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About Me 

• Spent the first 20 years of my career using and programming 
all manner of computers while working in a government 
research lab on the development of sensory and optical 
measurement systems. 

• Started getting into the history of computers around 12 years 
ago. 

• Dozens of books available but none provided a 
comprehensive picture of the subject: 
– The business-oriented books tended to gloss over or misinterpret 

technology developments and the technology-focused books 
ignored the business drivers. 

– Many were also shockingly partisan and omitted important 
developments, particularly those that led to the personal computer. 

• I decided to find out the information for myself. 
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“A display connected to a digital computer gives us a 
chance to gain familiarity with concepts not realizable in 

the physical world.  It is a looking glass into a 
mathematical wonderland.”, Ivan E Sutherland, 1965. 

 
 



Introduction 

• Why choose computer graphics? 
• A key attribute of modern computers is their ability to display 

and manipulate information in graphical form. 
• Computer graphics are everywhere, from the smartphone in 

your pocket to tablets, laptop and desktop computers, video 
games, public information displays, CGI in films – the list is 
endless. 

• Without computer graphics, we wouldn’t have Microsoft 
Windows (or any other GUI) or powerful visualisation 
technologies such as CAD/CAE, and the World Wide Web 
would be much poorer without graphics-enabled web 
browsers. 

• Neglected by the historians despite its importance. 
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The Origins of Computer Graphics 

• In a 1945 memo outlining the purposes of what became 
the IAS electronic computer project, John von Neumann 
suggested that the output of the machine should be 
pictorial rather than numerical and displayed on an 
oscilloscope or photographed for permanent storage. 

• Von Neumann would eventually get his wish (in 1952) 
but the IAS machine would not be the first computer to 
incorporate a graphical display. 

• Unlike other chapters in the story of the computer, where 
advances were made as a result of contributions from 
different groups, all the earliest developments in 
computer graphics have a single source – Project 
Whirlwind at the Massachusetts Institute of Technology. 
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Project Whirlwind 

• Began in December 1944 as a flight trainer/analyser 
development project for the US Navy. 

• Based on an electronic analogue computer with 
electromechanical servo mechanisms. 

• After witnessing the pioneering ENIAC and EDVAC 
developments at the University of Pennsylvania, project 
leader Jay Forrester proposed changing to digital 
technology and building a stored-program computer 
which could also be used for other purposes. 

• The US Navy agreed and increased the budget to $2.4 
million (equivalent to over $30 million today). 
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The Whirlwind Computer 

• Operational by early 1949. 
• Binary parallel architecture with a relatively short 16-bit 

word length and a 1 MHz clock speed. 
• Initially fitted with an electrostatic storage tube memory, 

the main component of which is the cathode ray tube 
(CRT). 

• A bank of 32 CRTs provided 256 words (512 bytes) of 
main memory. 

• It was this use of CRTs for storage which led to the 
earliest experiments in graphical display. 
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Electrostatic Storage 

• CRT displays operate by firing a beam of electrons at a 
phosphor coated glass screen, creating a spot of light 
where the beam strikes the screen.  By controlling the 
direction and intensity of the beam, complex patterns 
such as TV pictures can be produced. 

• An electrostatically charged area is also created around 
the spot which persists for a fraction of a second before 
decaying. 

• By detecting and continually refreshing these charged 
spots, it is possible to store binary data, with the 
presence or absence of a spot denoting the binary value. 
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Electrostatic (Williams) Storage Tube 
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Testing Whirlwind’s Memory 

• Electrostatic storage was notoriously unreliable. 
• It wasn’t possible to view the operation of the storage tubes 

directly (due to the spot detection equipment obscuring the 
screen) but tubes could be monitored by connecting an 
oscilloscope to a tube’s deflection circuits so that the spot 
pattern was reproduced on the oscilloscope screen. 

• The testing procedure involved programming Whirlwind to 
generate a series of test patterns and manually inspecting the 
oscilloscope screen to verify that a spot was present at the 
correct position. 

• However, with 256 individual spot positions available, it was 
very difficult for the operator to identify a specific position. 

© 2015 Stephen J Marshall 11 



The Light Gun 

• Led to the invention of the light gun – a pointing device 
with a photocell on the end which sensed the light given 
off by a spot when positioned over it. 

• Spots were identified by comparing the timing of the 
selected spot as it appeared on the screen with the scan 
timing for the generation of the spot pattern.  A specific 
spot would be correctly identified where the timing 
coincided. 

• The light gun also enabled the operator to interact with 
the machine by selecting a spot which the computer 
could then be instructed to erase. 
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Interactive Computer Graphics is Born 

• This additional functionality was picked up by MIT’s PR 
people who asked the Whirlwind engineers to create the 
letters MIT on the oscilloscope by filling the screen with 
spots and erasing selected regions. 
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Raster Graphics 

• The Whirlwind team realised that they could also create 
simple graphs by using one of the storage tubes as an 
output device.  The computer would be programmed to 
switch on the appropriate spots in the 16 by 16 array and 
the resulting image viewed on the oscilloscope. 

• This technique of creating images using a two-
dimensional array of spots on a screen became known 
as raster graphics. 

• Display resolution was later increased to 1,024 spots 
following the replacement of the original tubes with 
higher density CRTs as part of an ongoing effort to 
increase the size of Whirlwind’s main memory. 

© 2015 Stephen J Marshall 14 



A Dedicated Display Device 

• As interest grew, the Whirlwind team realised that it 
would be better to have a dedicated display device: 
– Employed two high-speed 8-bit registers with D-to-A converter 

circuits that converted numbers placed in these registers into 
voltages which were proportional to the value of the number. 

– By coupling the outputs to the horizontal and vertical inputs of an 
oscilloscope operating in x-y mode, the oscilloscope beam could 
be moved to any one of 16,384 discrete positions. 

– Another circuit provided the control pulses required to switch the 
oscilloscope beam on and off in order to build an image from 
multiple data. 

• This allowed solid lines to be drawn from one position to 
another in a technique now known as vector graphics. 
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Whirlwind 
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Interactive Computer Games 

• Two of the eight programmers on the Whirlwind team, 
Charles Adams and Jack Gilmore, created a program 
that used three differential equations to calculate the 
trajectory of a bouncing ball and display it on the 
oscilloscope screen. 

• By adjusting the bounce frequency using a control knob, 
the ‘ball’ could be made to pass through a gap as if it had 
gone down a hole in the floor. 

• This is the earliest known example of an interactive 
computer game (1950). 
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Whirlwind’s Legacy 

• Summary progress reports on Project Whirlwind were 
compiled quarterly and widely distributed throughout the 
US defence research community. 

• Through these reports other computer development 
groups soon picked up on the idea of constructing 
graphical display equipment using electrostatic storage 
tubes or additional registers and D-to-A converters. 

• Whirlwind is usually cited in relation to the development 
of magnetic core memory or for its influence on the 
design of DEC minicomputers but it is the project’s 
achievements in computer graphics that have had the 
most lasting impact. 
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Project SAGE 

• The technology from Whirlwind was adopted by the US 
Air Force for Project SAGE (Semi-Automatic Ground 
Environment) which ran from 1951 to 1958. 

• The aim was to develop a data processing system for air 
defence capable of gathering data from a network of 
radar installations, processing it and using it to generate 
weapons guidance commands. 

• Key feature was the use of interactive graphics displays 
to present USAF observers with a visual representation 
of the position of enemy aircraft in each sector and allow 
them to select targets for interception. 
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SAGE Display Console 

• Prime contractor IBM developed the display console: 
– Two display screens; a 19-inch ‘Charactron’ CRT which could 

display both vector graphics and alphanumeric characters, and a 
5-inch ‘Typotron’ CRT for displaying supplemental alphanumeric 
data. 

– Screens and ambient lighting fitted with coloured filters to 
improve contrast. 

– Light gun for target selection. 
– Integrated cigarette lighter and ashtray for the operator’s comfort 

and convenience during long shifts. 

• Screen information was updated every 2 seconds. 
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SAGE Display Console 
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SAGE Statistics 

• The largest computer system ever built: 
– 24 giant computer installations, each of which could support 

more than 100 display consoles, plus 3 command and control 
systems. 

– Each computer weighed 225 tonnes and consumed 3 megawatts 
of power. 

• Total project cost remains classified but is estimated to 
have been at least $8 billion (over $65 billion today). 

• However, it was a white elephant – designed to detect 
and intercept enemy bombers when the threat had 
shifted to ICBMs. 

• Decommissioned in 1983. 
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Building Blocks – Timesharing 

• Most computers in the 1950s operated by batch 
processing, where programs on punched cards or tape 
would be queued in batches for execution one at a time 
and the results output to cards or a printer for later 
collection by the user. 

• No user interaction was possible, so the earliest 
commercial graphical display products were passive 
output devices such as pen plotters and CRT displays 
coupled to cameras. 

• A key breakthrough in the use of general-purpose 
computers for interactive computer graphics was the 
development of timesharing. 
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What is Timesharing? 

• Timesharing is a technique that allows a computer to support 
multiple interactive users simultaneously in such a way that 
they each appear to have exclusive use of the machine. 

• Based on the premise that the processor has the spare 
capacity when awaiting input from one user to run another 
user’s program. 

• Implementation is normally through a combination of 
hardware and software: 
– The hardware manages the I/O activity from several devices 

simultaneously and provides a memory protection mechanism and 
interrupt priority structure that permits user programs to be moved 
in and out of main memory efficiently. 

– The software supervises this activity and provides a suitable 
interface to allow users to interact with the machine. 
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Origins and Development 

• Invented by mathematician John McCarthy at MIT in 
1959. 

• Further developed through a series of projects at MIT 
and consultancy firm Bolt, Beranek & Newman (BBN). 

• The computer industry initially showed little interest in 
timesharing – batch processing remained the standard 
mode of operation for business applications and the 
major firms, such as IBM, saw no reason to change. 

• First introduced by scientific computer manufacturer 
DEC for the PDP-6 in 1964. 
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Computer-Aided Design 

• SAGE had demonstrated the power of interactive 
graphics for military purposes but what the industry 
needed was a mainstream application that could drive 
the development of the technology for civilian use. 

• That application was Computer-Aided Design (CAD). 
• CAD systems allow engineering drawings, maps and 

charts to be created interactively on a computer. 
• Their development arose from a growing interest in the 

use of computers for engineering design and 
manufacturing, particularly from the aerospace and 
automotive industries. 
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CAD’s Origins 

• The earliest developments in this field were in the application 
of computers to the control of machine tools. 

• Pioneering work by the Parsons Corporation of Michigan and 
MIT’s Servomechanisms Lab led to the development of NC 
machine tools in 1952. 

• However, most of the labour saved through using these 
machines was cancelled out by the lengthy time required to 
prepare the punched tapes that controlled them. 

• This prompted the development of programming languages 
for NC machine tools: 
– These allow engineers to specify a machining operation in simple 

geometric terms and automatically convert this information into the 
complex sequence of numerical data that controls the movement of 
the machine axes. 
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CAD Pioneers 

• Having successfully applied computers to manufacturing, the 
researchers turned their attention to the use of computers in 
the engineering design process. 

• The basic technology for CAD was developed through two 
industry-led projects plus an MIT research project: 
1. GM’s ‘Design Augmented by Computers’ (1959-63). 
2. Itek Corporation’s ‘Electronic Drafting Machine’ (1960-62). 
3. Ivan Sutherland’s ‘Sketchpad’ (1961-62). 

• Inspiration came from a 1956 article in Fortune magazine by 
geneticist George R Price entitled ‘How to Speed Up 
Invention’ which described a hypothetical “design machine” – 
a computerised system for engineering design which allowed 
the user to manipulate geometric shapes interactively on a 
display screen. 
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Design Augmented by Computers 

• Arose out of a 1958 study by GM’s Research Laboratories to identify 
problem areas in vehicle design/manufacture. 

• Project initially named ‘Digital Design’ but later changed to ‘Design 
Augmented by Computers’ (or DAC-1) to avoid confusion in an age 
when digits still meant fingers! 

• Ran on an IBM 704 mainframe fitted with an IBM 780 CRT display 
and 5 rotary switches connected to the computer through the line 
printer’s I/O circuitry. 

• Rudimentary document scanner constructed to digitise design 
sketches and drawings for input to DAC-1 system. 

• Software created a 3-D mathematical model of the vehicle body part 
by surface fitting and interpolation of the design sketches. 

• Cross sections and boundary curves of the resulting model were 
displayed on the screen. The user could interact with the system to 
alter the shape of the model by changing various parameters. 
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Project GEM 
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• Limitations of DAC-1 hardware led to a joint project with 
IBM to develop the specialised equipment necessary for 
interactive graphics, document scanning and recording. 



Project Alpine 

• IBM project to commercialise DAC-1 technology. 
• Resulted in the introduction of one of the earliest 

commercially available interactive graphics displays, the 
IBM 2250 Display Unit: 
– Featured a 21-inch CRT which could display vector graphics at a 

resolution of 1024 by 1024 and a refresh rate of up to 40 fps. 
– Incorporated 4,096 or 8,192 bytes of fast access magnetic core 

memory as a display buffer in order to minimise flicker. 
– Input devices included an alphanumeric keyboard, keypad with 

32 programmable function keys and an optional light pen. 
– Introduced in 1964 at a price of $100,000 (excluding computer). 

• Became popular as a platform for the development of 
CAD systems. 
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IBM 2250 Display Unit 
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The Electronic Drafting Machine 

• Project by US military contractor Itek Corporation to 
create a computer-based system for optical design. 

• Inspired by MIT’s Scope Writer project, an early attempt 
to develop a word processor. 

• Hardware platform was DEC’s newly introduced PDP-1 
minicomputer which included an optional raster graphics 
display and light pen. 

• Raster display replaced by a 25-inch vector graphics 
display developed in collaboration with DEC plus a 
magnetic disk memory unit to serve as a display buffer. 

• 15-key keypad created using front panel toggle switches. 
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EDM Functionality 

• Software allowed user to 
create engineering drawings 
interactively on the screen 
using basic geometric 
constructs such as lines, 
circles and arcs or by 
sketching freehand. 

• A tracking cross indicated the 
location of the light pen on the 
screen, allowing objects to be 
selected and dragged around, 
rotated, resized or copied. 

• Dimensions could be added 
automatically. 

• Commonly used parts could be 
stored on magnetic tape and 
retrieved as necessary. 
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Digigraphic 

• Following completion of the EDM prototype in late 1962, work 
began on the development of a production version 
codenamed ‘Digigraphic’. 

• However, Itek had been experiencing financial difficulties and 
it was decided to sell off the non-core parts of the business, 
including the EDM technology. 

• Technology sold to high performance computing firm Control 
Data Corporation in June 1963. 

• Introduced in 1965 as the CDC Digigraphic System 270 at a 
price of around $400,000 for a typical configuration (including 
a CDC 3200 computer), the first CAD system to reach the 
market. 

• Despite high price and limited functionality, the system 
became popular within the US aerospace industry. 
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Sketchpad 

• 3rd major contribution to the development of CAD 
technology was largely the work of a single person, MIT 
PhD student Ivan E Sutherland. 

• Hardware platform was MIT’s TX-2 experimental 
transistor computer: 
– 36-bit word length and 69,632 word magnetic core memory. 
– Specifically designed to facilitate interactive operation and 

capable of supporting two display consoles simultaneously. 
– 12½ -inch CRT screens which could display raster graphics at a 

resolution of 1024 by 1024 and a rate of up to 100,000 spots per 
second. 

– Input devices included a light pen, a keypad with 37 pushbuttons 
and 4 control knobs fitted with digital shaft encoders which 
converted rotational movement into a 9-bit binary value. 

© 2015 Stephen J Marshall 36 



Sketchpad Software 

• Sutherland’s first task was to develop software to track the 
position of the light pen and create a cursor on the screen to 
show where the pen was pointing. 

• From this he was able to create simple line drawing routines 
which allowed the user to draw lines interactively on the 
screen using the light pen and keypad. 

• A circle drawing capability was then added and by early 1962 
a basic drawing system began to take shape. 

• Sutherland found that editing drawings was very inefficient, 
requiring the TX-2 to laboriously search the entire display list 
for the drawing elements that required to be altered. 

• He devised a ‘ring structure’ in which drawing elements are 
stored in a database using a string of pointers that link each 
element to all the other drawing elements relating to it in an 
endless loop.  This was the key feature of Sketchpad. 

© 2015 Stephen J Marshall 37 



Sketchpad 
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• Highly influential, paving the way for later developments in 
parametric modelling. 



Reducing the Cost of the Hardware 

• The introduction of commercial off-the-shelf display 
equipment and CAD systems by companies such as IBM and 
CDC brought interactive computer graphics into the 
mainstream but the price of these products was so high that 
only governments or very large companies could afford them. 

• For computer graphics technology to proliferate, the cost of 
the hardware had to fall. 

• DEC pioneered integrated graphics displays in its PDP 
minicomputers but these were specific to DEC computers. 

• Tektronix developed a ‘storage tube’ CRT in 1963 which 
removed the need for a display buffer. 

• This facilitated the introduction of low-cost graphics display 
terminals such as the Tektronix T4002 which cost only $8,800. 
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Standalone Graphics Systems 

• Storage tube terminals offered organisations with a 
timesharing computer system low-cost entry into the world of 
computer graphics but performance was an issue. 

• Fortunately, the plummeting price of minicomputers facilitated 
the introduction of affordable standalone computer graphics 
systems which coupled a graphics display console with a 
dedicated minicomputer. 

• DEC and IBM were early movers: 
– DEC Type 338 Programmed Buffered Display (1966) comprised a 

PDP-8 and a dedicated vector graphics display.  Cost $55,000. 
– IBM 1130/2250 Graphic Data Processing System (1967) comprised 

an IBM 1130 minicomputer and IBM 2250 display unit.  Cost 
$200,000. 
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The Imlac Programmable Display System 

• Opportunity to dramatically lower the cost of standalone 
graphics systems came with the introduction of entire 
families of integrated circuits employing transistor-
transistor logic (TTL). 

• These off-the-shelf components simplified the design 
and construction of digital systems and were a major 
factor behind the influx of new firms entering the 
minicomputer market in the late 1960s. 

• It was also the approach taken by the Imlac Corporation 
in the development of its first product, the PDS-1 
Programmable Display System. 
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Imlac PDS-1 

• Incorporated a 16-bit minicomputer with up to 32,768 words of 2.0 
microsecond memory. 

• Designed and manufactured in-house using TI 7400 series digital 
logic integrated circuits and Dataram Corporation magnetic core 
memory modules. 

• Coupled to a vector graphics display with a 14-inch CRT screen in 
portrait orientation to provide 1024 by 1024 resolution at a refresh 
rate of 40 fps. 

• A second special-purpose processor offloaded the task of refreshing 
the screen from the minicomputer using a display list processing 
technique borrowed from DEC. 

• Introduced in 1970 at the impressively low price of $9,000 for an 
entry level system with 4,096 words of memory and a light pen. 

• Several hundred sold. 
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Imlac PDS-1 
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Display Processors 

• Minicomputers were not well suited to the type of spatial coordinate 
transformation calculations required for moving objects around the 
screen (e.g. translation, rotation and scaling). 

• With each vector requiring dozens of individual arithmetic operations 
to be performed for every screen refresh cycle, the calculation rate 
for a complex moving image could easily run into millions of 
operations per second. 

• Only the fastest scientific computers of the day, such as the CDC 
6600, could deliver that kind of compute performance but such 
systems were well beyond the financial reach of most organisations. 

• The solution was to develop graphics systems with special-purpose 
processing hardware which was specifically designed to handle 
coordinate transformations. 

• The first of these was the Adage Graphics Terminal. 
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The Adage Graphics Terminal 

• In 1966 two Adage engineers published a paper describing various 
techniques for signal processing using the company’s Ambilog 
hybrid analogue/digital computer, one of which was spatial 
coordinate transformation. 

• This provided the idea for the development of a standalone graphics 
display system: 

– 30-bit processor from the Ambilog with up to 32,768 words of 2.0 microsecond 
magnetic core memory and a vector graphics display. 

– Coordinate transformation hardware comprised a parallel array of multiplying D-
to-A converters which were configured to solve matrix equations. 

– No of elements in the array depended on the type of graphics required, with a 3 
by 3 array necessary for 3-D graphics and a 2 by 2 array for 2-D graphics. 

– Hardware also supported variable intensity depth cueing, where objects further 
away in the 3-D image are displayed with reduced CRT beam intensity in order to 
enhance the appearance of depth. 

© 2015 Stephen J Marshall 45 



The Adage Graphics Terminal 
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• Capable of displaying moving images containing up to 5,000 
vectors at 40 fps. 

• Introduced in 1968 with prices starting at only $60,000.  Input 
options included a light pen, joystick, digitising tablet and 6 
control knobs. 



The Evolution of Computer Graphics 

• Evans & Sutherland (co-founded by Sketchpad inventor Ivan 
Sutherland) introduced a similar system, the LDS-1, in 1969. 

• The LDS-1 also included a ‘clipping divider’ and incorporated 
a pipelined architecture whereby the processing elements 
were designed to operate asynchronously and arranged in a 
pipeline so that each could operate on a different part of the 
image at the same time. 

• This technology became the industry standard for graphics 
hardware design. 

• Graphics technology eventually found its way into personal 
computers through the development of graphics workstations; 
high performance microcomputers with extended display and 
networking capabilities for scientific and technical computing 
applications. 
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Further Information 

• I’d like to be able to 
recommend an excellent 
book on the subject but 
there aren’t any! 

• Chapter 10 of my book 
covers the material in this 
presentation in more detail. 

• Chapter 12 covers the 
development of graphics 
workstations. 

• IEEE Annals of the History 
of Computing 
(http://ieeexplore.ieee.org). 
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