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Datalog

• A declarative programming language
• Syntactic subset of Prolog, but different semantics

• Every Datalog program terminates with a unique 
solution

• [Ceri, Gottlob, and Tanca, TKDE 1989]

• Datalog has been used for points-to analyses
• Separates specification from implementation

• [Bravenboer and Smaragdakis, OOPSLA ‘09]
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http://dx.doi.org/10.1109/69.43410
http://dx.doi.org/10.1145/1640089.1640108


Example: Transitive Closure

// Rules

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

// Facts

Edge(1, 2).
Edge(2, 3).
Edge(3, 4).
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Limitations of Datalog

• No user-defined lattices

• No functions

• Poor interoperability
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A Language for Static Analysis

• Flix extends Datalog with lattices and functions
• Logic language

• Functional language

• [Madsen, Yee, and Lhoták, PLDI ’16]

• Flix is implemented on the JVM
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http://dx.doi.org/10.1145/2908080.2908096


The Anatomy of a Datalog Rule

𝐻 ҧ𝑡 ⇐ 𝐵 ҧ𝑡 , … , 𝐵 ҧ𝑡 .

6



The Anatomy of a Datalog Rule
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The Anatomy of a Datalog Rule

𝐻 ҧ𝑡 ⇐ 𝐵 ҧ𝑡 , … , 𝐵 ҧ𝑡 .
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The Anatomy of a Datalog Rule

𝐻 ҧ𝑡 ⇐ 𝐵 ҧ𝑡 , … , 𝐵 ҧ𝑡 .

Head

Body
Predicates

Terms: Variables or Constants
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The Anatomy of a Datalog Rule

𝐻 ҧ𝑡 ⇐ 𝐵 ҧ𝑡 , … , 𝐵 ҧ𝑡 .
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The Anatomy of a Flix Rule

𝐻ℓ ҧ𝑡, 𝑓 ҧ𝑡 ⇐ 𝜑 ҧ𝑡 , 𝐵ℓ ҧ𝑡 , … , 𝐵ℓ ҧ𝑡 .
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The Anatomy of a Flix Rule

𝐻ℓ ҧ𝑡, 𝑓 ҧ𝑡 ⇐ 𝜑 ҧ𝑡 , 𝐵ℓ ҧ𝑡 , … , 𝐵ℓ ҧ𝑡 .
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The Anatomy of a Flix Rule

𝐻ℓ ҧ𝑡, 𝑓 ҧ𝑡 ⇐ 𝜑 ҧ𝑡 , 𝐵ℓ ҧ𝑡 , … , 𝐵ℓ ҧ𝑡 .

Filter Function

Transfer Function
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Constant Propagation

enum Constant {
case Top, case Cst(Int), case Bot

}

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

}

def lub(e1: Constant, e2: Constant): Constant = …
def glb(e1: Constant, e2: Constant): Constant = …
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Constant Propagation

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

}
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Constant Propagation

// analysis inputs
rel AsnStm(r: Str, c: Int)          // r = c
rel AddStm(r: Str, x: Str, y: Str)  // r = x + y

// analysis outputs
lat LocalVar(k: Str, v: Constant)

// rules
LocalVar(r, Cst(c)) :- AsnStm(r, c).

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

10



Constant Propagation

LocalVar(r, Cst(c)) :- AsnStm(r, c).

// input facts
AsnStm("x", 0).
AsnStm("x", 1).

// output facts
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Constant Propagation

LocalVar(r, Cst(c)) :- AsnStm(r, c).

// input facts
AsnStm("x", 0).
AsnStm("x", 1).

// output facts
LocalVar("x", Cst(0)).
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Constant Propagation

LocalVar(r, Cst(c)) :- AsnStm(r, c).

// input facts
AsnStm("x", 0).
AsnStm("x", 1).

// output facts
LocalVar("x", Cst(0)).
LocalVar("x", Cst(1)).
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Constant Propagation

LocalVar(r, Cst(c)) :- AsnStm(r, c).

// input facts
AsnStm("x", 0).
AsnStm("x", 1).
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LocalVar("x", Cst(0)).
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Constant Propagation

LocalVar(r, Cst(c)) :- AsnStm(r, c).

// input facts
AsnStm("x", 0).
AsnStm("x", 1).

// output facts
LocalVar("x", Cst(0)).
LocalVar("x", Cst(1)).

LocalVar("x", lub(Cst(0), Cst(1))).
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Constant Propagation

LocalVar(r, Cst(c)) :- AsnStm(r, c).

// input facts
AsnStm("x", 0).
AsnStm("x", 1).

// output facts
LocalVar("x", Cst(0)).
LocalVar("x", Cst(1)).

LocalVar("x", lub(Cst(0), Cst(1))).
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LocalVar("x", Top).



More Analyses in Flix

• Strong Update analysis
• [Lhoták and Chung, POPL ‘11]

• IFDS algorithm
• [Reps, Horwitz, and Sagiv, POPL ‘95]

• IDE algorithm
• [Sagiv, Reps, and Horwitz, TCS ‘96]
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http://dx.doi.org/10.1145/1926385.1926389
http://dx.doi.org/10.1145/199448.199462
http://dx.doi.org/10.1016/0304-3975(96)00072-2


IFDS
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IDE



IFDS in Flix
PathEdge(d1, m, d3) :-

CFG(n, m),
PathEdge(d1, n, d2),
d3 <- eshIntra(n, d2).

PathEdge(d1, m, d3) :-
CFG(n, m),
PathEdge(d1, n, d2),
SummaryEdge(n, d2, d3).

PathEdge(d3, start, d3) :-
PathEdge(d1, call, d2),
CallGraph(call, target),
EshCallStart(call, d2, target, d3),
StartNode(target, start).

SummaryEdge(call, d4, d5) :-
CallGraph(call, target),
StartNode(target, start),
EndNode(target, end),
EshCallStart(call, d4, target, d1),
PathEdge(d1, end, d2),
d5 <- eshEndReturn(target, d2, call).

EshCallStart(call, d, target, d2) :-
PathEdge(_, call, d),
CallGraph(call, target),
d2 <- eshCallStart(call, d, target).

Result(n, d2) :-
PathEdge(_, n, d2).

JumpFn(d1, m, d3, comp(long, short)) :-
CFG(n, m),
JumpFn(d1, n, d2, long),
(d3, short) <- eshIntra(n, d2).

JumpFn(d1, m, d3, comp(caller, summary)) :-
CFG(n, m),
JumpFn(d1, n, d2, caller),
SummaryFn(n, d2, d3, summary).

JumpFn(d3, start, d3, identity()) :-
JumpFn(d1, call, d2, _),
CallGraph(call, target),
EshCallStart(call, d2, target, d3, _),
StartNode(target, start).

SummaryFn(call, d4, d5, comp(comp(cs, se), er)) :-
CallGraph(call, target),
StartNode(target, start),
EndNode(target, end),
EshCallStart(call, d4, target, d1, cs),
JumpFn(d1, end, d2, se),
(d5, er) <- eshEndReturn(target, d2, call).

EshCallStart(call, d, target, d2, cs) :-
JumpFn(_, call, d, _),
CallGraph(call, target),
(d2, cs) <- eshCallStart(call, d, target).

InProc(p, start) :- StartNode(p, start).
InProc(p, m) :- InProc(p, n), CFG(n, m).

Result(n, d, apply(fn, vp)) :-
ResultProc(proc, dp, vp),
InProc(proc, n),
JumpFn(dp, n, d, fn).

ResultProc(proc, dp, apply(cs, v)) :-
Result(call, d, v),
EshCallStart(call, d, proc, dp, cs).
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IDE in Flix



Back-end Architecture
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Solver

Bytecode OR Interpreter

Abstract
Syntax
Tree

Codegen

Transformations



Lambda Functions

• Functions are first-class
• Can be nested, stored in variables, passed as arguments, 

returned from functions…

• No nested methods in bytecode

• Target of a call must be a method reference

• Need a closure conversion pass
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Implementing Closures…?

// Scala
val a = 10
val f = (x: Int, y: Int) => a + x + y
f(1, 2) // 13

// Compiled Scala
class anon$fun(a$0: Int) extends Function2 {

def apply(x: Int, y: Int) = a$0 + x + y
}
val a = 10
val f = new anon$fun(a)
f.apply(1, 2) // 13
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Using invokedynamic

• Flix uses the same strategy as Java 8 and Scala 2.12
• Create closure object with invokedynamic

• invokedynamic represents a dynamic call site
• Initially, target method is unknown

• invokedynamic calls bootstrap method to link target

• Subsequent calls skip bootstrap and directly call target
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Implementing Closures

• Closure creation
• invokedynamic call to Java’s LambdaMetafactory

• Static arguments: functional interface, method handle

• Dynamic arguments: captured values

• Closure call
• Emit an interface call
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Generating Functional Interfaces

• A closure object implements a functional interface
• Interface is provided by the implementation

• Flix generates its own functional interfaces

• Before code generation, traverse AST to collect type 
signatures of closures
• Generate the interfaces
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Evaluation – nbody
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Evaluation – strongupdate
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→ java -jar flix.jar --verifier Sign.flix
-- VERIFIER ERROR ------------------------------------ Sign.flix

>> The function is not monotone.

Counter-example: x1$1402 -> Zer, x2$1406 -> Neg, y1$1404 -> Pos, 
y2$1408 -> Pos

The function was defined here:
238|    def or(e1: Sign, e2: Sign): Sign = match (e1, e2) with {
            ^^



→ java -jar flix.jar --delta out.flix delta-debugging.flix
Caught `ca.uwaterloo.flix.api.RuleException' with message:

`The integrity rule defined at delta-debugging.flix:45:5 is violated.’
Delta Debugging Started. Trying to minimize 30 facts.

--- iteration:   1, current facts:    30, block size:    15 ---
[block   1]    15 fact(s) retained (program ran successfully).
[block   2]    15 fact(s) discarded.

--- Progress:   15 out of   30 facts (50.0%) ---

--- iteration:   2, current facts:    15, block size:     7 ---
[block   1]     7 fact(s) retained (program ran successfully).
[block   2]     7 fact(s) retained (program ran successfully).
[block   3]     1 fact(s) discarded.

--- Progress:   14 out of   30 facts (46.7%) ---

--- iteration:   3, current facts:    14, block size:     3 ---
[block   1]     3 fact(s) retained (program ran successfully).
[block   2]     3 fact(s) retained (program ran successfully).
[block   3]     2 fact(s) discarded.
[block   4]     3 fact(s) discarded.
[block   5]     3 fact(s) retained (program ran successfully).

--- Progress:    9 out of   30 facts (30.0%) ---

--- iteration:   4, current facts:     9, block size:     1 ---
[block   1]     1 fact(s) retained (program ran successfully).
[block   2]     1 fact(s) discarded.
[block   3]     1 fact(s) discarded.
[block   4]     1 fact(s) retained (program ran successfully).
[block   5]     1 fact(s) discarded.
[block   6]     1 fact(s) discarded.
[block   7]     1 fact(s) retained (program ran successfully).
[block   8]     1 fact(s) discarded.
[block   9]     1 fact(s) discarded.

--- Progress:    3 out of   30 facts (10.0%) ---

>>> Delta Debugging Complete! <<<
>>> Output written to `out.flix'. <<<





Summary

• Flix is a declarative language for static analysis
• Inspired by Datalog, but supports lattices and functions

• Bytecode generator is first step for performance
• Much work remains to be done

• Implementation available: http://github.com/flix

• Documentation and more: http://flix.github.io
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http://github.com/flix
http://flix.github.io/
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