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Introduction
Context Property-based testing (PBT) and formal verifica-
tion are two complementary techniques for reducing the preva-
lence of software errors. PBT is a systematic technique that
promises to both reduce the cost and increase the thorough-
ness of testing. It allows software testers to write executable
specifications capturing expected properties of the system
under test, or a small part of it, and it semi-automatically tests
these properties on large sets of test data, e.g., randomly gener-
ated according to some probability distribution. When a coun-
terexample is found it is automatically shrunk to a minimal
one, which is displayed to the user. QuickCheck [5], the first
popular PBT tool, targets Haskell and is widely used in the
functional programming languages community. QuickCheck
has been ported to all mainstream programming languages
and has spurred significant industrial interest.

While PBT is effective at finding errors, no amount of
testing is enough to guarantee the absence of errors. Only
formal verification can provide the strong guarantees required
for safety- and security-critical software, for which errors
can have disastrous real-world consequences. Continuous
progress in formal verification in the past decades has cul-
minated with many recent milestones (e.g., seL4, CompCert,
RockSalt, CertiKOS, miTLS) which show beyond any doubt
that (with enough effort) formal verification can scale up to
sizable software artifacts, such as compilers, operating system
kernels, and cryptographic protocols.

Despite this great progress, formal verification in a proof as-
sistant is still prohibitively expensive for mainstream adoption.
Carrying out a formal proof while designing even a relatively

simple system can be an exercise in frustration, with a great
deal of time spent attempting to prove things about broken
definitions, and countless iterations for discovering the correct
lemmas and strengthening inductive invariants.

The goal of this project is to achieve the lower cost of PBT
and the stronger formal guarantees of verification in one sin-
gle system. For this we will tightly integrate PBT and formal
verification in the Coq proof assistant and achieve a virtu-
ous cycle in which testing helps verification and verification
helps testing. Testing will decrease the cost of verification by
allowing users to find errors in definitions and conjectured
properties early in the design process, and to postpone verifi-
cation attempts until they are reasonably confident that their
system is correct. Easily understandable counterexamples
will guide users not just for producing correct system designs,
but also for constructing the formal evidence of their correct-
ness during the verification process, by quickly validating
proof goals, potential lemmas, and inductive invariants. All
this will dramatically decrease the number of costly failed
proof attempts in Coq developments, which will lower the bar-
rier to entry and increase adoption of the Coq proof assistant.
Moreover, integrating PBT with Coq will provide an easier
path going from systematic testing to formal verification, by
encouraging developers to write specifications that can be
only tested at first and later formally verified. Finally, our so-
lution will be fully general, and thus also be useful to regular
software developers for testing outside proof assistants.

Luck Since in practice dependable PBT can itself be pro-
hibitively difficult, the main objective of this project is to
reduce the cost of PBT, while maintaining its full generality
and programmability. We achieve this by a combination of
programming language design and code synthesis. In partic-
ular we introduce Luck, a novel domain-specific language
for property-based generators that leads to an order of magni-
tude reduction in code size using ideas from functional logic
programming and constraint solving, provides automation of
common patterns, yet is fully customizable, and keeps the
user fully in control. Syntactically, we use a simple proba-
bilistic lambda calculus with algebraic datatypes extended
with “unknown values” (logical variables). When all values a
Luck program uses are known, the program evaluates in the
standard way, producing a single result. When some values
used by the program are unknown, Luck randomly instantiates
these unknowns to the extent needed [2]. Wrong instantia-
tions can cause costly backtracking, so we allow the user to
delimit expressions for which instantiation should be delayed
and for which our language gathers and propagates constraints
before committing to an instantiation. For instance, if x is
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an unknown in the expression low < x && x < high we
only want to instantiate x after processing both constraints.
To account for instantiation and backtracking the semantics of
Luck expressions is defined in terms of co-inductive computa-
tion trees, where branching is probabilistic. Work is already
quite advanced on defining this semantics, on working out
the metatheory, and on building a prototype Luck interpreter
[14, 10]. Still, more research is needed both on the theory and
practice of Luck.

Problem 1: A denotational semantics for Luck While
we are currently giving an operational semantics to Luck, we
would like to explore devising a denotational semantics for it.
For this we could for instance take inspiration in recent work
on semantics for probabilistic programming languages [1].
Our goal will be to prove that the new denotational seman-
tics agrees with the existing operational one and to investi-
gate whether soundness and completeness with respect to the
boolean semantics of predicates is easier to establish for the
denotational semantics. Finally, we aim to formalize these
proofs in the Coq proof assistant.

Problem 2: Synthesizing Luck programs While Luck
eliminates the duplication between generators and checkers
for the same property, if one wants to obtain formal guar-
antees one currently needs to manually relate Luck code to
the high-level property that it tests. In recent work, we have
proposed a general verification methodology for proving that
executable testing code is testing the right Coq property [12].
In order to reduce user effort, we will investigate classes of
properties for which we can use program synthesis to pro-
duce correct-by-construction programs from their declarative
specifications. For this we will take inspiration from logic
programming [4, 3, 6, 13] and deductive synthesis [7]. We
will use existing examples from the literature to assess the
feasibility of our solution [4, 3, 6, 13, 9, 11, 8].

More problems In addition to the two problems above,
other challenges on the Luck project include integrating Luck
with Coq and/or Haskell, building an efficient compiler for
Luck, devising an optimal parameter selection framework for
Luck generators, and performing more ambitious case studies.
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