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%MPL (B)%

%A Modular Programming Language for Soitware
Construction%

This document describes a programming languzge, MPL(B), for use on
MAXC and the PDP-10. The lanrsuage attempts to strike a balance
between efficiency, machine independence, and user convenience.
MPL(B) is an interim language providing limited exXtensions of MPLI(A)
in a form intended to pe compatible with subsequent versions oi MPL.

Ee Satterthwaite (editor)
xerox Palo Alto Research Center
Palo Alto, Ca,
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The definition of the syntax is given by a set of productions, each of
which consists of a left part, the sequence "::=", a right part, and a
terminating semicolon ("3;").

The left part is a phrase class name constructed from lower case
letters, digits, and hyphens,

The right part of a production consists of one or more alternatives,

Multiple alternatives are separated by vertical bpars ("="). Each
alternative consists of a sequence of elements. Any subsequence
enclosed in square brackets ("/[" and "]") is optional. All other
elements in the sequence must occur in the specified order. The
elements may be any of the following:

a phrase class namej;

one of the following tokens, each representing a class 0f pasic
sympbols:
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« 1D == any identifier,

«NUM == any number,

« SR == any string, or

+3RL == any character consvant;

one of the following literals, each of which denotes Uthe quoted
values

a string enclosed in quotes,

a single character string, indicated by an avostrophe ("'")
follovwed by the character:

a list of azlternatives enclosed in parentheses;

a dollar sign ("3") followed by an element, which means an
arpitrary number of occurrences (including zero) of the elemeint;

a pound sign ("#") followed by an element, which means one or
more occurrences of the element.

The following abbreviations are used, where X and y are arpiirary
strings:

[x] for [(x)]
3R>y for [y 8(x y) ]
#LXDY for y &(x y) .

N oblm ¢ =2%ilevVv

%#BASIC SYNTACTIC ENTITIES%

An identifier (.ID) is a sequence of letters or digits which oegins
witn a letter, Upper and lower case letters are distinct.
Identifiers consisting only of upper case letters are reserved to
denote basic symbols of MPL. Other identifiers have no inherent
meaning but can be introduced to identify variables, types, constant
valuesd, etlc,

kExamples:
i BindByName X2 typeSTRING
Examples (reserved):
PROCEDURE FOR STRING
A number (,NUM) is a sequence of aigits optionally followed by a "B"

(indicating an octal number) or a "D" (indicating a decimal number)
and a decimal scale factor. If neither letter appears, the number

2



GHI, 25=FEB=T4 09:19 ( DOCMPS, MPL=B.NL33;1, )

is agsumed to be decimal. The scale facter indicates the number of
Zeros to be appended to the original string of digits.

Examples (all numbers have the same value):
1000 1000D 103 17508 175B1

A strine (.SR) is a (possibly empty) sequUence of characters enclosed
within quotes, Wwithin the string, the quotavion character itsel:r
can be denoted by a doupled quotation character; otherwise, all
characters in a string (includine nonprinting and control
characters) denote themselves,

EXamples:
l!a string" nn muwnmn

A character constant (.SR1) consists of an apostirophe follovWed by a
chnaracter.

ExXamples:

!a (L i 1

Blanks and other separators (such as tab or end-of-line characters)
cannot be embedded within numpers or identafiers. At least one sucn
Separator must appear between two adjacent iagentifiers or numbers.
EXcept within strings, Separators may otherwise be used freely;
neither they nor the tree structure of the NLS file containing an
MPL program has any inherent meaning. A comment is any sequence of
characters peginning with an unbroken pair of dashes ("==") and
ending with a similar pair of dasnes or an EOL character (possibly
the implicit EOL which terminates every NLS statement). A conment
can appear wherever a separator is allowed.

%TYPES AND VALUES?

MPL(B) is a weakly typed language. EvVery variable has a
well=defined %type%, which is specified when the variaople is8
declared. The type determines how the values of the variable are to
pe represented, accessed, and manipulated. iIn particular, tnere is
an implementation-dependent lengtnh associated with each type., The
length is the numper of bits allocated to allow the representation
of any possible value of that type; it may exceed the number of bits
required by the minimal representation,

The value of an expression is simply a sequence of bits. Thus an
expression does not have a type but does have a liength. The length
of a constant is determined by the syntactic form of the constant
itself, The length of the value of a variable is equal to the
length associated with the type of that variable. Values can be
combined by using a set of machine-defined operations upon Dbit
strings with certain standard lengths, Most of these operations
imply an interpretation of their operands, €.£., a8 binary

3
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representations of integers. In addition, bit sequences can be
interpreted as pointers used to access further bit sequences or as
descriptors of composite objects, such as procedures or sirings,
with standard interpretations defined hy the MPS support package.

If the length of a bit string i1s less than or equal to the machine's
word length, that pit string is classified as a %uniwordb;
Otherwise, as a %multiword%. More precisely, the value of a
Variable is classified as a uniword or a multiword according to the
type of the variable. To avoid possible anomalies arising from
guirks of implementation, the value of a Variable with a record or
array type 1s always classified as a multiword, although tne
implementation may choose to pack such a value into a single wora.
The operators of the language maintain the distinction between
univords and multiwords consistently, even when such pacKing occurs,

In MPL(B), the length of a multiword is always an integral
multiple of the word length.

A constant value which is a uniword can pe written as an unsigned
octal number. No denctations of multiword constanis are
provided.

On MAXC and the PDp-10, the word length is 36, and the longest
sequence of one=pits which is a uniwora is 77777777777 7B.

The value of an expression can be assigned to any variable having
the proper length., Certain automatic ccnversions are allowed,
EXplicit conversion rules applicable in specific contexts appear in
Supbsequent sections (see especially assignments and procedlure
calls). Whenever conversion is allowed but no such explicit rules
are given, the following %default conversion rules% apply:

A uniword of any leneth can pe converted 10 a uniword oi any
other given length, and tne conversion is automatic. The oit
sequence is extended (py prefixing zero bits) or truncated (by
discarding leading bits) as required.

Note that there is no check for loss of sign or significance
in these conversions,

No other automatic conversions are allowed, 1.€., automatic
conversions inveolving multiwords are disallowead,

MPL(B) does not check the consistency and compatibility of types.
vVariables should, however, be appropriately declared and
consistently used, both for documentation and for compatibility wWith
future versions of MPL, which will pe more strongly typed.

%Basic Type&%

A variable of type INTEGER stores a uniword. Integers are
considered to be signed; the value of an integer variable 1S
obtained by interpreting the bit sequence as a two's complement
binary number. Integer constants are written as ordinary gecimal
or octal numbers,

I
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on MAXC and the PDP-10, the range of an integer variable 1s
-31355738368 to 3L359738367,

An interval [n .. NJ 1is the set of all integers i such that

m <= i ¢<= n, The range of the type 1IN (m .. Nnj , where mn and
n are nonnegative constants, is the set of integers in utne
specified interval. Any such type is a %set=-element% (or, more
simply, element) type. An element variaple stores seguences of
pits at least long enough to represent the value of the largest
integer within the interval as an unsigned binary number. ID the
specification of an interval, an endpoint may be included
(indicated by a square bracket) or excluded (indicated by a round
bracket), An element value is8 a uniword; thus constants can oe
written as ordinary octal or decimal numbers,

Abbreviations are available for certain common set-element
types, and there are alternative ways of writing some of the
associated constants (see EXPRESSIOWN FORMS).

\ Grao(7)
Abbreviation Type
BOOLEAN IN [0.e1]
CHARACTEK IN [0..177B]
WORD IN [Queo7?T7T7TT777777B)

A variable of type FIELD contains a2 uniword describing a
selector that can pe applied to 2 bit sequence to extract a
subsequence, The syntax of field constants and the
representation of field values are discussed in connection witn
primaries (g.v.).

The syntaxX and semantics of FIELD values are likely to change
in future versions of MPL.

An identifier of type TYPE 1is used to name the description of a
programmer=defined type which, in MPL(B), must be a record type,
These descriptions are constants; there is no provision for
dynamic type evaluation. Furthermore, a quantity of type TYPE
does nol represent a bit sequence accessiple within an MPL
program, and it cannot be used as a primary in an expression.

%Derived Types?
\ blm ¢ =3%ilev
MPL provides several mechanisms for creating new types from

existing ones. These derivative types are classified by the
operations used to construct them,

rFecord Types
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A %record type% is a composite type, values of which are
called records, A record is a heterogenecus structure
consisting of a fixed number of components, possibly of
different types. Every record is a multiword. Components are
accessed by a fixed set of distinct identifiers., Each
component is called a %field%; the value of a field is a
contiguous subsequence of the bit sequence that is the value
of the record, Fields are individually accessible ana
updatable; thus a record serves as a structured collection of
variables. Records are the only types that can be declared as
such and thus named by an identifier in MPL(B). The
declaration specifies the order of the components and the tlype
of each, It optionally introduces an identifier, called tne
field %selector%, for eacn field. Selectors are used with
records (or pointers to records) to access tne bit
subsequences corresponding to each field. Records can be
treated as single units; alternatively, the selectors can be
used to gain field-py~field access to the individual
components.

In MPL(B), fields of a record described by a type
declaration are packed. In the allocation of fields wiilnin
such a record, words are allocated from left (relative word
0) tec right, pbut bits within words are allocated from rignt
(pit 35) to left., Only multiword fields are allowed to
cross word boundaries, however, and those fields are
aligned to minimize the number of such crossings.

The argument and result records of procedures are not
packed., AN entire word is azllocated f£or each uniword
quantity, and all fields are aligned Lo word bounaaries.

The packing algorithms are subject 10 change in future
versions of MPL.

Pointer Types

values of a %pointer type# are called pointers. Pointers are
absolute (virtual) addresses of bit sequernces., 4 pointer
value is a uniword. It i3 used to access a record or
component of az record indirectly. The intended type of any
such designated record can be specified in the declaration of
a pointer variable, in which case it is called tne component
type or %C=typre% of the pointer. Alternatively, the type can
be omitted:; the pointer is then said to be %C-free%. %»All%
pointers in MPL(B) are semantically equivalent to C=iree
pointers, i.e., any uniword can be assigned to any pointer
variable, and any selector can be used with any pointer, NO
special denotations of pointer censtants are predefined.

The C=type in an MPL(B) pointer declaration proviaes
nothing more than documentation. For compatibility witnh
future versions of MPL, however, C=free pointers should oe
avoided whenever possible.

Oon MAXC and the PDP=10, the length of a pointer value 1s 18
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bits,

String Types

A variable of type STRING contains a pointer, the C=tlype of
which is a system=defined record type. A record of that uLype
is called a teXt descriptor and contains a set of indices plus
a further pointer to a text area in which the actual
characters of the string are stored. Operations involving the
text descriptor or the text area are performed by a set of
standard procedures, which are described in (docnmps, mpsstir).
string constants are written by enclosing the sequence of text
characters within quotation marks. The value of g string
constant is a pointer to an automatically allocated ana
initialized text descriptor.

Note that the basic operators of the MPL language
manipulate only the pointer values, e.g., assignments can
result in multiple pointers sharing the sane descriptor and
text area.

Array Types

An %array type% is also a composite type, values oi wWhich are
called arrays. AD array is a homogeneous structure consisting
of a fixed number of components, all of the same type, called
the component-type or %C-type#% of the array. Lvery array 1s a
multiword. Components are accessed py indeXing., The
allowable set of indices is specified in the declaration of an
array by an interval constant; there is a one-to-one
correspondence petween integers in the interval and components
of the array, which are called elements. Elements are
individually accessible and updatable; thus an array Serves as
an indeXable collection of variables, each of which has tne
C=type of the array,

In MPL(B), arrays are not packed. An entire word is
allocated for a uniword element, and every element is
aligned to a word boundary.

Array=-Descriptor Types

Values of an %array-descriptor type% are uniwords, called
array descriptors, which provide indirect reference to any
array with & specified C=-type. The C=type Of an array
descriptor is the same C~-type. Components of an indirectly
referenced array can be accessed and updated by indexXing
operations applied to the array descriptor. No index set 1s
z8sociated with an array-descriptor type; the valid indices
are those that are valid for the array described by tne
particular array descriptor. An array descriptor contains a
pointer to an array and the length of thatl array.

Array descriptors allovw shared reference to an array; tney
are also useful for implementing the equivalents of

"dynamic" arrays.

]
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Procedure Types

values of a %procedure type% are muliltiwords called procedure
descriptors. A procedure descriptor allows indirect reference
to a procedure body and also specifies the environment in
which nonlocal identifiers occurring in that body are pound, |
Every procedure in MPL(B) accepis a (possibly empty) argument ;
record and returns a (possibly empty) result record. 4
Assoclated with every procedure type are both an argument=type j
or %A=type% and a result-type or %k=type%. An A=type or 3
R=type 1s either empty or a record type. The procedure poay '
referenced by a procedure descriptor should accept an argument 1
record with fields identical in type and order to the fielas :
of the A-type of that descriptor, and the form of its result |
record should similarly agree with the R=type, A procedure |
descriptor can be applied to an actual argunent record j
compatible with its A=type; the indirectly referenced ’
procedure body is thereby invoked, and the result record {
returned by the procedure is the resulting value, *

|
Because of requirements for compatibility with MPL(4), |
MPL(B) does not distinguish among procedure types with |
inconsistent A= or R-types. A4 value with an arbitrary
procedure type can be assigned to a variaple with any given
procedure type, and no check for correspondence between tuthe
A=-type (R=type) and the argument (result) record is made :
when such a value is used to invoke a procedure. In
MPL(B), the A= and R=-types of a procedure variable thus
provide nothing more than documentation.

Oon MAXC and the PDP-10, the length of a procedure
descriptor is 72 bhits.

Signal Types

Values of a %signal type% are uniwords serving as unique names |
for signals. These unique names are used in certain control w
transfers Lo locate and select a procedure pody embeaded }
within a2 special form called a catch phrase, The names are |
the basis for a dynamic pinding mechanism, An A-type and
R=type suitable for any such procedure body are assoclated |
with every signal type. ‘

Signals are used primarily to name unusual or errorneous 4

conditions requiring context=dependent processing. i

In MPL(B), there is a single signal iype, and

specifications of the A- and R=type are omitted. kach can

be described as a record with a single component oi type

WORD,

N blm ¢ =2%ilev

%ATTRIBUTES AND DECLARATIONS%
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peclarations are used to specify the attributes of variables and
certain constants, MPLI(B) defines a heirarchy of contexts in which
attripbute specifications can occur, These contexis correspond 1o
syntactic positions declaring the attributes of

array components,
record fields,
local variables of procedures and programs.
The allowWwable combinations of atiributes are classified as
component=attrioutes, field-attripbutes, and local-atiriputes
respectively,
In MPLI{B), the possible attributes of a dquantity are a type and a
value (either fixed or initial). With respect to alliowable types,
the attribute classes are properly nested and are ordered as
follows:
component=attributes ¢ field=attributes ¢ local=attripbutes.
only local-attributes can include value attributes.
This heirarchy reflects certain limitations of the MPLI(B)
compiler and support systems. These limitations arise because
MPL(B) is& an evolutionary development of MPL(A), and most will
diszppear in supseqguent versions of MPL.
\ blm ¢ =3#ilev
%Constant ExXpressions%
constant=eXpr ::s eXpr ; == Which has constant value
interval=constant ::=
('"f~'() constant=expr '. ', constant=expr (')_']) ;
Expressiocns can appear within the descriptions of certain types,.
Any such expresasion must evaluate to a constant and can be
constructed using only constants, predefined operators, and the
standard pseudo=functions.
The value of a constant=expr 1s a uniword,
The endpoints of an interval constant must be non=-negative
integers., They can be included in or excluded fromn the
interval by using square or round brackets respectively. for

compatibility with future versions of MPL, choosing O as the
smallest integer in the interval=-constant is recommended.

7
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Examples:

wordsize/charsize == if the sizes are defined constants
LENGTH[a] = 1 == 1f the type of a is an array type
[0 «¢o 10} == includes 1l integers
{O oo 10) == includes 10 integers

#Component Attributes?%
component=attribute ::=

"INTEGER" _

"IN" interval=constant —

"FIELD" _

"POINTER® ['vpo®™ . ITD) ..

"STRING"

+3D 3
A component=attiribute is used to specify the attributes of those
Variables that are components (i.e., elements) of an array. The
uniwora tyves INTEGER, POINTER, STRING, FIELD, and all of tune
Sset~element types are allowed. An identifier standing as a
component=azttiribute must be a declared identifier of some record
type, and any record type can be specified as a
component=attribute.

The following abbreviations for commonliy used Set=element
types are recognized:

Abbreviation Type
BOOLEAN IN [0..1)
CHARACTER IN [0.,.177BJ == ASCII
characters
WORD IN [0ao7TTTTTTTTTT7TBI o

The identifier following "POINTER TO" specifies the C=type cif
the pointer attribute. If present, it must pe a declared
identifier of a record type. Note that all pointers are

treated as C-free; specifying the C=type does not restrict the

use of a pointer value, Such specification is allowed
primarily for documentation and compatibilaty with future
versions of MPL.

The distinction between component=attributes and
field=attributes is essentially syntactic, since it 1s always

10
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possible 10 declare a record typPe having a single component
with any allowable field attribute.

ExXamples:
INTEGER
IN [0O..wordsize)
ListNode == if declared as a record
POINTER TO ListNode
%Field Attributes?®
field=attribute ::=
component=attribute o
"DESCRIPTOR" "FOR" "ARRAY" "OF" compeonent-attributve ..
"PROCEDURE" [field=list/ ["RETURNS" field=-list] -
"SIGNAL"
field=1list ::=

Y[ O(#<',> field-attribute - #<',>( id=list ':
field=attripbute)) 'J ;

id=1iist t:= #<',> JID ;

A field-zttribute is used to Specify the attriputes of a variaple
that is a component (i.e., a field) of a record. Any
component=attribute is also a field=attripbute. In addition,
array-descriptor types, procedure types, and signal types are
aliowed,

The component=attribute following "QF" in the declaration of an
array=descriptor type indicates the ¢=type of the elements of all
arrays indirectly referenced by that descriptor.

A field=-list defines the order and type of the fields witnin a
record. It may consist of a list of field=-attributes only or of
a list of field attributes, each preceded by a sSublist of
identifiers. 1In the first case, the fields of the record are
anonymous; in the second case, a field with the given
field=attribute is introduced for each identifier in the sublisy,
taken in order, and the identifier serves as the selector for

that field.

Anonymous and named fields cannot appear in the same field
1ist,

Anonymous field lists are primarily useful in declaring the
argument and result records of procedure variables.
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A field=-list immediately following the symbol "PROCEDURE" defines
the A-type of the procedure type; a field=list following
"RETURNS", its R~-type. An omitted field~list indicates that the
corresponding type is empty (not that it is unspecified; cf.
pointers).
In MPL(B), any multiword of the correct length can ve assigned
to any procedure variable; compatibility of argument and
result records is checked neither statically nor dynamically
(see call-statements). For compatibility with future versions
of MPL, procedure variables should be declared and used with
appropriate A= and R=types.
Examples:
DESCRIPTOR FOR ARRAY OF INTEGER == indirect array access

PROCEDURE == paraneterless
PROCEDURE [STRING/ RETURNS [INTEGER, INTEGERJ
PROCEDURE [

p: PROCEDURE RETURNS [INTEGERJ,

2: DESCRIPTOR FOR ARRAY OF INTEGER,

m, n: INTEGER/ == WO integers

%Local Attributes%

local=attiribute ::=

"INTEGER" [eXpr-=init/] -

"POINTER" [("TO" .IDJ [eXpr=init/ -

"IN" interval=-constant [expr=init] -

"STRING" [ '[ expr '] . '¢ expr /| -

"FIELD" [eXpr=init) -

«ID .

"DESCRIPTOR" "FOR" "ARRAY" "OF" component=attribute [ 'e
eXpr J -

"ARRAY" ("OF" component=atiribute array=init -

interval=constant "OF" component=atirioute) -

"PROCEDURE" [field=list] ["RETURNS" field=1list]
[ '= procedure=body - '« procedure=constant / -

"STIGNAL" [ "CODE" . '¢ expr J -

"REGISTER" ['= constant=expr] -

12
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"TYPE" '= "RECORD" field=list ;
expr=init ::= '¢ expr . '= constant-expr ;
array=-init = ‘e ‘[ §<',> expr '] ;

local=declaration ::= id=1list ': local=atiribute ;
A local-=declaration introduces one or more identifiers and
defines s setl of atiriputes for each. Local declarations gppear
at the head of a prodram, data, or procedure module (see
MODULES). An identifier can be equated by declaration to somne
constant value, in which case the identifier denotes that
constant value and cannot subsequUently be updated. Ovllervise,
each identifier introduces a new variable, the type and initial
value of which are determined by the local=attripute used in its
declaration.

Any component=attripbute or field=attribute is an acceptabvle
local=attrivute, in which case the declaration introduces an
uninitialized local variable. In addition, a local=atltiribute can
specify the value to which a symbolic constant is to ope equated
or with which a variable is to be initialized. VWhen tlhe
initialiZation is given by an expr=-init, the expression must
evagluate to a uniword, and the default conversion rules apply.
The following more specialized initizlizations of uniwords are
avallable:

The attribute STRING followed by a bracketed expression
introduces a string variable and specifies the automatic
creation of a text descriptor, a pointer to which is tne
initial value of that variable, In addition, an empty tvexu
area large enough to contain the number of characters given by
the value of the bracketed expression is allocated. NO UeXiy
area is allocated if the value of the exXpression 18 zero.

The lifetimes 0f these storage areas are identical Lo‘tne
iifetime of the string variable, and they are automatically
deallocated,

An attribute SIGNAL CODE generates a unigue name of a
signal, which serves as the initial value attribute., A
variazble with sueh an attribute cannot subsequently be

updated,

An identifier standing as a local=attribute must pe the
identifier of a declared record type and introduces a nultiwordg
variabie with that record type. NO associated initializatlon can

he specified.

The attribute folilowing "OF" in a local=-attribute for an array

type specifies the C-type of the array. The interval serving as
the index set can appear explicitly, following "ARRAY", 1in which
case no initialization can be specified. Alternatively, a 1list
of N initial values can appear, in which case the index set is

[OsaN)o

13
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Each expression in the initialization 1list must evaluate 10 a
bitl string which is compatible with the C=mode of Uthe array
according to the default conversion rules,

The attribute PROCEDURE can be used to equate an identiiier to a
procedure pogys within that procedure body, the fields of the
argument record are accessed by the identifiers introduced as
selectors in the fielde=list defining the A=-type of the procedure
type (see MODULES).

The attribute REGISTER is used to associate an identifier with an
absolute address in memory., Registers are used as variables of
type WORD., They are shared across all contexts. If a
constant=expr appears, its value is taken as the absolule aaadress
of the register. Otherwise, an arbitrary MAXC/PDP=-10 accumulator
is associated with the identifier,

such registers are removed from the pool used for expression
evaluation within the scope of the REGISTZR declaration but
are %not% automatically saved and restored across transfers
between contexts.,

The TYPE attripbute can only be used to name and describe fixed
record types. The field~-list specifies the type, relative
position, and (optionally) the selector of eacn field as
described under field-attributes.

Association of identifier lists and local attriputes is
constrained by the following rules:

An identifier can be declared only once in each module (see
MODULES) .

An identifier equated to a procedure pody can be declared only
in a program module (i.e., procedure declarations do nov
nest), and only one identifier can appear in the id-list.

only one identifier can appear in tne id=list equating an
identifier to a record type.

A declaration of a SIGNAL CODE cannot appear in a procedure
module.

Examples:

n: INTEGER == a gingle 1lnteger
i, J, k: INTEGER ¢ O == 1 ¢ 03 J ¢« 03 kK ¢ O
nc: INTEGER = wordsize/charsize

a pointer variable only

r: STRING -

s: STRING[OQ]J == descriptor
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t: STRING[100] -= descriptor, 100 char tvext
area
table: DESCRIPTOR FOR ARRAY OF INTEGER
a: ARRAY OF INTEGER « [2,3,5,7] == af0), eney &3]

b: ARRAY [O.,.nc) OF CHARACTER -- unpacked "word" of
characters
f: PROCEDURE (n: INTEGER] RETURNS [INTEGER] =
BEGIN == an MPL factorial function of course ==
X: INTEGER ¢ 1; 1i: INTEGER;
FOR i THRU (l..n/J DO % & Xxij
RETURN(X/
END
g, h: PROCEDURE RETUENS [success: BOOLEAN/
ListiNcde: TYPE = RECORD -= g LWO component record
[NodeValue: INTEGER,
NexXtNode: POINTER TO ListNode]
root: POINTER TO ListNode
node: ListNode == 2 local record
DataQverflow: SIGNAL CODE == g signal definition
mplUnwind, STRBoundsFault: SIGNAL == bindable signal
variables
rl, r2: REGISTER == distinct unspecified
accumulators
pagel: REGISTER = 1000B == the first word of page 1
N blm « =2#ilev
%MODULES%

A module is the collection of declarations and statements witln wihich
a set of local variables is associated,

An instance of such a

module, with a specific set of local variables and some control

information, is called 2 %context#,

are a code body and a %frameb,

record containing some hidden fields used for control informatiocn as
well as a field for each declared variable. A
%argument record% is supplied when a context is created and remains

Associated with every context
A frame is an implicitly declared

(possibly null)

associated With that context throughout its lifetime.

\ blm ¢« =3%ilev

%Module Classification%

L5
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pody ::3= $(locals ') &(block=del ';) $<'z>statement ;

program=module ::=
«.ID ': "PROGRAM" [field-list] '= prog=body '. 3}
prog=pody ::s "BEGIN" [include=list ';] body "END" ;
data=module ::=
«ID t: "DATA" [field=-list] 's data=body '. ;
data=body ::s "BEGIN" $(locals 'j;) "END" 3
procedure=-body ::= "BEGIN" body "END" ;
locals ::= local-declaration . base=declaration ;

A procedure=module is not defined as a syntactic unit boput
consists of g local=attribute equating an identiier to a
procedure=pody. The identifier is the name of that module,

Three kinds of modules are distinguished in MPL(B): program
modules, dats modules, and procedure modules. These tnree
classes of modules give rise to corresponding classes of
contexts, Program and data modules are the units of compilation
and are terminated by a ".". Progran=contexts are explicitly
created from program modules and eXplicitly destroyed using a set
of procedures provided by the MPS suppert package (see 7). Their
lifetimes are arbitrary. Data=contexts are similar to
program-contexts, but they have null ccde bodies, They are
intended to serve as carriers of data shared by several
program=contexts. Procedure modules are declared within program
modules and thus can spare a set of nonlocal variapbles, namely
the locals of a program=context, Creation of a procedure~context
and transfer to the procedure body are inseparable actions, as
are return and destruction of the procedure-contexi's frame.

Thus there is a nhested setl of procedure=contexts for eacn
program=context, and the lifetimes of procedure frames tollow a
LIF0 discipline.

Any module body can be headed by l1local declarations whicnh
introduce and define identifiers as described in the previous
section., The scope of each identifier is the texXt of the moaule
following the identifier 1list in which it appears. 1In tne case
of a program module, however, the scope of an ldentifier excludes
any scope defined by an embedded procedure module in wnicn the
same identifier is redeclared, and such redeclaration is not
considered to introduce a conflict,

In particular, the scope of an identifier includes any
initializing expression; thus definitions are recursive. An
identifier cannot, however, be used pefore it is declared
unless its type is a procedure type,

Lé

T e T I o A et e B g F T g Pt

e el

S
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Examples:
a: INTEGER ¢ a+l == nonsense, obut legal
b: TYPE = RECORD[/bl: INTEGER, b2: POINTER TO Db/ == OK
c: TYPE = RECORD/[cl: INTEGER, c2: c/ == Nnot
allowed

The fields of the argument record associated with a moaule are
introduced and defined by the field-list immediately following
the symbol "PROGRAM", "DATA", or "PROCEDURE". Within the Doay of
the module, the fields of that record are accessible as locad
variables, i.e., the identifier of each field itself designates
the corresponding record component, and the argument record 1s
not name¢ explicitly. These identifiers are consiadered to be
local to the medule and are governed by the samne scope rules as
any identifiers introduced by local declarations in the same
mocdule.

In MPL{B), the result records of procedure modules are treated
similarly, and any explicitly named fields of such records can
pe used as local variables. For compatibility with fuuure
versions of MPL, such use should be avolded.

Note that the scope of an identifier appearing in a field list
defining the A=type or R=type of a procedure pbody is the
corresponding procedure module, not the program module, Tae
scope of the identifiers of fields of an explicitly declared
record type, nowever, is the same as tnat of the identifier of
the record type itself.

A data=body consists only of declarations. The variables
declared within a data module can be made Known within a program
module {and its embedded procedures) by an inciude=list at the
head of the program module (see Included Modules).,

The bodies of orogram and procedure modules additionally contain
a 1ist of statements, Transfer of control to Such a body causes
those statements to be executed, In the apsence of explicit
transfer= or jump-statements, the statements in the body are
executed in the order in which they appear.

The head of a module can also specify the processing of any

signal generated or propogated as a result of its execution (see
Signals and Blocks).

%Included Modules?

"DIRECTORY" #<',> (.ID ': "INCLUDE" link) ;

include=list ::
link ::= ' LID ', «ID ', ') i
pase-declaration ::=s "BASE" #<',> base~id ;

pagse=id ::= LID "ON" LID ;
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An include=list appearing at the head of a progran moduie makes
the definitions of identifiers declared in specified data modules
available within that program module. The links in the
include=1ist name files containing the (compiled) text of the
data modules. ANy local redefinition of a particular identifier
makes the included definition inaccessible.

A link with the form (directory, file,) references tue
highest=numbered version of the TENEX file
{directory>file.MPS .

T e e i

T

All actual accesses to variables (but not to constant
definitions) in an included module must Specify a pointer to the
frame of a particular data=context. That pointer can be
Specified explicitly as pvart of the reference (see VARIABLES);
alternatively, the appropriate pointer to be used over some
sequence of statements can be established by a base declaration,
and the variables within the data=-context can vbe named directly
within that sequence. In the pbase-id, the first identifier
specifies a module name introduced in the include=lisl, and the
second identifier must designate a simple variable. Within the
range of the base declaration, the specified variable should
contain an appropriate frame pointer, and it is reevaluated as
part of every access.

o

NO special significance is given to a module name introduced
in an include~list:; it need bear no relation to either the
identifier at the bpeginning of the referenced data module or
the file name.

Examples:

R e A e B~ T

== jnclude 1list

et el o}

DIRECTORY
Registers: INCLUDE (mps, mplregs, ),
DataArea: INCLUDE (directory, sShareddata, )

s

s

-= pase declaration

BASE DataArea ON ptr
== if v is a variable local to DataArea, reference ¢ Vv
is then equivalent to ptlr./v ==

e T e e T

\ blm e =2%ilev

T

%VARIABLE FORMS%

o

A variable is an updatable storage area. ‘Inere is a well-deiined
type associated with every variable, The type determines the lengin
of any bit sequence stored in that variable and implies an
interpretation of that oit string.

g

-
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var ::=

.ID _ array=component _ record=component ;
array=-component ::= var '[ expr '] ;
record-component ::=

var qualifier -

t{ expr ') 1. £leld ;

sz ('8 o 'e) fileld ;

qualifier
field ::= field-constant .. .ID ;

An identifier of a declared variable denotes that variapble within
the scope of the identifier, and the type of the variable is that
type specified in its declaration.

An identifier declared within an incluaed module can stand alone
28 a Variable only if it is a register or is in tnhne range cf a
base=declaration for that module.

IndexXing can be used to select a component of an array. Tne
pracketed index expression must evaluate to a uniword., The type of
the variable must be either an array type, in which case a component
of that variavle is selected directly, or an array descriptor type,
in which caSe a component of the array indirectly referenced by the
aescriptor is selected., 1In either case, the type of the component
variable is the C=type of the array or array descriptor,

The Vvalue of the index expression should fall within the declarea
index set of tne array, but MPL(B) provides no automatlc bounas

checks.,

A qualifier can be used to select a component of 2 record., 1Ine
record can be specified by a variable with a record type, in which
case the operator "$" is used to select a component, or by the value
of a pointer to a record, in which case the operator "." is used to
select a component. If the pointer is not itself tne value of a
variable, the expression defining its value must be parentheslZed.
The field constants used in selectors have the following forns (see

also constants):

An identifier of an explicitly declared record type., 3uch a
field selects an initial bit sequence with length equal to the
length associated with the record type, and the type of the
resulting variable is that record type,

use of a record type as a Selector allows the bit string
representing an entire record to pe referenced through a

peinter,

An identifier of a field of an exXplicitly declared record type,
The bit sequence with length and position corresponding to tne
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named field is selected from the variaple (which should have a
length equal to the length associated with the record type). The
Lype of the selected variable is the declared type of the field.

The form / .ID , which identifies a fiela of an impiicitly
declared record (i.e., a frame) and has the same interpretation
as the identifier of an exvlicitly declared field.

If £ 1s a pointer to the frame of an included data module
with local variable x , the form f./x refers to that
variable (which is more simply named by the form X within
the range of a base~declaration for that module).,

A constructed field constant, in which case the type ofi tne
resulting variable is an appropriate set=element type.

In addition, the value of an identifier declared to be a field
Variable can be used to select a component variable, tne type of
which is an unspecified uniword type.

Field selection can be iterated, but all qualification must pe
exXplicite If r is a record containing a field f1 , the type of
wnich is a record type with field £2 , that field nust be
referenced by the form r$fls$f2 , not r&f2 .

In MPL(B), there is no check that the variable to which a
selection operation is applied has a recerd tvpe or that the
qualifier is appropriate for the variable.

EXamples:

i == an integer variable
a == an array variable
afi) -= 3an integer variable
noge == a record variable
nodedNextiode == 3 pointer variable
ptr.NextNode == ditto
(hash/{w]).ListNode -= a record variable

%EXPRESSION FORMS%

\ bim ¢« =3%#ilev
%Expressions%
eXpr s:= conditional=expr - disjunct g

The value of an expression is a sequence of pits. Unless the
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expression is a variable or a function call, that bit sequence is
a uniword, ©Default conversion rules apply to all uniword
operands of the operators discussed in this section.

%Selection QOperators%
conditicnal=eXpr ::= if~eXpr - case-exXpr ;

A conditional exXpression allows the value of one expression L0 ne
used to Select another eXpression from a list of alternatives.

If=EXpressions
if=expr ::s "IF" eXpr "THEN" expr "ELSE" expr ;
In an if-eXpr, the expression following "IF" is evaluated. If
that exXpression is true (has nonzero value), the eXpression
following "THEN" i1s evaluagted, and its value is taken as vuine
value of the conditional expression. Otherwise, the

eXpression following "ELSE" is evaluated., All expressions
must evaluate to uniwords.

ExXanples:
IF n > 1 THEN sum/(n=1) ELSE O
IF x < 0 THEN =1 ELSE IF x > 0 THEN 1 ELSE O
Case=Expressions
case=expr $:s
"CASE" sum

("OF" $case-of=-eXpr - "IN" fcase-in-expr - relational
Hcase=op=expr)

"ENDCASE" exXpr 3

case=of=eXpr ::= #<',>(binrel - sum) ': exXopr '; 3

o

#<',>(interval .. char=class) ': expr ';

n

case=in=exXpr ::
case=-op~exXpr = #<',>sum ': expr '; ;

In 2 case=expr, the expression following the "CASE" is
evaluated, and that value becomes tne leift operand of the
relationg labeling the various alternatives. The expression
following the first relation which is satisfied is evaluated,
and its value is taken to be the value of tne conditional
expression. All other expressions are skipped, even if
relations labeling subsequent alternatives are satisfied., 1If
none of the relations is satisfied, the expression following

"ENDCASE" is selected,

in a casSe~-of-eXpr, each label specifies a list of itenms,
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and each item consists of a relational operator (or an
implieit "=" if only a sum appears) and a right operand.
The labeled expression is selected if any of the reiations
is satisfied.

In a case=~in=-expr, each label specifies a 1list of
intervals. The labeled expression is selected if the left
operand falls within any of the intervals.

In a case=-op=-eXpr, the relational operator is supplied with
the left operand, and each label specifies a 1ist of rignt
operands,

All eXpressions must evaluate to uniwords.
EXamples:
CASE i OF
a, b, c: j+ks == j=a OR i=b OR i=c

>(n+l), <0: j+l; == idn+l OR 1i<O
=j, #ks £[i+1]; == i=J OR i#k

=j: 170 -= never evaluated (see above)
ENDCASE 1

CASE char IN == character translation
[Q..37B]: ' ; == control characters to blank
LL: char + ('A=-'a); == JlOWer cagse Lo upper czse

ENDCASE char

CASE x < == a "step" function

Os O3
10 13
25: 23
50: 33
ENDCASE &

#»Logical Operators?
In MPL, the Boolean values TRUE and FALSE are represented by tuhe
integers 1 and O respectively. Any uniword is acceptable in a
context requiring a truth=value, however, and the expression 1s
considered to be true if, and only if, its value has at least one
nonzero bit,
disjunct ::= #<"OR"> conjunct;
conjunct ::= #<"AND"> negation;
negation ::= ["NOT" . '®] relation;
A disjunct is true if, and only if, some conjunct is. The
value of a disjunet is defined as follows: the form p OR (
is equivalent (except syntactically) to the form

IF p THEN TRUE ELSE g .
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Tnus the conjuncts are evaluated from left to right, and
evaluation terminates with the first true conjunct.

A conjunct is true if, and only if, all negations are. The
value of a conjunct is defined as iollows: the form p AND ¢
is equivalent (except syntactically) to the form

IF p THEN q ELSE FALSE .

Thus the negations are evaluated from left to right, and
evaluation terminates with the first false negation.

The operator "m" (or "NOT") inverts the Boolean value of ius
operand,

relation :3:= sum [binrel/;
binrel ::=

["NOT" . 'm] ( relational sum - "IN" (interval -
char=class));

relational ::3 '> 1= _ ' 's 1> ' o 's O T#;
interval 3:= ('{ - ') exXpr '« 'e expr {('7 - '));
char=class ::=
"OH" « == any character
"ULD" - == upper case letter or digit
"LLD" . == lower case letter or digit
"LD" -~ == lOWer or upper case letter or 4igit
"UL" = == upper case letter
"LL" - == lower case letter
Lk P - == lower or upper case letter
"p" - = Qiglt
"PT" . == printing character
"NP" 3} -= nonprinting character
The relational operators stand for the following relatlons:
< less than <= less than or equal

greater than >= greater than or equal

b4

equal # not egual
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They are defined by the usual ordering obtained by
interpreting their operands, which must be uniwords, as
(signed) integers.

Note that the relational operators should not be used for :
strings, since they then specify the comparison of
pointers, not character sequences.

An interval 1is the set of all integers in some range. The
endpoints of the interval are specified by a pair of
eXpressions, which must evaluate to uniwords. An endpoint may
be included (indicated by a square bracket) or exciuded
(indicated by a round bracket). The operator "IN" tests for
menbership in the specified interval, €.g.,

£ix] IN [(me.n)

ig true if, and only if, m <= f£/xJ] {( n . It caiffers from

(£(X] >= m) AND (f[x]J < n)

il Tt T i~ e g

in that the function £ is8 called only once.

The char=classes provide convehient notation for intervals or
sets of intervals corresponding to the indicated classes 01
ASCII characters.

S

ExXamples:

X #y

X H= y -= equivalent to x # ¥

NOT X = ¥ == ditto

char IN LLD -= tests for lower case letter or digit

(ehay IN ['a..'2J) OR (char IN ['0..'9]) == ag above (in
ASCII)

char >= 'a AND char <= 'z OR char >= 'Q AND char <= '§ ==
ditto

%Aritnmetic Operatorsh

T e e

The operands of arithmetic operators are interpreted as signed
binary numbers and, within the limitations of the representation,
the results are the signed binary numbers given by the usual
ruleg of arithmetic,

The operands of the bit string operators are interpreted as
sequences of bits, extended to the machine's word length, and the
results are obtained by bit-wise combination of corresponding
elements of the sequences.

In either case, a Boolean expression is a suitable operand; TRUE

e — S — - g ————————————
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and FALSE have the integer values 1 and 0 regpectively.
sum ::= #< '+ o '= > prod;
prod fi= #< ' _ '/ o "MOD" > bitor:

The operators plus ("+") and minus ("=") represent integer
addition and subtraction.

The operators star ("#") and slash ("/") represent integer
multiplication and diviasioen.

The form i MOD Jj gives the remainder of 1i/] .
bitor ::= #L"BITOR" . "BITXOR"> bitand;
bitand ::= #<{"BITAND")> factor;
The operators "BITOR", "BITXOR", and "BITAND" specify the
bit=-by=-o0it logical=-or, exclusive=-or, and logical=~and of uheir
operands, respvectively.
factor ::= {'=] prim;
The unary operator "=" negates its argument.
Examples:
=3 + J¥k MOD 2 = 3 == parsed as ((=i)+((j%k) MOD 2))=3
i % j BITAND 777%B BITOR 2B = d#((3J BITAND 777B) BITOR 2&{
%Primaries%
Primaries are the syntactic entities which can appear as operands
Without further parenthesization, The value of any primary 1§ a
nit string, the length of which depends upon tihe form of the
primary. Certain primaries are the only eXpression forms which
can yield multiword values.
prim ::=
vay -
constant -
function=call #qualifier .
assignment-eXpr .
'@ var -

pseudo-~function .

rhe=statement =
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catchp=rhs

'( expr ') @&qualifier ;

The value of a variable standing as a primary 1is the bil sequence

Which is the current value of that variable, The lengih of the
bit sequence is equal to the length assoclated with the type of
the variable,
The value of the form @ v is a pointer which is the address of
the variable Vv ., The unary operator "@" is undefined 1f tne.
variable Vv 1is not represented by an integral number of machine
Words.
In the case of a component variable, the rightmost quaiifier
must be a constant field which selects an integral numoer of
words.
Parentheses can be used to contrel the association of operators
and operands within expressions. Parenthesization of an _
expression does not change the length of the bit string which is
the value of that expression. Note that it is possible to
extract a field from the value of a parenthesized expression or
from the value returned by a function.
Examples:
@i @afi) @ p.HeaderNodedlinkword
((x+y)*3z)
(pase+disp) Brighthalsf == addition moa FIELDMAX[righthali/+l
Special Primaries
pseudo=function ::=
UFIBLDMAXY "4 +ID V) =
"RECORDSIZE" '[ .ID '] -
"DISPLACEMENT" '[ .ID '] .
"DESCRIPTOR" '[ .ID '] -
CLENGTH™ Y] Wiy 'J
"pIvV" '[ prod ': var '] -
("MIN" .. "MAX") '[ #<',>expr '] ;

pseudo=-functions have the syntactic forms of function calls,
but their meanings are predefined.

The form FIELDMAX[f] has a value egual to tne.iargest
integer which can be stored in the field £ . 1he

26



CHI, 25=FEB-Th 09:19 ( DOCMFS, MPL=B.NL53;1l, )

idenpifier nust designate a field constanty, and the numperp
of bits in that field cannol eXceed the word length of the
machine.

The form RECORDSIZE/r] has a value equal to the number of
machine words used to represent a variaole of type I .

The identifier must designate a type whichn 13 a record
mode.

The form DISPLACEMENT/f]) has & value eqgual to the
relative word address of the field £ ., Tne identiiier
must designate a field constant.

The form DESCRIPTOR/[a]J has a value which 1s an array
descriptor for the array a . The identifier must
designate an array variable,

The form LENGTH/V/) has a value which 18 equal to the
numper of array elements in the variable designated by V .
The type of the variable nust be either an array tyve or
an array=-descriptor type. In the latter case, tne value 1is
equal to the length of the array indirectly referencea vy

the descriptor thnat is the value of the variable.

The pseudo~function "DIV" requires as 1t$ argument an
eXpression in which the principal connective is tlhe
operator "/". The value of the pseudo=function 1s the
quotient of the division; the remainaer is assigned Lo the
variable which follows the "%,

The pseudo=functions "MIN" and "MAX" select the
algebraically smgllest and largest values respectively irom
a 1list of expressions, oOperands are interpreted as signea
pinary numbers. These operators are not defined for
multiword operands.

rhs=statement 3:= signal .. system=call ;

These two statement forms (q.v,) produce values which can be
used within eXpressions,

catchp=rhs ::= "CODE" .. "MESSAGE" 3

Within a catch phrase, the values of the primaries "GODE" ang
"MESSAGE" are respectively the internal name of the signal
peing processed and the message associated witn that signal.
Their values have the attributes associated with types SIGNAL
and WORD respectively.

%Constants%

A constant denotes a fixed string of pits. Tne length 0f the pit
string and the mapping from the denotation oi Uthe constant to the
value of the bit string are deternined by the sSyntactic form of
the constant.

ey
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constant ::=
literal .
string-constant .
procedure=~constant -
field=-constant o
«ID 3
An identifier equated by declaration to some constant-expr is

itself a constant, and its value cannot be updated. Such a
constant is a uniword, and its value is equal to the value of tine

constant=expr.

Literals
literal ::= NUM - "TRUE" . "FALSE" . char ;
char :i:=
+SR1 o
"SP" - == 3 space

"EQOL" . == TENEX CR=LF (37B)

PALTY o == a TENEX ESC

HCR" == g carriage return
LLEY = == g line feed
WpEpt == 3 form feed

LTABY == a tab
"EOS" ; == an end-of~string, see (docmps,mpsstir)
The value of a literal is a bit string which is 2 uniword.

Numeric literals are written as ordinary decimal or octal
numbers, Such a literal denotes an integer value with the

same length as an INTEGER variable,

On MAXC and the PDP=10, a decimal literal cannot exceed
34359738367 in magnitude, and an octal literal cannotu
contain more than 12 digits (excluding leading 2eros).

The BOOLEAN constants "TRUE" and "FALSE" have the values 15
and OB respectively and the same length as a BOOLEAN Vvarianle,

The value of a character literal is the positive integer which
is the ASCII encoding of the character quoted in or dencouved by
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% that literal. The length of the literal is equal LO tae
| length of a2 CHARACTER variable.

# Examples {(all examples on each line have the same value):
1000 1000D 1D3 17508 175Bl
SP t LoB
String Constants
string=-constant s:= .SR ;
The value of a string constant is a pointer tlo a fiXxed teXxil
descriptor which describes a text area containing the sequence
of characters in the guoted string.
The text descriptor and the text itself may be shared oy oOlner
string constants. These auxiliary data structures are not

updatable. Their lifetimes are identical to the lifetime oOf
the program=context in which the string constant appears.

EXamples:
"a string constant"
"" == the null string

menn  —m 5 string containing a single quote character

| Procedure Constants
E procedure-constant ::= "PROCEDURE" ,ID ;

The value of a procedure-constant is a nmultiword which serves
38 a procedure descriptor, The descriptor contains two
components, Which encode the following information:

The entry point of the code for the preocedure pody.

The program=context in which nonlocal identifiers occurring
within the procedure pody are to be bound.

1f the procedure=-constant appears in a scope in which the
identifier is equated by declaration to a procedure boay, tne
value is a descriptor of that pody bound to tine
program=context in which the procedure-constant is embedded,
Otherwise, the identifier is an external procedure identifier,
and the descriptor is considered to be "unbound" until it is
completed dynamically by a run-time binding zfacility (see
czll=-statements).

Field Constants

! field=constant ::=

s i
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C e [
' wdll

"FIELD" '[ [constant-expr ',/ constant=-expr ':
constant=expr 'J

The value of a field constant is a bit pattern which can be
used to select a substring of bits from a bitv string. The

value itself is a uniword,

on MAXC and the PDP=10, values of type FIELD are
represented by byte pointers.

when a field constant is used as a primary, the length of

the substring to be selected by that constant cannot exceed
the word length. Direct selection of a multiword component
using a field constant as a qualifier is, however, possSlple

(see VARIABLE FORMS).,

An identifier standing as a field constant must name either an
explicitly declared record type or a field of such a recora
type. In the first case, the value is a selector whicn
extracts an initial bit string with lengtuh equal to the lengtn
associated with tne record type. In the second case, the
value is the selector which extracts the bit substring
corresponding to the named field from a bit string with length
equal to the length of the record type?

The unary operator "/" constructs a similar selector for a
namned field of an inmplicitly declared record, such as a datla
segment described by an INCLUDE module or a procedure fralic.

The final form of a field constant allows the selector o be
specified explicitly. The form FIELD [ w, b : t / has a
value which selects the b bits beginning Lx*(w+l) = (b+1)
pbits from the left end of the bit string, which should nave a
length of at least Lx(w+l) Dbits. L 1is the word length of

the machine,
If w is omitted, a value of O is assumeaq.

The values of b and t must be nonnegative with sum not
exceeding L .

For MAXC and the PDP-10, the value of L is 36.

Examples:

if declared as a field

NeXtNode -
/i ~= i1f declared as a variable
FIELD/[O,18318) == the left half of a PDP=10 word

%Function Calls%
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function=call ::= (,ID . record=component) args ;

A function call specifies that a procedure is to pe invokea witn
glven arguments; it can also specify the action to be taken for

any signal generated or propogated by the called proceaure,
Construction of the argument list, transfer of control, and
processing of signals in function=-calls and call-statements
(qava.) are identical.

The ca}led procedure returns a result record constructea by
exXecution of a return-statement, In MPL(B), the value oif tne
function=call is determined as follows:

If the function=call is qualified, the field of the result
record selected by the qualifier is extracted, and the

attributes of the extracted value are determined by uhe type
of the extractor.

If the function=call appears without qualification as the
right=hand side of an assiegnment statement, an initial fie.d
or set of fields are extracted from the result recora and
assigned as determined by the left=hand side of the assignment
statement (g.v.).

In all other cases, the value of the function call is that
uniword whicn is the first word of the result record, and the
remainder of the result record, if any, is discarded.

Note that the R=type of the procedure is ignored in the
application of these rules.

in particular, the value of a function=call intended to return
a multiword will pne interpreted incorrectly if it appears
without gualification in an argument list,

Example:

If X 1is a uniword and q is a field with a procedure
type,

£i{x, vi{x]]

is a call of £ wWith an argument record constructeq from
two uniwords, but

£{x, plx]sal
is a call of £ with a uniword and a procedure descripuor,

For compatipility with future versions of MPL, uses of
function-calls as primaries should be restricted to the first
tWo cases unless the result record constructed by the calied
procedure has a single component which is a uniword.

Examples:

31
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ReadCharacter/()

gedf{m, nJ

Comparestring(s, token/i/]
PAssignments%

An assignment specifies that an expression is to be evaluatea and
the result assigned to a variable, An assignment itself nas a
value and can be used within an expression.

assignment~expr ::= var 'e expr . var 'e ': expr ;

The value of an assignment form using the operator "e¢" 18 Uhe
value ¢f the expression; as a side effect, that value is also
assigned to the variable. An assignment using that operator
vields a value and can be used as a primary only if the assigned
value is a uniword. The default conversion rules apply.

The value of an assignment form using the operator "e:" is tne
value of the variable prior to its updating. As a side eifect,
the eXpression on the right is evaluated and assigned vo une
variable as described above, The assignment operator "e:" is
defined only for uniwords, and default conversaion rules appnly.

If z2n unouglified function=call stands as the right=hand
expression, the first word of tne result record returned by the
function is assumed to be the value of the functiion.

For compatipility with future versions of MPL, this form

should not pe used when the function in fact returns more uihah

a Single uniword in the result record (see ifunction=calls),

put qualification can be used to select a particular uniword,
Note that syntactic ambiguities involving the assignment operator
are resolved by taking the longest possible expression as vuie
right operand.
Examples:

a ¢« b «: a -=- exchange a and b (value: old b)

table/nen+l] « O == table/nj = 0

table/ne:n+l] « O == tablefn=1] = O

1€ 3+ ke3 == formally ambiguous

ie 3+ (k¢ 3) == pquivalent to the above

Note: (i & j) + (kK ¢ 3) is a sum and quite different.

\ blm ¢ =2xilev
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%STATEMENT FORMS%

\ blm ¢« =3%ilev
%bStatementsh

statement ::s 8lapel (simple-statement - compound-statement) ;
simple=statement, i:i=

assignment=statement -

Atransfer-statement -

jump=statement -

bump=statement -

conditional=statement .

do=statement -

nisc=statement -

null ;

‘ A parenthesized identifier standineg before a sStatement serves 1o
lapel that statement, and the identifier is thereby declared o
pe a label. Jump statements embhedded wWithin such a labeled
statement can be used to specify repetition or termination of
that Statement., A label can also serve as an operand of an
inline instruction anywhere within the scope of that laved.

Examples:

(init) (reset) n « O == {he labhels are Jjust comments

(loop) DO
BEGIN char ¢ ReadCharacter/(];
IF char = EOL THEN EXIT loop;
AppendChar/{line, char]
END

(insert) MakeEntry/table, nane
iDuplicateNane:
EXIT insert;
TableOverflow:
BEGIN Expand/table/; REPEAT insert
END ]

%»Assignment Statements?

‘ assignment-statement ::=
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var 'e expr -
exXtractor '¢ (var - function=call) ;

extractor ::z '[ #<{',>var '] ;

An assignment statement specifies that a right-hand side 1s to pe
evaluated and the result assigned to a left=-hand side whilch 1s
either a variaple or a bracketed list of variables, called an
extractor. In the latter case, disjoint fielas of a single
computed bit sequence are assigned to the various varlables.

Ap asgignment operation with a single variable as the left-hang
side is defined for bit strings of any length, and the defaultv
conversion rules apply.

If an unqualified function=-call stands as the right-hand
exXpression, the number of words implied by the length of the
variable on the left is copied from the result record, i.e.,
the function is assumed to return a record with a single
component, the type of which has the same length as the lype
of the variable.

For compatipbility with future versions of MPL, this form of
assignment should not te used unless the function aoes
return such a record., MPL(B) does not, however, even check
that all the copied words are part of the result record.

When'the left-hnand side is an extractor, the right=hnand side Must
be either g variable with a record type or a function calle

In the case 0f a record, successive fields are extracted fron
the record value and assigned to variaples in the exXiractior,.
Processing of poth the record fields and the extractor
proceeds from left to right, and the numper of variables 1in
the extractor cannot exceed the number of fields in tne
record. All unused fields of the record are ignored. The
assignment is illegal if any of the subassignments are illegal
according to the default conversion rules.

In the case of a function value, processing is similar, but
the selection of fields from the bit string retiurned oy the
function is controlled by the types of the variables in tne
extractor., The selected fields are in exXactl correspondence
Wwith the fields of the return record if the vzlues cf tine
latter fields, taken in order, could validly be assigned o
the variables in the extractor without violation of the
default conversion rules. In other werds, identity of the
individual components of the result record is properiy
maintained if a record with the R-type of the procedure could
validly be assiegned to the salle exXiractior,

For compatibility with future versions of MPL, this
correspondence rule should be cbserved. MPL(B) in fact
takes a 9ingle word from the return record for every
uniword variable in the extractor and exactly the required

34
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numrher of words for every multiword in the extractor.
Examples:
char « '
tablefi] ¢ v
pl ¢ PROCEDURE Scan == a multiword assignnent
fv, ptr] < node == Vv ¢ nodesdjNodeValue; pilr « nodedpextyode
[time, date] « ReadClock/]
%Transier Statements%
transfer=-statement ::s=
call~statement -
return=statement -
stop=statement -
signal=statement ;

A transfer statement specifies transfer of control fromn cne
context to another and can also cause a context to be created or

" desiroyed,
Call Statements
call=statement ::=
(.ID -~ record=-component) args -
"CALL" (+ID - record=-component) ;

A call=statement specifies the invocation of a proceaure. The
identity of the procedure is getermined by the identifier or
record=-component, The argument list is optional, butl if 1Tl is
omitted, the "CALL" must appear, After any required argumnent
record has been constructed, a new procedure context is
created and receives control. A return=statement (Q.v.)
executed by that procedure destroys the new context and
returns control to the point of call, possibly supplying a
result record to the caller. The argument list can
additionally specify how any signals generated or propogated
by the called procedure are to be processed., When a procedure
is invoked by a call=-statement, any result record is

discarded.

The type of the identifier or record component must be a
procedure type., The identity of the procedure to be invoked

‘ is determined as follows:
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If the call-statement appears in a scope in which the
identifier is equated by declaration to an explicit
procedure pody, that body is invoked. Its globals are
bound to the variables declared in the program=context in
which the call=statement is embedded.

If the identifier is bound t0 a procedure variable or if a
record component is specified, the procedure boay uescrioed
by the procedure descriptor which is the current value Cif
that variable is invoked. Note that the descriptor selects
not only the procedure body but z2lso the program=-context in
which the globals occurring in that body are bound.

If the identifier is not otherwise declared, it 1s assumed
to designate a procedure body defined externally to tutnhe
prugram module in which the call occurs. The identity of
that %external procedure% depends upon the environment in
which the ¢all occurs; it is determined dynamically oricr
to or as part of the first call of that external procedure,

An eXternal procedure is implemented as an implicitly
declared procedure variable, the scope of which is tne
entire program.

There are standard facilities within MPS for binding
some or all external procedures "py name", il.e., LY
matching the external procedure identifier to an
identical identifier equalted in some cotner
program=context to a procedure body (see ?),

args ::= '[ $<',>expr ['| catch=phrasej 'j ;

Arguments are transmitted to the called procedure as
components of an argument record constructed py the caller.
The field=list defining the A=type of the procedure boay
specifies the format of the argument record with respect 1o
the called context, and the identifiers introduced by that
field=1ist thus select fields of the record supplied by the
caller (see MODULES).

The argument record is constructed by evaluating tne
eXpressions in the argument list and concatenating tne
resulting bit sequences, The identifier of the i=-th fleld in
the record defining the A=type of tne called procedure selecus
the value of the i=th expression used to construct tne
argument recocrd if the expressions, taken in order, could
validly be assigned to successive fields of a record with tnat
A=type, In other words, the identity of the indiviaual
components of the argument record is properly maintaninead if
the expressions evaluate to pit strings compatible witn
corresponding fields of the record according to the default
conversion rules,

For compatibility with future versions of MPL, this
correspondence should be maintained. The eXact rule for
argument record construction in MPL(B) 1is that tlhe

36
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expressions are evaluated from left to righu, and the
length of any uniword is exXtended to the word lengih DY
prefixing zero bits.

Note thap the A=type of the procedure to be called 1s
ignored in the construction of argument records.

Catch phrases are discussed in connection with signals.
ExXamples:

CALL ScaniD

TypeCharacter/char/

AppendString(s, t

ISTRBoundsFault:
BEGIN ExpandString/s/: RESUNE
END J

Return Statements

return ::= "RETURN" ['[ #<',>expr 'J];

A return statement specifies the deletion of a
procedure=context and a return of control to the calling
context, It can also specify the construction of a result
record to be returned to the caller., A return-statement can
appealr only wWithin a procedure body.

The return record is constructed by evaluating the expressions
in order and concatenating the resuluing pit sequences. If no
eXpression list appears, the result record 1is empiy.

The rules of construction are identical to the rules used
for constructing argument records. For compatibility With
future versions of MPL, the number of expressions should pe
identical to the numper of fields in the record type whica
is the R-type of the procedure body, and the lengths of
corresponding expressions and fields should be compatible,

EXtraction of fields from the result record by the caller
is discussed in connection with functicn=calls and

assignments.
return from a procedure=-context releases the frame and any
other automatically allocated storage for that context, Other
local storage becomes inaccessible and should be released
prior to return. Any pointers to automatically allocated
storage become meaningless. '

Examples:
RETURN

RETURN(TRUE, table[i]]
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Stop Statements

sbop 3= HSTOP" ;

A stop-statement causes control to be transferred from the
program=context in which the stop-statement is executed to tne
program=context which is its parent. The frame of lnat
program=context is not deallocated. I1f contirol reenters the
stopped context, execution continues with the successor ot tne
stop-statement., A stop-statement cannot appear within a
procedure body.

Signal Statements

signal-statement ::= signal-call . resume ;

Signal statements provide a mechanism for transferring control
in which the target context is determined dynamically oy
matchineg a unigue name, The code that 1s executed as a result
of such a transfer is called a catch phrase,

signal ::=
("SIGNAL" — "ERROR") '[ sig=-list 'J ;
sig=list ::= exXpr [', expr] ['l catcn=phrasej ;

catcn=phrase ::= #<':;> catch=~case ['; catch=all] -
catch=all ;

catch=case ::5 #<{',> -ID 's statement ;
cateh=2all ::= "ANY" ': statement 3

A signal-call specifies that a signal is to be generated. The
value of the first expression in the sig-list must be a
uniword and is taken as a unique name, Sighal generation
causes the successive activation of catch=phrases,

Propogation of a signal begins in the signaling context and
continues from a procedure=context to its calling context or
fromn a program=context to its parent context., 1In eacn
context, the catcn phrase appearing in the argument list of
the call by which control left the context (except the
signaling context) is inspected first, followed in reverse
order by the catcn phrases at the heads of all blocKs
textually enclosing that call (or the signal-call in tne case
of the signaling context). Tne first catch=case labeled 0y an
identifier evaluating to the unique name or the first
catch=all encountered in each context is eXecuted. Signal
propogation continues until one of the following actions
occurs:

A resume statement (g.v.) is eXecuted, in which case
propogation of the signal is terminated and control retu;ns
to the 8ignaling context., The resume statement can specify

e i ™ S T i TR e LR e .
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a value, which is the value of the signai=-call,

A Jjump=statement or return=statement within a catcn=phrase

and leading out of that catch=-phrase is encounterea. Prior
to execution of sucnh a statement, a special "unwind" signal

is generated on behalf of the signaling context and is
propogated back to the conteXt containing the jump= or
return-statement, whicnh is then executed. FEach context
which allows the unwind signal to propogate is deleted,

If the signal~call specifies "ERROR", the continuation implied
by a resume is not alloved; any attemnpt to resume causes a new

signal to be generated and propogated.

The secona expression witnin a signal=call must evaluate 1o a
univord. Its value is the "message" associated with une
signal; if absent, a value representing a null message 18
supplied. Within each catch phrase, the unigue name and
messafge are the values of the primaries "COU&" and "HBEsSAGE"
respectively.

Binding mechanisms exist within the MPS support systen for
asSsigning the signal codes declared in other programn=contexis
to signal variaples with the same identifiers aeclared in a
given program=-context.

resume ::= "RESUME" ['[ exXpr 'J] ;
A resume statement specifies that propogation of a signal 1is
to terminate and control is to return vo the signa.ier. Tihe
optional expression must evaluate to a univord, which cecomes
the value of the signale=call, A resume statement can appear
only within a catch phrase.
EXamples:
== gighal calls
ERROR[SystemPunt, 7/
SIGNAL/STRBoundsFault]
SIGNAL/DataOverflow, nJ
== catch phrases

mplunwind: == clean=-up

rReleaseBlock/[ptr/; _
ANY: == count all other signals
n ¢ n+l
DataOverflow: .
BEGIN Vv ¢ Allocate[MESSAGEJ; : '
RESUME/[V/] == v is the value of the signal=-call

END

39
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kJump Statementsh

jump=statement ::= ("EXIT" . "REPEAT") .ID

A Jump statement specifies that execution of a labeled sStatement
is to be terminated or restarted. The identifier must stand as
the label of a statement enclosing the jump statement, i.e., a
label can be referenced in this way only within the (possibly
compound) statement it precedes.

If "EXIT" appears, eXecution of the labeled statement is
terminated. Processing continues as if the statement had
terminated in the normal manner,

If "REPEAT" appears, execution of the labeled statement is
restarted.

Note that Jump statements are particularly useful within catch
phrases and when so used provide the only transfers 1o
nonlocal labels allowed in MPL (see the discussion of labeled
statements).
Examples:
EXIT loop
REPEAT enter
%Bump Statements%
bump=-statement ::= "BUMP" ["DOWN"] #<',>var;
A bump statement specifies the addition or subtraction of the
constant 1 for each listed variable. The type of each such
variable must have an associated length not exceeding the
machine's word length., If "DOWN" appears, each variaple 1is
decremented; otherwise, eacnh is incremented.
Examples:
BUMP DOWN n
BUMP i, J, k
%Conditional Statements%
conditional ::= if=statement . case=statement ;
Conditional statements provide for conditionaltexecution of a
statement or, more generally, for selection from a list of
alternative statements, There are two types of conditional
statements, if-statements and case-statements.
If Statements

if=-statement :3= "IF" eXpr "THEN" statement ["ELSE"
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statenentj:

In the exXecution of an if-statement, the expression following
"IF" is evaluated, If the value of that expression is turue
(non=%ero), the statement following the "THEN" is executed and
the statement (if any) following the "ELSE" is skippeu. II
the value is false (zero), the statement following "THeN" 18
skipped and tne statement (if any) following "ELSE" 1is
executed. The exXpression must evaluate Lo a uniword.

Examples:
IF ptr = nil THEN RETURN

IF lineno = bm THEN EndPage(J/ ELSE lineno « lineno + 1

Case Statements

case=statement :s:= "GCASE" 3um

({"OF" Bcase=o0f=-stnt — "IN" &case=in-stmt . relational
3case-op=stmt)

"ENDCASE" statement;

1 00
2

case~of=sumt ::= #<',>{binrel - sum) ': statement
case=in=stmt ::= #<',>(interval - charclass) ': statement

1 o0
29

case=op=stmt 2:= #<',>sum ': statement ';;
The case Statement provides a means of executing olie Statement
out of many, The sum after the word "CASE" is evaluated, and
the result, which must be a uniword, is saved to be used as
the left operand of the relations labeling the various cases.
several relations may label a single statement, The statement
following the first relation which is satisiied is eXecuted.
All other statements are skipped, even if relations labeling
subsequent alternatives are satisfied. 1If none of the
relations is satisfied, the (possibly null) statement
following the word "ENDCASE" is executed,

In a case=of=-stmt, each label specifies a list of itenms,
and each item consists of a relational operator (or an
implicit "=" if only a sum appears) and a right operand.
The labeled statement is selected if any of the relations

is satisfied.

In a case=-in-stmt, each lapel specifies a 1ist of
intervals., The labeled statement is selected if the left

operand falls within any of the intervals,

In a case~op=stmt, the relational operator is supplied with
the left operand, and each label specifies a list of right

operands.
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EXamples:

CASE char OF -= gelect a scanning routine
' , EOL, TAB: == ignored
NULL;
IN ['A e YZ],; IN ('8 «« '2]2 == letters
ScanlIbD/(];
IN ['0 .. '9]: == digits

ScanNumber/(J;

in
: -

Scanstring//:

quote character

ENDCASE == all others
CharacterToToken/char/J

CASE x IN -= gssume 0 ¢ v £ r

{=V .. V]: match ¢ TRUE: == =yv (= X =V

{=r «« *lz NULL3 - wr (= x { V UR V K ¥
{=r

ENDCASE overflows ¢ overflows+l
CASE lengtn=size <

0O: ERROR; == gifference < 0

minsplit: NULL; -= 0 <= difference <
minsplit

ENDCASE SplitBlock/base, size] == minsplit <=
difference

%Iterative Statements%

do~statement ::= do=clause "DO" statement [do=-test)
[then=clause);

The do=statement provides for controlled iteration. Tiae
statement following tvhe "DO", called the controlled statement, is
repeatedly executed until either a do=test fails, the controllied
variable reaches its bound, or control leaves the do=statlement
because of some action by the controlled statement (such as wilT,
RETURN, or other transfer statementi).

then=clause ::= "THEN" statement;

If the iteration 1s terminated because a do=test fails or tine
contrelled variable reaches its bound, the statement 1in the
then=-clause 18 executed before control leaves the
deo-statement. If, however, the do-statement is left oy otner 1
means, the statement in tne then=clause is not executled.

do~-clause ::= [for=clause] [do=test/ ;

A do=test of the WHILE form succeeds if tne value of the
expression is TRUE (nonzero), The UNTIL form succeeds if tlne
value of the expression is FALSE (zero). That value must pe a
uniworda, There may be a single do-test at the head of the |

;
do=test = "WHILE" expr - "UNTIL" expr ; q
i?
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do~gtatement and anothey at the tail. The test at the head is
made before each execution of the controlled statement and the
vest at the tail is made after each execution.

The remaining kinds of do-clauses provide for the
specification, initialization, stepping, and testing of tne
do=statement's controlled variable.

for=cliause ::=
"FOR" var ('e¢ . "FROM") expr ', expr ("TO" expr/ -
["FOR" var] taru=-by=-clause -

{"FOR" var (('e . "FROM") expr/ .. "FROM" expr/
[to=by=clause/ ;

The variable, if present, is used as the controlled
variable, and it is reevaluated eacn time around tne loop.
Its type must be such that the associated lengtn does not
exceed the word length, All expressions must evaluate U0
uniwords.

In the first form of the for-clause, tne value 0Of tae
expression following the "e«" or "FROM" is usead to
initialize the controlled variable., After each 1lteration,
the expression following the "," is evaluated, and its
value is assigned to that variable, If the "TO expr" 1s
present, the expression following tne "T0" 1s evaluatled
(once only) pefore the first iteration, and its value 1s
saved. Iteration is terminated before execution oi the
controlled statement if the value newly assigned to the
controlled variable is equal to the saved value,

This form offers an alternative to simply incrementing
(or decrementing) the controlled variable ana 18
particularly useful for following lisus,

ExXample:

FOR ptr ¢ root, ptr,NextNode TO nil DO sum ¢ sum +
pitr.NodevValue

== the do=statement is terminated when the value of
ptr, the controlled variable, equals nil.

The 1last two forms of the for-clause provide for iterative
execution in which the controlled variable is stepped
througn an aritnmetic sequence, Values in the sequence are
determined by an initial value, a direction, an increment,
and an optional limit,.

thru-by=clause ::*®

thru=clause [by=-clause] .
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[by=-clause] thru-clause ;
thru~clause ::= "THRU" interval ;
by-clause ::= ("UP" _ "DOWN") [expr] ;
Lo=-by=clause ::=

to=clause [by=clause] ..

by=clause [to=clause] 3
to=clause ::= "TO" eXpr ;

If no controlled variable is specified in the for=clause,
an anonymous cell serves as that variable and, in tae
absence of the explicit initialization describea below, nas
the initial value 0.

The possible directions are UP and DOWN, The default
direction is UP, and the default increment is l. Ir a
by=clause appears, it specifies the direction; if tlae
optional expression is present in that clause, the
expression is evaluated (once only) before the iteraticn,
and its value becomes the increment. The controlled
variable is stepped after each iteration by adding tne
inerement whenever the direction is UP and by suptracting
it whenever the direction is DOWN.

A thru=clause Specifies stepping the controlled variable
through an interval, which is evaluated (once only) neifore
the first iteration., When the direction is UP (DOWN), the
controlled variable is initialized to the smallestu
(largest) integer in the interval, tne controlled varilaole
is stepped as described above, and iteration is terminated
pefore execution of the controlled statement if the value
newly assigned to the controlled variaple prior to that
execution is greater (less) than the largest (smallest)
integer in the interval.

The expression following "«" or "FROM" specifies the
initizl value of the controliled variable when no
thru=clause appears. In the absence of such
initialization, the initial value of the controlled
variazble is unchanged by the for-clause., If neitner a
thru-clause nor a to=-clause appears, uvne for-clause
periorms no test to terminate iteration. An expression
following "TO" is evaluated (cnce only) before the firsit
iteration, and its value is saved as the limit. When tne
direction is UP (DOWN), iteration is vermninated obefore
execution of the controlled statement if the value assilgned
to the controlled variable prior to that execution 15
greater (less) than the limit,

ExXamples:

e
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-« the following FOR-statements are equivalent:
FOR 1 FROM O TO n DO f£fi]:
FOR 4 ¢« 0 UP 1L TO n DO f£/i];
FOR 1 ¢ 0, i+1 TO n+l DO £[i/;
FOR i1 « O UNTIL i>n 00O £(i};
FOR i THRU [0 .. nJ DO £[i];
== jinfinite loors:
DO == 1loo0ps forever
UP DO; == a slightly slower, but still infinite lcop
UNTIL FALSE DO;
DO WHILE TRUE;
== the following do=statement describes a bubpble sori:
FOR i DOWN THRU (1 .. uJ DO
BEGIN sorted ¢ TRUE:
FOR j THRU [1 e i) DO
IF afj] > al[Jj+l] THEN
BEGIN sorted « FALSE;
afj] « a[j+1l] «: afd];
END;
END UNTIL sorted
The following program section leaves i set to the index of the
first element oi the array a which is equal to x, or to =1 if
no element equals X:
(lcop) FOR i THRU [O .. LENGTH[A])
DO BEGIN
IF afiJ=x THEN EXIT loop;
END
THEN 1 ¢ =1 -= if we fall out of the loop ==
%Miscellaneous Statemnents%
misce=statement ::= inline . system=call ;
These statements, designed specifically for MAXC and the PDP-10,
are machine dependent and provide direct access to the underlying
hardware and operating system (TENEX).
inliine Instructions
inline ::= "INLINE" '[ #<';>instruction '/;

instruction ::=
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{label] -= label for instruction
«ID == opcode
[instcon ',] -= accunulator
('e] -= indirection
{'= instcon . .ID . .NUM] == address
('( instcon ')]; == index

instcon ::= JNUM . .ID ;

An inline statenment specifies execution of a sequehce oOf
machine instructions and allows direct access to the PLP-10 or
MAXC hardware. The inline's brackets surround sequences of
statements similar in form and meaning to PDP=10 MACROQ
statements, and each of these statements is assembled 1iato a
single machine instruction.

The identifier of the overation code must be declared as a
constant; the value is placed in the top nine pits (tne
opcode field) of the instruction.

An identifier in an instcon must be a declared register
{the address of which is used) or a defined constant (the
value of which is used). In either case, the value 1s
shifted left 23 bits (for the accumulator fieid), shiited
left 16 bits (for the index field), or taken unchanged (for
the address field or a literal).

The identifier of a variable or label declared in the
enclosing procedure or program can be used in the aadress
field, in which case appropriate indexing is automaticadlly
provided and the index field should be omitted, If the
identifier of a variable declared within an INCLUDEd module
is usea, however, the index register must be specified
exXxplicitly.

Examples:
INLINE/ Mul al,i J == double length multiplication

INLINE/ I1db r,bptri; Idpb r,bptr2 |/ == pyte manipulation

System Calls

system=call ::= "JSYS" '/ constant=expr (', jsys=argsj
3jsys-results 'J;
A system-call requests the services of the TENgX monitor. It
is a direct mapping of the TENEX Jjump=to=-system (JSYS)
instruction into MPL. A JSYS accepts arguments ana reuurns
results in the registers beginning with register l. Certain
JSYS calls have multiple returns, and the significance of tne
returned values can differ for each possiple return (see tne
TENEX JSYS manual).

The constant-expr specifies the JS¥YS numper and selects the

i
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service to be provided by the monitor.
Jsys=args :1:= $<',>exXpr;

Prior to ¢alling the monitor, each argument expression 1s
evaluated. Each value must be a uniword. These vaiues are
loaded into registvers l, 2, ..., With the order of the
assigned registers identical to the order of the
expressions.

jsys=results ::= ': $<',>[var};

The value of a system call is the relative location to
which the JSYS returns (+1 for a normal return, +2 for 2
skip return, etec,). That value is used as an index to
select a 1list of variables (possibly enpty) from the
jsvs=results. There should be as many such lists as
possible returns unless only a single return is possible.
The values in registers 1, 2, ..., are assigned in oraer to
the variaples in the selected 1list, If no variabvle 18
specified for a particular register, that value is
discarded.

EXample:

J8YS/[jsyscode,flags,v :errcode :,Vv]

== the variables flags and Vv are lcoaded into registers
1l and 2, then the JsYS specified by Jjsyscode 1s executled,
If the JSYS returns to the first location followling tine
call, the value of the statement is 1 and the new value of
register 1 is stored into errcode . If the JSY¥S returns
to the calling location plus 2, the value of register 1l u.s
discarded, the value of register 2 is stored into the
variable v , and the value of the JSYS call is 2 ==

%Null statements?

null s:= ["NULL"J 3

The null statement specifies no action, It is8 provided as a
convenience to the pProgranmnner.

%Compound Statements%

compound=statement ::= "BEGIN" &(block=dcl ';) 3<{';>statement
"END"

°
2

A compound statement allows a seguence of statements to De
bracketed and to appear in any syntactic position requiring a
single statement., In the absence of explicit transfer=- or
jump=-sStatements, the bracketed statements are executed in the
sequence in which they appear.

plock=dcl ::= "ENABLE" catch=phrase .. base=declaration ;

L7
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A catch=phrase following "ENABLE" is activated to process any
signal generated or propogated as a result of exXecuting a
statement in the block headed by the "ENABLE", Execution of
calch=-phrases is described in connection with call=-statements
(QeVve)s NMultiple catch phrases at the head of a block are
activeted from right to left, and a signal generated by
exXecution of such a catch-phrase is processed only by
catch=phrases to its left.

The range of a base=declaration at the head of a block is Llne
remainder of the block in which it appears (see MODULES).

Examples:

BEGIN L « i3 1« j; J « t END == gxchanse i, J

[=J0E
D ¢ Allocate/n/:
BEGIN
ENABLE == deallocate on any Kind of annormal eXitv

mplUnwind: Releasefp, n/;
BASE DataAreas ON ptr; == DataArea names an [fJ40LUDs module
=~ arbitrary compubtation using the dava arsa ==
aelsasens 0l)3

iy

g it (1] ?
BN

-= 0Of the range of BASE and ENASLE

N Naweladge(,;; poinm - =ilev; Jusiify e FALSE

ZAPPENRIX: The 3vatax of MPLI(3)%
MOD.LS

constant=exXpr t:= eXxpr;
interval-constant ::=

(*[~'"() constant=expr ', ', constant~expr (')_']) ;
component-attripute ::=

"INTEGER" .

"INY interval-constant o

"FIELD" .

"POINTER" ("TO" .IDJ -

"STRING" _

o ID 3
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field-attrioute ::=
‘. component-atiribute -
"DESCRIPTOR" "FOR" "ARRAY" "OF" component=attribute .
"PROCEDURE" [field=list] ["RETURNS" field=-list]) -
"SIGNAL" ;
field~l1list ::=

Y[O(#<,> field-attribute o #<',>( id=-1list ': field=-attribute))

loczl=declaration ::= id=iist ': local=attribute ;

local=atliribute ::=
"INTEGER" [expr=init] -
"POINTER" ["TO" .ID] [expr=-init) .
"IN" interval=-constant [expre=initj —

" "STRING" [ '[ expr '] . '¢ expr ] .

"FIELD" ([expr=init] .
s TH ..
"DESCRIPTOR" "FOR" "ARRAY" "OF" component-attribute [ '« eXpr j -

"ARRAY" ("OF" component=attribute array-init -
interval-constant "OF" component=attribute) -

"PROCEDURE" [field=1list] ["RETURNS" field=-1list)
[ '= procedure=body . '¢ procedure=constant J -

"SIGNAL" [ "CODE" . ‘¢ expr ] -
"REGISTER" ['= constant=expr;] _

npyPE" '= "RECORD" field=list

wa

expr=init ::= ( 'e expr - '= constant-expr )3

array=init z:= ‘e ' $<',> expr '] ;

MODULES
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pody ::= s(locals ';) H(block=del ';) $<';>statement ;

2

program=module ::= LID ': "PROGRAM" [field=-list]) '=s prog=body 'e ;

prog=body i:= "BEGIN" [include=-1list ';) body "END"

data=-module ::= ,ID ': "DATA" [field=-list] '= data=boay '.

data=-body ::= "BEGIN" $(locals ':) "END" ;

L}

procedqure~body ::= "BEGIN" body "END" ;

1ocals ::= local-declaration . base=declaration ;
include=l1ist ::= "DIRECTORY" #<',> (. ID ': "INCLUDE" 1ink) ;
Tink z3= '{ «ID ¥, »ID %5 1) 3

bDase=declaration ::= "BASE" #<',> base=id =r:

base=id ::= .ID "ON" .ID ;

2

VARIABLE FORMS

var s:= .ID . array=conpeonent . record=component ;

array=component ::= var '[ exXpr ‘'] ;
record=component ::=

var qualifier .

'{ expr '} '. field ;

qualifier ::= ('8 - ',) field ;
field ::= field~constant . .ID ;

2

EXPRESSIUN FORMS

expr ::= conditional=-eXpr — disjunct ;
conditional=expr ::= if-expr . case=expr ;
if=expr ::= "IF" expr "THEN" expr "ELSE" expr ;
case=-expr ::=

"CASE" sum

("OF" Bcase=of=expr - "IN" Bcase=in=-eXpr - relational
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"ENDCASE"
case=of=eXpr i
case=in-expr :

case=op=exXpr

disjunect 3= #<"OR">

conjunct ¢

negation ::
relation
pinrel ::=

["NOT" - Iu]
char-class));

['HNOT“ -

{ relational

expr 3

t= #<',>(binrel . sum) ': expr
1= #<',>(interval - char=class)
= #<',>8um ': exXpr '; ;

conjunct;

#<"AND"> negation:

'‘uj] relation;

1= sum [binrel};

Sum - "IN"

MPL=B.NLS31, )

L] [
L]

2

Yioexpr '3 s

(interval -

rélational ss= 1) b= o V¢ Ya o ¥ W o te L T
interval s:= ('( - '/) expr 's '. expr ('] = '));
char=class :1:=
WGH" _ "ULD" . "LLD" _ "LD" - "UL" - "LL" - "L _ "D" . "PT"
"NP" ;
sum 3= #< '+ - '= > prod;
prod ::= #< '#._ '/ - "MOD" > bitor;
bpitor ::= #<"BITOR" - "BITXOR")> bitand;
bitand ::= #<{"BITAND"> factor;
factor ::s ['=] prim ;
prim s:=
-
constant -
function=cgll $qualifier -

assignment=eXpr -
'@ var -

pseudo=function -

51
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ros=statement .
catchp=rhs _
'( expr ') 8qualifier ;
pseudo-function ::=
"FIELDMAXY *[ .ID ']
"RECORDSIZE" '[ .,ID '] _
"DISPLACEMENT" '/ ,ID '] .
"DESCRIPTOR" '[ .ID 'J .
"LENGTH® *[ var '] .
"DIV" *[ preod Y: var 'J .
("MIN" o "MAX") '[ #<',>expr '] ;
rhs=statement ::is signal . system=-call ;
catchp=-rns ::= "CODE" _ "MESSAGE" ;

constant ::=

literal . string-=constant _ procedure=constant . field-=constant _
1D 3

literal ::= .NUM _ "TRUE" _ "FALSE" . char ;

char ::=

PEPY . BEOLY™ .. BARTY . YgR' . YEP" o VEPY . "RABY - "EOS"
string-constant ::s SR ;
procedure=constant ::= "PROCEDURE" .ID ;
field=-constant ::=

I 4 - -

V¢ 51D -

"FIELD" '[ [constant=-expr ',] constant-expr ': constant=expr
']

assignment=eXpr ::-=

var 'e eXpr - var '« ': expr ;
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function=call ::= (.ID _ record=-component) 2args ;

STATEMENT FORMS

statement ::= $label (Simple-statement . compound-statement) ;
simple~statement ::=

assignment=statement ..

transfer-statemgnt o

Jjump=statement -

bump=statement -

conditional=statement .

do=statement -

misc=statenment .

null ;
assignment=statement ::=

var 'e expr -

extractor '« (var . function=call) ;

extractor :i= '[ #<',>var 'J ;
transfer=-statement ::=

call=statement .

return=-statement -

stop=statement -

signal=statement ;

call=-statement ::=

"CALL" (.ID - record=component) [args]) -
(oID — record=component) args ;
args s:= [ [8{',>exXpr] ('l catch-phrase ] '] ;
catch=phrase ::= #<';> catch-case ['; catch=all] . catch=all ;

catchemcasge 3= #<',> .ID ': statement;
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catch=all ::= "ANY" ': statemnent;
return=-statement $:= "RETURN" ('[ #<',>expr ']} ;
stop-statement ::= "STOP"
signal=-statement ::= signal=call . resune;
signsl=call ::=
("SIGNAL" . "ERROR") '[ sig=list 'J;
sig=-list ::= expr (', expr) ['! catch-phrase/;
resume ::= "RESUME" ['[ expr 'J];

("EXIT" ~ "REPEAT") .ID ;

Jump=statement ::

bump=statement ::= "BUMP" ["DOWN"] #<{',>var ;

conditional=statement ::= if-statement . case=-statement ;
if=-statement ::= "IF" eXpr "THEN" statement ["ELSE" statlemeni/;
case~statement ::= "CASE" sun

("OF" 3case=of=-stmt . "IN" $case=-in=stmt _ relational
Bcase=op~stmt)

"ENDCASE" statement;
case=of=stnt ::= #<{',>(pinrel . sum) ': statement ';;

#<{',>(intrel . charclass) ': statementv ';;

case=in=stmt ::
case=op=stnt f:= #<{',>sum ': statement ';;
do-statement ::= do-clause "DO" statement [do=test] [then=clause];

then-clause ::= "THEN" statement;

do=clause :3= [fore=clause] [do=test] ;

do=test = "WHILE" eXpr — "UNTIL" expr ;

for-clause ::=
"FOR" var ('e _ "FROM") expr ', expr [("TO" exor] -
["FOR" var] thru-by=clause ..

["FOR" var [('e¢ _ "FROM") expr]/ - "FROM" expr] [to-by-clause/

2

thru=py=clause :3=

Sl
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thru=clause [by=-clause] _
[by=claugse] thru=clause ;

thru=clause

t= "THRU" interval ;

by=clause ::= ("UP" _ "DOWN") [expr]

e

to=by=clause ::=
to=clause [by=clause]

by=clause [to=clause]

so

to=clause ::= "TO" eXpr

aa

misc=statement ::= inline - system=call ;
inline $:= "INLINE" 'f #<'j;>instruction 'J ;
instruction ::=
[label]

.ID [instcon ',] ['@] ['= instcon .. +ID  «NUMJ ['{
instecon ')J ;

instecon :s:= NUM - .ID ;

system=cal "JSYs" '[ constant=-expr (', Jjsys=args]

1
8jsys=results

jsys=results ::is 8<{',>[var] ;
null s FUNULLY) 3

compound=statement ::= "BEGIN" $(block=dcl ';) &<'j;>statement
WEND" ;

block=decl ::= "ENABLE" caten=-phrase . base=declaration ;
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