STS 3700 – Lecture 20 - Computers
· Charles Babbage (1791-1871), “father” of modern computer, “Difference engine”, mechanical calculator

· Tables of values compiled by “calculators”, two separate calculators do the work, results were compared

· Mistakes common, Babbage thought calculations should be done by a machine

· “Difference engine number 1”, automatic additions

· “Method of differences”, additions replace multiplication & division in polynomials (formulas) for navigational tables

· “Analytical engine” multiplications & divisions, calculating and storage, punch card “programming” from mechanical looms

The Modern Computer

· Vacuum tubes, glass tubes evacuated of air with electrodes, switches 

· 1946, digital electronic computer, ENIAC (Electronic Numerical Integrator and Computer), 10 feet tall, occupied 1,000 square feet of floor- space, weighed 30 tons, used 70,000 resistors, 10,000 capacitors, and 18,000 vacuum tubes

· Uses of early computers: message decoding, insurance, ballistics, astronomy, space program, flight simulation, census, nuclear weapons 

· ENIAC programmed mechanically

· Punch cards, “machine language” (strings of 1’s and 0’s) for programs

· 1950’s assembly language, alphabetical codes for binary sequences

· FORTRAN (Formula Translator), mathematical formulas for input, COBOL (Common Business Oriented Language), linguistic and numerical input

· PASCAL and BASIC, teaching languages for programmers

· 1947 AT&T developed transistor, anti-trust suit (1949-56) kept them out of the computer business

· Transistors: semi-conductors with varying resistance to current, switches 

· Smaller than vacuum tubes more powerful computers, smaller computers

· 1958, integrated circuit: multiple transistors on silicon chip

· Military and communications market for transistors

· Integrated circuits designed for specific tasks

· 1970’s, microprocessor, general purpose integrated circuit 

· “4004”, first microprocessor, 2,300 transistors, 60,000 operations per second

· Large-scale computers required large R+D and marketing departments 

· Transition from large and specific to small and general purpose

· Transistors and integrated circuits, theoretical physics, electromagnetic theory, materials science, electrical distribution

The Personal Computer

· Time-sharing on large computers led to idea of “personal computing”

· 1960’s, files and information on tape, printers, teletype machines

· Argument: the personal computer arrived when semi-conductors, transistors and integrated circuits became powerful and cheap, science important to this change

Calculators and Chip Architecture

· 1960’s first electronic calculator, 1970’s calculators capable of logarithmic and trigonometric functions, used by engineers, statisticians and mathematicians

· Calculators capable of executing programmed mathematical sequences 

· Calculators provided market for semi-conductors and integrated circuits, demonstrated the need for complex personal computing technology

· Semi-conductors and integrated circuits declined in cost and increased in power, leading to the microprocessor, a general-purpose, stored program computer

· Microprocessors execute operations, memory chips store sub-routines and results, ROM and RAM storage

· Early 1970’s: microprocessors and memory chips, time-shared computers

· Industrial applications of microcomputers, machine control and data processing

Hobbyists and the Computer

· Radio, robotics and music technologies

· Altair 8800, 1974, microprocessor, first personal computer, cheap  

· Plug-in cards and ports for multiple functions

· Public familiarity with computers and digital technology, infrastructure

Personal Computer Basics

· Floppy discs for control program storage, later for general storage

· BASIC not for personal computer, easy to use, limited memory

· BASIC used for the Altair, easy interaction between machine language and programming language

· Floppy disc faster than paper or magnetic tape, random access

· Late 1970’s all elements present: memory storage, user interface, programming language, ports for applications and external discs

· Power and cost: 

In 1975, an IBM mainframe computer that could perform 10,000,000 instructions per second cost around $10,000,000. In 1995 (only twenty years later), a computer video game capable of performing 500,000,000 million instructions per second was available for approximately $50

The Internet

· 1950’s American radar defense, Cold War concerns

· 
The Semi-Automatic Ground Environment (SAGE), radar defense coordination

· Digital modulated to analog, transmitted, analog demodulated to digital, modem

· ARPA (Advanced Research Projects Agency), ARPANET, information packets 

· Initial goal: shared computing power, used for email communication

· “Survivability” in the case of a nuclear strike

· Decentralized system, no one central node or control point

· ARPANET became the backbone for the modern day internet

· Internet built on existing infrastructure, electrical power distribution, telephone system, affordable computers 

· Product innovation cycles and the speed of innovation

