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I. The concept of Numeration and a Comprehension Model


(1)
Initial definition. A convergent numeration (throughout, a “c-numeration”) is a set of all and only the lexical items that appear in a well-formed syntactic structure. 

Since convergent numerations depend on the syntax, we cannot make syntax depend on luck in choosing the right numeration. That is, there must be a non-random and formal way to choose convergent numerations, or at least to choose plausible candidates for them, independent of syntax. 

(2)
The formal object that provides c-numerations is some formalized model of the lexicon. 

(3)

The guest will sit on my left.
 { Numeration: guest, left, my, on, sit, the, will } 

(4)
The notion of numeration is appealing because it is a necessary part of some idealized models of performance, that is, of comprehension and production. Any other tractable variant just renames lexical insertion.
 
(5)
The set of words taken by the hearer to constitute the sentence are a good approximation to a c-numeration, and in a comprehension model hearing indeed precedes syntactic analysis. 

(6)
Comprehension model for operations on some sentence σ:

Step C1. 
Construct a phonetic sequence π for σ.

Step C2.
Using the phonological component and the lexicon, construct a set (or a sequence) of words ν for σ from this π. Call ν a “preliminary numeration.”

Step C3.
Construct an LF for σ from the preliminary numeration ν at step C2.

The step C2 already approximates a c-numeration of σ. Note that this preliminary numeration (throughout, a “p-numeration”) has been constructed with no circular reference to syntax. 

The preliminary numeration at step C1 may be missing some of the lexical items in the LF of σ. For example, it lacks null morphemes.
(7)
a.
Deer go to that pond less than we English to church.




b. 


[DP [PLR  Ø] deer] ] [I Ø] go to that pond less than [DP we English [N Ø] ] [I Ø] [v Ø] to [ [D Ø] church]

The p-numeration also lacks “unheard” morphemes. Let “ ª “ in (8) stand for a reduced schwa:

(8)
a.
Did you visit some of his relatives on the trip to help him?




b. 
Jª  vizªt  sm  ªiz  relªtivz  ndª  trip  tª  heupim?

This sentence contains 12 overt grammatical morphemes: 

WH—do—past—some—of—pronoun—possessive—plural—on—the—to—pronoun.

Applying C1 and C2 to what might be “heard,” here are 2 possible preliminary numerations for (8):


The sequence visit—relative— trip— help—him—?(=WH)



The sequence WH—visit—his—relative— trip— help
(9)
Step C3’: 
Construct an LF for σ from the preliminary numeration ν at step C2, by 


“supplementing” ν with “closed class items” from the lexicon.

(10)
Some comprehension model problems: 


a. In getting from phonetics π to words ν, by using the lexicon, there must be a faster way than checking 20,000 lexical entries at each step.

b. We don’t understand how to “supplement ν,” especially as ν isn’t a unique subset of σ.


c. We haven’t characterized the notion of “closed class lexical item.”

We can clarify step C3’ in (9) by understanding “supplementing ν” as “performing a syntactic derivation,” if there is some way to “add” closed class items during such a derivation, as in (11):


(11)
Lexical Proviso.  A p-numeration becomes a c-numeration at LF by adding (only) “closed class lexical items” in performing a syntactic derivation.


(12)
Revised Comprehension Model:

Step C1. 
Construct a phonetic sequence π for a heard sentence σ.

Step C2.
Using the lexicon and the phonological component, construct a set (or a sequence) of words ν for σ from this π. Call ν a “preliminary numeration.”

Step C3*.
Placing ν in short term memory, construct an LF for σ from the preliminary numeration ν by a classic bottom-up syntactic derivation.

The Revised Comprehension Model (12) maintains a claim to being interesting to the extent that “closed class lexical items” have a non-circular, formal definition, and circumscribed empirical properties. We return to this characterisation later. 

II. Step C2: constructing a p-numeration from heard phonology
1. The organization of the open class Dictionary

(10a)
Problem: In getting from phonetics π to words ν, by using the lexicon, there must be a faster way than checking 20,000 entries in the Lexicon at each step.

The key to this faster way, I think, lies in the way the Dictionary is mentally organized. 

Morphologically irregular Dictionary item (unlike those of the Syntacticon—see below) exhibit a certain phonological “invariance.” Compare the examples of (13), in contrast to suppletions.

(13)
Limited Dictionary irregularity: blow/ blew, buy/ bought, catch/ caught, freeze/ froze, hold/ held, seek/  sought, stand/ stood, steal /stole, stink/ stunk, tell/ told, think/ thought.

(14)
Morphological Dictionary irregularity can’t involve an initial consonant cluster C*.

This “regularity among irregularities” (13) suggests that an open class Dictionary item always has a unique phonological address, namely its initial consonant cluster (including zero, as in eat/ ate). 

Note that written dictionaries independently suggest that dictionary items are mentally organized by a system of initial clusters. 

We can take (15) as a linguistic hypothesis that explains the unreflective centuries-old practice of organizing written dictionaries in terms of phonological representations of initial segments. 


(15)
Dictionary Storage. Dictionary links between semantic features f and phonological forms π are organized by virtue of π’s unique initial consonant cluster C*.
Remark on organizing the Dictionary with C*.  Spontaneous oral production of alliterative poetry, as in Old English, may be a good guide for how Dictionary addresses are organized.

(16) 
a. 
Each Dictionary lexical address uses the invariant phonology of its initial cluster.

      
b. 
For alliterative purposes in Old English oral poetry: st- ≠ sp- ≠ sk- ≠ sV-. Other
initial s- alliterate like sV-. Thus, the Dictionary has 4 classes: st-, sp-, sk-, and s-.

c. 
All vowel-initial words alliterate; i.e., their C* have the single value Ø. 
2. Further evidence for unique and phonological Dictionary addresses

(17)
Obligatory Contour Segment Convention. Lexical items can have a parenthesized edge segment, pronounced only to alternate segment values like ±SYLLABIC or ±SONORANT.
Latin noun stems justify Convention (17). Many alternate between the nominative singular, whose case suffix is Ø or –s, and all other cases, whose endings can begin with a vowel.
(18)
ae(r)- ‘money’, cor(d)- ‘heart’, fon(t)- ‘fountain’, iu(r)- ‘justice’, lapi(d)- ‘stone’,  lau(d)- ‘praise’, men(t)- ‘mind’, o(r)- ‘mouth’, oratio(n)- ‘prayer’, pe(d)- ‘foot’, requie(t)- ‘rest’, sangui(n)- ‘blood’, sermo(n)- ‘speech’, virtu(t)- ‘virtue’, bo(v)- ‘cow’, va(s)- ‘vase’. 
Applying (17), we correctly obtain the nominative-genitive pairs stipulated in traditional handbooks: aes/ aeris, lapis/ lapidis, oratio/ orationis, requies/ requietis, bos/bovis, vas/vasis, etc. 

For Dictionary entries, such parenthesized segments can be final but not initial. For grammatical (Syntacticon) elements, they can be on either side:

(19)
a.
The Spanish plural morpheme on nouns: –(e)s 


b.
The Japanese negation suffix on V, itself of category A: –(a)nai 


c.
Japanese suffixes on V, themselves also V: –(s)ase ‘make’ and –(r)are ‘passive’

With this analysis of optional underlying segments, we can pose a question: Why are initial consonants of open class Dictionary items apparently never optional in this way, unlike (19)?

Since Dictionary entries are uniquely addressed by an initial cluster C*, their initial segments tolerate no variation in π otherwise allowed by (17). 
In contrast to entries such as (19) in the Syntacticon (= storage of grammatical items), Dictionary Storage (15) makes the obligatory contour segments of (17) unavailable for a C* at a left edge. 

This yields the “regularity among irregularities” in (13) and further confirms Dictionary Storage.

Why should Dictionary design (phonological addresses based on C*, no phonologically null items) and Syntacticon design (no phonological addresses, possible phonological zeros) be so different? 

Ordinary vocabularies (Jespersen, 1905; Aitchison, 2003) suggest that a mental Dictionary can easily contain some 20,000 independent entries. Recent work by computational linguists suggest this number can be doubled.
 (In contrast, a Syntacticon seems unlikely to contain 500.)  
3. The Hearer’s Handicap

Recall now the problem facing a hearer at step C2:

(10 a)
Problem: In getting from phonetics π to a p-numeration of words ν, by using the lexicon, there must be a faster way than checking 20,000 entries in the Lexicon at each step. 

The hearer has additional problems:

(20)
Any speech imperfection—false starts, grammar mistakes, interruptions, mispronunciation, saying something not meant—are also problems for a hearer. 

(21)
Hearer’s Handicap. Many further problems of a hearer are not problems of a speaker: distance from a speaker, background noise, etc. The speaker has knowledge of both topic and situation, uses familiar vocabulary, etc. The hearer in contrast encounters unexpected logic, changes of topic, unfamiliar subject matter and/ or unexpected vocabulary.

The design feature of Dictionary Storage (15) drastically reduces the search space for a hearer—when an open class item begins to be pronounced, the search space for the item narrows to just those Dictionary entries beginning with C*—a space comparable to the whole Syntacticon.

Marslen-Wilson (1987; 1990) shows that during processing, words with acoustically similar initial segments are all activated at once.
  This finding is known as the “cohort theory of lexical access.” 
The idea: words from the same “cohort” are accessed upon hearing a first phoneme. Acoustically similar beaker and beetle from the same cohort are accessed at once; beaker and speaker are not.

The open class Dictionary thus seems optimally designed for the Comprehension Model (12).

III. Step C3*: converting p-numerations to c-numerations via derivations
1. Competence-based research: Dictionary vs. Syntacticon

Following tradition, the set of open class lexical items can be called the “Dictionary.” It is a proper subset of the set of lexical items termed the “Lexicon.” 

(22)
A Dictionary contains open class items: [N table], [V disperse], [A clever], [P aboard].
Dictionary items differ among themselves by purely semantic features f that play no role in syntactic derivations. Not all N, V, A and P have such features, so open classes are proper subsets of (rather than identical to) the lexical categories. 

(23)
Items in closed classes of grammatical N, V, A, P and all items of other grammatical categories lack f. All features Fi of closed class items play a role in derivations.
All items in other categories are thus fully characterized by cognitive syntactic features F that play a role in both semantics and syntax. These items are in the Lexicon but are not in the Dictionary. 


(24)
Unique Syntactic Behavior. Since each closed class item is a unique combination of syntactic features F, the hallmark of each such item is unique syntactic behavior.

(25)
Split Lexicon. A separate Syntacticon contains a language’s closed class items that lack purely semantic features f. 
(26)


          
                
             
              Dictionary    Syntacticon
	a. Defining property: Items with purely semantic features ƒ
	YES
	NO

	b. Syntactic properties:
	
	

	     i.  Grammatical categories in the inventory
	N, V, A, P
	ALL

	     ii.  Items with “alternatively realized” (AR) features
	NO
	POSSIBLE

	     iii. “Late insertion” possible during syntax and at PF
	NO
	POSSIBLE

	     iv. Full suppletion inside paradigms (go/went; bad/ worse)        
	NO
	POSSIBLE

	c. Phonological properties:
	
	

	     i.   Items conform phonologically to “primary vocabulary”
	POSSIBLE
	YES

	     ii.  Bound items head compounds and have inherent stress 
	YES
	NO

	     iii. Phonetically zero morphemes possible

	NO
	YES

	d. Intermodal and processing properties:
	
	

	     i.   Open classes; adults can coin neologisms
	YES
	NO

	     ii.  Interface with non-linguistic memory and culture
	YES
	NO

	     iii. Processing look-up in terms of initial consonant cluster
	YES
	NO

	     iv. Limited to Broca’s area of the brain

	NO
	YES


Some Syntacticon items: [N self ], [V get ], [A other], [P of ], [D every ], [DEG very ], [C if ],  [M can ], [NEG not], [NEG un- ], [p re- ], [N or A -ing ], [V -ize ], [V –ed ] etc.  The closed class of English grammatical V includes at least be, have, get, do, go, come, say, make, let, want and need.

The Syntacticon includes all English suffixes such as –ing, -ed and –ize. They unite two properties: they (i) lack inherent stress and (ii) can be fully characterized with cognitive syntactic features F. There is hence no morphology separate from syntactic compounding.
(27)
Language-particular syntax is composed wholly of lexical specifications, namely syntactic feature combinations associated with closed class items. (Ouhalla, 1991)

The Dictionary storing (only) four classes of open class items is Ouhalla's “mental lexicon.” The smaller Syntacticon storing items without f is his “grammatical lexicon.” 

2. Three properties of Syntaction items most relevant to a Comprehension Model
(28)
In order to satisfy the Lexical Proviso (11) for step C3* in a Comprehension Model, the following properties in Table (26) suggest using the Syntacticon.



c-iii. Phonetically zero morphemes possible.


b-iv. Processing look-up in terms of syntactic categories.


b-iii. Late insertion possible during syntactic derivations and PF.

2.1. Some phonetically zero morphemes in Syntacticons: Point c-iii in Table (26)

(29)
English non-3rd-singular present tense: V, -PAST, {μNUM, μPER}, +<V__> ; π = Ø  

μ stands for the marked feature values PLURAL and –III PERSON. π stands for phonological content. This morpheme constitutes an inflectional right hand head of a verbal structure and alternates with the overt suffixes -s and -ed. 

Inflections are additionally “alternatively realized” features; cf. (bii) in Table (26). That is, their features are not in interpretable LF positions. For example, ±PAST inflections are under V, not I.
 (30)
Alternative realization. Syntacticon items can alternatively realize a syntactic feature F of β in a non-canonical position γ, provided that projections of β and γ “are” sisters. 
Inflections are inserted late in derivations in PF (biii), and not as integral parts of p-numerations.
A null Romance clitic. Rizzi (1986) has effectively established that Italian has empty phrasal direct objects in the position of α in (31), which is interpreted as a null generic pronoun:

(31)
a. 
L’ambizione spesso spinge α a commettere errori.


   
‘Ambition often pushes (one) to make mistakes’


b. 
Questa musica rende α allegri.


   
‘This music makes (one) happy’

Emonds (2000, Ch. 9) argues that neither UG nor a Syntacticon can directly license such null direct object phrases. Rather, the Italian Syntacticon contains a null verbal clitic that alternatively realizes these features [DP α ] on the V itself. Obviously, such a clitic can’t be in a p-numeration.
We have seen two cases of Syntacticon items that alternatively realize a feature F which additionally license the canonical position of F to be empty, and thereby contribute to Economy.
Free forms with zero allomorphs. If some free morpheme [X α ] is pronounced optionally, I use the lexical notation (π). 

(32)
English relative WH pronouns:
a. D, WH, ANIMATE, -___NP; π = (who)







b. D, WH, PLACE, -___NP; π = (where)







c. D, WH, DEF; π = (which)

(33)
Unmarked English complementizer: C, +___IP; π = (that)

Unmarked French complementizer: C, +___IP: π = que

(34)
John persuaded Mary (that) she would easily get the job.


We explained to her (that) her children should stay outside.

2.2. Processing look-up in terms of syntactic categories: Point b-iv in Table (26)
Disjunctive lexical paradigms for grammatical morphemes. Traditional grammar distinguishes between suppletion in (35) and morphological irregularity. Members of a synchronic suppletive paradigm are completely unrelated phonologically. 

(35)
English: 
go/ went, good/ better, bad/ worse, is/ was

French: 
vais/ allons ‘go’, bon/ meilleur ‘good’


Latin:

ferre/ tuli/ latus ‘take, carry’


Spanish:
ser/ fui ‘be’ 
Suppletion is strictly limited to the Syntacticon.

The feature STATIVE. Since verbs more easily denote activities rather than states, the value –STATIVE is unmarked. Hence the completely unmarked English verb is not be but do.  This status then accounts for the fact that do is the language’s unmarked auxiliary.

What then is be with its complex “suppletive finite forms”? It is the least marked STATIVE verb. What these special forms have in common is alternatively realizing the marked feature STATIVE of V on the next highest head I. This AR then allows the minimal stative V position to be empty. 
This analysis eliminates the complicated ad hoc English “V-raising” (Emonds, 2000, Ch. 4). What is thought of as the “trace” of “be-raising” is rather the canonical position of STATIVE.











were, PAST, PLUR










was, PAST, -PLUR

(36)
English finite copulas: I, -MODAL, +STATIVE,    
are, PLUR










is, -PLUR, IIIrd










am, -PLUR, Ist

Clearly, a suppletive paradigm such as (36) can’t have a unique phonological lexical address.
Since Syntacticon entries have no purely semantic features f, it follows that:


(37)
Syntacticon Storage. Syntacticon items are addressed by their syntactic specifications F.

(36) exemplifies suppletion for free morphemes. Now here is an example for some bound clitics.









je, -PL, Ist









tu, -PL, IInd

(38)
Nominative French clitics: D, NOM, +__I,

il,  +DEF,  -PL, IIIrd,  -FEM      







       

ils, +DEF, +PL,  IIIrd,  -FEM









on, -DEF, IIIrd       

Braces that enclose all the divergent phonological information make it impossible to determine a unique phonological address for these entries. Hence they support Syntacticon Storage (37). 

An important difference between Syntacticon and Dictionary is thus: Syntacticon items do not have (unique) phonological addresses. 
This conclusion has been justified because of distributional generalizations, not because of the need for it in a Comprehension Model. But the Model in (12) includes:

Step C3*.
Placing ν in short term memory, construct an LF for σ from the p-numeration ν by a classic bottom-up syntactic derivation.


(11)
Lexical Proviso.  A p-numeration becomes a c-numeration at LF by adding (only) “closed class lexical items” in performing a syntactic derivation.
During a syntactic derivation in C3, it makes sense that added “closed class items” are chosen on the basis of syntactic context and/or category. Thus the competence-motivated Syntacticon Storage (37) dovetails perfectly with the needed processing principle (11).
2.3. Late Insertion during syntactic derivations and PF: Point b-iii in Table (26)

Late insertion in PF. Morphemes that alternatively realize features have no interpretation themselves in LF. Their role is rather to license empty categories interpreted by virtue of (39)-(40).

(39)
Canonical position of features. Universal Grammar associates a very few cognitive syntactic features F with each category B. These B are the canonical positions of the F.

(40)
Canonical realization of features. Syntactic features and categories contribute to Logical Form only in these canonical positions.

Alternatively realized morphemes, on the other hand, should be inserted in a syntactic derivation after that domain has been “sent to LF.” This is Late Insertion at PF in Table (26). 

The English ARs of -PAST on V as in (29) and of STATIVE in I (36) are two typical examples. Here is another:
(41)
Past Tense: ed, V, +PAST, +V___ 

The canonical position of PAST is on I. Its position on V exemplifies AR. In (30),: F = PAST; β = I.

F can in fact be V itself. Auxiliary do is an AR of V (=β) under an I0 that is a sister of VP (=βj). 
Late Insertion in Syntax. Studies of the “split lexicon” model such as Veselovská (2000) and Whong-Barr (2002) have argued that perhaps the main way Syntacticon items enter a derivation is by what Table (26) calls late insertion “during syntax.” 

Thus, productive derivational morphology (English adjectival passives and event nominals; cf. Emonds 2000, Ch. 4) is inserted not in PF, but as part of a syntactic derivation itself. 

Another example: Personal pronouns with c-commanding linguistic antecedents have properties of insertion during a syntactic derivation, while those with pragmatic reference seem inserted prior to derivations. Meaningless, non-referential expletive pronouns are inserted in PF (Emonds, 1995).

A competence model and a comprehension model thus agree: “grammatical elements” (i.e. from the Syntacticon) appear to be regularly inserted during a derivation, not prior to it.

Competence models of derivational computations have thus already provided us with a “work-in-progress” solution to the performance-motivated third step in a Comprehension model:

Step C3*.
Placing ν in short term memory, convert the p-numeration ν to an LF (and hence a c-numeration) for σ by a classic bottom-up syntactic derivation.
IV. A Sketch of a Production Model

(42)
Many—friend—recent —nice—me—repay—them—invite—party 

(43)
( ( Many (friends) ) (recent) nice (me)) ( repay (friends) ( invite (party) ) )

Let parentheses translate into endocentric phrases, and a left parenthesis followed by a morpheme into immediate dominance of a left hand head. Broken lines are ordinary dominance.

(44)





     XP




 AP



   
   VP
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    nice
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(45)
Production Model:

Step P1. 
Construct a sequence of lexical items for a new sentence σ.


Step P2.
Construct a preliminary parenthesized tree τ for σ from this sequence. Call 


the sequence of lexical items in τ a “preliminary numeration.”


Step P3.
Placing the array τ in (44) short term memory, construct an LF for σ from 



the preliminary numeration by a bottom-up syntactic derivation.


Step P4. 
Use the phonological information of the lexicon and the phonological 



component to construct a PF for σ.

At this point, as in the Revised Comprehension Model, we also need the Lexical Proviso (11) for P3, but revised in terms of the now formally defined grammatical lexicon as in (46).
(46)
Syntacticon Proviso. A preliminary numeration becomes a c-numeration at LF by adding (only) Syntacticon items during a derivation.

(47)
Enrichment of (44) by means of (46): 

Many of my friends have been nice to me recently, so I will repay them by inviting them to a party.

A Production Model of course needs a full set of exact UG principles by which Syntacticon items are added to a partially structured preliminary numeration such as (43) so as to produce e.g. (47). See for example Emonds (2000: Chs. 1, 7, 8) for more on the following principles.
(48)
Economy of Representation. Structural requirements such as subcategorization frames are to be satisfied at a level of derivation with as few phrasal nodes as possible. 

(49)
Logical Form Case Filter. At LF, internal arguments YP of X0 are each specified differently for Abstract Case, where “no case” is one of the Case values.

(50)
Some Bar Notation Principles.

a. English VPs must syntactically project to IP, and likewise NPs to DP.


b. APs and VPs require subjects (the Extended Projection Principle of Chomsky, 1981).
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