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CHAPTER 1 — INTRODUCTION




CHAPTER 2 - FORTRAN 77

2.1 INTRODUCTION

The MUSS FORTRAN compller implements Fortran 77 as defined in the
documem 'BSR X3.8 FORTRAN 77 dpANS FORTRAN Lanpuage X353/90’ of the
Amaearican Nationai Siandards Institiute. The compiler attempts to rerrain close
to the defined standard. any deviations from the standard are described in
Section 2. 3.

2.2 COMPILER ORGANISATION

2.3 NON-STANDARD FEATURES

MUSS Fortran inciudes extensions 1o the standard which improve the
compatibliity with ANSI-66 Fortran. Improve efficieancy on small machines by
allowing a wider range of data types. and to assist in the transfer of Fortran
software, aibeit nonstandard. to MUSS. Thus the more common extensions
avaliable in many of the other presemt day Fortran 77 compilation systems are
supported.

All vioiations to the Fortran 77 standard produce a warning message,
these messages may be suppressed by setting a compliler option.
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2.3. 1 Holeriths

Hoileriths have been inciuded as an extension to the standard language.
The use of Hollerith constants is restricted to DATA statements in a manner
describad in Appendix C of the Fortran 77 standard. A Hollerith constant may
only be used with INTEGER, LOGICAL or REAL types. The actual number of
characters in such types is machine dependent (see Section 2.7).

The standard Fortran character set has been exiended to include Jower
case letiers, the dollar sign ‘$’. underscore ‘_'. tab and EOT characters.
During compilation lower case leiters are accepled and treated as If they were
upper case letters, everywhere except In character and holierith constants.
Symbollc names may Include doilar slgn and underscore characters. A
Fortran source line may inciude a tab character. A tab in columns 1 to 5 of
the Foriran source line has the affect of sufficlent spaces (o ensure the
foliowlng character is treated as being in c¢olumn 6. Tabs in column & and
beyond are treated as spaces. The EOT character may be used to mark the
end of the Fortran compliation and is an alernative to the *END directive
(see Section 2.4} or the compiler reaching the end of the Input document
both of which Indicate the end of the compliation.

MUSS commands may be included in the Fortran program source for
optional Interpretation st complle time as they are encountered. The option to
imerpret the MUSS commands is activated by the third Parameter to the
compliar, as described in Section 2.8, MUSS commands to be interpreted at
compiie time consist of an asterisk In cofumns one and two of an input image
followed by an alphabeiic character which begins the command., any other
format is treated as & commeni image beginning with an asterisk and s
ignored. i the option Is not switched on the directives are treated as normal
comments. MUSS commands can occur anywhere a Fortran comment could
occur.

Compllar directives (which are described in Secition 2.4) are also
non-standard extensions to the Fortran standgard tanguage.

This compller is more genercus than the Standard in allowing any
comments after the last END of the lasi program unit (and before any *END
directive). Any program which has comments (or even MUSS commands)
beyond the last END would be non-standard., but would be acceptable to this
Impiteamentation.
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2.3.3 Relaxstion of Subprogram Argument Checks

The compiler has & non-standard optlon of relaxing the sirict checking
between dummy and actual arguments of a subprogram. This option. when
activaied by setting a bit in the compiler mode paramater, permits an actusl
argument of REAL. INTEGER or LOGICAL type to be substituted for a dummy
argument of either REAL., INTEGER or LOGICAL type. an actuali argument of
DOUBLE PRECISION or COMPLEX type to be substituted for a dummy argument
of either DOUBLE PRECISION or COMPLEX type, and an actual argument which
Is an expression. wvariable. array element name or an array name io be
substiiuted for a dummy argument which is a variable or an array.

2.3. 4 Precision of Arithmetic Data Types

REAL is 82 bit precision. DOUBLE PRECISION 64 bit and COMPLEX
components 82 bits. INTEGER and LOGICAL is either 16 bit or 82 bit
precision, depending on Instaifation. The compiler also provides for INTEGER
and LOGICAL data types with precision of 8, 16 and 32 bits.

in addition to the standard arithmetic data type words REAL, DOUBLE
PRECISION, COMPLEX., INTEGER and LOGICAL the compiler is extended to
recognise the foliowing non-standard arithmetic data types.

INTEGER*1 B8 bit Integer

BYTE Synonym for INTEGER®]
INTEGER*2 16 bit integer

INTEGER*4 32 bit integer

LOGICAL*] 8 bit logical

LOGICAL®2 16 bit logical

LOGICAL*4 82 bit logicai

REAL*4 Synonym for REAL

REAL*S 8ynonym for DOUBLE PRECISION
COMPLEX*8 Synonym for COMPLEX

The compller Is extended to aliow these additicnal arlthmetic data type
words In any Fortran statement instead of a standard arithmetic data type
word. Thus the compiler recognises additional data type words in:

typa specification siatements
implicit statements and
function statements.
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2.3.5 Data Inltialisation in Declarativa Statements

2.8.6 Common Block Exiensions
There are several extensions concerning common;
) The compller is extended for Initialisation of blank common. ANSI
Fortran 77 only atiows named common initialisation.
i) The complier is extended for blank common and named common to
be Initialised in any program unit. ANSI Fortran 77 only ailows

initlatisation in block data program units.

i Character and non-character variabies may be present in the same
common biock.

iv) Within separate program units the size of the same named common
block can be different. However. afier its initial definition. the

size in a named common biock declaration In a subsequent
program unlt may not be greater than in the initial definition.

2.8.7 Length of Symbolic Names

Symbolic names can have any number of characters.

2.3. 8 Recursion of Subroutines and Functions

The compller Is extended to aliow recursion of subroutines and functions.
Normaily all data varlables are static. howsver non-common data varlabiles
may be allocated dynamically on the procedure cail by the *MAP directive.

2.3.9 DO Loop Extensions

There are several extenslons concerning DD loops:

D In ANSI Fortran 77 if the fteration count of a DO loop is Initially
zero the statements in a DO loop are not obeyed. In Fortran 68
all DO loops were executed at Ieast once. The compiler Is
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extended for Fortran 66 foops. the complier optlon (LOOP66} aliows
DO ioops to be executed at least once.

I} Fortran 66 has the notlon of an extended DO loop range: ANSI

Fortran 77 does not. Tha compiler option (EX-RANGE) allows a
DO ioop range to be extended.

2.8.1¢ ENCODE and DECODE Statements

These are additional statements which are an extension to ANS! Fortran :
7. ;

The DECODE statement transfers data from variabies or arrays in external

form to variables or arrays in intarnat storage.

~

DECODE translates the data from character form to internal form according
o a format identifier. The form of a DECODE statement is:
DECODE (c. f, b i, IOSTAT = los} [. ERR = s [ist)

c An integer expression that indicates the number of characters to be
transiated to internai form,

f A format identifier. It can be either the label of a FORMAT
statement. or the name of a characier array. character variable,
characler expression, or arithmetic array.

b The name of an array., array element. varlable, or character
substring reference. it contains the characters to be transiated to
imternal form. The array or variabie can be of any type.

jos An integer varlable or integer array element that Is defined as a
positive Integer If an error occurs, and as a zero If no error
oCccurs.

s The label of an exscutable statement.

st A list of the data items which receive the data after translation to

interna! form.

The DECODE statement translates the character data in b to internal
{binary) form according to the format specifier, and stores the elements In
the Hlst. as doss a READ statement.
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If b is an array. {ts elements are processed in the order of their
subscripts,

The number of characters that the DECODE statement can process
depends on the data type of b In that statement. For example, an
INTEGER*2 array can contaln two characters per element., so that the
maximum number of characters is twice the number of elaments In that array.
A character variable or character array element can contain characters equal
in number to its iength. A character array can contain characters equat in
number to the length of each element muitiplied by the number of elements.

In a DECODE statement, ¢ cannot be greater than b. i It Is, the resuits
are unpredictable.

The format spacifier works the same way that it would jfor a formatted
READ or WRITE statement.

Example:

DIMENSION I{3)

CHARACTER®S X

DATA X /*'123456789'/

DECODE (%, 100, X) I
100 FPFORMAT (I3)

This example transiates the nine characters in X to integer form (speciiied
by statement 100). and stores them in array | as follows:

I(1) -~ 123

I(2) = 456
I(3) = 789

The ENCODE staternent transfers data from variables or arrays in Internal
storage to variables or arrays in external form.

ENCODE transiates the data from Internal form to character form according
to a format identifier. The form of an ENCODE statement is:

ENCODE (¢, f. b {IOSTAT = iosl [. ERR = sD (list]
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c An Integer expression. It indicates the number of characters
{bytes) to be translated to character form.

f A ftformat Iidentifier. It can be either the Jabel of a FORMAT
statement, or the name of a character array. character variable.
character expression or arithmetic array.

b The name of an array. array elemeni. variable. or character
substring reference. I receives the characters after translation to
external form.

los An integer varlable or integer array element that is deflned as a
posltive Integer i an error occurs, and as a zero K no arror
occurs,

5 The labsl of an executable statement.

itst Contsins the data to be transiated to character form.

The ENCODE statement transiates the Hst elements to character form
according to the format specifier. and slores the characters in b, as does a
WRITE statement. [f fewar than ¢ characters are transmitted, the remalning
character positions are filled with spaces.

If b is an array. Its elements are processed Iin the order of their
subscripts.

The number of characters that the ENCODE statement can process
depends on the data type of b In that statement. For example. an
INTEGER*2 array can contain two characters per element, so that the
maximum number of characters is iwice the number of slemenis in that array.
A character variable or character array element can contain characters equal
in number to Hs length. A character array can contain characters equal in
number to the length of each eiement multiplied by the number of elements.

In an ENCODE statement. c must not be greater than b. If It Js the
rasults are unpradictabie.

The format specifier works the same way that It would for a formatied
READ or WRITE statement.
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Exampie:
CHARACTER*3 A(3)
DATA I /123456789/

ENCODE (9, 100, A) I
100 PORMAT (I3)

This example translates the value of X to character form and siores the
characters in the character array A as follows:

A{l} = '123°

A(Z) = '456'
A(3}) = '789"

2.3.11 Direct Access READ and WRITE Industry-Standard Format

The complier is exiended for Industry-standard formats for READ and
WRITE statements to direct access files.

Thus as alternatives 1o

READ ( IUNIT=MvI, [FMT=]formatl, REC=record. no
[. ERR=s}. END=sl{. IOETAT=iosD tinput list)

WRITE ({UNIT=1vi, IFMT=Yformat). REC=record. no
[. ERR=sl{. IOSTAT=ios)D) [output list]
you can use

READ{u’record. nol, [FMT=Hormat]
i, ERR=sl{, END=s){, [OSTAT=ios]} {input fist

WRITE{u'racord. nof, {FMT=lformat]
[, ERR=sll. I0STAT=ios]) loutput Hsil

2.8.12 Octal and Hexadecimai Typeless Constants

Constants may be written in octal and hexadecimal notatlon. Theose are
aiternative ways to represent numeric constants. They may be used wherever
numsric consiants are allowed.
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A typeless constant In ocilal notation is a string of octal digits enclosad by
apostrophes and followed by the alphabetic character 0. This constant has the
foliowing form:

‘dldl. .. 0

d is a digit in the range 0 to 7.

A typaless constant in hexadecimal notation is a string of hexadecimal
digits enclosed hy apostrophes and followed by the alphabetic character X.
This constan! has the following form:

‘aldi. . . 'X

d Is a digit in the rage 0 to 9, or a letter in the range
Ato Foratof.

Leading zeros are ignored in typeiess constanis. Up 1o 64 bits (22 octal
digits, 16 hexadecimal digits} may be specified.

Examples:

Octal: ‘1278070
0530
‘6666666670

Haxadecimal: ‘A2C12D45°X
"FEDCBAX

'345°X

Octal and hexadecimal constanis are typeless numaeric constants. Thay
assume dala types based on the way they are used as follows:

b When the constant Is used with a binary o¢perator., including the
assignment operator. the constant assumes the data type of the
othar opsrand.

i When a specific data type (usuaily integer) Is required, that type is
assumed for the constant.

Hp When the constant is used as an actual argumeni. no data fype is
assumed: however. a length of four bytes Is aiways used.

iv) Whsan the constant is used in any other context, a 82 bit INTEGER
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data type is assumed.

Examplos:

Statement Data Type of Constant
INTEGER*2 1COUNT
REAL*8 DOUBLE

ALPHA = '87812'X REAL*4
JCCQUNT = ICOUNT + ‘6760 INTEGER*=2
DOUBLE = "FFETAT'X REAL*8

IF {K .EQ. "123'0) GO TO 50 INTEGER*4
X =¥l + & INTEGER*4
CALL ABC (‘'D49C2'X} nons

iF (‘ADB9'X) 1.2.3 INTEGER*4
| = '6543'0C ~ ‘A39'X INTEGER*4

An octal or hexadecimal constant actually specifies as much as 8 bytes of
data. These constants are right justified. and zero filled to the left and
truncated to the left where necessary. A warning resuits if any non-zero
digits are truncaied,

2.3.13 Parentheasis in PARAMETER Statements

in ANS! Fortran 77 the form of the PARAMETER statement is:

PARAMETER (p=el.p=e)...)

The complier is extendad to atlow the enclosing parentheses to bs omitted,
It the enciosing parenthesis are omitted and the variable Is untyped. the type
of the constant variable Is defined by the type of the constant value.

2.4 COMPILER DIRECTIVES

Compiler directives are Fortran statements (and therefore start sfter
column 6) which commence with an asterisk. They take effect at the point
they occur during the complilation of the Fortran source program. As with ail
other Foriran statoements they may be continued with contlnuation lines. only
columns 7-72 are significant, and ali spaces. blank lines and comments are
ignored.
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2.4.1 *END ~End of Program

The =*END directive marks a end of the Fortran compiiation, It Is an
alternative to the end of input document belng dotected or an EOT character.

2.4,2 *MPORT ~import Llbrary Procedures

The *IMPORT directive is provided to enable Fortran programs io call
subprograms from a Library. The directive has as its arguments a list of
procedure names representaed by Fortran character constants or Fortran
names,

*IMPORT ‘CAPTION’. ‘OUTHEX’, ‘OPENFILE’
*IMPORT ‘GFNIN’, ‘GFNOIUT’

are exampies of import directives. Note that as an imported procedure name
may have more than six characters. a character constant is used. If the
procedure names specified are not known to the system, then the Library
containing them must be opened prior to the Fortran compilation. The
procedures imported into a Fortran program can be cailed as If they were
subprograms from the programs being compiled. This directive must ocour
before any Fortran statements.

2.4.3 *UB - import Whole Library

The *UB directive Is provided to import sl the procedures from a
particular library. it Is an equivaient to importing each of the procedures
individually with a *IMPORT directive. The *LIB directive has one argument
which s a Fortran character constant containing the name of the fle
containing the Hbrary. The named library must not be already open. as this
directive wili open the library.

*LiB 'UBR4: TIMER'

Is an example of the *LIB directive. This directive must occur before any
Fortran statemenis.
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2.4 .4 *EXPORT ~ Creating Fortran Libraries

The *EXPORT directive is provided to direct the compiier to inciude the
named subprograms In the interface of a Fortran library. In addition to using
this directive the mode parameter to the compller must have the correct value
(4) to create a Hbrary. The library will be placed in the file Indicated by the
second parameter to the Fortran complier. The arguments to the *EXPORT
directive are the Fortran names of the subprograms to be Included in the
tibrary.

FORTRAN 0 LIB 4
*EXPORT TEST
SUBROUTINE TEST
PRINT *,'TEST’
END
*END

is an example of creating a library called LIB, containing the Fortran
subroutine calied TEST. The *EXPORT directive must occur before any Fortran
statements,

2.4.5 *MAP - Siorage Control in Fortran

The *MAP directive is provided to give the Fortran programmer control of
the location of code. common and local variables. This would be useful whan
several librartes share a common block. or if a program is very large. When
this directive Is not used Fortran handles the storage control automatically.
The TL.SEG (Volume 1 Section 18.4) . procedure must be cailed in
conjunction with this directive, to create and specify the MUTL segment In
which to place the daia or code.

There are three forms of the *MAP directive. for mapping code. common
and local data.

The *MAP CODE form is used to specily the MUTL sagment Into which any
following code s 1o be placed. This segment should aiready have been
declared 1o MUTL by using the TL.SEGQ procedurs. The TL.SEG may be cailed
by using the ** command option. This directive has two arguments, the first
specifles the MUTL segment number., the second (optional) parametsr
specllies the segment slze in bytes.
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FORTRAN O 0 %8000

=2TLSEG 3 %0 -1 -3 %C
*MAP CODE 3
=1

ls an example of the *MAP CODE directive which would place the code for
'i=1° (and any foliowing code) into MUTL segment 3.

The *MAP CODE directive may occur anywhere within & Fortran pragram.

The *MAP for common is used to specify the MUTL segment into which the
named common is to be placed. This segment shouid have already been
declared to MUTL. The *MAP directive for common may only occur before a
program unit. i cannot occur within a program unit.

FORTRAN 0 0 %8000
*<TLSEG 3 %0 -1 -3 %C
*=TISEG 4 123456 -1 -3 %C
*MAP /NAME/ 3
*MAP // 4, 123456
SUBROUTINE ONE
COMMON /NAME/ A,B.C
COMMON D.E.F
END

is an example of mapping the named common /NAME/ into MUTL segment 3
and blank common into segment 4 (of size 123456 bytes). (I the common
hiocks are not mapped explicitly Fortran will choose store for them
automatically.

The *MAP DATA directive Js used to map local data variables and
unmapped common (non blank) Into a MUTL segment. The *MAP DATA
directive has iwo arguments specifying the MUTL segment and its (optional)
size in bytes. This directive may only occur before a program unit, R cannot
occur within a program unit. A MUTL segment number of 2zero as an
argument causes the expliclt mapping to be disabled. and aliows the Foriran
to resume automatic siore control of local data.
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FORTRAN 0 0 %8000

=*==TLS8EG 3 %0 -1 -3 %C

**TLSEG 4 %0 ~1 -3 %C
*MAP /COM/ 3
*MAP  DATA 4
SUBROUTINE TWO
COMMON /COM/ A.B
COMMON /OTHER/ D,
INTEGER i.J.K
I = J+K

'c
E.F

END

is an example of mapping the common /COM/ onto MUTL segment 3. and the
common /OTHER/ and the variabie 1.d4.K onto MUTL segment 4. If the *MAFP
DATA is not used Fortran wiil allocate storage space automaticaily.

The use of mode bit 8 of the compller also affects storage management.
The setting of mode bit 8 to place items on the stack takes precedence over
the *MAP DATA directive.

2.4.6 *LIST - Source Program Listing

The *LIST directive enables the Iisting of the source program during
compilation. Comment fines of the program are not listed.

2.4.7 *NOLIST - Stop Source Program Listing

The *NOLIST directive stops the source program listing.

2.4, 8 *ANSISWITCH — Suppress Warning of Long Symbolic Names

Normaliy the complier issues a non-standard warning for Fortran names
ionger than six characters. The =*ANSISWITCH turns the printing of this
warning message on and off. The first occurrence of *ANSISWITCH
suppreeses the printing. its second occurrence turns the printing on again.
the third turns it ofi again. and 50 on.
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2.5 COMPILER PARAMETERS
The compiler parameters were pravicusly menticned in chapter 8.
The first parameter speciiies the origin of the Fortran 77 source.
The second parameter specifies the dastination of the compiler output.
The third complier parameter specifies the compitation options.

Tha Tourth parameter specifies ths maximum number of Hbrary interface
proceduras.

2.5.1 Compiler Options Paramotar

Compiler options are specified as a ilst of keywords separated by commas.
Some of the keywords may be followed by integers expressed in decimal or
hexadecimal. Nc spaces are permitted in the list of options uniess the wholg
Hst s enclosed in quotss.

Option keywords may be chosen from the foliowing list (recognised
abbreviations are in parentheses): .

Cid Specifias that any Hne with ** In columns one
and two, foliowed by a letter In celumn 3, Is
a MUSS command language Iine to be
interpreted. This is the defauit.

DEBUG (DB Spocifies that debugging information is to be
produced (the default).

ERRORLIMITC(EL) Inumbaer] Changes the maximum of errors that can occur
before the complier abandans the compilation.

LHIBRARY(LIB) Specifias that the source being compilied Is to
be made into a library.

LIST(LS) {ists the source as it Is complied untd an
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optional  *NOLIST directive Is encountersd,
Comments are not listed.

LONGINTEGER(LD Speclfies the default Integer and logical size to
be 32 bits. It does not affect those types
sized explicitly. Any types sized explicitly
wouid not conform to the ANS|I standard for
FORTRAN77.

LOOPB6{L86) Specities that the code planted by the compiter
for DO-loops and implied DO-loops should
make the minimum number of times a loop Is
chayed once. as in ANSI-868 FORTRAN.

-_ LOOPY7(L77) Specifles that the code planted by the complier
| for DO-ioops and Implied DO-loops shouid
- make the minimum number of times a loop is
obeyed zern. as in standard FORTRAN77 (the
defaulf) .

NOCLI Specities that any tine wlth ** In columns one
and two. foliowad by a letter in column 8, is
not to be Interpreted as & Command language
line. but Is a commeant.

NODEBUG (NDB) Specifies that debugging Iinformation Is not to
be produced.

NOLIST(NLS) Do not list he scurce as it Is compllad untl
an optional *LIST directive is encountered.
This is the dsfauit.

NON-ANSI Disables all warnings that indicate how the
compiled program deviates from ANSI
FORTRAN77. FEach deviant feature can also
be controiled Individually to allow the
programmer to be aware of any unexpected
non—-standard use. The options for the
detailed manipulations of these warnings are
given beiow, '

ALTDACAD) Disables the warnings given when alternate
forms of direct access READ and WRITE
statements are used.

COMMON-SIZE(SZ) Disables the warnings given when various
rafarences to the same COMMON biock are of
different sizes.

ENCODE. DECODE(ED) Disables the warnings given when the ENGQODE
or DECODE statements are used.
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EXTRACHARS(ED)

EXTRATYPES(ET)

EX-RANGE (XR)

HEX/OCTAL{XO)

HOLLERITHS(HO)

INIT-COMMON (1C)

NIT-DECL(ID)

LONGNAMES(LN)

MiX-CHAR(MC)

NOARGCHECK(NAC)

OLDPARAMETER(OD)

QUOTE-HOLL(QH)

RECURSION(RC)

Disabies the warning message glven when the
non—siandard characters underscore ‘" and

doliar sign ‘$’ are used in a symbollc name.

Disables the warning given when types are
piven an explicit size. {(e.g. INTEGER*4).

Disables the warnings given whean attempting to
use the extended range of a a DO by jumping
back into a DO-loop from outside.

Disables the warnings given when the
hexadecima! or octal form of constants Is
used.

Disables the warnings given when Hollerith
constanis are used as an extension 1o the
ANS! standard. and allows arithmetic arrays
containing Holierith data to be used as format
specifiers.

Disables the warnings given when Dblank
common is Inltialised or when a named
common is Iinitialised outside of a block data
subprogram.

Disables the warnings given when variables are
initialised ouiside of a block data subprogram.

Disables the warnings given for names longer
than six characiers. Names can be of any
length.

Disables the warnings given when CHARACTER
variables are mixed with other types In
COMMON or by EQUIVALENCE statements.

Disables warning messages given by the strict
argument checking performed in the compher
between the definition and reference of
program units compiled at one time.

Disables  the warnings given when a
PARAMETER statement with no parenthesa is
used,

Disables the warnings given when quotes are
used to indicate Holierith data.

Disables the warning message given when
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recursion is used.

NOTL Specifies that the code genserator should not
be Initialised.

NOTLEND Specifies that the code generator shouid not
be terminated at the end of compliation.

number This option is permitted to aliow compatability
with earlier versions of the compiler. and to
allow implementors o enable personalised
options.

ONSTACK(OS) Specities that any variabies not explicitly static
(by being SAVEed or In common) are
allocated storage on the stack.

OPENDEFAULT(OD) Specifies that any OPEN statements within the
program are not for both read and write. The
flle shouid be openad with oniy the access
requirad by the first READ or WRITE statement
that accesses H.

OPENDEFAULTIO(ODIO) Specifies that any OPEN statements within the
program should open the fllo with both read
and write access sliowed (the default).

SHORTINTEGER( B Specifies the defauit integer and logical size to
be 16 bits. It does not affect those types
sized explicitly,. Any types sized explicitly
would not conform to the ANS! siandard fjor

{
N
)

FORTRANTT.

SYNTAXONLY(SO) Specifies that only a syntax check should be
performed on the program and no code
generated.

TLPRINTarumbenr This causes the compiler to issue a call with

the number as a parameter 10 TL.PRINT (see
Chapter 18 User Manual) at the start of a
compliation.

2.6 INPUT/0UTPUT

Input/output is implemented to the Fortran Standard. In extension to this
standard charactars may be read or written from REAL. INTEGER or LOGICAL
data types using the ‘A’ format (see aiso Section 2.2).
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The detalls of pre-connection are ileft undefined by the standard. In the
implementation unit numbers are related to MUSS streams for the purpose of
pre—connection. The resuit of unjt modulus 8 gives the MUSS stream number
which is used for the transput. It is the first sccess to the unit which defines
it It is an Input or output stream. However, some operations on a
pre—connected unit do not imply input or output (namaly BACKSPACE,
REWIND, INQUIRE, OPEN, CLOSE). In these cases there should not be an
input and output stream of the same numbar (uniess i's an 1. O stream). and
then H is unambiguous which stream should be used.

The BACKSPACE staiement cannot be ussd to move between sections of a
multi-sectioned MLUSS stream. REWIND operates differently, rewinding a unit
causes the stream to be ended and re—connected on the next access. This
affocts output o a process. any output destined for a process will be sent
when a rewind is made, each rewind causing a further document to be sent.

it is not possibie, at pressnt, 1o BACKSPACE unformatted records. neither
does the implementation allow the changing from reading to writing on
pre—connected streams which are only defined for one mode of opseration (an
1.O stream should be used Instead).

When an INQLUHAE by name is made to a pre—connecied flie. the inquiry
wil not be abie to determine which unit the flle Is connected to. unless the
unit has been accessed previously in the same run. if such an inquriy is
made only detalls about the flle wili be returned. and not any about the
connaction. An  OPEN statement which gives no flle name causes a
connaction to the MUSS current flle. A PRINT statement or a READ with no
unit number, or an ‘*" as a unit refers to input or output stream zero.

Output from programs gonsists of what was specified by the FORMAT,
WRITE or PRINT statemenis. The carrlage conirgl characters In the first
column are not interpreted or removed. this enables output to be read back
by the same format that was wused to write It (as the standard requires). 7o
send any output to a printer the LIST command should be used. This has
two paramaters (the flie to be prinied, and the destingtion device), and it
processes the file producing the correct interpretation of the carriage control
characters for printing.

Fortran sequential input/output has a default maximum record length. in
Standard Fortran there Is no way of specifying the record length for sequential
Input/output so the subprogram FIO.SET.UNIT.REC.1. is wused. This
subprogram has two parameters, the first the unit number and the second the
maximum record iength required. |If this procedure Is not uysed a sultable
default is assumed. This procedure may be used for both program connected
and pre—gonnected units.




CHAPTER 2 - FORTRAN 77 21

2.7 FAULT MONITORING

2.7.1 Complie Time Faults

Faults at compile time are divided into warnings and fatal errors. A
program containing only warnings may be run, as the warnings only refer to
non-standard or bad features of the program (such as GOTO the next
statement). Fatal errors are issued when the compiler is unable to understand
the supplied program and may generate incompiete code for the offending
statement. Each faulty line is output by the compiler followed by the fault
messages.

Every fault massage will attempt to locate the fault within a statarment by
elther an upward arrow beiow the point the compllier reached on determining
the fault or including an offending name from the statement in the message.
The former method is usually used for syntactic faults. the iatter for semantic
faults., At the end of a compilation the total number of message faullts ars
printed.

2.7.2 Run Time Faulls

Fauits at run time will cause MUSS to trap the program., and these traps
will be handled as any other high level language trap. A fauit message
usually accompanies such a trap. The Fortran run-time system uses lrap
number 6 for any input/output fauits. A list of Fortran trap & reasons Is given
below.
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101  Inconsistent field descriptor for input/cutput fist item.
102  Hiegal character in list directed complex character.
103 illega! use of null vaiue in Hst directed complax constant.
104  Attempied read beyond end of record.

105 No field descriptor for input/output tist item.

106 ilegal character in Integer or exponent.

107 lHegal value separator.

108 lllegal use of repaat counts.

108  Zsro repeat count not allowed.

110 As 104,

111 liegai character in Jogical item.

112 iliegal character (in repaal count?),

113 * missing from a repeat count.

114 Hiegal character in a real.

115  iHegal sign in integer or 8xponent,

118 Attempted write beyond end of record,

117 Hiega! carriage control char on cutput,

118 illega! run time format.

119  Format iabe! spacified not defined.

120 No digit foliowing sign.

121 Reading beyond sequential ENDFILE record.

122  liegal unit access.

123  invalld parameter in OPEN.

124 Invalid parameter in CLOSE.

125 Writing Direct Access record of wrong length,

126 Writing beyond sequential record.

127 Invalid unit number,

128 Too many units connected.

129 invalid Fortran flle format.

180 Attermnpted use of unimpiemented 1/0 feature.

Fortran alse generates a trap Class 8 Reason 111 for an Assigned GOTO
with 8 faulty argumant specllying an invalid ilabel. The mathematical functions
tibrary which can be cailed from a Fortran program aiso generates ciass 8
faults.

2.8 MULTI LANGUAGE PROGRAMMING CONSIDERATIONS

Providing &8 compiler supports calls to procedures in a previously complled
library. then potentialiy procedure calis to any other high level ianguage
supported by MUSS are possible. However, thers are difficulties due to
contrasting language concepts. To aid muiti-language programming in
Fortran in this manner the procedural conventions of Fortran are described in
terms of the systems implementation language MUSL.
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Arguments to Fortran functions and subroutines are passed In a similar
manner, USections 2.8.1 through 2.8.6 detall conventions concerned with
calling Fortran procedures. Section 2.8.7 is concerned with cailing tibrary
praocedures from Fortran.

2.8. 1 Variables as Dummy Arguments

An actual argument is passed as a bounded reference to a variable of the
same type and precision as the dummy argument. For character arguments
the bound of the reference Is the maximum length of the dummy argument.

Example

==~ FORTRAN—~——
SUBROUTINE FSUB(X)
REAL X
X = SQRT (X**3 + LOG10(X))
END
MLISL.
REAL32 (1] MY:
FSUB (tMY):

2.8.2 Arrays as Dummy Arguments

An actual argument Is passed as & bounded reference to & vector whose
elements are of the same type and precision as the dummy argument. -For
non—character arguments the bound of the reference glves the maximum
permitted size of the dummy argument. For character arguments the bound
of the reference gives the maximum numbers of characters accessible via the
dummy argumsnt. and an additional value of default INTEGER is always
passed which glves the length of the character elements in the array. This
value is used when the length of the array siements of the dummy arguments
are of assumed size.

Examples
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~==~FORTRAN~—-—
SUBROUTINE FARR(XA.XB. |.J)
REAL XA(100), XBil.J)
INTEGER 1. J

XA (K) = XB (L.M+1) + XB (L. M-
END
MUSL

REAL32{200] XA:
REAL32[4000} XB:

FARR (1XA.tXB.20.20)

~——=FORTRAN—~—-
SUBROUTINE PRVEC (CH.I
CHARACTER CH (1) = (»)
WRITE (6, 700) (CH)
100 FORMAT (iX.A)
END
e MUSL————
$LOB [201 VEC:
DATAVEC MESS ($L0O8)
"MESSAGE 1"
"MESSAGE 2*
END
PRVEC (1VEC.4.5): :.5 alements of 4 charactors
PRVEC (TMESS,9.2):::2 slements of 8 characters

2.8.3 Astorisks as Dummy Argumenis

In Fortran when the dummy argument is an asterisk the actual argument
must be an aiternate return specifier. No information s passed for asterisk
dummy arguments: the result of a Fortran subroutine is always INTEGER and
It contains & non—negative vatue. A result of zero or greater than the number
of asterisks In the dummy argument list indicates & normai return. otherwiss.
Controt Is returned to the alternate return label assoclated with this resuit
value. Thus one indicates the first alternate return label. two the second,
eic. . In the actual argument iist.
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Examples

--~~FORTRAN-~——
CALL SELECT (Y, *100, 300, *500}

SUBROUTINE SELECT (X.%,*,%)
REAL X
IF IX.LT.0) RETURN 1
iIF (X.GE.0.NAD,.LT. 100} RETURN 2
iF (X, GT. 1E6) RETURN
RETURN 3
END

MLISL
REAL3Z2 Y:
INTEGER |
IF SELECT (Y2 = | > 0 < 4 THEN

ALTERNATIVE i-1 FROM
BEGIN : : First atternate return

END
BEGIN .1 8econd alternate return
END
BEGIN :: Third alternate return
END
END
Fi;

2.8. 4 Procedures as Dummy Arguments

Only the address of & procedure actual argument Is passed. There is no
dynamic check to enusre compatibility betwsen the argument list of the dummy
and actual procedure argument, the onus Is on the programmer to check

carefully use of this facllity.

Examples
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—=-~FORTRAN--——
ANS = INTEGR (SIN.0.0.5);

REAL FUNCTION INTEGR (FX.A,B)
REAL FX. A. B
EXTERNAL FX

Y = 0. 5%(FX(A+*STEP) + FX(A+(1+) *STEP)
END

— = MUS L~

PSPEC MSIN(ADDRIREAL32]) /REAL32

PROC MSIN(X) :

MSIN = SIN(xtiOD :
END

REAL32 ANS:

REAL32 1] A.B:

0 = A[0):

0.5 = A[1);

INTEGROTMSIN. tA. 1B} = ANS

2.8.5 Complex Arguments and Funclions

Complex variables are defined as variablies of user type with two REAL3?
fislds for the real and imaginary components. For a complex function afier
the argument list is passed an additionaj parameter (s passed which Is an
unbounded reference to 8 compiex variable for the function value.

Exampies
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~-—~FORTRAN--~~
COMPLEX FUNCTION CXADD (GA.CD)
COMPLEX CA,CD

CXADD = CA + GD

END

——=—MUSL~~-—

TYPE COMPLEX IS REAL32 R, I
COMPLEX[1] A, B

COMPLEX RES;

CXADD (tA. tB. TRES):

2.8.6 Character Functions

For a character function after the argument st Is passed one additional
parameter is passed which is a bounded reference to a byts vector for the
function value,

Examples

—eemFORTRAN———~
CHARACTER*(*) FUNCTION CONCAT (STR1.8STR2)
CHARACTER®{(*®) BTR), STR2
CONCAT = STR1//8TR2
END
MUSL
$1.08[100] RES:
$LOB[20] A, B;
INTEGER L.J.K.L:
CONCAT (PART(TA.1,J) . PART(1B.K.L).TRES)

2.8.7 Parampter Conventions for Library Procedures Calls

2.9 INSTALLATION DEPENDENCE
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2.9.1 Accuracy

2.8.1.1 MUBG

On MUBG INTEGER is in the range —-2**81 to 2**31. REAL has &
mantissa of 24 binary digits (approximately 7 decima! digits) with an exponent
range 16**64 to 182**(-64) which glves a maximum decimal magnitude of
10*%*77 ampproximately.

DOUBLE PRECISION has an accuracy of 16 decimai digits approximately.

INTEGER, LOGICAL and REAL may hold up to four characters.

2.9.1.2 VAX

On VAX INTEGER is in the range -2**3] to 2**31. REAL has a mantissa
of 24 binary digits (approximately 7 decimal digits) with an exponemt range
2=*g4 to 2**({-64) which gives a maximum decimal magnitude of 10**19
approximately.

DOUBLE PRECISION has an accuracy of 16 decimal digits approximately.

INTEGER, LOGICAL and REAL items may hold up to four characters.

2.9.1.3 MC8B00Q

On MC68000 INTEGER Is In the range -2**15 to 2*®15. REAL has a
mantissa of 24 binary digits (approximately 7 decimal digits} with an exponent
range of 2**64 to 2**(-64) which gives a maximum decimal magnitude of
10**19 approximatsly.

DOUBLE PRECISION has the same accuracy as REAL.

INTEGER and LOGICAL may hoid up to two characters and REAL up to four
characters.
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The action of the EQIHVALENCE Is non—standard. INTEGER and LOGICAL
are allocated 2 bytes. REAL and DQUBLE PRECISION 4 bytes. and COMPLEX
8 bytes.

2.9.2 Stop and Pause

For STOP and PAUSE statements with no arguments, a caption Indicating
that the program has stopped or paused fogether with source program line
number of the STOP or PAUSE statement is output on stream zero. When
STOP and PAUSE have arguments the string of digits or characters is output
with the caption.

After obeying a STOP or PAUSE control exits from the program to the
caller. A paused program may be re-entered by the command CONTINUE.
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3.7 INTRODUCTION

The Standard Pascal referred to here is as specified by British Standard
BS6192 : 1982 Specification for Computer Programming Language Pascal.
This Is technically eguivaient to ISO/DIS 7185. The full standard language is
implemented but some implementation defined restrictions and extensions are
listed below.

3.2 IMPLEMENTATION DEFINED RESTRICTIONS

1. Character strings are restricted to a maximum iength of 140
characiers.
2. Sets are restricted to 128 elements. Sst types may be defined over

any ordinal type with ordinal values in the range 0 o 127.
3. Run~time checking is restricted to detection of the following arrors:

(i} Subrange variable out of range.
{li} Non-existent CASE chosen.
Qi HWegal pointer access (only in simpie cases).

4. Maxint is 231—1.
Pascal uses 16-~bit arithmetic where possible on 16-bit machines so
deciaration of variables as subranges rather than integers wii|
improve code efficlency. If the N~ ragmat is used (seeo Section
3.6 below) Maxint is restricted to 2 -] and only 16~bit arithmetic
is used.
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5, Real numbers are represented in 32-bits (except when the R+
pragmat is used).

3.3 EXTENSIONS

With the B option all deviations from the ISO standard are monitored but
code is still complled for these wextensions whenever possible. wlth i~ the
following extensions are permitied.

1. Faclities are avallable to call any sultable MUSS library procadure.
see Section 3.7 below, Additlonally the following functions are
provided

SIGN{X1, X2)
DIM(XT, X2)
LOGT100XS
ARGSIN(X)
ARGCOS (30
SINH(X)
COSH{X)
TANH(X)
SIGN(X)

whaere Xs are either integer or real type. These sach correspond to
one or more of the MUTL mathematical functions,

2. An OTHERWISE option is provided for case staiemenis where the
case constants cannot all be lsted. If the CASE expression Is of
integer (i.e. not subrange) type then an error will be regisisred
rather than the OTHERWISE alternative being chosen i the
expression is outside the range: LOW .. HIGH where LOW is the
minimum of —1000 and the iowest CASE constant listed and HIGH is
the maximum of +1000. and the highest CASE constant listed.
Thys a wider range can be obtained by suitably choosing the CASE
constants listed.

3. Hexadecimal constanis are accepted. The hexadecimal digits must
be preceded by % and be at most 32 bits.

4, Any line commencing ** is interpreted as a MUSS command to be
obeyed at compiie tims.
The main use of this feature is to include source text from other
flies. or to direct the action of the MUTL system when compiling &
library (see Section 3.8) or placing variabies In a specific segment
(see Section 3.9).

5. Renaming of filles is permitted In the program parameters., {GSee
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Section 3. 5’
6. A Hmited facility for compiling independent modules Is available.
{See Section 3.8 below).

3.4 CONFORMANCE TO PASCAL TEST SUITE

The compller has been validated against the Pascal processor validation
suite of B.A. Wichmann and A.H.J. Sale. Details of the rasulis are in the
PASCAL Implemerntation Manual Sectlion 2.4,

3.5 INPUT AND OUTPUT

The files INPUT and OUTPUT are predefined to be the current MUSS input
and output stream when the program run is started or the library opened.
Character input Is implemented in a way suitable’ for on-line operation on a
fine by Hne basis. Input is not requestied unti actually reguired by the
program (so cailed lazy input.

All external flles must be specified as parameters in the program heading
corresponding to the MUSS flies of the same name. The MUSS name will be
uppercase since Pascal treats upper and fower case Identically. An extension
allows parameters oi the form Pascal filename = MUSS document whers MBS
document is any of the ways of specifying a document described in Chapter 3
in the User Manual.

Thera is no lmit as to the number of files a programmer may use but the
maximum number of "readable” and of “writable” files is Hmited by the numbsr
of streams avallable In MUSS. Filies are Initlalized io “readable” and
"writabie® by the procedures RESET and REWRITE. i the number of
“readable®/*writable* files is insufficient then the procedure CLOSE(f) may be
cailed o reduce the number of flies in that state.

Pascal Text files and flles of unstructured type correspond to unstructured
MUSS files. In Text files explicit newline characters are inciuded. It is
possible to use MUSS to create a iext file directly in which case & newline
character should appear before the end of file it Pascal Is to process the file
correctly.

Pascal files of structured types correspond to MUSS files of records,
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The Pascal input and output system imposes an additional level con the
basic MUSS system. MUSS and Pascal iI/0 commands can be mixed but
exirame caution is needad over siream selection, the effect of the Pascail
buffer variable and the resuits of eoln and eof.

3.6 COMPILE TIME PRAGMATS

These are of the form (* $detierr + *) to turn on feature <letterr and (*
$<etterr - *)} to turn this feature off.

The allowed latters are:

C Compiie full run-time checking (default -).

) Check conformance to ISO standard (defauit
+),

L List source text (defauit -).

S <integer? Direct compiiation into new MUSS code area,

D <inmeger Direct variables declared beyond this point Into
new MUSS data area. (See Section 3.9
beiow) .

T Compile run-time line number trace (defauit-).

R Make ail real variables beyond this point
double precision (default-).

N Make maximum integer size 16-bit (defauit-

i.e. 32-bi). This may oniy be used at the
start of compiiation,

8.7 USE OF UBRARY PROCEDURES

Pascal can be used to call MUSS library procedures. Such procedures
may be in the system library or in other libraries. The ilbrary procedures may
have been written in Pascal (see Section 3.8 below). MUSL or any other
suitable language. in the present MUSS library organisation the required
librarles must be opened when the program is complled and when it is run.

in tha Pascal program & procedure - declaration or function — declaration
with an externa! directive may be given, this is required for 150 standard
programs. In fact the declaration may be omitted uniess the procedure has
parameters of user deflned type or procedural or funclionai parameters.

In Pascat the fulistops In MUSS procedure names must be omitted.
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The correspondence between Pascal parameter types and MUSS parameter
types is as foliows:

Pascal MLISS

char @ LOGICALS

integer INTEGER., INTEGER32

real : REAL32 (or REALB4 with R +)
user defined . equivalent user defined

var char : ADDR LOGICALS

var integer : ADDR INTEGER

var real ! ADDR BEAL32 (or ADDR REALS4)
var array of 7 | ADDR [ 7 ]

var packed array (1..nl of char :
ADDR [LOGICALB]

In addition MUSS LOGICALS8, LOGICALI6, LOGICAL3Z2 and INTEGERS,
INTEGER18 and INTEGER32 value parameters are compatible with any Pascal
ordinai type.

LOGICALB4 parameters do not have a direct equivaient but can be treated
as set of 1..64.

When a siring Is handed as a& MUSS ADDR [LOGICALB] it may be
inconvenient to fix the string size by glving an external declaration with &
particular value of n. H no external declaration Is given strings of varying
sizes may be passed. Furthermore Ilteral strings of 2 or more characters
may be substituted.

a.g. DELETE ('OLDFILE"}
ADDR [l Is not compatible with Pascal conformant array parameters.

An exampie of an externai declaration with a procedural parameter is

procedure set trap (class : integer, procedure trapproc
{pl, p2 : integer}) exlernai:

When parameler types ara compatible but not ldentical a complle lime
warning message is generated. however sulablie code is compiled wherever

possible.
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8.8 PASCAL LIBRARIES

MUSS Pascal supports a limited module faciiity and it Is aiso possible to
complle a set of Pascal procsdures into a library.

A module is identical 1o a program except that the word “program” is
replaced by "module” and all outer level procedures are exported for use by
other modules. Giobal variables are importad. In a “program” outer level
variabies are exported and procedures may be imported.

A particular form of module Is in MUSS library. To compite a library the
Pascal compller Is calied with third parameter = 4 (see Sectlon 2.5.2 User
Manual Volume 1). Outer level procedures are placed in the library directory.

Example of a Pascal library consisting of three procedures Q. R and S.

{(*%1-%)
**TLSEG 0 0 %400000 -1 &6 (Alocate suliabie segment as runtime address of
library - segment address is machine dependent)
MODULE P:

PROCEDURE GQ(P1 : INTEGER):

BEGIN

WRITELNCPROC Q : P1 = ', PY)

END:

PROCEDURE R(C : CHAR);

BEGIN

WRITE(C)

END:

PROCEDURE S({VAR C : CHAR):

BEGIN

WRITE('PROC 8§ : C = *);

RC):

END:

BEGIN

END.

3.8 RUN TIME STORE USE

The Pascal stack segment for varlebles Is the MUSS stack segment. For
programs with iarge data stryctures this segment may be insufficlent for all
the variables. In this case some variables shouid be placed in another
segment In the way described beiow.
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The Pascal heap inltlally uses one segment. (currently segment %21. on
the VAX.) if more space is needed it js allocated dynamically by automatic
craation of additional segments. Heap space is recovered by dispose and

reussd.

A procedure ATTACH (SEG.NG. PTR) is avallable in the run-time library
1o set a pointer {0 the start of & given segment. In order to use this
procedure the foliowing declaration should be made in the cailing program:

PROCEDURE ATTACH (P1:INTEGER. VAR P2: ¢required pointer type>):
EXTERNAL.;

The prasent Impiementation creates full size records for variant records
without attempting to optimise the space allocated. The layout of fiaids within
records is controiled by MUTL., presently to the byte level. Packed does not,
at present. atempt any further packing to the bit level.

Pascal uses MUTL to create space for variabies in the current data area.
Variable declarations can be directed into other segments of store using
**TL.BEG. **TLLOAD. and **TLDATAAREA as described in Section 18.4 of
the MUSS User Manuai Voiume 1 a.g,

PROGRAM P;
**TLSEG 2 0 %40000 -2 12
*>*TILOAD 2 3
**TLDATAAREA 3
VAR X.Y.Z: INTEGER;
*=2T{ DATAAREA 0
a.b.c: reat;

puis the varlables X. Y, Z In a segment 4 (on a VAX) and a. b. ¢ on the
stack. Note that Pascal uses TLSEG 1 for the heap so this must not be
reused. The D pragmat may be used instead of **TLDATAAREA.
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4.1 INTRODUCTION

The MUSS BASIC compiler Impilements BASIC as defined in the document
‘Oraft Proposed American Nationali Standard for BASIC, X3J2/82-17‘. Copies
of this document are available for $20 from:

X3 Secreteriat

CBEMA,

31iFirst 8t., NW
Suite 500
Washington, DC 2001.

The compiler attempts to remain close to the defined standard, any deviations
from standard are mentioned in Section 4.3. MUSS BASIC is avaliable for the
VAX. MC88000 and MUGG compulers.

In Issue 12 the compller attempts to impleament the core module as defined
in the standard (Chapter 4 through 12). In subsequent Issues it is intended
to upgrade the compliler to implement the foliowing moduies:

Bath  enhanced file modules (Chapter 117,
Graphics moduwe (Chapiter 13). This Chapter of
the standard is under revision. and a large number
of changes are anticipated. Thus the revised
standard is awaited before this module s
implemanted.

Editing moduie (Chapier 16).

There are no immediate pians for the reai-time and fixed decimal moduyie.
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4.2 COMPILER ORGANISATION

The BASIC compiler compiles a complete BASIC program. The issued
BASIC compiler operates in a one pass manner to generate executable binary
as an object program or a MUSS library. It Is a straightforward task to
produce a BASIC compiler that operates In a two pass manner. where the
MUSL output from the first pass Is the Input of the second pass.

Examples

BASIC SOURCE BIN 1: Onme pass

BASIC SOURCE MUBLOUT tt Two pass
oA MURIOUT BIN

4.3 NON-STANDARD FEATURES

MUSS BASIC inciudes extensions to the standard which improve efficiency
on small machines by allowing a wider range of data types. Complier
directives are an extension to the standard. These are described in Section
4.4, The formal syntax productions are given for extensions. The syntax
productions that replace those in the standard are highlighted with an "%,

4.3.1 Standard Deficiencies in Compiler

The following standard features are not impilemented in Issue 2.

chain-statement

program—-name-line

debug-statament

trace—statement

break-statement

erase-statement

QUTIN access mode

SKIP REST option in read-statement and input—-stiatement.
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4.8.2 Charactar Set

The definition of character is extended for tab charactors.
Syntax extension
*unquoted-string—character=space/tab/plain-string—character
Semantlcs

A tab character is processed by the compller as if it was a space character,

4.3.3 Arithmetic Data Types

The NUMERIC data type is either of 32 bits or 64 bits of real precision.
The compiler aiso permits non-standard integer data types of precisions of 8,
16 and 32 bits. Additional keywords are as follows:

WORD integer of 16 bit precision
LONG Integer of 32 bit precision
INTEGER Integer of default precision. which is either 16 or 32 bit precision

REAL Synonym for NUMERIC.

The associated extensions to the standard are:

1) The deciare-statement Is extonded to declare scalar and array variables of
the data types.

Syntax extension

numeric—type > (WORD/LONG/INTEGER/REAL)
{mmeric-identifier/numeric-array-declaration)
{ COMMA /WORD/ LONG/ INTEGER/REAL )7
{numeric—identifier/mmeric-array-declaration))*

B R T TR L P TR AL e 1 coomg o
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Exampies

DECLARE LONG I,J.K

DECLARE WORD T3,AI{(1l TO 20, O TG 3)

DECLARE WORD Wi,W2,LONG L1,LZ2,.REAL R1,R2,R3{1D0)
Samantics

Aftar a data type keyword in the declars statement all varlables are of this
type until another data type keyword is encountered.

iiy The declare statement is extended for the type of a function to be one of
the extended numeric data types.

Syntax extension

*function—type = (WORD/LONG/INTEGER/REAL) ?function-iist
*function—tist = defined—function{comma(WORD/LONG/INTEGER/REAL)?
defined—-function) *

A data type keyword is only permitted when the defined—function is a
numaetrlc defined function.

Exampies
DECLARE LDNG FUNCTION LFP1,LF2
DECLARE REAL FUNCTION ERF1,RF2,WORD WEFL1,WFZ2
DECLARE PUNCTION NUME , STRE'S

Samantics

Aftar a data type keyword ali functions are of that data iype until another
data fype keyword is encountered.
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i The function—-definition is extended for the type of a function to be one of
the extended numeric data types.

Syntax extensions

*numeric~definad—function = (WORD/LONG/INTEGER/BEAL) 7numeric identifier

Examplas

101 DEF LONG DFL(A,B) = A**2 -~ B*=2 + K
200 FUNCTION WORD (X.Y.5%.D

iv) Unless a numeric identifier Is explicitly deciared It acquiras an impiicit
data type of real. The definition of numeric identifiers is extended for an
implicit data type of Integer. The precision of implicit integer Is that of
INTEGER.

Syntax extension

*numeric-identifler = letter identifier—character* percent-sign?

Examplos

FRED
Int—-Sum
FN. FACTORIAL

v} The definition of numeric—constant is extended for integer constants.
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Syniax extensions

*numeric-constant = sign?{numeric-rep/integer-rep)

integer—rep dighit gigit* percent—sign
Examplas

1

10234
Semantics

Integer constants always have a percent sign. The precision of integer
constanis is INTEGER.

4. 3.4 Line—number

The definition of a line~number has been extended to five digits.

Syntax extension

Hne—number = digit dight? digit? dight? digi?

4.3.5 MUSS Commands

The complier is extended to aliow MLISS commands to be Inciuded in the
BASIC program source for intorpretation at complie time as they are
encountered. Whenever a source program line commences with **s the
MUSS command interpreter Is snvoked to interpret the command following the
*x*  Spaces and tab characters may precede the **.
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Syntax extenslion

line » MUSS-~command-iine
MUSS-command-line = **MUSS~command

Examples

**N SOURCEFILE

4.4 COMPILER DIRECTIVES

Compiler directives are written as a ‘line’ of a BASIC program. Normaliy
these directives may appear before or after any other line of a BASIC source
program. Compiler directives take effect at the point they cccur during the
compliation of a BASIC source program. A directive line does not have a
iine number but it may have a tail comment; all directives start with an
asterisk followed by an aiphabstic letter,

Syntax extension

line > compiler—directive—iina

The compiler accepts the foliowing compller directives as non-standard
extenstons:

*END

4.4.7 *END - End of Program

A BASIC complation ends when the end of the input source document is
read. Alternatively the *END directive is used to mark the end of the BASIC
program. This directive is needed whenever the program Is Input to the
compler from a terminat a ling at a time.
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Syntax extension

compller—directive—iine > *END tall

Examples

*END } End of program - nonstandard.

4.5 COMPILER PARAMETERS
The compilar parameters where previously mentioned in Chapter 8.
The first parametsr specifies the origin of the BASIE sotirce.
The second parameter defines the destination of the compiier output,
The third parameter specifies the compilation options,

The fourth parameter specifies the maximum number of library interface
proceduras.

4.5.1 Compiler Options

Bit 0 indicates that debugging is not to be produced.

Bit 2 indicates that the compilation is to produce & MUSS library.
Bit 8 indicates that INTEGER precision Is 16 bits.

Bit g indicates that INTEGER precision is 32 bits.

Bit 10 Indicates that numeric precision of numerics Is 32 bits of real.

Bit 11 indicates that numeric precision of numerics Is 64 bits of real.
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4.6 IMPLEMENTATION - DEFINED FEATURES

This section details the Implementation defined foatures of MUSS BASIC as
described in  Appendix 3 of the standard. Any differences between
implementation defined features of MUSS BASIC on the VAX, MCBB8000 and
MUEBG are aiso detailed.

Section 2.3

= Interpretation of syntaciicaily illegal constructs
syntax fauits are reported to the user at compile time. and the
compiler proceeds to the next line of the source program.

~ format of srror messages
A descriptive message indicating the nature of the fault detected is
tssued. and the compiier attempts 1o give an indication of the
position of the offending item(s} in the source line.

Section 2. 4

— format of exception messages
Exception messages are issued in one of two formats. as lilustrated

in the examples below:

“BABIC Exception 8002 : Too few data in input-reply”

"BASIC implementation - defined exception 7107 : Unale to open
fie”.

— hardware dependent exceptions

— order o! exception detection in a line

Section 4.1

- othar-character
No other-characters are defined.

= coding for the native coliating seguencs.
The natlve collating sequence is the same as the standard collating

sequsnce.
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Soction 4.2

- end-of-iline

End-of-iine is marked by the linefeed (%A} character,

~ effect of parameter list In program-name-line of program

- relationship of program-designators and program—name

Section 5.1

~ precision and range of numeric~constants

Numeric constants may be of the following types:
INTEGER 8-bit

INTEGER 18-bit

INTEGER 32-bit

REAL 32-bit

REAL 84-blt 7

On all machines INTEGER8 in the range -2**° to 2**7, Similariy
INTEGER16 Is in the rangs -2**15 tg 2%*15, INTEGERS2 Is in the
range —2**3%1 to 2**37%,

1. MU6GG
On MUBG. the default INTEGER Is 32-bit. Default REAL is REAL

32-blt with & mantissa of 24 binary digits (approximately 7 decimai
digits) . with an exponent range 16**64 1o 16**(-64), which gives
8 maximum decimal magnitude of 10**77 approximately. REAL64
has an accuracy of 16 decimal digits approximately.

2. VAX

On VAX. the default integer is 82-bit. Default REAL is REAL a2-bit
with & mantissa of 24 binary digits (approximately 7 decimal
digits), with an exponent range 2**64 to 2**(-64) which gives a
maximum dscimal magnHude of 10%*19 approximately. REAL64 has
an accuracy of 16 decimal digits approximately.

3. MOTOROLA based machinas

Default INTEGER is INTEGER-16. Default REAL is REAL-32 with a
mantissa of 24 binary diglis (approximately 7 declmal digits). which
gives a maximum exponent of 10*=19 approximately. REALB4 has
the same accuracy as default REAL.
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Section 5.2

-~ initlal value of numsric variables
No initial value is defined.

Section 5.3

—~ order of evaluation of numeric—expressions

The user should not place any reilance on the order of evalustion.

Section 5.4

~ &ccuracy of evaiuation of numeric functions
= pseudo-random number sequence

- value of INF and EPS

availability of calender and clock
Both calender and ciock are provided as part of the MUSS BASIC
Systam.

Section 5.8

= precision and range of numeric values
As described in section 5. 2.

precision and range of floating decimal arithmetic

precision and range of native arithmetic

— &ccuracy of evaluation of numesric expressions

Ssction 8.2

— maximum length of undeclared string-variables
in the current Issue, undeclared string variables may have s




48 CHAPTER 4 — MUSS LANGUAGES MANUAL

maximum length of 255 characters.

— initlal value of string variables
No initial value is defined.

Section 6.4

-~ values of CHR$ for the native character set

— vaiues of ORD for the native character set
The natlve character set Is defined to be the same as the standard
character set.

~ avallabiiity of calender and ciock

Both calender and clock are provided as part of the MUSS BASIC
System,

Section 6.8

- colisting sequence under OPTIONS COLLATE NATIVE
This Is defined to be the same as the standard collating sequence.

Section 7.2

- value of DET before INV has besen invoked
No value Is defined.

~ value of the inverse ol a singuiar matrix

Section 2.1

- value of & defined function when no value has been specified

— initiai vaives of loca! variables in external functions
No initial value Is defined.
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Section 9.2
- effoct of redimensioning an array parameter when an eslement of that
array Is also a parameter

— linitia! velues of variables which are not formal parameters to a procsdure
No Initigl values are defined.

Section 9.3

—- Interpretation of the program-—designator in a chain-statement
~ initial values of variables in a chained—to program

— Interpretation of upper— and lowsr-case tetters In a program-designator

Section 10.2

- input prompt
The default Input prompt Is "—*.

- means of requesting input in batch mode
Data to be supplied as input to a program to be executied off-line
shouid be placed Immediately after the "RUN" command on the job
control stream,

Section 10.3

signiticance width for printing numerlc representations
6 for REALSZ values, 12 for REALG64 values.

1

exrad width for printing numeric representations
The exrad width Is 2 characters.

- effect of non—printing characters on columnar position
The columnar position is incremented for all characters generated
during output processing.

I

defavit zonewidth
The default zonewidth is 20 character positions.
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default margin
The default margin is 80 character positions.

treatment of trailing space at end of print line

It generation of a trailing space during output of a numeric vaue
would casuse the margin to be exceeded by more than one, it is

supprassed.

effect of invoking a functlon which cause printing while printing

if the printing is to be differemt channels, then the resulit of sach

print oparation s as narmaily defined by the Standard,

",

however. the same channel Is specified for printing, the user
shoutd place no reliance of the format of the output generated on

that channel.

use of upper or lower case "E' in exrad
Upper case "E" is printed in an exrad.

attempting to reopen a file under a different ARITHMETIC option

~

two program-units attempting to open a flie under ditferent attributes
or options

means of insuring praeservation of file conitents betwesen runs
This is achieved using the standard MUSS flie system.

effact of certain combinations of filg organisation and type

tangth of records in INTERNAL and NATIVE fifes
There is no iimit placed on record length for thase
organisations.

maximum length of records when not spacified or available

value of DATUM for a nen-stream file
The value Is "LINKNOWN".

vaiue of ask-attribute NAME for channsi zZero
The value is "STRO*".

Section 11.0

—

effact of certain combinations of fite organisation and type

file

A tie name whose last character is **" is treated as the name of a

process.
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Section 11.1

maximum channel number
Channel numbers may be in the rangea 0 to 255,

~ whether a file name with different case letters denotes the same file
or different files
Such names denote different flies.

~ effect of attempting to open an already open file

= number of channeis which may be active simultaneously
The maximum number is sight.

= attempling to open a file with attributes different from those under

which it was created
BASIC Exception 7106 “incorrect type of document” is generated.

— maaning of exception codes 7101-7199
7101 No streams avallabiae
7102
7103 lilega! stream name
7104 Stream undefined
7105 Incorrect type of stream
7106 incorrect type of document
7107 Unable to open file
7110 Hiegal combination of flle attributes
7111 Keyed fiies not implemented
7112 lliegal key relation
7113 Incorrect mode for channel
7114 Attempted use of urimplemeantsd /0
7115 Inactive channe! In RESET
7116 No operation since OPEN In channel.

Section 11.2

— method of signifying that data Is not avallable for input on &
non-file device channel

Section 11.3

— means of Indicating end of recoerd (EOR)
For files with DISPLAY organisation, EOR is Indicated by a newline
symboli (A). For INTERNAL files, EQR Is Indicated by a byte
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cortaining FF,

~ accuracy of printed numeric vaiues produced by PRINT for DISPLAY flies
As defined for Section 10. 3.

Section 11.4

= rotrieving a record from a NATIVE file having contents which are
incompatiblie with the TEMPLATE

Section 11.5

~ aftect of data modification statemsnts on filas that are not
RELATIVE or KEYED :

= use of SKIP In incompatible tempiate for REWRITE

Section 12.1

— value of EXTYPE for Iocally defined exceoptions

Bection 13.8

Module not implemented.

Soction 14. 6

Module not implomented.

Section 15.1

Moduie not implemented.
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Section 16.0

Moduie not implemented.

4.7 INPUT/OUTPUT

4.8 MIXED LANGUAGE PROGRAMMING

Providing a compiler supports references to procedures in a previcusly
complied library. then potentially procedures within libraries written in any
other high level language supported by MUSS may be called from that
language. However, there are difficulies due to individuat language
conventions. To assist In mixed language usage of BASIC. the parameter
conventions of BASIC procedures are described in. terms of the systems
Implementation language MUSL.

4.9 ERROR HANDLING
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5.1 INTRODUCTION

The MUSS C compiler impiements the C language as described in “The C
Programming Language” by B. Kernighan and D. Ritchle (Prentice-Halil)
except for the restrictions and exiensions outlined below, which apply to the
release of C in MUBSS Issue 12, The compiler generates code through cails
on the MUTL (Target Languagse) procedures and the code gensrated Is
intended to run In the MUSS environment. The set of files making up a C
program can be considered in this context to be analogous i{o the set of
modules constituting 8 MUSL program, and most of the information about the
overali complling scheme for MUSL is also relevent 1o thls compiier.

5.2 RESTRICTIONS AND EXTENSIONS

1) The statement foliowing the switch statement must be a block.
2) Enumerated types are not implemented.
33 Aggregate types (structures and unions) may be copied. compared.

passed as parameters or returned as the results of functions.

4) Structures (not suto) contalning fieids may be initlalised by glving a
list of values tor named members or flelds, any unnamed flelds will
be set to rero.

5] Structures may not contain unnamed tralling flelds for padding
purposes.
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7)

8}

8)

10)
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Arrays of characters (extern or static). can be Initailised by the
elements of a string. if the initlalizer concernsd is enclosed in '{
'Y'. further elements can be given. (seperated by ’.’). otherwise if
the slze of the array Is known the remalning elements will be
cleared to zero.

8.49.
char afl0! = "abe”;
char bl20] = (4. "abc”, 5. "defy”};
are permitted
char cl10] = 4, "abc".5.6. 7:
is not.

Forward references to structure types are permiflad but only whers
they are used in a context that does not require information about
the actual storage size of the type. Generally speaking. this
means that oniy instances of pointers to such types are acceptabie.

identiflers may contain up to 64 characters and all of these have
significance In distinguishing betwsen identiflars. not merely the
first elght,

Functions which are cailed with a variable number of arguments
must give a declaration at external definition ievel which speacifias
the maximum number of arguments with which the function wilf be
called, {and lts resuit type If required). The syntax of this Is
aimost Identical in form to that for external definitions or
declarations except that within the '(' and )’ specifying the
identifier to be & function thers appears an integer constant giving
the maximum number of arguments.

8.4.
axtern char * sstrprnt(8) ;
char (*x1(4)){);

For all functions declared implicitly by use In a function call context
the maximum/forms! number of arguments for the impliclt
deciarations wiil be defined by the number of actual arguments at
this first cail of the function.

The complier contains no Integral source preprocasscr.  Any
source submitted to the compller must have been already

‘preprocessed’. However the following complier control lines are
permifted

#ilne <CONST. EXPR> <NAME>
Currently has no effect).

#intorm <CONST. EXPR>
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This directive is introduced io conirol the printing of different kinds.
of Information during compiling, (some information is mainiy
relevent to complier debugging). The Integer constant is bi
encoded as follows.

Blt Function

0 Print the encoded itemised iine in hexadecimal

1 Print the source characters as read

3 inhibit printing of list of imported library functions at end

of each file
4 Print analysis record for expressions at end of syntactic
recognition and at end of semantic checking

5 Inhiblt compiler generated compile map

6 inhibit compiler generated warnings for mambers/flelds
which do not correspond to the structure/pointer being
accessed.

8-15 Used 1o control MUTL output i.e. they are passed as
bits 0-7 of the parameter of TL.PRINT (described
elsewhare). but the most usual bits to set in this
directive are bit 10 {(MUTL prinis & procedure address
map) and bit 18 (MUTL prints a data mapping
infarmation) .

a.g.

to print MUTL procedure map and MUTL data mapping information
and 1o inhibit compiler generated compite map

#rnform 0x2420
#end

This directive may be used to indicate the end of ithe source to the
complier, 1t Is required lf the saurce is not a file or is a {e
containing information following the program Soufce.

In addition 1o the above. If a statement commences with the
sequaence ‘#**' then a call on any MUSS tibrary procedure may be
forced from the complier using the line following the ‘#**' as &
command to be processed by MUSS. This may typically be used
to control the selection of differant streams of input or to maka
direct calis on the MUTL procedures in order 1o control  the
environmen! of a compilation. For example to include a file &t any
point in compilatlon by using the MUSS "IN’ command

#*=IN FILENAME

Where a name in a function call context has no current declaration
and matches a MUSS library name in a currently open {tbrary then
the function call will be to this MUSS library procedure and the
actual arguments must match the number and types of the formal
parameters of the procedure concerned. Thus i any amblguity of
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function identifier could occur a deciaration may need to be made
far functions declared later in the file. (the compliler prints a list of
imported library functions at the end of sach file). Alernatively the
atitomatic lnking into the MUSS {ibrary structure may be compigtely
inhibited by setiing & compilier mode bit (Section 2.5.2 LUser
Manual Volume 13.

5.3 GENERAL COMPHILER OPERATION

The MUSS C compller operates in a simiiar manner to the MUSL compiier
and it would be useful to the user to have read about the compiling scheme
oi MUSL as described in the opening paragraphs of the section describing the
MUSL language in Volume 1. The compiler has the standard MUSS compler
format as dsscribed in Volume 1 Section 2.5.2.

The complier operates on a statement by statement basis, but some
statements may be broken down into smalier lexical units in order to avoid
excessive sizes for various compiler lists. Thus it a line Is echoed by the
compiler the actual output may only be a part of the physical line presented
to the compiter.

Where errors are datected the compller will print the line number where
the faull occurred. a message teliing what the faullt was and the source line
causing the fault with the symbols "<7° Inserted to show ths point in the lins
at which the error was detected.

e.g9. 8.174 »»*BYNTAX? i=ini<?i;

(if the fault is a warning rather than a ‘fatal’ error a "»>»>7?° message wlli be
printaed) .

In addition the compller will generate error messages when identiflers for
fabels., structures or functions are found to be undefined at the end of
function bodies or of flles.

in this release of C. all programs are comptled to be a llbrary alther by
satting the complier mode bit appropriately or by the complier. When the
compller mode bit is set all functions at external definition leve! are put into
the library interface. if it is not set only the function main will be put in the
Hbrary interface. To run the program the library must be opened and the
function main called expilcnly. ~{obviously any other function could also be
called). Thus a simple complie sequence might look like: ~
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C O LIBNAME %5

main () { /*this source couid be a file */

CAPTION (*simpie program®) ; /*cails on MUSS library procedures*/
NEWLINES(1)

}

*ond /*required If source not on a filo*/

and to run this program the command sequence wouid be

LiB LIBNAME
main

H no output filename is given as the second parametor to C then the default
‘a.out’ wiil be substituted,

The foliowing will compile a program consisting of three flies and using a
library CIO in the directory UTL with the output destination the library *a, out"

LB UTIL: CiD
C filel.c a.out %405 /*C tliel.c 0 %4071 has same effect*/

C tile2.c 0 %C04
C tile3.c 0 %804

Note that the MUTL mode bit indicating a llbrary compiie (%4) must be
explicitly given for each file when compiling a library. The ibrary couid then
be used by

LIB UTIL: C1O
LIB a.out
main

(Any parameters to main might need to be supplied to cailing it from another,
possibly MUSL. program).

5.4 STORAGE CONTROL

At complier Initiallsation time segments are created for the code of the
program and for the external and static varlables of the program. For the
meajority of programs It is assumed that these default actions wili suffice. (it
shouid be noted that Initlalisation of extern and static variables is performed at
compile time and therefore conceptually only occurs as the library comprising
a program is opened. Thus ¥ the main procedure of an opened MUSS ¢
program library were to bae called twice the correct Initialisation values would

not be sot).
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If explicit storage control is required then the procedures TLSEG. TLLOAD
and TLCODEAREA shouid be used (via the #** mechanism). The compiler
uses MUTL data area number 2 for inltialised extern and static variabies. this
is mapped to MUTL segment 1 which may be redefined to be of a differant
size if the default size of a segment is not suitable. For uninitialised extern
and static variables MUTL data area number 3. mapped to MUTL segment 2.
is used.

5.5 IMPLEMENTATION AND MACHINE DEPENDENT INFORMATION

For specific implementation information the MUSS C Implementation Manual
must be read. some more genera! Information is given here.

1 The keyword register has no effect

2) chars ars considered to be signed quantitles (unsigned char may
be used).

3) Parameters of MUSS C functions wili occupy a size not nscessarily

consistent with the size of the type of the formal parameters and
may not appear within the address space in the order In which they
are formaily declared. (Generally speaking parameters all occupy
8 bytes). Thus before accessing consecutive parameters using
pointers a thorough understanding of the stack layout would be

required.
45 Actual parameters are evaluated left to right.
8) Actual parameters which are of aggregate types are passed as

pointers to the aggregate and copied to a local aggregate at
function entry time.

6) Fieids are allocated from the least significant end of the integer
sized quantities within which they are packed and are considered to
be unsigned guantities.

7 The dofault sizes of various types of variable are as foliows for
particular machines.

char, unsigned char g bits (all machines)
short. unsigned short 16 bhita (all machines)

int. unaigned 32 bite (all machines)
tong., unsigned long 32 bits (all machines)
float 32 bits (all machines)

doudle 64 bits (all machines).
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5.8 INTERFACING MUSS C PROGRAMS AND MUSS LIBRARIES

Cails of C funetlons In C programs may have a varlable number of
arguments and the types of the arguments may vary and nsed not match that
of the formal arguments.

For these reasons the arguments of C procedures are treated as being of
MUTL type Logilcal64 (Section 18.3 User Manual Volume 1). this size of
argument being sufficient to contaln any of the ‘basic’ or pointer lypes. The
compiler does no type checking on these types of arguments (although
expressions of type char or short are converted to /at and those of type float
to double). The compiler aiso permits the usage of MUSS Hbrary procedures
as described earller. In this case some of the formal arguments may be of
expiicit type and this may be checked by the compiier. {(casts can be used to
convert unsuitably typed expressions},

One resiriction impesed by the MUSS C compiler is that pointers to
ordinary MUTL procedures cannot be generated. It is assumed within the
compiler that ail pointers to functions are of the variable and fixed size
argument type. ¥ a pointer to a MUSS procedure is required it will be
necessary i0 use an Intermediary MUSS C function,

e.g.
my. sin{x)
doubie x; {
return SiN{{float)x}; /*MUSS SIN*/

]

Also. It shouid be noted that parameters of aggregate types are passed to
‘C’ type procedures as pointers rather than the actual value.
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