Craig Chambers CSE 501 (Winter ’97) Homework Assignments

Homework Assignment #1

Due Monday 2/3, at the start of lecture

1. For the following C fragment, show a possible sequence of RTL statements that are produced mechanically w/o optimization, and then convert the RTL statements into a DAG representation:

int i, a[], b[];
a[i] = b[++i] * a[i];
a[i++] *= 3;

2. Give a fragment of C code and its corresponding CFG representation (using labels like A, B, and C in place of uninteresting statements) such that the CFG is reducible from the forward direction but not from the reverse direction, and the C code contains no goto statements.

3. Some optimizations benefit from running in parallel with other optimizations. Why might it be useful to run constant propagation & folding in parallel with dead assignment elimination? Why is it hard to do so?

4. Consider the detection of induction variables presented in Algorithm 10.9 in the Dragon Book. How would converting the program to SSA form simplify this algorithm?

5. Define an analysis, using lattice-theoretic terms, to compute which program points are potentially reached during execution, in a standard CFG program representation augmented with a return RTL statement. What is the domain of information at each program point (in terms of a set and an ordering operation)? What are the top and bottom elements of your domain? What is the meet function? What is the height of your domain? What are the flow functions for your analysis? What is the direction of analysis? What is the domain element at the starting point of analysis?

6. How can performing constant propagation and folding in parallel with your reachability analysis improve the quality of the results of both?

7. Using the features of the Vortex framework, sketch an implementation of constant propagation & folding and reachability analysis that run in parallel and feed off each other’s results when appropriate. Do not worry too much about the syntax of your implementation; instead focus on exploiting the features of the framework to make your analyses modular but effective.

8. Give an algorithm for dead assignment elimination that exploits def/use chains to work faster than the propagation-based algorithm presented in class. What is the time complexity of your algorithm, assuming def/use chains are already constructed? What optimization opportunities, if any, are missed by your algorithm, compared to the best propagation-based algorithm presented in class?

9. For each of the following optimizations, indicate what must be done to incrementally update a bi-directional def/use chain representation after an optimization is performed: a. common subexpression elimination b. dead assignment elimination