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Modern Compiler
Implementation

In Ml

Introductio
n to
Modern
Compiler
Implement
ation in ML

C o m p i l e r
construction is one
o f  t h e  m o s t
intellectually  rich
and  practical ly
impactful  areas  of
computer  science.
For  decades,  the
f i e l d  h a s  b e e n
defined  by  classic

t e x t s  l i k e  t h e
Dragon Book, but a
quieter  revolution
has  taken  place
w i t h  t h e
emergence  of  a
methodology  that
e m p h a s i z e s
c o r r e c t n e s s ,
express i veness ,
and  funct iona l
p r o g r a m m i n g
paradigms.  This
a p p r o a c h  i s
captured  mos t
notably  in  Andrew
Appel's  seminal
work ,  Modern
C o m p i l e r
Implementation



in ML. This article
explores  the  core
ideas  behind  this
approach,  why the
ML  programming
l a n g u a g e  i s
uniquely suited for
c o m p i l e r
construction,  and
h o w  t h e s e
principles continue
t o  i n f l u e n c e
modern  compiler
design.  Whether
you are a student,
a  pro fess iona l
developer,  or  a
r e s e a r c h e r ,
u n d e r s t a n d i n g
these concepts will
d e e p e n  y o u r
appreciation  for
t h e  t o o l s  t h a t
translate  human-
readable code into
e x e c u t a b l e
m a c h i n e
instructions.

The
Enduring
Relevance
of Compiler
Theory

Compilers  are  the
silent  workhorses
of  the  software
world. Every line of
code  you  write,
whether in Python,
Rust, or JavaScript,
i s  u l t i m a t e l y
processed  by  a
compi ler  or  an
interpreter.  The
t h e o r y  b e h i n d
compilers  is  not
just  academic;  it
directly  impacts
the  performance,
s e c u r i t y ,  a n d
reliability  of  the
software  we build.
W h i l e  m a n y
developers  may
n e v e r  w r i t e  a
p r o d u c t i o n
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compiler, the skills
g a i n e d  f r o m
studying  compiler
implementation—s
u c h  a s  f o r m a l
language  theory,
data-flow  analysis,
a n d  c o d e
generat ion—are
transferable  to
m a n y  o t h e r
domains,  including
static  analysis,
l i n t e r s ,  a n d
domain - spec i f i c
languages.

The  tradit ional
a p p r o a c h  t o
teaching  compiler
design  has  often
relied on languages
l i k e  C  o r  C + + .
However,  Modern
C o m p i l e r
Implementation
in  ML  advocates
for a different path:
using  a  strongly
typed  functional
language  to  build

compilers  that  are
both  correct  and
elegant.  The book,
w h i c h  c o v e r s
everything  from
lexical  analysis  to
a d v a n c e d
o p t i m i z a t i o n
techn iques ,  i s
structured  around
the  idea  tha t  a
compiler is not just
a tool but a formal
system that can be
reasoned  about
mathematically.

Why ML for
Compiler
Construction?

ML,  which  stands
for Meta Language,
i s  a  funct iona l
p r o g r a m m i n g
language  with  a
strong  static  type
system,  pattern
match ing ,  and
automatic  memory
m a n a g e m e n t .



These  features
m a k e  i t  a n
exceptional  choice
f o r  c o m p i l e r
implementat ion.
First,  algebraic
data  types  and
pattern  matching
al low  compi ler
w r i t e r s  t o
represent  abstract
syntax trees (ASTs)
in  a  way  that  is
both  concise  and
safe. Every node in
a n  A S T  c a n  b e
m o d e l e d  a s  a
v a r i a n t  o f  a
d i s c r i m i n a t e d
union,  and pattern
matching  ensures
that  all  cases  are
h a n d l e d
exhaustively.  This
drastically  reduces
the  likelihood  of
runtime errors that
plague  compiler
implementations
wr i t ten  in  less
e x p r e s s i v e

languages.

Second,  ML's  type
system  catches  a
wide class of errors
at  compile  time.
When  building  a
compi ler ,  data
s t ructures  are
c o m p l e x  a n d
trans format ions
are  many.  A  type
error in a semantic
analysis  pass  can
lead to subtle bugs
that are difficult to
trace.  With  ML,
m a n y  o f  t h e s e
e r r o r s  a r e
eliminated  before
the  compiler  even
runs. This leads to
a  deve lopment
cycle  that  is  more
f o c u s e d  o n
a l g o r i t h m i c
correctness  and
less  on  debugging
m e m o r y
corruption.

Third,  functional
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p r o g r a m m i n g
encourages a style
where  functions
are pure and data
is  immutable.  This
is a natural fit  for
compiler  passes,
which  typically
transform an input
representation into
a n  o u t p u t
r e p r e s e n t a t i o n
w i t h o u t  s i d e
effects.  The  result
i s  c o d e  t h a t  i s
eas i e r  t o  t e s t ,
reason  about,  and
parallelize.

Core
Component
s of a
Modern
Compiler

A compiler can be
broken  down  into
several  distinct
phases,  each  of

which is beautifully
illustrated  in  the
ML  approach.  Let
us  walk  through
these  components
and  see  how  they
benefit  from  the
f u n c t i o n a l
paradigm.

Lexical
Analysis and
Lexing in ML

The first phase of a
compiler  is  lexical
analysis,  or lexing.
The lexer reads the
raw  source  code
and converts it into
a stream of tokens.
In  ML,  lexers  are
often  implemented
using  the  ML-Lex
tool ,  which  is  a
lexical  analyzer
generator  similar
to Lex or Flex. The
generated  lexer
produces  tokens
t h a t  a r e



represented  as
a lgebra ic  data
types. For example,
a token type might
have  variants  for
k e y w o r d s ,
identifiers,  literals,
and  operators .
Pattern  matching
makes  it  trivial  to
handle  each  token
type  with  clarity
and precision. This
a p p r o a c h
eliminates many of
the  tedious  and
e r r o r - p r o n e
aspects  of  hand-
written  lexers  in
l o w - l e v e l
languages.

Parsing and
Abstract
Syntax Trees

Parsing  is  where
the structure of the
l a n g u a g e  i s
uncovered.  The
parser  takes  the

token  stream  and
builds  an  abstract
s y n t a x  t r e e .
Modern Compiler
Implementation
in ML covers both
t o p - d o w n  a n d
bottom-up  parsing
techniques.  The
ML-Yacc  tool,  a
parser  generator,
is used to produce
LALR(1)  parsers.
The  output  of  the
parser  is  an  AST,
defined as a set of
datatypes. Because
ML  datatypes  are
r e c u r s i v e ,
r e p r e s e n t i n g
nested  constructs
like  expressions
and  statements  is
straightforward.
Pattern  matching
o n  A S T  n o d e s
a l l o w s  t h e
s u b s e q u e n t
analysis  phases  to
be  wr i t ten  as  a
series  of  elegant,
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t y p e - c h e c k e d
functions.

Semantic
Analysis and
Type Checking

Once  the  AST  is
built,  the  compiler
must verify that the
p r o g r a m  i s
s e m a n t i c a l l y
c o r r e c t .  T h i s
inc ludes  name
resolution,  type
c h e c k i n g ,  a n d
e n s u r i n g  t h a t
operat ions  are
a p p l i e d  t o
compatible  types.
ML ' s  own  t ype
system serves as a
powerful model for
implementing  the
type checker of the
source  language.
In fact, many of the
concepts  used  in
M L ' s  t y p e
inference—such  as
unif ication  and

c o n s t r a i n t
generation—can be
directly  applied  to
the compiler being
bui l t .  The  book
provides a rigorous
treatment  of  type
checking, including
polymorphism  and
overloading,  all
expressed in clean,
functional code.

Intermediate
Representatio
ns and
Optimization

After  semant ic
a n a l y s i s ,  t h e
compiler translates
the  AST  into  an
i n t e r m e d i a t e
r e p r e s e n t a t i o n
(IR).  The  IR  is  a
l o w e r - l e v e l ,
l a n g u a g e -
i n d e p e n d e n t
representation that
i s  su i t ab le  f o r
o p t i m i z a t i o n .



Modern Compiler
Implementation
in  ML  introduces
s e v e r a l  I R s ,
including  a  tree-
based  IR  and  a
linear IR similar to
three-address code.
Optimizations such
as constant folding,
d e a d  c o d e
elimination,  and
loop invariant code
m o t i o n  a r e
implemented  as
transformations  on
the IR. Because ML
functions are pure,
t h e s e
trans format ions
are straightforward
to  implement  and
v e r i f y .  E a c h
optimization  pass
is  a  function  that
takes  an  IR  and
returns  a  new,
optimized  IR.  This
modulari ty  is  a
hallmark of the ML
approach.

Code
Generation

The final phase of a
compiler  is  code
generation,  where
the IR is translated
into target machine
code  or  assembly.
The  book  covers
both MIPS and x86
architectures. Code
generation involves
i n s t r u c t i o n
selection,  register
al location,  and
i n s t r u c t i o n
s c h e d u l i n g .
Register allocation,
in  particular,  is  a
c lass i c  g raph -
coloring  problem.
T h e
implementation  of
graph  coloring  for
register  allocation
in ML is a beautiful
example  of  how  a
complex  algorithm
can  be  expressed
c l e a r l y  a n d



Modern Compiler
Implementation In Ml

Downloaded from
tracker.dreammachineusa.org by Dakota &

Hezekiah • Every book is a new adventure. •
Page 9

correctly  using
functional  data
structures.  The
Modern Compiler
Implementation
i n  M L  t e x t
prov ides  a  fu l l
implementation  of
a register allocator
based on the work
o f  Cha i t i n  and
others.

Advanced
Topics in
Modern
Compiler
Implement
ation

The book does not
stop at the basics.
I t  d e l v e s  i n t o
advanced  topics
that  are  essential
for  building  high-
p e r f o r m a n c e
compilers.

Garbage
Collection

Garbage  collection
is a runtime service
that  automatically
reclaims  memory
that is no longer in
u s e .  T h e  b o o k
includes  a  chapter
o n  g a r b a g e
c o l l e c t i o n
a l g o r i t h m s ,
including  mark-
sweep,  copying,
and  generational
c o l l e c t o r s .
Implementing  a
garbage  collector
i n  M L  i s  a n
e n l i g h t e n i n g
exercise  because
the language itself
u s e s  g a r b a g e
col lect ion.  The
t e c h n i q u e s
d e s c r i b e d  a r e
directly  applicable
to runtime systems
for  languages  like
Java, C#, and Go.



Object-
Oriented
Languages

M o d e r n
p r o g r a m m i n g
languages  a re
o f t e n  o b j e c t -
oriented. The book
e x t e n d s  t h e
compiler to support
c l a s s e s ,
inheritance,  and
dynamic  dispatch.
T h e
implementation  of
a  virtual  function
table  and  method
l o o k u p  i n  M L
demonstrates  how
functional  patterns
can  handle  the
complexities  of
o b j e c t - o r i e n t e d
semantics.  This
s e c t i o n  i s
p a r t i c u l a r l y
v a l u a b l e  f o r
understanding how
languages  l ike
C++ and Java are

implemented at the
lowest level.

Functional
Languages

In  a  fascinating
twist, the book also
c o v e r s  h o w  t o
compile  functional
l a n g u a g e s
themselves.  Topics
such  as  closure
c o n v e r s i o n ,
hoisting,  and  tail-
call  optimization
are  presented  in
detail. This creates
a  self-referential
elegance:  you  are
using ML to build a
comp i l e r  f o r  a
f u n c t i o n a l
language,  and  the
techniques  you
l e a r n  a r e
applicable  to  ML
i t s e l f .  T h i s
recursive  nature
re in forces  the
p o w e r  o f  t h e
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f u n c t i o n a l
paradigm.

Modern ML
and
Machine
Learning in
Compilers

It  is  important  to
n o t e  t h a t  t h e
acronym  ML  i s
ambiguous.  In  the
context of Modern
C o m p i l e r
Implementation
in ML,  ML stands
for  the  language
Meta  Language.
However, in recent
years,  machine
learning (also  ML)
h a s  b e g u n  t o
influence  compiler
design.  While  the
book  predates  the
current wave of AI,
the two worlds are
c o n v e r g i n g .

Modern  research
a p p l i e s
r e i n f o r c e m e n t
l e a r n i n g  t o
i n s t r u c t i o n
scheduling  and
neural networks to
heuristic  selection
in  optimization
p a s s e s .
Understanding  the
classic,  functional
a p p r o a c h  t o
c o m p i l e r
i m p l e m e n t a t i o n
provides  a  solid
foundat ion  for
exploring  these
c u t t i n g - e d g e
machine  learning
techniques.  The
rigorous,  formal
approach taught in
the book is exactly
what  is  needed  to
frame  machine
learning  problems
i n  a  c o m p i l e r
context.



Integration of
Machine
Learning

Heuristics

One  area  where
machine  learning
has  made  inroads
is  in  predictive
o p t i m i z a t i o n .
Compilers  often
face choices about
which  optimization
to  apply  and  in
w h a t  o r d e r .
Traditionally, these
decisions are made
by  hard -coded
heuristics.  With
machine  learning,
these  heuristics
can  be  learned
f rom  data .  For
example,  a  neural
network  can  be
trained  to  predict
w h e t h e r  l o o p
u n r o l l i n g  w i l l
i m p r o v e
performance  for  a
g i v e n  l o o p

structure. The pass
s t r u c t u r e  o f  a
compiler  built  in
M L  i s  m o d u l a r
e n o u g h  t o
incorporate  such
learned  models  as
d r o p - i n
replacements  for
heuristic functions.
T h i s  h y b r i d
approach—using
f u n c t i o n a l
correctness for the
c o r e
trans format ions
a n d  m a c h i n e
learning  for  the
heuristics—represe
nts the state of the
a r t  i n  m o d e r n
c o m p i l e r
implementation.

Practical
Benefits of
Studying
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Compiler
Implement

ation in ML

W h y  s h o u l d  a
practicing software
engineer  invest
time  in  studying
c o m p i l e r
i m p l e m e n t a t i o n
us ing  ML?  The
benefits extend far
beyond  the  ability
to write a compiler.

Deep
understandi
ng of
programmin
g languages:
You will
understand
how your
favorite
language
works under
the hood,
including how
type
checking,

scoping, and
control flow
are
implemented.
Improved
debugging
skills: When
you
understand
how a
compiler
translates
code, you can
better
diagnose
performance
issues and
subtle bugs.
Mastery of
functional
programmin
g: ML is a
pure
functional
language with
a rigorous
type system.
Working
through the
compiler
implementati



on will
solidify your
functional
programming
skills, which
are
increasingly
valuable in
multi-
paradigm
languages
like Scala,
F#, and even
modern C++.
Skill in
designing
domain-
specific
languages:
Many
software
projects
benefit from a
small, custom
language or
configuration
syntax. The
techniques
learned from
compiler
implementati

on are
directly
applicable to
building
interpreters
and compilers
for DSLs.
Preparation
for research:
If you are
considering
graduate
studies in
programming
languages or
compilers, the
foundation
provided by
this book is
essential. It is
used in many
top-tier
university
courses.

Resources
for
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Learning
Modern
Compiler
Implement

ation in ML

If you are ready to
dive into this topic,
there  are  several
r e s o u r c e s
ava i l ab le .  The
primary  text  is
Andrew  Appel's
Modern Compiler
Implementation
in  ML,  published
b y  C a m b r i d g e
University  Press.
T h e  b o o k  i s
accompanied  by
source  code  for  a
complete compiler.
Additionally,  there
are  editions  for
Java and C, but the
M L  v e r s i o n  i s
widely regarded as
the  most  elegant.
F o r  t h o s e  w h o

want to explore the
language  itself,
resources  such  as
ML for the Working
Programmer  by
Larry  Paulson  and
o n l i n e
documentation  for
S t a n d a r d  M L
(SML) or OCaml (a
descendant of ML)
a r e  e x c e l l e n t
starting  points.
Many  universities
also  of fer  open
courseware  that
follows  the  book.

Conclusion

Modern Compiler
Implementation
in ML represents a
high-water mark in
the  literature  of
c o m p i l e r
construction.  By
leveraging  the
power of functional
programming  with
M L ,  t h e  b o o k



presents  compiler
d e s i g n  a s  a
rigorous,  elegant,
a n d  d e e p l y

s a t i s f y i n g
discipline.  From
lexical  analysis  to
advanced


