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S1 Supplemental Discussion: Linguistic Formalism

Surface and underlying forms. The final pronounced form of a word is referred to as its surface form,
conventionally written between brackets, while intermediate forms such as entries in the lexicon are called
underlying forms and are written between slashes. For example, the English past tense of the word walk (i.e.
“walked”) has the surface form [wOkt], but the underlying form /wOkd/, which is built from the underlying
form of the past tense (i.e. /d/) and the underlying form of the stem for walk (i.e. /wOk/). In the main text
we have adopted a simplified presentation where all (sequences of) phonemes are written between slashes.

Morphosyntax. In modern linguistic theories, the mapping between form and meaning is assumed to
be mediated by a central component called (morpho)syntax which contains information about the category
of constituents and how they combine. Thus, each linguistic constituent is described by a form-category-
meaning triple ⟨f, c,m⟩. In the present work, these components consist of:

1. Form: A specification of the sound structure of the constituent. In this work, we will use sequences of
phonemes described as phonetic feature vectors. For example, the English (en) past tense verb form
walked is represented as [wOkt]. This complex constituent consists of two smaller pieces, the past tense
suffix which is represented underlyingly as /d/ and the stem /wOk/.

2. Morphosyntactic Category: A specification of the category of the constituent and how it combines
with other constituents. The category of walked is verb V. The past tense marker /d/ has category V\V
meaning that it must attach to a verb stem on it’s left to produce a verb. Analogously, a morpheme
that is prefixed (e.g., ‘re-’, as in ‘reanalyze’, ‘redo’, ...) would have the morphosyntactic category V/V.
In the main text, we used the more intuitive, less formal markers pfx, stem, sfx for V/V, V, V\V,
respectively.
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3. Meaning: A specification of the meaning. In this work, we assume meanings are just sets of atomic
meaning features. So the meaning of walked is [stem:walk;tense:past]. The meaning of the past
tense marker /d/ is [tense:past] and the meaning of the stem walk is [stem:walk].

Thus, walked will be represented as ⟨[wOkt], V, [stem:walk;tense:past]⟩. A grammar G can be thought
of as a joint distribution on the set X of form-category-meaning triples: ⟨f, c,m⟩ ∈ X and is specified by
four components G = ⟨L,S, L·M, J·K⟩.1 First, there is a stored collection of primitive or atomic units known
as the lexicon L. Each lexical item is also a form-category-meaning triple. Lexical items are assembled into
more complex structures using an inventory of structure building operations S. In our model, S corresponds
to concatenation of morphemes. Finally, assembled morphosyntactic structures are mapped to surface sound
and meaning representations by a pair of functions called interface mappings which take syntactic objects
to sound structure L·M (phonology) and meaning structure J·K (semantics) respectively.

For example, in English, the stem for the verb walk is ⟨/wOk/, V, [stem:walk]⟩ ∈ LEN. In our model, we
adopt a single structure-building operation σ(·, ·) that operates on pairs of constituents concatenating their
form parts, algebraically canceling their category parts, and performing unification on their meaning. For
example, in English the past tense is marked regularly by the lexical item ⟨/d/, V\V, [tense:past]⟩. So the
past tense form walked can be constructed as

σ(⟨/wOk/, V, [stem:walk]⟩, ⟨/d/, V\V, [tense:past]⟩) = ⟨[wOkd], V, [stem:walk; tense:past]⟩

Note that the output of σ represents the underlying form /wOkd/—on the surface the final /d/ is devoiced
in the context of the voiceless /k/; that is, it is pronounced [wOkt]. The set of all possible underlying forms
is simply the closure of the lexicon L under σ. We write UL for the set of all underlying forms in a language
with lexicon L—that is, the set of all structures derivable from L using σ.

The interface function L·M is a set of ordered transduction (SPE-style) rules which map underlying to
surface forms. In the present work, we leave J·K as the identity function.

Using the formalism introduced above, the theory-induction objective corresponds to finding a set of
phonological transduction rules L·M, semantic transduction rule J·K and lexicon L maximizing

[∏

x∈X

1[(∃u) | u ∈ UL ∧ LuM = x.f ∧ JuK = x.m]

]
P (G|UG)

which is equivalent to Eq. 1 in the main paper.

S2 Supplemental Figures

S2.1 Textbook problems

Figure S1-S3 illustrates grammars learned for additional textbook problems.

S2.2 Artificial grammar learning

Figure S4 shows learning curves for the model on artificial grammar learning experiments.

S2.3 Learned Fragment-Grammar meta-model

Fig. S5 shows our basic context free grammar over SPE-style rewrites, which defines a space of possible
programs for modelling phonological rules. In learning a meta-model, we build on top of this hand-coded
basis. Specifically, we learn by adding more context-free production rules to this basic grammar. This works
by learning additional commonly occurring fragments of rules (Fig. S6), which biases the model toward
reusing those fragments.

1In the main paper we factor grammars into rules T and lexicon, L. This section combines these two factors into a single
tuple, the grammar G, and also incorporates morphosyntactic category information in the observed data, which we elided from
the main text. Our system assumes every observed (form, meaning) pair has the same morphosyntactic category.
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⟨/iN/, pfx,A⟩ ⟨ϵ, sfx,A⟩ ⟨/çele/, stem, frog⟩
⟨/xa/, pfx,big⟩ ⟨ϵ, sfx,big⟩ ⟨/tali/, stem,beer⟩

· · ·

a frog→/iN/+/çele/+ϵ →/iNçele/
r1−→/iNJele/

r2−→[iñJele]
big beer→/xa/+/tali/+ϵ →[xatali]

· · · total 14 words/2 inflections· · ·

observed data
& unobserved derivation

r1: [ -sonorant ] →
[
+voice
-continuant

]
/ [-vowel]

obstruents become voiced stops after consonants

r2: [+nasal] → αplace /
[
-vowel
αplace

]

nasals move to the place of articulation
of the following consonant

lexicon
(unobserved)

theory

Lum
asa

aba

⟨ϵ, pfx,gen⟩ ⟨/un/, sfx,gen⟩ ⟨/tSan/, stem,bell⟩
⟨ϵ, pfx,NomPl⟩ ⟨/köj/, stem,village⟩
⟨/lar/, sfx,NomPl⟩ ⟨/el/, stem,hand⟩

· · ·

bell (gen)→ϵ+/tSan/+/un/→/tSanun/
r2−→[tSan1n]

village (gen)→ϵ+/köj/+/un/→/köjun/
r1−→[köjün]

hands (nom)→ϵ+/el/+/lar/→/ellar/
r1−→[eller]

· · · total 32 words/4 inflections· · ·

observed data
& unobserved derivation

r1: [ +vowel ] →
[
-back
-low

]
/
[
+vowel
-back

]
[ ]0

vowels become nonback/nonlow after a nonback vowel
r2: [+voice] → [ -round ] / [ -round ][ -vowel ]

voiced segments become unround when a proceeding
segment is unround, separated by a consonant

lexicon
(unobserved)

theory

Tur
kish

Figure S1: Given dataset, highlighted in orange, system jointly infers both language-specific phonological
rules (“theory” box, labeled r1, r2, etc.) and dataset-specific lexicon, which include both stems and affixes
for each inflection. Together the theory and lexicon explain the orange data via a derivation where the
morphology output (prefix+stem+suffix) is transformed according to the ordered rules. The symbol ϵ means
the empty string.
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⟨ϵ, pfx,Masc⟩ ⟨/śitn/, stem,tiny⟩
⟨ϵ, sfx,Masc⟩ ⟨/ḿil/, stem,dear⟩

⟨ϵ, pfx,Fem⟩ ⟨/a/, sfx,Fem⟩ ⟨/túp/, stem,blunt⟩
⟨ϵ, pfx,Pl⟩ ⟨/i/, sfx,Pl⟩ ⟨/bĺizk/, stem,close⟩

· · ·

tiny(Masc)→ϵ+/śitn/→/śitn/
r3−→[śitan]

dear(Masc)→ϵ+/ḿil/→/ḿil/
r5−→[ḿio]

blunt(Fem)→ϵ+/túp/+/a/→/túpa/
r1−→/túpá/

r2−→[tupá]
close(Pl)→ϵ+/bĺizk/+/i/→/bĺizki/

r1−→/bĺizḱi/
r2−→/blizḱi/

r4−→[blisḱi]
· · · total 148 words/8 inflections· · ·

observed data
& unobserved derivation

r1: [ +vowel ] → [ +stress ] / [ +stress ] [ -vowel ]0
r2: [ +vowel ] → [ -stress ] / [ -vowel ]0 [ +stress ]

these rules interact to shift stress to next vowel
r3: ∅ → a / [ -vowel ] [ -vowel ] #

epenthesis: insert /a/ between word final consonant pair
r4: [ -sonorant ] → [ -voice ] / [ -voice ]

obstruents devoice before unvoiced segments
r5: l → o / #

word-final /l/ becomes /o/

lexicon
(unobserved)

theory

Se
rbo

-Cr
oat

ian

⟨ϵ, pfx, in a⟩ ⟨/kalap/, stem,hat⟩
⟨/ban/, sfx, in a⟩ ⟨/re:s/, stem,part⟩

⟨/to:l/, sfx, from⟩ ⟨/vi:z/, stem,water⟩
· · ·

in a hat→ϵ+/kalap/+/ban/→/kalapban/
r2−→[kalabban]

in a part→ϵ+/re:s/+/ban/→/re:sban/
r1−→/re:sben/

r2−→[re:zben]
from water→ϵ+/vi:z/+/to:l/→/vi:zto:l/

r1−→/vi:ztö:l/
r3−→[vi:stö:l]

· · · total 80 words/4 inflections· · ·

observed data
& unobserved derivation

r1: [ +vowel ] → [-back -low] /
[
-back
+vowel

]
[ ]0

vowels become nonback/nonlow after a nonback vowel

r2: [ -vowel ] → [ +voice ] /
[
-sonorant
+voice

]

voice before voiced obstruents
r3: [ -sonorant ] → [ -voice ] / [ -voice ]

obstruents devoice before unvoiced segments

lexicon
(unobserved)

theory

Hu
nga

ria
n

Figure S2: Given dataset, highlighted in orange, system jointly infers both language-specific phonological
rules (“theory” box, labeled r1, r2, etc.) and dataset-specific lexicon, which include both stems and affixes
for each inflection. Together the theory and lexicon explain the orange data via a derivation where the
morphology output (prefix+stem+suffix) is transformed according to the ordered rules. The symbol ϵ means
the empty string.
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⟨ϵ, pfx,Pl⟩ ⟨/o/, sfx,Pl⟩ ⟨/lug/, stem, leg⟩
⟨ϵ, pfx,Det⟩ ⟨/ta/, sfx,Det⟩ ⟨/meel/, stem,place⟩

⟨ϵ, pfx,Sg⟩ ⟨ϵ, sfx,Sg⟩ ⟨/sim/, stem,hip⟩
⟨/bagll/, stem,mule⟩

· · ·

leg (Pl)→ϵ+/lug/+/o/→/lugo/
r2−→[luGo]

place (Det)→ϵ+/meel/+/ta/→/meelta/
r4−→/meelSa/

r5−→[meeSa]
hip (Sg)→ϵ+/sim/+ϵ →/sim/

r6−→[sin]
mule (Sg)→ϵ+/bagll/+ϵ →/bagll/

r1−→/bagal/
r2−→[baGal]

· · · total 132 words/6 inflections· · ·

observed data
& unobserved derivation

Singular→stem, SgDet→stem+/ta/, Plural→stem+/o/

r1: [ -vowel ] → [ ]i / [ ]i[ -vowel ] [ -vowel ]{#,[ -vowel ]}
copy segment two to the left to overwrite second
consonant in closed syllable endings.
this rule is incorrect: should copy and insert vowels

r2: [ -nasal ] → [ +continuant ] / [ +vowel ] [ +vowel ]
”spirantize” nonnasal in between vowels, making it a fricative

r3: [ -voice ] → ∅ /

[
+coronal
-sibilant
-sonorant

]

delete voiceless segments,
next to nonsibilant coronal obstruent

r4: [ -voice ] → S / l
r5: l → ∅ / [ -vowel ]

this pair of rules acts to rewrite /lt/ to /S/,
but these rules are overly general, despite fitting the data

r6: [ +nasal ] → n / {#,[ -vowel ]}
word-final nasals and nasals before a consonant become /n/

lexicon
(unobserved)

theory

Somali

⟨ϵ, pfx, Imp.⟩ ⟨/ka/, sfx, Imp.⟩ ⟨/Pa:ml/, stem,help⟩
⟨ϵ, pfx,Dub.⟩ ⟨/al/, sfx,Dub.⟩ ⟨/mo:jn/, stem,tire⟩

⟨ϵ, pfx,N.F.⟩ ⟨/hin/, sfx,N.F.⟩ ⟨/Pugn/, stem,drink⟩

· · ·

help (Imperative)→ϵ+/Pa:ml/+/ka/→/Pa:mlka/
r1−→[Pa:milka]

tire (Dubitative)→ϵ+/mo:jn/+/al/→/mo:jnal/
r2−→/mo:jnol/

r5−→[mojnol]
drink (NonFuture)→ϵ+/Pugn/+/hin/→/Pugnhin/

r1−→/Puginhin/
r3−→

/Pugunhin/
r4−→[Pugunhun]
· · · total 100 words/4 inflections· · ·

observed data
& unobserved derivation

Nonfuture→stem+/hin/, Imperative→stem+/ka/,
Dubitative→stem+/al/, Passive→stem+/it/

r1: ∅ → i / C CC
insert /i/ in consonant triplets

r2: a → o / [ +round -high ]C0
rounding harmonizes to the right

r3: [ -back +vowel ] → u / u[ ]0
nonback vowels round following nonback round vowel /u/

r4: [ ] → u / [-son +voice][-voice]0 [-cont]
segments become /u/ before stops & after voiced obstruents
Rule is functionally redundant with r4.
Occurs because r3 cannot apply to its own output.

r5: [ ] → [ -long ] / CC
shorten (vowels) before pairs of consonants

lexicon
(unobserved)

theory

Yowlumne

Figure S3: Example failure modes for our system; illustration is analogous to Fig. S1-S2. Somali rule
system fails to explain 20% of the textbook problem, and many of the individual rules are implausible
upon inspection, such as the first copying rule r1 — see the bottom of derivation of the singular form of
“mule.” Other rules are essentially correct, such as the spirantization process implemented by rule r2, or
the neutralization process in r6. Yowlumne rule system contains a redundant vowel rounding process, r4,
which acts in concert with r3 to repeatedly harmonize segments to /u/; see illustration of the derivation
of the non-future form of drink (bottom of observed data/unobserved derivation box). (“Yowlumne” was
formerly known as “Yawelmani” [1].)
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Figure S4: Learning curves artificial for grammar learning (compare with Fig. 6). The x-axis of each plot
varies the number of training words, each drawn from the ‘consistent’ grammar. The y-axis of each plot
compares the likelihood of test words from the consistent and inconsistent grammars according to the log odds
ratio logP (consistent|train)/P (inconsistent|train). Values greater than 0 indicate successful discrimination
between the consistent and inconsistent grammars. Curves show mean and standard deviation over n = 15
random test word pairs conforming to the (in)consistent grammars. Green: w/ syllabic representation. Red:
w/o syllabic representation. Source data are provided as a Source Data file.
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Template for a single rule

Rule ::= Focus→Change / Trigger Trigger

Focus of rule, and what it can change into

Focus ::= ∅ insertion rule
Focus ::= FeatureMatrix

Change ::= ∅ deletion rule
Change ::= Z copying rule: an integer
Change ::= αplace copy place from α, an integer
Change ::= FeatureMatrix

Every triggering environment with at most two feature matrices

Trigger::= empty conditioning (triggering) environment
Trigger::= FeatureMatrix a single feature matrix to the side of focus
Trigger::= FeatureMatrix0 FeatureMatrix zero or more repeats of a feature matrix
Trigger::= FeatureMatrix FeatureMatrix
Trigger::= # end-of-string
Trigger::= FeatureMatrix #
Trigger::= FeatureMatrix0 FeatureMatrix #
Trigger::= FeatureMatrix FeatureMatrix #
Trigger::= {#,FeatureMatrix} end-of-string or a feature matrix
Trigger::= FeatureMatrix0 {#,FeatureMatrix}
Trigger::= FeatureMatrix {#,FeatureMatrix}

Build feature matrices from constant phoneme or sequence of ±feature

FeatureMatrix ::= Phoneme
FeatureMatrix ::= [ ] empty feature matrix
FeatureMatrix ::= [+ Feature FeatureMatrix] +feature appended to matrix
FeatureMatrix ::= [- Feature FeatureMatrix] −feature appended to matrix

Phoneme ::= @ | a | g | · · · a constant phoneme
Feature ::= voice | nasal | coronal | · · · a phonological feature

integer indices are used for copying, see caption

Z ::= −2 | − 1 | 1 | 2 copying target, an integer
α ::= −2 | − 1 | 1 | 2 place copy target, an integer

Figure S5: Context-free grammar generating phonological rules used by our system. Non-terminal symbols
begin with a capital letter, as well as Z and α. For increased tractability, we arbitrarily bound the size of
each FeatureMatrix to have had most three features, and as outlined in the above grammar over SPE rules,
each trigger may have at most two feature matrices, hence the maximum range of copying targets (Z/α)
of ±2. Copying targets are expressed as integers indexing into the triggering environments. For example
the rule V → Vi / Vi CC is expressed using the above grammar as V → -1 / V CC, while the rule V →
Vi / C C0Vi would be expressed as V → 2 / C C0V.
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Rule::= FC → FC / Trigger Trigger
Rule::= [ +vowel ] → [ -highTone ] / [ -vowel ]* [ +highTone +vowel ]
Rule::= [ -sonorant ] → [ -voice ] / Trigger
Rule::= [ +nasal ] → αplace / Trigger [ -vowel ]
Rule::= [ +vowel ] → [ +highTone ] / [ +highTone +vowel ] [ -vowel ]0 Trigger
Rule::= [ +vowel ] → [ -back -low ] / [ -back +vowel ] FeatureMatrix0
Rule::= [ -vowel ] → [ +voice ] / [ -sonorant +voice ]
Rule::= FC → [ +continuant ] / FeatureMatrix [ +vowel ]
Rule::= [ -sonorant ] → FeatureMatrix / [ -sonorant ]
Rule::= [ +voice ] → FC / FeatureMatrix [ -vowel ] Trigger
Rule::= [ -voice ] → [ +voice ] / [ +nasal ] [ -vowel ]0

Trigger::= #
Trigger::= FeatureMatrix #
Trigger::= FeatureMatrix0 FeatureMatrix #
Trigger::= FeatureMatrix FeatureMatrix #
Trigger::= {#,FeatureMatrix}
Trigger::= FeatureMatrix0 {#,FeatureMatrix}
Trigger::= FeatureMatrix {#,FeatureMatrix}
Trigger::=
Trigger::= FeatureMatrix
Trigger::= FeatureMatrix* FeatureMatrix
Trigger::= FeatureMatrix FeatureMatrix
Trigger::= [ -vowel ]* [ +highTone +vowel ]

FeatureMatrix::= +
FeatureMatrix::= Phoneme
FeatureMatrix::= [ -sonorant ]
FeatureMatrix::= [ +vowel +highTone ]
FeatureMatrix::= [ -vowel ]
FeatureMatrix::= [ -voice ]
FeatureMatrix::= [ +vowel ]
FeatureMatrix::= [ -back +vowel ]
FeatureMatrix::= [ -sonorant +voice ]
FeatureMatrix::= [ +nasal ]
FeatureMatrix::= [ +voice ]
FeatureMatrix::= [ +continuant -high ]

FC::= ∅
FC::= Z
FC::= αplace
FC::= FeatureMatrix

Figure S6: Symbolic structure of learned grammar over phonological rules. This grammar is estimated from
a training set of 30 textbook problems selected for representativeness and diversity, and captures typically
occurring motifs and schemas across grammars from the world’s languages. Nonterminal FC refers to either
the Focus or Change of a rule.
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S3 Supplemental Methods

S3.1 Input data format

With the exception of allophony problems, each textbook problem consists of a matrix of surface forms,
where the columns correspond to different inflections, and the rows correspond to different stems. Matrix
entries can be empty (unspecified), either due to missing data, or due to a particular inflection not applying
to a particular stem (for example, there is no past tense form of a stem like “pineapple” because it is a noun
and not a verb). Slightly overloading notation used in the main manuscript, we refer to this matrix as X,
and can index the rows of X (lexemes) and the columns of X (inflections). For example, Figure S7A shows
a paradigm matrix X for a basic problem from Russian. There are 2 inflections (nominative and genitive),
corresponding to the columns of the matrix, and 4 stems, corresponding to the rows of the matrix.

Allophony problems consist of a set of surface forms along with a set of pairs of phonemes, known as
‘allophones’, which we treat as a substitution on phonemes. Figure S7B shows an allophony problem from
Mohawk.

A B (i) B (ii)

Nominative Genitive

wagon vagon vagona
car avtomobilj avtomobilja
evening vetSer vetSera
husband muS muZa
pencil karandaS karandaSa
eye glas glaza
threshold porok poroga

Surface form

pigeon oli:deP
hide it! (sg.) zahset
stocking ga:lis
tail odahsa
five wisk
two degeni
Abraham aplam

Allophones Allophones
1 2

b p
d t
g k

Figure S7: A. An example paradigm matrix from Russian, which is a common format for the input data
X. Columns correspond to different inflections (nominative, genitive) while the rows correspond to different
stems (wagon, car, evening, ...). For example, [vagona] means wagon in the genitive form. B. Example
allophone problem (a subset of data from Mohawk). A set of surface forms are given (i) together with pairs
of possible allophones (ii), and the challenge is to find rule(s) which can predict one set of allophones from
the other. There are 3 allophone pairs in this example.

S3.2 Counter-Example Guided Inductive Synthesis

We adapted counter-example guided inductive synthesis (CEGIS: [2]) to our setting (‘CEGIS’ in Figure 5)
by maintaining (1) a ‘current’ theory, (2) a ‘covered’ set of rows of X for which there exists a stem such
that the the current theory is consistent with that row; and then repeatedly (3) searching for the next
counterexample, i.e. a row of X which is inconsistent with the current theory, and then using the Sketch
program synthesizer to (4) update the current theory to be the MAP estimate of the theory that explains
both this counterexample and the covered examples, and then (5) adding this most recent example to the
‘covered’ set. Because Sketch requires a finite program space we must also bound the number of rules
searched over during step (4). We allow Sketch to search over at most K + 1 rules, where K is the number
of rules in the most recent current theory.

S3.3 Incremental synthesis of grammars

Our incremental approach to synthesizing phonological grammars combines and generalizes counterexample
guided synthesis with test-driven synthesis [3]. Similar to our CEGIS algorithm, we maintain a ‘current’
theory as well as a set of ‘covered’ examples, and repeatedly search for a (non-covered) counterexample to
the current theory. However, rather than resolve from scratch for a new theory accommodating both the
counterexample and the covered examples, we search only over those theories close in edit distance to the
most recent theory.

9



We define the edit distance, d(T1,T2), between a pair of theories T1, T2 by counting the number of
insertions, deletions, substitutions, and swaps that separate the sequences of rules for T1 and T2. Any
modification to a rule counts as a complete substitution, so entire rules are resynthesized wholesale rather
than, e.g., have individual feature matrices ‘edited’. This coarse-grained notion of edit distance has the
advantage that it can be easily encoded in a SAT solver, and we hypothesize it may be less prone to getting
trapped in local optima because it encourages larger search moves.

For each counterexample, we progressively increment the maximum edit distance until Sketch discovers a
satisfying solution. We furthermore ‘minibatch’ counterexamples, grouped by lexeme (row of X) and ordered
according to the textbook problem. We automatically set the number of lexemes in each batch differently
depending on the number of inflections (columns of X) such that the surface forms in a minibatch will
be no more than nine (ie, with 3 inflections, each minibatch will comprise 3 lexemes; with 4 inflections,
each minibatch will comprise 2 lexemes). We conjecture that larger batch size generally leads to better
convergence, because this exposes the SAT solver to more data at once, which on balance should lead to
less myopic search moves. Yet larger batch sizes increase compute requirements, both because the size of
the SAT problem grows linearly with batch size and because the search radius may need to grow larger with
increased batch size. Accordingly, for allophony alternation problems, we batch the entire problem at once,
because these problems are much easier. Our selection of a minibatch size of 9 was motivated by informal
pilot experiments suggesting that after around 9 new words the solver performance degraded severely; due
to the high compute cost of running these simulations, we did not perform a systematic hyperparameter
sweep, and the ‘optimal’ batch size may differ from the one used.2

As a concrete example, consider a data set of English verb inflections in infinitive and third-person plurals.
Suppose the batch size is two. If the first paradigm row is [mit] and [mits] (the pronunciations of the words
“meet” and “meets”), then these are the first two words that the system considers. Initially, T0 contains
no rules. So, these words serve as a counterexample, because the third-person-singular morphology, namely
that a suffix must be appended (and that in the lexicon this suffix is recorded as /s/) has not yet been
inferred. Running Sketch on this example would update the grammar to contain the third-person-singular
suffix /s/, and introduce no new phonological rules. Suppose that the next paradigm row is [it] and [its]
(the pronunciations of the words “eat” and “eats”). The system will find that the current grammar, when
supplemented with the stem /it/, explains this example, and so it does not serve as a counterexample, because
the morphophonology inferred from the first batch is consistent with this example. Suppose that the next
row of the paradigm is [nid] and [nidz] (pronunciations of the words “need” and “needs”). There is no stem
which can explain this paradigm row, given the current affixes and rules. Therefore it is a counterexample,
and in the next iteration the system will accommodate this counterexample by introducing a phonological
rule about explains the alternation between /s/ and /z/.
Parallelism. A naive implementation of this approach would encode the edit-distance constraint directly
into the Sketch system. A more efficient, parallelizable approach is to enumerate a finite set of theory
templates, where each template corresponds to a family of edits to the original theory. A theory template is
a list, where each list element is either a fixed rule or a new unknown rule that the Sketch solver will solve
for. The theory templates compatible with current rules {rk}Kk=1 is

Templates({rk}Kk=1, D) =
{
{r′′

k′}K′

k′=1 : ∀{r′

k′}K′

k′=1 where d({r′

k′}K′

k′=1, {rk}Kk=1) = D︸ ︷︷ ︸
for all edits w/ edit distance D

and ∀k′ : r′′

k′ = ?? if r
′

k′ ̸∈ {rk}Kk=1︸ ︷︷ ︸
new rule, denoted ??

and ∀k′ : r′′

k′ = r
′

k′ if r
′

k′ ∈ {rk}Kk=1︸ ︷︷ ︸
fixed rule

}
(1)

where we have followed the convention, from Sketch, of writing ?? for unknown parts of the program that
need to be synthesized. With this subroutine in hand we can define a constraint, CTemplate, upon theories,

2Sketch requires further hyperparameters relating to converting an infinite program space to a finite one, such as an upper
bound on the number of loop iterations. We set such upper bounds automatically so that the system can handle the longest
surface form in the data: the loop iteration bound is the length of the longest surface form plus two, where +2 comes from a
+1 buffer and another +1 due to implementation details.
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datasets, and templates:

CTemplate(T,X, {rk}Kk=1) = C(T,X) ∧ ∀k : (rk ̸= ??)=⇒(rk = the kth rule in T) (2)

where C imposes the constraint that T explains X (Eq. 4 of main text). This constraint can be passed to
Sketch. We can now rewrite the incremental synthesis update equations from Eq. 6-7 of the main text to

Dt+1 = min
D

D, such that ∃{rk}Kk=1 ∈ Templates(Tt, D) and CTemplate(T,Xt+1, {rk}Kk=1) (3)

Tt+1 = argmax
T

F (Xt+1,T), such that ∃{rk}Kk=1 ∈ Templates(Tt, Dt+1) and CTemplate(T,Xt+1, {rk}Kk=1)

(4)

This refactoring of our algorithm exposes an opportunity for parallelism: Given a specific value of {rk}Kk=1

drawn from Templates(Tt, D) we can straightforwardly solve the above equations using Sketch, so we
simply loop over each such template and allocate a parallel worker to it. An outer loop monotonically
increases the search distanceD, and a parallel inner loop checks if anyD-distance template satisfies CTemplate.
When we find a D with such templates we return the best satisfying T under F (X, ·).

We used 40 CPUs in our experiments. Unfortunately, our method does not saturate the parallel compute
resources of many-core machines until the number of rules grows large. Therefore, we observe very little speed
up on easier problems. This is because the number of distinct templates is smaller when there are fewer rules.
For example, editing a theory with a single rule r1 yields the templates {r′1 = ??} and {r′1 = ??, r′2 = ??},
and so we only have two parallel jobs (other templates, such as {r′1 = r1, r

′
2 = ??}, are subsumed by the

latter template).

S3.4 Bayesian prior over grammars

As a baseline UG, we simply count the number of symbols present in the lexicon and rules; we heuristically
penalize insertions, deletions, and constant phonemes by counting them as two symbols:

P (L) ∝
∏

⟨f,c,m⟩∈L

exp (−length(f)) , f a form in the lexicon

P (T) ∝
∏

r∈T

exp (−cost(r))

cost(focus → change / left right) = cost(focus) + cost(change) + cost(left) + cost(right)

cost(∅) = 2

cost(k) = 2, k a constant phoneme

cost([±feature1 · · · ± featuren]) = 1 + n

cost(#) = 1

cost({#,m}) = 1 + cost(#) + cost(m)

cost(m0) = 1 + cost(m)

cost(uv) = cost(u) + cost(u), when u,v elements of a trigger

As a concrete example, the system solves the Russian problem in Fig. S7A using one rule:[
-son

]
︸ ︷︷ ︸
cost=1+1

→
[

-voice
]

︸ ︷︷ ︸
cost=1+1

/ #︸︷︷︸
cost=1

total cost 5

Therefore the total theory cost is 5, and the theory prior is P (T) ∝ exp (−5). This is defined up to a constant
proportionality. The normalizing constant is guaranteed to be well-defined because Sketch only considers
finite program spaces, hence a finite number of possible rule sequences. Because we only care about the
relative probabilities of candidate grammars, we can ignore the normalizing constant.

In solving Fig. S7A the system also constructs a lexicon, which participates in the prior probability
calculation. This contains affixes for the nominative and generative:

L ⊃ {⟨ϵ, pfx,Nominative⟩, ⟨ϵ, pfx,Genitive⟩, ⟨ϵ, sfx,Nominative⟩, ⟨a, sfx,Genitive⟩}
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where ϵ is the empty string. The total length of all affixes is 0 + 0 + 0 + 1 = 1, contributing a factor of e−1

to P (L). The latent stems also contribute factors to P (L), because they are members of L:

L ⊃ {⟨vagon, stem,wagon⟩, ⟨avtomobilj, stem,car⟩, ⟨vetSer, stem,evening⟩,
⟨muZ, stem,husband⟩, ⟨karandaS, stem,pencil⟩, ⟨glaz, stem,eye⟩, ⟨porog, stem,threshold⟩}

Above, the total length of the listed stems is 5+9+5+3+8+4+5=39, which contributes an additional factor
of e−39 to P (L). If the Russian problem comprised only the data in Fig. S7A, then the prior probability of
lexicon would be P (L) ∝ e−39e−1, the prior probability of the theory would be P (T) ∝ e−5, and the total
probability of the grammar would be P (L,T) ∝ e−39e−1e−5.

S3.5 Ablation studies

We studied several ablations3 of our system; see Fig. 5. We found that basic representational concerns
matter most: one needs the right rule representation, which we think of as being part of universal grammar.
We studied the effect of changing the feature system, as well as the effect of ablating two key computational
mechanisms (having features at all, and having Kleene star).

• We first changed the feature system from so-called ‘articulatory’ features to ‘phonetic’ features. Typi-
cally introductory phonology courses start by introducing phonetic features (features of sounds). Later
one typically learns that these features can be more concisely and more generically expressed in terms of
features of the motor actions required to produce those sounds (‘articulation’). For example, fricative is
an phonetic feature which becomes deprecated by the articulatory feature of continuant. Concretely, we
took Odden’s text Introducing Phonology [4] and identified the features used in the first five chapters
as ‘phonetic’ features. Features in Chapter 6 onward we identify as ‘articulatory features’.

‘Articulatory’ features, as indicated by this textbook boundary, include: anterior, aspirated, back,
bilabial, continuant, coronal, delayedRelease, flap, glide, high, highTone, lateral, liquid, long, low,
lowTone, nasal, palatal, palletized, retroflex, risingTone, rounded, sibilant, sonorant, syllabic, tense,
trill, unreleased, voice, vowel.

‘Phonetic’ features, as indicated by this textbook boundary, include: affricate, alveolar, alveopalatal,
aspirated, back, bilabial, central, dental, flap, fricative, front, glide, high, highTone, labiodental, la-
ryngeal, lateral, liquid, long, low, lowTone, middle, nasal, palatal, palletized, pharyngeal, retroflex,
rounded, sonorant, stop, syllabic, tense, trill, unreleased, uvular, velar, voice, vowel.

• For a more drastic demonstration of the centrality of basic computational mechanisms, we further
ablate all phonological features. The system can still express rules in terms of specific phonemes,
but cannot generalize and analogize across phonemes. We also remove Kleene star, which means not
allowing the system to express rules whose triggers abstract over the number of times a phoneme
occurs. Recall that this is notated with a subscript 0, thus all of our example rules with this subscript
are unexpressible by this ablation. In principle, this ablation can still learn rules whose behavior is
identical to the correct rules, simply by memorizing every phoneme for which a rule applies (due to
the ablation of features), and every sequence length for which a rule applies (due to the ablation of
Kleene star). In practice, the system no longer has the inductive bias to learn such generalizations;
and furthermore, search becomes harder because the programs become much longer due to the need
to memorize many specific cases.

S4 Full set of problems and model outputs

Allophony problems are given as a set of surface forms along with a set of pairs of phonemes. The goal
of the student (as well as the goal of the model) is to recover rule(s) which predicts which element of each
pair is the underlying form. Model outputs for alternation problems are of the form:

3An ablation is a variant of a system with components removed entirely or changed to be less powerful. Ablations are studied
to understand the importance of the ablated components.
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Surface form UR

a given surface form model’s predicted underlying form
· · ·

The surface form... Is underlyingly...

a phoneme phoneme

Followed by a sequence of rules output by the model.
Non-allophony problems are given as a matrix of surface forms, where the columns range over different

inflections and the rows range over different stems. Missing data is notated with a dash (−). We show the
model’s predicted concatenative morphology in the first row of each such matrix. In the penultimate column
of each matrix we show the predicted underlying stems, and in the final column of each matrix we show the
ground truth annotations. After each such matrix we show the rules output by the model. For example,

stem stem+i ÛR UR

klup klubi klub klub
trup trupi trup trup

· · · · · ·

illustrates a problem with two inflections, where the input to the model is the data colored purple, from
which it synthesizes the morphology and stems in salmon, which should be compared with the ground truth
annotation in bold.
Manual rule grading: We evaluate the system’s predicted rules on 15 randomly sampled problems, which
are flagged with the text ‘This problem was manually graded’. Notes from the grading process are provided
for these problems. These notes specify the phonological processes (i.e. rules) that are deemed as ‘ground
truth’; which rules from the system correspond to those ground-truth processes; and which rules from the
system are not part of the ground-truth solution (i.e. spurious rules).
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Ewe:

Surface form UR

zrÕ zrÕ
ñra ñra
lÕ rÕ
kpla kpra
mlagoo mragoo
gblaa gbraa
lolo roro
wlu wru
Bla Bra
srÕ srÕ
lãkle rãkre
hle hre
vlO vrO
atra atra
dru dru
fle fre
glamaa gramaa
litsa ritsa
dzre dzre
Gla Gra
xloloo xroroo
tsro tsro
Fle Fre
blema brema
dOlele dOrere
NlO NrO
jre jre
adoglo adogro
kplu kpru
kpali kpari
klalo kraro
atrakpoe atrakpoe

The surface form... Is underlyingly...

l r

Rules:
[

+liquid
]
→
[

+lateral
]
/ {
[

-palletized
-coronal

]
,#}

11
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Ganda:

Surface form UR

kola kola
lwana lwana
buulira buulila
lja lja
luula luula
omugole omugole
lumonde lumonde
eddwaliro eddwalilo
oluganda oluganda
olulimi olulimi
wulira wulila
beera beela
jjukira jjukila
erjato eljato
omuliro omulilo
effirimbi effilimbi
emmeeri emmeeli
eraddu eladdu
wawaabira wawaabila
lagira lagila
ebendera ebendela
leerwe leelwe
luula luula
ssaffaali ssaffaali

The surface form... Is underlyingly...

r l

Rules:[ ]
→
[

-lateral
]
/
[

-back
]

12
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Papago:

Surface form UR

b́idZim b́idim
tá:pan tá:pan
h́idod

˙
h́idod

˙tŚ1kid t́1kid
gátwid gátwid
tSúku túku
dágùp dágùp
tóha tóha
dZú:k‰i dú:k‰i
h́1wgid h́1wgid
tŚihaN t́ihaN
tóñi tóñi
ẃid

˙
ut ẃid

˙
ut

tá:tad
˙

tá:tad
˙ḱi:tSud ḱi:tud

dó:dom dó:dom
tá:tam tá:tam

The surface form... Is underlyingly...

dZ d
tS t

Rules:


-nasal
+coronal
-retroflex


 →

[
-anterior
+sibilant

]
/
[

+high
]

13
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Proto–Bantu:

Surface form UR

Bale Bale
leme leme
taBe taBe
pala pala
kondE konlE
zONgO zONGO
BEGa BEGa
BEmbe BEmBe
limo limo
kaNga kaNGa
GOmbE GOmBE
lelO lelO
kiGa kiGa
GiGE GiGE
kulu kulu
oNgo oNGo
tEndE tEnlE
zala zala
zOGu zOGu
Bele Bele
lElu lElu
eGi eGi
kiNgO kiNGO
nto nto

The surface form... Is underlyingly...

b B
d l
g G

Rules:[ ]
→ d / n[ ]
→
[

-continuant
]
/
[

+nasal
] [ ]

14
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Mohawk:

Surface form UR

oli:deP oli:teP
zahset zahset
ga:lis ka:lis
odahsa otahsa
wisk wisk
degeni tekeni
aplam aplam
oja:gala oja:kala
ohjotsah ohjotsah
labahbet lapahpet
sdu:ha stu:ha
dZiks dZiks
desdaPn

˚
testaPn

˚de:zeknw
˚

te:zeknw
˚

The surface form... Is underlyingly...

b p
d t
g k

Rules:[
-continuant

]
→
[

+voice
]
/
[

+vowel
]

15
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Quechua (Cuzco dialect):

Surface form UR

qori quri
tSoXlu tSuXlu
qomir qumir
niNri niNri
moqo muqu
hoqara huqara
phulju phulju
jujaN jujaN
tulju tulju
api api
suti suti
oðqoj uNquj
tSilwi tSilwi
tShitSiN tShitSiN
tShaðqaj tShaNqaj
aðqosaj aNqusaj
qetSuN qitSuN
pisqo pisqu
musoX musuX
tSuNka tSuNka
jaðqaN jaNqaN
tSulju tSulju
qhelja qhilja
qeðqo qiNqu
tSeqaN tSiqaN
qaN qaN
noqa nuqa
tSaxra tSaxra
tSeXniN tSiXniN
soXta suXta
aXna aXna
ljixlja ljixlja
qosa qusa
qara qara
alqo alqu
seðqa siNqa
karu karu
atoX atuX
qaNkuna qaNkuna
pusaX pusaX
teXwaj tiXwaj
tSaki tSaki
wateX watiX
aNka aNka
waXtaj waXtaj
haku haku
waqaj waqaj
kaNka kaNka
waxtSa waxtSa
waleX waliX
thakaj thakaj
reXsisqa riXsisqa

The surface form... Is underlyingly...

e i
o u
ð N

16
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Rules:[
-continuant

]
→ ð / q

u → o /

[
+back
-high

]

u → o / q

i → e /
[

-palletized
] [

-anterior
]
0

[
-nasal
+back

]

17
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Lhasa Tibetan:

Surface form UR

aNgu aNku
aNt

˙
ãã aNt

˙
ãã

aNba aNpa
apsoo apsoo
amtSOO amtSOO
tukt

˙
üü tukt

˙
üü

amto amto
1Gu 1Gu
1mtSi 1mtSi
ut
˙
1 ut

˙
1

uBÌÌ uBÌÌ
ea ea
embo empo
UUtsi UUtsi
qa ka
qaa kaa
qaNba kaNpa
qamba kampa
qam kam
qamtoo kamtoo
qaaBo kaaBo
k1kt

˙
i k1kt

˙
i

k1Bu k1Bu
k11Nguu k11Nkuu
kik kik
kit

˙
uu kit

˙
uu

kÌÌcuu kÌÌcuu
kÌÌrii kÌÌrii
kiiGuu kiiGuu
ku ku
kupc1 kupc1
kupcaa kupcaa
kEnca kEnca
kEmbo kEmpo
keGöö keGöö
kerBa kerBa
qo ko
qomba kompa
qOr kOr
qOOOO kOOOO
tShea tShea
tShuGum tShuGum
topcaa topcaa
thoõõ thoõõ
t
˙
aaãã t

˙
aaãã

t
˙
uG1 t

˙
uG1

t
˙
uðåo t

˙
uNgo

nEðåaa nENgaa
paðåOO paNgOO
pEEBãã pEEBãã
simåãã simgãã

The surface form... Is underlyingly...

b p
d t
å g
d
˙

t
˙ð N

q k

18
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g k

Rules:
[

+high
]
→
[

-sonorant
-high

]
/

[
-nasal
+high

]
0

[
+back
-high

]

[
-coronal

]
→
[

+voice
]
/
[

-vowel
]

19
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Kikurai:

Surface form UR

aBaánto aBaánto
aBamúra aBamúra
amah́íindi amah́íinri
amakÉÉndO amakÉÉnrO
eB‰a eB‰a
eeNgwé eeNGwé
eG‰a eG‰a
ekeBwÉ ekeBwÉ
hoorá hoorá
iBiGúrúBe iBiGúrúBe
iBirúúNgúuri iBirúúNGúuri
uGuśiri uGuśiri
Báinu Báinu
Borjó Borjó
itSiiNgÉna itSiiNGÉna
itSiiNgúrúBe itSiiNGúrúBe
GaB‰a GaB‰a
itSiiNgúta itSiiNGúta
BErEká BErEká
iGitúúmbe iGitúúmBe
Gúúká Gúúká
rem‰a rem‰a
rEEntá rEEntá
oBoGááká oBoGááká
oBotééndééru oBotéénrééru
okoGéémbá okoGéémBá
okoómbára okoómBára
okoBára okoBára
okoóndÓGa okoónrÓGa
okorÓGa okorÓGa
rom‰a rom‰a
teGetá teGetá
ukuúmbuurjá ukuúmBuurjá
uruGúta uruGúta

The surface form... Is underlyingly...

b B
d r
g G

Rules:[
-sonorant

]
→
[

-continuant
]
/
[

-vowel
]

r → d / n

20
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Modern Greek:

Surface form UR

kano kano
kori kori
xano xano
xori xori
xjino xino
kjino kino
krima krima
xrima xrima
xufta xufta
kufeta kufeta
kali kali
xali xali
xjeli xeli
kjeri keri
xjeri xeri
oxji oxi

The surface form... Is underlyingly...

xj x
kj k

Rules:
[

+back
]
→
[

+palletized
]
/

[
-back
+tense

]

21
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Farsi:

Surface form UR

ær̃teS ær̃teS
far̃si far̃si
qædr̃i qædr̃i
r̃ah r̃ah
r̃ast r̃ast
r̃iS r̃iS
ahar̃

˚
ahar̃

˚axær̃
˚

axær̃
˚hær̃towr̃

˚
hær̃towr̃

˚Sĩr
˚

Sĩr
˚ahaři ahar̃i

bæřadær̃
˚

bær̃adær̃
˚tSeřa tSer̃a

dařid dar̃id
bǐræng bĩræng
Sǐrini S ĩrini

The surface form... Is underlyingly...

ř r̃

Rules:[
+liquid

]
→ ř /

[
+vowel

] [
+vowel

]

22
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Osage:

Surface form UR

dábr̃i Dábr̃i
áDikhãZã áDikhãZã
datSpé DatSpé
tSPéDe tSPéDe
dakPé DakPé
Déze Déze
dál̃i Dál̃i
D́ie D́ie
daStú DaStú
D́iSki D́iSki

The surface form... Is underlyingly...

d D

Rules:[ ]
→
[

-continuant
]
/
[

+low
] [ ]

23
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Amharic:

Surface form UR

f@r@s f@r@s
t@n@sa t@n@sa
jEl1Sl1S j@l1Sl1S
majEt maj@t
g@nz@b g@nz@b
SEgna S@gna
n@ñ n@ñ
m@wd@d m@wd@d
m@nn@sat m@nn@sat
m@mk@r m@mk@r
ZEle Z@le
jEll@m j@ll@m
m@tS m@tS

m@st@t m@st@t
f@ll@g@ f@ll@g@
ag@ññE ag@ññ@
t@m@tStSE t@m@tStS@
mokk@r@ mokk@r@
kaZZE kaZZ@
ZEmm@r@ Z@mm@r@
latStSE latStS@
aSSE aSS@
b@kk@l@ b@kk@l@
SEm@gg@l@ S@m@gg@l@

The surface form... Is underlyingly...

E @

Rules:

@ → E /




-anterior
-liquid
-back




24
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Gen:

Surface form UR

agble agble
agoNglo agoNglo
aNOli aNOli
akplO akplO
sabulE sabulE
sra sla
alO alO
atitrwE atitlwE
avlO avlO
blafogbe blafogbe
drE dlE
edrO edlO
exlO exlO
exle exle
hlE hlE
NlO NlO
tSrÕ tSlÕ
ñrã ñlã
klO klO
tre tle
vlu vlu
lO lO
mla mla
pleplelu pleplelu
wla wla
zro zlo
esrO eslO
etro etlo
eñrÕ eñlÕ
dZro dZlo

The surface form... Is underlyingly...

r l

Rules:[ ]
→
[

-lateral
]
/
[

+coronal
]
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Kishambaa:

Surface form UR

tagi tagi
kitabu kitabu
paalika paalika
ni ni
Nombe Nombe
matagi matagi
dodoa dodoa
goSa goSa
babu babu
ndimi ndimi
Ngoto Ngoto
mbeu mbeu
n
˚
thumbii nthumbii

NokhuNguni NokhuNguni
m
˚

pheho mpheho

The surface form... Is underlyingly...

m
˚

m
n
˚

n

Rules:
[ ]

→
[

-voice
]
/

[
+aspirated
-back

]

26

29



Thai:

Surface form UR

bil bil
müü müü
rak^ rak^
baa baa
loN loN
brüü brüü
haa haa
plaa p^laa
dii dii
tSaan tSaan
thee thee
thruumEEn thruumEEn
khEN khEN
panjaa p^anjaa
l@@j l@@j
phjaa phjaa
lüak^ lüak^
klaaN k^laaN
tShat^ tShat^
traa t^raa
riip^ riip^
OOk^ OOk^
phrEE phrEE
ki@ k^i@
khwaa khwaa
kEE k^EE
draj draj
düN düN
kan k^an
tSu@k^ tSu@k^
phleeN phleeN
tShan tShan
staaN st^aaN
rap^ rap^
jiisip^ jiisip^
phaa phaa
khaa khaa
dam dam
raaj raaj
tit^ t^it^
sip^ sip^
pen p^en

The surface form... Is underlyingly...

p p^
k k^
t t^

Rules:[ ]
→
[

-unreleased
]
/
[ ]
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Palauan:

Surface form UR

k@D@ k@D@
b@Duk b@Duk
Diak Diak
diak Tiak
maTtNoT maTtNoT
De:l De:l
de:l Te:l
Dios@P Dios@P
dios@P Tios@P
Dik Dik
dik Tik
kuT kuT
PoDiN@l PoDiN@l
koaT koaT
eaN@T eaN@T
N@rar@D@ N@rar@D@
baT baT
ieDlP@Dip ieDlP@Dip
k@Deb k@Deb
m@D@Nei m@D@Nei
uDouT uDouT
olDak olDak

The surface form... Is underlyingly...

d T

Rules:[
+coronal

]
→ d / #
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Russian (in metatheory training set):

at+stem bjiz+stem u+stem ÛR UR

atróz1 bjizróz1 uróz1 róz1 róz1
atál1 bjizál1 uál1 ál1 ál1
atkaróv1 bjizkaróv1 ukaróv1 karóv1 karóv1
adbarad́1 bjizbarad́1 ubarad́1 barad́1 barad́1
atsjistŕ1 bjissjistŕ1 usjistŕ1 sjisjtŕ1 sjistŕ1

Rules:[
-sonorant

]
→
[

-voice
]
/
[

+anterior
]

[
-vowel

]
→
[

+voice
]
/

[
-sonorant
+voice

]
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Indonesian (in metatheory training set):

stem m@+stem+i ÛR UR

lempar m@lempar lempar lempar
rasa m@rasa rasa rasa
wakil m@wakili wakil wakil
jakin m@jakini jakin jakin
masak m@masak masak masak
nikah m@nikah nikah nikah
Naco m@Naco Naco Naco
ñañi m@ñañi ñañi ñañi
hituN m@NhituN ghituN hituN
gambar m@Ngambar ggambar gambar
kirim m@Nirim kirim kirim
d@Nar m@nd@Nar dd@Nar d@kar
tulis m@nulis tulis tulis
bantu m@mbantu bbantu bantu
pukul m@mukul pukul pukul
dZahit m@n̆dZahit dZdZahit dZahit
tSatat m@n̆tSatat dZtSatat tSatat
ambil m@Nambil gambil ambil
isi m@Nisi gisi isi
undaN m@NundaN gundaN undaN

Rules:[
+vowel

]
→ ∅ / @

[
-glide

]
0 #

[
-sonorant
+voice

]
→ ∅ / #

[
-sonorant

]
→
[

+nasal
]
/ @
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Yokuts :

stem+it stem+hin stem+nit ÛR UR

xatit xathin xatnit xat xat
gopit gophin gopnit gop gop
gijit gijhin gijnit gij gij
mutut muthun mutnut mut mut
sa:pit saphin sapnit sa:p sa:p
go:bit gobhin gobnit go:b go:b
me:kit mekhin meknit me:k me:k
Po:tut Pothun Potnut uPo:t uPo:t
panat pana:hin pana:nit pa:na: pana:
hojot hojo:hin hojo:nit ho:jo: hojo:
Pilet Pile:hin Pile:nit Pile: Pile:
cujot cujo:hun cujo:nut cujo: cujo:
paxa:tit paxathin paxatnit paxa:t paxa:t
Popo:tit Popothin Popotnit Popo:t Popo:t
hibe:jit hibejhin hibejnit hibe:j hibe:j
sudo:kut sudokhun sudoknut sudo:k sudo:k

Rules:[
-back
+vowel

]
→ u / u

[ ]
0

[ ]
→
[

-long
]
/
[ ] [

-vowel
]

[
+vowel

]
→ ∅ / {

[
+vowel

]
,#}
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Turkish (in metatheory training set):

stem stem+un stem+lar stem+lar1n ÛR UR

ip ipin ipler iplerin ip ip
k1z k1z1n k1zlar k1zlar1n k1z k1z
jüz jüzün jüzler jüzlerin jüz jüz
pul pulun pullar pullar1n pul pul
el elin eller ellerin el el
tSan tSan1n tSanlar tSanlar1n tSan tSan
köj köjün köjler köjlerin köj köj
son sonun sonlar sonlar1n son son

Rules:
[

+vowel
]
→
[

-back
-low

]
/

[
-back
+vowel

] [ ]
0

[
+voice

]
→
[

-rounded
]
/
[

-rounded
] [

-vowel
]

32

35



Turkish :

stem stem+k ÛR UR

ip ipi ip ip
bit biti bit bit
sebep sebebi sebib sebib
kanat kanad1 kan1d kan1d
Seref Serefi Serif Serif
k1tS k1tS1 k1tS k1tS

pilot pilotu pilout pilot
demet demeti demit demet
Sarap Sarab1 Sar1b Sarab
ahmet ahmedi ahmeid ahmed
pabutS pabudZu pabudZ pabudZ

gütS güdZü güdZ güdZ

sepet sepeti sepit sepet
sanat sanat1 san1t san1t
kep kepi keip kep
kurt kurdu kurud kurd
satS satS1 sa1tS satS

renk rengi renig reng

Rules:[
-sonorant

]
→
[

-voice
]
/ #

[ ]
→
[ ]

i /
[ ]

i

[
-vowel

]
{
[

+anterior
]
,#}

[
+high

]
→ ∅ /

[
+sonorant

] [
-vowel

]
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Bukusu (in metatheory training set):

stem+a Ba+stem+a ñ+stem+a ÛR UR

tSa BatSa ñdZa tS tS

tSexa BatSexa ñdZexa tSex tSex
tSutSuuNga BatSutSuuNga ñdZutSuuNga tSutSuuñg tSutSuuNg
talaanda Batalaanda ndalaanda talaand talaand
teexa Bateexa ndeexa teex teex
tiira Batiira ndiira tiir tiir
piima Bapiima mbiima piim piim
pakala Bapakala mbakala pakal pakal
ketulula Baketulula Ngetulula ketulul ketulul
kona Bakona Ngona kon kon
kula Bakula Ngula kul kul
kwa Bakwa Ngwa kw kw

Rules:[
-voice

]
→
[

+voice
]
/
[

+nasal
] [

-vowel
]
0

[
+nasal

]
→ αplace /

[
αplace
-vowel

]
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English (in metatheory training set):

stem stem+d stem+z stem+ÌN ÛR UR

ro rod roz roÌN ro ro
So Sod Soz SoÌN So So
cal cald calz calÌN cal cal
trn trnd trnz trnÌN trn trn
græb græbd græbz græbÌN græb græb
sim simd simz simÌN sim sim
liv livd livz livÌN liv liv
mUv mUvd mUvz mUvÌN mUv mUv
h@g h@gd h@gz h@gÌN h@g h@g
lUk lUkt lUks lUkÌN lUk lUk
æsk æskt æsks æskÌN æsk æsk
wErk wErkt wErks wErkÌN wErk wErk
kÌs kÌst kÌs@z kÌsÌN kÌs kÌs
fÌS fÌSt fÌS@z fÌSÌN fÌS fÌS
kwÌz kwÌzd kwÌz@z kwÌzÌN kwÌz kwÌz
b2z b2zd b2z@z b2zÌN b2z b2z
wet wet@d wets wetÌN wet wet
wed wed@d wedz wedÌN wed wed
nid nid@d nidz nidÌN nid nid
lÌft lÌft@d lÌfts lÌftÌN lÌft lÌft

Rules:
∅ → @ /

[
+sibilant

]
z

∅ → @ /




-continuant
-sonorant
+coronal


 d

[
-vowel

]
→
[

-voice
]
/
[

-voice
]

#
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Lithuanian (in metatheory training set):

at+stem+ti ap+stem+ti ÛR UR

ateiti – ei ei
atimti – im im
atneSti – neS neS
atleisti – leis leis
atlikti – lik lik
atko:pti – ko:p ko:p
atpraSi:ti – praSi: praSi:
atkurti – kur kur
– apeiti ei ei
– apieSko:ti ieSko: ieSko:
– apakti ak ak
– apmo:ki:ti mo:ki: mo:ki:
– aptemdi:ti temdi: temdi:
– apSaukti Sauk Sauk
adbekti – bek bek
adgauti – gau gau
adbukti – buk buk
adgimti – gim gim
– abgauti gau gau
– abZjureti Zjure Zjure
– abZelti Zel Zel
– abdauZi:ti dauZi: dauZi:
– abdraski:ti draski: draski:

Rules:
[

-vowel
]
→
[

+voice
]
/

[
-sonorant
+voice

]
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Armenian (in metatheory training set):

k+stem+am ÛR UR

kertham erth erth

kasiem asi asi
kaniem ani ani
kakaniem akani akani
koxniem oxni oxni
kurriem urri urri
k@tam kt t
k@kienam @kien kien
g@b@zzam gb@zz b@zz
g@lam gl l
g@z@ram gz@r z@r
kh@thuojniem khthuejni thuojni
kh@tShaphiem khtShaphi tShaphi
gh@bhieřiem ghbhibhři bhiaři
gh@ghuom ghghu ghu
gh@dzhieviem ghdzhiavi dzhiavi

Rules:[
+vowel

]
→ o / u

[
-vowel

]
→
[

-vowel
]
i / #

[
-vowel

]
i

[
-vowel

]
→ @ /

[
-vowel

] [
-vowel

]

[ ]
→ e / i
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Axininca Campa :

stem no+stem+ti ÛR UR

toniro notoniroti toniro toniro
jaarato nojaaratoti jaarato jaarato
kanari nojanariti kanari kanari
kosiri nojosiriti kosiri kosiri
pisiro nowisiroti pisiro pisiro
porita noworitati porita porita

Rules:
k → j /

[ ]

p → w /
[ ]

This problem was manually graded:

• [–cor] → [–cons,+cont,+voi] / V V (or possibly [–cor,–son]). The data is pathological in that the only place where these C’s aren’t
V V is word-initial, and it’s cheaper to write “non-initial”. Implemented by rules 1 and 2.

No spurious rules.
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Kikuyu :

ko+stem+a ÛR UR

GotENEra tENEr tENEr
Gokuua kuu kuu
Gokoora koor koor
koruGa ruG ruG
kooria ori ori
komEña mEñ mEñ
kohOta hOt hOt
GotSina tSin tSin
koGeera Geer Geer
koina in in
GotSuuka tSuuk tSuuk
Gokaja kaj kaj
koGaja Gaj Gaj

Rules:
[

-vowel
]
→ G / #

[ ] [ -low
-voice

]

[
-vowel

]
→
[

+voice
]
/

[
-sonorant
+voice

]

This problem was manually graded:

• More complex version, expressed as 2 rules: k → [+voi] / V[-voi,–cont] followed by [+dor,+voi,–son]→[+cont] (because the data has
no g, only G). Or, more simply (with narrower coverage): k → G / V[-voi,–cont]. This is implemented by the first model output rule.
Model rule 1 “incorrectly” changes all C’s to G, because there’s no other data. Can’t really fault it for that.

Rule 2 is spurious.
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Korean (in metatheory training set):

stem+@ stem+ko ÛR UR

ip@ ipko ip ip
kup@ kupko kup kup
kapha kapko kaph kaph

ciph@ cipko ciph ciph

tata tatko tat tat
puth@ putko puth puth

m@k@ m@kko m@k m@k
tSuk@ tSukko tSuk tSuk
ik@ ikko ik ik
taka takko tak tak
kaka kakko kak kak
s@k@ s@kko s@k s@k

Rules:[
-sonorant

]
→
[

-aspirated
]
/
[

-sonorant
]

[
+voice

]
→
[

+low
]
i /
[

+low
]
i

[
-vowel

]
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Yowlumne :

stem+hin stem+ka stem+al stem+it ÛR UR

xathin xatka xatal xatit xat xat
dubhun dubka dubal dubut dib deb
xilhin xilka xilal xilit xil xil
koPhin koPko koPol koPit koP koP
doshin dosko do:sol do:sit do:s do:s
ùaphin ùapka ùa:pal ùa:pit ùa:p ùa:p
lanhin lanka la:nal la:nit la:n la:n
mekhin mekka me:kal me:kit me:k me:k
wonhin wonko wo:nol wo:nit wo:n wo:n
paxathin paxatka paxa:tal paxa:tit paxa:t paxa:t
hiwethin hiwetka hiwe:tal hiwe:tit hiwe:t hiwe:t
Popothin Popotko Popo:tol Popo:tit Popo:t Popo:t
jawalhin jawalka jawa:lal jawa:lit jawa:l jawa:l
paPit

˙
hin paPit

˙
ka paPt

˙
al paPt

˙
it paPt

˙
paPt

˙
/paPit

˙Pilikhin Pilikka Pilkal Pilkit Pilk Pilik/Pilk
logiwhin logiwka logwol logwit logw logiw/logw
Pugunhun Pugunka Pugnal Pugnut Pugn Pugun/Pugn
lihimhin lihimka lihmal lihmit lihm lihm/lihim
Pajijhin Pajijka Pajjal Pajjit Pajj Pajj/Pajij
tojixhin tojixka tojxol tojxit tojx tojix/tojx
lukulhun lukulka luklal luklut lukl lukl/lukul
so:nilhin so:nilka sonlol sonlit so:nl so:nil/so:nl
Pa:milhin Pa:milka Pamlal Pamlit Pa:ml Pa:mil/Pa:ml
mo:jinhin mo:jinka mojnol mojnit mo:jn mo:jn/mo:jin
ùa:likhin ùa:likka ùalkal ùalkit ùa:lk ùa:lk/ùa:lik

Rules:
∅ → i /

[
-vowel

] [
-vowel

] [
-vowel

]

a → o /

[
+rounded
-high

] [
-vowel

]
0

[
-back
+vowel

]
→ u / u

[ ]
0

[ ]
→ u /

[
-sonorant
+voice

] [
-voice

]
0

[
-continuant

]

[ ]
→
[

-long
]
/
[

-vowel
] [

-vowel
]

This problem was manually graded:

• vowel epenthesis: ∅ → i / C CC (must precede rounding harmony, must precede vowel shortening). Model implements this with rule
1

• rounding harmony: [α high] → [β round] / [α high, β round] C0 (must follow epenthesis) (high vowels match preceding high in
rounding (dub-hin→dubhun), non-high match preceding non-high in rounding (do:s-al→do:sol). Model gets these with rules 2 and 3
(model: front becomes round, not falsified because data has no examples of uC0e)

• vowel shortening: V: → V / CC. Model implements this with rule 5

Rule 4 is spurious.
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Hungarian (in metatheory training set):

stem stem+ban stem+to:l stem+nak ÛR UR

kalap kalabban kalapto:l kalapnak kalap kalap
ku:t ku:dban ku:tto:l ku:tnak ku:t ku:t
Za:k Za:gban Za:kto:l Za:knak Za:k Za:k
re:s re:zben re:stö:l re:snek re:s re:s
Sro:f Sro:vban Sro:fto:l Sro:fnak Sro:f Sro:f
laka:S laka:Zban laka:Sto:l laka:Snak laka:S laka:S
ketrets ketredzben ketretstö:l ketretsnek ketrets ketrats

test tezdben testtö:l testnek tezt test
rab rabban rapto:l rabnak rab rab
ka:d ka:dban ka:tto:l ka:dnak ka:d ka:d
meleg melegben melektö:l melegnek melag melag
vi:z vi:zben vi:stö:l vi:znek vi:z vi:z
vara:Z vara:Zban vara:Sto:l vara:Znak vara:Z vara:Z
a:gj a:gjban a:kjto:l a:gjnak a:gj a:gj

sem semben semtö:l semnek sem sem
bün bünben büntö:l bünnek bün bün
toroñ toroñban toroñto:l toroñnak toroñ toroñ
fal falban falto:l falnak fal fal
ö:r ö:rben ö:rtö:l ö:rnek ö:r ö:r
sa:j sa:jban sa:jto:l sa:jnak sa:j sa:j

Rules:
[

+vowel
]
→
[

-back
-low

]
/

[
-back
+vowel

] [ ]
0

[
-vowel

]
→
[

+voice
]
/

[
-sonorant
+voice

]

[
-sonorant

]
→
[

-voice
]
/
[

-voice
]
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Kikuria (in metatheory training set):

stem+a stem+era ÛR UR

suraaNga suraaNgera suraaNg suraaNg
taaNgata taaNgatera taaNgat taaNgat
baamba baambera baamb baamb
reenda reendera riend reend
rema remera rem rem
hoora hoorera hoor hoor
roma romera rom rom
sooka sookera sook sook
tatSora tatSorera tatSor tatSor
siika seekera siik siik
tiga tegera tig tig
ruga rogera rug rug
suka sokera suk suk
huuta hootera huut huut
riiNga reeNgera riiNg riiNg
siinda seendera siind siind

Rules:[
+vowel

]
→
[

-high
]
/
[

-liquid
]
0 e
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Farsi :

stem stem+an ÛR UR

zæn zænan zæn zæn
læb læban læb læb
hæsud hæsudan hæsud hæsud
bæradær bæradæran bæradær bæradær
bozorg bozorgan bozorg bozorg
mæleke mælekean mæleke mæleke
valede valedean valede valede
kæbire kæbirean kæbire kæbire
ahu ahuan ahu ahu
hamele hamelean hamele hamele
batStSe batStSegan batStSeg batStSeg
setare setaregan setareg setareg
bænde bændegan bændeg bændeg
azade azadegan azadeg azadeg
divane divanegan divaneg divaneg

Rules:[
-vowel

]
→ ∅ / e #

This problem was manually graded:

• g-deletion: g → ∅ / V # (or e #). Model rule 1 implements this process.

No spurious rules.
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Tibetan (in metatheory training set):

stem bdZu+stem stem+bdZu ÛR UR

dZu – – bdZu bdZu
dZig dZugdZig – gdZig gdZig
Si dZubSi SibdZu bSi bSi
gu dZurgu gubdZu rgu rgu
Na dZuNa NabdZu Na Na

Rules:[
-vowel

]
→ ∅ / #

[
-vowel

]
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Makonde (in metatheory training set):

stem+áNga stem+íle stem+a ÛR UR

amáNga amíle áma ám ám
taváNga tav́ile táva táv táv
akáNga aḱile áka ák ák
patáNga pat́ile póta pót pót
tatáNga tat́ile tóta tót tót
dabáNga dab́ile dóba dób dób
aváNga av́ile óva óv óv
amáNga amíle óma óm óm
tapáNga taṕile tépa tép tép
patáNga pat́ile péta pét pét
aváNga av́ile éva év év
babáNga bab́ile béba béb béb
utáNga ut́ile úta út út
lukáNga luḱile lúka lúk lúk
lumáNga lumíle lúma lúm lúm
uNgáNga uNǵile úNga úNg úNg
iváNga iv́ile íva ív ív
pitáNga pit́ile ṕita ṕit ṕit
imbáNga imb́ile ímba ímb ímb
limáNga limíle ĺima ĺim ĺim

Rules:[
+continuant
-high

]
→ a /

[
-vowel

] [ +stress
+vowel

]

[
+vowel

]
→
[

-stress
]
/
[

-vowel
]
0

[
+stress
+vowel

]
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North Saami :

stem stem+in ÛR UR

varit varihin varih varih
oahpis oahpisin oahpis oahpis
tSoarvuS tSoarvuSin tSoarvuS tSoarvuS
lottaaS lottaadZin lottaadZ lottaadZ

tSuoivvat tSuoivvagin tSuoivvag tSuoivvag
ahhkut ahhkubin ahhkub ahhkub
suohkat suohkaDin suohkaD suohkaD
heedZoS heedZodZin heedZodZ heedZodZ

aadZdZut aadZdZubin aadZdZub aadZdZub
bissobeahtset bissobeahtsehin bissobeahtseh bissobeahtseh
tSeahtsit tSeahtsibin tSeahtsib tSeahtsib
jaaPmin jaaPmimin jaaPmim jaaPmim
tSuoivat tSuoivagin tSuoivag tSuoivag
laageS laagedZin laagedZ laagedZ

gahpir gahpirin gahpir gahpir
gaauhtsis gaauhtsisin gaauhtsis gaauhtsis
aaslat aaslagin aaslag aaslag
baDooSgaattset baDooSgaattsebin baDooSgaattseb baDooSgaattseb
ahhkit ahhkiDin ahhkiD ahhkiD
bahaanaalat bahaanaalagin bahaanaalag bahaanaalag
beStor beStorin beStor beStor
heevemeahhtun heevemeahhtunin heevemeahhtun heevemeahhtun
beedZot beedZohin beedZoh beedZoh
bissomeahtun bissomeahtumin bissomeahtum bissomeahtum
laDas laDasin laDas laDas
heaijusmielat heaijusmielagin heaijusmielag heaijusmielag
heaNkkan heaNkkanin heaNkkan heaNkkan
jaman jamanin jaman jaman

Rules:


-liquid
-nasal
-sibilant


 → t / #

[
-vowel

]
→
[

+coronal
]
/ #

[
-sonorant
+voice

]
→ S / #

This problem was manually graded:

• coda place neutralization: [-syl] → [+cor] / #

• final devoicing: [–son] → [–voi] / # (possibly also intervocalic voicing: [–son,–cont] → [+voi] / V V; but perhaps redundant with
final devoicing)

• coda manner neutralization: [–son,αstrid] → [αcont] / #. i.e. stridents→ s,S, non-stridents→t (could be two rules)

According to grader, the model’s outputs simulate the above processes, modulo differences in the feature system and lack of variable binding
on features. No spurious rules.
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Kerewe (in metatheory training set):

ku+
stem
+a

ku+
stem
+ana

ku+
stem
+ila

ku+
stem

+ilana

kutú+
stem
+a

kuḱi+
stem
+a

kutú+
stem
+ila

kuḱitú+
stem
+ila

ÛR UR

kubala kubalana kubalila kubalilana kutúbála kuḱibála kutúbálila kuḱitúbalila bal bal
kugaja kugajana kugajila kugajilana kutúgája kuḱigája kutúgájila kuḱitúgajila gaj gaj
kugula kugulana kugulila kugulilana kutúgúla kuḱigúla kutúgúlila kuḱitúgulila gul gul
kubála kubálána kubáĺila kubáĺilana kutúbála kuḱibála kutúbálila kuḱitúbalila bál bál
kulúma kulúmána kulúmíla kulúmílana kutúlúma kuḱilúma kutúlúmila kuḱitúlumila lúm lúm
kusúna kusúnána kusúńila kusúńilana kutúsúna kuḱisúna kutúsúnila kuḱitúsunila sún sún
kulába kulábána kuláb́ila kuláb́ilana kutúlába kuḱilába kutúlábila kuḱitúlabila láb láb

Rules:[
+voice

]
→
[

-highTone
]
/
[

+highTone
] [

-vowel
]

[
+vowel

]
→
[

+highTone
]
/

[
+highTone
+vowel

] [
-vowel

]
0

[
-vowel

]
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Polish :

stem stem+i ÛR UR

klup klubi klub klub
trup trupi trup trup
dom domi dom dom
snop snopi snop snop
Zwup Zwobi Zwob Zwob
trut trudi trud trud
dzvon dzvoni dzvon dzvon
kot koti kot kot
lut lodi lod lod
grus gruzi gruz gruz
nos nosi nos nos
vus vozi voz voz
wuk wugi wug wug
wuk wuki wuk wuk
sok soki sok sok
ruk rogi rog rog
bur bori bor bor
vuw vowi vow vow
sul soli sol sol
buj boji boj boj
Sum Sumi Sum Sum
Zur Zuri Zur Zur

Rules:
[

+vowel
]
→ u /

[
-nasal
+voice

]
#

[
-sonorant

]
→
[

-voice
]
/ #

This problem was manually graded:

• o-raising: o → [+high] / [+voi,–nas]# (ordered before final devoicing). Model implements this with rule 1.

• Final devoicing: [–son] → [–voi] / # (ordered after o-raising). Model implements this with rule 2.

No spurious rules.
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Ancient Greek (in metatheory training set):

stem+s stem+os stem+i stem+si ÛR UR

hals halos hali halsi hal hal
ojs ojos oji ojsi oj oj
sus suos sui susi su su
klo:ps klo:pos klo:pi klo:psi klo:p klo:p
phle:ps phle:bos phle:bi phle:psi phle:b phle:b
kate:lips kate:liphos kate:liphi kate:lipsi kate:liph kate:liph

phulaks phulakos phulaki phulaksi phulak phulak
ajks ajgos ajgi ajksi ajg ajg
salpiNks salpiNgos salpiNgi salpiNksi salpiNg salpiNg
onuks onukhos onukhi onuksi onukh onukh

the:s the:tos the:ti the:si the:t the:t
kharis kharitos khariti kharisi kharit kharit
elpis elpidos elpidi elpisi elpid elpid
korus koruthos koruthi korusi koruth koruth

ri:s ri:nos ri:ni ri:si ri:n ri:n
delphi:s delphi:nos delphi:ni delphi:si delphi:n delphi:n

Rules:[
+anterior
+coronal

]
→ ∅ /

[
-vowel

]

[
-sonorant

]
→
[

-aspirated
-voice

]
/
[

-sonorant
]
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Catalan (in metatheory training set):

stem stem+@ ÛR UR

@kelj @kelj@ @kelj @kelj
mal mal@ mal mal
siBil siBil@ siBil siBil
@skerp @skerp@ @skerp @skerp
Sop Sop@ Sop Sop
sEk sEk@ sEk sEk
@spEs @spEs@ @spEs @spEs
gros gros@ gros gros
baS baS@ baS baS
koS koS@ koS koS
tot tot@ tot tot
brut brut@ brut brut
pOk pOk@ pOk pOk
pr@sis pr@siz@ pr@siz pr@siz
fr@nses fr@nsez@ fr@nsez fr@nsez
gris griz@ griz griz
k@zat k@zaD@ k@zad k@zad
bwit bwiD@ bwid bwid
rOtS rOZ@ rOdZ rOdZ

botS boZ@ bodZ bodZ

orp orB@ orb orb
ljark ljarG@ ljarg ljarg
sek seG@ seg seg
f@Suk f@SuG@ f@Sug f@Sug
grok groG@ grog grog
puruk puruG@ purug purug
kandit kandiD@ kandid kandid
frEt frED@ frEd frEd
s@Gu s@Gur@ s@Gur s@Gur
du dur@ dur dur
s@G@Do s@G@Dor@ s@g@Dor s@G@Dor
kla klar@ klar klar
nu nu@ nu nu
kru kru@ kru kru
flOñdZu flOñdZ@ flOñdZu flOñdZu
dropu drop@ dropu dropu
@gzakt@ @gzakt@ @gzakt@ @gzakt@
@lBi @lBin@ @lBin @lBin
sa san@ san san
pla plan@ plan plan
bo bon@ bon bon
s@rE s@rEn@ s@rEn s@rEn
suBlim suBlim@ suBlim suBlim
al alt@ alt alt
fOr fOrt@ fOrt fOrt
kur kurt@ kurt kurt
sor sorD@ sord sord
bEr bErD@ bErd bErd
san sant@ sant sant
k@lEn k@lEnt@ k@lEnt k@lEnt
prufun prufund@ prufund prufund
f@kun f@kund@ f@kund f@kund
d@sen d@sent@ d@sent d@sent
dulen dulent@ dulent dulent
@stuDian @stuDiant@ @stuDiant @stuDiant
blaN blaNk@ blaNr blaNk
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Rules:[
-sonorant

]
→
[

-voice
]
/ #

t → ñ /
[

-vowel
]

#

[
-sonorant
+voice

]
→
[

+continuant
]
/
[

-nasal
] [

+vowel
]




-lateral
+sonorant
+coronal


 → ∅ / #

[
+vowel

]
→ ∅ /

[
-sonorant

]
@

[
+nasal

]
→ k /

[
-vowel

]
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Serbo–Croatian (in metatheory training set):

stem stem+a stem+o stem+i stem+em stem+l stem+la stem+ló ÛR UR

kriZan kriZana kriZano kriZani – – – – kriZan kriZan
suntSan suntSana suntSano suntSani – – – – suntSan suntSan
svetSan svetSana svetSano svetSani – – – – svetSan svetSan
bogat bogata bogato bogati – – – – bogat bogat
rapav rapava rapavo rapavi – – – – rapav rapav
mlád mladá mladó mlad́i – – – – mlád mlád
túp tupá tupó tuṕi – – – – túp túp
blág blagá blagó blaǵi – – – – blág blág
grúb grubá grubó grub́i – – – – grúb grúb
béo belá beló beĺi – – – – bél bél
veseo vesela veselo veseli – – – – vesel vesel
debéo debelá debeló debeĺi – – – – débél debél
mío milá miló miĺi – – – – míl míl
zelén zelená zelenó zeleńi – – – – zélen zelén
kradén kradená kradenó kradeńi – – – – kradén kradén
dalék daleká dalekó daleḱi – – – – dálek dalék
visók visoká visokó visoḱi – – – – v́isók visók
dubók duboká dubokó duboḱi – – – – dúbók dubók
jásan jasná jasnó jasńi – – – – jásn jásn
váZan vaZná vaZnó vaZńi – – – – váZn váZn
śitan sitná sitnó sitńi – – – – śitn śitn
ledan ledna ledno ledni – – – – ledn ledn
tának tanká tankó tanḱi – – – – tánk tánk
krátak kratká kratkó kratḱi – – – – krátk krátk
bĺizak bliská bliskó blisḱi – – – – bĺizk bĺizk
úzak uská uskó usḱi – – – – úzk úzk
dóbar dobrá dobró dobŕi – – – – dóbr dóbr
óStar oStrá oStró oStŕi – – – – óStr óStr
bodar bodra bodro bodri – – – – bodr bodr
ustao ustala ustalo ustali – – – – ustal ustal
múkao muklá mukló mukĺi – – – – múkl múkl
óbao oblá obló obĺi – – – – óbl óbl
pódao podlá podló podĺi – – – – pódl pódl
– – – – tepém tépao teplá tepló tép tép
– – – – skubém skúbao skublá skubló skúb zkúb
– – – – tresém trésao treslá tresló trés trés
– – – – vezém vézao vezlá vezló véz véz

Rules:
[

+vowel
]
→
[

+stress
]
/

[
+stress
+vowel

] [ ]
0

[
+vowel

]
→
[

-stress
]
/
[

-vowel
]
0

[
+stress
+vowel

]

∅ → a /
[

-vowel
] [

-vowel
]

#

[
-sonorant

]
→
[

-voice
]
/
[

-sonorant
]

l → o / #
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Russian (in metatheory training set):

stem stem+a ÛR UR

vagon vagona vagon vagon
avtomobilj avtomobilja avtomobilj avtomobilj

vetSer vetSera vetSer vetSer
muS muZa muZ muZ
karandaS karandaSa karandaS karandaS
glas glaza glaz glaz
golos golosa golos golos
ras raza raz raz
les lesa les les
porok poroga porog porog
vrak vraga vrag vrag
urok uroka urok urok
porok poroka porok porok
tsvet tsveta tsvet tsvet
prut pruda prud prud
soldat soldata soldat soldat
zavot zavoda zavod zavod
xlep xleba xleb xleb
grip griba grib grib
trup trupa trup trup

Rules:[
-sonorant

]
→
[

-voice
]
/ #
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Finnish :

stem stem+a ÛR UR

aamu aamua aamu aamu
hopea hopeaa hopea hopea
katto kattoa katto katto
kello kelloa kello kello
kirja kirjaa kirja kirja
külmæ külmææ külmæ külmæ
koulu koulua koulu koulu
lintu lintua lintu lintu
hüllü hüllüæ hüllü hüllü
kömpelö kömpelöæ kömpelö kömpelö
nækö næköæ nækö nækö
joki jokea joke joke
kivi kiveæ kive kive
muuri muuria muuri muuri
naapuri naapuria naæpuri naæpuri
nimi nimeæ nime nime
kaappi kaappia kaappi kaappi
kaikki kaikkea kaikke kaikke
kiirehti kiirehtiæ kiirehti kiirehti
lehti lehteæ lehte lehte
mæki mækeæ mæke mæke
ovi ovea ove ove
posti postia posti posti
tukki tukkia tukki tukki
æiti æitiæ æiti æiti
englanti englantia englanti englanti
jærvi jærveæ jærve jærve
koski koskea koske koske
reki rekeæ reke reke
væki vækeæ væke væke

Rules:
[ ]

→
[

-back
+vowel

]
/ +

æ → a /

[
+back
+tense

] [ ]
0

e → i / #

55

58



Kerewe (in metatheory training set):

ku+stem+a m+stem+a a+stem+a stem+a ÛR UR

kupaamba mpaamba apaamba paamba paamb paamb
kupaaNga mpaaNga apaaNga paaNga paaNg paaNg
kupima mpima apima pima pim pim
kupuupa mpuupa apuupa puupa puup puup
kupeketSa mpeketSa apeketSa peketSa peketS peketS

kupiinda mpiinda apiinda piinda piind piind
kuhiiga mpiiga ahiiga hiiga hiig hiig
kuheeka mpeeka aheeka heeka heek heek
kuhaaNga mpaaNga ahaaNga haaNga haaNg haaNg
kuheeba mpeeba aheeba heeba heeb heeb
kuhiima mpiima ahiima hiima hiim hiim
kuhuuha mpuuha ahuuha huuha huuh huuh

Rules:[
-voice

]
→ p /

[
-vowel

]
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English (in metatheory training set):

stem+s ÛR UR

kæps kæp kæp
kæts kæt kæt
kaks kak kak
pruwfs pruwf pruwf
kæbz kæb kæb
kædz kæd kæd
kagz kag kag
hUvz hUv hUv
flijz flij flij
plæwz plæw plæw
pjr

˙
ez pjr

˙
e pjr

˙
e

klæmz klæm klæm
kænz kæn kæn
karz kar kar
g@lz g@l g@l
slæps slæp slæp
hÌts hÌt hÌt
powks powk powk
stæbz stæb stæb
hajdz hajd hajd
dÌgz dÌg dÌg
læfs læf læf
pÌTs pÌT pÌT
slæmz slæm slæm
kænz kæn kæn
hæNz hæN hæN
Trajvz Trajv Trajv
bejDz bejD bejD
flajz flaj flaj

Rules:[
-vowel

]
→
[

+voice
]
/
[

+voice
]

#
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Jita (in metatheory training set):

oku+
stem
+a

oku+
stem
+ira

oku+
stem
+ana

oku+
stem

+irana

okúmú+
stem
+a

okúmú+
stem
+ira

okutŚi+
stem
+a

okútŚi+
stem
+ira

ÛR UR

okuBuma okuBumira okuBumana okuBumirana okumuBúma okumuBúmira okutSiBúma okutSiBúmira Bum Bum
okusiBa okusiBira okusiBana okusiBirana okumuśiBa okumuśiBira okutSiśiBa okutSiśiBira siB siB
okulúma okulumíra okulumána okulumírana – – – – lúm lúm
okukúBa okukuB́ira okukuBána okukuB́irana – – – – kúB kúB

Rules:
[

+vowel
]
→
[

+highTone
]
/

[
+highTone
+vowel

] [
-vowel

]
0

[
-vowel

]

[
+vowel

]
→
[

-highTone
]
/
[

-vowel
]
0

[
+highTone
+vowel

]

This problem was manually graded:

• Move a high tone one syllable to the right. Rules 1 and 2 interact to effect this change and no other change.

No spurious rules.
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Koasati (in metatheory training set):

stem am+stem ÛR UR

apahtSá amapahtSá apahtSá apahtSá
asiktŚi amasiktŚi asiktŚi asiktŚi
ilkanó amilkanó ilkanó ilkanó
ifá amifá ifá ifá
a:pó ama:pó a:pó a:pó
isḱi amisḱi isḱi isḱi
patSokk´̈oka ampatSokk´̈oka patSokk´̈oka patSokk´̈oka
towá antowá towá towá
kastó aNkastó kastó kastó
bajá:na ambajá:na bajá:na bajá:na
tá:ta antá:ta tá:ta tá:ta
tSofkońi añtSofkońi tSofkońi tSofkońi
kitiìká aNkitiìká kitiìká kitiìká
tońi antońi tońi tońi

Rules:
[

+nasal
]
→ αplace /

[
αplace
-vowel

]
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Korean (in metatheory training set):

stem+@ stem+n1nta ÛR UR

ana ann1nta an an
kama kamn1nta kam kam
sin@ sinn1nta sin sin
t^at1m@ t^at1mn1nta t^at1m t^at1m
n@m@ n@mn1nta n@m n@m
nama namn1nta nam nam
tShama tShamn1nta tSham tSham
ip@ imn1nta ip ip
kup@ kumn1nta kup kup
tS@p@ tS@mn1nta tS@p tS@p
tata tann1nta tat tat
puth@ punn1nta puth puth

tSotSha tSonn1nta tSotSh tSotSh

m@k@ m@Nn1nta m@k m@k
s@k^@ s@Nn1nta s@k^ s@k^
tak^a taNn1nta tak^ tak^
tSuk@ tSuNn1nta tSuk tSuk
ik@ iNn1nta ik ik

Rules:[
+voice

]
→
[

+low
]
i /
[

+low
]
i

[
-vowel

]
#

[
-voice

]
→
[

+nasal
]
/
[

-vowel
]

[ ]
→ a / tSh

60

63



Samoan (in metatheory training set):

stem stem+ia ÛR UR

olo oloia olo olo
lafo lafoia lafo lafo
aNa aNaia aNa aNa
usu usuia usu usu
tau tauia tau tau
taui tauia taui taui
sa:Pili sa:Pilia sa:Pili sa:Pili
vaNai vaNaia vaNai vaNai
paPi paPia paPi paPi
naumati naumatia naumati naumati
sa:uni sa:unia sa:uni sa:uni
seNi seNia seNi seNi
lele lelea lele lele
suPe suPea suPe suPe
taPe taPea taPe taPe
tafe tafea tafe tafe
ta:upule ta:upulea ta:upule ta:upule
palepale palepalea palepale palepale
tu: tu:lia tu:l tu:l
tau taulia taul taul
Palo Palofia Palof Palof
oso osofia osof osof
sao saofia saof saof
asu asuNia asuN asuN
pole poleNia poleN poleN
ifo ifoNia ifoN ifoN
ula ulaNia ulaN ulaN
milo milosia milos milos
valu valusia valus valus
vela velasia velas velas
api apitia apit apit
ePe ePetia ePet ePet
lava: lava:tia lava:t lava:t
u: u:tia u:t u:t
puni punitia punit punit
siPo siPomia siPom siPom
Nalo Nalomia Nalom Nalom
sopo sopoPia sopoP sopoP
au aulia aul aul
ma:tau ma:taulia ma:taul ma:taul
ili ilifia ilif ilif
ulu ulufia uluf uluf
taNo taNofia taNof taNof
soa soaNia soaN soaN
fesili fesiliNia fesiliN fesiliN
Pote PoteNia PoteN PoteN
tofu tofuNia tofuN tofuN
laPa laPasia laPas laPas
taNi taNisia taNis taNis
motu motusia motus motus
mataPu mataPutia mataPut mataPut
sau sautia saut saut
oPo oPotia oPot oPot
ufi ufitia ufit ufit
tanu tanumia tanum tanum
moPo moPomia moPom moPom
tao taomia taom taom
fana fanaPia fanaP fanaP
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Rules:[
-back
+vowel

]
→ ∅ /

[
-back
+vowel

]

[
-vowel

]
→ ∅ / #
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Palauan :

mó+stem stem+áll stem+l ÛR UR

m@dáN@b d@N@báll d@Nóbl dáNób daNob
m@téP@b t@P@báll t@Ṕibl téṔib tePib
m@Nét@m N@t@máll N@tóml Nétóm Netom
m@táb@k t@b@káll t@bákl tábák tabak
m@Pár@m P@r@máll P@róml Páróm Parom
m@sés@b s@s@báll s@sóbl sésób sesob

Rules:[
+voice

]
→ @ /

[ ] [
-vowel

] [
-vowel

]
#

[
+vowel

]
→ @ /

[
-vowel

]
0

[
+stress
+vowel

]
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Tunica (in metatheory training set):

stem stem+Puhki stem+POki stem+hkPaki ÛR UR

pó póPuhki póPOki póhkPaki pó pó
ṕi ṕiPuhki ṕiPEki ṕihkPaki ṕi ṕi
já jáPuhki jáPaki jáhkPaki já já
tSú tSúPuhki tSúPOki tSúhkPaki tSú tSú
hára hárPuhki hárPaki hárahkPaki hárá hára
h́ipu h́ipPuhki h́ipPOki h́ipuhkPaki h́ipu h́ipu
náSi náSPuhki náSPEki náSihkPaki náSi náSi

Rules:[
+voice

]
→ E /

[
-back

] [
-vowel

] [
-sonorant

]

[
+continuant
-high

]
→ a / á

[
-vowel

]

[
+voice

]
→ ∅ /

[ ] [
-vowel

]
P

This problem was manually graded:

• vowel harmony: same backness and lowness as VC : [–high,–low] → [αlow,βbk] / [αlow,βbk]C (ordered before V deletion). Model
rules 1 and 2 implement this process but restrict the context in a way that’s allowed because the data contains a pathologically tiny
of front vowels, so the rule that it posits happens to work

• vowel deletion: V → ∅ / V[ˆP] CV. Model rule 3 applies only to CP CV is fine. Application to [+voice] rather than V is allowed by
such limited data, so that’s OK

No spurious rules.
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German (in metatheory training set):

stem stem+@ stem+@n stem+@r ÛR UR

tak tag@ – – tag tag
volk volk@ – – volk volk
p@riskop p@riskop@ – – p@riskop p@riskop
hof höf@ – – – hof
w@k w@g@ – – w@g w@g
ros ros@ – – ros ros
raup – raub@n – raub raub
l@it – l@id@n – l@id l@id
lop – lob@n – lob lob
lant – land@n – land land
rat – rat@n – rat rat
gr@is gr@izes – – gr@iz gr@iz
braf – – brav@r brav brav

Rules:[
-sonorant

]
→
[

-voice
]
/ #

[
-vowel

]
→
[

+voice
]
/

[
-sonorant
+voice

]

[
+voice

]
→ s /

[
+high

] [
-vowel

]
#

∅ → e /

[
-sonorant
+voice

] [
-voice

]
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Zoque (in metatheory training set):

stem N+stem ÛR UR

pama mbama pama pama
tatah ndatah tatah tatah
kwarto Ngwarto kwarto kwarto
plato mblato plato plato
trama ndrama trama trama
disko ndisko disko disko
gaju Ngaju gaju gaju
tSoPngoja ñdZoPngoja tSoPngoja tSoPnkoja/tSoPngoja
tsima ndzima tsima tsima
s2k s2k s2k s2k
faha faha faha faha
Sapun Sapun Sapun Sapun

Rules:
[

+nasal
]
→ ∅ / #

[
+continuant
-high

]

[
+nasal

]
→ αplace / #

[
αplace
-vowel

]

[
-voice

]
→
[

+voice
]
/
[

+nasal
] [

-vowel
]
0

This problem was manually graded:

• nasal deletion: [+nas] → ∅ / [+cont]. Model gets this with rule 1

• nasal place assimilation: [+nas] → [α place] / [α place,–syll]. Model gets this with rule 2.

• postnasal voicing: [-son] → [+voi] / [+nas] . Model gets this with rule 3 (looks funny to allow voicing ts→dz, which should have been
transcribed as a single segment)

No spurious rules.
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Lumasaaba (in metatheory training set):

iN+stem xa+stem ÛR UR

iñJele xaçele çele çele
iNga:fu xaxa:fu xa:fu xa:fu
imbeBa xaBeBa BeBa BeBa
iNgoxo xakoxo koxo koxo
iNgwe xakwe kwe kwe
indali xatali tali tali
imboko xaBoko Boko Boko

Rules:
[

-sonorant
]
→
[

-continuant
+voice

]
/
[

-vowel
]

[
+nasal

]
→ αplace /

[
αplace
-vowel

]

This problem was also manually graded:

• Post-nasal hardening: [–son] → [–cont] / [+nas] . Model implements this process in first rule

• Post-nasal voicing: [–son] → [+voice] / [+nas] . Model implements this process in first rule (according to manual grader: “nothing
wrong with combining” the first and second processes into a single rule)

• Nasal place agreement: [+nas] → [α place] / [α place,–syll]. Model implements this process in second rule.

Model outputs no spurious rules.
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Russian :

stem+ú stem+l stem+la stem+lj́iú ÛR UR

vjirnú vjirnúl vjirnúla vjirnúlji vjirnú vjirnú
vrú vrál vralá vrálji vra vrá
stajú stajál stajála stajálji stajá stajá
pjikú pjók pjiklá pjiklj́i pjók pjók
vjizú vjós vjizlá vjizlj́i – vjóz
magú mók maglá maglj́i – móg
móknu mók mókla móklji – mókn

Rules:
[

+voice
]
→
[

+stress
+vowel

]
/
[

-stress
] [

-vowel
] [

-vowel
]
0 {
[

-back
+vowel

]
,#}

[
+vowel

]
→ i / {

[
+stress
+vowel

]
,#}

[
-vowel

] [
-vowel

]
0

[
+stress
+vowel

]

[ ]
→ ∅ /

[
+continuant
-high

] [
-lateral
-low

]
{
[

+vowel
]
,#}
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Japanese :

stem+ru stem+anai stem+itai stem+tda stem+joo ÛR UR

neru nenai netai neta nejoo ne ne
miru minai mitai mita mijoo mi mi
Sinu Sinanai Sinitai Sinda Sinoo Sin Sin
jomu jomanai jomitai jonda jomoo jom jom
jobu jobanai jobitai jonda joboo job job
katsu katanai katSitai katta katoo katS kats

kasu kasanai kaSitai kaSita kasoo – kas
waku wakanai wakitai waita wakoo – wak
tsugu tsuganai tsugitai tsuida tsugoo – tsug
karu karanai karitai katta karoo – kar
kau kawanai kaitai katta kaoo – kaw

Rules:[
-anterior
-low

]
→ ts /

[
+vowel

] [
-vowel

]

[
+voice

]
→ n /

[
+vowel

] [
-continuant

]

[
-vowel

]
→ ∅ /

[
+vowel

] [
-vowel

]

[
-sonorant

]
→ t /

[
-rounded
-nasal

] [
-high

]
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Swahili :

u+stem stem ma+stem ÛR UR

ubale m
"
bale – bale bale

udago n
"
dago – dago dago

ugimbi N
"
gimbi – gimbi gimbi

udZia ñ
"
dZia – dZia dZia

upadZa phadZa mapadZa phadZa phadZa
upamba phamba – phamba phamba
utunzo thunzo matunzo thNzo thunzo
utunda thunda – thNda thunda
ukelele khelele makelele khelele khelele
ukumbi khumbi – khmbi khumbi
utSoma tShoma matSoma tShoma tShoma
utSaNgo tShaNgo – tShaNgo tShaNgo
ufuasi fuasi mafuasi fuasi fuasi
ufuko fuko – fkho fuko
uvuSo vuSo mavuSo vSo vuSo
uvumbi vumbi – vNbi vumbi
usiku siku masiku siku siku
usira sira – sira sira
uSono Sono maSono Sono Sono
uSaNga SaNga – SaNga SaNga
uwiNgu m

"
biNgu – bwiNgu biNgu

uwili m
"
bili – bwili wili

ulimi n
"
dimi – dlimi limi

urefu n
"
defu – drefu refu

umio mio – mmio mio
wimbo ñimbo – ñiNbo imbo
wembe ñembe – ñembe embe
wakati ñakati – – akati
uSi ñuSi – – uSi
Soka – maSoka – Soka
tunda – matunda – tunda
kaSa – makaSa – kaSa

Rules:


-back
-sibilant
-tense


 → ∅ / #

[ ] [ -back
+sonorant

]

∅ → m
"
/ #

[
-sonorant
+voice

] [
+vowel

]

[
+nasal

]
→ αplace /

[
αplace
-vowel

]

∅ → u /
[

-sonorant
] [

-vowel
]

[
-vowel

]
→
[

-aspirated
]
/
[ ]

[
+vowel

]
→ w / #

[
+vowel

]
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Russian (in metatheory training set):

stem+á stem stem+É stem+1 ÛR UR

luná lún lunjÉ lún1 lún lun
d1rá d́1r d1rjÉ d́1r1 d́1r d1r
travá tráf travjÉ tráv1 tráv trav
pjilá pj́il pjiljÉ pj́il1 pj́il pj́il/pil
valná vóln valnjÉ vóln1 – voln
galavá galóf galavjÉ gólav1 – gólov
Z1ljizá Z1ljós Z1ljizjÉ Zéljiz1 – Zéljoz
Z1ná Zón Z1njÉ Zón1 – Zon
zmjijá zmjéj zmjijÉ zmjéji – zmjéj
mjÉna mjÉn mjénji mjÉn1 – mjÉn
pjiljiná pjiljón pjiljinjÉ pjiljiń1 – pjilón
bjisjÉda bjisjÉt bjisjédji bjisjÉd1 – bjisÉd
bjidá bjÉt bjidjÉ bjÉd1 – bjEd
pjitá pját pjitjÉ pjit́1 – pjat
stjiná stjÉn stjinjÉ stjÉn1 – stEn/stjEn
rjiká rjÉk rjikjÉ rjékji – rjEk/rEk
slugá slúk slugjÉ slúgji – slug
blaxá blóx blaxjÉ blóxji – blox

Rules:[
-sonorant

]
→
[

-voice
]
/ #

[
-vowel

]
→
[

+palatalized
]
/

[
-back
+vowel

]

[
+vowel

]
→
[

-stress
]
/
[

-vowel
]
0

[
+stress
+vowel

]

This problem was manually graded. The textbook problem statement specifies that the rules governing stress are not to be found by the
student; the system makes little headway because it gets stuck trying to explain the stress patterns.

• There are some rules for stress, but they’re complicated and not easy (or possible?) to state in this formalism. This can’t be solved
with this data, in this model. A couple pieces that come close: suffix stress: delete in the context of a stem stress. stress: initial if no
other stress (but there are exceptions, because it isn’t really right).

• palatalization: C → Cj / [-back]. Model implements this with rule 2.

• final devoicing: [–son] → [–voi] / #. Model implements this with rule 1.

• vowel reduction: stressless V → 1 / Z . Model misses this process.

• vowel reduction: stressless o→a. Model misses this process.

• vowel reduction: stressless E→i. Model misses this process.

Third rule (which moves stresses) is spurious, and occurs because the model is trying to explain stress patterns when the problem states
that stress patterns do not need to be explained.
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Finnish :

stem+n stem stem+t stem+lta stem+kna ÛR UR

kanadan kanada kanadat kanadalta kanadana kanada kanada
kirjan kirja kirjat kirjalta kirjana kirja kirja
aamun aamu aamut aamulta aamuna aamu aamu
talon talo talot talolta talona talo talo
koiran koira koirat koiralta koirana koira koira
hüvæn hüvæ hüvæt hüvæltæ hüvænæ hüvæ hüvæ
kuvan kuva kuvat kuvalta kuvana kuva kuva
lain laki lait lailta lakina laki laki
nælæn nælkæ nælæt nælæltæ nælkænæ nælkæ nælkæ
jalan jalka jalat jalalta jalkana jalka jalka
leuan leuka leuat leualta leukana leuka leuka
paran parka parat paralta parkana parka parka
reiæn reikæ reiæt reiæltæ reikænæ reikæ reikæ
nahan nahka nahat nahalta nahkana nahka nahka
vihon vihko vihot viholta vihkona vihko vihko
laihan laiha laihat laihalta laihana laiha laiha
avun apu avut avulta apuna apu apu
halvan halpa halvat halvalta halpana halpa halpa
orvon orpo orvot orvolta orpona orpo orpo
leivæn leipæ leivæt leivæltæ leipænæ leipæ leipæ
pæivæn pæivæ pæivæt pæivæltæ pæivænæ pæiva pæiva
kilvan kilpa kilvat kilvalta kilpana kilpa kilpa
külvün külpü külvüt külvültæ külpünæ külpü külpü
tavan tapa tavat tavalta tapana tapa tapa
korvan korva korvat korvalta korvana korva korva
æidin æiti æidit æidiltæ æitinæ æiti æiti
kodin koti kodit kodilta kotina koti koti
muodon muoto muodot muodolta muotona muoto muoto
tædin tæti tædit tædiltæ tætinæ tæti tæti
kadun katu kadut kadulta katuna katu katu
maidon maito maidot maidolta maitona maito maito
pöüdæn pöütæ pöüdæt pöüdæltæ pöütænæ pöüta pöütæ
tehdün tehtü tehdüt tehdültæ tehtünæ tehtü tehtü
læmmön læmpö læmmöt læmmöltæ læmpönæ læmpö læmpö
laNNan laNka laNNat laNNalta laNkana laNka laNka
sæNNün sæNkü sæNNüt sæNNültæ sæNkünæ sæNkü sæNkü
hinnan hinta hinnat hinnalta hintana hinta hinta
linnun lintu linnut linnulta lintuna lintu lintu
opinnon opinto opinnot opinnolta opintona – opinto
rannan ranta rannat rannalta rantana ranta ranta
luonnon luonto luonnot luonnolta luontona luonto luonto
punnan punta punnat punnalta puntana punta punta
tunnin tunti tunnit tunnilta tuntina tunti tunti
kunnon kunto kunnot kunnolta kuntona kunto kunto
kannun kannu kannut kannulta kannuna – kannu
linnan linna linnat linnalta linnana – linna
tumman tumma tummat tummalta tummana – tumma
auriNNon auriNko auriNNot auriNNolta auriNkona auriNko auriNko
reNNin reNki reNNit reNNiltæ reNkinæ – reNki
vaNNin vaNki vaNNit vaNNilta vaNkina vaNki vaNki
kellon kello kellot kellolta kellona kello kello
kellan kelta kellat kellalta keltana – kelta
sillan silta sillat sillalta siltana – silta
kullan kulta kullat kullalta kultana – kulta
virran virta virrat virralta virtana – virta
parran parta parrat parralta partana – parta

72

75



Rules:[
+vowel

]
→
[

-back
]
/ ü

[
-vowel

]
0

p → v /
[ ] [ ] [

+coronal
]

t →
[

+voice
]
/
[ ] [ ] [

+coronal
]

[
+vowel

]
→
[

-back
]
/ æ

[ ]
0

[
-vowel

]
→
[

+nasal
]
/
[

+nasal
] [ ] [

-back
]

k → ∅ /
[ ] [ ] [

-high
]
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Korean :

(note: the data is shown transposed because otherwise it does not fit on the PDF page)

stem+
man pamman summan pamman pamman namman namman namman pamman

stem+
maNkh1m pammaNkh1m summaNkh1m pammaNkh1m pammaNkh1m nammaNkh1m nammaNkh1m nammaNkh1m pammaNkh1m

stem+
nar1m pamnar1m sumnar1m pamnar1m pannar1m nannar1m nannar1m nannar1m pannar1m

stem+ pap sup pam pat nat nat nat pan

stem+
tero paptero suptero pamtero pattero nattero nattero nattero pantero

stem+
kwa papkwa supkwa pamkwa pakkwa nakkwa nakkwa nakkwa paNkwa

stem+
pota pappota suppota pampota pappota nappota nappota nappota pampota

stem+
katSi papkatSi supkatSi pamkatSi pakkatSi nakkatSi nakkatSi nakkatSi paNkatSi

stem+
i papi suphi pami patShi nasi natSi natShi pani

stem+
1n pap1n suph1n pam1n path1n nas1n natS1n natSh1n pan1n

stem+
e pape suphe pame pathe nase natSe natShe pane

stem+
ita papita suphita pamita patShita nasita natSita natShita panita

stem+
1ro pap1ro suph1ro pam1ro path1ro nas1ro natS1ro natSh1ro pan1ro

ÛR pap sup pam – – – – –
UR pap suph pam path nas natS natSh pan

Rules:[
-voice

]
→
[

+nasal
]
/
[

+nasal
]

[
-vowel

]
→ ph / u

[
+vowel

]
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Sakha (Yakut) :

stem stem+lar stem+l11n ÛR UR

aGa aGalar aGal11n aGa aGa
paarta paartalar paartal11n paarta paarta
t1a t1alar t1al11n t1a t1a
kinige kinigeler kinigeliin kinige kinige
Sie Sieler Sieliin Sie Sie
ije ijeler ijeliin ije ije
kini kiniler kiniliin kini kini
bie bieler bieliin bie bie
oGo oGolor oGoluun oGo oGo
Xopto Xoptolor Xoptoluun Xopto Xopto
börö börölör börölüün börö börö
t1al t1allar t1all11n t1al t1al
1al 1allar 1all11n 1al 1al
kuul kuullar kuulluun kuul kuul
at attar att11n at at
bal1k bal1ktar bal1kt11n bal1k bal1k
1skaap 1skaaptar 1skaapt11n 1skaap 1skaap
oGus oGustar oGustuun oG1s oG1s
kus kustar kustuun kus kus
tünnük tünnükter tünnüktüün tünn1k tünn1k
sep septer septiin sep sep
et etter ettiin et et
örüs örüster örüstüün örus örus
tiis tiister tiistiin tiis tiis
soroX soroXtor soroXtuun soroX soroX
oX oXtor oXtuun oX oX
oloppos oloppostor oloppostuun olappos olappos
ötöX ötöXtör ötöXtüün ötöX ötöX
ubaj ubajdar ubajd11n ubaj ubaj
saraj sarajdar sarajd11n saraj saraj
t1j t1jdar t1jd11n t1j t1j
at11r at11rdar at11rd11n at11r at11r
ojuur ojuurdar ojuurduun oj1ur oj1ur
ütSügej ütSügejder ütSügejdiin ütSugaj ütSugaj
eSiij eSiijder eSiijdiin eSiij eSiij
tomtor tomtordor tomtorduun tomtor tomtor
moGotoj moGotojdor moGotojduun moGotoj moGotoj
kötör kötördör kötördüün köter köter
bölköj bölköjdör bölköjdüün bölköj bölköj
Xat1N Xat1Nnar Xat1Nn11n Xat1N Xat1N
aan aannar aann11n aan aan
tiiN tiiNner tiiNniin tiiN tiiN
sordoN sordoNnor sordoNnuun sordoN sordoN
olom olomnor olomnuun olom olom
oron oronnor oronnuun oron oron
bödöN bödöNnör bödöNnüün bödeN bödeN
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Rules:

l → d /

[
-lateral
-tense

]

[
-vowel

]
→
[

-voice
]
/
[

-voice
]

[
+vowel

]
→
[

+rounded
]
/
[

+rounded
] [

-low
]
0

[
+continuant
-high

]
→
[

-rounded
]
/ u

[
-vowel

]
0

[
+vowel

]
→
[

-back
-low

]
/

[
-back
+vowel

] [ ]
0

[
-sonorant
+voice

]
→
[

+nasal
]
/
[

+nasal
]
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Sadzava Ukrainian :

stem stem+a stem+i stem stem stem stem stem ÛR UR

plast plasta plasjkji – – – – – plast plast
skorux skoruxa skorusji – – – – – skorux skorux
Gjrjix Gjrjixa Gjrjisji – – – – – Gjrjix Grix
pastux pastuxa pastusji – – – – – pastux pastux
mjnjux mjnjuxa mjnjusji – – – – – mjnjux mnjux
pluG pluGa pluzji – – – – – – pluG
sjtjiG stoGa stozji – – – – – – stoG
sak saka satsji – – – – – – sak
bek b@ka b@tsji – – – – – – bek
lest l@sta l@sjkji – – – – – – lest
lest lesta lesjkji – – – – – lest lest
pjljit plota plokji – – – – – – plot
sjmjrjid smroda smrogji – – – – – – smrod
fjist fosta fosjkji – – – – – – fost
mjist mosta mosjkji – – – – – – most
ljid lædu l@du – – – – – – lod
djrjit drota drokji – – – – – – drot
mjid mædu m@du – – – – – – mæd
vjil vola volji – – – – – – vol
vjiz voza vozji – – – – – – voz
ser sera serji – – – – – – ser
sjnjip snopa snopji – – – – – – snop
Greb Gr@ba Gr@bji – – – – – – Greb
læbjid læb@da læb@gji – – – – – – læbæd
bærjiG bær@Ga bær@zji – – – – – – bæræG
p@rjiG p@roGa p@rozji – – – – – – p@roG
porjiG poroGa porozji – – – – – – poroG
boljek bolj@ka bolj@tsji – – – – – – boljek
vorjiG voroGa vorozji – – – – – – voroG
kon@k kon@ka kon@tsji – – – – – – kon@k
potjik potoka pototsji – – – – – – potok
tjik toka totsji – – – – – – tok
kjil kola kolji – – – – – – kol
– – – kovalj kovalje kovale – – – kovalj

– – – dZmjilj dZmjilje dZmjile – – – dZmilj

– – – kjrjilj kjrjilje kjrjile – – – krilj

– – – utSet@lj utSet@lj@ utSet@l@ – – – utSet@lj

– – – græbjinj græb@nj@ græb@n@ – – – græbænj

– – – ol@nj ol@nj@ ol@n@ – – – ol@nj

– – – jatSjmjinj jatSmænj@ jatSmæn@ – – – jatSmænj

– – – jasjinj jas@nj@ jas@n@ – – – jæsænj

– – – zjekj zjekj@ zjet@ – – – zjetj

– – – – – – masjkj mast@ – mastj

– – – – – – sjmjirjkj smært@ – smærtj

– – – – – – vjisjkj vjist@ – vistj

– – – – – – ragjisjkj radost@ – radostj

– – – – – – sjilj sol@ – solj

– – – – – – poSjisjkj poS@st@ – poSestj

– – – – – – zamjikj zam@t@ – zamætj

– – – – – – skat@rjkj skat@rt@ – skat@rtj

– – – – – – kjisjkj kost@ – kostj

Rules:
[

-voice
]
→ kj /

[
-back
+vowel

]

[
-voice

]
→ sj /

[
+vowel

] [
+high

]
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Standard Ukrainian :

stem stem+am stem+ovji stem+i stem+ovji stem+o stem+a stem+u stem+i stem ÛR UR

zub zubam zubovji zubji – – – – – – zub zub
svjit svjitam svjitovji svjitji – – – – – – svjit svjit
zjatj zjatjam zjatevji – zjatevji – – – – – zjatj zjatj

koSjilj koSeljam koSelevji koSelji – – – – – – koSjilj koSjelj

zlodjij zlodjijam zlodjijevji – zlodjijevji – – – – – zlodij zlodjij/zlodij
mjisjars j mjisjars jam mjisjatsevji mjisjars ji – – – – – – mjisjars j mjisjars j

korovaj korovajam korovajevji korovaji – – – – – – korovaj korovaj
kamjinj kamenjam kamenevji kamenji – – – – – – kamjinj kamjenj

mjidj mjidjam mjidevji mjidji – – – – – – midj midj

xljiw xljivam xljivovji xljivji – – – – – – xliv xliv/xljiv
holub holubam holubovji holubji – – – – – – holub holub
sjin sjinam sjinovji sjinji – – – – – – sin sin/sjin
lebjidj lebedjam lebedevji lebedji – – – – – – ljebjidj lebjedj

susjid susjidam susjidovji – susjidovji – – – – – susid susjid
tSolovjik tSolovjikam tSolovjikovji – tSolovjikovji – – – – – tSolovjik tSolovjik
ljid ledam ledovji ledji – – – – – – ljid ljed
bilj boljam bolevji bolji – – – – – – bolj bolj

riw rovam rovovji rovji – – – – – – rov rov
stiw stolam stolovji stolji – – – – – – stol stol
djid djidam djidovji – djidovji – – – – – did djid
ljit ljotam ljotovji ljotji – – – – – – ljot ljot
mist mostam mostovji mostji – – – – – – most most
vetSir vetSoram vetSorovji vetSorji – – – – – – vjetSor vetSor
– – – – – tjilo tjila tjilu tjilji tjiw til tjil
– – – – – koleso kolesa kolesu kolesji koljis koljid koljes
– – – – – ozero ozera ozeru ozerji ozjir ozjor ozjer
– – – – – selo sela selu selji sjiw – sjel
– – – – – pole polja polju polji pilj – polj

– – – – – slovo slova slovu slovji sliw slov slov
– – – – – more morja morju morji mirj – morj

Rules:[ ]
→ e /

[
+palatalized

] [
+voice

] [ ]

[
-vowel

]
→
[

+palatalized
]
/

[
-back
+vowel

]

[
-glide

]
→
[

-palatalized
]
/ e

[
+continuant
-palatalized

]
→ w /

[
-sibilant

] [
+vowel

]
#

o → i /
[

-vowel
]
0

[
-vowel

]
#

[
-sonorant
+coronal

]
→




+continuant
+sibilant
-voice


 / k

[ ]
0

This problem was manually graded:

• v → w / # (or: coda). Model has a /w/ rule, it’s just not quite right; half credit for rule 4.

• C palatalization: C → Cj / i (ordered after mid vowel raising). Model gets this with rule 2.

• depalatalization: Cj → C / e. Model gets this with rule 3.

• o fronting: o → [-back] / CC0# (ordered before mid vowel raising). Model does fronting and raising in one fell swoop (rule 5),
missing the opportunity to let the intermediate e trigger depalatalization. Half credit.

• mid vowel raising: e → i / final syllable (ordered after C palatalization). Don’t see anything the model does that’s doing this for /e/.
The model gets /o/ to i compiled into one rule, but we need raising for /e/ too: ljed→ljid.

Rules 1 and 6 are spurious; 2 half-credit counts as one extra spurious for a total of three spurious rules.
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Somali (in metatheory training set):

stem stem+ta stem+o stem+aj stem+taj stem+naj ÛR UR

daar daarta daaro – – – daar daar
gees geesta geeso – – – gees gees
laf lafta lafo – – – laf laf
lug lugta luGo – – – lug lug
naag naagta naaGo – – – naag naag
tib tibta tiBo – – – tib tib
sab sabta saBo – – – sab sab
bad bada baDo – – – bad bad
Sid Sida SiDo – – – Sid Sid
feed

˙
feed

˙
a feer

˙
o – – – feed

˙
feed

˙Qiir Qiirta Qiiro – – – Qiir Qiir
Pul PuSa Pulo – – – Pul Pul
bil biSa bilo – – – bil bil
meel meeSa meelo – – – meel meel
kaliil kaliiSa kaliilo – – – kaliil kaliil
najl najSa najlo – – – najl najl
sun sunta sumo – – – sum sum
laan laanta laamo – – – laam laam
sin sinta simo – – – sim sim
dan danta dano – – – dan dan
daan daanta daano – – – daan daan
saan saanta saano – – – saan saan
nirig nirigta nirgo – – – nirlg nirg
jirid jirida jirdo – – – jirld jird
hoGol hoGoSa hoglo – – – hogll hogl
gaBad

˙
gaBad

˙
a gabd

˙
o – – – gabld

˙
gabd

˙baGal baGaSa baglo – – – bagll bagl
waèar waèarta waèaro – – – waèar waèar
irbad irbada irbaDo – – – irbad irbad
kefed kefeda kefeDo – – – kefed kefed
Silin Silinta Silino – – – Silin Silin
bohol bohoSa boholo – – – bohol bohol
Paajad Paajada PaajaDo – – – Paajad Paajad
gaQan gaQanta gaQmo – – – gaQlm gaQm
Pinan Pinanta Pinano – – – Pinan Pinan
– – – suGaj sugtaj sugnaj sug sug
– – – kaBaj kabtaj kabnaj kab kab
– – – siDaj sidaj sidnaj sid sid
– – – dilaj diSaj dillaj – dil
– – – ganaj gantaj gannaj gan gan
– – – tumaj tuntaj tunnaj – tum
– – – argaj aragtaj aragnaj – arg
– – – gudbaj guDubtaj guDubnaj – gudb
– – – qoslaj qosoSaj qosollaj – qosl
– – – hadlaj haDaSaj haDallaj – hadl

Rules:[
-vowel

]
→
[ ]

i /
[ ]

i

[
-vowel

] [
-vowel

]
{
[

-vowel
]
,#}

[
-sonorant

]
→
[

+continuant
]
/
[

+vowel
] [

+vowel
]

[
-voice

]
→ ∅ /




-continuant
-nasal
+coronal




[
-voice

]
→ S / l

l → ∅ /
[

-vowel
]

[
+nasal

]
→ n / {

[
-vowel

]
,#}
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This problem was manually graded:

• t-deletion: [–son,–cont,+cor] → ∅ / [–son,–cont,+cor] . Rule 3 implements this process.

• lt coalescence: Implement in one of two ways. First way (not what model did): [+lat] → [+strid,–ant] / [–son,–cont] (lt→St) and
[–son,–cont,+cor] →∅ / [+strid,–ant] (t deletes, ordered second). Second way (what model did): [–son,+cor] → [+strid,–ant] / [+lat]
(lt→lS) and [+lat] → ∅ / [+strid,–ant] (S deletes, ordered second). Rules 4 and 5 implement this process.

• V epenthesis: ∅ → [α high, β low, γ bk] / [–syll, α high, β low, γ bk]C C#, must occur before spirantization. Model misses this
process (and instead introduces the spurious first rule)

• Intervocalic spirantization: [–son] → [+cont] / [+syl] [+syl] (ordered after epenthesis). Second rule implements this process.

• lateralization: [+nas,+cor] → [+lat] / [+lat] (ln→ll). Model misses this process.

• Nasal coda place neutralization: [+nas] → [+cor] / $ (before syllable boundary, or before {C,#}). SPE didn’t have ‘syllable boundary’,
so {C,#} is a common context. Rule 6 implements this process.

Rule 1 is spurious.
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Latin (in metatheory training set):

stem+s stem+is stem+i: ÛR UR

arks arkis – ark ark
duks dukis – duk duk
daps dapis – dap dap
re:ks re:gis – re:g re:g
falanks falangis – falang falang
filiks filikis – filik filik
lapis lapidis – lapid lapid
li:s li:tis – li:t li:t
fraws frawdis – frawd frawd
noks noktis – nokt nokt
frons frontis – front front
frons frondis – frond frond
inku:s inku:dis – inku:d inku:d
sors sortis – sort sort
fu:r fu:ris – fu:r fu:r
murmur murmuris – murmur murmur
augur auguris – augur augur
arbor arboris – arbor arbor
pugil pugilis – pugil pugil
sal salis – sal sal
adeps adipis – adep adep
apeks apikis – apek apek
pri:nkeps pri:nkipis – bri:nkep pri:nkep
ekwes ekwitis – ekwet ekwet
miles militis – milet milet
no:men no:minis – no:men no:men
karmen karminis – karmen karmen
lu:men lu:minis – lu:men lu:men
wenter wentris – wente wentr
pater patris – pate patr
kada:wer kada:weris – kada:wer kada:wer
tu:ber tu:beris – tu:bee tu:ber
piper piperis – piper piper
karker karkeris – karker karker
die:s – die:i: die: die:
li:ber – li:beri: li:bea li:ber
miser – miseri: miser miser
ager – agri: age agr
sinister – sinistri: siniste sinistr
liber – libri: libe libr
as assis – as ass
os ossis – os oss
far farris – far farr
mel mellis – – mell
o:s o:ris – – o:s
flo:s flo:ris – – flo:s
mu:s mu:ris – – mu:s
cru:s cru:ris – – kru:s
kinis kineris – – kinis
pulvis pulveris – – pulvis
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Rules:[
+continuant
-high

]
→ r / e

[
+voice

]
→
[

+high
]
/
[ ] [

-vowel
] [

-continuant
] [

+vowel
]

[
-vowel

]
→ ∅ /

[
+sonorant
+coronal

]
#

[
-sonorant

]
→
[

-voice
]
/
[

-vowel
]

[
+coronal

]
→ ∅ /

[
-vowel

]
#

e → r /
[

+vowel
]

∅ →
[

+continuant
-high

]
i / {f,#}

[
+continuant
-high

] [
+continuant
-high

]
i

[
-back
+vowel

]
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Turkish :

stem stem+s1 stem+ja stem+dan stem+lar ÛR UR

oda odas1 odaja odadan odalar oda oda
dere deresi dereje dereden dereler dere dere
ütü ütüsü ütüje ütüden ütüler ütü ütü
balo balosu baloja balodan balolar balo balo
ar1 ar1s1 ar1ja ar1dan ar1lar ar1 ar1
la: la:s1 la:ja la:dan la:lar la: la:
bina: bina:s1 bina:ja bina:dan bina:lar bina: bina:
imla: imla:s1 imla:ja imla:dan imla:lar imla: imla:
be: be:si be:je be:den be:ler be: be:
kep kepi kepe kepten kepler kep kep
at at1 ata attan atlar at at
ek eki eke ekten ekler ek ek
ok oku oka oktan oklar ok ok
gütS güdZü güdZe gütSten gütSler gütS güdZ

ahmet ahmedi ahmede ahmetten ahmetler ahmet ahmed
kurt kurdu kurda kurttan kurtlar kurt kurd
türk türkü türke türkten türkler türk türk
gentS gentSi gentSe gentSten gentSler geStS gentS

halk halk1 halka halktan halklar halk halk
üst üstü üste üstten üstler üst üst
sarp sarp1 sarpa sarptan sarplar sarp sarp
harp harb1 harba harptan harplar harb harb
alt alt1 alta alttan altlar alt alt
renk rengi renge renkten renkler reSg reng
his hissi hisse histen hisler – hiss
hür hürrü hürre hürden hürler – hürr
mahal mahall1 mahalla mahaldan mahallar – mahall
hak hakk1 hakka haktan haklar – hakk
zam zamm1 zamma zamdan zamlar – zamm
af aff1 affa aftan aflar – aff
arap arab1 araba araptan araplar arab arab
kojun kojunu kojuna kojundan kojunlar kojuS kojun
pilot pilotu pilota pilottan pilotlar – pilot
kitap kitab1 kitaba kitaptan kitaplar – kitap
domuz domuzu domuza domuzdan domuzlar – domuz
davul davulu davula davuldan davullar – davul
baj1r baj1r1 baj1ra baj1rdan baj1rlar – baj1r
somun somunu somuna somundan somunlar somuS somun
fikir fikri fikre fikirden fikirler – fikr
isim ismi isme isimden isimler – ism
bojun bojnu bojna bojundan bojunlar – bojn
tSevir tSevri tSevre tSevirden tSevirler – tSevr
devir devri devre devirden devirler – devr
kojun kojnu kojna kojundan kojunlar – kojn
kar1n karn1 karna kar1ndan kar1nlar – kam
burun burnu burna burundan burunlar – burn
ak1l akl1 akla ak1ldan ak1llar – akl
Sehir Sehri Sehre Sehirden Sehirler – Sehr
namaz namaz1 namaza namazdan namazlar – namaz
zaman zama:n1 zama:na zamandan zamanlar – zama:n
harap hara:b1 hara:ba haraptan haraplar – hara:b
i:kaz i:ka:z1 i:ka:za i:kazdan i:kazlar – i:ka:z
hajat haja:t1 haja:ta hajattan hajatlar – haja:t
ispat ispa:t1 ispa:ta ispattan ispatlar – ispa:t
inek inei inee inekten inekler – inek
mant1k mant11 mant1a mant1ktan mant1klar – mant1k
ajak aja1 ajaa ajaktan ajaklar – ajak
tSabuk tSabuu tSabua tSabuktan tSabuklar – tSabuk
dakik dakii dakie dakikten dakikler – dakik
merak mera:k1 mera:ka meraktan meraklar – mera:k
tebrik tebri:ki tebri:ke tebrikten tebrikler – tebri:k
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hukuk huku:ku huku:ka hukuktan hukuklar – huku:k

Rules:[
-vowel

]
→ ∅ /

[
-sonorant

] [ ]
#

1 → u /
[

+rounded
] [

-vowel
]
0

[
-continuant
+coronal

]
→
[

+voice
]
/
[

-low
] [

+voice
]

[
-sonorant

]
→
[

-voice
]
/ {

[
-vowel

]
,#}

[
+vowel

]
→
[

-back
-low

]
/

[
-back
+vowel

] [
-nasal

]
0

S →
[

+nasal
]

[
-sonorant

]
→
[

-voice
]
/
[

-voice
]
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Kera :

stem+en stem+em stem+i stem+u stem+a stem+eN ÛR UR

haman hamam h1mi h1mu hama hamaN h1m ham
se:nen se:nem si:ni si:nu se:na se:neN si:n se:n
kolon kolom kuli kulu kola koloN kul kol
gi:din gi:dim gi:di gi:du gi:d1 gi:diN gi:d gi:d
c1:r1n c1:r1m ci:ri cu:ru c1:r1 c1:r1N – c1:r
gunun gunum guni gunu gun1 gunuN – gun
b1lan b1lam b1li b1lu b1la b1laN – bal
N1fan N1fam N1fi N1fu N1fa N1faN – Naf
Pasan Pasam P1si P1su Pasa PasaN – Pas
Papan Papam P1pi P1pu Papa PapaN – Pap
haran haram h1ri h1ru hara haraN – har
balnan balnam b1lni b1lnu balna balnaN – baln
Nafnan Nafnam N1fni N1fnu Nafna NafnaN – Nafn

Rules:
[ ]

→
[

+high
-low

]
/
[

-sonorant
]

[ ]
→ e: /

[
-vowel

] [ +continuant
-high

]

[
+continuant
-high

]
→ o /

[
-anterior

] [
-vowel

]

[
+continuant
-high

]
→ a /

[
-coronal

] [
+nasal

]

This problem was manually graded:

• V epenthesis: ∅ → [αhigh, βlow, γbk] / [–syll, αhigh, βlow, γbk]C C#. Missed by model.

• Height harmony: [-syl] → [+high] / [+high]. Missed by model.

• a-raising: a → [+high] / [+high]+ (raise a→1 in a suffix after a high vowel). Missed by model.

• V deletion: V → ∅ / V (ordered after a-raising). Missed by model.

All model rule predictions are spurious.
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Lardil :

stem stem+in stem+Nar stem+ur
˙

ÛR UR

kentapal kentapalin kentapalNar kentapalur
˙

kentapal kentapal
ketar ketarin ketarNar ketarur

˙
ketar ketar

mijar
˙

mijar
˙
in mijar

˙
Nar mijar

˙
ur
˙

mijar
˙

mijar
˙jupur jupurin jupurNar jupurur

˙
jupur jupur

taNur taNurin taNurNar taNurur
˙

taNur taNur
jaraman jaramanin jaramanar jaramankur

˙
jaraman jaraman

maan
˙

maan
˙
in maan

˙
ar maan

˙
kur

˙
maan

˙
maan

˙pirNen pirNenin pirNenar pirNenkur
˙

pirNen pirNen
mela melan melaNar melar

˙
mela mela

tawa tawan tawaNar tawar
˙

tawa tawa
wanka wankan wankaNar wankar

˙
wanka wanka

kuNka kuNkan kuNkaNar kuNkar
˙

kuNka kuNka
tarNka tarNkan tarNkaNar tarNkar

˙
tarNka tarNka

Nuka Nukun NukuNar Nukur
˙

Nuku Nuku
Nur

˙
a Nur

˙
un Nur

˙
uNar Nur

˙
ur
˙

Nur
˙
u Nur

˙
u

kat
˙
a kat

˙
un kat

˙
uNar kat

˙
ur
˙

kat
˙
u kat

˙
u

mun
˙
a mun

˙
un mun

˙
uNar mun

˙
ur
˙

mun
˙
u mun

˙
u

Nawa Nawun NawuNar Nawur
˙

Nawu Nawu
ken

˙
t
˙
e ken

˙
t
˙
in ken

˙
t
˙
iNar ken

˙
t
˙
iwur

˙
– ken

˙
t
˙
i

tjimpe tjimpin tjimpiNar tjimpiwur
˙

– tjimpi
Nin

˙
e Nin

˙
in Nin

˙
iNar Nin

˙
iwur

˙
– Nin

˙
i

pape papin papiNar papiwur
˙

– papi
tjempe tjempen tjempeNar tjemper

˙
– tjempe

wit
˙
e wit

˙
en wit

˙
eNar wit

˙
er
˙

– wit
˙
e

waNal waNalkin waNalkar waNalkur
˙

– waNalk
menjel menjelkin menjelkar menjelkur

˙
– menjelk

makar makarkin makarkar makarkur
˙

– makark
jalul jalulun jaluluNar jalulur

˙
– jalulu

majar majaran majaraNar majarar
˙

– majara
talkur talkuran talkuraNar talkurar

˙
– talkura

wiwal wiwalan wiwalaNar wiwalar
˙

– wiwala
karikar karikarin karikariNar karikariwur

˙
– karikari

jilijil jilijilin jilijiliNar jilijiliwur
˙

– jilijili
jukar jukarpan jukarpaNar jukarpar

˙
– jukarpa

pulNar pulNarpan pulNarpaNar pulNarpar
˙

– pulNarpa
wulun wulunkan wulunkaNar wulunkar

˙
– wulunka

wut
˙
al wut

˙
altjin wut

˙
altjiNar wut

˙
altjiwur – wut

˙
altji

kantukan kantukantun kantukantuNar kantukantur
˙

– kantukantu
karwakar karwakarwan karwakarwaNar karwakarwar

˙
– karwakarwa

turara turaraNin turaraNar turaraNkur
˙

– turaraN
Nalu Nalukin Nalukar Nalukur

˙
– Naluk

kurka kurkaNin kurkaNar kurkaNkur
˙

– kurkaN
taNku taNkuNin taNkuNar taNkuNkur

˙
– taNkuN

kurpur
˙
u kurpur

˙
uNin kurpur

˙
uNar kurpur

˙
uNkur

˙
– kurpur

˙
uN

putu putukan putukaNar putukar
˙

– putuka
maali maalijan maalijaNar maalijar

˙
– maalija

tjin
˙
tirpu tjin

˙
tirpuwan tjin

˙
tirpuwaNar tjin

˙
tirpuwar

˙
– tjin

˙
tirpuwa

pukatji pukatjijan pukatjijaNar pukatjijar
˙

– pukatjija
murkuni murkuniman murkunimaNar murkunimar

˙
– murkunima

NawuNa NawuNawun NawuNawuNar NawuNawur
˙

– NawuNawa
tipiti tipitipin tipitipiNar tipitipiwur

˙
– tipitipi

tapu taputjin taputjiNar taputjiwur
˙

– taputji
muNkumu muNkumuNkun muNkumuNkuNar muNkumuNkur

˙
– muNkumuNku

tjumputju tjumputjumpun tjumputjumpuNar tjumputjumpur
˙

– tjumputjumpu
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Rules:[
+nasal

]
→ ∅ /

[
+nasal

]

[
+vowel

]
→ ∅ /

[
+vowel

] [
+coronal

]

[
+voice

]
→ a /

[ ] [
-vowel

]
#

∅ → k /

[
+continuant
-high

] [
+nasal

] [ ] [
-sonorant

]
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Dutch :

stem+t@ ÛR UR

klapt@ klap klap
krabd@ krab krab
rEd@ rE rEd
vÌst@ vÌs vÌs
razd@ raz raz
zEt@ zE zEt
maft@ maf maf
klovd@ klov klov
lEGd@ lEG lEG
laxt@ lax lax
rumd@ rum rum
zund@ zun zun
meNd@ meN meN
rurd@ rur rur
rOld@ rOl rOl
ajd@ aj aj
skid@ ski ski

Rules:[
-vowel

]
→
[

+voice
]
/
[

-anterior
] [

+voice
] [

+vowel
]
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Icelandic :

stem+ur stem stem+ri stem stem+Dum stem ÛR UR

dagur dag – – – – dag dag
staDur staD – – stöDum – staD staD
hestur hest – – – – hest hest
bær bæ – – – – bæ bæ
læknir lækni – – – – lækni lækni
lifur – lifri – – – lif lif
akur – agri – ökrum – – ak
aldur – aldri – öldrum – – ald
lüfur lüf – lüfs lüfjum lüfja – lüfurj
bülur bül – büls büljum bülja – bülj
söngur söng – söngs söngvum söngva – söngv
barn – – – börnum – – börn
baggi – – – böggull – – bögg
jaki – – – jökull – – jök
Tagga – – – Tögull – – Tög
kalla – – – köllum – – köll

Rules:
[ ]

→ ö /

[
-sonorant
+voice

] [
-vowel

]

[
+voice

]
→ ∅ /

[
+vowel

] [
-vowel

]
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Anxiang :

stem stem+i@r ÛR UR

tie tieti@r tiet tiet
mian mianmi@r mianm mian
tai tait@r tai tai
pau paup@r pau pau
ke kek@r ke ke
fa faf@r fa fa
o o@r o o
ti titi@r tit ti
tin tinti@r tint tin
phu phuph@r phu phu
tx
“
j tx

“
jtx

“
j@r tx

“
tx
“

tx
“
j

Rules:[
-vowel

]
→ ∅ /

[
-back

]
#

[
-back
+vowel

]
→ ∅ /

[
+vowel

] [ +continuant
-high

]

∅ →
[

-vowel
]
i / #

[
-vowel

]
i

[
-anterior

]
0

[
-tense

] [ +continuant
-high

]

[ ]
→ j / x

“
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