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CAUTION: Again, the meaning of the target expression of the LOCKS clause must not change between
the call to the entry procedure and the subsequent return. (l.e. in the above example, changing p or
p.q would almost surely be an error.)

CAUTION: It is important to note that global variables of object monitors are very dangerous: they
are not covered by a monitor lock, and thus do not constitute monitor data. If used at all, they must
be set only at module initialization time and must be read-only thereafter.

10.4.6. Explicit declaration of monitor locks
It is possible to declare monitor locks explicity:
myLock: MONITORLOCK;

The normal cases of monitors and monitored records are essentially stylized uses of this facility via
the automatic declaration of LOCK, and should cover all but the most obscure situations. For
example, explicit delarations are useful in defining MACHINE DEPENDENT monitored records. (Note
that the LOCKS clause becomes mandatory when an explicitly declared monitor lock is used.) More
generally, explicit declarations allow the programmer to declare records with several monitor locks,
declare locks in local frames, and so on; this flexibility can lead to a wide variety of subtle bugs,
hence use of the standard constructs whenever possible is strongly advised.

10.4.7 Inline ENTRY procedures

The syntax for definitions modules allows the specification of a LOCKS clause. This is to allow inline
ENTRY PROCEDURES to be declared in the interface. In order for this to make sense, the monitor
lock must be an interface variable, or the procedures must deal with an object style monitor. No
special restrictions (other than those that apply to all INLINE bodies) need be met when declaring
inline ENTRY PROCEDUREs within the program module of a monitor.

10.5. Signals

10.5.1. Signals and processes

Each process has its own call stack, down which signals propagate. If the signaller scans to the
bottom of the stack and finds no catch phrase, the signal is propagated to the debugger. The
important point to note is that forking to a procedure is different from calling it. in that the forking
creates a gap across which signals cannot propagate. This implies that in practice, one cannot
casually fork to any arbitrary procedure. The only suitable targets for forks are procedures which
catch any signals they incur, and which never generate any signals of their own. -

10.5.2. Signals and monitors

Signals require special attention within the body of an entry procedure. A signal raised with the

monitor lock held will propagate without releasing the lock and possibly invoke arbitrary

computations. For errors,” this can be avoided by using the RETURN WITH ERROR construct.
RETURN WITH ERROR NoSuchObject.

Recall from Chapter 8 that this statement has the effect of removing the currently executing frame
from the call chain before issuing the ERROR. If the statement appears within an entry procedure,
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the monitor lock is released before the error is started as well. Naturally, the monitor invariant must
be restored before this operation is performed.

For cxample, consider the following program segment:
Failure: ERROR [kind: CARDINAL] = CODE;

Proc: ENTRY PROCEDURE [. . .] RETURNS [cl, ¢2: CHARACTER] =
BEGIN
ENABLE UNWIND =>

IF condl THEN ERROR Failurel];
IF cond? THEN RETURN WITH ERROR Failure?2]:

END;
Execution of the construct ERROR Fuailure[l] raises a signal that propagates until some catch phrase
specifies an exit. At that time, unwinding begins; the catch phrase for UNWIND in Proc is executed

and then Proc’s frame is destroyed. Within an entry procedure such as Proc, the lock is held until
the unwind (and thus through unpredictable computation performed by catch phrases).

Execution of the construct RETURN WITH ERROR Failured?2] releases the monitor lock and destroys the
frame of Proc before propagation of the signal begins. Note that the argument list in this construct
is determined by the declaration of Failure (not by Proc’s RETURNS clause). The catch phrase for
UNWIND is not executed in this case. The signal Failure is actually raised by the system, after which
Failure propagates as an ordinary error (beginning with Proc’s caller).

When the RETURN WITH ERROR construct is used from within an internal procedure, the monitor lock
is not released; RETURN WITH ERROR will release the monitor lock in precisely those cases that
RETURN will.

Another important issue regarding signals is the handling of UNWINDs; any entry procedure that may
experience an UNWIND must catch it and clean up the monitor data (restore the monitor invariant):

P: ENTRY PROCEDURE [ ... ] =
BEGIN ENABLE UNWIND => BEGIN <restore invariant> END;

END;

At the end of the UNWIND catchphrase, the compiler will append code to release the monitor lock
before the frame is unwound. It is important to note that a monitor always has at least one cleanup
task to perform when catching an UNWIND signal: the monitor lock must be released. To this end, the
programmer should be sure to place an enable-clause on the body of every entry procedure that
might evoke an UNWIND (directly or indirectly). If the monitor invariant is already satisfied, no
further cleanup need be specified. but the null catch-phrase must be written so that the compiler will
generate the code to unlock the monitor:

BEGIN ENABLE UNWIND =) NULL;
This should be omitted only when it is certain that no UNWINDS can oOccur.

Another point is that signals caught by the OptCatchPhrase of a wAIT operation should be
thought of as occurring after reacquisition of the monitor lock. Thus, like all other monitor code,
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‘catch phrases within a monitor are always cxecuted with the monitor lock held.

10.6. Initialization

When a new monitor comes into existence. its monitor data will generally need to be sct to some
appropriate initial values; in particular, the monitor lock and any condition variables must be
initialized. As usual, Mesa takes responsibility for initializing the simple common cases; for the cases
not handled automatically, it is the responsibility of the programmer to provide appropriate
initialization code, and to arrange that it be executed at the proper time. The two types of
initialization apply in the following situations:

Monitor data in global variables can be initialized using the normal Mesa initial value
constructs in declarations. Monitor locks and condition variables in the global frame will
also be initialized automatically (although in this case, the programmer does not write any
explicit initial value in the declaration). ‘

Monitor data in records must be initialized by the programmer. System procedures must be
used to initialize the monitor lock and condition variables. See the runtime documentation
for the descriptions of appropriate procedures.

A fine point:

If a variable containing a record is declared in a frame, it is normally possible to initialize it in the
declaration (i.e. using a constructor as the initial value); however, this does nor apply if the record
contains monitor locks or condition variables, which must be initialized via calls to system procedures.

Since initialization code modifies the monitor data, it must have exclusive access to it. The
programmer should insure this by arranging that the monitor not be called by its client processes
until it is ready for use.
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APPENDIX A. Pronouncing Mesa

The following suggestions may be helpful in reading Mesa programs:

For Read

=> chooses

- gets

n: T ‘ nisaT

m.field : m's field

m p's referent

@x address of x

[a.b] (the interval) a through b

[a.b) (the interval) @ up to b

(a.b] (the interval) above a through b
(a.b) (the interval) above a up to b
FOR i « j, k... for i getting first j, thereafter k ...
fIx y 2] fof x y and z

! enabling

We leave as an exercise for the reader the following statement, attributed to Oscar Hammerstein II.

i « weary AND Sick[trying];
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APPENDIX B. Programming Conventions

The Mesa compiler only uses blanks, TABs, and carriage returns as separators for basic lexical units
such as identifiers: extra ones do not hurt. Furthermore, it allows you to write identifiers in any
combination of upper and lower case letters: the identifiers Alpha, ALLPHA, alpha and AlphA are
all legal (but different) Mesa identifiers. It is recommended that you adhere to a standard set of
conventions for constructing identifiers and laying out programs. The recommended conventions are
summarized below.

B.I.  Names

Most identifiers should be written in lower case, except that the first letter of each new "word"
the identifier should be capitalized. Thus,

line
firstLine
firstLinePos

This convention makes it easy to read identifiers which are made up of several words. (Note that
Mesa does not allow spaces in identifiers.)

Capitalize the first letter of type identifiers, procedure names, signal names, and module names.

The following convention for constructing names has been used successfully to reflect their types:

Choose a short (2-3 character) zag for each "basic type" you use: e.g., In for Line and co for Coordinate. You
can use the tag as the type name, or not. as you prefer. If you do, capitalize it

Use the following prefixes to construct tags for "derived” types (most of them reflect the intended use of some
underlying type).

p - pointer: pLn = pointer to a line
i - index: iLn = index in an array of lines.
1 - length

n - number of items (total or count)

Whether to use a prefix or to invent a new type tag, is a matter of judgment: depending on whether it is
better to emphasize the relationship of this type to another, or to emphasize its individuality.

If vou need only one name of a given type in a scope, use the tag as its name:

In : Ln:
pLn : POINTER TO Ln.

If vou need several names, append modifiers to the tag (avoid simple numbers like 1, 2, etc):
~1nOld, InNew, InBuffer: Ln. ’
The advantages of this scheme are three-fold:
the reader spends less time looking up the types of identifiers;
the writer spends less time thinking up names:

if you have forgotten a name, there is a good chance you will be able to guess it correctly if you
know. the tag vocabulary.

B.2. Layout

Write statements one per line, unless several simple statements which together perform a single
function will fit on one line.

Indent the labels of a SELECT (including the ENDCASE) one level, and the statements a second lével
(unless a statement will fit on the same line with the label). -
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‘Indent one level for the statement following a THEN or ELSE (unless it fits on the same line). Put
THEN on the same line with IF, and don't indent ELSE with respect to F. If the statement following
ELSE is another IF, write both on the same line.

Indent one level for each compound BEGIN-END, DO-ENDLOOP, or bracket pair in a record declaration.

When the rules for IF and SELECT call for indenting a statement. do not indent an extra level for a
BEGIN.

It is fine to put a compound statement or loop on a single line if it will fit.
If a statement won’t fit on a single line, indent the continuation line(s) by two spaces.

Among other things, these rules have the property that they allow a program to be easily converted
to a form in which the bracketing is implied by the indentation.

B.3. Spaces

The following rules for spaces should be broken when necessary, but are a good general guide:
A space after a comma, semicolon, or colon, and none before
No spaces inside brackets or parentheses

No spaces around single-character operations: *, -, etc., except for «.
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APPENDIX C. Alto/Mesa Machine Dependencies

This appendix contains a number of machine-dependent constants and definitions for the Alto
implementation - of Mesa.

C.1.  Numeric limits

On the Alto, the numeric limits are the following:

FIRSTINTEGER] = —32768 = —213 and has internal representation 100000B
LASTNTEGER] = 32767 = 21°—1 and has internal representation 077777B
LAST[CARDINAL] = 65535 = 216_1 and has internal representation 177777B
FIRST[LONG INTEGER] = —2147483648 = —23!

2147483647 =231-1
4294967295 =232-1

LAST[LONG INTEGER]
LAST[LONG CARDINAL]

C2.  AloDefs

. A module similar to the one below is a part of the Alto/Mesa system and defines several useful
constants.

AltoDefs: DEFINITIONS =
BEGIN

wordlength: INTEGER = 16; -- Alto word length (bits)
maxword: CARDINAL = 177777B; -- N.B. negative as 16 bit integer
maxinteger: INTEGER = 077777B; -- maximum positive number

charlength: INTEGER = 8; -- Alto character size (bits)

maxcharcode: INTEGER = 377B;

BYTE: TYPE = [0..maxcharcode};

BytesPerWord, CharsPerWord: INTEGER = wordlength/charlength;
LogBytesPerWord. LogCharsPerWord: INTEGER = 1;

PageSize: INTEGER = 256; -- Alto page size (words)

LogPageSize: INTEGER = 8;

BytesPerPage, CharsPerPage: INTEGER = PageSize*CharsPerWord,
LogBytesPerPage, LogCharsPerPage: INTEGER = LogPageSize + LogCharsPerWord,;

VMLimit: CARDINAL = 177777B; -- maximum Alto VM address
Address: TYPE = [0..VMLimit];

MaxVMPage: INTEGER = 255; -- maximum Alto VM page number
MaxFilePage: CARDINAL = 077777B;

PageNumber: TYPE = [0..MaxFilePagel;
PageCount: TYPE = [0..MaxVMPage +1];

END.
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C.3.  ASCII character set and ordering of character values

The following list gives the characters of the ASCII character set in increasing order, accompanied
by their literal representations. Control characters are represented as ta. In addition, a number of
special characters such as SP (space), DEL (rubout) are denoted by their generally accepted names.

Octal Character Octal Character
Value Name(s) Value Name(s)
000C NCL 100C ‘a
001C TA 101C ‘A
002C B 102C ‘B
003C +C 103C C
004C 1D 104C ‘D
005C *E 105C 'E
006C *F 106C 'F
007C +G, BELL 107C ‘G
010C tH. BS 110C 'H
011C 11 111C '
012C +J, LF 112C 'J
013C tK 113C 'K
014C 1L 114C 'L
015C M, CR 115C M
016C ™N 116C 'N
017C 10 117C ‘0
020C P 1 P
021C Q 121C Q
022C tR 122C 'R
023C 1S 123C 'S
024C +T 124C T
025C U 125C U
026C tV 126C 'V
027C W 127C W
030C X 1 X
031C Y 131C Y
032C 17 132C 'z
033C ESC 133C k
034C 134C ’
035C 135C ]
036C 1 K
037C 137C ‘e
040C >, SPace 140C
041C i 141C a
042C 142C b
043C # 143C ’c
C S 144C ’d
045C % 145C e
& 146C f
047C ", a single quote 147C g
050C ( 150C h
051C ’) 151C i
052C * -152C §
053C T+ 153C k
054C ’ 154C 1
055C T 155C ‘m
056C ’ 156C “n
057C '/ 157C ’0
060C 0 160C p
061C '1 161C 'q
062C 2 162C r
063C ’3 163C s
064C 4 164C t
065C ’5 165C u
066C ’6 166C v
067C T 167C W
070C ’8 170C X
071C ‘9 171C 'y
072C ’: 172C 'z

S
A
(@]
—
~3
L7
@}

(=3
Q
(=N
(@]
ov"/\
' -
2
D
(@]
Ul““""—
m
=
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"C.4.  Alto/Mesa STRING procedures

A module similar to the one below is a part of the Alto/Mesa system and defines useful procedures
provided by the system for operating on strings. See the system documentation for its exact form.

~ DIRECTORY AltoDefs: FROM "altodefs";

StringDefs: DEFINITIONS =
BEGIN

--COMPILE-TIME CONSTANTS AND TYPES

SubStringDescriptor: TYPE = RECORD [
base: STRING,
offset, length: CARDINAL]J;
SubString: TYPE = POINTER TO SubStringDescriptor;
-INTERFACE ITEMS
Overflow: SIGNAL;

InvalidNumber: SIGNAL;
StringBoundsFault: SIGNAL [s: STRING] RETURNS [ns: STRING];

WordsForString: PROCEDURE [nchars: CARDINAL] RETURNS [CARDINALJ;

AppendChar: PROCEDURE [s: STRING, ¢c: CHARACTER];
AppendString: PROCEDURE [to,from: STRING];
EqualString, EqualStrings: PROCEDURE [s7, s2: STRING] RETURNS [BOOLEAN];
EquivalentString, EquivalentStrings: PROCEDURE [s1, s2: STRING] RETURNS [BOOLEAN];
" AppendSubString: PROCEDURE[to: STRING, from: SubString];
EqualSubString, EqualSubStrings: PROCEDURE [s1, s2: SubString] RETURNS [BOOLEAN];
EquivalentSubString, EquivalentSubStrings: PROCEDURE [s1, s2: SubString] RETURNS [BOOLEAN];
DeleteSubString: PROCEDURE [s: SubString];
UpperCase, LowerCase: PROCEDURE [CHARACTER] RETURNS [CHARACTER];
StringToDecimal: PROCEDURE [STRING] RETURNS [INTEGER];
StringToOctal: PROCEDURE [STRING] RETURNS [UNSPECIFIED];
StringToNumber: PROCEDURE [s: STRING, radix: CARDINAL] RETURNS [UNSPECIFIED];
StringToLongNumber: PROCEDURE [s: STRING, radix: CARDINAL] RETURNS [LONG UNSPECIFIED];
AppendDecimal: PROCEDURE [s: STRING, n: INTEGER];
AppendOctal: PROCEDURE [s: STRING, n: UNSPECIFIED];
AppendNumber: PROCEDURE [s: STRING, n: UNSPECIFIED, radix: CARDINAL];
AppendLongDecimal: PROCEDURE [s: STRING, n: LONG INTEGER];
AppendLongNumber: PROCEDURE [s: STRING, n: LONG UNSPECIFIED, radix: CARDINAL]J;

END.
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APPENDIX D. Binder Extensions

The Alto implementation of the Mesa binder provides two extensions for controlling the space
occupied by Mesa programs at runtime. These are specified with the CPacking and CLinks
clauses (scction 7.7).

D.l.  Code packing

It is possible to pack together the code for several modules into a single segment. This is useful for
two reasons;

Since the code is allocated an integral number of pages, there is some wasted space in the
last page ("breakage™). If several modules are combined into a single segment, the breakage
is amortized over all the modules, and there is less waste on the average. '

All the modules will be brought into and out of memory together, as a unit; a reference to
any module in the pack will cause all the code to be brought in. Modules which are tightly
coupled dynamically are good candidates for packing (for example, resident code should
probably always be packed).

Of course, it is possible to "over pack” a configuration; the segments might become so large that
there will never be room in memory for more than one of them at a time (this should remind you of
an overlay system). Packing is a tradeoff, and should be used with caution.

D.1.1. Syntax

The segments are specified at the beginning of the configuration by giving a list of the modules
which comprise each one. Any number of PACK statements may appear. The scope of the packing
specification is the whole configuration, and not subconfigurations or individual module instances,
because there is at most one copy of a module’s code in any configuration.

ConfigDescription
::= Directory CPacking Configuration .

empty | CPackSeries ;
PACK IdList
CPackList| CPackSeries ; CPackList

CPacking
CPackList
CPackSeries

Each PackList defines a single segment; the code for all the modules in the IdList will be packed
into it. The identifiers in the IdList must refer to modules in the configuration, and not to module
instances; it is the code and not the global frames that are being packed (the frames are always
packed when they are allocated by the loader).

It is illegal to specify the same module in more than one PackList. Even though there may be
multiple instances of the module (i.e., multiple global frames) in the configuration, the code is
shared by all of them, and therefore can only appear in one pack.

Finally, it is perfectly fine to reach inside a previously bound configuration that is being instantiated
and single out some or all of its modules for packing. Of course, you must know something about
the structure of that configuration in order to do this.
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D.1.2. Restrictions

Obviously, the PACK statements apply only if the code is being moved to the output file; otherwise.
the pack lists are ignored (and no warning message is given). This allows the programmer to dcbug
the configuration without shuffling the code from file to file. thereby saving time. When making the
final version, the packing can be effected with a binder switch, without having to modify the source
of the configuration description.

Once some modules have been packed together, they cannot be taken apart and repacked with other
modules later on, when they are bound into some other configuration.

Fine point:

If a previously bound configuration contains a pack, referencing any module of the pack gets the whole thing.
So it is possible to pack a module and a pack together. or even to pack two packs. It is never possible to
unpack a pack.

In general. code packing should be specified only to the extent that no unpacking will ever be
desired. Once the packing is done, it can’t be undone, unless you start over with the individual
modules.

D.2. External links

In previous Mesa systems, links to the externals referenced by a program (imported procedures,
signals, errors, frames, and programs) were always stored in the module’s global frame. This allows
each instance of a module to be bound differently, and it allows binding to be done at runtime
without modification of the module’s code segment. However, it has two drawbacks:

The links are only referenced by the module’s code, and are therefore not needed when the
code is swapped out. Hence, the links logically belong in the code segment.

If two instances of a module are bound identically (the usual case), the links must be stored
twice. ’ '

Fine Point:
To determine the amount of space required for external links, see the compiler’s typescript file. Each

link occupies one word.

The Mesa binder optionally places links in the code segment. This option is enabled by constructs
in the configuration language, and is further controlled by binder and loader switches.

D.2.1. Syntax

For each component of a configuration, the link location is specified using the LINKS construct
defined below. The default is frame links.

CLinks 2= empty | LINKS : CODE | LINKS : FRAME

A link specification can optionally be attached to each instantiation of a module, overriding the
current default, so that the link location can be different for each. instance.

CRightSide ::= Item |I1tem [] CLinks | Item [ IdList ] CLinks
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Alternately, the link option can be specified in the configuration header. This merely changes the
default option for the configuration; it will apply to all components (including nested configurations)
unless it is explicitly overridden.

CHead :2 = CONFIGURATION CLinks Imports CExports ControiClause

This construction works much like the PUBLIC / PRIVATE options in Mecsa, and it nests in the same
way. A link option attached to a configuration changes the default for all components within it, but
that default can be overriden for a particular module (or nested configuration) by specifving a
different link option.

D.2.2. Restrictions

This scheme has the consequence that, if a module with code links has multiple instances, each
instance must be bound the same.

As with code packing, the code links option takes effect only when the code is being moved to the
output file. At this point, the binder will make room for the links as it copies the code if any
module sharing that code has requested code links. Again, this allows a programmer to debug
without the expense of moving the code (using frame links), and then to effect the code links option
with a binder switch, without changing the source of the configuration description.

Fine point:

Once space for code links has been added to a configuration, it cannot be undone by a later binding. On the
other hand. space for code links can always be added to a (previously bound) configuration, even if it did not
specify code links in its description.

Using code links has one drawback: it slows down the binding and loading process, as the code must
be swapped in and rewritten. The binder must make room in the code segment for the links, as
described above. And because the loader resolves imports of previously loaded modules, as well as
the imports of the module being loaded, it may have to swap in (and perhaps update and swapout)
the code segment for every module in the system.

Because of the overhead involved, the loader will not automatically attempt 10 use code links, even if
the space is available in the code segment. A loader switch must be used to effect this option.

Documentation of binder and loader switches in in the AMesa User’s Handbook.
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APPENDIX E. Mesa Reserved Words

Listed below arc all of the Mesa reserved words. Words marked with an astrisk are predeclared
rather than reserved. Predeclared identifiers can be redefined (but seldom should be).

MIN

ABS MOD
ALL MONITOR
AND MONITORED
ANY MONITORLOCK*
ARRAY NEW
BASE NIL*
BEGIN NOT
BOOLEAN NOTIFY
BROADCAST NULL
CARDINAL OF
CHARACTER OPEN
CODE OR
COMPUTED ORDERED
CONDITION* OVERLAID
CONTINUE PACKED
DECREASING POINTER
DEFINITIONS PORT
DEPENDENT PRIVATE
DESCRIPTOR PROCEDURE
DIRECTORY PROCESS
DO PROGRAM
ELSE PUBLIC
ENABLE READONLY
END REAL*
ENDCASE RECORD
ENDLOOP RELATIVE
ENTRY REPEAT
ERROR RESTART
EXIT RESUME
EXITS RETRY
EXPORTS RETURN
FALSE* RETURNS
FINISHED SELECT
FIRST SHARES
FOR SIGNAL
FORK SIZE
FRAME START
FROM STATE
GO STOP
“GOTO STRING
IF StringBody*
IMPORTS THEN
IN THROUGH
INLINE TO
INTEGER TRANSFER
INTERNAL TRUE*
JOIN TYPE
LAST UNSPECIFIED*
LENGTH UNTIL
LOCKS UNWIND*
LONG USING
LOOP WAIT
LOOPHOLE WHILE
MACHINE WITH
MAX WORD*
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APPENDIX F. Collected Grammar

The Mcsa grammar in this section is a collected version of the grammar distributed throughout the
body of the Manual. There are some differences, primarily due to the Manual's grammar being
distorted for purposcs of exposition. This one is intended to be internally consistent.

The grammar is divided into four parts. corresponding to the syntax for CompilationUnit,
TypeSpecification, Statement, and Expression. These four parts refer 10 each other and
occasionally use syntax rules from other parts (such as LeftSide, which is used in an assignment
statement but defined under Expression). Where such cross references occur, a comment has been
added to indicate which part to refer to. Other than this. each part is self-contained. and the
productions within a part have been ordered alphabetically by their names, except that the
productions for CompilationUnit, TypeSpecification, etc. head their respective sections.

CompilationUnit :: =

Directory
identifier : ModuleHead = GlobalAccess
ModuleBody
Directory ] empty | DIRECTORY IncludeList ;
ExportsList = empty | EXPORTS IdList
FileName HE stringLiteral
GlobalAccess HE Access --in TypeSpecification
IdList HE identifier | IdList , identifier
ImportsList = empty | IMPORTS InterfacelList
IncludelList = identifier : FROM FileName UsingClause |

IncludelList , identifier : FROM FileName UsingClause
identifier | identifier : identifier
Interfaceltem | Interfacelist , Interfaceltem

Interfaceltem
Imterfacelist
ModuleBody
ModuleHead

Block . --in Statement

ProgramTC ImportsList ExportsList ShareList |
DefinitionTC ImportsList SharelList

ModuleParams empty | [ NamedFieldList] --in TypeSpecification
SharelList empty | SHARES ldList
UsingClause S empty | USING [ IdList ]

TypeSpecification ::=
PredefinedType |
Typeldentifier |

TypeConstructor
Access s empty | PUBLIC | PRIVATE
Adjective ns= identifier )
ArrayTC nz PackingOption ARRAY IndexType OF TypeSpecification
BaseOption ns empty | BASE
ByteList n= Expression | ByteList , Expression

CommonPart empty | NamedFieldList ,
ConstantList

DefaultOption

Expression | ConstantList , Expression
empty | « DefaultSpecification

DefaultSpecification ::=  empty |
Expression |
NULL |
Expression | NULL"
DefinitionTC = DEFINITIONS

DEFINITIONS LocksClause
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DescriptorTC
ElementType

EnumerationTC
FieldList
IndexType
InlineOption

InstructionSeries ::

Interval

LocksClause

LongTC
MachineCode

MachineDependent ::
MonitoredOption ::

NamedFieldList

Optionalinterval
Ordered
PackingOption
ParameterList
PointerTail

PointerTC
PortTC

PredefinedType

- ProcedureBody
ProcedureTC
ProcessTC
ProgramTC

ReadOnlyOption
RecordTC
RelativeTC

ReturnsClause
SignalOrError
SignalTC
SubrangeTC
Tag

TagType

TypeConstructor :

Typeldentifier

Appendix F: Collected Grammar

DESCRIPTOR FOR ReadOnlyOption TypeSpecification |

DESCRIPTOR FOR ReadOnlyOption PackingOption ARRAY OF TypeSpecification

INTEGER | CARDINAL | CHARACTER | BOOLEAN |
EnumerationTC |SubrangeTC

{1dList}

[ UnnamedFieldList ] | [ NamedFieldList ]
ElementType | Typeldentifier

empty | INLINE

‘empty | BytelList | ByteList ; InstructionSeries

[Expression .. Expression ]|

[ Expression .. Expression )|

(Expression .. Expression]|

(Expression .. Expression)

empty |

LOCKS Expression |

LOCKS Expression USING identifier : TypeSpecification

LONG TypeSpecification

MACHINE CODE BEGIN InstructionSeries END -- not described in this manual
empty | MACHINE DEPENDENT

empty | MONITORED

IdList : Access TypeSpecification DefaultOption |

NamedFieldList , IdList : Access TypeSpecification DefaultOption

empty | Interval

empty | ORDERED

empty | PACKED

empty | FieldList

empty |
TO ReadOnlyOption TypeSpecification |
TO FRAME [ identifier ]

Ordered BaseOption POINTER Optionalinterval PointerTail

PORT ParameterList ReturnsClause |
RESPONDING PORT ParameterList ReturnsClause

INTEGER | CARDINAL | LONG INTEGER |
REAL | BOOLEAN | CHARACTER | STRING |
MONITORLOCK | CONDITION |
UNSPECIFIED | WORD

InlineOption Block -- Block in Statement
PROCEDURE ParameterList ReturnsClause
PROCESS ReturnsClause

PROGRAM ParameterList ReturnsClause
MONITOR ParameterList ReturnsClause LocksClause

empty | READONLY
MonitoredOption MachineDependent RECORD [ VariantFieldList ]

Typeldentifier RELATIVE TypeSpecification |
Typeldentifier RELATIVE LONG TypeSpecification

empty | RETURNS FieldList

SIGNAL | ERROR

SignalOrError ParameterList ReturnsClause
Interval | Typeldentifier Interval

identifier : Access TagType |
COMPUTED TagType |
OVERLAID TagType

TypeSpecification | *
DescriptorTC| ArrayTC | EnumerationTC | LongTC |

PointerTC | PortTC | ProcedureTC | ProcessTC|
RecordTC | RelativeTC | SignalTC | SubrangeTC

identifier |
identifier . identifier |



UnnamedFieldList :: =

Variant

VariantFieldList

VariantList
VariantPart

Statement :

AdjectivelList
Assignation
AssignmentStmt

Block

Cali

Catch
Catchltem
CatchSeries
ChoiceSeries

CompoundStmt

ConditionTest
ContinueStmt
Declaration

DeclarationSeries :

Direction
ElseClause
EnableClause

Appendix F: Collected Grammar

Adjective Typeldentifier
TypeSpecification|
UnnamedFieldList , TypeSpecification

IdList => [ VariantFieldList], |
IdList => NULL ,

CommonPart identifier : Access VariantPart|
VariantPart |

NamedFieldList |

UnnamedFieldList |

empty

Variant | VariantList Variant

SELECT Tag FROM
VariantList
ENDCASE

AssignmentStmt | Block | Cali |

ContinueStmt | ExitStmt | GotoStmt | IfStmt |
JoinCall | LoopCloseStmt| -- JoinCallin Expression
LoopStmt | Notify | NullStmt |

ResumeStmt | RetryStmt | ReturnStmt | SelectStmt |
SignalCall | StartCall | RestartStmt |

StopStmt | WaitStmt

Adjective | Adjectivelist , Adjective --in TypeSpecification
FOR identifier « Expression , Expression

LeftSide « RightSide| -- LeftSide, RightSide in Expression
Extractor « RightSide

BEGIN

OpenClause

EnableClause

DeclarationSeries
StatementSeries

ExitsClause

END

Variable | --inExpression

Variable [ ComponentList ] | -- ComponentList in Expression

Variable [ ComponentList ! CatchSeries ]
Variable [! CatchSeries ]

ExpressionList =) Statement -- ExpressionList in Expression
Catch | ANY => Statement

Catchltem | Catch ; CatchSeries

AdjectiveList => Statement ;|

ChoiceSeries AdjectivelList = > Statement ;

BEGIN ‘ '

Body

ExitsClause

END :

empty | WHILE Expression | UNTIL Expression

CONTINUE

IdList :

Access -- Access in TypeSpecification

181

ReadOnlyOption EntryOption -- ReadOnlyOption in TypeSpecification

TypeSpecification

Initialization ;|

IdList : Access TYPE = Access TypeSpecification ;
empty | DeclarationSeries Declaration

empty | DECREASING

empty | ELSE Statement

ENABLE Catchltem ;|
ENABLE BEGIN CatchSeries END ; |
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EntryOption
ErrorCall
ExitsClause
ExitSeries

ExitStmt
Extractitem
Extractor

FinalStmtChoice
FinishedExit

GotoStmt
1fStmt
InitExpr-

Initialization
Iteration
IterativeControl
KeywordExtract

KeywordExtractList ::

Label

LabelList
Leftitem
LoopCloseStmt
LoopControl
LoopExits
LoopExitsClause
LoopRange
LoopStmt

NotifyStmt

NullStmt
OpenClause
Openltem
OpenlList
OptCatchPhrase

PositionalExtractL

Repetition
RestartStmt
ResumeStmt

RetryStmt
ReturnStmt

"

"

ist ::

Appendix F: Collected Grammar

ENABLE BEGIN CatchSeries ; END ; |
empty

empty | ENTRY
ERROR Call | ERROR _
empty | EXITS | EXITS ExitSeries | EXITS ExitSeries ;

Labellist => Statement |
ExitSeries ; LabellList => Statement

EXIT
empty | LeftSide

[ KeywordExtractList] |
[ PositionalExtractList ]

empty | => Statement

FINISHED => Statement |
FINISHED => Statement ;

GOTO Label | GOTO Label
IF Expression THEN Statement ElseClause

Expression |

ProcedureBody| --in TypeSpecification
MachineCode| --in TypeSpecification
[Expression]|  --for STRING initialization
CODE  --for SIGNAL initialization

empty | « InitExpr| = InitExpr

FOR identifier Direction IN LoopRange

empty | Repetition | Iteration | Assignation

identifier : Extractltem

KeywordExtract |

KeywordExtractList , KeywordExtract

identifier

Label|LabelList, Label

Expression

LOOP

lterativeControl ConditionTest

ExitSeries | ExitSeries ; | FinishedExit | ExitSeries ; FinishedExit
empty | REPEAT LoopExits

SubrangeTC | Typeldentifier | BOOLEAN | CHARACTER

LoopControl

DO

OpenClause
DeclarationSeries
EnableClause
StatementSeries
LoopExitsClause
ENDLOOP

NOTIFY Variable |
BROADCAST Variable

NULL

empty | OPEN OpenlList ;
Expression | identifier : Expression
Openitem | OpenList , Openitem
empty |[! CatchSeries]

Extractitem|
PositionalExtractList , Extractitem

THROUGH Subrange --in Expression
RESTART Variable OptCatchPhrase -- Variable in Expression
RESUME

RESUME l ComponentList] -- ComponentList in Expression
RETRY
RETURN |



SelectStmt
Select

SelectVariant

SignalCall
StartCall

StatementSeries ::

StmtChoiceSeries ::

StopStmt
Tagltem
Test
TestList
WaitStmt

Expression

AddingOp
AssignmentExpr
BuiltinCall

Choicelist

Component
ComponentList
Conjunction
Constructor
Disjunction
ExprChoiceList

ExpressionList
Factor
ForkCall
FunctionCall
HExpr
IndexedAccess
IndirectAccess
JoinCall

KeywordComponent :: =
KeywordComponentList ::

Appendix F: Collected Grammar

RETURN [ ComponentList ] | -- ComponentList in Expression
RETURN WITH ERROR Cali

Select | SelectVariant

SELECT Leftitem FROM
StmtChoiceSeries
ENDCASE FinalStmtChoice

WITH Openlitem SELECT Tagltem FROM
ChoiceSeries
ENDCASE FinalStmtChoice

SIGNAL Call |ErrorCali
START Call

empty | Statement|
Statement ; StatementSeries

TestList => Statement ;|
StmtChoiceSeries TestList => Statement;

STOP OptCatchPhrase
empty | Expression
Expression | RelationTail
Test | TestList , Test
WAIT Variable OptCatchPhrase

--RelationTail in Expression

AssignmentExpr| Disjunction | ForkCall | IfExpr |
JoinCall | NewExpr | SelectExpr |

SignalCall | --SignalCall in Statement
StartCall --StartCall in Statement
+|—

S

LeftSide « RightSide

MIN [ ExpressionList ] | MAX [ ExpressionList] | ABS [ Expression] |
LENGTH [ Expression ] | BASE [ Expression] |

TypeOp [ TypeSpecification] |

DESCRIPTOR [ Expression ] |

DESCRIPTOR [ Expression , Expression] |

DESCRIPTOR [ Expression , Expression , TypeSpecification ]
Adjectivelist => Expression, | -- Adjectivelist in Stétement
ChoicelList AdjectiveList => Expression,

empty | Expression | NULL

KeywordComponentList | PositionalComponentList
Negation | Conjunction AND Negation

OptionalTypeld [ ComponentList]

Conjunction | Disjunction OR Conjunction

TestList =>Expression,| --TestListin Statement
ExprChoicelist TestList => Expression

Expression | ExpressionList , Expression

— Primary | Primary

FORK Call

BuiltinCall | Call  -- Callin Statement

IF Expression THEN Expression ELSE Expression
(Expression) [ Expression] | Variable [ Expression ]
(Expression) 1| Variable t

JOIN Call

identifier : Component

= KeywordComponent |
KeywordComponentList , KeywordComponent
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‘LeftSide

Literal

MultiplyingOp
Negation
NewExpr

Not
OptionalTypeld

PositionalComponentList ::

Primary

Product
QualifiedAccess
Relation
RelationalOp
RelationTail

RightSide
SelectExpr

SelectExprSimple ::

SelectExprVariant :

Subrange

Sum
TypeOp
Variable

Appendix F: Collected Grammar

identifier | Call] -- Callin Statement
IndexedAccess | QualifiedAccess | IndirectAccess |
LOOPHOLE [ Expression ] |

LOOPHOLE [ Expression , TypeSpecification ]

numericliteral| - all defined outside the grammar
stringLiteral |
characterLiteral

*1/{MOD
Relation | Not Relation
NEW Variable OptCatchPhrase
~ |NOT
empty | Typeldentifier -- in TypeSpecification
= Component |
PositionalComponentList , Component

Variable | Literal | (Expression )| FunctionCall |
Constructor | ALL [ Expression ] | @ LeftSide | identifier [ Expression ]

Factor | Product MultiplyingOp Factor

( Expression) . identifier | Variable . identifier

Sum | Sum RelationTail
#1=1<]<=1>]>=

RelationalOp Sum | Not RelationalOp Sum |
IN SubRange | Not IN Subrange

Expression

SelectExprSimple | SelectExprVariant

SELECT Leftltem FROM -- Leftitem in Statement
ExprChoicelList :

ENDCASE => Expression .
WITH Openltem SELECT Tagitem FROM -- Openltem, Tagitem in Statement
Choicelist

ENDCASE => Expression

SubrangeTC| --in TypeSpecification
Typeldentifier -- in TypeSpecification
Product | Sum AddingOp Product

SIZE | FIRST | LAST

LeftSide
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INDEX BCD 103,123
BEGIN 57,136
In this index, bold face page numbers Binary Configuration Description 103,123
indicate where the primary, defining binding 101, 103, 123-4, 132
information can be found; plain page blank 6
numbers designate further examples. block 57
: Block  57.57.73,137, 140
! 137. 138, 140 BNF 2
T8 BOOLEAN  7-8,16,22. 24,53
’ 9 bound variant 97
* 12,94, 95 _ bound variant type 93, 95, 96
+ 12 bounds 64
- 12 BROADCAST 159, 160-1
- 2,56 BuildinCall 12,12
. 34,104,106-7 built-in type 7
/ 12 _ C 9
n= 2 C/Mesa 103,120,125
; 5-6,53, 57,136,137 call 67
=> 54, 56, 94, 96, 136, 138, 140 Call 12, 71, 137, 140
@ 29,42, 44,147 Callstmt 71
0 125130 CARDINAL - 7,7,10,22,26-7,49
4 Catch 134,136, 137-9 "
« 5/17,63,76,130 catch phrase 136, 139, 150, 154
ABs 5,12 CHARACTER  7,9,15,22
Access  94,104,117-20 characterLiteral 9
activation 72,137 client 120
actual procedure 68, 74,78 module 123
actualtag  94,97.99 CODE 125,135,141
AddingOperator 12 coercion 46,73
adjective 96 colon 6
adjectives 92,97 comma 56, %4
aggregate type 22 comment 5,6
aligned 29,42, 69 common part 92
CALL 30 CommonPart 118 -
AlternateName 60, 98 compatible 70
ANY  136,138-9 compilation order 110
argument 72,72 CompilationUnit 104
arguments 67, 144 compile-time 84, 104, 105
arguments buffered 150 : constant 18, 30,53
array  22,27-8 completely bound variant 100
constructor 28, 30 component 27,31, 125
descriptor 85, 87 component type 27
ARRAY  27-8,29 components 97
Assignation 63,63 ComponentType 29
assignment 6,51 COMPUTED 94,100
expression 52 computedtag 93,95, 97, 100

AssignmentExpr 11,17 CONDITION 155, 158, 161
Assngnm entStmt_ 7.51 condition variable 155
automatic dereferencing 44 ConditionTest 62. 63
B 8

balancing 45, 47

BASE 29, 41, 43-4, 86, 87, 88, 90-1
base type 25

configuration 123

Configuration 125
CONFIGURATION 125, 126
Configuration Description 103, 123-4
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configuration prototype 125 ENABLE 137,138, 140-1
conform 7.10, 72 EnableClause 57
conforming 69 END 57,76
Conjunction 16 ENDCASE 54,56, 77, 94,99
CONNECT 146. 147,150 ENDLOOP 5.62. 64
constant 18 ENTRY 155. 156
constructed data type 20 entry procedure 155
constructor 35.93 enumerated type 22
Constructor 30. 35 enumeration 21,94
CONTINUE 140, 141, 146, 150 equality 6
CONTROL 103, 125 equivalent 10
control fault 149 ‘ _ ERROR 135, 136, 141, 149
link 148 . ERROR, unnamed 136
transfer 148 - ErrorCall 135
variable 64 exceptional conditions 134
ControlVariable 63,63 EXIT ~ 65, 66,139, 141
coroutine 144 ExitsClause  57,57,137
covering condition variable 160 expansion 80
CR 6,141 explicit
D 8 component 35
Debugger 136, 139 naming  126-7
declaration 68 qualification 109
Declaration 19 export 102,117,126
DeclarationSeries 57 record 102
DECREASING 63-4 EXPORTS 78.103-4, 117, 121, 124-5, 126,
default Access 120 127
default field 112 Expression 11,51
default field values 36 ExpressionList 12
default-named interfaces  127-8 external procedure 157
DefaultOption 37 extractor 38,128
DefaultSpecification 37 Extractor 51
defining occurance 108 ‘ Factor 12
DEFINITIONS 78, 104, 105-6, 110, 117, 120 FALSE 824
definitions module 101 FaultHandler 150, 151
DESCRIPTOR 29, 85-6. 87, 91 fieldlist 32
detached process 154 FieldDescription 118
determination of representation 49 FieldList 31,32
Digit 2 FINISHED 65. 66, 141
DIRECTORY 78, 104-5, 106, 126 : FIRST 24,26
discrimination 98, 100 floating-point 10
Disjunction 11,16 fonts 1
DO 5,62,136 FOR 63,64
element type 22 forcible termination 65, 66
ElementType 22.25 FORK 136, 152-3, 153, 154
elided 30 formation rules 2
elided component 35 frame 57,148
elides 36 . FRAME 104, 116, 125, 132, 146
ELSE 5,52,76 free conformance 48,70
empty 3,30 FROM 104. 146
empty FunctionCall 12
constructor 72 fundamental operation 6, 20, 41, 69
extractor 39 ' GCD 4

interval 16, 29 GlobalAccess 117,120



GOTO 57.58-9, 64, 66, 139
home module 117
identifier 21

constant 23,94
list 6
identifier 5,127
IdList 3.6
IF  5.52.76

expression 53

statement 52
HStmt 52
implementing 121
implementor 120
implicit qualification 99

import 101
imports 126
IMPORTS 78, 102-4, 115, 124-5, 126, 127

IN 15,47, 55, 63
include 105
IncludelList 104
indefinite index type 86
index type 27
indexed reference 27
IndexedReference 29
IndexType 29, 85
inequality 6
inherent
- representation 49
type 45
initialization 18, 68, 84, 135
Initialization 19, 33
inline 69, 73, 80
INLINE 80,1134
InlineOption™ 73
" instance 115,124
INTEGER 7,17,10,22,26-7, 49
interface 101, 120, 125, 135, 158
element 110
record 115, 116, 127
type 115,116
variable 110, 111-2,113-4
INTERNAL 157, 165
internal procedure 158
interval 15, 63
Interval 15
Iteration 63, 63
IterativeControl 63
JOIN 136, 152-3, 153, 154
jump table 55
keyword 39
constructor
extractor 74
name 35
Label 58

31,35,35,74

Index
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Labels 58

LAST 24,26

LeftSide 7,29, 38,42, 45,51
length 82

LENGTH 29. 86, 87
lengthening 43

lexical units 6

link 124

LinkageFault 148, 149, 150
- LINKS 125,125

literal 18

Literal 12

loader 132

loading 123
local string literal 84
local variable 68

LOCK 161

LOCKS 162, 164, 166

LocksClause 162, 165

LONG 14, 43, 87, 92
CARDINAL 7,9-10
INTEGER 7,9-10
POINTER 43
STRING 85

long numeric type 9

LOOP 65, 139

loop control 61
loop statement 61
LoopCioseStatement 65
LoopControl 62
LoopExitsClause 64
LOOPHOLE 47
LoopRange 63, 64
lower bound 16
lower-case ) ,
MACHINE DEPENDENT 33,94, 95, 166
MACHINE DEPENDENT RECORD 29
MAX 12,47
maxlength
MIN 12,47
MOD 5
module 61, 68, 101
ModuleBody 104
monitor 154,155

initialization 168

lock 155
MONITOR 156, 162
MONITORED RECORD 162, 163-4
MONITORLOCK 156, 162, 166
Multi-module monitor 163
multiple statements 6
MultiplyingOperator 12
name reference 108

82,83
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name scope 34,108
NamedFieldList 32,118
Negation 16
nested configurations 130
procedure 78
signals 142
NEW 116, 131-2, 136, 146
Next-Statement 51, 55, 62
NIL 43,44, 76
non-interface
element 110
type 101
non-local variable 68
non-privileged 117
NOTIFY 155, 157, 159, 160-1
NULL 56, 94
number 8

numeric
literal 8
operators 12
type 7,26
object
file 103
module 101

Object monitor 165
objects 165
OctalDigit 2
omission 36
OPEN 59, 106, 108-9
open
clause 98, 107
item 99
OpenClause 57,61
operator 12
precedence 17
ORDERED 41,43
ordered type 22

OVERLAID 94, 100, 148
overlaid tag 95

PACK 125

packed 69

PACKED 29, 85, 87
parameter 67,134

record 67
pending 147, 149-50
phrase class 2 '
PLUS 125,130
pointer 22,39

arithmetic 43
POINTER 41, 43-4, 88
POINTER TO FRAME 104, 116
PORT 144-5, 146, 148, 151
port-compatible 148
PortFault 147,149, 150

Index

positional constructor 35, 36
precedence 12,52, 54
PredefinedType 19
Primary 12

PRIVATE 104, 112-3, 117-20
privileged 117

procedure 67

body 68

calls !
descriptor 148
type 69

value 70, 148
variable 74,110
PROCEDURE 69, 76, 148
ProcedureBody 73
process 166
PROCESS 153,153
Product 12
PROGRAM 104, 115, 117, 120, 132, 145-6
program 101
prototype 116, 125
variable 116
PUBLIC 76.103-4, 113,117,117, 118-9, 121
qualification 34, 60, 106
qualified reference 31, 108
qualifier 74
Queue 156
range
assertion 27
error 25
readonly 40
READONLY 41,111
REAL 7,10, 10, 46
recompiling 109
record 31 ~
constructor 31,35
single-component 73

-RECORD 32,76, 94, 95

recursive 72

substitution 3
reentrant 72
reference type 39
Reject 139
relational operators 15
RELATIVE 43, 88, 90-1
relative

array descriptor 89, 91-2

pointer 88, 89
relocation 88
REPEAT 64,141
Repetition 63
reserved words 2,5

RESPONDING 145, 151

RESTART 116, 132-3, 136, 146-7, 150
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result 67,135, 144 TAB 6. 141
record 73 tag 93
Resume 139 Tag 118
RESUME 136, 136, 138. 140, 141 target
ResumeError 141 representation 49
RETRY 140, 141 type 45
RETURN 69,72, 74,132,136, 148 TC 21
return link 138, 149 terminate
RETURN WITHERROR 135, 138, 139, 166-7 conditionally 62
RETURNS 69, 76 forcibly 65
RightSide ~ 7.51 A normally 63
scalar type 22 text 82
scale factor 8 THEN  §5,52,76, 125,130
scope . 74.79,99,108.137 THROUGH 63
SELECT 54,54, 56, 77, 93-6, 98, 99-100, 141, time stamp 109
148 ' ‘ timeout 161
SELECT expressions 56 TRUE 8,24
SelectExpr 56 TYPE 20,21
SelectStmt 54 , type ,
self-contained 124 ~ constructor 7
Series 3 conversion 46
SHARES 104, 117,120 | determination 45
short numeric type 9 type-correct 45
SIGNAL 59, 135, 136, 141 - TypeConstructor 21
SignalCall 135 : TypeDeclaration 20
Signaller 138, 139, 142, 150 Typeldentifier 21,96, 107
signals 134 TypeSpeclflcatlon 21,90
actual 135 unbound variant 93
catching 138 unique type 91
nested 142 UnnamedFieldList 31
signed number 7 , unqualified 61
single-component record 73 unsigned number 7,43
SIZE 34,76 UNSPECIFIED 19,43
SP 141 ' UNTIL 5, 62,140
" space 6 : Unwind 139
START 83,116,124, 132,133, 136, 138, 144, UNWIND 139, 140, 149-50, 167
146-7 upper bound 16
start trap 111, 133, 147 : upper-case 5
startup transient 144, 147 ‘ user-defined type 7
statement 51 USING 78,106, 109, 162, 165-6
Statement 51 Variable 12
StatementSeries 57 variant
static variable 124 part  92,93,97, 148
StmtSeries 3 record 92
sToP  124,132-3.136 VariantFieldList 118
STRING 7,82, 83 VariantPart 118
string literal 83 : virtual interface record 102
StringBody 82,87 voided component 35
strongly typed 4 voids 36
subrange 21 WAIT 136, 155, 157,159, 160-1, 166, 168
type 22,24 WHILE 62
Sum 12 WITH 98
syntax notation 2 WORD 19

- XFER 148









