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Abstract

Error Driven Constraint Demotion with Robust Interpretive Parsing (RIP/CD;
Tesar and Smolensky 2000) is a model of language learning for Optimality Theory.
There is still much left to be understood about its relationship to the subset problem
and its usefulness for learning phonological alternations. We evaluate RIP/CD using
simulations, with an approach new to the OT literature in several ways: 1) it is based
on a Markov model to capture the complete behavior of the learning system (following
Niyogi and Berwick 1996), 2) we look across the complete typology of target languages
in a domain involving faithfulness violations, and 3) we consider different criteria for
successful learning.

The primary type of OT analysis considered in the learnability literature has been
metrification, but the problems that arise for RIP/CD are quite different for systems
of segmental alternation, e.g. when there are faithfulness violations. We discuss these
problems formally and evaluate their impact in two simulations involving constraints
related to oral and nasal vowel alternations, the English plural morpheme’s voicing, and
denasalization of consonants.

Our two major findings are as follows. First, the problem of the final refinement
step in EDCD raised by Boersma (2008b) persisted in RIP/CD, and a ‘Variationist
RIP/CD’ gives the learner a better chance of learning languages. In fact, such a learner
is guaranteed to eventually converge on a grammar that at least corresponds to a su-
perset of the target language. The second major finding is that constraining Universal
Grammar, meaning restricting the set of the learner’s possible initial states, does not
seem to solve the subset problem at all. No markedness-over-faithfulness ranking, for
instance, allowed all target languages to be learnable.

This thesis provides a foundation for moving forward with OT learnability. We
provide baseline numbers to compare future models against, to judge whether they face

the same set of problems and how well they face these problems.

Parts of this thesis were presented at the 32"¢ Annual Penn Linguistics Colloquium,
February 22-24, 2008 and those parts will be published in the conference proceedings,
the Penn Working Papers in Linguistics Volume 15.1 (2009).
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Mystery

All my life has been a mystery

You and I were never ever meant to be
It’s why I call my love for you a mystery

Different country

You and I have always lived in a different country
And T know that airline tickets don’t grow on a tree
So what kept us apart is plain for me to see

That much at least is not really a mystery

Estuary

I live in a houseboat on an estuary

Which is handy for my work with the Thames water authority
But I know you would have found it insanitary

Insanitary

Taken a violent dislike to me

I’d be foolish to ignore the possibility

But if we ever actually met you might have hated me
Still, that’s not the only problem that I can see

Dead since 1973

You’ve been dead now... wait a minute, let me see
Fifteen years come next January

As a human being you are history

So why do I still long for you
Why is my love so strong for you
Why did I write this song for you
Well, I guess it’s just a mystery

— Hugh Laurie, ‘Mystery’ (1987)



Learning in the Face of Infidelity:
Evaluating the Robust Interpretive Parsing/Constraint De-
motion Model of Optimality Theory Language Acquisition

1 Introduction

Computational models or algorithms for language acquisition tell us a great deal both about
the faculty of language as well as about our theories of grammar. The ‘constraint demotion’
(CD) family of algorithms pursued by Bruce Tesar and Paul Smolensky and later others has
provided a useful foundation for exploring learnability in Optimality Theory (OT). In CD
algorithms, the learner reranks constraints over time, by demoting them, until his grammar
is compatible with what he hears in his environment. Tesar and Smolensky’s contribution
to language acquisition with CD was finding a means for a learner to use parsed structure
to infer something about the target grammar. A model based on CD lets us ask questions
such as whether the whole typology of languages predicted by orderable constraints should
all be expected to be attested (Boersma 2003, Alderete 2008), why particular longitudinal
patterns in child development occur (Demuth 1995), and why universal rankings involving
e.g. positional faithfulness might arise from imperfect learning (Boersma 2008a). The most
well-understood model of language acquisition in the CD family is Error Driven Constraint
Demotion with Robust Interpretive Parsing (RIP/CD) (Tesar and Smolensky 1996, Tesar
1998a, Tesar and Smolensky 2000), which is the focus of this thesis.

Tesar (1998a:132) has been quite optimistic about the core of the algorithm, the ‘con-

straint demotion procedure’:

[Paul Smolensky and I (Tesar) have] presented the constraint demotion proce-
dure, which completely solves the subproblem of the relationship between full
structural descriptions and grammars. . . . As a solution to this subproblem,

constraint demotion has several appealing properties: (a) it applies to all lin-



guistic analyses within the OT framework, not just those of, say, stress, or even

phonology; (b) it is guaranteed to find a correct ranking; and (c) it is quite fast.

We first must unpack what Tesar is talking about. He is not making claims about
RIP/CD, the full model of language learning, but instead to EDCD, a simplified case where
the learner hears input—output pairs from his environment directly, rather than just outputs
as in RIP/CD. For instance, in RIP/CD the learner hears an overt form such as ‘opacity’
and must make an inference to undo velar softening to an arrive at the underlying form
‘opaque—+ity’. Or, he hears the overt metrical pattern 'HL HL and must infer the locations of
parsed feet as in ('"HL)(H)L. This inferential step could go wrong. In the quotation above,
Tesar refers to the easier case where the learner hears an input—output pair and hidden
structure, what he calls a full structural description, directly, and does not need to make
an inferential step. Nevertheless, despite addressing a simpler problem, Tesar’s excitement
was premature. Guaranteed to find a correct ranking it most certainly is not. Despite the
claims in Tesar and Smolensky (1996, 2000), which apply to the simpler EDCD problem
only, Boersma (2008b) presented a EDCD simulation showing OT languages (though not
linguistically motivated languages) that the EDCD learning procedure did not find a correct
ranking for.

What we know is that some learning algorithm must exist to guarantee at least probably
approximately correct (PAC) learning of any OT language given input—output pairings as
in EDCD. Vapnik-Chervonenkis dimension is a measure of the complexity of a grammatical
system, such as OT, in terms of the capacity of the system to create a large typology of
languages. Riggle’s (to appear) computation of the VC-dimension of OT as finite (linear
in the number of constraints in the system), provided an upper-bound on the difficulty of
learning a constraint ranking. Finite VC-dimension guarantees PAC learnability, that there
is some algorithm that with high probability hypothesizes a language that is not too far off
from the correct language. (See Stabler 2008 for background on formal learnability theory

as it relates to linguistics.)



If the input—output pairings are known, the learning problem is essentially solved.
Boersma (2008b) proposed a revision to EDCD to fix the failure he found, creating what he
called Variationist EDCD. If Boersma is correct that this revised algorithm is guaranteed
to converge to a correct grammar, this would be good progress — although still limited to
the easier EDCD problem.

But, ‘the relationship between full structural descriptions and grammars’ (Tesar 1998a:132)
is just a small piece of the language learning problem. Learners do not have access to un-
derlying forms or full structural descriptions. Just imagine what kind of benefit this would
have for syntax if the learner could see the underlying form, the structure, of sentences: the
learner could set various parameters merely by inspecting the tree! Though initial forays
into syntactic acquisition, e.g. in Wexler (1978), did make the simplifying assumption of
access to hidden structure, more recent work (Gibson and Wexler 1994, Niyogi and Berwick
1996, Fodor 1998) along with RIP/CD assume this is too much to expect of the learner.

The work on syntactic acquisition and that on OT acquisition have diverged in their
responses to this problem. The syntactic line of work, e.g. Gibson and Wexler’s (1994)
Triggering Learning Algorithm, side-stepped the issue of not knowing underlying forms.
The learner seeks a grammar that can merely parse the input, and does not use the parsed
structure to learn something about the grammar.

CD algorithms rely crucially on parsed structure. In RIP/CD the learner faces the even
harder problem of inferring underlying forms and full structural descriptions from what he
hears. Robust Interpretive Parsing is a step added into the EDCD model to have the learner
guess hidden levels of structure. So while Constraint Demotion has proven itself as a viable
means to update an OT hypothesis, based on the work on EDCD and Variationist EDCD,
the question of the viability of Robust Interpretive Parsing remains.

Models of language acquisition are evaluated from several angles: whether a child is
expected to be able to carry out the algorithm given human limits of memory and compu-

tation, whether given any input from the idealized environment the algorithm will make a



best guess as to what the grammar is, how often this best guess is correct or close enough,
and how long it takes and how many examples from the environment the algorithm needs
to reach it. EDCD and RIP/CD succeed on the first evaluation: They are indeed psycho-
logically plausible. However, while Variationist EDCD seems to be guaranteed to make the
correct guess, the convergence proofs of Tesar and Smolensky (1996, 2000) do not apply
to RIP/CD because either the inputs or the full structural descriptions are not known to
the learner. Examples exist where convergence does not occur: Tesar (1998a:141) himself
noted that a learner employing RIP/CD to learn metrical stress can get stuck alternating
between two incorrect grammars. After hearing one word from the environment the learner
demotes the TROCHAIC constraint below the IAMBIC constraint, but then on another input
the learner does the reverse, cycling indefinitely. Apoussidou and Boersma 2004 confirmed
this in simulations. It has been well known, then, that RIP/CD is not guaranteed to find
a ranking at all, let alone a correct one.

And what about a correct one? RIP/CD faces several problems, some noted in lit-
erature, others not. The success of RIP/CD for OT systems of metrical phonology have
been considered on several occasions (Tesar and Smolensky 1996, Tesar 1998a, Tesar and
Smolensky 2000, Apoussidou and Boersma 2004), and in systems involving faithfulness vi-
olations but in learning algorithms besides EDCD and RIP/CD (e.g. Boersma and Hayes
2001, Hayes 2001, Alderete and Tesar 2002, Prince and Tesar 2004), but few times has
there been an analysis, and no simulations, of OT systems involving faithfulness violations
in EDCD or RIP/CD (Smith 2000, Boersma 2003). The trend of results is that EDCD and
RIP/CD are no silver bullet. We ask in this thesis ‘how bad is it?’, specifically for learning
plausible natural languages involving input—output faithfulness violations.

We evaluate the robustness of RIP/CD below. Our approach to simulating a RIP/CD

learner is new to OT language acquisition research in that our simulation:

e is based on a Markov model to capture the complete behavior of a learner, in the

spirit of Niyogi and Berwick (1996), rather than a simulation that randomly selects a



particular order of presentation of stimuli to the learner.
e involves an OT system admitting faithfulness violations.

e considers different notions of ‘success’ in learning to measure the degree to which the
algorithm works out-right and also after it is granted some leeway with regard to the

subset problem.

e is run first the RIP/CD algorithm described by Tesar and Smolensky and then run
with an update to RIP/CD following Boersma’s (2008b) modifications to EDCD in

Variationist EDCD.

In addition we:

e look across the complete factorial typology of languages predicted by the OT system

and see how many of those can be learned by a RIP/CD learner.

e consider several conceptions of Universal Grammar (UG), meaning different initial

states for the learner.

The thesis begins by reviewing the RIP/CD procedure and discussing why we have opted
to evaluate RIP/CD rather than newer CD algorithms which have appeared to supersede
RIP/CD in the literature (section 2). In section 3 we discuss, at an abstract level, limitations
to the RIP/CD procedure, including those reported previously and several new limitations
presented here. Sections 4 and 5 describe the methodology and results of our simulations.

Section 6 concludes.



2 Review of RIP/CD

2.1 Overview

RIP/CD has its roots in Gold (1967) and Wexler (1978), where learners were proposed to
maintain at any given time a single hypothesis of what the grammar is that is generating the
language he hears in this environment. With each new token from the language the learner
hears (a ‘positive example’ of an element from the target language), the learner may change
his hypothesis, but never necessarily knowing whether he has ever finally arrived at the right
hypothesis. Gold’s ‘identification in the limit’ is when the learner arrives at a hypothesis
that he will never further revise, although the learner isn’t aware that he has reached this
state. How the learner updates his hypothesis will depend on the grammatical system
involved. (This model does not include the use of ‘negative evidence’, explicit indication
that a token is not in the target language.)

When grammars are reducible to a finite number of universal parameter switches, as
in the Principles and Parameters syntactic tradition, the learner may flip switches after
hearing a sentence from his environment, hopefully flipping the right ones. In the Triggering
Learning Algorithm (TLA; Gibson and Wexler 1994, Niyogi and Berwick 1996), the learner
changes his hypothesis when he encounters a a sentence that he cannot parse with his current
grammar. He then chooses a parameter at random and flips its value. If the resulting
grammar can parse the token, he keeps the new parameter value, otherwise he flips the
parameter back and waits for another token. It is impossible to know which parameters
were responsible for the failure of the grammar to parse the token — it might be a conspiracy
of parameter settings, for instance.

Tesar and Smolensky improved on these essentially random movements between hy-
potheses because in OT one can see which constraints are at play in the analysis of a
linguistic object, and this is informative about what changes to the hypothesis grammar

may be worthwhile. The contributions of CD and RIP/CD to models of language acquisition



include:

e Using the learner’s current hypothesis grammar to parse input and infer the input’s

hidden structure.

e Generating (possibly faulty) implicit negative evidence and updating the grammar to

rule out this evidence.

e Using (possibly faulty) knowledge of hidden structure to update the learner’s hypoth-
esis. (This part is similar to Fodor’s (1998) structural triggers learner who parses with
a supergrammar to determine parameter values that must be set in order to parse an

input sentence in any UG-allowed grammar.)

RIP/CD, like TLA, is a psychologically plausible algorithm in that it is memory-less,
meaning the learner only retains in memory a hypothesis grammar and not, for instance, a
bag of all the words he has ever heard. It is also computationally easy, in that it does not
require the learner to do much work after each token (word). A more specialized learning
algorithm specific for OT is both a blessing and a curse, however: since the algorithm
will not be applicable to other components of language or cognition generally, two distinct
learning algorithms may be needed (Charles Yang p.c.).

RIP/CD is based on the EDCD algorithm, which addresses the simpler problem dis-
cussed in the introduction. EDCD will always settle on a final hypothesis before N2 ‘useful’
tokens, where N is the number of constraints in the system. This is quite fast, and remark-
able, considering the learner is faced with a space of N! grammars to choose from. TLA,
on the other hand, is not guaranteed to settle at all, and it has a much smaller space of just
2NV grammars (where N here is the number of parameters). Unfortunately, this guarantee
does not apply to RIP/CD.

At a high level, RIP/CD works by generating implicit negative evidence. “Positive evi-

dence” is the information given to the learner asserting what is in the language. “Negative



evidence” is the information asserting what is not in the language, for example an adult cor-
recting the learner by saying a form was wrong. It is commonly assumed, for the purposes of
learnability research, that the learner is not provided negative evidence. One of RIP/CD’s
contributions is a means for the learner to (imperfectly) generate negative evidence. When
the learner updates his hypothesis, he reorders the constraints so his generated negative
evidence is ruled out and the actually observed positive evidence is ruled in. The reordering
follows the procedure of Constraint Demotion. This process then repeats.

Robust Interpretive Parsing, the double-edged sword that allows the learner to confront
the lack of knowledge of hidden structure but at the price of sometimes making a bad
guess, is primarily responsible for the positive evidence — that is, the hidden structure of
the positive evidence. Constraint Demotion, on the other hand, is responsible for generating
the negative evidence and updating the grammar.

Several assumptions are made about the learner and his environment in the OT learn-

ability literature that are adopted here:

e The adult grammar is a fully stratified OT grammar. Phenomena such as variation

in outputs and gradience in grammatically are not considered.

e The learner’s linguistic environment comprises outputs from this grammar alone, and

contains no mistakes (noise).

e The learner’s linguistic environment comprises surface phonological strings. Phonetic

forms and ambiguity at levels besides phonology are not considered.

RIP/CD is described well elsewhere (Tesar and Smolensky 1996, 2000), so we will merely
review the process by way of an example in the following sections.
2.2 Initial Procedure

For the example we will use constraints related to the agreement in nasality between vowels

and the coda in English (Kager 1999:31), which we use for the simulations later on. The



three constraints we will use in this section are:

e *V: No nasal vowels.
e *VoraN: No oral vowels before a nasal consonant in the coda.

e IDENT(nas): Nasality faithfulness (for vowels only — consonants cannot change nasal-

ity here).

plus MAX and DEP implicitly always undominated.

Let us place a learner in the environment of English, with adults ranking the con-
straints as *Vora N > *V >> IDENT(nas). Under these constraints, vowel nasality always
corresponds with the nasality of the following consonant — there are therefore no vowel
nasality contrasts in the language.

The first step in RIP/CD is to assign the learner an initial state, which is to say give
him an initial hypothesis grammar. RIP/CD is silent on what the learner’s first hypothesis
should be, as it is an empirical question which initial states are going to put the learner
off on the right foot. There may be (and are) initial states from which the learner cannot
learn certain languages. In the simulations below, we say that UG specifies a certain set of
grammars as permissible initial states, and the learner draws one grammar from that set
at random at the beginning of his learning process. Let us give our learner the grammar
*V o> IDENT(nas) > *VoraN, which admits in outputs only oral vowels, regardless of a

following nasal consonant.

2.3 Robust Interpretive Parsing

The rest of RIP/CD is a repeating process. An adult first chooses something to say, a base
form B, and generates from it the optimal candidate C and its corresponding overt form in
the language, a token or overt form O.

Let us first start with an aside about analyses of metrical phonology. The base form in

a metrification analysis is something like HLHLH, a sequence of heavy and light syllables.
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Candidates include the locations of parsed feed, as in (HL)(HL)H. But output tokens do
not have that information, only the location of primary stress 'HL HLH (e.g. Tesar and
Smolensky 2000). That is, we allow the learner to ‘hear’ without the possibility of mistake
1) the number of syllables in the utterance, 2) each syllable’s weight, and 3) which syllables
have primary and secondary stress. Crucially, we do not give the learner the parsing of feet.
He must infer that.

In the case of segmental phonology, base forms, candidates, and outputs are all concate-
nations of segments. A base form /oupeik-1ti/ yields the surface form /oupees-iti/. In our
model of language acquisition for segmental phonology, we make the simplifying assump-
tion of cutting out phonetics. We assume the adult communicates the surface phonological
form /oupaes-1ti/ directly to the learner. In other words, the optimal candidate is, unlike
in metrical analysis, identical to the output token.

Let’s now say an adult wants to emit the lexical entry /p&@nt/. He then runs the tableau

to find the optimal candidate for this base and generate an output:

pant H *VorarN ‘ *V ‘ IDENT(nas) ‘

peent *| 0

= paent e

Figure 1: An adult English speaker wants to emit /p&nt/. The optimal candidate is /péent/,

which is what is emitted.

In this case, the base form B, optimal candidate C, and overt token O are all the same,
/pa&nt/. The reader can imagine that the optimal candidate may have come out differently.
The learner next hears this token O. Actually, how the adult generated O is not important,
since the learner does not have access to that information. We go through the process
above here only to guarantee that the tokens the learner receives are consistent with some
particular adult grammar.

The next step of RIP/CD is for the learner to guess the base form B’ and the full
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structural description or candidate C’ that the adult used to generate the token. This is
the process of Robust Interpretive Parsing (Tesar and Smolensky 1996, 2000, Tesar 1998b).

Here again there is a difference between segmental phonology and the types of metri-
cal phonology analyses that have been considered in the CD literature (cited on page 4)
which did not permit faithfulness violations. When a learner ‘hears’ an output such as
'HL HLH, he does not know the optimal candidate in the adult’s grammar (the location
of feet), as we discussed, but he does immediately know the base form that generated the
candidate, HLHLH, since syllables were not permitted to be added or removed, or their
weight changed. Thus he determines B’ immediately. If the grammatical system allows
faithfulness violations, e.g. in the type of segmental phonology analysis of concern in this
thesis, the learner does not immediately know the base forms of outputs he hears. Alter-
nations, i.e. faithfulness violations, may have occurred. On the other hand, he can see the
optimal candidate directly from our simplifying assumption about cutting out phonetics.
Thus, he determines C” instead immediately.

So how can a learner know the underlying form of a phoneme that undergoes alternation
without already knowing the cause of the alternation? (And likewise for the location of feet
in analyses of metrification.) Of course, if the learner could do this step accurately he
would have already pretty much solved the problem of language acquisition. This is the
bootstrapping problem of language acquisition. RIP/CD confronted this problem in a new
way by making use of the hypothesis grammar that the learner maintains: the learner hopes
that his hypothesis grammar is close enough to the adult grammar that he can use it for
parsing and not be too far off.

Robust Interpretive Parsing is a function that guesses from an output token O and
a grammar H the base form B’ and candidate C’ that underly the output (Tesar and
Smolensky 1996:10). The base form and candidate pair yielded by Robust Interpretive
Parsing satisfies two conditions: 1) C”’s corresponding output is indeed O, and 2) compared

to all other such pairs of base forms and candidates, it is the most harmonic under H. This
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is a similar procedure to Lexicon Optimization proposed by Prince and Smolensky (1993),
the main difference that in Robust Interpretive Parsing C’ need not be the optimal output
for B’ under H.

Our learner, who has just heard O = /p&nt/ and maintains a hypothesis grammar G,
now performs Robust Interpretive Parsing. He is looking for B’ and C’. C’ he knows: it is
also /péent/ because it is the only candidate that matches what he heard. Two base forms
(or in general many) could generate that candidate: /peent/ and /pént/. He selects as B’
the one that is optimal when we consider a special tableau like the one in Figure 2. Rows
in this tableau represent ‘base — candidate’ pairs. We assess markedness violations on the
candidate halves of the pairs, and faithfulness violations by comparing the candidate in each
row to its corresponding base form in that same row. Note how the markedness violations

are the same in each row: because the candidate halves C’ has already been determined.

| *V | IpENT(nas) | *VoraN

paent — paent
Ipaent — paent

*

Figure 2: Robust Interpretive Parsing of the output /pé&nt/.

The grammar is the learner’s current hypothesis. The learner here is only looking for
the best base form, and this means the base form in the row with the fewest faithfulness
violations. Here he chooses /pé&nt/, which is indeed B, the base form the adult had in

mind. The learner gets it right.

2.4 Constraint Demotion

The learner next runs the base form B’ that he computed through Robust Interpretive
Parsing through a tableau according to his current hypothesis grammar. This will yield an
optimal candidate for him, which we will label as N. See Figure 3.

The learner concludes that N = /peent/ is optimal (for him). Now, the learner believes,
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pant | *V | IDENT(nas) | *VoraN
I paent & >

p&nt || !

Figure 3: The learner runs the base form B’ through a tableau according to his current

hypothesis grammar and concludes that /paent/ is optimal (for him).

according to Robust Interpretive Parsing, that in the adult grammar B’ = /p&nt/ makes
the candidate C’ = /p&nt/ optimal. If N, what is optimal for B’ under the learner’s current
grammar, is not the same as C’, the learner can conclude he has the wrong grammar, and
he will update his grammar using Constraint Demotion (CD), described next, so that the
adult candidate C’ comes out optimal instead.

Tesar calls N the ‘loser’ because it is what we want to not be optimal for the learner
once CD has been performed, and C’ the ‘winner’ because it is what ought to win if the
learner is to have the right grammar. Though we have no particular desire to arbitrarily
alter terminology, we agree with Boersma (2003) that these terms are confusing because the
loser is for a short while an optimal candidate. Instead, we will call C’ the positive evidence
or positive candidate, because it is what the learner thinks is in the language and N, if
it differs from C’, as the implicit negative evidence or negative candidate, since it is what
the learner concludes is not in the language. (We also refrain from using the term ‘input’,
which Tesar and Smolensky have used to mean underlying form as in the OT tradition, but
elsewhere is the data the learner receives. We use ‘base’ or ‘underlying’ form in the former
case and ‘token’ in the later case.)

CD is the core of RIP/CD. It is a process of reordering constraints based on 1) a filled-
in tableau and 2) candidates marked as the positive and negative candidates. The learner
wants to make his grammar look more like the target grammar, although the target grammar
is of course not available to him. CD specifies a procedure to attempt to do so: Demote

constraints (in the hypothesis grammar) that the positive but not the negative candidate
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violated so that they are all in the stratum immediately below the highest constraint that
the negative but not the positive candidate violated. This will help because once the
constraints are moved around in this way, the positive candidate will be more harmonic
than the negative candidate. (In the case of constraints that assess multiple violations on a
candidate, one looks and whether the positive or negative candidate violated it more times.)

In the example, the positive candidate /pént/ uniquely violated *V, while the negative
candidate /peent/ uniquely violated IDENT(nas) and *VorarN. CD then says to move the
first constraint into the stratum immediately below IDENT(nas). That yields a new grammar
shown in the tableau below, which also shows that the positive example is now optimal.

Note that *V and *VorarN are now not mutually ranked: they are in the same stratum.

p&nt H IDENT(nas) ‘ *VorarN | ¥V
*

peent *|

1= paent ¥

Figure 4: After Constraint Demotion, the learner has this grammar, in which the positive

candidate comes out optimal.

No action is taken by the learner when a token is compatible with the currently hypoth-
esized grammar, that is, when the negative and positive candidates are the same, or if there
are no constraints uniquely violated by the positive and negative candidates.

The procedure above repeats until the learner no longer makes any changes to his hy-
pothesis grammar.

Grammars are stratified hierarchies, and tableaux here are evaluated during both Robust
Interpretive Parsing and in generating the negative candidate by pooling the violations of
all of the constraints in a stratum (as in Tesar and Smolensky 1996, 2000 but not Tesar

1998b).
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2.5 The Last Step: Refinement

While Tesar considered adult grammars to always be drawn from the set of fully stratified
grammars, CD can create a non-fully stratified grammar, as in the example here. It is
another problem how a learner might turn his final hypothesis grammar from the last CD
step, if it is not fully stratified, into a fully stratified grammar. Tesar and Smolensky
(2000:49) suggested, “At the end-point of learning, the hierarchy may not be fully ranked:
the result is a stratified hierarchy with the property that any further refinement into a
fully ranked hierarchy will correctly account for all the learning data,” where ‘refinement’,
defined later, meant choosing any grammar that preserves all of the domination relations.
For instance, the grammar {A,B} > {C,D} has four refinements: A >B>C>D, B> A
>C>»D,A>B>D>C,B>A>D> C. Boersma (2008b) unfortunately determined
that this claim was patently false, showing that the learner can choose a hypothesis (in the
limit) for which only some refinements are compatible with the target language. We found
this to be the case in our simulations.

Because the choice of refinement matters, we include this step in our model. But since
Tesar and Smolensky have not indicated how the learner chooses a particular refinement,
we assume the learner chooses one at random.

Boersma (2008b) proposed a solution to this problem. He suggested modi