Finite automata as multimodal semantic representations, probably

A visual narrative presented as a string ajas - - - o, of pictures «; may, to a first approximation,
be regarded as a sampling at times t; < to < --- < t, of a function q that maps ¢; to
d(t;) = a; and other times ¢ to states q(¢) of affairs left out of ajas - - - . A moment’s thought
reveals gaps not only between «; and «;y; but also between «; and some q(¢;) imperfectly
portrayed by «;. In vision, occlusion is all about bits of q(¢;) missing from «; and as for natural
language, the chasm between what is uttered and what is meant is a recurring theme behind
logical investigations such as (AL03). But if we are to explain how these gaps are filled, is
a string ajas - - -, a reasonable representation on which to build such an explanation? Not
according to Ray Jackendoff, who rejects the filmstrip conceptualization “on the grounds that
it misrepresents the essential continuity of events of motion” (J96l, page 316)E|

Continuous motion in physics is specified by a state trajectory q (with time derivative q)
from times 0 to ¢ that minimizes an integral S(q) = fO(S L(q(t),q(t))dt between fixed initial and
final states q(0) and q(d), in accordance with the least action principle (F63). The present work
ties this minimization to the search for most probable strings in large language models (LLMs),
drawing on discretizations S,, of S(q) from (MWOI)) that reduce continuous state trajectories
q to n+ 1 samples q(0)q(d/n) - - - q(d) between 0 and §. Increasing n may bring S,, arbitrarily
close to §(q), but unacceptable approximations S, arising from insufficiently large n invite the
question: why discretize? Because, as (SD06) points out, analytical solutions to the differential
equations (of motion) associated with S(q) are not always known, and “we can only hope to
approximate the solution” (page 76). From (AG), it is clear that such approximations are useful
in computer graphics — part of the multimodal swathe disrupted by LLMs. Furthermore, a
link between S,, and string probabilities behind LLMs can be forged from the observation that
the function from a string ajas - - - a,, of n tokens a; to probability

n—1
P(ayag---an) = || Plaiz1la:) where g; = arag - - a; (1)
i=0
is at its maximum when surprisal from (S48)
n—1
—log P(ajaz---ay) = Zci where ¢; = —log P(ai+1|¢;)
i=0

is at its minimum, with arc costs ¢; (also surprisals) adding up along successive transitions
QOgmgQT“&?qn- (2)

The present work relaxes the assumption ¢; = ajas---a;, extracting strings s other than
a1ag -+ - ap Or qoq1 -+ - ¢ (over which S, is a sum, for ¢; = q(id/n)) from paths , fragments
of which appear in s. These fragments can be identified with input cells and inner cells from
(K56)’s finite-state representation of McCulloch-Pitts nerve nets, in service of the claim that a
nascent notion of state in can be refined to understand the problem of finding a mazximally
probable string as a minimum cost search over paths deformed and observed partially as strings
s, on which finite-state constraints (hard and soft) are imposed. This claim bears directly on
David Dowty’s influential hypothesis that

() the different aspectual properties of the various kinds of verbs can be explained by postu-
lating a single homogeneous class of predicates — stative predicates — plus three or four
sentential operators and connectives (D79l page 71).

!Similar reservations are expressed by Emmon Bach and Manfred Krifka in (BS6| page 587), (K98, page 98).



A stative predicate in () is expressed by the verb own in (), but not by buy in (H20).
Facebook bought Instagram. (3)

Facebook owns Instagram. (4)
To analyze the connection between and , (F23) treats buy(z,y) as a label on a transition

buy(z, y)

Y (own(z, y).1) (5)

from a state where x does not own y (indicated by 0) to a state where x does (indicated by 1),
leaving open the possibility of further changes arising from buy(x,y) and/or acts simultaneous
with or subsequent to any occurrence of buy(z,y), including an utterance of that accounts
for the past tense bought. These possibilities are structured within a logical system meeting
the conditions for an institution (GB92)), with explicit notions of bounded (finite) but refinable
granularity ¥, along which to vary satisfaction s =5 ¢ between X-models s and X-sentences .

(own(z,y),0)

The transition is encoded as a string‘ (own(z,y),0),buy(x,y) | (own(z,y),1) ‘ of X-bozes that
can be lengthened or compressed for a Y-model, on which constraints expressed by Y-sentences
o are imposed, defining sets of strings accepted by finite automata.

To bring out the homogeneity of stative predicates in () against continuous change, we turn
to Hybrid automata (HOQO) that describe the state of the environment by a d-tuple 7 € R? of real

numbers. A state [ of a finite automaton A is paired with 7 to form transitions (I, 7) LN (1,77
labelled by & > 0, specifying change not in [ but from 7 to r continuously over the time-step §.
More precisely, [ is assumed to come with sets Inv; C R? and Flow; C R? x R? (for invariants
and flow), relative to which a (, 7, r, l)-witness is defined to be a differentiable function f on
the closed interval [0, 6] C R such that f(0) =7, f(8) =+’ and for all ¢ € [0, 4],

f(t) € Inv; and (f(t), f(t)) € Flow; where f is the time derivative of f.

A transition (I, 7) LN (I',77) says nothing more nor less than: [ = I’ and a (6, 7,7, )-witness
exists. Following (MWOI))’s discretization of the action integral S(q) by Sy, we can equate the

time derivative with the slope T’(S_F in an approximation Lot given by

B L ot
1,7 W7 < 1=1 and T € Inv; and (T—gr’T 5T)

. . . & é . L.
To improve the approximation ~ of —, we define, for any integer n > 0, transitions

- - s
(1,7) in (I',r") <= (I,7) is connected to (I',7’) by a path of n °l3 transitions

breaking 2 into n steps of é\/f, with the expectation that raising n brings im closer to .
Apart from labels § > 0, transitions (I,7) % (I,77) changing both [ and 7 may arise from a
transition [ = 4 I’ in the automaton A, with ¢ encoding non-stative predicates such as buy(z,y)
in . That said, stative vocabularies ¥ are a natural starting point for strings ajas - - -, of
pictures «; (F'19). In their simplest form, the panels of a comic strip are snapshots which “have
stative informational content” (A14l page 19), although, as Scott McCloud observes, “from the
earliest days, the modern comic has grappled with the problem of showing motion in a static
medium” leading to “motion lines” (M93, page 110) as well as multiple speech bubbles. In
his attack on filmstrips, Jackendoff warns that adopting them “requires major surgery in the
semantic representation” (J96l page 316). The present work embraces the challenge of major
surgery as a task in Pattern Theory (GMO0T), a theory David Mumford defines as

the analysis of the patterns generated by the world in any modality, with all their
naturally occurring complexity and ambiguity, with the goal of reconstructing the
processes, objects and events that produced them (M94], page 187).

Continuous or not, processes, objects and events produce signals that are sampled discretely
(feeding, at sufficient scale, LLMs which produce, for all intents and purposes, language).
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