CS 577 Homework 4 — Optimizing SSA Intermediate Representain — due 10am, Tuesday,
May 6, 2008

This week we’ll investigate an SSA-based intermediateesgmtation that can be used as a basis
for performing optimizations. This assignment can be danary architecture (it doesn’t need to
be a Sparc), but it does require use of various GCC extengllbosgh not any very deep ones).
On the course web page, you'll find C code for the iR ([ hc] , a translator from byte-code to
the IR ( rtransl at e. ¢), an interpreter for the IR (i nt er p. ¢) and a simple optimizer on
the IR ( ropt . c). These are connected by a simple main programmai n. c that reads a class,
translates it to optimized IR, and interprets the resultinifitely, we will have a code generator
that produces sparc code from IR for direct execution, bigtbbmework only concerns the IR.
The code also relies on David Hanson'’s library fr@rinterfaces and Implementations (ClI) which

can be easily installed off the web. There iSkef i | e to put everything together.

The Java subset supported is essentially the same as in Hwkn8wIn particular, programs are
still required to have an empty operand stack at each cofitnljoin-point, and methods are
restricted to 6 parameters.

Your assignment is to improver opt to perform removal of redundant computations, as in the
value numbering or available expressions analyses desciibclass. Specifically, you should
rewrite the IR so that given two instructions:

d; <- s, 0P S

d] .<- Sq OP sp
the latter instruction is replaced by a simple Move insiarct
d; <- d;

Note that the existing optimizer will later get rid of this M®in most cases. This optimization
should be applied to all the binary arithmetic instructicarsay null check, array length fetch, and
array bounds check. (These are puee operations; the other operations may change or depend
on the state of memory, and cannot generally be removed., Rlsdeasiest just to ignore the
Compare instructions, because of the special role theyiplthe structure of the IR.)

Of course, the above tranformation is legal only;ifs defined at the location of second instruction.
This will be the case exactly when the block containing the finstruction dominates the block

containing the second one. In particular, this is true whnay tare in the same block! So, at a
minimum, your optimization should work on individual blackne at a time. For more credit, you

can compute dominators for the CFG, and apply your optinunatcross subtrees of the dominator
tree.

Add your optimization as a new function irr opt . ¢ and include it in the fixed-point loop in
functioni ropt () . The idea here is simple: each optimization returns a badlag indicating
whether it made a change: if any optimization makes a chahgegntire collection of optimizers
is re-run. (This can be dreadfully slow, but we’ll ignorettbancern for now.)



If you choose to compute dominators, you'll probably be teedpto record the results in the
Bl ock structures, but please resist the temptation: it will beezds cope with future extensions
(and bug fixes) if you don’t change the files | hand out (excemipt . c).

IR Details
The IR isdefined im r . h. To understand it, the pretty-printer and the interpreteusd be helpful.

Instructions are largely straightforward. Note that theaJaytecode array operations have been
split into simpler sub-instructions (suitable for redund@elimination!); it is the responsibility of
the bytecode-to-IR translator to make sure that each apagation is preceded by any necessary
checks (and an optimizer must never re-order these chetkstfruction operands can be either
registers (taken from an unbounded set) or arbitrary imtégeals. TheCal | Op treats its operand
as the address of the IR descriptor for the method to be callldl a special hack for the built-in
methods. There are no control-flow instructions; contralvfinformation is implicit in the block
structure (see below).

Registers can bpinned to a specific target hardware register by making a entry inrélgester
table associated to each method; this feature is curresélgl anly to mark incoming and outgoing
method arguments, which follow the usual Sparc hardwargerdions. (These tables are very
heavyweight for this purpose, but ultimately we’ll use thienmold other useful information about
registers.)

Each method is represented as a list of basic blocks, eabhawitissociated list of instructions,
predecessors, and successors. (All these lists are rapeddeyRi ng_T structures, which are
simply ClI's name for doubly-linked lists.)

The list of successors can have length 0 (for a block thateemdgiln a RETURN), 1 (for a block
that falls through or ended with an uncondiational GOTO)2dfor a block that ended with a
conditional branch). In the last case, the final instructiothe block must be €pQp; if the
comparison evaluates to true, the first successor shouladmited next, otherwise the second
successor.

The representation gfhi-functions is a little involved. What a textbook would notigavrite as

7’1=¢(7’11,7’12,---,7’1m)
T2:¢(T217T227'“7T2m)

T = O(Tn1, Tnay - s Tm)
is represented by the following fields Bt ock:
phis = [r,r...1]
inphis = [[ri, 21, "ol
[712,799,. . .72l

[Tlm)'r2m|- . -)'rnm]]
(where [z1,x9,. . .,x,, ] means &i ng_T list with elementsy,z,,. . .,x,,)
In other wordsphi s gives us the names of the variables for whigfunctions are needed, and

Ri ng_get (i nphi s, i) tells us the values assigned to those variables when egtris block
from predecessar Note that the length and orderiohphi s is the same agr edecessors.



Using the CII Library

The library from “C Interfaces and Implementations” is fainandy to use. You'll need to down-
load and build it first. Instructions are on the Cll websittheMakef i | e | gave assumes that
you've downloaded the CII stuff into a subdirectaryi , and built it in sub-subdirectoryui | d.
When building, feel free to omit th€HREADS routines, as they don’t work on many machines,
and we don’t need them. The quick reference guide is the begtawget guidance on how to use
the routines; they are pretty intuitive (but note tAar ays are a bit different from the others).

One specific note: one reasonable way to keep track of redtiesaressions is to build a hash
table to search for them. You can use the Tdbl e library for this by writing appropriate special-
purposec np andhash functions for instructions. If you do this, note that tp function doesn’t
really have to return three values (-1 #0j0 for ==, 1 for >) as specified in the quick reference
guide; it only has to return two (0 fer=, non-0 for! =) — so there’s no need to invent an ordering
on instructions!

Homework Credit

Solving the problem on individual basic blocks is not hatddok me about 50 lines of code), and
is worth 75% of possible points. Doing it on whole dominatobtsees is a good bit more work
(since you have to compute the dominators first, and you ddaapproach to keeping track of
available computations).

How to submit your homework.

Submit the homeworky email to apt @s. pdx. edu with the subject lineCS577 HW}” prior
to the beginning of class on the due date. You should subneiaed version of file r opt . c,
together with any new files, atachmentsto your mail.



