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3 COMPILER CONSTRUCTION AND BOOTSTRAPPING

By now the reader may have realized that developing translators is a decidedly non-trivial €
If one is faced with the task of writing a full-blown translator for a fairly complex source lanc
or an emulator for a new virtual machine, or an interpreter for a low-level intermediate lang!
one would probably prefer not to implement it all in machine code.

Fortunately one rarely has to contemplate such a radical step. Translator systems are now
available and well understood. A fairly obvious strategy when a translator is required for an
language on a new machine, or a new language on an old machine (or even a new langua
new machine), is to make use of existing compilers on either machine, and to do the develc
a high level language. This chapter provides a few examples that should make this clearer.

3.1 Using a high-level host language

If, as is increasingly common, one’s dream macMnie supplied with the machine coded versi
of a compiler for a well-established language like C, then the production of a compiler for ol
dream languag¥ is achievable by writing the new compiler, ségM, in C and compiling the
source KtoM.C) with the C compiler@toM.M) running directly orM (see Figure 3.1). This
produces the object versioktoM.M) which can then be executed lgn
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Figure 3.1 Use of C a5 an implementation language

Even though development in C is much easier than development in machine code, the proc
still complex. As was mentioned earlier, it may be possible to develop a large part of the co
source using compiler generator tools - assuming, of course, that these are already availab
in executable form, or as C source that can itself be compiled easily. The hardest part of th
development is probably that associated with the back end, since this is intensely machine
dependent. If one has access to the source code of a compilétolikeone may be able to use tl
to good avail. Although commercial compilers are rarely released in source form, source cc
available for many compilers produced at academic institutions or as components of the GI
project carried out under the auspices of the Free Software Foundation.

3.2 Porting a high level trandlator

The process of modifying an existing compiler to work on a new machine is often known as



porting the compiler. In some cases this process may be almost trivially easy. Consider, foi
example, the fairly common scenario where a compileC for a popular languagé has been
implemented in C on machieby writing a high-level translator to convert programs writteX |
to C, and where it is desired to use langudgs a machind that, likeA, has already been
blessed with a C compiler of its own. To construct a two-stage compiler for use on either m
all one needs to do, in principle, is to install the source codé&d@ on machinévi and recompile
it.

Such an operation is conveniently represented in terms of T-diagrams chained together. Fi
3.2(a) shows the compilation of tieto C compiler, and Figure 3.2(b) shows the two-stage
compilation process needed to compile programs writtéqitcaM-code.

The portability of a compiler likXtoC.C is almost guaranteed, provided that it is itself written
"portable” C. Unfortunately, or as Mr. Murphy would put it, "interchangeable parts don’t" (m
explicitly, "portable C isn't"). Some time may have to be spent in modifying the source code
XtoC.C before it is acceptable as inputGmM.M, although it is to be hoped that the developer
XtoC.C will have used only standard C in their work, and used pre-processor directives that
for easy adaptation to other systems.

If there is an initial strong motivation for making a compiler portable to other systems it is, it
often written so as to produce high-level code as output. More often, of course, the original
implementation of a language is written as a self-resident translator with the aim of directly
producing machine code for the current host system.

3.3 Bootstrapping

All this may seem to be skirting around a really nasty issue - how might the first high-level
language have been implemented? In ASSEMBLER? But then how was the assembler for
ASSEMBLER produced?

A full assembiler is itself a major piece of software, albeit rather simple when compared witt
compiler for a really high level language, as we shall see. It is, however, quite common to ¢
one language as a subset of another, so that subset 1 is contained in subset 2 which in tur
contained in subset 3 and so on, that is:



