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Event-Driven Programming

var fs = require('fs');
var sum;
fs.readdir('.', function f(err, filenames) {
if (err) throw err;
sum = 0;
filenames.forEach(function g(fn) {
fs.stat('./' + fn, function h(err, stats) {
if (err) throw err;
var size = stats.size;
sum += size;

console.log(fn + ": ' + size);
console.log('sum: ' + sum);
1)
1)
1)

console.log( 'done');
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Modeling Events

(e, f) € M —map of events to functions
f € Q — queue of functions

* Register function f on evente
* Add (e, f)to M

* Emit evente
* Lookup (e, f)in M, add f to Q

* Invoke function f
* When the call stack is empty, remove f from Q and invoke f



IFDS and IDE Frameworks
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IFDS — Definition

Interprocedural Finite Distributive Subset

P =(G*,D,F, Mg,n)

e G* =(N*,E*)is the supergraph

* D is a finite set of dataflow facts

« F € 2P - 2P s a set of distributive dataflow functions

« M: E* — F assigns dataflow functions to supergraph edges
* M is the meet operator

Distributive: f(x; Mx,) = f(x) N f(xy)
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IFDS — Representation Relation

Distributive dataflow function <> representation relation

f=AS.ifyeSvzesS
then S U {x} Ry =
else S\ {x}
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IFDS — Exploded Supergraph

Stitch all bipartite graphs to get the exploded supergraph:
Gh = (N* E¥)
P =(G*,D,F,Mg,n)is encoded by G#

d € MVP;zps(P)(n) <& (n,d) is reachable from start node
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IDE — Generalization of IFDS

Interprocedural Distributive Environment

L is a finite-height lattice used for the analysis

e Environment D — L
e Dataflow set D

* Distributive environment transformer (D - L) - (D — L)
* Distributive dataflow function D - D



IDE — Formal Definition
P=(G",D,L, Mg,,)

Meet-over-valid-paths solution:

MV PipE (P) — An-anVP(n) MEgny (p) (TEnv)
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e But each edge is labelled with a micro-function

(G* EdgeFn)

P =(G*,D,L, Mg,,) is encoded by (G5, EdgeFnp)
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Transformation Overview

Transform IFDS problem instance to IDE problem instance

T:G* - (G¥ EdgeFn)

Assign micro-functions to edges of the exploded supergraph
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Event Handler State — Micro-functions

* Three basic micro-functions, plus identity
* Most edges are labelled with the identity micro-function

EdgeFn(e) = <

\

(register
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invoke
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if edge eregisters the handler

if edge e emits an event for the handler

if edge einvokes the handler from the event loop
otherwise
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Multiple Event Handlers

e Define the IDE lattice L' = H — L

* H is the set of event handlers in the program
* L is the event handler state lattice

* IDE computes environments: D —» (H — L)
* For each node n and fact d, we have a map of handlers to states

* Micro-functions: (H - L) » (H - L)

* Alternate representation: H - (L = L)



Transforming IDE Results

For a result, if any handler is in state X, discard that result

IFDS result: N* - D
IDE result: N* — (D - (H - L))
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Result computed along concrete execution path
=>» Result computed by our technique

Precision

Result from our techniqgue € Result computed by IFDS

Formal statements and proofs in the paper



Conclusion

* Problem: static analysis of event-driven programs does not
respect event handler ordering

e Our approach: transform an existing IFDS problem to an IDE
problem
 IDE problem maintains information about event handler state

* Transformation is sound and precise
* Formal statements and proofs in paper



Extra Slides



IFDS — Representation Relation

Distributive dataflow function <> representation relation

R, = {{(0,0)} U

{(0,d) |d € g(®)} U
Wdy,dy) dy € g({di}) Ady € g(0)}

f=AS.ifyeSvzeS

then S U {x} ¢
else S\ {x} 1 A/l
Rr = {(0,0),(y,x),{y, ). (z,x),(z,2)}



IDE — Lattices

If L is a lattice with top element T, the pair L X L is a lattice:
* Top: (T, T)
* Meet: (x1, 1) M (X2, y2) = (X1 M Xz, y1 M Y3)

The map D — L is also a lattice:
*Top: Tgpy = Ad. T
* Meet: m; Mm, = Ad. (env1 (d) N env, (d))
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