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From Datalog to FLIX: A Declarative
Language for Fixed Points on Lattices

Magnus Madsen Ming-Ho Yee Ondfrej Lhotak
University of Waterloo, Canada University of Waterloo, Canada University of Waterloo, Canada
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Abstract change its overall state at each computation step. A static

We present FLIX, a declarative programming language for
specifying and solving least fixed point problems, particularly
static program analyses. FLIX is inspired by Datalog and
extends it with lattices and monotone functions. Using FLIX,
implementors of static analyses can express a broader range
of analyses than is currently possible in pure Datalog, while
retaining its familiar rule-based syntax.

We define a model-theoretic semantics of FLIX as a natural
extension of the Datalog semantics. This semantics captures
the declarative meaning of FLIX programs without imposing
any specific evaluation strategy. An efficient strategy is

analysis computes an abstract state Z that over-approximates
all possible concrete states that a program can reach. Every
sound approximation must satisfy £'(2) = 2, where F'is an
abstraction of the concrete transformation function F', since
if a state in Z can be reached by a computation, then so can
a state in F'(2). The least # satisfying this property can be
computed by starting from the least element L and iteratively
applying F until the fixed point is reached [15, 35].

Static analyzers, which involve fixed-point computations,
are complex pieces of software often implemented in general-
purpose languages such as C++ or Java. The many mutual de-
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Abstract

We present FLIX, a declarative programming language for
specifying and solving least fixed point problems, particularly
static program analyses. FLIX is inspired by Datalog and
extends it with lattices and monotone functions. Using FLIX,
implementors of static analyses can express a broader range
of analyses than is currently possible in pure Datalog, while
retaining its familiar rule-based syntax.

We define a model-theoretic semantics of FLIX as a natural
extension of the Datalog semantics. This semantics captures
the declarative meaning of FLIX programs without imposing
any specific evaluation strategy. An efficient strategy is

change its overall state at each computation step. A static
analysis computes an abstract state Z that over-approximates
all possible concrete states that a program can reach. Every
sound approximation must satisfy F'(2) = &, where F' is an
abstraction of the concrete transformation function F', since
if a state in Z can be reached by a computation, then so can
a state in F° (Z). The least # satisfying this property can be
computed by starting from the least element L and iteratively
applying F until the fixed point is reached [15, 35].

Static analyzers, which involve fixed-point computations,
are complex pieces of software often implemented in general-
purpose languages such as C++ or Java. The many mutual de-
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%Q\/o WA COV\S‘V WLWR

cons(Expr, Expr) —> Expr
sonc(Expr) —> (Expr, Expr)

cons(Expr, List) —> List
sonc ( ) —> (Expr, List)

Now- Q(lum+tov\a\ TeaSoMing

geqlx, @] := truel[] if num(n, x), n > 0.

/ other arithmetic rules

geqlx, 0] :- abs([x]
1= abs[x] if geqlx, 0] = truell

Cowmposnlol ol ses

lo[x] if abs[x] y, lo[x] >= 0.
hi[x] if abs[x] y, lolx] >= 0.

lox — hiy if lo(x, lox), hi(y, hiy), sub(x, y, Xxy).
hix — loy if hi(x, hix), lo(y, loy), sub(x, y, xy).




