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Input	examples: 𝛼@, … , 𝛼R
Regular	expressions: 𝑅@,… , 𝑅R
Combine: 𝑅 = 𝑅@ +⋯+ 𝑅R
Merging	nonterminals: 𝐶
Generalize	constants: 𝐶U
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Grammars: URL,	Grep,	LISP,	XML

Inputs: membership	oracle	𝒪
50	random	strings	𝐸,- ⊆ 𝐿∗
5	minutes
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#	true	inputs

2 ⋅ precision ⋅ recall
precision + recall
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Fuzzer: synthesize	grammar,

randomly	resample	subtrees	of	parse	tree

Baselines: naïve	(random	insertions/deletions)
afl-fuzz	(production	fuzzer)

Programs: Grep,	Sed,	Flex,	Bison,	XML	Parser
Python,	Ruby,	SpiderMonkey (parser	only)

Inputs: 50,000	samples
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Cov 𝐸 = #(lines	covered	by	𝐸 ∩ 𝐿∗)Valid	coverage:

Incremental	coverage:

Normalized:

IncCov 𝐸 = Cov(𝐸) − Cov 𝛼,-

NormIncCov 𝐸 =
IncCov(𝐸)

IncCov(𝐸-mïop)
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Learn	program	properties	from	input-output	examples
• “Extreme”	form	of	active	learning
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recursively	generalize
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Theorem	1:	 The	search	space	includes	all	regular	languages

Theorem	2: The	search	space	includes	all
“generalized	matching	parentheses”	languages

Guarantees



𝑇 → 𝑅 𝑇@ +⋯+ 𝑇R ∗𝑅U

Generalized	Matching	Parentheses
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Guarantees

Need	to	use	the	“right”	candidate	ordering
We	use	an	intuitive	heuristic	that	works	empirically


