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1 Introduction

This paper introduces the Unnatural Language
Toolkit (ULTK), an open-source Python library for
computational semantic typology research (https:
//clmbr.shane.st/ultk/). ULTK’s key features
include unifying data structures, algorithms for
generating artificial languages, and data analy-
sis tools for related computational experiments.
The language module organizes the basic data
structures for constructing meaning spaces, expres-
sions, and languages. A grammar submodule con-
tains methods for building and enumerating expres-
sions from custom Language of Thought (Fodor,
1975, 2008; Quilty-Dunn et al., 2022) grammars,
which allows for straightforward computation of
minimum length descriptions for symbolically ex-
pressible semantic representations. This approach
has been used successfully in many investigations
of concept learning (Feldman, 2000; Goodman
et al., 2015). The second main module of ULTK,
effcomm, organizes efficient communication anal-
yses, which have become popular styles of expla-
nation in recent functionalist accounts of semantic
universals (Kemp et al., 2018). This module con-
tains functions for defining informativity based on
literal and pragmatic communicative agents and
algorithms for exploring the space of artificial lan-
guages.

After first elaborating on the structure of these
two modules, we then provide two case studies,
illustrating two major styles of explanation in com-
putational semantic typology research: (1) an effi-
cient communication analysis of modal semantic
typology, and (2) an analysis of the relative ease of
learning of monotone versus non-monotone quan-
tifiers. ULTK’s accessible design, documentation,
and open-source nature are intended to reduce bar-
riers for researchers when implementing computa-
tional linguistic typological experiments.

2 Language module

Figure 1: Structure of a ultk.language.Language, us-
ing the English modal vocabulary as an example.

In ULTK, a Language (Figure 1) is a collec-
tion of Expressions; an Expression is a map-
ping between a surface form and a Meaning; a
Meaning maps a Universe’s Referents to an ob-
ject of arbitrary type (e.g., bool if the meaning is
boolean). A Referent is a wrapper for any hash-
able Python object, which could be as simple as an
index or as complex as a model-theoretic structure.
A Universe is a collection of Referents. In this
way, a bool Meaning corresponds to the charac-
teristic function of a set. To capture probabilistic
meanings, it is natural to use float meanings.

Grammar This submodule contains classes and
functions for building Grammars and generating ex-
pressions. These are often used for semantic repre-
sentations: at its core, this module enables compos-
ing functions to arbitrary depth according to their
input and output types. A Grammar is made up of
arbitrary Rules, with GrammaticalExpressions
formed by combining rules with licensed input and
output types (Piantadosi, 2014). A Rule minimally
consists of a name, a left-hand side (output type) a
right-hand side (sequence of input types), a func-
tion to apply, and optionally a weight (for defining
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Name LHS RHS Types Function

and bool bool , bool λ p1, p2: p1 and p2

or bool bool , bool λ p1, p2: p1 or p2

not bool bool λ p: not p

weak bool Referent λ m: m.force == "weak"

strong bool Referent λ m: m.force == "strong"

epistemic bool Referent λ m: m.flavor == "epistemic"

deontic bool Referent λ m: m.flavor == "deontic"

circumstantial bool Referent λ m: m.flavor == "circumstantial"

Name LHS RHS Types Function

union frozenset frozenset , frozenset λ s1, s2: s1 \| s2

intersection frozenset frozenset , frozenset λ s1, s2: s1 & s2

cardinality int frozenset λ s: len(s)

subset_eq bool frozenset , frozenset λ s1, s2: s1 < s2

diff bool frozenset , frozenset λ s1, s2: s1 - s2

empty bool frozenset λ s: len(s) == 0

nonempty bool frozenset λ s: len(s) > 0
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Figure 2: The ULTK LoT grammars in our case studies,
modals (top) and quantifiers (bottom, snippet).

probabilistic grammars). A Grammar can be ini-
tialized by loading a Python module with arbitrary
functions parsed as Rules, or by loading a YAML
file (Figure 2). The grammar submodule can be
used to generate minimum length descriptions for
Meanings in order to quantify their representational
complexity for computational experiments; this can
be done by depth-bounded enumeration (with user-
specified uniqueness criteria) or by approximate
Bayesian inference over PCFGs.

3 Effcomm module

The effcomm module provides tools for analyz-
ing the communicative efficiency of languages.
The agent and informativity submodules imple-
ment Rational Speech Act-style agents and enable
the computation of literal and pragmatic informa-
tivity of languages (Frank and Goodman, 2012;
Degen, 2023). These tools for measuring infor-
mative communication, together with tools from
language.grammar for measuring the complex-
ity of languages, can be combined to study how
languages balance, or trade off, various pressures
efficiently. The effcomm module also includes
submodules for generating hypothetical languages
through various sampling strategies (sampling),
approximating Pareto-optimal solutions to effi-
ciency trade-offs via an evolutionary optimiza-
tion algorithm (optimization), and evaluating the
languages’ communicative properties (tradeoff).
The analysis submodule provides utilities for vi-
sualizing language distributions in trade-off space.
These components are designed to work together to

support end-to-end efficient communication analy-
ses of artificial or natural languages.

4 Case study 1: efficient communication
for modals

Efficient communication has been proposed as
an explanation for variation in semantic typology
(Kemp et al., 2018). Using ULTK, we replicate
Imel et al. (2024) by applying this analysis to
modals. To do this, we (1) convert attested modal
vocabularies to ULTK Languages, (2) generate ar-
tificial vocabularies, and (3) measure efficiency and
a notion of naturalness. For the latter , we consider
the degree to which a language satisfies the Inde-
pendence of Force and Flavor (IFF) semantic uni-
versal (Steinert-Threlkeld et al., 2023). We define a
modal Universe of (force, flavor) Referents and
construct Languages as sets of Expressions map-
ping these referents to truth values (Fig. 1).

Languages Natural vocabularies are de-
rived from a public database (Guo et al.,
2022), while artificial ones are gener-
ated via ULTK’s language.sampling and
effcomm.optimization modules. The former
samples meanings randomly while controlling IFF
satisfaction, and the latter uses an evolutionary
algorithm to approximate the Pareto frontier for
the complexity/communicative cost trade-off. This
step uses some convenience methods that ULTK
provides for turning data in fieldwork-natural
formats into its natural internal data structures
that are needed for an efficient communication
analysis; this helps lower the barrier-of-entry to
conducting such analyses.

Efficient communication Complexity is mea-
sured as minimum description length in a boolean
Language-of-Thought (LoT) (Kemp and Regier,
2012), using language.grammar to enumerate and
cache shortest expressions. Communicative cost
is measured in effcomm.informativity, which
models literal communication and uses commu-
nicative need priors estimated from English news
data. While the results we present here use literal
speakers and listeners, ULTK offers convenience
methods for iterating pragmatic agents to arbitrary
depth from a given language (Frank and Goodman,
2012; Degen, 2023).

Results Figure 3 plots complexity vs. commu-
nicative cost, with artificial languages colored by
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Figure 3: Replication of Imel et al. (2024) via
ULTK; see text for details. Full demo available
at https://github.com/CLMBRs/ultk/tree/main/
src/examples/modals.

naturalness and natural ones marked in red. Natu-
ral languages cluster closer to the Pareto frontier
(large points) than chance (t(15536) = 46, p ≈ 0),
and naturalness negatively correlates with Pareto
distance (ρ = −0.38, p ≈ 0). Similar replica-
tions of efficient communication analyses (e.g., kin-
ship (Kemp and Regier, 2012), indefinite pronouns
(Denić et al., 2022), quantifiers (Steinert-Threlkeld,
2021), connectives (Uegaki, 2021)) are under devel-
opment. ULTK provides abstractions and utilities
that allow for relatively simple replication of these
existing analyses and, therefore, makes it easy to
conduct new ones as well.

5 Case study 2: ease of learning for
(monotone) quantifiers

Semantic universals constrain natural linguistic
meanings (Croft, 2003). For example, all simple
determiners in natural languages are argued to be
monotonic (Barwise and Cooper, 1981). A pos-
sible explanation is that monotone quantifiers are
easier to learn (Steinert-Threlkeld and Szymanik,
2019; Chemla et al., 2019). Using ULTK, we repli-
cate one of the results contained in Haberland and
Steinert-Threlkeld (2025) (which contains full ex-
perimental details), showing that monotone quanti-
fiers are easier to learn than non-monotone quanti-
fiers. We generate a large number of quantifier ex-
pressions composed from a LoT grammar (see Fig-
ure 2). We measure ease of learning as the number
of steps required by a neural model to learn to cor-
rectly judge the truth-value of a quantifier. We gen-
erate 2000 quantifiers from the LoT grammar and
measure the speed at which both LSTM and Trans-

Figure 4: Replication of Haberland and Steinert-
Threlkeld (2025) via ULTK; see text for details.
Full demo available at https://github.com/CLMBRs/
ultk/tree/main/src/examples/learn_quant.

former models learn to verify expressions that are
both monotonic and non-monotonic. We find that
monotone quantifiers are typically learned much
faster than non-monotone ones (Figure 4). This
suggests that ease of learning may be a factor shap-
ing the lexical semantic typology of the world’s
languages, at least in this domain (see (Steinert-
Threlkeld, 2020; Steinert-Threlkeld and Szymanik,
2020; Maldonado et al., 2022; Maldonado and Cul-
bertson, 2019; Strohmaier and Wimmer, 2022) for
other case studies in other domains).

This case study demonstrates the potential of
using ULTK to answer questions about the rela-
tion between semantic universals and ease of learn-
ing. In addition to the LoT grammar, the library
provides basic tools for structuring Meanings and
other objects in a way that is consumable by exter-
nal machine learning libraries.

6 Conclusion

The Unnatural Language Toolkit (ULTK) is an
open-source library, enabling linguists to execute
computational typological research. Our intention
is to lower the barrier-to-entry to conducting effi-
cient communication and ease-of-learning analyses
of typological phenomena. In the limit, typolo-
gists and fieldworkers will be able to input data
structured in natural ways, and the library will
facilitate analyses in these these domains. The
two case studies presented here demonstrate the
possibility of this division of labor and the util-
ity of the ULTK library. Future work will ex-
pand both coverage of methods and improve the
ease of use to continue making this dream a re-
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ality. We welcome submissions of contributions,
questions, and suggestions to our code repository
(https://github.com/CLMBRs/ultk).
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