VIUSS

USER MANUAL ISSUE 10

Copyright © by

University of Manchester

Printed by
Research Department and

Office Information Systems

Blue Bell, Pa

18 November 1982

SFERRY<=UNINAC

COMPUTER SYSTEMS



ISSUE 10

MUSS DOCUMENTATION
MUSS USER MANUAL

17 Nov 82
UPDATE LEVEL

Contents-1
PAGE

INTRODUCTION TO THE SYSTEM

1.1. PROCESSES

1.2. VIRTUAL MACHINES
1.3. MESSAGES

1.4. SUPERVISORS

1.5. THE SYSTEM LIBRARY
1.6. ACCOUNTING

USING THE SYSTEM

1. INTERACTIVE OPERATION
1.1. General

1.2. Logging in

1.3. Logging cut

. BATCH OPERATION

JOB CONTROL COMMANDS
1. Command Format
2. Command Abbreviations
3. Paramseters

2

3.

3.

3.

3.

4. USING FILES AND DOCUMENTS
4.7. Document Names

4.2. The Current File

5. COMMONLY-USED COMMANDS
5.1. File and Current File Commands
5.2. Compiling and Running Programs
5.3. Commands for job sequencing atc
6

2.
2.
2.
2.
2.
2.
2.
2.
2.
2
2.
2.
2

2.
2.
2.
2

. JOB CONTROL EXAMPLES

Contents

2-1
2-1
2-2
2-2

2-3
2-3
24
2-4

2-5
2-5
2-8

2-8
2-8
2-8
2-9

2-10



ISSUE 10

MUSS DOCUMENTATION 17 Nov 82

MUSS USER MANUAL

UPDATE LEVEL

Contents-2
PAGE

3.

INPUT/OUTPUT STREAM MANAGEMENT
3.1. INTRODUCTION

3.2. CHARACTERISTICS OF INPUT AND OUTPUT STREAMS
1. Types of Input/Output Stream

.2. Types of Input/Output Operation

.3. Sectioned Streams

4. Message Streams - Messages and Synchronisation

5. 10 Streams

ASSIGNING DOCUMENTS TO STREAMS
.3.1. Procedures for Defining and Releasing Streams

BASIC INPUT/OUTPUT OPERATIONS
4.1. PROCEDURES FOR STREAM SELECTION, ENQUIRY ETC

4.2. BASIC INPUT/OUTPUT OPERATIONS
Character Input/Output Procedures

Binary Input/Output Procedures
Unit-Structured Input/Output Procsdures
Record-Structure Input/Output Procsdures

poba’

4.2.
4.2.
4.2.
4.2.
4.3. OTHER (CHARACTER STREAM) INPUT/OUTPUT
PROCEDURES

4.3.1. Character Stream input Procedurss
4.3.2. Character Stream Qutput Procedures

FILES AND EDITING
5.1. GENERAL DESCRIPTION OF THE FILE SYSTEM
5.2. SHARING FILES

5.2.1. Network File Systems (not applicable to stand alone systemsj

8.3. FILE SYSTEM COMMANDS

5.4. FILE EDITING
.1. General Description of the Editor
.1.1. Cnline Operation
.1.2. Offline Operation
.1.3. Commands and Parametars
.1.4. Brief Summary of Available Commands
.1.5. Line Editing Commands (S, C, 1)
.1.8. Context-Editing Commands (B, D, A, 1)
.1.7. Other Commands
.1.8. Repetition of Commands
A BASIC SCREEN EDITOR
Commands

THE SCREEN EDITOR
Form of Commands
. Summary of Commands

Gaug o GOoITigo oo
at

com Vo hhEPARBRRD]

e
b b
« a

el

4-11

5-1
5-2

5-2

5-5
5-5
5-8
5-8
5-8
5-7
5-8
5-11
5-12
5-14

5-15
5-15

5-18
5-18
5-17



ISSUE 10 MUSS DOCUMENTATION 17 Nov 82 nten
MUSS USER MANUAL T [
5.6.1.2. Numeric Arguments 5-18
5.6.1.3. Cursor Control Commands 5-18
B.6.1.4. Insertion 5-19
5.6.1.5. Deletion Commands 5-19
5.6.1.5.1. Deleting Long Lines 5-20
5.6.1.6. Screen Control Commands 5-20
5.8.1.7. Mark and Region Commands 5-21
5.6.1.8. Kill/Unkill Commands 5-22
5.6.1.9. Other Commands (Miscellaneous) 5-22
DOCUMENTATION AIDS 6-1
6.1. WORD PROCESSING 8-1
6.1.1. The Text Facility 6-1
6.1.2. Basic Facilities of Text 6-2
6.1.3. Layout Control Facilities 6-3
6.1.4. Special Layout Effects §-5
6.1.5. Summary of Text Commands 6-5
6.1.6. The Spell Facility 6-6
6.1.7. Listing Facilities 6-6
6.2. FLOCODER ] 6-7
6.2.1. The TITLE Statement 6-10
6.2.2. The COL Statement 6-10
6.2.3. The ROW Statement 6-10
6.2.4. The FLOW Statement 6-11
6.2.5. Tne BOX Statement 6-11
8.2.6. The END Statement 6-12
6.2.7. Flocoder Procedure Specifications 6-12
ERROR SIGNALLING AND RECOVERY 7-1
7.1. ERROR DETECTION AND SIGNALLING. 7-1
7.2. CLASSIFICATION OF ERRORS. 7-1
7.3. Program Fauits 7-2
7.3.1. Resource Limit Violations 7-2
7.3.2. Timer Interrupts 7-2
7.3.3. External Interrupts 7-2
7.2.4. Organisational Command Errors 7-2
7.3.5. Input/Output setup error -3
7.3.8. Input errors 7-3
7.3.7. Jecb control command errors 7-3
7.3.8. Programming language runtime errors 7-3
7.3.9. System Library Errors 7-3
7.4. PROCEDURES FOR ERROR HANDLING. 7-3
7.5. PROCEDURES FOR FAULT MONITORING. 74
7.6. NOTES ON THE HANDLING OF ERRORS. 7-4



ISSUE 10 sS D ATION 17 Nov 82
szss S%UE%E%"ANSAL UPDATE LEVEL "Gc:ontent:—%

7.7. HIGH LEVEL LANGUAGE RUN TIME DIAGNOSTICS. 7-5

8. SEMAPHORES 8-1
8.1. COMMANDS 8-1
8.2. RELEASING SEMAPHORES 8-2

Q. THE OVERALL ORGANISATION OF MUSL 9-1
92.1. INTRODUCTION 9-1
9.1.1. Modular Structurs 9-2
9.1.2. Moceduls Linking 9-2
9.1.3. The Storage Modsl Q-2
9.1.4. Initialisation 3-3
2.1.5. Modses of Compilation 9-3
9.1.86. The Command Structure of a Typical Compile Job 9-3
9.1.7. The Format of a Moduie 9-3
9.1.8. Kinds of Modules 9-5
9.2. KINDS OF STATEMENTS AND SCOPE RULES 9-5
9.2.1. Kinds of Statement 9-5
9.2.2. Declaratives 9-8
9.2.3. Imperatives 9-6
9.2.4. Directives 9-8
9.2.5. Procedure Definitions 9-7
9.2.68. Blocks 9-7
9.2.7. Scope and Block Structure 9-7
9.2.8. '‘Statements’ as the Compiler seses them 5-9
9.3. BASIC ELEMENTS OF THE LANGUAGE 9-10
9.3.1. Symbois 9-10
9.3.2. Statsment Separators 5-10
9.3.3. Commsents 9-11
9.3.4. Names 9-11
9.3.5. Constants 9-11
9.3.5.1. Decimal Integer Constants 9-11
9.3.5.2. Hexadecimal Constants 9-12
8.3.5.2. Character Constants 9-12
9.3.5.4. Multi-character Constants 9-12
9.3.5.5. Character Strings 9-13
9.3.5.6. Raal Constant 9-13
9.3.5.7. Real Hex Constant 9-13
9.3.5.8. Name Constant 9-14
9.4. DIRECTIVE STATEMENTS 9-14
8.4.1. Arsas 9-14
8.4.2. Compiier OQutput 3-15
8.4.3. Initialisation 9-15
5.4.4. Binary Patching 9-186
9.4.5. MUSS Library Celis g-18
8.4.6., Vstors Typs g-16



ISSUE 10 DOCUMENTATION 17 Nov 82
mssss ﬁ%UER MANSAL UPDATE LEVEL PAaion“ntks

9.5. DECLARATIVE STATEMENTS 9-17
9.5.1. Label Declarations 9-17
9.5.2. Variable Declarations 9-17
9.5.3. Procedure Declarations 9-19
9.5.4. Literal Declarations 9-18
9.5.5. Data Vectors 9-20
9.5.6. Type Declarations 9-21
9.5.7. Examples of Variable/Typa Declarations 9-22
9.5.8. Fisld Declarations 9-23
9.5.9. Space Declaration 9-23
9.5.10. V-store Declarations 9-24
9.5.11. Import Declarations 9-24
9.6. OPERAND FORMS 9-25
9.6.1. Variablies 9-25
8.6.2. Constants 9-26
9.6.3. Field Declarations 9-27
9.6.4. Procedure Calls 89-27
9.6.5. Built-In Functions 9-27
9.6.5.1. Dynamic Allocation of Store 9-28
9.6.5.2. Address Manipulation 9-28
2.8.5.3. Interpretive Library Calls 9-29
9.7. IMPERATIVE STATEMENTS 9-30
9.7.1. Computations 9-30
9.7.2. Typse 9-32
9.7.3. Conditions 9-33
9.7.4. Control Statemenis 9-34
9.7.5. Implicit Blocks 9-35
9.7.6. Examples of a Procedure Definition 9-35
9.8. OPERATIONAL CHARACTERISTICS OF THE COMPILER 9-36

10. FORTRAN 77 10-1
10.1. INTRODUCTION 10-1
10.2. NON-STANDARD FEATURES 10-1
10.3. PROGRAM LAYOUT 10-2
10.4. FAULT MONITORING 10-2
10.4.1. Compile Time Faults 10-2
10.4.2. Run Time Faults 10-2
10.5. COMPILER DIRECTIVES 10-3
10.5.1. End of Program 10-3
10.5.2. Import Library Procedures 10-4
10.5.3. Import Whoie Library 10-4
10.5.4. Creating Fortran Libraries 10-4
10.5.5. Storage Control in Fortran 10-5

10.6. INPUT/OUTPUT

10-8



ISSUE 10

17 Nov 82
UPDATE LEVEL

MUSS DOCUMENTATION
MUSS USER MAMUAL

Contsnts-8
PAGE

11.

12.

13.

14.

15.

10.7. IMPLEMENTATION DEPENDENCE
10.7.1. Accuracy

10.7.1.1. MUSBG

10.7.1.2. VAX

10.7.1.3. MC88000

10.7.2. Stop and Pause

10.8. COMPILER PARAMETERS
10.8.1. Mode Parametsr

COBOL
11.1. INTRODUCTION
PASCAL
12.1. INTRODUCTION
12.2. RESTRICTIONS
12.3. EXTENSIONS
12.4. CONFORMANCE TO PASCAL TEST SUITE
12.5. IMPUT AND OUTPUT
12.6. COMPILE TIME PRAGMATS
12.7. COMPILE TIME ERRORS
12.8. PASCAL LIBRARIES
12.9. RUN TIME STORE USE
VIRTUAL STORE MANAGEMENT
13.1. COMMANDS
CREATION AND CONTROL OF PROCESSES
i4.1. PROCESS CREATION
14.2. SCHEDULING
14.3. CPU TIME
14.4. INTERRUPTS
14.5. COMIMANDS
INTER-PROCESS COMMUNICATIONS
15.1. MESSAGE COMMANDS

10-7
10-7
10-7
10-7
10-7
10-8

10-8
10-8

11-1

111

12-1

12-1

12-1

12-2

12-2

12-3

12-3

12-4

13-1

13-2

14-1

14-1

14-1

14-2

14-2

14-2

15-1

15-2



ISSUE 10

17 Nov 82
UPDATE LEVEL

MUSS DOCUMENTATION
MUSS USER MANUAL

Contents-7
PAGE

15.2. DIRECT COMMUNICATION COMMANDS
16. CONVENTIONS FOR NETWORK COMMUNICATIONS

16.1. LAYCUT OF MESSAGES

16.2. COMMUNICATION WITH PERIPHERAL CONTROLLERS
17. DISC AND MAGNETIC TAPE FACILITIES

17.1. COMMAND PROCEDURES

17.1.1. Organisational Functions

17.1.2. Fixed Block Transfars

17.1.3. Variable Block Transfers

17.2. UTILITIES

18. BENCHMARKING AND PERFORMANCE
MEASUREMENT

18.1. COMMANDS

18.1.1. Organisational Command
18.1.2. High-Leve! Procedurss

19. ACCOUNTING AND USER MANAGEMENT

19.1. COMMANDS
19.1.1. Primitive Commands

19.2. HIGH-LEVEL COMMANDS
20. OPERATOR FACILITIES
20.1. CONFIGURATION
20.1.1. Configuration Commands
20.1.2. Configuration Fils
20.2. OPERATOR MESSAGES AND LOGGING INFORMATION
20.3. MISCELLANECUS COMMANDS
21. LIBRARIES
21.1. LIBRARY SEGMENTS
21.2. THE SYSTEM LIBRARY
21.3. PRWATE LIiBRARIES
21.4. PROCEDURES FOR CONSTRUCTING LIBRARIES

21.5. PROCEDURES FOR IMPLEMENTING CALLS ON LIBRARY
PROCEDURES

15-4
16-1
16-1
16-2
17-1
17-1
17-2
17-2
17-3
17-3
18-1
18-1
18-1
18-2
19-1

19-1
19-1

19-3
20-1
20-1
20-2
2C-86

20-7

21-2
21-2
21-2

21-4



17 Nov 82
UPDATE LEVEL

ISSUE 10 MUSS DOCUMENTATION

MUSS USER MANUAL Contents-8

PAGE

21.6. INTERPRETIVE CALLING OF LIBRARY PROCEDURES 21-4
22. MISCELLANEOUS COMMANDS 221
23. THE COMPILER TARGET LANGUAGE (MUTL) 23-1

23.1. INTRODUCTION 23-1

23.1.1. Registers 23-4

23.1.2. Arithmetic precision. 23-5

23.1.3. Insiruction and Data Stores. 23-5

23.1.4. Operand types and lengths. 23-5

23.1.5. The CPU. ‘ 23-8

23.2. OVERVIEW OF MUTL CONCEPTS 23-6

23.2.1. Compiiation Units {Modules) 23-8

23.2.2. Storage control 23-7

23.2.3. Data types 23-7

23.2.4. Allocation of names 23-7

23.2.5. Ccode efficiency and optimisation 23-8

23.2.6. Program error detection and diagnostics. 23-8

23.2.7. MUTL Code Qutput. 23-8

23.3. TYPE DEFINITICNS 23-9

23.4. STORAGE MAPPING 23-12

23.5. STATIC DATA STORAGE DECLARATION 23-14

23.6. LITERAL DECLARATIONS 23-18

23.7. PROGRAM STRUCTURE DECLARATIONS 23-20

23.8. LABEL DECLARATION 23-23

23.9. PICTURE DECLARATIONS 23-24

23.10. CODE PLANTING 23-24

23.10.1. Operation Codes 23-25

23.10.2. Operands 23-32

23.10.3. Restrictions on the Use of Operands 23-32

23.10.4. Accumuiator Mode Conversions 23-33

23.10.5. Mathsmatical Functions 23-36

23.11. MUTL INITIALISATION 23-40

23.12. TARGET MACHINE PARAMETERS 23-42

23.13. DIAGNOSTICS 23-44
24. COMPILER WRITER UTILITIES 241

24.1. DISASSEMBLER 24-1



ISSUE 10

MUSS DOCUMENTATION
MUSS USER MANUAL

17 Nov 82
UPDATE LEVEL

Contents-9
PAGE

24.2. SYNTAB

24.2.1. The Notation for describing Syntax

24.2.2. The Syntactic Scan Procedure

24.2.3. Operation of the Scan Procedure

24.2.3.1. Analysis Records
24.2.4. Cosynes

25. GRAPHICS UTILITIES

25.1. COMMAND PROCEDURES
25.1.1. Organisational Commands

25.2. SPECIAL DEVICE FEATURES
25.2.1. Genisco

APPENDIX 1 CHARACTER CODES
APPENDIX 2 FAULT REASONS
Index

Figures

Figure 23-1 MUSS Language Structure

24-1
24-1
24-5
24-5
24-5
24-6

25-1

25-1
25-1

25-2
25-2

h-1

23-2



ISSUE 10

17 Nov 82

UPDATE LEVEL

MUSS DOCUMENTATION
MUSS USER MANUAL

PAGE

1. INTRODUCTION TO THE SYSTEM

MUSG has a general-purpose opersating system (known as MUSS) which has evolved from the design
of the MUS operating system. Its development has been characterised by a strong emphasis on
producing an efficient and compact system. At the same time, ease of modification has been an
important objective, and it is expected that individual users and instaliations will modify and extend
the system to suit their own needs.

The central part of MUSS which would be common to all installations is known as the MUSS Basic
System. It is designed primarily for use in an interactive computing environment although it also
allows for the specification and input of complete jobs as in a batch system.

The rest of this chapter is a short description of the organisation of the MUSS system, in order to
introduce the essential background information and terminology.

1.1. PROCESSES

From the user point of view the software in the machine can be regarded as consisting of a number
of concurrent activities, cr processes, for example

control of the lineprinter
management of the system accounts
exacution of a user job.

In principle each of these processes can be thought of as exacuting within its own dedicated computer,
but having some means of communicating with the other processes. Howsver, it is a characteristic
of many operating system activities, and user jobs, that they require the use of a processor for only
relatively small amounts of time. Thae rest of the time is spent waiting for something to happen. For
example, waiting for the lineprinter to finish printing the current line, for a user process to supply more
output for printing, or for an on-line user to type his next line of input. Consequently, it is possible
for all of the processes to shars the uss of a single processor. A part of the operating system known
as ths "kernel" allocates the processor to processes as required, giving each process the impressicn

that it has a complete machine tc itself.
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1.2. VIRTUAL MACHINES

The kernel of the MUSS operating system provides each process with a "virtual machine” in which
to execute. The virtual machine consists of

(i) A share of the available processor time. As far as the process is concerned, it appears
to have a complete processor to itself and need not be concerned with the fact that it
is shared with other processes.

(ii) A share of the available store. In MUSS each process has a large virtual store which is
divided up into logical units of information called segments, each of which can be up
to 256K bytes long. Scme of the segments are private to the process, and cannot be

accessed at all by other processes. Others are common to all processes, and contain

all of the system software; generally, processes are prevented from modifying the
information in these common segments.

(iii) A library of procedures which the process may call. These reside in the common
segrnents and so are available to all processes. They can be thought of as built—in
operations, extending the instruction set provided by the actual processor.

An impertant feature of the virtual machine is that each process appears to have an entire machine
to itself, with compiete freedom to organise itseif within this machine. Thus, processes need not be
written in the knowledge that they will be sharing the computer with other processes. Input/output
is dealt with by calling library procedures, which give each process the appearance of having its own
sat of input/output devices.

1.3. MESSAGES

The processes of an operating system are not in general independent of one another, but need to
communicate. In MUSS, processes communicate with one another by sending and receiving
messages (using built-in library procedures to do this).

Every process in the system has a unique name, by which the other processes (and users) may refer
to it, and any process can send a message to any other by specifying its name. (In fact, an internal
process identification consisting of a System Process Number (SPN) and a Process Identifier (PID) is
used, but these can be found from the process name). A single message may ccntain any amount
of information from a few bytes to 258K bytes.

The message system also forms the oniy means of communication between the process in a virtual

machine and the outside world. Peripheral devices are contrclled by special processes called device

controllers, which communicate with other processes via the message system. Thus for exampis,
information to be printed on a lineprinter must be sant as a message to "LPT", the device controller
in charge of the lineprinters.

1.4. SUPERVISORS

User jobs are introducad into the system by processes cailed supervisors. A supervisor is a process
which services raquests (in the form of messages) from users to start jobs. Its main function is to create
and start new processes to execute these user jobs, but it can also exert some control over the
exscution of any process which it has creatsd by use of the appropriate operating system procedures.
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There is a basic supervisor permanently resident in the systsrn called JOB. In addition, any other
process may act as a supervisor to provide altarnatives to the basic system facilities. It was anticipated
originally that this facility would be used to provide several alternative supervisors, each with its own
job control language, specialised towards the needs of different user groups. In practice this has not
been necessary because the basic system has proved to have sufficient flexibility for all users.

The role of the basic supervisor is simply to create a virtual machine to run a process. This process
then interprets its own job control commands. In fact, the job control commands take the form of calls
on library procedures which are to be made within the virtual machine running the process. Differing
user needs are met by the variety of procedures available. Some procedures might in practice be
interpreters of cther job control languages. However, even this facility has not been exploited because
job control procedures, like other library procedures, can be called from programs written in the
high-level languages and complicated job control sequences involving conditional and repeatad
actions can be written in the standard high-level languages.

1.5. THE SYSTEM LIiBRARY

Pre-loaded into every virtual machine created by MUSS (except as stated below) is a set of compiled
{executable) library procedures. These provide the process with access to all of the facilities of the
system, and include

mathematical functions

basic input/output procedures
compilers

editors

job control procedures

JCL interpreters

operating system interface procedures
(SEND.MESSAGE’, for example).

The remaining chapters in this Manual are mainly concerned with specification and use of these
procedures.

The average user would not normally have contact with the operating system interface procedures.
They are used by the supervisors, the basic input/output procadures which interface the users read
and print commands into the message system, and the job control procedures. The job control
procedures are mainiy concernad with defining the environment in which programs are to run. This
usually means defining ths ‘documents’ which form the inputs and outputs of a program.

There is symmetry in the system between user programs and users typing commands on terminals.
Either may use any library procedure. Also the user can extend the set of procedures available to him
by introducing his own private libraries as described later.

Some impiementations of MUSS on small machines may not have ail of the above facilities in thse
system library. In this case the omitted facilities are normally available as private libraries (Chapter
21) under the username UTIL. To aid in recognition, these libraries usuaily have the nams of the
principal procedure which they contain. If any unexpected error 7/2 "Command Name Unknown® is
received, users are advised to check if the required command is implemented as private library under
UTIL. Users are warned that there may be iocal additions under this ussrname which may not be
documanted in this Manual.
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1.6. ACCOUNTING

The accounting system on MUSS is designed to ensure that all users get a fair share of the facilities
available. Each object in the system that can be consumed or borrowed from a central pool is cailed
aresource. An example of a resource which is consumed is line-printer output. Space in the filestore
is a reusable resource; it is borrowed from the system when a new fiie is created and returned when
the file is deleted.

For each consumable resource that he is allowed to use a user has a balance which records how much
more he can use before he becomes overdrawn. The units which indicate the balance are a kind of
mcney used to control the allocation of system resources. Within each resource, charges may be made
at different rates depending on the quality of service provided. Thus one second of CPU time a% Priority
8 will deplete a user’s balance more than one second at Priority 9.

Similarly, for each reusable resource, there is a value indicating the maximum number of objects of
that type that he can borrow at any instant (the maximum number of files in his directory for example).

At regular intervals (usually every day) users will have a fixed amount added to their balances of
consumable resources. These "regular intervals" are termed accounting periods and the fixed amount,
an income. If a user doesn’t consume alil of his income in an accounting period, then his credit in
that resource will accumuiate up to a limit set by the System Manager.

Cne resource a user may be given by the System Manager is that of having subordinates: that is, other
users to whom he gives a portion of his allocation of resources. He becomes, in effect, a "local System
Manager” creating and deleting users and controlling their use of resources.
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2. USING THE SYSTEM

This chapter gives an introduction to the simple use of the MUSS operating system. More detailed
descriptions of particular areas are given in later chapters. Because MUSS is primarily an interactive
system, the emphasis in this chapter is on interactive operation, but all of the commands described
can be used equaily well in both batch and interactive contexts.

2.1. INTERACTIVE OPERATION

2.1.1. General

The MUSS Basic System is designed primarily for interactive use via serial teletype-like devices, and
the system normally responds to input only after a complete line has been entered. A line of input
is terminated by typing either a carriage return (CR) or a newline (NL) character; in the former case
the machine will precede the next output by a newline. After processing a line of input, the system
usually responds with a prompt requesting further input. In general this prompt may be any sequence
of characters, but a number of standard prompts are defined for certain common situations. These
are:

LOGIN: The terminal is currently idle, and a valid logging in command (see 2.1.2 below) must
be given before it can be used.

* % The terminal is logged in, and the system expects the next line to be a job control
command (see 2.3 below).

-> This prompt is used quite commonly in casss other than the abovs.

A further common convention is that when text is being input, during editing or in the NEW command,
the system prompts with the character which will terminate the text input.

At any time while a line is being input, the last character typed may be deleted by typing the backspace
character (CCNTROL H). This may be repeated as often as necessary to delste further characters, as
far as the start of the line. The entire line may also be delsted by inputting the character CANCEL
{CONTROL X).

A user’s job may be interrupted at any time by pressing the BREAK key on the terminal. The effect
of doing this depends upon what the job was doing at the time. In many cases the current activity
will be abandoned, and the system will prompt for a new job control command. Another form of
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interrupt can be caused by typing the XOFF character (CONTROL S) while the job is outputting on the
terminal. The effect of this is to hait the output, and either an XON character (CONTROL Q) to continue
the output, or a BREAK, should then be input.

2.1.2. Logging in

Before using the system, a user must identify himself by legging in. The normal logging in command
is

*%#M JOB username password jobname options

Where 'JOB’ identifies the supervisor to be used, ‘'username’ and "password’ identify the user who is
logging in, ‘jobname’ is the name the user wishes to call his job. All of this information must be
supplied, but the user may also optionally supply a time limit and a priority for his job. For an
interactive job, priorities in the range 8-11 should be specified, where 8 is the highest priority; if no
priority is given, priority 11 will be used. High priority should resuit in a faster response relative to
other jobs, but high priority jobs are charged for their processing time at a higher rate than low priority
ones.

Provided that the logging in command was satisfactory, the system will respond by printing the
jobname, time and date, and a prompt for 2 job control command (¥%%).

examples:

*#¥M JOB X003 XPMGRZS XO3ED

*#x¥M JOB X03 XPMGRZS XO3COMP C1000

*#*M JOB X03 XPMGRZS XO3FAST P8

*##M JOB X03 XPMGRZS XO3SHORT P8 C10
*##4 JOB X03 XPMGRZS XO3LONG C10000 P10

2.1.3. Logging out

To log out from the system, the STOP command is used. This prints the time and date, and the amount
of processing time used, and sets the terminal into an idle state so that a subsequent line of input
will result in the 'LOGIN:” prompt.

2.2. BATCH OPERATION

Al! of the basic system commands of MUSS can be used in batch mode as well as interactively. The
output from a batch job is normally sent to a lineprinter close to the point where the job was submitted.
The only changes required to run a job in batch mode ars

i) The first line should be identical to the logging-in command described above, except that
it begins with ###A instead of *%%M.
i) Priorities 12-15 should be used for batch jobs, with 15 meaning lowest priority. If no

priority is spacified, 14 will be used.
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The STOP command should be followed by “#%%Z° on a line by itseif.
Example of a complete (but useless) batch job:
*#%#A JOB X03 XPMGRZS XQ3COMP2
STOP

*%%7Z

2.3. JOB CONTROL COMMANDS

After successfully logging in (or after the "##*#A’ line of a batch job), the user types commands which
direct the execution of the job. The interactive system prompts with "%’ whenever it is expecting
such a command.

All of the commands which may be used are procedures in the system library (or in some private user
library, sse Chapter 21). In fact, any procedure in the system library can be used as a job control
command. Conversely anything which can be used as a command can also be called as a procedure,

by programs in any of the programming languages supported by the system. For more details, refer
to the specific language chapters in this manual.

2.3.1. Command Format

A command is input as the name of the command to be called, followed by its parameters if any.

COMMAND PARAM1 PARAM2 ... PARAMN
The command name and its parameters are separated by spaces and the entire command is
terminated by a newline. Rightmost parameters may be omitted, in which case zero will be substituted;

most of the commonly-used commands will give a suitable default value in this case.

Command Examples (the paramater forms are explained below).

LISTFILE PROG LPT* lists the file PROG on the lineprinter
LISTFILE PROG _ lists the file PROG on the terminal
LISTFILE O LPT# lists the "current file” on the lineprinter
LISTFILE lists the "current file” on the terminal.

In the command descriptions in this Manual, many of the command namss contain the character *.’
for example LIST.FILE. This is for readability only, and is not actually required, and "." typed anywhere
in a command name will be ignored.

Optionally, the command name may be preceded by two asterisks
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#*LISTFILE PROG

This form is normally only used if commands are to be executed during compilation of a program;
all of the system compilers recognise lines beginning with ‘##%’ and interpret such lines immediately
as job control commands.

2.3.2. Command Abbreviations

All of the commands are in fact procedures in the system library. Some of these procedures have
a unique two or three letter abbraviation which may be used instead of the full procedure nems. For
example, LISTFILE may be abbreviated to LF. The abbreviations are given with the command
descriptions in the manual, and also in the summary of commands in the INDEX.

2.3.3. Parametsrs

Most of the procedures in the system library have parameters and results of only three different types,
denoted in this manual as 11!, and C. | represents a single length integer value equivalent to the type
INTEGER in MUSL; li represents a 64-bit item (LOGICALE4 in MUSL) which in most cases is used to
pass an 8-byte packed character string; C represents a singie character (LOGICALS8). In addition to
these three basic types, vectors may be specified (denoted [11, [lI] and [C]), and also pointers or ADDR
type variables (denoted 41, ©1l and #C). The distinction between [I] and 41| is that [I] represents a
specific number of integer elements, whereas 4| merely points at one such object and can be used
to access any number of integers starting at that point. A fourth type of parameter, a pointer to a
procedure, is also occasionally used. This is denoted by the letter P.

Within the command descriptions, the types of the parameters are indicated by the command heading,
e.g.

LIST.FILE{[CLICLL)

This means that LIST.FILE has four parameters, of which the first two are vectors of characters and
the last two are integers. The parameters are referred to individually as P1, P2, etc. Some command
descriptions may also refer to a set of global variables PWO, PW 1, stc (of size ADDR) and PWWO,
PWW1, etc. (of size ll). These are sometimes used for passing resuits back from library procedures
and are not usually of importance in job control contexts, with the axception of PWO which returns
status information on completion of a command. If PWO = O, the command completed successfully;
otherwise PWO contains a fauit number. The fault numbers are listed in Appendix 2, but the command
interpreter wiil normally output a suitable error message if such a fault is detected.

Job control parameters may be written in three different ways: as a decimal integer, a hexadecimal
value, or a character string.

The decimal integer form is the normal representation for parametsrs of type . If it is used for either
of the other two parameter typss, it will be interpreted as a character string of decimal digits. An
exception is the decimal integer '0’, which is always treated as a numeric zero {this allows zero values
to be supplied for parameters of type il and 4 C, to cbtain defauit actions). The decimai integer may
be preceded by a '+’ or -

The hexadecimal form may be used for any type of parameter. The hexadecimal number is preceded
by "%’, and repetition of a digit may be indicated by a positive integer in brackets (e.g. %$FO(3)F is
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the same as %FOOOF). The number is evaluated as an |l quantity, and converted if necessary to the
required size.

Character strings are permitted for parameters of type |l and [C]. For Il parameters, the characters
are packed, right justified, and zero filled into a 684-bit word. If too many characters are supplied,
the last eight are taken. For a [C}-type parameter a descriptor to the whole string is created.

2.4. USING FILES AND DOCUMENTS

A high proportion of all job control commands, and many of their parameters, are concerr.ad with
setting up inputs and outputs. Physical input/output exists as "documents”, which may take a variety
of forms' for example, a deck of cards; a lineprinter listing; a file, or a "conversation” at an interactive
terminal. Within a job, documents are assigned to streams for precessing, using commands which
are described in detail in Chapter 3. However, many of the most commonly used system commands
have parameters which relate directly to input and output documents, and assign these documents
automatically to streams for the user. This kind of parameter is referred to as a "documeant name”.

2.4.1. Documsent MNames

Generally there are three main "kinds" of document which may ba used, and three corresponding forms
of document name. These are:

i) A file, in this or another user’s filestore. This is normally written as a filename of up to
8 characters, the last of which must not be ‘#’. If another user’s file is to be accessed,
the file name is followed by '/username with no intervening spaces. In this case, of
course, the file owner must have given permission for this user to access the file (see
Chapter 5). Examples
EDIT FiLE 1 FILE2
FORTRAN FORTPROG/GRF

ii) An input/output device, or process. Cutput can be diracted to any procass in the system,
by giving the process name followed by "#° as the document name. This is mainly used
to send output to device controllers, such as LPT# {the lineprinter), PTP#* (paper tape
punch). In a multicomputer system, if the process is in another machine its machine
identifier will normally also have to be appended. Examples
LISTFILE FILE1 LPT#

LISTFILE FILEY LPT+/CSD
if output is to be discarded completely, the document name #* may be used.

Normally only supervisors accept input directly from devices and other processes. For
this, the DEFINE.INPUT command described in Chapter 3 must be used.

iii) A stream which has aiready been assigned a document, using the DEFINE.INPUT or
DEFINE.OUTPUT commands described in chapter 3. in this case the special name STRn#*
{for stream n) may be used. Example
LISTFILE FILE1 STR2#*



ISSUE 10

17 Nov 82
UPDATE LEVEL

MUSS DOCUMENTATION

MUSS USER MANUAL =8

PAGE

2.4.2. The Current File

There is one further kind of document, called the current file. This is like a file, but it exists only for
the duration of the job unless some explicit action is taken to save it as a permanent file. The
corresponding document name is zero, and so it can be used as a default parameter that is, if no
document name is specified by a command, then the current file will normally be used instead.

At the start of a job the current file is undefined. Certain commands, described later in this chapter,
allow the user to set and alter the current file. Once it has been defined, omission of an input document
name parameter will normally resuit in the current file being used instead. If an input document name
is omitted when no current file is defined, or when the current file has already been assigned to another
stream, the currently selected input stream is used.

In the case of output documents, omission of the parameter causes the current file to be updated with

whatever is output. There are a few commands which do not follow these general rules. For example,
LISTFILE always defaults its output to the currently selected stream if the parameter is omitted.

2.5. COMMONLY-USED COMMANDS

2.5.1. File and Current File Commands

These commands allow the user to manipulate files and set up the currentfile. To access another user’s
files, the form "filename/username” should be used (see Chapter 5).

1) NEW([C].C)
This command is normaily used to input text files. P1 is the name of an output document to be created,
and P2 is a single character terminator. Input is copied from the current stream to the specified

document, terminating when a line is found which starts with the terminator. If the terminator is
omitted, '/* is used. The system prompts for more input using the terminator as prompt.

2) OLD([C])

This command designates a file, specified by P1, as the current file.
3) SAVE([C])

This command preserves the current file as a permanent file. P1 gives the file name. If a file of this
name exists airsady, it will be replaced. The file continues to be the current file.

4) DELETE{[C]) DEL

. This command is used to erasa a file (P1). If P1 is zero, the current file is. deleted.

8) RENAME({[C1.il} REN
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This command is used to change the name of an existing file. P1 specifies the old file name, which
may be in another user’s directory, P2 specifies the new name. If the new file name aiready exists
in the directory, an error is signalled.

6) LIST.DIR(C,[C]) LD

This command lists, on the currently selected output stream, the files in the current user’s directory.

P1 is used to indicate the level of detail required in the directory listing, as follows:

P1 = 0 File limits and list of file names.
P1 = "N" File limits and list of file names.
P1 = "L" File limits only.

P1 = "A" All information.

P2 may be used to select a subset of the files in the directory. If P2 is non-zero, only files whose names
contain the string P2 will be listed.

7) LIST.FILE{[C][C].L]) LF

This command is used to list a text file with page and line numbers. P1 specifies the document to
be listed, and P2 the destination. If P2 is zero, the listing is on the currently seiected output stream.

If the last two parameters are zero, the whole file is listed, but they can be used to specify a first and
last line.

8) COPY.FILE{[C]IC]LLLY) CF

This command copies data from the document specified by P1 to the destination given by P2. P3
gives the type of output document (see Chapter 3), and is interpreted as follows

SET TYPE OF OUTPUT DOCUMENT =-=-- |

TYPE - 00 CHARACTER = ———————
01 BINARY
10 UNIT
11 RECORD

If no typse is provided, the output document will be in the same format as the input document. By
specifying a type, this procedure will convert a document between the different types.

P4 and PS5 specify starting and finishing positions within the input document. They are in the form
as returned by i.POS (see Chapter 4).

Where the ocutput document is defined to be of type unit or reccrd, P8 gives the unit size or maximum
record size.
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9) EDIT([CIIC]) ED

This command invokes the editor to modify a text file. A complete specification appears in Chapter
5.

10) LIST.PERMIT([C][C])

This command lists, on the currently selected output stream, the file permissions associated with the
current user’s directory.

P1 may be used to select a subset of the permissions. If P1is non-zero, only files whose names include

the string P1 will be listed. Similarly, P2 may be used to select a subset of the user names for whom
permissions have been granted.

2.5.2. Compiling and Running Programs

Additional instructions for compiling programs are given in Chapter 9 onwards. Here the rules for
simple jobs are summarised.

1) LANGUAGE([C][CLLDY

The commands for the standard system compilers FORTRAN, COBOL, PASCAL, MUSL, are all of this
form with the appropriate name substituted for LANGUAGE. P1 is the document name for the program
to be compiled. P2 is the document name for the compiler output. The remaining parameters specify

mode and library information (see beiow), and may normally be omitted.

P3 has the bit significant encoding.

| | | L1 | | | 8TL MODE BITS|

||

INHIBIT LSPEC GENERATION - .
RUN TIME M/C REAL SIZE | ]
1§ 64 BITS ———mmmmmmme |
RUN TIME M/C REAL SIZE |
1S 32 BITS ———————mmmmmmeeeee
SUPPRESS TL CALL -————c—eemm
SUPPRESS TL.END CALL -
RUN TIME MACHINE SIZE ————-—ce—

00 AS COMPILE TIME MACHINE

01 16 BIT ADDR 18 BIT INTEGER

10 32 BIT ADDR 32 BIT INTEGER

11 32 BIT ADDR 1€ BIT INTEGER

Normally a compiler will enclosa the compiled code in the MUTL statements
TL
TLMCDULE

TLENDMODULE
TLEND
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Itis only in situations where muiti module programs/libraries are to be compiled that the TL and TLEND
statements need to be suppressed. The TL mode bits are described in Chapter 23 but the main ones
are

i L 11 1

COMPILE A LIBRARY —————aee—- [
SUPPRESS RUNTIME DIAGNOSTICS ---

When compiling a library P4 specifies the maximum number of procedures permitted in the interface
of the library. If P4 is zero a suitable system default is used.

Note that if a library is to be used from the command level it may oniy contain procedures whose
parameters are of the types described in 2.3.3. If it is to be used by programs, its procedure
parameters may be any basic type or pointer but not a user defined type.

2) RUN([C])

This command enters a program compiled by an earlier compilation command, provided that the
compilation was error free. P1 is the document name to which compiler output has previously been
sent.

3) LIBRARY ([C1.}) LIB

This command loads a precompiled library P1 and links it in to the library directory structure so that
its proccedures become available as are the system library procedures. P1 is the file name of a compiied
library. P2 is the mode in which the library is to be opened. When a library procedure name is given,
the most recently loaded library directory is inspected first, therefore any user library procedures with
the same names as system library procedures will take precedence over the corresponding system
procedures. The facilities provided for creating library files are described in Chapter 21.

If P2 = O it indicates that the library is to be used in the ‘normal’ mode for the machine in question.
Normal mode on machines with large virtual memories means that the library document is opened
into the virtual memory. For machines with small virtual memories the norm is to overlay (MAP) the
library document into virtual memory on each call, P2 = 1 indicatss that the library is to be
permanently mapped. '
4) RELEASE.LIB ([C]) RL

This command unloads a user library (P1) and unlinks it from the library directory structure.

If P1 = O all libraries except the basic system library are unloaded.

2.5.3. Commands for job sequencing etc
1) STOP {i) STP

This command terminates the job, after disposing of its output streams. The current file is discarded.
P1 is a "reason code" for the termination. Zero indicates normal termination. A negative value
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indicates an abnormal (error) termination, in which case any remaining file outputs are not updated
{see Chapter 3. DEFINE.QUTPUT).

2} IN ([C])

This command causes job control commands to be read from the specified input document (P1). If
P1 contains the string "-1" the previously selected input document is restored.

3) RUN.JOB ([C]1[ClIC]) RJ

This command is used within one job to initiate execution of another as a separate {(background) job.
P 1 is the name of an input document on which job control commands for the new job may be found.
If it is left unspecified and no current file is defined, the commands for the new job are input from
the current stream terminated by "/* at the start of a line. P2 is the name of the supervisor to which
the job is to be submitted, in the form "process name#*" or "process name#*/machine name". If P2
is left unspecified, JOB is assumed. P3 is the "header" {i.e. # %A line) for the new job, with the "#*% %A
supervisor name” omitted. If P3 is left unspecified, a header line of the form "username password title"
will be generated, where username and password specify the current user and title is a unique
jocbname.

4) KILL (1)

This command may be used by any user to kill one of his own jobs, or by the operator to kill any job.
P1 gives the name of the job to be terminated.

5) PPC.SEQ (I)
This procedure processes one or more job control commands from the current input stream. If P1=0,
commands are processed as for a batch job; with P1 nonzero, commands are processed as for an
interactive job.

€) PPC.CMD

This procedure reads and processes a single job control command from the current input stream.

2.6. JOB CONTROL EXAMPLES
(1) A "Null Job

This is an example of a background job which does nothing useful, but it illustrates the small amount
of red tape required by all jobs. The meaningful commands would be placed before the STOP
command.

*%#A JOB USER PASS NULLJGB
STOP
*%%Z

(2) A 'Nuil’ Fortran Job

This job illustrates the structure required to compile and run an Fortran program. The actual program
would be placed after the FORTRAN command and before the END statements. The #END statement
is needad at the end of all programs submitted to the MUSS compilers in order to end the compilation
and switch back to command mode. A temporary return to command modse, for example to select a
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new input stream, can be made by embedding commands preceded by ‘#+%’ in the program text. If
a program requires input data it should be placed between the RUN and STOP commands. A user
program may return to command level by executing the final end.

##¥A JOB USER PASS NFTN

FORTRAN
END
*END

RUN

STOP

*%%Z

(3) A Fortran Job Using a File
This job illustrates two actions which would normally be used only by on-line users. The first is the
creation of a file (FILEX) which is followed by a call on the Fortran compiler to compile the file, after

which is a RUN command to run the program.

*#++A JOB USER PASS FJOB

NEW FILEX
END
*END

/

FORTRAN FILEX

RUN

STOP

%7

(4) A Fortran Job Using the Current File

The facility illustrated here would again be used by on-line rather than background jobs, but it suffices
to illustrate the mechanism. it is similar to the previous example, except that the file name has been
omitted in the case of both the NEW and FORTRAN commands, hence the current file is used. This
ceases to exist when a job ends, unless it is saved as a permanent fila by the SAVE command also
illustratad here. It should be noted that if any command fails, those following will not be sxescuted.
Thus if the program is faulty the file will not be saved.
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##%¥A JOB USER PASS CFJOB
NEW

END
*END
/
FORTRAN
RUN
SAVE FILEX
STOP
*%¥Z

(5) Saving a Compiled Fortran Program as a File

A compiled program can be saved, for subsequent running in a file specified as the second compiler
parameter.

*#%*¥A JOB USER PASS COMP
FORTRAN FILEX FILEY
STOP

%7

In this example a program in a file FILEX is compiled and the binary code is saved in a file FILEY. The
program can subsequently be run by giving FILEY as the parameter of the RUN command. For example

*#*A JOB USER PASS RUN1
RUN FILEY

STOP

**¥Z

If the program needs data it could appear after the RUN command. If it needs input/output streams
other than the defauit (zero) they would be defined before the RUN command. A similar mechanism
allows a private library of procedures to be compiled and filed. They can subsequently be used as
commands or by programs and in effect are an extension of the system library.

(8) An Example Interactive Session

in the example given below the computer output is underlined to distinguish it from the user's input.
On the actual system the distinction would be made by colour on devices which provide that facility.

The first command used after the log—in line is NEW, which is used to input to the current file a Fortran
program, for computing prime numbers. This is followed by the FORTRAN command which compiles
the program but finds one error. These are corrected by editing the current file. The first edit
statement copies to line 16 and ‘'windows’ the line. The second means

delete IR
insert ‘Rl
and window
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Positions may also be selected by context but it is more convenient to use line numbers when a
compiler gives them with the error reports. At the second attempt the program compiles correctly and
it is entered by the RUN command. Since the program contains a call for the READ procedure which
reads an integer, it prompts for data. When it is given the integer 20 it computes all prime numbers
lass than 20, and returns to command mode as a result of executing the STOP. However, a mistake
in the program causes all ones to be printed. On examining the program it is clear that PRIMES(P)
should have been set to | not 1 so this is corrected by editing. The program is recompiled and then
runs correctly. At this point the current file is saved and listed, and the user logs out.
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LOGIN:#%*M JOB D4 XXX DEMON
DEMON 16:52:49 08/04/81
**NEW

INTEGER SIEVE(1000),PRIMES(200),LIM,P,J
WRITE (*,200)

200 FORMAT(1X, TYPE PRIMES LIMIT, |3 FORMAT PLEASE’)
READ (#,100)LIM

100 FORMAT (13)

/

/

/

/

/

/ DO 1 1 =1,LIM

/ 1 SIEVE(1) = 0

/ P=20

/ DO 2 | = 2,LIM

/ [F (SIEVE(l) .NE. 0) GO TO 2
/ P=P + 1

7 PRIMES(P) = 1

/ DO 3 J = 1|,LIM ,1I

/ 3 SIEVE(J) = 1

/ 2 CONTINUE

/ WIRTE(*,201)LIM

/ 201 FORMAT(1X, "PRIMES UP TO ",13)
/ WRITE(*,202) (PRIMES(1), | = 1,P)
7 202 FORMAT(/(1X,8(13,4X)))

/ STCP

/ END

/ *END

//

#¥FORTRAN

MU FCRTRAN 3.81 16:59:58 08:04:81

1.16 WIRTE(*,201)LIM
‘P

*#ERROR*# IMVALID SYNTAX
NO OF ERRORS 1
##EDIT
=>C16W

1.16 )4~ WIRTE(8,201)LIM
=>D/IR/1/RI1/
=>W

1.16 ) WR!1 9 "TE(8,201)LIM
->E
<CFILE> AT 17:00:05 ON 08/04/81 0K
*#*FORTRAN
MU FORTRAN 3.81 16:00:12 08:04:81
#%£RUN
TYPE PRIMES LIMIT,!3 FORMAT PLEASE
=>020

PRIMES UP TO 20

i 1 1 1 1 1 1 1
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STOPPED:LINE 1. 20

#*EDIT
~>C/PRIMES (P) /W

1.12 )4~ PRIMES(P) = 1
->D/1/1/1/W
T 1.12 ) PRIMES(P) = | 4"~
->E

<CFILE> AT 17:00:38 ON 08/04/81 OK
**#FORTRAN

MU _FORTRAN 3.81 17:00:50 08:04:81
#*RUN

TYPE PRIMES LIMIT, |3 FORMAT PLEASE
5020

PRIMES UP TO 20

2 3 5 7 11 13 17

19

STOPPED: LINE 1.20
**SAVE DEMO
**DELETE

**LISTFILE DEMO

1.1 INTEGER SIEVE(1000) ,PRIMES(200),LIM,P,J
1.2 WRITE(*,200)
1.3 200 FORMAT (1X, 'TYPE PRIMES LiMIT, |3 FORMAT PLEASE’)
1.4 READ(#*,100)LIM
1.5 100 FORMAT (13)
1.6 DO 11 =1,LIM
1.7 1 SIEVE(l) = O
1.8 P=20
1.9 DO 2 | = 2,LIM
1.10 IF (SIEVE(l) .NE. O) GO TO 2
1.11 P=P + 1
1.12 PRIMES(P) = |
1.13 DO 3 J = 1,LIM ,I
1.14 3 SIEVE(J) =1
1.15 2 CONTINUE
1.16 WRITE(*,201)LIM
1.17 201 FORMAT(1X, 'PRIMES UP TO ",13)
1.18 WRITE(%*,202) (PRIMES{!), | = 1,P)
1.19 202 FORMAT(/(1X,8(13,4X)))
1.20 STOP
1.21 END
1.22 +END
*+*STOP

17:01:44 08/04/81 STOP REASON O
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3. INPUT/OUTPUT STREAM MANAGEMENT

3.1. INTRODUCTION

The input/output system was briefly introduced in Chapter 2. It was explained that physical
input/output exists as "documents”, which may take a variety of forms: for example, a deck of cards;
a lineprinter listing; a file, or a "conversation” at an interactive terminal. The input/output facilities
described in this Chapter and Chapter 4 provide programs with a common interface to ail kinds of
input/output documents, so that the programmer need not be aware of the actual source or destination
of a pariicular document, or even of its type. They also provide a common interface between the
input/output facilities of all of the programming languages, so that a file generated by a FORTRAN
program may be read by a COBOL program, and vice versa.

High-level language programs perform input and output operations using the faciiities of the language
in which they are written. These are described in the relevant programming language manuals.
However, all of the programming language facilitiss in MU6 are implemented in terms of the basic
operations described in the next Chapter and some languages use the basic operations directly. The
exact relation of the programming language facilities to the basic input/output system is described
separately for each language in the appropriate Chapter of this Manual.

Input and output operations in MU6 are organised in terms of logical input/output streams. Each
process may have up to 8 input streams and 8 output streams in use at any one time, and may switch
batween these at will. The most important functions of the basic input/output system are to provide
the means for

i) Assigning actual documents to input and output streams (usually by job control
commands).

ii) Selecting the particular stream to be used for each input/output operation.

iii} Performing actual input/output operations on a stream.

The basic operations provided are used by particular compilers to build up the complete set of
input/output faciiities for the corresponding programming languages. This Chapter describes the
stream assignment operations; the others are described in Chanter 4.
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3.2. CHARACTERISTICS OF INPUT AND OUTPUT STREAMS

3.2.1. Types of Input/Output Stream

The basic system supports four different methods for structuring input/output information, namely:

{i) As a sequence of characters, structured into pages and lines.

{ii) As an unstructured sequence of binary information.

{iii) As a sequence of equal-length records, called units. Internally, each unit may be regarded
as a sequence of characters or binary information.

{iv) As a sequence of variable~-length records, called records. Internally, each record may be

regarded as a sequence of characters or binary information.

Additionaily, there are two distinct ways in which a stream may be accessed, irrespective of how the
information within it is structured. These are termed random and sequential; the precise meaning of
the terms in this context will be explained later. The combination of data structuring techniques and
stream organisations gives eight different kinds of stream. Corresponding to these are eight possible
classes of input/output operations. In practice, however, random 1/0 operations are performed by first
selecting the required position and then performing sequentiai 1/0.

3.2.2. Types of Input/Cutput Operation

| FILE | SEQUENTIAL 1/0 |
| ORGANISATION | OPERATIONS |
| CHARACTER | IN.CH |
| | OUTCH l
| BINARY | IN.BIN.B |
| | OUT.BIN.B |
| | IN.BIN.S |
| | OUT.BIN.S |
| UNIT | IN.UNIT |
| | OUT.UNIT |
| RECORD | IN.REC |
| | OUT.REC |

Table 3.2~1 Summary of major i/0 operations.

b e e ———— e — —

Tabls 3.2-1 summarises the major input/output operations availabie, and classifiss them according
10 stream type. Obviously, the intention is that a given ciass of operations be used on a stream of the
appropriate type. Thus for example, one would expect IN.BIM.S to be used on an input siream, with
binary data.
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To achieve an efficient implementation, the system does not check for compatibility between
operations and stream type on every operation. Instead the user specifies, at the time of assigning
a document to the stream, which stream type is expected. Compatibility is checked at this point, and
the user is then expected to use only compatible operations. Furthermore, sequential character and
binary operations may be used within individual units or records of unit or record structured streams,
so that the compatibility rules are not quite as strict as the above would suggest.

3.2.3. Sectioned Streams

The actual document assigned to a stream may be either a file (or sequence of files) or a \nessage
(or sequence of messages). Each file or message, if there are more than one, is referred to as a section
of the stream. The division into sections is a physical convenience, and is not apparent to the program.
However, random access operation apply only within the current section of a stream.

When a sequence of files is specified as the document to be assigned, the files in the sequence should
have names obtained by incrementing the first file name. The incrementing is performed on the
assumption that the last character in the name is a decimal digit. Thus, for exampile, if the first file
is called "FILEO1", an orderly sequence from "FILEQ1" to "FILEQ9" may be used.

Production of sections for an output stream is controiled by two parameters of the stream, the section
size and maximum number of sections, which are specified when the stream is first defined. A stream
may also be broken into sections explicitly, using the BREAK.QUTPUT operation.

3.2.4. Message Streams - Messages and Synchronisation

A message stream consists of a sequence of messages from or to another process. Streams which
communicate with peripheral devices are of this type, since the devices are controlled by special
processes. Thus for example input and output on an interactive terminal uses message streams.

The system distinguishes between two types of message, called long and short messages. Long
massages are used for communicating with bulk input/output devices (such as card readers and
lineprinters), and short messages for interactive devices. The user need not be aware of the distinction
in the case of input streams, as the system will automatically read from whichever kind of message
is received. For output, however, the user must define which kind of message is to be usad on any
message streams he creates. If short messages are specified, the section size is determined by the
size of the buffer used — about 100 characters - and no section limit is imposed.

In the case of message input streams, the user also has to define what action the system should take
when an attempt is made to read beyond the last available message. There are two options: to wait
until further messages arrive, or to signal a fauit. The former is suitable for input from an interactive
terminal, and such a stream is referred to as an online input stream. The latter is mora appropriate
for batch input, which is normally all present before the job is started; such a stream is called on offline
input stream.

For messags output streams, the user may also wish to indicate that the output is to be synchronised
to the operations of the receiving process. in interactive operation, for example, it is undesirable for
a large amount of output to be genarated by a job in advance of its being printed. Two means of
synchronisation are possible, one automatic and the other explicit. In the automatic casse, the job is
suspended whan the message is sent, and can only be fread by the receiving process. This is used
to synchronise with an output device, as the output dsvice controllers will perform the freeing
operation, if necessary, on completing the output of a document. The aiternative method is 10 request
the recsiving process to send a message in repiy; this message must then be detected and raad
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expiicitly. This option enables a job to request notification when output is performed, without actually
being halted.

3.2.5. 10 Streams

An 10 stream is a stream on which both input and output operations may be performed. Usually, such
a stream will be randomly accessed, but this is not necessary. For sequential operations, a single
pointer is used for both input and output. Thus, interleaved sequential input and output operations
will operate on consecutive elements of the stream.

An 10 stream occupies both an input and an output stream. Releasing or re—defining either the input
or the output associated with an 10 stream causes both to be discarded.

3.3. ASSIGNING DOCUMENTS TO STREAMS

The eight input and eight output streams of a process are identified to the basic 1/0 system by stream
numbers in the range 0-7. Input and output stream O are normally used for the "default” input and
output stream associated with a job. For example a job submitted on cards will automatically have
input stream O assigned to the card input document, and output O to the lineprinter associated with
the input station; for an interactive job, input and output streams O are automatically assigned to the
terminal input and output respectively. The remaining streams are assigned by the user to any files
or cther documents which are needed during the course of the job.

Documents may be assigned to streams either explicitly by the user, or automatically by the software
he is using. in the case of standard system software such as compilers and editors, and of most
appiications packages, the assignment is automatic - the user supplies a "document name” as a
parameter, and the corresponding document is assigned behind the scenes to a stream. The main use
for explicit assignments arises in running a user’s own programs. Here, the language implementor will
specify the correspondence between the stream numbers of the operating system and the "logical
channels”, "files", or whatever are operated on by the program. It is then up to the user to assign
documents to the appropriate streams prior to entering his program. Scmetimes it is desirable to
operate on an explicitly assigned stream using system softwars, and special document names are
available to allow this to be done.

3.3.1. Procesdures for Defining and Releasing Streams
1) INIT.IO()

This procedure complstely re-initialises all input and output streams, abandoning any which are
currently defined. It is performad automaticaily at the start of a job and is not normally used again,
but it can be used a a drastic recovery measure in the case of very serious errors.

2) DEFINE.INPUT(L[C]LI) Di

This procedura defines a new input stream, overriding any existing definition of this input stream. If
the stream specified is defined already, any input being processed (i.e. the current section) on the
stream is discarded. If the currently selacted input stream is re—dsfined, it automatically remains
selectsd but with the new document assigned to it.
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P1 specifies the stream number to be defined (0-7). If P1 is negative a free stream number will be
selected by the system. The stream number actually used is always returned as the integer result of
the procedure.

P2 specifies the document which is to be assigned to the stream, and may take any of the forms

(@)

(b)

{c)
(d)

A filenamae, indicating that the document is a file, or a sequence of files if the mode (P3)
indicates that continuation is permitted. If the filename contains the character '/, it will
be interpreted as filename/username, and the file belonging to the user named will be
accessed provided that permission has been given. If no username is specified, the
currently selected directory is used.

Zero, indicating that the current file is to be used. The current file can only have one
section, and may cnly be assigned to one input stream at a time. If no current file is
available, the currently selected input stream will be assigned instead provided that the
mode (P3) allows this and that P1 was negative.

The character "#’, indicating that the document will consist of messages addressed to
this process” message channel P1. )

A stream name - STRO#, STR1#, etc. This enables an already existing stream (already
set up by a preceding DEFINE.INPUT) to be specified as a parameter. If P1 is negative,
the stream number of the named stream is returned; otherwise the document on the
stream named is re-assigned to stream P1 and the named stream becomes undefined.

P3 gives the mode to be associated with the stream, and is interpreted as follows

Notes
(a)
{b)

()

(d)

(e)

I;ITIS’JIT|TI?ITITI
SEPARATE SECTIONS —] ] ]
READ FROM HEADERS ONLY  —-——- BEE
ONLINE STREAM ——omomo BN
WAIT UNTIL FILE AVAILABLE ———-—meem |
EXCLUSIVE ACCESS REQUIRED =m=m—=m-mmm [
DEFAULT TO CURRENT FILE  ——-—-o-mmmmmm
FORCE COMPATIBILITY —  —oemmmmmmm |
UNKNOWN TYPE ~  mememmmmemeee |
TYPE - 00 CHARACTER ~  —m—m—mmmmmmmmmeemeee
01 BINARY
10 UNIT (SIZE IN P4)
11 RECORD

— S - S

o~ o —
OO Q0 w~w@Q I -

(2 bits) Defines the type of input stream expected - see section 3.2.1

Indicates that the type of stream is unknown and should be set from the type of the first
secticn.

Normally each section is checked for compatibility with the specified type, and the unit
size if the type indicatas unit structuring. Setting this bit causes the typs check to be
omitted. Not recommended!

Indicates the acticn to be taken when the file name (P2) is zero and the current file does
not exist or is unavailable. Zero means default to the current stream; 1 means signal an
error.

Indicates that exclusive access to the file is required. This means that while the stream
is defined, no other process may uss the file.

Indicates ths action to be taken when the file is unavailabie because either another
nrocess has exclusive access to it, or exclusive access is requested and the fiie is alrsady
open. O means signal an error; 1 means wait until the file is available. In the latter case
a fault may still be signalted if halting the process would lead to a deadlock.
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(9)
(h)
(i)

Indicates whether a message input stream is offline {0) or online (1); for a file stream,
indicates whether continuations are allowed (1) or not.

Indicates input should always be from the header, even for a long message — see section
3.2.4

Indicates that sections of the stream are not to be merged - i.e. the change to a new
section only takes place on an explicit call to BREAK.INPUT.

P4 gives the unit size, in bytes, if the mode indicates that the stream is unit structured.

3) DEFINE.QUTPUT(LLCLLLLII DO

This procedure defines a new output stream, overriding any existing definition of this output stream.
If the stream is defined already, any output produced and not yet dispatched (i.e., the current section)
is discarded. If the currently-selected output stream is re—defined, it automatically remains selected
but with the new document assigned to it.

P1 specifies the stream number to be defined. If P1 is negative a free stream number will be selected
by the system. The stream number actuaily used is always returned as the integer result of the

procedure.

P2 specifies the document which is to be assigned to the stream, and may take any of the forms

(a)

(b)

(c)

(d)

(e)
)

A filename, indicating that the document is to become a file, or a sequence of files if the
saction limit (P5) is greater than 1. If the filename already exists, the existing copy will
be overwritten when the stream is broken. If the filename contains the character /7, it
will be interpreted as filename/username and the file belonging to the user named wiil
be updated provided that permission has been given. If no username is specified, the
currently selected directory is used.

Zero, indicating that the document, on completion, is to become the current file or output
to the currently selected stream, depending upon the mode setting. The current file can
only have one section. The "current stream" option is only valid for negative P1.

A process name followed by a "#', indicating that sections of the document are to be sent
as messages to the specified process. This option is used for output to standard system
devicas — for sxample LPT* for a lineprinter, PTP#* for a paper tape punch. If the process
name contains the character '/, it will be interpreted as process name/machine name,
and the output will be sent to the machine named. Otherwise, the current machine is
assumead.

A stream name - STRO#%*, STR1#*, etc. This enables an existing stream {(aiready set up
in an earlier DEFINE.OUTPUT) to be specified as a parameter. If P1 is negative, the stream
number of the named stream is returned; otherwise the document on the stream named
is re—assignad to stream P1 and the named stream becomes undefined.

A reply name - REPO#*, REP 1#, etc. This indicates that any output produced is to be sent
as a reply to the last section received on the specified input stream.

The character '#° alone, meaning that any cutput producad on the stream is to be
discarded.

P3 gives the mode to be associated with this stream, and is interpreted as follows.
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1
{!) DEST CHANNEL —--—--- |
{k) SYNCHRONISATION ——=====-- | |
%00 Unsynchronised
%10 SUSPEND |
%08 REPLY TO CHANNEL O |
%09 REPLY TO CHANNEL 1 |
etc |
DISCARD ON ERRORS —————memmmee
SAVE ON ERRORS ===
SHORT MESSAGES -

— — —
=
— ——

(d) DEFAULT TO CURRENT STREAM —-—---—mmmmmemeem

(a) TYPE - 00 CHARACTER =———m——mmmmmo
01 BINARY
10 UNIT (SIZE IN P8)
11 RECORD (MAX SIZE IN PS§)

Notes

(a) Defines the type of output stream required — see section 3.2.1

(d) indicates the action to be taken when the filename (P2) is zero. O means default to the
current file; 1 to the current stream.

(h) Indicates output is to be produced in short messages (if a message channel) — see section
3.2.4

{i) Ses END.QUTPUT

(i) See END.OQUTPUT

{x) {5 bits) Defines the synchronisation method, if any, to be used with the stream - see
section 3.2.4

) {3 bits) Allows messages to be sent to a channel of the destination process other than
channei zero.

P4 and PS5 give, respectively, the maximum section size in K bytes and the maximum number of
sections. For short message streams, these parameters are riot used. A zero value for either gives an
instaliation—defined default.

P6 gives the unit size or the maximum record size, in bytes, for streams which are defined by the mode
to be unit or record structured.

a) DEFINE.IO(I,[CLLCILLLIN DIO

This procedure is used to define an 10 stream, and assign input and output documents to it as required.
If the specified stream exists already (either as an input stream, or an output stream, or both) the
existing definition is overridden and any existing input/output is discarded.

P1 specifies the stream number to be defined. If P1 is negative, a free stream (i.e. a stream number
for which neither input nor output is defined) will be selected by the system. The actual stream number
used is always returned as the integer resuit of the procadure.

P2 specifies the input source, if any, for the stream. This may take any of the forms allowed for
DEFINE.INPUT. If the stream name form, STRO#, STR1+# etc, is used, the stream must already be an
10 stream and P3 must specify the same stream name. An additional form, SCR#, spacifies that there
is no input documant and a stream is to be craated from scratch. The default to the current stream
is not allowed.
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P3 specifies the output destination. This may take any of the forms allowed for DEFINE.QUTPUT. If
the stream name form STRO#, STR1%* etc., is used, the stream must already be an |0 stream and P2
must specify the same stream name. The default to the current stream is not allowed.

P4 specifies the mode for the stream, and is interpreted as follows

| | | k Jjlil lg|fle| Jec[b| a |

for fields (m)-(i), see DEFINE.QUTPUT
for fields (g)-(e), (c)=-(a) see DEFINE.INPUT

P5 and P6 specify the section size and number of sections to be associated with the output part of
the stream. P7 specifies the unit size or maximum record size, in the case where P4 indicates a unit
or record organisation.

5) CHANGE.DEST{,[1])

This procedure enables the destination process for an existing message output stream to be changed,

without otherwise redefining the stream in any way. P1 gives the stream number whose destination

is to be changed. P2 is a vector of four single-length {l) elements, containing the system process

number (SPN), process identifier {PID) and channel number for the new destination, and a sequenze

number. This information may be found by calling IN.SOURCE - if the output is to reply to some input —_
already received - or LOOK.UP.PROCESS - if the output is to an explicitly named process.

6) DEFINE.STRING.INPUT(,[C].I.I) DSi

This procedure enables a vector of bytes specified by P2 to be assigned to input stream P1, so that
subsequent input operations on this stream read from the byts vector. If P1 is negative a free stream
number will be selected by the system. The stream number actually used is always returned as the
integer result of the procedurs. P3 gives the mode, as for DEFINE.INPUT, and P4 gives the unit size
if the mode specifies unit structuring. For record-structuring, only strings produced previously using
DEFINE.STRING.QUTPUT should be used.

7) DEFINE.STRING.OUTPUT(,[CLLII DSO

This procedure enables a vector of bytes specified by P2 to be assigned to output stream P1, so that
subsequent output cperations cn this stream write to the byte vector. If P1 is negative a free stream
number will be selected by the system. The stream number actually used is always returned as the
integer rasult of the procedure. P3 gives the mode, as for DEFINE.OUTPUT, and P4 gives the unit size
or maximum record size if the mode specifies unit or record structuring.

8) END.INPUT(L]) El

This procedure is used to releass an input stream which is no Ioﬁgar required. P1 specifias the stream
to be released.

Normeally, programs which define input streams release them using END.INPUT with P2 positive. This
wiil releass the stream, unless it was last assigned using the STRO# or "current stream” form of
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document name (see DEFINE.INPUT), in which case the stream continues to exist. If P2 is negative,
the stream will be released regardless. (Negative P2 is used when the stream is being reieased
abnormally, as a result of an error).

9) END.OQUTPUT(L)) EO

This procedure is used to release an output stream which required. P1 specifies the stream to be
released.

If P2 is positive, the final section of the output stream is dispatched to its destination in the usual way,
before being released. For negative P2, the action depends upon the mode associated with the stream,
and the type of stream. For a message output stream, the output will be dispatched unless ths
DISCARD bit in the mode (see DEFINE.QUTPUT) is set. For other stream types, the output will be
discarded unless the SAVE bit in the mode is set. (Negative P2 is used when the stream is being
released abnormally as a result of an error. By default, message streams are dispatched in this case,
whiie file streams are not. The SAVE and DISCARD bits allow this default action to be overridden if
necessary).

As with END.INPUT, the stream is not released for positive P2 if it was last assigned using the STRO*
or "current stream” form of document name.

Examples of Use of Stream Definition Commands

Of the commands described in this section, only DEFINE.INPUT and DEFINE.CUTPUT are normally used
as job control commands. INIT.IO cannot sensibly be used as it leaves ail streams undefined, and so
there is nowhere from which further commands could be read. CHANGE.DEST cannot be used easily
as the command interpreter does not provide any facility for representing vectors. The following
examples show the use of DEFINE.INPUT and DEFINE.QUTPUT in some common situations.

i) DI O % This is the command used automatically at the start of a batch
job, to initialise its default input stream. A message input
stream is defined, with all terminators suppressed except the
last. Any attempt to read a new section with no message
present results in a trap.

ii) DI O * %80 This is used automatically at the start of an interactive job to
initialise its default input stream. The difference between this
and (i) is that in this case, reading a new section with no
message present results in a prompt being output on stream
0, and the process being halted until a message arrives.

iii) DI 1 MFY This assigns the file MFY to stream 1. This is the kind of
command normally used to set up input streams prior to
entering a user program.

iv) DI 2 MFOO %80 This assigns the sequence of files MFOO, MFO1, .. to input
stream 2. A trap will be generated if, on trying to read a new
section, the required file is found not to exist.

v} DI 5 This is similar to case (iii) above, but the current file is assigned
to stream 5.
vi) DO O LPT#* This is the command used automatically at the start of a batch

job, to initialise its default output stream. A long message
stream of one section, with an installation—defined size limit,
and directed at the lineprinter control process, is defined.
vii) DOC 0 %180 This is the command used automaticaily at the start of an
interactive job, to initialise its default output stream. A short
message stream is defined, synchronised with the ocutput so
that the process awaits printing of each output section before
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viii) DO 1 OFILE

ix) DO 2 OFILEO1 0 50 10

x) DO 5 LPT* O 10

continuing. Each section of output is sent as a reply to the
process from which the current section of input stream O was
received (i.e. the interactive terminal).

This assigns the file OFILE to output stream 1 - i.e. on a
‘BREAK.OQUTPUT", the stream will be filed as OFILE. Only cne
section, of an installation—defined length (usually "infinite"), will
be permitted.

This defines an output stream which will produce the sequence
of files OFILEQ1, OFILEOZ2, ..., OFILE10. The stream will be
broken into sections every 50 K bytes uniess explicitly broken
earlier than this by the program.

This defines an output stream, directed at the lirzprinter,
consisting of one section (actually, an installation defined
default which is normally one) of at most 10 K bytes.

Examples of Automatic Stream Definition

Many of the examples given in Chapter 2 were in fact special cases of this facility.

i) NEW FILEX

i) FORTRAN FILEX

iii) EDIT FILEX FILEY

iv) FORTRAN

v) EDIT

vi) LF FILEX LPT*

vii) LF FILEX STR1#

viii) LF

FILEX is an automatically assigned output stream, directed at
the file specified.

An automatically assigned input stream, causes the source
program on FILEX to be compiled.

Automatically assigned input and output streams, FILEX is
edited to produce FILEY.

This causes the source program on the current file to be
compiled if one exists, otherwise the source program is taken
from the currently selected input stream.

The current file (if one exists) is edited, to produce a new
current file. In this case, if no current file exists, a fault is
generated.

The input stream is from the FILEX, the output stream is set up,
with default parameters, to the lineprinter.

In this case, the output stream is defined to be stream 1, which
must have been set up previously by a DEFINE.QUTPUT
command. This is useful (a) if it is required to use an output
stream with parameters other than the defaults, for example
one with more than one secticn, and (b) if it is required to
append the listing to the end of a stream which has already
some ocutput on it.

The current file is listed on the currently-selected output
stream (c.f. v above). A faultis generated if no current file exists.
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4. BASIC INPUT/OUTPUT OPERATIONS

The procedures in this Chapter are intended mainly for use in programs, rather than as job control
commands, and enable a program to perform the following functions

i) Select a particular stream to be used in all future input or output operations until another
stream is selected, and discover which stream is currently selected.

ii) Explicitly break an output stream into sections before the size limit for a section is
reached.

iii) Discover the mode, and other information, associated with a stream.
Perform actual input/output operations.

The basic input/output operations described in section 4.3 all operate on the currently selected input
or output stream, as specified by the SELECT.INPUT and SELECT.OUTPUT procedures.

4.1. PROCEDURES FOR STREAM SELECTION, ENQUIRY ETC

1) SELECT.INPUT(l) Sl

This procedure selects input stream P1 as the current input stream. All subsequent input operations
until the next call of SELECT.INPUT will read from this stream. A fault is indicated if the stream is not
defined at the time of selection.

On selecting a new input stream, the current position in the currently selected stream is remembered,
so that upon re-selection input can resumse from the present position.

2) SELECT.HEADER()

In the case of an input section which is a long message, this procedure causes subsequent input on
this section to be from the header. For short messages, input re-commencses from the start of the
saction. On switching to a new section, the header or main document is selected according to the
mode of the input stream (see 3.3.1 DEFINE.INPUT).

3} SELECT.DOC()

This procedure selects the main document of a long message. For a short messags, the action is
identical to SELECT.HEADER. On switching to a new secticn, the header or main document is selacted
according to the mode of the input stream (see 3.3.1 DEFINE.INPUT).
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4) BREAK.INPUT{l) Bl

This procedure advances input stream P 1 explicitly to the next section. If P1 is negative, the current
stream is advanced.

B) CURRENT.INPUT{)I

This procedure returns as its result the stream number of the currently selected input stream.

6) .MODE()!

This procedure returns the mode bits (see 3.3.1, DEFINE.INPUT) for the current input stream. The file
name (if any) associated with this input stream is returned in the global variable PWW 1, and the user
name in PWW2.

7) ILSEG()I

This procedure returns the segment number (if any) far the current input stream. A negative resuit
implies there is no segment - i.e. the current section is a short message.

8) LPOS{)I
This procedure returns as its 32-bit result the current position in the current input stream.

For character streams, the position is returned as a page and line number, with page occupying the
most significant 16 bits and line the least significant.

For binary streams, the byte position within the stream is returned.

For unit and record streams, the unit or record number is returned.

9) LBPOS()I

This procedure returns a 32-bit index into the current input stream. This may be used subsequently
as a parameter to SET..BPOS.

10) .SOURCE([1])

This procedure vyieids the identification of the process which sent the current secticn of the current
input stream, in a vactor of four | elements supplied as a parametsr. Atrap is entered if the input stream
is not a message stream.

P1{0] := system process numbser (SPN)

P1[1] := process identifier (PID)

P1[2] := channel te which replies are to be sent
P1[{3] := message sequence number.

This information is in a suitable form for use as ¢ paramseter to CHANGE.DEST or SEND.MESSAGE.
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11) LENQ()!

This procedure allows a process to enquire whether any inputis currently available at the current input
stream. The integer resuit is interpreted as follows:

| |dlc[bla]
(d) END OF INPUT -1 1 | |
{c) END OF AVAILABLE INPUT ———| | |
(b) END OF SECTION = ————- |
(a) END OF UNIT/RECORD e ——— |

Notes:

(a) is set when reading binary or character information from a unit or record-structured
stream, if the last item in the current unit or record has been reached. Any further attempt
at sequential binary/character input before selecting a new unit or record will generate
a fault.

{b) is set when the last item (character, binary element, unit or record) of a section has been
read.

(c) is set when the end of a section has been reached and no further sections are available.
For an online message stream (see 3.4.4), subsequent attempts to input an item
sequentially from the stream will cause the process to be haited. In all other cases,
attempts to perform further input will be faulted.

{d) is set when the last item (character, binary element, unit or record) of a stream has been
read. A subsequent attempt to input an item sequentially from the stream will generate
a fault.

With {b), (c) and (d) for unit and record structured streams, character and binary input within the current
unit or record is still possible.

12) SELECT.QUTPUT(l) SO

This procedure selects output stream P1 as the current output stream. All subsequent output
operations until the next call of SELECT.OQUTPUT will output to this stream. A fault is indicated if the

stream is not defined at the time of selection.

On seiscting a new output stream, the current position in the currently selected stream is remembered,
so that upon re—selection output can resume from the present position.

13) CURRENT.OUTPUT()!

This procedure returns as its result the stream number of the currently selected output stream.

14) 0.MODE()l

This procedure returns the mode bits (see 3.3.1, DEFINE.CUTPUT) for the current output stream. The
document nams associated with the stream is returned in the globai variable PWW 1, and the machine
name {(if relevant) in PWW2.
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15) 0.5EG()I

This procedure returns the segment number associated with the current output stream. A negative
result implies that there is no segment - i.e. the stream is a short message or string stream.

16) 0.POS()I

This procedure returns as its 32-bit result the current position in the current output stream. The result
is encoded in the same way as for |.POS.

17) Q.BPOS()I

This procedure returns a 32-bit index into the current output stream. This may be used subsequently
as a parameter to SET.0.BPOS.

18) BREAK.OUTPUT(l) BO

This procsdure terminates the current section of the specified output stream, and dispatches it to its
destination. P1 specifies the output stream to be broken, where -1 indicates that the currently selected
stream is to be broken. In the case of breaking output on the last section of a stream (as determined
by its section count), further aitempts to output to it will generate a trap (OUTPUT EXCEEDED).
BREAK.QUTPUT has no effect on an undefined stream.

19) OUT.HDR([])

This procedure replaces the header of the current output stream by the string in P1. It has no effect
in the case of an unbuffered output stream.

4.2. BASIC INPUT/OUTPUT OPERATIONS

The procedures described in this section provide the basic input/ocutput operations, in terms of which
all other higher level input/output is implemented.

As explained in section 3.2.2, the operations fail into four main categories: character, binary, unit and
record-organised input/output. In each case there is the notion of an address or position within the
stream: for character streams this is a page and line number; for binary streams, a byte position; for
unit and record—organised streams, a unit or record number. The position at any time may be found
by calling I.POS or O.POS. Sequential input/output operations always advance to the next position,
while random operations are achieved by first moving the pointer to a specified position and then
performing the corresponding sequential operations. Random operations for character and rscord
input/output are only implemented in a rudimentary form, using a byte position as the address.

The positioning operations for use with random input/cutput are

1) SET.L.BPOS(1,])

This sets the currant position for the current input stream. The paramster P1 is interpreted as a byts
position, as returned by |.BPOS, for all stream types. P2 gives the logical position, as returned by I.POS.
It is intended for use by higher level library moduies, in implementing indsxed file organisations.
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2) SET.0.BPOS(1,))

This sets the current position in the current output stream. The parameter P1 is interpreted as 2 byte
position, as returned by O.BPQOS, for all stream types. P2 gives the logical position, as returned by
O.POS. It is intended for use by higher level library modules, in implementing indexed file
organisations.

In the case of unit and record structured streams, there are two possible ways of accessing the current
unit or record. One is simply to use the ordinary sequential character or binary input/output operations
within the current unit or record. Alternatively, the unit or record may be accessed directly as a vector
of bytes. The following two procedures will return a byte descriptor to the current unit or record for
this purpose.

3) LVEC()[C]

This procedure returns a descriptor into the current input stream. For unit and record structured
streams, the descriptor describes the current unit or record as a vector of bytes; for other stream types
it will describe an arbitrary portion of the stream.

4) O.VEC{)[C]

This procedure returns a descriptor into the current output stream. For unit and record structured
streams, the descriptor describes the current unit or record as a vector of bytes; for other stream types
it will describe an arbitrary portion of the stream.

4.2.1. Character Input/Output Procedures

A character stream consists of a sequence of characters, structured internally into pages and lines
by means of the characters formfeed and linefeed. The first page of a file is page 1, and the first line
of a page is line 1. Thereafter pages and lines are normally numbered sequentially, with the end of
each page marked by a formfeed and the end of each line by linefeed. As explained in section 3.2.2,
the operations described in this section and the higher level operations based on them may be used
on character streams, and also within the current unit or record of a unit or record-structured stream.

The main operations are IN.CH and OUT.CH. Two additional procedures are NEXT.CH, which inspects
the next character on the stream without actually advancing the pcinter, and IN.BACKSPACE which
provides limited facilities for backspacing in the input stream. There are also procedures to enable
character streams to be processed a line at a time.

1) IN.CH{)i

This procedura yields as its integer resuit the next character on the currently selected input stream.
An error is generated if the stream is undefined, or the last character of the stream (or of the current
unit or record, if appropriate) has already been read.

After reading a formfeed or linefeed character, the current position {(as returned by I.POS) is not

changed until the first character of the next lins is read.

2) NEXT.CH()I
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This procedure has the same effect as IN.CH, except that the input pointer is not advancad. Thus many
consecutive calls to NEXT.CH will yield the same result. The next call to IN.CH will also yield the same
result.

3) IN.BACKSPACE(l)

This procedure backspaces the input pointer by an amount specified by P1. If P1 is negative, the
pointer is moved to the start of the current line (or unit or record when reading in unit or
record—organised streams). This can still be used even aiter a linefeed or formfeed has been read. For
positive P1, the pointer is moved back P1 characters, or to the start of the current section, whichever
is nearer.

Note that after backspacing beyond a formfesd, the correct page and line numbers will no longer be
returned by |.POS.

4) SKIP.LINE()

This procedure advances the current input stream to the start of the next line, sstting the page and
line numbers to the correct values for the new line.

If the pointer for the stream is currently positioned at the end of a line - i.e. a linefeed or formfeed
has been read, but the line number has not yet been advanced — the line number will be advanced
without moving the pointer.

5) IN.LINE{[C])I

This procedure copies a line of input from the current input stream into the buffer specified by P1,
and returns as its result the number of characters in the line. The linefeed or formfeed which terminates

the line is copied into the buffer, but is not included in the character count.

If the pointer for the stream is currently positioned in the middle of a line - i.e. the linefeed or formfeed
has not yet been read - the remaining characters (if any) in the line ara copied.

6) OUT.CH()

This procedure outputs its parameter as the next character of the currently selected output stream.
If the current section buffer is full, BREAK.QUTPUT is called first.

7) CUT.BACKSPACE(l)
This procedure backspaces the cutput pointer by an amount specified by P1. If P1 is negative, the

pointer is worked to the start of the current line. For positive P1 the pointer is moved back P1
characters, or to the start of the current section, whichever is nearer.

8) OUT.LINE([C1.)

This procedure outputs a line, contained in the charactsr string P1, to the currently selected output
stream.
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P3 specifies the carriage control to be used, and is to be interpreted as follows:

O - overprint previous line {i.e. output
carriage return before printing).
1 - print on next line {( i.e. output one
linefeed before printing).
2-63 - leave specified number (1-62) of blank
lines before printing (i.e. output
2-63 linefeeds first).
64 - print at start of next page {(i.e. output
one formfeed first.
65 - output one linefeed after printing.
66-127 - output 2-63 linefeeds after printing.
128 - output formfeed after printing.

4.2.2. Binary Input/Output Procedurss

A binary stream consists of a sequence of bytes of data, with no implied interpretation or structuring
of the data. The position within a binary stream is specified as a byte number, starting from zero. As
explained in section 3.2.2, the operations described in this section may sensibly be used on binary
streams, and also within the current unit or record of a unit or record-structured stream.

Binary streams may be read and written, sequentially or randomly, in units of one byte or one
single-length word (). There willi usuaily be a machine—-dependent restriction, that a word may only
be read or written on a full word boundary. Thus the only machine independent use of binary streams
is always to read and write the same sized units on a given stream.

The sequential operations for binary streams allow bytes and single-length words (l) to be read and
written sequentially. Random-access operations involve first calling SET.I.BPOS or SET.0.BPOS, then
performing the appropriate sequential operation. The sequential operations available are:

1) IN.BIN.B({(

) Read binary (byte)
2) IN.BIN.S{ )

i

l

|

| Read binary (single length)
) Write binary (byte)

) Write binary (single-length)

3) OUT.BIN.B(
4) OUT.BIN.S{

4.2.3. Unit-Structured Input/OCutput Procedures

A unit-structured stream consists of data structured into equal-sized records, calied units. The position
within such a stream is given by the unit number (assigned sequentially from zero), and the byte or
character position within the unit. The procedures described in this section should only be used on
unit-structured streams.

Unit-structurad streams may be read and written both randomly and sequentially. Random access is
achieved by calling SET...BPOS or SET.C.BPQOS, and then performing the appropriate sequential
input/output operations. If preferred, the unit may be accessed directly using .VEC or O.VEC (see 4.2).

The procedures IN.UNIT and QUT.UNIT operate sequentially on the currently selected stream.
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The standard sequence for input from/output to a unit is:

INPUT OUTPUT

SET.1.BPOS (if random) SET.0.BPOS (if random)

IN.UNIT sequential character/binary
output

sequentialcharacter/binary QUT.UNIT

input

In both cases, the sequential character/binary operations may be replaced by a call to I/0.VEC and
direct access to the unit. If the SET.I.BPOS/SET.O.BPOS is omitted, sequential accessing resuits.

1) IN.UNIT{)

This procedure selects a particular unit in the currently selected input stream. Subsequent sequential
character or binary operations will operate within this unit, and a call to IN.VEC will return a descriptor
to this unit.

If SET.I.BPOS has been used, the unit selected is the one which was specified there; otherwise the
stream is advanced to the next unit in sequence.

2) OUT.UNIT()

This procedure vutputs the current unit on the current stream, and advances the stream to the next
unit.

4.2.4. Record-Structure Input/Output Procedures

A reccord-structured stream consists of data structured into records which need not all be of the same
size. The position within such a stream is given by the record number {assigned sequentially from zero)
and the bytse or character position within the record. The procedures described in this section should
only be used on record-structured streams.

Record-structured streams may only be read and writtan sequentially {though a restricted form of
random 1/0 can be implemented using SET..BPOS and SET.0.BPOS). The actual procedures have the
effect of advancing the stream to the next record, so that subsequent character or binary operations
operats within that record. Alternatively, the record may be accessed directly, using L.LVEC or O.VEC.

The procadures IN.REC and OUT.REC operate sequentially on the currently sslected stream. OUT.REC
has an integer parameter giving the number of bytes in the raecord to be written. This is only used
if the records are written directly, using O.VEC. in the case where the records have been written using
character or binary operations, the parameter shouid be set to -1, in which case the sizs of the record
is computed from the current position of the appropriate stream pointer.

The standard sequence for input from/output to a record is:
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INPUT QUTPUT

SET.1.BPOS(for "random") SET.0.BPOS(for "random")

IN.REC sequential character/binary
output

sequential character/binary QUT.REC

input

In both cases the sequential character/binary operations may be replaced by a call to I/0.VEC and
direct access to the record.

For IO streams (see 3.2.5), care must be taken when outputting records, to ensure that the size of an
output record is the same as the size of the corresponding input record.

1) IN.REC()

This procedure selects the next record in the currently selected input stream. Subsequent sequential
character or binary operations will operate within this record, and a call to IN.VEC will return a
descriptor to this record.

2) OUT.REC{))

This procedure outputs the current record on the currently selected stream, and advances the stream
to the next record, P1 gives the size of the record. If P1 is negative, the size is to be computed from
the number of sequential character/binary items output.

4.3. OTHER (CHARACTER STREAM) INPUT/OUTPUT PROCEDURES

for the majority of user’s, the input/output interface is defined by the programming languagses they
use, and is implemented in terms of the basic procedures described in section 4.2. However, there
ars some further procedures available in the library for doing common character input/output
operations (such as reading and printing decimal integers). These are used in the implementation of
the basic system, and in effect form the input/output interface of the system programming languages,
but they may also be used by programs written in other languzages.

4.3.1. Character Stream Input Procedures

1) INI(

This procedure reads a (possibly signed) decimal integer from the currently selected input stream,
returning the value as its result. A trap is forced if the next nonblank character is not a decimal digit,
+, or -,

2) IN.OCT()!

This procedure reads an octal integer from the currently selected input stream, returning the value
as its result. A trap is forced if the next nonblank character is not an octal digit.
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3) IN.HEX( )

This procedure reads a hexadecimal number from the currently selected input stream, returning a
double length value as its result. A trap is forced if the next nonblank character is not a decimal digit,
A B C D EorF

4) IN.CLIT()H

This procedure reads a string of characters enclosed in double quots symbols from the currently
selected input stream, returning the string as a packed, right-justified Il value. If too many characters
are given, the required number are taken from the end of the string. Non-printing characters can be
represented by using their ISO character codes written as two hexadecimal digits and enclosed
between exclamation marks, e.g. "ABC", "A VERY LONG STRING", "OC!PAGE3". A trap is forced if the
next character is not ™.

5) IN.NAME()II

This procedure is similar to IN.C.LIT except that the string should not be enclosed in quotes, preceding
blank lines and spaces are ignored, and the string terminates on reading either a space or a newline.
(This procedure is commonly used in the system for reading filenames, stc.).

6) IN.C.STR([C])!

This procedure reads a character string enclosed in double quotes from the currently selected input
stream, in tiie same format as for IN.C.LIT above. The string is placed in the byte vector described
by P1, and its size (number of characters) is returned as an integer resuit. If the size of the byte vector
is too small to accommodate all the characters given, any remaining characters are ignored up to the
end of the string.

7) INLSTR([C
This procedure is similar to IN.C.STR except that the string should not be in quotes, preceding blank
lines and spaces are ignored, and the string terminates on reading either a space or a nswline. (This

procedure is used by the job control interpreter to read string parameters). Notice that spaces within
the string must be represented by their hexadecimal character codes, e.g.

Al20ISTRING!20!WITH!20!SPACES.

8) SKIP.CHARS(ILICIN

This procadure skips over characters in the currently selacted input stream. P1 specifies the end
condition as follows:

-1 - skip to the end of the string specified in P2 or to the terminator character (P3) or to the
end of the stream whichever happens first.

o - skip to the end of the stream.

>0 - skip to the beginning of ths line spacified by P1 (see |.POS for encoding) or end of the

stream whichever happsns first.
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The result applies to skip to string and skip to line cases, where it will be non-zero if the required
position is not found.

4.3.2. Character Stream Output Procedures

1) SPACES()) SP

This procedure outputs the number of spaces specified by P1 to the currently selected output stream.

2) NEW.LINES(l) NL
This procedure outputs the number of nawlines specified by P1 to the currently selected output
stream. If P1 is zero, and the previous character on this stream is newline, nothing is output; otherwise

a single newline is output.

For short message streams (e.g. online output), BREAK.QUTPUT is called to end the current section
on each call to NEW.LINES.

For long message streams, BREAK.QUTPUT is only called when the number of lines in the section
reaches the specified section size limit (see 3.2.3).

3) CAPTION([C]) CAP

This copies the string of characters in the byte vector P1 to the currently selected ocutput stream.

4) OUT.ILY)

This procedure prints the integer P1 as a decimal integer on the currently selected output stream. P2
specifies the required field width. If P2 = 0, the number is printed left-justified. Otherwise, it is printed
(if possible) in a field width of P2 characters, preceded by a space for positive numbers, a minus sign

for negative numbers (P24 1 characters in total). If the number requires more than P2 digits, it will
overflow the specified field width.

5) OUT.OCT{l)

This procedure prints the parameter P1 as an 11-digit octal number on the currentiy selected output
stream.

6) OUT.HEX(l,})

This procedure prints the parameter P1 (which is a LOGICAL32) as a P2—digit hexadecimal number
on the currently selected output stream. P2 may be in the range 1 to 8.

7) OUT.TIME()

This procedure prints the time, in the format HH:MM:SS (hours, minutes, seconds) on the currently
selected output stream.
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8) OUT.DATE()

This procedure prints the date, in the format DD:MM:YY (day, month, year) on the currently seiected
output stream.

9) QUT.TD(IL1)

This procedure prints the time or date, extracted from its parameter P1. This parameter is assumed
to be a 32 bit integer, as returned by the system procedure TIME.AND.DATE (Chapter 22). If P2 is zero,
the time is printed in the form HRS HRS:MINS MINS:SECS SECS. If P2 is non zero, the date is printed
in the form DAY DAY:MONTH MONTH:YEAR YEAR.

10) OUT.LINE.NO())

This procedure prints the packed page/line number specified by P1 on the current output stream. The _
page and line numbers are printed in decimal, separated by '.", with a total field width of 10 characters.
P1 should be in the form returned by 1.POS (4.1).

11) OUT.NAME(I)

This procedure outputs its parameter as 8 characters, left justified, with spaces to the right replacing
any leading null characters.

12) QUT.FN([CY)

This procedurs is used by compilers etc., to print out ‘filename time date’ at the head of compilations,
file listings, stc. P1 is the filename to be printed. If it is zero, the filename <CFILE> will be printed.
13) OUT.STACK(L,]) 0s

This produces a hexadscimal dump on the currently selected output stream of the area between byte

addresses P1 and P2. Any number of consecutive identicai lines are replaced by one copy of the line
followed by a singie blank lins.

14) ECHO.LINE{)

This causes the current line of input to be printed on the current output stream if the output stream
is coffline. Otherwise, it has no effect.

18) PROMPT([C])

This procedure resets the system prompt message, so that the specified string (P1) is used the next
time the systam prompts an online user for input. The prompt string will be reset to "%#*’ by the job
control interpreter next time it regains control. If the parameter is zero, prompting is suppressed
completsiy.

1€) COPY,.CHARS.QUT{IL[CLN
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This procedure copies characters from the currently selected input stream to the currently selected
output stream. P1 specifies the end condition as follows:

-1 - COPY 10 the end of the string specified in P2 or to the terminator character (P3) or to
the end of the stream whichever happens first.

0 - COPY to the end of the stream.

>0 - COPY to the beginning of the line specified by P1 (see |.POS for encoding) or end of the

stream whichever happens first.

The result applies to COPY to string and COPY to line cases, where it will be non-zero if the required
position is not found.
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5. FILES AND EDITING

5.1. GENERAL DESCRIPTION OF THE FILE SYSTEM

The file system provides users with the means of retaining information inside the system, and of
accessing and altering this information from within jobs. Often, though not always, the files are
created by programs or system commands, using the input/output facilities described in Chapters 3
and 4.

Each user of the system has a file directory, which lists the files currently owned. Normally, all file
accesses in a job refer to the directory of the user who owns the job; however, facilities are also
provided for accessing the files of other users with their permission. A single file may contain up to
256 K bytes of information, but individual users are restricted both in the number of files they may
own and in the total amount of space their files may occupy. If a user exceeds either of these limits,
further attempts to access the files will be prevented until the usage is brought back within the
allocated limits — either by deleting files or by increasing the user's allocation.

A user does not normally need to be aware of the exact location of his files, as this is managed
automatically by the system. There is one aspect of this, however, which may concern the user. The
file system can extend across up to three levels of storage, and filas are automatically transferred by
the system between the three levels as necessary. Files which are currently in use or have recently
been accessed reside in the local filestore. Files which have not been used for some time may be
automatically offloaded to a large capacity file buffer, from which they may be further removed to
archive storage on removable storage media (e.g. magnstic tapes). The user need not be aware of
this movement, since files will be automatically retrieved into the local filestore when they are
accessed, but retrieving a file from the archives may involve an appreciable deiay. Also, commands
are provided for the user explicitly to request file offloading and onloading, for security reasons. This
mechanism is only provided on machines with a suitable configuration.

5.2. SHARING FILES

Two methods are provided whereby users can access files belonging to others. In the first, the
OPEN.DIR command is used to selact another usar’s directory for subsequent file operations. This
allows the sams accass to all of the files as the owner of the directory, and requires that the owner's
password be given as authorisation.

The second method allows more sslective sharing of filss, without the requirement {0 know the
owner's password. Any usar may permit others seiectively to share his fiies by cailing on the PERMIT
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command, giving the access permission granted to each user. Provided that the appropriate
permission has been granted, a user may access another user’s file by specifying "filename/username”,
with no intervening spaces, whenever a "filename" parameter to a command is required.

5.2.1. Network File Systems (not applicable to stand alone systems)

Each machine in the MUG6 network has its own independent file system. However, the file commands
are such that users are able to open directories and retrieve copies of filas from other machines. This
involves passing messages between the different file systems. To specify the necessary information
about the required directory in another machine, a command REMOTE.DIR is provided. This assigns
a new name for the required directory, which may subsequently be used in the file commands to
access the remote files.

It is essential that users have been granted the necessary paermission to access the files in the remote
machines.

5.3. FILE SYSTEM COMMANDS
1) OPEN.DIR(ILII)

This command enabies a file directory to be selected for use in subsequent file operations. P1 gives
the username of the user whose directory is to be selected and P2 gives the password. With no
parameters specified, the initial directory is re-selected. The file directory of the subordinate may be
selected without giving a password.

2) OPEN.FILE(ILILLY)

This command opens a file P1 into the virtual store of the current process. P2 is the username of
the file’s owner, with a defauit of zero implying the currently selected directory. P3 and P4 specify
a segment and access permission for the file. If the segment number is negative, a free one will be
allocated by the system. The access permission is formed from the five segment access bits (see
Chapter 13) combined with the next most significant bit, which if set indicates that exclusive access
is required. Any access permission is allowed for files in the current directory, but for files borrowed
via the PERMIT facility, the calling process will be faulted if the specified access exceeds that stated
in the PERMIT file. PW1 returns the number of the segment holding the file, and PW2 and PW3 the
size ancd “*1tus of the segments respectivaly.

3) FILE(ilL11,1)

This command preserves a segment (P3) as a file of name P1. P2 is the name of the user who will
subsequently own the file, with a zero default implying the current directory. The segment remains
in the process’ virtual store after a file operation.

4) DELETE.FILE(II)

This command deletes the file P1 in directory P2. If the fils is not in the current directory, the user
must have permission to delets the file in PERMIT.
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5) RENAME.FILE(ILILI)

This command is used to rename the file P1 in directory P2. P3 gives the new file name. If the file
is not in the current diractory, the user must have permission to rename the files in PERMIT.

6) SECURE.FILE(IL,I)

This command causes the named file to be copied to the offload buffer, thus creating a secure copy
of it. The local copy of the file is retained. P1 gives the name of the file and P2 the directory name.
Update permission is required to secure a file in another user’s directory.

7) BACKUP.FILE(IL1l)

This command deletes the local copy of a file, so that on next accessing the file, the most racently
offloaded copy (if any) will be obtained. This may be the version last copied using the SECURE.FILE
command, or it may be a later version which has been offloaded automatically by the system. P1 gives
the name of the file and P2 the directory name. Update permission is required to securs a file in
another user’s directory.

8) CATALOGUE.FILES{)

This command creates a copy of the currently selected file directory in a newly created segmeant. PW2
returns the segment number. It contains directory entries of the form:

FILE NAME (864 bits)

I
Status |
Size in bytes |
|
|
|

Create time
Create date

,._»—-———r—«_-[_—__,_.

Each entry occupies 32 bytes. PW 1 holds the number of entrias in the directory, PW3 is the maximum
number of files permitted, PW4 is the amount of file store used {in K bytes) and PW5 is the maximum
amount of filastore allowed to the user.

S) READ.FILE.STATUS(IL 1)

This command reads the directory information associated with the file name P1 in directory P2. PW1
returns the status information in the form:

————— iocal copy sxists
—————— of floaded copy exists
————— file open
----- file open with exclusive access

-
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PWW 1 holds the size of the file in bytes, and PWW2 and PWW3 return the update time and the create
time (in seconds) respectively.

1C) PERMIT(ILIL1)

This command may be called by a user to assign a set of access rights to one of his files for another
user. P1 specifies the filename and P2 the name of the user to be granted permission. The option
"ALL" is available for both parameters, to allow a user access to all the files in a directory, or allow
all users access to a file.

The third parameter gives the permissions assigned, and is specified as a combination of tha letters:

X rmeaning permission to open with executs access
W meaning permission to open with write access

R meaning permission to open with read access

E meaning permission to open with exclusive access
C meaning permission to change access when open
U meaning permission to update the file

D meaning permission to delete the file

N meaning permission to rename the file.

The letters may appear in any order.

To remove access permission rights, the PERMIT command should be called with P3 zero.

11) CATALOGUE.PERMIT()

This command creates a copy of the permissions associated with the currently selected file directory.

A segment is created for this purpose, and the segment number is returned in PW2. The permission
entries are of the form:

FILENAME (64 bits)
USERNAME (64 bits)
ACCESS (32 bits)

The accass is bit significant, and has the format

The number of entries in the segment is returned in FW1.
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12) REMOTE.DIR(ILILILILI

This command provides a mechanism for accessing files from auxiliary discs or from another machine.
It allows a user to define a new directory name, P1, which may be used as the user name parameter
of subsequent file commands.

The remaining parameters provide information necessary to identify the required directory. P2 and
P3 give the user name and password of the remote directory. If P4 is non-zero the directory will be
from the auxiliary disc P4. If P4 is zero the directory will be from the system disc of the selected
machine. P5 gives the machine name. If this is zero, the current machine will be assumed.

5.4. FILE EDITING

Two editors are normally available in MUSS, a line editor with limited screen editing capability and
a full screen editor. On some small machines the latter may not be available.

5.4.1. General Dsscription of the Editor

The editor is a program which enables users to make alterations to files of text. It is invoked by the
command

EDIT([CL[C1) : ED

The first two parameters of this command are filenames (or, more accurately, document names — see
Chapter 3). The first is the input file, and the second the output file, and the action of the editor is
to make an altered copy of the input file on the output file. The two filenames may be the same, in
which case the input file is overwritten at the end of the edit by the output. In general, the two names
may take any of the forms described for input and output documents in Chapter 3, except that
unbuffsred (online) documents may not be used.

The third parameter is only relevant if the screen editing command VIEW is to be used. It specifies
the type of terminal. A value of zero always indicates a terminal which responds to the ANSI standard
sequences for cursor movement and line clearing. The significance of other values is installation
depsndent.

The use of the editor can be defined in terms of three operations, namely

1. Copying information unchanged from the input file
output file.

2. Skipping over information in the input file, without
copying to the output file.

3. Inserting new information into the output file.

So, for exampls, to change a file saying

1 "BEGIN’

2. °'REAL" X, Y;

3. X := REAL

4 PRINT (X+Y,3,2)
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5. T"END’

To one in which the third line says

3. Y := READ;

We might copy lines 1-2, skip line 3, insert the new line 3 and then copy the rest of the file. The
editor provides a variety of commands for copying, skipping and inserting, allowing different ways
of specifying exactly what is to be copied, skipped or inserted.

5.4.1.1. Online Operation

If the editor's commands are taken from an online stream, the editor will operate in online mode. In
this mode, fault messages and other monitoring will normaliy be returned to the online console. In
the event of a fault the editor prints a fault message and then ignores any further commands on the
same line. If the command in which the fault occurred was an editing command (S, C, A, B, D) then
the input and output pointers are restored to their values at the start of the command.

5.4.1.2. Offline Opsration

In offline mode, as soon as a fault occurs the editor returns control to the cailing program with the
status word (PWQ) set to - 1. This will normally have the effect of terminating the job. No further editing
commands are read, since there is a high probability of interpreting inserted data etc. as commands.

5.4.1.3. Commands and Parameters

Operation of the editor is controlled by means of a sequence of commands on the command input
stream. Each command is identified by a single letter, which may be followed by a parameter. Any
number of commands may be placed on a line; blank lines and spaces occurring between commands
are ignored. Edit commands are acceptsd in upper or lower case.

Most parameters are straightforward (e.g., an integer) and require no special explanation. However,
a number of commands have as their parameter a string. A string is simply a sequence of characters
bstween a pair of string delimiters. Any single non-alphanumeric character which does not appear
in the sequence of characters may be used as a string delimiter. Thus, any of the following are legal
strings:-

1. °"ABC DEF~
2. /'BEGIN'/
3. $ BEGIN"
"INTEGER" I, J, K;
l = 1/2;

$
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Sometimes it may be necessary to include as part of a string a character which cannot be typed on
the input device, (for example a newpage character). This may be achieved by typing the code for
the required character as two hexadecimal digits enclosed between two string delimiters. Thus, for
example using the ISO character codes:~

1. VBEGINIOQVINTEGER' 1,J,;! means ‘BEGIN’ followed by a tab followed by INTEGER’ 1,J;,
2. NOCITITLE! represents a newpage character followed by TITLE.
3. //0OA//QA// represents two consecutive newline symbaols.

Note that this wiil only work for characters with codes in the range 00 — 9F. Certain characters are
required so frequently that a special representation exists within strings for them. This consists of
a singie letter enclosed between a pair of string delimiters. The characters for which a special
representation exists are:—

Newpage (P) e.g., //P/TITLES/
Newl ine (L) e.g., //L//L//
N.B. Users should be very careful in using the hexadecimal representations, particulaﬂy in insertions,

as it is possible to introduce non-standard non-printing characters into the output file. Also there may
be unexpected effects when using line—editing commands (see later).

5.4.1.4. Brief Summary of Available Commands

A brief description of the available commands is given below. They will then be described individualiy
in greater detail. Thers are 9 commands altogether, and they are grouped for ease of description into
2 categories. Commands from all 3 categories may, however, be freely interspersed.

A. Line—editing Commands
S (SKIP) Skips to the start of a specified line.

C (COPY) Copies to the start of a specified line.
| (INSERT) Inserts a string into the output stream.

WM -

B. Context—editing Commands

1 B (BEFORE) Copies up to the start of the next occurrence of a specified string.

2. A {AFTER) Copies up to the end of the next occurrence of a specified string.

3 D (DELETE) Copies up to the start of the next occurrence of a specified string, then skips
to the end of the string (thus deleting it).

4. | (INSERT) Inserts a string into the output stream (exactly as for line—editing).



ISSUE 10 MUSS DOCUMENTATION 17 Nov 82 5.8
MUSS USER MANUAL UPDATE LEVEL PAGE
C. Other Commands
1. W (WINDOW) Causes a section of the file being edited to be listed on the monitor stream.
2. R (RESTORE) Causes the input and output pointers to be restored to the values they had
before the previous line or context editing command.
3. E (EXIT) Copies all remaining characters from the input stream to the output stream, and

returns control from the editor.
M (MERGE) Alters the editors input file.
5. Q (QUIT) Abandons the edit and returns from the editor without updating the output file.

o

5.4.1.5. Line Editing Commands (S, C, 1)

These commands are used when whole lines are to be deleted, inserted or replaced. The two
positioning commands {SKIP, COPY) always position the input pointer INP at the start of some
specified line. As explained in Section 1, SKIP merely advances the input pointer without copying
any information to the output stream. COPY advances the input pointer, copying all characters it
passes into the output stream. The INSERT command is not specifically a line—editing command, as
the same command is used in both line and context editing. It is described separately in this section
as the method of use for line editing is slightly different.

For the purpose of the line—editing commands (and also to enable compilers, etc., to identify a
particular line when monitoring faults) each line in a stream is identified by two ‘co-ordinates’, its page

number and its line number. The first page of a file is page 1; thereafter pages are numbered

sequentially. The end of the page is marked by the presence of a formfeed (FF) character in the file.
The lines within a page are similarly numbered sequentially from 1, the end of a line being marked
by a linefeed (LF) character.

The SKIP and COPY commands enable the iine required to be specified in any of a number of ways,
as follows, (NOTE all positions are positions in the input stream, the output stream position being
specified implicitly).

1. As an absolute page and line number, e.g., $2.3 meaning skip to line 3 of page 2.

2. As a line number only, if the line required is on the current page, e.g., C19 meaning copy
to line 19 on the current page.

3. As a relative page number, e.g., S + 5., meaning skip to the top {i.e., line 1) of the page
numberad i 4+ 5 where i is the current page number. Thus S + 1., means “s«ip to top
of next page’. (Effectively, skip over 5 pages including the current one).

4. As a reiative line number, e.g., S + 20 meaning skip to the start of the line numbered
j + 20 where j is the current line number. (Effectively, skip over 20 lines).

5. As a string, e.g., S'BEGIN’ meaning skip to the start of the next line which contains the
string BEGIN.

8. The letter 'F', (e.g. CF) meaning copy (or skip) to the end of the file. Because this is a
dangerous command, the editor will always request verification before proceeding, by
printing ‘REALLY?". If the response to this is "Y’, the editor proceeds; otharwise the
command is abandoned as faulty. Thus in offline mods, to skip to the end of the input,
the sequence 'SFY’ is nacessary.

Note that use of control characters such as newline in strings in the SKIP and COPY commands can
have rather unexpecied results. For example, consider:-
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C//L/ 'BEGIN‘/
(or, for that matter

c/

‘BEGIN"/ ).

means copy to the start of the line containing the string ‘linefeed’ "BEGIN’. Thus if the file contained:-

"END’ OF PROCEDURE;
"BEGIN’

the pointer would finish at the start of the 'END’ line. If you don’t understand this, rniever use control
characters in S or C commands!

Insertion

The Insert command has a string as its parameter, and inserts all characters between the string
delimiters into the output stream. Since the SKIP and COPY commands always stop at the start of
a line, this means that to insert a single line into the output the insert command should be used as
follows:—

S211/NEW LINE TO BE INSERTED
/

or

S21i
/NEW LINE TO BE INSERTED
/

or, of course

521

I /NE¥ LINE TO BE INSERTED
/

etc.

The fcllowing:—

S211/
NEW LINE TO BE INSERTED
/

will insert the new line with an extra blank line before it and

S211/
WRONG WAY OF DOING 1T/

will insert an extra blank line and will then simply insert the new line at the start of the existing line.
This may of course be usaful in some casss, e.g.,
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S/ INTEGER /1/
"BEGIN"/

will result in:

This is using the Insert command in its context—editing sense (see later), and is quite permissible

"BEGIN’" " INTEGER”

provided that the user understands what he is doing.

NQOTE. That when inserting new pages, the newpage character should always be placed on a new

line. Thus:—

(a)

(b)

To split an existing page into 2 pages such that the second starts at the old line 50.

Cs90l//P//
has the desired effect.

To insert a completely new page between the existing pages 4 and 5

C5.11

/FIRST LINE OF NEW PAGE
LAST LINE OF NEW PAGE
/P//

Summary of Line-editing Syntax (by examples)

0~ O b WM —

10.

11.

7.5 copy to page 7 line 5.

S15 skip to line 15, current page.

S + 3. skip to top of next page but 2.

S + 10 skip over next 10 lines of input.

C'XYZ- copy to start of next line containing XYZ.
CF copy to end of input file.

SFY skip to end of input file.

| normal single line insertion.

/LINE TO INSERT

/

| multiple line insertion.

/LINE 1

LINE 2

ETC

/

] page insertion (if initially positioned at
/LINE 1 start of pags).

LINE 2

ETC

/B//

1//P/LINE1 page insertion (if initialiy positioned at
LINE 2 and of pagse).

ETC

/

17 Nov 82
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5.4.1.8. Context-Editing Commands (B, D, A, I)

These commands may be used to edit individual characters, or strings of characters, within a line. Ali
four commands have a single string parameter. The Insert command is actually the same command
as the one used for line editing.

The ‘BEFORE’ command (B)
The '‘BEFORE’ command is basically a copy operation, copying characters from input to output until
the input pointer arrives at the start of the next occurrence of a specified string. Unlike the line—editing
copy operation (C), however, the input pointer is left immediately before the start of the string, not
at the start of the line. For example, to correct:-

‘BEGIN' " INTER" 1,J,K;

the commands

B/ER/I1/EG/

would be used to copy to immediately before the string ER and then insert EG. In making correcticns

of this type, of course, it is important to ensure that the string being searched for is unique. For
example, B/E/I/EG/ would have resulted in:-

"BEGEGIN" " INTER" 1,J,K;

The ‘AFTER’ coramand (A)

This is also a copying operation, leaving the input pointer immediately after the next occurrence of
the string. Thus for example, to correct:-

"BEGIN’ "INTE 1,J.K;
the commands
A/INTE/1/GER"/

could be used.

The 'DELETE’ command (D)
The deiete command is a combined copy and skip operation. Its action is to copy to the start of the
specified string, and then skip to the end of the string, thus effectively delsting it from the output.
This operation is especially useful for correcting spelling or typing errors, for example:-
"BEGONE’ " INTEGER" 1,J,K;
can be corrected by
D/BEGONE/I/BEGIN/

or, provided that the string ONE does not occur before the spelling mistake, by

D/ONE/ 1/ 1IN/
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The 'INSERT' command (i)

Examples of the use of the insert command have already been given in the preceding section. lts
action, as in the case of line editing, is simply to insert all the characters in the string into the output
stream.

Strings used in context-editing commands may, of course, contain newline and newpage symbols as
in the line editing commands. The most common use of the context editing commands, however, is
to correct small errors within a line. Care should be taken in context editing to avoid deleting the
final newline character of a page or file.

Summary of Context Editing Syntax (by example)

1. B'CONTEXT" Copy to immediately before the string CONTEXT.
2. AIEND! Copy to immediately after the string END.
3. D/XYZ/ Delete the next occurrence of the string XYZ,

by copying to its start and skipping to its end.
4, I/CHARS/ Insert the string CHARS into the output.

5.4.1.7. Other Commands

The following commands are not actually editing commands, but perform other useful functions.

The "WINDOW'’ command (W)

The window command allows sections of the adited output to be printed on the monitor stream. In
offline operation, all altered pages are normally listed on the monitor stream after the commands. The
appearance of any W command will inhibit this listing of altered pages.

In online mode, listing of aitered pages does not occur, and the W command is the only way that the
contents of the input and output streams can be inspected. In both online and offline modes, the W
command may have either of the forms:-

W integer e.g., W3
w

When used with no parameter the W command prints the current line on the monitor output stream.
If the input pointer is at the start of the line, (i.e., the last character output was newiline or newpage),
the line is printed from the input stream. If on the other hand the input pointer is not &t the start of
the line, then the first part of the line is printed from the output streain, followed by the characters
"4 7 indicating the current position of the pointer, followed by the rest of the line from the input
stream. The line is preceded by its page and line numbers in the input stream. Thus for example, if
line 4 of page 2 containaed:-
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"BEGIN" " INTEGR" | ,J.K;
then the commands

D/INTEGR/1/INTEGER/W
would cause the following to be printed

2.4) 'BEGIN" " INTEGER™®"" 1| ,J,K;

The parameter N indicates that after printing the current line, the next N-1 lines of the input stream
shouid also be printed.

The VIEW command (V)

The VIEW command causes a specified number of lines from the current position onwards in the input
stream to be made available for screen editing. Up to 23 of these will be displayed initially with a
cursor positioned at the top lefthand corner. In the case where the View command specifies more
than 23 lines, the remainder will roll on to the screen if an attempt is made to move the cursor beyond
the end of the screen. The V command has the same form as the Window command.

i.e. V integer e.g. V30

In certain circunistances the amount of text made available for editing will be less than requested and
a warning message will be given indicating where it has been curtailed. The reasons for this are:

1) The occurrence of a line in the input that is too wide to display across the screen. In
this case the text for editing will stop at the start of the long line and the input pointer
will point to the first character of the long line.

2) The occurrence of a newpage character. The text will be aliocated up to the newpage
character. It will not be sent with the text but on exit from view it will be transmitted
to the output stream.

3) The requested text being larger than the buffer space available to the editor. The text
allocated will stop at the end of the last complete line prior to the buffer becoming full.

Aftar the text has been displayed editing is achieved by the set of commands described under VEDIT
in section 5.5.

The normal exit from View is achieved by the Control 'E' command which arranges that the edited
output is sent to the output file with the input pointer at the end of the string of input just viewed.

An alternative form of exit allows the output to be discarded and the input pointer to be restored to
its value prior to the View. This is achieved by Control ‘W',

Two other forms of exit ars provided, mainly for clerical use. One of these Control 'Z’, is to ailow a
file to be searched a section at a time until a specific feature is seen. It aillows the output to be
discarded but the input to be stepped on past the section requested for viewing. The final form of
exit is Control ‘A’ which allows a template document to be successively ocutput with different
aiterations each timse. This is achieved by sending the edited output to the output stream whila leaving
ths input pointer where it was prior to viewing. This allows the same section of input to be viewed
and edited any number of times.
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The RESTORE command (R)

The restore command has no parameter and simply restores the values of the input and output pointers
to their values before the last editing command, (i.e., S, C, A, B, D). This is useful if a command has
been accidentally typed wrongly. For the purpose of this operation, the | command is not considered
as an editing command.
The EXIT command (E)

This command copies the remaining characters in the input stream to the output stream and returns
control to the program which called the editor (usually the job control interpreter).

If it is required to delete the end of a file, this must be done by using the command SF.

The MERGE command (M)

This command has a filename as its parameter, and causes the editor to switch its input to the start
of the named file. Note that there is no way of returning to the previously selected file other than

by a further Merge command, which will return to the start of the file.

The QUIT command (Q)

This command may be used to abandon an edit without ubdating the output file. it.is useful as an
emergency exit in the case of disastrous errors.

5.4.1.8. Repstition of Commands

Any sequence of commands may be repeated a specified number of times by enclosing the sequence
in bracksts () with a repetition count, e.g.,

(10 S + 1 I/"COMMENT"/) will insert the string 'COMMENT" at the start of each of the next
10 linas.
(8 D/INTER/I/INTEGER/) will correct a mis-spelling which has been made 8 times.

Instead of the repetition count, any of the following may be used:-

L Meaning repeat unti! a newline is esncountered in
the input stream.

P Meaning repeat until a newpage is encountered in
the input stream.

F Meaning repeat until the end of the input stream

is encountered.
When using the L and P repetition options, the pointers are left at the start of the next line or page.
Thus for example:—
C2.1 (P D 'E" | 'X")

will replace all 'E's on page 2 by "X’s leaving the input and output pointsrs at the top of page 3 {line
1).

Nota that the oniy effect of the (L, (P options is to restrict the range of context searches to the current
line or page respectively. Thus they may not operata correctly if searches for explicit line numbers
ars used within the repetition.
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Examples
(L D/A/I/%/) Replaces all ‘A’s on the current line by "#’s.
(P D/AREA/I/AREA1/) Replaces all occurrences of the name AREA on the current page by AREAT.

(FA/MOD 1/W) Searches for all occurrences of the name MOD1 in the file, and lists each line
containing such an occurrence.

NOTE. In online mode the sequence of commands to be repeated is limited to a single line. There
is no such restriction in offline mode. Brackets may be nested to a maximum depth of
5 though this should rarely be necessary.

Example

(5 (P D/A/1/B/) ) Replaces all occurrences of the letter A by B on the next 5 pages.

5.5. A BASIC SCREEN EDITOR

VEDIT({[C] LI VED

This is the limitcd screen editor used by the View command above and some other system utilities.
The first parameter describes the vector containing the text for screen editing. The second parameter
gives the size of the text for editing which is planted at the start of the vector leaving a space at the
end. This is required for insertions of new data. The third parameter describes the device interface
type (0—-ANSI, 1-Installation dependent). The fourth parameter is a stream number. This is the overflow
output stream, which is used when t00 many characters have been inserted and the text buffer is full.
When this occurs the buffer is flushed sending all characters prior to the current cursor position to
the output stream. This action is not evident to the user as the screen remains unaltered but from
then on the cursor cannot be moved prior to this point. VEDIT returns the effective size of the vector
after editing when all the edited text appears from the start of the specified vector. This is foilowed
immdiately by the exit command type, which provides the cpportunity for the calling process to take
special action on the edited text.

5.5.1. Commands

Users of ANS| standard terminals may use the special keys associatad with the following actions or
the control aiternatives. Other users must use the control aitarnatives.

Control Cecde

Cursor Up Control U
Cursor Down Control Y
Cursor Right Controi P
Cursor Left Control O
Delete Character Control D
Delete Remainder of Line Control X
Command Exit Control E,A,W.Z
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Insert Space Control R

Any other characters are assumed to be replacements. They will not only obliterate those already there
on the screen but will also delete them from the text. Space for an insertion is made available by use
of the Control R command.

5.6. THE SCREEN EDITOR

SEDIT{[CL[C].) SED
This command invokes a general purpose screen editor with a large set of screen editing facilities.

The first two parameters are filenames. P1 is the input file and P2 the output file. If P1 is zaro, the
current file is used as input. However, if current file is not available the editor assumes that the user
has asked for a new file to be created and consequently aliows the user to insert data (and edit it).

P2 is the destination file which can be any filename or the current file (0) and will contain the edited
(or newly input and edited) data. P3 is the terminal type.

The display editor divides the screen into two areas, the biggest area (at the top) is the one in which
the text appears and editing is done. The bottom few lines are reserved for displaying commands
or any other informative messages.

All the editing operations are performed on programs and English texts which are dispiayed on the
screen. The editor has short and simple commands which show their effects in the display as soon
as they are typed in. Text (printing and formatting characters) is inserted just by typing it; there is
no "insert" command.

Generaily, each screen line contains a separate line of data. However, if a dataline is too long it will
be displayed on several screen lines. Most edit functions (e.g. delete line) are restricted to within the
scraen line and not the actual line.

The editor provides seven different types of cperations: cursor control, insertion, delation, screen
control, mark and region, kiii,unkill and miscellaneous. The form of these commands and their
characteristics are described in the following sections.

5.8.1. Form of Commands

Most of the frequently used commands are entered using a single key This is either in the form of
a control character or in the case of an ANSI standard terminal the corresponding specially provided
kay. The main commands for which special keys are normaily provided are given below with the
control character equivalents. Some additional commands only have control character
representations and these are introduced in the sections where they are described.
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QOPERAT | ON ANS| ALTERNATIVE CONTROLS
cursor up ESC[A CTRL-U %15
cursor down ESC[B CTRL-Y %19
cursor forward ESC[C CTRL-P %10
cursor backward ESC[D CTRL-0 %F
delete line ESC[M CTRL-X %18
delete next character ESC[P CTRL-D %4
scroll up ESC[S CTRL-A %1
scroll down ESCLT CTRL-Z %1A
previous page ESCLV CTRL-B %2
next page ESC[U CTRL-V %6

There are also some commands such as mark and region operations which are double characters.
That is, two characters must be typed consecutively with the CTRL held down. After entering the first
one users can still change their minds and start insertion or type any non—existing command to cancel
the effect of the double command.

5.6.1.1. Summary of Commands

There are seven categories of operations each with a set of commands which are outlined here and
will be described individually in greater detail later.

For the rest of this section, commands are only referred to by their control character identifier. Users
may use ANS|I commands whenever provided instead of these controls (see 5.6).

{C - means, CTRL key held down).

A. Cursor Control Commands

1. C-W Move cursor to the beginning of a line.

2. C-E Move cursor to the end of a line.

3. C-P Move cursor forward by one or more character positions.

4. C-O Move cursor backward by one or more character positions.

5. C-Y Move cursor down by one or more lines.

6. C-U Move cursor up by one or more lines.

B. Insertion
NG special command, just type in. Receipt of commanads will
cause the line/screen to be refreshed.

C. Deletion Commands

1. C-D Deiete one or more following characters.

2. C-T Delete one or more precading characters.

3. C-X Kill ail or part of the current line.

D. Screen Control Commands

1. C-Z Scroil down by two or more lines.

2. C-A Scroll up by two or more lines.

3. C-V Scroll up one or more pages.

4. C-U Scroll down one or more pages.

E. Mark and Region Commands
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1. C-G C-B Set mark.
2. C-G C-v Interchange mark and cursor.
F. Kill/Unkill Commands
1. C-G C-2 Save region.
2. C-G C-X Kill region.
3. C-G C-A Get back (unkitl).
G. Other Commands
1. C-R The following integer is the repeat counter.
2. C-G C-R Display repeat counter.
3. C-G C-wW Quit (abort) edit.
4. C-G C-E Exit (update and writel.

5.6.1.2. Numeric Arguments

Many screen editing commands can be given a numeric argument. Some commands interpret the
argument as a repetition count. In all cases, no argument is equivalent to an argument of one.

An argument can be entered by typing C-R followed by an unsigned integer. The next non-digit is
assumed to be the command for which the argument was intended. However, if the following
non—digit is not a command, the argument will be reset.

To cancel or change an argument another C-R <digits> may be typed.

The effect of a numeric argument {n) on each command is described in the following sections.

5.6.1.3. Cursor Contro! Commands

The real position of the cursor on the screen is between the position at which it resides and the one
befors it and hence ‘next’ and ‘previous’ positions are identified.

The line within which the cursor resides at any time is called the ‘current line’.

Cursor control commands only operate within the text area and will not move to positions outside the
displayed text.

1) Beginning of the Line (C-W).
This command paositions the cursor at the first character position of the line.
2) End of the Line (C-E).

This command moves the cursor to the end of the current line and positions it over (i.e., befors) the
last character on a screen line.

3) Cursor Forward (C-P).
This command moves the cursor forward by {(n) charactar positions. If the cursor is at the and of a

line, it will be moved to the beginning of the next line. scrolled up first so that the required iine is
within the screen.
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4) Cursor Backward (C-0).

This command moves the cursor backward by (n) character positions. If the cursor is at the beginning
of a line, it will be moved to the end of the previous line.

5) Cursor Down (C-Y).
This command moves the cursor to a similar position within the n-th following line from current line.

Operation stops as scon as the required line is reached or end of the file is encountered in which case
the cursor will be positioned within the Iast line.

If the new position is beyond the end of line (EOL) marker, the cursor will be repositioned at the EOL
marker.

6) Cursor Up (C-U).
This command moves the cursor to a similar position within the n-th preceding line from current line.

If the new position is beyond the EOL marker, the cursor will be repositioned at the EOL marker.

5.6.1.4. Insertion

To insert printing characters into the text, just type them in at an appropriate position. This causes
any non—control character to be echoed on the screen while all characters are buffered for transfer
to the editor. Upon receipt of any non-insertable character (e.g. editing commands), all or part of the
screen will be refreshed by the editor. This wiil cause newiy inserted control characters (e.g. VT) to
be dispiayed as well. As a result users may type in as much data as they wish (even past the text
area of the screen). However, receipt of any command or non-insertable character will initiate the
refreshing of the screen befors the command itself is serviced.

Sometimes it may be necessary to clear the screen and refresh it, this can be dons by issuing a screen
controi command (5.6.1.8). Format effectors such as linefeed, formfeed, carriage-return, vertical tab,
horizental tab and backspace can be inserted using their corresponding key (or CTRL + key). When
displayed, they will be shown as c.

If too many characters are added to one line without breaking it with a carriage return (CTRL-M),
linefeed (CTRL-J) or formfeed (CTRL-L), the line will grow to occupy two (or more) lines on tine screen.

If the new paosition of the cursor after insertion fails outside the text area scope, the whole of the text
will be scrolled up in order to show the line which contains the cursor at the centre.

5.6.1.5. Deletion Commands

All deletion operations are strictly limited to the data being displayad at any time. Only kill {delete)
line saves the data being removed, which may be restored using GET BACK command (5.6.1.8).

7) Delete Following Character{s) {C-D).

This command deletes the next character and all remaining characters ars shifted to the left by one
character position. Position of the cursor is not affected by this command.
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8) Delete Previous Character{s) (C-T).

This command deletes the preceding character and moves the cursor and the following characters
backward by one character position.

9) Kill/Delete Line (C-X).
Cperation of this command depends on the value of the numeric argument.

If n is zero, all characters of the current line before the cursor are deleted and the cursor and rest
of the line are shifted to the left.

If n is non-zero, only the current line is affected. In this case all characters following the curscr up
to but excluding the EOL marker (if any are removed). If there is no EQL, only contents of the current
line on the screen are removed. With the cursor positioned at the EOL, the EOL itself is removed.
Conseguently, in order to delete one line the C-X has to be used twice.

5.6.1.5.1. Delsting Long Lines

Long lines may be deleted by positioning the cursor at the beginning of each portion of the line on
the screen and using C-X.

If ail but the first screen line of a long line are deleted the line still continues to be a long line until
a separator (eg.,LF) is inserted at the end of the line.

5.6.1.8. Screen Control Commands

The text or edit area of the screen always shows a limited amount of text and data, starting from a
certain point within the editor’s buffer. This area, therefore acts like a ‘'window’ to the buffer. The
window may be moved up and down in order to change the active area (on which editing is done).
Notice that becauss of the automatic wrapping which is performed on long lines, there is no need
to move the window sideways.

10) Scroll Down (C-Z.

This command moves start of the window down by n{2 or mors) lines, unless end of the text is reached
bafore that.

Position of the cursor at the end of the operation depends on the n. Generaily the cursor moves up
with the text until it reaches the top of the screen. At this point any further scroll causes it to be
positioned at the top left hand corner of the screen.

To rsad a long file sequentially this command can be used without any parameter. It takes ths last
two lines at the bottom of the text area and puts them at the top, followed by many mora lines not
visible before.

If n = O, it clears the screen beafore refreshing again.

11) Scroil Up (C-A).

This command maoves start of the window up by n linss, unless beginning of ths file is reached bafore
that.
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Position of the cursor at the end of the operation depends on n. Generaily the cursor moves down
with the text until it reaches the bottom of the text area. At this point an further scroll causes it to
be positioned at the beginning of the last line.

This command with no parameter can be used for gcing back through the file sequentially. It takes
the top two lines and puts them at the bottom of the text area. The rest is filled with the preceding
lines in the file.

If n = O, it clears the screen before refreshing again.

12) Page Up (C-B)

This command repositions start of the window at the beginning of the n preceding pages and displays.
If n = 0, it moves to the beginning of the file.

13) Page Bown (C-V)

This command positions start of the window at the beginning of the n following pages and displays.

if n = O, it moves to the end of the file.

5.6.1.7. Mark and Region Commands

In general, a comimand which processes part of the input text must be able to be told where to start
and where to stop. Here, such cecmmands (see 5.6.1.8) start at the curscr position and end at a piace
called the "mark”. This range of text is called the "region”.

For example, to remove part of a text, user could first set go to the beginning of the text to be removed,
put the mark thers, move to the end and then issue the KILL command. Or sst the mark at the end
of the text, move to the beginning, and then issue the command.

The maximum gap size between mark and cursor is machine—dependent. On most machines this will
be about the sama size as the segment size. If the mark becomes undsfined, any operations related
to it will cause an appropriate message to be displayed.

17) Set Mark {(C-G C-B).

This command places a mark where the cursor is currently positioned. In fact the mark is invisibie
and only its position within the file is remembered.

18) Interchange Mark and Cursor (C-G C-V).

This command puts the mark where the cursor was and cursor where mark was. Thus, the previcus
location of the mark is shown, but the region is not changed.

Users in order to reassure themselves that the mark is where they think it is, can use this command.
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6. DOCUMENTATION AIDS

The Documentation Aids are of two kinds; word processing and diagrammatic. Most users should find
the first set of interest but some of the second set relate to the programming methodology used in
producing MUSS and in this area opinions can be sharply divided.

6.1. WORD PROCESSING

This facility is provided mainly by the procedure TEXT, but a speiling checking aid SPELL augments
this, and the standard editing and file facilities described in the previous chapter provide the means
for manipulating the files. There are also some output procedures for printing a dictionary or index.
TEXT takes an encoded description of a document, and produces the required layout. It contains a
facility to interface with other layout procedures, for exampie for tables, formulae and diagrams.

6.1.1. The Text Facility

The procedure TEXT copies text from an input stream generating a layout suited to a specified type
of printing device. It allows the user to embed "warning sequences” in the text which control the layout.
Two basic devics types are provided for, corresponding to daisy wheel printers and ordinary printers
or terminals. All printers are assumed to have a full visual character set but the daisy wheel printers
are also assumed to have

a variable character size
a reverse linefeed
a variable linefeed
and an underiine facility.

Normally the page and line layout is determined by the TEXT procedure, and the user is required only
to provide the actual text and to indicate paragraph and section boundaries. This manual has been
produced using TEXT and serves as an exampie of the facility. The formal specification of TEXT is
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TEXT ( [C]1.[C].II,[C].[C] )
where P1 specifies the input file
P2 specifies the output file

P3 = 0 ordinary printer {(LPT)
= DBL diablo printer
= LPT iine printer
P4 = specifies a contents file
PS5 = specifies an index file

If P4 and PS5 are omitted the contents and index information are suppressed. The contents file when
produced will contain entries for all Chapter and Section headings (i.e. @R, @S 1, @S2, @S3 described
below) in TEXT format with page numbers added.

The index file will be an unsorted list of words and page numbers. It is normally expected that a
document will be produced a Chapter at a time, and that the index files will be edited together and
listed using the facilities of 6.1.7.

It is the warning sequences and the actions they trigger that characterise the system. These are
presented in three groups as the basic facilities, the layout control facilities and the special purpose
layout facilities. However, most warning sequences normally start with the symbol ‘@’. The character
immediately following the '@’ defines the required action, some of which may require that some
parameters follow.

8.1.2. Basic Facilities of Text

The basic mcde of operation of TEXT is that it copies words from the input to the output, starting
newlines (and new pages) as necessary to avoid splitting words across lines and spacing the words
across a line to right justify them. A ‘'word’ in this context is any sequence of characters in the input
ssparated by space and/or newline characters and/or warning sequences. Warning sequences
inserted in the input can modify this basic action as follows.

@ foilowed by a newline symbol. This causes a newline to be inserted and it inhibits the
right justification of the current line.

@ followed by B. This signifies the start of a new paragraph. The current line is terminated
without right justification, some blank lines are inserted to separate the paragraphs and
spaces are inserted to indent the new paragraph.

@ followed by R indicates the start of a new chapter. It should be followesd by an integer
giving the chapter number and a string giving its name. The style of output will depend
upon the facilities of the printsr. An entry will also be generated in the contents file.

@ fcllowed by S1, $2 or S3. This indicates the start of a new chapter or section. The
action is similar to @B except one more blank line is normally inserted and the foilowing
line is not indented. In fact the following line in the input is copied without any layout
change to the output because it is assumed to be a hsading. There is no distinction
batween S1, S2, S3 from the point of view of the formatted text. However, they causs
different degrees of indentation and separation in the contents file. S1 should be used
for chapter headings (as an alternative to @R), S2 for sections and S3 for subsections.
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@ followed by P. This causes a new page to be started and the last line of the previous
page will not be right justified.

@ followed by C or W or L. These three characters are all concerned with underlining.
C causes the following character to be underlined, W the following word and L the
following line. It should be noted that L relates to a line of output not a line of input. It
can be used in conjunction with @S to underiine a section heading in which case the
line of input corresponds exactly to a line of output. It can also relate to lines which the
user forcibly terminates with @ "newline’.

@ followed by O. This is again concerned with underlining. It ‘toggles’ an ‘underline
switch’. The first use of it will "turn on’ the underiining of all following characters until
a second use of it turns the underlining off. It should not be used in conjunction with
@C, W, L.

@ followed by K. This is used for highlighting changes by means of margin bars. The
first occurrence of @K causes a switch to be set. Whilst this switch is set all lines on
that will be preceded by 7T in the margin. A second occurrence of @K resets the switch
and the lines which follow will not be highlighted, unless a further @K occurs to set the
switch again.

@ followed by X. in addition to ‘@’ three other symbols, namely If text is to be processed
which uses these symbols normally, other symbols can be associated with their special
functions, by means of the @X command. After @X should follow a list of non-blank
symboil pairs, in which the first symbol is one of @, %, { or } and the second is the symbol
that is to take its place.

@ followed by F signifies the end of the text file. In order to avoid an entry to the input
ended trap of the operating system "@F" should be placed at the end of all files to be
processed by TEXT. If it is omitted the output text will normally still be produced.

6.1.3. Laycut Control Facilities

Here we are concerned mainly with centreing, tabulating and indenting text and with superscripts and
subscripts. Some effects of this kind can be obtained from the facility to change the parameters that
determine the basic layout, and it is convenient to start with this. It is @ followed by V that provides
the warning sequence that causes parameters to be changed. For parameter values up to ten, it should
be fellowed by an arbitrary list of pairs of integers all on one line. Each integer pair gives a parameter
number and its new value. Parametars greater than 10 relate to strings, hence any integer pair in the
above sequence may be replaced by an integer greater than 10 and a string terminated by a space
or newiine. The parameter numbers have the following significance
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position of L.H. margin
position of R.H. margin
number of blank lines between paragraphs
number of spaces in a paragraph indent
number of blank lines between sections
number of blank lines at the head of a page
number of lines on a page
chapter number
page number

1 page heading

= OWONG O &L WHN -

Four of these require amplification because they permit special negative encodings. If a negative
number is given for parameter 4 the first paragraph of each new section will not be indented. The
other paragraphs will be indented by the absolute value of the number. If a negative number is given
for parameter 5 each section heading will be placed on a new page. If a negative number is given
for parameter 8 the chapter component of a page identification will be omitted. If a negative number
is given as the page number, pages will not be numbered at all.

Any line of input can be centred on a line by preceding it with @M. The previous line is terminated
without right justification. The position of the first character on a centred line is remembered and any
subsequent line of input can be similarly positioned by preceding it by @N. Again the line previous
to the @N line will be terminated without right justification. In both cases the output line will
corraspond exactly with the input line apart from being right shifted to achieve the centralisation
effect.

Tabulation is normally provided for by the ‘%" character. Its action is defined by the @T sequence.
This serves a dual function, it defines a character which is subsequently to be treated as a "tab’
character normally "%’ and it defines positions across the page for "tab stops’. Therefore it is assumed
to be followed first by a single character which becomes the tab character and then a list of integers
which define the positions of tab stops counting from the L.H. margin. Whenever the tab character
is used the output line will be space filled up to the next tab stop. If the output line is subsequently
right justified, the extra spacing will occur only to the right of the last space inserted as a result of
using a tab symbol. Obviously even this can be avoided by ending the source line with @ newline.

indentation is provided for by a mechanism similar to the tabulation facility. The warning sequence
is @1, which is similar to % but with some very significant differences. Like ‘tab’ when ‘indent’ is used
the line is space filled to the next tab position. The difference is that the last indented position is
rememberad and if a newline is automaticaily generated in the output dus to the current line becoming
full the next line is autcmatically indented to the same extent, whereas in the cass of tabulation the
next line commences back at the margin. Any ussr forcad newline by means of @ newline, @B etc.,
cancels the indentation,.

Providing the output device has the facility of fractional linefeeds up and down, superscripts and
subscripts are obtained by surrounding the appropriate character string with the symbols "{" meaning
‘shift half a line up the page’ and "}" meaning 'shift half a line down".

Any string specified as a page heading will appear at the start of each subsequent pags, for example
the "MUSS USER MANUAL" above.
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6.1.4. Special Layout Effects

The special effects are concerned mainly with diagrams and tables contained within the text, and with
special forms of document.

In the case of diagrams which are to be ‘glued’ into placse,’ the requirement is to leave space at an
appropriate place in the text for a diagram that will be produced by other means. The warning
sequence for immediate creation of space is @D which should be followed by an integer giving its
size inlines. If there is not enough rocom on the current page a new page will be started and the
requested space will be left blank at the head of it. A further alternative which leaves the requested
amount of space on the current page if possible otherwise at the top of the next page, whilst still
utilising the current page for subsequent text, is @E.

Table layouts and diagrams generated by explicit statements may also need to be positioned. For
example, when a table is generated using the tabulation and indentation facilities, it may be desirable
to prevent it being split across pages. The simplest need is met by @Q which is followed by an integer
specifying the number of lines required by a following table. If the specified number of blank lines
do not remain on the current page a new page is forced otherwise the @Q has no effect. A variant
of this is @U which in addition to operating like @Q suppresses all layout changes for the specified
number of lines. The second more complicated requirement is met by two warning sequences @A
and @Z, @A should appear in front of any sequence of text, but most often a table encoding, and
it should be followed by an integer giving the amount of space in lines that the text will occupy in
the output. The given text whose end should be marked with @2Z will be output immediately if there
is room, otherwise if it is too small it will be output at the head of the next page.

Anocther way in which tables and diagrams can be generated explicitly by in-line commands is by
calling another procedure from TEXT using the @ # command. This may be followed by any job controi
command. {n particular, if a flowchart is to be inserted it might be required to call the DRAW procedure |
described in 6.2.7.

Finally there is a facility @H which causes the line of text following it to be output in large letters.
The style is device dependent and simple character devices will give

6.1.5. Summary of Text Commands

@A displaced text header
@B paragraph start

@C underline one character
@D leavs space for diagram
@E leavs displaced spacs
@F end of document

@H heading

@i indsntation
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@J add to index

@K highlight by margin bars

@L underiine one line

@M line centreing

@N indentation following line centreing
@0 toggle the underline switch

@P new page

@Q force new page for large tables
@R chapter heading

@S section start

@T tabulation stops

@U user formatted diagram

@V reset layout control parameters
@W underline one word

@X reset warning characters

@Y alter page heading

@Z end displaced text

@+

@newline

@@

6.1.6. The Spell Facility

This procedurs is simply an aid to checking the consistency of spelling in a text file such as the TEXT
procedure might generate. It requires two parameters which are the file to be checked and a dictionary.
All words in the text file are compared with words in the dictionary and if a match is not found the
word is noted. A word in both the dictionary and the text files is any sequence of alphabetic characters
between spaces and/or newlines. The list of words whose spelling is not found in the dictionary appear
as the current file. Obviously it can be printed, edited or added to the dictionary as appropriate. A
suitable print procedure is given in 6.1.7.

SPELL (P1, P2)
P1 is a dictionary file name
P2 is a text file name.

8.1.7. Listing Facilities

Three special listing procedure are provided. Two of these allow dictionaries and documsnt index
to be sorted and listed, the third allows a complete module to be "TEXT ed and drawn in both English
and MUSL on the lineprinter.

1) LIST.DICT{[C],[C])

This procedure sorts the dictionary contained in the file specified by P1 and outputs the result to P2.
The output has four words per line sorted into alphabstical order with a blank line separating words
with a different initial lstter.

2) LIST.UNDEX([CLICY)
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This procedure lists the index contained in P1 in stream P2. An example of the format produced is
the index for this Manual.

3) LIST.MOD([C])

This procedure firstly uses TEXT to output to the lineprinter the descriptive text at the start of the file
1 and follows this by the flowcharts drawn at both levels 0 and 1.

6.2. FLOCODER

Flocoder is a system for designing, documenting and generating programs using flowcharts. A fils
of flowchart descriptions is created, from which the charts may be drawn on any suitable output device
(lineprinter, plotter or diablo printer, for example). The chart descriptions may of course be edited, and
the charts re-drawn as necessary.

To enable Flocoder to generate or display the required program, the user provides a ‘translation’ for
each box. If the action required in a3 bex is simple, it will translate into a sequence of statements in
a programming language; if it is complex, the transiation may reference other flowcharts. In this way
a hierarchy of flowcharts is created to represent the program. In fact, several translations can be given
for each box. The first would normally be an English statement describing the logical function of the
box and would be for display purposes only. The programming language transiations, for each of the
required languages, would be added later.

In effect the Flocoder system comprises a language for describing flowcharts and two procedures for
processing this \anguage. One of these, 'DRAW’ will draw the flowcharts. The other 'FLIP’, will form
a linear program by correctly ordering the boxes and adding labels and 'goto’s as necessary, although
this latter representation is only seen by compilers.

The syntax of the Flocoder input language is simple and straightforward. Each statement in a chart
description begins with the symbol "@’ as the first character of a line, followed by a keyword, and
continues until the start of the next statement. The keywords can be abbreviated to single letters since
they are recognised by the first letter only; after that, all characters up to the next space or decimal
digit are ignored. A comnlete chart description consists of

A TITLE statement

One or more COLUMN statements
Zero or more ROW statements
Zero or more FLOW statements
One or more BOX statements

An END statement.

These individual statements are described below and are illustrated by examples taken from the
enceding of the following diagrams.
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8.2.1. The TITLE Statement

Example:

@TITLE DOCO1.1.1(1,7)

The TITLE statement indicates the start of a new chart, and gives a title, which serves two functions.
First, it appears on the flowchart whenever it is drawn, and thus serves to identify the drawing. Second,
it is used in cross references within the code. A chart title may consist of any sequence of characters,
terminated by a newline symbol and may optionally include in round brackets version and generation
numbers. By convention, the characters are usually chosen so as to provide an index into the suftware.
Thus the title in the example above is the first subchart of section 1 of the documentation packages.

€.2.2. The COL Statemsent

Example:

®@COL 15-2R-3R-5T-16T-17R

The column statements provide, for each box, a numeric identifier in the range 1-83, tha type (shape)
of the box, and the position of the box on the flowchart. A chart may contain up to eight columns.
The first column statement describes the leftmost column, and the last one the rightmost column. If
there is more than one box in a column, the first one specified is the highest in the column and the
last one the lowest, etc. The box types, which follow the box numbers, consist of single letters with
the following meanings

Letter Meaning

Annotation box {(noc outline)

Circle box {(used for external flows)
Finish box (double under!ined)

Null box (a point)

Rectangle box

Start box {(no outline)

Test box

- WVWVZNOP

6.2.3. The ROW Statement

Example:

@ROW 5-1-18

Each row statement gives a list of boxas to be horizontally aligned. The ordering of the bax numbers
in the row statements has no significance. Normally the boxes within a column are placed a minimum
distance apart, and may bs imagined as being connected to the box above (if any), or to the top of
thae diagram {in the case of the first box of a celumn) by invisible elastic. This means that boxes 1end
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to be as high in their columns as possible. The effect of the ROW statement is to force horizontal
alignment by ‘stretching the elastic’.

6.2.4. The FLOW Statement

Example:

@FLOW 10-11-12N-13-14-16N-17-5

These statements specify the iogical interconnections of the boxes. Text which is to appear at the point
where a flowline leaves a box may also be specified in the flow statements. Any string of characters
excluding newline and terminated by a hyphen is ailowed. Except for test boxes, which may have two,
there should be not more than one flowline leaving each box. Of course, the finish box will have no
flow out.

8.2.5. The BOX Statement

Examples:

@B0X 17.0
PRINT BUFFER[DOC01.1.3]
@BOX 17.1
OUTBUFF{O);

These statements specify the text contained within each box, which may consist of any number of
lines up to the start of the next statement. Several ‘translation levels’ may be defined for each box,
correspending to translations in several different languages. The example above gives translations in
English at level O and the system design language (MUSL) at lavel 1. When the charts are drawn any
translation level can be salected for display in the boxes. The first chart was produced by specifying
level O (Engiish) and the second by specifying level 1 (MUSL). Similarly, the procedure FLIP can ba
instructed to generate code from any translation level.

Flowchart cross-references may bs inssrted in the code by giving the name of the chart to be included,
preceded by the character # at the start of a line, thus

#D0OC01.1.2

appears in the translaticn for BOX 7 of DOCO1.1.1. As a result, the code for this subchart wili be
inserted in DCCO1.1.1, at the specified place, whenever code is generated for it. Note that the
bracketed version and generation numbers are not used in cross-referencing which is implemented
by using a hash of the title characters up to either left round bracket or newline. For further details
read the implementation description.

In some languages (e.0. Pascal) it is necassary to declare the labels which are used. Therefore a variant
of the cross referenca notation is provided for this purpose if #:chart name is used it will be replaced
by the list of label names used in the given chart separated by commas.
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8.2.8. The END Statement

Example:

@END

This statement terminates the description of a flowchart.

86.2.7. Fiocoder Procedure Specifications

There are five procedures in the flocoder system as follows

1) FLIP([C]LLICLICLICT)

This procedure converts the flowchart specifications on the specified input file, into a linear program
corrasponding to a particular level of coding. The next item on the input stream which is selected at
the time it is called should be the title of the chart to be coded. The linear program which is generated
becomes the current file.

P1 - name of the input file (or stream, see Chapter 3). If this is left unspecified, the current file is used.
If no current file is defined, the currently selected input stream is used.

P2 - the required coding level.
P3 - This is the Print switch which controls monitoring on the currently selected output stream. If this
is = O minimal monitor printing occurs if it is /= C the code for each box at the specified level is
also listed.
P4 - a string giving the form of labels required.
P5 - a string giving the form of ‘goto’s required.
PE& — a string giving the form of conditional ‘goto’s required.
In the strings P4, P5, P8, a unique numeric identifier is inserted immediately prior to the last character.
if any of P4-P6 are zero, the following defaults which are suitable for MUSL programs are assumed:

P4 - L: giving labels of the form LXXXXX:

P8 - -» L; giving gotos of the form -> LXXXXX;

P6 - ,-> L; giving conditionals of the form, =-> LXXXXX;

newline.

2) DRAW({[CLICLLY
This procedure is used when a batch of diagrams are to be drawn on a non-interactive output device.
it producses output on ths file P2 to draw selected charts from the input fils P1 on a graphical output
devica, A list of titles for the required charts should appear on the currently selected input stream,

sgparated by newlines and terminated by the character "@’ at the start of a line. The word ALL will
suffice if it is required to draw ail flowcharts on the spacified file.
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P1 - name of the input file. If this is left unspecified, the current file is used. If no current file is defined,
this procedure will expect the Flowchart encodings to be on the current stream following the list of
titles.

P2 - name of the output file. Zero means the current file.

P3 - the required level number, as with FLIP, except -1 may be specified, in which case each diagram
will be drawn twice at level O and level 1.

P4 - specifies the device type on which the flowcharts are to be drawn as follows

O ordinary printer (LPT)
DBL diablo printer

LPT line printer

PLT pen plotter.

W

This determines the format of the cutput on stream P2.
3j DISPLAY([C][C].))

This procedure is used from an interactive terminal when it is required to inspect a single flowchart.
P1 gives the file name and P2 gives the flowchart name. P3 indicates the code level which is to be
displayed. It may be -1, in which case only the box shapes, containing their numbers instead of code,
will be displayed. If the diagram is too big to fit on the terminal screen, as much as possible from
the lefthand corner will be displayed. After a particular diagram has been selected by means of this
command, it may be operated upon by the next two procedures.

4) SCROLL())

This procedure allows the display to scroll the diagram previously selected by the DISPLAY command.
Parameter P1 is normally a letter

D meaning down
U meaning up

R meaning right
L meaning left

If P1 is zero the display is re—initialised from the top lefthand corner. P2 is an integer which specifies
the number of lines or character positions over which the scroll is to take place. If P2 is zero the scroll
will take place in the direction specified up to the edge of the diagram.

B) LEVEL{L))

This procedurs allows the displayed level of box P1 to be changed to that given by PZ. If P1 is zero
the displayed text level of all the boxes will be changed to the new level. If level -1 is specified only
box shapes, containing box numbers, will be displayed.

6) FLED([CLIC1})
This command is used when it is required to screen edit a flocoder file. The file specified by P1 is

edited to the nsw file specified by P2. P3 specifies the devics type (0 - ANS! standard, /= O -
Instaliation Dependent). Editing is performed by the following commands.
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a) T title. The title command allows a flowchart title to be specified, and it causes the input

file to be searched (forwards) until the chart is found. At this point the chart is displayed,
at level —1. Whilst the search is proceeding the content of the input file is copied to the
output file. The chart thus selected is available for editing by means of the commands
described below. If a seiected chart is edited, and then a further T command is used, the
edited form of the chart will be substituted for the original one in the output file.

b) S lstter integer. This command calls the SCROLL procedure and the letter specifies the
direction of the scroll (U,D,R,L). The integer specifies the distance in characters or lines.

c) Linteger integer. This command calls the LEVEL procedure to change the displayed level
of a box. The two integers are then used as the parameters of the procedure ca!!, hence
they must obey the conventions of LEVEL.

d) M integer integer. This command selects a box for modification. The parameters specify
box number and level as in ¢). The text for the specified box/level is displayaed on the
screen and may then be screen edited using the conventions described for the Vector
Editor (VEDIT - Section 5.5). Any of the four forms of exit from the editor cause a return
to the FLED command sequence but ‘Control E’ also redisplays the chart with the
specified box at the specified level.

e) B first/column spec/last. This BOX statement is the means by which new boxes may be
introcduced into an existing column of the currently selected flowchart. Only one of ‘first’
and ‘last’ are required. They are intended to be the existing boxes after or before which
the new boxes are to be inserted. The new boxes are specified inside / / in the same
way that a column is specified in a flowchart encoding. For example

B/21T-22R/ 11

would insert a test box numbered 21, and a rectangle box numbered 22 into a column
containing box 11. The insertion would be made immediately above box 11, whereas
the statement

B 10/21T-22R/

wouid cause the inserticn to be after box 10.
A further variant of the ‘B’ statement allows boxes to be deleted. It is

B - box list. For exampls,
B-12-18-21

will cause boxes 12, 16 and 21 to be removed from the currently selected diagram. The
primary flow pattern will be maintained as if the deletad boxes had become NULL boxes.
If any of them are test boxes the secondary flows will be {ost.

f C first/column spec/last. This Column statement allows a new column to be introduced.
The first and last parameters should specify existing box numbers in the columns to the
left and right of the new column. Again only one is raquired.

fo}] ‘F flow spec. This Flow statement allows new flowlines to be introducsed. For example in
the case of the box insertion given above the following flows may have to be added

F 10-21N-22-11
F 21YES-11
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h)

However, if there was previously a primary flow from 10-11 a warning will be given that
this has now been destroyed. The flow 10-11 could be explicitly deleted by the statement

F~ 10-11

R row spec. New row alignment can be forced by means of this statement. Old ones may
be removed by the negative form

R- rowspec
E. This command ends the edit. If the currently selected chart has been modified, the

modified form will be copied to the output file followed by the rest of the irput file.
Otherwise the unmodified chart and the rest of the input will be copied to the output file.
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7. ERROR SIGMNALLING AND RECOVERY

This chapter describes the facilities available to the programmer for signalling, detecting and acting
upon error and other exception conditions. Detailed information on the error codes and error
messages produced by the system is given in Appendix 2.

7.1. ERROR DETECTION AND SIGNALLING.

An error condition indicates the failure of some piece of hardware or software to carry out the task
it has been called upon to do. Usually, the program requesting the operation will require to be informed
of this failure, in order either to effect a local recovery action or to inform its caller in turn that an
error has occurred. Thus a general mechanism is needed whereby a called program (or a hardware
operation) may inform its caller of the existence and nature of any errors which may arise.

There are two possible approaches to the problem of signalling detacted errors to a calling program.
One is to set an error code into a status variable, which may subsequently be inspected by the caller,
and then to return to the caller. Alternatively the caller may be "trapped" - i.e. forced intc an error
handling procedure which it has previously nominated to deal with the condition. Obviously, each
method has its advantages: the former is often easier to use, particularly for errors which are expected
to occur (s.g. a user mis-typing a parameter); on the other hand, the trapping method is potentially
mors efficient since it eliminates the need to check the status after each action which might cause
an error.

MUSS provides for both of these methods, and allows the programmer to select which is to be used
for particular classes of error.

7.2. CLASSIFICATION OF ERRORS.

For convenience of recovery, errors are grouped into a number of error classes, and the recovery action
may be specified separately for each error class. Within the classes, individual errors are identified
by an srror codse; a compiste list is given in Appendix 2.

The basic system distinguishes sixteen different error classes numbered O - 15. The first ten of these
arg system defined; classes 10-15 are availabie for use by applications software. The ten
system—dsafined arror classes are:
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0 - program fault

1 - limit violation

2 - timer runout

3 - external interrupt

4 - organisational command error

5 - Input/Qutput setup errors

6 - Input errors

7 - Job control command errors

8 - Programming language runtime errors
S - System Library errors.

7.3. Program Faults

This class consists mainly of errors detected by hardware during instruction execution — for example,
arithmetic overfiow, access to illegal store addresses, etc.

7.3.1. Resourcs Limit Yiciations

These errors are signalled by the system kernel when a process exceeds one of its statad resource
limits — for example, processing time.

7.3.2. Timesr Interrupts

These are not strictly errors at ail, but are handied by the same trapping mechanism. The process may
request tc be informed after it has used a specified amount of processing time (see System
Programmers’ Manual). The mechanism is used by the basic systam to obtain an "eariy warning" of
the processing time limit violation, by requesting a timer interrupt shortly before the actual time limit
is exceeded.

7.3.3. External Interrupts
These are not strictly errors at all, but are handled by the same mechanism. An external interrupt is

triggerad by scme other process {see System Programmers’ Manual), usually a device controller, and
its main use is to implement the "break-in" facility for interactive jobs.

7.3.4. Organisational Command Errors

The organisational command procedures which form the interface with the MUSS kernei ali signal
arrors via this error class.
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7.3.5. input/Output setup srror

Errors in the organisation of input/output streams are included in this error class.

7.3.6. Input errors
The errors in this class are those which commonly result from faulty input, rather than a fauity program

- for example, reading beyond the end of a file, or reading non-numeric data in a context where
numeric data is expected.

7.3.7. Job control command srrors

This class is reserved for errors detected by the job control command interpreter.

7.3.8. Programming language runtime errors

This class consists of language dependent errors, such as accessing outside the bounds of an array
or calling an undefined procedure. To the user they are logically an extensicn of class 0.

7.3.9. System Library Errors

All errors detected by the major user facilities of the basic system (i.e. those described in this manual,
such as EDIT, TEXT, the compilers etc.) fall into this ciass.

7.4. PROCEDURES FOR ERROR HANDLING.
1) SET.TRAP(,P)

This procedure nominates P2, which should be a procedure with two parameters, as the trap
procedure to be involved on detecting an error in class P1.

2) READ.TRAP(I)P
This procedure returns as its result a reference to the current trap procedurs for errors of class P1.
3) SET.RECOVERY.STATUS{.1)

This procedure is used to control whether the "trapping” or "status" mechanism is to be used for errors
of class P1. P2 specifiss the mechanism to be used: zero means trapping, 1 means status.

4) READ.RECOVERY.STATUS{I
This procedure returns the current recovery status for error class P1.

5) ENTER.TRAP{1,}
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This procedure signals the occurrence of the error with class P1, code P2. Depending upon the
recovery status in force for error class P1, the error will be signalled either via a trap or via the global
status parameter PWO.

6) RETURN.FROM.TRAP()

This procedure enables a user trap procedure to reset the process to the state it was in just before
the trap occurred. The process then continues from the reset point.

7.5. PROCEDURES FOR FAULT MONITORING.
1) OUT.M(L)

This procedure outputs, on the currently selected stream, a suitable error message for error class P1
code P2. -

2) OUT.T{L)

This procedure outputs, on the currently selected stream, a standard trap diagnostic for error class
P1 code P2 (i.e. an error message and other diagnostic information).

7.6. MOTES ON THE HANDLING OF ERRORS.

1) Error classes 0-3 are implemented within the operating system kernel, and are always
handled via the trapping mechanism (SET.RECOVERY.STATUS) should not be used).

2) Error class 4 may be handled by either trapping or status, but most of the system library
procedures assume that the status mechanism will be used. Thus some library operations
may not work correctly if trapping is activated for error class 4.

3) Library procedures which alter the trap procedures or the recovery status should restere
their original values prior to exit. Errors which have been detected may be "passed back”

to the caller by restoring the original trap procedure and status values, and then re—calling
ENTER.TRAP.

4) If the "status” form of error recovery is active, then an appropriate error code is set into
the global status variable PWO, and the ENTER.TRAP procedure returns immediatsly.
Thus, in cases where status recovery may be in use, cails of ENTER.TRAP should always
be followed immediately by a return to the calling program which may then inspect the
status variable.

Generally, use of the status form of recovery is only recommended in small localised code sequences.

5) The status variable PWO is encoded as two bytes, the most significant giving an error
class, and the least significant an error code.
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7.7. HIGH LEVEL LANGUAGE RUN TIME DIAGNQCSTICS.
At the start of running a high-level language program the traps are set to enter the high-level language

dump and on-line debugging facility (MURD). This is a language independent package for use with
the standard MUSS language, MUSL, Pascal and Fortran 77. The procedure:

TL.TRAP(L)
is entered initially with error class P1 and code P2. This prints the reason for the program failure, the
line number of the line where the failure occurred and the procedure in which it occurred.
If the program is running off-line the procedure
TL.DUMP()
is then entered.
This prints the variables of the current procedure. It then prints the line number and procedure where
the current procedure was called and the variables of that procedure. This is repeated until the
outermost level of the program is reached.
If the program is running on-line the procedure
RD.DEBUG()

is then entered.
The TL.DEBUG user interface allows users to type

(a) run-time diagnostic commands.

{b) names of variables to be inspected or changed.

(c) MUSS commands.
RUN TIME DIAGNOSTIC COMMARNDS.
These commands are identified by a singie letter.
A All : prints names and values of all variables of the current procedure.
N Next : move to next procedure out in the dynamic chain.
S Surrounding : move to next procedura/block in the static chain.
C Current : move back to the procedure in which the fault occurred.

D Dump : the RD.DUMP procedure to give a complets traceback of variable values.

G {<page>.]<line> Go:restart the program at the specified line. if page is omitted, the current pags
is assumed. Zero indicates the current line.

I {<page>.}<line> Insert : a breakpoint is inserted at the specified lins.

R [<page>.} <line> Remove : the breakpoint, at the beginning of the specifiad line, is removead.
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P Profile : the profiles and stored tracebacks are printad out.

E Enter : to re—enter the program after executing the breakpoint.

Q Quit : end run-time diagnostics and revert to job control command processing.
V Variable : move into variable inspecting and changing mode.

*4# Treat the line as an MUSS job control command and execute that command.
VARIABLE INSPECTION AND CHANGING.

The value of a variable (or any of its components) will be printed out when <variablename>> is typed
in, followed by any of the following, indicating the required component.

5 to dereference a pointer

[ 1 or () for all elements of a vector

[n] or (n) for the nth element

@ for all fields of an aggregate type

<fieldnamep» for one field only.
Spaces must be omitted before the character
$l [I (I ]I )l @=

To alter the value of a variable (or component), the above sequence is followed by /<value>. In the
case of a vector {or which only certain elements need altering, * is typed for each element unaltered.
* command letter reverts to diagnostic command mode.

¥3¢ causes the line to be treated as an MUSS job centrol command and that command is executed.
MUSS COMMANDS.

As indicated above any MUISS command on a line by itself preceded by # # is interpreted and executed
immediately.
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8. SEMAPHORES

The primary synchronisation mechanism in MUSS is its message system. This allows collaborating
processes to be distributed across a network. However, it is possible for processes in the same
machine to share segments, providing the memory management hardware allows multiple virtual
addresses to be associated with the same physical address. The common segments are one example
of this, also when the underlying hardware architecture is suitable, two or more processes may open
the same file and share one physical copy. Thus some special applications may run as multiprocess
systems with the processes communicating through shared store, The following set of commands
are provided, in order to facilitats the synchronisation of these processes. They will not normally be
present in the standard general purpose MUSS system, but can be compiled into any special purpose
system which require them.

8.1. COMMANDS
(1) CREATE.SEMAPHORE())

This procedure creates a semaphore with the number given by P1 for use in the current process.
Normally up to 8 semaphores may be used as P1 is taken modulo 8.

(2) PASS.SEMAPHGRE(l,L)

This procedure is used to enable a semaphore of the current process to be made available to any
process created by the current process. P1 givas the semaphore number in the curraent process, P2
gives its number in the recipient process and P3 gives the SPN of the recipient process. When a
semaphore has been passed in this way the recipient and creating processes may both use the P and
V operations described below.

(3) INIT.SEMAPHORE(L})

This command may only be issued by the processes which created the semaphore P1. It initialises
the semaphora value to P2 and sats its wait queus empty.

(4) P.SEMAPHORE(l)
This command performs the Dijkstra "P" operation on the semaphcre P1

i.a. value{P1) := valuea(P1)-1
WHILE P1 ¢ O WAIT
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Thus the current process may be placed in a waiting state until some other processes cause the
semaphore vaiue to become > 0. Any number of processes may be waiting on the same semaphore
and they are ordered in arrival order.

{5) V.SEMAPHORE()
This command performs the Dijkstra "V" operation on the semaphore P1

i.e. value(P1) := value(P1)+1
IF P1 < O THEN FREE FIRST WAITING PROCESS.

8.2. RELEASING SEMAPHORES

When any process ends which is connected to a semaphore the numbar of users of the semaphore
is decremented by 1. If there are other processes still connected to the semaphore it will remain in
operation. If the terminating process was in the P state a V operation will be forced. When the
terminating process is the only process connected to a semaphore it will cease to exist and the data
structures associated with it wili be released.
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9. THE OVERALL ORGANISATION OF MUSL

9.1. INTRODUCTION

The overall structure of MUSL reflects its principle function, namely the implementation of MUSS. In
designing such a language for operating systam implementation one of two approaches can be taken.
First an attempt can be made to formally cater for the operating system requirements in the ‘virtual
machine’ provided by the language. For example, the notion of tasks (or processes) and multi-tasking
can be included. However, this tends to move scme of the operating system functions into the runtime
package of the language rather than providing the means for their implementation. The second
approach, which is the one followed in MUSL, is to allow direct access, through the language, to the
actual machine. Thus an operating system written in MUSL controls directly the use of store, CPU and
peripherals. Many of the special features of MUSL will not be required for writing simple user
programs, and the underlying basic language is straightforward and Pascal-like.

Forthe purpose of describing the syntax of MUSL this manual uses a variant of BNF. This will be mostly
self evident to readars familiar with this kind of notation. For example

<A> 1= WIX[Y!Z]
means that the syntactic element A may be W, XY or XZ. Also

<B> u= <A>[<B>!<NIL>]
means that B may be

W or XY or X2

or WW or WXY or WX2Z

or XYXY or XYW or XYXZ

or XZXZ or XZW or XZXY

or WWW or WWXY or WWXZ
and so on.

NIL is the only reserved name used, but some notation is required for the symbols <,>, !, [, ] and this
is <<>,<>>, <!>, <[>, <I>.
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9.1.1. Modular Structurs

Software written in MUSL is normally subdivided into modules. A singie module is all that the compiler
will accept. In the simplest case a module can be a complete program, but more commonly a program
will consist of several modules and MUSS consists of many modules. Since the MUSL compiler only
deals with single modules, it follows that the compilation of multi-module software will involve several
calls on the MUSL compiler (one for each module), and that provision for inter-module linking has
to be made outside of the compiler. This Manual is mainly concerned with the rules for writing single
modules but some discussion of module linking is appropriate to set the context.

9.1.2. Module Linking

Like all other compilers in the MUSS system the MUSL compiler generates code indirectly through
calls on the MUTL (target language) procedures. These procedures can be instructed to generate either
relocatable or executable binary. In the former case inter-module linking is postponed until the final
link-loading pass, whereas in the latter case it becomes the responsibility of the MUTL procedures,
and is carried out as the compilation proceeds. The MUTL procedures and the link-loading scheme
are described elsewhere but to give an understanding of how modules of MUSL fit together some
repetition is appropriate here. It will be sufficient to consider the case where the MUTL procedures
are generating executable binary, and hence performing the inter~module linking.

9.1.3. The Storage Model

Statements described under 5.4.1 allow a user to separate both the code and the data, contained in
a module, into areas. This facility might be used in a module of the operating system, for example,
to separate the code that needs to be resident in main store from that which might be paged, and
similarly for the data structures. The MUTL system provides the means for areas to be placed in
physical store.

MUTL considers the physical store to be subdivided into segments. Each of these has a number, for
identification purposes, a size, a runtime address and a compile time address {all in units of bytes).
They are defined by calling the MUTL procedure TL.SEG. In fact TL.SEG has two further parameters
as described in Chapter 23, but their function is not appropriate to understanding MUSL. Areas are
related with segments by the MUTL procedure

TL.LOAD (MUTL segment number, MUSL area number).

Area O has a special significance of which the user must be aware. it is the runtime procedure stack
(9.2.5), whose placement is determined by the MUTL system rather than by the user.

After the storage requirements have been specified for a sat of modules that require to be linked, they
are compiled by a sequence of calls on the MUSL compiler one for each module. Unless the defauits
described in 8.1.6 are adequate each module should be preceded by calls on TL.LOAD to causs proper
placement of its Areas. As the compilation proceeds, the code and data items of the areas will
accumulate in their raspactive segments. If more than one area of a module is mapped into a given
segment, somsa interleaving may occur, depsnding upon the placement of area selection directives
(9.4.1) in the source.
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9.1.4. Initialisation

It will be obvious from what has gone before that the MUTL procedures will require data structures
that carry information across many individual MUTL procedure calls. These data structures must be
initialised, therefore at the start of a compilation the procedure TL (MODE) should be called. Also there
are some final checks required after the last module of a compile job and the procedure TLEND must
be called.

9.1.5. Modes of Compilation

For a ‘normal’ compilation of a user program the value O for the MODE parameter of TL selects
appropriate options. The full range of options are described in Section 2.5.2 and in Chapter 23.

9.1.6. Thé Command Structure of a Typical Compile Job

In the most general case the sequence of commands required to control a compilation would be

a call on TL

one call on TL.SEG for each segment

one call on TLLLOAD for each area of the 1st module
a call on MUSL to compile the 1st module

a further sequence of calls on TL.LOAD followed

by a call on MUSL for each additional module

finally a call on TL.END.

Howevar if the MUSL compiler is called with appropriate zeros in its MODE parameter it will call TL
and TL.MODULE at the start and TLLEND.MODULE and TL.END at the end. The least significant 8 bits
of the compiler mode will be used as the TL mode.

When TL is called with a ‘normal’ MODE, segment O is automatically created (for code) and area 1
is automatically mapped into it at the start of each module. As stated earlier, area 0 is the procedurs
stack, and its placement in store is controlled by MUTL. That is area O cannot be mapped into a usear
created segment. Thus, for a simple program TL.SEG and TL.LOAD calls are not necessary.

Also unless directives {9.4.1) are used to control the placement of code and variables, all cods will
be placed in area 1 (segment O) and variables will be placed in arsa O (the stack). In more complicated
situations segments are created at tha start of a compilation, and the mapping of areas intc segments
is given separately for each moduls.

9.1.7. The Format of a Module

In the general case a module will use procedures, and possibly literals, data structures, types and labels
declarad in other modules. Declarations for these entities, known as the ‘imports’ to the module, must
precede the module heading. The module heading itself serves three functions. First it indicates the
start of the module and the entities declared after the heading are private to the module unless they
are formally ‘exported’. The second function is to allow these exports to be specified, as a list of names
enclosed in parenthesss. The third function is to provide the option of assigning a name to the module.
If this option is used thsn all reforences to the exports from the module in other modules must prefix
the name of the experted entity by the module namse. A medule is terminated by "*END’ and on
sncountaring this the compiler will "exit’.
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More formally the syntax of a module is

<MODULE> ::= <IMPORTS>
MODULE[<NAME> ! <N1L>]<EXPORTS>
<STATEMENTS>
*END

The IMPORTS are declarations of entities exported from other modules. Their exact form will be
discussed in 9.5.11, however, it should be noted that they are of two kinds. If the full detail of an
imported entity is needed by the compiler, in order to compile references to it inside the module, a
full duplicate declaration must be used (as in the above example). If there is no relevant detail  special
import declaration {(3.5.11) is used that gives oniy the name and kind of the entity.

The EXPORTS cof a module are an optional list of names of entities declared within the module thus

<EXPORTS> := (<NAME.LIST>)I<NIL>
<NAME.LIST> 1= <NAME>[,<NAME.LIST>!<NIL>]

Fer example, a module M2 that imports a procedure P1, which is exported from another module M1,
and exports itself two procedures P2, P3 would have the general form

PSPEC M1.P1(INTEGER)
MODULE M2(P2,P3)
PSPEC P2(INTEGER)
PSPEC P3(INTEGER)
PROC P2(l)

statements of P2

END
PROC P3(J)

statements of P3

END
#END

Itis assumed in the exampls that P1, P2, P3 each have one integer parameter. Obviously any external
referencaes to P2 and P3 must use the names M2.P2, M2.P3.

STATEMENTS are discussed more fully in subsequent Secticns but it might be heipful to give an
approximate picturs of how they ralats to modules and programs at this point. They fall into two main
groups, declaratives and imperatives. The norm is for the declaratives to come first. Again the norm
will be for most of tha statements in a module to be concernad with defining procedures. That is, they
will be contained within procedure bodies that are delimited by the procedure headings and the
matching ENDs. Thus a2 module will typicaily take tha form
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import deciarations
module heading
declaratives
imperatives
procedure heading
procedure body
END

#*END

9.1.8. Kinds of Modules
There are now saveral cases to consider in order to convey the significance of modules.

if the module is an ordinary program, a run of the program implies executing the imperative
statements, in the main body of the module. These may call the procedures enclosed in the module
which will cause the imperatives that they contain to be executed. Thus the imperatives at the outer
level might be regarded as the ‘main program’. A simpie variant of this case is where the module is
one of several that make up a complete program. In this case the imperative parts of each module
will be joined together in the order in which they are loaded. In most of the modules the imperative
statements, in their main body, will usually be concerned with initialising the global data structures
of the module, whilst that of one module will form the main program. Clearly the user must be
conscious of the order of execution.

Sometimes in a program that consists of several modules, some of the modules may be entirely
passive, in that they contain no imperatives in their main body. In this case the only way that the
procedures of the module can be executed is through calls of the exported ones, occurring in other
"active’ modules.

Modules of this kind can be treated as libraries, which are compiled and filed, to bs repeatedly used
by other programs after being ‘opened’ by use of the LIB command. The main body of a library module
may in fact contain imperatives statements, in which case they will be executed when the library is
opened. Their function, therefore, is to initialise the data structures of the module.

Some modules form part of the MUSS system library. They are permanently ‘open’, hence they cannot

have initialisation statements. If initialisation is required, as in the case of the MUTL procedures, a
procedure (e.g. TL) must be provided that can be explicitly called by the user.

9.2. KiINDS OF STATEMENTS AND SCOPE RULES

9.2.1. Kinds of Statement

There are a number of placss in the language specification whera an arbitrary sequence of statements
occur. Thus there is a need for the definition

<STATEMENTS> = <STATEMENT>[<STATEMENTS>!< NIL>]
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This section is concerned with various kinds of STATEMENT that exist in the language. It will be
apparent that not all kinds of statement are appropriate in every context and norms will be suggested.
However, the detailed constraints will only be given as the individual statements are described in later
chapters.

There are five main kinds of STATEMENT as follows

<STATEMENT> :: = <DECLARATIVE.STATEMENT)!
<IMPERATIVE.STATEMENT>!
<DIRECTIVE.STATEMENT) !
<PRCOC.DEFN>!
<BLOCK>!

9.2.2. Declaratives

The declarative statements normalily appear at the start of a MODULE, PROCEDURE or BLOCK. With
the single exception of LABELS (9.5) a declaration must be given for every name introduced into a
module, before any other use of the name is permitted. The main function of declarative statements
is to create entries on the name and property lists of the compiier. They do not, directly, result in the
generation of executable code aithough they may contribute to the code, executed at procedure entry
and exit time, that is concerned with dynamic storage allocation.

8.2.3. Imperatives

These statements are the means by which the computations are specified. Normally each MODULE,
PROCEDURE and BLOCK wiil have a sequence of imperative statements following its declarative

stataments. They are fully discussed in 9.7, but briefly they consist of the usual forms of statement
such as:

statements that express computations
procedure calls

FOR/WHILE loops

{F/THEN/ELSE statements

switches

8.2.4. Dirsctives

These statements relate more directly to the compiler and the underlying MUTL than te the language.
Their function is to select 'modes’ of compilation. Some directives meraly set switchas in the compiler,
wiilst others aillow the anvironment of the compilation to be manipulated by means of direct calls
on the MUTL procedures and other MUSS Library Procedures. Obviousiy thes positions in which they
are placed must be carefuliy chosen in relation to the action they have. Soms guidancs on this is given
along with their descriptions in 9.4.
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9.2.5. Procedure Definitions

A procedure has to be both declared and defined. Procedure declarations, which are described in 9.5,
specify the name of a procedure, and the number and type of its parameters and result. A procedure
definition gives the code body of the procedure that is to be executed on each call.

A procedure is defined by a heading followed by a sequence of statements terminated by END.

<PROC.DEFN> ::= <PROC.HEADING>
<STATEMENTS>
END

Normally the STATEMENTS will consist of DECLARATIVES followed by IMPERATIVES.

The function of the PROC.HEADING is to give the name of the procedure and the names of any
parameters that it may have. _

<PROC.HEADING > ::= PROC<NAME>[{<NAME.LIST)!<NIL>]
At runtime each call of a procedure causes space to be allocated dynamically on a ‘procedure stack’
containing linkage information, parameters, and the variables declared within the procedure. Hence
procedures may be recursive.

Although every procedure must be declared before it can be used or defined, the definition need not
precede calls on the procedure. The only restrictions on the placement of the definition of a procedure
are that it must come after the declaration of the procedure and be at the same level of the block
siructure (see 8.2.7).

89.2.6. Blocks
A BLCCK is a sequence of statements delimited by BEGIN and END.

<BLOCK>» ::= BEGIN
<STATEMENTS>
END

Normally the statements will consist of IMPERATIVES possibly preceded by some DECLARATIVES. The
main purpose of the BLOCK construct is to represent a group of statements as a single statement.
This is useful in some of the control constructs described in 9.7 where only a single STATEMENT is
admissible. Another use of the BLOCK construct is to localise the "scope’ of the entities declared in
the block to the statements that it contains.

9.2.7. Scopse and Biock Structure

The language allows blocks and procedures to be nested inside each other to any depth and the
implications of this must be understood. Consider the module shown schematically beiow
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MODULE
declaration of procedure A
declaration of procedure B

PROC A
declaration of procedure C

PROC C
END
END
PROC B
END

*END

Subject to certain restrictions the overall scope rule is that the statements within a procedure may
use entities previousiy declared in the same procedure, any enclosing procedure or the enclosing
module. Thus the statements of procedures A and B may access any entity previously declared in A
or B respectively or previously declared at the start of the module M. The statements of C may access
any entity previously declared in C, A or the module M. In particular the statements of A may use C,
A and B but the statements of B may not use C.

From the point of view of the general scope rule blocks and procedures need not be distinguished.
Obviously since a block has no name and is not formally declared a different example to the above
is necessary in order to illustrate the rule

MODULE M1

declaration of procedure A
declaration of X

BEGIN
declaration of Y

statement S1i

END

PROC A
declaration of Z
BEGIN

statement S2

END
END
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*END

In this case statement S1 may use Y, A and X but not Z. Statement S2 may use Z, A and X but not
Y.

There is one important difference between the treatment of procedures and biocks that is relevant
to understanding the exception to the general scope rule stated below. This difference is that on entry
to a procedure, a ‘frame’ is created on the procedure stack that contains all the variables declared
in the procedure, together with those declared in the blocks that it contains (and the blocks that they
contain and so on), whereas it follows that on entry to a block there is no such action. In effect it is
as if the entities declared in a block were actually declared in the enclosing procedure (or module)
head, except that access to them is restricted to the statements of the block. This interpretation should
be assumed in understanding the restriction stated below regarding the scope of variable.

When nested procedures occur in a module, the only variables available to the statements of a
procedurs are those previously declared in either the module heading, the outermost procedure of
the nest and the procedure in guestion.

Further restrictions apply to labels. Normally only the labels declared within a block or procedure may
be used in the statements of the procedure. A special mechanism exists, as described in 9.6, that
provides an escapa from this restriction.

9.2.8. ’‘Statements’ as the Compiler sees them

From a language definition point of view the recursive approach followed above seems best. For
example, a procedure definition is regarded as a statement, even though it contains an arbitrary
sequence of statements some of which may be further procedure definitions. In the current
implementation of MUSL, the compiler takes a different view of statements. The compiler has a main
loop, which proceeds aiong the lines

______ >.__——__

1
READ A STATEMENT

I
l
IDENTIFY IT

|

|
CALL THE ASSOCIATED
TRANSLATION PRCCEDURE

I
______ <______

Obvious problems arise, on small computers such as the PDP11, if STATEMENTS arse very large. Thus
the compiler is organised to break certain potsntially long statements into a sequencs of statements.
For example, a procedure statement is treated by the compiler as the group of statements

procedure heading statement
the statements of the procedurs
an END statement
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Clearly context information must be remembered across such a group of statements, so that when,
for example, the END statement occurs the comniler knows of what it is the end. Even so this feature
of the compiler influences the style of fault monitoring, described in Chapter 7, and it is responsible
for some of the restrictions mentioned, in subsequent Sections, in connection with specific statement
descriptions concerning the used of statement separators and newlines.

9.3. BASIC ELEMENTS OF THE LANGUAGE

8.3.1. Symbols

Each statement in MUSL is a sequence of symbols. These symbols may be names, numbers or
delimiters. To compensate for the shortage of suitable characters some delimiters are represented by
reserved words. Alternatively an abbreviated form of each reserved word may be used comprising
the first two characters of the fuil name preceded by the $ sign. The space character has no meaning
at the statement level, but it terminates a symbol therefore it should be used to separate symbois where
ambiguity would otherwise arise. Newline and tab are equivalent to spaces, except where specific
restrictions are placed on the use of newlines in certain ‘long statements’. The list below gives the
fuil form of each reserved word delimiter.

IF, FI, THEN, ELSE, DO, OD, WHILE, WITHIN,
FOR, EXIT, SWITCH, ALTERNATIVE, FROM,
INTEGER, LOGICAL, REAL, SELECT, PROC,
PSPEC, LSPEC, LITERAL, DATAVEC, END,
BEGIN, MODULE, ADDR, SPACE, VSTORE,

LABEL, AND, OR, OF, IS, TYPE, IMPORT.

The delimiters INTEGER, LOGICAL, REAL are special in that they can be followed by an integer, giving
their size in bits. Thus in effect INTEGER16(3$IN 16) LOGICAL8($L08) and REALB4($REG4), for example,
are aiso delimiters.

©.3.2. Statement Separators

A’ is normally used to separate statements, it may be omitted if the statement ends with & reserved
word or the following statement begins with a reserved word which cannot occur within a statement.
The delimiters that start stataments and can also be used within statements are

INTEGER REAL LOGICAL ADDR

Redundant ";’s between statements will be ignored, therefore if in doubt, use ; consistently as a
terminator.
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9.3.3. Comments

The comment symbol is ":". All following characters will be ignored up to the next newline symbol.
A comment is an alternative way of terminating a statement and is equivalent to °;'.

9.3.4. Names

Names (henceforth referred to as <NAME>) are used to represent variables, types, literals, procedures
etc. They must begin with a letter which is then foilowed by an arbitrary sequence of letters and digits
possibly connected by fullstops (period). The latter are allowed as a readability aid and are ignored
when names are matched. For example, A X X1 NAME IN.NAME1 and INNAME1 are all examples of
valid names, the last two referring to the same item.

9.3.6. Constants

These (henceforth refaerred to as <CONST>) can be written in various styles. However, there are some
"TYPE" implications, and the TYPE (and size) of the constant should match the context in which it is
used, or it will be converted if the context aliows type conversion (9.7.2).

<CONST> ::= <DEC.INTEGER>!
<HEX.CONST>!
<CHAR.CONST>!
<MULTI .CHAR.CONST>!
<CHAR.STRING>!
<REAL.CON3T>!
<REAL.HEX>!
<NAME>

9.3.5.1. Decimal Integer Constants

A decimal integer constant may be optionally preceded by a sign.

<DEC.INTEGER> = [+!-!<NIL>]<DECIMALS >
<DECIMALS > = <DECIMAL.DIGIT>[<DECIMALS>!<NIL>]

For example, all the following are allowed

34, -90, +34, 65535

All the above constants would be appropriate in an INTEGER16 context. They could also be used in
an INTEGER32 context, in which case they wouid be sign extended to 32 bits.
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9.3.5.2. Hexadecimal Constants

Hexadecimal constants are used when the bit pattern representing a constant is more significant than
its value, if interpreted as a number.

They are represented by the ‘%’ symbol followed by sequence of hexadecimal digits, and the notation
allows muitiple occurrences of the same digit to be specified by a repetiticn factor expressed as an
unsigned decimal integer enciosed in brackets.

CHEX.CONST> ::= %<HEX.SEQUENCE>

<HEX.SEQUENCE> ::= <HEX.DIGITS>[<HEX.SEQUENCE>!<NIL>]
<HEX.DIGITS> ::= <HEXDIGIT>[ (DECIMALS)!<NIL>]
<HEX.DIGIT> ::= <DECIMAL.DIGIT>!AIBICIDIE!F

Hexadecimal constants are right-justified, for example, the binary patterns

1001100110010000 and 11111110

might be expressed as %9(3)0 and %FE respectively. If a hexadecimal constant occurs in context
requiring more than the specified number of bits, it is automaticaily extended by zeros at the ‘left hand
end’.

9.3.5.3. Chaiacter Constants

These are used to represent the ISO—code of the visible cnaracters. The notation is

<CHAR.CONST> 1= "<CHARACTER>

where CHARACTER represents, any printing character except $, a space character, or the character
pairs

3L
$P
$N
"

$$

representing newline, newpage, nuil, guotes(") or dollar ($}. For example ‘A, "1, '$$ are equivalent to
%41, %31, %24.

9.3.5.4. Muiti-character Constants

These are used when it is required to have the |SO—codes for saveral characters concatenated into
eone censtant. The notation is

<MULTI.CHAR.CONST> ::= "<CHARACTERS)"
<CHARACTERS> ::= <CHARACTER>[<CHARACTERS»!<NIL>]
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Examples are "NAME1", "$3$RE" which are equivalent to the hexadecimal constants %4E414D4531
and %245245. Like hexadecimal constants they are right-justified and zero extended on the left when
used in a context bigger than themselves.

9.3.5.5. Character Strings

When general character strings are to be passed as parameters, they should be stored in a vector
of bytes and a ‘reference’ or pointer to the vector should be used as the parameter. Procedures that
have parameters of this kind will have them declared as ADDR[LOGICALB8] (see Section 9.5.2). Since
this situation occurs frequently in programs that require to print messages, a special notation is
provided that allows the actual character string to be written at the point where a reference to it is
required. This notation is

<CHAR.STRING> = %"<CHARACTERS>"

An example of its use would be

CAPTION (%"THIS IS AN ERROR MESSAGE");

9.3.5.6. Real Constant

Real constants are used to represent floating point numbers. The number of bytes occupied by the
flocating point number is determined by its TYPE. Floating point numbers are internally represented
as a 32 or 64 bit entities.

When real constants are input, the digits up to the decimal point are evaluated as an integer constant
and then converted to real. The precision of the conversion is the precision allowed for the (default)

integer constant (32 bit integer). The remainder of the constant is evaluated as real. If greater precision
is required, the exponent form {4 1.23456789 @ 8) must be used.

<REAL.CONST> = [<NIL>!4+!-[<DECIMALS>!<NIL>]
[<DECIMALS>!<NIL>][@ <DEC.INTEGER>!<NIL>]

For example
+23, 17.3 -90.23 -3.@9 4.3@-4 -6666 +.5@+3

9.3.5.7. Real Hex Constant

REAL.HEX constants ars inevitably machine dependent and should only be used if the exact bit pattern
is vital to the computation. The hexadecimal value must follow the %R with no spaces.

<REALHEX> 1= %R<HEX.SEQUENCE>
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The internal representation of floating point numbers will be defined later.

9.3.5.8. Name Constant

Any name can be defined as a literal and given a constant value (9.4). Its use elsewhere is equivalent
to using the value explicitly.

9.4. DIRECTIVE STATEMENTS

All DIRECTIVESs start with "*" which is usually followed by the name of the directive, some parameters
if appropriate, and they are terminated by ;. They are used mainly to control the mapping of a module
or program and its variables into areas, to control the form of compile time output and to manipulate
the environment of the compilation by making cails on MUTL procedures or other library procedures.

<DIRECTIVE.STATEMENT> ::= #CODE<CONST>!
#GLOBAL<CONST> !
*CMAP<CONST> !
*STOPC!
*+ | NFORM<CONST> !
*#INIT<CONST>
*TLSEGKCONST><CONST><CONST> !
*TLLOAD<CONST><CONST> !
#+TLMODE<CONST><CONST> !
*VTYPELTYPE> ! -
**#<ANY MUSS COMMAND>

2.4.1. Areas

Arsas are the major logical subdivisiens of the store in which a module is to be placed. A module can
reference up to 32 areas, which at compile time are known only by number (0~31). They are assigned
to actual store locations by use of the MUTL procedures TL.SEG and TL.LOAD. Area O is special in
that it is the procedure stack, whose placement in store is directly under the control of MUTL. Cods
is always compiled into the area last specified in the directive

#CODE <CONST>

If the same area is specified more than once, the successive sequences of code will occur
consecutively in the given arsa.

A precisely similar effect can be achieved with the mapping of giobal variables (i.s. those declared
at the outer level of a module) into segments by use of the diractiva

#*GLOBAL <CONST>
Area O may be specified, in which case, global variables subsequently dsclared wil! be on the stack

immediately before ths first stack frame. Variables declared inside procedures ars dynamically
aliccated on the siack.
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Both in the above and in later directives, the form of CONST used should be integer or hexadecimal.

9.4.2. Compiler Qutput
Another pair of directives are concerned with the output that is produced during compilation, are
#CMAP <CONST>
*STOPC
The first of the pair causes compile time output to appear on the stream specified by the given
constant, and the last stops this output. The CMAP is a compile map giving line numbers and positions

in store as various landmarks are passed. It is described more fully in 9.8.

To assist with understanding the action of the compiler, for example, if modifications are required,
there is a further directive

*INFORM <CONST>

This will cause printing of various compiler lists and information depending on the value of the bit
significant parameter (CONST) as follows.

Bit Function

0 Print the encoded itemised statement in hexadecimal,
every statement read

1 Print the text character by character
as they are read

4 Print the analysis record of <COMPUTATIONS>.

5 Inhibit compile map

Bits 8 - 15 contro!l MUTL output
(i.e. they are passed as bits O - 7 of the parameter
to TL.PRINT)

5.4.3. Initialisation

If the MUSL compiler is not running in a full MUSS environment, in which the MUTL system can be
initialised and stored by dirsct cails on MUTL procedures from the command stream of a compile run,
facilities for this purpose are necessary in the compiler. In particular it is necessary to call TL and
TL.END at the start and finish of the compile run, possibly maka several calls on TL.SEG to astablish
the segments for the compilation in which case it will also be necessary to make calis on TLLOAD
and possibly to cail TL.LMODE for the compilation of individual modules. Thus the following directives
are provided

*#INIT<CONST>

*TLSEG<CONST> <CONST> <CONST>
#TLLOAD<CONST> <CONST>
#TLMODE<CONST> <CONST>
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The parameter of ¥#INIT is a bit significant CONST whose bits have the following meaning.

bit 0 =0 the compilation is for a 32-bit machine

bit 0 = 1 the compilation is for a 16-=bit machine

bit 1 =1 the module following it the first of a
compile run

bit 2 = 1 the module following is the last of a

compile run.

if bit 1 = 1 a call will be made on TL and bits 8-15 of CONST will be used as the parameter of TL.
If bit 2 = 1 there is no immediate action but the next *END encountered will finally result in a cail
on TL.END

#TLSEG #TLLOAD and #TLMODE should be followed by the appropriate parameters separated by
spaces.

9.4.4. Binary Patching
There is also a *# <HEX.CONST> directive which allows binary machine instructions to be

introduced into critical machine dependent sequences. This is used in MUSS, for example, to
implement register dumping and reloading when a process change takes place.

9.4.5. MUSS Library Calls

If the MUSL compiler is running in a MUSS environment, a cail of any MUSS library procedure can
be forced from the compiler by using in the MUSL source a MUSS command preceded by *%. This
facility is most often used to manipulate the input/output streams. For exampie, two separate files
can be made to appear as one, to the compiler by using the ‘IN° command in one file (i.e. "*%#IN name
of file’) at the point where the other file is to bs included.

Ancther use of the faciiity is to make direct calls on the MUTL procedures that control the environment
of the compilation.

The command following the ##* up to the next newline is processed by MUSS not by the compiler
and it should not therefore be terminated by ';” or a2 comment.

9.4.6. Ystors Type

The VSTORE declarations of Section 9.5.10 introduce the idea of a default VSTORE type. This is
normally the same as the default integer type but it may be raset by the diractive

#VTYPE INTEGER32;

for axample.
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9.5. DECLARATIVE STATEMENTS

Every name used in a MUSL statement must be declared before it is used except for the reserved
names of the language and label names. The declarations of the language are

<DECLARATIVE.STATEMENT> ::= <LABEL.DEC>!
<VAR.DEC>!
<PROC.DEC>!
<LIT.DEC>!
<DATA.VEC)!
<TYPE.DEC>!
<FIELD.DEC>!
<SPACE.DEC>!
<V.STORE.DEC>!
< IMPORT.DEC>

In effect a declaration specifies one or more names, defines the kind of entities to which they relate,
and where relevant gives their properties. Thus a name declared in a LABEL.DEC is regarded as a label
name and a name declared in a PROC.DEC is regarded as a procedure name. The former will have
no additional properties but the latter might have properties concerned with the kind and type of its
parameters and result.

9.5.1. Label Declarations

<LABEL.DEC> = <NAME>:

A label declaration provides a way of referencing the statement which follows it in a '->(goto)
statement. Normally labels are automatically generated by Flocoder and the user will not be directly
concerned with them. In effect the label name is a literal whose value is the address of the statement
that follows it. Unlike ail other declarations the scope of the name declared is the whole of the
procedure or block in which it is declared. That is, forward references within a procedure or block
are permitted, whereas in all other declarations, they are only effective forwards from the place where
they appear. Labels may not be referenced in a '->’ statement of an enclosed procedure, since a goto
of this kind implies unwinding the procedure stack. However this restriction does not apply to izbel
variables and parameters of type LABEL.

9.5.2. Variabie Declarations

<VARDEC> 1= <TYPE> <NAMELIST>

A variable declaration specifies an arbitrary list of names of variables of a given type. They may be
scalar or vactor variables depending on whether or not the dimension is given in

<TYPE> u= <SCALARTYPE>[<[><CONST><]>!<NIL>]

Scalar types may be numeric types, type LABEL, the names of user defined types (see later), pointers
to scalar or vector instancas of either of these, or pointers to procedurss. In this latter case the name
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must be one for which at least a PSPEC and possibly a procedure definition has been previously given.
<SCALARTYPE> <NUMERICTYPE»/LABEL! <NAME>!

ADDR[<NUMERICTYPE> I <NAME>]!

ADDR<[>[<NUMERICTYPE> ! <NAME> < 1>

ADDR«<[>ADDR<]>!ADDR ADDR!ADDR

{ INTEGER!REAL!LOGICALJ<SIZE>

<NUMERICTYPE>: :

<SI1ZE> 118!116124132!1641128!I1<NIL>
For example
INTEGER32 denotes a 32-bit signed integer
LOGICALS denotes an 8-bit unsigned integer
INTEGER32[10] denotes a vector of 10 32-bit integers
ADDR INTEGER32[10] denotas a vector of 10 addresses of 32-bit integers
ADDR [INTEGER32] denotes the address of any vector of 32-bit integers
ADDR P1 can be used to indicate the address of a particular type of

procedure where P1 is a name defined in a PSPEC

The main numeric types are integer and real, but each may exist in a rangs of sizes. For typs INTEGER
the size may be 8, 16, 24 or 32, short operands will be sign extended up to the size of the
COMPUTATICN in which they appear. If the size indication is omitted the natural size (16/32 bits) of
the target machins will be chosen. Type REAL may only be 32, 64 or 128.

The third numeric type (LOGICAL) is similar to INTEGER, but the sign propagation of short operands
is suppressed ar.d sizes 1 and 64 are also permitted. It should be noted that LOGICAL is merely a
name for unsigned integers. Entities of this type can be used in any INTEGER context. There is no
separate LOGICAL mode of srithmetic but the logical operators representing ‘and’, ‘or’ and
‘non—aquivalenca’ can be used in INTEGER computations.

Variables of type LABEL may have labels (or other label variables) assigned to them. They may then
be used as the coperand of a ‘goto’ statement.

In the declaration of vectars the CONST should have an integer value > 0. It specifies the number of

elements in the vector and subsequent accssses should regard them as being numbered O to
CONST-1.

When a type is preceded by ADDR, it denotes a pointer to an object of that type. ADDR may also be
used as a numeric type to indicate an integer whose sizs is the address length of the target machine.
Similarly a pointer to such an intager or vector of integer is dencted by ADDR ADDR, ADDR{ADDR].
This size may be specified in the mode parameter when the compiler is called (ses 2.5.2).

Variables which are declared inside a procedure are local to that procedurs and are allocated space
on its run time stack frame. The variables of a procedure declared at the outer level of a module can
be accessed non-locally from any nested procedure. Yariabies declared at the outer ievel of a moduls
are global to all the procedures of the module. More general non-lfoca!l access is not permittad. The
positions occupied by global variables depend upon the use of the *GLOBAL directive {39.4}.
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9.5.3. Procedure Declarations

<PROC.DEC> ::= [PSPECILSPEC]<NAME>[<PSPEC>!=<NAME>]
<PSPEC> u= ([<T.LIST>!<NIL>])[/<SCALARTYPE>!<NIL>]

A declaration should normally be given for every procedure, before it is used or defined. This
declaration defines the NAME to be a procedure name indicates whether the procedure is to be given
(PSPEC) or found in a library (LSPEC), gives the type of each parameter, and the type of the result (after
the /), if it is a function procedure. Only scalar types are permitted as parameters, and results are
further restricted to non user defined types and addresses of user defined types.

<T.LIST> = <SCALARTYPE>[,<T.LIST>!<NIL>]

Thus vectors cannot be passed as parameters but their addresses can. Also addresses of user defined
types can be passed thereby enabling procedures to place results in the associated variables.

If a group of procedures have identical specifications a full specification must be given for the first
then the "='s option can be used in all further PSPECs.

Sometimes it might be appropriate to give a specification for a name of a class of procedures (e.g.
TRIGFN) which is not itself a procedure, and to use it to declare the procedures of that class, for
example

PSPEC SIN = TRIGFN

It may also be used to declare pointers to procedures of that particular class, for example

ADDR TRIGFN
If a user prefers to forfeit some degree of checking, the LSPECs may be omitted and the compiier

will automatically generate LSPECs for any undefined procedure name which corresponds to a library
procedure name in a currently open library. This option is controlled by a mode bit {section 2.5.2).

9.5.4. Literal Declarations

<LIT.DEC> LITERAL[/<SCALARTYPE>!<NIL>]<N.LLIST>

<N.LLIST> = <NAME>=[<LITERAL>[,<N.LLIST>!<NIL>]<NIL>]

These declarations provide a faciiity to define names, as literal names having compila time values
{constants). When a NAME associated with a literal value is used (for example, as a <CONST>) the
literal value is substituted in its place. Several literals can be defined in the same declaration providing
thay are all of the same TYPE. If no TYPE is given INTEGER (default size) is assumed.

<LITERAL> 1= <CONST.EXPR>!<AGGREGATE.CONST>
<CONST.EXPR> u= <CONST>[<CONST.OP><CONST.EXPR>!<NIL>]
<CONST.OP> = + !1-1&!II> 1 %1/

<AGGREGATE.CONST> = <CONST>N\<AGGREGATE.CONST>!<NIL>]
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Mormally literals will be single constants. However, some literals may be functions of other (earlier
defined) literals hence a simple form of expression is allowed. It can only be used with literals of type
INTEGER and LOGICAL hence the forms of CONST used must also be of these types. The evaluation
is left to right and the meaning of the operators is

+ meaning add

- meaning subtract

& meaning logical ‘and’
! meaning logical "or’

# meaning multiply

/ meaning divide.

Only the NIL form of expression (i.e. part of <N.L.LIST> following =) is permitted when the TYPE
is a pointer type, and it generates a NIL pointer of the given type. Aggregate literals correspond with
user defined types, and each of their fields is defined by a separate constant. Some examples of literal
declarations are

LITERAL/ INTEGER COUNT=10, SIZE=COUNT+1;
LITERAL/IPAIR 1 1=100\3;
LITERAL/ADDR[$LO8] NIL.AL=;

IPAIR is defined in the examples of type declarations given later.
In practice literal declarations have sometimes been very long with many names declared in the same

statement. Thus the compiler has been organised to take them a line at a time. As a consequence
of this each iritermediate line must end with *,’. For example

LI1TERAL A=1,
B = 2;
is acceptable but
LITERA A=1, 8B
= 2;

is not acceptable.

9.5.5. Data Vectors

A Data Vector is a one dimensional array of literals having a name which can be used like any other
vector name in order to access the elements of the vector as operands. However, if the data vector
is stored in a read only segment it cannot be aitered by the program. If it appears at the outer level
of a MODULE it will be placed with the global variables of the module and if it is contained within
a procedure it will be stored with the code. Thus the placement of data vectors can be dstermined
by the programmaer by precading them with # GLOBAL directives in the first case and #CODE dirsctives
in the second case.

<DATAVEC> ::= DATAVEC<NAME> (<SCALARTYPE>)
<LITERALS>
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END

Any number of LITERALs are allowed but they must all be of the same given TYPE. The only permitted
pointer type of data vector element is the address of a procedure or data vector (ADDR<NAME>).

CLITERALS> ::= <LITERALS[<[><CONST><]I>!<NIL>]
[<LITERALS>!<NIL>]

Obviousiy the individuai iiterais must be separated and it is usual to use space or newline for this
purpose. If a LITERAL is followed by a bracketed <CONST> it will be repeated the CONST number
of times. Only CONSTs with integer values >0 should be used in this context. For example:

DATAVEC NAME($L08)
‘d A 'C 'K
END;

is a VEC called NAME of 4 bytes, and

LITERAL COUNT = 4
DATAVEC CONSTS($IN)
1 2 3

10[5]

20[COUNT]

6

END;

is a VEC of 13 integers.

Because of the high incidence of character data vectors in some parts of MUSS, for example, as error
messages, a special construct is provided to abbreviate lists of character literals. it is "< CHSTRING >".
Thus the first example above could be written

DATAVEC NAME($LO08)

"JACK”
END;

8.5.8. Type Declarations

<TYPE.DEC> = TYPE<NAME> [IS <STRUCTURE>!<NIL>]!
TYPE<KNAME> = <CONST>!
WITHINSKNAME> 1S <STRUCTURE>
<STRUCTURE> = <FIELDS>[OR<STRUCTURE>!<¢NIL>]
<FIELDS> = <TYPESKN.LIST>[<FIELDS>!<NIL>]

Type declarations allow the user to declare a NAME as a type name and to associate it with a
STRUCTURE comprising several fields of simpler types. The fields are given names so that they may
be subsequently accessed as operands. Consecutive fields of the same type are declared by giving
a list of names after the TYPE. If fields are of different types a TYPE werd should appear before each
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field name. A TYPE.DEC which has an alternative is called a UNION. In all
UNION, the compiler will allow space for the largest alternative form, but th
know which alternative is present at any point in time.

declared instances of a
e onus is on the user to

It is sometimes necessary to use a TYPE name before giving its declaration. This may occur, for
example, in importing procedures which use exported types. Thus the NIL alternative of a type
declaration allows a name to be introduced as a type name. its full definition must be given later in
the usual way.

The last two alternatives of a type definition allow a type to be defined incrementally with several
modules adding some fields. First of ali a type name, and size in bytes, must be given using the
construct

TYPE PRB.TYPE = 1000;

which states that the type PRB.TYPE will have a size not greater than 1000 bytes. The WITHIN
statement which has the same syntax as a normal type definition, may then be used in any module
into which the type is imported to add some fields. Only those fields declared in a module will be
accessible in that module.

9.5.7. Examples of Variabis/Type Declarations

The simplest example of a declaration is where no dimension is given, e.g.

INTEGER 1,J;

in this case | and J will be local variables of type INTEGER. If a vector of elements of type INTEGER
is required a dimension must be given thus:

INTEGER[25]VEC!;

In this case the 25 INTEGER elements of VECI will be numbered 0,1,...24.

New types are created by use of the TYPE declaration, e.g:
TYPE IPAIR IS $IN PROP1, PROP2;
TYPE CONDITIONS IS REAL TEMP, PRESS, VOL;

These TYPE names can be used to declare scalar or vector instancss of the TYPEs in question, e.g:
IPAIR 11,12,13;

declares thres integer pairs and

CONDITIONS [20]U,V;

daclares two vectors sach having 20 elements containing a TEMP PRESS and
VOL component.
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A TYPE may have several different fields, e.g:
TYPE IOCAREA IS $IN SPN, PID $LO8[100]MBUFF
declares a TYPE IOAREA with three fields which are the two integers SPN, PID and a vector (MBUFF)
of 100 bytes. This might be used to declare an !OCONT vector containing 16 IOAREA’s thus:—
I0AREA[ 16] I|QCONT;

It should be noted that every field has a name which must be unique within the type the purnose of
which is to provide a means of accessing it as described in 8.5.

9.5.8. Field Declarations
These are duplicate declarations for the fields of structures which allow them to be ‘selected’ and
subsequently accessed by their field name only. The syntax of the statement is given below, but its

meaning and use is discussed in 9.6.

<FIELD.DEC> ::= SELECT<CONTEXT>

where CONTEXT is defined in 9.6.

9.5.9. Spacs Declaration

It is convenient to be able to reserve some unmapped stors to be dynamically mapped by means of
the MAKE function. The SPACE.DEC provides for this.

<SPACE.DEC> = SPACE<NAME>[<[><CONST><]>!<NIL>]

If these declarations appear inside a procedure the space will be reserved on the run time stack
otherwise it wiil be reserved in the current global area (i.e. that last selected by a #* GLOBAL directivs).

The NAME may subsequently te used as the paramster of a call for the built-in function MAKE. The
CONST specifies the required amount of space in bytes and must be an integer >0. Thus a space
of 1 Kbytes called HEAP1 would be declared

SPACE HEAP1[1024]

The use of the MAKE function and the provision made for ‘garbage collection’ in such spaces is
discussed in 9.6.5

In somae situations in MUSS areas of store arise dynamically. For example, when a file is opsened, or
a message is received. These can be treated as "SPACE’s if a space name declared without parameters
is subseguently associated with an area by means of the built in function POSN alsc described in 3.6.5.
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9.5.10. V-store Declarations

The MUSS ‘ideal machine’ is defined as a set of ‘ideal V-lines’ concerned with the control of
peripherals, store management hardware and CPU status. V.STORE.DEC is concerned with their
mapping into an actual machine. There are two forms of V.STORE.DEC as follows

<V.STORE.DEC>
<VDEFS>
<VDEF>

VSTORE <VDEFS>

<VDEF>[ ,<VDEFS>!<NIL>]
<NAME>[<[><CONST><]I>!<NIL>]
[%<HEXCONST> ! <NAME> ]
[<K<><KNAME> I <NIL>]
[<>><KNAME> ! <NIL>]

One option in V.STORE.DEC provides a means for associating an absolute address with an ideal V-ine.
It uses the CONST option where the CONST must have an integer value giving the address of the V-line
in bytes and its type will be taken to be the default VTYPE (Section 9.4.7). For example

VSTORE LPTSTATUS %3FF4C;

associates LFTSTATUS with the byte address %3FF4C. In cases where the machine VSTORE does
not correspond to the ideal machine VSTCRE, it is necessary to map the ideal VSTORE onto a variable

and to emulate the special actions of the ideal VSTORE by using PREPROCs and POSTPROCs. Thus
another form of VDEC is

VSTORE V1 PSEUDOV1 <PROC1 >PROC2

Here the VSTORE variable V1 is mapped onto the variable PSEUDOV1 (and takes its type), and the
names which {optionally) follow are the names of procedures. if the first procedurs name is present
{2.g. PROC1 above) it will be called before a read access on V1 and the second {(PROC2) will be cailed
after a write access to V1. The TYPE of VSTORE variables may be machine dependent but it will usually
ba type INTEGER, although if a VSTORE variable is mapped into another variable it takes the TYPE
of that variable.

Some VSTORE entities, for example, page address registers occur naturally as vectors. In these cases
a dimension should be given as for vectors of ordinary variables.

A procedure used as a PREFROC or POSTPROC is a restricted form of procadure. It may not have local
variables, parameters or a result. However, the code it contains may use the automatically declared
name VSUB, providing it has not been redeclared, to obtain the subscript in tha case whers it reiates
to a vector of V-lines. In effect the VSTORE declaration serves as the ‘PSPEC’ of the ‘PROC's henca
it should precede the PROCs and be at the same block level. In particular MUTL implementations, the
restrictions may be more severe {e.g. language constructs that cause the compiler to generate locai
variables must be avoided).

5.5.11. Import Declarations

< | MPORTS>
< MPORT>

< IMPORT><IMPORTS> I<NI >
<PROC.DEC> 1 <VAR.DEC» ! <IMPORT.DECy I<TYPE.DEC)
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In general a module may import any entity which is exported from another module. When the imported
entity is a procedure or variable a full duplicate specification must be given before the module heading.

A module sometimes uses imported entities without requiring a full specification to precede the
module heading. This applies to TYPEs, VSTORE, LABELS and LITERALs. Thus the following special
IMPORT statement is provided

<1MPORT.DEC> IMPORT<KIND><IMP.LIST>

<KIND> [LITERAL!VSTORE]J[<NUMERICTYPE>!<NIL>]!
TYPE! LABEL
<iMP.LIST> = KNAME> [<[><I>i<NIL>IL, <IMP.LIST>i<NIL>]

A type may be specified for an imported LITERAL or VSTORE and the NAME[ ] construct is used to
indicate when a vector instance of VSTORE is to be imported.

If a type name is imported in the above manner only the type name and not its fields are accessible
in the module into which it is imported. A full duplicate type definition must be given before the module
heading if use is to be made of the field names of the type. Similarly if procedures or variables are
imported, fuil duplicate definitions are necessary. Clearly any entity that is imported into a module
must be exported from another module, and modules related in this way must be loaded in the same
load run, or compiled in the same compile run if a generate executable binary option is used.

9.6. OPERAND FORMS

<OPERAND> = [®!<NIL>]<VARIABLE>[OF<CONTEXT>!<NIL>]!
<CONST>!
<NAME>[®I<NIL>]( [<P.LIST>!<NIL>] )!
(<COMPUTATION>)!
(<COND.COMP> ) !
<BUILT.IN.FUNCTION>
<VARIABLE> = <NAME><SUBSCRIPT>[4¢<SUBSCRIPT>!<NIL>]
<CONTEXT> = <VARIABLE>[OF<CONTEXT>!<NIL>]
<SUBSCRIPT> = <[><COMPUTATION»<]>!<NIL>
<P.LIST> = <COMPUTATION>[,<P.LIST>1<NIL>]

<COND.COMP> | F<CONDITION>THEN<COMPUTAT | ON>

ELSE<COMPUTAT I ON>

<COMPUTATION> and <CONDITION> are defined in 9.6.

The operand capability of MUSL is modsrataly complicated and warrants some discussion. Insvitably
the examples given reflect the structure of the COMPUTATIONS described in the next Section but their
meaning should be self evident.

9.6.1. Variables

Considering first the case where no CONTEXT is given, VARIABLES which are scalars are represented
by names, which are declared as described in 9.4. They may be Local, Non-local or Global. These
which ars vector elements ars represented by the vector name followed by a subscript. Tha subscript
{or index) is the result of a computation which gives the required element number. For example, A{C]
denotes the first element of a vector A and A[8] denotes its 10th slament. It follows that All-1]denoctes
the ith elsment. If a variable contains the address of the raquired variable it must be followed by "¢
to explicitly dereference it. Any variable so dereferenced might have been a pointer to a vector in which
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case a further subscript is required. For example if the NAME in the definition of VARIABLE refers to
the address of a vector, for example, it has been declared
ADDRI[INTEGER] name1;

and the address of a suitable vector has been assigned to name1, then an element in the vector is
accessed thus:

name 14 [subscript]
Whereas if it were the NAME of a vector of addresses of integers, declared as
ADDR INTEGER[10] name2;
any one of the integers addressed could be accessed thus:
name2 [subscript}®
If a reference to a variable is to be created then its name is preceded by an "#". Thus
4 name19[4] => name2[3]

computes the address of the 4th element of the vector of integers whose address is given by name 1
and assigns it to the 3rd element of the vector of addresses name2.

When a variable is a field of an aggregate type its CONTEXT must also be given. E.g.
SPN OF IOCONTTI]

If it is required to access an element of a vector which is itself a field in an element of a vector, for
exampie an element of the MBUFF defined in 9.5, the notation is:-

MBUFF[J] OF IOCONTI]]
meaning the Jth element of the MBUFF in the Ith (aggregate) element of IOCONT.
In general aggregate types can be nested to an arbitrary depth, hence, CONTEXT is defined recursively.
It should be noted that the last name given in the specification of a variable refers to an instance of
a deciarad objsct, whereas the preceding names are field names. Any of these names might be
subscripted and/or dereferenced.
The repatition of the full specification, when a series of operations are performed on a variable

embedded in a STRUCTURE, is tedious. The FIELD.DEC described in 9.6.3 allows them to be accessed
through their field names only.

9.8.2. Constants

These were described in 9.3. Any of the usual forms are permitted but they must be type compatible
with the context in which they appear {see 9.7.2).
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9.86.3. Field Declarations
The syntax was given in 9.4, Its use is illustrated in thev example below.
SELECT IOCONTIN]

serves two functions. It causes the address of the element of IOCONT specified by | to be noted and
it implicitly declares all the fields of IOCONT to be accessible by their field name only.

Given this, and assuming SPN, PID and MBUFF are fields of IOCONT, a statement such as

IF SPN OF IOCONT[I] = O THEN
FOR J<100 DO O => MBUFF[J] OF IOCONTII]OD
Fi

could be rewritten
IF SPN = 0 THEN FOR J< 100 DO O => MBUFF [J]OD
The addresses of the selected fieids are computed at the time the declaration is processed. Hence,

subsequent changes in the values of variables which appear as subscripts of the selected fields will
be ineffective.

9.5.4. Procsdure Calls

Procedures are called by giving their name (or a dereferenced pointer to a procedure) followed by
a P.LIST enciosed in brackets. The parameters must be COMPUTATIONs which vield values of the
correct type, although the usual automatic type conversions that apply in COMPUTATIONs may be
assumed. For example, an INTEGER can be substituted for a REAL. Type and type conversions are
discussed in 9.7.2.

Procedures which raturn results do so by assigning them to the name of the PROC as described earlier.

9.6.5. Built-In Functicns

Several built-in functions have already been mentioned but the significance of "built-in" has not been
explained. Their textual representation is that of a procedure. They are built into the compiler because
their implementation uses facilities not available at the user level. These fall into three main groups.

direct manipulation of addressss
variable TYPE parameters
interpretive entry to libraries.

A compiete list of the built-in functions is
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MAKE (ANY TYPE,$IN, [ANY SPACE!A BYTE ADDRESS!<NIL>]
JADDR OF GIVEN TYPE
PART (ADDR OF A VEC,$IN,$IN)ADDR(OF A VEC OF LIKE TYPE)
SIZE(ADDR OF A VEC)S$IN
POSN(ANY SPACE,A BYTE ADDRESS)
BYTE (<COMPUTATION>)3IN(A BYTE ADDRESS)
LLST( )
LPST(ANY BASIC TYPE, COMPUTATION)
LENT(INTEGER COMPUTATION,ANY BASIC TYPE)GIVEN BASIC TYPE

9.6.5.1. Dynamic Allocation of Store

The built-in function MAKE exists to allocate space at runtime for an object in a space previously
created by a SPACE declaration. The function has three parameters. The first is a type name, and the
second is a number. Space for the specified number of objects of the given type is reserved. The third
parameter of MAKE specifies the name of the SPACE that is to be used.

The function yields a value of type ADDR of type of object created. if the number of objects required
is the constant O a pointer to a scalar is yielded, otherwise a pointer to a vector instance of the objects
is yielded.

Thus:-

MAKE(REAL,Q,HEAP 1)
generates space for a REAL value in the space specified as HEAP1 and vields its address.

This implies that associated with HEAP1 is an index that keeps track of the amount of space actually
in use. Obviously the need might arise to note and reset this index and this is achieved by using the
name of the space as an integer variable.

In fact the third parameter of MAKE can be cmitted and in this case the run-time stack frame of the
procedure will be used, or it can be an explicit byte address.

9.6.5.2. Address Manipulation

Clearly operands have addresses but normally the programmer is only concarned with their names
or with the names of ADDRESS type variables. Addressas may be generated or dereferenced by means
of the "®" operator described earlier. However, certain exceptional requiremants arise in system
programming which make it necessary to manipuiate addresses more directly. A simple example
occurs when a character string has to be read, stored and returned as a resuit. In this case a global
or parametric byte vector of adequate length could be used to store the characters and the
built-in—function:

PART(<COMPUTATION>, <COMPUTATION>,<COMPUTATION>}

is availabis to genserate the appropriate resuit to return. The first COMPUTATION should vield the
address of a vector and the next two COMPUTATIONSs give the first and last subscripts of the partition
whose address is required. As the parameters may be evaluatad in an implementation dependant order
they should have no side effscts which wouid affact the values of the other paramaters.
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Again in the context of parametric vectors it might be necessary to discover the number of elements
that it contains. The function

SIZE(<COMPUTATION>)
yields the size of the vector whose address is yielded by the COMPUTATION.

Another requirement arises as a result of the Operating System allowing segments to pass from one
virtual machine to another, either as files or messages. This means that a program can acquire
information at a particuiar address unknown to the compiler. In this case usable addresses for the
objects can be obtained from the built-in function MAKE providing the area of store can be treated
as a SPACE. The built-in function

POSN(<SPACENAME>,<ADDRESS>)

associates the given SPACE name with the area of store whose byte address is given as the second
parameter. The first paramster is the name of the SPACE and the second is its address in byte units.
Alternatively, for simiiar reasons a byte address can be used directly in MAKE. Byte address of
variables can be obtained by using the function

BYTE(<COMPUTATION>)

The COMPUTATION must yield a result of pointer type.

9.6.5.3. Interpretive Library Calls

These facilities are required by, for example, a command language interpreter. A normal (compiled)
procedure call is broken down by a compiler into several steps. These are notionally

prepare to call a procedure
stack the first parameter
stack the second parameter

stack the last parameter
enter the procedurs
assign result

Further ccde might be intsrleaved with thess to compute the parameters. In order to facilitats
interpretive procedure calls these same steps are made available individually as built-in functions.
They are g

LLST( )
LPST(TYPE, COMPUTATION)
LENT (procedure index, TYPE)

The procedurs index is the integer result returned by the library procedure FINDN. The LENT procedure
is used to enter the procedurs indicated by the FINDN index given to it. The TYPE (or 0) is the type
of the rssult of the given procedure and if given then this call on LENT may be followed by an
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assignment to a variable of that type. Two other related library procedures are usually required in order
to make an interpretive procedure call. They are PARAMS and PARAMTYPE.

9.7. IMPERATIVE STATEMENTS

The Imperative Statements include both:
Computationai Statements
and Control Statements

Computational Statements may be conditional, unconditional, repeated WHILE some CONDITION
holds or FOR a given number of times (any of which may be zero times), thus:

< IMPERATIVE.STATEMENT> <COMP.ST>!<CONTROL.ST>

nu

<COMP.ST> <COMPUTATION> !
IF.S8T>!
<WHILE.ST>!
<FCR.ST>»
<CONTROL.ST> 1i= <GO.ST>!
<SWITCH.ST>!
<ALT.ST>!
EXIT
IF.ST» = |F<CONDITION><ACTION>
<KWHILE.ST> = WHILE<CONDITION>
DC<STATEMENTS>0D
<FOR.ST> = FOR[<NAME><<>!<NIL>]1<COMPUTATION>DO
<STATEMENTS>0D
<ACTION> = ,<GOST>! THEN<KSTATEMENTS><ELSECL>F!I
<ELSECL> = ELSE<STATEMENTS» !<NIL>

CONDITIONS also appear in conditional control statements and are described in 9.7.3. In the WHILE
statements the CONDITION is repeatedly svaluated. Each time it yields a true result, the imperative
statements between the following DO and OD are obeyed. On the first occasion that the condition
yields false, control passes to the next statement after the OD. The FOR statement provides for a similar
set of imperative statements to be executed a given number of times as specified by the controi
COMPUTATION which is evaiuated once at the start. As the repetition proceeds a counter is
maintained which starts from zero. When it reaches the specified value the repetition stops. if this
"control variable” is to be used during or after the loop an INTEGER variable name must be given in
the NAME. On completion of a FOR loop the value of the "control variable’ will be the vaiue of the
control COMPUTATION.

9.7.1. Computations
A computation is expressed as a sequence of operators and operands thus:

<COMPUTATION>
<COPR.OPD.SEQ>

<QPR.OPD.SEQ>
<OPERAND> [ <OPERATOR><OPR.OPD.SEQ>1<¢NIL>]

i
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Every COMPUTATION is an expression and the final result which occurs after complete evaluation of
the OPERATOR OPERAND sequence (from left to right) is the VALUE of the expression. This value is
discarded if the computation is a statement in its own right.

The OPERATORSs are the foilowing

+ meaning add

- meaning subtract

* meaning multiply

/ meaning divide (rounding towards O for integer result)
& meaning logical "AND"

1

meaning logical "OR"

-= meaning logical "NON-EQUIVALENCE" (or exclusive OR)
-: meaning reverse subtract

/: meaning reverse divide

+> meaning ADD into store

-> meaning SUBTRACT from store

*> meaning MULTIPLY into storse

/> meaning DIVIDE into store

&> meaning AND into store

!> meaning OR into store
-=> meaning NONEQUIVALENCE into store
= meaning assign to
~:!> meaning reverse subtract from store
/:> meaning reverse divide into store
<<~ meaning left logical shift
->> mezning right logical shift

When an OPERATOR is followed by ">" (excepting of course -> >, < <—and =>), first the OPERATOR
is applied (reversed if not commutative) to the current result and the following OPERAND, then this
new resuit is assigned to the following OPERAND and finally the new result is carried forward to the
next stage of the COMPUTATION. For example, 1->X will decrement X and generate a result "X-1".
Note that some operators namely &, !, -=, &>, !>, -=>, < <—-,->> are not available in floating point
mode.

General computations are not permitted on variables of aggregate or pointer types. They may,

however, be moved and compared, but in the case of aggregates not both in the same statement. For
exampie:

AGG1 => AGG2 => AGG3
$IF AGG1 /= AGG2 /= AGG3 $TH
are acceptable.

$IF AGG1 /= AGG2 => AGGS3 $TH

is not acceptable.
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9.7.2. Type

The TYPE of arithmetic used in evaluating a computation is determined by its operands. In any
COMPUTATION (or COMPARISON) the TYPE and size of the operands must be compatible. Obviously
if they are all the same, they are compatible, but there will be automatic type and size conversion in
some other cases.

For any computation the compiler determines a computation type by looking ahead up to and including
the first “assigned to’ operand, or the end of the computation if this occurs first. The operand of the
largest type determines the computation type. The possible computation types are INTEGER (size
16/32/64), REAL (size 32/64/128), user defined types and the permissible address types (any REAL
type is considered larger than any INTEGER typse). Howaver, the operations available are in some case
restricted as shown in the table below {/ indicates allowed x indicates not allowed).

REAL(32/64/128) INTEGER(16/32) INTEGER(64) USER/ADDR TYPES

+ / / X X
- / / X X
* / / X X
/ / / X X
& X / / X
! X / / X
- X / V4 X
- / / X X
/: / / X X
+> / / X X
-> / / X X
*> / / X X
/> / / X X
&> X / / X
> X / / b
-=> X / / X
=> / / / /
-> / / b X
/> / / X X
<<= X / 4 X
->> X / / X
Type conversions are permitted only as follows
OPERAND COMPUTATION TYPE
TYPE INTEGER 16 32 64 REAL 32 64 128
LOGICAL1Y / / / / / /
LCGICALS / / / / / /
LOGICAL16 / / / / / /
LOGICAL24 / 7 / X X X
LCGICAL32 / / / / / /
LOGICALG4 / / / / / /
INTEGERS / / / / / /
INTEGER16 / / / / / /
INTEGER24 /% / / / / /
INTEGER32 /% / / / / /
REAL32 /¥ /x /% / / /
REALSB4 VE BV VA ) / / /
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The conversions marked /%’ are permitted but they may generate arithmetic overflow.

If an "assigned to’ operand is less than the type of the computation, a type conversion will be applied,
after the computation has been evaluated. This type converted result is the value carried forward as
the first operand when further operators and operands follow. If the expression contains further
assignment this process is repeated for each. For example, given

INTEGER32 i,d

LOGICALG4 LL

REAL32 R1

REAL64 RR2

1+J-1=>R1 will be evaluated in 32-bit real mode

14J4R1=>RR2 will be evaluated in 64-bit real mode
R1#RR2=>J will be evaluated in 64-bit real mode

but converted to 32-bit integer mode
I<<-8!J<<-8=>LL will be evaluated in 64-bit integer mode

Parenthesised computations yield an operand of the ‘final’ type used inside the parentheses. The resuit
is then converted, if necessary to the type of the expression that contains it. Thus in

(1+J-1) => R1

the arithmetic would occur in INTEGER32 mode and the result would be converted to REAL3?2 before
being assigned to R1.

In a TEST involving COMPARISONSs (see below) each computation is evaluated in the type of the
‘largest’ computation. For example
CH()< <-8!CH()< <-8ICH()< <-8!CH()< <-8!CH{)< <-8 = NAME

will be evaluated in INTEGER64 mode even if CH delivers a LOGICALS resuit providing NAME is
LOGICALB4.

Parameter expressions are evaluated in a type of arithmetic consistent with the axpression being
followed by an assignment to a variable of the type of the formal parameter.

9.7.3. Conditions

<CONDITION> ::= <TEST>[<LCOGOP><CONDITION> I<NIL>]
<TEST> = <[><CONDITION><]>!<COMPUTAT ION><COMPARI SON>
<LOGOP> = OR!AND

The simplest form of CONDITION is a TEST in the form of a COMPARISON appliad to the resuit of
a COMPUTATION. The syntax for COMPARISON is:
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<COMPARI1SON> <COMPARATOR><COMPUTATION>
[ <COMPARISON> ! <N1L>]

=1/=1O > 1=<<> 1O >=

[}

<COMPARATOR>

1

This allows several COMPARISONS to be made against the same RESULT. They must all be satisfied
for the CONDITION to be satisfied.

Examples of simple conditions are:

— > X

=Y
-1 /=Y/2
NSYM{ ) =<"Z >="A(meaning the same as below)
More complicated conditions would use AND and OR, e.g.

INSYM( ) => SYM =< “Z AND SYM >= A

X=Y AND Z=10 OR P /= 4
The AND symbol has greater binding power than OR hence the following parenthesis is implied:

[X=Y AND Z=10]OR P /= 4

Conditions are evaluated left to right and the evaluation ceases when the status of the condition is
known. This is when a test that succeeds is followed by "OR" or one that fails is followed by "AND".

9.7.4. Control Statements

<GO0.ST> = -><NAME>
Any basic statement in a pregram can be labelled thus defining a label name. A GOTO statement may
reference these label names or CPERANDS which are of type LABEL. Usually, however, the labels and
‘=>’s are generated by Fiocoder not the programmer. Non-local '=>'s are permitted only where the

name is a label variable or parameter of type LABEL normally concerned with error recovary.

The switch statament also uses labels. Its syntax is

<SWITCH.ST> = SWITCH <COMPUTATION>\<NLIST>;

Here the value of the computation decides which NAME is selected in the N.LiST (value O selecting
the first), and a GOTO that NAME is obeyed. The NAMEs must be locally defined LABELs.

An alternative statemsnt specifies a COMPUTATION and a list of STATEMENTS thus:
KALT.ST> ::= ALTERNATIVE <COMPUTATICN>FROM

<STATEMENTS>
END



ISSUE 10

17 Nov 82

UPDATE LEVEL

MUSS DOCUMENTATION

MUSS USER MANUAL >-38

PAGE

9.7.5. Implicit Blocks
Blocks were introduced in 9.2.6 and the scope restrictions they impose in 9.2.7. Some groups of
STATEMENTS are treated as if they constitute a block even though explicit BEGINs and ENDs are not
given. They are the STATEMENTS used in

IF.ST

WHILE.ST

FOR.ST
and ALT.ST

Cne important effect of this is that GOTOs entering or leaving such statement groups are not permitted.

9.7.6. Examples of a Procedure Definition

As an illustration of a complete sequence of MUSL statements, consider the following procedure for
reading as decimal integer.

Its specification is
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PSPEC IN.I( )/INTEGER;
PROC IN.1;
INTEGER SIGN, CH, ANS;

WHILE IN.CH{ ) =»> CH =< " " DO OD::|GNORE SPACES

IF CH = "~" THEN::DEAL WITH OPTIONAL SIGN
1 => SIGN;
IN.CH( ) => CH;
ELSE
0 => SIGN;
IF CH = "4+" THEN
iIN.CH{ ) => CH;
Fli
Fl

IF CH - "0" => ANS >= 0 =<¢ 9 THEN
WHILE IN.CH{ ) — "0" => CH >= 0 =¢ 9 DO
ANS # 10 + CH => ANS;
oD

IN.BACKSPACE (1):
IF SIGN = 0 THEN
ANS => IN.I;
ELSE
O — ANS => IN.1;
|

i

ELSE
ENTER.TRAP (6.8);
Fl

END

OPERATIONAL CHARACTERISTICS OF THE COMPILER
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10. FORTRAN 77

i0.1. INTRODUCTION

The MUSS FORTRAN compiler will implement Fortran 77 as defined in the document '‘BSR X3.3
FORTRAN 77 dpANS FORTRAN Language X353/90° of the American National Standards. The
compiler attempts to remain close to the standards defined, any deviations from standard are
described below.

10.2. NON-STANDARD FEATURES

Holleriths have been included as an extension to the standard language. The use of Hollerith constants
is restricted to DATA statements in a manner described 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 10.7).

The standard Fortran character set has been extended to include lower case letters, the tab and EOT
characters. Lower case letters are accepted and treated as if they were upper case letters, everywhere
except in character and hollerith constants. A Fortran source line may include a tab character. A tab
in columns 1 to 5 of the Fortran source line has the affect of sufficient spaces to ensure the following
character is treated as being in column 6. Tabs in column 6 and beyond are treated as spaces. The
EOT character is used to mark the end of the Fortran source program and is an alternative to the ¥*END
directive (see 10.5).

MUSS commands may be included in the Fortran program source for optional interpretation at
compile time as thay are encountersd. The option to interpret the MUSS commands is activated by
the third Parameter to the compiler, as described in section 10.8. MUSS commands to be interpretad
at compile time consist of an asterisk in columns one and two of an input card followed by an
alphabetic character which begins the command, any other format is treated as a comment card
beginning with an asterisk and is ignored. If the option is not switched on the directives are traated
as normal comments. MUSS commands can occur anywhere a Fortran comment could occur.

Compiler directives (which are described in Section 10.5) are also non~standard extensions to the
Fortran standard language.

This compiler is more generous than the Standard in allowing any comments after the last END of
the last program unit (and before any *END directive). Any program which has comments {or sven
MUSS commands) beyond the last END would be non-standard, but wouid be acceptable to this
impiementation.
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The compiler has a non-standard option of relaxing the strict checking between dummy and actual
arguments of a subprogram. This option, when activated by setting a bit in the compiler mode
parameter, permits an actual argument of REAL, INTEGER or LOGICAL type to be substituted for a
dummy argument of either REAL, INTEGER or LOGICAL type, an actual 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, variable, array element name or
an array name to be substituted for a dummy argument which is a variable or an array.

10.3. PROGRAM LAYOUT

The sub—program units making up the complete Fortran Program may be compiled in any order. The
lines of Fortran should conform to the Standard which describes the conventions for comments,
continuations and the significance of the columns. The Fortran character set has been extended to
allow tabs to column 8 as previously mentioned. The end of the compilation should be marked by
a #END directive (see 10.5) or the EQOT character.

10.4. FAULT MONITORING

10.4.1. Compile 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 suppiied
program and may generate incomplete code for the offending statement. Each faulty line is output
by the compiler followed by the fauit messages.

Every fault message will attempt to locate the fault within a statement by either an upward arrow below
the point the compiler 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 latter for
semantic faults. At the end of a compilation the total number of message faults ars printed.

10.4.2. Run Time Faults

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 fault message usually accompanies such a trap. The Fortran run-tima
system uses trap number 8 for any input/output faults. A list of Fortran trap 6 reasons is given below.
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101 Inconsistent field descriptor for input/output list item.
102 lllegal character in list directed complex character.
103 lllegal use of null value in list directed complex constant.
104 Attempted read beyond end of record.

105 No field descriptor for input/output list item.

106 lllegal character in integer or exponent.

107 MHlegal value separator.

108 Illegal use of repeat counts.

109 Zero repeat count not allowed.

110 As 104.

111 lilegal character in logical item.

112 lllegal character (in repeat count?).

113 #* missing from a repeat count.

114 lllegal character in a real.

115 lllegal sign in integer or exponent.

116 Attempted write beyond end of record.

117 lllegal carriage control char on output.

118 lllegal run time format.

119 Format label specified not defined.

120 No digit following sign.

121 Reading beyond sequential ENDFILE record.

122 lllegal unit access.

123 Invalid parameter in OPEN.

124 Invalid parameter in CLOSE.

125 Writing Direct Access record of wrong length.
126 Writing beyond sequential record.

127 lavalid unit number.

128 Too many units connected.

129 Invalid Fortran file format.

130 Attempted use of unimplemented 1/0 feature.

Fortran also generates a trap Class 8 Reason 111 for an Assigned GOTO with a faulty argument
specifying an invalid label. The mathematical functions library which can be cailed from a Fortran
program also generates class 8 fault.

10.5. COMPILER DIRECTIVES

Compiler dirsctives are Fortran statements (and therefore start after column 8) which commence with
an asterisk. They take effect at the point they occur during the compilation of the Fortran source
program. As with all other Fortran statements they may be continued with continuation linss, and only
columns 7-72 are significant. All spaces, blank lines and comments within the directives are ignored,
in a similar way.

10.5.1. End of Program

The #END directive is used to mark the end of the Fortran program, as an aiternative to the EQT
character.
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10.5.2. Import Library Procedures

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

*|IMPORT "CAPTION’, 'OUTHEX', "OPENFILE’

*IMPORT GFNIN, GFNOIUT are examples 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 called as if they were
subprograms from the programs being compiled. This directive must occur before any Fortran
statements.

10.5.3. Import Whole Library

The *LiB directive is provided to import all 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 is a Fortran character constant containing the name of the file containing the
library. The named library must not be already open, as this directive will open the library.

*LI1B ‘TIMER/USR14’

is an example of the *LIB directive. This directive must occur before any Fortran statements.

10.5.4. Creating Fortran Libraries

The *#EXPCRT directive is provided to direct the compiler to include the named subprograms in the
interface of a Fortran library. In addition to using this directive the mode parameter to the compiler
needs the correct value (4) to create a library. The library will be placed in the file indicated by the
second parameter to the Fortran compiler. The arguments to the #*EXPORT directive are the Fortran
names of the subprograms to be included in the library.

FORTRAN O LIB 4
+EXPORT TEST
SUBROUTINE TEST
PRINT #, "TEST’
END
*END

is an example of creating a library called LiB containing the Fortran subroutine called TEST. The
#EXPORT directive must occur befora any Fortran statements.
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16.5.5. Storage 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 when several libraries 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 (23.4) procedure will need to be calied in conjunction with this directive,
to create and specify the MUTL segment in which to place the data or code.

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

The #MAP CODE form is used to specify the MUTL segment into which any following code is to be
placed. This segment should already have been declared to MUTL by using the TL.SEG procedure.
The TL.SEG may be called by using the #3# command option. This directive has two arguments, the
first specifies the MUTL segment number, the second (optional) parameter specifies the segment size
in bytes.

FORTRAN O O %8000

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

is an example of the *MAP CODE directive which would place the code for 1=1" (and any following
code) into MUTL segment 3.

The #MAP CODE directive may occur anywhere within a Fortran program.

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

FORTRAN O O %8000
*#*TLSEG 3 %0 -1 -3 %C
#*TLSEG 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 1234586 bytes). If the common blocks are not mapped explicitly Fortran will choose
store for them automatically.

The #MAP DATA directive is used to map local data variables and unmapped common {non blank)
into a MUTL segment. The *MAP DATA directive has two arguments specifying the MUTL segment
and its (optional) size in bytes. This directive may only occur before a program unit, it cannot occur
within a program unit. A MUTL segment number of zero as an argument causes the explicit mapping
to bs disabled, and allows the Fortran to resume automatic store control of local data.
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FORTRAN 0 O %8000
##TLSEG 3 %0 -1 -3 %C
*++TLSEG 4 %0 -1 -3 %C
#MAP /COM/ 3
*MAP DATA 4
SUBROUTINE TWO
COMMON /COM/ A,B,C
COMMON /OTHER/ D,E,F
INTEGER 1,J.,K
I = J4K

END

is an example of mapping the common /COM/ onto MUTL segment 3, and the common /OTHER/ and
the variable 1,J,K onto MUTL segment 4. If the ¥*MAP DATA is not used Fortran will allocate storage
space automatically.

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

10.8. INPUT/CUTPUT

Input/output is implemented to the Fortran Standard. in extension to this siandard characters may
bs rsad or written from REAL, INTEGER or LOGICAL data types using the ‘A’ format (see also 10.2).

The details of pre—connection are left undefined by the standard. In the implementation unit numbers
are related to MUSS streams for the purpose of pre-connection. The result of unit modulus 8 gives
the MUSS stream number which is used for the transput. It is the first access to the unit which defines
if it is an input or ocutput stream. However, soma operations on a pre—connected unit do not imply
input or output (namely BACKSPACE, REWIND, INQUIRE, OPEN, CLOSE). in these cases thera should
not be an input and output stream of the same number (unless it's an 1.0 stream), and then it is
unambiguous which stream shouid be used.

The BACKSPACE statement cannot be used to move betwsen sections of a multi-sectioned MUSS
stream. REWIND operates differently, rewinding a unit causes the stream to be endsd and
re—connacted on the next access. This affects output sent to a process; any output destined for a
process will be sent when a rewind is made, esach rewind causing a further decument to be sent.

t is not possibls, at present, to 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 operation {an .0 stream should be ussad instaad).

When an INQUIRE by name is mada to a pre—connected file, the inquiry will not be able to determine
which unit the file is connected to, uniess the unit has been accessed praviously in the same run. If
such an inquiry is made only dstails about tha file will be returned, and not any about the connection.
An OPEM statemant which gives no file name causes a connaction to the MUSS current file. A PRINT
statement or a READ with no unit number, or an "*’ as a unit refers to input or output stream zsro.

Qutput from programs consists of what was specified by the FORMAT, WRITE or PRINT statemsnts.
The carriage controi characters in the first column are not interpreted or removed, this enabiss output
tc be read back by the same format that was usad to write it {as the standard requirss). To sand any
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output to a printer the LIST command should be used. This has two parameters (the file to be printed,
and the destination 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.L
is used. This subprogram has two parameters, the first the unit number and the second the maximum

record length required. If this procedure is not used a suitable default is assumed. This procedure may
be used for both program connected and pre—connected units.

10.7. IMPLEMENTATION DEPENDENCE

10.7.1. Accuracy

10.7.1.1. MU6GG

On MUBG INTEGER is inthe range —-2##31 to 2% %31, REAL has a mantissa of 24 binary digits (approx
7 decimal digits) with an exponent range 16%#64 to 16%%*(-64) which gives a maximum decimal
magnitude of 10%*77 approximately.

DOUBLE PRECIS/ON has an accuracy of 16 decimal digits approximately.

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

10.7.1.2. VAX

On VAX INTEGER is in the range -2%%31 to 2%#%#31, REAL has a mantissa of 24 binary digits
(approximately 7 decimal digits) with an exponent range 2* %64 to 2% *(-64) which gives a maximum
decimal magnitude of 10%*% 19 approximatsly.

DOUBLE PRECISION has an accuracy of 16 decimal digits approximatsly.

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

10.7.1.3. MC88000

On MC8BOO0O 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+# 139 approximately.

DOUBLE PRECISION has the same accuracy as REAL.

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

The action of the EQUIVALENCE is non-standard. INTEGER and LOGICAL are allocated 2 bytes, REAL
and DOUBLE PRECISION 4 bytes, and COMPLEX 8 bytes.
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10.7.2. Stop and Pause

For STOP and PAUSE statements with no arguments, a caption indicating that the program has
stopped or paused together 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.

10.8. COMPILER PARAMETERS

The compiler parameters were previously mentioned in chapter 8.

The first parameter specifies the origin of the Fortran 77 source.

The second parameter specifies the destination of the compiler output.
The third compiler parameter specifies the mode of the compiler.

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

10.8.1. Modo Parameter
Bit 8 of the compiiation mode is used to permit any non-initialised local data to be placed on the stack.

Bit 14 of the compilation mode is used to suppress the type checking between actual and dummy
arguments of a subprogram.

Bit 13 of the compilation mode is used to indicate that the Fortran statements ars to be listed as they
arg compiled. This feature may be useful for debugging purposes. Comments are not listed.

Bit 15 of the compilation mode is used to permit the interpretation of imbedded MUSS commands
occurring during compilation.



ISSUE 10 MUSS DOCUMENTATION 17 Nov 82

11-1
MUSS USER MANUAL UPDATE LEVEL PAGE
11. COBOL

11.1. INTRODUCTION

The MUSS COBOL compiler will implement the majority of the high subset of COBOL as defined in
the document ‘Draft proposed American National Standard Prcgramming Language COBOL BSR
X3.23-198X’. The initial implementation will consist of the following functional modules:

Nucleus Level 2
Sequential |-0 Level 2
Relative |-0 Level 2
Indexed [|-0 revel 2
Inter-Program Communication Level 2

All input/output will operate on files and documents as provided by the MUSS library, no direct
handling of files on magnetic tapes and discs will be provided initially.
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12. PASCAL
12.1. INTRODUCTION

The Standard Pascal referred to here is as specified by the working draft of 1SO. ISO/TC 97/SC 5
N 595, January 1981. In general the full standard language is implemented but some implementation
restrictions and extensions are listed below.

12.2. RESTRICTIONS

1.

2.

Character strings are restricted to a maximum length of 140 characters.

Sets are restricted to 128 elements. Set types may be defined over any base type which
is—

(a) an enumerated type (no element beyond the 128th. being used), or

(b) a type integer (or a subrange of) with a minimum element >=0 and a maxirmmum
element <= 127, or

{c) one of the types char or boolean.

Run-time checking is restricted to detection of the following errors:
(i) Subrange variable out of range.

{ii} Non—existent CASE chosen.
(i) Illegal pointer access (only in simple cases).

12.3. EXTENSIONS

With the 1+ option all deviations from the ISO standard are monitored but code is still compiled for
these extensions whenever possible, with |- the following extensions ars permittad.

1.

Facilities are avzilable to call any suitable MUSS library procedure. To conform to the
ISC standard any such procedurs usad should be preceded by a procedure-declaration
or function—-declaration with an external directive. The paramster specification given wiil
be checked for compatibility with the MUSS specification. Howaver the compiler allows
such procedures to be called without declaration except when the procadure has a
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user—defined type parametesr, when an external declaration must be given. Additionally
the following functions are provided
SIGN(X1,X2)
DIM(X1,X2)
LOG10(X)
ARCSIN(X)
ARCCOS(X)
SINH(X)
COSH(X)
TANH(X)
SIGN(X)
where Xs are either integer or real type. These each correspond to one or more of the
MUTL mathematical functions.

2. An CTHERWISE option is provided for case statements where the case constants cannot
all be listed. If the CASE expression is of integer (i.e. not subrange) type then an error
will be registered rather than the OTHERWISE alternative being chosen if 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 4+ 1000, and the highest CASE
constant listed. Thus a wider range can be obtained by suitably choosing the CASE
constants listed.

3. Hexadecimal constants 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 cbeyed at compile

time.

The main use of this feature is to include source text from other files, or to direct the
action of the MUTL system when compiling a library (see 12.8) or placing variables in
a specific segment (see reference 12.9).

5

Renaming of files is permitted in the program parameters. {See 12.5)

12.4. CONFORMANCE TO PASCAL TEST SUITE

The compiler has been validated against the Pascal procassor validation suite of B.A. Wickman and
A.H.J. Sale. Detaiis of the results are in the PASCAL Implementation Manual Section 2.4,

12.5. INPUT AND OUTPUT

The files INPUT and QUTPUT are predefined to be the current MUSS input and output stream when
the program run is started or the library openad.

All external files must be specified as parameters in the program heading corresponding to the MUSS
files of the same name. An extension allows parameters of the form Pascal filename = MUSS
document whers MUSS document is a sequence of charactars terminated by , or ) as described in
Chapter 3.

There is no limit as to the number of files a programmer may use but the maximum number of
"readable” files is 8 and that of "writable” too is 8. Ali filas must be initialized to "readabie” and "writabla”
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by the procedures RESET and REWRITE. If a programmer wishes to read from a file previously written
on, he only has to call the procsdure RESET and vice versa. If the number of "readable”/"writable"
files is insufficient then the procedure CLOSE(f) may be called to reduce the number of files in that
state.

The correspondence between Pascal and MUSS files is as follows:

(i) MUSS sequence of characters is Pascal TEXT or FILE of CHAR.

{ii) MUSS unstructured sequence of binary is Pascal file of basic type.
(iii) MUSS sequence of units is Pascal file of records without variants.
(iv) MUSS sequence of records is Pascal fiie of records with variants.

The Pascal input/output system imposas an additional level on the basic MUSS system, so extreme
caution is needed if basic MUSS 1/0 commands ars mixed with the Pascal facilities. At compile time
the compiler uses the basic MUSS facility.

MNote: To avoid reading beyond the end of a file, all input files must be terminated by a newline
character.

12.6. COMPILE TIME PRAGMATS

These are of the form (* $<lettar> + %) to turn on featura <letter> and (* $<letter> - #) to turn
this feature off.

The allowed lstters are:

<integer> Direct variables declared beyond this point into new code area.
Compiie full run-time checking (default -).
Check conformance to ISO standard (default +).
Turn on error listing (default +).
List source text {default -).
<integer> Call TL.PRINT (<integer>).
<integer> Direct compilation into new code area.
Compile run-time line number trace (default-).
Following procedures ares to be exported library procedurss,
when compiling library (default-).
Make all real variables beyond this point double precision
(defauit-).
N Make integser size 16-bit (default- i.e. 32-bit). N.B. This may
only be usad at the start of compilation.

<L -Hwnur-m—T 00

s}

12.7. COMPILE TIME ERRORS

Error messages are printed below the faulty source line with arrows indicating the symbol which was
faulted. Arrows separated by commas indicate more than one error on the same symbol.
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12.8. PASCAL LIBRARIES

MUSS Pascal does not support a full module facility but it is possible to compile a set of Pascal
procedures into a library.

To compile a library the Pascal compiier is called with third parameter = 4 (see 2.5.2). The user has
control over which procedures are in the external library interface. The Y+ pragmat must precede
the first such procedure heading. If subsequent procedure are not required Y- is used to inhibit
addition to the library interface.

if the library has any variable deciarations at the program level these must be identical to those of
the calling program as imported or exported variables are not implemented.

Exampie of a Pascal library consisting of two procedures Q and S.

**TLSEG O O %4C000 -1 6 (Allocate Vax segment 4 as runtime address of
library)

PROGRAM P;

(*¥3Y+*) (Put Q in library interface)

PROCEDURE Q(P1 : INTEGER);

BEGIN

WRITELN('PROC Q : P1 = " ,P1)

END; _

(*3Y-%) (R not to be put in library interface)

PROCEDURE R(C : CHAR);

BEGIN

WRITE(C)

END;

(#3Y+%) (Put 8 in library interface)

PROCEDURE S{VAR C : CHAR);

BEGIN

WRITE('PROC S : C = "),

R{(C):

END;

BEGIN

END.

12.9. RUN TIME STORE USE

The Pascal stack segment for local variables is the MUSS stack segment. (This is one full segment
on the VAX).

The Pascal heap segment is currently segment %2 1, on the VAX. If more spacs is needed it is allocated
dynamically. Heap space is recovered by dispose and reused. A procedure ATTACH (SEG.NO, PTR)
is available in the run-time library to set a pointer to the start of a given segment. A warning message
should be expected when this procadure is called from a Pascal program becauss the type of the
second parameter will not correspond to the specification given for it. In order to use this procedure
the foliowing deciaration shouid be made in the calling program:

PROCEDURE ATTACH (P1:INTEGER; VAR P2:<required pointer typed>);
EXTERNAL;
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The present implementation creates full size records for variant records without attempting to optimise
the space allocated. The layout of fields within records is controlled by MUTL, presently to the byte
level. Packed does not, at present, attempt any further packing to the bit level.

Pascal uses MUTL to create space for variables in the current data area. Variable declarations can
be directed into other segments of store using ¥#*TL.SEG, ##TLLOAD, and ##TLDATAAREA as
described in 23.4.

PROGRAM P;

e.g. #+TLSEG 2 0 %40000 -2 12
#*TLLOAD 2 3
**TLDATAAREA 3
VAR X,Y,Z: INTEGER;
#+TLDATAAREA O
a,b,c: real;

puts the variables X, Y, Z in a segment 4 (on a VAX) and 3, b, ¢ on the stack. Note that Pascal uses
TLSEG 1 for the heap so this may not be reused. When cross-compiling the pragmat
(*3D <integer> %) should be used instead of #*#TLDATAAREA to avoid calling the wrong MUTL.
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13. VIRTUAL STORE MANAGEMENT

Each process in MUSS is provided with its own virtual store. The virtual store is assumed to be
segmented, and a set of procedures are provided to enable a process to create/release segments and
change their attributes. The exact number and limiting sizes of the segments varies between MUSS
installations, and not all of the segments may be directly accessitle. For this reason, two types of
segment are distinguished.

The first type is for areas which must be randomly accessible, such as for code or stack/buffer areas.
In general, these will be demand loaded by the operating system, and may be accessed by generating
an appropriate machine address. On some machines, particularly small (16 bit) machines, the actual
addressing capability of the hardware is too restrictive. A process is therefore allowed a larger number
of segments tha.y can be addressed directly, and facilities are provided to allow a user to MAP a subset
of the segments into the addressable space. (The exact number is machina dependent). The MAP
function is also used on machines which are unable to support demand loading, to inform the system
which segments must be in store whilst the process is running.

The second type of segment is suitable for uses in which there is a well defined access pattern, such
as for input/output documents. This type of segment is known as an X.SEGMENT, and is characterised
mainly by the fact that its maximum size is not determined by the physical restrictions of the central
processor. For example, on the PDP11, an X.segment may be created which is very much larger than
the addressable space of a process (64 Kbytes). As these segments cannot be addressed directly, the
only way in which they may be accessed is by copying individual blocks into/out of accessible
segments. A command, COPY.BLCCK, is provided for this purpose. In all other respects, the two types
of segment are treated in a similar way, and the commands described in this chapter to enable a
process to manipulate its virtual store, will operate on either typs of segment. Also eithar type of
segment may be sent as a message or filed.

A process is initially created with only cne segment (segment Q). A process may not change any of
the properties of this segment or release it, as it is generally used as a stack and to hold the global
variables, such as the PW’'s. A procsess is free to use other segments for the stack, and the
organisational commands will operats using the current stack area.

Further segments may be created by the user process, and subsequently the process can change the
size or access permission of the segment, or release it to recover the space. There are five access
permission bits associated with sach segment, denoted AURWO.
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A - Authorised to change. When this is set (= 1) the process is allowed to increase its access
permission to the segment.

U - User/executive bit. When set (= 1) the segment is accessible by the process when in user
mode.

R - Read permission bit. If set, the process may read the segment as data.

W - Write permission bit. If set, the process may alter the contents of the segment.

0o - Obey permission bit. If set, the process may execute instructions from the segment.

When a segment is initially created, it is cleared to zero and has an access permission of % 1E i.e.
read and write access in user mode, with authorisation to changs the permission.

13.1. COMMANDS
{1) CREATE.SEGMENT (1,1)

This procedure creates a new segmsnt on behalf of the current process. Parameter P1 specifies the
segment number. If this is negative, then the system will choose a suitable segment number to allocate.
The second parameter P2 is the segment size in bytes. This might be rounded up by the system to
some suitable multiple of the page size. The maximum size of a segment is of course, restricted by
the address translation hardware. On MUGBG this size is 256K bytes. If the user requests a size greater
than this, consecutive segments will be allocated to cover the required area. It should be noted,
however, that in all subsequent operations, multiple segments are treated as separate and not as one
contiguous area. If P2 is negative or zero, a single segment of maximum size wiil be created.

The create segmant procedure returns two values. The segment numberis returned in PW 1. (This value
is returned both when the system selects a segment number or when the number is specified in P1).
If multiple consecutive segments are allocated, PW1 contains the number of the lowest segment
assigned. PW2 returns the size of the area allocated in bytes. This may differ from P2 if rounding has -
taken place.

(2) CREATE.X.SEGMENT(l)

This procedure craates an X.segment on behalf of the current process. Parameter P1 is the segment
size in blocks (biock size = 1024 bytes on PDP11).

The procadure returns two values. A segment identifier is returned in PW1, and this shouid be used
in ali subsequent commands when referring to the segment. The size allocated for the ssgment (in
blocks) is returned in PW2. As for create segment, this may differ from P 1 if rounding has taken place.

(3) RELEASE.SEGMENT (!

This procedurs removes the specified segment P 1 from the users virtual store. If a file has been opened
into this segment, the action of releasing it is in effect to close the file for the current process {and
free other processes waiting for exclusive access).

(4) CHANGE.SIZE (1))

This procedure changes the sizs of the segment specified in P1 to the size given by P2. if the segment
is an X.sagment, P2 is the new size in blocks, otherwise it is the size in bytas. As with the create
segment command the size may again be rounded by the system. If the size is =<0, the effectis to
release the segment. It should be ncted that changing the sizs upwards to greater than the maximum
segment siza is invalid, and dces not result in the creation of subssguent segments to aliow for the
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upward expansion.

The size of the segment after this command is returned in PW1.

(5) CHANGE.ACCESS (1,])

This procedure changes the access permission of the segment specified in P1. The access permission
P2 is bit significant, with interpretation of the AURWO biis as explained earlier. If the A bitis currently
set for the segment, the process is allowed to change its access to P2. If the A bit is not currently
set, then only reductions in access permission are aiiowed, and parameter P2 is verified accordingly.

(6) INTERCHANGE (1,{)

This procedure interchanges the specification of the two segments given by the parameters. It is
permissible for either (or even both) of the segments to be undefined, and in this case the effect is
simply to redefine the existing segment.

{(7) READ.SEGMENT.STATUS())

This procedure reads the status of the segment specified, and returns in PW1 and PW2 the size in

bytes {blocks for an X segment) and access permission respectively. The access permission is in the
form:

1 ! I I l | | l |
| | |
| | -——Q0bey permission set
| ---Write permission set
---Read permission set

---User access allowed
-——-Authorised to change access

---X.segment

-——-Segment not directly accessible

I
N
[
A
I
|

(8) MAP{LLY)

This procedure is used primarily on machines with small or otherwise unusual virtual stores to ensure
that a segment is accessible. P3 specifies the number of segments to be made accessible, starting
at segment number P1. P2 indicates how the segment may be mapped in the virtual store.

On machines which must have the segments locked in store befors they can be addressed (such as
MC68000), this procedure will ensure that the segments are always in store when the process is
running. In general, a limited number of segments may be lockad in at any one time. P2 identifies
a position within this subset of segmsnts. If negative, a free position will be allocated. The same P2
(with P1=0) should also be specified when the segment is to be unlocked.

On machines with small virtual stores (s.g. PDP1 1), this procedure maps the segment intoc part of the
addressable space. In this case, P2 specifies a ssgment position within the addressable space. It
shouild also be used, again with P1 = O, when a segment is to be removed completely from ths
addressable spacs.
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On machines, such as VAX, with a iérge virtual store which can be demand paged, this procedure
has no effect other than setting the PW results.

The procedure sets PW1 to the number of the segment which previously occupied that area of the
virtual store. PWE is set to the segment number to be used in address calculations to access the
segment. This procedure has no effect if an X.segment is specified in P1.

(S) COPY.BLOCK(P1,P2,P3,P4)

This procedure copies information between two segments, and in particular, it should be used to copy
information between X.segments and mapped segments wherever the X.segments have to be
accessed. P1 and P2 specify a segment number and block number which is the source of the data,
P3 and P4 specify the destination segment and block number.

(10} CREATE.CS(L.])

This procedure takes the segment specified by P1 and causes it to become the common segment
specified by P2. It applies to all processes and it lasts until the system is re-booted. There are a limited
number of common segments which the command may specify and they are determined by the local
configuration state of each machine.
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14. CREATION AND CONTROL OF PROCESSES

MUSS is designed as a system in which any process may create other processes and act as their
supervisor. It is thus possible to extend the facilities of the basic system, by creating
additional/aiternative supervisor processes. In this Chapter, the facilities for creating and controlling
processes are described.

14.1. PROCESS CREATION

Process creation is achieved by calling a command CREATE.PROCESS. Any process may use this
command provid2d that it can supply the username and password of an authorised user of the system.
The user will subsequently be charged for the resources used by the process. The creating process
becomes the supervisor of the created process, and as such, it is allowed to use a special set of
commands for controlling the process.

14.2. SCHEDULING

When initially created, a process is in a suspended stats, and is not eligible for scheduling by the
operating system. The supervisor may activate the process using the FREE.PROCESS command, and
the process is then eligible for CPU time. The allocation of CPU time is based on the priority level
associatad with the process at the time of its creation. Sixteen levels of priority are recognised by
the system, ranging from the highest priority O, to the lowest 15. Charging for CPU time s relatad
to the priority {on a non-linear scale), so that a higher priority job may be guaranteed an improved
response time but at a considerabiy increasad cost. User processes normally run at priorities in the
range 8 — 15, and are assumed to have the following characteristics

15 ~ background jobs {will be run sometime)
14 - normal batch

13 - high priority batch

12 - express batch

11 - low priority interactive

10 - normal interactive

9 ~ high pricrity interactive

8 - express interactivae and operator work.

Differsent scheduling rules apply to batch and interactive processes. A batch procsss, once started,
is normally run to compistion unless pre—emptad by the arrival of a higher priority batch process.
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Interactive processes are timesliced, with the duration, cost and frequency of timeslices dependent
upon the priority level.

14.3. CPU TIME

The maximum amount of CPU time to be made available to a process is specified at the time a process
is created. A process can arrange to be interrupted after a specified amount of time has elapsed by
calling SET.TIMER. This provides the means of subdividing the available time bestween various parts
of a job. On being interrupted, the timer is automatically set to the maximum amount of time remaining.
Note that a small amount of the total available time is normally withheld by the system for the purpose
of monitoring in the event of using the requested amount of CPU time. The total amount of CPU time
used may also be read using the READ.TIMER command.

14.4. INTERRUPTS

The interrupt for time expired is actually one of four types of interrupt trap which may be forced on
a process. The reasons for interrupt traps fall in the categories

Trap O Hardware detected Fault conditions
Trap 1 Limit violations

Trap 2 Timer expired

Trap 3 Message interrupts or external interrupts
(e.g. Pressing the break key on a terminal).

The action on the process of receiving one of these interrupts is to obey a forced procedure call to
a designated trap procedurs. The address of this procedurs may be set using the command
SET.INT.TRAP. A procedure READ.INT.TRAP also exists for reading the address of the trap procedure.
The register of the process will be saved on the stack before calling the procedure. Restoring these
will continue execution from the point at which the interrupt occurred.

14.5. COMMANDS
1) CREATE.PROCESS{ILILILLLR,LY

This procedure creates a process of name P1 on behalf of the user whose name and password are
given in P2 and P3 respectively. If P1 is zero, a unique name will be generated for the process, and
returned in PWW 1. The process will run at the priority given by P7 and will commence execution at
the proccedure P6.

The maximum resources to be given to the process include a store limit P4 specified in K words
{integers), and a CPU limit of P5 units.

The facility is also provided for the system to inform the supervisor when a process terminates. The
parametar P8 defines a channel number on which the supervisor is prepared to accept a termination
message containing the process identification. This channel number is encoded as for send message.

The identification of a process takes the form of a system process number (SPN) and a process
identifier (PID). Thase are returned in PW1 and PW2 by the create process command, and must
subsequently be used by the supervisor when calling the procedures for controlling the process.
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2) TERMINATE.PROCESS())

This procedure is called whenever a process wishes to terminate. The parameter states a termination
reason, which will be sent to the supervisor if a termination message was requested at create time.
Negative fault reasons imply termination due to a fault condition. In particular, a reason of =100 impiies
that the process was aborted, and the system will attempt to salvage whatever monitoring information
is available.

3) KILL(1L,1)

This command may be called by a user to terminate the specified process. It will only oparate if the
process is running under the same user name as the current user (or if the current user is privilegad).
The parameter P2 states a reason for killing the process.

4) SUSPEND.PROCESS(],))

This procedure may be called by a process’ supervisor to suspend execution of the specified process
{P1 = SPN, P2 = PID).

5) FREE.PROCESS(l,)

This command allows a process’ supervisor to free it, and thus make it eligible for scheduling (P1 =
SPN, P2 = PID).

8) LOOK.UP.PROCESS(ILI})

This procedure finds the internal identification of the process specified in P1. If P1 is zero, the
identification of the current process is returned. The second parameter states the machine in which
the process exists (O implying the current machine). The identification takes the form of an SPN in
PW1 and a PID in PW2.

7) READ.PROCESS.STATUSI)

This procedure reads the status of the process with the specified SPN. If this is negative, the currant
process is assumed. The status information takas the form of
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PWW1 Process name —
PWW2 Username
PW1 SPN
PW2 Process status, which is bit significant
with the following interpretation:
l | [ ]
|1
| =--suspended
--waiting for message
(or after sending message)
PW3 Priority
PW4 PiD
PW5 Suspension reason (if any)
PW6 Start time.
8) CATALOGUE.PROCESSES CPR

This procedure returns a segment containing information about all the processes in the machina. The
entries, which may be indexed by SPN, cccupy 32 bytes each and have the following format:

| Process name (8 bytes) |
| User name ( 8 bytes) |
1 spare byte |
Suspension reason (1 byte) |
Status ( 1 byte) |
Priority ( 1 byte) |

CPU time used |
|

|

Process identifier PID
Start time

Mt

Each entry is 4 bytes unless stated otherwise. The total number of entries is raeturned in PW1, and
PW2 holds the segment number.

S) SET.TIMER(l)

This procaedure allows a procsss to set its local CPU timer. The parameter states the number of CPU
units, as in the create process command. To allow for cases where this may bs greatar than the total
amount of CPU time remaining, the timer is set equal to the smaller of the two.

10) READ.TIMER()

This command returns in PW1 the amount of CPU time used by the current process. The maximum
available time is also returnad in PW2. The time ramaining in the locai CPU time is returned in PW3.
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11) FORCE.INT(L1,})
This command may be called to force an external interrupt (interrupt trap3) on a process. P1 and P2
specify the SPN and PID of the process respectively, and P3 a reason to be passed to the trap

precedure. The command will only operate if the current process is running under the same username
or if the current user is privileged.

12) SET.INT.TRAP(I,P)

This command sets the address of the specified interrupt trap (P1 masked in the range O - 3) to be
the procedure P2,

13) READ.INT.TRAP())

This command reads the procedure address for the specified trap and returns it in PW1.
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15. INTER-PROCESS COMMUNICATIONS

Processas in MUSS normally communicate with one another by sending messages, and the
input/output devices connected to the system also generate and receive messages. Each process has
eight input channels to which messages may be directed. Thus, the complete identification of the
destination for a message is given by the system process number SPN and process identifier PID of
a process and a channel number for that process. Specially encoded SPNs are used to0 sddress ths
peripheral devices. The message system is designed to be network wide, and so part of the SPN
identifies the machine containing the destination process or device.

To enable a two—way communication to be set up easily, and to pravent a rogue process from injecting
unidentified messages into the communication system, the system appends to each message the
identification of the sender. This is returned to the destination process when it reads the message,
and may subsequently be used as the address for reply messages. There is an additional problem in
ensuring that messages sent as replies can be associated with a particular message from the original
process. Processas can therefore specify a sequence number, which is presented to the destination
process as part of the reply information.

A process also has control over which messages are accepted on a channel. Each of the eight channels
can be set into one of three states: closed, open for all messages, and dedicated to ons specific
process. Any messages directed to a closed channel is rejected, any messages sent to an open channel
is accepted and automatically queued. With having eight channels under its control, therefore, a
process can selectively stream its input.

Each of the msssage channels acts as a first-in-first—out queus. There ars a number of ways in which
a process can tell whether there ars messages waiting to be read. A process may poll its messagse
channels by attampting to read messages from them. Alternatively, it may elect to wait until a messags
arrives on a specified channel, or one of a number of channeis. In this case, a tims limit is also
specified, and the process is re—activated if no messages have arrived within that period. Finally, a
process may request the status and condition of one of its message channals.

A message consists of two parts, a short header optionaily accompanied by a segment from the
senders virtual store. The header is copied from the sending to the receiving process’ virtual stors;
the segment is unlinked from the senders virtual store, and linked into the receivers virtual store when
the message is read. The format of data in a message is not fixed by the system, and is usually by
arrangement between the sending and receiving processes. The system software and input/output
controllers have certain conventions for messages, and these are described in Chapter 186.

An alternative to the message system is provided for those situations whsre buffered input/output
is unsatisfactory, for example, in a word processing packags. Direct single character communication
with a device is provided as described in 15.2.
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15.1. MESSAGE COMMANDS
{1) SEND.MESSAGE ([C1I].1,LL})

This procedure sends a message to a specified channel of the specified process. P1 is the data to
be sent in the short message. It should not be greater than 80 characters long, and exist in store
normally accessible to the calling process. If longer messages are included, they are truncated after
80 characters.

The second parameter, P2, is a vector specifying the destination for the message. It should be at least
four elements long, holding respectively

the SPN (and machine no) of the receiving process
its PID

the destination mode

the destination sequence number

The destination mode and sequence number are parameters included to help the setting up of
"conversations” between two processes. They are encoded in the same way and have reciprocal

functions to the parameters P3, the source mode and P4, the source sequence number.

The mode may take on values as shown in Table 15-1.

Table 15-1. Mode Encoding

| Value | Source Mode | Destination Mode

| %10 |Suspend the process after |Free the destination process

| |sending the message |if this is a reply of the right
1 | | sequence number.

%8-%F |A reply may be sent on a |The bottom 3 bits specify
|channel number equal to the|the channel number on

b — ] — —— e ——}—

|

|

| |bottom 3 bits (i.e. |which to link the message.
| |channeis 0 to 7). |

| %0 |[No reply expected. |ignore the send messags

| | | request.

The sequence number, P4, provides a mechanism whereby a process can append an identifier on to
an outgoing message. This identifier may then be used by the recipient process when making replies,
so that the original process can associate outgoing and reply messages. The sequence number may
take any user defined vaiue. The only occasion when it is examined by the system is when a reply
is sent to free a suspended process. In this case, the process must have suspended as a resuit of
sending a message with a corresponding sequence number.

The parameters PS5 and P6 represent a segment number and access permission respectively, for a
segment within the process’ virtual store. The segment must be present in the virtual store, and the
same rules apply to changes in access permission as would apply to a process calling the change
access command. |f the segment parameter is zero, then no segment is sent.

(2) READ.MESSAGE ([C1[11.LD



ISSUE 10

17 Nov 82

UPDATE LEVEL

MUSS DOCUMENTATION

MUSS USER MANUAL 15-3

PAGE

This procedure reads a message from the channel specified by the bottom 3 bits of P3. P1 is a vector
where the characters passed as the short message may be returned. It should exist in store normally
accessible to the calling process. If the vector is not long enough to store the short message, the excess
characters will be discarded and lost.

The parameter P2 should be a vector of at least 4 entries. Information about the source of the message
is copied into this vector, in the form:

SPN of the source (including machine number)
PID of the source

Mode for replies

Sequence number for replies.

This, of course corresponds exactly with the destination parameter of the send message command.
Thus, conversations may be set up by using this information to send reply messages. The only other
information about the sender of the message, the identification of the user, is returned in PW4,

The fourth parameter specifies a segment number which may be used for long messages. If this is
negative or zero, a free segment number is allocated. PW1 always contains the segment number
actually used (zero if a short message), PW2 contains the size of the segment in bytes and PW3 holds
the access permission accorded.

{3) SET.CH.STATUS {1,1,1,1)

This procedure sets the status of the input channel specified in P1. The status, given in P2, is
interpreted in the following way:

I | c | b ]| a|

{a) Allow messages from any process.

(b) Dedicate the channel to allow messages from the process whose identifier (PID) is given
in P3.

{c) Close the channel after 1 message corresponding to the specified sequence number P4.

Reject all other messages.

A status of zero implies that the channel is closed to ail incoming messages.
(4) WAIT (L)

This procedurs halts the current process pending the arrival of a message. Thae first paramsetsr defines
the channels on which messages ara expected. Thus, if the least significant bit is set, messages on
channel O wiil wake the process; if the next bit, messages on channei 1 etc.

To avoid a process waiting an indefinite period of time for a message, a time limit in seconds, P2,
may be specified. If a message on one of the required channeis has not been received within this time,
then the process is woksn.

If the time limit is negative or zero, or a message is airesady on one of the raquired channsis, then
the procedure rsturns immediately without halting the process. PW1 always contains a bit pattern
indicating the channels on which messages are present. Thus, the least significant is set if messages
ars on channsi O etc.
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(5) READ.CH.STATUS ()

This procedure reads the status of the specified message channel. PW1 returns the status bits, as
specified in SET.CH.STATUS, PW2 the PID if the channel is dedicated and PW3 the sequence number
if it is dedicated for a specific message. The number of messages on the channel is returned in PW4.

15.2. DIRECT COMMUNICATION COMMANDS

These commands provide an alternative more direct way of communicating with peripherals which
are logged into a message channel.

1) CHANGE.CHANNEL (11,)

This procedure must be called with P2 = O before any attempt is made to communicate directly with
a peripheral. P1 specifies the SPN of the required peripheral. This SPN will be included in the source
information supplied when reading a message from the peripheral. It can also be obtained by calling
I.SOURCE for any message stream which has received input from the peripheral. The procedure
informs the input/output manager of a change in the mode of usage of the device and returns in PW1
an identifier which must be used as the P1 of the following three commands. No further messages
will be sent to the process whilst the device remains in this state, but output messages may still be
sent from the process. The procedure is also used (with P2 = 1) to change a direct communication
channel back to a messags channel.

P3 is a parameter giving the required device modes of the input and output devices associated with
the channel. The least significant eight bits contain the input device mode and the next eight the
output device mode. The significance of the bits is described in Chapter 20. The previous modes of
the devices are returned in PW2.

2) READ.CH (1)

This procedure reads the next character of input from the device specified by P1. If there is no input
waiting in the buffer the called process will be suspended until the next input character arrives.

3) WRITE.CH (1,})

This procedure transmits the character specified by P2 to the device specified by P1. The process
may be halted if, for example, previously sent messages have not yet besen transmitted or if too many
characters are buffered awaiting transmission.
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16. CONVENTIONS FOR NETWORK COMMUNICATIONS

In general, a process may send any information it wishes to another process, in a format mutually
agreed by the sending and receiving processes. The system does not normally interpret the
information given in either the short message or in any accompanying segment, unless the destination
process is one of the system processes, such as a device control process. In this case, certain
conventions are assumed for the format of messages. These conventions are described in this Chapter.

16.1. LAYOUT OF MESSAGES

Both short messages and segments containing data to be read by system processes, are assumed to
contain a small amount of housekeeping information. This defines the size and location of the
informaticon, and also the type. Three basic types are defined, namely:

characters
binary information
records.

The distinction is also made between fixed and variable length records.

The housekeeping information takes tha form of a preamble at the start of the segment or message.
This occupies 12 bytes in the segment and 6 bytes in a short messags.

The first 4 bytes in a segment (or first byte in a short messags) contain an integer which is the byte
displacement to the start of the useful data from the beginning of the segment/message. The sacond
4 bytes (or byte in a short message) contain an integer count of the number of bytes within the data.
Each of these 32 bitintegers is given in the form least significant byte first, most significant byts last.
The size of the preamble is not inciuded in the data count.

The remaining four bytes in the preamble have functions dependent on the type of document. Byte
3 is used to indicate the type:

%00 Characters in segment/message
%01  Binary

%02  Unit (fixed length records)

%03 Variable length records.
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In the case of fixed length records, bytes O and 1 hold the size of the records. The use of thesa bytes
is not defined for the other types of documents.

The only other housekeeping information assumed by the system is a two byte field preceding every
record in the variable length case. This gives the size of the record which follows.

16.2. COMMUNICATION WITH PERIPHERAL CONTROLLERS

All connections into or out of a machine go via one of the system peripheral control processes. These
decipher the information as it passes through, in order to decode directives to the peripheral
management system. Two types of peripheral connection are possible, namely that with a character
criented device and a communications line. These have slightly different conventions, owing to their
different treatment of messages. They are, therefore, described separately below.

input via a character oriented device.

A process controlling a device such as a terminal or paper tape reader, has conventions for denoting
the start and end of documents and for distinguishing between input via short and iong messages.
In general, a user must log a device on to a specific process. A sequence of short messages or a single
iong message may then be transmitted to that process.

In the short message case, the device is logged in by placing the command

*%*%M processname

at the start of a line. The device is logged in to the named process and the remainder of the line after
the process name is passed as the first message to the process. Each subsequent line is passed as
a separate short message to the same process, until either a further logging in command or a logging
out (#¥*Z) command is detected at the start of a line.

Long messages may be sent by using the logging in sequence

# % %A processname

instead of ##**M. The remainder of the line after the process name is used as the header for the long
message. All subsequent input data up to the terminator (¥ #+2) is placed in a segment, using thes
character document conventions dascribed earlier. The message is then dispatched to the specified
process and the device logged out. Only ##%*Z may act as a terminator, and any other sequence of
### at the start of a line will be fauited.

Cutput via a character oriented device.

Each output device has associated with it a particular messags channel, from which it can accept and
process messages. The messages must conform to the character document conventions describad
eariier. In the cass of a device which can accept messages from more than one process at a time,
such as a lineprinter control procass, the channel is normally set open to all processes and may not
be logged on to a specific process.

For more dedicated peripherals, such as a teletype or VDU, the device must be logged on to cne
spacific process and the message channel will be dedicatad accordingly. This may be achieved by
sanding
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*%*%*M processname

to the message channel, where the process name specified is the one to be logged in. Quite obviously,
if the device is currently logged in, the new log in request can only come from the currently logged
in process. A device may similarly be logged out with a #%*%Z message.

Many output devices are regarded as being paired with an input device, such as the keyboard and
screen of a VDU. In this case, both "devices” will be logged in to the same process, regardless of
whether the comrnand was received on the input device or the output message channel.

Communication Lines

Data transmitted via communications lines carries additional control information which distinguishes
between the long and short message forms. This information is inserted by the device driving
mechanism, and so only a single iogging in sequence is necessary. Thus logging in and logging out
is performed by *+#%M and *%%Z appearing at the start of a short message. Apart from the
examination of the start of short messages, the data transmitted is not inspected or interpreted by
the communications software.

In addition to the *+*#M and #+%%*Z conventions, the system software will also take account of four
consecutive asterisks (*%%%) appearing at the start of a short message. This is to allow logging in
messages to be transmitted via communication lines from a process in one machine to a peripheral
control process in another. The four asterisks are replaced by three, and the data is then transmitted
without being interpreted further within the scurce machine.

it is anticipated that further ¥#%*% commands will be introduced to allow the transmission of
configuration information for both the character and communication peripherais. To be defined later.
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17. DISC AND MAGNETIC TAPE FACILITIES

This Chapter outlines the procedures provided in MUSS for handling exchangeable disc and magnetic
tape devices. The facilities described are used by system software such as the file archive manager,
but are also available to users wishing to access private volumes outside the file system.

The basic system distinguishes between two types of device: fixed and variable block transfer devices
respectively. Most exchangeable discs and some magnetic tapes are fixed block devices. These are
pre—addressed, and hence a device address can be specified with each transfer request. Industry
Compatible Magnetic Tapes, as well as some exchangeable disc systems, are variable block devices.
With these there is no concept of ‘address’ on the device and accessing is usually sequential. For
convenience, fixed block devices are referred to as ‘discs’, and variable block devices as "tapes’.

Individual tapes and disc cartridges (volumes) are identified to the system by a name and a label. The
name is used to identify the volume to the operators - thus it will usuaily be a serial number enabling
the operator to find the required volume upon request. The label is under the control of the user who
‘owns’ a particular volume, and serves two purposes. Firstly, it provides a check that the correct
volume, and not another which has somehow acquired the same serial number, is loaded. Secondly,
it acts as a ‘password’, protecting the volume against unauthorised access by other users. Labels are
written by one of the procedures described below. A facility exists to force the systam to accept an
incorrectly labelled volume. This enables non-standard volumes, and volumes which have not yet been
labelled, to be accessed. This facility is described with the operater commands in Chapter 20.

In the basic system, deadlock situations are resolved by the operator by dismounting selected volumes.
Thus, all processes using discs or magnetic tapes should be prepared to receive the response ‘device
not available’ to any of its requests, and to recover as appropriate.

17.1. COMMAND PROCEDURES

The commands associated with disc and tape management fall into two categories, namely the
acquisition and control of a disc/tape unit and the commands for actually driving the unit, performing
transfers etc. The high level control functions are common to both tapes and discs, and a description
of these commands immaediately follows. The physical characteristics of the two types of media require
a different set of functions for performing transfers, and so these commands ars described separately
for the fixad and variable block devicses.
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17.1.1. Organisational Functions
1) MOUNT(ILIL[C])

This procedure requests a particular tape or disc to be mounted on an available unit, and allocated
to the cailing process. The unit number is returned in PW1. The first parameter is used to signify
whether the medium is a tape or disc, and so P1 should take the value "TAPE" or "DISC". P2 is the
name of the tape/disc to be loaded. If it is not already available on a drive, then a message is output
to the operator to mount it. This message will be repeated periodically until either the tape/disc
becomes available or until the operator signals CANTDO to the process.

The expected value of the tape label appears in P3. If a tape of the required name is available but
P3 does not match the label on the tape, an error is signalled to the process.

2) RELEASE(l)

This procedure is used to release a disc or tape unit previously allocated by the MOUNT command.
The device is disengaged and the operator informed so that the volume may be removed from the
drive. P1 specifies the unit number to be relinquished. If this is negative, all disc and tape drives
assigned to the current process will be released.

3) WRITE.LABEL{],I1,[C])

This procedure changes the name of a volume which has already been mounted. P1 specifies the unit

number, as returned from the mount command. P2 and P3 give the new name and label to be written
to the volume.

17.1.2. Fixed Block Transfers

1) ED.READ(LLLY

This precedure reads data from a disc or pre—addressed fixed block size magnetic tape to a buffer
in the current process’ virtual store. P1 states the unit number of the required volume. P2 gives the
virtual address of the start of the buffer. It is expected that this will start on a block boundary (where
the block size is hardware dependent), and so the bottom address bits will be ignored to ensure this.
P3 gives ths starting block number on the disc and P4 the number of biocks to be transferred.

MB. On MUS6G, the block size is 2Kbytes.

2) ED.WRITE({LLL]

This procedure writes data to a disc or pre-addressed magnestic tape from a buffer in the current
process’ virtual store. The intarpretation of the parameters is exactly the same as for ED.READ.
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17.1.3. Variable Block Transfers

1) MT.SKIP(i,L])

This procedure skips over a number of blocks of data on the specified device. P1 is the unit number
and P2 the direction to be traveiled (O = forwards, 1 = backwards). P3 gives the number of data blocks
to be skipped. At least 1 block will always be skipped, even if P3 is zero. PWO might be set to a fault
condition if the device tries to skip over a tape mark, or beyond the end of the tape.

2) MT.READ(I,LI1)

This procedure reads the next block of data from the specified unit (P1). P2 gives the virtual address
in bytes to which the data is to be read and P3 states the maximum size of the transfer. P4 gives the
direction in which the medium is to be moved (0 = forwards, 1 = backwards). As with MT.SKIP, a

fault will be signaliled if a tape mark or end of tape is encountered.

The actual size of the transfer (in bytes) is returned in PW1.

3) MT.WRITE(LL})

This procedure writes a biock of data to the specified unit (P1). P2 gives the virtual address in bytes
of the start of the data and P3 the number of bytes to be transferred.

4) MT.SKIP.TM(LLI)

This procedure skips across data blocks on a medium until a tape mark is encouritered. P1 specifies
the unit number of the tape and P2 the direction of travel (0 = forwards, 1 = backwards). P3 specifies
the number of tape marks to be skipped.

5) MT.WRITE.TM()

This procedure writes a tape mark on the specified device (P1).

6) MT.REWIND()

The procedure rewinds the specified tape so that the transfer heads are positioned at the s:art of the
medium.

17.2. UTILITIES

A number of facilities are provided to allow users to read and write tapas according to certain standard
formats. The formats determine

i) whether labels are present on the tape

ii) whether MUSS housekeeping information
(as described in Chapter 16) is also
stored with the file.
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Two conventions for labelling tapes are currently used. The first is according to ANSI standard X3.27,
which defines the sequence for volume labels, file labels and tape marks. The second is where labels
are omitted, and the only textual information on the tape is that of the actual files. A single tape mark
separating each file is the only control information used in this case. For both formats, a double tape
mark signifies end of tape.

The utilities for reading/creating tapes have a parameter to specify the format required. This parameter
may take the following values:

0 Files include MUSS housekeeping information, ANSI| standard labels are written to the
tape. This is the normal form for transmission of files between MUSS systems.

1 Housekeeping information is removed from the files. ANSI standard labels are included.
2 No labels are written to the tape. Files include MUSS housekeeping information.
3 No labels or housekeeping information are written tc the tape. This format is often used

for transmission of textual files between incompatible systems.

1) WRITE.FILE{I,[C11,L.[CLICLICL)

This procedure writes a file P2 to the tape on unit P1. P3 specifies the format to be used for the file.
The size of the data blocks on the tape is given by P4. If this is negative or zero, a default size of 1
Kbvyte will be used.

Parameters PS5 and P8 are only applicable to tapes written in ANS| format, and specify informatien
to be inserted into the header label which precedes the file on the tape. P5 is the sequence number
of the file on the tape; P8 is the file generation number; P7 is an expiry date for the file and P8 is
an accessibility key. The expiry date is specified as five digits, the first two giving the year and the
next three the day within the year. Suitable defauits are supplied for PS5 to P8 if specific values are
not given.

2) WRITE.TAPE{II,[CLL1,)

This procedure writes a set of files to a tape. The parameters P1 and P2 specify a tape namse and
tape label respectively. P3 states the format to be used for the individual files on the tape. If ANSI
standard format is chosen, a suitable volume label will ba written at the start of the tape before the
individual files. P4 specifies a block size to be used for the files, with a default as for WRITL.FILE. PS
indicates whsather a number of files already exist on the tape. Thus, if P5 is non zero, the procedurs
skips to the current end of the tape before appending the new files.

The procedurs prompts for the names of the files to be written. If a ? appears in a filename, the
procedure selects a sst of files from within the current dirsctory whose names commence with the
string immediately preceding the ?. If a ? on its own is typed, the entire directory will be copied to
tape. A file name of @ indicates that the tape is complets, and appropriate tape marks are written
to the tape.

3) READ.FILE{L,[CILIC])

This procedure reads a file from the tape mounted on unit P1. P2 gives the filename which will be
used for securing ths file. P3 specifies the format of the taps. If ANSI| format is usad and a nuli filename
is spacified, a filename wiil be extractad from the file header label on the tape. P4 is only applicabls
to ANSI tapes, and should bs a vector into which the 80 character file header label is returned.
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4) READ.TAPE(IL[C]))

This procedure reads a set of files from a tape. The tape name and label are specified in P1 and P2
respectively. P3 states the format of the tape. If the tape is in ANSI format, the names of the individual
files are extracted from the file header labels preceding each file on the tape. For simple textual tapes,

the procedure prompts for the individual file names before reading each file. The procedure returns
when a double tape mark is encountered.

5) FIND.FILE(L[C])

This procedure searches an ANSI format tape for a file with name P2. P1 gives the unit number of
the tape drive.

At the end of the command, the tape is in a position where a subsequent call of READ.FILE will copy
the file from the tape. As the search is in a forward direction along the tape starting at the current
position, a file will not be found if it has already been passed over. If the user does not know the relative
position of the required file on the tape, an MT.REWIND command should be issued initially to ensure
that the complete tape is searched.

6) COPY.TAPE(II[C]ILIC]))

This procedure may be called to create a copy of a tape. P1 and P2 give the name and label of the
tape to be copied, and P3 and P4 give the name and label of the tape to be overwritten. The parameter
P5 gives the action to be taken on errors. If non-zero, the copying process is halted on detection of
an error. When zero, errors are monitored, but an attempt is made to continue the copying process.
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18. BENCHMARKING AND PERFORMANCE MEASUREMENT

This Chapter describes the procedures provided in MUSS for interactive benchmarking and collecting
statistics about the system.

18.1. COMMANDS

There are two categories of commands associated with benchmarking and performance
measurement, namely an organisational function for acquiring system statistics and a number of
high-level procedures for printing statistics and benchmarking.

18.1.1. Organisational Command

1) SYSTEM.STATS()

This procedure returns {(in PW1) a new segment, containing statistics about the system since
restarting.

The following intagers will be returned in the segment:

Number of organisational commands cailed
Time at user level

Time at command level

Time at interrupt levsl

Time at appendix level

Number of drum transfers in
Number of drum transfers out
Total number of blocks transferred
Elapsed time (seconds)

Number of processes created
Number of segments created
Number of X segments created
Number of long messages sent
Number of short messages sent
Number of files opened

Number of files creatsd
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Number of files updated
Total number of tasks set

18.1.2. High-Level Procedures

Two procedures are provided for noting and printing the statistics collected about the system:

1) READ.STATS{)

This procedure notes the current values of the system statistics.

2) OUT.STATS())

This procedure prints the statistics collected. Two options are available. If the parameter is zero, the
difference in statistics since the last call of READ.STATS will be printed. Thus a program can monitor
the performance of the system between any two points.

If the parameter is non-zero, or if READ.STATS has not been called, the statistics printed relate to
the behaviour of the system since restarting.

3) INT.JCB.JOB([CLICI.)

This procedure implements an interactive