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Chapter 1 = Introduction: Running = high-lovel 1a

program,

A simple program consists of some 'job control’ linea, the program
proper, and possibly some data, in the fclluhzwe form:
aEA JOB <USER><PASSWORD><JOBNAME>
*k<COMPILER NAME> ( )
<program>
*EENTER ()
<dnta>
#EEPEP()
W7,
whera:
<USER> is the user name which must be a previously created authorised user,

<PASSWORD> is his password

<JOBNAME> consists of up to O characters wh

e

%L, (in place of +

line numbers on the lineprinter,

<COMPILER I

e
S

15> is either AILGOL, AA, FORTRAN or AUTO,

i = Lt X

<program> i

0
o
>
o
I
(O]
1-;

program text following the particular languags conventions,

<data> is

C

pticnzal data,

N,B, JOB implies an MU5 job, For a job to be run or the
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<
L
t=3
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=
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replaced by JOBSE,

Exanple:

“A JOB FRED DERF NCDDY

“HALZOL ()

B —

o o e

i & @ 7 <ALGOL program (MU5)>
ond; |
REOND 08 PROGRAM

L3 :E.'ENTE R( ) [

1 2 3 . <Data>
ESTOR( )
b ::;Z

This program has only input stream 0 (the data) and output streanm

O which is usually a lineprinter,

Full details of how to rua more complicated jobs with, for example,

-8everal input streams, computing or pricrity regquirenents other than the

default, or on-line jobs are found in the MU5/MX3 Operating System Manual,



Details of the procedures which may be called by ‘program control
seauence’ statements starting ** are found in the MUR/MX3 Library Manual,
Statements starting with % are 'compiler directives', and are

deseribed in the relevant chapter for each languagse.

Accuracy of Number Representation = MUR
B

INTEGER: stored as fixed-pt signed (I32) number in
the range -231 < % R 231
REAL: stored as Tloating-pt signed (RO4) number in
. the form m.lﬁﬁb, whore _
m = mantissg = sign bit, followed hy
binary point, Ifollowed by
82 bingry digits
and e = exponent (11 bits) = an integer im

the range -1024 < e < 1024 : . .
. . ~ 1233
(1,9, largest magnitude = 10 approx,
& accuracy = 15 decimal digits approx)
COMPLEX (Fortran & AA):¢ storsd as 2 REALs
" DOUBLE PRECISION (Fortran): stored as for REAL,
; but m has 104 binary digits {R128)

(i.e. accuracy = 31 decimal digits approx)

Accuraey of Number Representation = MX3 (1905E) T e |

INTEGER: . siored as fixed-pt signed number in : P

23

fhe range —223 < I <2z
REAL: - stored as floating-pt signed number in

the form ﬁ.éﬂj vhere

n o= manfissa = sign bit, followed by
binary point, followed by
37 binary digits

and e = exponent (0 bits) = an integer in

the range -250 < e < 256 ‘ . o

76

(i.,e, largest magnitude = 10 approx, T,

& geeuracy = 11 decimal digits approx) ; '5;

The remainder of this manual is devoted to details for sach

apecific high-level language., - ”é



Chapter 2~  MU§ ALGOL Go

Tho AIGOL compiler imploments tho lanpuapge definod in tho ALGOL~(0
1 (£ s
REPORT, subjoct fto thoe rostrictions given in section 2.2 helow, but with

the addition of the ICL I/0G procedures as used on Atlas and by U.M,R,C,.C

2.2 QRestrictions on Algol Report
(a) Integer labels not allowed,
(b) Own arrays must have constant beunds, and all own variables are common

to the difforent Jlevels of a rocursivo procedure - i,o0, as though thoy

wore doclared in tho outermost block,

o~
(o)
~r

Lvory precodure paramoter must have a spocification pari,
(1)  The spocilications of all procoedures usaed as actual paramotors in tho

calls for a particular procedure must be consistent,

2

(2) The type of an expression of the form AXB

A is an integer variable and B g positive
case the result will be integer,
(£> A1l uses of an array formal pgrameter within the body of a proceduro

riust be consistent with regard to the number of subscripts, aand must

bo consistent with any actual parameters used in a call for the procedure,

(g) Ses also section 2.4 below,

2.3 Compiler Directives

(ay Commence with * gnd torminate with 2 e

(b) May appear anywhere in Algol program (as complets statement) .,
(e) Take immediate effect during the first pass of compilation (when the

program text is read),
(a) Spaces and newlines are ignored (as elsewhorel},
(e) TUpper case letters only,

(£} Cnly the first word is obligatory - any others are ignored,



2.4 Algol Modes

*RESTRICTED ALGOL WMODE;
Semi-colons not allowed in strings - string will be terminated
(faulty) and syntax analysis continued as for normal program
statements,

#*FULL ALGOL MODE;
Semi-colons allowed in strings (as Algol Repcrt) - if closing
string quote is not recognised, then the rest of the progfam'
will be taken in as part of the string,

Dafault option t=- RESTRICTED

2,5 Delimitexr Mode

All delimitors must be in upper case letters and enclosed in

primes, e.g,, 'BEGIN', This is the only mode available.

2.6 End of Program
Lpst 'END' must be followed by ;

?

This must then be followsd by *END; or *END CF PROGRAM; if desired,

2.7 Monitoring
(a) GCeneral - sse compiler writers manual,
(b) Comments
(i) 'COMMENT' will be monitored (but not faulted) if it contains
a delimitew »
(ii) 'END'-type comment will be monitored even if O.K., and
additionally if it contains a delimiter (not faulted).

(iii) TCTIMENT' appearing in an illegal position will be faulted,

R



s 2
2i0

Character Representations

ALGOL 180 ALTERNATIVES ALGOL
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Notes
1, The preferred characters sre the 180 or first altervnativa - the

second alternatives are only included to allow for oxisting programs.
PR 5 =3

)
°

-

In compound characters, / and | are eguivalent, znd the 180 characters

& and ; may be formed as compound chargcters,
2.8.1

{a) During the input of strings 5 is converted %o space {aliternatives also),

and tho alternatives for siring quotes aro cenvortied to spoci

charactors, No othor convorsions, but sub-strings will bo furthov
processed during perm procedures such as ‘write toxt' and 'code!

(see Section 2,9),

(b) Within strings, a 'basic symbol’ (Algol Report 2,6,1) may be any ISO
character subject to the coaventions used zbove for (. i e and ¥,

[Similarly in comments],
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2.0 Permanent Procedures

2.9,1 Standard & Transfer Functions

These are implemented as described in the Algoel Report 3.2.4
& 3.2,5 (with names as given), but note that trig functions always work

in radians, and 'principal value' is in the range -7/2 to +7/2, g

Z.0.2 Input & Cutput ‘ g9

procedure select input {stream); value stream; integer stream;

integer procedure readeh;

Reads noxt symbol from input and yields ISO code,

intogor procedure nextch;

'Reads’ next symbol without advancing input pointer,

real procedure read;

Reads next number from input, punched in the formait defined

in the Algol Report 2.5.1, . . Y i

prcecedure select output (stream); value stream; integer strsam;

procedure printch (symbol); value symbol; integer symbol;

Prints IS0 symbol whose code is ‘'symbel', ‘ E

procedure print (x,m,n); value x,m,n; real x; integer m,n; s
Prints value of x: éJ
(a) m # 0, fixed point form with m places befcre, and
z
# places after, the decimal point {rounded), §
N.B, if n'= 0, dec pt is suppressed, o
(b} m = 0, floating point form in range 1,6 £ x < 16,0 with
n dec places (rounded) and suitable exponent, .
.N.B, Total number of characters = =~ = g i :ﬁj

min+d  if om0 &n £ 0

m+3 if m#Epo&n=20

n+ll if m = 0



~

procedure space (n); valus n;

Prints n spaces,
procedurs newline (n); value n; integor n;
Prints n newlines

procedure pg throw;

,ﬂocodurq write text (string): string string
e 5/ =4 =

Prints the string

ors as given boetwesn the

quotes sxcept for sub-strings ‘one level down' which

<units> = <unit> | <unitr <unite>
<unit> = Pl N> C | <N> 8
<> = <digit» | <nulis

and P indicates 'paperthrow’
C indicates 'newline?
S indicates 'space’
e.g. write text ( ''(HMELLO ''(2C5S)'' GOODBYE)' >;
is eguivalent to
write text ( "'(HELIO)'! i newiine(2);

space(5); write text ( "'(GUODBYE)'? )

integer procedurs code (symhol); string symbol;

!.._1

Yields the IS0 code for the singls

(58 symbol given

s
s

7]
o]

cods ( "'(E)'' ); pives IS0 ‘spy

c
cade ( ''(ELY'' ); gives IS0 'newline' code



2,10 Library Procedures

CTL Library procedures may be called as for 'permaznent' Algel iz
procodures, but full s tops in the names should be omitted {(to give wvalid
Algol names), '
' The correspondence between Library éarametars and corresponding

Algol formal parameter types is as follows:i-

Tibracy Algol
132 : = _L_I}EE_”_’_‘_R_).L called by value 1
Rb4 real called by value -
( integer 7
real f called by nams
S Boolean | @
array i
L string J -
LABEL i | label ~ called by name or value EJ
U64/i64 'string of 8 chars only
PROC ' proceduré (possibly-with typse) Il
In the case of function procedures the result types have the I
fdllowing correspondencs s - : : e

Library : Algol : ; : i
I32 o integer .
RO4 B, real _ . . i

Library procedures having other paraneterﬂ or reuull {e.g, S-type

reoault) cannot be called from an Algol progcean,




Chapter 3 =~ MUZ FORTRAN

3.1

USAS X3.9~1066 USA STANDARD FORTRAN., In so fa

do so, the compiler will fault any sberration from the definition

Introduction

T

he TFORTRAN compiler implements tho language described in

t is possi

]

a8 i

and in such cases =zs it is not possible, the action of the prohihition
o §

will be defined below,

359
)
(b)
()

3:3

34

3.52

Compiler Directives

Commence with *
Cceupies cols 7 to 72 with continuations
May appear anywhere in Foriran program, but certain directives

(e.g. I/0) should be at the start if possible,

[N,B, Program Control Segquence statements must start with

in cols 1 & 2]

Program Layout

The program unit(s) making up the program may bs in any ovder,

N1,

but must be followod by tho compiler directive W

Monitoring

See compiler writers manual, .

Implementation

Accuracy (ANSI 1,.2,.2)

See Imtroduction to this Manual

Double Precision Evaluate (ANSI TABLE 1)

Lxpression evalugted in Double Precision
3



3.53 STOP Statement

The message
STOPPED AT  LINE =~
| n (octal string)
is output on the monitor output and the program is terminated by calling
theo library procedure |

STOP (I32)
PL = octal string as integer or ©

3.54 PAUSE Statement

The message
PAUSED AT LINE -
n (octal string)‘ ‘
is output on the monitor ocutput and ﬁhen‘a message is sent to the

supervisor by
SEND MESSAGE ,TO,SUP (S, §, I32, 132, 1325

Pl = descriptor of short messages - PAUSE (or n)

P2 = vector descriptor (V32)

word 0 o
:;_ .
2 4,

I

P3 = 10 await FREE,PROCESS command from supervisor

I

-1 short message

P4

P5 = irrelevent

The user may take action accordingly,

(See MUS/MX3 Operating Systems Manual 3.3.3 for details of BATCH supervisor)

RS



3.55 DATA Initialisation

A DATA statement within a procedure causes the variables to b

o

initialised each time the procedurse is entered (permitted by ANSI 10,2.6).

3.50  FORMAT

A group of field descriptors has the same basic syntactic format

as the format specification except that it may only contain field descriptor

n

and basic groupg of descriptors, Basie groups similarly except that they

may only contain field descriptors,

3.57  REWIND Statement

m

This sets tho stroam position to the start of the specified stroanm,

Note that in some cases this may not be the same as the start of the input

or output,

3.58 BACKSPACE Statement

This moves bkack the stream position to its previous position i.e,
just after previocus control character,
J )

3+59 ENDFILE Statement

24 - x . - s
in end oif text character ?J04 is output on the specified stream,



3.0 Calling Library Procedures

This is a facility which is NOT in standard FORTRAN, Any program

making use of it is thereby not standard and will not run on another

system unless it also provides the same facility.

LIB CALL <LIB,NAME> (<PARAMETER,LIST>)[,<NAME> | <NIL>]

The names of the librar rocedures are given in the appropriate
=Y iy

mgnual, If the procedure is z function then the result is aszigned to
P

the program variabkle specified,

proc result

Ub4
U32

The typo must correspond i,e,

variable type

integer variable refersnce

real variable referencs

double precision variable or complex
variable reference

real varisble reference or array name

integer variable reference

The zgssignment of a U64 to an array name redefines .the array base to this

value during the remainder of the procedure,

The parameter lists are defined for each procedure and the interface of

types is given below,
parameter typeo
I32
RO4.
R128

U32

U64

actual parameter -

integer expression

real expression

double precigion expression or
complex expression

integer varizble reference or
integer constant

integer variable réference,
real variablo reforence,
integer or real constant or
array name

real variable roference,

array nsame,

Hollerith string

Although there are no 32 bit vectors since all FORTRAN vectors use

the 64 bit storazge unit, integer vectors can be used,

There is no protection by the FORTRAN system against a user who

interferes with the program or s

urrounding system (especially input/

output) by use of library procedures,



13,

3.7 Iaput/Cutput System Interface

The input/cutput system used in MU5 is basod on 8§ input and 8
output stroams, Streams Q are always defined and output O iz used as
the monitor output for the compiler and system, The user may also uso
this output stream for the program output, The other streams, if

rogquired, must be defined by the program control seguence statements,
The FORTRAN input/output system is not based on streams but on
unit numbers, The correspondence between streams and unit numbers is

done by the Fortran system, as directed by the user,

*UNIT (I, I, I, I)

PlL = 0 : input
=1 output
P2 = stream number

P3 = unit number
P4 = logical record length:-

0 default setting, 80 input, 120 ocutput
by default the stream number unit number correspondence is:-

Input atroama 0 ~ 7
unit 1 = 8 logical rocord longth S0
Output streams 0 - 7

unit ¢ = 16  logical record length 120

I a unit number is defined which was a default szetting of this unit

number then the default stream does not correspond to any unit number,

©.5. #*UNIT (o, 1, 3, 0O)

Input stream is unit 3

and input stream 2 has no-longer a default unit number, and therefore
must boe explicitly specified if reguired,

T

he unit numbser nmay be any positive integer constant,
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Chapter 4 =~ MUS ATLAS AUTOCODE
bintod il stisdiualB ]

4,1 Introducticn
The ATLAS AUTCCODE compiler implements the Ilanguago deseribed
in 'A Dofinition of Atlas Autocode® (J, S, Rohl, Jan 1970), subject

to the restrictions given in section 4.2 below,

o Rogtrictions on Dofinition Manual

(a) No machino code (Soction 4,10 of manual)

(b) Maximum of 10 textual levels (Section 5:543.1

(e) Maximum depth of cycles = 40 (Secticn 5.0,3)

{(a) arvay bound check is ignored, sincs this is performed by

hardware (Section 3,8,1)
(&) A call for g routine for which no gpec has been given is
assumed to be a call for a 'perm' OR 'library' routine

(Section 7 and 4,8 below)

I~

&5 Compiler Diroctivas
Since many of these are already included in the dofinition as
'delimiters '’ the prefix * is not used, and all Directives appear as

delimiters,

et} Delimiter Modes

'NORMAL DELIMITERS' . e,g.  begin

*UPPER CASE DELIMITERS' e,g, .BEGIN

'SINGIE CASE DELIMITERS' 0.2, 'BEGIN'

Defzult optien := SINGILE CASE
4.5 Production Runs

The directive 'PRODUCTION RUN' causes the compiler to omit
scme of the standard checks (e.g, when compiling cyele statements),

It should normally only be used with a thoroughly testod program,

= . -
4.0 Nonitoring

Sea Compiler Writers' Hanual,



Notes
1,

i)

- e

Character Representation

oia

v

4

ALTERNATIVE

A
Yurt
PN
"EQ"
ek
rar!
"We!

o -

=1 NN

.

e fEr 8-

15a

In compound characters, / and | are eguivalent,

Delimiters such as 'LT' may also appear as 1t or LT according to the
3 : B Tole .

current delimiter mode,

ds



0 &
4,0 Library Procedures

CTL Library procedures may bo called as Tor ‘pormanent’  AA routines
but full stops in the names should be omitted (to give valid aA names), and
Carameterless procedures must be called without the empty ( ),

.

The correspondence between Library parameters and sorrespending A4

formal parameter types is as follows:-

Loy AA
i3z integer
RG4 real
R128 complex
i‘/lnteger namna
S ’ \'Esal name

complex name

&
9
I array name
LT

PRGC Eput%gg/ type fn

]
=}
el
0
H .

In the case of ons the result types have the following

-

correspondence -

Library : AR
I32 integor fn
RO4 real fn
R128 complex fn
Library procedures having other rameters or results (e,z, S-type

result) cannot be called from an AA program,
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Chapter § - MNU3 AUTOCODE

The MUS5 AUTCCODE compiler imploments the language defined in

the 'MUS AUTOCODE MANUAL', This includos:-

(a) Punching conventicons
{b) Delimiter conventions

(c) Compiler directives
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Chapter _(_3 - HMX/3 .“LDQ@"_T:__QQ

6,1 Introduction

The MX/3 ALGOL Compilor implements most of the languags defined in
the ALGOL - 60 REPORT, subjeet to the restriciions given in section 5,2 below,
Input and Gutput is porformed by using the MX/3 library (see the MUG,/ME3
library manual and section 6.10), which inciudes procedures compatible with

those used by I.,C.L, as used on ATLAS, and by U M,.R.C.C,

0.2 Restriction on the ALGOL REPORT

The restrictions on the use of the MX/3 ALGOL compiler are in goneral

more severe than those of the MU ALGOL Compiler:-

a) Integer labels not allowed,

b) No 'GUN' varigbles,

e¢) Every procedure parameter must have g specificaﬁion part,

d) Some Procedure parameter types are not yet implemented. These are:-
1) Procedure parameters, -
2) 1Lzbel parameters,
3) Switeh parameters,

@) an expression of the form A¥B will always be real unless A is an integer

variable and B is a positive integer constant, in which case the result

will be integer,

£) The switeh facility is not implemented as in the ALGOL REPORT, If
y

1 Fe

a switch element forms part of a switch list, and when referred %o

its subsecript is out of rangé, a fault condition is gemerated, In

the case of a simple jump via a switch list, the instruction will be
i &Yy

treated as a dummy instruction if the subseripnt is out of ranpge

L.0, contirol will bo passod to the following insiruction.



1i9.

6.3 Compiler Directives

a) Commence with 'DIRECTIVE' and terminate with.j.
b)Y May appear anywhere in the ALGOL program,

¢) Take effect from the pOlnu of ihelr appearance (at comnlla time?),

d) Spaces and newlines are ignored as elsewhere,

The ma Jorlty of dlrectlves are for compiler debugging, but the

fo 110w1nﬂ ig of interest to usersi-
'BIRECTIVE ARRAY BOUND CHECK GN/OPF;

This may be switched on or off, "The default optiocn being cn,

6.4 Compilation Mode

-..s
kS

Semicolons are accopted wzthln strxngs, but will be monitorsd

6.5 Delimiter Mode

Cnly card delimiter mode, as shown below, exists on

©.Zey

o

TREGIN'

bhlu compilor,



6.0 End of Progranm

The last 'END' must be followed by a ; .
N.B, In the MX/3 Compiler, the recognition of any P,C.5 (i,e,, *%)
command will cause compilation to terminate and a return to the P,C.S

to bo effected,

6.7 Honitoring

Delimiters occuring within a "COMMENT' sequence will be menitored,

L

¢]

2

6.8 Character Reprsentations

These are as for MU5 ALGOL (see secticn 2,83 except that the
following are not allowed:- !

t 1 Tt Y &

6.8,1 sStrings

Within strings a 'basic symbol' (ALGOL REPORT 2,.0.1) may be any I1.S.0
character subject to the following conventions:-
a) During input‘% and § are converted to ‘'SPACE',
by Within inner string quotes (substrings) only the following formats are

allowed and will be converted during input of the string:-

1) <N> C = <N> newlines
<N> § = <N> gpaces
P o= newpage

where <N> is an optional unsigned integer,



21,

6.0 Permenant Procedures

I/8 and

The MX/3 ALGOL Compiler has no permenant procedures of its own, all

mathamatical functions being performed by user calls for procedures

within the MX/3 library (see section 6.10).

6,10 Iibrary Procedures

Howavaer

These appear as normal ALGOL procedure calls within an ALGOL program,

the full stops should be omitted from the namoes in tho MU5/MX3 library

manual to give valid ALGOL names,

The correspondence between library parameters and ALGOL formal

parameter type is as follows:-

Library : ' g&ggé
132 . . VIN[EGER'  called by value’
RO4 'REAL' called by value
| (3 INTEGER" | |
"REAL’ : caliéﬁ by name
‘ ! \'ARRAY'
‘ \*sTRING'
LABEL el see section 6.2 _
64,164 : ;STﬁlﬁG' of 5:6.characters
PROC ' seo section 6.2

In the case of function procedures the result types have the

following correspondence =

Library . ALGOL
132 : 'INTEGER'
RO4 : "REAL'

Librar rocedures having other parameters or results (e.,g. S=type
‘ YE

rosult) cannot be called from an Algol program,



