Craig Chambers 147 CSE 501

Interprocedural analysis with data-dependent calls

In languages with function pointers, first-class functions, or dynamically dispatched messages, callee(s) at call site depend on data flow

Could make worst-case assumptions

• e.g. call all possible functions • e.g. all possible methods with matching name

Could do analysis to compute possible callees/receiver classes • intraprocedural analysis OK • interprocedural analysis better • context-sensitive interprocedural analysis even better

Craig Chambers 148 CSE 501

Circularity dilemma

Problem:

• to do interprocedural analysis, need a call graph • to construct a call graph, need to know possible callee functions • to know possible callee functions, need to do interprocedural analysis • ...

How to break vicious cycle?

Craig Chambers 149 CSE 501

A solution: optimistic iterative analysis

Set up a standard optimistic interprocedural analysis, use iteration to relax initial optimistic solution into a sound fixpoint solution

Simple flow-insensitive, context-insensitive analysis:

• for each (formal, local, global, instance) variable, maintain set of possible functions that could be there • initially: empty set for all variables • for each call site, set of callees derived from set associated with applied function expression • initially: no callees⇒ empty call graph

worklist := {main} whileworklist not empty

remove p fromworklist process p:

perform intra analysis propagating fn sets from formals foreach call sites inp:

add call edges for any new reachable callees add fns of actuals to callees’ formals if new callee(s) reached or callee(s)’ formals changed, put callee(s) back on worklist

Craig Chambers 150 CSE 501

Example

proc main() {
  proc p(f1) { return f1(d); }
  return b(p);
}

proc b(fb) {
  proc q(f2) { return d(d); }
  c(q);
  return fb(d);
}

proc c(fc) {
  return fc(fc);
}

proc d(fd) {
  proc r(f3) { return fd; }
  return c(r);
}