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CHAPTER 15

Cod
Generatio:

We now turn to code generation, the final phase of compilation. Goo
code generation is difficult, and not too much can be said without dealin
with the details of particular machines. Nevertheless, the subject must b
studied because a careful code-generation algorithm can easily produce cod
that runs perhaps twice as fast as code produced by an ill-considered algc
rithm.

We begin our study by looking at the problems that arise in generatin
good code. We initially develop a straightforward algorithm to generat
code from a sequence of three-address statements. We progress to mor
complex algorithms that take into account the flow-of-control structure of
program in assigning registers to names. We then discuss a method fo
generating reasonably good code, treating a basic block or an expression a
the fundamental entity. Finally, we consider various local, machine
dependent optimizations that have been found effective in improving th
quality of output code.

15.1 Object Programs

We assume that the input to our code-generation routine is an intermediat:
language program that can be a sequence of quadruples, a sequence of tri
ples, a tree, or a postfix Polish string. The output of a code generator i
the object program. This may take on a variety of forms: an absolut
machine-language program, a relocatable machine-language program, at
assembly-language program, or perhaps a program in some other program
ming language.

Producing an absolute machine-language program as output has ths
advantage that it can be placed in a fixed location in memory and immedi
ately executed. A small program can be compiled and executed in a few
seconds. A number of ‘‘student-job’’> compilers, such as WATFIV an¢
PL/C, produce absolute code.

Producing a relocatable machine-language program (object module) as
output allows subprograms to be compiled separately. A set of relocatabis
object modules can be linked together and loaded for execution by a linking
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loader. Although we must pay the added expense of linking and loading if
we produce relocatable object modules, we gain a great deal of flexibility in
being able to compile subroutines separately and to call other previously
compiled programs from an object module. Many commercial compilers
produce relocatable object modules.

Producing an assembly-language program as output makes the process
of code generation somewhat easier. We can generate symbolic instructions
and use the macro facilities of the assembler to help generate code. The
price to be paid is the assembly step after code generation. Nonetheless,
since by producing assembly code the compiler will not duplicate the entire
task of the assembler, this choice is another reasonable alternative, espe-
cially for a machine with a small memory, where a compiler must use
several passes.

Producing a high-level language program as output simplifies code gen-
eration even further. For example, FORTRAN is the output of the
ALTRAN' compiler (Brown [1977]) as well as a variety of ‘‘Structured
FORTRAN” preprocessors such as RATFOR (Kernighan [1975]). Gen-
erating FORTRAN as output defers the problems of machine code genera-
tion to the FORTRAN compiler, yet allows the compilation of languages
that extend FORTRAN in useful ways, as in the cited examples.

The Environment of the Code Generator

We assume that the code generator is presented the intermediate text in
one of the forms discussed in Chapter 7; we shall, in our specific algo-
rithms, deal with quadruples or in one case, with parse trees as the inter-
mediate form. We assume that all necessary semantic checking has been
done, either during intermediate code generation, in a separate pass, or just
before each quadruple is examined by the code generator. Thus the data
type of each operator and operand is known, and all necessary type conver-
sions are present in the intermediate text. It is also assumed that data areas
and offsets have been determined for each name, as discussed in Chapter
10, and that this information is present in the symbol table.

It is often helpful to imagine that the intermediate text has been parti-
tioned into basic blocks, as in Algorithm 12.1, but with the additional pro-
viso that procedure calls are isolated in blocks by themselves. It is not
essential that a data structure representing a flow graph be present. Algo-
rithm 12.1 tells us how to recognize the beginning and end of a basic block
as we scan a list of quadruples. Thus our algorithms for code generation
are in no way predicated on the existence of an optimization phase in the
compiler.

t A language for algebraic manipulation.
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