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INTRODUCTION

Euclid is a relatively new programming language, designed to enable
the construction of verifiable systems programs. [ 3] This project modi-
fied the Euclid compiler which was developed at the University of Toronto
in 1977. [1] The original Toronto compiler provided minimal syntax error
recovery in tﬂe parser, and this project was undertaken with three aims:

1) to provide more efficient syntax error recovery,

2) to provide a syntactically correct output token stream to

the new pass, and

3) to demonstrate that the first two aims can be automatically

generated.

Hartmann's error recovery scheme serves as the foundation for the
generation of syntax error recovery. But in order to provide flexibility
for potential future changes in the actual parsing program, the intent of
this project is to provide the capability for automatic generation of the
syntax error recovery, rather than being locked into any one particular
language being parsed. The Euclid parser modules were modified with this
end in mind.

Any parser written in S/SL consists of four parts: 1) an S/SL
program, 2) an S/SL assember, 3) output from the S/SL assembler in table
form, and 4) a table interpreter. The S$/SL program contains the actual

parsing procedures, and the other three parts implement its actions.



SYNTAX/SEMANTIC LANGUAGE

Syntax/Semantic Language (S/SL) is a modest programming language
which was designed at the University of Toronto for use in the implemen-
tation of compilers. [4] It was developed from the use of syntax and
semantic charts, which contain inputs, outputs, error messages, and
semantic action calls all in the same diagram. [2] These charts could
only be hand read and checked, and S/SL is a textual notation equivalent
to them. Implemented by a translator/interpreter combination, as in the
Euclid compiler, an 5/SL program representing the syntax of a language

can be computerized, which greatly simplifies compiler development.

LANGUAGE FEATURES

Much of the following background information is derived from a paper
written by the authors of S/SL. [4]

S/SL is used for control only; the language contains no data or
assignment statements. It consists only of sequences, repetitions
(cycles), and choice of action statements which are combined toc form
rules, or procedures. A rule terminates with a semi-colon. Input,
matching, or output of tokens and emission of error signals are the other
features of S/SL. In some instances, an S/SL program may invoke semantic
operations written in another language, such as Pascal, to manipulate
data, but the parser pass of the Euclid compiler does not utilize a
semantic mechanism, relying only on S/SL to perform the parsing and
translation to a suitable output token stream for later passes of the

Euclid compiler. Typical S/SL programs are, in fact, recursive descent



parsers writtea in S/SL.

The S/SL language dialect used by the Euclid parser has seven S/SL

actions or statements:

1) the call action: "@" followed by a rule name indicates the
calling of a rule, e.g., @TypeDeclaration,

2) the return action: ''<" is found at the end of a rule and indi-
cates that control should return to the point at which the rule
was calléd,

3) the cycle (repeat) action: actions inside the braces are

repeated until a cycle exit symbol (">") is encountered

statements

4) the input (match) action: an input token name indicates the
next input token read should match the token,

5) the input choice action: the brackets indicate a choice of
actions, and the "=" indicates that the next input token should
match one of the labels in this choice. The statements following
the matched label and colon are then performed. An asterisk ("'*")
indicates an otherwise clause, which is taken if the current input

token does not match a label



| label, label:

actions
| label:
actions
*;
l actions

6) the emit action: a dot {(period) followed by an output token
indicates that the token is to be emitted in the output stream
(e.g.: .NotChecked), and

7) the exit action: '">" indicates an exit from the innermost cycle.

Input and output tokens which are used in the S/SL program are

defined as sets by enumerating their names-—for example:

INPUTS :
IDENT

NUMBER

STRING;

The following example rule is from the S/SL program for the Euclid

parser. ExportList parses a list of identifiers which are exported to



another module. 1In Euclid, in order for an identifier to be known
outside of the scope of the module definition, the identifier must be
explicitly exported. [3] This rule demonstrates the combination of
actions and syntax in S/SL:
ExportList:
"("@Exportltem
(- |
|
>

|
@ExportItem

The syntax diagram equivalent to the S§/SL rule ExportList is as

follows:

> ( > exportltem —————- ;[~—> J s

<

y <=== exportltem <——-——
A Euclid export list comsists of a list of one or more identifiers,

separated by commas and enclosed in parentheses.

S/SL IMPLEMENTATION

The actual implementation of an S/SL program is accomplished in two
steps. The first step converts, or assembles, the-programfinto*an'intar—
mediate language called S-code. In the Euclid parser, the conversion is
accomplished by executing the S/SL assembler program with the parser S/SL

program as its input.
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A group of instructions, or operators, similar to a simple machine
language is used for the translation of 5/SL into the table of integers
(S-code}. Each S/SL statement is translated into S-code operators.
The S-code language contains the following nine operators and their

respective operands:

OPERATOR OPERAND

0 CALL ADDRESS

i RETURN

2 REPEAT ADDRESS

3 MERGE ADDRESS

4 INPUT INTOKEN

5 INPUTCHOICE ADDRESS, NUMBER OF CHOICES
INTOKEN, ADDRESS

6 EMIT QUTTCKEN

7 ERROR ERRORTOKEN

8 CHOICEEND

The operand for the S-code operator CALL (0) is the location in the
S§~code for the rule being called. The operands for the operators REPEAT
(2) and MERGE (3) indicate the location of the S-imstruction to be
executed next. The operand following the operator INPUT (4) is an in-=
put token matched to the input stream. EMIT (6) and ERROR (7) operands
are token names emitted into the output and error streams, respectively.
CHOICEEND (8) is emitted only for semantic choice failures; it is used
in the parser to terminate a choice action but never emitted in the
S-code.

The operator INPUTCHOICE (5) is followed by one operand, the
address of the table. The table contains an odd number of values,
depending upon the number of alternatives present in the choice action.

The choice action is processed by emitting the operator INPUTCHOICE,



followed by the operand ADDRESS, which indicates the S-code location
where the table of choice alternative labels is located. These labels
are temporarily saved during assembly, while the actions for each choice
alternative are emitted into the S-code, and then emitted as a table of
choice labels. After all the choice alternatives have been processed and
counted, the operand NUMBER OF CHOICES is emitted into the S-ccde fol-
lowed by pairs of INTOKEN and ADDRESS equal to the NUMBER OF CHOICES.
The INTOKEN is the previously-saved choice alternative label, and the
ADDRESS is the location further back in the S-code where the actions for
that alternative are located.

Using as an example the S/SL rule ExportList, the translation of the

rule into S-code appears as follows:

TABLE LOCATION S-CODE ASSEMBLER CODE
376 4 INPUT
29 LEFTPAREN
378 0 CALL
400 EXPORTITEM
380 5 INPUTCHOICE
390 TABLE
382 3 MERGE
399
384 3 MERGE
397
386 0 CALL
400 EXPORTITEM
388 3 MERGE
397
350 2 TABLEBEGINS
391 30 RIGHTPAREN
382
393 34 COMMA
386
395 2 REPEAT
382
397 2 REPEAT
380

399 1 RETURN



The redundant S-instruction at location 384 results from a lack of any
assembler optimization.

The second stage of implementing the S/SL program is called "table
walking". The main part of the interpreter program consists of a large
loop with a case statement, which contains a case label for each of the
S-code operators. The interpreter "walks" through the S-code table by
reading the operators, along with their respective operands, and
interpreting their actions. In this manner, the statements of the
original S/SL program are executed. In the case of the Euclid parser,
the actions are executed upon the input stream from the previous pass,

the lexical analyzer, and the token stream for the next pass is emitted.



HARTMANN ERROR RECOVERY

Prior to the modification detailed in this report, the syntax error
recovery in the Euclid parser was minimal. In addition, the entire
compilation process was halted in the event of even mimor syntax errors.
In order to.improve upon these limitations and to maximize the detection
of errors during a compilation attempt, the error recovery scheme of
Hartmann was incorporated with the translation of the S/SL program into
the table and its subsequent interpretation. However, it should be
pointed out that the S/SL program itself was not changed.

The Hartmann error recovery scheme is derived directly from the
syntax graphs of a particular language, just as the parsing procedures
are. [3] In order to understand this recovery scheme, it is necessary to
look first at the parser's input, which consists of tokens, possibly
followed by semantic operands. The operands are ignored by the parser in
the syntax analysis stage since they are concerned with semantics.

Hartmann's basic idea is to create key sets of tokens (deriving them
from a syntax graph) which are used for recovery whem a syntax error
occurs.

The key sets represent tokens which may be encountered further down-
stream in the program from a given point in a syntax graph. Whenever a
syntax error occurs, a key set is passed to a procedure which checks
whether the current input token is contained in the set. If not, input
tokens are skipped until one is found which is a member of the key set,
and compilation may then continue. Parsing always resumes from the
current point in the syntax graph. Thus, a valid path through the syntax

graph is always traversed, regardless of input syntax errors, and



10
syntactically correct, though possibly meaningless, output is guaranteed.
Hartmann provides two basic rules for error recovery. The first
requires that each set contain all tokens from which the compilation can
resume, i.e., all the tokens which can be reached by taking any path from
the current point in the syntax diagram. The -second rule indicates that

a check should be made at any branch (decision) in the syntax graph. A
check procedure guarantees, by skipping input tokens if necessary, that

the next input token is reachable from this decision point and, thus,
insures that a decision is not based on an invalid input token. If the
check procedure must skip tokens, it also emits an error message. The
key set at that point should contain the next input token. This is the
essence of the Hartmann scheme.

An implication of Hartmann's scheme is that a called procedure
receives as input the key set which is reachable from its point of call.
In Hartmann, a reachable set at any point is the union of tokens reachable
within the current syntax diagram and those passed to the current pro-
cedure. The former can be computed at the time the parser is written or
assembled; the latter is dynamic and known only at parser run time. When
computing the reachable sets, a nonterminal in a syntax graph contributes
only its handles (those tokens which may begin a string generated by a
rule). As calls to procedures increase in depth, the size of the key
sets inereases, and conversely as procedures are completed, the key sets
diminish in size. With this method of combining sets, the context in
which a procedure is called has no direct influence on the procedure and
the static part of its key sets.

According to Hartmann, "The process is so systematic that recursive
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descent parsers with error recovery might be generated automatically from
the language itself." [3] The key sets in Hartmann's Concurrent Pascal
Compiler were hand generated, but it was his suggestion about automation

which provided the inspiration for this project.



12

MODIFICATION

The modification for automatic generation of syntax error recovery
required change in three parts of the implementation of S/SL: 1) the
S-code language, 2) the assembler, and 3) the interpreter. Actual parser

programs written in S/SL are not changed.

S-CODE

The first change involved three of the primitive operators in the
S-code language. The addresses of the reachable key sets actually become
a part of the S-code instructions as additional operands to the operators
CALL, INPUT, and INPUTCHOICE. Each of these operators has a new operand
which is the address of a reachable set for this particular point. Only
the static part of the reachable set can appear in the S-code. INPUT and
INPUTCHOICE operators also receive an S/SL program line number as an
additional operand. This is an error message code to be used whenever an

error message must be generated.

ASSEMBLER

The major changes were made to the $/SL assembler program. It was
necessary to consider the key set generation from two perspectives. The
first was concerned with generating sets of "reachable" tokens (symbols),
i.e., those which can eventually be reached downstream from a given point
in the syntax graph. The other type of set to be generated was the
handle set (to be discussed later) of a rule, i.e., the tokens which may

begin a string generated by the rule.
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REACHABLE SETS. As observed by Hartmann, there are three constructs

which are used in the writing of a program: the sequence, the cycle
(loop), and the choice (branch). These are exactly the three comstructs
also available in S/SL. These constructs are used separately or in
combination, and it is the combination which complicates the syntax
analysis of a program. Central to the issue of adding tokens to the
reachable sets is the assembler’s ability to determine the current
nesting level, and this is accomplished through stack action. The
extant assembler program contained choice, exit, merge, and cycle stacks
for semantic control, and these were augmented by the addition of a
sequence stack.

As the processing of each procedure begins, the sequence stack is
empty, and a new sequence is pushed. Each time one of the three modified
operators is generated in the S/SL assembler program, a new empty set is
cbtained from the newly-created data structure, SETTABLE, and its set
label is added as an operand to the primitive operator and attached to
the list of set labels stored on the sequence stack. With every new
encounter, the top sequence stack entry receives another set label, and
each of the earlier set labels also has the input token (or, in the case
of a CALL, a set label) added to its set. In this manner an input token
or procedure call set label is added to all those reachable key sets
which are behind it in the list on the sequence stack.

Consider the following sequence:

----- AOEEE, SRR, PE, FTERELTEL S

1 2 3
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where the small letters (a,c) represent input actions, the capital
letter (B) preceded by the "@" represents a procedure call, and the X's
each represent a point where a reachable set must be computed, i.e.,
following an INPUT or CALL operator. The numbers are set labels which
correspond to the points along the sequence. The operators emitted bﬁ

the assembler with their operands are:

INPUT, a, (address), 1
CALL, B, 2

INPUT, c, (address), 3

If "a" is the first sequence item processed, its reachable set is empty
initially. After "@B" is processed, the set (labelled 1) for "a"
contains the handle set of "B". After "c¢" is processed, the sets appear

as follows:
SET 1 (B-handles, c)
SET 2 (c)
SET 3 ()

and the sequence stack has one entry with a list of three labels:

Sequence Stack

e —————— >| 1| === A2 |——===23
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A cycle (loop) is processed in similar fashion, except that an
additional set (CYCLESET) is needed at the cycle's beginning. This cycle
set (whose label is stored on the cyele stack) receives all the reachable

tokens in a cycle, as in the following example:

Cycle

>X >a >X >@B >X-

T
4 3X
X<—= d< i i

0 = CYCLESET (a, B-handles, ¢, d)

The cycleset is never put directly into the S-code; but at the end of a
cycle, it is added to any sets which are in the list at the top level of
the sequence stack.

A choice (branch) is processed by treating each alternative path as
a separate sequence, pushing and popping each one onto the sequence stack.
At the end of processing a single choice altermative, the list of set
labels for it is moved temporarily to the choice stack entry in order to
process the next alternative. After all alternatives have been processed
(allocating and adding tokens to the sets), the entire list (comsisting of
list segments of set labels from each alternative) is moved back to the
sequence stack entry for the sequence containing the choice,
The following series of stack snapshots shows the process. In the

Choice Path diagram, numbers in the diagram paths are set labels.



Numbers followed by ")'" are snapshot numbers (see Stack Action diagram

which follows the Choice Path diagram below).

Choice Paths

——— 1>

2)

———3

1)
>3
Vv o 5)
7)) IO—
3) A
>5 ->8
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When a choice action is combined with a cycle, the set generation
becomes more complicated. If choice alternatives are contained inside a
cycle, the only path(s) out of the cycle are those which terminate with
an exit (">") symbol. Although these paths are textually inside the
cvcle, they are outside the cyclzs in the corresponding syntax graph.
The sets along these paths do not have the CYCLESET added to them, as the

following example demonstrates.

S/SL Rule Segment

(-
| i >3
| atm—me—mm- :
| bromme——e- :
1}

Cycle With Choice Inside

o= —
P
e e >a 2 o e
N
\, >b
A 4
<

In this example, "a" and "b" are not reachable from "c¢"j so, the sets

along the "¢" path do not include the CYCLESET. However, if the cycle

itself is nested inside another cycle, all inner paths (a,b,c) may be
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reachable from any other.

HANDLE SETS. In addition to the reachable sets, it is necessary to
generate procedure handle sets, which are added to other reachable sets
(instead of adding tokens) each time a procedure call is assembled. The
handle set consists of those tokens which may begin a string generated by
the procedure. When a procedure is initially referenced, whether at a
CALL statement or at the actual procedure declaration, a set label is
allocated for its handle set.

Procedure handles are generated by initially turning on a Boolean
flag in the sequence stack entry to indicate that the procedure is
exposed (i.e., the current point in its syntax graph can derive empty).
1f the procedure begins with a simple sequence, the flag is turned off
when a token or another non~empty handle set is added to the procedure's
handle set.

It is a bit more complex if a cycle or choice construct is involved.
For either, it is necessary to set initial and final exposed flags. 1If
any path contained in a cycle or a choice is exposed at the end of its
processing, the final flag for either is true, and the process of adding
to handle sets continues until the initial sequence's exposed flag can be

turned off.

SET IMPLEMENTATION. The Euclid subset which was used to write the

parser does not support a conventional set implementation. However, a
Powerset of fifteen bits is available, and any number of these sets can
be put together in an array to supply the reguired number of set members.

The value of each bit in the Powerset goes up by a power of two
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(i.e., 1, 2, 4, 8, 16, etc.), providing each Powerset with a unique
integer value--depending on the bits turned on. Thus, it is possible to
examine individual bits or to compare entire Powersets for equality.

It might also be pointed out that the generation of error recovery
sets in the assembler produces two different types of members in each set.
The first type is actual tokens, or bits, in a set, but the second is
only a list of set labels for other sets in the set table. Before the
assembler can emit the S-code tablé, it is necessary to combine the list
of set labels into a pure set using a recursive transitive closure

algorithm.

CLOSURE. The recursive closure algorithm closes each set table
entry. An entry consists of a pure set of bits (8 Powersets) and,
possibly, a list of set labels, which results from adding handle sets and
cycle sets (in set label form) to reachable sets.

In order to understand the algorithm, each set table entry should be
thought of as the parent node, or root, of a graph and its list of set
labels as its children. As each parent node is processed, its set
visiting flag is turned on. A loop is executed as long as there are
children (i.e., set labels) available whose own set visiting flags are
not turned on. Each available child, in turn, is deleted from the
parenf's list of set labels. A child whose visiting flag is turned on is
bypassed.

At this point, the closure algorithm calls itself recursively,
passing the current child as a parameter which then becomes a parent

{root) node, and the process begins again. At the return of each
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recursive call, the union of the child's set with the parent's set is
created, and the child's list of set labels is added to the parent's list.

The effect of this algorithm on each set table entry is to close
completely the parent set, and, as a side effect, to possibly close some

of the children's sets.

DUPLICATE SETS AND SET LABEL TRANSLATION. After the §/SL identifier

definitions and procedures have been processed and set closure obtained,
it is necessary to check for duplicate set generation, eliminate the
duplicates using a hash table, and allocate space at the end of the
S-code table for all the sets. Each set table entry is now a pure set of
bits, consisting of multiple Powersets. The integer values of each
Powerset must be totalled and the sum hashed into a table in order to
identify duplicate sets.

If a set is not a duplicate, space at the end of the S-code table is
allocated for it, and the S-code address is saved in the set table entry.
In the case of a duplicate set, the S-code address for the previously-
allocated set is located and stored with the set table entry. When the
actual S5-code table is emitted, each set label operand is then translated

into a real S-code address.



22
SUMMARY. The assembler, then, accomplishes the following:
1) generation of the S-code and static sets (reachable
and handle),
2) closure of the sets,
3) elimination of duplicate sets,
4) transl%tion of set labels to actual S-code addresses,
5) resolution of rule ad&resses, and

6) emission of set values into the S-code.

INTERPRETER

Minor changes were made to the S-code interpreter program to
complete the error recovery modification.

The integer table of S-code is declared as a constant in the
interpreter, which then alternately reads the input token stream and
"walks" the table. It was necessary to change the interpreter program to
include the additional operands for CALL, INPUT, and INPUTCHOICE.

The call stack, which implements the S/SL procedure call and
return, was given an extra field to hold sets, and it became the final
link in the automatic set generation. An empty set is initially placed
on the bottom of the stack. As each CALL operator is processed, its
reachable set operand is converted to an actual set. The umnion of this
set and the set on top of the call stack is created, and the new set is
pushed on the stack. Each procedure return pops the call stack a level,
exposing the previous set.

When an incoming token is not matched to an expected one, the syntax

error procedure has been changed to receive the set operand following the
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INPUT operator. This set address is converted to a real set, and a union
is created between the operator's reachable set and the set on the top
entry of the call stack. An error message is emitted, incoming tokens
are skipped until one is found which is contained in the union of the two
sets, and normal parsing continues. In the case of an INPUTCHOICE
operator, a check is performed on the union of the two sets to determine
whether the incoming token is found in the set. If not, the error

message and skipping process is again performed.
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FUTURE WORK

Further work on the assembler is needed in order to correctly compute
the "derived-empty" property of a rule. In the present modification, a
rule is presumed to derive empty unless its processing proves otherwise.
In other words, if a call is made on an unprocessed rule, the exposed
flag for the calling rule is not turned off even.though the handle set is
added to the set generated by the call statement. To compute the property
accurately would require another pass, in addition to the present two,
and another complex algorithm similar to that which computes and closes
the sets.

Another area for future work is automatic generation of error message
text. At present, error messages consist of the S/SL program's line
number, the broad category of error type (e.g., syntax, premature end-of-
file, and call stack overflow), and the input program's line number. The
generation of specific syntax error messages from the S/SL program would
be a significant improvement over the existent handling of error

messages.
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CONCLUSION

With the Hartmann error recovery scheme as a framework, it has been
possible to automatically generate syntax error recovery in a systematic
way. The Euclid compiler can now continue the parsing process, despite
syntactical errors which would have previously caused it to abort
compilation entirely. In addition, the token output to the next pass is
syntactically correct, allowing the next pass to begin its analysis.

More important, however, is the fact that this automatic syntax
error recovery works for amy S/SL program, without additional modification
to the translator/interpreter implementation and without awareness of

error recovery on the part of the S5/SL program writer.
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LCo~NoOTUde WM

% Project Euclid

%

% Euclid Parser Tables V1.24
% Author: J.R. Cordy

% Reader: D.R. Crowe

% Date:r 27 Feb 1979

Inputs :

tIllegal

tRewlLine LaL>"
tEndOfFile

tPlus Lyt
tMinus 1t
tAsterisk '*!
tl.?qua] =1
tLessThan '<°
tGreaterThan ">'
tlessBEqual '<='
tGreaterBqual '>='
timplies >

tLeftParen '(°'
tRightParen ')"
tPeriod L
tboublePeriod '..'
tAssign '
tComma '
tSemicolon ‘'
]
]

tColon

tUpArrow
tLabel =31

’.l uy = (1]

28



100
101
102
103
104

tAbstraction 'abstraction'

tAligned
tall

tAnd

tAny
tArray
tAssert
tAt

tBegin
tBind
tBits
tBound
tCase
tCheckable
tChecked
tCode
tCollection
tConst
tConverter
tCounted
tDecreasing
tDefault
tDependent
thiv

tElse
tElseif

tExit
tExports
tExternal
tFinally
tFor
tForward
tFrom
tFunction

'aligned'
'alll

!arﬁl

] ]
'array'
'assert!
Iatl

1 e |
bits'
"bound"
lca&l
'checkable!
'checked'
!ml
'collection'
'const’
'converter’
"counted"



Outputs

tPervasive ‘'pervasive'
tPost 'post!
tPre "pre'

pr
tProcedure 'procedure'
tReadonly ‘'readonly'
tRecord "record’
tReturn 'return’'

tWith 'with'
tXor 'xor';

aldent
aNumber
astring
aMDString

aCodelnit
aStandardComponent
alegalitySpecifier
aNewLine
aEndOfFile
aAbstraction

aAligned

aArray
aAssert
aAssign
aBegin

aBind
aBits

aCollection
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158
159
160
161
162
163
164
165

167

aConstType
aConverter
aComntMax
aCounted
aDecreasing
aDefault
abiv

aEndBegin
aEndBind

aEndExports
aEndExpression
aEndIdent

aEndImports
aEndLabel
aEndLabels

akEndModule
akEndRecord

aEndvalues
aEndWith

akExit
aExports
aExternal
aField
aFinally

aFor

aForward
aFunction
aGreater
aGreaterEqual

almply
aImports
aIn

aInfixAnd
aInf ixCompare
aInfixImply
aInfixOr
aInitial
alnitially

aInvariant



aWith

OEmi tIdent
oEmitChar
oEmi tNumber

32
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oEmitString
OEmi tCode
oEmitLine;
aales
% Programs
Program :

OEmitLine @Pervasive 'type' @TypeDeclaration ';' .aEndOfFile;

% Modules
ModuleBody :
- | "Ident':

.aModuleIdent .aldent oEmitIdent
| *2
]
'QL>' oEmitLine
@ImportClauses

"checked' .aNotChecked ';'

| 'abstraction':
.afbstraction 'function' @FunctionDeclaration ';!
'invariant' oEmitLine .aInvariant '(' @Expression ')' ';'
OEmitLine

| Vinvariant':
.aInvariant '("' @Expression ')' ';'
oEmitLine

| *:



| '£inally’':
.aFinally @RoutineDefinition ';'
OEmitLine

1;

ImportClauses :

{[=
| 'imports':
.aImports '(' @ImportItem
{[=
L s
>
l 1 !:
'@Im;_:nrtltem
1}
EaEndImports
| 'thus':
'(' @ThusItem
{[=
| ")
>
I I'I=
@ThusItem
1}
| *:
]
;' OEmitLine
| *:
>
1}:
ImportItem :

@Pervasive @BindingCondition 'Ident' .aldent oEmitIdent;

Pervasive :

| 'pervasive':
.aPervasive
| *%

1:

34
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.aExports @ExportList .aEndExports ';'

| *:
1
[=
| 'var':
| 'readonly':
| 'const':
| *:
'Ident';
ExportClause :
) | 'exports':
OEmitLine
| *2
1:
ExportList :
'(' @ExportItem
{[=
| I)l=
>

| *e's
@ExportItem

35



| tasts
.aTo 'Ident' .aldent oEmitIdent
| *:
@iithClause
1

-@uﬂmngdl' i ition
"Tdent' .aldent oEmitIdent @WithClause

I *

1:

WithClause :

| 'with':
.afith @ExportList .aEndWith
| *:

1:

% Declarations
Declarations :
{

I lml=
@ariableDeclaration

| 'bind’:
@variableBinding

| 'assert’':
@AssertStatement

| 'pervasive':
.aPervasive
[=

36
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| 'const!':
@ConstantDeclaration
| 'type':
@TypeDeclaration
| 'converter':
@ConverterDeclaration
| 'inline':
@InlineProcedureDeclaration
| 'procedure':
@ProcedureDeclaration
| "function':
@FunctionDeclaration
| 'cgmst':
@ConstantDeclaration
| 'type':
@TypeDeclaration
| 'converter':
@ConverterDeclaration
| 'inline':
@InlineProcedureDeclaration
| 'procedure':
@ProcedureDeclaration
| 'function':
@FunctionDeclaration
| "%

1
| *

e we

I:I >

1
'+' oEmitLine
};

VariableDeclaration :

avar 'Ident' .aldent oEmitIdent

) | '('s

'at' .aAt @Expression ')’

I ';IS
'Ident' .aldent oEmitIdent
| *:
>
1}

' oEmitLine .aVarType @TypeDefinition

.aInitial @Expression

1.

[=



VariableBinding :
.aBind
) | ViU
@RenameVariable
=
>
| M's
@RenameVariable
Ri
@RenameVariable
1
oMiﬂdﬁ

RenameVariable :

@varBindingCondition 'Ident' .aldent oEmitIdent 'to!
@ariable;

VarBindingCondition :

b | "var':
.avar
| 'readonly':
; . .aReadonly

ConstantDeclaration :

.aConst 'Ident' .aldent oEmitIdent
=,
'Ident' .aldent oEmitIdent
| *z
>
11

38

.aTo 'Ident'



ConverterDeclaration :

.aConverter 'Ident' .aldent oEmitIdent '(’'
[:
| 'Ident’':
.aldent oEmitIdent
| 'procedure’:
.aProcedure
| 'function':
.aFunction

]
')' 'returns' .aReturns 'Ident' .aldent oEmitIdent;

TypeDeclaration :

39
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626
627
628
629

.a2Type 'Ident' .aldent oEmitIdent

I l(!:

.aParms @TypeFormal

TypeFormal :

@Pervasive
= | 'const':
| *3

1
'Ident' .aldent oEmitIdent

{[=

l,l=

'Ident' ,aldent oEmitIdent

| *2

>

1}
':' .aPamType @IndexType

s



InlineProcedurebDeclaration
alnline

[=
| 'procedure':
@ProcedureDeclaration
| 'function’':
@ unctionDeclaration
1

% Types
TypeDefinition :
[=

I ('
@EnumeratedTypeDefinition
| 'array':
.aArray @IndexType 'of' @TypeDefinition
| 'record':
.aRecord @RecordBody @RecordTrailer
| 'module’:
.aModule @oduleBody @ModuleTrailer
| 'set':

.aSet 'of' @IndexType

| "record':
.aMDRecord

| 'aligned':
'mod' .aAligned @Expression
I *e

1
@DRecordBody @RecordTrailer
| 'module’:
.aMDModule @ModuleBody @ModuleTrailer
]
| 'collection':
.aCollection @CollectionTypeDefinition
| "counted':
.aCollection .aCounted
| 'collection':
| *:
.aCountMax @Expression 'collection'
|
@CollectionTypeDefinition
| 'checkable':



729
730
731

'collection' .aCollection .aCheckable
@CollectionTypeDefinition

I l“l:
.aPointer 'Ident' @Variable

| "packed':

[=
| ‘array':
.aArray @IndexType 'of' @TypeDefinition
| 'record':
.aRecord @RecordBody @RecordTrailer
| 'module':
.aModule @ModuleBody @oduleTrailer
| 'set':
aSet 'of' @IndexType
| 'machine':
'"dependent' 'module' .aMDModule @oduleBody
@oduleTrailer
| *=]
@NamedOrRangeTypeDef inition
1:

EnumeratedTypeDefinition :
.AEmm 'Ident' .aldent oEmitIdent

{[=
I l)l=
>
l'l=
'Tdent' .aldent oEmitIdent
1}
.aEndEnum;

NamedOrRangeTypeDefinition :
[=



| 'Ident':
@Variable
v | ®a.t%
.aEndExpression
| *2
[=
l I+l=
@Term .aAdd @PartialSum
| . .
@Term .aSubtract @PartialSum
| "xor':
@Tferm .aXor @PartialSum
| ‘Iil=
@Factor .aMultiply @PartialSum
| 'div':
@Factor .aDiv @PartialSum
| 'mod':
@Factor .aMod @PartialSum
l *I

.aTypeName >>

RecordBody :
@eclarationsInRecord

| 'case':
.aCase 'Ident' .aIdent oEmitIdent

| 'default':
.aDefault @Expression
| *z
1
'(IE. l%}l
CEmitLine

| 'end':
‘case’ >
| 'otherwise':
= T
.a0therwise @eclarationsInRecord
'end' 'case' >
| *:



1}
.aéEndlLabels
=>' L'
@eclarationsInRecord
'end' .aBEndLabel @CaseLabel ';'
oEmitLine

:.I.;Ermase bl

OEmitLine

[ *:

DeclarationsInRecord :

{
B tL
= | 'var':
@variableDeclaration
| ‘const':
@ConstantDeclaration
| 'pervasive':
.aPervasive 'const' @ConstantDeclaration

RecordTrailer :
'end' .aEndRecord

-

| '"record':
| "Ident':
.aEndIdent .aldent oEmitIdent
I



ModuleTrailer :
'end' .aEndModule

[=
| 'module’:
| "Ident':

.aEndident .aldent oEmitIdent

.avar 'Ident' .aldent oEmitIdent
(' 'at' .aAt @Expression

| *bits':

| *:

CollectionTypeDefinition :
'of' .aVarType @IypeDefinition
[=

| 'in':
.aln 'Ident' @ariable

.aBits @Sum '..' .aTo @Sum



| *s

1;

% Routines
ProcedureDeclaration :

.aProcedure 'Ident' .aldent oEmitIdent @FormalParameters '='
Q>
@RoutineDefinition;

FunctionDeclaration :
.aFunction 'Ident' .aldent oEmitIdent @FormalParameters

| 'returns’:
.aReturns 'Ident' .aIdent oEmitIdent ':' @TypeDefinition

| *:

]l=! I@) ]
@RoutineDefinition;

RoutineFormal :

@Pervasive @BindingCondition 'Ident' .aldent oEmitIdent
{[= | Bty
'Ident' .aldent oEmitIdent
| *:
>
1}



989 ;' .aPamType @TypeDefinition;

993 RoutineDefinition :

995 oEmitLine

996 @ImportClauses

997 [=

998 | 'pre':

999 [=

000 | 2%

001 .aPre @Expression ')' ';'
002 oEmi tLine

o
S
U

]

012 .aPost @Expression ')' ';'

[
026 | 'begin':
027 .aBegin
028 @BlockBody
029 'end' .aEndBegin
030 [=
031 | "Ident’:
032 .aEndIdent .aldent oEmitIdent
033 | *:
034 1
035 | 'code':
036 .aCode oEmitLine
037 [=
038 | 'CodeStart':
039 {
040 [=
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| "Ident':
.aBndident .aldent oEmitIdent
| *:

1
| "forward':

.aForward

| '"external':

| "Ident':
@AssignmentOrCall1Statement
| Yexit':
@ExitStatement
| "return':
@ReturnStatement
| 'assert':
@AssertStateament



098

AssignmentOrCallStatement :

ReturnStatement :

.aReturn
[=
I "(':

.aReturriValue @Expression ')’
| *:

f——
I

| 'when':
.aWhen @Expression
| *2

1:

BeginStatement



145

146 .aBegin

147 @BlockBody

148 'end' .aEndBegin;

149

150

151

152  BlockBody :

153

154 OEmitLine

155 =

156 | 'not':

157 "checked' .aNotChecked ';!
158 OEmitLine

159 | 'checked':

160 .aChecked ';'
161 OoEmitLine

162 | *:

163 1

164 @eclarations

165 @Statements;

166

167

168

169 IfStatement :

170

171 .aIf @Expression 'then' '<L>!'
172 @BlockBody

173 @ElseClause

174 end' "if' .aEndIf;

175

176

177

178 ElseClause :

179

180 [=

1a1 | 'elseif':

182 «.aElse OEmitLine
183 .aIf @Expression 'then' '<L>'
184 @BlockBody

18 @ElseClause

186 -aEndIf oBEmitLine
187 | 'else':

188 .aElse ‘N>
189 @BlockBody

190 | %3

191 1;

192

193

194



aLoop '<AL>!
@BlockBody
'end' 'loop' .aEndLoop;

ForLoopStatement :

.aFor 'Ident' .aldent oEmitIdent

| 'decreasing’':
.aDecreasing

CaseStatament :

.aCase
[=

| 'var':

aVar 'Ident' .aIdent oEmitIdent 'bound' 'to'
'Ident' @Variable

| "readonly':

.aReadonly 'Ident' .aldent oEmitIdent 'bound' 'to’ .
"Ident' @ariable

| 'const':

.aConst 'Ident' .aldent oEmitIdent ':=' .aAssign 'Ident’

@Variable
| "Ident':
[=

| tg=!

| *bound':

'to' .aReadonly .aldent oEmitlIdent .aBound
'Ident' @Variable

.@Variable @PartialSum

| *:

i .aldent oEmitIdent .aAssign 'Ident’
@ariable



of ' 'QL>!
@CaseBody . ¥

CaseBody :

Emi £Ld
1=
| 'end':
'case' >
| 'otherwise':
= TQL>!
.a0therwise @BlockBody
'end' 'case' >
| *:
.alabels @CaseLabel
{[=

$ Expressions
Expression :

@SubExpression .aEndExpression;

SubExpression :
@isjunction

52
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302
303
304
305
306

308
309
310
311
312
313
314
315
316
317
318
319
320
321
322

324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339

34
342

344
345

347
348
349
350

352

I l_>l=
AaInfixImply @isjunction .aImply

| *:

Disjunction :

@Conjunction
{[=
| '0:'3
.aInfixOr @onjunction .alr



353 ! .aInfixCompare @SubSum .alessBqual
354 I>ts

355 aInfixCompare @SubSum .aGreater

356 | ="

357 .aInfixCompare @SubSum .aGreaterBEqual

384 @subSum .aEndExpression;

388 SubSum :
39 @Factor @PartialSubSum;

394 Partialsum :
39 @PartialSubSum .aEndExpression;

402 @PartialTerm
403 {[=
404 | "+'s



1:

'Stgértxg_', 'ExString':
l!éstri:g:.'lzomtstring

@Factor .aMinus

55



457

458

459

460 Variable :

461

462 .aldent oEmitlIdent

463 {[=

464 | ®(%:

465 X ;aSubs @Subscripts .aEndSubs
466 s

467 .aField 'Ident' .aldent oEmitIdent
468 | ¥

-3
3
——
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include 'IOSTART'
include 'POWERSET'

var Assembler:
module

NN e e =l =
NHOWVWO~NAUEBRWNFOWOm=-0 U & WK

imports (Abort, var I0);

{ Project Euclid

Module: Syntax/Semantic Language Assembler V4,23
Author: J.R. Cordy

Reader: D.R. Crowe

Date: 1 October 1979 }

{ Copyright (C) 1977,1978,1979 The University of Toronto }

{ This module assembles the Syntax/Semantic Language
into tables to be interpreted by the S/SL Table Walker
program. The Parser pass and Semantic passes of the
Euclid compiler each will be implemented as Syntax/
Semantic Language programs.

The Assembler accepts as input a Syntax/Semantic
Language program as described in Project Euclid
working paper 5. Its output is Euclid code to define
the constants and symbols used in the program
and the declaration of the initialized Syntax/Semantic
table.

For detailed information on the Syntax/Semantic
Langauge see Euclid working paper 5. For information
on the format of the assembled table see Euclid
working paper 13.

Automatic Generation of Syntax Error
Recovery
Grace Evans, Summer 1982 }

{ Predefined Character Constants }

pervasive const blank := $$5;
pervasive const tab := $$S; {rmb}
pervasive const newLine := $$N;
pervasive const endOfFile := $$E;
pervasive const formFeed := $S$F;
pervasive const quote := $$';
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102
103
104

pervasive const dollar := $$$;
pervasive const breakChar := $_;

{ Syntax/Semantic Language Tokens }
type TokenType = Char;

pervasive const tName :=
pervasive const tString :
pervasive const tNumber :
pervasive const tColon
pervasive const tSemicolon
pervasive const tEqual :=
pervasive const tMinus :=
pervasive const tGoalpost
pervasive const tInput
pervasive const tOutput
pervasive const tError
pervasive const tCall
pervasive const tExit
pervasive const tReturn
pervasive const tLeftPar
pervasive const tRightPar
pervasive const tCycle :=§
pervasive const tCycleEnd :=
pervasive const tChoice := §]
pervasive const tChoiceEnd :=
pervasive const tComma := §, ;
pervasive const tOr := $|;

pervasive const tAlternateOr := §1;
pervasive const tOtherwise := §$%;
pervasive const tEndOfFile := endOfFile;

dentifiers }
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{ Next Input Token }

var token:

TokenType;

pervasive const maxTokenLength := 50;

pervasive const maxNameLength := maxTokenLength;
pervasive const maxStringlength := maxNamelLength;
pervasive const maxNumberLength := 5;

var tokenLength:
0 .. maxTokenLength;
var tokenText:
array 1 .. maxTokenLength of Char;

{ Input channel }

I
ei { 'Quoted strings' }
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const inputFile := 1;
{ Output Channel }

const outputFile := 3;

{ Next input character }

var nextChar:
Char;

{ Letter Normalization Map }

pervasive const ordCharFirst := 0;
pervasive const ordCharLast := 255;

var lowerCase:
array ordCharFirst .. ordCharLast of Char;

{ Assembly Error Codes }

pervasive type ErrorCodes =
(eNoError, eSyntaxError, elllegalClass, eDoubleDefinition,
eiirongNameClass, elllegalString, eilissingCycleEnd,
eMissingChoiceEnd, eUndefinedProcedure, eNameTooLong,
eStringTooLong, ePrematureEndOfFile, eUndefinedSymbol,
eTooManyNameChars, eTooManyNames, eTableTooLarge,
eCyclesTooDeep, eTooManyExits, eChoicesTooDeep,
eTooManyLabels, eTooManylMerges, eTooManyCalls,
eProcedureTooLarge, eTooManySets, eSequencesTooDeep,
eHashTableTooFull, eNumberTooLong) ;

pervasive const firstFatalError := eToodanyNameChars;
var errors:
Boolean := false;
{ Current Line Number }
pervasive const maxLines := 30000;

var lineNo:
0 .. maxLines := 0;

{ Listing Control }
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var listing:
Boolean := false;

{ The SetTable: used to save key sets of reachable symbols
and handles for error recovery }

const totalBits := 108;
const maxBits := 15;
const setSize := 7;

{ Predefined flag values for PowerSet module }

const flagvalue:
array 0 .. maxBits of SignedInt :=
(1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048,
4096, 8192, 16384, 1 { unused } );

type SetType = _
array 0 .. setSize of Powerset;

type SetTableEntry =
record
var sett:

SetType; { set of 120 bits }

var visiting:

Boolean; { Used to merge lists of setLabels into
pure 120-bit sets: indicates set is
being processed }

var duplicate:
Boolean; { Indicates if set is duplicate of
another set already in S-code tapble }
var root:

SignedInt; { Index to linkTable: root of list of
set labels; root = 0 indicates empty
list; after elimination of duplicate
sets, root points to set location in
S—code table }

end SetTableEntry;

const maxSets := 600;
var setTop:
0 .. maxSets := 0;
var setTable:
array 1 .. maxSets of SetTableEntry;
var handleSet:
0 .. maxSets; { Recovery tokens for S/SL procedure
currently being processed }

const maxLinks := 3000;

type Node =
record
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var infos
1 .. maxSets; { SetLabel (index) of set in
setTable }
var next:

SignedInt; { Index to linkTables: points to next
setLabel in list; next = (0 indicates
end of list }

end Node;

var linkTable:
array 1 .. maxLinks of Node;
{ LinkTable: holds list of (children) to be merged with
parent set }
var linkTop:
Signedint := 0;

{ The Sequence Stack: used to save setlabels (indices) of sets
in setTable which are in current seguence }

const maxSequences := 8;

var sequenceTop:
0 .. maxSequences := 0;

type SequenceStackEntry =
record

var root:

Signedint; { Index to sequenceLinkTable }

var exit:

Boolean; { Handle and reachable set generation:
true indicates exit symbol at end of
sequence }

var exposed:

Boolean; { HandleSet generation: true indicates
no recovery tokens have been added to
handieSet in sequence path }

end SequenceStackEntry;

var sequenceStack:
array 1 .. maxSequences of SequenceStacKEntry;
var sequenceLinks:
array 1 .. maxLinks of Node; { SequenceLinkTable: holds
list of setLabels in a
sequence }

{ The HashTable: used to eliminate duplicate sets in the
setTable; contains pointer to setTable }

const hashSize := 599;
const tableFull := 569; { 95% full }

}
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var hashTable:
array 0 .. hashSize of 0 .. maxSets;

var slotsFilled:
0 .. hashSize := 0;

{ Name Chars Storage }

const maxNameChars := 15000;
pervasive const none := 0;

var nameCharsTop:
0 .. maxNameChars := 0;
var nameChars:
array 0 .. maxNameChars of Char;

{ Classes of Names }

pervasive type NameClasses =
(cInput, cOutput, cError, cSimpleOp, cParmOp, cChoiceOp,
cEmitOp, cValue, cProcedure, cClass);

{ The Name Table: used to save information about defined
symbols }

pervasive const nullValue := -9999;

type NameTableEntry =
record
var class:
NameClasses;
var charsIndex:

0 .. maxNameChars;

var setLabel:

0 .. maxSets; { Location in setTable of handie
set of recovery tokens for S/S1 }
procedures }

var derivedEmpty:
Boolean; { HandleSet generation: true indicates S/SL
procedure can derive empty }
var length:
1 .. maxNameLength;
var value:
SignedInt;
end NameTableEntry;
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const maxNames := 1000;
pervasive const notFound := 0;

var nameTop:
0 .. maxNames := 0;
var nameTable:
array 0 .. maxNames of NameTableEntry;

{ nameIndex is the index in the Name Table of the name last
referenced; nameIndex = 0 (notFound) indicates the referenced
name is not present in the Name Table }

var nameIndex:
0 .. maxNames;

{ Value signs }

type Signs = (positive, negative);

{ Next Name Value }

var nextValue:
array cInput .. cValue of Signedint;

{ Current Definition Class }

var definitionClass:
NameClasses := cInput;

{ Predefined Name Table Entries }
const noPredefinedNames := 8;

const predefinedNameClass:
array 0 .. noPredefinedNames of NameClasses :=
(cInput { Unused }, cInput, cOutput, cError,
cSimpleOp, ParmOp, cChoiceOp, CEmitOp, cValue);

const noPredefinedNameChars := 57;

const predefinedNameChars:
array 0 .. noPredefinedNameChars of Char :=

(blank { Unused 1},
$i, $n, Sp, $u, St, Ss,
$of $u!' $tl' $pl‘ $u! $tl’ $Sr
Se, $r, $r, $So, $r, Ss,
$s, $§i, Sm, Sp, $1, Se, $o, Sps Ss,
$Pr $a, $r, sm, So, $Pr $s,

-



$c, $hy So, $i, $c, Se, S0, Sp; S$sy
$e, $m, $i, $t, So, Sp, Ss,
$v, $a, $1, Su, $e, $s);

const predefinedNameLlength:

array 0 .. noPredefinedNames of SignedIn
(1 { Unused }, 6, 7, 6, 9, 7, 9, 7, 6);

{ Primitive Table Operations }

pervasive const firstPrimitiveOperation := 0;

pervasive const oCall := 0;

pervasive const oReturn := 1;
pervasive const oRepeat := 2;
pervasive const oMerge := 3;
pervasive const oInput := 4;

pervasive const oInputChoice := 5;

pervasive const oEmit := 6;
pervasive const oError :=7;

pervasive const oChoiceEnd := §;
pervasive const lastPrimitiveOperation := 8;

{ Number ot error codes reserved for Table Walker system use }

const noReservedBrrorCodes := 10;

{ The Assembled Table }

pervasive const maxTableSize := 30000;
pervasive const nullAddress := 0;

var tableAddress:

0 .. maxTableSize := (;
var saveTableAddress:

0 .. maxTableSize;

const tableFile := 2; { 1/0 channel for assembled table }

{ The Table Fragment for the Current Procedure }
pervasive const maxProcedureSize

var procedureBase:
0 .. maxTableSize := 0;

var table:

array 0 .. maxProcedureSize of SignedInt;

{ Start address of current
procedure }
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{ The Call Table: used to save the table addresses of
calls and the Name Table index of the called procedure }

const maxCalls := 900;

type CallTableEntry =
record
var callAddress:
0 .. maxTableSize;
var procedurelndex:
0 .. maxNames;
end CallTableEntry;

var callTop:
0 .. mlls;
var callTable:
array 1 .. maxCalls of CallTableEntry;

{ Cycle Handling }

{ The Exit Stack: used to save the table addresses of cycle
exits }

const maxExits := 15;

var exitTop:
0 .. maxBxits := 0;
var exitAddress:
array 1 .. maxExits of 0 .. maxTableSize;

{ The Cycle Stack: used in handling cycle constructs }

type CycleStackEntry =
record
var cycleAddress:
0 .e mmblﬁlze;
{ exitIndex is the origin of the portion of the Exit
Stack for this cycle }
var exitIndex:
0 .. maxExits;
var cycleSet:

0 .. maxSets; { Error recovery tokens }

var initExposed:

Boolean; { Initial cycle condition: true
indicates no tokens added to
handleSet }

var finalExposed:

Boolean; { Final cycle condition: true if default

condition (*: >) at inputChoice }
end CycleStackEntry;
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const maxCycles := 7; { Deep }

var cycleTop:
0 .. maxCycles := 0;
var cycleStack:
array 1 .. maxCycles of CycleStackEntry;

{ Choice Handling }

{ The Merge Stack: used to save the addresses of the merge
branches following each alternative of a choice }

const maxMerges := 63;

var mergeTop:
0 .. maxMerges := 0;
var mergeAddress:
array 1 .. maxMerges of 0 ., maxTableSize;

{ The Label Stack: used to save the alternative values and
corresponding table addresses in a choice }

const maxLabels := 63;

var labelTop:
0 .. maxlabels := 0;
var labelValue:
array 1 .. maxLabels of SignedInt;
var labelAddress:
array 1 .. maxLabels of 0 .. maxTableSize;

{ The Choice Stack }

type ChoiceStackEntry =
record
var choiceClasss
NameClasses;
var choiceAddress:
0 .. maxTableSize;
{ mergeIndex is the origin of the portion of the
Merge Stack for this choice }
var mergeIndex:
0 .. mges;
{ labelIndex is the origin of the portion of the
Lable Stack for this choice }
var labellIndex:
0 .. maxLabels;
var otherwisePresent:
Boolean;
var firstAlternative:
Boolean;



var root:

Signedint; { Temporarily points to choice

var initExposed:
Boolean; { HandleSet generation: initial

alternatives }

condition upon entering choice }

var finalExposed:
Boolean; { Condition at end of all choice

alternatives }

end ChoiceStackEntry;

const maxChoices

var choiceTop:

t=7; { Deep }

0 .. maxChoices := 0;

var choiceStack:

array 1 .. maxChoices of ChoiceStackEntry;
{ Por printing table }

const mumlength :
type NumberArray

5;

array 1 .. numLength of Char;

{ The primitive opCode table: holds strings for printing }

const codeLength
type AssemCode =

= 11;

array 1 .. codelLength of Char;
const numberOfSyntaxOps := 8;

var opCodeTable:

array 0 .. numberOfSyntaxOps of AssemCode;

{ The choice Table: indicates nameTable index where
inputChoice Table begins }

const choices := 20;

var choiceTable:

array 0 .. choices of signedInt;
var inputChoiceTableTop:

0 .. choices

:= 03

{ For printing literal strings }
const stringLength := 15;

type stringvarying =
packed array 1 .. 32767 of Char;
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const blanks := ! Y
procedure ConvertNumber (num: SignediInt) =
imports (var I0, numLength, NumberArray,outputFile);
{ Converts integer to char, stores, and emits for table }

{ Convert integer to character }

loop
exit when i <= 0;
number (j) :=chr (i mod 10 + ord ('0'"));
i i div 10

~a

else { Negative mumber }
number := ‘error';
end if;
{ Emit characters }
jee=1;
loop
exit when j > numLength;
I0.WriteChar (outputFile, number (3j));
Je=3+1;
end loop;
end ConvertNumber ;
procedure WriteLine =
imports (var IO, outputFile);

{ Terminates a print line }
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begin
I0.WriteChar (outputFile, $8N);
end WriteLine;
procedure WriteString (outputString: stringvVarying) =
imports (var I0);
{ Write string to outputFile }

begin not checked
var k:

SignedInt;

k :=1;
exit when outputString (k) = $SE;
I0.WriteChar (outputFile, outputString (k));
k :=k +1; '

end loop;

end WriteString;

procedure PutName =

imports (var I0, nameTable, nameIndex, nameChars, nameTop,

WriteString, WriteLine, outputFile);
pre (nameIndex <= nameTop);
begin
var is
1 .. maxNameLength;
I0.WriteChar (outputFile, $");
iss=1;

I0.WriteChar (outputFile, nameChars
{nameTabl e (nameindex) .charsIndex

+1i-1));
exit when i = nameTable(nameIndex) .length;
i::=1i+1;
end loop;
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I0.WriteChar (outputFile, $");
end PutName;

procedure Error (errorNo: ErrorCodes) =

imports (var IO, Abort, var errors, lineNo, PutName,
WriteLine, WriteString, ConvertNumber);

pre (errorNo not = eNoError);

{ This procedure Emits the error message associated with
errorNo }

begin
Writeline;
WriteString ('*** Line ');
ConvertNumber (lineNo);
WriteString (': '");

case errorNo of

eSyntaxError =>
WriteString ('Syntax Error');
end eSyntaxError;

ePrematureEndOfFile =>
WriteString ('Unexpected End Of File');
end ePrematureEndOfFile;

eNameTooLang =>
WriteString ('Symbol Too Long');
end eNameTooLong;

eumberTooLong =>
WriteString ('Value Too Large');
end eNumberTooLang;

eStringTooLong =>
WriteString ('String Too Long');
end eNumberTooLang;

elllegalClass =>
WriteString ('Illegal Class Name');
end eIllegalClass;

eUndefinedSymbol =>
WriteString ('Symbol ');
PutName;
WriteString (' Undefined');
end eUndefinedSymbol;
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eDoubleDefinition =>
WriteString ('Symbol ');
PutName;
WriteString (' Previocusly Defined');
end eDoubleDefinition;

eWrongNameClass =>
WriteString ('Illegal Context for Symbol ');
PutName;
end eWrongNameClass;

eUndef inedProcedure =>
WriteString ('Procedure ');
PutName;
WriteString (' Undefined');
end eUndef inedProcedure;

elllegalString =
WriteString ('Illegal String Synonym');
end eIllegalString;

eMissingCycleEnd =>
WriteString ('Missing Cycle End "}"');
end eMissingCycleEnd;

eMissingChoiceEnd =>
WriteString ('Missing Choice End “]"');
end eMissingChoiceEnd;

eTooManyNameChars =>
WriteString ('Too Many Symbols (Chars)');
end eTooManyNameChars;

eTooManyNames =>
WriteString ('Too Many Symbols');
end eTooManyNames;

eTableTooLarge =>
WriteString ('Table Too Large');
end eTableTooLarge;

eProcedureTooLarge =>
WriteString ('Procedure Too Large');
end eProcedureToolLarge;

eTooManyCalls =>
WriteString ('Too Many Procedure Calls');
end eTooManyCalls;

eCyclesTooDeep =»>
WriteString ('Cycles Too Deep');



end eCyclesTooDeep;

eChoicesTooDeep =>
WriteString ('Choices Too Deep');
end eChoicesTooDeep;

eSequencesTocDeep =>
WriteString ('Sequences Too Deep');
end eSequencesTooDeep;

eTooManySets =>
WriteString ('Too Many Sets');
end eTooManySets;

eTooManyExits =)
WriteString ('Too Many Cycle Exits');
end eTooManyExits;

eTooManyLabels, eTooManyMerges =>
WriteString ('Too Many Alternatives');
end eTooManyLabels {, eTooManyMerges };
eHashTableTooFull =)>

WriteString ('Hash Table Almost Full');
end eHashTableTooFull;

end case;

WriteLine;
errors := true;

if errorNo >= firstFatalError then

WriteLine;

WriteString ('*** Assembly Aborted');
Writeline;

Abort;

end if;

end Error;

procedure ReadNextChar =
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imports (var I0, inputFile, var nextChar, tableAddress,
ConvertNumber, WriteLine, WriteString, listing,

var lineNo, outputFile);

{ Gets and prints next input character }

begin

if listing and lineNo not = 0 then

I0.WriteChar (outputFile, nextChar);



end if;

if nextChar = newLine then
if lineNo < maxLines then
lineNo := lineNo + 1;
else
lineNo := 0;
end if;

if listing then
ConvertNumber (tableAddress);
I0.WriteChar (outputFile, tab);
end if; '
end if;

if nextChar not = endOfFile then
I0.ReadChar (inputFile, nextChar);

if I0.EndFile (inputFile) then
nextChar := endOfFile;
end if;
end if;

end ReadNextChar;

procedure GetToken =
imports (var token, var tokenText, var tokenLength,

var nextChar, Error, ReadNextChar);

pre (maxTokenLength >= maxNameLength and

maxTokenLength >= maxStringLength and
maxTokenLength >= maxNumberLength) ;

post { Token, tokenText and tokenLength have appropriate

values };

begin

var errorCode:
ErrorCodes;

errorCode := eNoError;
{ Skip blanks, newLines and comments }

loop
exit when nextChar not = blank
and nextChar not = newLine
and nextChar not = tab
and nextChar not = formFeed;
ReadNextChar;
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loop
[
exit when nextChar = newLine or
nextChar = endOfFile;
end loop:
end if;
end loop;

{ Scan and set token }
tokenLength := 0;

if (nextChar >= $a and nextChar <= $z) or
(nextChar >»= $A and nextChar <= $Z) then

{ Scan identifier }
if tokenLength < maxNameLength then

tokenLength := + 1;
tokenText (tokenlength) := nextChar;
else
errorCode := eNameTooLong;
end if;
ReadNextChar;

exit when not ((nextChar >= $a and
nextChar <= $z) or
{(nextChar >»= $A and nextChar <= $Z) or
(nextChar »= $0 and nextChar <= $9) or
nextChar = breakChar);
end loop;

token := tName;

{ Handle keyword alternates }
if tokenLength = 2 then

if tokenText(l) = $i and
tokenText (2) = Sf then
token := tChoice;

elseif tokenText(l) = Sf and
tokenText {2) = $i then
token := tChoiceEnd;

elseif tokenText(l) = $d and
tokenText (2) = So then
token := tCycle;
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elseif tokenText(l) = $o and
tokenText (2) = Sd then
token := tCycleEnd;

end if;

end if;
elseif nextChar >= $0 and nextChar <= $9 then

{ Scan number }
loop

if tokenLength < maxNumberLength then

kenLength := tokenLength + 1;
tokenText (tokenLength) := nextChar;

errorCode := eNumberTooLong;
end if;

ReadNextChar;

exit when nextChar < $0 or nextChar > $9;

end loop;
token := tNumber;
elseif nextChar = quote then

{ Scan string }
loop
if tokenLength < maxStringLength-1 then
tokenLength := tokenLength + 1;
tokenText (tokenLength) := nextChar;
else
errorCode := eStringToolLang;
end if;

ReadNextChar;
exit when nextChar = quote or
nextChar = newLine or
nextChar = endQfFile;
end loop;

tokenLength := tokenLength + 1;
tokenText (tokenlLength) := quote;

if nextChar = quote then
ReadNextChar;
end if;

token := tString;
else

{ special Symbols }
token := nextChar;
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ReadNextChar;
tokenlength := 1;
tokenText (1) := token;

if token = tExit and nextChar = $> then
token := tReturn;
ReadNextChar;

elseif token = tGoalpost then
ReadNextChar; { Flush [_ }
ReadNextChar;

elseif token = tAlternateOr then
token := tOr;
end if;
end if;
if errorCode not = eNoError then
Error {errorCode);
end if;

end GetToken;

procedure VerifyToken (expectedToken: TokenType) =
imports (var token, Error);
pre { Token is initialized };

post { Token = expectedToken or error message has been
emitted };

begin

if token not = expectedToken then

Error (eSyntaxError);
token := expectedToken;
{ Leave token text as is for future error
messages }
end if;

end VerifyToken;

procedure GetTokenAndVerify (expectedToken: TokenType) =
imports (VerifyToken, GetToken);
begin

GetToken;
VerifyToken (expectedToken);



end GetTokenAndVerify;

procedure EnterName (nameClass: NameClasses) =

imports (var nameTable, var nameTop, var namelndex,
var nameChars, var nameCharsTop, maxNameChars,
maxNames, token, tokenText, tokenLength, Error,

maxNameLength) ;
pre ((token = tName or token = tString) and tokenLength
> 0);

post { Name (or string) has been entered in the nameTable
if there is roam; otherwise, an error message has
been emitted };

begin
var i:

0 .. maxNameLength;
{ Enter in nameTable }

if nameTop < maxNames then
nameTop := nameTop + 1;

if nameCharsTop + tokenLength < maxNameChars
then
{ Enter name chars in name chars table }
nameTable (nameTop) .charsIindex := nameCharsTop
+1;

1;

i
1

§

nameCharsTop := nameCharsTop + 1;
nameChars (nameCharsTop) := tokenText(i);
exit when i = tokenLength;
i:=1i+1;

end loop;

nameTable (nameTop) .length := tokenLength;
nameTable (nameTop) .class := nameClass;
nameTable (nameTop) .value := nullValue;

else

Error (eTooManyNameChars);
end if;

else

Error (eTooManyNames);
end if;
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nameIndex := nameTop;

end EnterName;

procedure Lookuplame =
imports (nameTable, nameChars, nameTop, var namelndex,

token, tokenLength, tokenText, lowerCase);

pre ((token = tName or token = tString) and

tokenLength > 0);

post { nameIndex is the index in nameTable of the entry

for the name if present and notFound otherwise };

{ This procedure looks up a name (or string) in the
nameTable }

begin

var i:
1 .. maxNameLength;

namelndex := nameTop;

loop
exit when namelndex = notFound;

if nameTable (nameIndex).length = tokenLength then
1;

exit when lowerCase (Char.Ord(nameChars
(nameTable (namelndex) .charsIndex
+i-1)))
not = lowerCase (Char.Ord
(tokenText (i))) or
i = tokenLength;

i:=1i+1;

i
1

8

exit when lowerCase (Char.Ord(nameChars
(nameTable (nameIndex) .charsIndex
+i-1))) =
lowerCase (Char.Ord(tokenText(i)));
end if;

namelndex := nameIndex - 1;
end loop;

end LookupName;j
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procedure VerifyNameClass (requiredClass: NameClasses) =
imports (nameTable, nameIndex, EnterName, Error);
pre { nameIndex has a value };

post { Error message has been emitted if name is not of the
required class; if undefined, name has been entered
in the Name Table with the required class };

begin

if nameIndex = notFound then
EnterName (requiredClass);
Error (eUndefinedSymbol);

elseif nameTable(nameIndex) .class not = requiredClass
then
Error (eWrongNameClass);

end if;

end VerifyNameClass;

procedure LookupNameAndVerify (requiredClass: NameClasses) =
imports (LookupName, VerifyNameClass);

begin
LookupName;
VerifyNameClass (requiredClass);

end LookupNameAndVerify;

procedure VerifyAndEnterName =

imports (nameIndex, LookupName, EnterName, definitionClass,
Error, token, tokenLength);

pre ((token = tName or token = tString) and
tokenLength > 0);

post { Name (or string) has been verified and entered in
the nameTable if there is roam; otherwise, an error
message has been emitted };

begin
{ Check for already defined }
LookupName;

if nameIndex not = notFound then
Error (eDoubleDefinition);
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end if;
{ Enter in nameTable }

EnterName (definitionClass);

end VerifyAndEnterName;

procedure EnterValue (rmIndex:
miValues

imports (var nameTable);

0. .maxNames ,
SignedInt) =

{ Enters miValue as value of nameTable(nmIndex) }

begin

assert (nameTable(nmIndex).value = nullValue);
nameTable (nmIndex) .value := rmValue;

end EnterValue;

procedure VerifyAndSetClass =

imports (var definitionClass, LookupName, nameTable,
nameIndex, predefinedNameClass, noPredefinedNames,
nameChars, var nextValue, token, tokenLength, Error);

pre (token = tName and tokenLength > 0);

post { definitionClass is set to the class specified by

the name };
begin
var nextOperationValue:
SignedInt;
LookupName;
{ Keep operation codes

unique }

if definitionClass = cSimpleOp or
definitionClass = cParmOp or
definitionClass = cEmitOp or
definitionClass = cChoiceOp then
assert { For each operation class c, nextValue(c)
<= nextValue (definitionClass) };

nextOperationValue

:= nextValue (definitionClass);

nextValue (cSimpleOp) := nextOperatiorValue;

nextValue (cParmOp)
nextValue (cEmi tOp)

:= nextOperationValue;
:= nextOperationValue;



nextValue (cChoiceOp) := nextOperationValue;

end if;
if nameIndex not = notFound and

nameTable (nameIndex) .class = cClass then
assert (nameIndex <= noPredef inedNames);
definitionClass := predefinedNameClass (namelndex) ;

else
Error (elllegalClass);
definitionClass := cInput;
end if;

end VerifyAndSetClass;

function EvaluateNumber (sign: Signs) returns result:
SignedInt =

imports (token, tokenLength, tokenText);

pre (token = tNumber and tokenLength > 0 and

tokenLength <= maxNumberLength) ;

post { Number is verified, evaluated and value returned }

begin
var vglue:

$1gnedlnt H

value * 10;

Char.Ord ($0);
t when i = tokenLength;
= H

if sign = negative then
value := - value;

end if;

return (value);

end EvaluateNumber ;

= value + Char.Ord (tokenText(i)) -
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procedure ProcessDefinitions =

imports (token, GetToken, VerifyToken, GetTokenAndVerify,
VerifyAndSetClass, definitionClass, nameTable, nameTop,
var namelIndex, maxNames, VerifyAndEnterName, Error,
EvaluateNumber, var nextValue, Signs, EnterValue,
LookupName, LookupNameAndVerify);

post (token = tGoalpost or token = tEndOfFile);

{ This procedure assembles the definitional part of the
Syntax/Semantic Language }

begin
var stringSynonyms
Boolean;

{ Handle Definition Classes }

loop
GetToken;
exit when token = tGoalpost or
token = tEndOfFile;

{ Accept Class Name }

VerifyToken (tName);
Ver ifyAndSetClass;
GetTokenAndverify (tColon);

{ Handle Definitions Within Class }

GetToken;
loop
exit when token = tSemicolon or
token = tEndOfFile;

{ Accept Defined Name }

VerifyToken (tName);
VerifyAndEnterName;
GetToken;

{ Handle String Synonym if present }

if token = tString then
if definitionClass = cInput then
VerifyAndEnterName;
else
Error (eIllegalString);
end if; '



353 stringSynonym := true;
354 GetToken;

355 else

356 stringSynonym :
357 end if;

false;

359 { Handle Value if present }
360

361 if token = tEgqual then

362 GetToken;

364 if token = tName or token = tString then
365 LookupName;

366 nextValue (definitionClass) :=

367 nameTable (nameIndex) .value;

369 elseif token = tMinus then

370 GetTokenAndVerify (tNumber);
371 nextValue (definitionClass) :=
372 EvaluateNumber (negative) ;
374 else

375 VerifyToken (tNumber);

376 nextValue(definitionClass) :=
377 EvaluateNumber (positive) ;
378 end if;

380 GetToken;
38l end if;

383 { Enter Value of Name }
38 EnterValue (nameTop, nextValue(definitionClass));

387 if stringSynonym then

388 EnterValue (nameTop - 1,

389 nextValue (definitionClass)) ;
390 end if;

392 nextValue (definitionClass) :=
393 nextValue (definitionClass) + 1;

395 end loop;
39y end loop;
399 end ProcessDefinitions;

402 procedure EmitDefinitions =
404 imports (var IO, var nameIndex, nameChars, nameTable,
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noPredef inedNames, ConvertNumber, WriteLine,
nameTop, WriteString, outputFile);

{ Emits Assembled Constant Definitions }
begin )
var i:

1 .. maxNameLength;
WriteLine;
nameIndex := noPredefinedNames;

exit when nameIndex = nameTop;
nameIndex := namelndex + 1;

if nameChars (nameTable(nameIndex) .charsIndex)
not = quote
then
{ A real name, not a string synonym, so
output it }
I0.WriteChar (outputFile, tab);
WriteString (‘'pervasive const ');

iz:m=1;
1

8

I0.WriteChar (outputFile, nameChars
(nameTable (namelndex) .
charsindex + i = 1));

exit when i = nameTable(namelndex) .length;
ies=1+1;

end loop;

WriteString (' :=");

ConvertNumber (nameTable (namelndex).value);

WriteString ('; '); {mmb}

Writeline;

end if;
end loop;

end EmitDefinitions;

procedure Emit (value: SignedInt) =

imports (var table, var tableAddress, maxTableSize,
procedureBase, maxProcedureSize, Error);

post { Value has been entered in the assembled table
fragment for the current procedure };
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begin
if tableAddress < maxTableSize then

if tableAddress — procedureBase < maxProcedureSize
then
table(tableAddress — procedureBase) := value;
tableAddress := tableAddress + 1;

else
Error (eProcedureToolarge);

end if;

else

Error (eTableTooLarge);

end if;

end Emit;

procedure EmitFixup (address: 0 .. maxTableSize,

value: SignedInt) =

imports (var table, procedureBase);

{ Performs fixups of table branch addresses }

pre (table(address — procedureBase) = nullAddress);

post

(table(address — procedureBase) = value);

in
table (address — procedureBase) := value;

end EmitFixup;

procedure WriteProcedure =

imports (var IO, tableFile, table, tableAddress,
var procedureBase, maxProcedureSize);

{ Add the table fragment for the current procedure to the
assembled table }

begin

var i:

iz

1

0 .. maxProcedureSize;
0;

8

exit when i >= tableAddress - procedureBase;
I0.WriteInt (tableFile, table(i));
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i:=1i+1;
end loop;

procedureBase := tableAddress;
end WriteProcedure;

procedure DeletelListItem (setLabel: 0 .. maxSets,
var node: SetTableEntry) =

imports (var linkTable, var setTable);

{ This procedure deletes a setLabel from the list in a Set
TableEntry }

begin
var test:
SignedInt;
var prior:

SignedInt;
test := node.root;

loop
exit when (linkTable (test).info = setLabel);

prior := test;
test := linkTable (test).next;
end loop;

if test = node.root then

node.root := linkTable (test).next;
else

linkTable (prior).next := linkTable (test).next;
end if;

end DeletelListItenm;
procedure AddListItem (var node: SetTableEntry,
setLabel: 0 .. maxSets) =

imports (var setTable, var linkTable, var linkTop,
maxLinks) ;

{ Adds setLabel to linked list in a SetTableEntry; list
is kept sorted in ascending order; duplicates are
eliminated; setLabel represents S/S1 rule handles }

begin
var test:
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SignedInt; { Points to list position being
. examined }
var prior:
SignedInt; { Points to list position before test }

test := node.root;
{ List is not empty; setLabel is evaluated for proper
place }

exit when (test = 0) or
(linkTable (test).info >= setlLabel);

prior := test;
test := linkTable (test).next;
end loop;

{ If list is empty or setLabel is not a duplicate }

if (test = 0) or (linkTable (test).info not =
setLabel) then
linkTop := linkTop + 1;
linkTable (linkTop).next := test;
if test = node.root then
node.root := linkTop; { Insert at list
front }
else
linkTable (prior).next := linkTop;
{ All others }
end if;

linkTable (linkTop).info := setLabel;
end if;

end AddListItem;
procedure AddlLists (child: SetTableEntry,
var parent: SetTableEntry) =
imports (AddListItem, linkTable);

{ This procedure adds the list of setLabels from a child
node to its parent node }

begin
var temp:
Signedint;

temp := child.root;
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exit when (temp = 0);
AddListItem (parent, linkTable (temp).info);
temp := linkTable (temp).next;

end loop;

end AddLists;

procedure AddLabelToSets (setlabel: 0 .. maxSets) =

imports (var sequenceStack, sequenceTop, AddListItem,
maxSequences, sequenceLinks, setTable, nameTable,
maxSets, maxLinks, var handleSet);

{ This procedure adds a setLabel to each SetTableEntry
whose label is on the sequenceStack; it also checks if
setlLabel should be added to handleSet }

exit when (i = 0); { All levels have been
processed }

temp := sequenceStack (i) .root;
{ List of setLabels on a level processed }

loop
exit when (temp = 0);
AddListItem (setTable(SequenceLinks
(th) -i.l’l.fO) r
setLabel) ;
temp := sequencelinks (temp).next;
end loop;

i:=1i-1; { Next level of sequenceStack }
end loop;

if sequenceStack (sequenceTop) .exposed then
AddListItem (setTable (handleSet), setLabel);
if not nameTable (namelndex) .derivedEmpty then
sequenceStack (sequenceTop) .exposed := false;
end if;
end if;
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end AddLabelToSets;
procedure MergeBits (child: SetTableEntry,
var parent: SetTableEntry) =
imports (setSize, var SetAdd, maxBits, SetIn, flagValue);

{ This procedure unions a child set (which has been on a
list of setLabels) with its parent set }

begin
var count:
0 .. setSize + 1 := 0;
var bitCount:
0 .. maxBits;
var subSet:
Powerset; { 15-bit portion of a set }
loop
exit when (count > setSize);
subSet := child.sett (count);
bitCount := 0;
loop
exit when (bitCount = maxBits);
if SetIn (subSet, flagValue (bitCount)) then
SetAdd (parent.sett (count),
flagvalue (bitCount));
end if;
bitCount := bitCount + 1;
end loop;
count := count + 1;
end loop;
end MergeBits;

procedure ReturnChildren (node: SetTableEntry,
var setLabel: 0 .. maxSets) =

imports (setTable, linkTable);
{ Returns setLabel of children nodes which have visiting

flag orf or setLabel = 0 indicates all nodes have been
processed }



var found:
Boolean := false; { Indicates node with visiting
flag off }
var temps:
SignedInt;

temp := node.root;

loop
exit when (temp = 0) or (found);

if not setTable (linkTable (temp).info).visiting
then
setLabel := linkTable (temp).info;
found := true;
else
temp := linkTable (temp).next;
end if;

end loop:
if temp = 0 then { end of list }

setLabel := 0;
end if;

end ReturnChildren;

procedure Closure (var node: SetTableEntry) =

imports (var setTable, DeleteListItem, MergeBits,
Addl.ists) ;

{ This procedure closes each setTableEntry of a set and
its list of S/SL rule handles; the list and set are
merged into a pure 120-bit set }

begin
var child:
SetTableEntry; { Bach node in list of setLabels }
var setLabel:
0 .. maxSets; { Index to setTable }

node.visiting := true;
loop
ReturnChildren (node, setLabel);
exit when (setLabel = 0); { All children visited }

child := setTable (setl.abel);



DeleteListItem (setLabel,node);
{ Remove setLabel }
Closure (child);
MergeBits (child, node); { Add child's bits to
parent }
AddLists (child, node); { Add child's list to
parent }
end loop;
node.visiting := false;

end Closure;

procedure CloseSets =
imports (setTable, maxSets, setTop);
{ This procedure closes the sets in setTable }

begin

var i:
1l .. maxSets := 1;

loop
Closure (setTable (1i)):
exit when (i = setTop);
i=1i+1;

end loop;

end CloseSets;

procedure TraverseList (start: SignedInt,
var endOfList: SignedInt) =

imports (sequenceLinks);
{ This procedure locates the end of a list }

begin
var temps:
Signedint ;
var prior:

SignedInt;



prior := temp; _
temp := sequencelinks (temp).next;
end loop;

endOfList := prior;

end TraverseList;

procedure AddToSeqguence (setLabel: 0 .. maxSets) =

imports (var sequenceStack, seguenceTop, var segLinkTop,
maxLinks, var sequenceLinks, TraverseList);

{ This procedure adds a setlLabel to a list of setLabels on
the sequenceStack }

begin
var endOfList:
SignedInt;
var temp:
SignedInt;

tamp := sequenceStack (sequenceTop).root;
segLinkTop := seqgLinkTop + 1;

if temp = 0 then { Empty sequence level }
sequenceStack (sequenceTop) .root := segLinkTop;
TraverseList (temp, endOfList);
sequencelinks (endOfList).next := segLinkTop;
end if;

sequencelLinks (segLinkTop).next := 0;
sequenceLinks (seqLinkTop).info :=

end AddToSequence;
procedure MoveChoiceSequence (var list: SignedInt,
listAddition: Signedint) =
imports (var choiceStack, var sequenceStack, TraverseList);
{ This procedure moves a choiceSequence: 1) to the
choiceTable temporarily or 2) back to the
sequenceStack }

begin _
var endDfList:
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SignedInt; { End of a list of setlabels }

if list = 0 then { no list started }

list := listAddition;
else

TraverseList (list, endOfList);

sequenceLinks (endOfList) .next := listAddition;
end if;

end MoveChoiceSequence;

procedure AddBit (var sett: SetType, bitNo: SignedInt) =

imports (var setTable, setSize, Flag, SetType, SetAdd,
maxBits, flagvalue);

{ Adds a single bit to a set in SetTableEntry }
begin

var wordNo:

0 .. setSize;
var bits

0 .o BBXBitS = 1;

wordNo := bitNo div maxBits;
bit := bitNo mod maxBits;
SetAdd (sett (wordNo), flagValue (bit));

end AddBit;

procedure AddTokenToSets (token: Signedint) =

imports (var sequenceStack, sequenceTop, AddBit, maxLinks,

maxSequences, sequenceLinks, setTable,
var handleSet);

{ This procedure adds a token to each set whose label is
on the sequenceStack; it also checks if token should be
added to handleSet }

begin
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exit when (1 = 0); { All levels have been
processed }

temp := sequenceStack (i) .root;
loop
exit when (temp = 0);
AddBit (setTable (sequenceLinks
(temp) .info) .sett, token);
= sequenceLinks (temp).next;

]

end loop;

if sequenceStack (sequenceTop).exposed then
AddBit (setTable (handleSet).sett,token);

sequenceStack (sequenceTop) .exposed := false;
end if;

end AddTokenToSets;

procedure ClearSet (setLabel: 0 .. maxSets) =
imports (var setrable, setSize, SetType, SetClear);

{ This procedure empties a SetTableEntry: sets bits to 0
and root to 0 }

begin
var i:
SignedInt := 0;
var temp:
SetIype;
setTable (setLabel).root := 0; { empty list }

setTable (setLabel).visiting := false; { closure }
temp := setTable (setLabel) .sett;

loop
SetClear (temp (i));
exit when (i = setSize);
i:=1+1;
end loop;
end ClearSet;

procedure EnterLabel (namelIndex: 0 .. maxNames,
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labelValue: 0 .. maxSets) =
imports (var nameTable);
{ This procedure enters labelValue as location in setTable

for the handleSet of the S/SL procedure in nameTable
(nameIndex) }

begin

if labelValue < 1 then BREAKPNT (1500); end if;
nameTable (namelndex).setlabel := labelValue;
nameTable (namelndex).derivedEmpty := true;

end EnterLabel;

procedure GetSet (var setLabel: 0 .. maxSets) =

imports (var setTop, maxSets, ClearSet, AddToSequence);

{ This procedure assigns a new empty set to an operator
token }

begin

if setTop < maxSets then
setTop := setTop + 1;
setLabel := setTop;
ClearSet (setLabel);
else
Error (eTooManySets);
end if;

end GetSet;

procedure PushSequenceStack =

imports (var sequenceTop, var sequenceStack, maxSequences,
Error);

{ For error recovery: procedure starts a new sequence }

begin
if sequenceTop < maxSequences then
sequenceTop := sequenceTop + 1;
sequenceStack (sequenceTop).root :
sequenceStack (sequenceTop).exit :
if choiceTop > 0 then
sequenceStack (sequenceTop) .expo

ﬁ%"
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choiceStack (choiceTop) .initExposed;
else
sequenceStack (sequenceTop) .exposed := true;
end if;
else

Error (eSequencesTooDeep);
end if;

end PushSequenceStack;

procedure PopSequenceStack =

imports (var sequenceTop, var sequenceStack, maxSeguences,
MoveChoiceSequence, choiceStack, choiceTop,
sequenceLinks, AddListItem, setTable);

{ Error recovery: this procedure removes a sequence level }

begin
var temp:
SignedInt;

if ((cycletop > 0) and
(not sequenceStack (sequenceTop).exit)) then

{ Choice alternative inside a cycle did not
temminate with return symbol; add cycleSet to
each set on top level of sequenceStack }

temp := seguenceStack (sequenceTop).root;

loop
exit when (temp = 0);
AddListItem (setTable (sequenceLinks

(temp) .info) ,
cycleStack (cycleTop) .cycleSet);

temp := sequenceLinks (temp) .next;

end loop;

end if;

if choiceTop > 0 then { choice alternatives being
processed }

{ List of setLabels for choice alternative are
temporarily moved to choiceStack }

MoveChoiceSequence (choiceStack (choiceTop).root,
sequenceStack (sequenceTop) .root);
if sequenceStack (sequenceTop).exposed then
choiceStack (choiceTop) .finalExposed := true;
end if;
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end if;
sequenceTop := sequenceTop - 1;
end PopSequenceStack;

procedure PushCycle (setLabel: 0 .. maxSets) =

imports (var cycleTop, var cycleStack, maxCycles,
exitTop, tableAddress, Error, token);

pre (token = tCycle);

post { (cycleTop > 0 and cycleStack (cycleTop) .exitIndex =
exitTop and
cycleStack (cycleTop) .cycleAddress = tablehddress) or
error message has been emitted };

{ This procedure processes the beginning of a cycle }

begin
if cycleTop < maxCycles then
cycleTop := cycleTop + 1;
cycleStack (cycleTop) .exitIndex := exitTop;
cycleStack (cycleTop) .cycleAddress := tableAddress;
cycleStack (cycleTop) .cycleSet := setlLabel;
cycleStack (cycleTop).initExposed := sequenceStack

(sequenceTop) .exposed;
cycleStack (cycleTop).finalExposed := false;
else
Error (eCyclesTooDeep);
end if;
end PushCycle;

procedure EnterCycleBExit =

imports (var exitTop, var exitAddress, maxExits,
tableAddress, cycleTop, Error, token);

pre (token = tExit and cycleTop > 0);
post { (exitTop > 0 and exitAddress(exitTop) =
tableAddress - 1) or
Error message has been Emitted };

{ This procedure processes cycle exits }
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begin
if exitTop < maxExits then
exitTop := exitTop + 1;
exitAddress(exitTop) := tablefddress - 1;
else
Error {(eTooManyExits);
end if;

end EnterCycleExit;

procedure PopCycle =

imports (var cycleTop, cycleStack, var exitTop,
exitAddress, tableAddress, EmitFixup, token);

pre (token = tCycleEnd and cycleTop > 0);

post { Cycle exits have fixed up and cycle stack has been

been popped };

begin
{ Fixup cycle repeat }
EmitFizup (tableAddress - 1, cycleStack (cycleTop).

cycleAddress) ;
{Fixup cycle exits}
loop
exit when exitTop = cycleStack (cycleTop).
exitIndex;

EmitFixup (exitAddress(exitTop), tableAddress);
exitTop := exitTop - 1;
end loop;

{ HandleSets: containing sequence gets same exposed
value }

sequenceStack (sequenceTop) .exposed :=
cycleStack (cycleTop) .finalExposed;

{ Pop cycle stack }
cycleTop := cycleTop — 1;

end PopCycle;

procedure PushChoice (pushClass: NameClasses) =

imports (var choiceTop, var choiceStack, maxChoices,
tableAddress, mergeTop, labelTop, Error, token);

pre (token = tInput or token = tName);
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post { (choiceTop > 0 and
choiceStack (choiceTop) .choiceClass = pushClass and
choiceStack (choiceTop) .mergelndex = mergeTop and
choiceStack (choiceTop) .labelIndex = labelTop and
choiceStack (choiceTop) .choiceAddress = tableAddress

-1 and
choiceStack (choiceTop) .otherwisePresent = false and
choiceStack (choiceTop) .firstAlternative = true) or

Error message has been Emitted };
{ This procedure processes the beginning of a choice }

begin
if choiceTop < maxChoices then
choiceTop := choiceTop + 1;
choiceStack (choiceTop) .choiceClass := pushClass;
choiceStack (choiceTop) .choiceAddress :=
tableAddress - 1;
choiceStack (choiceTop) .mergeIndex := mergeTop;
choiceStack (choiceTop) .labelIndex := labelTop;
choiceStack (choiceTop) .otherwisePresent := false;
choiceStack (choiceTop) .firstAlternative := true;
choiceStack (choiceTop) .root := 0;
choiceStack (choiceTop).initExposed :=
sequenceStack (sequenceTop) .exposed;
choiceStack (choiceTop).finalExposed := false;
else
Error (eChoicesTooDeep) ;
end if;

end PushChoice;

procedure EnterChoiceMerge =

imports (var mergeTop, var mergeAddress, maxMerges,
tableAddress, choiceTop, Error, token);

pre ((token = tOr or token = tChoiceEnd) and
choiceTop > 0);

post { (mergeTop > 0 and mergeAddress(mergeTop) =
tableAddress - 1) or Error message has been Emitted }

begin
if mergeTop < maxMerges then
mergeTop := mergeTop + 1;
mergeAddress (mergeTop) := tableAddress - 1;
else

Error (eTooManyMerges) ;
end if;
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end EnterChoiceMerge;

procedure EnterChoiceLabel (value: SignedInt) =

imports (var labelTop, var labelAddress, var labelValue,
maxLabels, tableAddress, Error, choiceTop);

pre (choiceTop > 0);

post { (labelTop > 0 and labelValue(labelTop) = value and
labelAddress(labelTop) = tableAddress) or
Error message has been Emitted };

begin
if labelTop < maxLabels then
labelTop := labelTop + 1;
labelValue (labelTop) := value;
labelAddress (labelTop) := tableAddress;
else
Error (eTooManyLabels) ;
end if;

end EnterChoicel.abel ;

procedure ProcessChoiceQtherwise =
imports (choiceTop, var choiceStack, var labelTop,
labelValue, maxLabels, Emit, EmitFixup, tableAddress,
token, labelAdadress);
pre (token = tOtherwise or token = tChoiceEnd);

post { Choice table address has been fixed up and
choice table has been Emitted. };

begin
var i:
1 .. maxLabels;
{ Fixup choice table address }

EmitFixup (choiceStack (choiceTop) .choiceBAddress,
tableAddress) ;

{ Emit choice table }

Emit (labelTop — choiceStack {choiceTop) .labellIndex);
{ Number ot entries }



101

289

290 i := choiceStack (choiceTop) .labelIndex;

291 loop

292 exit when i = labelTop;

293 i:=1+1;

294 Emit (labelValue(i));

295 Emit (labelAddress(i));

296 end loop;

297

298 labelTop := choiceStack (choiceTop) .labellIndex;

299 choiceStack (choiceTop) .otherwisePresent := true;
300

301 end ProcessChoiceQtherwise;

302

303

304 procedure PopChoice =

305

306 imports (var choiceTop, choiceStack, var mergeTop, mergeAddress
307 EmitFixup, tableAddress, token);

308

309 pre (token = tChoiceEnd);

310

311 post { Choice merges have been fixed up and choice stack popped
312

313 begin

314 { Fix choice merges }

315 loop

316 exit when mergeTop = choiceStack (choiceTop) .
317 mergeIndex;

318 EnitFixup (mergeAddress(mergeTop), tableAddress);
319 mergeTop := mergeTop — 1;

320 end loop;

321

322 sequenceStack (sequenceTop).exposed := choiceStack
323 (choiceTop) .finalExposed;
324 { Pop choice stack }

325 choiceTop := choiceTop - 1;

326

327 end PopChoice;

328

329

330 procedure ProcessProcedure =

331

332 imports (token, GetToken, VerifyToken, GetTokenAndVerify,
333 Signs, LookupName, VerifyNameClass,

334 EvaluateNumber, var nameTable, nameTop, namelndex,
335 var callTable, PushCycle, EnterCycleExit, PopCycle,
336 PushChoice, ProcessChoiceOtherwise, PopChoice,

337 var choiceStack, var choiceTop, labelValue,

338 Emit, tableAddress, Error, var setTable, maxCalls,
339 GetSet, AddTokenToSets, AddLabelToSets, labelAddress,

340 var sequenceStack, AddToSequence, EnterLabel,
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PopSequenceStack, maxSets, lineNo, NameClasses,
VerifyAndEnterName, var callTop, var cycleTop,
WriteProcedure, EnterChoicel.abel, PushSequenceStack,
NameClasses, LockupNameAndVerify, var callTop,
EnterChoiceMerge, WriteProcedure, maxCalls,
MovechoiceSequence, maxSets, lineNo);

pre (token = tColaon);
post (token = tSemicolon or token = tEndOfFile);

{ This procedure assembles a Syntax/Semantic Language
procedure }

begin
var setLabel:
0 .. maxSets; { Index to setTable }
var savelame:
0 ., maxNames; { Saves index for procedure name }

saveName := nameIndex;

PushSequenceStack ;
loop
GetToken;
exit when token = tSemicolon or
token = tEndOfFile;
case token of
tInput =>
{ Process input operation }
Emit (oInput):

GetTokenAndVerify (tName);

LookupNameAndVerify (cInput);

Emit (nameTable(namelndex) .value);

Emit (lineNo); { S/SL line number }

AddTokenToSets (nameTable (namelndex).
value) ;

GetSet (setLabel);

Enit (setLabel);

AddToSequence (setlLabel) ;

end tInput;

tString =>

{ Process input operation by string }

Emit (oInput);

LookupNameAndVer ify (cInput);

Emit (nameTable(namelndex) .value);

Emit (lineNo);

AddTokenToSets (nameTable (nameIndex).
value);
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GetSet (setLabel);

Emit (setLabel);
AddToSequence (setLabel);
end tString;

toutput =>

{ Process output operation }
Emit (oEmit);
GetTokenAndVerify (tName);
LookupName ;

if nameTable(namelndex) .class not =
cOutput then
{ Allow inputs to be output also }
VerifyNameClass (cInput);
end if;

Emit (nameTable (namelndex) .value);
end tOutput;

tError =>

{ Process error operation }

Emit (oError);

GetTokenAndVerify (tName);
LookupNameAndVerify (cError);
Emit (nameTable(namelndex).value);
end tError;

tCall =>

{ Process procedure call }
Emit (oCall);
GetTokenAndVerify (tName);
LookupiName ;

if nameIndex = notFound then

Ver ifyAndEnterName;

GetSet (setLabel);

EnterLabel (nameIndex, setLabel);
else

VerifyNameClass (cProcedure);
end if;

AddL.abelToSets (nameTable (namelndex).
setLabel) ;
Emit (nullAddress);

if callTop < maxCalls then
callTop := callTop + 1;
callTable (callTop).callAddress :=
tableAddress - 1;
callTable (callTop) .procedureIndex :=
nameIndex;
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445 else

446 error (eTooManyCalls);

447 end if;

448

449 GetSet (setLabel);

450 Emit (setLabel);

451 AddToSequence (setLabel);

452

453

454 end tCall;

455

456 tReturn =>

457 { Process procedure return }

458 Emit (oReturn);

459 end tReturn;

460

461 tName =>

462 { Process simple op, emitting op or
463 parameterized op }

464 LookupName;

465

466 if nameTable(nameIndex).class = cSimpleOp
467 or nameTable (nameIndex).class =
468 cEmitOp then

469 Emit (nameTable (namelndex).value);
470

471 elseif nameTable (namelndex) .class =
472 cParmOp then

473 Emit (nameTable (namelndex) .value);
474 GetTokenAndVerify (tLeftParen);
475 GetToken;

476

477 if token = tName then

478 LookupNameAndVerify (cValue);
479 Emit (nameTable(namelndex).value);
480

481 elseif token = tMinus then

482 GetTokenAndVerify (tNumber);
483 Emit (EvaluateNumber (negative));
484

485 else

486 VerifyToken (tNumber);

487 Emit (EvaluateNumber (positive));
488 end if;

489

490 GetTokenAndVerify (tRightParen);
491

492 else

493 { Force error }

494 VerifyNameClass (cSimpleOp);

495 end if;
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end tName;

tCycle =>
{ Process cycle head }
GetSet (setLabel);
AddToSequence (setLabel);
PushCycle (setLabel);
end tCycle;

tExit =
{ Process cycle exit }
if cycleTop > 0 then
Emit (oMerge);
Emit (nullAddress);
sequenceStack (sequenceTop) .exit :=

true;
if sequenceStack (sequenceTop) .exposed
then
cycleStack (cycleTop) .finalExposed
:= true;
end if;
EnterCycleExit;
else
Error (eSyntaxError);
end if;
end tExit;
tCycleEnd =>

{ Process cycle end }
if cycleTop > 0 then
Emit (oRepeat);
Emit (nullAddress);
PopCycle;
else
Error (eSyntaxError);
end if;

end tCycleEnd;

tChoice =>
{ Process choice head }
GetToken;

if token = tInput then
{ Input choice }
Emit (oInputChoice);
Emit (nullAddress);
PushChoice (cInput);
Emit (lineNo);
GetSet (setLabel);
Emit (setLabel);
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AddToSequence (setLabel);
{ Semantic Choice }

VerifyToken (tName);

LookupNameAndvVerify (cChoiceOp);
Emit (nameTable (namelndex).value);
Emit (nullAddress);

PushChoice (cValue);
end if;

end tChoice;

{ Process next alternative }
if choiceTop > 0 then

if not choiceStack (choiceTop) .
firstAlternative then
{ Emit Choice merge }
Emit (oMerge):
Emit (nullAddress);
EnterChoiceMerge;
PopSequenceStack;

else

choiceStack (choiceTop) .
firstAlternative := false;

end if;
PushSequenceStack ;

{ Process alternative label list }

loop
GetToken;

if token = tName then
LookupNameAndVer ify
(choiceStack
(choiceTop) .choiceClass) ;
EnterChoiceLabel
(nameTable (nameIndex) .
value) ;
AddTokenToSets (nameTable
(nameIndex) .value);
sequenceStack (sequenceTop).
exposed := false;

elseif token = tString then
LookupNameAndVerify
(choiceStack
(choiceTop) .choiceClass) ;
EnterChoicelLabel
(nameTable (nameIndex) .
value) ;
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value) ;

seguenceStack (sequenceTop).
exposed := false;

elseif token = tMinus then
GetTokenAndvVerify (tNumber);
EnterChoiceLabel
(EvaluateNumber (negative)}) ;

elseif token = tMumber then
EnterChoiceLabel
(EvaluateNumber (positive)) ;

elseif token = tOtherwise then
ProcessChoiceQtherwise;
GetTokenAndVerify (tColon);
exit;

else
Error (eSyntaxError);
end if;

GetToken;
exit when token tColon or
token = tEndOfFile;

VerifyToken (tComma);
end loop;

else

Error (eSyntaxError);
end if;

end tOr;

tChoiceEnd =>

{ Process choice end }
if choiceTop > 0 then

if not choiceStack (choiceTop).
otherwisePresent then
Emnit (cMerge);
Emit (nullAddress);
EnterChoiceMerge;
ProcessChoice0therwise;

if choiceStack (choiceTop) .
choiceClass = cInput then
{ Emit code to enable syntax
error recovery }
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Emit (oRepeat);
Emit (labelAddress
choiceStack (choiceTop) .
labelIndex + 1));
else
{ Emit code to catch semantic
choice failures }
Emit (oChoiceEnd);
end if;
end if;
PopSequenceStack ;

{ List of setlabels from choiceStack
is moved back to sequenceStack after
processing all alternative choices }

MoveChoiceSequence
{sequenceStack (sequenceTop) .root,
choiceStack (choicetop) .root) ;

PopChoice;
else
Error (eSyntaxError);
end if;
end tChoiceEnd;
otherwise =>
Error (eSyntaxError);
end case;
end loop;
{ Emit procedure return }
Emit (oReturn);
{ Write procedure to assembled table }
WriteProcedure;
{ Verify cycle and case stacks }

if cycleTop not = 0 then
Error (eMissingCycleEnd);

if choiceTop not = 0 then
Error (eMissingChoiceEnd);
choiceTop := 0;

end if;
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if not sequenceStack (sequenceTop).exposed then
nameTable (saveName).derivedEmpty := false;
end if;

PopSequenceStack;
end ProcessProcedure;

procedure ProcessProcedures =

imports (var IO, tableFile, token, var definitionClass,
GetToken, VerifyToken, VerifyAndEnterName, EnterValue,
GetTokenAndVerify, ProcessProcedure, Error, nameTable,
handleSet, maxSets, var saveTableAddress, LookupName,
VerifyNameClass, namelndex, tableAddress);

pre (token = tGoalpost or
token = tEndOfFile);

post (token = tEndOfFile);

begin
var setLabel:
0 .. maxSets;

I0.Open (tableFile, outFile);
definitionClass := cProcedure;

loop

exit when token = tEndOfFile;

GetToken;
exit when token = tGoalpost;

VerifyToken (tName);

LookupName ;
if nameIndex = notFound then
VerifyAndEnterName;

GetSet (setLabel);

EnterLabel (nameIndex, setLabel);
else

VerifyNameClass (cProcedure);

if nameTable(nameIndex) .value not = nuliValue
then
Error (eDoubleDefinition);
end if;
end if;
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handleSet := nameTable (namelndex) .setlLabel;

EnterValue (nameIndex, tableAddress);
GetTokenAndVerify (tColon);
ProcessProcedure;

end loop;

if token = tEndOfFile then
Error (ePrematureEndOfFile);

else

GetTokenAndVerify (tEndOfFile);

end if;

I0.Close (tableFile);
saveTableAddress := tableAddress;

end ProcessProcedures;

procedure EmitCode (index: 0 .. maxNames) =

imports (var IO, nameTable, nameChars, maxNameChars,

outputFile, stringLength);

{ Prints assembler code/rule string in nameChars }

begin

var count:

1 .. stringlength + 1 :=1;

var string:

array 1 .. stringLength of Char;
{ String from nameChars (only first 15 chars) }

{ Value not found in nameTable }

'Error:not found';

index to nameTable }

:
5%%
]
Fé

loop
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exit when (count > nameTable (j).length) or

string (count) := nameChars (start);

start
count
end loop;
end if;

s o8

(count > stringLength);

start + 1; { next letter }
count + 1; { next letter }
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{ Emit characters }

count := 1;

loop
exit when (count > stringLength);
I0.WriteChar (outputFile, string (count));
count := count + 1;

end loop;

end EmitCode;
procedure LocateString (i: Signedint,
opClass: NameClasses,
var index: 0 .. maxNames) =
imports (nameTable, maxNames);

{ Linear search through nameTable using value and class
to locate entry point in nameChars }

begin
var j:
0 .. maxNames + 1 := 0;
var found:
Boolean := false;
loop
exit when (found) or (j > maxNames);
if (nameTable (j).class = opClass) and
(nameTable (j).value = i) then
found := true;
index := j; { Place in nameTable }
else
js=3j+1;
end if;
end loop;

if not found then
index :=notFound; { 0}
end if;
end LocateString;
procedure CheckForRule (i: 0 .. maxTableSize) =

imports (NameClasses, blanks, notFound,
EmitCode, WriteString, LocateString, maxNames);

{ Checks for beginning of S/SL rule }



begin
var index:
0 .. maxNames;

LocateString (i, cProcedure, index);
if index = notFound then
WriteString (blanks); { Pad with blanks }

else
EmitCode (index); { Print rule }
WriteString (' ")

end if;

end CheckForRule;

procedure Resolve (i: 0 .. maxTableSize,
var j: 1 ., maxCalls + 1,
var cperand: SignediInt) =

imports (callTop, callTable, nullAddress, nameTable);
{ Resolves null addresses in nameTable }

if (j <= callTop) and
(i = callTable (j).callAddress) then
assert (operand = nullAddress);
operand := nameTable (callTable (j).
procedureIndex) .value;
ji=3+1;
end if;

end Resolve;

procedure FormatTable (var i: 0 .. maxTableSize,
var j: 0 .. maxCalls + 1,
var operand: SignediInt) =

imports (blanks, WriteString, tableFile, var IO,
Resolve, ConvertNumber);
{ Prints actual table integers }
begin
WriteString (blanks);
I0.ReadInt (tableFile, operand);

i s=1i+1; { Next place in table }
Resolve (i, j, operand); { check for unresolved
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address }

ConvertNumber (operand); { print operand }
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end FormatTable;

procedure TranslateSetLabel (var i: 0 .. maxTableSize) =

imports (WriteString, blanks, setTable, ConvertNumber,
var 10, tableFile);

{ This procedure reads a setLabel from the tableFile
and translates it to an actual address in the table }

begin
var setlabel:
SignedInt;

WriteString (blanks);

I0.ReadInt (tableFile, setLabel);
i=1i+1; { Next place in table }

{ Print tableAddress where set begins }
ConvertNumber (setTable (setLabel) .root);

end TranslateSetLabel;

procedure PrintOperands (var i: 0 ., maxTableSize,
var j: 0 .. maxCalls + 1) =

imports (WriteString, blanks, FormatTable,
TranslateSetLabel) ;

{ This procedure prints the last two opers for input and
and inputchoice operators: S/SL input line number and
setLabel }

begin
var operand:
SignedInt;

WriteString (' }");

WriteLine;

FormatTable (i, j, operand); { Print S/SL line number }
WriteString (', ');

WritelLine;

TranslateSetLabel (i); { Print actual set address }
WriteString (', {");

WriteString (blanks);

WriteString (' )i

end PrintOperands;
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procedure ProcessOperands (opCode: Signedint,

var i: 0 .. maxTableSize,
var j: 1 .., maxCalls + 1) =

imports (WriteLine, NameClasses, maxNames,
LocateString, , EmitCode, var IO,
var inputChoiceTableTop, choiceTable, blanks,
ConvertNumber, WriteString, 'ItanslateSetLabel
FormatTable, PrintOperands);

{ Processes operands for table printing }
begin

var operand:
SignedInt;
var index:
0 .. maxNames;

FormatTable (i, j, operand); { Print operand }
WriteString (', { )i

case opCode of

oCall =>

LocateString (operand, cProcedure, index);

EmitCode (index);

WriteString (' }');

WriteLine;

TranslateSetLabel (i); { Print actual set
address }

WriteString (', {'):

WriteString (blanks);

WriteString (' ;:

end oCall;

oInput =>
LocateString (operand, cInput, index);
EmitCode (index);
PrintOperands (i, j);
end oInput;

oEmit =>
LocateString (operand, cOutput, index);
EmitCode (index);
end oEmit;

CError =>

LocateString (operand, cError, index);
EmitCode (index);
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018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
04/
048
049
050
051
052
053
054
055
056
057
058
059

061
062

064
065
066
067
068

end oError;

ORepeat, aMerge =>
WriteString (' Y:
{ no string name }
end oRepeat;

oInputChoice =>

inputChoiceTableTop :=
inputChoiceTableTop + 1;

choiceTable (inputChoiceTableTop) :=
operand; { Table address saved }

WriteString ('IABLE ");

PrintOperands (i, Jj);

end oInputChoice;

end case;

. WriteString (' }");
© WriteLine;

end ProcessOperands;

procedure EmitOpCode (opString: AssemCode) =
imports (var IO, codelLength, outputFile);
{ Prints opCode string fram opCode table }

begin
var count: SignediInt;

count :=1;

loop
exit when count > codeLength;
I0.WriteChar (outputFile, opString (count));
count := count + 1; { next letter }

end loop;

WriteString (" )i
end EmitOpCode;
procedure ProcessInputChoiceTable
(var i: 0 .. maxTableSize, var j: 1 .. maxCalls + 1,
numChoices: SignedInt) =
imports (var IO, maxNames, ConvertNumber, Resolve,

LocateString, EmitCode, WriteLine,
nameClasses, WriteString, FormatTable);

115
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{ Prints string £ number of choices and processes pairs of
of choices }

begin
var address:
SignedInt;
var count:
SignedInt;
var index:
0 .. maxNames;
var inToken:
SignedInt;

WriteString ('TABLE BEGINS 1Y);
WritelLine; { end of line }
count := 1;

loop { through pairs of choices }
exit when count > numChoices;
FormatTable (i, j, inToken); { Print inToken }
WriteString (', { )i
LocateString (inToken, cInput, index):;
EmitCode (index);
WriteString (' }');

WriteLine;
FormatTable (i, j, address); { print address
label }
WriteString (', '):
WriteLine;
count := count + 1; { next pair }
end loop;

end ProcessInputChoiceTable;

procedure FindSemanticString (opCode: SignedInt,
var index: 0 .. maxNames,
var opClass: NameClasses) =

imports (nameTable, NameClasses, maxNames);

{ Search nameTable for value = opCode and class =
cSimpleOp, cParmOp, cChoiceOp, or cEmitOp }

begin
var j:
0 .. maxNames + 1 := 0;
var found:
Boolean := false;

loop
exit when (found) or (j > maxNames);
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(nameTable (j).class

(nameTable (j).value

found := true;

index := j; { Place in NameTable }

opClass := nameTable (j).class;
else

if ((nameTable (j).class = cEmitOp) or
(nameTable (j).class = cSimpleOp) or
(nameTable (j).class = cParmOp) or

js=3+1;
end if;

end loop;

if not found then

index := notFound; { 0 }
end if;

end FindSemanticString;

procedure PrintSet (index: 0 .. maxSets,

var i: 0 .. maxTableSize) =

imports (setTable, WriteString, ConvertNumber, maxNames,

WriteLine, setSize, SetType, EmitCode, SetlIn,
blanks, flagValue, maxBits, LocateString,
NameClasses) ;

{ This procedure prints a set if it is not a duplicate;
it first emits the PowerSet values, and then each token
name in the set is printed }

begin

var wordNo:

0 .. setSize := 0
var temp:

SetType;
var printed:

SignedInt := 0;
var bitNo:

SignedInt := 0;
var bit:

0 .. maxBits - 1;
var indexx:

0 .. maxNames;

-~

if not setTable (index).duplicate then
WriteString (' { "
{ Print index }
ConvertNumber (setTable (index).root);
WriteString (' } )i
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temp := setTable (index).sett;

loop
{ Print powerset }
ConvertNumber (temp (wordNo)};
WriteString (', ');
exit when (wordNo = setSize);

wordNo := wordNo + 1; { Next subSet }
end loop;

WriteLine;
WriteString (blanks);
WriteString ('{ ');

{ Print token names in set }

loop
exit when (bitNo > totalBits);

wordNo := bitNo div maxBits;
bit := bitNo mod maxBits;
if SetIn (temp (wordNo), flagValue (bit)) then
{ Print token name }
LocateString (bitNo, cInput, indexx);
EmitCode (indexx);
printed := printed + 1;
if printed mod 4 = 0 then
WriteLine;
WriteString (blanks);
end if;
end if;
bitNo := bitNo + 1;
end loop;

WriteString (' 1");

WriteLine;

is:=1i+8; { Number of table places for each set }
end if;

end PrintSet;

procedure EmitSetValues (var i: 0 .. maxTableSize) =
imports (setTable, PrintSet, setTop, maxSets);
{ This procedure processes each entry in the setTable};

begin
var index:
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238
239
240
241
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244
245
246
247
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249

251
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254
255
256
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259
260

262
263
264
265
266

268
269
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271
272
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275
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0 .. maxSets := 1;

loop
PrintSet (index, i); { Prints each set in table }
exit when (index = setTop);

index := index + 1;
end loop;

end EmitSetValues;

procedure EmitProcedures =

imports (var 10, tableFile, var tableAddress, EmitFixup,
maxCalls, nameTable, var nameIndex, nameTop,
ConvertNumber, maxNames, NameClasses, EmitCode,
FindSemanticString, ProcessOperands, EmitOpCode,
CheckForRule, ProcessInputChoiceTable, outputFile,
inputChoiceTableTop, opCodeTable, AssemCode,
WriteLine, WriteString, Error, EmitSetValues,
noPredef inedNames) ;

{ Resolves Procedure Calls and Emits the Assembled Table }
begin

var i:

0 .. maxTableSize;
var j:

1l .. maxCalls+l;
var opCode:

SignedInt;
var index:

0 .. maxNames; { location in nametable }
var opClass:

NameClasses; { opclass from nametable }
var tableBegins:

Boolean; { check for beginning of

inputChoiceTable }

I0.0pen (tableFile, inFile);
{ Check for Unresolved Procedures }
nameIndex := noPredefinedNames;
loop
exit when namelndex = nameTop;
namelIndex := namelndex + 1;

if nameTable (namelndex) .class = cProcedure and
nameTable (nameIndex) .value = nullValue
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328

then
Error (eUndefinedProcedire);
end if;
end loop;

{ Emit Syntax/Semantic Table }

WritelLine;

I0.WriteChar (outputFile, tab);
WriteString ('const tableSize := ');
ConvertNumber (tableAddress);
WriteString ('; "); {mmb}
WriteLine;

I0.WriteChar (outputFile, tab);
WriteString ('const table:');
WriteLine;

IO.WriteChar (outputFile, tab);

120

WriteString (' array 0 .. tableSize of SignedInt

= (")

WriteLine;
WriteLine;
WriteString

{" { LOCATION CONTENTS RULE
WriteString

{ '"ASSEMELER CODE 1Y
WriteLine;
WriteLine;

J 1
i 0

as o8
It n
e w0

1 { through s—-instructions }

exit when i = saveTableAddress;

§

{ check for beginning of choice table }
if (inputChoiceTableTop > 0) and

LT

(i = choiceTable (inputChoiceTableTop)) then

tableBegins := true;
else

tableBegins := false;
end if;
WriteString (' { ")
ConvertNumber (i); { Print index }
WriteString (' } )i

I0.ReadInt (tableFile, opCode);

ConvertNumber (opCode); { Print opCode }

WriteString (', { ")

‘)
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ggg { Name printed at start of new rule }

331 if i = 0 then

332 WriteString ('PROGRAM Y;
333 else

334 CheckForRule (i);

335 end if;

336

337 if tableBegins then

338 ProcessInputChoiceTable (i, j, opCode);
339 inputChoiceTableTop := inputChoiceTableTop - 1;
340 else

34 if opCode <= 8 then { primitive table
342 operators }
343

344 { Print opCode string }

345

346 EmitOpCode (opCodeTable (opCode));
347 WriteString (' }');

348 WriteLine;

349

350 case opCode of { process operands }
351

352 oCall, oRepeat, oMerge, olInput,
353 OEmit, oError, oInputChoice =>
354

355 ProcessOperands (opCode, i, j);
356 end oCall;

357

358 oReturn, oChoiceEnd =>

359 { no operands }

360 end oReturn;

361

362 end case;

363

364 else { semantic operators }

365 FindSemanticString (opCode, index,
366 opClass) ;
367 EmitCode (index); { print opcode string }
368 WriteString (' }%):

369 WritelLine;

370

371 case opClass of

372 cSimpleQp =>

373 end cSimpleOp;

374

375 cParmOp =>

376 end cParmOp;

377

378 cChoiceOp =>

379 end cChoiceOp;

380
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CEmitOp => { no operands }
end case;
end if;

end if;

iz:=1+1; { next place in table }
end loop;
Emi tSetValues (i);
WriteString (° { ")
ConvertNumber (i);
WriteString (* } 0):');
WritelLine;
tableAddress := i;
I0.Close (tableFile);
I0.WriteChar (outputFile, endOfFile);

end EmitProcedures;

procedure AllocateSetSpace (setLabel: 0 .. maxSets) =
imports (var setTable, var tableAddress);

{ This procedure allocates table space for each error
recovery set }
begin
setTable (setLabel).root := tableAddress;

{ 8 table slots for each set }
tableAddress := tableAddress + 8;

end AllocateSetSpace;
procedure TestForDuplicate (var hashIndex: 0 .. hashSize,
setLabel: 0 .. maxSets,
var duplicate: Boolean) =
imports (setTable, setSize, hashTable, hashSize);
{ This procedure determines if a set being processed is a

duplicate of a set already in the hashTable; if it is
not, an empty slot is returned }

begin
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var count:
0 .. setSize;
var found:
Boolean := false; { Empty slot or duplicate set }

loop
exit when (found);

count := 0;
duplicate := true;

loop
if setTable (hashTable (hashIndex)) .sett
(count) not =
setTable (setLlabel).sett (count) then
duplicate := false;
end if;
exit when (not duplicate) or (count = setSize);

count := count + 1;
end loop;

if not duplicate then
hashIndex := (hashIndex + 1) mod hashSize;
if hashTable (hashIndex) = 0 then
found := true; { Empty slot }
end if;
else
found := true; { Duplicate set }
end if;
end loop;

end TestForDuplicate;

procedure HashSet (var node: SetTableEntry,
setlabel: 0 .. maxSets) =

imports (var hashTable, var setTable, slotsFilled,
AllocateSetSpace, hashSize, setSize,
TestForDuplicate) ;

{ This procedure hashes each set, checks for equality in
the case of identical hashes, and eliminates duplicate
sets }

begin
var hashIndex:
0 .. hashSize;
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458 var setTotal:

486 SignedInt := 0;

487 var i:

488 0 .. setSize := 0;

489 var duplication:

490 Boolean;

491

492 node.duplicate := false;

493

494 { Addition of Powersets }

495

496 loop

497 setTotal := setTotal + (node.sett (i) mod
498 hashSize) ;
499 setTotal := setTotal mod hashSize;

500 exit when (i = setSize);

501

502 i:=1+1;

503 end loop;

504 '

505 hashIndex := setTotal;

506 if hashTable (hashIndex) = 0 then { Slot empty }
507 hashTable (hashIndex) := setLabel;

508 setTable (setLabel).duplicate := false;
509 AllocateSetSpace (setLabel);

510 slotsFilled := slotsFilled + 1;

511 else { Slot filled }

512 TestForDuplicate (hashIndex, setLabel,

513 duplication);

514 if not duplication then

515 { Set hashed to same slot but not equal }
516 hashTable (hashIndex) := setLabel;

517 setTable (setLabel) .duplicate := false;
518 AllocateSetSpace (setLabel);

519 slotsFilled := slotsFilled + 1;

520 else { Duplicate set }

521 setTable (setLabel).duplicate := true;
522 setTable (setLabel).root := setTable
523 (hashTable (hashIndex)) .root;
524 end if;

525 end if;

526

527 end HashSet;

528

529

530 procedure EliminateDuplicateSets =

531

532 imports (var setTable, setTop, maxSets, slotsFilled,
533 tableFull, HashSet);

534

535 { This procedure processes each set in the setTable for

536 possible duplication }
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538 begin

539 var setLabel:

540 0 .. maxSets := 1;

541

542 loop

543 HashSet (setTable (setLabel) ,setLabel);

544 exit when (setLabel = setTop);

545

546 if slotsFilled > tableFull then

547 Error (eHashTableTooFull);

548 end if; '

549 setLabel := setLabel + 1;

550 end loop;

551

552 end EliminateDuplicateSets;

553

554

555 initially

556

557 imports (var 10, inputFile, Abort, predefinedNameLength,
558 noReservedErrorCodes, maxNames, noPredef inedNames,
559 var token, var tokenText, var tokenLength,

560 VerifyAndEnterName, var nameTable, var nameChars,
561 errors, var listing, ProcessDefinitions,

562 ProcessProcedures, EmitProcedures, var nextvalue,
563 EliminateDuplicateSets, hashSize, predefinedNameChars,
564 noPredef inedNameChars, outputFile, var lowerCase,
565 var nextChar, var definitionClass, EmitDefinitions,
566 CloseSets) ; '

567

568

569 begin

570 var i:

571 1 .. noPredefinedNames;

572 var j:

573 1 .. noPredef inedNameChars+l;

574 var K:

575 1 .. maxNameLength;

576 var c:

577 ordCharFirst .. ordCharLast;

578

579 const maxOptionStringLength := 100;

580 var optionString:

581 packed array l..maxOptionStringlength of Char;
582 var optionStringLength:

583 SignedInt;

584 var index:

585 0 .. hashSize := 0;

586

587 { Process Options }
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595
596
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599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615

620
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I0.GetOptions (optionString, optionStringLength);

if optionStringLength > 0 then
if optionString(l) = $L or optionString(l) = $1
then
listing := true;
end if;
end if;

{ Initialize Letter Normalization Map }
{ The following works for both ASCII and EBCDIC }

¢ := ordCharFirst;

loop
lowerCase(c) := Chr(c);
exit when ¢ = ordCharLast;
cs:=c¢C +1;

end loop;

lowerCase (Char,Ord($A)) := $a;
lowerCase (Char,Ord(SB)) := S$b;
lowerCase (Char.Ord($C)) := $c;
lowerCase (Char.Ord(SD)) := $d;
lowerCase (Char.Ord(SE)) := Se;
lowerCase (Char.Ord (SF)) := Sf;
lowerCase (Char.0Ord ($G)) := $g;
lowerCase (Char.Ord($H) ) := $h;
lowerCase (Char.Ord(SI)) := $i;
lowerCase (Char.0rd($J)) := $3j;
lowerCase (Char,Ord(SK)) := Sk;
lowerCase (Char.Ord(SL)) := $1;
lowerCase (Char,Ord(SM)) := Sm;
lowerCase (Char.Ord($N)) := $n;
lowerCase (Char.Ord($S0)) := S$o0;
lowerCase (Char,Ord(SP)) := $p;

lowerCase (Char.0rd($Q)) := $q;
lowerCase (Char.Ord (SR)) := Sr;
lowerCase (Char.0Ord($S)) := S$s;
lowerCase (Char.0rd ($T)) := $t;
lowerCase (Char.0rd ($U)) :=
lowerCase (Char.Ord ($V)) :
lowerCase (Char.Ord($w)) :
lowerCase (Char.0rd ($X))
lowerCase (Char.Ord(S$Y))
lowerCase (Char,0rd (SZ))

1
LI

{ Initialize Name Table }
assert (none = 0);

nameChars(none) := blank;
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641

642 assert (notPound = 0);

643

644 nameTable (notFound) .class := cValue;

645 nameTable (notFound) .charsIndex := none;

646 nameTable (notFound) .length := 1;

647 nameTable (notFound) .value := nullValue;

648

649 assert (maxNames >= noPredefinedNames);

650

651 token := tName;

652 definitionClass := cClass;

653 i:=1;

654 j:=1;

655

656 loop

657 tokenLength := predef inedNameLength(i);
658

659 k :=1;

660 loop

661 tokenText (k) := predefinedNameChars(j);
662 ji=3+1;

663

664 exit when k = tokenLength;

665 k :==k +1;

666 end loop;

667

668 VerifyAndEnterName;

669

670 exit when i = noPredefinediames;

671 is=1+1;

672 end loop;

673

674 { Initialize the next value for each class of name }
675

676 nextValue (cInput) := 0;

677 nextValue (cOutput) := 0;

678 nextValue (cError) := noReservedbrrorCodes + 1;
679 nextValue (cSimpleQp) := lastPrimitiveOperation + 1;
680 nextValue (cParmOp) := lastPrimitiveOperation + 1;
681 nextValue (cChoiceOp) := lastPrimitiveQOperation + 1;
682 nextValue (CEmitOp) := lastPrimitiveOperation + 1;
683 nextValue (cValue) := 0;

684

685 { Initialize Input }

686

687 I0.0pen (inputFile, inFile);

688 I0.0pen (outputFile, outFile);

689 nextChar := newLine;

690

691

692 { Initialize opCodeTable with primitive operations for



printing Table }

opCodeTable
opCodeTable
opCodeTable
opCodeTable
opCodeTable
opCodeTable
opCodeTable
opCodeTable
opCodeTable

(0)
(1)
(2)
(3)
(4)
(3)
(6)
(7)
(8)

S8 2% 9% 08 9% 0% 20 w8 WS

nnnownnnnn

Icall l;
'Return '1
'Repeat ':
lf‘hrge l;
' Input '
' InputChoice';
lﬂﬂit I;
'Error Us
'ChoiceEnd ';
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{ Initialize hashTable for duplicate set elimination }

hashTable (index) := 0;
exit when (index = hashSize);

index := index + 1;

end loop;

{ Process Definition Section }

ProcessDefinitions;
EmitDefinitions;

{ Process Procedure Section }

ProcessProcedures;

CloseSets;

EliminateDuplicateSets;

EmitProcedures;

{ Temminate Listing }

if listing then
I0.WriteChar (outputFile, nextChar);

end if;

{ Terminate Input }

I0.Close (inputFile);
10.Close (outputFile);

{ Indicate Errors by Abort }

if errors then

Abort;
end if;
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747
748

end module; {Assembler}
include 'IOEND'

129
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include 'IOSTART!
include 'PCWERSET!

var Parser:
module
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imports (wvar IO, Abort);

{ Project Euclia

Module: Euclid Parser V2.10

Author: J.R. Coruy

Reacder: R.C. Holt

Date: 29 tay 1976 }

{ This module is the interpreter for Euclia
Syntax/Semantic Language prograns. The EBuclia
Parser will consist ot this module pius tne Syntax
Language representation of the syntax of Eucliia.
The Semantic Passes will each consist ¢f tnis moduie
plus the Syntax/Semancic Language representation
of the semantic processing to be done ana the
Semantic lMechanisms module for the pass, which
inplements the semantic operations reguired for
the pass. The Transiiterator Parser 1s a hybric
and will contain some semantic operations

required to perfcrm the transiiteracion.

Syntax/Semantic Language (S/SL) prugran Lilst Le
processed by the S/SL Assembler, which wiil output
Buclid declarations for the Syntax/Sencntic table aia
the constants defining the table operation coues,
input tokens, cutput tokens, error codes and
semantic cperation coces used in the tapie.

Automstic Generation of Syntax Errur Recovery
Grace Evans, Summer 1582 }
{ Primitive Table Cperations:

These will remain the same indepencdent or the
pass and form the fundamental table operations. }

pervasive const firstTabieCperation := 0;
pervasive const firstPrimitiveOperation := 0;

pervasive const oCall := G;
pervasive const OReturn := 1;



pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive

pervasive

const
const
const
const
const
const
const

const

oEnit := 6;
oErrcr := 7;
oChoiceEng := &;

lastPrinditiveCperation := &;

{ Semantic Cperaticns:

These will be different for each pass.

semantic
Semantic

pervasive

pervasive
pervasive

pervasive
pervasive

pervasive
pervasive

pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive

pervasive

pervasive

The

operations are implarented 1n the

nodule tor the pass. }

const firstSemanticOperation := 9;

const firstSinpleCperation := §;

const lastSumpleCperation := 9;

const firstParameterizediperacion := 9;

censt lastParaceterizedOperacion := 9;

const firstChoiceCperation := §;

const lastChoiceUeraticn := 9;

const firstBaittingOperation := 9;

const cEmitIdent := 9;

const oBuitChar := 10;

const cEnitiumber := 11;

const cEmitString := 12;

const oEnitCoce := 13;

const oEaitLine := 14;

const lastEmittingOperation := 1&;

const lastSemanticOperation :=
lastEmittingUperation;

const lastTableQperation := iastSementicOoeratich;

{ The Syntax/Semantic Table }

const tableSize :=

const table:

array 0

{ LOCATION

{

c }

CCHTELTS

5010;

.. tableSize of SignedInt := (

FULE ASSEBLER COUE

14, { PROGRAH ot thine

}
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249 1434, { EnuneratedlypeD |
250 3570, { }
251 { 1147 } 3, 1 Merge }
252 1417, { }
253 { 1149 } 6, | Emit }
254 17, { aArray }
255 { 1151 } 0, { Call }
256 1418, IndexType }
257 4122, | }
258 { 1154 } 4, { Input }
259 86, { t0t }
260 691,

261 3674, | }
262 { 1158 } 0, { Call }
263 1140, { TypeDerinition }
264 3570, { }
265 { 1161 } 3, 1 lerge 1
266 1417, { }
267 { 1163 } 6, f Enit }
268 110, { aRecora }
269 { 1165 } 0:; 4 Call }
270 1597, { RecoraBody }
271 4138, { }
272 { 1168 1} 0, { Calil }
273 1798, { RecorcTrailer }
274 3570, { }
275 { 1171 1} 3, { HMerge }
276 1417, | }
277 { 1173 } 6, { Enit }
278 50, { aifodule }
279 { 1175 } 0, { Call 1
280 18, { toduleBoay }
281 4138, 1{ }
282 { 1178 1} 0, { Call }
283 1825, { ifoculeTrailer }
284 3570, { }
285 { 118 } 3, 4 lerge }
286 1417, | }
287 { 1183 } 6, { Emditc }
288 114, { aSet }
289 { 118 } 4, { Input }
290 86, { =) }
291 697,

292 4098, { }
293 { 1189 1} 0, { Calil }
294 1418, { IndexType }
295 3570, }
296 f 1192 1} 3, | lierge }
297 1417, | }
298 { 119 } 4, { Input }
299 61, { tDepencent }
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TABLE BEGINS
tDoublePeriod

lerge

TABLE BEGINS
tEgqual
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Repeat
herge

Emit

aln

Call

Sum
InputChoice
TABLE

Emit
aTo
Call
Suna
Merge

TABLE BEGIIS
tDoublePeriod
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32517
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SubSum

Bnit
aEndexpression
Return

Call

Factor

Call
PartiaisSubSum

Return
Call
PartizlSunSum

EBit
aEndExpression
Return

Call
PartialTerm

InputChoice
TABLE

Call
Term

Bait
ahda
Merge

Call
Term
Emit
aSubtract
Merge

Call
Term
Endit
aXor
Merge
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PartizlTerm

Factor

kMerge
Repeat
Return
Call
Factor
Call
PartialiTerm

Return
InputChoice
TABLE

Cali
Factor
Emit
aiultiply
Merge
Call
Factor
Emit
aDiv
Merge
Call
Factor
Emit
akied
Merge
TABLE EEGINS
tAsterisk
tDiv
thiod
Merge
Repeat

Return
InputChoice
TABLE
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oEnitChar
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atiDChar
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Herge

Enit
aString
cEmitString
HMerge

Emit
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Merge

Cail
SubExpression

Input
tRightParen

Emit
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Merge

Call
Factor

Emit
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Merge

TABLE BEGINS
tIdent
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tNumber
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tHexNumber
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tExChar
tDChar
tString
tExString
trDString
tLeftrParen
thinus
Repeat
Re@urn
Bl t
aIdgnt_
oEni tIdent

InputChoice
TABLE

Erit

aSubs

Call
Subscripts

Emit
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lerce

Enit
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Input
tIdent

Emit
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Merge
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Return
InputChoice
TABLE
Merge
Merge
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Merge
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Merge
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kerge
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Merge
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0 7 0 7
{ tPervasive

o, 0,
{ tPervasive

1 r 0 r
{ tIdent

0, G,
{ tSemicoion

C, 0,
tIype
G, G,
tIype
0, c,
}
32 r 0 7
tSemicolon
32 r 0 r
tSemicolon
0 ’ U r
}
32, 0,

}
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Call }

Expression }

}

InputChoice }

TABLE }

}

Emit }

aTo }

Cail }

Sum }

}

Herge }

}

TABLE BEGINS }

tDoublePeriocd }

InputChoice }

TABLE }

}

Merge }

1

Merge 1

}

Herge }

}

TABLE BEGINS }

tRightParen }

tComma }

Repeat %

Repeat }

}

Return }
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}

0, 0, 8194,
}

0 r G r 2 r

0 r G T 8192 r

tType
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}
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644
645
646
647
648
648
650
651
652
633
654
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656
657
658
659
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662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679

681
682

684
685

687
688
689

691
692

{
{

{

{
{
{

3570
3578
3586

3594

3602
3610
3618

}
}

}

}
}
}

0, G,
{ 1
1; 8,

{ tIdent

723, 32744,
{ tident
tMDString
tNewLine
tAsterisk
tGreaterThan
timplies
tSemicolon
tAssert
tChecked
tConverter
tExternal
tFunction
tInitially
trMod
tPervasive
tProcedure
tXor

723, 32736,
{ tident
tMDString
tPlus
tEqual
tLessEqual
tlLeftParen
tAbstraction
tBegin
tCode
thiv
tFinally
tImports
tInline
tNot
tPost

t':}lYm

{ tExports
723, 32736,
{ tIdent
tDString
tPlus
tEqual
tLessEqual
tLeftParen
tAbstraction
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0, C, C, 0, 0,
0, G, g, 0, 0,
tNewLine }
4641, 6925, 11140, 5435, 8222,
tNumber tString
tChar tHDhChar
tPlus tMinus
tEquai tLessThan
tLessEqual tGreaterBqual
tLerftParen tRightParen
tAbstraction tAnd
tBegin tBind
tCode tConst
tDiv tExports
tFinally tForward
tImports tin .
tIiniine tInvariant
tNot 0Or
tPost tPre
t%ype tvVar
4641, 6925, 11140, 5435, 8222,
tNumber tString
tChar tDChar
tMinus tAsterisk
tLessThan tGreaterThan
tGreaterfqual tlmplies
tRightParen Semicolon
tAnd thAssert
tBind tChecked
tConst tConverter
tExports tExternal
tForward tFuncticn
tin tInitially
tInvariant tHod .
tor tPervasive
tPre tProcediire
tvar tXor
0 r 0 r G 7 l ] 0 I
}
? r 0 r 128 I 0 r 0 I
4641, 6925, 11012, 5435, 82z2,
tHumber tString
tChar tMDChar
tMinus tAsterisk
tLessThan tGreaterThan
tGreaterEqual tImplies
tRightParen tSemicolon
tAnd taAssert



706
707
708
709
710
711
712
.3
714
715
716
717
718
78
720
721
722

724
725

{

{

{

{

{

3626

3634

3642

3650

3658

}

}

}

}

}

tBegin
tCoge
thiv
tForward
tIn
tInvariant
tOr
tPre
War

723, 32736,
{ tIdent
tMDString
tPlus
tBqual
tLessEqual
tLeftParen
tAbstraction
tBegin
tConst
tExternal
tFunction
tInitially
tMod
tPervasive
tProcedure
tXor

0,’ 0]

{ tSemicolcn
tConst
tinline
t

723, 32736,
{ tIdent
tDString
tPlus
tEqual
tlessBqual
tLeftParen
tAbstraction
tCode
tFinally
tImports
tInvariant
Or
tXor

0' 0;

{ tBegin
tForward
tPre

723, 32736,
{ tident
tHbString
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tBind tChecked
tConst tConverter
tExternal tFinally
tFunction tInports
tInitially tIniine
t¥od tNot
tPervasive tPost
tProcedure tType
tor }

4641, 666Y, 11012, 5435, 82zZ22,
tNumber tString
tCnar t+DChar
tMinus tAsterisk
tLessThan tGreaterThan
tGreaterEqual tInplies
tRightParen tSemicolon
tAnd tAssert
tBind tCode
tConverter thiv
tFinally tForward
tImports tIn
tinline tinvariant
tiot Or
tPost tPre
tType tVar

}

32, 6153, 8192, 16, 8210,
tAssert Bind
tConverter tFunction
tPervasive tProcedure

tVar
4641, 5le, 1101Z, 5419, 12,
tNumber tString
tChar tMDChar
tMinus tAsterisk
tLessThan tGreatertThan
tGreaterBqual tImplies
tRightParen tSemicolon
tAnd tBegin
tDiv tExternal
tForward tFunction
tin tInitially
tMea thNot
tPost tPre

[

0, 516, 22304, 1, 1z,
tCode tExternal
tImgorts tPost

¥
4041, 516, 11012, 5411, 12,
tiiumber tString
tChar tDChar



745
746
747
748
743
7350
751
752
753

755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
L
172
773
774
775
776
777
778
213
780

782
783

785
786

788
789

791
792
793
794
795
726

{

{

{

{

3666

3674

3682

3690

3698

}

}

}

}

tPlus

tEgual
tLessEqual
tLeftParen
tAbstraction
tCode
tFinally

tImports
tMod
tPost

}

723, 32736,
{ tldent
tHDString
tPlus
tEqual
tLessEqual
tLeftParen
taAnd
thiv
tForward
tInvariant
tOr
Xor

723, 32736,
{ tIdent
tMDString
tPlus
tEqual
tLessEqual
tLeftParen
taAnd
tDiv
tForward
tMod
tPost

}
723, 32735,
{ tident
tMDString
tPlus
tBEgqual
tLessEqual
tLeftParen
tIn
Or
0, 0 r
{ tRightParen
tCode
tForward
tPre
0, a,

tinus
tLessThan
HGreaterEqual
tRightParen
tand

tDiv

tForward

tIn

tNot

tPre

4129, 516,

tNumber
tChar
tMinus
tLessThan
tGreaterEqual
tRightParen
tBegin
tExternal
tImports
thod

tPost

}
4129, 516,

tNumber
tChar
tiinus
tLessThan
tGreaterEqual
tRightParen
tBegin
tExternal
tImports
thNot
tPre

4096, 0,
tNunber
tChar
tiinus
tLessThan
tGreaterEqual
tAnd
tMod
or
33, ©&5le,
tSamicolon
tExternal
tImports
}
32, 516,

2820,

2820,

202

tAsterisk
tGreaterThan
tInplies
tSemicolon
tBegin
tExternal
tFunction
tInvarianc
W0Or

t>Xor

5411, 12,
tString

tMDChar

tAsterisk

tGreaterThan

tInplies

tSemicolon

tCode

tFinally

tin

tNot

tPre

5379, iz,
tString

tMDChar

tAsterisk

tGreaterThan

tImplies

tSemicolon

tCode

tFinally

tIn

tOr

tor

4, 5378, 0,
tString
tiChar
tAsterisk
tGreaterThan
tImplies
thiv
tiot

}
2816, 1, 12,

tBegin
tFinally
tPost

2816, 1, 1z,



3706

3714

37122

3762

3770

3778

378
3794
3802
3810

{ tSemicolcon
tExternal
t%mports

1, 16384,
{ tiGent
tComma
tImports
tThus

l; 0[
{ tIdent
tReadonly

1, 0,
{ tident
tVar

Of 0;
{ tConst
}

0, 16384,
{ tLeftParen
}

0, 16384,
{ tLeftParen

1, 256,
{ tIdent
tAssign
tConst

}

1, 256,
{ tident
tUpArrow
tVar

1, 256,
{ tIdent
tAssign
tReadonly

1, 16384,
{ tIdent
tAssert
tConverter
tPervasive

tlype

tBegin tCode
tFinally tForward
tPost tPre
49, 2048, g, 1, 208,
tLeftParen tRightParen
tSanicolon tConst
tPervasive tReaconiy
tVar
0, 2048, 0, e, 34,
tConst tPervasive
tVar }
0, 2zo4g, a, G, 32,
tConst tReadcnly '
0, 204s, C, G, 32,
tReaconly tVar
32, 0, 128, g, G,
tSemicolon tExports
0, g, C, G, G,
}
153, 2048, 0, Gy 32,
tEqual tRightParen
tComma tUpArzow
tReadonly tVar
136, 2048, 0, C, 32,
thgqual tAssign
tConst tReadonly
1
140, 2048, o, 0, 32,
tEqual thoublePeriod
tUpArrow tConst
tvar thiith
4; 0[ 0’ Cf 0;
thoublePeriod tWith
0; 0] 0; 0’ 0'
}
OI 0.l' Gf 0' Gf
tWith }
0; 0; Gr 0; 0'
tWith }
32, 6153, 8192, le, G242,
tLerftParen tSemicolen
tBand tCaiist
tFunction tIniine
tProcedure tReadonly
tVar }



889
820
891
892
893
894
895
&%
897
898
899
900

3842

380

3858

lp 16384' 0: 0!’

{ tIdent tLeftParen
tVar }
0 r G 7 0 ’ 0 r

{ tFunction tProceaure

723, 32736, 20701, 9346,
{ tIdent tiuaber
tMDString tChar
tPlus tiMinus
tEqual tLessThan
tLessEqual tGreaterbgual
tLeftFaren tRightParen
tAssign tComa
tUpArrow tAnd
tAt tCheckable
tCounted tDiv
tMachine tMod
ot Wwr
tReccrd tSet

}

723, 32736, 20685, 9344,
{ tIdent tNumber
©DString tChar
tPlus tMinus
tHEqual tLessThan
tLessEqual tGreaterkEqual
tLeftParen tRigntParen
tAssign tColon
tAna tArray
tCollection tCounted
tin tMachine
thodule ot
tPacked tRecord
tXor }

723, 32736, 20684, 09344,
{ tIdent tNumber
tMDString tChar
tPlus tHinus
tEqual tLessThan
tLessEqual tGreaterBqual
tLeftParen tDoublePeriod
tColon tUpArrow
tArray tCheckable
tCounted tDiv
tiachine tHod
thot W0r
tRecord tSet

}

723, 32736, 20700, 9344,
{ tIdent tNumber
tDString tChar
tPlus tHinus
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Oy G, 32,
tReadonly

gl1e2, G, 16,
}
4, 22402, 576,
EString
tDChar
tAsterisk
tGreaterThan
tImplies
thoublePeriod
tColon
tArray
tCollection
tIn
tModule
tPacked
tdor

4, 22402, 5S7e,
tString
t+DChar
tAsterisk
tGreaterThan
tImplies
tDoublePeriod
tUpArrow
tCheckable
tDiv
tod
Or
tSet

4, 22402, 576,
tString
tMDChar
tAsterisk
tGreaterThan
tInplies
tAssign
tAnG
tCollecticn
tin
thiocule
tPacked
tXor

4, 22402, 576,
tString

tbChar

tAsterisk
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902
903

805
906
S07
S0¢
S0%
910
o1l
912
913
%14
815
916
917
918
819
920
921
922
923
924
925
926
927
928
925
930
931
932
933
934
935
936
937
938
939
940
941
542
943
944
g45
946
°47
548
949
950
25l
852

3866

3874

3882

3890

tEqual tLessThan
tLessEqual tGreaterEqual
tLeftParen tDoublePericd
tConma tColen
tAnd tArray
tCollection tCounted
tin tMachine
tiodule tNot
tPacked tRecord
tXor }
723, 32736, 20620, 9344,
{ tIdent tNurber
tMDString tChar
tPlus tMinus
tEqual tLessThan
tLessEqual tGreaterbqual
tLeftParen tDoublePeriod
tUpArrow tAnd
tCheckable tCollection
thiv tin
tod tModule
tOr tPacked
tSet tXor
723, 16608, 16516, 9344,
{ tIdent tNumber
£MDString tChar
tPlus tMinus
tLeftParen tDoublePeriod
tArray tCheckable
tCounted tDiv
tilod tiModule
tRecord tSet
}
723, 32736, 4104, 0,
{ tldent tHumber
tMDString tChar
tPlus tMinus
tEqual tLessThan
tLessEqual tGreaterkEqual
tLeftParen tAssign
tDiv tin
tNot =8)4
1, 16384, 17, 0,
{ tIden tLeftParen
tk}'lcmna tReadonly
lf 0; 0, Dr
{ tident tReadonly
}
Ty c, 17, 0,
{ tIdent tRightParen

tGreaterThan
tImplies
tAssign
tUpArrow
tCheckable
thiv

thiod

Or

tSet

4, 22402, 576,
tString
tMDChar
tAsterisk
tGreaterthan
tImplies
tAssign
tArray
tCounted
thachine
thot
tRecord

}

4, 17280, 576,
tString
tChar
tAsterisk
TURALYGw
tCollection
tiachine
tPacked
tXor

4, 5378, 0,
tString
tMDChar
tAsterisk
tGreaterThan
tImplies
tand
thed
tXor
0, G, 32,
tRightParen
tvar

G, G, 32,
tVar

o, ¢, 32,
tCame
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959
000
001
002
003
004

{

35914
3922

3930

3938

3946

3954

39%2

3970

}

tReadonly tVar
0' 0’ 0’ G,’
{ tReadonly tVar
1, 16384, 130, 0,
{ tIdent tLeftParen
row tTo
1, 16384, 130, o,
{ tIdent tLeftParen
oW }
0, 16384, 130, G,
{ tLeftParen tPeriod
}
723, 32736, 20701, 9344,
{ tIdent tNumber
tDString tChar
tPlus tMinus
tEqual tLessThan
tLessEqual tGreaterEqual
tLeftParen tRightParen
tAssign tComa
tUpArcow tAnd
tCheckable tCollection
tDiv tIn
tMod tModule
tOr tPacked
tSet tXor
723, 32736, 4121, a,
{ tIdent tNumber
tMDString tChar
tPlus tMinus
tBgual tLessThan
tLessEqual tGreaterkEgual
tLeftFaren tRightParen
tComma tAnd
tIn tMod
0r Hor
723, 32736, 4113, 0,
{ tIdent tNumber
tMDString tChar
tPlus tMinus
tEqual tLessThan
tLessEqual tGreaterfqual
tLeftParen tRightParen
tAnd Div
tMod tNot
tXor }
723, 32736, 4112, 0,
{ tIdent thumber
tDhstring tChar
tPlus thinus
tBEqual tlessThan
tLessEqual tGreaterEqual

G, o,
tUpArrow

4, 22402,

tString
2DChar
tAsterisk
tGreaterThan
tImplies
tDoublePerioa
tColon
tarray
tCounted
tiachine
thNot
tl;\ecor d

4, 5378,

tString
tDChar
tasterisk
tGreaterThan
tImplies
tAssign
tDiv
tHot

}

4 7 53 7 8 r

tString
YDChar
tAsterisk
tGreaterThan
tnplies
tConma
tin
Or

4 I 53 7 8 r

tString
obChar
tAsterisk
tGreaterThan
tInplies
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4056,

C,

0,

576,

G,

0,

0,



003
Go6
007
0086
005
010
011
012
013
014
015
016
€17
018
019
020
021
022
023
024
025
026
027
026
029
€30
031
032
033
034
035
026
037
03¢
035
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056

o

{

{

{

3978
3986
3994

4002

4016

4018

4026

4034

4042

}

}

}

tLeftParen
thiv
tNot

¥

0, 0,
{ tRightParen

0' 0;
{ tComa

1, 16384,
{ tIdent
tFunction

}

l r 0 ?
{ tIdent
tProcedure

l r 0 r
{ tIdent

723, 32744,

{ tIdent
tDString
tllewLine
tAsterisk
tGreaterThan
tImplies
tDoublePeriocd
tUpArrow
tCheckable
tCounted
tin
tilodule
tPacked
tRecord

}
1, 0,
{ tIdent

}

723, 32744,
{ tIdent
Ds5tring
tNewLine
tAsterisk
tGreaterThan
tImplies
thoublePeriod
tAnd
tCollection
tForward
thiod
tOr
tRecora

723, 32736,

tComa
tin
tOr

1, 0,
}
16, o,
}
1, 0,
tLeftParen
tProcedure

1, G,

tRigntParen

tReturns
0 f 4 0 I
tReturns
20661, 113892,
tNumber
tChar
tPlus
tEqual
tLessEqual
tLeftParen
tCorma
tAnd
tCollection
thiv
tMachine
thict
tPervasive
tSet

C, 204g,
tConst

20645, 9344,
thumber

tChar
tPlis
tEqual
tLessEqual
tLeftParen
tSemicolaon
tArray
tCounted
tIn
tModule
tPacked
tSet

20645, 9344,

tAnd
tHod
or

C, C, Cr
C; Of 0!‘

glez, 0, 272,
tRightParen
tReturns

892, 0, 272,
tFunction

}

G, G, 256,
}
2052, 22402, 5&6,
tString
tHDChar

tiinus
tLessThan
tGreaterEgual
tRightParen
tSenicolen
tArray

tConst

tForwara

*iloa

- Or

tPre
tXor

a, C, 2
tPervasive

2052, 22402, 584,

tString

tMDChar

tMinus

tLessThan

tGreaterbqual

tRightParen

tUpArrow

tCheckable

tDiv

tiachine

tHot

tPre

tHor

2052, 22402, 584,



057

098
093
100
101
102
103
104
105
106
107
108

{

{

{

{

4050

4058

4066

4074

}

}

}

}

{ tIdent tNurkber
tMDString tChar
tPlus thiinus
tEqual tLessThan
tLessEqual tGreaterEqual
tLeftParen tRightParen
tSemicolon tUpArrow
tArray tCheckable
tCounted thiv
tin tMachine
tHodule tNot
tPacked tPre
tSet tlor

723, 32736, 20645, 9344,
{ tIdent ' tNumber
tHDString tChar
tPlus tMinus
tBqual tLessThan
tLessEqual tGreaterfgual
tLeftParen tRightParen
tSemicolon tUpArrow
tArray tCheckable
tCounted tDiv
tIn tMachine
tModule tNot
tPacked tRecord
tXor }

723, 16608, 16549, 9344,
{ tIdent tNumber
DString tChar
tPlus tMinus
tLeftParen tRightParen
tSemicolon tUpArrow
tCheckable tCollection
thiv - tForward
tHMod thlodule
tRecord tSet

}

723, 16608, 16548, 9344,
{ tIdent tNumber
tMDString tChar
tPlus tMinus
tLefitParen thoublePerioca
tUpArrow tArray
tCollection tCounted
tForward tMachine
thodule tPacked
tSet tXor

723, 16608, 16516, 9344,
{ tIdent tNumber
DString tChar
tPlus tMinus
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tString
tibChar
tAsterisk
tGreaterTnan
tImplies
tDoublePerica
tAnd )
tCollection
tForward
thiod
tCr
tRecord

}
2052, 2240z, 576,

EString
tMDChar
tAsterisk
tGreaterThan
tImplies
tDoublePeriod
tand
tCoilection
tForward
tMod
t0Or
tSet

2052, 17280, 576,

tString
tChar
tAsterisk
tDoublePericd
tArray
tCounted
tHachine
tPacked
tXor

2052, 172&0, 576,

tString
tMDChar
tAsterisk
tSemicolon
tCheckable
thiv
thod
tRecord

}

2052, 17280, 576,

tString
tiDChar
tAsterisk



109
110
111

113
114

116
117
118

120
121
122
123
124
125
126
127
128
129
130
131,
132

134
135
136
137
138
139
140
141
142
143
144
145

147
148
149
150
11
1z2
153
154
155
156
157
158
159
160

{

4082

4090

4098

4106

4114

4122

}

tLeftParen tDoublePericd
tArray tCheckable
tCounted thiv
tMachine tMod
tPacked tRecord
tor 1

723, 16608, 84, 2048,
{ tIdent tMusber
tMDString tChar
tPlus tinus
tLeftParen tDoublePerioa
tColon tConst
thiod tXor

723, 16608, 84, a,
{ tIdent tNumber
tMDString tChar
tPlus tMinus
tLeftParen tDoublePeriod
tColon tDiv
tXor }

723, 16608, 4, 0,
{ tIdent tNumber
tMDString tChar
tPlus tMinus
tLeftParen tDoublePeriod
tMod or

l' 0; 0' O;

{}tIdent tFunction

723, 32744, 21670, 11457,
{ tIdent tNumber
tMDString tCnar
tHewLine tPlus
tAsterisk tEqual
tGreaterThan tLessEqual
tImplies tLeftParen
tDoublePeriod tSemnicolon
tAligned tAnd
tAssert tCase
tCollection tConst
tDependent tDiv
tin tMachine
tModule tNot
tOor tPacked
tRecord tSet
tXor 1

723, 16608, 16516, G344,
{ tIdent tNumber
tMDString tChar
tPlus tMinus
tLeftParen tDoublePeriod
tArray tCheckable

tUpArrow
tCollection
tForward
tModule
tSet

4, 256,

tString
tChar
tAsterisk
tConma
tDiv

}

4, 256,

tString
tDChar
tAsterisk
tCama
tMoa

4' 256;

tString
©bChar
tAsterisk
tDiv

}

8152, 0,

tProcedure

38, 24450,
tString
tHiChar
tMinus
tlLessThan
tGreaterBqual
tPericd
tUpALYOw
tArray
tCheckable
tCounted
tEnd
tMod
tOf
tPervasive
tVar

4, 19323,

tString
tDChar
tAsterisk
tUPALLOw
tCollection
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0,

0,

0,

16,

ST8&,

576,



161
162
163
lo4
165
166
167
168
169
170
171
172
113
174

{

{
{

{

{

{

{

4130

4138
4146

4154

4162

4170

4178

}

}

}

}

}

tGreaterThan
tImplies
tAligned
tConst

tIn

tNot

tRecord

}
723, 32736,

{ tident
tDString
tPlus
tEqual
tlessEquali
tLeftParen
tand
thiv
tMod
tPervasive

}
723, 32736,
{ tIdent
tMDhsString
tPlus
thgual
tLessEqual
tLeftParen
tAssert
tEnd
thot
tVar
c, C,
{ tSemicolon
tEnd
}
o, G,
{ tSemicolcn

tDiv
tHModuie
tReccrd

i

32, 2113,

tAssert
tPervasive

G, G,

}

5152, 2049,
tNumber

tChar
tPlus
tEqual
tLessEqual
tLeftParen
tAnd
tDiv
thiod
t0Or
tar

5152, 2049,
thNumber
tChar
tMinus
tLessThan
fGreaterEqual
tSemicolcn
tAssert
tEnd
tNot
tVar

4128, 20485,
tHumber
tChar
tMinus
tLessThan
tGreaterbBgual
tSemicolon
tConst
tIn
0Or
tXor
32, 2048,
tAssert
tPervasive

32, 2045,
tAssert

tMachire
tOL
tSet

0, G,
tCase
tvar

32, 0,

36, 5840,

tString
tDChar
tMinus
tLessThan
Greaterfgual
tSemicolon
tAssert
tEna
tModule
tPervasive
t=Xor

36, 5378,
tString

2DChar

tAsterisk

tEreaterThan

tImplies

tAligned

tConst

tin

tOr

2lor

36, 5378,
tString

tDChar

terisk

tGreaterThan

tImplies

taAnd

tDiv

tMod

tPervasive
}

32, o,
tConst

tvVar

g, G,
tConst
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G,

60,

2,

2y

2y

2y



253

257
258
259
260
261
262
263
264

4202
4210

4218

4250

4258

tPervasive

0; Ur
{ tOf

723, 32736,

{ tIdent
tMDString
tPlus
tEqual
tLessBEqual
tLeftParen
tDiv
tNot
tHor

0, Q,
{ tCollection

723, l66le,

{ tIdent
tMDString
tNewLine
tAsterisk
tSemicolon
tAssert
tCollection
tDependent
tMachine
tof
tRecord
tXor

1; Sr
{ tIdent
thedule

1, 0;

}

723, 16608,
{ tIdent
tDstring
tPlus
tleftParen
tUpArrow
tXor

723, 16576,
{ tIdent
tMDString
tMinus
tDiv

0, 224,

{ tPlus
thiv

twar
c, G,
:

I
4096, 1024,
thumber

tGreaterEqual

-gag

0, 1024,
0}
16548, 11457,
tNumber
tChar
tPlus
tLeftParen
tUpArcow
tCase
tConst
thiv
tMod
tPacked

211

}
C, 2048, 0,

4, 7426, G,
tString
tMDChar
tAsterisk
tGreaterThan
tImglies
tCoilection
triod
tor

0, 204¢g, 0,
}
38, 19328, 578,
tString
tMDChar
tMinus
tDoublePeriod
tArray
tCheckable
tCounted
tEnd
tModule
tPervasive
tVar

32; 512[ ol‘
P o

32, G, G,
tEnd

Q, G, 0,
tCama

4, 256, 0,
tString
tMOChar
tAsterisk
tDoublePeriod
t™Mod

4, 256, 0,
tString
tMDChar
tLeftParen
}
4, 256, 0,
tAsterisk
Xor



265

297

305

312
313
314
315
316

{

{

{

{

4266

4274

4290

4298

}

}

}

}

}

723, le4ds,
{ tldent
tMDString
tMinus

723, le608,
{ tIdent
tMDString
tPlus
tLeftParen
tXor

723, 32744,
{ tIdent
tMDString
tNewLine
tAsterisk
tGreaterThan
tImplies
tComma
tAnd
tConst
tEnd
thlot
tOtherwise
tXor

723, 32744,
{ tIdent
tMDString
tNewLine
tAsterisk
tGreaterThan
tImplies
tComma
tAnd
tConst
tin
t0f
tPervasive

}

723, 32744,
{ tIdent
tMDString
tNewLine
tAsterisk
tGreaterThan
tImplies
tComa
tAnd
tConst
tin
tOr
tVar

0, o,
MNuamber
tChar
tLeftParen
0, 0,
tNumber
tChar
tMinus
wiv

}
4404, 2113,

thumber
tChar
tPlus
thqual
tLessEqual
tLeftParen
tSemicolon
tAssert
tDefault
tIn
tof
tPervasive

}
4404, 2113,
tHumber
tChar
tPlus
tEqual
tLessEqual
tLeftParen
tSemicolon
tAssert
thiv
tMod
or
tVar

4404, 2113,
thumber
tChar
tPlus
tBEqual
tLessEqual
tLeftParen
tSemicolon
tAssert
thiv
thiod
tOtherwise
tXor

0, C,

£String
tMDChar

}

4, 256,

£5tring
tMChar
tAsterisk
tMod

37, 15618,
tString

tMDChar

tiinus

tLessThan

tGreaterEqual

tDoublePeriod

tLabel

tCase

tiv

tMod

t0Or

tVar

36, 15618,
tString

tMDChar

thlinus

tLessThan

tGreaterEgual

tDoublePeriod

tLabel

tCase

tEnd

tNot

tOtherwise

or

36, 13574,
tString
tMDChar
tMinus
tLessThan
tGreaterbBqgual
tDoublePeriod
tLabel
tCase
teEnd
thiot
tPervasive

}
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G,

0,

2,

2,

2y



317
318
318
320
321
322

324
325
326
327
328
329
330
331

333
334

357
358
359
360
361
362
363
364
365
366
367
368

{

4306

4314

4322

4330
4338

4346

4354

4362
4370

4378

(o)

}

0, 8, 32, 2113,
{ tNewLine tSemicolon
tCase tConst
tPervasive tVar
o, C, 32, 2113,
{ tSemicolon tAssert
tConst tEnd
Wwar 1
o, 0, 32, 64,
{}tSanioolon tCase
0, o, 32, 64,
{ tSemicoleon tCase
723, 32736, 4100, 0,
{ tIdent tNunber
tMDString tCha
tPlus tMinus
tBqual tLessThan
tLessEqual tGreaterEqual
tLeftParen tDoublePeriod
tDiv tIn
thot t0Or
}
1, 16384, 32, 2049,
{ tIdent tLeftParen
tAssert tConst
tvar }
1, 0, 0, e,
{ tident tRecord
lf 0; 0' 0'
{ tIdent tModule
723, 32736, 20717, 11411,
{ tIdent tNumber
tHDString tChar
tPlus tiMinus
tEqual tLessThan
tLessEqual tGreaterkjual
tLeftParen tRightParen
tAssign tSemicolon
tUpArrow tand
tAssert tAt
tCheckable tCollection
tCounted thiv
tMachine tMod
tNot tOr
tPervasive tRecora
tvar tXor
723, 16608, 16518, 9344,
{ tIdent tNumber
tMDString tChar
tPlus tMinus
tLeftParen tPeriod

32, 0,
tAssert

t?nd

32, 0,
tCase

tPervasive

32, 0,
EEnd

0, g,
}

4, 5378,

tString
tMDChar
taAsterisk
tGreaterThan
tImplies
tAnd
tMod
tor

0, 0,
tSemicolon
tPervasive

G, C,

}
o, 512,

}

4, 22402,

tString
tHMDChar
tAsterisk
tGreaterThan
tImplies
tDoublePeriod
tColon
tArray
tBits
tConst
tIn
tModule
tPacked
tSet

}

4, 17282,

tString
DChar
tAsterisk
tDoublePericd
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2,

2,

G,

0,

0,

64,
0,
57&,

576,



369
370
371
372
373
374
375
376
377
378
379
380

38
3z
384
38
38
387
388
385

391
392
393
3%4

3%
397
358
399
460
401
462
403
404
405
A

407
408
409
410
£11
412
413
414
415
416
417
418
419
420

{

4386

4394

4402

4410

4418

4426

4434

}

tUpArrow
tCollection
tin
thModule
tSet

1, 16384,
{ tIdent
tUpArrow

0, 16648,
{ tNewLine
tBegin
tForward
tPre

06, 264,
{ tHewLine
tCode
tImports

}
0, 8,

{ tNewLine
tExternal
tPcst

723, 16872,
{ tIdent
tMDString
tNewLine
tAsterisk
thouplePeriod
tArray
tCode
tDiv
tImports
tHodule
tPre
tSet

723, 16872,
{ tIdent
tMDString
tNewLine
tAsterisk
tDoublePariod
tArray
tCede
tDiv
£Imports
thodule
tPre
tXor

723, 16872,
{ tIdent
BIDString
tNewLine

tArray
tCounted
tMachine
tPacked
tXdor
130, 0,
tLeftParen
tIn
0, 5le,
tiqual
tCode

tImports
}
0, &Sls,
tEgual
tExternal
tPost

0, 516,
tBegin
tForward
tPre
16580, 9860,
tNumber
tChar
tPlus
tEqual
tColon
tBegin
tCollection
tExternal
thachine
tPacked
tRecozrd
tXor
16580, 9860,
tHumber
tChar
tPlus
tEqual
tColon
tBegyin
tCellection
tExternal
t¥Machine
tPacked
tRecord

}
16516, 9860,
tNumber
tChar
tPlus

tCheckable
tDiv
thioa
tRecora
}
0' 2'
tPeriod
}
2304, 1,
theftParen
tExternal
tPost

2304, 1,
tBegin
tForward
tPre

2304, 1
tCode
t%mports
2308, 17281,
tString
tMDChar
tMinus
tLeftParen
tUpArrow
tCheckable
tCounted
tForward
thMod
tPost
tReturns
}
2308, 17241,
tString
DChar
tMinus
tleftParen
tUpArrow
tCheckable
tCounted
tForward
thicd
tPost
tSet

2308, 17281,
tString
tMDChar
tMinus
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0,

12,

1z,

844,

588,

588,



439

441
442
443
444
445
446
447
448
449
450

452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472

Lo |

{

{

{

4442

4450

4458

4466

4474

4482

}

tAsterisk tEqual
thoublePeriod tUpArrcw
tBegin tCheckable
tCollecticon tCounted
tExternal tPorward
tMachine tMod
tPacked tPost
tRecora tSet
1, 16384, 17, 2048,
{ tldent tLeftParen
tCorma tConst
tReadonly tVar
L 0, 17, 2048,

{ tIdent tRightParen
tConst tPervasive
tvar }

723, 16608, 165%, 11392,
{ tident tNumber
tMDString tChar
tPlus tMinus
tLeftParen tDoublePericd
tColon tUpArrow
tCheckable tCollecticn
tCounted tDiv
tMod tModule
tReadonly tRecora
War or

723, 16608, 165%, 9344,
{ tIdent tNumber
tMDString tChar
tPlus tMinus
tLeftParen tDoublePeriod
Colon tUpArrow
tCheckable tCollection
tDiv tMachine
tModule tPacked
tSet tXor

723, 32736, 4129, 516,
{ tident tNurber
tDString tChar
tPlus tHinus
tBEqual tLessThan
tLessEqual fGreaterBqual
tLeftParen tRightParen
tAnd tBegin
tDiv tExternal
tIn tMod
tOr tPost
tXor }

723, 32736, 412¢, 516,

{ tIdent

tHumber

}
2308,

2308,

215

tLettParen
tArray
tCode

tDiv
tImports
thiocdule
tPre

tXor

0, 0, 34,
tRightParen
tPervasive
}
0, 0, 34,
tComma
tReadonly

4, 17280, 605,
tString
DChar
tAsterisk

tConma

tArray

tConst

tidachine

tPacked

tS}et

4, 17280, 576,
tString
tDChar
tAsterisk

tCamma

tArray

£Counted

tMoa

tRecora

5378, 12,
tString
tMDChar
tAsterisk
tGreaterThan
tImplies
tSemicolon
tCode
tForward
tHot
tPre

5378, 4,
tStrirg



473
474
475
476
477
478
479
480
481
482
483
484

486
ag7
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505

507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522

524

{

4490

4458

4506

4514

4522

4530

4538
4546

4554

}

uDString
tPlus
tEqual
tLessEqual
tLeftParen
tAnd

tDiv

tin

tOr

}

723, 32736,
{ tIdent
tMDString
tPlus
tEqual
tLessEqual
tLeftParen
tAnd
thiv
tin
t0or

0' 0'

{ tRightParen
tCode

E

0, 0,
{ tSemicolon
tExternal

0, 0,
{ tBegin
tForward
16385, 3,
{ tIdent
tCodeEnd
tBegin
Code
tEnd
tFunction
tPervasive
tVar

0, C,
{ tSemicolon
tChecked
tFunction
tPervasive
tVar

l, 0 r
{ tIdent
16385, 3,
{ tIident
tCodeEnd

1, 3,

tChar

tMinus
tLessThan
tGreaterEqual
tRightParen
tBegin
tExternal
tMod

tPost

4129, 5ls,
tHumber
tChar
tHMinus
tLessThan
tGreaterEqual
tRightParen
tBegin
tExternal
tMod
tXor
33, ©5ls,
tSemicolon
tExternal

32, ©5Sle,

tBegin
tForward

0, Ele,

tCode

}

32, 68525,

tCodeStart
tSemicolon
tBind
tConst
tExternal
tInline
tProcedure

}
32, 6409,
tAssert
tConst
tInline
tProcedure
}
o, ¢,
tEnd
0, e,
tCodeStart
tEnd
0, e,

2308,

10528,

216

tBMDChar
tAsterisk
tGreaterThan
tInplies
tSamicolon
tCode
tForward
tNot

tXor

5378, 0,
tString
2DChar
tAsterisk
tGreaterThan
tInplies
tSeuicolon
2
tForward
ﬂEIOt
2304, o, 0,
tBegin
tForward

2304; 0; 0'
tCode
}
2304, Dy Gl‘
tExternal

1040,
tCodelliadle
tAssert
tChecked
tConverter
tForward
tNot
tType

8192, 1040,
tBind
tConverter

tNot

tType

32, 0, 0,
}
32; 0; Ol'
tCoderiiadle
}
32; Of 0!‘

8210,

8210,



525
526
527
528
329
530
531
532
533

535
536
537
538
339
540
541
542
543
544
545

547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
365
566
567
568
569
570
571
572
573
574
575
576

{

4562

4570

4578

4586
4554
4602

4610

4618
4026

}

{ tldent
tEnd
1; 0"

{ tIdent
tBegin
tPFor
tReturn

723, 32744,
{ tIdent
tMDString
tiewLine
tAsterisk
tGreaterThan
tImplies
tAssign
tand
tBind
tConst

{ tSemicolon
tChecked
tEnd

thot

tIype

723, 32736,
{ tIdent
tDString
tPlus
tEqual
tLessEqual
tLeftParen
tIn
tOr

}
0, 8,
{ tNewLine
723, 16608,
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}tCodeI%iiddle tCodeEnd
32, 69, 17472, 64, 128,
tSemicolon tAssert
tCase tExit
t{f tLoop
4266, 6477, 25700, 7506, 9394,
tNunber tString
tChar tMDChar
tPlus tMinus
tEqual tLessThan
tLessEqual tGreaterBgual
tLeftParen tPericd
tSemicolon tUpArrow
tAssert tBegin
tCase tChecked
tConverter tDiv
tExit tFor
tIf tin
tLoop thioa
t0f tOr
tProcedure tReadcnly
tThen tType
tiihen tXor
138, 0, o, 0, 0,
tPeriod tAssiygn
}
?; 0, C, G, Gy
Ur Or Or Ol' 0!
tWwhen }
32, 6409, 8224, 1040, 8210,
thssert tBind
tConst © tConverter
tFunction tinline
tPervasive tProcedure
tvar }
4056, 0, 4, 5378, 1024,
tNumber tString
tChar tMDChar
tiinus thisterisk
tLessThan tGreaterThan
tGreaterEgual tImplies
tAna tDiv
thiod tNot
tThen tXor
o, 0, 0, C, o,
}
0, 2048, 4, 2304, 32,



605
606
607
608
609
610
611
612

614
615
616
617
618
619
620
621
622
623
624
625
626
627
628

4634

4642

4650

4658

4666

{ tident
tMDString
tPlus
tLeftParen
tMod
tvar

723, 32736,
{ tIdent
tMDString
tPlus
tBqual
tLessEqual
tLeftParen
tIn
tor

}

723, 32736,
{ tIdent
tMDString
tPlus
tEqual
tles
tLeftParen
tDiv
tNot
tXor

723, 32736,
{ tIdent
tMDString
tPlus

218

tNumber tString

tChar tMDChar

tMinus tAsterisk

tConst tDiv

tof tReadonly

tXor }

4096, 0, 4, 5378, o,
tNumber tString

tChar @DChar

tinus tAsterisk

tLessThan tGreaterThan

tGreaterBqual tInplies

tAnd thiv

tMod thot

tiwhen tXor

4097, 0, 4, 5378, o,
tNumber tString

tChar tMDChar

tMinus tAsterisk

tLessThan tGreaterThan

GreaterBqual tImplies

tRightParen tAna

tin thod

tor twhen

}

4057, 0, 4, 35378, 0,
tNumber tString

tChar tHDChar

tMinus tAsterisk

tLessThan tGreaterThan

tGreaterEqual tImplies

tRightParen tAnd

tin ticd

0Cr tHor
32, 6477, 25664, 1104, 8338,
tSemicolon tAssert

tBind tCase

tCanst tConverter

tFor tFunction

tInline tLoop

tPervasive tProcedure

tType tVar
32, 6221, 25664, 80, &3¢,
tSemicolon fAssert

Bind tCase

tConverter tExit

tFunction tIf

tLoop tPervasive

tReturn tlype



629
630
631
632
633
634

639

644
645
646
647
648
649
650
651
652

654
655
656
657
658
659
660
661
662
663
664
665
666
667
€68
669
670
671
672
673
674
675
676
677
678
679
680

{

4674

4682

4690

4698

4706
4714
4722
4730

4738

}

tvar

0, 8,
{ tNewLine
tBind
tConverter
tEnd
tInline
tProcedure
tVar

0; 8,
{ tNewLine
tBind
tConverter
tEnd
tInline
tProcedure

}

0! 0!
{ tSemicolon
tChecked

{ tif

723, 32744,
{ tIdent
tMDString
tNewLine
tAsterisk
tGreaterThan
tImplies
tAnd
tChecked
tDiv
tFunction
tMod
tPervasive

tType

}
0, 8,
{ tNewLine
tBind
tConverter

}
32, 6409, 24632,
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1040, 4234,
tSemicolon tAssert
tChecked tConst
tElse tEiseif
tFunction £l
ot tPervasive
tThen tType
}
32, 6409, 24632, 1040, 8210,
tSemicolon tAssert
tChecked tConst
tElse tEiseif
tFuncticn tIf
tNot tPervasive
tType tVar
32, 6409, 24632, 104G, 8210,
 tAssert tBind
tConst tConverter
tElseif tEnd
tif tInline
tPervasive tProcedure
tVar }
0, 0, 16440, 0, 0,
tElseif tknd
}
0, 0, 24, 0, 0,
tElseif }
0, 0, ls641s, 0, 0,
tIf }
0, 0, 16364, 0, 0,
}
4128, 6409, 8220, 5384, 9234,
tNumber tString
tChar t¥DChar
tPlus tMinus
tEqual tLessThan
tLessEqual tGreaterBqual
tLeftParen tSemicolon
tAssert tBind
tConst tConverter
tElse tElseif
tin tInline
tNot tOor
tProcedure tThen
tVar tXor
32, 6409, 8216, 1040, 9234,
tSemicolon tAssert
tChecked tConst
tElse tElseif



709
710
711
712
713
714
715
716
717
718
719
720
721
722

724
725
726
727
728
728
730
731
732

{

4746

4754

4762

4770
4778
4786

4794

4802

}

tFunction
tPervasive
tIype

0, 8,
{ tNewLine
tBind
tConverter
tFunction
tPervasive
tVar

0; 0[
{ tSemicolon
tChecked
tElse
tInline
tl;rocedure

0, 0,
{ tSemicolon
tChecked

tLcop

723, 32744,
{ tIdent
tMDString
tNewLine
tAsterisk
tGreaterThan

tImplies
tAnd

tIn
tNot

3
723, 32744,
{ tident
BDString
tNewLine
tAsterisk
tGreaterThan

tImplies
tAnd

tLoop
0Or

723, leéels,
{ tIdent
tMDString

tInline
tProcedure
tVar

32 I 640 9 r

tSemicolon
tChecked
tElse
tInline
tProcedure

32, 6405,
tAssert
tConst
tElseif
thNot
tType

32, 6409,
tAssert
tConst
tFuncticn
ot
tType

0, 0,
tLoop
0, C,
}
4100, 16384,
tHumber
tChar
tPlus
tEqual
tLessEqual
tLeftParen
tDecreasing
tLoop
0Or

4100, G,
tNurber

tChar

tPlus

tEqual

tLessEqual

tLeftParen

Div

}
8216,

8216,

€224,

tNot
tThen

1040,
tAssert

tConst

tElseif

thNot

tType

1040,

tBind
tConverter
tFunction
tPervasive
tvar

1104,

tBind
tConverter
tInline
tPervasive
tVar

32, 64,
}
0, 64,

4, 544z,
tString
tMDChar
tMinus
tLessThan
tGreaterBEqual
tDoublePeriod
tDiv
thod
tXor

4, Ltd442,

tString
tbChar
tMinus
tLessThan
tGreaterbqual
tDoubiePeriod
tin
tt}iot

4, 320,

tString
t¥bChar
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8210,

8210,

8210,

0,
G,
o,

0,

0,



733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
152
193
754
735
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775

777
778
779
780
781
782

784

4810
4818

4826

4834

4842

tNewLire
tAsterisk
tDiv
tXor
0; 8'

{ tNewLine

723, 32744,
{ tident
DString
tNewLine
tAsterisk
tGreaterThan
tImplies
tDoublePericod
tUpArrow
tBound
tEnd
tNot
tOtherwise
tVar

723, 32744,
{ tIdent
tHDString
tNewLine
tAsterisk
tGreaterThan
tImplies
thoublePericd
tLabel
thiv
thicd
tOr
tHor

723, 32744,
{ tIdent
tMDString
tNewLine
tAsterisk
tGreaterThan
tImplies
tDoublePeriod
tl.abel
tEnd
tNot
tOtherwise

}
723, 32744,
{ tIdent
tMDString
tNewLine
tAsterisk
tGreaterThan

tPlus
tLeftParen
tLoop
}
0, 0,

tLoop
4510, 20&0,

tNumber
tChar
tPlus
tEqual

tLessEqual
tLeftParen

tAssign

tlabel

tConst

tin

ot

tReaconly

tXor

4502, 32,
tNumber

tChar

tPlus

tBEqual

tLessEqual

tLeftParen

tCama

tand

tEnd

tNot

tOtherwise

}

4502, 0,
tHurber

tChar
tPlus
tEqual
tLessEqual
tLeftParen
tCorma

tof

4502, 0,
tNumber

tChar

tPlus

tEqual
tlessEqual
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thinus
tCoublePeriocd
tHoa

C, 64, 0,

}
36, 15618, 4128,
tString
tMDChar
tMinus
tLessThan
tGreaterbBgual
tPeriod
tConma
tand
tDiv
thod
Or
tTo
}
36, 15618, 40%,
£String
©DCnar
thlinus
tLessThan
tGreaterbEqual
tPericd
tUpArrow
tBound
tin
ot
tTo

36, 15618, 40Ss,

tString

tMDChar

tMinus

tLessThan

tGreaterbEqual

tPericd

tUpArrow

tDiv

thiod

tCr

tXor

26, 15618, a,
tString
tMDChar
tMinus
tLessThan
HGreaterkgual



785
786
787
788
789
79
751
792

794
795
796

79¢€
799
800
801
802

€04
€G5
806
807
ace

4850

4858

48686

4874

tImplies
thoublePericd
tLabel

tEnd

tNot

tOtherwise
723, 32744,

{ tIdent

tMDstring

thewLine

tasterisk

tGreaterThan

tImplies

tComma

tDiv

tHed

tOr

}

725, 32744,
{ tIdent
tMDString
tewLine
tAsterisk
tGreaterThan
tImplies
tDoublePericd
tUpArrow
thiv
tMod
t0r

}

723, 32744,
{ tIdent
tMhstring
tNewlLine
tAsterisk
tGreaterThan
tImplies
thoublePeriocd
tUpArrow
tBound
tIn
tof
£To

723, 32744,
[ tIdent
tMDString
NewLine
tAsterisk
tGreaterThan
timplies
tComma

tLeftParen

tComma

tAnd

tIn

tof

tXor

43 7 2 r 0 r
tNumber

tChar

tPlus

tBjqual

tLessEqual

tLeftParen

tLabel

tEnd

tNot

tOtherwise

4510, 0,
tHumber
tChar
tPlus
tEgual
tLessEqual
tLeftParen
tAssign
tLabel
tEnd
thot
tOtherwise

451G, 32,
tNumber
tChar
tPlus
tEqual
tLessEqual
tLeftParen
tAssign
tLabel
toiv
tMod
Or
tHor
4372, o,
tumber
tChar
tPlus
tEqual
tLessEqual
tLeftParen
tLabel

tPeriod
tUpArrow
tDiv
thiod
Or

}

36, 15618,

tString

tMDChar
tMinus
tLessThan
tGreaterkgual
tDoublePeriocd
tAnd
tin
w0t
tXor

36, 15618,

tString
DChar
thinus
tLessThan
tGreaterbEgual
tPericd
tComma
tAnd
tin
0L
Xor

36, 15618,
tString

tMDChar
tMinus
tlessThan
tGreateriqual
tPericd
tComma
tAnd
tEnd
tNot
tOtherwise

}

36, 13570,

tString

tMDChar
tMinus
tLessThan
tGreaterbBjual
tDoublePeriod
tAnd
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C,

0,

4056,

0,



{

{

4882

4890

4898

4906

4914
4922
4930

}

}

tDiv
tMod
tOtherwise
723, 32736,
{ tIdent
tMDString
tPlus
tEqual
tLessEqual
tLeftParen
tlLabel
tEnd
tot
tXor
723, 32744,
{ tIcent
tMDString
tNewLine
tAsterisk
tGreaterThan
tInplies
tCamma
tAnd
tCase
tConverter
tFunction
tMod
tOtherwise

0 I 0 r
{ tSemicolon
tCase
tConverter
tInline
tProcedure

}
Of 0!
{ tCase
0! Of
{ tCase
723, 24544,

- { tldent

tMDString
tPlus

tEnd
tNot
tXor
4372, o,
thuncer
tChar
tMinus
tLessThan
tGreaterEqual
tDoublePeriod
tAnd
tIn
tOr
}
4404, 6473,
tiunber
tChar
tPlus
tEqual
tLessEqual
tLeftParen
tSemicolon
tAssert
tChecked
tDiv
tIn
tNot
tPervasive
tVar

32, 6473,

tSemicolon
tCase
tConverter
tInlipe
tProcedure

}
32, 6473,
tAssert
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tin
tOor

}
36; 13570; Dl’
tString
DChar
tAsterisk
tGreaterThan
tImplies
tCamma
tDiv
tiod
tOtherwise
8228, 13566, E&EZ10,
tString
tMDChar
tiinus
tLessThan
tGreaterEqual
tDoublePeriod
tLabel
tBind
tConst
tEnd
tInline
tOr
tProcedure
tior

g224, 1040,
tiAssert
tChecked
tEnd
tNot

tType

8224, 104G,
tBina
tConst
tFunction
tPervasive
tVar

§210,

8210,

32’ 0' Of
}
o, 0, O,

4, 5378, 0,
tString

tMDChar

tAsterisk



g89

891
892
893
894
895

897
§98
898
800
501
902
503
S04
S05
906

209

Lasal

4938

4946

4954

4962

4970

4978

tEqual
tlessEqual
tAnd
tMod
tXor

723, 24544,
{ tIdent
tHDString
tPlus
tEqual
tLessEqual
tAnd
tHod

}

723, 24544,
{ tIdent
tDString
tPlus
tBEqual
tLessEqual
tDiv
thot

723, 24544,
{ tIdent
tMDString
tPlus
tBEqual
tLessEqual
thoublePeriod
tMod

}

723, 16864,
{ tIdent
tMDString
tPlus
thqual
tDiv
lor

0, 128,

{ tAsterisk

}

1023, 32736,
{ tIdent
tHexiumber
tMDString
tMDChar
tasterisk
tGreaterThan
tImplies
tPeriod
thiv
thHot

tLessThan
tGreaterbEqual
tDiv
tNot
}

4096, 0,

tNumber
tChar
tMinus
tLessThan
tGreaterEqual
Div
tNot

0, Q,
tNumcer
tChar
tHinus
tLessThan
tGreaterBqual
tIn
tlor
4, o,
tNumber
tChar
tMinus
tLessThan
tGreaterbqual
tDiv
tNot

‘4: ] 0 r
tNumber
tChar
tMinus
tLeftParen
tIn
}
0 r 0 4
tDhiv

4227, 1
tihumber
tString
tChar
tPlus
tEqual
tLessEgual
tLeftParen
tOpArrow
tin
tOr

tGreaterThan
tLeftParen
tIn

0Or

4, 1282,

tString
tbChar
tAsterisk
tGreaterThan
tLeftParen
tin
tHor

4, 1282,

tString
HiCnar
tAsterisk
tGreaterThan
tLeftParen
tHoa

}

4, 1282,

tString
t¥DChar
tAsterisk
tGreaterThan
tLeftParen
tin
=or

4, 258,

tString
tFDChar
tasterisk
tDoublePericd

4, 5378,
tOctalhumber
tExString
tExChar
tMinus
tLessThan
tGreaterbBjual
tRightParen
taAnd

EMod

Xor

224

0,

Or

0,

0r

G,

0y



941
942

%44
945
946

978

S8l
9g2

Sg4
985
986
987
988
989
990
991
992

{

{

4986

4994

5002
5010

}

} 723, 32736, 144§&7, 0,
{ tIdent thumber
tMDString tChar
tPlus tMinus
tEqual tLessThan
tLessEqual tGreaterEqual
tLeftParen tRightParen
thoublePericd tComma
tAll tand
tDiv tIn
ot t0r
tUnknown or

} 723, 32736, 14357, Q,
{ tIcent Number
tMDString tChar
tPlus tHinus
tEqual tLessThan
tLessEqual tGreaterEqual
tLeftParen tRightParen
tComma tall
tAny tDhiv
tHiocd ot
tParameter tUnknown

}

} O, 0, 17, 0,

{ tRightParen tConma

} 0):

{ Table Walker State }

var

var

var

var

var

processing:

Boolean := true;
tracing:

Boolean := false;
semanticizing:
Boolean := true;
tablePointer:

0 .. tableSize := 0;
cperaticn:
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4, £378, 16385,
tString
tMDChar
tAsterisk
tGreaterThan
tImplies
tPeriod
tUpArrow
tAny
thlod
tﬁ’arameter
4, 5378, 16385,
tString
trDChar
tAsterisk
tGreaterThan
tImplies
tDoublePerioa
tAnd
tIn
Or
tXor

G, G, 0,
}

firstTableQperation .. lastTableOperation;
const dummyLine := 0;

{ The Call Stack:

The Call Stack implements Syntax/Semantic
Language procedure call and return.

In addition,

the Call Stack contains dynamic error recovery sets.

Each time an oCall operation is executed,

the table return address and the reachable set
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093 for the oCall operator are pushed cnto the

594 Call Stack, When an oReturn is executed, the

e85 return address and the reachable set are popped trom the
996 Stack. An oReturn executed when the Call stack is
997 enpty terminates table execution. }

998

G99 const setSize :=7;

000 type SetType =

co1 array 0 .. setSize of PowerSet;

002

003 type CallStackEntry =

004 record

005 var sett:

006 : SetType; { Dynamic set of syntax recovery tokens}
G07 var returndadress:

008 0 .. tableSize;

009 end CallStackEntry;

010

011 const callStackSize := 127;

012 var callsStack:

013 array 0 .. callStackSize of CallStackEntry;

014 var callstackTop:

015 0 .. callStackSize := 0;

016

017

018

019 { Choice HMatch Flag:

020

021 Set by the Choice Handler to indicate whether

022 a match was made or the otherwise path was taken.
023 Set to true if a match was made and false otherwise.
024 This flag is used in input choices to indicate

025 whether the choice input token should be accepted or
026 not. }
027

028 var choiceTagiatched:

029 Boolean;

030

031

032 { Parameterized And Choice Semantic Operation Values:
033

034 These are used to hold the decoded parameter value to
035 a parameterized semantic operatiocn and the result
036 value returned by a choice semantic operaticn

037 respectively. }
038

039 var parameterValue:

040 Signedint;

041 var resultValue:

042 Signedint;

043

044



045
046
047
048
049
€50
051
052
053
054
055
C56
057
058
059
060
061

063
064
065
066

068
06y
070
071
072
073
074
075
076
977
078
079
080

082
08

085
086

088
089

091
092
093
094
095
0%
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{ Line Counter }
pervasive const maxLineMumber := 29999;
var lineNunber:

0 .. maxLineNumber := 1;
{ Input/output channel number assignments. }
=1; {Output token stream.}
2; {Output error stream.}
3;

{Input token stream (producea by
: Screener) }

const outputFile
const errorFile :
const inputFile :

o e

{ Predefined flag values for Powerset module }

const maxBits := 15;
const flagValue:
array 0 .., maxBits of SignedInt :=
(1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048,
4096, 8192, 16384, 1 { unused });

{ Error Qutput Interface }

pervasive const firstErrorCode := 0;
pervasive const eNoError := 0;
pervasive const eEndOfErrors := 1;
pervasive const firstTrueErrorCode := 2;
pervasive const firstParserErrorCode :=
pervasive const eSyntaxError := 21;
pervasive const firstFatalErrorCode := 22;
pervasive const ePrematureEndCiFile := 22;
pervasive const eCallStackOverflow := 23;
pervasive const eExtraneousProgramText := 24;
pervasive const lastErrorCode := 24;

21;

const maxErrors := 20;
var noErrors:
0 .. maxErrors := 0;

procedure EmitError (errcrCode: firstErrorCode ..
lastErrorCode,
lineNo: SignedInt) =

imports (var IQO, errorFile, linelumber, var noErrors,
var processing, tracing);



097
098
089
100
101
102
103
104
105
106
107
108
109

111
112
113
114
115
116

11y
139
120
121
122

124
125
126
127
128
129
130
131
132

134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

{ This procedure provides output of error
codes to the error message lister; all
error codes are output using this procedure.

begin
if errorCode >= firstTrueErrorCode then
noErrors := noErrors + 1;
end if;

{ Write lineMumber, errorCode, linelNo (S/SL)
ErrorFile }

I0.WriteInt {errorFile, lineNumber);
IO.WriteInt (errorFile, errorCode);
IO.WriteInt (errorfFile, lineNo);

if errorCode >= firstPatalErrorCode
noErrors = maxBErrors then

processing := false;
end if;

{ Trace error emission }

if tracing then

I0.PutString ('Error output ');
I0.PutInt (errocrCode);
I0.PutString ('; Line ');
I0,PutLine;

end if;

end EmitError;

{ Input Interface }

pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive

const
const
const
const
const
censt
const
const
const
const
const
const
const
const
const
const
const

firstInputTcken := ~1;
tSyntaxError := -1;
tident := 0;
tNumber :=

[a]
~e
el
~e
28]
~a

~s |l

|

nu

o
-

~s wa
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149
150
151
152
153
154
155
156
157

159
160
161
162
163
l64
165
166
167
l68
169

pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive

const
const
const
const
const
const
const
const
const
const
const
const
const
constc
const
const
const
const
const
const
const
const
const
const

const

const
const
const
const
const
censt
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
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tCodeliddle := 15;
tCodeEnd := 16;
tlllegal := 17;
tNewLine := 18;
tEndOiFile := 19;

tPlus := 20;
tMinus := 21;
tAsterisk := 22;
tEqual := 23;

tLessThan := 24;
tGreaterThan := 25;
tLessEqual := 267
tGreaterbEqual := 27;
tImplies := 28;
tLeftParen := 25
tRightParen := 3
tPericd := 31;
tDoublePericd := 32;
tAssign := 33;

0;

tComa := 34;
tSemicolan := 35;
tColon := 36;
tUpArrow := 37;
tLabel := 3§&;
tAbstraction := 39;
tAligned := 40;
taAll := 41;

tAnd := 42;

tAny := 43;
tArray := 44;
tAssert := 45;
tAt := 46;
tBegin := 47;
tBind := 48;
tBits := 49;
tBound := 50;
tCase := 5l1;

tCheckable := 52;
tChecked := 53;
tCode := 54;
tCollection := 55;
tConst := 56;
tConverter := 57;
tCounted := 58;
tDecreasing := 59;
tDefault := 60;



pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive
pervasive

pervasive
pervasive

pervasive
pervasive

const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
canst
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const

const
const

const
const

tPost := 92

tPre := 93;
tProcedure := 94;
tReaconly := 95;
tRecord := %6;

tReturn := 97;
tReturns := 98;
tSet := 99;
tThen := 100;
tThus := 101;
tTo := .:.02:
tType := 103;

tUnknown := 104;
tvar := 105;
tWhen := 106;
tWith := 107;

tXor := 108;
lastInputTcken := tXor;

firstTextInputToken := tldent;
lastTextInputToken := tIllegal;

firstvValueInputToken := tlIdent;
lastValueInputToken := wiDChar;

var nextInputToken:
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253
254
255

257
258

260
261
262
263
264
265

299
300
301
302
303
304
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firstInputToken .. lastInputToken;

const maxTokenLength := 500;
const maxStringLiterallength := 500;

var inputToken:
firstInputToken .. lastInputToken;
var inputTokenLength:
1 .. maxTokenLength;
var inputTokenText: packed array l..maxTokenLength of Char;

const maxIdents := 2000;

{ Constant declarations for value representaticn field of
number tokens. }

pervasive const unsignedSinglelnt := -1;
pervasive const signedSingleInt := 1;

type InputTokenValueType =
record
var valueToken:
firstValueInputToken .. lastValueInputToken;
var intValueRepresentation:
SignedInt;
var integervValue:
SignediInt;
var identIndex:
0 .. maxIdents - 1;
var unnormalizedIcdentIndgex:
0 .. maxIdents - 1;
var stringLength:
0 .. maxStringLiteralLength;
var stringText:
packed array l..maxStringLiteralLength of Char;
end InputTokenValueType;

var inputTokerValue:
InputTokenValueType;
{ Variable Used in Syntax Error Recovery }
var newInputLine:
Boolean := false;
procedure AcceptInputToken =
imports (var nextInputToken, var inputToken,

var inputTokenValue, var lineNumber, var IC,
mexTokenLength, tracing, var rewlnputLine,



305
306
307
308
309
310
311
312
213
314
315
316
3L
318
319
320
321
322

324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
338
340
241
342
343
344
345
3

347
348
349
350
351
352
353
354
355
356
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var inputTokenLength, inputFile, var inputTokenText);

{ This procecure provides the interface to the
previous pass; it is reponsible for handling
all input including line number indicators and
the values and text associated with input tokens. }

pre (nextInputToken not = tEndOfFile);
post (not IO.EndFile(inputFile));

begin
var inputlint:
SignedInt;
var dumyLength:
1 .. maxTokenLength;
var cdummyText:
packed array l..maxTokenLength of Char;

{ Accept Token }

inputToken := nextInputToken;

{ Read Value Associated with Token }

if inputToken >= firstValueIngputToken and
inputToken <= lastValueInputToken then
inputTokenValue.valueTcken := inputToken;

case inputToken of

ticéent =>
IC.ReadInt (inputFile, inputlnt);
inputTokenValue.identIndex := inputInt;
I0.ReadInt (inputFile, inputlInt);
inputTokenvValue.wmnormalizedIdentIndex :=
inputInt;
end tIdent;

tumber, tOctalNumber, tHexNumber =>
I0.ReadInt (inputFile, inputInt);
assert (inputiInt = signedSinglelnt or
inputInt = unsignedSinglelInt);
inputTokernvalue. intValueRepresentation :=
inputInt;
I0.ReadInt (inputFile, inputInt);
inputTokenValue, integerValue := inputlnt;
end tNumber {, tOctallumber, tHexliumber };

tString, tExString, tMDString, tChar, tExChar,
@DChar =>



357
358
3589
360
361
362
363
364
365
366
367
368
3659
370
371

L]

I0.ReadInt (inputFile, inputlInt);
inputTokenvValue,.stringLength := inputInt;

if inputTokenValue.stringLength nct = 0
then
I0.ReadString (inputFile,
inputTokenValue.stringText,
inputTokeriValue, stringLength,
inputlInt);
assert (inputInt =
inputTokenvValue, stringLength) ;
end if;

end tString {, tExString, tMDString,
tChar, tExChar, tMDChar }
end case;
end if;

{ Read Text of Token }

if inputToken >= firstTextInputToken and
inputToken <= lastTextInputToken then
I0.ReadInt (inputFile, inputlInt);
inputTokenLength := inputlnt;
I0.ReadString (inputFile, inputTokenText,
inputTokenLength, inputInt);
assert (inputInt = inputTokenLength);
end if;

{ Read Next Input Token Number }
newInputLine := false;

loop
I0.ReadInt (inputFile, inputlInt);
nextInputToken := inputlnt;

{ Skip New Lines and Comments }

exit when nextInputToken not = thewLine and
nextInputToken not = tCamentStart ana
nextInputToken not = tCommentMiddle and
nextInputToken not = tCammentEnd and
nextInputToken not = tComment;

nmunn

if nextInputToken = tilewLine then
{ Update Line Counter and Set Flag }
newlnputLine := true;

if lineNumber < maxLineNumber then
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lineNumber := lineNumber + 1;
else

lineNumber := 0;
end if;

else
{ Throw Away Text of Caument }
I0.ReadInt (inputE‘ile, inputInt);
durmiyLength := inputInt;
I0.ReadString (inputFile, dummyText,

aummyLength, inputlnt);

assert (inputInt = dummyLength);

end if;

end locp;

{ Trace input }

if tracing then
I0.PutString ('Input token accepted ');
I0.PutInt (inputToken);
I0.PutString ('; Next input token ');
IO.PutInt (nextInputToken);
I0.PutString ('; Line ');
I0.PutInt (lineMumber);
I0.PutLine;

end if;

end AcceptInputToken;

{ output Interface }

pervasive const firstOutputToken := 0;
pervasive const aldent := 0;
pervasive const aNumber := 1;
pervasive const aString := 2;
pervasive const aMDString :=
pervasive const aChar := 4;
pervasive const aMDChar := 5;
pervasive const aCodeUnit := 6;
pervasive const aStandardCamponent := 7
pervasive const aLegalitySpecifier := 8
pervasive const aNewLine := 9;
pervasive const aEndOfFile := 10;
pervasive const aAbstraction := 11;
pervasive const aAdd := 12;

pervasive const aAligned := 13;

pervasive const aAll := 14;
pervasive const aAnd := 15;
pervasive const aAny := 16;

pervasive const aArray := 17;
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aCollecti
aConst := 30

aConstType
aConverter
aCountMax := 3
aCounted := 34;

.
I

abDecreasing := 35;
aDefault := 36;
aDiv := 37;

aElse := 3§;
akEndBegin := 39;
abBndBind := 40;
aEndCase := 41;
2EndCode := 42;
aEndEnum := 43;
aEndExports := 44;
apndExpression := 45;
afrdIdent := 46;
2ERAQIf := 47;

2Endlabels := 50;
aEndLocp := 51;
akEndliodule := 52;
aBEndfFams := 53;
aEndRecord := 54;
abEndSubs := 55;
aEndvValues := 56;
aEndiith := 57;
aEnum := 58;
aBEqual := 59;
aExit := 60;
akExports := 61;
aExternal := 62;
aField := 63;
aFinally := 64;
aror := 65;
aPorward := 66;
afunction := 67;
aGreater := 68§;
aGreaterfBqual := 69;
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alf := 70;
alImply := 71;
aInports := 72;
aln := 73;

alnfixAnd := 74;

alnitial :=
alnitially :=7%;
aInline := E0;
alnvariant :=
alabels := 82;
aless := 83;
alessEqual := 84;
al.oop := 85;
alMDiModule := 86;
alMDRecord := §7;
alinus := 88;

aMod := 89;

aModule := 50;
aModuleldent := 91;
aMultiply := 92;
aNot := 93;
aNotChecked := 94;
aNotEqual := 95;
alotIn := %6;

alr := 97;
aOtherwise := 98;
aPacked := 99;
gParameter := 100;
aParens := 101;
aPamType := 102;
aParms := 103;
aPervasive := 104;
aPointer := 105;
aPost := 106;

aPre := 107;
aProcedure := 108;
aReadonly := 109%;
2Record := 110;
aReturn := 111;
aReturriValue := 112;
aReturns := 113;
aSet := 114;

aSubs := 115;
aSubtract := 116;
aTo := 117;

aType := 118;
aTypeName := 119;
alnknown := 120;
avValues := 121;
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565 pervasive const avar := 122;

566 pervasive const aVarType := 123;

567 pervasive const aWhen := 124;

568 pervasive const aWith := 125;

569 pervasive const aXor := 126;

570 pervasive const lastOutputToken := aXor;

571

572

573 procedure EmitCutputToken (cutputToken: firstQutputToken ..
574 lastCutputToken) =
575

576 imports (var IO, outputFile, tracing);

STT

578 pre { outputFile is cpen };

579

580 begin

581 I0.WriteInt (outputFile, outputToken);
582

583 { Trace output }

584

585 if tracing then

586 I0.PutString ('Output token ');
587 I0.PutInt (outputToken);

588 I0.PutLine;

589 end if;

590

591 end EmitOutputToken;

592

593

594 function TokenInSet (keys: SetType)

595 returns membership: Boolean =

5%6

597 imports {nextInputToken, setSize, Setln);
598

599 { This function detemines if the nextInputToken is in the
600 recovery set of tokens }

601

602 begin

603 var wordhNo:

604 0 .. setSize := 0;

605 var found:

606 Boolean := false;

607

608 loop

609 if SetIn (keys (wordlo), tlagValue
610 (nextInputToken)) then
611 found := true;

612 end if;

613 exit when (found) or (worcNo = setSize);
614

615 wordio := wordho + 1;

€16 end loop;
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nmembership := found;

end TokenInSet;

procedure Check (lineNo: SignedInt, keys: SetType) =
imports (TokenInSet, EmitError,eSyntaxError);

{ This procedure checks if the incoming token is in the
current recovery token set }

begin
if not TokenInSet (keys) then

EmitError (eSyntaxError, linelo);
end if;

end Check;

procedure Union (var keys: SetType, keySet: SetType) =

imports (maxBits, SetAdda, PowerSet, setSize, callStack,
callStackTop, var SetAdd, Setln);

{ This procedure prcduces the unicn of Z sets }

begin
var count:
0 .. setSize + 1 := 0;
var bitNo:
0 .. maxBits;
var worchlos
PowerSet; { 15-bit portion of set }

keys := callStack (callStackTop).sett;

loop
exit when (count > setSize);

wordlo := keySet (count):
bitNo := (;

loop
exit when (bitNo = maxBits);

if SetIn (worcNo, flagvValue (bithio)) then
Setadd (keys (count), tlagValue (bitlo));
end if;
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bitNo := bitNo + 1;
end loop;

count := count + 1;
end loop;

end Union;

procedure ConvertToKeySet (var address: Signedint,

var keySet: SetType) =
imports (Table, setSize);

{ This procedure converts a tableAdaress to & static key
set }

begin

var wordios
0 .. setSize := 0;

loop
keySet (worcNo) := table (address);
exit when (wordNo = setSize);
address := address + 1;

end loop;

end ConvertToKeySet;

procedure SkipTokens (keys: SetType) =

imports (TokenInSet, processing, EmitError, nextInputToken,
tEndOfFile, AcceptInputToken);

{ This procedure skips over inputTokens until cne matches
a token in the recovery token set }

begin
locp
exit when (TokenInSet (keys)):;
AcceptInputToken;
end loop;

end SkipTokens;

{ The Choice Handler }
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procedure HandleChoice (choiceTag: SignedInt) =

imports (table, cperation, var tablePointer,
ConvertToKeySet, Union, Check, SkipTokens,

var choiceTagMatched, SetType);:
pre (operation = oInputChoice or
{operation >= firstChoiceOperation and
cperation <= lastChoiceOperation});

{ This procecure performs both input and sementic
choices. It sequentially tests each alternative
value against the tag value, and when a match is
found, performs a branch to the corresponding
alternative path, If none of the alternative
values matches the tag value, table interpretation
proceeds to the operation immediately following
the list of alterratives (normally the otherwise
path) . The flag choiceTagMatched is set to true
if a match is found and false otherwise. b

begin

var numberQfChoices:
SignedInt;

var tableAdaress:
SignedInt;

var keySet:
SetType;

var lineNo:
Signedint;

var keyAddress:
SignedInt;

var keys:
SetType;

tableAddress := table(tableFointer);
lineNo := table (tablePointer + 1);
keyhodress := table (tablePointer + 2);
numberOfChoices := table(tableAddress);
tablePointer := tablefldress + 1;
choiceTagtlatched := false;
ConvertToKeySet (keyAcdress, keySet);
Union (keys, keySet);

Check (lineNo, keys);

SkipTokens (keys);

loop
if table(tablePointer) = choiceTag then
choiceTaghatched := true;
tablePointer := table(tablePointer + 1);
exit;
end if;
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tablePointer := tablePointer + 2;
nunberOfChoices := numberCfChoices — 1;

exit when numberOfChoices = 0;
end loop;

end HandleChoice;

{ Execution Tracing }
procedure Trace =
imports (operation, table, tablePointer, var I0);
begin
I0.PutString ('Table index ');
I0.PutInt (tablePointer-l1);
I0.PutString ('; Operaticn ');
I0.PutInt (oreration);
I0.PutString ('; Arqument ');
I0.Putlnt (table({tzblePointer)):
I0.PutlLine;

end Trace;

{ Semantic Choice Failure }
procedure HandleSemanticChoiceFailure =
imports (lineNumber, Trace, var IO, Abort);
begin
I0.PutString ('Semantic choice failed; Line '");
I0.PutInt (lineNumber);
I0.PutLine;
Trace;
Abort:

end HandleSemanticChoiceFailure;

{ Syntax Error Handling }
procedure HandleSyntaxError =
imports (lineNumber, Union, table, tablePointer,

callStack, callStackTop, EsditError, SkipTokens,

ConvertToReySet, eSyntaxBrror, SetType);
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pre (operaticn = oInput);

{ This procedure handles syntax errors in the input
to the Parser pass;

Syntax error recovery:

When a mismatch occurs between the the input token
and the syntax table, the following recovery 1is
employed.

The keyAddress is converted to keySet, ana keys is
created by the union of KeySet and the set in the top
callStack entry. Bn error message is emittea. Incoming
tokens are skipped until cne is found belanging in keys. }

begin
var KeyAddress:
Signedint;
var lineNo:
SignedInt; { S/SL lineNumber }
var keySet:
SetType;
var keys:
SignediInt;

lineNo := table (tablePointer + 1);

KeyAddress := table (tablePcinter + 2);

ConvertToKeySet (keyAddress, KeySet);

Union (keys, keySet); { Merges top of callStack set
with static set }

EmitError (eSyntaxError, linelo); { Emit error

nessage }
SkipTokens (keys); { Read input until token in
recovery set }

end HandleSyntaxError;

var Semantic:
module

imports (operaticn, parameterValue, var resultValue,
inputToken, inputTokenLength, inputTokenText,
lineNumber, EmitOutputToken, EmitError, var IO,
inputTokenValue, cutputFile);
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exports (SimpleCp, ParmCp, Choice(p, EmitOp);

{ This module implements the semantic mechanisms
used in the Syntax/Semantic Language for the pass.
Normally the Parser will have no (or at least,

very few) semantic operaticns. The transliterator's
Parser, however, will have to make type choices and
emit ident information as text and hence

will require semantic operations and data structures
to support them. }

{ Declarations of constants, variables, data
structures, procedures and modules used in
implementing semantic mechanisms will go nere. }

procedure SimpleCp =

imports (operation);

pre (operation >= firstSimple(Uperaticn and
operation <= lastSimpleQperation);

begin
{ Ho Simple Cperations in the Parser }
assert (false):

end SimpleOp;

procedure PamOp =
imports (operation, parameterValue);

pre {operation >= firstParameterizedOperation and
cperation <= lastParameterizecdOperation);

begin
{ No Parameterized Operations in the Parser }
assert (false);

end ParmCp;

procecure ChoiceOp =

imports (operation, var resultValue);
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929

930 pre (operation >= firstChoiceCperation and

gg]z. oreration <= lastChoiceCperztion);

533 begin

934 { No Choice Operaticns in the Parser }

935 assert (false);

936

937 end ChoiceOp;

938

639

S40 procedure EmitCp =

c41

542 imports (operation, inputToken, inputTokenLength,
943 inputTokenValue, lineNumber, EmitOutputToken,
844 var IC, outputFile, inputTokenText);

945

946 pre (operation >= firstEmittingCperaticn and

c47 operation <= lastEmittingOperation

948 { and outputFile is cpen } );

949

550 begin

951

952 case cperation of

953

854 OEmitIdent =>

955 assert (inputTokerValue,valueToken =
956 tldent);
957 I0.WriteInt (cutputFile,

958 inputTokerValue.

959 icentIrdex) ;
%0 I0.WriteInt (cutputFile,

961 inputTokenValue.

962 unneormalizedIdentIndex) ;
%63 end oEmitIdent;

%4

565 OEmitChar, cEmitString =

%66 assert (inputTokerValue,valueToken =
%7 tChar or
%68 inputTokenValue, vaiueToken =

269 tExChar or
870 inputTokenValue. valueToken =

971 ttDChar or
972 inputTokenvValue, valueToken =

973 tString or
974 inputTokenValue,valueToken =

§75 tExSTring or
976 inputTokenValue.valueToken =

a7y tbString) ;
978 I0.WriteInt {outputFile,

979 inputTokenValue,stringLength) ;

980 I0.WriteString (ocutputFile,
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inputTokenValue.stringText,
inputTokenvValue,stringLength) ;
end oEmitChar {, oEmitString };

CEmi thumber =>
assert (inputTokenValue,valueToken =
tNumber or
inputTokenValue,valueToken =
tOctalNumber or
inputTokenValue.valueToken =
tHexMumber) ;
IO.WriteInt {cutputFile,
inputTokenValue,
intValueRepresentation);
IO.WriteInt (outputFile,
inputTokenValue.
integervValue);
end obmitiumber ;

OEmi tCode =>
assert (inputToken = tCodeliiddle);
I0.WriteInt (outputFile,
inputTokanLength) ;

I0.WriteString (outputFile,
inputtokenText,
inputTokenLength) ;

end cEmitCode;

oEmitLine =>
EmitDutputToken (aNewLine);
I0.WriteInt (ocutputFile, lineNuaber);
end oEmitLine;

end case;

end EmitOp;

end module { Semantic };

{ Main Walker Program }
initially

imports (table, var tablePointer, var processing,
var operation, var callStack, var callStackTop, Trace,
EmitError, var nextInputToken, var inputToken,
EandleSyntaxError, HandleSemanticChoiceFailure,
HandleChoice, EmitOutputToken, var resultValue,
var parameterValue, var IO, inputFile, outputFile,
errorFile, noErrors, Abort, ConvertTokeySet, Union,
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SetType, setSize, Setadd, naxBits, var Semantic,
semanticizing, var newlInputLine, var tracing,
var choiceTaghiatched, AcceptInguttoken);

begin

var inputlnt:
Signedint;

const maxOptionStringLength := 100;
var cptionString:

246

packed array l..maxOptionStringLength of Char;

var optionStringLength:
SignedInt;

var keySet:
SetIype;

var keys:

var wordho:
0 .. setSize := 0;
var bitNo:
0 .. maxBits - 1;
var address:
Signedint;
var lineNo:
SignedInt;

{ Process Cptions }
I0.GetOptions (optionString, coptionStringlength);
if optionStringLencth > O then

if optionString(l) = §T or optionString(l) =
then
tracing := true;

end if;

end if;

{ start Up 1/C }

IC.Open (inputFile, inFile);
I0.0pen (outputFile, outFile);
I0.0pen (errorFile, outFile);

nextInputToken := tNewLine;
AcceptInputToken;
newInputLine := false;

St

{ Initialize set at bottom of callStack to hola only
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tEncCfFile tcken }
temp := callStack (callStackTecp) .sett;

loop
SetClear (teamp (wordlo));
exit when (wordllo = setSize);
wordho := worcho + 1;

end locp;

{ Add tEndOfFile token }

wordio := tEndOfFile div maxBits;

bithNo := tEnd0fFile mod maxBits;

SetAdd (temp (wordlo), flagValue (bitNo)):;
callStack (callStackTop).sett := temp;

{ walk the Syntax/Semantic Table }

loop
exit when not processing;

operation := table(tablePointer);
tablePointer := tablePointer + 1;

{ Trace Executicn }

if tracing then
Trace;

end if;

case operation of

oCall =>
if callStackTop < callStackSize then
address := tablePointer + 1;
ConvertToKeySet (address, keySet);
{ Merge set on top of callStack with
static keys }
Union (keys, keySet};
callStackTop := callStackTop + 1;
callStack (callStackTop).sett := Keys;
callStack (callStackToy) .returndadress
:= tablePointer + 2;
tablePointer := table(tablePointer);
else
EmitError (eCallStackOverflow,
dummyLine) ;
processing := false;
end if;
end oCall;

oReturn =>
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137 if callStackTcp = 0 then

138 { Return fram main S/SL procedure }
139 processing := false;

14C else

141 tablePointer := callStack

142 (callStackTcp) .returnadaress;
143 callStackTop := callStackTop - 1;
144 end if;

145 end oReturn;

146

147 oRepeat, clierge =>

148 tablePointer := table({tablePointer);
149 end oRepeat {, dllerge };

150

151 oInput =>

152 if table(tablePointer) = nextInputToken
153 then

154 BAcceptInputToken;

155 else

156 { Syntax Error in Input }

157 HandleSyntaxError ;

158 end if;

155

160 tablePointer := tablePointer + 3;

161 end oInput;

162

163 oInputChoice =>

164 HandleChoice (nextInputToken);

165

166 if choiceTagMatched then

167 AcceptInputToken;

168 end if;

169 end oInputChoice;

170

171 cEmit =>

172 linelo := dumyLine;

173 Emi tOutputToken (table(tablePointer));
174 tablePointer := tablePointer + 1;

175 end OEmit;

176

177 oError =>

178 EnitErrcr (table(tablePointer), cummyLine);
179 tablePointer := tablePointer + 1;

180 end oError;

18l

182 oChoiceEnd =>

183 HandleSemanticChoiceFailure;

184 end oChoiceEnd;

18

186

187 { The Following are Pass dependent

188 Data Structure Semantic Operaticns }



end;

249

{ No Simple, Parameterized or Choice Semantic
operaticns in the Parser }

oEmitIdent, oBEmitChar, obmitNumber,
oEmitString, ¢EmitCode, oEmitLine =>

if semanticizing then

Semantic.EmitOp;
end if;
end oBmitIdent {, etc., };
end case;
end loop;

{ Terminate I/0 }

if nextInputToken not = tEndOfFile then
EmitError (eExtranecusProgramText, linelo);
end if;

I0.Close (inputFile);

I0.Close (cutputFile);

lineNo := dummyLine;

EmitError (eEndOfErrors, dummyLine);
10.Close (errorFile);

{initially}

end module { Parser };

include 'ICED’
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ABSTRACT

This computer project modifies the Euclid compiler's parser in order
to provide; 1) more efficient syntax error recovery, 2) a syntactically
correct output token stream to the next compiler pass, and 3) to demon-
strate that the first two improvements can be automatically generated.
Euclid, a programming language heavily indebted to Pascal, was written
for the construction of verifiable systems programs, and the compiler
used in this project was developed at the University of Toronto.

The parser module consists of four parts: 1) an $/SL program, 2) an
S/SL assembler, 3) output from the S/SL assembler in table form, and 4)
an interpreter. The S/SL (Syntax/Semantic Language--a subset of Pascal}
program represents Euclid's syntax. This program is processed by an S/SL
assembler module into S-code, a table of integers consisting of a few
primitive operators followed by operands. The table is declared as a
constant to the interpreter program which then alternately reads the token
stream from the lexical analyzer and "walks" the table.

To accomplish the project's aims, several changes were required in
the existing programs. First, the S-code operators were modified; then,
the assembler and interpreter were changed to accomodate those modifica-
tions. In addition, syntax error recovery sets were generated by using
the Hartmann error recovery scheme. The sets were computed automatically
by initiating a method by which reachable tokens along a given path were
stored in sets passed as operands to certain primitive operators.

The new, automatic-generation method resulting from this project
insures that syntax recovery from Euclid programming errors is guaranteed

and that the parser's output is syntactically correct.



