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1. Introduction
The Minimalist Program assumes three factors for linguistic design. Two of these factors
(genetic endowment and contingent variation) are customarily presupposed within
generative grammar. Acceptance of the 3 factor, however, is less universal. It involves
general principles of computation and overall economy, which to this day remain
controversial in linguistics and relatively obscure within Minimalism itself. This paper
presents an approach to the 3rd factor thatis rooted on the concept of ‘dynamical frustration’,
a notion originating within materials science that has nowadays extended to many other
disciplines. In short, ‘dynamical frustration’ can be seen as the irreconcilable tension between
certain opposing tendencies that, in some conditions at least, gives rise to a form of
dynamical stability. It is suggested here that the tendencies in point are orthogonal
computations: the left-to-right PF and a less obvious bottom-up computation involving
conceptual relations. These opposing tendencies organize into a model specifying Conditions
Liberating a Simple Hiatus - CLASH in acronym format, which names the model.

The paper is organized as follows. Section 2 goes into the conceptual motivation
within linguistics behind the issues this paper raised. Section 3 discusses dynamical
frustration in general, exemplifying it with Fibonacci patterns in nature. Section 4 makes the
explicit CLASH proposal the paper is concerned with. The rest of the paper makes the case for
the CLASH model from five different perspectives: A justification ofthe mechanism
introduced hereasa3rdfactor (section 5), the presence of Fibonacci patterns in language
(section 6), and a principled account of cyclic phenomena within syntax, the main empirical
argument behind the model (section 7).Insection 8avariety of formal consequences of the
systemare discussed, while section 9 touches on some neurobiological issues that are raised
within this approach. Conclusions are then presented in section 10.



2. Analysis by Synthesis Redux
The goal of the syntactic computation is to produce an array of well-formed formulas, the
characteristic function of which may be thought of as knowledge of a relevant language. A
much harder question is whether those aspects of the human mind that exhibit
computational characteristics (enough to characterize ‘knowledge of L’ by way ofaseries of
computational steps) in some sense correspond to linguistic derivations. As Maranz 2005
argues, a (revamped) Derivational Theory of Complexity fits rather naturally with the
conjecture that natural language optimally solves an interface problem between ‘meaning’
and its externalization - also known as the Minimalist Program. In contrast, Phillips and
Lewis 2009 exhibits skepticism in this regard. Interestingly, while Phillips and Lewis take the
relevant computation to be a linear process tracking the dynamics of speech, syntacticians
usually concentrate on bottom--up processes instead, from words to sentences. So syntactic
computations and their processing are curiously orthogonal processes. In this piece it will be
argued that, rather than this being a problem, it is the reason behind the syntactic system'’s
central characteristics.

The reason syntacticians work with bottom--up systems is empirical, given that the
mechanism of a first-bottom-up--association (‘first Merge’ of an item introduced into the
derivation with some otheritem) virtually defines the central notion ‘complement’, at least
within a strictly derivational system. Asis well known, complements are the loci of internal
aspect considerations (Teny 1992), the roots of incorporating elements (Baker 1988), the
base behind the formation of core idioms (Maranz 1984), the canonicalrestriction fora
binary quantifier where the quantification /ives on (inthe technical sense of Barwiseand
Cooper 1981),and much more. From a minimalist perspective, it is hard to imagine a more
natural condition: an optimal recursive system using its base notjustto startitsrecursive
procedures, but also to anchor its semantic foundations. Here, then, the traditional bottom-
up computation is henceforth assumed without further discussion.



A second assumption entertained here has to do with the notion cyclicity in

syntactic computations. Chomsky 2000 has explored the possibility that decisions about
characteristic cyclicities fall together into a ‘phase-based’ architecture.

Computational cycles clearly reduce operational complexity, but the empirically observed
presence of a non-trivial periodic cycle requires more justification than such operational
considerations. Theta, binding or Case domains, landing sites for successive cyclicity or
reconstruction, the uniqueness of cartographic tokens within cycles as clauses unfold, all
argue for a ‘punctuated’ approach to cyclic systematicities in syntax. This, in turn, suggests
that the cyclicities in point cannot be summarily blamed on computational simplicity. The
approach in the subsequent pages is based on the supposition that syntactic parsing proceeds
by way of a partial synthesis of the structures being analyzed, or Analysis by Synthesis
(henceforth AbS). In its origins, AbS was proposed in Halle and Stevens 1962 as a method by
which signals are mapped to messages through a series of feedback loops that build on an
initial hypothesis, which presupposes a device capable of generating the message it is
attempting to decode. The method was called ‘analysis by synthesis’ because the active
analysis was performed, internal to the system, by way of the hypothesized synthesis of signals:
-to-be-compared. Now such a method only works if the presupposed evaluation is done
‘locally’, so that the comparison sets can be manageable in some appropriate sense. For a
system capable of internally synthesized candidate representations, as Poeppel et al.
(2008:1072) note, thisis plausible, inasmuch as with “minimal sensory information, the
perceptual system generates knowledge-based ‘guesses’ (hypotheses) about possible
targets and internally synthesizes these targets.” Could ‘cyclicity effects’, then, be the systemic
response of the grammarto AbS considerations?

Although an idea along those lines goes back in some form to Berwick and Weinberg
1984, it is Townsend and Bever 2001 that come close to making the relevant proposalin this
regard. In this approach, the grammar, working bottom--up as is customary, is taken to
provide the core analysis of a structure, while an ‘analyzer’ provides the first, rapid, left-to--
right hypothesis, later on to be checked, in



the feed-back loop, against the core grammatical analysis. A strict AbS approach like

this banks its explanatory power on the functional efficacy of structure. But can there be a
similar approach that capitalizes, instead, on the very dynamics behind this idea - that two
orthogonal tendencies are at work in language at the same time, so that linguistic
structuring emerge from two orthogonal processes that happen to meetin some sense,
effectively clashing? The explicit intent here is to reproduce the AbS situation in the process,
but not because of the need to parse one core structure by way of hypotheses made on the
bases of the effective nature of the other.

3. Dynamical Frustration

These ‘clashes’ are central to a variety of physical processes that fall under the rubricof
‘dynamical frustration’.Inafrustrated (spin) system, the ‘frustration’ alludes to a lack of
alignmentin atomic spins. Under certain conditions, the natural crystallization ordering in
atoms can be in afrustrated state, givingraise to a spin glass, so-called because of the
arrangement that the atom spins (their intrinsic angular momentum) have with regardsto
oneanother (see Diep 2005 for perspective). For example, an atomic moment may align
with respect to neighbors in opposite interactions. Dynamical frustration canalso arisein
instances without signs of atomic disorder in a compound (with no magnetic interactions
to be frustrated). The glassy behaviorarisesif governed by a controlled disorder that
emerges in time, i.e. femporal frustration (Goremychkin etal. 2007).1

After characterizing frustration in this sense as the unresolvable co-existence of
opposite tendencies, Binder 2008 capitalizes on the idea that, in relevantly frustrated
systems, opposing forces or tendencies simply cannot reach an equilibrium solution - yet
they keep trying forever. Binder goesas farasto suggesting thatthe notion may be usefulin
understanding emergentordersin complex dynamical systems in biology and nature more
generally.

Fibonacci patterns in phyllotaxis exemplify dynamically frustrated systems. The
observable Fibonacci regularity emerges as a side effect of the fact that, under



these circumstances, the system stabilizes by distributing mini-eddies as far away

from their neighbors as possible (within the macro-eddy that contains the entire system).
The optimal such stabilization uses anirrational division of the relevant ‘packing space’, the
Fibonacci angle being the demonstrably most irrational such division. These dynamics can be
illustrated with a famous experiment by Douady and Couder (1992). These authors let
magnetized ferrofluid drops fall into an oil dish, repelling each other but constrained in
velocity by the oil viscosity. With drops fallingataslowrate, olderdropsrepelanew one
more orless simultaneously; as the droppingrate increases, the Fibonacci pattern emerges
(Figurela).2
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Fig. 1. Conceptual model of the regulation of phyllotaxis by polar auxin
fluxesinthe shoot meristem. Adapted from ref. 10.(A) PIN1 orientation directs
auxin fluxes (arrows) in the L1 layer, leading to accumulation of auxin (red
color) at the initiation site (I11) in the peripheral zone. This accumulation
eventually results in organ induction. (B) Later, basipetal PIN1 polarization
inside the bulging primordium (P1) drains auxin into inner layers, depleting
the neighboring L1 cells. As a consequence, another auxin maximum is created
in the peripheral zone at position |11 removed from primordia P1 and P2.

Figure | a. Douady/Couder experiment b. Reinhardt et al. model

Theaspectof dynamical frustration thatis mostrelevantto the present discussion is
that orthogonal, though related, forces/tendencies should find a dynamical equilibrium. The
Fibonacci stability is not present because a given system (cells at the tip of a growing bud, as
in Figure I b) must interface with light, oxygen, moist or some such. The pattern is a
consequence of cell aggregates (primordia), like the droplets in the Douady and Couder
experiment, forming as far as possible from older primordia. Reinhardt etal. 2000 showed
how a growing primordium at the tip of a growing plantabsorbs a growth-promoting
hormone, thereby describing the botanical biochemistry for this emergence. Yet sheer
botanical observation and mathematical reasoning allowed Wilhelm Hofmeister to conjecture,
already in 1868, thatsomehow new primordia formas faras possible from older ones.3



4. A CLASH Model

One way to invoke relevant systemic conditions in syntax is as follows. Rather than blaming
the bottom-up computation on ‘competence’ and the left-to-right process on ‘performance’ (as
in Townsend and Bever’s AbS system), we may claim that the left-to-right computation is just
PF, while the bottom-up phenomenon is the ‘conceptual soup’ that gets both lexicalized and
computationally organized after these two come up against one another. This suggests that
there are two processes relevant to syntax, one phonetic and one conceptual, which are not
justorthogonal - they clash. This idea reinterprets the ‘Inverted-Y’ model as in (1b):

(1) a. Inverted--Y--model b. CLASH model

DS DS

PF LEF PF LF

A —_—

In (1b) the directionality of the PF mappingis entirely reversed, so thatitcan proceed in the
left-to-right fashion thatit exhibits in its externalized form, which is clearly orthogonal to the
classical bottom-up mapping stemming from theta-- representations. This is what will be
called a CLASH model, where CLASH is an acronym standing for Conditions Liberating A
Simple Hiatus. Ahiatus, of course, isa natural discontinuity:inrelevantsituationssucha
breakis partofthe system’s structural balance - it could not exist otherwise. If this abstract
system corresponds to a computation, it simply wouldn’tallow for non-cyclic operations.

How is that proposal different from the Townsend & Bever idea? Again, in the literal
AbS approach, syntax is one of the elements in the mental dynamics, interacting with all-
purpose psychology for a rough-and-ready analysis where cyclicities are necessary. In
contrast, in the present approach computational syntax emerges, with all familiar (LF)
syntactic details computationally determined, only after an interaction takes place
between phoneticand conceptual networks. The



process in theory gives rise to relevant forms of syntactic digitalization at various

scales: from words to sentences and appropriate syntactic ‘domains’.

An immediate clarification is in order: the Minimalist Program does not customarily
assume a separate DS component, since it assumes syntax is an optimal solution to output
interface conditions (PF and LF). Uriagereka 2008 argues that this is neither necessary (in
‘minimalist’ terms) nor convenient. Although it is clear that a D--structure level of
representation is not compatible with the facts of language, itis equally plausible thatno level-
-of-representation, in the technical sense of the expression, is necessary to adequately
capture linguistic properties — especially once the system is assumed to be cyclic. That,
however, leaves room for components ofthe right form, whether this should be PF,LF - or DS,
understoodas an array of conceptual structures. The latter is in fact the view that most
practicing minimalists, startingwith Chomsky 1995, routinely assume when stating
generalizations (such as theta-dependencies) in configurational terms. Alternatives that
explicitly, and coherently, deny even these configurational residues clearly exist, for instance
Hornstein 2009 and related works. Uriagereka 2008 and 2011 argues againstthese views on
empirical grounds.

The gist of the arguments can be summarized in the difficulty that putative
lexicalizations of the LFsin (2) poses:

(2)a.[vx[3y[xactionedy]]] pronounced al/l x such-and-such some y

b. [Jy [Vx [x actioned y]]] pronounced all x so-and-so some y

Just as we can have a verb such-and-such that, when combined with the complement some y
and the subjectsome x conveysthe meaningthatxactioned (loved, fed, dressed, raised) y,
why can’t we have a verb so-and-so that, when combined with the complementsome y and
the subjectsome x conveys the inverse scope? An explanation for factsalong theselinesis
straightforward if we assume that derivations start in words (e.g. verbs) of familiar sorts
and it is through syntactic



interactions that they reach relevant LFs. We take (2b) to emerge due to some

intricate interactioninvolving the direct objectsome y which ‘scopesitout’ to the sentential
periphery. That derivational direction, however, presupposes an input and an output, not just
‘aplace at the end’ where a lexicalization along the lines in (2b) would be both possible and
desirable: it would allow us to distinguish the two relevant LFs in a way that actual language
does not. Similarly, the system without a DS/LF separationinvites the inference thatfamiliar
distinctions betweenraising and control, movement and binding, and so on, should be
dissipated. The present work assumes that such ‘unifications’ are wrong-headed, and itis
instead better to leave matters asassumed traditionally: with LF resulting from
manipulations on structures of a (formally) simpler sort. Indeed, the CLASH model radically
suggests thatitis because of such forms interacting with PF that LF forms ensue.

Obviously, even if the CLASH approach is generally correct, we are in no position yet
to explain the assumed syntactic dynamics in terms of neurobiological dynamics, any more
than twentieth century botanists could fully explain analogous dynamics for plants. However,
is there any room in syntax for a purely formal conjecture analogous to Hofmeister’s
“magnetic” approach to botany? This article can be seen as an exercise in the direction of
answering that question, bearing in mind that arguments for a CLASH system can come in a
few varieties:

(3) a.Aconceptualjustification of the CLASH architecture as a 3rd factor.
b. The presence of Fibonacci patterns in language.
c. A principled account of cyclic phenomena.
d. Formal consequences of the CLASH architecture for minds.

e. Neurobiological consequences of the CLASH architecture for brains.

The remainder of the article will go through this list.



5. A Conceptual Justification of the CLASH Architecture as a 3" Factor

A growing literature in systems biology, summarized in Hoelzer et al. 2006, emphasizes the
role of “principles of self-organization”. Itis, however, difficult to clarify what sorts of laws
self-organization obeys and what role they play in the shaping of matter, life or mind. The
science of non-linear complex dynamic systems explores conditions whereby ordering forms
emerge from understandable interactions when they act collectively. Chomsky has
consistently presented 3rdfactors in this light, as in the following quote (2006:180): “The
third factor includes principles of structural architecture that restrict outcomes, including
principles of efficient computation, which would be expected to be of particular significance
for computational systems such as language, determining the general character of attainable
languages.” What seems clear is that 3rdfactors are as legitimate a theoretical tool in
linguistics as in the rest of biology. In either instance, though, it is difficultto pin down what
these notions boil down to.

In that sense alone, it seems as reasonable to consider dynamical frustration in syntax
asitisingenetics (Yuetal.(2006),Jensen etal. 2009) or proteomics (Nerukh 2009), aside
from its more traditional role in physics. Scientists exploring these concepts beyond their
comfort zone often focus on systemic feedback loops in relevant networks, which lead to
characteristic situations of ‘self-similarity’ of the autocatalytic sort systematically explored
in Kauffman 1993. This reflexivity is certainly salient in language, for instance in the semantic
ability it provides humans to reflect back on themselves or the phonetic ability to mimic. More
importantly for our purposes, reflexivity arises in syntactic terms: When the most basic
syntactic operation, Merge, takes stock from its own outputs ityields the mostunique and
powerful syntactic structures (agreement extensions, generalized quantification, ellipsis, etc.
- all unique within the world of cognition). Whether dynamical frustration is the only, or even
the ultimate, tool to clarify a uniquely human notion like Internal Merge can only be
determined by exploring the notion thoroughly.



Ifnothing else, the exploration should be conducted for pragmatic reasons:

this is, after all, a reasonable track to justify the presence of 3rdfactors in nature. If the notion
obtains within syntax beyond the purely metaphorical, we would have to

(a) showanyindication thatthe sortof patterns seenin syntax has anything to do with
instances of dynamical frustration, and (b) try and justify what the relevant underlying
forcesleadingto these patterns may be.Itisin thelatter sensethata CLASH model has at
least a conceptual chance, in that it is designed precisely in terms of the sorts of opposing
conditions thatlead to dynamical frustration in well-- attested domains. Consider nextissue
(a)justraised.

6. The Presence of Fibonacci Patterns in Language

Using artificial languages of the sort generated by an extension of Chomsky-style rewrite
rules proposed by Aristid Lindenmayer, the L-system (see Lindenmayer and Prusinkiewicz
1990), Saddy (2009) investigates how humans treat pseudo-random strings of syllables for
which there are no simple statistical regularities atthe level of neighboring occurrences. In L-
-systems several rewrite rules - all applicable rules - apply simultaneously to a given
derivational line. Moreover, no significant distinction is made between terminal and non--
terminal nodes in these systems, whose rule application iterates indefinitely. Then consider

(4):
(4)0=> 1, 1= {1,0} (where 1 and 0 are unordered)

This system, applied Lindenmayer style, generates a graph like (5):
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The number of symbols in each derivational lineisabove 1, 1,2, 3,5, .. Thatisthe

Fibonacci sequence, obtained by adding two successive numbers starting with 1:* Then
synthetically generated syllables [bi] and [ba] are substituted for all the ‘1’s and ‘0’s in the
system, which generates deterministic pseudo-random strings.> Subjects of his experiment thus
hear minutes of sequences like ba-ba-bi-ba-ba-bi-ba- bi. In the experiment, the pseudo-
random strings are compared to others, as follows:

(6) (i) Arandom string chosen (making sure it could not have been generated by the
Fibonaccigrammar).

(ii) Four symbol substitutions for string bits if the Fibonacci sortare then executed, to
make the strings comparable, yielding four versions of the experiment:

1. 1 is replaced with 1 0 and 0 is replaced with I;
2. 1 is replaced with 1 0 1 1 01 0 1 and 0 is replaced with 1 0 1 1 0;
3. 1 is replaced with 1 0 1 1 0 and 0 is replaced with 1 0 I,

4. 1 is replaced with 1 0 1 and 0 is replaced with 1 0.

Afterwards, subjects are auditorily presented with 64 pairs of candidate strings lasting ten
seconds each and are asked to indicate which of the pair was most similar to the training set.
Asthe graph in Figure Il shows, subjects generally succeeded at making the discrimination:
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Figure II: For each case, bars show accuracy of identifying a 10 sec. sample taken from the Fibonacci training set (gray)
in a forced choice decision with a 10 sec. sample taken from a random string created with that substitution set.

11



Although subjects were shown strings with no semantics and as little

phonology as perceptionallows ([ba] vs. [bi]), they hardly have any trouble identifying
relevant constituents of the Fibonacci sort above the syllable strings, presumably at a higher
level of abstraction than the list of signals heard allows. Of course, this experiment does not
establish the presence of Fibonacci patterns in language. Only that, when Fibonacci patterns
are “linguistically” presented to humans, they distinguish them from plausibly related
random alternatives.

Saddy tested that scenario because claims about Fibonacci patterns in syllable
structure go as farbackas Uriagereka 1998. To illustrate, let‘+’ or -’ representations freely
interactaccording to two computational rules, (14i) and (14ii) (the latteran output condition
onarepresentation of# symbols) to generate symbol strings:

(7) Fibonacci Game: Starting with eithera+ora--,
(i) Go on to concatenate it to another + or a ---, with one condition:

(ii) Avoid combining identical symbols, unless adjacent to a different symbol.

The results of this game are shown in Figure [, starting with a space or boundary and adding
successive (one,two, up toseven) symbols.

1 [ + b fo
2 L B B
3 .
+ e
5
3
5
e}
3. ot
. Mo ﬁr
1 1 bt SR TR .
b, -+ e P S + -t

Figure IlI: F patterns emerging from the F game, for 2, 3, 4, 5, 6, 7 and 8 symbols
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The possible combinations as various elements are added yield different arrays of

spaces and boundaries, and the number of combinations as the added elements grow falls
within the Fibonacci series. Now suppose we adapt these patterns (generated over abstract
spacesand boundariesthereof) tolinguistic conditions:

(8) Linguistic Conditions

(i) Nucleus Constraint: Look foramaximal space. Then,

(ii) Onset Constraint: Try to assign an onsetboundary to thatspace. Then,

(iii)Coda Constraint: Try to assign a coda boundary to that space.

(8) is an optimization algorithm, trying to make bounded spaces as large as possible

(81), and as delimited as possible. All of this has the consequences in Figure II.
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Figure IV: Patterns emerging from adding linguistic conditions on the Fibonacci game

Where ‘spaces’ are defined over - elements, the algorithm attempts to find maximal spaces
(combinations of “-‘ elements); next, it attempts to delimit that maximal space in terms of an
onset (if possible); finally, the algorithm tries to find a coda for the delimited spaces. In a
few circumstances, the remaining space is a single ‘- (not a maximal space), and in fact
without either an onset or a coda.
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Only six groupings arise from applying the conditions in (8) to the game in (7):
(9) Q- b4 eee e 4t et g, - fot

Further combinations of successive symbols under the game’s conditions yield new
associations within the Fibonacci series, but when the linguistic conditions in (8) are applied
to these new objects, no more combinations arise than those in (9). The results in (9) are
curious, since Phonological theory lists the major syllabic patterns across the world’s
languages, in descending frequency, as in (10) (Blevins 1995):¢

(10) aCV  bCVV cCVC  dCVVC eV £VC

If we interpret the ‘space’ as a vowel (V) and the ‘boundary’ as a consonant (C), (9) and (10)
turn out to be identical. Moreover, observe the number of occurrences for each type within the
strings above (for clarity we are replacing +/-- notations if Figure II for the phonologically
substantive C/V):

(11) a.(a)grouping: CV37(times),CVC21,CVV 11,CVVC10,VO0, VCO.
b.(b) grouping: CV 37(times), CVC17,CVV7, CVVC8; V19,VC13.

The (a) grouping is generated by starting the game with a boundary, while the (b) grouping
emerges from starting it with a space. In either instance, after applying the linguistic
conditions, the CV pattern emerges 37 times, the maximum. At the opposite extreme we have
the V(C) pattern, which doesn’t emerge in the (a) grouping, and does moderately in the (b)
grouping (the VC pattern is the least common, emerging only 13 times). In between is the CVC
pattern. This roughly correlates with the frequency order in (10), for syllable types common
acrosslanguages.

Claims about the existence of Fibonacci patterns in languages have been extended by

Idsardi 2008, Idsardi and Uriagereka 2009 (to metrical feet), Ferrer i Cancho and Hernandez
2008 (to rationalizations of Zipf's Law), and Boeckx, Carnie
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and Medeiros 2005, Soschen 2006, 2008 and Medeiros 2008,2012 (to X’ geometry

and the nature of syntactic projection). Space considerations prevent us from going over each
of these examples, but it is worth emphasizing the range of these analyses. Ascertaining relevant
patterns is not easy, and yet they keep appearing.

Consider an optimal expansion of familiar X'-conditions (maximal specifier and
maximal complement, each with maximal dependents, etc.) discussed by Medeiros
2005 and Soschen 2006. Clearly, these fall into Fibonacci conditions:

(12)
Max P Intermediate P Head
................................. 1 0 0
1 0
............. 2 1 1
3 2 1

W

PP T°Z QP.... 5

Medeiros 2012 discusses a variety of such ‘tree geometry’ conditions, all equally simple.
Now for contrast, consider next George Zipf's distributional fact about words in a corpus (the
most frequent word in a corpus occurs almost twice as often as the second most frequent,
which occurs almost twice as often as the next, etc.), which as Ferrer i Cancho and Hernandez
2008 reminds us, could be expressed in two ways:

(13) a. Zipf’s Law (‘a perspective’)
Let x be the frequency of words in a given corpus, and i be the rank of any

givenword withinafrequency table, so that x(i) is the frequency of the i most frequent
word. Then:

x()~i—™
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b. Zipf’s Law (‘f perspective’)
Let x be the frequency of words in a given corpus, P(x) the probability of that
frequency, and b(f) a normalization function’ with f its exponent. Then:

P(x)=b(f)x#

From the a perspective, Zipf's law may be taken to refer to the fact that, given some corpus,
the normalized frequency of any word within it is inversely proportional to its rank in the
frequency table, a distribution that follows a power law with a roughly constant
exponent o, somewhat close to a value of 2. From the p perspective, the probable
frequency of a word in a corpus is inversely proportional to its normalized distribution - a
distribution that follows a power law with a roughly constant exponent 3 that is known to
be (not much) greater than 1. In some intuitive sense the f perspective relates to the a
perspective, but while the former is an equality, the latter is an approximation, and while
exponent a can be empirically shown to be less than 2, all that a mathematical analysis of the
situation allows one to conclude is that exponent f is larger than /. Yet Ferrer i Cancho and
Hernandez manage to show how the probability distribution of words vs. the value of
the magnitude of the distribution vs. its rank converge when the value of exponents a and S
is the (positive) Fibonaccinumber (1+V5 /2=1.618...).

Coincidence? Perhaps, just it may be a coincidence that 92% of plants in a classic
observation by Jean (1994) obey Fibonacci growth patterns, as do structures ranging from
asymmetries in mammalian bronchial structure (Goldberger et al 1985) to the
organization of the dimers in eukaryotic cytoskeletal microtubules into a (5, 8) Fibonacci
spiral mode (Koruga 1975). Then again, these results may reflect a 3rdfactor at work. It is
hard to argue with (12) - although one may perhaps argue with the underlying X’ structure,
its generality, its role in present theorizing and so on. If, however, the X'-schema (with its
customary divisions into head-complement and projection-specifier distinctions) is
correct, and one cares to explore what happens to its maximal expansion, then (12) follows.
Similarly, Zipf's law is what it is. Skeptics may argue that it just provides approximations to
the organization of

16



corpuses, and in any case random collections of expressions shouldn’t matter much.

Then again, suppose that, as argued above, syllables are Fibonacci patterns at some level of
abstraction (and so are plausibly their organizations into feet). Then if it were the case
that words that languages allow within those conditions exhibited a Fibonacci signature at
some level, this would be no more surprising than that forests - obviously composed of trees
mostly obeying a Fibonacci pattern - should arrange their various scaling characteristics in
terms of the conditions that the component trees impose (see Bejan et al. 2008 on this).
For most sets of words these regularities will be too remote to be noticeable. However, if
one explores conditions under which the most frequent words appear, then it is
reasonable to expect an effect of the sheer formal pressures under which these natural
forms arise. True or false,nodoubt-butcertainly notsenseless.

Be that as it may, it is at least a mathematical curiosity that both statements of Zipf's
law should coincide when we use a ratio which happens to be the numerical value behind the
distribution that is implicit in the sorts of algorithms (like (4) and others) that underlie the
patterns in (5), (7) or (12). These correlations may be spurious, but not letting them
tickle our curiosity seems unscientific, if nothing else because the combined probability that
all these Fibonacci patterns should be the result of fanciful analysis is minuscule, and it
reduces with each new finding.

7. A Principled Account of Cyclic Phenomena

Having provided a plausibility argument that Fibonacci patterns exist in grammar, consider
next the matter of a putative underlying system of the CLASH sort, which by hypothesis
naturally leads to such patterns, given frustrated dynamics. The main empirical impetus
behind this approach is providing an explanation for ‘cyclic’ conditions of rule application,
since a ‘cycle’ turns out to be a necessary condition in a CLASH system. Can the model, then,
provide an approach to cyclic syntax?

A postulation of a cycle of rule application within phonology dates back to Chomsky,
Halle and Lukoff 1956. Within syntax, the idea is explicitly defended in
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Bresnan’s 1971 proposal that rules of the phonological cycle apply in the course of

the syntactic transformational cycle, similar considerations being raised in Jackendoff (1972)
and Lasnik (1972) with regards to the semantic interface. The transformational cycle has
always played an important role in the mapping to LF, in terms ofthe interpretation of
anaphora orvarious conditionsrelating to negation, among others - all of which survived
into the Minimalist Program, in terms of the notion ‘phase’ (Chomsky 2000:106; see
Uriagereka 2011: chapter 5 for perspective). Intuitively, the bracketed elementsin (14) have
alwaysbeen phases (orbarriers):

(14) [cPJohn [yp ¢ thinks [CP Tom will [yP ¢ win the prize]]]]

The difficult question is why vP and CP should be the relevant domains, as opposed to others.
For Svenonious (200), Fox and Pesetsky (2005), den Dikken (2007a, 2007b), or Gallego
(2007),indifferentterms, whatdetermines phase periodicity is some interface condition
that the system is attempting to meet via phases. The general difficulty with this approach is
avoiding circularity, in the absence of a general theory of what awaits at the interface. Other
approaches effectively deny the relevantcyclicity of phases, eitherby embracingittoitslimit
(everyphraseisa phase, see Manzini (1994), Takahashi (1994), Epsteinetal.(1998), Fox
(2000),

Boeckx (2008), Boskovi¢ (2002), Richards (2002), Epsteinand Seely (2002), Fox and
Lasnik (2003), and Abels (2003) for perspective) or by questioning this notion of cyclicity
altogether, at least in the specific terms of phases (see Collins (1997), Grohmann (2003a,
2003b), Boeckx and Grohmann (2007), Jeong (2006), and Chandra (2007)). After examining
this matter in detail, Uriagereka 2012 concludes that we simply have no predictive theory of
why the cyclic domains we call phases exhibit the periodicity that they exhibit.

A radically different approach is suggested by an evolutionary connection between

syllabic and syntactic constraints argued for in Carstairs-McCarthy 2000, where phrasal
structure is taken as an exaptation of syllabification requirements, an
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idea for this sort of correlation is not new: it was defended in synchronic studies as

far back as Kaye, Lowenstamm and Vergnaud (1985). Consider again the linguistic conditions
in (8) thatweapplied to the Fibonaccigame, repeated nowas (15):

inguistic Conditions
15) Linguistic Conditi
(i) Nucleus Constraint: Look foramaximal space. Then,
(ii) Onset Constraint: Try to assign an onset boundary to that space. Then,

(iii)Coda Constraint: Try to assign a coda boundary to that space.

What is the nature of these conditions? (15i) is abstract enough not to bother us whether
it manifests itself in phonology or syntax, understanding that what we are seeking by these
conditions are signaling spaces. In turn, that an open-space should generally be bounded would
seem to be a broad requirement on symbolic systems, assuming this is the way to bring
discreteness into them. That the boundary in question should have to be at the onset of the
relevant space, as opposed to its coda, makes sense if the linguistic signal is meant to be
carried on a one-dimensional motor expression (whether via speech or gesture) that is
deployed in time. It is sound for an information-exchange system to be symbolically
focused on the beginning of a given signal - which is relatively easy to establish when
tracking the emission in real time - in a way that would be impossible to fix for the end of
the signal. At least if relevant signals can be as large as one wants, the case in syntax. The
matter is different for limited signals, however, such as syllables. It does make sense to have a
condition like (15iii) in order to delimit word-endings if lexical units have to be parsed, very
rapidly and effectively, presumably retrieving them from a fixed lexicon where they have both
a beginning and an end. Now what happens to the Fibonacci game if we do not assume
condition (15iii)?

In those conditions we obtain is a syntactic variant of the Fibonacci game that

allows for all the coda conditions we examined for syllables, but it also permits a different
parse of the relevant abstract spaces: one for which two left edges are
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actually viable (instead of assigning one of those as a right edge to a prior

expression). The relevant combinations are presented in Figure V (cf. Figure IV):
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Figure V: Patterns emerging from the syntactic variant of Fibonacci game.
Note that the new elements all involve double pluses, in order of frequency:
(16) ++--, +4+, ++--+, AN ++----

To use a conspicuous notation sympathetic to Minimalist terminology, let us call domains
(D) the “-” signs and edges (E) the “+” signs when they appear in their canonical left
position, reserving the term tag (T) for elements appearing to the right of the domain. In turn,
we can call E? an extended edge and D? an extended domain. The frequency of each of these

unitsinFigure[Visasin (17):

()RR B8} BB 4 P T09.0T13) 2D

The most ubiquitous combination involves the E D array, which corresponds to the
minimalist phase (Chomsky 2004:108, where the phase edge is characterized as the non-
configurational combination a---H, where PH is a phase and H its head):
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(18) PH=[a [H]]

Much less common, though still abundant, is that same configuration with the added tag after
the main expression. English examplesillustrate each case:

(19) a. Who loves Mary? a’.Johnloves Mary.

b.Heloves Mary, doesn 't he? b’.He does love Mary, that idiot of John.

Frequency in (17) drops drastically for both the pure domain (i.e. edge-less or
defective) phases and the phases involving the extended domain. The latter have been argued to
exist by Gallego (2008), building on observations by Richards (2006; 2007), who interestingly
suggests that the right periodicity among phases is as indicated in (20a) (P=phase, N=non~-
phase) - cf. instantiation (20b), corresponding to (20c):

111

(20) a...[p[n[p[n [p [N...]]
b....[ce[rp[wp [vp [DP [NP...]]]]]

C....[cp that [tp he [wp v [vp adored [pp the [npcountry-side 11111] ...

]
]

Richards was attempting to build a phase/not-phase “rhythm” that s in the spirit of the ideas
in this chapter. While admitting that the situation in (20b) is common across the world’s
languages, Gallego (2008) suggests that, in some, the periodicity is slightly more elaborate:
In languages like Spanish there are more projected materials between the left-
peripheral CP and the core TP. Gallego’s alternative to

(20) for these languages is as in (21) (where F signals the extra functional material):

21) a..lpNIN[PIN[[N..]]T]]]]]-
b....[cp[ep [tp [ [ve [oP [Np.] 1T 1T T

int L [ dorab [
e gue ety [ v Loradogas v rcampe |11 1. e

‘that how much he adored the country-side’
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In the ontology in (17), Chomsky’s object in (18) is E D (essentially in Richard’s
representation), while Gallego’s extension is E D? - and both arrays can come with
corresponding tags (E D T and E D2T). The least common expressions involve both defective
phases with associated tags and all the extended edge expressions. Although in recent years
expressions of this sort have not received much attention, their pedigree within
generative grammar is well established:

(22) a.D:[You brute]!
b. D T: [Atrue genius], that boyfriend of yours...

¢. E2D: Asforthe President, [whatis [being alame duck if not that]]?

d. E2D T: This man, [are [you telling me you have ignored him]], you fool?

E2DZand E2 D2 T, in turn, are variants of (22c) or (22d) in Spanish. All of this seems to accord,
impressionistically at least, with fairly standard observations.

This exercise shows how Fibonacci patterns can be naturally adapted to various
externalization conditions (syllabic phonology, syntax). In natural conditions, too, such
patterns change slightly depending on whether, for instance, a given growth function is
continuous (a mollusk shell) or discrete (florets on a corolla). Second, note that in order to
obtain the cyclic (phasal) periodicity, it is more crucial to determine phasal edges (within an
overall F-space) than corresponding tags. This is consistent with the fact that the phasal edge is
what carries movement long-distance, whereas a corresponding path doesn’t appear to exist
across tags: As Ross (1967) observed, long-distance displacement is impossible in
that direction (the Right Roof Constraint) - contrary to what happens with left-ward
displacement, which is unbounded (pace Sabbagh (2007)). Compare:

(23) a. [Kennedy will say [that there emerged [a rumor ti]] tomorrow in the senate]

*[about the candidate from Chicago];

b. [About whom]; will [Kennedy say tomorrow [that Clinton believes as of today [that
[thereemerged [arumort;] yesterday] |
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Why exactly are CP and vP the canonical phases - and not the TP (dominated

by CP) and VP (dominated by vP)? To recall from section 2, now explicitly said:

(24) Syntax is built bottom-up from the first-merge of the verb to its theme
argument.

Given (24), what should count as a space for the purposes of the Fibonacci game (where
the - signs should be anchored)? Suppose that corresponds to the lexical space of a verb-
object relation. At that point, VP cannot be a phase edge, by definition. Extended domains
are viable too, though statistically rare (corresponding to language specific ditransitive
expressions, absent in many languages). The first available edge to satisfy the Fibonacci
pattern, then, comes at the vP level, where the first relevant specifier is determined. That
itself determines the next space, in counterpoint to what is already established: it will
be in the TP domain (with possible variants including extended domains in languages
where this is relevant). The next available specifier, at a separate projection that
determines its own dynamics, will be at CP, which combines with a further V and so on.

Different though syllables and phases obviously are, they are also abstractly similar:
inside words, we have syllables; outside, phases. The space where these units emerge
appears is likely of a frustrated, Fibonacci, sort. This is a consequence of the fact that language
exists as two opposing computations: bottom-up in terms of its conceptual articulations,
left-to-right in terms of its phonetics in time. This orthogonality is resolvable only in
chunks, which is generally the sort of situation emerging in Fibonacci conditions, and
frustration more generally.

8. Formal consequences of the CLASH architecture for minds.

The account for cyclicity just discussed should not exhaust the formal consequences of the
CLASH approach for a mental architecture that supports syntactic structuring. It is also
interesting to reflect on the inner structure of syntactic phases, which as we

23



saw are divided mainly between a domain and an edge. There are several

grammatical conditions taking place within domains (24), and several others at the edge
(25),thelattertype plausibly requiringa computational memory buffer:

(24) a.Theme selection, measuring out event denotations and yielding idioms.
b. Head-to-head dependencies (incorporation, affixation, light verbs).
c. Basiclinearization for Spell-out purposes.
d. Agree.

(25) a. External arguments, signaling mere event participation (and no idioms).
b. Clitic climbing, placement and reduplication.
c. Derived linearization for Spell-out purposes.
d. Move, including successive cyclic displacement through the Edge.

While the head-complement relation (or extensions of the Agree sort) is
straightforward, how exactly other ‘super-structures’ emerge under higher-order
conditions of the sort in (25) is less clear. The relevant phenomenology (of successive
cyclicity, reconstruction, construal and antecedence more generally) is well described, but a
clear analysis is still missing that can respond to such simple questions as why edges allow
displacement or what it means to reconstruct in any of the displacement points. What is clear is
that the edge does not go hand-in-hand with the rest of the computation, as is expected if, in a
sense, specifiers are placed within a ‘memory buffer’, vis-a-vis the rest of the structure.
Perhaps this ‘buffer’ places relevant elements in their own derivational dimension. How

information ‘travels’ through thatdimension, however, is still mysterious.

Some of these questions might be addressable once a formalization for the present

model is attempted. Chomsky (1981:173, 303) assumed the formal system
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in Lasnik and Kupin 1977, which was constructed in terms of curious objects called

‘monostrings’, defined as follows:

(26) A monostring Y =aX Bisastring of syntactic items (terminals and non-
terminals) such that s contains precisely one non-terminal X.

A (reduced) phrase marker (RPM) K can be exhaustively defined in terms of a set
containing the terminal string and a corresponding set of monostrings. A set of strings is
an RPM so long as it meets admissibility conditions of ‘completeness’ (determining that
all and only the strings in a set ‘fit’ the RPM format), ‘consistency’ (what strings contain
elements that either dominate or precede all other elements in the RMP), and other such
conditions. Concretely (though informally):

(27) (i) The RPM provides a consistent analysis of the terminal string.

(ii) The terminal string and the terminal portions of each monostring ‘agree’.
(iii) An RPM can only be the counterpart of arooted tree and never of a forest [single-
rootedness of the terminal string].

(iv) Every RPM element (except string of terminals) is a monostring.

Comparing one-by-one the monostrings in (28a) with the terminal string John laughs
in (28b), one can compute all and only the relevant ‘is a’ relations to exhaustively
determine constituency:’

(28) a.K={S,NPVP,NPV,NV,NVP,John VP,John V,NP laughs, N laughs, John laughs}

b.John laughs.

Note that the way an RPM obtains phrasal conditions depends on the relation between
the monostrings and the one designated element in the RPM which is, in fact, not a monostring:
the terminal. All syntactic relations in this framework (‘dominates’, ‘precedes’, ‘is a’) are
defined on monostrings in a set of strings, each monostring representing a particular
occurrence of a non-terminal. Moreover,
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central to the ‘completeness’/‘consistency’ conditions is the fact that ‘every pair of

elements ofan RPM satisfies dominates or precedes [and] every RPM has atleasttwo elements:
a single non-terminal and a string of terminals’ (Lasnik and Kupin 1977:177). Now from the
perspective of this piece, the natural question is: Why are these useful RPMS ‘hybrid’'? In what
sense is it crucial for them to have information about contextualized non-terminals (i.e. non-
terminals plus portions of the terminal string that precisely locate them) and aboutthe terminal
string?

Consider, also, the way transformations work in an RPM, by affecting sub-- RPMs
(defined as proper parts of RPMs), with these conditions (again, informally):

(29) a. There are implicit variables in between any two consecutive sub-RPMs, entailing
that at this level of abstraction adjacency conditions cannot be stated.

b. Transformations hold of the system’s ontology (strings), thus disallowing any
form of second-order operations over Boolean combinations thereof.

c. Transformations index only non-terminals (the characteristic function of a
monostring), which entails that transformations only hold of constituents (given the shape of
monostrings) and prevents terminal manipulation in the transformational component.

Presented as less central to the RPM architecture are also the following two:

(30) a.Therecanbe at mosttwo constituents affected in any transformation.

b. Per transformation, there can only be one ‘catalyst’ (or sub-RMPs required as context
foratransformation to apply, butnota partthereof).

With the perspective of history, the conditions in (30) can be made central to the specific

RPM architecture if we bring Chomsky’s (2005) intuition about Move as Internal Merge
intothe system, as follows:
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(31) Where sub-RPM Kis a proper part of sub-RPM L,
T only relates L to K if (i), (ii) and (iii):
(i) K contains one monostring .

(ii) in addition to Y5, L contains one different token s of the identical monostring.

(iii) Ttargets g in Kand ' inL.

If (31) holds, especially inasmuch as implicit variables are assumed (29a), its net effect is
that the source and target of the transformation involve a non-terminal of the same type.
This, coupled with the fact that non-terminals are embedded within monostrings, entails
thatthe conditionsin (30) are partof(31).

The terminal string is a Markovian chain with phonetic conditions determining its
shape. But the monostring mixes objects from two vocabularies (a set T of terminals and the
setN of non-terminals, i.e.labels). Note also that the transformational operation targets the
non-terminal within the monostring.

Substantively, it seems as if we have conditions holding of the terminal string (phonology),
and conditions holding of the non-terminal elementburied within the mono-string
(transformations). This is yet another way in which the monostring is hybrid: its terminal
part is relevant only as a context,although qua terminalitobeys its own conditions. The
syntactic action takes place (i) in the non-terminal portion for the transformational
componentand (ii) in the exhaustive combination of monostring collection for the phrasal
component that makes the transformation viable to start with, which corresponds to some
lexico-conceptual coherence.

The CLASH model provides a direct rationale for the RMPs that Lasnik and Kupin
studied. In a sense, a monostring is a paradigmatic output of dynamically frustrated
conditions: it has a terminal string ‘slammed’ against chunks of the conceptual soup
(expressed in terms of non-terminal labels), and the process links at precisely one point. The
reason the terminal string is included in the RPM is that this object, generated independently
in PF terms, went against the conceptual array of non-terminals. That is, Markovian strings
generated by all the permutations of
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elementsinthe T alphabet, on one hand, encounter the complex conceptual array

generated by all the associations of elements in the N alphabet, on the other. Those two
systems are orthogonal, but they are forced to combine in the human mind. And they combine
the only way they can: by matching portions of the Markovian permutations of signs with
portions of the associations of concepts (in whichever fashion these truly associate). Any
definitional oddity then dissipates, or is integrated into the very nature of the CLASH, then
motivating it.

These technical matters regarding RPMs may provide us some insight with regardsto
thenotion specifierand howitrelatesto Internal Merge, particularly if we couple them with
the sorts of Fibonacci objects we saw in (5). There is a curious discontinuityin (5): only one of
therulesleadstoabifurcation (and thusapolar organization of branches). It is worth
exploring the possibility that the familiar X’ structure schema should arise in terms of
alternating external merge with internal merge. The object targeted by the arrow in (32a)
is substituted by the circled material, which isidentical in constituentstructure.

(32) a. b.

The objectin (5)/(32a) does not present coherently linearized objects: given expansions of
symbol / into {0, 1}, in given contexts the order is (arbitrarily) set as 0, /, whilein the next
derivationallineitisreversed. This sortof situationis not uncommon in botany, and it leads
to a balanced space filling of botanical features. However, in language it is presumably
unstable, inasmuch as linear order raises an obvious parsing issue.? In this sense, it is
interesting that the substitution results in
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a coherently linearized object, as in (32b). A process of this sort is formally akin to a

displacement from complementto specifier (the complementtraceisa0 in (32b), and the
specifier is dominated by another 0). In turn, the masking in (32a), targeting an object of equal
formal complexity as the root node in the example, could be seen asanother way of deciding
onlinearization matters: by atomizing material into a lexical idiom.Displacementand
atomization for lexical purposesare of course central processes in human syntax. The
identification signaled by the arrow in (32a) is a context-sensitive operation on the formal
objectin (5), which could apply indefinitely to yield fully externalizable syntactic objects.’
This is because (32b) can clearly be mapped to a linear sequence which is easy to reconfigure
into its underlying phrasal structure, unlike (32a).

Anotherway ofrationalizing the role of Internal Merge as in (32) isby conceiving the
overall space for External Merge asin (5). The latter (a standard Fibonacci tree) is nice for
yielding tightly packed quasi-symmetrical structures, of the sortseeninactual treesin
nature. This mightwellbeaway to carry the structure of predicate-argument relations, but
without further qualifications, it is literally unusable as an externalizing system: barring
possible semantic considerations external to this discussion as presented here, there is no
way, given any chunk ofany arbitrary terminal stringasin (5), to either predict the next
symbol in the string (in classical Markovian terms) or to reconstruct the dominating
structure by solely examining this sequence. However, if the identification in (32) emerges,
whereby one side of the structure folds into the other - substituting it - then the structure of
the resulting object can be predicted from the terminal string. The ensuing object is surely
more restricted, but this is one of those instances of natural emergences in which ‘less is
more’. This is the case if our objective is to have not just a system of thought (capable of
carrying predicate/argument relations), but also one that can be shared through the
airwaves, via the unidimensional strings that our motor system can deal with. If this is correct,
the systematically linearizable object that Kayne 1994 talked about may in large part be the
result of flexible
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Merge, meaning a generalized mechanism that can take stock from itself.

The pointofthis exercise is to suggest that the formal mechanism that (31)
expresses and that (32) illustrates can be seen as resulting in generalized linearization.
Which is notto say thatitis because of linearization demands that (32a) ‘folds’ into (32b).
The hope is, rather, that the process is actually the result of having objects ofthe formin (5)
(carryingthe conceptual soup) clash against PF Markovian objects. Now granted: this
specific result has not been shown in the present piece, although it is clear enough to specify a
formal exercise that would test the claim. One needs to study the formal consequences of
having the output of systemsasin (4) compete within the same formal space as the output of
asimple Markovian chain. The analysis can be done in mathematical terms or in terms of
computer simulations, by literally forcing both outputs progressively into the same virtual
environment. If this speculation is anywhere on track, the clash just described -undersome
conditionsatleast-with some probability oughtto stabilize in the folded entity in (32b).

Be that as it may (i.e. whether the dynamics just outlined truly work) objects as in
(32b) fit nicely into the ideal X'-object as in (12), particularly when allowing for the
possibility of capping off the system in terms of a bagging mechanism that prevents the
system in (5) from further generation,'®in order to sanction the Internal Merge
decision in (32b). This can perhaps be seen as an interpretation of so-called Probe-Goal
relations, where the boxed area in (32a) is taken to be a Probe for identifiable computational
material within its complement. This would help us capture the intuition that Agree is a pre-
-requisite for this form of displacement, although developing that theme is beyond the
scope of this paper.

9. Neurobiological consequences of the CLASH architecture for brains.

In the ideal version of a CLASH model for language, each arrow in the system should
correspond to different neuro-biological pathways. Uriagereka 2011: chapter 6
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presents some preliminary evidence that the external arrow involves sub--cortical

regions with motor implications. In turn, although the matter continues to be open, it seems
as if the cortical Broca/Wernicke connection (perhaps with sub-cortical elements, see
Friederici 2009) is relevant to the computational arrow leading to LF. As for the ‘deep’ arrow
clashing with the external one, nothing much is yet known, particularly since lexical access
seems to activate every imaginable cortical area.

From the CLASH perspective, what seems unique to the human species is the connection,
precisely at the CLASH point(s), between different brain systems that are almost certainly
presentin other animals. The FOXP2 gene network - asis beginning to be understood in bird
brains - may give us some important clues about the subcortical network, inasmuch as it may
be a central component of parsing, for birds, humans and other creatures in need of rhythmic
control of signals of various sorts. Matters are even less understood for the cortical
dependencies that appear to be involved in ‘semantics’, as present in various primates. That
being said, preliminary psychological studies suggest that a deeper understanding, and an
eventual connection to the neurobiology of the cortex, is only a matter of time.

To test whether the human grammar is a CLASH system, aside from plausibility
arguments (e.g. rationalizaing cyclic conditions as in section 7), we need observations that
demonstrate the presence of dynamical frustration. These, however, may not yet be patent
yet at the level where these dynamics ought to be displayed - i.e. neurodynamics or the gene
and protein interplays that presumably regulate it. This view is congenial to the proposal in
Piattelli Palmarini and Medeiros 2012 that language as a complex dynamic system, emerging
in human brains for physical reasons. In fact these authors do not shy away from invoking the
sorts of effects discussed in this paper, alluding in passing to Roopun et al 2008, who take the
Fibonacci mean ‘as a common ratio between adjacent frequencies in the EEG spectrum,’
which in these author’s view is the way in which the neocortex pack ‘as many, minimally
interfering frequency bands as possible into the available frequency space.” We are certainly
far away from being able to provide an explanation along these lines, but this seems like a
reasonable direction to pursue.
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10. Conclusions

Dynamical Frustration is a concept with its own history within physics and a present
relevance to other natural sciences where complex dynamic interactions are clear.Itisupto
linguists whether we are interested in attempting to substantiate ‘3t factor’ considerations
on an independent concept like that. As usual, the devil will be in the details, in particular
whether one can move from metaphorical considerations into testable results. That in itself
depends on one’s ‘perception lens’ and how broad its scope may be. Most considerations
arising in minimalist terms are necessarily broad and systemic. It would be as unrealistic to
expect relevant conjectures to tell us much, for instance, about the way in which, say, dialects
differ as it would be to expect molecular genetics to have a say on biological differences that
depend on environmental pressures or population dynamics, for instance. For those
considerations one doesn’t concentrate on the architecture of genes, proteins and all that -
but instead on interactions at a larger scale. Similarly in the case of languages, it would be
irrational to deny contextual and societal interactions that surely determine observables; but
it would be equally unreasonable not to expect systemicinteractions of amore elementary
sort.In the case of minds/brains, what that more elementary level may be continues to be
elusive, if only because it doesn’t seem to be ‘just neurons’, in any useful sense of relevant
notions. Evidently, in the end it is all ‘just physics’, but such considerations are so removed
from the forms experienced in mind or, for that matter, life, that ‘much more’ is supposed to
be happening presumably between the physical particles/interactions and the neurons. The
question is how, and we are still pretty much in the dark, if our metric is actually deducing
notions like ‘phrase’ or ‘syllable’, let alone ‘phase’ or ‘cycle’, from simple interactions of more
elementary primitives. This article has attempted tolay outa program of whatsorts of
primitives may, in theirinteractions, yield notions of the sortlinguists customarily use - if
those interactions are of a dynamically frustrated sort. The hope is that this program will
become more testable as we gain a deeper understanding on the basic neuro-physics of
language.
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Endnotes

! This team has shown how, by fluctuating in magnitude, magnetic moments in the particular compound
they studied can cause what we may think of as temporal cycles that appear and disappear, long enough to
disrupt magnetic alignment.

2Douady & Couder’s (1992: 2098-2099) describe their experimental set-up as follows: “The experimental
system . . . consists of a horizontal dish filled with silicone oil and placed in a vertical magnetic field H(r)
created by two coils near the Helmholtz position. Drops of ferrofluid of equal volume (v = 10 mm3) fall
with a tunable periodicityT at the center of the cell. The drops are polarized by the field and form small
magnetic dipoles, which repel each other with a force proportional to d-4 (where d is their distance). These
dipoles are advected by a radial gradient of the magnetic field (from 2.4 x 104 A/m at the center to 2.48 x
104 A/m at the border of the dish), their velocity V(r) being limited by the viscous friction of the oil. In

order to model the apex, the dish has a small truncated cone at its center, so that the drop introduced at its
tip quickly falls to its periphery. . . The drops ultimately fall into a ditch at the periphery.” The followingis

alinktoan axEcle t??t, aside from providing apriefoverview ?_f '[}hgylotaxii;, presentsa vide? ofthe ac‘iual
ef(p_ riment: http: //www.sciencenews.org/view /generic/jd 479.ét_ anka rTylewer or several .
% 81(’)1 Eicatlons about'the experimental set-up, Which is Incorrectly reported in Piattelli-- Palmarini and Uriagereka

3 Reinhardt et al. 2000 outline the relevant biochemistry: a forming primordium absorbs the growth
promoting hormone auxin. The primordium displaces in the direction where most auxin is left, which due

to the sort of dynamics discussed above is in a Fibonacci angle with regards to the previous growth spot.

4 Here the unordered output of the second rule is linearized in opposite directions in each line.

5 The local transition probabilities between symbols in strings generated by Fibonacci grammars are close
to random, so systematic success in learning the regular properties of these systems could not be attributed
to transition probabilities: there is no way to systematically predict whether, after a given symbol of the
most common type — say ‘0’ — the next symbol in the string will be a ‘1’ or another ‘0°.

6In (10) consonant clusters are simplified to the primary consonant while double vowels count. The reason
is factual: secondary consonants do not change syllabic timing — moraic conditions, however, do. In other
words, in terms of standard phonological conditions, a syllable is not more, say, closed because of ending
in two consonants than because of ending in one; however, a bi-moraic syllable is heavy (e.g. for the
purposes of stress assignment) in ways that a mono-moraic syllable need not be.

7 From comparing, say, ‘John laughs’ with ‘John VP’ one can deduce that laughs is a VP. From comparing
‘John laughs® with ‘John V’ one can deduce that laughs is a V. From comparing ‘John laughs’ with ‘NP
laughs’ we deduce that John is an NP. And so on.

8 Note in particular that the next derivational line in (32a) would linearize {0, 1} in the opposite direction as
is present in the terminal line in the object; the next line would be reversed again, etc.

° The atomization in (32a) may also be construed as a context-sensitive operation (of the sort common in
phonology) if it is restricted to domains that translate as ‘heads’.
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19 The interesting question here is what counts as a ‘head’, and why the system settles into this particular
notion as a way of terminating the derivation. In work in progress I show that when atomization takes place
in the sorts of local conditions sketched here, if a subsequent pruning also takes place in similarly local
conditions, then L-grammar outputs of the Fibonacci sort reduce to related Lucas objects, which constitute
the majority of the remainder botanical branching entities that are not of the Fibonacci sort.
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