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/ Compilers and Languages. . \

e In contrast, many unsuccessful
languages have been designed by a
committee, without much input from

compiler writers.

e It is important for the language
designer to be aware of
state-of-the-art compiler technology.

e It is important for the compiler
designer (particularly, the compiler
tool designer) to be aware of the
requirements of modern languages.

e As budding compiler writers, we will
therefore start out by familiarize
ourselves with some modern (and not
so modern...) languages and language

\\ features. /
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/ Compilers and Languages. . \

e The history of compiler design and

language design go hand in hand:

— The design of new language
features have prompted new
compiler technology,

— New compiler technology has
allowed new languages features.

e There is a constant struggle between
the programming language user
(“Please add this feature!”), the
language designer (“How can I
incorporate the new feature with the
existing ones?”), and the compiler
writer (“No more features!”).

e Many successful languages have been
designed concurrently with a

\ compiler for the language. J
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History of Procedural Languages

Oberon Modula-3 Ada90 C++
(Wirth, 88,91) (DEC-SRC,88) (US DoD 90) (Stroustrup,86)

Ada83
(US DoD 83)

Modula-2
(Wirth, 78)

Modula
(Wirth, 77)

Object Pascal
(Wirth&Apple, 85)

Mesa
(Xerox PARC, 77)

C
Pascal (Ritchie, 72)

(Wirth, 70) Algol68 Simula67
PL/I
(IBM, 64) \

w\\\\\\ﬁi?OIGO

FORTRAN
(IBM, 54-57)

e Algol60 introduced structured
programming, Simula67 object-oriented
programming, and Mesa modules.

\. FORTRAN is still rules! /
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Compiler Writer .vs Language Designer

phases. Almost all features will affect the semantic analyzer!

e Every language feature will affect one or more compiler

N

o
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/ Order of Declaration. .. \

‘ Declaration-Before-Use ‘

*)

procedure bar (); begin foo() end;

(* This is illegal:

procedure foo (); begin bar() end;
e foo is called before it is declared.

e In a strict declaration-before-use
language it’s impossible to declare
mutually recursive procedures, like
foo & bar above.

e In many dialects of Pascal we can
forward declare foo:

procedure foo (); forward;
procedure bar (); begin foo() end;

/ Order of Declaration. .. \

e Pascal has a completely fixed order

of declaration: Labels, Constants,
Types, Variables, and then
Procedures. (Pascal is known as a
B&D (Bondage-&-Discipline)
Language.)

e Other languages are more forgiving,
but still require
Declaration-Before-Use, i.e. a
name must be declared before it is
referenced.

e Other languages, still, allow a
completely free order of declaration.
This allows the programmer to write
the declarations in the most natural
order, but makes things more difficult

\irocedure foo (); begin bar() end

/
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N

for the compiler writer (Surprise!). J

Slide 5-5

/ Order of Declaration. .. \

- ‘ Free Order of Declaration ‘

e The compiler must be able to handle
a reference to a name before it is

declared:

PROCEDURE P (v:T); BEGIN x := 5 END P;
TYPE T = ARRAY [1..C3] OF CHAR;
CONST C3 = 5;

VAR x : INTEGER;

e The compiler must detect illegal

recursive declarations:

CONST C1 = C2 + 1;
C2 =C1 + 2;
TYPE R1 = RECORD x : R2 END;
R2 = RECORD y : R1 END;
Slide 5-7
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/ Procedure Nesting. ..

e Since the early-60’s programming
language designers have wrestled
with the problem of large name
spaces. Any large program will
contain many names (declared
procedures, types, variables, etc).
How do we prevent name-clashes?

e We may, for example, want a function
Append that concatenates strings
together, and another function
Append the concatenates lists.

e In other words, we need to be able to
control the visibility of names, i.e.
make them visible in some part of the

program and hidden in other parts.

N /

Slide 5-8

G/Iodules & Separate Comp.. \

e It was soon discovered that
procedure nesting (as in Pascal) did
not give enough visibility control.

e Instead, modules were introduced.
A module is simply a language
construct that collects a number of
declarations together, and that
controls their visibility. I.e. a module
may make some of its names visible
to other modules, and may hide
others.

e We say that a module exports some
of its names (makes them available to
other modules), and imports names

from other modules.

/
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/ Procedure Nesting. ..

e First came block-structure:

begin
var X : char;
begin
y : integer; x := "X"; y := 1;
end;

y :=5; (* Wrong! *)

end

e and then nested procedures:

procedure P ();
var x : char;

procedure Q ();

var x : integer;
begin x := 5; end;
begin x := "X"; QO; end

N /
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ﬁ/Iodules & Separate Comp.. \

e In many languages, the module is

also the primary unit of separate
compilation. We don’t want to
compile a large program all at once,
and we want different programmers
to be able to work on the same
program simultaneously. We
therefore make each module
textually separate (each module is
in its own file), and design our
compiler so that it can compile one
file at a time.

e The example in the next slide is from
Modula-2. Each module has two
parts, a definition and an
implementation module. Each part is

\ separately compiled. J
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G/Iodules & Separate Comp..

DEFINITION MODULE M;
TYPE T = INTEGER;
PROCEDURE P (x :

END M.

T);

IMPLEMENTATION MODULE M;
VAR X : T; (x Hidden from R. *)
PROCEDURE P (x : T);
BEGIN --- END P;

END N.

IMPLEMENTATION MODULE R;
FROM M IMPORT T, P;
VAR X : T;

BEGIN P(); END R.

N /
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Type Equivalence. ..

TYPE T1 = RECORD a:CHAR; b:REAL END;
TYPE T2 = RECORD a:CHAR; b:REAL END;
VAR x1 : Ti1;
VAR x2 : T2;
BEGIN

x1l := x2 (* DK, or not? *)
END

e In languages that use
name-equivalence the assignment
is illegal.

e In languages that use structural
type equivalence the assignment is
legal.

e The original Pascal report did not

\\ specify which equivalence rule to use!

/
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ﬁ/Iodules & Separate Comp.. \
e The definition part of the module

defines the names that are exported
from the module. The
implementation part gives the actual
definitions of the names, e.g. bodies
of exported procedures.

e Obviously, modules and separate
compilation complicates the compiler
significantly:

— We have to be able to compile one

module at a time.

— If a module imports the same
name from more than one module
(e.g. Append from the modules
List and String) we have to be

/

able to determine which symbol

should actually be used.

N
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Type Equivalence. ..

4 )

e The type equivalence issue becomes

particularly interesting in languages
that support objects:

TYP Shape = T
T dra Q;
T ove (X Y:REA );
Co boy = T
T dra Q;
T ove (X Y:REA );
:S; c:C;
:=c; (*x 0 *) END

e In Modula-3 (which uses structural
equivalence) s and ¢ are compatible!
In Object-Pascal (which uses name

\ equivalence) they would not.

/
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eneric Modules...

e In Pascal you can’t write abstract
data types that are parameterized by
type.

e We should only need to write one
stack ADT (or Sort module, or -- ),

and the element type should be a
parameter to the ADT.

e Here we use a generic module Stac
to create two stacks, a stack of 100
integers, and a stack of 300 booleans:

P ¢ e Stac Int is

ne Stac (1 INTEGER) ;
P cC e Stac Boo is
ne Stac (3 BOO EAN);

e in
Stac Int.Pu h(123);
Stac Boo .Pu h(TRUE);
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Overloading. . .

e An overloaded symbol has a different
meaning depending on where it is
used. In Pascal, is overloaded:

N S
“ oating-point add”, in |:|

means “integer add”.

e Sometimes, procedures can be
overloaded. Example: Pascal’s

write:

- In‘write( Hello ) |write

means “write a string”, in

write( . ) |it means “write a

real”.

e For every use of an overloaded
symbol, the compiler must figure out
which function should actually be
called.
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eneric Modules...

e Here’s the implementation of the
generic stack module:

eneric

Si e : POSITIVE;

t pe ITE is pri te;
P ¢ e Stac is

procedure Pu h (E: in ITE );
end Stac ;

pc e od Stac is
t pe TABE is rr
(POSITIVE r n e ) o ITE ;
procedure Pu h (E: in ITE ) is
end Stac ;

e The compiler needs to be able to create
inst nces o generic modules, pre erabl
ithout duplicating code.
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verloa ing...
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oll our O n Language...

It has been said that you're not a
real Computer Scientist until you’ve
designed your own language! There
are over 2000 languages on the
Language List, so, yes, a lot of
people have tried...

So where do you start? It is tempting
to fall into the trap of going down
the language feature list, and just
checking all of them. Then you wind
up with C
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oll our O n Language...

Obviously, choosing a feature-set is
only a first step:

1. All the features have to fit in
neatly with each other, and

should not interact in weird ways.

2. The language should be “natural”:
there should be no nasty surprises
for the programmer.

3. It should be possible to describe
the language in a clear and
concise way.

Languages with very similar feature
lists may be of very different
complexity: Modula-3 is described in
a 0-page document, Ada & C
require several hundred pages...
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oll our O n Language...

e emember that more is not

necessarily better:

1. Every feature has to be
implemented by the compiler
writer  higher risk of compiler
bugs.

2. Every feature has to be specified
in the language design document

higher risk of design aws and
omissions.

3. Features often interact it may
be impossible to learn only a
small part of the language.
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Home or

e Check out the Language List:
http: cui.unige.ch langlist

e Or these resources

— http: home.n g.org s
lang lang.html

— http: extra.newsgu .com
nedbush proglang.htm

— http: www.cs.mun.ca ulf
pld pls.html

e See what the language list writes
about your favorite and least favorite
language.

e Look up the
Language List. Sounds good, doesn’t
it?

language in the
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