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1. Position statement
Universals in phonology usually have the form of generalizations stated with the technical
vocabulary of phonetics obtained by direct induction from some large linguistic database. The
quest for phonological universals is thus part of the field of linguistic typology. To illustrate,
Hyman (2008) looks at the UCLA Phonological Segment Inventory Database (UPSID) collected by
Maddieson (1984). And he entertains and tests generalizations such as “every phonological system
has coronal phonemes”, stated in terms of basic phonetic notions such as place of articulation.
Pericliev (2008) offers a more large scale and automatized illustration of this same approach.
Evans and Levinson (2009) submit that that this approach has failed: “for the substantial
findings about universals across languages one must turn to the field of linguistic typology, which
has laid bare a bewildering range of diverse languages, where the generalizations are really quite
hard to extract” because “languages differ so fundamentally from one another at every level of
description.” Strikingly, phonologists seem to share Evans and Levinson’s pessimistic assessment.
Thus, Maddieson (1984) admits that “there appear to be so few absolute universals”. Hyman
(2008) warns that “the study of universals is fraught with difficulties”. And van Oostendorp
(2013) flatly concludes in his assessment of the achievements of phonology that “the quest for
universals has failed.” Needless to say, Hyman’s conjecture about coronal phonemes was quickly
shown “to bite the dust” (Blevins 2009). What has happened?
I submit that the quest for universals in phonology has failed because the methodological
approach adopted by phonologists, despite its innocuous straightforwardness, is actually doomed
to fail because of two serious mistakes. The first mistake of that approach is that it defines
universals as invariant substantive properties of the typology of languages. Indeed, Evans and
Levinson in the quote above talk about “universals across languages”. And phonologists have
focused on universals at the level of extensional languages such as segment inventories, stated in
terms of phonetic notions. This is a mistake. We should instead focus on formal universals at the
level of the grammars which generate those languages, stated in terms of whatever formalism is
used to define those grammars. This intuition was very clear at the outset of generative linguistics:
Chomsky (1965, section 1.5, p. 27) clearly states that “the study of linguistic universals is the study
of the properties of any generative grammar [emphasis mine] for a natural language”.
The second mistake of the current approach to phonological universals is that it assumes that
the formulation of universals pertains to linguistic typology. Indeed, Evans and Levinson in
the quote above submit that “one must turn to the field of linguistic typology” for universals.
This is a mistake. The formulation of universals pertains instead to the mathematical theory of
language learnability and algorithmic complexity. Once again, this intuition was very clear at the
outset of generative linguistics: Chomsky (1965, section 1.5, p. 27) states that “the main task of
linguistic theory must be to develop an account of linguistic universals that, on the one hand,
will not be falsified by the actual diversity of languages and, on the other, will be sufficiently
rich and explicit to account for the rapidity and uniformity of language learning [emphasis mine].”
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Unfortunately, the generalizations entertained by phonologists have usually nothing to do with
learnability: how could learnability benefit from the mandatory presence of [t]? We should instead
focus on generalizations for which we can distill through mathematical theorems a provable effect
on the complexity of the learning problem.
These considerations lead to the following alternative approach to universals in phonology.
First, precise and mathematically explicit formulations of the various components of the language
learning problem are considered. Second, tools from complexity theory and the theory of algorithms are used to individuate algorithmic bottlenecks and to prove intractability results, showing
that learning is hard without substantial typological restrictions. Third, tools from machine
learning are employed to formulate universal typological restrictions that provably allow those
bottlenecks and computational limitations to be overcome, yielding provable learnability gains.
Finally, the empirical soundness of the posited universal restrictions is assessed by the typologist
against the sparse data provided by linguistic databases. Crucially, the role of the typologist is
now downgraded from the main character to a supporting role who comes in only at the very
end of the process. In the rest of this document, I illustrate this approach by sketching two
hypothesized universals motivated by learnability considerations that I am currently working on.
2. First example: is feature interaction acyclic?
Let’s agree that a phonological grammar G is a function from underlying forms (which I denote
as x) to surface forms (which I denote as y). The initial, most basic formulation of the language
learning problem is (1). In compliance with the generative perspective, the learner is provided
with full typological information (1a.i). The linguistic data the learner is trained on consist of
a finite number of underlying/surface form mappings (1a.ii). The target grammar which has
allegedly generated the data ought to be consistent with those mappings. The learner is thus
required to find a grammar in the typology which satisfies the consistency condition (1b).
(1) a. Given: i. a typology of phonological grammars;
ii. a set D of linguistic data consisting of pairs (x, y) of an underlying form x
and a corresponding surface form y.
b. Find: a grammar G in the typology consistent with the data: for each pair (x, y) in
D, G maps the underlying form x to the corresponding surface form y.
This formulation (1) of the problem of learning phonology is unrealistically simple for two reasons:
the success condition (1b) is too weak and the training data (1a.ii) are too rich. Let me start with
the former issue (I will come back to the latter issue below in section 3).
Plausibly, many grammars satisfy the consistency condition (1b). Problem (1) is thus ill-posed
because it admits multiple solutions. The criteria for success in (1b) must be made more stringent
through additional conditions. A natural additional condition is that the set LG of surface forms
phonotactically licit according to the grammar G returned by the learner be as small as possible
compatibly with consistency, as stated by the additional restrictiveness condition (2b.ii). This is
the classical Subset Principle (Fodor and Sakas 2005 and references therein).
(2) a. Given: i. a typology of phonological grammars;
ii. a set D of linguistic data consisting of pairs (x, y) of an underlying form x
and a corresponding surface form y.
b. Find: a grammar G in the typology which is:
i. consistent with the data: for each pair (x, y) in the data set D, G maps the
underlying form x to the corresponding surface form y;
b
ii. restrictive relative to the data: the typology contains no other grammar G
b also satisfies the consistency condition (2b.i).
such that LGb ( LG and G
Unfortunately, the addition of the restrictiveness condition (2b.ii) changes drastically the complexity of the learning problem. In fact, suppose for concreteness that the typology of grammars
fed to the learner in (1a.i)/(2a.i) is defined in OT (Optimality Theory; Prince and Smolensky
2004) terms. While the original learning problem (1) is efficiently solvable (Tesar and Smolensky
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1998), the amended problem (2) turns out to be intractable (Magri 2013): there exists no efficient
learner which succeeds on an arbitrary instance of problem (2).
These complexity results say that the structure provided by the bare formal architecture of
OT suffices for the easier learning problem (1) but not for the more realistic and thus harder
problem (2). For the latter problem, additional structure is needed, plausibly brought about
through restrictions on the constraint set used to define the typology in (2a.i). What should these
restrictions on viable constraint sets look like? For concreteness, let me focus on the simplest case,
namely the phonology of segment inventories. Segments are described through binary phonological
features. One of the two feature values counts as marked (Clements 2005), namely it is penalized
by a simple markedness constraint corresponding to that feature. For instance, the feature [lateral]
comes with the simple markedness constraint ∗[+later]. Feature interaction is modeled through
feature co-occurrence constraints (FCCs). These are constraints of the form ∗[±ϕ1 , ±ϕ2 , . . . , ±ϕm ]
which penalize certain combinations of values of certain features ϕ1 , ϕ2 , . . . , ϕm .
The logical space of possible FCCs is huge. Levelt and van Oostendorp (2007) suggest to
restrict it by considering only two formal types of FCCs:
• Multi-marked FCCs target an arbitrary number of phonological features and penalize forms
which have the marked value for each of the targeted features. An example is the FCC
∗[+velar, +voice], because “+” is the marked value of both features [velar] and [voice].
• Implicational FCCs target only two features and penalize forms which have the marked
value for one of them (called the antecedent feature) and the unmarked value for the other
(called the consequent feature). An example is the FCC ∗[+back, −round], because “+” is
the marked value for backness (Krämer 2003) and “−” is the unmarked value for roundness.
The intuition behind Levelt and van Oostendorp’s restriction to just these two types of FCCs is as
follows. FCCs which punish combinations of marked values are easy to deal with because they do
not disagree with simple markedness constraints. For this reason, there is no need to limit their
complexity: multi-marked FCCs can indeed target an arbitrary number of features. FCCs which
instead punish a combination of values which includes unmarked values are difficult to deal with
because they introduce disagreement among markedness constraints. For this reason, it makes
sense to start from the assumption that they are as simple as possible, namely that they target a
unique unmarked value and a unique marked value, yielding implicational FCCs.
From now on, let me call “+” the marked value and “−” the unmarked value. The fact that
two features ϕi , ϕj interact through an agreement constraint ∗[+ϕi , −ϕj ] with antecedent feature
ϕi and consequent feature ϕj can be graphically represented as in (3a). The fact that those two
features ϕi , ϕj interact through a multi-marked constraint ∗[. . . , +ϕi , +ϕj , . . . ] can be graphically
represented as in (3b).
(3)

a.

b.

∗[+ϕi , −ϕj ]

ϕi

•

• ϕj

∗[. . . , +ϕi , +ϕj , . . . ]

ϕi

•

• ϕj

A set of FCCs thus defines a feature interaction graph (V, A, E) as follows: the set V of vertices is
the set of features, represented as dots in (3); the set A of directed edges contains an ordered pair
hϕi , ϕj i for every agreement constraint ∗[+ϕi , −ϕj ] with antecedent feature ϕi and consequent
feature ϕj , as represented in (3a); finally, the set E of undirected hyper-edges contains an edge
{ϕ1 , . . . , ϕm } for every multi-marked constraint ∗[+ϕ1 , . . . , +ϕm ], as represented in (3b).
We want to formulate restrictive assumptions on the set of FCCs which might support learnability results and thus overcome the intractability of the unrestricted problem (2). Since a set of
FCCs induces a feature graph, it makes sense to start from the assumption that the set of FCCs
induces a feature graph which is as simple as possible. From a graph-theoretic perspective, the
simplest graphs are those with no cycles (since the feature interaction graph is an hyper-graph,
some care is needed in the definition of cyclicity; Brault-Baron 2016). These considerations lead
to the following:
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(4)

Acyclicity hypothesis: the markedness constraint set contains (only) two types of
FCCs: multi-marked and implicational; and the feature interaction graph induced by
these FCCs has no cycles.

My current research is trying to prove that problem (2), although intractable in the general case,
admits an efficient learner when the typology provided to the learner in (2a.i) is the OT typology
defined by a set of FCCs which complies with the acyclicity hypothesis. This computational
work is effectively uncovering a rich and beautiful typological structure entailed by this formal
hypothesis. A subsequent stage of the project will try to validate this structure on the PHOIBLE
database of segment inventories (Moran et al. 2014). If successful, this project will establish FCC’s
acyclicity as a phonological universal of the new formal type envisioned in section 1.
3. Second example: are chain shifts phonotactically innocuous?
Another shortcoming shared by the formulations (1) and (2) of the problem of learning phonology is that they assume that the linguistic data (1a.ii) and (2a.ii) available to the learner consist
not only of surface forms but also of the corresponding underlying forms. This assumption that
the underlying forms are also provided to the learner is particularly implausible for what Hayes
(2004) calls the early stage of the acquisition of phonology, when morphology is lagging behind
and the child therefore lacks the information on underlying forms crucially provided by alternations. These considerations suggest a further reformulation of the learning problem, whereby
the linguistic data (5a.ii) consist of nothing more than a set of surface forms. The consistency
condition (5b.i) is restated accordingly, through existential quantification over underlying forms.
(5) a. Given: i. a typology of phonological grammars;
ii. a set D of linguistic data consisting of just surface forms.
b. Find: a grammar G in the typology which is:
i. consistent with the data: for every surface form y in the data set D, there
exists some underlying form x such that G maps x to y;
b
ii. restrictive relative to the data: the typology contains no other grammar G
b
such that LGb ( LG and G also satisfies the consistency condition (5b.i).
A number of scholars in both the computational literature (e.g., Hayes 2004 and Prince and
Tesar 2004) and the acquisition literature (e.g., Gnanadesikan 2004 and Pater and Barlow 2003)
have proposed that the learner circumvents the lack of underlying forms in the training data
(5a.ii) by assuming fully faithful underlying forms, as stated in (6). This assumption makes sense
whenever there are no representational differences between underlying and surface forms (in the
OT literature, this is known as Moreton’s 2004b homogeneity condition).
(6) For each training surface form y in the training data (5a.ii), the learner assumes the
corresponding fully faithful underlying form x = y.
The learner thus effectively tackles problem (7) instead of the original problem (5). They differ
because the consistency condition (7a.i) as been restated so as to require a solution grammar to
map each form y (construed as an underlying form) to itself (construed as a surface form).
(7) a. Given: i. a typology of phonological grammars;
ii. a set D of linguistic data consisting of just surface forms.
b. Find: a grammar G in the typology which is:
i. consistent with the faithful interpretation of the data: for every surface form
y in the data set D, G maps y (construed as a surface form) to y itself;
b
ii. restrictive relative to the data: the typology contains no other grammar G
b
such that L b ( LG and G also satisfies the consistency condition (7b.i).
G

The assumption (6) of faithful underlying forms is called computationally sound provided each
solution of the derived problem (7) also counts as a solution of the original problem (5), so that
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the learner can solve the original problem (5) by tackling the derived problem (7) instead. Under
which conditions is the assumption (6) of faithful underlying forms computationally sound?
The original consistency condition (5b.i) says that there exists some underlying form x which
is mapped by G to y. The revised consistency condition (7b.i) says that G faithfully maps y to
y itself. A grammar G is called idempotent provided these two conditions are equivalent (Magri
to appear). If every grammar in the typology (5a.i)/(7a.i) explored by the learner is idempotent,
the original learning problem (5) and the derived (7) are obviously equivalent. We have thus
obtained an initial sufficient condition for the computational soundness of the assumption (6) of
faithful underlying forms: no harm comes from entertaining faithful underlying forms under the
hypothesis that the typology explored by the learner consists of all idempotent grammars.
Unfortunately, this idempotency hypothesis is unrealistic. In fact, a grammar G is idempotent
provided it displays no chain shift (8) whereby: some form x is mapped to y, whereby the original
consistency condition (5b.i) holds; and yet y is not faithfully realized but rather mapped to some
form z different from y, whereby the derived consistency condition (7b.i) fails.
(8)

y

x

z

But chain shifts have been widely documented in adult phonology (Łubowicz 2011; Moreton 2004a;
Moreton and Smolensky 2002), child phonology (Velten 1943; Smith 1973; Macken 1980; Dinnsen
and Barlow 1998; Cho and Lee 2000, 2003; Dinnsen et al. 2001; Jesney 2007), second language
acquisition (Lee 2000; Jesney 2007), and delayed phonological acquisition (Dinnsen and Barlow
1998; Dinnsen et al. 2011). How can we resolve this tension between the existence of chain shifts
and the assumption (6) of faithful underlying forms?
The hypothesis that all grammars in the typology are idempotent ensures that the original
problem (5) and the derived problem (7) are actually equivalent: a grammar solves one if and
only if it solves the other. Yet, that is much more than what we actually need: the computational
soundness of the assumption (6) of faithful underlying forms only requires that a grammar which
solves the derived problem (7) also solves the original problem (5), while the reverse implication
is not needed. The problematic hypothesis that all grammars in the typology are idempotent can
therefore be weakened: the typology can contain a non-idempotent grammar as long as it also
contains a companion idempotent grammar which makes the same phonotactic distinctions. In
other words, failures of idempotency must be phonotactically innocuous, as hypothesized in (9).
(9)

Innocuousness hypothesis: for every non-idempotent grammar G, the typology conb such that G
b is idempotent and nonetheless G and G
b
tains a companion grammar G
define the same set of phonotactically licit surface forms, namely LG = LGb .

To illustrate, consider an OT ranking which yields the non-idempotent chain shift (8). To show
that it is phonotactically innocuous, I need to be able to manipulate that ranking to obtain a different ranking whose corresponding mapping (10) is idempotent and makes the same phonotactic
distinctions (x, y are licit; z is illicit). Under which condition is that possible?
(10)

x

y

z

Recent results in the theory of OT idempotency provide some guidance for answering this question.
In order to flout idempotency and thus derive a chain shift (8), the constraint set needs to contain a
faithfulness constraint which fails at formal condition called the faithfulness idempotency condition
(FIC; Magri to appear). Under mild assumptions, this FIC admits the following interpretation:
it requires faithfulness constraints to measure the phonological distance between underlying and
surface forms in compliance with a basic axiom of the notion of distance, namely the triangle
inequality. Because of this interpretation, it comes as no surprise that all basic faithfulness constraints used in phonological theory sensibly satisfy the FIC. The faithfulness constraints which
do fail at the FIC are instead derived from basic FIC-complying faithfulness constraints, thorough
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operations such as constraint conjunction or constraint restriction. These considerations suggest
that, by replacing the derived non-FIC-complying faithfulness constraint in a ranking (11a) which
yields the chain shift (8) with a corresponding basic FIC-complying faithfulness constraint, I might
be able to obtain a ranking (11b) which yields the companion mapping (10).
(11)

a. . . .  derived non-FIC-complying faithfulness constraint  . . .
b. . . .  corresponding basic FIC-complying faithfulness constraint  . . .

If this strategy can be successfully implemented for various languages reported to display chain
shifts (as listed for instance in Moreton 2004a and Moreton and Smolensky 2002), it will establish
the phonotactic innocuousness as a phonological universal of the new formal type envisioned in
section 1.
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