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Tonight

This session completes Episode 2 by charting four generations of
technology that fuelled the exponential growth of computing
power when electronic switches able to move ones and zeroes at
near light speeds replaced ponderous mechanical switches

First Generation: Electronic Computers (1943 -1955)

Second Generation: Magnetic Core Computers (1955 - 1964)

Third Generation Integrated Circuit Computers (1964 - 1971)
Microprocessors
Magnetic storage media

The Fourth Generation Personal Computers and Beyond
Revolutions in fabrication: hand assembly to industrial printing and self -

organization

Even with automation, computers based on mechanical switches
were too slow for the range of calculations required problems

raised by WWII

8 Calculation and production of ballistics tables required for accurate targeting

5 Aerodynamic modelling
5 Nuclear research and building nuclear weapons



Technological innovation

The concept of a stored program
5 Boolean logic
6 Automation of decision making
5 Automation of switches and reconnection

Mechanical to electronic

5 Physical parts governed by physics of mass and inertia

5 Electrons can move at speeds close to light

Major electronic components

8 Processing registers for calculating and Boolean logic

> Working (i.e. olivingo) memory
o Staticstorage( ieoobjectiveodo memory) f
Input/output interfaces

8 From/to human producible/usable formats



Generic Von Neumann Architecture

Automatic execution of a sequence

(= program) of stored instructions Contral Processing Unkk

not a new idea Control Unit

The major conceptual

advance was to develop | et Arithmetic/Logic Unit Device
a machine able to

modify its program to reflect the

results of its calculations
emory Unit

Logical components

8 Program: a sequence instructions (binary code) to move data
between Arithmetic/Logic Unit and Memory Unit
s Control unit:
Resolves instructions to manipulate values registered in Arithmetic/
Logic Unit
Values manipulated may be data or other instructions (enables
branching)

8 Memory unit stores lines of program and working data




First generation:
electronic
computers
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1943 - 1955




First generation technology

The first generation components

5 Vacuum tubes/valves
working as electronic
switches (1s & 0s)

5 Weird & wonderful
storage devices
(speed, capacity, &
reliability)

Mercury delay lines (acoustic)

Cathode ray (Williams) tube

Magnetic ' |
8 Tape
8 Drum
& Core
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Input/output and programs

"Human intefMaaes

5 Switches & indicators
_ cards decks oo
3 Paper tapes & teletype
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BURROUGHS 204 (~1961) 4
Late model low end gen 1 computer

For technology details see link

My first h"AR@s  -on experience was in 1958 on a smaller/earlier

model of this tech in 1958, ;
Central Processing

Arape drives (up to 10)
(400,000 words/tape)

Mag drum
4,080 words

% system «":"_\-l
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Card
sorter/

e

Supervisors 3

Operators 9

Staff (3 x 8 hr shifts)

Programers 12

Analysts 9
Librarians 3
Engineers 6

l Paper

Tape
I/O

; incl.
photo-

electric
reader



http://ed-thelen.org/comp-hist/BRL61-b.html

Second generation
magnetic core
computers

(

Three major tech revolutions
from
1955 - 1964



Fetching & putting faster and more reliably
New ways to program

5

Replacing weird, wonderful and fallible process storage devices
W|th non volatlle magnetlc ferrlte core memory (hand wired!)
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In 1968 the transistorized PDP -10 had 9 M bits (1152 KB) of
core memory ( Wikipedia )

New standardized programming languages
& Translators
s Compilers

Ferrite cores replaced by transistors (reliability VS persistence)



http://en.wikipedia.org/wiki/PDP-10
http://commons.wikimedia.org/wiki/File:8_bytes_vs._8Gbytes.jpg
http://ljkrakauer.com/LJK/essays/bits.htm

Replacing tubes/valves with solid state transistors
and tape drives with disk drives

Replacing hand connected wires with printed circuits

Valves vs transistors

8 To emit electrons valves metal cathodes have to be red hot !
Energy intensive! Hi ghl y f al Iburbdueé due 1t o
Slow to switch between conducting/non -conducting
Many components assembled by hand

8 Solid state transistors operate at close to room temp.
Smaller, highly reliable, less energy to operate, faster switching
Lend themselves to automated fabrication

Tapeé vs disks

o Tapes

Long tapes must be physically transported across read/write head for
sequential access

Inherently fragile media limits transport speed so access times typically
very long

8 Disks
Physical robustness & dimensional stability for higher transport speeds
Multiple narrow & short circumferential tracks enable rapid access
May be stacked for efficient use of 3D volume




Out with the old and in with the new

Three revolutions in shrinking the binary switch
L  The incandescent vacuum tube

M Shrinking transistor switches (each package
includes a single transistor)

The tiny package at the bottom would have been
surface mounted

R An early experimental integrated circuit
containing several transistor elements

- The two modules at the
top each probably
managed a single byte
of information

- The bottom module

seems to have 9 or 12

ICs, each possibly

managing several bytes



http://web.archive.org/web/20070708235427im_/http:/www.columbia.edu/acis/history/xi01.jpg

Third generation
Integrated circuit
computers

(

Incredible shrinking acts

electronic circuits
&
magnetic domains



The microprocessing revolution

The oprintingo of i1integrat
5 Development of new kinds of physical and chemical
technologies for altering mono -crystalline semiconductors
, Masking
, Etching
, Doping
, Depositing
5 Wires and all kinds of circuit elements (transistors, resistors,
capacitors, inductors) formed into/onto the silicon surface

Shrinking the printed circuit board onto slabs of
semi-conducting silicon

5 Compl ete i ndustri al aut omati or

8 Bi | | 1 onfabsloo I[plrairnto hundreds of m
processors and memory units



Inside the NEW printing press
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https://www.youtube.com/watch?v=4Q_n4vdyZzc
https://www.youtube.com/watch?v=aOp-ZzC-MmY
https://www.youtube.com/watch?v=lrsPzbUJwl8

Normal technological development applied to shrinking
the size of the microprocessor elements

Intel 4004

¢ 2300 transistors

Intel 2nd Generation
Core (7

1.4 bn transistors €



