CS 322 Homework 3 — due 5 p.m., Friday, Feb. 25, 2005

(Copyright, Andrew Tolmach 2003-2005. All rights reseryed

Generating Intermediate Code for PCAT

Working individually or in teams of two, write an intermeti@acode generator for (a subset of) the
PCAT language. As beforexclude coverage of anything to do with real numbers; your generator
can do anything it wants with programs that use real numtaufes. Also, as before, tMRI TE
statement should output the strinty"for the boolean TRUE” and “0” for the boolean FALSE”.

The behavior of function procedures tHRETURN without a value can be arbitrary. You may
assume that the intermediate language’s notion of integetdow to read them directly matches
PCAT. Finally, you may assume th8RUE, FALSE, andNI L are never redefined within a PCAT
program.

The intermediate code representation you will generatenges in style to the SPARC assembly
code, but with major simplifications, particularly in the@atment of variable addressing (address-
ing by name is supported), operand types (there is esdgrirdl one type), and procedure call.
In addition, nested procedure and variable declaratiomsnafuded in the output format. Details
of the intermediate code are given below.

The code generator should read thgcat file from standard input, using the existing front end
code to perform lexical analysis, parsing, and checkinge génerator itself can assume that the
AST being compiled has successfully passed the checkergdimerator should produce interme-
diate code on standard output, which is normally capturegan. i r file.

Runtime errors such as array bounds violation should belbdrny generating code to call the
appropriate built-in system error call, egcal | bounds_er r or, as detailed below.

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

java -classpath frontend.jar:irgen.jar | RGenDriver < foo. pcat

In addition, an interpreter that executesr files is available in the jar fileri nt er p. j ar; to
run it on filef 0o. i r, you can type

java -classpath irinterp.jar IRInterpDriver foo.ir

The interpreter takes user input from standard input anteg/program output to standard output
in the usual way. It is not necessary that the code you genbemtdentical to what myr gen
generates, but it must behave the same way as my code doedesdtenr i nt er p.

Intermediate Code

The intermediate code consists of declarations and codeseegs, once for each procedure body
and variable initialization, as well as one for the main pamg. Declarations are nested exactly
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nop no operation

| d [ al] , r2 load from memory addregd into registen-2

st opl, [ a2] store valueopl into memory at addresg

cal | procedure_name do procedure call

scal | system_call_name, opl do system call

return return from procedure

ba label unconditional branch

bg label branch if last compare said greater

bl label branch if last compare said less

be |abel branch if last compare said equal

bge |abel branch if last compare said greater or equal
bl e label branch if last compare said less or equal

bne label branch if last compare said not equal

bgu label branch if last compare said greater unsigned
bl u |abel branch if last compare said less unsigned
bgeu label branch if last compare said greater or equal unsigned
bl eu |abel branch if last compare said less or equal unsigned
cnp opl, op2 compare operandg1 andop2

nov opl, r2 move operandp]1 to registen-2

add opl, op2, r3 registerr3 := opl + op2

sub opl, op2, r3 registerr3 = opl — op2

smul opl, op2, r3 registerr3 = opl x op2

sdi v opl, op2, r3 registerr3 := opl/op2(integer division)

adda opl, op2, r3 like add, butopl andop3 represent addresses

Table 1: Intermediate code operators.

as in the AST, so that the correct scoping of each identifierlbgadetermined just from the inter-
mediate code. Each code sequence is a sequence of instayetach with a SPARC-like operator
and 0-3 operands. We assume a SPARC-like load/store artthige with an unlimited number

of temporary registers available. A full grammar for theenmbediate representation is on-line in
i r. gram The operators are shown in Table 1.

Registers«) are:

e register temporaries (writte¥t n) for some integen

¢ the fixed register$®0 and% 0 whose use is described below
Addressesq) are:

e addresses of string constants (represented by the quotaglitgelf)
e addresses of named variables or labels (represented hyethifier)

e addresses of call argumenga(:) whose use is described below



e addresses held in registers (

e the zero addres$ful 1)
Operandsdp) are:

e addresses
e integers held in registers)

e integer literals (any signed 32-bit integer value)

Labels are written akn for some integer.

Note that source operands are considerably more generabth8 PARC. In particular, variables
can be referenced by name without the need for explicit adthrg. The intermediate code is
essentially typeless: most operands represent integagdoesses, and are assumed to have size
1. However, address arithmetic should only be done widkla, and the zero address should be
represented a$nul | rather thar0. (Adhering to these rules will be important when we later
translate the intermediate representation into real maatode.)

Branches and calls can be to any label without regard forfisebfrom the current pc. There are
no delay slots, and thus no annul forms. As on SPARC, comditipmps are formed from anp
and an appropriate branch instruction.

Procedure calls use the following idiom: first, the actudliga of procedure arguments 1,.2,

are stored into the memory locations represente@d, $al, .... Then acal | instruction is
executed. Within the procedure, the formal parameters eaacbessed by name, just like local
variables. Procedures return by executinged ur n instruction. If the procedure returns a value,
it moves that value to special registdrO before returning. The calling procedure can fetch the
returned value from special regist0. Note that this protocol requires that nested procedure
calls are performed before any arguments are stored int§dhlecations. When the top-level
procedure terminates, the value%@O is returned as the overall status value of the program; this
should be 0 for programs that terminate successfully.

IO and heap memory allocation are performed by issuing argliprocedure calls to the spe-
cial system callg ead_i nt (which returns an integer result valuey; i t e_i nt (which takes

an integer argumentiwite_string (which takes the address of a string as argument),
writenew i ne (which takes no argumentshounds_err or (which takes no arguments,
issues the messagér‘ray bounds vi ol ati on” to stderr, and exits),ni | _poi nt er
(which takes no arguments, issues the messhigé “poi nt er der ef erence”to stderr,

and exits), andal | oc (which takes an integer size argument in words and retumsdress

of the allocated storage). The argument, if any, is giverhassecond parameter to teeal |
instruction; if there is no argument, a dummy parameterevéug. 0) should be given.

Label and temporary names should be unique within a proedgheluding the initialization code
for the procedure’s locals). Code should never branch tweo initialization code sequences
or between an initialization code sequence and the main.body



Implementation

As before, the fild r ont end. j ar contains a complete PCAT front-end, which parses and type-
checks. pcat files and produces an AST data structure. Ra¢ . j ava documents the AST.

Your code generator must be defined by a claR&en that compiles and links with thast and
| RGenDri ver classes provided here; you must not change these classes, yidurl RGen
class must implement the method

static void gen(Ast.Program p)

Also, you will want to use thé&/i si t or classes andccept methods inAst to traverse dec-
larations, statements, expressions, etc. Your generktss should be placed in a separate file
| RGen. j ava, which can be compiled using

javac -classpath .:frontend.jar | RGen.java

There is a skeletal implementation in fil&RGenO0. j ava. Feel free to build your generator by
extending this skeletal version. The top of this file corgailefinitions and supporting code for
generating operands and emitting code. Code can be emittelin@ at a time as it is generated;
there is no need to store it up.

It is not necessary to use a symbol table when generating interreextide. This causes problems
only when generating code for the constah8JE, FALSE, andNI L; since there is no symbol

table, there is no easy way to see if these have been rededineéao uniform way to handle the
fact that they are constants rather than variables. So damity about the former, and expect the
latter to lead to messy codeRGen0. j ava shows one approach.

Use control flow form for booleans by default; when a valueasded, use a full-word integer.
You'll need to write code to convert from control flow form talue form when storing a boolean;
the converse code, to generate control flow from a valueready inl RGenO. j ava.

Arrays and records should be represented by pointers tagoants heap-allocated memory with
the same layout as in Assignment 1.

Submitting the Program

Place  your |RGen class in the single  file | RGen.java, and
mail it to cs322- 01 @s. pdx. edu, with HAB in the subject line. You must mail this file as
a plain textattachment; the contents of the message itself don't matter. We shdwd be able to
compile your code by creating a fresh directory, saving yaitachment, copying in the provided
front end. j ar and typing

javac -classpath .:frontend.jar | RGen.java

If we also copy in the provided fileRGenDr i ver . cl ass, we should then be able to execute
your generator on fileoo. pcat by typing



java -classpath .:frontend.jar I RGenDriver < foo.pcat

Note that we will be using automated mechanisms to read, depgnd 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 toptheeteam member should
send mail identifying him- or her-self as a team member. $8lebmit this information even if
your team is unchanged from assignment 1.



