Craig Chambers 214 CSE 401

Implementing intraprocedural (global) optimizations

Construct convenientrepresentation of procedure body

Control flow graph (CFG) captures flow of control • nodes are IL statements, or whole basic blocks • edges represent control flow • node with multiple successors = branch/switch • node with multiple predecessors = merge • loop in graph = loop

Data flow graph (DFG) capture flow of data E.g. def/use chains :

• nodes are def(inition)s and uses • edge from def to use • a def can reach multiple uses • a use can have multiple reaching defs

Craig Chambers 215 CSE 401

Analysis and transformation

Each optimization is 1 or more analyses followed by a transformation

Analyze CFG and/or DFG by propagating info

forward or backward along CFG and/or DFG edges • merges in graph require combining info • loops in graph require iterative approximation

Perform improving transformations based on info computed • have towaituntilany iterativeapproximationhas converged

Analysis must beconservative

so that transformations preserve program behavior

Craig Chambers 216 CSE 401

Example: constant propagation & folding

Program representation: DFG sufficient

• adding CFG can support even better optimization

Analysis info:

table mapping each variable in scope to either a constant or NotConstant

Transformation: at each instruction:

• if reference a variable that the table maps to a constant, then replace with a constant (constant propagation ) • if r.h.s. expression involves only constants,

and has no side-effects, then perform operation at compile-time and replace r.h.s. with constant result (constant folding ) [What about conditional branches with constant predicates?]

For fastest analysis, do constant folding as part of analysis, to learn all constants in one pass

Craig Chambers 217 CSE 401

Example program

x := 3;
y := x * x;
if y > 10 then
   x := 5;
   y := y + 1;
else
   x := 6;
   y := x + 4;
end;
while y > 0 do
   x := x - 1;
   y := y - 1;
end;
output := x;