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0. Introduction.

The purpose of this report is to give an informal description of a
compiler compiler for languages defined by means of a Compiler Description
Language based on affix grammars, together with a description of that com-
piler compiler itself in that Compiler Description Language (CDL). Affix
grammars have been described formally‘in [2].

In the first chapters of this report, an explanation is given of the
use of this compiler compiler. This explanation is neither very formal nor
very complete, but should enable the reader to understand the description
given in the last chapter of the report.

The compiler compiler is a syntax-directed compiler of the top-to-
bottom variety equipped with a macro mechanism, which accepts input
written in a two-level extension of CF grammar, giving as output a program
in ALGOL 60. It is intended as a tool in the study and production of com-
pilers for high level languages, such as ALGOL 68.

0.1 Notation and terminology.

A Context-Free grammar (CF grammar) consists of two distinct finite
collections of symbols (stermed the collections of "nonterminal and
"terminal" symbols respectively), and furthermore of one specific non-~
terminal, its "starting symbol", and a finite collection of "rules".

Each rule associates with some nonterminal its "alternatives", a num-
ber of possibly empty sequences of nonterminals and terminals.

In writing down a grammar, we will write down one rule for each non-
terminal, with that nonterminal as its "left-hand-side", followed by a
colon (:), followed by the "right~hand-side" of the rule, followed by a
point (.). The right-hand-side consists of the alternatives of the left-
hand-side, each separated from the next by a semicolon (3). The symbols
within one alternative are separated by commas (,). As symbols we will use
only "tags", i.e., sequences of letters and digits beginning with a letter.

The notation just described, the "Van Wijngaarden notation" [3], is a
variation on the more common Backus-Naur form [l4], with as advantages ease

of writing and reading, and the fact that the end of a rule is clearly

indicgted.




By a "direct production" of a nonterminal we mean any of its alterna-

tives. By a "production" of a nonterminal X we mean a sequence of symbols,
which is either a direct production of X, or is the result of replacing,
in some production of X, a nonterminal ¥ by a direct production of Y.

By a "terminal production" of a nonterminal X we mean a production of
X that contains no nonterminals.

By a "sentence" of a CF grammar we mean & terminal production of its
starting symbol. -

By the "language" of a CF grammar G we mean the collection of its

sentences. This language is denoted by L(G).

0.2 CF grammars of type LL(1).

'By the productions of a sequence of symbols y we mean the productions
of a new nonterminal X with y as its only direct production, with the ex-
clusion of y itself.

For an alternative X, we will indicate by first (X) the set of termi-
nal symbols which are the first symbol of some production of X, and by
follow (x) the set of terminal symbols which immediately follow X in any
production of the starting symbol.

We then say a CF grammar is "of type LL(1)" [6] if it satisfies the
following 3 conditions:

1) For any rule A: CHHE- PR the sets first (al)’ first (325’
ceey first (an) are mutually disjoint.

2) At most one of @, coe, an can produce an empty string e.

3) 1If ay produces €, then first (aq) has no elements in common with
follow (A).

It is decidable whether a given CF grammar is of type LL(1). Without

loss of generality we may assume that only the last alternative can pro-

duce € (condition 2).




1. Syntax-directed compiling.

1.1 What is a compiler compiler?

A "program" is a text in some programming language more or less
directly executable on a computer, which, when executed with some input,
gives some output.

A "compiler" for some high level language is a program which, when
executed with a program in that language as input, gives as output a pro-
gram in some other language (preferably more directly executable).

A "compiler compiler" is a compiler which, when executed with a formal
description of a compiler for some language as input, gives as output a
compiler for that language.

A "family of compiler compilers” is a collection of compiler compilers
which, when executed with identical input, give as output equivalent pro-
grams, possibly in different languages.

Tdeally, a formal description of some programming language should be
capable of yielding also a formal description of a compiler for it; cer-
tainly a formal description of a compiler may be used to define a language.
The formalism for definition of a language consists of two coupled mecha-
nisms, its syntax and semantics. Strictly speaking, the syntax should in-
dicate whether a given sequence of symbols is a program in the language,
and if so, derive a parsing tree for it, while the semantics should attach
a meaning to the parsing tree of a correct program.

In the definition of most languages, for instance that of ALGOL 60, this
separation is not so clean cut: one can argue that part of the syntax is
given under the heading of semantics. In ALGOL 68, the "context-condi-
tions" are an example of syntactical restrictions on programs appearing as
semantics, so that the syntax by itself is not sufficient to define what
is a proper program.

Formalization of the syntax of programming languages is now well
enough understood to obtain part of a compiler by mechanical means, using
"syntax-directed" techniques. On the other hand,there exists no formali-
zation of the semantics which could usefully give the "semantics-directed"

parts of a compiler. For this, manual techniques are used, for instance by

translating to some set of macros which then reflect the semantics.




Our goal is to extend the applicability of syntax-directed techniques so
far that all but the very kernel of the semantics of a compiler can be
defined by syntax, so that only that kernel remains to be defined by other
means. To this end, a notational system, "Compiler Description Language"
(CDL) will be introduced, strongly based on an extension of CF grammars
("affix grammars"), a kind of grammars which, on the one hand, are power-
ful enough to define major programming languages, and, on the other hand,
lend themselves to syntax-directed compiling techniques.

In the light of the foregoing discussion the Compiler Description
Language can best been seen as é programming language, which allows one,
at a high level of abstraction, to write compilers in a machine independent
way.

Although it is our intention to describe a family of compiler compil-
ers, the discussion will center around one particular member of that
family, whose input is in Compiler Description Language, and whose output
is in ALGOL 60. ALGOL 60 as an output language provides a clear enough
framework for the notions involved while being broadly available. ALGOL 68
would certainly provide a better framework, but its availsbility is still
very limited.

Other members of the same family of compiler compilers are being con-

structed, giving output in various assembly languages and in ALGOL 68.

1.2 Parsing asccording to a CF grammar.

The basis of a syntax~directed compiler is a parser, so we must first
go into matters of parsing.

By a "parse" of a sentence according to a grammar we mean a sequence
of substitutions of a direct production for some nonterminal, which leads
from the starting symbol of the grammar to that sentence. The problem of

parsing a given sequence of symbols then consists of

1) deciding whether that sequence of symbols is a sentence of the
grammar;

2) 1if so, then constructing a parse for it.

Using a CF grammar as a generating device is simple enough, but it

takes more trouble to find a practical algorithm for parsing, even though




the parsing problem can easily be shown to be decidable. Still, at the
moment the parsing problem for CF grammars is wholly solved, and literature
abounds with parsing methods.

These methods can be classified along various criteria:

a) bottom up or top down

b) general algorithm & table for the particular grammar or particular
parser for that grammar only '

¢) parser for general CF grammars or parser for a reduced class ob-

tained by imposing restrictions on the grammars.

The compiler compiler to be described generates a top down particular
parser, written in ALGOL 60, for a CF grammar which satisfies the LL(1)
conditions.

From a grammar, the particular parser is obtained by a transscription
process where each rule is turned into a <declaration> for a parsing pro-
cedure corresponding to the nonterminal in its left-hand-side; these pro-
cedures are then embedded in an environment, which contains st least some
as yet unspecified means of input and output. Several such transcriptions

are possible, and we will investigate two of them.

1.2.1 The first parsing method.

The transcription process is best introduced by an example.

Assume the following part of a grammar:

number: digit, numbertail. G1
numbertail: digit, numbertail; endmarker.

Its transcription would run:

Boolean procedure number; P1
begin if - digit then goto 1;
Zf -1 numbertail then goto 0;
number:= true; goto end;
1:0: number:= false; end:
end;

&




Boolean procedure numbertail;

begin if 7 digit then goto 1;
if 71 numbertail then goto 0;
numbertail:= true; goto end;
1: if 71 endmarker then goto 2;

numbertail:= true; goto end;
2:0: numbertail:= false; end:
end;

We will assume digit and endmark to be procedures declared in the
environment, such that they return true if the current symbol in the input-
stream is a digit or an endmark respectively, simultaneously advancing the
input by one symbol, and return false otherwise.

When we now call number it returns either true or false, depending on

whether the input stream, starting with the current symbol, contained a
sequence ofdigits followed by an endmarker.

Now consider another CF grammar for number 1:
number 1: digit, number 1; digit, endmarker. G2
with transeription:

Boolean procedure number 1; P2.a
begin if 1 digit then goto 1;

<f 71 number 1 then goto 0;

number 1:= true; goto end;

1: if 7 digit then goto 2;
<f 71 endmarker then goto 0;
number 1:= true; goto end;

2:0: number 1:= false; end:
end;

The first transcription methéd fails to parse any number 1. Consider,
e.g8., 9 ¥, where 9 is a digit and ¥ the endmarker. It finds the string

begins with a digit, so advances the input, and then tries to parse the

remainder as a number 1, which fails; so number 1 returns false.




Clearly, there are CF grammars for which method 1 does not work satis-

factorily.

1.2.2 A second parsing method.

The trouble with grammar G2 had to do with the fact that, upon meeting
a digit, the input could not safely be advanced. Assume the environment to
contain an input pointer pin, indicating at every moment the current symbol
of an input array. Advancing the input is done by incrementing pin, so
backtracking the input can be done by restoring pin to its original value.

The second transcription method transforms G2 into

Boolean procedure number 1; P2.b

begin integer pold; pold:= pin;

if 7 digit then goto 1;
1f — number 1 then goto 1;
number 1:= true; goto end;

1: pin:= pold;
if 11 digit then goto 2;
<if —1 endmarker then goto 2;
number 1:= true; goto end;

2: pin:= pold; number 1:= false; end:

end;

This second version will recognize the string 9 # as follows:
it finds 9 is a digit and increments pin; it finds # is not a number 1, so
control goes to the label 1; pin is restored to its old value; a digit is
found, incrementing pin; an endmarker is found, again incrementing pin and
the procedure returns true.

Clearly this second transcription method works for a wider class of

grammars than the first did.

1.2.3 Comparison of the two methods

In this section we will compare the merits of the two methods and the

conditions under which they can be used.

&
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First some terminology: We will term a procedure x, yielding a Boolean
value, and obtained from a nonterminal y by one of the transcription pro-
cesses, a "parsing procedure" for y..

We say a parsing procedure x "recognizes" the nonterminal x if it

satisfies the following two requirements:

1) &« always terminates;

2) if the inputstream, starting with the current symbol, contains a
terminal production of X, then x yields true, simultaneously
advancing the input to the first symbol after that terminal pro-

duction; otherwise it yields false.

We will say x "exactly recognizes" x when x recognizes X and advances
the inputstream only when returning true.

In this terminology digit is a parsing procedure exactly recognizing a
digit. By induction on the length of the inputstream, one can deduce that
number and numbertail recognize number and numbertail, though not exactly,
as shown by the inputstring Ia where a is not an endmarker : number 1 will
return false, but has then already advanced the input.

According to the first method, number 1 (P2.a) fails to recognize any-
thing, but the second version (P2.b) exactly recognizes number 1.

For convenience we will term the first transcription method "non-
restoring” and the second "restoring".

We can make a number of observations concerning the two transcription

methods:

1) TFor a CF grammar its nonrestoring parser recognizes its starting

symbol if and only if that grammar satisfies the LL(1) conditions,
The first condition assures that, upon recognizing a terminal sym-
bol, the input can safely be advanced without a chance of taking a
wrong alternative. The second and third condition assure that no
problems arise because of empty terminal productions.

2) For a CF grammar, its restoring parser exactly recognizes its

starting symbol if that grammar satisfies the LL(1) conditioms.
These conditions assure that an alternative taken and found pres-
ent is indeed the only correct one. They are sufficient, but not

necessary: the class of grammars recognized exactly contains the

LL(1) grammars.

SRR
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The difference between the restoring and nonrestoring parser for a
LL(1) grammar comes out only for input which does not form a sentence:
while the restoring parser rejects it (recognizing exactly), the non-
restoring parser may reject it but still have advanced the input, or even

accept it, as is clear from the example:

statement: ass stat; if stat. G3.a
ass stat: identifier, becomes symbol, expression.
if stat: if symbol, bool expr, then symbol, statement.

With statement as starting symbol, and appropriate exact recognizers
for identifier, becomes symbol, etc., the nonrestoring parser for G3 would

accept not only

and if v > 8 then v:= v + 1
but also v Zf v > 2 then v:= v + 1

without giving any error message. A nonrestoring parser may accept errone-
ous sentences without warning. This deficiency must be mended by explicitly

taking possible errors into account while constructing the syntax:

ass stat: identifier, rest ass stat. G3.b
rest ass stat: becomes symbol, expression; errormessage.

Errormessage should print out some appropriate warning.

Advantages of the nonrestoring parser over the restoring parser are:

1) Time-efficiency: the parser has less work to do than the restoring
parser, which may have to perform lots of backtracking.

2) Memory-efficiency: because backtracking can never occur, there is
no need for any array to hold all of the input, and no need for

temporary storage to retain old values of pin.

The disadvantage. of the nonrestoring parser lies in the restrictions
it imposes on the grammar.
In a practical situation, the advantages of the nonrestoring parser

may outweigh its disadvantage: when constructing a syntax, one has good

&
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grounds to make it LL(1).

The compiler compiler allows one to choose between the two parsing
methods, translating some rules in a restoring, others in a nonrestoring
fashion, This facility is essential for making compilers as efficient as
possible, but makes explaining the workings of the compiler compiler some-
what complicated. For this reason we will show mainly nonrestoring parsers
in the rest of this chapter, leaving the construction of the restoring

version to the reader.

1.3 Extensions to CF syntax.

In this section we will give an account of the extensions that have
to be made to CF syntax in order to turn it into an appropriate input-

language for the compiler compiler.

1.3.1 Embedding actions into the syntax.

In order to turn a parser into a compiler, one has to provide it with
means to perform, as a side-effect of parsing, some semantic actions. To
accomplish this, these actions are embedded in the syntax as follows:

Consider the parsing of a number with as translation its value:

number 2: digit, action 1, numbertail 2. GL
numbertail 2: digit, action 2, numbertail 2; endmarker.

where action 1 assigns the value of the last digit read to some global
variasble 8 while action 2 multiplies s by 10 and then adds the value of
the last digit read to s.

We divide the nonterminals into "predicates" and "actions", where pre-
dicates are transscribed as described in 1.2, while actions are transscri-

bed as insertion of a procedure call at the corresponding place of the

parser:
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Boolean procedure number 2; PL
begin if -1 digit then goto 1;

action 1;

if -1 numbertail 2 then goto 0;

number 2:= true; goto end;
1:0: number 2:= false; end:

end;

Boolean procedure numbertail 2;
begin if - digit then goto 1;
action 2;
<if -1 numbertail 2 then goto 0;

numbertail 2:= true; goto end;

1: if 71 endmarker then goto 2;
numbertail 2:= true; goto end;

2:0: numbertail 2:= false; end:

end;

We will allow "primitive" actions and predicates to be defined not by
a rule of the grammar but by some other means, e.g., macros. If we take as

such primitive actions:

alpha = 8:= 0
beta = g:= 10 * s
and gamma = s:= g + last digit read

then we can define the actions action 1 and action 2 in terms of those

primitive actions:

action 1: alpha, gamma. G5
action 2: beta, gamma.

with transcription:

procedure action 1; begin s:= 0; &:= s + last digit read end;

procedure action 2; begin s:= 10 * s; 8:= s + last digit read end;




1k

An example of a primitive predicate could be digit.
The transcription of a rule for an action is the <declaration> of a

procedure (not a Boolean procedure) which may involve again actions and

predicates, primitive or not primitive. More involved examples will follow.

1.3.2 Affixes.

The primitive actions alpha, beta and gamma mentioned in 1.3.1 are
neither really primitive nor very practical: they involve a global variable
8 which may not be used for other purposes by other actions, e.g., some
action taken by digit. ' _

We want to provide parsing procedures with parameters, as a mechanism
for communicating information to and from other parsing procedures.

To this end, a nonterminal may be accompanied by a number of "affixes"
in the form of symbols written after it in the syntax and each preceded by

a plus (+), e.g.:

number 3 + value: G6
digit, action 3, numbertail 3 + value.

numbertail 3 + value: |
digit, action 4, numbertail 3 + value;
endmarker.

Where action 3 and action U4 are primitive actions:

value:= last digit read

action 3

and action 4 = value:= 10 * value + last digit read

with transcription:

Boolean procedure number 3 (value); integer value; P6

begin if digit then goto 1;
value:= last digit read;
if Tnumbertail 3 (value) then goto 0;
number 3:= true; goto end;
1:0: number 3:= false; end:
end;

&
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Boolean procedure numbertail 3 (value); integer value;
begin if - digit then goto 1;
value:= 10 % value + last digit read;
if — numbertail 3 (value) then goto 0;
numbertail 3:= true; goto end;

1: if - endmarker then goto 2;
numbertail 3:= true; goto end;
2:0: numbertail 3:= false; end:

end;

Note that value is an output parameter. All parameters are called by name.
Of course, also primitive actions and predicates can have parameters.

Apart from parameters, we will also need local variables, which we
will indicate in the left-~hand-side of the rule as symbols each preceded by

a minus (=), e.g.:

number 4 + value - d: ’ a7
digit 4 + d, action 5 + value + d, numbertail 4 + value.

numbertail 4 + value - d:
digit 4 + d, action 6 + value + d, numbertail 4 + value;
endmarker.

digit 4 + d: digit, action 5 + d + last digit read.

where

action 5 +x +y=a:= y
and action 6 + X +y=ax:=10*x+y
with transcription
Boolean procedure number 4 (value); integer value; PT

begin integer d;
if = digit 4 (d) then goto 1;
value:= d;
if 1 numbertail 4 (value) then goto 0;

number 4:= true; goto end;
1:0: number 4:

.
end;

false; end:




16

Boolean procedure numbertail ¢4 (value); integer value;

begin integer d;
if —1digit 4 (d) then goto 1;
value:= 10 * value + d;
<if 1 numbertail 4 (value) then goto 0;
numbertail 4:= true; goto end;

1: if -1 endmarker then goto 2;
numbertail 4:= true; goto end;
2:0: numbertail 4:= false; end: |
end;

Boolean procedure digit 4 (d); integer d;
begin if 1 digit then goto 1;
d:= last digit read;
digit 4:= true; goto end;
1: digit 4:= false; end:

end;

Those symbols which occur in the grammar to indicate a parameter or
local variable are affixes, and must be distinct from all other symbols.

Affixes occurring in the left-hand-side of a rule we term "bound"
affixes of that rule if they are preceded by a plus and "free" affixes
if preceded by a minus. Affixes occurring in a rule which are neither bound
nor free are "terminal".

For saeke of simplicity we assume the bound, free and terminal affixes
to be disjoint sets. If a bound affix is used as an input parameter to a
parsing procedure we will term it "inherited"; otherwise, it is "derived".

A nonterminal must, when occurring in a right-hand-side, always be
accompanied by as many affixes as there are bound affixes in the left-hand-
side of its defining rule.

Of course, care has to be taken that an inherited affix should get a
value before being used. In an article of D.E. Knuth [5] it is shown how to
investigate by graph-theoretical means whether a system of inherited and
derived affixes is consistent (in his terminology, whether a system of in-

herited and synthesized attributes is well defined).

£
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A nonterminal together with its affixes is termed an "affix expres-
sion", of which the nonterminal is the "handle". The handle with its appen-
ded affixes, in a definition of an affix grammar as a generating device,
takes the same place as a nonterminal in the definition of a CF grammar.
Affixes derive their name from the fact that they are considered to be

attached to the handle of an affix expression.

1.3.3 Grouping; Jjumps and labels.

Consider again G2:
number 1: digit, number 1; digit, endmarker.

When recognizing a number 1, a restoring parser for this grammar has to
recognize the the last digit twice. The grammar can be rewritten to G1 in
order to obviate this backtracking, but then we must introduce an extra
nonterminal numbertail. When we have recognized the first digit of a
number 1, we expect either an endmarker or another number 1; this.could be

denoted as

number 5: digit, ’ G8
(number 5; endmarker).

with as transcription:

Boolean procedure nurber 5; P8.a
begin if ~ digit then goto I;
begin if - number 5 then goto 2;
number 5:= true; goto end;
2: if 1 endmarker then goto 3;
number 5:= true; goto end;

3: goto 0;
end;

1:0: number 5:= false; end:
end;
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The restoring version of this parser runs:

Boolean procedure number 5; P8.b

begin integer pold; pold:= pin;

if 1 digit then goto 1;
begin integer pold; pold:= pin;
if 7 number 5 then goto 2;

number 5:= true; goto end;
2: pin:= pold;
if 1 endmarker then goto 3;
number 6:= true; goto end;
3:
end;
1: pin:= pold; number 5:= false; end:
end;

As s restoring parser, P8.b recognizes the same language as P2.b but
without recogniziﬁg the last digit twice. As a nonrestoring parser, P8.a
succeeds where P2.a failed; consequently G8 can be considered as of type
LL(1). The introduction of grouping brackets allows one to construct gram—
mars which can be parsed more efficiently, and to enlarge the applicability
of nonrestoring parsers.

Still, the parser for number 5 is inefficient because it is an un-
necessarily recursive procedure; the recursion in number 5 is used only to
effectuate repetition: a number consists of a first digit, optionally fol-
lowed by some number of digits,followed by an endmarker. We will need a
device for performing repetition. Therefore we will allow both labels and
jumps within one rule of a grammar, indicating a label as a symbol acting
as label-identifier followed by a colon, and a jump by a colon followed by

such a symbol, e.g. (with label »ep):
number 6: G9
digit,
rep: (digit, :rep; endmarker).

with transcription:

&
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Boolean procedure number 6; P9
begin if 71 digit then goto 1;
rep: begin if -1 digit then goto 2;
goto rep;
2: if - endmarker then goto 3;

number 6:= true; goto end;
3: goto 0;
. end;
1:0: number 6:= false; end:
end;

A jump is an action and may only occur at the end of some alternative,
to a label within that same rule.

Under these conditions, the introduction of Jjumps and labels can
easily be understood as shorthand for a corresponding recursive definition,
so that the language accepted by a parser is unchanged, and none of the
problems associated with the unrestricted introduction of jumps and labels
is encountered. As an example, the recursive counterpart of number 6 is

simply:

number 7: digit, rep.
rep: digit, rep; endmarker.

1.3.4 Some more syntactic sugar.

In order to turn affix grammars into a Compiler Description Language,
some more features are needed.

Apart from parameters and local variables, parsing procedures may
require global variables. The variable pin used by restoring parsers is an
example. For the sake of simplicity we will use integer variables only, as
a very general and useful datatype. Thus, for a pointer pin, a

<declaration> will appear in the parser, as

integer pin;

Furthermore, a facility is needed to declare arrays, e.g. for holding

input, end, as we will see later, to be used as stacks. Lastly, a facility
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is needed for declaring a Boolean variable, termed a "flag", which may then
occur instead of a predicate. In 2.4 the precise notation for such declara-
tions is given. In 2.3 it is described how one can indicate to the compiler
compiler that a specific symbol is an action or predicate, defined globally,
and thus to be used without further definition.

A simple mechanism for specifying macros is also described in 2.4.

1.4 What is the use of a compiler compiler?

The conventions introduced in the previous sections, and described in
chapter 2, allow one to program the input to the compiler compiler in sa
reasonable level detail giving a reasonable efficient compiler, where espe-
cially one can leave many administrative details to the system. Of course,
ALGOL 60 is not the most practical language to write compilers in. But also
in the hardest machine code, subroutines (with local variables and parame-
ters kept on a stack), global variables, labels and jumps etc. have their
counterparts, so a compiler compiler can be written towards every decent
machine code.

The primitive actions and predicates are not defined in the Compiler
Description Language itself, but are borrowed from some other language in
the form of macros. These primitive actions and predicates therefore have
to be chosen with particular care, so that they can be implemented in an
equivalent way on any reasonable computer.

The Compiler Description Language allows one to define, in a machine
independent fashion, how to construct recursively more involved actions
and predicates out of the primitive ones, and out of other actions and pre-
dicates.

A compiler description in CDL describes not one ‘single compiler, but a
collection of these, one for every language to which a compiler compiler
exists.

In particular, because the compiler compiler itself is defined in CDL

(chapter 4) it is possible to obtain a compiler compiler to another lan-

guage, and written in that other language, by a process of bootstrapping
f1l:
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Preparation Assume we have a compiler compiler Cy» written in L1, which

Step 1

Step 2

turns a compiler description (= text in CDL) into a compiler
written in L1 again. We then construct a compiler description
Al of a compiler compiler which turns a compiler description
into a compiler written in L.
In pictures:

C, = Al =,

1
CbL - L1 CDL ~» L2
and

L1 CDL

We execute C, with A1 as input, giving as output 02, which is
a compiler compiler written in Li, turning a compiler descrip-
tion into a compiler written in L2.

In a picture:

CDL - L ChL. » L

CDL| CDL. » L L

We execute Cs with A1 as input, giving as output C3, which is
a compiler compiler written in L2, turning a compiler descrip-
tion into a compiler written in Lg’

In a picture:

=C3
CDL -~ L2 CDL - L2
CbL| CDL -~ L2 L2
L1

Using CDL for writing some compiler is preferable both to using .

machine~code and to using a general purpose high-level language as, e.g.,
ALGOL 60, for the following reasons:

- Compiler Description Language forms a very high framework for writing

compilers, where one is little bothered with the administrative de-

ta%;s of the parsing process.
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A Compiler Description is highly machine-independent and transferable,
since a compiler can be obtained in any object language for which a
compiler compiler exists. Because of their simplicity, compiler com-
pilers for CDL can easily be made compatible.

- There is the possibility of first testing the compiler description
using a high-level object code with good diagnostics, which is guaran-
teed never to blow up the system, and later to use a version in
machine-code for production.

~ By forcing oneself to use only specific programming tools, there is
less possibility for trickj programming, using local features of some
system which make transfer impossible.

- A Compiler Description is well enough readable to be of help in

documentation.

Of course a carefully handwritten program can be more efficient both
in time and in space than the mechanically obtained result of a compiler
compiler. But one must not exagerrate the importance of this point: by a
suitable choice of macros and careful construction of the crucial part of
the syntax, one can get as near to machine-code as one should wish.

On a more general level, the Compiler Description Language can be seen
as & mechanism for the syntactical composition of semantics, which should
be suitable for the definition of programming languages, not by an in prin-
ciple generative grammar plus verbally formulated semantics, but as a sys-

“tem describing the meaning of a program in terms of very simple and basic

semantics actions, i.e., a machine~independent compiler.




23

2. About this compiler compiler.

In this chapter, a description is given of the Compiler Description
Language, in the form of a context-free grammar exhibiting its syntax,
accompanied by semantic remarks. For a precise definition, the description

of the compiler compiler itself is to be found in chapter k4.

2.1 Compiler description.

compiler description:
specification, compiler description;
declaration, compiler description;
command, compiler description;
comment, compiler description;
rule, compiler description;
starting symbol.

A compiler description consists of various building stones; some of
them provide only information to the compiler compiler (as specifications
and commands), others give rise to a translation. The compiler compiler
treats those building stones in one scan as it goes along, at the same time
printing out a copy of the text with possibly some diagnostic messages,
producing a translation and collecting information, some of which is dis-
played afterwards as a diagnostic aid (see section 2.9).

Since all work is done in one forward scan, as a general rule defining
occurrences of symbols must precede applied.occurrences: if one wants to
use, e.g., some symbol as an action, one has to specify it as such before
its defining rule. Very limited use is made of block structure: there are
only two levels; symbols are either global, or local to some rule; in the

latter case they may be redefined in a later rule..

2.2 Symbols.

The input is seen as a sequence of symbols, between which layout

characters are ignored. A symbol is of one of four kinds:
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1)

2)
3)

L)

&

tag, consisting of a letter, possibly followed by a number of

letters or digits, between which spaces are ignored.

constant, a sequence of digits, between which spaces are ignored.

spec, one of the following reserved special symbols:

plus
minus
times
semicolon
comma
sub
bus
open
close
colon
point

equals

v

+

S SN L 1 e we

bold, a sequence of characters other than accents, enclosed be-

tween accents. The following bolds are reserved bold symbols:

external symbol
action symbol
predicate symbol
pointer symbol
flag symbol
macro symbol
list symbol
restore symbol
unrestore symbol
short symbol
long symbol
trace symbol
untrace symbol

first parameter symbol

second parameter symbol

'external'
'action'
'predicate’
'pointer!
'flag'

“‘macro’

'list!
'restore!
'unrestore!
'short'
1j_ongt
'"trace!
'untrace!
Ill

l2|
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third parameter symbol '3'

fourth parameter symbol '4'
fifth parameter symbol '5!
result symbol 'result!

Tags are used as nonterminals, terminals, affixes, labels, in macros,
etc. Constants may occur, e.g. as inherited affixes and in macros. Non-

reserved bold symbols may occur in macros.

2.3 Specifications.

specification:
external specification;
internal specification;
macro specification.
external specification:
external symbol, type, tag list, point.

type:
action symbol; predicate symbol;
pointer symbol; flag symbol. "
tag list:

tag, (comma, tag list;).
infernal specification:

type of internal, tag list, point.
Type of internal:

action symbol; predicate symbol.
macro specification:

macro symbol, type, rest macro spec, point.
rest macro spec:

macro def,

(comma, rest macro spec;).

macro def:

tag, equals, macrotext.
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During execution of a compiler compiler with a compiler description as ip-
put, every tag occurring in the compiler description has three attributes,

its "state", "sort"

and "type", which may change according to fixed rules
from occurrence to occurrence. Before its first occurrence, the atributes
are all assumed to be zero. At every occurrence, the context may prescribe
a state, sort and type, and an attempt is made to change the attributes of
the tag accordingly. If such a change is not allowed, a diagnostic message
is printed. Thus, it is not allowed to redefine a predicate, or use it as
an affix, etc. Affixes local to a rule get, at the end of that rule, attri-
butes zero, so that they can be used afterwards with other attributes. The
attributes alsd serve to influence the output of the compiler compiler, so
that it translates an action in a different way than a predicate.
Allowed changes of the attributes are

state:

deflnltlon,,defined application application

zero - blank

application. applied gorriition .
application

sort:

begin of rule local end of rule Zero

specification
zero< 3 global
declaration

. ~——> Macro
- specification

type: action (global or macro)
predicate (global or macro)

pointer (local or global or macro)
zero

flag (global or macro)
list (global) :
label (loca]_)
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At the end of each rule, the state of each local should be blank
(i.e. both defined and applied; if not then an errormessage is given); all
locals again obtain state, sort and type zero.

At the end of the compiler description, the state of each global and
macro should be blank, with the exception that an applied but not defined
global pointer is treated as a terminal symbol, i.e. a declaration is pro-
duced for it, and also a read statement. (See 2.8.)

Specifications serve to prescribe the attributed of a tag, as follows:

state sort type
'external' 'action' defined global action
'external' 'predicate' defined global predicate
'external! 'pointer!' defined global pointer
'external' 'flag!' defined global flag
r'action’ applied global action
'predicate’ applied global predicate
'macro’ 'aetion! defined macro action
"macro! 'predicate! defined macro predicate
"macro' 'flag' defined macro  flag
"maciro!' 'pointer! defined macro pointer

An external specification indicates that the tags mentioned are
supposed to have been declared externally by other means; such a tag may not
be redefined and must be applied later on in the compiler description. In

this way, e.g., system procedures can be used.

An infernal specification indicates that the tags mentioned are to be
defined later in in a specific way; it serves as an application: the
tags mentioned are henceforth applied globals. Example: 'action' x.

If now a rule follows with X in the left-hand-side, then it will be
transiated as a <declaration> for an action-procedure. Had the rule not
been preceded by this specification, then X would have been treated as a
global predicate: an internal specification 'predicate' is always assumed
by default.

A macro specification not only establishes the tags mentioned as

&
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defined macros of some type, but also stores their macrotext. A macrotext
is any sequence of symbols not containing a comma or a point.

Examples of parameterless macros:
'macro' 'pointer' max list = 5000.

Whenever now in the text max list appears, it will be expanded to 5000.
If a macrotext must contain a point or comma, then this symbol can be

turned into a different (bold) symbol, by enclosing it between accents:
'macro' 'pointer' pi = 3'.'141592654.

- On output, the accents will disappear. If one wants to output an accent,
then the quote may serve as accent-image, being output as an accent. (There
is, unfortunately, no quote image, so a macrotext cannot contain a quote on

output). Example:
'macro' 'flag' true = ""true"'.

which, expanded on output, gives 'true’.

Macros can also be parameterized, with up to 5 parameters. (Another
upper limit migh have been chosen.) In the macrotext, the reserved bold
symbols '1', '2', '3', '§' and '5' stand for first, second, up to fifth
parameter respectively. For a parameter may be substituted any affix, i.e.
a local, global or macro, pointer, flag or list. In 2.7 is described how
and when a macro is expanded. The macro system described here is admittedly

simpleminded and limited; another system might be used instead.

2.4 Declarations.

declaration:
pointer declaration;
flag declarafioﬁ;
list declaration.
pointer declaration:
pointer symbol, tag list, point.

flag declaration:

. flag symbol, tag list, point.




|ist declaration:

list symbol, rest list declaration.
rest list declaration:
tag, sub, expr, comma, expr, bus,
(comma, rest list declaration; point).
expr: tag, rest expr; constant, rest expr.

rest expr: plus, expr; minus, expr; .
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A declaration has an effect on the attributes of the tags mentioned,

making then defined globals.

Furthermore, a pointer declaration is translated as a <declaration>

for a number of integer variables, a flag declaration as one for a number

of Boolean variables, and a |ist declaration as one for a number of integer

arrays.

Macros occurring in an expr are expanded. Example:

'macro' 'pointer' min text = 1, max text = 10000.
'1ist' text [min text : max text].
'pointer' stackpointer.

with translation:

integer array text [1 : 100001;
integer stackpointer;

After these declarations, text is a defined global list, min text is a ..

macro pointer (both defined and applied), and stackpointer a defined global

pointer.

2.5 Commands.

command: restore symbol; unrestore symbol;
short symbol; long symbol;

trace symbol; untrace symbol.

The command 'restore' causes the compiler compiler to translate rules

in the restoring mode, 'unrestore' in the nonrestoring mode. The default
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mode is nonrestoring.

The command 'short' causes the compiler compiler to produce compact
output by suppressing most layout; 'long' causes more legible output to be
produced. The default command is 'long'.

The command 'trace' causes, at the end of each rule, and at the end of
the compiler description, tracing output to appear indicating attributes

of all locals and globals respectively; the normal situation is 'untrace’'.

2.6 (Comments.

comment: sub, rest comment.

rest comment: bus; nonbus, rest comment.

(Here, nonbus stands for any symbol except J].)
A comment is translated as <comment>, e.g. [input] is translated as

comment input;

2.7 Rules.

rule: left hand side, middle, right hand side, point.
left hand side:
handle, optional bound affixes.
handie: tag.
optional bound affixes:
plus, bound affix, optional bound affixes;
times, bound affix, optional bound affixes; .
bound affix: tag.
middle:
optional free affixes, colon.
optional free affixes:
minus, free affix, optional free affixes; .
free affix: tag.
right hand side:

alternative,

(semicolon, right-hand-side;); .
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alternative:

affix expression,
(comma, alternative;);
group;
Jump;
affix expression:
label, colon, affix expression;
handle, optional affixes.
label: tag.
optional affixes:
plus, affix, optional affixes; .
affix: tag; constant.
group: open, right hand side, close.

Jump: colon, label.

A rule is translated as a <declaration> for a parsing procedure
corresponding to its handle, where the left-hand-side furnishes the
<procedure heading>.

Bound affixes that occur preceded by a plus appear in the
<specification part> specified integer, whereas those preceded by a times
remain unspecified (so as to allow, e.g., arrays to be passed as para-
meters).

The middle of a rule is translated as beginm followed by <declarations>
for the free affixes, if any, possibly followed by integer pold; pold:= pin;.

The translation of the right-hand-side consists of the translation of

its alternatives, followed by

0: handle:= false; end:

end;

‘where handle is an <identifier> corresponding to the handle of the rule.
The <label> 0 labels the only way in which the parsing procedure can return
false.

The translation of an alfernative consists of the translation of its

constituents, if any, followed by handle:= true; goto end; followed by an

unique <label>.

&
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The translation of a jump is the corresponding <go to statement>. A
Jump furnishes an applied occurrence of a local label.

The translation of a group is

1) In the restoring mode:

begin integer pold; pold:= pin; followed by the translation of

its constituent alternatives, followed by end;

2) 1In the nonrestoring mode:

begin followed by the translation of its constituent alterna-
tives, followed by goto 0 ; end;

The translation of an affix expression depends on sort and type of its
handie, as follows:
Let A stand for:

i) in the restoring mode: the <label> at the very end of the .~
alternative of which the affix expression is a constituent (termed
the current <label>);

ii) in the nonrestoring mode: if this affix expression is the first
one of the alternative with a predicate as handle, then

the current <label>, and, otherwise, the <label> 0.
Let a stand for:

i) if the handle is a flag, then the <identifier> corresponding to
it;
ii) if the handle is global, then a call of the procedure correspon-
ding to it, with its affixes translated as <actual parameter>s;
iii) 4if the handle is a macro, then its expansion, with its first,
second, ete. affix substituted for the corresponding parameter in

its macro text. If the handle is a flag or predicate, then this

expansion is furthermore enclosed between brackets ( and ).
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For an affix occurring as a parameter. the following translation is

given:

i) if the affix is a constant, then the corresponding <unsigned
integer>;
ii) if the affix is a tag but not a macro, then the corresponding
<identifier>;
iii) if the affix is a macro, then its expansion (without parameter
substitution; a parameterized macro is not, for the moment, allow-

ed as an affix).

The expansion of a macro with some number of parameters is its macro
text after substitution of parameters and expansion of all parameterless
macros occurring in it. (A parameterized macro occurring in the macro text
is not, for the moment, expanded.)

The expansion of a parameterless macro is its macro text. (Clearly,
recursive macros cannot occur.)

The translation of an affix expression is:

1) If the handle is a flag or predicate, then

if — o. them goto A;

2) 1If the handle is an action, then

The compiler compiler may delete some elements from this most general

translation:

1) it deletes the assignations to the procedure identifier if the
handle of the rule is an action, correspondingly changing the

Boolean procedure into a procedure;

2) it deletes the <label>s to which no jumps oceur, together with

those parts of the procedure that can only be reachted via those
<label>s.
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As an example, consider & part of a compiler description:

'action' set to zero.

'macro' 'action' put = '1' ['2']:= '3', incr = "1':= "1' + 1,
make = "1':= '2',
'macro' 'predicate' equal = '1' = '2',

set to zero * list + min + max - p:
make + p + min,
rep: put + list + p + 0,
{equal + p + max;

iner + p, :rep).
Translation:

procedure set to zero (list, min, max); integer max, min;
begin integer p;

= ming
rep: list [pl:= 0;
begin if —1(p = max) then goto 2;

goto end;
2: p:=p + 1; gO‘fJO rep;

end;
end;

A tag with type zero, when applied as an affix, becomes by context an
applied global pointer. If no declaration or external specification for
some applied global pointer occurs in the compiler description, then it
will be treated at the end as a terminal (2.8). This is the only provision
for terminal symbols: in a compiler description they ocgur as affixes with=-

out defining occurrence.

2.8 Starting symbol.

starting symbol:
result symbol, handle, point.

The starting symbol is translated as a call for the procedure corres-
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ponding to its handle. In front of this call, for each applied but not
defined global pointer a <declaration> and a read <statement> is given.
Between these <declaration>s and the read <statement>s a preparation proce-
dure initialize for reading is called once. If there are no terminals, then
also this call is obviated.

Example: assume one terminal, %, and starting symbol sentence:

integer t;
initialize for reading;
read (t);
sentence
end
Consequences:

1) 1in executing the obtained ALGOL 60 program, a representation for
each terminal is to be provided as input.
2) 1If there are terminals, the following actions have to be defined

in the compiler description:
read, out and initialize for reading.

3) In restoring parsers, the pointer pinm must be defined. (Other
representations may be taken if the relevant input to the compiler

compiler is changed.)

2.9 Diagnostics.

For debugging a compiler description, various diagnostic aids are
provided.

In the first place, the whole text is printed out while it is read,
with two empty lines between building stones such as rules, declarations,
etc. Input is assumed to come from cards, so lines have a maximum width of
80 positions. Output is assumed to proceed on cards, with a maximum of T2
positions used. A $ in column T2 of an output card is used to indicate
continuation on the next card. Continustion cards are not counted. The num-

ber of the input line appears on the left of its printout, the number of

the current output card on its right.
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If, at the end of a rule, some local has not been both defined and

applied, then a warning message is printed.

If, at the end of the compiler description, some global has not been

both defined and applied, then also a warning message appears. Various

other errors are signalled by messages which should speak for themselves.

The compiler compiler makes use of a number of tables of fixed size.

Whenever the upper bound of one of those tables is exceeded, but also at

the end of successful execution, & "post mortem" is printed, giving the

lower and upper bound of each table, with the space occupied at that moment,

and finally the number of cards read and punched.

These tables, with lower and upper bounds are:

ttag

tbold
tspec
tecons
lloc

lglob
lmacr
ltext

100001
200001
300001
400001
500001
600001
TO0001
800001

110000
200300
300100
400300
500200
601000
T01100
804000

(tags)

(bolds)

(specs)

(constants)

(locals)

(globals)

(macrotext)

(1ine numbers of occur-

rences of globals).

The bounds are such that a compiler of the size and complexity of the

compiler compiler itself needs only 50% of each of those tables.

Finally, at the end of the execution, a list is printed in alphabetical

order of all the globals and macros occurring in the grammasr, with their

linenumbers of ocecurrence.
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3. Examples.

In this chapter some examples are given and explained of texts in

CDL. They are all assumed to occur in an environment containing:

tunrestore'!

'macro' 'action'

get = '3':= 1" ['2'], put = '1' ['2']:= '3,
make = '1':= '2',

mark = '1':= -'1',

add = '3':= '1' + '2', subtr = '3':= '1' - 127,
addmult = '4v:= "' % 2V 4 131,

divrem = '3':= "' & 12'; 'Ytz 141 - 120 13
incr = '1':= '1' + 1, decr = '1':= "1' - 1,
'macro' 'predicate'

marked = '1' < 0,

less = '1' < 27, equal = '1' = '2', lseq = '1' < '2°,
'global' 'action' resym, prsym, exit.

'global' 'pointer' newlinechar, spacechar.

This is a rather minimal environment with which a lot can be done. The
macro actions get and put are for accessing array elements; make performs
the assignation; mark inverts the sign of an integer variable, which we
will use as marking bit; add and subbr allow arithmetic; addmult and
divrem serve for packing and unpacking small integers into a word; and incr
and decr serve to increment and decrement a variable by one.

The system procedure resym reads one character from input (without
possibility of backtracking) and assigns to its only parameter an integer,
viz. the internal value of that character, which does not exceed 255. We
will assume that the digits have internal value 0 - 9 respectively, and the
letters the internal values 10 - 35. Complementarily, prsym prints out the
character corfesponding to the value of its parameter. The global variables
newlinechar and spacechar contain the internal values of the suggested cha-
recters. A call of exit terminates execution.

The following set of examples introduces one by one some building

stones for a compiler for an ALGOL like language. Each example may make use
of obJects defined in a previous example.




38

3.1 Reading a number.

By now we have seen so many versions of number that it is time to see

a good one:

'action' nextchar.
'pointer' char.
number + val - d:
digit + d, make + val + d,
rep: (digit + d, addmult + val + 10 + d + val, :rep;).

digit + d:

lseq + char + 9, make + d + char, nextchar.
nextchar:

resym + char,

rep: (equal + char + spacechar, resym + char, :rep;).

Before the first number is read, initialize for reading has to take
care of calling nextchar once.

3.2 Updating a chain.

In a worktable, we want to keep a number of chains of two elements of

the form:

index: |link+—> into worktable
head
tatl

Bach element points, via its link, to the next of the chain, the last
element having link 0. Each chain is accessible by a variable which either
points to its first element or contains 0 to indicate an empty chain. We
want to be able to

1) search a chain for an element whose head has a specific value,
and, if such an element exists, obtain its tail.

2) insert an element at the head of a chain.

3) see whether a specific element is already there, and in that case
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obtain its index.
4) detach an element, if any, from the head of a chain, but leave it

in the worktable (no garbage-collection).

An updating system with these properties is needed in a compiler, e.g.,
for collecting declarations: The most recently found declaration for a spe-
cific identifier is always the first to be looked at and the first to lose
its significance, although the information obtained is needed again after-

wards and may therefore not disappear from the worktable.

'macro' 'pointer' min work‘= 1, max work = 4095.
'list" work [min work : max work].

'pointer' pwork.

'action' insert 2, initialize chain adm, errormessage.

'macro' ‘action'

get link = '2':= work ['1'], put link = work ['1']:= '2',
get head = '2':= work ['1' + 11, put head = work ['1' + 1]1:= 27,
get tail = '2':= work ['1' + 2], put tail = work ['1' + 2]:= ‘27,

search 2 + p + hd + t1 - g - x:
make + q + p,
fnd: (lseq + min work + q, get head + q + X,
(equal + x + hd, get tail + q + t1;
get link + q + q, :fnd)).
insert 2 + p + hd + tl1 - q:
make + q + p, make + p + pwork, add + pwork + 3 + pwork,
(less + max work + pwork, errormessage + work full;
put head + p + hd, put tail + p + tail, put link + p + q).
already there + p + hd + t1 + q - x:
make + q + p,
fnd: (1lseq + min work + q,
(get head + q + X, equal + X + hd, get tail + q + x,
equal + x + tl;

get link + q + q, :fnd)).
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detach 2 + p + hd + tl:
lseq + min work + p, get head + p + hd, get tail + p + tail,
get 1link + p + p.
'pointer' access.
initialize chain adm:
make + pwork + min work, make + access + 0.

After one call of initialize chain adm, access gives access to an
empty list. If the worktable becomes too small, errormessage is called (see
3.4). ,

If the compiler is to be run on a computer where the wordlength is
such that the head and tail may fit together in one word, then one may
simply replace the macro text of put head, get head, put tail and get tail
by a version which manipulates with halfwords.

An advantage of using macros for accessing fields of a datastructuré
is that one can change the datastructures without invalidating the whole
grammar. One could, e.g., in testing the compiler perform no packing, and
in a later production version introduce packing. This allows the develop-
ment of quite machine-independent compilers without a resulting price in
efficiency.

As an initialization, inttialize chain adm has to be called.

Note that work full is a terminal symbol (being an affix without
defining occurrence) and that a representation of that symbol will have to
be at the beginning of the input to the compiler resuiting from this .
compiler description.

3.3 Reading tags.

We want to read <identifier>s, i.e. tags, and obtain a unique key for
each different tag. We want to be able to list the tags in alphabetical
order. Accompanying each tag we must remember a pointer, originally zero.

We choose the following storage organization: the information is kept

in cells linked together in a text table, one cell for each tag, a cell

consisting of a fixed and a variable part.
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The fixed part consists of 3 pointer:

defn an access to a definition chain;
left & pointer to the chain of all tags alphabetically preceding the
tag, zero if empty;

right idem for the alphabetically following tags.

The variable part contains the successive characters of the tag,
packed three to a word, the last word being filled out with dummies (= 255)
and provided with a - sign, the others with a + sign. (We will assume that
the wordlength of the computer on which the compiler will run is sufficient,
i.e. at least 25 bits.)

We will give out the index (in the text table) of the first word of
the variable part as a key.

The chainstructure just described is a doubly linked namelist. It is
more efficient to use than a linear namelist, and less efficient than a
namelist using hash coding, over which again it has the advantage of
keeping the tags in alphabetical order.

In a picture:

text
defn —I> into worktable
left —> tnto texttable
right —1> into texttable
key: +
+

When reading a tag, we will first build up a cell for it in the text
table, and then enter it, checking whether the same text already occurs in

the table; if so, then the key of the 0ld occurrence is delivered and the

new cell removed; if not, then the new cell is fitted into the chain.
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"macro' 'pointer' mintext = 1, max text = 4095.
'1ist text [min text : max text].
'pointer' ptext.
'macro' ‘action'
put defn = text ['1' - 3]1:= '2', get defn = '2":= text ['1' - 3],
put left = text ['1' - 2]:= '2', get left = '2':= text ['1' - 21,
put right= text ['1' - 11:= '2', get right= '2':= text ['1' - 1].
'macro' 'predicate!

is letter = '1' > 9 A '1' < 36,
1" < 36,

is letgit

[treatment of text]

'action' add to text, stack text, stack last, enter, reserve fixed part.
'pointer' word, c.
"macro' 'pointer' dummy = 255, bytesize = 256, maxbytes = 3.
'macro' 'predicate' left = abs('1') < abs('2').
add to text + x:
equal + c + maxbytes, stack text + word, make + word + X,
make + ¢ + 13
addmult + word + bytesize + x + word, incr + c.
stack text + x:
lseq + ptext + max text, put + text + ptext + x, incr + ptext;
errormessage + text full.
stack last:
rep: (less + ¢ + maxbytes, addmult + word + bytesize + dummy + word,
incr + ¢, :rep; |
mark + word, stack text + word).

Now follows the pilce de nésistance of the treatment of text. The

action enter checks whether the topmost element of the texttable, which is

pointed to by x, already occurred somewhere else in the texttable; if such

is the case, then x is made to point to that older element, and the new

element is deleted. Also, this action takes care of the alphabetic ordering

of the tags.

&
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enter + x + pchain -~y - x1 - y1 -wx =~ wWy:
equal + pchain + 0, make + pchain + x, reserve fixed part;
make + y + pchain,
nxy: make + x1 + x, make + yl + vy,
nxw: get + text + x1 + wx, get + text + yl1 + wy,

(equal + wx + wy,
(marked + wx,
(equal + x + y, reserve fixed part;
make + ptext + x, make + x + y);
incr + x1, incr + y1, :nxw);
left + wx + wy, get left + y + wy,
(equal + wy + 0, put left + y + x, reserve fixed part;
make + y + Wy, :nxy);
get right +y + wy,

(equal + wy + 0, put right + y + x, reserve fixed part;

make + y + Wy, :nxy)).
reserve fixed part:
stack text + 0, stack text + 0, stack text + 0.

[reading a tag]
'pointer' ptag.
read tag + x - ©:
letter + t, make + word + t, make + c + 1, make + x + ptext,
nxt: (letgit + t, add to text + t, :nxt;
stack last, enter + x + ptag).
letter + t:
is letter + char, make + t + char, nextchar.
letgit + ©:
is letgit + char, make + t + char, nextchar.
initialize text adm:
make + ptext + min text, reserve fixed part, make + ptag + O.
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Of course the left- and right-pointer of a tag can be packed together
again in one word. As initialization, Znitialize text adm has to be called.
The pointer ptag gives access to the chain of tags, text full is a termi-
nal.

3.4 Printing, errormessages.

We are now in a position to define the printing of tags, and the

treatment of errormessages.

'action' print, print 1, print 2, nlcr, errormessage.
print + x - p - el:
make + p + X,
rep: get + text + p + el,
(marked + el, mark + el, print 1 + el;
print 1 + el, incr + p, :rep).
print 1 + £t - ¢:
prsym + spacechar,
make + ¢ + max bytes, print 2 + ¢ + t.
print 2 + ¢ +t - el:
equal + ¢ + 1, prsym + el;
divrem + t + bytesize + t + €l, decr + ¢, print 2 + ¢ + ¢,
prsym + el.
nler: prsym + newlinechar.
errormessage + X: nler, print + x, exit.

The definition of print 2 has to be recursive in order to get the
characters out in the right order.
The procedure errormessage prints a message and then terminates exe-

cution. A more subtle reaction might be envisaged.

3.5 An input administration.

Assuming that there also exist texts, similar to that in 3.3, for

reading bold symbols, special symbols and constants, a complete input ad-

ministration can be constructed:

&
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'macro' 'pointer' min inpt = 1, max inpt = 2047.
'1list! inpt [min inpt : max inpt].
'pointer' pin, xin, symb.
'action' next symbol, skip layout.
next symbol:
nxt: skip layout,
(read tag + symb;
read bold + symb, add + symb + 20000 + symb;
read spec + symb, add + symb + 30000 + symb;
read const+ symb, add + symb + 40000 + synb;
errormessage + incorrect char, nextchar, :nxt).
skip layout:
skp: (equal + char + new line char, nextchar, :skp;).
rq + Xx:
equal + symb + x, incr + pin,
(equal + pin + xin, next synbol, put + inpt + pin + symb,
incr + xing
get + inpt + pin + synb).
identifier + x:
| less + symb + 20000, make + x + symb, rq + Xx.
initialise for reading:
nextchar, initialize chain adm, initialize text adm,
make + xin + min inpt, make + pin + xin, nextsymbol, put + inpt +
pin + symb.

The pointer pin serves as reading pointer, xiz indicates up to what
index the inputarray has been filled with symbol-keys. In next symbol, a
multiple of 10000 is added to some keys as a type-indication, allowing dis-

crimination between, e.g., tags and bolds. By means of rq, one can ask
whether the current symbol (kept in symb), is equal to a given symbol,
while identifier returns true only if the current symbol is a tag. A

restoring parser can now work on the basis of this input administration.
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3.6

Reading declarers.

We will now show how to recognize declarers not unlike those of

ALGOL 68. During recognition of a declarer, some (head. ,tail) pairs may be

added to the worktable (3.2), and the mode of the declarer is represented

by the index of one such pair.

key.

Let p stand for a declarer, u for its index, T for a tag, T for its

int gives an index to (0, int)
real gives (0, real)
long u gives (long, u)
ref u gives (ref, 1) and
struct (u1t1, HoTps ooes untn) gives

(struct,i).} ,/)X( ,@j , 0)

(ﬁ-‘ 9¥1) 1129;2)-.- (uns?n)

In adding a pair to the worktable, we take care that no two copies of a

pair are ever inserted: in adding a pair that was already there, the index

of the old copy is obtained. This implies that equivalent modes automati-

cally get equal indices.

'action' add to decl.

'pointer' pdecl.

declarer + mode:
primitive declarator + mode;
long declarator + mode;
ref declarator + mode;
struct declarator + mode.

'restore’

primitive declarator + mode:
rq + int, add to decl + 0 + int + mode;
rq + real, add to decl + 0 + real + mode.




long declarator + mode:

rq + long, declarer + mode, add to decl + long + mode + mode.
ref declarator + mode:

rq + ref, declarer + mode, add to decl + ref + mode + mode.
struct declarator + mode:

rq + struct, rq + open, fields + mode, add to decl + struct +
mode + mode.
fields + mode -~ mi - m2:
rq + close, make + mode + 0
field + ml, fields + m2, add to decl + ml + m2 + mode.
field + mode - tag:

L7

declarer + mode, identifier + tag, add to decl + mode + tag + mode.

'unrestore'
add to decl + hd + tl1 + mode - oldp:
already there + hd + tl1 + pdecl + oldp, make + mode + 0ldp;
make + oldp + pwork, insert 2 + hd + t1l + pdecl, make + mode +
oldp.

Note that for the declarators we want restoring parsers. Also note
that affixes that have no defining occurrence, e.g., int, real, long,
ete,, are terminals, so that a representation for them has to be given as
input to the resulting compiler.

For already there and insert 2, see 3.2. '

3.7 Collecting defining occurrences.

We will now show how to collect defining occurrences of identifiers.
We assume the existence of a global pointer blocknumber that is automatie
cally updated by some other part of the compiler description.

A defining occurrence of an identifier is an occurrence in a decla-
ration. For each defining occurrence we want to store its blocknumber and

mode in the worktable. We will not allow an identifier to be defined twic

in one block.

e
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'global' 'pointer' blocknumber.
'action' define identifier
declaration - mode - idf:
declarer + mode, identifier + idf,
rep: (define identifier + idf + mode,
(rq + comma,
(identifier + idf, :rep;
declarer + mode, identifier + idf, :rep;
errormessage + incorrect declaration);
rq + semicolon)).
define identifier + idf + mode - def - dummy:
get defn + idf + def,
(search 2 + def + blocknumber + dummy, errormessage +
defined twice;
insert 2 + def + blocknumber + mode, put defn + idf + def).

A more elaborate version of this last example can be found in [2].
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The differences between versions 17 and 19 of the CDL-compiler; first up-

date to MR 127/T1.
ap——————

S

Sy

1. p. 23, bottom line, .... ignored, add:
; moreover any sequence of symbols, not containing a
$-character, enclosed between $-characters is also ignored
2. p. 24, 1. 16, equals =, add:

not -

3. p. 24, 1. 25, list ..., add:

comment symbol  ‘'comment'

4., p. 25, 1. 17, flag symbol, add:

3 list symbol

5. p. 26, 1. 2 from bottom, list (global, add:

oY macro

; 6. Pp. 27, 1. 13, 'external' ... flag, add:

5 'external' "list' defined global 1list

T. p. 27, 1. 19, 'macro'.... pointer, add:

macro' 'list?! defined macro list

8. p. 30, 1. 8, 2.6. Comments. .... input; , replace by

2.6. Comments.
comment: skipped comment; translated comment.
skipped comment: sub, rest skipped comment.
rest skipped comment: bus; nonbus, rest skipped comment.
translated comment: comment symbol, rest translated comment.
rest translated comment: point; nonpointnonsemicolon,
rest translated comment.

(Here, nonbus stands for any symbol except ] and nonpoint

nonsemicolon for any symbol except . or ; .)
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- ' A skipped comment is skipped and a translated comment is
translated into an ALGOL 60 <comment>; e.g. Linput] is skipped

- while 'comment' input. is translated into 'comment' imput;.
The text of a comment may only consist of allowed CDL-symbols
(see 2.2), as opposed to the sequence of characters between

two $-characters (see 2.2).

9. p. 30, bottom line, replace by:

(semicolon, right hand side; ) .

10. p. 31, lines 1-8, replace by:

alternative:
label, colon, alternative;
affix expression, (comma, alternative; );
group; Jjump; .
affix expression:
handle, optional affixes;
not, tag.

11. p. 32, line 10, .... affix expression, add:

. that starts with a handle

12. p. 33, after line 20, a; , add:

The translation of an affix expression that starts with a

not is:

if tag then goto A;

where A is determined by means of the algorithm on the previous

page.







13. p. 33, bottom, , add:

The above translation scheme makes use of integer labels,
which, for some applications, are undesirable. Therefore a
symbol 1s prefixed to every label in the translation; this
symbol is the terminal "label prefix" of the CDL-compiler,
which is read in during the initialization phase of the
compiler. The prefix should be chosen so that the resulting
names will not clash with existing names. The present value
of "label prefix" is "1"; in the examples in this report its

ny

value is (i.e. the empty symbol).

14, p. 36, 1. 4, delete: Various .... themselves.

15. p. 36, 1. 25, .... occurrence. , add:

Line numbers of specification are preceded by S:,

line numbers of definition are preceded by D:.

16. after page 36 add the following pages:
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2.10. Error detection and recovery.

36a

All errors fall in one of the following four classes.

1) Warnings:

backtrack?

alternative never reached

nonfalse

may be false

2)  Unexpected symbols:

wrong input code

symbol missing, assumed: symbol

An alternative may fail although one of

its predicates may have succeeded.

One of the previous alternatives in this
right hand side will always succeed.

This predicate will always succeed, and

is in effect an action.

Possibly none of the alternatives of

this action will succeed.

Some unreadable item is met on the input

medium.

The grammar requires at this point the
presence of the indicated symbol,
which, however, was not found in the
input. The symbol is assumed to be
present, so that e.g. "'list' al1:10."
will yield a correct translation.

The grammar requires at this point the
presence of a tag, which, however, was
not found in the input. The tag
"qummy" is inserted.

The grammar requires at this point the
presence of one of the symbols:

'action'

'predicate’
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symbol not allowed inside comment

affix missing

36b

'pointer’
'flag!
'list!
None of these, however, was found., The

symbol 'predicate' was inserted.

symbol

The indicated symbol violates the
restrictions on the symbols allowed in-
side a comment. In this version of the
compiler the symbol can only be a
semicolon.

The grammar requires at this point the
presence of an affix, which, however, was

not found. The tag "dummy" was inserted.

skipped --- state, sort, type, symbol

. 3) Conflict of attributes

The indicated symbol was skipped because
it was unacceptable as the first symbol

of a compiler description.

impossible redefinition state, sort, type, tag, new state, new sort,

new type

wrong number of parameters state,

wrong sort state, sort, type, tag

The indicated tag with the indicated
state, sort and type is specified, defined
or applied with the conflicting attributes
new state, new sort and new type.

sort, type, tag

The number of affixed following the
indicated tag is incompatible with that
number in the definition of the tag.

The indicated local tag is applied as a
handle.
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