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Talk Overview

We propose here boolean monadic recursive schemes (BMRSs) and
demonstrate their utility for phonological analysis.

As we will show and discuss, this formalism has a well-understood com-
plexity bound that corresponds to previous results in the study of com-
putational phonology, but it also provides a way to implement phono-
logical substance.

...Thus, the BMRS formalism enables a theory of phonology that cap-
tures both intensional and computational generalizations about phonol-
ogy in a way that is unavailable to previous frameworks.

Computational universals in linguistic theory: Using recursive programs for
phonological analysis (Chandlee and Jardine, 2021)
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Talk Overview

Computationally

Restricted

Substantive

Generalizations

Target-

Centric???

van Rooij and Baggio (2021)
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Talk Overview

Computationally

Restricted

Substantive

Generalizations

Target-

Centric???

Nevins (2005, 2010); Mailhot and Reiss (2007); Samuels (2009); Dabbous
et al. (2021); Burness et al. (2024)

Nelson & King (Illinois) S+C with BMRS October 9, 2026 3



Background
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How to determine the [back] value of the final vowel?

C V C C V →
p u l ʁ A

[+back] [+/-back]

C V C C V

p u l ʁ ɑ

[+back] [+back]

C V C C V →
t y r d A

[-back] [+/-back]

C V C C V

t y r d æ

[-back] [-back]

[pul-ʁɑ] ‘money-DAT’, [tyr-dæ] ‘type-LOC’
Uyghur; Mayer (2021, p. 23)
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Traditional Formal Analyses

I Rules:

I [+syl] → [αback]/
[

+syl
αback

]
C0 __

I Autosegmental Spreading:
I V V

[±back]

I OT Constraints:
I Agree � Ident(back)
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Source-centric vs. Target-centric

I Does the trigger “give” its value to the target?
I Autosegmental spreading

I Or does the target “take” its value from the trigger?
I Search Copy/Change
I BMRS

Burness et al. (2024, p. 271)

“What if, instead of harmony being driven by an imperative for

fully specified vowels to propagate their values onto

unspecified values, harmony was driven by an imperative for ...

vowels to seek out values in order to become fully specified?”

Nevins (2005, 2010); Mailhot and Reiss (2007); Samuels (2009); Dabbous
et al. (2021); Burness et al. (2024)
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Search & Copy

I Vowel (dis)harmony is a search procedure such that
morphemes which undergo harmony are lexically

underspecified for the harmonizing feature and need to

search for a donor to provide a value.

Nevins (2005, 2010); Burness et al. (2024)
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Search & Copy

1: myVals = V
2: myPosition = P
3: myFeatsneeded = F
4: myConditionalRequirements(F) = R
5: Direction = δ
6: while F is not empty do
7: Go in direction δ and update P
8: if R is true of P then:
9: Copy Val(P, f ) to V
10: Remove f from F
11: else:
12: exit

Nevins (2010)
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Search & Copy

1: myVals = V = . . .
2: myPosition = P = 5
3: myFeatsneeded = F = {back}
4: myConditionalRequirements(F) = R= +syl
5: Direction = δ = LEFT
6: while F is not empty do
7: Go in direction δ and update P
8: if R is true of P then:
9: Copy Val(P, f ) to V
10: Remove f from F
11: else:
12: exit

1 2 3 4 5

p u l ʁ A

F = {back}

V = . . .

+syl

+back

Nevins (2010)
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Search & Copy

1: myVals = V = . . .
2: myPosition = P = 4
3: myFeatsneeded = F = {back}
4: myConditionalRequirements(F) = R= +syl
5: Direction = δ = LEFT
6: while F is not empty do
7: Go in direction δ and update P
8: if R is true of P then:
9: Copy Val(P, f ) to V
10: Remove f from F
11: else:
12: exit

1 2 3 4 5

p u l ʁ A

F = {back}

V = . . .

+syl

+back

Nevins (2010)
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Search & Copy

1: myVals = V = . . .
2: myPosition = P = 3
3: myFeatsneeded = F = {back}
4: myConditionalRequirements(F) = R= +syl
5: Direction = δ = LEFT
6: while F is not empty do
7: Go in direction δ and update P
8: if R is true of P then:
9: Copy Val(P, f ) to V
10: Remove f from F
11: else:
12: exit

1 2 3 4 5

p u l ʁ A

F = {back}

V = . . .

+syl

+back

Nevins (2010)
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Search & Copy

1: myVals = V = . . .
2: myPosition = P = 2
3: myFeatsneeded = F = {back}
4: myConditionalRequirements(F) = R= +syl
5: Direction = δ = LEFT
6: while F is not empty do
7: Go in direction δ and update P
8: if R is true of P then:
9: Copy Val(P, f ) to V
10: Remove f from F
11: else:
12: exit

1 2 3 4 5

p u l ʁ A

F = {back}

V = . . .

+syl

+back

Nevins (2010)
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Search & Copy

1: myVals = V = . . . ,+back
2: myPosition = P = . . .
3: myFeatsneeded = F = {}
4: myConditionalRequirements(F) = R= +syl
5: Direction = δ = LEFT
6: while F is not empty do
7: Go in direction δ and update P
8: if R is true of P then:
9: Copy Val(P, f ) to V
10: Remove f from F
11: else:
12: exit

1 2 3 4 5

p u l ʁ ɑ

F = {}

V = . . . ,
+back

+syl

+back

Nevins (2010)
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Search & Change

I The copy aspect has been changed to more generally have
a trigger induce any general type of change on the target.

I Phonological rules are paramaterized search procedures
that require targets to search for triggers (which may be

arbitrarily far away) and then undergo some type of

change if and only if the trigger has some additional set of

properties.

Mailhot and Reiss (2007); Dabbous et al. (2021)
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Search & Change

I Search
I INR:
I TRM:
I DIR:

I Change
I INPUT:
I OUTPUT:
I CONDITION:

Dabbous et al. (2021)
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Search & Change

I Search
I INR: +syl
I TRM: +syl
I DIR: Left

I Change
I INPUT: INR
I OUTPUT: back(TRM)
I CONDITION: n/a

1 2 3 4 5

p u l ʁ A

+syl

±back

+syl

+back

Dabbous et al. (2021)
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I Search
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I DIR: Left
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I CONDITION: n/a

1 2 3 4 5

p u l ʁ ɑ

+syl

+back
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Boolean Monadic Recursive Schemes

φback(x) := IF init(x)
THEN back(x)
ELSE φback(p(x))

φf (x) := f (x) | f ∈ F \ back

1 2

Input: p u+b l ʁ A±b

back(x) > >/⊥
syl(x) > >
init(x) > ⊥

φback(x) > >
φsyl(x) > >

Output: p u+b l ʁ ɑ+b

Bhaskar et al. (2020); Chandlee and Jardine (2021); Bhaskar et al. (2023)
See also Nelson and Baković (2026); Nelson and King (2026)
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Subregular Function Classes

Regular

Rational

Weakly

Deterministic

Tier-Based

Input Strictly Local

Left Tier-Based

Output Strictly Local

Right Tier-based

Output Strictly Local

Left

Subsequential

Right

Subsequential

Input

Strictly Local
Left Output

Strictly Local

Right Output

Strictly Local

BMRSs,p

BMRSs, BMRSp

BMRSnr

S&C

Andersson et al. (2020); Bhaskar et al. (2020, 2023); Burness et al. (2024)
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Boolean Monadic Recursive
Schemes

Nelson & King (Illinois) S+C with BMRS October 9, 2026 14



BMRS Overview

I BMRS define string-to-string functions as subregular logical
transductions and correspond with different classes of

subregular functions.

I A string is a structure s over a model signature
S = 〈f | f ∈ F , p(x), s(x)〉

I f are unary labeling relations drawn from a set F
I s(x) and p(x) are successor and predecessor ordering
functions.

[
+f

−g

]
1

[
−f

+g

]
2

[
+f

+g

]
3

[
−f

−g

]
4

s s s

Bhaskar et al. (2020); Chandlee and Jardine (2021); Bhaskar et al. (2023)
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BMRS Overview

I A BMRS program ρ is a collection of recursive functions
f1, . . . , fn where each function has output type boolean and

a single argument (monadic).

I BMRS functions are built using IF . . . THEN . . . ELSE . . .
syntax.

I A subset of these functions are labeled as φf (x) and indicate
that domain element x carries property f in the output.

I Following a suggestion by Chandlee and Jardine (2021),
we loosen the boolean restriction and extend these

functions to have type index → {0,−,+}.

Bhaskar et al. (2020); Chandlee and Jardine (2021); Bhaskar et al. (2023)
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BMRS Overview

I A local function contains no recursive calls.
I Assimilation of feature f between local +g segments:

I φf (x) := IF g(x) ≈ + ∧ g(s(x)) ≈ + THEN f (s(x)) ELSE f (x)

[
+f

−g

]
1

[
−f

+g

]
2

[
+f

+g

]
3

[
−f

−g

]
4

[
+f

−g

]
1

[
+f

+g

]
2

[
+f

+g

]
3

[
−f

−g

]
4

Input:

Output:

s s s

s s s
f (
s(
x)
)f(x

)

f(x
)

f(x
)

Bhaskar et al. (2020); Chandlee and Jardine (2021); Bhaskar et al. (2023)
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BMRS Overview

I A non-local function uses recursive calls.
I Non-local harmony for feature f between −g segments:

I φf (x) := IF g(x) ≈ − THEN s
−g
f

(x) ELSE f (x)

I s
−g
f

(x) := IF edge(x) THEN f (x) ELSE IF g(s(x)) ≈
− THEN f (s(x)) ELSE s

−g
f

(s(x))

[
+f

−g

]
1

[
−f

+g

]
2

[
+f

+g

]
3

[
−f

−g

]
4

[
−f

−g

]
1

[
−f

+g

]
2

[
+f

+g

]
3

[
−f

−g

]
4

Input:

Output:

s s s

s s s

s−g
f (x)f(x

)

f(x
)

s −
g

f
(x
)

Bhaskar et al. (2020); Chandlee and Jardine (2021); Bhaskar et al. (2023)
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Search & Copy/Change as
BMRS Programs
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Nevins style S&C

φfi(x) := IF ιi(x) THEN sιfi(x) ELSE fi(x)

ιi(x) := IF fi(x) ≈ 0 THEN > ELSE ⊥
sιfi(x) := IF edge(x) THEN def ELSE

IF ψ(δ(x)) THEN
IF Ri(δ(x)) THEN fi(δ(x)) ELSE def

ELSE sιfi(δ(x))

I The primary predicate is φfi(x) which checks if an initiator
is seen, runs the search procedure (sιfi) if so, and makes no
change if not.

Nelson & King (Illinois) S+C with BMRS October 9, 2026 20



Nevins style S&C

φfi(x) := IF ιi(x) THEN sιfi(x) ELSE fi(x)

ιi(x) := IF fi(x) ≈ 0 THEN > ELSE ⊥
sιfi(x) := IF edge(x) THEN def ELSE

IF ψ(δ(x)) THEN
IF Ri(δ(x)) THEN fi(δ(x)) ELSE def

ELSE sιfi(δ(x))

I An element being an initiator is determined by the second
predicate (ιi(x)) which states that an element initiates
search for the feature fi if it is underspecified for that

feature.
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Nevins style S&C

φfi(x) := IF ιi(x) THEN sιfi(x) ELSE fi(x)

ιi(x) := IF fi(x) ≈ 0 THEN > ELSE ⊥
sιfi(x) := IF edge(x) THEN def ELSE

IF ψ(δ(x)) THEN
IF Ri(δ(x)) THEN fi(δ(x)) ELSE def

ELSE sιfi(δ(x))

I If an element is on an edge, it has nowhere to search and
therefore automatically returns a default value.
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Nevins style S&C

φfi(x) := IF ιi(x) THEN sιfi(x) ELSE fi(x)

ιi(x) := IF fi(x) ≈ 0 THEN > ELSE ⊥
sιfi(x) := IF edge(x) THEN def ELSE

IF ψ(δ(x)) THEN
IF Ri(δ(x)) THEN fi(δ(x)) ELSE def

ELSE sιfi(δ(x))

I Otherwise, the functions looks to the adjacent element in
the string. If the adjacent element satisfies the termination

requirement established by ψ, the predicate moves forward
with checking if that character has the required features for

copying, Ri.
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Nevins style S&C

φfi(x) := IF ιi(x) THEN sιfi(x) ELSE fi(x)

ιi(x) := IF fi(x) ≈ 0 THEN > ELSE ⊥
sιfi(x) := IF edge(x) THEN def ELSE

IF ψ(δ(x)) THEN
IF Ri(δ(x)) THEN fi(δ(x)) ELSE def

ELSE sιfi(δ(x))

I If so, fi is copied over to the initiating element, otherwise it
takes the default value for fi.
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Nevins style S&C

φfi(x) := IF ιi(x) THEN sιfi(x) ELSE fi(x)

ιi(x) := IF fi(x) ≈ 0 THEN > ELSE ⊥
sιfi(x) := IF edge(x) THEN def ELSE

IF ψ(δ(x)) THEN
IF Ri(δ(x)) THEN fi(δ(x)) ELSE def

ELSE sιfi(δ(x))

I If the adjacent element is not a terminator, the predicate
recurses until a terminator is found or the procedure

reaches the end of the string.
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Nevins style S&C

φfi(x) := IF ιi(x) THEN sιfi(x) ELSE fi(x)

ιi(x) := IF fi(x) ≈ 0 THEN > ELSE ⊥
sιfi(x) := IF edge(x) THEN def ELSE

IF ψ(δ(x)) THEN
IF Ri(δ(x)) THEN fi(δ(x)) ELSE def

ELSE sιfi(δ(x))

I In these functions, δ stands for the successor or predecessor
functions which determine the direction of

recursion/“search”. edge corresponds to initial or final
segments depending on the direction.
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Concordia style S&C

φfi(x) := IF ιi(x) THEN sιfi(x) ELSE fi(x)

ιi(x) := IF P(x) THEN > ELSE ⊥
sιfi(x) := IF edge(x) THEN fi(x) ELSE

IF term(δ(x)) THEN
IF cond(δ(x)) THEN v ELSE fi(x)

ELSE sιfi(δ(x))

I The Concordia School version of Search and Change can be
captured with BMRS in a similar manner.
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Concordia style S&C

φfi(x) := IF ιi(x) THEN sιfi(x) ELSE fi(x)

ιi(x) := IF P(x) THEN > ELSE ⊥
sιfi(x) := IF edge(x) THEN fi(x) ELSE

IF term(δ(x)) THEN
IF cond(δ(x)) THEN v ELSE fi(x)

ELSE sιfi(δ(x))

I Importantly, the initiator elements for this procedure do
not need to be underspecified.
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Concordia style S&C

φfi(x) := IF ιi(x) THEN sιfi(x) ELSE fi(x)

ιi(x) := IF P(x) THEN > ELSE ⊥
sιfi(x) := IF edge(x) THEN fi(x) ELSE

IF term(δ(x)) THEN
IF cond(δ(x)) THEN v ELSE fi(x)

ELSE sιfi(δ(x))

I Instead, the initiators are defined with a set of features on
a domain element (P(x)), which trigger a search in
direction (δ) for a terminating element (term) which has
further conditions (cond) similarly to Nevins.
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Concordia style S&C

φfi(x) := IF ιi(x) THEN sιfi(x) ELSE fi(x)

ιi(x) := IF P(x) THEN > ELSE ⊥
sιfi(x) := IF edge(x) THEN fi(x) ELSE

IF term(δ(x)) THEN
IF cond(δ(x)) THEN v ELSE fi(x)

ELSE sιfi(δ(x))

I If these conditions are met, the initiating element takes a
feature value for f according to a change procedure.
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Concordia style S&C

φfi(x) := IF ιi(x) THEN sιfi(x) ELSE fi(x)

ιi(x) := IF P(x) THEN > ELSE ⊥
sιfi(x) := IF edge(x) THEN fi(x) ELSE

IF term(δ(x)) THEN
IF cond(δ(x)) THEN v ELSE fi(x)

ELSE sιfi(δ(x))

I Unlike the Nevins version, there is no requirement that the
change be related directly to the terminator. This can be

seen on line 5 in blue where we represent change as v

which stands for a feature v ∈ {+,−, 0}.
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Concordia style S&C

φfi(x) := IF ιi(x) THEN sιfi(x) ELSE fi(x)

ιi(x) := IF P(x) THEN > ELSE ⊥
sιfi(x) := IF edge(x) THEN fi(x) ELSE

IF term(δ(x)) THEN
IF cond(δ(x)) THEN v ELSE fi(x)

ELSE sιfi(δ(x))

I The other major difference between the two approaches is
what happens when a search fails.

Nelson & King (Illinois) S+C with BMRS October 9, 2026 21



BMRS Implementations Side-by-Side

φfi (x) := IF ιi(x) THEN sιfi (x) ELSE fi(x)

ιi(x) := IF fi(x) ≈ 0 THEN > ELSE ⊥
sιfi (x) := IF edge(x) THEN def ELSE

IF ψ(δ(x)) THEN

IF Ri(δ(x)) THEN fi(δ(x)) ELSE def

ELSE sιfi (δ(x))

φfi (x) := IF ιi(x) THEN sιfi (x) ELSE fi(x)

ιi(x) := IF P(x) THEN > ELSE ⊥
sιfi (x) := IF edge(x) THEN fi(x) ELSE

IF term(δ(x)) THEN

IF cond(δ(x)) THEN v ELSE fi(x)

ELSE sιfi (δ(x))

I Structurally identical, but subtle differences in what can
initiate plus what to do if a search fails.

Nelson & King (Illinois) S+C with BMRS October 9, 2026 22



Discussion & Conclusion
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Claims About Search/Target-Centric Models

Mailhot and Reiss (2007)

“The basic idea of a procedural approach is that the grammar

should specify, not what is well-formed or ill-formed, but how

to map an input to an output, as an explicitly characterized

function.”

I Logical transductions are essentially declarative
programming languages which use constraints to
determine whether or not a change needs to be made.

I BMRS is therefore a declarative model (i.e., not procedural)
and yet still gives an explicitly characterized function.

Nelson & King (Illinois) S+C with BMRS October 9, 2026 24



Claims About Search/Target-Centric Models

Nevins (2010)
“The no-lookahead property of the Search procedure seems to

require a target-initiated, procedural search, which cannot

obviously be replicated in declarative models.”

I Furthermore, BMRS is declarative and still can clearly
“search”.

I Even without the specific implementations shown today,
BMRS is still target-initiated.

I Search is the result of recursion, but even this is just an
implementation of a fixed-point operator.

Chandlee and Jardine (2019); Yolyan and Comer (2026)
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Variability/Optionality

I What other theoretical constraints are important and can
we relate them to BMRS?
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Variability/Optionality

I How might we integrate insights about phonological
variation into BMRS?

I Idea 1: translate BMRS into some type of predicate logic
and use weighted MSO.

I Idea 2: alter BMRS semantics in a way similar to weighted
MSO.

Lee (2026); Nelson (2026); Heinz et al. (Forthcoming)
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Summary

I BMRS has been proposed as a general framework for
formal phonological analysis.

I Target-centric “search” can be directly implemented with
BMRS.

I This may be indicative of some type of formal convergence.
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Thank You!
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