[ DETM~—-~~— le (du)

NPHR

NOUN~=~ == monde

The addition of a new type of complement, the complementary infin-
itive clause, required me to include a number of new restrictions bn
the finite verb and on the rest of the prédicate, as is seen in the fol-

- lowing example:
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((Example No. 12)) R e e
. ‘—-SUBJ-PRO—— ......... on

SENT L VBHD-VB-m e e doit
‘ PRED -VCMP{ -INF--——-—-—--eLre
CIIPIIIF{

PNM—PADJ---—n—-—sincere

.The finite verb (d01t) must belong to the category that can take com-
plementary 1nf1n1t1ves and once that verb is chosen, the complementary
infinitive must be preceded by the correet particle, & or de, or, as in-
this sentence, zere:' quthermore,kin case the infinitive chosen is theeg
 copulative, the gendef ;nd number of the subject (or other referent: Il .

nous a dit d'etre sincdres.) - must be recoraed for the purpose of ef—zt~

fectlng the proper agreement in the predlcate adgectlve.
Prev1ously, the only adverbial nodlfwer that could be generated was
one hhlch.modlfled the verb dlrectly. Wow, we 1ndlcate a predlcate mod—

1f1er, whlch is shown to modlfy the predlcate as a whole-

((BExample No.’lB))‘

| : SUBJ ~PRO=~m—mm e il S
_ o ~VBm e travaille
SENT ————J _ _ -PRED-VCMP-VBMD S PR

LPRED : : | VBMF~-~~----beaucoup
s DETM--—mm—mm chaque '
PDMF—ADVPHR*-——{: . :
: : B ADNOUN i ,

The predicate (PRED) is optionelly expan&ed into'PRED'+ PDMF before
- the expansion of the predicaﬁe into verb;plus;complement; This meens
that I am arbitrarily preventing the generation of a predicate modifief
. in the peeition between a verb and its complement. For etample, in the

sentence, Il alme beaucoup sa femme, the adverb beaucoup would neces-

sarily be genorated as a verb-modifier, never as a predicate—modifier.
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A more detailed discussion of adverbial quifiers’in various syntactic
poéitions is given in Chapter five,

No new structure is added in the following sentence:

" ((Example No. 1L))

SUBJ~PRO=—==mmm e mmmmmmmm e e il

AUXL~—---3
SENT : VB —| |
= PRED-VCMP-VBMD : , -
— PRED _ —VBMF-G=m e e beaucoup
: | LPPoeee-- travaillé.
' — DETM-——m=m==m~Ce
o PDMF~ADVPHR
- - ' ADNOUN=~= mmmmmemm matin

The sentence above illustrates the discontinuous structure of'g cen
travéillé, separated by the adverb beaucoup, and this, in turn, indi-.

cates why I decided to generate additional adverbs by introduéing pred-

folldwing sentence includes an'example of verb modifiers in conjunction:

((Example No. 15))'

SUBJ~PRO== == e e i1

 SENT — . ~VB-ANAL
PRED-VCMP-VEMD —[ |
. VBMF

ADVBlé---toujburs

ADVB2----beaucoup
PPecceeeee travaillé
Had sentence 15 been generated with a predicate modifier instead
of verb modifiers in conjunction, it would have been: Il a toujours

travaillé beaucoup or Il a beéucoup travaillé toujours. These are per-

haps less acceptable stylistically than the first version '(that‘is, the

sentence in Example No. 15), but they are nevertheless grammatically :
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cbrrect.'vThere are undoubtedly restrictions on the types of adverbial -
modifiers and classes of adverbs that can be generated in conjunction
and as predicate modifiers, but the present grammar includes'only the

restrictions illustrated in the following sentence:
((Example No. 16))

—~——— NEGMKR~——-— S ———- Y
SENT , AUXL~=mmmm e a
 PRED VB-ANAL— _

PRDN—VGMP—VBMD{; NGAD———-paS
| VBMF

_ADVB2—-—beaucoup

Clearly, the negativé particle Eéi) generated as a verb»modifier;vwill_
restrict any dther verb mbdifiers cénjoined to it in the same'étructure.
One of the common types of verb—plus—ﬂomplement structures is the
verb w1th its dlrect object. . In the next-sentence, the obaect is a per-
sonal.pronoun, and further,:a reflexive personal pronouﬁ. The rules?
therefore,'musf placekﬁhe pronoun in its correct position before the
Verb, generate a feflexive férm of the same pérson‘aﬁd numbef as the
subjebt, and keep a record of the'gender and number of thé proﬁoun, to
be used during the generétion of the,past participle. Since the refer- -
ent of vous may be eithér singular‘or blural, the program.chooseé-op—.

tionally between these two possibilities.
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((Example No. 17)) .

SUBJ —PRO~c — et e e e e T OUS

DOBP-REFL--==—mmm e vous
SENT ; PRED-VCMP-VBOB-I_ r-AUXL-—--—étes
—VBMD-VB-ANAL —
, PRED * PP——mmm 1eve(s)
PREP- e e
PDMF—PRPH' ' : -éDETM——--SLX
ADVPHR
L--1!\DNOU1‘\T--—h.eures

Two new structures are added in Exampie No. 18: the sentenbe'mod—
ifier, which is added to the program w1th no dlfflculty, before the
.sentence is expanded to subJect plus predlcate, and the VBSB, whlch re-

“,qulres some discussion?

((Example No. 18))

: DOBP-REFL~=m=mmm e e mmm e vous
PRED—VCMP—VBOB-1— ‘ AUXL]l~--etes
[ rAUXTs
‘xSENT !'-PREDIL: - =VEMD-VB-ANATA VBSB-~-vous
, PP e mmmem levé(s)
SENT _ PREP e L3
. PDMF—PRPHL—-—*—{: DE M=~ e = six
' ‘ ADVPHR — '
S LADNOUN-=~==~~ heures
‘ rDETM —————————————————————— ce
ENMFR-ADVPHR |
: L ADNOUN-= == e mm e e matin

VBSB is an arbitrary abbreviation for avsomewhat less arbitrary syntac-

tic structure, which I have labeled "verb;subject". It is tﬁe‘pefsonal

pronoun subject form that is found immediately af£er the verb in certain
interrogafive sentences (as well as in other sentenées‘where inversioﬁ

takes place). In fhe above sentence, this pronoun is fhe only form

functioning as subject; invother sentences, such as Le pefit gargon

a-t-il frappé le chien?, the "verb-subject" (il) is redundant in its
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function as subject since the noun phrase (1e petit gdrgon) assumes

the subject function. For thls reason, the VBSB is not generated from

the node SUBJ (that is, not as the form generated by the syntactic unlt'A

called “Sﬁbject") "but is generated from the node VB-SYNT or AUXL (that

 is, as an immediate constituent with the finite form of the verb). This

procedure is consistent with the tréatment of interrogative words, dis-
cussed in detail in Chapter five. |

The following example illustrates the use of‘the,"vefb—éubject"
structure in a sentence with an/ekpressed noun subjecf, and also gives

an example of the complement VBOB expanded into a verb plus a noun

phrase fuﬁctioning as the direct object.

((Example Nof'l9))

SUBJ-NPHR-PROP~~~~==~~ e m e ———Jean
: : [- i SYNT-——m a ( ‘ )
SENT VBMD-VB-—' : (=t-
l ' VBSB-~-—=~=—~ il
—PRED-VCMP-VBOB —DETM ———————— un
- DOBN—NPHR—' '
—NOUN ———————— stylo .

In sentence 20, I have introduced an iudirect object pronoun (RGIP

s

which is generated as an immediate constituent with the VOMP constituent:

((Example No. 20))

SUBJ-NPHR-PROP--~~—~m e e ————————— e Jean
: NEGMKR =~ m == mm e mm e e e ne - '
SENT I e vous
‘ ‘ DOBP-=mm e e le (11') -
PRED : AUXL-a - . :
PRDN AUXL [ (-t-)
, VCMP-VBOB — VBSB-il
VBMD .
~ VBMF- GAD-=m— e pas
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Once fhe indirect objecﬁ pronoun is generéted (2923), any subsequent
direct object prbnoun must be in the third person. The rules for han-~
diing.object pronoun word order and for.generatihg permissible combi~ -
nations of direct and‘indirect object pronouns are discussed in Chapter
five. -

Interrogative words, such as the INTADV here,

el

((Exémple No. 21))

rIN’I‘ADV -------------------------------- ol
SENT— | —PRED-VCMP-VBMD-VB-m = = mmm e~ va
SENT !——l_ ~ S
SUBJ ~NPHR-PROP—=~==mmmmmmmme Jean

are genefated‘before the sentence is further expanded to SUBJ + PRED ér
PRED + SUBJ, bebause they affect the basic wé;d order of the‘sentencé. |
The rulés necessary to produce the types of sentences illustrated
by examplés 11 fo 21aaré, of cbﬁrée, mﬁch more cbmpléx than those given
in the earlier, éimple exampies. In this chapter,'I intéﬁded only to
show how the gramﬁar evol#ed in’Qrder to illustrate‘theinecessitonf a
comrlete framework inmwhich to place”each néw éet of rules., Most of‘
the particular problems in syntax ﬁh;t are exemplified in the sentences
‘in this chapter are discusséd in detailrin Chapter five. In the fbl-
lowing chapter, Chapter three, I shall give a complete explanation of
the typeé of rules.usea in the grammar, describing in detail how the |
Program operates. This should provide the hecéssary background for

the explanations in Chapter five.



Description of the Programmed Grammar -

In the Introduction I stated that the most>effective way of testing
a generative érammar‘is‘tp program it for a cbmputer ahd allow thebcomé
puter‘to print out sentences at random. If the sentencés generated are
correct, thennthe grammar is "goodﬁ, that is, its rules are éonsistent
and complete, at least for the set of structufes involvéd in ﬁhese sen- -
tences. In the discussion of the development bf,the grammar, in Chapter.
two, I indicated that the structﬁre of the grammar is oriented toward
-its appiication’ﬁo a computer progfam. It is the computer program,
therefore, thaﬁ I shall describe in this chapter, explaining ﬁdre coﬁ— '
pletely the types of rules‘thét I have used and also:presénting the-
organization of the program intb its various parts, or "routines".i

The progfam is divided into two principal parts: vthe “grammar of
specifiers" and'the "grammar of;sentences“. Eaéh sentence (and‘each.
clause within each sentence) must be operated on by each of these parts.
.Ihe grammar of speéifiers, describgd in detailnin Chapter four, specifiés
certain basic characteristics of eth clause, and, according to thesé
‘Characteriétics, determines the oveféll_word ordef~of the clause. The
grammar of sentences constitutes the body of fhe program. It contains
.the rules which.actually expand constituents and generate wordé. The
choice of rules and subrules in this part is paftially determined by the
operations that take placevinlthe grammar of specifiers and partially'
determined by operations that take place within the word—generating rou-
tine itself. .Wherever the previcus operations have not determined é

choice, the computer chooses at random,
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1 of the grammar into two major sections is original,

10

This division
‘at leest in its organizatiOn, and is an important aspect of this
'genefative'grammar of French. It is one of ﬁhe faetors that cause this
grammar to differ from the'concept of a "finite state grammer"_as de-
scribed in Cdemsky's study ofﬂgrammers._ Insfead of starting.the gener—'¢
ative process immediately, and producing one word after another, from
left to rlght "I first construct a model of the general form of the :
sedte?ce and make decisions about certain aspects of the sentence. This
;meansithat when the grammar of sentences actually begins to operate,‘te .
 expand the syn%actic cenetiﬁuehts, manygdecisions as to which.steps must
be taken have already been made within the grammar of spec1f1ers. The
machine is not permltted to "run neadlong" into a sentence, produ01ng
.structures and words as it pleases, 11m1ted onlv by the factors whlch
are developed as eacheword is generated

- It is not untll the grammar of sentences begins to operabe, there-
fore, that the "1eft to-right* procedure takes place., Up untll thls .
place.‘ The first operation of the grammaf of sentences is that of ex-
panding the'ieitial constituent (e.g., SENTENCE or CLAUSE) into its
immediate eenstituenﬁs (e;g., SUBJ + PRED). The next operation takes
‘the first (leftmost) resulting constituent and eipands it, and so on.
Eech constituent, once it has been expanded, has served its purpose and
is therefore put aside for subsequent printeouﬁ. The resulting constit—e“

uents of any expansion take their position in front of (to the left of)

all constituents which remain to be expanded. When the point is reached
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in_ﬁhe process where a éjntactic-symbol is réplaced by a terminal symbol
(a word) rather than béing expénded into bne or two new conSfiﬁuents,
the word is set aside for print;out and control passes to the next con-
stituent to the right. | |
The fpiléwing diagra£ illustrates the process I have just deécribed;
The first column corresponds to the place where constituents and words ‘
that have already been operated on are set aside f§r sﬁbsequeht.print-qut.
Column two éonﬁaihs, at'each.iine, the constituent that the program‘is
about to'acﬁ upon. The line beloﬁ any given line'c§ntains, ih column
two, the result of the expansion or replacement of thefeonstitﬁenﬁ di-
réctly abéve it in column two. If thé‘opefation was an expansion,
rather than the generatidn of a word, then coluﬁn three will contain the
second elemént, if any, of the expansion., This most reéently generated
conséituent will be leftmost iﬁ.column tﬁree, which contains all thé §

constituenfs remaining to be éxpandéd.

1 : o, . | 3,

Line Pri_rﬁ:;'ed o SymbBT.-to be Symbols fe'sTl_l'ting from
No. 7 out operated on - eXpansions
1 R ' SENT | |
2 SENT  suBs | ~ PRED
3 SUBJ ' ~ NPHR - PRED
! NPHR DETM NAD + PRED
5 DETM '_ le - NAD + PRED
6 le | NAD | PRED
7 NAD - .. ADJ | NOUN + PRED
L : . )

ADJ grand NOUN + PRED



11

12
13
1l
s
16
17
18"
19
20
21

22

23

25
26
.

28

29
30

31 .

32
33
3L

“roi
PRED
NEGMKR
ne
PRDN
VCMP
VBOB
VBMD
- ;
-

(Q not priﬁtéd oﬁt)'

- MFR

- NOUN
- table

N

"

NOUN

roi

NEGMKR

7z
mange

DOBN

NPHR

DETM
la

NOUN
table

PP + DOBN

\w

L]

PRED

PRED

PRDN

 PRDN

DOBN

. MFR + DOBN

Q + PP + MFR + DOBN

 Q + PP + MFR + DOBN
PP + MFR + DOBN
PP + DOBN

‘PP + DOBN

S\

DOBN

DOBN

NAD
NAD



m and of the
purpose ofleach.column,‘con51der the follow1ﬁg "At line 1, column 2
-édntains the symbol SENT. No other constluuent has yet been operated dn,
S0 there is nothlng in columns 1 or 3. At line 2, SENT has completed
its functlon and 1s placed in the prlnt~out column, column 1. The‘two'b
constltuents whlchlresulted from the expansion are SUBJ. and PRED, SUBJ,
the leftmost one, is in column 2, ready to be operated on; PRED is held
in colummn 3. N ‘ d |
jLater, at line 5, lg'hasvjust been generated bj DETM and is'ip

column 2; Since it doeé n§£ cause any furiher'generation‘or expansion »
it sihply passes over to éolumnvlg as shown at line 6. Thédnekt.édn¥ > B
' stituent (NAD) from column 3 takes its place in column 2. At line 7, |
_when NAD is_expaﬁded ﬁo-ADJ + NQUN,iNAD passes to column 1, ADJ is
placed in cdlumn 2, and NOUN is élaced in column 3, in'front of PRED.
| Further down, when VB is operated on at colum 18, it is expanded

into AUX + PP, but with a dummy constituent, Q, in between them, be- -

line 21, it doeé not cause an expansibn, bdt rather operdtes on the next
tﬁb coﬁstituents (the firét two on the left in column 3), inverting
them. Thus MFR, which is to be the negative pas, is generated before
the PP, mangé. | |
The diagram above (pages 31 and 32) provides exgmples ofreach df
the basic operatlons in a generatlve grammar- expansion, generation

and manlpulatlon. I shall describe now the types of rules in the pro-

grammed grammar that cdntrol each of these basic opérations.
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'_:Expansiop”refers fe'theeoperation of,feplacing_a,given_syntactiqr;J_
constituent (WP IR) by one or two other syn actic constituents (by
PROP or by DETM + NAD). In the following sample rule,

PROP = " PROP

NPHR A - $1
: DETM + NAD , DETH

B

'NfHR is the name of the rule. It serves as an "addrese“'in the pregram,
permitting the caleulator to find it when necessary. In this sample
rule, NPHR has two subrules, A and B, neaning that theieonstiﬁﬁent NPHR
(represented by $i in the‘rule)‘ may be expanded in one;of twWo wWays.

If subrule A is chosen, the rule expands NPHR to PROP (the = sign
represents the words "is replaced by") and the comouter is then glven:'
the address PROP, meaning uhau 1t should go to ruWe ”PROP" where 1t
will be given directions as to how to expand the consti@ue it PROP.

(0f course, in the éctuel program,‘thefe afe mere subrulee and
there,ére ether operatiens iﬁdicated, such.es an operatien which.places |
the expahded~eohstituent NPHR on a "shelf", eeuifalent in the program to
v.the step of mov1ng NPHR over to column l in the dieéfamkabeye;)WL'X%u'”

By generatlon, I mean specifically the act of produping'e‘terminal
symbOL, a word. The type of rule that executes this operation is simi-
lar to expansion rules, except that after therconstituent being operated
on (e.g., NOUN) has been replaced by the generated word (e.g., gargon),
the machine is not then directed to a rule named GARCON. It may be di-
rected to a routine which will handle any morphophonematlc changes re-
thred ln the word (e. g., an adJectlve form, petit, will pass throuﬁh a

routine to see if an e and/or an s should be added to the base form) or,
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if no such changee areéﬁossible, then the’calculator will be to}d to»w’
take the-nextvconscgccent to the right and operate on it.- B

Manipulation operations are executeo by rules like "Q". The cOm-
puter is directed to find the constituenﬁs under consideration and‘then>
to rearrangeuéhem as indicated.. Only structuresvthat have not yet beec' A
operaﬁed on may be‘érvolved in such manipulations: all scructuree that
have been operatedqon‘and have (according to the diagram above) passed
into column 1 must remain in the order in which they were generated.

The precedlng description 111ustrates the basic function of the47
grammar rules: the expansion of constituents and the genereﬁion:of
‘worde. The rules must fuLfill other functions as well in order to pro- |
 duce correct sentences. They must provide the facillty for ch0081ng. |

orly those expansions of a particular constituent whichrare compatible
ﬁith other choices previously mede iﬁ the generation of the sentehce;
‘They must record certain. choices as they are made (whether at random or'
according to some restrlctlon) ,so that subsequent constituents whlch
'may be dependent‘on these will be generated correctly. These and . other
facilities of the program are exbiained in the foliowing paragraphs.

Most grammar rules consist of a number of subruies. This means
thaf the same constituent may.be expanded and treated in a number of
different ways. During the generation of a given sentence, when a rule
isvto be executed, the choice of the particular subrule is usually re-
stricted to some extent, For example, if the VCMP has been expanded
into VBOB, and VBOB into VBMD + DOBN (Direct object, noun phrase),

then when we are about to expand VB, we must necessarily choose the
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subrule that will lead go the generation of a‘tréhsitive verb. ‘The wéy
that this restriction is shown and effeéted is the following: | |
In fhe fule that produces VBOB, a subscript is édded to the symbol

VBOB which is carried along automatically (w1thout the need of repeat-
ing 1t) durlng the expansion of VBOB 1nto its various constltuents,
untll the rule VB is #Eached. At this point, Just prior to choosing the
categ§ry’of vefb this subscript is used to activate the "dispatcher" 11
~which tells the machine that it must choose the type of verb de51gnated
by the subscrlpt In case there is.np subscxlpt, the machine is freeﬂﬁo.
choose at random among the varibus subrules. If the subscrlpt designates
two or more subrules as belng leg1t1mate choices, then the machine is
free to choose at random among these subrules. Since we may execute the
same rule more than once in a given sentence, and requiré different
‘:choices ét-each execution éf thé rﬁle,‘the éystem foilowédiis this:
_Every rule that has subrules is preceded by a rule whlch among other
things, tells the ‘machine first to cancel all previous restrlctlons, and
then sets it w1th‘the subscrlpt,ilf any, thai is found on the constituent
to be expanded. Thus, for éxample,rif a relative clause ﬁith an in—i
transitive verb situation is generated before the verb in the main clause
(which is to be transitivé), ‘the verb of the relative'clausé.will be’
| decided by the subscript attached to its symbol. (to which the program
did not transfer most of the subscripts of the main, initial symbol),,

while the main verb will be determined by the subscript found on the

Principal symbol.
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‘The facility for tfensferring subscripﬁs‘isAused<also fofrmeintainf‘i_
ing’agreement;-for.example, in the gender and number of all the membters E
of the same noun phraee. At the point at which the noun‘phrase is gen-
erated, the ch01ce of gender and number is made, the necessary subscrlpts
are added to +he symbol NPHR or COMN, and these subscrlnts are carrled |
througbout the expansion of the noun phrase, acﬁlvatlng the-dlspatcher
as neeessafy before thevgeneration of ﬁhe definite article or‘edjeetive
and the choice of type of noun. | |

After a symbol has been expanded the resulting constltuents may be

treated in a number of ways dependlng on the stage of development that:
| they have reached. A completed constltuent (a "word") w111 be exam-
ined to see if any-morphophonematic alteratlons may be requlred. If |
lthere are none, it will be "shelvea" that is, setlaside to be printed '
-'out later (or, in the earller dlagram, placed in column l) If tﬁerei
are some alteratlons possibly requlred, the word will be considered, in
its context, by ﬁhe mofphophonematic routine,‘described.in Chaptef six.
A.constituent that still requires expansion, if it is first (leftmost
in the COMIT workséace,<equivalent to column 2 in the diagram), will be
used to send the computer to its next o?eration, that'ie, to the rule
‘that wiil continue to expahd this constituenf. If there are other con-
stituents (not in first position) still to be expanded, they are
‘placed on another shelf from which.they will be taken, one by one, in
order, when the first constituent has been fully expanded. V(This shelf
corresponds to column 3 in the diagram ebove.) An operational symbol

will usually be used immediately to set in motion the operation with
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nich 1t 1o concerned, For example,  sinply fills the space betweon
two constituents that have just been expanded‘and which.must be dis-
continuous. In the same rule that generates the Q, the Q is replaced
by the next constltuent on the shelf that corresponds to column 3 of the
diagram. Then the newlv p051t10ned constltuent (Just removed from tue |
,shelf) and the second member of the discontinuous structure are re-
_placed on that same shelf, ;n their new order.

- When the symbol PRIN is reached there are no other constituents re-‘e
4maining to be expanded. PRIN then’activates a routine which takes the
entire contents of the shelf on which the words were placed and prlnts
them out, w1th a sequentlal number precedlng the sentence. This same
number is then compared w1th,a counter to see if the requlred number of
sentences have been generated If yes, the runnlng of the program |
. ”ceases.v Ir no, the number 1s 1ncreased by one and another sentence is- E

- generated.



The Grammar of Specifieré::;:

Tﬁe Grammar of Spécifiérs is a routine whiéhnis executed ﬁrior to
the Grammar of Sentencés‘each.time a clause (independent or dependent)
is tb be generated. As each rule in thié routine is.éXecuted, specific
 decisions are madé.ébout the naturé of the‘clause,‘and épproﬁriate sub-~
scripts are added to the’ symbol ﬁhat represents the clause in the pfo—
gram, These subscripts are later uéed to delimit choices iﬁ rules within
the Grammar of Sentenceé, rulés whiéh.cannoﬁ be choéen completelyiat

random because of the decisions made in the Grammar of Specifiers., They -
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~ clause as it is expanded.

The decisions regarding the basic characteristics of the clause are -
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during the actuél generation  of the élause, because they affect the’wérd'
Aorde: to such an‘extént and in sucHAa way, that postponement of the deci-
sions ﬁoﬁld result in’placing extreme limits on the possible sentences

to be genérated, preventing the genefationlof certain types alfogethef.
This appears to be analogous to thé way in which the human spesker for-
milates his sentence, that‘is, l)y he decides upon certéin aspects of
the sentence; 2) ‘then he chooses the sentence-type (word order)s

3) finally, he utters the specific words. The aspects of the‘sentence

that I have included in the Grammar of Specifiers are:

~ 1) The choice among the interrogétive, declarative and

imperative types of sentences.
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2) How to signal the interrogat\i‘;é:'énd,i when pecessary,
the choice of the other syntactic fuﬁction’of the_inferrogative.
word. A | | | | s |

3). The choice Between the affirmaﬁive and negative, and,

e to be ’

. . .
if a ncgative senbtence' i enerated

[0]

5 the choice of the

other syntactic function(s) of the negative particle(s).
L) The choice between the active or passive voice, and,

if passive, whether or not the agent will be expressed.

I first decided to construct and study a "grammar of specifiers" 4

1

princiéally to.help me in programming the-grammar. In the earliest.ver;»'
sions of the grammar-program, I found that many of the errors in the
séntences being generated could havé‘been avoided if éertain general,
had been made earlier in the program. My procedure
in constructing the Grammar of Specifiers was to add one unit ét a time
as the need for it appeared in the print-out of sentences. I have, in
fact, considered a number of other decisions that could beAmade in‘the
specifier routine ﬁhich would sim?lify the programming of the main gram-
mar. Howéver, I have included»in this version éf the grammar only those
decisions that i consider basic and necessary parﬁs of a Grammar of
Specifiers, specifically those that cannot be restricted to a.sihgie
constituent and that radically affect word oraer; My reason for not in~
cluding ﬁhe‘other aspects in the Grammar of Specifiers is that, although
I believe that the most important criterium to use in judging the value

of a given section of the generative grammar is whether or not it func-

tions well, I am also anxious to consider the apparent analogy'bétween
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the Grammar of Specifiess in my generative gramhar and some similarveomf_
ponent or act1v1ty in the mind of the human speaker. I did not feel

that the aspects I decided agalnst 1nclud1ng in the Grammar of Specifiers
were likely to be considered in advance by the human speaker, despite
.the fact that, for.the computer Dfogram, it was definitely much simpler
to cons1der them before the actual generation of the sentence,

The 1mportance of the Grammar of Sp301f1ers can be seen in its
'.appllcatlon to mechanical translatlon research as well as to research |
1n general syntax. It is of par tlcular 1nterest in mechanlcal transla-
tion because it suggests a means of deflnlng, developlng and manipu-‘
1at1ng "spec1f1ers" in the translation process. In descrlblng the Gram-
mar of Spe01f1ers routine earller T explalned that, as decisions were o
made in +the routine about certain aspects of the sentence. to be gener-.
ated approprlate subscrlpts were added to the symbol representlng the
sentence constltuent. The subscripts are the specifiers of the sentence.
In a translation precess such as the one described in the introductory
chapter (pages 3 and.h), the speciiiers of the sentence to be gener-
‘ated would be provided By fhe "transiation step". The_analysis of the
origiﬁal sentence (iﬁ the input lasguage) would have produced the set
of specifiers of the sentence, Then, rather than translating at the
word level or even at the level of syntactic structures, we- would
translate at the more abstract level, the spe01f1er level. The result-
ing translation would be an equlvalent set of spe01f1ers in the output
1anguage, which would control the operafioh of the geherative grammar,

producing a. sentence in the output language.
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. Taking jﬁst onevaSSect;ithe'inte?;ogatiye,hqf‘g simple senﬁence, I'
shall try to illusfrate thé steps deécribed above; I am to translate’
“the EﬁglishAsentence, "Is John sick?" into Freﬂch. ‘The fifSt component
analyzes the English senteﬁce, producing ; set of specifiers. One of
these specifi;rs noﬁes that the seﬁtence is interrogative, - (Others note4 _
that "John" is the subject; that the tense is present, that the verb is
copulative, and so on.) After trénslation, thé French set of specifiers. '
still includes the fact.that the sentence is interrogative, but it is
giso noted (Because theré is a noun subjéct and Eecause of the absencef
of any iﬁterrogative advérﬁ, particulariy of the class‘to whichlggl be-~
longs) that inversion of the subject and verb is not possiﬁle. The -
générative grammar is perhiﬁted to choose between two word order types:
using ggi:gg que plus-norﬁa1 word order, or using a plednéstic suﬁjeét

pronoun (called VBSB in the precéding éhaptef). Thus ihe‘outpﬁt sen-

tence could be either, Est-ce que Jean est malade? or, Jean est-il |

malade? That is, the specifiers do not necessarily.specify particular 1
structﬁres and forms that must be chpsen, but rather they specify the
l}giﬁg set on the grammar fo producela senteﬁce that is syntacfically
equivélent to the éentence in the input language. I feel that the study
of the use of subscripts in'thé Grammar of Specifiefs in my program will
help me to de?elop a more éoncise notion of the nature of “sbecifiers"
in the mechanical translation scheme I have just outlined.

One of the ways the Grammar of Spécifiers may be applied to re-
search in general syntax would be to utilizé the fact that it can con-

-

trol choices in the grammar of sentences in order to effect a limited
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‘”studyvef“aupepticular ﬁipe of;strueture._“Fer‘exemple, if I wished‘tq‘
study faire caﬁsal constructioné“aed others which influence word order,‘v'
it would be simpler both to add the structure aibthe grammar of speci-
fiers level and also to fest the new structure in actual runs of the
progrem, ra,ﬁer than to add or alter many rules at various p01nts in +he 
main pregram.’ Ideally, the rul led of the Grammar of Sentences should be
complete and general’ene h to produce all cnmb nations of strﬁqtures.
The Grammar of Spe01f1ers must control the execution of ‘the rules in the

Grammar of Sentences in order to prevent the generatlon of ungrammatical

combinations.

Description of the Grammar of Specifiers in the Program

The Grammar of Specifiers is a complete, organized set of rules
that isvused over and evef agaiﬁ. It is called a reutine inrfhe‘pro-
.grammed grammar. The following verbal description ofvthe Grammar of
Specifiers is intended to explain generally what ﬁhe routine does and,
to some{extent, how tbe opefations ape‘executed.k_l believe thaﬁ it il§

lustrates sufficiently theyfunction”of this important routine in the
complete program. However, I have also provided (in Appendices iI-G‘
and IV) a complete and mgreldetailed~description of the entire routine,
by means of a flowchart and a step—by;etep’diagram.

In the Grammar of Specifiers routine, the first decision, which the

machine is free to make at random{‘is, "What basic type of sentence will
be generated?" If it is to be'declaretive or interrogative, a choice is

‘made about the voice (active or passive) and then, after further



i

decisionsvane made abont;the interrogative‘sentenee, the\gennnterﬂnqu

. gram goes on to decide if the sentence will be aifirmative sf negative.

- If, at the first step, it was decided that the sentence would be imper--
‘_ative, the computer immediately decides whether or not it will be an
affirmediﬁe inperative sentence, If affirmative, there are no‘*unther
decisions to be made and eontrol pé%ses to the Grammar’of Sentences; -if‘
negative, the symbol for this negative imperative sentence is then oper-
ated on by the‘same set of rules regarding negative cholces as operate
on the symbols for declafative and interrogative sentences.

For both declarative and interrogative sentence types,‘if the sen-
tence is to be afflrmatlve, no further questions are asked and control
passes to the Grammar of Sentences.- This step was taken separately for
the 1mperat1ve type sentences because of the unlque word order rules for
the afflrmatlve 1mperat1ve.b For all three basic sentence types, 1f the
‘sentence is to be negative, a set of decisions must be made about the
syntactie function of the negative particle(s) before control.can pass
out of the Grammar of Specifiers. |

For interrogative sentences, the questlons and subsequent restric-
tions on rules as indicated by the subscripts are concerned with the
form of the interfogative (type of‘word or expression, inversion, or

use of est-ce gge), and the function of any interrogative word or_evav
pression. Following these decisions, the computer must choose the_basic
word order of the sentence. | |

As each of the decisions outlined above is.made, a snbscriptyis

added to the symbel that is destined<to be expanded into a string of
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syntactic strﬁctures and finally into a string of wofds, forming a’sen—'
tence. The symbol will carry the subséripts and transfer thém,jas’re-
quired, to each and every constituent ﬁhat is generated by the grammar
of sentences during the expansion of the sentenée or clause ﬁnder,con—
sideraiion.lufhén, whenever a rule'is to.be executed that is affected by
’one of thesé subséripts, the com@uter’is directgd télchoose ﬁhe subrule
.indicaféd»by the suﬁspript.‘ - |

The following siﬁple example illustrates how thevdecisions‘made in -
the Grammar of Speéifiers affect operations in the Grammér of Sentences.
In the Grammar of Specifiers, the machine choosés‘to generate an affirm-
ative imperative sentence. Later, in the Grémmar of Sentenées,,when the
JPREDICATE constituent is tc‘bé expanded, the computer is limited (by
the subscripts transferred to that constituent from the original SENTENCE
constituent) in its choiceybf éubruieé. It canno£ ¢hoosé tojekpand‘
" PREDICATE into INﬁIRECT-OBJECT-PRONOUN plus VERB-WITH-ITS-COMPLEMENTS in
that order. Furthermore, when VERB-WITH-ITS-COMPLEMENTS is to be éxpand-
ed, the computer is again limited towchoices whicﬁ dé not include the
genération of a pronoun difect objecf in front of the verb. ‘The verb,
when itiis‘expanded, cannot be analytic, and so on. Each of £hese re-
strictions 1is noted as a subscript and wheh and if the pertinent con-
stituent is to bé’expanded, the calculator refers to the subscript be-
fore exeéuting thé expansion, |

In the discussicn of individual problems in syntax in'thé folldwing
chapter, I shall have reason to refer to the Gfammafbof Specifiers fre-

quently. ’The reader will thus have more examples of how the subscripts
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added to a symbol restrict specific choices in the éxpansion and gener-
ation steps. More important, I believe that the examples in the follow—
ing chapter will help support the validiﬁy of the use of a Grammar. of

' Specifiers.' -



. Some Proﬁléms in the Syntax of French

In the'present chapter; I shall discusa spécific quesﬁibné in
" French syntax. Tha fact that I studied each of'ﬁhése problems in the
framework of a left-to-right generative grammar naturally influenced my -
approach to them. Thevmajor advantage in studying eachaprobleﬁ from thea-
same point of view is that the resulting‘solutions to eaah one are mora
likely to be consistent with each other. The obvious disadvantage is
that, as long as most syntactic straCtures seem to fit inﬁo_the'parﬁic—'
ular grammatiéal framework, the reseafcher may fail to recognize certain
data, certain problems that cannot be solved in the given framéWork._ In
the following paragraphs, as I discuss the point of view I have taken
’and the effect of this point of view, I hoée to demonstrate that I have
been able to'capitalize on.the advantagé and eliminate the disadvantage
Just mentioned. | - | |
The generaﬁive gramﬁar described herein ié a left-to-right grammar,
As. 1 meqtioned earlier, the 1éft-to—right hypothesis in geheral states
that grammatical sentences of a natural lahguaga can be generated by a
finite state grammar,,producing stfuctufes and wafds from beginning to
end, from left to right, without backstepping, that is, withoutireturn-
ing to any word or structufe to alter its form, and without changing the
order of any structure once it has been generated. In addition to these
general characteristics of a left-to-right generative grammar, my gram-
mar of French contaiﬁs’two spec;fic consbraints: 1)..Each,cons£ituent
may he expandedkinto no more than two immediate consﬁituents. 2) Dia-

continuous constituents may be separated by only one constituent. ‘(Note
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that "one constituent! méy be a syntactic structure composed of more = = -
than one word.)
Obviously, the presence of the general and specific.éonstraints

mentioned above affects the solutions to many problems in syntax. I

[¢}

have tried throughout the individual sections of this chapter to staté
explicitly where my approééh is noﬁ”éonsistent wiih.the facts (as
generally interpreted) and to discuss thé new points of view adppted.
However, perhaps the more general statement in the following péragraphs
wili indicate to fhe reader how the constraints inherent in my left-to-
: righf graﬁmar affeét‘any given step in the grammar. |

By_limitiﬁg e#ﬁansion(to only two immediate constituénts; I am not-
presenting a case for the binary structure of sentences, I simply have
- found thét‘it is siﬁpler to write a generativevgrammar with this éon— |
stréint and th;t such a consfréiﬁt does not preﬁeht mé from geﬂerating'
any type of structure. According to my system, a given conétituent can
be either eipanded into its two immediate constituents‘ (NOUN—PHRASE :

7 into‘DETERMINER plus NOUNAWITHfITSjMQDIFIEBS) or replaced by another
constituent (SUBJECT by NOUN-PHRASE).

Furthermore, the replacement-expansion operation involves more than
the simple expansion of a given syntactic element into its immediate‘
constituent(s). Ideaily,,and this is the way the grammar was originally
conceived, each step involves either the statement of the syﬁtactic
function of a given form or the description of the form thét a.given
: syntactic function takes. Thus the function SENTENCE is replaced by the-

form "déciarative sentence", which in turn is replaced by (or expanded
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_into)  the functions SUBJECT plus PREDICATE, The follonl‘g iagram 1s a
synbactic tree depicting the form/function distinchion: (FUNCTICHS are
‘capivalized; "”orus" are in lower case letter S.)
e , ~ SENT
declaratlve scntcnce

SUBJ PRED

H o Lo . 1] :
“noun phrase SN - verb 7ith its complements
DETM~ NOUN ~ VERB S DO?J
. noun phrase-
DETH- -+ NOUN
- X I o
le garcon mange ~le . .. pain .-

‘fﬁe“pfeééntrveréiéﬁréf bhe gremmar does nob explicitly indicabe the
'form/fuchlon dlstlnctlon in every exnani}on. However, the distinction
.1s implicit throughout the grammar, as I malntalned the dlstlnctlon al-
_ways in the development of each svnt,actic, structure. The reason that T
did not always show this distinction in the final routine of the program
for each struéture is pfactical: By eliminating explicit hotétion of
the distinction wherever the distinctipn was not required for the oper;-
ation of the ﬁrogram, I was able to save space and keep.the programmed
grammar at a manageablé size.

Returning to the matier of 1imiiing expansions to only two‘iﬁmedi~
ate constituents, let us suppose I chose to describe‘ﬁhe VERB + DIRECT-~

T)“ KN

RY + INDIRECT-ORJECT structure as being terpsry (Fig. 1 b“luU),
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rather than binary f(Fié; 2 below). Adhering to avternary system, T . .
could undoubtedly generate the structure composed of the elements listed
.above in all of its, p0551b1e forms and internal orderlngs (}3‘1211

donner, lui donner le stylo, nous 1e donner, etc ), 1in some cases even

more easily than by following a blnary system. nowever; I wéuld nob

consistently show the relationship of the indirect object to the‘verb— 
plus—objecf or the vérb—plué-complement. I would have to generéte tﬁé
indirect oﬁsect séparately' (by a different rulé) for the‘instance of

verb (without quéct or other complement) ‘plus indirect object, such

as in parler 3 Jean. Similar considerations arose at every other point

whefe'g ternary structure appeéred to be as correct as a binary»one;
Binary structure pérmits me to use a 1afger number of generai fules, and
keeps to a minimum the types of rules that generate duplicate constitu-

ents that differ only in minor ways. “'

Fig. 1 o  mge

donner 1le stylo & Jean donner le stylo 2 Jean

As I noted above, when I say that discontimuous constituents may be
separated by only one constituent, I do not mean that the words which
'make up the discontinuous constituents can be separated by only one Wofd;

Consider the fqllowingvexample:



SUBJ~m e e e e e ——————————— e je
—VBMD -~ ~ == - ——————dirai
SENT VCMP — - FPREP~—s—emmam a
PRED . [
RGIN —¢ PRPH 1 ‘
NPHR-NOUN--~-Jean
PART—PREP- = mm = — e e o de .
—CMPINW{: DOBJ-PRO=~——=- vous .
INFPHR—VCMP—VBOB%: B '
VEMD-VB~——mmm frapper

~

The VCMP is composed of two major constituents, VBMD + CMPINF. They.aré
separated by one constituent, the indirect object (RGIN), which happens
to be composed of two words, VBMD could be further expanded into VB +

VMFR and give, for example, Je dirai tout gg sulte E Jean de vousvfrapper,

which‘wpuld separate the words (giggi and frapper) still more, but
wpuld not alter the sifuation at thevhigher 1ével ofrsyntactic constiﬁﬁ-_
ehts. ) | | | - | |
It wés the cﬁnsﬁréint of‘nof aliowing "double jﬁﬁpsﬁ m(juﬁpiﬁé.ovef’
two syntactic structures of thé.same level) +that first caﬁsed me to
‘look atbthe negative froﬁ a different point of‘viéw. The- final decision

on how to handle the negative, as T'11 explain later in this

chapter; . . .
was based on a numbef of other consideratiéns‘which.supported the some-
what uhique way that I finally decided to parse the ﬁegatiye‘ih Frehch.
Ffom these general remarks on tﬁe approach that I have taken, I
shall pass ndﬁ to a discussion of my treatment, within the framework Qf

a left-to-right grammar, of particular problems in French syntax.



Negative and Interrogative

The interrogative and negative aspects of sentencesupfeséni similar
problems but théy differ in various individual characteristics. In both
cases, the basic broblem is the présence of one or mbre words fulfilling
' éwo separate functions: the negative or interrogative and some other'
one. However, the ways in whicﬁ?this dual functi§n~characteristic af-
fects the genergtion of the sentence are diffefent inbeach.case{

Thé fact'that é senfence will contain a negatife particle forces us
to make certain decisions in advance of'genéréting the.sentence, as is
explained in Chapter three, but the fact_tbat a word is carrying the
négativé‘function doesAnot'affecﬁ the position of that word: Its poéi-

tion is determined by its other syntactic function. (gg carries only

The intérrogative, on the other hand, forces ué not only to make
decisions of a general nature before”generation of the sentence, but
also to make decisions of a particular‘nature early in the generation of
fhevsenience} ,Thiéfis becausé the‘pfesence of the intérrdgaﬁi&e fﬁnétion
can cause a word to take a position in the sentence that is not the one

it would ordinarily take according to its other syntactic function.
The Negative

- In teaching French to American students, I have offen made the re-
mark that a double negative is'permitted in French, by contrast with
English., "ifshall probably continue to do so in'élasé, bﬁtyI shall ex- |

Plain later, to interested students, exactly what I mean by that. Most
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important, I do not megn'that the two negatives are'i'_g and some other

word. A true double negative in French is Vous n'avez jamais rien fait:

(literally) "You have never done nothing", where jamais and rien con-

stitute the double negative. Ne is simply a negétive marker, with so
little 'Lmﬁofténce tﬁa‘b its omission in modern colloquial Fre‘ﬁch in no
way é.ffe‘cts the transmission ‘oi})thé message 'bhat one means "no" rather
than "yes;'. | ‘ |

For this reason, ne is parsed in the grammar I have written as a
negative mérker, a sorﬁ of appendage at the i‘rént enﬁ of the pfedicaté. »
| It lS generated af the tixﬂe the predicate is about to be_ expanded,

rather than as a constituent member of a nega;bive expansion. Thus:

(This étructuré) '

R je
SENT - =NEGMER-————— - - ——-ne
L—PRED-—L VB vois
; PRDN-VCMP~VBMD : ‘
VMFR/neg-—----- rien
(Not this one)
r SUBJ — = e e e e e e Je
SENT ‘ 1 . ‘ ~NEGLoms e e ne
. L VMFR/neg — ‘ -
PRED-VBMD-[
VB e e vois
o {L NEG2-=mmmm e e rien

This treatment of ne is consistent with.‘ the view that ne should be
considered as a prefix to the verb, along with the object pronouns a_nd_“ o
¥y and _e_r_1_.v If, for example, I pa.rsed‘personne and ne as irmnediate con-
stituents in the sentence, Personne ne le fait, I would véry clear];y‘ :
be implying that ne was not a part of the predicate, which I belieife it

is, though a weak and unimportant part. To show the relationships
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_properly, I diagram the sentence this way:

Personne  ne ‘le fait

B V f)
A dlfflculty arose in the programming of the grammar as a result of

thls way of parsing ne. Obv1ously, 1f I dld not generate ne as a member
of some negatlve group, ne « + « pas, there was the danger, in the pro;
gram, of generating sentences with other negatlve words but no ne, and
’v1ce versa. Thls problem was resolved as soon as I started maklng use
of the Grammar of Spe01f1ers.v If, in the Grammar of Spec1f1ers, a de01-A
_sion is made bo generate a negatlve clause, then prov1s1on is made to
agenerate the negatmve marker in 1ts proper place and to generate4at |
least one other negatlve.
It is also in the Grammar of Specifiers that I handle the problem

. of the dual functlon of negatlve words.v I have wrltten the Drogram so .
; that flrst a. decision is made asvuo mhether or not EEE’Wlll be generated.
If so, no other negatives are permitted (I have not yet written rules
for the pas que constructlon, but‘l am sure they will be compatible with
the present framework), If not, one negatire is chosen to-beygenerated '
definitely, and the generation of other negatives, except pas,is made '

8 ~

‘optional., For example, it mey be decided to generate a negative subject

(the specific choice between rien and personne remains optional; only

the fact that the subject will carry.the negative aspect is importaht,
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not the particﬁlar word.ﬁsed) vhich may, but need not,ﬁbe followed by a
negétife object (direct or indirect) or a negative adverb. :POSSible
combinations include:
Persomne ne le fait.
Personne ne le fait jamais.
Persomne ne le donne 3 personne,
. Persomnne ne m'a rien donné.
5 .
The other negatlves, of course, are generated according to thelr

proper syntactlc functlons, not as members of a negatlve group:

(This structure)

y r-SURJ/hpw -------- ~-Personne -
SENT | — NEGMKR. , ——-ne -
| L | DOBP-—emmmm-le
PRED : VCMP~VBOB{[ o
r VBMD~VB—==—~ donne
PRDN PREP--~-=~-~ 3
-tﬂGT\T r

Lm‘“—‘*1 ‘
NPHR ———————— personne

(Not this one)

: : —— NEG L~ e m e e Personne
SUBJ-NEGV —
SENT{. _ r—NEGMKR——-—--——--—--------;a-ne :
-PRED - % — , ~DOBP--—-mommm-le . -
L PRON-VCMP— |
—~VBMD-VB—~=~=—— donne
, +~PREPm e me X
—NEG2 -1 '
— NPHR————— == personne

It seems reaséﬁable to generafe the negaﬂivés éccofding’to their syntac~
tic function since the position of a negative word in a given sentence

is decided by its syntactic function, not by thé fact that it is>hegative.
The only apbarent exception to this is EEEE; Although I have spoken of |

it as a substantive (functioning apparently as either subject of"object),
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it does not take’the poéition of an ordinary substahtive‘object in sen~

tences containing an analytic verb form{

(rien as object) Je n'ai rien donné 2 Jean.
(normal noun phrase) ' J'ai domné le stylo a Jean.
(pronoun object) Je l'ai donné & Jean.

~

The first of the sentences above could be presented in evidence for" 
treating rien as an adverb., However, one of the earlier sentences prd-

duced by the grammar wast
Elles ne la (direct object pronoun) ont rien donné.

In this sentence the incompatibility of la and rien, both as aifect ob-
v‘ject, is quité obvious. We may want to consider;ZEEE'as an adverb due

- to itsiposition but it is.evideﬁtly an "adverb" that places'reétrictions
on other classés of wor&s:in the sentence, nameiy those that may function
as the direct quect. One solution is to inse?t a zero form among the
direct object forms to provide for thé‘ébject structure; without produc-
iﬁg a final form, thus allowing _I_'_J':_e;rit +o be generated in the position of
an‘adverb while fulfilling the function of directAobject.

Gombinations'such as jamais plus and plus rien may be generatedyby

the grammar but T have not explicitly stated how I parse them, that is,
as a-string of adverbé, each modifying the vérb, or as an adverb modi-
fied by another adverb. The way I have written the progfam permits the
generation of groups of words such as these (also lists of adjectives, -

ete.) wiﬁhout restrictions, and I intend to leave the program this way
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until I ha\}e done i‘urthef research on the pr_blem of what combinations
may be produced, |

I said a’bove thé.t ene hegative worcllb is chosen to ‘be generated defi- “
nitely and others remain optional (I gave the example of personne as

the quit;»;]ec’c) A Thls oces not imply that I feel that the one chosen
(the choice is op'blonal) 'is "the" negative word nor tha;.f;‘amr others
the.t majr be generated are ixipany way less nega’oive." It is simply necese-
sary to be certaln, once a negatn_ve sentence has been decided upon, to :

' generate at 1east one negative particle other than ne, As the program
is written now, the sentence, Personne ne le fait _J_a_in_a_iﬁ, can be gener—
ated either after a negative sub,]ect (personne) has been made obllga-
tory in the Grammé.r ofvSpecifiers , with J_ain_a_n;s_ appearing later, option~ -
ally, during the‘ generaﬁion of the sentenee, or vice versa. Neither re-
sulting sentence is a.mbiglv’l‘oﬁs as“ to "mea;ling" or gra:mma’cic‘al relationship

“because the function ofv each word is explicitly noted in each case. ’Th\e

only possible ambiguity would be in the determination of which word

(jamais or personne) carries th

that either one does so to the exclusion of the other. Ra’chv.er, the neg-
ative is pervasive and, with certainrlimita‘bions' , Mmay appear in a number

of different words and syntactic positions in the same sentence.

The Interrogative

EXcluding intona’oien patterns, the interrogative is signalled in
French by inverted word order, or est-ce que, or an in’oerrogative word

or expression, or by some combination of these. Because inverted word



order is,subje0€ t0 a number of restrictions and because the ways im

which the signailing devices just mentioned may be combined are limited,

it is nscéssary to make a'nuﬁbeerf decisions about an interrogati%e -

sentence before it can be generated. For example, if we decide to pro-
vide for inverted word order, we must preveni ne generation of EEE:EE

. que. A more complicated examp%e will illustrate better why this dec1sion

is made in the Grammar of Spe01f1ers.. Ou va Jean is correct that 1s,

following the interrogative adverb gg, inversion of the noun subject and

the verb is permitted. However, both #*Ou est Jean allé and #0u ‘est

allé Jean are incorréot The rule does not hold when the verb form is

analytic. In such a situation, it is best to decide before generatlon
of the sentence that, if the interrogative aspect is to be signalled by
‘“r adverb of the class that permits nounvsubject/verb inversion, then',v
either 1) the verb wili be synﬁhetié and inversion of verb and noun
subject will be provided for, or 2) the verb will gc_aj-: be syn’ohetic‘and»
inversion will EEE be perﬁitted.

Aside from the rules governing the ways in which the intefrogative’
signalling devices (intérrogaﬁive words, est-ce que, or invefsion) may
be combined, there are rules determining the syntactic function to be
~ assumed by the interrogative words or expressions, and, depending upéﬂ
this function, determining the restrictions to be blaced oniothef words
or structures in the sentence. The interrogative pronouns, by their
position and their form fulfill the interrogative "aspect!" and at.the
same time assume the syntactic function of subjéct or object (direct,

indirect, or object of a preposition). As subject, their position is
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ﬁorﬁaij fésvbbject, ény one of the three types, it is uni9uf and-it‘-‘ '
places'limiﬁations on the strucﬁﬁres to be generated later, For example,
if we choose to geﬁerate qui as the object, it takes initial position
(not norﬁal for the object) and, of coursé, the sentence must have a
transitive verb. But the generagl rule, which I wént to kéep as generaiky
applicable'as possible, and Wh%ch provides for the'generaﬁion-of tranéi—
£ive vefbs, also provides for én object‘tb be generated, in its'prbper
place. Therefore, when the object fuhcﬁioh is chosen for ggi,'iﬁ is nec-
essary to provide forvthe cancellation of‘thé subsequegt objéct form,
Ihislis‘done by inserting a.zero fofm among the choices of objécts,'whichv~
is a generally applicable operation, because the saﬁe situation arises
in relative cléuses and in sentences containing negativeAdbjeéts. ,
An adéiticnal‘peCLliurity of the ﬁﬁerrdgaJiQe words‘is the pdsition,,
and form that the marker est-ce que assumes When it is cémbined with
them. Ordinafily;’ggf:gg ggg takes initialvpositibn and thereby makes an
otherwise declarative sentence intgrrogétive. When éombined with‘an
interrogétive word, iﬁstead of being inifiai in the sentence, EEE:EE,EEE
" follows the interrogative word. The resulting structure would be simple
if the interrogative word ﬁere alwa&s sdmething that mighf be parsed_asv

a sentence modifier giving,

SENMFR . INTMKR SENT

as, for example, in Quand est-ce que vous faites cela?  But when the
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interrogative word is a constituent member of the sentence, such as the

indirect bbject of the verb in, A qui est-ce quévvous avez dormd cela?,

the est-ce que form definitely seems tﬁ disturb fhe structure pf the >

- sentence by separating the indirect object from the predicate, of which :
it is (by its function) aﬁ intégral part, and'*rbm the subject. ﬁowgver,
the interrogative marker belongs there, and since its poSition is.pecu;
liar, the rules govérning itéygeneration are decided upon in the Grammar
;f S?ebifiers. The interrogative words then, coptrafy to the negative
words, are generated according to their fuhétion as intérrogaﬁive markers
rather than according to their syntactic function. The reason for this

is that the interrogative "aspect" function is what determines their

position in the sentence, just as the syntactic function determines the

of the nega

ive words in a sentence. I have atte
all such problems gonsistently on this critefium: the constiﬁueﬁt in
questionvis geherated according to that charactefistié'of it ﬁhich de-
termines its place in the sentence. For'example, the sentence abdve ié,

parsed as follows: .

(This structure)

1~PREP~—-- — - a
_ : INTGWD/indobj — | o ’
. o - PRO/intg - ~——————qui
SENT - - —~INTMKR. T LT est-ce que
SENT'—{_ . —SUBJ ~~— e —————— e vous -
SENT!! — AUXL~--avez
| o]
. PRED-VCIMP Ly J— donné

DOBJ~PRO~~- cela.
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. (Not this one) o .
' S PREP-——-—m——- a

———— INDOBJ/intg —-f ,
‘ PRED - —PRO/intg----qui ,
INTMKR--{~ fommm e ————————————— est-ce que
SENT-{? : ,
SENT ! —
SUBJ e e e e vous
~AUXT,~————— avez
VBMD-VB ——-1:
— VCMP PP donne

Tt is interesting also that the form of the interrogative marker,

- est-ce que, varies in twe cases: qu'est-ce qui (only subject form for

inanimate referents) 'and‘qui est-ce qui (an alternate form for the

subjeét function for animaténreferents); Since these are the only‘tﬁo

instances, I have programmed the grammar so that éach one is generated'

as a cbmplete constituent with the proper form of qui (qu' or qui) at

the time the animate or inanimate subject is-generated.

EEE Relative Clause

The words which introduce relative élauses are.similaf to the nega-
tives and interrogatives in that'they assume two.fUnctions;v Indeed; they
are very similaf to the interrogative pronouns and adverbs because their
position in the senténce (and therefore, iﬁ the programmed grammar, the
VWay theyvare generated) is dependent upon their function:as relatife
clause markers. Here, as witﬁ the interrogative, it is necessary to
make use of the zero notion to account for the syntactic functions that
are assumed by the relative word. For'eXamplé, whén que, the object -

form of the relative pronoun, is generated, the object constituent within
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the relative clause must be éenerated as a iero’cénStituenﬁ. The’rgla—
tive gggi'ddeé not require use of a zero constituent,.but does éet defi-
nite restrictions oﬁ the word order of the remainder of the_clausé.'
These restrictions are clearly stated in a number of standard texts, 12
and they were included in the programmed'grammar, as SL;scripts on the
constituent RELSENT. o '

A characteristic which éistinguishes the relatives from theiinter—'
rogatives is.the fact that they carry éver the person:and numbef-'(for'
verb agreement), and the gendef and number (for agreement of partici-
<ples and/or adjectives) of'their antecedents. At»the moment this:l,_
grammar’takés thé most recently generated noun of the previeﬁsiphrase as

the antecedent of the relative pronoun, and the subscripts of the pérti;.’
;nent'cﬁaracteristics are trénsferred from the antecedent to the relative
‘pronoun. A major effect of the trahsfer of subscripts is that the.sﬁb—
Ject-verb agreement, past participle agreement with preceding direct
'object_pr with subject, etc., are controlled by these trénsferred sub-

scripts. The handling of subscript traisfer requires a few extra rules

®
kb

in the routine for the relative clause, but mest of the rules are con-
trolled through the Grammar of Specifiérs so that the relative sentence

~ can then be generated using the same general rules as are used for othef

clauses..

The Zéro Constituent

In the past three sections I have mentioned the application of the

"zero notion" and described, in each instance, why and how it was used
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in those particular circumsrences.‘.Perhaps a more'general statement4
'shouldvbe giren'here te‘sum up and‘to clarify the procedure.

In the-generative grammar of French under consideration, decisione
are made atveach.syntactic level as to which of the.possible cembihations
of constltuents w1ll be generated. Syntactic level, as I explaine d in
- Chapter two, 1s roughly equlvalent to a node in a tree structure, whlch
.1s equlvalent in the program, to a rule whlchrexpands a given ronstltu-
ent into its two immediate constltuents. For example, at the level
VCUP, there is the possibility of expanding VOMP to VEMD + PNM (Predi-
cate Nominative), or.VBMD + DbBN (Direct Object, :Noun), or a mumber
of other combinations (See rules FOB00 o F0830 in Appendix v)

AL the‘time that .one of these combinations is chosen rather than
~ the others,;subscripts-are pleced on thermember:constituents of the ex-
pansion.‘ These subscripts restrict ﬁhe way that the constituente may ee
further expended‘eccording to their function as members of:the combina-
tion Just generated "For exemple, the verb‘involrea iﬁ the eipansieﬁ
intc VBMD + DOBN must necessarily be transitive, .

Continuing with the same example, if an objeet has already been
generated, as in the case of e relative pronoﬁn object or an interroga-
" tive pronoun obaect, it will stlll be necessary to produce a transitive .
verb., I could, of course, add another choice to the rule VCMP, which
would produce just VEMD, without an object constituent, but would at the
same time place the required subscripts on VBMD. But it is not the VOMP
'-function that‘the relative or interrogative pronoun has assumed: it is

the object function, and so I feel it is more correct to avoid the cre-
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~ation of an extra subrule in VGMP and o place a zero choice in the rule

for the expan51on of the DOBN, as I have done in the following diagramz

\ INTGWD/dobj e ——— que
. ' : SYNT- e mmmm fait (-)
SENT VBMD-VB ~ '
' - - SENT' -- PRED-VCMP-VBOB —[ " LYBSB--=m——-il

t-DOBN/zero~~———- @

S0 ) . .
The computer is directed to the subrule that creates a zero form onLy B

when the obJect function has already been assumed by a prev1ous1y gener-

 ated word., The same procedure is also used for subaect functlons.
Adverbs

In its pfesentoform; tﬁe programmed gremmar will generate adverbial
forms in four different parts of the sentence,_that 1s, they are generat-
ed as the result of the expansion of the following syntactlc constltu-
ents: ‘Sentence Modifiers (at the beglnnlng or at the end of the sen-

 tence), Predicate Modifiers (at the end of the predlcate) and Verb

position either directly after the auxiliary or directly after the pasf
participie in analyfic tenses). One common type missing in the grammar
is the advefbial form modifying an adjective. I omittedlﬁhie typevto
Save space; if can be added without difficulty.

The reason for categorizing the adverbials into the above-mentioned
groups is the following., Adverbs can modify more than one type of con-
sﬁruction, as‘is expreesed in the usual gremmar text definition:

" . . . which modify verbs, adjectives, or other adverbs", 13 However,
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"~ the texts do not é& oh ﬁé clarify the notion of adferbial modificatidn,“
vand}particulérly they do not discuss in detail the way that advéfbs are
related syntabtiéélly to the verbs that they modify;' I have set up'ﬂhe
above-categoriéS”to reflect these varibus relationsh%ps. |
The_fact is that the same adverb (samé form) can be found, in the
saﬁe or similar context,_in more than oﬁe position in the'sentence; ﬁhile‘.
still apparently modifying the ve;;. VHowever, it hasqbeen noted that,
in such situatibné, the adverb mé& have a different "meaning“ v(from the
point éf view of thg emphasis implied §r,bf the scope of modification)
in each of thesé pésitions.  I have chosen to generate the adverbs from
these constituenfs (syntacticiievéls‘or nodes): Sentence Modifier,
Predicate Modifier, and Verb Modifier, so as o be faithful to the facts
and gene:ate adverbs‘in each-pOSSible positiqn,’and:alsbvto'provide  '
material (i;e., sentences with tﬁeif syntactic structures indicated)
: fqr furiher study of the problem of different meanings dependent uponbv
different pésitions. This is one of the wéyéiin which I hopé to use
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Direct and Indirect Object Personal Pronouns

The ordering of the personal pronouns when functionihg as direct
and indirect objects of the verb is alwayslvery'difficult for siudents
of French to handle. Howevef, this difficulty, unlike many’othersiﬁét
in the 1anguage; is not due to'a lack of clear rules or to exceptions to
the rules. It is simply'difficult to apply the‘ggles rapidly and with:

ease, It takes a long time for their use to become héﬁifual. This is
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one of thé réasons'why studenﬁs find4repetition drills particuiérlyluse- -
ful'in learning to uéevthé object pronouns. The compﬁter doés not re-.
quire repetition drills: it will always follow the rules once they afe
stated clearly and consisténtly.
In my program, therefore, I was fofced to state the rules for object

pronoun brdér in the simplest and yet most detailéd, complete ﬁay possi-

/2
/

ble. I have decided to disbuss this part of the progrémABeCausévit pro-
vides an interesting and complete example of hoﬁ rules stated in English
are trénéléted into COMIT rules for the generative gramﬁar? |
Let‘svreview the rules. .There'ére two possibie Qrderings of thé
peréonal pronouhs. The first one is followed in every situation éxcepf
the affirmativé‘imperatiVQ (i.é., the’negétive imperative also follows
"~ the first, "nérmal" order). .The prbnouns'areAplaced’immediately in front
of thé verb (z and/or gg, in thétvordér, may intervene) and the firét‘
- and seqond person .(direct 6r indirect objeéts) ‘precede the third person
direct objects, which precede tﬁé third person ihdirect objects., Reflex-
ivé.pronouns, diréct or indirect; preced_é all others, The 'I:.a~1e‘belovw

illustrates the order of pronoun objects:

me
: te le '
SUBJECT - (ne) ' (se) 1 Llui ¥y en VERB
: nous "les leur '
vous

(se)
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The second ordering system is followed when thg verb.is in £helaf—H 
- firmative imberative mood. The pronouns follow the verb‘direﬁtly (iﬁ

thé orthography, they are‘conhected to it by_hybhens)‘ and direct objecﬁt"
forms prééedevindirect object forms. ‘Refiexive pronouns (direct or

indirect) are not found here in combination with other personal pronouns.

(s#Lavez-vous-les must be expressed Lavez-vous les mains.) Y and en are

in final position. There are somejﬁorphophonematic alteratiqns in cer- .
tain.of the pronouns in particular ﬁell-defined'contexts, butvI have not
yet accounted for these’changes in the érogram. |
The ?rogram.hahdles the wo#d order for the affirmative imperative

quite easily. One subfulé in the PRED éxpahsion‘rﬁle expénds PRED into
VCMP + RGIP tIndirect Object, Pronoun). (The subrule is chosen under
the control of‘a subscfipt added to the origingl clause symbol during
the execution of rules in the Grémmar of Specifiers.) If this rule is
chosen (it is élso‘possible to generate no indirect’object form or a

noun phrase  indirect object),‘ then the choice of subrules for expanding

VBOR, if any, is limited (this time by a =
P v A knidad v =

time of the expansion of PRED to VGMP + RGIP) to one of tﬁo choices: -
VBMD + DOBP, or VBMD + Q + DOBN. The Q, as explained in Chapter three,
‘will be replaced then by RGIP, effecting the discontinuous constituent
structure of the verb and its direct objeét noun phrase, as in Qggégg—'
lui le crayon. VEMD must be replaced by VB, with no modifiers. The
fact that no modifiers can be generated from this syﬁtactic levei (VBMD)
provides another example of why it is convenient to generate eqﬁivalent

modifiers from the syntactic level, PRED (PRED + PDMF), as in the fol-
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. lowing sentences:

‘ ‘ ‘ : VBMD-VB-- donnez (-)

L , VCMP-VBOB ——————:[- ‘ ‘
PRED - A - :
. -RGIP- ' “lui
SENT-P . \L DETM—m—— e e le
T | «DOBN-E——-{ | o

L . © = NOUN-~~mm—m crayon

PDMF _— ——————— ——mm——m——~demain

D
<

.-

A similar, but,much:mofe compliceted‘set ef rules, involviﬁg adai- .
- tions of subscripts as perticular choices are made in the expansion'of
the predicate, is agpplied ih therprogram to.assure adherence to the pro-‘
noun object order rules for all othef *ypes ef'sentences. I shall not
'burden he readef with the detalls of these rules. They‘ere, of course,..

acce851b1e to the 1nterested reader in the 1lst1ng of the program in

Appendix V.

The Manifold Substantive

One type of structure whlch presented a dlfflculty in the progranm-

mlng of the grammar is the type 111ustrated by the follow1ng nominal

Phrases

NPHR -——{ '
: NAD-NOUN----ciel

AADJ-ADJV-------; ----- S —————-bleus

' DETM- - ~-la
NPHR! NAD-NOUN= === =m e m e e mer

- CONJ-- ——— et
NPHRGP MORNPH DETM le
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As can be séen in the diagram, this structure i;jnct’particuiarlyrcom~'
plipated.‘ Theré are, hbwever, two interesting aspectsAand each requirés,
a careful statement of the rules governing the permissible formslto be
 generated. o | | |

First, the form of thevadjeétivé uhich modifies the cntlre “noun '
phrése group", or manifqld substéntive, is determined by the gender of
sach of the nouns (the number, of course, is plural), following ﬁhe
same rules as apply to a predicate‘adjeciive modifying a compound sub-
ject., The routine I haVe written makes the choice of the possible com-
‘binations of nouns to be generated withieach form of the adjectivé at -
the hlghpat syntactlc level, that 1s, at the node NPHRGP.‘ The first
choice is between generaulng all feminine nouns or a group 1nclud1ng at
v';least one masculine noun, . Then, to permit optiongl generation of the
various éomﬁinations available in the latter case,.I have set up an op-
tional choice between these situétions: either all hasculine nouns or
any number of ﬁaéculine nouns (but at least one) combined with any

num'ber of femlmne nonnq- in any order.

The second 1nterest1ng aspect is the set of limltatlons that must
be placed on the noun phrases that are members of the noun phrase group.
' 'Thls is one of the points that I 1ntend to study, using the program as a
tool., At present for example, I do not permit uhc generation of any
édjectlves modlfylng a particular noun within the noun phrase group (the

grammar will not generate la mer et le joli ciel bleus) and the only

type of determiner permitted is the definite article. These restri¢tions

are excessive, as are many of the restrictions in the grammar, but I pre;
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fer to kéep all -of the structures well—defined.“until I‘Fam readjr .t.c? iéd— v bl
late vone orv }nore structures for a par’c.icuiar study. It is simple to re-
move restrictions, one 'by‘one » and to check the sentences produced aftér
removal of a given restriction to determine whether or not the restric-

tion should be maintained.



The Morphophonematic Routine

In the preceding chapters i‘have‘been.principally'concerned with
the‘treatment and expansion of syntactic strncturesAand have mentioned
the generation of terminai structures, nords, only when it was necessary '
for the explanaticn of some syntactic structure. ‘However, I did state |
earlier that one reason why my generatlve grammar differs from other
finite state grammars is that, in the generatlon of final words, it is
in fact necessary somebimes to return and alter a word that has already .
been generated. In the present chapter, I give a detailed explanatlon
of the rontine in the program Whichkaccounts-for‘all the changes neces-
,sary in the final shape of each word or grcup of words in fhe sentence.‘

The types of changes effected by the mcrphophonematichrouﬁine in~
clude elision, centraction and insertion of ccnsonantai sounds to avoid -
cacaphony; .(It should be noted tnat the routine is.concenned with
orthographic cnanges which reflect morphophonematic opefations. The
routine would be quite different for.thelspoken 1anguage.) The changes
" are made as each word is.generated not after the generation of the
entire sentence, with the necessary exception that whenever the change‘
is dependent upon the form of the follow1ng word, no action is taken un-
til that following word has also been generated., In one instance, that
of"ccntraction of the definite article with de and é, it is necessary to
wait unnil a third word has been generated before making a potential con-
traction (§ + le ='§E, but not when followed by a word whose first phe—

neme is a vowel, e.g., 2 1l'ami),
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:The general‘operation of the foutinevis‘the following., After the ;
'generation 6f each terminal symbol (a word), -control is directed to
the rule "un ("Shall we shelve this word’and go on to the expansion of

the next constltuent?") whlch was inltlally set at "Y" ("Yes").

often no need to change the shape of the word at all. However, when a
‘word is generated which may potentially be changed 1tse1f,‘depehdihg
upon-the shape of the follbWinngord; or cause a change in the following
word, rule "W" is reset at "NU ("Nb") and a set of quéstions are then
asked about the structure of the word(s) involved in order to determlne
what changes, if any, should be made or if it will be necessary to wait
for the generation of the next word. Rule "W" is reset at "y after
either l) the required éhange‘has been made gndbno furfher potentialh
changes are under chnsideration rér 2) it has been determined that, ih H
con51derat10n of the shape of the fecllowing word, the change should not

be made.

The parficular situations that the program can handle at present are:

1) Elision of the final vowel of monosyllables (que, me, se,

etc.; also quoique, lorsque, etc.) preceding a word whose
initial phoneme is a vowel., The special case of si, thé conjunc-
tion, which elides the "i" only when followed by another miv, is

~also handled

2) Contraction of 3 and de with the definite article, le and

les, and‘with lequel, lesquels and lesquelles.



3) Insertion of a consonant: ce to cet, ma to mon,

EE to son, ta to ton.

I have not yet includedithe rules for adding a "gh betﬁeeﬁjcertain
verb forms and a following subject pronoun (e Zes parle—t-ll), nor
have I prov1ded for optional use of "L'" in such contexts as E& 23. 
These and any other additions to the rouﬁine that.become neéeésary‘as
‘the'vocabulary items in thevgraﬁmar_are increased can be made without
any difficulﬁy.“ | |

Each lexical 1tem in the grammar that may be 1nvolved in the mor-
pnopnonematlc routine contains one or more of the follow1ng subscrlpts,

depending upon the shape of the Word:

/E - Means that the word coﬁtaine a final vowel that is
subjectgtq elieien. : | | A | .
/C - Means fhat the word is subject to contraction with.
another word (follow1ng or precedlng) |
/S - Means that the WOrd is subJect to a special change |
(includes si, the demonstrative adjective ce, and the
femlnlne 51ngular forms of the possess1ve adaectlve)
/v - Means that the word has a vowel phoneme 1n1t1alLy.
/P - Means that the Word may have an influence on the
‘preceding word. ' B
/F - Means that the word may be affected by the.following'
word. .(Every time a word with an "F" subscript is genefated,

rule "W" is set at "N",)
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The operé‘bioné 1n the morphopilonemé.ﬁic r,ou'biﬁe s therefore 5 consis’o '

"7 of ‘compnaring‘ 'bhé subécripts on adjacent words 'andbmaking the necessary
vchanges 5 or notiné thaﬁ no changé need be made, or noting that it will

- be necessary to wait unﬁil ﬁh.e ﬁéxt constituent has been generated and
then returning to the major routine, If the réader wishes to followvthen
step-by-step procedure i‘ollbwed in the ;';rogx";.m, hé, may réfer to Appendix |

 V, Rules POO0O to PO310.



Conclusion

To‘summarize the ﬁajor points discussed in'the preceding pages, I
shall discuss in this chapfer the practicai and theoretical_importance
of tﬁe grammar, both for mechanical traﬁslation and fof linguistic re-
search., In the 1ntroductory chapter, I listed three purposes for the
thesis. Two of +hem are directly related to meohanical translation:

Autllizatlon of the grammar as the final component of a complete mechan-
ical translatlon program, and development of materlal for writlng an |
analytic grammar (recognitlon routlne) of French. The third purpose
was to develop the grammar as a toolvfor reseerch.in syntax. In discuss-
’ing the im@ortance of the thesis, I shall also indicate how each of
these purpoSes wes fulfilled. | |

ractical

}

importance of ©

(t
"C

mechanical translation, is that it does constitute a pfogrem which, with
the proper operational rules; could be used as the final component of a
translation scheme. The proof of this lies both in the fact that it has
‘produced grammatlcally correct, structurally varied sentences and also
in the flowcharts and rules themselves which, written in the COMIT nota—"
 'tion, are accessibie to researchers in the field of mechanical‘transla-
tion, Another practical result of my work is the print-out of sentences
generated by the program, with structural descriptions. These sentences
constitﬁte data which may be used by research workers for many different

purposes,
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- The principal theoretical importance’of the thesis, fof thé fiéld.
of_mechénicél translatioﬁ, ié that‘it pfovides evidence, by the é%istence
of an effective grammar, that at 1éast some of the grammatical sentences
of French can be generated by a modified finife state grammar, bperating ‘
from left to right; Aithough.this does not conétitute conclusive proef‘
~of the 1ef£—£o-right hypothesis (since the grammar isAnot coﬁplete
enough to produce,’poﬁentialky; all andvonly the sentences of‘Ffenéh)
it ddes prove thét left-to-right generative.grammars can handle many
varied,structures; The theoretical importance of the left-to-right hy-
pothesis (and therefore of any evidence’in'support of the hypoﬁhesis)
is that it proposes a commbn fraﬁework’in’which to conéiderrlanguagef
",sﬁrucfure, wﬁich.is of vital importance in all basic research in mechan-
ical translatioﬁ. |

| I should iike fo émphaéize one poiﬁt ih fegaras ﬁo therprogram as

~evidence in support of thelleft-to—right hypothesis. Althoﬁgh it is

true that the grammar‘iS‘not complete, it does.provide a compiete frame-

work. At no time since I completed proéramming'the framework of the _;

grammar early in 1962 have I found it necessary to alter the framework
_(that is, the general order of rules in #he program, which.corresponds
to my ordering of the syntactic hieraréhy) in order to correct errors
in the sentences generated. All grammaﬁical errors detected thus far
have been of a nature that could be corrected without‘making drastic
changes in thé program, If it were necessary to revise the grammar con-
~ stantly at the higher syntactic levels (i.e., PRED,'VCMP, RILCL, etc.y

I would be less certain of the validity of the left-to-right hypothesis.
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As for 11ngulst1c research, the grammar under consideration is of
practical importance because it is a tool for the study of syntact1C‘
structures, just as the various electronlc devices and their practical
applicetions are tools for the study of the phoneme and particular fea~-
tures of the spoken language. The sentences already generated maj serveA
as source material, or the program, with appropriate alterations, could
be used to produce sentences illustrating specific structures nnden in-
vestigation. I should hope also that the detailed explanations in the
preceding chapters wonld indicate to researchers.how the facilities of
COMIT and electronlc computers could be used to help them in their d"
llngulstlc research. R

As evidence of the theofetical importance of the generative grammar
in linguistics, I submit the development of the Grammar of Specmflers
‘(Chapter three) and the study of the problem of Word order, as exempll-
fied frequently in Chapter five. I shall discuss each of these sepa-
rately, although it is true that the use of the Gremmar of Specifiers"
helped me to study and solve the word order problems that I considefed n;
'1n wrltlng the 1eft—to~r1ght grammar.,

The addition of a Grammar of Specifiers greatly 51mp11f1ed the
grammar as a whole. I do not contend that sihplicity by itself is a-
sufficient criterium by which to judge the tb oretical importance of a
component of a grammar. Two other factors attest to the importance‘of
the Grammar of Specifiers. One is that the “specifiers" are principally
concerned w1th the attitude of the speaker, that is, with an aspect of

the sentence that may be denoted by some spec1flc structure in the sen-



8

tence but which is.oeterminedybefore the speaker utﬁers the senmence.u
It would seem, for example, that the speaker determines he will utter a
command before he starts the sentence, since the choice of an imperative
has a critical effect on the word order. The same is true for the inter~‘;
rogative and negative. The other factor’is that ﬁspecifiers" ame'of a
somewhat abstract nature: their EffEEE on word order and on the ch01ce
of particular words, the most concrete level, is quite clear, but the
ecifiers themselves are formed at the bﬂgheqt syntactic level, at the
" node SENTENCE. This means not only that they can be ea51ly manlpulated
~ but also that they can be more easily compared with the specifiers of
other languages' it is 31mp1er to discuss the conoept "interrogative"
in Language A and Language B than it is to dlscuss a particular inter- '
’rogatlve in Language A as it compares with a partlcular lnterrogatlve‘
~in Lamguage B. ) | : : | T
‘Despite its importance,‘word order has alwaye been one of the more
poorly defined problems in syntax. By following the left—to-right sys-
tem of generetion:4and by rigorously limiting myself to binery expansions
(dividing each syntactic strucfure into its two immediate constituemts)
and permitting discontinuous constituents to be separated by‘ohly one

syntactic constituent, I have arbitrarily defined the word order.rules.‘

to generate certain interrogative words, relative pronouns, and the ple-
onastic pronoun subject from a node in the phrase structure tree which
functlons prmmarmly as an "interrogative marker" or "relative clauss

marker® or "verb suogect type pronoun" rather than from the node which
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functions ae the marker of the Subsect, Ooject, Adverb, Ihdirec% OBject,
eto; Althoogh‘it is not a disco%ery to observe that word order is af;'A;
fected by the introduction of an interrogative, etc., the way I have
organized the rulee pertaining to these structures in the grammar is
novelf In mj generavive grammar, rather then describing the changes in
word order as exceptions to a general rule, I have argued that the p051-l
tion of a given word is regularly depenaent on either 1ts»syntactlc
| functioh or its secondary function, an& tﬁat‘ﬁhevfunction thet will pre-

?ail in any given_sentencevmust’oe decided before theisentence is gener-
»éted. | | |

In oonClusion; the fuhdamental‘importance ofeahy‘type of machine-

oriented grammar is'that the very nature of the tool the 1inguist is-
~ using - the computer - forces him to staie his rules clearly and keeps
him aware of the fact that his rules will be applled rigorously It is
p0531b1e for the llngulst-programmer to write ad hoc rules to solve par-
 ticular ; roblems, but such rules Wlll prove themse lves 1nappllcable as
seon as the program is expanded.
cept, of language structure, sﬁch as the 1eft-to—right'hypothesis,‘isA

necessary for the efficient opefation of a’generativebgrammar.'



Notes

L. " Generative grammars have been described by:
Chomsky, Noam, Syntactic Structures (The Hague, 1957)
Yngve, Victor H., "A Model and an Hypothesis for Language Struoture‘"
Technical Report 369, M.I.T. (Cambridge, 1960) .

2. Wells, n.S., "Immediate Constituents;! uanguage 23.81-117 (l9h7)
. Yngve, Victor H., "A Model an Hypothe51s."

3 .

. The COMIT system was a 301nt project of the Mechanical Translation
Group. of the Research Laboratory of Electronics and the Computation -
Center at M.I.T. There exists a "Provrammers’ Reference Manual,"
published by the MIT Press (Cambrldge, 1962),

5. The translation scheme I have described is similar to the one dis-
cussed in: Yngve, V.H., "A Framework for Mechanical Translation,"
Mechanical Translation ﬂ 59-65 (1957) :

6. ‘Chomsky, Syntactic Structures,
Tesniere, Lucien, El€ments de Syntaxe Structurale (Parls, 1959)

Te Ghomsky, Chap. 3.

8. In partlcular.
de Boer, Cornelis, Syntaxe du Frangais Moderne (Leiden, l9h7),
Togeby, Knud, Structure immanente de la langue frangaise, Travaux du
Cercle Llngulsthue de Gopenhague “Vol. VI (Copenhague, 1951);
Wartburg, W, and Zumthor, P., Précis de Syntaxe du Frangais Contemporain
(Berne, 1947). . f" 3

9."COMIT "Programmers’ Reference Manusl n pp 22-25

10. A similar concept, but w1th.reference to transformatlonal grammars,
is held by E.S. Klima of M.I. T.-

"11. COMIT, p 6.

12, Fraser, W. and Squair, F. and Parker, C., French.Composition and
Reference Grammar (Boston, 1942), pp k1,2,

13. This, of course, is not a direct quotatlon. My sources are the‘msny~~.

grammar texts I have used both as a student and teacher in French
and Engl1sh. '



Bibliography

Boer, Cornelis de, Syntaxe du Frangais Moderne (Leiden, 19LT7).

Brunot, Ferdinand, Précis de Grammaire Hlstorlque de la Langue Franpaise
(Parls, 1899) . .

Ghomsky, Noam, SJ"tactlc Structures (The Hague, 1957)

Ewert, Alfred, The ‘French Language (Longon, 1933).

Fraser, Squair and Parker, French Compos1t10n and Reference Grammar
‘ (Boston, 19h2)

Grevisse, Le Bon Usage: Grammaire Francaise avec des Remarques sur la
Langue Frangaise d'Aujourd'hui (Paris, 1961).

Tesniere, Lucien, Eléments de Syntaxe Structurale (Paris, 1959).

Togéby, Knud, Structure immanente ggAla langue frangaise, Travaux du
Cercle Linguistique de Copenhague, Vol VI (Gopenhague, 1951).

‘Wartburg,'w and Zumthor, P., Précis de Syntaxe gg'Franpais Contemporain
(Berne, l9h7) ‘ - ~

Wells, R.S., "Immedlaie Constltuents," Language 23. 81-117 (19h7)

Yngve, V.H., "A Model and an Hypothesis for Language Structure,?
Technical Report 369, M.I.T. (Cambridge, 1960).



| Appendjxl ‘

The "Big Picture" of the Program

A

START

B \! |
 INITIALIZE o , I

7

C B |, : .
GRAMMAR OF SPECIFIERS - Fgﬂ

D o | : , ‘ ‘
\
GRAMMAR OF SENTENCES

(When about to expand a relative clause,
an infinitive clause, etc., —--——===m—mmm-

(Each time a terminal symbol, i.e., a

word, is generated, --—————m-emcmmmm—

A . E

MORPHOPHONEMATIC ROUTINE F%J “

F J, R
l PRINT-OUT OF SENTENCE o l

G y | :
HECK COUNTER, UPDATE IT

Q

H |
STOP

# Appendix II gives a more detailed explanation of the operatioris that
take place within each box in the "big picture'.



Appendix II - A, B

II -~ A, START
1. Print out, on line, the title and code number of the program.
2. Print out, off line, the time the program is starting.

3. Tnitialize the counter (Shelf No. 2) at 1, and place (GOL)
- on Shelf No. L, ready to be prlnted out at the head of the
first sentence generated.

II - B. INITIALIZE ’

.1, Set rule W at ¥,- that 1s, assume that any terminal symbol
generated will not require any morphophonematic alteration.
(It is reset at N only when such a word is generated: see
Appendix IT - E and/or Chapter five.)

2., Set rule UIT at A, that 1s, prov1de for a full sentence,

with end PullbbllabJ.UlL d.IlCL pI‘.Llfb -out of Bne sennence.

3. Add any special restrlctlons that may be desired for a
particular run of the program, for example, when studying
the interrogative, I can arrange to generate only inter-
rogative sentences.



Appendix II -C

IT - C. GRAIMIAR OF SPEGIFIERS

S -
2 b o " R
What type of sentence will it be? (impv) ‘Will it follow negv
, o : ‘ ———3-—Jjor affm wd order?
E ' (either decl or intg) S (negv impv)| [(éffm impv)
e } LT S 56 i
Active or passive volce? : : L
2 - - o ‘ : : —-—z“ to D I
(active) | . I (passive) - : '
Ha AR l '  (Aan1) _[Will the sentence
Was this a decl or intg sentence? be affm or negv? :
, | (intg) | ~ (affm) (negv)
9 ) | By |
|#hat form will the intg take? . \ [t D]
\ngoiggg (intg phrase) lg(lntg pro) 17 j
' ‘ i Will this negv sent
12 4 il 7 : o contain the particle
'Nhat type of ]What fen for the (subg) s, pas? |
ilntg phrase? "intg'pronoun?’ _ : ’
— (yeS) ) (no)
(expr w. (spec advl - |(obj, [(pnom) 1
various| | expr xb) indobj, 11.1 : 19
fens) \ . W advl) \L : . ‘ to D l
13 N\ : 19 18
IW fcn w111 intg expr assume? to D A lWhlch.nezv particles

~

(subj, advl) |(obj, indobj i1l defily be incl?
Wy , A\: — (in all cases) '
|Shall we include il y a? L A 19

(yes or mo) |. ‘ o | toD
15 : W . ’ '
,qw modifications req'd now in wd order?

(in all cases)

*a - In the program this is not a separate step; therefore no reference
number is given for the step-by-step description.
*b - That is, the type that causes inverted word order.

NB - The numbers at each box correspond to the numbers 1n the step—by-
step descrlptlon in Appendlx Iv.
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"II - D. GRAMMAR OF SENTENCES .
1

a) Retain, in first position in the workspace, the symbol A which
has gathered subscripts during the operation of the Grammar of Specifiers.

b) Then, if this is a sentence (not a clause that is part of a sen-
tence) about to be generated, add two symbols which will provide for
1) End Punctuation, and 2) the address of the Print-Out Routine.

¢) Finally, expand SENTENCE to COMPOUND SENTENGE and/or SENTENCE
MODIFIER + SENTENCE, or SENTENCE + SENTENCE MODIFIER (cf Box L).

2 - | ' \L |
lIs an interrogative form and/or est-ce que to be generated?

(no) .1 ‘_v(.yes)

Choose, generate the intg form and/or
est-ce que. (cf Box L) :

3 A J, |
Expand SENTENCE now to SUBJ + PRED, or PRED + SUBJ, or just PRED |
3.1 - J, | | 3.2 3
Expand SUBJ >i Expand PRED
7] n . EL)
'l‘; \!f !\ ) o N

As each constituent is expanded these steps are taken: : '
_ a) At the conclusion of each expansion, only that symbol which is
to be expanded next is left in the workspace. All others go to Shelf #3.
b) When the symbol for a clause is to be expanded, place the neces-
sary subscripts on this symbol according to the type of clause and return
to C, the Grammar of Specifiers. » ‘

¢) When 2 word has been generated, check 4o see if the Morphorhe-
nematic Routine must be entered. If not, place the word on the print-out
shelf, Shelf #l, and take the next constituent to be expanded from Shelf
#3. If yes, go to II - E. '

d) When constituents that are helpful in tracing the syntactic
history/development of the sentence are expanded, put a copy of the
constituent name on Shelf #5 for optional print-out.

5 J |

When all constituents of the sentence have been expanded, the next
symbol on Shelf #3 will be the one to produce end punctuation. The type
of punctuation should have been determined and set in the Gram of Specs.
The next symbol from Shelf #3 will lead to Box F, "Print-Out",

6
jto F




II"E.

1

§ Appendix'II -E

_MORPHOPHONEMATIG ROUTINE

Is rule W set at N:

Does the word in the workspace require investigation
as to whether or not contraction or elision should take place?

“ltake next const from #3.

) \(HO)

Place the wd on Shelf #l,

3

=

2

2
S

~iplace all these wds on Shlf

Place the wd on Shelf #6,

(no

7 .
Keep the word in the workspace,
add a marker in front of it.

8 |

YAnything on Shelf #6 now? - Was the im-

J (yes) -

take next const from #3.

L

Contract 6r elide as req'd.
Resulting word(s) go on

(yes

mediately preceding wd set aside to be
compared with the wd now in workspace?

9 , l.(yes)
|Replace mrkr with word from Shelf #6. |
10 J .
Does the first word affect only the

Shelf #li. Reset W at Y.
Take next const from #3.

5
Elide as req'd., Take the
other wd from Shelf #6, and

yes

following word, and the second word
affect only the preceding word?

(nO)

11
iDoes the first word affect both the -
Ipreceding word and following word, and

#li. Reset W at Y. Take next
const from Shelf #3.

/l\

_next const from Shelf #3.

nn
“a

(yes

the second word affect only the
preceding word?

no
12 l( )

JDoes the first word affect only the
following word and the second affect

#6, keep W'set at N. Take

15

“to D]

both the preceding and following words?

13 |, (no)

|Does the 2nd wd affect the fol word? |
13.1 Jves) 13,2 | (mo)

Put 2nd wd back on Reset rule W at
#6, keep rule W at N| |Y. I

1h v a2 :
Place the contents of the workspace on
Shelf #l, take next const from Shlf #3.

Shelf #3 is the shelf which contains the const's still to be expanded.

. Shelf #l contains the words ready for print-out.
Shelf #6 contains the words subject to elision or contraction after
comparison with words still to be generated.



Appendix II - F, G, H

'IT - F. PRINT-OUT OF SENTENCE

1. Place the contents of Shelf #l in the workspace and print them
out in Format A that is, as words w1th normal spacing between : ’
each word. :

2. Optionally, place the contents of Shelf #5 (the one containing
trace items - node names) in the workspace and print them out also

QUYL v LOLO-A I § s aan "I‘

in Format A,

'II - G. CHECK COUNTER, UPDATE IT

1 : , ,
Bring down the number contained on Shelf | (=E) 6
#2. Compare it with n to H
‘ , , (<n) '
2 \
What is the value of the 1nteger in front
of the symbol, %) ? ' T
(<9) (=9)
2.1 \ : 2,2 /
Add 1 to it. _ Ghange 9 to 0, permute
‘ the O with #). :
3
Restore (if necessary) the %) to its
-correct position,

}4 R v : : . . ) 5

Place copies of the new number on Shelf (%o B |
#2 and Shelf #h. o | to B|

IT - H. STOP |
1. Print out the time that this run of the program is stopping.

2. Stop the run by use of an END card.
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IIT - GRAMMAR OF SENTENCES (Explanation)

The following diagrams are not the flowcharts from which tﬁe proe
gfam was written. Tﬁey have been devised specifically for the purpose
of explaining the 6pe£ation of the major part pf the program (that is,
Jjust the Grammar of Séntences) and do not necéssariiy include many

details that would be importantvfor the programﬁer.

Each set of dlagrams illustrateé the possible combinations of ex-
pansions of fhe constituent'whbse name appears in the uppef left corner

of the diagram. Each set is numbered for easy reference,

The constitueht members of‘each,exéansioniméy be further exéande&j
the number below each_constituen% name will direct the reader to ﬁhe setb
of eXpansidns for that éonstituent. Qf qourse; a given constitﬁent in
the actualvprogram'may be 1imited>to a specific subset 6f’thesé expan-

_ siohs according to'the previoué history of the sentence, inciuding'de— ‘
' cisions ﬁade in the Grammar_qf Specifieys. Some of tﬁese limitafions
are indicated_buﬁ not all of them could be included withouﬁ introducing
many cumbersome details. ’Such'details, howevef, can be found in the

program, Appendix V,
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Diagrams of Expansions

Rulé Numbers-

0. UTTerance DO000. to
= N /////,\\\\\ 00022
S ' ENDP
(1.0) (19) :
(An optional print-out rule, D0030, w1ll give a list of
the. subscrlpts developed in the Grammar of Specifiers)
l.Oﬂ'S‘ (Choose between simple and compound sentence) DOOLO to
. _ Cn DO062
a b . ‘
SEN SEN o MORSEN
(L.0.1) (1.0.1) (18)
1.0. l SEN (Optional addition of a sentence modlfler) D0O080 to
T | /b\ -/ e
SENT SENT SENMFR SENMFR  SENT
(1.0.2) (1.0.2) - (2.0)  (2.0) (1.0.2)
1-0‘-2 - a 1.0.2 - b . DO].ZO 'tO
SENT SENT DO182
- INTGFM SENT INTMKR SENT
- (2.1) (b) (@) (1.1) -
(A+ this pnlnt after the aeneratlgn of anv interrocstive (DO200 4o
=} - e g = \eLVY Ve

forms, the gender, person and number of the subject is D0262)
. chosen and appropriate subscripts added to SENT) '
1.1 SENTence D0280 to
. b . DG300
SUBJ PRED  PRED SUBJ  PRED
(3) (L.0) (k.0) (3) (L.0)

———— -~ — e




. Appendix III - 3

Rule Numbers

‘Diagrams of Expansions -
2.0 SENMFR ~(Sentence Modifier) D0320 to
v ’ D0600
a b c
| » | o
SEN%DV o SCLAWZ SFRAZE
1 | § : '
ADVSMN ADVSPL ADVSTM  INTROD DEPCLZ - INTROD NPHR .
@ (@ (o (@) (0.) (G) (11)
2,1 INTGFM (Interrogative Forms) . D0602 to
: a v b D063l
- INTPRO . INTPHR
(2.2). o (2.3)
- 2.2 INTPRO (Interrogative ?ronouns) D0O650 to
1 R
4 SUBJ forms OBJ forms k PREP - . INDOBJ forms
(@) (@) (@) (6)
d e . e L
* PREP  OBJofPREP forms PNOM forms
@ (@) - (9) |
2.3 INTPHR (Interrogative Phrases) D000
Not programmed. Prints out a remark. - »
(Note: After 2.2 and 2.3, go on to 2.4, INTMKR)
2.4 INTMKR (Interrogative Marker) DO160 %o
. - DO182
Est-ce que - :
_ _ _(G) ———————— Return to SENT, 1.l
3.0 SUBJ (Subject) S E0000 to
T T . | 7 c E002
-NPHRGP . NOSUBJ : NEGVNP
(10) . - (x) ' (@ R
(Before proceeding to NPHRGP from SUBJ, a check is made of | (E0030 to

the gender, number and person settings made earlier)

E00L2)
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Rule Nuﬁbers

Diagrams of Expansions

4.0 PREDicate . S Foggo to
N FO542
- a (afflrmative) - b (negative) oo
~ PRDA . NEaMKR PRDA

S 175 @) .. o f{l.1)

.1 PRDA (Predicate Modifier or Agent added optionally) | FO580 to
a . B b - /c\ FOéOh

PRDB PRDB - PRDMFR PRDB AGENT

(4.2.0) (4.2.0) - (5)  (L.2.0) (8.3.0)

o e G e S Y e Ay e o e —— o e ———— —— e sve o

ey o s O Gy B B e . e

4.2.0 PRDB (Choice of various VCMP and Indobj comblnatlons) F0620 to

-a b S c

. VBCOMP VBCOI\;IP RGINDA  RGINDB | VBCOMP
| (h.2.1.0) (L.2.1.0) (h.2.2) (G) o (h.2.1.0)

‘ d : _ e
VBCOMP  RGINDT- ~ VBCOMP  NO-INDOBJ
(Lh.2.1.0) (@) (4.2.1.0) (x)

e e e e e . e S o e e S i S o e . e o . S S A B S S S S e S S o S o .t T P S P S e o S S B T

"F0670

;.2.1,0 VBCOMP (Verb with its Complements)
a - b

| l] /\ /\

VBMD  VRBOBJ PNOM VBMD CMPINF
(6.0)» (h.2.1.1) (6 0) (h 2.1.3)(6.0) (h.2.1.2)

‘ e - f g
/’//\\\\ S ///\\'L\ N

- VRBOBJ - CMPINF VRBOBJ CMPINF VRBOBJ CMPADJ
(b.2.1.1) (k.2.1.2)(4.2.1.1)(L.2.1.1)(L.2.1.1)(C)

L ey

FOT700 to
F0830

L.2.1.1 VRBOBJ (Verb with 1ts objects - direct)

: A A

VEMD = DOBN DOBP VEMD DOBP

(6.0) - . (1) (@ (6.0) (&) (6 o)
d,e,f on the following page. B

F1000 ‘to
F1025
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, Diagrams 2£ Expansions
4.2.1.1 (continued)

Rule'thbers

a e . .‘//;i\p]\
VBMD ~_ RGINDB VEMD OBJT VEBMD  DOBN
(6.0 (@ (6.9) (@) (6.0) (1)
h.2.1.2.0 CMPINF (Complementary Infinitive Construction) 10000 to
o = 1005k
' ////\\\\\ //r\\\\\\\ ‘ »
INFPHR  PREP - a  INFPHR  PREP - de '
(k.2.1.2.1) (@) (4.2.1.2.1) (@) (h 2. 1 2.1)
}.2.1.2.1 INFPHR (Infinitive Phrase) T0100 to
' : : 1015
a (affirmative) b (negative)
PRDB 'NEGPHR =~ PRDB
(4.2.0) (@) (4.2,0)
4.2.1.3 PNOM (Predicate Nominative Construction) HOO00 to
, 3 AT R H1002
a v b T e
NPHRGP ' PAlJ NO-PNOM
(10) , (@) (x)
11.2.2 RGINDA (Indirect Object, Noun Phrase) HL000 +o
A : HL056
a » ,///R\\g\ . c .
P - a NPER  PREP - & NEGVNP . NO-RGIN
. (G) (1) (@) (¢ - x)
5. PRDMFR (Predlcate Mbdlfler) F1380.to
F1,82
NGPDMF PSPIMF

.y gt e O . e e S e P
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Dlagrams of Expansions ' ‘ 1 Rule Numbers f

6,0 VBMD .(Verb plus its modifiers construction) | F1100 to
e , o F1205
a o . b
VERB  -- VERB .  VRBMFR
(6.1.0) (6.1.0) - (8.0) »
6.1.0 VERB - R | ogoo to
| | GOOOL -
' T ‘ A ? / : ‘ T | for a:
VRBCOP " YRBINT  VRBIRN 30053
A . , or b:
Choose the specific verb, generate the subscripts to CO100 to
be carried through the following routines. - G0202 and
6.1.1 6.1.1 6.1.2.0 Lokoo to
A ) o ) ' ( ) y Losol -
for c:
60250 to
G0L402 and
L0000 to
1030L
6.1.1 VBFORM (Form of the verb - analytic or synthetic) GO700 to
aIL ) b c . :
VRBSUB/SYNT VRBSUB/AUXL ~ PTPT VRBSUB/AUXL  PTPT
S (6.1.3)/(@) - (6.1.3)/(a)  (6.1.h) (6.1.3)/(G) (6.1.h) .
6.1.2.0 PASSIVE? (Passive or Active Voice) - lookso te
P ? EE
 YES O
(6.1.2.1) {6.1.1
6.1.2,1 FIXPSV (Check for discontinuous constituent) '] G0600 to
. . | G602
/////§ | * |
etre PTPT etre PTPT

(6.1.1) (6.1.L) (6.1.1) (6.1.4)



Appendix III -7

D_;Lagmm of Expansions : Rule Numbers
6.1.3  VRBSUB (Gheck if pleonastic pronoun required) G0900 to
: ; 60902
I o |
YES N(l
SUBPRO ~
() e -
6.1.k PTPT (Optional addition of participial modifier) GL000 to
o | G2002
a e b .
/ ) -
PTPTL PARMFR PTPTL
S e (9)___ 615
6.1.5 PTPTL (Check for agreement requirements) G2200 to
A : o : Gl102
Lo
. ws ¥ - -
(Generate base, (Generate base)
add ending)
7. DOBN (Direct Object, Noun Phrase) H3000 to
' a | b . c HBOB%
NPHRGP NEGVNP NO-OBJN
(10) (@) (x)
8.0 VEEBMFR (Verb Modifier) F1250 to
» ” ' F1354
a T ¢ , T .
ADVB PRPH VRBMFR  MORMFR NGAD
- (8.1) (8.2) (8.0) (18) (@)
8.1 ADVB (Choice of type of adverb) F2000 to
; F2202
ADVBTM ADVBPL ADVBMN
(c) @) () |
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Diagrams of Expansions T

: Rulé Numbers

8.2 PRPH (Prepositional Ph:ééis?e)_
5
PREP - NPHR
(@) (11) |
8.3 AGENT-FORM (Form of the agent in passive const.)
a b
par NPHRGP de NPHRGP
(@) (10) (@) (10)
9. PARMFR (Participial Modifier)
T I
POSPMF NEGEIF
(@) (@)
10. NPHRGP (Noun Phrase Group)
. T o Sy
 NPHR NPHR AIDJ (pl)
(11) (11) (@)

(If gender, number and person have not already been set

- e.g., from SUBJ - they are set now before going to NPHR EO0188)

e e e e . . S s e e e S e P G e v B e

F0000 to

- | Fook8

b ot e e e e s s s i e T

| 02020 to
G2152

e s e s g s et e St G e e S e

PLAV RS ;4

(E0180 to

11. NPHR (Noun Phrase) o
a ,T Tk | ' a
NPHR MORNPH COMN SUBPRO DMPR -  .FDMP
(11) (18) (12,0) (@) (@) (16)
. ;
PROP PSPR/dlsJunctIve
(@) (G)

£E0200 to
E023)

et e ———
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Disgrans of Expansions SORRN ~ iRule Numbers
12.0 COMN  (Common Noun Phrase) o " - | EX270 to -
) SRR | R E1290 °
a -
DETM NOUNAD
(12.1.0) (12.2.0) : e .
12.1.0 DETM (Determiners) o A E2500 to
' . ' ' : ' . E255)
- a b . ¢© .
B ) F S R
ARTG POSS DMAD |
(12.1.1) @) (o)
12.1.1 ARTC (Articles) i : : E2580 to
D o E2780
T b : T d 7 o
DEFT - IDFT  PTIV ~ WCASE"  IDFT
(@) (@) (c) (atx) -~ (@)
© 12.2.0 NOUNAD (Noun,with its modifiers)' SR .| E1300 to
: C . E1362
NOUN NOUN NOUN  APHR ADJV  NOUNAD.
(12.2.1) (12 2.2) (12.2. 1K12 2.1)(12.2. 3)(12 2,2)(12.2.0)
12.2.1 NOUN ‘ AR EL700 to
o o . |E2022
~ NOUN  RLCL
(@) | (13)
12,2,2 ADJV  (Adjectives) e , - | 1480 to
- ' E1680
.T
AV - ADJV ~ ADJV
(@) - (@) (12.2.2)
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Diagrams of Expansions

Rule Numbers

de NPHRGP  DCLS MORDCL
- (@) (0)  (15) (18)

12.2.3 APHR- (Adjectival Phrases): E1LLO to
a ‘ b c K
APHR MORAPH Alw . DpeIs
(12.2.3) - (18) (12.2.2) ' (15)
13 NOUN + RLCL (Works on both together for proper ar- KO00O %o
. rangement of potential discontinuous constituents,) K0052
NOUN + RICL ~ NOUN + Q + RLCL
(@) (1h.0) (@) (replaced)(1L.0)
14,.0 RLCL (Relative Clause) - . K00%0 to =
o ' X0102
.///}1\;\;\ _
RLPR RLSENT ~  RILCL ' MORRLG
(1h.1) (1,0.1) ~ (Wy.o) (18)
- _ (via Gram of Spec)
14.1 RIPR (Relative Pronouns) | K0200 to
fo : : K0ho2
a b c : d :
SUBJ OBJ .  -i-  PREP RELOBJ
(qui) (que) (dont) . (Lql, qui)
() (@) @ (o) (@)
15 DCLS (de plus Noun Phrase) £0260 to
- R E0282

- St S e s ot e e e e S S B S e S0 e o S o P
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Diagrams of Expansions

Ruié Numbers ,

E1250 to

16 FDMP (Gompietibn of demonstrative pronoun phrase)
' : , E1258
a . Db _ c -d .
-ci -la RLCL DCLS
(@) 3) (h0)  (15)
17 APPOSV (Has an "appositive! situation developed?) JOO00O0 to
- . J0106
Yes No
Is the subject compound? (x)
. » , 1 o '
yes - no '
(@) (x)
18 MORXXX (Additional members of compound constructions) | T0600 to
g o ' ‘ I1000
CONJ = XXX . |
(@) (%) - If XXX = SEN, then go to 1.0
| = NPH, . 11
= APH, 12.2.3
= RLC, 1.0
= DCL, 18
= MFR, 8.0
19 ENDP (End punctuation) 15000 to
I505)
a T c R
period question mark ekclamation_point
@ @) (6)

———

(G) represents the operation of generating a complete final form.

(x) means that there is no operation. Control passes automatically to

the next constituent to be developed.
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IV - GRAMMAR OF SPECIFIERS
1. Initialization (B9990)

Clear dispatcher of all entries. Reset dispatcher with subscrlpts
on the symbol now in the workspace (symbol for sentence, relatlve
clause, etc.). ((GO TO 2)) :

2. What ba81c type of sentence shall we generaie? (COOOO)

" a. Declarative: Set subscripts for indicative moed, Derlod as end
punctuation; any conjoined independent clause must also be declarative.

((ca 1O L))

b. Interrogative: Set subscripts for indicative mood, question
mark as end punctuation; any conjoined 1ndependent clause must also be
interrogative. ((GO TOo L)) :

c. Imperative: Set subscripts to produce PRED only, for impera- -
tive mood, synthetic verb form, -exclamation point as end punctuation, '
person-number at either 2nd singular or plural or lst plural; any con-

joined independent clause must be imperative. ((GO TO 3))

3. Will this imperative sentence be negative or affirmative? {C0020)

a, Affirmative: Set subscripts for affirmative predieate, restrict
PRDB and VCMP, prohibit generation of a verb modifier, set a "switch®
showing this is an affirmative imperative clause. ((Go TO 15))

. Negative: Set subscripts for negatlve predicate, prohibit
generabion of a ncgative subject, - ((GO TO 12))

L., Will the sentence be actlve or passive? (00030)

a. Actlve' - '
' 1) and it will be declaratlve (noted at 2) - ((GO0 TO 12))
2) and it will be 1nterrogat1ve (noted at 2) - ((GO TO 6))

b. Passive: Set subscripts to restrict VCMP expansion to either ‘
VBMD or VBMD + CMPINF (no VBOB permitted); set ISPV and PSV "switches"
to show this is a passive sentence, thereby assuring generation of a
transitive verb and correct ordering of the elements of the verb phrase
(particular ly in case of imbeﬂd ed negatives). ((GO TO 5))



'Appendix v -2

5. Will the agent be expressed or not? (CO0LO)

a. Yes: Set PRDA to generate an agent.’
" b. No: No operatlon required (PRDA is normally set at no agent)

% - for both a. and b.: if sentence is to be decl, GO TO 12.
if sentence is to be intg, GO TO 6.

6. What form will the interrogative take? (€0050)

a. Interrogatlﬁe pronoun: Set subscripts to assure entry into
interrogative word routine.in the Grammar of Sentences (before expand-
ing SENT into SUBJ + PRED), also to assure choice of an intg pro. ((To 7))

b. Interrogative‘phrase:' Set subscrlpts as for a., except flnal
choice here is set for an interrogative expression. ((GO TO 8))

s
¢, No int

errogative word: Est-ce gue still permitted. No opera-
tion. ((GO TO 11 * '

- 7. What function will the interrogative pronoun form assume? (CO080)

a. Subject: Set subscripts to produce subject form of lequel or
qui, to generate PRED only, and to prohlblt generatlon of a negatlve
subject. ((GO TO 12)) :

. b. Object: Set subscripts to produce object form of lequel or qui,

to prohibit generatlon of a negative object, to choose the zero form of

the direct object in usual position, to prohibit choice of word order which
permlts SUBJ + PRED plus an inserted pleonastlc pronoun subaect form

(that is, not Que le prof, dit-il?, but Que dit le prof.?), to assure that
VCMP and VBOB go through usual VB + OBJ routlnes. ((GoTo 11))

c. Indirect Obgect: Set subscrlpts to produce indirect object
forms of lequel or qui, to prohibit generation of a negative particle =
functioning as indirect object, to account for usual indirect obJect
routines in the predicate. ((Go TO 11))

d. Adverbial: Set subscripts to produce adverbial constructions
with qul or lequel. No other restrictions. ((co TO 11))

e, Predicate Nomlnatlve. Set subscripts to produce predicate
nominative forms of lequel or qui, to account for the predicate nominative
routines in the predicate, generating a zero form in the usual position.
((Go TO 7.1)) :
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7.1 Which of the two following word order types is to be used for the
predlcate nominative constructlon? (00130)

a. Expand SENT to PRED only, but provide for the VRBSUB pleonastic
subject pronoun (here, of course, not pleonastic). ((GO TO 15)) :

b. Inverted (PRED + SUBJ) order. ((Go TO 15))

8.> What type of interrogative phrase will it be? (COl?d) »

a. Adverbial of type 1, that is, which permits inversion of ‘the
subject noun and predicate: Set subscripts to assure choice of a type
1 interrogative adverb, to leave word order choice free. ((G0 TO 11))

- b. Adverblal of type 2, that is, Whlch.does not permit inversion
of subject noun and predicate: Set subscripts to assure choice of a
type 2 interrogative adverb. ((GO TO 11)).

¢. An expression with various possible functions, ((GO TO 9))

9. What function will the ihterrogative expfession assume? (C0200)

cripts are set here as they were in 7 for each .

Araris valaly

b. Object' ((Go To 11))
c. Indirect Object ((GO TO 11))

d. Adverbial ((Go To 10))

10. Shall we insert il z a? (€0230)
No oneratlons. i1l to be nrogrammed -((GO TO 11))

11. What modifications in word order are now required and/or permitted,
in consideration of any 1nterrogat1ve constructlons that are to be
generated? (00250)

% Note: The rule is normally set to prohibit the choice of subrules

d. and e. They are only possible under certain condltlons which may be
' developed in the preceding operatlons.
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11. (continued)

a. Normel word order plﬁs est-ce que: Set subscripts to assure
generation of est-ce que and to assure expan31on of SENT to SUBJ + PRED.
((co TO 12)) v .

b. Inversion of verb with pronoun subject.  No noun subject ex-
pressed: Set subscripts to assure generation of a "pleonastic" subject
pronoun, to expand SENT to PRED only, and to prohibit generation of a
negative particle functioning as the subject. ((GO TO 12))

c. Inversion of verb with pronoun subject. Noun subject is ex-
" pressed: Set subscripts to assure generation of a pleonastic subject
pronoun, to expand SENT to SUBJ + PRED and to prohibit generation of a
negative particle functioning as the subject. ((GO TO 12))

d. Inversion of verb with noun subject: Set subscripts to expand
SENT to PRED + SUBJ, to assure generation of a synthetic verb form, to
prohibit generation of a negative particle functioning as the subject.
((co TO 12)) . ' . R -

e. Leave word order unchanged. ((GO TO 12))

12, Will the sentence be affirmative or negative?> (COBOO)
a. Affirmative: No operations. ((GO TO 15))

b. Negative: Set subscrlpts to assure generatlon of a negative
particle ne at the head of the PRED., ((GO TO 13))

13. Will this negative sentence contaln the partlcle pas? (00360)

a. Yes: Set subscripts to assure generation of a verb modlfier
- (the modifier must be negative, specifically pas), to assure that the
verb form, if analytic, will be discontinuous and, if a passive construc-
~ tion is formed, it also must be discontinuous. ((Gu 70 15)) .

b. No: Set subscripts to assure that, if a negative verb modifier
is generated, it will not be pas and to permit optional generation of
other negative particles (initially prohibited). ((GO TO 1))
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1h. Which of the possible negatlve particles shall we definitely choose
to be generated? (C0390) We have decided to make the sentence negative,
and have provided for a ne, but have chosen not to generate a pas. We
must therefore be sure to generate at least one other negative particle,
Regardless of the one we choose here, the choice of additional negative .
particles remains optional., - ‘

a. Subject: Set subscripts to assure generatlon of a negative
subject. ((GO TO 15)) .

b. Object: Set subscripts to assure generation of a negative obJect
via restricted expansion of VCMP and VBOB ((Go TO 15))

c. Indirect Object: Set subscrlpts to assure generation of a
negative 1nd1rect object, via 11m1ted expan51on of PRED. ((GO TO 15))

d. Verb Modlfler' Set subscripts to assure generation of a negative
verb modifier. ((GO TO 15)) s : '

e. Predicate Modifier: Set subscrlnts to assure generatlon of a
negative predicate modifier. ((GO TO 15))

f.  Participle Modifier: Set subscrlpts to assure generatlon of a
negative participle modifier and to assure that the verb form will be
analytic and non-discontinuous. (The "participle modifier" was added to
the program for research purposes only. I do not consider it an 1nnegra1
part of the program-grammar.) ((GO TO 15))

15, End of the Grammar of Specifiers. Go on to the Grammar of Sentences.
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V. The Program in COMIT Notationv'_\er‘-i

"~ The followiné pages containva eomplete listing of‘allbﬁhe rules ¢f,;
:the progranmed‘grammer; in the COMIT netation. i have included this
appendlx in the the51s principally because the program constltutes the
_ major portlon of the work I have done and I ee1 that the program in its -
‘present state should be recorded now, before I return to the task of

expandlng and 1mprov1ng 1t.

It is very dlfficult "read*r a program, even when the programmlng
1anguage is a completely simple one, but after stuaylng the CoMIT 7
Reference Manual and the precedlng Appendlces (I - IV), the 1nterested :
. reader should be able to find and con51der any’detail of the program’ |
which mey inferest him. The identification numbers in the extreme rlght
 ‘hand column were used as references 1n the text of the th651s and in |

'Appendlces ITT and IV.



COM_ DINNEEN L-TO-R 4 SEP 62 e e e

d ok ok ok ok ok ok ko

% $5==DINNEEN-PROGRAM=B . % - A0050
3 FmeMEIKIXOHO-+A+L+*, //HRSL29¥WAL L 2 3 4 * - A0060
% $5==START=AT=+A+%, //%*RAL2s%WAML 2 3 SRR : : * A0080
™ 5=X(+7£0+>€O+7¥1+*) | E I T A0090
AA $=1+1+A/UTT A //W Y,*QA 1,*02 2 : ' ZNSN A0100
I s= M+Z //%A2 1 k e , o L B0000O
% % (+*L+0+%0+%) =0 P P RS . i e o STOP  B0010
ADD #0+¥)=#142 1 Dot O : . - PC B0020
¥ 1) =242 ’ T S ; SO - PC - BO030 .
B2+ )=#3+2 _ S IR . PC o B0040
BB ) SHL+D PR i e SN - PC B0050
Rl+¥)=R5+2 ’ SRR e L Ll PC - BO06&O
XG4 )=RE+2 ' R S R T - PC - BOO70 -
RO+ ) =% T+2 S D " PC  ~ BOOSO
®T+¥)=%g+2 ~ NI SN S PC B009O
®B+H)=HGE2 . - ‘ - P ~ PC  BOlOO
Qg+ ) =2+%0 ' ; R ; LUE s . ADD BO110
PC #*)+5+2=2+1 L LRI SRR S AN T B0120
ZNSN $1=1/-ZNSN //%D=3*D1sW Y e T L A B9950
. A A $1=1/ZZsMOOD INsENDP AsA A v , - : - c  Coo00
B =1/2YsMOOD INWENDP B»A B .. ¢ Cooco03
C =1/STYP C»MOQD IMsVBFM SYNsENDP CoPSNM B D E»A C - % C0006
B A $1=1/PRDB =C E,VBOB =B CyVBMD A»sISMY YaPRD AF . uUTT . CO0020
B =1/NGFN =S PTMsPRD NG ' e 0 Co023
C A s1=1 - g Fo - S s C0030
B =1/VCMP A D»ISPV YsPSV Y % 1 C0033
D Y $1=1/PRDA C % C0040
N =1 $ C0043
ZY $1=1/-2Y : , : AR . * C0050
E A $1=1/QFM AsINTG Y T P PP - S ¥ C0060
B =1/QFM BsINTG Y o : R o . ' J. Co063
C =1 : o S M C0066
G 5 $1=1/QQUX A B D»QLAL AsSTYP CoNGFN —$ : * - C0080
0 =1/QQUX C EsQLQL AsNGFN —0s0BN C»WDRD ~C9VCMP B E,vsoa A M €083
I =1/GQUX F GsQuLOL BsNGFN -IaPRDB E , , M C0086
A =1/QQUX HsQLQL C : o ' _ M C0089.
P =1/zUTT»QQUX A»QLGL A»>PRDB A’VCMP c»pmM c ’ L H co092 -
R A S1=1/PSNM CsNUM S . ®

CO110



=1/PSNM FsNUM P,QQUX =B 'D

GEN M $1=1/GEN M

F =1/GEN F
H A $1=1/STYP C,VBSB Y

B =1/STYP B //HH C F

HH A $1=1/PSNM AsNUM S

B =1/PSNM BsNUM S :
C =1/PSNM CsNUM S //HH .
D =1/PSNM DsNUM P ’
"E =1/PSNM EsNUM P '
F =1/PSNM FsNUM P //HH
GEN M $1=1/GEN M '

F =1/GEN F
~J A $1=1/QWD A»WDRD
- B =1/QWD B :

C =1/QWD C

K S $1=1/QXPR SsNGFN =-S»STYP C»WDRD STAYsCMP ADVLsPSNM C

N =1/QXPR OsNGFN =0,0BN CsWDRD =CsVCMP B E,VBOB A
I =1/QXPR IsNGFN -I,PRDB E
A =1/QXPR AsCMP NOML =
LA (51 1/STYP Ds+IDYM ILYA»28B FINSHD LTR)
B ,
M $1 //WDRD =D STAY»#D1

WORD A $1=1/QMKR Y»STYP A

B =1/VBSB YsSTYP CsHNGFN =5

C =1/VBSB YsSTYP AsNGFN -5

D =1/STYP B»VBFM SYNsNGFN =S

STAY =1
22 $1=1/-27

N AF $1=1/PRD AF

NG =1/PRD NG ' o
O Y $1=1/VBMD BsVBMF DsNGAD A:VBFM -ANL»ARR B
N =1/NGAD —A»SUB A DaOBNsRGIN,VBMF,PDMropTMF
NGFN S $1=1/SUB DsPSNM C .
0 =1/08N BsVCMP B E»VBOB A

I =1/RGIN BsPRDB B :

VM =1/VBMD BsVBMF ‘D
PDM =1/PRDA BsPDMF A

S uTT
uTT
uUtT

XXX K R g KR Rk kZZ X

XZZZZZ k k& kT EZ %

C x C
-f -
— -

*

utr

LUTT

coll2

 COll4

Col1is
Ccol30

col33 .-

Co1l50

S .col52
.CO0154

Col5¢6
col58
coleéo0

col162 -

Colé64 -
- Co170
coi72

C0l1l75
co200
Co0202
Cco204
coz206
C0230

-C0232
C0250

c0270
co272
Cc0275
o277

' C0280

C0300 .

€0330

C0332
C0360
C0362
C0390
€0392
C0394

- C0396
C0398



.PTM =1/PP AsPMF BsVBFM ANL T : ; : x utTt .

(END OF PREPARATORY ROUTINE) B S TS DS O ,

 ZUTT $1=1/-ZUTT //UTT A»%D1l ‘ ' ‘ 3 R
S UTT A s1=1/- ENDP+A/ZEND,ENDP*1+A/PRIN //*53 3 2,078 *

B =1/-ENDP . o R -
% §1o#.%0+—SPECIFIERS/S*1+1 //*WAML s*USHM2 - SN S #*
ZSEN $1=1/-ZSEN //SENs*D1 & TR LA %

SEN A sl=1 o . .. 5NT

B =1+A/ZMRSsSEN AsA¥l //%S3 2 R T T T IR o SNT .

. ZSNT $1=1/-ZSNT e I T
SNT A $1=1 : o O T TR ,

B =A+1/ZSNT //%$3 2 o . Y R , . ZSNM

C =1+A/ZSNM //%$3 2 RTINS E ek '
ZN{G $1=1/-ZNTG //INTG N»QMKR N»*D1 L S w
INTG Y- ; , R BTy ZQFM

N ' A IR oo QMKR
ZQMK $1=1/-ZQMK s
QMKR Y $1=-EST*—CE—QUE/EsVsF sP+1/ZPSN J/W Ns%S3 2 W

N =1 *

ZPSN $1=1/~ZPSN //PSNM»GEN»#D1 %
PSNM A $1=1/PSNM AsNUM SsNFR C ¥

B =1/PSNM BsNUM S,NFR C *

C =1/PSNM CsNUM S - ‘ o %

D =1/PSNM DsNUM PyNFR A C F (IMPROVE) %

=1/PSNM EsNUM PyNFR A C F (IMPROVE) *

F =1/PSNM FsNUM P . 5 %
GEN M $1=1/GEN M %

F =1/GEN F S . o o w .
ZSTP $1=1/=ZSTP //STYP As*D1 ' *
 STYP A $1==SENT+1/=- VCMP s —PRDB s=MOOD+1/ZPRDs=SUB»=NFR //%¥Q5 19%53 3 ZSUB
B ==SENT+1/- sua,-NFR+1/zsu5,-VCMP,-PRDB,-MOOD //%Q5 1s%S3 3 ZPRD .

C =1/-SUBy=NFR - L - ZPRD
ZSNM $1==SNMFR+1 //%Q5 1 ' | PRI L e *
SNMF A . T T I I U ST L T b
B ' . SRR o DR v - SCLZ
- ¢ o ; S . e . SFRZ -

SNAD A S , : BRI R U L

B R | S 8 " ADSP

C0400

. D0000

Do020 -
Doo22
Do030
Doo4o
D0060

Do062

D0O08O

.Dolo0o

Dolo2’

D004 -
- D0O120

D0i40
D01l42
D0160
D0180
Do1ls2
D0200
D0230
D0232

-.D0234

D0236
D0238
D0240

- D0260

D0262
D0o2g0
D0300

D304
D0308
- D0320

D0370

D0372

D0374

00390
D0392



C : o
AD3SM A S$1=—=LENTEMENT
, ==~HEUREUSEMENT/PE
ADSP A $1=-LA
B ==ICI/P»E
ADST A $1==MAINTENANT
B =-RECEMMENT ' '
SCLZ S1=A+A/ZNSNsA AsUTT BsSEN A,SNT A //%S3 2
INTR A $1=—QUAND , ,
"B =-LORSQUE
SFRZ A $1=-DEPUIS+A/ZNFR //*53 2 Lo
B =—EN/PSsE+A/ZPRA(sMORSUBSCRIPTS) //#53 2
ZQFM $1=1/~ ZQFM ‘ o -
QFM A
B .
QPRO A $1=1 //QQUX%D1
B =1+1/ZPSN //#S3 2,QLGL»s*D1
QQUX A $1i==QUI+1 //#Q4 1
- ==QUI-EST#=CE~QUI+1 //%Q4 1
=-QUI+1 //%Q4 1 '
==QU-EST#~CE-QUI+1 //#Q4 1
=—-QUE/EsF+1/ZQMK / /%53 2sW N
== INDOBJ+=A+=QUI+1l //%Q5 1,%Q4 2 3
==~ INDOBJ+=A+—-QUOI+1 //%Q5 1ls*Q4 2 3
=—PRPH+A+A/2QUX+1/ZQMK //%Q5 19%S3 4 3
ZQUX (MAY ADD OPNS LATER) ‘
QUX A $1==QUI
B =-QUOI
QLuL A $1=1 a
B =-INDOBJ+=A/CsF+1 //#Q5 1sW N,*Sé 2
C =-PRPH+A+1/ZLQL //%Q% 19%S3 3 i
ZLQu $1=1/-ZLQL //WLQLs»*D1
WLQL A $1l= 1+1/ZDLL DCTP A //%83 2
B =1
ZQFR 51~-ZQFR-NOT READY+1 //%Q4 1
ZSUB $1=1/-2SUB //SUB Ajs#D1
. SUB A $1==-SUBJ+1 //#Q5 1
C =A //¥N3 1
D ==SUBJ+1 //%Q5 1

TOTMMON®m

TEEEZEZ xEEEZsE >

DST

D0394

Do410
D0412
D0440
D0&442
D0480
Do0482
Do500
D0530

- D0532 .
D06 00

Do602

00630 - -

D0632
D0634
D0650
D0652

. Do670

Doe72

- D0674 -
- D0676

D0678

D0680
- D0682
. Do684

Do700
D0720
Do722

DO750
- DO752
. DO754
' D0780

DO782

 DO784
D09 00

E0000
E0020 -

E0022
E0024



NUM S $1=1/NFR =A

P =1

'BD A S51=1/NFR =A . y
=1/NFR A+A/ZAPV //%S3 2
ZNEG $1=1/=ZNFG //NFGR =Bs¥D1

NFGR A $1=1

B =A/GEN%*1 //GEN»%D1

GEN M $1=A+A/ZADGEN M PUM P //%53
"~ F =A/NFR BsGEN F+A/ZNFRsNFR BsGEN

BM A S$1=A/GEN Ms»NFR B+A/ZNFRsNFR B //%53 2

2
F+A/ZADSGEN FsNUM. P

B =A/NFR B+A/ZNFR9NFR B,GEN M //w53 2

CHUZ.

GEN M //GEN M

- F //GEN F
NUia & /7/NUM S
P //NUM P

INFR $1==NFR+1/- ZNFR //%Q5 l;NFR’PSNM,ILONo*DZ

NFR A $1=1/NFR» NFR -A Cbl/ZMNF’NFR$NFR ~-A C //*53 2

B -1
C =1 o
=1+1/ZFDM //%83 2
E =1 ‘
F =1

ZDCL $1=-DCLS+1/-ZDCL //DCTP,DCL59*D 25%Q5 1
DCTP A S1=A/GEN%LyNUM P : B

B =A //NUMsGEN
cC =1

DCLS A bl-—Dt/ksEmC+1/ZNF69NFR -A Cs FDM -D //%S3 29W N
B —l+l/ZMDC,DCLa A //*:3 Z’DCLS A

ZSPR

PSNM A $1==JE/F) a
B =-TU :
C =1

D ==NOUS

E =-VOUS

F =1 _
GEN M $1=1

F =-ELLE/PsV

/77U N

//%53 3 2

E X AHEE ZEZTE O E ¥ X K

~ E0030

£0032

CE0040
E0042 .
E0100

E0120
Ecl22
E0140

"E0142

EQ0Ll60 -
EQlé2
E01l80

E0182 .
.~ E0l84
~ EQl86

£E0l88

- E0200
E0220 -

E0224 -
£EQ226

E0230
E0232
 E0234
" E0260

E0270

E0275
E0278

E0280
 E0282

£0300 .
E0320
£0322
EQ0324

EC326
~E0328

E0330 .

“E0340
E0342 .



ILON A $1==IL/PsV.
B --ON/P.V

THP :

GEN M $1==~ILS/PsV
F ==ELLES/P»V

. ZDSJ $1=1/-ZDSJ //PSAM;?DI-W

FSNM A $1=-MOI

B ==~TOI

7 =1

O =-NOUS
£ ==-VOUS
F =1 -
GEN M 51=1

F ==ELLE/PsV
ILON A $1=-LUI

B =-S0I
TPLA '
CGEN M $1~-EUX/P9V
F —"ELL:S/PvV‘
ZPRO
NUM &

p
GEN M

F
PRPL

GEN M $1==LES/PsC+1/ZPMP //%53 2
F =-LES/PsC+1/ZPFP //%#53 2

PMS A $1=~JEAN
8 =-PARIS
- C =-=HENRI/PSE
PFS A $1=~-LOUISE
8 =-LA-FRANCE :
C ==HENRIETTE/PsV
ZpMP A $1=-FRANCAIS
B =-ETATS#-UNIS
¢ =-EUROPEENS/P»sV
ZPFP A $1==FRANCAISES
B =—-NATIONS#=-UNIES
C ==AMERICAINES/P,yV

¥ XTI T HEEE XN ATET XEE XS kT =

sEEsfETEsSsESEEZ== ==

E0360

' E0362
~E0380

E0400
EQ402
E0420

 E0440

EQ4L2
EQ444

E0446

E0448

E0450 o
EQ480 .~
‘E0482

£0500
E0502
E0520
E0540
E0542
E0580

- E0600

E0602 -
E0640

. E0642
 E0680
"E0700 .

E0702 -

E0740
E0742
E0744
£0800
£0802

E0804

 E0850 -
£0852
E0854 - -

E0900

4'Eo9oz;r"
E0904



" zomp S o e o . *  E1000

NUM S - - C R o . # E1020

P : o o e - ‘ ~  DMPL  ElO22

GEN M $1==-CELUI SRR o : : L W E1050

F =-CELLE - - L PSRRI S ~ W , El052 "
DMPL , , . ; o S ¢ ‘ L% - Elo80 .
GEN M $1==CEUX | : s SR o : W, - El200

F =-CELLES SRET SR . ‘ W E1202

ZFDM $1=1/-ZFDM //FDMs¥D1 SR R - S # E1250

FOM A S$1=#=CI ' Sy W - El1252

B =#=LA ' ' : B CORRN _ W . El254 e
c =1 o S . ZIRLC El256 =
D =1/0CTP C L _ ST ; . ZDbCL E1258 ..
ZCMN $1==CMN+1 //%Q5 1 ‘ ' e _ % - E1270

(NOW SET GEN-NUM FOR WHOLE NPsIF NOT ALREADY SET)
GEN M $1=1/GEN M o e w - E1275
F =1/GEN F | DTS R B A E1277

CNUM S $1=1/NUM S E1280

P =1/NUM P , ' R : s e % , E1282
* 31=1+1/ZNAD //%S83 2 =~ kI ~ ZDTM £1290
ZNAD $1=1/=ZNAD //NADs#D1 el ‘ : o E1300
NAD A $1=1 . S ' S . INM E1350
B =1+1/ZNM //%S3 2 L s : . ZADJ  E1354

C '=1/SPES B+1/ZAPH //%S3 2 L R TP PE  ZNM " E1358.

D =1+1/ZNADsNAD A C //%S3 2 : e ERR S o ZADJ  E1362
ZAPH $1=1/=ZAPH //APHs#D1 ‘ o IR ~ * - El400
APH A $1=1/APH =A+1/ZMAPsAPH =A //%53 2 =~ | .. 7 ZAPH . El440 - ,

B =A , B . ADJB El442

C =A/DCTP B - S . ' S © ZDCL  El444
ZAOJ $1=1/~2ZADJ //ADJ:*Dl SRRV ' T * : E1480
ADJ A B1=A o ; * - El500

B =A+1/ZADJsADJ A //¥S3 2 , : 2 B ~ ®* 0 E1504
ADJA A B1l=FX+=~PETIT . ' , : , ‘ . FX - E1520

B =FX+=GRAND - ‘ : : , S ~FX  El>522

C =FX+=JOLI | L ' S FX ~ E1524 -
ADJB A $1= FX/P:E+-INT&RESSANT ; ‘ ’ S FX £1550

B -FX+-8LEU ~ ' L - FX - E1552

X - o S ® . E1580



I

o

f .
/GEN M FX+$1=1+2

=1+2+E //%K2 3

kY

' NUM S FX+$1=1+2

P =1+2+S //%K2 :

TR FX+%$1=2/%%1

ZAD A
B -
ZNM $1=1/-ZNM //NM,%D1
NM A S1=A |
B =A+1/ZRLCsNM A //%S3 2
GEN M Lo
F |
MM A $1=FX+=GARCON
B =FX+~CRAYON

C =FX+=-LIVRE

D =FX+-COMMENCEMENT

E =FX+=JOURNA+L

F =FX/PsV+=AMI
MF A $1=FX+=-FILLE

B =FX+-BONTE

C =FX/PsV+-HISTOIRE

D =FX+=FIN
Y
NUM S FX+$1=2/3%1

P =1+2+S //%K2 3

SP | EL
NUM S FX+S1+51=142+3 //#K2 3
P =1+2+UX //#K2 3

Z0TM 81 //DET’ARTaPSNM’PTV As ART -Ds*Dl

DET A
B .
C

ART A

B

C

D ..

NUM S 8l1=1 "
==~LES/P>»C

ko ok %

XA k<< << < (n< < <<

P

— -
W

POS

DMD

IDF
PTV

ADJA
ADJB

. MF.

CAS

W

E1600
E1602

£1640

~Elé42
- E1680

E1690
£1692

E1700

£1720
El722
E1740

CE1742
E1760 .
CE1762
EL764 -

E1766
E1768
E1770

"E1800

E1802

- E1804

E1806
E1900

E1950.
S E1952
E2000

E£2020
Ez2022 .

E2500
- 2550

E2552
E2554

"E2580
£2582

E258¢4
E2586

-E2600

E2602



£2620
"E2622
E2640
E2660
E2680
- E2682
- E2700

GEN M &1—"LE/P»C9F;E //W N
" F ==LA/FsE& //W N

ZIDF $1=1/-21DF //NUMs*DI -
IDF :
NUM S $1=1

P =-DES

GEN M $1==UN/PsV

F ==UNE/P»sV '

PTV A sl=1

‘B ==DE/FsE //W N

NUM S $1=1 :

P ==DES
GEN M $1==-DU -
. F ==DE-LA . o LR , - . E2762
CAS $1==D+A/ZIDFsNUM s //*53 20 - : W .. _E2780 -
- POS | Sk T R R % o E2800
 PSNM A $l==M . S : R I g - ® . E2820
B ==T S L P T ' R % © o E2822

E2720
Ez722
E2740
£2742

EREE =k %k kEZE

= Xk

= =

==V AN i o PSB E2828
==LEUR S L b L PSC . . E2830
NUM S $1=1 SERINE : : , o S %* E2860.
P =1+E$ //%K1 2 R T T : = W . E2862
GEN M $1=1+ON //#K1 2 FREE S ‘ , ; Coow E2880

TMMmoN

P £2702

E2760

==S : I e SRRt DTS SR S E2824

F =FX/SsF+l+A //%K2 3 : L | . TR~ E2882

NUM S $1=140TRE //%K1 2 R e e W E2920
P =1+0S8 //%K1 2~ - e o ' o o W oo E2922

PSC ' S R : R , % £2940 -

NUM S $1=1 L e R e o W ~ E2960
P =1+S //%K1l 2 L I o W E2962

oMD e s w0 E2980

NUM & sl1= 1 ‘E3000

*
: » ==CES SR Gl : SRR W E3002
. GEN M 51-—Ct/s.F o it ' o S o W . E3020
. F ==CETTE R L : L T T : W E3022
ZPRF $1=1/~ZPRF: #*

Foo00 -



. PRF $l~*PREPH+A+A/ZNFR9NFR -A C //%Q5°

P A $1==AVEC/PsV

D ==-SUR
E =-DANS.
LQL
GEN M
F ' o

NUM S $1=-LEQUEL/P»C
P =-LESQUELS/PsC
FL
NUM S $1==LAQUELLE
P ==LESQUELLES/P»sC
‘ZPRD $1=1/-~ZPRD //PRD AFs%D1
PRD AF $1==AFPRD+1 //%¥Q5 1

NG =~NGPRD+=NE/FsE+1/ZPRA /7%Q5 1’*53 39W N :
- ZPRA $1=1/-2PRA //PRDAsPRDA =Cs*Dl

PRDA A 31=1
B —1+A/ZPDM’PDMF*1 //* S3 2

C =1-A/ZAGNsAGNT*1 //%S3 23PRDA =C

10

19*53 3

ZPRB $1=1/-ZPRB //PRDB>TPIN»ISMV N,TPRI,*Dl

PRDB A $1=1/VCMP -F,sVBOB =C D F

B =1/VCMP A B FsVBOB A B»VB —A:VBD CsVBE B

+A/RGIN#1sZRGN //*53 2
=] .
0 =1

E =1/VCMP A B D E»VBOB A B»rVB "A9VBD C

ZVCM $1=1/-2VCM //VCMP s ISPV N»s*D1

VCMP A $51=1
B =1/vB C :
C =1/VB A+1/ZPNM //%#83 2

- D =1/TKNF YsRFNF YsVB B+1/2ZCMF //%33 2
E =1/TKNF YsRFNF YsVB C+1/ZCMF //#33 2

F =1/TKNF.  YsRFNF YsVB B+Q+1/ZCMF //%#N3 2+%353 3 2
G =1/VBOB BsVB C+1/ZCAU //%S3 2
ZV30 $1=1/-2ZVBO //VBOBsTPOB N»#D1
vBOB A $1= 1+A/ZOBN9OBN*1 //*53 2

8 =1

C 'A/OBP CD G+Q+1/ZVBM //#N3 2’*53 3 2

«
= =

% =

%

FL

W

TE k=

LXK

i

© F0020 -

F0040 -

FO046 .

F0048

FOl100
FO0120

Fol22,
FOLl40
FOl42

- FOol80
© F0200 -

F0202
FC300
FO54C

FOs542 . -
F0580

F0600
F0602
F0604
F0620
F0650
FO655
FO656
F0660

FO665

F0670
FO700
F0800

F0805

F0810 -
FO815

F0820
- F0825
F0830
FOS00

F1000

F1005
Fl0l0-



11

E =
F =1+Q+A/Z0BN //%*N3 29*53 32

ZVBM $1=1/-2VBM //VBMD,VBa*Dl

vBMD A $1=1 '
8 —1+A/ZVBF,VBMF*1,NGAD*1 //%83 2

ZVBF %1=-VBMFR+1/~ZVBF //VBMF -D,NGAD’kOS 1o*D2

VBMF A $1=1

B =1 .
C =1/VBMF -C D+1/ZMMF,sVBMF - C D //xsz 2
D =1
NGAD A $1=-PAS
’ ==-JAMAIS
C =-GUERE : «
ZPDM S1==PRDMF+1 //%Q5 1» PDMF -Ao*DZ
_PDMF A :
. B
"NGPD A $1=~JAMAIS
B =-PLUS

PSPD A $1==TOUJOURS
B ==SOUVENT

ADVB A
B
C
~ADTM A $l=-MAINTENANT
‘B ==BIENTOT
ADPL A $1=-=ICI/PsV
‘B =-~LA '

ADMN A $1==BEAUCOUP
B =-LENTEMENT
ZAGN $1=-AGENT+1 //%Q5 1»AGNT As%D2
AGNT A $1=-PAR+A/ZNFG //%S3 2 .
B ==DE/FyEsC+A/INFG / /%53 2sW N
VB A $1==-VBCP+1 //%Q5 1
B ==VBIN+1 //%#Q5 1
C ==VBTR+1 //#Q5 1
VBCP $1 1/V ETREsAX AV //VBFM -OANL9%DI
VBIN $1 //TKNF NsVBEsVBFsVBFM ~QANLs3#D1

D =1(1/VBMD A+Q+1/ZRGP //¥N3 2s%S53 3 2) //VBOB =D

VBOB

TPBY

%

VB -

vB

ADVB

ADPL.
ADMN

ZVBF

Fl015

"F1020

F1025
F1100

“F1200

F1205

- F1250
~F1300

F1302
F1304

F1306
 F1350
F1352 .
F1354
F1380

F1400
Fl402

F1450
Fl452
F1480

F1482°
F2000
F2002
F2004
2020 -

F2022

F2100

- "F2102

F2200
F2202
F3000
F3020

o F3022 - .
~G0000 -

. G0oo02
- G0o0Oo4

G0050

. G0100



=
.

TKNF Y

N : R
- VBTR $1 //VBIS NR’TKNF NsVBA»VBBsVBCaVBDsRFNF Ns#D1
VBIS R $1=1/AX ET G

NR =1/AX AV
TKNF Y

N
RENF Y
N ‘

PSSV $1 1/ ZPSV //PSV Ns#D1

PSV Y %1 //ARR A»VEFM =QANL»s*D1

N //VBFM =-QANLs*D]1 =

ARR A $1=1/V ETRE+1/ZPP //#S3 2

=1/V ETRE+Q+1/ZPP //%N3 2,%83 3 2

VBFM SYN $1=A/VBOSB*1+1/ZSYN //%353 29V35B Ns%xD]
"ANL =A/VBSB¥*1+1/ZAUX+1/ZPP //%S53 3 2sVBSB Ns#D1

QANL =A/VBSB*1+1/ZAUX+Q+1/2ZPP //#%N3 3’~63 4 3 Z»VBbB No*Dl,

(VBSB Y $1=Q+1/ZSPR //¥N3 1s%S3 2
N =Q //#N3 1 |

- ZPP $1=1/-ZPP //AGRM NsPMF -B,wol

(NU AGRM RUTIN GOS HERE) - N

PP A S1=A+A/ZPPL //%S3 2

B =A
PMF A
B : N
POSM A $1=-BEAUCOUP
B =-TOUT \
NEGM A $1=-JAMAIS .
B =-RIEN
ZPPL

V ETRE $1=-ETE
 ALLER ==ALLE

CVENIR ==VENU
“MANGER ==MANGE
TROUVER =~TROUVE .
- DONNER =-DONNE

LAVER ==LAVE

LEVER =-LEVE
COMMENCER =-COMMENCE

VBE

. VBF

*

RFNF

vBC
VvBD
VBA
VBB

¥ & A sk K Ok k%

ZPPL

‘NEGM

=

Xk kR ¥ ¥ xE XEZEE

VBFM

60200
60202
60250

G0300

- Go302

G0350
G0352
G0400
60402
G0450
G0500

., G0502

G0600
G0602
GO700
G0702
GO0704
G0900
G0902

' G1000

62000

62002
G2020
G2022
G2100 .
G21lo02
G2150
62152

- G2200

G3000
G3002
G3004

 G3006

63008

-G3010

G3012
G3014

. G3016



PERSUADER =-PERSUADE
PARLER =-PARLE
EFFORCER =-EFFORCE
APPELER *==-APPELE
AGRM Y
N .
GEN M Sl=1 ,
CF =1+4E //*K1 2
NUM s sl=1
P =1+S //%K1 2 :
{ZSYN $1 //MOGD IN,PSNMs*D1
.V ETRE $1=FX/CG ET+A
ALLER =FX/CG AL+A
VENIR =FX/CG VE+A
MANGER =FX/CG ER+=MANG
TROUVER =FX/CG ER+=TROUV
DONNER =FX/CG ER+-=DONN
LAVER =FX/CG ER+=LAV
LEVER =FX/CG ER+=-LEV
COMMENCER =FX/CG ER+=-COMMENC
PERSUADER =FX/CG ER+=PERSUAD
PARLER =FX/CG ER+=PARL .
EFFORCER =FX/CG ER»sPsV+—EFFORC
APPELER =FX/CG ERyPs»V+-APPEL
MOOD IN //TNS A ’
S0 -
M
IF
TNS A
B (MUST DEVP)
- _
D
E
SO : :
TNS A (MUST DEVP) -
5 :
C
D

13

¥ ==

b

ok K W K ok M E S R R =

xR oR ¥k

— e %k ok ok ok
MmMzIT O

PRS

EROR

EROR

EROR

" EROR

EROR
EROR
EROR

EROR

G3018

- G3020

63022
G3024
G4000
G4002
G4050
G4052
G4100
G4102
G5000

G5050 -
G5052 .
G5054 .

G5056
G5058
G5060
G5062
G5064 -
G5066
G5068
G5070

- G5072.

G5074
G6100
G6lo2
G6l0o4

- G6106

G&6200.
G6202
G6204
66206
G6208 .
G6300

~ 66400

G6402
G6404 -

G6406



PRS $1 //#D1
CG ER S1+81=1+2

ET =A
AL =A
VE =A

PSNM A FX+S1=1+2+E //*KZ 3
B =1+2+ES //%K23 ‘ S

C =1+2+E //%K2 3

D =1+2+0ONS //#K2 3
E =1+2+EZ //¥K2 3
F =1+2+ENT //%K2 3

om

- EE
PSNM A $l~—SUIS
B =-ES/PsV '
C ==EST/PsV.
L ==-SOMMES
E ==ETES/P»V
F ==SONT
F’ .
SNM A $1==VAIS
B =-VAS
¢ ==VA
D ==ALLONS/P,sV
E ==ALLEZ/P»sV
F ==VONT
EG
PSNM A $1=-=VIENS
B ==VIENS
< ==VIENT
D =-VENONS
E ==-VENEZ
- F ==VIENNENT
- ZAUX $1 //7%D1
AX ET
AV
AV

PSHM A $l-—AI/P’V_

B ==AS/PsV

FEZ A PMIXEESSEETFETSESEETEXREEEET LI %

<m

G6408

- G6450

G6500
G6502
66504
G6506
66550
G6552 -
G6554
G6556
66558
G6560
G6600

G6602 -
G6604 .

G6606
66608
G6610
Gé612

- G6620

Ge622
Gé624
G6626

66628

G6630
Gé6632
G6640

G6642
"G66 44
 Gb646

G6648
G6650
G6652
G7000
G7050
G7052
G7100.

- G7102

G7104
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C ==A/PyV W

D ==-AVONS/PsV W " G7108

E ==AVEZ/P»V W . G7110

F ==ONT/P,V W G7112

IF $1 //%D1 * G8000
CG ER FX+$1=1+2+ER //*K2 3 TR . G8050

ET ==ETRE/PsV W G8052

AL ==ALLER/P»sV W G8054

.VE ==VENIR ~ ‘ : ; W R G8056
EROR $= -vBFx+-+1+—van /7%Q4 1 23 o G o W G9999
ZPNM $1=1/-ZPNM //PNM,*DI ' ; s S Lo * . HO0OOO0
PNi4 A $1=1 _ - . LT TR ZNFG HO050

B =1 : : , ' ‘ % . H0052 - -

C =Q //%N3 1 \ = ‘ S . o I T HO054
PADJ A : ; o R - ADJA 7 H1000

B8 _ S P : ~ ADJB "~ Hl002
NGNF A $1=—PERSONNE ‘ o : L : W H2000

‘8 ==RIEN ' . W H2002
ZOBN $1=-DOBN+1/-Z0BN //OBN As*D29*05 1 S ' H3000
OBN A $1=1/NFR =C F , ‘ o ZINFG H3080

B =1 ' _ . , a : _ o . NGNF =~ H3082

C =Q //#N3 1 BRI I H3084
ZRGN S1=—RGIN+A/RGIN*1. //RGIN As%D2,%Q5 1 , - , S * "~ H4000
RGIN A $1=-A/FsC+1/ZNFRsNFR =A C //%S3 2,5W N _ - W - H4050

B =~A+A/NGNF //#S53 2 : _ : _ W . H4052

C =Q //#N3 1 ‘ - - H4056
TPIN A $1=A+1/VCHP A B D»VBOB A BsVBF CsVB -AsVBD CsZVCM //#S3 2 ZRGP H5000

B =A/PSNM#1+1/VCMP By vaos A BsVBIS R,TPOB NsVB —A» vaM //%S3 2 ZREF ~  H5002
TPRI A $1=1 B ' H5050

B =1/VBOB FsVBIS RsVB =AsVBD C+A/PSNM*1.LREF //%S3 2,VCMP B . VCMP  H5052 -
ISMV Y $1=1/VBOB FsVB =AsVBD CyVBF C+A/ZRGP - : H5100

//VCMPsVCMP A B D F»y#S3 2 o ' o VCMP H5101

‘N =1/VBOB CsVBD CsVBF C+A/ZRGP;RGIP c F //VCMP B,*$3 2 VCMP ~ H5103
ISPV Y 3$1=1/VB C . ' ZVBM H5200

N =1/vB =C - Lo : r ZVBM . H5202
TPBJ N $1=1+A/20BP //%S3 2 : - - ‘ ZVBM  H5300

R =1/VBIS R+A/ZREFsPSNM#1 //#S3 2. B : ’ ZVBM  H5302 "

TPOB‘N $1=A/0BP#1+1/2VBM //%53 2 . o ' : v Z0BP H5400

G7106



R

: 16
=A/PSNM%*1+1/ZVBMsVBIS R //%83 2

ZCAF $1=1/-2ZCMF //CMPFsTYPP,s#D1

A
X

CMPF DE $1=-DE/FsE+A/ZTYF //#83 2sW N -

—-A+A/ZTYP //#83 2
=A

ZTYP

TYPP AF $1=A/MOOD IFoVBFM SYNsPRDB =D EsVCMP =D E F G

NG =-=NE+A/ZNEG+A/ZPRBsMOOD IFsVBFM SYN,
PROB -D E sVCMP =D E.F G //%83 .3 2
ZNEG A $1==PAS ’ ,

B =~JAMAIS

C ==~-PLUS
ZCAD A

B

ZREF 51=—-REFPR+1 //PSNMs#*D2,%Q5 1

PSNM A $1==ME/FsE //W N

B
C
D
E
F

==TE/FsE //VW N
=~SE/FsE //VI N
==NOUS
=-=VOUSs
==SE/FsE //W N

IMAP $1==MAPH+A+L/-ZMAP»2ZAPH. //%Q5 1s%*53 3
ZMNF $1==MNFR+A+1/~ZMNF3sZNFR //%Q5 1s%S3 3

ZMDC 351==MDCL+A+1/~ZMDCs2DCL //%Q5 1,#S83 3 ,
ZMRL $1=-MRLC+A+1/~ZMRLZRLCHIRL A //%#Q5 139%8S3 3
ZMRS $1==~MRSN+A+1/~ZMRSsZNSN //#%#Q5 1,%53 3

IMMF $1==MMFR+A+1/-ZMMFs2VBF //%Q5 1ls%S3 3

CNJ $1==ET7

ZEND 31 //%D1

ENDP A $1=~PERIOD

B =-QUESTION=-MARK
=~EXCLAMATION=POINT |
ZAPV $1=1/-ZAPV //DUBL N:*Dl
buBL Y s1=1
N =Q //%N3 1
PKPR A $1==NOUS
B =~VOUS
- C ==1LS/PsV

ZREF

ADJA
ADJB

CNJ

CNJ
CNJ
CNJ

CNJ

CNJ

¥E EE k=

H5402

10000

10050
10052 .
10054

10100
10110
10115
10117

10150

10152
10154
10200

10202

10500
10550

10552

10554

- 10556

10558

10560

[0600

10650
. 10700

10750 .
10800
10850

11000
15000
15050
15052
15054
J0O000
JO0050
J0052

JOl00
Jolo2

JOl04
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D ==ELLES/P,sV
PRIN © //%A4 1
ERAS A/PRIN=0
® P %0+l //¥WAMI 2
# =% 4%0+F-NODE~NAMES+=+~+1 //*A5 5+%¥WAM1 2 3 4 5
.ZRLC $1=—RELCL+1 //SPES AsRLIRLCL»*D2s%Q5 1
SPES A S1=A/NM¥1sGEN*LsNUM*1 sPSNM#] 9 AN*1

B =Q+A/ZRLaNM¥1sGEN*1sNUMK1»PSNM¥13AN®1 //%N3 1.*53 2

ZRL $1=1/-ZRL
RL A $1=1
=1+1/ZMRL //%53 2

CRLCL A $1==QUI+1/ZZsNGFN =S»SEN AsSTYP C //x53 2
B ==WGUE/FsE+A/ZZsNM*1sSEN AsSTYP AsPRDB -E»
VCMP BsVBOB AsOBN ¢ //#%S3 2sW N R

C ==DONT+A/ZZsNM*¥L9»SEN AsSTYP AsVCMP B C //%53 2
D =A+1/ZRLO+A/ZLsSEN AsSTYP AsNM*1 / /%53 3 2.
. E ==A/FsC+1/ZRLO+A/ZZINGFN ~I19STYP A:NM*la
SEN AsPRDB BsRGIN C //%5% 3 29W N

ZRLO $1=1/=ZRLV //ANs*¥D1
AN Y $1=-QuUI

N =1/WLQL B o
VBA $1=1/v EFFORCER(CMPF DE)

VBB $1=1/V LAVER

VBC A $1=1/V APPELER (CMFF A)
. VBD A $1=1/V MANGER

B =1/V TROUVER

C =1/V DONNER
VBE A $1=1/V COMMENCER AX AV. (CMPF A)

B =1/V PERSUADER»AX AV (CMPF DE)
~VBF A $1=1/V ALLERsAX ET

B =1/V VENIRsAX ET

C =1/V PARLERsAX AV
ZRGP $1==RGIP+A/RGIP#*1 //RGIP’*029*05 1
RGIP A $1==ME/FsE //W N
==TE/FsE //W N
==LUI
==NOUS
==VOUS

MmO Nw

] = %k % X 0k

W

ERAS

o

EXxE 10

JO1l06

~J0500

J0502
JO0504
J05.08
K0000
K0050
K0052

- K0060

K0100
K0lo2
K0200
K0206
Kozo08

" Koz212
- K0215

K0220 .
Ko222
K0300-
K04 00
K0402
L0000
L0100 -

L0200

L0300
L0302
L0304
L0400

L0402
- L0500

L0502
L0504
L1000

L1100

L1102
L1104
L1106

LllOBv,V



18
F ==-LEUR ~
Z0BP $1=-DOBP+A/0BP¥*] //OBP,*DZ’w05 1
OBP A $1=-ME/FsE //W N .

B ==TE/FsE //W N
C ==LE/FyE //W N,
D ==LA/FsE-//W N
E =-NOUS
F =-VOUS
G =-LES
ZGND A $1==-MENTIR
B =-TOMBER

IM $1 //CGs¥D1
CG ER $1+%1=1+2
ET =1+2
AL =A

E...

PSAM A $1+3%1=-ERA

i B =1+42+E //%Kz 3

; =~ERC

=1+2+0ONS //*%*K2 3
"=1+42+EZ //%K2 3
==ERF

B + B
MMONTOYDMINON

AM A $1+$1==ETA
=-501S
=-ETC ~
==S50YONS
=-SOYEZ
=-ETF
NXT $1 //%Q4 1s%N3 1
W Y $1=1 //7%Q4 19%N3 1
N =#VawZ+l //7%¥N6 1
S $l+#Z=]
® #Z+81=2 //%56 19*N3 1
CON S1/FsC+31/PsCrEsF //*56 l 2a*N3 1
¥ 31/FsC+31/PsC
* $51/FsE+$1/P»sV
¥ S=xVHRZ+1l //¥NE6 )

frErsssss£s= k=

- EROR

. EROR

- CON

MB
EF

EROR
TR
TR

3
EROR

EROR

EROR

L1110 .

L2000

L2100
L2102
L2104
L2106
L2108

 L2llOf
L2112
- L4000

L4002
M5000

- M5010

M5012

‘M5014

M5016
M5042
M50 &4
M5046

M5048
"M5050

M5052

M5060 - .
- M5062

M5064
M5066
M5068
M5070
M5072
NO0OO
P0000
P0002

- P0005

P0O015
PO018
P0020
P0025

P0O030



Rk kO ok <~k K ok k C ok ok ok k kO Kk ¥

Sl+%Z=1.
#2=0

~A=0

=DE+--LE=~DU

~DE+-LES=-DES
~-DE+~LEQUEL=-DUQUEL
-DE+-LESQUELS==DESQUELS
-Dt+~LtSQUELLES—~D:SQUELLES
~LE=~AU

-LES==AUX

~LEGUEL=-AUQUEL
~LESQUELS=~AUXQUELS
~LESQUELLES=~AUXQUELLES
$1+51/F //%Q4 1s%S6 2s%N3 1

IV S //%Q4 19*N3 19W Y

$=0"

-SI

$1/5

$1l=1+%M //*E1
$+51+kM=1 //%K1

TT S=%Z+1 //%N6 1

B

® % //%04 19%#N3 1loW Y
X =SI+=IL==S~-]IL
¥ ~SI+-ILS==§~ILS
*
Z -CE==-CET
# =SA==~SON
# =MA=-MON
~TA=~TON
STOP S-—STOP-AT-+A+*.
END

//#RAL2 s #¥WAML 2 3

19

P0035

" P0040

Po0O50

. P0O06&0

PO0O70 -

P0080O

P0090 . -

P0100

PO110
PO120

PO130

"P0Ol40

TT

*

120

 TOTAL

720%

PO150 -
PO160

PO170

PO1TE

P0180
P0O190
P0200
Po210
P0220
P0240 -
P0250-
P0260
P0270
po28o
P0290 -

- P0300

P0310

129000



V Appeﬁdixf VI -1
VI, SAMPLE RESULTS

‘The following sentences are the actual results of a 00ﬂputer "run"
on September li, 1952, Under the direction of the deck of IEM cards that
constitute the programmed generative grammar, the IBM 7090 Computer ab
the Hassachusebts Institute of Technology produced these centences.. Each
sentence below is a copy of the sentence with the same sequential number
that was printed out by the off-line printer. The full print-out also
includes the set of syntactic structures for each sentence as well-as
~other sunplementary materlal which is of interest to me for further re-

sealch : :

As the reader will observe, there are errors that remain to be cor-
rected, I consider the framework of the grammar to be complete, but I
have not stopped addlng structures and vocabulary items. As I do this,
both grammatical and programming errors occur. I have regularly been
able to correct such errors on subsequent runs of the program. Most of
the errors in sentences not included here were due to'a lack of restric-
- tions on coordination, one of the most difficult problems 1n generatrve
gramnars and one which I intend to study further.

It should be Doted ‘that the prlnter prints only in capital letters
‘ and than few puncnualloﬁ marks are a c°11able.

N (doi)' HLTES § APPELENT PERSONNE DE VOUS Dom SUR LESAIERICAINES |
LORSQUE VOUS NE LE DONNEZ PAS A DES GRANDES HISTOIRES INTERESSANTES

| SOUVENT PERIOD. |

(005) SOYEZ VOUS TOUJOURS EXCLAMATTON POINT |

(008) MAINTENANT NOUS NE DONNONS PAS CEUX-LA TOUJOURS,QUAND IL NE M

| DPELE PAS NE PLUS VDONI\ {ER VOTRE CRAYCN D I’" TU NE LE TVU".. DONNES PL"S
1,ET DONT JE SUIS BLEUE SOUVENT A CETTE HISTOIRE BLEUE QUE TU DONNES A
CELLE-CI SOUVENT ET A LAQUELLE TU NE VIENS PAS ET JE SUIS APPELE IA DE -
NE PAS MANGER LENTEMENT LA PERTOD |

:(012) VOUS AVEZ ETE DONNE BIENTOT ET DANS SOI PERIOD

\

(01lk) NE PARLE PAS SOUVENT EXCLAMATIO



Appendix VI ~ 2

(016) NE LUL SOMMES NOUS PAS APPELE DE NE PAS NOUS LAVER DES JOLIES
JOLIES FINS SOUVENT DEPUIS LES FRANCATSES QUESTION MARK |

| (020) VOUS N ETES PAS BLEUS ET PERSONNE N A BEAUCOUP DONNE AVEC HENRI
HENRI SOUVENT LORSQUE VOS GRANDES GRANDES FILLES ET VOUS M AVEZ
BEAUCOUP DONNE DANS ELLES TOUJOURS PERIOD |
(024) CELLES-CI ET NOUS NE IE SOMMES PAS APPELE A NE JAMAIS ME PARLER
PAR CELLES DE CES GRANDES HISTOIRES ET ILS ONT ETE APPELE NE PAS SE
LAVER BIENTOT IES EUROPEENS TOUJOURS PAR LES ETATS-UNIS PERIOD :

(026) NE TE DONNE A PERSONNE SOUVENT ET HEUREUSEMENT NE LE DONNE PAS o
INTERESSANT EXCLAMATION POINT

(029) EN NOUS LAVE (error has been corrected, should be LAVANT) LES
'IES FRANCATSES TOUJOURS NE PERSUADEZ D ETRE SUR MOI ET SUR VOS PETITES
FILLES JAMATS RECEMMENT EXCLAMATION POINT

(031) DEPUIS Noﬁs NE VOUS LE LAVEZ PAS’TOﬁJOURS‘LORSQUE CELUI;LA VOUS |
ME DONNE IA EXCLAMATION POINT o

(035) NE PARLONS GUERE MATNTENANT EXCLAMATION POINT

JR AVEZ DONNE LENTEMENT PFRIOD

(0 .3) vous

v~

[ 97]

ET CELLES-IA IES

I—l

(0L7) NE PARIONS PAS EXCLAMATION POINT

(050) NE L APPELONS PAS DE NE PAS ALLER LENTEMENT A DES CRAYONS BLEUS
ET DE MES FINS BLEUES AUXQUELLES C.Es JOURNAUX ET LES FRANCATS DONNEZ
LES EUROPEENS SOUVENT QUESTION MARK | | ‘

©(083) ELLES NE SONT PAS BEAUCOUP APPELE A NE PLUS ETRE SUR SES PETITES
GRANDES BONTES QUE TU MANCES EXCLAMATION POINT



Appendix VI ~-3

(056) . SOIS SOUVENT QUAND DES GRANDES PETITES HISTOIRES ET VOUS LES

~ LEUR DONNEZ ET NE NOUS LAVONS RIEN JAMAIS EXCLAMATION POINT N .
(062) LENTEMENT CES PETITES GRANDES FINS INTERESSANTES NE VIENNENT PAS |
A CELLES DE CELLAS—LA ET DES NATIONS-UNIES TOUJOURS ET JE LE LEUR AI
BEAUCOUE DONNE ICI SOUVENT PERIOD ’ |

(063) CELLE D ELLE NE DONNE PAS LA FRANCE TOUJOURS PERIOD

(06l) ICI ICI VOUS N ETES PAS APPELE A NOUS DONNER AUX AMERICATNES PAR
MOI DEPUIS LES FILLES BLEUES ET LES NATIONS-UNIES PERIOD

: (066).‘ZQFR NOT READY CELLES AVEC QUi TU NE PARLES PAS QEESTION MAEK
(The’interrogative phrase routine (ZQFR) is not yet inCIuded in the‘pro—
gram buﬂ it is provided for in the framewdrk ofvthe'grammar.)' |
(069) ZQFR NOT READY SA. PETITE PETITE FIN NE LA LEUR DONNE PAS SOUVENT
QUESTION MARK | | 3 -

(073) RECEMMENT LOBSQUE TU N ES PAS TOUJOURS JE NE ME TE LAVE GUERE
PERTOD | e

(O76) ON ME LES A BEAUCOUP DONNE SOUVENT mINTENANT ET HENRIETTE S EST

LENTEMENT IAVE HENRTETTE TOI. S

RSO Va2 Alldivataldd A a ol veal

ERIOD .





