CS 322 Homework 4 — due 1:30 p.m., Saturday, Mar. 12, 2003

Generating SPARC Assembly Code for PCAT

Working individually or in teams of two, write a SPARC codengeator for the IR used in as-
signment 3. In principle, your generator should work on Bllprograms; however, in practice it
suffices for it to work on IR programs generated from PCAT paogs using the reference solution
to assignment 3.

Don’t worry about the runtime behavior of programs thatrafteto allocate more heap space than
is available at runtime, or that fail to set return valuesftorction procedures. Finally, in order to
avoid the need to spill registers (see Implementation vipglibis acceptable if your generator fails
for IR programs having more than 19 temporaries with sinmgtausly overlapping live intervals;
such programs may be generated from PCAT programs congaprimcedures with very large
numbers of arguments, arrays or records with very large eusnbf initializers, or expressions
with very large numbers of terms.

The code generator should read ther file from standard input, The generator should produce
assembly code on standard output, which is normally caghiate an. s file. This file can then be
assembled and linked vgcc with a “standard library’ u/ cs322- 01/ pcat | i b. o to make

a SPARC executable. When executed, programs should bebkaveya did under the various
interpreters in previous assignments.

Runtime errors such as array bounds violation should belbdrny generating code to call the
appropriate built-in runtime library function, e.gr r ay _bounds, as detailed below.

As usual, a “correct” generator is available in the jar &jgar cgen. j ar ; it can be run on file
f 00. pcat by typing

java -cl asspath sparcgen.jar SparcGenDriver < foo.ir > foo.s

It is not necessary that the code you generate be identigdiad myspar cgen generates, but it
must behave the same way as my code does when assembled aumgexe

Linkage and Library

The “main program” (top-level code) of a PCAT program sholalok like a C main program,
i.e., it should generate a global assembly routine cattadn. If the resulting object code is linked
undergcc, the linker will arrange to invokemai n automatically when the executable startai n
should return an integer value (always 0, for PCAT programisgh the operating system treats as
a completion status code.

IO and heap memory allocation are performed by issuing & $tsocedure calls to the library
functionsr ead_i nt (which returns an integer result value),i t e_i nt (which takes an integer
argument)wr i t e_st ri ng (which takes the address of a string as argumant)t e_newl i ne
(which takes no argumentshounds_er r or (which takes no arguments, issues the message
Array bounds viol ati ontostderr, and exits),ni | _poi nt er (which takes no argu-
ments, issues the messadel. poi nt er der ef erence tost derr, and exits), an@l | oc
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(which takes an integer size argument in bytes and retussadidress of the allocated storage).
The library is written in C; the source is pcat | i b. c. Remember that C-style calls put their
arguments if®0, %01, etc. fot on the stack) and return their resultG®0.

Implementation

A large collection of support classes and functions areigeavin filei r . j ar ; it contains classes
for representing, lexing, parsing, and checking IR files, dalculating liveness of IR tempo-
raries, and for emitting SPARC code. Source file. j ava documents the IR representation
andSpar c. j ava documents the SPARC code emission methods.

Your code generator must be defined by a csar c Gen that compiles and links withr . j ar
and theSpar cGenDri ver class provided; you must not change these classes. Thus, you
Spar cGen class must implement the method

static void genProgram | R Body body)
t hrows Spar cGen. Spar cGenExcepti on

whereSpar cGenExcept i on is a subclass oExcept i on that you define in th&par cGen
class, which is thrown in the event of an unrecoverable aviole generating code.

Your generator class should be placed in a separatgdae c Gen. j ava, which can be compiled
using

javac -classpath .:ir.jar Sparc.java SparcGen.java

A skeleton for a working generator is availableSpar cGenO. j ava; feel free to use this as the
basis for your generator if you wish.

The register allocator in the skeleton is extremely sintigliand will fail if more than 19 tem-
porary registers are used in a procedure. You should impieménear scan or graph-coloring
register allocator instead; the linear scan approach iegasYou can use the methods in class
Li veness. j ava to calculate which temporaries are live after each insivactind to calculate
the corresponding live intervals. In particular, you cae thee method

static Map cal cul at eLi vel nterval s(I R Body body)
t hrows Liveness. Li venessExcepti on

which calculates the live interval associated with eachpimary inbody. The returnedvap has

| R. RegTenp object as keys, andi veness. | nt er val objects as values. The latter objects
have two integer fieldst art andend, representing the interval by its first and last indices in
body. codeLi nes. A Li venessExcepti on is raised if the the liveness calculation fails
because the body’s code “falls of the end” rather than exsgatr et ur n. Starting from this
map, you can build a register allocatiMap whose keys aré R. RegTenp objects and whose
values areSpar c. Reg objects. If you run out of registers, thronspar cGenEr r or exception.



Assembler Tricks

Use the speciainu SPARC assembler found irpkgs/ gnu/ bi n/ as. (This isnot the same as
[ usr/ ccs/ bi n/ as, which is the assembler you get \gac x. s.)

Within a procedure body or variable initializer, code candpeitted one line at a time as it is
generated; there is no need to store it up. Unfortunatelyeiemit code for declarations in order,
code for variable initializers will be interspersed withdeofor nested procedure bodies. This
problem is most easily solved in the speaglu SPARC assembler, because it allows you to
switch output among multiple numbered text segments. Tleeiqsop. t ext n directs the
following code into the next free location in text segmentAfter the entire input file has been
read, the assembler concatenates all the code segmentmariawrder. You can use the current
scope level number as segment number. Similar considesagjoply to emitting string constants,
which is most conveniently done when the string is encoextesay to text segment 0. Note that
read-only constants should be placed inext segment rather thandat a segment.

Another handy assembler feature is thpseudo-op, which allows you to use a symbolic constant
before it is defined. In particular, you can use this feature to eimétdave instruction for a
procedure before you've calculated its frame size.

Machine Code Features and Tricks

The SPARC'’s operands are considerably more restrictive thase of the intermediate code in
assignment 3. In particular, note that only the second opkeod a 3-operand form may be an
immediate value (and then only if it fits into 13 bits); the ffinsust be a register. However, the
SPARC does support register+offset addressdsdirand st instructions, and you should use
these when possible to reference variables in the frame.

Remember that address calculations on the SPARC are in tdrbnges, not words, so the im-
plementation of the IR'edda instruction needs to scale its second argument by 4.alheoc
system call also needs special treatment; see the skelederfar details.

For PCAT procedures, use the following conventions for dayout. Local variables start at
% p- 4 and are allocated in successive decreasing addresses. stiaeld free words are left
above% p. Every procedure (except the main program!) has a stat Vilnich is passed as a
“hidden” first argument, and lives & p+68. The “real” arguments live &6 p+72, % p+74,
etc. The argument build area is as large as needed to holdakiennmm number of arguments
passed, but always at least 6 words big.

All variables, including those of the main program, are lstalbocated. You'll need to use an
environment to keep track of variable addresses. Justddberoffset (positive or negative) of
each variable from the frame pointer.

The assembler doesn’t support nested procedure definitedhgrocedures become top-level.
Since multiple procedures (at different scopes) may hagesime name in a PCAT source pro-
gram, you must disambiguate names, e.g., by appending aeaiimtpger to each name. Put these
numbers in the environment too. You can also use them to disarate labels (which must be
unique across the entire assembler file).



Use the2g registers for very short-lived scratch registers. Remertitz %gO0 is always O.

Don't forget about delay slots! Use them where it is convenibut just generateop fillers
otherwise.

Most processors have certain idiosyncratic instructiand,the SPARC is no exception. The most
troublesome are theul anddi v instructions. The product of two 32-bit numbers can take 64
bits to express; conversely, it makes sense to provide at@iviriend (first argument) to a 32-bit
division. The SPARC uses a special register caligdo hold the high-order 32 bits of the result
of a multiply, and the high-order 32 bits of the dividend ofigide. You can just ignore this after
the multiply, since, like most high-level languages, PCAlleqly throws away the high-order part
of the result. But it is essential to clear th register before doing a divide, because the results of
a previous multiply may be sitting around in it. This is don& a&n explicitwr instruction, which

is documented as requiring up to three extra cycles to camplelence the complete SPARC
sequence for an IRdi v is:

w %90, 0, %/; nop; nop; nop; sdiv rl,r2,r3

Incidentally, SPARC chips are permitted (but not requited)ut the remainder of a division into
% as well. Our processors apparently do not do this, howeusghnis whynod was not in the
IR’s instruction set.

Submitting the Program

Place your SparcGen class in the single fileSparcCGen.java, and mail it to
cs322-01@s. pdx. edu. You must mail this file as a plain texttachment; the contents of
the message itself don’t matter. We should then be able tgiteryour code by creating a fresh
directory, saving your attachment, copying in the providedj ar and typing

javac -classpath .:ir.jar SparcGen.java

If we also copy in the provided fil8par cGenDri ver . cl ass, we should then be able to exe-
cute your generator on fikeoo. i r by typing

java -classpath .:ir.jar SparcGenDriver < foo.ir

Note that we will be using automated mechanisms to read, deygnd test your programs, so
adherence to this naming and mailing policy is important!u Yoay lose points if you fail to
submit your program in the correct way.

If you are working in a team of two, only one team member shgulaimit a solution, which must
have the names of both team members in a comment at the topthtbeteam member should
send mail identifying him- or her-self as a team member.



