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Chapter 1
Preface

This MG-l Owner/operator Guide is designed to take you through the setting up and use of your
system. It is intended for use with other WCW documents, and with existing GENIX® documen~
tation. A pointer to these documents is given in Appendix F. This Guide should act as a basis for
further reading.

The major features of the MG—l are described. Particular attention is paid to its special features
such as its interactive graphics capabilities and its Window Manager. Experienced users of operat-
ing systems derived from UNIXCTE will be able to scan the Guide and by way of the Introduction,
System Description and Index. Chapters 6 and 7 cover the basic points of GENIX. The
Programmer’s Manual will highlight differences between GENIX and similar operating systems.
For the new user, the System Description and the operating software chapters should be the most
important. Chapter 8, 0n the interactive graphics, covers the MG-l’s image handling and design
capabilities, including the Window Manager. The System Administration and Security chapters are
of immediate interest when the MG~1 is to be used by a single user.

The Owner/operator Guide is divided into twelve main sections:

1. Preface

2. Introduction.

The Introduction is a brief survey of the MG-l. The hardware and software are introduced;
more detail is given in Chapter 3 and the GENIX chapters. The physical speci�¿cations of the
system are given in Appendix A. The Introduction should provide enough information for a
start to be made with the system.

3. System Description.

This section provides a more detailed coverage of the MG—l’s major hardware and software
features and can be read in conjunction with the MG'l Technical Manual. The GENIX
operating system is introduced, and attention is paid to the essentials of the interactive graph—
ics system. To complete this description of the system elements of the MG-l, a list of the
MG-l’s optional features is given.

4. Installation.

In order to set up the MG—l, certain site conditions should be met. These relate to such
details as proximity of power points, inter—unit leads, and the types of surface needed for the
mouse. The information needed to set up the MG-l and to install its optional features is
clearly laid out. See also the Technical Speci�¿cations in Appendix A.

5. Getting Started.

This section is a guide to starting up the MG-l, replying to the initial operating system
prompts, selecting start-up options, and closing down the system when the session is over.

UNIX is a Trademark of AT&T Bell Laboratories GENIX is a Trademark of National Semiconductor Corpora-
tion
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Preface

6. GENIX —— An Overview.

This chapter is an introduction to the GENIX operating system, and should be read with the
next chapter. The basic features of the GENIX shells, the �¿le and directory structures, the

graphics and window handling, and the utilities are introduced. Full details of operating
system facilities are available from the GENIX Programmer’s Manual.

7. A GENIX Session.

In this section, the most commonly used GENIX commands are introduced. File and direc-
tory creation and handling are covered, and command combinations are illustrated. Full
details of the operating system commands, the utilities and the C programming language are
available in the GENIX Programmer’s Manual.

8. Interactive Graphics.

The MG-l is designed as a high performance graphics workstation, and offers some very
powerful facilities. The Window Manager divides the screen into a number of “Virtual Termi-
nals”, each with its own speci�¿c job. For rapid graphics handling, the rasterop system system
is available. These and other graphics methods are described in this section. A interactive
techniques catalogue is also provided, in section 8.3.

9. System Administration.

GENIX offers some very powerful facilities for managing the MG—l. While the single user
may not need all of these facilities, all users should know how to monitor disk space and use
the backup and archiving systems. The role of the superuser is covered. Full details of these
systems are given in the GENIX Programmer’s Manual.

10. Security.

Each user, or group of users, may be granted or denied access to �¿les. This section introduces
the idea of limitations on access permission as well as of passwords and user-ID codes. The
security duties of the superuser are discussed.

ll. Troubleshooting.

This section introduces the most commonly used hardware and software problem—handling
methods. The MG~1 Technical Manual and the GENIX Programmer’s Manual contain addi~
tional material.

12. Appendices.

A. Physical Speci�¿cations.
B. Serial Port Pin Allocations.
C. MG—l ASCII Codes.
D. Scan Codes.
E. Power On Tests.
F. Reading List.

This guide is not intended to be a comprehensive GENIX manual, especially in the case of the

utilities. These are described in full in the relevant operating system documents. For a comprehen-

sive list of documentation to be consulted, for both hardware and software, see the Reading List in

Appendix F.
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Chapter 2
Introduction

During the early 1970’s, the concept of the computerised of�¿ce began to take shape. In order to
handle the work load involved, the mini-computer system dedicated to the single user was
developed. These systems were known as “workstations” but their high cost prohibited their
wide-spread use. With the advent of the microcomputer, truly personal systems were possible, but
in designing such systems around the need for low cost, many of the more impressive facilities were
lost. These facilities typically covered large-scale memory, high—resolution graphics, and fast
response time.

Increasingly, the distinctions between microcomputer, minicomputer and mainframe have become
blurred and �¿nally, in 1984, the Whitechapel Computer Works MG-l system has succeeded in
unifying the ideals of ‘micro’ cost and ‘super-mini’ power.

Such a work station has to be as �Àexible and easy to use as a microcomputer, but have the
data-handling, graphics and communications facilities of a much larger system. The de�¿nitive com—
bination of these features is the MG-l.

To satisfy demand for large scale storage at low cost, the MG—l provides a basic system of main
memory and back~up devices which may be radically up-graded to increase capacity as and when
required. The MG~1 uses a 32-bit processor and the GENIX operating system. GENIX is the
National Semiconductor implementation of AT&T’s Bell Laboratories 4.1bsd UNIX. UNIX is
rapidly becoming the industry operating system standard. A major advantage of this operating
system is that applications are widely portable between machines.

To reduce the cost and physical size of the system, the MG—l is constructed around a single-board,
microcomputer—style architecture, using the latest VLSI technology (Very Large Scale Integration);
for all its processing power, the MG-l can compete with many PC systems for price. The implica—
tions of this development are signi�¿cant: users need no longer share minicomputers. Traditional
time sharing operations can be replaced by distributed computing at an easily justi�¿able cost.

In short, the MG-l Work Station offers startling cost—ef�¿ciency, compact size, user—�Àexibility, and
a number of special features. These include interactive “rasterop” graphics and full graphics
library, Window Manager, expansion card facilities via an IBM PC® compatible mother board,
and the Ethernet local area networking system.

Many of the problems of the less elegant earlier systems have been overcome by the MG-1. For
example, graphics handling was often slow: the MG-1’s raster system uses rectangular arrays of
pixels which can be rapidly handled by their own dedicated hardware. The combination of GENIX
and IBM PC expansion cards solves the problems of limited device availability. This option, and
the Ethernet networking system which can combine up to 200 M04 stations, offers a very high
level of site �Àexibility. To improve data handling, traditional keyboard input may be supplemented
by the mouse which is a standard MG—l feature. As a further improvement to the working environ—
ment, the MG—l is virtually silent.

The MG-1 and its operating system is a truly powerful combination.

The major features of the system are as follows:

Display.

The display is a landscape format 1024><800 pixel system rated at 80 dots per inch. This
provides a high quality image which, because of the MG~1’s high image refresh rate (57 Hz),
remains �Àicker-free. For rapid graphics handling, the MG—1 supports “rasterops”. The idea of
the raster is explained in section 3.5.1, and in Chapter 8. The display is a bit—mapped system
refreshed from the main memory, and uses a similar memory paging system to the Memory

IBM PC is a registered trademark of International Business Machines.
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Introduction

Management Unit. Accordingly, the graphics uses the memory in the most ef�¿cient way
possible.

Memory.

The MG~1 has a standard 0.5 Mbyte main memory expandable in 0.5 Mbyte or 2 Mbyte units
to a maximum of 4 Mbytes or 8 Mbytes of real memory, held within the standard enclosure.
This provides up to 16 Mbytes of paged Virtual Memory per program. This gives excellent
data processing and graphics handling facilities, controlled by a highly sophisticated Memory
Management system. The concept of a memory “page" is described in section 3.2.1.3.

Processor.

The MG-l runs on a 32—bit National Semiconductor NS32016 processor (Central Processing
Unit) rated at 8 MHZ clock rate. Floating point data handling is standard, using the NS32081
Floating Point Unit. The NS32082 Memory Management processor handles all memory tran-
sactions from the CPU to provide a highly efficient demand paged memory system. The CPU
runs a 24—bit address bus allowing a Virtual Memory capacity of 16 Mbytes (224 addresses).

Disk System.

Standard features are a 10 Mbyte hard disk and a 0.8 Mbyte floppy disk system supporting
5.25" double—sided, double-density, soft—sector, 96 tracks per inch disks. A variety of larger
hard disk options are available. As an option, a Streamer Tape system is available which
replaces the �Àoppy disk drive. GENIX offers full �¿ar format archiving and library facilities for
the down~loading of data from hard disk to �Àoppy disk or streamer tape.

Operating System.

The MG—l supports GENIX, a full UNIX system with Berkeley 4.1bsd enhancements. The
operating system provides virtual memory handling, multi»tasking priority control, input and
output operations, and user interaction. GENIX provides a large number of utilities such as
text editors, C and Assembler programming, compilers, comprehensive on—line documenta-
tion (the extent of which depends on the hard disk in use), and interactive calculator facilities.
Other programming languages such as FORTRAN 77 and Pascal, are optional. GENIX will
support a wide range of business software packages such as advanced word-processors and
spread-sheets, and the IBM PC expansion cards will allow GENIX access to one of the
world’s largest computing markets.

Keyboard.

The IBM PC-compatible QWERTY—style keyboard is a standard feature of the MG-l provid-
ing 83 keys, including 10 programmable function keys, and adjustable typing angle.

Mouse.

The mouse is a standard MG-l feature and allows user manipulation of screen images and
windows.

Expansion Ports.

2.2

Two expansion ports are provided. The memory expansion port will accept up to seven 0.5
Mbyte memory cards or up to three 2 Mbyte cards, thereby up—grading the standard memory
to either 4 Mbytes or 8 Mbytes. The general purpose expansion port allows direct access to
the buffered system bus, and allows installation of an IBM PC mother board which will hold
up to three cards. The availability of IBM PC cards for the MG—l opens up a huge range of
facilities at low cost.

WCW
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Communications.

The optional IEEE 802.3 Ethernet networking controller allows up to 200 stations to be
linked together to create a communications and time-sharing network. Even large scale
data objects may be rapidly transmitted as the system has a ll) Mbit per second transfer
rate, and interfaces directly with the processor’s address/data bus.

RS-232 C Port.

The single RS~232 port is a serial l/O interface between the MG—l and such peripheral
devices as line printers, plotters and other terminals. Software drivers allow the con—
nec'tion of further serial devices through the expansion card slots.

MG-i GENIX.

The great majority of the operating system provided with the MG—l is standard GENIX.
Because the system is based on such revolutionary architecture, there are invariably some
differences due to hardware factors. These are detailed in full in the GENIX Programmer‘s
Manual. Experienced users should pay attention to the MG-l Instruction Set, especially when
using commands relating to the graphics facilities or the 1/0 devices. A number of other

. operations involve the use of commands specific to the MG—l, for example archiving. These
commands are explained in full in Volume I of the GENIX Programmer‘s Manual.
The GENIX internal on—line documentation is available to any user with a hard disk
con�¿guration greater than 10 Mbytes. The full size version of the manual amounts to l.4
Mbytes and is therefore only implemented on the larger systems. Chapter 11 of this manual
lists the �¿les containing the on—line manual and other ‘expendable’ material. These �¿les may
be deleted in order to free disk space.

WCW 2.3



Chapter 3
System Description.

3.1. Introduction.

The ideal workstation should incorporate a number of essential design principles: it should act as a
general data processing system with a wide range of software for program design, text handling,
and graphics; it should have a high degree of localised intelligence for the handling of speci�¿c tasks;
it should be capable of implementing a creative design process involving more than one potential
user; it should be responsive to the needs of the specific user without compromising larger scale
objectives; it should be capable of handling data on many levels; and it should be physically robust
enough to withstand user conditions that may be far from ideal.

The ways in which these principles have been built into the MG-l will be covered in this section.
An attempt has been made to describe many of the major concepts involved in a system of this
complexity, but reference should be made to the Reading List in Appendix F for further details.

Figure 3.1. The MG-l Personal Workstation.

3.2. The Hardware.

3.2.1. The Computer Unit.

The computer unit is the central component of the system, and contains all of the memory, proces~
sors, communications systems, expansion card facilities, Input/Output ports, and the power supply.
The unit as a whole measures approximately 50cms.><15cms.><45cms., and is strongly enough built
to support the weight of the monitor unit. It may stand on its side where work surface space is
limited.

Located on the rear panel of the unit are three expansion slots, and sockets for the IEEE 802.3
Ethernet system, serial RS—232 C port, the mains power supply, and the fuse holder. The single,
quiet cooling fan is located inside this rear panel, and should not be obstructed.

On the right—hand side of the front panel is the Power—Up button. Above it is the Power—On LED
(light-emitting diode). The power-down routine is handled under program control, so the machine
cannot be switched off accidentally.

To the left of the Power-Up button is a �Àap covering the keyboard socket, the mouse socket, and
the Diagnostic LED. The use and operation of this LED is described in Chapter ll.
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Figure 3.1. The Computer Unit.
Directly above this �Àap is the �Àoppy disk drive or the tape streamer drive, depending on the
con�¿guration in use. Next to the �Àoppy disk drive is the hard disk drive. The tape streamer and the
hard disk systems have a range of capacities, both starting at 10 Mbytes.
The precise details are listed in Appendix A, Physical Speci�¿cations.

3.2.1.1. The Processors.

The MG-l’s system logic is supported by the National Semiconductor Series 32000 chip set,
comprising the following:

1. NS32016 Central Processing Unit (CPU). This processor is designed to support high perfor—
mance multiprogramming, and controls all high speed priority switching and process control.
It is designed to supply processing power to users needing large amounts of address space for
large programs or data objects. The 32016 supports a 16 bit data and 24 bit address bus
supplying 16 Mbytes of Virtual Memory per program.

2. NS32082 Memory Management Unit (MMU). This unit provides the hardware required to
support a demand paged virtual memory system. The logical memory is organised as a series
of pages which map either onto physical page frames or onto areas of memory held on
peripheral memory devices such as disk drives. Peripheral memory pages are automatically
swapped into main memory at a rate hardly detectable by the user.

3. NS32201 Timing and Control Unit (TCU). The TCU provides the system clock (rated at 10
MHz) and all processor control operations.

4. NS32081 Floating Point Unit (FPU). This extends the instruction set of the CPU to include
fast 32 and 64 bit �Àoating point operations.

In addition to the above, there are a number of processors dedicated to I/O functions, Direct
Memory Access control, and Interrupt control. These are covered in more detail later.
A primary feature of the MG-l’s processor set is the high degree of correspOndence between the
system architecture and high level language operation. There is a general lack of processor instruc—
tions and addressing modes that would interfere with the smooth running of high level compilers.
In addition, the MMU includes hardware support for a major de~bugging tool: “breakpointing”
halts a program at a particular instruction or data access point, and examines the state of the
program to determine the cause of irregular behaviour.

3.2.1.2. Slave Processors.

The MG-l controls many of its functions through two “slave processors” which allow operations
that would not be permitted by conventional integrated architectures. These slave processors,

.1

which are unique to the Series 32000® are the Memory Management Unit and the Floating Point .

Series 32000 is a trademark of National Semiconductor Corporation.
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Unit. Communication between the CPU and the slave processors occurs by way of a very fast
protocol that remains transparent to the user.

The major advantages of this architecture relate to software adaptability. If these slave operations
ever become integrated into the CPU through advances in hardware engineering, software
developed under the slave system will still run, and in fact will run much more quickly. Software
developed before the advent of the slave system can be run simply by removing the modules that
were originally necessary to emulate the operations now performed by the slave processors.

Further details of the MG~1’s processors can be obtained from references in the Reading List.

3.2.1.3. Memory Handling.

The Series 32000 chip set is based on a linear memory architecture, supports page—based mapping,
and provides a demand-paged virtual memory system.

The total number of physically addressable memory locations (bytes) is the “physical address
space”. This is de�¿ned by the Main Memory physically available to the system; the MG-l supplies
up to 8 Mbytes of accessible Main Memory depending on the expansion cards in use. The number
of locations that a program can possibly address is the “logical address space”. In thze case of a
system such as the MG- 1 which has a 24 bit address bus this amounts to 16 Mbytes (224 bytes). It
is the logical address space that actually de�¿nes the memory architecture.

Where the individual bytes are accessed by consecutively numbered addresses, the memory is
termed “linear”. However, the bytes may be clustered into “segments”; when this is the case, each
address consists of two parts, the segment address which de�¿nes the group of bytes involved, and
the “displacement” or location of the actual byte within the segment. This type of memory organi—
sation is well suited to the modern DP environment as modular programming relies on such seg—
mented data handling systems.

The MG-l’s NS32000-based memory is segmentally organised into 512 byte “pages”. These are
small enough to be flexible in the context of the variable sized segments used by programs, but
large enough to offer an effective code protection system.

The action of translating a logical address into a physical address is called “mapping”. Where the
logical and physical address spaces are the same size, there is a direct relationship between a logical
address and a physical address. In a multiprogramming environment, where processes operate
concurrently, the user would have to ‘manually’ ensure that the memory dedicated to one process
did not overwrite that dedicated to another.

Where the logical space is much larger than the physical space, as is the case with the MG—l,
mapping operations are much more complex. The Series 32000 breaks the logical space of 16
Mbytes down into 32,768 pages, each of 512 bytes.

The physical address space is similarly broken down into a number of 512 byte units called “page
frames”. This means that a logical page can map straight a physical page frame. Each process
initiated by the user has its own mapping table which contains the appropriate logical and physical
addresses, and a code listing the protection attributes which limit access to areas of memory. This
means that there is no danger of one program over—writing another.

The condition of the logical address space being larger than the physical address space is termed
“Virtual Memory”. This is an important feature of the MG-1, and gives the impression that the
memory available to a program is much larger than is really the case. This is because logical
memory pages are often mapped onto locations that are really held on peripheral memory devices
such as disks. This process, called “page swapping”, is necessary because while the 16 Mbytes
logical memory contains 32,768 pages, a 4 Mbyte physical memory contains only 8,192 page frames.
Thus only a fraction of the logical addresses may be mapped instantaneously and directly onto
physical Main Memory locations at any one time. These mapping and page—swapping operations
are handled by the 32082 Memory Management Unit, at a rate that is hardly detectable to the user.

The MG~1’s NS32000 based memory is thus managed in such a way as to provide the highest degree
of processing power, while reducing the cost to a minimum.
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Figure 3.2. System Architecture.
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3.2.1.4. Floating Point Operations Handling.

The NS32081 FPU is used to handle “real numbers” with fractional parts. Two sizes of �Àoating
point number can be represented by this processor, the 32 bit “single precision” type, and the 64 bit
“double precision” type. Floating point numbers are held in the form:

number = sign X fraction (or mantissa) >< lOCxPonem

The advantage of using double precision �Àoating point arithmetic is that the range of numbers is
greater because of the larger exponent element, and the precision is greater because of the larger
mantissa.

The FPU is 32 bits wide, and is broken down into a number of storage registers. Where double
precision �Àoating point representations are required, the number is held in two consecutive,
catenated, registers.

3.2.1.5. Interrupt Handling.

The NS32202 Interrupt Control Unit (ICU) handles all conditions that alter the normal �Àow of
processing events. Interrupts are events that occur externally to the central processor (and are
distinct from “traps” which occur under program control), and are of two major types.

“Non—maskable” interrupts are initiated to preserve system integrity in the case of a catastrophe
such as a power failure. They cannot be disabled, and have the highest priority. “Vectored”
interrupts are assigned priorities and many are initiated by I/O devices, for example when a high
speed device is talking to a low speed device. The slower device must deal with one set of data
before accepting another, and so initiates an interrupt request.

A vector is a memory location containing the base address of an interrupt handling routine. The
ICU handles interrupt requests according to the priorities assigned and the ef�¿ciency with which
these operations are carried out largely determines the performance of the multiprogramming and
I/O systems. This is especially the case as active programs are frozen according to the current state
of the system. The CPU ensures that the system is unchanged when the program is reactivated.

3.2.1.6. Input/Output Handling.

The 1/0 system is the interface between the processors and the outside world, and in the MG-l is
highly integrated into the processor and memory system. The Series 32000 chip set supports a
“memory mapped” I/O system in which peripheral input and output devices are considered to be
a part of the memory so as to allow the full range of processor addressing modes.

The system works by assigning a number of registers to each l/O interface. These registers respond
to read and write commands in exactly the same way as other areas of memory. Therefore tests or
modi�¿cations on the contents of the I/O interfaces can occur in situ without involving movements
to and from memory.

Standard memory protection operations apply to I/O registers. This system, plus the UNIX integra»
tion of �¿le and device handling radically improves performance.

Linking the various devices is a buffered I/O bus which acts as the interface between the central
processors and the memory/video system, Input/Output Processor (IOP), Rasterop hardware,
bootstrap ROM, non-volatile RAM, Interrupt Controller, real—time clock, expansion ports and I/O
device controllers.

Generalised I/O operations cover control of the Mouse and keyboard input devices, the display
ouput device, which has already been described, and the memory—based I/O devices such as disk
drives and tape streamers. Keyboard and mouse events are handled by a dedicated Sabit IOP which
communicates with the CPU through a 128 byte dual~port RAM integrated into the IOP chip. A
major responsibility of the IOP is the translation of mouse movement into cursor movement
without the uneven and unpredictable response that many other UNIX systems provide. The CPU
monitors the current position and advises the IOP of the location of windows which might have
some bearing on cursor behaviour.

Window handling often involves changes to the cursor. Up to four cursor maps are stored in
memory, and the appropriate set of cursors is selected by the CPU. The cursor logic system is
controlled by the IOP chip, and is responsible for the control of the major cursor attributes, such
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as the Cursor Number (0 to 3), the (x,y) coordinates of the cursor within the display image, and the
position of the cursor’s “hot spot” pixel relative to the cursor origin. These attributes are used to
control the mixing of the cursor image with the screen image to provide an overlay of the two at the
appropriate screen position. Mixing may occur according to OR or XOR logic.

The IOP uses the 128 byte RAM to keep a record of the cursor’s movements, so that application
programs can see exactly where the mouse has been. In addition, the IOP contains code to provide
a simple ASCII keyboard facility, although the CPU under software control can override the IOP’s
existing Keycode-to-ASCII translation procedures.

The handling of memory—based I/O devices such as disk drives and tape streamer is based on a
centralised Direct Memory Access (DMA) controller which is interfaced to the system bus and
performs fast data transfer operations. In addition, any DMA devices on the expansion port are
handled by this controller.

The Ethernet port is provided with an integrated network controller which handles the IEEE 802.3
protocol and provides its own DMA services.

Devices attached to the IBM PC compatible expansion port are serviced by a bus adaptor which
performs signal timing and bus—width conversions, and provides buffering facilities.

3.2.2. The Monitor.

The MG—l display unit is a high resolution (1024X800 pixels) landscape format (ie width > height)
17" monitor using a “white phosphor” screen. The viewing angle is adjustable by way of the knobs
at the side of the screen which raise or lower the foot at the back. This feature, plus the two metre
cable attaching the display to the computer unit, means that the monitor can be adjusted to suit the
individual user. The brightness control is in the lower right-hand corner of the display unit.

The system is supported by a Display Processor, which in conjunction with a memory mapping
system supplies rapid image refreshing from any part of the MG—I’s memory. This direct memory
linkage, plus the high image-refreshing rate, gives a high quality, �Àicker-free image. For further
details of the MG~1’s display-handling system, see the “Processors” section, above.

17
77

],,
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/

Figure 3.3. The Monitor.

3.2.3. The Keyboard.

The MG-l keyboard, like the display unit, is of an ergonomically high standard, comprising an
adjustable—angle unit attached to the computer unit by a three metre cable. The typing angle is
adjusted by way of the snap—lock feet at the rear of the unit.

The cable has two plugs: the �¿rst connects the keyboard to the computer unit. The second is used
as a Mouse signal relay when the Mouse is attached to the keyboard instead of the computer unit.

The keyboard has a high quality IBM PC layout, and consists of the Typewriter section, with the
standard QWERTY pattern, the ten programmable Function Keys, and the Numeric Pad, a total
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of 83 stations, all offering auto—repeat. All of the keys may be assigned character or command

sequences; full details are given in section 5.8.4.

3.2.4. The Mouse.

The Mouse is a graphical input device consisting of a roller and a set of three buttons. Menu

options or points on the screen (for example, windows) are selected by rolling the Mouse across a

�Àat, preferably non-shiny, surface. The rotation of the ball is encoded, and the displacement

transferred to the screen via the I/O processor of the computer unit. Commands are relayed via the

three Mouse buttons. The unit is attached to the keyboard or directly to the computer unit. If the

former arrangement is selected, both of the keyboard cable plugs must be used. The second is the

Mouse signal relay.

To use the Mouse, the unit is held in the palm of the hand with the roller on the work surface. The

middle three �¿ngers are placed over the Mouse keys.

3.2.5. The RS-232 C Port.

The serial port is used to connect terminals, printers and a number of other devices to the MG—l.

Like all MG-l I/O peripherals, it is driven through the /dev directory, in this case /dev/ttysO. The

operating system supports a full range of flow control signals for device sensing and transmission

control. For full details, see the ‘sio’, ‘tty’ and ‘newtty’ references in Volume I of the GENIX

Programmer’s Manual.

In order to increase the number and variety of peripheral devices, the ‘acc’ facility can be used to

drive a two port asynchronous serial board through the IBM bus. The pin allocations for the serial

devices are given in Appendix B.

3.3. The Software.

The MG-l’s operating system is a National Semiconductor implementation of AT&T’s Bell

Laboratories System III UNIX, incorporating Berkeley 4.lbsd enhancements. Further details of

the UNIX environment are given in Chapters 6 and 7, and full details of the commands available

are given in the GENIX Programmer’s Manual. The graphics and window handling software are

described in this manual, especially in Chapter 8, and in the documentation listed in Appendix F.

All UNIX-derived operating systems comprise three basic elements, the kernel, the utilities, and

the shell.

3.3.1. The Shell.

The user passes commands to the kernel and utilities through the shell, of which there are two

provided, the C Shell and the Bourne Shell. Although there are differences in such areas as the

syntax of commands, system messages, and the symbol used as a system prompt, they operate in

much the same way and it is possible to switch from one to another.

The shell is the interface between the user and the facilities of the operating system, and is almost

exclusively a mechanism for interpreting commands that invoke other programs. Although the shell

has a few built-in facilities, almost all of the shell’s job is to activate programs external to the shell

itself. In addition to being a command interpreter, the shell is a programming language in its own

right, as conditional loops and other controlo�Àow primitives are available. In common with many

programming languages, the shell allows the combination of commands, the use of string—matching

metacharacters such as “wild cards”, and the use of string—valued variables. Combinations of com—

mands may be held in executable text �¿les.

3.3.2. The Utilities.

The �¿rst internal layer accessed by the shell is the set of utilities. These include programming

languages, text editors and formatters, communications packages, and graphics systems, for exam-

ple:
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1. The C compiler. C is the high level language in which most of UNIX is written. It is accom-
panied by a large library of standardised functions such as 1/0 routines.

2. A number of software development tools are supplied, such as the LINT program checker for
the C language, which traps syntax errors, portability problems, data type mismatches, and
other likely errors; and the M4 Macro Processor which acts as a front end to functionally
based languages such as C and FORTRAN

3. The YACC system (“Yet Another Compiler-Compiler”) is a system that will generate part of
a compiler, using a user-supplied description of the language system.

4. The SCCS Source Code Control System records versions of source code produced during
project deVelopment. For example, old versions of a program can be retrieved after editing.
SCCS also controls source code �¿les where more than one programmer is working on a
system so as to prevent the same �¿le being amended by two programmers at once.

5. The MAKE software maintenance system ensures that �¿les requiring the update or availabil-
ity of other �¿les can be generated automatically. A full system of inter—�¿le dependencies can
be analysed with minimum effort for the programmer.

6. The NROFF and TROFF high quality document preparation systems format text for
typewriter-type terminals and phototypesetting systems respectively. Both accept lines of text
interspersed with lines of formatting commands which may control layout, heading and foot-
ing, pagination, paragraph labelling, font and pitch control, and special character facilities. A
macro facility allows the de�¿nition of command sequences using single identi�¿ers.

7. A number of text processors are provided, such as the EDIT and EX line editors, the VI
screen editor, the SED stream editor, the TBL and EQN tabulated and mathematical text
formatters, and the REFER bibliographical system.

8. The DC interactive calculator is available for integer arithmetic. It may be programmed using
the BC compiler.

9. The GREP and AWK systems search for patterns in data, and initiate sequences of other
commands if the relevent patterns are found.

All of these utilities are described in greater detail in the GENIX Programmer’s Manual. There are
a large number of optional GENIX third party software packages available. These are easily
implemented and include their own documentation.

3.3.3. The Kernel.

Both the shell and the utilities depend on routines provided by the kernel.

The kernel communicates with the shell and the utilities through only 70 or so “system calls” or
entry points. Conventional operating systems running at the UNIX level of power often rely on
hundreds of such entry points, each controlled by masses of protocol, so the fewer the system calls,
the more ef�¿cient the operating system. These system calls service resource requests from both the
user’s program and the utilities, and in fact, UNIX does not distinguish between the two.
One implication of the small number of system calls is portability; inter—system compatibility is
determined by the system calls, and so UNIX programs are unusually portable.

3.3.4. The File System.

The kernel is responsible for all I/O device-handling, memory map control, �¿le and directory
handling, and program execution. The kernel is based around a hierarchical, tree-structured �¿le
system. Files are grouped together in directories of successive levels, and de�¿ned by a “pathway”
from the “root” directory. This �¿le system treats I/O devices in the same way as �¿les, and groups
the device handling routines in a directory called /dev. User �¿les are in a directory called /users, and
may be sub—divided into grouped directories of lower levels. Public commands are held in a number
of directories such as /bin. Many of the �¿le system elements are outlined in the ‘hier’ reference of
section 7 of Volume I of the GENIX Programmer’s manual.

This �¿le structure is the basis of the entire operating system; the kernel is largely concerned with
implementing it, and the shell and utilities derive much of their power from it.
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Because the MG-l’s operating system is so well structured, yet variable in its resources, it is
possible to enhance the software with a number of powerful systems. Accordingly, Whitechapel
Computer Works have produced the Window Manager, and implemented a powerful graphics
handling system. These are outlined in the following sections.

3.4. The Window Manager.

The Window Manager is a basic part of the Whitechapel Computer Works’ program of UNIX
enhancement, and lies at the heart of the MG-l programming environment. The display screen is
handled as a series of rectangular windows.

The idea of multiple screen windows allows simultaneous use of several data sources, for example
in the concurrent display and control of multiple programs, or the examination of different areas of
a database or spreadsheet. This operates through the impression that each window is a separate
screen in its own right.

The Window Manager creates and manipulates windows on the basis that the user should have full
control over all existing windows while affecting the operating system kernel and any active applica-
tions as little as possible. To this end, the Window Manager is based on the following principles:

1. All existing windows must be active. Accordingly full access and operational control is avail-
able even when a window is partially or wholly obscured by other windows. Keyboard input
is directed to a window selected by the user.

2. Each window has access to the full set of user interface tools for scrolling, window sub—
division, and screen movement.

3. To avoid con�Àict with window based applications, the Window Manager instruction set is as
neutral as possible. For example, the mouse does not distinguish between its buttons for
many commands so as to avoid overlapping with application button—assignments.

4. The kernel is minimally involved. While it retains control over bit—map operations, these
relate to the lowest level handling of window primitives. Higher level routines such as the
window user interface are handled by the Window Manager. This arrangement has the advan-
tage of overcoming the problem of kernel scheduling delays.

5. Full interactive techniques are available to the application as the Window Manager does not
interfere with the standard range of MG—l operations.

6. The system meets the requirements of programmers as well as application users. These tend
to be less well de�¿ned, and require support from the full array of operating system develop-
ment tools.

Windows allow the use of multiple screen displays. As a screen management device, a window may
be kept in its active form on the screen or stowed as “icons". Icons are used to indicate the status
of windows currently in existance, but not necessarily in use.

All window controls operate through the mouse: windows may be enlarged or reduced, moved,
sub—divided, and assigned a lower or higher priority. Mouse button assignments are neutral so as to
avoid clashing with application-based controls.

Mouse movements are tracked across the screen by the cursor. Changes in the cursor re�Àect the
presence of different regions within the windows. Four 64X64 pixel cursor rasters are available.
The cursor may be trapped by speci�¿c processes when particular commands require uninterrupted
input.

Keyboard input is directed at the window currently assigned top priority. Such windows are called
“listeners", and only one may be active at a time. The Window Manager includes a full TFY
Emulator to emulate a standard UNIX character stream terminal.

Three types of window are available. “Full—function windows” operate through rapidly updated
bitmaps representing the data objects wholly or partially displayed in the window. “tty windows“
are updated from a character map rather than a bitmap. and are designed to handle applications
which require a standard keyboard terminal. This system is based on a “tty emulator" where “tty”
is a rather out~dated term standing for “teletype”. “Physical panel windows" are designed for use
in highly interactive applications where high—speed display updates are required. The application
writes directly onto the memory holding the bitmap. These windows are of full screen width, and
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may not be moved horizontally or reduced in priority.

Overall, the WCW Window Manager contains the kernel software appropriate to handling the
most primitive window elements; the Window Manager control system which translates these prim-
itives into user functions; a recommended instruction set to drive the software, which may be
user-rede�¿ned; and a full set of documentation.

3.5. MG-l Graphics.

The MG~1 is designed to operate as a high-standard graphics workstation as well as a generalised
data processing system. Special image-handling functions are provided by three basic elements, the
MG-l Graphics Library, the Rasterops control system, and the various high level graphics handling
packages.

Traditional interactive graphics systems rely on three components, a “frame buffer” or memory
area to hold the digital representation of the image; a series of display—control devices which act as
the interface between the memory and the screen image; and a monitor. The frame buffer is
supplied from the main memory, and because it is an intermediate device, it often causes a
signi�¿cant reduction in performance.

The MG—l relies on a different and more ef�¿cient system. The image representation is supplied
directly from main memory, and the full range of graphics operations is thereby increased in speed.
Image representations are held in non—contiguous pages of Virtual Memory, and are stored and
mapped in exactly the same way as any other data object.

The heart of the graphics«VM combination is the Mapping RAM unit which holds the addresses of
the virtual pages and uses these to translate the logical addresses into physical addresses. This
means that graphics handling uses existing circuitry, and is fully integrated into the Memory
Management Unit. Because memory is used by both ‘standard’ and graphics applications, memory
control circuitry is provided so as to arbitrate between system access to memory and video “refresh—
ing”.

Video refreshing is the action of reading bits from memory and converting them to a video signal
to compensate for the image fading and to allow changes in the picture to be displayed smoothly.
The screen is refreshed 57 times per second to prevent image flicker. Video refreshing has priority
over CPU access but the two are so timed as to prevent noticable interference.

3.5.1. Rasterops

The rasterop hardware is at the heart of the MG—l’s powerful graphics capabilities. It consists of a
number of devices that enable logical operations to be performed between “rasters”. A raster is a
memory representation of a rectangular array of pixels where each of the pixels within the raster is
either off (for white) or on (for black). In the simplest terms, pictures are built up by switching
pixels to ‘on’.

Rasterops are logical operations performed between rectangles within tasters, where each rectangle
is de�¿ned by the cartesian coordinates of the displacement from the raster’s origin. This system
allows the identi�¿cation of a rectangle in (x, y) terms irrespective of the raster’s position on the
screen.

Images are created by way of the graphics library or by manual pixel setting. By a process known
as scan conversion, the pixels to be set ‘on’ and ‘off’ are translated into raster form. Scan conver-
sion is an automatic procedure within the general set of raster handling routines.

Rasters may be manipulated by way of the 16 binary boolean logical functions to combine or
duplicate graphics objects, or to simulate image movement. These are listed in section 8.1.3.3.
Raster handling is obtained by using one or more of these sixteen available operations. A rasterop
involves two rasters, called “source” and “destination”, combines these by way of some function,
and places the result in “destination”. A simple rasterop is to combine the contents of two rasters.

Various techniques are available to cope with differences in the sizes of the source and destination
rasters. For example, where the source is smaller than the destination, the source is vertically and
horizontally copied to �¿ll the destination, a process called “tiling”. Where the source is the larger
of the two, “clipping” displays only the visible segment.
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Operations are performed on the corresponding bits of source and destination rasters. It is there-
fore an easy matter to change a raster as well as moving it around the screen, simply by altering the
intensity value of particular pixels in memory.

3.5.2. The Graphics Library.

The Graphics Library provides “primitives” for the creation of graphical output such as points,
lines, arcs, circles and text characters, in raster form. Area �¿lling is implemented to produce solid
black or white shapes.

The graphics library is designed to provide a set of fundamental operations for the higher level
graphics packages. Graphics library functions satisfy a number of basic requirements of a graphics
handling system, such as the naming and identi�¿cation of rasters, and the production of primitives
while handling such problems as identifying “brush positions”, and image clipping.

All primitives are drawn from an initial brush position de�¿ned by the start pixel of the operation,
and end at a terminal brush position. Clipping occurs when the source image is too large to �¿t out
of the destination raster. The image is analysed for the identity and extent of its visible portion, and
the rest is clipped into the destination raster. The terminal brush position is retained, however, as
if no clipping had occured.

A second operation is the provision of arguments to the drawing function, so that the primitive
being drawn can be combined with the pixels of an existing destination raster.

3.5.3. High Level Graphics Packages.

The MG-l’s graphics systems provide a support environment for a variety of optional high level
graphics packages. These graphics systems provide routines written in such languages as FOR‘
TRAN, Pascal and C to handle device-speci�¿c l/O hardware where the objective is the provision of
devicesindependent graphics facilities. Because the basis of any high level graphics package is the
existing graphics control hardware, MG-l supported systems are based on raster imaging.

There are three general areas of interactive graphics handling, namely output, user-requested
input, and system management.

Output revolves around a number of standard graphics types and, often, an additional facility for
the creation of non-standardised objects. Images may consist of connected lines or rectangles
defined by arrays of points, or of closed polygons, or �¿lled areas. Text may be handled by way of
fonts that de�¿ne the size, shape and identity of the characters. By combining objects and text,
annotated diagrams or graphs may be created. A further facility may be a generalised drawing
facility which produces non-standard and device dependent output. The objective of this last facil-
ity is the provision of non-standardised functions in a standardised manner. While not wasting the
individual strengths of a speci�¿c hardware system, such high level graphics systems retain their
predictibility.

Groups of output primitives may be combined to form “segments” which may be manipulated as a
whole by way of an identi�¿er. Segment manipulation covers image movement, size changes, rota-
tion, combination by way of Boolean operations, and visibility control. The segment approach
allows a small number of primitives to provide the basis of a whole screen. Output segments may
be stored on disk in sequential �¿les.

These high level graphics systems may be combined with the Graphics Library and the raster
handling routines, to provide a comprehensive range of graphics handling facilities.

Output may often relate either to the full screen or to individual windows. Window control is based
on a series of transformations that map data onto physical areas of the screen. These transforma-
tions may be user—de�¿ned, except where the control of full size screen mapping is concerned.

Input routines operate on explicit user~requests. Data sent to the system may include coordinates
relating to a point or line, a single real value, a segment identi�¿er, an integer relating to selection
of a menu option, for example, or a text string entered from the keyboard.

Workstation control routines are also provided, to include display and buffer up-dating, form
feeding for plotters, segment drawing from currently de�¿ned data, and message handling. An
error—handling system should return a full range of error messages.
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3.6. Options.

The MG-l supports a wide range of optional features. These are either standard devices or systems
which which have more than one possible con�¿guration, or features which may be omitted com.
pletely without compromising the performance of the overall system. Options will include memory
expansion, a tape streamer, different hard disk capacities, the Ethernet networking system, the
IBM PC expansion cards, and the colour monitor.

3.6.1. Memory Expansion.

The standard MG-l main memory con�¿guration is 512 Kbytes. However, the computer unit will
accept up to seven 512 Kbyte expansion cards, or three 2 Mbyte cards, raising the total to either 4
or 8 Mbytes.

3.6.2. Hard Disk Con�¿gurations.

The hard disk options begin at 10 Mbytes. This con�¿guration does not include the on-line
programmer’s documentation, as the full version amounts to a total of 1.4 Mbytes. Documentation
is available on the higher capacity options, in progressive degrees of completeness. In order to free
disk space, documentation, games and other �¿les may be deleted.

3.6.3. Ethernet.

Ethernet is a local area network (LAN) system which allows up to 200 MG—l workstations to be
connected together by way of 50 ohm cables of up to 500 metres length. If repeaters are used, more
than one 500 metre length can be used between terminals. Data transmission occurs at 10
Mbits/sec.

The IEEE 802.3 Ethernet communications port performs the link~level protocol functions and
inter-host network accessing together with memory management, error reporting, packet handling
and processor interface functions.

3.6.4. Peripheral Expansion.

The computer unit’s general purpose expansion port provides direct access to the buffered proces-
sor bus and the centralised Direct Memory Access (DMA) controller. By adding the IBM PC
motherboard, up to three expansion cards may be �¿tted. This board provides full emulation of the
IBM PC bus.

Data is translated from the MG~l’s 16 bit word to the IBM PC’s 8-bit word by using two consecu-
tive IBM words.

The 1 Mbyte IBM PC address space (strictly speaking 1 Mbyte minus 128 Kbytes) maps onto MG—1
address space as follows:

IBM PC OXOOOOO — OXDFFFF
MG—l OXDOOOOO ~ ()xDDFFFF

The 64 Kbytes of IBM PC I/O space maps onto MG-l address space as follows:

IBM PC OXOOOO - OXFFFF
MG'I OXDEOOOO — OxDEFFFF

The interrupt lines from the IBM PC expansion bus may be con�¿gured to drive a choice of �¿ve
interrupt inputs on the MG-1 interrupt controller.
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Chapter 4
Installation

4.1. Setting up the MG-l.

The MG-1 computer unit should be located within 2.5 metres of a 13 AMP standard national grid
voltage power point.

The mounting surface should be clear of loose debris and adequate ventilation should be available
around the unit. In particular, do not cover the fan outlet at the rear of the unit.

When work space is limited, the computer unit can rest on its side or under the desk, or else the
monitor can rest on the computer unit.

Inspect all plugs and connectors to ensure that none of the pins are broken or bent.

Begin by ensuring that the mains power supply is switched OFF.

Connect the female plug on the mains supply lead to the socket on the left hand side of the
computer unit’s rear panel. Do not plug in the power supply at this point. Powering up the com~
puter will be covered in the next chapter.

MAINS AND FUSE HOLDER IBM EXPANSION SLOTS
\ /l
\ / iv

[:1

| f:] /C] a): C3

/ / \
ETHERNET RS 232 EARTH MONITOR

Figure 4.1. Rear Panel Connections.

Connect the monitor’s �Àying lead to the D socket on the computer unit rear panel marked “moni—
tor”. Slide the earthing clip of the monitor cable onto the Spade terminal located on the left hand
side of the monitor socket.

The knobs at the side of the monitor are used to adjust the viewing angle of the screen, which may
be tilted backwards from the vertical by upto 17°.

Connect the keyboard to the computer unit by attaching the shorter of the two leads to the D
socket marked “keyboard” beneath the front �Àap of the computer unit.

When the mouse is to be connected to the keyboard rather than directly to the computer unit, the
longer of the two keyboard leads is plugged into the D socket marked “mouse”. This arrangement
increases the area over which the mouse may be used.

If the mouse is to be attached directly to the computer unit, its lead should be plugged into the
“mouse” D socket, and the longer of the two keyboard leads is not used.

The keyboard has adjustable feet for altering the typing angle. Two positions are available, hor-
izontal and inclined. Applying outward pressure to the keyboard feet causes them to click into their
extended position which inclines the keyboard.
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Figure 4.3. The Keyboard Lead. .
Note that the mouse performs best when used on a surface that is not shiny or polished. This is
because enough traction must be available to translate each Mouse movement into rotation of the
ball bearing under the mouse.

4.2. Floppy Disks.

The MG-l’s �Àoppy disk drive uses standard 5.25 inch, double-sided, double—density, soft-sectored,
96 tracks per inch (tpi) disks. Because disks are manufactured in standard form, they must be
“formatted” so that data structures speci�¿c to the MG-l can be stored and accessed. The format-
ting procedure is described in section 9.14.

Floppy disks are quite delicate and care should be taken to preserve them in order to avoid the loss
of valuable data. The following precautions should be taken:

Handle �Àoppy disks in their protective jackets.

Do not expose them to electromagnetic �¿elds such as generated by telephones or other
electrical appliances. Even the MG-l units may be capable of affecting disks, so do not place
them on the equipment.
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Avoid exposing disks to direct sunlight or moisture.
Do not use paper clips on disks and use only felt-tipped pens for writing disk labels once they
have been af�¿xed.

Do not touch the magnetic surface of the disks, and take care not to allow debris to come into
contact with the surface. A single scratch will ruin a disk.
Do not bend or fold disks, and take care to provide protective wrapping when mailing disks.

4.3. Installing the Bus Adaptor.

To install the_IBM PC bus adaptor, carry out the following instructions:
1. Ensure that the power is OFF. For power-down routines under software control, see section

5.10.

Remove the cover from the MG~1 computer unit by releasing the holding screws (located
underneath and to the rear of each side of the unit) and sliding the cover forward.
Remove (and retain) the �¿xing screws on the PC Bus supports located approximately one
inch in front of the left hand side of the monitor socket and ethernet socket.
Screw into each of the two PC Bus supports one of the adaptor supports supplied with the
adaptor unit.

Gently press the 64 pin DIN41612 male socket on the adaptor unit into the 64 pin DIN4162
female socket located approximately seven inches in front of the monitor and ethernet sock-
ets and running parallel to the front panel of the computer unit.
Secure the adaptor unit by screwing into the adaptor supports the two �¿xing screws removed
in step 4 above.

4.4. Installing Expansion Cards.

To install an IBM PC bus expansion card:

1.

2.

3.

5.

6.

Ensure that the power is OFF. See section 5.10 for power-down routines.
Choose any of the available expansion slots on the adaptor unit.
Remove the blanking plate on the back panel of the computer unit opposite the slot chosen
for the expansion card.

Snap the card guide supplied with the expansion card into the holes on the vertical support
panel opposite the slot.

Firmly press the expansion card into the slot.

Replace the screw, removed in step 3, to secure the bracket and card.
If the card being installed has con�¿guration options these will be described in the documentation
supplied with the expansion card.
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Chapter 5
Getting Started

5.1. Powering Up.

Powering up the‘MG-l requires two actions from the user:

1 Turn mains power ON

2 Press front panel ON button

There is a short delay, while diagnostic routines check the status of the system and the bootstrap—
ping procedure executes. The diagnostic LED illuminates brie�Ày and the hard disk begins to run up
to full operational speed. The role of this diagnostic LED is described in section 11.2. After a delay
of about 15 seconds, the screen displays a sequence of regular memory diagnostic patterns which
indicate the status of the MG-l’s memory. These continue for about 10 seconds. The screen clears
to white and the following message is displayed:

Whitechapel Computer Works MG-t (dd-mm-yyyy)

The date indicates when the ROM software was issued.

As soon as the disk drive reaches full operational speed, the MG-l bootstraps the operating system
from track zero of the disk. During the bootstrap procedure the MG-1 displays the following
message together with an indication of system size:

Loading from hard disk
Boot: hd(0,0)vmunix

After 15 seconds or so, the screen clears and over the next two minutes the system displays the
operating system identi�¿er, and details of the system con�¿guration, administration and initialisa-
tion, then the operating system banner followed by the “login” prompt.

The �¿rst time a GENIX con�¿gured MG-l is powered up, the user can log in either as “root” or as
“guest”. To log in as root the user is advised to be thoroughly conversant with system administra~
tion (see Chapter 9) and system security (see Chapter 10) and to create a personal entry in the
password �¿le for subsequent logins when the wide-ranging powers of root are not required.

To log in as “guest”, for the purposes of gaining initial hands~on experience, type “guest” and press
the <RETURN> key (labelled with a clockwise arrow). The user new to GENIX should now
read Chapter 6 and then work through the example session in Chapter 7.

For powering down at the end of a session, see section 5.10.

5.2. Bootstrap Options.

The MG~1 system ROM contains control routines which automatically load the operating system
from the hard disk into the main memory. This operation is known as “bootstrapping”. The ROM
also identi�¿es problems that might prevent successful bootstrapping, for example memory
hardware faults.

In addition to the control and diagnostic routines provided by the ROM, various systems are
provided by the �Àoppy disk supplied with the MG—l. The start-up routines include a bootstrap
menu which allows the user to specify the sequence of diagnostic routines activated, including
running the facilities on the �Àoppy disk.

The default sequence of events involves the MG-l booting up from hard disk t but various
power-up options are available and are selected by interrupting the normal bootstrap process. If the
MG-l detects any character from the keyboard, or a <Ctrl><a> character from the RS-232 serial
port, at any moment between the power ON button being pressed and the operating system
identi�¿er appearing on the screen, the bootstrap options menu is displayed.
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Choose from one of the following:

0 — Boot from hard disk 0
1 ~ Boot from hard disk 1
2 — Boot from �Àoppy disk
3 — Enter monitor
4 — Switch off

5.3. Loading from Hard Disk.

To load from a �¿le other than the default �¿le which is hd(0,0)vmunix, select the �¿rst menu option
by pressing numeric key ‘0’.

Then type the device name, the drive number followed by the partition number, and the pathname
of the �¿le to be loaded.

The syntax of the response is:

<device>(<drive>,<partition>)<pathname>

Examples:

hd(0,0)vmunix
fd(0,0)vmunix
hd(1,0)vm.new

In the event of any of the �¿les speci�¿ed in this way containing errors, there is a full range of error
messages available.

In the event of the required �¿le being stored on a second hard disk, option ‘1’ from the menu
should be selected. The user response is as outlined above.

5.4. Loading from Floppy Disk.

To load from a �Àoppy disk, such as the diagnostic package supplied with the MG-l, insert the disk
in the drive, close the drive door and select option 2 from the bootstrap menu.

5.5. Monitor.

The WCW ROM debugger is a sophisticated monitor program that allows examination and patch—
ing of memory (both system and I/O) and processor registers. The range of options provided
should offer an adequate medical kit for the repair of memory~based problems.

To enter the ROM debugging monitor select option 3 of the menu. The “WCW Monitor” banner
appears on the screen and the system awaits user commands specifying memory areas for examina—
tion or modi�¿cation.

5.6. The fsck System Checker.

The diagnostic routines activated during bootstrapping check on the status of the hardware and its
support software. As a further guide to system integrity, GENIX automatically runs the ‘fsck’
system. This activates an ‘interactive �¿le system consistency check’ which determines whether a
variety of �¿le attributes are fully consistent. For example, disk blocks may apparently be owned by
more than one �¿le at once, or not accounted for at all, or else disk space reports may not tally.

In such cases, the fsck system proceeds to correct any problems, but requests user permission to
proceed in each case. This is because almost all such problems involve the loss of some data. A list
of all such data losses is given.

Where no errors are detected, the fsck utility reports on the number of �¿les on the disk, and the
number of blocks free and currently in use.

More information on the fsck command is available in Chapter 9 and in section 8 of Volume I of the
GENIX Programmer’s Manual.
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5.7. The stty command.

The ‘stty’ command sets l/O options on a current output terminal. A wide range of options may be
set, such as �Àow control, parity settings, echo on output characters, procedure killing facilities, and
character case mapping.

If no arguments are speci�¿ed, the command produces a report on terminal speed (baud rate) and
those options whose current settings are different from their default values. A number of reporting
options are available, and the full range of stty options is very large.

The stty command is covered in more detail in section 1 of Volume I of the GENIX Programmer’s
Manual.

5.8. Using the Keyboard.

The MG—l keyboard is an input device which can be con�¿gured by the GENIX operating system to
speci�¿c user requirements. This section describes the standard default con�¿guration. Certain
software systems may alter the keyboard: refer to the package documentation for application-
speci�¿c con�¿gurations.

The MG—l keyboard is divided into three sections: Typewriter Area, Numeric Keypad (incor-
porating cursor controls), and Function Keys.
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Figure 5.1. The Keyboard.

5.8.1. The Typewriter Area.

Key positions in the typewriter area of the MG-l keyboard are very similar to a standard
QWERTY typewriter. The <spacebar> performs an equivalent function to that on a typewriter.

When depressed, the <Caps Lock> key locks characters A to Z in the uppercase position. Pressing
the <Caps Lock> key again releases the uppercase mode for these characters. An LED within the
<Caps Lock> key lights up when the key is engaged.

Pressing either of the <Shift> Keys (hollow vertical arrows) shifts the keys in the typewriter area
of the keyboard into the uppercase mode. Alphabetic characters are then displayed as capital
letters, non-alphabetic characters in the typewriter area are displayed as the character shown in the
upper portion of the key.

The <Esc> key is often used in conjunction with other characters to exit from programs, terminate
activities, log out, or stop the movement of text on the screen.

The <RETURN> key, marked with a clockwise arrow, is used after typing a GENIX command to
indicate that the command is complete and must be executed.

The <backspace> key on the top row of keys, labelled with a back arrow, is used to correct typing
errors. The character immediately to the left of the cursor is removed each time the backspace is
pressed. Note that all MG-l keys offer auto-repeat, and that care should be exercised when
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Figure 5.2. The Typewriter Area. -
deleting text. .

Note that the number ‘0’ and the letter ‘O’ are not interchangeable, and that the number ‘1’ and the
letter ‘1’ are also completely different.

The function of the remaining keys in the typewriter area are application-specific. Information on
these keys operating under speci�¿c software control can be obtained from the relevant software
documentation.

5.8.2. Numeric Keypad.

Pressing the Numeric Lock Key on the numeric keypad sets keys 0 to 9 to numeric mode. Pressing
the Numeric Lock again returns keys 0 to 9 to cursor control. An LED within the <Num Lock>
key lights up when the key is engaged.

The function of the <Delete> key is application speci�¿c and is de�¿ned in the Operating System or
Applications Program Manual.

Figure 5.3. The Numeric Keypad.
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5.8.3. Cursor Controls.

The Cursor Control Keys may be used by some application programs to move the cursor around
the screen: The <Cursor Up> key moves the cursor one line up; <Cursor Down> moves the
cursor one line down; <Cursor Right> moves the cursor one character position to the right; and
<Cursor Left> moves the cursor one position to the left. All of these keys have an auto—repeat
action, and so will provide continuous cursor movement if required.

The <Home> Key moves the cursor to the top left corner of the display.

The <End> Key moves the cursor one position to the right of the last character on the line.

For details of the action of the <Pg Up> (Page Up), <Pg Dn> (Page Down), and <Scroll Lock>
keys refer to the Program Manual of the speci�¿c software package.

5.8.4. Function Keys.

The ten function keys labelled F1 to F10 are always under program control. Refer to the relevant
application Program Manual.

The Window Manager’s VTlOO emulator allows any of the MG—l’s keys to be reprogrammed. The
following sequence of commands should be used:

ESC[Pk;Ps;Pr;Pnp

where Pk is the scan-code generated by the key, as shown in Appendix D; Ps is the shift state that
must be used if the translation is to take place. The value of this parameter can be obtained from
the ‘include’ �¿le <sys/panelevent.h>; Pr is the autorepeat �Àag, 1 for autorepeat, 0 for non—
autorepeat; and Pn is the string to be generated. For example, to set the function key F1 to produce

pwd
Is —I

the following sequence should be given:

% ESC[59;O;O;"pwd";13;"18 -l";13
P

where ‘13’ is the ASCII code for a line-feed.

hen
na

Figure 5.4. The Function Keys.

5.8.5. Control Sequences.

By convention, some keys have a special meaning when using GENIX. These include control keys
or sequences used to produce special GENIX characters that do not appear on the keyboard, and
various “escape” sequences used to exit from programs, terminate activities, log out, or stop the
movement of text (“scrolling”) on the screen. Angle brackets ( <> ) are used in this manual to
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indicate particular keys.

When a “control” character is required, always press the <Ctrl> key �¿rst and hold it down while
the second key in the control sequence is pressed.

The default set of control characters is as follows:

<Ctrl><s> Pressing the “control” and “5” keys simultaneously will stop text from
scrolling.

<Ctrl><q> Restarts scrolling.

<Ctrl><d> Has several uses, for example: To log in and log out; To bring the
' system up from maintenance mode; To produce the End of File charac—

ter (EOF).

<Ctrl><z> To suspend a program that has been invoked by the C shell and return
to the command prompt.

<Ctrl><y> Suspend a program that has been invoked by the C shell when it next
attempts to read from the keyboard.

<Ctrl><o> Throwaway terminal output until another <Ctrl><o> is typed.

<Ctrl><x> Erase a line

<Ctrl><w> Erase a word

The <DELETE> key is used to abort a foreground progress.

The pipe character (|) is used in some advanced features of GENIX, for example the passing of
output from one operation straight into a second operation.

Exceptions to these general rules are detailed for each utility in Volume I of the GENIX
Programmer’s Manual.

5.8.6. MG-l Keycodes.

Following the power-up bootstrapping procedures, the MG—l keyboard is programmed by GENIX
to generate DEC VT100 key codes. The correspondence between keys on the MG-l keyboard and
the VT100 keyboard is:

VT100 key MG—l key
PFl F1
PFZ F2
PF3 F3
PF4 F4

. , — ENTER BREAK n/a
Ctrl SPACE (NUL) <Ctrl><@>

Ctrl ‘ (RS) <Ctrl><‘>
Ctrl 7 (US) <Ctrl><_>
Line Feed <Ctrl><j>

Tab <Ctrl>< >
No Scroll n/a

Setup n/a

Each MG-l keystroke is identi�¿ed by the computer’s processors through the medium of ASCII
codes. A full list of these is given in Appendix C.

5.9. Setting the Clock.

At the beginning of the MG-l’s operational life, the clock can be set to correct the date and time.
Against the shell prompt, type:

%date yymmddhhmmss

where the optional ‘yymmdd’ element sets the last two digits of the year, the month number and
the day number. ‘hhmm’ sets the hour and minutes (on a 24 hour basis), and the optional ‘.ss’
element sets the seconds. If year, month and day are not given, they are set to the current values.
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. This assumes that they were set when the system was �¿rst powered up.

5.10. Powering Down.

Option 4 from the bootstrap menu closes down the MG-l. Otherwise, type “of ” in response to the
shell prompt.
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Chapter 6
GENIX —— An Overview

6.1. Introduction.

The GENIX operating system is a derivative of UNIX, developed by AT&T’s Bell Laboratories.
The MG-l’s operating system is the standard System 111 UNIX incorporating Berkeley 4.1bsd
enhancements, implemented on the Series 32000 chip set.

In common with all UNIX systems, GENIX consists of a kernel, a number of utilities, and one or
more shells, in this case the C and Bourne Shells. The salient features of these elements have been
laid out in the System Description chapter: the present chapter will cover some of these features in
more detail, and introduce the use of the shells, utilities, kernel, �¿le system and multiprogramming
facilities. The loading of the operating system, and the various bootstrapping options were covered
in Chapter 5.

6.2. Portability.

The GENIX user operates the resources of the computer by entering commands through any of the
input devices, such as keyboard, mouse or serial RS-232 C port. Although it the kernel that handles
the physical resources of the computer, the user interacts with the shell �¿rst, the utilities second,
and the kernel last.

The shells are command interpreters, which pass user instructions to the lower level elements. The
utilities are self-contained packages which provide a set of commands designed to handle certain
areas of data processing activity, such as programming, text handling or communications.

The kernel is almost entirely hidden from view. It controls the allocation of CPU time, memory
space, and communication channels for the various tasks that system users may have running at any
particular time. It consists of a central supervisor and a number of low-level service routines which
take care of essential activities such as fetching characters from the keyboard, writing to memory
and examining the system clock.

The shell and utilities request services from the kernel through a number of �¿xed entry points or
system calls which act as ordinary subroutine calls. Entry points isolate the utilities from the
kernel’s internal system, and de�¿ne a simple interface to the machine hardware.

Versions of UNIX frequently share the same basic set of entry points (system calls) and because it
is the system calls that determine compatibility, UNIX utilities and programs tend to be very
portable.

6.3. The File System.

The GENIX �¿le system is shaped like an inverted tree. Directory (branch) and �¿le (leaf) names
can be up to 14 characters long, and may include any combination of upper and lower case letters
and numbers. Do not use the slash (/) character or any punctuation marks except the full stop or
period.

Directories are used to group together related �¿les. Each directory may include subdirectories
which may include their own lower level subdirectories; there is no limit to the depth of levels
within the directory structure.

The branches or leaves directly below the currently active directory are usually the only ones ‘in
view’ but changing to another directory involves a single command.

The user has almost complete freedom as to the structure of the directories.

Figure 6.1 shows part of a �¿le system for two users, Richard (a programmer) and John (a technical
writer). Richard has two separate directories for his projects (the .c �¿les contain program source
code) and John has a single directory devoted to his manual. John’s ‘manual’ could be a directory
containing �¿les that are text sections. Slashes (/) are used to separate the segments of a �¿le name.
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Thus the full name or “pathname” of Richard’s draw.c �¿le is: .

/users/richard/graphics/draw.c.

John’s manual directory has the following path:

/users/john/manual

The slash at the beginning tells the system to start the path at the “root”. This full name is seldom
needed however. The directories called “john” and “richard” are the “home” directories of the
two users, and it is within these directories that John and Richard will be positioned when they log
in. ‘

From John’s home directory he can refer to Chapter 2 of his project as manual/chapt2 (note the
absence of the initial slash since this search starts at John’s current directory, and not the root).
John can change his viewpoint with a ‘change directory’ command typed against the shell prompt:

% cd manual

Figures 6.1 and 6.2 indicate the structure of a typical GENIX system.

ttysl .

dev t

flp

memos

john chaptl

manual chapt 2

users chapt3

/(root) I,
database .

richard _ draw.c

graphics

_ plot.c

sh

bin

CP

Figure 6.1. Simpli�¿ed Directory Structure.

A tree structure for �¿les has the advantage that even if a user happens to maintain a large number
of �¿les, a small sub-set only need be seen or thought of at any one time.
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dev Special files for physical devices: system console,
terminals, disk drives, line printer. . .

bin Executable utility programs: compilers and assemblers,
program development

. lib Libraries of system utilities and sub-routines: FORTRAN
and C runtime support libraries, system calls, I/O routines

etc System data and utility programs restricted to system
manager: password file, log-in . . .

/

tmp Temporary (Scratch) files used by the various system
utilities: editors, compilers, assemblers. . .

bin Less used utility programs

tmp Less used temporary files

usr dict Word lists, spell checker

lib Less used library files

. man Directories to text files containing the full
GENIX programmer’s manual

user 1 User directory structure

users user 2 User directory structure

user3 User directory structure

user n User directory structure

Figure 6.2. Typical Directory Structure.
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Two additional directories are shown on Figure 6.1, /dev and /bin. Public commands held in these
directories contain the �¿les responsible for the handling of peripheral devices such as the hard disk
drives, �Àoppy disk drive, and streamer tape drive. Input/Ouput programming with GENIX is
simpli�¿ed by the availability of �¿les held in the /dev directory which require only normal �¿le
read/write instructions for access to peripherals.

Figure 6.2 shows a typical �¿le structure to be found on a GENIX system.

6.4. Selecting a Shell.

The MG-l’s default GENIX con�¿guration is the C Shell, whose prompt is the °/o character. The
default shell can be changed at any time throughout the user session, including immediately after
the login sequence, by typing the following command:

% chsh /bin/sh

The Bourne Shell is thereafter the one that will be used at the next login.

To change back to the C Shell, type the following command:

$ chsh lbin/csh

At any point, the shell actually in use can be changed. From the C Shell, type:

0/0 Sh

to change to the Bourne Shell. To change back, type:

$ csh

The prompt symbol used by either of the shells can be changed during a session by way of the ‘set
prompt’ command within the C Shell or the ‘PSI’ command within the Bourne Shell:

”/o set prompt = '@'

or

3 P81 = ’@'

Because the above commands use a string declaration to set the new prompt symbol, whole words
can be used, for example:

°/o set prompt = ’hello world’

would set the shell prompt to the words ‘hello world’. Please note that the literal string that will be
used as a prompt symbol should be enclosed within “ closed quotes” symbols.

6.5. Using the Shell.

When the user types a command into the system, it is stored in a command line buffer until the
carriage return character is detected. The command line is then interpreted by the shell for subse-
quent utility or kernel action.

Each command is a sequence of words separated by spaces or special characters. The �¿rst word
speci�¿es the command to be executed. Any remaining components, with a few exceptions, are
passed as “arguments” to that command.

If the �¿rst element of the command names an executable �¿le and refers to a compiled program or
shell script, the shell creates a process that executes the command. An executable �¿le is one
indicated by an appropriate set of access codes. For further details of access permission codes, see
Chapter 10.

If the �¿le is marked as being executable but is not a compiled program it is assumed to be shell
script, a �¿le of ordinary text containing command lines. In this case, a new shell process is created
which reads the �¿le and executes the commands it contains.

The shell normally searches for simple commands (commands without a slash “I” pre�¿x) in a series
of directories in succession, and then runs the �¿rst one it �¿nds (if any). This series of directories is
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known as the user’s “search path”. The user may change the shell path variable to include extra
directories, exclude directories or change the order of searching.

For example, the C shell command

% set path = (. /usr/pg/john/bln /bin /usr/bin)

or the Bourne shell command

$ PATH = ".:/usr/pg/john/bin:/bin2/usr/bin"

Lt 37will cause the shell to search the current directory . , the subdirectory “bin” of the users login
directory and the two “system” directories /bin and /usr/bin. Frequently used public commands
(such as cat, rm, ed) are kept in /bin whilst less frequently used commands live in /usr/bin, /usr/nsc
and usr/ucb.

6.6. Generation of Argument Lists.

The arguments to commands are very often �¿lenames. Sometimes these �¿lenames have similar,
but not identical names.

To take advantage of this similarity in names, the shell allows users to specify patterns that match
the �¿lenames in a directory. If a pattern is matched by one or more �¿lenames in a directory, then
those �¿lenames are automatically generated by the shell as arguments to the command.

Most characters in such a pattern are employed at face value, but there are special “metacharac-
ters” that may be included in a pattern. These special characters are the asterisk (*) which matches
any string of variable length (including an empty string), the question mark (7) which matches any
one character, and any sequence of characters enclosed within square brackets ([ and l) which
matches any of the enclosed characters.

Inside square brackets a pair of characters separated by a dash (—) matches any character lexically
within the range of that pair. Thus “[p—xy]” is equivalent to “[pqrxy]” as well as “[psuxy]”.

Examples:

* matches all names in the current directory
*temp* matches all names containing “temp”
[a—f]* matches all names beginning with “a”,

“b”, “c”, “d”, “e” or “f”
*.c matches all names ending in “.c”
/usr/bin/? matches all single—character names in the

/usr/bin directory

This pattern matching facility makes it possible to organise information in large collections of small
�¿les that are named in a disciplined way.

6.7. Command Groupings.

Various items of punctuation are used by the shell to separate commands or group them together.
Some of these are keywords like “if”, “then”, “else” and “while” are employed when the shell is
being used as a programming language. For a discussion of the shell as a programming language the
reader is referred to specialised UNIX text books and to the GENIX Programmer’s Manual.

Multiple commands can be grouped on the same line provided they are separated by semi-colons
(;). The shell does not prompt for another command until it has executed all of the commands
grouped by semi-colons. It is, however, possible to ask the shell to start a program but not wait for
its completion before accepting another command. This is achieved by running the program as a
“background job”, indicated by ending the command with an ampersand (&). To execute a
sequence of commands in the background they must be grouped together by parentheses.

In the following example only the ‘echo ready’ command will be run as a background job after the
�¿rst two commands have been completed:

% date; ls; echo ready&
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The following command causes the shell to run all three commands as background jobs:

% (date; ls; echo ready)&

As soon as this command is input, the shell prompt will be displayed, as the three jobs are com-
pleted in the background.

6.8. Input/Output.

Many GENIX programs are designed to take characters from a standard input channel, for exam-
ple, the keyboard, transform them in some manner and write the results to a standard output
channel such as the screen. This kind of program is called a �¿lter.

The ‘sort’ utility, for example, takes a �¿le of text lines from its input, sorts the lines to alphabetical
order and writes them to its output. By default, standard output is the screen and standard input is
the keyboard. The user can type in lines and see them sorted immediately. More typically the sort
utility would be applied to the contents of �¿les.

Suppose ‘keywords’ is a �¿le containing an unordered list of words selected from this manual to
provide the index. The command

% sort <keywords

instructs GENIX to ensure that the sort program receives its input from the keywords �¿le, sorts its
contents and displays the ordered list on the screen. The ‘<’ character, known as a ‘redirection
operator’ is read as ‘from’ or ‘source’.

The command sequence

% sort <keywords >index

would cause the ordered keyword list to be stored in a �¿le called index and the results would not be
displayed. Read the ‘>’ as ‘to’ or ‘target’. The important point about redirection operators is that
they are interpreted by the shell not the program. They work with any �¿lter and will connect it to
any �¿les or devices on the system.

Therefore

% sort < keywords > /dev/Ip

causes the immediate output of the sorted contents of the keywords �¿le on the line printer, which
as far as the shell, and most of GENIX is concerned, is a �¿le in the /dev directory of devices.

Typically, output would not be sent directly to a line printer but rather to an intermediate print
spooler, known to GENIX as lpr. The correct way to do this is:

% sort <keyword llpr

This tells the shell that output from the sort operation is to be connected to the input of the lpr
program. The vertical line is pronounced ‘pipe’.

A pipe is a form of redirection in which two or more programs are run together with the output
from one being passed as input to the next.

The main advantage of the pipe is that it provides a concise notation for the sort of task that would
require the explicit use of temporary �¿les on many other operating systems. None of these inter—
mediate �¿les are required in the course of pipe operations.

The following example uses the document preparation programs described in Volume I of the
GENIX Programmer’s Manual:

% refer myfile >tempfiIe—t
% tbl <tempfite-1 >tempfiIe—2
% neqn <tempfiIe-2 >tempfile—3
% nroff —ms <tempfile—3 >tempfile-4
% lpr <tempfile-4

6.6 WCW



GENIX — An Overview

This uses four temporary �¿les which are left in the current directory at the end of the task and is
much less compact than its pipeline equivalent.

% refer myfile |tbl Ineqn lnroff ~ms |Ipr

The result is the same, namely the formatting and printing of a text �¿le while leaving no intermedi-
ate �¿les.

Pipelines make it possible to build powerful data-manipulation commands by connecting a series of
�¿lters. Moreover, these commands can be incorporated into a “shell script” (a �¿le containing a
sequence of shell commands) and invoked as, and when, required.

6.9. Programming the Shell.

The shell is not merely an interactive command language. It is also a programming language in
which new commands can be written in terms of existing GENIX commands. Anything which is
valid when using the shell interactively from a terminal can be incorporated in a script and usually
vice versa.

GENIX supports a very powerful set of tools for use individually or within shell scripts, which are
described below. When harnessed together by the shell’s control language, these tools can perform
major application tasks with the minimum of programming effort. A classic example is the pipeline

”/0 Is [grep file [we —l

which prints the number of �¿le names in the current directory containing the string ‘�¿le’.

6.9. 1. Shell Scripts.

A key feature of shell programming is the shell script, which is an executable �¿le containing a
number of other commands.

By way of an example, suppose that hardcopy of various mailing lists are required periodically. For
example, to set up a script called ‘mailpr’ the following command can be stored in a �¿le created
under ed.

sort <$1 |Ipr

The script �¿le is granted execution permission with the chmod or ‘change mode’ command, and is
thereafter processed by the shell, utilities and kernel as though it were a utility or system �¿le itself.

6.9.2. Positional Parameters.

This example uses ‘positional parameters’ which allow a script to act in a generalised fashion. They
are used to specify the position of more speci�¿c data to be entered later. These actual data are
entered in the form of arguments to the command that executes the script.

Typing

% mailpr addlistt

will cause the shell to execute the mailpr script, using the addresses contained in addlistl, by
substitting addlistl for $1. If the script had contained $2 or $3 the shell would have substituted any
second or third word given to the command. Upto nine positional parameters ($1 to $9) may be
used in this way.

6.9.3. Control Flow.

Like high level languages such as Pascal and FORTRAN, the shell programming language includes
logical structures for control �Àow. The structures available are:

if...else
while
foreach or for
case or switch
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For example a script called ‘tel’ containing:

for i
do grep $i /usr/lib/telnos; done

can be activated by the command:

% tel hello

to list all the lines containing instances of the word ‘hello’.

The existence of these constructions, and the editable nature of existing command �¿les means that
new command systems can be developed by piecing together and amending existing shell programs.

6. 10. Process Control.

Any operation currently in action is a “process”. The normal sequence of processes follows the
order of command input, whether from an input device or a shell script, but the MG-l’s process
control systems allow more complex arrangements.

Background processes (commands ending in ‘&’) execute while other processes are directly con-
trolled by the user. While freeing system resources for other activities, background processes have
the disadvantage of reducing user control, especially when they have to be terminated prematurely.

To halt a normal process, the <Delete> key or the <Ctrl> <\> sequence is used. However, some
processes such as those operating in “raw” mode (such as screen editors) cannot be interrupted in
this way. Instead, they require the use of the ‘kill’ signal which terminates processes ‘with extreme
prejudice’. Successive depressions of the <Ctrl> <Alt> <Esc> combination sends progressively
stronger kill signals: SIGINT, SIGQUIT, and SIGKILL. In most situations, the SIGINT signal
will be suf�¿cient to halt a process. For the handling of runaway processes, see section 11.5.

Using SIGKILL frequently resets the system back to the login prompt, and should be used with
caution, as all current processes will be halted.

6.11. Graphics Facilities.

GENIX incorporates tools speci�¿cally designed for the high resolution graphics capability of the
MG-l. The window manager, for example, provides a set of commands for displaying multiple
windows. The screen can be divided into several, perhaps overlapping, areas. Commands are
available to change the size and position of windows and their order of overlap. Areas within
windows can be ‘sensitised’ to receive input commands from a pointing device such as the mouse.
GENIX also includes a range of graphics library routines designed to simplify the task of producing
application packages. Because the kernel is the basis of graphics support on the MG-l , and because
the operating system allows the addition of new commands and utilities, the graphics systems can
be radically updated.

6.12. The On-line Documentation and Learning Aids.

GENIX offers a number of on—line aids in addition to the printed Programmer’s Manual. The level
of provision is determined by the hard disk con�¿guration because the complete manual requires 1.4
Mbytes of disk space.

The on—line version of the GENIX Programmer’s Manual is accessed with the ‘man’ command. A
number of arguments may be added, for example a subject heading:

% man date

produces a copy of the manual section on ‘date’. The full range of options avilable to this command
is given in section 1 of Volume I of the GENIX Programmer’s Manual, or may be displayed by
typing:

% man man

A further facility is ‘apropos’ which lists the manual sections containing instances of any of the
keywords in the command title. Embedded instances of keywords are detected. For example refer-
ences to “compiler” will be listed searching for “compile”. The case of characters is ignored.
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Chapter 7
A GENIX Session

7.1. Introduction.

This chapter is intended to introduce some of the most commonly used GENIX commands. It
draws on the information laid out in Chapter 6, and relates it to the development of a typical
application, in this case, a series of text documents and programs.

The author of this document intends to create a number of �¿les, each containing a separate chapter
of the document. This set of �¿les will be held under its own directory entry. In addition, a series of
memos to colleagues, an appointments diary, and a series of example programs will be created.
Each of these will have its own directory entry, and may contain a number of �¿les.

7.2. Login.

After powering up, the MG-l displays the login message and prompt. The user types in a user
name, hereafter given as “john”, followed by a carriage return.

It is at this point that the �¿rst of the MG~1’s security systems may be encountered. When appropri-
ate, the password prompt will appear. Full details of the password system are given in Chapter 10.
If this prompt should appear, the user types in the password, and presses <RETURN>.

In either case, the last login date is displayed, followed by the shell prompt. The default
con�¿guration is the C Shell, which uses the % symbol as its prompt. At this point, the user may
decide to change to the Bourne Shell, which uses the $ symbol. Details of the chsh command are
given in section 6.4, but this example assumes that the C Shell is in use throughout.

From the login point onwards, only a portion of the screen is active. The Window Manager docu-
mentation that accompanies this Guide gives full details of the routines needed to activate the
window systems available. As windows are created and manoeuvred around the screen, more of the
screen area will be used.

User commands are executed from the command line buffer only after the <RETURN> key is
pressed.

7.3. A GENIX Session.

The following diagram represents the directory structure that will be created, including the home
directory.

(root)

etc bin lib dev tmp users

john

Figure 7.1. The User’s Home Directory.
For a description of the system directories, refer to Chapter 6, Figure 6.2.

John intends to create and work on the �¿le/directory structure illustrated in Figure 6.2.

It should be remembered that all commands are terminated with the <RETURN> key. The
<RETURN> key is located on the right hand side of the alphanumeric section of the MG-l
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l
users

I
john

progs diary document 1 document 2 memo

chapt 1 chapt 2 chapt 3 review schedule

Figure 7.2. The User’s Directory.
keyboard, labelled with a clockwise arrow.

The appropriate use of the <RETURN> Key is hereafter assumed, and not explicitly mentioned
when describing the use of shell or utility commands.

It is inevitable that typing errors will occur. Character deletion is achieved by pressing the back-
space key (located above the <RETURN> key and labelled with a left arrow); word deletion is
achieved by holding down the <Ctrl><w> keys; deletion of a whole command line is obtained
using <Ctrl><x>.

Filenames can include as many as fourteen characters. It is advisable to restrict the choice to upper
and lower case alphanumeric characters and avoid all punctuation marks except the full stop (.).
GENIX distinguishes between upper and lower case characters within �¿lenames. Accordingly,
‘Chaptl’ and ‘chaptl’ are not the same �¿le.

Files with different pathnames are different �¿les. This means that ‘/users/john/�¿le1’ is not the same
�¿le as ‘/users/mary/�¿le1’ even though, from their respective home directories both users could
simply refer to a �¿le called “�¿lel”.

The full pathname of a �¿le is required if the �¿le to be accessed is not held in, or about to be created
in, the user’s current working directory. However, it is usually more convenient to be in the
directory to be worked on, than to work from some other directory.

Many of the commands available from the shells have a range of possible arguments. In many
cases, these complement each other, and are therefore to be combined. The full syntax of such
commands is listed under the appropriate sections of the GENIX Programmer’s Manual, but a
common form is as follows:

% cat ~nb

For an explanation of this particular command, see section 7.3.5, below.
When the arguments are �¿lenames, each entry should be separated by a space.
However, when a command uses the same �¿lename as consequtive arguments, the ‘.’ abbreviation
may be used. The command

% cp /flp/myprog.c .

has the effect of duplicating the last-used �¿lename and producing the same effect as

% cp /flp/myprog.c myprogc

See section 8.18 for an explanation of this particular command.

Note that all commands that involve �¿les and directories, for example deletion, reading, copying,
appending, and moving, are subject to the user having appropriate access permission. See Chapter
9 for further details.

Commonly used sequences of commands can be produced automatically by reprogramming MG-l
keys. This procedure is described in section 5.8.4.
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7.3.1. Determining directory position: pwd

A user’s position within the �¿le structure can be determined with the ‘print working directory’
command typed against the shell prompt :

% pwd

The system response to this command will display the pathname of the current directory, for
example:

lusers/john/memos
% .

This indicates that John’s current working directory is called ‘memos’. Note that the shell has
completed the operation by returning to the prompt.

7.3.2. Creating a directory: mkdir

The mkdir command creates a directory (but not �¿les) made up of the names used as arguments to
the command. It should be remembered that a directory is simply a home for �¿les or other direc-
tories, and is not a program or block of text, for example.

These entries are appended to the bottom of the branch currently ‘occupied’ by the user. For
example, if the user is situated in the home directory, a command taking the form:

°/o mkdir progs diary documenti document? memos

will create these directory entries, as shown on level 4 of Figure 7.2.

7.3.3. Creating a �¿le: cat >

The ‘cat’ command is an abbreviation of “catenate”, and stores any typed input in a named �¿le,
here called ‘monday’. If the �¿le does not already exist, it is created by the cat routine. If it does
already exist, existing text is overwritten. Accordingly, care should be taken that useful text is not
lost. When text is being entered under cat >, the shell prompt is suspended. In order to signal the
end of the text, and to return to shell control, type in the <Ctrl><d> sequence which generates
the code for ‘End of File’. The system responds by displaying the shell prompt.

To create a memo or diary entry, John should move to the appropriate directory with the ‘cd’
command, and type the following:

% cat > schedule
Remember: dentist at 15.30 today
<Ctrl><d>

7.3.4. Appending to a �¿le: cat >>

To append to the end of an existing �¿le, for example, ‘schedule’ use the cat >> command:

% cat >> schedule
Take the rest of the day off
<Ctrl><d>

The shell prompt is again suspended until data input is complete, and <Ctrl><d> is entered.

Combinations of �¿les can be created by catenating �¿les with these commands:

% cat file1 file2 >> fi|e3

has the effect of catenating two �¿les and appending them in sequence to the end of �¿le3.

7.3.5. Viewing the contents of a �¿le: cat

The cat command as used without any directional indicators (‘>’ or ‘>>’) displays the contents of
a named �¿le. This command operates by not supplying a speci�¿c destination; the shell supplies the
default logical destination, which is the screen.
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A number of arguments to the command, in addition to �¿le names, are available. For example: .

% cat —n schedule

causes the output lines of the �¿le ‘monday’ to be numbered sequentially from 1. The —b argument
causes numbering to exclude blank lines. A full list of cat command options is available in the
GENIX Programmer’s Manual.

In the example, the following sequence would occur:

% cat schedule
Remember: dentist at 15.30 today
Take the rest of the day off
%

7.3.6. Viewing the contents of a �¿le: more

Another way of examining the contents of a �¿le is the more command:

"/0 more review

By typing this command, the �¿le is displayed one screen page at a time. At the bottom of each .
screenful of text, the legend “---More---”, followed by a �¿eld that displays a percentage is '/
displayed. The percentage �¿eld shows how much of the total �¿le has been displayed. Scrolling is
suspended, and the next page is viewed by pressing the <space bar>.

7.3.7. Changing directory position: cd

Users can alter the current working directory by means of the change directory command, cd, plus
a directory pathname as argument.

*Issued without arguments, the cd command returns the user to the home directory.

Two abbreviations are available for use within pathname declarations. One dot ‘.’ always refers to
t athe current directory; two dots .. always refers to the directory immediately above the current

directory. These abbreviations are integrated into pathnames in exactly the same way as normal �¿le
or directory names.

The following command is used in order to move from the current working directory
(/users/john/memos) to the documentl directory (/users/john/documentl):

% Cd /users/john/document1

01'

°/o Cd ../john/docUment1 .

Note the use of the abbreviation feature. In this particular example, it would be permissable to
simplify the command to:

% Cd documentl

because the new position is only one level below the current position.

7.3.8. Using the line editor: ed

This line editor is a complex and comprehensive text handling system which includes a full range of
searching, substitution, deletion, insertion, block alteration, metacharacter and “wild card” facili-
ties. Accordingly, the following is a brief survey only, and is not intended to be exhaustive. Full
details are given in the commands section of Volume I of the GENIX Programmer’s Manual, and
in the Text handling section of Volume II.

To invoke the line—oriented editor, type:

% ed
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While ed is active, the shell prompt is suspended, and although nothing appears to be happening on
the screen, the editor is waiting for a command.

The commands required to create a simple text �¿le are as follows:

% ed *To invoke the editor
a *The “append data” command
Remember: dentist at 15.30 today*The input text

*The “end of text” marker
w Chapt1 *The “write �¿lename” command
33 *Characters in the input data
q k *The “quit ed” command

. % *The shell prompt

The number of characters in the input data is a variable returned by ed after writing the text to the
speci�¿ed �¿le, and includes spaces and carriage return characters.

The append command is also used to input additional data to an existing �¿le. Where an existing �¿le
is concerned, the �¿lename speci�¿er is displaced to the beginning of the command sequence:

. % ed chapt1
a
Take the rest of the day off

w
30
q
%

Although the shell prompt is disabled while editing a text �¿le within ed, shell commands may be
used by preceding each command by the ‘l’ (shriek) character. For example,

lpwd

would return the current work directory location. Although this information is displayed on the
screen, it is not included when the input text is written to the speci�¿ed �¿le by the editor.

7.3.9. Directory listings: Is

The ls command lists the titles of �¿les contained in a directory in alphabetical order, for example:

% ls /users/john/memos
. review

schedule
°/o

Full details are given in the GENIX Programmer’s Manual. However, certain of the arguments to
is are so frequently used that they should be mentioned here.

The -—a argument lists all the �¿les, including those pre�¿xed with and ‘..’, which are normally
omitted from the listing. The —1 option provides a ‘long’ listing which includes �¿le length in bytes,
the owner, and the time of last update. —t sorts by time of last update, and —r reverses the order of
any sorting procedure.

To ascertain the existence of a particular �¿le, supply the �¿lename as an argument. The system
reports either the �¿lename, if found, or the message “(�¿lename) not found”.

7.3.10. Moving a �¿le between directories: mv

The mv command moves a �¿le from the current working directory to some other directory speci�¿ed
as an argument to the command. This procedure removes the �¿le from the current directory. The
command:

. °/o mv chapt2 /users/john/document2
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moves the �¿le chapt2 from the current directory to the document2 directory.

7.3.11. Renaming a �¿le: mv

The mv command is also used to rename a �¿le. In this event, the two �¿lename arguments to the
command specify �¿les within the same directory.

% mv schedule newschedule

renames ‘schedule’ as ‘newschedule’.

It is important to ensure that new �¿lename is not the name of an existing �¿le. An existing �¿le with
the same pathname will be overwritten.

7.3.12. Copying a �¿le: cp

Copying a �¿le to another directory with the cp command leaves the �¿le in its original directory as
well as creating a copy. The command

losers/john/documentt/chapt3 /users/john/dooument2

typed against the system prompt creates a copy of chapt3 in the document2 directory. This opera-
tion can be carried out irrespective of the user’s current work directory.

% cp chapt3 document2

performs the same task when the user’s current directory is documentl.

Remember to update both copies of a �¿le: making changes to one �¿le does not automatically
change the other.

7.3.13. Removing a �¿le: rm

The rm command removes or deletes �¿les whose names are supplied as arguments, from the �¿le
structure.

It is advisable to use the rm command with caution in order to avoid the accidental loss of valuable
information. Check the �¿le contents �¿rst.

% rm newschedule

deletes the �¿le from the current directory. To delete �¿les held in directories other than the current
work directory, specify the pathname of the �¿le. For example, from the documentl directory, type:

% rm john/memos/newschedule

A full range of options is available; for details, see section 1 of Volume I of the GENIX
Programmer’s Manual.

7.3.14. Removing a directory: rmdir

Removing a directory involves two steps: deleting all the �¿les in the directory and then deleting the
directory itself.

Prior to removing a directory, use the Is command to list the �¿les to be deleted. Make sure that the
�¿les to be deleted do not contain information that should be retained.

To remove all the �¿les in the current working directory type:

%rm*

Use the cd command to move to some other directory, for example:

% Cd ..

which has the effect of moving up the tree structure by one level, and type:

% rmdir
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followed by the directory name. For example:

% cd john/documentZ
% rm *
% cd ..
% rmdir dooument2

When attempting to use the rmdir command to remove a directory, the system may reply that the
directory still contains �¿les even though the rm * command has been used and ls does not indicate
any further �¿les. This message usually means that there are �¿les beginning with ‘.’ such as .pro�¿le,
left in the directory.

The ls command in its simple form does not list ‘.’ and ‘..’ �¿les, and they cannot be accessed by the
wild card (*) metacharacter. To obtain a listing of all ‘dot~pre�¿xed’ system �¿les use ‘15 —a’. Stan-
dard and system �¿les will be listed.

s )System �¿les pre�¿xed by .. may not be deleted so their removal is not neccessary in order to
remove a directory. To delete all the ‘.’ �¿les use:

°/o rm .*

Remember that the deletion of a directory and its component �¿les depends on the user having the
appropriate access permissions. See Chapter 9 for details.

7.3.15. Creating a Shell Script.

A script is an executable �¿le containing a sequence of instructions. In this example, the user
requires a procedure that will feed the contents of a series of text �¿les from a speci�¿ed directory
into the GENIX spelling checker. The output from the spelling checker (unrecognised words) must
be piped into the ‘pr’ print layout facility to create a three column format which is in turn directed
to a series of new �¿les within the existing directory. It is envisaged that these processed �¿les will be
used for proof~reading, perhaps by analysing the most commonly misspelt words, and running a
global ‘search and replace’ operation.

This routine can be held in a single executable �¿le, which, in this example, will be called
“spellcheck”, stored in a directory called “scripts”. Once completed, this �¿le may be executed as a
background job to automatically check and format a text �¿le while another is being edited by the
writer.

The sequence required to establish such a shell script is as follows:

% Cd *To return to the home directory
% mkdir scripts *To create the directory
% Cd scripts *To enter the new directory
”/0 ed *To access the line editor
a *The “append” command
Cd $1; spell —b Chapt$2 ] pr ~t3 > Checkchapt$2 *The script command sequence

*The “end of text” marker
w Spellcheck *The “write �¿le” command
48 *Character count system response

*To quit the line editor
% chmod x spellcheck *To assign access permissions to

the script �¿le and to make the �¿le
executable. For further, details,
see section 10.8

For a full list of the options available to the commands used here, see the GENIX Programmer’s
Manual.
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7.3.15.1. The Use of Positional Parameters.

In the above command sequence, a shell script has been created that will act in a generalised
fashion upon any �¿le beginning with ‘chapt’, held in any directory, and will modify its contents to
produce a new �¿le whose name begins with the string ‘checkchapt’.

The �¿rst and second parameters respectively specify the data to be entered into $1 and $2. Duplica-
tion of such items is permissible, as the example shows: the double use of parameter $2 ensures
that the �¿les containing the initial and the processed text have the same identi�¿ers.

7.3.15.2. Executing a Shell Script.

Shell scripts may be invoked in a number of ways, for example by specifying the script as an input
�¿le to the shell by means of:

% sh spellcheck

OI‘I

°/o sh < spellcheck

In the third case the user must have execute permission for the �¿le. Execute permission is set by the
chmod command as used in the example:

% chmod x sheilscript

Once the execute permission has been assigned, the command to invoke the script is simply:

% shellscript

Where the script contains positional parameters, their contents should be speci�¿ed as arguments to
the invoking command:

% shellscript dooumentt 3

On completion, spellcheck will have created a new �¿le, called ‘checkchaptn’ (where ‘n’ is the
chapter number) in the speci�¿ed directory. In the example given above, the script inputs
documentl/chapt3 and produces documentl/checkchapt3. The new �¿le will contain a 3 column list
of all the words in the speci�¿ed chapter which are unrecognised.

In order to execute this script as a background job while perhaps editing a further text �¿le, type:

°/o shellscript documentt 3&

The shell prompt is repeated and the editor, for example, may be used as normal.

7.3.16. Compiling and running programs.

The MG-l’s operating environment is capable of supporting a wide range of programming
languages such as C, FORTRAN and Pascal. Software systems may comprise interlocked modules
of different languages.

C is a general purpose programming language, and is the source language for much of GENIX
itself. Because it is technically a relatively low level language, C deals with the same level of data
objects as the MG—l itself, that is characters, numbers, and addresses. C itself supplies no I/O
handling facilities such as READ or WRITE statements, or composite data object handling rou-
tines for strings, sets, lists or arrays. Many of these facilities are provided by the standardised
function library supplied with the compiler.

However, the ef�¿ciency of C in low level data handling means that there is little need for the
addition of Assembler routines to C systems.

The C compiler is central to the GENIX operating system, and is invoked by the command:

% cc

which has many options. By default, the executable �¿le produced by cc is called a.out.
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To compile and run a C program (called for example ex1.c) held in the current working directory
(for example john/progs), the appropriate commands are:

% cc ex1.c
% a.out

The option —0 allows the user to specify a particular �¿lename rather than relying on the “abut”
default. The command takes the form:

% cc ~o assignedname tilename

For example, to compile and run a program to be called ‘examplel’, type the commands:

°/o cc —0 examplel excl .c
% examplel

A program can be composed of several �¿les which are compiled together by specifying each
�¿lename as an argument to the —0 option:

% cc —0 newprog exlc ex2.c ex3.c
ex1.c:
ex2.c:
ex3.c:
%

and executed by typing its name:

”/0 newprog

The program that is executed consists of the three sub-programs that were compiled together.

A full range of documentation accompanies each of the optional MG-1 compilers, such as Pascal
and FORTRAN 77.

7.3.17. Sending messages: mail

The ‘mail’ facility allows any user to send messages to any other user whose user~name is known.
For example, to send a message to user “sue”, type:

% mall sue
Congratulations on excellent job

During editing, the shell prompt is suspended until the <Ctrl><d> sequence is used to signal ‘End
of File’.

Typing the mail command without an argument accesses any messages that may have been sent to
your account by other users.

7.3.18. Log Out.

To log off from the system, type:

% logout

To switch off the system, type:

% off

In order to combine the two commands, separate them with a semicolon:

°/o logout;off
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Chapter 8
Interactive Graphics

8.1. Introduction.

8.1.]. Uses of Interactive Graphics.

Two broad groups of computer graphics systems are distinguishable: systems used for information
display such as bar charts, graphs and text processing; and systems used to illustrate artwork,
modelling or physical objects and processes. Computer—aided design (CAD), engineering (CAE),
and manufacture (CAM) all rely heavily on graphics systems. Integrated circuit design, molecular
modelling and �Àight simulation are other major uses. The techniques used to create such applica-
tions are described in section 8.3.

The MG~1 32—bit supermini graphics system provides the high-resolution graphics capabilities
needed to handle such applications. The Virtual Memory based raster scan system provides a full
16 Mbytes of storage for each graphics program, and does away with the need for the high cost
vector generation techniques used by the more traditional systems. The graphics library uses the
raster system to handle graphics objects while in turn acting as the basis of high level graphics
packages. The Window Manager allows the control of a number of concurrently active virtual
terminals.

8.1.2. Raster Scan v Random Scan.

Both styles of graphics system involve building an image from the basic picture component, the
“pixel”. Each pixel must be assigned an intensity value; those set to ‘1’ are switched on, and appear
black on the screen: those set to ‘0’ are off and remain a part of the background. The MG—l’s raster
scan system of graphics handling stores pixel intensity values in a two—dimensional array in
memory. These arrays of information in memory are called “rasters”.

The pixels to be switched on or left off are identi�¿ed by the functions provided in the MG-l’s
graphics library. Each time a pixel is processed, the pixel setting function is called to assign the
appropriate intensity value. The library provides the means for creating rasters containing any
picture element that might be required. By creating, manipulating and combining the rasters
created in this way, whole pictures can be built up. The �¿nal picture may contain any mixture of
points, lines, polygons, solid areas and text characters.

In contrast, the random scan system uses a set of graphics drawing functions to calculate the
intensity value of each pixel, and stores them in a sequential �¿le. They are then displayed in that
order, one at a time.

8.1.3. The MG-l’s Graphics Capabilities.

8.1.3.1. The Screen.

The display system consists of the memory required to contain the image in raster form, a variety
of logic devices, and the hardware required to generate the image. Electrons generated by a
cathode ray tube are �¿red onto the inner surface of the screen. Focusing coils determine the precise
point of the beam on the screen, and the intensity of the beam determines whether the pixel is on
or off.~The intensity values assigned by the drawing functions are used to control the beam inten-
sity.

Because the light produced by the phosphor fades at a known rate, the image must be refreshed in
a regular cycle. The MG-l’s refresh cycle is repeated 57 times each second. This is fast enough to
prevent �Àicker, and to allow the phosphor to display considerable detail without image smudging.
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8.1.3.2. The Cursor.

An interactive graphics system involves an image produced as output, and a variety of user
responses channelled into a program by way of the mouse or keyboard. Both input systems require
some form of cursor to track input events. The MG-l stores a number of cursor rasters in a
separate part of the memory. They may take a variety of forms, but are all contained in a 64X64
pixel raster. The Panellist (for more details see section 8.5.1.1) ensures that this size requirement
is ful�¿lled by truncating or white-padding. The MG—l’s cursor system is hardware based as it uses
an I/O processor (see section 3.2.1.6) to mix in the appropriate cursor image by way of XOR or OR
logic.

8. 1.3.3. Rasterops.

A raster has been introduced as a two—dimensional array of pixels that completely de�¿nes a com-
ponent part of a picture. For example, a screenful of playing cards may be de�¿ned by a series of
raster representations such that the bare body of a card is stored in one raster, and a diamond-
shaped pip in another. These two rasters can be combined to produce the image of a card with
between one and nine pips (or more if necessary). The digits would be stored as a text font held as
a separate �¿le of rasters. A full set of logical operations are available that will produce any required
image consisting of a combination of these rasters. Because each raster has an identi�¿er, a graphics
program can easily call up the appropriate combination.

A raster system requires two components, a representation system for the naming and creation of
tasters, and an operation system for their modi�¿cation and combination. Raster creation is han-
dled by the MG-l’s graphics library which speci�¿es routines for the creation of lines, arcs, circles,
points and text characters. Each of these is described in section 8.2.

Raster combination and handling is controlled by way of the MG-l’s set of sixteen boolean opera—
tions between two rasters. In general, two rasters, called “source” and “destination” are involved
in a rasterop. Both are used as inputs to the function, and the output is placed in destination.

A rasterop is de�¿ned as

RasterOp(Op, Source, SPos, SSize, Dest, DPos, DSize)

where Op is a value between 0 and 15, selecting one of the sixteen logical operations that may be
performed between the source and destination rasters. The other six arguments de�¿ne the identity
, size and position of the two rasters, here called Source and Dest. The sixteen operations are as
follows:

0 F_O clears to 0 (white)
1 F_NOR not (source or dest)
2 F_NDS (not dest) and source
3 F_NOTD not dest
4 F_DNS dest and (not source)
5 F_NOTS not source
6 F_XOR source xor dest
7 F_NAND not (source and dest)
8 F_AND source and dest
9 F_NXOR not (source xor dest)
10 F_S source
11 F�¿NDORS (not dest) or source
12 F_D dest
13 F_NSORD (not dest) or source
14 F_OR source or dest
15 F_1 clears to 1 (black)

There is a further raster handling operation available. The BatchRasterOp function uses a list of
source rasters to perform a series of rasterops between each source and the named destination. The
source rasters are listed in the null—terminated argument SList. The batch function takes the form:
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BatchRasterOp (Op, SList, Dest, DPos, DSize)

Op is again one of the sixteen logical operations listed above.

A common need is the dynamic creation of rasters. This may be achieved using the following:

NewRaster (w, h)

where the two arguments specify the height and width of the raster. When the creation process is
complete, all pixels will be set to white.

Sub-images of existing rasters can be created using

SubRaster (Parent, x, y, w, h)

where the Parent argument identi�¿es the existing raster, and the other arguments specify the origin
(in parent coordinates), and size of the sub—raster.

Rasters created with these processes can be destroyed using

FreeRaster (Raster)

This function should not be used on a sub-raster whose origin coincides with the origin of the
parent.

8.1.4. Methods and Techniques.

8.1.4.1. Plotting and Coordinate Systems.

Points are displayed on the screen according to the physically addressable locations available.
Because the MG-l’s screen measures 1024X800 pixels, there are 819,200 discrete locations. This is
the “resolution” of the screen.

The resolution of the screen is a physical parameter of the system. The “precision” of the system
is a logical parameter in that it determines how well the resolution is used. Precision is determined
by the number of physical pixels that can be actually accessed. If memory is too small to maintain
an adequate system precision, many of the screen locations will not be accessable, and so a high~
level resolution would be wasted. On the other hand, if the precision is much greater than the
resolution, there will be addresses held in memory that do not correspond to available pixels, and
so much of the potential image detail will be wasted. For this reason, precision and resolution are
equal

The basis of a point plotting system is the cartesian coordinate system that uniquely identi�¿es each
discrete point on the screen. The MG-l’s display system ranges from 0 to 1023 on the x axis and 0
to 799 on the y axis, and provides the space onto which application coordinates are mapped. This
is introduced in the next section, and covered generally throughout this chapter.

8.1.4.2. Transformations.

Transformations are the general class of image—handling techniques that produce picture changes in
an orderly and controlled fashion. They depend on standard and well-understood mathematical
techniques such as trigonometry and matrix~handling. The commonest transformations are map-
ping between one coordinate system and another; rotation; translation; and scaling. All transfor-
mations may be concatenated to produce multiple operations to be performed with a single func—
tion.

One of the great advantages of transformations is the opportunity to use different coordinate
systems. This allows a number of non-standard functions to be applied to a picture within the
context of an appropriate coordinate system. The �¿nal product of these transformations is then
mapped into screen space only when the appropriate visibility guarentees have been applied. A
general discussion of coordinate mapping systems follows throughout this chapter; the section on
clipping is especially important.

Geometrical transformations allow an image to be manipulated by altering the position and scale of
its component parts. _

A detailed discussion of the various geometrical transformations appears in section 8.2.9.
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