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Operating
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The Sinclair QL (for Quantum Leap), was a personal computer launched by Sinclair Research in 1984, as the successor to the Sinclair ZX
Spectrum. The QL, based on the Motorola 68008 microprocessor, was aimed at the hobbyist and small business markets, but failed to achieve
commercial success.



Description
The QL was originally conceived in 1981 under the code-
name ZX83, as a portable computer for business users,
with a built-in ultra-thin flat-screen CRT display (similar
to the later TV80 pocket TV), printer and modem. As
development progressed, and ZX83 became ZX84, it

eventually became clear that the portability features were over-ambitious and the specification was
reduced to a conventional desktop configuration.1 2 It was designed to be more powerful than the
IBM Personal Computer, and comparable to Apple's Macintosh.3  
Based on a Motorola 68008 processor clocked at 7.5 MHz, the QL included 128 kB of RAM (officially

expandable to 640 kB) and could be connected to a monitor or TV for display.4 Two built-in ZX Microdrive tape-loop cartridge drives provided
mass storage, in place of the more expensive floppy disk drives found on similar systems of the era. Microdrives had been introduced for the
Sinclair ZX Spectrum in July 1983, although the QL used a different logical tape format. Interfaces included an expansion slot, ROM cartridge
socket, dual RS-232 ports, proprietary QLAN local area network ports, dual joystick ports and an external Microdrive bus. Two video modes
were available, 256×256 pixels with 8 RGB colours and per-pixel flashing, or 512×256 pixels with four colours (black, red, green and white).
Both screen modes used a 32 kB framebuffer in main memory. The hardware was capable of switching between two different areas of
memory for the framebuffer, thus allowing double buffering. However, this would have used 64 KB of the standard machine's 128 kB of RAM
and there is no support for this feature in the QL's original firmware. The alternative and much improved operating system Minerva does
provide full support for the second framebuffer. When connected to a normally-adjusted TV or monitor, the QL's video output would overscan
horizontally. This was reputed to have been due to the timing constants in the ZX8301 chip being optimised for the flat-screen CRT display
originally intended for the QL.5  
Internally, the QL comprised the CPU, two ULAs, (ZX8301 and ZX8302) and an Intel 8049 microcontroller (known as the IPC, or "Intelligent
Peripheral Controller"). The ZX8301 or "Master Chip" implemented the video display generator and also provided DRAM refresh. The ZX8302,
or "Peripheral Chip", interfaced to the RS-232 ports (transmit only) Microdrives, QLAN ports, real-time clock and the 8049 (via a synchronous
serial link). The 8049 (included at late stage in the QL's design, the ZX8302 originally being intended to perform its functions6 ) ran at 11 MHz
and acted as a keyboard/joystick interface, RS-232 receive buffer and audio generator.7  
A multitasking operating system, QDOS, primarily designed by Tony Tebby, was included on ROM, as was an advanced BASIC interpreter,
named SuperBASIC designed by Jan Jones. The QL was also bundled with an office suite (word processor, spreadsheet, database, and
graphics) written by Psion. Sinclair had commissioned GST Computer Systems to produce an operating system for the machine, but switched
to QDOS, developed in-house, before launch. GST's OS, designed by Tim Ward, was later made available as 68K/OS, in the form of an add-
on ROM card.8 9 The tools developed by GST for the QL would later be used on the Atari ST, where GST object format became standard.
Physically, the QL was the same black colour as the preceding ZX81 and Sinclair ZX Spectrum models, but introduced a new angular styling
theme and keyboard design which would later be seen in the ZX Spectrum+. Unusually, the QL used BS 6312 type 630W sockets for the RS-
232 and joystick ports, except for QLs built by Samsung for export markets, which had DE-9 sockets.

QL internals (w ith Minerva ROM fit ted)

QL rear view



History
The QL was the first mass-market personal computer based
on the Motorola 68000-series processor family. Rushed into
production, the QL beat the Apple Macintosh by a month,
and the Atari ST by a year. While clock speeds were
comparable, the 8-bit databus and cycle stealing of the
ZX8301 ULA limited the QL's performance. However, at the
time of launch, on January 12, 1984, the QL was far from
being ready for production, there being no complete working
prototype in existence. Although Sinclair started taking
orders immediately, promising delivery within 28 days, first
customer deliveries only started, slowly, in April. This
provoked much criticism of the company and the attention of
the Advertising Standards Authority.10  
Due to its premature launch, the QL was plagued by a
number of problems from the start. Early production QLs

were shipped with preliminary versions of firmware containing numerous bugs, mainly in
SuperBASIC. Part of the firmware was held on an external 16 kB ROM cartridge (also known as the
"kludge" or "dongle"), until the QL was redesigned to accommodate the necessary 48 kB of ROM

internally, instead of the 32 kB initially specified.11 The QL also suffered from reliability problems of its Microdrives. These problems were
later rectified, by Sinclair engineers, especially on Samsung produced models, as well as by aftermarket firms such as Adman Services and TF
Services — to the point where several QL users report their Microdrives working perfectly even after almost 17 years of service (for Samsung
QLs) — but in any case much too late to redeem the negative image they had already created.
Although the computer was hyped as being advanced for its time, and relatively cheap, it failed to sell well, and UK production was suspended
in 1985, due to lack of demand. After Amstrad acquired Sinclair's computer products lines in April 1986, the QL was officially discontinued.
Apart from its reliability issues, the target business market was becoming wedded to the IBM PC platform, whilst the majority of ZX Spectrum
owners were uninterested in upgrading to a machine which had a minimal library of games. Sinclair's persistence with the non-standard
Microdrive and uncomfortable keyboard did not endear it to the business market; coupled with the machine's resemblance to a ZX Spectrum,
they led many to perceive the QL as something akin to a toy. Software publishers were also reluctant to support the QL due to the necessity of
using Microdrive cartridges as a distribution medium.

Bundled Psion applicat ion software on Microdrive
cartridges

Sinclair QL ROM "dongle" - needed to
expand internal 32 kB ROM in early QLs



ICL One Per Desk
The QL's CPU, ZX8301 and ZX8302 ULAs and ZX Microdrives also formed the basis of International Computers Limited's (ICL's) One Per Desk
(OPD) - also marketed by British Telecom as the Merlin Tonto and by Telecom Australia as the Computerphone. The result of a three-year
collaboration between Sinclair Research, ICL and British Telecom, the OPD had the intriguing addition of a telephone handset on one end of
the keyboard, and rudimentary Computer-Telephony Integration (CTI) software.12 This curious machine interested a number of high-profile
business customers, including certain divisions of the former UK Customs and Excise Department, but its success was generally limited. In the
late eighties they were used in bingo halls to allow a country wide networked bingo game.13  



Clone systems

Hardware
After Amstrad abandoned the QL in 1986, several companies previously involved in the QL peripherals market stepped in to fill the void.
These included CST and DanSoft, creators of the Thor line of compatible systems; Miracle Systems, creator of the Gold Card and Super Gold
Card processor/memory upgrade cards and the QXL PC-based hardware emulator; and Qubbesoft, with the Aurora, the first replacement QL
mainboard, featuring enhanced graphics modes.14  
In the late 1990s, two partly QL-compatible motherboards named Q40 and Q60 (collectively referred to as Qx0) were designed by Peter Graf
and marketed by D&D Systems. The Q40 and Q60, based on the 68040 and 68060 CPUs respectively, were much more powerful than the
original QL and have the ability among other things (such as multimedia, high resolution graphics, Ethernet networking etc.) to run the Linux
operating system.15  
Hardware add-ons were still being produced for the original QL mainly by TF Services until early 2009, when it was passed to RWAP
Software, who supply various hardware and software upgrades.

Software
A few patched versions of QDOS were produced, most notably Minerva which gradually evolved into a completely rewritten operating system,
offering improved speed, with multitasking SuperBASIC interpreters. Tony Tebby went on to produce another updated operating system,
SMSQ/E, which has continued to be developed for the Sinclair QL and emulators, offering many more features.16  



External links
Dilwyn Jones's QL pages - General QL information and software downloads
Thierry Godefroy's Sinclair QL and QDOS compatible systems site 
The QL chronology (1981 until today) 
Binary Dinosaurs: QL peripherals gallery 
Sinclair QL Service Manual, issue 3, October 1985 
QL-Users Mailing List 
QL User Forum 
QUANTA - the QL Users and Tinkerers Association 

Emulators and support
RWAP Software - Software, second hand items and keyboard membranes 
RWAP Adventures - Adventure programs for the Sinclair QL and ZX Spectrum 
Jochen Merz Software 
TF Services (Tony Firshman) Spares, repairs and addons for the QL 
Davide Santachiara web page 
Q-emuLator Sinclair QL emulator for Windows and Mac OS 
QPC emulator for DOS and Windows (uses QDOS successor SMSQ/E) 
uQLx emulator for Unix 
QL2K - Sinclair QL Emulator for Windows 2000/XP 



Quantum Leap
Quantum leap may refer to:

Atomic electron transition or similar transitions between quantum states, which are scientific phenomena
Quantum Leap (TV series), a science-fiction television series
Sinclair QL, a 1980s personal computer made by Sinclair Research 
In popular discourse, the term "quantum leap" refers to a large increase

 



The SuperBASIC Interpreter



SuperBASIC
This article is about the SuperBASIC interpreter which was included in Sinclair QDOS. SuperBasic was also the name of Tymshare's
unrelated BASIC system. 

SuperBASIC was an advanced variant of the BASIC programming language with many structured programming additions. It was developed
at Sinclair Research by Jan Jones during the early 1980s. Originally SuperBASIC was intended for a home computer, code-named
SuperSpectrum, then under development. This project was later cancelled, however, SuperBASIC was subsequently included in the ROM
firmware of the Sinclair QL personal computer (launched in January 1984), also serving as the command interpreter for the QL's Qdos
operating system.



External links
SuperBASIC 
The Quantum Leap - to where? — a chapter from Sinclair and the 'Sunrise' Technology 



The Operating System



Sinclair QDOS
QDOS (sometimes written as Qdos in official literature; the name is not regarded as an acronym; also see the identically-pronounced word
kudos) is the multitasking operating system found on the Sinclair QL personal computer and its clones. It was designed by Tony Tebby whilst
working at Sinclair Research, as an in-house alternative to 68K/OS, which was later cancelled by Sinclair, but released by original authors GST
Computer Systems.
QDOS was implemented in Motorola 68000 assembly language, and on the QL, resided in 48 kB of ROM, consisting of either three 16 kB
EPROM chips or one 32 kB and one 16 kB ROM chip. These ROMs also held the SuperBASIC interpreter, an advanced variant of BASIC with
structured programming additions. This also acted as the QDOS command line interpreter.17  
Facilities provided by QDOS included management of processes (or "jobs" in QDOS terminology), memory allocation, and an extensible
"redirectable I/O system", providing a generic framework for filesystems and device drivers. Very basic screen window functionality was also
provided. This, and several other features, were never fully implemented in the released versions of QDOS, but were improved in later
extensions to the operating system produced by Tebby's own company, QJUMP.
Rewritten, enhanced versions of QDOS were also developed, including Laurence Reeves' Minerva, and Tebby's SMS2 and SMSQ/E. The latter
is the most modern variant and is still being improved.



Versions
QDOS versions were identified by numerical version numbers. However, the QL firmware ROMs as a whole (including SuperBASIC) were
given two- or three-letter alphabetic identifiers (returned by the SuperBASIC function VER$).
The following version of QDOS were released (dates are estimated first customer shipments):

0.08: the last pre-production version.

1.00: corresponded to the FB version QL ROMs, released in April 1984.

1.01: corresponded to the PM version ROMs. This was faster and had improved Microdrive support.

1.02: corresponded to the AH ROM version released in June 1984. This fixed many bugs and was the first ROM version to be produced
in quantity.

1.03: included in ROM versions JM and TB; a minor bug-fix release issued in late 1984.

1.10: corresponded to the JS and JSU (US export version) ROMs, released in early 1985. This was the last version used in QLs
manufactured for the UK market.

1.13: corresponding to the MGx series of ROM versions for European export markets. Included a significant number of bug fixes. The
following localised versions of the MG firmware are known to exist:

MGE: Spanish 
MGF: French 
MGG: German 
MGI: Italian 
MGS: Swedish 

 

The localised versions of QDOS were identified by the "." in the version number being replaced by the ROM version suffix letter used to
identify the territory, eg. the MGE ROMs contained QDOS version 1E13. All MG firmware versions shared the same bottom 32 kB ROM chip.
Qdos 1.13 was also reported to be included in a Greek localised ROM version, known as ΣFP (marked on the ROMs as EFP).



References
Andrew Pennell (1985). The Sinclair QDOS Companion: a guide to the QL operating system. London: Sunshine Books. ISBN 0-946408-
69-6
Simon Goodwin. "Bugging the ROM", Sinclair QL World, August 1987.
QL History FAQ: Firmware 



External links
QDOS Internals Dokuwiki established by Norman Dunbar 
SMSQ/E Source Code 
QL ROM Versions list by Dilwyn Jones 
Minerva Source Code 



Minerva (QDOS reimplementation)
Written by Laurence Reeves in England, Minerva was a reimplementation of Sinclair QDOS, the built-in operating system of the Sinclair QL
line of personal computers. Minerva incorporated many bug fixes and enhancements to both QDOS and the SuperBASIC programming
language. Later versions also provided the ability to multi-task several instances of the SuperBASIC interpreter, something not supported by
QDOS.
Minerva was distributed as a ROM chip on a daughterboard which replaced the QL's original ROM chips. A Minerva Mk. II daughterboard was
also produced which also incorporated an I²C interface and non-volatile real-time clock. As of version 1.89, the Minerva source code is
licenced under the GNU General Public License.
Other reimplementations of QDOS include SMS2 and SMSQ/E.



External links
Laurence Reeves' page, includes complete Minerva source code 
TF Services Minerva page 



SMS2
SMS2 ("Small Multitasking System 2") was a computer operating system developed for the Atari ST by Tony Tebby, the designer of the Qdos
operating system for the Sinclair QL personal computer. SMS2 evolved from Qdos but was not intended to provide full Qdos compatibility.
Later, Tebby developed SMSQ and SMSQ/E, which added Qdos (and SuperBASIC) compatibility and ran on various QL-emulating and Atari
platforms.



References
QL History FAQ part 2: Firmware 



SMSQ/E
SMSQ/E is a computer operating system originally developed in France by Tony Tebby, the designer of the original QDOS operating system
for the Sinclair QL personal computer. It began life as SMSQ, a QDOS-compatible version of SMS2 intended for the Miracle Systems QXL
emulator card for PCs. This was later developed into an extended version, SMSQ/E, for the Atari ST. It consists of a QDOS compatible SMS
kernel, a rewritten SuperBASIC interpreter called SBasic, a complete set of SuperBASIC procedures and functions and a set of extended device
drivers originally written for the QL emulator for the Atari ST.
It also integrates many extensions previously only available separately for the QL, like Toolkit II (quite essential SuperBASIC add-on), the
Pointer Environment (the QL's mouse and windowing system) and the Hotkey System 2.
While SMSQ/E does not run on any unmodified QL, it runs on all of the more advanced QL compatible platforms, from the Miracle Systems
(Super)GoldCard CPU plug-in cards to the Q60 motherboard.
In late 1995 a German author, Marcel Kilgus, acquired the SMSQ/E sources for adaptation to his QL emulator QPC, which from then on did
not emulate any specific QL hardware anymore but employed specially adapted device drivers to achieve a tighter integration and faster
emulation.
In 2000, version 2.94 was the first QL operating system that broke free of the bounds of the QL 8 colour screen, introducing GD2 (Graphic
Device Interface Version 2), a QL compatible 16-bit high colour graphics sub-system.
Up to version 2.99 the system was exclusively developed by Tony Tebby and Marcel Kilgus. In 2002, Mr Tebby released all of his source code
(which doesn't include most QPC specific parts), albeit under a license which is not Open Source under the Open Source Definition. With this
step Tony Tebby finally left the QL scene, but development by volunteers continues to this day.
Currently SMSQ/E consists of approximately 2000 68k assembler source files containing about 222,000 lines of code.



External links
A Brief History of SMSQ/E 
Official SMSQ/E source code site 
QPC: a software emulator for DOS/Windows that employs SMSQ/E 
Q40/Q60: a 68040/68060 based motherboard for SMSQ/E 
Article on OSnews about this wiki article 



68K/OS
68K/OS

68K/OS EPROM expansion card 

Company /
developer 

GST Computer
Systems 

OS family Disk operating
systems

Working state Discontinued

Source model Closed source 

Initial release 1984

Default user
interface 

CLI or menu

68K/OS was a computer operating system developed by GST Computer Systems for the Sinclair QL microcomputer.
It was commissioned by Sinclair Research in February 1983. However, after the official launch of the QL in January 1984, 68K/OS was
rejected, and production QLs shipped with Sinclair's own Qdos operating system.
GST later released 68K/OS as an alternative to Qdos, in the form of an EPROM expansion card, and also planned to use it on single-board
computers based on the QL's hardware.
The operating system was developed by Chris Scheybeler, Tim Ward, Howard Chalkley and others.

The few ROM cards that were made mean that surviving examples now fetch a high price: On Feb 04, 2010 one sold for £310 on eBay.18  



References
Leon Heller (September 1984). "QL Affairs". Your Spectrum (7). Retrieved 2009-03-26. 
"SinclairWatch". Your Spectrum (8). October 1984. Retrieved 2009-03-26. 
"Sinclair QL". Binary Dinosaurs. Retrieved 2009-03-26. 

 



External links
GST Assembler, Adder Assembler - Sinclair User, April 1985 
QL Pictures Gallery 
68k/OS manuals and documentation 



Computer multitasking
In computing, multitasking is a method where multiple tasks, also known as processes, share common processing resources such as a CPU.
In the case of a computer with a single CPU, only one task is said to be running at any point in time, meaning that the CPU is actively
executing instructions for that task. Multitasking solves the problem by scheduling which task may be the one running at any given time, and
when another waiting task gets a turn. The act of reassigning a CPU from one task to another one is called a context switch. When context
switches occur frequently enough the illusion of parallelism is achieved. Even on computers with more than one CPU (called multiprocessor
machines), multitasking allows many more tasks to be run than there are CPUs.
Operating systems may adopt one of many different scheduling strategies, which generally fall into the following categories:

In multiprogramming systems, the running task keeps running until it performs an operation that requires waiting for an external event
(e.g. reading from a tape) or until the computer's scheduler forcibly swaps the running task out of the CPU. Multiprogramming systems
are designed to maximize CPU usage.
In time-sharing systems, the running task is required to relinquish the CPU, either voluntarily or by an external event such as a hardware
interrupt. Time sharing systems are designed to allow several programs to execute apparently simultaneously. The expression 'time
sharing' was usually used to designate computers shared by interactive users at terminals, such as IBM's TSO, and VM/CMS 
In real-time systems, some waiting tasks are guaranteed to be given the CPU when an external event occurs. Real time systems are
designed to control mechanical devices such as industrial robots, which require timely processing.

 
The term time-sharing is no longer commonly used, having been replaced by simply multitasking, and by the advent of personal computers
and workstations rather than shared interactive systems.



Multiprogramming
In the early days of computing, CPU time was expensive, and peripherals were very slow. When the computer ran a program that needed
access to a peripheral, the Central processing unit (CPU) would have to stop executing program instructions while the peripheral processed
the data. This was deemed very inefficient. The first computer using a multiprogramming system was the British Leo III owned by J. Lyons
and Co.. Several different programs in batch were loaded in the computer memory, and the first one began to run. When the first program
reached an instruction waiting for a peripheral, the context of this program was stored away, and the second program in memory was given a
chance to run. The process continued until all programs finished running.
Multiprogramming doesn't give any guarantee that a program will run in a timely manner. Indeed, the very first program may very well run
for hours without needing access to a peripheral. As there were no users waiting at an interactive terminal, this was no problem: users
handed on a deck of punched cards to an operator, and came back a few hours later for printed results. Multiprogramming greatly reduced
wait times when multiple batches were being processed.



Cooperative multitasking/time-sharing
When computer usage evolved from batch mode to interactive mode, multiprogramming was no longer a suitable approach. Each user
wanted to see his program running as if it were the only program in the computer. The use of time sharing made this possible, with the
qualification that the computer would not seem as fast to any one user as it really would be if it were running only that user's program.
Early multitasking systems used applications that voluntarily ceded time to one another. This approach, which was eventually supported by
many computer operating systems, is known today as cooperative multitasking. Although it is now rarely used in larger systems, cooperative
multitasking was once the scheduling scheme employed by Microsoft Windows (prior to Windows 95 and Windows NT) and Mac OS (prior to
Mac OS X) in order to enable multiple applications to be run simultaneously. Windows 9x also used cooperative multitasking, but only for 16-
bit legacy applications, much the same way as pre-Leopard PowerPC versions of Mac OS X used it for Classic applications. The network
operating system NetWare used cooperative multitasking up to NetWare 6.5. Cooperative multitasking is still used today on RISC OS systems.
Because a cooperatively multitasked system relies on each process regularly giving up time to other processes on the system, one poorly
designed program can consume all of the CPU time for itself or cause the whole system to hang. In a server environment, this is a hazard that
makes the entire network brittle and fragile. A ll software must be evaluated and cleared for use in a test environment before being installed on
the main server, or a misbehaving program on the server slows down or freezes the entire network.
Despite the difficulty of designing and implementing cooperatively multitasked systems, time-constrained, real-time embedded systems (such
as spacecraft) are often implemented using this paradigm. This allows highly reliable, deterministic control of complex real time sequences,
for instance, the firing of thrusters for deep space course corrections.



Preemptive multitasking/time-sharing
Preemptive multitasking allows the computer system to more reliably guarantee each process a regular "slice" of operating time. It also allows
the system to rapidly deal with important external events like incoming data, which might require the immediate attention of one or another
process.
Operating systems were developed to take advantage of these hardware capabilities and run multiple processes preemptively. For example,
preemptive multitasking was implemented in the earliest version of Unix19 in 1969, and is standard in Unix and Unix-like operating systems,
including Linux, Solaris and BSD with its derivatives.
At any specific time, processes can be grouped into two categories: those that are waiting for input or output (called "I/O bound"), and those
that are fully utilizing the CPU ("CPU bound"). In primitive systems, the software would often "poll", or "busywait" while waiting for requested
input (such as disk, keyboard or network input). During this time, the system was not performing useful work. With the advent of interrupts
and preemptive multitasking, I/O bound processes could be "blocked", or put on hold, pending the arrival of the necessary data, allowing
other processes to utilize the CPU. As the arrival of the requested data would generate an interrupt, blocked processes could be guaranteed a
timely return to execution.
The earliest preemptive multitasking OS available to home users was Sinclair QDOS on the Sinclair QL, released in 1984, but very few people
bought the machine. Commodore's powerful Amiga, released the following year, was the first commercially-successful home computer to use
the technology, and its multimedia abilities make it a clear ancestor of contemporary multitasking personal computers. Microsoft made
preemptive multitasking a core feature of their flagship operating system in the early 1990s when developing Windows NT 3.1 and then
Windows 95. It was later adopted on the Apple Macintosh by Mac OS 9.x 20 as an additional API, i.e. the application could be programmed to
use the preemptive or cooperative model, and all legacy applications were multitasked cooperatively within a single process. Mac OS X, being
a Unix-like system, uses preemptive multitasking for all native applications, although Classic applications are multitasked cooperatively in a
Mac OS 9 environment that itself is running as an OS X process (and is subject to preemption like any other OS X process).
A similar model is used in Windows 9x and the Windows NT family, where native 32-bit applications are multitasked preemptively, and legacy
16-bit Windows 3.x programs are multitasked cooperatively within a single process, although in the NT family it is possible to force a 16-bit
application to run as a separate preemptively multitasked process.21 64-bit editions of Windows, both for the x86-64 and Itanium
architectures, no longer provide support for legacy 16-bit applications, and thus provide preemptive multitasking for all supported
applications.



Real time
Another reason for multitasking was in the design of real-time computing systems, where there are a number of possibly unrelated external
activities needed to be controlled by a single processor system. In such systems a hierarchical interrupt system is coupled with process
prioritization to ensure that key activities were given a greater share of available process time.



Multithreading
As multitasking greatly improved the throughput of computers, programmers started to implement applications as sets of cooperating
processes (e.g. one process gathering input data, one process processing input data, one process writing out results on disk). This, however,
required some tools to allow processes to efficiently exchange data.
Threads were born from the idea that the most efficient way for cooperating processes to exchange data would be to share their entire
memory space. Thus, threads are basically processes that run in the same memory context. Threads are described as lightweight because
switching between threads does not involve changing the memory context.
While threads are scheduled preemptively, some operating systems provide a variant to threads, named fibers, that are scheduled
cooperatively. On operating systems that do not provide fibers, an application may implement its own fibers using repeated calls to worker
functions. Fibers are even more lightweight than threads, and somewhat easier to program with, although they tend to lose some or all of the
benefits of threads on machines with multiple processors.
Some systems directly support multithreading in hardware.



Memory protection
When multiple programs are present in memory, an ill-behaved program may (inadvertently or deliberately) overwrite memory belonging to
another program, or even to the operating system itself.
The operating system therefore restricts the memory accessible to the running program. A program trying to access memory outside its
allowed range is immediately stopped before it can change memory belonging to another process.
Another key innovation was the idea of privilege levels. Low privilege tasks are not allowed some kinds of memory access and are not allowed
to perform certain instructions. When a task tries to perform a privileged operation a trap occurs and a supervisory program running at a
higher level is allowed to decide how to respond.



Memory swapping
Use of a swap file or swap partition is a way for the operating system to provide more memory than is physically available by keeping
portions of the primary memory in secondary storage. While multitasking and memory swapping are two completely unrelated techniques,
they are very often used together, as swapping memory allows more tasks to be loaded at the same time. Typically, a multitasking system
allows another process to run when the running process hits a point where it has to wait for some portion of memory to be reloaded from
secondary storage.



Programming in a multitasking environment
Processes that are entirely independent are not much trouble to program. Most of the complexity in multitasking systems comes from the
need to share computer resources between tasks and to synchronize the operation of co-operating tasks. Various concurrent computing
techniques are used to avoid potential problems caused by multiple tasks attempting to access the same resource.
Bigger systems were sometimes built with a central processor(s) and some number of I/O processors, a kind of asymmetric multi-processing.
Over the years, multitasking systems have been refined. Modern operating systems generally include detailed mechanisms for prioritizing
processes, while symmetric multiprocessing has introduced new complexities and capabilities.



QL Software



List of Sinclair QL software
This list is incomplete. 

. This is a list of software titles produced for the Sinclair QL personal computer.
Notation: Program name (purpose), publisher, first release



Utilities

#
3D Precision, High-Precision Imaging System, Digital Precision

A
Abacus (Spreadsheet), Psion (Sinclair), 1984
APL Interpreter 
ArcED, coWo
Archive (Database), Psion (Sinclair), 1984
Archivist database (Std and MP), A.R.K. (Richard Howe), 1984
Assembler and Linker, Computer One
Assembler, GST Computer Systems 
Assembler, Metacomco 
Assembler Workbench, Talent

B
Banks of Plants, Toby Hodd, 1986
BASIC TO CPORT , Translator from SuperBASIC to Kernighan & Ritchie C, Digital Precision
BCPL Compiler, Metacomco 
Beule Tools, Peter Beule

C
C Compiler (Small C), GST
C Compiler, Metacomco 
Cad Pak, Datalink
Cardfile database (128K and 256K), A.R.K. (Richard Howe), 1986
Cartridge Doctor, Talent
Cosmos, Talent
CST Disk Utilities (Backup, Convert, Filed, Disced, Ramdrive), Cambridge Systems Technology 

D
Data Design (Database), The Progs
Desktop Publisher, Digital Precision
Desktop Publisher Special Edition, Digital Precision
Digital C (Small C), Digital Precision
Digital C Special Edition (~~K&R C), Digital Precision
DISA (Intelligent Disassembler), JO
Disktool & Quickdisk, Ultrasoft (Martin Berndt)
DJ Toolkit (DJTK)

E
Easel (Business Graphics), Psion (Sinclair), 1984
EasyPTR, A lbin Hessler
Eye-Q, Graphics System, Digital Precision
Eye-Q Special Edition, Graphics System, Digital Precision

F
Ferret (File Search Utility), Sector Software
Fibu (Accounting), eTo soft
Flashback (Database), Sector Software
Forth, Computer One
Fortran 77, Prospero

G
Giga-BASIC, Giga-Soft (ABC Electronic)
Giga-Chroma, Giga-Soft (ABC Electronic)
Giga-Disassembler with Monitor, Giga-Soft (ABC Electronic)
Grafix III, Digital Precision
Graphics Toolkit, Ultrasoft (Martin Berndt)
GraphiQL, Talent
GST Assembler 

I
Ice Toolkit, Eidersoft (on eprom)
IDIS (Intelligent disassembler), Digital Precision
IDIS Special Edition (Intelligent disassembler), Digital Precision
Image D, PDQL

L
Librarian database (128K and 256K), A.R.K. (Richard Howe), 1986
Lightning, Text/Graphics/Maths Accelerator, Digital Precision
Lightning Special Edition, Digital Precision
Lisp Interpreter, Metacomco 

M
Macro Assembler, GST
Mailfile database (128K and 256K), A.R.K. (Richard Howe), 1986
Mailmerge, A.R.K. (Richard Howe), 1986
Master Spy editor, A.R.K. (Richard Howe), 1988
Mega Dictionary for Perfection, 360K word Spellchecker, Digital Precision
Menu Extension, JMS
M-Paint, Medic
Monitor, Computer One
Mon QL, Hisoft 

N
Nucleon, Pyramide

P
Page Designer, Sector Software
Page Designer 2, Sector Software
Page Designer 3, Sector Software
Paint Master, Shadow Games
Pascal Compiler, Computer One
Pascal (ISO 7185/ANSI 770×3.97), Prospero
PC Conqueror (IBM PC emulator, supports MS-DOS v.3,4,5,6), Digital Precision
PCB1, Talent
PCB CAD, Lear Data Systems
Peintre, Pyramide
Perfect Pointer Tools, Digital Precision
Perfection, Word Processor, Digital Precision
Perfection Special Edition, Word Processor, Digital Precision
Pointer's & Writer's Toolkit, JMS
Professional Monitor, Compware
Professional Publisher, Digital Precision

Q
QD, JMS
Q-Draw, Psion, 1985
QKick, Ultrasoft (Martin Berndt)
QMATHS, Digital Precision
QMATHS II, Digital Precision
QMon, QJump
QLOAD (SuperBASIC fast save/load), Liberation
QL Cadette drafting system, Bestmalt Ltd (Mark Mansell), 1987
QL Cash Trader (Cash Accounting Package), RWAP Software 
QL Cosmos (Astronomy Program), Talent available from RWAP Software (Programmer: G. F.
Cornwell)
QL Gardener, GCS (Sinclair)
QL ICE, Eidersoft
QL Paint (an edition of GraphiQL), Talent (Sinclair)
QL Pascal Development Kit, Metacomco, 1985
QL Payroll 
QL Super Monitor, Digital Precision
QL Toolbox, Ultrasoft (Martin Berndt)
QLiberator Basic Compiler, Liberation
QLone+, Ultrasoft (Martin Berndt)
QPAC, QJump
QPAC 2, QJump
QPTR, QJump
QRAM, QJump
QREF (SuperBASIC Cross Reference), Liberation
QTop (Desk, clock, demos, animator, index, snap), coWo, 1989
QTYP, QJump
Quick Layout, Gollmann
Quill (Word processor), Psion, (Sinclair), 1984
QZ II, Sector Software

R
RPM Resident Procedure Manager, Liberation

S

Cover of QL Super Monitor



S-Edit, Ralf Reköndt/Ultrasoft (Martin Berndt)
Sideways 
Spellbound Interactive Spelling Checker, Sector Software, 1987
Spy editor, A.R.K. (Richard Howe), 1988
SToQL 
Stripper file filter, A.R.K. (Richard Howe), 1986
SuperBASIC Extension, Hisoft 
SuperCharge SuperBASIC compiler with Lenslok, Digital Precision
SuperCharge Special Edition, Digital Precision
SuperForth, (with Reversi/Othello game), Digital Precision
Super Media Manager, Digital Precision
Super Sprite Generator, Digital Precision
SuperToolkit II, QJump (Care)
SuperToolkit III, Ultrasoft (Martin Berndt)

T
Task Master (Multitasking front end), Sector Software, 1987
TechniQL (CAD software), Talent
Text87 plus4 (Word processor), Software87
The Painter by The Progs, 1988/1990
Thing & EPROM Manager, JMS
Thor-Desk, coWo, 1988
Toolkit III, Ultrasoft (Martin Berndt)
Touch Typist (Typing tutor), Sector Software, 1985
Transfer Utility, Digital Precision
TURBO (SuperBASIC compiler), Digital Precision, 1987
TURBO TOOLKIT , Digital Precision, 1987

U
USCD Fortran-77, TDI
USCD Pascal, TDI
USCD Toolkit, TDI

X
XCHANGE (Office), Psion (Cambridge Systems Technology)

Z
Zapper, Eidersoft
Z88 Transfer, Mark Pfizenmazer



Games

#
3D Slime 

A
Assault & Battery, Kaos Software
Arcanoid 
Alien Hijack, Chisoft - On QL Wiki 

B
BJ in 3D Land, Eidersoft - On QL Wiki 
BJ Returns, Eidersoft - On QL Wiki 
Blocklands Warrior, Digital Precision
Brain Smasher, JMS
Breakout 

C
Cavern 
Chess, Psion (Sinclair)
Citadel, Eidersoft - on QL Wiki 
Crazy Painter, Microdeal 

D
Deathstrike 
Diamonds, JMS
Double Block (Tetris-style game), CGH
Dragonhold 
Dreamlands, CGH Services
Droidzone 
D-Day, CGH

E
Eagle, Eidersoft
Executive Adventure, Gemini

F
Fleet Tactical Command, DI-REN
Flightdeck, Deltasoft
Flight Simulator, Ekotek
Funfear, Talent - Never released (Author: Mert)

H
Horrorday 
Hyperdrive 

J
Jungle Eddi 

K
Karate, Eidersoft
Knight Flight, Realtime Software

L
Lands of Havoc 
Lost Kingdom of Zkul 
Lost Pharaoh 

M
Matchpoint, Psion - on QL Wiki 
Metropolis, Medic Datasystems - on QL Wiki 
MicroBridge, Contract Bridge player, Digital Precision
Mortville Manor, Pyramide
M-Cosmic, Medic Datasystems - on QL Wiki 
M-Crunch, Medic Datasystems - on QL Wiki 
M-Treasure, Medic Datasystems - on QL Wiki 

N
Nebula II, Pyramide
Nemesis MKII, RWAP Software 

O
Othello, Pyramide
Oxford Trivia 

P
Pengi, RWAP Software - on QL Wiki 
Pirate 
QL Pawn, Magnetic Scrolls - on QL Wiki 
The Prawn RWAP Software (Author: Mert) - on QL Wiki 

Q
QBert 
QL Adventure, Optimus Software
QL Bounder, Brian Kelly - on QL Wiki 
QL Fantasy (World 2000, Golf Plus, Fireball Plus, Satellites, Marine, Leonardo, Amadeus, Q-
Prints), RB Software, 1986
QL Fictionary 
QL Jabber, Sinclair (programmer: Arrakis)
QL Monopoly 
QL Quboids, Sinclair (programmer: AJS)
QShang, Stefan Kühne
QWord, RWAP Software (programmer: Rich Mellor, Geoff Wicks and Phoebus Dokos)

R
Return to Eden 
Reversi 

S
Scrabble 
Spook, Eidersoft (Programmer: Damon Chaplin) - on QL Wiki 
Speedfreaks, Kaos Software
Super Arcadia (BMX Burner and Grid Racer), Digital Precision
SuperGames Pack (Arcanoid II, Pengi, Firebirds, Ion Gold, Doppel Ion), JMS

T
The Talisman 
Tankbusters 
Type 22, Type 22 frigate simulator by John G. Burns for Talent Software

V
Vroom, Pyramide

W
War in the East 
West 
Wanderer, Pyramide

Cover of Matchpoint

Cover of QL Pawn



Compatibles And Derivatives



One Per Desk
The One Per Desk, or OPD, was an innovative hybrid personal computer/telecommunications
terminal based on the hardware of the Sinclair QL. The One Per Desk was built by International
Computers Limited (ICL) and launched in the UK in 1984. It was the result of a collaborative
project between ICL, Sinclair Research and British Telecom begun in 1981, originally intended to
incorporate Sinclair's flat-screen CRT technology.
Rebadged versions of the OPD were sold in the United Kingdom as the Merlin Tonto and in
Australia as the Telecom Australia Computerphone.



Hardware
From the QL, the OPD borrowed the 68008 CPU, ZX8301/8302 ULAs, 128 KB of RAM and dual
Microdrives (re-engineered by ICL for greater reliability) but not the 8049 Intelligent Peripheral
Controller. Unique to the OPD was a "telephony module" incorporating an Intel 8051
microcontroller (which also controlled the keyboard), two PSTN lines and a V.21/V.23 modem, plus
a built-in telephone handset and a TI TMS5220 speech synthesiser (for automatic answering of
incoming calls).22 23  
The OPD was supplied with either a 9-inch monochrome (white) monitor or a 14-inch colour
monitor. Both monitors also housed the power supply for the OPD itself.

Later, 3.5" floppy disk drives were also available from third-party vendors.

Merlin Tonto



Software
The system firmware (BFS or "Basic Functional Software") was unrelated to the QL's Qdos operating system, although a subset of SuperBASIC
was provided on Microdrive cartridge. The BFS provided application-switching, voice/data call management, call answering, phone number
directories, viewdata terminal emulation and a simple calculator.
The Psion applications suite bundled with the QL was also ported to the OPD as Xchange and was available as an optional ROM pack.
Other optional application software available on ROM included various terminal emulators such as Satellite Computing's ICL7561 emulator,
plus their Action Diary and Presentation Software, address book, and inter-OPD communications utilities.24  
An ICL supplied application was used to synchronise a national bingo game across hundreds of bingo halls in the UK. The integral V.23 dialup
modem was used to provide remote communications to the central server.
Several UK ICL Mainframe (Series 39) customers, in Local Government and Ministry of Defence sectors, used statistics applications on OPD
systems to view graphical representations of mainframe reports. Once again, the integral V.23 modem was used to download from the
mainframe.



Merlin Tonto
British Telecom Business Systems sold the OPD as the Merlin M1800 Tonto.25 BT intended the Tonto to be a centralised desktop information
system able to access online services, mainframes and other similar systems through the BT telephone network. It is said that the power
supply unit was unreliable and often failed on most units. The Tonto retailed at £1,500 at launch. OPD peripherals and software ROM
cartridges were also badged under the Merlin brand. BT withdrew support for the Tonto in February 1993. The name Tonto was derived from
"The Outstanding New Telecoms Opportunity" .



MegaOPD
An enhanced version of the OPD was produced in small numbers for the United States market. This had a 68008FN CPU, 256 KB of RAM as
standard, an RS-232 port and enhanced firmware.26 27  



External links
OPD page at www.SinclairComputers.com 
Description of Merlin Tonto from BT Engineering 
ICL One Per Desk page at rwapsoftware.co.uk including a floppy disk project 



CST Thor
The CST Thor series of personal computers were Sinclair QL-compatible systems designed and produced by Cambridge Systems Technology
during the late 1980s.



Thor PC
The original Thor PC (also called Thor 1, sometimes also retrospectively referred to as the Thor 8), was launched in 1986, as a logical
progression of CST's QL peripheral business after production of the QL was halted. The remaining stock of QL parts were purchased from
Sinclair, and the standard QL motherboard (including a 7.5 MHz Motorola 68008 CPU and 128 KiB of RAM) was augmented with a CST-
designed expansion board providing 512 KiB of additional RAM, extra ROMs, a non-volatile real-time clock, floppy disk, SCSI, Centronics
parallel, IBM PC/AT-style keyboard and mouse interfaces enclosed in a low-profile metal desktop case with a built-in power supply. Mass
storage options consisted of one (Thor 1F) or two (Thor 2F) 3.5-inch floppy drives or one floppy drive and one 20 MB Rodime RO652 SCSI
hard disk (Thor 2WF). The ROMs contained Eidersoft's ICE GUI and some QDOS extensions. Also supplied with the Thor was a specially-
commissioned version of the Psion Xchange application software suite (an enhanced edition of the Psion applications bundled with the QL).
Prices for the Thor PC ranged from £599 to £1399, excluding monitor, mouse and VAT. An upgrade service for existing QLs was also
available.
Total production of the Thor PC ran to around 1100 units.



Thor 20/21
The Thor 20 and Thor 21 were variants of the Thor PC launched in April 1987, fitted with a 68020 processor on a daughterboard in place of
the original CPU. The new processor ran at 12.5 MHz, a 16.67 MHz option also being offered at higher cost. The Thor 21 was also fitted with
the 68881 floating-point co-processor, running at the same speed as the CPU. Performance was significantly better than the Thor 1, but
handicapped by the use of the 8-bit memory of the base system.
The Thor 20 and 21 were shipped with a 68020 macro assembler and linker, plus Motorola processor documentation. They were intended as
a vehicle for the development of software for a projected enhanced 68020-based model, later shelved.
The Thor 20 and 21 were very expensive (a 12.5 MHz Thor 21 costing around twice as much as a Thor 1F) and were mainly placed on loan to
the software development community.



Thor XVI
The Thor XVI was developed in collaboration with the Danish company DanSoft and was announced at the Personal Computer World Show
in September 1987. Unlike the previous models, the Thor XVI's hardware was of a completely new design, based around an 8 MHz 68000
processor plus a 2 MHz 68B02 co-processor for audio and I/O processing. 512 KiB of RAM was included as standard (expandable to 2 MiB,
later 6.5 MiB). The video hardware provided QL-compatible video modes as well as a new 16-colour mode. Floppy disk, SCSI, Centronics,
dual RS-232, PC/AT keyboard, mouse, QL expansion bus and QLAN network interfaces were provided. Mass storage options were similar to
the previous Thors, plus 40 MB hard disk and diskless network workstation configurations. The Thor XVI was housed in a case similar to that
of the Thor PC.
The Thor XVI included in ROM a QDOS-compatible operating system derived from QDOS 1.13, called Argos. Like its predecessors, the XVI
was bundled with Xchange.
Production started in early 1988, and around 250 Thor XVIs were built in the UK. Prices were slightly higher than the Thor PC. Later in 1988,
a joint CST/DanSoft marketing operation, Thor International, was formed in Denmark in an attempt to increase sales to the European market.
The Thor XVI hardware was revised slightly and production was moved to Brüel & Kjær in Denmark. Plans were also made to build Thors
under license in Russia, but this came to nothing.
The following year, Thor International (and CST) collapsed amid acrimony and legal action over the disputed transfer of assets from the UK
by the partners.



References
"Thor", Sinclair QL World, July 1986. 
"Under the Hammer", Sinclair QL World, July 1987.
"CST Thor — Euro-68000?", Computer Shopper, August 1988. 
"QL Corner", Computer Shopper, September 1989.
"Thor saga labours on", Computer Shopper, October 1989.
"Valhalla Revisited", Sinclair QL World, March 1991 



External links
Binary Dinosaurs page about the CST Thor 
Sinclair QL Hardware FAQ 
Sinclair QL Computer Wiki 
Description of Thor series on Thierry Godefroy's Sinclair QL and QDOS compatible systems site 



Q40 (motherboard)
The Q40 and Q60 (sometimes known generically as the Qx0 series) are computer motherboards designed in the late 1990s, based on the
Motorola 68040 and 68060 microprocessors respectively and intended to be partially compatible with the Sinclair QL microcomputer. They
were by designed by Peter Graf of Germany and manufactured by D&D Systems of the United Kingdom.



Hardware
The Q40 consists of a sub-AT form factor board comprising a 40 MHz 68040 processor, 1 MiB of video RAM, and several PLDs implementing
a QL-compatible video display generator, an ISA bus, stereo 20 kHz audio DACs and an AT keyboard interface. Floppy disk, ATA hard disk,
RS-232 and Centronics printer port interfaces are provided by an ISA "multi-I/O" card in one of the two ISA slots provided. Up to 32 MiB of
FPM or EDO RAM can be installed in two 72-pin SIMM slots. A lso included are sockets for two ROM devices, 2 kiB of non-volatile RAM and a
real-time clock.
Both of the QL's standard video modes are supported, plus two extended modes: 512×256 or 1024×512 pixels with 16-bit colour.
The Q60 is a revised board with a 66 MHz 68060 or 80 MHz 68LC060 processor and support for up to 128 MiB of RAM.
The Q40 board was produced in limited quantities before being superseded by the Q40i; essentially a Q60 board with a 40 MHz 68040.



Software
Three operating systems are available for the Q40/Q60; these comprise QDOS Classic (an enhanced version of Qdos 1.10), SMSQ/E and a
custom Linux distribution.



External links
Official Q40/Q60 website 
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Cambridge Consultants Ltd
Cambridge Consultants

  

Type Private (Private company)

Industry Product and technology
development and consultancy

Founded 1960

Headquarters
Cambridge, England, UK

Cambridge, USA 

Employees 300

Website www.cambridgeconsultants.com 

Cambridge Consultants is an international technology development and consultancy company, providing outsourced Research and
Development to clients - from start-ups to blue-chip multinationals - who need to develop innovative, technologically novel, breakthrough
products. The company also provides business consulting services in the areas of innovation management, market strategy and technical due
diligence.
As of mid-2008, the company employs about 300 engineers, scientists, mathematicians, consultants, analysts and support staff in both
Cambridge, UK and Cambridge, USA. In addition to their client work, staff at Cambridge Consultants are free to develop their own intellectual
property, either for licensing to clients or as the basis for a spin-out business.



History
Founded in 196028 by two Cambridge graduates – Tim Eiloart 29 and David Southward – to "put the brains of Cambridge University at
disposal of the problems of British industry",30 Cambridge Consultants was one of the UK's first technology transfer businesses. Their early
work laid the foundations for what is now known as the Cambridge Phenomenon or Silicon Fen. Indeed, many of the high-tech companies in
and around the city of Cambridge can trace their roots back to Cambridge Consultants. Inspired by the service and business model of CCL
several engineering and innovation companies like Technology partnership (www.ttp.com), Verhaert Masters in Innovation
(www.verhaert.com), Sentec Limited (www.sentec.co.uk) and Sagentia (www.sagentia.com) came to life.
Initially, the company was privately run. However, in January 1972, it became part of Arthur D. Little, the large American management
consultancy, gaining professional management support and access to international markets. Cambridge Consultants remained part of Arthur
D. Little until 2001. In 2002 the management team at Cambridge Consultants acquired the company, backed by Altran, Europe’s largest
technology consultancy.
Despite the early difficulties witnessed by many technology companies at the turn of the millennium, Cambridge Consultants has continued to
grow since 2000, and now has a reputation as one of the world’s most innovative product development companies.



Current business
Cambridge Consultants' work spans a range of different industry sectors, and its structure is
designed to mirror these:
The company's Medical Technology Division develops products and technology for drug delivery
(respiratory, transdermal, injection, etc), diagnostics (both lab-based and point-of-care devices),
and surgical and interventional device manufacturers. The company is also working to develop a
new generation of wireless medical products.
The Wireless Division develops chips through to complete products and is active in the majority of
wireless technologies available today, including satellite and WiMAX to ZigBee, UWB and NFC.
Cambridge Consultants is responsible for many 'world-firsts' in wireless communication, including:

The first single-chip Bluetooth device, which was spun out to create Cambridge Silicon Radio, now
the market leader in Bluetooth chips

The digital radio used to manage the majority of the US airspace
The world's first GSM videophone for Orange 
The world's first digital wireless patient monitoring system operating in the WMTS medical frequency band, which the company
developed for its client Philips Medical Systems

The Products & Systems division within Cambridge Consultants develops CleanTech, industrial and consumer products, transport
technologies, and ASICs and FPGAs. Many ASIC projects use Cambridge Consultants' XAP processor core. The Division also developed the
Prism 200, an advanced handheld through-wall radar and the open standard Universal Metering Interface for smart metering.
The Consulting Division at Cambridge Consultants advises companies on market strategy, transaction support and innovation management,
especially where complex technology is involved. The Division's consultants and analysts carry out technical and commercial due diligence for
clients around the world, and provide Expert Reports for companies listing on the UK stock market. Using a range of bespoke consulting tools,
the teams also assist organisations to better manage ideas, and to prepare more effectively for future market scenarios.

Cambridge Consultants building in the Cambridge
Science Park in April 2011.
















































































































































































































































































































































































































































































































































































































































































