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Motivation

Implementation of static analyses is difficult:
Åanalyses are often interrelated:
Å(e.g. conditional constant propagation)

Å(e.g. points-to analysis and call graph construction)

Årequires a complicated arrangement of work lists.

ᵼHard to ensure correctness.

ᵼHard to ensure performance/scalability.

ᵼRenewed interest in declarative programming.



What is Declarative Programming?

The what, not the how.

Find ●such that:
σ ὼ ρυ

ᵼEasy to understand whether we 

are solving the right problem!

(aka logic programming)



What is Declarative Programming?

Separates the choice of:
Åevaluation strategy(e.g. work list order)

Ådata structures(e.g. bitsets/hashsets/BDDs)

from the specification of the problem.

ᵼWe can leave these choices up to the solver 

or override them when needed.



What is Datalog?

A declarative language for constraints on relations:
ÅProlog-style rules (horn clauses).

ÅSuccessfully used in large-scale points-to analyses 
[Bravenboeret al.], [Smaragdakiset al.]

Useful theoretical and practical properties:
ÅEvery Datalogprogram eventually terminates.

ÅEvery Datalogprogram has a unique solution.

ᵼDebugging is easier! 



Examples

ÅComputing your aunts and uncles:

ÅComputing the transitive closure of a graph:

AuntOrUncle ( x, z) : - Parent( x, y), Brother( y, z).
AuntOrUncle ( x, z) : - Parent( x, y), Sister( y, z).

Path ( x, z) : - Path( x, y), Edge( y, z).



What we canand can't do in Datalog:

Analyses based on relations:

ÅPoints-To

ÅDefinite Assignment

ÅReaching Definitions

Å...

Analyses based on lattices:

ÅSign Analysis

ÅConstant Propagation

ÅInterval Analysis

Å...



Example: Constant Propagation

x, y, z

x, zx, y y, z

y zx
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What Dataloghas: What we wanted:

fixed finite set

infinite set

ᵼWe need lattices.
ᵼWe need functions.



Introducing Flix

A blend of Logicand Functional programming.
ÅInspired by Datalog.

ÅUser-defined lattices.

ÅUser-defined monotone filter and transfer functions.

ÅInteroperates with languages on the JVM.



The Anatomy of a DatalogRule

Ὄ Ӷὸᵺὄ Ӷὸȟȣȟὄ Ӷὸ.

Head

Body
Predicates

Terms: Variables or Constants



The Anatomy of a FlixRule

ὌЉ ӶὸȟὪ Ӷὸ ᵺ• ӶὸȟὄЉ ӶὸȟȣȟὄЉ Ӷὸ.

Filter Function

Transfer Function



Datalogvs. Flix

The Datalogprogram:

A( "foo" ). 

A( "bar" ).

has the minimal model:

{ A( "foo " ), A( "bar " )}

The Flixprogram:

A( Cst (1)). 

A( Cst (2)).  

B( Cst (3)).

has the minimal model:

{ A( Top), B( Cst (3))}



Flix Semantics

The Flixprogram:

A( Cst (1)). B( Cst (2)).

R( x) : - A( x).

R( x) : - B( x).

has the minimal model:

{ A( Cst (1)),  

B( Cst (2)),

R( Top)}

The Flixprogram:

A( Cst (1)). B( Cst (2)).

R( x) : - A( x), B( x).

has the minimal model:

{ A( Cst (1)), 

B( Cst (2))}



Constant Propagation

Input Relations:

rel AddExp( r : Var, x: Var, y: Var)

rel DivExp ( r : Var, x: Var, y: Var)

Computed Lattices:

lat LocalVar ( x: Var, v: Constant)

r = x + y
r = x / y

key lattice



Lattice Definition

enum Constant {

case Top, 

case Cst ( Int ), 

case Bot

}



Lattice Definition

def leq ( e1: Constant, e2: Constant): Bool

= match ( e1, e2) with {

case ( Bot , _) => true

case ( Cst ( n1), Cst ( n2)) => n1 == n2

case (_, Top) => true

case _ => false

}

And define lub and glb ƛƴ ǎƛƳƛƭŀǊ ǿŀȅΧ



Analysis Rules

LocalVar ( r , sum( x, y)) : - AddExp( r , v1, v2),

LocalVar ( v1, x),

LocalVar ( v2, y).

LocalVar ( r , div ( x, y)) : - DivExp ( r , v1, v2),

LocalVar ( v1, x),

LocalVar ( v2, y).



Transfer Function

def sum( e1: Constant, e2: Constant): Constant

= match ( e1, e2) with {

case (_, Bot )           => Bot

case ( Bot , _)           => Bot

case ( Cst ( n1), Cst ( n2)) => Cst ( n1 + n2)

case _                  => Top

}



Example: Finding Bugs

ArithmeticError ( r ) : - isMaybeZero ( y),

DivExp ( r , n, d),

LocalVar ( d, y).



Filter Function

def isMaybeZero ( e: Constant): Bool

= match e with {

case Bot => false

case Cst ( n) => n == 0

case Top => true

}



Experiments

We have expressed three analyses in Flix:

ÅThe Strong Update Analysis [Lhotákand Chung]

ÅThe IFDS algorithm [Reps, Horwitz, and Sagiv]

ÅInstantiated with the Alias-Set analysis [Naeemand Lhoták]

ÅThe IDE algorithm [Sagiv, Reps, and Horwitz]



Strong Update Analysis

ÅHybrid points-to analysis for C programs:
Åflow-sensitivefor singletonpoints-to sets.

Åflow-insensitivefor everything else.
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Strong Update Analysis



Pt ( p, a) : - AddrOf ( p, a).

Pt ( p, a) : - Copy(p, q), Pt( q, a).

SUAfter ( l , a, Single( b)) : -

Store( l , p, q), Pt( p, a), Pt( q, b).

PtH( a, b) : - Store( l , p, q), Pt( p, a), Pt( q, b).

Pt ( p, b) : - Load( l , p, q), Pt( q, a), PtSU( l , a, b).

SUBefore( l2 , a, t ) : - CFG(l1 , l2 ), SUAfter ( l1 , a, t ).

SUAfter ( l , a, t ) : - SUBefore( l , a, t ), Preserve( l , a).

PtSU( l , a, b) : - PtH( a, b), SUBefore( l , a, t ), filter( t , b).

Strong Update Analysis

[AddrOf]

[Copy]

[Store]

[Load]

[CFlow]

[Preserve]



IFDS & IDE

Inter-procedural context-sensitive dataflow analyses:
Åexpressed as graph reachability problems.

ÅInterproceduralFinite Distributive Subset (IFDS)
Åpure graph reachability.

ÅInteproceduralDistributive Environments (IDE)
ÅIFDS with composition of micro-functions along the path.

ÅAnecdotally, these algorithms are hard to understand.



IFDS IDE



IFDS

ÅInput: theexploded super-graph.
ÅThe super-graph is the inter-procedural CFG.

ÅThe exploded super-graph is a copy of the CFG for each 
analysis element (in the distributive subset).

ÅOutput: Path Edges + Summary Edges.
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IFDS ςGraphical Formulation

Exploded Super-Graph

Path Edge

Summary Edge

Inferred Edge



IFDS

PathEdge( d1, m, d3) : -

PathEdge( d1, n, d2),

CFG( n, m),

d3 < - eshIntra ( n, d2). n

m

ÅThe CFG is represented as a tabulated relation.
ÅThe exploded super-graph (eshIntra ) must be 

represented as a function computed on-demand.

(node, element)-pair



IFDS IDE











What's in the paper: MATH

ÅFrom Datalogto Flix semantics:
Åexplains the relationship between Datalogand Flix.

Ådevelops the model-theoretic semantics of Flix.

ÅPresents semi-naïve evaluation for Flix:
Åthe basis for efficient Datalogand Flix solvers.

ÅExperimental results and details of analyses:
Åthe Strong Update analysis, and

Åthe IFDS Alias-Set analysis.

όƧǳǎǘ ŀ ōƛǘ Χύ



Summary: Flix!

ÅA new declarative and functional programming 
language for fixed point computations on lattices.

ÅInspired by Datalogand extended with lattices and 
monotone transfer/filter functions.

ÅImplementation freely available:

http:// github.com/flix

ÅDocumentation and more information:

http://flix.github.io

Thank You!
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