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ABSTRACT
Weighted finite-state transducers (WFSTs) are commonly used by engineers and computational
linguists for processing and generating speech and text. This book first provides a detailed intro-
duction to this formalism. It then introduces Pynini, a Python library for compiling finite-state
grammars and for combining, optimizing, applying, and searching finite-state transducers. This
book illustrates this library’s conventions and use with a series of case studies. These include the
compilation and application of context-dependent rewrite rules, the construction of morpho-
logical analyzers and generators, and text generation and processing applications.

KEYWORDS
automata, finite automata, finite-state automata, finite-state transducers, grammar
development, language processing, speech processing, state machines, text genera-
tion, text processing, Python, Pynini
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Preface
This book is our attempt to provide a “one-stop” reference for engineers and linguists inter-
ested in using finite-state technologies for text generation and processing. As such, it begins
with formal language and automata theory, topics covered in much greater detail by textbooks
such as Hopcroft et al. 2008 and handbook chapters such as Mohri 2009. In our experience,
full command of finite-state technologies requires familiarity with a number of matters that
have not received much attention in prior literature. Among these topics is the theory of semir-
ings, and algorithms specific to weighted automata such as the shortest-distance and shortest-
path algorithms. These formalisms and algorithms are key for finite-state speech recognition.
Furthermore, there exist many text processing applications that resemble weighted finite-state-
based speech recognition insofar as hypotheses—that is, possible output strings—are repre-
sented as paths through a lattice constructed via composition of weighted automata, and in-
ference/decoding involves computing the shortest path.

Users interested in text applications also stand to benefit from lesser-known “tricks of the
trade” for finite-state development. These tricks include fuzzy string matching (Figure 7.1), ef-
ficient algorithms for optimizing arbitrary weighted finite-state transducers (section 4.1), com-
piling rewrite rules (section 5.2) and morphological analyzers and generators (chapter 6), and
applying these transducers to sets of strings (section 5.3).

At the same time, we wish to go beyond algebraic formalisms and pseudocode. Thus,
we illustrate our examples with Pynini, an open-source Python library for weighted finite-state
transducers developed at Google. Still, we are skeptical that anything made out of dead trees is
an appropriate medium for documenting a rapidly changing software library. So whereas earlier
texts like Finite State Morphology (Beesley and Karttunen 2003) are in some sense about the
Xerox finite-state toolkit as it existed at the time, we hope that this is not merely a book about
Pynini. It is our hope that this melange of formalisms and algorithms, code and applications,
meets the needs of our readers.

Finally, in the current age we would be remiss if we did not stress the importance of ethi-
cal use of this—or indeed any—technology. Ten years ago, Sproat (2010a:255) pointed out the
potential dangers for society of language technology and its misuse, especially on social me-
dia platforms, noting that “language can be abused, and so can the technology that supports
it”. The recent rise in disinformation on social media has unfortunately made those concerns
seem all too prophetic. The ongoing pandemic, aggravated in large part by disinformation, has
brought these dangers into even starker relief. It is therefore our profound hope that the tech-
nology described in this book only be used for the betterment of humankind. One example of
this sort suggests itself: Markov et al. (2021) describe how regular expression matching is used
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to determine whether a post on social media mentions COVID-19 so it can be screened for
disinformation.

Kyle Gorman and Richard Sproat
April 2021
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