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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,
vwhich is either a direct production of X, or is the result of replacing,
in some production of X, a nonterminal ¥y 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 a 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: ay5 853 -++3 8, the sets first (al)’ first (ag‘),
cees first (an) are mutually disjoint.

2) At most one of 8,5 «ee, an can produce an empty string €.

3) If ap 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.

Ideally, 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 sre 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
sbounds 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 '

c) 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 at 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
nunbertail: digit, numbertail; endmarker.

Its transcription would run:

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

end;

&




Boolean procedure numbertail;

begin i¢f 7 digit then goto 1;
if TV numbertail then goto 0;
numbertail:= true; goto end;
1: Zf 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 transcription:

Boolean procedure number 1; P2.a
begin if 71 digit then goto 1;

2f 71 number 1 then goto 0;

number 1:= true; goto end;

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

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

end;

The first transcription method fails to parse any number 1. Consider,
e.g.» 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 pim to its original value.

The second transcription method tramnsforms G2 into

Boolean procedure number 1; P2.b

begin integer pold; pold:= pin;

if 1 digit then goto 1;
if - 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 pim; 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, incrementiyg 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 &, 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 & "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 & 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 & 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 la 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) For a CF grammar its nonrestoring parser recognizes its starting

symbol if and only if that gremmar 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) conditionms.
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.
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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 ldentifier, becomes symbol, etc., the nonrestoring parser for G3 would

accept not only

and ifv>2then vi= v + 1
but also v £f v > 2 then v:i= 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 s 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
nunbertail 2: digit, action 2, numbertail 2; endmarker.

where action 1 assigns the value of the last digit read to some global
variable s while action 2 multiplies & 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 transseribed 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 -1digit 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 71 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 = s:= 10 * s
and gamma = 8:= § + 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;
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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 Boplean 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;
numbertatl 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: ’ GT7
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=ax:= y
and action 6 + x +y=x:= 10 * x + Yy
with transcription
Boolean procedure number 4 (value); integer value; PT

begin integer d;

if = digit 4 (d) them goto 1;

value:= d;
if 1 numbertail 4 (value) then goto 0;
number 4:= true; goto end;

1:0: number 4:= false; end:

.
end;
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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 53 endmarker).

with as transcription:

Boolean procedure nurber 5; P8.a
begin if - digit then goto 1;
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 71 number & then goto 2;
number 5:= true; goto end;

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

3:

end;
1: pin:= pold; number 5:= false; end:
end;

As a 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
Jjumps 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 rep):

number 6: G9
digit,
rep: (digit, :rep; endmarker).

with transcription:

£
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Boolean procedure number 6; P9
begin if 1 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 lagbel 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 T7: 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, and, 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 a
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 oné '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
turns a compiler description (= text in CDL) into a compiler
written in L1 again. We then construct a compiler description
A1 of a compiler compiler which turns a compiler description

into a compiler written in L

o
In pictures:
C1 - A1 =|
CDL =~ L1 CDL ~» L2
and
L1 CDL
Step 1 We execute C, with A1 as input, giving as output C., which 1is
otep | 1 o

1
tion into a compiler written in L

a compiler compiler written in L,, turning a compiler descrip-

5
In a picture: =C
2
ChL -~ L2 CDL -~ L2
CDL| CDL ~» L1 L1
L
Step 2 We execute C, 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
CDL| 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, €.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-

tails 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, & 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)

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 N | -} T A e

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
/'action’ applied global action
'"predicate! applied global predicate
'"macro’ 'action' defined macro action
'macro! 'predicate! defined macro predicate
"macro' 'flag' defined macro flag
"macio! 'pointer! defined macro pointer

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

this vay, €.g., system procedures can be used.

An internal 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 i1t 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'.'14159265U4.

- 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 g 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', '4' 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;
handlie, optional affixes.
label: tag.
optional affixes:
plus, affix, optional affixes; .
affix: tag; constant.
group: open, right hand 'side, close.

Jjump: 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
<gpecification 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 begin followed by <declarations>
for the free affixes, if any, possibly followed by Znteger 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> @ labels the only way in which the parsing procedure can return
false.

The translation of an alternative 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) In 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
handle, 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 o 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) if the handle is a macro, then its expansion, with its first,
second, etc. 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 a part of a compiler description:

'action' set to zero.

'macro' 'action' put = '1' ['2']:= '37, incr = "1':= "1' + 1,
meke = '"1':= 27,
'macro' 'predicate' equal = '1' = '2',

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

inecr + 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;
8: p:=p + 1; goto 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 <declarastion> and a read <statement> is given.
Between these <declaration>s and the read <statement>s a preparation proce-
dure tnitialize for reading is called once. If there are no terminals, then
also this call is obviated.

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

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

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

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

3) 1In restoring parsers, the pointer pin 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~egceeded, but also at

the end of successful execution, a "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 grammsar, with their

linenumbers of oceurrence.
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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:

unrestore!

"macro' 'action'

get = '3":= 1 [12'], put = '1' ['2']:= '3T,
make = '1':= 127,
mark = '1':= -'1', ‘

add = '3':= '"1' + '2', subtr = '3":= '1' - 27,
addmult = "4t:= 11 % 127 + 137,

diveem = '3':= "1' & 120 M4tz 4t - 121 5 '3V

incr = '1':= '1' + 1, decr = '1':= '1' - 1,

'macro' 'predicate'’

marked = '1' < 0O,

less = '1' < '2', equal = '1' = '2', 1seq = '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 subtr 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) arnd 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.
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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 + 4,
rep: (digit + d, addmult + val + 10 + 4 + 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 O 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.
'1list" work [min work : max work].

'pointer' pwork.

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

get link = '2':
get head = '2':
get tail = '2':

work ['1'], put link = work ['1']:= '2!,
work ['1' + 11, put head = work ['1' + 1]3:= '2°',
work ['1" + 2], put tail = work ['1' + 2]:= ‘'2°',

search 2 + p+ hd + t1 - g - x:
make + q + p,
fnd: (1lseq + min work + g, get head + q + X,
(equal + x + hd, get tail + q + t1;
get link + g + q, :fnd)).
insert 2 + p + hd + tl - 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 + g - x:
make + q + p,
fnd: (1lseq + min work + q,
(get head + q + X, equal + X + hd, get tail + q + x,
equal + x + t1;

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

After one call of initigqlize 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, Znitialize 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.
'1list 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 ['4' - 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:
1seq + ptext + max text, put + text + ptext + x, incr + ptext;
errormessage + text full.
stack last:
rep: (less + c + maxbytes, addmult + word + bytesize + dummy + word,
iner + c, :rep; |
mark + word, stack text + word).

Now follows the pdilce de résistance 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 - wy:
equal + pchain + 0, make + pchain + x, reserve fixed part;
make + y + pchain,
nxy: make + x1 + x, make + yl +y,
nxw: get + text + x1 + wx, get + text + y1 + wy,

(equal + wx + wy,
(marked + wx,
(equal + X + y, reserve fixed part;
make + ptext + x, make + X + ¥);
iner + 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;
meke + y + Wy, :nxy)).
reserve fixed part:
stack text + 0, stack text + 0, stack text + 0.

[reading a tag]
'pointer' ptag.
read tag + x - t:
letter + t, make + word + t, make + ¢ + 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.
'1ist!' 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 + X:
equal + symb + x, incr + pin,
(equal + pin + xin, next symbol, put + inpt + pin + symb,
incr + xing
get + inpt + pin + synb).
identifier + x:
| less + symb + 20000, make + x + symb, rq + X.
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, xi7 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 rg, one can asgk
whether the current symbol (kept in symb), is equal to a given symbol,
while Zdentifier 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.
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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 - m1 - m2:
rq + close, make + mode + 0;
field + ml, fields + m2, add to decl + ml + m2 + mode.
field + mode - tag:
declarer + mode, identifier + tag, add to decl + mode + tag + mode.

'unrestore'!
add to decl + hd + tl + mode - oldp:
already there + hd + t1 + pdecl + ¢ldp, make + mode + oldp;
make + oldp + pwork, insert 2 + hd + tl + 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,
etc,, 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 twice

in one block.
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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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1
2. B
3 .
B e £ COMP|LER COMPILER DESCRIBED N CDL a4%aaaatudiuansassndssstsnsnsnasnnins] 2
5 2
6 ... 'SHORT" 2
7 2
.8 4.1 GENERAL ENVIRONMENTY ... .. ... 3
9 3
® .10 . {4.1.1 INTERFACE. WITH MACHINE) 4
11  'FXTERNAL''ACT!ON? . B 4
.12 NEW PAGE,EXIT,PRSYM,CSYM,
I 4
. 13 CEXTERNAL''POINTER'RESYM,
4
.14 . 'MACRC''FLAG' . 4
15 WAS LETTERS'193>9a11'<36, 4
.46 . WAS LETGIT='11<36, 4
17 WAS DIGIT ='1'<10, 4
.18 WAS SPECCH='1'543,
—— 4
19 "MACRC''POINTER? 4
..... " et v e 20 NIXS63 yMINUSCODE=65, SPACECODER93, TABCODE=118,NLCRCODE=119,ACCC=120,QU0TE=121.
. 4
21 4
.......... 22..14,1,2 STACKS) 5
23 'MACRC' 'POINTER! 5
~2%  M:iN TAG =100001,MAX TAG =110000, 5
25 Myt BCLD=200001,MAX BOLD=200600, 5
.26 . M!N SPEC=300001,MAX SPEC=300100, 3
27 M'N CONS=z400001,MAX CONS=400300, 5
28 M'N LOC =50000%1,MAX LOC =590200, 5
29 MiN GLOB=600001,MAX GLOB=601000, 5
............................ 30 . MIN MACR=780001,MAX MACR=711100, 5
31 MIN TEXT=8J0001,MAX TEXT=804000.
5
32 18T 5
33 TTAG {MIN TAG !MAX TAG I, 6
34 TROLD[MIN BOLD:MAX BROLDI, e e e 6
3% TSPECIMIN SPECIMAX SPEC), . 6
..... 36 TCONSIMIN CONS:f!AX CONS], ~ : ‘ e 6
37 LLOC [MIN LOC :MAX LOC |, . 6
.38 LGLCBIMI!N GLOB:MAX GLOB), o e (]
39 LTEXTIMIN TEXTIMAX TEXT), 6
40 LMACR{MIN MACR:IMAX MACRI],
. 6
41 'MACRO''FLAG! 6
~ 42 WAS TAG =zMIN TAG "WLE"''11A11'<PTAG , 6
43  WaS BOLD=MIN BOLD'WLE"''11.'1'<PBOLD, 6
‘o 44 WaS SPECz=MIN SPECt L EnYr11.141<PSPEC, 6

45 WAS CCNS=M{N CONSTWL E"''1t.11'<PCONS,




303171-19¢ D 1262J,17 KOSTER v 9 : o T

46 [}
4/ [4,1,3 MACROS ) 7
48 TMACRC! 'ACTION® 7
49 GrT  mr3rizege(ege], 4
50 puT sty {r21]ez=131, 7
51 MAKE='4':1='27, 7
52 SET s*1v':='2', 7
53 MARKz'1t:iz=t1?, 7
.54  ApDD=ze3Iti=r1r4120, 7
® 5% SQUBTRz1Ivi=2'1e=t21, 7
56 ARDMULT='41 121281214130, 7
57 D VREME'IVimt1 v/ nat203940:2311012V513, 7
S8 PLCKI='4r=(11'8128+721)8108+4'37, 7
59 UNPACK3='2"='1""/“'16384"4'"'1"16384"2"'3"3'4""/”'123)'4'll'4"123"3' 7
60 PACK2='Ir:=B1924r1te121, 7
61 UrPACK2='”"""""/"'8192"3"-'1'-81924'2' 7
62 GET TAIL='20is'1'mtLren/ 1810248192, 7
63 1ACR  m'itimrqvtal, 7
64 DECR . ='irvizrital,
7
65 'MACRC''FLAG! 7
66 MARKED='11'«(, 7
67 LEFT=ABS('L')<ABS('2'), 4
68 LESS=z'11<'2', 7

69 LSEQ='1vg'2', . 7
70 EquAL='l '=!2' R . . . et e e et e -

7
71 'MACRC' 'POINTER' ?
.72 FAULSEsYV"FALSE®"', 7
73 TRUEs'™TRUE“!
7
74 [DATA STRUCTURES AND. THEIR ACCESS]) 8
75 tMACRC''ACTION® 8
76 GLT NPARS='2':=TTAG['1'=81,PUT NPARS=TTAG['1'=8])sr?2?, 8
77  GET MTEXT='2':=TTAG{'1'a7],PUT MTEXT=TTAG['1'=7]t=12"7, 8
78 GFT PLACE='2'31=TTAGI'11'=6],PUT PLACE=TTAG(['1V~§])2427", 8
79 GET STATE='2':3TTAG['1'=5]),PUT STATE=TTAG['1'«5)1=z12", 8
BO GET SCRT =2121:2TTAG["1'=4],PUT SORT =TTAG['1'=4]2512", 8
81  GuT TYPE ='2':=TTAG('1'~3],PuT TYPE =TTAG['1'=~3]):=12", 8
82 GET LEFT ='24:=2TTAG{'1'=2),PUT LEFT =TTAG{'1'e2]33921, . ... 8
83 GET RIGHT='2't=TTAGI'1'=1},PUT RIGHT=TTAG[ 1 1wgjt=r2?,
8
84 8
85 (4.1.4 POINTERS AND FLAGS) 9
86 'POINTER? 9
87 PTAG,PBOLD,PSPEC,PCONS, 10
88 P..OC,PGLOB,PTEXT,PMACR,XLOC,
. L i 10
89 'FLAG' GIVE TEXT,GIVE TRACE,LEG!IBLE,
11
90 'POINTER' FIRST TAG.
. . e - e P : S . 12
91 ' . i2
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«-92

93
94

95

.96
97

98
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mlbi-

102

103

104 ...

105
106
107

108
109

A0

111

LD

.116

lis
114
115

117

.-118

123
~ 124, .

119

- 120

121

.. 122

125

- 126

‘129

Ai27

128

» 130

132

132

OUT+X=EL:

t 10 N e e e e

.[4.2.“w””0UTPUT1

{4.2.1. _PRINTER SECTION]

'ACTtoN'ouT DUT|NT, PRINTpPRlﬁTl.NLCR TAE SPACE OUTINTi,PRCHAR.SPACES TABS,’
POSITION,SHIFT2L INES.

'POINTER'POS,

WAS TAG +X,PRINT+TTAG +X;

WAS BOLD+X,PRINT+TBOLDwX; - i )
WAS SPEC+X,PRINT+TSPECHX;

WAS CONS + X, GET+«TCONS+X+EL,QUTINT#EL;. .
OUTINT+X.

OUTINT+XwGQUOT-REM?

SPACE,

LESS+X+0, MAKE4REMaX, MARK+REM, PRCHAR+MINUSCODE,OUTINT+REM; ...
EQUAL+X+(,PRCHAR+(,SPACE;
DIVREM+X+10+QUOT+REM,OUTINT14QUOT ,PRCHAR+REM, SPACE,

QUTINTL+X-QUOT=REM:
EQUAL+X+0; e
DIVREM+X*10*QUOT+REM OUTINTl*OUOT PRCHAR+REM.

PRINTaL ISTeYaxwl X}

MAKE+X+Y,SPACE,
-RST?! GET#LIST+X+LX, .
(MARKED*LX MARK*LX:PRINTi*LX PRINT1+LX,|NCR+X,1RST).

PRINTLI#®XeXiaX2~%3
UNPACK3¢X*X‘+X2*X3._
PRCHAR+X1,PRCHAR+X?2,PRCHAR+X3,

POS!ITION+X=TBS~SPCES? . _

SUBTR4X+POS+SPCES,LSEQ+Q+SPCES,SPACESHSPCES) - oo
NLCR,DIVREM+X+8+TB5+SPCES, TABS+TBS,.

- (EQUAL+SPCES+0; SPACES+SPCES),

SPACES+XeN?
. MAKE «N#+Q»
SPCY LESSeN+X,SPACE, INCR+N, :SPC; .,

TABS*X-N'
MAKE+N*0;
TBS! LESS+N+X,TAB, INCR#N,:TBS;

12
12
12
12
13
i3

14

14

15
16
16
16
16
16

16
17
17
17
17

17
18
18

18
19
i9
19

19
20
20

20
21

21

21
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22

22
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23




301171;178 D 1262J,17 KOSTER - o AR s T o e S 03

133 NLCR: 24

A4 L PRSYM +NLCRCODE,MAKE+POS+0.

i e T, e e : : 24
135 SH!FT 2 LINES-OLD POS‘ 25
~136. ... ... . MAKE+OLDPOS+POS,NLCR,NLCR,SPACES+OLD POS, ..

137TAB! PI§.SYFA+TABCODE,A_.DDA.-PVO'S+8+.G;6§.M S
. _ ’e

. .138 SPACE: ... . ' ' P 27
139 pRCHAa+spAC£CoDE. .

140 PRCHAR®X: s i . 28
144 EQUAL*X#NLCRCODE:VLCR} 28
142 .. L. EQUALSX+TABCODE ) TARBS o i i o s i e e . . 28
143 EQUAL+X+NIX} : R 28

B : e e e G . . 28

145 28

. 146 {4,2.2 .. TRACE ADMINISTRATION] . VA 29
147 'ACTION'TRACE,SIGNAL, |NFORM,ERROR.

29
148 TRACE4X: 30

149 GIVE TRACE,POSITION+32, INFORMeX;

. 30
- - 150 S:GNALeX: R e e . . 31

151 POS!T!ON+16,INFORM+X

. : 31
192 INFCRM4XwSTATE=SORT=TYPE: e s - . 32

153 GET STATE+X+STATE,GET SORT+X*SORT.GET TYPE#X*TYPE. ’ 32
454 ... .. ... QUT#STATE,QUT+SORT,OUT+TYPE,OUT4X., - - b e

B - . A e e e . 32
195 ERROR*TEXT+INFO oLo POS: c. : 33

156 . ... . MAKE+OLD POS+pPOS, NLCR,QUT#TEXT, e e i e C 33
157 (WAS TAG+|[NFOQ) INFORM+|NFO, POSITION*OLD POS, 33
198 i EQUAL+ INF0+0,POSITION+OLD POS; . . e . 33
159 . OUT+INFO,pOSITION4OLD POS), ~ -

. 33
..... R - ¥ | BRI . S o . 33
161 {4.2.3 CARD PUNCH SECTION) ’ 34
162 'ACTION'WRITE,WRITEINT,WRITEINT],PUNCH,PUNCH]L ,NEW CARD,TAB CARD,SPACE CARD, 34
163 PUCHAR.

. ’ 34
..164 'YMACRO''POINTER? . : : . o 34

165 Max CARD-72;DOLLAR CODE= 13'5-

34
166 'POINTER* CARD,CPOS,
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167 wm?r. WX - EL: . 36
RTINS, .Y - DN . WAS TAG. + X, PUNCH + TTAG - 4 X3 - -~ - o R . 36
. ' 169 WAS BOLD ¢ X, PUNGCH + TBOLD + X3 . 36
. : SRR, I X 7 e WAS SPEC 4 X» PUNCH « TSPEC + X3 . . L 36
17:. WAS CONS + X,GET+TCONS+X+ELsWRITE INT+ELS 36 .
i isenniiie 472 WRITE INT#X, , _ L
Bt e e e i et e e st s e T . e . . . ‘ 36
173 WRITE INT+X=QUOT-REM: 37
174 e LESS#X+0,MAKE#REMeX, MARKAREM, PUCHAR+MINUSCODE,WRITE INT+REM; - 37
175 EQUAL+X4+0, PUCHAR+( 37
176 . .. DIVREM*X+15+QUOT+REM,WR!TE INTL+QUOT, PUCHAR4REM,’ : B
U S O . . 37
: 177 WRITE INT1+X~QUOT~-REM} ) 38
S UIUNPNIERE TS, [ & : U T EQUAL+ X403 . S, ! . . 38
: . 179 otVREM+x+10+OUOT+REM WRITE INT1+QUOT,PUCHAR+REM,
. . , s 38
.......... 180 PUNCH#LIST+Y=X={X: . e e e e e 39 [ |
‘ 181 MAKE+x+v, 39
.182. ..  RST: GFT#LIST#X:&LX, . o T . . 39
183 (MARKED#+LX, MARK+LX,PUNCP1+LX, 39
184 .. . PUNCHi+LX, INCR+X, IRST), - e )
.. Ce . R U e e . o 39
185 PUNCHi+X=X1=X2-X3: 40
. 186 . UNPACK3#+X+X1+X2+X3, — o o E 40
187 " PUCHAR+X1,PUCHAR+X?2,PUCHAR+XJ3,
R 40
..... R g .188 NEW CARD: ’ ' . . 41
: 189 SPCY LSEQ +CPOS + MAX CARD;CS!M#SPACECODE,lNCR#CPOS. spc;. 41
190 . .. . MAKEACPDOS+1,WRITE INT+CARD,CSYM&NLCR CODE, INCR+CARD,MAKE+CPOS+1,
195 TAB CARC~SPCES-TBS: . 42
192 - DIVREM+CPOS+8+TBS+SPCES, : : . - 42
193 SPC: LESS+SPCES +8,SPACE CARD, INCR+SPCES , 18PC; .
_ o . 42
..... 194 SPACE CARD: . . . e P . : 43
195 PuCHAR+spACECODE. ' o C
c . 43
. 196 PUCHAR®X: . . L . 44
197 EQUAL + X + NLCRCODE, NEw CARD; . ) 44
- 198 EQUAL + X + TABCODE, TAB CARD} . - « . . .o . . - 44
199 EQUAL + X + NIX3} ‘ 44
.200 ... . LESS+CPOS+MAX CARD, CsVwa,INCR¢(POS; e - . . PR 44
201 CSYM+DOLLARCODE, CSYM4NLCRCODE, MAKE+CPos+1 PUCHAR*x,
: : : 44
L2u2 L . . o o . o . . 44
203 (4 2 4 RESULT ADHIN!STRATOONJ 45
L 204 'ACTION'G LINE UP,PUTABS,U,L,NEVW LINE,BLANK LINE,TAB L INE, :
L S 45

205 'FLAG'LINED UP,
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: S U OO PSP S ST S T . .6
.............. 206 CPOINTERYINDENTATION G o it et e o oo e e e e e e .

e RV B o . . 47
207 6 + X3 48
208 L LINE UP, WRITE. # X e L .

B T oo oo ettt e et e e s e e - . 48
209 LINE yP: : 49
2389 . R INED . UP S e e e . . 49
212 LEGIBLE ,PUTABS+INDENTATION,SET+L INED UP+TRUE,

. 49

232 PUTABS. ¢ N & NLS i i e e o e o . ‘ 50

213 LSEQ « N + 03 50
214 .. .. MAKE + N1 « N, . DECR -« N1, TAB CARD, PUTABS4. Ni, - e Co

50

-éié.U‘ |Néé.; INDENTATION,

. 51
.............. cervirioen @460 L8 DECR .4 . INDENTATION,.

L . S e B e . 52
217 NEW LINE: ' 53
218 e LEGTIBLE L ENED UP BLANK L INE o i o i i+ i 5000 smasnms s e -

. S . . . . e e e i Cn e N 53
219 BLANK LINE?S 54
220 .  NEW . CARD, SET 4 LINED UP. & FALSE ¢ e s sstimsticmsisns soms sossis'as fomens e oo

54

224 TAB LINE: LEG!BLE,TAB CARD,

. 55

222 i e e e e . ... 5%

223 - ' ’ 55

e Q@A i e e T DI © i e e e e e e e+ e R 59

225 . 55

.............. 226 s i e s e e e 4 i e e e s e 55

227 ' 55

. 228 4.3 COOINPUTT L e e e e 56
229 tACTICN' POST MORTEM,

- 56
........ 280 *POINTER e et e g e e s e e e e s . 56
23%Z L:NE,CHAR, INPT,

57

. 232 . e o R, . : e . 57

2393 14,3,1 READING CHARACTERS) 58
- 234 'ACTICN'NEXTCHAR,DISPLAY CHARACTER,NEXT NON SPACE CHAR, -

235 LETTER+X: , ‘ v 59
. 286 wWAS LETTER+CHAR, MAKE+X+CHAR,NEXT NON SPACE CHAR, Co )

. 59
237 LEIGITEX?Y : 60
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238 .. ... . WAS LETG17+CHA§.MAKE+x+CHAR.NExT NON SPACE CHAR,
239 DIG!T#X. 4
240 . .. ... yAS DIGIT +CHAR MAKE+x~CHAR NExT NON SPACE CHAR. S
. . . : o 61
241 BOLDCHAR+X! . 62
O e el ... 242 0 . EQUAL+CHAR+QUOTE,MAKEeX+ACCC, NEXTCHAR; 62 .
243 MAKE+X+CHAR,NEXTCHAR,
. 62
244 ACCENTIEQUAL+CHAR+ACCC,NEXTCHAR,
245 SPECCHAP + x- 64
.- 246 . WAS SPECCH+CHAR,MAKE+X4+CHAR,NEXT NON SPACE CHAR, - :
. . . . . 64
: 247 NEXTCHAR: 65
. [OOSR~ 7 : S D1ISPLAY CHARACTER,MAKE + CHAR » RESYM, o
s . . . . 65
249 DISPLAY CHARACTER: 66
250 .. EQUAL+CHAR+NLCRCODE, INCR+LINE, 66
2521 (GIVE TEX~™,POS|TION+133, OUT!NTi#CARD. 66
.- 2%2 . . - POSITION+48,0UT 'NT1+LINE,POSITIONSB2; ); 66
253 GIVE TEXT,PRCHAR+CHAR} .
” . 66
294 NEXT NON SPACE. CHAR: : : , 67
255 CHR: NEXTCHAR, 67
. 296 . (EQUAL+CHAR+SPACECODE, :CHR} Yoo oo : :
. S v . o . . 67
257 LAYOUT SyMBOL: 68
.. 288 .. .. . - EQUAL + CHAR + SPACECODE; . FR T O 68
259 EQUAL + CHAR + NWLCRCODE: i : 68
............. a6 . . EGUAL « CHAR « TABCODE . . Lo N e e . .
262 ) 68
262 [4,3,2 TAG SYMBOLS] e 69
203 'ACTIGN'STACK TAG EMTER TAG,RESERVE ADMIN SPACE.
» ‘ ; 69
264 . ... READ TAG + X « T « T] = T2 = T3 = T4} e e 70
265 LETTER+T1,MAKE+X+PTAG, 70
266 . , NXT: (LETGIT + T2, : 70
267 (LETGIT + T3. 70
o O U PPN - Y - X - | . (LETGIT + T4, PACK3Z + T4 # T2 + T3+ T, 70
: 269 STACK TAG+T,MAKE+T1+Té, :NXT; - 70
27¢ S : PACK3 + T1 + T2 « T3 .+ T, I1LST)} 70
271 PACK3 + TL + T2 + NIYX + T, {LST): 70
272 . . . PACKS #+ T1 + NiX + NIX + T, ‘ 70
273 . LST: MARK # T, STACK TAG + T).
. 70
274 STACK TAG + X! 71

275 LSEQ@ % PTAG + MAX TAG, PUT + TTAG & PTAG + X, INCR + PTAG: 71
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277

278
279
281
282
282
283

. 284

285

.. 286

287

. 288

2H9

. 294

29

. 292

293

oo 294

295

.. 296

297

293
299

- 300

301

-.302

303

. 304

305

.. 306

307
308
3u9

316
311

313
D314

315
316
317

318

319
329
321
322
328

L2760

18 , : : 03

ERROR + TAG FULL+0,POST MORTEM,EXIT,’

ENTER TAG + X = Y = X1 = Y1 = yX = Wy!
MAKE « Y + FIRST TAG, i
NXY?! MAKE &« X1 + Xy MAKE « Y1 ¢+ VY,
NXW: GET+TTAG+X1+WX,GET+TTAG+YL+WY,
(EQUAL + WX + WY,
(MARKED + wX, .
(EQUAL «+ Y + X,RESERVE ADMIN SPACE:;
MAKE+PTAG+X, MAKE+X+Y)}
INCR# X1, INCR+YL, INXW);
. . o L LEFT+WX+WY, GET LEFTaY+WY,
(EQUAL+WY+0,PUT LEFT+Y+X,RESERVE ADMIN SPACE;
MAKE +Y+WY, tNXY)}
GET RIGHT+Y+wv,
(EQUAL+WYa0,PUT RIGHT3Y+X,RESERVE ADMIN SPACE;
MAKE+Y+WY, $NXY))

RESERVE ADMIN SPACE:?

ADD+PTAG+B+PTAG,LESS+PTAG+MAX TAG,PUT NPARS4PTAG+999,

PUT MTEXT+PTAG+0,PuT PLACE+PTAG+0,PUT STATE4PTAG+D,PUT SORT+PTAG+D,
PUT TYPE+PTAG+0,PUT LEFT+PTAG+0,PUT RIGHT+PTAGH(D;

ERROR+TAG FULL+0,RPNST HMORTEM,EXIT,

(4.3,3 BOLD SYMBOLS]

tACTICN'STACK BOLD,ENTER BolD,

READ BOLD + X =« B1-B2.B3-D:

L3120

ACCENT, MAKE+X+PBQOLD,
(ACCENT ,PACKI#NIXaNIX+NIX+D,MARK+D,STACK BOLD+D}
BOLDCHAR+BI,
RST: (ACCENT,PACKI*BLl+NIX&NIX+D, MARK*D.STACK 80L0+D3
BOLDCHARSRZ,
(ACCENT,PACKI+B1+B2+NiX+D,MARK+D,S8TACK BOLD+D;
BOLDCHARSBI, PACKI+R1482+B3+D,
(ACCENT,MARK+D,S8TACK 30LD4D:
BOLDCHAR+BL,STACK BOLD+D, tRST)))),

STACK BOLD + %x: .
LSEQ + PBOLD + MAX BOLD, PUT + TBOLD « PBOLD ¢ X, INCR+PBOLD;
ERROR + BOLD FuLL+0,RPOST MORTEM,EXIT,

ENTER BOLD + X = V = x1 - Y1 ~ WX = WY
MAKEwY+MIN BOLD,
NXY: HMAKE + X1 «+ X, MAKE + Y1 + VY,
NXW! GET+TBOLD+X1+WX,GET+TBOLD+Y14WY,
(EQUAL + WX + wv,
{ MARKED + WX,
(EQUAL «Y+X3
MAKE+PBOLD*+X, MAKE#X+Y )}
INCR+X1, INCR#Y1, INXW) 3
SKP! MARKED + WY, MAKE + Y + Y1, INCR & ¥, INXY}
INCR + Y1, GET « TBOLD =+ Y1 + Wv, :SKP),

72
73
73
73
73

73
73
74

74
75
75
75
75
75
75
75
75
75

75

76

76
77
77
77
77
77
77
77
77
77
77
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BB i i e i b e e e e et o 77
. 325 (4,3.4 SPECIAL SYMBOLS] . ] 78

g 380 VACT I ON'S§TACK SPEC,ENTER SpPEC, - - Lo G e e e .
. . . . . 78
327 READ SPEC + X = § « 51- 79
" 328 - .. o SPECCHAR*Si,MAKE+X#PSPEC,PACK3081+N|X¢N|X+S MARK#+S,STACK SPECe+S, ’ .

et e L e e . e 79
329 STACK SPEC + X : 80
. [ LSEQ « PSPEC + MAX SPEC, PUT & TSPEC .+ PSPEC ¢ X, INCR+PSPECS 80

331 ERROR + SPEC FULL+0,POST MORTEM,EXIT, .
. 80
332 o CENTER.SPEC + X = Y = WX =~ WY . . 84
. 333 ) MAKE#Y+MIN 9PEC.GET+TSPEC*X¢Vx, 81
by “t. 334 o NXYY GET+TSPECevVHWY, e 81
335 (EQUAL + WX + wv, 81
336 e . {EQUAL+V+X} o e . 81
337 MAKE+PSPEC¢X0MAKE+X¢Y)3 81

BBB . INCR ¢ Y » INXY), P .
. B . . o . . 81
339 81
. 340 .[4,3,5 . .CONSTANTS] . .. . . . ) RPT . 82
341 'ACTION'STACK CONS,ENTER CONS,
82
...... 342 READ CONS + X = D = §¢ . N o e . 83
343 DIG!T « D, MAKE +« § + D, 83
.. 344 . .- RST: {DIGIT » D, ADDMULT « S % 10.4 D # S,IRSTy - - v . ... A 83
345 MAKE ¢ X 4 PCONS, STACK CONS « S), :

83
..346 S™ACK CONS + X! e 84
347 LSEQ + PCONS + MAX CONS.PUT + TCONS ‘* pc0Ns+ x. INCR # PCONS} © 84

348 ......... ERROR % CONS FULL+0,PCST MORTEM,EXIT, S :
349 ENTER CONS ¢ X ® Y « § = T . 85
354 .. .. GET &« TCONS #« X + 8, MAKE + Y.+ MIN CONS» . I . . 85
}-24 NXT? GET + TCONS + Y + T, 85
B2 i . . (EQUAL + S .+ T, e OO . 85
353 (EQUAL + X + v; _ 85
O 7. Y ST . MAKE 4+ PCONS .4 X, MAKE 4 X « Y)3.. o . 85

355 INCR + Y, INXT),
85
e 356 e . . o et . L 85
. 357 (4, 3 6 INPUT ADMINISTRATION] 86
........ i e e e 398 YACT FCNLINITIALIZE. FOR. READ ING,NEXT SYMBOL,READ.

e et e+ o e L . o . - . . 86
- 359 INITIALTZE FOR READ!ING: 87
O S 1. S £ MAKE+G!VE TEXT+FALSE,MAKE+PCONS+MIN CONS, 87

365 MAKE+PTAG+MIN TAG,MAKE4PBOLD+MIN BOLD,MAKE +PSPEC+MIN SPEC,MAKE+LINE>D, 87

- 362 MAKE+CHAR+RESYM, RESERVE ADMIN SPACE,MAKE+FIRST TAG#PTAG,
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e
. 304

“365"

...366

“367m

. 368

369

370
371

372
373
. 374 .

375

- 376

377
378 ..

379
380

.r§.+Aé.m;m*{m&Ks ;Xém;iinT;h”ﬁAKE'; * ;“bef;“Ngxf SVMBOL...‘

1S BOLD+X:WAS BOLD+!NPT, MAKE+X+1NPT, NEXT SYMBOL,

IS CONS + X! WAS CONS + INPT, MAKE + X + INPT, NEXT SyMBOL.
R.+.X: AHEAD & X,,NEX? sSyYymsoL.

AHEAD + x: EQUAL + INPT + x,

NEXT SYMBOL: R, e i
EAD+|NPT.

READ&X o
SKP: LAYOLT SYMBOL NEXTCHAR,.SKP, .

CREAD TAG #X,ENTER TAG®X) -~ i

READ BOLD+X,ENTER BOLD4+X;

READ SPEC+X,ENTER SPEC+X;

READ CONS+X,ENTER CONS+X;

ERRCR+WRONG INPUT CODE+CHAR,NEXTCHAR, READ#x,.

3o et e

382

383

384

385

. 366

387

. 388

389

- 3980

391

-.392

393

394

395

- 396

397

14.4. .. COMPILER COMPLLER To ALGOL60).
*FLAGY GIVE RSTO.,ADVANCED, .

'POINTERv:HANdLEoBOUNDX.SPECX.TO NEXT,TC-LOST,TO.  END,CUR LAB,NEW LaAB,

(4.4,1  AUXILIARY ACTIONS}.
TACTION?
FORGET LOCALS,WARN,ENTER LOCAL,ENTER GLOBAL,ENTER MACRO,ENTER TEXT,

ADD PLACE REPLACE

ADD PLACE+TAG-HaKeQ: : I
GET PLACE+TAGHH, ‘ :
. (EQUAL + H + 0, REPLACE + TAG + H}
GET#LTEXT+H4Q,GET TAIL+Q+K,LESS+K4L INE,REPLACESTAGHH}

REPLACE +« TAG + ‘H: .
PUT PLACE+TAG+PTEXT. .
- (EQUAL+H=0  ENTER TEXT+L|NE,
SUBTR+H+M|N TEXT+H, INCR4H, PACK2+H+LINE¢H.ENTER TEXTaH),

Y.

87

88

89

90

91

92
93

93
94
94
94
94
94
94

94
94
94
94
94
94
95

96

97
97
98 -
98
98

98
99
99
99

99

100
100
i00

100
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398
399

So40.

40.

402

403

404

405

406 .

407
408
409

419 .

413
412

413

414
415
416

417

- 418

419

424
421
422
423

. 424

425
426

427
428.

429

430

432
- 432

433

434
435

18 .

FORGET LOCALS=LOC!

RST: EQUAL+PLOC+MIN LOC:
DECR+pPLOC, GET¢LLOC+PLOC+LOC WARN+[ 0C,
PUT STATE+LOC+D, PUT SORT»LOC$0 PUT TYPEtLoc¢o,:RsT

e

WARN#X=STATE}
GET STATE+X+STATE,
C (EQUAL+STATE+BLAMK, TRACE*X}
EQUAL+STATE+0, TRACE+X
SIGNAL+X) .

ENTER LOCAL + READ! . o
- LSE® + PLOC + MAX LOC, PUT + LLCC + PLOC + HEAD, INCR #+ PLOC, .
. (LSEQ + PLOC ¢ XLOC: MAKE + XLOC + PLOC);
‘ERROR + LOC FULL*0,POST MORTEM, EXIT, - =

ENMTER GLOBAL + HEAD:
LSEC + PGLOB + Max GLOB, PUT # LGLOB + PGLOB . HEAD. INCR . PGLOB}
ERROR + GLOB FULL¥0,POST MORTEM,EXIT,

ENTER MACRO + HEAD:

LSEQ + PMACR « MAX MACR, PUT & LMACR + PMACR * HEAD. INCR * PMACR}

-~ ERRQR + MACR FULL+Q,POST MORTEM,EX!IT,

ENTER TEXT + x: : ) .
LSEC + PTEXT « MAX TEXT, PUT + LTEXT & PTEXT .« X, INCR . PTEXT!
ERROR + TEXT FULL+0,POST MORTEM,EXIT,

{4.4,2 TREATMENT OF TYPES)

YACTICN®

DEFINE ACTION,DEFINE LABEL,DEFINE PREDICATE.DEFINE AFFlX APPLY ACTION,
APPLY LABEL,REDEFINE,NEW PLACE,NEW NPARS,APPLY,APPLY PREDICATE,:

DEFINE ACTICN+HEAD: .
REDEFINE*HEAD#DEFiNED#GLOBAL#AcTION,".md

DEFINE PREDICATE+HEAD:
REDEFINE+H:AD+DEFINED*GLOBAL&PRFDICATE

DEFINE" AFFIX+HEAD:
REDEF INE+HEADDEF | NED+LLOCAL+PO INTER,

DEFINE LABEL+LAB!?
WAS TAG +LAB, REDEFINE*LAB*DEFINED*LOCAL*LABEL]
WAS CONsS+LAB,

R

APPLY ACTION+HEAD: - e e e s e
REDEFINE*HEAD&APPLoED#GLOBALtACTION.

101
101
i01

101
102
102

" 102

102

102
103
103
103

103
104
104

104
105
105

105
106
106

106
10¢
107
107
107

107
108

108
106

109
110

110

111
111

i1
112
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BACKTRACK?
BACKTRACK?

.. 436

44y

437

458
439

w@44:

442

443
444 . . .

445

.. 446

““447.

e 448

449 -

450
451
. 452

453

454 ..
455

456

. 498

457

459
464
461

462

463

- 464

465
- 466

467

468

469

© 470

47

APPLY PREDICATE+HEAD: .
REDEF!NE*HEAD#APPLIED*GLOBAL*PRFD'CATE.

APPLY LABEL+LAB: e
WAS TAG «LAS, REDEFINE*LAB#APPLIFD#LOCAL+LABEL,
WAS CONS+LAB, . e

APPLY+X! . .
NEW PLACE+X,TRY STATE+X+APPLIED,

REDEFINE+X+NSTATE+NSORT+NTYPE=OLD POS:

RECEF INE1+X+NSTATELNSORTHANTYPE,NEW PLACE+X} -
MAKE+OLD POS +POS,NLCR,QUT+X IMPOSSIBLE, INFORM+X,
QUT+NSTATE»OUT+NSORT,QUT*NTYRE,POSITION+OLD POS,

REDEF INE$+X4+NSTATE+NSQRT+NTYPE |
TRY TYPE+X+NTYPE,TRY SORT+X+NSORT,
TRY STATE+X+NSTATE,

T°Y-STATE*X¢5 Q:
GET STNTE*X*Q;EQJAL*Qﬁo PUT STATE+X#+S3;
EGUAL+Q+CEF !NED, EQUAL+S+APPLIED, PUT STATE*X*BLANK?
EGUAL+Q+APFLIED,

(EQUAL+S+APPLIED:

EQUAL+*S+DEFINED, PUT STATE«X+BLANKY)}
EQUAL*G+5LANK yEQUAL+S+APPLIED,

TRY. SOQT*X#P*O'

GET SORT+X«+0Q, CQUAL+O+0 PUT SORT+X+P,
T O(EQUALP«LACAL, EHTER LOCAL+X] v v o i o i
EQUAL*P+GLOBAL ENTER GLOBAL#X;
EQUAL4P+MACRC ,ENTER GLOBAL®X) ) ~ =i mome i
EQUAL¢P+G ' ) :

TRY. TYPE#+X+P=Q? .
GET TYPE+X+Q) EQUAL¢Q+0 PUT TYPE+X+P}; °
- EQUAL+R4Q, e

NFW PLACE+X=SORT?
: GET SORT+X+SORT,EQUAL+SORT+LOCAL; ADD PLACE+X,

NEW NPARS+X+P=Q? .
- GET NPARS+X¢Q.EQUAL¢Q¢P;
. EQUAL+Q+999,PUT NPARS+X+P}
cFROR*WRONG NUMBER OF PARAMETERS+X, :-

WAS ACTION+HEAD=T:

117
118
i1e
118
11€
118
118

118
119
119
11¢
119
119

11¢
126
120

120
121

121
122
122
122

122
123
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472

.m;§3m
B X

' 475

. 476 .

““477

BACKTRACK?

478 . ... .

479

e 4BY o

W484“

. 482 .

482

483..

..485

- 487 ..

BACKTRACK?

. 492 ..

486

488
489

499
491

493

BACKTRACK?

BACKTKACK?

495 -
.. 496 . .
497

498

499

- 508

501
502

503

504
505

498

GET .TYPESHEAD&T)EQUALSTHACTION, - i

w*s AFF'X+HEAD-T GET TYPE+HEAD+T
EQUAL+T4POINTER;
EQUAL+T+FLAGS
EQUAL4T+LIST,

WAS MACRO+HEAD -8
GET SORT+HEAD#S,EQUAL+S+MACRO, ... .

WAS PARAMLES% MACRO*HEAD'
WAS TAG+HEAD,WAS MACRO+HEAD,WAS: AFFIX+HEAD,

[4,4,3 SPECIFICATIONS]
'*ACTION*TREAT SPEC LIST,READ MACRO,

SPECIFICATION? !
EXTERNAL SPECIFICATION;

INTERNAL SPECIF!ICATIONS

MACRD SPECIFICAT!ON,

EXTERNAL SPECIF{CAT:ON=TYPE:
R+EXTERNAL, !S TYPE+TYPE, . . D R o
TREAT SPEC LIST+DEFINED+GLOBALSTYPE,

16 TYPE+X IMAKE+X+INPT,

R+ACTION;

R+PREDICATE;

R+PCINTER; .

R+FLAG, G e s

TREAT SPEC LIST+STATE+SORT+TYPE-HEAD:!

. NXT: 1S TAG+HEAD,REDEF INE+HEAD+STATEASORT+TYPE, . .
(R+*COMMA, INXT}SHIFY2LINES,R+POINT),

INTERNAL SPECIFICATION=TYPE:?
1S TYPE OF LOCAL+TYPE,TREAT SPEC LlST+APPLIED*GLOBAL+TYPE.

1s TYPE OF LOCAL+X: MAKE4X+INPT
R+ACTION;
R+PREDICATE,

MACRO SPECIF{CATION=TYPE=~HEAD!
R+MACRO,!S TYPE+TYPE, - v o . e s

NXT: 1S TAG+HEAD, B : .
: REDEF iNE+HEAD+DEF INED+MACRO+TYPE,READ MACROHEAD,

03

123
124
124
124

124
125

125
12¢

12¢
126
127

127
128
128
128

128
129

12¢
130
130
130
130

130
131
131

131
132

132
133
133

132
134
134
134
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506 o e e o oo (RECOMMA 5 tNXT3SHIFT2LINES ROPOINT) |yl oo

507 READ MACRO+MEAD=X: . i ' 135
SRRSO 1 1 ; IVRTRRIRI PUT MTEXT+HEAD«~PMACR, - . . S L ) 135
* 509 . NXT? (AHEAD + PO!NT, ENTER MACRO + POINT; 135
....... 8§10....... . . AHEAD + COMMA, ENTER MACRO & POINT} - - T 135
: 511 tS TAG+X,TRY STATE+X+APPLIED, . .
BACKTRACK? R B - ENTER MACRO#X, SNXTj v . 135 o
512 ENTER MACRO « NPT, NEXT SYMBOL, :NXT),
135
513 . . . . L o . . 135
514 [4,4,4 DECLARATIONS) . 136
- 515 'ACTION'TREAT DECL LIST,CONSTANT TEXT, e
516 'ACTION'PUT PARAMLESS MACRO,
136
517 DECLARATION? . . . e . - 137
518 POINTER DECLARATIONS 137
L5319 i FLAG DECLARATION e e i e o e P S - 137
524U L1ST DECLARATION,
137
- 521 PO'NTER DECLARATION: . o . : . 138
522 R+PCINTER, TREAT DECL LIST+Q INTEGER+POINTER,
: 138
. . i 523 TREAT - DECL LIST+ALGOLTYPE+TYPE-HEAD: . [ . 13¢%
: 524 BLANK LINE,G+ALGOLTYPE, 13%
. 525. . NXT: 1S TAG+HEAD,REDEF INE+HEAD+DEF INFD+GLOBAL+*TYPE,GeHEAD, . . . 136
526 (R+COMMA, G+ COMMA, INXT 135
e et s o - BT SHIFT2LINES,R*POINT ,G+SEMICOLON), e
. e . . o . 13¢
528 FLAG DECLARATION: N : 140
529 .. R+FPLAG, TREAT DECL L15T+Q BOOLEAN+FLAG, e
- 530 L!'ST DECLARATION=-HEAD ) 141
e . 531 ... R+L1ST,BLANK LINE,G+Q INTEGER,G+Q -ARRAY,U, - - . o o . 141
: 532 NXT$ 1S5 TAG+HEAD,
BACKTRACK? . e G+HEAD , REDEF INE+HEAD+DEF INED+GLOBAL+LIST, - : 141
) 533 R+SUB, }
BACKTRACK? . SR S SN G G+5UB,CONSTANT TEXT, B . i 141
534 R+COLON,
BACKTRACK? e e oot anis eesranns st st e e s o G+COLON, CONSTANT TEXT, . . . e 141
535 R+BUS, .
BACKTRACK? TP SO P e G+BUS, . . ) 141
536 (R+COMMA , G+ COMMA ,NEW L INE, :NXT; 141
. 537. . - SHIFT2LINES,R+POINT,G+SEMICOLON,LY., :
..... B e e - . 141
538 CONSTANT TEXT « SYMB: 142
539 . NXT: IS TAG-+ SYMB,APPLY+SYMB, 142
54y (WAS PARAMLESS MACRO+SYMB,PUT PARAMLESS MACRO#SYMB, INXT} 142
54z G + SYMB, INXT); 142
542 1S CONS + SYMB, G +« SYMB, NXT; 142
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.. 543 ... ... R ¢ PLUS, G s+ PLUS, :NXT; e e o 142
544 R + MINUS, G + MINUS, INXT: . .
. 142
. 545 o e . . 142
546 (4.4.5 AFFIX EXPRESS1ONS) ' 143
. 547 *ACTICN'PUTAFFIX E£XPRESSION,PUT DIRECT,AFFiIX PACK OPTION, TREAT AFFIX,PUT SINGLE, 142
548 PUT PARAMLESS MACRO,PUT MACRO,GET PARAMETERS,GET PAR,pPUT PAR,
143
..549 PUT AFFIX EXPRESSION+HEAD: L . . . 144
5%.: TRY SORT+HEAD+GLOBAL,PUT DIRECTbHEADo 144
55. . . .TRY SORT+HEAD+MACRON, . - : . . 144
552 . {(WAS ACTION+HEAD,PUT MACRO+HEADS . 144
- e BB3 v G+OPEN,PUT MACRO+HEAD,G+CLCSE), . e
,,,,, v . e e e et 144
. 554 pur DIRECT+HEAD NPARS? © 148
i BBE L - MAKE+NPARS+0,G+HEAD,AFFIX PACK OPT|0N+NPARS.NEW NPARS4HEAD+NPARS,
\ ) 556 AFPIX PACK OPTION+NPARS: . 146
S NPT 1. ¥ R 4 PLUS, G ¢ OPEN, TREAT AFle, . 146
558 . RST: (!NCR+NPARS,R+PLUS,G+COMMA, TREAT AFFIX,.RST, 14¢
.. 559 . . . G + CLOSE); - s Lo
560 TREAT AFFIX - AFFX: i . 147
56 <18 TAG + AFFX, PUT SINGLE + AFFX,APPLY+AFFX} -t . ' : 147
562A IS BOLD+AFFX,G+STRINGOUOTE,G+AFFX, G*STR|NGQUOTE; . 147
................ : L. B63 i5 CONS + AFFX, G + AFFX; e e s v 147
- - 564 ERROR+WRONG AFFIX+aFFX, o
: ' : ' C 147
e e : : i 565 PUT S INGLE+X S o . o e e, . . 148
566 WAS AFFIX+X, ' 148
56T o - (WAS MACRO+X, pur PARAMLFSS MACRO#X} G#X}3 n e 148
568 QEDEF|hE+x+APPLlED+GLCBAL+PO!NTFR G+X. '
. . 148
.................. . 569 PUT. PARAMLESS MACRO+YeX=M: . i e i i 2 . 149
576 GET MTEXT+Y+X,NEW vans+v+o. . ) : 149
,,,,,, 571 . .. NXT! INCR + X, GET + LMACR +- X » M, . . . s e e e e Lo . 4146
572. - (EQUAL + M # PQINT; G + M, INXT), '
c . 14%
573 PUT MACRO4X=P1l»P2«pI=PqupP5-0-M=NPARS] e o e ‘ 150
574 MAKE+NPARS+0,GET MTEXT#+X+Q, o 150
575 . " GET PARAMETERS*NPARS+P1*P2‘P3+P4+P5o NEW NPARS+X+NPARS, . 150
576 NXT: INCR + @, GET + LMACR + Q' + M, ' 150
S e Yt {EQUAL + M + POINT; . . . 150
g ’ 578 . EQUAL +M+ONE .PUT‘PAR+P1*1,3NXT; ) 150
S 879 -~ EQUAL+MaTWO - ,PUT PAR+P2+2, INXT: : : 150
58y EQUAL#M+ THREE, PUT PAR+P3+3, INXT: 150
Snnsitiont e PSRRI RS INTSN TSRV - £ - NP e EQUALSM4FOUR »PUT PAR+P4+4, INXTS e . . 150
o 562 . EQUAL+M+F IVE ,RUT PAR+pPS+58, INXTS 150
T8I i i - - WAS PARAMLESS MACRO+M,puUT PARAMLESS MACRO4M, INXT; . 150
6 + M, INXT), .

584

150
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585.
586

- 587

588

.. B89 ... ..
591)

--59%

592

.. 593

594

595

S S m; P Y R P C oj

GET PARAMETERS#P4+PL1+P2+4P34p4aPS:
GET PAR#P+P1,GET PAR¢P+P2,GET pnn¢p»p3 GET PAR+P*P4.GET aan~p¢p5.

GET RAR+P#+X$
' R+PLUS, INCR4P,

(18 TAG*X,APPLY+X; 1S CCNS+X)}
MAKE & X + X PARAMETER ERROR,

PUT PAR + X & Yi.
WAS CONS*X,G#X,
»»»»»» EQUAL+X+X PARAMETER ERROR ERROR4X+Y}
WAS BOLD+X.G#STRINGQU°TE G+X G+STR|NGOUOTE;
PUT SINGLE «+ X, e e e

sgam.u_mv_,

.. 597
598
.. 599
60y

.60

602

603 ...
604

605
606
607
608

- 609 . ...

610

611
612

613

614

e 615
© 616

617
618

619

623
621

622

623 .

624

[4,4,6 BUILDING STONES OF A RULE] - : :

*ACTICN' PUT CONMECT AND,PUT CONNECT OR, END JUMP, END LABEL.LOST LABEL,PUT INIT,
PUT RESTORE,FRESH LABEL, TRUE RESULT,FALqE RESULT,PUT JUMP,PUT LABEL,SEMICOL,
BEGIN, Enoea BECOMES, |

PUT. CONNECT AND: )
GIVE RSTO,PUT JUMP+CUR LAB, INCR+TO NEXT:

ADVANCED,ERROR+POSSIBLY BACKTRACK NECESSARY+0,PUT JUMPRe(, INCR+TO LesTy
PUT JUMP+CUR LAB, INCR4TO NEXT,

PUT.CCNNECT OR:! y
: AHEAD+SEMICOLON, PUT RESTOREnFREQH LABEL,

(EQUAL*TO NEXT+0,ERRORFALTERNAT!IVE NEVER REACHED+03- )
AHEAD+CLOSE,
. (EQUAL*TO NEXT+0;

PUT LABEL+CUR LAB,FRESH LABEL,

(GIVE RSTO;PUT JUMP40, INCR4TO LOST));

pPUT nssvons,Losr LABEL,

LOST: LABEL: -
EQUAL+TO LOST+0, . '

: (EQUAL+TO NEXT+0:FALSE aesuur): .
PUT LABEL+0,FALSE RESULT, :

END LABEL?
EQUAL+TO END+0;PUT LABEL+999,

END JuMpP:
) EQUAL+INPT+P0|NT EQUAL+TO LOST*O EGUAL*TO NEXT+0.
PUT JUMP+99Q, INCR+TO END,

PYT .INIT:
GIVE RSTO,G+INIT RESTORE;» e

L

PUT RESTORE!?

151

151
i52
152
152

i52
153
153
153
153

153
153
154
154
154

154
155
155
155 .

155
156
156
156
15¢
15¢
15¢
156

156
157
157
157

157
158

ise
15¢
159

i5¢
160

160
161
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) 625, . .. EQUALSTO NEXT#05. . . o o e L o 161
626 PUT LABEL+CUR LAB, . 16%
627 . ... . ... (GIVE RSTO,G+DO RESTORE; ).,... . . , .

. . e L L 161
628 FRESH LABEL. 162
B89 - MAKE#CUR LAB®NEW LAB.lNCR+NEw LAB, SR e

e e L S . 162
630 TRUE RESULT' 163

BB - WAS ACTION+HANDLE; - - - - : O S S T v 163
63? G+HANDLE.BECOMES G+Q TRUE.SEMICCL

: 163

e 033 FALSE RESULT‘ - S e e - AP .. 164

' 634 WAS ACT!ON*HANDLE. 164
¥ s @ FB e G HANDLE , BECOMES ,G+Q FALSE,SEMICOL, S e e

636 PUT JUMP « LAB! v . : . 165
637 e o 6+Q GOTOY G ¢+ LAB, G ¢ SEMICOLON, NEW L INE,APPLY LABEL+LAB, -

e e Lt . . . R e T . . 165
638 PUT LABEL + LAB: 166
639 e NEW LINE,L)G+LAB,G+COLON,U,DEFINE LABEL+LAB,TAB LINE,

640 SEMICOL: G+SEMICOLON,

167
641 -BECCMES: e e . 168

642 G+COLON, G+EQUALS,

168

......... 643 BEG!IN: NEW LINE, G + Q@ BEGIN,U,TAB LINE, « oo oo e

,,,,,,,, SR - o R - P g e i ] 169
. 644 ENDER! NEW LINE, L, G + Q END,

: - 170

645 ... . ol ..".,m“m.pw,.Jw“w“w...“mm.wmm.”.”.. o 170

646 [4.4.7 GENERAL FORM OF A RULE] ' in
687 'ACT|ON'OPTIONAL BOUND AFF|XES,REST BOUND - AFFIXES;OPTIONAL FREE AFFIXES,RESTLHS,

W e B VR URE R PPN B O . 174
648 RULE: ) ’ N - 172
e et e i e QA e N LEFT MAND S IDEsMIDDLE e A
BACKTRACK? . : ; RIGHT HAND SIDE, . '
BACKTRACK? o et et e et e e e e e e e L . . ; L. . S . ) 172
650 FORGET LOCALS,SHIFT2LINES,R+POINT, ’
BACKTRACK? : . e . . .

. e T i s e : . . i . . : 172
. ' 65 LEFT HAND SIDE: . 173
. e o 692 w18 TAG+HANDLE,BLANK LINE MAKE+BOUNDX+0, MAKE+SPECX+0, 173
L 653 .. (WAS ACTION+HAMNDLE,DEFINE ACTION+MANDLE,REST LHS; 173
...... b e 6BA oo L. G+Q BOOLEAN,DEF INE PREDICATE+HANDLE,REST LHS),

U o . . ’ A ’ 172
. 655 RFST LHS: ’ : 174
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656 .. vmwuthOmPROCEDURE,G?HANDLE,OPTIONAL BOUND-APFIXES,NEV NPARSHHANDLE&BOUNDX, 174
. 657 sEMICOL, '

174

."”vmmmWWwaNwmﬂmeﬂW%ﬂeﬁsnopflouAL BOUND AFFIXES=AFFYX? .. 178

: 659 BOUND AFFIX1+AFFX,G+0PEN, G*AFFX,REST BOUND AFFIXES! 1758
OB e .. . BOUND AFF IX2+AFFX,G+OPEN,G+AFFX,REST BOUND. AFFIXES,GeAFFXS .,

- e . . e PR N . . 175
' 661 REST BOUND AFFIXES~AFFX: 176
............... 662 e BOUND AFF IX1+AFFX,G+COMMA, G+AFFX,REST BOUND AFFIXES}) 176
663 BOUND AFFiX2+AFFX,G+COMMA,G+AFFX,REST BOUND AFFIXES, GbAFFx DECR+SPECX, 176
664 . (EQUAL+SPECX+0;G+COMMA)Y , 176
665 G+CLOSE, . 176

........ : e 666. o . . _(EGUAL*SPECX+0;SEM!COL,G+Q INTEGER),

e e e e o e 176
667 BOUND AFFIX1+AFFX: 177
e s 668 .. .. .. ReTIMES,!S TAG+AFFx, - L P

BACKTRACK? : . DEFINE AFF|X+AFFX, | NCR+BOUNDX,

177
..... e 669 . BOUND AFFIX2+AFFXs . o o T . . 178
670 R+PLUS ,!s TAG*AFFX: ¢
BACKTRACK? et vt b et . [R T FE . DEFINE AFFIX+AFFX, INCR+BOUNDX, INCR+SPECX,

671 MIDDLE:? ’ 179
. ‘ - 672 - BEGIN, OPTIONAL FREE AFFIXES, R + COLON,PUT INIT., - S

. e . . L o o 179

673 OPTIONAL FREE AFFIXES = AFFX: 180

. 674 .. . R + MINUS, G + Q INTEGER, R, OO R . 180

675  FFxi 1S TAG ¢ AFFX,

BACKTRACK? ... [ G + AFFX, DEFINE AFFIX 4 AFPFX, « oo v e s L 180
: ' 676 (R + MINUS, G + COMMA, FFX3 . 180

677 o i . G + SEMICOLONY? & 1 v TSV

e : . . e - e . 180
678 R'GHT HAND SlDE' 181

...... 679 o MAKE#CUR LAB#1,MAKESNEW LAB42,MAKE4TO LOST#0,MAKE4TO END#D, <o - - 181

680 NXT- ALTERNATIVE,PUT CONNECT OR) 181

e 88D (R«SEMICOLON, INXTS: - . - - C e . 181
682 END LABEL,END BR,SEMICOL),

. 181
............ 683 ALTERNATIVE=LAB-OLD NEXT:. e e B . 182
) 684 MAKE®TO NEXT+0,SET+ADVANCED+FALSE, i82
.. 685 .. NXT! R+COMMA, INXT; . . . 182
: 686 R+COLON, 1S TAG+«LAB,
BACKTRACK D o i v e o e froiomnminnins sesis et st e e e PUT JUMP+LAB: T U . 182
687 R+OPEN,MAKE+OLD NEXT+TO NEXT,CHOICE,
BACKTRAZK? . s e e et hesbene e e S e et e - e L e R+CLOSE, S e .
BACKTRACK? 182
- e et et e e 688 . . . (GIVE RSTO,MAKE#TC NEXT#+1;MAKE+TO NEXT4OLD NEXT)j - - : 182
689 MEMBER, INXT} 182
w 690 e TRUE RESULT,END JUMP, : R R ~ S :

o e . e e . . . . 182
692 CHOICE=LAR: . 183
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’ 692 . .. . . MAKE+LAB+CUR.LAB,SEGIN,PUT INILT,FRESH LABEL, .. .. . ... . .. ° 183

693 NXT? ALTERNATIVE,PUT CONNECT OR, 183
694 . ... ... .. .. (R+SEMICOLON, INXT3ENDBR,SEMICOL,MAKE4CUR LAB+LAB),

. U S . L . o _ 183
695 MEMBER-HEAD? 184
. 696 . . ... 1S TAG+HEAD,APPLY+HEAD, - L . 184
697 (R+COLON,pyT LABEL¢HEADx 184
............. : e . 698 . . .. .. TRY TYPE+HEAD+PREDICATE, . . 184
. 699 G+QIF»G+NOT,PUT AFFIX EXPRESS‘ON#HEAD G+Q THEN, 184
700 . . e . PUT CONNECT AND,SET+ADVANCED+TRUE; + 184
702 TRY TMYPE+HEAD+FLAG, 184
L7020 e e - G+#QIF,G+NOT, PUT AFF IX EXPRESS | ON+HEAD,G+G THEN, .. . 184
703 L, PUT CONMNECT ANDJ . 184
R | ¥ S - TRY TYPE#HEAD+ACTION, . . o 184
* - 705 PUT AFFIX EXPREGSION*HEAD:SEMICOL).

B . © 184
706 . . . . 184
707 [4.4,8 OTHER BUILDING STONES OF A GRANMAR] - . 185
708.'ACT|cN'SK|P UNTIL POINT,TERMINALS, - S e o

............ : ; . 3 ORI * S . ' R O e s L 185
709_COMMAND: : 186
740 . . R+RSTO OM,SET+GIVE R5TO+TRUE; e e e . 186
.71 R+RSTO OFF,SET+GIVE RSTO+FALSE; . ) . 186
it 71200 o R4SHORT MAKESLEGIBLE®FALSE ] & . i i i s o o 186
. 713 R+LONG, MAKE+LEG!BLE+TRUE; ’ - 186
............ 1714 R + TRACE OM, SET 4 GIVE TRACE & TRUE} ovmimmmn b 0 18¢
715 R + TRACE OFF, SET + GIVE TRACE + FALSE.

— : . N | . e .
i . 716. COMMENT: ‘ . S e e b e e e . . 187

o : 717 R+SUB, BLANK LINE,G+Q@ COMMENT, - o 187
s s, : : 718 e RSTE (R + BUS, & + SEMICOLONS - o s st i oo e . ... 187
n 719 s G+ INPT,READ+ NPT, IRST), '

‘ . ’ ‘ A 187
720 e T L e © e v o et oot et ot e e+ e . 187
721 STARTING SYMBOL-HEAD: : . . . 188
. - 722 .o v . R+RESULT, IS TAG+HEAD, .. . " . M“WHWMAT;MMWWH.MH,W‘".MHW ........ . o
BACKTRACK? . NEW PAGE, ’ 188
. . : 723 o e UTRY TYPESHEAD&ACT FON, APPLY ACTION*HEAD TERMINALS,G+HEAD} . . : 188
- 724 APPLY PREDICATE+HEAD, TERMINALS,G+HEAD),

. . o . 188
,,,,, . . i i e e 129 SKA B, UNTUL POINT? ‘ S : e : 189
726 NXT! ERROR + SK(PPED + INPT, . i8¢

. T ARSI, 3 1 AN : . (R +. POINT; NEXT SYMBOL,-NXT)

. : . . e oo . L .. e e 186
728 . : 189
. 729 (4, 4 9. . TERMINALS] . 190
730 vACTICN? "'ERM!NALS FORGET GLOBALS.MAY BF TERM!NAL,PUT DECL FORGET TERMINALS, 190
-~ 73% PUT CALL, -

732 TERNINALS’ 191
SIS A % S .. BUANK LINE,FORGET. GLOBALS.NEW LINE, EQUAL*PLOC+MIN Loc; 191
734 APPLY ACTION+XREAD,APPLY ACTION4XOUT,APPLY ACTION&INIT READ, 191
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735 e BLANK LINE, G + INIT READ, G ¢ SEMICOLON, NEW LINE, .. .. .. . 191
736 . BLANK LINE,FORGET TERM!NALS.NEW L INE, BLANK LINE, .
. 191
" 737 FORGET GLOBALS-P~TERM: , . : C e 192
' 738 MAKE+P+MIN GLOB,MAKE+PLOC+MIN LCC, 192
. 739 NXT: EQUAL + P + PGLOB: ' - 1997
740 GET+LGLOB4P+TERM, May BE TERMINAL+TERM,INCR+P,:NxT.
J . 192
it TRL . MAY BE TERMINALSXS . L S o 193
- 742 WAS TERM|NAL+X.PUT DECL*X.ENTER LOCAL#X. : 193
P & %, . WARNw#X, e e o
744 WAS TERMINAL+X=-S! . 194
. 7845 ... . GET STATE#X+S,EQUAL+S¢APPLIED, . . . .. . . e e 194
. 746 ) GET SORT +X+S,EQUAL+S+GLOBAL, 194
R R & b . GET TYPE+X+S,EQUAL+S+POINTER, . e
748 PUT DECL + X1 195
. T49. . ....... NEW LINE,G+Q INTEGER,GeX,G+SEMICOLON,POSITIONAE4, INFORMeX, - .
..... e . . o . . . . 198
750 FORGET TERMINALS=P=TERM? : 19¢
781 . MAKE+P+MIN LOC, R . . .o L B 196
, 752 NXT: EQUAL#P+PLOC; ‘ ’ 196
<753 .. GET+LLOC+P+TERM,PUT CALL+X READ+TERM INCR4P, $NXT, - :
. . . - . o 196
754 PUT CALL +PROC + X: 197
795 L NEW LINE, 6 « PROC, G #» OPEN, 6 + X, 6 + CLOSE, G + SEMICOLON,
o R S . . . . S e B . 197
756 : 197
. 757 14,4,10 POST MORTEM) ) . v . 198
798 'ACTICN'POST MORTEM, DICT|0NARY LIST TAGs.ENTRlES. ' )
. 198
R . 759 .POST MORTEM:? - o S - 199
760 NLCR,OUTINT*#MIN TAG ,QUTINT+PTAG ,OUTINT+MAX TAG , 199
761 . .. NLCR,OUTINT+MIN BOLD,OUT{NT+PBOLD,OUTINT#MAX BOLD, -« - -~ .. : 19%
762 NLCR,QUTINT+MIN SPEC,QUTINT+PSPEC,QUTINT+MAX SPEC, 199
©763 . e NLCRLOUTINT+MIN CONS,0UTINT+PCONS,OUTINT*MAX CONS, - S 19¢
764 NLCR,OUTINT+MIN LOC ,QUTINT+XLOC ,CUTINT+MAX LOC , 199
=765 .. . . NLCR,QUTINT+MIN GLOB,OUTINT+PGLOB,OUTINT+MAX GLOB, -« « o i 19¢%
766 NLCR,QUTINT+MIN MACR,CUT INT+PMACR,OUTINT+MAX MACR, 19¢
. 767 ... NLCR,yQUTINT+MIN TEXT,CUTINT+PTEXT,OUTINT+MAX TEXT, 19¢
768 NLCR,OUTINT+LINE, 00T INT+CARD,NLCR,NLGR,NLCR, D CT I ONARY,
. 199
....... e i . 769 DICTIONARY! . 200
77¢ LIST TAGS + FIRST TAG,
200
770 LIST TAGS + X = P<STATE«SORT=TYPE: 201
772 EQUAL + X « 0} 201
773 GET LEFT#X+P,LIST TAGS+P, 201
774 GET STATE+X+STATE,GET SORT+X+SORT,GET TYPEWX+TYPE, 201
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L2175 YHNYEQUAL¢$ORT&O.:SKP; . : . 201
776 NLCR.OUT*x,POSlTlov~32,OUT*STATE.ouT+SQRT OUT#TYPE. . 201
s 777 ... . . POSITION+SG,ENTRIES+X; . . . 201
778 SKP: GET RIGHT+X+R,LIST TAGS+P,
’ ) 201
. 779 ENTRIES+P~Q=H=K? . . 202
780 GET PLACE+P+Q,EQUAL+Q+0,NLCR; . 202
. 782 . LNE! GET+LTEXT+Q+H,UNPACK2+H*Q+K,OUTINT+K, . .. ... . 202" .
" 782 (EQUAL+Q+(0,NLCR} . 202
783 ... ) ADD#Q+MIN TEXT+Q,DECR+Q, $LNE) ., -
- i . . . B oo - 202
- 784 . 202
.. 785 .[4,5,. . . HEART OF COMPILER COMPILER] . . . 203
786 'ACTION'SENTENCE,START SYSTEM,COMPILER DESCR&PTION
. 203
e Bt i 187 VPOINTERY INIT RESTORE,DU RESTORE,XREAD,XOUT, INIT READ,TITLE,.
- . . . . e 204
788 SEVT[NCE. 205
789 . START SYSTEM, BLANX L INE, . S e - 205
790 BEGIN,COMP i LER DESCRIPTION,ENDBR, . 205
. 791 . BLANK LINE,MNEW PAGE,PCST MORTEM, e e o .
792 START SYSTEM: . 206
. 793 READ4INIT RESTORE,READ«DO RESTORE READ4X- READ,READeX OUT, 20¢
794 READ+INIT READ, QEAo+T!TLE. 20¢
795 ... . . SET+GIVERSTO+FALSE,SET+G|IVE TRACE+FALSE,SET+GIVE TEXT+TRUE, . 206
796 MAKE +PLOC+MIN LOC,MARE+PGLOB+MIN GLOG, MAKEWPTEXT+MIN TEXT, 206
e 797 . MAKE+PMACR+MIN MACR,IMAKE+CARD+0.MAKE+CPOS+1,MAKE+XLOC*0, : 206
798 SET+LINED UP+FALSE,SET+LLCG!BLE+TRUE, 206
o799 i . MAKE# IMNDENTAT ION+D ,MAKE &L INE+(, MAKE+POS+0,0UT+TITLE ,READ+INPT, .
.......... . T . 20¢
800 COMPILER CESCRIPTION? 207
801 .. .NXT! SPECIFICATION, INXT} B . . 207
8u2 DECLARAT 'ON, INXT; ‘ 207
...... . BOE L CCMMAND, INXT} s e 207
804 COMMENT, INXT} . 207
805 .. . STARTING SYMBOL: . . . .. . . . Lol e o 207
806 RULE, iNXT; 207
. 8U7 .. . SKIP UNTIL POINT, . aNXT, oo -
808 207

809 *RESULT' SENTENCE,
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°

. APPLIED GLOBAL POINTER TAGFULL
APPLIED GLOBAL POINTER BOLDFULL.. . ..« .o
APPLIED GLOBAL POINTER SPECFULL
e e [P APPLIED GLOBAL PO INTER CONSFULL .
* APPLIED GLOBAL POINTER WRONGINPUTCODE
AFPLIED GLOBAL PCINTER BLANK e
APPLIED GLOBAL POINTER LOCFULL
i et i et e e i e .. APPLITED GLOBAL PCINTER GLOBFULL
" AFPLITED GLOBAL POINTER MACRFULL
............................ . e i o APPRTED GLOBAL POINTER TEXTFULL
APPLIED GLOBAL PCINTER DEF!NED
APPLIED GLOBAL PCINTER GLOPAL
APPLIED GLOBAL PCINTER ACTION
,,,,,,,,,, — vt e e . APPLTED GLOBAL POINTER PREDICATE
APPLIED GLOBAL POINTER LOCAL
APPLIED GLOBAL POINTER POINTER
APPLIED GLOBAL POINTER LABFL
e et et s e APPLIED GLOBAL POINTER APPLIED
. APPLIED GLO3AL PCINTER XIMRUSSIBLE
e b e e e APPLIED GLOBAL POINTER MACRO
APPLIED GLOBAL POINTER WRONGNUMBEROFPARAMETERS
AFPPLIED GLOBAL PCINTER FLAG .
) . APPLIED GLOBAL POINTER LIST '
........ e e e B fuvistoeessesbatts e ess e ens | Erbassas sesseaas < Sheseuediefeeties e s s resiie L APPLIED GLOBAL POINTER EXTERNAL
APPLIED GLOBAL POINTER COMMA
APPLIFED GLOBAL POINTER POINT
APPLIED GLOSAL PCINTER QINTEGER
. S e et eeeiaieeie i e st e e e S e . APPLIED GLOBAL PCINTER SEMICOLON ) .
: APPLIED GLOBAL PCINTER QBOCLEAN
APPLIED GLOBAL PCINTER QARRAY
APPLIED GLOBAL PCINTER 3uB
APPLIED GLOBAL POINTER COLON
APPLIED GLOBAL POINTER BUS
APPLIED GLOBAL RCINTER PLUS : '
) APPLIED GLOBAL PCINTER MINUS
......... et APPLITED GLOBAL POINTER OPEN
APPLIED GLOBAL POINTER CLOSE '
APPLIED GLOBAL POINTER STRINGQUOTE oo v ot i i e
APPLIED GLOBAL POINTER WRONGAFFIX
APPLIED GLOBAL POINTER ONE
APPLIED GLOBAL POINTER TWO
APPLIED GLOBAL POINTER THRFE
APPLIED GLOBALL POINTER FOQUR
e ieare T e aeasar e e eerisaaies eeesssasee ek e R fere e eree e e APPLIED GLOBAL POINTER FIvF . .
. APPLIED GLOBAL POINTER XPARAMETERERROR
R N APPLIEDR GLOB3AL POINTER PCSSIBLYBACKTRACKNECESSARY -
APPLIED GLOBAL PCINTER ALTFRNATIVENEVERREACHED
PR APPLIED GLOBAL POINTER QTRUE
APPLIED GLOBAL POINTER QFALSE
APPLIED GLOBAL POINTER QGOTO
APPLIED GLOBAL POINTER EQUALS
APPLIED GLOBAL POINTER QBEGIN
APPLIED GLOBAL POINTER QEND
APPLITED GLOBAL POINTER QPRCCEDURE
APPLIED GLOBAL POINTER TIMES
o APPLIED GLOBAL POINTER Q!F
APPLIED GLOBAL POINTER NOT
. = . B S e APPLIED GLOBAL POINTER QTHEN
. ’ ’ . APPLIED GLOZAL, POINTER RSTOON
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e e i e e . APPLTED. GLOBAL. POINTER RSTOOFF.. .

. APPLIED GLOBAL POINTER SHORT

vt APPLIED GLOBAL POINTER LONG e

APPLIED GLOBAL POINTER TRACEON

APPLIED GLOBAL POINTER TRACECFF . ...

APPLIED GLOBAL POINTER QCOMMENT

APPLIED GLOBAL POINTER RESULT

APPLIED GLOBAL PCINTER SKIPPED




.

...............................................................................................

10u001 9+N4360 110000 v
20000 202173 200600 ... ) ebrnse st st s’ 2 seoes et £ e ebea e b e et e tasie s e ot s et s s Sene s s s . e
3Inbyry 3J0nuid 3n0100 . *

+4010CL 400048 400300 .. . el e e

SgLace 891068 500200

BOPGUL  ENIBE3  B0LO0D0 o oo oo oo s oot i+ L i s it L

706060, 7065534 704100 ‘

BOCO04. BILTID  BOAUO0 oo it oo ot ot o s i s o it et e g

809 :zi. : :

Acte . .“m.'.'mmwwhgéaaigatﬁféhn e e ona 3en g0

accent . cLoBAL PREDICATE 308 306 304 302 301 244

acT 1ot ' APPLIED GLOBAL POINTER 723 704 501 491 472 435 426

ADD . T MACR6 ACT'ON . 783 293 13? 54

ADDRULT MACRO ACTIQON - 344 56
ADCPLACL ”“v 'M"mm' ) ‘ GLOBAL ACTION . 466 390 389

AOVANCED e NTIIQLQEAL.FLAG.;”"M“ e 200 684 603 383

AFF IXPACKOPTION GLOBAL ACTION . 556 555 547 L o

AWEAD v . "'mw””‘mmwbﬂgLQEAL'pQEDvéATﬁ".m‘t”'; 608 606 510 509 367 366

ALTERNAT (VENEVERREACHED - -  APPLIED GLOBAL POINTER 407
ALTERNAT | VE A GLOBAL PREDICATE 693 683 680
APPLIED S T (bPLIED GLOBAL POINTER 745" 568 511 499 455 453 452 451 442 439 437 435

Cppeivacmion T e enion | ase as ese - a2 c B .
wrevnsee T e e R
PRt EATE T T T o T T a3 ana
soory e weon T cae sae by ss ant azd
ecores T ame aemon T ens ess e3d 600 .

BEGIN B ..ﬂm”“i,. B GLQBAL”AijON“““”M-H - 00 692 672 643 600

BLANKL | E _ h GLOBAL ACTION 791 789 736 735 733 717 652 531 524 219 218 204
ELANK C " APPLIEG GLOBAL POINTER - 455 .454'l451 404 | o o

2OLDChAR LT gLoeAL PREDICATE ‘:l'nﬁrvv3b9 307 305 303 241 -

oo i e e e

BOUNRWFI ' X1 ‘ ‘ GLCBAL PRED.!CATE . 667 662 659

BOLNDLFFIX2 GLCOBAL PREDICATE 669 663 660
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BoUNDX 'M:HGLbéXL S0l NTER S ;éTdn,éée 656 ”652‘ 354; . ‘ . . .

BuUS " APPLIED GLOBAL POINTER 718 535

CARD | GLOBAL POINTER - 797 768 251 190 166

CHAR 248 246 244 243 242 240 238 2?6 231

GLOBAL POINTER 376 362 260 259 258 256 253 250

CHOICE " GLOBAL PREDICATE . 691 687

CLCSE " APPLIED GLOBAL POINTER 755 687 665 608 559 553

ceLon APPLIED GLOBAL POINTER 697 686 672 642 639 534

COFMALD ‘CLOBALyﬁREDIFATE 803 709

corma " APPLIED GLOBAL POINTER' 685 676 664 663 662 558 536 526 510 506 497
CONMENT " GLOeAL PREDICATE 804 716 -

COMPILERMESCRIPTION  GLOBAL ACTION gne 750 786

CONSFULL APPLIED GLOBAL POINTER 348

CONSTANTTEXT GLOBAL ACTION 538 534 533 515

cres ' GLOBAL POINTER 797 201 200 192 190 189 166 -

CSYM VGLdBAL ACT I ON : - 201 200 190 189 12

CURLAE 'GLOBAL POINTER 694 692 679 629 626 610 604 602 384

DECLARAT ' ON GLOBAL PREDICATE gpe 517

DECR " MACRO ACTION 783 663 400 216 214 64

DEF INEACTICN

GLOBAL ACTION 653 425 423

QEF'NLAfrlxb .MGLbEAL ACTIANHMTH_"MMNMMH.67SH 670 668 420 423

CEF INED APPLIED GLOBAL POINTER 532 525 505 489 454 451 432 430 428 426
CEF INCLAEEL GLOBAL ACTION 639 431 423
c:FiNapnzo|CATelw"~HMAA“mwmm“'m““éLoeAL e ion M,MWHWW.MMWAM654 ‘27 “423

DICTICNARY GLOBAL ACTIiON 769 768 758

DIGIT GLOBAL PREDICATE 344 343 239

CISPLAVCHFARACTER GLOBAL ACTION 249

DIVREN MACRO ACTION " 192 4179 176

DOL LAKCORE
DORESTORE

ENCER

NACRO POINTER

.GLOBAL PO!NTER’

"GLOBAL ACTION

627

682

644

600
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— i
- e e
e tions e e T T s 15 29
remcon e
ENTERGLOPAL T T GloeaL ACTION 460 459 411 388
ENTERLOCAL © 7T GLoeaL AcTiON 742 458 407 388
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A12€29,19,KCeSTER _ . S .

1 TEEG N

2 ‘CCMMENT'4COMP.LEQcowp|LERD:ScR|BED!NCDL»aa-u*aaﬁﬁinaﬁa;*aa»n»n»&oiuu»*c*nvuu.
3 'CONAENT "4, 1GENERALENV IRONMENT;

4 VEOMMENT '8 .1, L INTERFACEW: THNACHINE S

5 *COMAENT'4,1,2STACKS;

6 TINTEGERT TARRAY'TTAG{100001:210000], TaoLot200001 2006007, TSPEC[300001 300100),TCONS[400001¢ 4003001,LLOC[500001 500200] LGLOB[600001:6010
00}, LTEXTr8:dNu1:6340001,LMACRI700001270110073;
7 tCONAENT'd,1 ,3MACROS: '
8 ’cONM‘NT'DA|ASTRUCxURESAﬂDTPEIRACCEss,
9 tCONMMENT '8 ,1 ,4PCINTERSANDFLAGS
10 "INTEGER'PTAG,PBOLD,PSPEC,PCONS,PLOC,PGLOB,PTEXT, PMACR,XLoc-
11 "EOCLEAN'GIVETEXT, GIVETRACE LEGIBLES
12 *INTLGER'FIRSTTAG
13 *COMMENT "4, 20UTPUT
4 CCOMYENT 4,2, APRINTERSECTION;
15 CINTEGER'POS;
15 "PRCCEDURE'CUT(X) ;' INTEGER'X; *BEGIN' ' INTEGER "L ' IF'=({10000L ' LE'XAXSPTAG) ' THEN 1GOTO' 4 ;PRINT(TTAG,X);'GOTO!'999;1 11 IF V1= (200001'LEXaX<PBO

LO) ' THEN'*GCTC'Z3PRINT(TBOLD, X)) "€OTO1999321 " 1F'=(300N01'LE'XAX<PSPEC) ' THEN'"GOTO ' 3;PRINT{TSPEC,X);'G0OT0'999;3: " IF ' =(d400001L 'LE'XAX<PCONS) 'THEN''
GCTC'4 ELI=TCONS{XJtOUTINT(EL)}'GCTC'999;4:0UTINT(X);999 3 'END}

17 'PRCCEDbR:'OuTlNT(X),'INTEGER'X"BEGIN"INTEG:R'QUOT REM; SPACE"lF'*(x<0)'THEN"GOTO'1 REM:=X;REMI=«REM; PRCHAR(O6B) JCUTINT(REN); 'GOTO' 999
$1LVIFraX= )P THENY ' GOTO ' 23 PRCHAR(U),SPACE"GOTO'999;P:Qu0T'-X'/'1C REM!=X=10#QUOT;0UTINTI(QUOT) s PRCHAR(REM) ;SPACE; Q09 TEND '}

18 FRCCEDbRE’nuT|hT1(X);'iNTECER'X~'BEGIN"iNTEGER!QUOT,REM;’IF'n(X:O)'THEN"GOT0'1;'GGTO'999;1!QUOT:=X'/’10;REM:=X-1000UGT:OUTINT1(0UOT);
PRCFAR{RIM)}IGIIEND"; -

19 PRCCEDURE'PRINTILIST,Y) ;P INTEGER'YS *BEGIN' 1 INTEGER "Xy LX3X =Y SPACEIRSTILX =L ISTIX]S ' BEGINI T IF rm(LXSO) ' THEN 1GOTO25LXS ==L XPRINTLIILX) '
GCTC'909; 2 iPRINTL(LX)IXISX+1;'GOTC'RST;"END' ;999 :'END "

20 *PRCCEDURE'PRINTL(X); " INTEGER X "BEGIN' ' INTEGER"X1,X2,X35X122X1/116384:X312X~16384nX13X282X3'791285X3:1=X3=1284X2;PRCHAR(XL) IPRCFAR(X2);P
RCHAR(X3); "EnC;

21 "¢ RCCEDURE'POSITION(X) § " INTEGER "X "BEGIN' ' INTEGER'TBS, SPCES;SPCESI=X=P0S; " IF '~ (0gSPCES) "THEN' 'GOTO'1;SPACES(SPCES) 1 '6GOTC'999;1:NLCR; TBS
SX1/tB;S0CLEImX~8%TBSITASS(TIS); 'BEGINY * {F'~(SPCES=D)'THEN! 'GOTO'3;'GOTO'999;31SPACES(SPCES); 'GOTO"999; *END' ;999 YEND '}

22 "FRCCEDURETSPACES(X) ;' INTEGER'X; 'BEGIN' " INTEGER'N;NIz0;8PCH " IF 1 (NSX) ' =HENT 1GOTC"L;SPACE;N:=N+1} '"GOTO'SPCIL1IEND S

23 ERCULDULRE'TABSIX) ) " INTEGER'X; 'EEG!N"INTEGER'N;N:=Q;TBS:'lF'q(N<x)'THEN"GOTo'l;TAa;N:=N*1:'GoTo'TBS;isszo';

24 'ERCCEDULRE'MLCR; "BEGIN'PREYM(146);P0S:=0;"ENDY;

5 '"PRCCEDURE*SHIFT2LINES} 'BEGIN' ' INTEGERTOLDPOS;OLDPOS 1 =5POSINLCR;NLCR; SPACES (OLDPOS); YEND !

76 TPRCLEDURE' TABS '"BEGIN'PRSYM(L118)3POS i =POS+85 'END '

27 'pRc’EDLRE'quCE-'BEGIN'pRCrAR(93);'END'- .

28 "PRCCEDURE 'PRCHAR(X); " INTEGER'X; "BEGIN'""IF '=(x=116) "THEN""GOTO 'L1iNLCR; 'GOTO"'999;3 11  IF ' ~(X=118) "THEN'"GOTO"2;TAB; '6OTO'999:521 "' [F'~(X=63)"'
THEN''GOTC ' 25 'GCTC1999; 3 1PRSYM(X);PCS:=POS+1;999:'END Y

29 TCONAENT 4,2, 2TRACEADMIN|5TRATICN,

30 'FRC;EDLRE'TRACE(X);'INTECER'X;'BEGIN"lF'nGnVETRACE'THEN"GOTO'*;POSI*ION(GZ):‘NFORM(X);'GOTO'999 12999 1END';

31 "FRCCEDURE 'S IGNAL(X); " INTEGER'X} *BEGINIPOSITION(L16); INFORMIX); YEND'}

32 "PRCCEDLREVINFORM(X); ' INTEGER X} 'BEGIN! * INTEGER'STATE, SORT, TYPE;STATE ;= TTAGIX=5)3S0RT I =TTAG[X=4]3TYPEtaTTAG(X~3]);CUT(STATE) ;CUT(50RT) 0
TOTYPE)3CLT(X); "ENDY; .

33 ‘PRCCEDURE'ERROR(TEXT,|NFC);'INTEGER'|NFO.TEXT;'BEGIN"INTEGEQ'OLDPOSSOLDPOS:=PCS;NLCR:OUT(TEXT):'BEGIN"IF'~(100001'LE'iNFOAtNF0<PTAG)'
;;gN:éGg*rog f;iﬁ?(INFO);PosarloN(CLDPCS);'GOT0'999;2:'IFv-(INF0=0)'THENvvGorovs;POSITION(oLDPOS);'GOTO'999;3:0uT(INFO);POSITOON(OLDPOS);'Gorc'

JTEND ' ] IV

54 COWMIENT 4,2, SCARDPUNCHSECTION?

35 tINTEGER'CARD,CPOS;

$e ‘BRCC EDbRE'WRITE(X);'|NT;CER'X;'BEG|N"INTEGEQ'EL;'!F‘~(10P001'LE'XAX<PTAG)'THEN”GOTo'l,PUNCH(TTAG X)3'GOTO'999 311 IF'=(200001'LE " Xax<P

BCLE) ' THIN''GCTC ' 2 PUNCH(TBOLD, X) J'COTO'99932: " IF' (300001 'LE " XAXKPSPEL) "THEN 1 GOTO ' 33 PUNCH(TSPEC, X) 3 'G0T01999;3: tIF1=(400001 ' LEYXAX<PCONS) *THEN
'YGCTC 4, ELI=TCONSIX] JWRITEINT(EL); 'GOTC' 99934 WRITEINTIX) 9993 'END '

37 "FRCCEDURE'WRITEINT(X) ;" INTEGER'X} 'BEGIN! " INTEGER'QUOT,REM; * IF "~ (X<0) ' THEN' 'GOTO11 ;REMIaXJREM I z=REM; PUCHAR(E5) S WRITEINT(REM) ;1GCTO'99951
VAR = (X2) P TRENT'GOTO 123 PUCHAR(D) ;1 GOTC'999;2:QUOT =X /1103 REMI=X=10%QUOTIWR! TEINTL(QUOT) ; PUCHAR(REM) $999:1END;

38 'PRCCEOURE'WRiTEI\TJ(X)i'INTEGER'X"BEGIN"INTEGER‘QUOT,REM;'IF'~(X 0) ' THEN' 'GOTO 13 'GOTO 99931 QUOT =Xt/ 10 REMI=Xa10aCUOTI¥RITEINTL(OU
Q7T ) PUCHAR(REN) 999 1END

39 'pRC»EDURE'PuNCH(LlST.Y);'1NTEGER'Y,LIST;'BEGIN"lNTEGER'x,Lx;x:=Y;RST:LX3=LIST[XJ;'BEG|N"IF'«(LX<0)'THEN"GOTO'Z;LX3=-LX;FbNCPl(LX);'G
0T0'999;2:PUNCHLI(LX) ;X:=X+1; 'GOTI'RST; 'END ;999 tENDY; :
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40  "FRCCEDURE'PUNCHL(X) ;' INTEGER' Xy 'BEGIN' " INTEGER XL X2, X35 X1:=X"/116384;x313X-16384ax11x2:3X3"/1128;X3ax3«1288X2;PUCHAR(XL) iPUCHAR(X2) ;P
UCHAR(XJ3)'ENC TS ; -

45 "PRCCEDURE'NEWCARD "BEGIN'SPCI ' IF 1= (CPOSE72) ' THEN *GOTO11;CSYM(93);CPOSI=CPOS+1; 'GOTOTSPC;12CPOS=3WRITEINT(CARD)ICSYN(119):CARD I RCARD*

1CPOS:=_:'ENCY; . '

: 4: “FRCCEDURE ' TABCARD; vBEG It ¥ INTEGER'SPCES, TBS;T85:=2CP0OS' /1B SPCES{aCPOS-BuTBS;SPC: v IFIm(SPCES<E) *THEN' rGOTO'{;SPACECARD;SPCES 1 2SPCESHL G
OTO'SPCtL:YEND 'S .

43 "FRCCEDURE'SPACECARD; "BEGIN'PUCHAR(Y3); "END ' .

44 tpRCCEDURE *PUCHAR(X) 5 ' INTEGER X 'BEGIN' ' IF '~ (x=119) ' THEN' "GOTO 'L NEWCARD; 'GOTO'999 ;1 v IFtea(X=118) ' THEN' 1GOTO'2; TABCARD 'GOTO'99G;21 v (F '~
(x:ﬁ?)-vurN"c010'3-vso*o'999 IV IF = (CPOS<72) 'THENT1GOTO'4;CSYM{X);CPOSISCPOS+1:'GOTO1999;4:CSYM(133);CSYM(119);CPOSI=L13PUCHAR(X) 999 END Y

45 'COMMENT'4.2, 4RESULTADM|NISTRATION,

46 "ROCLEAN'L INEDUP;

47 "INTEGER' INDENTATION; '

48 "ERCCEDURETG(X) ;" INTEGER'X; "BEGINILINEUP; WRITE(X); *END '}

49 FRCCEDURE 'L INEUP S "BEGINY  [F ml INEDUP'THEN''GOTC 113 'GO0T01999;1: ' IF'=LEGIBLE' THEN''GOTOt2;PUTABS( INDENTAT ION)Y;LINEDUPS='TRUE';1G0T01999;2
199G L END Y} X :

& "FRCCEDURE'PUTABS(N); ' INTEGER'N; "BEGIN' " INTEGER'NIJ ' IF e (NSQ) ' THEN''GOTO'1;'GOTQ 99031 N1t =N NLI=N1=1: TABCARDIPUTABSINL)IO9GI1EAD; -

b1 *PRCCEDURE 'Y 'BEGINY INDENTATICNI=INDENTATION+L; 'END Y

b2 ‘FRCUZEDURE v ; 'BEGINT iNDENTATION! = INDENTATION1 3 'ENDY;

5% "PRCCEDURE "NEWLINE; "BEGIN' ' IF ' ~LEGIBLE "THEN"'GOTo "1 " IF ' =L INEDUP ' THEN'"6OTO "1 BLANKL INE; 'GOTO0'999;1:999: 'END "

& *PRCCEDURE 'BLANKL INE; 'BEG IN'NEWCARD L INEDUP = 'FALSE'; *END';

5 "pRCC EDLRE'TAELINE?'BEGIN"IF'wLEGIBLE'THEN"GOTO'l TABCARD; 'GOTO1999;1 2999 :+END;

bé PCONMENT Y4, 3INPUTS

Y "INTEGER'LINE,CHAR, INPT;

s '*CONMENT'4,3,1READINGCHARACTERS S

£9 *POCLEAN''PROCEDURE'LETTER(X) ;' INTEGER'X; 'BEGIN' 1 IF ' (CHARDPACHARK3IS) ' THENI1 'GOTO 11 ;%3 =CHAR; NEXTNONSPACECHARILETTERIE ' TRUE T3 1GOTC1 99934 L
ETTERIS'FALSE' ;9991 'END ' : .

60 bOCuEAk"PROCEDURE'LETGIT(X),'INTEGER'X;'BEGIN"lF'q(CHAR<36)'THEN"GOTO'1,x.=CHAR:NEXTNONSPACECHAR:LETGIT:='TRUE';'GCTO'999$1:LETGIT:=
TFALSE'39G69:"END "}

€2 "BOCLEAN'"PROCEDURE'DIGIT(X) S ' INTEGER'X; 'BEGIN' 1 |F "= (CHARCLO) '"THENY'GOTO 'L X =CHAR;NEXTNONSPACECHARIDIG T2 TRUE ; 1GOTC'999:1tDIGITIRFA
LSE'3999:vENDS

62 "EOCLEAN' 'PROCEDURE ' BOLDCFARCX) ;' INTEGER ' X; *BEGIN'' I F'=(CHARZ121) " THEN' *GOTO 15Xt =2120 ; NEXTCHAR ; BOLDCHAR = 'TRUE*; 1GCTO'999 311X aCHARINEXT
CHAR BCLDCHAR = 'TRUE ' ;999 'END Y ;

c3 'FOCL-MA"PROCEDURE'AC»FﬂT:'BEGIN"lF'w(CHAR—‘ZU)'THEN"GoTo'l NEXTCHAR;ACCENTI= ' TRUEY ; "GOTO'999 3 L tACCENT IS FALSEY G093 'END Y ;

64 "FOCLEAN' 'PROCEDURE 'SPECCHAR(X)J ' INTEGER'X; "BEGIN' ' IF ' ~(CHAR>63) 'THEN v GOTO' 13 X sCHARINEXTNONSPACECHAR;SPECCHAR 2" TRUE Y} 'GOTO196931:SPEC
CHARI=VFALSE'3 999 END Y

65 '"PRCCEDURE'NEXTCHAR: *BEGIN'DISPLAYCHARACTERS CHARIZRESYM] 'END ' ;

€6 ‘ERCCEDURE'D i SPLAYCHARACTER "BEGIN' ' {F t=(CHAR=119) ' THENY 1GOTO L LINE = INE+1; 'BEGIN' Y IF G IVETEXTITHEN'1GOTO ' 2:POSITION(L33);0UTINTL(CAR
BY;POSITicN(4E)SOUTINTL(LINE);POSITION(E2);'GOTO'999;2:"GCTOY 999 1END ;L IF'~GIVETEXT! THEN' 'GOTO' 43 PRCHAR(CHAR);'GOTO'999;541999 2 TEND!;

€7 'pPRCCEDURE YNEXTNUNSPACECHAR 'BEGIN'CHRINEXTCHARSIBEGINY ' [F ' (CHARIIZ) t THEN T 1G50T0 23 1GOTOTCHR; 23 'GOTO' 999 tEND ;999 vEND 13

&8 "BOCLEAN' tPROCEDURE 'LAYOUTSYMBOL; "BEGIN' 1 IF'a({CHARSZ93) "THEN 'GOTO L} LAVOUTSYHMBOL 1= TRUE ' ' GOTO1999;1: ¢ IFrm{CHARZ11G) ' THEN 1GCTO 1 25 LAYQLT
SYMEQL ;=" TRLE '} 'GCTO'999; 2" IF'=(CHAR=118) ' THEN'"'GOTO'J; LAYOUTSYMBOL i = TRUE'; 'q0T01999;3: LAVOUTSYMBOL ='FALSE' 3999 TEND Y}

€9 *CONMIMENT'4 ., 3, 2TAGSYMBOLS;

AT "EOCLEAN''PROCEDURE'READTAG(X); " INTEGER "X "BEGINI VINTEGER!T,T1, T2, T3, T4 ' IF ' -LETTER(TL) " THENT 'GOTO L IX:=PTAGINXTITREGINYV [FUralETGIT(T2)!

TRENT GO C'Zi *BEGIN 1 IF ' ~LETGIT(TI) ' TREN' 1GOTO 3 "BEG NI 1 IF 1wl ETGIT(T4) "THEN  1GOTO T 4; Ti=(T12128+T2) #1234+ TI;STACKTAG(T) ;T4 12T4;180TOINXT;;4:Ti=(T]
BU2E4+T) e RE+TIGOTO ST "END 33 Ts(T1#128+T72)#128+63;'GOTO LST; 'ENDY ;23T a(T18128+63)#128+633L8T Ti=~T}STACKTAG(T)READTAGI=!TRUE"; 'GOTO'$9G;
YEND ' ;12 IFACTAGI=SYFALSE ;999 'END

3 'FRCC&DURE'QTACKTAG(X);'INTEGER'X;'BEG'N"‘F'~(PTA5‘110000)'THEN"GOTO'i;TTAG[PTAG]:=X;PTAG:=PTAG¢1;'GOTO'999;1:ERRCR(TAGFULL.0);POSTwCh
TEMGEX (T, 996 YENDY;

/e CFRCCEDURE'ENTERTAG(X); " INTEGERYX; YBEGIN'VINTEGER'Y, X1, Yi,WX» wv ¥YizsF IRSTTAGINXY !XT :2Xs YLl oy NXWIWXIeTTAGIXL I sWY2TTAGIYL) I 'BEGINY T IFta(W
XEWY ) P THEF PP GCTC 25 ' BEGINY M IF 1~ (Wx<O) Y THEN' 'GOTO' 33 'BEGINI ' IF Y m({Y=X)" THEN!'GOTN'4; RESERVEADN INSPACE; 'GOTO1999 ;4 PTAG ;=X X13Y;'COTOYIO9; *END 31X

LieX1+1;v2izYied i "GOTOINXW; YEND ;2 iF'~(ABS(WX)<ABS(WY))'THEN' 'GOTO' 7 WY i=TTAGIY=21; 'BEGINY " {F*=(WY=0)"THEN' *GOTO'8; TTAG[Y=2]):=X;RESERVEADMINSP
ACE;'GCTT 9659308V 1=uy; "GOTOINXY ;P END ! ;7 WY ISTTAGY=1]); 'EEGINT VIF T~ {wy=0) " THENY 1GOTO 11 TTAG Y1) :2X;RESERVEADMINSPACE; 'GCTC1999:11:Y:=wy; 'GOTO'N
XYZYEND', *END' ;Y991 END

79 'PRC»EDURE'RESERVEADMINSPACE"BEGQN'PTAG::PTAG+8~'IF|-(PTAG<110000>'|HEN|'GOTO'1 TTAGIPTAG.B]:2999; TTAG[PTAG 7):aQp TTAGIPTAG-0] 1203 TTAG]
PTAG=5):=z0; T AGIPTAG-4]:20;TTAGIPTAG=3) =0 TTAGIPTAG-2) 120 TTAGIPTAG~1])120;"G0T0'999;1ERRORSTAGFULL,»0);POSTMORTEMIEXITI999: 1 END TS

74 'COMMENT'4,3,3BOLDOSYMBOLS; -

75. 'FOCLEAN''PROCEDURE'READBCLD(X) 5 ' INTEGERYX; "BEGIN' " INTEGER'B1,82,B3,03 ¢t IF 1 «ACCENT'THRENY*GOTO 13X 2PBOLD S 'BEGINY Y [F1aACCENT!TRENY 'GOTO 2}

Di=(63u128+€3)8128+635D:5=D;STACKEOLD(D);READBOLDIS!'TRUE;'GOTO'999;2: ' IFt=BOLDCHAR(BL) "THEN'1GOTO'3IRSTI'BEGINY Y IF1=~ACCENT'THENY 'GOTO'43D:=(p12
128+63)#173+62;D1=aD;STACKBOLD(D) ;READBCLD =/ TRUE;1GOTO'999;4: 1 |F I BOLDCHAR(BD) ' THEN 'GOTO 53 1BEGINT ! FY~ACCENT I THEN'1GCTC'6;Dta(Blal28+82)#128
+63303=2~D3STACKEOLD(D);READBOLD =" TRUE"'; 'GOT0'999:6:' 'F'=BOLDCHAR(B3) ' THEN''GOTO'7;0:=(B1#128+B82)%128+33J'BEGIN' ' IF'~ACCENTY THEN''GOTO'8;:0:3=D35
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TACKBCLD (D) s READACLD (S TRUEY; *GOTC'999;8: ' iF1-BOLDCHAR(BL)'THEN' 'GOTO'9; STACKBOLD(D);'GGTO RsT.9"GOTO'Oz'END'x7-'Goro'o;'END"S:'GOTO'O;'ENDv:S
:'GCTC'O.'EhD':l:O!READEOLD: *FALSE' ;9991 "END;

76 pgccEDLREvsTACKBOLD(X)"lNTEGEQ' s "BEGIN' Y IF ~(pPBOLDL200600) ' THENT'GOTO1; TBOLD(PBCLD) s=2X;PBOLDI=PBOLD+13°G0T01999;1 :ERROR(BOLDOFULL,N);
PCSTMORTENIEXITI999 'END Y
17 'pRCsEDLRE'ENTERSOLD(X);'INTECER'X;'BEGIN"INTEGER'Y X1)Y1 WX, WYsYis200001NXY XL t=X YLV NXWIWX=TO0LO[X4) WY eTBCLO(YL)I'BEGINT Y IFram(

WXESWY) TTHEN' "GOTO'2; "BEGIN' ' (F'=(wX<0)'"THEN''GOTO"'3: 'AE GIN"IF'—(va)'THEN"GOT0'4;'GOT0'999$4:PBOLD3=X3X:= 3'GOTO'00993 'END ' 33 txLi=X1+13viievliel
JYGCTC'NAWS "END 'S 21SKP Y IF ' (WYSQ) ' THEN' *GOTO' 73 Y2y L YiayYel; "GOTONXY;7:Y14=Y4+13WY:=TBOLDIYL]3GOTO'SKP; 1END1 999 "END

78 PCOVMENT'4,3,4SPECIALSYMBCLS )

/9 "BOCLEAN'YPROCEDURE'READSPEC(IX) /I ' INTEGER'X; "BEGINY P INTEGER'S,S1} ' IF'~SPECCHAR(SL)'THENY 'GOTO "4 ;X {=PSPEC;SI=(S1#128+63)#128+6335:2=5}STAC
KSPEC(5);FEADSPECI='TRUET;'GOT0'999; 1 :READSPEC:I='FALSE ;999 'END '}

gn 'FRCUEDULRE'STACKSPEC(X) ;' INTEGER'X; "BEGIN' ' IF'~(PSPECS300100) *THEN''GOTO'1; TSPEC[PSPEC]) 1=X;PSPECI=PSPEC+1}'GOTO'999 11 tERROR(SPECFULL,0)
PCSTMORTENEXIT;999: tEND'; . :

81 "PRCCEDURETENTERSPEC(X); " INTEGER'X; "BEGIN' " INTEGER'Y, WX, WY Y:i=30001 WX !sTSPECTX)INXY WY =TSPEC[Y]; "BEGINY T |{Fra(WXEWY) ! THEN!1GOTO'2; 'BEG
INEYIF i a vax) ' TFENY'GOTO '35 'GOT01996; 3 PSPEC:=XjXiz 3YGOTC'999 TEND Y 3 21YaY+1; 'GOTO ' NXYI YEND Y3999 tEND 13

82 CCONVMENT'4.3,5CONSTANTSS S

&3 'FOCLEAN"PROCEDURE'READCCNS(X)Z'INTEGER'X;'BEGIN"|NTEGER'D-5;fIF'~D!GYT(D)’THEN"GOTO'i;s:=D;RST:'BEG|N"IF'-DIGIY(D)'THEN"GCT0'2:51=
S8310+D;'GCTC'RSTI2IX:1=PCONSISTACKCONS(S) ;READCONS IS 'TRUE !} 'GOTO'999; 'END ' J L tREADCONS IS 'FALSE ;9991 1END v

&4 "PRCCEDURE'STACKCONS(X); ' INTEGER'X; 'BEGIN' ' IF '~(PCONSK400300) ' THEN' 'GOTO'L; TCONS[PCCNS ] i=X;PCONSI=PCONS+1} 'GOTO'999; 1 :ERROR(CONSFULL,0)
PCSTMORTINIEXIT;999 1 VEND ' :

-] *PRCCEDURE'ENTERCONS (X ) ;' INTEGER'X; "BEGIN' " INTEGER'Y,S,T;St=TCONS[X]3Y:=400004 i NXT I TI=TCONSIY]); "BEGINI I IFtn(S2T) I THENt1GOTO 2 VEEGINY v IF
Pa(XzY)'THER'TGCTC'3; 'GCTO' 999 ; I PCONS{aXsX3aY; 'GOTO 999 tEND';25YiaY+1; 'GOTO'NXT; 'END' ;999 YEND

86 'CONMENT'4 ,3, 6 INPUTADMINISTRATICN} ’

87 "PRCCEDUREYIN!TIAL!IZEFORREADING; 'BEGIN'GIVETEXT = FALSE! ;PCONS 2400004 :PTAG:=1000041;PBOLD:=200001;PSPEC:=300001;LINEt=0;CHAR:=RESYM}RESE
RVEADMINSPACE;FIRSTTAG:=PTAG: TEND';

88 "BOCLEAN'tPROCEDUREY ISTAG(X) ' INTEGER'X; 'BEGIN" ' 1F 1= ( 100001 'LEY INPTAINPTSPTAG) ' THENY tGOTO 13X = INPTINEXTSYMBOL] ISTAGIZYTRUE ;1GCTO'990;1
PISTAGI="FALSE'; 9991 "END '3 : ’ :

B9 "EOCLEAN' 'PROCEDURE ' ISBOLD(X); ' INTEGER'X; *BEGIN' " 1F '« (200001 'LE" INPTAINPT<PBOLD) "THENTIGOTO'L;XI3{NPTINEXTSYMBOL1SBOLD = TRUE"; 1GOTO' 99
9311 ISBOLLI="FALSE ;999 'END

99 TROCLEAN''PROCEDURE ' iSCONS(X) ;' INTEGER'X; "BEGIN' 1 IF '« (400001 'LE " INPTAINPTEKPCONS) ' THENT'GOTO'1;X 2 INPTINEXTSYMBOL ) 1SCONSL='TRUE';160T0O'99
Q3L ISCONSI='FALSEY; QU9 'END '

91 *EOCLEAN' 'PROCEDURE"R(X) ;3 VINTEGER'XS 'BEGIN' ' |F ' =mAHEAD(X) ' THEN' 1GOTO "L i NEXTSYMBOL;R:="TRUE ' ; 'GOTO'999; 4 :R:="FALSE1 ;999 1END '

92 'POCLEAN'TPROCEDURE ' AREAD(X) ;" INTEGER X *BLGINY IF Y~ (INPT=X) ' THEN''GOTO "1} AHEAD = ' TRUE' } *GOTO'999; 1 sAHEADI='FALSE ' 3999 TEND";

$3 *PRCCEDURE "NEXTSYMBOL; "BEGIN'READ(INPT); YEND

94 *PRCCEDURE'READ(X); " INTEGER"X; "BEGINTSKP: " IF = LAYCUTSYMBOL'THEN' 'GOTO ' { ;NEXTCHAR;} '"GOTO'SKP ;1! IFT~READTAG(X) ' THEN' *GOTO'2;ENTERTAG(X):'6G

0TC'999;2: " IF'~READBOLD(X) '"THEN®' 'GOTO'3J; ENTERBOLD(X);'GOTC'999; 3"|F'aREADSPEC(X)'THEN"GOTO'4:ENTER5PEC(X)E'GOT0’999I43'lF'fREADCONS(X)'THEN"G
OTO'SIENTERCONS(X); 'GOTO'999;51ERROR(WRCNGINPYTCODE, CHAR) ; NEXTCHAR,READ(X) 999:'END';

95 *CONWENT "4, 4COMP I LERCOMP I LERTCALGOLG(

96 - "BOCLEAN'GIVERSTO,ADVANCEDS

97 »iNTEGER "HANDLE, BOUNDX, SPECX, TONEXT, TOLOST, TOeND, CURLAB, NEWLAB

98 '"COMMENT'4,4,1AUXILIARYACTICNS; )

99 "PRCCEDULREFADDPLACE(TAG) 3 ' INTEGERYTAG; 'BEGIN' ' INTEGER"H, K, Qi HI=TTAGI TAG=6);5 "BEGINY t IF = (H=0)'THEN' 'GOTO'2}REPLACE(TAG, ) 'GOTO!$69;32:2ts
LTEXT{H];K:zW=Q"/'8192#8192: " IF '« (K<LINE) ' THEN' "GOTO ' 3;REPLACE(TAG,H);'GOT0'999;3:'GOTO'999: 'END1; 9993 'END';
©400 'FRCCEDURE'REPLACE(TAG,H);'!NTEGER'H.TAG;'BEG'N'TTAG[TAG-éJ:=PTEXT:'BEGIN"lF'ﬂ(H:O)'THEN"GOTO'Z)ENTERTEXT(LINE);'GOTO'999;2!H:=H-80000
LiHISH+ 1128102 R+L INEFENTERTEXT(H); 'GCTO'999; "END' ;9991 *END ' ;

101 'pRCCEDU?E'FCRGETLOCALS"EECIN"lN-tGER'LCC.RST"lF'a(PLOC 530094) ' THEN'16GOTO'1; 'GOTO01999; 1 1PLOCEaPLOC=1;L0CI=LLOCIPLOC] ; WARN(LCC) ; TTAG]
LCC=5) 1=0 s TTAG[LOC«4]:20;3TTAG[LOC=3):=0;'GOTO'RST; 999 'END !}

() 'pRC¢EDURE'WARN(X);'INTEGER'X;'BEGIN"lNTEGER'STATE;STATE:=TTAG[X-5];'aEGIN"IF'~(STATE=BLANK)'THEN"GOTO'Z;TRACE(X)}'GCTO'999:2:‘lF'-(S
TATE=0) ' THEM' "GLTO'3; TRACE(X) ; 'GOTU'99953:SIGNAL(X); 'GOTOY999; "END 3999 TEND " ;

203 "FRCCEDURE'ENTERLOCAL(HEAD) ' INTEGER'HEAD; 'BEGIN' " IF1~(PLOCLKSN0200) ' THEN 'GOTO 'L LLOCIPLOC] i=HEADIPLOC I =PLOC+1 3 "BEGIN! V[F T~ (PLCCEXLOC)'T
HEN''6GOTO'2:'G0T0'909; 21 XLOC:=PLOC; *GOTC'999; *END ;1 ZRROR(LOCFULL,0) s POSTMORTEMGEXIT;999 1 1END 3

104 'pRCCFDLR°‘FHTERGLOBAL(HEAD),'INTEGER'HEAD"BFGIN"lF'q(PGLOds601000)'THEN"GOTO'1 LGLOBIPGLOB) I =HEAD}PGLOB:=PGLOB+11'GOTO'999;1ERRORI(G
LCBFULL'L/)'FJCT"oRIEI"lEXlT QGG 'END '

<08 *FRCCEDURETENTERMACRO(MEAD ) ' INTEGERYHEAD; "BEGINV t IF 1= (PMACRS70L100) ' THEN 1GOTO' 13 LMACR{PMACR ] : sHEAD ; PMACR:aPMACR+13'GCTO1999 ;1 :ERROR(MA

CRFULL,Q)Y;PCSTMCRTEM;EXIT;999: YEND '
106 'PRCCEDURE'EHTERTEXT(X);'INTEGER'X;'BEG'N"IF'~(PTEXT$804000)'THEN"GOTO'istTEXTIPTEXT]:=X;PTEXT:.PTEXT¢1J'GOTO'999$1:ERROR(TEXTFULL,H);
PCSTMORTENIEX T 9993 1END " ;

107 'COVMENT ' 4,4, RTREATMENTOFTYPES.
108 'PRCCEDURE'DEF INEACTION(HEAD); INT;GER'HEAD;'BEGIN'REDEFINE(HEAD.DEF|NED.GLOBAL.ACT!ON)$'END'I
109 'PRCCEDLRE'DEFlNEPREDICATE(hEAD);'INTEG;R'HEAD;'BEG!N'REDEFst(HEAD DEFINED,GLOBAL,PREDICATE); 'END '}

110 '"PRCCEDURE 'DEF INEAFF IX(HEAD); ' INTEGER'HEAD ; "BEGIN'REDEF INE(HEAD, DEF INED, LOCAL, POINTER); "END '}
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111 'PRCCEDURE'DEFINELAEEL(LAE)3'INTEGER'LAB;'BEGIN"IF'~(100001'LE'LABALAB<PTAG)'THEN"GOTO'l;REbEFINE(LAB,DEFINED.LOCAL.LABEL)}'6070!999;1

SV IF e (4000C1 ' LE"LARALARKPCONS) '"THEN'1GCTO'2; 'GOTO'999;2:1699: 'ENDY;

112 "PRCCEDURE 'APPLYACTION(HEAD); ' INTEGER'HEAD; *BEGIN'REDEF INE(HEAD , APPLIED, GLOBAL ,ACTIAN) 3 YEND '}

113 *PRCCEDURE'APPLYPRED ICATE (HEAD) 3 ' INTEGERYMEAD; "BEGINT'REDEF INE(HEAD, APPL IED, GLOBAL, PREDICATE) ; 'ENDv 3

114 "PRCCEDURE *APPLYLABEL (LAB); " INTEGER" LAB;!BEGIN"IF'-(100001'LE'LABALAB<PTAG)'THEN"GOTO'l;REDEFlNE(LAB APPLIED,LOCAL,LABEL)1'6GOTO'9909314:
TIF'=(40)P01 ' LE'LABALAB<PCONS) 'THEN'TCOTO'2;'GOTO'999: 21909 "END ¢}

115 "PRCCEDURE VAPPLY(X)}3 ' INTEGER'X; 'BEGIN'NEWPLACF(X);'IF'~TRYSTATE(X.APPLIED)'THEN"GOTO‘ll'GOT0’999,1-999!'END'5 i

116 "PRCZEDURE 'REDEFINE(X,NSTATE, NSCRT,NTYPE) ;' INTEGER'NTYPE,NSORT,NSTATE, X "BEGIN' ' INTEGER'OLDPOS; ' I F'~REDEFINEL{X,NSTATE,NSORT,NTYPE) ' THEN
PIGCTC YL AEWPLACE(X);'GRTO0'999 11 :CLEPOS zPIS; NLERSOUT(XIMPOSSIBLE) ; INFORM{X);OuUT(NSTATE) ;OUTINSORT) ;OUTINTYPE) ;POSITION(CLDPOS) ;999 END"*;

117 ‘gOCLEAN' *PROCEDURE 'REDEF INEL (X, NSTATE ,NSORT ,NTYPE); ' INTEGER'NTYPE,NSORT ,NSTATE, X; 'REGINI VIF 1 uTRYTYPE(X,NTYPE) t THEN 1GCTO L ' | F 1 =TRYSORT
(X, NSCRT)'THEN''GCTO ' U} ' IF'=TRYSTATE(X,NSTATE) ' THEN' 1GOTO'0; REDEFINEL: =" TRUE';16GOTO'999;1:0:REDEFINELS='FALSE 39991 tEND

118 'EOCLEAN' YPROCEDURE ' TRYSTATE(X,5) 3 " INTEGER'S,X; "BEGIN' ' INTEGER'Q; Q2 =TTAGIX=5];"IF '~ (Q30) ' THEN'"'GOTO 13 TTAGIX=5) 253 TRYSTATE 2" TRUE '3 'GOT

0199931 iF'=(G=DEFINED) " THEN''GOTO'2; ' IF'=(S=APPLIED)'"THEN'1GOTO'2; TTAG[X~5) i cBLANK ; TRYSTATE ="' TRUE '} *GOTO'909123 ' IF'=(Q=APPLIED)'THEN'*GOTO"' 3}
VRAEGINY ' {F '« (S=APPLIED) ' THEN''GCTC'4; TRYSTATE ! 2 ' TRUE ' 1 'GOTO'099; 41 ' IF '« (SEDEFINMNED) 'THEN"'"GOTO'STTAGI{X~5] s =BLANK; TRYSTATE =" TRUE'} '6GOT0'999;5:'6G
OTO'Q; 'EHL 53t IF '~ (OSBLANK) " THENY 1GOTOV 73 IF '~ (SSAPPLIED) ' THEN! 'GOTO' 7 TRYSTATE I= ' TRUE ' ; 'GOTO1990937: 0 TRYSTATES=1FALSE' 199G YEND '}

13 "EOCLEAN' 'PROCEDURE * TRYSORT(X,P); ' INTEGER'P,X: *BEGIN' ' INTEGER'Q:Q:=TTAGIX~4]; " |F1m(Q=0) " THENT *GOTO ' L TTAGIX=d)s=pP3 YBEGIN' " |Fra(PzOCAL)?
THENY'GOTC'ZENTERLOCAL (X)) TRYSORT = ' TRUE ' 'GOTO'Y99; 2 ' IF1m(P=EGLOBAL) " THENT'"GOTO'3;ENTERGLOBAL(X) 3 TRYSORT:2'TRUE'} '"GOTO199G3 32 IF'=(P=YACRO)TTH
EN®'GOTO' 243 ENTERGLOBAL (X) 3 TRYSORT =" TRUE';'6GOTO'999;4:'GOTOQ; 'END 311 IF ' a(PzQ) ' THEN ' "GOTO'6 3 TRYSORT 2" TRUE ' *GOT0'999;6:0: TRYSORT 3 FALSE' 1999
IYEND'; )

120 "POCLEAN''"PROGEDURE' TRYTYPE(X,P); " INTEGER'P, X '"BEGIN' ' INTEGER'Q;Q:=TTAGIX=3]; ' IF =({0=0) ' THEN''GOTO'1;; TTAG(X=3]) 3P} TRYTYPE = ' TRUEY} 'GOTO?
99031t IF «(P=Q)'"THEN''GOTO"' 2; TRYTYPE 3" TRUE'; 'GOTO'999;2: TRYTYPE :=tFALSE';999:'END';

121 "PRCCEDURE'NEWPLACE(X) S " INTEGER'X} 'BEGIN' ' INTEGER'SORTISORTISTTAGIX=4); ' |F1=(SORTELACALY ' THEN'1GOTO 13 'GOTO'999;:1:ADDPLACE(X) 39991 END S

122 TPRCCEDURE 'NEWNPARS(X,P); t INTEGER'P,X; "BEGIN? ' INTEGER'Q}QI=TTAG{XmB8); ' IF1=(Q2P) ' THENTIGOTO 13 7G0T01999; 1tV IF1m(Q2999) tTHEN' 1GOTC*2;TTAGY
X=B)1=p; 'GOTC'9%9; 2:ERROR(WRONGNUVBERCOFPARAMETERS ) X) 39993 YEND '3

123 '"BOCLEAN''PROCEDURE 'WASACTICN(HEAD) ' INTEGER'HEAD; 'BEGIN' Y INTEGERI T T:=TTAGIHEADS 3];'IF'~(T ACT|ON)'THEN"G0TO 13 WASACTlON:='TRb":'GOT0
1909 ; 1 WASACT IONI='FALSE ;999 YEND '

124 "POCLEAN' 'PROCEDURE 'WASAFF IX{HEAD) ;' INTEGER'HEAD; VBEGIN' ' [NTEGER' T} T:2TTAG[HEAD=J )3 ' IF'={T=POINTER) *THEN'1GOTO 'L JWASAFFIX!S'TRUE'$'GOTO"
99931t IF ~(T=FLAG) *THEN''GOTO'2; WASAFFIXI="TRUE!}'GOTO' 9992 ' IFt=(T=LIST)I'THEN''GOTO'3;WASAFFIXt='TRUE'}'GOTO'999 33 IWASAFFIXI='FALSE' ;999 END
'3 .

P25 'EOCLEAN' '"PROCEDURE'WASMACRC(HEAD) ; " INTEGER'HEAD } *BEGIN' ' INTEGER'S;S:=TTAG[HEAD~4); ' IF1=(S=MACRO) '*THEN? fGOTO'1; WASMACRO !s ' TRUE ' ; *GOTO 169
931 IWASMACRC :='FALSE 1999 'END '

176 “POCLEAN' 'PROCEDURE"WASPARAVLESSMACRO(HEAD) 5 ' INTEGER'HEAD; 'BEGIi NV IF'=( 100001 ' LE'HEADAHEADSPTAG) "THEN' *GOTO 15 " IF'=WASNACRO(REAC) ' THEN'?

GCTC11;+ i F'=WASAFF IX(HEAD)'THEN'1COTO 0 ; WASPARAMLESSMACRO ! 2 ' TRUE ' ; 1G0T0'999;1i1n 1 WASPARAMLESSMACRO ! ='FALSEY ;9993 1END

127 "CONMMENT'4 , 4 JISPECIFICATICNS

12¢ 'FOCLEAN''PROCEDURE'SPECIF | CATIONS 'BEGINY ' IF'EXTERNALSPECIFICATION' THENY'GOTO'1;SPFCIFICATION = TRUEY$'6GOTO'999;3 11" IF '~ INTERNALSPECIFIC
ATICN'THEN ' 1GCTC' 23 SPECIFICATION ;=Y TRUE? ;'GOTO1999;2: 7 1F 1~-MACROSPECIFICATION'THENY 'GOTO'3;S0ECIFICATIONI=VTRUE;1GOTO'999;31SPECIFICATICNI=tFALS
E1;999:'END

129 - 'POCLEAN"PROCEDUR"'EXTERNALSPECIFICATION;'EEGIN"INTEaER'TVP GUIFTSR(EXTERNAL)Y " THEN''GOTO' 1 Y IF = ISTYPE(TYPE) ' THEN'Y'GCTO' 0 TREATSPECLIS
T(DEFINEC,GLOEAL, TYPE) jEXTERNALSPECIFICATIONI=?TRUE";1GOTC'999;1:0: EXTERNALSPEC!FICATlON:='FALSE';909!'END"
130 *BOCLEAN' 'PROCEDURE ' ISTYPE(X) ;" INTEGER'X; '"BEG N'"X:=INPT} ' IF ' ~R(ACTIONY " THEN''GOTO 1 ISTYPE ="' TRUE; "GOTO'999 311t iF'=-R(PREDICATE) ' THEN''S

Q70’23 1S VPEI='TRUE " ; 'GCTO' 9932t IF '=R{POINTER) 'THEN' 'GOTQ ' 3; ISTYPE = TRUE'; 'GOTO1999;3: ' IF'=~R(FLAG) 'THEN'*GOTO'4; ISTYPE!='TRUE';'GOTC1939;4115§
TYPE = '"FALSE'39Y9 1 tENDY;

o "FRCCEDURE *TREATSPECLIST(STATE,SORT, TYPE) ' INTEGER ' TYPE,SORT,STATE; "BEG!IN' * INTEGER 'FEAD3NXT! ' IF1~|STAG(HEAD) ' THEN'1GOTC "1 ;REDEFINE(NEAL,
STATEsSORT, TYPE); 'BEGIN'' IF'~R(COMMA) "TREN' 'GOTO'2; "GOTC'NXT;2:SHIFT2LINES; ' IF'-R(POINT) ' THEN' 'GOTO"' 33 'GOTO" 999538 GOTO 03 "END' ;1101999 "END '}

132 "BOCLEAN' 'PROCEDURE' INTERNALSPECIFICATIONS 'BEGINI ' INTEGER!TYPE; " IF ' ~ISTYPEQFLOCAL(TYPE) 'THEN' *GOTO "1 TREATSPECLIST(APPLIED,GLOBAL,TYPE);
INTERNALSFECIFICAT ON!='TRUE 1 1GOT0O'999 5Lt INTERNALSPECIF | CATIONI='FALSEY ;9991 TEND!;

133 'EOCLEAN' 'PROCEDURE ' ! STYPEQFLCCAL(X) ;' INTEGER ' X3 1 EEGINTX 1= INPT; "IF ' ~R(ACTION) '"THEN' *GOTO L 'STYPEOFLOCALIZITRUEY;'6GOTO'999;51: " IF ' =R(PRED
ICATE) ' TREN'*GOTO'2: {STYPEOFLOCAL = TRUE';'GOTO'9Y9;2: ISTYPEOFLOCAL:='FALSE' ;999 1END S

13 'EOCLEAN"PROCEDJRE'MACRJSPEC|FICATluN;'BEG‘N"INTEGER'TYPE,HEAD;'IF'ﬂR(MACRoz THEN' YGOTO 13 ' IF '~ {STYPE(TYPE) "THEN' "GOTO' O3 NXT 1 [F'aigTA
G(HEAC) ' THEN''GCTC ' REDEF | NE(HEAD,CEF INED, MACRO, TYPE) jREADMACRO(HEAD) ; 'BEGINt 1 JF 1 aR{COMMA) *THEN' ' GOTO'2; 1GOTOYNXT;2:SHIFT2LINES) ' IF'=R(POINT)'T

HEN''GOTC*3;MACROSPECIFICATIONI='TRUE'}'GOTO'999;3:'GOTO' 03 'END';120:MACROSPECIFICATIONI='FALSE' ;999 END;

1% 'PRCCEDURE'READMACRO(HEAD) ;' INTEGER"HEAD; 'BEGIN' 1 INTEGER'X; TTAG[HEAD=7 11 =PMACRINXT I "BEGIN' t IF'wAHEAD(POI!NT) ' THENY 1GCTO' 23 ENTERMACRO(PO N
TYI'GOTO 6992 iF'<AFEAD(COMMA) ' THEN' 1GOTO'I;ENTERMACRO(POINT)J'GOTO1999 331 IFtmlISTAG(X) 'THENTYGOTO'4; " |Ft=TRYSTATE(X,APPLIED)*THENY 'GCTO'OJENT
ERMACRC (XY} "GCTC'NXT 4 ENTERMACRO( INPT) JNEXTSYMBOL ; "GOTOYNXT; *ENDY;0:999: tEND

13e 'COVHENT'4,4,4DECLARATIONS; : '

137 'BOCLEAN' tPROCEDURE "DECLARATICN; 'BEGINY ' iF'=pOINTERDECLARATION!'THEN' "GOTO'1;DECLARATIONI='TRUE ' "GOTO'99934 1 IFTaFLAGDECLARATICNYTHENY 'S
CTO'2;DECLARATICNISYTRUE';'GOT0'99952: 1 IFT=LISTOECLARATION'THEN'1GOTO' 3 DECLARATIONI S TRUE 3 1GOTO'999 3 DECLARATIONI='FALSE ;999 ENDY;

138 'BOCLEAN' 'PROCEDURE 'POINTERCECLARATION; "BEGIN' Y IF '=R(POINTER) 'THEN''GOTO'1; TREATDECLLIST(QINTEGER,POINTER)JPOINTERDECLARATIONISITRUE;'G

0TO'999; L:PC NTERDECLARATION:S'FALSE* ;9991 1END";
139 'PRCCEDURE'TREATDECLLIST(ALGOLTYPE, TYPE) ;' INTEGER'TYPE,ALGOLTYPE; 'BEGIN'? INTEGER'HEAD} BLANKL INEJG(ALGOLTYPE) jNXT I IF =i STAG(HEAD) *THEN""
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GCTC'1;RECEFINE(HEAD,DEFINED, GLOBAL;TYPE)bG(HEAD)}'BEGIN"IF'~R(COMMA)'THEN"6070'2 3G(COMMA) 'GOTO'NXT‘Z{SHEFTZL!NES"IF'—R(POINT)'THENI'GOTOO3;
G(SEMICOLCV) 'GG«C'999]3"GOTO'O"EAD')i 999 'END '

140 *BOCLEAN' *PROCEDURE'FLAGDECLARATION; 'BEGIN' ' IF'=R(FLAG) ' THEN''GOTO'{; TREATDECLLIST(CBOOLEAN,FLAG) JFLAGDECLARATION:S'TRUE'J'GOTO'999 34 :FL
AGDECLARATICNI=tFALSE' ;9993 'END'; )
141 'EOCLEAN"PROCEDURE'LISTDECLARAT|0N;'BEG|N"INTEGER'HEAD;'IF'-R(L!ST)'THEN"GoTo'l;ELANKLlNE:G(OINTEGER);G(QARRAV);u;NXT:'lF'-|STAG(HEAD

JYTFENY 'GOTC (3G {HEAD) ;REDEF INE (HEAD, DEF INED, GLOBAL,L!ST); " IF'=R(SUB) ' THEN' *GOTO'0;G(SUB) ;CCNSTANTTEXT ' i F'~R{COLON) ' THEN' YGOTCY0;G(COLCN) JCONST
ANTTEXT; ' 1F'=R(BUS) '"THEN''GOTO'0;G(EUS);"BEGIN'" [FtaR(CCMNFA) ' THEN' 1GOTO'2;G{COMMA) ;NEWL INE; "GOTO*NXT32:SHIFT2LINES) ' iFI=R(PCINT)'THEN' *GOTO"33G(
SEMICCLON)IJLILISTDECLARAT ION:='TRUE"; 'GCTO0'999;3:'GOTO'0;"END"34:0:LiSTDECLARATION:I='FALSE ;9993 1END}

42 "PRCCEDURE 'CONSTANTTEXT; 'BEGIN?Y ' INTEGER'SYMB;NXT 1 [Ft=1STAG(SYMB) ' THEN+'GOTO'1JAPPLY(SYMB); "BEGINT ¢ [F1«-WASPARAMLESSMACRO(SYMB) *THEN' 1 GOT
C'2;PUTPARANLESSMACRO(SYMB) 3 *GOTOINXT; 2:G(SYMB); "GOTOYNXT; YEND "} 1" IF 1« 1SCONS(SYMB) " THEN' 1GOTO'4;G(SYMB) ; "GOTOI'NXTS 42 IF1aR{PLUS)'"THEN''GOTO'5:6
(PLUS); 'SOTC'AXT35 v IF1=R{MINUS) ' THEN' 1GOTO'6;G(MINUS); "GOTO'NXT} 6L 1END " ;

143 *CONMMENT'4,4 ,DAFF I XEXPRESS | ONS} , ’ .

144 *PRCCEDUREYPUTAFF I XEXPRESS ICN(HEAD ) " INTEGER 1HZAD; 1BEGIN' 1 IF ' ~TRYSORT(HEAD,GLOBAL) ' THENY ' GOTO' {3 PUTD IRECT(HEAD )} 'GOTO'909}31: 1 {F1=TRYSORT
(FEAD, MACRO) ' THEN' tGOTOQ"2; "BEGINY ¢ IF - WASACT ION(HEAD ) ' THEN' 1 GOTQ'3; PUTMACRO(HEAD) 3 1GOTO'999: 31 G(OPEN) JPUTMACRO(HEAD) 3G(CILLOSE) I 1GOTO'999; +END ;2
990 tEND 5 v :

g D'PRCCEDUREquTDIRECT(HEAD);'!NTEGER'HEAD;-BEG!N'0INTEGER'NPARs;NPARszz 3 G(HEAD) ;AFF I XPACKOPT ION({NPARS) ; NEWNPARS (HEAD ,NPARS) ; tENC 13

146 *PRCCENURETAFF I XPACKOPT!ON(NPARS) ;' INTEGER'NPARS} 'BEGIN! 1 IF'~R(PLUS) ' THEN' 1GOTO"1;G(OPEN) ; TREATAFFIX;RST:'BEGIN'NPARS {=NPARS+1: ' IF =R (PL
US)'THEN''GCTC'2G(CONMA) JTREATAFFIX3'"GOTO'RST; 2:G(CLOSE); 'GOTOY909 ;3 'ENDY ;119992 tEND '

147 'PRCCEDUREYTREATAFFIX; 'BEGIN' Y INTEGERYAFFX; ' (F1=|STAG(AFFX) ' THEN' 1GOTO 1 L;PUTSINGLE (AFFX)Y;APPLY(AFFX);'GOTO'999; 111 1F 1= |SBOLD(AFFX) *THEN?
'GOTO'25S(STRINCGQUOTE) 3G (AFFX);G(STRINGQUOTE) ; '6OTO 909231 1F '~|SCONS(AFFX)'THENt'GOTO'3;G(AFFX);'GOTO'999;3ERROR(WRONGAFFIX,AFPX) ;999 tEND';

148 *PRCCEDULRE'PUTSINGLE(X) ;' INTEGER'X; "BEGINY ' IFf=WASAFFIX{X)'THEN"1GOTO 43 *BEGIN' ' |F ' ~WASMACRO(X) 'THEN' *GOTO'2; PUTPARAMLESSMACRO(X)}'GOTO?
969;2:G(XY;'GCTC'999; "END ' 1L REDEF INE (X, APPLIED,GLOBAL; POINTER)}G(X);999 1 1END';

149 "PRCCEDURE'PUTPARAMLESSMACRC(Y); " INTEGER'Y; 'BEGINY VINTEGER'X, M X2 TTAGI Y7 ) s NEWNPARS(Y, 0) s NXTIXs2X+1 Mi=LMACRIX]I;1BEGIN'Y [Fr'u(MzPOINT)'T
HEN''6OTO'23'€0TO'999;2:G(M); *GOTC'NAXT}'END' ;9991 'END;

150 *PRCCEDURE'PUTMACRO(X) 3" INTEGER'X; "BEGIN' " INTEGER'P1,P2,P3,P4,P5,0,M,NPARS ;NPARS:20:Q1=TTAG{X=7? I3 GETPARAMETERS (NPARS,PY,P2,P3,P4,P5) I NEW

NPARS (X, NFARS) ;NXT1Q!=Q+1 ;M1 =LMACRI{C]; 'BEGIN' 1 [F1=(M=pOINT)'THEN' ' GOTO'2;1GOT0199932: 1 IF ' m(M=ONE) ' THEN' 1GOTO' 33 PUTPAR(PL, 1) 3 "GCTOINXT 320 |F 1w Ms
TWO) ' THEN 'GOTO'4;PUTPARIP2,2) 3 "GCTCINXT 341 ' IF ' ~(M=THREE) ' THEN' 1GOTO'S; PUTPAR(PZ,I); 'GOTO ' NXT 53 IF1~(M=FQUR) '"THEN' 'GOTO'§:PUTPAR(P4,4); 'GOTO'NX
TI6 I IF = (M=F I VE) " THEN 'GOTO' 75 PUTPAR(PS,5)3 'GOTO'NXT 7" IF'~WASPARAMLESSMACRO (M) ' THEN' 'GOTO'8; PUTPARAMLESSMAGCRO(M) 3 'GOTO'NXT816G(M); "GCTOINXTS?
END';999: ENDT;

151 "PRCCEDURE'GETPARAMETERS(P,P1,P2,P3,P4,P5) " INTEGER'P5,P4,P3,P2,P1,Pit3EGIN'GETPAR(P,P1);GETPAR(P,P2) JGETPAR(P,PI)JGETPAR(P,P4)IGETPAR(P
+PBY;TEND '3

152 "FRCCEDURE'GETPAR(P,X) 3" INTEGER'X,P3 "BEGIN' " |F'=R(PLUS) 'THEN'"GOTQ'1;P:=P+1: tBEGIN'VIFt=«|STAG(X) ' THEN' *GOTO2; APPLY(X)}1GOTQ199G:2L 1 [F 1=
ISCCNS(X)'THEN''GOTO 33 'GOTO'999; 33 GOTC 05 'END '3 1 X1 =XPARAMETERERROR} 1GOTO'990;: 029099 "END ' 3

153 *PRCCEDURE'PUTPAR(X,Y) 3" INTEGER'Y, X3 *BEGIN' ' [F 1= (400001 'LE'X~X<PCONS) ' THEN' 'GOTO'4;6(X) 3 1GOTO' 99941 IF1~{XaXPARAMETERERROR) *THEN' YGOTO"
21ERRCR(X.Y);'GCTC'999;2: ' 1F ' (200001 LE!XAX<PBOLD) "THENY 1GOTO'3;G(STRINGQUOTE Y ;G{X);G(STRINGQUOTE); 'GUTO'99933:PUTSINGLE(X);969:END '}

354 *CONMENT'4,4,6B8UILDINGSTONESOFARULE}

55 "PRCCEDURE'PUTCONNECTAND; ' BEGIN' ' |F1aGIVERSTO ' THENY 'GOTO "1 PUTJUMP(CURLAB) ; TONEXTI = TONEXT+13'GOTO1699; 1"|F'~ADVANCED'THEN"GOT "2 ERROR
(POSSIaLYFACKTRACKNECESSARYrO);PUTJL‘MP(O)}TOLOST =TOLOST+13'60OT0'999;2: PUTJUMP {CURLAB) ;TONEXTI=TONEXT+1399908*END}

156 ‘pRCCEDURE'PUTCONNECTOR;'BEGIN"IF'-AHEAD(SEM|COLCN)'THEN"GOTO'l PUTRESTORE ;FRESHLABEL; '"BEGIN! 1 [F1m(TONEXTEZ) ! THEN"GCTO'Z,ERQCR(ALTERN

AT|V5NEVERREACHED,0);'GOT0'999;2:'GcTc'999;'END';1='|F'-AHEAD(CLOSE)'THEN"GOT0'4;'BEG|N"|th(T0NEXT=0)'THENv'GoTovsx'GoTo'999:S:PUTLAEEu(cURLA
B);FREsHLABEL;'EEG:N"IF'—GIVERSTO'THEN"GOTO'7;'GOTO'999;7:PUTJUMP(0);TOLOST::TOLOST+1;'GOT0'999;'END'}'END';4=PUTRESTORE)LOSTLABEL;999:'END';

157 'FRCIEDURE'LOSTLABEL; 'BEGlN"|F'~(TOLOST=U)'THEN"GCTC’lS'BEGIN"IF'—(TONEXT:O)'THEN"GOTO'ZS'GOTO'999;2:FALSERESULT:'GOTO'999;'END';1:P
UTLABEL{D)FALSERESULT; Y99I YEND'; :

158 'P?CLEDLRE'ENDLABEL;'E:Glh"lF'—(TOEND U)'"THEN''GOTO'1;'60TO' 999 L IPUTLABEL(999);99G: ' END;

15¢ "PRCCEDURE'ENDJUMPS ' BEGIN' Y IF '~ (INPT=POINT) "THEN' *GOTO ' 13t IF'=(TOLOST=() ' THEN' 'GOTO 13 ' IF =~ (TONEXT=0) ' THEN' *GOTO 13 'GCTO' 99931 :PUTJIUMP(9
9G) I TCEND:=TOENC+139993 *END

160 pRCCt?bRE'PUTINIT;'BEG!N"tF'wGIVERSTO'ThEN"GOTC'l G(INITRESTORE)}'GOT0'99931:900 1 tEND} '

161 ‘PRCCEDURE'PUTRESTORE; '"BEGIN' ' | F1 e (TONEXT=0) ' THENY 1 GOTO'1;'6OTO'999; 1 iPUTLABEL(CURLAB); 'BEGIN"!F'~G|V!RSTO'THEN"GOTO'GSG(DORESTORE)I'G
0T0'699;3:'CUTO'959; 'ENDT ;999 'END '3

162 'PRCCEDURE'FRESFLABEL; 'BEGINICURLABI=NEWLABINEWLABI=NEWLAB®1; 'END '

163 "PRCCEDLRE'TRUERESULT; 'BEGINT ' |F1~WASACTION(HANDLE) "THEN'*GOTO'1;1G0OT01999:1:G(HANDLE) ;BECOMES;;G{QTRUE) }SEMICOL}990 1 1END

164 'FPRCCEDURE'FALSERESULTS "BEGI!N' ' IF'~WASACTION(HANDLE) "THEN''GOTO'L;'GOT0'9995 1 G(HANDLE) I BECOMESSG(QFALSE) JSEMICOLIP99StENDS

165 'PRCCEDLRE'PUTJYUMP (LLAB) 3 * INTEGER'LAB; 'BEGINTG(QGOTO);G(LAB);G(SEM|COLON) ;NEWLINE; APPLYLABEL(LAB)JVEND Y}

166 PRCUEDURE'PUTLABEL(LAB) ' INTEGER'LAB; "BEGIN'NEWLINE; L.G(LAB) G(COLON) ;U; DEFlNELABEL(LAB) TABLINES'END'}
167 "PRCIEDULRE'SEMICOL; 'BEGIN'G(SEMICOLON) 3 TENDY;

168 'PRCCEDURE 'BECOMES; '"3EGINIG(CCLEN) JG(EQUALS) 3 'END Y

169 'PRCCEDURE'BEGIN; "BEGIN'NEWL INE;G(QBEGIN)SUSTABLINE; tENDY;
170 'PRCCEDURE'ENDBR; 'BEGIN'NEWL INEJLIG(QEND) S YEND Y

174 "CONMMENT'4,4, 7GENERALFORMOFARULE;

172 'EOCLEAN' "PROCEDURE FRULE; 'BEGINY ' IF ' -LEFTHANDS IDE ' THENY 1GOTO'1; ' IF ' =~MIDDLE'THEN'1GOTO' 0§ ' IF*~RIGHTHANDSIDE ' THEN' vGOTO' 03 FORGETLCCALSISH!




FTOLINEG:; *1F'=R(PCINT)*THENY 1 GOTO'" 03 RULE:='TRUE'; 'GOTO'999 31 10 RULEI='FALSE';999:END '

173 "EOCLEAN' 'PROCEDURE'LEFTHANCS IDE; YBEGIN' ( IF '« 1 STAG(HANDLE) ' THEN''GOTO ' {3 3LANKL INE; BAUNDX =03 SPECK:1=0; 'BEGIN' t {FtmWASACTION(HANDLE) ' THEN®
"GOTC'2;DEF INEACT ION(HANDLE)Y } RESTLHﬁ.LEFTHANDS|DE:='TRUE'-'GoTo'999~2:G(0500LaAN):DEFtNEPRED|CATE(HANDLE):R:STLHs;LEFTHANDSIDE:--Tnugo,'5070.999
JUEND';1:LEFTHFANDSIDE = 'FALSE ;990 YEND!;

il4 *pPRCCEDURE'RESTLHS "BEG I N'G(QPRCCEDURE) 6 (HANDLE ) ; OPTIONALBOUNDAFF!XES NEWNPARS (HANDLE, BOUNDX) ; SEMICOL 1END !

75 .pRCMFDLRE'QpTICNALaCuNDArFIxEs;'BEGIN"fNTEGER'AFFX"IF'qBOUNDAFFIXl(AFFX)'THEN"GOTO'i G(OPEJ) G(AFFX) 3 RESTBOUNDAFFIXES}'GOTO'999313'I
FtumBOQUNDAFFIXZ(AFFX) *THEN''GOTO'23G(OPEN)3G(AFFX ) RESTBOUNDAFFIXES;GLAFFX);'GOT0'999;2:999:'END'; .
276 'FRCCEDURE 'RESTEOUNDAFF IXES; 'BEGIN' ' INTEGER'AFFX; ' IF'=BOUNDAFFIXL(AFFX)Y'THEN''GOTO'1;G(COMMA) 3G(AFFX) ;RESTBOUNDAFF IXES) 'GOTO1996;34: 1P 'w

BCUNDAFF ix2(AFFX) I THEN! 'GOTC'2;G(COMMA) ;G(AFFX) ;RESTBOUNDAFF I XES;G(AFFX) 3 SPECK:=SPECK =11 *BESINY ' |F1=(SPECX=0) ' THEN'1GOTO*33160TO'999;3:6(COMMA) 3
'soTC'goﬂ-'chv 23 G(CLOSE).'BEGIV"lF'a(SPaCX 0)'THEN''GOTO"6;'GOTO' 9996 :!SEMICOL;G(QINTEGER); 'GOTO'999; 'END ' ;999 'END

577 "BFOCLEAN' "PROCEDURE " BOUNDAFF IX1(AFFX) ;' INTEGER'AFFX; 'BEGIN' t I F ' R(TIMES) ' THEN''GOTO 13 ' IF'=miSTAGCAFFX)'THENY "GOTO'0;DEF INEAFFIX(AFFX) ;B0
UNDX:=EOUhDX*1;EOUNDAFFIXl::'TRUE';'GOTC’999;1:0:BOUNDAFFIX12='FALSE';999!'END':

178 'eOCLEAN' "PROCEDURE ' BOUNDAFF IX2(AFFX) ;' INTEGERYAFFX; 'BEGIN' ' IF'~R{PLUS) '"THEN' 'GOTO'13V IF'=|STAG(AFFX)'THEN' 'GOTO'0;DEF INEAFFIX(AFFX) ;80U
NDXt=BOUNDX+1;SPECK:=SPECX+1; BOUNDAFF IX2:= ' TRUE'; 1GOTO'999;1:0:BOUNDAFFIX2:="FALSE ;9991 1ENDY;

179 ‘EOCLEAN''"PROCEDURE "MIDDLE; "BEGIN'BEGIN;OPT IONALFREEAFFIXES; " 1F'<R(COLAN) ' THEN 'GOTO "L PUTINIT:MIDOLE S ' TRUE' ;' GOTC ' 99931 IMIDDLE IS ' FALSE
$30999tEuL S R . ;

0] tPRCCEDUREYOPTIONALFREEAFFIXES ) *BEGIN' ' INTEGERYAFFX; ' IF ' ~R{MINUS) ' THEN' "GOTO'1;G(QINTEGER) ;FFX: " IF 1 ~ISTAG(AFFX) ' THENY1GOTO'0;G(AFFX);DEF
INEAFF IX{AFFX); "BEGIN' "IF'=~R(MINUS) 'THEN' 'GOTO'2;G(COMMA) ; '"GOTO'FFX;2:G(SEMICOILON);'GOTO'909; *ENDY 313 'GOTO'999;30:909: 'END '}

181 "BOCLEAN' 'PROCEDURE'RIGHTHANDS IDE; *BEGINICURLAB =1 JNEWLAB =D TOLOST =0 TOEND ;=03 NXT 7 |F ' wALTERNATIVE ' THEN! 1GOTO 1 ;PUTCCNNECTCR; "BEGIN Y|
FtemR(SEM.COLON) '"THEN'1GOTO'2; 'GOTC'NXT; 2 ENDLABEL;ENDBRISEMICOLIRIGHTHANDS IDE =" TRUE ' 'GOTO'9993 'END '3 1 RIGHTHANDS IDE = 'FALSE'} 999 *END '

182 "ECCLEANT 'PROCEDURE ' ALTERNATIVE; 'BECINT " INTEGER'LAB,OLONEXT; TONEXT:20; ADVANCED {2V FALSE ' §NXT S I F1aR(COMMA) " THEN 1GOTC 113 1COTOINXT 10 IFTa
R{CCLCN) 'THENT'COTO' 23t IF'~ISTAG(LAB) " THEN' 'GOTO'U;PUTJUMP(LAB) ;AL TERNATIVE ! =t TRUE'; 1GOTOY999; 28 IF'~R{OPEN) "THEN' 'GOTO'3;OLDNEXTISTONEXTS ' IF 1 =C
HCICE " THEN' PGCTC "D ' iF'~R(CLOSE) " THENY 'GOTO'0; 'BEGINY T [F1mGIVERSTO' THEN' 'GOTO 4 s TONEXT 21 ALTERNATIVE ="' TRUE' ;'GOT0'999;4: TCNEXT :=OLONEXTALTERN
ATIVE!=z* TRUE";'COTO'999 3 "END 332t |F1-MEMBER ' THEN '"GOTO'63 "GOTO'NXT 6 TRUERESULTSENDJUMP ALTERNATIVE = ' TRUEV3'GOTO"999 30 ALTERNATIVEI=1FALSE " ;9Y9
T1END ! ; i

183  ‘*FOCLEAN''PROGCEDURE'CHOICE; "BEGIN'' INTEGER'LABILABSsCURLAB;BEGIN;PUT NI T;FRESHLABELINXT I IFT=ALTERNATIVE'THEN' 'GOTO 1 PUTCONNECTOR; 'BEGH
NY?PIF1=R{GEN [COLON) ' TRHEN' 'GOTO12; 'GCTO'NXT; 2:ENDBR; SEMICOL; CURLAB I =LAB;CHOICE:='TRUE '} 'GOTO'999; 1END 1§41 CHOICE = *FALSE ;90991 1END ¥}
164 *EOCLEAN' 'PROCEDURE 'MEMBER; 'BEGIN' ' INTEGER'HEAD; ' IF '« 1 STAG(HEAD) " THEN' 1GOTO' 15 APPLY (HEAD) § *BEGINT Y [F1wR{COLON) ' THEN' YGCTO'2;PUTLABEL (HEA

D)jMEVMBER:=*TRUE Y 1 1GOTO'999 121 1 IF1~TRYTYPE(HEAD, PREDICATE) *THEN! tGOTO ' 3;G(QIF) :G(NOT);PUTAFF IXEXPRESSION(HEAD) JG(QTHEN) JPUTCONNECTAND JADVANCED ¢ =
PTRUE' jMENMBERI=Z ' TRUE Y ;1GOTO'999; 35 IF ' ~TRYTYPE(HEAD,FLAG) 'THEN''GOTO'4;G(Q 1 F);G(NCT);PUTAFF IXEXPRESSION(HEAD) ;G(QTHEN) ; PUTCONNECTAND ; MENBER = TR
s UET3 60T 959 4"'F'—TRYTYPE£HEAD ACTION) P THEN' 'GOTO'5; PUTAFF I XEXPRESS! ON(HEAD),SEMICOLyMEMEER 'TRUE"'GOTO'999 S5I'GOTOYQ I 'END 310 MEVBERIZ'FA
LSE';999:END';

R - 3] 'COVMENT' 4,4 ,BOTHERBUILD INGSTONESOFAGRAMMAR;

-1 "EOCLEAN' *PRUCEDURE *COMMAND ; *EEGIN' T [ F1~R(RSTOON)'THEN'1GOTO"'1;GIVERSTO =" TRUE' ;COMMAND ¢tz ' TRUE ' 3 1GOTO'999 14t IFYaR(RSTOCFF ) ' THEN ' 'GOTD'2
SGIVERSTZ ;= 'FALSE! ;COMMAND I 2" TRUE ' 'GOTC'999;2: " IF ' ~RISHFORT) ' THEN' 'GOTO'3;LEGIBLE = FALSE ' ;COMMAND 12" TRUE ' ; 'GOTO'999;3: 7 (F'=R(LONG) ' THEN''GOTO" 4
JLECGIBLE::="TRLE';COMMAND = "TRUE ' ;' GCTC 1999 4:'IF'-R(TQACEGN)'THEN"GO’O'S;GIVE’RACE::'TRUE':COMMAND::'TRUE':'GOTO'99935!'!F'nR(TRACEGFF)'THEN"G
OTC'6iGIVETRACE (= FALSE ' ;COMMAND : = ' TRUE '} 'GOTO'999; 61 COMMAND 1="FALSE ' ;999 'END '}

187 'FOCLEAN"PROCEDURE';OWMVN_"EEGIN"IF'"R(SUB)‘7HEN"GOTO'*; LAMKL INESG(QCOMMENT ) SRSTI'BEGINY T IF'aR{BUS) ' THEN'YGOTO'25 G(SEMICOLCN) 3} COMME
NT:=rTRUE?; 'GCTCI999;2:G( INPT)3READ(INPT);'GOTOTRST; 1ENDT; 1:COMMENT:='FALSE';999: "END';
ite "BOCLEAN''PROCEDURE sTARTINtavMEOL;'BEGIN 'INTEGER FEAD"lF'“R(RESUL*)'THEN"GOTo'lg'IF'"IsTAG(HEAD)'THEN"GOTO'O;NEWPAGE;'BEGlh"IF'*TR

YTYPE(HEAD s ACTICN) P THENT 1GOTO 12 APPLYACT ION(HEAD) 3 TERM INALS ; G(HEAD) ; START INGSYMBOL ;= ' TRUE ' ; 1GOTC1999;2: APPLYPRED ICATE(HEAD) ; TERM INALS;G(HEAD) ;ST
ARTINGSVMPIALI='TRUYE" ; 'GOTO'999;"END ;1 :0:STARTINGSYMBOL =t FALSE ' ;999 1END Y

NDib? ‘pRCCEDURE'SK!PUNTILPOINT"EEGIN'NXT ERROR(SK:PPED, INPT)SIBEGIN' Y |F'<R(POINT)'THEN''GOTO'2:'GOTO'999 ;2 :NEXTSYMBOL;'GOTCINXT YENC Y3999 1E
L

190 *COVMENT' 4,4 , 9TERMINALS

RN 'FPCCEDLRE'TERMINALS"BEG!N'ELAAKLINE FORGETGLOBALS;NEWLINE; ' IF'={PLOC2 500001)'THEN"GOT0'1"GOT0'999 1:APPLYACTION(XREAD) ; APPLYACTION(X
QUT) ;APPLVACTIONC INITREAD) JBLANKLINE; GUINTTREAD) ;G (SEMICOLON) s NEWL INE; BLANKL INE3FORGETTERMINALS § NEWL INE sBLANKLINE} 999 'END ' ;

192 'PRC:EDLRE‘FORGETGLCBALS;'BEG'N"INTEGER'P,TERM:P:26000013PLOC::SOOOOi:NXT:'1F'~(p=pGLos)vTHEN"6070'1;!GOTOl999g1:TERN::gGLoa[P];MAYSET
ERMINAL(TFRV) 3P IzP+1; "GOTO'NXT; 990 1EMND

1%3 '"PRCCEDURE'MAYBETERMINAL(X) ;' INTEGER'X; "BEGIN' " IF'-WASTERMINAL(X) 'THEN' *GOTO' 13 PUTDECL(X);ENTERLOCAL{ ) 'GOTOY 990 4L WARN(X) 599 'END;

194 "FOCLEAN' 1 PROCEDURE 'WASTERMINAL(X); ' iNTEGER'X: "BEGIMY ' INTEGER'S$Si=TTAGIX=5); "{F1m(S=APPLIED) ' THEN! 'GOTO 1 1S eTTAG[X=4)} " IF"=(S=GLO3AL)"
TRENY'GOTC'13SISTTAG(X=3]t "I F1m(SePCINTER) ' THEN"'GOTO 'L WASTERMINAL =2 TRUE';'GoTO'999; 1 ! WASTERMINAL 1= FALSEY ;909 1END " ;

195 PRCCEDURE'PUTDECL(X); " INTEGER'X; '"BEGIN'NEWLINESG(QINTEGER) ;G (X);G(SEMICOLON)IPCSITION(64): INFORM(X); YEND'S

196 'PRCCEDURE'FORGETTERMINA;s:'BEG!N"‘NTEGER'P,TERM;P::SOUOOl;NxT:'lF'«(P:PLQC)'THEN"GOTO'1;'GOTO'999;1:TERM:=LLOC[P];PbTCALL(XREAD.TE?M)
JPIZP+1;'COTO'NXTS0Q09 I TEND "

197 *PRCCEDURE'PUTCALL(PROC,X )3 " INTEGERYX,PROC; '"BEGIN'NEWLINE;G(PROC)}G{OPEN)IG(X)}G(CLOSE)SG(SEMICOLON)IEND'

198 '"COVMENT'4,4,10POSTMORTEM;

199 'PRCLEDURE'PoSTMORTEM"BEGIN NLCRIOUTINT(L1U0001)JOUTINT(PTAG) 0UTlNT(110000) NLCR;OUTINT(200001)0UTINT(PBOLD)OUTINT(200603) ;NLCRIOUTIN
TCIC0001):OLT I NT(PSPEC);OUTINT(300100);NLCR;OUTINT(400001)0UTINT(PCONS);OUTINT(400300) ;NLCRIOUTINT{S500001)30UTINT(XLOC);OUTINT(500200);3NLER;OUT
INT(600002)30LTINT(PGLOB) JOUTINT(601000) :NLCRIOUTINTI700001) :0UTINT(PMACRY IOUT INTITA4ANNY 1A AOCAUTINTIRNAAANA Y s AT INT/DPEURL I AT IMT/AAAAANL call A0




021271~ 84 A 1262J,19 KOSTER v 7 _ -

QUTINT(L !NE)SCUTINT(CARD);NLCRINLCR}NLGR;DICTIONARY; "END';

200 'PRCCEDURE'DICTIONARY; *BEGIN'LISTTAGS(FIRSTTAG) 3 YEND

201 ' PRCCEDURETLISTTAGS(X) ;' INTEGER' X 'BEGIN' ' INTEGER'P, STATE, SORT, TYPE; * IF1-(x=0) ' THEN' 'GOTO*1;'6G0T01999;11PIuTTAGIX=2]3LISTTAGS(P);STATEI®
T7AG(X_5];55R7:=TTAG(X-4J;TVpE:=TTAG[X-3];'|F'-(50RT=0)'THEN"GOTO'Z;'GOTO'SKP;E:NLCR;OUT(X)iPOSIT|ON(32)5OUT(STATE)4OUT(SORT)IOUT(TYPE):POSITIO
N(ST)SENTRIES(X)3SKP:P:2TTAG{X=1];LISTTAGS(P);999:'END";

cuz "PRCLEDULRE 'ENTRIES(P) ' 1 NTEGER'P 'BEGIN" " INTEGER'C H, K;Qi=TTAGIP=8]3 ' IF'=(Q=0)"'THEN'"GOTO'1iNLCR; '"GOTO' 9993 4 LNEsHIZLTEXT(Q];Q:=rH'/"8192
K1 sH=8195%CCUTINTIK) ' BEGINY t IF'~(Q=0) " THEN' 'GOTO'J:NLCR; 'GOTO1999:3:Q:x0+800001;6:=Q=1;'"GOTOTLNE; YEND' ;999 VEND Y

203 “COMAENT'4 .5 ,HEARTOFCOMP | LERCOMPILER;

204 *INTLUGER' IN!TRESTORE ,DORESTCRE , XREAD, XOUT, !N TREAD, TITLE};

205 'pRCCEDGRE'GENTENCE"BEGIN'STARTSYSTEM BLANKY INEy FEG!N COMPILERDESCRIPTION;ENDBR; BLANKLINE; NEwPAGE POSTMORTEM; 'END';

206 "PRCCEDURE'§TARTSYSTEM; 'BEGIN'READ( NI TRESTORE ) ;READ (DORESTORE) ;READ(XREAD) s READ(XOUT)SREAD(INITREAD) ;READ(TITLE)$GIVERSTO!2'FALSE" ;G IVE

TRACE ="' FALSE Y JCIVETEXT!="TRUE';PLOC!1=5000013PGLOB::=6N0001;PTEXT:=800001;PMACR:=7000013CARD :=0;CPOS:=1iXLOCI=0L INEDURP!=vFALSE"JLEGIBLEI='TRUE"
INDENTAT CNI=C3LINE:=03PASI=030UT(TITLE)SREAD(INPTIZYEND Y

207 RRCCEDUREYCOMPILERDESCRIPTION} '"BEGIN'NXTI ' IF'«SPEC!FICATION'THENY'GOTO"13 "GOTO'NXT; 1 IF'=DECLARATION!'THEN' *GOTO'2; 'GCTO'NXT;2¢ ' IF'=COM
MAND S THEN ' 'COTO '3 'GOTO'NXT; 33 ' IF 1 COMMENT ' THEN" 'GOTO'4; 'GOTO'NXT§4: ' IF'~STARTINGSYMBOL ' THEN'YGOTOt5;1GOTQO199935V IF1=RULE*THEN'*GOTO'6; 'GOTONX
T;63SKIPUNTILPOINT; "GOTO'NXT ;999 TEND 'S . _

208 CINTEGER'TAGFULL ;" INTEGER'ACLDFULL ;" INTEGER'SPECFULL ; * INTEGERYCONSFULL ; " INTEGER'WRONG INPUTCODE; ' INTEGER'BLANK} " INTEGER'LOCFULL ' INTEGER!
GLOEBFULL; " INTEGER'MACRPULL " INTEGER'TEXTFULL; ' INTEGER'DEF INED; ' INTEGER'GLCBAL; * INTEGER'ACTION; " INTEGER'PREDICATE ;" INTEGER'LCCAL ' INTEGER'POINTER
s INTEGER'LABEL: ' INTEGER'APPL IED; ' INTEGER'XIMPOSSIBLE " INTEGER'MACRO; " INTEGER ' yRONGNUMBEROFPARAMETERS S ' INTEGER'FLAG) ' INTEGER'LISTI " INTEGER'EXTER
NAL; 'INTECER'CONMA:'INTEGER'PO!NT;'INTEGER'QINTEGER;'lNTEGER'SEMlCOLOV;'lNTEGEQ'QEOOLEAN;'INTEGER'QARRAV;'lNTEGER'SUB:'INTEGER'COLON:‘INTEGER'BU
S;VINTEGCF'PLLS; " INTEGER'"MINUS; ' INTEGER'OPEN; ' INTEGER'CLOSE; " INTEGER'STRINGAUOTE; ' INTEGER'WRONGAFF X3 1 INTEGER'ONE} ' INTEGER!'TWO; * INTEGER! THREE ' !
NTEGER'FOLR; " INTEGER'FIVE; " INTEGER! XPARAMETERERROR; ' INTEGER'POSS [BLYBACKTRACKNECESSARY; ' INTEGER'ALTERNAT | VENEVERREACHED ; * INTEGER'QTRUE; ! INTEGER?
QFALSE; ' INTEGER'QGOTO; ' INTEGER'EQUALS; ' INTEGER'QBEGIN; ' INTEGER'QEND; ' INTEGER'QPROCEDURE ;' INTEGER'TIMES; * INTEGER'QIFJ* INTEGER'NCT; ' INTEGER'QTHEN
" INTEGER"RSTOCN; ' INTEGER'RSTOOFF ;' INTEGERYSHORT; ' INTEGER'LONG; " INTEGER ' TRACEON: ' INTEGER' TRACEQFF ' INTEGER'QCOMMENT * INTEGER'RESULT; ' INTEGER'SKIP
PED; .

209 INITIALIZEFORREADING; .

210 RFAC(TAGFULL) ;READ(BOLDFULL)JREAD({SPECFULL); RFAD(CONSFULL):READ(WRONGINPUTCODE)lREAn(BLANK) READ(LOCFULL) IREAD(GLOBFULL ) READ(MACRFULL) S
READ(TEX TFULL)SREAD(DEFINED);READ(GLOBAL);READ(ACTION);READ(PREDICATE) ;READ(LOCAL);READ(POINTER) ;READ(LABEL) ;READCAPPLIED)IREAD(XIMPOSSIBLE)IREA
D(MACRO);RELD (WRONGNUMBEROFPARAMETERS ) ;READ(FLAG)SREAD(LIST)Y ;JREAD(EXTERNAL)Y SREAD{COMMA) JREAD(POINT);READ(QINTEGER) JREAD(SEMICOLON) ;READ(GBOOLEAN
Y3READ(QARRAY)JREAD(SUB) ;READ(COLEN) ;READ(BUS) ;READ(PLUS)SREAD(MINUS) ;READ(OPEN) ;READ(CLOSE)SREAD(STRINGQUOTE) sREAD(WRONGAFFIX)JREAD(ONE ) JREAD(T
WC)JREAD(THREE);READ(FOUR)}READ(FIVE) ;READ(XPARAMETERERROR) ;READ(POSS 1 BLYBACKTRACKNECESSARY) ;READ(ALTERNAT I VENEVERREACHED ) s READ (QTRUE) s READ(QFAL
SE)SREAD{GGCTC) ;READ(EQUALS) ;READ(QBEGIN) ;READ(QEND) ;READ(QPROCEDURE ) ;READ(TIMES) ;READ(QIF)Y;READ(NOT);READ(QTHEN) JREAD(RSTOON) ;READ(RSTOOFF ) REA
D(SFORT);READ(LCNG) ; READ(TRACEON);READ(TRACEQFF) READ(QCOMMENT);READ(RESULT) READ{(SK|PPED)

211 SENTENCE'ENDY
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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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10.

11,

12.

p. 30,

p. 31,

p. 33,

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' input;.
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).

bottom line, replace by:

(semicolon, right hand side; ) .

lines 1-8, replace by:

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

line 10, .... affix expression, add:

that starts with a handle

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.

- A1l errors fall in one of the following four classes.
1)  Warnings:

backtrack? ' An altermative may fail although one of

its predicates may have succeeded.

alternative never reached One of the previous alternatives in this

right hand side will always succeed.

nonfalse This predicate will always succeed, and

is in effect an action.

may be false Possibly none of the alternatives of

this action will succeed.
2) Unexpected symbols:

wrong input code Some unreadable item is met on the input

medium.

symbol missing, assumed: symbol
. 1. The grammar requires at this point the
presence of the indicated sSymbol,
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.

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

3. 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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